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ɺɺɽɼɽʅʀɽ 

 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʮʝʣʷʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʩʥʠʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʚ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʤ ʩʝʢʪʦʨʝ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʦʪ 21 ʠʶʣʷ 2016 ʛ. N 350, 

ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ï ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʜʦ 2031 ʛʦʜʘ ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠ ̫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʩʳʨʴʷ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʨʤʦʚ, 

ʠʩʭʦʜʷ ʠʟ ʥʦʚʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʷʭ ʥʘʫʢʠ. 

ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 

ʧʨʦʜʫʢʮʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʧʪʠʮʝʚʦʜʩʪʚʘ ʢ 2025 ʛʦʜʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʥʝ ʤʝʥʝʝ 12,1 ʤʣʥ. ʪʦʥʥ ʤʷʩʘ ʚ ʫʙʦʡʥʦʡ ʤʘʩʩʝ, 33,8 ʤʣʥ. ʪʦʥʥ ʤʦʣʦʢʘ, 45,3 ʤʣʨʜ. 

ʰʪʫʢ ʷʠʮ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ ʚʩʝʭ ʚʠʜʦʚ, ʢʦʪʦʨʦʝ ʚ 

2019 ʛʦʜʫ ʩʦʩʪʘʚʣʷʣʦ 105,6 ʤʣʥ. ʪʦʥʥ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ï 54,9 ʤʣʥ. ʪʦʥʥ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ, ʦʙʲʝʤʠʩʪʳʭ ï 50,7 ʤʣʥ. 

ʪʦʥʥ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ [105, 106]. 

ɺʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʨʤʦʚ, ʪʘʢ ʢʘʢ ʧʦ ʨʘʩʯʝʪʘʤ ʵʢʦʥʦʤʠʩʪʦʚ ʟʘʪʨʘʪʳ ʚ ʩʪʨʫʢʪʫʨʝ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʩʦʩʪʘʚʣʷʶʪ 60-75% ʦʪ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʧʨʦʜʫʢʮʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʦʪ ʢʘʯʝʩʪʚʘ ʠ 

ʩʪʦʠʤʦʩʪʠ ʢʦʪʦʨʦʡ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʥʘʮʠʦʥʘʣʴʥʘʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ [4, 68].  

ʇʦʩʢʦʣʴʢʫ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʨʘʩʣʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʪʁʩʷ ʦʙʝʩʧʝʯʝʥʠʝʤ ʢʦʨʤʘʤʠ ʵʪʦʛʦ ʩʝʢʪʦʨʘ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚʘʞʥʝʡʰʠʤʠ ʫʩʣʦʚʠʷʤʠ ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʢʨʘʱʝʥʠʷ 

ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʟʚʠʪʠʝ ʠ ʦʩʚʦʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 
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ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʟʝʨʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [65, 148].  

ʕʪʦ ʧʦʟʚʦʣʠʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʩʫʱʝʩʪʚʠʪʴ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ ʚ 

ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʚʳʧʫʩʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʢʦʤʙʠʢʦʨʤʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʟʘʢʫʧʢʠ ʩʝʤʷʥ ʢʦʨʤʦʚʳʭ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʦʤʙʠʢʦʨʤʦʚ ʠ ʢʦʨʤʦʚʳʭ ʜʦʙʘʚʦʢ.  

ʆʩʥʦʚʥʦʡ ʦʧʝʨʘʮʠʝʡ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ 

ʢʦʤʙʠʢʦʨʤʘ ʜʣʷ ʩʢʘʨʤʣʠʚʘʥʠʷ ʞʠʚʦʪʥʳʤ ʠ ʧʪʠʮʘʤ ʷʚʣʷʝʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʣʦʪʢʦʚʳʝ ʜʨʦʙʠʣʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʜʨʦʙʣʝʥʠʷ ʟʝʨʥʘ ʬʫʨʘʞʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʭʦʟʷʡʩʪʚ ʠʟ-ʟʘ ʠʭ ʧʨʦʩʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚ ʢʦʤʙʠʢʦʨʤʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʙʦʣʴʰʦʡ ʵʬʬʝʢʪ ʠʟʤʝʣʴʯʝʥʠʷ [13, 16, 63, 75, 95, 113].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʚʰʠʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʦʣʦʪʢʦʚʳʝ 

ʜʨʦʙʠʣʢʠ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ 

ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʟʝʨʥʘ ʬʫʨʘʞʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʥʝ ʦʪʚʝʯʘʪʁ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʷʜʦʤ ʘʚʪʦʨʦʚ [1, 3, 7, 70, 96, 125, 131, 141, 155, 161, 

164, 166, 168] ʦʪʤʝʯʝʥʳ ʥʝʛʘʪʠʚʥʳʝ ʬʘʢʪʦʨʳ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ 

ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʤʦʤʝʥʪ 

ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʧʦʩʣʝ ʝʛʦ ʟʘʛʨʫʟʢʠ, ʠ ʚʳʩʦʢʘ ̫

ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ʏʪʦ ʭʘʨʘʢʪʝʨʥʦ, ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʜʨʦʙʠʣʦʢ ʥʘʙʣʶʜʘʝʪʩʷ ʜʘʞʝ ʧʨʠ 

ʪʱʘʪʝʣʴʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʘʣʘʥʩʠʨʦʚʢʝ ʤʦʣʦʪʢʦʚʳʭ ʙʘʨʘʙʘʥʦʚ, 

ʥʝʠʟʥʦʰʝʥʥʦʩʪʠ ʤʦʣʦʪʢʦʚ. 

ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʝʥʥʘʷ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʚʝʜʝʪ ʢ 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʵʥʝʨʛʠʠ, ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʦʩʥʦʚʥʳʤ ʟʘʪʨʘʪʘʤ ʥʘ 

ʠʟʤʝʣʴʯʝʥʠʝ. 

ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ, ʚ ʈʦʩʩʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʢʦʨʤ ʩʢʦʪʫ ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʠʤʝʨʥʦ 13,3 ʤʣʥ ʪʦʥʥ ʟʝʨʥʘ. ɿʘʪʨʘʪʳ ʥʘ ʝʛʦ ʠʟʤʝʣʴʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 140-

150 ʤʣʥ ʢɺʪ-ʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [147]. 

ʆʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʥʘʣʠʯʠʝ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 
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ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, 

ʩʧʦʩʦʙʥʳʭ ʩʥʠʟʠʪʴ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʜʨʦʙʠʣʦʢ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ 

ʟʝʨʥʦʚʳʭ ʢʦʨʤʦʚ ʚ ʜʨʦʙʠʣʢʘʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ ʩʥʠʞʝʥʠʷ ʠʭ 

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʚ ʥʘʫʯʥʦʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʝ. ʆʩʥʦʚʦʡ ʪʝʦʨʠʠ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʪʨʫʜʳ ʘʢʘʜʝʤʠʢʘ ɺ.ʇ. ɻʦʨʷʯʢʠʥʘ [21].  

ʈʝʰʘʶʱʠʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʠ  ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʢʦʨʤʦʚ ʚ ʮʝʣʦʤ ʚʥʝʩʣʠ ɸ. ɸ. ɸʨʪʶʰʠʥ, ɸ. ɺ. ɸʣʝʰʢʠʥ, ɺ. ʈ. ɸʣʝʰʢʠʥ, ɻ. ʌ. 

ɹʘʭʘʨʝʚ, ʀ. ʌ. ɺʘʩʠʣʝʥʢʦ, ɺ. ɸ. ɼʝʥʠʩʦʚ, ɺ. ɼ. ɼʝʥʠʩʦʚ, ɺ. ɸ. ɽʣʠʩʝʝʚ, ɸ. ʀ. 

ɿʘʚʨʘʞʥʦʚ, ʉ. ɺ. ɿʦʣʦʪʘʨʝʚ, ɺ. ʀ. ɿʝʤʩʢʦʚ, ʗ. ʅ. ʂʫʧʨʠʮ, ɻ. ʄ. ʂʫʢʪʘ, ʀ. ʅ. 

ʂʨʘʩʥʦʚ, ɸ. ʊ. ʃʝʙʝʜʝʚ, ʇ. ʀ. ʃʝʦʥʪʴʝʚ, ɸ. ʇ. ʄʘʢʘʨʦʚ, ʉ. ɺ. ʄʝʣʴʥʠʢʦʚ, ɽ. ɸ. 

ʄʘʨʢʘʨʷʥ, ɺ. ʅ. ʅʝʯʘʝʚ, ɺ. ʀ. ʇʘʭʦʤʦʚ, ʇ. ɸ. ʈʝʙʠʥʜʝʨ, ʋ. ʂ. ʉʘʙʠʝʚ, ʇ. ɸ. 

ʉʘʚʠʥʳʭ, ɸ. ʄ. ʉʝʤʝʥʠʭʠʥ, ʅ. ʉ. ʉʝʨʛʝʝʚ, ɺ. ɸ. ʉʳʩʫʝʚ, ʅ. ɺ. ʉʫʥʜʝʝʚ, ɺ. ʀ. 

ʉʳʨʦʚʘʪʢʘ ʠ ʜʨʫʛʠʝ ʫʯʝʥʳʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʣʠʷʥʠʷ ʚʠʙʨʘʮʠʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʤʝʣʴʯʝʥʠʷ 

ʤʦʣʦʪʢʦʚʳʤʠ ʜʨʦʙʠʣʢʘʤʠ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʘʰʠʥ ʜʘʥʥʦʛʦ ʪʠʧʘ ʠ ʠʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ɸ. ɽ. ʗʙʣʦʢʦʚʘ., ɸ. ʈ. ʂʘʟʘʨʦʚʘ., ʀ. ʀ. 

ʀʚʘʥʦʚʘ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝʢʦʪʦʨʳʝ 

ʘʩʧʝʢʪʳ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʠʟʫʯʝʥʳ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ. ɿʘʩʣʫʞʠʚʘʶʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʚʥʠʤʘʥʠʷ ʚʦʧʨʦʩʳ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʠʯʠʥ ʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʤʦʣʦʪʢʦʚʳʭ ʟʝʨʥʦʜʨʦʙʠʣʦʢ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʙʘʨʘʙʘʥʦʤ, 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʟʝʨʥʦʜʨʦʙʠʣʢʠ 

ʧʨʠ ʚʠʙʨʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 
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ʠʟʤʝʣʴʯʝʥʠʷ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʥʘ ʦʩʥʦʚʝ ʩʥʠʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʙʘʨʘʙʘʥʘ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʆʙʦʩʥʦʚʘʪʴ ʥʦʚʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ, ʚ 

ʢʦʪʦʨʦʡ ʠʟʤʝʥʷʝʪʩʷ ʧʦʜʚʦʜ ʟʝʨʥʘ ʚ ʟʦʥʫ ʠʟʤʝʣʴʯʝʥʠʷ, ʠ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʠʟʤʝʣʴʯʘʝʤʳʤ 

ʤʘʪʝʨʠʘʣʦʤ; 

2. ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʦʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ, 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʵʥʝʨʛʠʠ ʚ ʰʘʨʥʠʨʘʭ ʤʦʣʦʪʢʦʚ, ʚʦʟʜʫʰʥʦ-

ʧʨʦʜʫʢʪʦʚʦʤ ʩʣʦʝ ʠ ʛʨʫʥʪʝ, ʧʨʠʣʝʛʘʶʱʝʤ ʢ ʬʫʥʜʘʤʝʥʪʫ ʜʨʦʙʠʣʢʠ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ 

ʤʦʣʦʪʢʦʚʳʭ ʟʝʨʥʦʜʨʦʙʠʣʦʢ, ʦʮʝʥʠʪʴ ʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʥʝʛʘʪʠʚʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ; 

4. ʆʙʦʩʥʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʞʠʤʳ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʩ ʦʧʧʦʟʠʪʥʦʡ 

ʟʘʛʨʫʟʢʦʡ ʟʝʨʥʘ; 

5. ɼʘʪʴ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ 

ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʚ ʜʨʦʙʠʣʢʝ ʤʦʣʦʪʢʦʚʦʛʦ ʪʠʧʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʙʘʨʘʙʘʥʘ ʠ ʦʧʧʦʟʠʪʥʦʡ ʩʭʝʤʦʡ ʟʘʛʨʫʟʢʠ, ʩ ʫʯʝʪʦʤ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ.  

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʨʠʯʠʥʳ ʠ ʬʘʢʪʦʨʳ ʚʣʠʷʥʠʷ 

ʚʠʙʨʘʮʠʠ ʤʦʣʦʪʢʦʚʳʭ ʟʝʨʥʦʜʨʦʙʠʣʦʢ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ.             

ʅʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʶʪ: 

ï ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ, ʚ ʢʦʪʦʨʦʡ ʠʟʤʝʥʷʝʪʩʷ 

ʧʦʜʚʦʜ ʟʝʨʥʘ ʚ ʟʦʥʫ ʠʟʤʝʣʴʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʠʣʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʠʟʤʝʣʴʯʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ; 

ï ʥʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ 

ʟʝʨʥʦʜʨʦʙʠʣʦʢ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʷʩʥʠʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʚʠʙʨʘʮʠʠ, ʦʮʝʥʠʪʴ 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʠ ʜʨʫʛʠʝ ʝʝ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ; 
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ï ʢʨʠʪʝʨʠʘʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ 

ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʠ 

ʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʪʠʧʦʨʘʟʤʝʨʥʦʛʦ ʨʷʜʘ ʢʦʥʩʪʨʫʢʮʠʡ ʜʘʥʥʳʭ 

ʜʨʦʙʠʣʦʢ;  

ï ʦʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʚ 

ʜʨʦʙʠʣʢʝ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ.  

ʅʦʚʠʟʥʘ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʚʫʤʷ ʧʘʪʝʥʪʘʤʠ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ ʈʌ ʠ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ (ˉ ˉ 2746586, 2742509, 219913). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʧʦʟʠʪʥʦʡ 

ʟʘʛʨʫʟʢʠ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ ʜʚʘ ʟʝʨʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ ʟʘʛʨʫʟʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʫʪʝʤ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʝʦʩʥʘʱʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʤʦʣʦʪʢʦʚʳʭ 

ʜʨʦʙʠʣʦʢ ʩʥʠʟʠʪʴ ʠʭ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʠ ʠʟʣʫʯʘʝʤʳʡ ʰʫʤ, ʧʦʣʫʯʠʪʴ 

ʠʟʤʝʣʴʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʪʨʝʙʫʝʤʦʛʦ ʨʘʟʤʦʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ 

ʢʘʯʝʩʪʚʘ, ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʩʥʠʟʠʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʠʢ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʤʝʭʘʥʠʢʝ, ʪʝʦʨʠʠ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʢʘʬʝʜʨʳ 

ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʚʝʨʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʌʦʥʜʘ 

ʩʦʜʝʡʩʪʚʠʷ ʠʥʥʦʚʘʮʠʷʤ ʧʦ ʧʨʦʛʨʘʤʤʝ çʉʪʫʜʝʥʯʝʩʢʠʡ ʩʪʘʨʪʘʧè, ʚ ʨʘʤʢʘʭ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʇʣʘʪʬʦʨʤʘ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘè (ʛʨʘʥʪ ˉ462ɻʉʉʉ15-L/78541). 
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ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʞʝʥʝʨʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çPTC Mathcad 15.0è, ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʵʢʦʥʦʤʠʢʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ çMicrosoft Excelè ʠ ʜʨʫʛʠʭ ʧʘʢʝʪʦʚ ʧʨʠʢʣʘʜʥʳʭ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʤʦʣʦʪʢʦʚʳʭ ʟʝʨʥʦʜʨʦʙʠʣʦʢ: 

ï ʢʦʣʝʙʘʥʠʡ ʤʦʣʦʪʢʘ ʜʨʦʙʠʣʢʠ ʠ ʨʘʩʩʝʷʥʠʷ ʵʥʝʨʛʠʠ ʚ ʰʘʨʥʠʨʝ ʝʛʦ ʧʦʜʚʝʩʘ; 

ï ʨʘʩʩʝʷʥʠʷ ʵʥʝʨʛʠʠ ʚ ʛʨʫʥʪʦʚʦʤ ʤʘʩʩʠʚʝ ʧʦʜ ʬʫʥʜʘʤʝʥʪʦʤ ʜʨʦʙʠʣʢʠ; 

2. ʂʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʬʫʨʘʞʥʦʛʦ 

ʟʝʨʥʘ ʚ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʝ ʩ ʝʝ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ; 

3. ʆʙʦʩʥʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʤʝʣʴʯʝʥʠʷ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʚ ʜʨʦʙʠʣʢʝ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ, ʧʨʦʚʝʜʝʥʥʦʝ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ʘʢʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʩʦʢʠʤ ʦʙʲʝʤʦʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ, ɻʆʉʊʦʚ, ʧʦʚʝʨʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ; ʩʦʚʧʘʜʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʜʘʥʥʳʤʠ 

ʜʨʫʛʠʭ ʫʯʝʥʳʭ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʘʪʠʢʝ; ʚʥʝʜʨʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʬʝʨʳ; ʚʳʩʪʫʧʣʝʥʠʷʤʠ ʩ ʜʦʢʣʘʜʘʤʠ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

ʧʫʙʣʠʢʘʮʠʝʡ ʠ ʦʜʦʙʨʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ 

ʢʘʬʝʜʨʘʣʴʥʳʭ ʠ ʬʘʢʫʣʴʪʝʪʩʢʠʭ ʟʘʩʝʜʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʦʮʝʥʢʫ ʥʘ ʛʦʨʦʜʩʢʠʭ, ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʢʦʥʢʫʨʩʘʭ:  



13 

 

ï ʍʍII ʛʦʨʦʜʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʄʦʣʦʜʝʞʴ ï ɹʘʨʥʘʫʣʫè, ʛ. ɹʘʨʥʘʫʣ 2020ʛ.; 

ï XVI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʛʨʘʨʥʘʷ ʥʘʫʢʘ 

ï ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫèʛ. ɹʘʨʥʘʫʣ 2021ʛ.; 

ï VII ʈʝʛʠʦʥʘʣʴʥʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷè,ʛ. ɹʘʨʥʘʫʣ 2021ʛ.; 

ï ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʢʦʥʢʫʨʩʝ ʥʘ ʣʫʯʰʫʶ ʥʘʫʯʥʫʶ ʨʘʙʦʪʫ ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʠ ʛ. ʄʦʩʢʚʘ 2021 ʛ.; 

ï XVII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʛʨʘʨʥʘʷ 

ʥʘʫʢʘ ï ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫèʛ. ɹʘʨʥʘʫʣ 2022 ʛ.; 

ï ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʉʦʚʨʝʤʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʠ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ɸʇʂè, ʛ. ʈʷʟʘʥʴ 2022 ʛ.; 

ï ʧʦʣʫʬʠʥʘʣʴʥʦʤ ʠ ʬʠʥʘʣʴʥʦʤ ʵʪʘʧʝ VII ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ 

ʢʦʥʢʫʨʩʘ (ɺʀʂ), ʛ. ʄʦʩʢʚʘ 2022 ʛ.; 

ï I, II ʠ III ʵʪʘʧʝ ʥʘ ʣʫʯʰʫʶ ʥʘʫʯʥʫʶ ʨʘʙʦʪʫ ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ɺʋɿʦʚ ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʌ, ʛ. ʄʦʩʢʚʘ 2022 ʛ.; 

ï ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʢʦʥʢʫʨʩʝ çʄʦʣʦʜʦʡ ʫʯʝʥʳʡè ʠʤ. ʀʚʘʥʘ ʌʝʜʦʨʦʚʘ 2022 ʛ. 

(ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ) ʥʘ ʣʫʯʰʫʶ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʨʘʙʦʪʫ, ʛ. ʄʦʩʢʚʘ 

2022 ʛ.; 

ï VIII ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʠʥʞʝʥʝʨʥʦʤ ʢʦʥʢʫʨʩʝ (ɺʀʂ), ʛ. ʄʦʩʢʚʘ 2023 ʛ. 

ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʄʘʪʝʨʠʘʣʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʆʆʆ "ɸʛʨʦʊʝʭʅʦʚʘʮʠʠ" ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʦʣʦʪʢʦʚʳʭ 

ʟʝʨʥʦʜʨʦʙʠʣʦʢ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʤʦʜʝʣʝʡ ɼʄʆɿʀɿ-200 ʠ ɼʄʆɿʀɿ-200ʋ, 

ʧʨʦʰʝʜʰʠʭ ʟʘʪʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʭ 

ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ "ɻʨʘʥʫʤ" ʠ "ʆʥʠʢʩ" ʆʆʆ çʆʪʢʨʳʪʳʡ ʉʝʨʪʠʬʠʢʘʪè. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʪʦʢʦʣʦʚ ʠʩʧʳʪʘʥʠʡ ʜʘʥʥʘʷ ʧʨʦʜʫʢʮʠʷ ʩʝʨʪʠʬʠʢʘʪʦʤ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʈʆʉʉ RU.HE06.H11153 ˉ 0033218 ʧʨʠʟʥʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 
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ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʘ ʪʘʢʞʝ ʟʘʜʝʢʣʘʨʠʨʦʚʘʥʘ ʢʘʢ ʧʨʦʜʫʢʮʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʪʘʥʜʘʨʪʘʤ ʠ ʨʝʛʣʘʤʝʥʪʘʤ, 

ʫʪʚʝʨʞʜʝʥʥʳʤ ʚ ɽɸʕʉ (ʜʝʢʣʘʨʘʮʠʷ ɽɸʕʉ N RU ɼ-RU.ʈɸ06.ɺ.68685/23). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʣʝʢʮʠʦʥʥʳʭ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ çɸʛʨʦʠʥʞʝʥʝʨʠʷè 

ɸʣʪʘʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 15 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 

4 ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ, 1 ʚ 

ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ (Scopus), ʧʦʣʫʯʝʥʦ 2 ʧʘʪʝʥʪʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ ʈʌ 

ˉˉ 2746586, 2742509  ʠ 1 ʧʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ 219 913. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ: ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, 

ʚʢʣʶʯʘʶʱʝʛʦ 171 ʠʩʪʦʯʥʠʢ, ʚ ʪʦʤ ʯʠʩʣʝ 15 ʥʘ ʠʥʦʩʪʨʘʥʥʦʤ ʷʟʳʢʝ ʠ 34 

ʧʨʠʣʦʞʝʥʠʷ. ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 269 ʩʪʨʘʥʠʮ, 51 ʨʠʩʫʥʦʢ, 16 ʪʘʙʣʠʮ. 
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1. ʆɹɿʆʈ ʀʉʉʃɽɼʆɺɸʅʀʁ ʇʆ ʀɿʄɽʃʔʏɽʅʀʖ ʌʋʈɸɾʅʆɻʆ ɿɽʈʅɸ 

ʄʆʃʆʊʂʆɺʓʄʀ ɼʈʆɹʀʃʂɸʄʀ 

 

 

1.1. ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʮʝʩʩʫ ʠʟʤʝʣʴʯʝʥʠʷ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ 

 

 

ʉʦʟʜʘʥʠʝ ʧʨʦʯʥʦʡ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ. ɺʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʨʤʘ, 

ʪʘʢʠʝ ʢʘʢ ʟʝʨʥʦʚʳʝ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʨʘʮʠʦʥʝ ʞʠʚʦʪʥʳʭ [61, 73, 78].  

ʂʦʤʙʠʢʦʨʤ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʜʥʦʨʦʜʥʘʷ ʩʤʝʩʴ ʨʘʟʣʠʯʥʳʭ 

ʢʦʨʤʦʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʩʢʘʨʤʣʠʚʘʥʠʷ ʞʠʚʦʪʥʳʤ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ, ʚʦʟʨʘʩʪʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʣʠ [53].  

ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʢʦʤʙʠʢʦʨʤʦʚ ï ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʮʠʦʥʦʚ ʧʦ ʵʥʝʨʛʠʠ, 

ʧʨʦʪʝʠʥʫ, ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤ, ʚʠʪʘʤʠʥʘʤ ʠ ʜʨʫʛʠʤ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʤ ʚʝʱʝʩʪʚʘʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ ʢʦʨʤʣʝʥʠʷ ʞʠʚʦʪʥʳʭ.  

ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʙʠʢʦʨʤʦʚ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʷʚʣʷʝʪʩʷ ʬʫʨʘʞʥʦʝ ʟʝʨʥʦ ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ, ʠʟ 

ʢʦʪʦʨʳʭ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ ʷʯʤʝʥʴ ʠ ʧʰʝʥʠʮʫ [59, 78, 128]. 

ʇʨʦʜʫʢʪʳ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʩʦʜʝʨʞʘʪ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʘʢʪʠʚʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ 

ʠ ʚʦʜʫ. ʇʨʠ ʨʘʩʱʝʧʣʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʢʦʨʤʘ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʵʥʝʨʛʠʷ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ, ʤʦʣʦʢʘ, ʷʠʮ, ʰʝʨʩʪʠ ʠ ʧʝʨʴʝʚ. ʋʛʣʝʚʦʜʳ, 

ʞʠʨʳ ʠ ʙʝʣʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ [4].  

ʉʳʨʴʝ, ʧʦʩʪʘʚʣʷʝʤʦʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ, 

ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʢʘʯʝʩʪʚʫ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʜʝʡʩʪʚʫʶʱʠʤ 

ʩʪʘʥʜʘʨʪʘʤ, ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ [4, 78].  

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʨʤʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʢʦʤʧʦʥʝʥʪʦʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʦʨʤʣʝʥʠʠ 
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ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ ʷʚʣʷʝʪʩʷ ʟʝʨʥʦ 

ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ, ʩʦʜʝʨʞʘʱʝʝ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʣʝʛʢʦʧʝʨʝʚʘʨʠʚʘʝʤʳʭ 

ʫʛʣʝʚʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʧʠʪʘʪʝʣʴʥʦʩʪʴ ʟʝʨʥʘ ʟʣʘʢʦʚʳʭ, ï ʦʪ 0,95 ʜʦ 

1,36 ʢʦʨʤ. ʝʜ. ʚ 1 ʢʛ, ʢʦʪʦʨʦʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʢʦʨʤʣʝʥʠʷ ʂʈʉ, ʚ ʩʚʠʥʦʚʦʜʩʪʚʝ ʠ 

ʧʪʠʮʝʚʦʜʩʪʚʝ. 

ɿʝʨʥʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ï ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʚʦʪʥʦʛʦ 

ʢʨʘʭʤʘʣʦʤ, ʦʥ ʩʦʩʪʘʚʣʷʝʪ ʜʚʝ ʪʨʝʪʠ ʟʝʨʥʦʚʦʡ ʤʘʩʩʳ. 

ʆʩʥʦʚʥʦʡ ʠ ʚʘʞʥʝʡʰʝʡ ʦʧʝʨʘʮʠʝʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʤʙʠʢʦʨʤʦʚ ʷʚʣʷʝʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ ʩʳʨʴʷ. ʀʟʤʝʣʴʯʝʥʠʶ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʩʳʨʴʷ ï ʬʫʨʘʞʥʦʝ ʟʝʨʥʦ, ʞʤʳʭʠ ʠ ʰʨʦʪʳ, 

ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ. 

ʀʟʤʝʣʴʯʝʥʠʝ ʠʤʝʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʚʘʨʠʚʘʥʠʷ, ʢʦʪʦʨʦʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʝʣʠʯʠʥʳ ʜʣʷ ʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʦʚ ʠ 

ʩʤʝʰʠʚʘʥʠʷ ʢʦʨʤʘ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʬʠʟʠʦʣʦʛʠʝʡ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʞʠʚʦʪʥʳʭ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʠʪʘʪʝʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʢʦʨʤʘ ʣʫʯʰʝ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʧʨʦʩʪʳʝ ʵʣʝʤʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʩʚʦʝʥʠʶ ʦʨʛʘʥʠʟʤʦʤ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʚʘʨʠʚʘʥʠʷ 

ʞʠʚʦʪʥʳʤʠ, ʣʝʛʯʝ ʧʝʨʝʞʝʚʳʚʘʶʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʨʘʙʦʪʢʦʡ ʠʟʤʝʣʴʯʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʞʝʣʫʜʦʯʥʳʤ ʩʦʢʦʤ.  

ʂʘʢ ʫʢʘʟʳʚʘʝʪ ʘʚʪʦʨ [158], ʙʦʣʝʝ ʤʝʣʢʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʢʦʨʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʧʪʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʦʚʳʰʘʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʞʠʚʦʪʥʦʛʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʫʣʫʯʘhʝʪ ʢʦʥʪʘʢʪ ʩ 

ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʨʘʟʫʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ 

ʜʨʦʙʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ, ʩ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʴʶ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʜʣʝʞʘʱʝʡ ʦʙʨʘʙʦʪʢʝ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ 

ʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʫʩʚʦʝʥʠʠ ʢʦʨʤʘ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʞʠʚʦʪʥʳʭ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʨʘʟʤʦʣʘ ʜʣʷ ʩʢʘʨʤʣʠʚʘʥʠʷ ʞʠʚʦʪʥʳʤ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʘʤ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ.  ʊʘʢ, ʩʦʛʣʘʩʥʦ  [4], ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʠʝʤʘ ʢʦʨʤʘ ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ ʣʠʰʴ ʩʣʝʛʢʘ ʧʨʦʞʝʚʳʚʘʝʪ ʧʠʱʫ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʳʨʘʱʠʚʘʥʠʠ ʂʈʉ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʨʤʦʩʤʝʩʝʡ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʨʘʟʤʦʣʘ ʚ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʡ ʦʪ 1,0 ʜʦ 1,9 ʤʤ. ɼʣʷ 

ʢʦʨʤʣʝʥʠʷ ʩʢʦʪʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʨʝʜʥʷʷ ʠ ʙʦʣʴʰʘʷ ʢʨʫʧʥʦʩʪʴ ʨʘʟʤʦʣʘ ʟʝʨʥʘ, 

ʚʝʣʠʯʠʥʦʡ ʯʘʩʪʠʮ 1,5-4 ʤʤ [110].  

ʉʚʠʥʴʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʛʣʘʪʳʚʘʶʪ ʢʦʨʤ, ʥʝ ʧʝʨʝʞʝʚʳʚʘʷ ʝʛʦ ʙʦʣʝʝ 

ʪʱʘʪʝʣʴʥʦ, ʧʦʵʪʦʤʫ ʠʭ ʩʣʝʜʫʝʪ ʢʦʨʤʠʪʴ ʭʦʨʦʰʦ ʠʟʤʝʣʴʯʝʥʥʳʤ ʢʦʨʤʦʤ. ʀʟ-ʟʘ 

ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʨʤ ʜʣʷ ʩʚʠʥʝʡ ʜʦʣʞʝʥ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʪʦʥʠʥʦʡ ʨʘʟʤʦʣʘ ʠ 

ʥʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʥʝʨʘʟʤʦʣʦʪʳʭ ʟʝʨʝʥ. ʇʦʨʦʩʷʪʘʤ-ʩʦʩʫʥʘʤ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʤʝʥʷʶʪ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 0,5-0,8 ʤʤ, ʧʦʨʦʩʷʪʘʤ-ʦʪʲʝʤʳʰʘʤ ï 0,9-1,1 ʤʤ. ɼʣʷ 

ʩʚʠʥʝʡ ʙʝʢʦʥʥʦʛʦ ʦʪʢʦʨʤʘ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʚʘʨʴʠʨʫʝʪ ʚ ʜʠʘʧʘʟʦʥʝ 1,2-1,6 ʤʤ [80, 

146].   

ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʚʠʥʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʨʤʣʝʥʠʷ ʧʝʨʝʨʘʙʦʪʘʥʥʳʤ ʩʳʨʴʝʤ ʪʦʥʢʦʛʦ ʨʘʟʤʦʣʘ, ʧʨʝʜʝʣʳ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ 

ʬʨʘʢʮʠʡ ʯʘʩʪʠʮ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 0,5 ʜʦ 1,0 ʤʤ.  

ɺ ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ ʧʪʠʮ ʧʨʠ ʢʦʨʤʣʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʟʤʝʣʴʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʢʨʫʧʥʦʛʦ ʨʘʟʤʦʣʘ, ʩ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʧʦ ʨʘʟʤʝʨʫ 

ʚʘʨʴʠʨʫʶʱʝʛʦ ʚ ʧʨʝʜʝʣʘʭ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʦʪ 1,8 ʜʦ 2,5 ʤʤ. ʇʨʠ ʩʫʭʦʤ 

ʢʦʨʤʣʝʥʠʠ ʚʝʣʠʯʠʥʘ ʯʘʩʪʠʮ ʚʘʨʴʠʨʫʝʪʩʷ ʜʦ 2-3 ʤʤ. 

ʋ ʚʩʝʭ ʞʠʚʦʪʥʳʭ ʠʟʤʝʣʴʯʝʥʥʳʝ ʢʦʨʤʘ ʩʪʠʤʫʣʠʨʫʶʪ ʨʘʙʦʪʫ ʩʣʶʥʥʳʭ ʞʝʣʝʟ, 

ʧʨʠʚʦʜʷ ʢ ʚʳʜʝʣʝʥʠʶ ʩʣʶʥʳ. ʀʟʤʝʥʝʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʝʪ 

ʩʥʠʟʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʞʠʚʦʪʥʳʭ ʥʘ 20-30% [4, 63, 146].  

ɺʳʙʦʨ ʠʥʛʨʝʜʠʝʥʪʦʚ ʠ ʬʦʨʤʘ ʨʘʮʠʦʥʘ ʫʪʦʯʥʷʶʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʧʦʪʨʝʙʣʝʥʠʷ ʢʦʨʤʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ɺ ʨʘʙʦʪʝ [158] ʦʪʤʝʯʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, 

ʧʦʩʢʦʣʴʢʫ ʦʯʝʥʴ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʟʜʦʨʦʚʴʝ ʢʠʰʝʯʥʠʢʘ ʠʟ-ʟʘ 

ʙʦʣʝʝ ʯʘʩʪʳʭ ʩʣʫʯʘʝʚ ʷʟʚʝʥʥʦʡ ʙʦʣʝʟʥʠ ʞʝʣʫʜʢʘ ʫ ʩʚʠʥʝʡ ʠ ʜʠʩʬʫʥʢʮʠʠ ʞʝʣʫʜʢʘ 

ʫ ʜʦʤʘʰʥʝʡ ʧʪʠʮʳ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʞʠʚʦʪʥʳʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʚʣʠʷʝʪ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

ɿʝʨʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʟʤʦʣʦʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʫʝʤʳʤ 

ʦʧʪʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʜʣʷ ʢʦʨʤʘ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘ ʞʠʚʦʪʥʦʛʦ ʠ 

ʝʛʦ ʚʠʜʘ [86, 88, 132, 146, 148].  

ɺ ʠʩʪʦʯʥʠʢʝ [127] ʧʨʠʚʝʜʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘʟʥʘʯʝʥʠʷ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʜʨʦʙʠʣʦʢ ʜʣʷ ʢʦʨʤʦʚ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ:  ʜʣʷ ʂʈʉ ï ʥʝ ʙʦʣʝʝ  3,0 ʤʤ, 

ʜʣʷ ʩʚʠʥʝʡ ï ʥʝ ʙʦʣʝʝ 1,0 ʤʤ, ʜʣʷ ʧʪʠʮʳ ï 2,0-3,0 ʤʤ. 

ʈʘʟʤʝʨ r ʯʘʩʪʠʮ ʛʦʪʦʚʦʛʦ ʢ ʩʢʘʨʤʣʠʚʘʥʠʶ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʢʦʨʤʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʚʠʜʘ ʠ ʧʦʣʦʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ 

ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʥʦʨʤʠʨʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʘ 

ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʟʦʦʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ [22, 26, 27, 29, 30, 32, 37, 41, 43, 44, 

45, 50, 52, 54, 88, 132], ʢʦʪʦʨʳʝ ʚ ʪʦʤ ʯʠʩʣʝ ʥʦʨʤʠʨʫʶʪ ʢʨʫʧʥʦʩʪʴ ʨʘʟʤʦʣʘ. ɼʦʣʝʡ 

ʦʩʪʘʪʢʘ ʥʘ  ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʠʪʦʚʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʜʠʘʤʝʪʨʘʤʠ 5; 3; 2; 

1 ʤʤ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʨʫʧʥʦʩʪʴ ʢʦʤʙʠʢʦʨʤʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʚʠʜʘ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʪʘʙʣʠʮʘ 1.1).  

 

ʊʘʙʣʠʮʘ 1.1 ï ʂʨʫʧʥʦʩʪʴ ʨʘʟʤʦʣʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʩʳʧʥʳʭ 

ʢʦʤʙʠʢʦʨʤʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʜʦʣʝʡ ʦʩʪʘʪʢʘ ʥʘ ʩʠʪʝ ʚ ʧʨʦʮʝʥʪʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 

ɾʠʚʦʪʥʦʝ 
 

ɼʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ ʩʠʪ, ʤʤ 

3 5 

ʂʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ:     

ʤʦʣʦʜʳʝ ʪʝʣʷʪʘ ʜʦ 4 ʤʝʩʷʮʝʚ ʠ 4-18-ʤʝʩʷʯʥʳʡ 

ʤʦʣʦʜʥʷʢ 

10 2 

ʙʳʢʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʜʦʡʥʳʝ ʢʦʨʦʚʳ, ʘ ʪʘʢʞʝ  

ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ ʜʣʷ ʦʪʢʦʨʤʘ 

25 5 

ʆʚʮʳ:   
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ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ 

ʟʝʨʥʠʩʪʦʩʪʴ ʤʘʩʩʳ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʢʦʤʙʠʢʦʨʤʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʥʷʪʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʤʝʪʦʜʦʤ ʦʪʙʦʨʘ ʧʦ ʢʨʫʧʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ 

ʯʘʩʪʠʮ, ʧʦʢʘʟʘʪʝʣʷʤ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠʣʠ ʤʦʜʫʣ ʁ ʢʨʫʧʥʦʩʪʠ, 

ʨʘʩʩʯʠʪʳʚʘʝʤʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʨʝʰʝʪʥʦʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʝ ʢʘʢ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʬʨʘʢʮʠʡ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʠʪʦʚʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ʩ ʥʘʙʦʨʦʤ ʩʠʪ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʪʚʝʨʩʪʠʡ: 5,  4, 3, 2, 1 ʤʤ, ʠ ʩʙʦʨʥʦʤ ʜʥʝ, ʪ. ʝ. 

ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. 

 ɼʣʷ ʵʪʦʛʦ ʥʘʚʝʩʢʫ ʦʙʨʘʟʮʘ ʧʨʦʜʫʢʪʘ (ʥʘʧʨʠʤʝʨ, 100 ʛ) ʧʨʦʩʝʠʚʘʶʪ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʠʪʦʚʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ʩ ʢʦʤʧʣʝʢʪʦʤ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʩʠʪ ʩ 

ʢʨʫʛʣʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʜʠʘʤʝʪʨʦʤ: 5 ʤʤ, 4 ʤʤ, 3 ʤʤ, 2 ʤʤ, 1 ʤʤ, ʜʥʦ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʦʜʫʣʴ ʨʘʟʤʦʣʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ,̇ ʠ 

ʷʛʥʷʪʘ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʜʦ 4 ʤʝʩʷʮʝʚ 5 ʅʝ  

ʜʦʧʫʩʢʘʝʪʩʷ 

ʤʦʣʦʜʥʷʢ  ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʩʪʘʨʰʝ ʯʝʪʳʨʝʭ 

ʤʝʩʷʮʝʚ, ʘ ʪʘʢʞʝ ʙʘʨʘʥʳ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʤʘʪʢʠ 

12 2 

ʉʚʠʥʴʠ:   

ʧʦʨʦʩʷʪʘ  ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ  10-60 ʩʫʪʦʢ 0,5 ʅʝ  

ʜʦʧʫʩʢʘʝʪʩʷ 

2-4-ʤʝʩʷʯʥʳʝ ʧʦʨʦʩʷʪʘ 5 ʅʝ  

ʜʦʧʫʩʢʘʝʪʩʷ 

ʚʟʨʦʩʣʳʝ ʩʚʠʥʴʠ ʜʣʷ  ʤʷʩʥʦʛʦ ʠ ʙʝʢʦʥʥʦʛʦ 

ʦʪʢʦʨʤʘ 

5 1 

ʇʪʠʮʘ:    

ʤʦʣʦʜʘʷ ʠ ʚʟʨʦʩʣʘʷ ʧʪʠʮʘ, ʘ ʪʘʢʞʝ ʙʨʦʡʣʝʨʳ 2 (ʥʝ 

ʤʝʥʝʝ) 

4 

ʮʳʧʣʷʪʘ, ʛʫʩʷʪʘ, ʠʥʜʶʰʘʪʘ ʠ ʫʪʷʪʘ ʦʪ 1 ʜʦ 4 

ʥʝʜʝʣʴ 

5 ʅʝ  

ʜʦʧʫʩʢʘʝʪʩʷ 



20 

 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʣʴʯʝʥʠʷ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʜʝʨʪʠ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ 

ʢʦʨʤʣʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ [22, 26, 27, 28, 29, 30, 32, 37, 41, 43, 

44, 45, 50, 51, 76 52, 54, 88, 132, 144, 146]. 

ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ (ʤʦʜʫʣʴ) ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, 

ʠʤʝʥʫʝʤʳʡ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ὓ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ [27, 28, 

85,123, 146]:  

 

                                 ̇  
ȟ  ȟ ȟ ȟ   ȟ  ȟ  ȟ

,                        (1.1) 

ʛʜʝ Ὃ ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʟʝʨʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʩʩʳ ʥʘ 

ʩʙʦʨʥʦʤ ʜʥʝ;  

ὋȟὋȟὋȟὋȟὋ ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʟʝʨʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʩʩʳ 

ʥʘ ʩʠʪʘʭ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ 1, 2, 3, 4 ʠ 5 ʤʤ. 

ʊʦʥʠʥʫ ʨʘʟʤʦʣʘ ʦʧʨʝʜʝʣʷʶʪ ʚʟʚʝʰʠʚʘʥʠʝʤ ʦʩʪʘʪʢʦʚ ʥʘ ʩʠʪʝ ʧʦʩʣʝ 

ʧʨʦʩʝʠʚʘʥʠʷ ʦʙʨʘʟʮʘ. ʆʩʪʘʪʦʢ ʥʘ ʩʠʪʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʠʘʤʝʪʨʘʤʠ 

ʦʪʚʝʨʩʪʠʡ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ɻʆʉʊʦʤ [22, 26, 27, 29, 30, 32, 41, 43-45, 50, 52, 54].  

ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʦʪʩʝʷʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʠʤʝʥʷʶʪ ʢ ʩʢʘʨʤʣʠʚʘʥʠʶ 

ʞʠʚʦʪʥʳʤ ʩ ʫʯʝʪʦʤ ʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʣʦʚʦʟʨʘʩʪʥʳʭ ʠ ʟʦʦʪʝʭʥʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ.  

ʊʦʥʢʠʡ ʨʘʟʤʦʣ ʩʯʠʪʘʝʪʩʷ ʧʨʠ ʦʩʪʘʪʢʝ ʤʝʥʝʝ 5% ʥʘ ʩʠʪʝ ʜʠʘʤʝʪʨʦʤ ʷʯʝʡʢʠ 2 

ʤʤ ʠ ʦʪʩʫʪʩʪʚʠʠ ʦʩʪʘʪʢʘ ʥʘ ʩʠʪʝ 3 ʤʤ, ʩʨʝʜʥʠʡ ʨʘʟʤʦʣ ï ʧʨʠ ʥʘʣʠʯʠʠ ʦʩʪʘʪʢʘ 

ʤʝʥʝʝ 12%  ʥʘ ʩʠʪʝ ʩ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ ʠ ʦʪʩʫʪʩʪʚʠʠ ʦʩʪʘʪʢʦʚ ʥʘ ʩʠʪʝ ʩ 

ʦʪʚʝʨʩʪʠʷʤʠ 5 ʤʤ, ʛʨʫʙʳʡ ʨʘʟʤʦʣ ï ʧʨʠ ʤʝʥʝʝ 5% ʦʩʪʘʪʢʘ ʥʘ ʩʠʪʝ ʩ ʜʠʘʤʝʪʨʦʤ 5 

ʤʤ ʠ ʦʪʩʫʪʩʪʚʠʠ ʮʝʣʳʭ ʟʝʨʝʥ [63, 87, 110].  

ʉʪʝʧʝʥʴ ʨʘʟʤʦʣʘ ʟʝʨʥʘ (ʪʦʥʠʥʘ ʨʘʟʤʦʣʘ), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʦʢʘʟʳʚʘʝʤʳʤ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʞʠʚʦʪʥʳʭ ʠ ʧʦʝʜʘʝʤʦʩʪʴ 

ʢʦʨʤʦʚ, ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

- ʪʦʥʢʠʡ (0,2é1,0 ʤʤ); 

- ʩʨʝʜʥʠʡ (1é1,8 ʤʤ); 
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- ʛʨʫʙʳʡ (1,8é2,6 ʤʤ). 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʙʠʢʦʨʤʦʚ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʢʪʦʨʘ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪ ʪʨʠ ʛʨʫʧʧʳ 

ʟʝʨʥʠʩʪʦʩʪʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʟʝʨʥʦʚʦʛʦ ʢʦʨʤʘ. ʏʘʩʪʠʮʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʨʘʟʤʝʨʦʚ 0,55-0,6 ʤʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʧʝʨʚʘʷ ʛʨʫʧʧʘ ʚ ʤʦʜʫʣʝ 

ʨʘʟʤʦʣʘ, ʯʘʩʪʠʮʳ ʚ ʜʠʘʧʘʟʦʥʝ 0,8-1,0 ʤʤ ʦʪʥʦʩʷʪʩʷ ʢʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ, ʘ ʯʘʩʪʠʮʳ ʚ 

ʜʠʘʧʘʟʦʥʝ 1,4-1,7 ʤʤ ï ʢ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ. 

ʏʨʝʟʤʝʨʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʘʣʠʯʠʝ ʦʯʝʥʴ ʤʝʣʢʦʡ 

(ʧʳʣʝʚʠʜʥʦʡ) ʬʨʘʢʮʠʠ ʚ ʢʦʨʤʝ ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ 

ʠʟʤʝʣʴʯʝʥʠʷ, ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʨʤʘ ʠ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʟʠʪʴʩʷ 

ʥʘ ʫʩʣʦʚʠʷʭ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʟʜʦʨʦʚʴʝ ʞʠʚʦʪʥʳʭ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʧʘʜʝʞʘ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʠʟʤʝʣʴʯʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. 

ɼʘʥʥʳʝ ʬʘʢʪʦʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʟʦʦʪʝʭʥʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʢʦʨʤʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʞʠʚʦʪʥʳʭ.  

ʇʦʢʘʟʘʪʝʣʝʤ, ʦʪʨʘʞʘʶʱʠʤ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʤʘ, ʷʚʣʷʝʪʩʷ 

ʚʳʨʘʚʥʝʥʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʠʮ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʟʤʝʨʦʚ, ʢʦʪʦʨʘ ̫ ʤʦʞʝʪ ʠʤʝʪʴ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʚʣʠʷʪʴ ʥʘ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʠʟʤʝʣʴʯʝʥʠ ̫ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦ ʤʦʜʫʣʶ ʨʘʟʤʦʣʘ.  

ʄʠʥʠʤʘʣʴʥʘʷ ʢʨʫʧʥʦʩʪʴ ʠ ʚʳʨʘʚʥʝʥʥʦʩʪʴ ʯʘʩʪʠʮ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʢʦʥʝʯʥʫʶ ʧʨʦʜʫʢʮʠʶ, ʦʙʝʩʧʝʯʠʚʘʪʁ 

ʣʫʯʰʫʶ ʧʦʪʨʝʙʠʪʝʣʴʩʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʦʢʘʟʳʚʘʪʁ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʵʬʬʝʢʪ, ʯʪʦ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʟʦʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʧʨʦʜʫʢʮʠʠ.  

ʇʨʠ ʧʦʤʦʣʝ ʟʝʨʥʘ ʚ ʢʦʤʙʠʢʦʨʤʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʣʠʯʘʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʚʢʣʶʯʘʶʱʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʨʘʟʤʝʨʳ ʟʝʨʥʘ, ʨʘʟʤʝʨ, ʨʘʩʧʦʣʦʞʝʥʠʝ, ʬʦʨʤʫ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʚʣʘʞʥʦʩʪʴ, ʦʙʲʝʤ, ʪʝʢʫʯʝʩʪʴ, 
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ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʩʦʨʪʠʨʦʚʢʝ, ʫʛʦʣ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ ʪʨʝʥʠʷ, ʧʝʨʬʦʨʘʮʠʷ, ʧʣʦʪʥʦʩʪʴ ʠ ʪʚʝʨʜʦʩʪʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʣʴʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ:  

1. ʇʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʪʘ: 

ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ (ʢʦʵʬʬʠʮʠʝʥʪ ʪʦʥʢʦʩʪʠ); 

ïʦʙʱʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ;  

ï ʚʝʣʠʯʠʥʘ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ (ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ). 

2. ʇʦʢʘʟʘʪʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ ʜʨʦʙʣʝʥʠʷ:  

ï ʟʝʨʥʠʩʪʦʩʪʴ ʩʦʩʪʘʚʘ;  

ï ʜʦʣʷ ʯʘʩʪʠʮ ʚ ʠʟʤʝʣʴʯʝʥʥʦʤ ʧʨʦʜʫʢʪʝ ʧʦ ʟʘʜʘʥʥʦʤʫ ʢʣʘʩʩʫ.  

3. ʇʦʢʘʟʘʪʝʣʴ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ: 

ï ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʝʜʠʥʠʮʫ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

ï ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʥʘ ʪʦʥʥʫ ʩʳʨʴʷ. 

4. ʇʦʢʘʟʘʪʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ:  

ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʨʦʙʠʣʢʠ, ʝʜʠʥʠʮʘ ʤʘʩʩʳ ʚ ʯʘʩ. 

 

 

1.2. ɸʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ 

 

 

ʉʧʦʩʦʙʳ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʤʦʛʫʪ ʙʳʪʴ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʧʨʦʮʝʜʫʨʝ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʘ 

ʨʘʟʜʝʣʷʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ: ʨʘʩʢʘʣʳʚʘʥʠʝ, 

ʨʘʟʜʘʚʣʠʚʘʥʠʝ, ʨʝʟʘʥʠʝ, ʩʚʦʙʦʜʥʳʡ ʫʜʘʨ, ʨʘʟʣʘʤʳʚʘʥʠʝ, ʠʩʪʠʨʘʥʠʝ, 

ʨʘʩʧʠʣʠʚʘʥʠʝ, ʩʪʝʩʥʝʥʥʳʡ ʫʜʘʨ ʠ ʜʨ., ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.1, ʯʪʦ 

ʜʦʩʪʘʪʦʯʥʦ ʦʩʚʝʱʝʥʦ ʚ ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ [ 63, 123, 132].  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʩʧʦʩʦʙʘ ʠʟʤʝʣʴʯʝʥʠʷ. ʅʘʣʠʯʠʝ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʘʨʘʤʝʪʨʘʤ ʛʦʪʦʚʦʡ 
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ʧʨʦʜʫʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʧʦʩʦʙʘ ʠʟʤʝʣʴʯʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ.  

ʈʠʩʫʥʦʢ 1.1 ʙ ʦʪʦʙʨʘʞʘʝʪ ʧʨʦʮʝʩʩ ʨʘʩʢʘʣʳʚʘʥʠʷ. ʀʟʤʝʣʴʯʝʥʠʝ ʩʪʝʩʥʝʥʥʳʤ 

ʠ ʩʚʦʙʦʜʥʳʤ ʫʜʘʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.1 çʞè ʠ çʟè, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʪʦʥʢʦʛʦ ʨʘʟʤʦʣʘ  [ 63].  

 

ʈʠʩʫʥʦʢ 1.1 ï ɺʠʜʳ ʜʨʦʙʣʝʥʠʷ ʟʝʨʥʘ:  

a ï ʨʘʟʜʘʚʣʠʚʘʥʠʝ; ʙ ï ʨʘʩʢʘʣʳʚʘʥʠʝ; ʚ ï ʨʘʟʣʘʤʳʚʘʥʠʝ; ʛ ï ʨʝʟʘʥʠʝ; ʜ ï 

ʨʘʩʧʠʣʠʚʘʥʠʝ; ʝ ï ʠʩʪʠʨʘʥʠʝ; ʞ ï ʩʪʝʩʥʝʥʥʳʡ ʫʜʘʨ; ʟ ï ʩʚʦʙʦʜʥʳʡ ʫʜʘʨ 

 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʩʧʝʮʠʬʠʢʘ ʩʪʨʫʢʪʫʨʳ ʟʝʨʥʦʚʢʠ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʢʘʢ ʩʣʦʞʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʧʨʦʯʥʦʩʪʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʩ ʜʚʫʤʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ: ʢʘʨʢʘʩʦʤ (ʩʢʝʣʝʪʦʤ), 

ʦʙʣʘʜʘʶʱʠʤ ʫʧʨʫʛʦʩʪʴʶ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʠ ʥʘʧʦʣʥʠʪʝʣʝʤ, ʠʤʝʶʱʠʤ ʚʷʟʢʠʝ 

ʩʚʦʡʩʪʚʘ. ʇʨʦʯʥʦʩʪʴ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ 

ʩʪʨʫʢʪʫʨʫ ʦʙʦʣʦʯʝʢ ʠ ʵʥʜʦʩʧʝʨʤʦʚ, ʮʝʣʦʩʪʥʦʩʪʴ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ.  

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʢʘʯʝʩʪʚʦ ʟʝʨʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʝʤʝʡʩʪʚʘ ʟʣʘʢʦʚʳʭ, ʷʚʣʷʶʪʩʷ ʪʝʢʩʪʫʨʘ ʵʥʜʦʩʧʝʨʤʘ (ʪʚʝʨʜʦʩʪʴ ʟʝʨʥʘ), ʩʦʜʝʨʞʘʥʠʝ 

ʙʝʣʢʘ ʠ ʢʨʝʧʦʩʪʴ ʢʣʝʡʢʦʚʠʥʳ. ʇʨʠ ɻʪʦʤ ʩʪʨʫʢʪʫʨʘ ʵʥʜʦʩʧʝʨʤʘ ʟʝʨʥʘ ï

ʝʜʠʥʩʪʚʝʥʥʘ ̫ ʥʘʠʙʦʣʝʝ ʚʘʞʥʘ ̫ ʠ ʦʧʨʝʜʝʣʷʶʱʘ ̫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʯʝʩʪʚʘ, 
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ʧʦʩʢʦʣʴʢʫ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʨʘʟʤʦʣʘ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʢʦʥʝʯʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʝ [162] .  

ʇʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʬʫʨʘʞʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʩʠʣʫ ʥʘʣʠʯʠʷ ʜʘʥʥʳʭ 

ʭʘʨʘʢʪʝʨʥʳʭ ʢʘʯʝʩʪʚ, ʧʨʦʭʦʜʠʪ ʯʘʱʝ ʚʩʝʛʦ ʫʜʘʨʦʤ, ʘ ʪʘʢʞʝ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʨʘʟʨʫʰʝʥʠʷ. 

ʌʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʣʫʯʝʥʠʶ 

ʠʩʢʦʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʟʘ ʩʯʝʪ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʨʘʱʘʶʱʠʭʩʷ 

ʥʘ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʤʦʣʦʪʢʦʚ ʦ ʧʨʦʜʫʢʪ ʧʝʨʝʨʘʙʦʪʢʠ, ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʜʘʨʘ ʦ 

ʜʝʢʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʤʦʣʦʪʢʘʤʠ ʜʚʠʞʝʥʠʶ ʯʘʩʪʠʮ, ʠ ʫʜʘʨʥʦ-

ʠʩʪʠʨʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʦ ʧʦʜʚʠʞʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʤʝʞʜʫ 

ʩʦʙʦʡ. 

ʉ. ɺ. ʄʝʣʴʥʠʢʦʚ ʚ ʩʚʦʠʭ ʪʨʫʜʘʭ ʦʙʦʩʥʦʚʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʨʦʙʣʝʥʠʷ ʟʝʨʥʘ 

ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠ ̫ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʩʪʦʠʤʦʩʪʴ ʫʜʘʨʥʳʭ ʜʨʦʙʠʣʦʢ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʥʮʠʧʝ 

ʩʚʦʙʦʜʥʦʛʦ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʚʘʣʢʦʚʳʭ 

ʜʨʦʙʠʣʦʢ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʟʤʝʣʴʯʝʥʠʠ ʧʨʠʥʮʠʧʦʤ ʨʘʟʜʘʚʣʠʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ 

ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʚ ʪʨʠ ʨʘʟʘ ʥʠʞʝ [67].  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʟʝʨʥʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʝʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʟʘ ʩʯʝʪ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʫʶ ʩʧʝʮʠʬʠʢʫ. ʇʨʝʜʧʦʯʪʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʧʦʣʴʟʫ ʜʨʦʙʠʣʦʢ ʫʜʘʨʥʦʛʦ ʪʠʧʘ, 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʨʫʰʝʥʠʠ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʤʦʱʴʶ 

ʩʠʣʳ ʩʞʘʪʠʷ ʠ ʩʜʚʠʛʘ ʤʝʪʦʜʦʤ ʩʪʝʩʥʝʥʥʦʛʦ ʠʣʠ ʩʚʦʙʦʜʥʦʛʦ ʫʜʘʨʘ, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʷʪʩʷ ʤʦʣʦʪʢʦʚʳʝ ʜʨʦʙʠʣʢʠ. 

ʇʨʠ ʵʪʦʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʟʝʨʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ,  

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʧʝʨʝʨʘʙʦʪʢʫ ʟʝʨʥʘ ʚ ʢʦʤʙʠʢʦʨʤʘ, ʩʨʝʜʠ ʠʟʤʝʣʴʯʠʪʝʣʝʡ 

ʧʦʣʴʟʫʶʪʩʷ ʩʧʨʦʩʦʤ ʜʨʦʙʠʣʢʠ ʟʝʨʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʢʦʪʦʨʳʤ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʷ ʟʘ ʩʯʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʢʘʯʝʩʪʚ ʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ. 
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1.3. ʆʩʥʦʚʥʳʝ ʟʘʢʦʥʳ ʠʟʤʝʣʴʯʝʥʠʷ 

 

 

ʀʟʫʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʟʝʨʥʘ ʥʘʧʨʘʚʣʝʥʦ 

ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʯʠʭ 

ʵʣʝʤʝʥʪʦʚ ʤʘʰʠʥ ʩ ʟʝʨʥʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʟʘʪʨʘʪʳ ʬʠʟʠʯʝʩʢʠʭ 

ʫʩʠʣʠʡ, ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʚ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ.  

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʦʩʪʦʷʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟʤʝʥʷʶʪʩʷ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ ʤʘʰʠʥ ʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʠʟʤʝʥʝʥʠʠ 

ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʀʟʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʚʷʟʘʥʳ ʩ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʟʝʨʥʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠʟ ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʳʭ ʷʚʣʷʪʁʩʷ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʂʘʢ ʦʪʤʝʯʝʥʦ ʘʚʪʦʨʦʤ [159], ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʪʚʝʨʜʦʩʪʠ 

ʟʝʨʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʧʫʨʦʠʥʜʦʣʠʥʦʚʳʭ ʙʝʣʢʦʚ ɸ ʠ B, ʢʦʪʦʨʳʝ 

ʬʦʨʤʠʨʫʶʪ ʤʦʣʝʢʫʣʷʨʥʫʶ ʦʩʥʦʚʫ ʪʚʝʨʜʦʩʪʠ ʠʣʠ ʪʝʢʩʪʫʨʳ ʟʝʨʥʘ, ʧʨʠ ʵʪʦʤ ʢʦʛʜʘ 

ʦʙʘ ʧʫʨʦʠʥʜʦʣʠʥʘ ʥʘʭʦʜʷʪʩʷ ʚ ʠʭ "ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ" ʜʠʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʝʢʩʪʫʨʘ 

ʟʝʨʥʘ ʤʷʛʢʘʷ. ʂʦʛʜʘ ʣʶʙʦʡ ʠʟ ʧʫʨʦʠʥʜʦʣʠʥʦʚ ʦʪʩʫʪʩʪʚʫʝʪ ʠʣʠ ʠʟʤʝʥʝʥ ʤʫʪʘʮʠʝʡ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʪʚʝʨʜʘʷ ʪʝʢʩʪʫʨʘ. ɺ ʩʣʫʯʘʝ ʪʚʝʨʜʦʡ ʧʰʝʥʠʮʳ, ʚ ʢʦʪʦʨʦʡ 

ʦʪʩʫʪʩʪʚʫʶʪ ʧʫʨʦʠʥʜʦʣʠʥʳ, ʪʝʢʩʪʫʨʘ ʦʯʝʥʴ ʪʚʝʨʜʘʷ. ʇʫʨʦʠʥʜʦʣʠʥʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʣʦʢʫʩʘ ʪʚʝʨʜʦʩʪʠ ʥʘ 

ʭʨʦʤʦʩʦʤʝ 5DS ʠ ʘʣʣʝʣʝʡ ʤʷʛʢʦʩʪʠ (Ha) ʠ ʪʚʝʨʜʦʩʪʠ (ha), ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʫ 

ʛʝʢʩʘʧʣʦʠʜʥʳʭ ʩʦʨʪʦʚ ʭʣʝʙʥʦʡ ʧʰʝʥʠʮʳ. 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʨʤʦʚ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ, ʚʘʞʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʟʝʨʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʪʘʢʠʝ ʢʘʢ ʝʛʦ ʨʘʟʤʝʨ, ʬʦʨʤʘ, ʩʪʨʫʢʪʫʨʥʳʡ ʩʦʩʪʘʚ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɿʝʨʥʦ ʥʝʦʜʥʦʨʦʜʥʦ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʦʣʦʯʢʫ, 

ʵʥʜʦʩʧʝʨʤ ʠ ʟʘʨʦʜʳʰ. ɸʥʘʪʦʤʠʯʝʩʢʠʝ ʯʘʩʪʠ ʟʝʨʥʘ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʨʘʟʣʠʯʥʳʤʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʨʘʱʠʚʘʥʠʷ, ʩʦʨʪʘ, 
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ʫʩʣʦʚʠʡ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʆʙʦʣʦʯʢʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʚʝʨʜʦʩʪʴ ʠ ʩʢʣʦʥʥʘ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʧʨʠ ʩʞʘʪʠʠ, ʪʦʛʜʘ ʢʘʢ ʵʥʜʦʩʧʝʨʤ ʠʤʝʝʪ ʙʦʣʝʝ ʚʷʟʢʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʙʦʣʝʝ ʭʨʫʧʦʢ ʠ ʧʦʜʚʝʨʞʝʥ ʨʘʟʜʘʚʣʠʚʘʥʠʶ [150].  

ʅʘʧʨʷʞʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ ʟʝʨʥʘ, 

ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʨʘʟʤʝʨʘ ʠ ʚʣʘʞʥʦʩʪʠ, ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 9,5 ʜʦ 31,5 ʄʧʘ. 

ʆʜʥʘʢʦ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʵʥʜʦʩʧʝʨʤʘ ʟʝʨʥʘ ʪʨʝʙʫʝʪʩʷ ʛʦʨʘʟʜʦ 

ʤʝʥʴʰʝʝ ʥʘʧʨʷʞʝʥʠʝ ï ʦʪ 1.7 ʜʦ 3.3 ʄʧʘ [88]. ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʧʨʠ 

ʨʘʟʤʦʣʝ ʟʝʨʥʘ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʦʨʤʘ ʟʝʨʥʘ, ʝʛʦ ʚʣʘʞʥʦʩʪʴ,  

ʦʨʠʝʥʪʘʮʠ ̫ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ, ʥʘʣʠʯʠʝ 

ʤʠʢʨʦʪʨʝʱʠʥ ʠ ʢʦʥʩʠʩʪʝʥʮʠʷ ʵʥʜʦʩʧʝʨʤʘ, ʘ ʪʘʢʞʝ ʧʣʝʥʯʘʪʦʩʪʴ [167]. 

ʉʪʝʢʣʦʚʠʜʥʳʡ ʵʥʜʦʩʧʝʨʤ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʢʨʫʧʥʳʭ ʢʣʝʪʦʢ ʩ ʪʦʥʢʠʤʠ ʦʙʦʣʦʯʢʘʤʠ 

ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʴʶ, ʯʝʤ ʟʝʨʥʘ ʩ ʧʦʣʫʩʪʝʢʣʦʚʠʜʥʳʤʠ ʠʣʠ ʤʫʯʥʠʩʪʳʤ. 

ɹʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʟʝʨʥʘ, ʠʤʝʶʱʠʝ ʢʨʫʛʣʫʶ ʬʦʨʤʫ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʨʘʞʝʥʥʦʡ ʨʝʙʨʠʩʪʦʩʪʴʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʆʩʥʦʚʥr ʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ 

ʩʝʤʝʡʩʪʚʘ ʤʷʪʣʠʢʦʚʳʭ (ʟʣʘʢʦʚʳʭ) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.2  

 

ʊʘʙʣʠʮʘ 1.2 ï ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ [64, 150]  

 

ʇʘʨʘʤʝʪʨ ʂʫʣʴʪʫʨʘ 

ʧʰʝʥʠʮʘ ʨʦʞʴ ʦʚʝʩ ʷʯʤʝʥʴ 

ɼʣʠʥʘ, ʤʤ 4,8-8,0 5,0-10,0 8,0-18,6 7,0-14,6 

ʐʠʨʠʥʘ, ʤʤ 1,6-4,8 1,4-3,6 1,4-4,0 2,0-5,0 

ʊʦʣʱʠʥʘ, ʤʤ 1,5-3,3 1,2-3,5 1,0-4,0 1,2-4,5 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3  1,2-1,5 1,2-1,5 1,2-1,4 1,2-1,4 

ʄʘʩʩʘ 1000 ʟʝʨʝʥ, ʛ 20-40 13-32 20-42 31-51 

ʅʘʪʫʨʘ, ʢʛ/ʣ  0,76 0,73 0,45 0,65 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ 

ʪʨʝʥʠʷ  

0,47 0,49 0,51 0,51 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʦ ʩʪʘʣʠ  0,37 0,37 0,37 0,37 
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ʉʢʦʨʦʩʪʴ ʫʜʘʨʘ ʥʘʯʘʣʘ 

ʨʘʟʨʫʰʝʥʠʷ ʟʝʨʥʘ, ʤ/ʩ 

43 45 56 70 

ʉʢʦʨʦʩʪʴ ʫʜʘʨʘ ʧʦʣʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʟʝʨʥʘ, ʤ/ʩ 

115 92 105 130 

 

ʇʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʬʦʨʤ ʤʝʣʢʠʭ 

ʯʘʩʪʠʮ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʟʝʨʥʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʥʦʚʴ 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʠ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚʳʩʦʢʦʨʘʟʚʠʪʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʣʴʯʝʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʧʦʩʦʙ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʇʦʢʘʟʘʪʝʣ ɹ ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʨʘʟʚʠʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʥʳʭ ʯʘʩʪʠʮ ï 

ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. 

ʊʝʦʨʠʝʡ ʠʟʤʝʣʴʯʝʥʠʷ, ʧʨʠʤʝʥʠʤʦʡ ʢ ʧʨʦʮʝʩʩʘʤ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʧʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʟʝʨʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʪ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ, ʢʘʢ [67, 123]:  

- ʫʜʝʣʴʥʘ ̫ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪʥʝʩʝʥʥʘ ̫ʢ ʝʛʦ ʦʙʲʝʤʫ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʢ ʝʛʦ ʦʙʲʝʤʫ:  

                                                      Sy.o = 6/d, ʤ-1;                                             (1.2) 

 - ʤʘʩʩʦʚʘ ̫ ʫʜʝʣʴʥʘ ̫ ʧʣʦʱʘʜʴ, ʢʘʢ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, 

ʦʪʥʝʩʝʥʥʘʷ ʢ ʝʛʦ ʤʘʩʩʝ: 

                                                  Syo = 6/pd,  ʤ2/ʢʛ,                                            (1.3) 

ʛʜʝ d ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʤ; 

 ʨ ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʢʛ/ʤ3 . 

ʉʪʝʧʝʥʴʶ (ʜʠʩʧʝʨʩʥʦʩʪʠ) ʠʟʤʝʣʴʯʝʥʠʷ ʚʦʟʤʦʞʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʠ 

ʛʣʫʙʠʥʫ ʧʨʦʮʝʩʩʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʚʦʟʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ, 

ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ, ʠʩʧʦʣʴʟʫʷ ʦʪʥʦʰʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ Sʫʦ, ʢ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʫʩʢʦʚ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ S. ʕʪʦ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

                                                 ɚs = Soe / S.                                                    (1.4) 
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ʊʘʢʞʝ ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ɚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʢʫʩʢʦʚ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ D ʢ ʩʨʝʜʥʝʤʫ ʨʘʟʤʝʨʫ 

ʯʘʩʪʠʮ ʧʨʦʜʫʢʪʘ ʠʟʤʝʣʴʯʝʥʠʷ d [123, 150]:  

                                                             ɚs= D/d.                                                   (1.5) 

ʈʘʟʤʝʨ ʟʝʨʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʚʝʣʠʯʠʥʦʡ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ D,ɻ ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʩʪʨʫʢʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʧʨʦʜʫʢʪʦʚ ʠ ʥʝʦʜʥʦʦʙʨʘʟʥʳʝ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ ʟʝʨʝʥ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʘʤʝʪʨ 

ʩʬʝʨʳ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʦʙʲʝʤ, ʨʘʚʥʳʡ ʦʙʲʝʤʫ ʟʝʨʥʘ.  

ʇʨʠ ʫʩʣʦʚʠʠ, ʝʩʣʠ ʦʙʲʝʤ ʟʝʨʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ὺ, ʪʦ ʦʙʲʝʤ ʩʬʝʨʳ 

ʩ ʨʘʚʥʳʤ ʜʠʘʤʝʪʨʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ˊDįὺ,/6, ʟʥʘʯʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ ʟʝʨʥʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

                                      Ὀ̞  ρȟςτὺ.                                             (1.6) 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ, ʫʜʝʣʴʥʘ ̫ ʧʣʦʱʘʜʴ ʧʝʨʚʠʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʝʨʥʦʚʢʠ SH ʧʝʨʝʜ ʧʨʦʮʝʩʩʦʤ ʠʟʤʝʣʴʯʝʥʠ ̫ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʳʨʘʞʝʥʠʝʤ 

φ ȾÐ$̞ . 

ɺ ʧʨʦʮʝʩʩʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʟʤʝʣʴʯʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ɺ ʮʝʣʷʭ ʫʩʪʘʥʦʚʣʝʥʠ ̫ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ, 

ʧʨʝʜʣʦʞʝʥʳ ʜʚʝ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ï ʪʝʦʨʠʷ ʦʙʲʝʤʥʦʛʦ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʦʨʠʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʇ. ʈʠʪʪʠʥʛʝʨʦʤ, ʧʨʠ 

ʜʝʬʦʨʤʘʮʠʠ ʪʝʣʘ ʧʨʦʠʩʭʦʜʷʪ ʜʚʘ ʪʠʧʘ ʜʝʬʦʨʤʘʮʠʡ: ʫʧʨʫʛʘʷ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʪʝʣʘ, ʠ ʧʣʘʩʪʠʯʝʩʢʘʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʟʤʝʥʷʪʁʩʷ 

ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʪʝʣʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪ rὃ , ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʫʧʨʫʛʫʶ 

ʜʝʬʦʨʤʘʮʠʶ ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʨʘʙʦʪʦʡ, ʨʘʚʥʦʡ ʠʟʤʝʥʝʥʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ ʪʝʣʘ,  ʠ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʠ ʪʝʣʘ ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʙʦʪʦʡ, 

ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʣ ʪʨʝʥʠʷ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ 
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ʧʝʨʝʭʦʜʷʱʫʶ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ, ʘ ʪʘʢʞʝ ʧʨʠʨʘʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʪʝʣʘ, ʯʪʦ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʣʦʱʘʜʠ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ῳὛ, ʧʨʝʜʣʦʞʝʥʘ ʬʦʨʤʫʣʘ: 

                                                  ὃ   Ὢ ῳὛ.                                                (1.7) 

ʕʪʘ ʬʦʨʤʫʣʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʫʶ ʯʘʩʪʴ ʨʘʙʦʪʳ ʟʘʪʨʘʯʠʚʘʶʪ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʤʘʪʝʨʠʘʣʘ, ʘ ʢʘʢʫʶ - ʥʘ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ. 

ʏʝʤ ʙʦʣʴʰʝ ʠʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʤʘʪʝʨʠʘʣʘ, ʪʝʤ ʙʦʣʴʰʝ ʨʘʙʦʪʘ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ 

ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʠ ʤʝʥʴʰʝ - ʥʘ ʫʧʨʫʛʫʶ. 

ʉʫʪʴ ʝʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʠʩʣʦ ʧʦʣʫʯʝʥʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʜʝʣʝʥʠʷ ʪʝʣʘ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʨʝʙʨʦʤ ʉ 

(ʨʠʩʫʥʦʢ 1.2) ʜʦ ʯʘʩʪʠʮ-ʢʫʙʠʢʦʚ ʩ ʤʝʥʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʨʝʙʨʘ ὧ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʦ ʚʳʨʘʞʝʥʠʶ  [67]:  

                                         ὔ ˞Ⱦ ̒  ‗.                                        (1.8) 

 

 

ʈʠʩʫʥʦʢ 1.2 ï ʀʣʣʶʩʪʨʘʮʠʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʪʝʣʘ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ:  

1, 2, 3 ï ʧʣʦʩʢʦʩʪʠ ʩʝʯʝʥʠʷ ʢʫʙʘ 

 

ʊʦʛʜʘ ʧʣʦʱʘʜʴ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ:  

 

                         ῳὛ  φὧὔ̘  φ˞   φὅ ‗ ρ.                                 (1.9) 

ʇʦʣʥʘʷ ʨʘʙʦʪʘ, ʟʘʪʨʘʯʝʥʥʘʷ ʥʘ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ (ʧʦ ʇ. ʈʠʪʪʠʥʛʝʨʫ), ʩ 

ʫʯʝʪʦʤ ʨʘʙʦʪʳ ʨʘʩʭʦʜʫʝʤʦʡ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
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ὃ , ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ. 

                                  ὃ  ὃ ῳὛ  φὃὅ ‗ ρ.                            (1.10) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʤ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʘ 

ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʜʫʢʪ ʠʤʝʝʪ ʚʳʩʦʢʦʨʘʟʚʠʪʫʶ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʘʢʦ ʧʨʠ ʨʘʩʯʝʪʝ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ 

ʢʫʩʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, ʵʪʘ ʪʝʦʨʠʷ ʜʘʝʪ ʙʦʣʴʰʠʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ. ɼʣʷ  ʧʨʠʙʣʠʞʝʥʠʷ ʨʘʩʯʝʪʦʚ ʢ ʠʩʪʠʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʢʫʩʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʨʫʩʩʢʠʡ ʫʯʝʥʳʡ-

ʤʝʭʘʥʠʢ ɺ.ʃ. ʂʠʨʧʠʯʝʚ ʨʘʟʨʘʙʦʪʘʣ ʦʙʲʝʤʥʫʶ ʪʝʦʨʠʶ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ 

ʥʝʤʝʮʢʠʤ ʫʯʝʥʳʤ ʌ. ʂʠʢʩʦʤ ʠ ʧʦʢʘʟʘʣʘ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʧʨʝʜʤʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʤʠʥʝʨʘʣʦʚ. 

ʋʢʘʟʘʥʥʘʷ ʪʝʦʨʠʷ ʦʪʨʘʞʘʝʪ, ʯʪʦ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ὃ̋ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʦʙʲʝʤʫ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠ ʪʝʣʘ ȹV: 

                                              ὃ̋  Ὢῳὠ.                                                   (1.11) 

ʊʘʢ ʢʘʢ ʜʝʬʦʨʤʠʨʦʚʘʥʥʘ ̫ ʯʘʩʪʴ ʦʙʲʝʤʘ ʪʝʣʘ ῳὠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʝʛʦ ʦʙʲʝʤʫ V, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʙʦʪʘ ʟʘʧʠʩʳʚʘʝʪʩʷ 

                                                   ὃ̋ = Kbm ,                                                     (1.12) 

ʛʜʝ ʂb ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ; 

m ï ʤʘʩʩʘ ʨʘʟʨʫʰʘʝʤʦʛʦ ʢʫʩʢʘ, ʢʛ. 

ʆʜʥʘʢʦ ʦʙʝ ʪʝʦʨʠʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʣ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʦʵʪʦʤʫ ʌ. ɹʦʥʜ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʧʨʠʤʠʨʠʪʝʣʴʥʘʷ ʪʝʦʨʠʷ, ʛʜʝ ʨʘʙʦʪʘ, ʟʘʪʨʘʯʝʥʥʘʷ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʫʩʨʝʜʥʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʦʙʲʝʤʘ ʠ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʀʟʫʯʠʚ ʵʪʠ ʪʝʦʨʠʠ, ʤʳ ʤʦʞʝʤ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʥʠ ʦʧʠʩʳʚʘʶʪ ʣʠʰʴ 

ʦʪʜʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ, ʥʝ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʢʦʥʢʨʝʪʥʳʝ 

ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʝʛʦ ʵʥʝʨʛʦʸʤʢʦʩʪʴ, ʪʘʢʠʝ ʢʘʢ ʜʠʩʧʝʨʩʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʢʘʜʝʤʠʢ ʇ. ɸ. ʈʝʙʠʥʜʝʨ, ʧʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ ʥʝʜʦʩʪʘʪʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʦʙʲʝʤʥʦʡ ʪʝʦʨʠʠ, ʠʟʫʯʠʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠʟʤʝʣʴʯʠʪʝʣʝʡ, 

ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʟʘʪʨʘʯʝʥʥʦʡ ʨʘʙʦʪʳ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʩ ʧʦʤʦʱʴʶ 
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ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠ:̫ 

                                               A = f(ȹV) + fi(ȹS),                                        (1.13) 

ʛʜʝ ȹV ï ʦʙʲʝʤ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠ ʪʝʣʘ; 

 ȹS ï ʧʨʠʨʘʱʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ.  

ʋʨʘʚʥʝʥʠʝ (1.13) ʚ ʨʘʟʚʝʨʥʫʪʦʤ ʚʠʜʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

                                         A = Av + As = KȹV + Ŭ̀ȹS,                              (1.14) 

ʛʜʝ AV ï ʨʘʙʦʪʘ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʜʝʬʦʨʤʘʮʠʠ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠ ʪʝʣʘ; 

AS ï ʨʘʙʦʪʘ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ;  

ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ;  

ů ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʵʥʝʨʛʠʶ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

ɽʩʣʠ ʧʨʠʥʷʪʴ ʧʝʨʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ (ʨʘʙʦʪʫ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ) ʟʘ 

ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ, ʘ ʚʪʦʨʫʶ (ʨʘʙʦʪʫ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ) ï ʟʘ ʙʝʩʧʦʣʝʟʥʫʶ, ʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʤʝʣʴʯʝʥʠʷ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪ ʨʘʙʦʪʳ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʏʝʤ ʤʝʥʴʰʝ ʧʨʦʯʥʦʩʪʴ, ʪʝʤ 

ʤʝʥʴʰʝ ʨʘʙʦʪʘ ʜʝʬʦʨʤʘʮʠʡ ʠ ʪʝʤ ʚʳʰʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʤʝʣʴʯʝʥʠʷ. 

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʦʛʫʪ ʧʦʤʦʯʴ ʪʦʣʴʢʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʙʦʯʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʦʬʝʩʩʦʨ ʉ. ɺ. ʄʝʣʴʥʠʢʦʚ ʨʘʟʨʘʙʦʪʘʣ ʨʘʙʦʯʫʶ ʵʤʧʠʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʧʨʦʬʝʩʩʦʨʘ 

ʇ. ɸ. ʈʝʙʠʥʜʝʨʘ, ʠʤʝʶʱʫʶ ʚʠʜ: 

                                    ɸʀ = c[cv lgɚ
3 + cs(ɚ - 1)] ,                                         (1.15) 

ʛʜʝ ʩ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʤʝʪʦʜʳ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʠʟʤʝʣʴʯʠʪʝʣʝʡ;  

ʩv ï ʢʦʵʬʬʠʮʠʝʥʪ, ʚʳʨʘʞʘʶʱʠʡ ʫʜʝʣʴʥʫʶ ʨʘʙʦʪʫ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ, ɼʞ/ʢʛ;  

ʩs ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʝʣʴʥʦʡ ʨʘʙʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ɼʞ/ʢʛ;  
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ɚ ï ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ. 

ʆʮʝʥʠʚʘʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʮʝʩʩʫ ʠʟʤʝʣʴʯʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʬʦʨʤʫʣʳ ʜʣʷ 

ʨʘʩʯʝʪʘ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʝ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʧʘʨʘʤʝʪʨʘʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ʅʘʧʨʠʤʝʨ, ʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩ,̫ ʯʪʦ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʣʦʱʘʜʴ ʨʘʙʦʯʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʨʦʙʠʣʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʦʡ ʚʝʣʠʯʠʥʝ 2ʩ2 ʧʨʠ ɚ=2, ʧʨʠ ɚ=3 - 3ʩ2 ʠ 

ʪʘʢ ʜʘʣʝʝ ɚic
2 ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʫʯʘʩʪʢʦʚ [67]. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʨʦʪʦʨʥʳʭ ʜʨʦʙʠʣʦʢ, ʘ ʪʘʢʞʝ ʢ ʥʝʠʟʙʝʞʥʦʤʫ 

ʧʝʨʝʠʟʤʝʣʴʯʝʥʠʶ ʤʘʪʝʨʠʘʣʘ.  

ʇʦ ʦʙʲʝʜʠʥʝʥʥʦʡ ʪʝʦʨʠʠ ʠʟʤʝʣʴʯʝʥʠʷ ʵʥʝʨʛʠʷ ɔ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ 

ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʢʝʣʝʪʘ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ 

ʩʣʝʜʫʶʱʝʤ ʦʙʨʘʟʦʤ: 

                                       g= Ὃὑrὰὲ
̒̑

p ρ-m ,                                         (1.16) 

ʛʜʝ G ï ʤʦʜʫʣʴ ʩʜʚʠʛʘ;  

ɛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ;  

ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʝʱʝʥʠʷ;  

ɟ ï ʧʣʦʪʥʦʩʪʴ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ;  

Dʩʨ ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʨʘʟʤʦʣʘ. 

ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ɛ (ɜ), ʤʦʜʫʣʴ ʧʨʦʜʦʣʴʥʦʡ 

ʫʧʨʫʛʦʩʪʠ E, ʤʦʜʫʣʴ ʩʜʚʠʛʘ G ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ 

ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ɻʫʢʘ. ʆʜʥʘʢʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʥʘʣʠʯʠʝʤ ʫʧʨʫʛʦ-ʚʷʟʢʠʭ ʩʚʦʡʩʪʚ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

ɼʣʷ ʨʘʟʨʫʰʝʥʠʷ ʟʝʨʝʥ ʪʚʝʨʜʳʭ ʩʦʨʪʦʚ ʟʝʨʝʥ ʧʰʝʥʠʮʳ ʤʝʪʦʜʦʤ ʩʢʘʣʳʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,95 ʜʦ 1,1 ʄʧʘ, ʘ ʜʣʷ ʤʷʛʢʠʭ 

ʩʦʨʪʦʚ ï 0,28-0,32 ʤʇʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ 
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ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʪ̫ʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1,9-4 ʢɼʞ/ʢʛ.  

ɿʝʨʥʦʚʳʝ ʢʫʣʴʪʫʨʳ ʦʙʣʘʜʘʶʪ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨʳ ʟʝʨʥʦʚʦʢ ʦʪ 10 ʜʦ 35 % (ʦʪ 90 ʜʦ 65 %) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ [67]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʣʘʩʪʠʯʝʩʢʫʶ 

ʜʝʬʦʨʤʘʮʠʶ, ʘ ʥʝ ʥʘ ʫʧʨʫʛʫʶ. 

ʋʜʘʨʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʟʝʤʣʝʜʝʣʴʯʝʩʢʦʡ 

ʤʝʭʘʥʠʢʠ. ʇʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʤʦʣʦʪʢʦʚʦʡ ʟʝʨʥʦʜʨʦʙʠʣʢʝ ʦʩʥʦʚʘʥ ʥʘ ʫʜʘʨʥʦʡ 

ʥʘʛʨʫʟʢʝ ʥʘ ʷʜʨʘ ʟʝʨʥʘ. 

ɺʦ ʚʨʝʤʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʵʥʝʨʛʠʷ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ, 

ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʩʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʧʨʫʛʦʤʫ ʨʘʩʰʠʨʝʥʠʶ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʝʥʠʝʤ ʜʣʷ ʚʩʝʭ ʫʜʘʨʥʳʭ ʠʟʤʝʣʴʯʠʪʝʣʝʡ, ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʤʦʣʦʪʢʠ. ʆʜʥʘʢʦ ʧʦʚʪʦʨʥʦʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʭʦʜʫ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʘʤ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ɺ. ʇ. 

ɻʦʨʷʯʢʠʥʳʤ (ʩʤ. ʨʠʩʫʥʦʢ 1.3), ʢʦʪʦʨʳʤ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ   

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʫʩʣʦʚʠʷʭ  

ʫʜʘʨʥʦʛʦ ʩʞʘʪʠʷ ʟʝʨʥʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 1.3, 

ʯʪʦʙʳ ʣʫʯʰʝ ʧʦʥʷʪʴ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ, ʤʦʞʥʦ ʫʪʦʯʥʠʪʴ 

ʩʣʝʜʫʶʱʝʝ: ʧʝʨʚʘʷ ʦʙʣʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʭʦʜʦʚʘʥʠʝʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʷ 

ʤʦʣʦʪʢʘ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʟʝʨʝʥ ʧʨʠ V3=0. ɼʦʣʷ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ 

ʜʝʬʦʨʤʘʮʠʶ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʩʤʝʱʝʥʠʷ ʦʪ V3=0  ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ, ʠ ʚ ʪʦʯʢʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ V3/VM = 1, ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʥʫʣʝʚʳʤ ʟʥʘʯʝʥʠʷʤ.  

ɼʣʷ ʦʙʣʘʩʪʠ V3/VM = 0,75-0,85 ʭʘʨʘʢʪʝʨʥʘ ʨʘʙʦʪʘ ʤʦʣʦʪʢʦʚʳʭ 

ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʠʥʝʤʘʪʠʯʝʩʢʦʤ ʠ ʩʠʣʦʚʦʤ ʨʝʞʠʤʝ.  

ʊʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʫʰʠʪʝʣʴʥʦʡ ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ 

ʤʦʣʦʪʢʦʤ, ʧʦʣʝʟʥʦʡ ʵʥʝʨʛʠʝʡ ʜʝʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠ ʵʥʝʨʛʠʷ, ʧʝʨʝʜʘʥʥʘʷ 
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ʯʘʩʪʠʮʘʤ ʠ ʦʪʨʘʞʝʥʥʘʷ ʚ ʦʙʣʘʩʪʠ 2 ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ 

ʟʝʨʥʘ ʚ ʫʩʣʦʚʠʷʭ  ʫʜʘʨʥʦʛʦ ʩʞʘʪʠʷ:  

ɸ ï ʧʦʣʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʤʦʣʦʪʢʘ; 1 ï ʦʙʣʘʩʪʴ ʧʦʣʝʟʥʦʡ ʵʥʝʨʛʠʠ; 2 

ï ʵʥʝʨʛʠʷ ʯʘʩʪʠʮ; 3 ï ʵʥʝʨʛʠʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ; ʘ b ï ʦʨʜʠʥʘʪʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ; ʚ ʩ ï 

ʦʨʜʠʥʘʪʘ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ; ʩ d ï ʦʨʜʠʥʘʪʘ ʧʦʣʝʟʥʦʡ ʵʥʝʨʛʠʠ (ʜʝʬʦʨʤʘʮʠʠ); V3 ï 

ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ; V ʤ ï ʩʢʦʨʦʩʪʴ ʤʦʣʦʪʢʘ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʣʷ ʧʦʣʝʟʥʦʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ 

ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʦʪʥʦʰʝʥʠʝʤ ʧʦʣʝʟʥʦʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ ʢ ʟʘʪʨʘʯʠʚʘʝʤʦʡ 

ʵʥʝʨʛʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ 

                                                ʂɻ = b Ā d/a Ā d.                                              (1.17) 

ɸʥʘʣʠʟʠʨʫʷ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 1.3, 

ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʟʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʧʨʝʦʜʦʣʝʥʠʷ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʜʠʘʧʘʟʦʥ ʚ ʩʝʯʝʥʠʠ ʘ1-d1, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʨʘʙʦʯʠʤʠ 
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ʦʨʛʘʥʘʤʠ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ, ʘ ʧʨʝʦʜʦʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʪʝʭʥʠʯʝʩʢʠ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʤʦʣʦʪʢʘʤʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʨʘʙʦʯʝʡ 

ʩʢʦʨʦʩʪʴʶ Vp < (0,4 -0,6)VM ʚ ʩʝʯʝʥʠʠ a-d3, ʢʦʪʦʨʘʷ ʧʨʠʚʝʜʝʪ ʢ ʦʢʦʥʯʘʪʝʣʴʥʦʤʫ 

ʠʟʤʝʣʴʯʝʥʠʶ ʟʝʨʥʦʚʢʠ, ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʘ ʇ. ɸ. ʈʝʙʠʥʜʝʨʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʩʥʠʞʝʥʠʝʤ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʮʠʢʣʠʯʝʩʢʠʭ 

ʥʘʛʨʫʞʝʥʠʷʭ ʪʝʣ, ʠʤʝʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʘʢʨʦʜʝʬʝʢʪʳ. 

ʀʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʦʣʦʪʢʦʚʳʝ ʜʨʦʙʠʣʢʠ ï ʵʪʦ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʠʟʤʝʣʴʯʠʪʝʣʠ ʢʦʨʤʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪʘʭ ʫʚʝʣʠʯʠʚʘʪʴ ʥʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʝʥ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʤʥʦʞʝʩʪʚʦ ʯʘʩʪʠʮ ʩ ʨʘʟʚʠʪʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʪʨʝʙʫʝʤʦʡ ʚʝʣʠʯʠʥʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʠ ʠ 

ʩʦʦʪʥʦʰʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʦʟʚʦʣʷʶʪ ʥʘʭʦʜʠʪʴ ʥʦʚʳʝ ʨʝʰʝʥʠʷ 

ʜʣʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ.  

 

 

1.4. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʦʪʦʨʘ 

 

ʆʩʥʦʚʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʦʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʢʫʩʢʦʚʦʛʦ ʩʳʨʴʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʨʤʦʚ ʷʚʣʷʶʪʩʷ ʤʦʣʦʪʢʦʚʳʝ 

ʜʨʦʙʠʣʢʠ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩ,̫ ʧʦʩʢʦʣʴʢʫ ʦʙʝʩʧʝʯʠʚʘʪʁ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʧʨʦʩʪ r ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦʜʭʦʜʪ̫ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʧʨʦʜʫʢʪʦʚ [6, 13, 16, 66, 71, 75, 95,  113, 115, 150, 155, 157, 

169]. 

ʍʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ, ʧʨʠʩʫʱʠʝ ʤʦʣʦʪʢʦʚʳʤ ʜʨʦʙʠʣʢʘʤ, 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʨʦʩʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʦʩʪʦʪʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʥʘʜʝʞʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʘʣʠʯʠʶ ʩʧʨʦʩʘ ʥʝ ʪʦʣʴʢʦ ʫ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʪʨʘʩʣʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ 

ʘʛʨʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʙʠʢʦʨʤʦʚ, ʥʦ ʠ ʟʘ ʨʫʙʝʞʦʤ [108, 160, 163,  165, 170]. 
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ʋʜʘʨʥʳʝ ʠʟʤʝʣʴʯʠʪʝʣʠ ʤʦʣʦʪʢʦʚʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʥʘʜʝʞʥʳʤʠ ʠ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʥʠ 

ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʚʥʦʤʝʨʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ, 

ʧʨʦʩʪʦʪʘ ʨʘʟʙʦʨʢʠ ʠ ʩʙʦʨʢʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ 

ʧʦʥʠʞʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʦʩʪʦʪʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ 

ʜʨʦʙʣʝʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʩʠʣʫ 

ʥʝʩʣʦʞʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ. ʂʦʤʧʘʢʪʥʳʝ ʨʘʟʤʝʨʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʜʝʣʘʶʪ ʵʪʠ ʠʟʤʝʣʴʯʠʪʝʣʠ ʫʜʦʙʥʳʤʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ 

ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʤʘʪʝʨʠʘʣʦʚ ʧʝʨʝʨʘʙʦʪʢʠ [71, 100].  

ʇʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʫʩʠʣʠʡ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʝʨʠʘʣʦʚ ʤʦʣʦʪʢʦʚʳʝ ʜʨʦʙʠʣʢʠ ʷʚʣʷʶʪʩʷ ʠʟʤʝʣʴʯʠʪʝʣʷʤʠ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʄʦʣʦʪʢʦʚʳʝ ʜʨʦʙʠʣʢʠ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʠʟʤʝʣʴʯʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʙʠʢʦʨʤʦʚ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʙʦʜʥʦʤʫ ʫʜʘʨʫ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ 

ʟʝʨʥʦʚʳʭ ʦʙʦʣʦʯʝʢ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʛʨʝʚʘʥʠʝ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɼʨʦʙʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʫʜʘʨʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʚ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʦʙʠʣʢʘʤʠ, 

ʨʘʙʦʪʘʶʱʠʤʠ ʥʘ ʜʨʫʛʠʭ ʤʝʪʦʜʘʭ ʨʘʟʨʫʰʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʜʘʚʣʠʚʘʥʠʝ ʚ ʱʝʢʦʚʳʭ 

ʠʣʠ ʢʦʥʫʩʥʳʭ. ʉʪʝʧʝʥʴ ʜʨʦʙʣʝʥʠʷ ʫʜʘʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20-30 

ʨʘʟ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʠʟʤʝʣʴʯʠʪʝʣʝʡ. ʇʨʠ ʵʪʦʤ ʵʢʦʥʦʤʠʯʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʜʨʦʙʣʝʥʠʷ ʪʘʢʞʝ ʚʳʰʝ ʙʣʘʛʦʜʘʨʷ ʫʜʘʨʥʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ. ʂʦʤʧʘʢʪʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʧʨʠʭʦʜʷʱʘʷʩ ̫ ʥʘ 

ʝʜʠʥʠʮʫ ʤʘʩʩʳ, ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʦʣʦʪʢʦʚʦʡ 

ʟʝʨʥʦʜʨʦʙʠʣʢʠ. 

ʇʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʠ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʦʣʦʪʢʦʚʳʝ 

ʜʨʦʙʠʣʢʠ ʛʨʫʧʧʠʨʫʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ, ʨʘʟʤʝʱʝʥʠʶ ʤʝʩʪʘ ʟʘʛʨʫʟʢʠ, ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʨʘʩʧʦʣʦʞʝʥʠʶ ʟʘʛʨʫʟʦʯʥʦʡ ʛʦʨʣʦʚʠʥʳ ʩ ʨʘʜʠʘʣʴʥʦʡ 

ʧʦʜʘʯʝʡ ʧʨʦʜʫʢʪʘ ʠ ʩ ʦʩʝʚʦʡ ʧʦʜʘʯʝʡ ʧʨʦʜʫʢʪʘ, ʧʦ ʩʧʦʩʦʙʫ ʧʦʜʘʯʠ ʠʟʤʝʣʴʯʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʜʨʦʙʠʣʴʥʫʶ ʢʘʤʝʨʫ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʧʦʜʘʯʝʡ ʠ ʩʘʤʦʪʝʢʦʤ, ʧʦ 
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ʢʨʝʧʣʝʥʠʶ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʢ ʨʦʪʦʨʫ ʞʝʩʪʢʠʤ (ʥʝʧʦʜʚʠʞʥʦ) ʣʠʙʦ ʰʘʨʥʠʨʥʳʤ, ʧʦ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʠ ʦʪʚʦʜʘ ʠʟʤʝʣʴʯʝʥʠʷ ʛʦʪʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠʟ ʜʨʦʙʠʣʴʥʦʡ ʢʘʤʝʨʳ, ʥʘ ʨʝʰʝʪʥʳʝ, ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʠ ʙʝʟʨʝʰʝʪʥʳʝ (ʩ 

ʨʝʮʠʨʢʫʣʷʮʠʝʡ ʠ ʙʝʟ ʨʝʮʠʨʢʫʣʷʮʠʠ), ʠ ʜʨʫʛʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʘ ʪʘʢʞʝ ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ (ʥʘʣʠʯʠʶ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʚʝʨʩʘ). 

ʄʦʣʦʪʢʦʚʳʝ ʜʨʦʙʠʣʢʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʢʦʤʙʠʢʦʨʤʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ. ʀʭ ʧʨʠʥʷʪʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1.4. 

 

ʈʠʩʫʥʦʢ 1.4ïʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ 



38 

 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʚʝʩʦʤʳʤ ʦʪʣʠʯʠʝʤ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʧʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʠ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʠʩʭʦʜʷ ʠʟ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʢʦʥʩʪʨʫʢʮʠʡ, ʷʚʣʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʦʩʥʦʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʨʘʱʝʥʠʷ ʩʠʩʪʝʤʳ 

ʦʨʛʘʥʦʚ. ʕʪʦ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʘʣʘ ʨʦʪʦʨʘ, ʢʦʪʦʨʳʝ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʚ ʧʣʦʩʢʦʩʪʠ. 

ɺ ʜʨʦʙʠʣʢʘʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʘ ʨʦʪʦʨ ʚʨʘʱʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʦʩʥʦʚʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤʠ ʧʨʦʮʝʩʩ 

ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʷʚʣʷʶʪʩʷ ʨʦʪʦʨ ʩ ʤʦʣʦʪʢʘʤʠ, ʨʝʰʝʪʘ ʠ ʜʝʢʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʨʘʟʨʫʰʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʚʦʙʦʜʥʦʤ ʫʜʘʨʝ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ 1.5 [89,  150].  

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ  [89,  

150]: 

ʘ ï ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ; ʙ ï ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ; ʚ, ʛ ï ʜʚʫʭʩʪʘʜʠʡʥʳʝ; ʜ ï ʩ ʞʝʩʪʢʠʤ 

ʢʨʝʧʣʝ-ʥʠʝʤ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ; ʝ ï ʚʝʨʪʠʢʘʣʴʥʘʷ; ʞ ï ʩ ʟʘʤʢʥʫʪʳʤ ʚʦʟʜʫʰʥʳʤ 

ʧʦʪʦʢʦʤ; ʟ ï ʩ ʰʘʨʥʠʨʥʳʤ ʢʨʝʧʣʝʥʠʝʤ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 
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ʄʦʣʦʪʢʦʚʳʝ ʨʦʪʦʨʥʳʝ ʜʨʦʙʠʣʴʥʳʝ ʤʘʰʠʥʳ ʨʘʟʜʝʣʷʶʪ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ 

ʚʠʜʘ:  

ï ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ ï ʚ ʪʘʢʦʤ ʫʩʪʨʦʡʩʪʚʝ ʤʘʪʝʨʠʘʣ ʥʝ ʧʨʦʭʦʜʠʪ ʚʝʩʴ ʮʠʢʣ ʧʨʠ 

ʩʚʦʝʤ ʧʝʨʝʤʝʱʝʥʠʠ ʚ ʜʨʦʙʠʣʴʥʦʡ ʢʘʤʝʨʝ ʠ ʩʨʘʟʫ ʧʦʢʠʜʘʝʪ ʢʘʤʝʨʫ, ʥʝ ʟʘʤʳʢʘʷ 

ʦʢʨʫʞʥʦʩʪʴ ʧʨʠ ʜʚʠʞʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʤʘʪʝʨʠʘʣ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʣʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ, ʘ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʠʟʤʝʣʴʯʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʜʘʨʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʢʦʣʦʩʥʠʢʦʚʦʡ ʨʝʰʝʪʢʠ;  

ï ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ï ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʜʨʦʙʣʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʨʝʰʝʪʦ ʠ ʜʝʢʠ, 

ʦʭʚʘʪʳʚʘʶʱʠʝ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʄʘʪʝʨʠʘʣ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ, 

ʮʠʨʢʫʣʠʨʫʝʪ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ, ʩʦʚʝʨʰʘʷ ʤʥʦʛʦʢʨʘʪʥʦʝ ʢʨʫʛʦʚʦʝ ʜʚʠʞʝʥʠʝ ʜʦ 

ʪʨʝʙʫʝʤʦʛʦ ʨʘʟʤʝʨʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʩʠʪ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʚʠʜʝ ʨʳʭʣʦʡ 

ʩʫʙʩʪʘʥʮʠʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʫ ʧʨʦʜʫʢʪʦʚʦ-ʚʦʟʜʫʰʥʦʛʦ ʩʣʦʷ; 

ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʪʠʧʘ ï ʧʦʩʪʫʧʘʶʱʠʡ ʤʘʪʝʨʠʘʣ ʩʦʚʝʨʰʘʝʪ ʢʨʫʛʦʚʦʝ 

ʜʚʠʞʝʥʠʝ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘʥʘʣʦʛʠʯʥʳ ʜʨʦʙʠʣʢʘʤ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ, ʦʜʥʘʢʦ 

ʤʘʪʝʨʠʘʣ ʚʳʛʨʫʞʘʝʪʩʷ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʨʝʰʝʪʘ ʠ ʯʘʩʪʠʯʥʦ ʯʝʨʝʟ ʚʳʧʫʩʢʥʦʝ 

ʦʪʚʝʨʩʪʠʝ, ʦʙʦʨʫʜʦʚʘʥʥʦʝ ʩʧʝʮʠʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ï ʰʠʙʝʨʦʤ.  

ɹʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʜʨʦʙʠʣʢʠ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ, ʪʘʢ ʢʘʢ 

ʟʘʤʢʥʫʪʳʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʚʠʞʝʥʠʶ ʤʘʪʝʨʠʘʣʘ ʚ ʜʨʦʙʠʣʴʥʦʡ 

ʢʘʤʝʨʝ, ʧʦʩʪʝʧʝʥʥʦʤʫ ʠʟʤʝʣʴʯʝʥʠʶ ʜʦ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʟʤʝʨʦʚ ʠ ʵʚʘʢʫʘʮʠʠ 

ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ ʟʘʨʝʰʝʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪʚʝʨʩʪʠʡ ʨʝʰʝʪʘ ʥʘ 

ʚʳʛʨʫʟʢʫ. 

ɺ ʜʚʫʭʩʪʘʜʠʡʥʳʭ ʩʪʫʧʝʥʯʘʪʳʭ ʜʨʦʙʠʣʢʘʭ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʘ ʠ ʙʦʣʝʝ ʨʦʪʦʨʘ, 

ʛʜʝ ʤʘʪʝʨʠʘʣ ʩʥʘʯʘʣʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʠʟʤʝʣʴʯʝʥʠʶ, ʟʘʪʝʤ 

ʠʟʤʝʣʴʯʘʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʪʫʧʝʥʴʶ ʜʨʦʙʣʝʥʠ.̫ ɺ ʜʨʦʙʠʣʢʘʭ 

ʩ ʞʝʩʪʢʠʤ ʢʨʝʧʣʝʥʠʝʤ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʤʦʣʦʪʢʠ ʥʝʧʦʜʚʠʞʥʦ ʟʘʢʨʝʧʣʝʥʳ ʢ 

ʨʦʪʦʨʫ. ɺ ʜʨʦʙʠʣʢʘʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʘ ʨʦʪʦʨ ʚʨʘʱʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ.  
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ʂ ʨʘʙʦʯʠʤ ʦʨʛʘʥʘʤ ʤʦʣʦʪʢʦʚʳʭ ʟʝʨʥʦʜʨʦʙʠʣʦʢ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʤʦʣʦʪʢʠ, ʨʦʪʦʨ, ʜʠʩʢʠ ʨʦʪʦʨʘ, ʜʝʢʠ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʨʝʰʝʪʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʝʧʨʝʨʳʚʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʨʦʙʣʝʥʠʷ 

ʠʟʤʝʣʴʯʠʪʝʣʠ ʜʘʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʦʙʦʨʫʜʫʶʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʠ 

ʵʣʝʤʝʥʪʘʤʠ: ʚʝʥʪʠʣʷʪʦʨʳ, ʮʠʢʣʦʥʳ, ʬʠʣʴʪʨʳ, ʩʠʩʪʝʤʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ 

ʚʳʛʨʫʟʥʳʝ ʪʨʘʥʩʧʦʨʪʝʨʳ, ʧʠʪʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʘ, ʙʫʥʢʝʨʳ ʩ ʜʦʟʠʨʫʶʱʠʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʄʝʭʘʥʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʢʘʭ 

ʨʝʘʣʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʩʧʦʩʦʙʦʚ: ʩʚʦʙʦʜʥʳʡ ʫʜʘʨ ʤʦʣʦʪʢʦʚ ʦ 

ʟʝʨʥʦʚʦʡ ʤʘʪʝʨʠʘʣ, ʫʜʘʨ ʟʝʨʥʘ ʦ ʥʝʧʦʜʚʠʞʥʫʶ ʜʝʢʫ, ʜʨʦʙʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ 

ʦʪʚʝʨʩʪʠʝ ʨʝʰʝʪʘ. 

ʆʩʥʦʚʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʢʘʟʳʚʘʶʱʠʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʷʚʣʷʶʪʩʷ ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ, ʨʘʟʚʠʚʘʝʤʘʷ ʢʦʥʮʘʤʠ ʤʦʣʦʪʢʦʚ, ʟʘʟʦʨ ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ ʜʝʢʦʡ, ʨʘʟʤʝʨʳ 

ʦʪʚʝʨʩʪʠʡ ʩʠʪʘ. ʉʢʦʨʦʩʪʴ, ʨʘʟʚʠʚʘʝʤʘʷ ʢʦʥʮʘʤʠ ʤʦʣʦʪʢʦʚ ʧʨʠ ʚʨʘʱʝʥʠʠ, ʠʣʠ 

ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʤʦʣʦʪʢʦʚ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʟʘʢʦʥʘ ʢʦʣʠʯʝʩʪʚʘ 

ʜʚʠʞʝʥʠʷ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʜʠʫʩʘ ʪʦʯʢʠ ʫʜʘʨʘ ʠ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ.  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ, ʦʢʘʟʳʚʘʶʱʠʭ 

ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ 

ʤʦʣʦʪʢʦʚ ʨʦʪʦʨʘ. ɼʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʤʦʣʦʪʢʦʚʳʭ 

ʜʨʦʙʠʣʢʘʭ ʩʪʨʝʤʷʪʩʷ ʧʨʠʙʣʠʟʠʪʴ ʟʥʘʯʝʥʠʝ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʢ ʢʨʠʪʠʯʝʩʢʦʡ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚʦ ʚʨʝʤʷ ʫʜʘʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʛʦ ʩ ʤʦʣʦʪʢʘʤʠ ʠʣʠ ʩ ʜʝʢʦʡ ʜʨʦʙʠʣʢʠ [16].  

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʦʪʣʠʯʠʷʤʠ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʷʚʣʷʶʪʩʷ ʨʘʟʤʝʨ ʨʦʪʦʨʘ, ʢʦʥʩʪʨʫʢʮʠ ̫ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʨʘʟʤʝʨ ʠ ʪʦʣʱʠʥʘ 

ʫʜʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʝʣʠʯʠʥʘ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʤʦʣʦʪʢʘʤʠ ʠ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʪʘ, ʪʠʧ ʤʝʭʘʥʠʟʤʘ, ʧʠʪʘʶʱʝʛʦ ʠ 
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ʦʪʚʦʜʷʱʝʛʦ ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ, ʥʘʣʠʯʠʝ ʜʝʢʠ, ʦʯʠʩʪʠʪʝʣ,ɹ ʚʝʥʪʠʣʷʪʦʨ ʠ ʜʨʫʛʠʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨ.r 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʳʧʫʩʢʘʝʤʳʭ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʪʥʦʩʠʪʩʷ ʢ ʜʨʦʙʠʣʢʘʤ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʦʪʦʨʘ. 

ʅʘ ʧʨʦʮʝʩʩ ʜʨʦʙʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʘ ʚʣʠʷʶʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʠʟʤʝʣʴʯʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʭʝʤʳ ʟʘʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʢʠ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʤʘʩʩʘ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʩʤʝʩʠ, 

ʪʦʣʱʠʥʘ ʧʨʦʜʫʢʪʦʚʦ-ʚʦʟʜʫʰʥʦʛʦ ʩʣʦʷ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʜʨʦʙʠʣʢʠ, ʘ ʪʘʢʞʝ 

ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʫʜʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʫʤʤ ʨʘʟʨʫʰʘʶʱʝʡ ʩʢʦʨʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʩʣʦʷ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʪʝʢʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʤʦʣʦʪʢʦʚʦʛʦ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʝʥʪʠʣʷʪʦʨ, ʩʦʟʜʘʶʱʠʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʧʝʨʝʤʝʱʝʥʠʶ ʧʨʦʜʫʢʪʘ 

ʨʘʟʤʦʣʘ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʜʨʦʙʠʣʢʠ ʠʤʝʶʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ, ʚʢʣʶʯʘʷ ʧʨʝʦʙʣʘʜʘʥʠʝ  

ʧʳʣʝʦʙʨʘʟʥʦʡ ʬʨʘʢʮʠʠ ʚ ʨʘʟʤʦʣʝ, ʩʣʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ 

ʚʦ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʥʘʣʠʯʠʝ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʟʘʧʫʩʢʝ 

ʜʚʠʛʘʪʝʣʷ. 

ʈʳʥʦʢ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʥʘʩʳʱʝʥ ʤʥʦʞʝʩʪʚʦʤ 

ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʤʠ 

ʢʦʤʧʘʥʠʷʤʠ. ɸʩʩʦʨʪʠʤʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʚ ʣʠʯʥʳʭ 

ʧʦʜʩʦʙʥʳʭ ʭʦʟʷʡʩʪʚʘʭ, ʪʘʢ ʠ ʥʘ ʢʨʫʧʥʳʭ ʢʦʤʙʠʢʦʨʤʦʚʳʭ ʟʘʚʦʜʘʭ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ  

ʠʭ ʤʦʱʥʦʩʪ ɹʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,2-400 ʢɺʪ.  

ʄʦʣʦʪʢʦʚʳʝ ʜʨʦʙʠʣʢʠ ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʭʘʨʢʪʝʨʠʟʫʶʪʩʷ 

ʧʠʪʘʥʠʝʤ ʦʪ ʦʜʥʦʬʘʟʥʦʡ ʵʣʝʢʪʨʦʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʣʠʙʦ ʧʨʦʠʟʚʦʜʷʱʝʝ 

ʠʟʤʝʣʴʯʝʥʠʝ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. 

ʀʟʤʝʣʴʯʠʪʝʣʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʴʟʫʶʪʩʷ ʩʧʨʦʩʦʤ ʠ ʬʘʢʪʠʯʝʩʢʠ 

ʧʨʝʜʥʘʟʥʘʯʘʶʪʩʷ ʜʣʷ ʬʝʨʤ ʠ ʣʠʯʥʳʭ ʧʦʜʩʦʙʥʳʭ ʭʦʟʷʡʩʪʚ, ʨʝʰʘʷ ʧʨʦʙʣʝʤʫ 

ʢʦʨʤʣʝʥʠʷ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʪʘʢʠʭ ʜʨʦʙʠʣʦʢ ʦʩʫʱʝʩʪʷʣʶʪ, ʢʘʢ 
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ʧʨʘʚʠʣʦ, ʩʫʙʲʝʢʪʳ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ. ɺ ʪʘʙʣʠʮʝ 1.3 

ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʣʦʤʦʱʥʳʭ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ. 

 

ʊʘʙʣʠʮʘ 1.3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʨʦʙʠʣʦʢ ʟʝʨʥʘ ʤʘʣʦʡ  

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [10, 150]  

ʄʦʜʝʣʴ 

ʜʨʦʙʠʣʢʠ 

 

ʇʦʢʘʟʘʪʝʣʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ

ʥʦʩʪʴ, ʢʛ/ʯ  

ʤʦʱʥʦʩʪʴ 

ʧʨʠʚʦʜʘ, ʢʚʪ  

ʤʘʩʩʘ, ʢʛ ʛʘʙʘʨʠʪʳ: 

ʜʣʠʥʘ, 

ʰʠʨʠʥʘ, 

ʚʳʩʦʪʘ, ʤʤ 

Molot-200 

ʆʆʆ "ʊɼ 

ʀʅʌɽʃ" 

200 1,1 30 400, 550, 1000 

ɼʄ-200 

ʆʆʆ 

"ɼʠʇʠʇʨʦʤ" 

200 1,5 45 600, 400, 1200 

ɼɿʊ-1  40-100  1,6  45  620, 450, 980  

ʄʂɼ-ʌ-1  60-100  0,6  26,8  435, 280, 475  

ʕɿɼ-ʊ-1  40-60  0,45-0,5  23  470, 300, 740  

çʊʘʚʨʠʷè  70-130  0,9-1,0  50  575, 560, 1125  

ʄɼʄ 

200/400  

200  1,1  30  600, 400, 1400  

9FG-360A  150  4  130  1400, 550, 

1050  

LG-2  60  2,2  65  600, 400, 800  

Molino 

"MAGNUM 

4V  

250  0,75  12  520, 440, 720  

 

ʋ ʢʨʫʧʥʳʭ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʢʦʤʙʠʢʦʨʤʦʚʳʭ ʟʘʚʦʜʦʚ, ʛʜʝ 

ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʦʙʰʠʨʥʳʡ ʦʙʲʝʤ ʨʘʙʦʪʳ, ʧʦʣʴʟʫʶʪʩʷ ʩʧʨʦʩʦʤ ʜʨʦʙʠʣʢʠ 

ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʙʦʣʴʰʠʭ 

ʤʦʱʥʦʩʪʝʡ, ʧʠʪʘʥʠʝ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʪʨʝʭʬʘʟʥʦʡ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ. ɸʩʩʦʨʪʠʤʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1.4.  
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ʊʘʙʣʠʮʘ 1.4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʨʦʙʠʣʦʢ ʟʝʨʥʘ ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ  [10, 150] 

ʄʦʜʝʣʴ 

ʜʨʦʙʠʣʢʠ 

ʇʦʢʘʟʘʪʝʣʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ

ʥʦʩʪʴ, ʪ/ʯ  

ʤʦʱʥʦʩʪʴ 

ʧʨʠʚʦʜʘ, ʢʚʪ  

ʤʘʩʩʘ, ʢʛ ʛʘʙʘʨʠʪʳ: 

ʜʣʠʥʘ, 

ʰʠʨʠʥʘ, 

ʚʳʩʦʪʘ, ʤʤ 

ɺɼ-1 0,8-1 5,5 136 880,470,330 

ʈ1-ɹɼʂ 10 

ʄ  

8-10  91,5  1400  1800, 1500, 

3200  

ɼʂʈ 4  3,8  22  520  1230, 730, 

1130  

ʋɿ-ɼɹʄ  8,8-10,2  90  2000  2355, 1100, 

1195  

ɼʄɺ-10  15  110  1990  1650, 1642, 

1980  

ɼʄʈʊ-1210  -  355  5750  3235, 1934, 

2694  

ʄʄ180/160-

160  

40  160  3650  2430, 1300, 

1926  

ʂɼ-2-01  3  22  730  1850, 1700, 

2800  

1400 GD  100  405  11500  3570, 3000, 

2575  

DFZK-2  70  110  4000  2995, 1490, 

3700  

SFSP132x10

2A/C  

65  355  -  -  

MULTIMILL 

1400  

-  355  2850  2879, 1365, 

1120  

GHM  60  400  -  -  

Type 1250  60  355  -  -  

Petkus 

1300/800  

20  200  -  -  

ɼɹ-5  1,8  30  1140  10125, 3210, 

4350  

ɼʄɹ-10  8-12  76,5  1200  2320, 1060, 

1400  

 

ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʠʚʝʜʝʥʥʦʛʦ ʢʨʘʪʢʦʛʦ ʦʙʟʦʨʘ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʜʣʷ ʢʦʨʤʦʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 
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ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʟʝʨʥʦʚʦʛʦ ʩʳʨʴʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʣʫʯʠʣʠ ʤʦʣʦʪʢʦʚʳʝ ʜʨʦʙʠʣʢʠ, ʠʤʝʶʱʠʝ ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ, 

ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʤʝʥʴʰʠʝ ʧʦ ʚʝʣʠʯʠʥʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʠʟʤʝʣʴʯʠʪʝʣʷʤʠ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʟʘʜʘʥʥʦʛʦ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʘ ʨʘʟʤʦʣʘ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʠʟʤʝʣʴʯʝʥʠʷ 

ʟʝʨʥʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʵʪʦ ʩʢʦʨʦʩʪʴ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ (ʨʦʪʦʨʘ) ʩ ʫʜʘʨʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʜʘʨʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʝʡ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʦʡ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ, ʣʠʙʦ ʫʚʝʣʠʯʠʚʘʪʴ 

ʜʠʘʤʝʪʨ ʨʦʪʦʨʘ ʠʣʠ  ʜʣʠʥʫ ʤʦʣʦʪʢʦʚ.  

ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʜʨʦʙʠʣʴʥʳʭ 

ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʦ ʤʝʨʝ ʝʞʝʛʦʜʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʮʝʥ ʥʘ ʩʳʨʴʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ. ɿʘʤʝʥʘ ʠʭ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʞʠʚʦʪʥʳʭ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤ ʢʦʨʤʦʤ. 

 

 

1.5. ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʦʪʦʨʘ ʠ ʠʭ ʥʝʜʦʩʪʘʪʢʠ 

 

 

ɺ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʨʤʦʚ ʦʩʥʦʚʥʳʤʠ 

ʠʟʤʝʣʴʯʠʪʝʣʷʤʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʙʳʣʠ ʠ ʦʩʪʘʶʪʩʷ ʜʨʦʙʠʣʢʠ ʤʦʣʦʪʢʦʚʦʛʦ ʪʠʧʘ, 

ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʧʨʠʥʮʠʧʫ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʫʜʘʨʥʦ-ʠʩʪʠʨʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʥʘ ʤʘʪʝʨʠʘʣ [6, 71].  

ɼʣʷ ʧʨʦʮʝʩʩʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʜʨʦʙʠʣʢʘʭ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʨʦʪʦʨʘ, ʭʘʨʘʢʪʝʨʝʥ ʨʷʜ ʚʨʝʜʦʥʦʩʥʳʭ ʠ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ 

ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʤʦʤʝʥʪ ʩʦʚʝʨʰʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. 
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ʂʘʢ ʫʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ [141], ʚ ʧʨʦʮʝʩʩʝ ʰʠʨʦʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʜʨʦʙʠʣʦʢ ʢʦʥʩʪʨʫʢʮʠʠ ɸʣʪʘʡʩʢʦʛʦ ɻɸʋ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʟʝʨʥʘ ʚ ʜʨʦʙʠʣʢʘʭ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʤʘʰʠʥ ʚʳʰʝ, ʯʝʤ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʜʨʦʙʠʣʦʢ ʩ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʦʪʦʨʦʤ. ʆʜʥʘʢʦ ʫ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʦʪʦʨʘ ʠʤʝʝʪʩʷ ʩʫʱʝʩʪʠʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʥʝʨʘʚʥʦʤʝʨʥʳʡ 

ʠʟʥʦʩ ʤʦʣʦʪʢʦʚ ʚʝʨʭʥʠʭ ʷʨʫʩʦʚ. ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʷʜʦʤ ʘʚʪʦʨʦʚ  [9, 119] 

ʦʩʥʦʚʥʘʷ ʥʘʛʨʫʟʢʘ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʝʢʠ ʠ ʤʦʣʦʪʢʠ 

ʚʝʨʭʥʠʭ ʷʨʫʩʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʞʝʥʳ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʥʦʩʫ, ʧʨʠ ʵʪʦʤ ʩʨʦʢ 

ʩʣʫʞʙʳ ʢʦʪʦʨʳʭ ʥʘ ʚʝʨʭʥʠʭ ʷʨʫʩʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʢʦʨʦʯʝ, ʯʝʤ ʥʘ ʫʨʦʚʥʷʭ ʢʘʞʜʦʛʦ 

ʷʨʫʩʘ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʠʞʝ. ʕʪʦ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴ ʦʙʱʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʙʘʣʘʥʩʠʨʦʚʢʫ ʪʘʢʦʛʦ ʨʦʪʦʨʘ. ʋʢʘʟʘʥʥʳʤ ʦʙʲʷʩʥʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʨʦʙʠʣʢʠ ʩ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʦʪʦʨʦʤ ʥʘʭʦʜʷʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ.  

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʠʟʥʦʩ ʤʘʰʠʥʳ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʩʝʜʘʥʠʝʤ ʬʫʥʜʘʤʝʥʪʘ, ʜʝʬʦʨʤʘʮʠʝʡ ʠ 

ʠʟʥʦʩʦʤ ʜʝʪʘʣʝʡ, ʥʘʨʫʰʝʥʠʝʤ ʮʝʥʪʨʦʚʢʠ ʚʘʣʦʚ, ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʟʦʨʦʚ, ʠ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʧʦʚʳʰʝʥʠʝʤ ʚʠʙʨʘʮʠʠ [1, 7, 108, 149].  

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [3] ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ 

ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʚʨʝʜʦʥʦʩʥʳʭ ʠ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʚʳʰʝʥʥʦʡ ʰʫʤʥʦʩʪʠ ʠ 

ʚʠʙʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʯʝʩʢʦʝ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʟʜʦʨʦʚʴʝ ʨʘʙʦʪʥʠʢʘ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʦʚ [168] ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʠʙʨʘʮʠʷ 

ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘ ʜʘʥʥʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ ʩʝʨʴʝʟʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʝʝ 

ʨʘʙʦʪʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʠʣʳ ʫʜʘʨʘ ʠ ʫʛʣʘ ʩʦʫʜʘʨʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʤʝʱʝʥʠʝ 

ʰʚʦʚ ʬʫʥʜʘʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʧʨʠ ʵʪʦʤ ʤʘʨʢʘ ʙʝʪʦʥʘ 

ʤʘʣʦ ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʫʥʜʘʤʝʥʪʘ.          

ɺ ʨʘʙʦʪʘʭ [1, 155] ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʤʦʣʦʪʢʦʚʳʝ ʜʨʦʙʠʣʢʠ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʟʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʰʫʤ ʠ ʚʠʙʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʝʚʳʰʘʶʪ 

ʩʘʥʠʪʘʨʥʳʝ ʥʦʨʤʳ ʠ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʘʰʠʥ, ʘ 
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ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʶʪ ʨʘʙʦʪʫ ʧʝʨʩʦʥʘʣʘ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʨʫʰʝʥʠʶ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. 

ɸʚʪʦʨʘʤʠ [166] ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʟʝʨʥʦʜʨʦʙʠʣʢʝ ʩ ʮʝʣʴʶ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚʳʷʚʣʝʥʳ ʥʝʛʘʪʠʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ  ʬʘʢʪʦʨʦʚ ʦʧʘʩʥʦʛʦ ʰʫʤʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

ʬʝʨʤʝʨʦʚ ʠ ʨʘʙʦʪʥʠʢʦʚ ʬʝʨʤʳ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʚ ʟʝʨʥʦʜʨʦʙʠʣʢʘʭ, ʛʜʝ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʰʫʤʘ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩʣʫʯʘʠ ʧʦʪʝʨʠ ʩʣʫʭʘ. ʇʨʠ ʵʪʦʤ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʨʝʜʣʦʞʝʥʦ 

ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʨʥʦʜʨʦʙʠʣʢʝ, ʯʪʦ 

ʚʧʦʩʣʝʜʩʪʚʠʠ, ʢʘʢ ʫʢʘʟʘʥʦ ʘʚʪʦʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʰʫʤʘ, 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘʤʠ ʤʘʰʠʥʳ. ɺʥʝʩʝʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʙʫʥʢʝʨ ʠ ʦʧʦʨʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʜʨʦʙʠʣʢʠ ʧʦʟʚʦʣʠʣʠ ʩʥʠʟʠʪʴ ʚʠʙʨʘʮʠʶ ʠ ʫʨʦʚʝʥʴ 

ʰʫʤʘ ʥʘ 2,6 ʜɹ (A) ʜʣʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ [70] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʠʙʨʘʮʠʷ ʠ 

ʰʫʤ ʜʨʦʙʠʣʢʠ ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʧʨʦʜʫʢʪ ʠʟʤʝʣʴʯʘʝʪʩʷ. ɺ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʪʣʠʯʘʪʁʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠ ̫ʥʘ ʭʦʣʦʩʪʦʤ 

ʭʦʜʫ. ʊʘʢ, ʚʠʙʨʘʮʠʷ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʨʦʜʫʢʪʘ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘ ʥʠʟʢʠʭ ʠ ʩʨʝʜʥʠʭ 

ʯʘʩʪʦʪʘʭ, ʘ ʜʣʷ ʨʘʙʦʪʳ ʜʨʦʙʠʣʢʠ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ 

ʚʠʙʨʘʮʠʷ. ʅʦ ʥʘ ʩʨʝʜʥʠʭ ʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʰʫʤ ʦʪ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʦʜʫʢʪʘ ʥʘ 10-

15 ʜɹ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʫʤʦʤ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ 

ʩʦʫʜʘʨʝʥʠʝ ʧʨʦʜʫʢʪʘ ʦ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʜʨʦʙʠʣʢʠ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʦʜʫʢʪʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʰʫʤʦʚʠʙʨʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʣʦʪʢʦʚʦʡ 

ʜʨʦʙʠʣʢʠ. 

ɺ ʠʩʪʦʯʥʠʢʝ [125] ʫʢʘʟʘʥʦ, ʯʪʦ ʚ ʜʨʦʙʠʣʴʥʦʤ ʦʪʜʝʣʝʥʠʠ ʣʶʙʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ɸʇʂ ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʰʫʤʘ ʷʚʣʷʝʪʩʷ ʤʦʣʦʪʢʦʚʘʷ ʜʨʦʙʠʣʢʘ. 

ɿʚʫʢ, ʢʦʪʦʨʳʡ ʠʟʜʘʝʪ ʜʨʦʙʠʣʢʘ, ʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʟʦʥʳ ʠʟʤʝʣʴʯʝʥʠʷ 

ʠʟ-ʟʘ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʚ ʥʝʡ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʤʘʰʠʥʳ ʩ 

ʠʟʤʝʣʴʯʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʧʨʠ ʭʦʣʦʩʪʦʤ ʭʦʜʝ 

ʩʦʩʪʘʚʠʣ 89,9 ʜɹɸ, ʧʨʠ ʧʦʣʥʦʡ ʟʘʛʨʫʟʢʝ ï 93,3 ʜɹɸ, ʧʨʠ ʧʦʜʭʦʜʝ ʨʘʙʦʪʥʠʢʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʚʥʷ ʰʫʤʘ ʚʦʟʨʘʩʪʘʶʪ ʥʘ 6-12%. 
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ʇʨʠ  ʟʘʤʝʨʝ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ὒ ʚ ʜʨʦʙʠʣʴʥʦʤ ʦʪʜʝʣʝʥʠʠ, ʚ ʟʦʥʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ ʩʦʩʪʘʚʠʣʠ 136 

ʜɹɸ, ʧʨʠ  ʧʦʣʥʦʡ ʟʘʛʨʫʟʢʝ ï 152 ʜɹɸ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ, ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʰʫʤ, 

ʚʠʙʨʘʮʠʷ ʦʨʛʘʥʦʚ ʤʘʰʠʥ [96, 164].  

ɸʚʪʦʨʘʤʠ [161] ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʦʪʨʘʩʣʷʭ  ʠʟʫʯʝʥʳ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʤʘʰʠʥʳ, ʠʟʣʫʯʘʶʱʠʝ 

ʰʫʤ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʣʦʪʢʦʚʘʷ ʜʨʦʙʠʣʢʘ ʠʟ ʯʠʩʣʘ 

ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʜʣʷ ʜʨʦʙʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʟʚʦʜʠʣʘ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʰʫʤʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʦ ï 98,4 ʜɹ (ɸ), ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ, ʧʨʝʚʳʰʘʶʱʠʡ ʨʝʢʦʤʝʥʜʘʮʠʠ FEPA ʠ OSHA (90 ʜɹ 

(A)), ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʜʨʦʙʠʣʢʠ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ (87,5%). ʂʘʢ ʦʪʤʝʯʝʥʦ 

ʫʢʘʟʘʥʥʳʤʠ ʘʚʪʦʨʘʤʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʫʨʦʚʝʥʴ ʰʫʤʘ ʚ ʜʘʥʥʦʡ ʠʥʜʫʩʪʨʠʠ 

ʩʥʠʟʠʣʩʷ ʥʘ 0,58 ʜɹ (ɸ), ʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʚ ʠʥʜʫʩʪʨʠʠ 

ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ ï ʥʘ 9,66 ʜɹ (ɸ).  

ɺ ʪʦʡ ʞʝ ʨʘʙʦʪʝ [3] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʳʡ ʰʫʤ, ʩʦʟʜʘʚʘʝʤʳʡ ʚ 

ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʤʦʣʦʪʢʦʚʳʤʠ ʜʨʦʙʠʣʢʘʤʠ, ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʳʤ ʩʪʨʝʩʩʦʚʳʤ 

ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ ʥʝʨʚʥʫʶ 

ʩʠʩʪʝʤʫ, ʥʘʨʫʰʘʷ ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʨʝʛʫʣʷʮʠʶ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʨʘʟʣʠʯʥʳʤ ʜʝʩʪʨʫʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ ʦʨʛʘʥʠʟʤʘ. ɻʨʦʤʢʠʡ ʰʫʤ 

ʤʦʞʝʪ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʚʥʠʤʘʥʠʝ ʨʘʙʦʪʥʠʢʘ, ʩʢʦʨʦʩʪʴ ʝʛʦ ʨʝʘʢʮʠʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʶ. ɺʩʝ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ ʨʘʙʦʪʳ. ʇʨʠʯʠʥʘʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ (ʚʠʙʨʘʮʠʦʥʥʘʷ ʙʦʣʝʟʥʴ ʠʣʠ ʥʝʚʨʠʪ), ʧʨʠʚʦʜʷ ʠɦʭ ʢ ʧʦʪʝʨʝ 

ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚ ʦʩʦʙʦ ʪʷʞʝʣʳʭ ʩʣʫʯʘʷʭ ʢ ʠʥʚʘʣʠʜʥʦʩʪʠ, ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʨʘʙʦʪʘ ʩ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʦʡ, ʚʚʠʜʫ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚʠʙʨʘʮʠʠ ʥʘ 

ʨʘʙʦʪʥʠʢʘ. ʀʟ ʫʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʙʦʪʘ ʩ ʤʦʣʦʪʢʦʚʳʤʠ ʜʨʦʙʠʣʢʘʤʠ 

ʩʦʧʨʷʞʝʥʘ ʩ ʨʷʜʦʤ ʚʨʝʜʦʥʦʩʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʘʥʦʩʷʱʠʭ ʩʝʨʴʝʟʥʳʡ ʫʱʝʨʙ 

ʬʠʟʠʯʝʩʢʦʤʫ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤʫ ʟʜʦʨʦʚʴʶ ʨʘʙʦʪʥʠʢʘ.   
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ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [93] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʰʫʤ ʠ ʚʠʙʨʘʮʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ 

ʦʩʥʦʚʥʳʭ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʙʦʨʴʙʝ ʩ ʢʦʪʦʨʳʤʠ ʧʨʠʜʘʸʪʩʷ 

ʦʩʦʙʝʥʥʦʝ ʟʥʘʯʝʥʠʝ.  

ɺ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʝʪ 

ʚʳʟʳʚʘʪʴ ʚʠʙʨʘʮʠʶ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʢ ʥʘ 

ʦʙʩʣʫʞʠʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ, ʪʘʢ ʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʫʯʘʩʪʚʫʶʱʝʝ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʝ. ɺʠʙʨʘʮʠʦʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʢʦʤʧʣʝʢʪʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʫʩʪʘʣʦʩʪʥʳʝ ʪʨʝʱʠʥʳ, 

ʠʟʥʦʩ ʠ ʦʩʣʘʙʝʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʙʦʶ ʚ 

ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʦʪʢʘʟʫ. 

ɺ ʨʘʙʦʪʝ [133] ʦʪʤʝʯʝʥʳ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʥʘʥʦʩʷʪ ʥʝʧʦʧʨʘʚʠʤʳʡ ʚʨʝʜ ʟʜʦʨʦʚʴʶ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʢʦʨʫ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ, ʦʢʘʟʳʚʘʷ ʨʘʟʜʨʘʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʪʨʘʚʤʘʪʠʟʤʘ, ʥʘʨʫʰʝʥʠʶ ʧʨʦʮʝʩʩʘ ʧʠʱʝʚʘʨʝʥʠʷ, ʠʟʤʝʥʝʥʠʶ ʦʙʲʝʤʘ ʚʥʫʪʨʝʥʥʠʭ 

ʦʨʛʘʥʦʚ. ʉʠʣʴʥʳʡ ʰʫʤ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʥʦʩʠʪ ʚʨʝʜ, ʚʣʠʷʷ ʥʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʫʩʢʦʨʷʷ ʧʨʦʮʝʩʩ ʫʪʦʤʣʝʥʠʷ, 

ʫʭʫʜʰʝʥʠ ̫ʩʣʫʭʘ, ʦʩʣʘʙʣʝʥʠ ̫ʚʥʠʤʘʥʠʷ ʠ ʟʘʤʝʜʣʝʥʠ ̫ʨʝʘʢʮʠʡ. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ 

ʰʫʤ ʚʳʟʳʚʘʝʪ ʥʝʞʝʣʘʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʚʩʝʛʦ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʫʢʘʟʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʘʚʪʦʨʦʚ, 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʰʫʤ ʠ ʚʠʙʨʘʮʠʷ 

ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʯʝʣʦʚʝʢʘ ʠʤʝʝʪ ʢʫʤʫʣʷʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʪʘʢʦʤʫ ʥʝʛʘʪʠʚʥʦʤʫ ʷʚʣʝʥʠʶ, ʢʘʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʟʝʨʥʦʚʦʛʦ ʩʳʨʴʷ ʚ ʢʦʤʙʠʢʦʨʤʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʚʘʣʦʤ ʨʦʪʦʨʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʠʙʨʘʮʠʝʡ ʠ ʰʫʤʦʤ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ 

ʩʘʥʠʪʘʨʥʳʝ ʥʦʨʤʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʥʝʜʦʩʪʘʪʢʝ, ʢʦʪʦʨʳʝ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʚʝʜʫʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ. 

ʂʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʚʩʣʝʜʩʪʚʠʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʤʝʱʝʥʠʡ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʝʥʥʳʭ ʯʘʩʪʝʡ ʨʦʪʦʨʘ 

ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʧʨʠ ʚʨʘʱʝʥʠʠ, ʦʪ ʥʘʨʫʰʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʪʦʨʦʝ ʦʥʦ 
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ʠʤʝʣʦ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʬʦʨʤʳ 

ʤʦʣʦʪʢʦʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʠʙʨʘʮʠʷ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʚʠʙʨʘʮʠʡ ʚ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʝ ï ʩʠʣʳ, 

ʚʳʟʚʘʥʥrʝ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴ  ʁ ʚʨʘʱʘʶʱʠʭʩʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʜʠʩʙʘʣʘʥʩʘ 

ʨʦʪʦʨʘ ʠ ʝʛʦ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, ʘ ʪʘʢʞʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʫʜʘʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʟʝʨʥʦʬʫʨʘʞʘ.  

ʀʤʝʶʱʘʷʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘʥʠʡ ʨʦʪʦʨʘ ʩ ʢʦʨʧʫʩʦʤ ʜʨʦʙʠʣʢʠ 

ʯʝʨʝʟ ʧʦʜʰʠʧʥʠʢʠ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʚʠʙʨʘʮʠʠ ʚʳʟʚʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʩʥʦʚʥʳʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʦʪ ʜʝʡʩʪʚʠʡ ʜʨʦʙʠʣʢʠ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʚʘʣʦʤ ʨʦʪʦʨʘ ʠ ʧʦʨʦʞʜʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʝ ʢ 

ʤʠʥʠʤʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʷʚʣʝʥʠʷ. 

ʅʘʣʠʯʠʝ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʡ 

ʟʘʛʨʫʟʢʦʡ ʠʟʤʝʣʴʯʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩʦʦʩʥʳʭ ʤʦʣʦʪʢʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʦʪʦʨʘ ʠ 

ʰʘʨʥʠʨʥʦ ʟʘʢʨʝʧʣʝʥʥʳʭ ʫʜʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʚʣʝʯʝʪ ʢ 

ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʥʝʠʜʝʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʚʨʘʱʝʥʠʷ ʠ ʚʳʟʳʚʘʝʪ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴ ʨʦʪʦʨʘ ʠ ʚʠʙʨʘʮʠʶ ʟʘ ʩʯʝʪ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʵʣʝʤʝʥʪʳ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ. 

ʉʨʝʜʩʪʚʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʠʙʨʦʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʨʘʟʚʠʪʠ ̫ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚʠʙʨʦʙʝʟʦʧʘʩʥʳʭ 

ʤʘʰʠʥ, ʣʠʙʦ ʫʣʫʯʰʝʥʠʝ ʠʭ ʢʘʯʝʩʪʚ.    

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʨʦʙʠʣʢʠ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʦʪʦʨʘ ʥʘʨʷʜʫ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʢʦʤʧʘʢʪʥʦʩʪʠ, ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʧʨʦʪʠʚ ʜʨʦʙʠʣʦʢ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʣʘʜʘʶʪ ʥʝʢʦʪʦʨʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʚʦʡʩʪʚ ʩʘʤʦʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʣʦʪʢʦʚʦʡ 

ʜʨʦʙʠʣʢʠ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʨʦʪʦʨʘ ʩʧʦʩʦʙʥʦʝ ʩʥʠʟʠʪʴ 

ʚʠʙʨʘʮʠʦʥʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʨʘʙʦʪʥʠʢʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʯʘʩʪʠʯʥʦ 

ʷʚʣʷʝʪʩʷ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʢʦʥʩʪʨʫʢʮʠʠ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʦʜʥʦʩʪʦʨʦʥʥʝʡ 

ʟʘʛʨʫʟʢʝ ʜʨʦʙʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ 
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ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʯʝʤ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ 

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ.   

ʋʢʘʟʘʥʥʦʝ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʪʳʩʢʘʥʠʷ ʩʚʦʡʩʪʚ ʩʘʤʦʙʘʣʘʥʩʠʨʦʚʢʠ 

ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʦʪʦʨʘ, ʩʧʦʩʦʙʥʦʝ 

ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ, ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩ 

ʥʘʣʠʯʠʝʤ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪʥʦʩʪ̫ʩʷ ʢ ʯʠʩʣʫ ʚʝʩʴʤʘ ʚʘʞʥʳʭ ʟʘʜʘʯ ʜʣʷ 

ʢʦʤʙʠʢʦʨʤʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʦʧʨʝʜʝʣʷʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʋʧʦʤʷʥʫʪʳʝ ʥʝʜʦʩʪʘʪʢʠ ʪʨʝʙʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʦʩʷʤʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ 

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʣʫʯʰʠʪʴ ʨʘʙʦʪʫ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʟʘ 

ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʚʠʙʨʦʥʘʛʨʫʟʦʢ ʠ 

ʫʚʝʣʠʯʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠʟʤʝʣʴʯʠʪʝʣʷ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ 

ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʝ ʰʫʤʘ, ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʠ 

ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ. ʆʜʥʘʢʦ ʜʣʷ ʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʢʦʪʦʨʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʳʤʠ ʚ ʠʩʧʦʣʥʝʥʠʠ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʮʝʥʝ ʝʜʠʥʠʮʳ ʠʟʜʝʣʠʡ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʧʦʤʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʤʦʣʦʪʢʦʚʦʛʦ ʪʠʧʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʘʢʪʫʘʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ ʰʫʤ ʠ 

ʚʠʙʨʦʢʪʠʚʥʦʩʪʴ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʜʘʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 
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1.6. ɺʳʚʦʜʳ ʧʦ 1 ʛʣʘʚʝ 

 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʦʙʟʦʨ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʚ ʘʛʨʘʨʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʥʘʣʠʯʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ 

ʠʟʤʝʣʴʯʠʪʝʣʝʡ,  ʜʨʦʙʠʣʢʠ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʚʘʣʦʤ ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʢʠ: ʚʳʩʦʢʘ ̫

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪ ɹʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʘʣʠʯʠʝ ʰʫʤʘ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʝ ʟʘʪʨʘʪ 

ʵʥʝʨʛʠʠ ʥʘ ʧʨʦʮʝʩʩ.  

2. ʈʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʙʘʨʘʙʘʥʦʤ, ʥʝ ʫʤʝʥʴʰʘʶʪ ʩʘʤʫ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʜʨʦʙʠʣʢʠ, ʘ ʣʠʰʴ ʩʥʠʞʘʶʪ 

ʧʝʨʝʜʘʯʫ ʚʠʙʨʘʮʠʠ ʥʘ ʬʫʥʜʘʤʝʥʪ.   

3. ʊʨʝʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʘʥʘʣʠʟ ʧʨʠʯʠʥ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ 

ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ, ʧʫʪʝʡ ʝʝ ʩʥʠʞʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʣʦʩʪʴ ʠʟʤʝʣʴʯʠʪʝʣʷ.   
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2. ʊɽʍʅʆʃʆɻʀʏɽʉʂɸʗ ɺʀɹʈʆɸʂʊʀɺʅʆʉʊʔ ʄʆʃʆʊʂʆɺʓʍ 

ɿɽʈʅʆɼʈʆɹʀʃʆʂ ʀ ɽɽ ʕʅɽʈɻɽʊʀʏɽʉʂʀɽ ʇʆʉʃɽɼʉʊɺʀʗ 

 

 

2.1. ʆʙʱʠʝ ʟʘʤʝʯʘʥʠʷ 

 

 

ʄʦʣʦʪʢʦʚʳʝ ʜʨʦʙʠʣʢʠ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʨʘʙʦʪʘʶʪ ʚ ʦʯʝʥʴ ʥʘʧʨʷʞʝʥʥʦʤ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɼʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʙʘʨʘʙʘʥʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʥʠʞʝ 270-280 ʩ-1. ʃʠʥʝʡʥʳʝ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʦʚ ʜʦʩʪʠʛʘʶʪ 

ʟʥʘʯʝʥʠʡ 80-100 ʤ/ʩ. ʈʘʙʦʪʘ ʜʨʦʙʠʣʦʢ ʧʦʵʪʦʤʫ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʰʫʤʦʤ ʠ ʚʠʙʨʘʮʠʝʡ, ʫʨʦʚʥʠ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʶʪ ʩʘʥʠʪʘʨʥʳʝ ʥʦʨʤʳ [155]. ʇʦ 

ʜʘʥʥʳʤ [131], ʫʨʦʚʝʥʴ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʜʨʦʙʠʣʢʠ ɸ1-

ɼʄʈ ʩʦʩʪʘʚʣʷʝʪ 0,014-0,020 ʤ/ʩ. ʋʨʦʚʝʥʴ ʰʫʤʘ ʜʦʩʪʠʛʘʝʪ 102 ʜɹ (ɸ) ʧʨʠ 

ʜʦʧʫʩʪʠʤʦʡ ʥʦʨʤʝ 85 ʜɹ. 

ʀʩʪʦʯʥʠʢʦʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ ʷʚʣʷʝʪʩʷ ʜʠʩʙʘʣʘʥʩ ʙʘʨʘʙʘʥʘ, 

ʦʩʦʙʦ ʦʱʫʪʠʤʳʡ ʧʦ ʤʝʨʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʠʟʥʦʩʘ ʤʦʣʦʪʢʦʚ. ʆʜʥʘʢʦ ʜʘʞʝ 

ʪʱʘʪʝʣʴʥʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʩʪʘʪʠʯʝʩʢʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠ ʙʘʨʘʙʘʥ (ʧʫʪʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʜʙʦʨʢʠ ʤʦʣʦʪʢʦʚ) ʠ ʠʤʝʶʱʠʡ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʠʟʤʝʣʴʯʝʥʠʝ ʧʦʚʳʰʘʝʪ ʩʚʦʶ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ. ʆʩʦʙʝʥʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʵʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʪʥʦʰʝʥʠʠ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʙʘʨʘʙʘʥʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʷʚʣʷʶʪʩʷ ʫʜʘʨʥʳʝ ʠʤʧʫʣʴʩʳ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʤʦʣʦʪʢʦʚ ʧʦʜ ʟʘʛʨʫʟʦʯʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʚʭʦʜʷʱʠʤ ʧʦʪʦʢʦʤ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʵʪʦʛʦ ʩʣʫʞʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʦʙʥʘʨʫʞʠʚʘʶʱʠʝ ʫʚʝʣʠʯʝʥʠʝ 

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʜʨʦʙʠʣʴʥʦʡ ʤʘʰʠʥʳ ʧʨʠ ʧʦʜʘʯʝ ʤʘʪʝʨʠʘʣʘ ʥʘ ʜʨʦʙʣʝʥʠʝ, ʘ 

ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʦʪ ʚʠʜʘ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʫʶ 

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʜʨʦʙʠʣʢʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ. ʀʤʝʥʥʦ ʥʘ ʝʝ 
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ʫʩʪʨʘʥʝʥʠʝ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ 

ʨʘʟʨʘʙʦʪʢʠ. 

ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʙʦʨʶʪʩʷ ʩ ʝʝ ʩʣʝʜʩʪʚʠʝʤ, ʧʳʪʘʷʩʴ ʚʠʙʨʦʠʟʦʣʠʨʦʚʘʪʴ 

ʚʩʶ ʜʨʦʙʠʣʢʫ ʦʪ ʬʫʥʜʘʤʝʥʪʘ. 

ɺ ʨʘʙʦʪʝ [155] ʧʨʝʜʣʦʞʝʥ ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ ʧʨʠʥʮʠʧ ï ʚʠʙʨʦʠʟʦʣʷʮʠʷ ʩʘʤʦʛʦ 

ʙʘʨʘʙʘʥʘ ʜʨʦʙʠʣʢʠ, ʩ ʪʝʤ ʯʪʦʙʳ ʢʦʣʝʙʘʥʠʷ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʥʘ ʚʩʶ ʤʘʰʠʥʫ. 

ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʘʨʘʙʘʥ ʩʪʘʥʦʚʠʪʩʷ ʧʦʜʚʠʞʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʢ 

ʜʨʦʙʠʣʴʥʦʡ ʢʘʤʝʨʳ, ʧʨʠ ʵʪʦʤ ʟʘʟʦʨ ʤʝʞʜʫ ʢʦʥʮʘʤʠ ʤʦʣʦʪʢʦʚ ʠ ʨʠʬʣʷʤʠ ʜʝʢ 

ʠʟʤʝʥʷʝʪʩʷ. ʕʪʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ 

ʠʟʤʝʣʴʯʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʫʢʘʟʘʪʴ, ʯʪʦ ʢʨʦʤʝ ʩʥʠʞʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ 

ʜʨʦʙʠʣʢʠ ʚʠʙʨʘʮʠʷ ʢʦʩʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ. 

ʆʙʫʩʣʦʚʣʝʥʦ ʵʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʘʩʩʝʷʥʠʝʤ ʵʥʝʨʛʠʠ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʘʭ ʠ ʩʦʧʨʷʞʝʥʠʷʭ ʩʘʤʦʡ ʜʨʦʙʠʣʴʥʦʡ ʤʘʰʠʥʳ, ʬʫʥʜʘʤʝʥʪʝ ʠ 

ʧʨʠʣʝʛʘʶʱʝʤ ʛʨʫʥʪʝ. ʇʦʪʨʝʙʣʷʝʤʘʷ ʥʘ ʵʪʦ ʵʥʝʨʛʠʷ çʦʪʢʘʯʠʚʘʝʪʩʷè ʦʪ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜʨʦʙʠʣʢʠ. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʙʘʨʘʙʘʥʘ. 

 

 

2.2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ 

ʟʝʨʥʦʜʨʦʙʠʣʦʢ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʵʪʦʪ  ʚʦʧʨʦʩ ʜʣʷ ʜʨʦʙʠʣʦʢ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʚʝʨʭʥʝʡ 

ʧʦʜʘʯʝʡ ʠʩʭʦʜʥʦʛʦ ʟʝʨʥʘ ʯʝʨʝʟ ʦʜʥʦ ʟʘʛʨʫʟʦʯʥʦʝ ʦʪʚʝʨʩʪʠʝ. ʊʘʢʦʡ ʘʥʘʣʠʟ 

ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʠʩʪʦʯʥʠʢʠ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʜʨʦʙʠʣʦʢ ʠ ʚʳʷʚʠʪʴ ʧʫʪʠ ʝʝ 

ʩʥʠʞʝʥʠʷ.   
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ʉʭʝʤʘ, ʦʪʨʘʞʘʶʱʘʷ ʧʦʣʦʞʝʥʠʝ ʤʦʣʦʪʢʘ ʜʨʦʙʠʣʢʠ ʚʦ ʚʨʝʤʷ ʝʝ ʨʘʙʦʪʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1. 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ, ʧʦʷʩʥʷʶʱʘʷ ʢʦʣʝʙʘʥʠʷ ʤʦʣʦʪʢʘ ʚ ʧʦʣʝ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ 

(ʜʝʢʠ ʠ ʠʟʤʝʣʴʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʫʩʣʦʚʥʦ ʥʝ ʧʦʢʘʟʘʥʳ) 

 

ʋʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ [97, 142], ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʤʦʣʦʪʢʘ ʚʦʢʨʫʛ ʦʩʠ ʩʚʦʝʛʦ ʧʦʜʚʝʩʘ ʚ ʜʠʩʢʘʭ ʙʘʨʘʙʘʥʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

ʢʦʣʝʙʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʚ ʧʦʣʝ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ 

                                               ὐ• Ὧ•  ά•‫ὙὶÓÉÎ ὓ ὓȟ                                        (2.1) 

ʛʜʝ  ὐ ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʦʣʦʪʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩʚʦʝʛʦ ʧʦʜʚʝʩʘ; 

• ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʤʦʣʦʪʢʘ ʦʪ ʨʘʜʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ; 

Ὧ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʨʘʱʝʥʠʶ ʤʦʣʦʪʢʘ ʚ ʰʘʨʥʠʨʝ ʧʦʜʚʝʩʘ; 

ά ï ʤʘʩʩʘ ʤʦʣʦʪʢʘ; 

;ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʙʘʨʘʙʘʥʘ ʜʨʦʙʠʣʢʠ ‫ 

Ὑ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʜʦ ʦʩʠ ʧʦʜʚʝʩʘ ʤʦʣʦʪʢʦʚ (ʨʠʩʫʥʦʢ 

2.1); 

ὶ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʧʦʜʚʝʩʘ ʤʦʣʦʪʢʘ ʜʦ ʝʛʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ (ʨʠʩʫʥʦʢ 2.1); 

ὓ  ï ʧʦʩʪʦʷʥʥʳʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʤʦʣʦʪʦʢ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʜʫʢʪʦʚʦʛʦ 

ʩʣʦʷ, ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚ ʢʘʤʝʨʝ ʠʟʤʝʣʴʯʝʥʠʷ; 



55 

 

ὓ  ï ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʤʦʣʦʪʦʢ ʚʦ ʚʨʝʤʷ ʝʛʦ 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʜ ʟʘʛʨʫʟʦʯʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʨʦʙʠʣʢʠ ʠ ʷʚʣʷʶʱʠʡʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʫʜʘʨʘ ʧʦ ʧʦʯʪʠ ʥʝʧʦʜʚʠʞʥʦʤʫ ʧʦʪʦʢʫ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʪʫʧʘʶʱʝʤʫ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ. 

ʉʠʣʘ ʪʷʞʝʩʪʠ ʤʦʣʦʪʢʘ ʚ ʫʨʘʚʥʝʥʠʠ (2.1) ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʥʘ 

ʪʨʠ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʤʦʣʦʪʦʢ, ʪ.ʝ.  

                                                    ά‫ Ὑ  ὶḻάὫ,                                              (2.2) 

ʠʣʠ 

                                                            
 
 ḻρȢ                                                 (2.3) 

ɼʣʷ ʧʨʠʤʝʨʘ, ʧʦʜʩʯʠʪʘʝʤ ʜʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 2é3 ʪ/ʯʘʩ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ: å ‫ 

280 ʩ-1; Ὑ å 0,3 ʤ; ὶ å 0,025 ʤ.  

ʈʘʩʯʝʪ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪ: 
 
 å 2600, ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. 

ʄʦʤʝʥʪ ὓ  ʚ ʪʦʡ ʞʝ ʨʘʙʦʪʝ [142] ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ:   

                                 ὓ ὦ•‫ȟ ὃὦ‫  •  ὄὦ‫  • ,                              (2.4) 

ʛʜʝ ὃȟὄ ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ; 

ὦ ρ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʦʪʩʪʘʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ 

ʧʨʦʜʫʢʪʦʚʦʛʦ ʩʣʦʷ ʦʪ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʦʚ. 

ʄʦʤʝʥʪ ὓ  ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

                                                      ὓ  
ὓᶻ  ̐̑ ̉π ὸ ὸ
π    ̐̑ ̉ὸ ὸ Ὕ

ȟ                                                (2.5) 

ʛʜʝ ὸ ï ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʤʦʣʦʪʢʘ ʧʦʜ ʟʘʛʨʫʟʦʯʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ; 

Ὕ  ï ʚʨʝʤʷ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ ʙʘʨʘʙʘʥʘ ʜʨʦʙʠʣʢʠ. 

ʉʫʤʤʘʨʥʳʡ ʤʦʤʝʥʪ ʩʦʩʪʘʚʣʷʝʪ: 

                                                        ὓ  ὓ  ὓ .                                                   (2.6) 

ʅʘ ʨʠʩʫʥʢʝ 2.2 ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʵʪʦʛʦ ʩʫʤʤʘʨʥʦʛʦ ʤʦʤʝʥʪʘ. 

ʇʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ Ўὸ ʧʨʦʭʦʞʜʝʥʠʷ ʤʦʣʦʪʢʘ ʦʢʦʣʦ ʟʘʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʤʦʞʥʦ ʧʦʜʩʯʠʪʘʪʴ ʪʘʢ 
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                                                    Ўὸ  Ὕ  ,                                        (2.7) 

ʛʜʝ ‐ ï ʫʛʦʣ ʦʙʭʚʘʪʘ ʟʘʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʜ. (ʨʠʩʫʥʦʢ 2.1). 

ʆʙʳʯʥʦ ʫʛʦʣ ‐ ʩʦʩʪʘʚʣʷʝʪ 15Ü ï 20Ü (0,26 ï 0,35 ʨʘʜ). ʋʯʠʪʳʚʘʷ ʭʘʨʘʢʪʝʨʥʫʶ 

ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʙʘʨʘʙʘʥʘ .ʨʘʜ/ʩ, ʙʫʜʝʤ ʠʤʝʪʴ Ўὸ å 0,0010 é 0,0013 ʩ 280 = ‫ 

ʄʦʞʥʦ ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩ ʢʘʢʠʤ-ʥʠʙʫʜʴ ʭʘʨʘʢʪʝʨʥʳʤ 

ʧʨʦʤʝʞʫʪʢʦʤ ʚʨʝʤʝʥʠ, ʥʘʧʨʠʤʝʨ, ʧʝʨʠʦʜʦʤ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʣʦʪʢʘ Ὕ. 

ʇʝʨʠʦʜ Ὕ ʤʦʞʥʦ ʧʦʜʩʯʠʪʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (2.1), ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

                                                                Ὕ  ,                                                       (2.8) 

ʛʜʝ ‫ ‫  ï ʯʘʩʪʦʪʘ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʣʦʪʢʘ ʚ ʧʦʣʝ ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʩʠʣ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ  .ʙʘʨʘʙʘʥʘ ʜʨʦʙʠʣʢʠ ‫ 

 
ʈʠʩʫʥʦʢ 2.2 ï ɻʨʘʬʠʢ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʤʦʣʦʪʦʢ ʩʦ 

ʩʪʦʨʦʥʳ ʜʨʦʙʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

ʇʨʠ ʤʘʩʩʝ ʤʦʣʦʪʢʘ ά å 0,3 ʢʛ ʠ ʤʦʤʝʥʪʝ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʘʨʥʠʨʥʦʛʦ 

ʧʦʜʚʝʩʘ ὐ å 0,6Ĭ10-3 ʢʛ ʤ2 ʟʥʘʯʝʥʠʝ ‫  ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 560ʩ-1, ʘ Ὕ å 0,0113 ʩ. 

ʋʢʘʟʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Ўὸ
Ὕ ʥʝ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ 0,115. 
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ʇʦ ʛʨʘʬʠʢʫ, ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʢʥʠʛʝ ʗ. ɻ. ʇʘʥʦʚʢʦ [98, ʩ.70], ʜʣʷ ʪʘʢʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ ʟʘʤʝʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʠʤʧʫʣʴʩʘ ʩʠʣʳ ʝʛʦ 

ʤʛʥʦʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚʣʝʯʝʪ ʦʰʠʙʢʫ ʧʨʠʤʝʨʥʦ ʚ 3%. ʕʪʦ ʧʨʠʝʤʣʝʤʦ ʜʣʷ 

ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ. 

ɽʩʣʠ ʞʝ ʫʯʠʪʳʚʘʪʴ ʜʘʥʥʳʝ ʉ.ɺ. ʄʝʣʴʥʠʢʦʚʘ [82], ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ 

ʟʥʘʯʝʥʠʝ Ўὸ= 6,5Ĭ10-5ʩ, ʪʦ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʝʱʝ ʤʝʥʴʰʫʶ ʦʰʠʙʢʫ. 

ʉʢʘʟʘʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʘʜʘʯʫ ʦ ʜʝʡʩʪʚʠʠ ʤʦʤʝʥʪʘ ὓ  ʥʘ ʥʘʰʫ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʘʢ ʟʘʜʘʯʫ ʦ ʜʝʡʩʪʚʠʠ ʤʛʥʦʚʝʥʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʠʤʧʫʣʴʩʦʚ. 

ʀʤʧʫʣʴʩ Ὓ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʤʦʣʦʪʦʢ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

                                                                 Ὓ  ὖ  Ўὸ ά Ўὺ,                                           (2.9) 

ʛʜʝ ὖ ï ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʤʦʣʦʪʦʢ ʚʦ ʚʨʝʤʷ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; 

ά  ï ʤʘʩʩʘ ʟʝʨʥʘ, ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʫʯʘʩʪʚʫʶʱʘʷ ʚ ʫʜʘʨʝ (ʟʘʚʠʩʠʪ ʦʪ ʧʦʜʘʯʠ ʟʝʨʥʘ); 

Ўὺ ï ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʘ ʧʦʩʣʝ ʫʜʘʨʘ. 

ʀʜʝʘʣʠʟʘʮʠʷ ʚ ʚʠʜʝ ʤʛʥʦʚʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʠʣʘ ʦʯʝʥʴ ʚʝʣʠʢʘ, 

ʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʝʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. ʍʦʪʷ ʚ ʮʝʣʦʤ ʠʤʧʫʣʴʩ 

ʧʨʠʥʠʤʘʝʪ ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʜʩʯʠʪʳʚʘʝʤʦʝ ʧʦ ʬʦʨʤʫʣʝ (2.9). 

ʇʦʩʣʝ ʵʪʠʭ ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʟʘʤʝʯʘʥʠʡ ʚʝʨʥʝʤʩʷ ʢ ʘʥʘʣʠʟʫ ʥʘʰʝʛʦ ʫʨʘʚʥʝʥʠʷ 

(2.1). 

ɽʩʣʠ ʙʳ ʥʝ ʙʳʣʦ ʤʦʤʝʥʪʘ ὓ  (ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʜʨʦʙʠʣʦʢ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʙʘʨʘʙʘʥʘ), ʪʦ ʫʨʘʚʥʝʥʠʝ (2.1) ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʠʚʝʩʪʠ ʢ ʬʦʨʤʝ: 

                                            • ςὲ• ‫ ÓÉÎ• ή ὦ•‫ȟ ,                               (2.10) 

ʛʜʝ ʚʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ 

                                   ςὲ  ;  ‫  ‫  ;  ή .                                        (2.11) 

ɺ ʨʘʙʦʪʝ [142] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʤʦʤʝʥʪʘ ὓ  ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʦʪʢʣʦʥʝʥʠʷ ʤʦʣʦʪʢʘ ʦʪ ʨʘʜʠʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ 

ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, ʥʘ ʫʛʦʣ, ʨʘʚʥʳʡ  
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                                                              •  ὥὶὧÓÉÎ .                                                  (2.12) 

ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʤʦʣʦʪʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ. ɺ ʪʦʡ 

ʞʝ ʨʘʙʦʪʝ [142] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʧʦʣʦʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦ. ɽʩʣʠ ʧʦ ʢʘʢʦʡ-ʣʠʙʦ 

ʧʨʠʯʠʥʝ ʤʦʣʦʪʦʢ ʚʳʚʝʜʝʥ ʠʟ ʵʪʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʦ ʧʦʷʚʠʚʰʠʝʩʷ 

ʢʦʣʝʙʘʥʠʷ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʪ ʠ ʤʦʣʦʪʦʢ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʩʚʦʝʤʫ ʥʝʢʦʣʝʙʘʪʝʣʴʥʦʤʫ 

ʢʨʫʛʦʚʦʤʫ ʜʚʠʞʝʥʠʶ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʧʦ ʫʛʣʫ • . 

ʋʨʘʚʥʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʵʪʦ ʟʘʪʫʭʘʥʠʝ ʢʦʣʝʙʘʥʠʡ, ʙʳʣʦ ʟʘʧʠʩʘʥʦ ʚ 

ʚʠʜʝ [142]:  

                                            ‚ ςὲ ή ὦ‚‫ ‫ ÃÏÓ• ‚ π,                                 (2.13) 

ʛʜʝ ‚  • •  ï ʥʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʦʪʢʣʦʥʝʥʠʝ ʤʦʣʦʪʢʘ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩ ʫʛʣʦʤ • ; 

ήὦï ʧʨʦʠʟʚʦʜʥʘʷ ʬʫʥʢʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʠʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʤʝʥʪʘ ‫ 

ὓ  ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʤʦʣʦʪʢʝ. 

ʋʛʦʣ •, ʧʦ ʜʘʥʥʳʤ [74], ʥʝ ʧʨʝʚʳʰʘʝʪ 17Ü. ɿʥʘʯʝʥʠʝ ʢʦʩʠʥʫʩʘ ʜʣʷ ʪʘʢʦʛʦ 

ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʩʦʩʪʘʚʣʷʝʪ 0,96 å 1. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (2.12) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ 

ʚʠʜʝ:  

                                                   ‚ ςὲ ή ὦ‚‫ ‚‫ πȢ                                          (2.14) 

ʏʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʦʪʢʣʦʥʝʥʠʝ ʤʦʣʦʪʢʘ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʣʦʞʝʥʠʷ •?  ɺ 

ʜʨʦʙʠʣʢʝ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʙʘʨʘʙʘʥʦʤ ï ʵʪʦ, ʢʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʘʣʘ ʚʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʤʦʣʦʪʢʘ ʦʢʦʣʦ ʟʘʛʨʫʟʦʯʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʵʪʦʛʦ ʪʠʧʘ ʜʨʦʙʠʣʦʢ ʫʨʘʚʥʝʥʠʝ (2.14) ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʧʦʣʥʝʥʦ 

ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (2.1) 

                                                             ‚ ςὲz ‚‫ ή,                                                 (2.15) 

ʛʜʝ ςὲz ςὲ ή ὦ(2.16)                                                                                                               ;‫ 

                                                       ή
 ̐̑ ̉π ὸ  ὸ

π  ̐̑ ̉ὸ ὸ  Ὕ
,                                              (2.17) 

(Ὕ   ï ʚʨʝʤʷ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ ʙʘʨʘʙʘʥʘ). 

ɺʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʣʦʪʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʠʤʧʫʣʴʩʦʚ, ʦʧʠʩʳʚʘʝʤʳʝ ʫʨʘʚʥʝʥʠʝʤ (2.15), ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 
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ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʥʘʣʠʯʠʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʩʠʣʳ ʠ ʩ ‚‫ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: 

1) ὸ π;  ‚  ‚;  ‚  ‚;                                                                                                           (2.18) 

2) ὸ Ὕ;  ‚  ‚;  ‚  ‚; ʠ ʪ.ʜ. 

ʆʜʥʘʢʦ ʚ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʢʦʣʝʙʘʥʠʷ ʤʦʣʦʪʢʘ ʷʚʣʷʶʪʩʷ 

ʩʚʦʙʦʜʥʳʤʠ ʠ ʧʨʦʠʩʭʦʜʷʪ ʩ ʯʘʩʪʦʪʦʡ ɿʘ ʧʝʨʠʦʜ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ ʙʘʨʘʙʘʥʘ .‫ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʜʦ 2 ... 3 ʧʦʣʥʳʭ ʠʣʠ ʥʝʧʦʣʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʣʦʪʢʘ. 

ʀʩʧʦʣʴʟʫʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʧʝʨʝʭʦʜʷ ʚ ʧʨʝʜʝʣʝ ʢ ʜʝʡʩʪʚʠʶ 

ʤʛʥʦʚʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʙʫʜʝʤ ʠʤʝʪʴ 

                                                  ‚π ‚Ὕ;  ‚π  ‚Ὕ  ,                                    (2.19) 

ʛʜʝ Ὓ ï ʠʤʧʫʣʴʩ ʩʠʣʳ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ (2.9); 

Ὑ ὶ ï ʧʣʝʯʦ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ (ʨʠʩʫʥʦʢ2.1). 

ʉ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ ʚʝʨʥʝʤʩʷ ʢ ʫʨʘʚʥʝʥʠʶ (2.15). ʆʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʤʦʣʦʪʢʘ ʚʙʣʠʟʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʝʛʦ ʧʦʣʦʞʝʥʠʷ 

(ʨʘʚʥʦʚʝʩʠʷ), ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʫʛʣʦʤ •. ʀʩʪʦʯʥʠʢʦʤ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʶʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʫʜʘʨʳ ʤʦʣʦʪʢʘ ʧʦ ʧʦʩʪʫʧʘʶʱʝʤʫ ʠʟ ʟʘʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʫ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʩʠʩʪʝʤʝ çʤʦʣʦʪʦʢ ï ʙʘʨʘʙʘʥè ʟʘ ʦʜʠʥ ʧʝʨʠʦʜ Ὕ   ʜʝʡʩʪʚʠʷ 

ʠʤʧʫʣʴʩʦʚ (ʵʪʦʪ ʧʝʨʠʦʜ ʩʦʚʧʘʜʘʝʪ ʩʦ ʚʨʝʤʝʥʝʤ, ʧʦʪʨʝʙʥʳʤ ʥʘ ʦʜʠʥ ʦʙʦʨʦʪ 

ʙʘʨʘʙʘʥʘ) ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʦʜʥʦʛʦ ʮʠʢʣʘ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʣʦʪʢʘ, ʪʦ 

ʦʙʷʟʘʪʝʣʴʥʦ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʤʦʣʦʪʢʘ. ʆʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʙʳʩʪʨʦʤʫ ʟʘʪʫʭʘʥʠʶ ʢʦʣʝʙʘʥʠʡ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ Ὕ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʦʯʝʨʝʜʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʦʪʢʣʦʥʝʥʠʝ ʤʦʣʦʪʢʘ ʦʪ •  ʚ ʢʦʥʮʝ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʝʪ. 

ʇʦʩʢʦʣʴʢʫ ʫʢʘʟʘʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʫʩʣʦʚʥʦ ʪʨʝʥʠʝ) ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦ, ʪʦ ʤʳ 

ʫʯʠʪʳʚʘʝʤ ʝʛʦ ʜʘʣʝʝ ʠ ʧʨʠ ʪʦʯʥʦʤ ʩʦʚʧʘʜʝʥʠʠ ʚʨʝʤʝʥʠ ʮʠʢʣʘ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʤʦʣʦʪʢʘ ʩʦ ʚʨʝʤʝʥʝʤ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ ʙʘʨʘʙʘʥʘ. 

ɽʩʣʠ ʩʦʚʤʝʩʪʠʪʴ ʥʘʯʘʣʦ ʦʪʯʝʪʘ ʚʨʝʤʝʥʠ ʩ ʤʦʤʝʥʪʦʤ, ʥʘʩʪʫʧʘʶʱʠʤ ʩʨʘʟʫ 

ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʤʧʫʣʴʩʘ, ʪʦ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʝʰʝʥʠʝʤ, 

ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʢʥʠʛʝ [97], ʛʜʝ ʨʝʰʘʣʘʩʴ ʩʭʦʜʥʘʷ ʟʘʜʘʯʘ. 
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ɺ ʥʘʰʠʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʦʥʦ ʠʤʝʝʪ ʚʠʜ: 

                               ‚  
 ᶻ

 Ͻ ᶻ  

ᶻ   
ᶻ    

ȟ                           (2.20) 

ʛʜʝ Ὤ ᶻ ;‫ᶻ  ‫  ὲz 

ɺ ʩʠʩʪʝʤʝ çʤʦʣʦʪʦʢ ï ʙʘʨʘʙʘʥè ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪ.ʥ. ʫʜʘʨʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ. ʆʥ ʚʦʟʤʦʞʝʥ ʪʦʛʜʘ, ʢʦʛʜʘ ʧʝʨʠʦʜ Ὕ ʠʤʧʫʣʴʩʦʚ ʚ ʮʝʣʦʝ ʯʠʩʣʦ ʨʘʟ 

ʙʦʣʴʰʝ ʧʝʨʠʦʜʘ Ὕ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʆʙʦʟʥʘʯʘʷ ʫʢʘʟʘʥʥʦʝ ʯʠʩʣʦ ʙʫʢʚʦʡ Ὧ, 

ʧʦʣʫʯʠʤ 

Ὧ  
Ὕ

Ὕᶻ
 
ς“

‫
Ḋ 
ς“

‫ᶻ

‫ᶻ
‫

‫  ὲz

‫
 Ȣ 

ʇʦʩʢʦʣʴʢʫ ‫  ‫ὑ ,   ὑ ὓὙ  , ʪʦ ʫʩʣʦʚʠʝ ʨʝʟʦʥʘʥʩʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

                                                 Ὧ  
  ᶻ ρȟςȟσ ʠ ʪ.ʜ.                                   (2.21) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ÓÉÎὲzὝ π, ÃÏÓὲzὝ ρ ʠ ʜʚʠʞʝʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ: 

                                                     ‚  
 

ᶻ

 ᶻ
 

                                           (2.22) 

ɽʩʣʠ ʙʳ ʙʳʣ ʦʜʥʦʢʨʘʪʥʳʡ ʠʤʧʫʣʴʩ, ʪʦ ʦʥ ʙʳ ʚʳʟʚʘʣ ʜʚʠʞʝʥʠʝ [98]  

 

                                                     ‚  
 

 ᶻ
ÓÉÎ‫ ὸzȢ                                     (2.23) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʥʦʞʠʪʝʣʴ 

‍  
ρ

ρ Ὡ  
  

ρ

Ὤ Ὕ
 
ρ

Ὤ ὯὝ
 
‫ᶻ

Ὤ Ὧ ς“

‫ᶻ

ς“ Ὤ Ὧ
 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʣʠʷʥʠʝ ʧʦʚʪʦʨʝʥʠʡ ʫʜʘʨʦʚ. 

ʉ ʫʯʝʪʦʤ ʧʨʝʜʳʜʫʱʝʛʦ ʠʟʣʦʞʝʥʠ ̫ʠʤʝʝʤ 

                                                          ‚ ‚ ᶻ

  
.                                                     (2.24) 

ʇʝʨʚʳʡ ʨʝʟʦʥʘʥʩ, ʩʘʤʳʡ ʦʧʘʩʥʳʡ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ Ὧ ρ. ʄʝʥʝʝ ʦʧʘʩʝʥ 

ʚʪʦʨʦʡ ʨʝʟʦʥʘʥʩ ʩ Ὧ ς, ʝʱʝ ʩʣʘʙʝʝ ʪʨʝʪʠʡ ʩ Ὧ  σ. 

ʇʨʠ ʥʝʮʝʣʦʤ Ὧ ʦʪʢʣʦʥʝʥʠʷ ʤʘʣʳ ʠ ʦʢʘʟʳʚʘʶʪʩʷ ʢʦʥʝʯʥʳʤʠ ʜʘʞʝ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʟʘʪʫʭʘʥʠʷ. 
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ɺ ʧʨʠʥʮʠʧʝ, ʠʟʤʝʥʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʜʣʷ ʤʦʣʦʪʢʦʚ 

ʜʨʦʙʠʣʢʠ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʨʝʟʦʥʘʥʩʳ. ʅʦ ʥʫʞʥʳ ʣʠ ʦʥʠ? 

ʈʘʩʩʤʦʪʨʠʤ ʩʘʤʳʡ ʩʠʣʴʥʳʡ ʧʝʨʚʳʡ ʨʝʟʦʥʘʥʩ, ʧʨʠ ʢʦʪʦʨʦʤ Ὕ  Ὕ ,z ʠʣʠ 

‫ ‫ .z ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʫʨʘʚʥʝʥʠʝ (2.22) ʧʝʨʝʧʠʰʝʤ ʚ ʪʘʢʦʤ ʚʠʜʝ: 

 

                                                             ‚  ‚Ὡ  ίὭὲ‫ὸ,                                                   (2.25) 

ʛʜʝ ‚  
 ᶻ

 
ὧέὲίὸȢ 

ʆʧʨʝʜʝʣʠʤ, ʧʨʠ ʢʘʢʠʭ ʬʘʟʘʭ ʢʦʣʝʙʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ 

ʤʠʥʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʤʦʣʦʪʢʘ. 

ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʠʤ ʪʦʯʢʠ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʠ 

                                                             Ὢὸ Ὡ  ÓÉÎ‫ὸ                                                   (2.26) 

ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ  

                                               Ὡ  ‫ὧέί‫ὸ  ὬίὭὲ‫ὸ π. 

ʆʪʩʶʜʘ ʠʤʝʝʤ 

‫ÃÏÓ‫ὸ ὬÓÉÎ.‫ὸ 

ʅʘ ʦʪʨʝʟʢʝ ὸ πȠὝ ʠʤʝʝʤ ʜʚʘ ʢʦʨʥʷ: 

                                                                 ‫ὸ ὥὶὧὸὫȠ                                               (2.27) 

‫ὸ ὥὶὧὸὫ “. 

ʄʦʞʥʦ ʜʘʣʝʝ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʝʨʚʳʡ ʢʦʨʝʥʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʪʨʝʤʫʤʫ ï 

ʤʘʢʩʠʤʫʤʫ, ʚʪʦʨʦʡ ï ʤʠʥʠʤʫʤʫ. 

ʇʨʠʤʝʨʥʳʡ ʛʨʘʬʠʢ ʢʦʣʝʙʘʥʠʡ ʧʨʠ  υ, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.3. 

ʂʘʢ ʚʠʜʥʦ, ʚ ʧʝʨʚʫʶ ʧʦʣʦʚʠʥʫ ʧʝʨʠʦʜʘ ʩʚʦʝʛʦ ʢʦʣʝʙʘʥʠʷ ʚʦʢʨʫʛ ʧʦʜʚʝʩʘ 

ʤʦʣʦʪʦʢ ʦʪʢʣʦʥʷʝʪʩʷ ʥʘ ʦʙʱʠʡ ʫʛʦʣ •  ‚, ʤʘʢʩʠʤʘʣʴʥʦ ʥʘ ʫʛʦʣ •  ‚ . ɺʦ 

ʚʪʦʨʫʶ ʧʦʣʦʚʠʥʫ ʧʝʨʠʦʜʘ ʦʪʢʣʦʥʝʥʠʷ ʤʠʥʠʤʘʣʴʥʳ • ‚ȟ• ‚ . 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʙʘʨʘʙʘʥ ʚʨʘʱʘʝʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ (ʨʠʩʫʥʦʢ 2.1), 

ʪʦ ʚʩʝ ʤʦʣʦʪʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʜʨʦʙʠʣʢʠ, ʠʤʝʶʪ 

ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʙʦʣʴʰʠʝ, ʯʝʤ ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʫ ʤʦʣʦʪʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʣʝʚʦʡ 

ʧʦʣʦʚʠʥʝ ʙʘʨʘʙʘʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʛʝʥʝʨʠʨʫʝʤʘʷ ʤʦʣʦʪʢʘʤʠ 
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ʧʨʘʚʦʡ ʯʘʩʪʠ, ʤʝʥʴʰʝ, ʯʝʤ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʩʦʟʜʘʚʘʝʤʘʷ ʤʦʣʦʪʢʘʤʠ ʣʝʚʦʡ 

ʧʦʣʦʚʠʥʳ. ʇʦʷʚʣʷʝʪʩʷ ʜʠʩʙʘʣʘʥʩ ʙʘʨʘʙʘʥʘ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʜʨʦʙʠʣʢʠ.  

 

 
ʈʠʩʫʥʦʢ 2.3 ï ɻʨʘʬʠʢ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ 1-ʡ ʫʜʘʨʥʳʡ ʨʝʟʦʥʘʥʩ ʠ ʟʘʪʫʭʘʥʠʝ 

ʢʦʣʝʙʘʥʠʡ 

 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟ ʨʘʙʦʪʳ [142] ʩʣʝʜʫʝʪ, ʯʪʦ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ὖ ʦʜʥʦʛʦ 

ʤʦʣʦʪʢʘ ʨʘʚʥʘ 

                                                 ὖ ά‫ Ὑ ὶ ςὙὶÃÏÓ•,                                           (2.28) 

ʛʜʝ ʧʦʜ ʫʛʣʦʤ • ʩʣʝʜʫʝʪ ʧʦʜʨʘʟʫʤʝʚʘʪʴ ʩʫʤʤʫ ʫʛʣʦʚ • ‚. 

ʏʝʤ ʙʦʣʴʰʝ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ •, ʪʝʤ ʤʝʥʴʰʝ ÃÏÓ• ʠ ʤʝʥʴʰʝ ʮʝʥʪʨʦʙʝʞʥʘʷ 

ʩʠʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʣʦʪʢʠ ʧʨʘʚʦʡ ʯʘʩʪʠ ʙʘʨʘʙʘʥʘ ʛʝʥʝʨʠʨʫʶʪ 

ʩʫʤʤʘʨʥʦ ʤʝʥʴʰʫʶ ʮʝʥʪʨʦʙʝʞʥʫʶ ʩʠʣʫ, ʯʝʤ ʤʦʣʦʪʢʠ ʣʝʚʦʡ ʯʘʩʪʠ. ʕʪʦ ʠ ʚʝʜʝʪ ʢ 

ʧʦʪʝʨʝ ʙʘʣʘʥʩʠʨʦʚʢʠ ʙʘʨʘʙʘʥʘ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʦ ʷʚʣʝʥʠʝ ʧʨʠʩʫʱʝ ʠ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʫʜʘʨʥʳʭ 

ʨʝʟʦʥʘʥʩʦʚ ʠ ʜʣʷ ʙʝʟʨʝʟʦʥʘʥʩʥʦʛʦ ʨʝʞʠʤʘ, ʭʦʪʷ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 

ʇʦʵʪʦʤʫ ʨʝʟʦʥʘʥʩʦʚ ʚ ʜʨʦʙʠʣʢʝ ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʝʝ 

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʥʪʝʥʩʠʚʥʳʭ ʢʘʯʘʥʠʷʭ ʤʦʣʦʪʢʦʚ ʦʥʠ ʤʦʛʫʪ ʫʭʦʜʠʪʴ ʚʛʣʫʙʴ 

ʙʘʨʘʙʘʥʘ ʠ ʥʝ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʜʨʦʙʣʝʥʠʷ. 
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ʅʘʢʦʥʝʮ, ʠʥʪʝʥʩʠʚʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʣʦʪʢʦʚ ʧʨʠʚʦʜʷʪ ʢ ʠʟʥʦʩʫ ʜʝʪʘʣʝʡ 

ʰʘʨʥʠʨʘ, ʪ.ʝ. ʩʘʤʦʛʦ ʤʦʣʦʪʢʘ ʠ ʧʘʣʴʮʘ. ʕʪʦ ʤʦʞʝʪ ʜʘʞʝ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʳʚʫ 

ʤʦʣʦʪʢʦʚ. ʀʥʪʝʥʩʠʚʥʦʝ ʩʫʭʦʝ ʪʨʝʥʠʝ ʚ ʰʘʨʥʠʨʘʭ ʜʝʩʷʪʢʦʚ ʤʦʣʦʪʢʦʚ, 

ʟʘʢʨʝʧʣʝʥʥʳʭ ʚ ʙʘʨʘʙʘʥʝ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʘʷ ʦʪʙʠʨʘʝʪʩʷ ʦʪ ʜʚʠʛʘʪʝʣʷ ʜʨʦʙʠʣʢʠ. 

ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʧʦ ʜʠʥʘʤʠʢʝ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʨʝʟʦʥʘʥʩʳ ʚʳʛʦʜʥʳ, ʪʘʢ ʢʘʢ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʦʚ ʠ 

ʫʣʫʯʰʝʥʠʶ ʧʨʦʮʝʩʩʘ ʜʨʦʙʣʝʥʠʷ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʦʪʜʝʣʴʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʩʫʤʤʘʨʥʘʷ ʩʢʦʨʦʩʪʴ 

ʤʦʣʦʪʢʘ, ʢʘʢ ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʧʝʨʝʥʦʩʥʦʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʚʦʟʨʘʩʪʘʝʪ. 

ʅʦ ʚ ʦʩʪʘʣʴʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʮʠʢʣʘ ʢʘʯʘʥʠʷ ʵʪʘ ʩʢʦʨʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʫʭʫʜʰʘʝʪ 

ʧʨʦʮʝʩʩ ʜʨʦʙʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʘʤʝʪʨʳ ʜʨʦʙʠʣʢʠ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʨʝʟʦʥʘʥʩʦʚ, ʜʦʣʞʥʳ 

ʙʳʪʴ ʧʦʜʦʙʨʘʥʳ ʠʟ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʫʩʣʦʚʠʷ 

                                                     Ὧ Ѝὑ
  

ρȟυ Ƞ ςȟυ Ƞ σȟυ ȣ                                  (2.29) 

ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʥʝ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʭʦʜʷʪ ʚ 

ʫʩʣʦʚʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʩʠ ʧʦʜʚʝʩʘ ʤʦʣʦʪʢʦʚ ʨʘʟʛʨʫʞʘʶʪʩʷ ʦʪ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ 

[19]:  

                                                                         ὰ  
 
,                                                         (2.30) 

ɻʜʝ ὰ ï ʧʣʝʯʦ ʠʤʧʫʣʴʩʘ (ʫʜʘʨʘ). 

ʆʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪ, ʯʪʦ l ʨʘʚʥʦ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʮʝʥʪʨʘ ʧʦʜʚʝʩʘ ʤʦʣʦʪʢʘ ʜʦ 

ʩʝʨʝʜʠʥʳ ʚʥʝʰʥʝʡ (ʜʘʣʴʥʝʡ) ʝʛʦ ʛʨʘʥʠ. ʆʙʫʩʣʦʚʣʝʥʦ ʵʪʦ ʤʘʣʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 

ʧʘʜʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ ʚʨʝʤʷ ʤʝʞʜʫ ʦʯʝʨʝʜʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ 

ʤʦʣʦʪʢʦʚ, ʧʦʵʪʦʤʫ ʫʜʘʨʥʳʡ ʠʤʧʫʣʴʩ ʧʨʠʣʘʛʘʝʪʩʷ ʢ ʢʦʥʮʫ ʤʦʣʦʪʢʘ. 

ʇʦʜʩʪʘʚʣʷʷ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʚ ʬʦʨʤʫʣʫ (2.29), ʙʫʜʝʤ ʠʤʝʪʴ ʫʩʣʦʚʠʝ 

ʦʪʩʫʪʩʪʚʠʷ ʨʝʟʦʥʘʥʩʦʚ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʤʦʣʦʪʢʦʚ ʠ ʧʝʨʝʜʘʯʠ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ 

ʥʘ ʠʭ ʦʩʠ ʧʦʜʚʝʩʘ 

                                                       Ὧ
 
ρȟυȠ ςȟυȠ σȟυȠ ȣ  Ȣ                                             (2.31) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʴʠʨʫʷ ʨʘʜʠʫʩ ʙʘʨʘʙʘʥʘ ʠ ʚʝʣʠʯʠʥʫ ὰ, ʟʘʚʠʩʷʱʫʶ ʦʪ 

ʜʣʠʥʳ ʤʦʣʦʪʢʘ, ʤʦʞʥʦ ʩʦʙʣʶʩʪʠ ʦʙʘ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʇʨʦʩʪʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (2.31) ʝʩʪʴ ʫʩʣʦʚʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʜʨʦʙʠʣʢʠ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ.  

ʋʩʣʦʚʠʝ (2.31) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʧʦ-ʠʥʦʤʫ 

                                                                Ὑ ὯὰȢ                                                     (2.32) 

ɼʣʷ k = 1,5 ʠʤʝʝʤ: Ὑ ςȟςυὰ. ʕʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʫʩʣʦʚʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʤʦʣʦʪʢʘ, ʥʘʡʜʝʥʥʳʤ ɺ. ʉ. ʇʘʥʦʚʦʡ ʠʥʳʤ ʤʝʪʦʜʦʤ [74, 82].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʦʜʘʯʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ  ʩʚʝʨʭʫ 

ʦʨʛʘʥʠʯʝʩʢʠ ʧʨʠʩʫʱ ʥʝʜʦʩʪʘʪʦʢ ï ʥʘʣʠʯʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ. ʆʥ 

ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥ ʧʦʜʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ ʜʨʦʙʠʣʢʠ, ʥʦ ʥʝ ʠʩʢʦʨʝʥʝʥ 

ʧʦʣʥʦʩʪʴʶ.   

 

 

2.3. ʆʩʦʙʝʥʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʜʨʦʙʠʣʦʢ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

 

ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ 

ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʠʭ ʟʘʛʨʫʟʢʠ ʟʝʨʥʦʤ ʯʝʨʝʟ ʜʚʘ ʙʦʢʦʚʳʭ, ʟʝʨʢʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʟʘʛʨʫʟʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘ [99].  

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʨʦʙʠʣʢʠ ʩ ʦʧʧʦʟʠʪʥʦʡ 

ʟʘʛʨʫʟʢʦʡ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʦʙʠʣʢʦʡ, ʩʥʘʙʞʝʥʥʦʡ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʟʘʛʨʫʟʦʯʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʟʘʛʨʫʟʦʢ 

ʜʨʦʙʠʣʦʢ, ʘ ʪʘʢʞʝ ʧʦʣʦʞʝʥʠʷ ʜʠʘʤʝʪʨʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʦʣʦʪʢʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.4.  

ʇʦʩʢʦʣʴʢʫ ʥʘʩ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʥʪʝʨʝʩʫʝʪ ʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴ ʙʘʨʘʙʘʥʘ, ʪʦ 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩ ʜʚʫʤʷ ʤʦʣʦʪʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʜʠʘʤʝʪʨʘʣʴʥʳʭ 

ʣʠʥʠʷʭ çʘ-ʘè ʙʘʨʘʙʘʥʘ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʦʩʴ ʝʛʦ ʚʨʘʱʝʥʠʷ ʆ ʠ ʦʩʠ ʆ1 ʠ ʆ2 
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ʚʨʘʱʝʥʠʷ ʤʦʣʦʪʢʦʚ ʚ ʰʘʨʥʠʨʘʭ ʧʦʜʚʝʩʘ, ʜʘʝʪ ʤʥʦʛʦ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʵʪʦʤʫ 

ʚʦʧʨʦʩʫ.  

ʉʯʠʪʘʝʤ, ʢʘʢ ʠ ʧʨʝʞʜʝ, ʯʪʦ ʙʘʨʘʙʘʥ ʚʨʘʱʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʩ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ ɤ. 

ɺ ʜʨʦʙʠʣʢʝ ʩ ʚʝʨʭʥʝʡ ʧʦʜʘʯʝʡ (ʩʤ. ʨʠʩ.2.4ʘ), ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʤʦʣʦʪʦʢ ʧʦʩʣʝ ʫʜʘʨʘ ʧʦ ʩʣʦʶ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʦʪʢʣʦʥʷʝʪʩʷ ʥʘ ʙʦʣʴʰʠʡ ʫʛʦʣ, ʯʝʤ ʤʦʣʦʪʦʢ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʝ, ʚʦ 

ʤʥʦʛʦʤ ʚʦʩʩʪʘʥʦʚʠʚʰʠʡ ʩʚʦʝ ʥʝʢʦʪʦʨʦʝ ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʧʦʩʣʝ ʫʜʘʨʘ. ɽʩʣʠ 

ʦʙʦʟʥʘʯʠʪʴ ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʤʦʣʦʪʢʦʚ ʢʘʢ •1 ʠ •2, ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ ʦʪ ʤʦʣʦʪʢʦʚ ʦʧʨʝʜʝʣʷʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (ʩʤ. ((2.28)) 

                                                ὖ ά‫ Ὑ ὶ ςὙὶÃÏÓ•,                                         (2.33)     

                                                ὖ ά‫ Ὑ ὶ ςὙὶÃÏÓ•.                                         (2.34)      

(ʆʙʦʟʥʘʯʝʥʠʷ ʚ ʵʪʠʭ ʬʦʨʤʫʣʘʭ ʠ ʥʘ ʨʠʩʫʥʢʝ 2.4 ʪʘʢʠʝ ʞʝ, ʢʘʢ ʚ ʨʘʟʜʝʣʝ 2.2.) 

 

 

 

 
 

 

                           ʘ)                                                                  ʙ) 

ʈʠʩʫʥʦʢ 2.4 - ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʭʝʤʳ ʩʠʩʪʝʤʳ ʙʘʨʘʙʘʥʘ ʩ ʜʚʫʤʷ ʜʠʘʤʝʪʨʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʤʦʣʦʪʢʘʤʠ: ʘ) ʩ ʚʝʨʭʥʝʡ ʧʦʜʘʯʝʡ ʤʘʪʝʨʠʘʣʘ; ʙ) ʩ ʦʧʧʦʟʠʪʥʦʡ 

ʧʦʜʘʯʝʡ ʚ ʙʦʢʦʚʳʝ ʟʘʛʨʫʟʦʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 
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ʇʦʩʢʦʣʴʢʫ • •, ʪʦ ὖ ὖ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ 

ʧʦʷʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ. 

ʉʦʚʝʨʰʝʥʥʦ ʜʨʫʛʘʷ ʜʠʥʘʤʠʢʘ ʤʦʣʦʪʢʦʚ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʨʠ ʦʧʧʦʟʠʪʥʦʡ 

ʟʘʛʨʫʟʢʝ ʜʨʦʙʠʣʢʠ (ʩʤ. ʨʠʩʫʥʦʢ 2.4ʙ). ɿʜʝʩʴ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʜʘʨʝ ʦʙʦʠʭ 

ʤʦʣʦʪʢʦʚ ʧʦ ʚʭʦʜʷʱʠʤ ʩʣʦʷʤ ʠʩʭʦʜʥʦʛʦ ʟʝʨʥʘ ʤʦʣʦʪʢʠ ʦʪʢʣʦʥʷʶʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 

ʦʜʠʥʘʢʦʚʳʝ ʫʛʣʳ, ʪ. ʝ. •  •. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ὖ   ὖ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ ʧʦʣʥʦʝ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʝ ʙʘʨʘʙʘʥʘ ʜʨʦʙʠʣʢʠ (ʚ ʩʤʳʩʣʝ 

ʫʩʪʨʘʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ). 

ʕʪʦ ʧʝʨʚʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʠ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʘʣʘ.  

ɺʪʦʨʦʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʫʛʣʦʚʳʭ ʢʘʯʘʥʠʡ ʤʦʣʦʪʢʦʚ ʥʘ ʩʚʦʠʭ 

ʰʘʨʥʠʨʘʭ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ, ʧʦʩʢʦʣʴʢʫ ʚʦ ʩʪʦʣʴʢʦ ʞʝ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʜʘʯʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʢʘʞʜʳʡ ʤʦʣʦʪʦʢ ʠ ʩʦʦʪʚʪʩʪʚʫʶʱʠʝ 

ʫʜʘʨʥʳʝ ʠʤʧʫʣʴʩʳ. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʵʪʦ ʩʥʠʞʘʝʪ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ 

ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʚ ʰʘʨʥʠʨʘʭ ʤʦʣʦʪʢʦʚ. 

ʕʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʳʚʦʜʳ ʧʦ ʜʨʦʙʠʣʢʝ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʝ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʝʥʘ ʘʙʩʦʣʶʪʥʦ ʦʜʠʥʘʢʦʚʘʷ ʧʦʜʘʯʘ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʞʜʦʝ ʠʟ ʦʧʧʦʟʠʪʥʳʭ ʦʢʦʥ. ʈʝʘʣʴʥʦ ʚʩʝʛʜʘ ʥʘʙʣʶʜʘʶʪʩʷ 

ʬʣʫʢʪʫʘʮʠʠ ʧʦʜʘʯʠ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ. ʇʦʵʪʦʤʫ ʚʦʟʤʦʞʥʳ ʥʝʢʦʪʦʨʳʝ ʤʘʣʳʝ ʩʣʫʯʘʡʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ. 

 

 

2.4. ʇʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʰʘʨʥʠʨʘʭ ʤʦʣʦʪʢʦʚ ʧʨʠ ʠʭ ʢʦʣʝʙʘʥʠʷʭ 

 

 

ʀʥʪʝʥʩʠʚʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʣʦʪʢʦʚ ʧʨʠʚʦʜʷʪ ʢ ʠʟʥʦʩʫ ʜʝʪʘʣʝʡ ʰʘʨʥʠʨʘ, ʪ.ʝ. 

ʩʘʤʦʛʦ ʤʦʣʦʪʢʘ ʠ ʧʘʣʴʮʘ. ʕʪʦ ʤʦʞʝʪ ʜʘʞʝ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʳʚʫ ʤʦʣʦʪʢʦʚ. 

ʀʥʪʝʥʩʠʚʥʦʝ ʩʫʭʦʝ ʪʨʝʥʠʝ ʚ ʰʘʨʥʠʨʘʭ ʜʝʩʷʪʢʦʚ ʤʦʣʦʪʢʦʚ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʚ 

ʙʘʨʘʙʘʥʝ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʦʪʙʠʨʘʝʪʩʷ 
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ʦʪ ʜʚʠʛʘʪʝʣʷ ʜʨʦʙʠʣʢʠ. ʈʘʩʩʤʦʪʨʠʤ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʚ ʰʘʨʥʠʨʘʭ ʢʨʝʧʣʝʥʠʷ 

ʤʦʣʦʪʢʦʚ ʧʦʜʨʦʙʥʝʝ. 

ʇʨʠʙʣʠʞʝʥʥʦ ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʤʦʣʦʪʦʢ ʮʝʥʪʨʦʙʝʞʥʫʶ ʩʠʣʫ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

                                                                           ὖ ά‫ὙȢ                                                           (2.35) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʠʣʘ ʪʨʝʥʠʷ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʰʘʨʥʠʨʥʦʛʦ ʤʦʣʦʪʢʘ ʩ 

ʧʘʣʴʮʝʤ ʩʦʩʪʘʚʠʪ ʚʝʣʠʯʠʥʫ 

                                                                 F=fά‫Ὑȟ                                                           (2.36) 

̄̅̆ f ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʪʘʣʠ ʧʦ ʩʪʘʣʠ. 

ʕʥʝʨʛʠʷ, ʟʘʪʨʘʯʝʥʥʘʷ ʥʘ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʟʘ ʦʜʠʥ ʧʝʨʠʦʜ 

ʢʦʣʝʙʘʥʠʡ ʤʦʣʦʪʢʘ 

                                                            A=F(2ɝmax+2ɝmin) r ,h                                         (2.37)    

 

ʛʜʝ ɝmax, ɝmin ï ʦʪʢʣʦʥʝʥʠʷ ʤʦʣʦʪʢʘ ʚ ʨʘʜʠʘʥʘʭ, ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 2.3; 

r  hï  ʨʘʜʠʫʩ ʧʘʣʴʮʘ ʤʦʣʦʪʢʘ. 

ʈʘʩʭʦʜ ʵʥʝʨʛʠʠ ʟʘ ʦʜʥʫ ʩʝʢʫʥʜʫ, ʪ. ʝ. ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʦʱʥʦʩʪʴ, ʩʦʩʪʘʚʠʪ 

ʩʣʝʜʫʶʱʫʶ ʚʝʣʠʯʠʥʫ: 

N=A/T=F(ɤ/2 )́ (2ɝmax+2ɝmin) r ,h = fά‫Ὑ ‚άὥὼ‚άὭὲὶ̙ 

                                                  N=fάὙ (ɤ3/ )́ (ɝmax+ɝmin) r .h                                    (2.38) 

ɼʘʜʠʤ ʯʠʩʣʝʥʥʫʶ ʦʮʝʥʢʫ ʬʦʨʤʫʣʳ (2.38). ʇʫʩʪʴ ʤʦʣʦʪʦʢ ʩʦʚʝʨʰʘʝʪ ʤʘʣʳʝ 

ʢʦʣʝʙʘʥʠʷ ʚʙʣʠʟʠ ʩʚʦʝʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ: ɝmax=1,2ę ʠ ɝmin=0,8ę [82]. 

ʉʫʤʤʘ ʚ ʨʘʜʠʘʥʘʭ ʚʳʨʘʞʝʥʠʷ ʚ ʩʢʦʙʢʘʭ ʩʦʩʪʘʚʠʪ ʟʥʘʯʝʥʠʝ 0,0349. ʆʩʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʦʨʤʫʣʝ ʧʨʠʤʝʤ ʩʣʝʜʫʶʱʠʤʠ [82]: 

f=0,3;  ά πȟς ̋ Ƞ̄  Ὑ πȟσ ̍Ƞ  ‫ ςψπ ̒-1; r =h0,01. 

ʇʦʜʩʯʝʪ ʧʦ ʬʦʨʤʫʣʝ (2.38) ʜʘʝʪ ʨʝʟʫʣʴʪʘʪ: N=50 ɺʪ. ɼʣʷ ʢʦʤʧʣʝʢʪʘ 

ʤʦʣʦʪʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʙʘʨʘʙʘʥʝ ʚ ʢʦʣʠʯʝʩʪʚʝ 50 ʰʪʫʢ, ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ 

ʩʦʩʪʘʚʠʪ 2,5 ʢɺʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʘʤʳʝ ʤʘʣʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʣʦʪʢʦʚ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʨʘʩʭʦʜʘʤ ʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ ʪʘʢʠʝ ʢʦʣʝʙʘʥʠʷ ʥʘʜʦ ʫʩʪʨʘʥʷʪʴ. 
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ʇʨʠ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʝ ʫʜʘʨʥʳʝ ʠʤʧʫʣʴʩʳ ʥʘ ʤʦʣʦʪʢʠ ʫʤʝʥʴʰʘʶʪʩʷ ʚ 2 

ʨʘʟʘ. ʇʨʠʤʝʨʥʦ ʚʦ ʩʪʦʣʴʢʦ ʨʘʟ ʫʤʝʥʴʰʘʶʪʩʷ ʫʛʣʳ ‚  ʠ ‚  (ʩʤ.(2.32)). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʪʘʢʦʛʦ ʞʝ ʩʥʠʞʝʥʠʷ 

ʤʦʱʥʦʩʪʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʥʘ ʪʨʝʥʠʝ ʚ ʰʘʨʥʠʨʘʭ.  

 

 

2.5. ʂʘʯʝʩʪʚʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ 

ʵʥʝʨʛʠʠ ʧʨʠ ʚʠʙʨʘʮʠʷʭ ʧʨʦʜʫʢʪʦʚʦ-ʚʦʟʜʫʰʥʦʛʦ ʩʣʦʷ 

 

 

ʇʨʦʜʫʢʪʦʚʦ-ʚʦʟʜʫʰʥʳʡ ʩʣʦʡ ʮʠʨʢʫʣʠʨʫʝʪ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʜʨʦʙʠʣʢʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʧʨʠʤʝʨʥʦ 2 ʨʘʟʘ ʤʝʥʴʰʝʡ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʢʦʥʮʦʚ ʤʦʣʦʪʢʦʚ, ʪʦʣʱʠʥʘ 

ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʟʘʛʨʫʟʢʠ ʜʨʦʙʠʣʢʠ [16, 66, 82, 157].  ʇʨʠ ʪʘʢʠʭ 

ʩʢʦʨʦʩʪʷʭ ʥʘ ʩʣʦʡ ʜʝʡʩʪʚʫʝʪ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʧʨʠʞʠʤʘʶʱʘʷ ʝʛʦ ʢ ʜʝʢʘʤ ʠ 

ʨʝʰʝʪʫ. ɺ ʧʦʣʝ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʩʣʦʡ ʥʝʩʢʦʣʴʢʦ ʫʧʣʦʪʥʷʝʪʩʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʣʦʡ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʨʘʙʘʪʳʚʘʝʪʩʷ ʚʠʙʨʘʮʠʦʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ, ʠʩʭʦʜʷʱʠʤ ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʜʝʢ. ʂʦʥʪʘʢʪʳ ʤʝʞʜʫ ʩʦʙʦʡ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʫ ʧʨʦʜʫʢʪʦʚʦ-ʚʦʟʜʫʰʥʦʛʦ ʩʣʦʷ, ʜʦʣʞʥʳ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʢʘʟʘʣʦʩʴ ʙʳ, ʩʫʭʦʝ ʪʨʝʥʠʝ. ʆʜʥʘʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʯʘʩʪʠʮ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʚ ʫʩʣʦʚʠʷʭ ʚʠʙʨʘʮʠʡ 

ʧʨʝʦʙʨʘʟʫʝʪ ʩʫʭʦʝ ʪʨʝʥʠʝ ʚ ʚʷʟʢʦʝ [139]. ɺʷʟʢʠʝ ʵʬʬʝʢʪʳ ʦʙʫʩʣʦʚʣʝʥʳ ʪʘʢʞʝ 

ʮʠʨʢʫʣʷʮʠʝʡ ʚʦʟʜʫʭʘ ʚ ʧʦʨʘʭ ʩʣʦʷ. ʇʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʥʦʨʤʘʣʴʥʦʤ ʢʦʥʪʘʢʪʝ 

ʯʘʩʪʠʮ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʨʦʷʚʣʷʝʪʩʷ ʫʧʨʫʛʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʯʘʩʪʠʮ. 

ɺ ʮʝʣʦʤ ʚʦʟʜʫʰʥʦ-ʧʨʦʜʫʢʪʦʚʳʡ ʩʣʦʡ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʧʦʩʢʦʣʴʢʫ ʬʦʨʤʘ, ʨʘʟʤʝʨ ʠ ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ ʥʝʦʜʠʥʘʢʦʚʳ. 

ɺ ʩʚʷʟʠ ʩ ʤʘʣʦʡ ʪʦʣʱʠʥʦʡ ʩʣʦʷ (0,05-0,010 ʤ), ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʠʙʨʘʮʠʡ ʚ ʟʝʨʥʦʚʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ (0,21-3,77 ʤ, 

[139 ]) ʚʦʣʥʦʚʳʝ ʵʬʬʝʢʪʳ ʤʦʞʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ. 

ɺ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʯʘʩʪʠʮ ʚʦʟʜʫʰʥʦ-ʧʨʦʜʫʢʪʦʚʦʛʦ ʩʣʦʷ ʧʨʦʠʩʭʦʜʷʪ ʩʣʦʞʥʳʡ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʷʟʢʦʡ ʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ 
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ʟʝʨʥʦʚʳʭ ʯʘʩʪʠʮ ʚ ʧʣʦʪʥʦʤ ʧʦʪʦʢʝ, ʩ ʥʘʣʠʯʠʝʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʢʦʥʪʘʢʪʦʚ 

ʯʘʩʪʠʮ ʤʝʞʜʫ ʩʦʙʦʡ (ʨʠʩʫʥʦʢ 2.5), ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ.  

 

ʈʠʩʫʥʦʢ 2.5 ï ʈʝʦʣʦʛʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʣʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʵʣʝʤʝʥʪʘʭ 

ʧʨʦʜʫʢʪʦʚʦ-ʚʦʟʜʫʰʥʦʛʦ ʩʣʦʷ 

 

ɺ ʩʚʷʟʠ ʩ ʨʘʟʥʦʡ ʤʘʩʩʦʡ ʯʘʩʪʠʮ, ʠʭ ʨʘʟʤʝʨʘʤʠ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʢʦʥʪʘʢʪʦʚ 

ʯʘʩʪʠʮ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʩʧʝʢʪʨ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ 

ʥʝʠʟʚʝʩʪʥʳ. ʕʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʦ 

ʜʨʦʙʣʝʥʠʠ ʟʝʨʥʘ ʧʦʩʪʨʦʠʪʴ ʦʙʦʩʥʦʚʘʥʥʳʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʨʘʩʯʝʪ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ 

ʚ ʩʣʦʝ ʚ ʩʚʷʟʠ ʩ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴʶ ʜʨʦʙʠʣʢʠ. 

ʇʦʵʪʦʤʫ ʦʛʨʘʥʠʯʠʤʩʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʢʘʨʪʠʥʦʡ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʩʣʦʝ ʧʨʠ ʚʠʙʨʘʮʠʷʭ, ʠ ʚʳʷʚʣʝʥʠʝʤ ʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ.  

ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʝʜʠʥʠʯʥʫʶ ʯʘʩʪʠʮʫ ʩʣʦʷ ʩ ʤʘʩʩʦʡ mi ʠ ʝʝ ʢʦʥʢʨʝʪʥʳʤ 

ʢʦʥʪʘʢʪʦʤ ʩ ʩʦʩʝʜʥʝʡ ʯʘʩʪʠʮʝʡ mi+1 (ʨʠʩʫʥʦʢ 2.5). ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʵʪʦʡ 

ʯʘʩʪʠʮʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

 

άὼ ὦ– ὧ–   sin ‫ὸȟ 

ʛʜʝ x, ɖ ï ʘʙʩʦʣʶʪʥʦʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʠʮʳ mi+1) ʧʝʨʝʤʝʱʝʥʠʝ 

ʜʘʥʥʦʡ ʯʘʩʪʠʮʳ; 

ὦ ȟὧ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʷʟʢʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ i-ʪʦʛʦ ʢʦʥʪʘʢʪʘ; 
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   ï ʚʳʥʫʞʜʘʶʱʘʷ ʩʠʣʘ ʢʘʢ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʦʪ ʜʨʫʛʠʭ ʢʦʥʪʘʢʪʦʚ ʯʘʩʪʠʮʳ, 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ x; 

ɤ ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ʩʦʚʧʘʜʘʶʱʘʷ ʧʦ ʟʥʘʯʝʥʠʶ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 

ʙʘʨʘʙʘʥʘ ʜʨʦʙʠʣʢʠ. 

ɺʚʦʜʷ ʦʙʳʯʥʳʝ ʜʣʷ ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ςὲ
ὦ

ά
Ƞ  ‫

ὧ

ά
ȟ 

ʧʦʣʫʯʠʤ ʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʠʮʳ 

ὼ ςὲ– ‫ – ˡ Ⱦ ά  ÓÉÎ‫ὸȢ 

ʄʦʱʥʦʩʪʴ Ni, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʜʘʥʥʦʤ 

ʢʦʥʪʘʢʪʝ, ʚʳʚʦʜʠʪʩʷ ʠʟ ʧʦʩʣʝʜʥʝʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʠʤʝʝʪ ʚʠʜ [14].  

 

                                                     ὔ
ˡ

  
ȟ                                                  (2.39) 

ʛʜʝ ‏  ʫʛʦʣ ʩʜʚʠʛʘ ʬʘʟ ʤʝʞʜʫ ʧʝʨʝʤʝʱʝʥʠʝʤ ʯʘʩʪʠʮʳ ʠ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʥʝʝ 

ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʦʡ. 

ʋʛʦʣ ʩʜʚʠʛʘ ʬʘʟ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ɿ  ὥὶὧὸὫ
 

. 

ʀʟ ʚʳʨʘʞʝʥʠʷ (2.39) ʚʠʜʥʦ, ʯʪʦ ʨʘʩʩʝʠʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚ ʢʦʥʪʘʢʪʘʭ ʯʘʩʪʠʮ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʣʠʯʠʥʝ ˡ  ȟ ʪ. ʝ. ʫʨʦʚʥʶ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʜʨʦʙʠʣʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʦʚ ʯʘʩʪʠʮ ʤʝʞʜʫ ʩʦʙʦʡ, 

ʧʨʝʜʩʪʘʚʣʷʝʤʳʝ ʚʝʣʠʯʠʥʘʤʠ bi ʠ ci. ʀʤʝʥʥʦ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ ʩʦʙʦʡ ʩʦʙʩʪʚʝʥʥʳʝ 

ʯʘʩʪʦʪʳ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʫʛʣʳ ʩʜʚʠʛʘ ʬʘʟ ŭ. 

ʌʦʨʤʘʣʴʥʦ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ, ʧʨʦʩʫʤʤʠʨʦʚʘʚ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚʦ ʚʩʝʭ 

ʢʦʥʪʘʢʪʘʭ ʧʨʦʜʫʢʪʦʚʦ-ʚʦʟʜʫʰʥʦʛʦ ʩʣʦʷ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʠʝ ʧʦʪʝʨʠ ʚ ʩʣʦʝ 

ʧʨʠ ʝʛʦ ʚʠʙʨʘʮʠʷʭ. 
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2.6. ʆ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʦʪʝʨʷʭ ʵʥʝʨʛʠʠ ʤʦʣʦʪʢʦʚʦʡ 

ʟʝʨʥʦʜʨʦʙʠʣʢʦʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʤʠ ʛʨʫʥʪʘ ʧʦʜ ʝʸ 

ʬʫʥʜʘʤʝʥʪʦʤ 

 

 

ʂʘʢ ʤʳ ʚʳʷʩʥʠʣʠ ʨʘʥʝʝ, ʙʘʨʘʙʘʥ ʜʨʦʙʠʣʢʠ ʛʝʥʝʨʠʨʫʝʪ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʫʶ 

ʮʝʥʪʨʦʙʝʞʥʫʶ ʩʠʣʫ, ʙʣʠʟʢʫʶ ʢ ʢʨʫʛʦʚʦʡ, ʢʦʪʦʨʘʷ ʯʝʨʝʟ ʧʦʜʰʠʧʥʠʢʠ ʧʝʨʝʜʘʝʪʩʷ 

ʥʘ ʬʫʥʜʘʤʝʥʪ ʠ ʧʨʠʣʝʛʘʶʱʠʡ ʛʨʫʥʪ (ʦʩʥʦʚʘʥʠʝ ʬʫʥʜʘʤʝʥʪʘ). 

ɺʠʙʨʠʨʫʶʱʠʡ ʬʫʥʜʘʤʝʥʪ ʩʦʚʝʨʰʘʝʪ ʚʝʨʪʠʢʘʣʴʥʳʝ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ 

ʫʛʣʦʚʳʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʛʨʫʥʪʫ ʚ ʚʠʜʝ ʧʨʦʜʦʣʴʥʳʭ ʠ 

ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʫʥʜʘʤʝʥʪ ʤʘʰʠʥʳ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʥʘʛʨʫʟʢʘʤʠ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʨʝʜʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʦʩʝʜʥʠʝ 

ʤʘʰʠʥʳ, ʦʙʲʝʢʪʳ ʩ ʘʧʧʘʨʘʪʫʨʦʡ, ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʇʦʵʪʦʤʫ ʢ ʬʫʥʜʘʤʝʥʪʘʤ ʤʘʰʠʥ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʢʨʦʤʝ ʦʙʱʠʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʤʦʣʦʪʢʦʚʳʤ 

ʜʨʦʙʠʣʢʘʤ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʘʤʧʣʠʪʫʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝ ʧʨʝʚʳʰʘʣʘ 

0,05 ʤʤ [120]. ʇʨʠ ʵʪʦʤ ʘʤʧʣʠʪʫʜʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝ ʥʦʨʤʠʨʫʝʪʩʷ ʧʨʠ 

ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʩʚʳʰʝ ρυπ ̒ . ɺʠʜʠʤʦ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʪ ʚ ʛʣʫʙʠʥʝ ʛʨʫʥʪʘ ʠ ʥʝ 

ʦʢʘʟʳʚʘʶʪ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ. 

ʇʨʠ ʵʪʦʤ ʜʝʡʩʪʚʫʶʱʘʷ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʚʝʨʩʠʷ ʉʅʠʇ 2.02.05-87 [120], 

ʢʘʢ ʠ ʨʘʥʝʝ ʜʝʡʩʪʚʫʶʱʠʝ ʚʝʨʩʠʠ, ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʫʯʠʪʳʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ñʦʪʢʘʯʢʠò ʵʥʝʨʛʠʠ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʰʠʥʳ. ʕʪʘ ʵʥʝʨʛʠʷ 

ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʚʠʙʨʠʨʦʚʘʥʠʝ ʛʨʫʥʪʘ ʧʦʜ ʬʫʥʜʘʤʝʥʪʦʤ. 

ʄʝʞʜʫ ʪʝʤ ʵʪʠ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʤʦʛʫʪ ʜʘʚʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʨʠʙʘʚʢʫ ʜʣʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʧʠʩʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʫʥʜʘʤʝʥʪʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʤʘʰʠʥʫ ʩ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʩ ʧʨʠʣʝʛʘʶʱʠʤ ʛʨʫʥʪʦʤ ʷʚʣʷʝʪʩʷ, ʚ ʦʙʱʝʤ ʧʣʘʥʝ, 

ʩʣʦʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ. ɺ ʩʪʨʦʛʦʡ ʧʦʩʪʘʥʦʚʢʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʦʣʱʫ ʛʨʫʥʪʘ 

ʢʘʢ ʩʧʣʦʰʥʫʶ ʩʨʝʜʫ, ʧʨʠʯʝʤ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʦ ʛʣʫʙʠʥʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʠ 
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ʢʦʣʝʙʘʥʠʷʭ ʩʠʩʪʝʤʳ ñʤʘʰʠʥʘ ï ʬʫʥʜʘʤʝʥʪò ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʝʩʪʴ 

ʧʨʠʩʦʝʜʠʥʝʥʥʫʶ ʤʘʩʩʫ ʛʨʫʥʪʘ. ʅʝ ʪʦʣʴʢʦ ʨʝʰʝʥʠʝ, ʥʦ ʜʘʞʝ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦ 

ʢʦʣʝʙʘʥʠʷʭ ʬʫʥʜʘʤʝʥʪʦʚ ʧʦʜ ʤʘʰʠʥʳ ʩ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʬʘʢʪʦʨʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ [116, 120].   

ɺ ʩʚʷʟʠ ʩʦ ʩʢʘʟʘʥʥʳʤ ʟʘʜʘʯʫ ʦ ʢʦʣʝʙʘʥʠʷʭ ʬʫʥʜʘʤʝʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʧʨʦʱʘʶʪ. 

ɺʦ-ʧʝʨʚʳʭ, ʪʝʣʘ ʤʘʰʠʥʳ ʠ ʬʫʥʜʘʤʝʥʪʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʘʙʩʦʣʶʪʥʦ 

ʪʚʝʨʜʳʝ. 

ɺʦ-ʚʪʦʨʳʭ, ʚʚʦʜʷʪ, ʢʘʟʘʣʦʩʴ ʙʳ, ʛʨʫʙʦʝ ʜʦʧʫʱʝʥʠʝ ʦ ʛʨʫʥʪʦʚʦʤ ʦʩʥʦʚʘʥʠʠ, 

ʣʠʰʸʥʥʳʤ ʤʘʩʩʳ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ 

ʵʪʦʤ ʜʦʧʫʱʝʥʠʠ ʨʘʩʯʝʪʳ ʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ, ʚʝʩʴʤʘ ʙʣʠʟʢʦ ʦʪʚʝʯʘʶʱʠʝ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ [116].  

ɺ-ʪʨʝʪʴʠʭ, ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʥʝʢʦʪʦʨʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʛʨʫʥʪʘ ʪʘʢʞʝ 

ʠʛʥʦʨʠʨʫʝʪʩʷ. ʇʦʵʪʦʤʫ ʚʦ ʚʩʝʭ ʨʫʢʦʚʦʜʩʪʚʘʭ ʧʦ ʨʘʩʯʝʪʫ ʬʫʥʜʘʤʝʥʪʦʚ ʛʦʚʦʨʠʪʩʷ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʩʥʦʚʘʥʠʝ ʬʫʥʜʘʤʝʥʪʘ ʢʘʢ ʫʧʨʫʛʦ-ʚʷʟʢʦʝ, ʣʠʥʝʡʥʦ-

ʜʝʬʦʨʤʠʨʫʝʤʦʝ ʪʝʣʦ. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʘʩʩ 

ʬʫʥʜʘʤʝʥʪʘ. 

ʄʳ ʪʘʢʞʝ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʵʪʠʤʠ ʜʦʧʫʱʝʥʠʷʤʠ ʚ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯʘʭ ʦ 

ʨʘʩʩʝʷʥʠʠ ʵʥʝʨʛʠʠ ʚ ʛʨʫʥʪʝ ʧʦʜ ʬʫʥʜʘʤʝʥʪʦʤ. ʇʨʠ ʵʪʦʤ ʦʛʨʘʥʠʯʠʤʩʷ 

ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ. 

ʉʦʝʜʠʥʝʥʠʝ ʜʨʦʙʠʣʢʠ ʩ ʬʫʥʜʘʤʝʥʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʞʝʩʪʢʠʤ, ʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʘʤʦʨʪʠʟʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʦʤʫ ʦʪʚʝʯʘʶʪ ʜʚʝ ʨʘʩʯʝʪʥʳʝ ʩʭʝʤʳ ñʜʨʦʙʠʣʢʘ ï 

ʬʫʥʜʘʤʝʥʪ ï ʛʨʫʥʪò (ʨʠʩʫʥʦʢ 2.6). 

ɼʝʡʩʪʚʠʝ ʛʨʫʥʪʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʦʜʝʣʠʨʫʶʪ ʫʧʨʫʛʠʝ ὧȟ ὧ  

ʠ ʚʷʟʢʠʝ ὦȟὦ ʵʣʝʤʝʥʪʳ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʝʡ ʧʦ ʣʠʥʠʠ oz (ʨʠʩʫʥʦʢ 2.6), ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ: 

                                          l  l ίὭὲ‫ὸ,                                                     (2.40) 

ʛʜʝ  ˡ  ï ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ; 
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ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ, ʩʦʚʧʘʜʘʶʱʘʷ ʧʦ ‫ 

ʟʥʘʯʝʥʠʶ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ;  

ὸ ï ʚʨʝʤʷ. 

 

ʈʠʩʫʥʦʢ 2.6 ï ʉʭʝʤʳ ʢ ʨʘʩʯʝʪʫ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʞʝʩʪʢʦʤ 

ʢʨʝʧʣʝʥʠʠ ʜʨʦʙʠʣʢʠ ʢ ʬʫʥʜʘʤʝʥʪʫ (ʘ) ʠ ʢʨʝʧʣʝʥʠʠ ʯʝʨʝʟ ʘʤʦʨʪʠʟʠʨʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ (ʙ): 1 ï ʜʨʦʙʠʣʢʘ, 2 ï ʬʫʥʜʘʤʝʥʪ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʩʣʫʯʘʡ ʞʝʩʪʢʦʛʦ ʢʨʝʧʣʝʥʠʷ ʜʨʦʙʠʣʢʠ ʢ ʬʫʥʜʘʤʝʥʪʫ 

(ʨʠʩʫʥʦʢ 2.6 ʘ). 

ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʜʨʦʙʠʣʢʠ ʠ 

ʬʫʥʜʘʤʝʥʪʘ ʢʘʢ ʦʙʱʝʛʦ ʪʝʣʘ ʤʘʩʩʦʡ ˙ ˙ ˙  (˙  ï ʤʘʩʩʘ ʜʨʦʙʠʣʢʠ, ˙  ï 

ʤʘʩʩʘ ʬʫʥʜʘʤʝʥʪʘ) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

                                             ᾀ̇ ὦᾀ ὧᾀˡ ίὭὲ‫ὸ.                                         (2.41) 

ʇʦʩʣʝ ʦʙʳʯʥʳʭ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 

ʢʦʣʝʙʘʥʠʡ ʤʘʩʩʳ  ̇ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʚʠʜʝ: 

                                    ᾀ ςὲᾀ ‫ᾀ ˡȾ ̇  ÓÉÎ‫ὸ,                                     (2.42) 

ʛʜʝ ςὲ  ; 

‫
̒
 ï ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ. 

ʃʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ (2.42) ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʚʳʥʫʞʜʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ. ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʢʦʣʝʙʘʥʠʡ ʠʤʝʝʪ ʚʠʜ: 

                                          ᾀ Ó̱ÉÎ‫ὸ  (2.43)                                               ,‏ 

ʛʜʝ   ̱ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ; 
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  ï ʫʛʦʣ ʦʪʩʪʘʚʘʥʠʷ ʧʦ ʬʘʟʝ ʧʝʨʝʤʝʱʝʥʠʡ ʪʝʣʘ  ̇ʦʪ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ Ȣl ‏

ʇʘʨʘʤʝʪʨʳ  ̱ʠ ‏ ʥʘʭʦʜʷʪ ʧʦ ʬʦʨʤʫʣʘʤ: 

                                     ̱  
ˡ
˙

 

;                                                 (2.44) 

                                            ÔÇ‏  
 

 .                                                    (2.45) 

ʊʨʫʜʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ (2.42) ʠ ʬʦʨʤʫʣ (2.44) ʠ (2.45) ʜʣʷ 

ʨʘʩʯʝʪʘ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ñʜʨʦʙʠʣʢʘ ï ʬʫʥʜʘʤʝʥʪò ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ, ʚʦ-

ʧʝʨʚʳʭ, ʥʝʠʟʚʝʩʪʥʘ (ʝʸ ʥʫʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ) ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ ,l ʚʦ-ʚʪʦʨʳʭ, 

ʦʩʥʦʚʘʥʠʝ ʬʫʥʜʘʤʝʥʪʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʥʝʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʅʦʨʤʘʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ˡ  ʜʣʷ ʤʦʣʦʪʢʦʚʳʭ 

ʜʨʦʙʠʣʦʢ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʟʘʚʦʜʘ ï ʠʟʛʦʪʦʚʠʪʝʣʷ, ʜʦʧʫʩʢʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ 

ʧʦ ʬʦʨʤʫʣʝ [120]:  

                                              ˡ άὩ‫ ,                                                      (2.46) 

ʛʜʝ ά ï ʤʘʩʩʘ ʙʘʨʘʙʘʥʘ ʜʨʦʙʠʣʢʠ;  

Ὡ ï ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʤʘʩʩʳ ά, ʧʨʠʥʠʤʘʝʤʳʡ ʨʘʚʥʳʤ 0,001 ʤ. 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʦʡ ʚʠʙʨʦʧʦʛʣʦʱʘʶʱʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʛʦʣ ʩʜʚʠʛʘ ʬʘʟ ‏. ʆʜʥʘʢʦ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ ʨʘʩʯʝʪʫ 

ʬʫʥʜʘʤʝʥʪʦʚ ʩʯʠʪʘʶʪ [116], ʯʪʦ ʫʛʦʣ ‏, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ 

ʚʳʥʫʞʜʝʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ᾀ ʠ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʦʡ  l ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʠʥʪʝʨʝʩʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ. ʆʜʥʘʢʦ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʜʝʨʞʠʪ ʚʘʞʥʝʡʰʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚʘʭ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʨʘʟʚʠʚʘʝʤʦʡ ʠʩʪʦʯʥʠʢʦʤ 

ʚʠʙʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥʳ  lʠ ᾀ, ʪ.ʝ. 

ὔ ᾀl, 

ʛʜʝ ᾀ ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʣʝʙʘʥʠʷ ʤʘʩʩʳ .̇ 

ɺ ʩʨʝʜʥʝʤ ʟʘ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ʚʦʩʧʦʣʥʷʝʪ ʧʦʪʝʨʠ 

ʵʥʝʨʛʠʠ, ʨʘʩʩʝʷʥʥʳʝ ʚ ʦʩʥʦʚʘʥʠʠ ʬʫʥʜʘʤʝʥʪʘ: 
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                                                ὔ̒ ̑  ᷿ ˡὸᾀὸὨὸ .                                         (2.47) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʩʶʜʘ ʚʝʣʠʯʠʥ ˡὸ, ᾀὸ ʠ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʛʨʘʣʘ 

ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ:  

                                                   ὔ̒ ̑
ˡ

 ̇  
.                                                   (2.48) 

ʇʦʧʳʪʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʬʦʨʤʫʣʳ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʦʧʷʪʴ 

ʥʘʪʳʢʘʝʪʩʷ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʫʛʣʘ ‏. 

ɺ ʩʚʷʟʠ ʩʦ ʩʢʘʟʘʥʥʳʤ ʚ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʥʘʜʝʞʥʦʡ ʦʮʝʥʢʠ ʀ. 

ʀ. ɹʳʭʦʚʩʢʠʤ [14] ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʪʝʨʠʡ ʤʘʢʩʠʤʫʤʘ ʩʨʝʜʥʝʡ 

ʵʥʝʨʛʠʠ, ʨʘʟʚʠʚʘʝʤʦʡ ʠʩʪʦʯʥʠʢʦʤ ʚʠʙʨʘʮʠʡ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣʳ (2.48) ʫʢʘʟʘʥʥʳʡ ʤʘʢʩʠʤʫʤ ʤʦʞʝʪ ʥʘʩʪʫʧʠʪʴ ʚ ʜʚʫʭ  

ʩʣʫʯʘʷʭ:  

1)  ÓÉÎς‏ ρ, ʧʨʠ ‫ ‫ ; 

2) ÓÉÎς‏ ρ, ʧʨʠ ‫ ‫ . 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʘʢʩʠʤʫʤ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ‏ “
τ, ʚʦ ʚʪʦʨʦʤ ï ʧʨʠ ‏

σ“
τ. 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

ʚʠʙʨʦʚʦʟʙʫʞʜʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʬʦʨʤʫʣʳ (2.48) [120]  

 

 

                                                 -ÁØὔ̒ ̑
ˡ

 ̇ 
.                                             (2.49) 

 

ʆʮʝʥʠʤ ÍÁØὔ̒  ̑ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʜʨʦʙʠʣʦʢ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ, ʫ 

ʢʦʪʦʨʳʭ [82] ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ὗ ʩʦʩʪʘʚʣʷʝʪ  2,5-3,0 ʪ/ʯʘʩ, ʤʦʱʥʦʩʪʴ 

ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ  ὔ˪  = 25-30 ʢɺʪ, ʤʘʩʩʘ ʜʨʦʙʠʣʢʠ ˙= 1000 ʢʛ, ʤʘʩʩʘ 

ʬʫʥʜʘʤʝʥʪʘ  ˙= 500 ʢʛ, ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʙʘʨʘʙʘʥʘ ʩ-1, ʤʘʩʩʘ ʙʘʨʘʙʘʥʘ 300 = ‫ 

ʦʢʦʣʦ 300 ʢʛ. 

ʇʦʜʩʯʝʪ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʧʦ ʬʦʨʤʫʣʝ (2.46) ʜʘʝʪ 

ʨʝʟʫʣʴʪʘʪ ˡ  ςχ ρπ ʅ. 
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ʈʘʩʩʝʷʥʠʝ ʵʥʝʨʛʠʠ ʚ ʦʩʥʦʚʘʥʠʠ ʬʫʥʜʘʤʝʥʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʙʣʠʟʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ñʜʨʦʙʠʣʢʘ ï ʬʫʥʜʘʤʝʥʪ ï ʦʩʥʦʚʘʥʠʝò ʢ ʨʝʟʦʥʘʥʩʫ. 

ʇʦʵʪʦʤʫ ʨʘʩʯʝʪʳ ʧʦ ʬʦʨʤʫʣʝ (2.49) ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ  ÍÁØὔ̒ ̑

ÍÁØὔ̒ ̑‫ . 

ʅʘ ʧʦʩʪʨʦʝʥʥʦʤ ʛʨʘʬʠʢʝ (ʨʠʩ. 2.7) ʙʳʣʠ ʚʚʝʜʝʥʳ ʚʨʝʤʝʥʥʳʝ 

ʧʝʨʝʦʙʦʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: ‫π, ÍÁØὔ̒ ͯ ‫ ̑ͯὔ. 

 

ʈʠʩʫʥʦʢ  2.7 ï ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʵʥʝʨʛʠʠ ʚ ʦʩʥʦʚʘʥʠʠ ʬʫʥʜʘʤʝʥʪʘ ʜʨʦʙʠʣʢʠ 

ʦʪ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ñʜʨʦʙʠʣʢʘ - ʬʫʥʜʘʤʝʥʪ - ʦʩʥʦʚʘʥʠʝò 

 

ʇʦ ʜʘʥʥʳʤ [116], ʯʘʩʪʦʪʘ ‫  ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ, ʯʘʱʝ ʚʩʝʛʦ, ʚ ʧʨʝʜʝʣʘʭ ʦʪ 170 ʜʦ 300 ̒ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʘʠʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʚʠʙʨʠʨʦʚʘʥʠʝ ʦʩʥʦʚʘʥʠʷ ʦʪʙʠʨʘʝʪʩʷ ʦʪ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜʨʦʙʠʣʢʠ ʧʨʠ ʨʝʟʦʥʘʥʩʝ, ʪ.ʝ. ʢʦʛʜʘ ‫  ‫ σππ ̒ . ʇʨʠ 

ʵʪʦʤ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ‫ ςψπ̒ ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ å 3 ʢɺʪ. ʕʪʦ 
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ʟʘʚʳʰʝʥʥʘʷ ʦʮʝʥʢʘ, ʥʦ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʷʭ ʛʨʫʥʪʘ ʦʙʱʠʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ 3 ʢɺʪ ʫʞʝ ʷʚʣʷʶʪʩʷ ʨʝʘʣʴʥʳʤʠ. 

ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʨʦʙʠʣʢʝ ʚ ʨʘʟʤʝʨʝ 30 

ʢɺʪ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ 

ʚʠʙʨʠʨʦʚʘʥʠʝ ʛʨʫʥʪʘ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 10% (ʜʣʷ ʟʝʨʥʦʜʨʦʙʠʣʦʢ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʩʭʝʤʦʡ ʟʘʛʨʫʟʢʠ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ). 

ɼʣʷ ʜʨʦʙʠʣʦʢ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʠ ʧʦʥʠʞʝʥʥʦʡ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴʶ, ʪ.ʝ. 

ʩ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ ˡ  (ʩʤ. ʬʦʨʤʫʣʫ 2.49)) ʵʪʠ ʧʦʪʝʨʠ ʪʘʢʞʝ ʩʥʠʞʜʘʶʪʩʷ. 

ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ. ʉ ʥʠʤʠ ʤʦʞʥʦ ʙʦʨʦʪʴʩʷ ʜʚʫʤʷ ʧʫʪʷʤʠ, 

ʫʚʝʣʠʯʠʚʘʷ ʤʘʩʩʫ ʬʫʥʜʘʤʝʥʪʘ ʠʣʠ ʩʥʠʞʘʷ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʩʘʤʦʡ ʜʨʦʙʠʣʢʠ. 

ʇʦʩʤʦʪʨʠʤ ʜʘʣʝʝ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʜʨʦʙʠʣʢʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪ ʧʨʠ 

ʧʦʤʦʱʠ ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ 2.6 ʙ). 

ʇʨʠ ʵʪʦʤ ʧʨʝʞʥʷʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʩ ʜʚʫʤʷ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʪ.ʝ. ʚ ʜʚʫʭʤʘʩʩʥʫʶ ʩʠʩʪʝʤʫ. 

ʋʨʘʚʥʝʥʠ ̫ʢʦʣʝʙʘʥʠʡ ʜʨʦʙʠʣʢʠ (ʤʘʩʩʘ ˙) ʠ ʬʫʥʜʘʤʝʥʪʘ (ʤʘʩʩʘ ˙) ʠʤʝʶʪ 

ʚʠʜ [116]:  

                             ̇ ᾀ  ὦ ᾀ ᾀ  ὧᾀ  ᾀ ˡ ÓÉÎ‫ὸ;                       (2.50) 

                       ̇ ᾀ ὦᾀ ὦ ᾀ ᾀ  ὧᾀ  ὧᾀ  ᾀ π.                   (2.51) 

ɼʣʷ ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʜʨʦʙʠʣʢʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʙʦʪʘ 

ʩʠʩʪʝʤʳ ʚ ʨʝʞʠʤʝ ʘʥʪʠʨʝʟʦʥʘʥʩʘ. ʇʨʠ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʜʨʦʙʠʣʢʘ ʩʦʚʝʨʰʘʝʪ 

ʤʘʣʳʝ ʢʦʣʝʙʘʥʠʷ (ʭʦʪʷ ʩʘʤʘ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʠʙʨʘʮʠʡ), ʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ ʠʩʧʳʪʳʚʘʝʪ ʬʫʥʜʘʤʝʥʪ. ʕʪʦ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʚʳʥʫʞʜʘʶʱʘʷ 

ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʧʝʨʚʫʶ ʤʘʩʩʫ ˙, ʧʦʩʪʦʷʥʥʦ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ 

ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʡ ʨʝʘʢʮʠʝʡ ʩʦ ʩʪʦʨʦʥʳ  ʚʪʦʨʦʡ ʤʘʩʩʳ ˙ . 

ɸʥʪʠʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

                                          ‫z  
˙

.                                                        (2.52) 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʪʠʨʝʟʦʥʘʥʩʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ  ‫z .‫ 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʥʪʠʨʝʟʦʥʘʥʩʘ ʞʝʩʪʢʦʩʪʴ ʘʤʦʨʪʠʟʘʪʦʨʦʚ 

ʜʦʣʞʥʘ ʧʦʜʙʠʨʘʪʴʩʷ ʧʦ ʫʩʣʦʚʠʶ  
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ὧ ˙‫ ὧ. 

ɽʩʣʠ ʪʝʧʝʨʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʩ ˙  ʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʦʩʥʦʚʘʥʠʷ ὧ ʠ ὦ, ʪʦ ʚ ʩʠʣʫ ʨʘʥʝʝ ʩʢʘʟʘʥʥʦʛʦ ʦ ʨʝʘʢʮʠʠ ʵʪʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘ ʥʝʝ ʪʘʢʞʝ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ  ˡ ˡ ÓÉÎ.‫ὸ 

ʇʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʜʨʦʙʠʣʢʠ ʟʘ ʩʯʝʪ ʨʘʩʩʝʷʥʠʷ ʵʥʝʨʛʠʠ ʚ 

ʦʩʥʦʚʘʥʠʠ ʬʫʥʜʘʤʝʥʪʘ ʦʮʝʥʠʤ ʟʜʝʩʴ ʧʦ ʜʨʫʛʦʡ ʬʦʨʤʫʣʝ [14]  

 

                                         άὥὼὔ̒ ̑ ˡ  ̱‫ίὭὲ“τ.                               (2.53) 

ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩʫʥʦʢ 2.8) ʵʪʘ ʤʦʱʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʬʫʥʢʮʠʠ ʘʤʧʣʠʪʫʜʳ 

ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ Matcad ʙʳʣʦ ʚʚʝʜʝʥʦ ʚʨʝʤʝʥʥʦʝ 

ʧʝʨʝʦʙʦʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥ: ÍÁØὔ̒  ̑ͯ ὔ;  ̱  ͯ ὥ. 

 

ʈʠʩʫʥʦʢ 2.8 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʫʤʘ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ N, ʦʪʜʘʚʘʝʤʦʡ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʜʨʦʙʠʣʢʠ ʥʘ ʚʠʙʨʠʨʦʚʘʥʠʝ ʦʩʥʦʚʘʥʠʷ, ʦʪ ʘʤʧʣʠʪʫʜʳ 

ὥ ʢʦʣʝʙʘʥʠʡ ʬʫʥʜʘʤʝʥʪʘ 

 

ʇʨʠ ʨʝʘʣʴʥʦ ʜʦʩʪʠʛʘʝʤʳʭ ʘʤʧʣʠʪʫʜʘʭ ʢʦʣʝʙʘʥʠʡ ʬʫʥʜʘʤʝʥʪʘ ʚ 0,5-1,0 ʤʤ 

ñʦʪʢʘʯʢʘò ʤʦʱʥʦʩʪʠ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜʨʦʙʠʣʢʠ ʥʘ ʚʠʙʨʠʨʦʚʘʥʠʝ  ʦʩʥʦʚʘʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ 1,43-2,86 ʢɺʪ. ʕʪʦ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʘʷ ʚʝʣʠʯʠʥʘ 
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ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ, ʜʣʷ ʜʨʦʙʠʣʢʠ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʦʡ ʟʘʛʨʫʟʢʠ ʠʩʭʦʜʥʦʛʦ 

ʩʳʨʴʷ. ɼʣʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʜʨʦʙʠʣʢʠ ʵʪʠ ʧʦʪʝʨʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʜʝʥʳ 

ʢ ʥʫʣʶ.  

 

2.7 ɺʳʚʦʜʳ ʧʦ 2 ʛʣʘʚʝ 

 

1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʧʦʚʳʰʝʥʥʦʡ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʜʨʦʙʠʣʦʢ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʙʘʨʘʙʘʥʘ ʷʚʣʷʶʪʩʷ ʫʜʘʨʥʳʝ ʠʤʧʫʣʴʩʳ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʦʣʦʪʢʦʚ ʩ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚʦ ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʠʭ ʧʦʜ ʟʘʛʨʫʟʦʯʥʦʡ ʛʦʨʣʦʚʠʥʦʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʚʝʜʝʥʦ ʥʦʚʦʝ 

ʥʘʫʯʥʦʝ ʧʦʥʷʪʠʝ çʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʜʨʦʙʠʣʢʠè. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʣʳʝ ʧʘʨʘʟʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʣʦʪʢʦʚ ʠ ʩʫʭʦʝ ʪʨʝʥʠʝ ʚ 

ʠʭ ʰʘʨʥʠʨʘʭ ʩʫʱʝʩʪʚʝʥʥʦ (ʜʦ 8% ʦʪ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ) 

ʧʦʚʳʰʘʶʪ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʜʨʦʙʠʣʢʦʡ, ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʩʭʝʤʦʡ ʟʘʛʨʫʟʢʠ ʠʩʭʦʜʥʦʛʦ ʟʝʨʥʘ. ʕʪʠ ʧʦʪʝʨʠ ʚ ʦʧʧʦʟʠʪʥʦʡ ʜʨʦʙʠʣʢʝ ʤʦʛʫʪ ʙʳʪʴ 

ʩʥʠʞʝʥʳ ʥʘʧʦʣʦʚʠʥʫ. 

3. ʇʨʦʛʥʦʟʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ñʦʪʢʘʯʢʘò ʵʥʝʨʛʠʠ ʥʘ ʚʠʙʨʠʨʦʚʘʥʠʝ 

ʦʩʥʦʚʘʥʠʷ ʜʨʦʙʠʣʢʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10% ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʵʪʠʭ ʧʦʪʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʠʣʠ ʫʚʝʣʠʯʠʚʘʪʴ 

ʤʘʩʩʫ ʬʫʥʜʘʤʝʥʪʘ ʠʣʠ ʩʥʠʞʘʪʴ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʩʘʤʦʡ ʜʨʦʙʠʣʢʠ. ʇʦʩʣʝʜʥʝʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʪʘʢ ʢʘʢ, ʢʨʦʤʝ ʩʢʘʟʘʥʥʦʛʦ, ʦʥʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʜʨʦʙʠʣʢʠ ʠ ʫʤʝʥʴʰʠʪʴ ʚʠʙʨʦʰʫʤʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʦʧʧʦʟʠʪʥʦʡ ʜʨʦʙʠʣʢʝ ʵʪʠ ʟʘʪʨʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʩʚʝʜʝʥʳ ʢ ʥʫʣʶ. 
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3. ʇʈʆɻʈɸʄʄɸ ʀ ʄɽʊʆɼʀʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

 

3.1 ʆʙʱʘʷ ʧʨʦʛʨʘʤʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʳʙʦʨ 

ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʝʝ ʨʘʙʦʪʳ ʟʘʚʠʩʪ̫ ʦʪ ʚʠʙʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʪʁʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʢʦʣʝʙʘʥʠʡ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ. 

ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʜʨʦʙʠʣʢʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʘ ʩ 

ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: 

1) ʧʨʦʚʝʨʢʫ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʙ  ʫʤʝʥʴʰʝʥʠʠ ʫʨʦʚʥʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʤʦʣʦʪʢʘʤʠ, ʷʚʣʷʶʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʢʦʣʝʙʘʥʠʡ, ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʟʘ ʩʯʝʪ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʠ; 

2) ʚʳʙʦʨ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʤʦʣʦʪʢʦʚʦʡ 

ʜʨʦʙʠʣʢʝ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ  ʟʝʨʥʘ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʨʘʟʤʝʨʥʦʩʪʠ; 

3) ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʪʳ ʤʦʣʦʪʢʦʚʦʡ 

ʜʨʦʙʠʣʢʦʡ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʙʨʘʟʮʝ; 

4) ʦʙʨʘʙʦʪʢʫ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩ 

ʨʘʙʦʪʳ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʦʡ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʟʝʨʥʘ; 
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5) ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʟʝʨʥʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɿʘ ʦʩʥʦʚʥʳʝ ʢʫʣʴʪʫʨʳ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʠʤʝʤ ʧʰʝʥʠʮʫ ʠ ʷʯʤʝʥʴ 

ʦʙʳʢʥʦʚʝʥʥʳʝ, ʚʣʘʞʥʦʩʪʴʶ 12,3 ð 13,9 %. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʠʩʪʝʯʝʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʫʜʝʪ 

ʧʨʦʚʦʜʠʪʴʩʷ ʩʘʤʦʪʝʢʦʤ ʩ ʜʚʫʭ ʟʝʨʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʟʘʛʨʫʟʦʯʥʳʭ ʛʦʨʣʦʚʠʥ, 

ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤ ʧʦʢʘʟʘʪʝʣʴ ʫʛʣʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ.  

ɿʥʘʯʝʥʠʷ ʫʛʣʦʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʪʢʦʩʦʚ ʚʳʙʨʘʥʥʦʛʦ ʩʳʨʴʷ ʟʝʨʥʦʚʳʭ 

ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ (ʷʯʤʝʥʴ, ʧʰʝʥʠʮʘ) [4] ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. 

 

ʊʘʙʣʠʮʘ 3.1 ï ʋʛʣʳ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʪʢʦʩʦʚ ʩʳʨʴʷ ʟʝʨʥʦʚʳʭ ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ 

(ʷʯʤʝʥʴ, ʧʰʝʥʠʮʘ) 

ˉ 

ʧ/ʧ 

ɺʠʜ ʩʳʨʴʷ ʟʝʨʥʦʚʳʭ  ʢʫʣʴʪʫʨʳ ʋʛʣʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ, Á 

ʠʥʪʝʨʚʘʣ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

1 ʗʯʤʝʥʴ 19-21 25 

2 ʗʯʤʝʥʴ ʰʝʣʫʰʸʥʥʳʡ 25-27 24 

3 ʗʯʤʝʥʴ ʠʟʤʝʣʴʯʸʥʥʳʡ 42-43 42 

4 ʇʰʝʥʠʮʘ 23-25 24 

5 ʇʰʝʥʠʮʘ ʠʟʤʝʣʴʯʝʥ- 

ʥʘʷ 

43-44 44 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʚʝʣʠʯʠʥʘ ʫʛʣʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 44-45 ʛʨʘʜʫʩʦʚ, ʪʦ ʝʩʪʴ ʧʨʦʜʫʢʪ ʠʩʪʝʢʘʝʪ ʩʚʦʙʦʜʥʦ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʫʛʣʘ, ʙʦʣʴʰʝʛʦ ʫʛʣʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʱʝʧʨʠʥʷʪʳʭ ʠ ʯʘʩʪʥʳʭ ʤʝʪʦʜʠʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠ ̫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ, ʩʦʛʣʘʩʥʦ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʪʦʜʠʢʝ [137], 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟʚʝʩʪʥʳʝ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜ r ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʦʡ, ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʠʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʧʝʨʠʦʜ ʩʦʚʝʨʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
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ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ, ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠ 

ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʠʢʠ ʬʘʢʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ ʥʘ 

ʨʘʙʦʪʫ ʠʟʤʝʣʴʯʠʪʝʣʷ. 

 

 

3.2. ɺʳʙʦʨ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ 

ʨʘʟʤʝʨʥʦʩʪʠ 

 

 

ɼʣʷ ʧʦʣʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʦʩʥʦʚʦʡ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʪʝʦʨʠʷ ʧʦʜʦʙʠʷ, ʦʧʠʨʘʶʱʘʷʩʷ ʥʘ ʘʥʘʣʠʟ ʨʘʟʤʝʨʥʦʩʪʝʡ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʚʦʟʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʧʨʦʩʪʳʤ ʧʝʨʝʩʯʝʪʦʤ ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʯʠʩʣʘ ʧʦʜʦʙʠʷ, ʠʣʠ ʠʥʚʘʨʠʘʥʪʳ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʠʟ ʘʥʘʣʠʟʘ ʨʘʟʤʝʨʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩ ʠʣʠ 

ʷʚʣʝʥʠʝ. 

ɺʝʩʴʤʘ ʞʝʣʘʪʝʣʴʥʦ ʧʦʣʫʯʝʥʠʝ ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʝʛʦ 

ʫʧʨʦʩʪʠʪʴ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʚʝʜʝʥʠʷ ʦ ʪʠʧʦʨʘʟʤʝʨʘʭ ʜʨʦʙʠʣʦʢ [25, 36, 42], ʠʭ 

ʧʘʨʘʤʝʪʨʘʭ, ʠ ʧʘʨʘʤʝʪʨʘʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʦ ʤʥʦʛʦʤ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʜʠʥʘʢʦʚʳ ʠ ʦʪʣʠʯʘʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʜʠʘʤʝʪʨʘ ʠ ʜʣʠʥʦʡ ʨʦʪʦʨʘ, 

ʯʝʤ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ, ʤʘʩʩʳ ʠ ʥʝʢʦʪʦʨʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʨʦʙʠʣʦʢ,  ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʩʭʦʜʥʳʝ ʨʘʚʥʳʝ ʦʪʥʦʰʝʥʠʷ ʣʠʥʝʡʥʳʭ 

ʨʘʟʤʝʨʦʚ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʠ ʨʘʚʝʥʩʪʚʦ ʚʩʝʭ ʩʭʦʜʩʪʚʝʥʥʳʭ ʣʠʥʝʡʥʳʭ 
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ʨʘʟʤʝʨʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʢʦʪʦʨʦʝ ʚʳʨʘʞʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʠ ʨʘʚʥʦʡ ʚʝʣʠʯʠʥʦʡ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ. 

ʇʦʜʦʙʠʝ ʫʩʣʦʚʠʡ ʦʜʥʦʟʥʘʯʥʦʩʪʠ (ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ) 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʘʭ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ, ʪʘʢ ʢʘʢ ʷʚʣʝʥʠʷ ʠ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ 

ʠʟʤʝʣʴʯʠʪʝʣʷʭ ʜʘʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʢʘʯʝʩʪʚʝʥʥʦ ʦʜʠʥʘʢʦʚʳ (ʘʥʘʣʦʛʠʯʥʳ) [123, 

143]. ɼʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʦʜʦʙʠʷ ʷʚʣʝʥʠʡ, ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʢʘʭ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʩ ʦʧʧʦʟʠʪʥʦʡ 

ʟʘʛʨʫʟʢʦʡ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʨʠʩʫʥʦʢ3.1) ʧʨʠʤʝʥʠʤ ʪʝʦʨʠʶ ʨʘʟʤʝʨʥʦʩʪʠ. 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʘ ʟʝʨʥʦʜʨʦʙʠʣʢʠ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ  

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʚʨʘʱʝʥʠʝ ʨʦʪʦʨʘ ʚ ʧʣʦʪʥʦʤ 

ʧʦʪʦʢʝ ʟʝʨʥʦʚʳʭ ʯʘʩʪʠʮ, ʠʩʧʦʣʴʟʫʝʤ ʚʪʦʨʫʶ ˊ-ʪʝʦʨʝʤʫ. ʀʩʩʣʝʜʫʷ ʨʘʟʤʝʨʥʦʩʪʠ 
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ʧʝʨʝʤʝʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʩʩʣʝʜʫʝʤʫʶ ʩʠʩʪʝʤʫ çʨʘʙʦʯʠʡ ʦʨʛʘʥ ï ʩʨʝʜʘè, 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʨʘʞʘʝʤ ʯʝʨʝʟ ʦʩʥʦʚʥʳʝ (ʥʝʟʘʚʠʩʠʤʳʝ) ʨʘʟʤʝʨʥʦʩʪʠ ʩʠʩʪʝʤʳ ʉʀ, 

ʢʦʪʦʨʳʤʠ ʷʚʣʷʶʪʩʷ, ʧʦ ʩʚʦʝʤʫ ʩʫʱʝʩʪʚʫ, ʥʝʟʘʚʠʩʠʤʳʤʠ ʨʘʟʤʝʨʥʦʩʪʷʤʠ: ʜʣʠʥʘ 

[L], ʤʘʩʩʘ [ʄ], ʚʨʝʤʷ [T] (ʠʣʠ çʜʣʠʥʘ, ʩʠʣʘ, ʚʨʝʤʷè). ʆʩʪʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʚʝʣʠʯʠʥʳ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ çʩʦʩʪʘʚʥʳʤʠè, ʠʣʠ ʟʘʚʠʩʠʤʳʤʠ ʨʘʟʤʝʨʥʦʩʪʷʤʠ, ʪ. ʝ. ʵʪʠ 

ʨʘʟʤʝʨʥʦʩʪʠ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʦʩʥʦʚʥʳʝ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʠʩʪʦʯʥʠʢʘʭ [123, 143, 145], 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʨʘʙʦʪʫ ʜʨʦʙʠʣʦʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʘ, ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ çʨʘʙʦʯʠʡ ʦʨʛʘʥ ï ʩʨʝʜʘè 

ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3.2, ʚ ʢʦʪʦʨʦʡ ʦʪʨʘʞʝʥʳ ʬʦʨʤʫʣʳ 

ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʢʣʘʩʩʝ LMT. 

 

ʊʘʙʣʠʮʘ 3.2 ï ʇʝʨʝʤʝʥʥʳʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʮʝʩʩ 

ʠʟʤʝʣʴʯʝʥʠʷ  ʚ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʝ 

ˉ 

ʧ/

ʧ 

ʅʘʟʚʘʥʠʝ ʧʝʨʝʤʝʥʥʦʡ 

ʆʙʦʟʥ

ʘʯʝʥʠ

ʝ 

ʌʦʨʤʫʣʘ 

ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʢʣʘʩʩʝ 

LMT 

ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

1 ʈʘʜʠʫʩ ʨʦʪʦʨʘ R L ʤ 

2 
ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

 

ɤ 
T-1 

ρ

̒
 

3 
ɿʘʟʦʨ ʤʝʞʜʫ ʢʦʥʮʘʤʠ 

ʤʦʣʦʪʢʦʚ ʠ ʜʝʢʦʡ 
ŭ L ʤ 

4 ʇʣʦʪʥʦʩʪʴ ʟʝʨʥʦʚʢʠ ɟ M Ā L -3 
̋̄

̍
 

5 
ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ 

ʟʝʨʥʦʚʦʢ 
b L ʤ 

6 
ʅʘʧʨʷʞʝʥʠʝ ʨʘʟʨʫʰʝʥʠʶ 

ʟʝʨʥʦʚʢʠ 
ů M Ā L-1 Ā T -2 

˚

̍

̋̄

̍Ͻ̒
 

7 

ʇʦʜʘʯʘ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ 

ʦʪʚʝʨʩʪʠʝ 

ή M Ā T -1 
̋̄

̒
 

8 

ʇʦʜʘʯʘ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʘʚʦʝ 

ʦʪʚʝʨʩʪʠʝ 

ή M Ā T -1 
̋̄

̒
 

 



85 

 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʚʦʟʴʤʝʤ ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ 

ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ: 

                                   ʕʠ
ɼʞ

ʢʛ

ʅϽʤ

ʢʛ

ʢʛ Ⱦ ʤȾʩ   Ͻ ʤ

ʢʛ

ʤ

ʩ
.                                   (3.1) 

ɼʦʧʫʩʢʘʷ, ʯʪʦ ʤʝʞʜʫ ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩʫʱʝʩʪʚʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ, ʧʨʝʜʩʪʘʚʠʤ ʝʝ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʭʦʜʷʱʠʭ ʚ ʥʝʝ ʚʝʣʠʯʠʥ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʪʝʧʝʥʷʭ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʫʥʢʮʠʠ: 

                                            ʕʠ Ὑȟȟ”ȟὦȟ„ȟήȟή‏‫ȟ .                                           (3.2) 

ɺʤʝʩʪʦ ʩʠʤʚʦʣʦʚ ʚʝʣʠʯʠʥ, ʚʭʦʜʷʱʠʭ ʚ ʫʨʘʚʥʝʥʠʝ, ʟʘʤʝʥʠʤ ʠʭ ʥʘ 

ʨʘʟʤʝʨʥʦʩʪʠ ʠʟ ʪʘʙʣʠʮʳ:    

     ὊὒȟὝ ȟὒȟὓϽὒ  ȟὒȟὓϽὒ ϽὝ ȟὓϽὝ  ȟὓϽὝ  ʕʠ.           (3.3) 

ʀʤʝʝʤ ʫʨʘʚʥʝʥʠʝ ʩ 8 ʥʝʠʟʚʝʩʪʥʳʤʠ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ 

ʨʘʟʤʝʨʥʦʩʪʠ [83, 130], ʘ ʠʤʝʥʥʦ ˊ-ʪʝʦʨʝʤʦʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ, ʪ. ʝ. ʚ ʚʠʜʝ ʢʨʠʪʝʨʠʝʚ 

ʧʦʜʦʙʠʷ. 

ʀʟ ʫʨʘʚʥʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʴʢʦ ʪʨʠ 

ʥʝʠʟʚʝʩʪʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʚʝʣʠʯʠʥ ʚʳʙʝʨʝʤ ʪʨʠ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ 

Ὑȟ‫ȟ”, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʯʠʪʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ. ɽʩʣʠ ʚʳʙʨʘʪʴ ʜʣʷ ʜʘʥʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ, ʪʦ ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ 

ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʩ 8 ʜʦ 5 ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ. ɹʫʜʝʤ ʠʩʢʘʪʴ   ‏ȟὦȟ„ȟήȟή.  

ɺ ʢʨʠʪʝʨʠʘʣʴʥʦʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʝ (3.2) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 
ʕʠ

 ρȟρȟ ȟρȟ ȟ ȟ ȟ . 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʦʟʴʤʝʤ ʩʚʝʜʝʥʠʷ ʠʟ ʪʘʙʣʠʮʳ 1 ʩʦ ʩʪʝʧʝʥʷʤʠ ʨʘʟʤʝʨʥʦʩʪʝʡ ʜʣʷ 

ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʠ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Ὑ ‫ ” , é, Ὑ ‫ ”  ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʢʘʞʜʳʡ ʢʨʠʪʝʨʠʡ (ʢʦʤʧʣʝʢʩ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʟʨʘʟʤʝʨʥʫʶ 

ʚʝʣʠʯʠʥʫ.  

1. ɿʥʘʯʝʥʠʷ ‌ȟ‍ȟ‎ ʥʘʭʦʜʠʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

ʕʠ ὒ Ὕ ὓ ρ. 
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ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ: ς ‌ σ‎ π; ς ‍ π;     π ‎ π, ʦʪʢʫʜʘ ‌ ς,‍

ς,‎ π. ʂʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ “
ʕʠ

ἠ
. 

2. ὒ Ὕ ὓ

ρ 

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: ρ Ὥ σ π π;    π

‍ π;     π ‎ π, ʦʪʢʫʜʘ ‌ ρ, ‍ π, ‎ π. ʂʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ “
ŭ

. 

3. ὒ Ὕ ὓ

ρ. 

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ρ ‌ σϽπ π;    π

‍ π;     π ‎ π, ʦʪʢʫʜʘ ‌ ρ,‍ π,‎ π. ʂʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ “ . 

4. 
  

ὒ Ὕ ὓ ρ 

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ρ ‌ σϽρ π; ς

‍ π;     ρ ‎ π, ʦʪʢʫʜʘ ‌ ρ σ ς, ‍ ς, ‎ ρ. ʂʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ 

ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ “ǋ
Ɑ

╡ ⱷ ⱬ
. 

5. ɺʳʚʝʜʝʤ ʝʱʝ ʦʜʠʥ ʩʣʦʞʥʳʡ ʢʨʠʪʝʨʠʡ 

  
ὒ Ὕ ὓ ρ. 

ʆʪʩʶʜʘ ʠʤʝʝʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ π ‌ σϽρ π;  ρ

‍ π;  ρ ‎ π, ʦʪʢʫʜʘ ‌ σ, ‍ ρ, ‎ ρ. ʂʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ “  

6. 
  

ὒ Ὕ ὓ

ρ. 
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ʆʪʩʶʜʘ ʠʤʝʝʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ π ‌ σϽρ π;  ρ

‍ π;  ρ ‎ π, ʦʪʢʫʜʘ ‌ σ, ‍ ρ, ‎ ρ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  ʢʨʠʪʝʨʠʡ 

ʧʦʜʦʙʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ  ʟʥʘʯʝʥʠʝʤ “ . 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʦʝ ʩʚʦʡʩʪʚʦ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ, ʚʳʪʝʢʘʶʱʝʝ ʠʟ ʪʨʝʪʴʝʡ 

ʪʝʦʨʝʤʳ ʧʦʜʦʙʠʷ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʟʘ ʩʯʝʪ ʥʝʢʦʪʦʨʳʭ ʦʧʝʨʘʮʠʡ (ʩʣʦʞʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ, ʫʤʥʦʞʝʥʠʝ, 

ʜʝʣʝʥʠʝ) ʚ ʢʨʠʪʝʨʠʠ ʜʨʫʛʦʡ ʬʦʨʤʳ ʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʢʨʠʪʝʨʠʝʚ [121, 130].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʧʦʣʫʯʠʤ ʥʦʚʳʝ ʢʨʠʪʝʨʠʠ, ʩ ʥʦʚʦʡ ʥʫʤʝʨʘʮʠʝʡ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʢʨʠʪʝʨʠʝʚ:  

         “  , “
ŭ

, “  , “ , “ .               (3.4) 

ʂʨʠʪʝʨʠʡ “  ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʢʨʠʪʝʨʠʝʤ ʧʦʜʦʙʠʷ ʠ ʦʙʨʘʪʥʦʡ 

ʚʝʣʠʯʠʥʦʡ ʦʪ ʧʦʣʫʯʝʥʥʦʛʦ ʢʨʠʪʝʨʠʷ “ǋ. ɼʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʷʚʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʢʦʨʦʩʪʠ (ʞʝʩʪʢʦʩʪʠ) ʥʘʛʨʫʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʟʤʝʥʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʟʝʨʥʦʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣ ʠʥʝʨʮʠʠ 

ʤʘʩʩʳ ʧʦʜʘʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʨʘʙʦʯʠʡ ʦʨʛʘʥ. 

“
ŭ ŭ

 ï ʢʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʟʦʨʘ ʤʝʞʜʫ ʢʦʥʮʘʤʠ 

ʤʦʣʦʪʢʦʚ ʠ ʜʝʢʦʡ,  ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʦʚʢʠ. 

“   ï ʢʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʜʘʯ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʠ ʚ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ 

ʠʟʤʝʣʴʯʠʪʝʣʷ (ʨʠʩʫʥʦʢ 3.1). 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʨʘʥʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ ʢʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ “

 ʦʩʪʘʚʠʤ ʙʝʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ʇʦʫʯʝʥʥʳʡ ʨʘʥʝʝ ʢʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ  “  ʪʘʢʞʝ ʦʩʪʘʚʠʤ ʙʝʟ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 
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ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ (3.4) ʩʦʩʪʘʚʠʤ ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʤʙʠʥʘʮʠʠ 

                   
ʕʠ  ȟ

ŭ
ȟ ȟ ȟ .                   (3.5) 

ɼʘʣʝʝ ʚʦʟʤʦʞʥʦ ʚʳʥʝʩʪʠ ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʠʟ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ, ʠ 

ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʧʨʝʜʩʪʘʝʪ ʚ ʚʠʜʝ: 

                               ʕ  ὙϽȟ“ȟ“ȟ“ȟ“ ȟ                                        (3.6)“ ‫ 

ʛʜʝ ʧʦʜ ʢʨʠʪʝʨʠʷʤʠ “ȟȣȟ“ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʢʨʠʪʝʨʠʠ (3.4). 

ɸʥʘʣʠʟ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ ʜʘʸʪ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʣʠʷʥʠʠ ʬʘʢʪʦʨʦʚ 

ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ. 

ɺ ʦʩʥʦʚʝ ʦʙʦʩʥʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʦʡ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʟʝʨʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ 

ʧʨʦʮʝʩʩʘ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʭʦʜʠʪʩʷ ʘʥʘʣʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʪʝʨʠʝʚ, ʢʘʢ 

ʢʦʤʧʣʝʢʩʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʙʠʥʘʮʠʠ ʬʘʢʪʦʨʦʚ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʨʠʪʝʨʠʠ “ , ʠ “ , ʨʘʥʝʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥ r

ʤʥʦʞʝʩʪʚʦʤ ʘʚʪʦʨʦʚ [5, 11, 58, 60, 71, 75, 76, 79, 91, 114, 124, 129], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʜʣʷ ʥʘʩ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩʘ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʜʚʫʭ ʬʘʢʪʦʨʦʚ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʨʘʜʠʫʩʘ ʨʦʪʦʨʘ Ὑ ‫ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʫʧʨʫʛʦ-ʚʷʟʢʠʭ ʩʪʨʫʢʪʫʨ ʟʝʨʥʦʚʦʢ ʨʘʙʦʯʘʷ 

ʩʢʦʨʦʩʪʴ ʢʦʥʮʦʚ ʤʦʣʦʪʢʦʚ ʩʦʛʣʘʩʥʦ ʠʩʪʦʯʥʠʢʫ [67] ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʠʭ ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 55-75 ʤ/ʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʨʝʞʠʤʫ 

ʥʘʛʨʫʞʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʘʚʪʦʨʘʤ [68], ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʩʧʦʩʦʙʘ ʧʦʜʘʯʠ ʟʝʨʥʘ ʚ 

ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʜʨʦʙʠʣʢʠ (ʦʩʝʚʦʡ ʠʣʠ ʨʘʜʠʘʣʴʥʳʡ) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʘ ʚ ʩ ʩʦʦʪʚʝʪʩʪʚʠʠ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʳʣʝʚʠʜʥʳʭ ʯʘʩʪʠʮ ʠ ʥʘʠʤʝʥʴʰʠʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ 40 ʤ/ʩ ʠ ʦʩʝʚʦʡ ʧʦʜʘʯʝ ʟʝʨʥʘ. 
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ɸʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʜʣʷ 

ʠʟʤʝʣʴʯʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʩʳʨʴʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʤʦʣʦʪʢʦʚ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ ʂʦʥʦʰʠʥʘ ʀ.ɺ. 

ʫʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʟʝʨʥʘ ʷʯʤʝʥʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʦʚ 95 ʤ/ʩ [109, 

154]. 

ʊʘʢ ʢʘʢ ʫʛʣʦʚʘ ̫ ʩʢʦʨʦʩʪ ɹ ʨʦʪʦʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩ 

ʨʘʜʠʫʩʦʤ ʨʦʪʦʨʘ Ὑ, ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʢʦʪʦʨʦʛʦ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʣʠʥʝʡʥʦʡ 

ʩʢʦʨʦʩʪʠ ʫʜʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠ ʠʟʤʝʥʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ ʨʦʪʦʨʘ ʧʨʠʤʝʤ ʟʘ ʧʦʩʪʦʷʥʥʫʶ 

ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫʶ Ὑ  0,0995 ʤ. ʄʝʥʷʪʴ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʥʝ ʙʫʜʝʤ, ʪʘʢ ʢʘʢ ʝʛʦ 

ʚʣʠʷʥʠʝ ʨʘʟʤʝʨʦʚ ʭʦʨʦʰʦ ʠʟʫʯʝʥʦ ʤʥʦʞʝʩʪʚʦʤ ʘʚʪʦʨʦʚ [71, 117, 140, 156],  ʠ 

ʠʟʤʝʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʚʦʟʤʦʞʥʦ ʥʘʠʙʦʣʝʝ ʫʧʨʘʚʣʷʝʤʳʤ ʬʘʢʪʦʨʦʤ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ .‫ 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ὢ, ὢ, ὢ, ʠʩʭʦʜʷ ʠʟ 

ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʢʘʯʝʩʪʚʝ  ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʧʨʠʤʝʤ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ 

ʤʦʣʦʪʢʦʚ, ʨʘʚʥʫʶ 40 ʤ/ʩ, ʠ ʧʨʦʠʟʚʝʜʝʥʥʳʤʠ ʨʘʩʯʝʪʘʤʠ ʥʘʡʜʝʤ ʥʝʦʙʭʦʜʠʤʫʶ 

ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʜʠʩʢʦʚ ʧʦ ʬʦʨʤʫʣʝ: 

‫   
ȟ

συρȟψ ʨʘʜȾʩȟ  (3359,44 ʦʙ/ʤʠʥ.); 

‫  
ʩʨ
 
ȟ

τυςȟσ ʨʘʜȾʩ  (4319,15 ʦʙ/ʤʠʥ.);                  

‫  ʘʭ  
ȟ

υυςȟψ ʨʘʜȾʩȟ   (5278,85 ʦʙ/ʤʠʥ.)                     

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʠ ʧʨʘʚʦʝ 

ʦʪʚʝʨʩʪʠʝ, ʩʝʯʝʥʠʝ ʟʘʛʨʫʟʦʯʥʦʡ ʛʦʨʣʦʚʠʥʳ, ʧʨʠʤʝʤ ʨʘʚʥʳʤ 0,08 
ʢʛ

ʩ
. 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘʧʨʷʞʝʥʠʝ ʨʘʟʨʫʰʝʥʠ ̫ʟʝʨʥʦʚʢʠ ʜʣʷ 

ʧʰʝʥʠʮʳ ʧʨʠʤʝʤ „ = 11,58 ʄʇʘ, ʜʣʷ ʷʯʤʝʥʷ „ = 12,885 ʄʧʘ [82].  

ɿʝʨʥʘ ʦʩʥʦʚʥʳʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʧʰʝʥʠʮʳ, ʠʩʭʦʜʷ ʠʟ ʪʘʙʣʠʮ r1.3, ʠʤʝʁʪ 

ʧʣʦʪʥʦʩʪʴ ”, ʨʘʚʥʫʶ ʧʦʢʘʟʘʪʝʣʷʤ ʦʪ 1,2 Ā 103 ʜʦ 1,5 Ā 103 ʢʛ/ʤ3, ʷʯʤʝʥʷ ï ʦʪ 1,2 Ā 
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103 ʜʦ 1,4 Ā 103 ʢʛ/ʤ3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʤʝʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʰʝʥʠʮʳ ”  

1,35 Ā 103 ʢʛ/ʤ3, ʜʣʷ ʷʯʤʝʥʷ ï ” 1,3 Ā 103 ʢʛ/ʤ3. 

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʨʦʚʥʠ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.3; ʦʥʠ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ 

ʬʘʢʪʦʨʘʭ. 

 

ʊʘʙʣʠʮʘ 3.3 ï ʂʦʜʠʨʦʚʘʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʨʦʚʥʠ ʠʭ 

ʚʘʨʴʠʨʦʚʘʥʠʷ 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

 

ʂʦʜʠ

ʨʦʚʘʥ

ʥʦʝ 

ʦʙʦʟʥ

ʘʯʝʥʠ

ʝ 

ʋʨʦʚʥʠ ʚʘʨʴʠʨʦʚʘʥʠʷ 
ʀʥʪʝʨʚʘʣ 

ʚʘʨʴʠʨʦʚʘ

ʥʠʷ 

‗ 

ɿʘʚʠʩʠʤʦʩʪʴ 

ʢʦʜʠʨʦʚʘʥʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ ʦʪ 

ʥʘʪʫʨʘʣʴʥʦʡ 

ʥʠʞʥʠʡ ʦʩʥʦʚʥʦʡ ʚʝʨʭʥʠʡ 

-1 0 +1 

1 

” Ὑ ‫

„
 

 

 

ὼ 

 

ʧʰʝʥ. 

1,401 

ʷʯʤ. 

1,212 

ʧʰʝʥ. 

2,316 

ʷʯʤ. 

2,004 

ʧʰʝʥ. 

3,458 

ʷʯʤ. 

2,993 

- 
ὼ

ᾀ ᾀ

‗
 

 

2 

ή

ή
 

 

ὼ 
0,5 

1 

2 

0,5 

1 

2 

0,5 

1 

2 

- 
ὼ

ᾀ ᾀ

‗
 

 

1 

ή

Ὑ ‫ ”
 

 

ὼ 

 

ʧʰʝʥ. 

8,550Ĭ10-5 

1,710Ĭ10-4 

 

ʷʯʤ. 

8,879Ĭ10-5 

1,776Ĭ10-4 

 

ʧʰʝʥ. 

6,650Ĭ10-5 

1,330Ĭ10-4 

 

ʷʯʤ. 

6,906Ĭ10-5 

1,381Ĭ10-4 

 

ʧʰʝʥ. 

5,441Ĭ10-5 

1,088Ĭ10-4 

 

ʷʯʤ. 

5,650Ĭ10-5 

1,130Ĭ10-4 

 

- 
ὼ

ᾀ ᾀ

‗
 

 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʨʘʩʯʝʪʘʤʠ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ: 

” Ὑ ‫

„
ȟ

ή

ή
ȟ

ή

Ὑ ‫ ”
ȟ   

ʜʘʶʪ ʷʚʥʫ  ʁʢʘʨʪʠʥʫ ʚʣʠʷʥʠ ̫ʬʘʢʪʦʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ɻʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʦʢʘʟʳʚʘʪʁ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ɤ, ʧʦʜʘʯʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ή ʠ ʧʦʜʘʯʘ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ή. ʀʤʝʥʥʦ ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʤʳ ʙʫʜʝʤ 

ʠʟʤʝʥʷʪʴ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ. 

ʇʝʨʝʯʝʥʴ ʧʨʠʚʝʜʝʥʥʳʭ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ 
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ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʘʙʦʪʫ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʘ ʪʘʢʞʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

 

3.3. ʆʪʙʦʨ ʬʘʢʪʦʨʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ 

ʨʝʰʝʥʠ ̫ʟʘʜʘʯʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʯʝʩʪʴ ʚʩʝ ʦʩʥʦʚʥʳʝ 

ʘʩʧʝʢʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʘʮʠʦʥʘʣʴʥʦ ʚʳʙʨʘʪʴ ʬʘʢʪʦʨʳ ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʢʨʠʪʝʨʠʝʚ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʘ ʧʦʣʥʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʪʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʥʝʟʘʚʠʩʠʤʳʝ ʠ ʫʧʨʘʚʣʷʝʤʳʝ 

ʚʝʣʠʯʠʥʳ. ɺʣʠʷʶʱʠʝ ʥʘ ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ ʚʝʣʠʯʠʥʳ (ʬʘʢʪʦʨʳ) ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʠʤʝʤ ʩʣʝʜʫʶʱʠʝ: 

- ʧʦʜʘʯʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ή, 
ʢʛ

ʩ
; 

- ʧʦʜʘʯʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ή, 
ʢʛ

ʩ
; 

- ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ɤ, ̑ ́Ⱦ̅̒. 

ʉʦʯʝʪʘʥʠʷ ʬʘʢʪʦʨʦʚ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʨʦʚʥʠ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦ ʚʣʠʷʶʪ ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ, ʫʨʦʚʝʥʴ ʟʚʫʢʘ, 

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʜʨʦʙʠʣʢʠ ʠ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ. 

ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʠʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʬʘʢʪʦʨʦʚ ʠ ʫʨʦʚʥʝʡ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ, ʚʣʠʷʶʱʠʭ ʥʘ 
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ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʀʭ ʢʦʜʠʨʦʚʘʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʟʘʥʝʩʝʤ ʚ 

ʪʘʙʣʠʮʫ 3.4. 

ʈʘʮʠʦʥʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʝ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʫʧʨʘʚʣʷʝʤʳʤʠ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʦʪʨʘʞʘʶʪ ʚʩʝ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʜʨʦʙʠʣʢʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʘ ʩ ʦʧʧʦʟʠʪʥʦʡ 

ʟʘʛʨʫʟʢʦʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʦʞʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʠʚʘʪʴ ʟʥʘʯʠʤʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

ʊʘʙʣʠʮʘ 3.4 ï ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʠ ʫʨʦʚʥʠ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʬʘʢʪʦʨʘ ʠ  

ʝʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ, 

ʚʣʠʷʶʱʝʛʦ ʥʘ 

ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ  

ʋʩʣʦʚʥʦʝ 

ʦʙʦʟʥʘʯʝʥʠʝ 
ʋʨʦʚʥʠ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʀʥʪʝʨʚ

ʘʣ 

ʚʘʨʴʠʨ

ʦʚʘʥʠʷ 

‗ 

ʥʘʪʫʨʘʣʴʥ

ʦʝ 

ʢʦʜʠʨʦʚ

ʘʥʥʦʝ 
ʥʠʞʥʠʡ ʦʩʥʦʚʥʦʡ ʚʝʨʭʥʠʡ 

-1 0 +1 

1 

ʇʦʜʘʯʘ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ 

ʦʪʚʝʨʩʪʠʝ, ̋Ⱦ̄̒ 

 

ή 
 

ὢ 0,00 0,04 0,08 0,04 

2 

ʇʦʜʘʯʘ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ 

ʦʪʚʝʨʩʪʠʝ, ̋Ⱦ̄̒ 

 

ή 
 

ὢ 0,00 0,04 0,08 0,04 

3 

ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, 

̑́Ⱦ̅̒ 

 

ɤ 
 

ὢ 351,8 452,3 552,8 100,5 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʤʝʪʦʜʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʫʧʨʫʛʦ-ʚʷʟʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʝʨʥʦʚʦʢ ʤʷʪʣʠʢʦʚʳʭ ʢʫʣʴʪʫʨ, ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʫʨʦʚʥʠ ʠ ʠʥʪʝʨʚʘʣʳ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʤʦʣʘ. 

ɺ ʭʦʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʥʘʯʝʥʠʷ ʠʥʳʭ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʦʩʪʘʚʘʣʠʩʴ ʢʦʥʩʪʘʥʪʥʳʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʨʦʮʝʩʩʘ 

ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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3.4. ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ 

ʧʨʝʜʣʘʛʘʝʤʳʤ ʩʧʦʩʦʙʦʤ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʦʜʘʯʠ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ʥʘ ʟʘʜʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʟʝʨʥʘ 

ʬʫʨʘʞʥʳʭ ʢʫʣʴʪʫʨ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ (ʨʠʩʫʥʦʢ 3.2) ʧʦ 

ʧʘʪʝʥʪʫ ʈʌ ˉ 2 746 586 [99].  

ʅʘ ʨʠʩʫʥʢʝ 3.2 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʚʠʜ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʠʟʤʝʣʴʯʠʪʝʣʷ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ  ʟʝʨʥʘ, ʛʜʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ 

ʢʦʤʧʣʝʢʪʫʶʱʠʝ ʵʣʝʤʝʥʪʳ. 

 

ʈʠʩʫʥʦʢ 3.2 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʩ ʦʧʧʦʟʠʪʥʦʡ 

ʟʘʛʨʫʟʢʦʡ  ʟʝʨʥʘ ʠʟʛʦʪʦʚʣʝʥ ʧʦ ʧʘʪʝʥʪʫ ʈʌ ˉ 2746586 

 

ʅʘ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʦʩʥʦʚʘʥʠʠ (ʨʘʤʝ) 1 ʫʩʪʘʥʦʚʣʝʥʘ ʜʨʦʙʠʣʴʥʘʷ ʢʘʤʝʨʘ, ʩ 

ʨʘʟʤʝʱʝʥʥʳʤʠ ʥʘ ʥʝʡ ʧʨʠʚʦʜʦʤ, ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʤʝʨʦʡ ʠʟʤʝʣʴʯʝʥʠʷ ʩ 
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ʨʦʪʦʨʦʤ ʚ ʩʙʦʨʝ 2, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥ ʙʫʥʢʝʨ ʜʣʷ ʟʝʨʥʘ 3 ʩ 

ʜʚʫʤʷ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʟʘʛʨʫʟʦʯʥʳʤʠ ʛʦʨʣʦʚʠʥʘʤʠ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʫʥʢʝʨʘ 

3 ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠ ʩʦʝʜʠʥʷʶʱʠʝʩʷ ʩ ʢʘʤʝʨʦʡ ʠʟʤʝʣʴʯʝʥʠʷ 2 

ʛʦʨʣʦʚʠʥʳ 4 ʠ 5, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʨʦʪʦʨʘ, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʛʦ ʦʩʴ ʚʨʘʱʝʥʠʷ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ 

ʚʘʣʘ 6. ʇʨʠ ʵʪʦʤ ʦʙʝ ʛʦʨʣʦʚʠʥʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʚʳʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʠ ʩʥʘʙʞʝʥʳ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʈʝʛʫʣʠʨʦʚʦʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ 

ʩʝʙʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ ï ʰʠʙʝʨʳ 7 ʠ 8 ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ 

ʛʦʨʣʦʚʠʥʳ.  

ɺʥʫʪʨʠ ʢʘʤʝʨʳ ʠʟʤʝʣʴʯʝʥʠʷ ʨʘʟʤʝʱʝʥ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʡ 

ʨʦʪʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʘʙʦʨʘ ʜʠʩʢʦʚ 9, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʧʨʠʚʦʜʥʦʤ ʚʘʣʫ 6 (ʧʨʠʚʦʜ 

ʥʝ ʧʦʢʘʟʘʥ). ʇʦʣʫʦʩʴ ʨʦʪʦʨʘ ʙʘʨʘʙʘʥʘ ʠʟʤʝʣʴʯʠʪʝʣʷ 6 ʚʨʘʱʘʝʪʩʷ ʚ ʜʚʫʭ  

ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ 10, ʟʘʢʨʝʧʣʸʥʥʳʭ ʥʘ ʢʦʨʧʫʩʝ ʙʘʨʘʙʘʥʘ ʠ ʩʤʦʥʪʠʨʦʚʘʥʥʳʭ 

ʥʘ ʦʙʱʝʡ ʨʘʤʝ. ʈʦʪʦʨ ʫʩʪʘʥʦʚʢʠ ʤʝʞʦʧʦʨʥʳʡ. ʇʦʜʰʠʧʥʠʢʠ 10 ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʥʘ ʚʘʣ ʨʦʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʣʦʪʥʫʶ ʧʦʩʘʜʢʫ ʩ ʥʘʪʷʛʦʤ. ɺ ʜʠʩʢʘʭ 9 ʥʘ ʦʩʷʭ 18 

ʟʘʢʨʝʧʣʝʥʳ ʢʦʥʮʘʤʠ ʤʦʣʦʪʢʠ 11, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʚʦʙʦʜʥʦʛʦ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ 

ʫʢʘʟʘʥʥʳʭ ʦʩʝʡ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʤʝʨʳ ʠʟʤʝʣʴʯʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʨʝʰʝʪʦ 12, ʘ 

ʥʘ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ 2 ï ʟʫʙʯʘʪʳʝ ʜʝʢʠ 13.  

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʩʦʫʜʘʨʝʥʠʷ ʤʦʣʦʪʢʦʚ ʩ 

ʤʘʪʝʨʠʘʣʦʤ, ʧʦʩʪʫʧʘʶʱʠʤ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ, ʚ ʢʘʤʝʨʝ ʜʨʦʙʣʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ 

ʩʲʝʤʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʪʙʦʡʥʳʭ ʟʫʙʯʘʪʳʭ ʜʝʢ 13 ʩ ʩʝʢʮʠʷʤʠ (ʨʠʩʫʥʦʢ 3.2) 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʤʦʣʦʪʢʦʚʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.5. 

 

ʊʘʙʣʠʮʘ 3.5 ï ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʤʦʣʦʪʢʦʚʦʡ 

ʜʨʦʙʠʣʢʠ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʤʘʪʝʨʠʘʣʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʠ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ɺʝʣʠʯʠʥʘ 

ʐʠʨʠʥʘ ʢʘʤʝʨʳ ʠʟʤʝʣʴʯʝʥʠʷ, ʤʤ 275 

ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʢʘʤʝʨʳ ʠʟʤʝʣʴʯʝʥʠʷ, ʤʤ 220 
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ʂʦʣʠʯʝʩʪʚʦ ʦʪʙʦʡʥʳʭ ʜʝʢ, ʰʪ 76 

ʆʙʲʝʤ ʢʘʤʝʨʳ ʠʟʤʝʣʴʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʜʝʢʠ, ʤ3 0,011 (10,93 ʣ) 

ɼʣʠʥʥʘ ʨʦʪʦʨʘ, ʤʤ 220 

ɼʠʘʤʝʪʨ ʨʦʪʦʨʘ, ʤʤ 165 

ʈʘʜʠʫʩ ʦʧʠʩʳʚʘʝʤʳʡ ʢʦʥʮʘʤʠ ʤʦʣʦʪʢʦʚ ʤʤ 99,5 

ʂʦʣʠʯʝʩʪʚʦ ʩʝʢʮʠʡ ʜʠʩʢʦʚ ʨʦʪʦʨʘ 22 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʦʙ/ʤʠʥ 5 670, 6 960, 7 980, 10 

020 

ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʤʦʣʦʪʢʦʚ, ʤ/ʩʝʢ 62 - 111 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʘʟʤʝʨʳ ʤʦʣʦʪʢʘ, ʤʤ 52Ĭ20Ĭ4 

ʄʘʩʩʘ ʤʦʣʦʪʢʘ, ʢʛ 0,029 

ʂʦʣʠʯʝʩʪʚʦ ʤʦʣʦʪʢʦʚ ʥʘ ʨʦʪʦʨʝ, ʰʪ 132 

ʇʣʦʱʘʜʴ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ 

ʛʦʨʣʦʚʠʥ, ʤ2 

0,81 

ʄʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʢɺʪ 1,5 

ʆʙʲʝʤ ʟʝʨʥʦʚʦʛʦ ʧʨʠʝʤʥʦʛʦ ʙʫʥʢʝʨʘ, ʤ3 0,019 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ: 

- ɼʣʠʥʥʘ, ʤʤ 

- ʐʠʨʠʥʘ, ʤʤ 

- ɺʳʩʦʪʘ, ʤʤ 

 

430  

350  

870  

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ, ʪ/ʯ 0,200 

 

ʈʦʪʦʨ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʭʬʘʟʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ɸʀʈ 80A2 ʤʦʱʥʦʩʪʴʶ 1.5 ʢɺʪ, ʩʠʥʭʨʦʥʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʧʦʣʷ ʩʪʘʪʦʨʘ 3000 ʦʙ/ʤʠʥ., ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 2850 ʦʙ/ʤʠʥ. ʇʝʨʝʜʘʯʘ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʨʦʪʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʣʠʥʦʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ 14. 

ʄʝʭʘʥʠʯʝʩʢʠʡ ʧʨʠʚʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

ʜʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʟʝʨʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʨʘʟʮʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚʳʙʦʨʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʘʤʝʪʨʘ ʧʨʦʬʠʣʷ ʨʫʯʴʷ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ, ʧʨʠ ʵʪʦʤ ʦʙʦʨʦʪʳ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚʘʨʴʠʨʫʪʁʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ 

ʯʘʩʪʦʪʳ KIPPRIBOR ʩʝʨʠʠ AFD ï M055.43 ʤʦʱʥʦʩʪʴʶ ʜʦ 5.5 ʢɺʪ. 

ɼʨʦʙʠʣʢʘ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. 
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ɿʝʨʥʦʚʦʡ ʤʘʪʝʨʠʘʣ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ (ʩʘʤʦʪʝʢʦʤ), ʘ ʪʘʢʞʝ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʠʙʨʘʮʠʠ, ʧʝʨʝʜʘʶʱʝʡʩʷ ʦʪ ʜʨʦʙʠʣʢʠ, ʧʦʜʘʝʪʩʷ ʧʦ ʛʦʨʣʦʚʠʥʘʤ 

4 ʠ 5 ʚ ʢʘʤʝʨʫ ʠʟʤʝʣʴʯʝʥʠʷ 2, ʛʜʝ, ʧʦʧʘʜʘʷ ʧʦʜ ʦʜʠʥ ʠʟ ʨʷʜʦʚ ʤʦʣʦʪʢʦʚ 11, 

ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʠʤʠ ʥʘ ʜʝʢʫ 13, ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʘ ʦ ʢʦʪʦʨʫʶ ʜʨʦʙʠʪʩʷ. ʉʘʤ ʞʝ 

ʤʦʣʦʪʦʢ 11 ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʘ ʦ ʟʝʨʥʦ ʦʪʢʣʦʥʷʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʛʦʣ, ʥʦ 

ʟʘʪʝʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʧʨʠʥʠʤʘʝʪ ʦʙʳʯʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʜʨʫʛʦʡ ʨʷʜ ʤʦʣʦʪʢʦʚ ʫʜʘʨʷʝʪ ʟʝʨʥʦʚʦʡ ʤʘʪʝʨʠʘʣ, ʧʦʩʪʫʧʘʶʱʠʡ ʠʟ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʛʦʨʣʦʚʠʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʨʦʪʦʨʘ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʛʦ ʦʩʴ ʚʨʘʱʝʥʠʷ, ʦʪʢʣʦʥʷʷʩʴ ʥʘ 

ʨʘʚʥʦʟʥʘʯʥʳʡ ʫʛʦʣ. ʕʪʦʪ ʨʷʜ ʤʦʣʦʪʢʦʚ ʪʦʞʝ ʦʪʢʣʦʥʷʝʪʩʷ ʥʘ ʫʛʦʣ Ŭ ʠ ʟʘʪʝʤ 

ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ ʩʥʦʚʘ ʚʦʟʚʨʘʱʘʶʪ ʝʛʦ ʚ ʦʙʳʯʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʊʘʢ ʧʨʦʠʩʭʦʜʠʪ 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʠʟʤʝʣʴʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʥʝ ʙʫʜʝʪ ʠʟʤʝʣʴʯʝʥ ʜʦ ʩʪʝʧʝʥʠ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʦʥ ʧʨʦʡʜʝʪ ʩʢʚʦʟʴ ʨʝʰʝʪʦ ʠ ʙʫʜʝʪ ʚʳʚʝʜʝʥ ʠʟ ʜʨʦʙʠʣʢʠ. ʆʜʥʦʤʦʤʝʥʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʨʷʜʦʚ ʤʦʣʦʪʢʦʚ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʦʪʦʨʝ 

ʜʨʦʙʠʣʢʠ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʙʘʣʘʥʩʠʨʦʚʢʠ ʨʦʪʦʨʘ ʠ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ 

ʚʠʙʨʘʮʠʡ ʜʨʦʙʠʣʢʠ.  

ʇʦʜʘʯʘ ʤʘʪʝʨʠʘʣʘ ʥʘ ʠʟʤʝʣʴʯʠʪʝʣʴ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʟ ʩʝʙʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ ï ʰʠʙʝʨʳ 7 ʠ 8 ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ 

ʛʦʨʣʦʚʠʥʳ. 

ʀʟʤʝʥʝʥʠʝ ʟʘʟʦʨʘ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʛʦʨʣʦʚʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʤʝʱʝʥʠʷ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʛʦʨʣʦʚʠʥʳ (ʩʤ. ʨʠʩʫʥʦʢ 3.2). 

ʂʣʠʥʦʨʝʤʝʥʥʘ ̫ ʧʝʨʝʜʘʯʘ 14 ʧʝʨʝʜʘʝʪ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʦʪ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 15 ʢ ʨʦʪʦʨʫ ʜʨʦʙʠʣʢʠ, ʩʦʩʪʦʷʱʝʤʫ ʠʟ ʥʘʙʦʨʘ ʜʠʩʢʦʚ 9 ʠ ʚʘʣʘ 6.  

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʰʢʠʚ, ʨʘʟʤʝʱʝʥʥʳʡ ʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝ 16, 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʯʝʪʳʨʝʭ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʥʳʭ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʨʦʪʦʨʘ. 

ɺ ʪʘʙʣʠʮʝ 3.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʨʫʯʴʷ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ. ɺʘʣ ʨʦʪʦʨʘ ʧʦʜʚʠʞʥʦʛʦ ʰʢʠʚʘ 
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17 ʧʦʣʫʯʘʝʪ ʚʨʘʱʝʥʠʝ ʦʪ ʧʝʨʝʜʘʯʠ ʢʦʥʪʨʧʨʠʚʦʜʘ ʩ ʫʯʝʪʦʤ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʠʤʝʝʪ ʯʝʪʳʨʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ (5 670, 6 960, 

7 980, 10 020 ʦʙ/ʤʠʥ.), ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʪ̫ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʜʠʘʤʝʪʨʘ 

ʨʘʙʦʯʝʛʦ ʧʨʦʬʠʣʷ ʨʫʯʴʝʚ ʰʢʠʚʘ ʥʘ ʵʣʝʢʨʦʜʚʠʛʘʪʝʣʝ. 

 

ʊʘʙʣʠʮʘ 3.6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʢʦʥʪʨʧʨʠʚʦʜʘ ʧʦʜʚʠʞʥʦʛʦ 

ʰʢʠʚʘ ʦʪ ʚʳʙʦʨʘ ʜʠʘʤʝʪʨʘ ʨʘʙʦʯʠʭ ʨʫʯʴʝʚ ʥʘ ʰʢʠʚʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʇʘʨʘʤʝʪʨʳ 1 2 3 4 

ʏʠʩʣʦ ʦʙʦʨʦʪʦʚ ʚʝʜʫʱʝʛʦ ʚʘʣʘ, ʦʙ/ʤʠʥ 3 000 3 000 3 000 3 000 

ɼʠʘʤʝʪʨ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ (ʵʣ. ʜʚʠʛʘʪʝʣʷ), 

ʤʤ 

71,8 87,8 100,8 126,5 

ɼʠʘʤʝʪʨ ʚʝʜʦʤʦʛʦ ʰʢʠʚʘ (ʨʦʪʦʨʘ), ʤʤ 37,9 37,9 37,9 37,9 

ɿʥʘʯʝʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 1,89 2,32 2,66 3,34 

ʏʠʩʣʦ ʦʙʦʨʦʪʦʚ ʚʝʜʦʤʦʛʦ ʰʢʠʚʘ, ʦʙ/ʤʠʥ 5 670 6 960 7 980 10 020 

ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʨʘʜ/ʩ 593,76 728,85 835,66 1 049,29 

ɼʠʘʤʝʪʨ ʦʢʨʫʞʥʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʦʡ 

ʢʦʥʮʘʤʠ ʤʦʣʦʪʢʦʚ, ʤʤ 

211 211 211 211 

ʃʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʤʦʣʦʪʢʦʚ, ʤ/ʩ 62,94 77,26 88,58 111,23 

 

ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʧʦʜʦʙʨʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʧʨʦʯʥʦʩʪʥʦʡ ʦʙʦʣʦʯʢʠ ʟʝʨʥʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʧʘʜʘʥʠʷ ʥʘ ʜʝʢʫ ʦʪ 

ʫʜʘʨʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʧʦʣʫʯʝʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʫʰʘʶʱʝʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ̫ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʟʥʘʯʝʥʠʷʤʠ ʬʘʢʪʦʨʦʚ, 

ʚʘʨʴʠʨʦʚʘʪʴ ʠʭ ʚʝʣʠʯʠʥʘʤʠ ʚ ʨʘʤʢʘʭ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. 

 

 

3.5. ʇʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʢʘʢ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʘʷ ʟʘʜʘʯʘ ʠ 

ʦʙʲʝʢʪ ʧʨʦʚʝʜʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʧʦʠʩʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʨʷʜʘ 

ʵʪʘʧʦʚ: 

1) ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ; 
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2) ʩʦʩʪʘʚʣʝʥʠʝ ʧʣʘʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʩʙʦʨʘ ʜʘʥʥʳʭ; 

3) ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʙʦʨ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʠʩʩʣʝʜʫʝʤʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʟʘʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ; 

3) ʘʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ, ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ: 

3.1) ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʠ ʚʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʝʛʨʝʩʩʠʠ ʚ ʫʨʘʚʥʝʥʠʠ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ; 

3.2) ʧʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ, 

ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʢʨʠʪʝʨʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ; 

3.3) ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʝʝ ʢʘʯʝʩʪʚʝ ʠ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ; 

4) ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʠ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. 

5) ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ 

ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʦʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ, ʟʘʪʨʘʯʠʚʘʝʤʳʝ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʨʘʙʦʪʫ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [171].  

ɺ ʧʨʦʮʝʩʩʝ ʚʳʙʦʨʘ ʬʘʢʪʦʨʦʚ ʠ ʫʨʦʚʥʝʡ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ ʫʯʠʪʳʚʘʣʠʩʴ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʜʨʦʙʠʣʢʠ ʤʦʣʦʪʢʦʚʦʛʦ ʪʠʧʘ. 
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ʊʨʝʙʦʚʘʥʠʷ ʢ ʬʘʢʪʦʨʘʤ ʚʢʣʶʯʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʥʠʤʠ ʠ ʠʭ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ. 

ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʧʨʦʚʝʩʪʠ ʦʧʳʪ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʤʘʪʨʠʮʫ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʥʝʢʦʪʦʨʳʝ ʢʦʤʙʠʥʘʮʠʠ ʬʘʢʪʦʨʦʚ. ʅʦ ʠʟʤʝʥʝʥʠʝ 

ʫʨʦʚʥʝʡ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʫʩʣʦʞʥʝʥʠʶ ʠ 

ʧʦʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʬʘʢʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʬʘʢʪʦʨʦʚ ʥʘ ʥʝʢʦʪʦʨʫʶ ʟʘʚʠʩʠʤʫʶ 

ʧʝʨʝʤʝʥʥʫʶ, ʚ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʧʳʪʦʚ ʠ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʣʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʠʟ 

ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʧʣʘʥ ɹʦʢʩʘ-ɹʝʥʢʝʥʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʥʝʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʣʘʥʘ, 

ʫʜʦʙʥʳʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʦʛʦ ʧʣʘʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʦʧʳʪʦʚ ʩʥʠʞʘʝʪʩʷ ʩ 27 ʜʦ 15, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʣʫʯʰʝʥʠʝʤ, 

ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʧʨʦʱʝʥʠʶ ʠ ʫʜʝʰʝʚʣʝʥʠʶ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [2, 18, 150, 152, 153].  

ɹʦʢʩ ʠ ɹʝʥʢʝʥ ʨʘʟʨʘʙʦʪʘʣʠ ʮʝʥʥʫʶ ʛʨʫʧʧʫ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʥʝʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʘʥʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʛʜʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʨʦʚ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3 ʜʦ 7.  ʆʥʠ ʷʚʣʷʶʪʩʷ ʚʳʙʦʨʢʘʤʠ ʩʪʨʦʢ ʠʟ ʧʦʣʥʦʛʦ 

ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʚʠʜ 3k (ʛʜʝ k = 3), ʚ ʢʦʪʦʨʳʭ ʢʘʞʜʳʡ 

ʬʘʢʪʦʨ ʚʘʨʴʠʨʫʝʪʩʷ ʪʨʝʤʷ ʫʨʦʚʥʷʤʠ: +1, 0 ʠ ï1, ʧʨʠʤʝʨʥʘʷ ʩʭʝʤʘ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʦʪʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.3. ɺ ʩʣʫʯʘʝ ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʨʦʪʘʪʘʙʝʣʴʥʳʭ ʧʣʘʥʦʚ ʢʘʞʜʳʡ ʬʘʢʪʦʨ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 5 ʫʨʦʚʥʷʭ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʩʚʦʡʩʪʚʝʥʥʦʡ ʥʝʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʧʣʘʥʘʤ, 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʩʪʨʦʢʘʭ ʤʘʪʨʠʮʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʥʦʤ ʥʫʣʝʚʦʤ ʫʨʦʚʥʝ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʧʨʦʱʝʥʠ ʁ ʚʳʯʠʩʣʝʥʠ ̫

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʚʷʟʴ ʤʝʞʜʫ ʟʘʚʠʩʠʤʦʡ ʠ ʥʝʟʘʚʠʩʠʤʦʡ 

ʧʝʨʝʤʝʥʥʳʤʠ ʚ ʤʦʜʝʣʠ ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. 
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ʈʠʩʫʥʦʢ 3.3 ï ʅʝʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʪʨʝʭʫʨʦʚʥʝʚʳʡ ʧʣʘʥ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ɹʦʢʩʘ-

ɹʝʥʢʠʥʘ (ʜʣʷ ʪʨʝʭ ʬʘʢʪʦʨʦʚ) 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʢʨʠʪʝʨʠʠ ʜʣʷ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʨʦʙʠʣʢʠ, ʵʪʠ ʢʨʠʪʝʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ, ʠ 

ʫʣʫʯʰʝʥʠʝ ʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʜʨʫʛʦʛʦ. ʇʦʵʪʦʤʫ 

ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʤʥʦʛʠʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʜʨʦʙʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʮʝʥʢʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɺ ʩʚʷʟʠ ʩʦ ʩʢʘʟʘʥʥʳʤ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʳʙʨʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʯʠʩʣʦʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʜʨʦʙʣʝʥʠʷ ʠ ʦʩʥʦʚʥʳʝ ʠʟʫʯʘʝʤʳʝ ʚʝʣʠʯʠʥʳ, ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʪʦʨʳʭ ʧʨʠʥʷʪʳ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ ʧʣʘʥ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʠʧʘ ʇʌʕ 33 . 

ʆʙʱʠʡ ʚʠʜ ʤʘʪʨʠʮʳ ʜʣʷ ʧʣʘʥʘ ɹʦʢʩʘ-ɹʝʥʢʝʥʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 3.7. 

 

ʊʘʙʣʠʮʘ 3.7 ï ʇʣʘʥ ʪʨʝʭʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʇʌʕ 33 

ˉ 

ʵʢʩʧʝ

ʨʠʤʝʥ

ʪʘ 

ʌʘʢʪʦʨʳ 
ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

 

ɺʳʭʦʜʥʳ

ʝ 

ʚʝʣʠʯʠʥʳ 

 ὢ ὢ ὢ ὢ  ὢ  ὢ  ὢ  ὢ  ὢ  ὣ 

1 -1 -1 0 +1 0 0 +1 +1 0 - 

2 +1 -1 0 -1 0 0 +1 +1 0 - 
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3 -1 +1 0 -1 0 0 +1 +1 0 - 

4 +1 +1 0 +1 0 0 +1 +1 0 - 

5 -1 0 -1 0 +1 0 +1 0 +1 - 

6 +1 0 -1 0 -1 0 +1 0 +1 - 

7 -1 0 +1 0 -1 0 +1 0 +1 - 

8 
+1 0 +1 0 +1 0 +1 0 +1 - 

9 0 -1 -1 0 0 +1 0 +1 +1 - 

10 0 +1 -1 0 0 -1 0 +1 +1 - 

11 0 -1 +1 0 0 -1 0 +1 +1 - 

12 0 +1 +1 0 0 +1 0 +1 +1 - 

13 0 0 0 0 0 0 0 0 0 - 

14 0 0 0 0 0 0 0 0 0 - 

15 0 0 0 0 0 0 0 0 0 - 

 

ɺ ʮʝʣʷʭ ʠʩʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʣʠʷʥʠʝʤ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʣʫʯʝʥʠʶ ʥʝʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤ ʨʘʥʜʦʤʠʟʘʮʠʶ 

ʦʧʳʪʦʚ.     

 ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʞʝʥʝʨʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ï ʧʨʦʛʨʘʤʤʫ çPTC Mathcad 15.0è.  

ʈʘʩʩʤʦʪʨʝʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʦʚ [13, 17, 20, 58, 63, 67, 76, 

80, 83, 84, 110, 115, 118, 144, 150, 151, 152], ʧʦʩʚʷʱʝʥʥʳʭ ʧʨʦʮʝʩʩʫ ʨʘʟʨʫʰʝʥʠʷ 

ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʳ ʫʙʝʜʠʣʠʩʴ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʤʝʪʦʜʠʢʠ [137], ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʢʨʠʪʝʨʠʷʤ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʟʘʪʨʘʪ 

ʠ ʩʦʙʣʶʜʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʪʨʝʙʫʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʚʳʙʦʨ ʠʩʢʦʤʳʭ 

ʚʝʣʠʯʠʥ ʧʦ ʚʝʣʠʯʠʥʝ ʚʠʙʨʘʮʠʠ ʠ ʰʫʤʘ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʟʘʪʨʦʥʫʪʳ ʘʚʪʦʨʦʤ 

[137].  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪ ʧʘʨʘʤʝʪʨʳ ʚʠʙʨʘʮʠʠ [8, 20, 171].   
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ʀʟʤʝʣʴʯʠʪʝʣʠ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ. ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʳ 

ʀʉʆ, ʘ ʪʘʢʞʝ ʨʦʩʩʠʡʩʢʠʝ ʩʪʘʥʜʘʨʪʳ ʚ ʦʙʣʘʩʪʠ ʚʠʙʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠʥʠʤʘʶʪ ʪʦʣʴʢʦ ʚʠʙʨʦʫʩʢʦʨʝʥʠʝ. ʇʨʦʮʝʜʫʨʘ ʦʮʝʥʢʠ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʚʳʙʨʘʥʥʦʡ ʦʧʝʨʘʮʠʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʝʨʝʜ ʥʘʤʠ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ (ʧʘʨʘʤʝʪʨʦʚ ʦʙʱʝʡ ʚʠʙʨʘʮʠʠ), ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʚ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʘʭ [12, 15, 24, 

34, 35, 38, 39, 40, 46, 47, 48, 49, 56, 57, 69, 102, 104]. 

ʅʦʨʤʠʨʫʝʤʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚʠʙʨʘʮʠʠ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʷʚʣʷʝʪʩʷ 

ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʚʠʙʨʦʫʩʢʦʨʝʥʠʝ ʟʘ ʨʘʙʦʯʫʶ ʩʤʝʥʫ. ɺʩʝ ʚʠʜʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʠʙʨʘʮʠʠ, ʢʘʩʘʶʱʝʡʩʷ ʥʘʰʝʡ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʝʜʝʥʳ ʚ 

ʦʜʥʫ ʢʘʪʝʛʦʨʠʶ 3ʘ ʧʦ ʉʘʥʇʠʅ 2.2.4.3359. 

ʈʘʙʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʣʦʢʘʣʴʥʦʡ ʚʠʙʨʘʮʠʠ ʩ ʪʝʢʫʱʠʤʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ, ʧʨʝʚʳʰʘʶʱʠʤʠ ʥʘʩʪʦʷʱʠʝ ʩʘʥʠʪʘʨʥʳʝ ʥʦʨʤʳ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 12 ʜɹ (ʚ 4 ʨʘʟʘ) ʧʦ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʝ ʩʦʛʣʘʩʥʦ ʉʘʥʇʠʅ 

2.2.4.3359-16, ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʮʝʥʢʠ ʚʠʙʨʘʮʠʠ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤ ʧʘʨʘʤʝʪʨ 

ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ.   

ʉʣʝʜʫʶʱʠʡ ʚʦʧʨʦʩ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʧʝʨʝʜ ʥʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʵʪʦ ʦʮʝʥʢʘ ʫʨʦʚʥʷ ʰʫʤʘ. 

ʋʨʦʚʥʝʤ ʟʚʫʢʘ ὒ̱ (ʜɹ ɸ) ʥʘʟʳʚʘʝʪʩʷ ʩʫʤʤʘʨʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʟʚʫʢʦʚ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʛʦ ʰʫʤʦʤʝʨʦʤ ʠ 

ʟʘʤʝʨʝʥʥʦʛʦ ʥʘ ʰʢʘʣʝ çɸè ʩ ʫʯʝʪʦʤ ʩʣʫʭʦʚʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʰʫʤʘ ʯʝʣʦʚʝʢʦʤ. 

ɼʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʯʘʩʪʦʪ, ʫʨʦʚʥʠ ʟʚʫʢʘ 

ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʫʨʦʚʥʠ ʟʚʫʢʘ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʳʤ 

ʫʨʦʚʥʝʤ ʟʚʫʢʘ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ, ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘʤʠ [23, 31, 56, 101, 

102, 103] ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 85 ʜɹɸ. 
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ʇʨʦʚʝʜʝʥʥʳʤʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʘʥʘʣʦʛʠʯʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ 

ʨʘʤʢʘʭ ʚʳʙʨʘʥʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʨʝʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ [20, 83, 129, 

137, 138, 152, 154]. 

ɺ ʢʦʥʪʝʢʩʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʬʘʢʪʦʨʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʦʚ 

ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʥʘ ʦʩʥʦʚʝ ʧʣʘʥʦʚ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʋʨʘʚʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ 

ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

                     ώὼȟὦ ὦ В ὦὼ В ὦὼ В ὦὼὼȟ                       (3.8) 

ʛʜʝ ώ ï ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ; 

ὼ,ὼ, éὼ é ï ʟʘʢʦʜʠʨʦʚʘʥʳ ʧʝʨʝʤʝʥʥʳʝ ʚ ʙʠʥʘʨʥʳʡ ʬʦʨʤʘʪ (ʬʘʢʪʦʨʳ 

ʧʨʦʮʝʩʩʘ) ʚ ʢʦʣʠʯʝʩʪʚʝ ὲ; 

ὦὦ, ὦ, ὦ , ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ, 

ʚʳʯʠʩʣʷʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʜʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʬʫʨʘʞʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʦʙʨʘʟʮʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʣʫʯʝʥʠʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʣʝʜʫʶʱʠʭ 

ʧʦʢʘʟʘʪʝʣʷʭ:  

1) ʪʨʝʙʫʝʤʦʡ ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʟʘ 

ʤʠʥʫʩʦʤ ʤʦʱʥʦʩʪʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʠʟʤʝʨʷʝʤʦʛʦ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʜʨʦʙʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ (l) ʝʜ. ʩʪʝʧ. ʠʟʤ. 

(3.9), ʕ, ʢɺʪ 

˪
ˍ̔ Ȣ̅ ̖̖ ̉̈̍

Ͻ
, ʢɺʪ Āʯ / ʪ Ā ʝʜ. ʩʪ. ʠʟʤ., 

ʛʜe l ï ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʦʜʫʢʪʘ ʨʘʟʤʦʣʘ, ʝʜ. ʩʪ. ʠʟʤ.; 

                                              l  Ὠ̞ ̋ ̃Ⱦὓ,                                                       (3.9) 
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ʛʜe Ὠ̞ ̋̃ ï ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʟʝʨʥʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; 

2) ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʣʴʯʠʪʝʣʷ ὗ, ʟʘʜʘʥʥʦʡ ʠʣʠ ʜʦʩʪʠʛʥʫʪʦʡ;  

3) ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ, ʛʜʝ l  Ὠ̞ ̋ ̃Ⱦὓ, 

ʛʜe Ὠ̞ ̋̃ ï ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʟʝʨʥʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ;  

ὓ ï ʤʦʜʫʣʴ ʨʘʟʤʦʣʘ;  

4) ʤʦʜʫʣʝ ʨʘʟʤʦʣʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ,̇ ʢʘʢ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʤ ʨʘʟʤʝʨʝ 

ʯʘʩʪʠʮ ʧʦʣʫʯʝʥʥʦʡ ʜʝʨʪʠ;  

5) ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ὺ „Ⱦὓ, 

(%), ʛʜʝ „ ï  ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ̇; 

6) ʦʪʥʦʩʠʪʝʣʴʥʦʤ (ʧʦ ʤʘʩʩʝ) ʢʦʣʠʯʝʩʪʚʝ ʮʝʣʳʭ ʟʝʨʝʥ (x%), ʢʘʢ ʦʩʪʘʪʢʝ ʥʘ 

ʨʝʰʝʪʝ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ 3-5 ʤʤ;  

7) ʧʘʨʘʤʝʪʨʘʭ ʚʠʙʨʘʮʠʠ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʚʝʣʠʯʠʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʤʧʣʠʪʫʜʫ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ 

                                 ὥˏ ίϽς“Ͻ̋‫ Ⱦρπ ς“Ͻ̋‫ ὃ,                            (3.10) 

ʛʜʝ ̋‫  ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ɻʮ; 

ί ï ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʝ, ʤʤ; 

ὃ ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ, ʤʤ; 

8) ʫʨʦʚʥʝ ʰʫʤʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʚʦʟʥʠʢʘʶʱʝʤ ʚ ʧʨʦʮʝʩʩʝ ʜʨʦʙʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʧʦʤʝʱʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 

ʤ, ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʫʨʦʚʥʷ ʟʚʫʢʘ ὒ̱, (ʜɹɸ) (ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦ 

ʚʩʝʤ ʩʧʝʢʪʨʝ ʯʘʩʪʦʪ), ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

                                         ὒ̱  ςπ ÌÇὴ̱Ⱦὴ ,                                                (3.11) 

ʛʜʝὴ̱ ï ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʧʦ ʰʢʘʣʝ çɸè ʰʫʤʦʤʝʨʘ ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ, ʇʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʳ ʧʦʣʫʯʠʤ ʦʮʝʥʢʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʝʘʣʴʥʳʭ ʠʟʫʯʘʝʤʳʭ ʚʝʣʠʯʠʥ.  

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʤʧʠʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ:  
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1) ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ, ʫʯʠʪr ʚʘʷ ʜʦʩʪʠʛʥʫʪʫ  ʁ ʩʪʝʧʝʥ ɹ

ʠʟʤʝʣʴʯʝʥʠʷ (ɼʞ/(ʢʛ*ɚ))  

˪
Ͻ
Ὢὼȟὼȟȣὼ ; 

2) ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ (ʤʤ)   

ὓ Ὢὼȟὼȟȣὼ ; 

3) ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ (%)   

ὺ Ὢὼȟὼȟȣὼ ; 

4) ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ (ʧʦ ʤʘʩʩʝ) ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ ʟʝʨʝʥ (%)   

ˣ Ὢὼȟὼȟȣὼ ; 

5) ʘʥʘʣʠʟʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʥʘ ʢʦʨʧʫʩʝ ʜʨʦʙʠʣʢʠ (ʤ/ʩ2) 

ὥˏ Ὢ ὼȟὼȟȣὼ ; 

6) ʘʥʘʣʠʟʘ ʰʫʤʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʧʨʦʮʝʩʩʝ ʜʨʦʙʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʧʦʤʝʱʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤ, ʧʦ 

ʫʨʦʚʥʶ ʟʚʫʢʘ (ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦ ʚʩʝʤ ʩʧʝʢʪʨʝ ʯʘʩʪʦʪ) ὒ̱, 

(ʜɹɸ) 

ὒ̱ Ὢ ὼȟὼȟȣὼ . 

ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʟʦʦʪʝʭʥʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ 

ʟʝʨʥʘ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʜʘʥʥʫʶ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʫʶ ʟʘʜʘʯʫ ʢ 

ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʦʡ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʛʣʘʚʥʦʛʦ ʢʨʠʪʝʨʠʷ. ʇʨʠ ʵʪʦʤ 

ʜʨʫʛʠʝ ʢʨʠʪʝʨʠʠ ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʠʷ [137]. 

ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʜʨʦʙʠʣʢʝ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ 

ʚ ʚʠʜʝ ʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ: 

                                            ˪ὼȟὼȟȣὼ ᴼάὭὲȠ                                      (3.12) 

 

                                      ὓ ὓὼȟὼȟȣὼ ὓ ;                             (3.13) 

 

                                            π ὺὼȟὼȟȣὼ ὺ;                                  (3.14) 
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                                           π  xὼȟὼȟȣὼ  x .                                (3.15) 

 

ʂʨʦʤʝ ʪʦʛʦ, ʦʪʜʝʣʴʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʢʨʠʪʝʨʠʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʠ ʰʫʤʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʨʦʙʠʣʢʠ:  

                                          ὥˏ ὼȟὼȟȣὼ ᴼάὭὲ;                                       (3.16) 

 

                                           ὒ̱ ὼȟὼȟȣὼ ᴼάὭὲ,                                       (3.17) 

  

ʛʜʝ ὓ , ὓ  ï ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ;  

ὺ ï ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʟʘʜʘʯʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ (3.12-3.17) 

ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʩʣʦʞʥʦʡ. ʇʦʧʨʦʙʫʝʤ ʝʝ ʫʧʨʦʩʪʠʪʴ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʚʦʜʘ 

ʢʨʠʪʝʨʠʝʚ (3.16) ʠ (3.17) ʚ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʩʝʡʯʘʩ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʚʠʙʨʦʫʩʢʦʨʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ 

ʜʨʦʙʠʣʦʢ. ʇʦʵʪʦʤʫ ʢʨʠʪʝʨʠʡ ὥˏ ʧʝʨʝʚʝʩʪʠ ʚ ʨʘʥʛ ʦʛʨʘʥʠʯʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ. 

ʇʨʝʜʣʘʛʘʝʤ, ʦʜʥʘʢʦ, ʜʨʫʛʠʝ ʩʦʦʙʨʘʞʝʥʠʷ.   

ʂʨʠʪʝʨʠʡ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʜʨʦʙʠʣʢʠ ὥˏ (3.16) ʚʣʠʷʝʪ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʛʣʘʚʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʚ 

ʜʨʦʙʠʣʢʝ. ʇʦʵʪʦʤʫ ʢʨʠʪʝʨʠʠ  ˪ὼ   ʠ  ὥ̃ ὼ  ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʜʫʙʣʠʨʫʶʪ 

ʜʨʫʛ ʜʨʫʛʘ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʨʠʪʝʨʠʡ ὥ̃ ὼ  

ʤʦʞʝʪ ʙʳʪʴ ʫʧʫʱʝʥ ʙʝʟ ʦʩʦʙʦʛʦ ʫʱʝʨʙʘ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʂʨʠʪʝʨʠʡ ʫʨʦʚʝʥɹ ʟʚʫʢʘ ὒ̱ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʚʝʜʝʥ ʚ ʨʘʥʛ ʦʛʨʘʥʠʯʝʥʠʡ, 

ʧʦʩʢʦʣʴʢʫ ɻʆʉʊ  12.1.003-83 ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʫʨʦʚʝʥʴ ʰʫʤʘ, ʢʦʪʦʨʳʡ ʥʝ ʜʦʣʞʝʥ 

ʧʨʝʚʳʰʘʪʴ 85 ʜɹ ɸ.  

ʇʦʵʪʦʤʫ ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ ʩʬʦʨʤʫʣʠʨʫʝʤ ʚ ʩʣʝʜʫʶʱʝʤ 

ʚʠʜʝ:    

                                            ˪ὼȟὼȟȣὼ ᴼάὭὲȠ                                      (3.18) 
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                                      ὓ ὓὼȟὼȟȣὼ ὓ ;                             (3.19) 

 

                                            π ὺὼȟὼȟȣὼ ὺ;                                  (3.20) 

 

                                                xὼȟὼȟȣὼ ˣ ;                                   (3.21) 

 

                                           ὒ̱ ὼȟὼȟȣὼ ὒ .                                       (3.22) 

 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʝʥʠʝ 

ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʚ ʢʦʜʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʧʝʨʝʤʝʥʥʳʭ ʧʨʝʜʠʢʘʪʦʚ 

(ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ), ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ 

ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: 

ïὣ ð ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʨʦʙʣʝʥʠʷ ʕ; 

ïὣ ð ʄʦʜʫʣ ɹʨʘʟʤʦʣʘ ;̇  

ïὣ ð ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ὺ; 

ïὣ ð ʆʪʥʦʩʠʪʝʣʴʥʦʝ (ʧʦ ʤʘʩʩʝ) ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʳʭ ʟʝʨʝʥ (x%); 

ïὣ ð ɺʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʘʤʧʣʠʪʫʜʝ 

ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ὥˏ; 

ïὣ ð ʋʨʦʚʝʥʴ ʟʚʫʢʘ ὒ̱. 

 

 

3.6. ʆʧʠʩʘʥʠʝ ʧʨʠʙʦʨʥʦʡ ʙʘʟʳ ʜʣ  ̫ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʮʝʥʢʘ 

ʪʦʯʥʦʩʪʠ ʧʨʠʙʦʨʦʚ 

 

ʇʨʦʮʝʩʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʣ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʣʝʜʫʶʱʠʭ 

ʚʝʣʠʯʠʥ:  

ï ʚʨʝʤʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ;  



108 

 

ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʘʟʤʦʣʘ ʧʦ ʬʨʘʢʮʠʷʤ ʧʦʩʣʝ ʧʨʦʩʝʚʘ ʥʘ 

ʢʘʣʠʙʨʦʚʘʥʥʳʭ ʩʠʪʘʭ ʟʘ ʚʨʝʤʷ ʦʧʳʪʦʚ; 

ï ʤʦʜʫʣʴ ʨʘʟʤʦʣʘ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ; 

ï ʟʘʪʨʘʯʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ; 

ï ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʳʭ ʟʝʨʝʥ ʚ ʠʟʤʝʣʴʯʝʥʥʦʤ ʧʨʦʜʫʢʪʝ; 

ï ʫʨʦʚʝʥʴ ʟʚʫʢʘ (ʦʢʪʘʚʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ); 

ï ʘʤʧʣʠʪʫʜʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ (ʚʠʙʨʘʮʠʠ). 

ʄʝʪʦʜʠʢʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʧʦʜʛʦʪʦʚʢʫ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʢ ʚʨʘʱʝʥʠʶ ʥʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ, ʧʦʩʨʝʜʩʪʚʦʤ ʩʪʘʪʠʯʝʩʢʦʡ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʦʙʲʝʢʪʘ ʚʨʘʱʝʥʠʷ, ʠ ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʚʠʙʨʘʮʠʠ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʠʙʨʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʩʤʝʱʝʥʠʝʤ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 

ʩʠʩʪʝʤʳ, ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ 

ʩʦʝʜʠʥʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʠʩʢʦʚ ʨʦʪʦʨʘ ʩ ʚʘʣʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʨʦʪʦʨʘ ʤʦʣʦʪʢʦʚʦʡ 

ʜʨʦʙʠʣʢʦʡ ʠ ʚʳʧʦʣʥʝʥʘ ʧʨʦʚʝʨʢʘ ʙʠʝʥʠʷ ʨʦʪʦʨʘ ʥʘ ʩʪʝʥʜʝ ʙʘʣʘʥʩʠʨʦʚʢʠ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʜʠʩʙʘʣʘʥʩʘ ʚʨʘʱʘʶʱʝʡʩʷ ʯʘʩʪʠ ʠʟʤʝʣʴʯʠʪʝʣʷ.  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥ r

ʚʝʣʠʯʠʥʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʜʠʩʙʘʣʘʥʩʘ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʳ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʜʠʩʙʘʣʘʥʩʘ ʠ ʚʠʙʨʘʮʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚʳʨʘʚʥʠʚʘʥʠʝ ʝʛʦ ʤʘʩʩʳ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʜʨʦʙʠʣʢʠ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʜʚʫʭ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʘʩʩ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʦʚ ʪʦʨʮʝʚʳʭ ʧʣʦʩʢʦʩʪʝʡ 

(ʨʠʩʫʥʦʢ 3.4). 

ɺʳʷʚʣʝʥʥʳʡ ʜʠʩʙʘʣʘʥʩ ʨʦʪʦʨʘ ʙʳʣ ʫʩʪʨʘʥʝʥ ʩʚʘʨʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ 

ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʭ ʛʨʫʟʦʚ (ʨʠʩʫʥʦʢ 3.5) ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ ʜʠʩʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʧʣʦʩʢʦʩʪʠ ʢʦʨʨʝʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʩʩʳ ʙʘʣʘʥʩʠʨʫʝʤʦʛʦ 

ʛʨʫʟʘ. 
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ʈʠʩʫʥʦʢ 3.4 ï 

ɹʘʣʘʥʩʠʨʦʚʢʘ ʨʦʪʦʨʘ 

ʈʠʩʫʥʦʢ 3.5 ï ʋʩʪʘʥʦʚʢʘ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʘʩʩ 

 

ʋʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʠ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʠʟʤʝʥʷʣʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ KIPPRIBOR ʩʝʨʠʠ AFD ï M055.43B 5.5 ʢɺʪ, 

ʩʥʘʙʞʝʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʨʝʚʝʨʩʠʚʥʦʛʦ ʚʢʣʶʯʝʥʠʷ (ʨʠʩʫʥʦʢ 3.6), ʩ 

ʜʘʣʴʥʝʡʰʠʤ ʟʘʤʝʨʦʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʪʘʭʦʤʝʪʨʘ RGKTM-10, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʝ 

ʨʦʪʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʜʨʦʙʠʣʢʠ ʩʣʝʚʘ ʥʘ ʧʨʘʚʦ, ʧʦʩʨʝʜʩʪʚʦʤ  

ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠ ̫ʪʦʢʘ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ ʚ ʦʙʤʦʪʢʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, 

ʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʝ ʠʟʤʝʥʷʣʠ. 

ʏʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ (ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ) ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʚʘʣʘ ʨʦʪʦʨʘ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʘ ʠʟʤʝʨʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʪʘʭʦʤʝʪʨʘ RGK TM-10 (ʨʠʩʫʥʦʢ 3.7). ʆʥ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʟʘʤʝʨʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ 99999 ʦʙ/ʤʠʥ., ʩ ʪʦʯʥʦʩʪʴʶ Ñ(2+0,04%). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ  ʟʝʨʥʘ ʧʦʟʚʦʣʷʝʪ ʚ 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʝʜʝʣʘʭ ʚʘʨʴʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷʤʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʦʮʝʩʩ, ʠʟʤʝʥʷ ̫ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʟʘʟʦʨ ʧʨʦʭʦʜʥʦʛʦ 

ʩʝʯʝʥʠʷ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʛʦʨʣʦʚʠʥ.  
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ʈʠʩʫʥʦʢ 3.6ï

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʯʘʩʪʦʪʳ KIPPRIBOR 

ʩʝʨʠʠ AFD ï 

M055.43B 

 

ʈʠʩʫʥʦʢ 3.7ï

ɹʝʩʢʦʥʪʘʢʪʥʳʡ 

ʣʘʟʝʨʥʳʡ 

ʪʘʭʦʤʝʪʨ RGK 

TM-10 

 

ʈʠʩʫʥʦʢ 3.8ï ʊʨʝʭʬʘʟʥʳʡ 

ʵʣʝʢʪʨʦʥʥʳʡ ʩʯʝʪʯʠʢ ʄʝʨʢʫʨʠʡ 230 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʝʥʥʫʶ ʥʘ ʧʨʦʮʝʩʩ 

ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ, ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʭʬʘʟʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʯʝʪʯʠʢʘ 

ʄʝʨʢʫʨʠʡ 230 (ʨʠʩʫʥʦʢ 3.8) ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʥʝ ʙʦʣʝʝ 0,5 %. 

 

ʈʠʩʫʥʦʢ 3.9 ï ʂʦʤʧʣʝʢʪ ʣʘʙʦʨʘʪʦʨʥʳʭ ʩʠʪ ʉʇʃʇ 

30 ˉ 1, ˉ 2, ˉ 3, ˉ 4, ˉ 5, ˉ 6  

 

ʈʠʩʫʥʦʢ 3.10 ï ɺʝʩʳ M-ER 

AFU 6 ʢʛ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,1 ʛ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦ ʬʨʘʢʮʠʷʤ ʩ ʨʘʟʣʠʯʥʳʤ 

ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʠ ʝʛʦ ʤʘʩʩʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʦʩʝʠʚʘʥʠʝʤ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʣʝʢʪʘ 
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ʣʘʙʦʨʘʪʦʨʥʳʭ (ʢʘʣʠʙʨʦʚʘʥʥʳʭ ʩ ʧʦʚʝʨʢʦʡ) ʩʠʪ ʉʇʃʇ 30 ˉ 1, ˉ 2, ˉ 3, ˉ 4, ˉ 

5, ˉ 6 (ʨʠʩʫʥʦʢ 3.9) ʩ ʦʪʚʝʨʩʪʠʷʤʠ Ï 1, 2, 3, 4, 5, 6 ʤʤ ʠ ʧʦʜʜʦʥʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʧʳʪʦʚ, ʤʝʪʦʜʦʤ ʩʠʪʦʚʦʛʦ 

ʘʥʘʣʠʟʘ. ʇʦʨʮʠʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʦʧʳʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʚʝʩʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ M-ER AFU ʩ ʮʝʥʦʡ 

ʜʝʣʝʥʠʷ 0,1 ʛ. (ʨʠʩʫʥʦʢ 3.10). 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʦʮʝʥʢʘ ʰʫʤʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʘʥʘʣʠʟ ʰʫʤʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ 

ʚ ʧʨʦʮʝʩʩʝ ʜʨʦʙʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʠʟʤʝʨʷʣʠ ʧʦ ʧʨʠʥʷʪʦʤʫ ʧʘʨʘʤʝʪʨʫ  ʫʨʦʚʥ ̫ʟʚʫʢʘ 

ὒ̱, (ʜɹɸ), ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʘʢ ʩʫʤʤʘʨʥʳʡ ʫʨʦʚʝʥʴ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ (ʦʢʪʘʚʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ L), ʬʠʢʩʠʨʫʶʱʠʡʩʷ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʧʨʠʙʦʨʦʤ ï ʰʫʤʦʤʝʨʦʤ ʩ ʬʫʥʢʮʠʝʡ ʨʝʛʠʩʪʨʘʪʦʨʘ ʄʝʛʝʦʥ ï 92140 

(ʨʠʩʫʥʦʢ 3.11),  ʟʘʤʝʨʷʝʤrʡ ʧʦ ʢʘʪʝʛʦʨʠʠ çɸè ʦʢʪʘʚʥʳʡ ʫʨʦʚʝʥɹ ʟʚʫʢʦʚ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʠʟʤʝʣʴʯʠʪʝʣʷ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʩʥʷʪʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ ʪʦʯʢʘ ʫʩʪʘʥʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʫʨʦʚʥʷ ʟʚʫʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤ ʦʪ ʢʘʤʝʨʳ ʠʟʤʝʣʴʯʝʥʠʷ ʜʨʦʙʠʣʢʠ. ɼʘʣʴʥʦʩʪʴ 

ʨʘʩʩʪʦʷʥʠʷ ʫʩʪʘʥʦʚʢʠ ʰʫʤʦʤʝʨʘ ʟʘʤʝʨʷʣʠ ʜʘʣʴʥʦʤʝʨʦʤ CONTROL smart 30 plus 

(ʨʠʩʫʥʦʢ 3.12). ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʙʘʨʘʙʘʥ 

ʠʟʤʝʣʴʯʠʪʝʣʷ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʪʦʥʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʛʨʘʥʠʮ 

ʜʠʘʧʘʟʦʥʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʫʯʠʪʳʚʘʷ ʥʘʣʠʯʠʝ ʜʝʤʧʬʠʨʫʶʱʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʙʦʣʝʝ ʧʦʣʥʦʡ ʬʠʢʩʘʮʠʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʫʤʘ.  

ʇʨʦʚʝʜʝʥʠʝ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʲʝʢʪʦʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʝʩʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʦʙʲʝʢʪʝ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʠʙʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ ʢʨʝʧʣʝʥʠʷ ʜʘʪʯʠʢʘ ʫʩʢʦʨʝʥʠʷ 

(ʘʢʩʝʣʝʨʦʤʝʪʨʘ) ʠ ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʧʨʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʪʦʣʱʠʥʝ ʢʦʨʧʫʩʘ 

ʜʨʦʙʠʣʢʠ ʥʘʠʣʫʯʰʝʡ ʪʦʯʢʦʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʠʙʨʘʮʠʠ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʤʝʩʪʦ 

ʥʘʭʦʞʜʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʢʦʨʧʫʩʘ ʢʘʤʝʨʳ ʠʟʤʝʣʴʯʝʥʠʷ.  
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʢʨʝʧʣʝʥʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʫʩʢʦʨʝʥʠʷ ʠ 

ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʜʣʷ ʩʥʷʪʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ, ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʪʦʯʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ 

ʢʘʤʝʨ rʠʟʤʝʣʴʯʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 3.11ïʎʠʬʨʦʚʦʡ 

ʰʫʤʦʤʝʨ ʩ ʬʫʥʢʮʠʝʡ 

ʨʝʛʠʩʪʨʘʪʦʨʘ ʄʝʛʝʦʥï

92140 

 

ʈʠʩʫʥʦʢ 3.12ï

ɼʘʣʴʥʦʤʝʨ 

CONTROL smart 30 

plus 

 

ʈʠʩʫʥʦʢ 3.13ïɺʠʙʨʦʤʝʪʨ 

ʄʝʛʝʦʥ ï 09631 

 

 

ʋʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʧʨʠʙʦʨʦʤ 

ʚʠʙʨʘʮʠʠ ï ʚʠʙʨʦʤʝʪʨʦʤ ʄʝʛʝʦʥ ï 09631 (ʨʠʩʫʥʦʢ 3.13), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ 

ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ. ʆʥ ʩʦʜʝʨʞʠʪ ʜʠʩʢʦʚʳʡ ʥʘʢʦʥʝʯʥʠʢ ʩ ʤʘʛʥʠʪʦʤ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʢ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ, ʚ ʢʦʪʦʨʦʤ 

ʨʘʩʧʦʣʦʞʝʥ ʜʘʪʯʠʢ ʫʩʢʦʨʝʥʠʷ (3 ʦʩʠ) ʠ ʜʘʪʯʠʢ ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʥʦʩʠʤ ʚ ʞʫʨʥʘʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɺʨʝʤʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʢʘʞʜʦʛʦ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʦʧʳʪʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5 ʤʠʥʫʪ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʟʘ ʧʝʨʠʦʜ 

ʦʧʳʪʦʚ ʬʠʢʩʠʨʦʚʘʣʠ ʠ ʟʘʥʦʩʠʣʠ ʚ ʞʫʨʥʘʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ʉʪʘʪʠʩʪʠʯʝʩʢʘ ̫ʠ ʛʨʘʬʠʯʝʩʢʘ ̫ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥr ʭ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʵʢʦʥʦʤʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ çMicrosoft 

Excelè, ʠʥʞʝʥʝʨʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ï ʧʨʦʛʨʘʤʤʳ 

çPTC Mathcad 15.0è ʠ ʜʨʫʛʠʭ ʧʘʢʝʪʦʚ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ. 

 

 

3.7. ʄʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

 

 

ɺ ʠʥʞʝʥʝʨʥʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ çPTC 

MathCAD15.0è ʠʤʝʝʪʩʷ ʢʦʤʧʣʝʢʩ ʬʫʥʢʮʠʡ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʬʫʥʢʮʠʷ çboxbehnken(n)è ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ὲ ï

ʬʘʢʪʦʨʥʦʡ ʤʘʪʨʠʮʳ ʧʣʘʥʘ ɹʦʢʩʘ-ɹʝʥʢʝʥʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 3-ʫʨʦʚʥʝʚʳʤ ʧʣʘʥʦʤ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʨʠʮʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʨʝʜʝ 

MathCAD ʙʫʜʝʤ ʧʨʠʤʝʥʷʪʴ ʤʘʪʨʠʮʫ ʧʣʘʥʘ, ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʶ çboxbehnken(n)è, 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʩ ʪʨʝʤʷ ʫʨʦʚʥʷʤʠ, ʢʦʪʦʨʘʷ 

ʦʪʦʙʨʘʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʦʪʢʣʠʢʘ ʦʪ ʬʘʢʪʦʨʦʚ 

ʤʘʪʨʠʮʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ɹʦʢʩʘ-ɹʝʥʢʝʥʘ. ʃʠʩʪʠʥʛ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

3.14. 

ɺ ʩʨʝʜʝ MathCAD ʤʘʪʨʠʮʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ Box-Behnken, ʚʢʣʶʯʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ:  

ï "Run"(ʇʨʦʛʦʥʳ) ð ʫʢʘʟʳʚʘʶʱʘʷ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʧʨʦʛʦʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ; 

ï "Block" (ɹʣʦʢʠ) ð ʦʧʨʝʜʝʣʷʝʪ ʥʦʤʝʨ ʙʣʦʢʘ ʜʣʷ ʥʘʙʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ɿʥʘʯʝʥʠʝ "Block", ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳʤʠ. 
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ʈʠʩʫʥʦʢ 3.14 ï ʃʠʩʪʠʥʛ ʧʣʘʥʘ ʤʘʪʨʠʮʳ ɹʦʢʩʘ-ɹʝʥʢʝʥʘ. 

 

ʊʘʢʞʝ ʚ ʤʘʪʨʠʮʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʪʨʦʢʠ "A","B","ʉ", ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʢʦʜʠʨʦʚʘʥʥʳʝ ʫʨʦʚʥʠ ʬʘʢʪʦʨʦʚ 8, 8, ὢ ʠʣʠ ʨʝʘʣʴʥʳʝ ʠʭ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʫʨʦʚʝʥʴ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʝʛʨʝʩʩʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʬʫʥʢʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çPTC MathCAD 15.0è [77, 126, 138]: 

ï polyfitc ð ʦʪʦʙʨʘʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʚʳʯʠʩʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʤʥʦʛʦʤʝʨʥʦʡ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʧʨʠ ʘʨʛʫʤʝʥʪʘʭ ʧʦʣʠʥʦʤʘ ʚʪʦʨʦʡ 

ʩʪʝʧʝʥʠ. 

ï polyfitstat ð ʦʪʦʙʨʘʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪ ʨʝʟʫʣʴʪʘʪʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʤʝʨʥʦʡ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. 

ʌʫʥʢʮʠʷ çpolyfitcè, ʧʨʠʤʝʥʷʝʤʘʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʝʛʨʝʩʩʠʠ, 

ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʟʚʣʝʢʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʠʟ ʘʨʛʫʤʝʥʪʦʚ 

ʧʦʣʠʥʦʤʦʚ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ, ʩ ʫʯʸʪʦʤ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʘʪʨʠʮʳ, ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʠʟʤʝʨʝʥʠʡ ὣ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥʘ ʩʧʦʩʦʙʥʘ ʦʪʦʙʨʘʞʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʞʜʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʛʨʝʩʩʠʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʠ ʚʳʭʦʜʥʳʝ 

X boxbehnken3( )

0 1 2 3 4

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

"Run" "Block" "A" "B" "C"

1 1 -1 -1 0

2 1 1 -1 0

3 1 -1 1 0

4 1 1 1 0

5 1 -1 0 -1

6 1 1 0 -1

7 1 -1 0 1

8 1 1 0 1

9 1 0 -1 -1

10 1 0 1 -1

11 1 0 -1 1

12 1 0 1 1

13 1 0 0 0

14 1 0 0 0

15 1 0 0 0

=:=
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ʜʘʥʥʳʝ ʜʣʷ ʨʝʛʨʝʩʩʠʠ ʠ ʪʦʯʝʢ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʥʦʛʦʤʝʨʥʦʡ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. 

ʌʫʥʢʮʠʷ çpolyfitcè ʚ ʩʨʝʜʝ MathCAD ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜ ʧʦʠʩʢʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ 

ʦʩʪʘʪʢʦʚ, ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʠ ʤʦʜʝʣʴʶ ʨʝʛʨʝʩʩʠʠ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʜʘʥʥʳʭ ʠ ʩʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ, ʟʘʜʘʚʘʝʤʘʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʦʢ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʚ ʜʨʫʛʠʭ ʪʦʯʢʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʦʣʠʥʦʤʘ ʙʫʜʝʤ 

ʨʘʩʩʯʠʪʳʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʶ çpolyfitc (X, Y, n)è, ʢʦʪʦʨʘʷ ʦʪʦʙʨʘʞʘʝʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʥʦʛʦʤʝʨʥʦʡ 

ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʤʘʪʨʠʮʝὣ , ʢ ʜʘʥʥʳʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʤʘʪʨʠʮʝὢ . 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʝʛʦ ʯʣʝʥʘʤʠ, 

ʢʦʪʦʨʳʝ ʫʢʘʟʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʭʦʜʷʱʠʭ ʠ ʚʳʭʦʜʷʱʠʭ ʚʝʣʠʯʠʥʘʭ ʤʘʪʨʠʮ ʠ 

ʩʪʨʦʢ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʠʥʦʤʦʚ. 

ʄʘʪʨʠʮʘ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʠ çpolyfitc (X, 

Y, n)è, ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3.8. 

 

ʊʘʙʣʠʮʘ 3.8 ï ɼʘʥʥʳʝ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʩʪʦʣʙʮʘʭ ʤʘʪʨʠʮʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʤʝʥʝʥʠʷ ʬʫʥʢʮʠʝʡ çpolyfitc (X, Y, n)è 

ʉʪʦʣʙ ʆʙʦʟʥʘʯʝʥʠʝ ʆʧʠʩʘʥʠʝ 

0 "Term" ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʠʥʦʤʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʯʣʝʥʘ ʚ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ, 

ʚʢʣʶʯʘʝʤʦʛʦ ʚ ʦʪʯʝʪ 

1 "Coefficient" ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʯʣʝʥʝ ʧʦʣʠʥʦʤʘ (ʦʪ ʩʪʘʨʰʝʡ ʩʪʝʧʝʥʠ ʢ ʤʣʘʜʰʝʡ). 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʜ ʩʪʨʦʢʦʡ 
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"Coefficient" ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ 

ʨʝʛʨʝʩʩʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

2 "StdError" ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ, ʧʨʠ ʦʮʝʥʢʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʝʛʨʝʩʩʠʠ, ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʯʣʝʥʝ ʧʦʣʠʥʦʤʘ. 

ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ (StdError) ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʢʦʨʝʥʴ 

ʠʟ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʦʮʝʥʢʠ ʨʝʛʨʝʩʩʠʠ 

3 "95 CI Low" ʅʠʞʥʠʝ ʛʨʘʥʠʮʳ 95%-ʦʛʦ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʣʠʥʦʤʘ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʟʥʘʯʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ t-ʢʨʠʪʝʨʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ 

4 "95 CI High" ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʳ 95%-ʦʛʦ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʛʨʝʩʩʠʠ ʦʪʦʙʨʘʞʘʝʪ 

ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʝ 

ʩʪʘʪʠʩʪʠʢʠ t-ʢʨʠʪʝʨʠʷ, ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ 

5 "VIF"  ʇʝʨʝʤʝʥʥʘʷ ʠʥʬʣʷʮʠʠ ʜʠʩʧʝʨʩʠʠ (ʤʥʦʞʠʪʝʣʴ 

ʜʠʩʧʝʨʩʠʠ) ʦʪʨʘʞʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʢʘʞʜʘʷ 

ʧʝʨʝʤʝʥʥʘʷ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʦʩʪʘʣʴʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʚ 

ʤʦʜʝʣʠ ʠ ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʵʪʦʪ ʯʣʝʥ 

ʧʦʣʠʥʦʤʘ ʚʟʘʠʤʦʩʚʷʟʘʥ ʩ ʦʩʪʘʣʴʥʳʤʠ. ɼʘʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ 

ʤʫʣʴʪʠʢʦʣʣʠʥʝʘʨʥʦʩʪʠ (ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ). ʂʦʵʬʬʠʮʠʝʥʪ ʠʥʬʣʷʮʠʠ 

(VIF), ʠʣʠ ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ 

ʧʨʠʙʣʠʞʝʥʠʷ, ʚʳʯʠʩʣʷʝʪʩʷ ʠʟ ʤʥʦʞʝʩʪʚʝʥʥʦʡ 
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ʨʝʛʨʝʩʩʠʠ, ʠʩʧʦʣʴʟʫʷ ʦʪʥʦʰʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʢʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʢ ʝʛʦ 

ʦʞʠʜʘʝʤʦʤʫ ʟʥʘʯʝʥʠʶ, ʧʨʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʚʩʝʭ 

ʧʝʨʝʤʝʥʥʳʭ 

6 "T" ʊʝʩʪʦʚʘʷ ʩʪʘʪʠʩʪʠʢʘ t-ʢʨʠʪʝʨʠʷ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʉʪʴʶʜʝʥʪʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʮʝʥʢʠ 

ʟʥʘʯʠʤʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʝʛʨʝʩʩʠʠ. ʉʪʘʪʠʩʪʠʢʘ t-ʢʨʠʪʝʨʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ 

ʩʦʦʪʥʦʰʝʥʠʝ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢ ʝʛʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʦʰʠʙʢʝ. ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʘ 

ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʂʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ, ʪ.ʝ. ʟʥʘʯʠʤʦʩʪʴ 

ʢʘʞʜʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʠʥʦʤʘ (ʝʩʣʠ ʦʪʥʦʰʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢ ʝʛʦ ʩʪʘʥʜʘʨʪʥʦʡ ʦʰʠʙʢʝ ʙʦʣʴʰʝ 

ʝʜʠʥʠʮʳ, ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʩʯʠʪʘʝʪʩʷ ʟʥʘʯʠʤʳʤ) 

7 "P" P-ʟʥʘʯʝʥʠʝ ð ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ ʜʘʥʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, 

ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ t-

ʩʪʘʪʠʩʪʠʢʠ, ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ. ʋʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ 

(P-value) ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ t-ʪʝʩʪʘ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʟʥʘʯʠʤʦʩʪʠ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

 

ɸʨʛʫʤʝʥʪʘʤʠ ʚ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ [72, 77]:  

ï ὢ  ð ʤʘʪʨʠʮʘ ʧʣʘʥʘ ʠʣʠ ʤʘʪʨʠʮʘ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʩʪʦʣʙʝʮ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʟʘʚʠʩʠʤʫʶ ʧʝʨʝʤʝʥʥʫʶ. ʂʘʞʜʳʡ ʩʪʦʣʙʝʮ X ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʩʦʚʤʝʩʪʠʤʳʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ; 

ï ὣ  ð ʚʝʢʪʦʨ ʠʣʠ ʤʘʪʨʠʮʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ ʠʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʛʜʝ ʢʘʞʜʘʷ ʩʪʨʦʢʘ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ ʦʪʜʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʠʣʠ ʪʦʯʢʫ 

ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʝʥʥʫʶ ʚ X. ɽʩʣʠ ʩʪʨʦʢʠ ʩʦʜʝʨʞʘʪ ʥʝʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʨʝʧʣʠʢ, 
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ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʦʣʥʠʪʴ ʧʫʩʪʳʝ ʵʣʝʤʝʥʪʳ Y ʟʥʘʯʝʥʠʷʤʠ NaN. ʕʣʝʤʝʥʪʳ Y ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʩʦʚʤʝʩʪʠʤʳʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ; 

ï n ð ʮʝʣʦʝ ʯʠʩʣʦ, ʟʘʜʘʶʱʝʝ ʩʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ. ʆʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʴʰʝ 

ʦʙʱʝʛʦ ʯʠʩʣʘ ʪʦʯʝʢ ʜʘʥʥʳʭ: 1 Ò n Ò length(Y) ī 1. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ 

ʦʢʘʞʝʪʩʷ ʧʦʜ ʦʛʨʘʥʠʯʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʥʠʢʘʣʴʥʦʝ ʨʝʰʝʥʠʝ. 

ʉʪʨʦʢʠ "A", "B", " C", "AB",  "AC", "BC", "AA", "BB", " CC" ʦʪʦʙʨʘʞʘʪʁ 

ʧʦʣʠʥʦʤ r (ʬʘʢʪʦʨ r ʧʨʦʮʝʩʩʘ), ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʚʳʯʠʩʣʷʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʦ ʫʨʘʚʥʝʥʠʶ (3.8), ʧʨʝʜʩʪʘʚʣʷʶʱʝʤʫ ʚʠʜ ʚ ʩʨʝʜʝ MathCAD: 

ὣ ὢȟὢȟὢ ὦ  ὦϽὃ  ὦϽὄ  ὦϽὅ ὦϽὃϽὄ ὦϽὃϽὅ ὦϽὄϽ

ὅ  ὦ Ͻ ὃ  ὦ Ͻ ὄ  ὦ Ͻ ὅ .                                                                        (3.18) 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʨʝʛʨʝʩʩʠʚʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʥʦʛʦʤʝʨʥʦʡ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʫʥʢʮʠʶ çpolyfitstat (X, Y, n)è, ʢʦʪʦʨʘʷ ʧʨʦʠʟʚʦʜʠʪ ʨʘʩʯʝʪ ʠ 

ʦʪʦʙʨʘʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʤʦʜʝʣʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ 

ʨʝʛʨʝʩʩʠʠ, ʚʢʣʶʯʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ANOVA 

(analysis of variance), ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

(ʬʘʢʪʦʨʘʤʠ) ʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʬʘʢʪʦʨʦʚ) ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ 

ʟʘʚʠʩʠʤʫʶ ʧʝʨʝʤʝʥʥʫʶ, ʜʣʷ ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʠ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ çpolyfitstat (X, Y, n)è ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʠ 

ʦʪʦʙʨʘʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʴ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ, 

ʧʨʠʙʣʠʞʘʶʱʝʡ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ Y, ʦʪ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʤʘʪʨʠʮʝ X. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʬʫʥʢʮʠʠ çpolyfitstat (X, Y, n)è ʚʦ ʚʪʦʨʦʤ ʩʪʦʣʙʮʝ ʤʘʪʨʠʮʳ 

ʩʦʜʝʨʞʘʪʩʷ ʵʣʝʤʝʥʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3.9. 

ɼʣʷ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʦʚ ʠ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʚ ʩʨʝʜʝ 

MathCAD ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʝ ʬʫʥʢʮʠʠ: 

- çMinimize (Y, X)è ï ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʦʚ ὼ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʬʫʥʢʮʠʷ ὣ ὢȟὢȟὢ  ʜʦʩʪʠʛʘʝʪ ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ; 
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- çMaximize (Y, X)è ï ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʦʚ ὼ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʬʫʥʢʮʠʷ ὣ ὢȟὢȟὢ  ʜʦʩʪʠʛʘʝʪ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ. 

 

ʊʘʙʣʠʮʘ 3.9 ï ɼʘʥʥʳʝ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚʦ ʚʪʦʨʦʤ ʩʪʦʣʙʮʝ ʤʘʪʨʠʮʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ çpolyfitstat (X, Y, n)è 

ʉʪʨʦʢʘ ʆʙʦʟʥʘʯʝʥʠʷ  ʆʧʠʩʘʥʠʝ 

1 "Standard 

Deviation" 

ʆʮʝʥʢʘ ʩʪʘʥʜʘʨʪʥʦʡ ʦʰʠʙʢʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

(ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ Y), ʦʞʠʜʘʝʤʦʡ 

ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʜʘʥʥʳʭ, ʝʩʣʠ ʦʥ ʧʨʦʠʥʪʝʨʧʦʣʠʨʦʚʘʥ 

ʠʣʠ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥ ʢʨʠʚʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

2 "R2" ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ R2, ʢʦʪʦʨʳʡ 

ʦʪʦʙʨʘʞʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʤʦʜʝʣʴ ʨʝʛʨʝʩʩʠʠ 

ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʟʘʚʠʩʠʤʫʶ ʧʝʨʝʤʝʥʥʫʶ. ʆʥ ʤʦʞʝʪ 

ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʦʪ 0 ʜʦ 1, ʛʜʝ 1 ï ʵʪʦ ʧʦʣʥʦʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʘʥʥʳʭ ʩ ʤʦʜʝʣʴʶ. 

3 "Adjusted 

R2" 

ʂʦʨʨʝʢʪʠʨʦʚʘʥʥʘʷ ʦʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʝʪʝʨʤʠʥʘʮʠʠ R2, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʯʠʩʣʦ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʠ 

4 "Predicted 

R2" 

ʆʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ R2, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʥʦʚʳʭ 

ʜʘʥʥʳʭ 

5 "PRESS" ʉʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʦʰʠʙʦʢ ʧʦ ʧʨʝʜʩʢʘʟʘʥʠʶ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʫʜʘʣʝʥʠʠ ʢʘʞʜʦʡ ʪʦʯʢʠ ʜʘʥʥʳʭ ʠ 

ʧʦʚʪʦʨʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʦʩʪʘʚʰʠʭʩʷ ʜʘʥʥʳʭ 

(ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʦʩʪʘʪʢʦʚ) 

6 "Durbin-

Watson" 

ʉʪʘʪʠʩʪʠʢʘ ɼʘʨʙʠʥʘ-ʋʦʪʩʦʥʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ 

ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʘ ʘʚʪʦʢʦʨʨʝʣʷʮʠʶ ʦʩʪʘʪʢʦʚ. ɿʥʘʯʝʥʠʝ 

ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʦʪ 0 ʜʦ 4, ʛʜʝ ʟʥʘʯʝʥʠʷ 2 ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʦʪʩʫʪʩʪʚʠʝ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ 
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7 "Coefficients" ʂʦʵʬʬʠʮʠʝʥʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʨʠʚʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʬʫʥʢʮʠʠ ʧʦʣʠʥʦʤʘ ʵʪʦ ʙʫʜʫʪ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ὼȟὼȟὼ 

8 "ANOVA"  ɼʘʥʥʳʝ ʘʥʘʣʠʟʘ ʜʠʩʧʝʨʩʠʠ, ʧʦʢʘʟʳʚʘʶʱʝʡ ʚʢʣʘʜ 

ʢʘʞʜʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʦʙʲʷʩʥʝʥʠʝ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ 

9 "Diagnostics" ʄʘʪʨʠʮʘ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʩʪʦʣʙʮʘʤʠ: 

1. ʅʫʤʝʨʘʮʠʷ ʢʘʞʜʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʠʣʠ ʪʦʯʢʠ ʜʘʥʥʳʭ. 

2. ʅʘʙʣʶʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦ ʢʘʞʜʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʠʣʠ 

ʪʦʯʢʝ ʜʘʥʥʳʭ. 

3. ʇʨʝʜʩʢʘʟʘʥʥʳʡ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪ ʩ 

ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʠ. 

4. ʆʩʪʘʪʦʢ ð ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʥʘʙʣʶʜʘʝʤʳʤ ʠ 

ʧʨʝʜʩʢʘʟʘʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. 

5. ʉʠʣʘ ð ʤʝʨʘ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʥʘʙʣʶʜʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʜʦ ʪʦʯʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʮʝʥʪʨʝ ʚʩʝʭ ʥʘʙʣʶʜʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

6. ʆʩʪʘʪʦʢ ʧʦ ʉʪʴʶʜʝʥʪʫ ð ʦʩʪʘʪʦʢ, ʜʝʣʝʥʥʳʡ ʥʘ 

ʜʠʩʧʝʨʩʠʶ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʧʦ ʥʘʙʣʶʜʘʝʤʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ. 

7. R-ʉʪʴʶʜʝʥʪ ð ʦʩʪʘʪʦʢ, ʜʝʣʝʥʥʳʡ ʥʘ ʜʠʩʧʝʨʩʠʶ, 

ʨʘʩʩʯʠʪʘʥʥʫʶ ʧʦ ʥʘʙʦʨʫ ʜʘʥʥʳʭ, ʠʟ ʢʦʪʦʨʦʛʦ ʫʜʘʣʝʥʳ 

ʥʘʙʣʶʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

8. ʈʘʩʩʪʦʷʥʠʝ ʂʫʢʘ ð ʤʝʨʘ ʚʣʠʷʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʚʩʝ ʜʨʫʛʠʝ ʪʦʯʢʠ ʜʘʥʥʳʭ. 

9. DFFITS ð ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʦʤ, 

ʧʨʝʜʩʢʘʟʘʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʠ, 

ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʥʘʙʦʨʫ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʫ  ʁʚʢʣʶʯʝʥʳ 
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ʥʘʙʣʶʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʠ ʨʝʟʫʣʴʪʘʪʦʤ, 

ʧʨʝʜʩʢʘʟʘʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʦʡ ʤʦʜʝʣʠ, ʠʟ ʢʦʪʦʨʦʡ 

ʥʘʙʣʶʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʢʣʶʯʝʥʳ 
 

 

ʊʘʢ ʢʘʢ ʫʨʘʚʥʝʥʠʝ (3.18) ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʦʜʥʦ ʟʥʘʯʝʥʠʝ ʣʦʢʘʣʴʥʳʭ 

ʵʢʩʪʨʝʤʫʤʦʚ, ʧʨʠ ʦʪʳʩʢʘʥʠʠ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʠ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ 

ὣ ὢȟὢȟὢ  ʥʘ ʟʘʜʘʥʥʦʤ ʤʥʦʞʝʩʪʚʝ, ʟʘʜʘʜʠʤ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʟʘʧʠʩʠ ʜʠʘʧʘʟʦʥʘ ρ ὢ ρ, ʚ ʛʨʘʥʠʮʘʭ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʦʪʳʩʢʘʥʠʝ ʠʩʢʦʤʦʛʦ ʵʢʩʪʨʝʤʫʤʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʬʫʥʢʮʠʡ çMinimize (Y, X)è ʠ çMaximize (Y, X)è ʧʦʟʚʦʣʠʪ 

ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʣʦʢʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠ ̫ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʠ ὣ ὢȟὢὢ , 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʢ ʟʘʜʘʥʥʦʤʫ ʥʘʯʘʣʴʥʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ ʘʨʛʫʤʝʥʪʦʚ 

ὢȟὢȟὢ. 

 

 

3.8. ɺʳʚʦʜʳ ʧʦ 3 ʛʣʘʚʝ 

 

 

1. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʨʦʚʝʨʢʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʣʘʙʦʨʘʪʦʨʥʳʡ 

ʦʙʨʘʟʝʮ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ  ʟʝʨʥʘ ʧʦ ʧʘʪʝʥʪʫ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ ʈʌ ˉ 2 746 586. 

2. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ 

ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠ ʨʘʩʩʯʠʪʘʥʳ ʩʦʯʝʪʘʥʠʷ ʬʘʢʪʦʨʦʚ ʠʟ 3 ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ ʠ 

ʫʨʦʚʥʠ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ, ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦ ʚʣʠʷʶʱʠʝ ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʟʥʘʯʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ  ʧʘʨʘʤʝʪʨʦʚ. 

3. ɸʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʟʦʦʪʝʭʥʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ 

ʧʦʟʚʦʣʠʣ ʩʚʝʩʪʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʫʶ ʟʘʜʘʯʫ ʢ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʦʡ, ʠʩʧʦʣʴʟʫʷ 

ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʛʣʘʚʥʦʛʦ ʢʨʠʪʝʨʠʷ ï ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʵʪʦʤ ʜʨʫʛʠʝ 

ʢʨʠʪʝʨʠʠ ʧʝʨʝʚʝʜʝʥʳ ʚ ʦʛʨʘʥʠʯʝʥʠʷ.  
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4. ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʥʠʷ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʨʝʭʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʧʣʘʥʫ ɹʦʢʩʘ-ɹʝʥʢʝʥʘ ʪʠʧʘ ʇʌʕ 33, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʫʧʨʦʱʝʥʠʶ ʠ ʫʜʝʰʝʚʣʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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4. ʈɽɿʋʃʔʊɸʊʓ ʀ ɸʅɸʃʀɿ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

 

4.1. ɺʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ 

 

 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ, ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ.  

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʰʘʣʠ ʟʘʜʘʯʫ ʧʦʣʫʯʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʚ ʢʦʜʠʨʦʚʘʥʥʦʤ ʚʠʜʝ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʨʘʙʦʪʫ ʜʨʦʙʠʣʢʠ, ʧʨʠʥʷʪ ʧʘʨʘʤʝʪʨ ὣ ï ʵʥʝʨʛʦʝʤʢʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʜʨʦʙʣʝʥʠʷ ,˪ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʠʷ  ʜʦʩʪʠʛʥʫʪʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʣʴʯʠʪʝʣʷ ὗ ʠ ʟʘʪʨʘʯʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ὔ ʥʘ ʧʨʦʮʝʩʩ 

ʠʟʤʝʣʴʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʜʦʩʪʠʛʥʫʪʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ l. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʚʝʣʠʯʠʥ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ɸ 1 ʠ ɸ 2. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çPTC Mathcad 15.0è, ʘ 

ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ çpolyfitc (X, Y, n)è ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʥʦʛʦʤʝʨʥʦʡ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʨʘʩʯʝʪʳ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʩʯʝʪʥʦʡ ʙʣʘʥʢ-ʤʘʪʨʠʮʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʣʠʩʪʠʥʛʝ ʧʨʠʣʦʞʝʥʠʡ 

ɹ1 ʠ ɹ2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʝʥʦ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʚ 

ʢʦʜʠʨʦʚʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮ:r 

ὣὢȟὢȟὢ υȢσυχπȢυωϽὢ ρȢρφςϽὢ πȢρπσϽὢ πȢυχςϽὢϽὢ

πȢςφτϽὢϽὢ πȢυψϽὢϽὢ πȢρωςϽὢ πȢωπςϽὢ ρȢρωρϽὢ .                 (4.1) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʵʥʝʨʛʦʝʤʢʦʩʪʠ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʟʷʪ ʷʯʤʝʥʴ, ʘ ʚ 

ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʧʨʠʥʷʪʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ, ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ 

ʚ ʢʦʜʠʨʦʚʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ: 
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ὣὢȟὢȟὢ χȢυχτςȢρχτϽὢ σȢυφτϽὢ ςȢπφφϽὢ ςȢςρχϽὢϽ

ὢ ςȢσρχϽὢϽὢ ςȢςςϽὢϽὢ πȢρυτϽὢ ρȢψψωϽὢ σȢσρυϽὢ .        (4.2) 

  

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʤʦʜʝʣʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʙʳʣʠ 

ʦʙʨʘʙʦʪʘʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʫʥʢʮʠʠ çpolyfitstat (X, Y, n)è ʚ ʩʨʝʜʝ MathCAD. 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʜʝʣʠ ʫʨʘʚʥʝʥʠʷ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ 

ʨʝʛʨʝʩʩʠʠ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʤʘʪʨʠʮʝ Y, ʢ ʜʘʥʥʳʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʤʘʪʨʠʮʝ X, 

ʧʨʠʚʝʜʝʥʳ ʚ ʣʠʩʪʠʥʛʝ ʧʨʠʣʦʞʝʥʠʡ ɹ1 ʠ ɹ2. ɺ ɻ ʪʠʭ ʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʠ ʧʨʠ ʜʠʩʧʝʨʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʩʠʣʫ ʥʝʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ-ʧʨʝʜʠʢʪʦʨʘʤʠ ʠ ʧʝʨʝʤʝʥʥʦʡ ʦʪʢʣʠʢʘ ὣ, ʧʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʩʦʩʪʘʚʠʣ R2 = 90,1%, ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ ï R2 = 

95,0%, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʜʝʢʚʘʪʥʦʝ ʦʪʨʘʞʝʥʠʝ ʫʨʘʚʥʝʥʠʷʤʠ ʨʝʛʨʝʩʩʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʦʩʪʘʚʣʝʥʥʳʭ ʫʨʘʚʥʝʥʠʷʭ 

ʨʝʛʨʝʩʩʠʠ (4.1; 4.2) ʧʦʩʪʨʦʝʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʚ ʘʢʩʦʥʦʤʝʪʨʠʠ ʥʘ ʨʘʟʥʳʭ 

ʛʨʘʬʠʯʝʩʢʠʭ ʧʦʣʷʭ (ʨʠʩʫʥʦʢ 4.1, 4.2, 4.3). ʅʘ ʛʨʘʬʠʢʘʭ ʚ ʪʨʸʭʤʝʨʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ, 

ʦʧʠʩʳʚʘʝʤʳʭ ʫʨʘʚʥʝʥʠʷʤʠ (4.1; 4.2), ʧʦ ʦʩʠ πὢ ʦʙʦʟʥʘʯʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʜʘʯʠ 

ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ, ʧʦ ʦʩʠ πὣ ï ʟʥʘʯʝʥʠʝ ʧʦʜʘʯʠ 

ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʘʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ, ʘ ʧʦ ʦʩʠ πὤ ï ʵʥʝʨʛʦʸʤʢʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ,˪ ʢɺʪĀʪ/(ʯĀɚ). 

ʋʚʠʜʝʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʷ ʚʩʝʭ ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʘʨʘʤʝʪʨ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʧʦʵʪʦʤʫ ʦʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʦʪʦʨʘ 

.ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ ‫  

 



125 

 

 

ʈʠʩʫʥʦʢ 4.1 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ὢ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ὢ ρ, ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ὣ 

 

ʈʠʩʫʥʦʢ 4.2 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ 

ὢ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ὢ π, ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ὣ 
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ʈʠʩʫʥʦʢ 4.3 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ 

ὢ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ὢ ρ, ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ὣ 

 

ɸʥʘʣʠʟʠʨʫʷ ʢʨʠʪʝʨʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ɹ1 ʠ 

ɹ2, ʘ ʪʘʢʞʝ ʛʨʘʬʠʢʠ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠʩʫʥʦʢ 4.1, 4.2, 4.3), 

ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʨʘʚʥʝʥʠʷʤʠ (4.1; 4.2) ʘʜʝʢʚʘʪʥʦ ʠ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʘʥʳ 

ʠʩʩʣʝʜʫʝʤʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʠ 

ʷʯʤʝʥʷ ʚ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ .‫ 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʩʧʨʦʝʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʚ 

ʘʢʩʦʥʦʤʝʪʨʠʠ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʢʦʦʨʜʠʥʘʪʥʫʶ ʧʣʦʩʢʦʩʪʴ (ʨʠʩʫʥʦʢ 4.1, 4.2, 4.3), ʥʘ 

ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʦʪ ʩʦʯʝʪʘʥʠʡ 

ʜʚʫʭ ʠʟ ʪʨʝʭ ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ  ʠ ʧʨʘʚʦʝ 

ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʝ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ὢ ρȠπȠρ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: ʧʨʠ 
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ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠ ̫ʨʦʪʦʨʘ ὢ

ρ ʛʨʘʥʠʮʳ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʚʘʨʴʠʨʫʶʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 6 ʜʦ 9,8 ʢɺʪĀʪ/ʯĀɚ, ʷʯʤʝʥʷ ï ʦʪ 7,4 ʜʦ 13,8ʢɺʪĀʪ/ʯĀɚ. 

ʇʦʩʣʝ ʧʦʚʳʰʝʥʠʷ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʦʚ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ 

ʬʘʢʪʦʨʘ ὢ π, ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠ ʩʥʠʞʝʥʠʝ 

ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 4,8 ʜʦ 8.8 ʢɺʪĀʪ/ʯĀɚ. ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʛʨʘʥʠʮ 

ʜʠʘʧʘʟʦʥʘ ʦʪ 5,5 ʜʦ 16,7 ʢɺʪĀʪ/ʯĀɚ. ʇʨʠ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʘ 

(ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʷ) ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ ʜʦ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ὢ ρ 

ʛʨʘʥʠʮʳ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 5,5 ʜʦ 10,2 ʢɺʪĀʪ/ʯĀɚ, ʷʯʤʝʥʷ ï ʦʪ 7,4 ʜʦ 26,7 ʢɺʪĀʪ/ʯĀɚ. ʇʨʠ ʧʘʨʥʦʤ ʩʦʯʝʪʘʥʠʠ 

ʠʟʤʝʥʷʝʤʳʭ ʚʝʣʠʯʠʥ ὢ  ʠ ὢ ʠ ʧʦʩʪʝʧʝʥʥʦʤ ʚʳʨʘʚʥʠʚʘʥʠʠ ʧʦʜʘʯʝ ʤʘʪʝʨʠʘʣʘ ʚ 

ʢʘʤʝʨʫ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ.           

ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʠʢʘʭ ʚ ʪʨʸʭʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ ʚʠʜʥʳ ʦʙʣʘʩʪʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʩʦʯʝʪʘʥʠʷ ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ὢ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ὢ

π. ʇʦʩʣʝ ʧʦʚʳʰʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ὢ π, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʢʨʫʞʥʳʭ ʩʢʦʨʦʩʪʝʡ ʤʦʣʦʪʢʦʚ 45é55 ʤ/ʩ, ʟʝʨʥʦʚʦʡ ʤʘʪʝʨʠʘʣ ʠʟʤʝʣʴʯʘʝʪʩʷ ʩ 

ʤʝʥʴʰʠʤʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ, ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʠʛʥʫʪʦʡ ʩʢʦʨʦʩʪʠ ʫʜʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ὢ ρ ʛʨʘʥʠʮʳ 

ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʦʩʥʦʚʥʦʤ 

ʬʘʢʪʦʨʝ ὢ π, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʦʢʨʫʞʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʤʦʣʦʪʢʦʚ ʠʟʤʝʣʴʯʘʝʤʳʡ ʧʨʦʜʫʢʪ ʥʝ ʨʘʟʨʫʰʘʝʪʩʷ, ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʢʘʤʝʨʝ ʠʟʤʝʣʴʯʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʚʝʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʢʘʤʝʨʝ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ. 
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ʇʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʧʦʜʘʯʝ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ὢ  ʠʣʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ 

ʚʠʜʥʳ ʦʙʣʘʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʨʥʦʡ ʧʦʜʘʯʝʡ. 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʫʨʘʚʥʝʥʠʡ (4.1, 4.2), ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚ 

ʧʨʝʜʝʣʘʭ ʜʠʘʧʘʟʦʥʘ ʦʪ 45 ʜʦ 55 ʤ/ʩ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʦʢʨʫʞʥʳʭ ʩʢʦʨʦʩʪʝʡ ʤʦʣʦʪʢʦʚ ʩʚʳʰʝ 55 ʤ/ʩ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʚʥʦʚʴ 

ʧʦʚʳʰʘʝʪʩʷ ʚʚʠʜʫ ʫʚʝʣʠʯʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʨʦʪʦʨʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʧʪʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʤʦʣʦʪʢʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 45é55 

ʤ/ʩ. 

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʘ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʶ çMinimize (Y, X)è 

ʧʘʢʝʪʘ MathCAD, ʧʦʣʫʯʝʥʦ ʨʘʮʠʦʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʣʠʩʪʠʥʛʝ  ʧʨʠʣʦʞʝʥʠʡ ɹ1 ʠ ɹ2, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʚʝʣʠʯʠʥʳ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʟʥʘʯʝʥʠʷʭ ʬʘʢʪʦʨʦʚ ὢ  ρȠὢ πȢσσρȠὢ πȢπρσ, ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ 

ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ὢ ρȠὢ πȢυυτȠὢ

πȢρυυ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʳ ʚ ʥʘʪʫʨʘʣʴʥʳʭ 

ʚʳʨʘʞʝʥʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʣʝʜʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ: ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ  ʨʦʪʦʨʘ 

‫ τυσȟφ ʨʘʜ/c, ʧʨʠ ʧʘʨʥʦʡ ʧʦʜʘʯʝ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ: ʚ 

ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ï ή πȟπψ 
̋̄

̒
, ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ï ή πȟπυ 

̋̄

̒
. 

ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 20,9 % ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʧʧʦʟʠʪʥʦʡ    ʧʦʜʘʯʠ.   

ʇʦʣʫʯʝʥʥʦʝ ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ. 

ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʦʣʞʝʥ ʧʦʷʚʠʪʴʩʷ ʧʦʩʣʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩ 
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ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʨʘʥʝʝ.   ʇʦ-ʠʥʦʤʫ ʧʨʦʚʝʜʝʥʥʘʷ ʟʜʝʩʴ ʠ ʚ 

ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʦʧʪʠʤʠʟʘʮʠʷ ʠʤʝʝʪ ʣʠʰʴ ʧʦʟʥʘʚʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʞʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʦʧʪʠʤʠʟʘʮʠʷ, ʠʟʣʦʞʝʥʥʘʷ ʚ ʧʦʜʨʘʟʜʝʣʝ 4.7.  

ʈʘʮʠʦʥʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʷʯʤʝʥʷ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʳ ʚ ʥʘʪʫʨʘʣʴʥʳʭ ʚʳʨʘʞʝʥʠʷʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʣʝʜʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ: ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʦʪʦʨʘ ʜʦʣʞʥʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ‫ τφχȟω ʨʘʜ/c, ʧʨʠ ʧʘʨʥʦʡ ʧʦʜʘʯʝ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ: ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ï ή πȟπψ 
̋̄

̒
,  ʚ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ï ή πȟπφ 

̋̄

̒
.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʠ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʤʝʨʫ 

ʠʟʤʝʣʴʯʝʥʠʷ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʩʥʠʞʘʝʪʩʷ, ʧʨʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʦʚ ʙʦʣʝʝ  

55 ʤ/ʩ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʧʦʩʪʝʧʝʥʥʦ ʩʜʚʠʛʘʶʪʩʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ. 

ɸʥʘʣʠʟ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʧʦ ʢʨʠʪʝʨʠʶ 

ʤʠʥʠʤʫʤʘ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʨʘʟʤʦʣʘ ʥʝʦʙʭʦʜʠʤʳ ʩʥʠʞʝʥʠʝ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʜʦ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ ὢ ρ (ʣʠʥʝʡʥʦʡ 

ʩʢʦʨʦʩʪʠ 35 ʤ/ʩ) ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʚʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʚ ʣʝʚʦʝ ὢ  ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ.  

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʥʜʝʥʮʠʡ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʤʘʪʝʨʠʘʣʘ ʠ ʟʥʘʯʝʥʠʡ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ 

ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ, ʟʘʜʘʥʥʳʭ ʫʨʘʚʥʝʥʠʷʤʠ ʨʝʛʨʝʩʩʠʠ (4.1, 

4.2), ʧʨʦʛʨʘʤʤʦʡ çPTC Mathcad 15.0è ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʘ 

ʧʣʦʩʢʦʩʪʷʭ ʦʩʝʡ πὢ ʠ πὣ ʩʧʨʦʝʮʠʨʦʚʘʥʳ ʜʚʫʭʤʝʨʥʳʝ ʛʨʘʬʠʢʠ ʢʘʞʜʦʛʦ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ ʬʘʢʪʦʨʘ ὢ ʠ ὢ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʬʘʢʪʦʨʘ ὢ ʠ ʟʥʘʯʝʥʠʡ ʚʪʦʨʦʛʦ 

ʘʨʛʫʤʝʥʪʘ ὢ ʠʣʠ ὢ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ (ʨʠʩ. 4.4, 4.5).  
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ʈʠʩʫʥʦʢ 4.4 ï ɿʥʘʯʝʥʠʝ ʵʥʝʨʛʦʸʤʢʦʩʪʠ 
ʧʨʦʮʝʩʩʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʘʯʠ 

ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ 

ʛʦʨʣʦʚʠʥʫ ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʨʘʚʦʡ ὢ π ʠ 
ὢ π 

ʈʠʩʫʥʦʢ 4.5 ï ɿʥʘʯʝʥʠʝ ʵʥʝʨʛʦʸʤʢʦʩʪʠ 
ʧʨʦʮʝʩʩʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʘʯʠ 

ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʘʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ 

ʛʦʨʣʦʚʠʥʫ ʧʨʠ ʟʥʘʯʝʥʠʠ ʣʝʚʦʡ  ὢ π ʠ 
ὢ π 

 

ʇʨʠ ʫʩʣʦʚʠʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʬʘʢʪʦʨʦʚ ὢ ʠ ὢ ʥʘ ʥʫʣʝʚʦʤ ʫʨʦʚʥʝ, ʛʨʘʥʠʮʳ 

ʜʠʘʧʘʟʦʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 4,9-

6,15 ʢɺʪĀʪ/ʯĀɚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ, ʜʠʘʧʘʟʦʥ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʨʘʩʰʠʨʝʥʥʳʝ ʛʨʘʥʠʮʳ ʦʪ 5,9 ʜʦ 9,6 ʢɺʪĀʪ/ʯĀɚ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʧʦʜʘʯʠ ʣʶʙʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ ʛʦʨʣʦʚʠʥʫ ὢ (ʩʤ. ʨʠʩʫʥʦʢ 

4.4) ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ. 

ʇʦʜʦʙʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʜʘʯʠ ʚ ʧʨʘʚʫʶ 

ʛʦʨʣʦʚʠʥʫ (ʧʨʠ ʩʨʝʜʥʝʡ ʧʦʜʘʯʝ ʚ ʣʝʚʫʶ ʛʦʨʣʦʚʠʥʫ) (ʩʤ. ʨʠʩʫʥʦʢ 4.5). ʕʪʠ 

ʛʨʘʬʠʢʠ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʧʦʜʘʯʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʦʣʴʢʦ ʚ ʦʜʥʫ 

ʛʦʨʣʦʚʠʥʫ (ʣʝʚʫʶ ʧʨʠ ὢ ρ, ʠʣʠ ʧʨʘʚʫʶ ʧʨʠ ὢ ρ) ʠʤʝʝʪ ʤʝʩʪʦ 

ʧʦʚʳʰʝʥʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ. ʅʝʢʦʪʦʨʦʝ ʨʘʟʣʠʯʠʝ ʛʨʘʬʠʢʦʚ 

ʥʘ ʨʠʩʫʥʢʘʭ 4.4 ʠ 4.5 ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʥʦʡ ʤʝʭʘʥʠʢʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʘʣʘ, 

ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʛʦʨʣʦʚʠʥ, ʩ ʤʦʣʦʪʢʘʤʠ, ʜʚʠʞʫʱʠʤʠʩʷ ʧʦ ʚʦʩʭʦʜʷʱʝʡ ʠ 

ʥʠʩʭʦʜʷʱʝʡ ʪʨʘʝʢʪʦʨʠʷʤ.  

ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʦʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʝ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʧʨʠ ʧʨʠʥʷʪʦʤ 

ʠʥʪʝʨʚʘʣʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ, ʧʦʟʚʦʣʠʣ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʬʘʢʪʦʨʦʚ ʚʳʷʚʠʪʴ ʜʚʘ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʚʘʨʴʠʨʫʝʤʳʭ ʠ ʥʝʟʘʚʠʩʠʤʳʭ ʬʘʢʪʦʨʘ 
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ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʟʝʨʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʟʘʛʨʫʟʦʯʥʳʝ 

ʛʦʨʣʦʚʠʥʳ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

 

4.2. ɺʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʤʦʜʫʣʴ ʨʘʟʤʦʣʘ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʝ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ  

 

 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ὣ ʙʳʣ ʚʳʙʨʘʥ ʤʦʜʫʣʴ ʨʘʟʤʦʣʘ, ʢʘʢ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ (ʤʦʜʫʣʴ). ʀʩʭʦʜʷ ʠʟ ʨʘʙʦʪʳ [137] 

ʠʟʤʝʣʴʯʠʪʝʣʠ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʘʢʦʡ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʜʝʨʪʠ (ʤʦʜʫʣʴ ʨʘʟʤʦʣʘ), ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʷʤ 

ʢʘʞʜʦʛʦ ʚʠʜʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ.  

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʦʙʨʘʟʮʝ ʜʨʦʙʠʣʢʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʧʨʠ 

ʧʦʤʦʱʠ ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʥʘ ʥʘʙʦʨʘʭ ʩʠʪ ʩ ʢʨʫʛʣʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʜʠʘʤʝʪʨʦʤ: 

1,0; 2,0; 3,0; 4,0; 5,0 ʤʤ, ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʤʦʜʫʣʴ ʨʘʟʤʦʣʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ,̇ ʠ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʣʴʯʝʥʠʷ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʤ ʨʘʟʤʝʨʝ 

ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʩʳʨʴʷ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ ʢʦʨʤʣʝʥʠ ̫ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭ [22, 26, 27, 28, 29, 30, 32, 37, 41, 43, 44, 45, 50, 51, 52, 54, 76, 88, 132, 

144, 146].  

ʆʩʪʘʪʦʢ ʥʘ ʩʠʪʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʠʘʤʝʪʨʘʤʠ ʦʪʚʝʨʩʪʠʡ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ɻʆʉʊʦʤ [22, 26, 27, 29, 30, 32, 41, 43-45, 50, 52, 54]. ʇʨʠ 

ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çPTC Mathcad 15.0è ʦʙʨʘʙʦʪʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʜʸʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʤ ʨʘʟʤʝʨʝ ʯʘʩʪʠʮ ʧʦʣʫʯʝʥʥʦʡ 

ʜʝʨʪʠ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ ʧʦ ʚʝʣʠʯʠʥʝ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ,̇ ʠ ʚʳʯʠʩʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʥʦʛʦʤʝʨʥʦʡ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʨʘʩʯʝʪʥʦʡ ʙʣʘʥʢ-
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ʤʘʪʨʠʮʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʣʠʩʪʠʥʛʝ ʧʨʠʣʦʞʝʥʠʡ ɹ3 ʠ ɹ4. 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ, ʠʩʭʦʜʷ ʠʟ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ ʚ ʢʦʜʠʨʦʚʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ: 

 

ὣ ὢȟὢȟὢ ρȢρσρπȢπσψϽὢ πȢρπφϽὢ πȢςσσϽὢ πȢπσϽὢϽὢ

πȢπρςϽὢϽὢ πȢπρσϽὢϽὢ πȢπρφϽὢ πȢπςτϽὢ πȢπτφϽὢ .               (4.3)  

 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʚ ʢʦʜʠʨʦʚʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʧʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ὣ ὢȟὢȟὢ ρȢςψωπȢπσσϽὢ πȢπψψϽὢ πȢςττϽὢ πȢπρχϽὢϽ

ὢ πȢπςρϽὢϽὢ πȢπσϽὢϽὢ πȢπρυϽὢ πȢππςϽὢ πȢπωφϽὢ .        (4.4)    

ʈʝʟʫʣʴʪʘʪʳ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʜʝʣʠ ʫʨʘʚʥʝʥʠʷ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ 

ʨʝʛʨʝʩʩʠʠ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʤʘʪʨʠʮʝ Y, ʢ ʜʘʥʥʳʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʤʘʪʨʠʮʝ X, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʣʠʩʪʠʥʛʝ ʧʨʠʣʦʞʝʥʠʡ ɹ3 ʠ ɹ4, ʚ ʩʪʨʦʢʝ 2 ʦʪʦʙʨʘʞʝʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘʮʠʠ, ʧʨʠ ʜʠʩʧʝʨʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ R2 = 98,9%, ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ ï R2 = 

99,3%, ʵʪʦ ʧʦʢʘʟʳʚʘʝʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʧʝʨʝʤʝʥʥʳʤʠ-ʧʨʝʜʠʢʪʦʨʘʤʠ ʠ ʧʝʨʝʤʝʥʥʦʡ ʦʪʢʣʠʢʘ ὣ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ ʠʟ ʩʦʩʪʘʚʣʝʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ (4.3; 4.4)  ʧʨʦʛʨʘʤʤʦʡ çPTC Mathcad 15.0è ʩʧʨʦʝʮʠʨʦʚʘʥʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʚ ʘʢʩʦʥʦʤʝʪʨʠʠ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʢʦʦʨʜʠʥʘʪʥʫʶ ʧʣʦʩʢʦʩʪʴ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 4.6 4.7, 4.8, ʥʘ ʢʦʪʦʨʳʭ ʦʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ ὢ 

ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ, ʪʘʢ ʢʘʢ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʦʯʝʪʘʥʠʝ ʚʩʝʭ 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʝ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʛʨʘʥʠʯʠʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʜʣʷ ʘʥʘʣʠʟʘ. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʦʪ ʩʦʯʝʪʘʥʠʡ ʜʚʫʭ ʠʟ ʪʨʝʭ ʬʘʢʪʦʨʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʝʢʮʠʡ ʥʘ ʢʦʦʨʜʠʥʘʪʥʫʶ 
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ʧʣʦʩʢʦʩʪʴ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ  

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ὢ ρ, ʛʨʘʥʠʮʳ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

1,27 ʜʦ 1,59 ʤʤ, ʷʯʤʝʥʷ ï ʦʪ 1,45 ʜʦ 1,8 ʤʤ.   

 

ʈʠʩʫʥʦʢ 4.6 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ὢ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ὢ ρ, ʥʘ ʚʝʣʠʯʠʥʫ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ὣ 

 

ʈʠʩʫʥʦʢ 4.7 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ὢ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ὢ π, ʥʘ ʚʝʣʠʯʠʥʫ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ὣ 



134 

 

 

ʈʠʩʫʥʦʢ 4.8 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ὢ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ὢ ρ, ʥʘ ʚʝʣʠʯʠʥʫ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ὣ 

 

ʇʦʩʣʝ ʧʦʚʳʰʝʥʠʷ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʦʚ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ 

ʬʘʢʪʦʨʘ ὢ π, ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 

ʧʦʣʫʯʝʥʥʦʡ ʜʝʨʪʠ ʠ ʩʥʠʞʝʥʠʝ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʧʰʝʥʠʮʳ ʚʘʨʴʠʨʫʶʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 1,3 ʤʤ, ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ ï ʦʪ 

1,16 ʜʦ 1,41 ʤʤ. ʇʨʠ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʘ ʫʚʝʣʠʯʝʥʠ ̫ʟʥʘʯʝʥʠʷ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ ʜʦ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ὢ ρ, ʛʨʘʥʠʮʳ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ 

ʧʰʝʥʠʮʳ ʚʘʨʴʠʨʫʶʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,8 ʜʦ 1,1 ʤʤ, ʷʯʤʝʥʷ ï ʦʪ 1,06 ʜʦ 1,22 ʤʤ. 

ʇʨʠ ʧʘʨʥʦʤ ʩʦʯʝʪʘʥʠʠ ʠʟʤʝʥʷʝʤʳʭ ʚʝʣʠʯʠʥ ὢ ʠ ὢ ʠ ʧʦʩʪʝʧʝʥʥʦʤ ʚʳʨʘʚʥʠʚʘʥʠʠ 

ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʤʝʨʫ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ 

ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʦʪ ʤʝʣʢʦʛʦ ʢ ʙʦʣʝʝ ʢʨʫʧʥʦʤʫ 

ʨʘʟʤʦʣʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʷ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʤʦʜʫʣʴ ʨʘʟʤʦʣʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ.  

ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʠ ʧʘʨʥʦʤ ʩʦʯʝʪʘʥʠʠ ʬʘʢʪʦʨʦʚ ὢ ʠ ὢ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʜʝʨʪʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʦʥʢʦʩʪʠ ʨʘʟʤʦʣʘ 
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ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊʦʤ 8770-58 ʠʟ ʤʝʣʢʦʛʦ ʚ ʩʨʝʜʥʠʡ ʨʘʟʤʦʣ ʠ ʧʨʠ ʧʘʨʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʛʨʫʟʦʯʥʳʝ ʛʦʨʣʦʚʠʥʳ, ʚ ʨʘʟʤʦʣʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʜʠʘʤʝʪʨʘ ʯʘʩʪʠʮ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʨʘʟʤʝʨʦʚ.           

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ, ʠʩʧʦʣʴʟʫʷ  

ʩʨʝʜʫ MathCAD ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ 

ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʠ ʤʘʢʩʠʤʫʤ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ. ʇʦʣʫʯʝʥʳ 

ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʣʠʩʪʠʥʛʝ ʧʨʠʣʦʞʝʥʠʡ ɹ3 ʠ ɹ4, 

ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʙʦʣʝʝ ʪʦʥʢʦʛʦ ʨʘʟʤʦʣʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ ʠ ʩʥʠʞʝʥʠʝ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʛʨʫʟʦʯʥʳʝ ʛʦʨʣʦʚʠʥʳ ʢʘʢ ʚ ʧʘʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʪʘʢ ʠ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ.  ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʠ ʛʨʫʙʦʛʦ 

ʨʘʟʤʦʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʘʨʥʦʝ ʩʦʯʝʪʘʥʠʝ ʬʘʢʪʦʨʦʚ  ὢ ʠ ὢ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ὢ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʧʦʩʣʝ ʨʘʟʤʦʣʘ ʟʝʨʝʥ ʩ ʧʦʤʦʱʴʶ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʩ 

ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ, ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʨʤʣʝʥʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʠ ʚʠʜʦʚ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ ʥʦʨʤʘʤ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʢʦʤʙʠʢʦʨʤʘʤ  [22, 26, 

27, 28, 29, 30, 32, 37, 41, 43, 44, 45, 50, 51, 52, 54]. 

 

 

4.3. ɺʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ 

ʨʘʟʤʦʣʘ ʚ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʝ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ  

 

 

ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʙʳʣ ʧʨʠʥʷʪ ʚ 

ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ὣ, ʦʪʨʘʞʘʶʱʝʛʦ ʩʪʝʧʝʥʴ ʠʟʤʝʥʯʠʚʦʩʪʠ 

(ʨʘʟʙʨʦʩʘʥʥʦʩʪʠ) ʟʥʘʯʝʥʠʡ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ. 
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ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠ ʦʮʝʥʢʠ ʚʘʨʠʘʮʠʠ (ʤʝʨʳ ʨʘʟʙʨʦʩʘʥʥʦʩʪʠ) ʟʥʘʯʝʥʠʡ ʠ ʚ ʮʝʣʷʭ 

ʫʩʪʘʥʦʚʣʝʥʠʷ, ʥʘʩʢʦʣʴʢʦ ʚʝʣʠʢʘ ʩʪʝʧʝʥʴ ʨʘʩʩʝʠʚʘʥʠʷ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠ.̫ 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ 

ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ñPTC Mathcad 15.0ò ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʦʣʠʥʦʤʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʧʰʝʥʠʯʥʳʭ ʠ ʷʯʤʝʥʥʳʭ ʟʝʨʝʥ. ʕʪʠ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʩʯʝʪʥʦʡ ʙʣʘʥʢʦʚʦʡ 

ʤʘʪʨʠʮʝ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ɹ5 ʠ ɹ6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʷ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ, 

ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʧʨʠʣʦʞʝʥʠʷʭ  ɹ5 ʠ  ɹ6, ʠʤʝʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʧʨʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʩʠʣʫ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ-ʧʨʝʜʠʢʪʦʨʘʤʠ ʠ ʧʝʨʝʤʝʥʥʦʡ ʦʪʢʣʠʢʘ ὣ, ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʧʰʝʥʠʮʳ R2 = 98,8%, ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ ï R2 = 99,3%. 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ  ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʧʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʤʝʝʪ ʚʠʜ ʚ ʢʦʜʠʨʦʚʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ: 

ὣ ὢȟὢȟὢ ςȢψφφπȢρρςϽὢ πȢςφψϽὢ πȢυυφϽὢ πȢρπφϽὢϽὢ

πȢπυφϽὢϽὢ πȢπωϽὢϽὢ πȢπτχϽὢ πȢπρπϽὢ πȢππυϽὢ .                 (4.5)  

 

ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʚ ʢʦʜʠʨʦʚʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʠʤʝʝʪ ʚʠʜ: 

ὣ ὢȟὢȟὢ ρȢφσςπȢπςςϽὢ πȢπψφϽὢ πȢςχςϽὢ πȢππτϽὢϽὢ

πȢπρυϽὢϽὢ πȢππτϽὢϽὢ πȢπσφϽὢ πȢππφϽὢ πȢπυρϽὢ .               (4.6)    

 

ʅʘ ʨʠʩʫʥʢʘʭ 4.9, 4.10 ʠ 4.11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʚ 

ʘʢʩʦʥʦʤʝʪʨʠʠ ʩʦʩʪʘʚʣʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ (4.5, 4.6), ʥʘ ʢʦʪʦʨʳʭ ʬʘʢʪʦʨ ὢ 

ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ.  
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ʈʠʩʫʥʦʢ 4.9 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ὣ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʯʝʪʘʥʠʡ ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ 

ʦʪʚʝʨʩʪʠʝ ὢ  ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ 

ὢ ρ 

 

 

ʈʠʩʫʥʦʢ 4.10 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ὣ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʯʝʪʘʥʠʡ ʠʟ ʪʨʝʭ ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ 

ʦʪʚʝʨʩʪʠʝ ὢ  ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ 

ὢ π. 
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ʈʠʩʫʥʦʢ 4.11 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ 

ʨʘʟʤʦʣʘ ὣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʯʝʪʘʥʠʡ ʠʟ ʪʨʝʭ ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ  ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ 

ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ὢ ρ 

 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʩʧʨʦʝʮʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʦʡ çPTC Mathcad 15.0è 

ʢʘʞʜʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʢʦʦʨʜʠʥʘʪʥʫʶ ʧʣʦʩʢʦʩʪʴ (ʨʠʩʫʥʦʢ 

4.9, 4.10, 4.11), ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʚ ʘʢʩʦʥʦʤʝʪʨʠʠ, ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ ʢʦʪʦʨʦʤ ʧʨʠʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʦʪ ʩʦʯʝʪʘʥʠʡ ʜʚʫʭ ʠʟ ʪʨʝʭ ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ  ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʝ 

ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ὢ ρȠπȠρ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: ʧʨʠ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ὢ ρ, ʛʨʘʥʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ 

ʨʘʟʤʦʣʘ ʧʰʝʥʠʮʳ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 20,15 ʜʦ 26,25 %, ʷʯʤʝʥʷ ï ʦʪ 11,3 

ʜʦ 14 %.  

ʇʦʩʣʝ ʧʦʚʳʰʝʥʠʷ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʦʚ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ 

ʬʘʢʪʦʨʘ ὢ π, ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ 

ʠ ʩʥʠʞʝʥʠʝ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʚʘʨʴʠʨʫʶʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 25,35 ʜʦ 33,25 %, ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ  ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ 
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ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ ʦʪ 14,75 ʜʦ 17,15 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʞʥʠʤ ʫʨʦʚʥʝʤ. ʇʨʠ 

ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʘ (ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʷ) ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʨʦʪʦʨʘ ʜʦ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ὢ ρ ʛʨʘʥʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ 

ʨʘʟʤʦʣʘ ʧʰʝʥʠʮʳ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ï ʦʪ 29,45 ʜʦ 40,25 %, ʷʯʤʝʥʷ ï ʦʪ 

17,15 ʜʦ 19,3 %. ʇʨʠ ʧʘʨʥʦʤ ʩʦʯʝʪʘʥʠʠ ʠʟʤʝʥʷʝʤʳʭ ʚʝʣʠʯʠʥ  ὢ ʠ ὢ, ʠ 

ʧʦʩʪʝʧʝʥʥʦʤ ʚʳʨʘʚʥʠʚʘʥʠʠ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʤʝʨʫ ʠʟʤʝʣʴʯʝʥʠ ̫ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʨʘʩʩʝʠʚʘʥʠʷ ʜʘʥʥʳʭ ʚʝʣʠʯʠʥ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ 

ʨʘʟʤʦʣʘ.           

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʷ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʩʥʠʞʘʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ.  

ʇʘʨʥʘʷ ʧʦʜʘʯʘ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʤʝʨʫ ʠʟʤʝʣʴʯʝʥʠʷ  ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʩʝʠʚʘʥʠʷ 

ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʠ ʫʚʝʣʠʯʝʥʠʠ ʦʜʥʦʨʦʜʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ. 

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ, ʨʘʩʯʝʪʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʣʠʩʪʠʥʛʝ  ʧʨʠʣʦʞʝʥʠʷ ɹ 5, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʪʝʧʝʥʠ ʨʘʩʩʝʠʚʘʥʠʷ 

ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʜʦʣʞʥʳ ʩʦʩʪʘʚʣʷʪʴ ὢ ρȟ  ὢ ρȟ  ὢ

ρ, ʪʦ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʝʥʠʝ ʫʩʣʦʚʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʧʨʠ ʟʘʢʨʳʪʦʡ ʣʝʚʦʡ ʟʘʩʣʦʥʢʠ ʠ ʦʪʢʨʳʪʦʡ ʟʘʩʣʦʥʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʩ 

ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʩʪʝʧʝʥʠ ʨʘʩʩʝʠʚʘʥʠʷ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ 

(ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ) ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ, ʨʘʮʠʦʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ 

ʨʘʩʢʦʜʠʨʦʚʘʥʥʦʤ ʚʠʜʝ  ʥʘʪʫʨʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʬʘʢʪʦʨʦʚ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ: ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʦʪʦʨʘ ‫ συρȟψ ʨʘʜ/c, ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ή πȟππ 
̋̄

̒
, ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ 

ï ή πȟπψ 
̋̄

̒
 . ʕʪʠ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʤʠʥʠʤʫʤʦʤ ʧʦ ʢʨʠʪʝʨʠʶ ʤʦʜʫʣʶ ʨʘʟʤʦʣʘ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʦʧʪʠʤʠʟʘʮʠʶ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʢʦʪʦʨʘʷ 

ʠʟʣʦʞʝʥʘ ʥʠʞʝ.  
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ɼʣʷ ʷʯʤʝʥʷ ʨʘʩʯʝʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʣʠʩʪʠʥʛʝ ʧʨʠʣʦʞʝʥʠʷ ɹ 6. 

ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʠʤʝʝʪ ʠʥʫʶ ʩʪʨʫʢʪʫʨʫ ʟʥʘʯʝʥʠʡ: ὢ

ρȟ   ὢ ρȟ  ὢ ρ. ʋʢʘʟʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ ʦʪʨʘʞʘʶʪ, ʯʪʦ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʪʝʧʝʥʠ ʨʘʩʩʝʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʞʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʜʦ 

ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʳʭ ʰʠʙʝʨʥʳʭ ʟʘʩʣʦʥʦʢ. 

ɺ ʨʘʩʢʦʜʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʥʘʪʫʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʪʝʧʝʥʠ ʨʘʩʩʝʠʚʘʥʠʷ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ 

(ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ) ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʟʥʘʯʝʥʠʶ ‫ συρȟψ ʨʘʜ/c, ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʜʘʯʠ ʚ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ή πȟπψ 

̋̄

̒
, ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ï ή πȟπψ 

̋̄

̒
 . 

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ ʧʦ ʢʨʠʪʝʨʠʶ 

ʤʠʥʠʤʫʤʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ, ʫʢʘʟʘʥʥʳʝ ʜʘʥʥʳʝ ʦʪʨʘʞʘʶʪ, 

ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʩʩʝʠʚʘʥʠʝʤ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʞʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ ʠ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ  ʧʦʜʘʯʫ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʛʨʫʟʦʯʥʳʝ ʛʦʨʣʦʚʠʥʳ ʢʘʢ ʚ ʧʘʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʪʘʢ ʠ 

ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʧʦʜʘʯʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ 

ʦʜʥʦʨʦʜʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠ ʚʳʨʘʚʥʝʥʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.   

ʀʟ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʡ ʩʣʝʜʫʝʪ, ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ὢ π ʩʪʝʧʝʥʴ ʨʘʩʩʝʠʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ 

ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ ʠ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ. 

ʇʦʩʣʝ ʧʦʚʳʰʝʥʠʷ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʦʚ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ 

ὢ π, ʩʪʝʧʝʥʴ ʨʘʩʩʝʠʚʘʥʠʷ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ 33% ʠ ʩʦʚʦʢʫʧʥʦʩʪʴ, 

ʧʨʝʪʝʨʧʝʚʘʷ ʜʘʥʥʳʡ ʙʘʨʴʝʨ, ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʥʝʦʜʥʦʨʦʜʥʦʡ. ʇʦʣʫʯʝʥʠʝ 

ʦʜʥʦʨʦʜʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ 

ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʚʦʟʤʦʞʥ rʧʨʠ ʧʘʨʥʦʡ ʧʦʜʘʯʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʟʘʛʨʫʟʦʯʥʳʝ ʛʦʨʣʦʚʠʥʳ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʦʪʢʨʳʪʳʭ ʰʠʙʝʨʥʳʭ ʟʘʩʣʦʥʢʘʭ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʨʘʩʩʝʠʚʘʥʠʷ. 
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ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ 

ʠʤʝʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʩʪʝʧʝʥʴ ʨʘʩʩʝʠʚʘʥʠʷ ʜʘʥʥʳʭ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

10% ʜʦ 20%, ʪʦ ʝʩʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ  

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʘʨʥʦʡ ʧʦʜʘʯʝ 

ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʝ ʟʘʛʨʫʟʦʯʥʳʝ ʛʦʨʣʦʚʠʥʳ, ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ  ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ὢ 

ʥʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ. 

 

 

4.4. ʆʮʝʥʢʘ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ (ʧʦ ʤʘʩʩʝ) 

ʢʦʣʠʯʝʩʪʚʫ ʮʝʣʳʭ ʟʝʨʝʥ  

 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʤʘʪʨʠʮʝ X ʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʤʘʪʨʠʮʝ Y ʧʦ ʟʥʘʯʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ (ʧʦ ʤʘʩʩʝ) 

ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ ʟʝʨʝʥ ʎ (%), ʢʘʢ ʦʩʪʘʪʢʝ ʥʘ ʨʝʰʝʪʝ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ 3-5 

ʤʤ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʟʷʪʳ ʧʰʝʥʠʮʘ ʠ ʷʯʤʝʥʴ, ʧʨʠ ʧʦʤʦʱʠ 

ʬʫʥʢʮʠʠ çpolyfitstatè ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çPTC Mathcad 15.0è ʥʘʤʠ 

ʚʳʯʠʩʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʛʨʝʩʩʠʠ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʦʣʠʥʦʤʘ, 

ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʩʯʝʪʥʦʡ ʙʣʘʥʢ-ʤʘʪʨʠʮʝ ʧʨʠʣʦʞʝʥʠʡ ɹ7 ʠ ɹ8, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʚ ʢʦʜʠʨʦʚʘʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ: 

ʘ) ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ 

ὣ ὢȟὢȟὢ πȢχςυπȢπςσϽὢ πȢσφχϽὢ πȢσψρϽὢ πȢπφσϽὢϽὢ

πȢππρϽὢϽὢ πȢρχϽὢϽὢ πȢρσρϽὢ πȢρσσϽὢ πȢρφρϽὢ .                 (4.7)  

 

ʙ) ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ 

ὣ ὢȟὢȟὢ πȢσφυπȢρπτϽὢ πȢπτφϽὢ πȢςπρϽὢ πȢρρρϽὢϽὢ

πȢπυψϽὢϽὢ πȢπυχϽὢϽὢ πȢπυυϽὢ πȢπφυϽὢ πȢππωϽὢ .              (4.8)                                       

ʈʝʟʫʣʴʪʘʪʳ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʜʝʣʠ ʫʨʘʚʥʝʥʠʷ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ 

ʨʝʛʨʝʩʩʠʠ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʨʘʩʯʝʪʥʦʡ ʙʣʘʥʢ-ʤʘʪʨʠʮʝ ʧʨʠʣʦʞʝʥʠʡ ɹ7 ʠ ɹ8, 
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ʦʪʨʘʞʘʶʪ, ʯʪʦ ʜʣʷ ʫʨʘʚʥʝʥʠʡ (4.7, 4.8) ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʧʨʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʨʘʚʝʥ R2 = 97.5% ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʠ 95.4% ʧʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʨʝʛʨʝʩʩʠʠ (4.7, 4.8) ʧʦʩʪʨʦʝʥʳ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʚ ʘʢʩʦʥʦʤʝʪʨʠʠ (ʨʠʩ. 4.12, 

4.13, 4.14), ʛʜʝ ʧʨʠʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ ʟʝʨʝʥ 

ʚ ʨʘʟʤʦʣʝ ʦʪ ʩʦʯʝʪʘʥʠʡ ʜʚʫʭ ʠʟ ʪʨʝʭ ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ  ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʥʘ ʧʦʩʪʦʷʥʥʦʤ 

ʫʨʦʚʥʝ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ὢ ρȠπȠρ. 

 

 

ʈʠʩʫʥʦʢ 4.12 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ ὢ ʠ ʧʨʘʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ 

ʛʦʨʣʦʚʠʥʫ ὢ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ὢ ρ, ʥʘ   ʧʦʢʘʟʘʪʝʣʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ (ʧʦ ʤʘʩʩʝ) ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ ὣ 
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ʈʠʩʫʥʦʢ 4.13 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ ὢ ʠ ʧʨʘʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ 

ʛʦʨʣʦʚʠʥʫ ὢ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ὢ π ὧέὲίὸ, ʥʘ   

ʧʦʢʘʟʘʪʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ (ʧʦ ʤʘʩʩʝ) ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ  ὣ 

 

 

ʈʠʩʫʥʦʢ 4.14 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ ὢ ʠ ʧʨʘʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ 

ʛʦʨʣʦʚʠʥʫ ὢ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ὢ ρ ὧέὲίὸ, ʥʘ   

ʧʦʢʘʟʘʪʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ (ʧʦ ʤʘʩʩʝ) ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ ὣ 
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ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ. 4.12, 4.13 ʠ 4.14), 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: ʠʩʭʦʜʷ ʠʟ ʧʨʦʝʢʮʠʡ ʥʘ ʢʦʦʨʜʠʥʘʪʥʫʶ 

ʧʣʦʩʢʦʩʪʴ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ  

ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ὢ ρ, ʛʨʘʥʠʮʳ ʧʦʢʘʟʘʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ (ʧʦ ʤʘʩʩʝ) 

ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ ʧʰʝʥʠʮʳ ʚʘʨʴʠʨʫʪʁʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,35 ʜʦ 

1,75 %, ʷʯʤʝʥʷ ï ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,31 ʜʦ 0,87 %.  

 ʇʦʩʣʝ ʧʦʚʳʰʝʥʠʷ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʦʚ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ 

ʬʘʢʪʦʨʘ ὢ π, ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ ʠ 

ʩʫʞʝʥʠʝ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʚʘʨʴʠʨʫʶʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 0,05 ʜʦ 1,05 %, ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ 

ʨʘʩʰʠʨʷʶʪʩʷ ʦʪ 0,22 ʜʦ 0,66 %. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ ʜʦ 

ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ὢ ρ, ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʳʭ ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʧʰʝʥʠʮʳ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 0,6%, ʷʯʤʝʥʷ ï ʦʪ 0,17 ʜʦ 0,44%, ʧʨʠ 

ʵʪʦʤ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʪʘʢʞʝ ʩʫʞʘʶʪʩʷ.  

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ ʎ (%) ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʦʜʘʯʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ 

ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ ὢ, ʘ ʪʘʢʞʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʧʘʨʥʦʡ ʧʦʜʘʯʝ ʤʘʪʝʨʠʘʣʘ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʟʥʘʯʝʥʠʝ ʮʝʣʳʭ ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʦʜʘʯʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʘʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ 

ὢ. ʇʨʠ ʧʘʨʥʦʡ ʧʦʜʘʯʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʟʘʛʨʫʟʦʯʥʳʝ ʛʦʨʣʦʚʠʥʳ ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʳʭ 

ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʧʦʜʘʯʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʧʨʘʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ ὢ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ὢ ʛʨʘʥʠʮʳ 

ʜʠʘʧʘʟʦʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʣʳʭ ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ ʧʦʩʪʝʧʝʥʥʦ 

ʩʜʚʠʛʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʩʥʠʞʝʥʠʷ ʚ 1,5 ʨʘʟʘ, ʢ ʥʠʞʥʝʤʫ ʟʥʘʯʝʥʠʶ ʰʢʘʣʳ ʜʦ 

ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʷʯʤʝʥʷ ʤʠʥʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ 

ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʦʜʘʯʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ 

ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ ὢ, ʤʘʢʩʠʤʘʣʴʥʘ ̫ï ʧʨʠ ʧʦʜʘʯʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʧʨʘʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ ὢ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ 

ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʝʝ ʧʦʣʦʛʫʶ ʩʪʨʫʢʪʫʨʫ, ʠ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ 
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ʢ ʥʠʞʥʝʤʫ ʟʥʘʯʝʥʠʶ ʰʢʘʣʳ. ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ὢ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʝʣʠʯʠʥʳ ʠ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ ʮʝʣʳʭ 

ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ ʚ 1,2 ʨʘʟʘ. 

ʇʨʠ ʧʘʨʥʦʤ ʩʦʯʝʪʘʥʠʠ ʬʘʢʪʦʨʦʚ  ὢ ʠ ὢ, ʠ ʧʦʩʪʝʧʝʥʥʦʤ ʚʳʨʘʚʥʠʚʘʥʠʠ 

ʨʘʚʥʦʤʝʨʥʦʡ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʤʝʨʫ ʠʟʤʝʣʴʯʝʥʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʧʦʜʘʯʝʡ ʚ 

ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʦʜʥʦʩʪʦʨʦʥʥʷʷ ʧʦʜʘʯʘ ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ ʟʝʨʝʥ.  

ʇʘʨʥʦʝ ʩʦʯʝʪʘʥʠʝ ʬʘʢʪʦʨʦʚ ὢὢ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ὢ ʥʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ 

ʧʨʠʚʦʜʷʪ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ὢὢ, ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ὢ ʥʘ ʥʠʞʥʝʤ 

ʫʨʦʚʥʝ, ʠʣʠ ʧʘʨʥʦʡ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʤʝʨʫ ʠʟʤʝʣʴʯʝʥʠʷ (ʇʨʠʣʦʞʝʥʠʝ ɹ8). 

ɺ ʮʝʣʦʤ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ, ʜʦ ʬʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ.  

 

 

4.5. ɺʣʠʷʥʠʝ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ 

ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ 

 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʜʨʦʙʠʣʢʝ ʩ 

ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ, ʧʨʦʚʝʨʢʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʳʚʦʜʦʚ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʫʨʦʚʥʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, 

ʚʦʟʙʫʞʜʘʝʤʳʭ ʤʦʣʦʪʢʘʤʠ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʨʝʰʘʣʠ ʟʘʜʘʯʫ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʚ ʢʦʜʠʨʦʚʘʥʥʦʤ ʚʠʜʝ, ʛʜʝ ʚ 

ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʨʘʙʦʪʫ ʜʨʦʙʠʣʢʠ, ʧʨʠʥʷʪ ὣ ï

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʠʷ  ʘʤʧʣʠʪʫʜʳ 

ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ὥˏ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʤʘʪʨʠʮʝ X, ʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʤʘʪʨʠʮʝ Y ʧʦ ʚʠʙʨʦʫʩʢʦʨʝʥʠʶ, ʛʜʝ ʚ 
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ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʟʷʪʘ ʧʰʝʥʠʮʘ ʠ ʷʯʤʝʥʴ, ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ 

çpolyfitstatè ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çPTC Mathcad 15.0è, ʥʘʤʠ ʚʳʯʠʩʣʝʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʥʦʛʦʤʝʨʥʦʡ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ 

ʢʦʜʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʩʯʝʪʥʦʡ ʙʣʘʥʢ-ʤʘʪʨʠʮʝ ʧʨʠʣʦʞʝʥʠʡ 

ɹ9 ʠ ɹ10. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʚʠʙʨʘʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çPTC Mathcad 

15.0è ʩʦʩʪʘʚʣʝʥʦ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʚ ʢʦʜʠʨʦʚʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʛʜʝ ʚ 

ʢʘʯʝʩʪʚʝ  ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʧʨʠʥʷʪʦ ʚʠʙʨʦʫʩʢʦʨʝʥʠʝ, ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʩʣʝʜʫʶʱʝʛʦ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ: 

ʘ) ʧʰʝʥʠʮʘ: 

ὣ ὢȟὢȟὢ ρτȢφσπȢςπϽὢ ρȢφπϽὢ υȢσυϽὢ πȢσςυϽὢϽὢ πȢυςυϽ

ὢϽὢ πȢσςυϽὢϽὢ πȢρωφϽὢ ρȢρωφϽὢ ρȢψτφϽὢ ;                        (4.9) 

 

ʙ) ʷʯʤʝʥʴ: 

ὣ ὢȟὢȟὢ ρςȢσφχπȢρυϽὢ πȢυψψϽὢ σȢψρσϽὢ πȢςϽὢϽὢ πȢψυϽ

ὢϽὢ πȢχχυϽὢϽὢ ρȢρπτϽὢ ρȢρχωϽὢ ςȢρςωϽὢ .                       (4.10) 

 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘʮʠʠ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʩʦʩʪʘʚʠʣʠ Ὑ  = 

97,8%, ʷʯʤʝʥʷ ï Ὑ  = 95.9%, ʦʪʨʘʞʘʶʱʠʝ ʩʪʝʧʝʥʴ ʧʨʠʙʣʠʞʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʨʝʛʨʝʩʩʠʠ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ 

ʨʝʛʨʝʩʩʠʠ. 

ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çPTC Mathcad 15.0è ʥʘʤʠ 

ʩʦʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ (4.9, 4.10), 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 4.15, 4.16, 4.17, ʦʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ ʠ 

ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ. 
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ʈʠʩʫʥʦʢ 4.15 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ὢ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷὢ ρ, ʥʘ ʚʝʣʠʯʠʥʫ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ὣ 

 

ʈʠʩʫʥʦʢ 4.16 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ὢ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷὢ π ὧέὲίὸ, ʥʘ ʚʝʣʠʯʠʥʫ 

ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ὣ 
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ʈʠʩʫʥʦʢ 4.17 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ὢ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ὢ ρ ὧέὲίὸ, ʥʘ ʚʝʣʠʯʠʥʫ 

ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ὣ 

 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʩʧʨʦʝʮʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʦʡ çPTC Mathcad 15.0è 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɻʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʧʘʨʘʤʝʪʨʫ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʟʷʪ ʷʯʤʝʥʴ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʘʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʜʘʯʠ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ὢ  ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ ʠʤʝʝʪ ʩʠʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʦʙʨʘʟʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʧʘʨʘʙʦʣʦʠʜʘ, 

ʧʨʠʙʣʠʞʘʶʱʝʛʦʩʷ ʢ ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʧʨʝʜʝʣʫ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʚʝʣʠʯʠʥʳ 

ʚʠʙʨʦʫʩʢʦʨʝʥʠʷȟ ̒ ʮʝʥʪʨʦʤ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʧʦ ʦʩʠ ὤ, ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʥʠʞʥʝʡ ʯʘʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʚ ʥʝʢʦʪʦʨʦʡ ʧʨʦʛʨʝʩʩʠʠ ʚʝʣʠʯʠʥʳ 

ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥʳ ʧʘʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ὢὢ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ï ὢὢȢ 

ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʝʢʮʠʡ ʥʘ ʢʦʦʨʜʠʥʘʪʥʫʶ ʧʣʦʩʢʦʩʪʴ, 

ʚʝʣʠʯʠʥʘ ʚʠʙʨʘʮʠʠ ʧʨʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ  ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ὢ ρ (ʣʠʥʝʡʥʦʡ 
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ʩʢʦʨʦʩʪʠ 35 ʤ/ʩ) ʩʦʩʪʘʚʠʣʘ ʦʪ 10,15 ʜʦ 14,85 ̍Ⱦ̒ ; ʧʨʠ ὢ π (ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ 

45 ʤ/ʩ) ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʩʦʩʪʘʚʠʣʠ ʟʥʘʯʝʥʠʷ ï ʦʪ 12,37 ʜʦ 15,65 Ⱦ̍̒ ; ʧʨʠ ὢ

ρ (ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ 55 ʤ/ʩ) ʦʪ 18,05 ʜʦ 21,6 Ⱦ̍̒ . 

2. ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʜʘʯʠ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʘʚʳʤ, ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 3/1, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ.  ʕʪʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠʟ ʨʠʩʫʥʢʦʚ 4.15 çʙè, 4.16 çʙè, 

4.17 çʙè, ʥʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʧʘʨʘʙʦʣʦʠʜʳ, ʣʝʞʘʱʠʝ ʚ 

ʜʝʢʘʨʪʦʚʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʇʘʨʘʙʦʣʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʧʨʝʜʝʣʫ ʥʘ ʩʚʦʝʡ ʚʝʨʰʠʥʝ, ʚ ʬʦʨʤʝ ʪʦʯʢʠ ʥʘ ʦʩʠ ὕὣ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʫʶ, ʣʝʞʘʱʫʶ ʧʦ ʦʩʠ ὕὢ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʮʝʥʪʨʝ 

ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ, ʨʘʚʥʦʡ πȢυ, ʪʦ ʝʩʪʴ ʥʠʞʥʷʷ ʯʘʩʪʴ ʧʘʨʘʙʦʣʦʠʜʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʠʞʥʶʶ ʛʨʘʥʠʮʫ ʚʝʣʠʯʠʥʳ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʦʤ 

ʢʦʪʦʨʦʡ ʷʚʠʣʦʩʴ ʩʦʯʝʪʘʥʠʝ ʜʚʫʭ ʧʘʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ὢὢ, ʪ.ʝ. ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ.  

ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʝʢʮʠʡ ʥʘ ʢʦʦʨʜʠʥʘʪʥʫʶ 

ʧʣʦʩʢʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʤʠʥʠʤʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʚʠʙʨʘʮʠʠ ʧʨʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ  ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ὢ ρ (ʣʠʥʝʡʥʦʡ 

ʩʢʦʨʦʩʪʠ 35 ʤ/ʩ) ʩʦʩʪʘʚʠʣʠ ʦʪ 9,95 ʜʦ 14,45Ⱦ̍̒ ; ὢ π (ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ 45 

ʤ/ʩ) ï ʦʪ 14,15 ʜʦ 18,15 Ⱦ̍̒ ; ὢ ρ (ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ 55 ʤ/ʩ) ï ʦʪ 21,12 ʜʦ 

25,55 ̍ Ⱦ̒ . 

3. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ὢ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʧʦʜʘʯʫ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʚʝʣʠʯʠʥʳ ʚʳʭʦʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʧʦ ʟʘʢʦʥʫ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʠ ʠʤʝʝʪ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ 

ʫʨʘʚʥʝʥʠʷ ὢʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʘʷ ʧʦʣʦʛʘʷ ʩʪʨʫʢʪʫʨʘ ʧʘʨʘʙʦʣʦʠʜʘ ʦʪ ʮʝʥʪʨʘ 

ʢ ʧʝʨʠʬʝʨʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʩʰʠʨʝʥʠʠ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʯʝʪʘʥʠʷ ʜʚʫʭ ʧʘʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ὢὢ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚ ʤʝʥʴʰʝʡ 
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ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʝ ʥʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʝ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʯʝʪʘʥʠʝʤ ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʬʫʥʢʮʠʠ çMinimize (Y, X)è ʧʨʦʛʨʘʤʤʳ çPTC Mathcad 15.0è ʥʘ 

ʟʘʜʘʥʥʦʤ ʤʥʦʞʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʬʫʥʢʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʜʦʩʪʠʛʘʝʪ ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ 

ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ, ʟʥʘʯʝʥʠ ̫ʬʘʢʪʦʨʦʚ ʩʦʩʪʘʚʠʣʠ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: 

ὢ πȢωτχȟὢ πȢψχςȟὢ πȢυτψ. 

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʷʯʤʝʥʷ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʘ 

ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʩʦʩʪʘʚʠʣʠ: ὢ πȢσχςȟὢ

πȢφρȟὢ ρ. 

ɸʥʘʣʠʟ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʧʦ ʢʨʠʪʝʨʠʶ 

ʤʠʥʠʤʫʤʘ ʚʝʣʠʯʠʥʳ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʧʘʨʘʤʝʪʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ὢ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʟʘʛʨʫʞʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʘʚʳʤ, ʦʪ 2,9 ʢʛ/ʩʝʢ. : 1 ʢʛ/ʩʝʢ. ʜʦ 3,3 ʢʛ/ʩʝʢ. : 1ʢʛ/ʩʝʢ. ɸʥʘʣʠʟ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʷʯʤʝʥʷ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʘ ʚʝʣʠʯʠʥʳ 

ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʥʘ ʢʦʨʧʫʩʝ ʜʨʦʙʠʣʢʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʚʦʟʤʦʞʥʦ ʚ ʩʣʫʯʘʝ ʩʦʯʝʪʘʥʠʷ ʜʚʫʭ ʬʘʢʪʦʨʦʚ 

ʜʚʫʩʪʦʨʦʥʥʝʡ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ. ʋʢʘʟʘʥʥʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʝ ʜʨʦʙʠʣʢʠ. 

ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʩʪʨʦʝʥʳ ʜʚʫʭʤʝʨʥʳʝ ʛʨʘʬʠʢʠ 

ʢʘʞʜʦʛʦ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʬʘʢʪʦʨʘ ὢ ʠ ὢ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʘ ὢ ʠ 

ʟʥʘʯʝʥʠʡ ʚʪʦʨʦʛʦ ʘʨʛʫʤʝʥʪʘ ὢ ʠʣʠ ὢ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ (ʨʠʩ. 4.18, 4.19). 

ʅʘ ʛʨʘʬʠʢʘʭ 4.18, 4.19 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʙʦʣʳ, ʚʝʪʚʠ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʳ 

ʚʚʝʨʭ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ. 

 

 



151 

 

  
ʈʠʩʫʥʦʢ 4.18 ï ʇʘʨʘʤʝʪʨʳ ʚʠʙʨʦʢʪʠʚʥʦʩʪʠ, ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ 

ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʘʚʫʶ ὢ π ʠ ʫʛʣʦʚʦʡ 
ʩʢʦʨʦʩʪʠ ὢ π 

ʈʠʩʫʥʦʢ 4.19 ï ʇʘʨʘʤʝʪʨʳ ʚʠʙʨʦʢʪʠʚʥʦʩʪʠ, 
ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ 

ʧʨʘʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ ʧʨʠ 

ʟʥʘʯʝʥʠʷʭ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ  ὢ π 
ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ὢ π 

 

ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩʫʥʦʢ 4.18), ʦʪʦʙʨʘʞʘʶʱʝʤ ʧʘʨʘʤʝʪʨʳ ʚʠʙʨʦʢʪʠʚʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʘʨʘʙʦʣʳ, ʢʦʪʦʨʳʝ ʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʷʤʦʡ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ 

ὕὢρ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʚʝʨʰʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʚ ʪʦʯʢʝ 

ὢ πȟυς, ʷʯʤʝʥʷ ï ὢ πȟρρ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ 

ʣʝʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ ʠ ʟʥʘʯʝʥʠʠ ʬʘʢʪʦʨʦʚ ὢ π ʠ ὢ π. ɼʣʷ 

ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʧʘʨʘʙʦʣʳ ʭʘʨʘʢʪʝʨʥʦ ʜʦʩʪʠʞʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʩʦ 

ʟʥʘʯʝʥʠʷ 15,02 Ⱦ̍̒  ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ, ʠ 13,55 Ⱦ̍̒  - ʧʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʜʘʯʠ ʚ ʣʝʚʫʶ 

ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ ʢʨʠʚʘʷ ʠʤʝʝʪ ʪʨʝʥʜ ʢ ʩʥʠʞʝʥʠʶ ʧʦ ʥʠʩʭʦʜʷʱʝʡ 

ʪʨʘʝʢʪʦʨʠʠ, ʧʨʠ ʵʪʦʤ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʤʠʥʠʤʫʤ. ɺʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʫʢʘʟʘʥʥʳʭ 

ʤʠʥʠʤʫʤʘʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʷʤ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ 14,5 Ⱦ̍̒ , 

ʷʯʤʝʥʷ ï 12,36 Ⱦ̍̒ . ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʘ, 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʚ ʣʝʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ ʚʝʪʚʴ ʧʘʨʘʙʦʣʳ, 

ʠʤʝʝʪ ʚʦʩʭʦʜʷʱʠʡ ʪʨʝʥʜ, ʜʦʩʪʠʛʘʷ ʟʥʘʯʝʥʠʷ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ 14,6 Ⱦ̍̒ , 

ʷʯʤʝʥʷ ï 13,3 ̍ Ⱦ̒ . 

ʇʨʠ ʧʦʜʘʯʝ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʘʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ ʠ ʟʥʘʯʝʥʠʠ 

ʬʘʢʪʦʨʦʚ ὢ π ʠ ὢ π (ʨʠʩʫʥʦʢ 4.19), ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʘʨʘʙʦʣʳ, ʠʤʝʶʱʠʝ ʦʩʴ ʩʠʤʤʝʪʨʠʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʚʝʨʰʠʥʳ 
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ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ὕὢ, ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʬʦʢʘʣʴʥʳʝ ʪʦʯʢʠ 

ʩʦʩʪʘʚʣʷʶʪ ὢ πȟφτ, ʷʯʤʝʥʷ ï ὢ πȟςυ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʫʤʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ 14,1 

Ⱦ̍̒ , ʷʯʤʝʥʷ ï 12,3 Ⱦ̍̒ . ɼʣʷ ʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʭʘʨʘʢʪʝʨʝʥ ʫʟʢʠʡ ʜʠʘʧʘʟʦʥ 

ʩʥʠʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʩʦ 

ʩʪʦʨʦʥʳ ὢ. ʊʘʢʞʝ ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʛʨʘʬʠʯʝʩʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ, ʩ ʚʝʨʰʠʥʳ 

ʚʝʪʚʠ ʧʘʨʘʙʦʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ, ʥʘʯʠʥʘʶʪ ʨʘʩʪʠ ʧʦ 

ʚʦʩʭʦʜʷʱʝʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʜʘʯʠ ʚ ʧʨʘʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ, 

ʠʤʝʷ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʦʩʪʘ, ʜʦʩʪʠʛʘʷ ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʚ ʪʦʯʢʝ 

ὢ ρ, ʧʨʠ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʠʛʘʝʪ 

ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ 17,45 ̍ Ⱦ̒ , ʷʯʤʝʥʷ ï 14,05 ̍ Ⱦ̒ . 

ɸʥʘʣʠʟʠʨʫʷ ʩʦʚʦʢʫʧʥʳʝ ʜʘʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ (ʨʠʩʫʥʦʢ 4.18, 

4.19), ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʪʦʯʥʠʪʴ, ʯʪʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʤʦʣʦʪʢʦʚʦʡ 

ʜʨʦʙʠʣʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʛʦʨʣʦʚʠʥʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ 

ʩʦ ʩʪʦʨʦʥʳ ʤʦʣʦʪʢʦʚ, ʩʦʚʝʨʰʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ ʧʦ ʚʦʩʭʦʜʷʱʝʡ 

ʪʨʘʝʢʪʦʨʠʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʜʥʦʩʪʦʨʦʥʥʷʷ ʟʘʛʨʫʟʢʘ ʤʘʪʝʨʠʘʣʘ ʚ 

ʛʦʨʣʦʚʠʥʫ ʢʘʤʝʨʳ ʠʟʤʝʣʴʯʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʩʦ ʩʪʦʨʦʥʳ ʚʨʘʱʘʶʱʠʭʩʷ 

ʤʦʣʦʪʢʦʚ, ʩʦʚʝʨʰʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ ʧʦ ʥʠʩʭʦʜʷʱʝʡ ʪʨʘʝʢʪʦʨʠʠ 

ὢ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʝʣʠʯʠʥʳ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ. ɺʦʟʜʫʰʥʳʡ ʧʦʪʦʢ, 

ʩʦʟʜʘʚʘʝʤʳʡ ʚʨʘʱʘʶʱʠʤʠʩʷ ʫʜʘʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʢʘʤʝʨʝ ʠʟʤʝʣʴʯʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʚʨʘʱʘʶʱʠʡʩʷ ʚʦʟʜʫʰʥʦ-ʧʨʦʜʫʢʪʦʚʳʡ ʩʣʦʡ ʩʦʟʜʘʶʪ ʧʨʝʧʷʪʩʪʚʠʝ 

ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʤʘʪʝʨʠʘʣʘ ʚʥʫʪʨʴ ʢʘʤʝʨʳ ʠʟʤʝʣʴʯʝʥʠʷ ʜʨʦʙʠʣʢʠ ʠʟ ʛʦʨʣʦʚʠʥʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʩʦ ʩʪʦʨʦʥʳ ʚʨʘʱʘʶʱʠʭʩʷ ʤʦʣʦʪʢʦʚ, ʩʦʚʝʨʰʘʶʱʠʭ ʜʚʠʞʝʥʠʝ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ ʧʦ ʚʦʩʭʦʜʷʱʝʡ ʚʝʪʚʠ ʪʨʘʝʢʪʦʨʠʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʘ ὢ ʥʘ ʚʝʣʠʯʠʥʫ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ. 

ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ ʚʝʣʠʯʠʥʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʩʥʠʞʘʝʪʩʷ 

ʜʦ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʧʨʠ ʫʩʣʦʚʠʠ ʧʘʨʥʦʡ ʧʦʜʘʯʠ 

ʤʘʪʝʨʠʘʣʘ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʚ ʛʦʨʣʦʚʠʥʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʩʦ 

ʩʪʦʨʦʥʳ ʚʨʘʱʘʶʱʠʭʩʷ ʤʦʣʦʪʢʦʚ, ʩʦʚʝʨʰʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ ʧʦ 
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ʚʦʩʭʦʜʷʱʝʡ ʪʨʘʝʢʪʦʨʠʠ, ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʡ 

ʧʦʜʘʯʝ. 

 

 

4.6. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʰʫʤʘ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʩ 

ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ  

 

 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʜʦ ʤʦʤʝʥʪʘ ʟʘʧʫʩʢʘ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʟʚʫʢʘ 

(ʦʢʪʘʚʥʳʭ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ) ʧʦʤʝʭ (ʰʫʤʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʣʝʞʘʪ 

ʠʟʤʝʨʝʥʠʶ) ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʟʥʘʯʝʥʠʝ ʰʫʤʘ (ʦʢʪʘʚʥʦʛʦ ʫʨʦʚʥʷ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ) ʩʦʛʣʘʩʥʦ ʜʠʩʧʣʝ ʁʰʫʤʦʤʝʨʘ ʄʝʛʝʦʥ ï 92140, ʩʦʩʪʘʚʠʣʦ 39,2 

ʜɹɸ, ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʨʦʚʥʝʡ ʟʚʫʢʘ ʚ 

ʧʦʣʦʞʝʥʠʝ çɸè. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʫʥʢʮʠʠ çpolyfitʩ(X, Y, n)è ʚ ʩʨʝʜʝ MathCAD, ʚʳʯʠʩʣʝʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʛʨʝʩʩʠʠ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʦʣʠʥʦʤʘ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʫʨʦʚʥʷ ʟʚʫʢʘ, ʜʘʥʥʳʝ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʩʯʝʪʥʦʡ ʙʣʘʥʢ-ʤʘʪʨʠʮʝ 

ʣʠʩʪʠʥʛʘ ʧʨʠʣʦʞʝʥʠʡ ɹ 11 ʠ ɹ 12. 

ʈʝʛʨʝʩʩʠʚʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʤʥʦʛʦʤʝʨʥʦʡ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʫʨʦʚʥʷ ʟʚʫʢʘ, ʧʨʦʠʟʚʝʜʝʥ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʫʥʢʮʠʠ çpolyfitstat(X, Y, n)è ʚ ʩʨʝʜʝ MathCAD, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ɹ 11 ʠ ɹ 12. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʦʪʦʙʨʘʞʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʤʝʞʜʫ 

ʧʝʨʝʤʝʥʥʳʤʠ-ʧʨʝʜʠʢʪʦʨʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠʩ̫ ʚ ʤʘʪʨʠʮʝ ὢ ʠ ʧʝʨʝʤʝʥʥʦʡ ʦʪʢʣʠʢʘ 

ὣ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘʮʠʠ ʧʨʠ ʜʠʩʧʝʨʩʥʦʤ ʘʥʘʣʠʟʝ ʧʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʩʦʩʪʘʚʠʣʠ R2 =  95.9%,  ʷʯʤʝʥʷ ï 96.2%, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ 
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ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ, ʠ ʧʦʢʘʟʳʚʘʶʪ ʩʠʣʫ ʥʝʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʫʨʦʚʥʷ ʟʚʫʢʘ (ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦ ʚʩʝʤ ʩʧʝʢʪʨʝ 

ʯʘʩʪʦʪ) ὒ̱, ʛʜʝ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʷʚʣʷʣʘʩʴ  ʧʰʝʥʠʮʘ,  

ʨʘʩʯʠʪʘʥʦ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʚ ʢʦʜʠʨʦʚʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ: 

ὣ ὢȟὢȟὢ ψσȢπφχπȢρσψϽὢ ρȢτχυϽὢ ρȢπψχϽὢ ρȢφχυϽὢϽ

ὢ πȢρϽὢϽὢ ρȢπχυϽὢϽὢ πȢφφχϽὢ ρȢυτςϽὢ ρȢπφχϽὢ .         (4.11) 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʚʟʷʪ ʷʯʤʝʥʴ, ʜʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʝʥʦ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ 

ʚ ʢʦʜʠʨʦʚʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʚʠʜ: 

ὣ ὢȟὢȟὢ ψπȢυσσρȢρςυϽὢ ρȢψχυϽὢ πȢπυϽὢ ρȢφχυϽὢϽ

ὢ πȢπχυϽὢϽὢ πȢχςυϽὢϽὢ ςȢωωφϽὢ ςȢφωφϽὢ ςȢπωφϽὢ .    (4.12) 

 

ʇʦ ʫʨʘʚʥʝʥʠʷʤ (4.11, 4.12) ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 4.20, 4.21, 4.22. 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʩʧʨʦʝʮʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʦʡ çPTC Mathcad 15.0è 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ (ʨʠʩʫʥʦʢ 4.20; 4.21; 4.22) 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʚ ʘʢʩʦʥʦʤʝʪʨʠʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

1. ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ ʦʙʨʘʟʫʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʘʨʘʙʦʣʦʠʜʘ, ʢʦʪʦʨʘʷ  

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʧʨʝʜʝʣʫ ʠ ̠̐̑̆̅̒̓́̃̌̆̓ ̏̑̍̔̕ ̘̓̏̋̉ ʥʘ ʦʩʷʭ 

ὕὢȟὕὣ ̉ ̠̟̐̑̍̔ ̒ ʮʝʥʪʨʦʤ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʧʦ ʦʩʠ ὕὤ, ʧʝʨʝʤʝʱʘʶʱʫʶʩʷ ʚ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʦ ʦʩʷʤ ὕὢȟὕὣ  ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ 

ʟʥʘʯʝʥʠʶ ʦʪ πȢυ ʜʦ 0 ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʪʦ ʦʩʴ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ 

ʚʝʣʠʯʠʥʳ ʫʨʦʚʥʷ ʟʚʫʢʘ ʩʤʝʱʘʝʪʩʷ ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʨʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʟʥʘʯʝʥʠʷ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ὢ. 
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ʈʠʩʫʥʦʢ 4.20 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ὢ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ὢ ρ,  ʥʘ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ὣ 
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ʈʠʩʫʥʦʢ 4.21 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ὢ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ὢ π, ʥʘ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ὣ 

 

 

ʈʠʩʫʥʦʢ 4.22 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ὢ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷὢ ρ, ʥʘ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ὣ 

 

2. ʋʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʫʨʦʚʥʷ ʟʚʫʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʡ 

ʚʝʣʠʯʠʥʳ ʧʘʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ὢὢ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ὢὢ, ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʚ 

ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʪʳ ʜʨʦʙʠʣʢʠ ʧʨʠ ʦʪʜʘʣʝʥʠʠ ʦʪ ʧʨʷʤʦʡ ʩ ʮʝʥʪʨʦʤ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ὕὤ. ʋʢʘʟʘʥʥʦʝ ʛʦʚʦʨʠʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʷʯʤʝʥʷ 

ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʜʘʯʠ 

ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʘʚʳʤ, ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ 5/3.  

3. ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʝʢʮʠʡ ʥʘ ʢʦʦʨʜʠʥʘʪʥʫʶ 

ʧʣʦʩʢʦʩʪʴ, ʤʠʥʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʠʙʨʘʮʠʠ ʧʨʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 
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ʨʦʪʦʨʘ ὢ ρ  ʩʦʩʪʘʚʠʣʠ ʦʪ 81,8 ʜʦ 91,4 ʜɹɸ; ὢ π ï ʦʪ 80 ʜʦ 88,7 ʜɹɸ; ὢ

ρ ï ʦʪ 82,5 ʜʦ 90 ʜɹɸ. 

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʷʯʤʝʥʷ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʘ 

ʧʘʨʘʤʝʪʨʦʚ ʫʨʦʚʥʷ ʟʚʫʢʘ ὒ̱ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʫʥʢʮʠʶ çMinimize (Y, X)è ʧʘʢʝʪʘ 

MathCAD, ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʙʣʘʥʢ-ʤʘʪʨʠʮʝ ʧʨʠʣʦʞʝʥʠʡ 

ɹ 11 ʠ ɹ 12, ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ: 

ὢ πȢσρφȟὢ πȢτυφȟὢ πȢπχσ. 

ɸʥʘʣʠʟ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʷʯʤʝʥʷ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʘ 

ʚʝʣʠʯʠʥʳ ʫʨʦʚʥʷ ʟʚʫʢʘ ὒ̱ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ὢ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʟʘʛʨʫʞʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʘʚʳʤ ï ʦʪ 5/3 (ʠʣʠ ʚ 

1,6 ʨʘʟ)  ʜʦ 1/1. 

ʅʘ ʧʦʢʘʟʘʪʝʣʠ ʚʝʣʠʯʠʥʳ ʫʨʦʚʥʷ ʟʚʫʢʘ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʧʦʜʘʯʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪʜʝʣʴʥʦ 

ʚ ʣʝʚʦʝ ὢ ʠʣʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ, ʘ ʪʘʢʞʝ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

ὢ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʧʦʩʣʝʜʥʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʧʦʣʦʛʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ 

ʧʘʨʘʙʦʣʦʠʜʘ, ʧʨʦʝʮʠʨʫʝʤʦʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʟʚʫʢʘ ʦʪ ʬʘʢʪʦʨʦʚ, ʩʤʝʱʘʝʪʩʷ ʦʪ 

ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʨʫ, ʧʨʠ ʥʘʣʠʯʠʠ ʫʩʣʦʚʠʡ ʧʘʨʥʦʡ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʘ ὒ̱ ʚʦʟʤʦʞʥʦ ʚ ʩʣʫʯʘʝ ʩʦʯʝʪʘʥʠʷ ʜʚʫʭ 

ʬʘʢʪʦʨʦʚ ʜʚʫʩʪʦʨʦʥʥʝʡ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʘ ὒ̱ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʜʘʯʠ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʘʚʳʤ, ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 4/3, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ 

ʟʚʫʢʘ. ʕʪʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠʟ ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.20; 4.21; 4.22, ʥʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʙʦʣʦʠʜʳ, ʣʝʞʘʱʠʝ ʚ 

ʜʝʢʘʨʪʦʚʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʧʘʨʘʙʦʣʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 



158 

 

ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʧʨʝʜʝʣʫ ʥʘ ʩʚʦʝʡ ʚʝʨʰʠʥʝ ʚ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʥʘ ʦʩʠ ὕὣ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ὢ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʧʦʜʘʯʫ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ, ʥʘʙʣʶʜʘʝʪʩʷ  ʚʦʟʨʘʩʪʘʥʠʝ ʚʝʣʠʯʠʥʳ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʫʨʦʚʥʷ ʟʚʫʢʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ὢ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʩʪʝʧʝʥʥʘʷ ʧʦʣʦʛʘʷ ʩʪʨʫʢʪʫʨʘ ʧʘʨʘʙʦʣʦʠʜʘ, ʢʦʪʦʨʘʷ ʩʤʝʱʘʝʪʩʷ ʦʪ ʮʝʥʪʨʘ ʢ 

ʧʝʨʠʬʝʨʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʩʰʠʨʝʥʠʠ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʯʝʪʘʥʠʷ ʜʚʫʭ ʧʘʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ὢὢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʚʝʥʴ ʟʚʫʢʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʯʝʪʘʥʠʝʤ ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. 

ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʝʢʮʠʡ ʥʘ ʢʦʦʨʜʠʥʘʪʥʫʶ 

ʧʣʦʩʢʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʤʠʥʠʤʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʚʠʙʨʘʮʠʠ ʧʨʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ὢ ρ ʩʦʩʪʘʚʠʣʠ 

ʦʪ 80,8 ʜʦ 89,2ʜɹ ɸ; ʧʨʠ ὢ π ï ʦʪ 82 ʜʦ 88,3 ʜɹ ɸ; ʧʨʠ ὢ ρ ï ʦʪ 85,15 ʜʦ 

89,45 ʜɹ ɸ.  

ʅʘ ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ 

ʩʦʯʝʪʘʥʠʝ ʧʘʨʥʳʭ ʬʘʢʪʦʨʦʚ ὢὢ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʚʝʣʠʯʠʥʳ ʫʨʦʚʥʷ ʟʚʫʢʘ, 

ʯʝʤ ʧʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʟʘʛʨʫʟʢʝ. 

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʘ 

ʧʘʨʘʤʝʪʨʦʚ ʫʨʦʚʥʷ ʟʚʫʢʘ ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠ ̫ ʬʘʢʪʦʨʦʚ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʟʚʫʢʘ: 

ὢ πȢωτȟὢ πȢχρτȟὢ πȢχω. 

ɸʥʘʣʠʟ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʧʦ ʢʨʠʪʝʨʠʶ 

ʤʠʥʠʤʫʤʘ ʚʝʣʠʯʠʥʳ ʫʨʦʚʥʷ ʟʚʫʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʧʘʨʘʤʝʪʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ὢ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʟʘʛʨʫʞʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʘʚʳʤ ï 4 ʢʛ/ʩʝʢ : 3 ʢʛ/ʩʝʢ. ʋʢʘʟʘʥʥʦʝ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʟʘʛʨʫʞʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʩʦ 

ʩʪʦʨʦʥʳ ʜʚʠʞʝʥʠʷ ʤʦʣʦʪʢʦʚ, ʩʦʚʝʨʰʘʶʱʠʭ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ ʜʚʠʞʝʥʠʝ ʧʦ 

ʚʦʩʭʦʜʷʱʝʡ ʚʝʪʚʠ ʪʨʘʝʢʪʦʨʠʠ. 
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ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʟʚʫʢʘ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʤʝʣʴʯʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ 

ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ, ʧʦʩʪʨʦʝʥʳ ʜʚʫʭʤʝʨʥʳʝ ʛʨʘʬʠʢʠ (ʨʠʩʫʥʦʢ 4.23, 4.24) 

ʢʘʞʜʦʛʦ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʬʘʢʪʦʨʘ ὢ ʠ ὢ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʬʘʢʪʦʨʘ ὢ ʠ ʟʥʘʯʝʥʠʠ 

ʚʪʦʨʦʛʦ ʘʨʛʫʤʝʥʪʘ ὢ ʠʣʠ ὢ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ. ʅʘ ʵʪʠʭ ʛʨʘʬʠʢʘʭ ʚʠʜʥʳ 

ʦʙʣʘʩʪʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ ὣ. 

 

  
ʈʠʩʫʥʦʢ 4.23 ï ʇʘʨʘʤʝʪʨʳ ʫʨʦʚʥʷ ʟʚʫʢʘ, ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ 

ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʘʚʫʶ ὢ π ʠ 
ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ὢ π 

ʈʠʩʫʥʦʢ 4.24 ï ʇʘʨʘʤʝʪʨʳ ʫʨʦʚʥʷ ʟʚʫʢʘ, ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʘʚʫʶ 

ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʦʜʘʯʠ 

ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ  ὢ π ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 
ὢ π 

 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʠʩʫʥʢʘ 4.23, ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʩʣʝʜʫʶʱʝʝ: ʪʦʯʢʠ 

ʧʘʨʘʙʦʣʳ, ʙʣʠʞʘʡʰʠʝ ʢ ʝʸ ʜʠʨʝʢʪʨʠʩʝ ʧʦ ʦʩʠ ὕὢ, ʦʙʨʘʟʫʶʪ ʚʧʘʜʠʥʫ ʧʘʨʘʙʦʣʳ ʩ 

ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ, ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʪ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ὕὣ. ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʧʰʝʥʠʮʳ ʪʦʯʢʘ ʤʠʥʠʤʫʤʘ ʩʦʩʪʘʚʣʷʝʪ ὢ πȟςς ʧʨʠ ʚʝʣʠʯʠʥʝ ʫʨʦʚʥʷ ʟʚʫʢʘ 83,1 

̅ ˎ̱ , ʷʯʤʝʥʷ ï ὢ πȟςτ  ʧʨʠ  80,4 ̅ ˎ̱ . ɺ ʛʨʘʥʠʮʘʭ ʜʠʘʧʘʟʦʥʘ ʧʦ ʦʩʠ 

ʦʨʜʠʥʘʪ ʦʪ 80,3-82,4 ʜɹ (ɸ) ʠʤʝʝʪʩʷ ʫʯʘʩʪʦʢ ʧʘʨʘʙʦʣʳ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʩʥʠʞʝʥʠʝ 

ʫʨʦʚʥʷ ʟʚʫʢʘ ʧʨʠ ʧʘʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʜʘʯʠ 

ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʫʶ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ, ʚ ʠʥʪʝʨʚʘʣʝ ὢ ρ - πȟςς, 

ʷʯʤʝʥʷ ï ὢ ρ - ( πȟςτ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʫʨʦʚʥʷ ʟʚʫʢʘ. 

ʋʜʘʣʷʷʩʴ ʦʪ ʚʧʘʜʠʥʳ ʧʘʨʘʙʦʣʳ ʟʘ ʧʨʝʜʝʣʳ ʜʘʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʫʨʦʚʝʥʴ ʟʚʫʢʘ 

ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ, ʜʦʩʪʠʛʘʷ ʛʨʘʥʠʯʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʚ ʪʦʯʢʝ ὢ ρ, 
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ʧʨʠ ʢʦʪʦʨʳʭ ʫʨʦʚʝʥʴ ʰʫʤʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʜʦʩʪʠʛʘʝʪ 83,8 ̅ ˎ̱ , 

ʷʯʤʝʥʷ ï 84,75 ̅ ˎ̱  

ɸʥʘʣʦʛʠʯʥʳ ʩʚʦʡʩʪʚʘ ʧʘʨʘʙʦʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 4.24, ʠʤʝʶʱʠʭ 

ʬʦʢʘʣʴʥʫʶ ʦʩʴ ὕὣ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʫʶ ʦʩʠ ʦʨʜʠʥʘʪ, ʛʜʝ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʜʦʩʪʠʛʘʝʪ 

ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ 82,75 ̅ ˎ̱  ʚ ʪʦʯʢʝ 

ὢ πȟτυ, ʷʯʤʝʥʷ ï 80,3 ̅  ˎ̱  ʚ ʪʦʯʢʝ ὢ πȟσφ. ɼʣʷ ʜʘʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʭʘʨʘʢʪʝʨʝʥ ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʩʧʘʜʘ ʚʝʣʠʯʠʥʳ ʫʨʦʚʥʷ ʟʚʫʢʘ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʩʦ ʩʪʦʨʦʥʳ ʫʜʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʨʘʱʘʶʱʠʭʩʷ 

ʧʦ ʚʦʩʭʦʜʷʱʝʡ ʚʝʪʚʠ ʪʨʘʝʢʪʦʨʠʠ. ɼʠʘʧʘʟʦʥ ʚʘʨʴʠʨʫʝʪʩʷ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʧʰʝʥʠʮʳ ʚ ʧʨʝʜʝʣʘʭ ʠʥʪʝʨʚʘʣʘ ὢ ρ - πȟτυ, ʷʯʤʝʥʷ ï ὢ ρ - 

( πȟσφ. ʋʜʘʣʷʷʩʴ ʦʪ ʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʜʦ ʛʨʘʥʠʮʳ ʧʨʠ ὢ ρȟ ʠʤʝʝʤ 

ʪʝʥʜʝʥʮʠʶ ʨʦʩʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ 

ʜʦʩʪʠʛʘʝʪ ʧʠʢʦʚʳʭ ʟʥʘʯʝʥʠʡ 86 ̅ ˎ̱ , ʷʯʤʝʥʷ ï 85,1 ̅  ˎ̱ . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʙʱʝʥʥʳʝ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ (ʨʠʩʫʥʦʢ 4.23, 4.24) ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʟʚʫʢʘ 

ʢʘʢ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ, ʪʘʢ ʠ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ ʥʝʦʙʭʦʜʠʤʦ ʧʘʨʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʝ ʟʘʛʨʫʟʦʯʥʳʝ ʛʦʨʣʦʚʠʥʳ, ʧʨʠ ʫʩʣʦʚʠʠ 

ʫʚʝʣʠʯʝʥʠʷ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʛʦʨʣʦʚʠʥʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʩʦ ʩʪʦʨʦʥʳ ʤʦʣʦʪʢʦʚ, 

ʚʨʘʱʘʶʱʠʭʩʷ ʧʦ ʚʦʩʭʦʜʷʱʝʡ ʚʝʪʚʠ ʪʨʘʝʢʪʦʨʠʠ.  

ʉʨʘʚʥʠʚʘʷ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʧʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʠ ʧʘʨʥʦʡ ʧʦʜʘʯʝ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʤʝʣʴʯʝʥʠʷ ʷʯʤʝʥʷ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ 

ʟʚʫʢʘ ʧʨʠ ʧʘʨʥʦʡ ʧʦʜʘʯʝ ʩʦʩʪʘʚʠʣʦ 4,7 % ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʧʦʜʘʯʠ. 

ʇʨʠ ʟʘʛʨʫʟʢʠ ʦʪʜʝʣʴʥʦ ʚ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 5,1% ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʧʘʨʥʦʡ ʧʦʜʘʯʠ, ʧʨʠ ʟʘʛʨʫʟʢʝ  ʦʪʜʝʣʴʥʦ ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ ï ʥʘ 4,3 %. 

ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ʟʚʫʢʘ ʧʨʠ ʧʘʨʥʦʡ ʠ ʦʜʥʦʩʪʦʨʦʥʥʝʡ 

ʧʦʜʘʯʝ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʟʚʫʢʘ ʧʨʠ ʧʘʨʥʦʡ ʧʦʜʘʯʝ ʩʦʩʪʘʚʠʣʦ 2,5 % ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʦʜʥʦʩʪʦʨʦʥʥʝʡ. ʇʨʠ ʟʘʛʨʫʟʢʝ ʤʘʪʝʨʠʘʣʘ ʦʪʜʝʣʴʥʦ ʚ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ὢ ʫʨʦʚʝʥʴ 

ʟʚʫʢʘ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 2,7% ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʘʨʥʦʡ ʧʦʜʘʯʠ, ʧʨʠ ʟʘʛʨʫʟʢʠ  ʦʪʜʝʣʴʥʦ ʚ 

ʣʝʚʦʝ ὢ ï ʥʘ 2,2%. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʠ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʤʝʨʫ 

ʠʟʤʝʣʴʯʝʥʠʷ ʰʫʤ, ʩʦʟʜʘʚʘʝʤʳʡ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʦʡ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʤʘʪʝʨʠʘʣʘ ʩʥʠʞʘʝʪʩʷ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʟʘʤʝʪʥʦ ʧʨʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʦʚ 

ʙʦʣʝʝ 45 ʤ/ʩʝʢ., ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ 

ʧʦʩʪʝʧʝʥʥʦ ʩʜʚʠʛʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʟʚʫʢʘ. 

 

 

4.7. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʚ ʜʨʦʙʠʣʢʝ ʩ 

ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʩʳʨʴʷ  

 

 

ʇʨʦʮʝʜʫʨʘ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʛʣʘʚʝ 

3 ʥʘ (ʩʤ. ʩʦʦʪʥʦʰʝʥʠ ̫(3.18) ï (3.22).  ʅʘʧʦʤʥʠʤ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʘʷ ʟʘʜʘʯʘ ʙʳʣʘ ʧʝʨʝʚʝʜʝʥʘ ʚ ʨʘʥʛ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʥʘ ʦʩʥʦʚʝ 

ʚʳʜʝʣʝʥʠʷ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ï ʵʥʝʨʛʦʝʤʢʦʩʪʠ  ˪ὼ , 

ʘ ʜʨʫʛʠʝ ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʙʳʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʜʘʯʠ.      

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʠʥʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʣʠʯʠʥ ʦʪ ʧʷʪʠ ʚʳʙʨʘʥʥʳʭ ʚʝʣʠʯʠʥ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ (4.1 ï 4.12) ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʦʩʥʦʚʥʫʶ ʚʝʣʠʯʠʥʫ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʙʳʣ ʧʨʠʥʷʪ ʧʘʨʘʤʝʪʨ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʥʫʣʝʚʦʤ ʫʨʦʚʥʝ ʬʘʢʪʦʨʘ ˢ. 

ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʬʘʢʪʦʨʘ ˢ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʩʜʚʠʛʘʶʪʩʷ ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʢʘʣʳ, ʫʚʝʣʠʯʠʚʘʷ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʡ 

ʚʝʣʠʯʠʥʳ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʦʪʳʩʢʘʥʠʷ ʠʩʢʦʤʦʡ ʚʝʣʠʯʠʥʳ 

ʤʠʥʠʤʘʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ 



162 

 

ʪʨʝʙʫʝʤʦʛʦ ʨʘʟʤʦʣʘ, ʟʘʧʠʰʝʤ ʝʝ ʢʘʢ ʩʫʤʤʫ ʧʨʦʠʟʚʝʜʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ: 

ʘ) ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ 

˪̐ ὢȟὢȟὢ ȡ υȢσυχπȢυωϽὢ ρȢρφςϽὢ πȢρπσϽὢ πȢυχςϽὢϽὢ

πȢςφτϽὢϽὢ πȢυψϽὢϽὢ πȢρωςϽὢ πȢωπςϽὢ ρȢρωρϽὢ ;               (4.13) 

ʙ) ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʷʯʤʝʥʷ 

˪̠ ὢȟὢȟὢ χȢυχτςȢρχτϽὢ σȢυφτϽὢ ςȢπφφϽὢ ςȢςρχϽὢϽὢ

ςȢσρχϽὢϽὢ ςȢςςϽὢϽὢ πȢρυτϽὢ ρȢψψωϽὢ σȢσρυϽὢ .               (4.14)                    

ɿʘʜʘʯʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʮʝʩʩʫ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʫʩʣʦʚʥʦʛʦ ʤʠʥʠʤʫʤʘ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʧʨʠ 

ʥʘʣʠʯʠʠ ʨʷʜʘ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʈʝʘʣʠʟʘʮʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ï ʤʦʜʫʣʴ 

ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ  ʠ ʤʦʜʫʣʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʨʦʚʝʨʢʠ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ɹ 13 ʠ ɹ 14. 

ʄʦʜʫʣʴ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʧʨʠʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ 

ʙʘʣʘʥʩʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʠʥʳʤ ʢʨʠʪʝʨʠʷʤ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʧʝʨʝʚʝʜʝʥʥʳʭ ʚ ʦʛʨʘʥʠʯʝʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ: 

1) ʜʣʷ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ πȟς ὣ ˢȟs ȟs ρȟς; 

2) ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ π ὣ ˢȟs ȟs υπ;  

3) ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ (ʧʦ ʤʘʩʩʝ) ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ ʟʝʨʝʥ π

ὣ ˢȟs ȟs ρ; 

4) ʜʣʷ ʫʨʦʚʥʷ ʟʚʫʢʘ π ὣ ˢȟs ȟs ψυ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʚ ʩʨʝʜʝ 

MathCAD ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʤ çMinimize (Y, X)è, ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʠʩʢʘ 

ʵʢʩʪʨʝʤʫʤʦʚ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʷ ʮʝʣʠ ʜʦʩʪʠʛʘʝʪ 

ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʕ = 4.864 
̋ˏ ̓Ͻ̘  

 ̓Ͻ l
, ʟʥʘʯʝʥʠ ̫ʬʘʢʪʦʨʦʚ ʩʦʩʪʘʚʠʣʠ ὢ πȢωτω, 

ὢ πȢστυ, ὢ 0.049. ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʣʠʩʪʠʥʛʝ ʧʨʠʣʦʞʝʥʠʷ ʙ 
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13. ʇʨʦʚʝʨʢʘ ʨʝʰʝʥʠʡ ʣʠʥʝʡʥʳʭ ʙʘʣʘʥʩʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʠ 

ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʳʭ 

ʚʝʣʠʯʠʥ ʩʦʩʪʘʚʠʣʠ: ὓ ρȟς ̍ ,̍ ὺ ςφȟψσ Ϸ, ˣ πȟφυτϷ, ὥˏ ρυȟττρ̍Ⱦ̒ , 

ὒ̱ ψσȟωχφ ̅ˎ.̱ ʅʘʪʫʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʘʚʣʷʶʪ ή πȟπχψ
̋̄

̒
, 

ή πȟπυτ
̋̄

̒
,  ‫ τυχȟς ̑́Ⱦ̅̒.  

ʇʨʠ ʧʦʜʘʯʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʦʣʴʢʦ ʚ ʦʜʥʫ ʠʟ ʟʘʛʨʫʟʦʯʥʳʭ ʛʦʨʣʦʚʠʥ 

(ʥʘʧʨʠʤʝʨ, ʚ ʣʝʚʫʶ ὢ  ρ) ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʧʨʠ ʧʨʦʯʠʭ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5,26 
̋ˏ ̓Ͻ̘  

 ̓Ͻ l
. 

ʉʥʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʠ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʝ ʩʦʩʪʘʚʣʷʝʪ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʫ 
ȟ ȟ

ȟ
πȟπψς ψȟςϷ.   

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʷʯʤʝʥʷ ʚ ʩʨʝʜʝ Mathcad ʨʘʩʯʝʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʇʨʠʣʦʞʝʥʠʠ ɹ14, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ 

ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ï ʕ = 7.536 
̋ˏ ̓Ͻ̘  

 ̓Ͻ l
, ʧʨʠ ʢʦʪʦʨʳʭ 

ʢʦʜʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʩʦʩʪʘʚʠʣʠ  ὢ πȢψφυ, ὢ πȢςφχ, ὢ  0.749. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʳʭ ʚʝʣʠʯʠʥ ʧʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ: ὓ ρȢς ̍ ,̍ ὺ ρχȢτφυ Ϸ, ˣ πȢςψτ Ϸ, 

ὥˏ ρφȢφ ̍Ⱦ̒ , ὒ̱ ψυȢπ ̅ˎ.̱ ʅʘʪʫʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʦʚ ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ή πȟπχυ
̋̄

,̒ ή πȟπυρ
̋̄

,̒  ‫ υςχȟυχ ̑́Ⱦ̅̒.  

ɸʥʘʣʦʛʠʯʥʳʝ, ʢʘʢ ʧʦ ʧʰʝʥʠʮʝ, ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ ʦʧʧʦʟʠʪʥʦʡ 

ʟʘʛʨʫʟʢʠ ʥʘ 19,9 %. 

ʇʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʩʨʝʜʝ MathCAD ʧʦʟʚʦʣʠʣ ʜʦʢʘʟʘʪʴ, ʯʪʦ  ʧʦʢʘʟʘʪʝʣʠ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʠʥʳʝ ʠʩʢʦʤʳʝ ʚʝʣʠʯʠʥʳ ʩʥʠʞʘʶʪʩʷ ʜʦ 

ʥʠʞʥʠʭ ʛʨʘʥʠʮ ʠ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʧʘʨʥʦʡ ʧʦʜʘʯʝ ʤʘʪʝʨʠʘʣʘ ʚ 

ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʚ ʟʝʨʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʟʘʛʨʫʟʦʯʥʳʝ ʛʦʨʣʦʚʠʥʳ ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʡ ὢ = ὢ. 

ʉʜʝʣʘʥʥʳʡ ʘʥʘʣʠʟ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ ʪʦʤ, ʯʪʦ ʜʦʩʪʠʞʝʥʠʝ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ 
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ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʩʦʦʩʥʦʡ ʟʘʛʨʫʟʢʠ ʩʦʧʨʷʞʝʥʥʳʭ ʤʦʣʦʪʢʦʚ 

ʠʟʤʝʣʴʯʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʢʦʪʦʨʦʝ ʚ ʮʝʣʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ. 

 

 

4.8. ɺʳʚʦʜʳ ʧʦ 4 ʛʣʘʚʝ 

 

 

1. ʇʨʦʚʝʜʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʘʥʝʝ 

ʧʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʳʚʦʜʳ, ʯʪʦ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ 

ʜʣʷ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ ʧʨʠ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʝ 

ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ ʜʚʝ ʟʝʨʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʟʘʛʨʫʟʦʯʥʳʝ 

ʛʦʨʣʦʚʠʥʳ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ.  

2. ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʷʯʤʝʥʷ ʠ ʧʰʝʥʠʮʳ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʧʦʜʘʯʠ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʠ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ, ʧʨʠ ʫʩʣʦʚʠʠ ʧʘʨʥʦʡ 

ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ.  ɼʣʷ ʜʨʦʙʠʣʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳ 

ʫʩʣʦʚʠʷ ʜʚʫʩʪʦʨʦʥʥʝʡ ʟʘʛʨʫʟʢʠ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʤʝʨʫ ʠʟʤʝʣʴʯʝʥʠʷ, ʧʨʠ ʨʘʚʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʷ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ.  

3. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʚʝʣʠʯʠʥʳ ʬʘʢʪʦʨʘ 

ὢ ʠʣʠ ὢ ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ, ʫʨʦʚʥʷ 

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʠ ʟʚʫʢʘ ʨʘʚʥʦʤʝʨʥʦ ʚʦʟʨʘʩʪʘʶʪ. ʇʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ 

ʧʦʢʘʟʳʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥ ʧʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʧʦʜʘʯʝ ʤʘʪʝʨʠʘʣʘ, 

ʦʪʜʝʣʴʥʦ ʚ ʟʘʛʨʫʟʦʯʥʫʶ ʛʦʨʣʦʚʠʥʫ ὢ ʠʣʠ ὢ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʚʪʦʨʦʛʦ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ, ʪʦ ʝʩʪʴ ʧʨʠ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʪʦʡ 

ʰʠʙʝʨʥʦʡ ʟʘʩʣʦʥʢʝ.  ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʬʘʢʪʦʨʘ ὢ ʠʣʠ ὢ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʡ ʠʟʫʯʘʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 
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ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʚʝʣʠʯʠʥ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʫʨʦʚʥʷ 

ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʨʦʚʥʷ ʰʫʤʘ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʩʤʝʱʘʷʩʴ ʦʪ 

ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʨʫ ʧʨʠ ὢ  π ʠ ὢ  π. ɺʝʣʠʯʠʥʳ ʧʦʢʘʟʘʪʝʣʝʡ ʩʥʠʞʘʶʪʩʷ ʜʦ 

ʥʠʞʥʠʭ ʛʨʘʥʠʮ ʠ ʠʤʝʪʁ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʧʘʨʥʦʡ ʧʦʜʘʯʝ ʤʘʪʝʨʠʘʣʘ ʚ 

ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʚ ʟʝʨʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʟʘʛʨʫʟʦʯʥʳʝ ʛʦʨʣʦʚʠʥʳ, ʪʦ ʦʩʪʴ 

ʧʨʠ ʫʩʣʦʚʠʠ ὢ =ὢ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ, 

ʯʪʦ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ, ʦʧʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ 

ʙʫʜʝʪ ʚʝʣʠʯʠʥʘ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ, ʨʘʚʥʘʷ 45 ʤ/ʩ. 

5. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʦʚ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʬʫʥʢʮʠʷ ʮʝʣʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʜʦʩʪʠʛʘʝʪ ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ, 

ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʕ = 4.87 
̋ˏ ̓Ͻ̘  

 ̓Ͻ l
, ʧʨʠ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʚ 

ʥʘʪʫʨʘʣʴʥʳʭ ʚʳʨʘʞʝʥʠʷʭ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʘʚʣʷʶʪ ή πȟπχψ
̋̄

,̒ ή πȟπυτ
̋̄

,̒ 

 ‫ τυχȟς ̑́Ⱦ̅̒, ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʳʭ ʚʝʣʠʯʠʥ ʧʝʨʝʚʝʜʝʥʥʳʭ ʚ ʦʛʨʘʥʠʯʝʥʠʷ: ὓ

ρȢς ̍ ,̍ ὺ ςφȢψ Ϸ , x πȢφυϷ, ὥˏ ρυȢτ ̍Ⱦ̒ , ὒ̱ ψσȢω ̅ˎ.̱  

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʷʯʤʝʥʷ, ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʷʭ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʩʦʩʪʘʚʠʣʦ ʕ = 7.54 
̋ˏ ̓Ͻ̘  

 ̓Ͻ l
, ʧʨʠ 

ʢʦʪʦʨʳʭ ʬʘʢʪʦʨʳ ʚ ʥʘʪʫʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʘʨʛʫʤʝʥʪʦʚ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ: ή πȟπχυ
̋̄

,̒ ή πȟπυπ
̋̄

,̒  ‫ υςχȟφ ̑́Ⱦ̅̒, ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ 

ʧʝʨʝʚʝʜʝʥʥʳʭ ʚ ʦʛʨʘʥʠʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ὓ ρȢς ̍ ,̍ ὺ

ρχȢυ Ϸ, x πȢςψ Ϸ, ὥˏ ρφȢφ ̍Ⱦ̒ , ὒ̱ ψυȢπ ̅ˎ.̱  

ʉʥʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 8,2 % 

(ʧʰʝʥʠʮʘ) ʜʦ 19, 9 % (ʷʯʤʝʥʴ). 
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5. ʕʂʆʅʆʄʀʏɽʉʂɸʗ ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʈɽɿʋʃʔʊɸʊʆɺ 

ʀʉʉʃɽɼʆɺɸʅʀʗ ʀ ʉʆʉʊʆʗʅʀɽ ɺʅɽɼʈɽʅʀʗ 

 

 

5.1. ʆʧʨʝʜʝʣʝʥʠʝ ʙʘʟʦʚʦʡ ʩʪʦʠʤʦʩʪʠ ʜʨʦʙʠʣʢʠ 

 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ˗ˏ  ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʫ ʟʘʪʨʘʪ ʥʘ ʩʳʨʴʝ, ʧʦʪʨʝʙʥʦʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʜʝʪʘʣʝʡ ˔̍ ́ ̓ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʦʩʥʘʱʝʥʠʷ ʠʤʝʶʱʠʭʩʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠʣʠ ʥʘ 

ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʫ ʬʘʢʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʦʧʝʨʘʮʠʠ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʤʦʱʴʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩ ʫʯʝʪʦʤ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ  ̝ ̏̂.̑ 

ɺ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʙʶʜʞʝʪʘ ʧʨʦʝʢʪʘ, ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʪʘʙʣʠʮʝ 5.1 

ʧʨʝʜʩʪʘʚʣʝʥ r(ʚ ʮʝʥʘʭ 2023 ʛʦʜʘ) ʧʝʨʝʯʝʥʴ ʠ ʩʪʦʠʤʦʩʪʴ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʢʦʤʧʣʝʢʪʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠ ̫

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ ʤʦʣʦʪʢʦʚʦʛʦ ʪʠʧʘ. 

 

ʊʘʙʣʠʮʝ 5.1 ï ʇʝʨʝʯʝʥʴ ʠ ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ 

ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʚ ʮʝʥʘʭ 2023 ʛʦʜʘ) 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʠʟʜʝʣʠʷ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʂʦʣʠʯʝ

ʩʪʚʦ 

ʎʝʥʘ ʟʘ 

ʝʜ. ʨʫʙ. 

ɺʩʝʛʦ, 

ʨʫʙ. 

ʄʦʣʦʪʢʠ  

132 ʰʪ 

ʇʦʣʦʩʘ ʛ/ʢ ʩʪ.3 

4ʭ20 

7,92 ʤ 68 538,56 

ʂʨʫʛ ʦʪʨʝʟʥʦʡ 1,98 35 69,3 

ʈʦʪʦʨ ʂʨʫʛ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʛ/ʢ 0,6 ʤ 528 316,8 
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ʜʠʘʤʝʪʨ 25 

ʃʠʩʪ ʛ/ʢ ʩʪ.3 0,667 

ʤ2 

1385,6 924,195

2 

ʉʚʘʨʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ 0,3 790 237 

ʂʨʫʛ ʦʪʨʝʟʥʦʡ 2 35 70 

ʀʟʤʝʣʴʯʠʪʝʣʴʥʘʷ 

ʢʘʤʝʨʘ 

ʃʠʩʪ ʛ/ʢ ʩʪ.3 0,330 

ʤ2 

1385,6 457,248 

ʇʦʣʦʩʘ ʛ/ʢ ʩʪ.3 

4ʭ30 

2,1 ʤ 98 205,8 

ʂʨʫʛ ʦʪʨʝʟʥʦʡ 1 35 35 

ʉʚʘʨʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ 0,3 790 237 

USF 206 ʧʦʜʰʠʧʥʠʢ 2 460 920 

ʆʪʙʦʡʥʘʷ ʜʝʢʘ ʊʨʫʙʘ ʧʨʦʬʠʣʴʥʘʷ 10ʭ10 5,5 ʤ 40 220 

ʂʨʫʛ ʦʪʨʝʟʥʦʡ 2 35 70 

ʉʚʘʨʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ 0,3 790 237 

ɹʫʥʢʝʨ ʃʠʩʪ ʛ/ʢ ʩʪ.3 0,302 

ʤ2 

1385,6 418,451

2 

ʂʨʫʛ ʦʪʨʝʟʥʦʡ 1 35 35 

ʉʚʘʨʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ 0,2 790 158 

ʈʘʤʘ ʜʣʷ ʢʨʝʧʣʝʥʠʷ 

ʠʟʤʝʣʴʯʠʪʝʣʴʥʦʡ 

ʢʘʤʝʨʳ 

ʊʨʫʙʘ ʧʨʦʬʠʣʴʥʘʷ 25ʭ25 4,28 130 556,4 

ʇʦʣʦʩʘ ʛ/ʢ ʩʪ.3 

4ʭ25 

1 ʤ 98 98 

ʂʨʫʛ ʦʪʨʝʟʥʦʡ 1,5 35 52,5 

ʉʚʘʨʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ 0,4 790 316 

ʈʘʤʘ ʜʣʷ 

ʨʘʟʛʨʫʟʦʯʥʦʛʦ ʢʦʨʦʙʘ 

ʊʨʫʙʘ ʧʨʦʬʠʣʴʥʘʷ 25ʭ25 6,35 130 825,5 

ʂʨʫʛ ʦʪʨʝʟʥʦʡ 1,5 35 52,5 

ʉʚʘʨʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ 0,4 790 316 

ʈʘʤʘ ʦʩʥʦʚʘʥʠʷ ʜʣʷ 

ʢʨʝʧʣʝʥʠʷ 

ʃʠʩʪ ʛ/ʢ ʩʪ.3 0,140 

ʤ2 

1385,6 193,984 
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ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʊʨʫʙʘ ʧʨʦʬʠʣʴʥʘʷ 25ʭ25 1,220 130 158,6 

ʊʨʫʙʘ ʧʨʦʬʠʣʴʥʘʷ 30ʭ30 0,680 135 91,8 

ʂʨʫʛ ʦʪʨʝʟʥʦʡ 0,5 35 17,5 

ʉʚʘʨʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ 0,2 790 158 

ʐʢʠʚ ʜʣʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʯʝʪʳʨʝʭ-ʨʫʯʝʡʢʦʚʳʡ 

 1 1150 1150 

ʐʢʠʚ ʨʦʪʦʨʘ  1 700 700 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ  1 8500 8500 

ʈʝʤʝʥʴ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

 1 200 200 

ʂʘʙʝʣʴ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ 

 3 ʤ 720 720 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ  

ʚʳʢʣʶʯʘʪʝʣʴ 

 1 550 550 

ʂʨʝʧʝʞʥʳʝ ʠʟʜʝʣʠʷ 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʯʘʩʪʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ 

 50 280 280 

ʀʪʦʛʦ, ʨʫʙ.  20 086,

14 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʦʠʤʦʩʪʴ ʨʘʩʭʦʜʦʚ ʥʘ ʤʘʪʝʨʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʠ ʪʝʭʥʠʯʝʩʢʠ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʟʘʪʨʘʯʝʥʥʭr ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʜʥʦʡ ʝʜʠʥʠʮʳ 

ʧʨʦʜʫʢʮʠʠ ʠʟʤʝʣʴʯʠʪʝʣʷ ˔̍ ́,̓ ʚ ʜʝʥʝʞʥʦʤ ʚʳʨʘʞʝʥʠʠ ʩʦʩʪʘʚʠʣʠ 20 ʪʳʩ. ʨʫʙ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʘʤʠ, ʠʟʣʦʞʝʥʥʳʤʠ ʚ ʨʘʙʦʪʘʭ [18, 33, 55, 80, 81, 88, 

90, 92, 94, 150, 151], ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʮʝʩʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʳʨʴʷ ʠ ʢʦʤʧʦʥʝʥʪʳ, 

ʨʘʟʣʠʯʥʳʝ ʦʧʝʨʘʮʠʠ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʨʦʯʠʝ 

ʟʘʪʨʘʪʳ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʦʪʥʦʩʷʪʩʷ ʢ ʠʟʛʦʪʦʚʣʝʥʠ ʁ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʨʘʙʦʪ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʢʘʢ 
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ʨʘʩʭʦʜʳ ʟʘʪʨʘʯʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʨʘʙʦʪʥʠʢʘ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʝʜʠʥʠʮʳ 

ʧʨʦʜʫʢʮʠʠ, ʩʦʩʪʘʚʣʷʶʪ 50 % ʦʪ ʨʘʩʭʦʜʦʚ ʥʘ ʤʘʪʝʨʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ ʟʘʪʨʘʯʝʥʥʳʭ ʥʘ ʚʳʧʫʩʢ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ, ʨʫʙ.: 

˔̏ ̂̑ πȟυ ˔̍ ́̓ πȟυ ςπ πψφȟρτ ρπ πτσȟπχ ʨʫʙ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʤʤʘ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ˗ˏ  ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʜʥʦʡ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ 

ʠʟʤʝʣʴʯʠʪʝʣʷ ʚ ʜʝʥʝʞʥʦʤ ʚʳʨʘʞʝʥʠʠ ʩʦʩʪʘʚʠʪ: 

˗ˏ ˔̍ ́̓ ˔̏ ̂̑ ςπ πψφȟρτρπ πτσȟπχ σπ ρςωȟςρ ʨʫʙ. 

 

ɺ ʠʪʦʛʝ ʩʫʤʤʫ ʚʩʝʭ ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʜʨʦʙʠʣʢʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʨʘʩʯʸʪʥʦ-ʙʘʣʘʥʩʦʚʫ  ʁ ʩʪʦʠʤʦʩʪʴ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ, 

ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

                                             ˞̓̑́ ̒ ˣ̏ ̐̓ Ὧ̂,     (5.1) 

ʛʜʝ ˣ̏ ̐̓  ï ʦʧʪʦʚʘʷ ʮʝʥʘ ʟʝʨʥʦʜʨʦʙʠʣʢʠ; 

Ὧ̂ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʭʦʜʘ ʦʪ ʦʧʪʦʚʦʡ ʮʝʥʳ ʢ ʩʨʝʜʥʝ-ʙʘʣʘʥʩʦʚʦʡ 

ʩʪʦʠʤʦʩʪʠ,  Ὧ̂ ρȟς . 

ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʩʫʤʤʘ ʚʩʝʭ ʟʘʪʨʘʪ ʩʦʩʪʘʚʣʷʝʪ: 

˞̓̑́ ̒σπ ρςωȟςρ ρȟς σφ ρυυȟπυς ʨʫʙ. 

ʉʫʤʤʘ ʤʘʣʘ ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʣʴʯʠʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 

0,2 ʪ/ʯʘʩ, ʯʪʦ, ʦʜʥʘʢʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʜʩʦʙʥʳʭ ʠ ʥʝʢʦʪʦʨʳʭ ʬʝʨʤʝʨʩʢʠʭ 

ʭʦʟʷʡʩʪʚ. 

  

 

5.2. ʆʮʝʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʠʟʤʝʣʴʯʠʪʝʣʷ 

 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʠʟʤʝʣʴʯʠʪʝʣʷ ʜʣʷ ʦʪʨʘʩʣʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʧʨʦʚʝʜʝʤ ʨʘʩʯʸʪ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ 
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ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ. 

ɸʥʘʣʠʟ ʛʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪ 

ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʦʛʦ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʦ ʧʨʷʤʦʤʫ ʥʘʟʥʘʯʝʥʠʶ, ʚʦʟʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

˪̄ ˏ̝ ˞˔ˎ  ˞ ˔̊  ˪ , 

ʛʜʝ ˞˔ˎ ʠ ˞˔̊ ī ʩʫʤʤʘ ʩʦʚʦʢʫʧʥʳʭ ʨʘʩʭʦʜʦʚ, ʟʘʪʨʘʯʝʥʥʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʝ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʪʳ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ 

ʩʳʨʴʷ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʥʘʨʘʙʦʪʢʘ) ʧʦ 

ʙʘʟʦʚʦʤʫ ʠ ʩʦʟʜʘʚʘʝʤʦʤʫ ʠʟʤʝʣʴʯʠʪʝʣ,ʁ ʨʫʙ/ʝʜ. ʥʘʨʘʙʦʪʢʠ; 

ʕ ī ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʵʢʦʥʦʤʠʠ ʟʘʪʨʘʪ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ 

ʯʠʩʣʝʥʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ, ʟʘʥʷʪʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʜʦʩʪʠʛʥʫʪʳʭ ʫʣʫʯʰʝʥʠʡ 

ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʯʠʭ ʯʘʩʦʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʩʪʘ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʳʨʴʷ ʦʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʡ 

ʤʘʰʠʥʳ, ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ ʦʜʠʥ ʯʘʩ ʨʘʙʦʪʳ 

(ʦʧʨʝʜʝʣʷʶʱʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ), ʨʫʙ/ 

(ʪ/ʯ);  

ˏ̝ ī ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʦʚʘʷ ʤʘʰʠʥʘ ʙʫʜʝʪ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʜʘʥʥʦʡ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʝ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʛʦʜʘ, 

(ʪ/ʯ)/ʛʦʜ.  

ʆʮʝʥʢʫ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ ʟʘ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʩʥʠʞʝʥʠʷ ʩʚʦʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʣʠ ʢʘʯʝʩʪʚʘ, ʦʧʨʝʜʝʣʠʤ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

                                                  ˪˞Ȣ˞Ȣ  
˪̄

́̎ ˒
 ,                                                    (5.2) 

 

ʛʜʝ ́̎  ī ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨ ʦʪʯʠʩʣʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ ʧʦ ʤʝʨʝ ʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʥʘ ʝʝ 
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ʘʤʦʨʪʠʟʘʮʠʶ; 

ɽ ī ʥʦʨʤʘʪʠʚʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʣʛʦʩʨʦʯʥʳʭ ʚʣʦʞʝʥʠʡ ʩʨʝʜʩʪʚ ʚ ʨʝʘʣʠʟʘʮʠʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ  ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʳʣʠ, ɽ = 0,12 [112].  

ʃʠʤʠʪʥʘʷ (ʤʘʢʩʠʤʘʣʴʥʘʷ) ʮʝʥʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ 

ʩʦʟʜʘʚʘʝʤʳʡ ʠʟʤʝʣʴʯʠʪʝʣʴ ʙʝʟ ʨʠʩʢʘ ʫʙʳʪʢʦʚ: 

                                                            x˘  x Ȣˏ̃Ȣ  „ ,                                            (5.3) 

 

ʛʜʝ ˣˏ Ȣ̃Ȣ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʥʘ ʩʦʟʜʘʚʘʝʤʳʡ 

ʠʟʤʝʣʴʯʠʪʝʣʴ, ʨʫʙ.;  

ů ī ʢʦʵʬʬʠʮʠʝʥʪ, ʛʘʨʘʥʪʠʨʫʶʱʠʡ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʠʟʤʝʣʴʯʠʪʝʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʥʦʩʪʠ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ů = 0,80 [33].  

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʥʘ ʩʦʟʜʘʚʘʝʤʳʡ 

ʠʟʤʝʣʴʯʠʪʝʣʴ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

                                                      ˣˏ Ȣ̃Ȣ  
˪̄

́̎ ˒
 ˎ˚ ,                                      (5.4) 

ʛʜʝ ŭ ī ʢʦʵʬʬʠʮʠʝʥʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʣʘʥʩʦʚʦʡ ʩʪʦʠʤʦʩʪʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʚʦʜʘ ʦʧʪʦʚʦʡ ʮʝʥʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʙʘʣʘʥʩʦʚʦʡ ʮʝʥʳ 

ʢ ʦʧʪʦʚʦʡ ʮʝʥʝ, ŭ = 1,2; 

ˎ̊ī ʩʪʦʠʤʦʩʪʴ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʟʘʪʨʘʪʳ ʥʘ ʝʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʜʦʩʪʘʚʢʫ, ʫʩʪʘʥʦʚʢʫ ʠ ʥʘʩʪʨʦʡʢʫ, ʘ ʪʘʢʞʝ ʥʘʣʦʛʠ ʠ ʜʨʫʛʠʝ ʨʘʩʭʦʜʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʝʝ ʧʨʠʦʙʨʝʪʝʥʠʝʤ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʙʘʣʘʥʩʦʚʘʷ ʮʝʥʘ, ʨʫʙ. 

ɻʦʜʦʚʦʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʠʟʤʝʣʴʯʠʪʝʣʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʦʟʚʦʣʠʚʰʝʝ ʧʨʦʠʟʚʝʩʪʠ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʪʨʫʜʘ 

(ʵʢʦʥʦʤʠʷ ʪʨʫʜʘ) ʚ ʤʘʪʝʨʠʘʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʦʚʦʡ 

ʤʘʰʠʥʳ: 

                                                      ̝ː  ̝ Ȣ˟ˎȢ  ̝ ˟Ȣ̊Ȣ ˏ̝ ,                                      (5.5) 

ʛʜʝ ˔˟ȢˎȢ,  ˟̝Ȣ̊Ȣ ï ʢʦʣʠʯʝʩʪʚʦ ʟʘʪʨʘʯʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ ʧʦ 
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ʙʘʟʦʚʦʤʫ ʠ ʩʦʟʜʘʚʘʝʤʦʤʫ ʠʟʤʝʣʴʯʠʪʝʣʶ, ʯʝʣ.ʯ/(ʪ/ʯ).  

ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʩʨʘʚʥʝʥʠʷ 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʠʤʝʶʱʠʤʠʩʷ ʠʟʤʝʣʴʯʠʪʝʣʷʤʠ ʧʨʠʤʝʤ  

ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʜʨʦʙʠʣʢʫ ʤʦʣʦʪʢʦʚʫʶ ɼʄ-200 ɸʨʪʠʢʫʣ: IDP0019518, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ "ɼʠʇʠʇʨʦʤ", ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 0,2 ʪ/ʯ [62].  

ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʜʣʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠʤʝʤ, ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ 

ʜʘʥʥʳʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʠ ʫʩʣʦʚʠʠ ʧʘʨʥʦʡ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ 

ʟʝʨʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʟʘʛʨʫʟʦʯʥʳʝ ʛʦʨʣʦʚʠʥʳ, ʨʘʚʥʦʡ υȟρ  
̋ˏ̘̓

̓
 . 

ɼʣʷ ʩʨʘʚʥʠʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ 

                                                          ή˪ ̅̃

˪
 ,                                                  (5.6) 

ʛʜʝ ὔ̅ ̃  ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠ ʧʦʣʥʦʡ ʟʘʛʨʫʟʢʝ;  

ὡ˪  ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʣʴʯʠʪʝʣʷ. 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʙʘʟʦʚʦʤʫ ʠ ʩʦʟʜʘʚʘʝʤʦʤʫ ʠʟʤʝʣʴʯʠʪʝʣʶ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.2. 

 

ʊʘʙʣʠʮʘ 5.2 ï  ʀʩʭʦʜʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʤʝʥʝʥʠʷ ʙʘʟʦʚʦʛʦ ʠ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ  (ʚ ʮʝʥʘʭ 2023 ʛ.) 

ʇʦʢʘʟʘʪʝʣʴ ʆʙʦʟʥʘʯʝʥʠʝ ɹʘʟʦʚʳʡ 

ʚʘʨʠʘʥʪ 

(ɼʄ-200) 

ʃʘʙʦʨʘʪʦʨʥʳʡ 

ʦʙʨʘʟʝʮ 

ʈʳʥʦʯʥʘʷ (ʙʘʣʘʥʩʦʚʘʷ) 

ʩʪʦʠʤʦʩʪʴ, ʨʫʙ. 

ɹ 110 247 36 155,05 

ɺʝʣʠʯʠʥʘ ʤʘʩʩʳ 

ʠʟʤʝʣʴʯʠʪʝʣʷ, ʢʛ 
Ὃ  45 35 
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ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 

ʠʟʤʝʣʴʯʠʪʝʣʷ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʝʜ. ʧʨʦʜʫʢʮʠʠ, 

ʢɺʪ-ʯ/ʪ 

ή 7,5 5,1 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʠʟʤʝʣʴʯʠʪʝʣʷ, ʪ/ʯ 

ὡ˪  0,2 0,2 

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ, ʢɺʪ 

 
ὖ 1,5 1,5 

ɻʦʜʦʚʘʷ ʬʘʢʪʠʯʝʩʢʘʷ ʟʘʛʨʫʟʢʘ 

ʪʝʭʥʠʢʠ, ʯ. 
˟̘ 1976 1976 

ʅʦʨʤʘ ʦʪʯʠʩʣʝʥʠʡ ʥʘ 

ʘʤʦʨʪʠʟʘʮʠʶ, % 
ὥ 16,7 16,7 

ʅʦʨʤʘʪʠʚ ʟʘʪʨʘʪ ʥʘ 

ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ, % 
ὶ̠ 0 0 

ʅʦʨʤʘʪʠʚ ʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʠ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, % 

ὶ 13,0 13,0 

ʂʦʣʠʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ, ʯʝʣ. 
 ̆ 1 1 

ʏʘʩʦʚʘʷ ʩʪʘʚʢʘ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ, 

ʨʫʙ/ʯ. 

† 127,84 127,84 

 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʟʘʪʨʘʪʘʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʥʦʚʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʘʟʦʚʳʤ ʠʩʧʦʣʴʟʫʝʤ ʧʦʢʘʟʘʪʝʣʴ 

ʩʪʝʧʝʥʠ ʜʠʥʘʤʠʢʠ ʟʘʪʨʘʪ, ʢʦʪʦʨʫʶ ʦʧʨʝʜʝʣʠʤ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

                                                       ὅ  
̈ː ȢˎȢ̈ː Ȣ̊Ȣ

̈ː ȢˎȢ
 ρππϷ ,                                      (5.7) 

ʛʜʝ ̈ᴂːȢˎȢ , ̈ᴂːȢ̊Ȣ ï  ʟʘʪʨʘʪʳ ʚ ʛʦʜʦʚʦʤ ʠʩʯʠʩʣʝʥʠʠ (ʟʘʪʨʘʪʳ ʪʨʫʜʘ ʨʘʙʦʯʝʛʦ 

ʚʨʝʤʝʥʠ, ʧʨʷʤʳʝ ʨʘʩʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʦʙʲʝʢʪʘ, ʟʘʪʨʘʪʳ ʥʘ 

ʩʦʟʜʘʥʠʝ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʩʦʚʦʢʫʧʥʳʝ ʟʘʪʨʘʪʳ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʙʘʟʦʚʦʤʫ ʠ 

ʩʦʟʜʘʚʘʝʤʦʤʫ ʠʟʤʝʣʴʯʠʪʝʣʶ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʟʘ ʧʝʨʠʦʜ 

ʦʜʥʦʛʦ ʛʦʜʘ, ʯʝʣ.-ʯ, ʨʫʙ. 

ʉʫʤʤʫ ʩʦʚʦʢʫʧʥʳʭ ʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʩʳʨʴʷ ʟʘ 
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ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ ʧʦ 

ʙʘʟʦʚʦʤʫ ʠ ʩʦʟʜʘʚʘʝʤʦʤʫ ʠʟʤʝʣʴʯʠʪʝʣʶ (ʝʜʠʥʠʮʘ ʥʘʨʘʙʦʪʢʠ) ʨʘʩʩʯʠʪʘʝʤ ʧʦ 

ʚʳʨʘʞʝʥʠʶ: 

                                                    ˞ ̝  ̞  ̠ ẗ ˒,                                             (5.8) 

ʛʜʝ ʀ ï ʩʫʤʤʘ ʚʩʝʭ ʧʨʷʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʨʫʙ/(ʪ/ʯ);  

ʂ ī ʜʦʣʛʦʩʨʦʯʥʳʝ ʚʣʦʞʝʥʠʷ ʩʨʝʜʩʪʚ ʚ ʨʝʘʣʠʟʘʮʠʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ  ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʳʣʠ ʥʘ ʝʜʠʥʠʮʫ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, 

ʨʫʙ/ (ʪ/ʯ);  

ɽ ï ʥʦʨʤʘʪʠʚʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʣʛʦʩʨʦʯʥʳʭ ʚʣʦʞʝʥʠʡ ʩʨʝʜʩʪʚ ʚ ʨʝʘʣʠʟʘʮʠʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ,  

ʦʧʨʝʜʝʣʷʶʱʠʡ ʤʠʥʠʤʘʣʴʥʫʶ ʥʦʨʤʫ ʧʨʠʙʳʣʠ; ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʝ ʥʠʞʝ 

0,12 [112].  

ʇʨʷʤʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʚ ʛʦʜ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʠʟʤʝʣʴʯʠʪʝʣʷ 

ʤʦʣʦʪʢʦʚʦʛʦ ʪʠʧʘ: 

                                                 ̞  ̝  ː  ̋  ̱  l ,                                    (5.9) 

ʛʜʝ ɿ ï ʨʘʩʭʦʜʳ ʥʘ ʚʳʧʣʘʪʫ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʩʦʪʨʫʜʥʠʢʘʤ, ʦʙʩʣʫʞʠʚʘʶʱʠʤ 

ʠʟʤʝʣʴʯʠʪʝʣʴ, ʨʫʙ/ (ʪ/ʯ); 

ɻ ī ʨʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʧʦʪʨʝʙʣʷʝʤʫʶ ʠʟʤʝʣʴʯʠʪʝʣʝʤ ʠʟ 

ʨʘʩʯʝʪʘ ʤʦʱʥʦʩʪʠ, ʨʫʙ/ (ʪ/ʯ);  

ʈ ī ʨʘʩʭʦʜʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʠʩʧʨʘʚʥʦʩʪʠ ʠʟʤʝʣʴʯʠʪʝʣʷ (ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʪʝʢʫʱʠʡ ʠ ʢʘʧʠʪʘʣʴʥʳʡ 

ʨʝʤʦʥʪ), ʨʫʙ/ (ʪ/ʯ);  

ɸ ī ʩʫʤʤʘ ʦʪʯʠʩʣʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ 

ʧʦ ʤʝʨʝ ʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʥʘ ʝʝ ʘʤʦʨʪʠʟʘʮʠʶ, ʨʫʙ/ (ʪ/ʯ);  

ʌ ī ʧʨʦʯʠʝ ʧʨʷʤʳʝ ʨʘʩʭʦʜʳ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʦʩʥʦʚʥʳʤ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ, ʨʫʙ/ (ʪ/ʯ), ʦʪʩʫʪʩʪʚʫʶʪ.  

ʈʘʩʭʦʜʳ ʥʘ ʚʳʧʣʘʪʫ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʠ ʩʦʮʠʘʣʴʥʳʝ ʚʟʥʦʩʳ ʩʦʪʨʫʜʥʠʢʘʤ, 

ʦʙʩʣʫʞʠʚʘʶʱʠʤ ʠʟʤʝʣʴʯʠʪʝʣʴ: 
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                                                 ̈
̒̍
В̌  †  ὑˑ  ,                                     (5.10) 

ʛʜʝ ύ̒  ̍ï ʢʦʣʠʯʝʩʪʚʦ  ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟʤʝʣʴʯʠʪʝʣʝʤ ʟʘ ʧʝʨʠʦʜ 1 ʯ 

ʩʤʝʥʥʦʛʦ ʚʨʝʤʝʥʠ, ύ̒ =̍ 0,2 ʪ/ʯ; 

† ī ʨʘʟʤʝʨ ʦʧʣʘʪʳ ʪʨʫʜʘ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʟʘ ʦʜʠʥ ʯʘʩ ʨʘʙʦʪʳ † 

= 127,84 ʨʫʙ/ʯ.  

ὑˑ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʧʣʘʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʩʝ ʚʠʜʳ ʚʳʧʣʘʪ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ, ʪʘʢʠʝ ʢʘʢ ʦʧʣʘʪʘ ʟʘ ʧʨʦʜʫʢʮʠʶ, ʧʨʝʤʠʘʣʴʥʳʝ, ʥʘʜʙʘʚʢʠ ʟʘ ʩʪʘʞ 

ʨʘʙʦʪʳ ʠ ʢʚʘʣʠʬʠʢʘʮʠʶ, ʦʪʧʫʩʢʥʳʝ ʠ ʥʘʯʠʩʣʝʥʠʷ ʧʦ ʩʦʮʩʪʨʘʭʦʚʘʥʠʶ, 

ὑˑ  = 1,2 [107];  

 ̌ï ʢʦʣʠʯʝʩʪʚʦ j-ʛʦ ʩʦʪʨʫʜʥʠʢʘ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʠʟʤʝʣʴʯʠʪʝʣʴ, ̌  = 1,0 ʯʝʣ.  

̈̎
ȟ
ρȟπ ρςχȟψτ ρȟς χȟφχ  ʨʫʙ./ʪ. 

ʈʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʟʘʪʨʘʯʠʚʘʝʤʫʶ ʠʟʤʝʣʴʯʠʪʝʣʝʤ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

                                                    ː  ή  x,                                                 (5.11) 

ʛʜʝ ή ī ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʠʟʤʝʣʴʯʠʪʝʣʝʤ ʥʘ ʝʜʠʥʠʮʫ 

ʧʨʦʜʫʢʮʠʠ, q = 5,1 ʢɺʪĿʯ/ʪ;  

 xï ʨʳʥʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ 1 ʢɺʪĿʯ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʨʝʛʠʦʥʝ, ʎ =5,10 

ʨʫʙ/ʢɺʪĿʯ.  

 

ː̊ = 5,10 Ĭ 5,1 = 26,01 ʨʫʙ./ʪ. 

 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ὖ, ʨʘʩʩʯʠʪʳʚʘʝʤʭr ʥʘ ʦʩʥʦʚʝ ʥʦʨʤʘʪʠʚʦʚ ʦʪʯʠʩʣʝʥʠʡ ʦʪ ʩʫʤʤr 

ʚʩʝʭ ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʜʨʦʙʠʣʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʙʘʣʘʥʩʦʚʫʶ ʩʪʦʠʤʦʩʪʴ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

                                                     ὖ  
 ˎ

̞ ̋ ʕ
 ,                                          (5.12) 

ʛʜʝ  ˎī ʙʘʣʘʥʩʦʚʘʷ ʩʪʦʠʤʦʩʪʴ ʠʟʤʝʣʴʯʠʪʝʣʷ, ɹ = 36 155 ʨʫʙ. ï ʜʨʦʙʠʣʢʠ ʟʝʨʥʘ; 

ύ̞  ̋ ï ʢʦʣʠʯʝʩʪʚʦ  ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟʤʝʣʴʯʠʪʝʣʝʤ ʟʘ 1 ʯʘʩ 
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ʵʢʩʧʣʫʘʪʘʮʠʠ, ύ̞  ̋= 0,2 ʪ/ʯ; 

ὶ ī ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʟʤʝʨʘ ʦʪʯʠʩʣʝʥʠʡ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠʟʤʝʣʴʯʠʪʝʣʷ, ὶ= 0,13 [81];  

ὶ ī ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʯʠʩʣʝʥʠʡ, ʥʘʧʨʘʚʣʷʝʤʳʡ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 

ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʧʨʠ 

ʫʭʫʜʰʝʥʠʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ὶ= 0 [81];  

Ὕʕ ī ʦʙʲʝʤ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʟʝʨʥʘ ʚ ʛʦʜ ʠʟʤʝʣʴʯʠʪʝʣʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, Ὕʕ = 1976 ʯ. 

ὖ  
ȟ   

ȟ  
 11,89. 

 

ʈʘʟʤʝʨ ʦʪʯʠʩʣʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ ʧʦ 

ʤʝʨʝ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʥʘ ʝʛʦ ʘʤʦʨʪʠʟʘʮʠʶ  ̱ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

                                                               ̱  
 ˎ

̞ ̋ ʕ
 ,                                               (5.13) 

ʛʜʝ ὥ ī ʥʦʨʤʘʪʠʚ ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨ ʦʪʯʠʩʣʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ ʧʦ ʤʝʨʝ ʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʥʘ ʝʝ ʘʤʦʨʪʠʟʘʮʠʶ, ʘ 

= 0,167 [111].  

 ̱̊  
  ȟ

ȟ  
ρυȟςψ    ʨʫʙ/ʪ. 

 ʇʦʜʩʪʘʚʣʷʝʤ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʚʳʨʘʞʝʥʠʝ (5.9):  

˕̊   χφτȟπτ ςφȟπρ  ρρȟψω ρυȟςψ ψςπȟςς ʨʫʙ/ʪ. 

ɼʦʣʛʦʩʨʦʯʥʳʝ ʚʣʦʞʝʥʠʷ ʩʨʝʜʩʪʚ ʚ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ  ʧʦ ʩʦʟʜʘʥʠʶ 

ʠʟʤʝʣʴʯʠʪʝʣʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʳʣʠ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ: 

                                                             ˗
 ˎ

 ̞ ʕ
                                                    (5.14) 

˗̊
 ȟ

ȟ  
ωρȟτω  ʨʫʙ/ʪ. 

 

ʂʦʣʠʯʝʩʪʚʦ ʟʘʪʨʘʯʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ (ʪʨʫʜʦʚʳʭ ʫʩʠʣʠʡ) ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ ʨʘʩʩʯʠʪʘʝʤ ʧʦ 

ʚʳʨʘʞʝʥʠʶ: 
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                                                           ˔˟  
˘

̞
                                                          (5.15) 

 

˔˟ ˚  
ȟ

ȟ
υ ʯʝʣ. ʯ/ʪ. 

 

ʆʙʲʝʤ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʦʠʟʚʝʩʪʠ ʩʦʟʜʘʚʘʝʤʳʡ ʠʟʤʝʣʴʯʠʪʝʣʴ ʚ 

ʪʝʯʝʥʠʝ ʛʦʜʘ ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥʳ ʚ ʟʦʥʝ ʝʝ 

ʧʨʠʤʝʥʝʥʠʷ: 

                                                      ˏ̈ ὡ˪  ˟̝                                                      (5.16) 

 

ˏ̝Ȣ̊ πȟς ρωχφσωυȟς ʪ/ʛʦʜ, 

 

˞˔̊  ψςπȟςς  ωρȟτω πȟρς ψσρȟςπ ʨʫʙ/ʪ, 

 

˗̊ Ȣː˛ˑ  ̠˚  ˏ Ȣ̝̊ ωρȟτω σωυȟς σφ ρυφȟψυ ʨʫʙ/ʛʦʜ. 

 

ɺ ʮʝʣʷʭ ʩʨʘʚʥʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ ʧʨʦʚʝʜʝʤ ʨʘʩʯʝʪ 

ʩʦʚʦʢʫʧʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝʜʠʥʠʮʳ ʠʟʤʝʣʴʯʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʜʣʷ 

ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ɼʄ-200, ʠʩʧʦʣʴʟʫʷ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʝʢʩʪʝ ʬʦʨʤʫʣʳ (5.5ī5.16). 

 

̈ˎ
ȟ
ρȟπ ρςχȟψτ ρȟς χφχȟπτ ʨʫʙ/ʪ. 

 

ːˎ = 5,1 Ĭ 7,5 = 36,21 ʨʫʙ/ʪ. 

 

˝ˎ  
  ȟ

ȟ   
σφȟςχ ʨʫʙ/ʪ. 

 

ˍˎ  
  ȟ

ȟ 
τφȟυω  ʨʫʙ/ʪ. 
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˕ˎ χφχȟπτσφȟςρσφȟςχτφȟυω ψψφȟρρ ʨʫʙ/ʪ. 

 

˗ˎ  
 

ȟ   
ςχψȟωχ ʨʫʙ/ʪ. 

 

˔˟ ˎ  
ȟ

ȟ
υ ʯʝʣ. ʯ/ʪ. 

 

ˏ̝ ˎ πȟς ρ ωχφσωυȟς ʪ/ʛʦʜ 

 

˞˔ˎ ψψφȟρρςχψȟωχ πȟρς ωρωȟυω ʨʫʙ/ʪ. 

 

˗ˎȢː˛ˑ  ̠ˎ ˏ̝ȢˎȢ ςχψȟωχσωυȟς ρρπ ςτψȟωτ ʨʫʙ/ʛʦʜ 

 

˞  
υ υ

υ
 ρππ Ϸ π 

 

˪ υ υ ρςχȟψτ π 

 

˪ː σωυȢς ωρωȟυωψσρȟςππ στ ωσρȢχσ ʨʫʙ/ʛʦʜ 

 

˪˞Ȣ˞Ȣ  
 Ȣ

ȟ ȟ
ρςρ χρσȟσυ  ʨʫʙ. 

 

ˣˏ Ȣ̃  
 Ȣ

ȟ ȟ
σφ ρυυȢπυ

ȟ
ρσρ υυχȟππ ʨʫʙ. 

ˣ̆ ρσρ υυχȟππ πȟψ ρπυ ςτυȟφ ʨʫʙ. 

 

ʉʦʚʦʢʫʧʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ 

ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 5.3, ʚ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʙʘʟʦʚʦʛʦ ʠ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ.  
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ʊʘʙʣʠʮʘ 5.3 ï ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʙʘʟʦʚʦʛʦ ʠ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ 

ʇʦʢʘʟʘʪʝʣʴ ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

ɹʘʟʦʚʳʡ ʅʦʚʳʡ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʨʦʙʠʣʢʠ ʪ/ʯ. 0,2 0,2 

ʇʨʷʤʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʨʫʙ/ʪ 886,11 820,22 

ɺ ʪ.ʯ. ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʨʫʙ/ʪ 767,04 767,04 

ʟʘʪʨʘʪʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʨʫʙ/ʪ 36,21 26,01 

ʟʘʪʨʘʪʳ ʥʘ ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʨʫʙ/ʪ 36,27 11,89 

ʦʪʯʠʩʣʝʥʠʷ ʥʘ ʘʤʦʨʪʠʟʘʮʠʶ ʨʫʙ/ʪ 46,59 15,28 

ʋʜʝʣʴʥʳʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʨʫʙ/ʪ 278,97 91,49 

ʉʦʚʦʢʫʧʥʳʝ ʟʘʪʨʘʪʳ ʨʫʙ/ʪ 919,59 830,20 

ɻʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʨʫʙ. - 34 931,73 

ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʣʝʪ - 1,08 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ  

ʧʨʝʜʣʘʛʘʝʤʦʡ ʜʨʦʙʠʣʢʠ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʚ ʣʠʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʤʙʠʢʦʨʤʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʦʙʠʣʢʦʡ ɼʄ-200 ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʛʦʜʦʚʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʢʦʣʦ 35 000 ʨʫʙʣʝʡ. ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʠʟʤʝʣʴʯʠʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 1,08 ʛʦʜʘ. 

 

 

5.3. ʉʦʩʪʦʷʥʠʝ ʚʥʝʜʨʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ 

 

 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʞʜʫ ʌɻɹʆʋ ɺʆ 

çɸʣʪʘʡʩʢʠʡ ɻɸʋè ʠ ʆʆʆ çɸʛʨʦʊʝʭʅʦʚʘʮʠʠè ʟʘʢʣʶʯʝʥ ʣʠʮʝʥʟʠʦʥʥʳʡ ʜʦʛʦʚʦʨ ˉ 

107 ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʧʨʘʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʦʙʨʝʪʝʥʠʷ ʧʦ ʧʘʪʝʥʪʫ ʈʌ ˉ 

2746586 çʄʦʣʦʪʢʦʚʘʷ ʜʨʦʙʠʣʢʘè ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʟʝʨʥʘ. 

ʆʆʆ çɸʛʨʦʊʝʭʅʦʚʘʮʠʠè ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʊʋ 

28.30.83ð001ð95965384ð2023 çɼʨʦʙʠʣʢʘ ʤʦʣʦʪʢʦʚʘʷ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ 

ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ çɼʄʆɿʀɿè, ʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʤʦʜʝʣʝʡ 
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ɼʄʆɿʀɿ-200 ʠ ʧʦʜʛʦʪʦʚʣʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ çʆɹ 28.30.83 ð001ð

95965384ð2023 ʜʨʦʙʠʣʢʘ ʤʦʣʦʪʢʦʚʘʷ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ 

ʟʝʨʥʘ çɼʄʆɿʀɿ  [122]. 

ʄʦʜʝʣʴ ɼʄʆɿʀɿ-200 ʧʨʦʰʣʘ ʠʩʧʳʪʘʥʠʷ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ çɻʨʘʥʫʤè (ɸʪʪʝʩʪʘʪ ʈʆʉʉ RU.31578.04ʆʃʅ0.ʀʃ31). ʇʈʆʊʆʂʆʃ 

ʀʉʇʓʊɸʅʀʁ ˉ 001/B-17/08/23 ʦʪ 17.08.2023 ʛ. (ʇʨʠʣʦʞʝʥʠʝ ɻ 1), ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʦʪʦʨʦʛʦ ʆʆʆ çɸʛʨʦʊʝʭʅʦʚʘʮʠʠè ʚʳʜʘʥ ʩʝʨʪʠʬʠʢʘʪ ʩʦʦʪʚʝʪʩʪʚʠʷ ʈʆʉʉ 

RU.HE06.H11153 ˉ 0033218 ʩʨʦʢʦʤ ʜʝʡʩʪʚʠʷ ʜʦ 16.08.2028 ʛ. (ʇʨʠʣʦʞʝʥʠʝ ɽ). 

ɺʪʦʨʦʡ ʦʙʨʘʟʝʮ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ɼʄʆɿʀɿ-200ʋ ʧʨʦʰʝʣ ʠʩʧʳʪʘʥʠʷ ʚ 

ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ çʆʥʠʢʩè ʆʆʆ çʆʪʢʨʳʪʳʡ 

ʉʝʨʪʠʬʠʢʘʪè (ʉʚʠʜʝʪʝʣʴʩʪʚʦ (ɸʪʪʝʩʪʘʪ ʘʢʢʨʝʜʠʪʘʮʠʠ) ˉ ʆʅʇʉ 

RU.04ʆʇʉ0.ʀʃ02 ʦʪ 03.06.2019, ʚʳʜʘʥ ʉɼʉ çʆʅʇʉè (ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ 

ʝʜʠʥʦʤ ʨʝʝʩʪʨʝ ʉɼʉ ʟʘ ˉ ʈʆʉʉ RU.32069.04ʆʇʉ0 ʦʪ 29.03.2019 ʛʦʜʘ). 

ʉʦʟʜʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʢʘʟʘʣʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʯʪʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʧʨʦʪʦʢʦʣʦʤ ʢʦʥʪʨʦʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ˉ 9147ʆ.210823 ʦʪ 

21.08.2023 ʛʦʜʘ (ʇʨʠʣʦʞʝʥʠʝ ɻ 2), ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ 

ʜʝʢʣʘʨʘʮʠʷ ɽɸʕʉ N RU ɼ-RU.ʈɸ06.ɺ.68685/23 (ʇʨʠʣʦʞʝʥʠʝ ɼ), ʩʨʦʢʦʤ ʜʝʡʩʪʚʠʷ 

ʧʦ 20.08.2028, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʟʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʨʦʙʠʣʢʠ 

ʤʦʣʦʪʢʦʚʦʡ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʨʝʛʣʘʤʝʥʪʘʤ ɽʚʨʘʟʠʡʩʢʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʩʦʶʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʨʦʙʠʣʢʘ ʤʦʣʦʪʢʦʚʘʷ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʧʦʢʘʟʘʣʘ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ ʩʘʤʦʛʦ ʠʟʤʝʣʴʯʘʝʤʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ 

ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʚʥʝʜʨʝʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʦʪʨʘʩʣʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʜʣʷ 

ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.   
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ɿɸʂʃʖʏɽʅʀɽ 

 

1. ɼʨʦʙʠʣʴʥʳʝ ʤʘʰʠʥʳ ʤʦʣʦʪʢʦʚʦʛʦ ʪʠʧʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʙʘʨʘʙʘʥʦʤ 

ʠʟʣʫʯʘʶʪ ʰʫʤ ʠ ʧʦʨʦʞʜʘʶʪ ʚʠʙʨʘʮʠʶ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʤʦʤʝʥʪ ʩʦʚʝʨʰʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʪ.ʝ. ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴʶ ʫʜʘʨʥʳʭ ʨʝʘʢʮʠʡ ʥʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʘʭ ʠ 

ʦʪʢʣʦʥʝʥʠʝʤ ʥʘ ʨʘʟʣʠʯʥʳʝ ʫʛʣʳ (ʦʪ ʨʘʜʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ) ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ 

ʤʦʣʦʪʢʦʚ. ʇʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʫʨʦʚʝʥʴ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ 

ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʜʨʦʙʠʣʦʢ ʜʦʩʪʠʛʘʝʪ 0,014-0,020 ʤ/ʩ, ʫʨʦʚʝʥʴ ʰʫʤʘ ï 103 

ʜɹɸ. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʧʦʚʳʰʝʥʥʦʡ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ 

ʜʨʦʙʠʣʦʢ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʙʘʨʘʙʘʥʘ ʷʚʣʷʶʪʩʷ ʫʜʘʨʥʳʝ 

ʠʤʧʫʣʴʩʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʦʣʦʪʢʦʚ ʩ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʚʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʠʭ ʦʢʦʣʦ ʟʘʛʨʫʟʦʯʥʦʡ ʛʦʨʣʦʚʠʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʚʝʜʝʥʦ 

ʥʦʚʦʝ ʥʘʫʯʥʦʝ ʧʦʥʷʪʠʝ çʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʜʨʦʙʠʣʢʠè. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʘʤʠ ʦʧʧʦʟʠʪʥʘʷ ʟʘʛʨʫʟʢʘ ʜʨʦʙʠʣʢʠ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʨʘʜʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʦʣʦʪʢʠ ʦʪʢʣʦʥʷʶʪʩʷ ʥʘ 

ʦʜʠʥʘʢʦʚʳʡ ʫʛʦʣ ʦʪ ʩʚʦʝʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʫʨʘʚʥʦʚʝʰʠʚʘʷ ʙʘʨʘʙʘʥ ʠ ʩʥʠʞʘʷ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʜʨʦʙʠʣʢʠ ʚ ʮʝʣʦʤ. 

3. ɺʧʝʨʚʳʝ ʧʦʩʪʘʚʣʝʥʳ ʠ ʧʦʣʫʯʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʥʘʫʯʥʳʝ 

ʟʘʜʘʯʠ, ʢʘʩʘʶʱʠʝʩʷ ʨʦʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʚ 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʵʥʝʨʛʠʠ ʚ ʰʘʨʥʠʨʘʭ ʤʦʣʦʪʢʦʚ, ʚʦʟʜʫʰʥʦ-

ʧʨʦʜʫʢʪʦʚʦʤ ʩʣʦʝ ʠ ʛʨʫʥʪʝ, ʧʨʠʣʝʛʘʶʱʝʤ ʢ ʬʫʥʜʘʤʝʥʪʫ ʜʨʦʙʠʣʢʠ. ɸʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʠ ʟʘʪʨʘʪʳ ʤʦʛʫʪ ʦʪʙʠʨʘʪʴ 

ʜʦ 14-20% ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʜʨʦʙʠʣʢʘʭ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʟʘʛʨʫʟʢʦʡ ʠʩʭʦʜʥʦʛʦ ʟʝʨʥʘ. ɺ ʜʨʦʙʠʣʢʘʭ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʚʠʙʨʠʨʦʚʘʥʠʝ ʚʦʟʜʫʰʥʦ-ʧʨʦʜʫʢʪʦʚʦʛʦ 

ʩʣʦʷ ʠ ʛʨʫʥʪʘ, ʧʨʠʣʝʛʘʶʱʝʛʦ ʢ ʬʫʥʜʘʤʝʥʪʫ ʜʨʦʙʠʣʢʠ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʩʚʝʜʝʥʳ ʢ ʥʫʣʶ. ʅʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʰʘʨʥʠʨʘʭ ʤʦʣʦʪʢʦʚ 

ʤʦʛʫʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʳ ʥʘʧʦʣʦʚʠʥʫ. 
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4. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʜʨʦʙʠʣʢʝ ʩ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʚʳʷʚʣʝʥʳ ʨʘʮʠʦʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʧʦʜʘʯʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ 

ʦʪʚʝʨʩʪʠʝ (ή πȟπχψ
̋̄

̒
, ʧʦʜʘʯʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ (ή

πȟπυτ
̋̄

̒
, ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ‫ τυχȟσ ̑́Ⱦ̅̒, ʧʨʠ ʢʦʪʦʨʳʭ 

ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʤʠʥʠʤʫʤʘ ʕ = 4.86 
̋ˏ ̓Ͻ̘  

 ̓Ͻ l
. ɿʥʘʯʝʥʠʷ 

ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ ʜʣʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ ʩʦʩʪʘʚʠʣʠ ʩʣʝʜʫʶʱʠʝ 

ʚʝʣʠʯʠʥʳ: “ 2,366; “ 1,449; “ 1,282Ĭ10-4. 

ʇʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟʤʝʣʴʯʝʥʠʷ ʷʯʤʝʥʷ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʥʘʪʫʨʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ ʙʘʟʦʚʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

ʧʦʜʘʯʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ ή πȟπχυ
̋̄

̒
, ʧʦʜʘʯʘ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʘʚʦʝ ʦʪʚʝʨʩʪʠʝ ή πȟπυρ
̋̄

̒
, ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ   

 ‫ υςχȟφ ̑́Ⱦ̅̒, ʧʨʠ ʢʦʪʦʨʳʭ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʩ ʫʯʝʪʦʤ 

ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʩʦʩʪʘʚʠʣʦ ʕ = 7.54 
̋ˏ ̓Ͻ̘  

 ̓Ͻ l
 

ɿʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ ʜʣʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʷʯʤʝʥʷ, ʩ ʫʯʝʪʦʤ 

ʥʘʡʜʝʥʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʩʪʘʚʠʣʠ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: “  

2,726; “  1,472; “ 1,104Ĭ10-4. 

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʢʨʠʪʝʨʠʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʶʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʪʠʧʦʨʘʟʤʝʨʥʳʡ ʨʷʜ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʩ 

ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʦʡ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʥʝʨʛʦʝʤʢʦʩʪʠ, ʰʫʤʘ ʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʧʦʢʘʟʘʣʘ ʫʣʫʯʰʝʥʠʝ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ 

ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʝ ʟʝʨʥʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʟʘʛʨʫʟʢʦʡ. ʊʘʢ, ʧʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʦʩʪʠʛʘʝʪ 8,2 %, ʰʫʤʘ 

ï 2,5%, ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ï 11,5%. ɼʣʷ ʷʯʤʝʥʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʥʠʞʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ: ʵʥʝʨʛʦʝʤʢʦʩʪʠ ï 19,9 %, ʰʫʤʘ ï 4,7 %, ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ï 

14,9 %.  
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5. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʠ ʦʧʧʦʟʠʪʥʦʡ ʟʘʛʨʫʟʢʝ ʟʝʨʥʘ ʚ 

ʜʨʦʙʠʣʢʫ, ʫʜʝʣʴʥʳʝ ʩʦʚʦʢʫʧʥʳʝ ʟʘʪʨʘʪʳ (ʨʫʙ/ʪ) ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 9,7%. 

 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʝʢʪʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʤʠ ʢʦʨʤʦʧʨʠʛʦʪʦʚʠʪʝʣʴʥʫʶ 

ʪʝʭʥʠʢʫ, ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʦʣʦʪʢʦʚʳʭ ʟʝʨʥʦʜʨʦʙʠʣʦʢ. 

 

ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʪʝʤʳ 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʠʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʘ ʤʦʣʦʪʢʦʚ ʩ ʚʦʩʭʦʜʷʱʠʤ ʠ 

ʥʠʩʭʦʜʷʱʠʤ ʧʦʪʦʢʘʤʠ ʠʩʭʦʜʥʦʛʦ ʟʝʨʥʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʘ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʧʦʜʘʯʠ 

ʟʝʨʥʘ ʚ ʦʙʝ ʛʦʨʣʦʚʠʥʳ. 
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ʇʨʠʣʦʞʝʥʠʝ ɸ1 ʢ ʨʘʙʦʪʝ  (ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʧʰʝʥʠʮʳ) 
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ʇʨʠʣʦʞʝʥʠʝ ɸ2 ʢ ʨʘʙʦʪʝ  (ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʷʯʤʝʥʷ) 
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ʇʨʠʣʦʞʝʥʠʝ ɹ 1  

ʃʠʩʪʠʥʛ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʨʝʜʝ MATHCAD ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ  

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ  

 

 

 

 

 

 

 

X boxbehnken3( )

0 1 2 3 4

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

"Run" "Block" "A" "B" "C"

1 1 -1 -1 0

2 1 1 -1 0

3 1 -1 1 0

4 1 1 1 0

5 1 -1 0 -1

6 1 1 0 -1

7 1 -1 0 1

8 1 1 0 1

9 1 0 -1 -1

10 1 0 1 -1

11 1 0 -1 1

12 1 0 1 1

13 1 0 0 0

14 1 0 0 0

15 1 0 0 0

=:=

polyfitc X Y1, 2, ( )

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

8

9

10

"Term" "Coefficient" "Std Error" "95% CI Low" "95% CI High" "VIF" "T" "P"

"Intercept" 5.357 0.422 4.272 6.443 NaN 12.689 -52.702Ŀ10

"A" -0.59 0.259 -1.255 0.075 1 -2.282 0.036

"B" -1.162 0.259 -1.826 -0.497 1 -4.493 -33.219Ŀ10

"C" -0.103 0.259 -0.767 0.562 1 -0.397 0.354

"AB" 0.572 0.366 -0.368 1.512 1 1.565 0.089

"AC" 0.264 0.366 -0.676 1.204 1 0.723 0.251

"BC" -0.58 0.366 -1.52 0.36 1 -1.586 0.087

"AA" 0.192 0.381 -0.786 1.17 1.011 0.505 0.317

"BB" 0.902 0.381 -0.077 1.88 1.011 2.369 0.032

"CC" 1.191 0.381 0.212 2.169 1.011 3.129 0.013

=

Y1

0

5.921

5.837

5.047

7.023

6.069

6.883

6.986

8.584

7.115

8.944

5.156

4.707

5.615

5.750

å
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
ç

õ
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
÷

:=
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polyfitstat X Y1, 2, ( )

0 1

0

1

2

3

4

5

6

7

8

9

"Regression Analysis" "Value"

"Standard Deviation" 0.731

"R2" 0.901

"Adjusted R2" 0.722

"Predicted R2" 0

"PRESS" 33.932

"Durbin-Watson" 1.807

"Coefficients" [11, 8]

"ANOVA" [15, 6]

"Diagnostics" [16, 9]

=

Y1 X1 X2, X3, ( ) 5.357 0.59 X1Ö- 1.162 X2Ö- 0.103 X3Ö- 0.572 X1Ö X2Ö+ 0.264 X1Ö X3Ö+ 0.58 X2Ö X3Ö- 0.192 X1( )
2

Ö+ 0.902 X2( )
2

Ö+ 1.191 X3( )
2

Ö+:=

X1 0:= X2 0:= X3 0:=

Given

1 X2² 1-² 1 X3² 1-²

Minimize Y1 X1, X2, X3, ( )

1

0.331

0.013

å
æ
æ
ç

õ
ö
ö
÷

=

Y11 0.331, 0.013, ( ) 4.862=
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ʇʨʠʣʦʞʝʥʠʝ ɹ 2  

ʃʠʩʪʠʥʛ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʨʝʜʝ MATHCAD ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ  

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ 

 

                        

 

 

 

 

X boxbehnken3( )

0 1 2 3 4

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

"Run" "Block" "A" "B" "C"

1 1 -1 -1 0

2 1 1 -1 0

3 1 -1 1 0

4 1 1 1 0

5 1 -1 0 -1

6 1 1 0 -1

7 1 -1 0 1

8 1 1 0 1

9 1 0 -1 -1

10 1 0 1 -1

11 1 0 -1 1

12 1 0 1 1

13 1 0 0 0

14 1 0 0 0

15 1 0 0 0

=:=

polyfitc X Y1, 2, ( )

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

8

9

10

"Term" "Coefficient" "Std Error" "95% CI Low" "95% CI High" "VIF" "T" "P"

"Intercept" 7.574 0.975 5.069 10.08 NaN 7.77 -42.824Ŀ10

"A" -1.924 0.597 -3.458 -0.389 1 -3.223 0.012

"B" -3.439 0.597 -4.973 -1.904 1 -5.761 -31.107Ŀ10

"C" 2.191 0.597 0.657 3.726 1 3.671 -37.216Ŀ10

"AB" 1.967 0.844 -0.203 4.137 1 2.33 0.034

"AC" -2.067 0.844 -4.237 0.103 1 -2.448 0.029

"BC" -2.22 0.844 -4.39 -0.05 1 -2.63 0.023

"AA" 0.154 0.879 -2.104 2.413 1.011 0.176 0.434

"BB" 1.639 0.879 -0.62 3.898 1.011 1.865 0.061

"CC" 3.565 0.879 1.306 5.823 1.011 4.057 -34.879Ŀ10

=

polyfitstat X Y1, 2, ( )

0 1

0

1

2

3

4

5

6

7

8

9

"Regression Analysis" "Value"

"Standard Deviation" 1.688

"R2" 0.95

"Adjusted R2" 0.859

"Predicted R2" 0.199

"PRESS" 226.837

"Durbin-Watson" 3.36

"Coefficients" [11, 8]

"ANOVA" [15, 6]

"Diagnostics" [16, 9]

=

Y1

0

7.111

7.674

5.670

8.259

10.639

16.081

10.185

12.203

8.277

21.719

8.913

7.397

7.823

7.521

å
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
ç

õ
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
÷

:=
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Y1 X1 X2, X3, ( ) 7.574 1.924 X1Ö- 3.439 X2Ö- 2.191 X3Ö+ 1.967 X1Ö X2Ö+ 2.067 X1Ö X3Ö- 2.22 X2Ö X3Ö- 0.154 X1( )
2

Ö+ 1.639 X2( )
2

Ö+ 3.565 X3( )
2

Ö+:=

X1 0:= X2 0:= X3 0:=

Given

1 X1² 1-² 1 X2² 1-² 1 X3² 1-²

Minimize Y1 X1, X2, X3, ( )

1

0.554

0.155

å
æ
æ
ç

õ
ö
ö
÷

=

Y11 0.554, 0.155, ( ) 5.406=
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ʇʨʠʣʦʞʝʥʠʝ ɹ 3  

ʃʠʩʪʠʥʛ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʨʝʜʝ MATHCAD ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ  

ʤʦʜʫʣʴ ʨʘʟʤʦʣʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ 

 

 

  

 

 

 

 

 

X boxbehnken3( )

0 1 2 3 4

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

"Run" "Block" "A" "B" "C"

1 1 -1 -1 0

2 1 1 -1 0

3 1 -1 1 0

4 1 1 1 0

5 1 -1 0 -1

6 1 1 0 -1

7 1 -1 0 1

8 1 1 0 1

9 1 0 -1 -1

10 1 0 1 -1

11 1 0 -1 1

12 1 0 1 1

13 1 0 0 0

14 1 0 0 0

15 1 0 0 0

=:=

polyfitc X Y2, 2, ( )

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

8

9

10

"Term" "Coefficient" "Std Error" "95% CI Low" "95% CI High" "VIF" "T" "P"

"Intercept" 1.131 0.02 1.078 1.183 NaN 55.653 -81.772Ŀ10

"A" 0.038 0.012 -36.019Ŀ10 0.07 1 3.054 0.014

"B" 0.106 0.012 0.074 0.138 1 8.49 -41.863Ŀ10

"C" -0.233 0.012 -0.265 -0.201 1 -18.738 -63.986Ŀ10

"AB" -0.03 0.018 -0.075 0.015 1 -1.719 0.073

"AC" 0.012 0.018 -0.033 0.057 1 0.696 0.259

"BC" -0.013 0.018 -0.058 0.032 1 -0.739 0.247

"AA" 0.016 0.018 -0.031 0.063 1.011 0.855 0.216

"BB" 0.024 0.018 -0.023 0.071 1.011 1.306 0.124

"CC" 0.046 0.018 -3-1.159Ŀ10 0.093 1.011 2.507 0.027

=

polyfitstat X Y2, 2, ( )

0 1

0

1

2

3

4

5

6

7

8

9

"Regression Analysis" "Value"

"Standard Deviation" 0.035

"R2" 0.989

"Adjusted R2" 0.969

"Predicted R2" 0.866

"PRESS" 0.074

"Durbin-Watson" 2.823

"Coefficients" [11, 8]

"ANOVA" [15, 6]

"Diagnostics" [16, 9]

=

Y2 X1 X2, X3, ( ) 1.131 0.038 X1Ö+ 0.106 X2Ö+ 0.233 X3Ö- 0.03 X1Ö X2Ö- 0.012 X1Ö X3Ö+ 0.013 X2Ö X3Ö- 0.016 X1( )
2

Ö+ 0.024 X2( )
2

Ö+ 0.046 X3( )
2

Ö+:=

Y2

0

1.157

1.244

1.280

1.394

1.425

0.935

1.015

1.317

1.582

0.845

1.058

1.106

1.164

1.122

å
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
ç

õ
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
÷

:=
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X1 0:= X2 0:= X3 0:=

Given

1 X1² 1-² 1 X2² 1-² 1 X3² 1-²

Minimize Y2 X1, X2, X3, ( )

1-

1-

1

å
æ
æ
ç

õ
ö
ö
÷

=

MaximizeY2 X1, X2, X3, ( )

1

1

1-

å
æ
æ
ç

õ
ö
ö
÷

=
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ʇʨʠʣʦʞʝʥʠʝ ɹ 4  

ʃʠʩʪʠʥʛ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʨʝʜʝ MATHCAD ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ  

ʤʦʜʫʣʴ ʨʘʟʤʦʣʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ 

 

 

 

 

 

 

 

X boxbehnken3( )

0 1 2 3 4

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

"Run" "Block" "A" "B" "C"

1 1 -1 -1 0

2 1 1 -1 0

3 1 -1 1 0

4 1 1 1 0

5 1 -1 0 -1

6 1 1 0 -1

7 1 -1 0 1

8 1 1 0 1

9 1 0 -1 -1

10 1 0 1 -1

11 1 0 -1 1

12 1 0 1 1

13 1 0 0 0

14 1 0 0 0

15 1 0 0 0

=:=

polyfitc X Y2, 2, ( )

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

8

9

10

"Term" "Coefficient" "Std Error" "95% CI Low" "95% CI High" "VIF" "T" "P"

"Intercept" 1.289 0.016 1.248 1.331 NaN 79.765 0

"A" 0.033 0.01 0.008 0.058 1 3.334 0.01

"B" 0.088 0.01 0.062 0.113 1 8.84 0

"C" -0.244 0.01 -0.269 -0.218 1 -24.625 0

"AB" -0.017 0.014 -0.052 0.019 1 -1.179 0.146

"AC" -0.021 0.014 -0.057 0.015 1 -1.5 0.097

"BC" -0.03 0.014 -0.066 0.006 1 -2.143 0.042

"AA" 0.015 0.015 -0.022 0.053 1.011 1.052 0.17

"BB" 0.002 0.015 -0.036 0.039 1.011 0.126 0.452

"CC" 0.096 0.015 0.059 0.134 1.011 6.612 0.001

=

polyfitstat X Y2, 2, ( )

0 1

0

1

2

3

4

5

6

7

8

9

"Regression Analysis" "Value"

"Standard Deviation" 0.028

"R2" 0.993

"Adjusted R2" 0.981

"Predicted R2" 0.908

"PRESS" 0.054

"Durbin-Watson" 1.523

"Coefficients" [11, 8]

"ANOVA" [15, 6]

"Diagnostics" [16, 9]

=

Y2

0

1.262

1.384

1.430

1.583

1.678

1.166

1.177

1.541

1.750

1.085

1.174

1.276

1.283

1.309

å
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
ç

õ
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
÷

:=
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Y2 X1 X2, X3, ( ) 1.289 0.033 X1Ö+ 0.088 X2Ö+ 0.244 X3Ö- 0.017 X1Ö X2Ö- 0.021 X1Ö X3Ö- 0.03 X2Ö X3Ö- 0.015 X1( )
2

Ö+ 0.002 X2( )
2

Ö+ 0.096 X3( )
2

Ö+:=

X1 0:= X2 0:= X3 0:=

Given

1 X1² 1-² 1 X2² 1-² 1 X3² 1-²

Minimize Y2 X1, X2, X3, ( )

0.967-

1-

1

å
æ
æ
ç

õ
ö
ö
÷

=

MaximizeY2 X1, X2, X3, ( )

1

1

1-

å
æ
æ
ç

õ
ö
ö
÷

=
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ʇʨʠʣʦʞʝʥʠʝ ɹ 5  

ʃʠʩʪʠʥʛ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʨʝʜʝ MATHCAD ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ  

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ 

 

 

 

 

 

 

 

X boxbehnken3( )

0 1 2 3 4

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

"Run" "Block" "A" "B" "C"

1 1 -1 -1 0

2 1 1 -1 0

3 1 -1 1 0

4 1 1 1 0

5 1 -1 0 -1

6 1 1 0 -1

7 1 -1 0 1

8 1 1 0 1

9 1 0 -1 -1

10 1 0 1 -1

11 1 0 -1 1

12 1 0 1 1

13 1 0 0 0

14 1 0 0 0

15 1 0 0 0

=:=

polyfitc X Y3, 2, ( )

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

8

9

10

"Term" "Coefficient" "Std Error" "95% CI Low" "95% CI High" "VIF" "T" "P"

"Intercept" 28.663 0.509 27.355 29.972 NaN 56.31 -81.671Ŀ10

"A" -1.167 0.312 -1.969 -0.366 1 -3.745 -36.678Ŀ10

"B" -2.729 0.312 -3.53 -1.927 1 -8.754 -41.612Ŀ10

"C" 5.561 0.312 4.76 6.363 1 17.841 -65.078Ŀ10

"AB" 1.152 0.441 0.019 2.286 1 2.614 0.024

"AC" -0.557 0.441 -1.691 0.576 1 -1.265 0.131

"BC" -0.9 0.441 -2.033 0.233 1 -2.042 0.048

"AA" -0.429 0.459 -1.609 0.75 1.011 -0.935 0.196

"BB" -0.052 0.459 -1.231 1.128 1.011 -0.113 0.457

"CC" -0.097 0.459 -1.276 1.083 1.011 -0.211 0.421

=

polyfitstat X Y3, 2, ( )

0 1

0

1

2

3

4

5

6

7

8

9

"Regression Analysis" "Value"

"Standard Deviation" 0.882

"R2" 0.988

"Adjusted R2" 0.967

"Predicted R2" 0.859

"PRESS" 46.933

"Durbin-Watson" 2.862

"Coefficients" [11, 8]

"ANOVA" [15, 6]

"Diagnostics" [16, 9]

=

Y3

0

28.01

26.05

25.32

23.25

22.73

34.66

31.91

24.60

20.48

38.35

30.63

29.29

27.84

28.86

å
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
ç

õ
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
÷

:=
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Y3 X1 X2, X3, ( ) 28.663 1.167 X1Ö- 2.729 X2Ö- 5.561 X3Ö+ 1.152 X1Ö X2Ö+ 0.557 X1Ö X3Ö- 0.9 X2Ö X3Ö- 0.429 X1( )
2

Ö- 0.052 X2( )
2

Ö- 0.097 X3( )
2

Ö-:=

X1 0:= X2 0:= X3 0:=

Given

1 X1² 1-² 1 X2² 1-² 1 X3² 1-²

Minimize Y3 X1, X2, X3, ( )

1-

1

1-

å
æ
æ
ç

õ
ö
ö
÷

= MaximizeY3 X1, X2, X3, ( )

1-

1-

1

å
æ
æ
ç

õ
ö
ö
÷

=
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ʇʨʠʣʦʞʝʥʠʝ ɹ 6 

ʃʠʩʪʠʥʛ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʨʝʜʝ MATHCAD ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ  

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʤʦʜʫʣʷ ʨʘʟʤʦʣʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ 

 

 

 

 

 

 

 

X boxbehnken3( )

0 1 2 3 4

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

"Run" "Block" "A" "B" "C"

1 1 -1 -1 0

2 1 1 -1 0

3 1 -1 1 0

4 1 1 1 0

5 1 -1 0 -1

6 1 1 0 -1

7 1 -1 0 1

8 1 1 0 1

9 1 0 -1 -1

10 1 0 1 -1

11 1 0 -1 1

12 1 0 1 1

13 1 0 0 0

14 1 0 0 0

15 1 0 0 0

=:=

polyfitc X Y3, 2, ( )

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

8

9

10

"Term" "Coefficient" "Std Error" "95% CI Low" "95% CI High" "VIF" "T" "P"

"Intercept" 16.317 0.173 15.872 16.761 NaN 94.357 0

"A" -0.216 0.106 -0.488 0.056 1 -2.042 0.048

"B" -0.859 0.106 -1.131 -0.587 1 -8.11 0

"C" 2.717 0.106 2.445 2.99 1 25.662 0

"AB" -0.037 0.15 -0.422 0.347 1 -0.25 0.406

"AC" 0.145 0.15 -0.24 0.53 1 0.968 0.189

"BC" 0.04 0.15 -0.345 0.425 1 0.267 0.4

"AA" -0.365 0.156 -0.765 0.036 1.011 -2.339 0.033

"BB" -0.06 0.156 -0.46 0.341 1.011 -0.382 0.359

"CC" -0.512 0.156 -0.913 -0.111 1.011 -3.285 0.011

=

polyfitstat X Y3, 2, ( )

0 1

0

1

2

3

4

5

6

7

8

9

"Regression Analysis" "Value"

"Standard Deviation" 0.3

"R2" 0.993

"Adjusted R2" 0.981

"Predicted R2" 0.913

"PRESS" 5.878

"Durbin-Watson" 1.074

"Coefficients" [11, 8]

"ANOVA" [15, 6]

"Diagnostics" [16, 9]

=

Y3

0

16.67

15.19

14.71

13.29

12.54

18.05

17.88

13.65

12.02

19.39

17.92

16.48

16.40

16.07

å
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
ç

õ
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
÷

:=



220 

 

 

 

 

           

 

                                                

 

                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Y3 X1 X2, X3, ( ) 16.317 0.216 X1Ö- 0.859 X2Ö- 2.717 X3Ö+ 0.037 X1Ö X2Ö- 0.145 X1Ö X3Ö+ 0.04 X2Ö X3Ö+ 0.365 X1( )
2

Ö- 0.06 X2( )
2

Ö- 0.512 X3( )
2

Ö-:=

X1 0:= X2 0:= X3 0:=

Given

1 X1² 1-² 1 X2² 1-² 1 X3² 1-²

Minimize Y3 X1, X2, X3, ( )

1

1

1-

å
æ
æ
ç

õ
ö
ö
÷

= MaximizeY3 X1, X2, X3, ( )

0.047-

1-

1

å
æ
æ
ç

õ
ö
ö
÷

=
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ʇʨʠʣʦʞʝʥʠʝ ɹ 7  

ʃʠʩʪʠʥʛ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʨʝʜʝ MATHCAD ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ (ʧʦ ʤʘʩʩʝ) ʢʦʣʠʯʝʩʪʚʦ 

ʮʝʣʳʭ ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ 

 

 

 

 

 

 

 

X boxbehnken3( )

0 1 2 3 4

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

"Run" "Block" "A" "B" "C"

1 1 -1 -1 0

2 1 1 -1 0

3 1 -1 1 0

4 1 1 1 0

5 1 -1 0 -1

6 1 1 0 -1

7 1 -1 0 1

8 1 1 0 1

9 1 0 -1 -1

10 1 0 1 -1

11 1 0 -1 1

12 1 0 1 1

13 1 0 0 0

14 1 0 0 0

15 1 0 0 0

=:=

polyfitc X Y4, 2, ( )

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

8

9

10

"Term" "Coefficient" "Std Error" "95% CI Low" "95% CI High" "VIF" "T" "P"

"Intercept" 0.725 0.066 0.555 0.896 NaN 10.928 -55.577Ŀ10

"A" -0.023 0.041 -0.128 0.081 1 -0.572 0.296

"B" 0.367 0.041 0.263 0.472 1 9.032 -41.39Ŀ10

"C" -0.381 0.041 -0.485 -0.276 1 -9.37 -41.167Ŀ10

"AB" -0.063 0.057 -0.211 0.085 1 -1.096 0.162

"AC" -4-5Ŀ10 0.057 -0.148 0.147 1 -3-8.698Ŀ10 0.497

"BC" -0.17 0.057 -0.318 -0.022 1 -2.962 0.016

"AA" -0.131 0.06 -0.284 0.023 1.011 -2.182 0.04

"BB" -0.133 0.06 -0.287 0.021 1.011 -2.228 0.038

"CC" 0.161 0.06 -36.91Ŀ10 0.315 1.011 2.686 0.022

=

polyfitstat X Y4, 2, ( )

0 1

0

1

2

3

4

5

6

7

8

9

"Regression Analysis" "Value"

"Standard Deviation" 0.115

"R2" 0.975

"Adjusted R2" 0.931

"Predicted R2" 0.644

"PRESS" 0.955

"Durbin-Watson" 1.695

"Coefficients" [11, 8]

"ANOVA" [15, 6]

"Diagnostics" [16, 9]

=

Y4

0

0.197

0.852

0.797

1.280

1.117

0.395

0.230

0.530

1.613

0.233

0.635

0.735

0.781

0.660

å
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
ç

õ
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
÷

:=
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Y4 X1 X2, X3, ( ) 0.725 0.023 X1Ö- 0.367 X2Ö+ 0.381 X3Ö- 0.063 X1Ö X2Ö- 0.001 X1Ö X3Ö- 0.17 X2Ö X3Ö- 0.131 X1( )
2

Ö- 0.133 X2( )
2

Ö- 0.161 X3( )
2

Ö+:=

X1 0:= X2 0:= X3 0:=

Given

1 X1² 1-² 1 X2² 1-² 1 X3² 1-²

Minimize Y4 X1, X2, X3, ( )

1-

1-

0.652

å
æ
æ
ç

õ
ö
ö
÷

=
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ʇʨʠʣʦʞʝʥʠʝ ɹ 8  

ʃʠʩʪʠʥʛ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʨʝʜʝ MATHCAD ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ (ʧʦ ʤʘʩʩʝ) ʢʦʣʠʯʝʩʪʚʦ 

ʮʝʣʳʭ ʟʝʨʝʥ ʚ ʨʘʟʤʦʣʝ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ 

 

 

 

 

 

 

 

X boxbehnken3( )

0 1 2 3 4

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

"Run" "Block" "A" "B" "C"

1 1 -1 -1 0

2 1 1 -1 0

3 1 -1 1 0

4 1 1 1 0

5 1 -1 0 -1

6 1 1 0 -1

7 1 -1 0 1

8 1 1 0 1

9 1 0 -1 -1

10 1 0 1 -1

11 1 0 -1 1

12 1 0 1 1

13 1 0 0 0

14 1 0 0 0

15 1 0 0 0

=:=

polyfitc X Y4, 2, ( )

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

8

9

10

"Term" "Coefficient" "Std Error" "95% CI Low" "95% CI High" "VIF" "T" "P"

"Intercept" 0.365 0.039 0.265 0.465 NaN 9.336 -41.187Ŀ10

"A" -0.096 0.024 -0.158 -0.035 1 -4.026 -35.032Ŀ10

"B" 0.056 0.024 -3-5.666Ŀ10 0.117 1 2.334 0.033

"C" -0.184 0.024 -0.245 -0.122 1 -7.675 -42.991Ŀ10

"AB" 0.111 0.034 0.024 0.198 1 3.286 0.011

"AC" 0.073 0.034 -0.014 0.161 1 2.171 0.041

"BC" -0.037 0.034 -0.124 0.051 1 -1.078 0.165

"AA" 0.053 0.035 -0.038 0.143 1.011 1.493 0.098

"BB" 0.067 0.035 -0.023 0.158 1.011 1.905 0.058

"CC" 0.027 0.035 -0.063 0.118 1.011 0.777 0.236

=

polyfitstat X Y4, 2, ( )

0 1

0

1

2

3

4

5

6

7

8

9

"Regression Analysis" "Value"

"Standard Deviation" 0.068

"R2" 0.954

"Adjusted R2" 0.87

"Predicted R2" 0.271

"PRESS" 0.361

"Durbin-Watson" 3.05

"Coefficients" [11, 8]

"ANOVA" [15, 6]

"Diagnostics" [16, 9]

=

Y4

0

0.295

0.452

0.542

0.827

0.427

0.316

0.210

0.509

0.781

0.211

0.337

0.349

0.377

0.469

å
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
ç

õ
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
÷

:=
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Y4 X1 X2, X3, ( ) 0.365 0.096 X1Ö- 0.056 X2Ö+ 0.184 X3Ö- 0.111 X1Ö X2Ö+ 0.073 X1Ö X3Ö+ 0.037 X2Ö X3Ö- 0.053 X1( )
2

Ö+ 0.067 X2( )
2

Ö+ 0.027 X3( )
2

Ö+:=

X1 0:= X2 0:= X3 0:=

Given

1 X1² 1-² 1 X2² 1-² 1 X3² 1-²

Minimize Y4 X1, X2, X3, ( )

1

0.97-

1

å
æ
æ
ç

õ
ö
ö
÷

=
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Y5

14.1

15.7

17.0

17.3

11.9

11.2

23.2

20.4

9.7

14.5

21.5

25.0

14.5

14.8

14.6

å
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
ç

õ
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
÷

:=

ʇʨʠʣʦʞʝʥʠʝ ɹ 9  

ʃʠʩʪʠʥʛ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʨʝʜʝ MATHCAD ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ 

ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ 

 

 

 

 

 

 

 

 

 

X boxbehnken3( )

0 1 2 3 4

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

"Run" "Block" "A" "B" "C"

1 1 -1 -1 0

2 1 1 -1 0

3 1 -1 1 0

4 1 1 1 0

5 1 -1 0 -1

6 1 1 0 -1

7 1 -1 0 1

8 1 1 0 1

9 1 0 -1 -1

10 1 0 1 -1

11 1 0 -1 1

12 1 0 1 1

13 1 0 0 0

14 1 0 0 0

15 1 0 0 0

=:=

polyfitc X Y5, 2, ( )

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

8

9

10

"Term" "Coefficient" "Std Error" "95% CI Low" "95% CI High" "VIF" "T" "P"

"Intercept" 14.633 0.627 13.021 16.246 NaN 23.329 -61.347Ŀ10

"A" -0.2 0.384 -1.187 0.787 1 -0.521 0.312

"B" 1.6 0.384 0.613 2.587 1 4.165 -34.389Ŀ10

"C" 5.35 0.384 4.363 6.337 1 13.928 -51.714Ŀ10

"AB" -0.325 0.543 -1.721 1.071 1 -0.598 0.288

"AC" -0.525 0.543 -1.921 0.871 1 -0.966 0.189

"BC" -0.325 0.543 -1.721 1.071 1 -0.598 0.288

"AA" 0.196 0.565 -1.258 1.649 1.011 0.346 0.372

"BB" 1.196 0.565 -0.258 2.649 1.011 2.115 0.044

"CC" 1.846 0.565 0.392 3.299 1.011 3.265 0.011

=

polyfitstat X Y5, 2, ( )

0 1

0

1

2

3

4

5

6

7

8

9

"Regression Analysis" "Value"

"Standard Deviation" 1.086

"R2" 0.978

"Adjusted R2" 0.94

"Predicted R2" 0.658

"PRESS" 93.785

"Durbin-Watson" 2.847

"Coefficients" [11, 8]

"ANOVA" [15, 6]

"Diagnostics" [16, 9]

=

Y5 X1 X2, X3, ( ) 14.63 0.20 X1Ö- 1.60 X2Ö+ 5.35 X3Ö+ 0.325 X1Ö X2Ö- 0.525 X1Ö X3Ö- 0.325 X2Ö X3Ö- 0.196 X1( )
2

Ö+ 1.196 X2( )
2

Ö+ 1.846 X3( )
2

Ö+:=
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X1 0:= X2 0:= X3 0:=

Given

1 X1² 1-² 1 X2² 1-² 1 X3² 1-²

Minimize Y5 X1, X2, X3, ( )

0.947-

0.872-

0.548-

å
æ
æ
ç

õ
ö
ö
÷

=
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ʇʨʠʣʦʞʝʥʠʝ ɹ 10  

ʃʠʩʪʠʥʛ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʨʝʜʝ MATHCAD ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ 

ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ 

 

 

 

 

 

 

X boxbehnken3( )

0 1 2 3 4

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

"Run" "Block" "A" "B" "C"

1 1 -1 -1 0

2 1 1 -1 0

3 1 -1 1 0

4 1 1 1 0

5 1 -1 0 -1

6 1 1 0 -1

7 1 -1 0 1

8 1 1 0 1

9 1 0 -1 -1

10 1 0 1 -1

11 1 0 -1 1

12 1 0 1 1

13 1 0 0 0

14 1 0 0 0

15 1 0 0 0

=:=

polyfitc X Y5, 2, ( )

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

8

9

10

"Term" "Coefficient" "Std Error" "95% CI Low" "95% CI High" "VIF" "T" "P"

"Intercept" 12.367 0.646 10.705 14.029 NaN 19.129 -63.599Ŀ10

"A" -0.15 0.396 -1.168 0.868 1 -0.379 0.36

"B" 0.588 0.396 -0.43 1.605 1 1.484 0.099

"C" 3.813 0.396 2.795 4.83 1 9.63 -41.024Ŀ10

"AB" -0.2 0.56 -1.639 1.239 1 -0.357 0.368

"AC" -0.85 0.56 -2.289 0.589 1 -1.518 0.095

"BC" -0.775 0.56 -2.214 0.664 1 -1.384 0.112

"AA" 1.104 0.583 -0.394 2.602 1.011 1.895 0.058

"BB" 1.179 0.583 -0.319 2.677 1.011 2.024 0.049

"CC" 2.129 0.583 0.631 3.627 1.011 3.654 -37.345Ŀ10

=

polyfitstat X Y5, 2, ( )

0 1

0

1

2

3

4

5

6

7

8

9

"Regression Analysis" "Value"

"Standard Deviation" 1.12

"R2" 0.959

"Adjusted R2" 0.886

"Predicted R2" 0.433

"PRESS" 87.565

"Durbin-Watson" 2.125

"Coefficients" [11, 8]

"ANOVA" [15, 6]

"Diagnostics" [16, 9]

=

Y5

12.9

13.9

15.8

16

11.7

12.2

20.7

17.8

11

12.4

20.5

18.8

11.6

12.9

12.6

å
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æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
ç

õ
ö
ö
ö
ö
ö
ö
ö
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ö
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:=
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Y5 X1 X2, X3, ( ) 12.367 0.15 X1Ö- 0.588 X2Ö+ 3.813 X3Ö+ 0.2 X1Ö X2Ö- 0.85 X1Ö X3Ö- 0.775 X2Ö X3Ö- 1.104 X1( )
2

Ö+ 1.179 X2( )
2

Ö+ 2.129 X3( )
2

Ö+:=

X1 0:= X2 0:= X3 0:=

Given

1 X1² 1-² 1 X2² 1-² 1 X3² 1-²

Minimize Y5 X1, X2, X3, ( )

0.372-

0.61-

1-

å
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æ
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õ
ö
ö
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=
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ʇʨʠʣʦʞʝʥʠʝ ɹ 11  

ʃʠʩʪʠʥʛ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʨʝʜʝ MATHCAD ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ  

ʫʨʦʚʝʥʴ ʰʫʤʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ (ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦ ʚʩʝʤ 

ʩʧʝʢʪʨʝ ʯʘʩʪʦʪ) ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ 

 

 

 

 

 

 

X boxbehnken3( )

0 1 2 3 4

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

"Run" "Block" "A" "B" "C"

1 1 -1 -1 0

2 1 1 -1 0

3 1 -1 1 0

4 1 1 1 0

5 1 -1 0 -1

6 1 1 0 -1

7 1 -1 0 1

8 1 1 0 1

9 1 0 -1 -1

10 1 0 1 -1

11 1 0 -1 1

12 1 0 1 1

13 1 0 0 0

14 1 0 0 0

15 1 0 0 0

=:=


