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ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʇʨʦʮʝʩʩ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʩʣʦʞʥʝʥ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʦʜʥʦʡ 

ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʩʘʞʜʝʥʠʝ ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ (ɸʉʇʆ) 

ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʢʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʨʘʥʳ ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʟʜʥʶʶ ʩʪʘʜʠʶ ʩʚʦʝʡ 

ʨʘʟʨʘʙʦʪʢʠ, ʚʦʧʨʦʩ ʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʦʙʳʯʠ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ ʩʪʦʠʪ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ. 

ɸʉʇʆ ʩʫʞʘʶʪ ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʥʘʨʫʰʘʷ ʦʧʪʠʤʘʣʴʥʳʡ 

ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʝʜʘʶʪ ʥʘ ʜʥʠʱʘʭ ʨʝʟʝʨʚʫʘʨʦʚ, ʫʤʝʥʴʰʘʷ 

ʧʦʣʝʟʥʳʡ ʦʙʲʝʤ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪ ʢ 

ʦʩʣʦʞʥʝʥʠʷʤ ʚ ʨʘʙʦʪʝ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢ ʘʚʘʨʠʷʤ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʥʘʧʨʠʤʝʨ, ʢ ʦʙʨʳʚʘʤ ʰʪʘʥʛ ʰʪʘʥʛʦʚʳʭ ʩʢʚʘʞʠʥʥʳʭ ʥʘʩʦʩʥʳʭ 

ʫʩʪʘʥʦʚʦʢ. 

ʂʘʞʜʳʡ ʛʦʜ ʥʝʬʪʷʥʳʝ ʢʦʤʧʘʥʠʠ ʥʝʩʫʪ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʙʳʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʯʠʩʪʢʦʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʦʪʣʦʞʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

(ʀʀʉ) ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ (ʆʊʆ), ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʩʦʩʪʦʷʥʠʠ ʦʪʣʦʞʝʥʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʀʀʉ ʆʊʆ 

ʧʦʟʚʦʣʠʪ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʛʨʘʬʠʢ ʦʯʠʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʩʦʢʨʘʪʠʪ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʭʦʜʳ, ʘ ʪʘʢʞʝ ʧʨʝʜʫʧʨʝʜʠʪ ʚʦʟʤʦʞʥʳʝ ʘʚʘʨʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʙʣʝʤʘ ɸʉʇʆ ʥʝ ʥʦʚʘ ʜʣʷ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ. ʄʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ɸʉʇʆ ʠ ʩʧʦʩʦʙʳ ʙʦʨʴʙʳ ʩ ʥʠʤʠ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ 

ʦʪʣʦʞʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʤʥʦʛʠʤʠ ʟʘʨʫʙʝʞʥʳʤʠ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʘʚʪʦʨʘʤʠ. 

ɺ ʈʦʩʩʠʠ ʟʘʥʠʤʘʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ ʩʣʝʜʫʶʱʠʝ ʫʯʝʥʳʝ: 

ʈʦʛʘʯʝʚ ʄ.ʂ., ʊʨʦʥʦʚ ɺ.ʇ., ɼʝʥʠʩʣʘʤʦʚ ʀ.ɿ., ʏʝʙʦʪʥʠʢʦʚ ɺ.ɸ., ʄʘʩʪʦʙʘʝʚ ɹ.ʅ., 

ʊʘʙʝʪ ʅ.ʂ.ɸ., ʌʝʪʠʩʦʚ ɺ.ʉ., ʀʣʶʰʠʥ ʇ.ʖ., ɺʘʣʝʝʚ ɸ.ʈ., ɹʘʜʠʢʦʚ ʌ.ʀ., 
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ɸʭʤʝʜʦʚ ɻ.ɸ., ʂʦʧʪʝʚʘ ɸ.ɺ. ʀʟ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ Hofstatter H., Wang W., Sousa A.L., Theyab M.A., Chen X.T., Ito S., 

Abdul-Majid S., Alnaimat F., Kim J., Chen Z., Tian H., Gunarathne G.P.P., 

Rommetveit T. ʉʫʱʝʩʪʚʫʪʁ ʨʘʟʣʠʯʥʳʝ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʠ ʩʧʦʩʦʙʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. ʋʜʝʣʷʣʦʩʴ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʘʤ ʨʘʟʨʘʙʦʪʢʠ 

ʀʀʉ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ɺʘʣʝʝʚʳʤ ɸ.ʈ. ʠ ɻʠʨʬʘʥʦʚʦʡ ɼ.ʖ. ʤʝʪʦʜ ʧʨʷʤʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʚʥʫʪʨʴ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʧʘʨʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʜ ʨʘʟʥʳʝ 

ʪʠʧʦʨʘʟʤʝʨʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʰʝʥʠʡ ʧʨʝʜʣʘʛʘʶʪ ʠʟʤʝʨʝʥʠʝ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʢʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʪʦʣʱʠʥʦʡ ʦʪʣʦʞʝʥʠʡ. ʊʘʢ, ʪʦʣʱʠʥʫ 

ʦʪʣʦʞʝʥʠʡ ʧʨʝʜʣʦʞʝʥʦ ʦʧʨʝʜʝʣʷʪʴ ʯʝʨʝʟ ʠʟʤʝʨʝʥʠʝ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ 

ʩʫʞʝʥʠʷ ʩʝʯʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʣʦʞʝʥʠʷ ɸʉʇʆ. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʤʘʣʳʭ ʪʦʣʱʠʥʘʭ ʦʪʣʦʞʝʥʠʡ. 

ɽʩʪʴ ʨʝʰʝʥʠʷ, ʧʨʝʜʣʘʛʘʶʱʠʝ ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʚʝʜʝʥʥʦʡ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜ ʞʠʜʢʦʩʪʠ ʠʣʠ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʝʝ ʦʙʲʝʤʘ. ʅʝʜʦʩʪʘʪʦʢ ʪʘʢʦʛʦ 

ʨʝʰʝʥʠʷ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʪʘʥʦʚʢʠ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ ʠ ʝʛʦ 

ʦʯʠʩʪʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʦʜʫʢʪʘ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪʝʧʣʦʧʝʨʝʜʘʯʫ, ʥʘʧʨʠʤʝʨ, 

ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʌʝʪʠʩʦʚʳʤ ɺ.ʉ. ʠ ʊʘʙʝʪʦʤ ʅ.ʂ.ɸ. ʀʟ ʦʛʨʘʥʠʯʝʥʠʡ ʤʝʪʦʜʘ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʩʘʤʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ. ʆʜʥʠʤʠ ʠʟ ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʠʟʠʨʫʶʱʝʡ ʨʘʜʠʘʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʂʦʧʪʝʚʦʡ ɸ.ɺ. ʀʟ 

ʥʝʜʦʩʪʘʪʢʦʚ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ï ʦʧʘʩʥʦʩʪʴ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʧʝʨʩʦʥʘʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʞʝʥʠʷ ʚ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʘʭ ʠ 

ʩʠʩʪʝʤʘʭ ʠʟʤʝʨʝʥʠʷ, ʧʦ-ʧʨʝʞʥʝʤʫ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ 

ʀʀʉ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ.  ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʀʀʉ ʥʘ ʦʩʥʦʚʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ 
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ʢʦʥʪʨʦʣʷ ʷʚʣʷʶʪʩʷ ʥʝʨʘʟʨʫʰʘʶʱʠʤʠ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʠʘʤʝʪʨʦʚ ʠ ʪʦʣʱʠʥʳ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. 

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʰʠʨʦʢʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ 

(ʀʀʉ ʆʊʆ) ʥʘ ʦʩʥʦʚʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʯʠʩʪʢʫ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʦʪ 

ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ 

ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʠʟʫʯʝʥʳ ʧʨʠʯʠʥ r ʦʙʨʘʟʦʚʘʥʠʷ ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ; 

2) ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ; 

3) ʨʘʟʨʘʙʦʪʘʥ ʘʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ 

ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ; 

4) ʨʘʟʨʘʙʦʪʘʥʘ ʀʀʉ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ; 

5) ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʨʦʣʦʛʠʯʝʩʢʘ ̫ ʤʦʜʝʣ ɹ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʀʀʉ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ; 

6) ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʢʘʣʠʙʨʦʚʢʠ, ʥʘʩʪʨʦʡʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ 

ʪʦʣʱʠʥʳ ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀʉ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ; 

7) ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʀʀʉ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘ ̫ ʩʠʩʪʝʤʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. 
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ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʤʝʪʦʜʳ, ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʳ ʠ ʘʣʛʦʨʠʪʤʳ ʠʟʤʝʨʝʥʠʷ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

1) ʈʘʟʨʘʙʦʪʘʥ ʘʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʫʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ  ʩʚʷʟʴ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʀʀʉ ʚ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ, ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʩʪʦʨʦʥʥʠʭ ʬʘʢʪʦʨʦʚ, ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ 

ʠʟʤʝʨʝʥʠʡ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʀʀʉ (ʧ.4). 

2) ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʢʘʣʠʙʨʦʚʢʠ ʀʀʉ ʆʊʆ, ʦʪʣʠʯʘʶʱʘʷʩʷ 

ʢʦʥʪʨʦʣʝʤ ʚʣʠʷʥʠʷ ʪʠʧʦʨʘʟʤʝʨʦʚ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ 

ʩʚʦʡʩʪʚ ɸʉʇʆ ʥʘ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ (ʧ.4). 

3) ʈʘʟʨʘʙʦʪʘʥʘ ʀʀʉ ʆʊʆ ʥʘ ʦʩʥʦʚʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʡ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʪʦʣʱʠʥʳ ɸʉʇʆ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʪʝʨʚʘʣʦʚ ʧʨʦʚʝʜʝʥʠʷ ʦʯʠʩʪʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ (ʧ.3). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ (ʯʘʩʪʦʪʦʡ, ʘʤʧʣʠʪʫʜʦʡ, ʵʥʝʨʛʠʝʡ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ) ʠ 

ʪʦʣʱʠʥʦʡ ɸʉʇʆ;  ʚ ʩʦʟʜʘʥʠʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ 

ʦʪʣʦʞʝʥʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʨʘʩʰʠʨʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʀʀʉ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ 

ɸʉʇʆ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ: ʨʘʟʨʘʙʦʪʢʝ ʀʀʉ ʆʊʆ ʥʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʧʦʟʚʦʣʷʶʱʝʡ 
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ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʦʯʠʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ; ʤʝʪʦʜʠʢʝ ʢʘʣʠʙʨʦʚʢʠ ʠ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʪʦʣʱʠʥʳ ɸʉʇʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀʉ ʆʊʆ; 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚʘʭ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘʪʫʨʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʪʜʝʣʴʥʳʝ ʨʘʟʜʝʣʳ ʠ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʚʦʣʥʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʚʠʙʨʘʮʠʠ ʚ ʪʝʭʥʠʢʝ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1) ɸʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʝʥʢʝ ʥʝʬʪʝʧʨʦʚʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʟʘʠʤʦʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʩʰʠʨʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʀʀʉ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ 

ɸʉʇʆ. 

2) ʉʪʨʫʢʪʫʨʥʘʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʀʀʉ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 

3) ʄʝʪʦʜʠʢʘ ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ  

ʀʀʉ ʆʊʆ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

2.2.11. çʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳè ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʧʫʥʢʪʘʤ: 

ʧ.3 çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ, ʧʨʦʛʨʘʤʤʥʦʝ ʠ 

ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠ ʫʧʨʘʚʣʷʶʱʠʭ 

ʩʠʩʪʝʤè; 

ʧ. 4 çʈʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ 
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ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷè. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʚʳʚʦʜʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʨʨʝʢʪʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʧʦʩʪʨʦʝʥʠʷʭ ʦʙʱʝʧʨʠʟʥʘʥʥʳʭ ʟʘʢʦʥʦʚ, ʩʦʙʣʶʜʝʥʠʝʤ ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʠʟʚʝʩʪʥʳʤ ʧʦʣʦʞʝʥʠʷʤ ʚ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 6-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠè 2021 ʛ.; 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʝʨʩʧʝʢʪʠʚʥʳʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 2022 ʛ.; ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʇʨʦʤ-ʀʥʞʠʥʠʨʠʥʛè, 2022 ʛ. 

ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʨʦʰʣʘ ʘʧʨʦʙʘʮʠʶ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ 

ʀʥʥʦʚʘʮʠʦʥʥʦʛʦ ʬʦʥʜʘ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ˉ1/35-ʈɾɼ-ʉʇ/2024 ʦʪ 13.08.2024 ʛ. 

çʂʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʦʧʨʦʧʫʩʢʥʳʭ ʩʦʦʨʫʞʝʥʠʡè. 

ɺʥʝʜʨʝʥʠʝ  

ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʰʣʠ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʝʥʜʘ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʳʧʘʜʝʥʠʷ 

ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʦʩʥʦ-

ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙè ʚ ʆʆʆ çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ çʉʘʤʘʨʘè ʛ. 

ʉʘʤʘʨʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʀʀʉ ʆʊʆ ʧʨʦʰʣʘ ʘʧʨʦʙʘʮʠʶ ʚ ɸʆ çʉʨʝʜʥʝʚʦʣʞʩʢʠʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʦ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʝè ʛ. ʅʦʚʦʢʫʡʙʳʰʝʚʩʢ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ɸʉʇʆ ʠ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʚʥʝʜʨʝʥʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 



10 
 

ʫʥʠʚʝʨʩʠʪʝʪè ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʙʘʢʘʣʘʚʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 12.03.01 

çʇʨʠʙʦʨʦʩʪʨʦʝʥʠʝè ʠ ʤʘʛʠʩʪʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 12.04.01 çʇʨʠʙʦʨʦʩʪʨʦʝʥʠʝè ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ çʅʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ, ʪʝʭʥʠʯʝʩʢʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠè.  

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʦ 11 ʨʘʙʦʪ, ʠʟ ʥʠʭ: 

4 ʧʫʙʣʠʢʘʮʠʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, 2 ʧʘʪʝʥʪʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ,  

1 ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʕɺʄ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʥʘʫʯʥʫʶ ʥʦʚʠʟʥʫ, ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʨʘʙʦʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ 

ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. ɸʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ ʩʭʝʤ ʠ 

ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʀʀʉ ʆʊʆ, ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ 

ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 166 ʩʪʨʘʥʠʮʘʭ, ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4 ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 105 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʩʦʜʝʨʞʠʪ 74 ʨʠʩʫʥʢʘ,  

22 ʪʘʙʣʠʮr ʠ 5 ʧʨʠʣʦʞʝʥʠʡ. 
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1 ʇʈʆɹʃɽʄɸ ɸʉʌɸʃʔʊʆʉʄʆʃʆʇɸʈɸʌʀʅʆɺʓʍ ʆʊʃʆɾɽʅʀʁ ɺ 

ʅɽʌʊɽɻɸɿʆɺʆʁ ʆʊʈɸʉʃʀ 

 

1.1 ʇʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠ ̫ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʣʦʞʥʝʥʠʷʤʠ ʫʩʣʦʚʠʡ ʜʦʙʳʯʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ 

ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʨʦʮʝʩʩʳ ʜʦʙʳʯʠ, ʩʙʦʨʘ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʧʨʦʙʣʝʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʬʪʷʥʳʭ 

ʵʤʫʣʴʩʠʡ, ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʩʪʝʥʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ (ɸʇʆ), ʦʪʣʦʞʝʥʠʡ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ, ʥʘʣʠʯʠʝʤ ʚ ʥʝʬʪʠ 

ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʢʦʨʨʦʟʠʦʥʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ [1]. 

ʆʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʞʝ ʚʩʪʫʧʠʣʦ ʚ 

ʧʦʟʜʥʶʶ ʩʪʘʜʠʶ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ [2]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʝʬʪʷʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʚʥʫʪʨʝʥʥʠʭ 

ʩʪʝʥʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ɸʉʇʆ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(ʈʠʩʫʥʦʢ 1.1). 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ɸʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʪʨʫʙʝ 

ʆʙʦʟʥʘʯʝʥʠʷ: dʥ ï ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ; dʚʥ ï ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ (ʩ ʫʯʝʪʦʤ ʦʪʣʦʞʝʥʠʡ); 

h ï ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ 
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ʅʘ ʈʠʩʫʥʢʝ 1.2. ʧʦʢʘʟʘʥʘ ʩʠʩʪʝʤʘ ʧʨʦʤʳʩʣʦʚʦʛʦ ʩʙʦʨʘ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ 

ʥʝʬʪʠ [3]. 

 

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʠʩʪʝʤʘ ʩʙʦʨʘ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʢʚʘʞʠʥʳ; 2 ï ʚʳʢʠʜʥʳʝ ʣʠʥʠʠ; 

3 ï ʩʙʦʨʥʳʡ ʢʦʣʣʝʢʪʦʨ; 4 ï ʛʘʟʦʧʨʦʚʦʜ; 5 ï ʥʝʬʪʝʩʙʦʨʥʳʡ ʢʦʣʣʝʢʪʦʨ; 

6 ï ʢʦʣʣʝʢʪʦʨ ʪʦʚʘʨʥʦʡ ʥʝʬʪʠ; 7 ï ʚʦʜʦʚʦʜ; 8 ï ʥʘʛʥʝʪʘʪʝʣʴʥʳʝ ʩʢʚʘʞʠʥʳ 

ɻɿʋ ï ʛʨʫʧʧʦʚʘʷ ʟʘʤʝʨʥʘʷ ʫʩʪʘʥʦʚʢʘ; ɼʅʉ ï ʜʦʞʠʤʥʘʷ ʥʘʩʦʩʥʘʷ ʩʪʘʥʮʠʷ; 

ɻʇɿ ï ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜ; ʋʂʇʅ ï ʫʩʪʘʥʦʚʢʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ; 

ʊʈ ï ʪʦʚʘʨʥʳʡ ʨʝʟʝʨʚʫʘʨ; ʋʇɺ ï ʫʩʪʘʥʦʚʢʘ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ;ʂʅʉ ï ʢʫʩʪʦʚʘʷ ʥʘʩʦʩʥʘʷ ʩʪʘʥʮʠʷ 

 

ʆʪ ʫʩʪʴʝʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ 1 ʩʳʨʴʝʚʘʷ ʥʝʬʪʴ ʧʦ ʚʳʢʠʜʥʳʤ 

ʣʠʥʠʷʤ ʧʦʩʪʫʧʘʝʪ ʚ ʛʨʫʧʧʦʚʫʶ ʟʘʤʝʨʥʫʶ ʫʩʪʘʥʦʚʢʫ ɻɿʋ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʦʪʜʝʣʝʥʠʝ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ ʦʪ ʞʠʜʢʦʩʪʠ (ʥʝʬʪʴ + ʚʦʜʘ) ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʠʟʤʝʨʝʥʠʝ ʵʪʠʭ ʬʣʶʠʜʦʚ ʧʦ ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʝ. ʇʦʩʣʝ ɻɿʋ ʥʝʬʪʴ, ʛʘʟ ʠ ʚʦʜʘ 

ʩʤʝʰʠʚʘʶʪʩʷ ʠ ʧʦ ʩʙʦʨʥʦʤʫ ʢʦʣʣʝʢʪʦʨʫ 3 ʜʚʠʞʫʪʩʷ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ 

ʜʦ ʜʦʞʠʤʥʦʡ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ ɼʅʉ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʳ ʩʝʧʘʨʘʪʦʨʳ, ʦʪʜʝʣʷʶʱʠʝ 

ʥʝʬʪʴ ʦʪ ʛʘʟʘ ʠ ʥʝʬʪʴ ʦʪ ʚʦʜʳ. ɻʘʟ ʦʪ ɼʅʉ ʧʦ ʛʘʟʦʧʨʦʚʦʜʫ 4 ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜ ɻʇɿ. ʅʝʬʪʴ ʧʦ ʥʝʬʪʝʩʙʦʨʥʦʤʫ ʢʦʣʣʝʢʪʦʨʫ 5 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʫʩʪʘʥʦʚʢʫ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ ʋʂʇʅ. ʅʘ ʋʂʇʅ 

ʧʨʦʠʩʭʦʜʷʪ ʚʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ʩʪʫʧʝʥʠ ʦʯʠʪʢʠ ʥʝʬʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʦʥʘ ʧʦʜʘʝʪʩʷ ʧʦ 
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ʪʦʚʘʨʥʦʤʫ ʢʦʣʣʝʢʪʦʨʫ 6 ʚ ʨʝʟʝʨʚʫʘʨʥʳʡ ʧʘʨʢ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʧʦ ʤʘʛʠʩʪʨʘʣʴʥʦʤʫ ʥʝʬʪʝʧʨʦʚʦʜʫ. ʆʪʜʝʣʠʚʰʠʝʩʷ ʦʪ ʥʝʬʪʠ ʚʦʜʘ, ʯʝʨʝʟ ʫʩʪʘʥʦʚʢʫ 

ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ ʋʇɺ, ʧʦʩʪʫʧʘʝʪ ʧʦ ʚʦʜʦʚʦʜʫ 7 ʚ ʢʫʩʪʦʚʳʝ ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ 

ʂʅʉ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʟʘʢʘʯʢʠ ʚ ʧʣʘʩʪ ʯʝʨʝʟ ʥʘʛʥʝʪʘʪʝʣʴʥʳʝ ʩʢʚʘʞʠʥʳ 8, ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ɺʳʢʠʜʥʳʝ ʣʠʥʠʠ ʠʤʝʶʪ ʜʠʘʤʝʪʨ ʦʪ 75 ʜʦ  

150 ʤʤ ʠ ʜʣʠʥʫ ʦʪ 0,8 ʜʦ 3 ʢʤ. ʉʙʦʨʥʳʝ ʢʦʣʣʝʢʪʦʨʘ ʠʤʝʶʪ ʜʠʘʤʝʪʨ ʦʪ 100 ʜʦ  

500 ʤʤ ʠ ʜʣʠʥʫ ʦʪ 2 ʜʦ 10 ʢʤ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ɸʉʇʆ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ ʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɺ ʩʠʩʪʝʤʝ 

ʧʨʦʤʳʩʣʦʚʦʛʦ ʩʙʦʨʘ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ ɸʉʇʆ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʦʜʲʝʤʥʳʭ 

ʢʦʣʦʥʥʘʭ, ʫʩʪʴʷʭ ʩʢʚʘʞʠʥʥʳʭ ʥʘʩʦʩʦʚ, ʥʘ ʚʳʢʠʜʥʳʭ ʣʠʥʠʷʭ, ʩʙʦʨʥʳʭ 

ʢʦʣʣʝʢʪʦʨʘʭ ʠ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʩʳʨʴʝʚʦʡ ʠ ʪʦʚʘʨʥʦʡ ʥʝʬʪʠ.  

ɸʉʇʆ ï ʵʪʦ ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʫʛʣʝʚʦʜʦʨʦʜʥʘʷ ʩʤʝʩʴ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʧʘʨʘʬʠʥʦʚ, ʘʩʬʘʣʴʪʦʩʤʦʣʠʩʪʳʭ ʚʝʱʝʩʪʚ, ʥʝʬʪʷʥʳʭ ʩʤʦʣ, ʤʘʩʝʣ, ʚʦʜʳ ʠ 

ʧʨʠʤʝʩʝʡ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [4].  

ʇʘʨʘʬʠʥʳ ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʤʝʪʘʥʦʚʦʛʦ ʨʷʜʘ 

(ʉxHy). ʆʥʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʩʪʚʦʨʝʥʳ ʚ ʩʘʤʦʡ ʥʝʬʪʠ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʘʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʘʨʘʬʠʥʦʚ, ʥʝʬʪʴ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʥʘ ʪʨʠ ʚʠʜʘ: 

ʤʘʣʦʧʘʨʘʬʠʥʦʚʳʝ (ʤʝʥʝʝ 1,5% ʩʦʜʝʨʞʘʥʠʷ ʧʘʨʘʬʠʥʘ), ʧʘʨʘʬʠʥʦʚʳʝ (ʦʪ 1,5 ʜʦ 

6%) ʠ ʚʳʩʦʢʦʧʘʨʘʬʠʥʦʚʳʝ (ʙʦʣʝʝ 6 %) [5]. 

ɸʩʬʘʣʴʪʦʩʤʦʣʠʩʪʳʝ ʚʝʱʝʩʪʚʘ (ɸʉɺ) ʩʦʩʪʦʷʪ ʠʟ ʘʟʦʪʘ, ʩʝʨʳ, ʢʠʩʣʦʨʦʜʘ ʠ 

ʤʝʪʘʣʣʦʚ (Fe, Mg ʠ ʜʨ.). ʊʘʢʞʝ ʢ ʛʨʫʧʧʝ ʩʤʦʣʠʩʪʳʭ ʚʝʱʝʩʪʚ ʦʪʥʦʩʷʪʩʷ 

ʘʩʬʘʣʴʪʝʥʳ. ʕʪʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʚʝʱʝʩʪʚʘ ʙʫʨʦʛʦ ʮʚʝʪʘ, ʩ ʧʣʦʪʥʦʩʪʴʶ ʙʦʣʝʝ 

ʝʜʠʥʠʮʳ. ɸʩʬʘʣʴʪʝʥʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʪʫʛʦʧʣʘʚʢʦʡ ʠ ʤʘʣʦʨʘʩʪʚʦʨʠʤʦʡ ʯʘʩʪʴʶ 

ʦʪʣʦʞʝʥʠʡ ʪʷʞʝʣʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʬʪʠ. 

ʉʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʥʠʤʠ. ʆʜʥʘʢʦ ʩʦʩʪʘʚ ɸʉʇʆ ʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ ʥʝ ʪʦʣʴʢʦ ʦʪ ʦʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢ ʜʨʫʛʦʤʫ, ʥʦ ʠ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʛʦ ʨʝʛʠʦʥʘ ʠ ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ɸʉʇʆ ʤʝʥʷʶʪʩʷ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ [6]. 

ʇʦʜ ʤʝʭʘʥʠʟʤʦʤ ʧʘʨʘʬʠʥʠʟʘʮʠʠ (ʦʙʨʘʟʦʚʘʥʠʝʤ ɸʉʇʆ) ʧʦʥʠʤʘʝʪʩʷ 

ʢʦʤʧʣʝʢʩ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʥʘʢʦʧʣʝʥʠʶ ʪʚʝʨʜʦʡ ʬʘʟʳ ʧʘʨʘʬʠʥʦʚ ʥʘ 

ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʢʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ [7]. 

ɺʳʜʝʣʷʶʪ ʜʚʝ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ɸʉʇʆ: 

1) ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʚʠʯʥʳʭ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʨʦʩʪ 

ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘʬʠʥʦʚ ʥʘ ʩʪʝʥʢʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

2) ʦʩʘʞʜʝʥʠʝ ʥʘ ʧʦʢʨʳʪʫʶ ʢʨʠʩʪʘʣʣʘʤʠ ʧʘʨʘʬʠʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʙʦʣʝʝ 

ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʧʘʨʘʬʠʥʘ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʘʨʘʬʠʥʦʤ ʠʜʝʪ ʦʪʣʦʞʝʥʠʝ ɸʉɺ, ʧʝʩʢʘ, ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʠʤʝʩʝʡ, ʩʦʣʝʡ, ʯʪʦ ʠ ʦʙʨʘʟʫʶʪ ʚ ʠʪʦʛʝ ʦʪʣʦʞʝʥʠʷ ɸʉʇʆ. 

ʆʙʨʘʟʦʚʘʥʠʝ ɸʉʇʆ ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ [1, 8]: 

1) ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʟʘʙʦʝ ʩʢʚʘʞʠʥʳ ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʵʪʠʤ ʥʘʨʫʰʝʥʠʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʠʩʪʝʤʳ; 

2) ʚr ʜʝʣʝʥʠʝ ʛʘʟʦʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

3) ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʣʘʩʪʝ ʠ ʩʪʚʦʣʝ ʩʢʚʘʞʠʥʳ; 

4) ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʨʦʜʫʢʪʘ ʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ 

ʢʦʤʧʦʥʝʥʪʦʚ; 

5) ʩʦʩʪʘʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʢʘʞʜʦʡ ʬʘʟʝ ʩʤʝʩʠ ʧʨʦʜʫʢʪʘ; 

6) ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ ʬʘʟ ʧʨʦʜʫʢʪʘ; 

7) ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʦʢ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʬʘʢʪʦʨʳ ʧʦʜʨʦʙʥʝʝ. 

1) ʉʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʟʘʙʦʝ ʩʢʚʘʞʠʥʳ. 

ʇʦʩʢʦʣʴʢʫ ʟʘʙʦʡʥʦʝ ʜʘʚʣʝʥʠʝ ʤʝʥʴʰʝ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʠʷ ʥʝʬʪʠ ʛʘʟʦʤ, 

ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʥʘʨʫʰʘʝʪʩʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ 

ʛʘʟʦʚʦʡ ʬʘʟʳ ʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʞʠʜʢʦʡ ʬʘʟʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʜʝʣʝʥʠʶ ʧʘʨʘʬʠʥʦʚ ʠʟ ʥʝʝ. ʉʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ 

ʤʦʞʝʪ ʥʘʨʫʰʘʪʴʩʷ ʢʘʢ ʚ ʧʣʘʩʪʝ, ʪʘʢ ʠ ʚ ʩʢʚʘʞʠʥʝ, ʠ ʚʳʧʘʜʝʥʠʝ ʧʘʨʘʬʠʥʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʢʘʢ ʚ ʧʣʘʩʪʝ, ʪʘʢ ʠ ʚ ʩʢʚʘʞʠʥʝ. 
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ɺ ʩʣʫʯʘʝ ʥʘʩʦʩʥʦʛʦ ʩʧʦʩʦʙʘ ʜʦʙʳʯʠ ʜʘʚʣʝʥʠʝ ʥʘ ʧʨʠʝʤʝ ʥʘʩʦʩʘ ʤʦʞʝʪ ʙʳʪʴ 

ʤʝʥʴʰʝ, ʯʝʤ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʠʷ ʥʝʬʪʠ ʛʘʟʦʤ. ʏʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʩʘʞʜʝʥʠʶ 

ʧʘʨʘʬʠʥʘ ʚ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʥʘʩʦʩʘ ʠ ʥʘ ʩʪʝʥʢʘʭ ʢʦʣʦʥʥʳ. 

ɺ ʢʦʣʦʥʥʝ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ ʚʳʜʝʣʷʶʪ ʜʚʝ ʟʦʥʳ: 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʜ ʥʘʩʦʩʦʤ ï ʜʘʚʣʝʥʠʝ ʚ ʵʪʦʡ ʟʦʥʝ, ʚʩʣʝʜʩʪʚʠʝ ʨʝʟʢʦʛʦ 

ʚʦʟʨʘʩʪʘʥʠʷ ï ʙʦʣʴʰʝ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʠʷ. ɺʝʨʦʷʪʥʦʩʪʴ ʦʪʣʦʞʝʥʠʷ ʚ ʵʪʦʡ ʟʦʥʝ 

ʤʠʥʠʤʘʣʴʥʘ. ɺʪʦʨʘʷ ʟʦʥʘ ï ʟʦʥʘ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ (ʜʦ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʠʷ ʠ 

ʥʠʞʝ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʚʳʜʝʣʝʥʠʶ ʧʘʨʘʬʠʥʘ. 

ɺ ʨʘʙʦʪʝ [4] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʧʘʨʘʬʠʥʘ, ʷʚʣʷʶʪʩʷ: ʩʢʚʘʞʠʥʥʳʝ ʥʘʩʦʩʳ, ʥʘʩʦʩʥʦ-

ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʪʨʫʙʳ, ʚʳʢʠʜʥʳʝ ʣʠʥʠʠ ʦʪ ʩʢʚʘʞʠʥ, ʩʙʦʨʥʳʝ ʢʦʣʣʝʢʪʦʨʘ, 

ʨʝʟʝʨʚʫʘʨʳ ʩʙʦʨʥʳʭ ʧʫʥʢʪʦʚ. 

2) ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʣʘʩʪʝ ʠ ʩʪʚʦʣʝ ʩʢʚʘʞʠʥʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʢʦʤʧʦʥʝʥʪʳ ʥʝʬʪʠ ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢ, ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʢ ʨʦʩʪʫ 

ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘʬʠʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʪʚʦʣʫ ʩʢʚʘʞʠʥʳ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʨʘʬʠʥʦʚ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ: ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦ ʩʪʚʦʣʫ ʩʢʚʘʞʠʥʳ ʧʨʦʜʫʢʪʘ 

ʦʢʨʫʞʘʶʱʠʤ ʧʦʨʦʜʘʤ ʠ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʨʘʩʰʠʨʝʥʠʝ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʠ 

ʝʝ ʦʭʣʘʞʜʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʨʘʙʦʪʦʡ ʛʘʟʘ ʧʦ ʧʦʜʲʝʤʫ ʞʠʜʢʦʩʪʠ. 

3) ɺʳʜʝʣʝʥʠʝ ʛʘʟʦʚ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [4] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ 

ʧʘʨʘʬʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ ʚ ʧʦʪʦʢʝ ʩʤʝʩʠ ï 

ʧʫʟʳʨʴʢʠ ʛʘʟʘ ʬʣʦʪʠʨʫʶʪ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ ʧʘʨʘʬʠʥʘ. ʇʨʠ ʢʦʥʪʘʢʪʝ ʛʘʟʦʚʦʛʦ 

ʧʫʟʳʨʴʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʨʫʙʳ ʯʘʩʪʠʮʳ ʧʘʨʘʬʠʥʘ ʩʦʧʨʠʢʘʩʘʶʪʩʷ ʩʦ ʩʪʝʥʢʦʡ ʠ 

ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʥʝʡ. ɼʘʣʝʝ, ʦʪʣʦʞʝʥʠʷ ʧʘʨʘʬʠʥʘ ʥʘʨʘʩʪʘʶʪ ʧʦ ʧʨʠʯʠʥʝ ʝʛʦ 

ʛʠʜʨʦʬʦʙʥʦʩʪʠ. ʅʘ ʩʪʝʥʢʘʭ ʪʨʫʙ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ ʠʟ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘʬʠʥʘ ʠ 
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ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ. ʏʝʤ ʤʝʥʴʰʝ ʙʫʜʝʪ ʥʘʩʳʱʝʥʥʦʩʪʴ ʛʘʟʦʤ ʜʘʥʥʦʛʦ ʩʣʦʷ, ʪʝʤ ʦʥ 

ʙʫʜʝʪ ʙʦʣʝʝ ʧʣʦʪʥʳʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʣʦʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʪʘʤ, ʛʜʝ 

ʧʫʟʳʨʴʢʠ ʛʘʟʘ ʤʘʣʳ ʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʩʠʣʦʡ ʧʨʠʣʠʧʘʥʠʷ ʢ ʢʨʠʩʪʘʣʣʘʤ 

ʧʘʨʘʬʠʥʘ ʠ ʩʪʝʥʢʘʤ ʪʨʫʙʳ. 

4) ʉʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʨʦʜʫʢʪʘ ʠ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ 

ʧʘʨʘʬʠʥʠʟʘʮʠʠ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ 

ʧʨʦʜʫʢʪʘ. ʇʨʠ ʣʘʤʠʥʘʨʥʦʤ ʪʝʯʝʥʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʙʨʘʟʦʚʘʥʠʝ ɸʉʇʆ 

ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʦ. ʉ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʚʦʟʨʘʩʪʘʝʪ, 

ʦʜʥʘʢʦ, ʪʦʣʴʢʦ ʧʦʥʘʯʘʣʫ. ʇʦʩʣʝʜʫʶʱʠʡ ʨʦʩʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʝʜʝʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʞʜʝʥʠʡ ʦʪʣʦʞʝʥʠʡ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʩʤʝʩʠ ʧʦʟʚʦʣʷʝʪ ʫʜʝʨʞʠʚʘʪʴ ʢʨʠʩʪʘʣʣʳ ʧʘʨʘʬʠʥʘ ʚʦ ʚʟʚʝʰʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʠ ʦʥʠ ʚʳʥʦʩʷʪʩʷ ʠʟ ʩʢʚʘʞʠʥʳ ʠʣʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤ ʧʦʪʦʢ ʩʨʳʚʘʝʪ ʯʘʩʪʴ ʦʪʣʦʞʝʥʠʡ ʩʦ ʩʪʝʥʦʢ ʪʨʫʙ. ɸ ʪʘʢʞʝ, 

ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʧʨʦʜʫʢʪ ʤʝʜʣʝʥʥʝʝ ʦʭʣʘʞʜʘʝʪʩʷ, ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʟʘʤʝʜʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ. 

5) ʉʦʩʪʦʷʥʠʝ ʩʪʝʥʦʢ ʪʨʫʙ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʧʘʨʘʬʠʥʠʟʘʮʠʠ. 

ʉʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ. 

ʅʝʨʦʚʥʦʩʪʠ ʚʳʩʪʫʧʘʶʪ ʦʯʘʛʘʤʠ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʟʨʳʚʘ ʩʣʦʷ, ʟʘʤʝʜʣʠʪʝʣʷʤʠ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʫ ʩʪʝʥʢʠ ʪʨʫʙʳ. ʏʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʪʣʦʞʝʥʠʡ ï ʧʨʠʣʠʧʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʧʘʨʘʬʠʥʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ɸʉʇʆ, ʠʤʝʶʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʜʦʣʴ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʘʚʣʝʥʠʝ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʝ ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʚʳʢʠʜʥʦʤ ʧʘʪʨʫʙʢʝ ʥʘʩʦʩʘ ʠ ʩʥʠʞʘʝʪʩʷ 

ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʥʝʛʦ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ ʧʦ ʜʣʠʥʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ɸʉʇʆ ʢʘʢ ʧʦ 

ʩʝʯʝʥʠʶ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʪʘʢ ʠ ʧʦ ʝʛʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʪʦʪ ʤʦʤʝʥʪ. ɺ 
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ʯʘʩʪʥʦʩʪʠ, ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʠ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʷʪʴ 

ʦʪʣʦʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ, ʢʘʢ ʧʦ ʩʝʯʝʥʠʶ, ʪʘʢ ʠ ʧʦ ʜʣʠʥʝ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

 

1.2 ɺʣʠʷʥʠʝ ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʨʘʙʦʪʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʦʩʣʝʜʩʪʚʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ɸʉʇʆ ʷʚʣʷʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ (ʩʥʠʞʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʚʦʟʨʘʩʪʘʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʛʦʣʦʚʝ ʪʨʫʙʦʧʨʦʚʦʜʘ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ ʠ ʩʦʢʨʘʱʝʥʠʶ ʤʝʞʨʝʤʦʥʪʥʳʭ ʧʝʨʠʦʜʦʚ [9, 10]. 

ʆʪʣʦʞʝʥʠʷ ʚ ʥʝʬʪʝʩʙʦʨʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʪʦʣʱʠʥʦʡ 10 ʤʤ ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʧʘʜʫ 

ʜʘʚʣʝʥʠʷ ʦʪ 0,3 ʜʦ 1 ʄʇʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ.  ʅʘ 

ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʧʨʦʮʝʩʩ çʧʘʨʘʬʠʥʠʟʘʮʠʠè, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʝʞʦʯʠʩʪʥʦʡ ʧʝʨʠʦʜ, ʟʘʥʠʤʘʝʪ ʚʩʝʛʦ 15ï40 ʯʘʩʦʚ [11]. ʆʪʣʦʞʝʥʠʷ ʧʘʨʘʬʠʥʘ ʥʘ 

ʜʥʝ ʨʝʟʝʨʚʫʘʨʦʚ ʟʘ 3ï5 ʣʝʪ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 1,5ï2,0 ʤʝʪʨʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪ ʦʙʲʝʤ ʩʘʤʠʭ ʨʝʟʝʨʚʫʘʨʦʚ [12]. 

ʇʦʤʠʤʦ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʝʤʢʦʩʪʝʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, 

ʦʪʣʦʞʝʥʠʷ ɸʉʇʆ ʩʥʠʞʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘʩʦʩʦʚ ʠ ʜʨʫʛʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʘʤʠ ʠʭ ʧʦʣʦʤʦʢ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [4] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʦ ʰʪʘʥʛʦʚʳʤʠ ʩʢʚʘʞʠʥʥʳʤʠ 

ʥʘʩʦʩʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ (ʐʉʅʋ) ʧʘʨʘʬʠʥ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʝʜʫʶʱʠʭ 

ʧʨʦʙʣʝʤ: 

1) ʦʪʣʦʞʝʥʠʷ ʥʘ ʬʠʣʴʪʨʝ ʥʘʩʦʩʘ ʫʭʫʜʰʘʪʁ ʧʦʩʪʫʧʣʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ 

ʥʘʩʦʩ ʠ ʩʥʠʞʘʪʁ ʝʛʦ ʧʦʜʘʯʫ; 

2) ʦʪʣʦʞʝʥʠʷ ʚ ʢʣʘʧʘʥʘʭ ʧʨʠʚʦʜʪ̫ ʢ ʫʪʝʯʢʘʤ ʞʠʜʢʦʩʪʠ ʠʟ ʮʠʣʠʥʜʨʦʚ; 

3) ʦʪʣʦʞʝʥʠʷ ʤʝʞʜʫ ʮʠʣʠʥʜʨʦʤ ʠ ʧʣʫʥʞʝʨʦʤ ʧʨʠʚʦʜʪ̫ ʢ ʟʘʢʣʠʥʠʚʘʥʠʶ 

ʧʣʫʥʞʝʨʘ; 

4) ʦʪʣʦʞʝʥʠʷ ʥʘ ʰʪʘʥʛʘʭ ʫʚʝʣʠʯʠʚʘʪʁ ʠʭ ʤʘʩʩʫ ʠ ʟʘʪʨʫʜʥʷʪʁ ʠʭ 

ʧʝʨʝʤʝʱʝʥʠʝ; 
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5) ʦʪʣʦʞʝʥʠʷ ʚ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙʘʭ ʥʝ ʪʦʣʴʢʦ ʫʤʝʥʴʰʘʶʪ 

ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ, ʥʦ ʠ ʫʚʝʣʠʯʠʚʘʪʁ ʥʘʛʨʫʟʢʫ ʥʘ ʛʦʣʦʚʢʫ ʙʘʣʘʥʩʠʨʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʳʚʫ ʰʪʘʥʛ. 

ɺ ʨʘʙʦʪʝ [13] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʤʘʩʩʘ ʢʦʣʦʥʥʳ ʰʪʘʥʛ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʣʦʞʝʥʠʡ 

ʧʘʨʘʬʠʥʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 600 ʢʛ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ ʥʘʩʦʩʦʚ ʠʟ-ʟʘ ʦʪʣʦʞʝʥʠʡ 

ʧʘʨʘʬʠʥʘ ʜʦʩʪʠʛʘʝʪ 72% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʪʢʘʟʦʚ. 

ʅʝʦʯʝʚʠʜʥʳʤ ʧʦʩʣʝʜʩʪʚʠʝʤ ʚʣʠʷʥʠʷ ɸʉʇʆ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʠʩʪʝʤ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠ ̫

ʨʘʩʭʦʜʘ ʧʨʦʜʫʢʪʘ, ʘ ʠʤʝʥʥʦ, ʧʦʷʚʣʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʷ 

[14, 15]. ʆʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 ὗ Ὓ‡ȟ (1.1) 

ʛʜʝ S ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ; 

ɡ ï ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʇʦʩʢʦʣʴʢʫ ʦʙʨʘʟʦʚʘʥʠʝ ɸʉʇʆ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ S, ʚ ʨʘʙʦʪʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ. 

ʂʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ [15] ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʜʠʘʤʝʪʨʦʤ 25 ʤʤ ʜʘʥʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 11 %. 

 

1.3 ʄʝʪʦʜʳ ʙʦʨʴʙʳ ʩ ʦʪʣʦʞʝʥʠʷʤʠ 

ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʝʥ ʨʷʜ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ɸʉʇʆ. ʆʜʥʘʢʦ ʠʟ-ʟʘ 

ʤʥʦʛʦʦʙʨʘʟʠʷ ʫʩʣʦʚʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʘʟʣʠʯʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʙʳʚʘʝʤʦʛʦ 

ʧʨʦʜʫʢʪʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʨʝʙʫʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʜʘʥʥʦʤʫ 

ʚʦʧʨʦʩʫ [16]. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʚ ʙʦʨʴʙʝ ʩ ɸʉʇʆ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ: 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʠ ʫʜʘʣʝʥʠʝ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ 

ʦʪʣʦʞʝʥʠʡ (ʈʠʩʫʥʦʢ 1.3) [17, 18]. ʅʘ ʧʨʘʢʪʠʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʚʤʝʱʝʥʠʝ ʦʙʦʠʭ 

ʧʦʜʭʦʜʦʚ [19]. 
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ʈʠʩʫʥʦʢ 1.3 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ɸʉʇʆ 

 

ʉʨʝʜʠ ʤʝʪʦʜʦʚ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʷ ɸʉʇʆ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜ,r ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ 

ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʍʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʜʦʙʘʚʣʝʥʠʠ ʚ ʜʦʙʳʚʘʝʤʫʶ ʧʨʦʜʫʢʮʠʶ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ. ɼʝʡʩʪʚʠʷ 

ʪʘʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʷ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʞʠʜʢʦʡ ʬʘʟʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʦʡ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ɸʉʇʆ, ʦʜʥʘʢʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʜʚʫʤʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ: ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ ʧʦʜʙʦʨʘ ʭʠʤʠʯʝʩʢʦʛʦ ʨʝʘʛʝʥʪʘ, ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɻʨʫʧʧʘ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʜʦʙʳʚʘʝʤʫʶ ʠ 
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ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʫʶ ʧʨʦʜʫʢʮʠʶ. ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʚʳʟʳʚʘʶʪ 

ʧʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʠʮ ʧʘʨʘʬʠʥʘ ʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʠʭ ʦʩʘʞʜʝʥʠʶ ʥʘ ʩʪʝʥʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝʬʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʥʝ ʠʟʤʝʥʷʷ ʩʚʦʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʧʦʣʷ ʠʜʝʪ ʨʘʟʨʫʰʝʥʠʝ ʘʛʨʝʛʘʪʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʠʢʨʦʯʘʩʪʠʮ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ. 

ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʥʝʬʪʠ ʠʜʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʘʨʘʬʠʥʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ, ʦʪʣʦʞʝʥʠʷ ʚʳʧʘʜʘʶʪ ʚ 

ʚʠʜʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʚʟʚʝʩʠ ʠ ʫʥʦʩʷʪʩʷ ʩ ʧʦʪʦʢʦʤ ʥʝʬʪʠ. ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʦʪʣʦʞʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʘʝʪʩʷ [20]. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ɸʉʇʆ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ 

ʠʟ ʣʘʢʦʚ, ʩʪʝʢʣʘ ʠ ʵʤʘʣʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʩʪʨʘʥʷʝʪʩʷ ʪʘʢʘʷ ʧʨʠʯʠʥʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ɸʉʇʆ ï ʢʘʢ ʥʝʨʦʚʥʦʩʪʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʜʫʪʩʷ ʧʦʩʪʦʷʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʜʥʦ ʠʟ 

ʧʦʩʣʝʜʥʠʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï [21]. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜʳ ʫʜʘʣʝʥʠʷ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʦʪʣʦʞʝʥʠʡ. 

ʇʦʩʢʦʣʴʢʫ ʧʘʨʘʬʠʥ ʧʣʘʚʠʪʩʷ ʧʨʠ ʥʝʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʚʳʰʝ 50 Áʉ) ʠ 

ʩʪʝʢʘʝʪ ʩ ʥʘʛʨʝʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʝʧʣʦʚʳʝ ʤʝʪʦʜʳ ʫʜʘʣʝʥʠʷ ɸʉʇʆ. ɺ ʜʘʥʥʳʭ ʤʝʪʦʜʘʭ ʠʩʪʦʯʥʠʢ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʤʝʱʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʫ ʦʪʣʦʞʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ [1, 8]: 

1) ʥʘʛʨʝʚʘʥʠʝ ʥʝʬʪʠ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʛʨʝʪʦʡ ʚʦʜr ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ; 

2) ʦʙʨʘʙʦʪʢʘ ʧʘʨʦʤ; 

3) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʝʯʝʡ; 

4) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʫʢʮʠʦʥʥʳʭ ʵʣʝʢʪʨʦʜʝʧʘʨʘʬʠʥʠʟʘʪʦʨʦʚ; 

5) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʛʝʥʪʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʧʨʦʪʝʢʘʥʠʝ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ. 

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʜʝʪ ʥʘʛʨʝʚ ʞʠʜʢʦʩʪʠ ʚ ʩʧʝʮʠʘʣʴʥʦʤ 

ʥʘʛʨʝʚʘʪʝʣʝ (ʥʘʧʨʠʤʝʨ, ʚ ʧʝʨʝʜʚʠʞʥʦʡ ʢʦʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ), ʧʦʩʣʝ ʯʝʛʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʘʯʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜ ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
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ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʝʝ ʚʳʩʦʢʫ  ʁ

ʵʥʝʨʛʦʝʤʢʦʩʪʴ, ʵʣʝʢʪʨʦʦʧʘʩʥʦʩʪʴ, ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ, ʥʠʟʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʥʝʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʫʜʘʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ɸʉʇʆ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʣʠʰʝʥ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ï ʧʦʜʙʦʨ ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʦʜʙʦʨ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ɸʉʇʆ ʧʨʦʚʦʜʠʪʩʷ ʦʧʳʪʥʳʤ ʧʫʪʝʤ. 

ɼʣʷ ʫʜʘʣʝʥʠʷ ʫʞʝ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʦʪʣʦʞʝʥʠʡ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ɺʳʢʠʜʥʳʝ ʣʠʥʠʠ ʠ ʩʙʦʨʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʦʙʦʨʫʜʫʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʢʘʤʝʨʘʤʠ ʧʨʠʝʤʘ-ʧʫʩʢʘ ʦʯʠʩʪʥʳʭ ʩʥʘʨʷʜʦʚ ï ʰʘʨʦʚ ʠʣʠ ʪʦʨʧʝʜ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʢʨʝʙʢʦʚ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʦʪʣʦʞʝʥʠʷʤʠ 

ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʥʝʨʝʜʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʘʥʦʚʠʪʴ ʨʘʙʦʪʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʇʨʠ ʣʶʙʦʤ ʚʳʙʨʘʥʥʦʤ ʤʝʪʦʜʝ ʦʯʠʩʪʢʠ ʦʪ ʦʪʣʦʞʝʥʠʡ, ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʦʯʠʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʝʦʙʭʦʜʠʤʘ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʪʝʢʫʱʝʡ ʪʦʣʱʠʥʝ ʩʣʦʷ ɸʉʇʆ ʥʘ ʩʪʝʥʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʜʨʫʛʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [22ï24]. ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤ ʛʨʘʬʠʢ ʧʨʦʚʝʜʝʥʠʷ 

ʤʝʞʦʯʠʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʪʨʝʙʫʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ, ʪʘʢ ʢʘʢ ʠʟ-ʟʘ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʦʢʨʫʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ) ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʘ ʚʦ ʚʨʝʤʝʥʠ [25]. 

 

1.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ 

ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ 

ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʧʨʷʤʳʝ ʠ 

ʢʦʩʚʝʥʥʳʝ. ʉʫʱʥʦʩʪʴ ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʠ ʩʨʘʚʥʝʥʠʠ ʠʭ ʩ 

ʪʘʢʠʤʠ ʞʝ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʙʝʟ ʦʪʣʦʞʝʥʠʡ. ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʣʫʯʠʣʠ ʠʤʝʥʥʦ ʢʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ 

ʦʪʣʦʞʝʥʠʡ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [26] ʦʪʤʝʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʦʚ: 

1) ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʤʠʤʦ 

ʜʠʩʧʝʪʯʝʨʩʢʦʡ; 

2) ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

3) ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʦʛʨʝʰʥʦʩʪʠ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ɺʟʘʤʝʥ ʘʚʪʦʨʳ [26] ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʷʤʦʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

ɸʉʇʆ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʚʝʜʝʥʠʠ ʚʥʫʪʨʴ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠʙʦʨʘ, ʨʘʙʦʪʘʶʱʝʛʦ 

ʥʘ ʧʨʠʥʮʠʧʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ (ʈʠʩʫʥʦʢ 1.4). 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ʄʦʜʝʣʴ ʚʥʫʪʨʠʪʨʫʙʥʦʛʦ ʩʥʘʨʷʜʘ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʥʘʨʷʜʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʦʜʥʘʢʦ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʟʘʪʨʫʜʥʷʶʱʠʭ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʶ: 

1) ʥʝ ʚʩʝʛʜʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʩʥʘʨʷʜʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜ ʠʣʠ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 

2) ʧʦʜ ʨʘʟʥʳʝ ʜʠʘʤʝʪʨʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʠʤʝʪʴ ʧʘʨʢ 

ʧʨʠʙʦʨʦʚ; 

3) ʥʘ ʜʘʥʥʦʤ ʨʝʰʝʥʠʠ ʩʣʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʮʝʣʠ ʧʨʷʤʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ 

ʪʦʣʱʠʥʳ ɸʉʇʆ ʥʝ ʧʦʜʭʦʜʷʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʘʭ ʠʟʤʝʨʝʥʠʷ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ.  

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʦʪʣʦʞʝʥʠʷ ɸʉʇʆ ʧʨʠʚʦʜʷʪ ʢ 

ʩʫʞʝʥʠʶ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʧʘʜʫ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʪʨʫʙʦʧʨʦʚʦʜʘ [27]. 

ʆʪʣʦʞʝʥʠʷ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ, ʧʨʠʚʝʜʰʠʝ ʢ ʯʘʩʪʠʯʥʦʡ ʠʣʠ ʜʘʞʝ ʧʦʣʥʦʡ 

ʟʘʢʫʧʦʨʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʣʝʛʢʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʦʪʣʦʞʝʥʠʡ ʥʝʙʦʣʴʰʦʡ 

ʪʦʣʱʠʥʳ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [24, 28] ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ. 

ʋʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʨʝʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʠ ʵʪʘʣʦʥʥʳʤ 

(ʙʝʟ ʦʪʣʦʞʝʥʠʡ), ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʪʦʣʱʠʥʫ ʩʣʦʷ ɸʉʇʆ: 

 Ὠ ς‏
ςὧ”ὒ

Ўὖ

‘

”

τὗ

“
ȟ (1.2) 

ʛʜʝ di ï ʜʠʘʤʝʪʨ ʪʨʫʙʳ; 

ŭw ï ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ; 

n ʠ c ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʪʠʧʘ ʧʦʪʦʢʘ; 

ɟ ï ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʠ; 

L ï ʜʣʠʥʘ ʪʨʫʙʳ; 

ȹPf ï ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ; 

ɛ ï ʚʷʟʢʦʩʪʴ ʥʝʬʪʠ; 

Q ï ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʧʨʦʜʫʢʪʘ. 

ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʤʦʞʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʠʟʤʝʨʝʥʠʷ ʦʪʣʦʞʝʥʠʡ. 

ʊʘʢ ʢʘʢ ʦʥ ʦʙʣʘʜʘʝʪ ʥʝʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʤʘʣʦʡ 

ʪʦʣʱʠʥʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʝʰʝʥʠʝ, ʧʨʝʜʣʘʛʘʶʱʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʷʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ [29]. ɼʣʷ ʵʪʦʛʦ 
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ʦʧʨʝʜʝʣʷʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʪʚʦʨʦʤ ʞʠʜʢʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʵʣʝʢʪʨʦʜʦʤ (ʈʠʩʫʥʦʢ 1.5). 

ʀʟʤʝʨʝʥʠʷ ʥʘʯʠʥʘʶʪ ʧʨʦʚʦʜʠʪʴ ʜʦ ʥʘʯʘʣʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʦʪʣʦʞʝʥʠʡ, ɸʉʇʆ ʙʫʜʫʪ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʦʙʱʝʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ, ʠ, ʧʦ ʠʟʤʝʥʝʥʠʶ ʜʘʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ 

ʪʦʣʱʠʥʝ ʦʪʣʦʞʝʥʠʡ. 

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʦ ʠʟʤʝʨʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʢʦʨʧʫʩ; 2 ï ʩʪʝʨʞʝʥʴ; 3 ï ʠʟʦʣʷʮʠʷ; 4 ï ʩʪʝʥʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ; 5 ï ʦʪʣʦʞʝʥʠʷ; 

6 ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʙʣʦʢ 

 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʚʝʜʝʥʠʷ 

ʚ ʪʨʫʙʦʧʨʦʚʦʜ ʵʣʝʢʪʨʦʜʘ, ʪ.ʝ. ʥʘʨʫʰʘʝʪʩʷ ʮʝʣʦʩʪʥʦʩʪʴ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʥʝʜʦʧʫʩʪʠʤʳʤ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʉʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʝ ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ [30]. ɿʜʝʩʴ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʙʫʜʝʪ ʠʟʤʝʨʷʪʴ ʦʙʲʝʤ ʦʪʣʦʞʝʥʠʡ, ʘ ʥʝ ʠʭ 

ʪʦʣʱʠʥʫ (ʈʠʩʫʥʦʢ 1.6). 
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ʈʠʩʫʥʦʢ 1.6 ï ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʘ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʪʨʫʙʦʧʨʦʚʦʜ; 2 ï ʦʪʣʦʞʝʥʠʷ; 3 ï ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʡ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜ ʚʚʦʜʷʪ ʞʠʜʢʦʩʪʴ ʩ ʟʘʜʘʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʦʨʛʘʥʠʟʫʶʪ ʝʝ ʜʚʠʞʝʥʠʝ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʘʩʭʦʜʦʤ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʤ ʧʝʨʠʤʝʪʨʫ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʝʨʝʥʦʩʥʳʤ 

ʧʨʠʙʦʨʦʤ ʠʟʤʝʨʷʶʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. ɺʳʯʠʩʣʝʥʠʝ ʦʙʲʝʤʘ 

ʦʪʣʦʞʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʭʦʜʝ. 

ʇʦʭʦʞʝʝ ʨʝʰʝʥʠʝ ʧʨʝʜʣʦʞʝʥʦ ʘʚʪʦʨʦʤ [31]. ʏʠʩʪʘʷ ʪʨʫʙʘ ʙʝʟ ʦʪʣʦʞʝʥʠʡ 

(ʪʝʩʪʦʚʘʷ ʩʝʢʮʠʷ) ʟʘʧʦʣʥʷʝʪʩʷ ʚʦʜʦʡ, ʩ ʮʝʣʴʶ ʠʟʤʝʨʝʥʠʷ ʦʙʲʝʤʘ ʪʨʫʙʳ. ɿʘʪʝʤ 

ʧʨʦʚʦʜʷʪʩʷ ʪʝ ʞʝ ʠʟʤʝʨʝʥʠʷ, ʥʦ ʩ ʪʨʫʙʦʡ ʩ ʦʪʣʦʞʝʥʠʷʤʠ. ʇʦ ʨʘʟʥʠʮʝ ʦʙʲʝʤʦʚ 

ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʦʙʲʝʤ ʦʪʣʦʞʝʥʠʡ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ Liquid 

Displacement-level Detection Technique (LD-LD). 

ɺ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʘʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ: ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʨʝʰʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʦʩʪʘʥʦʚʠʪʴ ʧʦʪʦʢ ʩʨʝʜʳ ʠ ʦʯʠʩʪʠʪʴ ʪʨʫʙʦʧʨʦʚʦʜ ʦʪ ʧʨʦʜʫʢʪʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʳʤ; ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪ ʦʧʨʝʜʝʣʷʪʴ ʪʦʣʱʠʥʫ 

ʦʪʣʦʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ʊʘʢ, ʧʘʪʝʥʪ [32] ʧʨʝʜʣʘʛʘʝʪ 

ʧʨʠʢʣʘʜʳʚʘʪʴ ʢ ʪʨʫʙʦʧʨʦʚʦʜʫ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ ʚ ʚʠʜʝ ʥʘʛʨʝʪʦʛʦ ʙʨʫʩʢʘ ʠ ʩʥʠʤʘʪʴ 

ʚʨʝʤʝʥʥʫʶ ʜʠʘʛʨʘʤʤʫ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʥʥʦʛʦ ʙʨʫʩʢʘ (ʈʠʩʫʥʦʢ 1.7). 
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ʈʠʩʫʥʦʢ 1.7 ï ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʥʘʛʨʝʪʦʛʦ ʙʨʫʩʢʘ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʪʨʫʙʦʧʨʦʚʦʜ; 2 ï ʙʨʫʩʦʢ; 3 ï ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ; 

4 ï ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ; 5 ï ʦʪʣʦʞʝʥʠʷ 

 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʌʝʪʠʩʦʚ ɺ.ʉ. ʠ ʊʘʙʝʪ ʅ.ʂ.ɸ. [33] ʧʨʝʜʣʘʛʘʪʁ ʦʧʨʝʜʝʣʷʪʴ 

ʪʦʣʱʠʥʫ ʦʪʣʦʞʝʥʠʷ ʧʦ ʩʪʝʧʝʥʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ 

ʝʝ ʦʩʪʳʚʘʥʠʠ ʧʦʩʣʝ ʥʘʛʨʝʚʘ (ʈʠʩʫʥʦʢ 1.8). ɸ ʘʚʪʦʨ r [34] ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʘʤʦʡ ʥʝʬʪʠ (ʈʠʩʫʥʦʢ 1.9). 

 

 

ʈʠʩʫʥʦʢ 1.8 ï ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʦ ʦʩʪʳʚʘʥʠʶ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʩʪʝʥʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ; 2 ï ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʡ ʧʨʦʜʫʢʪ; 3 ï ʦʪʣʦʞʝʥʠʷ; 

4 ï ʦʩʥʦʚʥʦʡ ʢʦʣʴʮʝʚʦʡ ʥʘʛʨʝʚʘʪʝʣʴ; 5 ï ʪʝʨʤʦʜʘʪʯʠʢʠ; 6 ï ʧʝʨʚʳʡ ʥʘʛʨʝʚʘʪʝʣʴ-ʪʝʨʤʦʙʘʨʴʝʨ; 

7 ï ʚʪʦʨʦʡ ʥʘʛʨʝʚʘʪʝʣʴ-ʪʝʨʤʦʙʘʨʴʝʨ; 8 ï ʪʝʨʤʦʠʟʦʣʷʪʦʨ 
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ʈʠʩʫʥʦʢ 1.9 ï ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʥʝʬʪʝʧʨʦʚʦʜ; 2 ʠ 3 ï ʪʝʧʣʦʦʪʚʦʜʷʱʠʝ ʵʣʝʤʝʥʪʳ; 4 ï ʪʝʧʣʦʠʟʦʣʷʮʠʷ; 

5 ʠ 6 ï ʪʝʨʤʦʧʘʨʳ (ʠʟʤʝʨʝʥʠʝ ʥʘʨʫʞʥʦʡ ʩʪʝʥʢʠ ʪʨʫʙʳ); 7 ʠ 8 ï ʪʝʨʤʦʧʘʨʳ (ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʪʦʢʦʚ ʧʦ 2 ʠ 3); 9 ï ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʙʣʦʢ; 10 ï ʫʢʘʟʘʪʝʣʴ; 11 ï ʦʪʣʦʞʝʥʠʷ 

 

ʇʦʭʦʞʝʝ ʨʝʰʝʥʠʝ ʧʨʝʜʣʘʛʘʶʪ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [35]. ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʘ ʚ 

ʪʨʫʙʝ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʩʘʞʜʝʥʥʳʝ ɸʉʇʆ ʧʨʝʧʷʪʩʪʚʫʶʪ 

ʧʝʨʝʜʘʯʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʧʨʦʜʫʢʪʘ ʢ ʪʝʣʫ ʪʨʫʙʳ. ʆʮʝʥʠʚʘʷ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʥʘʣʠʯʠʠ ʠ ʦ ʪʦʣʱʠʥʝ ʦʪʣʦʞʝʥʠʡ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʨʝʰʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʦʞʥʦʡ 

ʩʭʝʤʝ ʠ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ. 

ʈʝʰʝʥʠʝʤ, ʦʙʣʘʜʘʶʱʠʤ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʦʥʠʟʠʨʫʶʱʝʡ ʨʘʜʠʘʮʠʠ. ɺ ʨʘʙʦʪʘʭ [36, 37] ʘʚʪʦʨʳ ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ 

ʪʦʤ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʡ ʥʝʣʴʟʷ ʜʦʙʠʪʴʩʷ 

ʭʦʨʦʰʝʛʦ ʢʦʥʪʨʘʩʪʘ ʥʘ ʬʦʪʦʧʣʝʥʢʝ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʣʴʟʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. ɺʟʘʤʝʥ ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʡʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʈʠʩʫʥʦʢ 1.10). 
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ʈʠʩʫʥʦʢ 1.10 ï ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʆʙʦʟʥʘʯʝʥʠʷ: ʀ ï ʠʩʪʦʯʥʠʢ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ; ɼ ï ʜʝʪʝʢʪʦʨ ʠʟʣʫʯʝʥʠʷ 

 

ʆʙʲʝʢʪ ʢʦʥʪʨʦʣʷ ï ʪʨʫʙʦʧʨʦʚʦʜ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ï ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʥʝʡʪʨʦʥʥʦʤʫ ʦʙʣʫʯʝʥʠʶ. ʅʝʡʪʨʦʥʳ, ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʭʦʜʷʪ 

ʩʢʚʦʟʴ ʩʪʝʥʢʫ ʪʨʫʙʳ, ʧʦʩʣʝ ʯʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ, 

ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ɸʉʇʆ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʥʠ ʟʘʤʝʜʣʷʶʪʩʷ, ʘ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ 

ʚʳʣʝʪʘʶʪ ʠʟ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ  ʚ ʚʠʜʝ ʨʘʩʩʝʷʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʈʝʛʠʩʪʨʠʨʫʷ ʠ ʘʥʘʣʠʟʠʨʫʷ ʦʙʨʘʪʥʦʝ ʨʘʩʩʝʷʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʣʱʠʥʝ ɸʉʇʆ. 

ɸʚʪʦʨʳ [38, 39] ʧʨʝʜʣʘʛʘʶʪ ʠʥʦʡ ʧʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʠʟʠʨʫʶʱʠʭ 

ʠʟʣʫʯʝʥʠʡ. ʊʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʦʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠ ̫ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʫʩʪʘʥʦʚʢʠ ʚʜʦʣʴ ʦʩʠ ʪʨʫʙʳ. ʇʨʠ ʵʪʦʤ 

ʠʟʤʝʨʷʝʪʩʷ ʥʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʣʫʯʝʥʠʷ, ʘ ʭʘʨʘʢʪʝʨ ʝʛʦ ʠʟʤʝʥʝʥʠʡ  

(ʈʠʩʫʥʦʢ 1.11). ʊʦʣʱʠʥʘ ʧʘʨʘʬʠʥʘ ŭʧ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʘʟʣʠʯʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. 
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ʈʠʩʫʥʦʢ 1.11 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʷ 

ʘ ï ʠʟʣʦʤ ʛʨʘʬʠʢʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʘʨʘʬʠʥʘ ʢ ʥʝʬʪʠ; 

ʙ ï ʠʟʣʦʤ ʛʨʘʬʠʢʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʪʝʥʢʠ ʢ ʧʘʨʘʬʠʥʫ. 

 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʦʟʚʫʯʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʩʪʫʧʘʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʚʨʝʜ ʦʪ ʠʦʥʠʟʠʨʫʶʱʝʡ ʨʘʜʠʘʮʠʠ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʥʘʢʣʘʜʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʪʨʦʛʦʤ 

ʩʦʙʣʶʜʝʥʠʠ ʥʦʨʤ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʨʦʮʝʩʩʘ 

ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ ʜʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʇʦʤʠʤʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʢ ʩʧʦʩʦʙʫ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ 

ɸʉʇʆ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʘʢʞʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠ ̫ʦʪʣʦʞʝʥʠʡ ʠ 

ʩʦʩʪʘʚʣʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʜʘʣʴʥʝʡʰʠʭ ʧʨʦʛʥʦʟʦʚ. ʊʘʢ, Alnaimat F. ʠ 

Ziauddin M. [40] ʚʳʜʝʣʷʶʪ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʦʪʣʦʞʝʥʠʡ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ: ʢʦʩʚʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʷʤʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʠʟʤʝʨʝʥʠʷ ʦʪʣʦʞʝʥʠʡ. ʀʟ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪʘ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠ ʁ

ʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʫ [41]. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʩ ʨʘʟʚʠʪʠʝʤ ʠ ʚʥʝʜʨʝʥʠʝʤ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʧʨʠʤʝʥʝʥʠʶ  

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʝʡ 

ʦʩʘʞʜʝʥʠʷ ʧʘʨʘʬʠʥʘ ʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʦʣʱʠʥʳ ɸʉʇʆ [42ï44]. ʊʘʢʞʝ ʥʝʢʦʪʦʨʳʝ 

ʘʚʪʦʨʳ  ʧʨʠʤʝʥʷʶʪ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʚʦ 

ʚʨʝʤʝʥʠ [45]. 
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ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʚʳʛʣʷʜʠʪ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ. ʆʜʥʘʢʦ ʪʨʝʙʫʝʪʩʷ ʘʧʨʦʙʘʮʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʧʨʘʢʪʠʢʝ ʠ ʦʮʝʥʢʘ ʠʭ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ. 

ʀʟ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ ʠʥʪʝʨʝʩʥʳʤ ʚʳʛʣʷʜʠʪ ʨʝʰʝʥʠʝ 

ʧʨʠʤʝʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʡ ʭʝʤʦʤʝʪʨʠʠ [46], ʥʦ ʠ ʟʜʝʩʴ, ʢʘʢ ʫʪʚʝʨʞʜʘʶʪ ʩʘʤʠ 

ʘʚʪʦʨʳ ʨʘʙʦʪʳ, ʪʨʝʙʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʤʝʪʦʜʘ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʟʘʪʨʫʜʥʷʶʱʠʭ ʠʭ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ (ʊʘʙʣʠʮʘ 1.1). 

 

ʊʘʙʣʠʮʘ 1.1 ï ʆʛʨʘʥʠʯʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʆʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʘ ʅʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ 

ʇʨʠʤʝʥʝʥʠʝ 

ʚʥʫʪʨʠʪʨʫʙʥʦʛʦ ʩʥʘʨʷʜʘ 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʨʷʤʳʭ 

ʠʟʤʝʨʝʥʠʡ 

ʅʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʢʘʤʝʨ ʧʨʠʝʤʘ 

ʧʫʩʢʘ ʩʥʘʨʷʜʦʚ 

ʅʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʧʘʨʢ ʩʥʘʨʷʜʦʚ 

ʅʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʪʴ 

ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ  

ʀʟʤʝʨʝʥʠʝ ʧʘʜʝʥʠʷ 

ʜʘʚʣʝʥʠʷ 

ʅʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʦʨʘʟʤʝʨʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʅʝʚʳʩʦʢʘʷ ʩʣʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ 

ʅʝʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 

ʅʠʟʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʤʘʣʳʭ 

ʪʦʣʱʠʥʘʭ ʦʪʣʦʞʝʥʠʡ 

ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ 

ʩʨʝʜʳ 
ʇʨʦʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʡ 

ʦʙʲʝʤʘ ʦʪʣʦʞʝʥʠʡ, ʘ ʥʝ 

ʪʦʣʱʠʥʳ 

ʊʨʝʙʫʝʪʩʷ ʦʩʪʘʥʦʚʢʘ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʨʝʜʳ ʠ ʦʯʠʩʪʢʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ 

ʠʟʤʝʨʝʥʠʡ 
Liquid Displacement-level 

Detection Technique 

ʀʟʤʝʨʝʥʠʝ  ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ 
ʍʦʨʦʰʘʷ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʣʶʙʦʛʦ 

ʜʠʘʤʝʪʨʘ 

ʉʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʚʳʩʦʢʘʷ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʟʤʝʨʝʥʠʡ 

ʀʟʤʝʨʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʣʶʙʦʛʦ 

ʜʠʘʤʝʪʨʘ ʠ ʪʦʣʱʠʥʳ 

ʉʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʚʚʠʜʫ 

ʦʧʘʩʥʦʩʪʠ ʠʦʥʠʟʠʨʫʶʱʝʡ ʨʘʜʠʘʮʠʠ 

ʜʣʷ ʟʜʦʨʦʚʴʷ ʧʝʨʩʦʥʘʣʘ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ ʚʠʜʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʇʨʠʤʝʥʝʥʠʝ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʢʦʥʪʨʦʣʷ 

(ʧʦʜʨʦʙʥʦ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʦ ʚʪʦʨʦʤ 

ʨʘʟʜʝʣʝ) 

ʅʝʚʳʩʦʢʘʷ ʩʣʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ 

ʧʨʘʢʪʠʢʝ 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʣʶʙʦʛʦ 

ʜʠʘʤʝʪʨʘ ʠ ʪʦʣʱʠʥʳ 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʝʠʟʚʝʩʪʥʳʤ 

ʩʦʩʪʘʚʦʤ ʦʪʣʦʞʝʥʠʡ 
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ʉʬʦʨʤʠʨʫʝʤ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʝʪʦʜʫ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʘʪ ʜʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ: 

1) ʤʝʪʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝʨʘʟʨʫʰʘʶʱʠʤ, ʪ.ʝ. ʥʝ ʥʘʨʫʰʘʪʴ ʮʝʣʦʩʪʥʦʩʪʴ 

ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʠ ʥʝ ʧʨʠʚʦʜʠʪʴ ʢ ʫʭʫʜʰʝʥʠʶ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʧʨʠʛʦʜʥʦʩʪʠ; 

2) ʤʝʪʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʜʠʘʤʝʪʨʘ ʠ ʪʦʣʱʠʥʳ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ; 

3) ʤʝʪʦʜ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʜʦʩʪʫʧʝ ʢ ʦʙʲʝʢʪʫ ʢʦʥʪʨʦʣʷ; 

4) ʤʝʪʦʜ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚ 

ʜʠʘʧʘʟʦʥʝ ʥʝ ʙʦʣʝʝ 10%; 

5) ʤʝʪʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʙʝʟʦʧʘʩʝʥ ʜʣʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ;  

6) ʤʝʪʦʜ ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʨʦʩʪʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʠ ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʤ 

ʥʘ ʧʨʘʢʪʠʢʝ. 

ɼʘʜʠʤ ʧʦʷʩʥʝʥʠʷ ʥʝʢʦʪʦʨʳʤ ʧʫʥʢʪʘʤ. ʇ.4: ʚʚʠʜʫ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ, ʢʘʢ ʧʦ ʩʝʯʝʥʠʶ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʪʘʢ ʠ ʧʦ ʝʛʦ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʠʞʝ 10% 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʇ.6: ʤʝʪʦʜ ʥʝ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ, ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʠʝ 

ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʨʝʘʣʠʟʘʮʠʶ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʙʫʜʝʪ ʥʝʚʳʛʦʜʥʘ. 

ʆʙʦʟʥʘʯʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʯʘʝʪ ʘʢʫʩʪʠʯʝʩʢʠʡ ʚʠʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ 

ʢʦʥʪʨʦʣʷ. ɸʢʫʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤʠ ʚ ʦʙʣʘʩʪʠ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣ,̫ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʦʩʪʫʧʝ ʢ 

ʦʙʲʝʢʪʫ ʢʦʥʪʨʦʣʷ ʠ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʫʜʫʪ ʧʦʩʚʷʱʝʥ rʘʥʘʣʠʟʫ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʠ ʠʭ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ. 

 

1.5 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ 

1. ʇʨʦʙʣʝʤʘ ʦʪʣʦʞʝʥʠʡ ɸʉʇʆ ʚ ʦʙʣʘʩʪʠ ʜʦʙʳʯʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʦʷʚʠʣʘʩʴ ʜʘʚʥʦ, ʦʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 
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ʆʩʦʙʝʥʥʦ ʚ ʥʘʰʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʝʨʝʭʦʜʷʪ ʚ ʧʦʟʜʥʶʶ 

ʩʪʘʜʠʶ ʩʚʦʝʡ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʦʧʨʦʩ ʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʩʪʦʠʪ ʦʩʦʙʦ ʦʩʪʨʦ.  ɽʞʝʛʦʜʥʦ ʥʝʬʪʷʥʳʝ ʢʦʤʧʘʥʠʠ ʪʝʨʧʷʪ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʙʳʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɸʉʇʆ ʠ ʪʨʘʪʷʪ ʩʨʝʜʩʪʚʘ ʥʘ 

ʦʯʠʩʪʢʫ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɿʥʘʥʠ ̫ ʦ ʪʦʣʱʠʥʝ 

ʦʪʣʦʞʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʦʤʦʞʝʪ ʧʦʥʷʪʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʨʦʚʝʜʝʥʠʠ ʦʯʠʩʪʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʜʘʥʥʳʡ ʢʦʥʢʨʝʪʥʳʡ ʚʨʝʤʝʥʥʦʡ ʧʝʨʠʦʜ. ʇʨʘʚʠʣʴʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʦʯʠʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʝ ʪʦʣʴʢʦ 

ʧʦʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʙʳʪʢʠ, ʥʦ ʠ ʧʨʝʜʫʧʨʝʜʠʪ ʚʦʟʤʦʞʥʳʝ ʘʚʘʨʠʠ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

3. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠ ʨʝʰʝʥʠʡ ʠʟʤʝʨʝʥʠʷ 

ʪʦʣʱʠʥʳ ɸʉʇʆ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. ʄʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ ʠ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʥʝ ʧʦʣʫʯʠʣʠ 

ʚʩʝʦʙʱʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʠ ʧʨʦʙʣʝʤʘ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ. 

4. ʉʬʦʨʤʠʨʦʚʘʥ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʝʪʦʜʫ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ 

ʦʪʣʦʞʝʥʠʡ, ʘ ʠʤʝʥʥʦ: 

1) ʤʝʪʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝʨʘʟʨʫʰʘʶʱʠʤ, ʪ.ʝ. ʥʝ ʥʘʨʫʰʘʪʴ ʮʝʣʦʩʪʥʦʩʪʴ 

ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʠ ʥʝ ʧʨʠʚʦʜʠʪʴ ʢ ʫʭʫʜʰʝʥʠʶ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʧʨʠʛʦʜʥʦʩʪʠ; 

2) ʤʝʪʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʜʠʘʤʝʪʨʘ ʠ ʪʦʣʱʠʥʳ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ; 

3) ʤʝʪʦʜ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʜʦʩʪʫʧʝ ʢ ʦʙʲʝʢʪʫ ʢʦʥʪʨʦʣʷ; 

4) ʤʝʪʦʜ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚ 

ʜʠʘʧʘʟʦʥʝ ʥʝ ʙʦʣʝʝ 10%; 
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5) ʤʝʪʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʙʝʟʦʧʘʩʝʥ ʜʣʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ;  

6) ʤʝʪʦʜ ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʨʦʩʪʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʠ ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʤ 

ʥʘ ʧʨʘʢʪʠʢʝ. 

5. ʉʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʠʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʚʳʙʨʘʥʳ ʘʢʫʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʪʘʢ ʢʘʢ ʦʥʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʦʙʲʝʢʪʘ 

ʢʦʥʪʨʦʣʷ, ʥʝ ʥʘʨʫʰʘʷ ʝʛʦ ʮʝʣʦʩʪʥʦʩʪʴ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʝ ʪʨʝʙʫʶʪ 

ʥʘʣʠʯʠʷ ʩʣʦʞʥʦʛʦ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʢʦʥʪʨʦʣ.̫ 
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2 ɸʅɸʃʀɿ ʇʈʀʄɽʅɽʅʀʗ ɸʂʋʉʊʀʏɽʉʂʍ ʄɽʊʆɼʆɺ ʀɿʄɽʈɽʅʀʗ 

ʊʆʃʑʀʅʓ ʆʊʃʆɾɽʅʀʁ 

 

2.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ 

ʈʘʩʩʤʦʪʨʠʤ ʘʢʫʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜ rʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ɼʣʷ ʥʘʯʘʣʘ 

ʜʘʜʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʨʘʟʨʫʰʘʶʱʝʤʫ ʢʦʥʪʨʦʣʶ (ʅʂ). ʅʂ ï ʵʪʦ ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʠʭ 

ʮʝʣʦʩʪʥʦʩʪʠ, ʩʚʦʡʩʪʚ, ʩʦʩʪʘʚʘ ʠ ʠʟʤʝʨʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʧʦʩʦʙʘʤʠ, ʥʝ ʫʭʫʜʰʘʶʱʠʤʠ ʧʦʩʣʝʜʫʶʱʫʶ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʧʨʠʛʦʜʥʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ [47]. 

ɸʢʫʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʅʂ ï ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʠʣʠ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʦʙʲʝʢʪʝ 

ʢʦʥʪʨʦʣʷ [48]. ʆʙʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʅʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʈʠʩʫʥʢʝ 2.1 [49]. 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 
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ɸʢʫʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʅʂ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʛʝʥʝʨʘʮʠʶ ʠ ʠʟʣʫʯʝʥʠʝ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʠʟʜʝʣʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ ʠ ʚʦʣʥ ʠ ʠʭ ʧʨʠʝʤ, ʠ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʪʦʣʴʢʦ ʥʘ ʧʨʠʝʤʝ ʢʦʣʝʙʘʥʠʡ 

ʠ ʚʦʣʥ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʘʤʦʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʠʟʜʝʣʠʠ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ 

ʥʘʟʳʚʘʝʪʩʷ çʘʢʪʠʚʥʳʤʠè ʤʝʪʦʜʘʤʠ, ʚʪʦʨʘʷ ï çʧʘʩʩʠʚʥʳʤʠè. ɺ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ 

ʛʨʫʧʧ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʚʦʠ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʩʭʝʤʝ ʢʦʥʪʨʦʣʷ, 

ʚʳʙʨʘʥʥʦʤ ʪʠʧʝ ʚʦʟʙʫʞʜʘʝʤʳʭ ʚʦʣʥ ʠ ʧʨʠʤʝʥʷʝʤʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ [50]. 

ʇʨʠʤʝʨʦʤ ʧʘʩʩʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʵʤʠʩʩʠʠ. ɸʢʫʩʪʠʯʝʩʢʘʷ ʵʤʠʩʩʠʷ ï ʵʪʦ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʷʚʣʝʥʠʠ 

ʛʝʥʝʨʘʮʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʦʙʲʝʢʪʝ ʢʦʥʪʨʦʣʷ ʧʨʠ 

ʜʝʬʦʨʤʘʮʠʠ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʨʘʟʚʠʪʠʝ 

ʪʨʝʱʠʥ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʤʝʪʦʜʘ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʵʤʠʩʩʠʠ ï ʚʳʷʚʣʝʥʠʝ ʪʨʝʱʠʥ, ʨʘʟʣʦʤʦʚ ʠ ʨʘʩʩʣʦʝʥʠʡ (ʈʠʩʫʥʦʢ 2.2). 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʄʝʪʦʜ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʜʘʪʯʠʢ; 2 ï ʕɺʄ; 3 ï ʥʘʛʨʫʞʝʥʥʳʡ ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ; 

4 ï ʫʧʨʫʛʠʝ ʢʦʣʝʙʘʥʠʷ; 5 ï ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʜʝʬʝʢʪ 

 

ɸʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʅʂ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʝʛʫʱʠʭ ʠ 

ʩʪʦʷʯʠʭ ʚʦʣʥ ʠʣʠ ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʝʪʦʜʳ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʙʝʛʫʱʠʝ ʚʦʣʥʳ, ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʧʦʜʛʨʫʧʧʳ: ʤʝʪʦʜʳ ʧʨʦʭʦʞʜʝʥʠʷ ʠ 

ʤʝʪʦʜʳ ʦʪʨʘʞʝʥʠʷ. ʄʝʪʦʜʳ ʧʨʦʭʦʞʜʝʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʠʟʣʫʯʝʥʠʠ ʠ ʧʨʠʝʤʝ ʚʦʣʥ, 

ʦʜʥʦʢʨʘʪʥʦ ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ ʚ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʘʥʘʣʠʟʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥ̫ ʪʳʭ ʚʦʣʥ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʧʦʣʘʛʘʶʪ 
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ʥʘʣʠʯʠʝ ʜʚʫʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ï ʠʟʣʫʯʘʶʱʝʛʦ ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʠ 

ʧʨʠʥʠʤʘʶʱʝʛʦ. ʇʨʠ ʵʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ 

ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ [48, 51]. 

ʂ ʦʧʠʩʘʥʥʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ, ʢʘʢ ʪʝʥʝʚʦʡ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʘʤʧʣʠʪʫʜʳ ʧʨʦʰʝʜʰʝʡ ʯʝʨʝʟ ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ (ʈʠʩʫʥʦʢ 2.3) ʠ ʚʝʣʦʩʠʤʝʪʨʠʯʝʩʢʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ 

ʩʢʦʨʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʦʙʲʝʢʪʝ ʢʦʥʪʨʦʣʷ. 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʪʝʥʝʚʦʛʦ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ 

ʘ ï ʩʭʝʤʘ ʢʦʥʪʨʦʣʷ; ʙ ï ʧʦʢʘʟʘʥʠʷ ʥʘ ʵʢʨʘʥʝ ʜʝʬʝʢʪʦʩʢʦʧʘ 

ʆʙʦʟʥʘʯʝʥʠʷ: ʀ ï ʠʟʣʫʯʘʪʝʣʴ; ʇ ï ʧʨʠʸʤʥʠʢ; ɼ ï ʜʝʬʝʢʪ 

  

ɺ ʤʝʪʦʜʘʭ ʦʪʨʘʞʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʦʜʠʥ, ʪʘʢ ʠ ʜʚʘ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʛʝʥʝʨʘʮʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʪʝʣʝ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ, ʦʪʨʘʞʝʥʠʠ ʠʭ ʦʪ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ ʠ ʘʥʘʣʠʟʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʷʪʳʭ ʦʪʨʘʞʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʂ ʵʪʦʡ 

ʧʦʜʛʨʫʧʧʝ ʦʪʥʦʩʷʪ ʪʘʢʦʡ ʤʝʪʦʜ ʘʢʫʩʪʠʯʝʩʢʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ, ʢʘʢ ʵʭʦ-ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʤʧʫʣʴʩʦʚ, ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʜʝʬʝʢʪʦʚ ʠʣʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ (ʈʠʩʫʥʦʢ 2.4) [52]. ʕʭʦ-ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ 

ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʜʠʘʛʥʦʩʪʠʢʠ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ. 
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ʈʠʩʫʥʦʢ 2.4 ï ʉʭʝʤʘ ʵʭʦ-ʤʝʪʦʜʘ  

ʆʙʦʟʥʘʯʝʥʠʷ: ʀʇ ï ʠʟʣʫʯʘʪʝʣʴ ʠ ʧʨʠʸʤʥʠʢ; ɼ ï ʜʝʬʝʢʪ 

 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʤʝʪʦʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʥʮʠʧʳ 

ʢʘʢ ʧʨʦʭʦʞʜʝʥʠʷ, ʪʘʢ ʠ ʦʪʨʘʞʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ. ʅʘʧʨʠʤʝʨ, ʟʝʨʢʘʣʴʥʦ-

ʪʝʥʝʚʦʡ ʤʝʪʦʜ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʧʦʩʣʝ 

ʜʚʫʢʨʘʪʥʦʛʦ ʠʣʠ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʭ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ 

(ʈʠʩʫʥʦʢ 2.5). ʆʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʘ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʘʤʧʣʠʪʫʜʳ 

ʩʠʛʥʘʣʘ, ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ ʜʝʬʝʢʪʘ, ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʡ ʦʪʨʘʞʝʥʠ ̫ʦʪ ʜʦʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

 

 

ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʘ ʵʭʦ-ʟʝʨʢʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ 

ʆʙʦʟʥʘʯʝʥʠʷ: ʀʇ (ʀ) ï ʠʟʣʫʯʘʪʝʣʴ; ʀʇ (ʇ) ï ʧʨʠʸʤʥʠʢ; ɼ ï ʜʝʬʝʢʪ 

 

ʆʪ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʠʤʧʝʜʘʥʩʥʳʡ 

ʤʝʪʦʜ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʦʮʝʥʢʝ ʠʟʤʝʥʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʦʙʲʝʢʪʘ 

ʢʦʥʪʨʦʣʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʘʣʠʯʠʝʤ ʜʝʬʝʢʪʦʚ ʠʣʠ ʚʣʠʷʥʠʝʤ ʠʥʳʭ ʬʘʢʪʦʨʦʚ 

(ʥʘʧʨʠʤʝʨ, ʪʚʝʨʜʦʩʪʠ). 

ʅʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʦʷʯʠʭ ʚʦʣʥ ʦʩʥʦʚʘʥ ʨʝʟʦʥʘʥʩʥʳʡ ʤʝʪʦʜ. ʇʨʠ ʢʦʥʪʨʦʣʝ 

ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʦʙʲʝʢʪʝ ʢʦʥʪʨʦʣʷ ʚʦʟʙʫʞʜʘʶʪʩʷ ʚʳʥʫʞʜʝʥʥʳʝ ʫʧʨʫʛʠʝ 

ʢʦʣʝʙʘʥʠʷ, ʠ ʠʜʝʪ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ çʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ ï 
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ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴè. ɼʝʬʝʢʪʳ ʬʠʢʩʠʨʫʶʪ ʧʦ ʠʟʤʝʥʝʥʠʶ ʠʣʠ ʧʨʦʧʘʜʘʥʠʶ 

ʨʝʟʦʥʘʥʩʥʳʭ ʦʪʢʣʠʢʦʚ ʩʠʩʪʝʤʳ. 

 

2.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

ɸʢʫʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʅʂ ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ 

ɸʉʇʆ, ʪʘʢ ʢʘʢ ʦʥʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʨʘʥʝʝ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʤʝʪʦʜʫ 

ʠʟʤʝʨʝʥʠʷ. ɸ ʠʤʝʥʥʦ: 

1) ʤʝʪʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʨʘʟʨʫʰʘʶʱʠʤ, ʪ.ʝ. ʥʝ ʥʘʨʫʰʘʶʪ ʮʝʣʦʩʪʥʦʩʪʴ 

ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʫʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʧʨʠʛʦʜʥʦʩʪʴ; 

2) ʤʝʪʦʜʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ; 

3) ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʦʩʪʫʧʝ 

ʢ ʦʙʲʝʢʪʫ ʢʦʥʪʨʦʣʷ; 

4) ʤʝʪʦʜʳ ʥʝ ʪʨʝʙʫʶʪ ʩʣʦʞʥʦʡ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʘʤʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʢ ʢʦʥʪʨʦʣʶ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʨʝʜʣʦʞʝʥʦ 3 ʩʭʝʤʳ ʠʟʤʝʨʝʥʠ ̫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ: 

1) ʤʝʪʦʜ ʧʨʦʭʦʞʜʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ; 

2) ʤʝʪʦʜ ʦʪʨʘʞʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ; 

3) ʘʥʘʣʠʟ ʟʘʪʫʭʘʥʠ ̫ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ, ʦʪʨʘʞʝʥʥʦʡ ʦʪ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʩʨʝʜ. 

ʇʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʪʦʣʱʠʥʳ ɸʉʇʆ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʢʘʟʘʥʥʳʭ ʚ ʊʘʙʣʠʮʝ 2.1. 
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ʊʘʙʣʠʮʘ 2.1 ï ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ 

ʜʝʬʝʢʪʦʩʢʦʧʳ 

ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 
ʆʙʨʘʟʮʳ ɸʉʇʆ 

1. ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ 

ʠʟʤʝʨʠʪʝʣʴʥʘʷ 

ʫʩʪʘʥʦʚʢʘ ʋʀʋ 

ʉʂɸʅɽʈ ʤʦʜʝʣʴ 

çʉʂɸʈʋʏè [53]; 

2. ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʜʝʬʝʢʪʦʩʢʦʧ ʋʉɼ 50 

[54]. 

1. S3567 (ʧʨʷʤʦʡ, 

ʩʦʚʤʝʱʝʥʥʳʡ, 

ʯʘʩʪʦʪʘ 2.5 ʄɻʮ). 

2. ʇ 111-5-Ï8 

(ʧʨʷʤʦʡ, 

ʩʦʚʤʝʱʝʥʥʳʡ, 

ʯʘʩʪʦʪʘ 5.0 ʄɻʮ). 

3. ʇ112-2,5-Ï6/2 

(ʧʨʷʤʦʡ, ʨʘʟʜʝʣʴʥʦ-

ʩʦʚʤʝʱʝʥʥʳʡ, 

ʯʘʩʪʦʪʘ 2.5 ʄɻʮ). 

1. ʆʙʨʘʟʮʳ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʉʆ-2, 

ʉʆ-3 (ʤʘʪʝʨʠʘʣ ï 

ʩʪʘʣʴ 20). 

2. ʅʘʩʪʨʦʝʯʥʳʝ 

ʦʙʨʘʟʮʳ, ʪʦʣʱʠʥʳ 4, 

6, 8, 10, 12 ʤʤ. 

2. ʋʯʘʩʪʦʢ ʥʘʩʦʩʥʦ-

ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʪʨʫʙʳ 

Ï 91 ʤʤ, ʪʦʣʱʠʥʦʡ 6 

ʤʤ. 

1. ɸʉʇʆ ʩ 

ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

 

1) ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʰʝʥʠ,̫ ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʟʤʝʨʝʥʠʠ ʟʘʪʫʭʘʥʠʷ 

ʦʪʨʘʞʝʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʘʣʠʯʠʝʤ ʦʪʣʦʞʝʥʠʡ. 

ʈʝʰʝʥʠʝ [55] ʧʨʝʜʣʘʛʘʝʪ ʩʣʝʜʫʶʱʫʶ ʩʭʝʤʫ ʠʟʤʝʨʝʥʠʷ: ʥʘ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʝʟ ʦʪʣʦʞʝʥʠʡ ʚʦʟʙʫʞʜʘʶʪ ʥʘʧʨʘʚʣʝʥʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʠ ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨ ʠʭ ʟʘʪʫʭʘʥʠʡ. ɸʥʘʣʦʛʠʯʥʫʶ ʧʨʦʮʝʜʫʨʫ ʧʨʦʚʦʜʷʪ ʥʘ 

ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʠʟʚʝʩʪʥʦʡ ʪʦʣʱʠʥʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʪʨʦʷʪ ʢʨʠʚʫʶ ʟʘʪʫʭʘʥʠʷ ʤʥʦʛʦʢʨʘʪʥʦ ʦʪʨʘʞʝʥʥʦʛʦ 

ʚʥʝʰʥʝʛʦ ʦʪʢʣʠʢʘ, ʩ ʢʦʪʦʨʦʡ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʩʨʘʚʥʠʚʘʶʪ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʨʝʘʣʴʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʦʪʨʘʞʝʥʠʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ, ʧʨʠ 

ʧʘʜʝʥʠʠ ʚʦʣʥʳ ʧʦ ʥʦʨʤʘʣʠ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ [56, 57]: 

 



40 
 

 Ὑ
ὤ ὤ

ὤ ὤ
ȟ (2.1) 

ʛʜʝ Z1 ʠ Z2 ï ʘʢʫʩʪʠʯʝʩʢʠʡ ʠʤʧʝʜʘʥʩ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʨʝʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɸʢʫʩʪʠʯʝʩʢʠʡ ʠʤʧʝʜʘʥʩ ʩʨʝʜʳ Z ʨʘʩʩʯʠʪʳʚʘʝʪʝ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 ὤ ”ὅȟ (2.2) 

ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ; 

C ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʩʨʝʜʝ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʫʢʘʟʘʥʳ ʚ ʊʘʙʣʠʮʝ 2.2 [58, 59]. 

 

ʊʘʙʣʠʮʘ 2.2 ï ɼʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʭʦʞʜʝʥʠʷ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ 

ʄʘʪʝʨʠʘʣ ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ, ʤ/ʩ 

ʉʪʘʣʴ 20 7800 5920 

ʇʘʨʘʬʠʥ 900 1460 

ɺʦʟʜʫʭ 1,2 343 

 

ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʨʝʜ 

ʩʪʘʣʴ/ʧʘʨʘʬʠʥ ʩʦʩʪʘʚʣʷʝʪ R å 0,89 %. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 89 % ʵʥʝʨʛʠʠ 

ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʨʝʜ, ʘ 11 % ʧʨʦʭʦʜʠʪ ʚ ʧʘʨʘʬʠʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ. 

ɺ ʬʦʨʤʫʣʘʭ (2.1), (2.2) ʦʪʩʫʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥ ʤʘʪʝʨʠʘʣʦʚ (ʩʨʝʜ), ʚ 

ʢʦʪʦʨʳʭ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʘʢʫʩʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʦʣʱʠʥʘ ʩʣʦʷ 

ʥʝ ʚʣʠʷʝʪ ʥʘ ʦʪʨʘʞʝʥʠʝ/ʧʨʦʭʦʞʜʝʥʠʝ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʦʣʱʠʥʘ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʟʘʪʫʭʘʥʠʝ ʟʚʫʢʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚ ʧʝʨʚʦʡ ʩʨʝʜʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʠʥʠʤʘʝʤʦʛʦ ʠʟ 

ʧʝʨʚʦʡ ʩʨʝʜʳ ʩʠʛʥʘʣʘ ï ʧʨʠ ʣʶʙʦʡ ʪʦʣʱʠʥʝ ʩʣʦʷ ʧʘʨʘʬʠʥʘ ʦʪʨʘʞʝʥʠʝ ʦʪ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʩʨʝʜ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʦ. 

ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 2.6.  
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ʈʠʩʫʥʦʢ 2.6 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʟʤʝʨʝʥʠʝʤ ʟʘʪʫʭʘʥʠʷ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʠʟʣʫʯʘʪʝʣʴ ʠ ʧʨʠʝʤʥʠʢ ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ; 2 ï ʦʙʨʘʟʝʮ ʠʟ ʩʪʘʣʠ; 

3 ï ɸʉʇʆ; 4 ï ʧʨʷʤʘʷ ʚʦʣʥʘ; 5 ï ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ ʚ ʤʝʪʘʣʣʝ; 

6 ï ʟʚʫʢʦʚʘʷ ʚʦʣʥʘ, ʧʨʦʰʝʜʰʘʷ ʯʝʨʝʟ ɸʉʇʆ 

  

ɺ ʦʙʨʘʟʮʝ ʠʟ ʩʪʘʣʠ 20, ʪʦʣʱʠʥʦʡ 12 ʤʤ, ʚʦʟʙʫʞʜʘʣʠʩʴ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ 

ʚʦʣʥʳ. ʇʨʠʝʤʥʠʢʦʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʤʥʦʛʦʢʨʘʪʥʳʝ ʦʪʨʘʞʝʥʠʷ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʝʜʝʥʳ ʢʘʢ ʜʣʷ ʦʙʨʘʟʮʘ ʙʝʟ ʦʪʣʦʞʝʥʠʡ, ʪʘʢ ʠ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʩ ʪʦʣʱʠʥʦʡ 3, 6 ʠ 

9 ʤʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʨʠʠ ʨʘʚʥʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʣʶʙʦʡ 

ʪʦʣʱʠʥʝ ɸʉʇʆ ʧʨʠʥʠʤʘʝʤʳʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʫʶ 

ʘʤʧʣʠʪʫʜʫ: ʨʘʟʥʠʮʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1 ʜɹ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʫʨʦʚʥʷ 

ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʅʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʷ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪ ɹ ʟʘʪʫʭʘʥʠʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʢʘʢ 

ʢʨʠʪʝʨʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ (ʈʠʩʫʥʦʢ 2.7). 

2) ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘ ʦʪʨʘʞʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ. 

ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʣʘʛʘʝʪ ʚʦʟʙʫʞʜʘʪʴ ʚ ʩʪʝʥʢʝ ʪʨʫʙʳ ʥʘʧʨʘʚʣʝʥʥʫʶ 

ʚʦʣʥʫ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʥʦʛʦʢʨʘʪʥʦ ʦʪʨʘʞʝʥʥʳʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʩʠʛʥʘʣʳ, ʜʘʣʝʝ, 

ʚʳʜʝʣʷʪʴ ʥʘ ʠʭ ʬʦʥʝ ʩʠʛʥʘʣʳ, ʧʨʦʰʝʜʰʠʝ ʠʟ ʩʪʘʣʠ ʚ ʦʪʣʦʞʝʥʠʷ ʠ ʚʝʨʥʫʚʰʠʝʩʷ 

ʦʙʨʘʪʥʦ ʥʘ ʧʨʠʝʤʥʠʢ [60]. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʟʥʘʷ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ ʩʪʘʣʠ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ 

ʦʪʣʦʞʝʥʠʠ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʚ ʦʪʣʦʞʝʥʠʠ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ 

ʠʩʢʦʤʦʡ ʪʦʣʱʠʥʦʡ ʦʪʣʦʞʝʥʠʡ. 
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ʈʠʩʫʥʦʢ 2.7 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʟʘʪʫʭʘʥʠʠ 

ʇʦʷʩʥʝʥʠʷ: ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʠʟʦʙʨʘʞʝʥʠʡ ʫʢʘʟʘʥʘ ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ ʧʘʨʘʬʠʥʘ, ʤʤ 

 

ɺ ʜʘʥʥʦʤ ʨʝʰʝʥʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ: 

1) ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʠʛʥʘʣ ʦʪʨʘʟʠʣʩʷ ʦʪ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʘʨʘʬʠʥʘ, ʦʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʘ ̫ ʥʘʨʫʞʥʦʡ, ʯʪʦ ʚ ʨʝʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʝ ʚʩʝʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ; 

2) ʟʘʜʘʯʘ ʧʦ ʨʘʩʯʝʪʫ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ɸʉʇʆ ʩʣʦʞʥʦ ʚʳʧʦʣʥʠʤʘ, ʪʘʢ ʢʘʢ 

ʦʪʣʦʞʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʥʦ ʠ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ; 

3) ʚ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ ɸʉʇʆ ʧʦʤʠʤʦ ʩʤʦʣ ʠ ʧʘʨʘʬʠʥʦʚ ʚʭʦʜʷʪ ʧʝʩʢʠ, 

ʛʨʷʟʴ, ʛʣʠʥʘ ʠ ʨʞʘʚʯʠʥʘ ʩʦ ʩʪʝʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʪʣʦʞʝʥʠʡ 

ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ ɸʉʇʆ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ 

ʟʘʪʫʭʘʥʠ.ʁ 

ʉʭʝʤʘ ʚʪʦʨʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 2.8. ɺ ʦʙʨʘʟʮʝ ʠʟ 

ʩʪʘʣʠ 20, ʪʦʣʱʠʥʦʡ 59 ʤʤ, ʚʦʟʙʫʞʜʘʣʠʩʴ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʠ 
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ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʧʨʠʥʷʪrʝ ʘʢʫʩʪʠʯʝʩʢʠʡ ʚʦʣʥʳ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʦʙʨʘʟʮʝ ʙʝʟ ʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʦʙʨʘʟʮʝ ʩ ʪʦʣʱʠʥʦʡ ɸʉʇʆ  3 ʠ 6 ʤʤ. 

 

 

ʈʠʩʫʥʦʢ 2.8 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʤʝʪʦʜʦʤ ʦʪʨʘʞʝʥʠʷ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʠʟʣʫʯʘʪʝʣʴ ʠ ʧʨʠʝʤʥʠʢ ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ; 2 ï ʦʙʨʘʟʝʮ ʠʟ ʩʪʘʣʠ; 

3 ï ɸʉʇʆ; 4 ï ʧʨʷʤʘʷ ʚʦʣʥʘ ʚ ʩʪʘʣʠ; 5 ï ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ ʚ ʩʪʘʣʠ; 

6 ï ʧʨʷʤʘʷ ʚʦʣʥʘ ʚ ɸʉʇʆ; 7 ï ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ ʠʟ ɸʉʇʆ 

 

ʇʨʦʚʝʜʸʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʚʫʢʦʚʫʶ 

ʚʦʣʥʫ, ʧʨʠʰʝʜʰʫʶ ʠʟ ɸʉʇʆ, ʤʦʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʫʩʠʣʝʥʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ (ʈʠʩʫʥʦʢ 2.9). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʢʦʣʴʢʫ 

ʩʠʛʥʘʣ ʦʙʣʘʜʘʝʪ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʦʡ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʘʪʴ ʠʥʦʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʨʝʰʝʥʠʷ. ʋʤʝʥʴʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʈʠʩʫʥʢʝ 2. 10. 

ʇʦ ʬʦʨʤʫʣʘʤ (2.1), (2.2) ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ 

ʧʨʦʭʦʞʜʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʠʟ ʦʜʥʦʡ ʩʨʝʜʳ ʚ ʜʨʫʛʫʶ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʛʨʘʥʠʮ ʤʝʪʘʣʣ/ʧʘʨʘʬʠʥ ʨʘʩʩʯʠʪʘʥ ʨʘʥʝʝ ʠ ʩʦʩʪʘʚʣʷʝʪ R å 89 %. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʩʨʝʜ ʧʘʨʘʬʠʥ/ʚʦʟʜʫʭ (ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʧʘʨʘʬʠʥ ɟ = 900 ʢʛ/ʤ3,  

ʉ = 1460 ʤ/ʩ, ʚʦʟʜʫʭ ɟ = 1,2 ʢʛ/ʤ3; ʉ = 343 ʤ/ʩ)  ʨʘʚʝʥ R å 0,99. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʜʚʫʢʨʘʪʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ 

ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ (ʙʝʟ ʫʯʝʪʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʷʥʠʷ) ʦʩʣʘʙʥʝʪ ʥʘ ï 77,1 ʜɹ. 
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ʇʨʦʚʝʜʝʤ ʨʘʩʯʝʪʳ ʜʣʷ ʩʭʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʪʨʫʙʦʧʨʦʚʦʜ ʟʘʧʦʣʥʝʥ ʥʝʬʪʴʶ 

(ʧʘʨʘʤʝʪʨʳ ʥʝʬʪʠ: ɟ = 850 ʢʛ/ʤ3; ʉ = 1400 ʤ/ʩ [61]): ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ 

ʛʨʘʥʠʮʳ ʧʘʨʘʬʠʥ/ʥʝʬʪʴ ʨʘʚʝʥ R å 0,003. ʉʪʦʣʴ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʘʢʫʩʪʠʯʝʩʢʠʡ ʠʤʧʝʜʘʥʩ ʧʘʨʘʬʠʥʘ ʠ ʥʝʬʪʠ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʩʭʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩʫʥʢʝ 2.8, ʦʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʠʪ ï 160 ʜɹ. ʏʪʦ 

ʧʨʝʚʳʰʘʝʪ ʧʘʨʘʤʝʪʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʜʝʬʝʢʪʦʩʢʦʧʦʚ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʩʭʝʤʳ ʠʟʤʝʨʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ʈʝʟʫʣʴʪʘʪʳ ʤʝʪʦʜʘ ʦʪʨʘʞʝʥʠʷ 

ʘ ï ʦʙʨʘʟʝʮ ʙʝʟ ʦʪʣʦʞʝʥʠʡ; ʙ ï ʦʙʨʘʟʝʮ ʩ ʦʪʣʦʞʝʥʠʷʤʠ 3 ʤʤ; ʚ ï ʦʙʨʘʟʝʮ ʩ ʦʪʣʦʞʝʥʠʷʤʠ 6 ʤʤ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʜʦʥʥʳʡ ʩʠʛʥʘʣ ʦʪ ʩʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ; 2 ï ʩʠʛʥʘʣ ʧʦʤʝʭʠ ʦʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʚʦʣʥʳ ʧʨʠ ʦʪʨʘʞʝʥʠʠ; 3 ï ʩʠʛʥʘʣ ʦʪ ʦʪʣʦʞʝʥʠʡ ʪʦʣʱʠʥʦʡ 3 ʤʤ; 

4 ï ʩʠʛʥʘʣ ʦʪ ʦʪʣʦʞʝʥʠʡ ʪʦʣʱʠʥʦʡ 6 ʤʤ 

 

ʄʝʪʦʜʳ ʦʪʨʘʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʥʘ ʧʨʘʢʪʠʢʝ, ʥʦ ʦʥʠ ʪʨʝʙʫʶʪ 

ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʅʝʦʙʭʦʜʠʤʦ 

ʧʨʦʛʨʘʤʤʥʦ ʚʳʜʝʣʷʪʴ ʩʠʛʥʘʣʳ ʦʪ ʧʘʨʘʬʠʥʘ ʥʘ ʬʦʥʝ ʩʠʣʴʥʳʭ ʨʝʚʝʨʙʝʨʘʮʠʡ ʚ 

ʩʪʘʣʠ.  ʊʘʢʦʡ ʧʦʜʭʦʜ ʪʘʢʞʝ ʦʪʤʝʯʝʥ ʚ ʨʘʙʦʪʝ [62]. 
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ʈʠʩʫʥʦʢ 2.10 ï ʆʩʣʘʙʣʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʩʨʝʜ 

ʤʝʪʘʣʣ/ɸʉʇʆ ʚ ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ 

 

3) ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘ ʧʨʦʭʦʞʜʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ. 

ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʣʘʛʘʝʪ ʠʟʤʝʨʷʪʴ ʘʤʧʣʠʪʫʜʫ ʧʨʦʰʝʜʰʠʭ ʩʢʚʦʟʴ ʪʨʫʙʫ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʩʨʘʚʥʠʚʘʪʴ ʝʝ ʩ ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘʥʠʡ, ʧʨʦʰʝʜʰʠʭ 

ʩʢʚʦʟʴ ʪʘʢʫʶ ʞʝ ʪʨʫʙʫ, ʩ ʪʝʤ ʞʝ ʧʨʦʜʫʢʪʦʤ, ʥʦ ʙʝʟ ʦʪʣʦʞʝʥʠʡ. ʆ ʪʦʣʱʠʥʝ 

ʦʪʣʦʞʝʥʠʡ ʩʫʜʷʪ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠʥʷʪʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ [63]. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʦʙʨʘʥʘ çʪʝʥʝʚʘʷè ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʈʠʩʫʥʢʝ 2.11. ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʧʨʦʧʫʩʢʘʣʠʩʴ ʩʢʚʦʟʴ 

ʪʨʫʙʫ Ï 91ʭ6 ʤʤ, ʟʘʧʦʣʥʝʥʥʫʶ ʤʘʩʣʦʤ, ʠ ʩʢʚʦʟʴ ʵʪʫ ʞʝ ʪʨʫʙʫ, ʥʦ ʩ ʧʘʨʘʬʠʥʦʚʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʪʦʣʱʠʥʦʡ 3 ʤʤ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ɸʉʇʆ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʩʪʘʙʠʣʴʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʧʨʠʝʤʥʠʢʦʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʩʭʝʤʝ ʩ ɸʉʇʆ, ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʨʦʰʝʜʰʠʡ ʩʠʛʥʘʣ 

ʥʝ ʫʜʘʣʦʩʴ. ʆʪʣʦʞʝʥʠʷ ʧʦʛʣʦʱʘʶʪ ʘʢʫʩʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʠ ʥʝ ʜʘʶʪ ʝʤʫ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʩɹ ̫ʜʘʣʴʰʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʈʠʩʫʥʢʝ 2.12. 
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ʈʠʩʫʥʦʢ 2.11 ï ʉʭʝʤʘ ʤʝʪʦʜʘ ʧʨʦʭʦʞʜʝʥʠʷ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʠʟʣʫʯʘʪʝʣʴ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ; 2 ï ʩʪʝʥʢʘ ʪʨʫʙʳ; 3 ï ɸʉʇʆ; 

4 ï ʥʘʧʨʘʚʣʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ; 5 ï ʧʨʠʝʤʥʠʢ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ 

 

 

ʈʠʩʫʥʦʢ 2.12 ï ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʤʝʪʦʜʦʤ ʧʨʦʭʦʞʜʝʥʠʷ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʩʠʛʥʘʣ ʚʦʣʥʳ, ʠʜʫʱʝʡ ʚʜʦʣʴ ʩʪʝʥʢʠ; 2 ï ʩʠʛʥʘʣ ʧʨʦʰʝʜʰʝʡ ʚʦʣʥʳ 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʟʚʫʢʘ ʚ ɸʉʇʆ. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 2.13. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʦʪʨʘʞʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ ʦʪ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʩʨʝʜ ɸʉʇʆ/ʩʪʘʣʴ ʩ ʪʦʣʱʠʥʘʤʠ ɸʉʇʆ 3, 5 ʠ 7 ʤʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 2.14. 
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ʈʠʩʫʥʦʢ 2.13 ï ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ ɸʉʇʆ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʠʟʣʫʯʘʪʝʣʴ ʠ ʧʨʠʝʤʥʠʢ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ; 2 ï ɸʉʇʆ; 

3 ï ʧʨʷʤʘʷ ʚʦʣʥʘ; 4 ï ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ 

 

 

ʈʠʩʫʥʦʢ 2.14 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ ɸʉʇʆ 

 

ʇʨʠ ʫʩʣʦʚʠʠ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʧʝʨʝʜʥʝʡ ʠ ʜʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʪʦʣʱʠʥʘ ʧʘʨʘʬʠʥʘ ʫʚʝʨʝʥʥʦ ʠʟʤʝʨʷʣʘʩʴ ʜʦ 5 ʤʤ. ʇʨʠ 7 ʤʤ ʩʠʛʥʘʣ ʦʪ ʦʪʣʦʞʝʥʠʡ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʰʫʤʦʚ ʠ ʠʟʤʝʨʝʥʠʷ ʧʨʦʭʦʜʷʪ ʥʘ ʚʳʩʦʢʦʤ ʫʩʠʣʝʥʠʠ 

ʘʧʧʘʨʘʪʫʨʳ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʝʦʨʠʶ ʦ ʪʦʤ, ʯʪʦ ʘʢʫʩʪʠʯʝʩʢʘʷ ʚʦʣʥʘ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʘʪʫʭʘʥʠʝ ʚ ɸʉʇʆ. ʉʠʛʥʘʣ ʦʪ ʧʘʨʘʬʠʥʘ ʪʦʣʱʠʥʦʡ 10 ʤʤ ʥʝʚʦʟʤʦʞʥʦ 
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ʚʳʜʝʣʠʪʴ ʩʨʝʜʠ ʩʠʛʥʘʣʦʚ ʦʪ ʰʫʤʦʚ. ʇʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʟʘʪʫʭʘʥʠʝʤ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ɸʉʇʆ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [64]. 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʚ 

ʩʨʝʜʝ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ. ɽʛʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ [65]: 

‏  ὯὪ ὯὈὪȟ (2.3) 

ʛʜʝ f ï ʯʘʩʪʦʪʘ ʟʚʫʢʘ; 

D ï ʨʘʟʤʝʨ ʟʝʨʥʠʩʪʦʩʪʠ ʤʘʪʝʨʠʘʣʘ; 

k1, k2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʚʠʜʘ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ. 

ɿʘʪʫʭʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʩʢʦʨʦʩʪʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʘʩʬʘʣʴʪʝʥʘʭ, ʩʤʦʣʘʭ ʠ ʧʘʨʘʬʠʥʘʭ, ʥʘʣʠʯʠʷ ʧʝʩʢʘ, ʛʨʷʟʠ, 

ʛʣʠʥʳ, ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʪʣʦʞʝʥʠʷʭ. 

ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʟʘʪʫʭʘʥʠ ̫ʟʚʫʢʘ ʚ ɸʉʇʆ ʥʘʢʣʘʜʳʚʘʝʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ 

ʥʘ ʤʥʦʛʠʝ ʨʝʰʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ 

ʤʝʪʦʜʳ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʟʚʫʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠ ʨʝʰʝʥʠʡ ʠʟʤʝʨʝʥʠʷ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʠ ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʚʦʜʷʪ 

ʢ ʚʳʚʦʜʫ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʟʤʝʨʝʥʠʶ ʪʦʣʱʠʥʳ ɸʉʇʆ. 

ɺʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʪʦʣʱʠʥʦʡ ɸʉʇʆ ʠ 

ʧʝʨʝʤʝʥʥʳʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʢʦʣʝʙʘʥʠ ̫ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʨʝʜʣʦʞʝʥʘ 

ʩʣʝʜʫʶʱʘ ̫ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ: ʥʘ ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠ ̫ ʩʪʝʥʢʠ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ, ʠ 

ʧʨʦʚʦʜʠʪʩʷ ʠʭ ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʣʠʯʠʝ ɸʉʇʆ ʤʦʞʝʪ ʚʣʠʷʪʴ 

ʥʘ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʣʝʙʘʥʠʡ, ʢʘʢ ʯʘʩʪʦʪʘ, ʘʤʧʣʠʪʫʜʘ, ʵʥʝʨʛʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʥʘ ʧʨʘʢʪʠʢʝ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʤʝʪʦʜʳ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. 
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2.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʝʪʦʜʦʚ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 

ʂ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʘʢʫʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʅʂ ʦʪʥʦʩʷʪ [66]: 

1) ʠʤʧʝʜʘʥʩʥʳʡ ʤʝʪʦʜ; 

2) ʚʝʣʦʩʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ; 

3) ʤʝʪʦʜ rʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʥʫ ʛʨʫʧʧʫ, ʪʘʢ ʢʘʢ ʠʩʧʦʣʴʟʫʶʪ ʫʧʨʫʛʠʝ 

ʢʦʣʝʙʘʥʠʷ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ. ʆʪʩʶʜʘ ʠ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʥʘʟʚʘʥʠʝ. 

ʀʤʧʝʜʘʥʩʥʳʡ ʤʝʪʦʜ ʅʂ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʠ ʦʮʝʥʢʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʠʤʧʝʜʘʥʩʘ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. ʅʘʣʠʯʠʝ ʜʝʬʝʢʪʘ ʚ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʝʪ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʤʧʝʜʘʥʩ ʠ, ʩʨʘʚʥʠʚʘʷ ʠʤʧʝʜʘʥʩ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʦʙʨʘʟʮʘ ʠ 

ʨʝʘʣʴʥʳʡ ʠʤʧʝʜʘʥʩ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʜʝʬʝʢʪʦʚ ʚ ʠʟʜʝʣʠʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʧʨʦʢʣʝʝʥʥʳʭ ʩʣʦʝʚ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺʝʣʦʩʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʢʦʥʪʨʦʣʷ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʣʝʞʠʪ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ ʦʪ ʥʘʣʠʯʠʷ ʜʝʬʝʢʪʦʚ ʚ ʠʟʜʝʣʠʠ. ɺ ʦʙʲʝʢʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʙʫʞʜʘʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠ ʦ ʥʘʣʠʯʠʠ 

ʜʝʬʝʢʪʦʚ ʩʫʜʷʪ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʜʚʠʛʘ ʬʘʟʳ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ ʠʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ. 

ʄʝʪʦʜʳ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʩʥʦʚʘʥʳ ʥʘ ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʦʙʲʝʢʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʥʫʞʜʝʥʥʳʭ ʠʣʠ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʠʟʤʝʨʝʥʠʠ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʦʩʥʦʚʥʦʤ, ï ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ [67]. ʉʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʦʟʜʘʶʪ ʚʥʝʰʥʝʡ ʩʠʣʦʡ ʩ ʠʟʤʝʥʷʝʤʦʡ ʯʘʩʪʦʪʦʡ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʚʳʜʝʣʷʶʪ ʠʥʪʝʛʨʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ ʤʝʪʦʜʳ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʘʥʘʣʠʟ ʯʘʩʪʦʪ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʠʜʝʪ ʢʘʢ ʝʜʠʥʦʛʦ 

ʮʝʣʦʛʦ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʨʘʙʦʪʘʶʪ ʩ ʦʪʜʝʣʴʥʳʤ ʫʯʘʩʪʢʦʤ ʦʙʲʝʢʪʘ. 

ʃʦʢʘʣʴʥʳʡ ʤʝʪʦʜ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʘʢ ʠ ʠʤʧʝʜʘʥʩʥʳʡ ʠ 

ʚʝʣʦʩʠʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʤʥʦʛʦʩʣʦʡʥʳʭ 
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ʢʦʥʩʪʨʫʢʮʠʡ. ʆʜʥʘʢʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʝʛʦ ʦʧʠʩʘʥʠʷ, ʦʥ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʨʝʰʝʥʠʝʤ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʦ ʠʟʤʝʨʝʥʠʶ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ 

ʣʦʢʘʣʴʥʳʭ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ. ɺ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤ 

ʤʝʪʦʜʝ ʠʟʤʝʨʝʥʠʷ ʦʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʥʘ ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʣʠʷʪʴ ʪʦʣʱʠʥʘ ʩʣʦʷ 

ɸʉʇʆ, ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʘ. ɺ ʨʝʰʝʥʠʠ ʵʪʦʛʦ ʚʦʧʨʦʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʪʦʠʪ 

ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʪʴ ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʠ ʚʳʷʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 

ʢʦʣʝʙʘʥʠʡ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʦʪ ʥʘʣʠʯʠʷ ʦʪʣʦʞʝʥʠʡ ʥʘ ʝʛʦ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʢʘʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʥʠʤʘʝʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʥʦʛʦ 

ʩʧʝʢʪʨʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʣʦʢʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʉʠʩʪʝʤʘ çʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ï ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʠʟʜʝʣʠʝè ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʠʣʳ F ʠ ʪʨʝʭ 

ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ (ʈʠʩʫʥʦʢ 2.15). 

 

 

ʈʠʩʫʥʦʢ 2.15 ï ʉʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ 

  

ʏʝʪʳʨʝʭʧʦʣʶʩʥʠʢ 1 ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ὑ Ὦʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ‫ 

ʣʦʢʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʤʝʞʜʫ ʟʦʥʦʡ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʟʦʥʦʡ ʧʨʠʝʤʘ 

ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʨʠʝʤʥʠʢ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥ 

ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʤ 3 ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ὑ Ὦʏʝʪʳʨʝʭʧʦʣʶʩʥʠʢ 2 .‫ 

ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʟʚʝʥʦʤ, ʩʚʷʟʳʚʘʶʱʠʤ ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ ʠ ʧʨʠʸʤʥʠʢ. ɽʛʦ 

ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ὑ Ὦʭʘʜʦʭʚ ʘʥ ʠʪʩʦʨʦʢʩ ʝʳʥʴʣʝʪʘʙʝʣʦʢ ï ‮ ʠ  ‮ ,‮ .‫ 

ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ [66]. 
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ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʠʢʘ ʚʳʙʨʘʥ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʠʢʨʦʬʦʥ. ɺʭʦʜʥʦʡ ʚʝʣʠʯʠʥʦʡ ʤʠʢʨʦʬʦʥʘ ʷʚʣʷʝʪʩʷ ʟʚʫʢʦʚʦʝ 

ʜʘʚʣʝʥʠʝ. ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʨʘʚʥʘ: 

 ὑ Ὦ‫
Ὗ

ὴ̈
ȟ (2.4) 

ʛʜʝ U ï ʚʳʭʦʜʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʝʤʥʠʢʘ; 

ὴ ï ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ. 

ʄʠʢʨʦʬʦʥ ʩʚʷʟʘʥ ʩ ʦʙʲʝʢʪʦʤ ʢʦʥʪʨʦʣʷ ʚʦʟʜʫʰʥʳʤ ʧʨʦʤʝʞʫʪʢʦʤ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʨʘʚʥʘ: 

 ὑ Ὦ‫
ὴ

‮
ȟ (2.5) 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʫʯʘʩʪʢʘ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʨʘʪʥʦʡ 

ʚʝʣʠʯʠʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ï ʤʝʭʘʥʠʯʝʩʢʠʤ ʘʜʤʠʪʘʥʩʦʤ (ʠʣʠ 

ʧʝʨʝʭʦʜʥʳʤ ʘʜʤʠʪʘʥʩʦʤ) ʠ ʨʘʚʥʘ: 

 ὑ Ὦ‫
‮

Ὂ
Ȣ (2.6) 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ, ʪʦ ʦʙʱʘʷ 

ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

 
Ὗ

Ὂ
ὑ Ὦ‫ὑ Ὦ‫ὑ Ὦ‫Ȣ (2.7) 

ɺ ʨʝʘʣʠʟʫʝʤʦʤ ʤʝʪʦʜʝ ʠʟʤʝʨʝʥʠʷ ʩʪʝʥʢʘ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʙʫʜʝʪ 

ʚʦʟʙʫʞʜʘʪɹʩʷ ʫʜʘʨʥʳʤ ʠʤʧʫʣʴʩʦʤ F ʩʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ Ὓ Ὦ.‫ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ. ʇʫʩʪʴ ʥʘ ʚʭʦʜ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ὑὮʠ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ Ὣὸ, ʧʦʩʪʫʧʘʝʪ ‫ 

ʩʠʛʥʘʣ ίὸ  ʩʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ Ὓ Ὦʉʚʷʟʴ ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʠ .‫ 

ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʘʤʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʛʨʘʣʘ ɼʶʘʤʝʣʷ ʠ ʩʠʛʥʘʣ 

ʥʘ ʚʳʭʦʜʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ Ὣὸ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 ί ὸ ίὸ †Ὣ†Ὠ†Ȣ (2.8) 

ʇʨʝʜʩʪʘʚʠʤ ʧʨʦʮʝʩʩ ίὸ † ʯʝʨʝʟ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʫʶ ʬʫʥʢʮʠʶ: 
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 ίὸ †
ρ

ς“
Ὓ Ὦ‫Ὡ Ὡ Ὠ‫Ȣ (2.9) 

ʊʦʛʜʘ: 

 

ί ὸ Ὣ†
ρ

ς“
Ὓ Ὦ‫Ὡ Ὡ Ὠ†‫Ὠ

ρ

ς“
Ὓ Ὦ‫ Ὣ†Ὡ Ὠ†Ὡ Ὠ‫Ȣ 

(2.10) 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠ ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ: 

 

ὑὮ‫ ὫὸὩ Ὠὸȟ 

Ὣὸ
ρ

ς“
ὑὮ‫Ὡ Ὠ‫Ȣ 

(2.11) 

ʇʦʜʩʪʘʚʠʚ (2.11) ʚ (2.10) ʧʦʣʫʯʠʤ: 

 ί ὸ
ρ

ς“
Ὓ Ὦ‫ὑὮ‫Ὡ Ὠ‫Ȣ (2.10) 

ʀʟ (2.10) ʩʣʝʜʫʝʪ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʧʨʦʮʝʩʩʘ ʥʘ ʚʳʭʦʜʝ ʫʩʪʨʦʡʩʪʚʘ 

ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʚʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʝʨʝʜʘʪʦʯʥʦʡ 

ʬʫʥʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ: 

 Ὓ Ὦ‫ Ὓ Ὦ‫ὑὮ‫Ȣ (2.11) 

ɽʩʣʠ ʠʤʝʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʫʩʪʨʦʡʩʪʚ ʩ ʧʝʨʝʜʘʪʦʯʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ὑ Ὦὑ ,‫ Ὦὑ ,‫ Ὦʪʦ ʩʧʝʢʪʨʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʚʳʭʦʜʥʦʛʦ ,‫ 

ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

 Ὓ Ὦ‫ Ὓ Ὦ‫ὑ Ὦ‫ὑ Ὦ‫ὑ Ὦ‫Ȣ (2.12) 

ʈʘʩʩʤʦʪʨʠʤ ʦʪʜʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʈʠʩʫʥʢʝ 2.15 ʠ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʩʧʝʢʪʨʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʆʙʲʝʢʪ ʢʦʥʪʨʦʣʷ ʠ ʝʛʦ 

ʧʘʨʘʤʝʪʨʳ ʥʝ ʚʣʠʷʶʪ ʥʘ ὑ Ὦʊʘʢ ʢʘʢ ʚ ʩʠʩʪʝʤʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʠʢʘ ʙʫʜʝʪ .‫ 
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ʧʨʠʤʝʥʷʪʴʩʷ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʠʢʨʦʬʦʥ, ʪʦ ὑ Ὦʦʥ ʪʘʢʞʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ,‫ 

ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ὑ Ὦʠ ὑ ‫ Ὦʥʝ ʥʝʩʫʪ ʧʦʣʝʟʥʦʡ ‫ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʀʟʤʝʥʝʥʠʝ Ὓ Ὦʩʚʷʟʘʥʦ ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ὑ ‫ Ὦʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ‫ 

ʧʝʨʝʭʦʜʥʳʤ ʘʜʤʠʪʘʥʩʦʤ ‮ Ὦ‫ὊὮ‫ϳ . ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʢʦʣʝʙʘʥʠʡ ʚ ʦʙʲʝʢʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʘʨʥʳʤ ʩʧʦʩʦʙʦʤ ʬʫʥʢʮʠʷ ὑ Ὦʚʣʠʷʝʪ ʥʘ ʘʤʧʣʠʪʫʜʫ ʠ ‫ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ F, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʩʧʝʢʪʨʘʣʴʥʫʶ ʬʫʥʢʮʠʶ Ὓ Ὦ.‫ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʠʢʨʦʬʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʠʢʘ, 

ʢʦʣʝʙʘʥʠʷ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʧʨʠʥʠʤʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʟʦʥʳ ʚʦʟʙʫʞʜʝʥʠʷ. 

ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ rʡʥʜʦʭʝʨʝʧ ʘʜʛʦʪ ,ʠʤʳʥʚʘʨ ʴʪʘʪʠʯʩ ʦʤʠʪʩʫʧʦʜ ‮  ʠ ‮ 

ʘʜʤʠʪʘʥʩ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʚʭʦʜʥʳʤ ʘʜʤʠʪʘʥʩʦʤ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ: 

 ὣ̎ Ὦ‫
‮

Ὂ
ὑ Ὦ‫Ȣ (2.13) 

ɺ ʤʝʪʦʜʝ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʘʜʤʠʪʘʥʩ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ 

ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʧʨʠʝʤʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʅʘ ʜʘʥʥʳʡ ʩʧʝʢʪʨ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ 

ʢʦʥʪʨʦʣʷ, ʥʘʧʨʠʤʝʨ, ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʠʣʠ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʚʥʝʰʥʠʝ 

ʬʘʢʪʦʨʳ, ʚʳʟʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ, ʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ 

ʜʝʬʝʢʪʦʚ ʚ ʠʟʜʝʣʠʠ. ʉʧʦʩʦʙʥʦʩʪʴ ʜʝʬʝʢʪʘ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʩʧʝʢʪʨʘʣʴʥʫʶ 

ʬʫʥʢʮʠʶ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘʣʠʯʠʝ ʦʪʣʦʞʝʥʠʡ ʪʘʢʞʝ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʩʧʝʢʪʨʘʣʴʥʫʶ 

ʬʫʥʢʮʠʶ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʨʝʰʝʥʠʝʤ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ï ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ. 

 

2.4 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ 

1. ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʚʳʷʚʠʣʠ 

ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ, ʟʘʪʨʫʜʥʷʶʱʠʭ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʙʦʣʴʰʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘʢʣʘʜʳʚʘʶʪ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʬʠʟʠʯʝʩʢʠʝ 
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ʩʚʦʡʩʪʚʘ ʩʘʤʠʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʠʤʝʥʥʦ ï ʥʝʠʟʚʝʩʪʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʫʧʨʫʛʠʭ ʠ ʙʦʣʴʰʦʝ ʟʘʪʫʭʘʥʠʝ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʚ ʨʝʰʝʥʠʠ 

ʧʨʦʙʣʝʤʳ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ. 

2. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʢʘʢ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

ʥʘʣʠʯʠʝ ʦʪʣʦʞʝʥʠʡ ʙʫʜʫʪ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʶʪ ʧʘʨʘʤʝʪʨʳ ʪʨʫʙʦʧʨʦʚʦʜʘ ʢʘʢ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʚʥʝʰʥʝʤ ʚʦʟʤʫʱʘʶʱʝʤ 

ʚʦʟʜʝʡʩʪʚʠʠ, ʙʫʜʫʯʠ ʠʟʤʝʨʝʥʥʳʤʠ, ʙʫʜʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʦʣʱʠʥʫ ɸʉʇʆ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ: ʯʘʩʪʦʪʘ, ʘʤʧʣʠʪʫʜʘ, ʵʥʝʨʛʠ ̫ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 Ὤ ὊὪȟὃȟὡȟὸȟ‐ȟ‐ȟȣ ȟ (2.14) 

ʛʜʝ h ï ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ; 

f ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ; 

ɸ ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ; 

W ï ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ; 

t ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ; 

Ң1, Ң2, é - ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʢʪʦʨʳ. 

3. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʦʪ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʧʝʨʝʤʝʥʥʳʭ. 

4. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʚ ʨʘʟʜʝʣʝ 2 ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʦ ʪʨʠ ʥʘʫʯʥʳʭ ʨʘʙʦʪʳ [68ï70]. 
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3 ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ 

ʄɽʊʆɼɸ ʀɿʄɽʈɽʅʀʗ ʊʆʃʑʀʅʓ ʆʊʃʆɾɽʅʀʁ 

 

3.1 ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ʠʟʤʝʨʝʥʠʷ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʜʚʠʥʫʪʦʡ ʚʦ 2-ʤ ʨʘʟʜʝʣʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʧʦʪʝʟʳ, ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ɸʉʇʆ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʦʣʝʙʘʥʠʡ 

ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɺ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭʤʘʩʩʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ 

ʤʘʰʠʥ ʠ ʩʦʦʨʫʞʝʥʠʡ [71]. ɺ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʚʪʦʨʘʷ ʤʘʩʩʘ ʷʚʣʷʝʪʩʷ ʧʦʛʣʦʪʠʪʝʣʝʤ 

ʢʦʣʝʙʘʥʠʡ. ʇʝʨʝʥʝʩʝʤ ʜʘʥʥʳʝ ʩʦʦʙʨʘʞʝʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ. ʇʨʠ ʚʥʝʰʥʝʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ ʩʠʣʦʡ F, ʢʦʣʝʙʘʥʠʝ ʚʦʟʤʫʱʝʥʥʦʛʦ ʫʯʘʩʪʢʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʫʤʤʘʨʥʳʤ ʦʪʢʣʠʢʦʤ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ 

ʦʪʣʦʞʝʥʠʡ, ʢʘʢ ʝʜʠʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ɺʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʥʘ 

ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʙʫʜʝʪ ʚʳʨʘʞʘʪʴʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʳ 

ʩʠʩʪʝʤʳ ʠ ʚ ʠʟʤʝʥʝʥʠʠ ʝʝ ʞʝʩʪʢʦʩʪʠ. ʅʘʣʠʯʠʝ ʦʪʣʦʞʝʥʠʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʫʶ ʤʘʩʩʫ ʩʠʩʪʝʤʳ, ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʠ ʫʤʝʥʴʰʝʥʠʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʪʘʢʦʡ ʩʠʩʪʝʤʳ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʣʦʡ ʦʪʣʦʞʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ, ʫʤʝʥʴʰʘʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʤʘʩʩʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʦʣʱʠʥʝ ʩʣʦʷ, 

ʠʩʩʣʝʜʫʷ ʧʘʨʘʤʝʪʨʳ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʱʠʥʫ ʩʣʦʷ ɸʉʇʆ. 

ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʡ 

ʚʟʘʠʤʦʩʚʷʟʠ. ʇʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʢʘʢ ʫʯʘʩʪʢʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ (ʈʠʩʫʥʦʢ 3.1). 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʘ ʧʣʘʩʪʠʥʳ 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ ʥʘ 

ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚʳʙʨʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩÆÆ T-Flex CAD [72].Æ  

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʟʦʪʨʦʧʥʦʡ ʧʣʘʩʪʠʥʳ 

ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ ʠʤʝʝʪ ʚʠʜ [73]: 

 

 
Ὀ
‬ύ

‬ὼ
ς
‬ύ

‬ὼ‬ώ

‬ύ

‬ώ
ά
‬ύ

‬ὸ
πȟ (3.1) 

ʛʜʝ w ï ʧʨʦʛʠʙ ʧʣʘʩʪʠʥʳ; 

m ï ʤʘʩʩʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʧʣʘʩʪʠʥʳ; 

D ï ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʞʸʩʪʢʦʩʪʴ ʧʣʘʩʪʠʥʳ. 

ʄʘʩʩʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

 ά ”Ὤȟ (3.2) 

ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ; 

h ï ʪʦʣʱʠʥʘ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ. 

ɾʝʩʪʢʦʩʪʴ ʩʠʩʪʝʤʳ D ʟʘʚʠʩʠʪ ʦʪ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʪʦʣʱʠʥʳ: 

 Ὀ
ὉὬ

ρςρ ‘
ȟ (3.3) 

ʛʜʝ E ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ; 

ɛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ; 

h ï ʪʦʣʱʠʥʘ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ, ʟʘʚʠʩʷʱʠʤ 

ʦʪ ʩʧʦʩʦʙʘ ʟʘʢʨʝʧʣʝʥʠʷ ʢʨʘʝʚ ʧʣʘʩʪʠʥʳ [74, 75]. ʇʣʘʩʪʠʥʳ ʩʦ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ 

ʩʣʫʯʘʷʤʠ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʈʝʣʝʷ-ʈʠʪʮʘ. ʈʝʰʝʥʠʝ 

ʜʣʷ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʤʝʝʪ ʚʠʜ [76]: 

 
‫ Ὧ

Ὀ

ά
ȟ 

(3.4) 

ʛʜʝ k ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

 
Ὧ “

ὃ

ὥ

ὃ

ὦ

ς

ὥὦ
‘ὄὄ ρ ‘ὅὅ ȟ 

(3.5) 
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ʛʜʝ Ar, As, Br, Bs, Cr, Cs ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʫʩʣʦʚʠʡ ʟʘʢʨʝʧʣʝʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʢʦʣʝʙʘʥʠʡ; 

r ʠ s ï ʫʟʣʦʚʳʝ ʪʦʯʢʠ ʢʦʣʝʙʘʥʠʡ, ʚʢʣʶʯʘʷ ʢʨʘʷ ʧʣʘʩʪʠʥʳ; 

a ʠ b ï ʩʪʦʨʦʥʳ ʧʣʘʩʪʠʥʳ (ʈʠʩʫʥʦʢ 3.1). 

r ï ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʚʜʦʣʴ ʩʪʦʨʦʥʳ a, s ï ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚʳʭ 

ʪʦʯʝʢ ʚʜʦʣʴ ʩʪʦʨʦʥʳ b [76, 77]. 

ʈʘʩʩʤʦʪʨʠʤ ʢʚʘʜʨʘʪʥʫʶ ʧʣʘʩʪʠʥʫ ʩ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʦʡ ʧʦ ʢʨʘʷʤ. 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ (3.4) ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ (3.5) ʤʦʞʝʪ ʙʳʪʴ ʫʧʨʦʱʝʥʦ 

ʜʦ ʚʳʨʘʞʝʥʠʷ [78]: 

 ‫
ς“ ὶ

ρ
σ

ὥ

Ὀ

”Ὤ
ȟ (3.6) 

ʇʨʠ ʥʘʣʠʯʠʠ ɸʉʇʆ ʧʨʝʜʩʪʘʚʠʤ ʞʝʩʪʢʦʩʪʴ ʩʠʩʪʝʤʳ, ʢʘʢ ʩʫʤʤʫ ʞʝʩʪʢʦʩʪʝʡ 

ʦʪʜʝʣʴʥʳʭ ʝʝ ʯʘʩʪʝʡ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʧʨʠʤʝʪ ʚʠʜ: 

 
‫

ς“ ὶ
ρ
σ

ὥ

Ὀ̍ Ὀ̏

”̍Ὤ̍ ”̏Ὤ̏
ȟ 

(3.7) 

ʛʜʝ Dʤ ʠ Dʦ ï ʞʝʩʪʢʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʠ ʞʝʩʪʢʦʩʪʴ ʧʘʨʘʬʠʥʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ɟʤ ʠ ɟʦ ï ʧʣʦʪʥʦʩʪʴ ʧʣʘʩʪʠʥʳ ʠ ʧʣʦʪʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

hʤ ʠ hʦ ï ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ ʠ ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ: ʤʘʪʝʨʠʘʣ ʧʣʘʩʪʠʥʳ ï ʩʪʘʣʴ 20, ʧʣʦʪʥʦʩʪʴ 

7800 ʢʛ/ʤ3, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 210Ŀ109 ʇʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ï 0,3. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʧʣʘʩʪʠʥʳ: 150 ʤʤ ʚʜʦʣʴ ʦʩʠ ʘʙʩʮʠʩʩ ʠ ʚʜʦʣʴ ʦʩʠ 

ʦʨʜʠʥʘʪ, ʪʦʣʱʠʥʘ 12 ʤʤ. ʅʘʡʜʝʤ ʧʝʨʚʫʶ ʬʦʨʤʫ ʢʦʣʝʙʘʥʠʡ r = 1. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ  

ɤ = 29357,33 ʨʘʜ. ʅʘʡʜʝʤ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ 

fʨ =  ɤ/(2 )́ = 4674,73 ɻʮ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ T-Flex CAD ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʧʦʢʘʟʘʣʦ ʟʥʘʯʝʥʠʝ 
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ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ fʤ = 4518,26 ɻʮ (ʈʠʩʫʥʦʢ 3.2). ʇʦʛʨʝʰʥʦʩʪʴ ʩ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʩʦʩʪʘʚʣʷʝʪ 3,35 %.  

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʇʝʨʚʘʷ ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥʳ 

 

ɼʘʣʝʝ, ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʧʣʘʩʪʠʥʘ ʩ ʪʝʤʠ ʞʝ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʦ ʩ ʧʘʨʘʬʠʥʦʚʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʩ ʪʦʣʱʠʥʘʤʠ ʦʪ 2 ʜʦ 14 ʤʤ ʠ ʩ ʰʘʛʦʤ ʦʪʣʦʞʝʥʠʡ 2 ʤʤ. ʅʘ ʢʘʞʜʦʤ 

ʰʘʛʝ  ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥʳ. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, 

ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥʳ 

ʫʤʝʥʴʰʘʣʘʩʴ. ʉ ʧʘʨʘʬʠʥʦʚʳʤʠ  ʦʪʣʦʞʝʥʠʷʤʠ ʪʦʣʱʠʥʦʡ 14 ʤʤ ʯʘʩʪʦʪʘ ʩʦʩʪʘʚʠʣʘ 

fʤ = 4348,92 ɻʮ (ʈʠʩʫʥʦʢ 3.3). 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ʂʦʣʝʙʘʥʠʷ ʧʣʘʩʪʠʥʳ ʩ ʦʪʣʦʞʝʥʠʷʤʠ 14 ʤʤ 
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ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥʳ. ʅʘ ʟʘʱʝʤʣʝʥʥʦʡ ʧʦ ʢʨʘʷʤ ʧʣʘʩʪʠʥʝ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʚʦʟʙʫʞʜʘʣʠʩʴ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʠʭ ʯʘʩʪʦʪʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʯʘʩʪʦʪʘ 

ʢʦʣʝʙʘʥʠʡ 4570 ɻʮ, ʧʦʛʨʝʰʥʦʩʪʴ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩʦʩʪʘʚʣʷʝʪ 

2,24 %. ɼʘʣʝʝ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥʳ ʩ ʦʪʣʦʞʝʥʠʷʤʠ 

ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ. 

ʅʘ ʈʠʩʫʥʢʝ 3.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, 

ʥʘʡʜʝʥʥʦʛʦ ʧʦ ʬʦʨʤʫʣʝ (3.7) ʠ ʝʛʦ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʦʚʝʜʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʭʦʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩʦʩʪʘʚʣʷʝʪ 3,47 %. 

 

 

ʈʠʩʫʥʦʢ 3.4 ï ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ; 2 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ; 

3 ï ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

 

ʉ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʚʦʧʨʦʩʘ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʘʢʝʪʝ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 
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ANSYS Mechanical [79] ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʧʨʦʩʘ ʚʣʠʷʥʠ ̫ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠ ̫ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʯʘʩʪʦʪʫ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʧʨʦʚʦʜʠʣʦʩʴ ʚ [80, 81]. ɺ ʫʢʘʟʘʥʥʳʭ 

ʨʘʙʦʪʘʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʜʝʪ ʫʤʝʥʴʰʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʙʘʣʦʢ, ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ. ɺ ʨʘʙʦʪʝ [82] ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʣʝʙʘʥʠʷ ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʦʡ ʧʣʘʩʪʠʥʳ, ʘ 

ʚ [83] ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʪʢʣʠʢ ʟʘʱʝʤʣʝʥʥʦʡ ʧʣʘʩʪʠʥʳ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙʝ ʨʘʙʦʪʳ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʥʘʣʠʯʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥʳ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ: ʫ ʩʪʘʣʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʥʠʞʘʶʪʩʷ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ 

ʧʣʦʪʥʦʩʪʴ, ʧʦʚʳʰʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʤʘʪʝʨʠʘʣʘ. ɺ ʩʣʫʯʘʝ 

ʥʘʣʠʯʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʞʝʩʪʢʦʡ 

ʟʘʜʝʣʢʝ, ʧʦʷʚʣʷʝʪʩʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ ʩʦ ʩʪʦʨʦʥʳ ʦʧʦʨʳ, ʢʦʪʦʨʘʷ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʘʤʦʤ ʤʘʪʝʨʠʘʣʝ. 

ɽʩʣʠ ʚ ʩʨʝʜʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʳ ʜʝʡʩʪʚʫʶʪ ʧʨʦʜʦʣʴʥʳʝ ʫʩʠʣʠʷ N11, 

N12, N22, ʫʨʘʚʥʝʥʠʝ ʢʦʣʝʙʘʥʠʡ (3.1) ʧʨʠʤʝʪ ʚʠʜ: 
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ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʫʩʠʣʠʷ N11, N22 ʧʦʩʪʦʷʥʥʳ, ʘ N12 ʨʘʚʥʦ ʥʫʣʶ, ʢʦʵʬʬʠʮʠʝʥʪ 

Ὧ  (3.5) ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ q1 ʠ q2 ï ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ a ʠ b ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʠ 

ʥʘʣʠʯʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʯʘʩʪʦʪʫ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥʳ. 

ʈʘʩʯʝʪʳ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʯʘʩʪʦʪʫ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʝʤ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʪʘʣʴʥʘʷ ʧʣʘʩʪʠʥʘ ʩ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ: a = 200 ʤʤ, b = 200 ʤʤ, h = 2 ʤʤ; ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ: E = 200 ɻʇʘ, ɟ = 7850 ʢʛ/ʤ3, ɛ = 0,3, Ŭ = 1,5Ŀ10-5 1/Áʉ. ʇʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʣʘʩʪʠʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʢʨʝʧʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪ r ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

 

ʊʘʙʣʠʮʘ 3.1 ï ɼʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʠ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʣʘʩʪʠʥʳ, ʟʘʜʝʣʘʥʥʦʡ ʧʦ ʚʩʝʤʫ ʢʦʥʪʫʨʫ 

ʄʦʜʘ 

ʈʘʩʯʝʪʥʘʷ 

ʯʘʩʪʦʪʘ, 

ɻʮ 

ʏʘʩʪʦʪʘ 

ʤʦʜʝʣʠ 

Ansys, 

ɻʮ 

ʈʘʩʯʝʪʥʦʝ 

ʠʟʤʝʥʝʥʠʝ 

ʯʘʩʪʦʪʳ ʧʨʠ 

ȹT = 10 ÁC, 

ɻʮ 

ʀʟʤʝʥʝʥʠʝ 

ʯʘʩʪʦʪʳ 

ʤʦʜʝʣʠ 

Ansys, ʧʨʠ 

ȹT = 10 ÁC, 

ɻʮ 

ʇʨʦʮʝʥʪ 

ʠʟʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪʳ ʧʨʠ 

ȹT = 10 ÁC, 

% 

2/2 439,48 438,83 353,46 353,81 19,37 

3/2 896,99 894,31 801,98 800,25 10,52 

3/3 1323,33 1317,60 1223,35 1219,40 7,45 

4/2 1611,54 1601,50 1512,97 1502,60 6,18 

4/3 2017,62 2006,80 1915,63 1906,10 5,02 

5/2 2570,73 2558,80 2469,71 2458,00 3,94 

4/4 2686,90 2673,20 2582,96 2570,50 3,84 

5/3 2967,51 2940,90 2864,21 2837,90 3,50 

5/4 3618,41 3595,20 3513,39 3491,20 2,89 

5/5 4530,89 4498,90 4424,79 4393,80 2,34 

 

ʆʛʨʘʥʠʯʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʦʙʲʝʢʪʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʯʘʩʪʦʪʫ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʅʘʠʙʦʣʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʧʨʝʪʝʨʧʝʚʘʶʪ ʥʠʟʰʠʝ 

ʯʘʩʪʦʪʳ, ʢʦʪʦʨʳʝ ʧʨʦʧʘʜʘʶʪ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʤʠʤʦ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʪʘʢʞʝ ʤʝʥʷʶʪʩʷ ʠ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ. ʇʨʠ 
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ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪʳ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ rʙʫʜʝʪ ʚʣʠʷʪʴ 

ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʥʘʣʠʯʠʠ ʦʛʨʘʥʠʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. ʇʦʭʦʞʠʡ ʚʳʚʦʜ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦʪʝ [84].  

ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʘʢʝʪʝ ʧʨʠʢʣʘʜʥʳʭ 

ʧʨʦʛʨʘʤʤ ANSYS Mechanical ʤʝʪʦʜʦʤ ʢʦʥʯʝʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʆʙʲʝʢʪ ʢʦʥʪʨʦʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʙʦʧʨʦʚʦʜ ʜʠʘʤʝʪʨʦʤ Ï = 73 ʤʤ, 

ʪʦʣʱʠʥʦʡ hʪʨ = 6 ʤʤ, ʤʘʪʝʨʠʘʣ ï ʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ, ʠʤʝʶʱʘʷ ʩʣʝʜʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ E = 200 ɻʇʘ, ʧʣʦʪʥʦʩʪʴ ɟ = 7850 ʢʛ/ʤ3, 

ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ɛ = 0,3. ʆʪʣʦʞʝʥʠʷ ɸʉʇʆ ʟʘʜʘʥʳ ʩʣʝʜʫʶʱʠʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ E = 70 ʄʇʘ, ʧʣʦʪʥʦʩʪʴ 

ɟ = 915 ʢʛ/ʤ3, ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ɛ = 0,3. 

ʇʨʦʚʝʜʝʥ ʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ (Modal) ʠ ʘʥʘʣʠʟ ʥʘ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʥʘ 

ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ (Harmonic Response). ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 3.5. 

 

 

ʈʠʩʫʥʦʢ 3.5 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʘ ï ʪʨʫʙʘ ʙʝʟ ʦʪʣʦʞʝʥʠʡ; ʙ ï ʪʨʫʙʘ ʩ ʦʪʣʦʞʝʥʠʷʤʠ 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ANSYS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʦʧʨʝʜʝʣʠʣʦ ʟʥʘʯʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʳ ʙʝʟ ʦʪʣʦʞʝʥʠʡ ï fʪʨ = 7030,5 ɻʮ, ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʩ 

ʦʪʣʦʞʝʥʠʷʤʠ ʪʦʣʱʠʥʦʡ hʦʪ = 6 ʤʤ ï fʦʪ = 6654,6 ɻʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ 

ʦʪʣʦʞʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʘʥʘʣʠʟʝ ʥʘ 

ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ. ʅʘ ʫʯʘʩʪʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʳʣʦ ʦʢʘʟʘʥʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʠʣʦʡ Ὂ υÓÉÎ 
Ȣ
ς“ὸ  ʠ ʠʩʩʣʝʜʦʚʘʥ ʝʛʦ ʦʪʢʣʠʢ. ʈʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 3.6, 3.7. 

 

 

ʈʠʩʫʥʦʢ 3.6 ï ʈʝʟʫʣʴʪʘʪʳ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʊʨʫʙʘ ʙʝʟ ʦʪʣʦʞʝʥʠʡ 

 

 

ʈʠʩʫʥʦʢ 3.7 ï ʈʝʟʫʣʴʪʘʪʳ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʊʨʫʙʘ ʩ ʦʪʣʦʞʝʥʠʷʤʠ 

 

ʏʘʩʪʦʪʘ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʳ ʙʝʟ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 

fʪʨ = 6985,5 ɻʮ, ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ɸʪʨ = 6,0083Ā10
-6 ʤʤ. ʏʘʩʪʦʪʘ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʳ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʪʦʣʱʠʥʦʡ hʦʪ = 6 ʤʤ ʩʦʩʪʘʚʠʣʘ fʦʪ = 6612,2 ɻʮ, 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ɸʪʨ = 5,7526Ā10
-6 ʤʤ. 
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ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ, ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʤʝʪʦʜʦʤ Half Power Bandwidth: 

 ‒
Ὢ Ὢ

ςὪ̑
ȟ (3.11) 

ʛʜʝ f1 ʠ f2 ï ʟʘʪʫʭʘʥʠʝ ʘʤʧʣʠʪʫʜʳ ʥʘ 3 ʜɹ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ 

(ʈʠʩʫʥʦʢ 3.8); 

fʨ ï ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ. 

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʪʫʭʘʥʠʷ ʩʣʝʜʫʶʱʠʝ: ʪʨʫʙʘ ʙʝʟ ʦʪʣʦʞʝʥʠʡ 

ɕʪʨ = 81,236Ā10
-3, ʪʨʫʙʘ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ɕʪʨ = 81,365Ā10

-3. 

 

 

ʈʠʩʫʥʦʢ 3.8 ï ʉʭʝʤʘ ʨʘʩʯʝʪʘ ʟʘʪʫʭʘʥʠʷ 

 

ʇʨʦʚʝʜʝʥʥʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ ʥʘʣʠʯʠʝ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʪʦʣʱʠʥʦʡ ʦʪʣʦʞʝʥʠʡ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʣʝʙʘʥʠʡ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʦʪʣʦʞʝʥʠʡ ʥʘ ʯʘʩʪʦʪʫ ʠ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʨʝʟʦʥʘʥʩʥʦʤ ʦʪʢʣʠʢʝ. ʂʘʢ 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʜʠʩʩʝʨʪʘʮʠʠ, ɸʉʇʆ ʩʦʩʪʦʷʪ ʠʟ ʧʘʨʘʬʠʥʘ, 

ʘʩʬʘʣʴʪʝʥʦʚ ʠ ʩʤʦʣ. ʀʪʦʛʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ɸʉʇʆ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʧʨʦʮʝʥʪʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʧʣʦʪʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠʤʝʝʪ ʩʚʦʡ ʦʧʨʝʜʝʣʸʥʥʳʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ. ʊʘʢ, ʧʣʦʪʥʦʩʪʴ 

ʧʘʨʘʬʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ɟ = 880ï915 ʢʛ/ʤ3, ʩʤʦʣ ɟ = 990ï1080 ʢʛ/ʤ3, ʘʩʬʘʣʴʪʝʥʦʚ 
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ɟ = 1000ï1200 ʢʛ/ʤ3. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʦʠʪ ʫʢʘʟʘʪʴ ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʠ 

ɟ = 770ï970 ʢʛ/ʤ3. ɸʉʇʆ ʥʘ 20-40% ʩʦʩʪʦʠʪ ʠʟ ɸʉɺ ʠ ʥʘ 20-70% ʠʟ ʧʘʨʘʬʠʥʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚ ʤʘʩʩʝ ʙʫʜʫʪ ʧʨʝʦʙʣʘʜʘʪʴ ʘʩʬʘʣʪʝʥʦʚʳʝ ʚʝʱʝʩʪʚʘ, ʪʦ 

ʧʣʦʪʥʦʩʪʴ ɸʉʇʆ ʙʫʜʝʪ ʚʳʰʝ. 

ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ ɸʉʇʆ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 3.9, 3.10. 

 

 

ʈʠʩʫʥʦʢ 3.9 ï ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʦʪ ʧʣʦʪʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ 

 

 

ʈʠʩʫʥʦʢ 3.10 ï ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʦʪ ʧʣʦʪʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ 
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ʉ ʧʦʚʳʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ɸʉʇʆ ʠʜʝʪ ʫʤʝʥʴʰʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ. ʕʪʦʪ ʤʦʤʝʥʪ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʪʦʣʱʠʥʳ ɸʉʇʆ. 

 

3.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʥʠʡ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʚʝʨʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

ʆʙʲʝʢʪ ʢʦʥʪʨʦʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʯʘʩʪʦʢ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʪʨʫʙʳ 

ʜʠʘʤʝʪʨʦʤ Ï = 91 ʤʤ ʠ ʪʦʣʱʠʥʦʡ hʪʨ = 6 ʤʤ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʪʦʯʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʦʟʙʫʞʜʝʥʠʝ ʦʜʥʦʪʠʧʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʩʦʙʨʘʥʘ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʜʘʚʘʪʴ ʘʤʧʣʠʪʫʜʫ U, ʧʝʨʠʦʜ T1, ʧʝʨʠʦʜ 

ʩʣʝʜʦʚʘʥʠʷ T2 ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ N. ʉʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩʫʥʢʝ 3.11. 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ʉʭʝʤʘ ʀʂ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʚʦʟʙʫʜʠʪʝʣʴ ʢʦʣʝʙʘʥʠʡ; 2 ï ʧʨʠʝʤʥʠʢ ʢʦʣʝʙʘʥʠʡ; 3 ï ʩʪʝʥʢʘ ʪʨʫʙʳ; 

4 ï ɸʉʇʆ; 5 ï ʫʩʠʣʠʪʝʣʴ; 6 ï ʛʝʥʝʨʘʪʦʨ; 7 ï ɸʎʇ; 8 ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

 

ʅʘ ʣʦʢʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʚʦʟʙʫʜʠʪʝʣʷ 1 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʜʘʨʦʚ ʩ ʟʘʜʘʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ U, T1, T2, N. ʂʘʞʜʳʡ ʝʜʠʥʠʯʥʳʡ ʫʜʘʨ ʚʦʟʙʫʞʜʘʝʪ ʢʦʣʝʙʘʥʠʷ 
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ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʦʪʦʨʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. ɺ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʩʪʝʥʢʫ ʪʨʫʙʳ 

ʥʘʥʦʩʠʣʠʩʴ ɸʉʇʆ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ ʪʦʣʱʠʥʳ (ʈʠʩʫʥʦʢ 3.13). ʅʘ ʢʘʞʜʦʤ 

ʰʘʛʝ ʟʘʧʠʩʳʚʘʣʦʩʴ ʥʝ ʤʝʥʝʝ 100 ʦʪʢʣʠʢʦʚ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

 

 

ʈʠʩʫʥʦʢ 3.12 ï ʆʪʣʦʞʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

  

ɺ ʦʙʱʝʤ ʠʪʦʛʝ ʧʨʦʚʝʜʝʥʦ 600 ʨʘʚʥʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ: 100 ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʝʟ ʦʪʣʦʞʝʥʠʡ ʠ ʧʦ 100 ʠʟʤʝʨʝʥʠʡ ʥʘ ʪʦʤ ʞʝ ʫʯʘʩʪʢʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʪʦʣʱʠʥʦʡ 2, 5, 9, 12 ʠ 15 ʤʤ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʘʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ 

ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python [85, 86]. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ: ʯʘʩʪʦʪʘ, ʘʤʧʣʠʪʫʜʘ, ʵʥʝʨʛʠʷ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 3.13. 

ɺ ʊʘʙʣʠʮʝ 3.2 ʧʨʠʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʭʝʤʝ ʘʣʛʦʨʠʪʤʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʈʠʩʫʥʢʝ 3.13. 

ʆʧʠʰʝʤ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. ɼʣʷ ʥʘʯʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʛʨʫʟʢʘ 

ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʟʘʧʠʩʴ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ (ʙʣʦʢ 1). ɼʘʣʝʝ 

ʧʨʦʠʩʭʦʜʠʪ ʬʠʣʴʪʨʘʮʠʷ ʩʠʛʥʘʣʘ ʧʦ ʟʘʜʘʥʥʳʤ ʧʦʨʦʛʘʤ h1, w1 ʠ d1 ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʩʠʛʥʘʣʝ ʦʪʜʝʣʴʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ (ʙʣʦʢ 

2). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ʩʦʟʜʘʝʪʩʷ ʚʳʙʦʨʢʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʦʙʨʘʙʦʪʢʠ, ʩʦʜʝʨʞʘʱʘʷ N ʩʝʛʤʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʦʪʜʝʣʴʥʳʡ 

ʘʢʫʩʪʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ (ʙʣʦʢ 3). ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ i-ʛʦ ʩʝʛʤʝʥʪʘ 
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(ʙʣʦʢʠ 4ï9). ʆʪʜʝʣʴʥʳʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʠʩʢʨʝʪʥʦʤʫ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʌʫʨʴʝ (ʙʣʦʢ 5) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʥʘʭʦʞʜʝʥʠʷ ʯʘʩʪʦʪʳ fi max ʠ ʝʝ ʘʤʧʣʠʪʫʜʳ Ai max ʧʦ ʟʘʜʘʥʥʳʤ ʧʦʨʦʛʘʤ h2 ʠ d2 (ʙʣʦʢ 

6). ʆʪʩʣʝʞʠʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʙʨʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 1700 ʜʦ 2100 ɻʮ. 

 

ʊʘʙʣʠʮʘ 3.2 ï ʆʙʦʟʥʘʯʝʥʠʷ ʥʘ ʩʭʝʤʝ ʘʣʛʦʨʠʪʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʈʠʩʫʥʢʝ 3.13 

ʆʙʦʟʥʘʯʝʥʠʝ ʂʦʤʤʝʥʪʘʨʠʡ 

h1 
ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ, ʧʦ ʧʨʝʚʳʰʝʥʠ ʁʢʦʪʦʨʦʛʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʯʘʣʦ ʝʜʠʥʠʯʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 

w1 ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʧʠʢʘ h1 

d1 
çʄʝʨʪʚʦʝ ʚʨʝʤʷè, ʚ ʢʦʪʦʨʦʤ ʥʝ ʠʜʝʪ ʘʥʘʣʠʟ. ʅʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʙʠʚʢʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʝʛʤʝʥʪʳ 

N ʂʦʣʠʯʝʩʪʚʦ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ 

Ai max ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ i-ʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 

fi max ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ i-ʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 

f min, f max ɻʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʘ, ʚ ʢʦʪʦʨʦʤ ʠʜʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪʳ 

h2 
ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ, ʧʦ ʧʨʝʚʳʰʝʥʠʶ ʢʦʪʦʨʦʛʦ ʚʳʙʠʨʘʝʪʩʷ 

ʛʘʨʤʦʥʠʢʘ ʜʣʷ ʘʥʘʣʠʟʘ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ 

d2 ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʛʘʨʤʦʥʠʢʘʤʠ 

ti ɿʥʘʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ i-ʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 

h3 
ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʧʦ ʧʨʝʚʳʰʝʥʠʶ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 

Wi ɿʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ i-ʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 

 

ɼʘʣʝʝ, ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʚʨʝʤʝʥʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ ti ʧʦ ʟʘʜʘʥʥʦʤʫ 

ʧʦʨʦʛʫ h3 (ʙʣʦʢ 7).  ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʢʦʦʨʜʠʥʘʪ 

ʤʝʞʜʫ ʥʘʯʘʣʴʥʳʤ ʠ ʢʦʥʝʯʥʳʤ ʧʠʢʘʤʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʧʨʝʚʳʰʘʶʱʠʭ 

ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ ʘʤʧʣʠʪʫʜʳ h3. ʇʦʩʣʝʜʥʠʤ ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ Wi 

(ʙʣʦʢ 8).  
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ʈʠʩʫʥʦʢ 3.13 ï ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 
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ʕʥʝʨʛʠʷ ʩʠʛʥʘʣʘ ʩʯʠʪʘʝʪʩʷ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʥʘʯʘʣʴʥʳʤ ʠ 

ʢʦʥʝʯʥʳʤ ʧʠʢʘʤʠ, ʧʨʝʚʳʰʘʶʱʠʤ ʚʳʙʨʘʥʥʳʡ ʧʦʨʦʛ h3, ʧʦ ʬʦʨʤʫʣʝ: 

 ὡ ὡ ȿὛȿȢ (3.12) 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ fi max, Ai max, ti, Wi ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʜʘʪʘ-ʩʝʪ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʙʣʦʢ 10). 

ʅʘ ʈʠʩʫʥʢʘʭ 3.14, 3.15 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʢʨʠʥʰʦʪʳ ʩ ʧʨʠʤʝʨʘʤʠ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. 

 

 

ʈʠʩʫʥʦʢ 3.14 ï ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʘ ï ʪʨʫʙʘ ʙʝʟ ʦʪʣʦʞʝʥʠʡ; ʙ ï ʪʨʫʙʘ ʩ ʦʪʣʦʞʝʥʠʷʤʠ 

 

 

ʈʠʩʫʥʦʢ 3.15 ï ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʦʚ 

ʘ ï ʪʨʫʙʘ ʙʝʟ ʦʪʣʦʞʝʥʠʡ; ʙ ï ʪʨʫʙʘ ʩ ʦʪʣʦʞʝʥʠʷʤʠ 

 

3.3 ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ fi max, Ai max, ti, Wi ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ 

ʧʨʦʚʝʨʝʥʳ ʥʘ ʥʘʣʠʯʠʝ ʛʨʫʙʳʭ ʦʰʠʙʦʢ. ɼʣʷ ʦʮʝʥʢʠ ʛʨʫʙʳʭ ʦʰʠʙʦʢ ʧʨʠʤʝʥʝʥʳ 

ʢʨʠʪʝʨʠʡ ʈʦʤʘʥʦʚʩʢʦʛʦ ʠ ʢʨʠʪʝʨʠʡ 3-ů. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʚʳʙʨʘʥ ʫʨʦʚʝʥʴ 

ʟʥʘʯʠʤʦʩʪʠ q = 0,01. 
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ʂʨʠʪʝʨʠʡ ʈʦʤʘʥʦʚʩʢʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ, ʝʩʣʠ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ ὲ Ò 20. 

ɿʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [87]: 

 ‍
ȿὢ ὢȿ

Ὓ
ȟ (3.13) 

ʛʜʝ ὢ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ; 

ὢ ï i-ʝ ʟʥʘʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ; 

Sx ï ʠʩʧʨʘʚʣʝʥʥʦʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʝ. 

ʇʨʠ ʧʨʦʚʝʨʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʥʘ ʥʘʣʠʯʠʝ ʛʨʫʙʳʭ ʦʰʠʙʦʢ ʧʦ 

ʢʨʠʪʝʨʠʶ çʪʨʝʭ ʩʠʛʤè ʦʪʩʝʢʘʝʪʩʷ ʩʦʤʥʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʳʡ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ [88]: 

 ȿὢ ὢȿ σὛȢ (3.14) 

ɺʩʝ ʛʨʫʙʳʝ ʦʰʠʙʢʠ ʫʜʘʣʝʥʳ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʆʩʪʘʚʰʠʝʩʷ 

ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʫʜʫʪ ʫʯʠʪʳʚʘʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʝ. 

ʇʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢ 

ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦ ʩʦʩʪʘʚʥʦʤʫ d-ʢʨʠʪʝʨʠʶ [89]. 

ʂʨʠʪʝʨʠʡ 1 ʥʘʡʜʝʥ ʧʦ ʬʦʨʤʫʣʝ: 

 
Ὠ̕ ́̋̓

В ȿὢ ὢȿ

ὲВ ὢ ὢ

 Ȣ 
(3.15) 

ɻʠʧʦʪʝʟʘ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠ ʁʧʦʜʪʚʝʨʞʜʘʝʪʩʷ, 

ʝʩʣʠ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ dʬʘʢʪ ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ d0,5 ʜʦ d1-0,5q. ɼʣʷ 

ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ q=0,01, ʢʚʘʥʪʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ d ʨʘʚʥʳ:  d1-0,5q = 0,995 

ʠ d0,5 = 0,005. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ dʬʘʢʪ ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ d0,5 ʜʦ d1-0,5q. 

ʂʨʠʪʝʨʠʡ 2: ɻʠʧʦʪʝʟʘ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠ ʁ

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ, ʝʩʣʠ ʥʝ ʙʦʣʝʝ m ʨʘʟʥʦʩʪʝʡ ȿὢ ὢȿ 

ʧʨʝʚʟʦʰʣʠ ʟʥʘʯʝʥʠʷ Z0,5(1+P)Sx. 

ʊʘʙʣʠʯʥʦʝ Z0,5(1+P) = 2,328. ɼʣʷ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ q = 0,01, ʪʘʙʣʠʯʥʦʝ m = 1. 

ʉʨʝʜʠ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ȿὢ ὢȿ ʪʦʣʴʢʦ ʦʜʥʦ ʟʥʘʯʝʥʠʝ ʧʨʝʚʳʰʘʝʪ ʧʨʦʠʟʚʝʜʝʥʠʝ 

Z0,5(1+P)Sx. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠ ʧʝʨʚʦʤʫ, ʠ ʚʪʦʨʦʤʫ 

ʢʨʠʪʝʨʠʶ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʠʥʘʜʣʝʞʘʪ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠ ʁʚʦ ʚʩʝʭ  ʩʝʨʠʷʭ ʠʟʤʝʨʝʥʠʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʪʝʩʥʦʪʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʠʟʫʯʘʝʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ 

ʧʨʠ ʠʭ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʩʯʠʪʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ. 

ɺ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʥʘʡʜʝʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʝʥʠʷ 

ʧʦ ʢʘʞʜʦʤʫ ʧʘʨʘʤʝʪʨʫ ʠ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ 

ʦʪʣʦʞʝʥʠʡ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ rxy ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ ʇʠʨʩʦʥʘ [90]: 

 ὶ
В ὼ ὼӶώ ώ

В ὼ ὼӶВ ώ ώ
ȟ (3.16) 

ʛʜʝ xi ï ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ; 

yi ï ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ (ʯʘʩʪʦʪʘ, ʘʤʧʣʠʪʫʜʘ, ʵʥʝʨʛʠʷ, ʜʣʠʪʝʣʴʥʦʩʪʴ). 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʯʘʩʪʦʪʘ 

ʢʦʣʝʙʘʥʠʡè ʩʦʩʪʘʚʠʣ: 

rxy = ï 0,97. 

ɺʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʯʘʩʪʦʪʦʡ 

ʢʦʣʝʙʘʥʠʡ ʠ ʪʦʣʱʠʥʦʡ ʦʪʣʦʞʝʥʠʡ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʡ 

ʩʪʝʧʝʥʠ: Ĩ = ax + b. 

ɼʣʷ ʧʦʠʩʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘ ʠ b ʧʨʦʚʝʜʝʥ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ [91]: 

 ὥ
В ὼВ ώ ὲВ ὼώ

В ὼ ὲВ ὼ
ȟ (3.17) 

 ὦ
В ὼВ ὼώ В ὼВ ώ

В ὼ ὲВ ὼ
Ȣ (3.18) 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʠʤʝʝʪ ʚʠʜ: 

y = ï10,17x + 1953,05. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 Ὑ ρ
В ώ ώǲ

В ώ ώ
ȟ (3.19) 
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ʛʜʝ ώǲ ï ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ i-ʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ: 

R2 = 0,938. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 93,8 % ʯʘʩʪʦʪʳ y ʟʘʚʠʩʠʪ ʦʪ ʧʝʨʝʤʝʥʥʦʡ ʪʦʣʱʠʥʳ ɸʉʇʆ x. 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 3.16. 

  

 

ʈʠʩʫʥʦʢ 3.16 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ ɸʉʇʆ 

 

ʅʘ ʈʠʩʫʥʢʝ 3.17 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʙʦʨ ʩʧʝʢʪʨʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 1700 ʜʦ 

2100 ɻʮ, ʥʘ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ ʚ ʙʦʣʝʝ ʥʠʟʢʠʡ 

ʜʠʘʧʘʟʦʥ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. 

ʊʘʢ ʢʘʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʧʨʠʭʦʜʠʪʩʷ ʩʪʨʦʠʪʴ ʥʘ 

ʦʩʥʦʚʝ ʚʳʙʦʨʦʯʥʳʭ ʜʘʥʥʳʭ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʩʪʨʦʝʥʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʛʝʥʝʨʘʣʴʥʳʤ ʜʘʥʥʳʤ. ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʥʝʛʦ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ R2 ʥʘ ʦʩʥʦʚʝ F-ʢʨʠʪʝʨʠʷ 

ʌʠʰʝʨʘ: 

 Ὂ́̋̓̕

Ὑ

ρ Ὑ

ὲ ά ρ

ά
ȟ (3.20) 

ʛʜʝ n ï ʯʠʩʣʦ ʥʘʙʣʶʜʝʥʠʡ; 

m ï ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʛʨʝʩʩʠʠ. 
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ʈʠʩʫʥʦʢ 3.17 ï ʉʧʝʢʪʨʳ ʯʘʩʪʦʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1700 ʜʦ 2100 ɻʮ 

 

ʊʘʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʜʣʷ q = 0,01, n = 6, m = 1, Fʪʘʙʣ = 13,74. 

ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ Fʬʘʢʪ = 61,23. Fʬʘʢʪ ι Fʪʘʙʣ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʟʥʘʯʠʤʦʩʪʠ 

ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ. 

ʅʘʨʷʜʫ ʩ ʧʨʦʚʝʨʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ R2 ʧʨʦʚʝʜʝʥʘ 

ʧʨʦʚʝʨʢʘ ʟʥʘʯʠʤʦʩʪʠ ʢʘʞʜʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʛʨʝʩʩʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʨʘʩʩʯʠʪʘʥʳ  

t-ʢʨʠʪʝʨʠʠ ʉʪʴʶʜʝʥʪʘ: 

 ὸ
ὥ

ά
ȟὸ

ὦ

ά
ȟὸ

ὶ

ά
ȟ (3.21) 

ʛʜʝ ma ï ʩʣʫʯʘʡʥʘʷ ʦʰʠʙʢʘ a; 

mb ï ʩʣʫʯʘʡʥʘʷ ʦʰʠʙʢʘ b; 

mrxy ï ʩʣʫʯʘʡʥʘʷ ʦʰʠʙʢʘ rxy. 

ʆʰʠʙʢʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

 ά
ρ

В ὼ ὼӶ

В ώ ώ

ὲ ς
ȟ (3.22) 
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 ά
В ώ ώ

ὲ ς

В ὼ

ὲВ ὼ ὼӶ
ȟ (3.23) 

 ά
ρ ὶ

ὲ ς
Ȣ (3.24) 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʨʘʚʥʳ: 

ma = 1,3,   mb = 11,6,   mrxy = 0,13. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ t-ʩʪʘʪʠʩʪʠʢʠ ʉʪʴʶʜʝʥʪʘ ʧʦ ʤʦʜʫʣʶ ʨʘʚʥʳ: 

ta = 7,82,   tb = 168,24,   trxy = 7,73. 

ʊʘʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ q = 0,01 ʠ k = (n-2), ʩʦʩʪʘʚʣʷʝʪ tʪʘʙʣ = 4,6. 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ t ʧʨʝʚʳʰʘʶʪ ʪʘʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʟʥʘʯʠʪ, 

ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʜʨʫʛʠʭ ʠʟʤʝʨʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ ɸʉʇʆ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʘʤʧʣʠʪʫʜʘ 

ʢʦʣʝʙʘʥʠʡè ʩʦʩʪʘʚʠʣ: 

rxy = ï 0,93. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʨʘʚʝʥ: 

R2 = 0,87. 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʠʤʝʝʪ ʚʠʜ: 

y = ï8,63x + 194,33. 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʦʢʘʟʘʥ 

ʥʘ ʈʠʩʫʥʢʝ 3.18. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʵʥʝʨʛʠʷ 

ʢʦʣʝʙʘʥʠʡè ʩʦʩʪʘʚʠʣ: 

rxy = ï 0,99. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʨʘʚʝʥ: 

R2 = 0,98. 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʠʤʝʝʪ ʚʠʜ: 

y = 34e-0,17x. 
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ʈʠʩʫʥʦʢ 3.18 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ ɸʉʇʆ 

 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʦʢʘʟʘʥ 

ʥʘ ʈʠʩʫʥʢʝ 3.19. 

 

 

ʈʠʩʫʥʦʢ 3.19 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ ɸʉʇʆ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʢʦʣʝʙʘʥʠʡè ʩʦʩʪʘʚʠʣ: 

rxy = ï 0,98. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʨʘʚʝʥ: 

R2 = 0,86. 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʠʤʝʝʪ ʚʠʜ: 

y = ï57,63x + 1051,87. 
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ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʦʢʘʟʘʥ 

ʥʘ ʈʠʩʫʥʢʝ 3.20. 

 

 

ʈʠʩʫʥʦʢ 3.20 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ ɸʉʇʆ 

 

ʉʚʦʜʥʳʝ ʜʘʥʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 3.3. 

 

ʊʘʙʣʠʮʘ 3.3 ï ʈʝʟʫʣʴʪʘʪʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʀʩʩʣʝʜʫʝʤʳʝ 

ʧʘʨʘʤʝʪʨ r

ɺʠʜ ʨʝʛʨʝʩʩʠʦʥʥʦʡ 

ʤʦʜʝʣʠ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʠ, R2 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ, rxy 

ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʘ ʦʪ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

ʧʦʣʠʥʦʤ ʧʝʨʚʦʡ 

ʩʪʝʧʝʥʠ 
0,939 ï0,969 

ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʦʪ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

ʧʦʣʠʥʦʤ ʧʝʨʚʦʡ 

ʩʪʝʧʝʥʠ 
0,869 ï0,932 

ʵʥʝʨʛʠʷ ʩʠʛʥʘʣʘ ʦʪ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 
ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ 0,981 ï0,990 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʦʪ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

ʧʦʣʠʥʦʤ ʧʝʨʚʦʡ 

ʩʪʝʧʝʥʠ 
0,958 ï0,979 

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
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1) ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. 

ʆʜʥʘʢʦ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 10 ɻʮ ʥʘ 1 ʤʤ ʪʦʣʱʠʥʳ, ʯʪʦ ʚ 

ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 0,5 %; 

2) ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʚ ʮʝʣʦʤ ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ, 

ʦʜʥʘʢʦ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ ʠ ʪʦʣʱʠʥʘʭ ʠʤʝʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʅʘ 

ʩʪʝʥʢʝ ʙʝʟ ʦʪʣʦʞʝʥʠʡ ʠ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʤʘʣʦʡ ʪʦʣʱʠʥʳ ʧʨʝʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʝ 

ʯʘʩʪʦʪʳ, ʢʦʪʦʨʳʝ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʪ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ. ʅʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ 

(ʜʠʘʧʘʟʦʥ 823 ɻʮ ʠ 1290 ɻʮ, ʈʠʩʫʥʦʢ 3.21) ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ; 

3) ʥɻʝʨʛʠʷ ʩʠʛʥʘʣʘ ʫʙʳʚʘʝʪ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ʅʝʣʠʥʝʡʥʘʷ 

ʬʫʥʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʝʪ ʥʘʢʣʘʜʳʚʘʪɹ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʛʨʘʜʫʠʨʦʚʢʫ ʜʘʪʯʠʢʘ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ 

ʵʥʝʨʛʠʷ ʩʠʛʥʘʣʘ ʠʤʝʝʪ ʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʨʨʝʣʷʮʠʠ rxy ʠ ʜʝʪʝʨʤʠʥʘʮʠʠ R2; 

4) ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʚ ʩʨʝʜʥʝʤ ʥʘ 

1,3 ʤʩ ʥʘ 1 ʤʤ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. ɼʣʷ ʩʠʛʥʘʣʘ ʩ ʠʟʥʘʯʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ  

25 ʤʩ ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 5 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ 

ʚʳʩʪʫʧʘʝʪ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ. 

 

 

ʈʠʩʫʥʦʢ 3.21 ï ʉʧʝʢʪʨʳ ʩʠʛʥʘʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʦʣʱʠʥ ʦʪʣʦʞʝʥʠʡ 
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ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA). ʈʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 3.22. 

 

 

ʈʠʩʫʥʦʢ 3.22 ï ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʘ ï ʛʨʘʬʠʢ ʩʯʝʪʦʚ; ʙ ï ʛʨʘʬʠʢ ʥʘʛʨʫʟʦʢ 

 

ʅʘ ʛʨʘʬʠʢʝ ʩʯʝʪʦʚ (ʈʠʩʫʥʦʢ 3.22 ʘ) ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʣʝʞʘʪ ʚʜʦʣʴ ʦʩʠ 

ʘʙʩʮʠʩʩ (ʧʝʨʚʦʡ ʛʣʘʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ï PC1) ʧʦ ʧʦʨʷʜʢʫ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ 

ɸʉʇʆ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ PC1 ʦʪʚʝʯʘʝʪ ʟʘ ʠʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ. 

ʇʦ ʛʨʘʬʠʢʫ ʥʘʛʨʫʟʦʢ (ʈʠʩʫʥʦʢ 3.22 ʙ) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʘʨʘʤʝʪʨ 

çʜʣʠʪʝʣʴʥʦʩʪʴè (duration) ʙʦʣʴʰʝ ʚʩʝʛʦ ʚʣʠʷʝʪ ʥʘ ʥʘʰʫ ʤʦʜʝʣʴ (ʪ.ʢ. ʥʘʭʦʜʠʪʩʷ 

ʜʘʣʴʰʝ ʦʪ 0). 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʦʚʝʜʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʦʜʥʦʛʦ 

ʜʠʘʤʝʪʨʘ, ʥʦ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ: 159ʭ10 ʤʤ, 159ʭ8 ʤʤ ʠ 159ʭ6 ʤʤ. ʊʘʢʞʝ 

ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 

ʦʜʥʦʡ ʪʦʣʱʠʥʳ, ʥʦ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ: 159ʭ6 ʤʤ, 108ʭ6 ʤʤ ʠ 73ʭ6 ʤʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 3.2 ʩʭʝʤʝ. ʇʨʦʚʝʜʝʥʳ ʩʝʨʠʠ 
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ʨʘʚʥʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʙʝʟ ʦʪʣʦʞʝʥʠʡ ʠ ʥʘ ʫʯʘʩʪʢʘʭ ʩ 

ʦʪʣʦʞʝʥʠʷʤʠ 3, 6, 9 ʠ 12 ʤʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʚʝʨʛʥʫʪʳ 

ʜʚʫʭʬʘʢʪʦʨʥʦʤʫ ʜʠʩʧʝʨʩʠʦʥʥʦʤʫ ʘʥʘʣʠʟʫ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ 

çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡè 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.4. ʇʨʦʚʝʨʷʝʤʳʝ ʛʠʧʦʪʝʟʳ: ɸ ï ʪʦʣʱʠʥʘ ɸʉʇʆ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ; ɹ ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ. 

 

ʊʘʙʣʠʮʘ 3.4 ï ʈʝʟʫʣʴʪʘʪʳ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʪʨʫʙʳ ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡè 

 ʅʘʟʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ F-ʩʪʘʪʠʩʪʠʢʘ p-ʟʥʘʯʝʥʠʝ F ʢʨʠʪʠʯʝʩʢʦʝ 

ʊʦʣʱʠʥʘ ɸʉʇʆ 8,206 0,006 3,838 

ʊʦʣʱʠʥʘ ʩʪʝʥʢʠ 16241,541 3,675Ā10-15 4,459 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʦʪʚʝʨʛʘʝʤ ʛʠʧʦʪʝʟʫ ɸ ʠ ʦʪʚʝʨʛʘʝʤ ʛʠʧʦʪʝʟʫ ɹ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ p-ʟʥʘʯʝʥʠʝ ʫ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʤʝʥʴʰʝ ʥʘ ʤʥʦʛʦ ʧʦʨʷʜʢʦʚ, 

ʯʝʤ ʵʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʫ ʧʘʨʘʤʝʪʨʘ ʪʦʣʱʠʥʘ ɸʉʇʆ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡè ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.5. ʇʨʦʚʝʨʷʝʤʳʝ 

ʛʠʧʦʪʝʟʳ: ɸ ï ʪʦʣʱʠʥʘ ɸʉʇʆ ʥʝ ʚʣʠʷʝʪ ʥʘ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ; ɹ ï ʪʦʣʱʠʥʘ 

ʩʪʝʥʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ. 

 

ʊʘʙʣʠʮʘ 3.5 ï ʈʝʟʫʣʴʪʘʪʳ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʪʨʫʙʳ ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡè 

 ʅʘʟʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ F-ʩʪʘʪʠʩʪʠʢʘ p-ʟʥʘʯʝʥʠʝ F ʢʨʠʪʠʯʝʩʢʦʝ 

ʊʦʣʱʠʥʘ ɸʉʇʆ 2,536 0,122 3,838 

ʊʦʣʱʠʥʘ ʩʪʝʥʢʠ 19,586 8,272Ā10-4 4,459 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʨʠʥʠʤʘʝʤ ʛʠʧʦʪʝʟʫ ɸ ʠ ʦʪʚʝʨʛʘʝʤ ʛʠʧʦʪʝʟʫ ɹ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ï ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡè ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.5. ʇʨʦʚʝʨʷʝʤʳʝ 
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ʛʠʧʦʪʝʟʳ: ɸ ï ʪʦʣʱʠʥʘ ɸʉʇʆ ʥʝ ʚʣʠʷʝʪ ʥʘ ʵʥʝʨʛʠʶ ʢʦʣʝʙʘʥʠʡ; ɹ ï ʪʦʣʱʠʥʘ 

ʩʪʝʥʢʠ ʥʝ ʚʣʠʷʝʪ ʵʥʝʨʛʠʶ ʢʦʣʝʙʘʥʠʡ. 

 

ʊʘʙʣʠʮʘ 3.6 ï ʈʝʟʫʣʴʪʘʪʳ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʪʨʫʙʳ ï ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡè 

 ʅʘʟʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ F-ʩʪʘʪʠʩʪʠʢʘ p-ʟʥʘʯʝʥʠʝ F ʢʨʠʪʠʯʝʩʢʦʝ 

ʊʦʣʱʠʥʘ ɸʉʇʆ 59,589 5,416Ā10-6 3,838 

ʊʦʣʱʠʥʘ ʩʪʝʥʢʠ 15,088 0,002 4,459 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʦʪʚʝʨʛʘʝʤ ʛʠʧʦʪʝʟʫ ɸ ʠ ʦʪʚʝʨʛʘʝʤ ʛʠʧʦʪʝʟʫ ɹ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ p-ʢʨʠʪʝʨʠʷ ʫ ʧʘʨʘʤʝʪʨʘ ʪʦʣʱʠʥʘ ɸʉʇʆ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡè ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.7. 

ʇʨʦʚʝʨʷʝʤʳʝ ʛʠʧʦʪʝʟʳ: ɸ ï ʪʦʣʱʠʥʘ ɸʉʇʆ ʥʝ ʚʣʠʷʝʪ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʢʦʣʝʙʘʥʠʡ; ɹ ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʥʝ ʚʣʠʷʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ. 

 

ʊʘʙʣʠʮʘ 3.7 ï ʈʝʟʫʣʴʪʘʪʳ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʪʨʫʙʳ ï ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡè 

 ʅʘʟʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ F-ʩʪʘʪʠʩʪʠʢʘ p-ʟʥʘʯʝʥʠʝ F ʢʨʠʪʠʯʝʩʢʦʝ 

ʊʦʣʱʠʥʘ ɸʉʇʆ 80,45227 1,697Ā10-6 3,838 

ʊʦʣʱʠʥʘ ʩʪʝʥʢʠ 26,54768 2,939Ā10-4 4,459 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʦʪʚʝʨʛʘʝʤ ʛʠʧʦʪʝʟʫ ɸ ʠ ʦʪʚʝʨʛʘʝʤ ʛʠʧʦʪʝʟʫ ɹ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʜʠʘʤʝʪʨ ʩʪʝʥʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡè ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.8. ʇʨʦʚʝʨʷʝʤʳʝ 

ʛʠʧʦʪʝʟʳ: ɸ ï ʪʦʣʱʠʥʘ ɸʉʇʆ ʥʝ ʚʣʠʷʝʪ ʥʘ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ; ɹ ï ʜʠʘʤʝʪʨ 

ʩʪʝʥʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ. 
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ʊʘʙʣʠʮʘ 3.8 ï ʈʝʟʫʣʴʪʘʪʳ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʜʠʘʤʝʪʨ ʩʪʝʥʢʠ ʪʨʫʙʳ ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡè 

 ʅʘʟʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ F-ʩʪʘʪʠʩʪʠʢʘ p-ʟʥʘʯʝʥʠʝ F ʢʨʠʪʠʯʝʩʢʦʝ 

ʊʦʣʱʠʥʘ ɸʉʇʆ 2,038 0,182 3,838 

ɼʠʘʤʝʪʨ ʩʪʝʥʢʠ 4677,451 5,330Ā10-13 4,459 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʨʠʥʠʤʘʝʤ ʛʠʧʦʪʝʟʫ ɸ ʠ ʦʪʚʝʨʛʘʝʤ ʛʠʧʦʪʝʟʫ ɹ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʜʠʘʤʝʪʨ ʩʪʝʥʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡè ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.9. ʇʨʦʚʝʨʷʝʤʳʝ 

ʛʠʧʦʪʝʟʳ: ɸ ï ʪʦʣʱʠʥʘ ɸʉʇʆ ʥʝ ʚʣʠʷʝʪ ʥʘ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ; ɹ ï ʜʠʘʤʝʪʨ 

ʩʪʝʥʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ. 

 

ʊʘʙʣʠʮʘ 3.9 ï ʈʝʟʫʣʴʪʘʪʳ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʜʠʘʤʝʪʨ ʩʪʝʥʢʠ ʪʨʫʙʳ ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡè 

 ʅʘʟʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ F-ʩʪʘʪʠʩʪʠʢʘ p-ʟʥʘʯʝʥʠʝ F ʢʨʠʪʠʯʝʩʢʦʝ 

ʊʦʣʱʠʥʘ ɸʉʇʆ 8,518 0,006 3,838 

ɼʠʘʤʝʪʨ ʩʪʝʥʢʠ 21,077 0,001 4,459 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʦʪʚʝʨʛʘʝʤ ʛʠʧʦʪʝʟʫ ɸ ʠ ʦʪʚʝʨʛʘʝʤ ʛʠʧʦʪʝʟʫ ɹ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʜʠʘʤʝʪʨ ʩʪʝʥʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ï ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡè ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.10. ʇʨʦʚʝʨʷʝʤʳʝ 

ʛʠʧʦʪʝʟʳ: ɸ ï ʪʦʣʱʠʥʘ ɸʉʇʆ ʥʝ ʚʣʠʷʝʪ ʥʘ ʵʥʝʨʛʠ ʁʢʦʣʝʙʘʥʠʡ; ɹ ï ʜʠʘʤʝʪʨ 

ʩʪʝʥʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʵʥʝʨʛʠ ʁʢʦʣʝʙʘʥʠʡ. 

 

ʊʘʙʣʠʮʘ 3.10 ï ʈʝʟʫʣʴʪʘʪʳ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʜʠʘʤʝʪʨ ʩʪʝʥʢʠ ʪʨʫʙʳ ï ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡè 

 ʅʘʟʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ F-ʩʪʘʪʠʩʪʠʢʘ p-ʟʥʘʯʝʥʠʝ F ʢʨʠʪʠʯʝʩʢʦʝ 

ʊʦʣʱʠʥʘ ɸʉʇʆ 14,835 0,901Ā10-4 3,838 

ɼʠʘʤʝʪʨ ʩʪʝʥʢʠ 17,445 0,001 4,459 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʦʪʚʝʨʛʘʝʤ ʛʠʧʦʪʝʟʫ ɸ ʠ ʦʪʚʝʨʛʘʝʤ ʛʠʧʦʪʝʟʫ ɹ. 
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ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʜʠʘʤʝʪʨ ʩʪʝʥʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡè ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.11. 

ʇʨʦʚʝʨʷʝʤʳʝ ʛʠʧʦʪʝʟʳ: ɸ ï ʪʦʣʱʠʥʘ ɸʉʇʆ ʥʝ ʚʣʠʷʝʪ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʢʦʣʝʙʘʥʠʡ; ɹ ï ʜʠʘʤʝʪʨ ʩʪʝʥʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ. 

 

ʊʘʙʣʠʮʘ 3.11 ï ʈʝʟʫʣʴʪʘʪʳ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʘʨʘʤʝʪʨʦʚ çʪʦʣʱʠʥʘ ɸʉʇʆ ï ʜʠʘʤʝʪʨ ʩʪʝʥʢʠ ʪʨʫʙʳ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡè 

  F-ʩʪʘʪʠʩʪʠʢʘ p-ʟʥʘʯʝʥʠʝ F ʢʨʠʪʠʯʝʩʢʦʝ 

ʊʦʣʱʠʥʘ ɸʉʇʆ 12,120 0,002 3,838 

ɼʠʘʤʝʪʨ ʩʪʝʥʢʠ 28,172 0,238Ā10-4 4,459 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʦʪʚʝʨʛʘʝʤ ʛʠʧʦʪʝʟʫ ɸ ʠ ʦʪʚʝʨʛʘʝʤ ʛʠʧʦʪʝʟʫ ɹ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʟʥʘʯʠʤʦʩʪʠ ʚʢʣʘʜʘ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ 

ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 3.23, 3.24. 

 

 

ʈʠʩʫʥʦʢ 3.23 ï ɼʚʫʭʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʦʪ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʠ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ 

 

0,10

99,87

0,02

17,70

68,34

13,96

86,19

10,91
2,89

84,04

13,87

2,09

˻͔͙ͭͦ͗ͤ͡Ύ ́ͦ͡΅͙ͤ͊ ͔͙ͫͭͤ͟˿͙͔ͭͦͪͦͤͤ ͺ͊ͭͦͪ͟·

0,00

20,00

40,00

60,00

80,00

100,00

120,00

˿
ͭ
͔
ͨ
͔
ͤ
Έ
 
͍
͡
͙
Ύ
ͤ
͙
Ύ
Σ
 
҈

̉͊ͫͭͦͭ͊s͙͔͎͙ͣͨͭͯ͒͊̏ͤͪ͡Ύ˨͡ ͙͔ͭ͡ΈͤͦͫͭΈ



84 
 

 

ʈʠʩʫʥʦʢ 3.24 ï ɼʚʫʭʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʦʪ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʠ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ, ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʠ ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʥʦʩʷʪ 

ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʪʘʢʠʝ ʠʩʩʣʝʜʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʯʘʩʪʦʪʘ ʠ ʘʤʧʣʠʪʫʜʘ 

ʢʦʣʝʙʘʥʠʡ. ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ (ʫʨʘʚʥʝʥʠʝ (3.4)), ʢʘʢ ʠ ʝʝ  

ʨʘʜʠʫʩ [94]. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʣʠʯʠʝ ʦʪʣʦʞʝʥʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʠ ʠʭ 

ʪʦʣʱʠʥʘ ʷʚʣʷʶʪʩʷ ʜʝʤʧʬʝʨʦʤ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʦʵʪʦʤʫ ʦʢʘʟʳʚʘʶʪ 

ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʵʥʝʨʛʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʥʘʣʠʯʠʷ ʩʨʝʜʳ ʚʥʫʪʨʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ 

ʠʩʩʣʝʜʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʝ 73ʭ6 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʥʦ ʤʘʩʣʦ  

(ɟ = 930 ʢʛ/ʤ3). ʀʟʤʝʨʝʥʳ ʧʘʨʘʤʝʪʨʳ ʢʦʣʝʙʘʥʠʡ ʥʘ ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʝʟ 

ʦʪʣʦʞʝʥʠʡ ʠ ʥʘ ʫʯʘʩʪʢʝ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʪʦʣʱʠʥʦʡ 3, 6, 9 ʠ 12 ʤʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʦʢʘʟʘʥʳ 

ʥʘ ʈʠʩʫʥʢʘʭ 3.25, 3.26. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʩʨʝʜʘ ʟʘʙʠʨʘʝʪ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʥʘ ʩʝʙʷ. ʆʜʥʘʢʦ 

ʧʦʩʢʦʣʴʢʫ ʚ ʢʦʣʝʙʘʥʠʷʭ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʥʘʣʠʯʠʠ ʩʨʝʜʳ ʚ ʩʘʤ 
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ʧʦʷʚʣʝʥʠʝ ʦʪʣʦʞʝʥʠʡ ʥʘ ʩʪʝʥʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ 

ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʩʨʝʜʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʪʦʣʱʠʥʳ ɸʉʇʆ. 
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3.4 ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

ʪʦʣʱʠʥʳ ɸʉʇʆ. 

ʌʫʥʜʘʤʝʥʪʦʤ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧ ï ʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ 

ʠʣʠ ʵʬʬʝʢʪ, ʧʦʣʦʞʝʥʥʳʡ ʚ ʦʩʥʦʚʫ ʠʟʤʝʨʝʥʠʷ. ɺ ʦʩʥʦʚʫ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ 

ʪʦʣʱʠʥʳ ɸʉʇʆ ʧʦʣʦʞʝʥʘ ʜʦʢʘʟʘʥʥʘʷ ʚ ʨʘʟʜʝʣʝ 3 ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʴ ʧʝʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʘ ʢʦʣʝʙʘʥʠʡ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. 

ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ï ʵʪʦ ʧʨʠʝʤ ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʝʤʦʚ (ʧʨʦʮʝʜʫʨ), 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʷ. ɺ ʦʩʥʦʚʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ ʣʝʞʘʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʜʫʨʳ. 

1. ʇʦʣʫʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ (ʵʥʝʨʛʠʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ) 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʩ ʠʟʚʝʩʪʥʦʡ ʪʦʣʱʠʥʦʡ ɸʉʇʆ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʦʜʠʪʩʷ ʢʘʣʠʙʨʦʚʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʘʣʠʙʨʦʚʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʣʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʫʯʘʩʪʢʝ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ, ʠʣʠ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʝ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʘʣʠʙʨʦʚʢʠ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʙʝʟ ʦʪʣʦʞʝʥʠʡ ʠ ʩ 

ʦʪʣʦʞʝʥʠʷʤʠ ʨʘʟʣʠʯʥʦʡ ʠʟʚʝʩʪʥʦʡ ʪʦʣʱʠʥʳ. ʆʪʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʘʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʧʦʣʫʯʘʶʪ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ ʢʦʣʝʙʘʥʠʡ ʫʯʘʩʪʢʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʝʟ ʦʪʣʦʞʝʥʠʡ ʠ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʠʟʚʝʩʪʥʦʡ ʪʦʣʱʠʥʳ. 

2. ʇʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʘʣʠʙʨʦʚʢʠ, ʩʪʨʦʪ̫ʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʣʱʠʥʳ ɸʉʇʆ ʦʪ ʠʩʩʣʝʜʫʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ: ʵʥʝʨʛʠʠ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ. 

3. ʇʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ. ʉʠʩʪʝʤʘ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʦʙʲʝʢʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʪʦʣʱʠʥʳ ɸʉʇʆ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠ ̫ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ 

ʨʝʛʠʩʪʨʘʮʠʝʡ ʠ ʦʙʨʘʙʦʪʢʦʡ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʘ ʧʦʣʫʯʘʶʪ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 
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ʨʘʥʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʥʝʠʟʚʝʩʪʥʦʡ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. 

ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩʫʥʢʝ 3.27. 

 

 

ʈʠʩʫʥʦʢ 3.27 ï ʉʭʝʤʘ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ 

ʆʙʦʟʥʘʯʝʥʠʷ: ʆʂ ï ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ; ɺ ï ʚʦʟʙʫʜʠʪʝʣʴ ʢʦʣʝʙʘʥʠʡ; ʇ ï ʧʨʠʝʤʥʠʢ ʢʦʣʝʙʘʥʠʡ; 

ɺ/ʇ ï ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʝʤ ʠ ʧʨʠʝʤʦʤ ʢʦʣʝʙʘʥʠʡ; ʄʂ - ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ ʦʪʚʝʯʘʝʪ ʩʣʝʜʫʶʱʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ: 

1) ʩʠʩʪʝʤʘʪʠʯʥʦʩʪʴ: ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʩʪʨʦʛʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʦʡ, ʦʪʦʙʨʘʞʘʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ, ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ; 

2) ʦʙʲʝʢʪʠʚʥʦʩʪʴ: ʠʟʤʝʨʝʥʠʷ ʩʚʦʙʦʜʥʳ ʦʪ ʣʠʯʥʳʭ ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ 

ʦʮʝʥʦʢ. ʄʝʪʦʜ ʜʘʝʪ ʦʜʠʥʘʢʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʢʪʦ ʧʨʦʚʦʜʠʪ 

ʠʟʤʝʨʝʥʠʷ; 

3) ʧʦʚʪʦʨʷʝʤʦʩʪʴ: ʧʨʦʚʦʜʠʤʳʝ ʠʟʤʝʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ 

ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʥʘʜʝʞʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ; 
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4) ʠʟʤʝʨʠʤʦʩʪʴ: ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ, ʧʦʜʣʝʞʘʱʠʝ ʠʟʤʝʨʝʥʠʶ, 

ʠ ʝʜʠʥʠʮʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ; 

5) ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ: ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ 

ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ; 

6) ʧʨʦʚʝʨʷʝʤʦʩʪʴ: ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʫʧʥʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʜʨʫʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ; 

7) ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʙʘʟʘ: ʧʨʠʥʮʠʧ ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʥʘʫʯʥʳʭ ʪʝʦʨʠʷʭ ʠ ʢʦʥʮʝʧʮʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʥʦʚʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ 

ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʘʫʯʥʦʛʦ ʤʝʪʦʜʘ ʠ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʥʘʜʝʞʥʳʤ ʠ 

ʵʬʬʝʢʪʠʚʥʳʤ. 

 

3.5 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ 

1. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʥʘʥʝʩʸʥʥʳʤʠ ɸʉʇʆ ʦʧʨʝʜʝʣʠʣʠ ʛʨʫʧʧʫ ʧʝʨʝʤʝʥʥʳʭ ʦʙʲʝʢʪʘ 

ʢʦʥʪʨʦʣʷ ʢʘʢ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʯʠ ʠʟʤʝʨʝʥʥʳʤʠ ʧʨʠ ʚʥʝʰʥʝʤ 

ʚʦʟʜʝʡʩʪʚʠʠ, ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʦʣʱʠʥʫ ɸʉʇʆ. ʋʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ 

ʤʝʞʜʫ ʪʦʣʱʠʥʦʡ ɸʉʇʆ ʠ ʩʣʝʜʫʶʱʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ: ʯʘʩʪʦʪʘ, ʘʤʧʣʠʪʫʜʘ, 

ʵʥʝʨʛʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʧʦ ʢʦʪʦʨʳʤ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʧʨʝʜʝʣʪ̫ ɹʪʦʣʱʠʥʫ ɸʉʇʆ, ʚʳʩʪʫʧʘʶʪ ʵʥʝʨʛʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʢʦʣʝʙʘʥʠʡ. 

3. ʇʨʝʜʣʦʞʝʥ ʠ ʦʙʦʩʥʦʚʘʥ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʝʨʝʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ.  

4. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʚ ʨʘʟʜʝʣʝ 3 ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʦ ʯʝʪʳʨʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪʳ [95ï98]. 
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4 ʈɸɿʈɸɹʆʊʂɸ ʀʅʌʆʈʄɸʎʀʆʅʅʆ-ʀɿʄɽʈʀʊɽʃʔʅʆʁ ʉʀʉʊɽʄʓ 

ʆʇʈɽɼɽʃɽʅʀʗ ʊʆʃʑʀʅʓ ʆʊʃʆɾɽʅʀʁ 

 

4.1 ʈʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤ ʀʀʉ ʆʊʆ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ɸʉʇʆ ʠʤʝʶʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʢ ʧʦ ʩʝʯʝʥʠʶ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʪʘʢ ʠ 

ʧʦ ʝʛʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʀʀʉ ʠʤʝʣʘ ʥʝʩʢʦʣʴʢʦ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʥʘʣʦʚ 

ʠʟʤʝʨʝʥʠʷ. 

ʂʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʨʝʪʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʘʥʘʣʦʚ ʧʨʦʚʦʜʠʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʦʙʲʝʢʪʘ 

ʢʦʥʪʨʦʣʷ ʩ ʮʝʣʴʶ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʷʭ: ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʝʛʦ ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʨʘʩʧʠʩʘʥʠʝ 

ʤʝʞʦʯʠʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʜʨ. 

ʂʘʞʜʳʡ ʢʘʥʘʣ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʥʝʟʘʚʠʩʠʤʦ ʠ ʠʤʝʪʴ ʚ ʩʝʙʝ ʜʚʘ ʪʨʘʢʪʘ: 

ʚʦʟʙʫʞʜʘʶʱʠʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ. ʇʝʨʚʳʡ ʪʨʘʢʪ ʚʦʟʙʫʞʜʘʝʪ ʥʘ ʦʙʲʝʢʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʙʦʜʥʳʝ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʚʪʦʨʦʡ ʪʨʘʢʪ ʧʨʝʦʙʨʘʟʫʝʪ ʘʢʫʩʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ, ʫʩʠʣʠʚʘʝʪ ʝʛʦ, 

ʦʮʠʬʨʦʚʳʚʘʝʪ ʠ ʧʝʨʝʜʘʝʪ ʚ ʢʦʥʪʨʦʣʣʝʨ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. 

ʂʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʩʥʦʚʦʡ ʠʟʤʝʨʝʥʠʷ ʙʫʜʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʤʝʥʥʳʭ (ʵʥʝʨʛʠʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ) ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ 

ʦʪʣʦʞʝʥʠʡ ʥʘ ʵʪʘʣʦʥʥʳʭ ʦʙʨʘʟʮʘʭ (ʵʪʘʧ ʢʘʣʠʙʨʦʚʢʠ ʀʀʉ) ʠ ʜʘʣʴʥʝʡʰʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʀʀʉ ʜʦʣʞʥʘ ʥʘʢʘʧʣʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪʳ ʢʘʣʠʙʨʦʚʢʠ, ʥʦ 

ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʥʘʢʦʧʣʝʥʥʳʝ ʟʥʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʢʦʥʢʨʝʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ 

ʠʤʝʥʥʦ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ɸʉʇʆ, ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ɸʉʇʆ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʚʨʝʤʝʥʠ ʛʦʜʘ, ʜʠʥʘʤʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ 
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ɸʉʇʆ ʚ ʩʨʘʚʥʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʪ.ʧ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʪʨʫʢʪʫʨʝ ʀʀʉ 

ʚʳʜʝʣʝʥ ʙʣʦʢ ï ʬʘʡʣʦʚʳʡ ʘʨʭʠʚ ʜʘʥʥʳʭ. ʅʘʣʠʯʠʝ ʬʘʡʣʦʚʦʛʦ ʘʨʭʠʚʘ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ, ʥʦ ʠ ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʟʳ ʦʙʨʘʟʦʚʘʥʠʷ ɸʉʇʆ ʚʦ 

ʚʨʝʤʝʥʠ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʀʀʉ ʆʊʆ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩʫʥʢʝ 4.1. 

ʀʀʉ ʆʊʆ ʫʧʨʘʚʣʷʝʪʩʷ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ɸʈʄ, ʩ 

ʢʦʪʦʨʦʛʦ ʟʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʨʦʣʷ ʠ ʥʘ ʢʦʪʦʨʦʤ ʦʪʦʙʨʘʞʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ. ɸʈʄ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʩʚʷʟʠ ʟʘʜʘʝʪ ʢʦʤʘʥʜʳ ʜʣʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ 

ʢʦʥʪʨʦʣʣʝʨʘ ʄʂ, ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʠʨʫʝʤʫ  ʁ ʣʦʛʠʯʝʩʢʫ  ʁ ʠʥʪʝʛʨʘʣʴʥʫ  ʁ

ʩʭʝʤʫ ʇʃʀʉ ʦʩʫʱʝʩʪʚʣʷʝʪ ʟʘʧʫʩʢ ʠʟʤʝʨʝʥʠʡ ʩ i-ʛʦ ʀʂ ʠ ʩʙʦʨ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʍʨʘʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʆʙʲʝʢʪʥʦʤ 

ʭʨʘʥʠʣʠʱʝ. 

ʀʀʉ ʆʊʆ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ. ʂʘʞʜʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʢʘʥʘʣ ʩʦʩʪʦʠʪ ʠʟ ʪʨʘʢʪʘ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʪʨʘʢʪʘ ʠʟʤʝʨʝʥʠʷ. ʂʘʥʘʣ ʚʦʟʙʫʞʜʝʥʠʷ 

ʩʦʩʪʦʠʪ ʠʟ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʎɸʇ, ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʮʠʬʨʦʚʦʡ 

ʩʠʛʥʘʣ ʩ ʇʃʀʉ ʚ ʘʥʘʣʦʛʦʚʳʡ ʟʘʜʘʥʥʦʡ ʘʤʧʣʠʪʫʜʳ, ʥʦʨʤʠʨʫʶʱʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʅʇ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʳ ʟʘʜʘʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʯʘʩʪʦʪʳ 

ʩʣʝʜʦʚʘʥʠʷ ʠ ʚʦʟʙʫʜʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ ʇɺ. ʇɺ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʚʦʟʙʫʜʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʚʦʟʙʫʞʜʘʝʪ ʚ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʪʨʘʢʪ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʚʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʢʦʣʝʙʘʥʠʡ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʇʇ, ʚʭʦʜʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ɺʋ ʠ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ɸʎʇ.  ʆʮʠʬʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʇʃʀʉ ʥʘ ʄʂ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʧʦ ʜʣʠʥʝ 

ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ, ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦ ʜʚʘ ʜʘʪʯʠʢʘ: ʥʘ ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ 

ʦʙʨʘʟʫʶʱʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ. 

ʅʘ ʈʠʩʫʥʢʝ 4.2 ʧʦʢʘʟʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʀʀʉ ʆʊʆ. 
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ʈʠʩʫʥʦʢ 4.1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʀʀʉ ʆʊʆ 

ʆʙʦʟʥʘʯʝʥʠʷ: ʀʄ ï ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ; ʇɺ ï ʚʦʟʙʫʜʠʪʝʣʴ ʢʦʣʝʙʘʥʠʡ; 

ʀɻ ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ; ʇʅ ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ; 

ʇʇ ï ʧʝʨʚʠʯʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; ɺʋ ï ʚʭʦʜʥʦʡ ʫʩʠʣʠʪʝʣʴ; 

ɸʎʇ ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; ɼʊ ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ; 

ʇʀ ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʥʪʝʨʬʝʡʩʘ; FPGA ï ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤ;r 

LoRa ïʪʝʭʥʦʣʦʛʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ; ʄʂ ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ; 

ɿʋ ï ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ; ʀʇ ï ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ; ʀʉ ï ʠʥʪʝʨʬʝʡʩ ʩʚʷʟʠ; 

ɸʈʄ ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʨʘʙʦʯʝʝ ʤʝʩʪʦ 
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ʈʠʩʫʥʦʢ 4.2 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʀʀʉ ʆʊʆ 

ʆʙʦʟʥʘʯʝʥʠ:̫ S(t) ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ; fft ï ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ; W(h) ʠ t(h) ï ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ ʀʀʉ; Wx ʠ tx ï ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʩʠʛʥʘʣʘ; hW ʠ ht ï ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ; hx ï ʚʳʯʠʩʣʝʥʥʘʷ ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ; 

hi ï ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ; ti ï ʚʨʝʤʷ ʧʨʦʛʥʦʟʘ



93 
 

ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʘʤʧʣʠʪʫʜʘ ʚʦʟʙʫʞʜʝʥʠʷ ʩʠʛʥʘʣʘ, ʝʛʦ 

ʜʣʠʪʝʣʴʥʦʩʪʴ, ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʠ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ, ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʄʂ ʚ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ. ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʟʘʜʘʥʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ ʚʦʟʙʫʞʜʘʝʪ ʥʘ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʷ ʠ ʟʘʧʠʩʳʚʘʝʪ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ S(t). 

ɿʘʧʠʩʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʩʠʛʥʘʣ S(t) ʧʝʨʝʜʘʝʪʩʷ ʚ ʙʣʦʢ ʦʙʨʘʙʦʪʢʠ, ʛʜʝ ʧʦ 

ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʙʦʪʢʘ 

ʩʠʛʥʘʣʘ: 

1) ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ fft; 

2) ʨʘʩʯʝʪ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ W ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʦ 

ʵʥʝʨʛʠʠ hW ʧʦ ʟʘʨʘʥʝʝ ʧʦʩʪʨʦʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ; 

3) ʨʘʩʯʝʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ t ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʦ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ht ʧʦ ʟʘʨʘʥʝʝ ʧʦʩʪʨʦʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ; 

4) ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ hx ʢʘʢ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʦʪ hW ʠ ht. 

ɼʘʣʝʝ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ hx ʧʝʨʝʜʘʝʪʩʷ ʚ ɹʣʦʢ ʦʮʝʥʢʠ, ʚ 

ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ hx ʩ ʧʦʨʦʛʦʚʳʤ 

ʟʥʘʯʝʥʠʝʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. ɺ ʩʣʫʯʘʝ 

ʧʨʝʚʳʰʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʨʦʛʘ ʧʨʦʠʩʭʦʜʠʪ ʦʧʦʚʝʱʝʥʠʝ ʦʧʝʨʘʪʦʨʘ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʦʯʠʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʧʷʪʠ ʠ ʙʦʣʝʝ ʠʟʤʝʨʝʥʠʡ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚʨʝʤʝʥʥʳʤ 

ʧʨʦʤʝʞʫʪʢʦʤ ti (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʨʘʟ ʚ ʥʝʜʝʣʶ), ʜʘʥʥʳʝ ʦ 

ʪʦʣʱʠʥʝ ʦʪʣʦʞʝʥʠʡ ʧʝʨʝʜʘʶʪʩʷ ʚ ɹʣʦʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʜʘʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʛʥʦʟ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʥʘ ʙʣʠʞʘʡʰʠʝ 

ʚʨʝʤʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ. ɽʩʣʠ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ ʜʦʩʪʠʛʥʝʪ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʦʧʦʚʝʱʝʥʠʝ ʦʧʝʨʘʪʦʨʘ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʝʡ ʦ ʧʣʘʥʠʨʦʚʘʥʠʠ ʦʯʠʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʇʘʨʘʤʝʪʨʳ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ, ʪʘʢʠʝ ʢʘʢ ʘʤʧʣʠʪʫʜʘ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 

ʩʠʛʥʘʣʘ, ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʨʘʙʦʪʢʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 
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ʩʠʛʥʘʣʘ, ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ï ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪ ʝʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʤʘʪʝʨʠʘʣʘ. ʋʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʜʙʠʨʘʶʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʘʣʠʙʨʦʚʢʠ ʀʀʉ ʆʊʆ. 

ʍʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʚ ʀʀʉ ʆʊʆ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʆʙʲʝʢʪʥʦʤ ʭʨʘʥʠʣʠʱʝ. 

ɺʳʙʨʘʥʥʳʡ ʪʠʧ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʭʨʘʥʝʥʠʝ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʝʝ ʟʘʱʠʪʫ ʧʦ ʧʨʠʥʮʠʧʫ 

ʥʝʠʟʤʝʥʷʝʤʦʩʪʠ ʟʘʧʠʩʘʥʥʳʭ ʜʘʥʥʳʭ ï Write Once, Read Many. ʌʘʡʣʳ ʜʘʥʥʳʭ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʦʜʠʥ ʨʘʟ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢ ʥʠʤ ʦʙʨʘʱʝʥʠʝʤ ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʠʟʤʝʥʝʥʠʷ. 

 ʆʙʲʝʢʪʥʦʝ ʭʨʘʥʠʣʠʱʝ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

1) ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʨʦʣʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʪʠʧʦʨʘʟʤʝʨʘʤ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ɼʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʟʘʧʨʘʰʠʚʘʝʪʩʷ ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ ʀʀʉ 

ʆʊʆ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʠʥʘʢʦʚʳʭ ʩʦʙʣʶʜʝʥʠʡ 

ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ; 

2) ʧʦʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʪʦʣʱʠʥʦʡ 

ʦʪʣʦʞʝʥʠʡ ʠ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʣʝʙʘʥʠʡ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʠʧʦʨʘʟʤʝʨʫ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʤʘʪʝʨʠʘʣʘ ʦʙʲʝʢʪʘ ʠ ɸʉʇʆ (ʧʣʦʪʥʦʩʪʠ). ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʢʘʣʠʙʨʦʚʢʠ ʀʀʉ ʆʊʆ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʧʦʩʪʨʦʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ; 

3) ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩ ʧʨʠʚʷʟʢʦʡ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʠ ʚʨʝʤʝʥʠ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. ɼʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. 

 

4.2 ɸʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʀʀʉ ʆʊʆ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʦʜʨʦʙʥʦ ʧʨʠʚʝʜʝʥʳ ʘʣʛʦʨʠʪʤʳ ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʀʀʉ ʆʊʆ. ʄʝʪʦʜʠʢʘ ʢʘʣʠʙʨʦʚʢʠ ʀʀʉ ʆʊʆ ʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ 

ʪʦʣʱʠʥʳ ɸʉʇʆ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʇʨʠʣʦʞʝʥʠʠ ɻ. 

ɸʣʛʦʨʠʪʤ ʢʘʣʠʙʨʦʚʢʠ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʘʭ 4.3, 4.4. 
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ʈʠʩʫʥʦʢ 4.3 ï ɸʣʛʦʨʠʪʤ ʢʘʣʠʙʨʦʚʢʠ ʀʀʉ ʆʊʆ. ʃʠʩʪ 1 
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ʈʠʩʫʥʦʢ 4.4 ï ɸʣʛʦʨʠʪʤ ʢʘʣʠʙʨʦʚʢʠ ʀʀʉ ʆʊʆ. ʃʠʩʪ 2 
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ɺ ʊʘʙʣʠʮʝ 4.1 ʧʨʠʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʭʝʤʘʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʈʠʩʫʥʢʘʭ 4.3ï4.7. 

 

ʊʘʙʣʠʮʘ 4.1 ï ʆʙʦʟʥʘʯʝʥʠʷ ʥʘ ʩʭʝʤʘʭ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʈʠʩʫʥʢʘʭ 4.3ï4.7 

ʆʙʦʟʥʘʯʝʥʠʝ ʂʦʤʤʝʥʪʘʨʠʡ 

D ɼʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ 

S ʊʦʣʱʠʥʘ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ɟ ʇʣʦʪʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ɸʉʇʆ 

T1 ʇʝʨʠʦʜ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ 

T2 ʇʝʨʠʦʜ ʩʣʝʜʦʚʘʥʠʷ ʚʦʟʙʫʞʜʘʶʱʠʭ ʩʠʛʥʘʣʦʚ 

U ʅʘʧʨʷʞʝʥʠʝ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ 

N ʂʦʣʠʯʝʩʪʚʦ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ 

T3 ʇʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ 

Si(t) i-ʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ 

ʂ ʂʦʣʠʯʝʩʪʚʦ ʟʘʧʠʩʘʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ 

W mean ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ i-ʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ 

T mean ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ  i-ʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ 

h1 
ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ, ʧʦ ʧʨʝʚʳʰʝʥʠʶ ʢʦʪʦʨʦʛʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʯʘʣʦ ʝʜʠʥʠʯʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 

w1 ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʧʠʢʘ h1 

d1 
çʄʝʨʪʚʦʝ ʚʨʝʤʷè, ʚ ʢʦʪʦʨʦʤ ʥʝ ʠʜʝʪ ʘʥʘʣʠʟ. ʅʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʙʠʚʢʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʝʛʤʝʥʪʳ 

L ʂʦʣʠʯʝʩʪʚʦ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ 

Ai max ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ i-ʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 

fi max ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ i-ʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 

f min, f max ɻʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʘ, ʚ ʢʦʪʦʨʦʤ ʠʜʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪʳ 

h2 
ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ, ʧʦ ʧʨʝʚʳʰʝʥʠʶ ʢʦʪʦʨʦʛʦ ʚʳʙʠʨʘʝʪʩʷ 

ʛʘʨʤʦʥʠʢʘ ʜʣʷ ʘʥʘʣʠʟʘ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ 

d2 ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʛʘʨʤʦʥʠʢʘʤʠ 

ti ɿʥʘʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ i-ʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 

h3 
ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʧʦ ʧʨʝʚʳʰʝʥʠʶ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 

Wi ɿʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ i-ʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 
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ʆʙʦʟʥʘʯʝʥʠʝ ʂʦʤʤʝʥʪʘʨʠʡ 

h(W)ô 
ʋʞʝ ʠʤʝʶʱʘʷʩʷ ʚ ʆʙʲʝʢʪʥʦʤ ʭʨʘʥʠʣʠʱʝ ʧʦʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʦʪ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ 

h(t)ô 
ʋʞʝ ʠʤʝʶʱʘʷʩʷ ʚ ʆʙʲʝʢʪʥʦʤ ʭʨʘʥʠʣʠʱʝ ʧʦʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ 

h(W) 
ʅʦʚʘʷ ʧʦʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

ʦʪ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ 

h(t) 
ʅʦʚʘʷ ʧʦʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ 

h ʠʟʤ ʀʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

h ʧʦʨʦʛ 
ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʪʦʨʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʦʯʠʩʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ 

 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ɸʉʇʆ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪ 

ʦʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢ ʜʨʫʛʦʤʫ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʀʀʉ ʆʊʆ. ʂʘʣʠʙʨʦʚʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ 

ʢʦʥʢʨʝʪʥʳʡ ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʨʘʟʝʮ ʪʨʫʙʦʧʨʦʚʦʜʘ ʪʦʛʦ ʞʝ ʜʠʘʤʝʪʨʘ ʠ ʪʦʣʱʠʥʳ, 

ʯʪʦ ʠ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ, ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʘʢʫʩʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʤʘʪʝʨʠʘʣʘ. ʂʘʣʠʙʨʦʚʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʧʝʨʝʤʝʥʥʳʭ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʥʘ ʦʙʨʘʟʮʝ ʙʝʟ ɸʉʇʆ ʠ ʥʘ ʪʦʤ ʞʝ ʦʙʨʘʟʮʝ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʠʟʚʝʩʪʥʦʡ 

ʪʦʣʱʠʥʳ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʘʣʠʙʨʦʚʢʠ ï 4 ʨʘʟʥʳʭ 

ʪʦʣʱʠʥ. ʐʘʛ ʪʦʣʱʠʥʳ ɸʉʇʆ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʘ ʠʤʝʥʥʦ 

ʠʩʭʦʜʷ ʠʟ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʪʦʣʱʠʥʳ ɸʉʇʆ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʧʦʨʦʛʦʚʦʤ ʟʥʘʯʝʥʠʠ ʪʦʣʱʠʥʳ ʚ 10 ʤʤ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʟʷʪʴ ʰʘʛ ʪʦʣʱʠʥʳ ɸʉʇʆ 

ʚ 3 ʤʤ. 

ʇʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʀʀʉ, ʚ ʩʠʩʪʝʤʫ ʚʚʦʜʷʪʩʷ 

ʧʘʨʘʤʝʪʨʳ ʪʨʫʙʦʧʨʦʚʦʜʘ ï ʜʠʘʤʝʪʨ D ʠ ʪʦʣʱʠʥʘ S, ʠ, ʝʩʣʠ ʠʤʝʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, 

ʧʣʦʪʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ɟ (ʙʣʦʢ 1). ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʱʝʥʠʝ ʢ ʆʙʲʝʢʪʥʦʤʫ 

ʭʨʘʥʠʣʠʱʫ (ʙʣʦʢ 2). ʀʟ ʆʙʲʝʢʪʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʚʳʛʨʫʞʘʶʪʩʷ ʠʤʝʶʱʠʝʩʷ 
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ʧʘʨʘʤʝʪʨʳ ʘʤʧʣʠʪʫʜʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ U, ʧʝʨʠʦʜ ʚʦʟʙʫʞʜʝʥʠʷ T1 ʠ 

ʧʝʨʠʦʜ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ T2, ʠʩʭʦʜʷ ʠʟ ʜʠʘʤʝʪʨʘ D ʠ ʪʦʣʱʠʥʳ S ʦʙʲʝʢʪʘ 

ʢʦʥʪʨʦʣʷ (ʙʣʦʢ 3). ɽʩʣʠ ʚ ɸʨʭʠʚʝ ʠʥʬʦʨʤʘʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ (ʥʘʧʨʠʤʝʨ, ʦʙʲʝʢʪ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚʧʝʨʚʳʝ), ʧʘʨʘʤʝʪʨʳ U, T1 ʠ T2 ʧʦʜʙʠʨʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ 

ʟʘʥʦʩʷʪʩʷ ʚ ʆʙʲʝʢʪʥʦʝ ʭʨʘʥʠʣʠʱʝ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʀʀʉ ʆʊʆ ʚʥʦʩʷʪʩʷ U, T1, T2, ʘ ʪʘʢʞʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ N (ʙʣʦʢ 4). ʇʦ ʢʦʤʘʥʜʝ ʦʧʝʨʘʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʥʘ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦ 

ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʠ ʟʘʧʠʩʴ ʜʘʥʥʳʭ ʢʦʣʝʙʘʥʠʷ ʧʝʨʚʠʯʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ 

(ʙʣʦʢʠ 5-9). ɿʘʧʠʩʘʥʥʳʡ ʩʠʛʥʘʣ S(t) ʧʝʨʝʜʘʝʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʚ ʄʂ 

(ʙʣʦʢ 10). 

ʇʦʩʣʝ ʟʘʧʠʩʠ ʚʩʝʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ (ʙʝʟ ʦʪʣʦʞʝʥʠʡ ʠ ʩ 

ʦʪʣʦʞʝʥʠʷʤʠ ʠʟʚʝʩʪʥʦʡ ʪʦʣʱʠʥʳ) ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʦʙʨʘʙʦʪʢʘ (ʙʣʦʢʠ 13-15). 

ɸʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩʫʥʢʝ 4.5.  

ʆʙʦʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʭʝʤʝ ʘʣʛʦʨʠʪʤʘ ʥʘ ʈʠʩʫʥʢʝ 4.5, 

ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 4.2. 

ʇʝʨʚʦʡ ʦʧʝʨʘʮʠʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʠʣʴʪʨʘʮʠʷ ʩʠʛʥʘʣʘ ʧʦ ʟʘʜʘʥʥʳʤ 

ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʷʤ h1, w1 ʠ d2 (ʙʣʦʢ 14.1). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʠʣʴʪʨʘʮʠʠ 

ʩʦʟʜʘʝʪʩʷ ʚʳʙʦʨʢʘ ʠʟ N ʦʪʜʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʩʦʜʝʨʞʘʱʠʭ ʝʜʠʥʠʯʥʳʝ ʠʤʧʫʣʴʩʳ ʢʦʣʝʙʘʥʠʡ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ (ʙʣʦʢ 14.2). 

ɽʜʠʥʠʯʥʳʡ i-ʡ ʠʤʧʫʣʴʩ ʢʦʣʝʙʘʥʠʷ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʜʠʩʢʨʝʪʥʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʌʫʨʴʝ (ʙʣʦʢ 14.4) ʩ ʜʘʣʴʥʝʡʰʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ fmax ʠ ʝʝ ʘʤʧʣʠʪʫʜʳ Amax ʧʦ ʟʘʜʘʥʥʳʤ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʷʤ 

ʤʠʥʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʛʘʨʤʦʥʠʢʠ h2 ʠ ʜʠʩʪʘʥʮʠʝʡ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʛʘʨʤʦʥʠʢʘʤʠ 

d2 (ʙʣʦʢ 14.5).  

ɼʘʣʝʝ ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʣʝʙʘʥʠʷ ti ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʢʨʘʡʥʠʤʠ ʧʠʢʘʤʠ ʥʘ ʚʨʝʤʝʥʥʦʤ ʛʨʘʬʠʢʝ ʩʠʛʥʘʣʘ ʧʨʝʚʳʰʘʶʱʠʤʠ ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ 

ʘʤʧʣʠʪʫʜʳ h3 (ʙʣʦʢ 14.6). 
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ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ (ʙʣʦʢ 14.7) ʠʜʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʷ 

Wi ʧʦ ʬʦʨʤʫʣʝ (3.12). ʇʦʣʫʯʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʝ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʜʘʪʘ-ʩʝʪ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

(ʙʣʦʢ 14.9). 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚʩʝʭ ʩʝʛʤʝʥʪʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʚʦʜʠʪʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ  ʥʘ ʧʨʝʜʤʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʫʙʳʭ 

ʦʰʠʙʦʢ ʩ ʮʝʣʴʶ ʠʭ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ (ʙʣʦʢ 14.10). ɻʨʫʙʳʝ 

ʦʰʠʙʢʠ ʚʳʷʚʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ çʪʨʝʭ ʩʠʛʤè. ʇʦʩʣʝ ʫʩʪʨʘʥʝʥʠʷ 

ʛʨʫʙʳʭ ʦʰʠʙʦʢ ʥʘʭʦʜʷʪʩʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ fmean, ʘʤʧʣʠʪʫʜʳ Amean, 

ʵʥʝʨʛʠʠ Wmean ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ tmean ʢʦʣʝʙʘʥʠʡ. ʏʘʩʪʦʪʘ ʠ ʘʤʧʣʠʪʫʜʘ ʚʳʩʪʫʧʘʶʪ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʵʥʝʨʛʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ï ʦʩʥʦʚʥʳʤʠ, ʧʦ 

ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʨʘʩʯʝʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʆʙʲʝʢʪʥʦʝ ʭʨʘʥʠʣʠʱʝ (ʙʣʦʢ 14.11). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʢʘʣʠʙʨʦʚʢʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ, ʠʤʝʝʪʩʷ ʙʘʟʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ 

Wmean ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʣʝʙʘʥʠʷ tmean ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʣʱʠʥ ɸʉʇʆ. ʅʘ 

ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʙʘʟʳ ʟʥʘʯʝʥʠʡ ʩʪʨʦʷʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʣʱʠʥʳ 

ʦʪʣʦʞʝʥʠʡ ʦʪ ʧʝʨʝʤʝʥʥʳʭ Wmean ʠ tmean (ʙʣʦʢʠ 16, 17). ɺʳʙʨʘʥʥʘʷ ʬʫʥʢʮʠʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʦʣʞʥʘ ʥʝ ʪʦʣʴʢʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʪʴ ʨʝʛʨʝʩʩʠʦʥʥʫʶ ʤʦʜʝʣʴ, ʥʦ ʠ 

ʠʤʝʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʝ ʙʦʣʝʝ 10 %. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʆʙʲʝʢʪʥʦʝ ʭʨʘʥʠʣʠʱʝ ʠ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʩʣʝʜʫʶʱʠʭ 

ʠʟʤʝʨʝʥʠʡ (ʙʣʦʢ 22). ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʚ ʆʙʲʝʢʪʥʦʤ ʭʨʘʥʠʣʠʱʝ ʫʞʝ ʧʦʩʪʨʦʝʥʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ, ʧʨʦʚʦʜʠʪʩʷ 

ʩʨʘʚʥʝʥʠʝ ʧʦʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩ ʫʞʝ ʠʤʝʶʱʠʤʠʩʷ, ʜʣʷ ʠʭ 

ʫʪʦʯʥʝʥʠʷ (ʙʣʦʢʠ 18-21). 

ɸʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʀʀʉ ʆʊʆ ʧʦʢʘʟʘʥ ʥʘ 

ʈʠʩʫʥʢʘʭ 4.6, 4.7. ʆʙʦʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʭʝʤʘʭ ʘʣʛʦʨʠʪʤʘ ʥʘ 

ʈʠʩʫʥʢʘʭ 4.6, 4.7 ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 4.2. 

 



102 
 

 

ʈʠʩʫʥʦʢ 4.6 ï ɸʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. ʃʠʩʪ 1 



103 
 

 

ʈʠʩʫʥʦʢ 4.7 ï ɸʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. ʃʠʩʪ 2 



104 
 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʀʀʉ ʆʊʆ ʥʘ ʦʙʲʝʢʪʝ ʢʦʥʪʨʦʣʷ, ʦʧʝʨʘʪʦʨ ʚʚʦʜʠʪ 

ʧʘʨʘʤʝʪʨʳ U, T1, T2 ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ 

ʫʜʘʨʦʚ ʚʦʟʙʫʞʜʝʥʠʷ N, ʘ ʪʘʢʞʝ ʟʘʜʘʝʪ ʧʘʨʘʤʝʪʨ T3 ï ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ, ʯʝʨʝʟ 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʠʟʤʝʨʝʥʠʝ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ (ʙʣʦʢ 1-3). T3 

ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʯʘʩʳ, ʜʥʠ ʠʣʠ ʥʝʜʝʣʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʠʤʝʥʥʦ, ʦʪ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ɸʉʇʆ. T3 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦ ʚʨʝʤʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. 

ɹʣʦʢʠ 4-9 ʘʥʘʣʦʛʠʯʥʳ ʘʣʛʦʨʠʪʤʫ ʧʨʦʚʝʜʝʥʠʷ ʢʘʣʠʙʨʦʚʢʠ ʀʀʉ ʆʊʆ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ Wmean ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ tmean (ʙʣʦʢ 9). ɼʘʣʝʝ, ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ ʀʀʉ ʆʊʆ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ ʢʘʢ ʩʨʝʜʥʠʡ ʧʘʨʘʤʝʪʨ ʤʝʞʜʫ ʪʦʣʱʠʥʦʡ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ 

Wmean ʠ ʪʦʣʱʠʥʦʡ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ tmean (ʙʣʦʢʠ 10-11): 

 Ὤ̉ ̈̍

ρ

ς
Ὤ Ὤ ȟ (4.1) 

ʛʜʝ hw ï ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʣʱʠʥʳ ɸʉʇʆ ʧʦ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ; 

ht ï ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʣʱʠʥʳ ɸʉʇʆ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʩʨʘʚʥʝʥʠʝ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ (ʙʣʦʢ 13). ɺ ʩʣʫʯʘʝ ʧʨʝʚʳʰʝʥʠʷ 

ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʧʦʚʝʱʝʥʠʝ ʦʧʝʨʘʪʦʨʘ ʩ ʮʝʣʴʶ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʦʯʠʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʙʣʦʢ 14).  

ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʧʨʝʚʳʰʘʝʪ 5, ʧʨʦʚʦʜʠʪʩʷ ʵʢʩʪʨʘʧʦʣʷʮʠʷ 

ʜʘʥʥʳʭ ʥʘ ʙʣʠʞʘʡʰʠʡ ʚʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʦʧʝʨʘʪʦʨʦʤ 

(ʙʣʦʢʠ 15, 16). ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

ʧʨʝʚʳʰʘʶʪ ʟʘʜʘʥʥʦʝ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦʧʝʨʘʪʦʨʘ 

ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʧʣʘʥʠʨʦʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʦʯʠʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ  

(ʙʣʦʢʠ 17-20). 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʘʣʛʦʨʠʪʤʦʚ ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀʉ ʆʊʆ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʦ ʠ ʜʦʧʦʣʥʝʥʦ ʇʆ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʚ ʨʘʟʜʝʣʝ 3 ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʦʡ 

ʯʘʩʪʝʡ ʇʆ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʂ 

ʤʪʝʨʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʯʘʩʪʠ ʇʆ ʀʀʉ ʦʪʥʝʩʝʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ, 

ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʧʨʦʮʝʜʫʨʳ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ ʠ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ. ʂ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʦʡ 

ʯʘʩʪʠ ʇʆ ʀʀʉ ʦʪʥʝʩʝʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʫʩʪʘʥʦʚʢʫ ʨʘʙʦʯʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʳʜʝʣʝʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʜʣʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʡ ʯʘʩʪʠ ʇʆ ʀʀʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʇʆ ʀʀʉ ʆʊʆ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 4.8. 

 

 

ʈʠʩʫʥʦʢ 4.8 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʇʆ 
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ɺʳʜʝʣʝʥʦ ʪʨʠ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ ʇʆ: 

1) ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʄʝʪʨʦʣʦʛʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʘʷ ʯʘʩʪʴ ʇʆ. 

ʆʩʫʱʝʩʪʚʣʷʝʪ ʚʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʨʝʥʠʷ ʠ ʢʘʣʠʙʨʦʚʢʠ, ʫʧʨʘʚʣʷʝʪ ʤʦʜʫʣʷʤʠ 

ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʯʘʩʪʠ, ʦʪʚʝʯʘʝʪ ʟʘ 

ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʇʆ; 

2) ʫʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʄʝʪʨʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʯʘʩʪʴ ʇʆ. ʅʘ 

ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʦʮʝʥʢʘ ʪʦʣʱʠʥʳ ɸʉʇʆ ʠ ʧʨʦʛʥʦʟ ʪʦʣʱʠʥʳ ɸʉʇʆ ʚʦ ʚʨʝʤʝʥʠ; 

3) ʫʨʦʚʝʥʴ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ʄʝʪʨʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʯʘʩʪʴ ʇʆ. 

ʋʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥ ʆʙʲʝʢʪʥʳʤ ʭʨʘʥʠʣʠʱʝʤ ʜʘʥʥʳʭ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. ʈʝʘʣʠʟʫʝʪʩʷ ʧʦ ʩʭʝʤʝ çWrite Once, Read 

Manyè, ʩ ʮʝʣʴʶ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʦʪ ʠʟʤʝʥʝʥʠʡ. 

ʅʘʟʥʘʯʝʥʠʝ ʠ ʬʫʥʢʮʠʠ ʦʪʜʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʧʨʠʚʝʜʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 4.2. 

ʅʘ ʈʠʩʫʥʢʘʭ 4.9ï4.11 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʇʆ. 

ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʥʦ ʢʦʜʘ ʧʨʠʚʝʜʝʥ ʚ ʇʨʠʣʦʞʝʥʠʠ ɸ. 

 

ʊʘʙʣʠʮʘ 4.2 ï ʌʫʥʢʮʠʠ ʤʦʜʫʣʝʡ ʇʆ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ 
ɺʳʧʦʣʥʷʝʤʳʝ ʬʫʥʢʮʠʠ 

ʄʦʜʫʣʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ 

ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢʘʣʠʙʨʦʚʢʠ ʠ 

ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʘ ʨʘʟʚʠʪʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ ʚʦ 

ʚʨʝʤʝʥʠ ʚ ʛʨʘʬʠʯʝʩʢʠʭ ʠ ʪʘʙʣʠʯʥʳʭ ʬʦʨʤʘʭ 

ʄʦʜʫʣʴ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ 

ɿʘʜʘʝʪ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ, ʧʘʨʘʤʝʪʨʳ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʪʦʣʱʠʥʳ ɸʉʇʆ ʠ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʄʦʜʫʣʴ ʦʪʯʝʪʥʦʩʪʠ 

ʆʩʫʱʝʩʪʚʣʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʦʜʫʣʝʤ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʆʙʲʝʢʪʥʳʤ ʭʨʘʥʠʣʠʱʝʤ ʩ ʮʝʣʴʶ 

ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʟʘ ʚʳʙʨʘʥʥʳʡ 

ʚʨʝʤʝʥʥʦʡ ʧʝʨʠʦʜ 
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ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ 
ɺʳʧʦʣʥʷʝʤʳʝ ʬʫʥʢʮʠʠ 

ʄʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʩʙʦʨʦʤ ʜʘʥʥʳʭ  
ʆʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʀʂ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʆʂ 

ʄʦʜʫʣʴ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ 

ʆʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦʛʨʘʤʤʥʫʶ ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʘ ʩ ʮʝʣʴʶ 

ʚʳʯʠʩʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʄʦʜʫʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ 

ɸʉʇʆ 

ʆʧʨʝʜʝʣʷʝʪ ʪʦʣʱʠʥʫ ɸʉʇʆ, ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʜʘʥʥʳʝ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ 

ʄʦʜʫʣʴ ʦʮʝʥʢʠ ʪʦʣʱʠʥʳ ɸʉʇʆ 
ʆʩʫʱʝʩʪʚʣʷʝʪ ʦʮʝʥʢʫ ʪʦʣʱʠʥʳ ɸʉʇʆ ʧʦ ʟʘʜʘʥʥʦʤʫ 

ʧʦʨʦʛʫ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʆʂ 

ʄʦʜʫʣʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʆʪʚʝʯʘʝʪ ʟʘ ʧʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʘʣʠʙʨʦʚʢʠ ʀʀʉ ʆʊʆ 

ʄʦʜʫʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʦʣʱʠʥʳ 

ɸʉʇʆ ʚʦ ʚʨʝʤʝʥʠ 

ʆʪʚʝʯʘʝʪ ʟʘ ʵʢʩʪʨʘʧʦʣʷʮʠʶ ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʷ ʥʘ ʚʳʙʨʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʢ 

ʆʙʲʝʢʪʥʦʝ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ ʆʙʝʩʧʝʯʠʚʘʝʪ ʭʨʘʥʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

 

 

ʈʠʩʫʥʦʢ 4.9 ï ʆʙʨʘʙʦʪʢʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʪʦʣʱʠʥʦʡ ɸʉʇʆ 6 ʤʤ 
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ʈʠʩʫʥʦʢ 4.10 ï ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ɸʉʇʆ 

 

 

ʈʠʩʫʥʦʢ 4.11 ï ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʠʟʤʝʨʝʥʠʡ 
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4.3 ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʀʀʉ ʆʊʆ 

ɺ ʨʘʤʢʘʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʦʚʘʥʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ, ʚʳʟʚʘʥʥʘʷ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʵʣʝʢʪʨʦʥʥʳʭ ʙʣʦʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚ ʀʀʉ ʆʊʆ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʳʙʨʘʥʥʳʤ 

ʤʝʪʦʜʦʤ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. 

 

ɸʥʘʣʠʟ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʜʣʷ ʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʩʭʝʤʫ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʀʀʉ ʆʊʆ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʥʘʣ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ: 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʀɻ, ʧʝʨʚʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʇʇ, ʫʩʠʣʠʪʝʣʷ ʋ ʠ 

ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ɸʎʇ (ʈʠʩʫʥʦʢ 4.12). 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ʆʧʦʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ 

ʟʘʜʘʝʪʩʷ ʦʧʝʨʘʮʠʦʥʥʳʤ ʫʩʠʣʠʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ. 

 

 

ʈʠʩʫʥʦʢ 4.12 ï ɹʣʦʢ-ʩʭʝʤʘ ʀʂ 

ʆʙʦʟʥʘʯʝʥʠʷ: ʀɻ ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ; ʆʂ ï ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ; ʇʇ ï ʧʝʨʚʠʯʥʳʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; ʋ ï ʫʩʠʣʠʪʝʣʴ; ɸʎʇ ï ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ LM317T, 

ʦʙʣʘʜʘʶʱʠʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ŭUʚʳʭ = 0,1 %, ʪʠʧ 

ʧʦʛʨʝʰʥʦʩʪʠ ï ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʘʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʚʳʙʨʘʥ 

LM358. ʅʝʦʙʭʦʜʠʤʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 12 ɺ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʚʳʙʨʘʥ ʂ = 1000. ʇʦʛʨʝʰʥʦʩʪʴ ʩʤʝʱʝʥʠʷ ʫʩʠʣʠʪʝʣʷ  

ȹʩʤ = 7 ʤɺ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʤʝʱʝʥʠʷ ʜʣʷ 12 ɺ ʩʦʩʪʘʚʣʷʝʪ: 

‏̒ Ȣ̍̉ ̄

Ў̒ ̍

Ὗ̍ ́̋̒
ϽρππϷ

πȟππχ ˏ

ρς ˏ
ϽρππϷπȟπφ ϷȢ 
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ʊʠʧ ʧʦʛʨʝʰʥʦʩʪʠ ï ʘʜʜʠʪʠʚʥʘʷ. ʉʦʙʩʪʚʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

ʫʩʠʣʠʪʝʣʷ ʂʩ = 100 ʜɹ, ʠʣʠ ʂʩ = 100000. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʫʩʠʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ: 

‏̋ Ȣ̔̉ ̄

ὑ

ὑ̒
ϽρππϷ

ρπππ

ρπππππ
ϽρππϷπȟπρ ϷȢ 

ʊʠʧ ʧʦʛʨʝʰʥʦʩʪʠ ï ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʘʷ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʣʠʥʝʡʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʥ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʤʠʢʨʦʬʦʥ ecm8000 ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝʣʠʥʝʡʥʦʩʪʠ 2 ʜɹ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʫʩʠʣʝʥʠʷ 60 ʜɹ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʛʨʝʰʥʦʩʪʴ ʇʇ ʩʦʩʪʘʚʣʷʝʪ ŭʧʧ = 3,3 %. ʊʠʧ 

ʧʦʛʨʝʰʥʦʩʪʠ ï ʘʜʜʠʪʠʚʥʘʷ. 

ɺʭʦʜʥʦʡ ʫʩʠʣʠʪʝʣʴ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʢʘʥʘʣʝ ï LM358. ʅʝʦʙʭʦʜʠʤʦʝ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 2,8 ɺ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

ʚʳʙʨʘʥ ʂ = 1000. ʇʦʛʨʝʰʥʦʩʪʴ ʩʤʝʱʝʥʠʷ ʫʩʠʣʠʪʝʣʷ ȹʩʤ = 7 ʤɺ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʩʤʝʱʝʥʠʷ ʜʣʷ 2,8 ɺ ʩʦʩʪʘʚʣʷʝʪ: 

‏̒ Ȣ̍̔

Ў̒ ̍

Ὗ̍ ́̋̒
ϽρππϷ

πȟππχ ˏ

ςȟψ ˏ
ϽρππϷπȟςυ ϷȢ 

ʇʦʛʨʝʰʥʦʩʪ ɹʫʩʠʣʝʥʠʷ ʜʣʷ ʂ = 1000 ʨʘʩʩʯʠʪʘʥʘ ʨʘʥʝʝ ʠ ʩʦʩʪʘʚʣʷʝʪ: 

‏̋ Ȣ̔̔ πȟπρ ϷȢ 

ɺ ʢʘʯʝʩʪʚʝ ɸʎʇ ʚʳʙʨʘʥ 16-ʙʠʪʥʳʡ AD7680, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 

ʧʠʪʘʥʠʷ 5,5 ɺ ʠ ʠʟʤʝʨʷʝʤʦʤ ʚʭʦʜʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʧʨʠ ʪʘʢʦʤ ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʥʠʷ 

2,8 ɺ. ʇʦʛʨʝʰʥʦʩʪʴ ʫʩʠʣʝʥʠʷ ɸʎʇ ŭʢʫ.ʘʮʧ = 0,038 %, ʪʠʧ ʧʦʛʨʝʰʥʦʩʪʠ ï 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʘʷ. ʇʦʛʨʝʰʥʦʩʪʴ ʢʚʘʥʪʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

Ў̋ Ȣ̃́ ̗̐

Ὗ̍ ́̋̒

ς

ςȟψ ˏ

ς
τȟςχϽρπ ˏȟ 

ʛʜʝ Umax ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʘʥʘʣʦʛʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʭʦʜʝ; 

N ï ʯʠʩʣʦ ʟʥʘʯʘʱʠʭ ʨʘʟʨʷʜʦʚ ɸʎʇ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʢʚʘʥʪʦʚʘʥʠʷ ɸʎʇ ʩʦʩʪʘʚʣʷʝʪ: 

‏̋ Ȣ̃́ ̗̐

Ў̋ Ȣ̃́ ̗̐

Ὗ̍ ́̋̒
ϽρππϷρȟυϽρπ ϷȢ 

ʊʠʧ ʧʦʛʨʝʰʥʦʩʪʠ ï ʘʜʜʠʪʠʚʥʘʷ. 
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ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʤʝʱʝʥʠʷ ɸʎʇ ʩʦʩʪʘʚʣʷʝʪ Ñ1,68 ʤɺ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʤʝʱʝʥʠʷ ɸʎʇ ʨʘʚʥʘ: 

‏̒ Ȣ̍́ ̗̐

ρȟφψϽρπ ˏ

Ὗ̍ ́̋̒
ϽρππϷφȟπϽρπ ϷȢ 

ʊʠʧ ʧʦʛʨʝʰʥʦʩʪʠ ï ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʘʷ. 

ʊʝʧʝʨʴ, ʢʦʛʜʘ ʦʧʨʝʜʝʣʝʥʳ ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʠʭ ʪʠʧʳ, ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ 

ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 4.13. 

 

 

ʈʠʩʫʥʦʢ 4.13 ï ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ 

 

ɼʘʣʴʥʝʡʰʠʡ ʨʘʩʯʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʀʂ ʠ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʧʨʦʚʝʜʝʥ rʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [99]. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʬʦʨʤʳ 

ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʧʝʨʘʮʠʠ 

ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʥʘʜ ʩʨʝʜʥʠʤʠ ʢʚʘʜʨʘʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʧʦʛʨʝʰʥʦʩʪʝʡ [100]. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝʩʪʠ ʟʥʘʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ 

ʠʭ ʉʂʆ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʟʘʢʦʥʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ʆʙʱʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

‚‏„  „  ȟ (4.2)‚‏

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʀʂ; 

‚‏„  - ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ i-ʛo  

ʢʦʤʧʦʥʝʥʪʘ, %. 

ʉʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ i-ʛo  

ʢʦʤʧʦʥʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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‚‏„ 
ȿ‏ȿ

ὑ
ȟ (4.3) 

ʛʜʝ ‏  ï ʧʨʝʜʝʣ ʜʦʧʫʩʢʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ i-ʛo  

ʢʦʤʧʦʥʝʥʪʘ, %; 

ὑ ï  ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ. 

ʉʫʤʤʠʨʦʚʘʥʠʝ ʘʜʜʠʪʠʚʥʦʡ ʠ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʜʝʣʴʥʦ. 

ʇʦʩʢʦʣʴʢʫ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʀʂ, 

ʥʦʨʤʠʨʦʚʘʥʳ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʠʭ ʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʠ ʩʣʫʯʘʡʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ, 

ʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [99] ʧʨʠʥʠʤʘʝʪʩʷ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ ʟʘʢʦʥʫ ʨʘʚʥʦʤʝʨʥʦʡ ʧʣʦʪʥʦʩʪʠ, 

ὑ Ѝσ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉʂʆ ʘʜʜʠʪʠʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʩʤʝʱʝʥʠʷ ʀɻ: 

„̒ Ȣ̍̉ ̄
́

πȟπφ Ϸ

Ѝσ
πȟπσυ ϷȢ 

ʉʂʆ ʘʜʜʠʪʠʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʇʇ: 

„̐ ̐
́

σȟσ Ϸ

Ѝσ
ρȟωρ ϷȢ 

ʉʂʆ ʘʜʜʠʪʠʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʩʤʝʱʝʥʠʷ ʋ: 

„̒ Ȣ̍̔
́

πȟςυ Ϸ

Ѝσ
πȟρτ ϷȢ 

ʉʂʆ ʘʜʜʠʪʠʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʩʤʝʱʝʥʠʷ ɸʎʇ: 

„̒ Ȣ̍́ ̗̐
́

φȟπϽρπ Ϸ

Ѝσ
ςȟφπϽρπ ϷȢ 

ʉʂʆ ʘʜʜʠʪʠʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʢʚʘʥʪʦʚʘʥʠʷ ɸʎʇ: 

„̋ Ȣ̃́ ̗̐
́

φȟπϽρπ Ϸ

Ѝσ
σȟτφϽρπ ϷȢ 

ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʉʂʆ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʧʦʵʪʦʤʫ 

ʩʫʤʤʘʨʥʦʝ ʉʂʆ ʘʜʜʠʪʠʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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„В́ πȟπσυπȟρτ ρȟωρ ςȟφπϽρπ σȟτφϽρπ Ȣ 

ɺʚʠʜʫ ʤʘʣʦʩʪʠ ʚʩʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʉʂʆ ʧʦʛʨʝʰʥʦʩʪʠ, ʢʨʦʤʝ ʉʂʆ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʇʇ ʠ ʫʩʠʣʝʥʠʷ ʋ, ʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʩʥʦʚʥʦʡ ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚ ʀʂ ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʢʦʣʝʙʘʥʠʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʠ ʝʛʦ ʫʩʠʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʋ. 

„В́ ρȟωρυ ϷȢ 

ʅʘʡʜʝʤ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʦʛʨʝʰʥʦʩʪʠ ʀʂ. 

ʉʂʆ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʀɻ: 

„ Ȣ̉̄
̍

πȟρ Ϸ

Ѝσ
πȟπυψ ϷȢ 

ʉʂʆ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʫʩʠʣʝʥʠʷ ʀɻ: 

„̋ Ȣ̔̉ ̄
̍

πȟπρ Ϸ

Ѝσ
πȟππφ ϷȢ 

ʉʂʆ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʫʩʠʣʝʥʠʷ ʋ: 

„̋ Ȣ̔̔
̍

πȟπρ Ϸ

Ѝσ
πȟππφ ϷȢ 

ʉʂʆ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʫʩʠʣʝʥʠʷ ɸʎʇ: 

„̋ Ȣ̔́ ̗̐
̍

πȟπσψ Ϸ

Ѝσ
πȟπςς ϷȢ 

ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʉʂʆ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʧʦʵʪʦʤʫ 

ʩʫʤʤʘʨʥʦʝ ʉʂʆ ʘʜʜʠʪʠʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʫʤʤʘ 

ʚʩʝʭ ʉʂʆ: 

„В̍ πȟπυψπȟππφπȟππφπȟπςς πȟπφ ϷȢ 

ʉʫʤʤʘʨʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

‏̞  ˗ ὑ„В Ȣ́ (4.4) 

ɼʣʷ ʯʠʩʣʘ ʢʦʤʧʦʥʝʥʪʦʚ ʙʦʣʴʰʝ 4 ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʩʪʨʝʤʠʪʩʷ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ὑ ρȟωφ. 

ʉʫʤʤʘʨʥʘʷ ʘʜʜʠʪʠʚʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʀʂ: 

‏̞ ˗
́ ρȟωφπϽρȟωρυ Ϸ σȟχυ ϷȢ 

ʉʫʤʤʘʨʥʘʷ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʀʂ: 
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‏̞ ˗
̍ ρȟωφϽπȟπφ Ϸ πȟρρψ ϷȢ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 

‏̞ ˗ ˗‏̞
́ ˗‏̞

̍ σȟχυ ϷȢ 

 

ɸʥʘʣʠʟ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʄʝʪʦʜʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʴʶ ʠʟʤʝʨʝʥʠʷ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ, ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʈʠʩʫʥʦʢ 4.14): 

ʠʟʤʝʨʝʥʠʝ ʵʪʘʣʦʥʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(ʢʦʤʧʦʥʝʥʪ ʂ1), ʧʦʛʨʝʰʥʦʩʪʴ, ʚʥʦʩʠʤʘʷ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʢʘʥʘʣʦʤ (ʢʦʤʧʦʥʝʥʪ ʂ2) 

ʠ ʧʦʛʨʝʰʥʦʩʪʴʶ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʦʪ ʵʥʝʨʛʠʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ 

(ʢʦʤʧʦʥʝʥʪ ʂ3). 

 

 

ʈʠʩʫʥʦʢ 4.14 ï ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

 

ʄʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ: 

 Ў ˙ Ὤ̉‏ Ὓ̋ Ὓ Ὓ Ў̞ Ὓ̒ Ὓ Ὓ Ў̉ Ὓ̋ Ὓ Ў́ Ὓ̐ ȟ (4.5) 

ʛʜʝ h ï ʊʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ; 

SK1, SK2, SK3 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʣʦʢʘ; 

ȹɻ ʩ ï ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʵʪʘʣʦʥʥʦʛʦ ʩʣʦʷ ʦʪʣʦʞʝʥʠʷ; 

ŭʠʢ ʠ ȹʠʢ ï ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʘʷ ʠ ʘʜʜʠʪʠʚʥʘʷ ʧʦʛʨʝʰʥʦʩʪʠ ʀʂ; 

ȹʘʧ ï ʧʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ʀʟʤʝʨʝʥʠʝ ʵʪʘʣʦʥʥʦʛʦ ʩʣʦʷ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʘʣʠʙʨʦʚʢʠ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦʚʝʨʝʥʥʳʤ ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ ʑʎ-1-125-0,05 ʩ ʦʪʩʯʝʪʦʤ ʧʦ ʥʦʥʠʫʩʫ 
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0,05 ʤʤ ʠ ʧʦʛʨʝʰʥʦʩʪʴ 0,05 ʤʤ. ʆʧʨʝʜʝʣʠʤ ʤʠʥʠʤʘʣʴʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʳ 

ʦʪʣʦʞʝʥʠʡ, ʥʘʥʦʩʠʤʳʡ ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ ʀʀʉ ʆʊʆ ʚ 2 ʤʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʵʪʘʣʦʥʥʦʛʦ ʩʣʦʷ ʙʫʜʝʪ 

ʩʦʩʪʘʚʣʷʪʴ: 

‏˥ ˣ

ςȟπ ̍̍ ρȟωυ ̍̍

ςȟπ ̍̍
Ͻρππ Ϸ ςȟυ ϷȢ 

ʇʦʛʨʝʰʥʦʩʪʴ ʀʂ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʨʘʥʝʝ  ʠ ʩʦʩʪʘʚʣʷʝʪ: ŭʀʂ = 3,75 %. 

ʇʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʯʠʪʘʝʪʩʷ ʧʨʠʝʤʣʝʤʦʡ, ʝʩʣʠ ʦʥʘ ʤʝʥʝʝ  

15 % [101]. ʉʨʝʜʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ: 

‏̱  ˜

ρ

ὔ

ώ Ὢὼ

ώ
Ͻρππ Ϸȟ (4.6) 

ʛʜʝ yi ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ; 

f(xi) ï ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ; 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ çʜʣʠʪʝʣʴʥʦʩʪʴè ʦʰʠʙʢʘ ʩʦʩʪʘʚʠʣʘ 8,2 %, ʜʣʷ 

ʧʝʨʝʤʝʥʥʦʡ çɻ ʥʝʨʛʠʠè ï 11,2 %. 

ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʧʦʢʘʟʘʣ: 

1) ʧʦʩʢʦʣʴʢʫ ʠʩʪʦʯʥʠʢ ʧʦʛʨʝʰʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʦʜʠʥ, ʧʦʛʨʝʰʥʦʩʪʠ 

ʷʚʣʷʶʪʩʷ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤʠ, ʘ ʟʥʘʯʠʪ, ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠ; 

2) ʧʦʛʨʝʰʥʦʩʪʠ ʠʤʝʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʟʥʘʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ: 

‏̱ ˜ ˑ‏ ˘ ‏˪ ˚ σȟπ ϷȢ 

ʇʨʦʚʝʜʝʤ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ. ɼʣʷ ʵʪʦʛʦ ʜʣʷ ʥʘʯʘʣʘ ʥʘʡʜʝʤ ʠʭ 

ʉʂʆ. ʇʦʛʨʝʰʥʦʩʪʴ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʠʤʝʝʪ ʨʘʚʥʦʤʝʨʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

„˥ ˣ

ςȟυ Ϸ

Ѝσ
ρȟττ ϷȢ 

ʇʦʛʨʝʰʥʦʩʪʴ ʀʂ, ʢʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʨʘʥʝʝ, ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 
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„̞ ˗

σȟχυ Ϸ

ρȟωφ
ρȟωρ ϷȢ 

ʇʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʤʝʝʪ ʨʘʚʥʦʤʝʨʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

„̱ ˜

σȟπ Ϸ

Ѝσ
ρȟχσ ϷȢ 

ʉʫʤʤʘʨʥʦʝ ʉʂʆ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ: 

„В˙ „˥ ˣ „̞ ˗ „̱ ˜ ςȟωυ ϷȢ 

ʉʫʤʤʘʨʥʘʷ ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʚʥʘ: 

‏̇ ρȟωφϽςȟωυ Ϸ υȟχω ϷȢ 

ʏʪʦ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʦʙʦʟʥʘʯʝʥʥʳʝ ʚ ʟʘʜʘʯʝ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʀʀʉ ʆʊʆ ʧʨʝʜʝʣ 

ʜʦʧʫʩʢʘʝʤʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚ 10 %. 

 

4.4 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʀʀʉ ʆʊʆ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʀʀʉ ʆʊʆ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʪʨʫʙʦʧʨʦʚʦʜʝ ʜʠʘʤʝʪʨʦʤ Ï = 158 ʤʤ, ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ hʪʨ = 8 ʤʤ. ɼʣʷ ʥʘʯʘʣʘ 

ʧʨʦʚʝʜʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʩʠʩʪʝʤʳ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 4.15, 4.16. 

 

 

ʈʠʩʫʥʦʢ 4.15 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 
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ʈʠʩʫʥʦʢ 4.16 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

 

ʇʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ ʩʠʩʪʝʤʳ, ʚʥʫʪʨʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘʥʦʩʠʣʩʷ ʩʣʦʡ 

ʦʪʣʦʞʝʥʠʡ ʥʝʠʟʚʝʩʪʥʦʡ ʪʦʣʱʠʥʳ, ʠ ʧʨʦʚʦʜʠʣʦʩʴ ʝʛʦ ʠʟʤʝʨʝʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʀʀʉ ʆʊʆ. ɼʘʣʝʝ, ʧʦʚʝʨʝʥʥʳʤ ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ ʠʟʤʝʨʷʣʘʩʴ 

ʨʝʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ ʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʦʚʝʜʝʥʳ 

ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʪʦʣʱʠʥ ɸʉʇʆ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʚ ʢʘʞʜʦʡ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʝʨʠʡ 

ʧʦʢʘʟʘʥʳ ʚ ʊʘʙʣʠʮʝ 4.3. ɺ ʊʘʙʣʠʮʝ 4.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʬʦʨʤʫʣʳ (4.1), ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 2%. 

 

ʊʘʙʣʠʮʘ 4.3 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀʉ ʆʊʆ 

 ̄ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʝʨʠʠ ʕʥʝʨʛʠʷ, ɼʞ ɼʣʠʪʝʣʴʥʦʩʪʴ, ʤʩ 

1 45,91 67,99 

2 34,74 50,77 

3 17,55 44,34 
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ʊʘʙʣʠʮʘ 4.4 ï ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ɸʉʇʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀʉ ʆʊʆ 

 ̄ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʩʝʨʠʠ 

ʀʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʪʦʣʱʠʥʳ ɸʉʇʆ, ʤʤ 

ʈʝʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʪʦʣʱʠʥʳ ɸʉʇʆ, ʤʤ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ, % 

1 5,10 5 2,00 

2 7,98 8 -0,25 

3 11,04 11 0,36 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʤʝʨʝʥʠʶ ʪʦʣʱʠʥʳ 

ʦʪʣʦʞʝʥʠʡ ʚ ʩʣʫʯʘʝ ʠʭ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʧʝʨʠʤʝʪʨʫ 

ʪʨʫʙʦʧʨʦʚʦʜʘ (ʈʠʩʫʥʦʢ 4.17). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʣʦʞʝʥʠʡ ʩʣʝʜʫʶʱʝʝ: ʩʝʯʝʥʠʝ  

1 ï 5 ʤʤ, ʩʝʯʝʥʠʷ 2 ʠ 8 ï 8 ʤʤ, ʩʝʯʝʥʠʷ 3 ʠ 7 ï 10 ʤʤ, ʩʝʯʝʥʠʷ 4 ʠ 6 ï 12 ʤʤ, 

ʩʝʯʝʥʠʝ 5 ï 15 ʤʤ. 

ʉʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʧʦʚʪʦʨʷʝʪ ʫʢʘʟʘʥʥʳʝ 

ʩʝʯʝʥʠʷ ʥʘ ʈʠʩʫʥʢʝ 4.17.  ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʜʘʪʯʠʢʘʤ 

ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 4.5. 

 

 

ʈʠʩʫʥʦʢ 4.17 ï ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 
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ʊʘʙʣʠʮʘ 4.5 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʅʦʤʝʨ ʜʘʪʯʠʢʘ ʕʥʝʨʛʠ,̫ ɼʞ ɼʣʠʪʝʣʴʥʦʩʪ,ɹ ʤʩ 
ʀʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʪʦʣʱʠʥʳ, ʤʤ 

1 11,16 7,93 9,6 

2 12,03 10,21 11,1 

3 13,02 10,12 11,6 

4 13,14 11,96 12,6 

5 12,29 9,87 11,1 

6 12,20 11,8 12,0 

7 10,92 7,66 9,3 

8 11,02 10,3 10,7 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʢʘʞʜʳʡ ʜʘʪʯʠʢ ʚ ʦʪʜʝʣʴʥʦʩʪʠ 

ʠʟʤʝʨʷʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ, ʘ ʥʝ ʢʦʥʢʨʝʪʥʫʶ ʪʦʣʱʠʥʫ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʜʘʪʯʠʢʦʤ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʬʦʨʤʫʣʘʤʠ 

(3.1) ʠ (3.2). ʇʘʨʘʤʝʪʨʳ ʢʦʣʝʙʘʥʠʡ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʟʘʚʠʩʷʪ 

ʦʪ ʤʘʩʩʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʘʩʩʳ ʦʪʣʦʞʝʥʠʡ ʧʦ 

ʚʥʫʪʨʝʥʥʠʤ ʩʪʝʥʢʘʤ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʦʵʪʦʤʫ ʢʘʞʜʳʡ ʜʘʪʯʠʢ ʚ ʦʪʜʝʣʴʥʦʩʪʠ 

ʠʟʤʝʨʷʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʦʝ ʚ ʨʝʘʣʴʥʦʩʪʠ ʩʦʩʪʘʚʣʷʣʦ 

10 ʤʤ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʘʩʩʳ ʠʣʠ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʈʠʩʫʥʢʦʤ 4.18. 

ʈʘʩʯʝʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 2-ʭ ʜʘʪʯʠʢʦʚ: ʦʜʥʦʛʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʧʦ ʚʝʨʭʥʝʡ 

ʦʙʨʘʟʫʶʱʝʡ ʪʨʫʙʳ (ʥʘ ʩʘʤʦʤ çʪʦʥʢʦʤè ʩʣʦʝ ɸʉʇʆ) ʠ ʚʪʦʨʦʛʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʥʘ ʥʠʞʥʝʡ ʦʙʨʘʟʫʶʱʝʡ ʪʨʫʙʳ (ʥʘ ʩʘʤʦʤ çʪʦʣʩʪʦʤè ʩʣʦʝ ɸʉʇʆ). ʉʧʝʮʠʬʠʢʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ɸʉʇʆ ʪʘʢʦʚʘ, ʯʪʦ ʧʦ ʥʠʞʥʝʡ ʦʙʨʘʟʫʶʱʝʡ ʪʨʫʙʳ ʙʫʜʝʪ ʠʤʝʥʥʦ 

ʩʘʤʳʡ ʪʦʣʩʪʳʡ ʩʣʦʡ. 
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ʈʠʩʫʥʦʢ 4.18 ï ʆʧʨʝʜʝʣʝʥʠʝ çʩʨʝʜʥʝʛʦè ʟʥʘʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʧʦ ʩʝʯʝʥʠʶ 

ʪʨʫʙʦʧʨʦʚʦʜʘ 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʡ ʧʘʨʳ ʜʘʪʯʠʢʦʚ ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 3,1 %. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʤʝʨʝʥʠʶ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʩ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʀʀʉ ʆʊʆ ʜʣʷ ʅʀʀ ʈʦʩʥʝʬʪʴ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʯʘʩʪʢʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ Ï111ʭ6 ʤʤ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʢʦʣʣʝʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩʙʦʨʘ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ɸʉʇʆ ʩ ʵʪʦʛʦ ʞʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʈʠʩʫʥʦʢ. 4.19). 

 

 

ʈʠʩʫʥʦʢ 4.19 ï ʆʙʲʝʢʪ ʢʦʥʪʨʦʣʷ 
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ʇʨʠ ʢʘʣʠʙʨʦʚʢʝ ʫʩʪʨʦʡʩʪʚʘ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʣʠʥʦʤʠʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ  

4-ʛʦ ʧʦʨʷʜʢʘ ʢʘʢ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ çɻ ʥʝʨʛʠʷè, ʪʘʢ ʠ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ 

çʜʣʠʪʝʣʴʥʦʩʪʴè (ʈʠʩʫʥʢʠ 4.20, 4.21). 

 

 

ʈʠʩʫʥʦʢ 4.20 ï ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

 

 

ʈʠʩʫʥʦʢ 4.21 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ 

 

ɼʘʣʝʝ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʜʚʫʭ ʥʝʠʟʚʝʩʪʥʳʭ ʪʦʣʱʠʥ ɸʉʇʆ ʥʘ ʪʘʢʦʤ ʞʝ 

ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʜʘʪʯʠʢʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʧʦ ʚʝʨʭʥʝʡ ʦʙʨʘʟʫʶʱʝʡ ʪʨʫʙʳ. ʀʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ ʩ 
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ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʯʝʪʳʨʝʭ ʪʦʯʢʘʭ ʧʦ ʧʝʨʠʤʝʪʨʫ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. ɿʘ ʟʥʘʯʝʥʠʝ ʪʦʣʱʠʥʳ ɸʉʇʆ ʧʨʠʥʷʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʘʭ 4.6, 4.7. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʠʣʘ ï 9,87 %. 

 

ʊʘʙʣʠʮʘ 4.6 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀʉ ʆʊʆ 

 ̄ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʝʨʠʠ ʕʥʝʨʛʠʷ, ɼʞ ɼʣʠʪʝʣʴʥʦʩʪʴ, ʤʩ 

1 30,03 66,18 

2 20,5 44,91 

 

ʊʘʙʣʠʮʘ 4.7 ï ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ɸʉʇʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀʉ ʆʊʆ 

 ̄ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʩʝʨʠʠ 

ʀʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʪʦʣʱʠʥʳ ɸʉʇʆ, ʤʤ 

ʈʝʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʪʦʣʱʠʥʳ ɸʉʇʆ, ʤʤ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ, % 

1 3,94 4,2 -6,19 

2 6,94 7,7 -9,87 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ɸʉʇʆ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʚʥʝʜʨʝʥʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʉʘʤɻʊʋ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʙʘʢʘʣʘʚʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 12.03.01  çʇʨʠʙʦʨʦʩʪʨʦʝʥʠʝè ʧʨʦʬʠʣʴ 

çʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠè ʠ ʤʘʛʠʩʪʨʦʚ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ 12.04.01 çʇʨʠʙʦʨʦʩʪʨʦʝʥʠʝè. ʈʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʩʚʦʝʥʠʠ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ çʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠè ʠ çʊʝʭʥʦʣʦʛʠʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠè. 

ʇʦ ʧʨʦʙʣʝʤʘʪʠʢʝ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ 

ʙʠʨʞʝ ʧʨʦʝʢʪʦʚ ʉʘʤɻʊʋ ʩʦʟʜʘʥ ʧʨʦʝʢʪʥʳʡ ʢʝʡʩ çʇʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭè. ʄʝʪʦʜʠʢʘ ʢʘʣʠʙʨʦʚʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠ 

ʥʘʧʠʩʘʥʠʠ  ʚʳʧʫʩʢʥʳʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʩʪʫʜʝʥʪʦʚ ʢʘʬʝʜʨʳ 

çʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè. 
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ɺ ʊʘʙʣʠʮʝ 4.8. ʧʨʠʚʝʜʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ  

ʀʀʉ ʆʊʆ. 

 

ʊʘʙʣʠʮʘ 4.8. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʀʀʉ ʆʊʆ 

ʅʘʟʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɿʥʘʯʝʥʠʝ 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ, ʤʤ ʦʪ 1 ʜʦ 15 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ, % 10 

ɿʦʥʘ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʤʤ 1 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ, ʢʤ ʜʦ 10 

ʂʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʜʦ 100 

ʊʠʧ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ: 

ʪʨʫʙʦʧʨʦʚʦʜ 

ʦʪʣʦʞʝʥʠʷ 

 

ʧʨʦʤʳʩʣʦʚʳʡ ʥʝʬʪʝʧʨʦʚʦʜ 

ɸʉʇʆ 

ɼʠʘʧʘʟʦʥ ʜʠʘʤʝʪʨʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤʤ 
ʦʪ 75 ʜʦ 325 

ɼʠʘʧʘʟʦʥ ʪʦʣʱʠʥ ʩʪʝʥʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤʤ 
ʦʪ 4 ʜʦ 12 

ʄʘʪʝʨʠʘʣ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʪʘʣʴ 

ɼʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ÁC ʦʪ -20 ʜʦ +40 

ʇʨʦʪʦʢʦʣʳ ʩʚʷʟʠ LoRaWAN, RS485 

ʆʙʲʝʤ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ, ɻʙ 128 

ʇʠʪʘʥʠʝ: ʘʢʢʫʤʫʣʷʪʦʨʥʦʝ, ɺ: 

ʦʩʥʦʚʥʦʡ ʙʣʦʢ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ 

 

3,7 

15 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʤʤ: 

ʦʩʥʦʚʥʦʡ ʙʣʦʢ 

ʜʘʪʯʠʢ 

 

400ʭ300ʭ70 

50ʭ30ʭ30 

ʄʘʩʩʘ, ʢʛ: 

ʦʩʥʦʚʥʦʡ ʙʣʦʢ 

ʜʘʪʯʠʢ 

 

1,5 

0,2 

 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʰʣʠ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʝʥʜʘ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʳʧʘʜʝʥʠʷ 
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ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʦʩʥʦ-

ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙè ʚ ʆʆʆ çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ çʉʘʤʘʨʘè ʛ. 

ʉʘʤʘʨʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʀʀʉ ʆʊʆ ʧʨʦʰʣʘ ʘʧʨʦʙʘʮʠʶ ʚ ɸʆ çʉʨʝʜʥʝʚʦʣʞʩʢʠʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʦ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʝè ʛ. ʅʦʚʦʢʫʡʙʳʰʝʚʩʢ. 

ʂʦʧʠʠ ʘʢʪʦʚ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ɻ. 

 

4.5 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ 

1. ʈʘʟʨʘʙʦʪʘʥʳ ʩʪʨʫʢʪʫʨʥʘʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʳ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʢʘʣʠʙʨʦʚʢʠ ʠ ʠʟʤʝʨʝʥʠʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʀʀʉ ʆʊʆ. ʆʩʫʱʝʩʪʚʣʝʥ ʧʦʜʙʦʨ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʀʀʉ ʆʊʆ. 

2. ʈʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩ ʤʥʦʛʦʫʨʦʚʥʝʚʳʤ ʧʦʜʭʦʜʦʤ ʠ 

ʚʳʜʝʣʝʥʠʝʤ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʭ ʯʘʩʪʝʡ ʇʆ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ. 

3. ʇʨʦʚʝʜʝʥ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʀʀʉ ʆʊʆ. 

4. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʀʀʉ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʀʀʉ ʆʊʆ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʥʝ ʧʨʝʚʳʩʠʣʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ 

ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʤʝʪʦʜʫ ʠʟʤʝʨʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʚ 10 %. ʆʩʫʱʝʩʪʚʣʝʥʦ ʚʥʝʜʨʝʥʠʝ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʉʘʤɻʊʋ. ʈʝʟʫʣʴʪʘʪʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʝʥʜʘ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʳʧʘʜʝʥʠʷ 

ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʦʩʥʦ-

ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙè ʚ ʆʆʆ çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ çʉʘʤʘʨʘè ʛ. 

ʉʘʤʘʨʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʀʀʉ ʆʊʆ ʧʨʦʰʣʘ ʘʧʨʦʙʘʮʠʶ ʚ ɸʆ çʉʨʝʜʥʝʚʦʣʞʩʢʠʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʦ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʝè ʛ. ʅʦʚʦʢʫʡʙʳʰʝʚʩʢ. 



125 
 

5. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʚ ʨʘʟʜʝʣʝ 4 ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʘ ʦʜʥʘ ʥʘʫʯʥʘʷ ʩʪʘʪʴʷ [102]. ʇʦʣʫʯʝʥʦ 2 ʇʘʪʝʥʪʘ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʷ [103, 104]. ʇʦʣʫʯʝʥʦ 1 ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ [105]. ʇʘʪʝʥʪʳ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʧʨʠʚʝʜʝʥʳ ʚ 

ʇʨʠʣʦʞʝʥʠʠ ɹ. ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʕɺʄ ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ ɺ. 
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ɿɸʂʃʖʏɽʅʀɽ 

 

ɺʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʟʘʜʘʯʠ ʚʳʧʦʣʥʝʥʳ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʠʢʣʘʜʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʦʣʱʠʥʳ ɸʉʇʆ ʚ ʥʝʬʪʝʧʨʦʚʦʜʘʭ. 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

1. ʀʟʫʯʝʥʳ ʧʨʠʯʠʥ r ʦʙʨʘʟʦʚʘʥʠʷ ɸʉʇʆ ʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʝʪʦʜʦʚ ʠ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʢʘʭ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʩʪʦʛʦ ʠ ʥʘʜʝʞʥʦʛʦ 

ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʉʬʦʨʤʠʨʦʚʘʥ ʨʷʜ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʪʦʜʫ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. 

2. ʇʨʝʜʣʦʞʝʥ ʠ ʦʙʦʩʥʦʚʘʥ ʥʦʚʳʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

ʪʦʣʱʠʥʳ ɸʉʇʆ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ 

ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʥʠʡ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. ʇʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʜʦʢʘʟʘʚʰʠʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ (ʯʘʩʪʦʪʳ, ʘʤʧʣʠʪʫʜʳ, 

ʵʥʝʨʛʠʠ, ʜʣʠʪʝʣʴʥʦʩʪʠ) ʦʪ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ï ʵʥʝʨʛʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʢʦʣʝʙʘʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʩʚʷʟʠ ʵʥʝʨʛʠʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʦʪ ɸʉʇʆ 

ʨʘʟʨʘʙʦʪʘʥ ʘʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʝʥʢʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʇʦʣʫʯʝʥʦ ʜʚʘ ʧʘʪʝʥʪʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʀʀʉ ʆʊʆ ʥʘ ʦʩʥʦʚʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʪʦʣʱʠʥʳ 

ʦʪʣʦʞʝʥʠʡ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʦʯʠʩʪʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʪʝʨʚʘʣʦʚ ʧʨʦʚʝʜʝʥʠʷ 

ʦʯʠʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʇʨʦʚʝʜʝʥ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʀʀʉ ʆʊʆ.  
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4. ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʢʘʣʠʙʨʦʚʢʠ ʠ 

ʠʟʤʝʨʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʀʀʉ ʆʊʆ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ 

ʢʘʣʠʙʨʦʚʢʘ ʀʀʉ ʆʊʆ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʩʨʝʜʫ ʠʟʤʝʨʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʬʘʢʪʦʨʘ ʦʪ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ɸʉʇʆ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ 

ɸʉʇʆ ʚʦ ʚʨʝʤʝʥʠ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʦʯʠʩʪʠʪʝʣʴʥʳʭ 

ʨʘʙʦʪ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʞʦʯʠʩʪʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. 

5. ʈʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʚʳʜʝʣʝʥʠʝʤ ʤʪʝʨʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ 

ʥʝʟʥʘʯʠʤʳʭ ʯʘʩʪʝʡ ʇʆ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ 

ɸʉʇʆ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʩʪʨʦʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʣʱʠʥʳ 

ʦʪʣʦʞʝʥʠʡ ʦʪ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʷ ʠ ʧʨʦʚʦʜʠʪʴ ʠʥʪʝʨʧʦʣʷʮʠ ʁʜʘʥʥʳʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʚʦ 

ʚʨʝʤʝʥʠ. 

6. ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʥʝʜʨʝʥʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʉʘʤɻʊʋ, ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʪʝʥʜʘ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʳʧʘʜʝʥʠʷ ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ 

ʚʝʱʝʩʪʚ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙè ʚ ʆʆʆ 

çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ çʉʘʤʘʨʘè ʛ. ʉʘʤʘʨʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʀʀʉ ʆʊʆ 

ʧʨʦʰʣʘ ʘʧʨʦʙʘʮʠʶ ʚ ɸʆ çʉʨʝʜʥʝʚʦʣʞʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʧʦ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʝè ʛ. ʅʦʚʦʢʫʡʙʳʰʝʚʩʢ. ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʀʀʉ ʆʊʆ ʦʙʝʩʧʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ɸʉʇʆ ʥʘ 7 %. ʆʙʝʩʧʝʯʝʥʦ ʨʘʩʰʠʨʝʥʠʝ ʜʠʘʧʘʟʦʥʘ 

ʪʠʧʦʨʘʟʤʝʨʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀʉ ʆʊʆ ʧʦʟʚʦʣʠʪ 

ʜʦʩʪʠʛʥʫʪʴ ʩʥʠʞʝʥʠ ̫ʟʘʪʨʘʪ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʦʯʠʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ 12 %, ʟʘ 

ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʞʦʯʠʩʪʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. 

 

 



128 
 

ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

 

ɸʉɺ ï ʘʩʬʘʣʴʪʦʩʤʦʣʠʩʪʳʝ ʚʝʱʝʩʪʚʘ 
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ʀʀʉ ï ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 
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ʀʂ ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʥʘʣ 

ʀʄ ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ 

ʅʂ ï ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ 

ʆʂ ï ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ 

ʇʆ ï ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʊʊ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʫʙʦʧʨʦʚʦʜʳ 
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10.10.2024 / ɸ.ɺ. ʉʫʩʣʦʚ, ɽ.ɸ. ʊʶʨʠʥ, ɸ.ʖ. ʗʨʦʩʣʘʚʢʠʥ; ʧʨʘʚʦʦʙʣʘʜʘʪʝʣʴ 

ʌɻɹʆʋ ɺʆ ʉʘʤɻʊʋ, ɹʶʣ. ˉ 10. ï ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʈʝʝʩʪʨʝ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʕɺʄ. 
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ʇʨʠʣʦʞʝʥʠʝ ɸ. ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʇʆ ʀʀʉ ʆʊʆ 

class SuslovApp(QMainWindow): 

    def __init__(self): 

        # ɿʘʛʨʫʟʢʘ ui ʬʘʡʣʘ 

        super(SuslovApp, self).__init__() 

        uic.loadUi("SuslovSoftware.ui", self) 

        self.setWindowTitle("Deposit measure") 

        #self.showMaximized()  

#-------------------------------------------------------------------------------------------  

        self.pushButton_start_process.setStyleSheet("background-color: green") 

        self.verticalLayout12 = QtWidgets.QVBoxLayout(self.graf) 

        self.verticalLayout12.setObjectName("horizontalLayout_4") 

        self.figure = plt.figure() 

        self.axes = self.figure.add_subplot(3,4,1)  # add_axes([0, 0, 0, 0])   

        plt.axis("off") 

        self.canvas = FigureCanvas(self.figure) 

        self.canvas.setFocus() 

        self.graf.installEventFilter(self) 

        self.verticalLayout12.addWidget(self.canvas) 

        self.centralwidget.setContentsMargins(0, 0, 0, 0) 

        self.verticalLayout12.setContentsMargins(0, 0, 0, 0) 

# ɼʝʡʩʪʚʠʷ ʩʚʷʟʘʥʥʳʝ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʨʠʣʦʞʝʥʠʷ------------------------------ 

        # ɺʢʣʘʜʢʘ ʅʘʩʪʨʦʡʢʘ ʦʙʨʘʙʦʪʢʠ 

        self.lineEdit_min_freq.textChanged.connect(self.change_min_freq) 

        self.lineEdit_max_freq.textChanged.connect(self.change_max_freq) 

        self.lineEdit_width.textChanged.connect(self.change_width) 

        self.lineEdit_height.textChanged.connect(self.change_height) 

        self.lineEdit_len.textChanged.connect(self.change_len) 

        self.lineEdit_height_fft.textChanged.connect(self.change_height_fft) 

        self.lineEdit_len_fft.textChanged.connect(self.change_len_fft) 

        self.lineEdit_find_max_peak.textChanged.connect(self.change_find_max_peak) 

        self.lineEdit_extrapolation.textChanged.connect(self.change_extrapolation) 

        self.lineEdit_date_measure.textChanged.connect(self.change_date) 

        self.lineEdit_extrapolation_date.textChanged.connect(self.change_extrapolation_date) 

        self.action_open_wav.triggered.connect(self.open_file_wav) 

        self.action_save.triggered.connect(self.save_as) 

        self.action_XLSX.triggered.connect(partial(self.open_xlsx,0)) 

        self.pushButton_start_process.clicked.connect(partial(self.start_process,0)) 

        self.pushButton_find_thickness_sediment.clicked.connect(partial(self.start_process,1)) 

        # ɺʢʣʘʜʢʘ ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

        self.pushButton_back_signal.clicked.connect(partial(self.change_signal,0)) 

        self.pushButton_next_signal.clicked.connect(partial(self.change_signal,1)) 

        self.horizontalSlider_change_signal.valueChanged.connect(partial(self.change_signal,2)) 

        #self.pushButton_3std.clicked.connect(self.calculate_3std) 

        self.pushButton_find_progress_sedimend.clicked.connect(partial(self.open_xlsx,1)) 

#-------------------------------------------------------------------------------------------  

        self.pd_excel_data_signal = None 

        self.pd_excel_data_fft = None 

        self.pd_excel_data_params = None 

        self.number_signal = None 

        self.count_signal = None 

        self.mean_freq = None 

        self.mean_level = None 

        self.mean_energy = None 

        self.mean_duration_signal = None 

        self.std_freq = None 

        self.std_level = None 

        self.std_energy = None 

        self.std_duration_signal = None 

        self.type_pipe = None 

        self.thickness_sediment = None 
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        self.name_file = None 

        self.polynom = 1 

        self.unknown_energy = None 

        self.unknown_duration_signal = None 

        self.unknown_freq = None 

        self.unknown_level = None 

        self.path_XLSX_file = None 

        self.path_WAV_file = None 

        self.extrapolation_date = "__.__.____" 

        self.list_find_sediment = [] 

        self.list_date = [] 

        self.list_days = [] 

        self.min_freq = 1              # ʄʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ 

        self.max_freq = 15000          # ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ 

        self.width = 1                 # ʐʠʨʠʥʘ ʩʠʛʥʘʣʘ 

        self.height = 5000             # ʋʨʦʚʝʥʴ ʰʫʤʘ 

        self.len = 10000               # ʉʢʚʘʞʥʦʩʪʴ ʤʝʞʜʫ ʧʠʢʘʤʠ 

        self.width_peaks_fft  = 1       # ʐʠʨʠʥʘ ʧʠʢʘ 

        self.height_peaks_fft = 30     # ɺʳʩʦʪʘ ʧʠʢʘ  

        self.len_peaks_fft = 50              # ʉʢʚʘʞʥʦʩʪʴ ʧʠʢʦʚ 

        self.find_max_peak = 1900      # ʇʦʠʩʢ ʤʘʢʩ ʧʠʢʦʚ 

        self.extrapolation_coef = 0 

        self.date = datetime.datetime.today().strftime("%d.%m.%Y") 

        self.list_find_sediment.append(self.date) 

        self.lineEdit_date_measure.setText(str(self.date)) 

        self.lineEdit_extrapolation.setText(str(self.extrapolation_coef))   # ɿʥʘʯʝʥʠʝ ʤʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ 

        self.lineEdit_min_freq.setText(str(self.min_freq))                  # ʄʠʥ ʯʘʩʪʦʪʘ 

        self.lineEdit_max_freq.setText(str(self.max_freq))                  # ʄʘʢʩ ʯʘʩʪʦʪʘ 

        self.lineEdit_width.setText(str(self.width))                        # ʐʠʨʠʥʘ ʩʠʛʥʘʣʘ 

        self.lineEdit_height.setText(str(self.height))                      # ʋʨʦʚʝʥʴ ʰʫʤʘ 

        self.lineEdit_len.setText(str(self.len))                            # ʉʢʚʘʞʥʦʩʪʴ ʤʝʞʜʫ ʧʠʢʘʤʠ 

        self.lineEdit_height_fft.setText(str(self.height_peaks_fft))        # ɺʳʩʦʪʘ ʧʠʢʘ 

        self.lineEdit_len_fft.setText(str(self.len_peaks_fft))              # ʉʢʚʘʞʥʦʩʪʴ ʧʠʢʦʚ 

        self.lineEdit_find_max_peak.setText(str(self.find_max_peak))        # ʇʦʠʩʢ ʤʘʢʩ ʧʠʢʦʚ 

        self.data_sediment = pd.DataFrame(data=None, index=None, 

                                          columns=["ɼʘʪʘ ʠʟʤʝʨʝʥʠʷ", "ʇʦ ʯʘʩʪʦʪʝ, ʤʤ", "ʇʦ ʫʨʦʚʥʶ ʩʠʛʥʘʣʘ, ʤʤ", "ʇʦ 

ʵʥʝʨʛʠʠ, ʤʤ", "ʇʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʤʤ"])  

 

    def start_process(self,action): 

        if action == 1: 

            self.open_file_wav() 

        if (self.path_WAV_file == [] and action ==0) or (self.path_XLSX_file is None and action ==1): 

            msg = QMessageBox() 

            msg.setIcon(QMessageBox.Warning) 

            msg.setText("ʆʪʢʨʦʡʪʝ ʬʘʡʣ ʜʣʷ ʦʙʨʘʙʦʪʢʠ") 

            msg.setWindowTitle("ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ") 

            msg.setStandardButtons(QMessageBox.Ok | QMessageBox.Cancel) 

            retval = msg.exec_() 

            return 

        else: 

            self.pushButton_start_process.setText("ʆʙʨʘʙʦʪʢʘ") 

            self.pushButton_start_process.setStyleSheet("background-color: red") 

 

            for self.name_file in self.path_WAV_file: 

                list_name_file = self.name_file.split() 

                self.type_pipe = list_name_file[1] 

                if list_name_file[2].isdigit(): 

                    self.thickness_sediment = float(list_name_file[2]) 

                else: 

                    self.thickness_sediment = list_name_file[2] 

                data_signal = [] 

                data_fft = [] 



144 
 

                data_params = pd.DataFrame(data=None, index=None, 

                                      columns=["ʌʘʡʣ","ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ɸʎʇ", "ʏʘʩʪʦʪʘ, ɻʮ", "ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, 

ʤɺ", "ʕʥʝʨʛʠʷ, ɼʞ", "ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʤʩ", "ʄʘʩʩʠʚ ʯʘʩʪʦʪ ʌʫʨʴʝ, ɻʮ"]) 

                if action != 1: 

                    self.data_excel_stats = pd.DataFrame(data=None, index=None, 

                                           columns=["ʆʪʣʦʞʝʥʠʝ, ʤʤ","ʏʘʩʪʦʪʘ, ɻʮ", "ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ", "ʕʥʝʨʛʠʷ, ɼʞ", 

"ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ, ʤʩ", "ʉʂʆ ʯʘʩʪʦʪʘ, ɻʮ",  "ʉʂʆ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ", "ʉʂʆ ʵʥʝʨʛʠʷ, ɼʞ", "ʉʂʆ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ, ʤʩ"]) 

                fs_rate, signal_all = wavfile.read(self.name_file) 

                if signal_all.ndim == 2: 

                    signal_all = self.convert_to_mono(signal_all) 

                elif signal_all.ndim == 1: 

                    pass 

                all_peaks_signal_all = self.cute_signal_on_peaks(signal_all)        # ʦʧʨʝʜʝʣʝʥʠʝ ʧʠʢʦʚ ʧʨʝʚʳʰʘʶʱʠʭ 

ʰʫʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʟ ʚʩʝʛʦ ʬʘʡʣʘ ʦʪʜʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ 

                df_sig_all = self.convert_to_df(all_peaks_signal_all,fs_rate) 

 

                self.plot_one_graf(y1=signal_all, x1=[i/fs_rate for i in range(len(signal_all))],  

x2=df_sig_all["time"]/fs_rate, y2=df_sig_all["ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ"], type2="*", title="ʀʩʭʦʜʥʳʡ ʩʠʛʥʘʣ ʩ ʧʠʢʘʤʠ") 

                time.sleep(2) 

                for index, number in enumerate(df_sig_all["time"][1:]): 

                    time_limit = [df_sig_all["time"][index] - 200, df_sig_all["time"][index + 1] - 200] # ʦʧʨʝʜʝʣʝʥʠʝ 

ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ ʚ ʢʦʪʦʨʦʤ ʣʝʞʠʪ 1 ʩʠʛʥʘʣ 

                    signal = signal_all[time_limit[0]:time_limit[1]] # ʦʙʨʝʟʢʘ 1 ʩʠʛʥʘʣʘ 

                    signal = self.cute_signal(signal, 6000) # ʫʙʨʘʪʴ ʭʚʦʩʪ ʩʠʛʥʘʣʘ 

                    N, secs = self.eval_signal_time(signal, fs_rate)    # ʧʦʣʫʯʝʥʠʝ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ ʠʟ ʯʘʩʪʦʪʳ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

                    df_sig = self.find_max_value_signal(signal) # ʦʧʨʝʜʝʣʝʥʠʝ ʧʠʢʦʚ ʩʠʛʥʘʣʘ 

                    xf, yf = self.eval_fft(signal, N, fs_rate)  # fft 

                    fft_signal = [np.abs(yf[0:N // 2])] [0]     # ʦʙʨʝʟʢʘ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʯʘʩʪʠ fft  

 

                    xf = self.cute_signal(xf,4000) 

                    fft_signal = self.cute_signal(fft_signal,4000) 

                    name = self.name_file.split("/")[-1] 

                    self.plot_2_subplots(y1=signal, x1=[i/44100 for i in range(len(signal))], y2=fft_signal, x2=xf, 

title=f"ʌʘʡʣ: {name}. ʉʠʛʥʘʣ - {index} ʠʟ {df_sig_all.shape[0]-1}") # 

 

                    peaks_fft, peaks2_fft = find_peaks((2.0 / N * np.abs(yf[0:N // 2])), width=self.width_peaks_fft, 

                                                       height=self.height_peaks_fft, distance=self.len_peaks_fft)       # ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʠʢʦʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

                    res_fft = np.array([peaks_fft / secs, peaks2_fft.get("peak_heights")]).astype(int).T 

                    df = pd.DataFrame(res_fft, columns=["ʏʘʩʪʦʪʘ, ɻʮ", "ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ"])  

                    df = df.sort_values(by=["ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ"], ascending=False, ignore_index=True) 

                    df = df.loc[(df["ʏʘʩʪʦʪʘ, ɻʮ"] <= self.max_freq) & (df["ʏʘʩʪʦʪʘ, ɻʮ"] >= self.min_freq)]  # ʬʠʣʴʪʨ 

                    df = df.head(1) 

                    if df.size == 0: 

                        df.loc[0,"ʏʘʩʪʦʪʘ, ɻʮ"] = np.nan 

                        df.loc[0,"ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ"] = np.nan 

                    k_energy = 1000000000 

                    energy = np.sum(np.power(signal[df_sig["time"].min():df_sig["time"].max()].astype(np.int64), 2)) / 

k_energy # ʨʘʩʯʝʪ ʵʥʝʨʛʠʠ 

                    print(signal[df_sig["time"].min():df_sig["time"].max()]) 

                    print(np.power(signal[df_sig["time"].min():df_sig["time"].max()].astype(np.int64), 2)) 

                    duration_signal = df_sig["time"].max() - df_sig["time"].min()       # ʨʘʩʯʝʪ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ 

ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʧʝʨʚʦʝ ʢʦʪʦʨʦʝ ʧʨʝʚʳʰʘʝʪ ʧʦʨʦʛ 

                    data_signal.append(signal) 

                    data_fft.append(fft_signal) 

                    data_params.loc[index, "ʌʘʡʣ"] = name 

                    data_params.loc[index, "ʕʥʝʨʛʠʷ, ɼʞ"] = energy 

                    data_params.loc[index, "ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʤʩ"] = duration_signal/fs_rate 

                    data_params.loc[index, "ʏʘʩʪʦʪʘ, ɻʮ"] = df.iloc[0, 0] 

                    data_params.loc[index, "ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ"] = df.iloc[0, 1] 
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                    data_params.loc[index, "ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ɸʎʇ"] = fs_rate 

                    data_params.loc[index, "ʄʘʩʩʠʚ ʯʘʩʪʦʪ fft , ɻʮ"] = xf 

                df_data_signal = pd.DataFrame(data_signal) 

                df_data_signal.columns = [i/fs_rate for i in range(len(df_data_signal.columns))] 

                df_data_fft = pd.DataFrame(data_fft) 

                df_data_fft.columns = xf 

                self.pd_excel_data_signal = df_data_signal 

                self.pd_excel_data_fft = df_data_fft 

                self.pd_excel_data_params = data_params 

                self.calculate_mean_std() 

                self.count_signal = self.pd_excel_data_signal.shape[0]-1 

                self.number_signal = self.pd_excel_data_signal.shape[0]-1 

                if action == 1: 

                    self.save_excel(self.name_file, "ʄʘʩʩʠʚ ʩʠʛʥʘʣʦʚ","ʄʘʩʩʠʚ ʩʧʝʢʪʨʦʚ","ʇʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʦʚ") 

                else: 

                    self.save_excel(self.name_file, "ʄʘʩʩʠʚ ʩʠʛʥʘʣʦʚ", "ʄʘʩʩʠʚ ʩʧʝʢʪʨʦʚ", "ʇʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʦʚ", 

"ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ") 

                    print("ʩʦʭʨʘʥʠʣ 4 ʬʘʡʣʘ") 

                    self.calculate_3std() 

                self.pushButton_start_process.setText("ʅʘʯʘʪʴ ʦʙʨʘʙʦʪʢʫ") 

                self.pushButton_start_process.setStyleSheet("background-color: green") 

                self.tabWidget.setCurrentIndex(1) 

                self.lineEdit_number_signal.setText(str(self.number_signal)) 

                self.horizontalSlider_change_signal.setValue(self.number_signal) 

                self.lineEdit_count_signal.setText(str(self.number_signal)) 

                self.min_max_slider(self.count_signal) 

                self.setting_average_on_lineEdit() 

                if action == 1: 

                    self.unknown_energy = float(self.lineEdit_mean_energy.text()) 

                    self.unknown_duration_signal = float(self.lineEdit_mean_duration.text()) 

                    self.unknown_energy = float(self.lineEdit_mean_energy.text()) 

                    self.unknown_freq = float(self.lineEdit_mean_freq.text()) 

                    self.unknown_level = float(self.lineEdit_mean_level.text()) 

                    self.plot_4_subplots(self.path_XLSX_file) 

                    name = f"{self.type_pipe}_ʠʟʤʝʨʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ.xlsx" 

                    print(len(self.data_sediment.index)) 

                    if name in self.file_in_path: 

                        self.data_sediment = pd.read_excel(f"{self.path}/{self.type_pipe}_ʠʟʤʝʨʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ.xlsx", 

                                                           index_col=0) 

                    self.data_sediment.loc[len(self.data_sediment.index)] = self.list_find_sediment 

                    w5 = pd.ExcelWriter(f"{self.path}/{self.type_pipe}_ʠʟʤʝʨʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ.xlsx") 

                    self.data_sediment.to_excel(w5) 

                    w5.close() 

                    self.list_find_sediment = [self.date] 

 

    def save_excel(self, file, str_signal = None, str_fft = None, str_params = None, str_mean = None): 

        self.file_in_path = os.listdir(self.path) 

        if str_signal is not None: 

            w1 = pd.ExcelWriter(f"{file}_{str_signal}.xlsx") 

            self.pd_excel_data_signal.to_excel(w1) 

            w1.close() 

        if str_fft is not None: 

            w2 = pd.ExcelWriter(f"{file}_{str_fft}.xlsx")  

            self.pd_excel_data_fft.to_excel(w2) 

            w2.close() 

        if str_params is not None: 

            w3 = pd.ExcelWriter(f"{file}_{str_params}.xlsx") 

            self.pd_excel_data_params.to_excel(w3) 

            w3.close() 

        if str_mean is not None: 

            name = f"{self.type_pipe}_{str_mean}.xlsx" 

            if name in self.file_in_path: 
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                self.data_excel_stats = pd.read_excel(f"{self.path}/{self.type_pipe}_{str_mean}.xlsx", index_col=0) 

 

            self.data_excel_stats.loc[len(self.data_excel_stats.index)] = [self.thickness_sediment, self.mean_freq, 

                                                                           self.mean_level, self.mean_energy, 

                                                                           self.mean_duration_signal, self.std_freq, 

                                                                           self.std_level, self.std_energy, 

                                                                           self.std_duration_signal] 

            w4 = pd.ExcelWriter(f"{self.path}/{self.type_pipe}_{str_mean}.xlsx") 

            self.data_excel_stats.to_excel(w4) 

            self.data_excel_stats.drop(labels=[0],axis=0,inplace = True) 

            w4.close() 

 

    # ʌʫʥʢʮʠʷ ʧʦ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʦʪʣʦʞʝʥʠʷ ʥʘ ʦʙʦʟʥʘʯʝʥʥʫʶ ʜʘʪʫ ʚ ʙʫʜʫʱʝʤ 

    def progress_sediment(self): 

        self.list_days = [] 

        self.list_date = [] 

        self.extrapolation_date = self.change_extrapolation_date() 

        self.data_sediment = pd.read_excel(self.path_XLSX_file) 

        for i in range(len(self.data_sediment["ɼʘʪʘ ʠʟʤʝʨʝʥʠʷ"])):  

            if type(self.data_sediment["ɼʘʪʘ ʠʟʤʝʨʝʥʠʷ"][i]) is not type("1"): 

                self.data_sediment["ɼʘʪʘ ʠʟʤʝʨʝʥʠʷ"][i] = self.data_sediment["ɼʘʪʘ 

ʠʟʤʝʨʝʥʠʷ"][i].strftime("%d.%m.%Y") 

            self.list_date.append(datetime.datetime.strptime(self.data_sediment["ɼʘʪʘ ʠʟʤʝʨʝʥʠʷ"][i],"%d.%m.%Y")) 

        #self.list_date.append(datetime.datetime.strptime(self.extrapolation_date, "%d.%m.%Y")) 

        self.list_days.append(0) 

        for i in range(1,len(self.list_date)): 

            self.list_days.append(self.list_days[i-1]+abs(self.list_date[i]-self.list_date[i-1]).days) 

        if len(self.extrapolation_date.split("_")) <= 1: 

            self.extrapolation_date = datetime.datetime.strptime(self.extrapolation_date, "%d.%m.%Y") 

            self.extrapolation_coef = abs(self.extrapolation_date-self.list_date[-1]).days 

        x_data, y_data = self.polyline_approx(self.list_days, (self.data_sediment["ʇʦ ʵʥʝʨʛʠʠ, 

ʤʤ"].fillna(method='ffill')+self.data_sediment["ʇʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʤʤ"].fillna(method='ffill'))/2,) 

        """x_data, y_data = self.exponent_approx(self.list_days, (  

                    self.data_sediment["ʇʦ ʵʥʝʨʛʠʠ, ʤʤ"].fillna(method='ffill') + self.data_sediment[  

                "ʇʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʤʤ"].fillna(method='ffill')) / 2 )""" 

        margins = {"left": 0.06, "bottom": 0.15, "right": 0.99, "top": 0.95} 

        self.figure.clear() 

        plt.subplots_adjust(**margins) 

        #print((self.data_sediment["ʇʦ ʵʥʝʨʛʠʠ, ʤʤ"].fillna(method='ffill')+self.data_sediment["ʇʦ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʩʠʛʥʘʣʘ, ʤʤ"].fillna(method='ffill'))/2) 

        plt.plot(self.list_days, (self.data_sediment["ʇʦ ʵʥʝʨʛʠʠ, ʤʤ"].fillna(method='ffill')+self.data_sediment["ʇʦ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʤʤ"].fillna(method='ffill'))/2) 

        plt.plot(x_data,y_data, "r-") 

        if type(self.extrapolation_date) is not str or len(self.extrapolation_date.split("_")) <= 1: 

            self.list_date.append(self.extrapolation_date) 

            self.list_days.append(self.list_days[-1]+self.extrapolation_coef) 

        print(self.list_date) 

        print(self.list_days) 

        plt.xticks(self.list_days) 

        plt.xticks(self.list_days, [i.strftime("%d.%m.%Y") for i in self.list_date],rotation ='vertical') 

        plt.xlabel(self.data_sediment.columns[1]) 

        plt.ylabel("ʊʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʷ, ʤʤ") 

        plt.grid() 

        self.canvas.draw() 

        self.canvas.flush_events() 

 

    def calculate_mean_std(self): 

        self.mean_freq = round(self.pd_excel_data_params["ʏʘʩʪʦʪʘ, ɻʮ"].mean(), 4) 

        self.mean_level = round(self.pd_excel_data_params["ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ"].mean(), 4) 

        self.mean_energy = round(self.pd_excel_data_params["ʕʥʝʨʛʠʷ, ɼʞ"].mean(), 4) 

        self.mean_duration_signal = round(self.pd_excel_data_params["ɼʣʠʪʝʣʴʥʦʩʪ ɹʩʠʛʥʘʣʘ ʤʩ"].mean(), 4) 

        self.std_freq = round(self.pd_excel_data_params["ʏʘʩʪʦʪʘ, ɻʮ"].std(), 4) 
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        self.std_level = round(self.pd_excel_data_params["ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ"].std(), 4) 

        self.std_energy = round(self.pd_excel_data_params["ʕʥʝʨʛʠʷ, ɼʞ"].std(), 4) 

        self.std_duration_signal = round(self.pd_excel_data_params["ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʤʩ"].std(), 4) 

 

    def calculate_3std(self): 

        self.pd_excel_data_params.loc[self.pd_excel_data_params["ʏʘʩʪʦʪʘ, ɻʮ"] < self.mean_freq - 3 * 

self.std_freq,"ʏʘʩʪʦʪʘ, ɻʮ"] = np.nan 

        self.pd_excel_data_params.loc[self.pd_excel_data_params["ʏʘʩʪʦʪʘ, ɻʮ"] > self.mean_freq + 3 * 

self.std_freq, "ʏʘʩʪʦʪʘ, ɻʮ"] = np.nan 

        self.pd_excel_data_params.loc[self.pd_excel_data_params["ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ"] < self.mean_level - 3 * 

self.std_level, "ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ"] = np.nan 

        self.pd_excel_data_params.loc[self.pd_excel_data_params["ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ"] > self.mean_level + 3 * 

self.std_level, "ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ"] = np.nan 

        self.pd_excel_data_params.loc[self.pd_excel_data_params["ʕʥʝʨʛʠʷ, ɼʞ"] < self.mean_energy - 3 * 

self.std_energy, "ʕʥʝʨʛʠʷ, ɼʞ"] = np.nan 

        self.pd_excel_data_params.loc[self.pd_excel_data_params["ʕʥʝʨʛʠʷ, ɼʞ"] > self.mean_energy + 3 * 

self.std_energy, "ʕʥʝʨʛʠʷ, ɼʞ"] = np.nan 

        self.pd_excel_data_params.loc[self.pd_excel_data_params["ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʤʩ"] < 

self.mean_duration_signal - 3 * self.std_duration_signal, "ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʤʩ"] = np.nan 

        self.pd_excel_data_params.loc[self.pd_excel_data_params["ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʤʩ"] > 

self.mean_duration_signal + 3 * self.std_duration_signal, "ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʤʩ"] = np.nan 

        self.calculate_mean_std() 

        self.setting_average_on_lineEdit() 

        self.save_excel(self.name_file,str_params="3 ʉʂʆ ʇʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ", str_mean="3 ʉʂʆ") 

 

    def setting_average_on_lineEdit(self): 

        self.lineEdit_mean_freq.setText(str(round(self.pd_excel_data_params["ʏʘʩʪʦʪʘ, ɻʮ"].mean(), 4))) 

        self.lineEdit_mean_level.setText(str(round(self.pd_excel_data_params["ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ"].mean(), 4))) 

        self.lineEdit_mean_energy.setText(str(round(self.pd_excel_data_params["ʕʥʝʨʛʠʷ, ɼʞ"].mean(), 4))) 

        self.lineEdit_mean_duration.setText(str(round(self.pd_excel_data_params["ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ 

ʤʩ"].mean(), 4))) 

 

    def find_intersections(self,y1,y2): 

        idx = np.argwhere(np.diff(np.sign(y1 - y2))).flatten() 

        return idx 

 

    def polyline_approx(self,x,y, polynom=1): 

        model = np.poly1d(np.polyfit(x, y, polynom)) 

        x_data = np.linspace(min(x), max(x)+self.extrapolation_coef, 1000) 

        y_data = model(x_data) 

        return x_data, y_data 

 

    def exponent_approx(self,x,y): 

        log_Y = np.log(y) 

        coefficients = np.polyfit(x, log_Y, 1) 

        beta_1 = coefficients[0] 

        beta_0 = np.exp(coefficients[1]) 

        print(beta_1) 

        print(beta_0) 

        [a, b], res1 = curve_fit(lambda x1, a, b: a * np.exp(b * x1), x, y) 

        x_data = np.linspace(min(x), max(x)+self.extrapolation_coef, 1000) 

        y_data = beta_0 * np.exp(beta_1 * x_data) 

        return x_data, y_data 

 

    def find_sediment_mm(self,x,y,find_params, type_approx=True): # type_approx=0 

        if type_approx: # ʇʦʣʠʥʦʤ 

            x_data, y_data = self.polyline_approx(x, y) 

        else: 

            x_data, y_data = self.exponent_approx(x, y) 

        y_find_params = np.linspace(find_params, find_params, 1000) 

        idx = self.find_intersections(y_find_params, y_data) 

        plt.plot(x_data, y_data) 
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        plt.plot(x_data, y_find_params) 

        if len(idx)!= 0: 

            self.list_find_sediment.append(x_data[idx[0]]) 

            print(self.list_find_sediment) 

            for i in idx: 

                #plt.text(x_data[i], y_find_params[i], f"{np.round(x_data[i], 2)} mm") 

                point = plt.plot(x_data[i], y_find_params[i], "ro", label = f"ʊʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʷ-{np.round(x_data[i], 

2)} mm") 

                plt.legend() 

        else: 

            self.list_find_sediment.append(np.nan) 

 

# -------------------------------------------------------------------------------------- ------------------------------- 

# ʌʫʥʢʮʠʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ 

    def plot_4_subplots(self, xlsx_file): 

        self.data_excel_stats = pd.read_excel(xlsx_file) 

        margins = {"left": 0.1, "bottom": 0.09, "right": 0.99, "top": 0.95} 

        self.figure.clear() 

        plt.subplots_adjust(**margins) 

        """self.axes = self.figure.add_subplot(2, 2, 1)  

        plt.suptitle(xlsx_file.split("/").pop())  

        plt.scatter(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, ʤʤ"],self.data_excel_stats["ʏʘʩʪʦʪʘ, ɻʮ"])"""  

        if self.unknown_freq is not None: 

            self.find_sediment_mm(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, ʤʤ"], self.data_excel_stats["ʏʘʩʪʦʪʘ, ɻʮ"],  

                                  self.unknown_freq) 

        """  

        plt.xlabel(self.data_excel_stats.columns[1])  

        plt.ylabel(self.data_excel_stats.columns[2])  

        plt.xticks(np.arange(min(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, ʤʤ"]), max(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, 

ʤʤ"])+self.extrapolation_coef + 1, 3.0))  

        plt.grid()""" 

        """self.axes = self.figure.add_subplot(2, 2, 2)  

        plt.scatter(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, ʤʤ"],self.data_excel_stats["ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ"])" ""  

        if self.unknown_level is not None: 

            self.find_sediment_mm(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, ʤʤ"],self.data_excel_stats["ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, 

ʤɺ"],self.unknown_level) 

        """plt.xlabel(self.data_excel_stats.columns[1])  

        plt.ylabel(self.data_excel_stats.columns[3])  

        plt.xticks(np.arange(min(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, ʤʤ"]), max(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, 

ʤʤ"])+self.extrapolation_coef + 1, 3.0))  

        plt.grid()""" 

        self.axes = self.figure.add_subplot(2, 1, 1) #2,2,3 

        plt.scatter(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, ʤʤ"], self.data_excel_stats["ʕʥʝʨʛʠʷ, ɼʞ"])  

        if self.unknown_energy is not None: 

            self.find_sediment_mm(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, ʤʤ"],self.data_excel_stats["ʕʥʝʨʛʠʷ, 

ɼʞ"],self.unknown_energy, False) 

        plt.xlabel(self.data_excel_stats.columns[1]) 

        plt.ylabel(self.data_excel_stats.columns[4]) 

        plt.xticks(np.arange(min(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, ʤʤ"]), max(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, 

ʤʤ"])+self.extrapolation_coef + 1, 3.0)) 

        plt.grid() 

        self.axes = self.figure.add_subplot(2, 1, 2) #2,2,4 

        plt.scatter(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, ʤʤ"], self.data_excel_stats["ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ, ʤʩ"])  

        if self.unknown_duration_signal is not None: 

            self.find_sediment_mm(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, ʤʤ"],self.data_excel_stats["ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʩʠʛʥʘʣʘ, ʤʩ"],self.unknown_duration_signal) 

        plt.xlabel(self.data_excel_stats.columns[1]) 

        plt.ylabel(self.data_excel_stats.columns[5]) 

        plt.xticks(np.arange(min(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, ʤʤ"]), max(self.data_excel_stats["ʆʪʣʦʞʝʥʠʝ, 

ʤʤ"])+self.extrapolation_coef + 1, 3.0)) 

        plt.grid() 

        self.canvas.draw() 
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        self.canvas.flush_events() 

 

    def plot_2_subplots(self, x1, y1=None,  x2=None, y2=None, title=None): 

        margins = {"left": 0.06, "bottom": 0.09, "right": 0.99, "top": 0.95} 

        self.figure.clear() 

        plt.subplots_adjust(**margins) 

        self.axes = self.figure.add_subplot(2, 1, 1) 

        if y1 is None: 

            plt.plot(x1) 

        else: 

            plt.plot(x1,y1) 

        if title is not None: 

            plt.title(title) 

        self.axes = self.figure.add_subplot(2, 1, 2) 

        if y2 is None: 

            plt.plot(x2) 

        else: 

            plt.plot(x2,y2) 

        self.canvas.draw() 

        self.canvas.flush_events() 

 

    def plot_one_graf(self, x1,  y1=None, type1="-", x2=None , y2=None, type2="-", title=None): 

        margins = {"left": 0.06, "bottom": 0.09, "right": 0.99, "top": 0.95} 

        self.figure.clear() 

        plt.subplots_adjust(**margins) 

        """x = np.linspace(-np.pi, np.pi, 50)  

        y = x  

        z = np.cos(x)  

        self.axes = self.figure.add_subplot(111, projection='3d')  

        self.axes.plot(x, y, z, label='parametric curve')""" 

        if x2 is None: 

            if y1 is None: 

                plt.plot(x1,type1) 

            else: 

                plt.plot(x1,y1,type1) 

        else: 

            if y1 is None: 

                plt.plot(x1,type1) 

            else: 

                plt.plot(x1,y1,type1) 

            if y2 is None: 

                plt.plot(x2,type2) 

            else: 

                plt.plot(x2,y2,type2) 

        if title is not None: 

            plt.title(title) 

        self.canvas.draw() 

        self.canvas.flush_events() 

 

# ---------------------------------------------------------------------------------------------------------------------  

# ʌʫʥʢʮʠʠ ʩʚʷʟʘʥʥʳʝ ʩ ʜʝʡʩʪʚʠʷʤʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

    def open_xlsx(self,action): 

        self.path_XLSX_file, check = QFileDialog.getOpenFileName(None, "ʆʪʢʨʳʪʴ ʬʘʡʣ", "", "Data (*.xlsx)") 

        if check == "": 

            return 

        if action == 0: 

            self.plot_4_subplots(self.path_XLSX_file) 

        elif action == 1: 

            self.progress_sediment() 

 

    def min_max_slider(self, number_signal): 

        self.horizontalSlider_change_signal.setMaximum(number_signal) 
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    def change_signal(self, action): 

        if action == 0: 

            if self.number_signal > 0: 

                self.number_signal = self.number_signal - 1 

                self.horizontalSlider_change_signal.setValue(self.number_signal) 

        elif action == 1: 

            if self.number_signal < self.count_signal: 

                self.number_signal = self.number_signal + 1 

                self.horizontalSlider_change_signal.setValue(self.number_signal) 

        elif action == 2: 

            self.number_signal = self.horizontalSlider_change_signal.sliderPosition() 

        self.lineEdit_number_signal.setText(str(self.number_signal)) 

        self.plot_2_subplots(y1=self.pd_excel_data_signal.loc[self.number_signal], 

                             x1=self.pd_excel_data_signal.columns, 

                             y2=self.pd_excel_data_fft.loc[self.number_signal], x2=self.pd_excel_data_fft.columns) 

 

    def open_file_wav(self): 

        self.path_WAV_file, check = QFileDialog.getOpenFileNames(None, "ʆʪʢʨʳʪʴ ʬʘʡʣ", "", "Data (*.WAV)")  

        if check == "": 

            return 

        self.path  = self.path_WAV_file[0].split("/") 

        self.path .pop() 

        self.path = "/".join(self.path) 

        self.file_in_path = os.listdir(self.path) 

 

    def save_as(self): 

        # ʩʦʭʨʘʥʝʥʠʝ ʬʘʡʣʦʚ ʦʙʨʘʙʦʪʢʠ 

        file, check = QFileDialog.getSaveFileName(None, "ʉʦʭʨʘʥʠʪʴ ʢʘʢ", "ʅʘʞʤʠ ʩʦʭʨʘʥʠʪʴ)",) 

 

    def change_extrapolation_date(self): 

        self.extrapolation_date = self.lineEdit_extrapolation_date.text() 

        self.extrapolation_date = self.extrapolation_date.split()[0] 

        return self.extrapolation_date 

 

    def change_date(self): 

        self.date = self.lineEdit_date_measure.text() 

        self.date = self.date.split()[0] 

        self.list_find_sediment[0] = self.date 

 

    def change_extrapolation(self): 

        self.extrapolation_coef = self.check_int(self.lineEdit_extrapolation.text()) 

        self.lineEdit_extrapolation.setText(str(self.extrapolation_coef)) 

 

    def change_min_freq(self): 

        self.min_freq = self.check_int(self.lineEdit_min_freq.text()) 

        self.lineEdit_min_freq.setText(str(self.min_freq)) 

 

    def change_max_freq(self): 

        self.max_freq = self.check_int(self.lineEdit_max_freq.text()) 

        self.lineEdit_max_freq.setText(str(self.max_freq)) 

 

    def change_width(self): 

        self.width = self.check_int(self.lineEdit_width.text()) 

        self.lineEdit_width.setText(str(self.width)) 

 

    def change_height(self): 

        self.height = self.check_int(self.lineEdit_height.text()) 

        self.lineEdit_height.setText(str(self.height)) 

 

    def change_len(self): 

        self.len = self.check_int(self.lineEdit_len.text()) 
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        self.lineEdit_len.setText(str(self.len)) 

 

    def change_height_fft(self): 

        self.height_peaks_fft = self.check_int(self.lineEdit_height_fft.text()) 

        self.lineEdit_height_fft.setText(str(self.height_peaks_fft)) 

 

    def change_len_fft(self): 

        self.len_peaks_fft = self.check_int(self.lineEdit_len_fft.text()) 

        self.lineEdit_len_fft.setText(str(self.len_peaks_fft)) 

 

    def change_find_max_peak(self): 

        self.find_max_peak = self.check_int(self.lineEdit_find_max_peak.text()) 

        self.lineEdit_find_max_peak.setText(str(self.find_max_peak)) 

 

# ---------------------------------------------------------------------------------------------------------------------  

# ʈʘʙʦʯʠʝ ʬʫʥʢʮʠʠ ʨʘʩʯʝʪʘ 

    def cute_signal(self, signal, size_sig): 

        return signal[:size_sig] 

 

    def eval_signal_time(self, signal, fs_rate): 

        N = signal.shape[0] 

        secs = N / float(fs_rate) 

        return N, secs 

 

    def eval_fft(self, signal, N, fs_rate): 

        yf = fft(signal) 

        xf = fftfreq(N, 1 / fs_rate)[:N // 2] 

        return xf, yf 

    def find_max_value_signal(self, signal): 

        peaks_sig, peaks2_sig = find_peaks(signal, width=1, height=self.find_max_peak) 

        res = np.array([peaks_sig, peaks2_sig.get("peak_heights")]).astype(int) 

        df_sig = pd.DataFrame(res.T, columns=["time", "ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ"])  

        df_sig = df_sig.sort_values(by=["time"], ascending=True, ignore_index=True) 

        return df_sig 

    def cute_signal_on_peaks(self, signal_all): 

        peaks_sig_all, peaks2_sig_all = find_peaks(signal_all, width=self.width, height=self.height, 

                                                   distance=self.len) 

        all_peaks_signal_all = np.array([peaks_sig_all, peaks2_sig_all.get("peak_heights")]).astype(int) 

        return all_peaks_signal_all 

    def convert_to_df(self, res_all,fs_rate): 

        df_sig_all = pd.DataFrame(res_all.T, columns=["time", "ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʤɺ"])  

        df_sig_all = df_sig_all.sort_values(by=["time"], ascending=True, ignore_index=True) 

        return df_sig_all 

    def convert_to_mono(self, signal_all): 

        signal_all = signal_all.T 

        return signal_all[0] 

    def check_int(self, value): 

        if value.isdigit(): 

            return int(value) 

        else: 

            return 0 

 

if __name__ == "__main__": 

    app = QtWidgets.QApplication(sys.argv) 

    window = SuslovApp() 

    window.show()  # ʇʦʢʘʟʳʚʘʝʤ ʦʢʥʦ 

    sys.exit(app.exec_()) 
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ʇʨʠʣʦʞʝʥʠʝ ɹ. ʇʘʪʝʥʪʳ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ
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ʇʨʠʣʦʞʝʥʠʝ ɺ. ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʕɺʄ 
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ʇʨʠʣʦʞʝʥʠʝ ɻ. ʂʦʧʠʠ ʘʢʪʦʚ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 
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ʇʨʠʣʦʞʝʥʠʝ ɼ. ʄʝʪʦʜʠʢʘ ʢʘʣʠʙʨʦʚʢʠ ʀʀʉ ʆʊʆ ʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʷ 

ʪʦʣʱʠʥʳ ɸʉʇʆ 

 



159 
 

 



160 
 

 


