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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ 

ɺʦʚʣʝʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 

ʚʢʣʶʯʘʷ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʝ ʛʦʨʠʟʦʥʪʳ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʫʩʣʦʞʥʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʝʜʝʥʠ ̫ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʯʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʂ ʯʠʩʣʫ ʬʘʢʪʦʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ 

ʜʘʥʥʳʝ ʫʩʣʦʚʠʷ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʩʠʚʘ, ʙʦʣʴʰʫ  ʁ

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʠ ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʴ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʝʪʝʡ, ʛʦʨʥʦʝ ʜʘʚʣʝʥʠʝ, 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʟʘʣʝʛʘʥʠʷ ʧʣʘʩʪʘ ʩ ʧʦʣʝʟʥʳʤ ʠʩʢʦʧʘʝʤʳʤ ʠ ʜʨʫʛʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʬʘʢʪʦʨʳ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʜʦʙʳʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʈʘʙʦʪʘ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ, ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʟʘʧʳʣʝʥʥʦʩʪʠ, ʰʫʤʘ ʠ 

ʚʠʙʨʘʮʠʡ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʁ ʧʦʜʜʝʨʞʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʝʛʦ ʨʘʙʦʪʫ. ʆʧʠʩʘʥʥʳʝ ʬʘʢʪʦʨʳ ʟʘʯʘʩʪʫʶ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʦʚ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʦʪʨʘʙʦʪʢʠ ʢʘʣʠʡʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʦʟʨʘʩʪʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʚʦʛʦ 

ʨʝʞʠʤʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʭʦʜʯʝʩʢʠʭ ʠ ʜʦʙʳʯʥʳʭ ʨʘʙʦʯʠʭ 

ʟʦʥʘʭ ʛʣʫʙʦʢʠʭ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʣʫʙʠʥʘ ʦʪʨʘʙʦʪʢʠ ʢʘʣʠʡʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʩʪʨʘʥʘʭ ʉʅɻ ʜʦʩʪʠʛʘʝʪ ʦʪʤʝʪʢʠ -1200 ʤ. ɼʣʷ 

ʪʘʢʠʭ ʛʣʫʙʠʥ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʘʷ ʚ ʭʦʜʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʥʘʛʨʝʚʘʝʪ ʚʝʩʴ ʚʦʟʜʫʭ ʨʫʜʥʠʯʥʦʡ ʘʪʤʦʩʬʝʨʳ. 

ʈʘʙʦʪʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʪʝʧʣʦʚʫʶ ʦʙʩʪʘʥʦʚʢʫ. ʌʠʢʩʠʨʫʝʤʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ ʛʣʫʙʦʢʠʭ ʢʘʣʠʡʥʳʭ 

ʨʫʜʥʠʢʘʭ ʜʦʩʪʠʛʘʶʪ ʚʝʣʠʯʠʥ r39°ʉ, ʧʨʠ ʜʦʧʫʩʪʠʤʦʡ ʪʨʝʙʦʚʘʥʠʷʤʠ ʌʝʜʝʨʘʣʴʥʳʭ ʥʦʨʤ 

ʠ ʧʨʘʚʠʣ (ʌʅʠʇ) [54] ʚʝʣʠʯʠʥʝ 26°ʉ. ɺ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʛʣʫʙʠʥʳ ʦʪʨʘʙʦʪʢʠ ʠ ʦʪʜʘʣʝʥʠʷ ʨʘʙʦʯʠʭ ʟʦʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʚʦʣʦʚ ʩʠʪʫʘʮʠʷ ʙʫʜʝʪ 

ʫʩʫʛʫʙʣʷʪʴʩʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʨʘʙʦʯʠʭ ʟʦʥʘʭ 

ʛʣʫʙʦʢʠʭ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʦʚ. 

ɺʝʜʝʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʟʜʦʨʦʚʴʝ ʛʦʨʥʦʨʘʙʦʯʠʭ. ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʨʠʩʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʘʚʘʨʠʡ, ʘ 

ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʫʜʘ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ 

ʧʦʜʜʝʨʞʘʥʠʝ ʟʜʦʨʦʚʴʷ ʩʦʪʨʫʜʥʠʢʦʚ [1,38]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʨʘʙʦʪʢʘ ʢʘʣʠʡʥʦ-
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ʤʘʛʥʠʝʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʳʭ 

ʢʦʤʙʘʡʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʧʨʦʠʩʭʦʜʷʪ ʯʘʩʪʳʝ 

ʧʝʨʝʛʨʝʚʳ ʧʨʠʚʦʜʦʚ ʠ ʩʥʠʞʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [63]. 

ɺʦʧʨʦʩʳ ʥʦʨʤʘʣʠʟʘʮʠʠ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʚ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʘʢʠʭ ʫʯʝʥʳʭ ʢʘʢ ʑʝʨʙʘʥʴ ɸ.ʅ., ʄʝʜʚʝʜʝʚ ɹ.ʀ., 

ɺʦʨʦʧʘʝʚ ɸ.ʌ., ɼʷʜʴʢʠʥ ʖ.ɼ., ʉʤʠʨʥʦʚ ʖ.ʄ., ɻʝʥʜʣʝʨ ʉ.ɻ., ʃʝʚʠʥ ʃ.ʖ., ɿʘʡʮʝʚ ɸ.ɺ., 

ʌʘʡʥʙʫʨʛ ɻ.ɿ., ɹʦʨʦʜʘʚʢʠʥ ɼ.ɸ., ʆʣʴʭʦʚʩʢʠʡ ɼ.ɺ., ʂʦʙʳʣʢʠʥ ʉ.ʉ., M.J. McPherson, 

K.L. Gibson, S.J., Bluhm, L. Mackay ʠ ʜʨ. ʅʦ ʦʛʨʘʥʠʯʝʥʥʳʝ ʨʘʥʝʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʨʠʚʝʣʠ ʢ ʨʘʟʚʠʪʠʶ ʧʨʠʙʣʠʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʛʦ 

ʨʝʞʠʤʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʞʝ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʚʝʜʝʥʠʶ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʩʪʚʘ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʘʭ ʟʘʜʘʯ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʘʪʴ 

ʟʘʜʘʯʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʥʦʨʤʘʣʠʟʘʮʠʶ ʤʠʢʨʦʢʣʠʤʘʪʘ. ʈʘʟʨʘʙʦʪʢʘ ʨʝʰʝʥʠʡ ʚ ʯʘʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʳʤ ʨʝʞʠʤʦʤ ʧʦʟʚʦʣʷʪ ʚʦʚʣʝʢʘʪʴ ʚ ʦʪʨʘʙʦʪʢʫ ʛʣʫʙʦʢʠʝ ʟʘʧʘʩʳ, 

ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ ʩʘʤʦʝ ʩʦʚʨʝʤʝʥʥʦʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʛʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʎʝʣʴ ʨʘʙʦʪʳ 

ʅʦʨʤʘʣʠʟʘʮʠʷ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʤʘʰʠʥʠʩʪʦʚ 

ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʳʭ ʢʦʤʙʘʡʥʦʚ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʦʚ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʨʘʙʦʪʳ 

ʋʧʨʘʚʣʝʥʠʝ ʪʝʧʣʦʚʳʤ ʨʝʞʠʤʦʤ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʫʧʠʢʦʚʦʡ ʛʦʨʥʦʡ 

ʚʳʨʘʙʦʪʢʠ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʠ ʠʟʤʝʥʝʥʠʠ ʠʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ 

ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʨʘʙʦʪʳ 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʢʦʨʦʩʪʝʡ ʚʦʟʜʫʭʘ ʚ ʧʨʠʟʘʙʦʡʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ ʧʨʠ ʨʘʙʦʪʘʶʱʝʤ ʠ ʥʝʨʘʙʦʪʘʶʱʝʤ 

ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʤ ʢʦʤʧʣʝʢʩʝ. 

2. ʄʦʥʠʪʦʨʠʥʛ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʪʫʧʠʢʦʚʦʡ ʢʦʤʙʘʡʥʦʚʦʡ 

ʚʳʨʘʙʦʪʢʝ ʧʨʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

3. ʌʦʨʤʫʣʠʨʦʚʢʘ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʫʯʠʪʳʚʘʶʱʝʡ ʚʣʠʷʥʠʝ 

ʨʘʙʦʪʳ ʜʦʙʳʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʧʣʦʚʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 
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ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ 

ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ. 

4. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʭʦʜʯʝʩʢʦ-

ʦʯʠʩʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʪʫʧʠʢʦʚʦʡ ʛʦʨʥʦʡ 

ʚʳʨʘʙʦʪʢʠ. 

5. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʥʦʨʤʘʣʠʟʘʮʠʶ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʤʘʰʠʥʠʩʪʘ ʧʨʦʭʦʜʯʝʩʢʦ-

ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʘʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ; ʥʘʪʫʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʫʧʠʢʦʚʳʭ ʢʦʤʙʘʡʥʦʚʳʭ ʛʦʨʥʳʭ 

ʚʳʨʘʙʦʪʦʢ; ʩʙʦʨ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ; ʪʨʝʭʤʝʨʥʦʝ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʠʟʘʙʦʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʉʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʦʙʲʝʜʠʥʷʶʱʘʷ 

ʦʜʥʦʤʝʨʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ ʠ  ʪʨʝʭʤʝʨʥʦʝ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʢʦʤʙʘʡʥʘ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ. 

2. ɻʦʨʥʦʪʝʭʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘ ʩʯʝʪ ʫʩʪʨʘʥʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʝʧʣʦʧʨʠʪʦʢʘ ʦʪ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʠ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʦʪʚʦʜʘ ʥʘʛʨʝʪʳʭ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʧʦ ʚʝʥʪʠʣʷʮʠʦʥʥʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʫ. 

3. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʳʤ ʨʝʞʠʤʦʤ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʶ ʣʦʢʘʣʴʥʦʡ ʧʦʜʘʯʠ ʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʦʨʤʘʣʠʟʘʮʠʶ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ ʧʨʠʟʘʙʦʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ 

ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʣʷ ʫʩʣʦʚʠʡ ʪʫʧʠʢʦʚʦʡ ʢʦʤʙʘʡʥʦʚʦʡ ʚʳʨʘʙʦʪʢʠ 

ʢʘʣʠʡʥʦʛʦ ʨʫʜʥʠʢʘ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʩʦʚʤʝʩʪʥʦʤ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʚ ʦʜʥʦʤʝʨʥʦʡ ʠ 

ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʘʭ.  

2. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʜʚʠʞʝʥʠʷ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ ʜʦʙʳʯʥʦʛʦ ʢʦʤʙʘʡʥʘ ʥʘ ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʠ 

ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

3. ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ 

ʢʦʤʙʘʡʥʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʧʦ ʬʘʢʪʦʨʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʧʨʠʟʘʙʦʡʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

4. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ 

ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ, ʧʦʟʚʦʣʷʶʱʠʝ, ʦʙʝʩʧʝʯʠʪʴ ʜʦʧʫʩʪʠʤʳʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ, ʤʠʥʠʤʠʟʠʨʫʷ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

5. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʙʦʩʥʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʚʦʟʜʫʭʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʤʘʰʠʥʠʩʪʘ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʟʘʢʦʥʘʤ ʨʫʜʥʠʯʥʦʡ 

ʘʵʨʦʛʘʟʦʜʠʥʘʤʠʢʠ ʠ ʟʘʢʦʥʘʤ ʪʝʧʣʦʦʙʤʝʥʘ, ʩʦʧʦʩʪʘʚʠʤʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʥʘʪʫʨʥʳʭ ʟʘʤʝʨʦʚ ʥʘ 

ʧʦʜʟʝʤʥʦʤ ʨʫʜʥʠʢʝ ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ.  

ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʤʘʰʠʥʠʩʪʘ 

ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ ʚ ʫʩʣʦʚʠʷʭ ʛʣʫʙʦʢʠʭ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ ʢʘʣʠʡʥʳʭ 

ʨʫʜʥʠʢʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʥʦʨʤʘʣʠʟʘʮʠʶ ʤʠʢʨʦʢʣʠʤʘʪʘ ʩ ʫʯʝʪʦʤ 

ʪʝʧʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʦʪ ʦʢʨʫʞʘʶʱʝʛʦ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ 

ʨʘʙʦʪ ʥʘ ɻʨʝʤʷʯʠʥʩʢʦʤ ʠ ʉʪʘʨʦʙʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʜʨʫʛʠʭ 

ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʘʭ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ. 
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ʉ ʮʝʣʴʶ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ [54] ʧʨʠ ʚʥʝʜʨʝʥʠʠ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʝʥ ʥʘʫʯʥʳʡ ʟʘʜʝʣ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʙʦʩʥʦʚʘʥʠ ̫

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ (ʆɹ ʆʇʆ) ʚ ʯʘʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʧʦʩʦʙʘ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ. ʅʘ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ ʜʦʢʫʤʝʥʪ ʧʨʦʰʸʣ 

ʵʢʩʧʝʨʪʠʟʫ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʚ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʢʘʭ ʨʫʜʥʠʢʘ. 

ʉʦʚʤʝʩʪʥʦ ʩ çʅʇʆ çɸʵʨʦʩʬʝʨʘè ʚʳʧʦʣʥʝʥʦ ʥʘʫʯʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʨʘʟʨʘʙʦʪʢʠ 

ʠ ʩʪʝʥʜʦʚʳʝ ʟʘʚʦʜʩʢʠʝ ʠʩʧʳʪʘʥʠ ̫ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʂʐʚ-15. ʈʘʟʨʘʙʦʪʘʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʚʦʟʜʫʭʘ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ. 

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʢʨʫʧʥʳʤʠ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠ ʪʝʤʘʤʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʧʣʘʥʘʤʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ çɻʀ ʋʨʆ ʈɸʅè ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ çʄʦʥʠʪʦʨʠʥʛ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʘʵʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʩʣʦʞʥʳʭ ʛʦʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭè ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ 

(ʨʝʛ. ʥʦʤʝʨ ʅʀʆʂʊʈ: 126012716039-2) ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤʘʪʠʢʦʡ ʭʦʟʜʦʛʦʚʦʨʥʳʭ 

ʨʘʙʦʪ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ ɸʆ çʄʍʂ çɽʚʨʦʍʠʤè. 

ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʜʜʝʨʞʘʥʳ ʠ ʯʘʩʪʠʯʥʦ 

ʬʠʥʘʥʩʠʨʦʚʘʥʳ ʚ ʨʘʤʢʘʭ ʢʨʫʧʥʦʛʦ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-2024-535 ʦʪ 23.04.2024). 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʩʫʞʜʝʥʠʶ ʥʘ ʝʞʝʛʦʜʥʳʭ ʥʘʫʯʥʳʭ ʩʝʩʩʠʷʭ ɻʦʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʛ. ʇʝʨʤʴ, ɻʀ ʋʨʆ ʈɸʅ, 2024, 

2025 ʛʛ.), ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʥʘʫʯʥʦʤ ʩʠʤʧʦʟʠʫʤʝ çʅʝʜʝʣʷ ʛʦʨʥʷʢʘè (ʛ. ʄʦʩʢʚʘ, ʅʀʊʋ 

ʄʀʉʀʉ, 2022, 2024 ʛʛ.), ʥʘ XIX ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʬʦʨʫʤ-ʢʦʥʢʫʨʩʝ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ "ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʧʝʨʘʪʨʠʮʳ ɽʢʘʪʝʨʠʥʳ II, 2023 ʛ.), ʥʘ ʦʪʯʝʪʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʧʦ ʠʪʦʛʘʤ 1 ʠ 2 ʵʪʘʧʦʚ ʚʳʧʦʣʥʝʥʠʷ ʢʨʫʧʥʦʛʦ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦ 

ʉʦʛʣʘʰʝʥʠʶ ʩ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

 ̄075-15-2024-535 ʦʪ 23 ʘʧʨʝʣʷ 2024 ʛ (ʛ. ʇʝʨʤʴ, ʀʄʉʉ ʋʨʆ ʈɸʅ, 2024, 2025 ʛʛ.), ʥʘ 

XʍIV ɿʠʤʥʝʡ ʰʢʦʣʝ ʧʦ ʤʝʭʘʥʠʢʝ ʩʧʣʦʰʥʳʭ ʩʨʝʜ (ʛ. ʇʝʨʤʴ, ʀʄʉʉ ʋʨʆ ʈɸʅ, 2025 ʛ.), 

ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ 
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ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷè (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʀɻɼ ʋʨʆ ʈɸʅ, 2026 ʛ.), ʥʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʚʝʪʘʭ ʨʫʜʥʠʢʘ ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ (ʛ. ʂʦʪʝʣʴʥʠʢʦʚʦ, ʆʆʆ çɽʚʨʦʍʠʤ-ɺʦʣʛʘʂʘʣʠʡ, 

2022 - 2025 ʛʛ.), ʥʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʚʝʪʘʭ çʅʇʆ çɸʵʨʦʩʬʝʨʘè (ʛ. ʇʝʨʤʴ, 

çʅʇʆ çɸʵʨʦʩʬʝʨʘè, 2024, 2025 ʛʛ.). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʷʣ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʠ ʝʝ 

ʟʘʜʘʯ, ʚʳʧʦʣʥʝʥʠʠ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʚʳʙʦʨʝ 

ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʫʯʘʩʪʠʠ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʠʭ ʚʝʨʠʬʠʢʘʮʠʠ, ʧʨʦʚʝʜʝʥʠʠ ʟʘʚʦʜʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʦʧʳʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, ʯʣ.-ʢʦʨ. ʈɸʅ, 

ʜ.ʪ.ʥ. ʃʝʚʠʥʫ ʃ.ʖ. ʟʘ ʮʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ, ʧʦʜʜʝʨʞʢʫ ʠ ʧʦʤʦʱʴ 

ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʚʳʧʦʣʥʝʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʜ.ʪ.ʥ. ʉʝʤʠʥʫ ʄ.ɸ., ʜ.ʬ.-ʤ.ʥ. ʇʘʥʪʝʣʝʝʚʫ ʀ.ɸ., ɹʫʙʣʠʢʫ ʉ.ɸ., ʃʫʟʠʥʫ ʈ.ɼ., ʟʘ ʧʦʤʦʱʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʠʭ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʢ.ʪ.ʥ. ʄʘʣʴʮʝʚʫ ʉ.ɺ. 

ʟʘ ʮʝʥʥʳʝ ʫʢʘʟʘʥʠʷ ʠ ʩʦʟʜʘʥʠʝ ʫʥʠʢʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʜ.ʪ.ʥ. ɿʘʡʮʝʚʫ ɸ.ɺ. ʠ ʢ.ʪ.ʥ. ʆʣʴʭʦʚʩʢʦʤʫ ɼ.ɺ. ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʪʝʧʣʦʬʠʟʠʢʠ.  

ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʦʧʳʪʥʦ-ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʙʳ ʥʝʚʦʟʤʦʞʥʳ ʙʝʟ ʩʦʜʝʡʩʪʚʠʷ ʚʝʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʝʜʧʨʠʷʪʠʷ 

ʆʆʆ çɽʚʨʦʍʠʤ-ɺʦʣʛʘʂʘʣʠʡè: ʟʘʤʝʩʪʠʪʝʣʷ ʛʣʘʚʥʦʛʦ ʠʥʞʝʥʝʨʘ ʈʘʟʜʦʨʦʚʘ ʉ.ɸ., ʛʣʘʚʥʦʛʦ 

ʠʥʞʝʥʝʨʘ ʊʦʤʠʣʠʥʘ ʇ.ɸ., ʘ ʪʘʢʞʝ ʨʫʢʦʚʦʜʩʪʚʘ çʅʇʆ çɸʵʨʦʩʬʝʨʘè. 

ʋʩʧʝʰʥʦʡ ʨʘʙʦʪʝ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʪʚʦʨʯʝʩʢʘʷ, 

ʜʦʙʨʦʞʝʣʘʪʝʣʴʥʘʷ ʘʪʤʦʩʬʝʨʘ ʚ ʢʦʣʣʝʢʪʠʚʝ ʠ ʧʦʥʠʤʘʥʠʝ ʯʣʝʥʦʚ ʩʝʤʴʠ. 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʛʦʪʦʚʣʝʥʦ ʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 13 ʧʝʯʘʪʥʳʭ 

ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 7 ʚ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ʚʝʜʫʱʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ 

ʞʫʨʥʘʣʦʚ ʠ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʫʝʤʳʭ ɺɸʂ, 8 ʚ ʠʟʜʘʥʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ 

Scopus ʠ Web of Science. 

ʆʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ ʠ ʟʘʢʣʶʯʝʥʠʷ. ʈʘʙʦʪʘ 

ʠʟʣʦʞʝʥʘ ʥʘ 142 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 69 ʨʠʩʫʥʢʦʚ ʠ 27 ʪʘʙʣʠʮ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʩʪʦʠʪ ʠʟ 131 ʥʘʠʤʝʥʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 51 

ʟʘʨʫʙʝʞʥʳʭ.   
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1 ɸʅɸʃʀɿ ʀɿʋʏɽʅʅʆʉʊʀ ɺʆʇʈʆʉɸ 

ʂʘʣʠʡʥʳʝ ʫʜʦʙʨʝʥʠʷ ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʘʣʠʡ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩʳ ʧʠʪʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʧʦʩʨʝʜʩʪʚʦʤ ʯʝʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ.  

ʆʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʢʘʣʠʡʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ï ʧʦʜʟʝʤʥʳʝ ʨʫʜʥʠʢʠ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʠ 

ʂʘʥʘʜʝ. ʉʦʛʣʘʩʥʦ ʠʩʪʦʯʥʠʢʫ [12] ʥʘ ʪʨʠ ʫʢʘʟʘʥʥʳʝ ʛʦʩʫʜʘʨʩʪʚʘ ʧʨʠʭʦʜʠʪʩʷ 80 % ʜʦʙʳʯʠ 

ʢʘʣʠʡʥʦʡ ʨʫʜʳ, ʠʟ ʢʦʪʦʨʦʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʫʜʦʙʨʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʠʝ ʜʥʠ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʠ ʩʪʨʘʥ ʉʅɻ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʨʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: 

ɺʝʨʭʥʝʢʘʤʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʢʘʣʠʡʥʦ-ʤʘʛʥʠʝʚʳʭ ʩʦʣʝʡ, ʉʪʘʨʦʙʠʥʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠ ɻʨʝʤʷʯʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ [68].  

ʅʝ ʩʥʠʞʘʝʪʩʷ ʪʘʢʞʝ ʪʝʥʜʝʥʮʠʷ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʫʯʘʩʪʢʦʚ ʟʘʣʝʞʝʡ ʢʘʣʠʡʥʳʭ 

ʩʦʣʝʡ. ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 1.1 ʤʥʦʞʝʩʪʚʦ ʟʘʣʝʞʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ 

ʧʦʜʛʦʪʦʚʢʠ ʢ ʨʘʟʚʝʜʢʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʣʠʡʥʳʭ 

ʫʜʦʙʨʝʥʠʡ. 

 
ʈʠʩʫʥʦʢ 1.1 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʧʘʩʦʚ ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ (ʤʣʥ ʪ KCl) ʠ ʠʭ ʦʩʥʦʚʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʊʝʢʫʱʠʝ ʪʝʥʜʝʥʮʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʜʦʙʳʯʝ 

ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʠʷ ʙʫʜʫʪ ʥʘʨʘʱʠʚʘʪʴ ʤʦʱʥʦʩʪʠ ʠ ʚʦʚʣʝʢʘʪʴ ʚ ʨʘʙʦʪʫ ʥʦʚʳʝ ʟʘʧʘʩʳ, ʚ ʪʦʤ 
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ʯʠʩʣʝ, ʦʪʨʘʙʘʪʳʚʘʪʴ ʛʣʫʙʦʢʠʝ ʟʘʣʝʞʠ. ʋʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʚʦʝʥʠʝ ɻʨʝʤʷʯʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 1200 ʤ, ʘ ʛʣʫʙʠʥʳ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ 

ʉʪʘʨʦʙʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʝʚʳʰʘʶʪ 800 ʤ. 

ɻʣʫʙʠʥʘ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʨʠʚʥʦʩʠʪ ʩʚʦʠ ʥʶʘʥʩʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɻʦʨʥʘʷ ʦʪʨʘʩʣʴ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʟʘʜʘʯʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʝ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʠʟʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, 

ʧʦʩʢʦʣʴʢʫ ʩ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʩʩʠʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʭʫʜʰʝʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ 

ʰʘʭʪʝʨʦʚ. 

ʈʘʙʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʟʜʦʨʦʚʴʝ 

ʛʦʨʥʦʨʘʙʦʯʠʭ. ʇʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʟʘʙʦʷʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʛʨʝʚʫ 

ʦʨʛʘʥʠʟʤʘ, ʪʝʧʣʦʚʦʤʫ ʫʜʘʨʫ, ʫʭʫʜʰʝʥʠʶ ʩʘʤʦʯʫʚʩʪʚʠʷ ʠ ʩʥʠʞʝʥʠʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ [119,111]. ʕʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʫʩʪʘʣʦʩʪʴ, ʧʦʚʳʰʝʥʠʝ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘ 

ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. ɺʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʠ ʥʘ ʨʘʙʦʪʫ ʛʦʨʥʦ-ʰʘʭʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʦʜʦʙʥʦʛʦ ʚʣʠʷʥʠ ̫ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʛʨʝʚ ʧʨʠʚʦʜʦʚ, ʫʭʫʜʰʝʥʠʝ ʩʚʦʡʩʪʚ 

ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʝʬʦʨʤʘʮʠʷ ʵʣʝʢʪʨʦʢʘʙʝʣʝʡ, ʘ ʪʘʢʞʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʰʣʘʥʛʦʚ. 

1.1 ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʦʨʤʠʨʦʚʘʥʠʶ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʄʠʢʨʦʢʣʠʤʘʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ: ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʧʦʜʚʠʞʥʦʩʪʴ 

ʚʦʟʜʫʭʘ ʠ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʝʡ [31,67]. ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʘʷ ʨʘʙʦʪʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʠʪʫʘʮʠʠ ʩ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʦ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʨʝʯʴ ʧʦʡʜʝʪ ʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʘʭ ʥʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʠʪʫʘʮʠʷʭ ʧʨʝʚʳʰʝʥʠʷ ʜʦʧʫʩʪʠʤʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʫʩʣʦʚʠʡ ʥʦʨʤʘʣʴʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ 

ʦʪʚʝʜʝʥʠʝ ʚʳʜʝʣʷʝʤʦʡ ʦʨʛʘʥʠʟʤʦʤ ʪʝʧʣʦʪʳ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʅʘʨʫʰʝʥʠʝ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʛʨʝʚʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ 

ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʠʣʠ ʧʦʣʥʘʷ ʝʝ ʧʦʪʝʨʷ. ʋ ʛʦʨʥʦʨʘʙʦʯʠʭ ʩʥʠʞʘʝʪʩʷ ʚʥʠʤʘʥʠʝ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʚʳʧʦʣʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʠ ʪʨʘʚʤ. ɺ ʠʪʦʛʝ ʧʨʠ 

ʧʝʨʝʛʨʝʚʝ ʦʨʛʘʥʠʟʤʘ ʚʦʟʤʦʞʥʳ ʧʦʪʝʨʷ ʩʦʟʥʘʥʠʷ ʠ ʜʘʞʝ ʣʝʪʘʣʴʥʳʝ ʠʩʭʦʜʳ [67,87].  

ɺ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʤʠʢʨʦʢʣʠʤʘʪʘ ʥʘ ʟʜʦʨʦʚʴʝ ʛʦʨʥʦʨʘʙʦʯʠʭ 

ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʝʛʦ ʧʘʨʘʤʝʪʨʘʤ 
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ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʠʭ ʥʦʨʤʠʨʦʚʘʥʠʶ. ɺ [8] ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʥʷʪʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʤʠʢʨʦʢʣʠʤʘʪ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʠ ʚ ʧʦʤʝʱʝʥʠʠ: 

1. ɼʦʧʫʩʪʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ï ʵʪʦ ʩʦʯʝʪʘʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʯʝʣʦʚʝʢʘ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʧʨʝʭʦʜʷʱʠʝ ʠ ʙʳʩʪʨʦ ʥʦʨʤʘʣʠʟʫʶʱʠʝʩʷ 

ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʥʘʧʨʷʞʝʥʠʝʤ 

ʤʝʭʘʥʠʟʤʦʚ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ, ʥʝ ʚʳʭʦʜʷʱʠʤ ʟʘ ʧʨʝʜʝʣʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʇʨʠ ʵʪʦʤ ʥʝ ʚʦʟʥʠʢʘʝʪ ʧʦʚʨʝʞʜʝʥʠʡ ʠʣʠ 

ʥʘʨʫʰʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ, ʥʦ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʜʠʩʢʦʤʬʦʨʪʥʳʝ ʪʝʧʣʦʚʳʝ 

ʦɦ ʫʱʝʥʠʷ, ʫʭʫʜʰʝʥʠʷ ʩʘʤʦʯʫʚʩʪʚʠʷ ʠ ʧʦʥʠʞʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

2. ʆʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ï ʵʪʦ ʩʦʯʝʪʘʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʯʝʣʦʚʝʢʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʭʨʘʥʝʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʙʝʟ ʥʘʧʨʷʞʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ. ʆʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʱʫʱʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʘ ʠ ʩʦʟʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ ʪʝʨʤʠʥʘʤʠ ʜʦʩʪʠʞʝʥʠʝ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. ɹʦʣʝʝ ʪʦʛʦ, ʦʙʝʩʧʝʯʝʥʠʝ ʜʘʞʝ ʜʦʧʫʩʪʠʤʳʭ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʯʘʩʪʫʶ ʩʦʧʨʷʞʝʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʬʘʢʪʦʨʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠ 

ʤʠʢʨʦʢʣʠʤʘʪ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʤʘʰʠʥʠʩʪʦʚ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʪʨʝʙʫʝʪ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʝʝ ʨʝʰʝʥʠʶ. 

1.1.1 ʅʦʨʤʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʤʠʢʨʦʢʣʠʤʘʪ ʚ ʨʘʙʦʯʠʭ 

ʟʦʥʘʭ ʚ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʝʜʝʨʘʣʴʥʳʤʠ 

ʥʦʨʤʘʤʠ ʠ ʧʨʘʚʠʣʘʤʠ: 

1. ɼʣʷ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʫʛʦʣʴʥʳʭ ʠ ʥʝʬʪʷʥʳʭ ʰʘʭʪ - ʇʨʘʚʠʣʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

(ʇʨʠʢʘʟ ʈʦʩʪʝʭʥʘʜʟʦʨʘ ˉ 505 ʦʪ 8.12.2020) [54]. 

ʊʨʝʙʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʘ: ʧ. 152 - ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʟʘʙʦʷʭ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʠ 

ʦʯʠʩʪʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ ʧʝʨʩʦʥʘʣʘ 

ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ +26 Áʉ. 
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2. ɼʣʷ ʥʝʬʪʷʥʳʭ ʰʘʭʪ - ʇʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʥʝʬʪʷʥʦʡ ʠ ʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

(ʇʨʠʢʘʟ ʈʦʩʪʝʭʥʘʜʟʦʨʘ ˉ 534 ʦʪ 15.12.2020) [52]. 

ʊʨʝʙʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʘ: ʧ. 1746 - ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʜʦʙʳʯʥʳʭ, 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʜʝʡʩʪʚʫʶʱʠʭ ʚʳʨʘʙʦʪʢʘʭ ʫ ʤʝʩʪ, ʛʜʝ ʨʘʙʦʪʘʶʪ ʣʶʜʠ, 

ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 26Áʉ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʜʦ 90% ʠ 25Áʉ - ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʩʚʳʰʝ 90%; ʧ. 1747 - ɺ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʚʦʜʷʪʩʷ ʟʘʢʘʯʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʧʣʘʩʪ, ʦʪʙʦʨ ʧʨʦʜʫʢʮʠʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ, 

ʧʨʦʣʦʞʝʥʳ ʪʨʫʙʦʧʨʦʚʦʜʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 40Áʉ ʠ ʚʳʰʝ 

(ʜʘʣʝʝ - "ʛʦʨʷʯʠʝ" ʪʨʫʙʦʧʨʦʚʦʜʳ), ʘ ʪʘʢʞʝ ʚ ʝʤʢʦʩʪʷʭ ʥʝʬʪʝʣʦʚʫʰʝʢ ʜʦʧʫʩʢʘʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʫʜʥʠʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʜʦ 36Áʉ ʚʢʣʶʯʠʪʝʣʴʥʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʵʪʠʭ 

ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʣʶʜʠ ʥʝ ʥʘʭʦʜʷʪʩʷ ʧʦʩʪʦʷʥʥʦ ʚ ʪʝʯʝʥʠʝ ʨʘʙʦʯʝʡ ʩʤʝʥʳ. 

3. ɼʣʷ ʫʛʦʣʴʥʳʭ ʰʘʭʪ - ʇʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʫʛʦʣʴʥʳʭ ʰʘʭʪʘʭ (ʇʨʠʢʘʟ 

ʈʦʩʪʝʭʥʘʜʟʦʨʘ ˉ 507 ʦʪ 8.12.2020) [53]. 

ʊʨʝʙʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʘ: ʧ. 121 - ʇʨʦʚʝʪʨʠʚʘʥʠʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʩʝ ʜʝʡʩʪʚʫʶʱʠʝ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ ʙʳʣʠ ʦʙʝʩʧʝʯʝʥʳ 

ʨʘʩʭʦʜʦʤ ʚʦʟʜʫʭʘ ʥʝ ʤʝʥʝʝ ʨʘʩʯʝʪʥʦʛʦ, ʘ ʩʦʩʪʘʚ, ʩʢʦʨʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ 

ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʥʘʩʪʦʷʱʠʤ ʇʨʘʚʠʣʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʈʘʩʭʦʜ, ʩʦʩʪʘʚ, ʩʢʦʨʦʩʪʴ 

ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʚ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʚʝʜʝʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ 

ʉʘʥʇʠʅ 2.2.4.3359-16 "ʉʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʠʟʠʯʝʩʢʠʤ 

ʬʘʢʪʦʨʘʤ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ" [59]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʜʦʢʫʤʝʥʪʫ, ʦʧʪʠʤʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʪʝʛʦʨʠʠ ʨʘʙʦʪ ʧʦ ʫʨʦʚʥʶ 

ʵʥʝʨʛʦʟʘʪʨʘʪ. ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.1. 

ʊʘʙʣʠʮʘ 1.1 ð ʆʧʪʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ 

ʇʝʨʠʦʜ 

ʛʦʜʘ 

ʂʘʪʝʛʦʨʠʷ  

ʨʘʙʦʪ ʧʦ 

ʵʥʝʨʛʦʟʘʪʨʘʪʘʤ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʠ  

ʆʪʥʦʩʠ- 

ʪʝʣʴʥʘʷ 

ʚʣʘʞʥʦʩʪʴ  

ʉʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʭʘ 

ʥʝ ʙʦʣʝʝ  

ʊʝʧʣʳʡ 

Iʘ (<139) 23ï25 °C 22ï26 °C 

60 ï 40 % 

0,1 ʤ/ʩ 

Iʙ (140ï174) 22ï24 °C 21ï25 °C 0,1 ʤ/ʩ 

IIʘ (175ï232) 20ï22 °C 19ï23 °C 0,2 ʤ/ʩ 

IIʙ (233ï290) 19ï21 °C 18ï22 °C 0,2 ʤ/ʩ 

III ( > 290) 18ï20 °C 17ï21 °C 0,3 ʤ/ʩ 
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ɼʘʥʥʳʤ ʜʦʢʫʤʝʥʪʦʤ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʠ ʜʦʧʫʩʪʠʤʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ 

ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʨʘʟʜʝʣʝʥʳ ʩʦʛʣʘʩʥʦ ʢʘʪʝʛʦʨʠʷʤ ʨʘʙʦʪ ʧʦ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤ. 

ɼʦʧʫʩʪʠʤʳʝ ʚʝʣʠʯʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.2. 

ʊʘʙʣʠʮʘ 1.2 ð ɼʦʧʫʩʪʠʤʳʝ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ 

ʇʝʨʠʦʜ 

ʛʦʜʘ 

ʂʘʪʝʛʦʨʠʷ  

ʨʘʙʦʪ ʧʦ 

ʵʥʝʨʛʦʟʘʪʨʘʪʘʤ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʜʣʷ 

ʜʠʘʧʘʟʦʥʘ 

ʥʠʞʝ 

ʦʧʪʠʤʘʣʴʥʳʭ 

ʚʝʣʠʯʠʥ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʜʣʷ 

ʜʠʘʧʘʟʦʥʘ 

ʚʳʰʝ 

ʦʧʪʠʤʘʣʴʥʳʭ 

ʚʝʣʠʯʠʥ 

ʆʪʥʦʩʠ-

ʪʝʣʴʥʘʷ 

ʚʣʘʞʥʦʩʪʴ  

ʉʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʭʘ 

ʥʝ ʙʦʣʝʝ  

ʊʝʧʣʳʡ 

Iʘ (<139) 21,0ï22,9 °C 25,1ï28,0 °C 

15 ï 75 % 

0,2 ʤ/ʩ 

Iʙ (140ï174) 20,0ï21,9 °C 24,1ï28,0 °C 0,3 ʤ/ʩ 

IIʘ (175ï232) 18,0ï19,9 °C 22,1ï27,0 °C 0,4 ʤ/ʩ 

IIʙ (233ï290) 16,0ï18,9 °C 21,1ï27,0 °C 0,5 ʤ/ʩ 

III ( > 290) 15,0ï17,9 °C 20,1ï26,0 °C 0,5 ʤ/ʩ 

 

ʉʦʛʣʘʩʥʦ ʢʘʪʝʛʦʨʠʡʥʦʩʪʠ ʨʘʙʦʪ ʧʦ ʧʘʨʘʤʝʪʨʫ çʵʥʝʨʛʦʟʘʪʨʘʪè, ʦʧʠʩʘʥʥʦʡ ʚ 

ʉʘʥʇʠʅ 1.2.3685-21 [58], ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [17,15] ʨʘʙʦʪʳ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʚ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ, ʦʪʥʦʩʷʪʩʷ ʢ III  ʢʘʪʝʛʦʨʠʠ. ɸʥʘʣʠʟʠʨʫʷ 

ʪʨʝʙʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ 1.1 ʠ 1.2, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʚ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ 26 °C, ʘ 

ʦʧʪʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 20 °C. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɿʘʡʮʝʚʘ ɸ.ɺ. ʠ ɹʦʨʦʜʘʚʢʠʥʘ ɼ.ɸ. [17, 15, 4] ʛʣʫʙʦʢʦ ʧʨʦʨʘʙʦʪʘʥ 

ʚʦʧʨʦʩ ʚʘʞʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʙʝʟʦʧʘʩʥʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʪʨʫʜʦʚʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʛʦʨʥʦʨʘʙʦʯʠʭ ʚ ʧʦʜʟʝʤʥʳʭ 

ʨʫʜʥʠʢʘʭ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʤ ʧʦʜʭʦʜʦʤ ʧʨʠ ʦʮʝʥʢʝ 

ʫʩʣʦʚʠʡ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʠʥʜʝʢʩʘ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ - çʊʅʉ-ʠʥʜʝʢʩè, ʧʦʨʷʜʦʢ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥ ʤʝʪʦʜʠʯʝʩʢʠʤ ʜʦʢʫʤʝʥʪʦʤ [46]. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʯʝʪʘʥʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ 

(ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ, ʪʝʧʣʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ) ʠ 

ʚʳʨʘʞʘʝʪʩʷ ʦʜʥʦʯʠʩʣʦʚʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚ Áʉ [59].  

ɺ ʪʘʙʣʠʮʝ 1.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʜʦʧʫʩʪʠʤʳʭ ʚʝʣʠʯʠʥ ʠʥʜʝʢʩʘ ʪʝʧʣʦʚʦʡ 

ʥʘʛʨʫʟʢʠ ʜʣʷ ʨʘʙʦʯʠʭ ʤʝʩʪ ʰʘʭʪʝʨʦʚ. 
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ʊʘʙʣʠʮʘ 1.3 ðʆʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʧʦ ʬʘʢʪʦʨʫ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʊʅʉ-ʠʥʜʝʢʩʘ 

ʂʣʘʩʩ ʫʩʣʦʚʠʡ ʪʨʫʜʘ 

ɼʦʧʫʩʪʠʤʳʡ 
ɺʨʝʜʥʳʡ 

ʆʧʘʩʥʳʡ 
3.1 3.2 3.3 3.4 

23,9 °C 24.2 °C 25,0 °C 26,4 °C 29,1 °C >29,1 °C 

 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ [15] ʢʣʘʩʩ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʫ ʛʦʨʥʦʨʘʙʦʯʠʭ ʛʣʫʙʦʢʦʛʦ 

ʧʦʜʟʝʤʥʦʛʦ ʢʘʣʠʡʥʦʛʦ ʨʫʜʥʠʢʘ ʷʚʣʷʝʪʩʷ ʚʨʝʜʥʳʤ, ʘ ʥʝ ʦʧʘʩʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʫʜʥʠʢʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚʥʫʪʨʝʥʥʠʡ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʡ ʜʦʢʫʤʝʥʪ ï 

ʦʙʦʩʥʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ (ʆɹ ʆʇʆ), ʦʪʩʪʫʧʣʝʥʠʝ 

ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʯʘʩʪʠ ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ 

ʟʘʙʦʷʭ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʠ ʦʯʠʩʪʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ ʧʝʨʩʦʥʘʣʘ. ʉʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʜʦʢʫʤʝʥʪʫ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʨʘʚʥʘʷ 36 °C ʧʨʠ ʚʣʘʞʥʦʩʪʠ 

ʨʫʜʥʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʥʝ ʙʦʣʝʝ 30%. ʇʨʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʝʣʠʯʠʥʘ ʊʅʉ-

ʠʥʜʝʢʩʘ ʩʦʩʪʘʚʣʷʝʪ 27,9 °C, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 1.3, ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʦʧʘʩʥʦʡ ʢʘʪʝʛʦʨʠʠ 

ʜʣʷ ʛʦʨʥʦʨʘʙʦʯʠʭ.  

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʟʝʤʥʦʛʦ 

ʨʫʜʥʠʢʘ ʨʘʟʨʘʙʦʪʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʚ ʯʘʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʜʦʧʫʩʪʠʤʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʪʦ 

ʩʧʨʘʚʝʜʣʠʚʳʤ ʷʚʣʷʝʪʩʷ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʥʝ ʪʨʝʙʦʚʘʥʠʷʤ ʌʅʠʇ [54], ʘ ʠʤʝʥʥʦ 

ʚʝʣʠʯʠʥʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʆɹ ʆʇʆ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʨʫʜʥʠʢʘ ʜʦʢʫʤʝʥʪ ʧʦʣʫʯʠʣ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʦʜʦʙʨʝʥʠʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʵʢʩʧʝʨʪʠʟʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʚʥʝʩʝʥ ʚ ʨʝʝʩʪʨ ʟʘʢʣʶʯʝʥʠʡ ʵʢʩʧʝʨʪʠʟʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

1.1.2 ʅʦʨʤʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʚ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ 

ʆʩʚʦʝʥʠʝ ʛʣʫʙʦʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï ʦʙʱʝʤʠʨʦʚʘʷ ʪʝʥʜʝʥʮʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ 

ʢʘʞʜʦʡ ʩʪʨʘʥʝ, ʛʜʝ ʚʝʜʫʪʩʷ ʛʦʨʥʳʝ ʨʘʙʦʪ r ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ, ʠʤʝʶʪʩʷ ʩʚʦʠ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʫ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ.  

ɹʣʠʞʘʡʰʝʡ ʩʪʨʘʥʦʡ, ʦʪʨʘʙʘʪʳʚʘʶʱʝʡ ʛʣʫʙʦʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, ʛʜʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʘʭʦʜʠʪʩʷ ʉʪʘʨʦʙʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ. ʈʝʜʘʢʮʠʷ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʜʝʡʩʪʚʦʚʘʣʘ ʜʦ 01.06.2024 ʛʦʜʘ, 

ʛʣʘʩʠʣʘ: «ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ, ʦʯʠʩʪʥʳʭ ʠ ʜʨʫʛʠʭ ʜʝʡʩʪʚʫʶʱʠʭ 

ʚʳʨʘʙʦʪʢʘʭ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ +26ÁC. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ +26ÁC ʜʦʣʞʥʳ 

ʧʨʠʥʠʤʘʪʴʩʷ ʤʝʨʳ ʧʦ ʝʝ ʩʥʠʞʝʥʠʶ ʠʣʠ ʫʣʫʯʰʝʥʠʶ ʤʠʢʨʦʢʣʠʤʘʪʘ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ». 

ɺ ʪʝʢʫʱʝʡ ʨʝʜʘʢʮʠʠ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ [55] ʜʘʥʥʳʡ ʧʫʥʢʪ ʫʪʨʘʪʠʣ ʩʠʣʫ, ʥʦ ʧʦʷʚʠʣʦʩʴ 
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ʪʨʝʙʦʚʘʥʠʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʚ 

ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ 26ÁC. ɼʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʫ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ 

ʛʦʨʥʦʨʘʙʦʯʠʭ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʘʪʠʢʠ ʦʧʠʩʘʥʦ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ [4]. 

ʊʨʝʙʦʚʘʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʟʜʦʨʦʚʴʷ ʚ ʉʐɸ 

(NIOSH) [109] ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʣʘʞʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ 28°C. ʇʨʠ ʵʪʦʤ ɸʤʝʨʠʢʘʥʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʛʠʛʠʝʥʠʩʪʦʚ ACGIH ʨʘʟʨʘʙʦʪʘʣʘ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ 

ʚ ʪʘʙʣʠʮʝ 1.4 [124]. 

ʊʘʙʣʠʮʘ 1.4 ð ɼʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʤʝʪʨʘ ʩ ʯʝʨʥʳʤ ʰʘʨʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʪʨʫʜʘ 

ʉʭʝʤʘ ʨʘʙʦʪʳ 

ʆʛʨʘʥʠʯʝʥʠʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 

ʃʝʛʢʘʷ ʨʘʙʦʪʘ  
ʋʤʝʨʝʥʥʘʷ 

ʨʘʙʦʪʘ 

ʊʷʞʝʣʘʷ 

ʨʘʙʦʪʘ 

ʅʝʧʨʝʨʳʚʥʘʷ ʨʘʙʦʪʘ 30,0°C 26,7°C 25,0°C 

75% ʨʘʙʦʪ ʠ 25% ʦʪʜʳʭʘ ʢʘʞʜʳʡ ʯʘʩ 30,6°C 28,0°C 25,9°C 

50% ʨʘʙʦʪ ʠ 50% ʦʪʜʳʭʘ ʢʘʞʜʳʡ ʯʘʩ 31,4°C 29,4°C 27,9°C 

25% ʨʘʙʦʪ ʠ 75% ʦʪʜʳʭʘ ʢʘʞʜʳʡ ʯʘʩ 32,2°C 31,1°C 30,0°C 

 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ [125] ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʧʘʨʘʤʝʪʨʫ Wet-Bulb Globe Temperature (WBGT) ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʣʫʙʦʢʠʭ ʟʘʣʝʞʝʡ. ɺ 

ɸʚʩʪʨʘʣʠʠ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʦʚ ʥʝ ʜʦʣʞʝʥ 

ʧʨʝʚʳʰʘʪʴ 28 ÁC ʜʣʷ ʪʷʞʝʣʳʭ ʨʘʙʦʪ ʠ 30 ÁC ʜʣʷ ʨʘʙʦʪ ʩʨʝʜʥʝʡ ʪʷʞʝʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʦʚ ʦʪʜʳʭʘ. ɺ ʩʣʫʯʘʝ ʧʨʝʚʳʰʝʥʠʷ 

ʜʘʥʥʳʭ ʤʝʨ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʨʝʰʝʥʠʡ ʧʦ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʦʭʣʘʞʜʝʥʠʶ. ʅʘ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʖʞʥʦʡ ɸʬʨʠʢʠ ʫʩʪʘʥʦʚʣʝʥʳ ʜʨʫʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʪʝʧʣʦʚʦʤʫ ʨʝʞʠʤʫ. ʂʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ Wet-Bulb Globe Temperature ʩʯʠʪʘʝʪʩʷ 

30 ÁC. ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʩʚʳʰʝ ʫʢʘʟʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʩʠʩʪʝʤʳ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʥʦʨʤʠʨʦʚʘʪʴ ʨʘʙʦʯʠʡ ʜʝʥʴ ʰʘʭʪʝʨʦʚ.  

1.2 ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʫʩʣʦʞʥʷʶʱʠʭ ʚʝʜʝʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʛʣʫʙʦʢʠʭ 

ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʘʭ 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʜʦʙʳʯʘ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʥʘ 

ʚʩʝʭ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʨʦʪʢʠʤʠ ʟʘʙʦʷʤʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɸʥʘʣʦʛʠʯʥʳʡ ʩʧʦʩʦʙ ʚʝʜʝʥʠʷ ʨʘʙʦʪ 
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ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ ʥʘ ʨʫʜʥʠʢʘʭ 

ʉʪʘʨʦʙʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ). ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʫʧʠʢʦʚʘʷ ʚʳʨʘʙʦʪʢʘ ʧʦʜʟʝʤʥʦʛʦ 

ʢʘʣʠʡʥʦʛʦ ʨʫʜʥʠʢʘ ʩ ʨʘʟʤʝʱʸʥʥʳʤ ʚ ʥʝʡ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʨʷʜʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ 

ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠ ʫʩʣʦʞʥʷʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʨʫʜʥʠʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʦʙʲʝʢʪʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʥʘ ʧʨʠʤʝʨʝ 

ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʦʪʨʘʙʦʪʢʫ ʟʘʧʘʩʦʚ 

ʦʜʥʦʠʤʝʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ. ɻʦʨʥʳʝ ʨʘʙʦʪʳ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʷʞʝʣʳʤʠ ʧʦ ʬʘʢʪʦʨʘʤ çʟʘʧʳʣʝʥʥʦʩʪʴè ʠ çʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʨʝʞʠʤè. 

ʇʳʣʝʚʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʢʘʭ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʦʚ 

ʈʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʝʤ. ɺʦʧʨʦʩʘʤ ʟʘʧʳʣʝʥʥʦʩʪʠ ʚ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʢʘʭ 

ʧʦʜʟʝʤʥʳʭ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʦʚ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʠʩʪʦʯʥʠʢʘʭ [40,48,65,22]. ʆʩʥʦʚʥʘʷ ʠʭ ʩʫʪʴ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʜʣʷ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʳʣʝʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʘʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʠ ʩʭʝʤ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦʜ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʌʘʡʥʙʫʨʛʘ ɻ.ɿ. [70,72,73] ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʰʝʥʠʷ ʧʦ ʦʙʝʩʧʳʣʠʚʘʥʠʶ ʧʨʠʟʘʙʦʡʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʦʜʭʦʜʝ ʩʚʝʞʘʷ ʩʪʨʫʷ ʧʦʜʘʝʪʩʷ ʢ ʧʨʠʟʘʙʦʡʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʧʦ 

ʚʳʨʘʙʦʪʢʝ, ʘ ʠʩʭʦʜʷʱʠʡ, ʟʘʛʨʷʟʥʝʥʥʳʡ ʚʦʟʜʫʭ ʫʜʘʣʷʝʪʩʷ ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲʝʤʝ ʧʦ 

ʚʝʥʪʠʣʷʮʠʦʥʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ, ʯʪʦʙʳ ʙʳʣʠ ʦʙʝʩʧʝʯʝʥʳ 2 ʫʩʣʦʚʠʷ: 

ʦʧʪʠʤʘʣʴʥʦʝ ʦʪʩʪʘʚʘʥʠʝ ʢʦʥʮʘ ʚʩʘʩʳʚʘʶʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʱʠʪʘ ʢʦʤʙʘʡʥʘ ʠ 

ʜʦʩʪʘʪʦʯʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʥʦʩ ʧʳʣʠ ʠʟ  ʧʨʠʟʘʙʦʡʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʆʜʥʠ ʠʟ ʧʝʨʚʳʭ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʘʭ ʚ 1988 ï 1990 ʛʛ. [27]. ʉʦʛʣʘʩʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ ʚʩʘʩʳʚʘʶʱʠʤ 

ʩʧʦʩʦʙʦʤ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʯʘʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʫʜʘʣʝʥʠʷ ʟʘʧʳʣʝʥʥʦʛʦ 
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ʚʦʟʜʫʭʘ ʠʟ ʧʨʠʟʘʙʦʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʦ ʯʘʩʪʳʤ ʚʦʧʨʦʩʦʤ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʦʧʠʩʘʥʥʳʭ 

ʨʝʰʝʥʠʡ ʦʩʪʘʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʦ 

ʛʘʟʦʚʦʤʫ ʬʘʢʪʦʨʫ.  

ɺʚʠʜʫ ʧʦʩʪʝʧʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʷʚʠʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʘʟʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʧʨʠʟʘʙʦʡʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʘʩʳʚʘʶʱʝʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠ ̫

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [105,106,121], ʪʘʢ ʠ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʨʘʙʦʪʘʭ. ʀ ʚ ʵʪʦʤ ʚʦʧʨʦʩʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʪʦʠʪ ʫʜʝʣʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʀʩʘʝʚʠʯʘ ɸ.ɻ. 

[20,35,65]. ʇʝʨʝʯʝʥʴ ʝʛʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥ ʠʟʫʯʝʥʠʶ ʧʳʣʝʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠ 

ɻʨʝʤʷʯʠʥʩʢʠʡ ɻʆʂ. ʇʝʨʝʯʝʥʴ ʨʘʙʦʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʠ ʚ ʧʨʠʟʘʙʦʡʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʫʧʠʢʦʚʳʭ ʢʦʤʙʘʡʥʦʚʳʭ ʚʳʨʘʙʦʪʦʢ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚʝʣʠʯʠʥʳ 

5500 ʤʛ/ʤ3. ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʧʳʣʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʮʝʩʩʳ [20,35,117,40,64]: ʧʝʨʝʛʨʫʟʢʘ ʧʦʨʦʜʳ ʩ ʛʨʫʟʯʠʢʘ ʢʦʤʙʘʡʥʘ ʥʘ ʙʫʥʢʝʨ-

ʧʝʨʝʛʨʫʞʘʪʝʣʴ/ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ; ʧʦʛʨʫʟʢʘ ʦʪʙʠʪʦʡ ʨʫʜʳ ʩ ʧʦʯʚʳ ʚʳʨʘʙʦʪʢʠ ʰʥʝʢʘʤʠ 

ʢʦʤʙʘʡʥʘ; ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʢʦʤʙʘʡʥʘ. 

ʆʜʥʠʤ ʠʟ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ ʧʦ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʳʣʝʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʘʙʦʪʘʭ 

ʀʩʘʝʚʠʯʘ ɸ.ɻ. ʷʚʣʷʣʦʩʴ, ʢʘʢ ʠ ʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚʥʝʜʨʝʥʠʝ ʚʩʘʩʳʚʘʶʱʝʛʦ 

ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʪʨʝʙʦʚʘʥʠʷ ʌʅʠʇ ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʝʜʣʘʛʘʝʤʳʝ ʩʧʦʩʦʙʳ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ, ʜʣʷ ʨʫʜʥʠʢʘ 

ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʦʢʫʤʝʥʪ ï çʆʙʦʩʥʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʘʩʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʯʘʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʳʭ 

ʚʳʨʘʙʦʪʦʢ.» ʕʪʘʧʳ ʚʥʝʜʨʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ ʦʧʠʩʘʥʳ ʚ 

ʨʘʙʦʪʘʭ [21,65,118,35,66].  

ʇʨʝʜʣʘʛʘʝʤʳʝ ʩʧʦʩʦʙʳ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʦʙʫʩʣʦʚʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʥʦʨʤʘʣʠʟʘʮʠʠ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʚ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʢʘʭ ʛʣʫʙʦʢʠʭ 

ʧʦʜʟʝʤʥʳʭ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʦʚ, ʦ ʢʦʪʦʨʳʭ ʧʦʡʜʝʪ ʨʝʯʴ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ.  

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʚ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʢʘʭ ʛʣʫʙʦʢʠʭ ʢʘʣʠʡʥʳʭ 

ʨʫʜʥʠʢʦʚ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʢʘʭ ʛʣʫʙʦʢʠʭ 

ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʦʚ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʣʝʥʳ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʌʅʠʇ [54]. ʅʘʧʨʠʤʝʨ, ʚ ʚʳʨʘʙʦʪʢʘʭ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ 

ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ ʬʠʢʩʠʨʫʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨ rʚʦʟʜʫʭʘ, ʨʘʚʥʳʝ 39-40 ÁC. ɺ ʩʚʷʟʠ ʩ ʯʝʤ 
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ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʥʦʨʤʘʣʠʟʘʮʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ.  

ɺ ʨʘʙʦʪʘʭ ɿʘʡʮʝʚʘ ɸ.ɺ. ʠ ʃʝʚʠʥʘ ʃ.ʖ. ʧʨʠʚʝʜʝʥʳ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʛʣʫʙʦʢʠʭ ʨʫʜʥʠʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʢʘʣʠʡʥʳʭ [18,14,17,33,32,34]. ʆʩʥʦʚʥʦʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʟʘʢʣʶʯʘʣʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ [16]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ɽʚʨʦʍʠʤ-ɺʦʣʛʘʂʘʣʠʡ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʵʢʟʝʤʧʣʷʨʘʭ ʩʠʩʪʝʤʳ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ ʉʂɺ-180 ʠ ʉʂɺ-250. ɺ ʭʦʜʝ 

ʠʩʧʳʪʘʥʠʡ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʨʝʟʫʣʴʪʘʪ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʩ +36 ÁC ʜʦ +26 °C. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʡ ʵʬʬʝʢʪ ʧʨʝʜʣʦʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ. ʂ ʦʩʥʦʚʥʳʤ ʩʪʦʠʪ ʦʪʥʝʩʪʠ ʚʳʩʦʢʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʩʣʦʞʥʦʩʪʴ ʧʝʨʝʤʦʥʪʘʞʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʪʠʣʠʟʘʮʠʷ ʚʳʜʝʣʷʝʤʦʛʦ ʪʝʧʣʘ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʠʩʪʝʤ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʧʝʨʝʤʦʥʪʘʞ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʫʩʣʦʚʠʷʭ ʪʫʧʠʢʦʚʳʭ ʢʦʤʙʘʡʥʦʚʳʭ ʚʳʨʘʙʦʪʦʢ ʦʢʘʟʘʣʦʩʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʆʣʴʭʦʚʩʢʦʛʦ ɼ.ɺ. ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ 

ʤʠʥʠʤʠʟʘʮʠ ʁ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦ 

ʚʝʥʪʠʣʷʮʠʦʥʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʦʪ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʦ ʟʘʙʦʷ [49]. ʇʨʠ 

ʠʩʧʳʪʘʥʠʷʭ ʉʂɺ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʣʷ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ, ʘ ʚʝʣʠʯʠʥʘ ʵʪʠʭ ʧʦʪʝʨʴ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 77 %. ɺ ʩʚʷʟʠ ʩ ʯʝʤ 

ʧʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʩʥʠʞʝʥʠʷ ʥʘʛʨʝʚʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʚʦʟʜʫʭʘ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʝʧʣʦʠʟʦʣʷʮʠʷ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʫʩʣʦʞʥʷʝʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦ ʧʝʨʝʤʦʥʪʘʞʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʟʘ ʝʛʦ ʮʝʣʦʩʪʥʦʩʪʴʶ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɹʦʨʦʜʘʚʢʠʥʘ ɼ.ɸ. [16,17] ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʜʝʡʩʪʚʫʶʱʝʡ 

ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʙʘʟʳ ʚ ʦʙʣʘʩʪʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ, ʠʟʤʝʨʝʥʠʝ ʫʨʦʚʥʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʛʦʨʥʦʨʘʙʦʯʠʭ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʜʝʢʩʦʚ 

ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʩʨʝʜʳ ʚ ʪʝʧʣʳʡ ʠ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ rʚʨʝʤʝʥʠ ʛʦʜʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʥʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʠ ʜʣʷ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ ʨʘʟʨʘʙʦʪʘʥʦ 

ʦʙʦʩʥʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ (ʆɹ ʆʇʆ) ʚ ʯʘʩʪʠ 

ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ. ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ 
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ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʧʫʩʪʠʤʘʷ ʚʝʣʠʯʠʥʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʩʦʩʪʘʚʣʷʝʪ 36 °C. ʅʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʫʩʣʦʚʠʷ ʚʝʜʝʥʠʷ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʨʞʠʚʘʪʴ ʚʥʦʚʴ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʜʦʧʫʩʪʠʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʨʤʘʣʠʟʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʢʘʭ ʚ 

ʫʩʣʦʚʠʷʭ ʛʣʫʙʦʢʠʭ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʥʝʝ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʧʳʪʘ.  

1.3 ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ ʠ 

ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʢʘʭ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʦʚʦʢʫʧʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʥʘ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʨʠʚʥʦʩʠʪ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʤʘʩʩʠʚʘ [122]. ʆʮʝʥʦʯʥʳʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠ ̫ ʚʝʣʠʯʠʥʳ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʪʨʦʥʫʪʦʛʦ ʤʘʩʩʠʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ 

ʚʳʧʦʣʥʷʝʪʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ ʛʝʦʪʝʨʤʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ [61]. ʉ ʛʣʫʙʠʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʝʪʨʦʥʫʪʦʛʦ ʤʘʩʩʠʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʥʘʯʝʥʠʝ ʛʝʦʪʝʨʤʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʠ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʢʘʩʘʶʱʠʭʩʷ ʠʟʫʯʝʥʠʷ ʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʜʦʙʳʯʥʳʭ ʢʦʤʙʘʡʥʦʚ ʠ ʩʘʤʦʭʦʜʥʳʭ ʤʘʰʠʥ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʣʦʢʘʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʧʨʠʢʦʥʪʫʨʥʦʡ ʟʦʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʝʪʨʦʥʫʪʦʛʦ ʤʘʩʩʠʚʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [4,51,3] ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʚ ʜʣʠʥʥʦʡ ʦʯʠʩʪʥʦʡ ʣʘʚʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʧʨʠ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ 

ʦʪʨʘʙʦʪʢʠ ʥʦʩʠʪ ʧʝʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʥʘʢʦʧʠʪʝʣʝʤ ʪʝʧʣʦʪʳ ʚ 

ʣʘʚʝ ʷʚʣʷʝʪʩʷ ʧʨʠʢʦʥʪʫʨʥʳʡ ʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʨʘʙʦʪ ʩʧʦʩʦʙʝʥ 

ʧʝʨʝʜʘʚʘʪʴ ʪʝʧʣʦʪʫ ʚ ʨʫʜʥʠʯʥʳʡ ʚʦʟʜʫʭ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʠʥʠʤʘʪʴ ʙʝʟʦʧʘʩʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʪʝʧʣʦʤ ʚ ʣʘʚʘʭ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʠʩʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʢʦʨʦʪʢʠʝ ʦʯʠʩʪʥʳʝ ʟʘʙʦʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʜʣʷ 

ʧʨʦʭʦʜʯʝʩʢʠʭ ʨʘʙʦʪ. ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʘʛʨʝʛʘʪʦʚ, ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʧʨʠ ʧʨʦʭʦʜʢʝ 

ʚʳʨʘʙʦʪʦʢ ʢʦʨʦʪʢʠʤʠ ʟʘʙʦʷʤʠ, ʜʦʩʪʠʛʘʝʪ ʩʦʪʥʠ ʢʠʣʦʚʘʪʪ [75,57,56], ʯʪʦ ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʤʦʤʫ ʨʦʩʪʫ ʦʢʨʫʞʘʶʱʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ.  
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ɺʝʣʠʯʠʥʘ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʦʪ ʛʦʨʥʳʭ ʤʘʰʠʥ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʫʤʤʘʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ (ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ) ʠ ʨʝʞʠʤʘ ʝʛʦ ʨʘʙʦʪʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ [106] ʛʣʘʩʷʪ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʯʘʩʪʴ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦʪʫ, ʢʦʪʦʨʘʷ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʨʫʜʥʠʯʥʫʶ ʘʪʤʦʩʬʝʨʫ. ɺ ʨʘʙʦʪʝ [130] 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ, ʯʪʦ ʵʢʩʧʣʫʘʪʘʮʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʥʘʱʝʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʥʘ ʢʘʣʠʡʥʳʭ ʠ 

ʞʝʣʝʟʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʪʘʢʞʝ ʩʧʦʩʦʙʥʘ ʦʢʘʟʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ 

ʧʨʠ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʣʦʞʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʬʦʨʤʫʣʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘʛʨʝʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʙʳʯʥʳʭ ʢʦʤʙʘʡʥʦʚ, 

ʧʦʛʨʫʟʦʯʥʦ-ʜʦʩʪʘʚʦʯʥʳʭ ʤʘʰʠʥ, ʢʦʥʚʝʡʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʝʥʪʠʣʷʪʦʨʘ ʤʝʩʪʥʦʛʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʠ ʪ.ʜ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʧʨʘʚʣʷʪʴ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʥʝʦʙʭʦʜʠʤʘ ʧʨʘʚʠʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʥʘ ʨʫʜʥʠʢʝ, ʠʩʢʣʶʯʘʶʱʘʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʢʦʥʪʫʨʦʚ ʚʙʣʠʟʠ ʨʘʙʦʯʠʭ ʟʦʥ. ɺ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʩʧʦʩʦʙ ʦʭʣʘʞʜʝʥʠʷ ʧʫʪʝʤ ʚʳʥʦʩʘ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʠʟ ʨʘʙʦʯʝʡ ʟʦʥʳ 

ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ [2]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [114] ʪʘʢʞʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʩʧʦʩʦʙ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʫʪʝʤ ʧʨʘʚʠʣʴʥʦ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʚ ʜʣʠʥʥʳʭ ʦʯʠʩʪʥʳʭ ʟʘʙʦʷʭ. ʆʜʥʘʢʦ ʜʘʞʝ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦ 

ʥʘʩʪʨʦʝʥʥʦʡ ʩʠʩʪʝʤʝ ʚʝʥʪʠʣʷʮʠʠ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʩʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʢ ʚʝʥʪʠʣʷʪʦʨʫ 

ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʟʘʯʘʩʪʫʶ ʦʪʚʦʜ ʪʝʧʣʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤ [23,83], ʣʠʙʦ ʚʦʦʙʱʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨʦʧʨʠʷʪʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʨʫʛʠʝ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʘ ʪʘʢʞʝ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʥʦʨʤʘʣʠʟʘʮʠʠ 

ʤʠʢʨʦʢʣʠʤʘʪʘ. 

ɻʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ 

ʂ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʘʤ ʦʭʣʘʞʜʝʥʠʷ ʦʪʥʦʩʷʪ ʢʦʤʧʣʝʢʩ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʚʝʜʝʥʠʷ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ ʠ 

ʥʘʩʪʨʦʡʢʦʡ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ. ʀʭ ʟʘʜʘʯʘ ʩʥʠʟʠʪʴ ʧʨʠʪʦʢ ʪʝʧʣʘ ʚ ʚʳʨʘʙʦʪʢʫ ʠʣʠ 
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ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʦʪʚʦʜ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ 1.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʳʝ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ 

ʩʧʦʩʦʙʳ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʘʭ. 

ʊʘʙʣʠʮʘ 1.5 ð ɻʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʦʭʣʘʞʜʝʥʠʷ 

ʉʧʦʩʦʙ ʉʫʪʴ ʤʝʪʦʜʘ ʄʝʭʘʥʠʟʤ ʦʭʣʘʞʜʝʥʠʷ 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʭʝʤ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʋʚʝʣʠʯʝʥʠʝ ʪʨʘʢʪʘ ʜʚʠʞʝʥʠʷ 

ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʠ ʠʩʢʣʶʯʝʥʠʝ 

ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʢʦʥʪʫʨʦʚ 

ʚʙʣʠʟʠ ʨʘʙʦʯʠʭ ʟʦʥ. 

ʋʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ 

ʚʦʟʜʫʭʘ ʩ ʥʘʛʨʝʪʳʤ ʤʘʩʩʠʚʦʤ. 

ʀʩʢʣʶʯʝʥʠʝ ʧʦʚʪʦʨʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ (ʧʨʠ 

ʨʝʮʠʨʢʫʣʷʮʠʠ) ʩ ʧʨʠʚʦʜʦʤ 

ɺʄʇ. 

ʋʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ 

ʚʦʟʜʫʭʘ 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ 

(ʛʣʘʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ), 

ʩʥʠʞʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʪʨʘʢʪʫ 

ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ. 

ʋʩʢʦʨʝʥʠʝ ʦʪʚʝʜʝʥʠʷ ʥʘʛʨʝʪʳʭ 

ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʠʟ ʨʘʙʦʯʝʡ 

ʟʦʥʳ. 

ʀʟʦʣʷʮʠʷ ʚʳʨʘʙʦʪʦʢ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʢʨʝʧʣʝʥʠʷ 

ʚʳʨʘʙʦʪʦʢ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʠʟʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ.  

ʉʥʠʞʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʪ 

ʤʘʩʩʠʚʘ ʢ ʚʦʟʜʫʭʫ. 

ʀʟʦʣʷʮʠʷ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʇʦʢʨʳʪʠʝ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʪʨʫʙ 

ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʥʠʟʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʩ ʥʠʟʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʯʝʨʥʦʪʳ. 

ʉʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʚʦʟʜʫʭʦʤ ʠ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. ʉʥʠʞʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʣʫʯʠʩʪʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ. 

ʀʟʤʝʥʝʥʠʝ ʩʝʯʝʥʠʡ 

ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʥʘ 

ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ 

ʨʘʟʤʝʨʦʚ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʚʳʨʘʙʦʪʦʢ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʭʘ. 

ʉʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʳʨʘʙʦʪʢʠ ʠ 

ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ. 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1.5 ʤʝʪʦʜʳ ʦʙʣʘʜʘʶʪ ʦʛʨʘʥʠʯʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʝʪʦʜʳ ʥʝ ʫʤʝʥʴʰʘʶʪ 

ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ, ʘ ʚ ʦʩʥʦʚʥʦʤ ʣʠʰʴ ʨʝʛʫʣʠʨʫʶʪ ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʆʧʠʩʘʥʥr ʝ ʤʝʪʦʜʳ ʥʝ ʩʧʦʩʦʙʥʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʢʦʪʦʨʳʡ 

ʚʦʟʥʠʢʘʝʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘʛʨʝʪʦʛʦ ʤʘʩʩʠʚʘ [77,78]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 
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ʥʦʨʤʘʣʠʟʘʮʠʠ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ 

ʢʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ ʠ ʢ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʜʦʙʘʚʣʷʪʴ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ.  

ʊʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ 

ʂ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ 

ʨʘʟʥʳʭ ʚʠʜʘʭ ʠʩʧʦʣʥʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʢʘʧʠʪʘʣʴʥʳʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. ʅʦ 

ʟʘʯʘʩʪʫʶ ʪʦʣʴʢʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʦʭʣʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʧʦ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʙʝʟ 

ʫʱʝʨʙʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʫʜʥʠʢʘ. ɺ ʪʘʙʣʠʮʫ 1.6 ʩʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ 

ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ [14,80]. 

ʊʘʙʣʠʮʘ 1.6 ð ʊʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʦʭʣʘʞʜʝʥʠʷ 

ʉʧʦʩʦʙ ʉʫʪʴ ʩʧʦʩʦʙʘ ʄʝʭʘʥʠʟʤ ʦʭʣʘʞʜʝʥʠʷ 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʨʫʜʥʠʯʥʦʛʦ 

ʚʦʟʜʫʭʘ 

ʆʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʭʘ ʥʘ 

ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʜʘʯʝʡ 

ʦʭʣʘʞʜʝʥʥʦʛʦ ʧʦʪʦʢʘ ʧʦ 

ʩʪʚʦʣʘʤ ʚ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ 

ʆʭʣʘʞʜʝʥʠʝ ʧʦʩʪʫʧʘʶʱʝʡ ʚ 

ʧʦʜʟʝʤʥʳʝ ʚʳʨʘʙʦʪʢʠ ʩʪʨʫʠ ʟʘ 

ʩʯʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ 

ʉʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ 

ʛʦʨʠʟʦʥʪʦʚ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʭʦʣʦʜʘ ʥʘ 

ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʭʣʘʜʦʥʦʩʠʪʝʣʷ 

ʥʘ ʨʘʙʦʯʠʡ ʛʦʨʠʟʦʥʪ ʨʫʜʥʠʢʘ 

ʊʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʨʫʜʥʠʯʥʳʤ 

ʚʦʟʜʫʭʦʤ ʠ ʦʭʣʘʞʜʸʥʥʳʤ 

ʭʣʘʜʦʥʦʩʠʪʝʣʝʤ ʯʝʨʝʟ 

ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ ʩ 

ʦʪʚʦʜʦʤ ʪʝʧʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ɻʣʫʙʠʥʥʳʝ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʦʪʚʦʜʦʤ 

ʪʝʧʣʦʪʳ ʢʦʥʜʝʥʩʘʮʠʠ 

ʈʘʟʤʝʱʝʥʠʝ ʭʦʣʦʜʠʣʴʥʳʭ 

ʤʘʰʠʥ ʥʘ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʠ ʦʩʥʘʱʝʥʠʝ ʩʠʩʪʝʤʳ ʪʨʘʩʩʦʡ 

ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ 

ʆʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʨʫʜʥʠʯʥʦʛʦ 

ʠʩʧʦʣʥʝʥʠʷ ʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ 

ʪʝʧʣʦʪʳ ʢʦʥʜʝʥʩʘʮʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ 

ɻʣʫʙʠʥʥʳʝ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʩ 

ʧʦʜʟʝʤʥʳʤ 

ʨʘʩʩʝʠʚʘʥʠʝʤ ʪʝʧʣʦʪʳ 

ʢʦʥʜʝʥʩʘʮʠʠ 

ʈʘʟʤʝʱʝʥʠʝ ʭʦʣʦʜʠʣʴʥʳʭ 

ʤʘʰʠʥ ʥʘ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʃʦʢʘʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʭʘ 

ʠʩʧʘʨʠʪʝʣʝʤ ʩ ʦʪʚʦʜʦʤ ʪʝʧʣʦʪʳ 

ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʦʢʨʫʞʘʶʱʠʡ 

ʤʘʩʩʠʚ ʠʣʠ ʧʦʜʟʝʤʥʳʝ 

ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ 
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ʉʧʦʩʦʙ ʉʫʪʴ ʩʧʦʩʦʙʘ ʄʝʭʘʥʠʟʤ ʦʭʣʘʞʜʝʥʠʷ 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʚʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ 

ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ 

ʉʦʚʤʝʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ 

ʛʣʫʙʠʥʥʳʭ ʩʭʝʤ ʦʭʣʘʞʜʝʥʠʷ 

ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʚʳʭ 

ʧʦʪʦʢʦʚ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠ ʧʦʜʟʝʤʥʳʤʠ 

ʢʦʥʪʫʨʘʤʠ ʦʭʣʘʞʜʝʥʠʷ; 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʪʝʧʣʦʦʪʚʦʜ 

 

ʎʝʥʪʨʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʬʘʢʪʦʨ ʥʘʛʨʝʚʘ ʜʦ 

ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʘʶʪ ʚʦʟʜʫʰʥʫʶ ʩʪʨʫʶ, ʢʦʪʦʨʘʷ 

ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʙʫʜʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʚʝʪʨʠʚʘʥʠʠ ʚʩʝʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ 

ʨʫʜʥʠʢʘ [105]. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʭʣʘʞʜʘʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʙʦʣʴʰʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʨʘʙʦʯʠʭ ʟʦʥ [92]. ʅʦ ʧʨʠ ʵʪʦʤ ʜʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʨʘʟʤʝʨʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʤʦʛʫʪ ʙʳʪʴ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʩʠʩʪʝʤʳ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ, ʥʝʞʝʣʠ ʧʦʜʟʝʤʥʳʝ ʘʛʨʝʛʘʪʳ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʟʝʤʥʳʭ ʫʯʘʩʪʢʦʚʳʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʟʘ 

ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʪʝʧʣʘ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʭʣʘʜʘʛʝʥʪʘ ʜʦ ʨʘʙʦʯʠʭ ʟʦʥ. ʆʩʦʙʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ ʜʘʥʥʦʤ ʚʦʧʨʦʩʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ ʠʟ ʪʨʘʢʪʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʚʦʣʦʚ [92]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ, 

ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʜʟʝʤʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʝ, ʥʝʦʙʭʦʜʠʤ ʚʪʦʨʦʡ ʢʦʥʪʫʨ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʦʢʣʘʜʳʚʘʝʪʩʷ ʚ ʩʪʚʦʣʘʭ ʠ ʫʪʠʣʠʟʠʨʫʝʪ ʪʝʧʣʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ [104]. ʇʨʠ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʦʭʣʘʞʜʝʥʥʘʷ ʚʦʜʘ, 

ʜʚʠʞʫʱʘʷʩʷ ʧʦ ʩʪʚʦʣʫ ʚʥʠʟ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʥʘʛʨʝʚʘʪʴʩʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʰʘʭʪʝ 

Vall Reefs ʚ ʖʞʥʦʡ ɸʬʨʠʢʝ ʵʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʠʣʦ 2,34 ęC ʥʘ 

1000 ʤʝʪʨʦʚ. ʉʣʦʞʥʦʩʪʷʤʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ 

ʷʚʣʷʪʁʩʷ ʚʦʧʨʦʩ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʘ, ʚʳʜʝʣʷʝʤʦʛʦ ʦʪ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠ ʚʦʧʨʦʩ 

ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʫʯʘʩʪʢʦʚʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʢʘʧʠʪʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʥʝ ʚʩʝʛʜʘ ʦʧʪʠʤʘʣʴʥʦ 

ʚ ʫʩʣʦʚʠʷʭ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʤʝʩʪʥʦʛʦ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ. ɼʘʥʥʳʡ ʪʠʧ ʦʭʣʘʞʜʝʥʠʷ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʪʝʧʣʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʦʜʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʝ, ʚ ʟʦʥʝ 

ʨʘʙʦʪʳ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʅʝʩʦʤʥʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦʜʦʙʥʳʭ 
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ʩʠʩʪʝʤ ʧʝʨʝʜ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʭʣʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ 

ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʣʫʯʰʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʙʠʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʅʦ ʪʝʤ ʥʝ ʤʝʥʝʝ, ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʩʦʭʨʘʥʷʶʪʩʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ [16]. ʊʘʢʞʝ ʢ ʩʣʦʞʥʦʩʪʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʩʪʦʠʪ 

ʦʪʥʝʩʪʠ ʦʪʚʦʜ ʪʝʧʣʘ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʚʦʟʜʫʭ, ʚʳʭʦʜʷʱʠʡ ʠʟ ʛʨʘʜʠʨʥʠ, ʤʦʞʝʪ ʥʘʛʨʝʚʘʪʴʩʷ 

ʩʚʳʰʝ 50 ęC ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʧʦ ʛʦʨʥʳʤ ʚʳʨʘʙʦʪʢʘʤ ʢ ʚʝʥʪʠʣʷʮʠʦʥʥʦʤʫ ʩʪʚʦʣʫ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʝʱʝ ʙʦʣʝʝ ʤʘʣʳʭ ʩʠʩʪʝʤ ï 

ʤʘʣʦʤʦʱʥʳʭ ʩʠʩʪʝʤ ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʜʣʷ ʨʘʙʦʯʠʭ ʤʝʩʪ 

ʤʘʰʠʥʠʩʪʦʚ ʢʦʤʙʘʡʥʦʚ ʚ ʪʫʧʠʢʦʚʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ. ʇʦʜ ʨʘʙʦʯʠʤ ʤʝʩʪʦʤ 

ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʥʫʪʨʠ ʢʘʙʠʥʳ ʠ ʥʝʢʦʪʦʨʘʷ ʦʙʣʘʩʪʴ ʚʦʟʣʝ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʳ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

1.4 ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʘ ʚ 
ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ 

ʕʬʬʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʝʪʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʦʡ 

ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʴʶ, ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ. ʆʨʛʘʥʠʟʘʮʠʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʥʘ ʣʶʙʦʤ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʨʫʜʥʠʢʦʚ ʙʫʜʝʪ ʪʨʝʙʦʚʘʪʴ ʛʣʫʙʦʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ ʚ 

ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʘʭ. ʇʨʠ ʵʪʦʤ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʫʥʠʢʘʣʴʥʳʝ ʬʘʢʪʦʨʳ, 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʫʜʥʠʢʘ. 

ʇʨʠʤʝʨʦʤ ʪʦʤʫ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ï ʢʘʣʠʡʥʳʡ ʨʫʜʥʠʢ ɻʨʝʤʷʯʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʆʆʆ ɽʚʨʦʍʠʤïɺʦʣʛʘʂʘʣʠʡ). ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʦ ʢʦʪʦʨʳʭ ʧʦʡʜʝʪ ʨʝʯʴ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʦʩʥʦʚʥʳʝ 

ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʤʠʢʨʦʢʣʠʤʘʪ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ: ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʪʨʦʥʫʪʦʛʦ 

ʤʘʩʩʠʚʘ, ʨʘʙʦʪʘ ʜʦʙʳʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʠ ʪ.ʜ. 

ʊʝʧʣʦʚʳʜʝʣʝʥʠʷ ʦʪ ʦʧʠʩʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʨʘʙʦʯʠʭ ʟʦʥʘʭ, ʘ ʪʘʢʞʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʝʞʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ 

ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʠʟ ʘʪʤʦʩʬʝʨʳ ʚ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʢʘʭ [116]. 

ɺʦʧʨʦʩʘʤʠ ʨʘʩʯʝʪʦʚ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ 

ɺʦʨʦʧʘʝʚʘ ɸ.ʌ. [5], ʑʝʨʙʘʥʷ ɸ.ʅ. [79], ɼʷʜʴʢʠʥʘ ʖ.ɼ. [11], ʄʝʜʚʝʜʝʚʘ ɹ.ʀ. [42], 

ʂʨʝʤʥʝʚʘ ʆ.ɸ. [78], ʂʦʯʥʝʚʘ ʂ.ɺ. [28], ɻʝʥʜʣʝʨʘ ʉ.ɻ. [7], ʃʝʚʠʥʘ ʃ.ʖ. [32,34], 

ɿʘʡʮʝʚʘ ɸ.ɺ. [14] ʠ ʤʥʦʛʠʝ  ʜʨʫʛʠʝ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ 

ʠʤʝʥʥʦ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʀ.ʀ. ʄʝʜʚʝʜʝʚ, ɸ.ɽ. ʂʨʘʩʥʦʰʪʝʡʥ ʚ 

ʨʘʙʦʪʘʭ [24,43] ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʫʯʝʪʦʤ ʘʥʠʟʦʪʨʦʧʠʠ ʩʚʦʡʩʪʚ 

ʢʘʣʠʡʥʦʛʦ ʤʘʩʩʠʚʘ. ɺ ʨʘʙʦʪʝ ɻ.ɿ. ʌʘʡʥʙʫʨʛʘ [29,71] ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʮʝʩʩʳ 

ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʥʘ ʦʩʥʦʚʝ ʜʠʬʬʫʟʠʦʥʥʦ-ʩʝʪʝʚʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ. ʆʧʠʩʘʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʭʚʘʪʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʸʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʸʥʥʳʭ ʠʟʫʯʝʥʠʶ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʢʘʭ, ʦʜʥʘʢʦ ʚ ʥʠʭ ʥʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʪʨʸʭʤʝʨʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ CFD-ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 ʇʨʦʙʣʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʚʝʥʪʠʣʷʮʠʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ , ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ, ʯʘʱʝ ʚʩʝʛʦ ʨʝʰʘʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ CFD ʤʦʜʝʣʠʨʦʚʘʥʠʷ [86], ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʘʥʘʣʠʟʘ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʠ ʩʦʜʝʨʞʘʱʠʭʩʷ 

ʚ ʥʝʡ ʧʨʠʤʝʩʝʡ, ʫʯʠʪʳʚʘʷ ʧʨʠ ʵʪʦʤ ʛʝʦʤʝʪʨʠʶ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ. 

ʉʝʛʦʜʥʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ [25] ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʪʝʧʣʦʚʳʭ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʫʧʠʢʦʚʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ. ʂ 

ʪʘʢʦʚʳʤ ʦʪʥʦʩʷʪʩʷ RNG k-epsilon [102], ʤʦʜʝʣʴ Reynolds stress [85], ʤʦʜʝʣʴ 

Spalart-Allmaras [129], ʩʪʘʥʜʘʨʪʥʫʶ k-epsilon ʤʦʜʝʣʴ [82] ʠ ʤʦʜʝʣʴ Realizable 

k-epsilon [108]. ɺʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʜʝʣʠ ʠʤʝʶʪ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʦʩʪʳʝ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʛʠʧʦʪʝʟʝ ɹʫʩʩʠʥʝʩʢʘ, ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʦʪʨʘʞʘʪʴ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʭʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʨʝʰʝʥʠ ʁʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʪʫʧʠʢʦʚʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠ ʵʪʦʤ 

ʧʦʜʭʦʜʘ CFD ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ: ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ [93,97] ʠ ʚʩʘʩʳʚʘʶʱʠʡ [97]. 

ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʮʝʩʩʳ ʚʳʥʦʩʘ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʠʟ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ, 

ʚʢʣʶʯʘʷ ʛʘʟʳ [96,120], ʧʳʣʴ [118,94], ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ [88]. ʈʘʩʩʤʦʪʨʝʥ ʚʳʥʦʩ 

ʠʟʙʳʪʦʯʥʦʛʦ ʪʝʧʣʘ [128,110]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʝ ʨʘʩʯʝʪʳ, ʫʯʠʪʳʚʘʷ ʧʨʠ ʵʪʦʤ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʛʦʨʥʦ-ʰʘʭʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ [123,115]. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʚ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʢʘʭ, ʧʨʦʡʜʝʥʥʳʭ 

ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʳʤʠ ʢʦʤʙʘʡʥʘʤʠ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʛʦʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʢʘʢ 

ʠʩʪʦʯʥʠʢʦʚ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ 

ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʥʠ ʛʝʥʝʨʠʨʫʶʪ [116,130]. ʅʝ ʠʩʢʣʶʯʘʝʪʩʷ ʠ ʚʣʠʷʥʠʝ ʨʘʙʦʪʳ ʛʦʨʥʳʭ 

ʤʘʰʠʥ ʥʘ ʠʟʤʝʥʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʠ ʪʝʧʣʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ. ɼʘʥʥʘʷ 
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ʛʠʧʦʪʝʟʘ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʜʘʥʥʦʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʈʝʰʝʥʠʝ 

ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʝʪʦʢ [90]. ʆʧʠʩʘʥʥʳʡ 

ʧʦʜʭʦʜ ʨʘʥʝʝ ʫʞʝ ʧʨʠʤʝʥʷʣʩʷ ʫʯʝʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ 

ʧʦʜʲʝʤʥʳʭ ʩʦʩʫʜʦʚ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʚʦʣʘʭ ʰʘʭʪ [126], ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʟʘʙʦʷ 

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ [89]. ɺʣʠʷʥʠʝ ʜʚʠʞʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʪʝʧʣʦʚʦʡ 

ʨʝʞʠʤ ʚ ʪʫʧʠʢʦʚʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʝ ʢʘʣʠʡʥʦʛʦ ʨʫʜʥʠʢʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

1.5 ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘ ʦʩʥʦʚʝ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʠ ʦʮʝʥʢʠ ʠʤʝʶʱʠʭʩʷ 

ʧʦʜʭʦʜʦʚ ʢ ʝʝ ʨʝʰʝʥʠʶ ʩʬʦʨʤʠʨʦʚʘʥʘ ʮʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʥʦʨʤʘʣʠʟʘʮʠʷ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʤʘʰʠʥʠʩʪʘ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ 

ʢʦʤʙʘʡʥʘ ʚ ʫʩʣʦʚʠʷʭ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʦʚ, ʩ ʫʯʝʪʦʤ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠ ̫ʪʝʧʣʦʚʳʤ 

ʨʝʞʠʤʦʤ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʟʦʥʝ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ ʚʦ ʚʩʸʤ ʦʙʲʸʤʝ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʝʝ ʨʝʘʣʠʟʘʮʠʶ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʢʦʨʦʩʪʝʡ ʚʦʟʜʫʭʘ ʚ ʧʨʠʟʘʙʦʡʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ ʧʨʠ ʨʘʙʦʪʘʶʱʝʤ ʠ ʥʝʨʘʙʦʪʘʶʱʝʤ 

ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʤ ʢʦʤʧʣʝʢʩʝ. 

2. ʄʦʥʠʪʦʨʠʥʛ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʪʫʧʠʢʦʚʦʡ ʢʦʤʙʘʡʥʦʚʦʡ 

ʚʳʨʘʙʦʪʢʝ ʧʨʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

3. ʌʦʨʤʫʣʠʨʦʚʢʘ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʫʯʠʪʳʚʘʶʱʝʡ ʚʣʠʷʥʠʝ 

ʨʘʙʦʪʳ ʜʦʙʳʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʧʣʦʚʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 

ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ 

ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ. 

4. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʭʦʜʯʝʩʢʦ-

ʦʯʠʩʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʪʫʧʠʢʦʚʦʡ ʛʦʨʥʦʡ 

ʚʳʨʘʙʦʪʢʠ. 

5. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʥʦʨʤʘʣʠʟʘʮʠʶ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʤʘʰʠʥʠʩʪʘ ʧʨʦʭʦʜʯʝʩʢʦ-

ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ. 
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2 ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʄʀʂʈʆʂʃʀʄɸʊʀʏɽʉʂʀʍ 

ʇɸʈɸʄɽʊʈʆɺ ɺ ʋʉʃʆɺʀʗʍ ʊʋʇʀʂʆɺʓʍ ɺʓʈɸɹʆʊʆʂ 

ɻʈɽʄʗʏʀʅʉʂʆɻʆ ɻʆʂ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ 

ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ. ɿʘʤʝʨʳ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʳʭ ʢʦʤʙʘʡʥʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʢʘʭ. ɺʳʙʦʨ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʙʘʡʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʷʣʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʫʩʣʦʚʠʷʤʠ: 

ï ʢʦʤʙʘʡʥ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʚ ʪʫʧʠʢʦʚʦʤ ʟʘʙʦʝ ʠ ʧʨʦʚʝʪʨʠʚʘʪʴʩʷ ʚʝʥʪʠʣʷʪʦʨʦʤ 

ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ; 

ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʘʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʚ ʨʘʙʦʯʠʝ ʟʦʥʳ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ ʜʦʣʞʥʦ ʙʳʪʴ 

ʥʝ ʤʝʥʝʝ ʪʨʝʙʫʝʤʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ; 

ï ʢʦʤʙʘʡʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʨʘʙʦʪʘʪʴ ʚ 

ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ. 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

1. ʆʙʩʣʝʜʦʚʘʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʟʤʝʨʝʥʠʝ ʛʝʦʪʝʨʤʠʠ ʯʘʱʝ ʚʩʝʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʚʘʞʠʥʥʦʡ 

ʪʝʨʤʦʤʝʪʨʠʝʡ [127,113,100], ʥʘ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʨʫʜʥʠʢʘʭ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʷʤʦʤ ʠʟʤʝʨʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦʨʦʜʳ, ʩʪʝʥʦʢ ʠ ʨʫʜʥʠʯʥʦʛʦ ʚʦʟʜʫʭʘ [13].  

ʇʨʠ ʨʝʰʝʥʠʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʫʪʝʤ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʯʘʩʪʫʶ ʪʨʝʙʫʝʪʩʷ ʟʥʘʪʴ ʢʦʨʨʝʢʪʥʳʝ ʟʥʘʯʝʥʠ ̫ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʂ ʦʩʥʦʚʥʳʤ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʦʪʥʦʩʷʪʩʷ [10]: 

1. ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʙʱʠʪʴ ʝʜʠʥʠʮʝ ʤʘʩʩʳ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʝʸ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 1 ęʉ. 

2. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ï ʩʧʦʩʦʙʥʦʩʪʴ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʝʨʝʜʘʚʘʪʴ 

ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʦʪ ʦʜʥʦʡ ʪʦʯʢʠ ʢ ʜʨʫʛʦʡ, ʝʩʣʠ ʤʝʞʜʫ ʵʪʠʤʠ ʪʦʯʢʘʤʠ ʧʦ ʪʝʤ ʠʣʠ 

ʠʥʳʤ ʧʨʠʯʠʥʘʤ ʧʦʷʚʠʪʩʷ ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ. 

3. ʇʣʦʪʥʦʩʪʴ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ï ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʢ ʦʙʲʝʤʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ 

ʛʦʨʥʦʡ ʧʦʨʦʜʳ. 

 ʆʧʨʝʜʝʣʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʧʫʪʝʤ ʢʦʥʪʘʢʪʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʥʘʣʴʥʦʛʦ 

ʪʝʨʤʦʤʝʪʨʘ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ testo 110. ʀʟʤʝʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʰʧʫʨʘʭ 



29 

ʜʣʠʥʦʡ 3 ʤ, ʪʘʢ ʢʘʢ ʪʘʢʘʷ ʛʣʫʙʠʥʘ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʘʪʴ ʚʣʠʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ 

ʧʦʣʫʯʝʥʥʳʝ ʧʦʢʘʟʘʥʠʷ. ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʥʘʛʨʝʚʘ ʤʘʩʩʠʚʘ ʦʪ ʙʫʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʟʘʤʝʨʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʝ ʨʘʥʝʝ ʯʝʤ ʯʝʨʝʟ 2 ʩʫʪʦʢ ʩ ʤʦʤʝʥʪʘ ʙʫʨʝʥʠʷ [6]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʫʪʝʤ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʩ ʨʘʟʥʳʭ ʫʯʘʩʪʢʦʚ ʰʘʭʪʥʦʛʦ ʧʦʣʷ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʩʨʘʚʥʝʥʠʷ ʢʨʠʚʳʭ 

ʦʭʣʘʞʜʝʥʠʷ ʵʪʘʣʦʥʥʦʛʦ ʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʦʚ [26]. ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʝʮ ʨʘʟʤʝʱʘʣʩʷ ʤʝʞʜʫ ʤʝʜʥʳʤʠ ʜʠʩʢʘʤʠ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ ʯʝʨʝʟ ʪʝʧʣʦʧʨʦʚʦʜʷʱʫʶ ʧʘʩʪʫ, ʘ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʨʠʙʦʨʦʤ 

ʀʊʇ-ʄɻ4.03 çʇʆʊʆʂè. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʠʤʝʶʱʠʭ 

ʬʦʨʤʫ ʮʠʣʠʥʜʨʘ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʩʩʳ 

ʠ ʦʙʲʝʤʘ ʦʙʨʘʟʮʘ. ʄʘʩʩʘ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʚʝʩʦʚ, ʘ ʚʝʣʠʯʠʥʘ ʦʙʲʝʤʘ ʚʳʯʠʩʣʷʣʘʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠ. 

2. ʆʙʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʫʜʥʠʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʠ ʬʘʢʪʦʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʝʝ. 

ʋʩʣʦʚʠʝʤ ʚʳʙʦʨʘ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʟʘʤʝʨʦʚ ʷʚʣʷʣʩʷ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟʤʝʥʝʥʠ ̫ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷʪʦʨʦʚ ʛʣʘʚʥʦʛʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʩʭʝʤʳ ʦʙʱʝʰʘʭʪʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʦʟʜʫʭʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ 

ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʠ ʧʣʦʱʘʜʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʳʨʘʙʦʪʢʠ [44]. ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʨʫʜʥʠʯʥʦʛʦ ʘʥʝʤʦʤʝʪʨʘ ɸʇʈ-2ʄ ʧʫʪʝʤ ʦʙʚʦʜʘ ʚʩʝʛʦ ʩʝʯʝʥʠʷ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʨʝʤʝʥʝʤ 

ʦʜʥʦʢʨʘʪʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʚ ʩʝʯʝʥʠʠ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʧʦ 

ʟʤʝʝʦʙʨʘʟʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʦʪ ʦʜʥʦʛʦ ʙʦʨʪʘ ʚʳʨʘʙʦʪʢʠ ʢ ʜʨʫʛʦʤʫ. ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʣʘʟʝʨʥʦʛʦ ʜʘʣʴʥʦʤʝʨʘ Leica Disto D2 ʧʫʪʝʤ ʧʨʷʤʳʭ 

ʠʟʤʝʨʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩʝʯʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʚʳʯʠʩʣʝʥʠʷ ʧʣʦʱʘʜʠ 

ʩʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʨʫʜʥʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʧʦʜʟʝʤʥʦʡ 

ʚʳʨʘʙʦʪʢʝ ʚʳʧʦʣʥʷʣʦʩʴ ʤʝʪʦʜʦʤ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ [45]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʚʣʘʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʝʨʤʦʛʠʛʨʦʤʝʪʨ Fluke 971. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʦʢ 

ʚʳʨʘʙʦʪʢʠ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʠʨʦʤʝʪʨʦʤ Fluke 568, ʘ ʪʘʢʞʝ 

ʪʝʧʣʦʚʠʟʦʨʦʤ Hikmicro G60. ɺ ʠʩʩʣʝʜʫʝʤʦʡ ʚʳʨʘʙʦʪʢʝ ʨʘʟʤʝʱʘʣʠʩʴ ʨʝʛʠʩʪʨʘʪʦʨʳ 
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ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʧʠʩʠ ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʬʠʢʩʠʨʦʚʘʣʠ: ʚʨʝʤʷ 

ʠʟʤʝʨʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ, ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ ʠ ʘʙʩʦʣʶʪʥʦʝ ʜʘʚʣʝʥʠʝ. 

2.1 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʢʘʭ 

ʉʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʪʷʞʝʥʥʫʶ ʩʝʪʴ 

ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ɺʦʟʜʫʭ, ʧʦʩʪʫʧʘʶʱʠʡ ʜʣʷ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʡ 

ʨʘʙʦʯʝʡ ʟʦʥʳ, ʤʦʞʝʪ ʧʨʦʡʪʠ ʧʦ ʛʦʨʥʳʤ ʚʳʨʘʙʦʪʢʘʤ ʨʘʩʩʪʦʷʥʠʝ ʚ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʤʝʪʨʦʚ. 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʥʝʣʴʟʷ ʥʝ ʫʯʠʪʳʚʘʪʴ ʧʨʦʮʝʩʩ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʤʝʞʜʫ 

ʜʚʠʞʫʱʠʤʩʷ ʚʦʟʜʫʭʦʤ ʠ ʩʪʝʥʢʘʤʠ ʚʳʨʘʙʦʪʦʢ [14]. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʧʦʜʟʝʤʥʦʤ ʨʫʜʥʠʢʝ ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʪʝʧʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ ʛʦʨʥʳʤ 

ʚʳʨʘʙʦʪʢʘʤ 

ʇʦ ʨʠʩʫʥʢʫ 2.1 ʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʨʠ ʝʛʦ 

ʜʚʠʞʝʥʠʠ ʦʪ ʚʦʟʜʫʭʦʧʦʜʘʶʱʝʛʦ ʩʪʚʦʣʘ ʜʦ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʩʪʚʦʣʘ ʯʝʨʝʟ ʚʳʨʘʙʦʪʢʠ 

ʟʘʧʘʜʥʦʛʦ ʠ ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ ʰʘʭʪʥʦʛʦ ʧʦʣʷ. ʄʝʪʦʜʦʣʦʛʠʷ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʟʘʤʝʨʦʚ ʧʦ ʪʨʘʢʪʫ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʪʨʫʠ. 

ɿʘʤʝʨʳ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʛʠʛʨʦʤʝʪʨʘ 

Fluke 971. ʅʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʟʘʤʝʨʦʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠʤʝʣ ʧʘʨʘʤʝʪʨʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.1. 

ʊʘʙʣʠʮʘ 2.1 ð ʇʘʨʘʤʝʪʨʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʄʝʩʪʦ ʟʘʤʝʨʘ ʊʠʧ ʩʪʨʫʠ ʊʝʤʧʝʨʘʪʫʨʘ ɺʣʘʞʥʦʩʪʴ 

ɸʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʥʘ ʧʨʦʤ. 

ʧʣʦʱʘʜʢʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʉʚʝʞʘʷ, 

ʧʦʩʪʫʧʘʶʱʘʷ ʚ 

ʨʫʜʥʠʢ 
30,5 ęʉ 25% 

ʉʦʧʨʷʞʝʥʠʝ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ 

ʩʪʚʦʣʘ ʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ 

ʀʩʭʦʜʷʱʘʷ 

ʩʪʨʫʷ 
22 ęʉ 33% 
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ʈʠʩʫʥʦʢ 2.1 ï ʊʝʨʤʦʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʠʷ ʰʘʭʪʥʦʛʦ ʧʦʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʫʜʥʠʢʘ ʧʦ 

ʤʘʨʰʨʫʪʫ «ʚʦʟʜʫʭʦʧʦʜʘʶʱʠʡ ʩʪʚʦʣ ï ʚʳʨʘʙʦʪʢʠ ʥʘʧʨʘʚʣʝʥʠʡ ï ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ 

ʩʪʚʦʣ» 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʪʨʘʢʪʫ ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʰʥʦʡ ʩʪʨʫʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ 

ʫʞʝ ʠʤʝʝʪ ʧʨʝʚʳʰʝʥʠʷ (ʨʠʩʫʥʦʢ 2.1) ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʝʙʦʚʘʥʠʡ ʌʅʠʇ ˉ505 çʇʨʘʚʠʣʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪéè [54]. ʊʝʤʧʝʨʘʪʫʨʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ 

ʤʦʤʝʥʪ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʣʘ 30,5 ÁC. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʦʧʨʷʞʝʥʠʠ ʩʪʚʦʣʘ ʩ ʛʦʨʠʟʦʥʪʦʤ 

- 35,8 ÁC, ʘ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ - 39 ÁC, ʧʨʠ ʜʦʧʫʩʪʠʤʦʡ ʌʅʠʇ ʚʝʣʠʯʠʥʝ 26 °C. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ, 

ʠʟʤʝʥʷʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ï ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 25 % (ʚʦʟʜʫʭʦʧʦʜʘʶʱʠʝ ʚʳʨʘʙʦʪʢʠ) ʜʦ 30 % 

(ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʚʳʨʘʙʦʪʢʠ). 

ɺʳʩʦʢʠʝ ʬʠʢʩʠʨʫʝʤʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ 

ʦʙʦʩʥʦʚʳʚʘʶʪʩʷ ʨʘʟʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ, ʢʘʢ ʛʦʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʜʝʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʪʝʧʣʦʚʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ ʧʨʠʟʘʙʦʡʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʝʦʪʝʨʤʠʠ ɻʨʝʤʷʯʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʦʙʩʣʝʜʦʚʘʥʠʝ 12 ʪʦʯʝʢ ʚ 

ʥʘʠʙʦʣʝʝ ʦʪʜʘʣʝʥʥʳʭ ʤʝʩʪʘʭ ʰʘʭʪʥʦʛʦ ʧʦʣʷ. ʆʩʫʱʝʩʪʚʣʷʣʠʩʴ ʟʘʤʝʨʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ Tʚ, ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʦʢ Tʩʪ ʚʳʨʘʙʦʪʢʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʰʧʫʨʘʭ Tm, ʛʣʫʙʠʥʘ 

ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 2 ʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2. ʊʘʢʞʝ ʚ 
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ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʛʣʫʙʠʥ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʪʦʯʢʘʭ H ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ű͍. 

ʊʘʙʣʠʮʘ 2.2 ð ɽʩʪʝʩʪʚʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʧʘʨʘʤʝʪʨʳ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʨʘʙʦʯʠʭ ʟʦʥ.  

ʄʝʩʪʦ ʟʘʤʝʨʘ Tm Áʉ Tʩʪ Áʉ Tʚ Áʉ űʚ % H ʤ 

ʇɺɺʊʐ-1 (1 ɿʇ) 33,0 35,3 32,9 30,1 1115,5 

ɹʂʐ (1 ɿʇ) 34,1 37,2 35,9 29,5 1116,0 

ɹʂʐ (1 ɿʇ) 33,7 37,2 36,3 26,5 1116,0 

ʊʨʘʥʩʧ. ʙʦʡʢʘ ˉ 17 (1 ɿʇ) 34,0 36,2 35,6 24,0 1116,0 

ɹʐ-2 (1 ɿʇ) 32,8 34,9 34,4 24,8 1120,5 

ʇɺɺʊʐ-1 (1 ɿʇ) 33,0 34,2 34,0 27,5 1126,5 

ɹʐ-11 (1 ɿʇ) 33,5 37,5 35,0 21,7 1129,0 

ɹʐ-11 (1 ɿʇ) 33,6 36,7 35,0 21,7 1129,0 

ɹɺʊʐ-14 (1 ɿʇ) 33,7 36,0 35,7 43,4 1133,0 

ɹɺʊʐ-14 (1 ɿʇ) 33,4 36,0 35,7 43,4 1135,0 

ɻʉɺʂɺʐ (2 Cʇ) 34,5 35,8 35,2 27,8 1165,0 

ɻʉɺʊʐ-2 (2 ɺʇ) 33,2 35,8 36,2 26,5 1165,0 

 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʚʳʧʦʣʥʝʥʥʳʭ ʟʘʤʝʨʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʨʝʚʳʰʘʣʘ 

ʝʩʪʝʩʪʚʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ, ʦʜʥʘʢʦ ʦʩʪʘʚʘʣʘʩʴ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʪʝʥʦʢ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ. ɼʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʦʩʪʘʪʦʯʥʳʤ ʥʘʛʨʝʚʦʤ ʩʪʝʥʦʢ 

ʚʳʨʘʙʦʪʢʠ ʦʪ ʨʘʙʦʪʘʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʙʫʨʠʣʴʥʳʝ 

ʫʩʪʘʥʦʚʢʠ, ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʤʘʰʠʥʳ ʩ ʜʚʠʛʘʪʝʣʷʤʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ. 

ɻʝʦʪʝʨʤʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (°ʉ/ʤ), ʦʧʠʩʳʚʘʶʱʠʡ ʧʨʠʨʦʩʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʢʘʞʜʳʡ ʤʝʪʨ, ʦʧʨʝʜʝʣʝʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 ɻ
Ὕ Ὕ 

Ὤ
ȟ (2.1) 
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ʛʜʝ Ὕ  ï ʝʩʪʝʩʪʚʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʛʣʫʙʠʥʝ , °ʉ; Ὤ ï ʛʣʫʙʠʥʘ ʟʦʥʳ 

ʧʦʩʪʦʷʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (ʥʝʡʪʨʘʣʴʥʳʡ ʩʣʦʡ), ʤ; Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʥʝʡʪʨʘʣʴʥʦʤ ʩʣʦʝ, °ʉ. 

ɻʝʦʪʝʨʤʠʯʝʩʢʘʷ ʩʪʫʧʝʥʴ (ʤ/°ʉ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʠʥʪʝʨʚʘʣ ʛʣʫʙʠʥʳ, ʥʘ ʢʦʪʦʨʦʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 1 °ʉ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 Ὃ
1 

ɻ
Ȣ (2.2) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʦʚ 

ʜʣʷ 12 ʠʩʩʣʝʜʫʝʤʳʭ ʪʦʯʝʢ ʧʦ ʬʦʨʤʫʣʘʤ (2.1) ʠ (2.2), ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ 

ʛʝʦʪʝʨʤʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʨʘʚʥʷʝʪʩʷ 44,0 ʤ/°ʉ, ʘ ʛʝʦʪʝʨʤʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ 0,0227 °ʉ/ʤ ʩ 

ʜʦʚʝʨʠʪʝʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ±0,00032 ÁC/ʤ. ʅʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

0,0005 ÁC/ʤ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʘ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʚ ʨʘʤʢʘʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥ ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʨʘʤʢʘʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʪʝʧʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʣʴʚʠʥʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ 

ʧʨʦʜʫʢʪʠʚʥʦʤ ʧʣʘʩʪʝ ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ, ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2.3. 

ʊʘʙʣʠʮʘ 2.3 ð ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʠʣʴʚʠʥʠʪʘ ʥʘ ʨʫʜʥʠʢʝ ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ  

ʀʩʩʣʝʜʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ɺʝʣʠʯʠʥʘ ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ 

ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ 442,8 ɼʞ/(ʢʛĀ°C) 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 2,75 ɺʪ/(ʤĀ°C) 

ʇʣʦʪʥʦʩʪʴ 2,06 ʛ/ʩʤ3 

 

2.2 ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʚ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʢʘʭ 

ɼʣʷ ʥʘʙʦʨʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʙʦʣʝʝ 10 ʢʦʤʙʘʡʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ɿʘʤʝʨʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʧʨʦʚʝʪʨʠʚʘʥʠʷ: 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ, ʚʩʘʩʳʚʘʶʱʝʤ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ. ɺ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʦʤʙʘʡʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʩ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʙʨʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
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ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʩ ʘʚʛʫʩʪʘ 2023 ʛʦʜʘ ʧʦ ʥʦʷʙʨʴ 2024 

ʛʦʜʘ. 

ʀʩʩʣʝʜʫʝʤʘʷ ʪʫʧʠʢʦʚʘʷ ʚʳʨʘʙʦʪʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʭʦʜʯʝʩʢʫʶ ʨʘʙʦʯʫʶ 

ʟʦʥʫ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʥʝʡ ʢʦʤʙʘʡʥʦʤ çʋʨʘʣ-20ʈè ʠ ʩʘʤʦʭʦʜʥʳʤ ʚʘʛʦʥʦʤ ɺ17ʂ. ʅʘ 

ʨʠʩʫʥʢʝ 2.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʝʯʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ. 

 
ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʝʯʝʥʠʷ 

ɿʘʤʝʨʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʪʦʯʢʘʭ ʥʘ ʨʘʟʥʦʡ ʚʳʩʦʪʝ. ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʚʳʨʘʙʦʪʢʠ ʫ ʢʦʤʙʘʡʥʘ 15,5 ʤ2. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʘʤʝʨʥʳʤʠ ʪʦʯʢʘʤʠ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʥʘ ʨʘʚʥʳʝ ʦʪʨʝʟʢʠ (ʨʠʩʫʥʦʢ 2.3). 

 
ʈʠʩʫʥʦʢ 2.3 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʟʘʤʝʨʦʚ 

ʇʨʦʚʝʪʨʠʚʘʥʠʝ ʟʘʙʦʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʙʘʡʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʚʝʥʪʠʣʷʪʦʨʦʤ FBD 8.0 2x55. ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʚ ʚʳʨʘʙʦʪʢʝ ʩʦʩʪʘʚʠʣ 4,0 ʤ3/ʩ, ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʚʦʟʜʫʭʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʚʝʥʪʩʪʘʚʘ 8,5 ʤ/ʩ ʠ ʧʣʦʱʘʜʠ ʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 0,45 ʤ2. 

ʀʩʩʣʝʜʫʝʤʦʝ 

ʩʝʯʝʥʠʝ  

ʢʦʤʙʘʡʥʘ  

  
ɺʘʛʦʥ  

3 

2  

1  

6  

5 

4  
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ʆʪʩʪʘʚʘʥʠʝ ʢʦʥʮʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ï 10 ʤ. ʉʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ï 

ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʟʘʤʝʨʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʚʘʣʠʜʘʮʠʠ ʤʦʜʝʣʝʡ ʚʳʧʦʣʥʝʥʦ 

ʠʟʤʝʨʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʥʘʣʠʯʠʠ ʚʘʛʦʥʘ ʚʦʟʣʝ 

ʢʦʤʙʘʡʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʥʘ ʨʘʟʛʨʫʟʢʫ. ɿʘʤʝʨʳ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ 

ʩʝʯʝʥʠʠ ʚʳʨʘʙʦʪʢʠ, ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ, ʘ ʪʦʯʢʠ ʟʘʤʝʨʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.3. ʊʨʠ ʩʝʨʠʠ ʚʳʧʦʣʥʝʥʥʳʭ ʟʘʤʝʨʦʚ ʩʢʦʨʦʩʪʝʡ ʚʦʟʜʫʭʘ  

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 2.4 - 2.6.  

ʊʘʙʣʠʮʘ 2.4 ï ʌʠʢʩʠʨʫʝʤʳʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ ʧʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʩʧʦʩʦʙʝ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ (ʩʝʨʠʷ ʟʘʤʝʨʦʚ 1) 

 
ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʪʦʯʢʘʭ ʟʘʤʝʨʦʚ, ʤ/ʩ 

1 2 3 4 5 6 

ʉ ʚʘʛʦʥʦʤ 0,66  0,76 0,63 3,32 2,56 1,44 

ɹʝʟ ʚʘʛʦʥʘ 0,37 0,38 0,81 2,22 1,63 1,30 

 

ʊʘʙʣʠʮʘ 2.5 ï ʌʠʢʩʠʨʫʝʤʳʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ ʧʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʩʧʦʩʦʙʝ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ (ʩʝʨʠʷ ʟʘʤʝʨʦʚ 2) 

 
ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʪʦʯʢʘʭ ʟʘʤʝʨʦʚ, ʤ/ʩ 

1 2 3 4 5 6 

ʉ ʚʘʛʦʥʦʤ 0,66 0,75 0,37 3,37 1,71 0,78 

ɹʝʟ ʚʘʛʦʥʘ 0,41 0,42 0,87 2,25 1,39 0,46 

 

ʊʘʙʣʠʮʘ 2.6 ï ʌʠʢʩʠʨʫʝʤʳʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ ʧʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʩʧʦʩʦʙʝ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ (ʩʝʨʠʷ ʟʘʤʝʨʦʚ 3) 

 
ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʪʦʯʢʘʭ ʟʘʤʝʨʦʚ, ʤ/ʩ 

1 2 3 4 5 6 

ʉ ʚʘʛʦʥʦʤ 0,48 0,75 0,72 2,82 2,02 0,72 

ɹʝʟ ʚʘʛʦʥʘ 0,74 0,61 0,85 2,25 1,38 0,64 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʪʦʯʢʘʭ ʧʦʢʘʟʘʣʠ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʚʩʝʤʫ ʩʝʯʝʥʠʶ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ.  
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ʊʝʨʤʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʦʚʠʟʦʨʘ 

Hikmicro G60. ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ -20 °ʉ ʜʦ +650 °ʉ, ʧʨʠ 

ʵʪʦʤ ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ Ñ2 ÁC ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨ ʜʦ +100 ÁC. ʊʦʯʝʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʦʚ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ Fluke 568 ʩ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ 

±1 ÁC ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʘʭ 2.4 - 2.6 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʧʣʦʚʠʟʠʦʥʥʳʝ ʩʥʠʤʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ. 

 
ʈʠʩʫʥʦʢ 2.4 ï ʊʝʨʤʦʛʨʘʤʤʘ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ ʪʠʧʘ çʋʨʘʣ-20ʈè (ʚʠʜ 

ʩʟʘʜʠ) 

 

 
ʈʠʩʫʥʦʢ 2.5 ï ʊʝʨʤʦʛʨʘʤʤʘ ʨʝʞʫʱʝʛʦ ʜʠʩʢʘ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ 
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ʈʠʩʫʥʦʢ 2.6 ï ʊʝʨʤʦʛʨʘʤʤʘ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʤʘʰʠʥʠʩʪʘ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ 

ʢʦʤʙʘʡʥʘ  

ʊʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʥʘ ʪʝʧʣʦʚʠʟʠʦʥʥʳʝ 

ʩʥʠʤʢʠ ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʥʬʨʘʢʨʘʩʥʳʤ ʪʝʨʤʦʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ 

ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʚʝʣʠʯʠʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ ʜʦʙʳʯʥʦʛʦ ʢʦʤʙʘʡʥʘ ʤʦʞʝʪ ʥʘʛʨʝʚʘʪʴʩʷ ʩʚʳʰʝ 60 °ʉ. ʂʦʤʙʘʡʥ 

ʪʠʧʘ çʋʨʘʣ-20è ʦʙʦʨʫʜʦʚʘʥ ʜʝʩʷʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʜʚʠʛʘʪʝʣʷʤʠ. ɺ ʭʦʜʝ ʥʘʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʞʜʦʛʦ ʠʟ ʧʨʠʚʦʜʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.7. 

ʊʘʙʣʠʮʘ 2.7 ð ʇʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ ʥʘ ʢʦʤʙʘʡʥʝ ʪʠʧʘ çʋʨʘʣ-20ʈè.  

ˉ ʅʘʟʥʘʯʝʥʠʝ ʧʨʠʚʦʜʘ ʄʦʱʥʦʩʪʴ 
ʏʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʝ 

ʉʨʝʜʥʷʷ 

ʠʟʤʝʨʝʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʠʚʦʜʦʚ 

1 ʇʨʠʚʦʜ ˉ1 ʨʝʞʫʱʠʭ ʜʠʩʢʦʚ 
160 ʢɺʪ 1000 ʦʙ/ʤʠʥ 

55 Áʉ 

2 ʇʨʠʚʦʜ ˉ2 ʨʝʞʫʱʠʭ ʜʠʩʢʦʚ 61 Áʉ 

3 ʇʨʠʚʦʜ ʧʝʨʝʥʦʩʥʦʛʦ ʚʨʘʱʝʥʠ ̫ 75 ʢɺʪ 1500 ʦʙ/ʤʠʥ 49 Áʉ 

4 ʇʨʠʚʦʜ ʦʪʙʦʡʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 45 ʢɺʪ 1500 ʦʙ/ʤʠʥ 45 Áʉ 

5 ʇʨʠʚʦʜ ˉ1 ʙʝʨʤʦʚʦʛʦ ʦʨʛʘʥʘ 
75 ʢɺʪ 1500 ʦʙ/ʤʠʥ 

53 Áʉ 

6 ʇʨʠʚʦʜ ˉ2 ʙʝʨʤʦʚʦʛʦ ʦʨʛʘʥʘ 50 Áʉ 

7 ʇʨʠʚʦʜ ˉ1 ʢʦʥʚʝʡʝʨʘ 
30 ʢɺʪ 1500 ʦʙ/ʤʠʥ 

46 Áʉ 

8 ʇʨʠʚʦʜ ˉ2 ʢʦʥʚʝʡʝʨʘ 44 Áʉ 

9 ʇʨʠʚʦʜ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ 55 ʢɺʪ 1000 ʦʙ/ʤʠʥ 52 Áʉ 

10 ʇʨʠʚʦʜ ʧʳʣʝʦʪʩʦʩʘ  30 ʢɺʪ 3000 ʦʙ/ʤʠʥ 50 Áʉ 

 

ʉʫʤʤʘʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʙʘʡʥʘ ʩʦʩʪʘʚʠʣʘï 735 ʢɺʪ.  
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ʂʦʥʩʪʨʫʢʮʠʷ ʧʣʘʥʝʪʘʨʥʦ-ʜʠʩʢʦʚʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʧʨʦʭʦʜʯʝʩʢʦ-

ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ ʪʠʧʘ çʋʨʘʣ-20ʈè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʝʟʮʦʚ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʨʫh ʘʝʤʦʛʦ ʤʘʩʩʠʚʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʝʨʝʜʘʝʪ ʙʦʣʴʰʠʝ ʫʩʠʣʠʷ ʥʘ ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʨʝʟʮʳ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʥʳ ʥʘʛʨʝʚʘʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ 80 °ʉ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʧʨʝʜʫʩʤʦʪʨʝʥ ʧʝʨʠʦʜ 

ʦʭʣʘʞʜʝʥʠʷ ʨʝʟʮʦʚ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʦʥʠ ʚʳʭʦʜʷʪ ʠʟ ʢʦʥʪʘʢʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʤʘʩʩʠʚʘ.  

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʢʘʙʠʥʝ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʨʳʯʘʛʠ ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʥʦʡ ʤʘʰʠʥʦʡ, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ ʧʦʜʘʯʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʠ. ʊʝʤ ʩʘʤʳʤ ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʚ ʢʘʙʠʥʝ ʢʦʤʙʘʡʥʝʨʘ. ʃʦʢʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʝʚʘʶʪʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ ʩʚʳʰʝ 50 ęʉ. 

ʅʘ ʨʠʩʫʥʢʘʭ 2.7 ʠ 2.8 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ.  

 
ʈʠʩʫʥʦʢ 2.7 ð ʊʝʨʤʦʛʨʘʤʤʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ 

 

60 ęʉ 

60 ęʉ 

67 ęʉ 
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ʈʠʩʫʥʦʢ 2.8 ð ʊʝʨʤʦʛʨʘʤʤʘ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʤʘʰʠʥʠʩʪʘ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʫʯʝʥʥʳʭ ʟʘʤʝʨʦʚ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. ɺ ʢʘʙʠʥʝ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʦ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʤʘʰʠʥʠʩʪʘ ʩʘʤʦʭʦʜʥʦʛʦ 

ʚʘʛʦʥʘ, ʫʩʪʘʥʦʚʣʝʥʘ ʘʧʧʘʨʘʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘʩʦʩ-ʜʦʟʘʪʦʨ, ʚʳʧʦʣʥʷʶʱʠʡ 

ʬʫʥʢʮʠʶ ʨʫʣʝʚʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʊʘʢʞʝ ʠʤʝʶʪʩʷ ʛʠʜʨʦʙʣʦʢʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʙʝʣʴʥʳʤ 

ʙʘʨʘʙʘʥʦʤ, ʧʦʜʲʝʤʦʤ ʢʫʟʦʚʘ, ʩʪʦʷʥʦʯʥʳʤ ʪʦʨʤʦʟʦʤ ʠ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ.  ʇʦʩʢʦʣʴʢʫ 

ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʤʘʰʠʥʦʡ ʨʘʙʦʪʘʶʪ ʦʪ ʛʠʜʨʦʧʨʠʚʦʜʘ, ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʢʦʪʦʨʳʭ 

ʫʯʘʩʪʢʦʚ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʢʘʙʠʥʳ ʜʦʩʪʠʛʘʝʪ 67 °ʉ. 

ʍʦʜʦʚʘʷ ʯʘʩʪʴ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʳʨʝʭʢʦʣʝʩʥʦʝ ʰʘʩʩʠ ʩ 

ʯʝʪʳʨʴʤʷ ʧʨʠʚʦʜʥʳʤʠ ʫʧʨʘʚʣʷʝʤʳʤʠ ʵʣʝʢʪʨʦʤʦʪʦʨ-ʢʦʣʝʩʘʤʠ. ʂʘʞʜʦʝ ʢʦʣʝʩʦ ʦʩʥʘʱʝʥʦ 

ʩʦʙʩʪʚʝʥʥʳʤ ʵʣʝʢʪʨʦʤʦʪʦʨʦʤ.  

ʊʘʙʣʠʮʘ 2.8 ð ʇʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ ʥʘ ʩʘʤʦʭʦʜʥʦʤ ʚʘʛʦʥʝ ʪʠʧʘ ɺ17ʂ.  

ˉ 
ʅʘʟʥʘʯʝʥʠʝ 

ʧʨʠʚʦʜʘ 
ʄʦʱʥʦʩʪʴ 

ʏʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʝ 

ʂʦʣʠʯʝʩʪʚʦ 

ʧʨʠʚʦʜʦʚ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʨʠʚʦʜʦʚ 

1 ʍʦʜʦʚʘʷ ʯʘʩʪʴ 25 ʢɺʪ 1000 ʢɺʪ 4 60 Áʉ ʭ 4 ʰʪ. 

2 ʇʨʠʚʦʜ ʢʦʥʚʝʡʝʨʘ 22 ʢɺʪ 1000 ʢɺʪ 1 49 Áʉ 

3 ʅʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ 15 ʢɺʪ 1000 ʢɺʪ 1 67 Áʉ 

 

ʉʫʤʤʘʨʥʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 137 ʢɺʪ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ 19% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦʙʳʯʥʦʛʦ ʢʦʤʙʘʡʥʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʟʘʤʝʨʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʣʝʢʪʨʦʤʦʪʦʨ-ʢʦʣʝʩʘ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʚʥʫʶ 

60 °ʉ. ʅʘʠʙʦʣʝʝ ʥʘʛʨʝʪʳʤ ʵʣʝʤʝʥʪʦʤ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʷʚʣʷʝʪʩʷ ʤʘʩʣʦʩʪʘʥʮʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʡ 67 °ʉ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʟʘʤʝʨʳ ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʛʠʩʪʨʘʪʦʨʦʚ ʧʘʨʘʤʝʪʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʝʩʪʠ ʟʘʧʠʩʴ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʩʦʭʨʘʥʝʥʠʝʤ ʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʧʘʤʷʪʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʘʤʳʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

62 ęʉ 

67,5 ęʉ 
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ʢʦʥʪʨʦʣʷ ʨʫʜʥʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʜʦʙʥʳʡ ʚʳʚʦʜ ʩʜʝʣʘʥ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʠʩʪʝʤʘ 

ʚʝʥʪʠʣʷʮʠʠ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʚʦʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʚʠʜʫ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ: ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʥʫʪʨʠ ʟʘʤʢʥʫʪʦʛʦ ʦʙʲʝʤʘ ʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʫʜʥʠʢʘ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʟʘʤʝʨʳ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ 

ʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. 

ɿʘʤʝʨʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʨʝʛʠʩʪʨʘʪʦʨʦʚ ʜʘʥʥʳʭ Kestrel ʩ 

ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʨʠʙʦʨʘ Ñ0,5 °C. ʆʜʠʥ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʜʘʪʯʠʢ ʢʨʝʧʠʣʩʷ ʚ 

ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʚʪʦʨʦʡ ʚ ʫʩʪʴʝ ʢʘʤʝʨʳ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʚ ʞʫʨʥʘʣ ʟʘʤʝʨʦʚ 

ʚʥʦʩʠʣʠʩʴ ʧʦʤʝʪʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʪʘʪʫʩ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʝ 

ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʘʩʩʠʚʘ ʟʥʘʯʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚʘ 

ʟʘʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʣʠʩʴ ʯʝʨʝʟ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ï 10 ʩʝʢʫʥʜ. 

ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.9. 

 
ʈʠʩʫʥʦʢ 2.9 ð ʊʨʝʥʜʳ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʚʳʨʘʙʦʪʢʝ 

ʅʘ ʨʠʩʫʥʢʝ 2.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʘʪʫʨʥʳʭ ʟʘʤʝʨʦʚ, 

ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʚ ʫʩʪʴʝ ʚʳʨʘʙʦʪʢʠ ʠ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ. 

ɼʘʪʯʠʢ, ʨʘʩʧʦʣʘʛʘʶʱʠʡʩʷ ʚ ʫʩʪʴʝ, ʙʳʣ ʩʤʦʥʪʠʨʦʚʘʥ ʥʘ ʩʪʝʥʢʝ ʚʳʨʘʙʦʪʢʠ, ʘ ʚ ʨʘʡʦʥʝ 

ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʤʘʰʠʥʠʩʪʘ ï ʥʘ ʢʘʙʠʥʝ ʢʦʤʙʘʡʥʘ (ʩʥʘʨʫʞʠ). ʅʘ ʜʠʘʛʨʘʤʤʘʭ ʦʨʘʥʞʝʚʳʤ 

ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʚʨʝʤʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʨʘʙʦʪʳ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ, 

ʢʦʪʦʨʳʝ ʥʘ ʛʨʘʬʠʢʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʦʜʠʥ ʮʠʢʣ.  

36,00

37,00

38,00

39,00

40,00

17:45 18:14 18:43 19:12 19:40 20:09 20:38 21:07

ʀʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ

ʊʝʤʧʝʨʘʪʫʨʘ ʫ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ, °ʉ ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʫʩʪʴʝ ʚʳʨʘʙʦʪʢʠ, °ʉ
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʩʚʦʝʛʦ ʵʢʩʪʨʝʤʫʤʘ ʚʝʣʠʯʠʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʨʫʜʥʠʯʥʦʛʦ ʚʦʟʜʫʭʘ. ʄʘʢʩʠʤʫʤʳ 

ʛʨʘʬʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʪʯʠʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʧʨʠʢʘʙʠʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʦʨʘʥʞʝʚʘʷ 

ʣʠʥʠʷ), ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 39,5 ęʉ ʜʦ 39,9 ęʉ. ɺ ʩʨʝʜʥʝʤ ʪʝʤʧʝʨʘʪʫʨʘ 

ʠʩʭʦʜʷʱʝʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʨʘʙʦʪʝ ʢʦʤʙʘʡʥʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʦʛʨʫʟʢʝ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 1 ęʉ. ɻʨʘʬʠʢʠ ʜʘʪʯʠʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʫʩʪʴʝ ʚʳʨʘʙʦʪʢʠ (ʛʦʣʫʙʘʷ 

ʣʠʥʠʷ) ʥʝ ʠʤʝʶʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ. ʅʘʣʠʯʠʝ ʜʚʫʭ ʧʠʢʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʜʣʠʪʝʣʴʥʦʤ ʧʨʦʩʪʦʝ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʚ ʨʘʡʦʥʝ ʩʘʤʦʛʦ ʜʘʪʯʠʢʘ. ɺ ʦʩʪʘʣʴʥʦʤ ʧʨʦʝʟʜ 

ʩʘʤʦʭʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʤʠʤʦ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʷ ʥʝ ʧʦʢʘʟʳʚʘʣ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʠʨʦʩʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʨʘʤʢʘʭ ʥʘʪʫʨʥʳʭ ʟʘʤʝʨʦʚ ʧʨʦʠʟʚʝʜʝʥʦ ʦʙʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʧʦ ʪʨʘʢʪʫ ʝʛʦ ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʪʫʧʠʢʦʚʫʶ ʚʳʨʘʙʦʪʢʫ. ʈʝʟʫʣʴʪʘʪʳ 

ʟʘʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ rʥʘ ʨʠʩʫʥʢʝ 2.10.  

 
ʈʠʩʫʥʦʢ 2.10 ï ʉʭʝʤʘʪʠʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʟʘʤʝʨʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 

ʦʙʩʣʝʜʦʚʘʥʠʠ ɺʄʇ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʧʦʜʭʦʜʷʱʝʛʦ ʢ ʚʝʥʪʠʣʷʪʦʨʫ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, 

ʩʦʩʪʘʚʣʷʣʘ 37,4°ʉ. ʈʘʙʦʪʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚʝʥʪʠʣʷʪʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʤʦʱʥʦʩʪʴʶ ʢʘʞʜʦʛʦ ʧʦ 55 ʢɺʪ, ʥʘʛʨʝʚʘʣʘ ʚʦʟʜʫʭ ʜʦ 45,8°ʉ. ɼʘʣʝʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʧʣʦʦʙʤʝʥʘ ʩʪʨʫʠ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ ʩʦ ʩʪʝʥʢʘʤʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʣʘʩʴ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʪʘʚʘ ʨʘʚʥʷʣʘʩʴ 38,8°ʉ. 

ʅʘ ʨʠʩʫʥʢʝ 2.11 ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ ʩʥʠʤʦʢ ʨʘʙʦʪʘʶʱʝʛʦ ʚʝʥʪʠʣʷʪʦʨʘ 

ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʤʘʨʢʠ FBD ï 8,0. 

FBD ï 8.0 

Q =7,5 ʤ3/ʩ 

t =37,4 ęʉ 

ű =17,8 % 

t =45,8 ęʉ 

ű =13,1 % 

Q =4,0 ʤ3/ʩ 

t =38,8 ęʉ 

ű =20,5 % 
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ʈʠʩʫʥʦʢ 2.11 ð ʊʝʨʤʦʛʨʘʤʤʘ ʚʝʥʪʠʣʷʪʦʨʘ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ FBDï8.0 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʩʥʠʤʢʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʬʠʢʩʠʨʫʝʪʩʷ ʚ 

ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʚʝʥʪʠʣʷʪʦʨʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʠʣʘ 54,6 ęʉ.  

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʥʪʠʣʷʪʦʨʦʚ 

ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʨʫʜʥʠʢʝ. ʈʘʩʩʯʠʪʘʥʦ ʧʨʠʨʘʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷʤʠ ʦʪ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷʪʦʨʘ ʤʝʩʪʥʦʛʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2.9. 

ʊʘʙʣʠʮʘ 2.9 ð ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚʝʥʪʠʣʷʪʦʨʦʚ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ  

ˉ 
ʊʠʧ 

ʚʝʥʪʠʣʷʪʦʨʘ 

ʄʦʱʥʦʩʪʴ 

ʧʨʠʚʦʜʘ 

ʊʝʤʧʝʨʘʪʫʨʘ ʇʨʠʨʘʱʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ɺʄʇ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ 

ʟʘʙʦʝ (ˉ3) ʇʝʨʝʜ 

ɺʄʇ (ˉ1) 

ʇʦʩʣʝ 

ɺʄʇ (ˉ2) 

1 FBd-7,1 2ʭ45ʢɺʪ 33,6 °ʉ 40,3 °ʉ 6,7 °ʉ 37,5 °ʉ 

2 FBd-7,1 2ʭ45ʢɺʪ 37,5 °ʉ 42,8 °ʉ 5,3 °ʉ 39,1 °ʉ 

3 FBd-7,5 1ʭ45ʢɺʪ 34,0 °ʉ 36,3 °ʉ 2,3 °ʉ 36,8 °ʉ 

4 FBd-7,5 2ʭ45ʢɺʪ 32,3 °ʉ 37,4 °ʉ 4,6 °ʉ 39,5 °ʉ 

5 FBd-7,5 2ʭ45ʢɺʪ 35,3 °ʉ 38,5 °ʉ 3,2 °ʉ 36,7 °ʉ 

6 FBd-7,5 2ʭ45ʢɺʪ 32,8 °ʉ 37,4 °ʉ 4,6 °ʉ 39,8 °ʉ 

7 FBd-8,0 2ʭ75ʢɺʪ 35,0 °ʉ 42,2 °ʉ 7,2 °ʉ 37,5 °ʉ 

8 FBd-8,0 2ʭ75ʢɺʪ 31,3 °ʉ 35,9 °ʉ 4,6 °ʉ 38,3 °ʉ 

9 FBd-8,0 2ʭ75ʢɺʪ 37,4 °ʉ 45,8 °ʉ 8,4 °ʉ 38,8 °ʉ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ 

ʧʨʠʨʘʱʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ ʚʝʥʪʠʣʷʪʦʨʘʭ 

ʪʠʧʘ FBd-7,1 ʠ 7,5 ʩʦʩʪʘʚʠʣʘ 4,5 °ʉ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʚʝʥʪʠʣʷʪʦʨʘʭ ʤʝʩʪʥʦʛʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʠʧʘ FBd-8,0 ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʧʨʠʨʘʱʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 8,2 °ʉ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʴʶ ʘʛʨʝʛʘʪʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʪʝʧʣʦʚʦʛʦ ʚʣʠʷʥʠʷ 

39,0 ęʉ 

54,6 ęʉ 

38,4 ęʉ 
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ʚʝʥʪʠʣʷʪʦʨʦʚ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʥʘ ʨʫʜʥʠʯʥʫʶ ʘʪʤʦʩʬʝʨʫ ʚ ʧʨʠʟʘʙʦʡʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʩʩʯʠʪʘʥʘ ʫʜʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʧʨʠʨʘʱʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 1 ʢɺʪ 

ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ή
Ўὸ

ὔ
 ȟ (2.3) 

ʛʜʝ qt ï ʫʜʝʣʴʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, °ʉ/ʢɺʪ; Ўὸ ï ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ 

ʚʝʥʪʠʣʷʪʦʨʝ, °ʉ; N ï ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ, ʢɺʪ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ ʩʨʝʜʥʝʝ ʫʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʩʣʝʜʫʝʤʳʭ 

ʚʝʥʪʠʣʷʪʦʨʦʚ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 0,046 °ʉ/ʢɺʪ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʦʩʝʚʳʝ ʚʝʥʪʠʣʷʪʦʨʳ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦ, ʢʦʪʦʨʦʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ, ʧʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʭʝʤʝ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʧʦʩʪʫʧʘʝʪ ʚ ʟʦʥʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʝʥʪʠʣʷʮʠʠ ʧʨʠʟʘʙʦʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʦʚʳʭ ʩʧʦʩʦʙʦʚ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ [35]. 

2.3 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʪʫʧʠʢʦʚʳʭ 

ʚʳʨʘʙʦʪʢʘʭ 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ 

ʚʣʠʷʥʠʷ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷʪʦʨʘ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʚʳʨʘʙʦʪʢʝ. ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʧʨʠ 

ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʥʠʞʝ, ʯʝʤ ʧʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦ ʪʨʘʢʪʫ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ 

ʠʩʢʣʶʯʘʝʪʩʷ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʬʘʢʪʦʨʦʚ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ï ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ 

ʚʝʥʪʠʣʷʪʦʨ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʚʳʨʘʙʦʪʢʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥ ʵʢʩʧʝʨʠʤʝʥʪ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ 

ʚʳʨʘʙʦʪʢʠ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʧʦ ʠʟʤʝʥʝʥʠ ʁ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʝʧʨʝʨʳʚʥʦ, ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʚʩʘʩʳʚʘʶʱʝʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʚʝʥʪʠʣʷʪʦʨ FBD-7.5 (ʂʠʪʘʡ), ʘ ʜʣʷ ʥʘʛʥʝʪʘʥʠʷ ʚʦʟʜʫʭʘ ʧʨʠʤʝʥʷʣʩʷ ʚʝʥʪʠʣʷʪʦʨ ɺʄ-6ʄ. 

ʈʘʟʤʝʱʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʠʧ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.12 ʠ 2.13. 
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ʈʠʩʫʥʦʢ 2.12 ð ʀʩʩʣʝʜʫʝʤʘʷ ʚʳʨʘʙʦʪʢʘ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ  

 

 
ʈʠʩʫʥʦʢ 2.13 ð ɺʩʘʩʳʚʘʶʱʠʡ ʚʝʥʪʠʣʷʪʦʨ FBD-7.5 ʜʣʷ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ 

ʚʳʨʘʙʦʪʢʠ 

ʈʝʛʠʩʪʨʘʪʦʨʳ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʨʫʜʥʠʯʥʦʛʦ ʚʦʟʜʫʭʘ 

ʨʘʟʤʝʱʘʣʠʩʴ ʚ ʜʚʫʭ ʪʦʯʢʘʭ ʠʩʩʣʝʜʫʝʤʦʡ ʚʳʨʘʙʦʪʢʠ: 

1. ʅʘ ʚʥʝʰʥʝʡ ʟʘʜʥʝʡ ʯʘʩʪʠ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ (ʨʠʩʫʥʦʢ 2.14, ʦʨʘʥʞʝʚʳʡ 

ʛʨʘʬʠʢ); 
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2. ʅʘ ʨʘʩʩʪʦʷʥʠʠ 30 ʤʝʪʨʦʚ ʦʪ ʩʪʨʝʣʳ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ ʚ ʩʪʦʨʦʥʫ 

ʫʩʪʴʷ ʚʳʨʘʙʦʪʢʠ, ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʥʘ ʩʪʝʥʢʝ ʚʳʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 2.14, ʛʦʣʫʙʦʡ 

ʛʨʘʬʠʢ). 

ɻʨʘʬʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 2.14. 

 
ʈʠʩʫʥʦʢ 2.14 ð ʊʨʝʥʜʳ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʚʳʨʘʙʦʪʢʝ 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʠʪʫʘʮʠʷ ʬʠʢʩʠʨʫʝʪʩʷ ʧʨʠ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʫʜʥʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʚʳʨʘʙʦʪʢʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʥʘ ʚʩʘʩʳʚʘʶʱʠʡ ʩʧʦʩʦʙ ʩʥʠʞʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ 3,5 ęʉ.  

ɻʨʘʬʠʢ ʜʘʪʯʠʢʘ, ʨʘʟʤʝʱʝʥʥʦʛʦ ʥʘ ʢʘʙʠʥʝ ʤʘʰʠʥʠʩʪʘ, ʥʝ ʧʦʢʘʟʘʣ ʪʘʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʘʢʫʶ ʧʦʢʘʟʘʣ ʜʘʪʯʠʢ, ʨʘʟʤʝʱʝʥʥʳʡ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʢʦʤʙʘʡʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʙʳʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʦʢʘʟʳʚʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʝ ʫʩʧʝʣʘ ʦʭʣʘʜʠʪʴʩʷ ʟʘ 

ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʧʝʨʠʦʜ 

ʠʟʤʝʥʝʥʠʷ ʩʧʦʩʦʙʦʚ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʚʝʣʠʯʠʥʘ ʦʪʢʣʦʥʝʥʠʷ ʠʤʝʣʘ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʣʦʩʴ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚʩʘʩʳʚʘʶʱʝʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʤʝʩʪʥʦʛʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʫʩʣʦʚʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʵʬʬʝʢʪ ʩʥʠʞʝʥʠʷ 

ʟʘʧʳʣʝʥʥʦʩʪʠ ʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ [20, 118]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʚʠʜʥʦ, ʯʪʦ 

ʵʬʬʝʢʪ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʥʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 
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ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʩʧʦʩʦʙʝ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʣʠʰʴ ʯʘʩʪʴ ʚʦʟʜʫʭʘ ʧʦʜʘʝʪʩʷ ʧʦ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤʫ ʚʝʥʪʠʣʷʮʠʦʥʥʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʫ, ʢʦʪʦʨʳʡ ʥʘʛʨʝʚʘʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʘʤʠʤ ʚʝʥʪʠʣʷʪʦʨʦʤ. ɼʨʫʛʘʷ 

ʯʘʩʪʴ ʚʦʟʜʫʭʘ ʚ ʧʨʠʟʘʙʦʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʩʪʫʧʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʚʳʨʘʙʦʪʢʝ. 

ʉʤʝʰʝʥʠʝ ʜʚʫʭ ʵʪʠʭ ʧʦʪʦʢʦʚ ʚ ʟʘʙʦʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ɺʝʣʠʯʠʥʘ ʩʥʠʞʝʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʩʧʦʩʦʙʘ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʩʦʩʪʘʚʠʣʘ ʧʦʨʷʜʢʘ 0,5 ęʉ.  

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʢʘʭ ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʘʢʪʦʨʦʚ: ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʧʦʨʦʜʥʳʤ ʤʘʩʩʠʚʦʤ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ: 

ï ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʪʨʦʥʫʪʦʛʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ 

ʠʩʩʣʝʜʫʝʤʦʤ ʨʫʜʥʠʢʝ ʩʦʩʪʘʚʠʣʘ 33,5 ÁC, ʘ ʚʝʣʠʯʠʥʘ ʛʝʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʛʨʘʜʠʝʥʪʘ ï 0,0227 ÁC/ʤ. 

ï ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʷʚʣʷʶʪʩʷ ʢʦʤʙʘʡʥ r ʠ 

ʩʘʤʦʭʦʜʥʳʝ ʚʘʛʦʥ,r ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 65 °C.  

ï ʇʦʚʝʨʭʥʦʩʪʴ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠ ̫ ʢʦʤʙʘʡʥʦʤ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʬʦʨʤʠʨʫʶʱʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʚʥʫʪʨʠ ʟʘʤʢʥʫʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʙʠʥʳ 

ʢʦʤʙʘʡʥʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 50 °C. 

ï ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʨʠʨʘʱʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 7 °C. 

ï ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʚʝʣʠʯʠʥʘ ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ rʚʦʟʜʫʭʘ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʦʩʪʠʛʘʣʘ 3,5 ÁC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʘʛʥʝʪʘʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ.  

ï ɼʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨ r ʨʫʜʥʠʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʧʦʟʚʦʣʠʣʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʜʠʥʘʤʠʢʫ ʚ ʪʝʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ: ʧʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʪʦʡʯʠʚʦ ʩʦʚʧʘʜʘʶʪ ʩ ʤʦʤʝʥʪʘʤʠ ʨʘʙʦʪʳ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʘʤʦʭʦʜʥʳʝ ʚʘʛʦʥʳ ʚʥʦʩʷʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 

ʧʨʦʩʪʦʝ ʨʷʜʦʤ ʩ ʪʦʯʢʘʤʠ ʠʟʤʝʨʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʦʙʦʩʥʦʚʘʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʥʦʨʤʘʣʠʟʘʮʠʠ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ.  
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3 ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ ɼʃʗ ɸʅɸʃʀɿɸ ʊɽʄʇɽʈɸʊʋʈʅʆʁ 

ʆɹʉʊɸʅʆɺʂʀ ɺ ʇʈʀɿɸɹʆʁʅʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ 

ɼʣʷ ʢʘʣʠʡʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʭʘʨʘʢʪʝʨʥʘ ʢʘʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ. ʈʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ 

ʛʦʨʥʦʛʦ ʢʦʤʙʘʡʥʘ, ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʠ ʠʥʦʛʜʘ ʩʘʤʦʭʦʜʥʦʛʦ ʙʫʥʢʝʨʘ-ʧʝʨʝʛʨʫʞʘʪʝʣʷ. 

ʆʧʠʩʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʠ ʦʩʥʘʱʝʥʦ ʤʦʱʥʳʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ. ʇʨʦʚʝʪʨʠʚʘʥʠʝ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʦʩʝʚʳʤʠ ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʪʦʞʝ ʨʘʙʦʪʘʶʪ ʦʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʦʩʥʘʱʝʥʥʦʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ. ʇʦʤʠʤʦ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ 

ʤʠʢʨʦʢʣʠʤʘʪ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚʦʧʨʦʩʝ ʥʝ ʩʪʦʠʪ ʫʧʫʩʢʘʪʴ ʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚ, 

ʠʤʝʶʱʠʡ ʪʘʢʞʝ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʚʠʜʫ ʛʣʫʙʠʥʳ ʝʛʦ ʟʘʣʝʛʘʥʠʷ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ 

ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʪʫʧʠʢʦʚʦʡ ʢʦʤʙʘʡʥʦʚʦʡ ʚʳʨʘʙʦʪʢʝ ʢʘʣʠʡʥʦʛʦ ʨʫʜʥʠʢʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ: ʧʨʦʭʦʜʯʝʩʢʦ-

ʦʯʠʩʪʥʦʡ ʢʦʤʙʘʡʥ, ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ, ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ, 

ʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʝʯʴ ʧʦʡʜʝʪ ʦ ʚʳʙʦʨʝ ʠ ʦʙʦʩʥʦʚʘʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʧʦ ʨʘʩʯʝʪʫ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʩʢʦʨʦʩʪʥʳʭ ʧʦʣʝʡ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ 

ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ. ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʦʭʣʘʞʜʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʩʚʦʜʠʪʩʷ ʢ ʢʦʤʧʣʝʢʩʥʦʤʫ ʨʘʩʯʝʪʫ ʟʘʜʘʯʠ ʚ 

ʦʜʥʦʤʝʨʥʦʡ ʠ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʘʭ (ʨʠʩʫʥʦʢ 3.1). 
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ʈʠʩʫʥʦʢ 3.1 ï ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʠʥʮʠʧʘ ʨʘʟʨʘʙʦʪʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ 

 ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪʳ ʢʘʢ ʜʣʷ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ 

ʨʫʜʥʠʢʦʚ, ʪʘʢ ʠ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ ʫʯʘʩʪʢʦʚ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʪʦʨʦʡ ʩʣʫʯʘʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʩʝʨʠʶ ʟʘʤʝʨʦʚ, ʜʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʚ ʦʜʥʦʤʝʨʥʦʡ ʠ ʪʨʝʭʤʝʨʥʦʡ 

ʧʦʩʪʘʥʦʚʢʘʭ ʟʘʜʘʯʠ. ʆʜʥʦʤʝʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʦʟʚʦʣʠʪ ʨʘʩʩʯʠʪʘʪʴ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʘʭ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʝʥʪʠʣʷʪʦʨʘ ʤʝʩʪʥʦʛʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ.  

3.1 ʆʜʥʦʤʝʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʆʜʥʦʤʝʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʪʩʫʪʩʪʚʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʝʨʠʠ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʢ ʪʨʝʭʤʝʨʥʦʤʫ CFD ʤʦʜʝʣʠʨʦʚʘʥʠʶ. ʉʫʪʴ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʦʜʥʦʤʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ çʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚ ï ʨʫʜʥʠʯʥʘʷ ʘʪʤʦʩʬʝʨʘ ï ʩʪʝʥʢʘ 

ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘè, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʩʧʦʩʦʙʥʘ ʫʯʠʪʳʚʘʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʦʪ 

ʪʝʭʥʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʣʫʯʠʩʪʳʡ ʪʝʧʣʦʦʙʤʝʥ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʫʥʠʢʘʣʴʥʳʡ 

ʚ ʩʚʦʝʤ ʨʦʜʝ ʧʦʜʭʦʜ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʣʫʯʠʩʪʳʡ 

ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʨʫʜʥʠʯʥʳʤ ʚʦʟʜʫʭʦʤ [49,110]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ [49], ʘʚʪʦʨʳ ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʥʷʣʠ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʧʨʠ 

ʧʦʩʪʘʥʦʚʢʝ ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʪʠʧʦʚʫʶ ʩʭʝʤʫ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ 

ʆʜʥʦʤʝʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

(ʨʘʙʦʯʘʷ ʟʦʥʘ) 

ʊʨʝʭʤʝʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ  

(ʧʨʠʟʘʙʦʡʥʘʷ ʦʙʣʘʩʪʴ) 
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ʨʫʜʥʠʢʝ ʩʭʝʤʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ ʥʝ ʦʨʛʘʥʠʟʫʝʪʩʷ ʧʦ ʪʠʧʦʚʳʤ 

ʧʦʜʭʦʜʘʤ. ʇʦʜ ʪʠʧʦʚʳʤ ʧʦʜʭʦʜʦʤ ʧʦʥʠʤʘʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʚʝʥʪʠʣʷʪʦʨ ʤʝʩʪʥʦʛʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʙʣʠʟʠ ʫʩʪʴʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʥʘ ʩʚʝʞʝʡ ʩʪʨʫʝ. ɺʚʠʜʫ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʦʢ ʵʢʩʧʣʫʘʪʠʨʫʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʘʯʘʩʪʫʶ ʚʳʥʫʞʜʝʥʘ 

ʨʘʩʧʦʣʘʛʘʪʴ ɺʄʇ ʟʘ ʧʨʝʜʝʣʦʤ ʙʣʦʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʫʩʪʴʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ. ʋʩʣʦʚʥʘʷ ʩʭʝʤʘ ʦʧʠʩʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʛʨʘʬʠʯʝʩʢʘʷ 

ʧʦʩʪʘʥʦʚʢʘ ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.2. 

 
ʈʠʩʫʥʦʢ 3.2 ï ɻʨʘʬʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʦʧʠʩʘʥʥʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ʧʝʨʝʩʝʯʝʥʠʷ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤ 

ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʩʦʧʨʷʛʘʶʱʝʡʩʷ ʚʳʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʚʳʜʝʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.2 ʢʨʘʩʥʦʡ 

ʟʦʥʦʡ. ɼʣʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʩ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ 

ʩʦʧʨʷʛʘʶʱʝʡʩʷ ʚʳʨʘʙʦʪʢʠ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʫʯʝʪ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʦʧʠʩʘʥ ʜʘʣʝʝ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ, ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʧʣʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚ ʪʫʧʠʢʦʚʦʡ 

ʚʳʨʘʙʦʪʢʝ ʠ ʚʥʫʪʨʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʨʠʥʷʪʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʫʯʠʪʳʚʘʪʴ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ: ʢʦʥʚʝʢʮʠʶ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ 

ʣʫʯʠʩʪʳʡ ʪʝʧʣʦʦʙʤʝʥ. 

ʊʝʧʣʦʧʝʨʝʥʦʩ ʚʥʫʪʨʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʧʠʩʳʚʘʝʪʩʷ ʦʜʥʦʤʝʨʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʚʦʟʜʫʰʥʳʤ 

ʧʦʪʦʢʦʤ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʜʣʠʥʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ: 

 Ὃὧ
‬Ὕ

‬ὼ
Ὕ Ὕ Ὧ “ ήὼȟ (3.1) 

 

 
ɺʳʨʘʙʦʪʢʘ, ὠ ̉ Ὕ 

x=0 

x=L 

ʊʨʫʙʦʧʨʦʚʦʜ, ὠ ̉ Ὕ 

ʇʦʨʦʜʥʳʡ ʤʘʩʩʠʚ, Ὕ 

ʉʦʧʨʷʛʘʶʱʘʷʩʷ 

ʚʳʨʘʙʦʪʢʘ, ὠ ̉ Ὕ 



50 

ʛʜʝ G1 ï ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ, ʢʛ/ʩ; ʩ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ 

ʚʦʟʜʫʭʘ, ɼʞ/(ʢʛ·°C); T1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ, °C; Two ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, °C; kwi ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʚʦʟʜʫʭʘ ʢ 

ʩʪʝʥʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ, ɺʪ/(ʤ2·°C); q(x) ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ, ɺʪ/ʤ. 

ʃʝʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ ʦʧʠʩʳʚʘʝʪ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʳ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ ʚʜʦʣʴ 

ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ ʦʧʠʩʳʚʘʝʪ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʦʪ 

ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʚʦʟʤʦʞʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ.  

ʊʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʟʜʫʭʘ ʚ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʝ ʦʮʝʥʠʚʘʝʪʩʷ ʢʦʥʚʝʢʪʠʚʥʳʤ 

ʧʝʨʝʥʦʩʦʤ ʪʝʧʣʘ ʚʜʦʣʴ ʚʳʨʘʙʦʪʢʠ ʠ ʪʝʧʣʦʦʙʤʝʥʦʤ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ: 

 Ὃὧ
‬Ὕ

‬ὼ
Ὕ Ὕ ὥ ὖ Ὕ Ὕ ὥὖ ήὼȟ (3.2) 

ʛʜʝ Ὃ   ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʚ ʚʳʨʘʙʦʪʢʝ, ʢʛ/ʩ; Ὕ    ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ 

ʚʳʨʘʙʦʪʢʝ, °C; ὥ   ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʚʦʟʜʫʭʘ ʩʥʘʨʫʞʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ɺʪ/ (̍ ϽЈ#); ὖ  ʧʝʨʠʤʝʪʨ ʥʘʨʫʞʥʦʡ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤ; 

Ὕ  ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ, ÁC; T2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʚʳʨʘʙʦʪʢʝ, °C; 

ὥ   ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʚʦʟʜʫʭʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʨʘʙʦʪʢʠ, ɺʪ/(̍ ϽЈ#); 

ὖ  ï ʧʝʨʠʤʝʪʨ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ, ʤ. 

ʆʧʠʩʘʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʦʢʨʫʞʘʶʱʝʤ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ 

ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʥʘʢʦʧʣʝʥʠʝ ʠ ʦʪʜʘʯʫ ʪʝʧʣʘ ʧʦʨʦʜʥʳʤ 

ʤʘʩʩʠʚʦʤ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʜʣʠʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʠ 

ʦʮʝʥʢʠ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ: 

 ”ὧ
‬Ὕ

‬ὸ
‗
‬Ὕ

‬ὸ

ρ

ὶ

‬Ὕ

‬ὶ
ȟ (3.3) 

ʛʜʝ ὴ  ʧʣʦʪʥʦʩʪʴ, ʢʛ/̍Ƞ t  ʚʨʝʤʷ, ʩ; ‗   ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ, 

ɺʪ/ (̍ϽЈ#); r  ʨʘʜʠʫʩ ʚʳʨʘʙʦʪʢʠ, ʤ. 

ʉʚʷʟʴ ʤʝʞʜʫ ʪʝʧʣʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʫʯʠʪʳʚʘʝʪʩʷ ʯʝʨʝʟ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʘ: 

 ή ή ήȟ (3.4) 

ʛʜʝ q1 ï ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʦʪ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ: 

 ή Ὕ Ὕ Ὧ “ȟ (3.5) 

q2 ï ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʚʦʟʜʫʭʦʤ ʚ ʚʳʨʘʙʦʪʢʝ ʟʘ ʩʯʝʪ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ: 

 ή   Ὕ Ὕ ὥ ὖ ȟ (3.6) 
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q3 ï ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʩʪʝʥʢʘʤʠ ʚʳʨʘʙʦʪʢʠ ʟʘ ʩʯʝʪ 

ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ: 

 ή   ‐ὅὖ
Ὕ ςχσȢρυ

ρππ

Ὕ ςχσȢρυ

ρππ
ȟ (3.7) 

ʛʜʝ ʩ0 = 5,67 ɺʪ/ (̍ Ͻὑ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ.  

ʈʝʘʣʠʟʘʮʠʷ ʦʧʠʩʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʦʩʪʨʦʝʥʠʷ 

ʛʝʦʤʝʪʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ ʧʨʦʛʨʘʤʤʝ TES, ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ɻʦʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ [60]. 

ʄʦʜʝʣʴ ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʫʯʠʪʳʚʘʝʪ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ 

ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʷʚʣʷʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʉʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʝ 

ʠ ʚʳʨʘʙʦʪʢʝ ʠʤʝʶʪ ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʥʝʠʟʤʝʥʥʳ ʚʦ ʚʨʝʤʝʥʠ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʜʥʦʨʦʜʥʘʷ ʧʦ ʚʩʝʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ. ʇʨʠ ʵʪʦʤ ʚ 

ʤʦʜʝʣʠ ʠʤʝʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʜʦʧʫʱʝʥʠʷ: 

ï ʈʫʜʥʠʯʥʘʷ ʘʪʤʦʩʬʝʨʘ ʧʨʦʟʨʘʯʥʘ ʜʣʷ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ; 

ï ɺʣʘʛʦʦʙʤʝʥ ʩ ʚʦʜʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚʳʨʘʙʦʪʢʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ; 

ï ʍʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ ʤʦʜʝʣʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ; 

ï ɼʠʬʬʫʟʠʦʥʥʳʡ ʧʝʨʝʥʦʩ ʚ ʚʦʟʜʫʭʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ; 

ï ʇʨʠʥʠʤʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ. 

ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠ ʟʘʜʘʥʳ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʧʝʨʝʯʝʥʴ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥ ʚ 

ʪʘʙʣʠʮʝ 3.1. ʉ ʮʝʣʴʶ ʥʘʩʪʨʦʡʢʠ ʠ ʚʘʣʠʜʘʮʠʠ ʤʦʜʝʣʠ ʧʨʠʥʷʪʳ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʝr ʚ 

ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʯʝʥʴ 

ʧʨʠʚʝʜʝʥʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʦʟʤʦʞʥʦ ʥʘʙʨʘʪʴ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʫʯʘʩʪʢʦʚ. 

ʊʘʙʣʠʮʘ 3.1 ð ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʠʣʴʚʠʥʠʪʘ ʥʘ ʨʫʜʥʠʢʝ ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ  

ʀʩʩʣʝʜʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ɺʝʣʠʯʠʥʘ 

ʉʝʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʚʳʨʘʙʦʪʢʠ 15,5 ʤ2 

ʉʝʯʝʥʠʝ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʩʪʘʚʘ  0,45 ʤ2 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʜ ɺʄʇ 37,4 °C 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʚʦʟʜʫʭʦʚʦʜʝ ʩʨʘʟʫ ʧʦʩʣʝ ɺʄʇ 45,8 °C 
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ʀʩʩʣʝʜʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ɺʝʣʠʯʠʥʘ 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʝʪʨʦʥʫʪʦʛʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ 33,5 °C 

ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʚ ʚʳʨʘʙʦʪʢʝ 4,0 ʤ3/ʩ 

ɹʘʨʦʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ 111 900 ʇʘ 

ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʚʳʨʘʙʦʪʢʝ 1,25 ʢʛ/ʤ3 

ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʩʪʘʚʘ [47] 0,945 

ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʚʳʨʘʙʦʪʢʠ [49] 0,960 

ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ 442,8 ɼʞ/(ʢʛĀ°C) 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ 2,75 ɺʪ/(ʤĀ°C) 

ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ 2,06 ʛ/ʩʤ3 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʫʯʘʩʪʢʦʚ, ʢʦʛʜʘ 

ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʟʘʤʝʨʦʚ ʥʘ ɺʄʇ, ʚʝʣʠʯʠʥʫ ʥʘʛʨʝʚʘ ʚʦʟʜʫʭʘ Tʚʤʧ 

ʚʝʥʪʠʣʷʪʦʨʦʤ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

 Ὕ̃̍̐ πȟπτφὔ, °C, (3.8) 

ʛʜʝ N ï ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚʝʥʪʠʣʷʪʦʨʘ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ 

0,046 °ʉ/ʢɺʪ ʧʦʢʘʟʳʚʘʝʪ ʥʘ ʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ 1 ʢɺʪ ʤʦʱʥʦʩʪʠ ʦʩʝʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ 

ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʥʘʛʨʝʚʘʝʪ ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʥʝʛʦ ʚʦʟʜʫʭ. ɼʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʳʚʝʜʝʥ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʠʩʘʥ ʚ ʨʘʟʜʝʣʝ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ 2.3. 

ʂʘʢ ʨʘʥʝʝ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ, ʥʘ ʨʫʜʥʠʢʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʢʦʛʜʘ ʪʨʘʢʪ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʝʨʝʩʝʢʘʝʪ ʩʦʧʨʷʞʝʥʠʷ ʩ ʚʳʨʘʙʦʪʢʘʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ 

ʜʚʠʞʝʥʠʝ ʚʦʟʜʫʭʘ (ʢʨʘʩʥʘʷ ʦʙʣʘʩʪʴ ʥʘ ʨʠʩʫʥʢʝ 3.2). ʕʪʦ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʪʝʧʣʦʦʙʤʝʥʘ ʢʘʢ ʩ ʦʢʨʫʞʘʶʱʠʤ ʤʘʩʩʠʚʦʤ, ʪʘʢ ʠ ʩ ʚʦʟʜʫʭʦʤ ʩʦʧʨʷʛʘʶʱʠʭʩʷ 

ʚʳʨʘʙʦʪʦʢ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʫʯʠʪʳʚʘʪʴ ʦʧʠʩʘʥʥʳʡ ʧʨʦʮʝʩʩ ʪʝʧʣʦʦʙʤʝʥʘ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʟʦʥʫ ʩʦʧʨʷʞʝʥʠʷ ʚʳʨʘʙʦʪʦʢ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʦ ʨʝʘʣʠʟʦʚʘʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ ʦʙʪʝʢʘʥʠʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 
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ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʙʪʝʢʘʥʠʷ ʦʜʠʥʦʯʥʦʛʦ ʮʠʣʠʥʜʨʘ. ʏʠʩʣʦ 

ʅʫʩʩʝʣʴʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [74]: 

 ὔό πȟςφὙὩȟὖὶȟ‐  ̐̑ ̉ρπ ὙὩ ςϽρπȟ (3.9) 

 ὔό
ὥ Ὠ

‗
ȟ (3.10) 

ʛʜʝ d ï ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʦʙʪʝʢʘʝʤʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤ; ‗ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʨʝʜʳ, ɺʪ/(ʤ·°C); ὥ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ 

ʦʙʪʝʢʘʥʠʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ, ɺʪ/(ʤ2·°C); 

‐ ï ʧʦʧʨʘʚʦʯʥʳʡ ʤʥʦʞʠʪʝʣʴ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ ʦʙʪʝʢʘʥʠʠ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʟʦʥʝ ʩʦʧʨʷʞʝʥʠʷ ʩʣʘʛʘʝʤʦʝ q2 ʚ 

ʫʨʘʚʥʝʥʠʠ (3.4) ʚʠʜʦʠʟʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʤʝʞʫʪʢʘ, ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʴʶ ʥʘ 

ʨʠʩʫʥʢʝ 3.2, ʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ή
 
  Ὕ Ὕ ὥ ὖ ȟ (3.11) 

ʛʜʝ T3 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʦʧʨʷʛʘʶʱʝʡʩʷ ʚʳʨʘʙʦʪʢʝ, °C. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʪʫʧʠʢʦʚʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʜʠʝʥʪʥʦʡ ʟʘʣʠʚʢʠ, ʧʦʢʘʟʳʚʘʶʱʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʦʜʦʣʴʥʦʤ ʨʘʟʨʝʟʝ (ʨʠʩʫʥʦʢ 3.3). 

 
ʈʠʩʫʥʦʢ 3.3 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʚʝʥʪʠʣʷʮʠʦʥʥʦʤ 

ʪʨʫʙʦʧʨʦʚʦʜʝ ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ 

ɿʘ ʥʫʣʝʚʫʶ ʦʪʤʝʪʢʫ ʧʨʠʥʠʤʘʝʪʩʷ ʤʝʩʪʦ ʫʩʪʘʥʦʚʢʠ ʚʝʥʪʠʣʷʪʦʨʘ ʤʝʩʪʥʦʛʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʘ ʢʦʥʝʯʥʘʷ ʦʪʤʝʪʢʘ ï ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʪʫʧʠʢʦʚʦʛʦ ʟʘʙʦʷ. ʅʘʯʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʤʝʩʪʝ ʚʳʭʦʜʘ ʧʦʪʦʢʘ ʠʟ ʚʝʥʪʠʣʷʪʦʨʘ ʤʝʩʪʥʦʛʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʝʥʪʠʣʷʮʠʦʥʥʦʤ 

ʪʨʫʙʦʧʨʦʚʦʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 3.4. 

ɺʳʨʘʙʦʪʢʘ ɺʝʥʪ. ʪʨʫʙʦʧʨʦʚʦʜ 
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ʈʠʩʫʥʦʢ 3.4 ï ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚʜʦʣʴ ʚʳʨʘʙʦʪʢʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʨʘʞʝʥʥʳʡ ʛʨʘʜʠʝʥʪ. 

ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʪʁʩʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʤʝʩʪʘ ʩʦʝʜʠʥʝʥʠʷ 

ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ɺʄʇ ʢ ʢʦʥʮʫ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʅʘ ʚʳʭʦʜʝ ʠʟ ʚʝʥʪʠʣʷʪʦʨʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 45 ęʉ. ɺʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʩʦʩʪʘʚʠʣʘ 39,8 ęʉ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʛʣʘʚʝ 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʦʚʝʨʥʦ ʚʳʧʦʣʥʷʪʴ 

ʨʘʩʯʝʪʳ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʪʨʝʭʤʝʨʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʩʯʝʪʘ ʚ ʪʨʝʭʤʝʨʥʦʡ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ.  

3.2 ʊʨʝʭʤʝʨʥʘʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʯʝʪ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʪʨʝʙʫʝʪ ʜʝʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʢʦʨʦʩʪʝʡ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ. ɺ ʚʠʜʫ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʪʨʝʭʤʝʨʥʦʡ CFD ʤʦʜʝʣʠ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʠ ʨʘʩʯʝʪʘ 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʝʡ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʳ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʪʨʦʥʫʪʦʛʦ ʤʘʩʩʠʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʙʳʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʦʱʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʥʪʠʣʷʪʦʨʘ ʤʝʩʪʥʦʛʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ɼʣʠʥʘ ʚʳʨʘʙʦʪʢʠ, ʤ 
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ʧʘʨʘʤʝʪʨʳ ʜʦʙʳʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʭʝʤʘ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʨʘʩʭʦʜʳ ʚʦʟʜʫʭʘ ʚ 

ʚʳʨʘʙʦʪʢʝ ʠ ʚ ʚʝʥʪʠʣʷʮʠʦʥʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ.  

3.2.1 ʈʘʟʨʘʙʦʪʢʘ ʛʝʦʤʝʪʨʠʠ ʤʦʜʝʣʠ  

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʘʥʥʘʷ ʛʝʦʤʝʪʨʠ ̫ʜʣʷ ʨʝʰʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ 

ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʡ, ʯʪʦʙʳ ʫʯʝʩʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʝʝ 

ʚʣʠʷʥʠʷ ʥʘ ʜʚʠʞʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʣʠʰʢʦʤ ʩʣʦʞʥʘʷ 

ʛʝʦʤʝʪʨʠʷ ʥʝʤʠʥʫʝʤʦ ʧʨʠʚʝʜʝʪ ʢʘʢ ʢ ʪʨʫʜʥʦʩʪʷʤ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʢʠ, ʪʘʢ ʠ ʢ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʤʙʘʡʥʘ, ʙʫʥʢʝʨʘ-ʧʝʨʝʛʨʫʞʘʪʝʣʷ ʠ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ 

ʫʧʨʦʱʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʚʩʝ ʢʨʫʧʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʢʘʟʳʚʘʶʱʠʝ 

ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ.  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠʥʠʤʘʝʪʩʷ ʥʝʧʦʣʥʳʡ 

ʫʯʘʩʪʦʢ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʜʣʠʥʥʦʡ 50 ʤ ʩ ʧʣʦʱʘʜʴʶ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

15,5 ʤ2 (ʨʠʩʫʥʦʢ 3.5). ɼʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 0,78 ʤ, ʘ ʝʛʦ ʦʪʩʪʘʚʘʥʠʝ ʦʪ 

ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ ï 10 ʤ. 

 
ʈʠʩʫʥʦʢ 3.5 ï ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʚʳʨʘʙʦʪʢʠ ʩ ʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ 

ʇʦʩʪʨʦʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʳʧʦʣʥʝʥʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʝʨʪʝʞʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 
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ʚʠʜ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʢʦʤʙʘʡʥʘ ʧʨʠʚʝʜʝʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʤʦʜʝʣʠ, ʪʘʢ ʢʘʢ ʦʥ ʥʘʭʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʱʠʪʦʤ, 

ʘ ʧʦʩʢʦʣʴʢʫ ʪʫʜʘ ʧʦʧʘʜʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʚ ʛʝʦʤʝʪʨʠʠ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʴʶ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʇʦʜ ʫʧʨʦʱʝʥʠʝ ʪʘʢʞʝ ʧʦʧʘʣʠ ʨʘʟʣʠʯʥʳʝ «ʚʳʧʠʨʘʶʱʠʝ» 

ʯʘʩʪʠ ʢʦʤʙʘʡʥʘ ʠ ʤʝʣʢʠʝ ʟʘʟʦʨʳ, ʢʦʪʦʨʳʝ ʥʝ ʚʣʠʷʶʪ ʥʘ ʛʣʦʙʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ. 

ʆʙʱʠʡ ʚʠʜ ʛʝʦʤʝʪʨʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.6. 

 
ʈʠʩʫʥʦʢ 3.6 ï ʆʙʱʠʡ ʚʠʜ ʧʦʩʪʨʦʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ 

ʇʦʩʪʨʦʝʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʦʙʲʝʢʪʦʚ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ, ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠ. 

3.2.2 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʩʪʨʦʠʪʩʷ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ ʦʩʨʝʜʥʝʥʥʳʭ ʧʦ ʈʝʡʥʦʣʴʜʩʫ (RANS), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʬʦʨʤʦʡ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ. 
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 (3.12) 

ʛʜʝ ό ï ʚʝʢʪʦʨ ʦʩʨʝʜʥʝʥʥʦʡ ʧʦ ʈʝʡʥʦʣʴʜʩʫ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ, ʤ/ʩ; † ”όό ï ʪʝʥʟʦʨ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ, ʇʘ; Ὁ Ὤ  ï ʫʜʝʣʴʥʘʷ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ 

ʚʦʟʜʫʭʘ, ɼʞ/ʢʛ; Ὤ ï ʫʜʝʣʴʥʘʷ ʵʥʪʘʣʴʧʠʷ, ɼʞ/ʢʛ; ὧ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, ɼʞ/(ʢʛĿʂ); ‘ ï ʪʫʨʙʫʣʝʥʪʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, ʇʘĿʩ; ὖὶ ï 

ʪʫʨʙʫʣʝʥʪʥʦʝ ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ; †  ï ʵʬʬʝʢʪʠʚʥʳʡ ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ. 
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ʆʧʠʩʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʷ (3.12) ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʢʥʫʪʦʡ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʜʣʷ 

ʨʝʰʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ ʪʫʨʙʫʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʰʝʩʪʴ 

ʫʨʘʚʥʝʥʠʡ. 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʡ 

ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ɺ CFD ʧʘʢʝʪʝ Ansys ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʜʝʣʝʡ ʦʩʥʦʚʘʥʦ ʥʘ ʛʠʧʦʪʝʟʝ 

ɹʫʩʩʠʥʝʩʢʘ. ʉʫʪʴ ʜʘʥʥʦʡ ʠʜʝʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʣʠʥʝʡʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʪʝʥʟʦʨʦʤ ʪʫʨʙʫʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ †  ʠ ʪʝʥʟʦʨʦʤ ʜʝʬʦʨʤʘʮʠʡ Ὓ : † ς‘Ὓ . 

ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʝ ʨʘʟʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ 

ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ (ʩʢʘʣʷʨʥʦʡ ʚʝʣʠʯʠʥʳ) ʚʤʝʩʪʦ ʰʝʩʪʠ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ. 

 † ‘
‬ό

‬ὼ

‬ό

‬ὼ

ς

σ
‏
‬ό

‬ὼ
ȟ (3.13) 

ʛʜʝ ‘ ‘ ‘ ï ʵʬʬʝʢʪʠʚʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, ʇʘĿʩ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʧʨʠʥʷʪʘ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ Realizable Ὧ ‐. ɺʳʙʦʨ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʦʙʫʩʣʦʚʣʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʩʨʘʚʥʝʥʠʝʤ ʝʝ ʩ ʤʦʜʝʣʴʶ SST Ὧ .‫ 

Realizable Ὧ ‐ ʧʦʢʘʟʘʣʘ ʣʫʯʰʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʥʝʚʷʟʢʘʤ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʩʪʨʫʡʥʳʭ ʪʝʯʝʥʠʡ, ʪʝʯʝʥʠʡ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʠʣʠ ʫʤʝʨʝʥʥʦʛʦ ʟʘʚʠʭʨʝʥʠʷ [131]. 
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ʇʨʠ ʵʪʦʤ ʪʫʨʙʫʣʝʥʪʥʘʷ ʚʷʟʢʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ȟ (3.19) 
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 ὅ
ρ

ὃ ὃ
ὯὟz
‐

ȟὅ ÔÁÎÈ 
ὺ

ό
ȟ (3.20) 

 

 Ὗᶻḳ ὛὛ ɱ ɱ ȟ (3.21) 

 

 ɱ ɱ ς‐ ‫ȟ ɱ ɱ ‐ ‫ȟ (3.22) 

 

 ὃ ЍφÃÏÓ•ȟ • ÃÏÓЍφὡ ȟ (3.23) 
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ʛʜʝ Ὧ ï ʪʫʨʙʫʣʝʥʪʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ɼʞ/ʢʛ; ‐ ï ʩʢʦʨʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ɼʞ/ʢʛ; Ὃ  ï ʛʝʥʝʨʘʮʠʷ ʪʫʨʙʫʣʝʥʪʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘ 

ʩʯʝʪ ʛʨʘʜʠʝʥʪʦʚ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ, ʢʛ/(ʤĿʩ2); Ὃ  ï ʛʝʥʝʨʘʮʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘ 

ʩʯʝʪ ʧʣʘʚʫʯʝʩʪʠ, ʢʛ/(ʤĿʩ2); – ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʦʢʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, W ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʨʝʜʥʶ  ʁʟʘʚʠʭʨʝʥʥʦʩʪʴ 

ʧʦʪʦʢʘ, ‍ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʂ-1; ὺ ï ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ, 

ʧʘʨʘʣʣʝʣʴʥʘʷ ʚʝʢʪʦʨʫ ʛʨʘʚʠʪʘʮʠʠ, ʤ/ʩ; ό ï ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ 

ʚʝʢʪʦʨʫ ʛʨʘʚʠʪʘʮʠʠ, ʤ/ʩ; Ὣ ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʛʨʘʚʠʪʘʮʠʠ, ʤ/ʩ2; ɱ  ï 

ʪʝʥʟʦʨ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ, ʩ-1; ‫  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʩ-1; Ὓ ï ʪʝʥʟʦʨ 

ʜʝʬʦʨʤʘʮʠʡ; ὅ ρȢττȟ ὅ ρȢωȟ „ ρȢπȟ „ ρȢςȟ ὃ τȢπτ. 

ʆʜʥʠʤ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʪʨʝʭʤʝʨʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʘʤ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʙʳʣʠ ʟʘʜʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 

ï inlet ï ʚʭʦʜ ʚ ʨʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ; 

ï outlet ï ʚʳʭʦʜ ʠʟ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ; 

ï opening ï ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ; 

ï wall ï ʫʩʣʦʚʠʝ ʪʚʝʨʜʦʡ ʩʪʝʥʢʠ. 

ʅʘ ʧʦʯʚʝ, ʩʪʝʥʢʘʭ ʚʳʨʘʙʦʪʢʠ ʠ ʪʨʫʙʦʧʨʦʚʦʜʝ ʫʩʪʘʥʦʚʣʝʥʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʠʣʠʧʘʥʠʝ ʧʦʪʦʢʘ: 

 όȿ  πȢ (3.25) 
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ʅʘ ʚʭʦʜʝ ʚ ʨʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʪʠʧʘ velocity-inlet, 

ʩ ʚʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʚʳʚʝʜʝʥʥʳʤ ʠʟ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ: 

 όȿ ψȢυ
̍

̒
Ȣ (3.26) 

ɺʳʭʦʜ ʠʟ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʪʠʧʘ pressure-outlet, 

ʟʘʜʘʝʪʩʷ ʥʫʣʝʚʦʝ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʨʠ ʵʪʦʤ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ï 101 ʢʇʘ. 

 ὴȿ π ̃ Ȣ́ (3.27) 

ʅʘ ʨʠʩʫʥʢʝ 3.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʛʝʦʤʝʪʨʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ. 

 
ʈʠʩʫʥʦʢ 3.7 ï ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʩʠʚʘ ʩ ʫʯʝʪʦʤ ʧʨʦʛʨʝʚʘ ʦʪ ʨʘʙʦʪʳ ʜʦʙʳʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʜʘʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʟʘʤʝʨʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ 

ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 Ὕȿ  σχȢυ ᴈȢ (3.28) 

ʆʪʜʝʣʴʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʠʜʘ moving wall ʟʘʜʘʥʳ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʜʚʠʛʘʪʝʣʝʡ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ. ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʥʘʛʨʝʚʘ ʠ ʦʩʥʘʱʝʥʳ ʩʠʩʪʝʤʦʡ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ 

ʚʦʟʜʫʭʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 5 ʤ/ʩ. ʉʢʦʨʦʩʪʴ 

ʥʘ ʩʪʝʥʢʘʭ ʧʦʜʙʠʨʘʣʘʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ (ʨʠʩʫʥʦʢ 3.8), ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʦʣʦ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʠ ʩʦʧʦʩʪʘʚʣʷʣʘʩʴ ʩ ʫʢʘʟʘʥʥʦʡ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ. 

 όȿ  σπ
̍

̒
Ȣ (3.29) 

ɺʳʭʦʜ ʠʟ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ: 

P
n
|
outlet 
= 0 ʇʘ 

ɺʭʦʜ ʚ ʨʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ: 

V
n
|
intlet 
= 8,5 ʤ/ʩ 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʘʩʩʠʚʘ: 

37,5 Áʉ 
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ʈʠʩʫʥʦʢ 3.8 ï ʇʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʚ ʜʚʠʛʘʪʝʣʝ 

ʅʘ ʩʪʝʥʢʘʭ ʜʚʠʛʘʪʝʣʝʡ ʟʘʜʘʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʫ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ 

ʢʦʤʙʘʡʥʘ. 

ʊʘʢ ʢʘʢ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʷʚʠʣʦʩʴ ʙʦʣʴʰʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʚʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ ʚʙʣʠʟʠ ʩʪʝʥʦʢ, ʩʪʦʠʪ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʦʧʠʩʘʥʠʝʤ ʧʦʪʦʢʘ 

ʥʘ ʵʪʠʭ ʛʨʘʥʠʮʘʭ. Realizable Ὧ ‐ ʦʪʥʦʩʠʪʩʷ ʢ ʚʳʩʦʢʦʨʝʡʥʦʣʴʜʩʦʚʳʤ ʤʦʜʝʣʷʤ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʚʷʟʢʦʩʪʠ ʚ 

ʣʘʤʠʥʘʨʥʦʤ ʧʦʜʩʣʦʝ. ɼʣʷ ʩʚʷʟʢʠ ʨʝʰʝʥʠʷ ʚ ʷʜʨʝ ʧʦʪʦʢʘ ʩ ʧʨʠʩʪʝʥʦʯʥʳʤ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ ʧʨʦʬʠʣʝʤ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʧʨʠʩʪʝʥʦʯʥʳʝ 

ʬʫʥʢʮʠʠ. ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʩʪʝʥʦʯʥʳʭ ʬʫʥʢʮʠʡ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʦʥʠ 

ʦʩʥʦʚʘʥʳ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʟʘʢʦʥʘʭ: ʣʠʥʝʡʥʦʤ ʚ ʣʘʤʠʥʘʨʥʦʤ 

ʧʦʜʩʣʦʝ ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ 

ʈʝʡʥʦʣʴʜʩʘ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʨʝʰʝʥʠʷ. ɺʤʝʩʪʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʠʩʪʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢʮʠʷ ʄʝʥʪʝʨʘïʃʝʭʥʝʨʘ, ʚ 

ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʪʁʩʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʪʝʥʦʢ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʧʨʠʩʪʝʥʦʯʥʳʝ 

ʵʬʬʝʢʪʳ [84]. 
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3.2.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ 

ɺ ʧʨʦʮʝʩʩʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

ʅʘʚʴʝ ï ʉʪʦʢʩʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʜʠʩʢʨʝʪʥʫʶ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʷʯʝʝʢ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʲʝʤʦʚ. ʇʨʠʤʝʨ 

ʨʘʟʙʠʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʥʘ ʪʝʪʨʘʵʜʨʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠʟʤ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.9. 

 
ʈʠʩʫʥʦʢ 3.9 ï ʆʙʱʠʡ ʚʠʜ ʧʦʩʪʨʦʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʥʘʩʪʨʘʠʚʘʝʤʦʡ ʤʦʜʝʣʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ï ʵʪʦ 

ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʩ ʥʘʠʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʵʣʝʤʝʥʪʦʚ, ʜʘʣʴʥʝʡʰʝʝ ʠʟʤʝʣʴʯʝʥʠʝ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ. ʂʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʦʮʝʥʠʚʘʣʘʩʴ ʩʝʪʦʯʥʘʷ 

ʩʭʦʜʠʤʦʩʪʴ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʙʣʠʟʠ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ ʠ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʪʦʯʢʘʭ ʚʳʨʘʙʦʪʢʠ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʦʪ ʨʘʩʯʝʪʥʦʡ 

ʩʝʪʢʠ ʧʨʦʚʦʜʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘ ʨʘʩʯʝʪʥʳʭ ʩʝʪʢʘʭ ʩ ʨʘʟʣʠʯʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʵʣʝʤʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ 

ʥʘ ʨʠʩʫʥʢʝ 3.10. 
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ʈʠʩʫʥʦʢ 3.10 ï ɸʥʘʣʠʟ ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ 

ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʝʪʢʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʫʩʣʦʚʠʷʤ ʠ ʝʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʚʳʯʠʩʣʝʥʠʡ, ʧʦʩʣʝʜʫʶʱʝʝ ʩʛʫʱʝʥʠʝ ʩʝʪʢʠ ʥʝ ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʣʠʯʠʷ 

ʚ ʟʥʘʯʝʥʠʷʭ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʧʦʩʪʨʦʝʥʥʦʡ 

ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ, ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨ y+. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʝʟʨʘʟʤʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʪʝʥʢʠ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʜʦ ʧʝʨʚʦʛʦ ʮʝʥʪʨʦʠʜʘ 

ʙʣʠʞʘʡʰʝʛʦ ʧʨʠʩʪʝʥʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʅʘ ʨʠʩʫʥʢʝ 3.11 ʧʨʝʜʩʪʘʚʣʝʥ ʤʦʜʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ 

y+ ʜʣʷ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. 

ʀʪʝʨʘʮʠʠ, ʰʪ. 

ʀʪʝʨʘʮʠʠ, ʰʪ. 
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ʈʠʩʫʥʦʢ 3.11 ï ʇʘʨʘʤʝʪʨ y+ ʥʘ ʩʪʝʥʢʘʭ ʜʦʙʳʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ 

ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ɼʣʷ ʩʝʤʝʡʩʪʚʘ ʤʦʜʝʣʝʡ Ὧ  ‐ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ 

σπ  ώ  σππ. ʇʨʠʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʧʨʠʩʪʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ ʫʧʨʦʱʘʝʪ 

ʦʛʨʘʥʠʯʝʥʠʝ ʜʦ ώ  σππ ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʤʝʥʴʰʝ 

10 ʩʣʦʝʚ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʨʘʟʤʝʨʦʤ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ ʥʝ ʙʦʣʝʝ ςϽ ρπ ʤ.  

ʇʨʠ ʥʘʩʪʨʦʡʢʝ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʪʫʨʙʫʣʝʥʪʥʦʝ ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ. ʕʪʦ 

ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ, ʷʚʣʷʶʱʠʡʩʷ ʦʪʥʦʰʝʥʠʝʤ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ ʠʤʧʫʣʴʩʘ ʢ 

ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ ʪʝʧʣʘ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʨʝʜʥʝʝ ʪʫʨʙʫʣʝʥʪʥʦʝ ʯʠʩʣʦ 

ʇʨʘʥʜʪʣʷ ʜʣʷ ʚʦʟʜʫʭʘ ʨʘʚʥʷʝʪʩʷ 0,85. ʅʦ ʧʨʠ ʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʥʝ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ 

ʧʘʨʘʤʝʪʨʦʚ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʉʥʠʞʝʥʠʝ ʯʠʩʣʘ ʇʨʘʥʜʪʣʷ 

ʜʦ ʟʥʘʯʝʥʠʷ ʨʘʚʥʦʛʦ 0,7, ʯʪʦ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤ ʜʣʷ ʛʘʟʦʚ [99], ʧʦʤʦʛʣʦ 

ʧʦʣʫʯʠʪʴ ʩʦʰʝʜʰʝʝʩʷ ʨʝʰʝʥʠʝ. 

ʇʨʦʙʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ.  
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ʈʠʩʫʥʦʢ 3.12 ï ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

 

ɼʚʠʞʝʥʠʝ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʳʤ ʚʠʭʨʝʤ ʚ ʧʨʠʟʘʙʦʡʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʚ ʟʦʥʝ ʧʝʨʝʛʨʫʟʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʫ ʨʘʟʛʨʫʟʦʯʥʦʡ ʩʪʨʝʣʳ 

ʢʦʤʙʘʡʥʘ. ʏʘʩʪʴ ʧʦʪʦʢʘ ʧʦʧʘʜʘʝʪ ʦʙʨʘʪʥʦ ʚ ʦʙʣʘʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʧʦʪʦʢ ʨʘʟʚʦʨʘʯʠʚʘʝʪ ʵʪʫ ʯʘʩʪʴ ʦʙʨʘʪʥʦ ʚ ʩʪʦʨʦʥʫ 

ʟʘʙʦʷ. 

3.2.4 ɺʘʣʠʜʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ 

ʇʘʨʘʤʝʪʨʠʟʘʮʠʷ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʪʫʨʥʳʭ ʟʘʤʝʨʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʛʣʘʚʝ 1. ɺʘʣʠʜʘʮʠʷ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʦ 

ʵʪʘʧʦʚ: ʚʳʚʦʜʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʚʳʨʘʙʦʪʢʠ ʠ ʥʘʣʦʞʝʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ ʥʘ ʛʨʘʬʠʢ; ʥʘʣʦʞʝʥʠʝʤ ʪʦʯʝʢ ʥʝʢʦʪʦʨʦʛʦ ʨʘʜʠʫʩʘ ʥʘ 

ʢʦʥʪʫʨʥʳʝ ʧʦʣʷ ʠ ʧʦʣʫʯʝʥʠʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʚ ʥʠʭ; ʥʘʭʦʞʜʝʥʠʝʤ ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʣʦʞʝʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ: ʚʘʛʦʥ ʚ ʟʘʙʦʝ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚʘʛʦʥʘ ʫ ʢʦʤʙʘʡʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ɺ ʪʘʙʣʠʮʘʭ 2.4 - 2.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚʘʣʠʜʘʮʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʚʳʨʘʙʦʪʢʠ ʙʳʣʠ ʚʚʝʜʝʥʳ 

ʧʨʷʤʳʝ ʥʘ ʨʘʚʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʳʨʘʙʦʪʢʠ. ɺ ʚʠʜʫ 

ʩʠʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʷ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʘʷ ʠʤʝʣʘ ʤʝʩʪʦ ʢʘʢ ʚ 

ʨʘʤʢʘʭ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʘʢ ʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʩʨʘʚʥʠʚʘʪʴ ʟʘʤʝʨʝʥʥʳʝ ʪʦʯʢʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʢʨʠʚʳʤʠ ʚʜʦʣʴ ʥʝʩʢʦʣʴʢʠʭ ʣʠʥʠʡ, 

ʩʤʝʱʝʥʥʳʭ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ +1 ʤ. ʇʦ ɻʪʠʤ ʣʠʥʠʷʤ ʚʳʚʦʜʠʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʢʦʨʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʚʳʨʘʙʦʪʢʠ, ʥʘ ʧʦʣʫʯʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʢʣʘʜʳʚʘʣʠʩʴ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʘʭ 3.13 ʠ 3.14 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʘʚʥʝʥʠʷ 

ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʘʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ. 

 
ʈʠʩʫʥʦʢ 3.13 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ 

ʚʦʟʜʫʭʘ ʩ ʪʦʯʝʯʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʚʘʨʠʘʥʪʝ ʩ ʚʘʛʦʥʦʤ:  

ʘ) ʧʨʘʚʘʷ ʩʪʦʨʦʥʘ ʢʦʤʙʘʡʥʘ; ʙ) ʣʝʚʘʷ ʩʪʦʨʦʥʘ ʢʦʤʙʘʡʥʘ 

 

 
ʈʠʩʫʥʦʢ 3.14 - ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ 

ʚʦʟʜʫʭʘ ʩ ʪʦʯʝʯʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʚʘʨʠʘʥʪʝ ʙʝʟ ʚʘʛʦʥʘ:  

ʘ) ʧʨʘʚʘʷ ʩʪʦʨʦʥʘ ʢʦʤʙʘʡʥʘ; ʙ) ʣʝʚʘʷ ʩʪʦʨʦʥʘ ʢʦʤʙʘʡʥʘ 

ʅʘ ʤʦʜʝʣʠ ʫʜʘʣʦʩʴ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʪʝʯʝʥʠʷ 

ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʙʠʥʳ. ʉʦʚʧʘʜʝʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʢʘʢ ʧʦ 

ʩʨʝʜʥʠʤ ʩʢʦʨʦʩʪʷʤ, ʪʘʢ ʠ ʧʦ ʦʙʱʝʤʫ ʚʦʩʭʦʜʷʱʝʤʫ ʪʨʝʥʜʫ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʦʪ ʢʨʦʚʣʠ ʢ 

ʧʦʯʚʝ.  
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ʅʘ ʨʠʩʫʥʢʝ 3.15 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʪʫʨʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʧʦ ʢʦʦʨʜʠʥʘʪʝ Z 

(ʢʦʦʨʜʠʥʘʪʘ ʚʜʦʣʴ ʚʳʨʘʙʦʪʢʠ) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ, ʥʘʣʦʞʝʥʥʳʝ ʥʘ ʢʦʥʪʫʨʥʳʝ 

ʧʦʣʷ. ɺ ʜʘʥʥʳʭ ʪʦʯʢʘʭ ʚʳʯʠʩʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ. 

 
ʈʠʩʫʥʦʢ 3.15 ï ʂʦʥʪʫʨʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʩʝʯʝʥʠʠ ʚʳʨʘʙʦʪʢʠ ʧʨʠ 

ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ  

ʇʨʠ ʦʮʝʥʢʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʨʠʢʠ MAE (Mean 

Absolute Error) ʠ RMSE (Root Mean Squared Error). ʊʝʢʫʱʠʝ ʧʦʜʭʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ 

ʩʫʤʤʠʨʦʚʘʥʠʠ ʦʰʠʙʦʢ (ʨʘʩʭʦʞʜʝʥʠʡ ʤʝʞʜʫ ʤʦʜʝʣʴʥʳʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ) ʧʦ ʦʪʜʝʣʴʥʳʤ ʪʦʯʢʘʤ. ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʥʘ ʩʭʦʜʠʤʦʩʪʴ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ (MAE) ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ (RMSE) ʧʨʠʤʝʥʷʶʪʩʷ ʚʳʙʦʨʢʠ ʠʟ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦ ʪʨʝʤ ʟʘʤʝʨʘʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ ʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʚ ʪʦʯʢʘʭ ʥʘ ʤʦʜʝʣʠ (ʨʠʩʫʥʦʢ 3.15). ʈʘʩʯʝʪ 

ʫʧʦʤʷʥʫʪʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (3.30) ʠ (3.31). 

 ὓὃὉ ρππϷẗ
ρ

ὲ

ώ ώᶻ

ώᶻ
ȟ (3.30) 

 

 ὙὓὛὉρππϷẗ
ρ

ὲ
ᶻ

ώ ώᶻ

ώᶻ
Ȣ (3.31) 

 

 

ɺʘʨʠʘʥʪ ʩ ʚʘʛʦʥʦʤ ɺʘʨʠʘʥʪ ʙʝʟ ʚʘʛʦʥʘ 

0,33 ʤ/ʩ 

1,90 ʤ/ʩ 

4,10 ʤ/ʩ 

0,70 ʤ/ʩ 

1,00 ʤ/ʩ 

1,63 ʤ/ʩ 

0,33 ʤ/ʩ 

1,90 ʤ/ʩ 

4,10 ʤ/ʩ 

0,70 ʤ/ʩ 

1,00 ʤ/ʩ 

1,63 ʤ/ʩ 

-8,5 -5,7 -2,9 -0,1 2,6 4,5 

ʤ/ʩ ʉʢʦʨʦʩʪʴ 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʥʘʯʝʥʠʡ ʦʰʠʙʦʢ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 3.2. 

ʊʘʙʣʠʮʘ 3.2 ð ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʰʠʙʦʢ MAE ʠ RMSE  

ɺʘʨʠʘʥʪ ʤʦʜʝʣʠ MAE  RMSE, % 

ʉ ʚʘʛʦʥʦʤ 7 % 8 % 

ɹʝʟ ʚʘʛʦʥʘ 6 % 2 % 

 

ʉʨʝʜʥʷʷ ʦʰʠʙʢʘ ʤʦʜʝʣʠ ʧʦ ʩʢʦʨʦʩʪʷʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 7%, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ 

ʦʰʠʙʢʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 8%. 

ɺʘʣʠʜʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʠʟʤʝʨʝʥʠʷʤ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʤʘʰʠʥʠʩʪʘ ʩʦʛʣʘʩʥʦ 

ʛʨʘʬʠʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 2.9. ʉʫʪʴ ʪʘʢʦʡ ʚʘʣʠʜʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʘʩʪʨʦʡʢʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʧʨʠ ʥʘʣʠʯʠʠ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʚ 

ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʧʨʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ. ʇʨʠ ʵʪʦʤ, ʚ ʤʦʤʝʥʪ ʜʚʠʞʝʥʠʷ 

ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʚ ʩʪʦʨʦʥʫ ʫʩʪʴʷ ʢʘʤʝʨʳ ʢʦʤʙʘʡʥ ʦʪʢʣʶʯʘʣʩʷ.  

ʅʘ ʨʠʩʫʥʢʝ 3.16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʪʫʨʥʳʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʣʠʥʠʠ, ʢʦʪʦʨʳʝ 

ʧʨʠʥʠʤʘʣʠʩʴ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʩʪʨʦʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 

ʚʳʩʦʪʳ.  
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ʈʠʩʫʥʦʢ 3.16 ï ʂʦʥʪʫʨʥʳʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʤʦʜʝʣʠ ʩ 

ʚʘʛʦʥʦʤ ʫ ʢʦʤʙʘʡʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʙʝʟ ʚʘʛʦʥʘ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚʘʣʠʜʘʮʠʠ ʤʦʜʝʣʠ ʚ ʯʘʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʚ ʷʜʨʝ ʧʦʪʦʢʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʦʚ ʜʦʩʪʠʛʘʝʪ 1,1 °ʉ. ɼʘʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʬʬʝʢʪʫ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʣʩʷ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ 

ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʚ ʩʠʪʫʘʮʠʷʭ ʩ ʨʘʙʦʪʘʶʱʠʤ ʠ 

ʚʳʢʣʶʯʝʥʥʳʤ ʢʦʤʙʘʡʥʦʤ. ʄʦʜʝʣʴʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʘʪʤʦʩʬʝʨʝ 

ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚ ʚʳʙʨʘʥʥʳʭ 

ʪʦʯʢʘʭ. ʀʤʝʝʪ ʤʝʩʪʦ ʭʦʨʦʰʝʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʡ 

ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʮʝʣʦʤ (ʥʘ ʫʨʦʚʥʝ ʦʙʱʠʭ ʙʘʣʘʥʩʦʚ ʤʘʩʩʳ ʠ ʪʝʧʣʦʪʳ), ʘ ʪʘʢʞʝ ʤʦʜʝʣʴ 

ʭʦʨʦʰʦ ʧʨʦʛʥʦʟʠʨʫʝʪ ʦʙʱʠʝ ʪʨʝʥʜʳ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʪʦʢʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ. ʊʝʢʫʱʘʷ ʤʦʜʝʣʴ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʭ ʨʘʩʯʝʪʦʚ ʚ ʪʨʝʭʤʝʨʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. 

ɺʘʨʠʘʥʪ ʩ ʚʘʛʦʥʦʤ  

(ʢʦʤʙʘʡʥ ʟʘʧʫʱʝʥ): 

ɺʘʨʠʘʥʪ ʙʝʟ ʚʘʛʦʥʘ: 

(ʢʦʤʙʘʡʥ ʦʪʢʣʶʯʝʥ): 
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3.2.5 ɺʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʦʚ ʧʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʘʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʧʨʠʥʷʪʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʦʮʝʥʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʧʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʮʝʥʘʨʠʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʦ ʩʪʦʨʦʥʳ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ, ʩ ʦʪʩʪʘʚʘʥʠʝʤ ʦʪ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ, 

ʨʘʚʥʳʤ 10 ʤ. ʅʘ ʨʠʩʫʥʢʘʭ 3.17 ʠ 3.18 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ 

ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ. 

 
ʈʠʩʫʥʦʢ 3.17 ï ʆʙʲʝʤʥʳʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʨʘʙʦʪʘʶʱʝʤ ʢʦʤʙʘʡʥʝ ʩ ʚʘʛʦʥʦʤ ʚ 

ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

ʅʘʛʥʝʪʘʪʝʣʴʥʳʡ ʩʧʦʩʦʙ: 

36,2 37,6 39,1 40,6 42,0 

Áʉ ʊʝʤʧʝʨʘʪʫʨʘ 
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ʈʠʩʫʥʦʢ 3.18 ï ʆʙʲʝʤʥʳʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʥʝʨʘʙʦʪʘʶʱʝʤ ʢʦʤʙʘʡʥʝ ʠ ʙʝʟ ʚʘʛʦʥʘ ʚ 

ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʮʝʥʘʨʠʷʭ ʪʝʧʣʦ ʨʘʩʩʝʠʚʘʝʪʩʷ 

ʧʦ ʚʩʝʡ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʬʠʢʩʠʨʫʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʤʝʩʪʘ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʣʠʟʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ.   

3.3 ʊʨʝʭʤʝʨʥʘʷ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʜʥʦʛʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩʫʥʢʝ 2.9, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ 

ʥʝʧʦʩʪʦʷʥʝʥ. ʇʨʠ ʨʘʙʦʪʝ ʢʦʤʙʘʡʥʘ ʠ ʥʘʣʠʯʠʠ ʚʘʛʦʥʘ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʛʨʘʬʠʢʠ ʜʦʩʪʠʛʘʣʠ ʩʚʦʠʭ ʧʠʢʦʚʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʦʪʢʣʶʯʝʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʜʘʣʝʥʠʠ 

ʚʘʛʦʥʘ ʢ ʤʝʩʪʫ ʨʘʟʛʨʫʟʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʫʤʝʥʴʰʘʣʘʩʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʢʘʢʦʡ ʠʟ ʦʧʠʩʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ: ʨʘʙʦʪʘ ʜʦʙʳʯʥʦʛʦ ʢʦʤʙʘʡʥʘ ʠʣʠ ʥʘʛʨʝʚ ʦʪ 

ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ. 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʝʪʦʢ ʥʘ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ 

ʪʨʝʭʤʝʨʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ.  

ʅʘʛʥʝʪʘʪʝʣʴʥʳʡ ʩʧʦʩʦʙ: 

36,2 37,6 39,1 40,6 42,0 

Áʉ ʊʝʤʧʝʨʘʪʫʨʘ 
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3.3.1 ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʤʦʜʝʣʠ ʧʦʜ ʨʘʩʯʝʪʳ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʆʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʝʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ, 

ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʟʜʝʣʝ 3.2. ʇʦʜʭʦʜ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʝʪʢʘʤʠ ʧʨʠʤʝʥʝʥ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʣʠʷʥʠʷ ʜʚʠʞʝʥʠʷ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʢʦʨʦʩʪʝʡ 

ʚʦʟʜʫʭʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʧʨʠʥʷʪʘ ʩʦʛʣʘʩʥʦ 

ʧʘʩʧʦʨʪʥʳʤ ʟʥʘʯʝʥʠʷʤ [56]: 

ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʩ ʛʨʫʟʦʤ ï 8 ʢʤ/ʯ (2,2 ʤ/ʩ); 

ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʙʝʟ ʛʨʫʟʘ ï 9 ʢʤ/ʯ (2,5 ʤ/ʩ). 

ʇʨʠ ʥʘʩʪʨʦʡʢʝ ʤʦʜʝʣʠ ʫʯʪʝʥʦ ʩʪʘʨʪʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ. ɸʥʘʣʠʟ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [69] ʧʦʟʚʦʣʠʣ ʧʨʠʥʷʪʴ ʫʩʣʦʚʠʝ, ʯʪʦ ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ ʜʦʩʪʠʛʘʝʪ 

ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥ rʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʯʝʨʝʟ 0,5 ʩʝʢʫʥʜʳ ʧʦʩʣʝ ʩʪʘʨʪʘ, ʙʝʟ 

ʫʯʝʪʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʪʫʧʝʥʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ. 

ɼʝʬʦʨʤʘʮʠʷ ʩʝʪʢʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʘʮʠʠ ʤʝʪʦʜʦʚ 

ʩʛʣʘʞʠʚʘʥʠʷ ʠ ʧʦʚʪʦʨʥʦʛʦ ʟʘʮʝʧʣʝʥʠʷ. ʂʘʞʜʳʝ ʜʚʘ ʵʪʘʧʘ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʩʝʪʢʘ 

ʧʝʨʝʩʪʨʘʠʚʘʣʘʩʴ ʚʦʢʨʫʛ ʜʚʠʞʫʱʝʛʦʩʷ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʩʪʨʘʠʚʘʣʠʩʴ 

ʪʦʣʴʢʦ ʯʝʪʳʨʝʭʛʨʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʨʷʜʦʤ ʩ ʜʚʠʞʫʱʠʤʩʷ ʦʙʲʝʢʪʦʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʘʩʠʤʤʝʪʨʠʷ ʷʯʝʝʢ ʙʳʣʘ ʟʘʜʘʥʘ ʟʘʨʘʥʝʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʞʝʣʘʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʩʝʪʢʠ. 

ɼʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʜʝʬʦʨʤʠʨʫʶʱʝʡʩʷ ʩʝʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʛʣʘʞʠʚʘʥʠʝ ʧʦ 

ʧʨʠʥʮʠʧʫ çʧʨʫʞʠʥʳè. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʢʨʘʷ ʩʝʪʢʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʢʘʢ 

ʩʦʝʜʠʥʝʥʥʳʝ ʧʨʫʞʠʥʳ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʞʝʩʪʢʦʩʪʴʶ [107,84]. ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪ 

ʜʝʬʦʨʤʘʮʠʠ ʩʝʪʢʠ ʚ ʤʦʜʝʣʠ ʟʘʜʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʚʦʡʩʪʚʘ ʧʨʫʞʠʥʳ 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʘ 0,1. ʏʝʤ ʥʠʞʝ ʚʝʣʠʯʠʥʘ ʜʘʥʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ, ʪʝʤ ʙʣʠʞʝ ʢ ʜʚʠʞʫʱʝʡʩʷ ʛʨʘʥʠʮʝ ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʘʮʠʷ ʷʯʝʝʢ. ʄʦʜʝʣʴ 

ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʝʪʢʘʤʠ ʥʘʩʪʨʦʝʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴ 

ʪʦʣʴʢʦ ʪʝʪʨʘʵʜʨʳ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ.  

ʗʯʝʡʢʠ ʥʘ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʠ ʥʘ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʩʪʝʥʦʢ 

ʚʳʨʘʙʦʪʢʠ ʥʝ ʜʝʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠ ʥʝ ʧʝʨʝʩʪʨʘʠʚʘʣʠʩʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ. ɼʘʥʥʳʝ 

ʵʣʝʤʝʥʪʳ ʧʝʨʝʤʝʱʘʣʠʩʴ ʩ ʦʙʲʝʢʪʘʤʠ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʝ ʪʝʣʦ.  

ʅʘ ʨʠʩʫʥʢʝ 3.19 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʝʯʝʥʠʝ, ʧʨʦʭʦʜʷʱʝʝ ʯʝʨʝʟ ʮʝʥʪʨ 

ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ, ʧʦʢʘʟʳʚʘʶʱʝʝ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʝʪʦʢ ʚ ʨʘʟʥʳʝ 

ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ.  
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ʈʠʩʫʥʦʢ 3.19 ï ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʢʦʥʝʯʥʦʛʦ ʦʙʲʝʤʘ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ: 

ʘ) ʯʝʨʝʟ 0 ʩ; ʙ) ʯʝʨʝʟ 2 ʩ; ʚ) ʯʝʨʝʟ 4 ʩ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʣʣʶʩʪʨʘʮʠʠ (ʨʠʩʫʥʦʢ 3.19) ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʢʘʢ 

ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʩʝʪʢʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ 

ʷʯʝʡʢʠ ʚ ʟʦʥʝ, ʦʩʚʦʙʦʞʜʝʥʥʦʡ ʩʘʤʦʭʦʜʥʳʤ ʚʘʛʦʥʦʤ. 

3.3.2 ʆʮʝʥʦʯʥʳʝ ʨʘʩʯʝʪʳ ʧʨʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʦʚ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʜʚʠʞʝʥʠ ̫ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʝʡ ʩʢʦʨʦʩʪʝʡ ʚʦʟʜʫʭʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ 

ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺʣʠʷʥʠʝ ʜʚʠʞʝʥʠʷ ʚʘʛʦʥʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʟʘʙʦʡʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʅʘ ʨʠʩʫʥʢʝ 3.20 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨ 

ʧʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ. ʉʧʨʘʚʘ ʥʘ ʨʠʩʫʥʢʘʭ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʚʦʩʪʦʚʘʷ ʯʘʩʪʴ ʢʦʤʙʘʡʥʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʪʫʧʠʢʦʚʳʡ ʟʘʙʦʡ, ʩʣʝʚʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʢ ʫʩʪʴʶ ʚʳʨʘʙʦʪʢʠ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʚʳʜʝʣʝʥʦ ʙʝʣʳʤ ʮʚʝʪʦʤ.  

ʘ) 

ʙ) 

ʩ) 
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ʈʠʩʫʥʦʢ 3.20 ï ʈʘʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʚʦʟʜʫʭʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʝʯʝʥʠʠ 

ʠʩʩʣʝʜʫʝʤʦʡ ʚʳʨʘʙʦʪʢʠ, ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ (ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ ʩʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ): 

ʘ) ʯʝʨʝʟ 0 ʩ; ʙ) ʯʝʨʝʟ 2 ʩ; ʚ) ʯʝʨʝʟ 4 ʩ 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ʇʨʠ 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ ʠʛʨʘʝʪ ʨʦʣʴ ʩʚʦʝʦʙʨʘʟʥʦʛʦ 

ʦʛʨʘʥʠʯʠʪʝʣʷ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ɺʘʛʦʥ ʧʨʝʛʨʘʞʜʘʝʪ ʧʫʪʴ ʜʣʷ 

ʧʦʚʦʨʦʪʘ ʚʳʭʦʜʷʱʝʡ ʩʪʨʫʠ ʚʦʟʜʫʭʘ ʠʟ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʩʪʘʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ 

ʨʠʩʫʥʢʝ 3.20 ï ʙ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘʠʙʦʣʝʝ ʩʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʚʠʭʨʴ, ʢʦʪʦʨʳʡ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʪ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʪʨʫʙʳ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʱʠʪʘ ʢʦʤʙʘʡʥʘ. ɺʦ ʚʩʝʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʫʯʘʷʭ ʦʪʯʝʪʣʠʚʦ ʥʘʙʣʶʜʘʶʪʩʷ ʟʘʚʠʭʨʝʥʠʷ ʚ ʧʨʠʟʘʙʦʡʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʚʳʨʘʞʝʥʥʦʝ ʪʝʯʝʥʠʝ ʚʦʟʜʫʭʘ ʟʘ ʩʘʤʦʭʦʜʥʳʤ ʚʘʛʦʥʦʤ. 

 ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʧʨʦʩʘ ʚʣʠʷʥʠʷ ʜʚʠʞʝʥʠʷ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ. ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ 

ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʦʪ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ. ʇʝʨʝʤʝʱʝʥʠʝ ʩʘʤʦʭʦʜʥʦʛʦ 

ʙ) 

ʩ) 

ʘ) 

ʉʢʦʨʦʩʪʴ 

ʚʦʟʜʫʭʘ ʤ/ʩ 

0,0 3,0 0,6 2,4 1,2 1,8 

ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ ʢʦʤʙʘʡʥ 

ʢʦʤʙʘʡʥ 

ʢʦʤʙʘʡʥ 

ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ 

ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ 
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ʚʘʛʦʥʘ ʚʳʟʳʚʘʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʠʭʨʷ, 

ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚ ʪʫʧʠʢʦʚʦʡ ʟʦʥʝ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʪʨʫʝʡ, 

ʚʳʭʦʜʷʱʝʡ ʠʟ ʚʦʟʜʫʭʦʚʦʜʘ.  

ɺʣʠʷʥʠʝ ʜʚʠʞʝʥʠʷ ʚʘʛʦʥʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʠʟʘʙʦʡʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ 

ɺʪʦʨʳʤ ʰʘʛʦʤ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚʳʧʦʣʥʝʥʘ 

ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʜʚʠʞʝʥʠʷ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʦʥʝ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʫʩʣʦʚʠʷʭ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ. ʅʘ 

ʨʠʩʫʥʢʝ 3.21 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ 

ʧʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. 

 
ʈʠʩʫʥʦʢ 3.21 ï ʈʘʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʝʯʝʥʠʠ 

ʠʩʩʣʝʜʫʝʤʦʡ ʚʳʨʘʙʦʪʢʠ, ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ (ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ ʩʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ): 

ʘ) ʯʝʨʝʟ 0 ʩ; ʙ) ʯʝʨʝʟ 2 ʩ; ʚ) ʯʝʨʝʟ 4 ʩ 

 

ʙ) 

ʩ) 

ʘ) 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ Áʉ 

38,0 42,0 38,8 41,2 39,6 40,4 

ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ ʢʦʤʙʘʡʥ 

ʢʦʤʙʘʡʥ 

ʢʦʤʙʘʡʥ 

ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ 

ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʧʨʠ ʦʪʜʘʣʝʥʠʠ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʚʘʛʦʥʘ 

ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʣ ̫ ʪʝʤʧʝʨʘʪʫʨ ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤʠ. 

ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʧʦʜ ʩʪʨʝʣʦʡ-ʧʝʨʝʛʨʫʞʘʪʝʣʝʤ ʧʨʦʭʦʜʯʝʩʢʦ-

ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ. ʉʚʷʟʘʥʳ ʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʥʘʯʘʣʝ ʜʚʠʞʝʥʠʷ ʚʘʛʦʥʘ 

ʧʨʦʠʩʭʦʜʠʪ ʦʪʢʣʶʯʝʥʠʝ ʧʨʠʚʦʜʦʚ ʢʦʤʙʘʡʥʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʦʜʝʣʴ ʬʠʢʩʠʨʫʝʪ ʠʥʝʨʪʥʦʝ 

ʦʩʪʳʚʘʥʠʝ ʧʨʠʚʦʜʦʚ ʩʢʨʝʙʢʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ ʥʘ ʩʪʨʝʣʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʜʚʠʞʝʥʠʝ 

ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʝʪʦʢ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʥʘ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚʙʣʠʟʠ ʜʦʙʳʯʥʦʛʦ ʢʦʤʙʘʡʥʘ. ʅʘʧʨʦʪʠʚ, ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʤʘʰʠʥʠʩʪʘ ʚ ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʩʪʝʧʝʥʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ ʧʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʢʦʤʙʘʡʥʘ.  

ʆʭʣʘʞʜʝʥʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ [51]. ʕʪʦ ʤʦʞʥʦ ʬʠʟʠʯʝʩʢʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʜʚʫʤʷ 

ʩʧʦʩʦʙʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʦʪ ʦʜʥʦʨʦʜʥʦʛʦ ʥʘʛʨʝʪʦʛʦ ʪʝʣʘ ʩ 

ʪʝʧʣʦʝʤʢʦʩʪʴʶ  ˞ʢ ʦʢʨʫʞʘʶʱʝʤʫ ʚʦʟʜʫʰʥʦʤʫ ʧʦʪʦʢʫ ʨʝʛʫʣʠʨʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, h [112]. 

 ὅ
ὨὝ

Ὠὸ
ὬὝ Ὕȟ (3.32) 

ʛʜʝ T ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ÁC; Ta ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ÁC; t ï ʚʨʝʤʷ, ʩ. 

ʆʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ ʧʦʩʣʝ ʧʦʜʘʯʠ 

ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ 

ʟʘʢʦʥʘ ʙʘʣʘʥʩʘ ʤʘʩʩ, ʢʦʪʦʨʳʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʆʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ Qdt ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ Tʚ, ʧʦʜʘʚʘʝʤʳʡ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ 

ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ dt, ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʥʘʛʨʝʪʳʤ ʚʦʟʜʫʭʦʤ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʫ> Tʚ 

ʠ ʟʘʥʠʤʘʝʪ ʯʘʩʪʴ ʦʙʱʝʛʦ ʦʙʲʝʤʘ V (ʦʙʲʝʤ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ T ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ dT. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʪʫʧʘʶʱʠʡ 

ʭʦʣʦʜʥʳʡ ʚʦʟʜʫʭ ʟʘʤʝʥʷʝʪ ʨʘʚʥʳʡ ʦʙʲʝʤ Qdt ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʩ ʥʦʚʦʡ ʩʨʝʜʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʚʥʦʡ T - dT. ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʵʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

 Ὕ̃ὗὨὸὠὝ ὠὝ ὨὝ ὗὨὸὝ ὨὝ (3.33) 

ʠʣʠ 

 
ὨὝ

Ὠὸ

ὗ

ὠ
Ὕ̃ ὝȢ (3.34) 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (3.32) ʠ (3.34) ʷʚʣʷʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ. 
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʝʪʢʘʤʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ 

ʪʫʧʠʢʦʚʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʝ. ʅʦ ʧʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ ʜʚʠʞʝʥʠ ̫ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. 

ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʚ ʯʘʩʪʠ ʠʟʫʯʝʥʠ ̫

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʫʧʠʢʦʚʦʡ 

ʚʳʨʘʙʦʪʢʠ ʢʘʣʠʡʥʦʛʦ ʨʫʜʥʠʢʘ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʪʝʧʣʦʚʦʡ 

ʨʝʞʠʤ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʳʭ ʟʘʤʝʨʦʚ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʝʩʪʦʨʦʥʥʝʡ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʤʘʰʠʥʠʩʪʘ 

ʢʦʤʙʘʡʥʘ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠ ʁ ʧʦʩʪʨʦʝʥ ʥʘ ʧʨʠʥʮʠʧʘʭ ʚʳʙʦʨʘ 

ʨʘʩʯʝʪʥʦʡ ʩʠʪʫʘʮʠʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪʠʨʫʝʤʳʡ ʫʯʘʩʪʦʢ 

ʰʘʭʪʥʦʛʦ ʧʦʣʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʝʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ 

ʧʫʪʝʤ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ. ɺʪʦʨʦʡ 

ʞʝ ʩʣʫʯʘʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʙʦʡ ʨʘʟʨʘʙʦʪʢʫ ʨʝʰʝʥʠʡ ʧʦ ʥʦʨʤʘʣʠʟʘʮʠʠ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʝʡʩʪʚʫʶʱʠʭ ʛʦʨʥʳʭ 

ʚʳʨʘʙʦʪʦʢ. ɼʘʥʥʳʡ ʩʮʝʥʘʨʠʡ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʪʨʝʙʫʝʤʳʡ ʧʝʨʝʯʝʥʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ, ʢʦʪʦʨʳʝ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʩʣʫʞʘʪ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ.  

ʇʝʨʝʭʦʜ ʢ ʪʨʸʭʤʝʨʥʦʡ CFD-ʤʦʜʝʣʠ (ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ansys 

Fluent) ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʫʯʝʥʠʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʝʡ ʩʢʦʨʦʩʪʝʡ ʠ 

ʪʝʤʧʝʨʘʪʫʨ. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚ 

ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ ʩ ʫʯʝʪʦʤ ʛʝʦʤʝʪʨʠʠ ʚʳʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʯʝʛʦ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ Realizable k-Ů ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʫʧʠʢʦʚʦʡ 

ʚʳʨʘʙʦʪʢʠ. 

ɺʘʣʠʜʘʮʠʷ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʦʜʟʝʤʥʦʤ ʨʫʜʥʠʢʝ 

ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ.  ʄʦʜʝʣʴ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʢʘʢ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ, ʪʘʢ ʠ 
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ʧʦʣʫʯʝʥʥʳʝ ʪʨʝʥʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʨʝʜʥʠʝ 

ʦʰʠʙʢʠ ʧʦ ʩʢʦʨʦʩʪʷʤ ʥʝ ʧʨʝʚʳʰʘʶʪ ʚʝʣʠʯʠʥʫ 7%, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʠ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʪʝʯʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ.  

ɺʳʧʦʣʥʝʥʥʳʝ ʨʘʩʯʝʪʳ ʚ ʪʨʝʭʤʝʨʥʦʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʧʦʜʭʦʜʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʝʪʦʢ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʚʘʛʦʥʘ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʣ ̫ʪʝʤʧʝʨʘʪʫʨ ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʚʠʞʝʥʠʝ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʤʠʥʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʭʦʜʯʝʩʢʦ-

ʦʯʠʩʪʥʦʡ ʢʦʤʙʘʡʥ. ɼʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʥʝ ʠʟʤʝʥʝʥʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ.  

ʇʦʣʫʯʝʥʥʘʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʦ ʧʦʚʪʦʨʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ 

ʣʦʢʘʣʴʥʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ ʪʝʧʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʪʘʪʴʝ [101]. 
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4 ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʆʈʄʀʈʆɺɸʅʀʗ ʊɽʇʃʆɺʆɻʆ ʈɽɾʀʄɸ ɺ 

ʇʈʀɿɸɹʆʁʅʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ ɺ ʋʉʃʆɺʀʗʍ ɺʉɸʉʓɺɸʖʑɽɻʆ 

ʉʇʆʉʆɹɸ ʇʈʆɺɽʊʈʀɺɸʅʀʗ 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʯʘʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2.14, 

ʧʦʢʘʟʘʣʠ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚʙʣʠʟʠ ʨʘʩʧʦʣʦʞʝʥʠ ̫ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʃʦʢʘʣʴʥʳʝ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʩʪʠʛʘʣʠ ʚʝʣʠʯʠʥʳ 3 °ʉ. ʆʨʛʘʥʠʟʘʮʠʷ 

ʧʦʜʘʯʠ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ ʢ ʧʨʠʟʘʙʦʡʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʩ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʧʨʠʥʠʤʘʶʪ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʚʠʜ, ʥʘʧʨʠʤʝʨ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨ, çʜʦè 

ʠ çʧʦʩʣʝè ʦʭʣʘʞʜʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʣʘʩʪʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ, ʦʩʥʦʚʘʥʥʳʭ 

ʠʤʝʥʥʦ ʥʘ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʴʥʦʡ ʢʘʨʪʠʥʳ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʪʨʝʭʤʝʨʥʦʝ 

CFD ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠ ʫʩʣʦʚʠʠ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ 

ʚʳʨʘʙʦʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʚ 

ʯʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʣʦʢʘʣʴʥʦʤʫ ʦʭʣʘʞʜʝʥʠʶ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʠʪʴ ʤʘʩʩʠʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ. 

4.1 ʆʙʦʩʥʦʚʘʥʠʝ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʯʘʩʪʠ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʢʦʨʦʩʪʝʡ 

ʚʦʟʜʫʭʘ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʫʩʣʦʚʠʷʭ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ. 

ʇʦʨʷʜʦʢ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʛʣʘʚʝ 3.  

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʫ  ʁʠ ʚʘʣʠʜʠʨʦʚʘʥʥʫ  ʁʯʠʩʣʝʥʥʫ  ʁʤʦʜʝʣʴ ʧʨʠ 

ʨʘʩʯʝʪʘʭ ʩ ʥʘʛʥʝʪʘʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʦʜ 

ʚʩʘʩʳʚʘʶʱʫʶ ʩʭʝʤʫ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ʇʨʠ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ, ʩʚʝʞʠʡ ʚʦʟʜʫʭ ʧʦʜʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʩʘʤʦʡ 

ʚʳʨʘʙʦʪʢʝ. ʆʤʳʚ ʟʘʙʦʡ, ʠʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʫʜʘʣʷʝʪʩʷ ʯʝʨʝʟ ʚʩʘʩʳʚʘʶʱʠʡ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʥʘ ʦʙʱʠʝ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʚʳʨʘʙʦʪʢʠ. ʉʭʝʤʘ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.1 
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ʈʠʩʫʥʦʢ 4.1 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ  

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʛʥʝʪʘʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ 

ʪʨʫʙʦʧʨʦʚʦʜ ʚʩʘʩʳʚʘʶʱʝʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʜʦʣʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʝʥʢʠ 

ʚʳʨʘʙʦʪʢʠ. ɼʠʘʤʝʪʨ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʠ 

ʨʘʚʥʷʝʪʩʷ 0,78 ʤ.  

ʅʘ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʘʩʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʧʦʟʚʦʣʷʶʱʝʝ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʚʩʘʩʳʚʘʶʱʠʡ ʩʧʦʩʦʙ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ. ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʩʪʘʣ ʧʳʣʝʚʦʡ 

ʬʘʢʪʦʨ, ʧʦʜʨʦʙʥʝʝ ʦ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʧʨʦʯʠʪʘʪʴ ʚ ʨʘʟʜʝʣʝ 1.2. ʆʜʥʠʤ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʧʨʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʚʝʣʠʯʠʥ ʦʪʩʪʘʚʘʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʱʠʪʘ ʢʦʤʙʘʡʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʭʦʜʘʭ ʚʦʟʜʫʭʘ ʚ ʚʳʨʘʙʦʪʢʝ. ʉ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʥʠʤʘʪʴ ʥʘʠʙʦʣʴʰʫ  ʁʦʙʦʩʥʦʚʘʥʥʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʚ 

ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʠ 

ʨʘʩʯʝʪʘʭ ʩʠʩʪʝʤ ʣʦʢʘʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʚʳʭʦʜʷʱʠʡ ʚʦʟʜʫʭ ʠʟ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʝʡ 

ʙʳʩʪʨʝʝ ʫʭʦʜʠʪ ʠʟ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʩʪʦʨʦʥʫ ʟʘʙʦʷ ʚʳʨʘʙʦʪʢʠ. ʆʙʦʩʥʦʚʘʪʴ 

ʚʝʣʠʯʠʥʫ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʚʦʟʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʦʙʦʩʥʦʚʘʥʠʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʚ ʯʘʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʤʦʜʝʣʠ ʦʪʩʪʘʚʘʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʱʠʪʘ ʢʦʤʙʘʡʥʘ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 2 ʤ, ʘ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʚʳʨʘʙʦʪʢʝ ï 0,4 ʤ/ʩ. ɼʣʷ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʨʘʩʯʝʪ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʪʝʤ ʞʝ ʨʘʩʭʦʜʦʤ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʳ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʤʦʜʝʣʠ. ʃʦʛʠʯʥʳʤ 

ʨʝʰʝʥʠʝʤ ʙʳʣʦ ʙʳ ʧʦʤʝʥʷʪʴ ʤʝʩʪʘʤʠ ʚʭʦʜ ʠ ʚʳʭʦʜ ʠʟ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʜʥʘʢʦ ʵʪʠʤ 

ʨʝʰʝʥʠʝʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʠʚʷʟʘʥʥʳʝ ʢ ʜʘʚʣʝʥʠʶ, ʠʤʝʶʪ 

ɺʳʩʘʩʳʚʘʶʱʠʡ 

ʚʝʥʪʠʣʷʪʦʨ 
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ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʧʫʩʢʘʪʴ ʯʝʨʝʟ ʩʝʙʷ ʚʦʟʜʫʭ ʚ ʦʙʝ ʩʪʦʨʦʥʳ. ʅʘ ʚʭʦʜʝ ʟʘʜʘʝʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʢʦʪʦʨʘʷ ʠʤʠʪʠʨʫʝʪ ʚʩʘʩʳʚʘʥʠʝ ʚʦʟʜʫʭʘ, ʘ ʥʘ ʚʳʭʦʜʝ ʚʦʟʜʫʭ 

ʧʦʩʪʫʧʘʝʪ ʚ ʩʠʩʪʝʤʫ, ʪʝʤ ʩʘʤʳʤ inlet ʠ outlet ʟʦʥʳ ʬʘʢʪʠʯʝʩʢʠ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.12 ʠ 4.13. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʫʜʦʙʩʪʚʘ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʚʪʦʨʥʦ ʚʳʥʝʩʝʥʳ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʠʪʦʛʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ 

ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. 

 
ʈʠʩʫʥʦʢ 4.2 ï ʆʙʲʝʤʥʳʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʨʘʙʦʪʘʶʱʝʤ ʢʦʤʙʘʡʥʝ ʩ ʚʘʛʦʥʦʤ ʚ 

ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

 
ʈʠʩʫʥʦʢ 4.3 ï ʆʙʲʝʤʥʳʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʥʝʨʘʙʦʪʘʶʱʝʤ ʢʦʤʙʘʡʥʝ ʠ ʙʝʟ ʚʘʛʦʥʘ ʚ 

ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

ɺʩʘʩʳʚʘʶʱʠʡ ʩʧʦʩʦʙ: ʅʘʛʥʝʪʘʪʝʣʴʥʳʡ ʩʧʦʩʦʙ: 

36,2 37,6 39,1 40,6 42,0 

Áʉ ʊʝʤʧʝʨʘʪʫʨʘ 

ɺʩʘʩʳʚʘʶʱʠʡ ʩʧʦʩʦʙ: ʅʘʛʥʝʪʘʪʝʣʴʥʳʡ ʩʧʦʩʦʙ: 

36,2 37,6 39,1 40,6 42,0 

Áʉ ʊʝʤʧʝʨʘʪʫʨʘ 



81 

ɺ ʮʝʣʷʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʨʘʚʥʠʚʘʝʤʳʭ ʩʧʦʩʦʙʦʚ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ï ʩʨʝʜʥʝʦʙʲʝʤʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ Tʩʨ, ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

 Ὕ̒̑

ρ

ὠ
ὝὨὠȟ (4.1) 

ʛʜʝ V ï ʦʙʲʝʤ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ (ʧʨʠʟʘʙʦʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 50 ʤ ʦʪ ʟʘʙʦʷ), ʊ ï ʧʦʣʝ 

ʪʝʤʧʝʨʘʪʫʨ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʈʘʩʯʝʪ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʟʚʦʣʷʝʪ ʦʙʦʙʱʝʥʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʘʶʱʝʛʦ ʢʦʤʙʘʡʥʘ ʩ ʚʘʛʦʥʦʤ ʚ 

ʚʳʨʘʙʦʪʢʝ ʠ ʥʝʨʘʙʦʪʘʶʱʝʛʦ ʢʦʤʙʘʡʥʘ ʙʝʟ ʚʘʛʦʥʘ ʚ ʚʳʨʘʙʦʪʢʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 4.1. 

ʊʘʙʣʠʮʘ 4.1 ð ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʦʙʲʝʤʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʩʮʝʥʘʨʠʡ 

ʉʨʝʜʥʝʦʙʲʝʤʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ Tʩʨ 

ɺʩʘʩʳʚʘʶʱʠʡ 

ʩʧʦʩʦʙ 

ʅʘʛʥʝʪʘʪʝʣʴʥʳʡ 

ʩʧʦʩʦʙ 

ʇʨʠ ʨʘʙʦʪʘʶʱʝʤ ʢʦʤʙʘʡʥʝ ʠ ʩ ʚʘʛʦʥʦʤ ʚ 

ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
37,6 °C 39,3 °C 

ʇʨʠ ʥʝʨʘʙʦʪʘʶʱʝʤ ʢʦʤʙʘʡʥʝ ʙʝʟ ʚʘʛʦʥʘ ʚ 

ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
37,1 °C 38,7 °C 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʪʷʞʝʥʥʘʷ ʟʦʥʘ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʯʝʛʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ. ɺʩʘʩʳʚʘʶʱʠʡ ʩʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʜʘʣʝʥʠʝʤ ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ. ʇʨʠ 

ʵʪʦʤ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʫʩʪʴʝ ʧʦ ʚʩʝʡ ʚʳʨʘʙʦʪʢʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʛʥʝʪʘʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ. ɼʠʬʬʫʟʠʷ ʧʨʠ 

ʥʘʛʥʝʪʘʥʠʠ ʚʦʟʜʫʭʘ ʥʝ ʜʘʝʪ ʙʳʩʪʨʦʡ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ 

ʦʭʣʘʞʜʘʝʪʩʷ ʤʝʜʣʝʥʥʦ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʢ ʫʩʪʴʶ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʯʘʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʚʳʩʦʪʝ ʧʦ ʩʝʯʝʥʠʶ (ʨʠʩʫʥʦʢ 4.4). 
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ʈʠʩʫʥʦʢ 4.4 ï ʇʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ɸʥʘʣʠʟ ʛʨʘʬʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʚʳʨʘʙʦʪʢʝ ʤʠʥʠʤʫʤ ʥʘ 2 °C. ʅʘ ʚʦʟʜʫʭ 

ʜʝʡʩʪʚʫʝʪ ʵʬʬʝʢʪ ʧʣʘʚʫʯʝʩʪʠ. ʊʝʧʣʳʡ ʚʦʟʜʫʭ, ʠʤʝʶʱʠʡ ʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ, 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʦʜʥʠʤʘʝʪʩʷ ʢ ʢʨʦʚʣʝ ʚʳʨʘʙʦʪʢʠ. ʕʪʦ ʩʦʟʜʘʝʪ ʝʩʪʝʩʪʚʝʥʥʫʶ 

ʢʦʥʚʝʢʮʠʶ, ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ.  

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ 

ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʨʘʟʥʳʭ ʜʣʠʥʘʭ ʠʩʩʣʝʜʫʝʤʦʡ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 300 ʤ, ʧʦʩʢʦʣʴʢʫ ʪʝʭʥʦʣʦʛʠʷ 

ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʦʣʝʝ 

ʜʣʠʥʥʳʭ ʪʫʧʠʢʦʚʳʭ ʚʳʨʘʙʦʪʦʢ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʢʦʤʙʘʡʥ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʪʝ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.2. 

ʊʘʙʣʠʮʘ 4.2 ð ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʟʦʥʝ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ 

ʧʨʠ ʨʘʟʥʳʭ ʜʣʠʥʘʭ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʜʣʠʥʘ ʚʳʨʘʙʦʪʢʠ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʙʠʥʳ 

ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ  

ɺʩʘʩʳʚʘʶʱʠʡ ʩʧʦʩʦʙ ʅʘʛʥʝʪʘʪʝʣʴʥʳʡ ʩʧʦʩʦʙ 

100 ʤ 34,5 °C 43,9 °C 

200 ʤ 36,1 °C 42,5 °C 

300 ʤ 37,5 °C 41,3 °C 

0,00

0,50

1,00

1,50

2,00

2,50

3,00

3,50

37,50 38,00 38,50 39,00 39,50 40,00 40,50

ɺ
ʳ
ʩ
ʦ
ʪ
ʘ
 
ʚ
ʳ
ʨ
ʘ
ʙ
ʦ
ʪ
ʢ
ʠ
,
 
ʤ

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, Áʉ

ʅʘʛʥʝʪʘʪʝʣʴʥʳʡ 

ʩʧʦʩʦʙ, ʢʦʤʙʘʡʥ

ʚʨʘʙʦʪʝʅʘʛʥʝʪʘʪʝʣʴʥʳʡ 

ʩʧʦʩʦʙ, ʢʦʤʙʘʡʥ

ʥʝ ʨʘʙʦʪʘʝʪ

ɺʩʘʩʳʚʘʶʱʠʡ 

ʩʧʦʩʦʙ, ʢʦʤʙʘʡʥ

ʚ ʨʘʙʦʪʝ

ɺʩʘʩʳʚʘʶʱʠʡ 

ʩʧʦʩʦʙ, ʢʦʤʙʘʡʥ ʥʝ

ʨʘʙʦʪʘʝʪ
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ʇʨʠ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʜʣʠʥʳ ʚʳʨʘʙʦʪʢʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʩʚʝʞʠʡ ʚʦʟʜʫʭ, 

ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʟʘʙʦʡ, ʧʨʦʭʦʜʠʪ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʚʳʨʘʙʦʪʢʠ ʠ ʧʦʩʪʝʧʝʥʥʦ ʥʘʛʨʝʚʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʥʘʛʨʝʪʳʤ ʚʩʘʩʳʚʘʶʱʠʤ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ, ʘ ʪʘʢʞʝ ʟʘ 

ʩʯʝʪ ʪʝʧʣʦʦʙʤʝʥʘ ʦʪ ʨʘʙʦʪʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʩʧʦʩʦʙʝ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʣʠʥʳ ʚʳʨʘʙʦʪʢʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʚʝʥʪʠʣʷʪʦʨʘ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʨʝʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ. ɺ 

ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʪʨʫʠ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʩ ʤʝʥʝʝ 

ʥʘʛʨʝʪʳʤ ʚʦʟʜʫʭʦʤ ʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʩʘʩʳʚʘʶʱʠʡ ʩʧʦʩʦʙ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦ ʬʘʢʪʦʨʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʣʝʡ ʩʢʦʨʦʩʪʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʚ ʫʩʣʦʚʠʷʭ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ.  

ʅʘ ʨʠʩʫʥʢʝ 4.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʥʝʥʠ ̫ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʦʚ 

ʚʦʟʜʫʭʘ ʧʨʠ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʨʘʩʯʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʤʦʤʝʥʪ ʦʪʲʝʟʜʘ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʩ ʟʦʥʳ 

ʧʦʛʨʫʟʢʠ ʢʦʤʙʘʡʥʘ ʚ ʩʪʦʨʦʥʫ ʫʩʪʴʷ ʚʳʨʘʙʦʪʢʠ.  
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ʈʠʩʫʥʦʢ 4.5 ï ʈʘʩʯʝʪʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʚʦʟʜʫʭʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʝʯʝʥʠʠ 

ʠʩʩʣʝʜʫʝʤʦʡ ʚʳʨʘʙʦʪʢʠ, ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ (ʚʩʘʩʳʚʘʶʱʠʡ ʩʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ): 

ʘ) ʯʝʨʝʟ 0 ʩ; ʙ) ʯʝʨʝʟ 2 ʩ; ʚ) ʯʝʨʝʟ 4 ʩ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ. ʅʘʠʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʟʦʥʝ ʚʩʘʩʘ 

ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɼʣʷ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʦʣʝ 

ʩʢʦʨʦʩʪʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʙʣʠʟʠ ʩʘʤʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ 

ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ, ʚʚʠʜʫ ʜʝʡʩʪʚʠʷ çʧʦʨʰʥʝʚʦʛʦ ʵʬʬʝʢʪʘè [94,103].  

ʅʘ ʨʠʩʫʥʢʝ 4.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʟʘʙʦʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʚʦ 

ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ. 

ʉʢʦʨʦʩʪʴ 

ʚʦʟʜʫʭʘ ʤ/ʩ 

0,0 3,0 0,6 2,4 1,2 1,8 

ʙ) 

ʚ) 

ʘ) 

ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ ʢʦʤʙʘʡʥ 

ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ ʢʦʤʙʘʡʥ 

ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ ʢʦʤʙʘʡʥ 
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ʈʠʩʫʥʦʢ 4.6 ï ʈʘʩʯʝʪ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʠʩʩʣʝʜʫʝʤʦʡ 

ʚʳʨʘʙʦʪʢʠ, ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 

(ʚʩʘʩʳʚʘʶʱʠʡ ʩʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ): 

ʘ) ʯʝʨʝʟ 0 ʩ; ʙ) ʯʝʨʝʟ 2 ʩ; ʚ) ʯʝʨʝʟ 4 ʩ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʧʦʢʘʟʘʣ 

ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʤ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠʩʴ ʧʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ (ʨʠʩʫʥʦʢ 3.21) 

ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ɼʚʠʞʝʥʠʝ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʨʝʰʝʥʠʝʤ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʝʥʪʠʣʷʮʠʶ ʧʨʠʟʘʙʦʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦ 

ʫʧʨʘʚʣʷʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ 

ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ.  

ʙ) 

ʩ) 

ʘ) 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ Áʉ 

38,0 42,0 38,8 41,2 39,6 40,4 

ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ ʢʦʤʙʘʡʥ 

ʢʦʤʙʘʡʥ 

ʢʦʤʙʘʡʥ 

ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ 

ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ 
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4.2 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʦʭʣʘʞʜʝʥʠʠ 

ʚʦʟʜʫʭʘ ʥʘ ʦʩʥʦʚʝ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʚʳʙʦʨʫ ʩʧʦʩʦʙʦʚ ʦʭʣʘʞʜʝʥʠʷ ʨʫʜʥʠʯʥʦʛʦ 

ʚʦʟʜʫʭʘ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʥʝ ʚʩʝʛʜʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʭʣʘʞʜʘʪʴ ʙʦʣʴʰʫʶ ʟʦʥʫ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʚʳʨʘʙʦʪʢʘʤʠ. ɿʘʯʘʩʪʫʶ ʜʦʩʪʘʪʦʯʥʦ ʩʦʟʜʘʪʴ 

ʢʦʤʬʦʨʪʥʳʝ ʠ ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʛʦʨʥʦʨʘʙʦʯʠʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ 

ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʅʘ ʨʠʩʫʥʢʝ 4.7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ 

ʦʭʣʘʜʠʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɻʨʘʥʠʮʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ 

ʚʳʜʝʣʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ. ʇʨʠ ʵʪʦʤ ʚʥʝʰʥʷʷ ʯʘʩʪʴ ʛʨʘʥʠʮʳ ʧʨʦʭʦʜʠʪ ʧʦ ʢʦʥʪʫʨʫ 

ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ, ʧʨʦʡʜʝʥʥʦʡ ʦʜʥʠʤ ʭʦʜʦʤ ʢʦʤʙʘʡʥʘ.  

 
ʈʠʩʫʥʦʢ 4.7 ï ʆʙʣʘʩʪʴ, ʧʦʜʣʝʞʘʱʘʷ ʣʦʢʘʣʴʥʦʤʫ ʦʭʣʘʞʜʝʥʠʶ (ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʢʘʙʠʥʳ 

ʠ ʧʨʠʢʘʙʠʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ) ʚ ʫʩʣʦʚʠʷʭ ʪʫʧʠʢʦʚʦʡ ʢʦʤʙʘʡʥʦʚʦʡ ʚʳʨʘʙʦʪʢʠ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʨʠʥʷʪʳ ʠʟ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪʳ ʥʘ ɻʨʝʤʷʯʠʥʩʢʦʤ ɻʆʂ, ʢʦʪʦʨʳʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʥʘʪʫʨʥʳʭ ʟʘʤʝʨʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʛʣʘʚʝ 1. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʦʛʣʘʩʥʦ 

ʪʨʝʙʦʚʘʥʠʷʤ ʜʦʢʫʤʝʥʪʘ ʉʘʥʇʠʅ 2.2.4.3359ï16 "ʉʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʠʟʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ" [59]. ɹʝʟʦʧʘʩʥʳʤ ʧʝʨʝʧʘʜʦʤ 

ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʛʦʨʥʦʨʘʙʦʯʠʤʠ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ 

ʨʘʚʥʘʷ 6 ÁC, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ 0,5 ʤ/ʩ. ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʝʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʯʘʩʪʠ 

ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʥʘ ɻʨʝʤʷʯʠʥʩʢʦʤ ɻʆʂ, ʤʘʢʩʠʤʘʣʴʥʦ 

ɿʦʥʘ ʦʭʣʘʞʜʝʥʠʷ 
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ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚʝʣʠʯʠʥʦʡ 36 ÁC. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ ʚʝʣʠʯʠʥʫ 40 °C 

ʦʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʭʘ ʥʘ 6 ÁC ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʦʢʫʤʝʥʪʘ.  

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʩʠʪʫʘʮʠʠ ʧʦʜʘʯʠ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʦʙʣʘʩʪʴ ʧʨʠ ʚʩʘʩʳʚʘʶʱʝʤ 

ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 4.8 ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʦ ʩʪʦʨʦʥʳ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʢʘʙʠʥʝ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ.  

 
ʈʠʩʫʥʦʢ 4.8 ï ʆʨʛʘʥʠʟʘʮʠʷ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʫʜʥʠʢʘ 

ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʧʨʠʥʷʪʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ, ʠʜʝʥʪʠʯʥʳ ʨʘʥʝʝ 

ʚʳʧʦʣʥʝʥʥʦʡ ʩʝʨʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ [35], ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʘʷ ʚʝʣʠʯʠʥʘ ʦʪʩʪʘʚʘʥʠʷ ʚʩʘʩʳʚʘʶʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʱʠʪʘ ʢʦʤʙʘʡʥʘ 

ʩʦʩʪʘʚʣʷʝʪ 2 ʤ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʪʨʝʙʦʚʘʥʠʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʚʳʨʘʙʦʪʢʝ ʥʝ ʜʦʣʞʥʘ 

ʙʳʪʴ ʥʠʞʝ, ʯʝʤ 0,4 ʤ/ʩ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʫʯʝʥʠʷ ʚʦʧʨʦʩʘ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʦʭʣʘʞʜʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʥʝʝ ʦʧʪʠʤʠʩʪʠʯʥʦʡ ʩʠʪʫʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ 

ʦʪʩʪʘʚʘʥʠʝ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʱʠʪʘ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ. 

ʆʩʥʦʚʥʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.9. 
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ʈʠʩʫʥʦʢ 4.9 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʝ ʧʨʠ 

ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʝʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

 

ʋʩʣʦʚʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4.9, ʧʨʠʥʷʪʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ. ɺʩʘʩʳʚʘʶʱʠʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ 

ʪʨʫʙʦʧʨʦʚʦʜ ʟʘʢʨʝʧʣʝʥ ʢ ʩʪʝʥʢʝ ʚʳʨʘʙʦʪʢʠ ʥʘ ʚʳʩʦʪʝ 1 ʤ ʦʪ ʧʦʯʚʳ ʠ ʠʤʝʝʪ ʜʠʘʤʝʪʨ 

600 ʤʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʚ ʯʘʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʘʯʠ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ 

(ʨʘʟʤʝʱʝʥʠʝ ʜʝʬʣʝʢʪʦʨʦʚ) ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚʳʧʦʣʥʝʥʦ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʟʤʝʱʝʥʠʷ 

ʜʝʬʣʝʢʪʦʨʦʚ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ. ɺʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʩʮʝʥʘʨʠʠ ʚ ʨʘʤʢʘʭ ʪʨʝʭʤʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʢʨʳʪʦʡ ʜʚʝʨʠ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ. ʊʘʢʦʝ 

ʨʝʰʝʥʠʝ ʧʨʠʥʷʪʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʤʘʰʠʥʠʩʪʫ ʢʦʤʙʘʡʥʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʭʦʜʠʪʴ ʠʟ ʢʘʙʠʥʳ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ (ʙʫʨʝʥʠʝ ʰʧʫʨʦʚ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʨʝʤʦʥʪʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʭʦʜʢʠ ʚʳʨʘʙʦʪʢʠ, ʢʦʥʪʨʦʣʴ ʟʘ ʩʪʝʧʝʥʴʶ 

ʥʘʧʦʣʥʝʥʠʷ ʢʫʟʦʚʘ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʧʨʠ ʝʛʦ ʧʦʛʨʫʟʢʝ ʠ ʜʨ.). ʉʠʪʫʘʮʠʷ ʩ ʦʪʢʨʳʪʦʡ 

ʜʚʝʨʴʶ ʷʚʣʷʝʪʩʷ ʭʫʜʰʠʤ ʩʮʝʥʘʨʠʝʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʤʝʩʪʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʚʦʟʤʦʞʥʳʡ ʚʘʨʠʘʥʪ ʩ ʟʘʢʨʳʪʦʡ ʜʚʝʨʴʶ 

ʢʘʙʠʥʳ ʢʦʤʙʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʥʫʪʨʠ ʙʫʜʫʪ ʣʫʯʰʝ, ʯʝʤ ʧʨʠ ʦʧʠʩʘʥʥʳʭ ʚ 

ʨʘʟʜʝʣʝ ʩʠʪʫʘʮʠʷʭ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʛʫʣʠʨʦʚʢʠ ʝʝ ʤʦʱʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʢ ʚʥʫʪʨʠ 

ʢʘʙʠʥʳ ʩ ʟʘʢʨʳʪʦʡ ʜʚʝʨʴʶ, ʪʘʢ ʠ ʧʨʠʢʘʙʠʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʦʪʢʨʳʪʦʡ ʜʚʝʨʴʶ. 

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʤʝʩʪʘ ʧʦʜʘʯʠ ʭʦʣʦʜʥʦʛʦ 

ʚʦʟʜʫʭʘ: ʦʜʥʦ ʚʥʫʪʨʠ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ, ʘ ʚʪʦʨʦʝ ʚ ʧʨʠʢʘʙʠʥʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʨʠʩʫʥʦʢ 2.6) ʧʘʥʝʣʴ 

2 ʤ 

0,4 ʤ/ʩ 
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ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʙʘʡʥʦʤ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʜʚʦʜ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʪʨʘʩʩ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ 

ʠʩʪʦʯʥʠʢʦʤ ʥʘʛʨʝʚʘ. ɼʣʷ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʢʘʙʠʥʳ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ, 

ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʦʝ ʠʟʣʫʯʘʝʪ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʤʙʘʡʥʦʤ. ʉʦʛʣʘʩʥʦ ʧʘʩʧʦʨʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ [57] ʧʦʩʯʠʪʘʥʘ ʦʙʱʘʷ ʧʣʦʱʘʜʴ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ. ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʜʘʥʥʳʝ 

ʚʝʣʠʯʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.10 

 
ʈʠʩʫʥʦʢ 4.10 ï ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚʘʨʠʘʥʪʳ ʨʘʟʤʝʱʝʥʠʷ ʤʝʩʪ ʧʦʜʘʯʠ ʦʭʣʘʞʜʝʥʥʦʛʦ  

ɺʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ 

ʬʦʨʤʫʣʝ [47,37]: 

 ή ‗ϽὃϽ
ЎὝ

ὒ
ȟ (4.2) 

ʛʜʝ ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ɺʪ/ʤĀ°C; ɸ ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʤ2; 

L ï ʪʦʣʱʠʥʘ ʤʘʪʝʨʠʘʣʘ, ʤʤ; ЎὝï ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ, ʫʜʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʧʫʣʴʪʘ 

ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ ʩʦʩʪʘʚʠʣʘ 92,1 ɺʪ/ʤ2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʱʘʷ ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ 

ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 124 ɺʪ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʮʝʥʘʨʠʠ ʚ ʯʘʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʩʪ ʧʦʜʘʯʠ ʦʭʣʘʞʜʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 4.11 ʠ 4.12.  

ɺʦʟʤʦʞʥʳʝ ʤʝʩʪʘ ʨʘʟʤʝʱʝʥʠʷ ʚʥʫʪʨʠ ʢʘʙʠʥʳ (ʨʠʩʫʥʦʢ 4.11): 

ï ʥʘ ʢʨʳʰʝ, ʙʣʠʞʝ ʢ ʜʚʝʨʥʦʤʫ ʧʨʦʝʤʫ ʢʘʙʠʥʳ ʢʦʤʙʘʡʥʘ; 

ï ʥʘ ʢʨʳʰʝ, ʙʣʠʞʝ ʢ ʜʘʣʴʥʝʡ ʩʪʝʥʢʝ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ. 

1
3

1
0 

37,5 ÁC 

45 ÁC 

ʆʙʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʙʠʥʳ (7,70 ʤ2) 

ʇʦʚʝʨʭʥʦʩʪʴ  

ʅʘʛʨʝʚʘ (1,35 ʤ2) 
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ʈʠʩʫʥʦʢ 4.11 ï ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚʘʨʠʘʥʪʳ ʨʘʟʤʝʱʝʥʠʷ ʤʝʩʪ ʧʦʜʘʯʠ ʦʭʣʘʞʜʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ: 

ʘ) ï ʚʦʟʣʝ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ ʢʘʙʠʥʳ ʢʦʤʙʘʡʥʘ; 

ʙ) ʙʣʠʞʝ ʢ ʜʘʣʴʥʝʡ ʩʪʝʥʢʝ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʝʨʠ) 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟ ʜʚʫʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʧʦʦʜʘʣʴ ʦʪ 

ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ ʢʘʙʠʥʳ ʢʦʤʙʘʡʥʘ (ʨʠʩʫʥʦʢ 4.11 - ʙ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʪʘʣʴʥʳʝ ʠʪʝʨʘʮʠʠ 

ʨʘʩʯʝʪʦʚ ʚʳʧʦʣʥʝʥʳ ʠʤʝʥʥʦ ʜʣʷ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ. ɺʦʟʤʦʞʥʳʝ ʤʝʩʪʘ ʨʘʟʤʝʱʝʥʠʷ ʚ 

ʧʨʠʢʘʙʠʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʨʠʩʫʥʦʢ 4.12): 

ï ʥʘ ʢʨʳʰʝ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ; 

ï ʥʘ ʩʪʝʥʢʝ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ. 

ɺ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʘʨʠʘʥʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ 

ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ, ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʜʝʬʣʝʢʪʦʨʦʚ. 

ʘ) ʙ) 
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ʈʠʩʫʥʦʢ 4.12 ï ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚʘʨʠʘʥʪʳ ʨʘʟʤʝʱʝʥʠʷ ʤʝʩʪ ʧʦʜʘʯʠ ʦʭʣʘʞʜʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ ʥʘ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ 

 

ɺʦʟʤʦʞʥʳʝ ʤʝʩʪʘ ʨʘʟʤʝʱʝʥʠʷ ʜʝʬʣʝʢʪʦʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʢʦʤʙʘʡʥʘ, ʥʝ ʩʦʟʜʘʚʘ ̫ʧʦʤʝʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʜʨʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚʘʨʠʘʥʪʦʚ çʘè, çʙè ʠ çʚè 

(ʨʠʩʫʥʦʢ 4.12) ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʣʝʝ. 

 

ʘ) ɼʝʬʣʝʢʪʦʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʩʚʝʨʭʫ ʥʘ ʢʘʙʠʥʝ ʤʘʰʠʥʠʩʪʘ. 

ɺʦʟʜʫʭ ʥʘʧʨʘʚʣʝʥ ʚ ʩʪʝʥʢʫ 

ʚʳʨʘʙʦʪʢʠ: 

ʙ) ɼʝʬʣʝʢʪʦʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʙʦʢʫ 

ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʠ ʚʳʪʷʥʫʪʳ ʧʦ 

ʚʩʝʡ ʝʝ ʚʳʩʦʪʝ. ɺʦʟʜʫʭ ʥʘʧʨʘʚʣʝʥ ʚ 

ʩʪʝʥʢʫ ʚʳʨʘʙʦʪʢʠ: 

ʙ) ɼʝʬʣʝʢʪʦʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʙʦʢʫ 

ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʠ ʚʳʪʷʥʫʪʳ ʧʦ ʚʩʝʡ 

ʚʳʩʦʪʝ. ɺʦʟʜʫʭ ʥʘʧʨʘʚʣʝʥ ʧʘʨʘʣʣʝʣʴʥʦ 

ʜʚʝʨʥʦʤʫ ʧʨʦʝʤʫ ʚ ʩʪʦʨʦʥʫ ʟʘʙʦʷ: 
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ʈʘʟʤʝʱʝʥʠʝ ʜʝʬʣʝʢʪʦʨʦʚ ʩʚʝʨʭʫ (ʚʘʨʠʘʥʪ çʘè) 

ʈʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʩʪʘ ʧʦʜʘʯʠ ʭʦʣʦʜʥʦʛʦ 

ʚʦʟʜʫʭʘ ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 4.12 - ʘ ʧʦʢʘʟʘʣʠ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʦʭʣʘʞʜʝʥʠʝ 

ʧʨʠʢʘʙʠʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ ʉʘʥʇʠʅ 2.2.4.3359-16 [59]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.13. 

 
ʈʠʩʫʥʦʢ 4.13 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʮʝʥʘʨʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʭʣʘʞʜʝʥʥʳʡ ʚʦʟʜʫʭ ʧʦʜʘʝʪʩʷ 

ʯʝʨʝʟ ʜʝʬʣʝʢʪʦʨʳ, ʨʘʟʤʝʱʝʥʥʳʝ ʥʘ ʢʨʳʰʝ ʢʦʤʙʘʡʥʘ 

ʆʭʣʘʞʜʝʥʥʳʡ ʚʦʟʜʫʭ ʚ ʧʨʠʢʘʙʠʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʫʨʦʚʥʝ ʛʦʣʦʚʳ ʯʝʣʦʚʝʢʘ, ʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

34 é 35,5 Áʉ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʣʴʥʝʡʰʠʭ ʚʘʨʠʘʥʪʘʭ ʨʘʩʯʝʪʘ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʟʤʝʥʠʪʴ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʝʩʪʘ ʨʘʟʤʝʱʝʥʠʷ ʜʝʬʣʝʢʪʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʩʯʝʪʦʚ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ 

ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʩʪʝʥʢʫ ʚʳʨʘʙʦʪʢʠ (ʚʘʨʠʘʥʪ çʙè) 

ʈʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 4.12 - ʙ. ɺ ʜʘʥʥʦʤ ʩʮʝʥʘʨʠʠ 

ʜʝʬʣʝʢʪʦʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʙʦʢʫ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʠ ʚʳʪʷʥʫʪʳ ʧʦ ʚʩʝʡ ʝʝ ʚʳʩʦʪʝ, ʧʨʠ 

ʵʪʦʤ ʧʦʪʦʢ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘʧʨʘʚʣʝʥ ʚ ʩʪʝʥʢʫ ʚʳʨʘʙʦʪʢʠ. 

 

38 Áʉ 

28 Áʉ 

30 Áʉ 

32 Áʉ 

34 Áʉ 

36 Áʉ 

ʊʨʝʭʤʝʨʥʳʡ ʚʠʜ ʥʘ 

ʠʩʩʣʝʜʫʝʤʫʶ ʦʙʣʘʩʪʴ: 

ʉʝʯʝʥʠʝ, ʧʨʦʭʦʜʷʱʝʝ 

ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʢʘʙʠʥʳ: 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʠʥʠʡ ʪʦʢʘ ʚʦʟʜʫʰʥʦʡ ʩʪʨʫʠ ʧʨʠ 

ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.14. ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʘ 

ʣʠʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʬʠʢʩʠʨʫʝʤʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 4.14 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʥʠʡ ʪʦʢʘ ʚʦʟʜʫʰʥʦʡ ʩʪʨʫʠ ʧʨʠ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ CFD ʤʦʜʝʣʠ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʩʚʝʞʠʡ ʚʦʟʜʫʭ 

ʧʦʜʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʚʳʨʘʙʦʪʢʝ ʠ ʫʜʘʣʷʝʪʩʷ ʯʝʨʝʟ ʚʩʘʩʳʚʘʶʱʠʡ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ. ʇʦʪʦʢ ʦʙʪʝʢʘʝʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʦʜʭʚʘʪʳʚʘʝʪ 

ʦʭʣʘʞʜʝʥʥʳʡ ʚʦʟʜʫʭ, ʢʦʪʦʨʳʡ ʚʳʭʦʜʠʪ ʯʝʨʝʟ ʜʝʬʣʝʢʪʦʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʢʘʙʠʥʝ, ʚ 

ʠʩʩʣʝʜʫʝʤʫʶ ʦʙʣʘʩʪʴ. ɺ ʟʦʥʝ ʧʝʨʝʜ ʢʦʤʙʘʡʥʦʤ ʠ ʚʦʢʨʫʛ ʥʝʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʚʳʨʘʞʝʥʥʳʝ 

ʟʘʚʠʭʨʝʥʠʷ ʠ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʭʣʘʞʜʝʥʥʳʡ ʚʦʟʜʫʭ 

ʚʳʜʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʩʪʝʥʢʝ ʚʳʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 4.12 - ʙ), 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.15. ʉʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʨʠ ʜʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʨʘʩʯʝʪʘ ï 

ʚʩʘʩʳʚʘʶʱʠʡ.  

38 ϲʉ 

28 ϲʉ 

30 ϲʉ 

32 ϲʉ 

34 ϲʉ 

36 ϲʉ 

ɺʩʘʩʳʚʘʶʱʠʡ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ 

ʪʨʫʙʦʧʨʦʚʦʜ 

ɿʦʥʘ ʚʳʭʦʜʘ 

ʦʭʣʘʞʜʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ 
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ʈʠʩʫʥʦʢ 4.15 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʠ ʢʘʙʠʥʳ ʢʦʤʙʘʡʥʘ ʠ ʚ ʧʨʠʢʘʙʠʥʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʠ ʧʦʜʘʯʝ ʦʭʣʘʞʜʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʩʪʝʥʢʝ ʚʳʨʘʙʦʪʢʠ 

ʉʝʯʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 4.15, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʢʘʙʠʥʳ 

ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʦʥʘ ʦʭʣʘʞʜʝʥʠʷ 

ʧʨʠʢʘʙʠʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʜʘʥʥʦʤ ʩʮʝʥʘʨʠʠ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʳʝ ʛʨʘʥʠʮʳ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʦʠʩʭʦʜʠʪ ʚʧʣʦʪʴ ʜʦ ʢʦʥʪʫʨʘ ʚʳʨʘʙʦʪʢʠ ʠ 

ʚʳʩʦʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʡ ʟʦʥʳ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʳʩʦʪʦʡ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ 

ʢʦʤʙʘʡʥʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʝʥʥʦʡ ʟʦʥʳ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 29 Áʉ ʜʦ 35 Áʉ. ɸʥʘʣʠʟ 

ʪʝʤʧʝʨʘʪʫʨ ʣʠʥʠʡ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʭʣʘʞʜʝʥʥʳʡ ʚʦʟʜʫʭ ʤʦʞʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚʜʦʣʴ ʧʣʦʱʘʜʢʠ ʩʙʦʢʫ ʢʦʤʙʘʡʥʘ, ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʷʝʪ ʢʘʙʠʥʫ 

ʤʘʰʠʥʠʩʪʘ ʠ ʦʛʨʘʜʠʪʝʣʴʥʳʡ ʱʠʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʨʘʙʦʪ ʤʘʰʠʥʠʩʪ ʛʦʨʥʦʡ ʚʳʝʤʦʯʥʦʡ ʤʘʰʠʥʳ ʪʘʢʞʝ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʝ 

ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ. 

ʉʤʝʱʝʥʠʝ ʟʦʥʳ ʚʳʭʦʜʘ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚʛʣʫʙʴ ʢʘʙʠʥʳ ʧʦʟʚʦʣʠʣʦ 

ʧʦʚʳʩʠʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʠ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ 
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ʢʦʤʙʘʡʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʙʘʡʥʦʤ ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 29 Áʉ ʜʦ 33 Áʉ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚʜʦʣʴ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ 

(ʚʘʨʠʘʥʪ çʚ) 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʩʮʝʥʘʨʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʙʦʡ ʨʘʟʤʝʱʝʥʠʝ ʜʝʬʣʝʢʪʦʨʦʚ ʥʘ 

ʢʘʙʠʥʝ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ, ʩ ʧʦʜʘʯʝʡ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚʜʦʣʴ ʢʘʙʠʥʳ, ʢʘʢ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.12 - ʚ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʠʟʦʙʨʘʞʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 4.14. ʆʪʣʠʯʠʝʤ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʩʮʝʥʘʨʠʷ 

ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʟʦʥʘ, ʛʜʝ ʦʭʣʘʞʜʝʥʥʳʡ ʚʦʟʜʫʭ ʚʭʦʜʠʪ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʦʙʣʘʩʪʴ (ʚʦʟʣʝ 

ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ).  

 
ʈʠʩʫʥʦʢ 4.16 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʥʠʡ ʪʦʢʘ ʚʦʟʜʫʰʥʦʡ ʩʪʨʫʠ ʧʨʠ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʧʨʠʥʷʪʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʘʨʠʘʥʪʘ, ʛʜʝ ʧʦʪʦʢ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘʧʨʘʚʣʝʥ ʚ ʩʪʝʥʢʫ ʚʳʨʘʙʦʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.17. 
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ʈʠʩʫʥʦʢ 4.17 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʠ ʢʘʙʠʥʳ ʢʦʤʙʘʡʥʘ ʠ ʚ ʧʨʠʢʘʙʠʥʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʠ ʧʦʜʘʯʝ ʦʭʣʘʞʜʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚʜʦʣʴ ʢʘʙʠʥʳ ʚ ʩʪʦʨʦʥʫ ʟʘʙʦʷ 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʭʦʜʝ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ CFD 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʠʜʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʦʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʭʣʘʞʜʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚ ʧʨʠʢʘʙʠʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʪʦʢ ʭʦʣʦʜʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʪʨʫʠ ʩʦʟʜʘʝʪ ʟʘʚʝʩʫ 

ʚʜʦʣʴ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʷʜʨʝ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 28 Áʉ - 29 Áʉ. ʅʝʜʦʩʪʘʪʢʦʤ 

ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʰʠʨʠʥʘ ʦʭʣʘʞʜʘʝʤʦʡ ʟʦʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʩʪʝʥʢʝ 

ʚʳʨʘʙʦʪʢʠ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʙʦʯʝʝ 

ʧʨʠʢʘʙʠʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʭʣʘʞʜʘʝʪʩʷ ʤʥʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʘʨʠʘʥʪʦʤ, 

ʢʦʛʜʘ ʜʝʬʣʝʢʪʦʨ rʥʘʧʨʘʚʣʷʶʪ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʚ ʩʪʦʨʦʥʫ ʩʪʝʥʢʠ ʚʳʨʘʙʦʪʢʠ. ɿʥʘʯʠʪʝʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚʥʫʪʨʠ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʳʜʫʱʝʡ ʩʝʨʠʝʡ 

ʨʘʩʯʝʪʦʚ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. ɺʥʫʪʨʠ ʢʘʙʠʥʳ ʧʨʝʦʙʣʘʜʘʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 30 Áʉ ï 34 Áʉ. 
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ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ ʥʘ ʢʘʙʠʥʝ ʢʦʤʙʘʡʥʘ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʟʦʥʳ ʚʳʭʦʜʘ 

ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʝʝ. ʆʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʨʘʟʤʝʱʝʥʠʷ 

ʜʝʬʣʝʢʪʦʨʦʚ ʩ ʧʦʜʘʯʝʡ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʧʨʠʢʘʙʠʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʷʚʣʷʝʪʩʷ ʠʭ 

ʫʩʪʘʥʦʚʢʘ ʩʙʦʢʫ ʥʘ ʢʘʙʠʥʝ ʠ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʚʝʨʥʦʤʫ ʧʨʦʝʤʫ 

ʚ ʩʪʦʨʦʥʫ ʩʪʝʥʢʠ ʚʳʨʘʙʦʪʢʠ. ɼʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.12 - ʙ. ʅʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʨʘʟʤʝʱʝʥʠʷ ʜʝʬʣʝʢʪʦʨʦʚ ʚʥʫʪʨʠ ʢʘʙʠʥʳ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ʥʘ 

ʢʨʳʰʝ ʧʦʦʜʘʣʴ ʦʪ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʦʚ ʧʨʠʥʠʤʘʣʠʩʴ ʚʦ 

ʚʥʠʤʘʥʠʝ ʪʨʝʙʦʚʘʥʠʷ ʉʘʥʇʠʅ 2.2.4.3359-16 [59]. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʥʝ ʙʦʣʝʝ 0,5 ʤ/ʩ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʦʧʫʩʪʠʤʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʚʳʨʘʙʦʪʢʝ, ʥʝ ʧʨʝʚʳʰʘʷ ʟʥʘʯʝʥʠʷ 36°C, ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʫʶ ʦʙʦʩʥʦʚʘʥʠʝʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʳʤ ʨʘʩʭʦʜʦʤ ʚʦʟʜʫʭʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩ 

ʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʉʘʥʇʠʅ 2.2.4.3359-16 [59] ʷʚʣʷʝʪʩʷ ʨʘʩʭʦʜ, ʨʘʚʥʳʡ 0,3 ʤ3/ʩ ʚ 

ʧʨʠʢʘʙʠʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 0,1 ʤ3/ʩ ʚʥʫʪʨʠ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ.  

ɺʳʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʠʪʴ 

ʨʘʩʯʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ, ʨʘʩʧʦʣʘʛʘʶʱʠʡʩʷ ʥʘ ʢʘʙʠʥʝ ʜʦʙʳʯʥʦʛʦ ʢʦʤʙʘʡʥʘ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 38 Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ 

ʩʝʯʝʥʠʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʧʨʠʥʷʪʘ ʥʘ 10 Áʉ 

ʤʝʥʴʰʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʯʠʪʘʥʘ ʚʝʣʠʯʠʥʘ ʤʠʥʠʤʘʣʴʥʦʡ ʪʨʝʙʫʝʤʦʡ ʭʦʣʦʜʠʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ: 

 ὗ ὋϽὧϽЎὝȟ (4.3) 

ʛʜʝ G ï ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʢʛ/ʩ; cp ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʚʦʟʜʫʭʘ, ʢɼʞ/(ʢʛĀÁʉ); 

ЎὝ ï ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ ʧʨʠʥʷʪʘ ʪʨʝʙʫʝʤʘʷ ʭʦʣʦʜʠʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʨʘʚʥʘʷ 

5 ʢɺʪ ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʧʘʩʘ. 

4.3 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʦʚ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ ʤʝʩʪʥʦʛʦ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʧʨʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ: 

ʚʩʘʩʳʚʘʶʱʝʤ, ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ. ʉʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ 
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ʫʩʣʦʚʠʠ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʤʦʱʥʦʩʪʠ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʝʡ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʦʣʫʯʝʥʥʦʡ ʨʘʥʝʝ 

ʚʝʣʠʯʠʥʳ ʨʘʚʥʦʡ 5 ʢɺʪ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʦʛʦ ʨʘʥʝʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ 

ʚʘʨʠʘʥʪ ʨʘʟʤʝʱʝʥʠʷ ʜʝʬʣʝʢʪʦʨʦʚ ï ʚʘʨʠʘʥʪ, ʢʦʛʜʘ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʥʘʧʨʘʚʣʝʥ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʚʝʨʥʦʤʫ ʧʨʦʝʤʫ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʩʪʝʥʢʝ 

ʚʳʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 4.18). 

 
ʈʠʩʫʥʦʢ 4.18 ï ɺʳʙʨʘʥʥʳʡ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʨʘʟʤʝʱʝʥʠʷ ʜʝʬʣʝʢʪʦʨʦʚ ʜʣʷ ʧʦʜʘʯʠ 

ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʫʩʣʦʚʠʷʭ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʦʚ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ.  

1. ʅʘʛʥʝʪʘʪʝʣʴʥʳʡ ʩʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. 

ʆʪʩʪʘʚʘʥʠʝ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʢʘʙʠʥʳ ʢʦʤʙʘʡʥʘ ʧʨʠʥʷʪʦ 

ʨʘʚʥʳʤ 10 ʤ. ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 12,5 ʤ/ʩ. ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʚ ʚʳʨʘʙʦʪʢʝ ï 3,5 ʤ3/ʩ. ɼʠʘʤʝʪʨ 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 600 ʤʤ. ʅʘʯʘʣʴʥʘʷ 

ʤʦʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 38ÁC. 

2. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ (ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚʩʘʩʳʚʘʶʱʝʛʦ) ʩʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. 

ʆʪʩʪʘʚʘʥʠʝ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʢʘʙʠʥʳ ʢʦʤʙʘʡʥʘ ï 10 ʤ. ʉʢʦʨʦʩʪʴ 

ʚʦʟʜʫʭʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 

15,2 ʤ/ʩ. ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʚ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ï 1,98 ʤ3/ʩ. ɼʠʘʤʝʪʨ 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 400 ʤʤ.  



99 

ʆʪʩʪʘʚʘʥʠʝ ʚʩʘʩʳʚʘʶʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʱʠʪʘ ʢʦʤʙʘʡʥʘ ï 4 ʤ. ʉʢʦʨʦʩʪʴ 

ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚʦ ʚʩʘʩʳʚʘʶʱʠʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʩʦʩʪʘʚʣʷʝʪ 28,3 ʤ/ʩ. 

ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʚʦ ʚʩʘʩʳʚʘʶʱʝʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ï 7,9 ʤ3/ʩ. ɼʠʘʤʝʪʨ ʚʩʘʩʳʚʘʶʱʝʛʦ 

ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 600 ʤʤ. ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʪʫʧʠʢʦʚʦʡ 

ʚʳʨʘʙʦʪʢʝ 0,3 ʤ/ʩ (ʚʦʟʜʫʭ ʜʚʠʞʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘʙʦʷ). ʉʦʛʣʘʩʥʦ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʯʘʩʪʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʳʣʝʚʦʡ ʦʙʩʪʘʥʦʚʢʠ [118], ʯʝʤ ʙʦʣʴʰʝ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʩʘʩʳʚʘʶʱʝʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʥʘʜ ʥʘʛʥʝʪʘʪʝʣʴʥʳʤ, ʪʝʤ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʧʦ ʧʘʨʘʤʝʪʨʫ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʳʣʝʚʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ 

ʩʦʩʪʘʚʣʷʝʪ 25% ʦʪ ʦʙʱʝʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ, ʬʠʢʩʠʨʫʝʤʦʛʦ ʚʦ ʚʩʘʩʳʚʘʶʱʝʤ 

ʪʨʫʙʦʧʨʦʚʦʜʝ. ʇʘʨʘʤʝʪʨʳ ʧʦʜʘʯʠ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʦʙʣʘʩʪʴ 

ʦʩʪʘʣʠʩʴ ʘʥʘʣʦʛʠʯʥʳ ʧʨʝʜʳʜʫʱʠʤ ʚʘʨʠʘʥʪʘʤ ʨʘʩʯʝʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʩʘʩʳʚʘʶʱʠʡ, 

ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ (ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚʩʘʩʳʚʘʶʱʝʛʦ ʚʝʥʪʠʣʷʪʦʨʘ) 

ʩʧʦʩʦʙʳ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʚʳʥʝʩʝʥʳ ʢ 

ʦʙʱʝʤʫ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 4.19 - 4.20.  

 



 
ʈʠʩʫʥʦʢ 4.19 ð ʉʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʠʢʘʙʠʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʟʘʙʦʷ

ɺʩʘʩʳʚʘʶʱʠʡ ʩʧʦʩʦʙ: 

ʅʘʛʥʝʪʘʪʝʣʴʥʳʡ ʩʧʦʩʦʙ: ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ: 

38ϲʉ 28ϲʉ 30ϲʉ 32ϲʉ 34ϲʉ 36ϲʉ 
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ʈʠʩʫʥʦʢ 4.20 ð ʉʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʠ ʢʘʙʠʥʳ ʧʨʠ ʨʘʟʥʳʭ 

ʩʧʦʩʦʙʘʭ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʟʘʙʦʷ 

ɺʩʘʩʳʚʘʶʱʠʡ ʩʧʦʩʦʙ: 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ: 

ʅʘʛʥʝʪʘʪʝʣʴʥʳʡ ʩʧʦʩʦʙ: 

38ϲʉ 28ϲʉ 30ϲʉ 32ϲʉ 34ϲʉ 36ϲʉ 
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ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʘʥʘʣʦʛʠʯʥʦ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤʫ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʙʠʥʳ 

ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʦ ʩʪʦʨʦʥʳ ʢʘʙʠʥʳ ʚ 10 ʤʝʪʨʘʭ ʦʪ ʥʝʝ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʧʦʥʠʞʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʥʫʪʨʠ ʢʘʙʠʥʳ, 

ʪʦʛʜʘ ʢʘʢ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʦʭʨʘʥʷʝʪ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʦʥ. ʅʘʣʠʯʠʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʢʘʙʠʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʤʝʩʪʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʦʪʦʤʫ ʯʪʦ ʧʦʪʦʢ 

ʚʦʟʜʫʭʘ, ʚʳʭʦʜʷʱʠʡ ʠʟ ʜʝʬʣʝʢʪʦʨʦʚ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʝʨʘ, ʙʳʩʪʨʦ ʫʚʣʝʢʘʝʪʩʷ ʟʘ 

ʚʥʝʰʥʠʤ ʧʦʪʦʢʦʤ ʚ ʩʪʦʨʦʥʫ ʟʘʙʦʷ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʦʥʘ 

ʦʭʣʘʞʜʝʥʠʷ ʠʤʝʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ ʧʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 35 Áʉ - 36 Áʉ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʟʦʥʫ ʚʥʫʪʨʠ ʢʘʙʠʥʳ 

ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ɺʥʫʪʨʠ ʢʘʙʠʥʳ ʧʨʝʦʙʣʘʜʘʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʜʠʘʧʘʟʦʥʝ 

30 Áʉ ï 32 Áʉ. ʀʤʝʝʪʩʷ ʣʦʢʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʚ ʚʝʨʭʥʝʡ ʟʦʥʝ ʢʘʙʠʥʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 27 Áʉ. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʛʥʝʪʘʪʝʣʴʥʘʷ ʩʭʝʤʘ ʩʧʦʩʦʙʥʘ ʩʦʟʜʘʚʘʪʴ 

ʧʨʠʝʤʣʝʤʳʝ ʫʩʣʦʚʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʪʦʯʢʝ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ, ʥʦ ʭʫʞʝ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪ ʦʭʣʘʞʜʝʥʠʝ ʚ ʨʘʙʦʯʝʤ ʦʙʲʸʤʝ ʚʳʨʘʙʦʪʢʠ. 

ʇʨʠ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʩʝʯʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʙʦʣʝʝ ʨʘʟʚʠʪʘʷ ʟʦʥʘ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʠʢʘʙʠʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʭʣʘʞʜʝʥʥʘʷ 

ʦʙʣʘʩʪʴ ʦʭʚʘʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʦ ʠ ʟʦʥʫ ʚʥʝ ʢʘʙʠʥʳ. ɿʦʥʘ 

ʦʭʣʘʞʜʝʥʠʷ ʟʘʧʦʣʥʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʜʦ ʙʦʨʪʘ 

ʚʳʨʘʙʦʪʢʠ, ʯʝʛʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʨʫʛʠʭ ʩʧʦʩʦʙʘʭ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʦʭʣʘʞʜʝʥʥʦʡ ʟʦʥʳ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 29 Áʉ ʜʦ 35 Áʉ. 

ɸʥʘʣʠʟʠʨʫʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʤʝʩʪʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʚʥʫʪʨʠʢʘʙʠʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʨʠʩʫʥʦʢ 4.20), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʧʨʠ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʧʦʩʦʙʘʭ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʟʘʤʝʯʝʥ ʵʬʬʝʢʪ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʩʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ʇʨʠ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʢʘʙʠʥʳ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 29 Áʉ ʜʦ 33 Áʉ; ʧʨʠ 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʩʧʦʩʦʙʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 29 Áʉ ʜʦ 32 Áʉ; ʧʨʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʩʧʦʩʦʙʝ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚʩʘʩʳʚʘʶʱʝʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30 Áʉ ʜʦ 32 Áʉ.  

ɺʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʮʝʥʘʨʠʠ ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʩ ʫʩʣʦʚʠʝʤ ʪʦʛʦ, ʯʪʦ ʜʚʝʨʴ 

ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ çʦʪʢʨʳʪʦè, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʟʤʝʥʷʷ ʧʦʣʦʞʝʥʠʝ ʜʚʝʨʠ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʙʦʣʴʰʝʛʦ ʵʬʬʝʢʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʭʣʘʞʜʝʥʠʷ 
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ʢʘʙʠʥʳ ʢʦʤʙʘʡʥʘ ʧʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʩʧʦʩʦʙʘʭ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʟʘʙʦʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ 

ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʧʨʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ 

ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ʅʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʟʦʥʳ 

ʧʨʠʢʘʙʠʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʪʦʢ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʜʦʩʪʠʛʘʝʪ ʢʦʥʪʫʨʘ ʩʪʝʥʦʢ ʚʳʨʘʙʦʪʢʠ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʚʩʝʡ ʚʳʩʦʪʝ ʦʪ ʧʣʦʱʘʜʢʠ ʢʘʙʠʥʳ ʜʦ ʝʝ ʥʘʠʚʳʩʰʝʡ ʪʦʯʢʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙʳ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʦʢʦʣʦ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ, ʚʚʠʜʫ ʥʘʭʦʜʷʱʝʛʦʩʷ 

ʨʷʜʦʤ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʀʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʩʢʦʨʦʩʪʥʦʛʦ 

ʧʦʪʦʢʘ ʦʭʣʘʞʜʘʝʤʳʡ ʚʦʟʜʫʭ ʙʳʩʪʨʦ ʩʥʦʩʠʪʩʷ ʢ ʱʠʪʫ ʢʦʤʙʘʡʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ.  

ɺ ʮʝʣʦʤ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʥʫʪʨʠ ʢʘʙʠʥʳ 

ʦʭʣʘʞʜʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʭʝʤʳ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ, ʥʦ ʥʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʧʨʠ 

ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ.  

ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʨʝʭʤʝʨʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʩʣʫʞʘʪ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ 

ʤʘʰʠʥʠʩʪʘ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ. ɿʘʜʘʯʘ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ï ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʧʦʜʘʯʫ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʨʠʟʘʙʦʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʢʘʣʠʡʥʦʛʦ ʨʫʜʥʠʢʘ 

ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ. ʇʦʜ ʨʘʙʦʯʠʤ ʤʝʩʪʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʦʙʲʝʤ ʚʥʫʪʨʠ ʢʘʙʠʥʳ 

ʢʦʤʙʘʡʥʘ ʠ ʧʨʠʢʘʙʠʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʉʦʛʣʘʩʥʦ ʥʘʙʣʶʜʝʥʠʷʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʧʨʠ 

ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʠʤʝʥʥʦ ʚ ʜʘʥʥʳʭ ʤʝʩʪʘʭ ʤʘʰʠʥʠʩʪ ʥʘʭʦʜʠʪʩʷ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʚʨʝʤʝʥʠ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʜʦʙʳʯʠ ʢʘʣʠʡʥʦʡ ʨʫʜʳ.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʚʩʘʩʳʚʘʶʱʠʡ ʩʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ 

ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦʟʜʫʭ ʜʚʠʞʝʪʩʷ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʧʨʠ 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʩʧʦʩʦʙʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʭʣʘʞʜʝʥʥʳʡ ʚʦʟʜʫʭ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ 

ʠʩʩʣʝʜʫʝʤʫʶ ʦʙʣʘʩʪʴ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʠʡ ʦʙʲʝʤ 

(ʨʠʩʫʥʦʢ 4.14). ʇʨʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʞʝ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ 
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ʦʭʣʘʞʜʝʥʥʳʡ ʚʦʟʜʫʭ ʧʦʧʘʜʘʝʪ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʦʙʣʘʩʪʴ ʠ ʜʘʣʝʝ ʧʝʨʝʥʦʩʠʪʩʷ ʚ 

ʧʨʠʟʘʙʦʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʪʦʢʦʤ, ʚʳʭʦʜʷʱʠʤ ʠʟ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʆʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʨʘʟʤʝʱʝʥʠʷ ʜʝʬʣʝʢʪʦʨʦʚ ʩ ʧʦʜʘʯʝʡ ʦʭʣʘʞʜʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚ ʧʨʠʢʘʙʠʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʷʚʣʷʝʪʩʷ ʠʭ ʨʘʟʤʝʱʝʥʠʝ ʩʙʦʢʫ ʥʘ ʢʘʙʠʥʝ ʠ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʜʚʝʨʥʦʤʫ ʧʨʦʝʤʫ ʚ ʩʪʦʨʦʥʫ ʩʪʝʥʢʠ 

ʚʳʨʘʙʦʪʢʠ. ɼʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.12 - ʙ. ɺʥʫʪʨʠ ʢʘʙʠʥʳ ʥʘʠʣʫʯʰʠʡ 

ʨʝʟʫʣʴʪʘʪ ʜʘʝʪ ʨʘʟʤʝʱʝʥʠʝ ʜʝʬʣʝʢʪʦʨʦʚ (ʯʝʛʦ?) ʙʣʠʞʝ ʢ ʜʘʣʴʥʝʡ ʩʪʝʥʢʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʦʚ ʧʨʠʥʠʤʘʣʠʩʴ ʚʦ ʚʥʠʤʘʥʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʉʘʥʇʠʅ 2.2.4.3359-16 [59]. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʭʘ ʥʝ ʙʦʣʝʝ 0,5 ʤ/ʩ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʚʳʨʘʙʦʪʢʝ ʥʘ ʫʨʦʚʥʝ 36ÁC.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʣʫʯʰʠʤ ʚʳʙʨʘʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʨʠʥʷʪ ʚʩʘʩʳʚʘʶʱʠʡ ʩʧʦʩʦʙ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʜʝʬʣʝʢʪʦʨʦʚ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʦʢ 4.18. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʤʝʩʪʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ 

ʫʯʠʪʳʚʘʪʴ ʥʘʣʠʯʠʝ ʨʝʛʫʣʠʨʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʡ ʪʨʝʙʫʝʤʦʡ ʭʦʣʦʜʠʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʚ 5 ʢɺʪ. ɺʩʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʥʘʠʭʫʜʰʝʛʦ ʩʮʝʥʘʨʠʷ ʩ ʦʪʢʨʳʪʦʡ ʜʚʝʨʴʶ 

ʢʘʙʠʥʳ, ʧʨʠ ʟʘʢʨʳʪʠʠ ʢʦʪʦʨʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʙʫʜʝʪ ʚʳʰʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʪʘʪʴʝ [36]. 

ɺ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʏʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ 

ʜʣʷ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ.  
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5 ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʀʏɽʉʂʀʍ ʈɽʐɽʅʀʁ ɼʃʗ ʆʍʃɸɾɼɽʅʀʗ ɺʆɿɼʋʍɸ 

ʅɸ ʈɸɹʆʏɽʄ ʄɽʉʊɽ ʄɸʐʀʅʀʉʊɸ ʂʆʄɹɸʁʅɸ 

ʉ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ 

ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ ʥʝʦʙʭʦʜʠʤʘ ʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʦʛʦ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʨʝʰʘʪʴʩʷ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ï ʦʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʟʘʤʢʥʫʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; 

ï ʦʭʣʘʞʜʝʥʠʝ ʥʝʦʛʦʨʦʞʝʥʥʦʡ ʠʣʠ ʯʘʩʪʠʯʥʦ ʦʛʦʨʦʞʝʥʥʦʡ ʟʦʥʳ ʨʘʙʦʪʳ ʧʝʨʩʦʥʘʣʘ ʚ 

ʧʨʦʜʫʚʘʝʤʦʡ ʯʘʩʪʠ ʚʳʨʘʙʦʪʢʠ; 

ï ʦʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʟʦʥʝ ʨʘʙʦʪʳ ʧʝʨʩʦʥʘʣʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʦʚʝʪʨʠʚʘʥʠʝʤ 

ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʚʩʘʩʳʚʘʶʱʠʤ ʩʧʦʩʦʙʦʤ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʪʘʥʜʘʨʪʘʤ ʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʠʩʪʦʯʥʠʢʘʭ [54,53,9]. 

5.1 ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʚʦʟʜʫʭʘ ʚ ʪʫʧʠʢʦʚʦʡ ʢʦʤʙʘʡʥʦʚʦʡ ʚʳʨʘʙʦʪʢʝ 

ʆʙʝʩʧʝʯʝʥʠʝ ʜʦʧʫʩʪʠʤʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʠʟʘʙʦʡʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʚʦʟʜʫʭʘ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʜʭʦʜʝ, 

ʚʢʣʶʯʘʶʱʝʤ ʘʥʘʣʠʟ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʤʠʢʨʦʢʣʠʤʘʪ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʢʦʨʦʩʪʝʡ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʭʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʜʘʥʥʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʪʨʦʠʪʩʷ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʧʨʠʥʮʠʧʘʭ: 

1. ʉʦʧʨʷʞʝʥʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʚ ʩʠʩʪʝʤʝ çʚʝʥʪʠʣʷʮʠʦʥʥʳʡ 

ʪʨʫʙʦʧʨʦʚʦʜ ï ʨʫʜʥʠʯʥʳʡ ʚʦʟʜʫʭ ï ʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚè; 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

3. ɺʘʣʠʜʘʮʠʷ ʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʤʦʜʝʣʠ; 

4. ʀʥʪʝʛʨʘʮʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ; 

5. ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʤʧʦʥʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʝʸ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʧʝʨʝʤʦʥʪʘʞ. 

ʅʘ ʨʠʩʫʥʢʝ 5.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ r

ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʜʣʷ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ. 
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ʈʠʩʫʥʦʢ 5.1 ï ɹʣʦʢ-ʩʭʝʤʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʠʟʘʙʦʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʭʝʤʘ ʦʪʨʘʞʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʘʧʦʚ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪ ʩʪʘʜʠʠ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 

ʩʪʘʜʠʠ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠʟʜʝʣʠʷ ʠ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʘʢ ʜʣʷ ʜʝʡʩʪʚʫʶʱʠʭ ʨʫʜʥʠʢʦʚ, ʪʘʢ ʠ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʳʭ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ï ʥʘ 

ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʦʜʥʦʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʇʦʩʪʨʦʝʥʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ 

ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʤʝʨʦʚ? 

ʅʘʩʪʨʦʡʢʘ ʉFD ʤʦʜʝʣʠ, 

ʚʝʨʠʬʠʢʘʮʠʷ, ʚʘʣʠʜʘʮʠʷ 

ɼʘ 

ʅʝʪ 

ʇʨʦʚʝʜʝʥʠʝ ʟʘʤʝʨʦʚ: 

- ʛʝʦʪʝʨʤʠʷ 

- ʪʝʤʧʝʨʘʪʫʨ rʚʦʟʜʫʭʘ 

- ʨʘʩʭʦʜʳ ʚʦʟʜʫʭʘ 

- ʪʝʧʣʦʚʠʟʠʦʥʥʘʷ ʩʲʸʤʢʘ 

ʅʘʩʪʨʦʡʢʘ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʜʣʷ 

ʨʘʩʯʝʪʘ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ɺʳʯʠʩʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʠʟʘʙʦʡʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʨʘʩʯʝʪ ʭʦʣʦʜʠʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʈʘʟʨʘʙʦʪʢʘ ʩʭʝʤʳ ʨʘʟʤʝʱʝʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ  

ʈʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝ 

ʠʩʧʳʪʘʥʠʡ 
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5.1.1 ɸʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʦʭʣʘʞʜʝʥʠʷ ʨʫʜʥʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ 
ʤʝʩʪʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ï ʵʪʦ ʟʘʜʘʯʘ, 

ʪʨʝʙʫʶʱʘʷ ʜʝʪʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ. ʆʩʥʦʚʥʳʤʠ ʩʣʦʞʥʦʩʪʷʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʦʙʦʨʫʜʦʚʘʥʠʝ ʙʫʜʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʥʪʘʞʘ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʯʘʩʪʦʛʦ ʧʝʨʝʤʦʥʪʘʞʘ, ʚʚʠʜʫ ʧʨʦʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʛʦʨʥʳʭ ʨʘʙʦʪ; 

ï ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʚʦ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʦʤ ʠʩʧʦʣʥʝʥʠʠ; 

ï ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʦʣʞʝʥ ʙʳʪʴ ʫʯʪʝʥ ʦʛʨʘʥʠʯʝʥʥʳʡ ʨʝʩʫʨʩ ʠʥʞʝʥʝʨʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜʦʚʦʜʦʚ; 

ï ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʣʞʥʦ ʦʢʘʟʳʚʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʚ ʯʘʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʝʨʝʤʦʥʪʘʞʘ; 

ï ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ [17]. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʪʝʧʣʦʚʳʤ ʨʝʞʠʤʦʤ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ ʦʩʥʦʚʘʥ rʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ. ʄʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ, ʦʥ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ ʠ ʠʩʧʘʨʝʥʠʷ 

ʨʝʮʠʨʢʫʣʠʨʫʝʤʦʛʦ ʭʣʘʜʘʛʝʥʪʘ [19,77]. 

ʆʮʝʥʢʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ COP (coefficient of performance) ï ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ [98,91]: 

 ὅὕὖ
ὗ̖ ̏̌

ὡ
ȟ (5.1) 

ʛʜʝ Qʭʦʣ ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʦʪʚʝʜʝʥʥʦʡ ʦʪ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ, ʢɺʪ, 

W ï ʢʦʣʠʯʝʩʪʚʦ ʟʘʪʨʘʯʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢɺʪ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʤ ʧʨʠʥʮʠʧʝ ʦʭʣʘʞʜʝʥʠʷ, 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ COP, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʷ 6 [39]. ʊʝʭʥʦʣʦʛʠʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ ʠ 

ʧʨʦʚʝʨʝʥʘ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʐʠʨʦʢʠʡ ʚʳʙʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʭʣʘʜʦʛʝʥʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʳ ʧʦʜ ʨʘʟʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʧʦʜ ʫʩʣʦʚʠʷ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ [17]. ʄʘʰʠʥʳ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ 

ʧʨʠʥʮʠʧʫ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʚʦʟʤʦʞʥʦ ʦʩʥʘʩʪʠʪʴ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʉʘʥʇʠʅ [59,58]. 
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ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ, 

ʨʘʙʦʪʘʶʱʝʡ ʧʦ ʧʨʠʥʮʠʧʫ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʯʝʪʘ 

ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.1. 

ʊʘʙʣʠʮʘ 5.1 ð ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʟʘʣʦʞʝʥʥʳʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʊʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ, ʨʝʛʫʣʠʨʫʝʤʘʷ, ʦʪ-ʜʦ +18 é +36Áʉ 

ʅʦʤʠʥʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʜʦ 40 °ʉ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ 55 °ʉ 

ʍʦʣʦʜʠʣʴʥʳʡ ʘʛʝʥʪ ʌʨʝʦʥ R134a 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʜʦ 99 % 

ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʜʦ 1,3 ʢʛ/ʤ3 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʧʨʠʥʷʪʳʝ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʪ ʟʘʧʘʩ 

ʤʦʱʥʦʩʪʠ, ʟʘʢʣʘʜʳʚʘʝʤʳʡ ʥʘ ʨʘʟʥʳʝ ʫʩʣʦʚʠ ̫ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

5.1.2 ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʚ ʯʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʦʥʳ ʦʭʣʘʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʩʪ ʨʘʟʤʝʱʝʥʠ ̫ʜʝʬʣʝʢʪʦʨʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʩʢʦʨʦʩʪʝʡ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Ansys Fluent ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ ʚʦʟʜʫʭʘ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʨʨʝʢʪʥʳʭ 

ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʫʶ ʛʝʦʤʝʪʨʠʶ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʩʣʫʯʘʝ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʨʫʜʥʠʢʘ ʤʦʜʝʣʴ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʚʳʧʦʣʥʝʥʠʷ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʙʲʝʢʪʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʩʯʝʪʳ, ʠʣʠ 

ʘʥʘʣʦʛʠʯʥʦʤ ʝʤʫ. ʅʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʪʨʘʢʪʦʚ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʘʩʩʠʚʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʚʘʣʠʜʘʮʠʷ ʠ 

ʜʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʨʫʜʥʠʢʘ ʠʣʠ ʝʛʦ ʫʯʘʩʪʢʘ, ʥʘʩʪʨʦʡʢʘ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
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ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ 

ʦʩʥʦʚʘʥ ʥʘ ʩʠʥʪʝʟʝ ʜʚʫʭ ʤʦʜʝʣʝʡ. ʆʜʥʦʤʝʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ 

ʨʘʩʯʝʪ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʭʦʜʝ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʦʙʣʘʩʪʴ) ʠ ʥʘʩʪʨʦʠʪʴ 

ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʢʦʨʦʩʪʝʡ ʚʦʟʜʫʭʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʧʦʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʩʩʣʝʜʫʝʤʦʡ 

ʦʙʣʘʩʪʠ. ʇʨʠʯʝʤ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʠ ʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʨʠʟʘʙʦʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʚ ʤʦʜʝʣʴ ʜʦʙʘʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʚʭʦʜʘ ʚ ʨʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ ʦʭʣʘʞʜʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ ʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ. ʇʨʠʤʝʨʳ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.19. 

ʈʘʩʯʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʪʨʝʙʫʝʤʦʡ ʚʝʣʠʯʠʥʳ ʭʦʣʦʜʠʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 ὗ ὋϽὧϽЎὝȟ (5.2) 

ʛʜʝ G ï ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʢʛ/ʩ; cp ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʚʦʟʜʫʭʘ, ʢɼʞ/(ʢʛĀÁʉ); 

ЎὝ ï ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ, Áʉ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʯʝʨʥʦʚʘʷ ʧʨʦʨʘʙʦʪʢʘ ʢʦʥʮʝʧʪʘ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʨʘʟʤʝʱʝʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʦʤ ʚʦʟʤʦʞʥʳʭ ʧʦʪʝʨʴ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʭʣʘʜʦʥʦʩʠʪʝʣʷ.  

5.1.3 ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʩʠʩʪʝʤʳ ʤʝʩʪʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʇʨʠʥʷʪʘʷ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʘ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʥʮʠʧʝ 

ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 

ï ʭʦʣʦʜʠʣʴʥʘʷ ʤʘʰʠʥʘ; 

ï ʪʨʘʩʩʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʭʣʘʜʘʛʝʥʪʘ; 

ï ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ; 

ï ʜʝʬʣʝʢʪʦʨʳ ʜʣʷ ʧʦʜʘʯʠ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʨʘʙʦʯʝʝ ʤʝʩʪʦ; 

ï ʚʝʥʪʠʣʷʪʦʨ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʩ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ. 

ʆʧʠʩʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ (ʚ ʜʘʣʴʥʝʡʰʝʤ ʉʂɺ). ʅʘ ʨʠʩʫʥʢʝ 5.2 ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʥʮʝʧʪ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʉʂɺ. 
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ʈʠʩʫʥʦʢ 5.2 ï ʂʦʥʮʝʧʪ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ (ʉʂɺ) 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʧʦ ʧʨʠʥʮʠʧʫ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʩʠʩʪʝʤʦʡ ʚʝʥʪʠʣʷʮʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ɻʣʘʚʥʦʡ 

ʟʘʜʘʯʝʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ 

ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ, ʬʨʝʦʥʫ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʜʨʦʙʥʝʝ. 

ʍʦʣʦʜʠʣʴʥʘʷ ʤʘʰʠʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʭʣʘʞʜʝʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʭʣʘʜʘʛʝʥʪʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ʅʘʛʨʝʪʳʡ 

ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʢ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʝ, ʨʘʟʤʝʱʸʥʥʦʡ ʚʥʝ ʟʦʥʳ 

ʣʦʢʘʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ɺ ʠʩʧʘʨʠʪʝʣʝ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʪʝʧʣʦʦʙʤʝʥ 

ʤʝʞʜʫ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʢʦʥʪʫʨʦʤ ʠ ʢʦʥʜʝʥʩʘʪʦʨʦʤ. ʇʦʣʫʯʝʥʥʦʝ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʪʝʧʣʦ 

ʦʪʚʦʜʠʪʩʷ ʚ ʠʩʭʦʜʷʱʫʶ ʩʪʨʫʶ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʫʜʘʣʷʝʪʩʷ ʧʦ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤ ʚʳʨʘʙʦʪʢʘʤ ʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʤʫ ʩʪʚʦʣʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ çʅʇʆ çɸʵʨʦʩʬʝʨʘè ʚʳʧʦʣʥʝʥʘ 

ʨʘʟʨʘʙʦʪʢʘ ʰʘʭʪʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʂʐʚ, ʢʦʪʦʨʘ ̫ʣʝʛʣʘ ʚ ʦʩʥʦʚʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʉʂɺ. ʅʘ ʨʠʩʫʥʢʝ 5.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʂʐʚ. 

ɼʝʬʣʝʢʪʦʨʳ ʩ 

ʚʳʭʦʜʦʤ 

ʭʦʣʦʜʥʦʛʦ 

ʚʦʟʜʫʭʘ  ɺʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ  

ɺʩʘʩʳʚʘʶʱʠʡ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ 

ʪʨʫʙʦʧʨʦʚʦʜ  

ʉʠʩʪʝʤʘ 

ʪʨʘʩʩʠʨʦʚʢʠ 

ʭʣʘʜʦʥʦʩʠʪʝʣʷ  

ɺʩʘʩʳʚʘʶʱʠʡ 

ʚʝʥʪʠʣʷʪʦʨ ʤʝʩʪʥʦʛʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ  

ʍʦʣʦʜʠʣʴʥʘʷ ʤʘʰʠʥʘ  
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ʈʠʩʫʥʦʢ 5.3 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥ rʂʐʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʜʣʷ 

ʩʠʩʪʝʤʳ ʉʂɺ 

ʕʣʝʤʝʥʪʳ, ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 5.3, ʠʤʝʶʪ ʩʚʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ ʠ 

ʦʧʠʩʘʥʳ ʚ ʪʘʙʣʠʮʝ 5.2. 

ʊʘʙʣʠʮʘ 5.2 ð ʅʘʠʤʝʥʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ 

ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ 

1 ɻʝʨʤʝʪʠʯʥʳʡ ʩʧʠʨʘʣʴʥʳʡ ʢʦʤʧʨʝʩʩʦʨ 

2 ɿʘʧʦʨʥʳʡ ʢʣʘʧʘʥ (ʚʝʥʪʠʣʴ) ʪʠʧʘ Rotalock ʩ ʨʝʣʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

3 ʄʘʩʣʦʦʪʜʝʣʠʪʝʣʴ 

4 ʆʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 

5 ʈʝʣʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʦʤ ʢʦʥʜʝʥʩʘʪʦʨʘ (ʙʝʟ ʢʣʘʧʘʥʘ) 

6 ɼʘʪʯʠʢ(ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ) ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

7 ʂʦʥʜʝʥʩʘʪʦʨ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

8 ʃʠʥʝʡʥʳʡ ʨʝʩʠʚʝʨ 

9 ʌʠʣʴʪʨïʦʩʫʰʠʪʝʣʴ 

10 ʕʣʝʢʪʨʦʥʥʳʡ ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʢʘʪʫʰʢʦʡ 

11 ʀʩʧʘʨʠʪʝʣʴ, ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ 

12 ʊʝʧʣʦʫʪʠʣʠʟʘʪʦʨ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʙʣʦʢʘ  

13 ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʢʣʘʜʥʦʡ 

14 ʌʠʣʴʪʨ ʜʣʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʩʘʩʳʚʘʥʠʷ 

15 ɿʘʧʦʨʥʳʡ ʢʣʘʧʘʥ (ʚʝʥʪʠʣʴ) ʪʠʧʘ Rotalock ʩ ʨʝʣʝ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 
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ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ 

16 ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

17 ʐʘʨʦʚʦʡ ʢʨʘʥ (ʚʝʥʪʠʣʴ) 

18 ɿʘʧʦʨʥʳʡ ʢʣʘʧʘʥ (ʚʝʥʪʠʣʴ) ʪʠʧʘ Rotalock 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʭʦʣʦʜʠʣʴʥʦʛʦ ʮʠʢʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦ ʧʨʠʥʮʠʧʫ 

ʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 

ʯʝʪʳʨʝʭʩʪʫʧʝʥʯʘʪʳʡ ʢʦʥʪʨʦʣʣʝʨ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʫʟʢʘ ʠʣʠ ʨʘʟʛʨʫʟʢʘ 

ʢʦʤʧʨʝʩʩʦʨʘ, ʩʦʛʣʘʩʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʥʘ ʣʠʥʠʠ ʚʩʘʩʳʚʘʥʠʷ ʜʘʪʯʠʢʫ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʠʣʠ ʨʝʣʝ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʊʨʝʙʫʝʤʘʷ ʭʦʣʦʜʠʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʚʳʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʡ ʥʝʦʙʭʦʜʠʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʢʘʙʠʥʝ ʢʦʤʙʘʡʥʘ, ʠ ʧʦʪʝʨʴ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʭʣʘʜʘʛʝʥʪʘ ʢ ʥʝʤʫ ʧʦ ʪʨʘʩʩʝ. ʊʨʘʩʩʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʜʦʩʪʘʚʢʠ ʭʣʘʜʘʛʝʥʪʘ ʚ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ. ʂʦʥʮʝʧʪ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʫʯʠʪʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʪʫʧʠʢʦʚʦʡ ʚʳʨʘʙʦʪʢʠ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʜʦʙʳʯʥʦʛʦ ʢʦʤʙʘʡʥʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʭʣʘʜʦʥʦʩʠʪʝʣʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʠʙʢʠʝ ʨʫʢʘʚʘ ʩ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʦʡ. ʋʜʣʠʥʝʥʠʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʟʘ 

ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʫʰʢʠ ʩ ʨʦʪʦʨʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʥʘʤʦʪʢʘ ʛʠʙʢʠʭ ʰʣʘʥʛʦʚ (ʨʠʩʫʥʦʢ 5.4). 

 
ʈʠʩʫʥʦʢ 5.4 ï ʇʨʠʤʝʨ ʠʩʧʦʣʥʝʥʠʷ ʢʘʪʫʰʢʠ ʩ ʨʫʢʘʚʘʤʠ ʠ ʨʦʪʦʨʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʭʣʘʜʦʥʦʩʠʪʝʣʷ 
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ʂʘʪʫʰʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʦʟʣʝ ʩʪʝʥʢʠ ʚʳʨʘʙʦʪʢʠ ʥʘ ʨʘʤʝ ʩ ʧʦʣʦʟʴʷʤʠ ʠ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʩʣʝʜ ʟʘ ʢʦʤʙʘʡʥʦʤ. ʇʨʠ ʧʦʣʥʦʡ ʨʘʟʤʦʪʢʝ ʢʘʪʫʰʢʠ ʜʦʧʫʩʢʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʝʜʫʶʱʝʡ ʢʘʪʫʰʢʠ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪ ʢʨʘʥʳ ʢʦʥʮʦʚ ʰʣʘʥʛʦʚ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʠ ʰʣʘʥʛʠ ʩʤʘʪʳʚʘʶʪʩʷ ʦʙʨʘʪʥʦ ʥʘ ʢʘʪʫʰʢʠ ʙʝʟ ʩʣʠʚʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʘʪʫʰʝʢ ʥʘʨʘʱʠʚʘʥʠʝ ʪʨʘʩʩʳ 

ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʦʢʣʘʜʢʦʡ ʨʫʢʘʚʦʚ ʧʦ ʧʦʯʚʝ ʠʣʠ ʧʦʚʝʨʭ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ɺʝʣʠʯʠʥʘ ʪʨʝʙʫʝʤʦʡ ʭʣʘʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ ʨʘʩʩʯʠʪʘʥʘ ʚ 

ʛʣʘʚʝ 4 ʠ ʩʦʩʪʘʚʠʣʘ 5 ʢɺʪ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʦʪ 

ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʢ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʶ ʚʦʟʥʠʢʘʶʪ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ. ʕʪʠ ʧʦʪʝʨʠ 

ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʪʨʘʩʩʳ ʩ ʚʦʟʜʫʭʦʤ ʠ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʩʩʠʚʘ (ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʨʘʩʩʘ ʧʨʦʣʦʞʝʥʘ ʧʦ ʧʦʯʚʝ 

ʚʳʨʘʙʦʪʢʠ). ʊʝʧʣʦʧʝʨʝʥʦʩ ʚʥʫʪʨʠ ʪʨʘʩʩʳ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʦʧʠʩʘʥ ʫʨʘʚʥʝʥʠʝʤ (5.3): 

 Ὃ̃Ͻὧ̃Ͻ
‬Ὕ̃

‬ὼ
ὥ̃Ͻὖ̃ϽὝ Ὕ̃ ήὼȟ (5.3) 

ʛʜʝ Ὃ̃ ï ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʜʳ, ʢʛ/ʩ; ὧ̃ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʚʦʜʳ, ɼʞ/(ʢʛĿʂ); ̃ ï 

ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚʜʦʣʴ ʜʣʠʥʳ ʪʨʘʩʩʳ; ‌̃ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʚʦʜʳ 

ʢ ʩʪʝʥʢʝ ʰʣʘʥʛʘ, ɺʪ/(ʤĮĿʂ); ὖ ï ʚʥʫʪʨʝʥʥʠʡ ʧʝʨʠʤʝʪʨ ʰʣʘʥʛʘ, ʤ; Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʦʣʷʮʠʠ ʪʨʘʩʩʳ, Áʉ; Ὕ̃ ïʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, Áʉ; ήὼ ï ʫʜʝʣʴʥʘʷ 

ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ, ɺʪ/ʤ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (5.3) ʠ (3.2), ʦʧʨʝʜʝʣʝʥʳ ʧʦʪʝʨʠ ʭʦʣʦʜʘ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʚʦʜʳ ʦʪ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʢ ʟʘʙʦʶ ʠ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʝʨʠ ʭʦʣʦʜʘ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʧʦ ʢʦʥʪʫʨʫ 

çʭʦʣʦʜʠʣʴʥʘʷ ʤʘʰʠʥʘ ï ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ ï ʭʦʣʦʜʠʣʴʥʘʷ ʤʘʰʠʥʘè ʩʦʩʪʘʚʠʣʠ 7 ʢɺʪ. 

ʉʫʤʤʠʨʫʷ ʪʨʝʙʫʝʤʫʶ ʤʠʥʠʤʘʣʴʥʫʶ ʭʦʣʦʜʠʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ ʠ 

ʧʦʪʝʨʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʭʣʘʜʦʥʦʩʠʪʝʣʷ, ʧʦʣʫʯʘʝʤ ʚʝʣʠʯʠʥʫ 

ʭʣʘʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʂʐʚ ï 13 ʢɺʪ. ʇʦʩʢʦʣʴʢʫ ʬʨʦʥʪ 

ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠʤʝʝʪ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʉʂɺ 

ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʚʝʣʠʯʠʥʫ 

ʭʣʘʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʘʣʦʞʝʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʟʘʧʘʩ ï 15 %. ʋʯʠʪʳʚʘʷ ʦʧʠʩʘʥʥʳʝ 

ʬʘʢʪʦʨʳ, ʤʠʥʠʤʘʣʴʥʘʷ ʪʨʝʙʫʝʤʘʷ ʭʣʘʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʂʐʚ ʩʦʩʪʘʚʠʣʘ 15 ʢɺʪ, ʧʦʵʪʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʣʫʯʠʣʦ 

ʥʘʟʚʘʥʠʝ ʂʐʚ-15. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʭʣʘʜʘʛʝʥʪ ʧʦʩʪʫʧʘʝʪ ʚ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴʥʫ  ʁ

ʫʩʪʘʥʦʚʢʫ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫ ʁʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʧʝʨʝʜ ʝʛʦ ʧʦʜʘʯʝʡ ʚ ʟʦʥʫ ʨʘʙʦʯʝʛʦ 

ʤʝʩʪʘ. ɺʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʟʦʥʦʡ 
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ʦʭʣʘʞʜʝʥʠʷ ʧʦʦʜʘʣʴ ʦʪ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʢʘʙʠʥʝ ʤʘʰʠʥʠʩʪʘ ʢʦʤʙʘʡʥʘ (ʨʠʩʫʥʦʢ 5.2). 

ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢ çʚʦʟʜʫʭ-ʚʦʜʘè, ʚ 

ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʦʪ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ 

ʪʝʧʣʦʥʦʩʠʪʝʣʶ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʛʨʝʪʘʷ ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʚ ʢʦʞʫʭʦʪʨʫʙʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʠ 

ʩʦʚʝʨʰʘʝʪ ʧʦʚʪʦʨʥʳʡ ʮʠʢʣ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʷʚʣʝʥʠ ̫ʚʣʘʛʠ ʥʘ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʷʥʦʡ ʧʳʣʠ ʚʣʘʞʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʙʳʩʪʨʦ ʚʳʡʜʝʪ ʠʟ ʩʪʨʦʷ. 

ɼʣʷ ʧʦʜʘʯʠ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʤʙʘʡʥ ʥʝʦʙʭʦʜʠʤʦ 

ʦʩʥʘʩʪʠʪʴ ʜʝʬʣʝʢʪʦʨʘʤʠ. ʇʦʩʣʝ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ ʦʭʣʘʞʜʝʥʥʳʡ ʚʦʟʜʫʭ ʧʦ ʢʘʥʘʣʘʤ 

ʧʦʜʘʝʪʩʷ ʚ ʨʘʟʜʘʪʦʯʥʳʝ, ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʦ ʧʦʣʦʞʝʥʠʶ, ʢʘʥʘʣʳ. ʉʠʩʪʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʭʣʘʞʜʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʣʫʞʝʩʪʢʠʭ ʧʘʪʨʫʙʢʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʨʘʩʧʦʣʦʞʝʥʠʶ ʜʝʬʣʝʢʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʛʣʘʚʝ 4. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʩʥʘʱʝʥʦ 

ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ) ʝʛʦ ʨʘʙʦʪʦʡ. ʍʦʣʦʜʠʣʴʥʘʷ ʤʘʰʠʥʘ 

ʦʙʦʨʫʜʫʝʪʩʷ ʜʘʪʯʠʢʘʤʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ɻʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʧʘʨʘʤʝʪʨʦʚ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʠ ʨʫʜʥʠʯʥʦʛʦ ʚʦʟʜʫʭʘ. ʉɸʋ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʜʘʥʥʳʭ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʦ ʨʘʥʝʝ 

ʟʘʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʩʪʝʤʫ 

ʚʝʥʪʠʣʷʮʠʠ ʧʨʠʟʘʙʦʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʚʩʘʩʳʚʘʶʱʝʤ ʩʧʦʩʦʙʝ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ʉʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʦʨʛʘʥʠʟʫʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʦʜʘʯʘ ʚʦʟʜʫʭʘ ʚ 

ʧʨʠʟʘʙʦʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʝ, ʘ ʫʜʘʣʝʥʠʝ 

ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʧʦʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʞʝʩʪʢʦʤʫ ʚʝʥʪʠʣʷʮʠʦʥʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ. 

ʆʩʥʦʚʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʚʩʘʩʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʘʚʠʣʴʥʳʡ ʧʦʜʙʦʨ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʩʘʩʳʚʘʶʱʝʛʦ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ [62]. 

5.2 ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʤʝʩʪʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʝʝ 

ʟʘʚʦʜʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʦʧʠʩʘʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ 

ɺ ʨʘʤʢʘʭ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʥʘ ʙʘʟʝ 

ʅʇʆ çɸʵʨʦʩʬʝʨʘè ʚʳʧʦʣʥʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʦʧʳʪʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥ r ʂʐʚï15. 

ʋʩʪʘʥʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ 

ʭʣʘʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 15 ʢɺʪ. ʆʙʱʠʡ ʚʠʜ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 5.5. 
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ʈʠʩʫʥʦʢ 5.5 ï ʂʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʧʨʦʨʘʙʦʪʢʘ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʂʐʚï15 ʜʣʷ ʩʠʩʪʝʤʳ 

ʉʂɺ-8 

 

 
ʈʠʩʫʥʦʢ 5.6 ï ʆʙʱʠʡ ʚʠʜ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʂʐʚï15 ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʅʇʆ çɸʵʨʦʩʬʝʨʘè 

ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠʟʜʝʣʠʷ ʂʐʚï15 ʟʘʢʣʶʯʝʥʳ ʚʦ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʫʶ 

ʦʙʦʣʦʯʢʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʙʝʟʦʧʘʩʥʫʶ ɻ ʢʩʧʣʫʘʪʘʮʠʶ ʚ ʫʩʣʦʚʠʷʭ ʧʦʜʟʝʤʥʳʭ ʢʘʣʠʡʥʳʭ 

ɺʟʨʳʚʦʟʘʱʠʱʝʥʥʘʷ 

ʦʙʦʣʦʯʢʘ 

ʇʣʘʤʝʛʘʩʠʪʝʣʠ 

ʉʧʠʨʘʣʴʥʳʡ 

ʢʦʤʧʨʝʩʩʦʨ 

ʕʢʨʘʥ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʨʘʙʦʪʳ ʂʐʚ-15 

ʕʣʝʤʝʥʪʳ ʉɸʋ 
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ʨʫʜʥʠʢʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥ rʛʘʟʦʚʳʜʝʣʝʥʠʷ ʠʟ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. ɺ ʩʦʩʪʘʚ 

ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʚʭʦʜʷʪ ʩʧʠʨʘʣʴʥʳʡ ʢʦʤʧʨʝʩʩʦʨ, ʙʣʦʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʠʩʪʝʤʘ ʤʘʛʠʩʪʨʘʣʝʡ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʠ ʵʣʝʤʝʥʪʳ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʜʘʯʠ ʭʣʘʜʦʥʦʩʠʪʝʣʷ. ʆʩʥʦʚʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʧʦʜʦʙʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʢʦʤʧʨʝʩʩʦʨʦʚ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʚʦ 

ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʦʤ ʠʩʧʦʣʥʝʥʠʠ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʢʦʤʧʨʝʩʩʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʥʫʪʨʴ ʚʟʨʳʚʦʟʘʱʠʱʸʥʥʦʡ ʦʙʦʣʦʯʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ 

ʧʦʜʚʦʜʘ ʤʘʛʠʩʪʨʘʣʠ ʩ ʭʣʘʜʦʥʦʩʠʪʝʣʝʤ ʢ ʢʦʤʧʨʝʩʩʦʨʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʣʘʤʝʛʘʩʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪʁ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚʳʧʫʩʪʠʪʴ 

ʩʦʟʜʘʥʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘʨʫʞʫ, ʧʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʠʩʢʨʦʦʙʨʘʟʦʚʘʥʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʙʦʣʦʯʢʠ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʂʐʚï15. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 5.7, 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʘʚʘʝʤʦʛʦ 

ʚ ʧʨʠʟʘʙʦʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʟʜʫʭʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʩʥʘʱʝʥʦ ʩʠʩʪʝʤʦʡ 

ʟʘʱʠʪʳ ʢʦʤʧʨʝʩʩʦʨʘ ʦʪ ʧʝʨʝʛʨʫʟʦʢ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ. 

 
ʈʠʩʫʥʦʢ 5.7 ï ʕʣʝʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʚʝʪʨʠʚʘʥʠʝʤ 

ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʦʡ ʂʐʚï15 

ɺ ʩʦʙʨʘʥʥʦʤ ʚʠʜʝ ʭʦʣʦʜʠʣʴʥʘʷ ʤʘʰʠʥʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʛʘʙʘʨʠʪʳ: 

ï ʜʣʠʥʘ ʦʪ 1700 ʤʤ ʜʦ 2000 ʤʤ; 

ï ʰʠʨʠʥʘ ʦʪ 700 ʤʤ ʜʦ 1000 ʤʤ; 

ï ʚʳʩʦʪʘ ʦʪ 1200 ʤʤ ʜʦ 1500 ʤʤ. 
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ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʘʟʤʝʨʳ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʝʝ ʢʘʢ ʜʦʩʪʘʪʦʯʥʦ 

ʢʦʤʧʘʢʪʥʫʶ, ʧʨʠʛʦʜʥʫʶ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʘʣʠʡʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. 

ʉ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ, ʢʦʪʦʨʘʷ 

ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʩʪʘʥʝʪ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ ʉʂɺï8, ʚʳʧʦʣʥʝʥʳ ʟʘʚʦʜʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʩʪʝʥʜ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 5.8. 
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ʈʠʩʫʥʦʢ 5.8 ï ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʂʐʚï15 

ʂʐʚï15 

ʂʘʥʘʣʴʥʳʝ 

ʚʝʥʪʠʣʷʪʦʨʳ 

ʂʐʚï15 

ʊʝʧʣʦʦʙʤʝʥʥʠʢ 

ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʊʝʧʣʦʦʙʤʝʥʥʠʢ 

ʠʩʧʘʨʠʪʝʣʷ 

ɻʣʘʜʢʘʷ ʪʨʫʙʘ  

ɺʠʜ ʩʙʦʢʫ: 

ɺʠʜ ʩʚʝʨʭʫ: 

ɻʣʘʜʢʘʷ ʪʨʫʙʘ 

ʌʨʝʦʥʦʚʘʷ ʤʘʛʠʩʪʨʘʣʴ  

ʌʨʝʦʥʦʚʘʷ ʤʘʛʠʩʪʨʘʣʴ  

ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʢʘʣʦʨʠʬʝʨ 

tʦʭʣ 
tʥʘʛʨ 

tʦʭʣ 

tʥʘʛʨ 
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ʂʦʥʩʪʨʫʢʮʠʷ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʢʦʤʧʣʝʢʩʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʯʘʩʪʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʝʧʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʨʘʟʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ, ʠʤʠʪʠʨʫʷ ʧʨʠ ʵʪʦʤ ʨʘʟʥʳʝ ʫʩʣʦʚʠʷ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʥʪʫʨʦʚ: ʚʦʟʜʫʰʥʦʛʦ ʠ ʬʨʝʦʥʦʚʦʛʦ. 

ɺʦʟʜʫʰʥʳʡ ʢʦʥʪʫʨ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʣʦʢ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʙʣʦʢ ʠʩʧʘʨʠʪʝʣʷ, ʩ ʥʝʢʦʪʦʨʳʤ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ. ʊʝʧʣʳʡ ʥʘʛʨʝʪʳʡ ʚʦʟʜʫʭ ʠʟ ʙʣʦʢʘ ʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʧʦʜʤʝʰʠʚʘʷʩʴ ʢ ʥʘʛʨʝʪʦʤʫ ʚʦʟʜʫʭʫ ʠʟ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʘʣʦʨʠʬʝʨʘ, ʧʦʩʪʫʧʘʝʪ ʚ ʙʣʦʢ 

ʠʩʧʘʨʠʪʝʣʷ, ʩʦʟʜʘʚʘʷ ʪʝʤ ʩʘʤʳʤ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ʠʩʧʘʨʠʪʝʣʷ. ɺ 

ʢʘʞʜʦʤ ʠʭ ʦʧʠʩʘʥʥʳʭ ʙʣʦʢʦʚ ʝʩʪʴ ʩʚʦʡ ʢʘʥʘʣʴʥʳʡ ʚʝʥʪʠʣʷʪʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ. ʌʨʝʦʥʦʚʳʡ ʢʦʥʪʫʨ ʩʦʝʜʠʥʷʝʪ 

ʭʦʣʦʜʠʣʴʥʫʶ ʤʘʰʠʥʫ ʂʐʚï15 ʩ ʠʩʧʘʨʠʪʝʣʝʤ ʠ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʬʨʝʦʥʦʚʳʭ 

ʤʘʛʠʩʪʨʘʣʝʡ. ʉʪʝʥʜ ʦʩʥʘʱʝʥ ʩʠʩʪʝʤʦʡ ʜʘʪʯʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʘʨʘʤʝʪʨʦʚ ʭʦʣʦʜʠʣʴʥʦʛʦ ʮʠʢʣʘ. ɼʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʧʦʩʪʫʧʘʶʪ ʚ ʢʦʥʪʨʦʣʣʝʨ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʙʦʨ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ (ʨʠʩʫʥʦʢ 5.9), ʘ ʪʘʢʞʝ 

ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʩʧʠʨʘʣʴʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʨʝʛʫʣʠʨʫʝʤʳʭ 

ʢʣʘʧʘʥʦʚ. 

 
ʈʠʩʫʥʦʢ 5.9 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʩʪʝʥʜʘ 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʤʦʱʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʙʣʦʢʘ ʠʩʧʘʨʠʪʝʣʷ. ɼʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʧʨʠʙʣʠʟʠʪʴ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢ ʫʩʣʦʚʠʷʤ ʧʦʜʟʝʤʥʦʛʦ ʢʘʣʠʡʥʦʛʦ 

ʨʫʜʥʠʢʘ ɻʨʝʤʷʯʠʥʩʢʦʛʦ ɻʆʂ, ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʣʝʪʦʤ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 
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ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ (ʥʝ ʤʝʥʝʝ 26 °ʉ). ɺ ʧʝʨʠʦʜ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʝʜ ʙʣʦʢʦʤ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʣʩ ̫ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʥʘʛʨʝʚʘ, ʤʦʱʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 

10 ʢɺʪ, ʚ ʚʠʜʝ ʪʝʧʣʦʚʦʡ ʧʫʰʢʠ, ʣʠʙʦ ʜʨʫʛʦʛʦ ʩʪʝʥʜʘ, ʦʩʥʘʱʝʥʥʦʛʦ ʩʠʩʪʝʤʦʡ 

ʢʘʣʦʨʠʬʝʨʦʚ. 

ʆʙʱʠʡ ʚʠʜ ʩʪʝʥʜʘ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʜʘʯʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʫʭʘ ʧʨʝʜʩʪʘʚʣʝʥ rʥʘ 

ʨʠʩʫʥʢʘʭ 5.10 ʠ 5.11, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
ʈʠʩʫʥʦʢ 5.10 ï ʆʙʱʠʡ ʚʠʜ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ 

 

 
ʈʠʩʫʥʦʢ 5.11 ï ʀʩʪʦʯʥʠʢ ʥʘʛʨʝʚʘ (ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʘʣʦʨʠʬʝʨ) ʧʝʨʝʜ ʙʣʦʢʦʤ ʠʩʧʘʨʠʪʝʣʷ 

ʠ ʚʳʭʦʜʥʘʷ ʪʨʫʙʘ ʩ ʥʘʛʨʝʪʳʤ ʚʦʟʜʫʭʦʤ ʠʟ ʙʣʦʢʘ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ 

ʂʐʚï15 ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʷʭ. ʈʘʩʯʝʪʳ ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ ʘʥʘʣʠʟʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 
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ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ iïd ʜʠʘʛʨʘʤʤʳ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʦ ʠ ʠʟʤʝʥʝʥʠʝ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʭʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʢʘʣʠʡʥʦʛʦ ʨʫʜʥʠʢʘ.  

ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʵʥʪʘʣʴʧʠʡ ʚʦʟʜʫʭʘ çʜʦè ʠ çʧʦʩʣʝè 

ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ, ʨʦʣʴ ʢʦʪʦʨʦʛʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʛʨʘʝʪ ʠʩʧʘʨʠʪʝʣʴʥʳʡ 

ʙʣʦʢ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʛʠʛʨʦʤʝʪʨʘ 

Fluke 971. ʇʦʩʣʝ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʝ ʪʦʯʢʠ ʥʘʥʦʩʷʪʩʷ ʥʘ 

i-d ʜʠʘʛʨʘʤʤʫ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʵʥʪʘʣʴʧʠʡ. ʅʘ ʨʠʩʫʥʢʝ 5.12 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʵʥʪʘʣʴʧʠʡ. 

 
ʈʠʩʫʥʦʢ 5.12 ï ʇʨʠʤʝʨ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʵʥʪʘʣʴʧʠʡ ʥʘ iïd ʜʠʘʛʨʘʤʤʝ 

ʊʦʯʢʘ ˉ1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʘʤʝʪʨʘʤ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ t1 ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ű1, ʘ ʪʦʯʢʘ ˉ2 ʧʘʨʘʤʝʪʨʘʤ ʦʭʣʘʞʜʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ t2 ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʴʶ ű2. ʉʦʝʜʠʥʷʶʱʘʷ ʧʨʷʤʘʷ ʣʠʥʠʷ ʦʪʨʘʞʘʝʪ ʧʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ ʠ ʦʩʫʰʝʥʠʷ 

ʚʦʟʜʫʭʘ. ʈʘʟʥʦʩʪʴ ʵʥʪʘʣʴʧʠʡ I1 ʠ I2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʪʝʧʣʦʪʳ, ʦʪʚʦʜʠʤʦʤʫ ʦʪ 

ɺʣʘʛʦʩʦʜʝʨʞʘʥʠʝ, ʛ/ʢʛ 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ

, 
Áʉ

 

ɺʣʘʞʥʦʩʪʴ, % 

ȹI =I 1-I2 

ʊʦʯʢʘ ˉ1-  

ʜʦ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ  

(t1; ű1) 

ʊʦʯʢʘ ˉ2 ï  

ʧʦʩʣʝ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ  

(t2; ű2) 
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ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʧʨʦʭʦʜʝ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʙʣʦʢʘ ʠʩʧʘʨʠʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ 

ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʧʘʨʘʤʝʪʨ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ, ʠ ʩʪʨʝʤʠʪʩɹʷ 

ʜʦʩʪʠʯʴ ʪʘʢʠʭ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʣʘʛʘ ʥʝ ʙʫʜʝʪ ʢʦʥʜʝʥʩʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʟʘʤʝʨʳ ʢʦʣʠʯʝʩʪʚʘ 

ʚʦʟʜʫʭʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʙʣʦʢʘ ʠʩʧʘʨʠʪʝʣʷ, ʠ ʚʳʯʠʩʣʝʥʠʷ ʤʘʩʩʦʚʦʛʦ 

ʨʘʩʭʦʜʘ Gʚ: 

 Ὃ̃ ”ϽὠϽὛȟ (5.4) 

ʛʜʝ ” ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʢʛ/ʤ3; V ï ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ, ʤ/ʩ; S ï ʧʣʦɦʘʜʴ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ, ʤ2.  

ʇʨʠ ʵʪʦʤ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 ”
ὖ

ςψχϽὝ
 ȟ (5.5) 

ʛʜʝ P ï ʚʝʣʠʯʠʥʘ ʘʙʩʦʣʶʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʦ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʇʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ, Áʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʪʦʛʦʤ ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʡ 

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʂʐʚï15: 

 ὔ ῳὍϽὋ̃ȟ̋ ˏ ̓Ȣ (5.6) 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʟʘʚʦʜʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʂʐʚï15, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʣʷ ʣʦʢʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʉʂɺï8. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʥʝʩʢʦʣʴʢʦ 

ʵʪʘʧʦʚ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʜʦʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠ ʨʘʟʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 5.3 - 5.8. 
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ʊʘʙʣʠʮʘ 5.3 ð ʈʝʟʫʣʴʪʘʪʳ ʟʘʚʦʜʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ˉ1 

ʇʘʨʘʤʝʪʨ ɺʝʣʠʯʠʥʘ 

ɼʘʪʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʤʝʨʘ ˉ1 13.06.2024 

ʋʩʪʘʚʢʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 16 °ʉ 

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 100720 ʇʘ 

ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ 1,167 ʢʛ/ʤ3 

ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʝ ʙʣʦʢʘ ʠʩʧʘʨʠʪʝʣʷ 4,6 ʤ/ʩ 

ʉʝʯʝʥʠʝ ʪʨʫʙʳ 0,126 ʤ2 

ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 0,67 ʢʛ/ʩ 

ɿʘʤʝʨ ʧʝʨʝʜ ʠʩʧʘʨʠʪʝʣʝʤ 

ʪʝʤʧʝʨʘʪʫʨʘ 36,0 °ʉ 

ʚʣʘʞʥʦʩʪʴ 22,5 % 

ɿʘʤʝʨ ʧʦʩʣʝ ʠʩʧʘʨʠʪʝʣʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 19,0 °ʉ 

ʚʣʘʞʥʦʩʪʴ 38,8 % 

ʈʘʟʥʦʩʪʴ ʵʥʪʘʣʴʧʠʡ 19,0 ʢɼʞ/ʢʛ 

ɿʘʤʝʨʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 12,8 ʢɺʪ 

 

ʊʘʙʣʠʮʘ 5.4 ð ʈʝʟʫʣʴʪʘʪʳ ʟʘʚʦʜʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ˉ2 

ʇʘʨʘʤʝʪʨ ɺʝʣʠʯʠʥʘ 

ɼʘʪʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʤʝʨʘ ˉ2 13.06.2024 

ʋʩʪʘʚʢʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 10 °ʉ 

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 100720 ʇʘ 

ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ 1,167 ʢʛ/ʤ3 

ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʝ ʙʣʦʢʘ ʠʩʧʘʨʠʪʝʣʷ 5,0 ʤ/ʩ 

ʉʝʯʝʥʠʝ ʪʨʫʙʳ 0,126 ʤ2 

ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 0,73 ʢʛ/ʩ 

ɿʘʤʝʨ ʧʝʨʝʜ ʠʩʧʘʨʠʪʝʣʝʤ 

ʪʝʤʧʝʨʘʪʫʨʘ 38,8 °ʉ 

ʚʣʘʞʥʦʩʪʴ 21,0 % 

ɿʘʤʝʨ ʧʦʩʣʝ ʠʩʧʘʨʠʪʝʣʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 18,6 °ʉ 

ʚʣʘʞʥʦʩʪʴ 54,0 % 

ʈʘʟʥʦʩʪʴ ʵʥʪʘʣʴʧʠʡ 25,0 ʢɼʞ/ʢʛ 

ɿʘʤʝʨʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 18,3 ʢɺʪ 
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ʊʘʙʣʠʮʘ 5.5 ð ʈʝʟʫʣʴʪʘʪʳ ʟʘʚʦʜʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ˉ3 

ʇʘʨʘʤʝʪʨ ɺʝʣʠʯʠʥʘ 

ɼʘʪʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʤʝʨʘ ˉ3 21.03.2025 

ʋʩʪʘʚʢʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 20 °ʉ 

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 100830 ʇʘ 

ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ 1,183 ʢʛ/ʤ3 

ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʝ ʙʣʦʢʘ ʠʩʧʘʨʠʪʝʣʷ 4,4 ʤ/ʩ 

ʉʝʯʝʥʠʝ ʪʨʫʙʳ 0,126 ʤ2 

ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 0,65 ʢʛ/ʩ 

ɿʘʤʝʨ ʧʝʨʝʜ ʠʩʧʘʨʠʪʝʣʝʤ 

ʪʝʤʧʝʨʘʪʫʨʘ 29,5 °ʉ 

ʚʣʘʞʥʦʩʪʴ 10,0 % 

ɿʘʤʝʨ ʧʦʩʣʝ ʠʩʧʘʨʠʪʝʣʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 19,1 °ʉ 

ʚʣʘʞʥʦʩʪʴ 18,8 % 

ʈʘʟʥʦʩʪʴ ʵʥʪʘʣʴʧʠʡ 11,0 ʢɼʞ/ʢʛ 

ɿʘʤʝʨʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 7,2 ʢɺʪ 

 

ʊʘʙʣʠʮʘ 5.6 ð ʈʝʟʫʣʴʪʘʪʳ ʟʘʚʦʜʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ˉ4 

ʇʘʨʘʤʝʪʨ ɺʝʣʠʯʠʥʘ 

ɼʘʪʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʤʝʨʘ ˉ4 21.03.2025 

ʋʩʪʘʚʢʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 16 °ʉ 

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 100830 ʇʘ 

ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ 1,183 ʢʛ/ʤ3 

ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʝ ʙʣʦʢʘ ʠʩʧʘʨʠʪʝʣʷ 5,0 ʤ/ʩ 

ʉʝʯʝʥʠʝ ʪʨʫʙʳ 0,126 ʤ2 

ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 0,74 ʢʛ/ʩ 

ɿʘʤʝʨ ʧʝʨʝʜ ʠʩʧʘʨʠʪʝʣʝʤ 

ʪʝʤʧʝʨʘʪʫʨʘ 24,0 °ʉ 

ʚʣʘʞʥʦʩʪʴ 14,0 % 

ɿʘʤʝʨ ʧʦʩʣʝ ʠʩʧʘʨʠʪʝʣʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 8,0 °ʉ 

ʚʣʘʞʥʦʩʪʴ 37,3 % 

ʈʘʟʥʦʩʪʴ ʵʥʪʘʣʴʧʠʡ 17,0 ʢɼʞ/ʢʛ 

ɿʘʤʝʨʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 12,6 ʢɺʪ 
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ʊʘʙʣʠʮʘ 5.7 ð ʈʝʟʫʣʴʪʘʪʳ ʟʘʚʦʜʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ˉ5 

ʇʘʨʘʤʝʪʨ ɺʝʣʠʯʠʥʘ 

ɼʘʪʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʤʝʨʘ ˉ5 02.04.2025 

ʋʩʪʘʚʢʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 14 °ʉ 

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 100225 ʇʘ 

ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ 1,180 ʢʛ/ʤ3 

ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʝ ʙʣʦʢʘ ʠʩʧʘʨʠʪʝʣʷ 5,0 ʤ/ʩ 

ʉʝʯʝʥʠʝ ʪʨʫʙʳ 0,126 ʤ2 

ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 0,74 ʢʛ/ʩ 

ɿʘʤʝʨ ʧʝʨʝʜ ʠʩʧʘʨʠʪʝʣʝʤ 

ʪʝʤʧʝʨʘʪʫʨʘ 27,0 °ʉ 

ʚʣʘʞʥʦʩʪʴ 19,8 % 

ɿʘʤʝʨ ʧʦʩʣʝ ʠʩʧʘʨʠʪʝʣʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 9,6 °ʉ 

ʚʣʘʞʥʦʩʪʴ 46,0 % 

ʈʘʟʥʦʩʪʴ ʵʥʪʘʣʴʧʠʡ 19,8 ʢɼʞ/ʢʛ 

ɿʘʤʝʨʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 15,0 ʢɺʪ 

 

ʊʘʙʣʠʮʘ 5.8 ð ʈʝʟʫʣʴʪʘʪʳ ʟʘʚʦʜʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ˉ6 

ʇʘʨʘʤʝʪʨ ɺʝʣʠʯʠʥʘ 

ɼʘʪʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʤʝʨʘ ˉ6 02.04.2025 

ʋʩʪʘʚʢʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 14 °ʉ 

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 100225 ʇʘ 

ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ 1,180 ʢʛ/ʤ3 

ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʝ ʙʣʦʢʘ ʠʩʧʘʨʠʪʝʣʷ 5,0 ʤ/ʩ 

ʉʝʯʝʥʠʝ ʪʨʫʙʳ 0,126 ʤ2 

ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 0,74 ʢʛ/ʩ 

ɿʘʤʝʨ ʧʝʨʝʜ ʠʩʧʘʨʠʪʝʣʝʤ 

ʪʝʤʧʝʨʘʪʫʨʘ 39,6 °ʉ 

ʚʣʘʞʥʦʩʪʴ 10,8 % 

ɿʘʤʝʨ ʧʦʩʣʝ ʠʩʧʘʨʠʪʝʣʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 16,0 °ʉ 

ʚʣʘʞʥʦʩʪʴ 30,3 % 

ʈʘʟʥʦʩʪʴ ʵʥʪʘʣʴʧʠʡ 27,0 ʢɼʞ/ʢʛ 

ɿʘʤʝʨʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 20,0 ʢɺʪ 
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ʅʘ ʨʠʩʫʥʢʝ 5.13 ʧʨʠʚʝʜʝʥʘ i-d ʜʠʘʛʨʘʤʤʘ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʚʦʜʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʦʯʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʜʠʘʛʨʘʤʤʝ, ʧʨʦʥʫʤʝʨʦʚʘʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʤʝʨʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʪʘʙʣʠʮʘʭ 5.3 - 5.8 ʠ ʚʳʜʝʣʝʥʳ ʦʜʠʥʘʢʦʚʳʤʠ 

ʮʚʝʪʘʤʠ. 

 
ʈʠʩʫʥʦʢ 5.13 ï ʇʨʠʤʝʨ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʵʥʪʘʣʴʧʠʡ ʥʘ iïd ʜʠʘʛʨʘʤʤʝ 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ i-d ʜʠʘʛʨʘʤʤʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʣʠʙʦ ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʚʣʘʛʠ, ʣʠʙʦ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ 

ʢʦʥʜʝʥʩʘʮʠʠ ʚʣʘʛʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʨʪʠʢʘʣʴʥʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʝʨʚʳʭ 

ɺʣʘʛʦʩʦʜʝʨʞʘʥʠʝ, ʛ/ʢʛ 
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