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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ. 

ʀʟʫʯʝʥʠʝ ʚʠʭʨʝʚʳʭ ʠ ʚʦʣʥʦʚʳʭ ʪʝʯʝʥʠʡ ï ʦʜʥʘ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʟʘʜʘʯ 

ʤʝʭʘʥʠʢʠ ʞʠʜʢʦʩʪʠ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʚʘʞʥʦʩʪʴ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʨʦʩʣʘ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ï ʟʘʤʢʥʫʪʳʝ ʠʣʠ 

ʩʧʠʨʘʣʴʥʳʝ ʛʝʦʤʝʪʨʠʠ (ʠ ʪʘʢʠʝ ʞʝ ʪʨʘʝʢʪʦʨʠʠ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʠʮ), ʧʦʟʚʦʣʷʶʪ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʚʠʭʨʠ ʥʘ ʬʦʥʝ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠʭ ʪʝʦʨʠʶ. ɺʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʘʭ (ʪʦʨʥʘʜʦ ʠ ʪʘʡʬʫʥ) ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʘʵʨʦʥʘʚʪʠʢʘ, ʪʝʧʣʦʦʙʤʝʥ, ʩʪʨʫʡʥʦʝ 

ʦʩʫʰʝʥʠʝ (spray drying), ʩʝʧʘʨʘʮʠʷ, ʦʙʦʛʘʱʝʥʠʝ, ʛʦʨʝʥʠʝ ʠ ʪ.ʜ. [1]. 

ɺ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʠʭʨʝʡ ʠ ʚʠʭʨʝʚʳʭ 

ʜʚʠʞʝʥʠʡ. ʆʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʬʨʦʥʪʘʣʴʥʳʝ ʚʠʭʨʠ, ʚʠʭʨʠ ʦʪʢʨʳʪʦʛʦ ʦʢʝʘʥʘ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ ʙʘʨʦʢʣʠʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ; ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ 

ʚʠʭʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʪʝʢʘʥʠʝʤ ʧʦʜʚʦʜʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʚʦʜʥʳʤʠ ʤʘʩʩʘʤʠ, ʠ 

ʩʠʥʦʧʪʠʯʝʩʢʠʝ ʚʠʭʨʠ, ʧʦʨʦʞʜʝʥʥʳʝ ʘʪʤʦʩʬʝʨʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ (ʥʘʧʨʠʤʝʨ, 

ʪʘʡʬʫʥʘʤʠ). ʈʘʟʣʠʯʘʶʪ ʮʠʢʣʦʥʠʯʝʩʢʠʝ ʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʝ ʚʠʭʨʠ (ʧʦ ʪʠʧʫ 

ʚʨʘʱʝʥʠʷ), ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʠ ʤʝʟʦʤʘʩʰʪʘʙʥʳʝ (ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʤʘʩʰʪʘʙʘʤ), ʘ ʪʘʢʞʝ ʢʚʘʟʠʧʦʩʪʦʷʥʥʳʝ, ʜʦʣʛʦʞʠʚʫʱʠʝ ʠ 

ʢʨʘʪʢʦʞʠʚʫʱʠʝ (ʧʦ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ) (ʨʠʩʫʥʦʢ 01). 

ʉʧʫʪʥʠʢʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʘʸʪ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ ʢʘʨʪʠʥʫ 

ʚʠʭʨʝʚʳʭ ʜʚʠʞʝʥʠʡ ʚ ʦʢʝʘʥʝ. ʉʲʸʤʢʠ ʠʟ ʢʦʩʤʦʩʘ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʠʤʦʤ, 

ʪʝʧʣʦʚʦʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʠ ʨʘʜʠʦʜʠʘʧʘʟʦʥʘʭ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʤʠʤʦ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ, ʜʦʣʛʦ ʞʠʚʫʱʠʭ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʚʠʭʨʝʡ ʚ ʦʢʝʘʥʝ 

(ʦʪʢʨʳʪʳʭ, ʢʩʪʘʪʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ) ʩʫʱʝʩʪʚʫʶʪ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʚʠʭʨʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ. ʋʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʤʝʭʘʥʠʟʤʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʵʚʦʣʶʮʠʠ 

ʠ ʜʠʩʩʠʧʘʮʠʠ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ. ʆʜʥʘ ʠʟ ʧʨʦʙʣʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ 
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ʫʩʪʨʦʡʩʪʚ ʩʚʷʟʘʥʘ ʩ ʧʦʪʝʨʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʟʘʢʨʫʯʝʥʥʳʭ 

ʧʦʪʦʢʦʚ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʚ ʥʠʭ ʨʘʟʥʦʛʦ ʨʦʜʘ ʩʣʦʞʥʳʭ ʪʨʝʭʤʝʨʥʳʭ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʚʣʠʷʶʱʠʭ ʥʘ ʚʩʝ ʧʨʦʮʝʩʩʳ ʚ ʚʠʭʨʝʚʳʭ ʘʧʧʘʨʘʪʘʭ. 

 

   

ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 01 ï ʀʥʪʝʥʩʠʚʥʳʝ ʚʠʭʨʠ: ʘ) - ʚʦʜʷʥʦʡ ʩʤʝʨʯ ʫ ʧʦʙʝʨʝʞʴʷ 

ʌʣʦʨʠʜʳ [2]; ʙ) - ʚʠʭʨʴ, ʩʦʟʜʘʚʘʝʤʳʡ ʘʚʠʘʮʠʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ [3] ʚ) - 

ʩʪʨʫʢʪʫʨʘ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʫ ʦʩʪʨʦʚʘ ɻʦʪʣʘʥʜ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ [4]. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ 

ʥʘʫʯʥʦʤ ʧʣʘʥʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʠʭ ʨʝʘʣʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʣʠʥʝʡʥʦʩʪʴ, ʩʠʥʛʫʣʷʨʥʦʩʪʴ, ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ, ʛʝʥʝʨʘʮʠʷ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ (ʢʦʛʝʨʝʥʪʥʳʭ) ʦʙʨʘʟʦʚʘʥʠʡ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʚʝʜʫʱʫʶ ʦʪʩʯʝʪ ʩ 

ʨʘʙʦʪ ʊʦʨʨʠʯʝʣʣʠ ʠ ʅʴʶʪʦʥʘ XVII ʚʝʢʘ [5, 6], ʤʥʦʛʠʝ ʝʝ ʧʨʦʙʣʝʤʳ ʜʦ ʩʠʭ ʧʦʨ 

ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʤʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʚʠʭʨʝʚʳʤ ʪʝʯʝʥʠʷʤ. 

ʆʧʠʩʳʚʘʶʱʝʝ ʜʚʠʞʝʥʠʝ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʫʨʘʚʥʝʥʠʝ ʅʘʚʴʝ - ʉʪʦʢʩʘ, 

ʥʘʧʠʩʘʥʥʦʝ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ XIX ʚʝʢʘ, ʩʦʜʝʨʞʠʪ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʥʘ 

ʨʫʙʝʞʝ XX ʠ XXI ʚʝʢʦʚ ʄʘʪʝʤʘʪʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʂʣʝʷ ʦʙʲʷʚʣʝʥʳ ʦʜʥʦʡ ʠʟ 

ʩʝʤʠ ʧʨʦʙʣʝʤ ʪʳʩʷʯʝʣʝʪʠʷ. ʇʨʦʙʣʝʤʘ ʨʘʩʯʝʪʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʝʯʝʥʠʡ, ʠʤʝʶʱʠʭ ʨʝʘʣʴʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʟʘʯʘʩʪʫʶ ʜʘʣʝʢʘ ʦʪ 

ʨʝʰʝʥʠʷ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʘ. 

ʀʟʫʯʝʥʠʝ ʚʠʭʨʝʚʳʭ ʜʚʠʞʝʥʠʡ ʞʠʜʢʦʩʪʠ, ʥʘʯʘʪʦʝ ʚ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ 

ʨʘʙʦʪʝ ɻʝʣʴʤʛʦʣʴʮʘ [7] ʠ ʧʨʦʜʦʣʞʝʥʥʦʝ ʚʳʜʘʶʱʠʤʠʩʷ ʫʯʝʥʳʤʠ ʧʦʟʘʧʨʦʰʣʦʛʦ 
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ʠ ʥʘʯʘʣʘ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʂʝʣʴʚʠʥʦʤ [8, 9], ʇʨʘʥʜʪʣʝʤ [10], ʇʫʘʥʢʘʨʝ [11], 

ɾʫʢʦʚʩʢʠʤ [12] ʠ ʜʨ., ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʥʦʛʨʘʬʠʡ ʠ ʩʪʘʪʝʡ. 

ʉʨʝʜʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʚʳʰʝʜʰʠʭ ʢʥʠʛ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʠ ʯʠʩʣʝʥʥʳʤ, ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʤʦʥʦʛʨʘʬʠʶ ʌ. ɼʞ. ʉʵʬʬʤʵʥʘ, ʠʟʜʘʥʥʫʶ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʚ 2000 ʛʦʜʫ [13], 

ʨʦʩʩʠʡʩʢʠʭ ʘʚʪʦʨʦʚ C.B. ɸʣʝʢʩʝʝʥʢʦ, ʇ.ɸ. ʂʫʡʙʠʥʘ ʠ B.JI. ʆʢʫʣʦʚʘ [14], 

ʉʦʢʦʣʦʚʩʢʦʛʦ ʄ.ɸ. [15], ɻʘʡʬʫʣʣʠʥʘ A.M. [16], ɸ.ʀ.ɻʦʣʦʚʢʠʥʘ ʄ.ɸ., 

ɻʦʣʦʚʢʠʥʘ ɺ.ɸ. ʠ ʂʘʣʷʚʢʠʥʘ ɺ.ʄ. [17] ʠ ʜʨ. 

ʆʙʱʘʷ ʪʝʦʨʠʷ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʠʟʣʦʞʝʥʘ ʚ 

ʤʦʥʦʛʨʘʬʠʷʭ ʃʘʤʙʘ [18] ʠ ɺʠʣʣʷ [19]. ʈʦʜʦʥʘʯʘʣʴʥʠʢʦʤ ʪʝʦʨʠʠ ʚʠʭʨʝʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ɻ. ɻʝʣʴʤʛʦʣʴʮ, ʢʦʪʦʨʳʡ ʦʧʫʙʣʠʢʦʚʘʣ ʚ 1858 ʛʦʜʫ ʩʚʦʶ 

ʨʘʙʦʪʫ çʆʙ ʠʥʪʝʛʨʘʣʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʚʠʭʨʝʚʦʤʫ ʜʚʠʞʝʥʠʶè, ʚ ʢʦʪʦʨʦʡ ʦʥ ʚʧʝʨʚʳʝ ʜʘʣ ʬʦʨʤʫʣʠʨʦʚʢʫ ʪʝʦʨʝʤʳ 

ʩʦʭʨʘʥʝʥʠʷ ʚʠʭʨʝʡ [20]. ʇʦ ʵʪʦʡ ʪʝʦʨʝʤʝ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʠʣ, ʢʦʪʦʨʳʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʥʝʣʴʟʷ ʩʦʟʜʘʪʴ ʠʣʠ ʠʩʢʣʶʯʠʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʚʠʭʨʴ, ʪʝʤ ʙʦʣʝʝ ʠʟʤʝʥʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ. 

ʀʥʪʝʛʨʘʣʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ 

ʧʦʷʚʣʝʥʠʷ ʪʝʦʨʝʤʳ ʩʦʭʨʘʥʝʥʠʷ ʚʠʭʨʝʡ, ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʚ 1815 ʛʦʜʫ ʠʟʚʝʩʪʥʳʤ 

ʬʠʟʠʢʦʤ ʂʦʰʠ [21]. ʆʜʥʘʢʦ ʥʝʣʴʟʷ ʥʝ ʫʧʦʤʷʥʫʪʴ ʦʙ ʫʯʘʩʪʠʠ ʚ ʩʦʟʜʘʥʠʠ 

ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʜʘʥʥʦʡ ʪʝʦʨʝʤʝ ʩʦʭʨʘʥʝʥʠʷ ʚʠʭʨʝʡ ʠʟʚʝʩʪʥʦʛʦ ʬʠʟʠʢʘ 

ʃʘʛʨʘʥʞʘ. ɺ ʩʚʦʝʡ çɸʥʘʣʠʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝè (1788 ʛ.ʧ.) ʦʥ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʜʚʠʞʝʥʠʝ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʧʦʪʝʥʮʠʘʣʦʤ ʩʢʦʨʦʩʪʝʡ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ 

ʜʚʠʞʝʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʂʦʰʠ ʠ ʉʪʦʢʩ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʣʶʙʘʷ ʯʘʩʪʠʮʘ ʠʜʝʘʣʴʥʦʡ 

ʞʠʜʢʦʩʪʠ ʥʝ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʨʠ ʩʦʜʝʡʩʪʚʠʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʝʩʣʠ ʦʥʘ ʥʝ ʦʙʣʘʜʘʝʪ ʠʤ ʚ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ ʦʪʩʯʝʪʘ 

ʚʨʝʤʝʥʠ. 

ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʤ ɻʝʣʴʤʛʦʣʴʮʘ, ʠʪʘʣʴʷʥʩʢʠʡ ʫʯʝʥʳʡ ɹʝʣʴʪʨʘʤʠ, ʚʳʚʝʣ 

ʧʨʘʚʠʣʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ ʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʘʷ 



8 

 

ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʭʨʝʚʦʤ ʜʚʠʞʝʥʠʠ ʠ ʟʘʤʢʥʫʪʦʤ ʢʦʥʝʯʥʦʤ ʦʙʲʝʤʝ. ɼʘʥʥʦʝ 

ʧʨʘʚʠʣʦ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʪʝʦʨʝʤʳ ɹʝʣʴʪʨʘʤʠ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠʠ. ɺʝʥʛʝʨʩʢʠʡ ʫʯʝʥʳʡ ʊʝʦʜʦʨ ʬʦʥ ʂʘʨʤʘʥ ʙʳʣ 

ʧʝʨʚʳʤ, ʢʪʦ ʚ 1911 ʛ. ʦʙʥʘʨʫʞʠʣ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʚʠʭʨʝʡ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ, ʦʩʴ ʢʦʪʦʨʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ 

ʚʩʪʨʝʯʥʦʤʫ ʧʦʪʦʢʫ, ʠ ʦʧʠʩʘʣ ʫʩʣʦʚʠʷ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ [22]. ɺʠʭʨʝʚʳʝ ʜʦʨʦʞʢʠ 

ʂʘʨʤʘʥʘ ʧʨʦʜʦʣʞʘʶʪ ʠʟʫʯʘʪʴ ʜʦ ʩʠʭ ʧʦʨ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʳʙʨʦʩʳ 

ʧʦʜʦʙʥʳʭ ʚʠʭʨʝʡ ʙʳʚʘʶʪ ʥʘʩʪʦʣʴʢʦ ʤʦʱʥʳʤʠ, ʯʪʦ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʢʦʣʝʙʘʥʠʷ 

(ʨʝʟʦʥʘʥʩ) ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʲʝʢʪʘʭ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʠʭ ʦʧʘʩʥʦʩʪʠ ʩʣʫʞʠʪ 

ʨʘʟʨʫʰʝʥʠʝ ʪʘʢʠʤ ʚʠʭʨʝʤ ʚ 1940 ʛ. ʤʦʩʪʘ ʊʘʢʦʤʘ-ʅʵʨʨʦʫʟ (ʰʪʘʪ ɺʘʰʠʥʛʪʦʥ, 

ʉʐɸ). 

ɺʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʪʦʣʱʝ ʠ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʛʜʝ ʦʥʠ ʩʦʩʫʱʝʩʪʚʫʶʪ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʚʦʣʥʘʤʠ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʍʦʪʷ ʬʘʢʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʠʭʨʝʡ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʪʘʢʠʭ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʳʡ ʚʠʭʨʴ 

ʈʵʥʢʠʥʘ [25] ʠʣʠ ʧʦʣʫʢʦʣʴʮʘ ɻʝʣʴʤʛʦʣʴʮʘ [20]), ʠʟʚʝʩʪʝʥ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ, 

ʚʘʞʥʳʝ ʚʦʧʨʦʩʳ ʠʭ ʜʠʥʘʤʠʢʠ ʠ ʚʣʠʷʥʠʷ ʥʘ ʧʝʨʝʥʦʩ ʚʝʱʝʩʪʚʘ ʪʨʝʙʫʶʪ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʆʩʦʙʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ 

ʚʝʱʝʩʪʚʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʦʢʝʘʥʝ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʵʢʦʥʦʤʠʢʠ ʠ ʨʘʟʚʠʪʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʧʦʧʘʜʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʭ, ʢʦʪʦʨʳʝ 

ʧʦʧʘʜʘʶʪ ʠ ʚ ʚʦʟʜʫʰʥʳʡ ʙʘʩʩʝʡʥ, ʠ ʚ ʛʠʜʨʦʩʬʝʨʫ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʜʘʞʝ ʜʣʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʚʘʪʴ ʧʝʨʝʥʦʩ ʚʝʱʝʩʪʚʘ ʠʟ 

ʢʦʤʧʘʢʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʩʣʦʞʠʚʰʠʭʩʷ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʅʘ 

ʧʝʨʝʥʦʩ ʚʝʱʝʩʪʚʘ ʚʣʠʷʶʪ ʪʝʯʝʥʠʷ ʚ ʛʠʜʨʦʩʬʝʨʝ ï ʘʥʘʣʦʛ ʚʝʪʨʘ ʚ ʘʪʤʦʩʬʝʨʝ, 

ʚʠʭʨʠ ʠ ʚʦʣʥʳ (ʩʪʦʢʩʦʚ ʜʨʝʡʬ). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʚʠʭʨʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʙʲʝʢʪʘ. ʇʦʩʢʦʣʴʢʫ ʧʣʘʚʫʯʠʡ ʦʙʲʝʢʪ 
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ʦʙʣʘʜʘʝʪ ʧʨʠʩʫʱʠʤʠ ʝʤʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʜʢʦʡ ʩʨʝʜʳ, ʧʨʠ ʦʧʠʩʘʥʠʠ ʝʛʦ ʜʚʠʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʧʦʧʨʘʚʢʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʨʝʜʳ ʩ 

ʦʙʲʝʢʪʦʤ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʝʦʬʠʟʠʢʝ ʪʘʢʠʝ ʧʦʧʨʘʚʢʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 

ʧʦʣʝʟʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʙʣʝʤʦʡ ʥʘʢʦʧʣʝʥʠʷ 

ʧʣʘʩʪʠʢʦʚʦʛʦ ʤʫʩʦʨʘ ʚ ʮʝʥʪʨʘʭ ʚʠʭʨʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʦʪʢʨʳʪʦʤ ʦʢʝʘʥʝ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦʢʘʟʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʟʦʥʜʦʚ-ʜʨʠʬʪʝʨʦʚ, ʧʝʨʝʜʘʶʱʠʭ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʦʨʩʢʠʭ ʠ ʦʢʝʘʥʩʢʠʭ ʪʝʯʝʥʠʷʭ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʚ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ, 

ʢʘʢʠʤʠ ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʚʦʜʦʝʤʳ, ʩʦʧʨʷʞʝʥʦ ʩʦ ʤʥʦʛʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ 

ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ: ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʣʦʞʥʦʩʪʴʶ 

ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩʣʦʞʥʦʩʪʴʶ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴʶ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʦʢʝʘʥʘ ʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʦ ʚʨʝʤʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ï ʩʣʦʞʥʦʩʪʴʶ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʩʚʦʡʩʪʚ 

ʧʝʨʝʥʦʩʠʤʦʡ ʩʫʙʩʪʘʥʮʠʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ 

ʧʝʨʝʥʦʩʘ ʤʘʨʢʝʨʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʠʭʨʝʚʳʭ ʠ ʚʦʣʥʦʚʳʭ ʪʝʯʝʥʠʷʭ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʩ ʥʝʠʟʤʝʥʥʳʤʠ ʚʥʝʰʥʠʤʠ 

ʫʩʣʦʚʠʷʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʚʠʭʨʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʩʣʝʞʠʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ 

ʭʘʨʘʢʪʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʤʝʱʝʥʠʷ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʠʣʠ ʠʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦʤʝʱʝʥʥʳʭ ʚ ʪʝʯʝʥʠʝ. 

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ 

ʩʦʟʜʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʠ ʩʪʨʫʢʪʫʨʳ ʤʥʦʛʦʬʘʟʥʳʭ 

ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨʘ ʧʝʨʝʥʦʩʘ ʪʨʝʭ ʪʠʧʦʚ ʤʘʨʢʝʨʦʚ: ʪʚʝʨʜʦʪʝʣʴʥʳʭ 

(ʣʴʜʘ, ʧʣʘʩʪʠʢʘ), ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʩ ʚʦʜʦʡ (ʥʝʬʪʴ, ʤʘʩʣʦ, ʜʠʟʝʣʴ) ʠ 

ʨʘʩʪʚʦʨʠʤʳʭ (ʘʥʠʣʠʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ, ʫʨʘʥʠʣ). 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʚʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʚ 

ʢʦʥʪʝʡʥʝʨʘʭ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 
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ʧʘʨʘʤʝʪʨʘʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʦʨʠʛʠʥʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʪʨʫʢʪʫʨʳ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦ ʪʝʯʝʥʠʷ ʠ ʢʘʨʪʠʥʳ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʚ ʚʠʭʨʝʚʳʭ 

ʪʝʯʝʥʠʷʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʪʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

¶ ʧʦʣʫʯʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ 

ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ ʚʠʭʨʝʚʳʭ ʢʘʚʝʨʥ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʦʩʫʜʘʭ ʧʨʠ ʚʨʘʱʝʥʠʠ ʩʦʦʩʥʦʛʦ ʜʠʩʢʘ, ʠ ʩʦʚʧʘʜʘʝʪ 

ʢʘʢ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʪʘʢ ʠ ʩ ʧʦʣʫʯʝʥʥʦʡ ʨʘʥʝʝ 

ʤʦʜʝʣʴʶ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ. 

¶ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ 

ʪʨʘʝʢʪʦʨʠʠ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʭʨʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʳʝ ʩʧʠʨʘʣʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ ʪʝʯʝʥʠʝ ʦʪ 

ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʫ ʚʠʭʨʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʠ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʩʧʠʨʘʣʝʡ.  

¶ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦ ʪʝʯʝʥʠʠ ʚʙʣʠʟʠ ʜʠʩʢʘ, ʩʣʫʞʘʱʝʛʦ 

ʠʥʜʫʢʪʦʨʦʤ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʚʨʘʱʘʶʱʠʡʩʷ ʠʥʜʫʢʪʦʨ ʢʦʥʪʘʢʪʠʨʫʝʪ ʪʦʣʴʢʦ ʩ ʞʠʜʢʦʩʪʴʶ ʠ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʧʦʣʷ ʩʯʠʪʘʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʠ 

ʥʝʟʘʚʠʩʷʱʠʤʠ ʦʪ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʘ ű. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ ʞʠʜʢʠʝ ʵʣʝʤʝʥʪʳ ʜʚʠʞʫʪʩʷ ʧʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ 

ʩʧʠʨʘʣʷʤ. 

¶ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʥʦʩʘ 

ʨʘʩʪʚʦʨʠʤʦʡ ʧʨʠʤʝʩʠ ʚ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʜʠʣʠ 

ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʨʠʤʝʩʠ 

ʚʙʣʠʟʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʪʝʯʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʟʘʜʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 
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ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʜʠʩʢʝ ʠ ʟʘʪʝʤ ʧʝʨʝʥʦʩʷʪʩʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʬʦʨʤʳ 

ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʚʦ ʚʩʶ ʦʙʣʘʩʪʴ, ʟʘʥʠʤʘʝʤʫʶ ʞʠʜʢʦʩʪʴʶ. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝʤ ʪʠʧʦʚ ʩʧʠʨʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʠʭ 

ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʙʣʠʟʠ ʜʠʩʢʘ. 

¶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʨʘʟʜʝʣʘ ʥʝʬʪʷʥʦʝ ʪʝʣʦ ï ʚʦʜʘ ʠ ʞʠʜʢʦʩʪʴ (ʚʦʜʘ ʠʣʠ ʥʝʩʤʝʰʠʚʘʶʱʠʝʩʷ 

ʫʛʣʝʚʦʜʦʨʦʜʳ) ï ʚʦʟʜʫʭ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ, ʚʢʣʶʯʘʷ ʨʝʞʠʤ ʥʘʯʘʣʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʤʫʣʴʩʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʤʘʩʩʦʚʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʞʠʜʢʦʩʪʠ (ʧʦʜʩʦʣʥʝʯʥʦʝ ʠ 

ʘʚʠʘʮʠʦʥʥʦʝ ʤʘʩʣʘ, ʥʝʬʪʴ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʘ ʪʘʢʞʝ ʠʭ ʩʤʝʩʠ ʚ 

ʨʘʟʥʳʭ ʧʨʦʧʦʨʮʠʷʭ). 

¶ ʚʧʝʨʚʳʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʦʨʤʳ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʡ 

ʤʝʭʘʥʠʢʠ ʨʘʟʥʦʧʣʦʪʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤʠ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ ʬʦʨʤʫ 

ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ ʞʠʜʢʦʩʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ 

ʢʦʤʧʦʥʝʥʪ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʬʦʨʤʫ 

ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ, 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

¶ ʧʨʝʜʣʦʞʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʙʲʷʩʥʷʶʱʘʷ ʜʚʠʞʝʥʠʝ 

ʤʘʨʢʝʨʦʚ, ʧʦʤʝʱʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʚ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʡ ʞʠʜʢʦʩʪʠ. ʇʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ 

ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʤʘʨʢʝʨʘ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ 

ʩʧʠʨʘʣʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʭʨʝʚʦʡ ʚʦʨʦʥʢʠ, ʢʦʪʦʨʘʷ ʩʦʚʧʘʜʘʝʪ ʩ 

ʪʨʘʝʢʪʦʨʠʷʤʠ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʚʙʣʠʟʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʚʨʘʱʝʥʠʷ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʚ 

ʦʙʣʘʩʪʠ ʚʨʘʱʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. 
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¶ ʧʦʣʫʯʝʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʬʦʨʤʫ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʨʘʚʝʥʩʪʚʘ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʚʨʘʱʝʥʠʷ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʞʠʜʢʦʩʪʠ (ʛʠʧʦʪʝʟʘ 

çʚʤʦʨʦʞʝʥʥʦʩʪʠ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘè). ʇʦʣʫʯʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʬʦʨʤʳ ʧʷʪʥʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʢʦʷʱʝʡʩʷ ʚʦʜʳ. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʨʘʩʪʝʢʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʢʦʤʧʘʢʪʥʦʛʦ ʧʷʪʥʘ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ï ʪʝʤʧʝʨʘʪʫʨʝ 

ʠ ʩʦʣʝʥʦʩʪʠ. 

¶ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʨʙʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤ, 

ʠʭ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʟʘʛʨʷʟʥʝʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ. ʇʨʝʜʣʦʞʝʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʩʧʦʩʦʙ 

ʦʯʠʩʪʢʠ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʥʝʬʪʷʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ 

ʥʘʪʫʨʘʣʴʥʦʡ ʦʚʝʯʴʝʡ ʰʝʨʩʪʠ. ʇʨʦʚʝʜʝʥʥʘʷ ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʚʦʜʳ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʰʝʨʩʪʴ ʩʦʨʙʠʨʫʝʪ 

ʜʦ 89% ʥʝʬʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʩʦʨʙʝʥʪʘ. 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʄʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ, 

ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʠ ʥʦʚʠʟʥʳ. ʃʘʙʦʨʘʪʦʨʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʪʨʝʭ ʫʩʪʘʥʦʚʢʘʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʚʘʪʴ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʝʛʦ ʧʘʨʘʤʝʪʨʳ: 

1. ʋʩʪʘʥʦʚʢʘ çɺʊʂè (ɺʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ ʩ ʢʨʫʯʝʥʠʝʤ) ʩʦʟʜʘʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʤʝʭʘʥʠʢʠ ʞʠʜʢʦʩʪʝʡ ʀʇʄʝʭ ʈɸʅ ʜʣʷ ʠʟʫʯʝʥʠʷ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʠ ʚʭʦʜʠʪ 

ʚ ʢʦʤʧʣʝʢʩ ʫʥʠʢʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʋʅʋ ɻʌʂ ʀʇʄʝʭ ʈɸʅ. ɺʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ 

ʩʦʟʜʘʚʘʣʦʩʴ ʚʨʘʱʘʶʱʠʤʩʷ ʜʠʩʢʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʜʥʝ ʧʨʦʟʨʘʯʥʦʛʦ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ 

ʢʦʥʪʝʡʥʝʨ ʧʦʤʝʱʘʣʩʷ ʚ ʦʪʢʨʳʪʳʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʙʘʩʩʝʡʥ. 
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2. ʏʘʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʯʝʥʠʡ, ʚʠʭʨʝʚʦʡ ʧʦʪʦʢ ʚ ʢʦʪʦʨʳʭ ʩʦʟʜʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʘʛʥʠʪʥʦʛʦ ʷʢʦʨʷ, 

ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʤʦʪʦʨʦʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʫʢʪʦʨʘ ʚʠʭʨʝʚʦʛʦ 

ʪʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʤʝʰʘʣʢʠ: Intllab MS-500 ʠ ES-6120 ʩ 

ʧʦʜʦʛʨʝʚʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʥʪʝʡʥʝʨʳ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ 

ʨʘʟʤʝʨʘ. ɺ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʩʪʘʚʘʣʘʩʴ ʦʪʢʨʳʪʦʡ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʚʝʜʝʥʠʝ ʧʨʠʤʝʩʠ ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʪʦʥʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʪʝʯʝʥʠʷ. 

3. ʉʦʚʤʝʩʪʥʦ ʩ ʢʦʣʣʝʛʘʤʠ ʠʟ ʀʥʩʪʠʪʫʪʘ ʪʝʧʣʦʬʠʟʠʢʠ ʠʤ. ʉ.ʉ. ʂʫʪʘʪʝʣʘʜʟʝ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʯʘʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʚ ʟʘʤʢʥʫʪʳʭ ʢʦʥʪʝʡʥʝʨʘʭ ʢʨʫʛʣʦʛʦ ʠ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʨʢʝʨʳ ʪʨʝʭ ʪʠʧʦʚ: ʪʚʝʨʜʦʪʝʣʴʥʳʝ 

(ʣʝʜ, ʧʣʘʩʪʠʢ), ʥʝʩʤʝʰʠʚʘʶʱʠʝʩʷ ʩ ʚʦʜʦʡ (ʥʝʬʪʴ, ʤʘʩʣʦ, ʜʠʟʝʣʴ, ʘʚʠʘʮʠʦʥʥʦʝ 

ʪʦʧʣʠʚʦ, ʛʣʠʮʝʨʠʥ) ʠ ʨʘʩʪʚʦʨʠʤʳʝ (ʘʥʠʣʠʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ, ʫʨʘʥʠʣ, ʩʧʠʨʪ). ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʛʜʝ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʠʤʝʥʷʣʠʩʴ ʯʘʩʪʠʮʳ ʘʣʶʤʠʥʠʝʚʦʡ 

ʧʫʜʨʳ, ʦʩʚʝʱʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʨʘʟʚʝʨʥʫʪʦʛʦ ʚ ʧʣʦʩʢʦʩʪʴ ʧʣʦʩʢʦʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʣʠʥʟʦʡ. 

ɹʳʣʘ ʧʨʦʜʝʣʘʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʪʚʝʨʜʦʪʝʣʴʥʳʤʠ ʤʘʨʢʝʨʘʤʠ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʩ ʮʝʣʴʶ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʫʧʨʘʚʣʷʝʤʳʭ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʤʘʨʢʝʨʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ. ʇʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʦʙʲʝʢʪʳ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ 

ʚʚʦʜʠʣʠʩʴ ʫʞʝ ʚ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ (ʢʘʢ ʚ ʯʠʩʪʫʶ ʚʦʜʫ, ʪʘʢ ʠ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ), ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʥʘʯʠʥʘʣʘʩʴ ʚʠʜʝʦʟʘʧʠʩʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʚʝʜʝʥʠʷ ʤʘʨʢʝʨʘ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʨʘʩʪʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʚʝʢʪʦʨʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʝʨʝʥʦʩʘ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʘʨʢʝʨʦʚ ʚ ʦʜʥʦʬʘʟʥʳʭ ʠ ʤʥʦʛʦʬʘʟʥʳʭ ʞʠʜʢʦʩʪʷʭ. 
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ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ 

ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʢʠ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ 

ʞʠʜʢʦʩʪʝʡ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ ʬʦʨʤʫ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʚ 

ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ ʞʠʜʢʦʩʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪ. ʉʯʠʪʘʣʦʩʴ, 

ʯʪʦ ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ ʧʦʣʷ ʚʙʣʠʟʠ ʵʪʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝ ʟʘʚʠʩʷʪ ʥʠ ʦʪ ʚʨʝʤʝʥʠ, 

ʥʠ ʦʪ ʘʟʠʤʫʪʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʵʬʬʝʢʪʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

ʩʯʠʪʘʶʪʩʷ ʤʘʣʳʤʠ ʠ ʥʝ ʧʨʠʥʠʤʘʶʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʠʭʨʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʝ, ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʝʛʦ ʚʨʘʱʝʥʠʠ ʚʦʢʨʫʛ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʯʪʦ ʫʯʠʪʳʚʘʣʦʩʴ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʬʦʨʤ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ, ʚʳʧʦʣʥʝʥʥʦʝ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʦʪʩʫʪʩʪʚʠʷ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʚ ʦʙʲʝʤʝ ʪʝʯʝʥʠʷ, 

ʚʚʠʜʫ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʛʦ ʚʢʣʘʜʘ ʵʪʠʭ ʪʝʯʝʥʠʡ ʚ ʩʫʤʤʘʨʥʫʶ ʵʥʝʨʛʠʶ ʚʠʭʨʷ. 

ʍʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʦʩʪʨʦʝʥʥʳʭ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʢʨʠʚʳʭ ʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʬʦʨʤ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʚ ʧʦʣʴʟʫ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʦʨʤʳ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ 

ʬʘʟ. 

ɸʥʘʣʠʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ ʚʙʣʠʟʠ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʜʠʩʢʘ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʨʘʱʘʶʱʠʡʩʷ ʠʥʜʫʢʪʦʨ ʢʦʥʪʘʢʪʠʨʫʝʪ ʪʦʣʴʢʦ ʩ 

ʞʠʜʢʦʩʪʴʶ. ʆʧʨʝʜʝʣʝʥʳ ʬʦʨʤʳ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʫʱʠʭʩʷ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʚ 

ʪʦʣʱʝ ʚʦʜʳ ʚʙʣʠʟʠ ʜʠʩʢʘ. ʉʦʚʧʘʜʝʥʠʝ ʪʠʧʦʚ ʩʧʠʨʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʠʭ 

ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʙʣʠʟʠ ʜʠʩʢʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʟʘʜʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʜʠʩʢʝ 

ʠ ʟʘʪʝʤ ʧʝʨʝʥʦʩʷʪʩʷ ʚʦ ʚʩʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʙʣʘʩʪʴ, ʟʘʥʠʤʘʝʤʫʶ 

ʞʠʜʢʦʩʪʴʶ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʫʱʠʭʩʷ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʧʠʨʘʣʠ, ʧʦ ʢʦʪʦʨʳʤ ʵʪʠ ʯʘʩʪʠʮʳ 

ʜʚʠʞʫʪʩʷ ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʨʫ ʚʠʭʨʷ. 
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ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʨʨʝʢʪʥʦʡ 

ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʧʨʝʜʝʣʘʭ ʪʦʯʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩʦʛʣʘʩʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʜʘʥʥʳʤʠ ʥʝʟʘʚʠʩʠʤʳʭ ʦʧʳʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʩʦʚʧʘʜʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʩʦʛʣʘʩʠʝʤ ʩ ʨʘʩʯʝʪʘʤʠ ʧʦ ʤʦʜʝʣʷʤ, 

ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʤʝʭʘʥʠʢʠ ʞʠʜʢʦʩʪʝʡ. 

ʅʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʩʦʩʪʘʚʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ 

ʟʘʱʠʪʫ: 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʢʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʪʨʫʢʪʫʨʳ ʫʩʪʘʥʦʚʠʚʰʝʛʦ ʪʝʯʝʥʠʷ ʠ ʢʘʨʪʠʥʳ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ 

ʚ ʚʠʭʨʝʚʳʭ ʠ ʚʦʣʥʦʚʳʭ ʪʝʯʝʥʠʷʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʢʠ ʠ ʩʪʨʫʢʪʫʨʳ 

ʤʥʦʛʦʬʘʟʥʳʭ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨʘ ʧʝʨʝʥʦʩʘ ʪʨʝʭ ʪʠʧʦʚ ʤʘʨʢʝʨʦʚ: 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ (ʣʴʜʘ, ʧʣʘʩʪʠʢʘ), ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʩ ʚʦʜʦʡ (ʥʝʬʪʴ, ʤʘʩʣʦ, 

ʜʠʟʝʣʴ) ʠ ʨʘʩʪʚʦʨʠʤʳʭ (ʘʥʠʣʠʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ, ʫʨʘʥʠʣ). 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ ʥʝʬʪʷʥʦʝ ʪʝʣʦ ï ʚʦʜʘ ʠ ʞʠʜʢʦʩʪʴ (ʚʦʜʘ ʠʣʠ 

ʥʝʩʤʝʰʠʚʘʶʱʠʝʩʷ ʫʛʣʝʚʦʜʦʨʦʜʳ) ï ʚʦʟʜʫʭ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ, ʚʢʣʶʯʘʷ ʨʝʞʠʤ 

ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʤʫʣʴʩʠʡ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ 

ʚʠʭʨʝʚʳʭ ʢʘʚʝʨʥ, ʧʦʢʘʟʳʚʘʶʱʘʷ, ʯʪʦ ʪʨʘʝʢʪʦʨʠʠ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʢʘʢ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʭʨʷ, ʪʘʢ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʪʨʝʭʤʝʨʥʳʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʩʧʠʨʘʣʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ ʪʝʯʝʥʠʝ ʦʪ 

ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʫ ʚʠʭʨʷ.  

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ ʩʦʩʪʘʚʥʦʤ 

ʚʠʭʨʝ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʢʠ ʨʘʟʥʦʧʣʦʪʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʩ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ.  
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ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʜʚʠʞʝʥʠʝ ʤʘʨʢʝʨʦʚ, ʠʤʝʶʱʠʭ 

ʮʝʥʪʨʘʣʴʥʫʶ ʩʠʤʤʝʪʨʠʶ, ʧʦʤʝʱʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʠ 

ʧʦʜʪʚʝʨʞʜʘʶʱʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʧʫʙʣʠʢʘʮʠʷʤʠ ʚ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʈɸʅ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʟʜʘʥʠʷʭ 

ʢʚʘʨʪʠʣʝʡ Q1 ʠ Q3. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ 

ʚ ʤʥʦʛʦʬʘʟʥʳʭ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʷʭ ʜʣʷ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ, ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʘʪʴ ʪʝʯʝʥʠʝ ʚ ʪʦʣʱʝ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚʘʞʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʪʝʯʝʥʠʷʭ ʠ ʙʦʣʝʝ ʪʦʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ (ʚ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʛʠʜʨʦʩʬʝʨʝ ʠ ʘʪʤʦʩʬʝʨʝ), ʘ ʪʘʢʞʝ ʩʦʟʜʘʜʫʪ ʦʩʥʦʚʫ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ ʧʨʠʟʥʘʢʦʚ ʧʝʨʝʭʦʜʘ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʦʙʣʘʩʪʝʡ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʤʠʤʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ, 

ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʨʠʢʣʘʜʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʧʦ ʨʘʟʜʝʣʝʥʠʶ ʚʦʜʦʥʝʬʪʷʥʳʭ ʩʤʝʩʝʡ ʠ ʩʧʦʩʦʙʦʚ ʩʦʭʨʘʥʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʦʰʣʠ ʚ ʦʪʯʝʪʳ ʧʦ ʧʨʦʝʢʪʘʤ ʈʌʌʀ ˉ14-01-

00015 çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʠ ʢʘʨʪʠʥʳ ʧʝʨʝʥʦʩʘ 

ʧʨʠʤʝʩʝʡ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠè, ʈʌʌʀ ˉ18-01-00116 

çʀʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʚ ʚʠʭʨʝʚʳʭ ʠ ʚʦʣʥʦʚʳʭ ʪʝʯʝʥʠʷʭ ʚ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʨʝʜʘʭè. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚʢʣʶʯʝʥʳ ʚ ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʫʢʘʟʘʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʧʝʮʢʫʨʩʘ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 
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ʃʦʤʦʥʦʩʦʚʘ, ʘ ʪʘʢʞʝ ʚʭʦʜʷʪ ʧʨʦʛʨʘʤʤʫ ʢʫʨʩʦʚ çʌʠʟʠʯʝʩʢʦʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʦʩʨʝʜʘʭè, çʆʧʪʠʯʝʩʢʠʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠè, çʄʝʪʦʜʳ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʛʝʦʬʠʟʠʢʝè. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʜʦʢʣʘʜʦʚ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ñʌʠʟʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠò (ʄʦʩʢʚʘ, 2007), çʇʦʪʦʢʠ ʠ ʩʪʨʫʢʪʫʨʳ ʚ ʞʠʜʢʦʩʪʷʭè 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2007; ʄʦʩʢʚʘ, 2009; ɺʣʘʜʠʚʦʩʪʦʢ, 2011, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

2013), EGU (ɺʝʥʘ, 2009, 2010, 2011), çʄʝʭʘʥʠʢʘ ʠ ʥʘʥʦʤʝʭʘʥʠʢʘ ʩʪʨʫʢʪʫʨʥʦ-

ʩʣʦʞʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʨʝʜè (ʄʦʩʢʚʘ, 2009), çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʌʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋè 

(ʄʦʩʢʚʘ, 2009; 2011), ʂʦʣʣʦʢʚʠʫʤʝ ɽʚʨʦʄʝʭ531: çɺʠʭʨʠ ʠ ʚʦʣʥʳ: 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝè (ʄʦʩʢʚʘ, 2011), ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ 

ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ çɺʠʭʨʠ ʠ ʚʦʣʥʳ ʚ ʩʣʦʞʥʳʭ ʩʨʝʜʘʭè 

(ʄʦʩʢʚʘ, 2011; 2012; 2013, ʂʘʣʠʥʠʥʛʨʘʜ, 2015, ʄʦʩʢʚʘ, 2016, 2017), ʉʠʤʧʦʟʠʫʤ 

IUTAM  12-3 çɺʦʣʥʳ ʚ ʞʠʜʢʦʩʪʷʭ: ʵʬʬʝʢʪʳ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʚʨʘʱʝʥʠʷ, 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ ʜʠʩʩʠʧʘʮʠʠè (ʄʦʩʢʚʘ, 2012), XXIII  ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʛʨʝʩʩ 

ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʝ (ICTAM) (ʇʝʢʠʥ, 2012), ɺʪʦʨʘʷ 

ʚʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʧʨʠʢʣʘʜʥʦʡ ʦʢʝʘʥʦʛʨʘʬʠʠ (ʄʦʩʢʚʘ, 2013), 

IUTAM  Modeling and Control of Transitional and Turbulent Flows (ɼʘʙʦʣʠʤ, 

2014), ʃʦʤʦʥʦʩʦʚʩʢʠʝ ʯʪʝʥʠʷ (2015-2017), 8-ʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʅʝʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʨʠʨʦʜʝ ʠ ʪʝʭʥʠʢʝè (ʄʦʩʢʚʘ, 2015), ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʌʠʟʠʯʝʩʢʦʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʦʩʨʝʜʘʭè (ʄʦʩʢʚʘ, 2015 ï 2019), çʅʦʚʳʡ ʬʦʨʫʤ ʥʘʫʢʘ ʠ 

ʠʥʥʦʚʘʮʠʠ ï ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʥʮʝʧʮʠʠè (ʄʦʩʢʚʘ, 2019). 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʥʘ ʩʝʤʠʥʘʨʝ çʇʨʦʙʣʝʤʳ 

ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳè ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬ. ʉ.ɺ. ʅʝʩʪʝʨʦʚʘ ʠ ʧʨʦʬ. 

ɼ.ɺ. ɻʝʦʨʛʠʝʚʩʢʦʛʦ (ʄʦʩʢʚʘ, 2019). 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 118 

ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ, ʠʟ ʥʠʭ: 35 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, 

ʚʭʦʜʷʱʠʭ ʚ ʇʝʨʝʯʝʥʴ ɺɸʂ ʈʌ ʠ/ʠʣʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ Web of Science/Scopus, 
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12 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʥʝ ʠʟ ʧʝʨʝʯʥʷ ɺɸʂ, 5 

ʤʦʥʦʛʨʘʬʠʡ; 19 ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ; 3 ʧʘʪʝʥʪʘ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ; 47 ʨʘʙʦʪ ʚ 

ʩʙʦʨʥʠʢʘʭ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ: 

ɺʩʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ 

ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪʘʭ, ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʜʠʩʩʝʨʪʘʮʠʠ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘʪʠʢʘ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʜʠʩʩʝʨʪʘʥʪʦʤ ʢʘʢ 

ʝʜʠʥʦʣʠʯʥʦ, ʪʘʢ ʠ ʧʨʠ ʫʯʘʩʪʠʠ ʜ.ʬ.-ʤ.ʥ. ʖ.ɼ. ʏʘʰʝʯʢʠʥʘ ʠ ʜ.ʬ.-ʤ.ʥ. 

ɸ.ɺ. ʂʠʩʪʦʚʠʯʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʪʝʤʳ. 

ʈʘʟʨʘʙʦʪʢʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʩʪʘʜʠʷʭ ʨʘʙʦʪʳ, ʘʧʨʦʙʘʮʠʷ ʠ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʩʦʪʨʫʜʥʠʢʘʤʠ ʥʘʫʯʥʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʠ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ. 

ʈʘʙʦʪʳ [56, 71, 83] ï ʥʘʧʠʩʘʥʳ ʝʜʠʥʦʣʠʯʥʦ ʘʚʪʦʨʦʤ. 

ɺ ʨʘʙʦʪʘʭ [39, 42, 43, 44, 62, 70, 72 ï 75, 78, 79, 84, 88, 89, 91, 96, 131 - 

133] ʘʚʪʦʨ ʣʠʯʥʦ ʛʦʪʦʚʠʣʘ ʠ ʧʨʦʚʦʜʠʣʘ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʧʨʠʤʝʩʝʡ ʚ ʚʠʭʨʝʚʦʤ 

ʪʝʯʝʥʠʠ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟʫʯʘʝʤʦʛʦ ʪʝʯʝʥʠʷ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʦʙʲʝʤʘ 

ʧʨʠʤʝʩʠ, ʦʪ ʛʣʫʙʠʥʳ, ʩʢʦʨʦʩʪʠ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʫʯʘʝʤʦʛʦ ʪʝʯʝʥʠʷ, 

ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʥʘʩʪʨʦʡʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʘʚʪʦʨ ʣʠʯʥʦ ʚʳʧʦʣʥʷʣʘ ʦʙʨʘʙʦʪʢʫ, ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʠ ʘʥʘʣʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʛʦʪʦʚʠʣʘ ʨʫʢʦʧʠʩʠ ʩʪʘʪʝʡ. 

ɺ ʨʘʙʦʪʘʭ [59, 77, 90] ʧʦʤʠʤʦ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʠ ʧʦʜʛʦʪʦʚʢʠ ʨʫʢʦʧʠʩʝʡ ʩʪʘʪʝʡ, ʘʚʪʦʨ ʧʨʠʥʠʤʘʣʘ ʫʯʘʩʪʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʠ ʚʘʣʠʜʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʟʫʯʘʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʨʘʙʦʪʘʭ [110, 128, 129, 134,] ʘʚʪʦʨʦʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʵʩʢʠʟʥʳʡ ʧʨʦʝʢʪ, 

ʩʦʟʜʘʥ ʤʘʢʝʪ ʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʙʦʨʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ.  

ɺ ʧʘʪʝʥʪʘʭ [135, 136] ʘʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʚʝʯʴʶ 

ʰʝʨʩʪʴ, ʢʘʢ ʚ ʚʠʜʝ ʤʘʨʢʝʨʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʯʝʥʠʡ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʩʦʨʙʝʥʪʘ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʘʚʪʦʨ 
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ʧʨʦʚʝʣʘ ʧʘʪʝʥʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʥʘʧʠʩʘʥʠʠ ʟʘʷʚʢʠ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʧʘʪʝʥʪʦʚ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʘʚʪʦʨʦʤ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ 

ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤ r ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʝʧʝʥʠ ʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʨʘʙʦʪʳ ʠ ʝʝ 

ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʇʨʠʚʝʜʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʭ ʥʦʚʠʟʥʘ, ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, 

ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʠ ʠʟʣʦʞʝʥʦ ʢʨʘʪʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦ ʛʣʘʚʘʤ. 

ɺ ɻʣʘʚʝ 1 ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʚ ʞʠʜʢʦʩʪʠ ʩʦ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʧʦ ʠʟʫʯʝʥʠʶ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ. ʇʨʠʚʝʜʝʥʦ 

ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ, ʦʧʠʩʘʥʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʝʪʦʜʠʢʘ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʘʨʘʤʝʪʨʳ ʠʟʫʯʘʝʤʳʭ ʪʝʯʝʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʘ ʦʙʱʘʷ ʤʦʜʝʣʴ 

ʚʠʭʨʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʦʥʪʝʡʥʝʨʝ, ʦʧʨʝʜʝʣʝʥʳ ʬʦʨʤʳ ʢʘʚʝʨʥʳ ʩʦʩʪʘʚʥʦʛʦ 

ʚʠʭʨʷ ʚ ʯʠʩʪʦʡ ʚʦʜʝ, ʛʝʦʤʝʪʨʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʘʚʝʨʥʳ ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʧʝʨʝʩʪʨʦʡʢʠ ʪʝʯʝʥʠʷ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʚʳʨʘʞʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʪʨʘʝʢʪʦʨʠʠ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʠʭʨʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʳʝ ʩʧʠʨʘʣʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ 

ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʫ ʚʠʭʨʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʠ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʩʧʠʨʘʣʝʡ. 

ʈʝʰʝʥʘ ʟʘʜʘʯʘ ʦ ʪʝʯʝʥʠʠ ʚʙʣʠʟʠ ʜʠʩʢʘ, ʩʣʫʞʘʱʝʛʦ ʠʥʜʫʢʪʦʨʦʤ ʩʦʩʪʘʚʥʦʛʦ 

ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʨʘʱʘʶʱʠʡʩʷ ʠʥʜʫʢʪʦʨ 
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ʢʦʥʪʘʢʪʠʨʫʝʪ ʪʦʣʴʢʦ ʩ ʞʠʜʢʦʩʪʴʶ ʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʧʦʣʷ 

ʩʯʠʪʘʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʠ ʥʝʟʘʚʠʩʷʱʠʤʠ ʦʪ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʘ ű. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ ʞʠʜʢʠʝ ʵʣʝʤʝʥʪʳ ʜʚʠʞʫʪʩʷ ʧʦ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ ʩʧʠʨʘʣʷʤ. 

ɺ ɻʣʘʚʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʝʨʝʥʦʩʘ ʨʘʩʪʚʦʨʠʤʦʡ ʧʨʠʤʝʩʠ ʠʟ ʢʦʤʧʘʢʪʥʦʛʦ ʧʷʪʥʘ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʚʥʫʪʨʴ ʧʦʢʦʷʱʝʡʩʷ ʠʣʠ ʚʦʚʣʝʯʝʥʥʦʡ ʚ ʩʦʩʪʘʚʥʦʝ 

ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ ʪʝʯʝʥʠʷ ʚʙʣʠʟʠ ʢʨʦʤʢʠ ʜʠʩʢʘ. ʈʘʩʩʯʠʪʘʥʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʦʧʫʩʢʘʥʠʷ ʢʨʘʩʠʪʝʣʷ ʚ ʪʦʣʱʫ ʞʠʜʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʠʥʜʫʢʪʦʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ 

ʟʘʜʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʜʠʩʢʝ ʠ ʟʘʪʝʤ ʧʝʨʝʥʦʩʷʪʩʷ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʬʦʨʤʳ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʚʦ ʚʩʶ ʦʙʣʘʩʪʴ, ʟʘʥʠʤʘʝʤʫʶ 

ʞʠʜʢʦʩʪʴʶ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝʤ ʪʠʧʦʚ ʩʧʠʨʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʙʣʠʟʠ ʜʠʩʢʘ. 

ɺ ɻʣʘʚʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʝʨʝʥʦʩʘ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ ʠʟ ʢʦʤʧʘʢʪʥʦʛʦ ʧʷʪʥʘ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚʥʫʪʨʴ ʧʦʢʦʷʱʝʡʩʷ ʠʣʠ ʚʦʚʣʝʯʝʥʥʦʡ ʚ ʩʦʩʪʘʚʥʦʝ 

ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʚʢʣʶʯʘʷ ʨʝʞʠʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʤʫʣʴʩʠʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʞʠʜʢʠʝ ʥʝʥʘʩʳʱʝʥʥʳʝ 

ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ (ʢʘʩʪʦʨʦʚʦʝ, ʧʦʜʩʦʣʥʝʯʥʦʝ ʠ ʘʚʠʘʮʠʦʥʥʦʝ ʤʘʩʣʘ), ʘ ʪʘʢʞʝ 

ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʥʝʬʪʴ, ʤʘʟʫʪ ʠ ʜʨ. ɺ ɻʣʘʚʝ 3 ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʢʠ ʨʘʟʥʦʧʣʦʪʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ ʬʠʟʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ 

ʬʦʨʤʫ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ ʞʠʜʢʦʩʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ 

ʢʦʤʧʦʥʝʥʪ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʬʦʨʤʫ ʥʫʣʝʚʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ.  
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ɻʣʘʚʘ 4 ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʧʫʪʝʤ 

ʚʥʝʩʝʥʠʷ ʚ ʜʚʠʞʫʱʫʶʩʷ ʞʠʜʢʦʩʪʴ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʤʘʨʢʝʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʙʣʝʤʝ 

ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʘʝʤʳʭ ʧʝʨʝʤʝʱʝʥʠʡ 

ʤʘʨʢʝʨʦʚ. ɺ ɻʣʘʚʝ 4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʨʢʝʨʦʚ ʨʘʟʥʳʭ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ 

ʚ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ ʚ ʤʥʦʛʦʬʘʟʥʳʭ ʞʠʜʢʦʩʪʷʭ. ʇʨʝʜʣʦʞʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʦʙʲʷʩʥʷʶʱʘʷ ʜʚʠʞʝʥʠʝ ʤʘʨʢʝʨʦʚ, ʧʦʤʝʱʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʡ ʞʠʜʢʦʩʪʠ. ʇʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ, 

ʦʧʠʩʳʚʘʶʱʝʝ ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʤʘʨʢʝʨʘ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʩʧʠʨʘʣʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʭʨʝʚʦʡ ʚʦʨʦʥʢʠ, ʢʦʪʦʨʘʷ 

ʩʦʚʧʘʜʘʝʪ ʩ ʪʨʘʝʢʪʦʨʠʷʤʠ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʚʙʣʠʟʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʚʨʘʱʝʥʠʷ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʚ ʦʙʣʘʩʪʠ 

ʚʨʘʱʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, 

ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʊʘʢʞʝ ʚ ɻʣʘʚʝ 4 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʦʥʪʘʥʥʦʛʦ 

ʚʨʘʱʝʥʠʷ ʣʝʜʷʥʳʭ ʙʣʦʢʦʚ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ, ʧʦʤʝʱʝʥʥʳʭ ʢʘʢ ʥʘ ʪʚʝʨʜʫʶ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʘʣʶʤʠʥʠʡ, ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ, ʩʪʝʢʣʦ, ʧʝʥʦʧʣʘʩʪ, ʢʝʨʘʤʠʢʘ), 

ʪʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʙʘʩʩʝʡʥʘ ʩ ʧʦʢʦʷʱʝʡʩʷ ʚʦʜʦʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʣʫʙʠʥʳ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʝʜʣʦʞʝʥʦ ʦʙʲʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʣʴʜʘ. 

ɺ ɻʣʘʚʝ 5 ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʳʝ ʠʩʪʦʯʥʠʢʠ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʚʝʨʦʷʪʥʳʝ ʨʠʩʢʠ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʧʨʠ ʝʝ ʜʦʙʳʯʝ ʥʘ ʩʫʰʝ ʠ ʥʘ 

ʤʦʨʩʢʦʤ ʰʝʣʴʬʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʭʨʘʥʝʥʠʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚʩʣʝʜʩʪʚʠʝ ʘʚʘʨʠʡ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʨʘʩʪʝʢʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʬʦʨʤʫ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʠ ʠʭ ʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʬʦʨʤʳ ʧʷʪʥʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʦʷʱʝʡʩʷ ʚʦʜʳ. 

ɺ ɻʣʘʚʝ 5 ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʠ ʩʦʨʙʝʥʪʦʚ 

ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʠʟʫʯʝʥʳ ʠʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ. ʇʨʝʜʣʦʞʝʥ ʦʨʠʛʠʥʘʣʴʥʳʡ 

ʩʧʦʩʦʙ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʠʨʦʜʥʦʛʦ ʩʦʨʙʝʥʪʘ ï 

ʥʘʪʫʨʘʣʴʥʦʡ ʦʚʝʯʴʝʡ ʰʝʨʩʪʠ. ʕʬʬʝʢʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʚ ʧʦʢʦʷʱʝʡʩʷ 

ʞʠʜʢʦʩʪʠ ʧʨʠ ʩʦʨʙʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʤʘʩʝʣ ʥʘ ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʠ ʚ 

ʯʘʩʪʥʦʩʪʠ ʥʘʪʫʨʘʣʴʥʦʡ ʦʚʝʯʴʝʡ ʰʝʨʩʪʠ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʦʯʠʩʪʢʠ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜʦʝʤʦʚ. 

 ɺ ʟʘʢʣʶʯʝʥʠʠ ʢʨʘʪʢʦ ʧʝʨʝʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʨʘʥʠʮ ʜʠʩʩʝʨʪʘʮʠʠ ï 275, ʚ ʪʦʤ ʯʠʩʣʝ ʪʘʙʣʠʮ ï 27, ʠʣʣʶʩʪʨʘʮʠʡ 

ï 116, ʠʩʪʦʯʥʠʢʦʚ ï 136. 
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ɻʣʘʚʘ 1 ɺʀʍʈɽɺʓɽ ʊɽʏɽʅʀʗ ɺ ʆɼʅʆʈʆɼʅʆʁ ɾʀɼʂʆʉʊʀ 

1.1 ʆʙʱʠʝ ʚʦʧʨʦʩʳ ʪʝʦʨʠʠ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʡ, ʠʭ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʥʫʪʨʝʥʥʝʡ ʜʠʥʘʤʠʢʠ ʠ ʨʘʩʧʘʜʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʝʜʠʥʫʶ 

ʤʦʜʝʣʴ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʩʨʘʚʥʝʥʠʝ ʠ ʚʳʜʝʣʝʥʠʝ ʦʙʱʠʭ ʩʚʦʡʩʪʚ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ, ʜʦʧʫʩʢʘʶʱʠʝ ʧʨʷʤʦʝ 

ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʩʯʝʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʦʩʥʦʚʥʳʤ ʩʣʫʞʠʪ ʪʝʯʝʥʠʝ, ʛʝʥʝʨʠʨʫʝʤʦʝ ʚʨʘʱʘʶʱʠʤʩʷ ʜʠʩʢʦʤ ʚ ʩʚʦʙʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ [23], ʚ ʫʟʢʦʤ ʥʝʧʦʜʚʠʞʥʦʤ ʢʦʞʫʭʝ ʠʣʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʤʝʨʝ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ [24]. ʀʟʫʯʝʥʠʝ 

ʪʝʯʝʥʠʡ ʚ ʧʨʦʟʨʘʯʥʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʦʥʪʝʡʥʝʨʝ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʦʤ 

ʞʠʜʢʦʩʪʴʶ, ʠʥʜʫʮʠʨʫʝʤʳʭ ʚʨʘʱʘʶʱʠʤʩʷ ʜʠʩʢʦʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ 

ʜʠʘʧʘʟʦʥ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʌʦʨʤʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʨʘʞʘʝʪ ʢʘʨʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʝʝ ʚʦʟʤʫʱʝʥʠʷ ï 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ (ʠʥʝʨʮʠʘʣʴʥʳʭ) ʠ ʢʦʨʦʪʢʠʭ ʩʧʠʨʘʣʴʥʳʭ 

ʚʦʣʥ, ʦʩʦʙʝʥʥʦ ʪʨʫʜʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʟʘʧʦʣʥʝʥʥʳʭ ʢʦʥʪʝʡʥʝʨʘʭ, ʛʜʝ ʦʥʠ 

ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʦ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ, ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ, ʪʘʢ ʠ ʚ ʪʦʣʱʝ 

ʞʠʜʢʦʩʪʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʭʨʝʚʳʭ ʜʚʠʞʝʥʠʡ, ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ 

ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʤʠ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʦʧʠʩʘʥʠʷ ʚʠʭʨʷ, ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ 

ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʨʠʥʘʜʣʝʞʠʪ ɺ. ʈʵʥʢʠʥʫ [25]. ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʧʨʦʬʠʣʷ ʜʘʚʣʝʥʠʷ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʞʠʜʢʦʩʪʠ ʩ ʟʘʜʘʥʥʦʡ 

ʟʘʚʠʭʨʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʝʤʥʦʛʠʭ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ 

ʨʝʰʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ.  

ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʦʧʠʩʘʥʠʷ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʧʨʠʚʝʜʝʤ 

ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʭʨʝʥʥʦʩʪʠ. ɿʘʚʠʭʨʝʥʥʦʩʪʴ - ʵʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʯʝʥʠʷ 
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ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʛʥʦʚʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʦʙʲʝʤʦʚ ʩʨʝʜʳ ʥʝ ʨʘʚʥʘ ʥʫʣʶ ʚʩʶʜʫ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ 

ʩʣʫʞʠʪ ʚʝʢʪʦʨ rotW= v, ʛʜʝ v  ï ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ. 

ɽʩʣʠ ʚ ʙʝʟʛʨʘʥʠʯʥʦʡ ʞʠʜʢʦʩʪʠ ʠʤʝʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʚʠʭʨʝʚʘʷ ʪʨʫʙʢʘ, 

ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʢʨʫʛ ʨʘʜʠʫʩʘ a, ʪʦ ʩʝʯʝʥʠʝ ʚʠʭʨʷ 

ʧʣʦʩʢʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʫʛ. ʆʙʣʘʩʪʴ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ, ʛʜʝ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʟʘʚʠʭʨʝʥʥʦʩʪʴ, ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʪʩʷ 

ʷʜʨʦʤ ʚʠʭʨʷ, ʚʥʝʰʥʷʷ ʦʙʣʘʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ï ʦʙʦʣʦʯʢʦʡ ʚʠʭʨʷ. ɺ 

ʚʠʭʨʝ ʪʘʢʦʛʦ ʚʠʜʘ ʚʩʝ ʚʠʭʨʝʚʳʝ ʣʠʥʠʠ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʜʨʫʛ 

ʜʨʫʛʫ; ʚʩʝ ʚʠʭʨʝʚʳʝ ʪʨʫʙʢʠ ï ʮʠʣʠʥʜʨʘʤʠ, ʦʙʨʘʟʫʶʱʠʝ ʢʦʪʦʨʳʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʧʣʦʩʢʦʩʪʠ ʜʚʠʞʝʥʠʷ. ʊʘʢʠʝ ʚʠʭʨʠ ʥʘʟʳʚʘʶʪ 

ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʚʠʭʨʷʤʠ. ɺ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʚʠʭʨʝʚʳʤ ʣʠʥʠʷʤ, 

ʪʘʢʦʝ ʪʝʯʝʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʨʫʛʦʚʦʡ ʚʠʭʨʴ. ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʟʘʚʠʭʨʝʥʥʦʩʪʴ W ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʫʩʘ a  ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʘ ʚʥʝ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʨʘʚʥʘ ʥʫʣʶ, ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. 

( ) pÐ =-Ðv v                                            (1.1.1) 

0Ð =v , 

ʛʜʝ p  ï ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʥʘ ʧʣʦʪʥʦʩʪʴ ʜʘʚʣʝʥʠʝ. 

ʈʝʰʝʥʠʝ (1.1.1) ʜʣʷ ʩʢʦʨʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ ʦʪ ʢʦʦʨʜʠʥʘʪ, 

ʥʦ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ 

1
v

2
r= W, ʧʨʠ r a<  ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

1
v

2

a

r
= W, ʧʨʠ r a>  
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1

v ( ) ( )
2

a
r a r r a

r

Wå õ
= W q - + q -æ ö
ç ÷

, ʛʜʝ q ï ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʨʫʛʦʚʦʡ ʚʠʭʨʴ ʥʝ ʠʥʜʫʮʠʨʫʝʪ ʩʢʦʨʦʩʪʠ ʚ ʩʚʦʝʤ 

ʮʝʥʪʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʥʪʨ ʢʨʫʛʦʚʦʛʦ ʚʠʭʨʷ, ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʚ ʧʦʢʦʷʱʝʡʩʷ 

ʞʠʜʢʦʩʪʠ, ʦʩʪʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤ. 

ʉʣʝʜʫʶʱʠʡ ʰʘʛ ʢ ʧʦʩʪʨʦʝʥʠʶ ʤʦʜʝʣʠ ʚʠʭʨʷ ʚ ʧʦʣʝ ʪʷʞʝʩʪʠ ï 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʚʠʭʨʴ ʈʵʥʢʠʥʘ. ʕʪʦ ʩʪʘʮʠʦʥʘʨʥʳʡ ʚʠʭʨʴ, ʧʨʠʤʳʢʘʶʱʠʡ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ (ʪʝʯʝʥʠʝ ʩʯʠʪʘʝʪʩʷ 
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ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʘ, ʨʘʜʠʘʣʴʥʘʷ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʳ 

ʩʢʦʨʦʩʪʠ ʩʨʘʟʫ ʧʦʣʘʛʘʶʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʢʣʘʜʳʚʘʝʪʩʷ 

ʫʩʣʦʚʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʩʪʠ ʥʘ ʪʝʯʝʥʠʝ ʚ ʦʙʦʣʦʯʢʝ ʚʠʭʨʷ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1.1.1) ʩʦʩʪʦʷʪ ʠʟ ʫʩʣʦʚʠʷ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʘʚʣʝʥʠʷ ʠ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʥʦʨʤʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ 

ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚ ʚʠʭʨʝ 

ʈʵʥʢʠʥʘ ʠ ʧʨʦʬʠʣʴ ʜʘʚʣʝʥʠʷ ʚʜʦʣʴ ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʚʟʷʪʳʝ ʠʟ [25], 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.1.1. 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 1.1.1 ï ɺʠʭʨʴ ʈʵʥʢʠʥʘ: ʘ) ï ʧʨʦʬʠʣʴ ʜʘʚʣʝʥʠʷ ʠ ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ;  

ʙ) ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʞʠʜʢʠʭ ʯʘʩʪʠʮ; ʦʪ ʮʝʥʪʨʘ 

ʚʨʘʱʝʥʠʷ ʚʜʦʣʴ ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪ r

 

ʅʘ ʨʠʩʫʥʢʝ 1.1.1 ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 2h  ï ʪʦʯʢʘ ʩʤʝʥʳ ʟʥʘʢʘ 

ʢʨʠʚʠʟʥʳ ʧʨʦʬʠʣʷ ʜʘʚʣʝʥʠʷ, h  ï ʛʣʫʙʠʥʘ ʧʨʦʛʠʙʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, a  ï 

ʨʘʜʠʫʩ ʷʜʨʘ ʚʠʭʨʷ. 

ʈʝʜʫʮʠʨʦʚʘʥʥʳʡ ʚʠʜ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʜʘʚʣʝʥʠʷ ʚ ʦʙʦʣʦʯʢʝ ʪʘʢʦʛʦ ʚʠʭʨʷ 

( r a> ): 

2 4

0 22

a
p p gz

r

W
= + -  

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʷʜʨʝ ʚʠʭʨʷ (r a< ) ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 
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ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚ ʪʦʯʢʝ 

r a=  ʜʘʚʣʝʥʠʝ ʚʦ ʚʥʝʥhʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʷʭ ʚʠʭʨʷ ʩʦʚʧʘʜʘʣʦ. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʜʘʚʣʝʥʠʝ ʚ ʷʜʨʝ ʚʠʭʨʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

2
2 2

0 2
1

2

r
p p gz a

a

å õ
= + -W -æ ö

ç ÷
 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ 0p p= , ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʧʨʦʬʠʣʶ ʜʘʚʣʝʥʠʷ: 

2 2 2 2

2 2
1 ( ) ( )

2 2

a r a
z a r r a

g a r

å õå õW
= - q - + q -æ öæ öæ ö

ç ÷ç ÷

 (1.1.2) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʜ ʮʝʥʪʨʦʤ ʚʠʭʨʷ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʩʝʜʘʝʪ ʥʘ 

ʛʣʫʙʠʥʫ 2 2 /h a g=W . ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʛʨʘʬʠʢʝ ʧʨʦʬʠʣʷ ʜʘʚʣʝʥʠʷ ʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʚʠʭʨʝ ʩʪʘʥʦʚʷʪʩʷ ʧʦʥʷʪʥʳ ʦʙʦʟʥʘʯʝʥʠʷ. 

 

1.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ: ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʤʝʪʦʜʠʢʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʘʨʘʤʝʪʨʳ ʠʟʫʯʘʝʤʳʭ ʪʝʯʝʥʠʡ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʥʝʩʢʦʣʴʢʦ ʮʝʥʪʨʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ. ɺ ʈʦʩʩʠʠ ʮʝʥʪʨʳ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʄʦʩʢʚʝ (ʀʥʩʪʠʪʫʪ 

ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʇʄʝʭ ʈɸʅ), ʄɻʋ 

ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʀʥʩʪʠʪʫʪ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ ʇ.ʇ. ʐʠʨʰʦʚʘ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʘʪʤʦʩʬʝʨʳ ʠʤ. ɸ.ʄ. ʆʙʫʭʦʚʘ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʉʘʥʢʪ ʇʝʪʝʨʙʫʨʛʝ, ʅʦʚʦʩʠʙʠʨʩʢʝ (ʀʥʩʪʠʪʫʪ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠʤ. 

ʄ.ɸ. ʃʘʚʨʝʥʪʴʝʚʘ ʉʆ ʈɸʅ, ʀʥʩʪʠʪʫʪ ʪʝʧʣʦʬʠʟʠʢʠ ʠʤ. ʉ.ʉ. ʂʫʪʘʪʝʣʘʜʟʝ 

ʉʆ ʈɸʅ), ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ (ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ). 

ʕʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʜʝʣʘʥʥʳʝ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʦʙʲʝʤʘ, ʛʜʝ ʪʝʯʝʥʠʝ ʩʦʟʜʘʚʘʣʦʩʴ ʚʨʘʱʝʥʠʝʤ ʢʘʢ ʚʝʨʭʥʝʡ, ʪʘʢ ʠ ʥʠʞʥʝʡ ʢʨʳʰʝʢ 
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[26 - 28], ʜʘʣʠ ʨʝʟʫʣʴʪʘʪʳ, ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʦʩʥʦʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʭʦʞʠʝ ʩ 

ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʙʦʪʘʭ, ʛʜʝ ʠʩʪʦʯʥʠʢʦʤ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʷʚʣʷʣʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ 

ʪʦʨʮʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ [24]. 

ʈʝʘʣʠʟʘʮʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʪʘʢʞʝ 

ʦʧʠʩʘʥʘ ʚ [29] (ʢʦʥʪʝʡʥʝʨ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʠʥʜʫʢʪʦʨʘʤʠ ʩ ʟʘʤʢʥʫʪʳʤ ʦʙʲʝʤʦʤ 

ʞʠʜʢʦʩʪʠ), ʘ ʪʘʢʞʝ ʚ ʨʘʙʦʪʘʭ [30, 44], ʛʜʝ ʚ ʢʦʥʪʝʡʥʝʨʝ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʚʨʘʱʘʶʱʠʤʠʩʷ ʠʥʜʫʢʪʦʨʘʤʠ ʠʩʩʣʝʜʫʝʪʩʷ ʪʝʯʝʥʠʝ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʈʘʙʦʪʘ [31] ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ 

ʠʩʪʝʯʝʥʠʠ ʞʠʜʢʦʩʪʠ ʠʟ ʚʨʘʱʘʶʱʝʛʦʩʷ ʮʠʣʠʥʜʨʘ. 

ʉʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʢʦʥʪʝʡʥʝʨʦʚ, ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʢʦʪʦʨʳʭ ʠʥʠʮʠʠʨʦʚʘʣʦʩʴ ʚʨʘʱʝʥʠʝʤ ʩʨʘʟʫ 

ʦʙʝʠʭ ʢʨʳʰʝʢ [32 - 34], ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʩʭʦʞʠʝ ʩ ʜʘʥʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʛʜʝ ʠʩʪʦʯʥʠʢʦʤ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʷʚʣʷʣʩʷ ʪʦʣʴʢʦ ʦʜʠʥ 

ʠʟ ʪʦʨʮʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ [35]. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʧʨʦʚʦʜʠʣʠʩʴ ʛʨʫʧʧʦʡ ʊ. ʃʝʚʝʢʝ ʠ 

ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [36]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ 

ʧʨʠʤʝʩʠ ʚ ʮʠʣʠʥʜʨʝ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʜʥʦʤ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʯʠʩʣʝʥʥʳʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ [37] ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʩʪʘʚʥʦʛʦ 

ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʝʧʘʨʘʪʦʨʘ ʜʣʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʆʪʩʫʪʩʪʚʠʝ 

ʜʘʥʥʳʭ ʦ ʩʚʦʡʩʪʚʘʭ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʩʚʦʡʩʪʚʘʭ 

ʩʘʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʯʝʥʠʡ ʪʘʢʦʛʦ ʨʦʜʘ ʜʝʣʘʝʪ ʪʝʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʨʝʭ ʫʩʪʘʥʦʚʢʘʭ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʚʘʪʴ ʩʪʘʮʠʦʥʘʨʥʦʝ ʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʝʛʦ 

ʧʘʨʘʤʝʪʨʳ. 

1. ʋʩʪʘʥʦʚʢʘ çɺʊʂè (ɺʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ ʩ ʢʨʫʯʝʥʠʝʤ) ʩʦʟʜʘʥʘ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʤʝʭʘʥʠʢʠ ʞʠʜʢʦʩʪʝʡ ʀʇʄʝʭ ʈɸʅ ʜʣʷ ʠʟʫʯʝʥʠʷ ʟʘʢʨʫʯʝʥʥʦʛʦ 

ʧʦʪʦʢʘ, ʠ ʚʭʦʜʠʪ ʚ ʢʦʤʧʣʝʢʩ ʫʥʠʢʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʋʅʋ ɻʌʂ ʀʇʄʝʭ ʈɸʅ, 

ʢʦʪʦʨʳʡ ʩʦʟʜʘʣ ʧʨʦʬʝʩʩʦʨ ʖ.ɼ. ʏʘʰʝʯʢʠʥ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʩʦʟʜʘʚʘʣʘʩʴ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ: 
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1. ʇʨʦʩʪʦʪʘ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʘʮʠʠ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ; 

2. ʉʪʘʮʠʦʥʘʨʥʦʩʪʴ ʫʩʣʦʚʠʡ ʛʝʥʝʨʘʮʠʠ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ; 

3. ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ, ʚʦʚʣʝʯʝʥʥʦʡ ʚ ʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ, 

ʠ ʝʛʦ ʥʝʠʟʤʝʥʥʦʩʪʴ ʚ ʭʦʜʝ ʦʧʳʪʘ; 

4. ʅʘʙʣʶʜʘʝʤʦʩʪʴ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʚʦ ʚʩʝʭ 

ʧʨʦʝʢʮʠʷʭ; 

5. ʇʨʘʢʪʠʯʝʩʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʦʙʣʘʩʪʝʡ 

ʪʝʯʝʥʠʷ ʜʣʷ ʚʥʝʩʝʥʠʷ ʟʦʥʜʦʚ ʠʣʠ ʤʘʨʢʝʨʦʚ. 

ʀʩʪʦʯʥʠʢʦʤ ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʨʘʱʝʥʠʝ ʠʥʜʫʢʪʦʨʦʚ ï ʛʣʘʜʢʠʭ 

ʜʠʩʢʦʚ, ʜʠʩʢʦʚ ʩ ʨʝʙʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, ʚʠʥʪʦʚ ʠʣʠ ʧʨʦʯʠʭ ʪʝʣ ʨʘʟʣʠʯʥʦʡ 

ʛʝʦʤʝʪʨʠʠ, ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʘʶʪʩʷ ʫ ʜʥʘ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʝʡʥʝʨʘ. ʉʭʝʤʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.2.1, ʘ, ʬʦʪʦʛʨʘʬʠʷ ï ʥʘ 

ʨʠʩʫʥʢʝ 1.2.1, ʙ. ɺʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ ʩʦʟʜʘʚʘʣʦʩʴ ʚʨʘʱʘʶʱʠʤʩʷ ʜʠʩʢʦʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʜʥʝ ʧʨʦʟʨʘʯʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. ɼʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ ʢʦʥʪʝʡʥʝʨ ʧʦʤʝʱʘʣʩʷ ʚ ʦʪʢʨʳʪʳʡ 

ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʙʘʩʩʝʡʥ ʠʟ ʧʨʦʟʨʘʯʥʦʛʦ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʨʘʟʤʝʨʘʤʠ 

0.6 0.45 0.7³ ³ ʤ
3
. ɺʩʝ ʛʨʘʥʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʚʳʧʦʣʥʝʥʳ ʠʟ ʣʠʩʪʦʚʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ ʪʦʣʱʠʥʦʡ 20 ʤʤ. ʉʢʚʦʟʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ ʥʠʞʥʝʡ 

ʛʨʘʥʠ ʧʨʦʭʦʜʠʪ ʚʘʣ, ʩʦʝʜʠʥʝʥʥʳʡ ʥʘʧʨʷʤʫʶ ʩ ʵʣʝʢʪʨʦʤʦʪʦʨʦʤ, ʦʩʴ ʚʘʣʘ 

ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʤʦʪʦʨʘ. ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʚʩʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʦʥʘ ʟʘʢʣʶʯʝʥʘ ʚ ʨʘʤʫ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʰʚʝʣʣʝʨʘ. ɹʘʩʩʝʡʥ 

ʟʘʢʨʝʧʣʷʝʪʩʷ ʚʥʫʪʨʠ ʨʘʤʳ ʧʨʠ ʧʦʤʦʱʠ ʚʠʥʪʦʚ. ɺʥʫʪʨʴ ʙʘʩʩʝʡʥʘ ʚʩʪʘʚʣʝʥʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʦʙʝʯʘʡʢʘ 2, ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 29.4 ʩʤ. ɺ ʮʝʥʪʨ ʦʙʝʯʘʡʢʠ 

ʯʝʨʝʟ ʫʧʣʦʪʥʠʪʝʣʴʥʳʡ ʩʘʣʴʥʠʢ ʚʭʦʜʠʪ ʦʩʴ, ʥʘ ʢʦʪʦʨʫʶ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʛʣʘʜʢʠʡ ʨʘʙʦʯʠʡ ʜʠʩʢ 3 ʪʦʣʱʠʥʦʡ 2 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 5, 10, 15, 20 ʠ 29 ʩʤ ʠʣʠ 

ʤʦʜʝʣʴ ʜʨʫʛʦʡ ʬʦʨʤʳ. ɺʝʨʭʥʷʷ ʢʨʦʤʢʘ ʜʠʩʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2 ʩʤ 

ʦʪ ʜʥʘ ʙʘʩʩʝʡʥʘ. ɺ ʨʷʜʝ ʦʧʳʪʦʚ ʥʘ ʫʨʦʚʥʝ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʤʦʞʝʪ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʦ ʬʘʣʴʰ-ʜʥʦ 4. ʕʣʝʢʪʨʦʤʦʪʦʨ ʤʦʞʝʪ ʚʨʘʱʘʪʴ ʠʥʜʫʢʪʦʨ ʨʘʚʥʦʤʝʨʥʦ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ. ʅʘ ʦʩʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʜʠʩʢ-ʤʘʩʢʘ 5 

ʠʟʤʝʨʠʪʝʣʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɼʠʩʢ ʧʨʠʚʦʜʠʪʩʷ ʚʦ ʚʨʘʱʝʥʠʝ ʵʣʝʢʪʨʦʤʦʪʦʨʦʤ 6, 
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ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʫʧʨʘʚʣʷʝʪʩʷ ʙʣʦʢʦʤ 7. ʏʘʩʪʦʪʘ ʝʛʦ ʚʨʘʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

200 ʜʦ 2500 ʦʙ/ʤʠʥ. ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ 8 ʠ ʙʣʦʢʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ 9. ʂʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦ 

ʠʣʠ ʚʠʜʝʦʘʧʧʘʨʘʪʫʨʳ 10. ʋʧʨʘʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʜʘʥʥʳʭ 

ʚʝʜʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʕɺʄ 11. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʯʝʥʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʢʨʘʩʢʘ, ʢʦʪʦʨʘʷ ʚʚʦʜʠʪʩʷ ʚ ʚʳʙʨʘʥʥʫʶ ʯʘʩʪʴ ʦʙʲʝʤʘ ʧʨʠ ʧʦʤʦʱʠ ʜʦʟʠʨʫʶʱʝʡ 

ʧʠʧʝʪʢʠ 12. ʆʩʚʝʱʝʥʠʝ ʜʣʷ ʬʦʪʦʩʲʝʤʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʙʝʣʦʛʦ ʩʚʝʪʘ 

13 ʩ ʨʘʩʩʝʠʚʘʶʱʠʤ ʵʢʨʘʥʦʤ 14 ʠʣʠ ʣʘʤʧʦʡ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʩʚʝʪʘ 15, 

ʙʘʩʩʝʡʥ ʦʩʥʘʱʝʥ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 16. 

ɹʘʩʩʝʡʥ ʟʘʧʦʣʥʷʝʪʩʷ ʚʦʜʦʡ. ʋʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʟʘʜʘʝʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ 

ʢʘʞʜʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʋʩʣʦʚʠʷ ʦʩʚʝʱʝʥʠʷ (ʫʛʦʣ ʠ ʚʳʩʦʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʨʦʞʝʢʪʦʨʘ) ʧʦʜʙʠʨʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʚʩʝ ʜʝʪʘʣʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʙʳʣʠ ʚʠʜʥʳ ʠ ʨʘʟʣʠʯʠʤʳ 

(ʛʨʘʥʠʮʘ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ï ʚʦʟʜʫʭ ʜʦʣʞʥʘ ʙʳʪʴ ʚʠʜʥʘ ʦʯʝʥʴ ʯʝʪʢʦ ʥʘ 

ʚʩʝʤ ʩʚʦʝʤ ʧʨʦʪʷʞʝʥʠʠ ʠ ʧʨʠ ʢʘʞʜʦʤ ʟʥʘʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ). 

ʈʝʛʠʩʪʨʘʮʠʷ ʬʦʨʤʳ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʝʜʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʡ ʬʦʪʦ- ʠʣʠ ʚʠʜʝʦʢʘʤʝʨʳ [39]. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʨʢʝʨʳ ʪʨʝʭ ʪʠʧʦʚ: ʪʚʝʨʜʦʪʝʣʴʥʳʝ 

(ʣʝʜ, ʧʣʘʩʪʠʢ), ʥʝʩʤʝʰʠʚʘʶʱʠʝʩʷ ʩ ʚʦʜʦʡ (ʥʝʬʪʴ, ʤʘʩʣʦ, ʜʠʟʝʣʴ, ʘʚʠʘʮʠʦʥʥʦʝ 

ʪʦʧʣʠʚʦ) ʠ ʨʘʩʪʚʦʨʠʤʳʝ (ʘʥʠʣʠʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ, ʫʨʘʥʠʣ). 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʢʘʞʜʦʛʦ ʪʠʧʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩʝʨʠʷʤʠ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʭ 

ʩʝʨʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʝʜʠʥʩʪʚʝʥʥʳʤ ʥʝʠʟʤʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʦʩʪʘʚʘʣʩʷ ʨʘʜʠʫʩ 

ʦʙʝʯʘʡʢʠ 0R. ɺ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʛʣʫʙʠʥʘ ʩʣʦʷ ʞʠʜʢʦʩʪʠ H ʠ 

ʨʘʜʠʫʩ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ R. ʇʨʦʚʦʜʠʣʘʩʴ ʨʝʛʠʩʪʨʘʮʠʷ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʜʣʷ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ. ʆʩʥʦʚʥʦʡ ʠʟʤʝʥʷʝʤʳʡ ʧʘʨʘʤʝʪʨ, ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʦʪ ʦʜʥʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢ ʜʨʫʛʦʡ ï ʨʘʜʠʫʩ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ R. 

ʉʣʝʜʫʶʱʠʡ ʠʟʤʝʥʷʝʤʳʡ ʧʘʨʘʤʝʪʨ ï ʛʣʫʙʠʥʘ ʞʠʜʢʦʩʪʠ H. ʇʨʠ ʢʘʞʜʦʤ 

ʟʥʘʯʝʥʠʠ ʛʣʫʙʠʥʳ ʞʠʜʢʦʩʪʠ ʤʝʥʷʣʘʩʴ ʯʘʩʪʦʪʘ W. 
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ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 1.2.1 ï ʆʙʱʠʡ ʚʠʜ ʩʪʝʥʜʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʩ 

ʢʨʫʯʝʥʠʝʤ (ɺʊʂ) ʋʉʋ çɻʌʂ ʀʇʄʝʭ ʈɸʅè: ʘ) ï ʬʦʪʦ, ʙ, ʚ) ï ʩʭʝʤʘ. 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʛʜʝ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʠʤʝʥʷʣʠʩʴ ʯʘʩʪʠʮʳ 

(ʘʣʶʤʠʥʠʝʚʘʷ ʧʫʜʨʘ, ʯʘʩʪʠʮʳ ʢʦʪʦʨʦʡ ʠʤʝʣʠ ʧʣʘʩʪʠʥʯʘʪʫʶ ʬʦʨʤʫ 

30³30³0.5 ʤʢʤ [38]), ʦʩʚʝʱʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʨʘʟʚʝʨʥʫʪʦʛʦ ʚ ʧʣʦʩʢʦʩʪʴ ʧʣʦʩʢʦʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʣʠʥʟʦʡ (ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʨʘʟʚʝʨʥʫʪʦʛʦ ʚ ʧʣʦʩʢʦʩʪʴ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ ʣʘʟʝʨʥʳʡ ʥʦʞ). 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʣʘʟʝʨ ʩ ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʦʡ, 

ʨʘʙʦʪʘʚʰʠʡ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ, ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 

532 ʥʤ, ʘ ʤʦʱʥʦʩʪʴ ï 500 ʤɺʪ. ɺʳʙʨʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʣʘʟʝʨʘ ʜʦ ʫʩʪʘʥʦʚʢʠ ʠ 

ʫʛʦʣ ʨʘʟʚʦʨʦʪʘ ʣʫʯʘ ʣʠʥʟʦʡ ʧʦʟʚʦʣʷʣʠ ʩʦʟʜʘʚʘʪʴ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ 

(ʦʙʣʘʩʪʴ, ʦʩʚʝʱʘʝʤʘʷ ʣʘʟʝʨʥʳʤ ʥʦʞʦʤ) ʨʘʟʤʝʨ ʢʦʪʦʨʦʡ ʧʨʝʚʳʰʘʣ ʧʣʦʱʘʜʴ 

ʩʝʯʝʥʠʷ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʫʩʪʘʥʦʚʢʠ. ʇʣʦʩʢʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʥʦʞʘ ʤʦʛʣʘ ʙʳʪʴ 

ʨʘʟʚʝʨʥʫʪʘ ʚʝʨʪʠʢʘʣʴʥʦ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʝʝ ʦʨʠʝʥʪʠʨʦʚʘʣʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʘ ʧʨʦʭʦʜʠʣʘ ʯʝʨʝʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ ʚʣʦʞʝʥʥʦʛʦ ʚ 

ʢʦʥʪʝʡʥʝʨ ʮʠʣʠʥʜʨʘ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʝʥʢʝ ʚʥʝʰʥʝʛʦ 

ʢʦʥʪʝʡʥʝʨʘ. ɺ ʩʣʫʯʘʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʥʦʞʘ ʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʳʩʪʘʚʣʷʣʦʩʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʪʝʥʢʝ ʚʥʝʰʥʝʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʘ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʜʥʘ ʙʳʣʦ ʠʟʤʝʥʷʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ. ʌʠʢʩʘʮʠʷ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʦʡ 
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ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʚʝʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʚʠʜʝʦʢʘʤʝʨʳ, ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ ʢʦʪʦʨʦʡ ʙʳʣʘ 

ʥʘʧʨʘʚʣʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʣʦʩʢʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʥʦʞʘ. 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ ʦʛʨʘʥʠʯʝʥ ʜʦʩʪʫʧʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʫʩʪʘʥʦʚʢʠ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʞʠʜʢʦʩʪʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ (Re) ʠʟʤʝʥʷʝʪʩʷ 

ʦʪ 50 ʜʦ 100 000 (ʤʘʩʰʪʘʙ ʧʦʜʦʙʠʷ ʪʝʯʝʥʠʷ), ʯʠʩʣʦ ʌʨʫʜʘ (Fr) ï ʦʪ 0,1 ʜʦ 15,0 

(ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʢ ʩʢʦʨʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ). ʍʘʨʘʢʪʝʨʥʳʡ 

ʤʘʩʰʪʘʙ ʜʣʠʥʳ ŭ ʦʪ 0,2 ʜʦ 0,6 ʤʤ (ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʉʪʦʢʩʘ ï ʩʣʦʡ ʚ ʢʦʪʦʨʦʤ 

ʥʘ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʚʣʠʷʶʪ ʚʷʟʢʠʝ ʵʬʬʝʢʪʳ), ʦʪʥʦʰʝʥʠʝ ʨʘʜʠʫʩʘ ʜʠʩʢʘ ʢ 

ʨʘʜʠʫʩʫ ʦʙʝʯʘʡʢʠ0R R, ʤʦʞʝʪ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,17 ʜʦ 1,00, ʦʪʥʦʰʝʥʠʝ ʨʘʜʠʫʩʘ 

ʦʙʝʯʘʡʢʠ ʢ ʚʳʩʦʪʝ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ 0R Hï ʦʪ 0,08 ʜʦ 20,00. ʉʨʝʜʘ ʥʝ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʘ. 

 

ʋʩʪʘʥʦʚʢʘ ɺʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ ʩ ʤʘʛʥʠʪʥʳʤ ʠʥʜʫʢʪʦʨʦʤ (ɺʊʄʀ) 

ʏʘʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʯʝʥʠʡ, ʚʠʭʨʝʚʦʡ ʧʦʪʦʢ ʚ ʢʦʪʦʨʳʭ ʩʦʟʜʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʘʛʥʠʪʥʦʛʦ ʷʢʦʨʷ, 

ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʤʦʪʦʨʦʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʫʢʪʦʨʘ ʚʠʭʨʝʚʦʛʦ 

ʪʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ  ʤʘʛʥʠʪʥʳʝ ʤʝʰʘʣʢʠ: Intllab MS-500 ʠ ES-6120 ʩ 

ʧʦʜʦʛʨʝʚʦʤ. 

ʄʝʰʘʣʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʨʧʫʩ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʤʝʪʘʣʣʘ ʠʣʠ 

ʧʣʘʩʪʠʢʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʨʠʚʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ ʤʘʛʥʠʪʥʳʝ 

ʵʣʝʤʝʥʪʳ. ʅʝʦʙʭʦʜʠʤʦʝ ʚʝʱʝʩʪʚʦ  ʧʦʤʝʱʘʝʪʩʷ ʚ ʢʦʥʪʝʡʥʝʨ ʠʟ ʩʪʝʢʣʘ ʠʣʠ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʣʘʩʪʠʢʘ, ʢʦʪʦʨʳʡ ʢʣʘʜʫʪ ʥʘ ʩʧʝʮʠʘʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ ʤʘʛʥʠʪʥʦʡ 

ʤʝʰʘʣʢʠ. ɺ ʩʦʩʫʜ ʧʦʤʝʱʘʝʪʩʷ ʷʢʦʨʴ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʞʠʜʢʦʩʪʠ. ʗʢʦʨʴ ʜʣʷ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʘʛʥʠʪʥʳʡ ʩʪʝʨʞʝʥʴ ʩ ʠʥʝʨʪʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ ʠʣʠ 

ʪʝʬʣʦʥʘ. ʗʢʦʨʴ (ʤʝʰʘʣʴʥʠʢ) ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʝʡʩʪʚʠʝ ʚʨʘʱʘʶʱʠʤʩʷ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ʦʪ ʧʨʠʚʦʜʘ ʚ ʢʦʨʧʫʩʝ ʧʨʠʙʦʨʘ. ʄʘʛʥʠʪʥʘʷ ʤʝʰʘʣʢʘ ES-6120 ʩ 
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ʧʦʜʦʛʨʝʚʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʥʘʱʝʥʘ ʥʘʛʨʝʚʘʶʱʠʤ ʚʢʣʘʜʳʰʝʤ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘʜ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ.  

 

ʈʠʩʫʥʦʢ 1.2.2 ï ʋʩʪʘʥʦʚʢʘ ɺʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ ʩ ʤʘʛʥʠʪʥʳʤ ʠʥʜʫʢʪʦʨʦʤ (ɺʊʄʀ) 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʥʪʝʡʥʝʨʳ ʨʘʟʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ 

(ʧʨʷʤʦʫʛʦʣʴʥʳʝ, ʢʚʘʜʨʘʪʥʳʝ, ʪʨʝʫʛʦʣʴʥʳʝ, ʘ ʪʘʢʞʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ) (ʨʠʩʫʥʦʢ 

1.2.2). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʪʝʡʥʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.2.1. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʙʲʝʤ ʢʦʥʪʝʡʥʝʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʫʛʣʦʚ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʫʜʣʠʥʝʥʠʠ. ɼʣʠʥʘ 

ʩʪʦʨʦʥʳ a ʜʣʷ ʚʩʝʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʢʦʥʪʝʡʥʝʨʦʚ, r - ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʧʦʣʠʛʦʥʘʣʴʥʳʡ ʢʦʥʪʝʡʥʝʨ, ʠ ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ ʢ ʧʣʦʱʘʜʠ ʮʠʣʠʥʜʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1.2.2. SN ʠ Scyl ï 

ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʤʥʦʛʦʫʛʦʣʴʥʳʭ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʪʝʡʥʝʨʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [40]. 

ʆʧʳʪʳ ʧʨʦʚʦʜʷʪʩʷ ʧʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʯʝʥʠʷ ʠ ʦʢʦʥʯʘʥʠʷ ʚʩʝʭ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺʥʘʯʘʣʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʠ 

ʬʦʨʤʳ ʢʘʚʝʨʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. 
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N 3 4 5 6 ʇʘʨʘʣ. ʎʠʣʠʥʜʨ 

H, ʤʤ 

1 300 300 300 600 400 300 

2 600 600 600 - - 600 

3 - 500 - - - 300 

4 - - - - - 300 

5 - - - - - 300 

a, ʤʤ 

1 300 300 300 300 300 - 

2 300 300 300 - - - 

3 - 350 - - - - 

b, ʤʤ - - - - 400 - 

R, ʤʤ 

1 - - - - - 300 

2 - - - - - 300 

3 - - - - - 200 

4 - - - - - 150 

5 - - - - - 100 

SN/Scyl  0,14 0,32 0,55 0,83 0,42 1 

   0,31 0,72 1,23 1,86 0,95 1 

   0,55 1,27 2,19 3,31 1,70 1 

   1,24 2,86 4,93 7,44 3,82 1 

   - 0,43 - - - - 

   - 0,97 - - - - 

   - 1,73 - - - - 

   - 3,90 - - - - 

a/H 1 1 1 1 0,5 0,75   

  2 0,5 0,5 0,5       

  3   0,7         

 

ʊʘʙʣʠʮʘ 1.2.2 ï ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ 

 

ʉʦʚʤʝʩʪʥʦ ʩ ʢʦʣʣʝʛʘʤʠ ʠʟ ʀʥʩʪʠʪʫʪʘ ʪʝʧʣʦʬʠʟʠʢʠ ʠʤ. ʉ.ʉ. ʂʫʪʘʪʝʣʘʜʟʝ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʯʘʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʚ ʟʘʤʢʥʫʪʳʭ ʢʦʥʪʝʡʥʝʨʘʭ ʢʨʫʛʣʦʛʦ ʠ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ. ʉʭʝʤʘ ʠ 

ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʦ ʚ [40]. 

ʇʘʨʘʤʝʪʨʳ ʠʟʫʯʘʝʤʦʛʦ ʪʝʯʝʥʠʷ 

ɺ ʧʨʦʩʪʦʤ ʧʦ ʛʝʦʤʝʪʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʦʟʥʠʢʘʣʦ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʝ 

ʪʝʯʝʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʢʘʢ ʚʠʭʨʝʚʫʶ, ʪʘʢ ʠ ʚʦʣʥʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʚ ʪʦʣʱʝ, ʠ 

ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ʉʭʝʤʘ ʪʝʯʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.2.3. 
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ʈʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʠʡʩʷ ʜʠʩʢ, ʚʩʣʝʜʩʪʚʠʝ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ, 

ʟʘʢʨʫʯʠʚʘʝʪ ʞʠʜʢʦʩʪʴ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʙʨʘʩʳʚʘʝʪ ʝʝ 

ʚʜʦʣʴ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʩʪʝʥʢʝ ʢʦʥʪʝʡʥʝʨʘ. ʋʩʢʦʨʝʥʥʘʷ ʞʠʜʢʦʩʪʴ 

ʧʦʜʥʠʤʘʝʪʩʷ ʚʜʦʣʴ ʩʪʝʥʦʢ ʢʦʥʪʝʡʥʝʨʘ, ʩʤʝʱʘʝʪʩʷ ʢ ʮʝʥʪʨʫ ʚʜʦʣʴ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʬʦʨʤʠʨʫʷ 

ʧʦʜʪʝʢʘʶʱʝʝ ʢ ʮʝʥʪʨʫ ʜʠʩʢʘ ʪʝʯʝʥʠʝ, ʢʦʤʧʝʥʩʠʨʫʶʱʝʝ ʧʦʩʪʦʷʥʥʳʡ ʧʝʨʝʥʦʩ 

ʚʝʱʝʩʪʚʘ ʚʜʦʣʴ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʠʩʢʘ 

ʯʘʩʪʠʮʳ ʚʨʘʱʘʶʪʩʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʤʝʱʘʶʪʩʷ ʦʪ ʮʝʥʪʨʘ ʢ ʢʨʦʤʢʝ. 

 

   

ʈʠʩʫʥʦʢ 1.2.3 ï ʇʦʩʪʫʣʠʨʫʝʤʘʷ ʩʭʝʤʘ ʪʝʯʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʦʥʪʝʡʥʝʨʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʠʩʢʘ: ʘ) ï ʦʙʱʠʡ ʚʠʜ; ʙ) ï 

ʮʝʥʪʨʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ ʩ ʚʦʣʥʦʚʳʤʠ 

ʚʦʟʤʫʱʝʥʠʷʤʠ 

 

ʅʘʙʣʶʜʘʝʤʫʶ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ ʤʦʞʥʦ ʩʭʝʤʘʪʠʯʥʦ ʩʚʝʩʪʠ ʢ ʢʦʤʙʠʥʘʮʠʠ 

ʜʚʫʭ ʚʠʭʨʝʡ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʚʝʨʪʠʢʘʣʴʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ (ʚʦʢʨʫʛ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ cɤ ), ʘ ʜʨʫʛʦʡ ï ʪʦʨʦʠʜʘʣʴʥʳʡ, ʩ ʢʨʫʛʦʚʦʡ 

ʦʩʴʶ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʮʝʥʪʨʘʣʴʥʫʶ ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩʴ ʩ ʣʦʢʘʣʴʥʦʡ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ tɤ  (ʨʠʩʫʥʦʢ 1.2.3, ʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʞʥʦʝ ʪʝʯʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ ʜʚʠʞʫʪʩʷ ʧʦ 
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ʩʧʠʨʘʣʴʥʳʤ ʠ ʚʠʥʪʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. ʂʦʤʧʦʟʠʮʠʦʥʥʦʝ ʪʝʯʝʥʠʝ, ʦʙʨʘʟʦʚʘʥʥʦʝ 

ʥʘʣʦʞʝʥʠʝʤ ʜʚʫʭ ʚʠʭʨʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʤʤʘʨʥʦʡ ʯʘʩʪʦʪʦʡ c t= +ɤ ɤ ɤ. 

ɺʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ ʬʦʨʤʠʨʫʝʪ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʢʘʚʝʨʥʫ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʞʠʜʢʦʩʪʠ (ʨʠʩʫʥʦʢ 1.2.3, ʙ). 

ʌʦʨʤʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʚʝʨʥʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʫʥʢʮʠʝʡ ( , )rz j, ʥʘ 

ʢʦʪʦʨʫʶ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʦʟʤʫʱʝʥʠʷ ï ʚʦʣʥʳ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ 

(ʠʥʝʨʮʠʘʣʴʥʳʝ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ, ʢʘʧʠʣʣʷʨʥʳʝ), ʘʤʧʣʠʪʫʜʳ ʠ ʜʣʠʥʳ. ɼʣʷ ʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ 

ʤʘʩʰʪʘʙʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʟʜʝʣʠʪʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ (ʠʥʝʨʮʠʘʣʴʥʳʝ ʚʦʣʥʳ) 

ʠ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʩʧʠʨʘʣʴʥʳʝ ʚʦʣʥʳ ʤʝʥʴʰʝʡ ʘʤʧʣʠʪʫʜʳ. 

ɻʣʫʙʠʥʘ ʢʘʚʝʨʥʳ ʟʘʚʠʩʠʪ ʦʪ ʨʘʜʠʫʩʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʪʝʡʥʝʨʘ 0R , 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ W, ʝʛʦ ʨʘʟʤʝʨʦʚ R ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, 

ʛʣʫʙʠʥʳ ʩʣʦʷ ʞʠʜʢʦʩʪʠ H . 

ʇʝʨʝʤʝʱʝʥʠʷ ʤʘʨʢʝʨʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʜʣʷ ʜʚʫʭ ʪʠʧʦʚ ʚʠʭʨʝʚʦʛʦ 

ʪʝʯʝʥʠʷ. ʇʝʨʚʳʡ ï ʪʝʯʝʥʠʝ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ (ʨʠʩʫʥʦʢ 1.2.4, ʘ), ʚʪʦʨʦʡ ï 

ʪʝʯʝʥʠʝ ʙʘʟʦʚʦʡ ʞʠʜʢʦʩʪʠ ʩ ʥʝʙʦʣʴʰʦʡ ʧʦʨʮʠʝʡ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʣʝʛʢʦʡ 

ʜʦʙʘʚʢʠ, ʦʙʨʘʟʫʶʱʝʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ çʤʘʩʣʷʥʦʝ 

ʪʝʣʦè (ʨʠʩʫʥʦʢ 1.2.4, ʙ). 

ɹʘʟʦʚʦʝ ʪʝʯʝʥʠʝ ʩʦʟʜʘʝʪʩʷ ʚʨʘʱʘʶʱʠʤʩʷ ʩ ʟʘʜʘʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 

ʜʠʩʢʦʤ. ʇʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠʥʜʫʢʪʦʨʘ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʢʘʚʝʨʥʘ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʠʩʢʘʞʘʝʤʘʷ ʚʦʣʥʘʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ (ʨʠʩʫʥʦʢ 1.2.4, ʚ). ɼʣʷ 

ʧʝʨʚʠʯʥʦʛʦ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʤʘʨʢʝʨʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠʥʜʫʢʪʦʨʘ ʚʳʙʠʨʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʢʘʚʝʨʥʘ ʙʳʣʘ ʥʘʠʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʡ. 

ʉʦʙʩʪʚʝʥʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʣʦʷ ʞʠʜʢʦʩʪʠ ʛʣʫʙʠʥʦʡ H  ʚ ʧʦʣʝ 

ʩʠʣʳ ʪʷʞʝʩʪʠ g  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʯʘʩʪʦʪʘ ʦʩʥʦʚʥʦʡ ʤʦʜʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʤʝʣʢʦʡ 

ʚʦʜʳ /H g HW = . ʈʘʚʝʥʩʪʚʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ g  ʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 2RW  

ʫʩʢʦʨʝʥʠʡ ʥʘ ʢʨʦʤʢʝ ʜʠʩʢʘ ʟʘʜʘʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʥʝʨʮʠʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 
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/I g RW = . ɼʨʫʛʘʷ ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʟʘʜʘʝʪʩʷ ʫʩʣʦʚʠʝʤ E gH RW = . 

ʇʨʠʚʝʜʝʥʥʳʝ ʯʘʩʪʦʪʳ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ 
2

I H EW =W W. ʇʨʠ ʧʝʨʝʭʦʜʝ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʯʝʨʝʟ ʫʢʘʟʘʥʥʳʝ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʤʦʞʝʪ 

ʤʝʥʷʪʴʩʷ ʢʘʨʪʠʥʘ ʪʝʯʝʥʠʷ. 

 

 
 

 

 

ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 1.2.4 ï ʂʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ: ʘ), H = 40 ʩʤ, 

dR = 7,5 ʩʤ, dW = 14.2 ʩ
-1
 ʙ) ï ʚʠʜ ʩʙʦʢʫ, ʩ) ï ʚʠʜ ʩʚʝʨʭʫ  

 

ʉʠʩʪʝʤʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʪʝʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ 

ʥʝʩʞʠʤʘʝʤʦʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, ʚʢʣʶʯʘʶʱʘʷ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʠ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ ɼʘʣʘʤʙʝʨʘ, ʘ ʪʘʢʞʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ ʥʘ ʪʚʝʨʜʳʭ 

ʩʪʝʥʢʘʭ ʠ ʧʦʩʪʦʷʥʩʪʚʘ ʜʘʚʣʝʥʠʷ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ [41]. 

ɺ ʪʝʯʝʥʠʠ ʩ ʤʛʥʦʚʝʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʞʠʜʢʦʩʪʠ w, ʢʦʪʦʨʦʝ 

ʚʦʟʙʫʞʜʘʝʪʩʷ ʜʠʩʢʦʤ, ʚʨʘʱʘʶʱʠʤʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ W, ʦʧʨʝʜʝʣʷʶʱʠʤʠ 

ʩʣʫʞʘʪ ʠʥʝʨʮʠʘʣʴʥʳʝ ʤʘʩʰʪʘʙʳ, ʟʘʜʘʚʘʝʤʳʝ ʦʪʥʦʰʝʥʠʷʤʠ ʫʩʢʦʨʝʥʠʷ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʢ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ï 
2/gWD = W ʠ ʯʘʩʪʠʮ 

ʞʠʜʢʦʩʪʠ ï 
2/gw wD =  ʠ ʤʠʢʨʦʤʘʩʰʪʘʙʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʠʥʛʫʣʷʨʥʦ 

ʚʦʟʤʫʱʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʉʪʦʢʩʘ) ʥʘ ʜʠʩʢʝ ï /d nW= W ʠ 

ʜʨʫʛʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ï /wd n w= , ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʊʘʙʣʠʮʘ 1.2.3). 
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ʇʘʨʘʤʝʪʨ 
ʄʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ 2Re ( ) /= W nR  50 51 10³  

ʏʠʩʣʦ ʌʨʫʜʘ 2 2Fr ( ) /= WR gH  21 10-³  15 

ʏʠʩʣʦ ɺʝʙʝʨʘ 3 2 /=r W sWe L  0.02 300 

ʏʠʩʣʦ ɹʦʥʜʘ 2Bo ( ) /1 2= r -r sgH  0.15 2.0 

ʏʠʩʣʦ ɸʪʚʫʜʘ ( ) / ( )1 2 1 2= r -r r +rA  315 10³  340 10³  

0 /H R Hx =  0.08 3.0 

0 /R R Rx =  0.3 1.0 

0 02 /x =b R h  0.01 3.0 

2/= WWL g  25 34 10³  

/d = n WW  42 10-³  46 10-³  

 

ʊʘʙʣʠʮʘ 1.2.3 ï ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʯʝʥʠʷ 

 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʧʳʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʩʥʦʚʥʳʝ ʙʝʟʨʘʟʤʝʨʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ï ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ 2Re ( ) /R n= W  (ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʠʩʣʦ ʕʢʤʘʥʘ 

Ek 1/ Re= ) ʠ ʌʨʫʜʘ 
2 2Fr ( ) /R gH= W . ʊʝʯʝʥʠʝ ʜʚʫʭʩʣʦʡʥʦʡ ʩʨʝʜʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʯʠʩʣʘ ɸʪʚʫʜʘ 1 1 1 1At ( ) / 2( )r r r r= - +  ʠ ɹʦʥʜʘ 

2
1 1Bo ( ) /gH r r s= - , ʛʜʝ 1r ʠ 2r  ï ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʞʠʜʢʦʩʪʝʡ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʰʝʥʠʷʤʠ 

ʭʘʨʘʢʪʝʨʥʳʭ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ: 0 /H R Hx =  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʛʣʫʙʠʥʘ 

ʢʦʥʪʝʡʥʝʨʘ, 0 /R R Rx =  ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʜʠʫʩ ʠʥʜʫʢʪʦʨʘ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ 

1Hx >> ʢʦʥʪʝʡʥʝʨ ʩʯʠʪʘʝʪʩʷ ʤʝʣʢʠʤ, ʘ ʧʨʠ 1Hx << ï ʛʣʫʙʦʢʠʤ. 
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ɺʘʨʴʠʨʦʚʘʥʠʝ ʛʣʫʙʠʥʳ ʩʣʦʷ ʞʠʜʢʦʩʪʠ, ʨʘʟʤʝʨʦʚ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ 

ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʫʶ ʢʘʨʪʠʥʫ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ (ʊʘʙʣʠʮʘ 1.2.3). 

ʄʥʦʛʦʦʙʨʘʟʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʥʳʭ ʠ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʦʞʥʦʩʪʠ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʠʟʫʯʘʝʤʦʛʦ ʪʝʯʝʥʠʷ, ʯʪʦ 

ʫʯʠʪʳʚʘʣʦʩʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

 

1.3 ʆʙʱʘʷ ʤʦʜʝʣʴ ʚʠʭʨʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʦʥʪʝʡʥʝʨʝ 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʝʯʝʥʠʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʠ, ʚʢʣʶʯʘʝʪ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ɼʘʣʘʤʙʝʨʘ ʠ ʅʘʚʴʝ-ʉʪʦʢʩʘ [41]: 

div 0
t

µr
+ r =

µ
v                                                (1.3.1) 

( ) 2
p

t

µ Ð
+ Ð + ³ =- +nD -

µ r

v
v v ɋ v v F 

ɿʜʝʩʴ: v  ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ, ɋ ï ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʩʨʝʜʳ, 

p  ï ʜʘʚʣʝʥʠʝ, r ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, F  ï ʚʝʢʪʦʨ ʤʘʩʩʦʚʳʭ ʩʠʣ, n ï 

ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ. ɻʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʥʠʤʘʶʪʩʷ 

ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ ʠ ʨʘʚʝʥʩʪʚʘ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʯʝʥʠʝ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʜʠʩʢʦʤ ʨʘʜʠʫʩʘ R, ʚʨʘʱʘʶʱʝʛʦʩʷ ʩ 

ʯʘʩʪʦʪʦʡ W, ʚ ʩʣʦʝ ʞʠʜʢʦʩʪʠ ʛʣʫʙʠʥʦʡ H, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʢʦʥʪʝʡʥʝʨʝ ʨʘʜʠʫʩʘ 

0R . ʆʙʲʝʤ ʞʠʜʢʦʩʪʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʧʨʠ ʨʘʟʚʠʪʠʠ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʩʣʦʷ. 

ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʥʳʭ ʤʘʩʰʪʘʙʦʚ ʩʠʩʪʝʤʳ (ʛʣʫʙʠʥʳ ʩʣʦʷ H, ʨʘʜʠʫʩʘ R  ʠ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ W ʜʠʩʢʘ, ʨʘʜʠʫʩʘ ʢʦʥʪʝʡʥʝʨʘ 0R ) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ. 

ʇʝʨʚʳʡ ʢʨʠʪʠʯʝʩʢʠʡ ʤʘʩʰʪʘʙ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ 

ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʣʦʷ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʘʩʪʦʪʦʡ /H g HW =  ʦʩʥʦʚʥʦʡ ʤʦʜʳ ʚʝʨʪʠʢʘʣʴʥʳʭ 
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ʢʦʣʝʙʘʥʠʡ ʩʣʦʷ ʞʠʜʢʦʩʪʠ ʛʣʫʙʠʥʦʡ H  (ʠʣʠ ʯʘʩʪʦʪʦʡ ʦʩʮʠʣʣʷʮʠʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘ̫ ʪʥʠʢʘ ʜʣʠʥʳ H ) [42]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʥʳʝ ʤʘʩʰʪʘʙʳ ʚʚʦʜʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ 

ʠʥʝʨʮʠʘʣʴʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʣʳʭ ʞʠʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʀʥʝʨʮʠʘʣʴʥʦʝ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ /I g RW =  

(ʩʦʦʪʥʦʰʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʝʡ). ɺ ʨʘʤʢʘʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ E gH RW =  (ʩʦʦʪʥʦʰʝʥʠʝ 

ʵʥʝʨʛʠʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ). 

ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ ʥʝ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ, ʧʦʩʢʦʣʴʢʫ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 2
I H EW =W W, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʥʝʨʮʠʘʣʴʥʘʷ 

ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʚʩʝʛʜʘ ʧʨʠʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʦʩʪʘʣʴʥʳʤʠ ʚʳʜʝʣʝʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ. ʇʦʩʢʦʣʴʢʫ / /H I R HW W = , ʪʦ ʧʨʠ 

0R H>>  ʙʘʩʩʝʡʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʤʝʣʢʠʡ, ʘ ʧʨʠ oR H<<  ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʫʯʘʡ 

ʛʣʫʙʦʢʦʛʦ ʙʘʩʩʝʡʥʘ. 

ɺ ʯʠʩʣʦ ʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ ʚʭʦʜʷʪ ʧʣʦʪʥʦʩʪʴ r ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ n, ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g, ʨʘʜʠʫʩ ʢʦʥʪʝʡʥʝʨʘ 0R , 

ʚʳʩʦʪʘ ʩʣʦʷ ʞʠʜʢʦʩʪʠ H, ʨʘʜʠʫʩ R ʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ W.  

 

1.4 ɻʝʦʤʝʪʨʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʘʚʝʨʥʳ ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʧʝʨʝʩʪʨʦʡʢʠ ʪʝʯʝʥʠʷ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʨʘʟʣʠʯʥʦʡ 

ʛʝʦʤʝʪʨʠʠ 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ 

ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʶʪ ʦʙʣʘʩʪʴ ʧʨʦʛʠʙʘ ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʢʘʚʝʨʥʘ, ʛʣʫʙʠʥʘ ʢʦʪʦʨʦʡ 

ʟʘʚʠʩʠʪ ʦʪ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʘʜʠʫʩʳ ʢʦʥʪʝʡʥʝʨʘ 0R  ʠ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ 

R, ʪʘʢʞʝ ʛʣʫʙʠʥʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʣʦʷ ʞʠʜʢʦʩʪʠ H  ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ 

ʧʦʩʪʦʷʥʥʳʤʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʪʦʣʴʢʦ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ 

W. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʘʚʝʨʥʳ ʟʘʚʠʩʷʪ ʦʪ 
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ʟʥʘʯʝʥʠʡ ʨʘʜʠʘʣʴʥʦʡ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʫ 

ʢʨʦʤʢʠ ʜʠʩʢʘ. 

ʊʠʧʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ 

ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.4.1 ʚ ʩʣʫʯʘʝ ʪʦʥʢʦʛʦ ʩʣʦʷ ʞʠʜʢʦʩʪʠ 

( 1H R Hx = <, ʘ ʠʤʝʥʥʦ 0.33Hx = ). ʇʨʠ ʤʘʣʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʘʷ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ (ʚʦʨʦʥʢʘ) ʠ ʦʩʥʦʚʥʘʷ (ʙʦʣʝʝ ʧʣʦʩʢʘʷ) 

ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʘʶʪʩʷ ʛʣʘʜʢʠʤʠ (ʨʠʩʫʥʦʢ 1.4.1, ʘ, 0 0R Rx = =3). ɻʣʫʙʠʥʘ 

ʚʦʨʦʥʢʠ ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʝʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʝʝ ʮʝʥʪʨʫ, ʥʠʞʥʷʷ ʯʘʩʪʴ ʠʤʝʝʪ 

ʧʘʨʘʙʦʣʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʪʠʧʠʯʥʫʶ ʜʣʷ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʞʠʜʢʦʩʪʠ. 

 

 

ʘ 

 

ʙ 

  

ʚ 

ʈʠʩʫʥʦʢ 1.4.1 ï ʍʘʨʘʢʪʝʨʥʳʝ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʩʪʦʡ ʞʠʜʢʦʩʪʠ ʥʘʜ 

ʚʨʘʱʘʶʱʠʤʩʷ ʜʠʩʢʦʤ (H =15 ʩʤ, R=5,0 ʩʤ): ʘ - ʚ) ï W=460, 720, 1120 ʦʙ/ʤʠʥ 

[42] 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʬʦʨʤʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʩʣʦʞʥʷʝʪʩʷ ʠ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʛʣʘʜʢʦʡ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʷʚʣʷʶʪʩʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʦʟʤʫʱʝʥʠʷ, ʠʤʝʶʱʠʝ ʙʦʣʴʰʫʶ 

ʘʤʧʣʠʪʫʜʫ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʨʘʩʪʝʪ ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʨʫ ʚʦʨʦʥʢʠ 

(ʨʠʩʫʥʦʢ 1.4.1, ʙ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʤʘʩʰʪʘʙ ʩʦʩʪʘʚʣʷʝʪ 1 2·  ʩʤ). ɻʨʝʙʥʠ 

ʚʦʟʤʫʱʝʥʠʡ ʠʤʝʶʪ ʟʘʦʩʪʨʝʥʥʫʶ ʬʦʨʤʫ, ʚʧʘʜʠʥʳ ʙʦʣʝʝ ʧʦʣʦʛʠʝ. ʊʘʢʠʝ 

ʚʦʟʤʫʱʝʥʠʷ ʩ ʤʘʩʰʪʘʙʦʤ, ʧʨʝʚʳh ʘʶʱʠʤ 
()
g
a
d , ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʤʝʥʫʶʪʩʷ 

ʠʥʝʨʮʠʘʣʴʥʳʤʠ ʚʦʣʥʘʤʠ, ʩʣʝʜʫʷ [42]. ɼʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʦʧʳʪʦʚ ʢʨʠʪʠʯʝʩʢʦʝ 
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ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ, 

ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʚʦʟʙʫʞʜʝʥʠʠ ʠʥʝʨʮʠʘʣʴʥʳʭ ʚʦʣʥ, ʨʘʚʥʦ 350HW =  ʦʙ/ʤʠʥ. 

ɽʩʣʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ ʧʨʝʚʳʰʘʝʪ IW =850 ʦʙ/ʤʠʥ, ʪʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʚʝʨʥʳ ʥʘ ʨʷʜʫ ʩ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʥʘʙʣʶʜʘʶʪʩʷ ʠ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʚʦʟʤʫʱʝʥʠʷ (ʨʠʩʫʥʦʢ 1.4.1, ʚ). ʌʦʨʤʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚʦ ʚʩʝʭ ʪʨʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʞʠʤʘʭ ʪʝʯʝʥʠʷ ʦʩʪʘʝʪʩʷ 

ʛʣʘʜʢʦʡ ʥʘ ʫʯʘʩʪʢʘʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤʫ ʢʦʥʪʝʡʥʝʨʫ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʚ ʛʣʫʙʦʢʦʡ ʞʠʜʢʦʩʪʠ 

( 1H R Hx = <<, ʥʘ ʨʠʩʫʥʢʝ 1.4.2 0.18Hx = ). ɻʣʘʜʢʘʷ ʚʦʨʦʥʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

250HW<W =  ʦʙ/ʤʠʥ, ʠʥʝʨʮʠʘʣʴʥʳʝ ʚʦʣʥʳ ʧʨʠ 250<W<700  ʦʙ/ʤʠʥ, 

ʩʧʠʨʘʣʥɹʳʝ ʠ ʠʥʝʨʮʠʘʣʴʥʳʝ ʚʦʣʥʳ ʧʨʠ W>700 ʦʙ/ʤʠʥ (IW =700 ʦʙ/ʤʠʥ). ʇʨʠ 

ʵʪʦʤ ʥʠʞʥʷʷ ʯʘʩʪʴ ʚʦʨʦʥʢʠ, ʥʘ ʜʥʝ ʢʦʪʦʨʦʡ ʩʦʙʠʨʘʁ ʪʩʷ ʛʘʟʦʚʳʝ ʧʫʟʳʨʴʢʠ, ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʠʤʝʝʪ ʬʦʨʤʫ ʧʘʨʘʙʦʣʦʠʜʘ ʚʨʘʱʝʥʠʷ [43]. 

 

  

a 

  

ʙ 

  

ʚ 

ʈʠʩʫʥʦʢ 1.4.2 ï ʍʘʨʘʢʪʝʨʥʳʝ ʬʦʨʤʳ ʚʦʨʦʥʢʠ ʚ ʛʣʫʙʦʢʦʡ ʚʦʜʝ ( H =40 ʩʤ, 

R=7.5 ʩʤ): ʘ - ʚ) ï W=500, 750, 970 ʦʙ/ʤʠʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʋʩʪʘʥʦʚʢʘ ʥʘ ʜʠʩʢʠ ʜʘʞʝ ʥʝʙʦʣʴʰʠʭ ʧʨʷʤʳʭ ʨʝʙʝʨ ʚ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʜʠʘʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʩʢʦʨʦʩʪʠ, 

ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʪʦʨʦʠʜʘʣʴʥʦʤ ʚʠʭʨʝ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʛʣʫʙʠʥʫ 

ʢʘʚʝʨʥʳ. ʊʠʧʠʯʥʳʡ ʧʨʠʤʝʨ ʪʘʢʦʛʦ ʪʝʯʝʥʠʷ, ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʜʠʩʢʦʤ ʩ ʪʨʝʤʷ 

ʨʘʜʠʘʣʴʥʳʤʠ ʨʝʙʨʘʤʠ ʚʳʩʦʪʦʡ 1 ʤʤ, ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.4.3. 
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ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʩʪʘʙʠʣʠʟʠʨʫʝʪ 

ʬʦʨʤʫ ʢʘʚʝʨʥʳ, ʢʦʪʦʨʘʷ ʦʩʪʘʝʪʩʷ ʛʣʘʜʢʦʡ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ (ʨʠʩʫʥʦʢ 1.4.3, ʘ, ʙ). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʜʠʩʢʘ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʩʪʝʤʘ ʢʦʨʦʪʢʠʭ ʢʦʣʴʮʝʚʳʭ 

ʚʦʣʥ, ʘ ʫ ʢʦʥʯʠʢʘ ʢʘʚʝʨʥʳ ï ʠʥʝʨʮʠʘʣʴʥʳʝ ʚʦʣʥʳ (ʨʠʩʫʥʦʢ 1.4.3, ʚ). ɺʝʨʭʥʷʷ 

ʯʘʩʪʴ ʢʘʚʝʨʥʳ ʦʩʪʘʝʪʩʷ ʛʣʘʜʢʦʡ. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʘʩʪʝʪ ʘʤʧʣʠʪʫʜʘ 

ʠʥʝʨʮʠʘʣʴʥʳʭ ʚʦʣʥ, ʩʧʠʨʘʣʴʥʳʝ ʚʦʣʥʳ ʧʨʦʥʠʢʘʶʪ ʚʥʫʪʨʴ ʢʘʚʝʨʥʳ. ʈʝʛʫʣʷʨʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʧʠʨʘʣʴʥʳʭ ʚʦʣʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʚʝʨʥʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʘʞʝ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʦʣʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʧʨʠʤʳʢʘʶʱʝʡ ʢ ʦʙʝʯʘʡʢʝ, 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʨʝʛʫʣʷʨʥʳʤ. 

 

   

ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 1.4.3 ï ʍʘʨʘʢʪʝʨʥʳʝ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘʜ 

ʚʨʘʱʘʶʱʠʤʩʷ ʦʨʝʙʨʝʥʥʳʤ ʜʠʩʢʦʤ ( H =40 ʩʤ, R=2,5 ʩʤ, ʚʳʩʦʪʘ ʨʝʙʨʘ 

1 ʤʤ): ʘ - ʚ) ï W=470, 1134,  1530, ʦʙ/ʤʠʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʦʚ, ʫʩʪʦʡʯʠʚʦ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʪʨʠ ʪʠʧʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʘʚʝʨʥʳ: ʛʣʘʜʢʘʷ; ʚʦʣʥʠʩʪʘʷ, ʢʦʛʜʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʛʫʪ 

ʠʥʝʨʮʠʘʣʴʥʳʝ ʚʦʣʥʳ; ʢʘʚʝʨʥʘ ʩ ʨʘʟʚʠʪʳʤʠ ʚʦʣʥʦʚʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ, ʢʦʛʜʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʬʦʨʤʠʨʦʚʘʥʘ ʚʦʣʥʘʤʠ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʦʚ ï ʠʥʝʨʮʠʘʣʴʥʳʤʠ 

ʠ ʩʧʠʨʘʣʴʥʳʤʠ. 
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ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʪʝʦʨʠʝʡ ʧʘʨʘʤʝʪʨʦʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʩʦʩʪʘʚʥʦʡ ʚʠʭʨʴ ʚ ʮʝʣʦʤ, ʷʚʣʷʝʪʩʷ ʛʣʫʙʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʢʘʚʝʨʥʳ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʷʜʨʘ ʚʠʭʨʷ [25, 42]. 

ʆʙʦʙʱʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʛʣʫʙʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʘʚʝʨʥʳ ʚ ʛʣʫʙʦʢʦʡ 

ʞʠʜʢʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʣʷ ʩʣʫʯʘʷ ʛʣʘʜʢʦʛʦ (ɻ) ʠʣʠ ʦʨʝʙʨʝʥʥʦʛʦ (ʈ) 

ʜʠʩʢʘ ʨʘʜʠʫʩʦʤ R=5.00 ʩʤ ʩ ʨʘʜʠʘʣʥɹʳʤʠ ʨʝʙʨʘʤʠ ʚʳʩʦʪʦʡ rh  = 1 ʤʤ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.4.4 ʚ ʜʚʦʡʥʦʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ. ɺ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ 

ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ exp( ) Bh A= W [55]. ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ B  ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ A  ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1.4.1. 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 1.4.4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʢʘʚʝʨʥʳ h  ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ 

W ( H =25 ʩʤ): ʘ) ï R=3.8 ʩʤ, ʢʨʠʚʳʝ: 1 ï ʛʣʘʜʢʠʡ ʜʠʩʢ, 2 ï rh = 1 ʤʤ; ʙ) ï 

ʛʣʘʜʢʠʝ ʜʠʩʢʠ, ʢʨʠʚʳʝ 3, 4, 5 ï R=2.95, 3.8, 5.0 ʩʤ 

 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʪʝʤʧ ʨʦʩʪʘ ʛʣʫʙʠʥʳ ʙʦʣʝʝ ʚʳʩʦʢʠʡ, ʯʝʤ ʜʣʷ ʤʦʜʝʣʠ ʚʠʭʨʷ 

ʈʵʥʢʠʥʘ ʩ ʧʣʦʩʢʠʤʠ ʣʠʥʠʷʤʠ ʪʦʢʘ (2~h R ), ʯʪʦ ʦʪʨʘʞʘʝʪ ʩʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʢ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, 

ʫʩʠʣʠʚʘʶʱʠʭ ʜʝʡʩʪʚʠʝ ʜʨʫʛ ʜʨʫʛʘ. ʇʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ B  ʫʤʝʥʴʰʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʠ ʨʘʜʠʫʩʘ ʜʠʩʢʘ R, ʠ ʚʩrʦʪʳ ʨʝʙʨʘ rh . 
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ɼʠʘʤʝʪʨ 

ʜʠʩʢʘ, 

ʤʤ 

ɺʠʜ 

ʜʠʩʢʘ 

ɺʳʩʦʪʘ 

ʨʝʙʝʨ 

ʜʠʩʢʘ, ʤʤ 

ɸ B ɻʣʫʙʠʥʘ 

ʞʠʜʢʦʩʪʠ, 

ʩʤ 

45 ɻ -  12.1 0.14- °  4.6 0.46- °  40 

45 ʈ 1  9.46 0.95- °  3.37 0.46°  40 

45 ʈ 2 6.0 0.52- °  1.37 0.14°  40 

59 ɻ - 8.7 0.98- °  3.63 0.41- °  40 

59 ʈ 1  6.43 1.60- °  2.80 0.17°  40 

59 ʈ 2 3.25 0.40- °  1.80 0.17°  40 

76 ɻ - 7.15 0.76- °  2.67 0.21°  40 

76 ʈ 1  4.63 0.26- °  2.55 0.09°  40 

76 ʈ 2 2.21 0.11- °  1.80 0.18°  40 

100 ɻ - 1.58 0.23- °  1.58 0.43- °  10 

100 ɻ - 6.63 0.27- °  6.63 0.27- °  20 

100 ɻ - 15.1 0.15- °  1.23 0.14- °  30 

100 ɻ - 6.17 0.92- °  2.64 0.28°  40 

100 ɻ - 11.29 0.76- °  2.64 0.15°  50 

100 ɻ - 13.92 0.59- °  3.08 0.12°  60 

100 ʈ 1  3.88 0.96- °  2.45 0.37°  40 

100 ʈ 2 1.67 0.17- °  1.96 0.86- °  40 

150 ɻ - 2.96 0.48- °  2.96 0.48- °  10 

150 ɻ - 4.03 1.01- °  1.03 0.03- °  20 

150 ɻ - 15.9 0.20- °  0.87 0.08- °  30 

150 ɻ - 5.09 0.46- °  10.3 0.12°  40 

150 ɻ - 6.24 0.68- °  1.89 0.15°  50 

 

ʊʘʙʣʠʮʘ 1.4.1 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ ʛʣʘʜʢʦʛʦ ʠ ʦʨʝʙʨʝʥʥʦʛʦ ʜʠʩʢʦʚ 
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ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ï ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʭʦʞʠʝ ʢʘʨʪʠʥʳ 

(ʨʠʩʫʥʦʢ 1.4.5). 

 

ʊʘʢʞʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʩ ʛʝʦʤʝʪʨʠʝʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʚʠʜʝ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʥʘʧʨʠʤʝʨ, 

ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʩ ʢʚʘʜʨʘʪʥʳʤ, 

ʰʝʩʪʠʫʛʦʣʴʥʳʤ ʠ ʚʦʩʴʤʠʫʛʦʣʴʥʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ [45 - 47]. 

ʄʥʦʛʦʫʛʦʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʦʥʪʝʡʥʝʨʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ, ʪʘʢ ʢʘʢ ʵʪʦ ʤʝʥʝʝ 

ʜʦʨʦʛʦʩʪʦʷʱʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

   

ʘ ʙ ʚ 

   

ʛ ʜ ʝ 

ʈʠʩʫʥʦʢ 1.4.5 ï ʍʘʨʘʢʪʝʨʥʳʝ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʫʩʪʘʥʦʚʢʝ 

ʄʊʂ ( W=120, 250, 500, ʦʙ/ʤʠʥ): ʘ - ʚ) ï ʦʙʲʝʤ ʢʦʥʪʝʡʥʝʨʘ ï 15 ʣ,. ʛ - ʝ) ï 

ʦʙʲʝʤ ʢʦʥʪʝʡʥʝʨʘ ï 1 ʣ 
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ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʘʤʝʨʘʭ, ʛʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʛʣʦʚʳʝ ʚʠʭʨʠ ʚ 

ʤʥʦʛʦʫʛʦʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʫʚʝʣʠʯʠʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʤʝʰʠʚʘʥʠʷ [48]. 

ʂʘʢ ʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʛʣʫʙʠʥʘ ʢʘʚʝʨʥʳ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʦʥʪʝʡʥʝʨʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʣʘ 

ʛʣʫʙʠʥʫ ʢʘʚʝʨʥʳ ʚ ʪʨʝʫʛʦʣʴʥʦʤ ʠ ʢʚʘʜʨʘʪʥʦʤ ʢʦʥʪʝʡʥʝʨʘʭ (ʨʠʩʫʥʦʢ 1.4.6).  

  

  

ʈʠʩʫʥʦʢ 1.4.6 ï ɺʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʩ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʝʡ: 

1 ï ʢʚʘʜʨʘʪʥʳʡ, 2 ï ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ; 3 ï ʪʨʝʫʛʦʣʴʥʳʡ ʢʦʥʪʝʡʥʝʨʳ 

 

ɹʳʣʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʠʭʨʝʡ ʚ ʫʛʣʘʭ ʧʦʣʠʛʦʥʘʣʴʥʳʭ 

ʢʦʥʪʝʡʥʝʨʦʚ. ɺ ʩʣʫʯʘʝ ʢʦʥʪʝʡʥʝʨʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ, 

ʠʤʝʝʪ ʧʨʷʤʦʡ ʢʦʥʪʘʢʪ ʩʦ ʩʪʝʥʢʘʤʠ ʢʦʥʪʝʡʥʝʨʘ. ʇʦʪʦʢ ʚ ʤʥʦʛʦʫʛʦʣʴʥʦʤ 

ʢʦʥʪʝʡʥʝʨʝ ʩʛʣʘʞʝʥ ʥʘ ʨʝʙʨʘʭ ʫʛʣʦʚʳʤʠ ʚʠʭʨʷʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʪʦʢ ʥʝ 
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ʠʤʝʝʪ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʩʦ ʩʪʝʥʢʘʤʠ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʯʠʩʣʘ ʫʛʣʦʚ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʢʦʥʪʝʡʥʝʨʘ ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʥʝ ʪʦʣʴʢʦ ʩʦ ʩʪʝʥʢʘʤʠ ʢʦʥʪʝʡʥʝʨʘ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʮʠʣʠʥʜʨʦʤ, ʥʦ ʠ ʩ 

ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʛʣʦʚʳʤʠ ʚʠʭʨʷʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ 

ʨʘʩʩʝʠʚʘʝʪʩʷ ʥʘ ʫʛʣʦʚʳʝ ʚʠʭʨʠ. 

ʂʦʥʠʯʝʩʢʠʝ ʠ ʢʫʙʠʯʝʩʢʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʯʠʩʣʝʥʥʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʨʘʙʦʪʘʭ [49 - 53]. 

 

1.5 ʌʦʨʤʳ ʢʘʚʝʨʥʳ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ ʚ ʯʠʩʪʦʡ ʚʦʜʝ 

ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʷ ʪʝʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, 

ʟʘʥʠʤʘʶʱʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ ʨʘʜʠʫʩʘ oR , ʛʜʝ ʚʨʘʱʘʶʱʠʡʩʷ ʥʘ ʜʥʝ 

ʜʠʩʢ ʫʚʣʝʢʘʝʪ ʦʢʨʫʞʘʶʱʫʶ ʞʠʜʢʦʩʪʴ ʠ ʟʘ ʩʯʝʪ ʚʷʟʢʠʭ ʵʬʬʝʢʪʦʚ ʧʝʨʝʜʘʝʪ 

ʜʚʠʞʝʥʠʝ ʚʩʝʤʫ ʦʙʲʝʤʫ ʞʠʜʢʦʩʪʠ ʚʧʣʦʪʴ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉ ʫʯʝʪʦʤ ʛʝʦʤʝʪʨʠʠ ʢʦʥʪʝʡʥʝʨʘ ʠ ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʜʚʠʞʝʥʠʷ ʜʠʩʢʘ, 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ( , , )r zj , ʮʝʥʪʨ ʢʦʪʦʨʦʡ ʦʙʳʯʥʦ ʧʦʤʝʱʘʶʪ 

ʚ ʮʝʥʪʨʝ ʜʠʩʢʘ ʠʣʠ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʟʘʜʘʯʠ ʩ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.5.1 [42]. 

 

ʈʠʩʫʥʦʢ 1.5.1 ï ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʟʘʜʘʯʠ ʩ ʦʩʥʦʚʥʳʤʠ 

ʦʙʦʟʥʘʯʝʥʠʷʤʠ 
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ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ: (1.5.1) ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-

ʉʪʦʢʩʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʧʦ ʢʦʤʧʦʥʝʥʪʘʤ ʩʢʦʨʦʩʪʠ; (1.5.2) 

ʫʨʘʚʥʝʥʠʷ ɼʘʣʘʤʙʝʨʘ; (1.5.3) ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ; 

(1.5.4) ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʜʘʚʣʝʥʠʡ ʚʜʦʣʴ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ [42] 
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ɿʜʝʩʴ ʜʘʚʣʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʦ ʥʘ ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʜʠʩʢ ʨʘʜʠʫʩʘ R , 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʜʥʝ, ʚʨʘʱʘʝʪʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ W; 1R  ʠ 2R  ï ʛʣʘʚʥʳʝ 

ʨʘʜʠʫʩʳ ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʠ, ik
¡s ï ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʋʨʦʚʝʥʴ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠʥʷʪ ʟʘ ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ 0z= , 

ʜʥʦ ʩʦʩʫʜʘ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʫʨʦʚʥʝ z H=-. ʏʘʩʪʴ ʜʥʘ (ʜʠʩʢ ʨʘʜʠʫʩʘ R) 

ʚʨʘʱʘʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ W. ʉʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʠ 
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ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ n ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ a [42]. 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʧʦʚʝʜʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʚʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʫ ʢʦʤʧʦʥʝʥʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʧʨʠʤʝʩʠ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ, ʚʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʫ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʣʝʡ 

ʦʪʣʠʯʘʶʪʩʷ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʢʨʘʩʠʪʝʣʷ, 

ʩʤʝʰʠʚʘʶʱʝʛʦʩʷ ʩ ʞʠʜʢʦʩʪʴʶ ʚ ʙʘʩʩʝʡʥʝ. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʠʟʫʘʣʠʟʠʨʫʶʱʝʛʦ ʢʨʘʩʠʪʝʣʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ, 

ʫʯʠʪʳʚʘʶʱʠʤ ʵʬʬʝʢʪʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ  

( )
div ( v) div i

µ r
=- r -

µ

S
S

t
 

ɿʘʤʳʢʘʝʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

( , , )r=rT S p  

ɺ ʵʪʠʭ ʫʨʘʚʥʝʥʠʷʭ ʚʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ: T  ï ʪʝʤʧʝʨʘʪʫʨʘ, S ï 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ, i=-k ÐS S  ï ʧʣʦʪʥʦʩʪʴ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʪʦʢʘ, kS  ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴʩʷ ʧʦʩʪʦʷʥʥʳʤ. 

ɺʦʟʤʫʱʝʥʠʝ ʫʨʦʚʥʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʬʫʥʢʮʠʝʡ ( , , )tz r j. ɺ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʜʘʚʣʝʥʠʝ ʚ ʞʠʜʢʦʩʪʠ p  ʠ ʚ ʚʦʟʜʫʭʝ 

0p , ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ a ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʧʣʦʪʥʦʩʪʴ 

ʞʠʜʢʦʩʪʠ. 

ʇʦʩʢʦʣʴʢʫ ʦʪʢʣʦʥʝʥʠʝ z ʦʪ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ 

ʤʘʣʳʤ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ (1.5.1 ï 1.5.4) ʥʝ 

ʜʦʧʫʩʢʘʶʪ ʨʘʟʣʦʞʝʥʠʷ ʚʙʣʠʟʠ ʫʨʦʚʥʷ 0z= . ʕʪʦʪ ʬʘʢʪ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴʶ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ [42]. 

ɺʳʧʦʣʥʝʥʠʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʠ ʫʯʝʪ ʫʩʣʦʚʠʡ ʥʝʧʨʝʨʳʚʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʥʩʪʘʥʪʳ ʠ ʟʘʜʘʶʪ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ ʥʫʣʝʚʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ɺ ʛʣʫʙʦʢʦʡ ʞʠʜʢʦʩʪʠ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ ʚʨʘʱʘʶʱʠʡʩʷ ʜʠʩʢ ʬʦʨʤʠʨʫʝʪ ʢʘʚʝʨʥʫ, ʬʦʨʤʘ ʢʦʪʦʨʦʡ 

ʠʤʝʝʪ ʚʠʜ [54] 

( ) ( )
2 22

* *
2

**

( / )
1 2

3/ 2 ln( / )

R
b

R
* *

ë ûè øå õå õ å õr r rî îé ùæ özº - - J r -r + J r-rì üæ ö æ ö
æ ör ré ù+ r ç ÷ç ÷î îç ÷ê úí ý

 (1.5.5) 

 

ʛʜʝ *r ï ʵʤʧʠʨʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʤʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʟʛʨʘʥʠʯʠʚʘʶʱʘʷ ʚʦʛʥʫʪʫʶ ʠ 

ʚʳʧʫʢʣʫʶ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, b  ï ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʪʝʯʝʥʠʷ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ. ʇʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʧʨʠʤʝʥʠʤʦ, ʢʦʛʜʘ 

ʛʣʫʙʠʥʘ ʢʘʚʝʨʥʳ ʤʝʥʴʰʝ ʧʦʣʦʚʠʥʳ ʪʦʣʱʠʥʳ ʩʣʦʷ ʞʠʜʢʦʩʪʠ. 

ʀʟ ʦʮʝʥʢʠ ʛʝʦʤʝʪʨʠʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʦʥʪʝʡʥʝʨʝ, ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʢʘʧʠʣʣʷʨʥʳʭ ʵʬʬʝʢʪʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ s, ʩʣʝʜʫʝʪ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʦʨʤʳ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ 

( )1 ( )b f rz= -k ,  (1.5.6) 
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ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 2 gl = s (ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʤʘʩʰʪʘʙʘ ʫʯʪʝʥʘ 

ʥʦʨʤʠʨʦʚʢʘ ʫʨʘʚʥʝʥʠʡ ʥʘ ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʦʙʳʯʥʦ 2 gl = r s), ( )nI x  ï 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ, *r ʠ r ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, b  ï 

ʩʚʦʙʦʜʥʳʡ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʯʝʥʠʷ. 

ʇʘʨʘʤʝʪʨʳ ʬʦʨʤʫʣʳ (1.5.6) b , cr  ʠ r*, ʢʦʪʦʨʳʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʝʦʤʝʪʨʠʝʡ ʟʘʜʘʯʠ (R, 0R  ʠ H), ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ W, 
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ʚʝʣʠʯʠʥʦʡ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʚʷʟʢʦʩʪʴʶ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʜʘʥʥʳʤ (ʥʘʧʨʠʤʝʨ, ʧʦ ʬʦʨʤʝ ʢʦʥʪʫʨʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ). 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʦʨʦʥʢʘ ʦʧʫʩʢʘʝʪʩʷ ʜʦ ʩʘʤʦʛʦ ʜʥʘ, ʠ ʦʪ ʚʦʜʳ 

ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʯʘʩʪʴ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ, ʬʦʨʤʘ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʠʤʝʝʪ 

ʚʠʜ 

( )

2

2 2

1
1 1 ( )

1 2ln 1

r
H r r

p p r

*
*

ë ûå õî î
zº- - - J -æ öì üæ ö+ -î îç ÷í ý

           (1.5.7) 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʳʨʘʞʝʥʠʷ (1.5.6) ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʦʜʠʥ 

ʵʤʧʠʨʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ r* ï ʨʘʜʠʫʩ ʩʚʦʙʦʜʥʦʡ ʦʪ ʚʦʜʳ ʯʘʩʪʠ ʜʠʩʢʘ.  

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʟʥʘʯʝʥʠʡ 0 14.7R ʩʤ= . ʅʝʦʙʭʦʜʠʤʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʣʷ ʬʦʨʤʫʣʳ (1.5.6) ʚ ʢʘʯʝʩʪʚʝ 

r* ʚʳʙʠʨʘʣʩʷ ʨʘʜʠʫʩ ʪʦʯʢʠ ʧʝʨʝʛʠʙʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʦʡ ʚʦʨʦʥʢʠ, 

ʪʘʢ ʢʘʢ ʚ ʵʪʦʡ ʪʦʯʢʝ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ rr
¡¡z  ʤʝʥʷʝʪ ʟʥʘʢ.  

ɼʣʷ ʬʦʨʤʫʣʳ (1.5.7) r* ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʳʤ ʠʟʤʝʨʝʥʥʦʤʫ ʨʘʜʠʫʩʫ 

ʩʚʦʙʦʜʥʦʡ ʦʪ ʚʦʜʳ ʯʘʩʪʠ ʜʠʩʢʘ. ɺ ʢʘʯʝʩʪʚʝ cr  ʚʳʙʠʨʘʝʪʩʷ ʨʘʜʠʫʩ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʪʘʢʦʡ ʦʙʣʘʩʪʠ ʚʦʨʦʥʢʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʘʷ r
¡z ʧʨʠʦʙʨʝʪʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ.  

ʇʦʜʩʪʘʥʦʚʢʠ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ r* ʠ cr  ʚ (1.5.7) ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ 

ʟʥʘʯʝʥʠʝ 1 ( )f-m x ʥʘ ʦʩʠ ʚʦʨʦʥʢʠ ʧʨʠ 0x=. ʆʪʥʦʰʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʟʘʛʣʫʙʣʝʥʠʷ ʮʝʥʪʨʘ ʚʦʨʦʥʢʠ ʢ ʚʳʯʠʩʣʝʥʥʦʡ ʚʝʣʠʯʠʥʝ ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʪʦʷʥʥʫʶ 

b. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ b , cr  ʠ r* ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʚ 

ʚʳʨʘʞʝʥʠʝ (1.5.6) ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʬʦʨʤʳ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʫʣʳ (1.5.7) ʥʠʢʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʝ 

ʧʨʦʚʦʜʠʪʩʷ, ʧʦʩʢʦʣʴʢʫ H  ï ʥʝʚʦʟʤʫʱʝʥʥʘʷ ʛʣʫʙʠʥʘ ʩʣʦʷ ʞʠʜʢʦʩʪʠ ʠʟʚʝʩʪʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʥʘ ʩʦʩʪʘʚʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʚ 

ʢʦʪʦʨʳʭ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ (ʚʠʜ ʩʙʦʢʫ) 



52 

 

ʩʚʝʪʣʳʤʠ ʣʠʥʠʷʤʠ ʥʘʥʝʩʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʨʠʚʳʝ ʬʦʨʤ ʥʫʣʝʚʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ (ʨʠʩʫʥʦʢ 1.5.2). ʅʘ ʧʨʠʚʦʜʠʤʳʭ ʠʣʣʶʩʪʨʘʮʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ 

ʜʚʘ ʪʠʧʘ ʙʝʛʫʱʠʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʚʝʨʥʳ ï ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ 

ʠʥʝʨʮʠʘʣʴʥʳʝ ʚʦʣʥʳ ʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʩʧʠʨʘʣʴʥʳʝ ʚʦʣʥʳ [42]. 

 

  

ʘ 

  

ʙ 

ʈʠʩʫʥʦʢ 1.5.2 ï ʂʘʚʝʨʥʘ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ ʩ ʥʘʥʝʩʝʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʢʨʠʚʦʡ 

ʬʦʨʤʳ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ (0R =14.7 ʩʤ, R=7.5 ʩʤ, H =18 ʩʤ): ʘ) ï W=520 

ʦʙ/ʤʠʥ 2.8r*= ʩʤ ʠ 0.0cr =  ʩʤ, ʙ) ï W=710 ʦʙ/ʤʠʥ, 3.5r*= ʩʤ ʠ 2.1cr = ʩʤ [54] 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʳ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ ʙʝʟ ʧʨʠʤʝʩʝʡ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ 

( w/ 2g Hw< ) ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʦʨʤʳ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʩʦʩʪʘʚʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ (ʚʠʜ ʩʙʦʢʫ) ʩʚʝʪʣʳʤʠ 

ʣʠʥʠʷʤʠ ʥʘʥʝʩʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʨʠʚʳʝ ʬʦʨʤ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

(ʨʠʩʫʥʦʢ 1.5.3). 

ʉʨʘʚʥʝʥʠʝ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʨʦʬʠʣʷʤʠ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ *r ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ 

ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ʌʦʨʤʘ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʘʷ 
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ʟʘʚʠʩʠʤʦʩʪʷʤʠ (1.5.6) ʠ (1.5.7) ʩ ʧʦʜʛʦʥʦʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ b , cr  ʠ r*, ʚ 

ʢʦʪʦʨʳʝ ʚ ʷʚʥʦʤ ʚʠʜʝ ʥʝ ʚʭʦʜʷʪ ʨʘʜʠʫʩ dr  ʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ W, 

ʦʧʠʩʳʚʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ ʚʠʭʨʝʚʳʭ ʢʘʚʝʨʥ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʦʩʫʜʘʭ ʧʨʠ ʚʨʘʱʝʥʠʠ ʩʦʦʩʥʦʛʦ ʜʠʩʢʘ. 

 

 

 

ʈʠʩʫʥʦʢ 1.5.3 ï ʉʨʘʚʥʝʥʠʝ ʬʦʨʤʳ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʛʣʫʙʠʥʫ ʚʦʨʦʥʢʠ ʩ 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠ 0R =14.7 ʩʤ, R= 7.5 ʩʤ, ʅ =20 ʩʤ, 

W= 330 ʦʙ/ʤʠʥ 

 

ʉʨʘʚʥʝʥʠʝ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʨʦʬʠʣʷʤʠ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ *r  ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ 

ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ 

(ʨʠʩʫʥʦʢ 1.5.4). ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʛʣʫʙʠʥʳ ʢʘʚʝʨʥʳ [55]. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʠʭʨʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʝʛʦ ʚʨʘʱʝʥʠʠ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʯʪʦ 

ʫʯʠʪʳʚʘʣʦʩʴ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʬʦʨʤ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ 

ʬʘʟ, ʚʳʧʦʣʥʝʥʥʦʝ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʦʪʩʫʪʩʪʚʠʷ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʚ ʦʙʲʝʤʝ ʪʝʯʝʥʠʷ, ʚʚʠʜʫ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʛʦ ʚʢʣʘʜʘ 

ʵʪʠʭ ʪʝʯʝʥʠʡ ʚ ʩʫʤʤʘʨʥʫʶ ʵʥʝʨʛʠʶ ʚʠʭʨʷ. 
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 ʘ  ʙ 

ʈʠʩʫʥʦʢ 1.5.4 ï ʉʨʘʚʥʝʥʠʝ ʬʦʨʤʳ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʛʣʫʙʠʥʫ ʢʘʚʝʨʥʳ ʩ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ 0R =14.7 ʩʤ, R= 5.0 ʩʤ, ʅ =15 ʩʤ:  

ʘ) ï W= 440 ʦʙ/ʤʠʥ, r*=0.10, ʙ) ï W= 720 ʦʙ/ʤʠʥ, r*=0.13. 

 

ʇʨʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ (ɋ>500 ʦʙ/ʤʠʥ) ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʙr ʣʘ ʟʘʤʝʯʝʥʘ 

ʩʣʝʜʫʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʴ: ʦʙʲʸʤ ʚʦʟʜʫʭʘ ʚ çʥʦʩʠʢʝè ʚʦʟʜʫʰʥʦʡ ʯʘʩʪʠ ʚʦʨʦʥʢʠ, 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʦʙʣʘʩʪʴʶ ʪʚʸʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ, ʧʦʩʪʦʷʥʥʳʡ 

ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʠ ʢʦʥʪʝʡʥʝʨʘ ʠ ʝʛʦ ʨʘʟʤʝʨʦʚ.  

ʆʜʥʦ ʠʟ ʦʯʝʚʠʜʥʳʭ ʩʚʦʡʩʪʚ ʚʠʭʨʝʚʦʡ ʚʦʨʦʥʢʠ ï ʩʦʭʨʘʥʝʥʠʝ ʤʘʩʩʳ 

ʚʨʘʱʘʶʱʝʡʩʷ ʚʦʜʳ. ɺ ʩʣʫʯʘʝ ʬʦʨʤʳ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʧʨʝʥʝʙʨʝʞʝʥʠʠ 

ʵʬʬʝʢʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

2
2 2 2 2

0

ɤ
ɕ( ) ɕ ɗ( ) (2 )ɗ( )

2
r r a r a a r r a

g
è ø= + - + - -
ê ú

 (1.5.8) 

ʛʜʝ a  ï ʨʘʜʠʫʩ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ, ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʧʨʠʦʙʨʝʪʘʝʪ 

ʚʠʜ 

0

0

ɕ( ) 0

R

r r dr =ñ                                                      (1.5.9) 

ɿʜʝʩʴ 0R  ï ʨʘʜʠʫʩ ʢʦʥʪʝʡʥʝʨʘ. 

ʊʘʢ ʢʘʢ ɕ( )r  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʢʣʦʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʦʪ 

ʩʚʦʝʛʦ ʥʝʚʦʟʤʫʱʸʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʦ (1.5.9) ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʦʙʲʝʤ ʚʦʜʳ wV  ʚ ʦʙʣʘʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʚʝʥ 
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ʦʙʲʸʤʫ ʚʦʟʜʫʭʘ aV  ʚ ʧʨʦʚʘʣʝ ʚʦʨʦʥʢʠ ʧʦʜ ʫʨʦʚʥʝʤ ʥʝʚʦʟʤʫʱʸʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.5.5. 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ (1.5.9) ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʫʣʴʪʘʪʫ, ʦʧʨʝʜʝʣʷʶʱʝʤʫ ʛʣʫʙʠʥʫ 

ʧʨʦʚʘʣʘ ʚ ʮʝʥʪʨʝ ʚʦʨʦʥʢʠ 

2 2
2 2 0

0 02
0

ɤ 3
ɕ ln 0

4

Ra
R a

agR

å õå õ
=- - + <æ öæ ö

ç ÷ç ÷
 (1.5.10) 

ʅʝʨʘʚʝʥʩʪʚʦ ʚ (1.5.10) ʩʣʝʜʫʝʪ ʠʟ ʪʦʛʦ, ʯʪʦ 2 2 0
0

3
ln 0

4

R
R a

a

å õ
- + >æ ö
ç ÷

 ʧʨʠ 

0R a² , ʢʘʢ ʵʪʦ ʠ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʋʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ɤ ʚ 

ʩʦʦʪʥʦʰʝʥʠʷʭ (1.5.8 ï 1.5.10) ï ʵʪʦ ʯʘʩʪʦʪʘ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʚ ʮʝʥʪʨʝ 

ʚʦʨʦʥʢʠ.  

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 1.5.5 ï ʉʭʝʤʘ (ʘ) ʠ ʬʦʪʦ (ʙ) ʚʠʭʨʝʚʦʡ ʚʦʨʦʥʢʠ ɋ=660 ʦʙ/ʤʠʥ 

 

ʇʦʜʩʪʘʥʦʚʢʘ (1.5.10) ʚ (1.5.8) ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʞʝʥʠʶ ʜʣʷ ʬʦʨʤʳ ʚʦʨʦʥʢʠ, 

ʚ ʢʦʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʥʝʠʟʚʝʩʪʥʳʡ ʧʘʨʘʤʝʪʨ ï ʯʘʩʪʦʪʘ 

ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ. ɺʳʩʦʪʘ ʧʦʜʲʸʤʘ ʚʦʜʳ ʥʘ ʩʪʝʥʢʝ ʢʦʥʪʝʡʥʝʨʘ, ʪʦ ʝʩʪʴ 

ʧʨʠ 0r R= , ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 
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2 4
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ɕ( ) 1 4ln 0
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å õ
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ç ÷
. (1.5.11) 

ɺ ʮʝʣʷʭ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚʳʨʘʞʝʥʠʝ (3) ʚ 

ʬʦʨʤʝ 

2 2 2

0 2
00

ɤ 3
ɕ 1 ln

4

a a a

g RR

å õå õ
=- - -æ öæ öæ ö

ç ÷ç ÷
. (1.5.12) 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ (500ʦʙ ʤʠʥW² ) ʨʘʜʠʫʩ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʨʘʜʠʫʩʘ ʢʦʥʪʝʡʥʝʨʘ 

0R , ʪʦ ʝʩʪʴ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

0

1
a

R
                                                  (1.5.13) 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʬʘʢʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʣʫʙʠʥʘ 

ʧʨʦʚʘʣʘ ʚ ʮʝʥʪʨʝ ʚʦʨʦʥʢʠ (ʧʨʠ 500ʦʙ ʤʠʥW² ) ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ, ʪʦ ʝʩʪʴ 

0ɕ ~W (1.5.14) 

ɽʩʣʠ ʧʨʠʥʷʪʴ ʟʘ ʦʩʥʦʚʫ ʛʠʧʦʪʝʟʫ, ʯʪʦ ɤ~W, ʪʦ ʥʘ ʦʩʥʦʚʝ (1.5.12 ï 1.5.14) 

ʩʣʝʜʫʝʪ 

1 2 1 2
0 0ɕ ~ , ɕ ~ɤ; ~ , ~ɤa a

- -W W  (1.5.15) 

ʘ ʠʟ (1.5.14) ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʩʦʪʳ ʧʦʜʲʸʤʘ ʚʦʜʳ ʫ ʩʪʝʥʢʠ 

ʢʦʥʪʝʡʥʝʨʘ 

0 0ɕ( )~ ln , ɕ( )~ lnɤR A B R A B+ W +  (1.5.16) 

ʛʜʝ A  ʠ B  ï ʥʝʢʦʪʦʨʳʝ ʚʝʣʠʯʠʥʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʚʝʣʠʯʠʥʦʡ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʥʪʝʡʥʝʨʘ, ʥʦ ʥʝ ʟʘʚʠʩʷʱʠʝ ʦʪ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ. 

ʀʪʘʢ, ʧʫʩʪʴ, ʩʦʛʣʘʩʥʦ (1.5.15) 

0a
a=

W
                                                      (1.5.17) 
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ʊʦʛʜʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʚʝʣʠʯʠʥʫ 0a  (ʵʪʘ ʚʝʣʠʯʠʥʘ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ [ ]0 ʩʤ ʩʝʢa =  ʠ ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ ʜʣʷ ʢʦʥʪʝʡʥʝʨʦʚ ʩ ʜʘʥʥʳʤ ʜʠʘʤʝʪʨʦʤ, ʚʳʩʦʪʦʡ ʠ ʜʣʷ ʜʘʥʥʦʛʦ 

ʘʢʪʠʚʘʪʦʨʥʦʛʦ ʜʠʩʢʘ) ʠ ʟʘʨʘʥʝʝ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʨʘʜʠʫʩ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ 

ʥʘ ʠʥʳʭ ʯʘʩʪʦʪʘʭ, ʥʘ ʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪ ʝʱʸ ʥʝ ʧʦʩʪʘʚʣʝʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 500ʦʙ ʤʠʥW²  ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʛʣʫʙʠʥʳ ʧʨʦʚʘʣʘ ʚ 

ʮʝʥʪʨʝ ʚʦʨʦʥʢʠ ʩ ʭʦʨʦʰʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʠʤʝʝʪ ʚʠʜ 

2
0

0

ɤ
ɕ

a

g
º- . (1.5.18) 

 

ʈʠʩʫʥʦʢ 1.5.6 ï ɺʦʟʜʫʰʥʳʡ çʥʦʩʠʢè ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʚʠʭʨʝʚʦʡ 

ʚʦʨʦʥʢʠ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ (1.5.8) ʠ ʧʦʣʫʯʝʥʥʳʭ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʷʝʪʩʷ ʦʙʲʸʤ 

ʚʦʟʜʫʭʘ ʚ çʥʦʩʠʢʝè ʚʦʟʜʫʰʥʦʡ ʯʘʩʪʠ ʚʦʨʦʥʢʠ, ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴ 

ʦʙʣʘʩʪʴʶ ʪʚʸʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ 

42 4 2
2 2 0

0

ɤ ˊ ɤ ˊ
2ˊ ( )

2 4 4

a

aa
V a r r dr

g g g
= - = ­ñ . (1.5.19) 

ɿʥʘʢ ʩʪʨʝʣʢʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʦ ʧʨʠ ʫʩʣʦʚʠʠ 

500ʦʙ ʤʠʥW ² , ʢʦʛʜʘ ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ (1.5.17). 

ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʦʙʲʸʤ ʚʦʟʜʫʰʥʦʛʦ 

çʥʦʩʠʢʘè ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ (1.5.19) ʩʣʝʜʫʝʪ, ʯʪʦ 

1 4

0

4

ˊ

gV
a
å õ
=æ ö
ç ÷

                                         (1.5.20) 

ʘ ʥʘ ʦʩʥʦʚʘʥʠʠ (1.5.17) ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʜʠʫʩ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʫʧʦʤʷʥʫʪʳʭ ʫʩʣʦʚʠʡ ʨʘʚʝʥ 

1 4

2

4

ˊ d

gV
a
å õ
=æ ö
Wç ÷

                                                 (1.5.21) 

ʕʪʦ ʚʧʦʣʥʝ ʠʥʞʝʥʝʨʥʘʷ ʬʦʨʤʫʣʘ, ʧʨʠʤʝʥʠʤʘʷ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʘʭ. 

ʅʘʧʨʠʤʝʨ, ʠʟʤʝʨʠʚ ʨʘʜʠʫʩ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ, ʩʨʘʟʫ ʦʧʨʝʜʝʣʷʝʤ ʦʙʲʸʤ 

çʥʦʩʠʢʘè. 

 

1.6 ʍʘʨʘʢʪʝʨʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʥʦʛʦ 

ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ 

ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʫʩʪʘʥʦʚʢʝ ɺʠʭʨʝʚʳʭ ʪʝʯʝʥʠʷ ʩ 

ʢʨʫʯʝʥʠʝʤ (ɺʊʂ) ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʠʤʝʝʪ ʨʘʟʣʠʯʥʫʶ ʬʦʨʤʫ ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʚʙʣʠʟʠ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ 

2~ r ; ʜʘʣʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ 

ʩʪʘʥʦʚʠʪʩʷ 2~1 r  ( r  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ 

ʢʦʥʪʝʡʥʝʨʘ ʜʦ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ). ʊʘʢʞʝ ʚ ʥʝʢʦʪʦʨʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʚʝʨʥʳ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʚʦʟʤʫʱʝʥʠʷ 

ʞʠʜʢʦʩʪʠ. ɼʘʣʝʝ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ 

çʚʦʣʥʳè, ʪʘʢ ʢʘʢ ʚʥʝʰʥʠʡ ʚʠʜ ʥʘʙʣʶʜʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠʤʝʝʪ 

ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʚʦʣʥʘʤʠ, ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʥʠʤʘʥʠʠ ʵʪʦʛʦ ʪʝʨʤʠʥʘ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʢʘʞʜʦʝ ʦʪʜʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʠʤʝʝʪ ʧʨʦʬʠʣʴ, ʧʦ ʬʦʨʤʝ ʩʭʦʞʠʡ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʦʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʥʝʢʦʪʦʨʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ 

ʫʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠʭ ʢʘʢ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ 

(ʥʘʧʦʜʦʙʠʝ ʷʯʝʝʢ ɹʝʥʘʨʘ) [57]. 
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ɺ ʭʦʜʝ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʚʦʣʥʳ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʚʦʣʥ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʜʨʫʛ ʜʨʫʛʘ, ʘ ʪʘʢʞʝ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝ ʠʟʤʝʥʷʣʦʩʴ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʘʨʘʤʝʪʨʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1.6.1, ʘ ï ʛ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʚʦʣʥʳ ʟʘʥʠʤʘʣʠ 

ʥʝʠʟʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʫʩʪʘʥʦʚʢʦʡ, ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ.  

   

ʘ ʙ ʚ 

   

ʛ ʜ ʝ 

ʈʠʩʫʥʦʢ 1.6.1 ï ɺʦʟʤʫʱʝʥʠʷ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʥʦʛʦ 

ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʩʦʭʨʘʥʷʶʪ ʩʚʦʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʦ (14.0R=  ʩʤ, 30H =  ʩʤ): ʘ) ï 200W=  ʦʙ/ʤʠʥ, ʙ) ï 

220W=  ʦʙ/ʤʠʥ, ʚ) ï 240W=  ʦʙ/ʤʠʥ, ʛ) ï 260W=  ʦʙ/ʤʠʥ, ʜ) ï 280W=  

ʦʙ/ʤʠʥ, ʝ) ï 300W=  ʦʙ/ʤʠʥ  

 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʦ ʚʠʜʥʦ 6 ʚʦʟʤʫʱʝʥʠʡ, ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʦʭʨʘʥʷʣʦʩʴ. 

ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʩʮʠʣʣʷʮʠʷ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 
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ʚʦʣʥʦʚʳʭ ʛʨʝʙʥʝʡ, ʥʝ ʧʨʠʚʦʜʠʚʰʘʷ ʢ ʠʭ ʩʤʝʱʝʥʠʶ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʬʦʨʤʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʧʫʩʢʘʝʪ 

ʛʨʫʧʧʫ ʩʦʙʩʪʚʝʥʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ SO(6). 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʳ ʦʩʮʠʣʣʷʮʠʡ 

ʚʦʣʥ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʚ ʫʩʪʘʥʦʚʢʝ ɺʊʂ, ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʬʦʪʦʤʝʪʨʠʠ [58]. ʆʩʥʦʚʦʡ ʠʟʤʝʨʝʥʠʡ 

ʩʣʫʞʠʪ ʚʠʜʝʦʟʘʧʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ, ʦʪʜʝʣʴʥʳʝ ʢʘʜʨʳ ʠʟ 

ʢʦʪʦʨʦʡ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʨʘʙʦʪʢʝ. ɼʣʷ ʢʘʞʜʦʛʦ ʢʘʜʨʘ ʚʳʜʝʣʷʣʩʷ ʫʯʘʩʪʦʢ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʛʜʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʯʝʥʠʷ ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʳ ʚʦʣʥʳ. C 

ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʘʢʦʡ ʫʯʘʩʪʦʢ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï 

ʦʙʣʘʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʟʥʘʯʝʥʠʷʤʠ ʷʨʢʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʝʙʥʷʤ ʠ ʚʧʘʜʠʥʘʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ (ʨʠʩʫʥʦʢ 1.6.2). 

 

ʈʠʩʫʥʦʢ 1.6.2 ï ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʟʤʫʱʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʫʯʝʥʦ ʧʨʠ 14.0R=  ʩʤ, 30H =  ʩʤ, 

220W=  ʦʙ/ʤʠʥ 

 

ɺʳʙʨʘʥʥʳʡ ʫʯʘʩʪʦʢ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʣʞʝʥ ʠʤʝʪʴ ʰʠʨʠʥʫ ʥʝ ʤʝʥʝʝ ʪʨʝʭ 

ʪʦʯʝʢ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʩʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʫʯʘʩʪʢʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʥʝ ʙʦʣʝʝ ʧʷʪʠ, ʜʘʙʳ ʠʟʙʝʞʘʪʴ ʯʨʝʟʤʝʨʥʦʛʦ 
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ʫʩʨʝʜʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥʳ ʚʜʦʣʴ ʝʝ ʛʨʝʙʥʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʟʦʙʨʘʞʝʥʠʝ 

ʠʤʝʣʦ ʰʠʨʠʥʫ ʪʨʠ ʧʠʢʩʝʣʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʪʨʠʮʘ 

ʩʦʜʝʨʞʘʣʘ ʪʨʠ ʩʪʦʣʙʮʘ ʟʥʘʯʝʥʠʡ. ɿʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ ʚʳʯʠʩʣʷʣʦʩʴ ʢʘʢ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʵʣʝʤʝʥʪʦʚ ʩʪʨʦʢʠ. ɿʥʘʯʝʥʠʷ ʥʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘ ʚʝʣʠʯʠʥʫ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʪʦʣʙʮʘ ʟʥʘʯʝʥʠʡ ʷʨʢʦʩʪʠ. ʅʦʤʝʨʘ 

ʵʣʝʤʝʥʪʦʚ ʩʪʦʣʙʮʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʤʝʨʘʤ ʧʠʢʩʝʣʝʡ ʚʳʜʝʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʚ ʝʜʠʥʠʮʳ ʜʣʠʥʳ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʩʯʝʪʘ 

ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʠʟʤʝʨʝʥʥʦʛʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ (ʚ ʧʠʢʩʝʣʷʭ) 

ʜʠʘʤʝʪʨʘ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʫʩʪʘʥʦʚʢʠ ʢ ʝʛʦ ʨʝʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ (ʚ ʤʝʪʨʘʭ). 

ʅʦʨʤʠʨʦʚʢʘ ʟʥʘʯʝʥʠʡ ʜʣʠʥʳ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʨʘʜʠʫʩ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ 

ʫʩʪʘʥʦʚʢʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʦʣʥ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʨʝʜʥʝʥʥʳʭ ʠ ʥʦʨʤʠʨʦʚʘʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʷʨʢʦʩʪʠ ʦʪ ʧʨʠʚʝʜʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ (ʊʘʙʣʠʮʘ 1.6.1). 

 

30H =  ʩʤ, 200W=  ʦʙ/ʤʠʥ 40H =  ʩʤ, 310W=  ʦʙ/ʤʠʥ 

l, ʩʤ 

1,02 1,57 

1,10 1,38 

1,11 1,14 

ʊʘʙʣʠʮʘ 1.6.1 ï ʀʟʤʝʨʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʝʨʠʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʟʤʫʱʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ (14R=  ʩʤ). 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʫʪʚʝʨʞʜʝʥʠʷ ʦ ʩʠʤʤʝʪʨʠʠ ʵʣʝʤʝʥʪʦʚ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʘ ʩʨʘʚʥʝʥʘ ʬʦʨʤʘ ʚʩʝʭ 6 ʚʦʣʥ. ɼʣʷ ʵʪʦʛʦ ʩ ʨʘʚʥʳʤ ʰʘʛʦʤ ʧʦ 

ʫʛʣʫ ű ʠʟʤʝʨʷʣʩʷ ʨʘʜʠʫʩ r ʪʦʯʢʠ (ʨʠʩʫʥʦʢ 1.6.3, ʘ), ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʢʘʞʜʦʡ 

ʚʦʣʥʝ. ɺ ʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ r ʦʪ ű ʚ ʧʦʣʷʨʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʢʘʞʜʦʡ ʚʦʣʥʳ. ʉʨʘʚʥʝʥʠʝ ʛʨʘʬʠʢʦʚ ʧʦʢʘʟʘʣʦ 

ʩʦʚʧʘʜʝʥʠʝ ʬʦʨʤʳ ʚʦʣʥ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 25% (ʨʠʩʫʥʦʢ 1.6.3, ʙ) [58]. 
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ʘ ʙ 

ʈʠʩʫʥʦʢ 1.6.3 ï ʉʭʝʤʘ (ʘ) ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ (ʙ) ʟʘʚʠʩʠʤʦʩʪʠ r ʦʪ ű ʚ 

ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʢʘʞʜʦʡ ʚʦʣʥʳ 

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʷʨʢʦʩʪʠ ʩʪʨʦʠʣʩʷ ʛʨʘʬʠʢ 

(ʨʠʩʫʥʦʢ 1.6.4), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ 

ʦʩʮʠʣʣʷʮʠʡ ʚʦʣʥ, ʢʦʪʦʨʘʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʧʨʠʤʝʨʘ (14.0R=  ʩʤ, 

30H =  ʩʤ) ʨʘʚʥʘ 1.52n=  ʩ 
-1
. 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 1.6.4 ï ʉʭʝʤʘ ʨʘʩʯʝʪʘ (ʘ) ʠ ʛʨʘʬʠʢ (ʙ) ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ (ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚ 

ʩʝʨʠʠ) ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʫʯʘʩʪʢʘ ʢʘʞʜʦʛʦ ʢʘʜʨʘ ʚ ʩʝʨʠʠ ʦʪ ʚʨʝʤʝʥʠ 

(ʥʦʨʤʠʨʦʚʘʥʦ ʥʘ ʯʘʩʪʦʪʫ). ʇʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: 

14R=  ʩʤ, 30H =  ʩʤ, 200W=  ʦʙ/ʤʠʥ 
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ɺʦʣʥʳ ʠʤʝʶʪ ʦʩʪʨʳʡ ʛʨʝʙʝʥʴ ʠ ʧʦʣʦʛʫʶ ʰʠʨʦʢʫʶ (ʰʠʨʠʥʘ ʧʨʝʚʳʰʘʝʪ 

ʰʠʨʠʥʫ ʛʨʝʙʥʷ) ʚʧʘʜʠʥʫ. ɺʦ ʚʩʝʭ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʨʷʜʢʠ ʠʟʤʝʨʝʥʥʳʭ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʠʥ ʚʦʣʥ ʥʝ 

ʠʟʤʝʥʷʶʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʦʩʚʝʥʥʳʤ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʭʨʝʚʦʛʦ 

ʪʝʯʝʥʠʷ ʠ ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʝʛʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʤʫʱʝʥʠʡ. 

 

1.7 ʉʧʠʨʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʨʘʝʢʪʦʨʠʡ ʞʠʜʢʠʭ ʯʘʩʪʠʮ  ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʠʭʨʷ 

ʈʘʩʩʯʠʪʘʥʥʘʷ ʚ [54] ʬʦʨʤʘ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʪʨʘʝʢʪʦʨʠʡ 

ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ ʚʙʣʠʟʠ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ, ʥʦʨʤʘʣʴʥʘʷ ʢ ʘʟʠʤʫʪʘʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʝ ʠ ʢʘʩʘʪʝʣʴʥʘʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʭʨʷ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʯʝʩʪʴ ʜʘʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʚʙʣʠʟʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʩʦʧʫʪʩʪʚʫʶɦ ʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ( ),ű,s n , ʛʜʝ s ï ʜʣʠʥʘ ʜʫʛʠ ʚʜʦʣʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʦʪʩʯʠʪʳʚʘʝʤʘʷ ʦʪ ʪʦʯʢʠ ʥʘʠʙʦʣʴʰʝʛʦ 

ʟʘʛʣʫʙʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʭʨʷ (ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʦʡ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʟʘʜʘʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ( )0,0,ɕ(0)) ʜʦ ʪʦʯʢʠ ( ),0,ɕ( )r r . ʇʦʩʢʦʣʴʢʫ ʬʦʨʤʘ 

ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ɕ( )r  ʠʟʚʝʩʪʥʘ [59], ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚʳʨʘʞʝʥʠʝ, 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʜʣʠʥʫ ʜʫʛʠ 

2

0

( ) 1 ɕ

r

rs r dr¡= +ñ                                           (1.7.1) 

ʂʦʦʨʜʠʥʘʪʘ ű ʩʦʚʧʘʜʘʝʪ ʩ ʘʟʠʤʫʪʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʦʡ ʠʩʭʦʜʥʦʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ, ʘ ʢʦʦʨʜʠʥʘʪʘ n  ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʚʜʦʣʴ 

ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ʉʭʝʤʘʪʠʯʝʩʢʠ ʩʦʧʫʪʩʪʚʫʶʱʘʷ 

ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ (ʪʦʯʥʝʝ, ʝʸ ʝʜʠʥʠʯʥʳʝ ʦʨʪʳ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 
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1.7.1, ʘ. ʆʜʥʦʟʥʘʯʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ r  ʠ s  ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʦʨʤʫ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢʘʢ ʠʟʚʝʩʪʥʫʶ ʬʫʥʢʮʠʶ 

ʧʝʨʝʤʝʥʥʦʡ s, ʪʦ ʝʩʪʴ ɕ ɕ( )s= .  

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 1.7.1 ï ʉʦʧʫʪʩʪʚʫʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ 

 

ʈʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ, ʣʝʞʘʱʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

ɕ ( ) ɕ( )r zR s s= +r e e                                         (1.7.2) 

ʛʜʝ ( )R s  ï ʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ ʨʘʜʠʫʩʘ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʘʢ ʢʘʢ ʬʦʨʤʘ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ, ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚʳʨʘʞʝʥʠʝ 

ɕ
ɕs r zR

s

µ
¡ ¡= = +

µ

r
e e e                                   (1.7.3) 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʠʟ ʫʩʣʦʚʠʷ 1s sÖ =e e  ʩʣʝʜʫʝʪ 

21 ɕR¡ ¡¹ -                                              1.7.4) 

ʧʨʠʯʝʤ ʚʳʙʠʨʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ ʢʦʨʥʷ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʬʫʥʢʮʠʡ ɕ( )s  ʠ ( )R s  ʦʙʦʟʥʘʯʘʶʪʩʷ ʰʪʨʠʭʘʤʠ. 

ɽʩʣʠ ʚʙʣʠʟʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʜʘʥʘ ʪʦʯʢʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ( ),ű,r z , 

ʪʦ ʚ ʩʠʩʪʝʤʝ ( ),ű,s n  ʝʝ ʢʦʦʨʜʠʥʘʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʛʣʘʩʥʦ ʩʦʦʪʥʦʰʝʥʠ̫ ʤ 

( ) ɕ, ű ű, ɕr R s n z n R¡ ¡= - = = +                       (1.7.5) 
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ʘ ʩʚʷʟʠ ʤʝʞʜʫ ʦʨʪʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʟʘʜʘʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ 

ű űɕ , , ɕr s n z s nR R¡ ¡ ¡ ¡= - = = +e e e e e e e e. (1.7.6) 

ʉʦʦʪʥʦʰʝʥʠʷ (1.7.5) ʧʦʨʦʞʜʘʶʪ ʧʨʘʚʠʣʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ f  

ű ű
2

ɕ ɕ
, , , ( , ) 1

( , ) ( , ) 1 ɕ
r s n z s n

R n
f f f f f f f R f D s n

D s n D s n
z

¡ ¡ ¡¡
¡ ¡ ¡ ¡ ¡ ¡ ¡ ¡ ¡ ¡= - = = + = -

¡-
 

(1.7.7) 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ (1.7.4 ï 1.7.7) ʧʦʟʚʦʣʷʶʪ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ( , ,ű)s n  ʚ ʚʠʜʝ: 

 

    

ű
ű

ű ű ű ű ű
ű

ű2
ű

vv v v v v1 1
v + v v ɕ

ɕ ű

v v v v vv 1
v v ɕv

ɕ ű ɕ

vv v v v v1
v v ɕv

ɕ ű

s s s s s
n s s

s
n s n

n s n n n
s n n

D
R p g

t D s n D n R n D

R p
t D s n R n R n

D
p gR

t D n D s n R n

å õ å õµ µ µ µµ
¡ ¡ ¡+ + + - =- -æ ö æ ö

¡µ µ µ µ - µç ÷ ç ÷

µ µ µ µå õ
¡ ¡ ¡+ + + + - =-æ ö

¡ ¡µ µ µ - µ -ç ÷

å õµ µ µ µµ
¡ ¡ ¡- + + + + =- -æ ö

¡µ µ µ µ - µç ÷

µ
( ) ( )űv

ɕ v ɕ v 0
ű

s nR n D D R n
s n

µ µ
¡ ¡- + + - =è ø è øê ú ê úµ µ µ

 (1.7.8) 

ɼʘʚʣʝʥʠʝ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ( , )s n  (ʫʛʣʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʵʪʦʡ ʟʘʜʘʯʝ 

ʦʪʩʫʪʩʪʚʫʝʪ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

( ) 0( , ) ɕ( ) ɕ( ) ( ) ( , )p s n g s s nR s p p s n*
¡= - - + +  (1.7.9) 

ʚ ʢʦʪʦʨʦʤ ʚʩʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʘʚʣʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ. 

ʇʝʨʚʳʡ ʯʣʝʥ ʚ (1.7.9) ï ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʩʪʦʣʙʘ ʚʦʜʳ, 

ʥʘʭʦʜʷɦ ʝʛʦʩʷ ʥʘʜ ʪʦʯʢʦʡ ( , )P s n, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.7.1, ʙ. ɺʪʦʨʦʡ ʠ 

ʪʨʝʪʠʡ ʯʣʝʥʳ ï ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʜʘʚʣʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʪʝʯʝʥʠʝʤ 

ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʊʘʢ ʢʘʢ, ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 1.7.1, ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʫ ʪʦʯʝʢ ( , )P s n  ʠ ( ,0)s*  ʦʜʥʦ ʠ ʪʦ ʞʝ, ʪʦ 

ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ 

( ) ( ) ɕ( )R s R s n s*
¡= -                                          (1.7.10) 

ɺ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʳ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʠʤʝʶʪ ʚʠʜ 

2
ű

0ɕ

v
, ,z r z

p g p p p
r =

¡ ¡=- = =                          (1.7.11) 

ʢʦʪʦʨʳʝ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ( , ,ű)s n  ʧʨʠʦʙʨʝʪʘʶʪ ʬʦʨʤʫ 

  

2 2
ű ű

00,

v vɕ( ) ( )
( ) , ɕ( ) ,

( , ) ( , ) ( ) ɕ( ) ( )
s n s n n s s

s R s
p R s p g p s p p p

D s n D s n R s n s R s *= =
*

¡ ¡
¡ ¡ ¡ ¡ ¡ ¡+ =- - = ¹ =

-

  

(1.7.12) 

ʂʦʦʨʜʠʥʘʪʘ s* ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʢʝ ( , )P s n , 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪ s  ʠ n  

( ) ( , ) ɕ( )
,

( ) ( )

s sR s D s n s

s R s n R s

* *

* *

¡ ¡µ µ
= =-

¡ ¡µ µ
. (1.7.13) 

ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ (1.7.12) ʠ (1.7.13) ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʩʠʩʪʝʤʫ 

(1.7.13) ʢ ʚʠʜʫ 

2
ű

0,

v ɕ( ) ɕ( ) ɕ ( )
, ů

( ) ( ) ( ) ( )n s s

s s s
p g p

R s R s R s R s*

* * *
= =

* * * *

å õ¡ ¡ ¡¡
¡= - = +æ ö

¡ ¡ç ÷
 (1.7.14) 

ʇʦʩʢʦʣʴʢʫ 
1

( ) ( )

p p
p

R s R s s* * *

µ µ
¡= =

¡µ µ
, ʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʣʦʚʠʷ ʦʙʥʫʣʝʥʠʷ 

ʚʷʟʢʠʭ ʯʣʝʥʦʚ ʚ ʫʨʘʚʥʝʥʠʠ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʫʣʴʪʘʪʫ 

2
űv ( ( )) ( )

ɕ( )
( )

R s R s
p ds g s

R s

* *
* *

*

¡
= -ñ  

ʧʦʜʩʪʘʥʦʚʢʘ ʢʦʪʦʨʦʛʦ ʚ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ (1.7.12) ʬʦʨʤʠʨʫʝʪ ʫʨʘʚʥʝʥʠʝ 
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2
űv ( ( )) ( ) ɕ( ) ɕ ( )

ɕ( ) ů
( ) ( ) ( )

R s R s s s
ds g s

R s R s R s

¡ ¡ ¡¡å õ
- = +æ ö¡ç ÷ñ  (1.7.15) 

ɼʣʷ ʦʙʣʘʩʪʝʡ ʮʝʥʪʨʘʣʴʥʦʛʦ (ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ) ʠ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʪʝʯʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʠʜʘ 

( )ű

2 2 2

ű

1. v ɤ ɤ ( ) ɕ( ) ɤ ( ), 0

ɤ ɤ ɤ
2. v ,

( ) ɕ( ) ( )

r R s n s R s r a

a a a
r a

r R s n s R s

*

*

¡= = - = ¢ ¢

= = = ²
¡-

 (1.7.16) 

ʫʨʘʚʥʝʥʠʝ (1.7.15) ʧʝʨʝʭʦʜʠʪ ʚ ʫʨʘʚʥʝʥʠʷ 

2 2
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2 4

02

ɤ ( ) ɕ( ) ɕ ( )
1. ɕ( ) gɕ ů

2 ( ) ( )

ɤ ɕ( ) ɕ ( )
2. ɕ( ) gɕ ů

( ) ( )2 ( )

R s s s
g s

R s R s

a s s
g s

R s R sR s

¡ ¡¡å õ
- + = +æ ö¡ç ÷

¡ ¡¡å õ
- - + = +æ ö¡ç ÷

 (1.7.17) 

ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʷʚʥʦʛʦ ʚʠʜʘ ʟʘʚʠʩʠʤʦʩʪʠ ɕ( )s .) 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ (1.7.17) ʦʧʨʝʜʝʣʷʝʪ ʬʦʨʤʫ ʧʦʚʝʨʭʥʦʩʪʠ ʥʫʣʝʚʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʧʨʝʥʝʙʨʝʞʝʥʠʠ ʵʬʬʝʢʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

2
2 2 2 2

0

ɤ
ɕ( ) ɕ ( )ɗ( ( )) (2 ( ))ɗ( ( ) )

2
s R s a R s a a R s R s a

g
* * * * *

è ø= + - + - -
ê ú

 

(1.7.18) 

ʢʦʪʦʨʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘ ʨʝʟʫʣʴʪʘʪʘʤ [59], ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʤ ʞʝ ʧʨʠʙʣʠʞʝʥʠʠ. 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʷ 

ʩʢʦʨʦʩʪʠ ʚʙʣʠʟʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʭʨʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ( , ,ű)s n . 

ʋʩʣʦʚʠʝ ʥʝʩʞʠʤʘʝʤʦʩʪʠ ʞʠʜʢʦʩʪʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʧʨʠ ʢʦʤʧʦʥʝʥʪʘʭ ʩʢʦʨʦʩʪʠ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

ɣ ɣ
v , v

ɕ ( ɕ)

n s
s n

R n D R n

¡ ¡
= =-

¡ ¡- -
                                 (1.7.19) 

ʢʦʪʦʨʳʤ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʨʘʞʝʥʠʷ 

( ɕ) ɣ ( ɕ) ɣ (ɕ ) ɣ (ɕ ) ɣ
v , v

( ɕ) ( ɕ)

s n n s s n n s
r z

R n R n nR nR

D R n D R n

¡¡ ¡ ¡¡ ¡ ¡¡ ¡ ¡¡ ¡- - - + - +
= =

¡ ¡- -
(1.7.20) 
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ʋʜʦʚʣʝʪʚʦʨʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʧʨʠʚʦʜʠʪ ʢ ʠʭ 

ʬʦʨʤʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ 

00 0

ɕ
v 0 ɣ 0, v vn s z r nn n R== =

¡
¡= ­ = =

¡
                  (1.7.21) 

ʫʢʘʟʳʚʘʶʱʝʡ ʥʘ ʪʦ, ʯʪʦ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʧʦʣʝ 

ʩʢʦʨʦʩʪʠ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʜʦʣʞʥʦ ʧʨʠʦʙʨʝʪʘʪʴ ʢʘʩʘʪʝʣʴʥʳʡ (ʢ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ) 

ʭʘʨʘʢʪʝʨ. 

ɼʝʣʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʦʚ, 

ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ 

v ( )( ), v ~r nA s R n nz¡= -                                       (1.7.22) 

ʘ ʥʘ ʧʝʨʠʬʝʨʠʠ ʚʠʭʨʷ (ʪʦʞʝ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ) 

( )
v , v ~r n

B s
n

R nz
=

¡-
                                     (1.7.23) 

ʇʦʜʩʪʘʥʦʚʢʘ (1.7.22, 1.7.23) ʚ (1.7.20) ʠ ʧʦʠʩʢ ʨʝʰʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ 

ʫʨʘʚʥʝʥʠʡ ʚ ʚʠʜʝ 

ɣ ( ɕ) ( )m kR n nR¡ ¡= -                                 (1.7.24) 

ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ɼʣʷ ʦʙʣʘʩʪʠ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ: 
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 (1.7.25) 

ʘ ʜʣʷ ʧʝʨʠʬʝʨʠʠ: 

 

2ɤ ɤ ɕ ɕ
v , v , v ɤ , v ɤ

ɕ ( ɕ) ( ɕ) ( ɕ)
s n s z

R nR R n R R
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 (1.7.26) 
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ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʨʘʞʝʥʠʷʭ ɤ ï ʥʝʢʦʪʦʨʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ 

ʠʤʝʶʱʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʯʘʩʪʦʪʳ, ʟʥʘʢ çʤʠʥʫʩè ʚʳʙʨʘʥ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ [90] ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʠʞʝʥʠʝ 

ʞʠʜʢʦʩʪʠ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ʠ ʚʥʠʟ. ʉʦʦʪʥʦʰʝʥʠʷ (1.7.25, 1.7.26) ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʚʳʯʠʩʣʠʪʴ 

ʪʨʘʝʢʪʦʨʠʠ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʭʨʷ. ʇʦʩʢʦʣʴʢʫ 

  

űv , v ű, vs zs R z= = =                                    (1.7.27) 

ʛʜʝ ʪʦʯʢʘ ʩʚʝʨʭʫ ʦʙʦʟʥʘʯʘʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ ʚʨʝʤʝʥʠ, ʪʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ (1.7.27) ʩ ʫʯʸʪʦʤ (1.7.25, 1.7.26) ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ 

ʨʝʟʫʣʴʪʘʪʫ. 

ɺ ʦʙʣʘʩʪʠ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ: 

( )1 1

2 2
Ů(ű ű ) 2Ů(ű ű )1

1 1

ɤ
, 1

2

R
R R e z z e

g

- - - -
= = - -              (1.7.28) 

ʘ ʚ ʦʙʣʘʩʪʠ ʧʝʨʠʬʝʨʠʠ: 

2 2

2 4
Ů(ű ű ) 2Ů(ű ű )

2 2 2
2

ɤ
,

2

a
R R e z z e

gR

- - -
= = -                   (1.7.29) 

 

ɿʜʝʩʴ Ů=ɤ ɤ (ʩʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ Ů 1), ʘ iR , iz  űi  ï 

ʧʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (1.7.27) ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʷʭ ʚʠʭʨʝʚʦʛʦ 

ʪʝʯʝʥʠʷ. ʉʰʠʚʢʘ ʪʨʘʝʢʪʦʨʠʡ ʧʨʠ R a=  (ʥʘ ʛʨʘʥʠʮʝ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʠ 

ʧʝʨʠʬʝʨʠʡʥʦʡ ʦʙʣʘʩʪʝʡ) ʩʚʷʟʳʚʘʝʪ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ iR , iz  

űi . 

ʈʘʩʯʸʪʳ, ʧʨʦʚʝʜʸʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (1.7.28, 1.7.29), ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʞʠʜʢʠʝ ʯʘʩʪʠʮʳ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʠʞʫʪʩʷ ʧʦ ʩʧʠʨʘʣʷʤ ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ 

ʮʝʥʪʨʫ ʪʝʯʝʥʠʷ (ʨʠʩʫʥʦʢ 1.7.2) [90]. 
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ʈʠʩʫʥʦʢ 1.7.2 ï ʊʨʘʝʢʪʦʨʠʠ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʭʨʷ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩʦ ʩʤʝʰʠʚʘʶʱʝʡʩʷ ʩ ʚʦʜʦʡ ʧʨʠʤʝʩʴʶ 

(ʯʝʨʥʠʣʘ, ʫʨʘʥʠʣ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʜʦʣʴ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʠʝ ʯʘʩʪʠʮʳ 

ʜʚʠʞʫʪʩʷ ʧʦ ʩʧʠʨʘʣʥɹʳʤ ʪʨʘʝʢʪʦʨʠʷʤ (ʨʠʩʫʥʦʢ 1.7.3), ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʝʨʝʥʦʩ 

ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʚ ʪʦʣʱʫ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʠʥʪʦʚʳʤ ʥʠʩʭʦʜʷʱʠʤ 

ʪʨʘʝʢʪʦʨʠʷʤ, ʨʘʜʠʫʩ ʢʦʪʦʨʳʭ ʩʣʘʙʦ ʠʟʤʝʥʷʝʪʩʷ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʠ.  

 

   

ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 1.7.3 ï ʇʝʨʝʥʦʩ ʨʘʩʪʚʦʨʠʤʦʛʦ ʤʘʨʢʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʪʦʣʱʝ 

ʞʠʜʢʦʩʪʠ ( H =40 ʩʤ, R=5.0 ʩʤ) ʘ - ʙ) ï t = 7, 23 ʩ (W=180 ʦʙ/ʤʠʥ), ʚ) W=200 

ʦʙ/ʤʠʥ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1.7.3, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʫʢʘʚʘʤʠ ʩʧʠʨʘʣʝʡ ʨʘʩʪʸʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʙʣʜʁʘʝʤʳʝ ʩʧʠʨʘʣʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʪʠʧʫ (ʫ ʩʧʠʨʘʣʠ ɸʨʭʠʤʝʜʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʨʫʢʘʚʘʤʠ ʥʝʠʟʤʝʥʥʦ) ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

(1.7.29, 1.7.30). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʧʠʩʘʥʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʫʱʠʭʩʷ ʞʠʜʢʠʭ 

ʯʘʩʪʠʮ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʩʧʠʨʘʣʠ, ʧʦ ʢʦʪʦʨʳʤ ʵʪʠ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʨʫ ʚʠʭʨʷ. 

ʍʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʬʦʨʤ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʦʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ, ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʤʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʨʘʟʚʠʪʦʛʦ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʫʧʨʦʱʸʥʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ 

ʪʝʯʝʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ. 

 

1.8 ʊʝʯʝʥʠʝ ʚʙʣʠʟʠ ʜʠʩʢʘ 

ɿʘʜʘʯʘ ʦ ʪʝʯʝʥʠʠ ʚʙʣʠʟʠ ʜʠʩʢʘ, ʩʣʫʞʘʱʝʛʦ ʠʥʜʫʢʪʦʨʦʤ ʩʦʩʪʘʚʥʦʛʦ 

ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʙʣʝʤʫ, ʪʨʝʙʫʶʱʫʶ ʦʪʜʝʣʴʥʦʛʦ 

ʨʘʩʩʤʦʪʨʝʥʠʷ. ʕʪʘ ʟʘʜʘʯʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʨʘʱʘʶʱʠʡʩʷ 

ʠʥʜʫʢʪʦʨ ʢʦʥʪʘʢʪʠʨʫʝʪ ʪʦʣʴʢʦ ʩ ʞʠʜʢʦʩʪʴʶ. 

ʇʫʩʪʴ űu v wr z= + +v e e e  ï ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. ʌʠʟʠʯʝʩʢʠʝ ʧʦʣʷ ʩʯʠʪʘʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʠ ʥʝʟʘʚʠʩʷʱʠʤʠ ʦʪ 

ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʘ ű. ʇʦʩʢʦʣʴʢʫ ʨʘʟʚʠʪʠʝ ʪʝʯʝʥʠʷ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʷʟʢʦʩʪʴʶ ʚʦʜʳ, ʪʦ ʥʘ ʜʠʩʢʝ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʜʝʣʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ w  ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ r. ʇʫʩʪʴ w 2 ( )A z=- , ʪʦʛʜʘ ʠʟ ʫʨʘʚʥʝʥʠʷ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ 
u

u w 0r z
r

¡ ¡+ + = ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʣʝʜʫʝʪ u zrA¡= . 
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ɸʟʠʤʫʪʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʬʦʨʤʝ v ( )r B z=W . ʊʦʛʜʘ 

ʠʟ ʫʩʣʦʚʠʡ ʧʨʠʣʠʧʘʥʠʷ ʩʣʝʜʫʝʪ 

0 0 0
( ) ( ) 0, ( ) 1zz z z

A z A z B z
= = =

¡= = = (1.8.1) 

ʊʘʢ ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʚ ʚʦʜʝ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤ ʜʚʠʞʝʥʠʷ 

2

2

2

v 1 1 u
uu wu ɜ u u u

ɟ

uv 1 v
uv wv ɜ v v v

1 1
uw ww ɜ w w w

ɟ

r z r rr r zz

r z rr r zz

r z z rr r zz

p
r r r

r r r

p g
r

å õ
¡ ¡ ¡ ¡¡ ¡ ¡¡+ - =- + + + -æ ö

ç ÷

å õ
¡ ¡ ¡¡ ¡ ¡¡+ + = + + -æ ö

ç ÷

å õ
¡ ¡ ¡ ¡¡ ¡ ¡¡+ =- + + + -æ ö

ç ÷

 (1.8.2) 

ʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʜʝʣʘʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ (1.8.2) 

ʦʢʘʟʳʚʘʁ ʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷ 

2 2 2

ɜ 2( ) 0

1
(ɜ 2 ɤ )

ɟ

1
2(ɜ 2 ) g

ɟ

zz z z

r zzz zz z

z zz z

B AB BA

p r A AA A B

p A AA

¡¡ ¡ ¡+ - =

¡ ¡¡¡ ¡¡ ¡- = + - +

¡ ¡¡ ¡- = + +

 (1.8.3) 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʫʨʘʚʥʝʥʠʡ ʩʠʩʪʝʤʳ (1.8.3) ʧʦʨʦʞʜʘʝʪ 

ʩʦʦʪʥʦʰʝʥʠʷ 

2
2 2 2ɟ

(ɜ 2 ɤ ) ( )
2

zzz zz z

r
p A AA A B f z¡¡¡ ¡¡ ¡=- + - + + (1.8.4) 

22ɟ(ɜ ) ɟg ( )zp A A z h r¡=- + - + (1.8.5) 

ʛʜʝ f  ʠ h  ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʬʫʥʢʮʠʠ ʩʚʦʠʭ ʘʨʛʫʤʝʥʪʦʚ. 

ʋʩʣʦʚʠʝ ʩʦʚʤʝʩʪʥʦʩʪʠ (1.8.4) ʠ (1.8.5) ʧʨʠʚʦʜʠʪ ʢ ʪʨʝʙʦʚʘʥʠʶ 

2 2 2 2
1 2

2

2 1

( ) 2ɟ(ɜ ) ɟg , ɜ 2 ɤ

ɟ
( )

2

z zzz zz zf z A A z c A AA A B c

r
h r c c

¡ ¡¡¡ ¡¡ ¡=- + - + + - + =

=- +
 (1.8.6) 

ʛʜʝ 1,2c  ï ʥʝʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ (0W=) ʪʝʯʝʥʠʷ ʥʝʪ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ 0A= , 

1ɟgp z c=- +, 2 0c =  ʠ ʩʠʩʪʝʤʘ (1.8.3) ʩʚʦʜʠʪʩʷ ʢ ʜʚʫʤ ʫʨʘʚʥʝʥʠʷʤ 
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2 2 2ɜ 2( ) 0, ɜ 2 0zz z z zzz zz zB AB BA A AA A B¡¡ ¡ ¡ ¡¡¡ ¡¡ ¡+ - = + - +W = (1.8.7) 

ʧʨʠ ʵʪʦʤ 2
12ɟ(ɜ ) ɟgzp A A z c¡=- + - +. 

ʇʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ (1.8.7) ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ ʬʫʥʢʮʠʠ A  ʠ B  

ʟʘʜʘʶʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ 

2 3 4 5
2 3 4 5

2 3 4 5
1 2 3 4 5

( ) ...

( ) 1 ...

A z a z a z a z a z

B z b z b z b z b z b z

= + + + +

= + + + + + +
 (1.8.8) 

ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ ʧʨʠʣʠʧʘʥʠʷ (1.8.1). 

ʇʦʜʩʪʘʥʦʚʢʘ (1.8.8) ʚ (1.8.7) ʦʧʨʝʜʝʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ,i ia b, ʪʘʢ ʯʪʦ  

2 62 4 2 2 52 3
2 31 1

3

2 52 4
3 1

1 3 1 3 2 2

3
( ) ɜ ...

2 6ɜ 12ɜ 60ɜ 120ɜ

( ) 1 ...
43ɜ 15ɜ

b zb z b zz
A z b z

b zz
B z b z b z b b

WW WW
= - - - - +

å õ WW
= + + + - - +æ ö

ç ÷

 (1.8.9) 

ɺʝʣʠʯʠʥʳ 1b  ʠ 3b ʠʛʨʘʶʪ ʨʦʣʴ ʩʚʦʙʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʥʠʷ. 

ʅʘʨʷʜʫ ʩ ( )A z  ʠ ( )B z  ʫʜʦʙʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ( ) zC z A¡=  

2 52 3 2 2 42 2
31 1

3( ) 3ɜ ...
2ɜ 3ɜ 12ɜ 20ɜ

b zb z b zz
C z b z

WW WW
= - - - - + (1.8.10) 

ʇʦʣʦʞʠʪʴ ʚʝʣʠʯʠʥʳ 1b  ʠ 3b  ʨʘʚʥʳʤʠ ʥʫʣʶ ʥʝʣʴʟʷ, ʪʘʢ ʢʘʢ ʵʪʦ ʥʘʨʫʰʘʝʪ 

ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʇʫʩʪʴ 3 0b = . ʊʦʛʜʘ ʛʣʘʚʥʳʡ ʯʣʝʥ 

ʨʘʟʣʦʞʝʥʠʷ ( )A z  ʨʘʚʝʥ 
2 3

6ɜ

zW
- . ʇʦʩʢʦʣʴʢʫ w 2 ( )A z=- , ʪʦ ʧʨʠ 3 0b =  ʩʣʝʜʫʝʪ, 

ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ ʥʘʧʨʘʚʣʝʥ ʦʪ ʜʠʩʢʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʳʚʘʝʪ ʪʝʯʝʥʠʝ ʢ ʜʠʩʢʫ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʦʪʦʢ 

ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʢ ʜʠʩʢʫ ʠʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ (1.8.9) ʩʣʝʜʫʝʪ, ʯʪʦ 3 0b >. ʕʪʦʪ 

ʨʝʟʫʣʪɹʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʨʘʞʝʥʠʝʤ (1.8.10) ʜʣʷ ʚʝʣʠʯʠʥʳ ( )C z : ʪʘʢ ʢʘʢ 

u ( )rC z= , ʪʦ ʧʨʠ 3 0b >  ʞʠʜʢʦʩʪʴ ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʜʠʩʢʦʤ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʚ 

ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 

ɽʩʣʠ ʧʦʣʦʞʠʪʴ 1 0b = ,ʪʦ ʠʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ( )B z  ʩʣʝʜʫʝʪ, ʯʪʦ ʘʟʠʤʫʪʘʣʥɹʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʧʣʦʩʢʦʩʪʠ 



74 

 

ʜʠʩʢʘ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʥʘ ʤʦʞʝʪ ʪʦʣʴʢʦ ʫʤʝʥʴʰʘʪʴʩʷ, ʧʦʩʢʦʣʴʢʫ ʝʸ 

ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʣʦʡ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ, ʪʘʢ ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ 

ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʜʠʩʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʚʪʦʨʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ (1.8.9) ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʣʝʜʫʝʪ 1 0b< . 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʚʦʜʠʪʩʷ ʙʝʟʨʘʟʤʝʨʥʘʷ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ x, ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ɜ
ɜ

ɜ
, ŭ

ŭ

z
x= =

W
                                            (1.8.11) 

ʛʜʝ ɜŭ ï ʪʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʚʨʘʱʘʶʱʝʤʩʷ ʜʠʩʢʝ. 

ʊʘʢʞʝ ʚʚʦʜʷʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ 1 3ɓ , ɓ, ʪʘʢʠʝ ʯʪʦ 

31
1 3 3

ɜ ɜ

ɓ 0, ɓ 0
ŭ ŭ

bb
= < = >  (1.8.12)  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ( ), ( ), ( )A z B z C z ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ 

64 2 53
2 31 1

3

54
3 1

1 3 1 3

53 2 42
31 1

3

ɓɓ ɓ3
( ) ɜ ɓ ... ɜ ( )

2 6 12 60 120

ɓ1
( ) 1 ɓ ɓ ɓɓ ... ( )

3 4 15

ɓɓ ɓ
( ) 3ɓ ... ( )

2 3 12 20

xx xx
A x x a x

xx
B x x x b x

xx xx
C x x c x

å õ
= W - - - - + = Wæ öæ ö

ç ÷

å õ
= + + + - - + =æ ö

ç ÷

å õ
=W - - - - + =Wæ öæ ö
ç ÷

 (1.8.13) 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (1.8.13) ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ ʩʢʦʨʦʩʪʠ 

ʧʨʠʦʙʨʝʪʘʶʪ ʬʦʨʤʫ 

u( , ) ( ), v( , ) ( ), w( , ) 2 ɜ ( )r x r c x r x r b x r x a x=W =W =- W  (1.8.14) 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (1.8.14) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʨʘʱʘʶʱʠʡʩʷ ʜʠʩʢ 

ʨʘʟʛʦʥʷʝʪ ʞʠʜʢʠʝ ʯʘʩʪʠʮʳ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʀʭ ʨʘʜʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʣʠʥʝʡʥʦ ʨʘʩʪʸʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʜʘʣʝʥʠʷ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʝʥʩʪʚʦ ʧʦ ʚʝʣʠʯʠʥʘʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, 

ʥʘʪʝʢʘʶʱʝʡ ʥʘ ʜʠʩʢ, ʠ ʨʘʜʠʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, ʦʪʪʝʢʘʶʱʝʡ ʦʪ ʦʩʠ 

ʚʨʘʝɦʥʠʷ. 
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ʇʨʠ ʧʝʨʝʜʝ ʢ ʣʘʛʨʘʥʞʝʚʳʤ ʢʦʦʨʜʠʥʘʪʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʚʳʜʝʣʝʥʥʦʡ 

ʯʘʩʪʠʮʝʡ ʞʠʜʢʦʩʪʠ, ʠʟ (1.8.14) ʩʣʝʜʫʶʪ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʛʦ ʵʣʝʤʝʥʪʘ 

( ) ( ( )), ű ( ( )), 2 ( ( ))r r t c x t b x t x a x t=W =W =- W  (1.8.15) 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʘʚʥʳʭ ʯʣʝʥʦʚ ʚ ʨʘʟʣʦʞʝʥʠʷʭ (1.8.13) ʧʨʠʜʘʸʪ (1.8.15) 

ʬʦʨʤʫ 

2
3 1 33ɓ ( ) ( ), ű (1 ɓ ( )), 3 ɓ ( )r r t x t x t x x t= W =W + =- W (1.8.16) 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʪʨʝʪʴʝʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (1.8.16) ʧʨʠʚʦʜʠʪ ʢ 

ʨʝʟʫʣʪɹʘʪʫ 

0

3 0

( )
1 3 ɓ

x
x t

x t
=
+ W

                                        (1.8.17) 

ʛʜʝ 0x  ï ʥʘʯʘʣʴʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʞʠʜʢʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʇʦʜʩʪʘʥʦʚʢʘ (1.8.17) ʚ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ (1.8.16) ʦʧʨʝʜʝʣʷʝʪ ʨʘʜʠʘʣʴʥʫʶ 

ʢʦʦʨʜʠʥʘʪʫ ʞʠʜʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚʳʨʘʞʝʥʠʝʤ 

0 3 0( ) (1 3 ɓ )r t r x t= + W  (1.8.18) 

ʛʜʝ 0r  ï ʥʘʯʘʣʴʥʘʷ ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʞʠʜʢʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʇʦʜʩʪʘʥʦʚʢʘ (1.8.17) ʚʦ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (1.8.16) ʧʨʠʚʦʜʠʪ ʢ 

ʨʝʟʫʣʴʪʘʪʫ 

1
3 0 0

3

ɓ
ű ln(1 3 ɓ t) ű

3ɓ
t x-W = + W + (1.8.19)  

ʛʜʝ 0ű  ï ʥʘʯʘʣʴʥʘʷ ʘʟʠʤʫʪʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʞʠʜʢʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ (1.8.18) ʧʦʟʚʦʣʷʝʪ ʧʨʠʜʘʪʴ (1.8.19) ʚʠʜ 

3
0

1 0

3ɓ
(ű ű ) ln

ɓ

r
t

r
-W - =  

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ 

3
0 0

1

3ɓ
exp (ű ű )

ɓ
r r t

å õ
= -W -æ ö

ç ÷
 (1.8.20)  

ɺʝʣʠʯʠʥʘ 0ű űt-W -  ʝʩʪʴ ʘʟʠʤʫʪʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʞʠʜʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʚʨʘʱʘʶʱʝʡʩʷ ʚʤʝʩʪʝ ʩ ʜʠʩʢʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ ʞʠʜʢʠʝ ʵʣʝʤʝʥʪʳ, ʩʦʛʣʘʩʥʦ (1.8.20), ʜʚʠʞʫʪʩʷ 
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ʧʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ ʩʧʠʨʘʣʷʤ. ʇʦʩʢʦʣʴʢʫ 3 1ɓ ɓ 0< , ʪʦ ʯʝʤ ʙʦʣʴʰʝ ʨʘʜʠʘʣʴʥʘʷ 

ʢʦʦʨʜʠʥʘʪʘ ʞʠʜʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʪʝʤ ʙʦʣʴʰʝ ʦʥ ʦʪʩʪʘʸʪ ʦʪ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ. 

 

ʆʮʝʥʢʘ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʦʥʳ ʦʪʙʨʘʩʳʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʜʠʩʢʦʤ 

ʇʨʠ ʦʮʝʥʢʝ ʪʦʣʱʠʥʳ ʟʦʥʳ ʨʘʜʠʘʣʴʥʦʛʦ ʦʪʙʨʘʩʳʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʦʪ ʜʠʩʢʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʝʨʪʠʢʘʣʥɹʦʛʦ 

ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʮʝʣʠʢʦʤ ʧʝʨʝʭʦʜʠʪ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʨʘʜʠʘʣʥɹʦʛʦ 

ʦʪʪʦʢʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠʙʣʠʞʸʥʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ 

2 2 2

0 0 0

ˊ w ( ) 2ˊ u ( , )

Rd d

R x dx r r x dr dx
å õ

= æ ö
æ ö
ç ÷

ñ ñ ñ  (1.8.21) 

ʛʜʝ d  ï ʪʦʣʱʠʥʘ ʟʦʥʳ ʦʪʙʨʦʩʘ. 

ʇʦʜʩʪʘʥʦʚʢʘ ʚ (1.8.21) ʚʳʨʘʞʝʥʠʡ (1.8.14) ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʥʦʰʝʥʠʶ 

2 2

2

0 0

8ɜ
( ) ( )

ɤ

d d

a x dx c x dx
R

=ñ ñ  (1.8.22) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʵʪʦʡ ʟʦʥʳ, ʪʦ 

ʝʩʪʴ ʧʨʠ x d= , ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʨʠʪʦʢ ʤʘʢʩʠʤʘʣʝʥ, ʘ ʨʘʜʠʘʣʴʥʳʡ ʦʪʪʦʢ 

ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ, ʩʣʝʜʫʝʪ ʨʝʟʫʣʴʪʘʪ 

( ) 0, ( ) 0, ( ) 0
x d x d x d

a x a x c x
= = =

¡ ¡¡= < = 

ʥʦ ʧʦʩʢʦʣʴʢʫ ( ) ( )a x c x¡ = , ʪʦ ʧʨʠʚʝʜʸʥʥʳʝ ʫʩʣʦʚʠʷ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷ 

( ) 0, ( ) 0
x d x d

c x c x
= =

¡= < (1.8.23) 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ (1.8.23) ʧʝʨʚʳʭ ʪʨʸʭ ʯʣʝʥʦʚ ʨʘʟʣʦʞʝʥʠʷ 

2 3
1

3

ɓ
( ) 3ɓ

2 3

x x
c x x= - -  (1.8.24) 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

( )3 1 1ɓ 2 ɓ 3 , 4 ɓ 3 0
18

d
d d= + + > (1.8.25) 

ʊʘʢ ʢʘʢ 3ɓ 0> , ʪʦ ʠʟ (1.8.25) ʩʣʝʜʫʝʪ 1

3
ɓ

4d
>- . 

ʇʦʜʩʪʘʥʦʚʢʘ (1.8.24, 1.8.25) ʚ (1.8.22) ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʥʦʰʝʥʠʶ 
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ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ 

2
2

ɜ

ɤ ɤ
2

ɜ 2ɜ 2ŭ

R R
d d Rº Ý º =  (1.8.26) 

ʊʘʢ ʢʘʢ ɜŭz x= , ʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʨʘʟʤʝʨʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʚʦʟʥʠʢʘʝʪ 

ʦʮʝʥʢʘ ʪʦʣʱʠʥʳ ʟʦʥʳ ʦʪʙʨʘʩʳʚʘʥʠʷ ʪʝʯʝʥʠʷ 

2
d

R
z º  (1.8.27) 

ɽʩʣʠ ʚ ʨʘʟʣʦʞʝʥʠʠ (1.8.23) ʦʛʨʘʥʠʯʠʪʴʩʷ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʯʣʝʥʘʤʠ (1.8.13), 

ʪʦ ʨʝʟʫʣʴʪʘʪ ʠʤʝʝʪ ʚʠʜ 

2
d

R
z º  (1.8.28) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʦʙʣʘʩʪʠ ʦʪʙʨʘʩʳʚʘʥʠʷ 

ʞʠʜʢʦʩʪʠ ʚʳʩʪʫʧʘʝʪ ʚʝʣʠʯʠʥʘ dz Rº . ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 

ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʟʘʜʘʯʠ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ, ʨʘʜʠʫʩ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʜʚʠʞʝʥʠʝ 

ʜʠʩʢʘ ʚʭʦʜʠʪ ʚ ʥʘʙʦʨʳ ʥʝ ʪʦʣʴʢʦ ʨʘʜʠʘʣʴʥʳʭ, ʥʦ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʤʘʩʰʪʘʙʦʚ. 
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ɺʳʚʦʜʳ ʢ ɻʣʘʚʝ 1 

ɺʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʚ 

ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʦʨʠʛʠʥʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʆʪʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʙʦʨʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʚʩʝʭ 

ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ (ʛʣʫʙʠʥʳ ʩʣʦʷ ʞʠʜʢʦʩʪʠ, ʨʘʜʠʫʩʘ ʠ ʬʦʨʤʳ 

ʘʢʪʠʚʘʪʦʨʘ, ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ). ɻʣʫʙʠʥʘ ʢʘʚʝʨʥʳ ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. 

ɺʩʝʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʢʘʚʝʨʥʳ ʪʨʝʭ ʚʠʜʦʚ - 

ʛʣʘʜʢʠʝ, ʩ ʠʥʝʨʮʠʘʣʴʥʳʤʠ (ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ) ʚʦʣʥʘʤʠ ʠ ʩʣʦʞʥʳʝ (ʩ 

ʠʥʝʨʮʠʘʣʴʥʳʤʠ ʠ ʩʧʠʨʘʣʴʥʳʤʠ ʚʦʣʥʘʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ). 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʦʨʤʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʧʫʩʢʘʝʪ ʛʨʫʧʧʫ ʩʦʙʩʪʚʝʥʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

SO(6). 

ʇʦʣʫʯʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʫʶ 

ʛʝʦʤʝʪʨʠʶ ʚʠʭʨʝʚʳʭ ʢʘʚʝʨʥ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʦʩʫʜʘʭ ʧʨʠ 

ʚʨʘʱʝʥʠʠ ʩʦʦʩʥʦʛʦ ʜʠʩʢʘ, ʠ ʩʦʚʧʘʜʘʝʪ ʢʘʢ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʪʘʢ 

ʠ ʩ ʧʦʣʫʯʝʥʥʦʡ ʨʘʥʝʝ ʤʦʜʝʣʴʶ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ. 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ 

ʪʨʘʝʢʪʦʨʠʠ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʭʨʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʪʨʝʭʤʝʨʥʳʝ ʩʧʠʨʘʣʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ ʪʝʯʝʥʠʝ ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʫ 

ʚʠʭʨʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʞʠʜʢʠʭ 

ʯʘʩʪʠʮ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʩʧʠʨʘʣʝʡ.  

ʈʝʰʝʥʘ ʟʘʜʘʯʘ ʦ ʪʝʯʝʥʠʠ ʚʙʣʠʟʠ ʜʠʩʢʘ, ʩʣʫʞʘʱʝʛʦ ʠʥʜʫʢʪʦʨʦʤ ʩʦʩʪʘʚʥʦʛʦ 

ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʨʘʱʘʶʱʠʡʩʷ ʠʥʜʫʢʪʦʨ 
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ʢʦʥʪʘʢʪʠʨʫʝʪ ʪʦʣʴʢʦ ʩ ʞʠʜʢʦʩʪʴʶ ʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʧʦʣʷ 

ʩʯʠʪʘʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʠ ʥʝʟʘʚʠʩʷʱʠʤʠ ʦʪ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʘ ű. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ ʞʠʜʢʠʝ ʵʣʝʤʝʥʪʳ ʜʚʠʞʫʪʩʷ ʧʦ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ ʩʧʠʨʘʣʷʤ. 

ʍʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʬʦʨʤ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʦʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ, ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʤʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʨʘʟʚʠʪʦʛʦ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʫʧʨʦʱʸʥʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ 

ʪʝʯʝʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ. ʋʩʪʘʥʦʚʠʚʰʘʷʩʷ ʬʦʨʤʘ ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʠʟ ʠʩʪʦʯʥʠʢʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 
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ɻʣʘʚʘ 2 ʇɽʈɽʅʆʉ ʈɸʉʊɺʆʈʀʄʆʁ ʇʈʀʄɽʉʀ ʀɿ ʂʆʄʇɸʂʊʅʆɻʆ 

ʀʉʊʆʏʅʀʂɸ ɺ ʉʆʉʊɸɺʅʆʄ ɺʀʍʈɽ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʵʢʦʣʦʛʠʠ, ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ, ʦʮʝʥʢʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʨʝʙʫʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ, ʢʘʢ ʩʢʦʨʦʩʪʝʡ ʠ ʩʠʣ, ʪʘʢ ʠ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ. ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʘʭ ʨʘʩʯʝʪʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʩʨʝʜʥʝʥʥʳʝ ʤʦʜʝʣʠ (ʪʝʦʨʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʤʝʪʦʜʳ ʢʨʫʧʥʳʭ 

ʚʠʭʨʝʡ), ʚ ʢʦʪʦʨʳʭ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʧʨʦʮʝʩʩʳ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʧʦʜʩʝʪʦʯʥʦʡ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ. 

ʈʝʘʣʴʥʳʝ ʩʨʝʜʳ ʥʝ ʷʚʣʷʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤʠ ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʦʩʪʦʷʥʩʪʚʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ï ʧʣʦʪʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ. ʍʦʪʷ ʚʘʨʠʘʮʠʠ ʧʣʦʪʥʦʩʪʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʠ, ʛʨʘʜʠʝʥʪʳ ʧʣʦʪʥʦʩʪʠ ʜʦʩʪʠʛʘʶʪ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʜʠʥʘʤʠʢʫ ʠ ʵʥʝʨʛʝʪʠʢʫ ʧʨʦʪʝʢʘʶʱʠʭ 

ʧʨʦʮʝʩʩʦʚ. ɺ ʤʝʭʘʥʠʢʝ ʦʢʝʘʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʟʫʯʝʥʠʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʩʠʥʛʫʣʷʨʥʳʭ ʠ 

ʤʘʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʨʝʛʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪ ʪʝʯʝʥʠʡ, ʜʠʥʘʤʠʢʠ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʨʘʩʧʘʜʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʮʝʩʩʦʚ. 

ʆʩʦʙʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ 

ʚʝʱʝʩʪʚʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʦʢʝʘʥʝ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʵʢʦʥʦʤʠʢʠ ʠ ʨʘʟʚʠʪʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʧʦʧʘʜʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʭ, ʢʦʪʦʨʳʝ 

ʧʦʧʘʜʘʶʪ ʠ ʚ ʚʦʟʜʫʰʥʳʡ ʙʘʩʩʝʡʥ, ʠ ʚ ʛʠʜʨʦʩʬʝʨʫ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʜʘʞʝ ʜʣʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʚʘʪʴ ʧʝʨʝʥʦʩ ʚʝʱʝʩʪʚʘ ʠʟ 

ʢʦʤʧʘʢʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʩʣʦʞʠʚʰʠʭʩʷ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʅʘ 

ʧʝʨʝʥʦʩ ʚʝʱʝʩʪʚʘ ʚʣʠʷʶʪ ʪʝʯʝʥʠʷ ʚ ʛʠʜʨʦʩʬʝʨʝ ï ʘʥʘʣʦʛ ʚʝʪʨʘ ʚ ʘʪʤʦʩʬʝʨʝ, 

ʚʠʭʨʠ ʠ ʚʦʣʥʳ (ʩʪʦʢʩʦʚ ʜʨʝʡʬ). 
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ʉʦʟʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʷʶʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ 

ʫʩʣʦʚʠʷ ʦʧʳʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʣʦʞʥʦʡ ʢʘʨʪʠʥʳ 

ʧʝʨʝʥʦʩʘ ʤʘʨʢʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʝʨʝʥʦʩʘ ʨʘʩʪʚʦʨʠʤʦʡ ʧʨʠʤʝʩʠ ʠʟ ʢʦʤʧʘʢʪʥʦʛʦ ʧʷʪʥʘ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʚʥʫʪʨʴ ʧʦʢʦʷʱʝʡʩʷ ʠʣʠ ʚʦʚʣʝʯʝʥʥʦʡ ʚ ʩʦʩʪʘʚʥʦʝ 

ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ ʪʝʯʝʥʠʷ ʚʙʣʠʟʠ ʢʨʦʤʢʠ ʜʠʩʢʘ. ʈʘʩʩʯʠʪʘʥʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʦʧʫʩʢʘʥʠʷ ʢʨʘʩʠʪʝʣʷ ʚ ʪʦʣʱʫ ʞʠʜʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʠʥʜʫʢʪʦʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ 

ʟʘʜʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʜʠʩʢʝ ʠ ʟʘʪʝʤ ʧʝʨʝʥʦʩʷʪʩʷ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʬʦʨʤʳ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʚʦ ʚʩʶ ʦʙʣʘʩʪʴ, ʟʘʥʠʤʘʝʤʫʶ 

ʞʠʜʢʦʩʪʴʶ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝʤ ʪʠʧʦʚ ʩʧʠʨʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʙʣʠʟʠ ʜʠʩʢʘ. 

 

2.1 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʥʦʩʘ ʨʘʩʪʚʦʨʠʤʳʭ ʧʨʠʤʝʩʝʡ ʚ 

ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ 

ʇʨʦʙʣʝʤʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʝʨʝʥʦʩʘ ʤʘʨʢʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ 

ʠʟ ʢʘʧʣʠ, ʧʘʜʘʶʱʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ, ʧʦʩʚʷʱʝʥʦ ʚʩʝʛʦ 

ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ. ɺ ʧʝʨʚʦʡ ʠʟ ʥʠʭ [60] ʚʧʝʨʚʳʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ñʩʪʝʥʳ ʢʨʘʩʢʠò ʠʟ ʢʘʧʣʠ, ʫʧʘʚʰʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʢʦʥʪʝʡʥʝʨʝ, ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʢʦʪʦʨʦʛʦ ʩʧʝʮʠʘʣʴʥʦ ʚʦʟʤʫʱʘʣʘʩʴ. ʉʣʝʜʫʶʱʘʷ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʚʥʦʚʴ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʩʷ ʧʝʨʝʥʦʩ ʧʨʠʤʝʩʠ ʠʟ ʢʘʧʣʠ, ʧʘʜʘʶʱʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʨʘɦʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʠ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʘʥʘʣʦʛʠʷ ʤʝʞʜʫ ʵʬʬʝʢʪʘʤʠ ʚʨʘʱʝʥʠʷ 

ʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʧʦʷʚʠʣʘʩʴ ʩʧʫʩʪʷ ʙʦʣʝʝ ʪʨʠʜʮʘʪʠ ʣʝʪ [61]. ʀ ʭʦʪʷ ʨʝʟʫʣʴʪʘʪʳ 

ʫʞʝ ʧʝʨʚʦʡ ʧʫʙʣʠʢʘʮʠʠ [60] ʚʦʰʣʠ ʚ ʠʟʚʝʩʪʥʳʝ ʤʦʥʦʛʨʘʬʠʠ [21, 22] ʧʨʦʮʝʩʩ 

ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʚ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʜʝʪʘʣʴʥʦ ʥʝ 

ʠʟʫʯʝʥ. 
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ɺʠʟʫʘʣʠʟʘʮʠʷ ʢʦʣʴʮʝʚʦʡ ʠ ʩʧʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʚʦʨʠʤʳʭ ʢʨʘʩʠʪʝʣʝʡ 

[62, 63], ʜʳʤʘ [64] ʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ ʤʝʪʦʜʝ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ 

ʧʨʝʮʠʧʠʪʘʮʠʠ [65] (ʨʠʩʫʥʦʢ 2.1.1). 

 

   

ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 2.1.1 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ: ʘ) - [66]; ʙ) - [67]; ʚ) - [68] 

 

ɺ ʨʘʙʦʪʝ [69] ʦʧʠʩʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʫʜʘʣʦʩʴ ʛʝʥʝʨʠʨʦʚʘʪʴ ʠ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʝ ʚʠʭʨʝʚʳʝ ʥʠʪʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ ʥʝ 

ʷʚʣʷʶʪʩʷ ʫʩʪʦʡʯʠʚʳʤʠ (ʨʠʩʫʥʦʢ 2.1.2).  

 

ʈʠʩʫʥʦʢ 2.1.2 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʢʦʛʝʨʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨ (ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 

ʚʠʭʨʝʡ) ʚ ʪʫʨʙʫʣʝʥʪʥʦʡ ʩʪʨʫʝ, ʥʘʪʝʢʘʶʱʝʡ ʥʘ ʧʨʝʛʨʘʜʫ [69] 
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ɸʚʪʦʨʦʤ ʦʙʥʘʨʫʞʝʥʳ ʵʬʬʝʢʪʳ ʩʧʘʨʠʚʘʥʠʷ ʚʠʭʨʝʡ, ʣʦʢʘʣʴʥʳʡ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʦʪʨʳʚ ʧʦʪʦʢʘ ʦʪ ʩʪʝʥʢʠ ʠ ʥʦʚʦʝ ʷʚʣʝʥʠʝ ð ʨʝʛʫʣʷʨʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʥʘ ʤʘʩʰʪʘʙʝ ʢʨʫʧʥʦʛʦ ʚʠʭʨʷ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʦʡ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ ʧʫʪʝʤ ʥʘʣʦʞʝʥʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ. 

ʈʷʜ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʠʟ ʧʷʪʥʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʥʘ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʦʥʪʝʡʥʝʨʝ [70-71]. ʉʧʝʮʠʘʣʴʥʦ 

ʧʦʩʪʘʚʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʘʞʥʳʝ ʵʣʝʤʝʥʪʳ ʢʘʨʪʠʥʳ ʧʝʨʝʥʦʩʘ 

ʚʝʱʝʩʪʚʘ ʥʝ ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʦʜʝʣʷʤʠ. ʅʘʧʨʠʤʝʨ, 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʷʪʥʘ ʢʨʘʩʢʠ ʚ ʷʜʨʝ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ [72], ʘ ʪʘʢʞʝ ʧʦʚʝʜʝʥʠʝ 

ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ ʥʘ ʚʨʘʱʘʶʱʝʡʩʷ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ [73]. 

 

2.2 ʉʪʨʫʢʪʫʨʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʨʪʠʥʳ ʧʝʨʝʥʦʩʘ ʨʘʩʪʚʦʨʠʤʦʡ ʧʨʠʤʝʩʠ ʠʟ 

ʧʷʪʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ, ʚ ʢʦʪʦʨʳʝ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʧʘʢʪʥʦʝ ʧʷʪʥʦ, 

ʧʦʤʝʱʝʥʥʦʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ [74], ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʦʚʝʨʷʪʴʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʥʘʥʝʩʝʥʠʝʤ ʤʘʨʢʝʨʘ ʚ ʦʜʥʫ ʠ ʪʫ ʞʝ ʠʣʠ ʨʘʟʥʳʝ ʦʙʣʘʩʪʠ 

ʪʝʯʝʥʠʷ.  

ʀʟ ʢʘʧʣʠ ʢʨʘʩʠʪʝʣʷ, ʚʥʝʩʝʥʥʦʡ ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʩʧʠʨʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʫʜʣʠʥʝʥʠʝ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ï ʢ ʮʝʥʪʨʫ ʚʨʘʱʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʢ ʝʝ ʧʝʨʠʬʝʨʠʠ. ʀʟ ʩʧʣʦʰʥʦʡ ʢʘʧʣʠ ʧʦʩʪʝʧʝʥʥʦ ʚʳʪʷʛʠʚʘʝʪʩʷ ʢʦʨʦʪʢʠʡ ʨʫʢʘʚ ʚ 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʠ ʙʦʣʝʝ ʜʣʠʥʥʳʡ ï ʚ ʮʠʢʣʦʥʠʯʝʩʢʦʤ. ʈʫʢʘʚʘ 

ʨʘʩʱʝʧʣʝʥʳ ʥʘ ʦʪʜʝʣʴʥʳʝ ʥʠʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʬʠʣʘʤʝʥʪʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ 

ʢʨʘʩʠʪʝʣʷ [70] (ʨʠʩʫʥʦʢ 2.2.1) 

ɼʣʠʥʘ ʩʧʠʨʘʣʴʥʦʛʦ ʨʫʢʘʚʘ, ʨʘʩʪʫʱʝʛʦ ʚ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

(ʢʨʘʩʢʘ ʧʦʜʥʠʤʘʝʪʩʷ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ) ʠ ʝʛʦ ʦʪʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ 
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ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʫʪ ʩʦ ʚʨʝʤʝʥʝʤ. ʈʫʢʘʚ, ʨʘʩʪʫʱʠʡ ʚ ʮʠʢʣʦʥʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

(ʢʨʘʩʢʘ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʮʝʥʪʨ ʢʘʚʝʨʥʳ), ʨʘʩʪʝʪ ʙʦʣʝʝ ʙʳʩʪʨʦ. ʉʧʠʨʘʣʴʥʳʝ ʨʫʢʘʚʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʩʧʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʧʨʠ 

ʧʘʜʝʥʠʠ ʦʜʠʥʦʯʥʦʡ ʢʘʧʣʠ, ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʟʚʨʘʪʥʦʛʦ 

ʪʝʯʝʥʠʷ ʥʘ ʧʝʨʠʬʝʨʠʠ ʩʧʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

 

 

ʈʠʩʫʥʦʢ 2.2.1 ï ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʩʧʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʭʨʝʚʫʶ ʩʠʩʪʝʤʫ 

( =H 40 ʩʤ, W=820 ʦʙ/ʤʠʥ, =R 7,5 ʩʤ) [70] 

 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʥʘ 

ʨʠʩʫʥʢʝ 2.2.2 ʧʨʠʚʝʜʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʩ ʜʚʫʤʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʢʘʧʣʷʤʠ ʯʝʨʥʠʣ, ʫʧʘʚʰʠʤʠ ʠʟ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʜʦʟʘʪʦʨʘ ʩ 

ʟʘʜʝʨʞʢʦʡ t=0.1 c (ʢʨʘʩʠʪʝʣʴ ï ʯʝʨʥʳʝ ʘʥʠʣʠʥʦʚʳʝ ʯʝʨʥʠʣʘ, ʚʳʩʦʪʘ ʧʘʜʝʥʠʷ ʠ 

ʦʙʲʝʤ ʢʘʧʣʠ ï 4 ʩʤ, 0.1 ʤʣ). ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ ʫʢʘʟʘʥ ʤʘʩʰʪʘʙ 

ʠʟʦʙʨʘʞʝʥʠʷ. 

ʆʙʝ ʢʘʧʣʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʚʳʪʷʥʫʪʳʝ ʩʧʠʨʘʣʴʥʳʝ ʨʫʢʘʚʘ (1 ï 

ʮʠʢʣʦʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʩʧʠʨʘʣʠ, 2 ï ʤʝʩʪʦ ʧʘʜʝʥʠʷ ʢʘʧʣʠ, 3 ï 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʩʧʠʨʘʣʠ, 4 ï ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʚʥʝʰʥʝʛʦ ʨʫʢʘʚʘ, 5 ï ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ). ʆʩʪʘʪʢʠ ʧʷʪʥʘ ʦʙʨʘʟʦʚʘʣʠ 
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ʫʪʦʣʱʝʥʠʝ (3.5 ʤʤ) ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʫʢʘʚʝ ʩʧʠʨʘʣʠ 2 (ʨʠʩʫʥʦʢ 2.2.2, ʘ), ʢʦʪʦʨʦʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʤʝʱʝʥʥʦʤʫ ʥʘʯʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʧʷʪʥʘ ʢʨʘʩʠʪʝʣʷ ʥʘ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɹʦʣʴʰʫʶ ʜʣʠʥʫ ʠʤʝʝʪ ʮʠʢʣʦʥʠʯʝʩʢʠʡ ʨʫʢʘʚ ʧʝʨʚʦʡ 

ʢʘʧʣʠ, ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ, ʝʛʦ ʢʨʘʡ ʩʤʝʱʝʥ ʢ ʤʛʥʦʚʝʥʥʦʤʫ ʮʝʥʪʨʫ ʚʨʘʱʝʥʠʷ (ʨʠʩʫʥʦʢ 2.2.2, ʘ, 

ʢʨʠʚʘʷ 1), ʪʦʣʱʠʥʘ ʧʣʘʚʥʦ ʫʙʳʚʘʝʪ ʦʪ 1.5 ʜʦ 1.3 ʤʤ. ɼʣʠʥʘ ʫʪʦʥʯʘʶʱʝʛʦʩʷ 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʨʫʢʘʚʘ 2.2 ʩʤ, ʪʦʣʱʠʥʘ ï ʦʪ 3 ʤʤ ʜʦ 1.5 ʤʤ. ɺʥʝʰʥʠʡ 

(ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʡ) ʨʫʢʘʚ ʙʦʣʝʝ ʢʦʨʦʪʢʠʡ ʠ ʪʦʣʩʪʳʡ. ɼʝʪʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʨʘʟʜʝʣʝʥʥʳʭ ʨʫʢʘʚʦʚ ʧʦʢʘʟʘʥʘ ʨʠʩʫʥʢʝ 2.2.2, ʙ. ʅʘ ʵʪʘʧʝ ʘʢʪʠʚʥʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʯʠʩʪʦʡ ʚʦʜʳ, ʨʘʟʜʝʣʷʶʱʝʡ ʨʫʢʘʚʘ, 

ʫʤʝʥʴʰʘʝʪʩʷ [75]. 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 2.2.2 ï ɺʳʪʷʛʠʚʘʥʠʝ ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ ʠʟ ʧʷʪʝʥ ʢʨʘʩʠʪʝʣʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ (H =10 ʩʤ, W=100 ʦʙ/ʤʠʥ, R=7,5 ʩʤ): 

ʘ) ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʘʩʠʪʝʣʷ ʩʧʫʩʪʷ 1 ʩ ʧʦʩʣʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʢʘʧʣʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ; ʙ) ï ʯʘʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʫʚʝʣʠʯʝʥʥʦʤ ʤʘʩʰʪʘʙʝ 
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ʆʪʤʝʯʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʯʘʣʴʥʦʡ ʵʚʦʣʶʮʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ 

ʢʨʘʩʠʪʝʣʷ ʠʟ ʧʷʪʥʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʧʘʜʝʥʠʠ ʢʘʧʣʠ ʯʝʨʥʠʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ, ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʥʘ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʘʭ (ʨʠʩʫʥʦʢ 4.1.3, ʤʘʨʢʝʨ ï 

ʬʠʦʣʝʪʦʚʳʝ ʘʥʠʣʠʥʦʚʳʝ ʯʝʨʥʠʣʘ, ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ï 1). ʊʦʯʢʘ ʧʘʜʝʥʠʷ 

ʢʘʧʣʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3.5 ʩʤ ʦʪ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʌʦʨʤʘ ʧʷʪʥʘ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʧʫʩʪʷ 1 ʩ (ʫʛʣʦʚʦʡ ʨʘʟʤʝʨ 

ʩʪʨʫʢʪʫʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï 76 , 

ʨʘʜʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ï 2.6 · 3.9 ʩʤ), ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʯʘʩʪʠʯʥʦʤ 

ʧʦʛʨʫʞʝʥʠʠ ʤʘʨʢʝʨʘ ʚ ʮʝʥʪʨʝ ʠ ʚʳʪʷʛʠʚʘʥʠʠ ʚ ʩʧʠʨʘʣʴʥʳʝ ʨʫʢʘʚʘ 

(ʨʠʩʫʥʦʢ 2.2.3, ʘ). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʚʦʛʦ ʚʠʪʢʘ ʩʧʠʨʘʣʠ ʧʦʩʣʝ ʧʦʧʘʜʘʥʠʷ ʢʘʧʣʠ ʥʘ 

ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ (ʨʠʩʫʥʦʢ 2.2.3, ʙ), 

ʩʧʫʩʪʷ ʚʩʝʛʦ t=2 ʩ (/ rt Tt= =6, ʛʜʝ rT  ï ʚʨʝʤʷ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ ʜʠʩʢʘ). ɿʜʝʩʴ 

ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʢʨʘʷ ʩʧʠʨʘʣʴʥʦʛʦ ʨʫʢʘʚʘ ʩʤʝʱʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʧʷʪʥʘ ʥʘ 200Ü. ʂ ʤʦʤʝʥʪʫ t=27 ʩ (t=81,) ʥʘʙʣʶʜʘʶʪʩʷ 5 ʧʦʣʥʳʭ 

ʚʠʪʢʦʚ ʩʧʠʨʘʣʠ, ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʦʭʚʘʪʳʚʘʶʱʝʛʦ ʦʚʘʣʘ (( )
2

1 /r RA Ae= - , ʛʜʝ 

RA  ʠ rA ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨ ʦʚʘʣʘ, ʟʘʥʷʪʦʛʦ ʩʧʠʨʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ) ʩʦʩʪʘʚʣʷʝʪ e=0.44 (ʨʠʩʫʥʦʢ 4.1.3, ʚ), ʪʦʣʱʠʥʘ ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ 

ʥʝʤʦʥʦʪʦʥʥʦ ʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0.7 ʜʦ 2.7 ʤʤ. 

ʅʘ ʧʝʨʠʬʝʨʠʠ ʪʝʯʝʥʠʷ ʤʝʥʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʵʚʦʣʶʮʠʠ ʨʫʢʘʚʘ, 

ʧʦʷʚʣʷʶʪʩʷ ʦʙʣʘʩʪʠ ʚʦʟʚʨʘʪʥʦʛʦ ʪʝʯʝʥʠʷ (ʫʯʘʩʪʦʢ ʢʨʠʚʦʡ 2, ʨʠʩʫʥʦʢ 2.2.3, ʛ), 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ. ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ 

ʦʛʠʙʘʶʱʝʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʧʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʩʦʩʪʘʚʣʷʝʪ e=0.42, ʚʥʝʰʥʝʡ ʯʘʩʪʠ ï 0.44, ʪʦʣʱʠʥʘ ʨʫʢʘʚʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0.6 ʜʦ 

2.0 ʤʤ. 

ʊʝʤʧ ʨʘʟʚʠʪʠʷ ʩʧʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ. ʉʧʠʨʘʣʴ ʧʦʣʥʦʩʪʴʶ ʦʭʚʘʪʳʚʘʝʪ ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ ʧʨʠ t=1 ʩ 

(t=3). ʂ ʤʦʤʝʥʪʫ t=23 ʩ (t=70) ʬʦʨʤʠʨʫʶʪʩʷ ʙʦʣʝʝ 10 ʪʦʥʢʠʭ (ʦʪ 0.9 ʜʦ 
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2.2 ʤʤ) ʦʢʨʘʰʝʥʥʳʭ ʨʫʢʘʚʦʚ (ʨʠʩʫʥʦʢ 2.2.4, ʘ), ʨʘʟʜʝʣʝʥʥʳʭ ʧʦʣʦʩʘʤʠ ʯʠʩʪʦʡ 

ʚʦʜʳ.  

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʧʝʨʠʬʝʨʠʠ ʪʝʯʝʥʠʷ ʧʦʷʚʣʷʶʪʩʷ 

ʧʝʪʣʠ ʚʦʟʚʨʘʪʥʦʛʦ ʪʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘ ç12 ʯè ʠ 

ç6 ʯè (ʨʠʩʫʥʦʢ 2.2.4, ʘ). ʆʪʩʪʦʷʥʠʝ ʮʝʥʪʨʦʚ ʧʝʪʝʣʴ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

4.5 ʠ 4.0 ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 ʘ  ʙ 

 ʚ  ʛ 

ʈʠʩʫʥʦʢ 2.2.3 ï ʀʟʤʝʥʝʥʠʝ ʦʙʣʘʩʪʠ, ʟʘʥʷʪʦʡ ʩʧʠʨʘʣʴʥʳʤʠ ʨʫʢʘʚʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ (H =40 ʩʤ, W=190 ʦʙ/ʤʠʥ, R=7.5 ʩʤ): ʘ - ʛ) ï 

t= 1, 12, 27, 29 ʩ 

 

ʇʦʩʪʝʧʝʥʥʦ ʙʘʟʦʚʦʝ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ ʪʝʯʝʥʠʝ ʩʪʷʛʠʚʘʝʪ ʩʧʠʨʘʣʴʥʳʝ 

ʧʦʣʦʩʳ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ (ʨʠʩʫʥʦʢ 2.2.4, ʙ). ʂ ʤʦʤʝʥʪʫ 

t=51 ʩ (t=170) ʦʢʨʘʰʝʥʥʳʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʮʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʨʘʜʠʫʩʦʤ 
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0.6 ʩʤ, ʠ ʦʪʜʝʣʝʥʥʦʝ ʦʪ ʥʝʝ ʧʦʣʦʩʦʡ ʯʠʩʪʦʡ ʚʦʜʳ ʰʠʨʠʥʦʡ 1.5 ʩʤ ʢʦʣʴʮʦ ʩ 

ʥʝʨʦʚʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʢʨʘʝʤ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʦʡ 6.2 ʤʤ. 

 

 ʘ  ʙ 

ʈʠʩʫʥʦʢ 2.2.4 ï ʕʚʦʣʶʮʠʷ ʧʷʪʥʘ ʢʨʘʩʠʪʝʣʷ ʚ ʩʧʠʨʘʣʴ ʠ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ 

ʦʢʨʫʞʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ: ʘ, ʙ) ï t= 23, 51 ʩ (H =40 ʩʤ, 

W=400 ʦʙ/ʤʠʥ, R=7.5 ʩʤ) 

 

ʉʪʨʫʢʪʫʨʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ ʢʨʘʩʠʪʝʣʷ ʚ ʩʦʩʪʘʚʥʦʤ 

ʚʠʭʨʝ ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʝʨʠʷ ʬʦʪʦʛʨʘʬʠʡ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2.2.5. ɿʜʝʩʴ 

ʦʜʠʥ ʤʘʨʢʝʨ (ʢʘʧʣʷ ʬʠʦʣʝʪʦʚʳʭ ʯʝʨʥʠʣ) ʙʳʣ ʥʘʥʝʩʝʥ ʥʘ ʩʚʦʙʦʜʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʚʝʨʥʳ ʚʠʭʨʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2.98 ʩʤ ʦʪ ʮʝʥʪʨʘ (ʢʘʧʣʷ ʦʙʲʝʤʦʤ 0,1 

ʤʣ ʩʚʦʙʦʜʥʦ ʧʘʜʘʣʘ ʩ ʚʳʩʦʪʳ 2 ʩʤ). ɺʪʦʨʘʷ ʢʘʧʣʷ (ʩʠʥʠʝ ʯʝʨʥʠʣʘ) ʙʳʣʘ ʚʥʝʩʝʥʘ 

ʩʧʫʩʪʷ 2 ʩ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 1.67 ʦʪ ʮʝʥʪʨʘ ʢʘʚʝʨʥʳ. ʂ ʤʦʤʝʥʪʫ ʝʝ ʚʚʝʜʝʥʠʷ ʧʝʨʚʳʡ 

ʤʘʨʢʝʨ ʩʬʦʨʤʠʨʦʚʘʣ ʩʧʠʨʘʣʴʥʳʡ ʨʫʢʘʚ ʫʛʣʦʚʳʤ ʨʘʟʤʝʨʦʤ 166, ʪʦʣʱʠʥʦʡ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 1. ʜʦ 0.8 ʤʤ, ʫʜʘʣʝʥʥʳʡ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 3.14 ʩʤ ʜʦ 4.51 ʩʤ ʦʪ 

ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩʫʥʦʢ 2.2.5, ʘ). 
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ʘ ʙ 

ʚ ʛ 

 

ʈʠʩʫʥʦʢ 2.2.5 ï ʀʟʤʝʥʝʥʠʝ ʦʙʣʘʩʪʠ, ʟʘʥʷʪʦʡ ʩʧʠʨʘʣʴʥʤʠ ʨʫʢʘʚʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ( H =40 ʩʤ, W=180 ʦʙ/ʤʠʥ, R=5 ʩʤ): ʘ - ʛ) ï 

t= 2, 4, 7, 23 ʩ 

 

ʊʦʯʢʘ ʚʚʝʜʝʥʠʷ ʚʪʦʨʦʡ ʢʘʧʣʠ ʧʨʠʤʝʩʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,9 ʩʤ, 

ʥʘʧʨʘʚʣʝʥʠʝ çʥʘ 8 ʯʘʩʦʚè. ʀʟ ʚʪʦʨʦʛʦ ʧʷʪʥʘ ʧʨʠʤʝʩʠ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ ʥʘʯʠʥʘʝʪ ʚʳʪʷʛʠʚʘʪʴʩʷ ʩʦʙʩʪʚʝʥʥʘʷ ʩʧʠʨʘʣʴʥʘʷ ʩʠʩʪʝʤʘ. ʋʛʣʦʚʦʡ 

ʨʘʟʤʝʨ ʚʥʝʰʥʝʛʦ ʩʧʠʨʘʣʴʥʦʛʦ ʨʫʢʘʚʘ ʩʧʫʩʪʷ t=2 ʩ (t=6) ʩʦʩʪʘʚʣʷʝʪ Dj=198 , 

ʨʘʜʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ar  ï ʚ ʜʠʘʧʘʟʦʥʝ 3.1 ʩʤ ʜʦ 4.25 ʩʤ, ʪʦʣʱʠʥʘ dï 1.5 ʤʤ ʜʦ 

0.5 ʤʤ; ʚʥʝʰʥʝʛʦ Dj=ï 129 ; ar  ï 1.23 ʜʦ 0.81 ʩʤ, ʪʦʣʱʠʥʘ ʨʫʢʘʚʦʚ dï ʦʪ 5 ʤʤ 

ʜʦ 3 ʤʤ (ʨʠʩʫʥʦʢ 4.2.5, ʙ). 
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ʊʝʤʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʨʫʢʘʚʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ, ʯʝʤ ʚʥʝʰʥʝʛʦ: 

ʩʧʫʩʪʷ t=7 ʩ (t=23) ʚʥʫʪʨʝʥʥʷʷ ʩʧʠʨʘʣʴ ʩʦʚʝʨʰʘʝʪ ʧʦʣʪʦʨʘ ʦʙʦʨʦʪʘ ʝʝ (ʫʛʣʦʚʦʡ 

ʨʘʟʤʝʨ ʩʦʩʪʘʚʣʷʝʪ Dj=607), ʚʥʝʰʥʷʷ ï ʯʫʪʴ ʙʦʣʴʰʝ ʦʜʥʦʛʦ (Dj=367 ) 

(ʨʠʩʫʥʦʢ 2.2.5, ʚ.). ʊʦʣʱʠʥʘ ʬʠʦʣʝʪʦʚʳʭ ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ ʤʝʥʷʝʪʩʷ ʦʪ 

1.5 ʤʤ ʜʦ 0.8 ʤʤ, ʩʠʥʠʭ ï ʦʪ 2.5 ʤʤ ʜʦ 1 ʤʤ. ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ ʦʛʠʙʘʶʱʝʡ 

ʦʙʣʘʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʩʧʠʨʘʣʠ ʨʘʚʝʥ e=0.61, ʚʥʝʰʥʝʡ ï e=0.37. 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʧʝʨʠʬʝʨʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʣʘʩʪʠ 

ʚʦʟʚʨʘʪʥʦʛʦ ʪʝʯʝʥʠʷ. ɺʦʟʚʨʘʪʥʳʝ ʧʝʪʣʠ ʚʥʝʰʥʝʛʦ ʤʘʨʢʝʨʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ çʥʘ 5 ʯʘʩʦʚè ʠ çʥʘ 12 ʯʘʩʦʚè (ʨʠʩʫʥʦʢ 2.2.5, ʛ). ɺʥʫʪʨʝʥʥʷʷ 

ʩʧʠʨʘʣʴ ʥʘʩʯʠʪʳʚʘʝʪ ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʙʦʣʝʝ 5 ʚʠʪʢʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʧʦʣʦʩʘʤʠ 

ʯʠʩʪʦʡ ʚʦʜʳ. ɺ ʝʝ ʮʝʥʪʨʝ ʪʘʢʞʝ ʥʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʚʦʟʚʨʘʪʥʳʝ ʧʝʪʣʠ 

(ʥʘʧʨʘʚʣʝʥʠʝ çʥʘ 10 ʯʘʩʦʚè). 

ʕʢʩʮʝʥʪʨʠʩʠʪʝʪʳ ʦʛʠʙʘʶʱʠʭ ʦʙʣʘʩʪʝʡ, ʟʘʥʠʤʘʝʤʳʭ ʬʠʦʣʝʪʦʚʳʤʠ ʠ 

ʩʠʥʠʤʠ ʯʝʨʥʠʣʘʤʠ, ʨʘʚʥʳ e=0.32 ʠ e=0.25 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʙʦʣʴʰʠʭ 

ʚʨʝʤʝʥʘʭ ʦʢʨʘʰʝʥʥʦʡ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʦʙʣʘʩʪʴ ʮʝʥʪʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʘʚʝʨʥʳ 

ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ, ʦʢʨʘʰʝʥʥʘʷ ʤʘʨʢʝʨʦʤ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ. 

ʅʘ ʨʠʩʫʥʢʝ 2.2.6 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ ʨʫʢʘʚʦʚ ʩʧʠʨʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʚʳʪʷʥʫʚʰʝʡʩʷ ʠʟ ʢʘʧʣʠ ʬʠʦʣʝʪʦʚʳʭ ʯʝʨʥʠʣ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʨʘʩʧʦʣʘʛʘʚʰʝʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3.5 ʩʤ ʦʪ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʈʫʢʘʚ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʫʜʣʠʥʷʝʪʩʷ ʠ ʫʪʦʥʯʘʝʪʩʷ, ʧʨʠ t=5 ʩ 

(ʨʠʩʫʥʦʢ 2.2.6, ʘ, ʣʦʤʘʥʘʷ 1) ʩʨʝʜʥʷʷ ʰʠʨʠʥʘ ʨʫʢʘʚʘ ʩʦʩʪʘʚʣʷʣʘ 0.29 ʩʤ, 

ʥʝʙʦʣʴʰʦʝ ʫʪʦʣʱʝʥʠʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ï ʩʣʝʜ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʷʪʥʘ. 

ʉʧʫʩʪʷ 1 ʩ (ʨʠʩʫʥʦʢ 2.2.6, ʘ, ʣʦʤʘʥʘʷ 2) ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 

0.24 ʩʤ, ʤʘʢʩʠʤʘʣʴʥʦʝ ï0.34 ʩʤ, ʤʠʥʠʤʘʣʴʥʦʝ ʫ ʢʨʦʤʢʠ ï 0.05 ʩʤ. ʏʝʨʝʟ 7 ʩ 

(ʨʠʩʫʥʦʢ 2.2.6, ʘ, ʣʦʤʘʥʘʷ 3) ʨʫʢʘʚ ʧʨʦʜʦʣʞʘʝʪ ʠʩʪʦʥʯʘʪʴʩʷ, ʝʛʦ ʰʠʨʠʥʘ 

ʫʙʳʚʘʝʪ ʦʪ 0.2 ʩʤ (ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʩʧʠʨʘʣʠ) ʜʦ 0.09 (ʚʥʝʰʥʠʡ ʢʨʘʡ). ɽʱʝ 

ʯʝʨʝʟ 9 ʩ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʨʫʢʘʚʘ ʫʙʳʚʘʝʪ ʜʦ 0.12 ʩʤ (ʨʠʩʫʥʦʢ 2.2.6, ʘ, 

ʣʦʤʘʥʘʷ 4). 

ʉ ʟʘʜʝʨʞʢʦʡ ʚ 1 ʩ ʙʳʣʘ ʧʦʤʝʱʝʥʘ ʜʚʦʡʥʘʷ ʢʘʧʣʷ ʯʝʨʥʠʣ ʩʠʥʝʛʦ ʮʚʝʪʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ 1.2 ʩʤ ʦʪ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩʫʥʦʢ 2.2.6, ʙ) 
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ʐʠʨʠʥʘ ʦʢʨʘʰʝʥʥʦʡ ʦʙʣʘʩʪʠ ʯʝʨʝʟ 2 ʩ ʩʦʩʪʘʚʣʷʣʘ 0.63 ʩʤ. ʀʟ ʥʝʝ ʥʘʯʘʣʠ 

ʚʳʪʷʛʠʚʘʪʴʩʷ ʜʚʘ ʨʫʢʘʚʘ. ʇʨʠ ʵʪʦʤ ʰʠʨʠʥʘ ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʨʫʢʘʚʘ, 

ʧʨʦʜʚʠʛʘʶʱʝʛʦʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʦʩʥʦʚʥʦʤʫ ʚʨʘʱʝʥʠʶ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʣʘ ʥʘ 0.23 ʩʤ ʧʨʠ t=3 ʩ, ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʧʷʪʥʘ 0.9 ʩʤ, ʘ ʤʠʥʠʤʘʣʴʥʦʝ ï 0.1 ʩʤ (ʨʠʩʫʥʦʢ 2.2.6, ʙ, 

ʣʦʤʘʥʘʷ 1). 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 2.2.6 ï ʐʠʨʠʥʘ ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ (W=180 ʦʙ/ʤʠʥ, H =40 ʩʤ, 

R= 5 ʩʤ): ʘ, ʙ) ï ʬʠʦʣʝʪʦʚʳʝ ʠ ʩʠʥʠʝ ʯʝʨʥʠʣʘ, ʩʠʤʚʦʣʳ 1, 2, 3, 4 ï t= 5, 6, 7, 

9 ʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʏʝʨʝʟ 3 c ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʥʘ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʧʣʠ ʩʠʥʠʭ ʯʝʨʥʠʣ 

ʰʠʨʠʥʘ ʩʧʠʨʘʣʠ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.52 ʜʦ 0.18 ʩʤ (ʨʠʩʫʥʦʢ 4.2.6, ʙ, 

ʣʦʤʘʥʘ ̫2). ʇʨʠ t=5 ʩ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʥʦʚʦʡ ʢʘʧʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ 

ʩʧʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 0.18 ʩʤ, ʝʝ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʦʩʪʘʝʪʩʷ 

ʫʪʦʣʱʝʥʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʩʝʜʥʠʤʠ ʫʯʘʩʪʢʘʤʠ ʥʘ 0.2 ʩʤ (ʨʠʩʫʥʦʢ 2.2.6, ʙ, 

ʧʠʢʠ ʥʘ ʣʦʤʘʥʦʡ 3). ʉʦ ʚʨʝʤʝʥʝʤ ʨʫʢʘʚ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʤ (ʯʝʨʝʟ 

6 ʩ ʝʛʦ ʰʠʨʠʥʘ ʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0.32 ʩʤ ʜʦ 0.04 ʩʤ ʧʨʠ ʩʨʝʜʥʝʤ 

ʟʥʘʯʝʥʠʠ 0.15 ʩʤ (ʨʠʩʫʥʦʢ 4.1.6, ʙ, ʣʦʤʘʥʘʷ 4). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʠʥʘ 

ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ ʨʘʩʪʝʪ, ʘ ʰʠʨʠʥʘ ï ʫʙʳʚʘʝʪ ʤʦʥʦʪʦʥʥʦ ʩʦ ʚʨʝʤʝʥʝʤ. 
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2.3 ʇʝʨʝʥʦʩ ʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ ʚ ʪʦʣʱʫ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ 

ʅʝʟʘʚʠʩʠʤʳʡ ʧʝʨʝʥʦʩ ʢʨʘʩʠʪʝʣʷ ʚ ʪʦʣʱʫ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.3.1. ʅʘ ʧʨʠʚʝʜʝʥʥʳʭ ʬʦʪʦʛʨʘʬʠʷʭ ʦʧʳʪ, 

ʧʨʦʚʦʜʠʚʰʠʡʩʷ ʩ ʧʦʜʢʨʘʰʠʚʘʥʠʝʤ ʚʦʜʳ ʧʨʠ ʧʦʤʦʱʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ 

ʬʣʁʦʨʝʩʮʠʨʫʶʱʝʛʦ ʢʨʘʩʠʪʝʣʷ (ʫʨʘʥʠʣ), ʢʦʪʦʨʳʡ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ 

ʦʩʚʝʱʝʥʠʠ ʠʟʣʫʯʘʝʪ ʟʝʣʝʥʳʡ ʩʚʝʪ. ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʦʢʨʘʰʝʥʥʦʛʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʪʦʣʙʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ (ʨʠʩʫʥʦʢ 2.3.1, ʘ - ʛ). 

ʂʘʢ ʪʦʣʴʢʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʨʘʩʠʪʝʣʷ, ʦʧʫʩʢʘʶʱʘʷʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʧʨʠʦʩʝʚʦʡ ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʷ ʢ ʜʠʩʢʫ-ʘʢʪʠʚʘʪʦʨʫ, ʜʦʩʪʠʛʘʝʪ ʜʥʘ, ʧʨʦʠʩʭʦʜʠʪ 

ʠʥʪʝʥʩʠʚʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʚʩʝʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʤʘ (ʨʠʩʫʥʦʢ 2.3.1, ʜ, ʝ). 

ʀʥʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʘʷ ʫʨʘʥʠʣʦʤ ʮʝʥʪʨʘʣʥɹʘʷ ʯʘʩʪʴ ʧʦʪʦʢʘ ʠʤʝʝʪ ʟʝʣʝʥʳʡ 

ʮʚʝʪ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʱʝʝ ʦʢʨʘʰʠʚʘʥʠʝ ʦʙʲʝʤʘ, ʙʣʘʛʦʜʘʨʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ 

ʧʦʜʩʚʝʪʢʝ. ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʦʢʨʘʰʝʥʥʦʛʦ ʩʪʦʣʙʘ ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ 

ʨʠʩʫʥʢʘ 2.3.1, ʘ - ʜ) 13, 19, 22, 29, 35 ʩʤ ʦʪ ʥʠʞʥʝʡ ʪʦʯʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʢʘʚʝʨʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʚʘʪʴ ʷʨʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦ 

ʚʩʝʡ ʪʦʣʱʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʤʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚʳʯʠʩʣʷʶʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʘʩʠʪʝʣʷ ʚ ʧʦʪʦʢʝ. ʅʘ ʨʠʩʫʥʢʝ 2.3.2, ʘ ʩʠʥʷʷ 

ʣʦʤʘʥʘʷ 4 ʦʪʨʘʞʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʨʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚʜʦʣʴ ʛʦʨʠʟʦʥʪʘʣʠ ʥʘ 

ʫʨʦʚʥʝ 31 ʩʤ ʥʘʜ ʚʨʘʱʘʶʱʠʤʩʷ ʜʠʩʢʦʤ-ʘʢʪʠʚʘʪʦʨʦʤ, ʥʘ ʣʦʤʘʥʦʡ ʭʦʨʦʰʦ 

ʧʨʦʨʠʩʦʚʘʥ ʫʯʘʩʪʦʢ ʚ ʩʝʨʝʜʠʥʝ ʙʘʩʩʝʡʥʘ, ʛʜʝ ʷʨʢʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ, ʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʘʧʦʣʥʝʥʥʘʷ ʢʨʘʩʠʪʝʣʝʤ ʦʙʣʘʩʪʴ (ʬʦʪʦʛʨʘʬʠʷ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.3.1, ʙ). ʇʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʢʨʘʰʝʥʥʦʛʦ 

ʩʪʦʣʙʘ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ ʩʦʩʪʘʚʣʷʝʪ 3.8 ʩʤ. ʀʥʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʘʷ ʯʘʩʪʴ ʠʤʝʝʪ 

ʯʝʪʢʠʝ ʢʦʥʪʫʨʳ. ʃʦʤʘʥʘʷ ʣʠʥʠʷ 15 ʧʨʦʭʦʜʠʪ ʚʝʟʜʝ ʚʙʣʠʟʠ ʥʫʣʝʚʦʡ ʦʪʤʝʪʢʠ, ʵʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʫʨʦʚʥʝ 3 ʩʤ ʥʘʜ ʚʨʘʱʘʶʱʠʤʩʷ ʘʢʪʠʚʘʪʦʨʦʤ 

ʦʙʱʠʡ ʬʦʥ ʷʨʢʦʩʪʠ ʨʘʚʥʦʤʝʨʥʳʡ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʢʨʘh ʝʥʥʳʭ ʙʦʣʝʝ ʠʣʠ 

ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʱʝʡ ʯʘʩʪʴʶ ʧʦʪʦʢʘ, ʦʙʣʘʩʪʝʡ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. 
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 a  ʙ  ʚ 

 ʛ  ʜ  ʝ 

ʈʠʩʫʥʦʢ 2.3.1 ï ʊʨʘʥʩʧʦʨʪ ʧʨʠʤʝʩʠ ʚ ʪʦʣʱʫ ʞʠʜʢʦʩʪʠ (=H 50 ʩʤ, =W 820 

ʦʙ/ʤʠʥ, =R 7.5 ʩʤ): ʘ - ʝ)ï t = 28, 38, 48, 58, 68, 78 ʩ 

 

ʃʦʤʘʥʘʷ ʣʠʥʠʷ 7 ʥʘ ʨʠʩʫʥʢʝ 2.3.2, ʘ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʨʢʦʩʪʠ ʥʘ ʫʨʦʚʥʝ 22.5 

ʩʤ ʥʘʜ ʘʢʪʠʚʘʪʦʨʦʤ) ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʳʡ ʮʝʥʪʨʘʣʴʥʳʡ ʧʠʢ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʚʩʝʭ ʚʳʰʝʣʝʞʘʱʠʭ ʣʠʥʠʡ. ɽʩʣʠ ʧʨʠʥʷʪʴ ʵʪʦʪ 

ʫʨʦʚʝʥʴ ʟʘ ʪʝʢʫʱʫʶ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʨʘʩʠʪʝʣʷ, ʪʦ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 

19.9 ʩʤ ʦʪ ʥʠʞʥʝʡ ʪʦʯʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʘʚʝʨʥʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ 

ʚʠʟʫʘʣʴʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ (ʨʠʩʫʥʦʢ 2.3.1, ʙ). 
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 ʘ 

 ʙ 

ʈʠʩʫʥʦʢ 2.3.2 ï ʀʟʤʝʥʝʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʢʦʥʪʝʡʥʝʨʘ 

(W=820 ʦʙ/ʤʠʥ, H =50 ʩʤ, R= 7.5 ʩʤ; 1 - 15 ï ʦʩʚʝʱʝʥʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 

42 3·  ʩʤ ʩ ʰʘʛʦʤ 2.75 ʩʤ): ʚʨʝʤʷ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʘ) ï 22 ʩ, ʙ) ï 128 

ʩ 

 

ʃʦʤʘʥʘʷ ʣʠʥʠʷ 1 ʥʘ ʨʠʩʫʥʢʝ 4.3.2, ʙ, ʦʪʨʘʞʘʶʱʘʷ ʷʨʢʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʫʨʦʚʥʝ 42 ʩʤ ʥʘʜ ʚʨʘʱʘʶʱʠʤʩʷ ʜʠʩʢʦʤ ʪʦʯʝʢ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʧʦʢʘʟʳʚʘʝʪ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʣʝʙʘʥʠʡ ʷʨʢʦʩʪʠ ʚʦʢʨʫʛ ʥʫʣʝʚʦʡ 

ʦʪʤʝʪʢʠ. ʅʘ ʬʦʪʦʛʨʘʬʠʠ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʣʠʥʠʷ ʯʫʪʴ 

ʚʳʰʝ ʥʠʞʥʝʡ ʪʦʯʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʘʚʝʨʥʳ, ʛʜʝ ʥʠʢʘʢʠʭ ʦʢʨʘʰʝʥʥʳʭ ʦʙʲʝʤʦʚ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʆʩʪʘʣʴʥʳʝ ʣʦʤʘʥʳʝ ʣʠʥʠʠ ʥʘ ʨʠʩʫʥʢʝ 2.3.2, ʙ ʠʤʝʶʪ ʦʜʠʥ 

ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ ʚ ʮʝʥʪʨʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʷʨʢʦʤʫ ʮʝʥʪʨʘʣʴʥʦʤʫ 
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ʦʢʨʘʰʝʥʥʦʤʫ ʩʪʦʣʙʫ ʚ ʮʝʥʪʨʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʤʘ. ʉʨʝʜʥʷʷ ʝʛʦ ʰʠʨʠʥʘ 

ʩʦʩʪʘʚʣʷʝʪ ʟʜʝʩʴ ʦʢʦʣʦ 4.5-5 ʩʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʰʠʨʠʥʘ ʩʪʦʣʙʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʜʦʣʴ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʧʨʠ ʵʪʦʤ ʘʥʘʣʠʟ ʜʚʠʞʝʥʠʷ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʬʨʦʥʪʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʡ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʛʨʘʥʠʮʳ ʦʢʨʘʰʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪ.ʝ. ʦʢʨʘʰʝʥʥʘʷ ʦʙʣʘʩʪʴ ʩʦʚʝʨʰʘʝʪ 

ʠʟʛʠʙʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʦʢʨʘʰʝʥʥʦʛʦ ʩʪʦʣʙʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

18 ʤʤ (ʪ.ʝ. ʨʘʜʠʫʩ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʢʨʘʰʝʥʥʦʛʦ ʩʪʦʣʙʘ ʩʦʩʪʘʚʣʷʝʪ 0.12 ʦʪ ʨʘʟʤʝʨʘ 

ʘʢʪʠʚʘʪʦʨʘ R = 7.5 ʩʤ) ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʯʘʩʪʦʪʝ 225 ʦʙ/ʤʠʥ, ʧʨʠ ʯʘʩʪʦʪʝ 435 

ʦʙ/ʤʠʥ ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʦʢʨʘʰʝʥʥʦʛʦ ʩʪʦʣʙʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 25 ʤʤ (ʪ.ʝ. 

ʨʘʜʠʫʩ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʢʨʘʰʝʥʥʦʛʦ ʩʪʦʣʙʘ ʩʦʩʪʘʚʣʷʝʪ 0.09 ʦʪ ʨʘʟʤʝʨʘ 

ʘʢʪʠʚʘʪʦʨʘ R = 14.0 ʩʤ). ʆʙʦʙʱʘʷ ʜʘʥʥʳʝ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʳʡ ʩʪʦʣʙ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ 

ʰʠʨʝ, ʯʝʤ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʪʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʢʨʘʰʝʥʥʘʷ 

ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʪʝʯʝʥʠʷ ʩʣʝʛʢʘ ʰʠʨʝ ʚʙʣʠʟʠ ʧʦʣʦʚʠʥʳ ʧʦʣʥʦʡ ʛʣʫʙʠʥʳ 

ʪʝʯʝʥʠʷ. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʠʭ ʦʪʢʣʦʥʝʥʠʡ ʦʢʨʘʰʝʥʥʦʛʦ ʩʪʦʣʙʘ ʦʪ 

ʚʝʨʪʠʢʘʣʠ ʚʦ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.3.3. 

 

 

ʈʠʩʫʥʦʢ 2.3.3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʦʪʢʣʦʥʝʥʠʷ ʛʨʘʥʠʮʳ ʦʢʨʘʰʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʦʪ ʚʨʝʤʝʥʠ (H = 30 ʩʤ, W= 225 ʦʙ/ʤʠʥ): ʘ) R= =7.5 ʩʤ, ʙ) R= =14.0 

ʩʤ (1 ï ʣʝʚʘʷ ʩʪʦʨʦʥʘ ʦʢʨʘʰʝʥʥʦʛʦ ʩʪʦʣʙʘ, 2 ï ʧʨʘʚʘʷ, 3 ï ʦʙʱʘʷ ʰʠʨʠʥʘ 

ʩʪʦʣʙʘ).  
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ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʚʝʨʪʠʢʘʣʠ ʧʨʘʚʳʭ ʠ ʣʝʚʳʭ ʛʨʘʥʠʮ 

ʦʢʨʘʰʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʧʨʘʢʪʠʯʝʩʢʠ ʩʠʥʬʘʟʥʦ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʠʟʛʠʙʥʦʤ, ʘ ʥʝ ʚʘʨʠʢʦʟʥʦʤ ʭʘʨʘʢʪʝʨʝ ʢʦʣʝʙʘʥʠʡ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʘʨʢʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ (ʨʠʩʫʥʦʢ 2.3.4). 

 

ʈʠʩʫʥʦʢ 2.3.4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʦʢʨʘʰʠʚʘʝʤʦʛʦ ʩʪʦʣʙʘ ʦʪ 

ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʚʠʭʨʷ ( H =30 ʩʤ): ʩʠʥʷʷ ʣʠʥʠʷ W= 225 ʦʙ/ʤʠʥ, R= 15 

ʩʤ; ʢʨʘʩʥʘʷ ʣʠʥʠʷ, W= 435 ʦʙ/ʤʠʥ, R= 28 ʩʤ 

 

ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʦʢʨʘʰʝʥʥʦʛʦ ʩʪʦʣʙʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 17,7 ʤʤ (ʪ.ʝ. 

ʨʘʜʠʫʩ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʢʨʘʰʝʥʥʦʛʦ ʩʪʦʣʙʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.06 ʦʪ ʨʘʜʠʫʩʘ 

ʢʦʥʪʝʡʥʝʨʘ ʠ 0.12 ʦʪ ʨʘʜʠʫʩʘ ʘʢʪʠʚʘʪʦʨʘ) ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʯʘʩʪʦʪʝ W=225 

ʦʙ/ʤʠʥ. ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʦʢʨʘʰʝʥʥʦʛʦ ʩʪʦʣʙʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 24,9 ʤʤ (ʪ.ʝ. 

ʨʘʜʠʫʩ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʢʨʘʰʝʥʥʦʛʦ ʩʪʦʣʙʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.08 ʦʪ ʨʘʜʠʫʩʘ 

ʢʦʥʪʝʡʥʝʨʘ ʠ 0.09 ʦʪ ʨʘʜʠʫʩʘ ʘʢʪʠʚʘʪʦʨʘ) ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʯʘʩʪʦʪʝ W= 435 

ʦʙ/ʤʠʥ. ʇʨʠ ʵʪʦʤ ʚʠʭʨʝʚʦʡ ʩʪʦʣʙ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ 

ʰʠʨʝ, ʯʝʤ ʩʪʦʣʙ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʠ ʠʤʝʝʪ ʫʪʦʣʱʝʥʠʝ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ. 

ɸʥʘʣʠʟ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ 

ʦʢʨʘʰʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩʦ ʚʨʝʤʝʥʝʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʢʠ ʧʝʨʝʩʝʯʝʥʠʷ 
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ʥʫʣʷ ʠ ʧʦʜʩʯʝʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʠʥ ʩʝʨʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ (ʩʤ. ʨʠʩʫʥʦʢ 2.3.5 ï 2.3.6) 

ʧʨʦʷʚʣʷʶʪʩʷ ʚʦʣʥʳ ʙʦʣʴʰʝʡ ʜʣʠʥʳ (25 ʤʤ), ʘ ʜʣʷ ʩʣʫʯʘʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ï ʢʦʨʦʪʢʠʝ (15 ʤʤ). ʇʨʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʣʝʙʘʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʧʨʝʚʳʰʘʶʱʝʡ ʪʨʝʪʴ ʚʳʩʦʪʳ 

ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʩʣʦʷ ʞʠʜʢʦʩʪʠ, ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʚʦʣʥʳ, 

ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʠʥʦʡ ʚ ʧʦʣʦʚʠʥʫ ʚʳʩʦʪʳ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ. 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 2.3.5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʢʣʦʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʦʪ ʚʨʝʤʝʥʠ( H =30ʩʤ): ʘ) 

W= 225 ʦʙ/ʤʠʥ, R= 15 ʩʤ ï ʩʠʥʷʷ ʣʠʥʠʷ; ʙ) W= 435 ʦʙ/ʤʠʥ, R= 28 ʩʤ - 

ʢʨʘʩʥʘʷ ʣʠʥʠʷ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʚʝʜʝʥʠʷ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʘʣ ʝʛʦ ʚʳʩʦʢʠʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʚʩʝ 

ʧʘʨʘʤʝʪʨʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʉʢʦʨʦʩʪʠ, 

ʜʣʠʥʳ ʚʦʣʥʳ, ʦʪʢʣʦʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ, ʠʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ, ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʦʪʜʝʣʴʥʦ. 

ʕʚʦʣʶʮʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʚ ʪʦʣʱʫ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.3.6 ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʚʠʪʠʷ ʩʪʨʫʢʪʫʨ, 
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ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʜʚʫʭ ʢʘʧʝʣʴ ʢʨʘʩʠʪʝʣʷ ʨʘʟʣʠʯʥʦʛʦ ʮʚʝʪʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʦʤʝʱʝʥʥʳʭ ʥʘ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ. 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 2.3.6 ï ʕʚʦʣʶʮʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʜʚʫʭ 

ʮʚʝʪʦʚ (=H 40 ʩʤ, W=195 ʦʙ/ʤʠʥ, =R 5,0 ʩʤ): ʘ, ʙ) ï=t  1, 12 ʩ 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 2.3.7 ï ʕʚʦʣʶʮʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʜʚʫʭ 

ʮʚʝʪʦʚ ( =H 40 ʩʤ, W=195 ʦʙ/ʤʠʥ, =R 5,0 ʩʤ): ʘ, ʙ) ï=t  1, 10 ʩ 
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ʂʘʢ ʚ ʩʣʫʯʘʝ ʧʦʤʝʱʝʥʠʷ ʢʘʧʝʣʴ ʥʘ ʤʝʥʴʰʝʤ (ʨʠʩʫʥʦʢ 2.3.6, ʘ, ʙ), ʪʘʢ ʠ ʥʘ 

ʙʦʣʴʰʝʤ ʫʜʘʣʝʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʨʠʩʫʥʦʢ 2.3.7, ʘ, ʙ) ʠʟ ʢʘʞʜʦʡ ʢʘʧʣʠ 

ʢʨʘʩʠʪʝʣʷ ʚʳʪʷʛʠʚʘʝʪʩʷ ʦʪʜʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʪʜʝʣʴʥʘʷ ʚʠʥʪʦʚʘʷ ʦʢʨʘʰʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʪʦʣʱʝ ʞʠʜʢʦʩʪʠ. 

ʂʘʞʜʘʷ ʚʠʥʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʪʦʣʱʝ ʞʠʜʢʦʩʪʠ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʪʝʯʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʨʘʱʘʶʱʠʤʩʷ ʜʠʩʢʦʤ. 

ʂʨʘʩʠʪʝʣʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʥʪʦʚʳʭ ʩʪʨʫʢʪʫʨ ʥʝ ʩʤʝʰʠʚʘʶʪʩʷ, ʨʦʩʪ ʢʘʞʜʦʡ ʠʟ 

ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʚʠʩʠʤʦ. ʆʢʨʘʰʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʙʣʠʞʝ ʢ 

ʦʩʠ ʪʝʯʝʥʠʷ, ʫʜʣʠʥʷʝʪʩʷ ʤʝʜʣʝʥʥʝʝ.  

ɸʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʠʥʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʠʟ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʠʤʦʛʦ ʢʨʘʩʠʪʝʣʷ, ʦʪʣʠʯʥʦʛʦ ʧʦ ʩʦʩʪʘʚʫ. ɺʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʩʧʠʨʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʩʪʝʧʝʥʴ ʩʣʠʪʥʦʩʪʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ (ʨʠʩʫʥʦʢ 

2.3.8). ʅʘ ʧʝʨʠʬʝʨʠʠ ʪʝʯʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʪʦʥʢʠʝ ʥʠʪʠ, ʨʘʟʜʝʣʝʥʥʳʝ ʧʦʣʦʩʘʤʠ 

ʯʠʩʪʦʡ ʚʦʜʳ. 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 2.3.8 ï ɺʝʨʪʠʢʘʣʴʥʳʝ ʦʢʨʘʰʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʨʘʩʠʪʝʣʷ ʜʚʫʭ ʮʚʝʪʦʚ 

( =H 40 ʩʤ, W=400 ʦʙ/ʤʠʥ, =R 5,0 ʩʤ): ʘ, ʙ) ï=t  1, 7 ʩ 
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 ʈʘʟʣʠʯʥʳʝ ʢʨʘʩʠʪʝʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʤʝʰʠʚʘʶʪʩʷ: ʥʘ ʨʠʩʫʥʢʝ 2.3.8, ʘ 

ʚʥʫʪʨʝʥʥʝʝ ʷʜʨʦ ʦʩʪʘʝʪʩʷ ʦʢʨʘʰʝʥʥʳʤ ʢʨʘʩʥʳʤʠ ʯʝʨʥʠʣʘʤʠ, ʚʥʝʰʥʝʝ ï 

ʩʠʥʠʤʠ ʯʝʨʥʠʣʘʤʠ, ʥʘ ʨʠʩʫʥʢʝ  2.3.8, ʙ ï ʥʘʦʙʦʨʦʪ, ʚʥʝʰʥʠʡ ʢʦʥʪʫʨ ʦʢʨʘʰʝʥ ʚ 

ʢʨʘʩʥʳʡ ʮʚʝʪ. ɺ ʪʦʣʱʫ ʞʠʜʢʦʩʪʠ ʧʨʦʜʚʠʛʘʶʪʩʷ ʦʢʨʘʰʝʥʥʳʝ ʚʠʥʪʦʚʳʝ ʣʠʥʠʠ, 

ʢʦʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ ʩʣʠʚʘʶʪʩʷ ʠ ʬʦʨʤʠʨʫʶʪ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʦʣʦʯʢʠ 

(ʢʨʘʩʥʘʷ ʚʥʫʪʨʠ ʩʠʥʝʡ ʥʘ ʨʠʩʫʥʢʝ 2.3.8, ʘ, ʙ). 

 

2.4 ɺʠʟʫʘʣʠʟʘʮʠʷ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʪʝʯʝʥʠʷ ʚʙʣʠʟʠ ʢʨʦʤʢʠ ʜʠʩʢʘ 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʯʝʥʠʷ ʥʘ ʜʥʝ ʫʩʪʘʥʦʚʢʠ ʚʙʣʠʟʠ ʢʨʦʤʢʠ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ ʚʚʦʜʠʣʘʩʴ ʧʨʠʤʝʩʴ (ʨʘʩʪʚʦʨʠʤʘʷ ʢʨʘʩʢʘ), ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʥʝʩʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ï ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʙʣʶʜʘʣʦʩʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʤʝʩʠ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʠʤʝʶʱʝʡ ʬʦʨʤʫ ʩʝʢʪʦʨʘ ʩ 

ʠʟʦʛʥʫʪʳʤʠ ʛʨʘʥʠʮʘʤʠ ʚʙʣʠʟʠ ʜʥʘ, ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʣ ʧʦʜʲʝʤ ʢʨʘʩʠʪʝʣʷ ʚʜʦʣʴ 

ʙʦʢʦʚʦʡ ʩʪʝʥʢʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. ʉ ʧʦʤʦʱʴʶ ʜʚʫʭ ʢʘʤʝʨ, 

ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ ʚʦ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʘ ʛʨʘʥʠʮʳ ʦʢʨʘʰʝʥʥʦʡ 

ʦʙʣʘʩʪʠ (ʨʠʩʫʥʦʢ 2.4.1), ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʝʝ ʨʘʟʤʝʨʘʭ 

ʠ ʬʦʨʤʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ 

ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʠʥʳ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʟ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ ʢ ʪʦʯʢʘʤ ʥʘ ʛʨʘʥʠʮʝ ʦʢʨʘʰʝʥʥʦʛʦ 

ʩʝʢʪʦʨʘ, ʦʪ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ. ʆʪʩʯʝʪ ʫʛʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʪʦʯʢʠ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʧʨʳʩʢ ʢʨʘʩʠʪʝʣʷ ʚ ʪʝʯʝʥʠʝ. ʇʨʦʚʝʜʝʥʘ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʬʫʥʢʮʠʷʤʠ ʚʠʜʘ 
/

0

tr r Aej= + , ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 2.4.1. ʇʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝ 

ʧʨʝʚʳʰʘʶʪ 10%. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʪʣʠʯʘʝʪʩʷ ʜʣʷ ʚʪʦʨʦʛʦ ʪʠʧʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʛʜʝ 

ʧʨʠʤʝʩʴ ʚʚʦʜʠʣʘʩʴ ʚʙʣʠʟʠ ʜʥʘ ʯʝʨʝʟ ʙʦʢʦʚʫʶ ʩʪʝʥʢʫ (ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ï ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ). 
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5R= ʩʤ A1 t1 A2 t2 

10H =  ʩʤ 

270W=  ʦʙ/ʤʠʥ 0,92 0,39 0,04 0,34 

590W=  ʦʙ/ʤʠʥ 0,28 0,26 0,11 0,42 

900W=  ʦʙ/ʤʠʥ 1,6 0,71 0,02 0,31 

20H =  ʩʤ 350W=  ʦʙ/ʤʠʥ 1,04 0,78 0,01 0,36 

30H =  ʩʤ 300W=  ʦʙ/ʤʠʥ 1,33 0,48 0,44 0,58 

40H =  ʩʤ 250W=  ʦʙ/ʤʠʥ 1,34 0,46 0,47 0,55 

 

ʊʘʙʣʠʮʘ 2.4.1 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʠʥ ʨʘʜʠʫʩ-

ʚʝʢʪʦʨʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ ʢ 

ʪʦʯʢʘʤ ʥʘ ʛʨʘʥʠʮʝ ʦʢʨʘʰʝʥʥʦʛʦ ʩʝʢʪʦʨʘ, ʦʪ ʫʛʣʦʚʳʭ ʧʦʣʦʞʝʥʠʡ 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʜʠʩʢʦʤ-ʘʢʪʠʚʘʪʦʨʦʤ ʧʦʣʥʦʩʪʴʶ 

ʟʘʢʨʳʚʘʶʱʠʤ ʜʥʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʥʘʙʣʶʜʘʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʦʣʴʮʝʚʦʛʦ ʦʢʨʘʰʝʥʥʦʛʦ ʩʣʦʷ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʢʠ. ʊʦʣʱʠʥʘ ʩʣʦʷ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʣʫʙʠʥʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʣʦʷ ʞʠʜʢʦʩʪʠ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʣʦʷ ʛʣʫʙʠʥʦʡ 20H =  ʩʤ, ʧʨʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ 

W=150 ʦʙ/ʤʠʥ (ʨʠʩʫʥʦʢ 2.4.1, ʙ, ʛ), ʪʦʣʱʠʥʘ ʢʦʣʴʮʝʚʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʩʨʝʜʥʝʤ 1,75 ʩʤ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʛʣʫʙʠʥʝ ʩʣʦʷ 30H =  ʩʤ, ʧʨʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ, ʪʦʣʱʠʥʘ ʢʦʣʴʮʝʚʦʛʦ ʩʣʦʷ ʫʞʝ ʨʘʚʥʷʝʪʩʷ 2,6 ʩʤ. 

ʊʘʢʞʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʣʫʙʠʥʳ ʩʣʦʷ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʠ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʝʸ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ). ɼʣʷ ʛʣʫʙʠʥ ʩʣʦʷ H =20, 30 ʩʤ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 23 ʠ 7 ʩʤ/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ, ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʢʨʦʤʢʠ ʜʠʩʢʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 100 ʩʤ/ʩ 

(ʧʨʠ ʨʘʜʠʫʩʝ ʜʠʩʢʘ 14R=  ʩʤ). ɺʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʪʘʢʞʝ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʣʫʙʠʥʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʣʦʷ ʞʠʜʢʦʩʪʠ, ʥʦ ʥʝ 

ʩʪʦʣʴ ʩʠʣʴʥʦ, ʢʘʢ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ. ɼʣʷ ʛʣʫʙʠʥ H =20, 30 ʩʤ ʩʢʦʨʦʩʪʴ ʩʧʘʜʘʝʪ ʩ 

1,0 ʜʦ 0,8 ʩʤ/ʩ. 
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ʈʠʩʫʥʦʢ 2.4.1 ï ʉʝʢʪʦʨʘ, ʦʢʨʘʰʝʥʥʳʝ ʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʴʶ, ʧʨʠ ʝʝ 

ʚʚʝʜʝʥʠʠ ʚʙʣʠʟʠ ʢʨʦʤʢʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ: ʘ, ʛ) ï 5R=  ʩʤ, 20H =  ʩʤ, 

350W=  ʦʙ/ʤʠʥ; ʙ, ʜ ï 5R=  ʩʤ, 30H =  ʩʤ, 300W=  ʦʙ/ʤʠʥ; ʚ, ʝ)ï 5R=  ʩʤ, 

40H =  ʩʤ, 250W=  ʦʙ/ʤʠʥ 

 

ʅʘʙʣʶʜʘʝʤʘʷ ʚ ʵʪʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢʘʯʝʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʚ 

ʮʝʣʦʤ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʩʭʝʤʳ ʪʝʯʝʥʠʷ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʦʥʪʝʡʥʝʨʝ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʚ ʫʩʪʘʥʦʚʢʝ 

ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ. 
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ʄʝʪʦʜʠʢʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʯʝʥʠʷ ʠʣʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩ 

ʧʦʤʦʱʴʶ ʨʘʩʪʚʦʨʠʤʦʛʦ ʢʨʘʩʠʪʝʣʷ ʠʤʝʣʘ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ʋʩʪʦʡʯʠʚʦ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʚʦʨʠʤʳʭ ʢʨʘʩʠʪʝʣʝʡ ʜʚʘ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘ 

ʪʝʯʝʥʠʷ: ʮʝʥʪʨʘʣʴʥʳʡ ʦʢʨʘʰʝʥʥʳʡ ʩʪʦʣʙ ʩ ʯʝʪʢʠʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʛʨʘʥʠʮʘʤʠ 

ʠ ʦʢʨʫʞʘʶʱʘʷ ʝʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʦʢʨʘʰʝʥʥʘʷ ʦʙʣʘʩʪʴ, ï ʧʨʠ ʵʪʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʨʘʩʠʪʝʣʷ ʚ ʪʦʥʢʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʥʝ ʧʦʟʚʦʣʷʣʘ 

ʫʩʪʦʡʯʠʚʦ ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʚʩʝʭ ʧʘʨʘʤʝʪʨʘʭ 

ʪʝʯʝʥʠʷ. ʊʘʢʞʝ ʧʨʠ ʚʚʝʜʝʥʠʠ ʨʘʩʪʚʦʨʠʤʦʛʦ ʢʨʘʩʠʪʝʣʷ ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʧʦʪʦʢ ʝʛʦ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʥʝ ʧʦʟʚʦʣʷʣʠ ʜʝʣʘʪʴ ʚʳʚʦʜʳ 

ʦ ʩʪʨʫʢʪʫʨʝ ʪʝʯʝʥʠʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʜʫʢʪʦʨʘ 

ʪʝʯʝʥʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʢʘʨʪʠʥʝ ʪʝʯʝʥʠʷ ʚ ʮʝʣʦʤ ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʤ 

ʞʠʜʢʦʩʪʠ ʚʚʦʜʠʣʠʩʴ ʤʘʨʢʝʨʳ ï ʘʣʶʤʠʥʠʝʚʘʷ ʧʫʜʨʘ, ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʯʘʩʪʠ 

ʨʘʙʦʯʝʛʦ ʦʙʲʝʤʘ ʫʩʪʘʥʦʚʢʠ, ʜʘʥʥʳʝ ʦ ʪʝʯʝʥʠʠ ʚ ʢʦʪʦʨʦʤ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʣʫʯʠʪʴ, ʦʩʚʝʱʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ, ʨʘʟʚʝʨʥʫʪʳʤ ʚ 

ʧʣʦʩʢʦʩʪʴ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʧʣʦʩʢʠʝ çʩʨʝʟʳè 

ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʬʠʢʩʘʮʠʠ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʥʘ ʮʠʬʨʦʚʳʝ ʬʦʪʦ- ʠ ʚʠʜʝʦʢʘʤʝʨʳ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʜʘʣ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʯʘʩʪʠʮ ʧʨʠʤʝʩʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʯʝʥʠʷ. 

ɺʩʝ ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʂ 

ʧʝʨʚʦʡ ʦʪʥʦʩʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʠʮʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʦʙʲʝʤʝ 

ʞʠʜʢʦʩʪʠ ʜʦ ʩʦʟʜʘʥʠʷ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʵʪʠʭ ʦʧʳʪʦʚ ʙʳʣʘ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʚʩʝʛʦ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʚ ʮʝʣʦʤ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ï 

ʵʢʩʧʝʨʠʤʝʥʪʳ, ʛʜʝ ʧʨʠʤʝʩʴ ʚʚʦʜʠʣʘʩʴ ʚ ʦʪʜʝʣʴʥʳʝ ʦʙʣʘʩʪʠ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʪʝʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʠʟʫʘʣʠʟʘʮʠʶ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʪʝʯʝʥʠʷ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʚ 

ʨʘʤʢʘʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʩʪʘʥʦʚʢʠ ɺʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ ʩ ʢʨʫʯʝʥʠʝʤ (ɺʊʂ). ʇʝʨʚʘʷ 

ï ʠʥʜʫʢʪʦʨʦʤ ʪʝʯʝʥʠʷ ʷʚʣʷʣʩʷ ʜʠʩʢ, ʮʝʣʠʢʦʤ ʧʝʨʝʢʨʳʚʘʚʰʠʡ ʥʠʞʥʠʡ ʪʦʨʝʮ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʪʝʡʥʝʨʘ (14,0R=  ʩʤ), ʚʪʦʨʘʷ ï ʚʨʘʱʘʶʱʠʡʩʷ ʜʠʩʢ-
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ʠʥʜʫʢʪʦʨ ʩʦʩʪʘʚʣʷʣ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʜʥʘ (7,5R=  ʩʤ), ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ 

ʥʠʞʥʝʛʦ ʪʦʨʮʘ ʙʳʣʘ ʟʘʢʨʳʪʘ ʥʝʧʦʜʚʠʞʥʳʤ ʬʘʣʴʰ-ʜʥʦʤ. ɼʣʷ ʢʘʞʜʦʡ ʠʟ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʘʢʪʠʚʘʪʦʨʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʩʭʦʞʠʭ ʫʩʣʦʚʠʷʭ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʝʨʚʠʯʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩʦ ʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʴʶ. ɼʣʷ 

ʵʪʦʛʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ, ʚ ʢʦʪʦʨʳʭ ʤʘʨʢʝʨʳ ʚʚʦʜʠʣʠʩʴ ʚ ʮʝʥʪʨ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʨʠʩʫʥʦʢ 2.4.2, ʘ) ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʤʝʰʠʚʘʶʱʘʷʩʷ ʧʨʠʤʝʩʴ (ʨʠʩʫʥʦʢ 2.4.2, ʙ), ʧʦʢʘʟʘʣʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ ʠ 

ʩʭʦʞʫʶ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʩʪʨʫʢʪʫʨ. ʉʢʦʧʣʝʥʠʝ ʤʘʨʢʝʨʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ ʧʨʠ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʪʝʯʝʥʠʠ (ʨʠʩʫʥʦʢ 2.4.2, ʚ) ʩʦʚʧʘʣʦ ʧʦ ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʘʤ (ʩ 

ʪʦʯʥʦʩʪʴʶ 95%) ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʨʘʩʪʚʦʨʠʤʦʡ 

ʧʨʠʤʝʩʴʶ. ɼʠʥʘʤʠʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʨʢʝʨʦʚ ʠ ʧʨʠʤʝʩʠ ʪʘʢʞʝ ʩʦʚʧʘʜʘʝʪ ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ. 

ɿʘʬʠʢʩʠʨʦʚʘʥʥʘʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʪʨʫʢʪʫʨʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ ʧʦʟʚʦʣʠʣʘ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʚ ʪʝʯʝʥʠʠ ʪʚʝʨʜʦʪʝʣʴʥʦ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʷʜʨʘ, ʚʥʝʰʥʷʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʠʤʝʣʘ ʬʦʨʤʫ ʮʠʣʠʥʜʨʘ (ʵʪʦ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʩʦ ʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʴʶ, 

ʚ ʢʦʪʦʨʳʭ ʭʦʨʦʰʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʘʩʴ ʬʦʨʤʘ ʚʠʭʨʝʚʦʛʦ ʷʜʨʘ), ʘ ʚʥʫʪʨʝʥʥʷʷ 

ʯʘʩʪʴ ʩʦʩʪʦʷʣʘ ʠʟ ʪ.ʥ. ʚʪʦʨʠʯʥʳʭ ʚʠʭʨʝʡ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ 

ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ. 

ɺʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʚʠʭʨʝʚʦʛʦ ʷʜʨʘ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʘʩʴ ʪʦʣʴʢʦ ʧʨʠ 

ʦʩʚʝʱʝʥʠʠ ʪʝʯʝʥʠʷ ʣʘʟʝʨʥʳʤ ʥʦʞʦʤ, ʪ.ʢ. ʧʦʣʫʯʝʥʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ʦʪʨʘʞʘʣʠ 

çʨʘʟʨʝʟè ʪʝʯʝʥʠʷ ʠ ʦʙʣʘʩʪʠ ʩʢʦʧʣʝʥʠʷ ʚ ʥʝʤ ʤʘʨʢʝʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʷ ʯʘʩʪʠʯʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ [76], ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʚ ʫʩʪʘʥʦʚʢʝ ʩʭʦʜʥʦʛʦ ʪʠʧʘ, ʛʜʝ ʠʥʜʫʢʪʦʨʦʤ 

ʪʝʯʝʥʠʷ ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲʝʤʝ ʷʚʣʷʣʠʩʴ ʦʙʘ ʪʦʨʮʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. 
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ʈʠʩʫʥʦʢ 2.4.2 ï ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʥʝʩʝʥʠʶ ʚ ʪʝʯʝʥʠʝ 

ʤʘʨʢʝʨʦʚ (ʘ, ʚ) ʠ ʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ (ʙ, ʛ) ʯʝʨʝʟ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʨʠ 30H =  ʩʤ, 14R=  ʩʤ, 220W=  ʦʙ/ʤʠʥ. ɺʨʝʤʷ, ʧʨʦʰʝʜʰʝʝ ʦʪ ʚʚʝʜʝʥʠʷ 

ʧʨʠʤʝʩʠ: ʘ) ï 13t=  ʩ, ʙ) ï 15t=  ʩ, ʚ) ï 124t=  ʩ, ʛ) ï 116t=  ʩ 

 

ʊʘʢʞʝ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘʙʣʶʜʘʣʩʷ ʩʣʘʙʳʡ ʧʝʨʝʥʦʩ ʯʘʩʪʠʮ ʠʟ ʷʜʨʘ 

ʚʦ ʚʥʝʰʥʶʶ ʯʘʩʪʴ ʞʠʜʢʦʩʪʠ ʠ ʥʘʦʙʦʨʦʪ. ʄʘʨʢʝʨʳ, ʚʚʝʜʝʥʥʳʝ ʯʝʨʝʟ ʮʝʥʪʨ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʧʦʣʥʷʣʠ ʷʜʨʦ ʚʠʭʨʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʝʨʝʥʦʩ ʯʘʩʪʠʮ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʨʝʢʨʘʱʘʣʩʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʯʘʩʪʠʮʳ ʧʦʩʪʝʧʝʥʥʦ 

ʥʘʯʠʥʘʣʠ ʟʘʧʦʣʥʷʪʴ ʚʥʝʰʥʶʶ ʦʙʣʘʩʪʴ ʪʝʯʝʥʠʷ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʨʢʝʨʦʚ ʚ ʷʜʨʝ ʠ ʚʥʝʰʥʝʡ ʯʘʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʧʝʨʝʥʦʩ ʯʘʩʪʠʮ 

ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʦʙʣʘʩʪʷʤʠ ʧʝʨʝʩʪʘʚʘʣ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴʩʷ (ʵʪʦ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʧʦʩʪʝʧʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʷʨʢʦʩʪʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ ʠ 

ʧʦʷʚʣʝʥʠʶ ʯʘʩʪʠʮ ʚ ʙʦʢʦʚʳʭ ʦʙʣʘʩʪʷʭ ʟʘ ʧʨʝʜʝʣʘʤʠ ʷʜʨʘ).  

ɺ ʮʝʣʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʨʢʝʨʦʚ ʚ ʧʣʦʩʢʦʩʪʷʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʣʦʩʢʦʩʪʠ ʜʥʘ ʫʩʪʘʥʦʚʢʠ, ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʛʜʝ ʧʣʦʩʢʦʩʪʴ ʣʘʟʝʨʥʦʛʦ 

ʥʦʞʘ ʙʳʣʘ ʨʘʟʚʝʨʥʫʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʛʜʝ 

ʩʝʢʫʱʘʷ ʧʣʦʩʢʦʩʪʴ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʥʘ ʚʳʩʦʪʝ 2,0 ʠ 15,0 ʩʤ ʦʪ ʜʥʘ ʫʩʪʘʥʦʚʢʠ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʥʦʞʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

2,0 ʩʤ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʤʘʨʢʝʨʦʚ ʧʦ 

ʩʧʠʨʘʣʴʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʚ ʦʙʣʘʩʪʠ ʥʘʜ ʢʨʘʝʤ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ (ʨʠʩʫʥʦʢ 

2.4.3). ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʠʩʢ ʟʘʥʠʤʘʣ ʚʩʶ ʧʣʦʱʘʜʴ ʥʠʞʥʝʛʦ ʪʦʨʮʘ ʫʩʪʘʥʦʚʢʠ, 

ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦʝ ʨʘʜʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʢʦʣʴʮʝʚʦʡ ʦʙʣʘʩʪʠ ʫ 

ʩʪʝʥʦʢ ʢʦʥʪʝʡʥʝʨʘ (ʨʠʩʫʥʦʢ 2.4.3, ʘ ï ʦʙʣʘʩʪʴ 2). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʩʢʘ 7,5R= ʩʤ, ʨʘʜʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʙʳʣʦ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʦ ʥʘʜ ʜʠʩʢʦʤ ʚ ʢʦʣʴʮʝʚʦʡ ʦʙʣʘʩʪʠ (ʨʠʩʫʥʦʢ 2.4.3, ʙ ï ʦʙʣʘʩʪʴ 2) 

ʩ ʪʦʣʱʠʥʦʡ 5,1 ʩʤ, ʜʠʘʤʝʪʨ ʚʥʝʰʥʝʛʦ ʢʦʥʪʫʨʘ ʢʦʪʦʨʦʡ ʨʘʚʥʷʣʩʷ 8,3 ʩʤ. ʀʩʭʦʜʷ 

ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ (ʨʠʩʫʥʦʢ 2.4.3, ʘ, ʙ ï 

ʦʙʣʘʩʪʴ 1), ʚ ʢʦʪʦʨʦʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʜʠʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʯʘʩʪʠʮ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʷʜʨʫ ʚʠʭʨʷ. ɼʣʷ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ 30,0H =  ʩʤ, 7,5R=  ʩʤ, 

235W=  ʦʙ/ʤʠʥ, ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʧʦʩʣʝ ʩʨʘʚʥʝʥʠʷ ʨʘʟʤʝʨʦʚ 

ʚʠʭʨʝʚʦʛʦ ʷʜʨʘ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ 

ʣʘʟʝʨʥʦʛʦ ʥʦʞʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʣʘʟʝʨʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ʈʘʟʤʝʨʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 3,2 ʩʤ ʠ 3,6 ʩʤ. ʇʨʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ (30H =  ʩʤ, 14R=  ʩʤ, 120W=  ʦʙ/ʤʠʥ) ʩʨʘʚʥʝʥʠʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʚʚʠʜʫ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʫ ʷʜʨʘ ʚʠʭʨʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ 

ʚʟʚʝʰʝʥʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʤʘʨʢʝʨʦʚ), ʚʥʝʩʝʥʥʳʭ ʚ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʚʠʭʨʝʚʦʝ 

ʪʝʯʝʥʠʝ ʯʝʨʝʟ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʝʛʦ 

ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 2.4.3 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʦʙʣʘʩʪʝʡ ʪʝʯʝʥʠʷ 30,0H =  ʩʤ ʧʨʠ 

14,0R=  ʩʤ, 120W=  ʦʙ/ʤʠʥ (ʘ, ʚ), 7,5R=  ʩʤ, 235W=  ʦʙ/ʤʠʥ (ʙ, ʛ) 

 

ʄʘʨʢʝʨʳ ʩʦʩʨʝʜʦʪʘʯʠʚʘʣʠʩʴ ʚ ʫʟʢʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʚʦʢʨʫʛ ʦʩʠ 

ʚʨʘʱʝʥʠʷ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʘʟʤʝʨ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʠʥʜʫʢʪʦʨʘ. ɿʘʚʠʩʠʤʦʩʪʠ ʨʘʜʠʫʩʘ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʪʦʯʢʦʡ ʚʥʝʩʝʥʠʷ ʤʘʨʢʝʨʦʚ ʠ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ.  

ɿʘʚʠʩʠʤʦʩʪʠ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʤʘʨʢʝʨʦʚ ʚ ʪʦʣʱʫ ʞʠʜʢʦʩʪʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʤʝʝʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ ʣʠʥʝʡʥʳʡ 
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ʭʘʨʘʢʪʝʨ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ ʬʫʥʢʮʠʝʡ 

() 0z t Vt z= +. ɿʘʚʠʩʠʤʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.4.4. 

 

 ʘ  ʙ 

 ʚ ʛ 

ʈʠʩʫʥʦʢ 2.4.4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ. ɺʳʯʠʩʣʝʥʥʘʷ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ:  

ʘ) H = 20 ʩʤ, R = 7.5 ʩʤ, W= 150 ʦʙ/ʤʠʥ. V = 1.98 ʤʤ/ʩ,  

ʙ) H = 20 ʩʤ, R = 7.5 ʩʤ, W= 300 ʦʙ/ʤʠʥ. V = 0.83 ʤʤ/ʩ,  

ʚ) H = 30 ʩʤ, R = 7.5 ʩʤ, W= 140 ʦʙ/ʤʠʥ. V = 2.21 ʤʤ/ʩ,  

ʛ) H = 30 ʩʤ, R = 7.5 ʩʤ, W= 340 ʦʙ/ʤʠʥ. V = 1.22 ʤʤ/ʩ 

 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʦʨʦʩʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʤʘʨʢʝʨʦʚ ʚ ʪʦʣʱʫ 

ʞʠʜʢʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 2.4.2. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ ʪʚʝʨʜʳʭ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʪʦʣʱʫ ʞʠʜʢʦʩʪʠ ʚ ʩʦʩʪʘʚʥʦʤ 

ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ ʧʦʜʪʚʝʨʜʠʣʠ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʧʨʠʤʝʩʠ ʚʙʣʠʟʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʪʝʯʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 
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ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʧʨʦʩʣʝʞʝʥʦ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ 

ʦʙʣʘʩʪʠ, ʟʘʥʷʪʦʡ ʯʘʩʪʠʮʘʤʠ, ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

 

H, ʩʤ R, ʩʤ W=ʦʙ/ʤʠʥ 
ʂʦʵʬʬʠʮʠʝʥʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

V, ʤʤ/ʩ V, ʤʤ/ʩ 

25 5 300 2.24 0.07 

25 5 650 3.02 0.05 

25 5 1000 5.32 0.09 

25 5 1480 7.12 0.06 

20 7.5 150 1.98 0.07 

20 7.5 300 0.83 0.01 

30 7.5 140 2.21 0.05 

30 7.5 340 1.22 0.02 

20 5 1600 5.58 0.04 

 

ʊʘʙʣʠʮʘ 2.4.2 ï ʉʢʦʨʦʩʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʨʠʤʝʩʠ ʚ ʪʦʣʱʫ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ 

 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʪʝʯʝʥʠʠ ʚʙʣʠʟʠ ʜʠʩʢʘ, ʧʦʨʦʞʜʘʶʱʝʛʦ 

ʩʦʩʪʘʚʥʦʡ ʚʠʭʨʴ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ɻʣʘʚʝ 1 ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ. ʕʪʘ ʟʘʜʘʯʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʨʘʱʘʶʱʠʡʩʷ ʠʥʜʫʢʪʦʨ ʢʦʥʪʘʢʪʠʨʫʝʪ 

ʪʦʣʴʢʦ ʩ ʞʠʜʢʦʩʪʴʶ. ʀʟ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ [77] ʩʣʝʜʫʝʪ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ ʞʠʜʢʠʝ ʵʣʝʤʝʥʪʳ ʜʚʠʞʫʪʩʷ ʧʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ ʩʧʠʨʘʣʷʤ. 

ɺ ʮʝʣʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʚʙʣʠʟʠ ʜʥʘ ʫʩʪʘʥʦʚʢʠ, 

ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʝʛʦ ʪʦʣʱʝ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʘʨʢʝʨʦʚ. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʯʝʥʠʷ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʪʦʣʱʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʨʘʩʪʚʦʨʠʤʳʝ ʤʘʨʢʠʨʫʶʱʠʝ ʧʨʠʤʝʩʠ (ʘʥʠʣʠʥʦʚʳʝ ʯʝʨʥʠʣʘ, ʨʘʩʪʚʦʨ ʫʨʘʥʠʣʘ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʚʙʣʠʟʠ ʜʠʩʢʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʩʤʝʰʘʥʥʳʭ ʩ ʚʦʜʦʡ ʪʚʝʨʜʳʭ ʧʣʦʩʢʠʭ ʯʘʩʪʠʮ, ʦʪʨʘʞʘʶʱʠʭ ʩʚʝʪ (ʘʣʶʤʠʥʠʝʚʘʷ 
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ʧʫʜʨʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 30 ʤʢʤ), ʩ ʦʩʚʝʱʝʥʠʝʤ ʧʨʠ ʧʦʤʦʱʠ 

ʣʘʟʝʨʥʦʛʦ ʥʦʞʘ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʥʦʞʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 2,0 ʩʤ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʤʘʨʢʝʨʦʚ ʧʦ ʩʧʠʨʘʣʥɹʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʚ ʦʙʣʘʩʪʠ ʥʘʜ ʢʨʘʝʤ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʜʠʩʢʘ (ʨʠʩʫʥʦʢ 2.4.5). ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʠʩʢ ʟʘʥʠʤʘʣ ʚʩʶ ʧʣʦʱʘʜʴ ʥʠʞʥʝʛʦ 

ʪʦʨʮʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦʝ ʨʘʜʠʘʣʴʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʢʦʣʴʮʝʚʦʡ ʦʙʣʘʩʪʠ ʫ ʩʪʝʥʦʢ ʢʦʥʪʝʡʥʝʨʘ. 

 

a 

 ʚ 

 ʙ 

  ʛ  

 

ʈʠʩʫʥʦʢ 2.4.5 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʦʪʦʢʘ (H = 20 ʩʤ, R = 7,5 ʩʤ, W= 240 ʦʙ / ʤʠʥ) ʩ 

ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʥʦʞʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ 1,0 ʩʤ ʥʘʜ ʚʨʘʱʘʶʱʠʤʩʷ 

ʜʠʩʢʦʤ: ʘ), ʙ) - 114 ʠ 120 ʩ ʦʪ ʥʘʯʘʣʘ ʟʘʧʠʩʠ, ʚ), ʛ) - ʦʙʥʘʨʫʞʝʥʳ ʩʧʠʨʘʣʴʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʟʘʭʚʘʯʝʥʥʳʭ ʢʘʜʨʦʚ 
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ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʜʦʣʴ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʠʝ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʧʦ ʩʧʠʨʘʣʴʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ (ʨʠʩʫʥʦʢ 2.4.6), ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʝʨʝʥʦʩ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʚ ʪʦʣʱʫ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʠʥʪʦʚʳʤ 

ʥʠʩʭʦʜʷʱʠʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʨʘʜʠʫʩ ʢʦʪʦʨʳʭ ʩʣʘʙʦ ʠʟʤʝʥʷʝʪʩʷ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʠ. 

 

 

 

 

 

 

ʘ ʙ 

ʈʠʩ. 2.4.6 ï ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʧʠʨʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ (H = 20 ʩʤ, R = 7,5 ʩʤ, 

W= 240 ʦʙ/ʤʠʥ): ʘ), ʙ) - ʯʝʨʝʟ 9, 15 ʩ ʧʦʩʣʝ ʧʘʜʝʥʠʷ ʢʘʧʣʠ ʢʨʘʩʠʪʝʣʷ ʥʘ 

ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ɺʩʝ ʠʟʤʝʨʝʥʥʳʝ ʩʧʠʨʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʠʥʪʝʨʧʦʣʠʨʫʶʪʩʷ 

ʩ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ. ʉʦʚʧʘʜʝʥʠʝ ʪʠʧʦʚ ʩʧʠʨʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʙʣʠʟʠ ʜʠʩʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʧʦʪʦʢʘ ʟʘʜʘʶʪʩʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʥʘ 

ʜʠʩʢʝ, ʘ ʟʘʪʝʤ ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ ʚʝʩʴ ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ. 
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ɺʳʚʦʜʳ ʢ ɻʣʘʚʝ 2 

ʈʘʩʪʚʦʨʠʤʳʝ ʢʨʘʩʠʪʝʣʠ ʦʙʨʘʟʫʶʪ ʩʧʠʨʘʣʴʥʳʝ ʨʫʢʘʚʘ, ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʢʘʨʪʠʥʫ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʥʘ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

ʅʘʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʪʝʯʝʥʠʷ ʠ ʨʦʩʪʘ ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ. 

ʈʦʩʪ ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʡ ʧʨʠʤʝʩʠ ʚ ʪʦʣʱʫ ʞʠʜʢʦʩʪʠ ʚ 

ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ ʧʦʜʪʚʝʨʜʠʣʠ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ 

ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʨʠʤʝʩʠ ʚʙʣʠʟʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʪʝʯʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʧʨʦʩʣʝʞʝʥʦ ʠʟʤʝʥʝʥʠʝ 

ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʦʢʨʘʰʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʈʘʩʩʯʠʪʘʥʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʦʧʫʩʢʘʥʠʷ ʢʨʘʩʠʪʝʣʷ ʚ ʪʦʣʱʫ ʞʠʜʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʠʥʜʫʢʪʦʨʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʨʘʟʣʠʯʠʠ ʨʘʟʤʝʨʦʚ 

ʦʙʣʘʩʪʝʡ, ʛʜʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʣʠʥʝʡʥʦʤʫ 

ʟʘʢʦʥʫ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʚʨʘʱʝʥʠʷ) ʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʢʨʘʰʝʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʟʘʜʘʶʪʩʷ ʚ 

ʦʙʣʘʩʪʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʜʠʩʢʝ ʠ ʟʘʪʝʤ ʧʝʨʝʥʦʩʷʪʩʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʬʦʨʤʳ 

ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʚʦ ʚʩʶ ʦʙʣʘʩʪʴ, ʟʘʥʠʤʘʝʤʫʶ ʞʠʜʢʦʩʪʴʶ. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝʤ ʪʠʧʦʚ ʩʧʠʨʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʙʣʠʟʠ ʜʠʩʢʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʞʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʠ ʚ ʩʣʦʞʥʳʭ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨʘʭ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʪʝʯʝʥʠʝ ʚ ʪʦʣʱʝ ʩʦʩʪʘʚʥʦʛʦ 

ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ. 
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ɻʣʘʚʘ 3 ʇɽʈɽʅʆʉ ʅɽʉʄɽʐʀɺɸʖʑɽʁʉʗ ʇʈʀʄɽʉʀ ɺ 

ʉʆʉʊɸɺʅʆʄ ɺʀʍʈɽ 

ʀʥʪʝʥʩʠʚʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʪʚʘ ʧʦ ʦʩʚʦʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʙʦʛʘʪʩʪʚ 

ʄʠʨʦʚʦʛʦ ʆʢʝʘʥʘ ʚʢʣʶʯʘʝʪ ʨʘʟʚʝʜʢʫ ʠ ʜʦʙʳʯʫ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʛʨʫʟʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʘʩʧʝʢʪʳ. ʆʜʥʠʤ ʠʟ ʧʦʩʣʝʜʩʪʚʠʡ ʚʢʣʶʯʝʥʠʷ 

ʆʢʝʘʥʘ ʚ ʩʬʝʨʫ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠʥʪʝʨʝʩʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʇʝʨʝʥʦʩ ʧʨʠʤʝʩʝʡ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʪʦʣʱʝ ʚʦʜʦʝʤʦʚ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʤʥʦʞʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʣʫʯʝʥʳ ʦʙʰʠʨʥʳʝ ʜʘʥʥʳʝ, ʥʦ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʚʩʝʦʙʲʝʤʣʶʱʝʛʦ 

ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʨʝʰʝʥʠʝ ʥʘʫʯʥʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʚʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʘʙʦʨʘʪʦʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʦʙʝʩʧʝʯʠʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʴ ʟʘ 

ʫʩʣʦʚʠʷʤʠ ʠʭ ʠʟʤʝʥʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʝʨʝʥʦʩʘ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ ʠʟ ʢʦʤʧʘʢʪʥʦʛʦ ʧʷʪʥʘ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚʥʫʪʨʴ ʧʦʢʦʷʱʝʡʩʷ ʠʣʠ ʚʦʚʣʝʯʝʥʥʦʡ ʚ ʩʦʩʪʘʚʥʦʝ 

ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʚʢʣʶʯʘʷ ʨʝʞʠʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʤʫʣʴʩʠʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʞʠʜʢʠʝ ʥʝʥʘʩʳʱʝʥʥʳʝ 

ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ (ʢʘʩʪʦʨʦʚʦʝ, ʧʦʜʩʦʣʥʝʯʥʦʝ, ʤʘʰʠʥʥʦʝ ʠ ʘʚʠʘʮʠʦʥʥʦʝ ʤʘʩʣʘ), ʘ 

ʪʘʢʞʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʥʝʬʪʴ, ʤʘʟʫʪ ʠ ʜʨ. ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʢʠ ʨʘʟʥʦʧʣʦʪʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ ʬʠʟʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ 

ʬʦʨʤʫ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ ʞʠʜʢʦʩʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ 

ʢʦʤʧʦʥʝʥʪ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʬʦʨʤʫ ʥʫʣʝʚʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ.  
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3.1 ʉʦʩʪʘʚʥʦʡ ʚʠʭʨʴ ʚ ʞʠʜʢʦʩʪʠ ʠʟ ʜʚʫʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪ 

ɺ ʧʨʠʨʦʜʝ ʚʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ ʚ ʪʦʣʱʝ ʞʠʜʢʦʩʪʠ ʧʦʨʦʞʜʘʶʪ ʬʠʟʠʯʝʩʢʠʝ 

ʧʦʣʷ, ʠʩʢʨʠʚʣʷʶʱʠʝ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʪʝʭʥʠʢʝ ʣʘʙʦʨʘʪʦʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʜʦʚʦʨʦʪʦʚ ʛʠʜʨʦʩʪʘʥʮʠʡ, ʮʠʢʣʦʥʦʚ, 

ʚʠʭʨʝʡ ʚ ʩʝʧʘʨʘʪʦʨʘʭ ʠ ʪ.ʜ. ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʟʘʤʢʥʫʪʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʛʝʦʤʝʪʨʠʠ. ʇʨʠ ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʚʠʭʨʝ ʫʜʦʙʥʦ 

ʧʨʦʩʣʝʞʠʚʘʪʴ ʧʦ ʬʦʨʤʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʌʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʛʢʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʦʛʜʘ ʞʠʜʢʦʩʪʴ ʧʨʠʚʝʜʝʥʘ ʚ ʨʝʞʠʤ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ. 

ʆʜʥʘʢʦ ʪʘʢʦʝ ʷʚʣʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ, ʧʨʦʩʪʝʡʰʠʤ ʧʨʠʤʝʨʦʤ 

ʯʝʤʫ ʚʳʩʪʫʧʘʝʪ ʚʠʭʨʴ ʈʵʥʢʠʥʘ. 

ɽʱʸ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʪʝʯʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʣʫʯʘʝ ʚʨʘʱʝʥʠʷ ʞʠʜʢʦʡ ʩʨʝʜʳ, 

ʩʦʩʪʦʷɦ ʝʡ ʠʟ ʜʚʫʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʵʪʦʤ 

ʚʠʭʨʴ ʦʢʘʟʳʚʘʝʪʩʷ ʢʘʢ ʙʳ ʩʦʩʪʘʚʣʝʥʥʳʤ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʙʣʘʩʪʝʡ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʯʝʥʠʷ ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʷʪʩʷ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ɺ ʨʝʞʠʤʘʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʦʛʦ 

ʚʠʭʨʷ ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʥʦʨʦʜʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʝʩʴʤʘ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʘʢʦʛʦ ʩʣʦʞʥʦʛʦ ʚʠʭʨʷ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʩʫʤʤʳ ʮʠʣʠʥʜʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ 

ʥʦʨʤʘʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʣʦʞʝʥʥʳʭ ʥʘ ʥʝʸ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʴʶ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʬʪʴ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʧʦʜʩʦʣʥʝʯʥʦʝ, ʤʘʰʠʥʥʦʝ ʠ 

ʢʘʩʪʦʨʦʚʳʝ ʤʘʩʣʘ. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʦʙʲʝʤʘ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʥʘʟʳʚʘʝʪʩʷ çʤʘʩʣʷʥʳʤ ʪʝʣʦʤè. ʀʩʭʦʜʥʦʝ, ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʷ, ʠ 

ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.1.1. 

ɺ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʲʸʤʳ ʚʦʜʳ 
2

w ˊV R H=  ʠ ʤʘʩʣʘ oV  ʟʘʜʘʶʪʩʷ ʠ 

ʩʯʠʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʚʦ ʚʩʝʭ ʩʦʩʪʦʷʥʠʷʭ ʩʠʩʪʝʤʳ [78]. ʇʣʦʪʥʦʩʪʠ ʚʦʜʳ wɟ  

ʠ ʤʘʩʣʘ oɟ ʧʦʩʪʦʷʥʥʳ ʚʦ ʚʩʸ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ. ɺ ʥʝʧʦʜʚʠʞʥʦʤ ʥʘʯʘʣʴʥʦʤ 
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ʩʦʩʪʦʷʥʠʠ 1S , 2S  ʠ oS  ï ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ çʚʦʜʘ ï ʚʦʟʜʫʭè, çʚʦʜʘ ï ʤʘʩʣʦè ʠ 

çʤʘʩʣʦ ï ʚʦʟʜʫʭè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʨʠ ʦʧʠʩʘʥʠʠ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ ʜʝʣʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. 

ʆʙʲʸʤʳ ʠ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ wV , ɟw  ʠ ʤʘʩʣʘ oV , ɟo  ʩʯʠʪʘʶʪʩʷ ʟʘʜʘʥʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʥʝʠʟʤʝʥʥʤrʠ ʚʦ ʚʩʝʭ ʩʦʩʪʦʷʥʠʷʭ ʩʠʩʪʝʤʳ. ʉʠʤʚʦʣʘʤʠ waS , woS  ʠ 

oaS  ʦʙʦʟʥʘʯʘʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ çʚʦʜʘ ï ʚʦʟʜʫʭè, çʚʦʜʘ ï ʤʘʩʣʦè ʠ 

çʤʘʩʣʦ ï ʚʦʟʜʫʭè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

  

 

ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 3.1.1 ï ʀʩʭʦʜʥʦʝ (ʘ) ʠ ʢʦʥʝʯʥʦʝ (ʙ) ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ  

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʞʠʜʢʦʩʪʠ çʤʘʩʣʦ-ʚʦʜʘè, (ʚ) ï ʬʦʪʦ ʧʨʦʬʠʣʷ 

 

ɿʘʜʘʯʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʦʩʴ z ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠʚ ʚʝʢʪʦʨʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ g, ʘ ʥʘʯʘʣʦ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ. ʉʠʩʪʝʤʘ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʜʚʠʞʝʥʠʝ, ʠʤʝʝʪ ʚʠʜ 

( )
1

ɜ , 0
ɟ

t p¡+ Ð =- Ð + D + ÐÖ =v v v v g v  (3.1.1) 

ʇʦʜ ʚʝʣʠʯʠʥʘʤʠ v , ɟ, ɜ ʧʦʥʠʤʘʶʪʩʷ ʩʢʦʨʦʩʪʴ wv , ʧʣʦʪʥʦʩʪʴ ɟw  ʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦʜʳ ɜw  ʚ ʦʙʣʘʩʪʠ, ʟʘʥʠʤʘʝʤʦʡ ʚʦʜʦʡ, ʠʣʠ ʩʢʦʨʦʩʪʴ 
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ov , ʧʣʦʪʥʦʩʪʴ ɟo  ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʤʘʩʣʘ ɜo  ʚ ʦʙʣʘʩʪʠ, ʟʘʥʠʤʘʝʤʦʡ 

ʤʘʩʣʦʤ. 

ʅʘ ʪʚʸʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ 

[ ] [ ] ű0, , 0, 0,
0, ɤ

D D
w w wr R z r r R z r r

r
= = Í = Í
= = =v v v e  (3.1.2) 

ɿʜʝʩʴ Dr , R ï ʨʘʜʠʫʩʳ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ ʠ ʦʙʝʯʘʡʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɤ 

ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ, űe  ï ʘʟʠʤʫʪʘʣʴʥʳʡ ʦʨʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʘ ijS  ʚʳʧʦʣʥʷʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ 

( ) ( )(1) (2)

1 2

1 2

1 1
ů ů ůi ik ik k ip p n n n

R R

å õ
¡ ¡- = - + +æ ö

ç ÷
                     (3.1.3) 

ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

0

0

ij

ijd

d t
S =

S
=                                                    (3.1.4) 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. 

ɿʜʝʩʴ n  ï ʝʜʠʥʠʯʥʘʷ ʥʦʨʤʘʣʴ, ů ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪ̫ʞʝʥʠʷ, 1R , 2R  ï ʛʣʘʚʥʳʝ ʨʘʜʠʫʩʳ ʢʨʠʚʠʟʥʳ. ɺʩʝ ʵʪʠ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ. ʉʠʤʚʦʣʳ 1p , 2p  ʦʙʦʟʥʘʯʘʶʪ ʜʘʚʣʝʥʠʷ 

ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ʚʳʙʨʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ (1,2)ůik
¡  ï ʪʝʥʟʦʨʳ ʚʷʟʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʩʨʝʜ. 

ʉʠʩʪʝʤʘ ʩʦʦʪʥʦʰʝʥʠʡ (3.1.1 ï 3.1.4) ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʝʸ 

ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʜʦʩʪʠʛʥʫʪʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʠʪʴ çʥʫʣʝʚʦʝè ʧʨʠʙʣʠʞʝʥʠʝ ʜʣʷ ʬʦʨʤ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʨʘʟʜʝʣʘ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩʨʝʜ, ʚ ʢʦʪʦʨʦʤ ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ ʧʦʣʷ ʚʙʣʠʟʠ ʵʪʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝ ʟʘʚʠʩʷʪ ʥʠ ʦʪ ʚʨʝʤʝʥʠ, ʥʠ ʦʪ ʘʟʠʤʫʪʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ű. ɺ 

ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ űvw w=v e , űvo o=v e ; ʵʬʬʝʢʪʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʩʯʠʪʘʶʪʩʷ ʤʘʣʳʤʠ ʠ ʥʝ ʧʨʠʥʠʤʘʶʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ. 

ʇʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʟʘʜʘʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 



117 

 

: ɕ( ) 0, [ , ]; : ɗ( ) 0, [0, ];

: ɖ( ) 0, [0, ]

wa o wo o

oa o

z r r R R z r r R

z r r R

S - = Í S - = Í

S - = Í
 (3.1.5) 

ɿʜʝʩʴ oR  ï ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʪʨʦʡʥʦʛʦ ʢʦʥʪʘʢʪʘ ʚʦʜʘ-ʤʘʩʣʦ-

ʚʦʟʜʫʭ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.1.1. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʩʪʝʤʘ (3.1.1) ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ 

2

2

v v v
ɟ , ɟ , v v 0r

r z rr zzp p g
r r r

¡
¡ ¡ ¡¡ ¡¡= =- + - + = (3.1.6) 

ʧʨʠʯʸʤ ʫʩʣʦʚʠʝ ʥʝʩʞʠʤʘʝʤʦʩʪʠ 0ÐÖ =v  ʪʦʞʜʝʩʪʚʝʥʥʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʬʦʨʤʘʭ 

(1) (1)ɟ (ɕ ) ( , ), [ , ]w a w w op p g z q r z r R R= + - + Í  (3.1.7) 

ɟ ( ) ( , ), [0, ]o a o o op p g z q r z r Rh= + - + Í  (3.1.8) 

(2) (2)ɟ (ɖ ɗ) ɟ (ɗ ) ( , ), [0, ]w a o w w op p g g z q r z r R= + - + - + Í (3.1.9) 

ʛʜʝ ap  ï ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʠ ʧʦʜʩʪʘʥʦʚʢʘ (3.1.7 ï 3.1.9) ʚ (3.1.6) ʠ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (3.1.3, 3.1.4) ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʜʚʘ ʚʦʟʤʦʞʥʳʭ 

ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʣʷ ʩʢʦʨʦʩʪʠ. 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʘʜʠʫʩ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ cR  ʤʝʥʴʰʝ oR  

ʩʧʨʘʚʝʜʣʠʚʳ ʩʦʦʪʥʦʰʝʥʠʷ (ʧʦʜ ʟʦʥʦʡ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʮʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʪʝʯʝʥʠʷ, ʛʜʝ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʞʠʜʢʠʭ 

ʯʘʩʪʠʮ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʩʠ ʚʨʘʱʝʥʠʷ) 

(2) 2
2

(1) 1

v ( ) ( ), [0, ]

v ( ) ( ), [0, ]

v , [ , ]

o
o o c c o

w c c o

w o

B
A r R r r R r R

r

B
A r R r r R r R

r

B
r R R

r

J J

J J

= - + - Í

= - + - Í

= Í

 (3.1.10) 

ʛʜʝ ( )xJ  ï ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ. 

ɽʩʣʠ ʨʘʜʠʫʩ cR  ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʙʦʣʴʰʝ oR  ʠʤʝʝʪ ʤʝʩʪʦ 
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(2)

2

(1) 1
1

v , [0, ]

v , [0, ]

v ( ) ( ), [ , ]

o o o

w o

w c c o

A r r R

A r r R

B
Ar R r r R r R R

r
J J

= Í

= Í

= - + - Í

 (3.1.11) 

ʀʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ çʚʦʜʘ-

ʤʘʩʣʦè ʩʣʝʜʫʝʪ ʩʚʷʟʴ, ʦʙʱʘʷ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʡ (3.1.10, 3.1.11) 

(2) ɟ ɜ
v Ŭv ,

ɟ ɜ

o o
w o

w w

a= =  (3.1.12) 

ʌʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ 

( )2 (1)2 (2)2 ɟ
v ɖ , v ɕ , v ɖ ɗ ɗ

ɟ

o
o r w r w r r r

w

gr gr gr
å õ

¡ ¡ ¡ ¡ ¡= = = - +æ ö
ç ÷

 (3.1.13) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ oA , oB , 1A  ʠ ʪ.ʜ., ʚʭʦʜʷʱʠʭ ʚ ʚʳʨʘʞʝʥʠʷ 

(3.1.10, 3.1.11) ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʙʦʨ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ, 

ʩʦʩʪʦʷʱʠʭ ʚ ʪʦʤ, ʯʪʦ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ or R=  ʠʤʝʝʪ ʤʝʩʪʦ 

ɖ( ) ɗ( ) ɕ( )o o oR R R= =  (3.1.14) 

ʚʳʧʦʣʥʷʶʪʩʷ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʚʦʜʳ 

0

2 ɕ( ) ɗ( )

o

o

RR

w

R

r r dr r r dr Vp
å õ
æ ö+ =
æ ö
ç ÷
ñ ñ  (3.1.15) 

ʠ ʤʘʩʣʘ 

0

2 (ɖ( ) ɗ( ))

oR

or r r dr Vp - =ñ  (3.1.16) 

ʊʘʢʞʝ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʚ ʚʦʜʝ 

ʧʨʠ or R=  

(1) (2)v v
o o

w w
r R r R= =
=  (3.1.17) 

ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ (3.1.10, 3.1.11) ʧʨʠ cr R=  

(1,2) (1,2)

0 0 0 0
v v , v v

c c c c
o o w wr R r R r R r R= - = + = - = +

= =  (3.1.18) 
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ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ɜW  ʚʷʟʢʠʭ ʧʦʪʝʨʴ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚʠʭʨʷ ʧʦʜʚʦʜʠʤʦʡ ʢ ʩʠʩʪʝʤʝ ʤʦʱʥʦʩʪʠ extW  ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ 

2 2

ext

v v v v
ɟ ɜ ɟ ɜ

o w

o o w w
o o o w w w

V V

W dV dV
r r r r

å õ å õµ µ
= - + -æ ö æ ö

µ µç ÷ ç ÷ñ ñ  (3.1.19) 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ (3.1.13) ʠ ʧʦʜʩʪʘʥʦʚʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚ (3.1.14, 

3.1.17, 3.1.18) ʦʧʨʝʜʝʣʷʝʪ ʬʦʨʤʫ çʥʫʣʝʚʦʛʦè ʧʨʠʙʣʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ. 

ɺ ʩʣʫʯʘʝ c oR R< : 

2 2 4 2 2 2 2

2 2 2

2 2 4

2

2 2 2 2 2

2 2

2 2 4

(Ŭ 1)
ɖ( ) 2 ( ) ( ) , [0, ]

2 2

(Ŭ 1) ɟ
ɗ( )

2 ɟ ɟ

Ŭ ɟ ɟ
2 ( ) ( ) , [0, ]

ɟ ɟ 2

Ŭ
ɕ( )

2

o c o c c
c c o

o c

o c o

o w o

w o o c c
c c o

w o c

o c

A R A R r R
r H R r r R r R

g R g R r

A R
r H

g R

A R r R
R r r R r R

g R r

A R
r H

g r

J J

J J

è øå õ-
= - + - - - - Íé ùæ ö

ç ÷ê ú

-
= + +

-

è øå õ-
+ - - - - Íé ùæ ö

- ç ÷ê ú

= -
2

, [ , ]or R RÍ

 (3.1.20) 

ʛʜʝ H  ï ʪʦʣʱʠʥʘ ʩʣʦʷ ʚʦʜʳ ʜʦ ʚʢʣʶʯʝʥʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ. 

ɺ ʩʣʫʯʘʝ c oR R> : 

2 2 2
2 2 2 2

2 2 2 2 2
2 2 2

2 2 2 2 2

2 2

ɖ( ) 2Ŭ (1 Ŭ ) , [0, ]
2 2

(Ŭ 1)ɟ Ŭ ɟ ɟ
ɗ( ) 2Ŭ , [0, ]

2 ɟ ɟ ɟ ɟ 2

Ŭ
ɕ( ) 2 ( ) ( ) , [ , ]

2

o o
c o o

o o w o o
c o o

w o w o

o c c
c c o

c

A A r
r H R R r R

g g

A A r
r H R R r R

g g

A R r R
r H R r r R r R R

g R r
J J

è ø= - + - + Íê ú

è ø- -
= - + + Íé ù

- -ê ú

è øå õ
= + - - - - Íé ùæ ö

ç ÷ê ú

 (3.1.21) 

ɺʳʨʘʞʝʥʠʷ (3.1.20, 3.1.21) ʧʝʨʝʭʦʜʷʪ ʜʨʫʛ ʚ ʜʨʫʛʘ ʧʨʠ c oR R= , ʪʦ ʝʩʪʴ, 

ʢʦʛʜʘ ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ, ʟʘʥʠʤʘʝʤʦʡ ʤʘʩʣʦʤ, ʩʦʚʧʘʜʘʝʪ ʩ ʛʨʘʥʠʮʝʡ 

ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ. 
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ɿʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ oA , oR  ʠ cR, ʚʭʦʜʷʱʠʭ ʚ ʩʦʦʪʥʦʰʝʥʠʷ (3.1.20, 3.1.21), 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (3.1.20, 3.1.21) ʚ (3.1.15, 3.1.16, 3.1.19). 

ʌʦʨʤʠʨʫʶʱʘʷʩʷ ʩʠʩʪʝʤʘ ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʝ ʜʦʧʫʩʢʘʝʪ ʪʦʯʥʦʛʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʯʠʩʣʝʥʥʦ. ʉʨʘʚʥʝʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʠʚʝʜʝʥʦ ʚ ʧ. 3.3 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

 

3.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʥʦʩʘ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ 

ʧʨʠʤʝʩʠ ʚ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ 

ɺʚʝʜʝʥʠʝ ʚ ʧʦʪʦʢ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʚʷʟʢʦʡ ʧʨʠʤʝʩʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʬʦʨʤʫ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʡ ʥʘ ʥʝʡ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʤʠʟʝʨʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʩʘʤʦʡ ʜʦʙʘʚʢʠ (ʚ ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ ʧʨʝʚʳʰʘʝʪ ʦʙʲʝʤ ʚʥʝʩʝʥʥʦʡ ʧʨʠʤʝʩʠ Vk  ʙʦʣʝʝ ʯʝʤ ʚ 200 ʨʘʟ). 

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʜʚʫʭʩʣʦʡʥʦʡ ʠ ʪʨʝʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʷʤʠ ï 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʚʦʜʦʡ ʠ ʥʝʩʤʝʰʠʚʘʶʱʠʤʠʩʷ ʙʦʣʝʝ ʣʝʛʢʠʤʠ ʤʘʨʢʝʨʘʤʠ. 

ɻʣʫʙʠʥʘ ʩʣʦʷ ʚʦʜʳ ʚʦ ʚʩʝʭ ʦʧʳʪʘʭ ʩʦʩʪʘʚʣʷʣʘ ʦʪ wH 10 ʜʦ 60 ʩʤ, ʪʦʣʱʠʥʘ 

ʩʣʦʷ ʤʘʨʢʝʨʘ mH  ʦʧʨʝʜʝʣʷʝʤʘʷ ʝʛʦ ʦʙʲʝʤʦʤ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 2 ʤʤ ʜʦ 20 ʩʤ. 

ʌʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʯʠʭ ʩʨʝʜ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.2.1. 

ʈʝʛʫʣʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʜʘʯʠ ʩʣʫʞʠʣʠ ʪʦʣʱʠʥʘ ʤʘʨʢʝʨʘ mH , 

ʨʘʜʠʫʩʳ ʢʦʥʪʝʡʥʝʨʘ 0R  ʠ ʜʠʩʢʘ dR , ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʘ ʝʛʦ ʚʨʘʱʝʥʠʷ d, ʫʩʢʦʨʝʥʠʝ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g. ʂʘʞʜʘʷ ʠʟ ʞʠʜʢʦʩʪʝʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ , 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ , ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʘ 

ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ï ʚʦʜʘ-ʚʦʟʜʫʭa

w , ʤʘʨʢʝʨ-ʚʦʟʜʫʭ a

m, ʚʦʜʘ-ʤʘʨʢʝʨ m

w  

ʠ ʠʭ ʫʜʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ /m m

w w w  (ʠʥʜʝʢʩʳ "w", "a", "d", "m" ʦʪʥʦʩʷʪʩʷ ʢ 

ʚʦʜʝ, ʚʦʟʜʫʭʫ, ʜʠʩʢʫ ʠ ʤʘʨʢʝʨʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʀʥʝʨʮʠʘʣʴʥʳʝ ʤʘʩʰʪʘʙʳ ʜʣʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʛʣʦʙʘʣʴʥʦʝ ʪʝʯʝʥʠʝ ʚ 

ʢʦʥʪʝʡʥʝʨʝ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʢ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ï 2/ dL g  ʠ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ï 2/ wL g  

ʩʣʫʞʘʪ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʩʪʝʤʳ. ʊʦʥʢʫʶ ʩʪʨʫʢʪʫʨʫ 
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ʚʦʟʥʠʢʘʶʱʝʛʦ ʪʝʯʝʥʠʷ (ʝʛʦ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʠʧʘ 

ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʉʪʦʢʩʘ) ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʤʠʢʨʦʤʘʩʰʪʘʙʳ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ 

/ d  ʠ / . 

 

ʇʘʨʘʤʝʪʨʳ 

ʤʘʨʢʝʨʦʚ, ʧʨʠ 

=T 20ÁC 

ɺʦʜʘ 
ʇʦʜʩʦʣʥʝʯʥʦʝ 

ʤʘʩʣʦ 

ɼʠʟʝʣʴʥʦʝ 

ʪʦʧʣʠʚʦ 
ʅʝʬʪʴ 

ɸʚʠʘʮʠʦʥʥʦʝ 

ʤʘʩʣʦ 

ʇʣʦʪʥʦʩʪʴ (r), 

ʢʛ/ʤ
3
 

998.9 925.0 840.0 866.0 885.0 

ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ (n), 

Ĭ10
-6
, ʤ

2
/ʩ 

1.05 60.60 1.50 8.14 20.50 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʥʘ 

ʛʨʘʥʠʮʝ ʤʘʨʢʝʨ-

ʚʦʟʜʫʭ (a
ms ), 

Ĭ10
3
, ʅ/ʤ 

73.0 33.06 22.0 30.0 32.0 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʥʘ 

ʛʨʘʥʠʮʝ ʤʘʨʢʝʨ-

ʚʦʜʘ ( m
ws ), Ĭ10

3
, 

ʅ/ʤ 

 3.10 7.10 2.80 2.45 

 

ʊʘʙʣʠʮʘ 3.2.1 ï ʌʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʤʝʥʝʥʥʳʭ ʞʠʜʢʠʭ ʩʨʝʜ 
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ɺʘʞʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ 

ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ R m w m
w

w m

r -r
r =

r +r
, R a w a

w
w a

r -r
r =

r +r
, R m w m

w
w m

r -r
r =

r +r
 

(ʘʥʘʣʦʛ ʯʠʩʣʘ ɸʪʚʫʜʘ), ʨʘʟʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

R a w a
w

w a

s -s
s =

s +s
, R

s -s
s =

s +s

a m a
m

m a

, R
s -s

s =
s +s

m w m
w

w m

 ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʷʟʢʦʩʪʝʡ 

R
n -n

n =
n +n

a w a
w

w a

, R
n -n

n =
n +n

a m a
m

m a

, R
n -n

n =
n +n

m w m
w

w m

 (ʩʤ. ʊʘʙʣʠʮʫ 3.2.2), ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ 

ʥʘ ʢʘʨʪʠʥʫ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʨʘʥʝʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʘʣʦʩʴ. 

ʉʪʨʫʢʪʫʨʳ ʚʦʟʥʠʢʘʶʱʠʭ ʪʝʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ. 

ʆʪʥʦʰʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʤʘʩʰʪʘʙʦʚ ʦʙʨʘʟʫʶʪ ʥʘʙʦʨ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʢʦʤʙʠʥʘʮʠʡ, ʚʢʣʶʯʘʶʱʠʡ ʪʨʘʜʠʮʠʦʥʥʳʝ ʯʠʩʣʘ: ʆʪʥʦʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ 

ʚʝʣʠʯʠʥ ʬʦʨʤʠʨʫʶʪ ʪʨʘʜʠʮʠʦʥʥʳʡ ʥʘʙʦʨ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʚʢʣʶʯʘʶʱʠʡ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ 2Re ( ) /d d wR , ʌʨʫʜʘ 2 2Fr ( ) /d d wR gH , ʘ ʜʣʷ 

ʜʚʫʭʩʣʦʡʥʦʡ ʩʨʝʜʳ (ʚʦʜʘ ï ʥʝʩʤʝʰʠʚʘʶʱʘʷʩʷ ʞʠʜʢʦʩʪʴ) ï ʪʘʢʞʝ ʯʠʩʣʦ ɹʦʥʜʘ 

2Bo ( ) / m

w w m wgH . 

 

ˉ ʄʘʨʢʝʨ 

ɻʣʘʚʥʳʝ ʦʪʥʦʰʝʥʠʷ  

ʧʣʦʪʥʦʩʪʥʦʝ, 

Rrm
w   

ʢʘʧʠʣʣʷʨʥʦʝ, 

R a
ws   

ʚʷʟʢʦʩʪʥʦʝ,  

Rnm
w  

1 ʇʦʜʩʦʣʥʝʯʥʦʝ 

ʤʘʩʣʦ 
0.038 

0.38 -0.96 

2 ɼʠʟʝʣʴʥʦʝ 

ʪʦʧʣʠʚʦ 
0.086 

0.54 -0.18 

3 ʅʝʬʪʴ 0.071 0.42 -0.77 

4 ɸʚʠʘʮʠʦʥʥʦʝ 

ʤʘʩʣʦ 
0.060 

0.39 -0.91 

 

ʊʘʙʣʠʮʘ 3.2.2 ï ɿʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
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ʀʟʫʯʘʝʤʳʝ ʚ ʜʘʥʥʳʭ ʦʧʳʪʘʭ ʪʝʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʯʠʩʣʘʤʠ 

ʈʝʡʥʦʣʴʜʩʘ ʚ ʜʠʘʧʘʟʦʥʝ 500 50000· , ʌʨʫʜʘ 50 1800· , ɸʪʚʫʜʘ ï 0.009 0.2· , ɹʦʥʜʘ ï 

1.0 4.5· . ʍʘʨʘʢʪʝʨʥʳʝ ʤʘʩʰʪʘʙʳ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.2.3. 

/w d wR H  0.05 0.75 

0 /dR R 0.2 1.0 

2/ dL g , ʤ 316 10-³  1 

/ d , ʤ 42 10-³  
45 10-³  

 

ʊʘʙʣʠʮʘ 3.2.3 ï ʍʘʨʘʢʪʝʨʥʳʝ ʤʘʩʰʪʘʙʳ ʟʘʜʘʯʠ 

 

ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʘʧʧʘʨʘʪʫʨʳ ʙʘʩʩʝʡʥ ʟʘʧʦʣʥʷʣʩʷ ʜʝʛʘʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ 

ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʳ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʥʘʥʦʩʠʣʩʷ 

ʚʳʙʨʘʥʥʳʡ ʦʙʲʝʤ ʥʝʩʤʝʰʠʚʘʶʱʝʛʦʩʷ ʤʘʨʢʝʨʘ. ʇʦʩʣʝ ʟʘʪʫʭʘʥʠʷ ʚʩʝʭ 

ʚʦʟʤʫʱʝʥʠʡ ʚʢʣʶʯʘʣʩʷ ʠʥʜʫʢʪʦʨ ʠ ʧʨʦʚʦʜʠʣʘʩʴ ʨʝʛʠʩʪʨʘʮʠʷ ʢʘʨʪʠʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʨʢʝʨʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʪʦʣʱʝ ʞʠʜʢʦʩʪʠ. ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ 

ʤʝʥʷʣʠʩʴ ʩʪʫʧʝʥʯʘʪʦ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʠ ʩʦʩʪʘʚʣʷʣʦ ʥʝ 

ʤʝʥʝʝ 20 ʤʠʥ. ʆʧʳʪ ʧʦʚʪʦʨʷʣʩʷ ʧʨʠ ʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʤʘʩʣʷʥʦʝ 

ʪʝʣʦ ʠʣʠ ʵʤʫʣʴʩʠʦʥʥʳʡ ʭʚʦʩʪ ʥʝ ʜʦʩʪʠʛʘʣʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʪʦʥʢʦʡ ʚʦʜʦʤʘʩʣʷʥʦʡ ʵʤʫʣʴʩʠʠ. ʅʦʚʳʡ ʦʧʳʪ 

ʧʨʦʚʦʜʠʣʩʷ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʧʝʨʝʟʘʧʦʣʥʝʥʠʷ ʙʘʩʩʝʡʥʘ. 

ʂʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ ʚ ʪʦʣʱʝ ʩʦʩʪʘʚʥʦʛʦ 

ʚʠʭʨʷ ʠ ʦʙʦʟʥʘʯʝʥʠʷ ʝʛʦ ʦʩʥʦʚʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 3.2.1. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʝʡʩʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ï ʚʦʜʳ ï 

ʦʙʨʘʟʫʝʪʩʷ ʢʘʚʝʨʥʘ, ʛʣʫʙʠʥʘ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 

ʮʝʥʪʨʝ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʘʩʣʘ ʩʦʙʠʨʘʝʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʮʝʥʪʨʘʣʴʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʚ ʢʦʤʧʘʢʪʥʳʡ ʦʙʲʝʤ, ʠʤʝʶʱʠʡ ʬʦʨʤʫ ʪʝʣʘ ʚʨʘʱʝʥʠʷ, 
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ʢʦʪʦʨʳʡ ʧʨʠʤʳʢʘʝʪ ʢʦ ʜʥʫ ʢʘʚʝʨʥʳ. ɿʜʝʩʴ H  ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʣʦʷ 

ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ (ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ ʩʪʝʥʢʠ), ht  ï ʨʘʟʥʦʩʪʴ ʚʳʩʦʪ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʠʞʥʝʡ ʢʨʦʤʢʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʦʙʲʝʤʘ ʤʘʩʣʘ, hk  ï 

ʚʳʩʦʪʘ ʪʝʣʘ ʚʨʘʱʝʥʠʷ, = -h h ht k  ï ʩʪʨʝʣʢʘ ʧʨʦʛʠʙʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

Rk  ï ʨʘʜʠʫʩ ʣʠʥʠʠ ʢʦʥʪʘʢʪʘ ʦʙʲʝʤʘ ʤʘʩʣʘ ʩ ʢʨʦʤʢʦʡ ʢʘʚʝʨʥʳ. ɺʠʟʫʘʣʴʥʦ ʠ ʥʘ 

ʬʦʪʦʛʨʘʬʠʷʭ ʩʙʦʢʫ ʭʦʨʦʰʦ ʨʘʟʣʠʯʘʶʪʩʷ ʚʩʝ ʢʦʥʪʘʢʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ï ʚʦʜʘ-

ʤʘʩʣʦ, ʤʘʩʣʦ-ʚʦʟʜʫʭ, ʚʦʜʘ-ʚʦʟʜʫʭ. 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.2.1 ï ʉʦʩʪʘʚʥʦʡ ʚʠʭʨʴ ʩ ʧʦʨʮʠʝʡ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ (Vk =30 

ʤʣ, H =40 ʩʤ, R = 7.5 ʩʤ, W=640 ʦʙ/ʤʠʥ): ʘ, ʙ) ï ʬʦʪʦʛʨʘʬʠʷ (ʚʠʜ ʩʙʦʢʫ) 

ʠ ʩʭʝʤʘ ʪʝʯʝʥʠʷ 

 

ʇʨʠ ʫʤʝʨʝʥʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ (W<750 ʦʙ/ʤʠʥ) ʢʘʨʪʠʥʘ 

ʪʝʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 3.2.1, ʚ ʮʝʣʦʤ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 

20 ʤʠʥʫʪ. ʇʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʧʳʪʘ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ ʠʟ 

ʣʠʥʟʦʦʙʨʘʟʥʦʛʦ ʧʷʪʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤ 

ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʤʝʨʦʤ 3.5 ʩʤ ʠ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 4 ʤʤ, ʩʦʙʠʨʘʝʪʩʷ ʚ ʢʦʤʧʘʢʪʥʳʡ 

ʦʙʲʝʤ ʚʳʩʦʪʦʡ hk =4.94 ʩʤ ʚ ʮʝʥʪʨʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʨʦʥʢʠ, ʢʦʪʦʨʳʡ 

ʚʨʘʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʦʢʨʫʞʘʶʱʝʡ ʞʠʜʢʦʩʪʴʶ. ʂʘʩʘʪʝʣʴʥʳʝ ʢ ʙʦʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʯʝʨʝʟ ʣʠʥʠʶ ʢʦʥʪʘʢʪʘ ʚʦʜʳ ʠ ʤʘʩʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʚʝʨʥʳ. ʇʨʠ ʵʪʦʤ ʦʙʲʝʤ 
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ʪʝʣʘ ʚʨʘʱʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʩʪʦʨʦʚʦʝ ʤʘʩʣʦ, ʩʦʩʪʘʚʣʷʝʪ ºVk 29.5 ʤʣ, 

ht =10.91 ʩʤ, Rk =2.76 ʩʤ, =h 5.97 ʩʤ. ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʤʘʩʣʘ (ºVk 0.5 ʤʣ) 

ʦʩʪʘʝʪʩʷ ʚ ʪʦʥʢʦʤ ʩʣʦʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʚʝʨʥʳ ʠ ʦʙʨʘʟʫʝʪ ʩʧʠʨʘʣʴʥʳʝ ʨʫʢʘʚʘ 

ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʦʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʜʘʞʝ ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʤʘʩʣʘ (30 ʛʨʘʤʤ ʥʘ ʨʘʙʦʯʠʡ ʦʙʲʝʤ 54 ʣʠʪʨʘ) ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪ ʢʘʨʪʠʥʫ 

ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʠ ʬʦʨʤʫ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʮʝʣʦʤ. 

ɺ ʧʝʨʚʳʭ ʦʧʳʪʘʭ ʩ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʴʶ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʢʘʩʪʦʨʦʚʦʝ 

ʤʘʩʣʦ, ʢʦʪʦʨʦʝ ʨʘʟʤʝʱʘʣʦʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʠ, ʠʟʤʝʥʷʣʩʷ 

ʣʠʰʴ ʦʙʲʝʤ ʧʨʠʤʝʩʠ ʠ ʧʘʨʘʤʝʪʨʳ ʪʝʯʝʥʠʷ, ʩ ʮʝʣʴʶ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ. ɺ 

ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʨʫʛʠʝ ʥʝʩʤʝʰʠʚʘʶʱʠʝʩʷ 

ʚʝʱʝʩʪʚʘ (ʥʝʬʪʴ, ʘʚʠʘʮʠʦʥʥʦʝ, ʤʘʰʠʥʥʦʝ ʠ ʧʦʜʩʦʣʥʝʯʥʳʝ ʤʘʩʣʘ, ʘ ʪʘʢʞʝ 

ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ). 

ʇʨʠ ʫʤʝʨʝʥʥʳʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ (R = 7.5 ʩʤ, W=377 ʦʙ/ʤʠʥ) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʩʪʦʡ ʞʠʜʢʦʩʪʠ (H =40 ʩʤ) ʦʙʨʘʟʫʝʪʩʷ ʢʘʚʝʨʥʘ ʛʣʫʙʠʥʦʡ ʚ 

ʮʝʥʪʨʝ 3.2 ʩʤ, ʩʪʝʥʢʠ ʢʦʪʦʨʦʡ ʦʩʪʘʶʪʩʷ ʛʣʘʜʢʠʤʠ (ʨʠʩʫʥʦʢ 3.2.2, ʘ). ʅʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ (Vk = 30 ʤʣ) ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʝʪ 

ʪʘʢʫʶ ʢʘʚʝʨʥʫ, ʚʳʩʦʪʘ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ ʮʝʥʪʨʝ ʩʦʩʪʘʚʣʷʝʪ 2.6 ʩʤ. ʇʨʠ ʵʪʦʤ 

ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʥʠʮʳ ʞʠʜʢʦʩʪʴ-ʚʦʟʜʫʭ (ʥʘʨʫʞʥʘʷ ʯʘʩʪʴ: ʚʦʜʘ-ʚʦʟʜʫʭ, 

ʚʥʫʪʨʝʥʥʷʷ: ʤʘʩʣʦ-ʚʦʟʜʫʭ) ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʦʡ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ (Vk = 60 ʤʣ, 

ʨʠʩʫʥʦʢ 3.2.2, ʚ) ʠʟʤʝʥʷʶʪʩʷ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʘ ʪʝʣʘ ʚʨʘʱʝʥʠʷ, ʦʜʥʘʢʦ, ʙʦʢʦʚʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʥʠʞʥʷʷ ʢʨʦʤʢʘ ʤʘʩʣʷʥʦʛʦ ʦʙʲʝʤʘ ʦʩʪʘʶʪʩʷ ʛʣʘʜʢʠʤʠ. ʂʘʨʪʠʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʣʘ ʧʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʥʠʞʝ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʦ 500 ʦʙ/ʤʠʥ ʥʝʙʦʣʴʰʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘ 

ʩʪʝʥʢʘʭ ʢʘʚʝʨʥʳ ʥʘʙʣʶʜʘʶʪʩʷ ʜʘʞʝ ʚ ʯʠʩʪʦʡ ʞʠʜʢʦʩʪʠ (ʨʠʩʫʥʦʢ 3.2.2, ʛ). ʆʥʠ 

ʧʨʦʷʚʣʷʶʪʩʷ ʠ ʚ ʠʩʢʘʞʝʥʠʷʭ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʙʦʣʴʰʠʭ 

ʫʚʝʣʠʯʝʥʠʷʭ, ʠ ʛʨʘʥʠʮ ʩʚʝʪʣʦʛʦ ʧʷʪʥʘ ʚ ʮʝʥʪʨʝ ʢʘʚʝʨʥʳ, ʠ ʝʛʦ ʟʝʨʢʘʣʴʥʦʛʦ 
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ʦʪʨʘʞʝʥʠʷ (ʪʝʤʥʘʷ ʪʝʥʴ ʥʘʜ ʢʘʚʝʨʥʦʡ). ʄʘʢʩʠʤʘʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʩ ʧʦʣʦʛʠʤʠ 

ʚʧʘʜʠʥʘʤʠ ʠ ʟʘʦʩʪʨʝʥʥʳʤʠ ʛʨʝʙʥʷʤʠ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʧʦʣʫʛʣʫʙʠʥʝ ʢʘʚʝʨʥʳ 

(2.37 ʩʤ). 
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ʞ ʠ ʢ 

 ʈʠʩʫʥʦʢ 3.2.2 ï ʍʘʨʘʢʪʝʨʥʳʝ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʪʝʡʥʝʨʝ 

ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʜʠʩʢʦʤ (H =40 ʩʤ, R = 7.5 ʩʤ): ʘ, ʛ, ʞ) ï ʯʠʩʪʘʷ ʚʦʜʘ, W= 

377, 500, 750 ʦʙ/ʤʠʥ; ʙ, ʜ, ʠ) ï Vk =30ʤʣ, 60 ʤʣ, W= 377, 500, 750 ʦʙ/ʤʠʥ; 

ʚ, ʝ, ʢ) ï Vk = 60 ʤʣ, W= 377, 500, 750 ʦʙ/ʤʠʥ 
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ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʤʘʩʣʘ (60 ʤʣ) ʚʥʦʚʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʦʛʠʙ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (h =4.5 ʩʤ, ʯʪʦ ʚʩʝʛʦ ʣʠʰʴ ʥʘ 

0.25 ʩʤ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʚʦʨʦʥʢʠ ʥʘ ʨʠʩʫʥʢʝ 3.2.2, ʛ). ʅʠʞʥʷʷ ʢʨʦʤʢʘ ʦʙʲʝʤʘ 

ʤʘʩʣʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʝ H =10 ʩʤ (ʨʠʩʫʥʦʢ 3.2.2, ʝ). 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʜʦʙʘʚʣʝʥʥʦʛʦ ʤʘʩʣʘ ʦʢʘʟʳʚʘʝʪʩʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʚʥʫʪʨʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʛʣʫʙʠʥʦʡ 4.4 ʩʤ, 

ʪʦ ʝʩʪʴ, ʤʝʥʴʰʝʡ, ʯʝʤ ʛʣʫʙʠʥʘ ʢʘʚʝʨʥʳ ʚ ʯʠʩʪʦʡ ʞʠʜʢʦʩʪʠ (ʨʠʩʫʥʦʢ 3.2.2, ʜ). 

ʇʨʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ (W= 750 ʦʙ/ʤʠʥ) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʚʝʨʥʳ ʚ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʷʚʣʷʶʪʩʷ ʜʚʘ ʪʠʧʘ 

ʚʦʟʤʫʱʝʥʠʡ ï ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ (ʠʥʝʨʮʠʘʣʴʥʳʝ) ʠ ʪʦʥʢʦʩʪʨʫʢʪʫʨʥʳʝ 

(ʩʧʠʨʘʣʴʥʳʝ) (ʨʠʩʫʥʦʢ 3.2.2, ʞ). ɽʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 12.3 ʩʤ. 

ɾʠʜʢʦʩʪʴ, ʵʥʝʨʛʠʯʥʦ ʜʚʠʞʫʱʘʷʩʷ ʚʜʦʣʴ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʪʷʛʠʚʘʝʪ ʚ 

ʮʝʥʪʨ ʢʘʚʝʨʥʳ ʛʘʟʦʚʳʝ ʧʫʟʳʨʴʢʠ, ʦʪʯʝʪʣʠʚʦ ʚʠʜʠʤʳʝ ʥʘ ʨʠʩʫʥʢʝ 3.2.2, ʞ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʉʧʠʨʘʣʴʥʳʝ ʚʦʣʥʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʚʝʨʥʳ, ʘ ʠʥʝʨʮʠʘʣʴʥʳʝ ï ʚ ʝʝ ʥʠʞʥʝʡ ʯʘʩʪʠ. 

ʏʝʤ ʙʦʣʴʰʝ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ, ʪʝʤ ʟʘʤʝʪʥʝʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ 

ʤʘʩʣʘ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 30 ʤʣ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ ʩʪʨʝʣʢʘ ʧʨʦʛʠʙʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 5.8 ʩʤ (ʨʠʩʫʥʦʢ 3.2.2, ʠ), ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ ʚʠʜʥʳ ʦʪʜʝʣʴʥʳʝ ʢʘʧʣʠ ʤʘʩʣʘ. ʆʪʩʪʦʷʥʠʝ ʥʠʞʥʝʡ ʢʨʦʤʢʠ ʤʘʩʣʷʥʦʛʦ 

ʦʙʲʝʤʘ ʦʪ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʦ 12.3 ʩʤ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 60 ʤʣ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ ʩʪʨʝʣʢʘ ʧʨʦʛʠʙʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 

3.6 ʩʤ. ʏʘʩʪʴ ʤʘʩʣʘ ʟʘʪʷʛʠʚʘʝʪʩʷ ʚ ʪʦʣʱʫ ʞʠʜʢʦʩʪʠ ʠ ʩʦʙʠʨʘʝʪʩʷ ʚ ʪʝʣʦ 

ʚʨʘʱʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʪʝʯʝʥʠʷ ʚʠʜʘ = Bh Ar  (ʨʠʩʫʥʦʢ 

3.2.2, ʢ: 1.09 0.49= °A , 2.55 0.07= °B , [ ] =h ɝɘ, [ ] =r ɝɘ. ʇʦʣʥʘʷ ʛʣʫʙʠʥʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʠʩʫʥʢʝ 5.2.2, ʠ (ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʞʠʜʢʦʩʪʠ 

ʫ ʩʪʝʥʢʠ ʙʘʩʩʝʡʥʘ ʠ ʥʠʞʥʝʡ ʢʨʦʤʢʠ ʥʘʧʦʣʥʝʥʥʦʛʦ ʤʘʩʣʦʤ ʧʘʨʘʙʦʣʦʠʜʘ) 

ʩʦʩʪʘʚʣʷʝʪ ht =12.3 ʩʤ. ʂʦʥʪʘʢʪʠʨʫʶʱʘʷ ʩ ʚʦʟʜʫʭʦʤ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʤʘʩʣʷʥʦʛʦ 

ʦʙʲʝʤʘ ʚ ʮʝʥʪʨʝ ʙʘʩʩʝʡʥʘ ʪʘʢʞʝ ʠʤʝʝʪ ʬʦʨʤʫ ʪʝʣʘ ʚʨʘʱʝʥʠʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: 

0.26 0.06= °A  ʠ 1.91 0.12= °B  (ʨʠʩʫʥʦʢ 3.2.2, ʠ). ɻʣʫʙʠʥʘ ʩʪʨʝʣʢʠ ʧʨʦʛʠʙʘ 
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ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʥʘ ʢʨʘʶ ʠ ʚ ʮʝʥʪʨʝ, ʛʜʝ ʩ ʚʦʟʜʫʭʦʤ 

ʢʦʥʪʘʢʪʠʨʫʝʪ ʤʘʩʣʦ) ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ h =5.8 ʩʤ. ʅʘ ʢʨʫʛʦʚʦʡ ʣʠʥʠʠ ʢʦʥʪʘʢʪʘ 

ʚʦʜʳ ʠ ʤʘʩʣʘ ʨʘʜʠʫʩʦʤ Rk =1.56 ʩʤ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʣʦʤ ʬʦʨʤʳ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʫʛʦʣ ʤʝʞʜʫ ʢʘʩʘʪʝʣʴʥʳʤʠ ʩʦʩʪʘʚʣʷʝʪ 27a= ). ɺʥʝʰʥʷʷ ʯʘʩʪʴ 

ʚʦʨʦʥʢʠ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʢʨʠʚʦʡ ʚʠʜʘ ln( )= -h B r A , ʛʜʝ r  ï ʨʘʜʠʘʣʴʥʘʷ 

ʢʦʦʨʜʠʥʘʪʘ, ʦʪʩʯʠʪʳʚʘʝʤʘʷ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ, 1.21 0.43= °A , 1.53 0.07= °B , 

[ ] =h ɝɘ, [ ] =r ɝɘ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʥʝʝ ʚʷʟʢʦʡ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ 

ʧʨʠʤʝʩʠ (ʧʦʜʢʨʘʰʝʥʥʦʛʦ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ) ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʪʦʣʱʝ 

ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʧʦʣʦʞʝʥʠʠ ʧʨʠʤʝʩʠ ʢʘʢ ʚ ʪʦʣʱʝ, 

ʪʘʢ ʠ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3.2.3 ʬʦʪʦʛʨʘʬʠʠ ʧʨʦʬʠʣʷ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ ʠʣʣʶʩʪʨʠʨʫʶʪ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʡ 

ʛʨʘʥʠʮ ʚʦʟʜʫʭ-ʞʠʜʢʦʩʪʴ ʠ ʤʘʩʣʦ-ʚʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ Vk  ʠ ʛʣʫʙʠʥʳ ʩʣʦʷ ʚʦʜʳ H . ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʭʦʨʦʰʦ ʨʘʟʣʠʯʘʶʪʩʷ ʢʦʥʪʘʢʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʤʘʩʣʦ ʠ 

ʤʘʩʣʦ-ʚʦʟʜʫʭ. 

ʇʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ 320 ʦʙ/ʤʠʥ ʠ ʜʦʙʘʚʣʝʥʠʠ 30 ʤʣ 

ʧʦʜʢʨʘʰʝʥʥʦʛʦ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʧʨʦʛʠʙ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʜʫʭ-ʞʠʜʢʦʩʪʴ 

ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ, ʧʝʨʠʬʝʨʠʯʝʩʢʘʷ ʯʘʩʪʴ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʢʨʳʪʘ ʥʝʙʦʣʴʰʠʤʠ ʢʘʧʣʷʤʠ ʤʘʩʣʘ, ʚʳʪʷʥʫʪʳʤʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ (ʨʠʩʫʥʦʢ 3.2.3, ʘ). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʙʘʚʣʝʥʥʦʛʦ ʦʙʲʝʤʘ 

ʤʘʩʣʘ ʩʦʢʨʘʱʘʝʪʩʷ ʧʨʦʛʠʙ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʦʟʨʘʩʪʘʝʪ ʧʣʦʱʘʜʴ 

ʦʪʜʝʣʴʥʳʭ ʢʘʧʝʣʴ ʤʘʩʣʘ, ʜʚʠʞʫʱʠʭʩʷ ʧʦ ʧʝʨʠʬʝʨʠʠ (ʨʠʩʫʥʦʢ 3.2.3, ʙ). 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʤʘʩʣʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʛʠʙʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʜʫʭ-ʞʠʜʢʦʩʪʴ, ʧʦʤʠʤʦ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʦʙʲʝʤ ʤʘʩʣʘ ʥʝ 

ʩʪʷʥʫʪʦʛʦ ʚ ʮʝʥʪʨʘʣʴʥʦʝ ʤʘʩʣʷʥʦʝ ʪʝʣʦ (ʨʠʩʫʥʦʢ 3.2.3, ʚ). 
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ʈʠʩʫʥʦʢ 3.2.3 ï ʌʦʨʤʳ ʦʩʝʚʦʛʦ ʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘ ʙʣʠʟʢʠʭ 

ʯʘʩʪʦʪʘʭ (=R 7.5 ʩʤ): ʘ ï ʚ) ï =H 20 ʩʤ, W=320 ʦʙ/ʤʠʥ, Vk =30, 90, 150 ʤʣ; ʛ ï 

ʝ) ï =H 40 ʩʤ, W= 320 ʦʙ/ʤʠʥ, Vk =30, 90, 150 ʤʣ; ʞ ï ʢ) ï =H 20 ʩʤ, W=480 

ʦʙ/ʤʠʥ, Vk =30, 90, 150 ʤʣ; ʣ ï ʥ) ï =H 40 ʩʤ, W=480 ʦʙ/ʤʠʥ, Vk =30, 90, 150 

ʤʣ; ʦ ï ʨ) ï =H 40 ʩʤ, W=770 ʦʙ/ʤʠʥ, Vk =30, 90, 150 ʤʣ 
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ɹʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ʞʠʜʢʦʩʪʠ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʣʝʛʢʦʡ ʧʨʠʤʝʩʠ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ. ʅʝʙʦʣʴʰʘʷ ʧʦʨʮʠʷ ʤʘʩʣʘ (ʨʠʩʫʥʦʢ 3.2.3, ʛ) 

ʧʦʯʪʠ ʮʝʣʠʢʦʤ ʩʦʙʠʨʘʝʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʤʘʩʣʷʥʦʝ ʪʝʣʦ ʠʤʝʝʪ 

ʚʳʩʦʪʫ 2.3 ʩʤ, ʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʚʦʟʜʫʭ-ʞʠʜʢʦʩʪʴ ʦʩʪʘʝʪʩʷ ʧʦʯʪʠ ʧʣʦʩʢʦʡ. 

ʇʝʨʠʬʝʨʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʥʷʪʘ ʤʘʩʣʷʥʳʤʠ ʢʘʧʣʷʤʠ. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʩʣʘ Vk =150 ʤʣ ʩʦʟʜʘʝʪ ʤʘʩʣʷʥʦʝ ʪʝʣʦ, ʧʦ ʬʦʨʤʝ 

ʥʘʧʦʤʠʥʘʶʱʝʝ ʰʣʷʧʫ, ʢʨʘʷ ʢʦʪʦʨʦʡ ʦʙʨʘʟʦʚʘʥʳ ʩʧʠʨʘʣʴʥʳʤʠ ʨʫʢʘʚʘʤʠ, 

ʚʳʪʷʛʠʚʘʶʱʠʤʠʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʚʨʘʱʝʥʠʶ ʘʢʪʠʚʘʪʦʨʘ 

(ʨʠʩʫʥʦʢ 3.2.3, ʝ). ʇʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʚʦʟʜʫʭ-ʞʠʜʢʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ 

ʩʦʩʪʦʠʪ ʠʟ ʤʘʩʣʘ ʠ ʦʯʝʥʴ ʙʣʠʟʢʘ ʢ ʧʣʦʩʢʦʡ. ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʩʣʘ 

Vk =90 ʤʣ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʛʠʙʫ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʘʪʷʛʠʚʘʥʠʶ ʤʘʩʣʘ 

ʚʛʣʫʙʴ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ (ʨʠʩʫʥʦʢ 3.2.3, ʜ). 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʦ 480 - 570 ʦʙ/ʤʠʥ ʥʘʙʣʶʜʘʶʪʩʷ 

ʥʝʙʦʣʴʰʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘ ʩʪʝʥʢʘʭ ʢʘʚʝʨʥʳ ʠ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ. ɹʦʣʴʰʘʷ 

ʯʘʩʪʴ ʜʦʙʘʚʣʝʥʥʦʛʦ ʤʘʩʣʘ ʦʢʘʟʳʚʘʝʪʩʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʚʙʣʠʟʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʦʩʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. ɼʦʙʘʚʣʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʩʣʘ 

(30 ʤʣ) ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʛʠʙʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʦʡ ʞʠʜʢʦʩʪʴʶ (ʨʠʩʫʥʦʢ 3.2.3, ʞ). 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʤʘʩʣʘ (90 ʤʣ) ʫʤʝʥʴʰʘʝʪʩʷ ʛʣʫʙʠʥʘ ʧʨʦʛʠʙʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʚʦʟʜʫʭ-ʞʠʜʢʦʩʪʴ (=h 6.1 ʩʤ, ʨʠʩʫʥʦʢ 3.2.3, ʙ, =h 3.2 ʩʤ, 

ʨʠʩʫʥʦʢ 3.2.3, ʠ). ʅʠʞʥʷʷ ʢʨʦʤʢʘ ʦʙʲʝʤʘ ʤʘʩʣʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʝ H =11.8 

ʩʤ (ʠ 10.8 ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʩʪʦʡ ʚʦʜʳ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʩʧʠʨʘʣʴʥʳʝ ʚʦʣʥʳ, ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ. 

ɼʦʙʘʚʣʝʥʠʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʩʣʘ (150 ʤʣ), ʢʦʪʦʨʦʝ ʪʘʢʞʝ 

ʩʦʙʠʨʘʝʪʩʷ ʚ ʢʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʮʝʥʪʨʝ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ (ʨʠʩʫʥʦʢ 3.2.3, ʢ), 

ʚʝʜʝʪ ʣʠʰʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʩʦʪʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ. 

ʇʨʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ (W=770 ʦʙ/ʤʠʥ) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʚʝʨʥʳ ʧʨʦʷʚʣʷʶʪʩʷ ʜʚʘ ʪʠʧʘ ʚʦʟʤʫʱʝʥʠʡ ï ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ 
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(ʠʥʝʨʮʠʘʣʴʥʳʝ) ʠ ʪʦʥʢʦʩʪʨʫʢʪʫʨʥʳʝ (ʩʧʠʨʘʣʴʥʳʝ). ɽʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ 

ʩʦʩʪʘʚʣʷʝʪ 17.8 ʩʤ (ʨʠʩʫʥʦʢ 3.2.3, ʦ). 

ʏʝʤ ʙʦʣʴʰʝ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ, ʪʝʤ ʟʘʤʝʪʥʝʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ 

ʤʘʩʣʘ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 90 ʤʣ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʩʪʨʝʣʢʘ ʧʨʦʛʠʙʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 7.1 ʩʤ (ʨʠʩʫʥʦʢ 3.2.3, ʧ), ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʚʠʜʥʳ ʦʪʜʝʣʴʥʳʝ ʢʘʧʣʠ ʤʘʩʣʘ. ʆʪʥʦʰʝʥʠʝ ʰʠʨʠʥʳ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʢ ʝʛʦ 

ʚʳʩʦʪʝ ʩʦʩʪʘʚʣʷʝʪ 0.38. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 150 ʤʣ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʯʘʩʪʴ ʤʘʩʣʘ ʟʘʪʷʛʠʚʘʝʪʩʷ ʚ 

ʪʦʣʱʫ ʞʠʜʢʦʩʪʠ ʠ ʩʦʙʠʨʘʝʪʩʷ ʚ ʪʝʣʦ ʚʨʘʱʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ 

ʪʝʯʝʥʠʷ. ʇʦʣʦʞʝʥʠʝ ʠ ʬʦʨʤʘ ʪʝʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʘʣʘʥʩʦʤ ʤʝʞʜʫ ʩʠʣʘʤʠ 

ʧʣʘʚʫʯʝʩʪʠ, ʚʳʪʘʣʢʠʚʘʶʱʠʤʠ ʣʝʛʢʦʝ ʤʘʩʣʦ, ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ 

ʦʩʥʦʚʥʳʤ ʮʠʨʢʫʣʷʮʠʦʥʥʳʤ ʪʝʯʝʥʠʝʤ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ. ʇʦʣʥʘʷ ʛʣʫʙʠʥʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʠʩʫʥʢʝ 3.2.3, ʨ (ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʞʠʜʢʦʩʪʠ 

ʫ ʩʪʝʥʢʠ ʙʘʩʩʝʡʥʘ ʠ ʥʠʞʥʝʡ ʢʨʦʤʢʠ ʥʘʧʦʣʥʝʥʥʦʛʦ ʤʘʩʣʦʤ ʧʘʨʘʙʦʣʦʠʜʘ) 

ʩʦʩʪʘʚʣʷʝʪ 25.7 ʩʤ. 

ʀʣʣʶʩʪʨʠʨʫʶʱʠʝ ʬʦʨʤʫ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʬʦʨʤʫ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʚʦʜʘ-ʢʘʩʪʦʨʦʚʦʝ ʤʘʩʣʦ ʛʨʘʬʠʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.2.4. ɼʣʷ 

ʫʧʨʦʱʝʥʠʷ ʚʦʩʧʨʠʷʪʠʷ ʥʘ ʛʨʘʬʠʢʘʭ ʚʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ:  ï ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʴ-ʚʦʟʜʫʭ,  ï ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʤʘʩʣʦ-ʚʦʜʘ. 

 

 ʘ  ʙ 
 

 ʚ 

ʈʠʩʫʥʦʢ 3.2.4 ï ɻʝʦʤʝʪʨʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ ʩ ʣʝʛʢʦʡ ʧʨʠʤʝʩʴʶ 

( H =40 ʩʤ, R=7.5 ʩʤ): ʘ) ï W=240 ʦʙ/ʤʠʥ, ʙ) ï W=500 ʦʙ/ʤʠʥ, ʚ) ï W=750 

ʦʙ/ʤʠʥ 
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ɻʣʫʙʠʥʳ ʧʨʦʛʠʙʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʜʫʭ-ʞʠʜʢʦʩʪʴ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʩʢʦʧʣʝʥʠʷ ʣʝʛʢʦʡ ʧʨʠʤʝʩʠ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.2.4. 

ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʧʨʦʛʠʙʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʜʝʣʘ ʚʦʜʘ-ʤʘʩʣʦ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ 

ʬʫʥʢʮʠʝʡ ʪʦʛʦ ʞʝ ʚʠʜʘ, ʯʪʦ ʠ ʜʣʷ ʧʨʦʛʠʙʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʡ 

ʞʠʜʢʦʩʪʠ, Bh A r= . ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʚʦʡʥʦʡ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʛʣʫʙʠʥʳ ʦʪ ʯʘʩʪʦʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 

3.2.5. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʥʝʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʦʙʲʝʤʘ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʢʘʨʪʠʥ ʪʝʯʝʥʠʷ (ʨʠʩʫʥʢʠ 3.2.2 ï 3.2.3). 

 

W, ʦʙ/ʤʠʥ kV , ʤʣ h, ʩʤ th, ʩʤ 

377 

0 

0 (2,51) 2,51 

500 0 (5,27) 5,27 

750 0 (12,30) 12,30 

250 

30 

2,53 2,53 

500 3,92 3,92 

730 3,56 8,06 

240 

60 

3,83 3,83 

500 4,31 10,19 

750 4,12 12,19 

 

ʊʘʙʣʠʮʘ 3.2.4 ï ɻʣʫʙʠʥʳ ʧʨʦʛʠʙʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʜʫʭ-ʞʠʜʢʦʩʪʴ ʠ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʩ ʚʦʜʦʡ ʧʨʠʤʝʩʠ 

 

ʍʦʜ ʣʠʥʝʡʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ (ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʊʘʙʣʠʮʘʭ 3.2.4 ʠ 3.2.5) ʠ 

ʪʦʯʢʠ, ʦʪʨʘʞʘʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.2.5. 
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 ɻʨʘʥʠʮʘ ʚʦʟʜʫʭ ï ʞʠʜʢʦʩʪʴ ɻʨʘʥʠʮʘ ʚʦʜʘ ï ʤʘʩʣʦ 

kV , ʤʣ ɸ ɺ ɸ ɺ 

0 5.12 0.25- °  1.72 0.05°  - - 

30 1.70 0.24- °  1.40 0.09°  1.27 0.24- °  1.48 0.10°  

60 4.02 1.10- °  2.06 0.39°  0.72 0.54- °  1.20 0.21°  

 

ʊʘʙʣʠʮʘ 3.2.5 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʚʦʡʥʦʡ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʛʣʫʙʠʥʳ ʧʨʦʛʠʙʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ 

 

 

ʈʠʩʫʥʦʢ 3.2.5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʧʨʦʛʠʙʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ ʦʪ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ (H =40 ʩʤ, R=7.5 ʩʤ): ʣʠʥʠʷ 1 ï kV =0 ʤʣ, 

th h= ; 2 ï kV =30 ʤʣ, h ; 3 ï kV =30 ʤʣ, th ; 4 ï kV =60 ʤʣ, h ; 5 ï kV =60 ʤʣ, th  

 

ʉʨʘʚʥʝʥʠʝ ʬʦʨʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʠ ʧʦʣʦʞʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʠ ʨʘʟʣʠʯʥʳʭ ʬʘʟ ʜʣʷ ʤʝʥʝʝ ʚʷʟʢʦʛʦ 

ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.2.6. 

ʅʘ ʙʦʣʴʰʠʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ (W=750 ʦʙ/ʤʠʥ) ʚ ʯʠʩʪʦʡ 

ʛʣʫʙʦʢʦʡ ʞʠʜʢʦʩʪʠ (H=40 ʩʤ, R=7.5 ʩʤ) ʦʙʨʘʟʫʝʪʩʷ ʢʘʚʝʨʥʘ (ʩʠʤʚʦʣʳ 1, 

ʨʠʩʫʥʦʢ 3.2.6, ʘ), ʛʣʫʙʠʥʘ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ th =11.8 ʩʤ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 

30 ʤʣ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʠʤʝʩʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʚʥʫʪʨʠ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʚʝʨʭʫ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʛʣʫʙʠʥʦʡ h=10 ʩʤ (ʩʠʤʚʦʣʳ  2, ʨʠʩʫʥʦʢ 3.2.6), ʪʦ ʝʩʪʴ, 
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ʤʝʥʴʰʝʡ, ʯʝʤ ʛʣʫʙʠʥʘ ʢʘʚʝʨʥʳ ʚ ʯʠʩʪʦʡ ʞʠʜʢʦʩʪʠ, ʚʳʩʦʪʘ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ 

ʩʦʩʪʘʚʣʷʝʪ kh =7.8 ʩʤ (ʩʠʤʚʦʣʳ 3, ʨʠʩʫʥʦʢ 3.2.6, ʘ). ʍʦʪʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ 

ʧʦʢʨʳʪʘ ʧʣʝʥʢʦʡ ʤʘʩʣʘ, ʣʠʥʠʷ ʢʦʥʪʘʢʪʘ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ. 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.2.6 ï ʌʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ ʤʘʩʣʦ-ʚʦʜʘ ʠ ʞʠʜʢʦʩʪʴ ʚʦʟʜʫʭ ʚ 

ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ (H= 40 ʩʤ, R= 7.5 ʩʤ): ʘ) 1ï ʯʠʩʪʘʷ ʚʦʜʘ W= 750 ʦʙ/ʤʠʥ, 2 ï 

kV = 30 ʤʣ ï ʛʨʘʥʠʮʘ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ W= 770 ʦʙ/ʤʠʥ, 3 ï kV = 30 ʤʣ ï ʛʨʘʥʠʮʘ 

ʞʠʜʢʦʩʪʴ ï ʚʦʟʜʫʭ W= 770 ʦʙ/ʤʠʥ, 4 ï kV = 2000 ʤʣ ï ʛʨʘʥʠʮʘ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ 

W= 720 ʦʙ/ʤʠʥ; ʙ) kV =2000 ʤʣ, 1 ï 4: W=220, 320, 520, 720 ʦʙ/ʤʠʥ 

 

ɼʦʙʘʚʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʩʣʘ (kV = 2000 ʤʣ) ʧʨʠʚʦʜʠʪ ʢ 

ʠʩʯʝʟʥʦʚʝʥʠʶ ʢʦʥʪʘʢʪʥʦʡ ʣʠʥʠʠ ʤʘʩʣʦ-ʚʦʜʘ-ʚʦʟʜʫʭ ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʯʘʩʪʦʪʘʭ 

ʚʨʘʱʝʥʠʷ (ʩʠʤʚʦʣʳ  4, ʨʠʩʫʥʦʢ 3.2.6, ʘ). ɺʳʩʦʪʘ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚʨʘʱʝʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʛʣʫʙʠʥʳ ʢʘʚʝʨʥʳ ʚ ʯʠʩʪʦʡ ʞʠʜʢʦʩʪʠ th =17.3 ʩʤ (ʩʠʤʚʦʣʳ 

 4, ʨʠʩʫʥʦʢ 3.2.6, ʘ). 

ʎʝʥʪʨʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʘʚʝʨʥʳ ʚ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.2.6, ʙ. ʇʨʠ ʥʠʟʢʠʭ ʠ  ʫʤʝʨʝʥʥʳʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ 

(ʨʠʩʫʥʦʢ 3.2.6, ʙ, ʩʠʤʚʦʣʳ 1 ʠ 2) ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʩʣʦʡʥʫʶ 
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ʞʠʜʢʦʩʪʴ: ʚʝʨʭʥʠʡ ʩʣʦʡ ʤʘʩʣʘ ʥʘʜ ʩʣʦʝʤ ʚʦʜʳ. ɻʨʘʥʠʮʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤʳ 

ʠ ʢʦʥʪʘʢʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʴ-ʚʦʟʜʫʭ ʨʘʟʜʝʣʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʘ 

ʨʠʩʫʥʢʝ 3.2.6, ʙ ʪʦʣʱʘ ʩʣʦʷ ʤʘʩʣʘ ʦʙʦʟʥʘʯʝʥʘ ʩʝʨʦʡ ʟʘʣʠʚʢʦʡ ʜʣʷ ʯʘʩʪʦʪʳ 

220 ʦʙ/ʤʠʥ, ʠ ʢʨʘʩʥʦʡ ʰʪʨʠʭʦʚʢʦʡ ʜʣʷ ʯʘʩʪʦʪʳ 320 ʦʙ/ʤʠʥ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ ʜʦ 520 ʦʙ/ʤʠʥ ʚʳʩʦʪʘ 

ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ kh =14.9 ʩʤ, ʬʦʨʤʠʨʫʝʪʩʷ ʫʯʘʩʪʦʢ ʢʦʥʪʘʢʪʥʦʡ 

ʣʠʥʠʠ ʤʘʩʣʦ-ʚʦʜʘ-ʚʦʟʜʫʭ ʚʙʣʠʟʠ ʩʪʝʥʢʠ ʢʦʥʪʝʡʥʝʨʘ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪ ʩʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʩ ʚʨʘʱʝʥʠʝʤ ʩʠʩʪʝʤʳ (ʨʠʩʫʥʦʢ 3.2.6, ʙ, ʩʠʤʚʦʣʳ 3). ɼʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ (ʨʠʩʫʥʦʢ 3.2.6, ʙ, ʩʠʤʚʦʣʳ 4) ʜʦ 720 ʦʙ/ʤʠʥ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʪʷʛʠʚʘʥʠʶ ʤʘʩʣʘ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʪʝʯʝʥʠʷ ʠ ʧʝʨʝʭʦʜʫ 

ʩʠʩʪʝʤʳ ʠʟ ʩʦʩʪʦʷʥʠʷ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʢ ʩʠʩʪʝʤʝ ʚʦʜʘ ï ʧʨʠʤʝʩʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʦʭʨʘʥʝʥʠʝ ʬʦʨʤʳ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʧʦʟʚʦʣʷʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʝʛʦ 

ʨʘʟʤʝʨʦʚ ʦʜʥʠʤ ʦʪʥʦʰʝʥʠʝʤ 2 /b k kR hx =  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ. ɺ 

ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ Re ʦʪ 1 000 ʜʦ 5 500 ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʜʚʫʤʷ ʣʠʥʝʡʥʳʤʠ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ Reb a bz = +: ʧʨʠ ʤʘʣʳʭ 

ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ (ʤʝʥʴʰʝ 2 300) ʢʨʠʚʘʷ ʙʳʩʪʨʦ ʩʧʘʜʘʶʱʘʷ 

3 41.9 10 4.0 10a - -=- Ö ° Ö, 5.2 0.7b= ° , ʧʨʠ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ Re ï ʧʦʣʦʛʘʷ 

4 51.7 10 2.9 10a - -=- Ö ° Ö, 1.2 0.1b= °  (ʨʠʩʫʥʦʢ 3.2.7). ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ 

ʚ ʮʝʥʪʨʝ ʢʦʥʪʝʡʥʝʨʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʠʶ ʩʠʣʳ ʪʨʝʥʠʷ, ʚʳʪʷʛʠʚʘʶʱʝʡ 

ʤʘʩʣʷʥʦʝ ʪʝʣʦ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʬʪʴ ʠ 

ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ ʤʘʩʣʷʥʦʝ ʪʝʣʦ, ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʛʦ 

ʟʘʚʠʩʷʪ ʦʪ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ. 

ʉʨʘʚʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʦʙʘʚʣʝʥʥʦʡ ʚ ʧʦʪʦʢ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʤʘʨʢʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʚʝʜʝʪ ʢ 
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ʫʤʝʥʴʰʝʥʠʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ. ʊʘʢʞʝ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʡ 

ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ, ʟʘʥʷʪʦʡ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʴʶ ʚ ʧʦʪʦʢʝ, ʚʣʠʷʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. ʉ ʝʛʦ ʨʦʩʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʛʣʫʙʠʥʘ 

ʚʪʷʛʠʚʘʥʠʷ ʧʨʠʤʝʩʠ ʚ ʪʝʯʝʥʠʝ (ʨʠʩʫʥʦʢ 3.2.8). 

 

 

ʈʠʩʫʥʦʢ 3.2.7 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʪʨʦʪʳ bx ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ 

 

    

    

ʘ ʙ ʚ ʛ 

ʈʠʩʫʥʦʢ 3.2.8 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʪʦʣʱʝ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ wH  40 ʩʤ, 7.5dR ʩʤ, 150mV  

ʤʣ, d 770 ʦʙ/ʤʠʥ: ʘ) ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ, ʙ) ʩʤʝʩʴ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ 

ʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʨʘʚʥʳʭ ʧʨʦʧʦʨʮʠʷʭ, ʚ) ʥʝʬʪʴ, ʛ) ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ 
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ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʘʚʝʨʥʳ ʠ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ 

ʮʝʥʪʨʝ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ, ʢʦʪʦʨʳʝ 

ʠʥʪʝʨʧʦʣʠʨʫʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʠʜʘ th A B, ʚʭʦʜʷʱʠʝ ʚ ʥʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.2.6. ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʯʝʪʢʘʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʧʣʦʪʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʜʦʙʘʚʣʝʥʥʦʡ ʚ ʧʦʪʦʢ 

ʧʨʠʤʝʩʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʣʫʯʝʥʥʳʤʠ ʘʧʧʨʦʢʩʠʤʘʮʠʷʤʠ. 

 

 A B 
ʇʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ 2.33Ñ0.13 -11.66 Ñ 1.30 
ʇʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ + ʜʠʟʝʣʴ 2.09Ñ0.27 -8.44 Ñ 0.67 
ʅʝʬʪʴ 1.88Ñ0.16 -8.01 Ñ 0.55 
ɼʠʟʝʣʴ 1.66 Ñ 0.21 -7.74 Ñ 1.48 

 

ʊʘʙʣʠʮʘ 3.2.6 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʳʭ ʠʥʪʝʨʧʦʣʷʮʠʡ ʨʘʟʤʝʨʦʚ ʤʘʩʣʷʥʦʛʦ 

ʪʝʣʘ 

 

ʉʦʭʨʘʥʝʥʠʝ ʬʦʨʤʳ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʧʦʟʚʦʣʷʝʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʨʘʟʤʝʨʦʚ ʦʜʥʠʤ ʦʪʥʦʰʝʥʠʝʤ 2 /
m m m

R h  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ [79]. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚ ʮʝʥʪʨʝ ʢʦʥʪʝʡʥʝʨʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʧʨʷʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ ʥʘ ʛʨʘʥʠʮʝ ʚʦʜʳ ʠ ʤʘʩʣʷʥʦʛʦ 

ʪʝʣʘ. ɺ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ Re ʦʪ 500 ʜʦ 12000 ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʜʚʫʤʷ ʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ Re
m

a b: ʧʨʠ ʤʘʣʳʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ 

(ʤʝʥʴʰʝ 2 500) ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʣʠʢ 
4( 10.3 2.4) 10a  ʧʨʠ 

2.2 0.4b , ʥʘʙʣʶʜʘʝʪʩʷ ʙʳʩʪʨʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚʳʩʦʪʳ ʤʘʩʣʷʥʦʛʦ 

ʪʝʣʘ ʢ ʝʛʦ ʜʠʘʤʝʪʨʫ ʚʙʣʠʟʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠ ʙʦʣʴʰʠʭ Re ï ʣʠʥʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʧʦʣʦʛʦʡ 
5(4.0 2.0) 10a , 0.7 0.1b , ʠʟʤʝʥʝʥʠʝ 

ʦʪʥʦʰʝʥʠʷ ʜʠʘʤʝʪʨʘ ʠ ʚʳʩʦʪʳ ʤʘʩʣʷʥʦʛʦ ʪʝʣʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ (ʨʠʩʫʥʦʢ 3.2.9). 
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ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʙʣʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʥʦ ʩ ʜʨʫʛʠʤ ʚʝʱʝʩʪʚʦʤ 

(ʘʚʠʘʮʠʦʥʥʦʝ ʤʘʩʣʦ) ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ (ʨʠʩʫʥʦʢ 3.2.10, ʘ, ʙ). 

ʆʜʥʘʢʦ, ʚ ʦʧʳʪʘʭ ʩ ʚʳʩʦʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ ʤʘʩʣʷʥʦʝ ʪʝʣʦ 

ʧʦʣʥʦʩʪʴʶ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʚʠʭʨʴ, ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʜʘʞʝ ʦʪ 

ʦʪʜʝʣʴʥʳʭ ʢʘʧʝʣʴ ʧʨʠʤʝʩʠ (ʨʠʩʫʥʦʢ 3.2.10, ʛ). 

 

 

ʈʠʩʫʥʦʢ 3.2.9 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʪʨʦʪʳ bx ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ: 1 ï ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ; 2 ï ʥʝʬʪʴ  

 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʚʦʜʳ ʠ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʠ ʬʦʨʤʘ ʦʙʣʘʩʪʠ 

ʢʦʥʪʘʢʪʘ ʞʠʜʢʦʩʪʝʡ ʫ ʜʥʘ ʢʘʚʝʨʥʳ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ ʤʘʨʢʝʨʘ. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʛʨʘʥʠʮʘ ʚʦʜʘ ï ʥʝʬʪʴ ʩʦʭʨʘʥʷʝʪ ʩʧʣʦʰʥʦʩʪʴ 

(ʨʠʩʫʥʦʢ 3.2.10, ʘ), ʘ ʦʪ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ ʩʠʩʪʝʤʝ ʚʦʜʘ ï ʘʚʠʘʮʠʦʥʥʦʝ ʤʘʩʣʦ 

ʥʘʯʠʥʘʶʪ ʦʪʜʝʣʷʪʴʩʷ ʢʘʧʣʠ (ʨʠʩʫʥʦʢ 3.2.10, ʙ). ɺʨʘʱʘʶʱʝʝʩʷ ʥʝʬʪʷʥʦʝ ʪʝʣʦ 

ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ (ʨʠʩʫʥʦʢ 3.2.10, ʚ), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ ʩʠʩʪʝʤʝ ʚʦʜʘ ï ʘʚʠʘʮʠʦʥʥʦʝ ʤʘʩʣʦ ʥʘ ʦʩʠ ʪʝʯʝʥʠʷ ʥʘʯʠʥʘʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠʥʚʝʨʪʥʘʷ ʵʤʫʣʴʩʠʷ ï ʷʯʝʡʢʠ ʩ ʚʦʜʦʡ, ʦʢʦʥʪʫʨʝʥʥʳʝ ʫʛʣʦʚʘʪʦʡ 

ʤʘʩʣʷʥʦʡ ʦʙʦʣʦʯʢʦʡ.  

ʆʙʱʘʷ ʢʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʩ ʚʦʟʜʫʰʥʦʡ 

ʢʘʚʝʨʥʦʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 3.2.11. ʂʦʛʜʘ ʩʣʦʡ ʤʘʩʣʘ ʧʦʢʨʳʚʘʝʪ ʚʩʶ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 
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ʩʪʝʥʢʠ ʢʘʚʝʨʥʳ ʛʣʘʜʢʠʝ, ʧʝʨʝʭʦʜ ʤʘʩʣʘ ʩ ʚʥʫʪʨʝʥʥʝʡ ʥʘ ʚʥʝʰʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʘʚʝʨʥʳ ʧʨʦʠʩʭʦʜʠʪ ʛʣʘʜʢʦ, ʙʝʟ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʨʠʩʫʥʦʢ 3.2.11, ʘ). ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʚʝʨʥʳ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʧʠʨʘʣʴʥʳʝ ʚʦʣʥʳ, ʘ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʘ ʤʘʨʢʝʨʘ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ ʢʘʚʝʨʥʳ 

ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʫʧʝʥʴʢʘ (ʨʠʩʫʥʦʢ 3.2.11, ʙ), ʢʦʪʦʨʘʷ ʦʪʩʫʪʩʪʚʫʝʪ 

ʚ ʦʧʳʪʘʭ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʤʘʨʢʝʨʦʚ [80]. 

 

    

 ʘ  ʙ  ʚ  ʛ 

ʈʠʩʫʥʦʢ 3.2.10 ï ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʥʝʩʤʝʰʠʚʘʶʱʝʛʦʩʷ ʤʘʨʢʝʨʘ ʚ ʚʠʭʨʝʚʦʤ 

ʪʝʯʝʥʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ wH 40 ʩʤ, dR 7.5 ʩʤ, 

150mV  ʤʣ: ʘ) ʥʝʬʪʴ d 770 ʦʙ/ʤʠʥ; ʙ) ʘʚʠʘʮʠʦʥʥʦʝ ʤʘʩʣʦ d 820 ʦʙ/ʤʠʥ; 

ʚ) ʥʝʬʪʴ d 1020 ʦʙ/ʤʠʥ; ʛ) ʘʚʠʘʮʠʦʥʥʦʝ ʤʘʩʣʦ d 1050 ʦʙ/ʤʠʥ 

 

ʆʪʨʳʚʘʶʱʠʝʩʷ ʦʪ ʥʠʞʥʝʡ ʢʨʦʤʢʠ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʩʬʝʨʠʯʝʩʢʠʝ ʢʘʧʣʠ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʛʨʫʧʧʳ ʠ ʯʘʩʪʠʯʥʦ ʩʣʠʚʘʶʪʩʷ, ʬʦʨʤʠʨʫʷ ʛʨʫʰʝʚʠʜʥʳʝ ʪʝʣʘ. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩʪʫʧʝʥʴʢʘ ʚ ʦʙʣʘʩʪʠ ʣʠʥʠʠ 

ʧʝʨʝʭʦʜʘ ʤʘʩʣʘ ʩ ʚʥʝʰʥʝʡ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʩʪʦʨʦʥʫ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ, ʘ ʚʤʝʩʪʦ ʢʘʧʝʣʴ ʧʨʷʤʦʡ ʵʤʫʣʴʩʠʠ ʥʘ ʥʠʞʥʝʡ 
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ʢʨʦʤʢʝ ʪʝʣʘ ʬʦʨʤʠʨʫʶʪʩʷ ʷʯʝʡʢʠ ʠʥʚʝʨʪʥʦʡ (ʫʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʧʦʢʘʟʘʥʦ ʥʘ ʚʨʝʟʢʝ ʩʧʨʘʚʘ ʥʘ ʨʠʩʫʥʢʝ 3.2.11, ʚ).  

 

 ʘ  ʙ  ʚ 

ʈʠʩʫʥʦʢ 3.2.11 ï ʀʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ (ʘʚʠʘʮʠʦʥʥʦʝ ʤʘʩʣʦ) ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ wH 40 ʩʤ, dR 7.5 ʩʤ, 150mV  ʤʣ:  

ʘ - ʚ) d 670, 820, 1050 ʦʙ/ʤʠʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʈʘʟʤʝʨʳ ʷʯʝʝʢ ʵʤʫʣʴʩʠʠ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 0.8 ʜʦ 3.5 ʩʤ. ʄʝʭʘʥʠʟʤʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʣʝʝ.  

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.2.12 ï ɿʘʚʠʩʠʤʦʩʪʠ ʚʳʩʦʪʳ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ (=R 7.5 ʩʤ, 1 ï ʢʘʩʪʦʨʦʚʦʝ ʤʘʩʣʦ =H 40 ʩʤ, 2 ʠ 3 ï 

ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ =H 20, 40 ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ): ʘ, ʙ) ï Vk =30, 90 ʤʣ 
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ʉʨʘʚʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʦʙʘʚʣʝʥʥʦʡ ʚ ʧʦʪʦʢ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥʳ ʩʣʦʷ ʚʦʜʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʚʷʟʢʦʩʪʠ ʤʘʨʢʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ 

ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ht. ɿʘʚʠʩʠʤʦʩʪʠ ʚʳʩʦʪʳ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.2.12. 

ʇʘʨʘʤʝʪʨʳ ʧʨʦʚʝʜʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʧʦ ʬʦʨʤʫʣʝ 

= ÖW+h A Bt  ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣ. 3.2.7. 

ʊʘʙʣʠʮʘ 3.2.7. 

ʆʙʲʝʤ ʤʘʩʣʘ, Vk  

(ʤʣ), 

ʥʘʠʤʝʥʦʚʘʥʠʝ 

ɻʣʫʙʠʥʘ ʩʣʦʷ 

ʚʦʜʳ, H  (ʩʤ) 

A  B  

30, ʧʦʜʩʦʣʥʝʯʥʦʝ 20 0.042 0.010°  7.650 3.635- °  

30, ʧʦʜʩʦʣʥʝʯʥʦʝ 40 0.034 0.003°  7.445 2.080- °  

30, ʢʘʩʪʦʨʦʚʦʝ 40 0.014 0.001°  2.371 1.029- °  

90, ʧʦʜʩʦʣʥʝʯʥʦʝ 20 0.031 0.001°  4.216 0.421- °  

90, ʧʦʜʩʦʣʥʝʯʥʦʝ 40 0.029 0.003°  5.539 1.778- °  

90, ʢʘʩʪʦʨʦʚʦʝ 40 0.009 0.001°  0.846 1.225°  

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʣʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ 

ʉʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ 

ʧʨʠʤʝʩʠ ʚʜʦʣʴ ʥʝʝ ʥʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʣʫʞʠʪ ʥʘʛʣʷʜʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ. ʅʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʢ ʚ ʧʨʝʩʥʦʡ ʚʦʜʝ, ʪʘʢ ʠ ʚ 

ʚʦʜʝ ʩʦʣʝʥʦʩʪʴʶ 0.35 ă, ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʷʪʥʘ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ 

ʧʨʠʤʝʩʠ ʚ ʩʠʩʪʝʤʫ ʩʧʠʨʘʣʝʡ. ʎʝʥʪʨ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʝʨʝʜʠʥʝ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ʍʘʨʘʢʪʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.2.13. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʬʦʪʦʛʨʘʤʤʳ ʵʚʦʣʶʮʠʠ ʬʦʨʤʳ ʧʷʪʥʘ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʚʝʨʥʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʩʦʩʪʘʚʥʳʤ ʚʠʭʨʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 
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ʨʠʩʫʥʢʝ 3.2.14. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʜʝʬʦʨʤʠʨʫʝʪ ʧʷʪʥʦ ʚ ʬʠʛʫʨʫ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ, ʠʟ ʢʦʪʦʨʦʡ ʚʳʪʷʛʠʚʘʝʪʩʷ ʪʦʣʩʪʳʡ ñʩʧʠʨʘʣʴʥʳʡ ʨʫʢʘʚò ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 

3 ʤʤ, ʦʪʜʝʣʝʥʥʳʡ ʦʪ ʧʷʪʥʘ ʢʦʥʪʘʢʪʥʦʡ ʣʠʥʠʝʡ ʥʘ ʫʯʘʩʪʢʝ ï ñ15-17 ʯʘʩʦʚò 

(ʨʠʩʫʥʦʢ 3.2.14, ʘ). ʉʧʫʩʪʷ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʛʨʘʚʠʪʘʮʠʠ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʳʪʷʥʫʚʰʠʡʩʷ ñʨʫʢʘʚò ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʚʪʷʛʠʚʘʝʪʩʷ ʚ ʢʦʤʧʘʢʪʥʦʝ ʮʝʥʪʨʘʣʴʥʦʝ ʧʷʪʥʦ, ʥʘ ʢʦʥʪʫʨʝ ʢʦʪʦʨʦʛʦ ʧʦʷʚʣʷʶʪʩʷ 

ʫʛʣʦʚʳʝ ʪʦʯʢʠ (ʨʠʩʫʥʦʢ 3.2.14, ʙ). ʆʪ ʫʛʣʦʚʳʭ ʪʦʯʝʢ ʦʪʭʦʜʷʪ ʪʦʥʢʠʝ 

ʩʧʠʨʘʣʴʥʳʝ ʨʫʢʘʚʘ. 

 ʘ  ʙ 

 ʚ  ʛ 

ʈʠʩʫʥʦʢ 3.2.13 ï ɺʠʜ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʨʮʠʝʡ 

ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ (H=40 ʩʤ, R=7.5 ʩʤ, W=240 ʦʙ/ʤʠʥ, 

k
V =50 ʤʣ): ʘ) ʥʝʬʪʴ, ʙ) ʧʦʜʢʨʘʰʝʥʥʦʝ ʘʚʠʘʮʠʦʥʥʦʝ ʤʘʩʣʦ; ʚ, ʛ) 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʚʜʦʣʴ 

ʜʠʘʤʝʪʨʘ ʥʘ ʬʦʪʦ ʘ ʠ ʙ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʇʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʦʚʳʭ ʪʦʯʝʢ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʥʢʠʭ ʩʧʠʨʘʣʴʥʳʭ 

ʨʫʢʘʚʦʚ ʠʜʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʝʨʳʚʥʦ. ɾʠʜʢʦʩʪʴ ʥʘ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʝ 

ʦʛʠʙʘʶʱʝʛʦ ʪʦʥʢʦʛʦ ʨʫʢʘʚʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʩʪʷʛʠʚʘʝʪʩʷ ʚ ʚʳʪʷʥʫʪʫʶ 

ʢʘʧʣʶ (ʨʠʩʫʥʦʢ 3.2.14, ʚ), ʧʦʣʦʞʝʥʠʝ ʥʘ ñ8 ʯʘʩʦʚò, ʜʣʠʥʘ ʢʘʧʣʠ ʦʢʦʣʦ 16 ʩʤ. 
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ʆʜʥʦʚʨʝʤʝʥʥʦ ʠʟ ʜʨʫʛʠʭ ʫʛʣʦʚʳʭ ʪʦʯʝʢ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʷʪʥʘ ʨʘʩʪʫʪ ʥʦʚʳʝ 

ʨʫʢʘʚʘ, ʥʘ ʨʠʩʫʥʢʝ 3.2.14, ʛ ʤʦʞʥʦ ʚʠʜʝʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʝʪʳʨʝʭʟʘʭʦʜʥʦʡ 

ʩʧʠʨʘʣʠ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʳʤ ʧʷʪʥʦʤ ʠ ʨʫʢʘʚʘʤʠ 

ʦʩʪʘʶʪʩʷ ʪʦʥʢʠʝ ʧʦʣʦʩʳ ʯʠʩʪʦʡ ʚʦʜʳ. ʆʪ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ ʨʫʢʘʚʦʚ ʦʪʜʝʣʷʶʪʩʷ 

ʢʘʧʣʠ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʩʦ ʚʨʝʤʝʥʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʩʪʘʪʢʠ ʨʫʢʘʚʦʚ ʦʙʨʘʟʫʶʪ 

çʩʧʠʨʘʣʴʥʳʡ ʫʟʦʨè ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʚʝʨʥʳ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ. 

    

ʘ ʙ 

    

ʚ ʛ 

ʈʠʩʫʥʦʢ 3.2.14 ï ʕʚʦʣʶʮʠʷ ʧʷʪʥʘ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʚʝʨʥʳ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ (H =40 ʩʤ, W=250 ʦʙ/ʤʠʥ, R= 7.5 ʩʤ, kV = 

30 ʤʣ): a - ʛ) ï t= 1, 99, 143, 147 ʩ 

 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ (30 ʤʣ) ʮʝʥʪʨʘʣʴʥʦʝ ʷʜʨʦ ï ʚʝʨʭʥʷʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʠ ʧʨʠʣʝʛʘʶʱʘʷ ʩʧʣʦʰʥʘʷ ʤʘʩʣʷʥʘʷ ʧʣʝʥʢʘ ï 
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ʦʢʨʫʞʝʥʦ ʩʠʩʪʝʤʦʡ ʢʘʧʝʣʴ, ʚʳʪʷʥʫʪʳʭ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

(ʨʠʩʫʥʦʢ 3.2.15, ʘ). ʂʦʥʪʫʨ ʧʣʝʥʢʠ ʚʳʪʷʥʫʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ñ10 ï 4ò ʯʘʩʘ, ʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʩʦʩʪʘʚʣʷʝʪ 5.15 ʩʤ, ʤʠʥʠʤʘʣʴʥʳʡ ï4.88 ʩʤ. 

 ʘ  ʙ 

 ʚ 
 ʛ 

 ʜ  ʝ 

ʈʠʩʫʥʦʢ 3.2.15 ï ʉʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ (=R 7.5 ʩʤ, 

=H 40 ʩʤ): ʘ - ʚ) ï W=310, 320, 260 ʦʙ/ʤʠʥ, =Vk 30, 90, 150 ʤʣ, ʛ) ï 

W=470 ʦʙ/ʤʠʥ, Vk =30 ʤʣ; ʜ) Vk = 1000 ʤʣ, W= 550 ʦʙ/ʤʠʥ; ʝ) - Vk =2000 ʤʣ, 

W= 720 ʦʙ/ʤʠʥ 
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ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʘʩʣʘ ʥʘ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, 

ʚʥʝʰʥʷʷ ʢʨʦʤʢʘ ʤʘʩʣʥ̫ʦʡ ʧʣʝʥʢʠ ʠʤʝʝʪ ʛʨʫʰʝʚʠʜʥʫʶ ʬʦʨʤʫ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʟʘʦʩʪʨʝʥʠʝʤ ʚʥʠʟ, ʤʘʢʩʠʤʘʣʥɹʳʡ ʨʘʟʤʝʨ ʩʦʩʪʘʚʣʷʝʪ 3.82 ʩʤ, 

ʤʠʥʠʤʘʣʴʥʳʡ ï 3.73 ʩʤ (ʨʠʩʫʥʦʢ 3.2.15, ʙ). ʗʜʨʦ ʦʢʨʫʞʝʥʦ ʦʪʨʝʟʢʘʤʠ ʰʝʩʪʠ 

ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ, ʦʪʜʝʣʝʥʥʳʤʠ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʷʪʥʘ ʧʦʣʦʩʘʤʠ ʯʠʩʪʦʡ 

ʚʦʜʳ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩʦ ʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʴʶ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ ʠ ʦʩʥʦʚʥʦʛʦ ʚʨʘʱʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʤʘʩʣʘ ʚʥʝʰʥʠʡ ʢʦʥʪʫʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʷʪʥʘ 

ʪʝʨʷʝʪ ʨʝʛʫʣʷʨʥʫʶ ʬʦʨʤʫ, ʥʘ ʥʝʤ ʦʙʨʘʟʫʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʚʳʩʪʫʧʳ, ʟʘʦʩʪʨʝʥʠʷ, 

ʥʝʨʦʚʥʦʩʪʠ, ʧʦʨʦʞʜʘʶʱʠʝ ʧʨʦʪʷʞʝʥʥʳʝ ʩʧʠʨʘʣʴʥʳʝ ʨʫʢʘʚʘ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʠʭ 

ʥʠʭ ʦʪʨʳʚʘʶʪʩʷ ʦʪ ʮʝʥʪʨʘʣʥɹʦʡ ʧʣʝʥʢʠ ʠ ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ 

ʥʠʪʝʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʩʧʠʨʘʣʴʥʦʡ ʬʦʨʤʳ (ʨʠʩʫʥʦʢ 3.2.15, ʚ). ʈʫʢʘʚʘ ʤʦʛʫʪ 

ʨʘʩʱʝʧʣʷʪʴʩʷ ʠ ʨʘʟʨʳʚʘʪʴʩʷ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʟʘʧʦʣʥʷʷ ʧʝʨʠʬʝʨʠʶ ʪʝʯʝʥʠʷ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʘʩʣʘ ʥʘ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, 

ʚʥʝʰʥʷʷ ʢʨʦʤʢʘ ʤʘʩʣʥ̫ʦʡ ʧʣʝʥʢʠ ʠʤʝʝʪ ʛʨʫʰʝʚʠʜʥʫʶ ʬʦʨʤʫ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʟʘʦʩʪʨʝʥʠʝʤ ʚʥʠʟ, ʤʘʢʩʠʤʘʣʥɹʳʡ ʨʘʟʤʝʨ ʩʦʩʪʘʚʣʷʝʪ 3.82 ʩʤ, 

ʤʠʥʠʤʘʣʴʥʳʡ ï 3.73 ʩʤ (ʨʠʩʫʥʦʢ 3.2.15, ʛ). 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ 

ʧʨʠʤʝʩʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʪʦʣʱʝ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʨʘʜʠʫʩʦʤ ʜʠʩʢʘ =R 5.0 ʩʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʨʤʘ ʩʧʠʨʘʣʴʥʳʭ 

ʨʫʢʘʚʦʚ, ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʤʝʨʳ ʪʘʢʞʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ. 

ʇʨʠ ʩʨʝʜʥʠʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ (W=750 ʦʙ/ʤʠʥ) ʢʨʘʡ ʤʘʩʣʷʥʦʛʦ 

ʧʷʪʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʚʦʟʜʫʭ-ʞʠʜʢʦʩʪʴ ʠʤʝʝʪ ʥʝʨʝʛʫʣʷʨʥʫʶ ʬʦʨʤʫ. ʆʪ 

ʢʨʘʷ ʦʩʥʦʚʥʦʛʦ ʧʷʪʥʘ ʦʪʜʝʣʷʶʪʩʷ ʰʠʨʦʢʠʝ ʩʧʠʨʘʣʴʥʳʝ ʨʫʢʘʚʘ (ʧʦʧʝʨʝʯʥʳʡ 

ʨʘʟʤʝʨ ʦʪ 1.0 ʜʦ 2.5 ʩʤ), ʫʜʣʠʥʷʶʱʠʝʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ 

ʦʩʥʦʚʥʦʤʫ ʪʝʯʝʥʠʶ, ʠ ʯʘʩʪʠʯʥʦ ʧʨʠʤʳʢʘʶʱʠʝ ʦʙʨʘʪʥʦ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʷʪʥʫ 
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(ʨʠʩʫʥʦʢ 3.2.16, ʘ). ʋʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ ʜʦ 1370 ʦʙ/ʤʠʥ 

ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʰʠʨʠʥʳ ʤʘʩʣʷʥʳʭ ʨʫʢʘʚʦʚ (ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʦʪ 0.5 ʜʦ 

1.5 ʩʤ) ʠ ʚʦʟʨʘʩʪʘʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʠʪʢʦʚ ʩʧʠʨʘʣʠ ʚʦʢʨʫʛ ʮʝʥʪʨʘ. ʆʪ ʢʨʘʡʥʠʭ 

ʪʦʯʝʢ ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ ʠʥʪʝʥʩʠʚʥʦ ʦʪʜʝʣʷʶʪʩʷ ʢʘʧʣʠ ʤʘʩʣʘ, ʨʘʟʣʠʯʥʦʡ 

ʬʦʨʤʳ (ʨʠʩʫʥʦʢ 3.2.16, ʙ). 

 

   

ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 3.2.16 ï ʌʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʷʪʥʘ (=R 5.0 ʩʤ, =H 40 ʩʤ, 

Vk =150 ʤʣ): ʘ ï ʚ) W=750, 1370, 1470 ʦʙ/ʤʠʥ 

 

ɹʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʪʝʯʝʥʠʝ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 

W=1470 ʦʙ/ʤʠʥ (ʨʠʩʫʥʦʢ 3.2.16, ʚ), ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʙʠʝʥʠʶ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ 

ʯʘʩʪʝʡ ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ ʥʘ ʦʪʜʝʣʴʥʳʝ ʢʘʧʣʠ, ʠʤʝʶʱʠʭ ʚ ʦʩʥʦʚʥʦʤ 

ʚʳʪʷʥʫʪʫʶ ʬʦʨʤʫ, ʠ ʠʩʪʦʥʯʝʥʠʶ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʷʪʥʫ ʢʦʨʦʪʢʠʭ 

ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ. ʈʘʟʤʝʨʳ ʤʘʩʣʷʥʳʭ ʢʘʧʝʣʴ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 0.3 ʜʦ 0.9 ʩʤ, 

ʜʠʘʤʝʪʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʷʪʥʘ ï 4.4 ʩʤ. ʄʝʞʜʫ ʩʧʠʨʘʣʴʥʳʤʠ ʨʫʢʘʚʘʤʠ, 

ʦʪʜʝʣʴʥʳʤʠ ʢʘʧʣʷʤʠ ʠ ʮʝʥʪʨʘʣʴʥʳʤ ʧʷʪʥʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʫʯʘʩʪʢʠ ʯʠʩʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. 

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ ʥʘ ʧʦʢʦʷʱʫʶʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ, ʧʝʨʝʜ ʥʘʯʘʣʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʷ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʥʦʩʘ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʧʨʠʤʝʩʠ ʧʨʦʚʦʜʠʣʠʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʝʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʩʣʦʚʠʡ ʚʚʝʜʝʥʠʷ ʤʘʨʢʝʨʘ ʚ ʧʦʪʦʢ, ʘ ʠʤʝʥʥʦ ï 
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ʤʘʨʢʠʨʫʶʱʘʷ ʧʨʠʤʝʩʴ ʘʥʘʣʦʛʠʯʥʦʛʦ ʦʙʲʝʤʘ ʚʚʦʜʠʣʘʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʪʦʥʢʦʡ ʩʪʨʫʝʡ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ 

ʦʙʲʝʤʦʤ Vk=30 ʤʣ, ʚʚʦʜʠʤʦʡ ʚ ʧʦʢʦʷʱʫʶʩʷ ʠ ʚʨʘʱʘʶʱʫʶʩʷ ʞʠʜʢʦʩʪʴ ʧʨʠ 

ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ W=770 ʦʙ/ʤʠʥ ʥʝ ʚʳʷʚʠʣʠ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʦʪʣʠʯʠʡ ʚ ʢʘʨʪʠʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʠ. 

ɺʦ ʚʩʝʭ ʧʨʝʜʳʜʫʱʠʭ ʦʧʳʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʦʜʦʧʨʦʚʦʜʥʘʷ ʜʝʛʘʟʠʨʦʚʘʥʥʘʷ ʚʦʜʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʧʦʚʪʦʨʝʥʠʝ ʵʪʠʭ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ ʩ ʮʝʣʴʶ ʚʳʷʚʠʪʴ ʨʘʟʣʠʯʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʚ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʴʶ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʧʨʝʩʥʦʡ ʚʦʜʦʡ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʬʪʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʩʣʷʥʦʝ ʪʝʣʦ, ʢʦʪʦʨʦʝ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ 

ʧʦʛʨʫʞʝʥʦ ʧʦʣʥʦʩʪʴʶ ʚ ʚʠʭʨʴ, ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝ ʟʘʥʷʪʘ ʜʘʞʝ ʢʘʧʣʷʤʠ 

ʧʨʠʤʝʩʠ (ʨʠʩʫʥʦʢ 3.2.17). 

ɺ ʦʧʳʪʝ ʩ ʩʦʣʝʥʦʡ ʚʦʜʦʡ (ʩʦʣʝʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 0.33 ă) ʥʘ ʪʝʭ ʞʝ 

ʯʘʩʪʦʪʘʭ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʯʠʩʪʘʷ ʚʦʜʘ - ʤʘʩʣʷʥʦʝ ʪʝʣʦ ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʪʯʝ. 

ʇʦʣʥʦʝ ʦʯʠʱʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʯʘʩʪʦʪʘʭ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʠʭ, ʯʝʤ ʚ ʯʠʩʪʦʡ ʚʦʜʝ (ʨʠʩʫʥʦʢ 3.2.18). 

ʅʘʙʣʶʜʝʥʠʝ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʠ ʚʩʝʭ ʝʛʦ ʛʨʘʥʠʮ ʚ ʦʧʳʪʘʭ ʩ ʥʝʬʪʴʶ 

ʟʘʪʨʫʜʥʝʥʦ: ʦʥʘ ʠʤʝʝʪ ʩʣʠʰʢʦʤ ʚʳʩʦʢʫʶ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ, ʩʚʝʪ ʧʣʦʭʦ 

ʧʨʦʥʠʢʘʝʪ ʜʘʞʝ ʯʝʨʝʟ ʪʦʥʢʠʡ ʩʣʦʡ. 

ɼʣʷ ʨʘʟʤʝʨʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʘʚʝʨʥʳ ʠ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ ʮʝʥʪʨʝ 

ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ, ʢʦʪʦʨʳʝ 

ʠʥʪʝʨʧʦʣʠʨʫʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʠʜʘ th A B= W+, ʚʭʦʜʷʱʠʝ ʚ ʥʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.2.8. 

ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʯʝʪʢʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ 

ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʜʦʙʘʚʣʝʥʥʦʡ ʚ ʧʦʪʦʢ ʧʨʠʤʝʩʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʣʫʯʝʥʥʳʤʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷʤʠ. 
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ʈʠʩʫʥʦʢ 3.2.17 ï ʌʦʨʤʳ ʦʩʝʚʦʛʦ ʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʦʪʘʭ ʚ ʧʨʝʩʥʦʡ ʚʦʜʝ (=R 7.5 ʩʤ, =H 40 ʩʤ, Vk =100 ʤʣ): 

a) W=430 ʦʙ/ʤʠʥ, ʙ) W= 666 ʦʙ/ʤʠʥ, ʚ) W=850 ʦʙ/ʤʠʥ, ʛ) W=1050 ʦʙ/ʤʠʥ 

 

    

ʘ ʙ ʚ ʛ 

ʈʠʩʫʥʦʢ 3.2.18 ï ʌʦʨʤʳ ʦʩʝʚʦʛʦ ʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʦʪʘʭ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ (=R 7.5 ʩʤ, =H 40 ʩʤ, Vk =150 ʤʣ: 

a) W=430 ʦʙ/ʤʠʥ, ʙ) W= 680 ʦʙ/ʤʠʥ, ʚ) W=800 ʦʙ/ʤʠʥ, ʛ) W=1060 ʦʙ/ʤʠʥ 

 

ɻʣʫʙʠʥʳ ʧʨʦʛʠʙʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʜʫʭ-ʞʠʜʢʦʩʪʴ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʩʢʦʧʣʝʥʠʷ ʣʝʛʢʦʡ ʧʨʠʤʝʩʠ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.2.9. ʅʘ ʙʦʣʴʰʠʭ ʯʘʩʪʦʪʘʭ 

ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ (W=1370 ʦʙ/ʤʠʥ) ʚ ʯʠʩʪʦʡ ʛʣʫʙʦʢʦʡ ʞʠʜʢʦʩʪʠ 

( H =40 ʩʤ, R=7.5 ʩʤ) ʦʙʨʘʟʫʝʪʩʷ ʢʘʚʝʨʥʘ, ʛʣʫʙʠʥʘ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 

h=29 ʩʤ. 
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 A B 

ʄʘʩʣʦ 2.63 0.33°  11.56 3.25- °  

ʅʝʬʪʴ 4.47 0.41°  15.11 3.25- °  

ʅʝʬʪʴ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ 3.66 0.64°  1.82 1.24- °  

ʊʘʙʣʠʮʘ 3.2.8 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

W, ʦʙ/ʤʠʥ kV , ʤʣ h, ʩʤ th, ʩʤ 

550 

150 

3,66 3,66 

720 6,6 6,6 

930 10,47 10,47 

1170 18,51 18,51 

1370 23,34 26,64 

430 

100 

4,02 4,02 

666 15,63 15,63 

850 20,49 20,49 

1050 26,58 32,64 

220 

100 

2,97 2,97 

430 15,12 15,12 

680 16,83 25,74 

800 19,34 31,29 

1060 15,62 32,55 

 

ʊʘʙʣʠʮʘ 3.2.9 ï ɻʣʫʙʠʥʳ ʧʨʦʛʠʙʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʜʫʭ-ʞʠʜʢʦʩʪʴ ʠ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʢʦʧʣʝʥʠʷ ʣʝʛʢʦʡ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ 

 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 150 ʤʣ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʠʤʝʩʠ 

ʦʢʘʟʳʚʘʝʪʩʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʚʥʫʪʨʠ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ 
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ʩʚʝʨʭʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʛʣʫʙʠʥʦʡ kh =3,3 ʩʤ, ʪʦ ʝʩʪʴ, ʤʝʥʴʰʝʡ, ʯʝʤ 

ʛʣʫʙʠʥʘ ʢʘʚʝʨʥʳ ʚ ʯʠʩʪʦʡ ʞʠʜʢʦʩʪʠ, ʚʳʩʦʪʘ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʩʦʩʪʘʚʣʷʝʪ 

h=23,34 ʩʤ. ʍʦʪʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʧʦʢʨʳʪʘ ʧʣʝʥʢʦʡ ʤʘʩʣʘ, ʣʠʥʠʷ ʢʦʥʪʘʢʪʘ 

ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ. 

ʍʦʜ ʣʠʥʝʡʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ (ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʪʘʙʣ. 3.2.8 ʠ 3.2.9) ʠ 

ʪʦʯʢʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʮʝʥʪʨʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ, ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.1.19. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʦʪʤʝʯʘʝʪʩʷ ʩʣʦʞʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʦʙʲʝʤʘ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ, ʯʪʦ ʷʨʢʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʢʘʨʪʠʥ ʪʝʯʝʥʠʷ (ʨʠʩʫʥʦʢ 3.2.19 - 3.2.20). 

 

 

ʈʠʩʫʥʦʢ 3.2.19 ï ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʘʢʪʠʚʘʪʦʨʘ 

( H =40 ʩʤ, R=7.5 ʩʤ): ʣʠʥʠʷ 1 ï ʤʘʩʣʦ kV =150 ʤʣ, th h= ; 2 ï ʥʝʬʪʴ 

kV =150 ʤʣ, h ; 3 ï ʥʝʬʪʴ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ kV =150 ʤʣ, th  
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ʈʠʩʫʥʦʢ 3.2.20 ï ʎʝʥʪʨʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʢʘʚʝʨʥʳ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ: a) ( =R 7.5 ʩʤ, 

=H 40 ʩʤ, Vk =150 ʤʣ) 1 ï ʛʨʘʥʠʮʘ ʤʘʩʣʦ-ʚʦʜʘ W= 500 ʦʙ/ʤʠʥ, 2 ï ʛʨʘʥʠʮʘ 

ʤʘʩʣʦ-ʚʦʜʘ W= 720 ʦʙ/ʤʠʥ, 3 ï ʛʨʘʥʠʮʘ ʤʘʩʣʦ-ʚʦʜʘ W= 930 ʦʙ/ʤʠʥ, 4 ï ʛʨʘʥʠʮʘ 

ʤʘʩʣʦ-ʚʦʜʘ W= 1170 ʦʙ/ʤʠʥ, 5 ï ʛʨʘʥʠʮʘ ʤʘʩʣʦ-ʚʦʜʘ W= 1370 ʦʙ/ʤʠʥ; ʙ) 

( =R 7.5 ʩʤ, =H 40 ʩʤ, Vk =100 ʤʣ) 1 ï ʛʨʘʥʠʮʘ ʥʝʬʪʴ-ʚʦʜʘ W= 430 ʦʙ/ʤʠʥ, 2 ï 

ʛʨʘʥʠʮʘ ʥʝʬʪʴ-ʚʦʜʘ W= 666 ʦʙ/ʤʠʥ, 3 ï ʛʨʘʥʠʮʘ ʥʝʬʪʴ-ʚʦʜʘ W= 850 ʦʙ/ʤʠʥ, 4 ï 

ʛʨʘʥʠʮʘ ʥʝʬʪʴ-ʚʦʜʘ W= 1050 ʦʙ/ʤʠʥ; ʚ) ʚʠʭʨʷ (=R 7.5 ʩʤ, =H 40 ʩʤ, Vk =100 

ʤʣ): 1 ï ʛʨʘʥʠʮʘ ʥʝʬʪʴ-ʚʦʜʘ W= 220 ʦʙ/ʤʠʥ, 2 ï ʛʨʘʥʠʮʘ ʥʝʬʪʴ-ʚʦʜʘ W= 430 

ʦʙ/ʤʠʥ, 3 ï ʛʨʘʥʠʮʘ ʥʝʬʪʴ-ʚʦʜʘ W= 680 ʦʙ/ʤʠʥ, 4 ï ʛʨʘʥʠʮʘ ʥʝʬʪʴ-ʚʦʜʘ W= 800 

ʦʙ/ʤʠʥ, 5 - ʛʨʘʥʠʮʘ ʥʝʬʪʴ-ʚʦʜʘ W= 1060 ʦʙ/ʤʠʥ 
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3.3 ʄʝʪʦʜʠʢʘ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʢʨʠʚʳʭ 

ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʬʦʨʤ ʧʦʚʝʨʭʥʦʩʪʝʡ  

ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʧʦʤʦʱʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʙʠʨʘʶʪʩʷ 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ  
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ʇʘʨʘʤʝʪʨʳ c  ʠ d  ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʯʝʨʝʟ a ,b  ʠ cR, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʬʫʥʢʮʠʦʥʘʣ ʢ ʚʠʜʫ 
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ʛʜʝ cR  ï ʨʘʜʠʫʩ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ, ir  ï ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ 

ʠʟʤʝʨʝʥʥʦʡ ʪʦʯʢʠ, iy  ï ʝʸ ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ [78]. 



153 

 

ɼʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ()z rq=  ʠ ()z rV=  ʬʫʥʢʮʠʦʥʘʣ ʠʤʝʝʪ ʪʦʪ ʞʝ ʩʘʤʳʡ ʚʠʜ, 

ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʚʳʨʘʞʝʥʠʷ ʜʣʷ a  ʠ b  ʯʝʨʝʟ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. 

ɺ ʧʦʣʫʯʝʥʥʦʤ ʬʫʥʢʮʠʦʥʘʣʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʠ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘ: 

,a b ʠ cR, ʧʨʠʯʸʤ ʧʘʨʘʤʝʪʨ cR  ʥʝ ʪʦʣʴʢʦ ʚʣʠʷʝʪ ʥʘʧʨʷʤʫʶ ʥʘ ʘʙʩʦʣʶʪʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚʪʦʨʦʡ ʩʫʤʤʳ ʚ (3.3.4), ʥʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʫʤʤʠʨʫʝʤʳʭ 

ʚʝʣʠʯʠʥ ʚ ʢʘʞʜʦʡ ʩʫʤʤʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʠʥʠʤʫʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʘ ʠʱʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʥʘʯʘʣʘ ʟʘʧʠʩʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ 

ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʧʨʦʠʟʚʦʜʥʳʭ a
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ʛʜʝ N  ï ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʦʯʝʢ. 

ɿʘʪʝʤ ʩʠʩʪʝʤʘ (3.3.5) ʘʥʘʣʠʪʠʯʝʩʢʠ ʨʘʟʨʝʰʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ a  ʠ b , 

ʢʦʪʦʨʳʝ ʦʢʘʟʚrʘʶʪʩʷ ʚʳʨʘʞʝʥʥʳʤʠ ʯʝʨʝʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ 

ʥʝʠʟʚʝʩʪʥʳʡ ʧʘʨʘʤʝʪʨ cR. ʇʦʩʣʝ ʯʝʛʦ ʵʪʠ ʚʝʣʠʯʠʥʳ ʧʦʜʩʪʘʚʣʷʶʪʩʷ (ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ) ʚ ʬʫʥʢʮʠʦʥʘʣ (3.3.4), ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ 

ʣʠʰʴ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ cR. ʀ, ʥʘʢʦʥʝʮ, ʯʠʩʣʝʥʥʳʤ ʚʘʨʴʠʨʦʚʘʥʠʝʤ cR  

ʜʦʩʪʠʛʘʝʪʩʷ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʦʥʘʣʘ. ʇʘʨʘʤʝʪʨʳ a  ʠ b  ʚʳʯʠʩʣʷʶʪʩʷ ʧʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ cR. ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʬʦʨʤʳ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ çʤʘʩʣʦ ï ʚʦʟʜʫʭè ʠ ʧʦʣʥʦʡ ʛʨʘʥʠʮʳ çʚʦʜʘ ï ʚʦʟʜʫʭ, ʤʘʩʣʦè. 

ɺʳʯʠʩʣʝʥʥʳʝ ʚʝʣʠʯʠʥʳ a , b  ʠ cR  ʦʙʦʟʥʘʯʘʶʪʩʷ ʩʠʤʚʦʣʘʤʠ oa , ob  ʠ 
o

cR  ʜʣʷ 

ʤʘʩʣʘ ʠ wa , wb  ʠ w

cR  ʜʣʷ ʚʦʜʳ. 

ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʚʘʞʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʫʥʢʮʠʦʥʘʣʘ (3.3.3). ʊʘʢ ʢʘʢ ʨʘʩʯʸʪʳ ʧʨʦʚʦʜʷʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʠʟ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʘʣʴʥʦʤʫ 
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ʬʠʟʠʯʝʩʢʦʤʫ ʪʝʯʝʥʠʶ ʜʦʩʪʠʛʘʣʦʩʴ ʪʝʤ, ʯʪʦ ʥʘʣʘʛʘʣʠʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʜʠʫʩʘ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ cR  ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʥʝ ʙʦʣʝʝ 10 %. ɺʦ-ʚʪʦʨʳʭ, ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ a  ʠ b  ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʩʦʦʪʥʦʰʝʥʠʷʤ (3.3.1). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʠ )(ɖr  ʦʪʥʦʰʝʥʠʝ ʚʪʦʨʦʛʦ ʯʣʝʥʘ ʢ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʨʠ 2r  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 2222 )Ŭ1(Ŭ2 oc RR -+  (ʚʝʣʠʯʠʥʘ H  ʠʟʚʝʩʪʥʘ ʟʘʨʘʥʝʝ, ʘ 

oR  ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ). ɼʘʥʥʦʝ ʫʩʣʦʚʠʝ 

ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ )(ɗr , )(ɕr  ʠʟ (3.1.21). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʠʟʤʝʨʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ. 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʜʨ ʩ ʬʦʪʦʢʘʤʝʨʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠʟʦʙʨʘʞʝʥʠʷ. ɿʥʘʷ ʬʠʟʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʨʘʙʦʯʝʛʦ ʦʙʲʝʤʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʠʤ ʨʘʟʤʝʨʳ ʚ ʧʠʢʩʝʣʷʭ, ʚʳʯʠʩʣʷʣʠʩʴ ʚʝʨʪʠʢʘʣʴʥʳʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ 

ʤʘʩʰʪʘʙʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ. 

ɹʳʣʦ ʩʦʟʜʘʥʦ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʧʣʘʪʬʦʨʤʳ .NET, ʧʦʟʚʦʣʷʶʱʝʝ ʟʘʛʨʫʞʘʪʴ 

ʪʦʯʝʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʬʠʢʩʠʨʦʚʘʪʴ ʧʨʠ ʧʦʤʦʱʠ çʤʳʰʠè ʢʦʦʨʜʠʥʘʪʳ ʚ ʚʠʜʝ 

ʩʧʠʩʢʘ. ʊʘʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʥʦʛʦʢʨʘʪʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʦʩʦʙʦʤ, ʢʦʛʜʘ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʪʨʦʢʠ ʩʦʩʪʦʷʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ (MS Paint, 

Adobe Photoshop) ʚʨʫʯʥʫʶ. 

ɹʳʣʦ ʩʦʟʜʘʥʦ ʧʨʠʣʦʞʝʥʠʝ, ʨʝʘʣʠʟʫʶʱʝʝ ʧʦʠʩʢ ʤʠʥʠʤʫʤʳ ʬʫʥʢʮʠʦʥʘʣʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʦʡ. ʉʠʩʪʝʤʘ (3.3.5) ʨʘʟʨʝʰʘʣʘʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ a ʠ b ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ Rc, ʚʘʨʴʠʨʦʚʘʚʰʝʛʦʩʷ ʩ 

ʰʘʛʦʤ 0.01 ʩʤ. ʊʘʢʦʡ ʰʘʛ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩ ʙʦʣʴʰʠʤ ʟʘʧʘʩʦʤ ʧʝʨʝʢʨʳʚʘʝʪ 

ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʢʘʢ ʧʨʠ ʚʠʟʫʘʣʴʥʦʤ 

ʠʭ ʦʧʨʝʜʝʣʝʥʠʠ ʩ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʘʢ ʠ ʬʣʫʢʪʫʘʮʠʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪ.ʝ. ʚ çʩʳʨʳʭè ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʢʘʞʜʦʛʦ 
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ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚʳʯʠʩʣʷʣʦʩʴ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʌ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʦʪ ʧʘʨʘʤʝʪʨʘ Rc ʟʘʚʠʩʠʪ ʢʦʣʠʯʝʩʪʚʦ ʩʫʤʤʠʨʫʝʤʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʝ 

(3.3.5), ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʌ ʤʝʥʷʣʦʩʴ ʧʣʘʚʥʦ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʷʚʣʝʥʠʷ. ɿʥʘʯʝʥʠʝ Rc, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʤʠʥʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʌ ʠʟ ʩʧʠʩʢʘ ʨʝʰʝʥʠʡ ʝʩʪʴ ʨʘʜʠʫʩ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ. ʇʘʨʘʤʝʪʨ Rc ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʨʝʜʝʣʷʣʩʷ ʜʚʘʞʜʳ ï 

ʠʩʧʦʣʴʟʫʷ ʥʘʙʦʨ ʪʦʯʝʢ, ʣʝʞʘʱʠʭ ʥʘ ʛʨʘʥʠʮʝ ʚʦʜʘ-ʤʘʩʣʦ, ʚʦʜʘ-ʚʦʟʜʫʭ ʠ ʥʘʙʦʨ 

ʪʦʯʝʢ, ʣʝʞʘʱʠʭ ʥʘ ʛʨʘʥʠʮʝ ʤʘʩʣʦ-ʚʦʟʜʫʭ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʧʦʨʮʠʝʡ ʤʘʩʣʘ ʦʙʲʝʤʦʤ 150 ʤʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ ʛʣʫʙʠʥʝ ʞʠʜʢʦʩʪʠ 40 ʩʤ ʠ ʠʥʜʫʢʪʦʨʝ 

ʨʘʜʠʫʩʘ 7,5 ʩʤ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʯʝʪʢʦ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ-ʠʥʜʫʢʪʦʨʘ (ʨʠʩʫʥʦʢ 3.3.1). 

 

 ʘ 

 ʚ  ʙ 

ʈʠʩʫʥʦʢ 3.3.1 ï ʉʦʩʪʘʚʥʦʡ ʚʠʭʨʴ ʩ ʧʦʨʮʠʝʡ ʧʦʜʢʨʘʰʝʥʥʦʛʦ ʧʦʜʩʦʣʥʝʯʥʦʛʦ 

ʤʘʩʣʘ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (40H =  ʩʤ, 7.5R=  ʩʤ, 150kV =  ʤʣ): 

ʘ) 600W=  ʦʙ/ʤʠʥ, ʙ) 1000W=  ʦʙ/ʤʠʥ,  ʚ) 1400W=  ʦʙ/ʤʠʥ 

 

ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʘʜʨʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʨʝʞʠʤʫ ʪʝʯʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʠ ʧʦʤʦʱʠ 
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ʩʦʟʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʚʳʙʦʨʢʠ ʪʦʯʝʢ. ʅʘʣʦʞʝʥʠʝ 

ʚʳʙʨʘʥʥʳʭ ʪʦʯʝʢ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʨʪʠʥ ʪʝʯʝʥʠʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.3.2. 

ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʢʨʠʚʳʝ, ʧʦʩʪʨʦʝʥʥʳʝ ʜʣʷ ʛʨʘʥʠʮʳ ʤʘʩʣʦ-ʚʦʟʜʫʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʧʘʨʘʤʝʪʨʦʚ oa , ob , o

cR , ʠ ʧʦʣʥʦʡ ʛʨʘʥʠʮʳ ʚʦʜʘ-ʚʦʟʜʫʭ ʠ ʚʦʜʘ-

ʤʘʩʣʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ wa , wb , o

wR , ʥʘʣʦʞʝʥʥʳʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.3.2. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 3.3.1. 

 

 ʘ 

 ʚ  ʙ 

ʈʠʩʫʥʦʢ 3.3.2 ï ʉʦʩʪʘʚʥʦʡ ʚʠʭʨʴ ʩ ʧʦʨʮʠʝʡ ʧʦʜʢʨʘʰʝʥʥʦʛʦ ʧʦʜʩʦʣʥʝʯʥʦʛʦ 

ʤʘʩʣʘ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘʣʦʞʝʥʥʳʤʠ ʪʦʯʢʘʤʠ (ʧʘʨʘʤʝʪʨʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʤ. ʨʠʩʫʥʦʢ 3.3.1): ʘ) 600W=  ʦʙ/ʤʠʥ, ʙ) 1000W=  ʦʙ/ʤʠʥ, 

ʚ) 1400W=  ʦʙ/ʤʠʥ 
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 ʘ 

 ʚ  ʙ 

ʈʠʩʫʥʦʢ 3.4.3 ï ʈʘʩʩʯʠʪʘʥʥʳʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʢʨʠʚʳʝ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: ʘ) 0.57wa =  ʩʤ 
ï1

, 4.06wb =- ʩʤ 1.76w

cR =  ʩʤ, 0.30oa =  ʩʤ
ï1

, 

2.50ob =- ʩʤ 1.75o

cR =  ʩʤ; ʙ) 2.31wa =  ʩʤ 
ï1

, 14.26wb =- ʩʤ 1.74w

cR =  ʩʤ, 

0.69oa =  ʩʤ 
ï1

, 6.69ob =- ʩʤ 2.07o

cR =  ʩʤ; ʚ) 6.96wa =  ʩʤ 
ï1

, 30.87wb =- ʩʤ 

1.46w

cR =  ʩʤ, 1.98oa =  ʩʤ 
ï1

, 13.65ob =- ʩʤ 1.41o

cR =  ʩʤ 

 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʠʥʜʫʢʪʦʨʘ W, ʦʙ/ʤʠʥ 
ɻʨʘʥʠʮʘ 

ʇʘʨʘʤʝʪʨ 

a  b  cR  

600 
ɺʦʜʘ-ʤʘʩʣʦ, ʚʦʟʜʫʭ 0,57 -4,06 1,76 

ʄʘʩʣʦ-ʚʦʟʜʫʭ 0,30 -2,51 1,75 

820 
ɺʦʜʘ-ʤʘʩʣʦ, ʚʦʟʜʫʭ 1,46 -8,78 1,69 

ʄʘʩʣʦ-ʚʦʟʜʫʭ 0,48 -4,11 1,84 

1000 
ɺʦʜʘ-ʤʘʩʣʦ, ʚʦʟʜʫʭ 2,31 -14,26 1,74 

ʄʘʩʣʦ-ʚʦʟʜʫʭ 0,69 -6,69 2,07 

1200 
ɺʦʜʘ-ʤʘʩʣʦ, ʚʦʟʜʫʭ 2,83 -23,89 2,09 

ʄʘʩʣʦ-ʚʦʟʜʫʭ 1,82 -10,30 1,9 

1400 
ɺʦʜʘ-ʤʘʩʣʦ, ʚʦʟʜʫʭ 6,96 -30,87 1,46 

ʄʘʩʣʦ-ʚʦʟʜʫʭ 1,98 -13,65 1,41 

ʊʘʙʣʠʮʘ 3.3.1 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʢʨʠʚʳʭ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ H = 40 ʩʤ,  R = 7,5 ʩʤ, Vk = 150 ʤʣ 
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ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʠʭʨʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʝ, ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʝʛʦ ʚʨʘʱʝʥʠʠ ʚʦʢʨʫʛ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʯʪʦ ʫʯʠʪʳʚʘʣʦʩʴ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʬʦʨʤ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ, ʚʳʧʦʣʥʝʥʥʦʝ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʦʪʩʫʪʩʪʚʠʷ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʚ ʦʙʲʝʤʝ ʪʝʯʝʥʠʷ, 

ʚʚʠʜʫ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʛʦ ʚʢʣʘʜʘ ʵʪʠʭ ʪʝʯʝʥʠʡ ʚ ʩʫʤʤʘʨʥʫʶ ʵʥʝʨʛʠʶ ʚʠʭʨʷ. 

ʉʦʚʧʘʜʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ w

cR  ʠ o

cR , ʥʘʨʷʜʫ ʩ ʭʦʨʦʰʠʤ ʩʦʛʣʘʩʦʚʘʥʠʝʤ 

ʧʦʩʪʨʦʝʥʥʳʭ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʢʨʠʚʳʭ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʬʦʨʤ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʦʨʤʳ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ [56]. 

 

3.4 ʌʦʨʤʳ ʯʘʩʪʠʯʥʦʛʦ ʨʘʩʧʘʜʘ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʷʤʳʭ ʠ ʦʙʨʘʪʥʳʭ ʵʤʫʣʴʩʠʡ 

ɾʠʜʢʦʩʪʠ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʦʙʳʯʥʦ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ ʠ ʨʘʩʪʚʦʨʝʥʥʳʝ ʛʘʟʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʫʟʳʨʴʢʠ. ɺ ʧʦʣʝ ʤʘʩʩʦʚʳʭ ʩʠʣ ʩʣʦʞʥʳʝ 

ʞʠʜʢʦʩʪʠ ʨʘʩʩʣʘʠʚʘʶʪʩʷ. ɺʦʟʥʠʢʘʶʱʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ, ʜʘʞʝ ʩʣʘʙʘʷ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʢʫ ʠ ʩʪʨʫʢʪʫʨʫ ʪʝʯʝʥʠʡ [81]. ʂʘʨʪʠʥʳ ʪʝʯʝʥʠʷ 

ʫʩʣʦʞʥʷʶʪʩʷ, ʢʦʛʜʘ ʚ ʞʠʜʢʦʩʪʷʭ ʩʫʱʝʩʪʚʫʶʪ ʨʝʟʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ. 

ʀʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʜʠʥʘʤʠʢʠ ʤʥʦʛʦʬʘʟʥʳʭ ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʨʝʜ 

ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʧʨʦʙʣʝʤʘʤʠ ʵʢʦʣʦʛʠʠ ʠ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠʥʝʨʪʥʳʭ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ. ʅʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʘʜʘ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʷʭ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʩʤʝʩʝʡ ʞʠʜʢʦʩʪʝʡ ʢ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʦʙʨʘʟʦʚʘʥʠʶ ʵʤʫʣʴʩʠʡ ʠ ʧʝʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʜʥʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʷʚʣʷʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤ 

ʬʘʢʪʦʨʦʤ ʚ ʜʨʫʛʠʭ [82]. 
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ʎʝʣʴ ʜʘʥʥʦʛʦ ʧʘʨʘʛʨʘʬʘ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ 

ʚʦʜʘ ï ʤʘʩʣʦ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʬʦʨʤ ʠ ʫʩʣʦʚʠʡ 

ʧʝʨʝʩʪʨʦʡʢʠ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʷ. 

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʴʶ ï ʧʦʜʩʪʠʣʘʶʱʝʡ ʚʦʜʦʡ ʠ 

ʥʝʩʤʝʰʠʚʘʶʱʠʤʩʷ ʙʦʣʝʝ ʣʝʛʢʠʤ ʤʘʨʢʝʨʦʤ. ɻʣʫʙʠʥʘ ʩʣʦʷ ʚʦʜʳ ʩʦʩʪʘʚʣʷʣʘ 

wH 10 õ 60 ʩʤ, ʪʦʣʱʠʥʘ ʩʣʦʷ ʤʘʨʢʝʨʘ mH  ʦʧʨʝʜʝʣʷʝʤʘʷ ʝʛʦ ʦʙʲʝʤʦʤ 

ʩʦʩʪʘʚʣʷʣʘ ʦʪ 2 ʤʤ ʜʦ 15 ʩʤ.  

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʦʥʪʝʡʥʝʨ ʟʘʧʦʣʥʷʣʩʷ ʚʦʜʦʡ (ʚʳʩʦʪʘ ʩʣʦʷ 

wH ), ʧʦʚʝʨʭ ʢʦʪʦʨʦʡ ʥʘʣʠʚʘʣʩʷ ʩʣʦʡ ʤʘʩʣʘ ʚʳʩʦʪʦʡ oH , ʧʦʢʨʳʚʘʶʱʠʡ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʧʨʠ ʚʩʝʭ ʨʝʞʠʤʘʭ ʪʝʯʝʥʠʷ. ɺ ʦʧʳʪʘʭ ʦʙʲʝʤ ʤʘʩʣʘ ʩʦʩʪʘʚʣʷʣ 

oV = 1 ʠʣʠ 2 ʣʠʪʨʘ, ʚʳʩʦʪʘ ʩʣʦʷ ï oH = 2.5 ʠ 4.9 ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʜʠʩʢʘ ʞʠʜʢʦʩʪʠ ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʠʟʤʝʥʷʝʪ ʬʦʨʤʫ ʢʦʥʪʘʢʪʥʦʡ ʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʌʦʪʦʛʨʘʬʠʷ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʘʩʣʘ (1000oV >  

ʤʣ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʩʢʨʫʪʢʠ ï 20 ʤʠʥ) ʠ ʝʛʦ ʩʭʝʤʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.4.1.  

 

    

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.4.1 ï ʉʦʩʪʘʚʥʦʡ ʚʠʭʨʴ ʩ ʧʦʨʮʠʝʡ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ (oV = 2000 

ʤʣ, wH =40 ʩʤ, dR = 7.5 ʩʤ, dW = 220 ʦʙ/ʤʠʥ): ʘ, ʙ) ï ʬʦʪʦʛʨʘʬʠʷ (ʚʠʜ 

ʩʙʦʢʫ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ - ʚʦʟʜʫʭ) ʠ ʩʭʝʤʘ ʪʝʯʝʥʠʷ 
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ʇʨʠ ʫʤʝʨʝʥʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʩʣʦ ï ʚʦʟʜʫʭ 

ʠʤʝʝʪ ʛʣʘʜʢʫʶ ʬʦʨʤʫ ʩ ʥʝʙʦʣʴʰʠʤ ʧʨʦʛʠʙʦʤ ʚ ʮʝʥʪʨʝ (ʨʠʩʫʥʦʢ 3.4.1, ʘ). 

ʇʦʚʝʨʭʥʦʩʪʴ ʤʘʩʣʦ ï ʚʦʜʘ ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʬʦʨʤʫ, ʢ ʥʝʡ ʧʨʠʤʳʢʘʝʪ 

ʮʝʥʪʨʘʣʴʥʦʝ ʤʘʩʣʷʥʦʝ ʪʝʣʦ ï ʟʘʧʦʣʥʝʥʥʘʷ ʤʘʩʣʦʤ ʢʘʚʝʨʥʘ, ʩʫʱʝʩʪʚʫʶʱʘʷ ʚ 

ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʙʣʠʟʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ [80]. ʅʘʙʣʶʜʝʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʩʣʦʝʚ ʚʨʘʱʘʝʪʩʷ ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ʇʘʨʘʤʝʪʨʳ ʛʝʦʤʝʪʨʠʠ ʪʝʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3.4.1, ʙ. 

ʌʦʨʤʘ ʢʘʚʝʨʥʳ, ʢʦʪʦʨʘʷ ʟʘʤʝʪʥʦ ʤʝʥʷʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʤʘʩʣʘ, ʟʘʚʠʩʠʪ 

ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʠ. ɺ ʯʠʩʪʦʡ ʚʦʜʝ ʧʨʠ dW =500 

ʦʙ/ʤʠʥ ʦʙʨʘʟʫʝʪʩʷ ʢʘʚʝʨʥʘ, ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʙʣʠʟʢʦ ʢ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʘʨʘʙʦʣʝ 

ʚʠʭʨʷ ʈʵʥʢʠʥʘ (1
1

B
h A r= , 1 0.26 0.06A = ° , 1 1.91 0.12B = ° , ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ 

ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʥʠʞʥʠʡ ʧʦʣʶʩ ʢʘʚʝʨʥʳ) (ʨʠʩʫʥʦʢ 3.4.2, ʘ). ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʝʤʝʡʩʪʚʦ ʩʧʠʨʘʣʴʥʳʭ ʚʦʣʥ. 

ɼʦʙʘʚʣʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʩʣʘ (oV = 30 ʤʣ) ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʛʣʫʙʠʥʳ ʢʘʚʝʨʥʳ ʜʦ 15.2 ʩʤ ʠ ʠʟʤʝʥʝʥʠʶ ʝʝ ʬʦʨʤʳ (ʨʠʩʫʥʦʢ 

3.4.2, ʙ). ʄʘʩʣʦ ʩʦʙʠʨʘʝʪʩʷ ʚ ʫʟʢʦʝ ʪʝʣʦ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʠ ʚʨʘʱʝʥʠʷ 2
2

B
h A r=  

( 2 1.09 0.49A = ° , 2 2.55 0.07B = ° ) ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʦʥʪʫʨʘ 

ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʥʠʞʥʠʡ ʧʦʣʶʩ), ʝʛʦ ʙʦʢʦʚʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʢʘʞʝʥʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʚʦʣʥʘʤʠ (ʨʠʩʫʥʦʢ 3.4.2, ʙ). ʏʘʩʪʴ 

ʤʘʩʣʘ ʦʩʪʘʝʪʩʷ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ ʩʠʩʪʝʤʳ ʢʘʧʝʣʴ ʩʦʙʠʨʘʶʪʩʷ ʚ 

ʩʧʠʨʘʣʴʥʳʝ ʨʫʢʘʚʘ. 

ʇʨʠ ʨʘʩʢʨʫʪʢʝ ʚ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ (oV = 2000 ʤʣ ʧʦʜʩʦʣʥʝʯʥʦʛʦ 

ʤʘʩʣʘ, oH = 4.9 ʩʤ) ʯʘʩʪʴ ʣʝʛʢʦʡ ʧʨʠʤʝʩʠ ʟʘʪʷʛʠʚʘʝʪʩʷ ʚ ʚʦʜʫ, ʛʜʝ ʬʦʨʤʠʨʫʝʪ 

ʤʘʩʣʷʥʦʝ ʪʝʣʦ ʚʨʘʱʝʥʠʷ (3
3

B
h A r= , 3 3.44 0.54A = ° , 3 7.48 0.67B = ° ) 

(ʨʠʩʫʥʦʢ 3.4.2, ʚ). ʂʦʥʪʘʢʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʩʣʦ ï ʚʦʟʜʫʭ ʦʩʪʘʝʪʩʷ ʛʣʘʜʢʦʡ ʧʨʠ 

ʤʘʣʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 
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ʥʘ ʥʝʡ ʧʦʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʢʘʚʝʨʥʘ, ʠʥʝʨʮʠʘʣʴʥʳʝ ʠ 

ʢʘʧʠʣʣʷʨʥʳʝ ʚʦʣʥʳ.  

 

      

ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 3.4.2 ï ʍʘʨʘʢʪʝʨʥʳʝ ʬʦʨʤʳ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʩʣʦ ï ʚʦʜʘ ʚ 

ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ (wH = 40 ʩʤ, dR = 7.5 ʩʤ): ʘ) ï ʯʠʩʪʘʷ ʚʦʜʘ, dW =500 ʦʙ/ʤʠʥ; 

ʙ, ʚ) ï ʚʦʜʘ ʠ ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ: oV =30, 2000 ʤʣ, dW =530, 330 ʦʙ/ʤʠʥ 

 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʛʣʘʜʢʘʷ ʬʦʨʤʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ ï ʤʘʩʣʦ 

ʚʦʟʤʫʱʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ, ʧʦʩʪʝʧʝʥʥʦ ʥʘ 

ʥʝʡ ʧʦʷʚʣʷʶʪʩʷ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʩʧʠʨʘʣʴʥʳʝ ʚʦʣʥʳ ʩ ʦʩʪʨʳʤʠ ʛʨʝʙʥʷʤʠ, ʩ 

ʢʦʪʦʨʳʭ ʤʘʩʣʦ ʩʨʳʚʘʝʪʩʷ ʚ ʪʦʣʱʫ ʚʦʜʳ ʚ ʬʦʨʤʝ ʦʪʜʝʣʴʥʳʭ ʢʘʧʝʣʴ. ʆʜʥʠ 

ʤʘʩʣʷʥʳʝ ʢʘʧʣʠ ʦʪʜʝʣʷʶʪʩʷ, ʘ ʜʨʫʛʠʝ ï ʦʩʪʘʶʪʩʷ ʩʚʷʟʘʥʥʳʤʠ ʩ ʤʘʩʣʷʥʳʤ 

ʪʝʣʦʤ ʪʦʥʢʠʤʠ ʧʝʨʝʤʳʯʢʘʤʠ (ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʘ 

ʨʠʩʫʥʢʝ 3.4.2, ʚ). ʇʦʩʪʝʧʝʥʥʦ ʥʠʞʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʪʝʨʷʝʪ 

ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʢʨʳʪʦʡ ʦʪʜʝʣʴʥʳʤʠ ʢʘʧʣʷʤʠ ʤʘʩʣʘ, ʥʘʠʙʦʣʴʰʘʷ 

ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʥʠʞʥʝʛʦ ʧʦʣʶʩʘ ʪʝʣʘ.  

ʂʦʥʪʘʢʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʞʜʫ ʥʝʩʤʝʰʠʚʘʶʱʠʤʠʩʷ ʞʠʜʢʦʩʪʷʤʠ ʤʦʞʝʪ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʪʴʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʪʠʧʦʚ ʵʤʫʣʴʩʠʡ ï ʧʨʷʤʦʡ ʠ ʠʥʚʝʨʪʥʦʡ 

[84]. ʆʩʥʦʚʫ ʧʨʷʤʳʭ ʵʤʫʣʴʩʠʡ ʩʦʩʪʘʚʣʷʝʪ ï ʙʦʣʝʝ ʧʦʣʷʨʥʘʷ ʜʠʩʧʝʨʩʠʦʥʥʘʷ 

ʩʨʝʜʘ (ʦʙʳʯʥʦ ʚʦʜʘ), ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ (ʤʘʩʣʦ). ʇʨʠʤʝʨ 

ʧʨʷʤʦʡ ʵʤʫʣʴʩʠʠ ï ʢʘʧʣʠ ʤʘʩʣʘ ʚ ʚʦʜʝ. ɺ ʦʙʨʘʪʥʳʭ (ʠʥʚʝʨʪʥʳʭ) ʵʤʫʣʴʩʠʷʭ 

ʙʦʣʝʝ ʧʦʣʷʨʥʘʷ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ ʜʠʩʧʝʨʩʥʦʡ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚ ʤʝʥʝʝ ʧʦʣʷʨʥʦʡ 
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(ʤʘʩʣʦ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ). ɺ ʜʘʥʥʳʭ ʦʧʳʪʘʭ ʩ ʜʚʫʭʩʣʦʡʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ 

ʥʘʙʣʶʜʘʣʠʩʴ ʦʙʘ ʪʠʧʘ ʵʤʫʣʴʩʠʡ: ʧʨʠ ʤʘʣʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ 

ï ʧʨʷʤʘʷ, ʧʨʠ ʙʦʣʴʰʠʭ ï ʠʥʚʝʨʪʥʘʷ. 

 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʷʤʦʡ ʵʤʫʣʴʩʠʠ 

ʇʨʠ ʧʝʨʚʠʯʥʦʡ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʧʨʦʪʷʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ 

ʤʘʩʣʦ ï ʚʦʜʘ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ (0V = 2000 ʤʣ, ʪʦʣʱʠʥʘ ʩʣʦʷ ʚ ʧʦʢʦʷʱʝʡʩʷ 

ʞʠʜʢʦʩʪʠ oH =2.8 ʩʤ), ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʷʤʦʡ ʵʤʫʣʴʩʠʠ. 

ʂʦʥʪʘʢʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ-ʚʦʜʘ ʪʝʨʷʣʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ. ʆʪʜʝʣʴʥʳʝ ʫʪʦʣʱʝʥʠʷ ʥʘ ʛʨʝʙʥʷʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʧʨʠ dW =300 ʦʙ/ʤʠʥ ʥʘʯʠʥʘʣʠ ʦʪʨʳʚʘʪʴʩʷ, ʢʘʢ 

ʧʦʣʥʦʩʪʴʶ, ʬʦʨʤʠʨʫʷ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʢʘʧʣʠ, ʪʘʢ ʠ ʯʘʩʪʠʯʥʦ, 

ʦʩʪʘʚʘʷʩʴ ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʩʥʦʚʥʳʤ ʤʘʩʣʷʥʳʤ ʪʝʣʦʤ ʪʦʥʢʠʤʠ ʧʝʨʝʤʳʯʢʘʤʠ 

(çʢʘʧʣʠ ʥʘ ʥʦʞʢʘʭè ʥʘ ʨʠʩʫʥʢʝ 3.4.3, ʘ). ɿʜʝʩʴ ʚʳʩʦʪʘ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ ʮʝʥʪʨʝ 

ʩʦʩʪʘʚʣʷʝʪ 9.7 ʩʤ, ʘ ʫ ʩʪʝʥʢʠ ʢʦʥʪʝʡʥʝʨʘ ï 0.9 ʩʤ. ɹʫʛʦʨ ʜʣʠʥʦʡ 0.8 ʩʤ ʠ 

ʚʳʩʦʪʦʡ 0.2 ʩʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0.3 ʩʤ ʦʪ 

ʥʠʞʥʝʛʦ ʧʦʣʶʩʘ (ʨʠʩʫʥʦʢ 3.4.3, ʙ).  

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.4.3 ï ʅʘʢʦʧʣʝʥʠʝ ʵʤʫʣʴʩʠʦʥʥʳʭ ʢʘʧʝʣʴ ʫ ʥʠʞʥʝʛʦ ʧʦʣʶʩʘ 

ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ (dR =7.5 ʩʤ, wH =40 ʩʤ, oV =2000 ʤʣ, dW =300 ʦʙ/ʤʠʥ):  

ʘ, ʙ) ʧʦʣʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʝʛʦ ʫʚʝʣʠʯʝʥʥʘʷ ʯʘʩʪʴ 
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ɺ ʫʚʝʣʠʯʝʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʥʠʞʥʝʡ ʯʘʩʪʠ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 3.4.3, ʙ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʙʦʨ ʢʘʧʝʣʴ ʥʝʨʝʛʫʣʷʨʥʦʡ 

ʬʦʨʤʳ, ʦʪʨʘʞʘʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʦʜʥʦʨʦʜʥʫʶ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ ʚ ʷʜʨʝ 

ʚʠʭʨʷ. ʉʣʦʡ ʧʨʷʤʦʡ ʵʤʫʣʴʩʠʠ ʧʝʨʝʤʝʥʥʦʡ ʪʦʣʱʠʥʳ (0.6 ʩʤ ʫ ʥʠʞʥʝʛʦ ʧʦʣʶʩʘ), 

ʩʦʩʪʘʚʣʝʥʥʳʡ ʠʟ ʦʪʜʝʣʴʥʳʭ ʢʘʧʝʣʴ ʤʘʩʣʘ ʜʠʘʤʝʪʨʦʤ 0.3 ʩʤ, ʧʦʢʨʳʚʘʝʪ 

ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʣʘ ʥʘ ʚʳʩʦʪʫ ʦʢʦʣʦ 5 ʩʤ. ɺʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ, 

ʚʢʣʶʯʘʶʱʘʷ ʤʘʩʣʷʥʦʝ ʪʝʣʦ ʠ ʧʨʠʤʳʢʘʶʱʠʝ ʢʘʧʣʠ ʧʨʷʤʦʡ ʵʤʫʣʴʩʠʠ, 

ʚʨʘʱʘʝʪʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ.  

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.4.4 ï ʇʨʷʤʘʷ (ʢʘʧʣʠ ʤʘʩʣʘ) ʠ ʠʥʚʝʨʪʥʘʷ ʵʤʫʣʴʩʠʠ ʚ ʩʦʩʪʘʚʥʦʤ 

ʚʠʭʨʝ (dR =7.5 ʩʤ, wH =40 ʩʤ, oV =2000 ʤʣ, dW =520 ʦʙ/ʤʠʥ): ʘ, ʙ) ʧʦʣʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʝʛʦ ʫʚʝʣʠʯʝʥʥʘʷ ʯʘʩʪʴ 

 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʘʨʪʠʥʘ ʪʝʯʝʥʠʷ 

ʫʩʣʦʞʥʷʝʪʩʷ ʠ ʧʦʤʠʤʦ ʢʘʧʝʣʴ, ʦʙʨʘʟʫʶʱʠʭ ʧʨʷʤʫʶ ʵʤʫʣʴʩʠʶ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʪʝʣʘ ʦʙʨʘʟʫʝʪʩʷ ʧʝʥʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʙʲʝʤʦʚ ʚʦʜʳ ʚ 

ʤʘʩʣʷʥʦʡ ʦʙʦʣʦʯʢʝ ï ʠʥʚʝʨʪʥʦʡ ʵʤʫʣʴʩʠʠ (ʨʠʩʫʥʦʢ 3.4.4, ʘ). ʆʪʜʝʣʴʥʳʝ 

ʤʘʩʣʷʥʳʝ ʷʯʝʡʢʠ ʨʘʟʤʝʨʘʤʠ ʦʪ 0.5 ʜʦ 1.3 ʩʤ ʩʦʙʠʨʘʶʪʩʷ ʚ ʦʙʣʘʢʦ ʚʳʩʦʪʦʡ 

12.1 ʩʤ.  
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ʅʘ ʛʨʝʙʥʷʭ ʚʦʣʥ ʩʦʭʨʘʥʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʢʘʧʣʠ ʤʘʩʣʘ, ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚʜʦʣʴ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ. ʆʪʜʝʣʴʥʳʝ ʢʘʧʣʠ 

ʦʪʨʳʚʘʶʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʠ ʦʙʨʘʱʘʶʪʩʷ ʚʦʢʨʫʛ ʥʝʛʦ, ʫʜʘʣʷʷʩʴ ʠ 

ʧʨʠʙʣʠʞʘʷʩʴ. ɼʚʠʞʝʥʠʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʘʧʝʣʴ ʥʝʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦ.  

ʆʙʣʘʢʦ ʧʝʥʘ ʤʦʞʝʪ ʜʨʦʙʠʪʴʩʷ ʥʘ ʢʣʦʯʴʷ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ ʫʛʣʦʚʘʪʳʭ ʷʯʝʝʢ 

ʨʘʟʤʝʨʘʤʠ ʦʪ 0.5 ʜʦ 4.0 ʩʤ, ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʶʪʩʷ ʥʘ ʥʠʞʥʝʡ ʯʘʩʪʠ ʤʘʩʣʷʥʦʛʦ 

ʪʝʣʘ (ʫʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʪʘʢʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 3.4.4, ʙ). ʇʝʥʘ ʪʘʢʞʝ ʩʦʙʠʨʘʝʪʩʷ ʦʪʜʝʣʴʥʳʤʠ ʢʣʦʯʴʷʤʠ ʫ ʚʝʨʰʠʥʳ 

ʪʝʣʘ, ʢʦʪʦʨʘʷ ʩʘʤʘ ʥʝʨʝʛʫʣʷʨʥʦ ʧʨʝʮʝʩʩʠʨʫʝʪ ʚʦʢʨʫʛ ʦʩʠ ʢʦʥʪʝʡʥʝʨʘ. ʏʘʩʪʴ 

ʧʝʥʳ ʦʙʨʘʟʫʝʪ ʛʣʘʜʢʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʪʝʣʘ, ʧʨʠʯʝʤ ʥʘ ʥʠʞʥʝʤ ʧʦʣʶʩʝ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʤʘʩʣʷʥʘʷ ʢʘʧʣʷ 3.4 ʩʤ. 

ʂʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ-

ʘʢʪʠʚʘʪʦʨʘ, ʢʦʛʜʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʘʩʣʘ ʦʢʘʟʳʚʘʝʪʩʷ ʩʦʙʨʘʥʥʦʡ ʚ ʪʝʣʦ. ɺ 

ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʛʦ ʦʧʳʪʘ (ʨʠʩʫʥʦʢ 3.4.4, ʘ) ʙʦʢʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʣʘ (ʚʳʩʦʪʦʡ 

22.8 ʩʤ ʠ ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʤʝʨʦʤ ʦʪ 12.7 ʩʤ ʜʦ 8.4 ʩʤ ʥʘ ʛʣʫʙʠʥʘʭ 7.5 ʩʤ ʠ 

16.3 ʩʤ) ʜʝʬʦʨʤʠʨʦʚʘʥʘ ʠ ʧʦʢʨʳʪʘ ʢʨʫʧʥʳʤʠ ʥʝʨʝʛʫʣʷʨʥʳʤʠ ʚʦʣʥʘʤʠ ʠ 

ʦʪʜʝʣʴʥʳʤʠ ʚʳʩʪʫʧʘʤʠ ʠ ʚʧʘʜʠʥʘʤʠ. ʍʘʨʘʢʪʝʨʥʳʝ ʚʳʩʦʪʳ ʛʨʝʙʥʝʡ ʩʦʩʪʘʚʣʷʶʪ 

0.8 ʩʤ, ʘ ʜʣʠʥʘ ʚʦʣʥ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2.1 ʜʦ 7.3 ʩʤ (ʨʠʩʫʥʦʢ 3.4.4, ʘ). 

ʂʦʥʪʫʨ ʩʛʣʘʞʝʥʥʦʛʦ ʩʝʯʝʥʠʷ ʪʝʣʘ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥ ʢʨʠʚʦʡ 7
7

B
h A r=  

( 7 1.41 0.26A = ° , 7 1.38 0.11B = ° ). ʂ ʥʠʞʥʝʡ ʯʘʩʪʠ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʧʨʠʤʳʢʘʝʪ 

ʧʝʥʥʦʝ ʦʙʣʘʢʦ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡ ʵʤʫʣʴʩʠʠ, ʪʘʢʞʝ ʠʤʝʶʱʝʝ ʬʦʨʤʫ ʪʝʣʘ 

ʚʨʘʱʝʥʠʷ, ʚʳʩʦʪʦʡ 10.1 ʩʤ ʠ ʰʠʨʠʥʦʡ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʩ ʤʘʩʣʷʥʳʤ ʪʝʣʦʤ ʚ 

2.1 ʩʤ. 

ɺ ʢʘʨʪʠʥʝ ʤʘʩʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚʳʨʘʞʝʥʳ ʪʦʥʢʠʝ ʩʧʠʨʘʣʴʥʳʝ 

ʨʫʢʘʚʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘʚʩʪʨʝʯʫ ʦʩʥʦʚʥʦʤʫ ʪʝʯʝʥʠʶ, ʢʘʢ ʠ ʚ ʨʘʥʝʝ 

ʚʳʧʦʣʥʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ [85]. ʉʢʚʦʟʴ ʧʦʣʫʧʨʦʟʨʘʯʥʦʝ ʤʘʩʣʦ 

ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʝʱʝ ʦʜʥʘ ʩʠʩʪʝʤʘ ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ ʪʦʣʱʝ ʞʠʜʢʦʩʪʠ. ʇʦʣʥʦʩʪʴʶ 

ʧʦʛʨʫʞʝʥʥʳʝ ʤʘʩʣʷʥʳʝ ʨʫʢʘʚʘ, ʰʠʨʠʥʘ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 0.4·1.6 ʩʤ, 
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ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʚʨʘʱʝʥʠʷ ʞʠʜʢʦʩʪʠ 

(ʨʠʩʫʥʦʢ 3.4.5, ʙ).  

 

 

 

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.4.5 ï ʄʘʩʣʷʥʦʝ ʪʝʣʦ ʠ ʠʥʚʝʨʪʥʘʷ ʵʤʫʣʴʩʠʷ ʚ ʩʦʩʪʘʚʥʦʤ 

ʚʠʭʨʝ (wH = 40 ʩʤ, dR =7,5 ʩʤ, oV = 2000 ʤʣ, dW =700 ʦʙ/ʤʠʥ): 

ʘ) ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʣʘ ʚ ʪʦʣʱʝ ʞʠʜʢʦʩʪʠ; ʙ) ï ʚʠʜ ʥʘ ʤʘʩʣʷʥʦʝ ʪʝʣʦ 

ʩʚʝʨʭʫ 

 

ʇʨʠ ʚʳʢʣʶʯʝʥʠʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʩʢʦʨʦʩʪʴ ʚʦʜʳ ʙʳʩʪʨʦ ʫʙʳʚʘʝʪ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʞʠʜʢʦʩʪʠ ʚʳʨʘʚʥʠʚʘʝʪʩʷ. ʊʘʢʞʝ ʫʤʝʥʴʰʘʶʪʩʷ 

ʩʜʚʠʛʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʤʘʩʣʦ, ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʧʘʜʘʝʪ. ʇʦ ʤʝʨʝ ʟʘʪʫʭʘʥʠʷ ʪʝʯʝʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʩʛʣʘʞʠʚʘʝʪʩʷ, ʚʳʩʦʪʘ ʚʳʩʪʫʧʦʚ ï ʫʤʝʥʴʰʘʝʪʩʷ, 

ʪʦʣʱʠʥʘ ʤʘʩʣʷʥʦʛʦ ʩʣʦʷ ʨʘʩʪʝʪ, ʠ, ʢ ʤʦʤʝʥʪʫ t= 18 ʩ, ʩʦʩʪʘʚʣʷʝʪ 1.8 ʩʤ 

(ʨʠʩʫʥʦʢ 3.4.6, ʘ). ʂ ʤʘʩʣʷʥʦʤʫ ʪʝʣʫ ʧʨʠʤʳʢʘʶʪ ʦʩʪʘʪʢʠ ʧʝʥʥʦʛʦ ʦʙʣʘʢʘ 
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ʚʳʩʦʪʦʡ 11.9 ʩʤ ʠ ʰʠʨʠʥʦʡ 4.8 ʩʤ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʩ ʤʘʩʣʷʥʳʤ ʪʝʣʦʤ. 

ʅʠʞʥʠʡ ʧʦʣʶʩ ʧʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʚʝʨʰʘʝʪ ʢʨʫʛʦʚʳʝ ʜʚʠʞʝʥʠʷ ʩ 

ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʣʠʥʠʠ ʮʝʥʪʨʘ 1.8 ʩʤ (ʨʠʩʫʥʦʢ 3.4.6, ʘ). 

 ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʪʝʡʥʝʨʝ ʝʜʠʥʦʝ ʠʥʚʝʨʪʥʦʝ 

ʧʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʨʳʚʘʝʪʩʷ ʥʘ ʜʚʘ ʦʙʣʘʢʘ. ʈʘʩʧʘʜ ʧʝʥʥʳʭ ʦʙʣʘʢʦʚ (ʧʨʠ 

t= 47 ʩ, ʚʳʩʦʪʘ ʛʣʘʚʥʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 10.8 ʩʤ, ʘ ʨʘʟʤʝʨʳ ʦʪʦʨʚʘʚʰʝʛʦʩʷ ʦʙʲʝʤʘ ï 

id = 2.2 ʩʤ, ih = 4.5 ʩʤ) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʪʦʣʱʝʥʠʝʤ ʤʘʩʣʷʥʳʭ ʛʨʘʥʠʮ ʷʯʝʝʢ, 

ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʩʪʷʛʠʚʘʝʪʩʷ ʚ ʢʘʧʣʠ. ʂʘʧʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʧʣʘʚʫʯʝʩʪʠ 

ʚʩʧʣʳʚʘʶʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʥʘʧʦʣʥʝʥʥʳʝ ʚʦʜʦʡ ʷʯʝʡʢʠ ʠʥʚʝʨʪʥʦʡ ʧʝʥʳ ʠ 

ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʷʪ ʠʟ ʦʪʦʨʚʘʚʰʝʛʦʩʷ ʦʙʣʘʢʘ ʚ ʦʩʥʦʚʥʦʝ, ʧʨʠʤʳʢʘʶʱʝʝ ʢ 

ʤʘʩʣʷʥʦʤʫ ʪʝʣʫ (ʨʠʩʫʥʦʢ 3.4.6, ʙ). 

ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʚʦʜʝ ʦʩʪʘʝʪʩʷ ʧʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʚ ʬʦʨʤʝ ʪʝʣʘ ʚʨʘʱʝʥʠʷ, ʨʘʟʤʝʨʳ ʷʯʝʝʢ ʚ ʢʦʪʦʨʦʤ ʤʦʥʦʪʦʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʦʪ 

0.3 ʜʦ 1.8 ʩʤ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʦʩʥʦʚʘʥʠʷ ʢ ʥʠʞʥʝʡ ʢʨʦʤʢʝ (ʨʠʩʫʥʦʢ 3.4.6, ʚ). 

ɺʳʩʦʪʘ ʧʝʥʥʦʛʦ ʦʙʣʘʢʘ ʩʦʩʪʘʚʣʷʝʪ 11.9 ʩʤ ʧʨʠ ʪʦʣʱʠʥʝ ʤʘʩʣʷʥʦʛʦ ʩʣʦʷ 2.8 ʩʤ. 

ʀʥʚʝʨʪʥʦʝ ʧʝʥʥʦʝ ʦʙʣʘʢʦ ʚʳʩʦʪʦʡ 6.8 ʩʤ, ʧʣʦʪʥʦ ʟʘʧʦʣʥʝʥʥʦʝ ʷʯʝʡʢʘʤʠ ʩ 

ʨʘʟʤʝʨʘʤʠ ʦʪ 0.2 ʩʤ ʚʙʣʠʟʠ ʩʣʦʷ ʤʘʩʣʘ ʜʦ 1.1 ʩʤ ʫ ʦʩʥʦʚʘʥʠʷ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʩʦʭʨʘʥʷʝʪ ʬʦʨʤʫ ʪʝʣʘ ʚʨʘʱʝʥʠʷ (ʨʠʩʫʥʦʢ 3.4.6, ʛ). 

ʇʨʦʚʝʜʝʥʥʳʝ ʦʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʩʪʘʚʥʦʡ ʚʠʭʨʴ ʚ ʧʨʦʟʨʘʯʥʦʤ 

ʢʦʥʪʝʡʥʝʨʝ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʠʟʤʝʥʝʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ ï 

ʤʘʨʢʝʨ, ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʝʝ ʩʪʨʫʢʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ 

ʚʳʙʨʘʥʥʦʛʦ ʤʘʨʢʝʨʘ. 

ɻʝʦʤʝʪʨʠʷ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʚʠʭʨʝʚʦʛʦ 

ʪʝʯʝʥʠʷ, ʟʘʜʘʚʘʝʤʳʭ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʠʥʜʫʢʪʦʨʘ, ʠ ʩʦʩʪʘʚʘ ʩʨʝʜʳ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʳʨʘʞʝʥʥʘʷ ʩʪʫʧʝʥʴʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʪʨʦʡʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʤʘʩʣʘ ʩ ʥʝʩʫʱʝʡ ʩʨʝʜʦʡ (ʚʦʜʘ) ʠ ʚʦʟʜʫʭʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʘʚʠʘʮʠʦʥʥʦʛʦ ʤʘʩʣʘ.  
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ʈʠʩʫʥʦʢ 3.4.6 ï ʈʘʩʧʘʜ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʠ ʧʨʠʤʳʢʘʶʱʝʛʦ ʦʙʣʘʢʘ ʠʥʚʝʨʪʥʦʡ 

ʧʝʥʳ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʜʠʩʢʘ t= 18, 47, 82, 112 ʩ. 

 

ʋʩʣʦʚʠʷ ʧʦʪʝʨʠ ʩʧʣʦʰʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ 

ʧʨʠʤʝʩʠ. ʇʨʠ ʩʨʝʜʥʠʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʷʤʘʷ 

ʵʤʫʣʴʩʠʷ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʘ ʚʠʜʘ, ʘ ʧʨʠ ʙʦʣʴʰʠʭ 

ʩʢʦʨʦʩʪʷʭ ï ʠʥʚʝʨʪʥʘʷ ʵʤʫʣʴʩʠʷ. 
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ɺʳʚʦʜʳ ʢ ɻʣʘʚʝ 3 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʤʝʩʝʡ ʚ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʷʭ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ 

ʯʠʩʪʦʡ, ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ, ʘ ʪʘʢʞʝ ʚ ʚʦʜʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʩʧʠʨʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ 

ʥʝʬʪʷʥʦʝ ʪʝʣʦ ï ʚʦʜʘ ʠ ʞʠʜʢʦʩʪʴ (ʚʦʜʘ ʠʣʠ ʥʝʩʤʝʰʠʚʘʶʱʠʝʩʷ ʫʛʣʝʚʦʜʦʨʦʜʳ) ï 

ʚʦʟʜʫʭ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ, ʚʢʣʶʯʘʷ ʨʝʞʠʤ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʤʫʣʴʩʠʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʘʩʩʦʚʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʞʠʜʢʦʩʪʠ 

(ʧʦʜʩʦʣʥʝʯʥʦʝ, ʤʘʰʠʥʥʦʝ ʠ ʘʚʠʘʮʠʦʥʥʦʝ ʤʘʩʣʘ, ʥʝʬʪʴ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʘ 

ʪʘʢʞʝ ʠʭ ʩʤʝʩʠ ʚ ʨʘʟʥʳʭ ʧʨʦʧʦʨʮʠʷʭ). 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʚʠʭʨʝ, ʢʘʢ ʚ 

ʧʨʝʩʥʦʡ, ʪʘʢ ʠ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ ʥʝʩʤʝʰʠʚʘʶʱʠʝʩʷ ʞʠʜʢʦʩʪʠ (ʪʘʢʠʝ ʢʘʢ ʤʘʩʣʦ, 

ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ) ʯʘʩʪʠʯʥʦ ʦʩʪʘʶʪʩʷ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʘʩʪʠʯʥʦ 

ʟʘʪʷʛʠʚʘʶʪʩʷ ʚ ʪʦʣʱʫ ʞʠʜʢʦʩʪʠ, ʛʜʝ ʦʙʨʘʟʫʶʪ ʩʚʷʟʥʦʝ ʤʘʩʣʷʥʦʝ ʪʝʣʦ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʠ ʚʨʘʱʝʥʠʷ. ɻʝʦʤʝʪʨʠʷ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, ʟʘʜʘʚʘʝʤʳʭ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ 

ʠʥʜʫʢʪʦʨʘ, ʠ ʩʦʩʪʘʚʘ ʩʨʝʜʳ. ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʠ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʞʠʜʢʦʩʪʠ, ʢʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʚʝʨʥʳ ʚ ʯʠʩʪʦʡ ʞʠʜʢʦʩʪʠ, 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʪʠʧʘ ʚʦʟʤʫʱʝʥʠʡ ï ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʠʥʝʨʮʠʘʣʴʥʳʝ ʚʦʣʥʳ 

ʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʩʧʠʨʘʣʴʥʳʝ ʚʦʣʥʳ. 

ʂ ʤʘʩʣʷʥʦʤʫ ʧʷʪʥʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʧʨʠʤʳʢʘʶʪ 

ʩʧʠʨʘʣʴʥʳʝ ʨʫʢʘʚʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘʚʩʪʨʝʯʫ ʦʩʥʦʚʥʦʤʫ ʪʝʯʝʥʠʶ. ʄʘʩʣʦ ʚ 

ʪʦʣʱʝ ʩʦʩʪʘʚʥʦʛʦ ʚʠʭʨʷ ʩʦʙʠʨʘʝʪʩʷ ʚ ʢʦʤʧʘʢʪʥʦʝ ʪʝʣʦ, ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ. ʈʘʟʤʝʨʳ ʠ ʬʦʨʤʘ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʠ ʧʨʠʤʳʢʘʶʱʠʭ 

ʨʫʢʘʚʦʚ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ. ʉʨʘʚʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʦʙʘʚʣʝʥʥʦʡ ʚ ʧʦʪʦʢ 

ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʧʨʠʤʝʩʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥʳ ʩʣʦʷ 

ʚʦʜʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʤʘʨʢʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʚʝʜʝʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ. 
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ɺʦ ʚʩʝʭ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠʤʝʩʴ ʥʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ 

ʧʘʩʩʠʚʥʦʡ, ʩʤʝʱʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʦʣʦʩ, ʧʦʣʦʞʝʥʠʝ ʢʘʧʝʣʴ ʤʘʩʣʘ ʠ ʦʨʠʝʥʪʘʮʠʷ 

ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ ʥʝ ʦʪʨʘʞʘʶʪ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʘʜ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʬʦʨʤʘʭ. ʇʨʠ ʨʘʩʧʘʜʝ ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʧʦʪʝʨʷ ʩʧʣʦʰʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ 

ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʧʨʠʤʝʩʠ. ɺʠʜ ʦʙʨʘʟʫʶʱʠʡʩʷ ʵʤʫʣʴʩʠʠ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ: ʧʨʠ ʩʨʝʜʥʠʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʷʤʘʷ 

ʵʤʫʣʴʩʠʷ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʘ ʚʠʜʘ, ʘ ʧʨʠ ʙʦʣʴʰʠʭ 

ʩʢʦʨʦʩʪʷʭ ï ʠʥʚʝʨʪʥʘʷ ʵʤʫʣʴʩʠʷ. 

ɺʧʝʨʚʳʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ 

ʤʘʩʣʷʥʦʛʦ ʪʝʣʘ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʢʠ 

ʨʘʟʥʦʧʣʦʪʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ ʬʦʨʤʫ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʚʠʭʨʝʚʦʤ 

ʪʝʯʝʥʠʠ ʞʠʜʢʦʩʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʬʦʨʤʫ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ ʚ 

ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʬʦʨʤʳ 

ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ ʥʘʢʣʘʜʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʜʦʙʘʚʦʢ, ʪ.ʢ. ʜʣʷ 

ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ ʥʝʦʙʭʦʜʠʤʘ ʥʠʟʢʘʷ 

ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ, ʠ ʥʘ ʧʨʠʤʝʥʷʝʤʳʝ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ. 

ɺʩʝ ʥʘʙʣʶʜʘʝʤʳʝ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʧʨʠ 

ʧʦʚʪʦʨʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʩʦʭʨʘʥʝʥʠʠ ʫʩʣʦʚʠʡ ʚ ʧʨʝʜʝʣʘʭ ʪʦʯʥʦʩʪʠ ʦʧʳʪʦʚ. 
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ɻʣʘʚʘ 4. ɼɺʀɾɽʅʀɽ ʊɺɽʈɼʆʊɽʃʔʅʓʍ ʄɸʈʂɽʈʆɺ ɺ ɺʀʍʈɽɺʆʄ 

ʊɽʏɽʅʀʀ 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ, ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʤʘʨʢʠʨʫʶʱʠʭ ʧʨʝʜʤʝʪʦʚ ʙʳʣʠ ʠ ʦʩʪʘʶʪʩʷ ʚʘʞʥʳʤʠ ʟʘʜʘʯʘʤʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʆʜʥʘʢʦ, ʧʦʤʝʱʘʝʤʳʝ ʚ ʜʚʠʞʫʱʫʶʩʷ ʞʠʜʢʦʩʪʴ ʨʘʟʣʠʯʥʳʝ 

ʦʙʲʝʢʪʳ ʚʝʜʫʪ ʩʝʙʷ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʩʠʣʫ ʧʨʠʩʫʱʠʭ ʠʤ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. ʇʝʨʝʤʝʱʝʥʠʝ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʦʩʦʙʝʥʥʦ ʚ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ, 

ʦʩʣʦʞʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʩʜʚʠʛʘ ʩʢʦʨʦʩʪʝʡ ʥʘ ʝʛʦ ʛʨʘʥʠʮʘʭ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʦʙʲʝʢʪ ʧʦʤʠʤʦ ʩʚʦʝʛʦ ʦʩʥʦʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʚʠʭʨʷ 

ʥʘʯʠʥʘʝʪ ʚʨʘʱʘʪʴʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ. ʇʦʩʢʦʣʴʢʫ ʧʣʘʚʫʯʠʡ ʦʙʲʝʢʪ 

ʦʙʣʘʜʘʝʪ ʧʨʠʩʫʱʠʤʠ ʝʤʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʜʢʦʡ ʩʨʝʜʳ, ʧʨʠ ʦʧʠʩʘʥʠʠ ʝʛʦ ʜʚʠʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʧʦʧʨʘʚʢʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʨʝʜʳ ʩ 

ʦʙʲʝʢʪʦʤ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʝʦʬʠʟʠʢʝ, ʪʘʢʠʝ ʧʦʧʨʘʚʢʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 

ʧʦʣʝʟʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʙʣʝʤʦʡ ʥʘʢʦʧʣʝʥʠʷ 

ʧʣʘʩʪʠʢʦʚʦʛʦ ʤʫʩʦʨʘ ʚ ʮʝʥʪʨʘʭ ʚʠʭʨʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʦʪʢʨʳʪʦʤ ʦʢʝʘʥʝ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦʢʘʟʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʟʦʥʜʦʚ-ʜʨʠʬʪʝʨʦʚ, ʧʝʨʝʜʘʶʱʠʭ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʦʨʩʢʠʭ ʠ ʦʢʝʘʥʩʢʠʭ ʪʝʯʝʥʠʷʭ.  

ʅʘʩʪʦʷʱʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ 

ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʚ ʜʚʠʞʫʱʫʶʩʷ ʞʠʜʢʦʩʪʴ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʤʘʨʢʝʨʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʦʙʣʝʤʝ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʘʝʤʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʤʘʨʢʝʨʦʚ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʚʝʜʝʥʠʷ ʤʘʨʢʝʨʘ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʨʘʩʪʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʚʝʢʪʦʨʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʨʢʝʨʦʚ 

ʨʘʟʥʳʭ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ ʚ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ ʚ ʤʥʦʛʦʬʘʟʥʳʭ ʞʠʜʢʦʩʪʷʭ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʝʜʣʦʞʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʙʲʷʩʥʷʶʱʘʷ ʜʚʠʞʝʥʠʝ 
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ʤʘʨʢʝʨʦʚ, ʧʦʤʝʱʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʡ 

ʞʠʜʢʦʩʪʠ. ɺ ʧ. 4.4. ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʳ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʦʥʪʘʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʣʝʜʷʥʳʭ ʙʣʦʢʦʚ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ, 

ʧʦʤʝʱʝʥʥʳʭ ʢʘʢ ʥʘ ʪʚʝʨʜʫʶ ʧʦʚʝʨʭʥʦʩʪʠ (ʘʣʶʤʠʥʠʡ, ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ, 

ʩʪʝʢʣʦ, ʧʝʥʦʧʣʘʩʪ, ʢʝʨʘʤʠʢʘ), ʪʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʙʘʩʩʝʡʥʘ ʩ ʧʦʢʦʷʱʝʡʩʷ 

ʚʦʜʦʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʣʫʙʠʥʳ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʝʜʣʦʞʝʥʦ 

ʦʙʲʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʣʴʜʘ. 

 

4.1 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ 

ʤʘʨʢʝʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʭʨʷ 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʠ ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʦʚ ʠʩʧʦʣʟɹʦʚʘʥʳ ʪʚʝʨʜʳʝ ʤʘʨʢʝʨʳ 

(ʨʠʩʫʥʦʢ 4.1.1). 

 

 

ʈʠʩʫʥʦʢ 4.1.1 ï ʄʘʨʢʝʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

 

ɼʚʠʞʝʥʠʝ ʤʘʨʢʝʨʘ, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, 

ʚʦʚʣʝʯʝʥʥʦʡ ʚ ʩʦʩʪʘʚʥʦʝ ʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ, ʩʚʦʜʠʪʩʷ ʢ ʢʦʤʙʠʥʘʮʠʠ ʝʛʦ 

ʦʙʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʪʝʯʝʥʠʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ʤʘʩʩ [88]. ɼʣʷ ʫʜʦʙʩʪʚʘ ʦʧʠʩʘʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʤʘʨʢʝʨʘ 

ʧʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʯʝʥʠʷ ʚʚʦʜʷʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ. 

ʅʘʯʘʣʦ ʦʜʥʦʡ ʠʟ ʥʠʭ XOY (ʧʨ̫ʤʦʫʛʦʣʴʥʦʡ ʜʝʢʘʨʪʦʚʦʡ) ʩʦʚʧʘʜʘʝʪ ʩ 
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ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʩʠ ʥʘʧʨʘʚʣʝʥʳ ʚʜʦʣʴ ʩʪʦʨʦʥ 

ʢʘʜʨʘ ʚʠʜʝʦʟʘʧʠʩʠ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ, ʧʣʦʩʢʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ 

ʩʠʩʪʝʤʳ ʩʦʚʧʘʜʘʝʪ ʩ ʫʨʦʚʥʝʤ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 

ʚʢʣʶʯʝʥʠʷ ʚʨʘʱʝʥʠʷ ʠʥʜʫʢʪʦʨʘ (ʨʠʩʫʥʦʢ 4.1.2). ɼʨʫʛʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ï 

ʧʦʣʷʨʥʘʷ ( , )r y  ï ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʪʦʡ ʞʝ ʧʣʦʩʢʦʩʪʠ ʠ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʘ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʝʤʝʱʝʥʠʡ ʤʘʨʢʝʨʘ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʥɹʦʡ ʦʩʠ ʪʝʯʝʥʠʷ. ɺ ʵʪʦʡ 

ʩʠʩʪʝʤʝ ʚʝʜʝʪʩʷ ʦʪʩʯʝʪ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʤʘʨʢʝʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. 

 

 a  ʙ 

ʈʠʩʫʥʦʢ 4.1.2 ï ʇʝʨʝʤʝʱʝʥʠʝ ʤʘʨʢʝʨʘ ʧʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: 

ʘ) ʢʚʘʜʨʘʪʥʳʡ ʤʘʨʢʝʨ (1Ĭ1 ʩʤ), W=300 ʦʙ/ʤʠʥ; 1 ï 5 ʩ, 2 ï 20 ʩ, 3 ï 27 ʩ, 4 

ï 35 ʩ, 5 ï 44 ʩ - ʥʘʣʦʞʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʢʘʜʨʳ, ʙ) ʚʚʝʜʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ 

 

ʉ ʮʝʥʪʨʦʤ ʤʘʨʢʝʨʘ ʩʚʷʟʘʥʘ ʧʨʠʩʦʝʜʠʥʝʥʥʘʷ (ʧʦʜʚʠʞʥʘʷ) ʜʝʢʘʨʪʦʚʘ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ xOy, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʟʘʜʘʥʠʷ ʫʛʣʘ çʚʝʨʯʝʥʠʷè ɔ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʫʛʣʦʤ ɗ ʦʧʠʩʳʚʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʤʝʞʜʫ ʤʛʥʦʚʝʥʥʳʤʠ ʧʦʣʦʞʝʥʠʝʤ ʦʩʠ x 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ xOy ʠ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ ʤʘʨʢʝʨʘ r. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ 

ʚʩʝʭ ʪʠʧʦʚ ʤʘʨʢʝʨʦʚ ʥʘ ʥʠʭ ʥʘʥʝʩʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ.  

ʇʦ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʚʟʷʪʳʤ ʠʟ ʚʠʜʝʦʟʘʧʠʩʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʟʚʝʩʪʥʳʤ ʰʘʛʦʤ 

ʧʦ ʚʨʝʤʝʥʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʧʨʝʜʝʣʷʣʠʩʴ ʨʘʜʠʘʣʴʥʳʝ ʠ ʫʛʣʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʤʘʨʢʝʨʘ ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ɔ ʠ ꜞ. 
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ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʚʠʜʝʦʩʲʝʤʢʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʦʙʨʘʙʦʪʢʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʢʨʘʰʝʥʥʦʛʦ ʤʘʨʢʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʯʝʥʠʷ 

ʪʨʝʙʫʝʪ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ. ɼʚʠʞʝʥʠʷ ʤʘʨʢʝʨʘ ʚʜʦʣʴ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʚʠʜʝʦʢʘʤʝʨʳ, ʧʦʵʪʦʤʫ 

ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ̫ʚʣʷʶʪʩʷ ʚʠʜʝʦʬʘʡʣʳ ʚ ʬʦʨʤʘʪʝ mp4 c 

ʨʘʟʨʝʰʝʥʠʝʤ 1920ʭ1080, ʠ ʯʘʩʪʦʪʘ ʩʲʝʤʢʠ ʩʦʩʪʘʚʣʷʝʪ 25 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ. ʇʨʠ 

ʵʪʦʤ ʦʙʲʝʤ ʧʘʤʷʪʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʟʘʧʠʩʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1 ʤʠʥʫʪʘ ï 250 

ʄʙ. ɺʭʦʜʝ ʦʙʨʘʙʦʪʢʠ ʪʘʢʦʡ ʚʠʜʝʦʬʘʡʣ, ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʳʡ ʩ ʧʦʤʦʱʴʶ 

ʧʦʢʘʜʨʦʚʦʡ ʥʘʨʝʟʢʠ, ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʚ ʥʘʙʦʨ ʬʦʪʦʛʨʘʬʠʡ, ʤʘʩʩʠʚ ʠʟ 1500 

ʠʟʦʙʨʘʞʝʥʠʡ. ʈʫʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʪʘʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ. ʆʙʲʝʤ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ 

ʥʘ ʠʭ ʦʙʨʘʙʦʪʢʫ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʦʜʠʤʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ [57]. 

ɿʘʜʘʯʘ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʝʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 

ʧʨʦʚʦʜʠʤʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ ʚʝʢʪʦʨʥʦʡ ʛʨʘʬʠʢʠ [86, 87]. 

ʆʪʜʝʣʴʥʳʡ ʢʘʜʨ, ʠʟʚʣʝʯʝʥʥʳʡ ʠʟ ʠʩʭʦʜʥʦʡ ʚʠʜʝʦʟʘʧʠʩʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʝʩʣʠ ʩʥʠʤʦʢ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ 

ʚʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʪʦ ʦʥ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ, 

ʩʦʜʝʨʞʘɦ ʠʡ ʥʘʙʦʨ ʢʦʤʘʥʜ, ʧʦ ʢʦʪʦʨʳʤ ʜʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ 

ʵʢʨʘʥʝ. ɺʦ-ʧʝʨʚʳʭ, ʪʘʢʦʡ ʧʝʨʝʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʦʢʨʘʪʠʪʴ 

ʦʙʲʝʤ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʦ-ʚʪʦʨʳʭ, ʩʘʤʘ ʟʘʜʘʯʘ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚʳʭ 

ʬʘʡʣʦʚ ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʦʱʝ ʟʘʜʘʯʠ ʦʙʨʘʙʦʪʢʠ ʬʘʡʣʦʚ ʩ ʜʚʫʤʝʨʥʳʤʠ 

ʨʘʩʪʨʦʚʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. 

ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʨʢʝʨʘ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘ 

ʦʩʥʦʚʝ ʨʘʩʪʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʪʝʦʨʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 
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ʦʙʨʘʟʦʚ. ʉʦʚʨʝʤʝʥʥʘʷ ʚʝʢʪʦʨʥʘʷ ʛʨʘʬʠʢʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʤʥʦʛʦʣʝʪʥʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʦʨʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʢ ʨʝʰʝʥʠʶ ʪʘʢʠʭ ʟʘʜʘʯ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʠ ʧʦʣʠʛʨʘʬʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚʘʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʪʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʚʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʙʳʣ 

ʥʘʡʜʝʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ Potrace [90], ʩʧʦʩʦʙʥʳʡ ʚʳʧʦʣʥʷʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ 

ʟʘʜʘʯʫ. 

ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʨʢʝʨʳ: ʢʚʘʜʨʘʪʥʦʡ, 

ʢʨʫʛʣʦʡ, ʵʣʣʠʧʩʦʚʠʜʥʦʡ ʬʦʨʤʳ, ʚ ʬʦʨʤʝ ʢʦʣʴʮʘ, ʧʷʪʠʫʛʦʣʴʥʦʡ ʠ 

ʢʨʝʩʪʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ï ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʤʝʨ ʚʩʝʭ ʤʘʨʢʝʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 

0.5 ʤʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: 

ʛʣʫʙʠʥʘ ʞʠʜʢʦʩʪʠ ï 40 ʩʤ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʠʥʜʫʢʪʦʨʘ ï 220 ʦʙ/ʤʠʥ ʠ ʤʝʥʝʝ, 

ʯʪʦ ʩʦʦʪʚʝʪʚʫʝʪ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʛʠʙʦʤ ʚ ʮʝʥʪʨʝ 

ʜʣʷ ʣʶʙʦʛʦ ʨʘʟʤʝʨʘ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ [89]. 

ɼʣʷ ʪʨʝʭʤʝʨʥʳʭ ʤʘʨʢʝʨʦʚ ï ʮʠʣʠʥʜʨʘ ʨʘʜʠʫʩʦʤ 0.5 ʩʤ ʠ ʚʳʩʦʪʦʡ 0.3 ʩʤ, ʠ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ (ʢʨʫʛʣʳʡ), ʦʜʥʘ ʠʟ ʛʨʘʥʝʡ ʢʦʪʦʨʦʛʦ ʢʚʘʜʨʘʪ ʩʦ ʩʪʦʨʦʥʦʡ 1.0 

ʩʤ, ʘ ʪʨʝʪʴʝ ʠʟʤʝʨʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 0.3 ʩʤ (ʢʚʘʜʨʘʪʥʳʡ) ï ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʘ 

çʚʝʨʯʝʥʠʷè ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ɔ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʦʩʠ 

ʪʝʯʝʥʠʷ y ʙʦʣʝʝ ʩʣʦʞʥʳʝ. ʅʘʙʣʶʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʘʢ ʦʪ ʬʦʨʤʳ ʤʘʨʢʝʨʘ, 

ʪʘʢ ʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ (ʦʜʥʦ- ʠʣʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʘʷ ʞʠʜʢʦʩʪʴ). 

ɺ ʯʠʩʪʦʡ ʚʦʜʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʤʘʨʢʝʨ ʜʚʠʞʝʪʩʷ ʚʤʝʩʪʝ ʩ ʧʦʪʦʢʦʤ 

ʞʠʜʢʦʩʪʠ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʤʝʜʣʝʥʥʦ ʩʤʝʱʘʝʪʩʷ ʢ ʮʝʥʪʨʫ 

ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʝʨʪʠʪʩʷ ʚʦʢʨʫʛ ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ. ʊʘʥʛʝʥʮʠʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʩʢʦʨʦʩʪʠ ʮʝʥʪʨʘ ʤʘʨʢʝʨʘ ʚ ʯʠʩʪʦʡ ʚʦʜʝ ʧʨʠ W=9.2 ʩ
-1
 ʥʘ ʨʘʩʩʪʦʷʥʠʠ r=8.1 ʩʤ 

ʦʪ ʮʝʥʪʨʘ ʨʘʚʥʘ vj=2.26 ʩʤ/c ʠ ʤʝʜʣʝʥʥʦ ʤʝʥʷʝʪʩʷ ʧʨʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʠ ʢ 

ʮʝʥʪʨʫ ʪʝʯʝʥʠʷ. ɿʘ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ ʤʝʞʜʫ ʧʨʠʚʝʜʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ 4.1.3, ʘ, 

ʙ ʢʘʜʨʘʤʠ (40 ʩ) ʤʘʨʢʝʨ ʩʦʚʝʨʰʘʝʪ 24 ʦʙʦʨʦʪʘ ʠ ʩʤʝʱʘʝʪʩʷ ʢ ʮʝʥʪʨʫ ʥʘ 4.3 ʩʤ. 

ʇʨʠ ʵʪʦʤ ʤʘʨʢʝʨ ʩʦʚʝʨʰʘʝʪ 12 ʦʙʦʨʦʪʦʚ ʚʦʢʨʫʛ ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ. 
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ʈʠʩʫʥʦʢ 4.1.3 ï ʇʝʨʝʥʦʩ ʢʨʫʛʣʦʛʦ ʤʘʨʢʝʨʘ ʚ ʩʦʩʪʘʚʥʦʤ ʚʠʭʨʝ ( 40 ʩʤ, 

W=9.2 ʩ
-1
,  7.5 ʩʤ): ʘ, ʙ) ï ʯʠʩʪʘʷ ʚʦʜʘ (10, 50 c), ,  

; ʚ, ʛ) ï ʜʚʫʭʩʣʦʡʥʘʷ ʞʠʜʢʦʩʪʴ (ʚʦʜʘ ʠ ʥʝʬʪʴ 50 ʤʣ, 

ʥʝʚʦʟʤʫʱʝʥʥʘʷ ʪʦʣʱʠʥʘ ʩʣʦʷ - =1.5 ʤʤ) (10, 50 c), 0.998, 

0.997, 0.099, 0.055, 0.109, 0.257 (ʜʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ʨʠʩʢʠ ʧʨʦʜʦʣʞʝʥʳ ʙʝʣʳʤʠ ʣʠʥʠʷʤʠ ʥʘ ʧʨʠʚʦʜʠʤʳʭ 

ʨʠʩʫʥʢʘʭ) 

 


















































































































































































