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ɺɺɽɼɽʅʀɽ 
 

 

ɺʣʠʷʥʠʝ ʦʩʣʦʞʥʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʬʝʨʘʭ. ʂ ʦʩʣʦʞʥʷʶʱʠʤ ʬʘʢʪʦʨʘʤ, ʜʝʡʩʪʚʫʶʱʠʤ ʥʘ 

ʤʥʦʛʦʬʘʟʥʫʶ ʩʠʩʪʝʤʫ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʨʘʱʝʥʠʝ, ʚʠʙʨʘʮʠʠ, ʛʨʘʜʠʝʥʪ ʧʣʦʪʥʦʩʪʠ 

ʠʣʠ ʚʷʟʢʦʩʪʠ, ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ. ɺ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʚʣʠʷʥʠʝ ʚʨʘʱʝʥʠʷ ʠʣʠ ʚʠʙʨʘʮʠʡ ʧʨʠʚʦʜʷʪ ʢ ʠʭ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ. ɺʠʙʨʘʮʠʠ 

ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ [1], 

ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʠ 

ʟʘʜʘʥʠʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘʤ, ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ, 

ʦʙʦʛʘʱʝʥʠʠ ʨʫʜ, ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ï ʵʪʦ ʣʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚʨʘʱʝʥʠʝ ʠʣʠ ʚʠʙʨʘʮʠʠ. ʗʨʢʠʤ ʵʬʬʝʢʪʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʚʠʙʨʘʮʠʷʤʠ, 

ʷʚʣʷʝʪʩʷ ʦʩʨʝʜʥʝʥʥʦʝ ʪʝʯʝʥʠʝ [2], ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ: ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦ ʦʧʠʩʘʥʠʷ ʧʨʠʥʮʠʧʦʚ 

ʬʠʟʠʦʣʦʛʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ. 

ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʚʨʘʱʘʶʱʠʭʩʷ ʩʠʩʪʝʤ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ ʠ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ. 

ɼʚʠʞʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ, ʷʜʝʨ ʧʣʘʥʝʪ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʩʠʩʪʝʤʘʭ, ʧʦʜʚʝʨʞʝʥʳ ʜʝʡʩʪʚʠʶ 

ʫʢʘʟʘʥʥʳʭ ʩʠʣʦʚʳʭ ʧʦʣʝʡ. ʄʥʦʞʝʩʪʚʦ ʤʦʥʦʛʨʘʬʠʡ ʧʦʩʚʷʱʝʥʦ ʛʠʜʨʦʜʠʥʘʤʠʢʝ 

ʚʨʘʱʘʶʱʠʭʩʷ ʩʠʩʪʝʤ [3 ï 6] ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ. ɺʨʘʱʝʥʠʝ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʭʘʨʘʢʪʝʨʝ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ, ʘ ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ ʧʨʠʜʘʝʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʣʥʦʚʳʤ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ 

ʩʠʩʪʝʤʘʭ.  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʦ ʚ ʥʦʚʘʪʦʨʩʢʦʡ ʨʘʙʦʪʝ [7] ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʚʠʙʨʘʮʠʠ ʤʦʛʫʪ ʫʜʝʨʞʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʧʝʨʝʚʝʨʥʫʪʦʛʦ ʤʘʷʪʥʠʢʘ ʩ ʚʠʙʨʠʨʫʶʱʝʡ ʪʦʯʢʦʡ ʧʦʜʚʝʩʘ ʚʚʠʜʫ 

ʦʩʨʝʜʥʝʥʥʳʭ ʤʘʩʩʦʚʳʭ ʩʠʣ. ɺ ʨʘʙʦʪʝ [8] ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 
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ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʬʠʟʠʢʠ ʧʨʦʮʝʩʩʘ ʠ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʤʝʜʣʝʥʥʦʛʦ ʠ ʙʳʩʪʨʦʛʦ ʜʚʠʞʝʥʠʡ. ɼʘʥʥʳʝ ʨʘʙʦʪʳ 

ʧʦʩʣʫʞʠʣʠ ʪʦʣʯʢʦʤ ʢ ʨʘʟʚʠʪʠʶ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʭʘʥʠʢʠ ʢʘʢ ʦʪʜʝʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [1]. ɺʠʙʨʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ 

ʛʝʥʝʨʘʮʠʠ ʦʩʨʝʜʥʝʥʥʳʭ ʧʦʪʦʢʦʚ [9, 10], ʯʪʦ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ɺʚʠʜʫ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʝ, ʠ ʟʘʯʘʩʪʫʶ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʥʝʢʦʪʦʨʦʤ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʠ 

ʢʣʶʯʝʚʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʢʠ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɼʠʥʘʤʠʢʘ ʪʚʝʨʜʳʭ ʪʝʣ ʚ ʞʠʜʢʦʩʪʠ 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʚʥʝʰʥʝʛʦ ʩʠʣʦʚʦʛʦ ʧʦʣʷ (ʚ ʨʝʟʫʣʴʪʘʪʝ, ʢ 

ʧʨʠʤʝʨʫ, ʚʠʙʨʘʮʠʡ) ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʠʥʝʨʮʠʦʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʬʘʟʦʚʦʛʦ ʚʢʣʶʯʝʥʠʷ ʠ ʚʦʟʥʠʢʘʝʪ ʦʪʢʣʠʢ ʥʘ ʚʦʟʤʫʱʝʥʠʝ ï 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʪʠ. ʄʝʭʘʥʠʟʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʩʨʝʜʥʝʤʘʩʩʦʚʦʡ ʩʠʣʳ ʚ 

ʚʷʟʢʠʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ ʚʙʣʠʟʠ ʢʦʣʝʙʣʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ [10, 11]. ɺ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʣʝʛʢʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʦʙʦʜʥʦʝ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʵʪʦʪ ʵʬʬʝʢʪ 

ʥʘʠʙʦʣʝʝ ʩʠʣʝʥ [12]. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʠʝʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ-ʞʠʜʢʦʩʪʴ ʠ ʥʘ ʛʨʘʥʠʮʝ ʞʠʜʢʦʩʪʴ-ʪʚʝʨʜʦʝ ʪʝʣʦ [13]. ʇʨʠ 

ʚʨʘʱʝʥʠʠ ʧʦʧʝʨʝʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʨʝʟʦʥʘʥʩʥʳʤ ʦʙʨʘʟʦʤ ʚʦʟʙʫʞʜʘʶʪ ʠʥʪʝʥʩʠʚʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ, ʢʘʢ ʟʘʧʘʟʜʳʚʘʶʱʠʝ, ʪʘʢ ʠ ʦʧʝʨʝʞʘʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʪʠ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʢʦʣʴʮʝ ʠ ʢ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʚʨʘʱʝʥʠʶ ʪʝʣʘ. ʅʘʧʨʘʚʣʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ 

ʬʘʟʦʚʦʛʦ ʚʢʣʶʯʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʝʛʦ ʢʦʣʝʙʘʥʠʡ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ ʠ ʚʷʟʢʦʩʪʴʶ ʞʠʜʢʦʩʪʠ [12]. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʠʥʘʤʠʢʘ ʪʷʞʝʣʳʭ ʪʝʣ ʧʨʠ ʚʠʙʨʘʮʠʷʭ, ʘ 

ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʙʪʝʢʘʶʱʠʤ ʝʛʦ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ [14 ï 16]. ʊʘʢ ʚ 
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ʨʘʙʦʪʝ [17] ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʪʷʞʝʣʦʝ ʪʝʣʦ ʚ 

ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʧʦʣʦʩʪʠ (ʢʦʘʢʩʠʘʣʴʥʳʡ ʩʣʦʡ), ʩʦʚʝʨʰʘʶʱʝʡ 

ʚʨʘʱʘʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʜʝʡʩʪʚʫʝʪ ʦʩʨʝʜʥʝʥʥʘʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ 

ʧʦʣʦʩʪʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʩʨʝʜʥʝʥʥʘʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʧʦ 

ʚʝʣʠʯʠʥʝ, ʯʝʤ ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʚʠʙʨʘʮʠʷʭ, ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚʦ ʚʩʝʤ 

ʢʦʘʢʩʠʘʣʴʥʦʤ ʟʘʟʦʨʝ, ʟʘʧʦʣʥʝʥʥʦʤ ʞʠʜʢʦʩʪʴʶ. ʆʧʨʝʜʝʣʝʥʦ ʫʩʣʦʚʠʝ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʠʷ ʪʝʣʘ ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʩʠ ʚʠʙʨʘʮʠʡ. ʕʬʬʝʢʪ 

ʧʦʜʚʝʩʘ ʪʝʣʘ ʚ ʞʠʜʢʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʣ ʵʢʩʧʝʨʠʤʝʥʪ, ʚʦʟʤʦʞʝʥ ʢʘʢ ʧʨʠ ʤʘʣʳʭ 

(ʣʘʤʠʥʘʨʥʦʝ ʦʙʪʝʢʘʥʠʝ ʪʝʣʘ), ʪʘʢ ʠ ʧʨʠ ʙʦʣʴʰʠʭ (ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ ʦʙʪʝʢʘʥʠʷ 

ʪʝʣʘ) ʘʤʧʣʠʪʫʜʘʭ ʚʠʙʨʘʮʠʡ. ɼʨʫʛʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʧʦʜʚʝʩ ʪʝʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ 

ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʞʠʜʢʦʩʪʠ [18]. ʕʬʬʝʢʪ ʦʪʨʳʚʘ ʪʷʞʝʣʦʛʦ ʪʝʣʘ ʦʪ ʛʨʘʥʠʮʳ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [19], ʚʦʟʥʠʢʘʝʪ ʠ ʚ ʧʦʣʦʩʪʠ, ʩʦʚʝʨʰʘʶʱʝʡ ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ 

ʚʨʘʱʝʥʠʝ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ. ʆʜʥʘʢʦ, ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʧʦʨʷʜʢʘ ʝʜʠʥʠʮʳ ʧʨʠ ʣʠʙʨʘʮʠʷʭ ʧʦʣʦʩʪʠ ʧʨʝʜʩʢʘʟʳʚʘʝʤʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠ [20] 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʥʘʡʜʝʥʥʳʡ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ [21]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʪʘʝʪʩʷ ʥʝʚʳʷʩʥʝʥʥʳʤ ʤʝʭʘʥʠʟʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʝʣʠʯʠʥʫ ʧʦʜʲʝʤʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ ʧʦʩʪʘʥʦʚʢʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 

ʀʟʫʯʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ ʬʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʚʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʚʠʙʨʘʮʠʷʭ ʠʣʠ ʤʦʜʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʠʤʝʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʧʨʠʢʣʘʜʥʦʡ ʭʘʨʘʢʪʝʨ. ʅʝʤʘʣʦʚʘʞʥʳʤ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ çʚʠʙʨʘʮʠʦʥʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠè. 

ɻʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʤʘʣʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʷʟʢʦʩʪʠ 

ɺʨʘʱʘʶʱʠʝʩʷ ʜʚʫʭʬʘʟʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʦʣʴʰʠʤ ʩʧʝʢʪʨʦʤ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʟʘʜʘʯ. ɼʝʡʩʪʚʠʝ ʚʥʝʰʥʝʡ ʩʠʣʳ ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʜʚʫʭʬʘʟʥʫʶ 

ʩʠʩʪʝʤʫ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʙʫʞʜʝʥʠʶ ʠʥʝʨʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʦʵʪʦʤʫ ʚ ʞʠʜʢʦʩʪʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ [22, 23]. ʇʦʜʨʦʙʥʦ ʠʟʫʯʝʥʘ ʜʠʥʘʤʠʢʘ 

ʩʣʦʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɼʝʡʩʪʚʠʝ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʥʘ ʞʠʜʢʦʩʪʴ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʱʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʚʨʘʱʘʶʱʫʶʩʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʦʣʦʩʪʴ, ʧʨʠʚʦʜʠʪ ʢ ʨʘʜʠʘʣʴʥʦʤʫ ʩʜʚʠʛʫ ʛʘʟʦʚʦʛʦ ʮʠʣʠʥʜʨʘ 
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ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ [24]. ʋʩʪʦʡʯʠʚʳʡ ʨʘʜʠʘʣʴʥʳʡ ʩʜʚʠʛ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ 

ʦʪʩʯʝʪʘ ʧʨʠʚʦʜʠʪ ʢ ʢʦʣʝʙʘʥʠʷʤ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʣʦʩʪʠ, ʚʳʟʳʚʘʶʱʠʤ ʧʦʩʪʦʷʥʥʳʡ ʧʦʪʦʢ ʚ ʞʠʜʢʦʩʪʠ [25]. ɺ ʩʣʫʯʘʝ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ [22], ʜʘʥʥʳʡ 

ʵʬʬʝʢʪ ʧʨʠʚʦʜʠʪ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʚʨʘʱʝʥʠʶ ʞʠʜʢʦʩʪʠ. ʋʩʪʦʡʯʠʚʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʨʘʜʠʫʩʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʦʙʲʝʤʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ, ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʜʣʠʥʳ ʧʦʣʦʩʪʠ [26]. ʈʘʙʦʪʘ [27] ʦʧʠʩʳʚʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʜʠʥʘʤʠʢʠ ʜʚʫʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʚʨʘʱʘʶʱʝʡʩʷ 

ʧʦʣʦʩʪʠ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ, ʷʚʣʷʶʱʠʤʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʤʫʱʝʥʠʷ ʞʠʜʢʦʩʪʠ 

ʠ ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ. ʀʟʫʯʝʥʳ ʩʢʦʨʦʩʪʴ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʝʡ ʠ ʝʛʦ ʬʦʨʤʘ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ, ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʠ ʚʷʟʢʦʩʪʴ, ʥʘ ʜʠʥʘʤʠʢʫ ʞʠʜʢʦʩʪʝʡ. 

ɺʠʙʨʘʮʠʠ ʠ ʩʨʝʜʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʦʤ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʚʨʘʱʘʶʱʠʝʩʷ ʩʠʩʪʝʤʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʚʦʟʙʫʞʜʘʶʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ ʩʠʣʦʚʳʤʠ ʧʦʣʷʤʠ [3]; ʥʘʧʨʠʤʝʨ, ʚʦ 

ʚʨʘʱʘʶʱʠʭʩʷ ʜʚʫʭʬʘʟʥʳʭ ʩʠʩʪʝʤʘʭ. ɺʦ ʚʨʘʱʘʶʱʠʭʩʷ ʩʠʩʪʝʤʘʭ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ 

ʚʜʦʣʴ ʨʘʜʠʫʩʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ [28] ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʦʥʘʥʩʥʦʝ 

ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʙʨʘʮʠʡ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ, ʯʪʦ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʷʤʠ ʠ ʪʝʧʣʦ ʠ 

ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ. 

ɺʠʙʨʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʠ ʚ ʫʩʣʦʚʠʷʭ 

ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʚʨʘʱʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʷ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ, ʟʘʤʝʥʷʶʱʝʛʦ ʛʨʘʚʠʪʘʮʠʶ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʞʠʜʢʦʩʪʠ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʢʦʥʪʝʡʥʝʨʘʭ ʙʫʜʫʪ ʜʠʥʘʤʠʯʝʩʢʠ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʠʙʨʘʮʠʠ, ʚʳʟʚʘʥʥʳʝ ʨʘʙʦʪʦʡ ʩʫʜʥʘ ʠ ʨʘʙʦʪʦʡ ʵʢʠʧʘʞʘ. ʇʨʠʤʝʨʦʤ 

ʧʨʠʤʝʥʝʥʠʷ ʚʠʙʨʘʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʨʘʟʜʝʣʝʥʠʷ 

ʞʠʜʢʦʩʪʝʡ ʩ ʧʨʠʤʝʩʴʶ [29]. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʞʝ ʟʘʜʘʯʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 
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ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ, ʢʘʢ ʧʨʠ ʚʠʙʨʘʮʠʷʭ, ʪʘʢ 

ʠ ʧʨʠ ʚʨʘʱʝʥʠʠ [30]. 

ɻʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʩ ʚʳʩʦʢʠʤ ʢʦʥʪʨʘʩʪʦʤ ʚʷʟʢʦʩʪʠ 

ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʤʥʦʛʦʬʘʟʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʱʠʭ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʝʡ ʩ ʢʦʥʪʨʘʩʪʦʤ ʚʷʟʢʦʩʪʠ ʚ ʱʝʣʝʚʳʭ ʢʘʥʘʣʘʭ ʠʣʠ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʦʙʣʘʩʪʴ ʬʠʟʠʯʝʩʢʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʢʘʢ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ.. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʚ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚʘʞʥʦ ʚʦ ʤʥʦʛʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʦʯʠʩʪʢʠ ʩʘʭʘʨʘ, ʜʦʙʳʯʠ ʥʝʬʪʠ, 

ʛʠʜʨʦʣʦʛʠʠ ʠ, ʢ ʧʨʠʤʝʨʫ, ʩʚʷʟʳʚʘʥʠʠ ʫʛʣʝʨʦʜʘ [31 ï 36]. ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʦʩʪʨʳʭ 

ʠ ʠʥʪʝʨʝʩʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ 

ʷʚʣʷʝʪʩʷ ʜʦʙʳʯʘ ʥʝʬʪʠ, ʢʦʛʜʘ ʥʝʬʪʴ ʚʳʪʝʩʥʷʝʪʩʷ ʚʦʜʦʡ. ʇʨʠ ʚʳʪʝʩʥʝʥʠʠ ʦʜʥʦʡ 

ʞʠʜʢʦʩʪʠ ʠʟ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʜʨʫʛʦʡ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʚʦʧʨʦʩʳ 

ʩʤʘʯʠʚʘʥʠʷ, ʢʨʘʝʚʳʭ ʫʛʣʦʚ, ʩʦʦʪʥʦʰʝʥʠʷ ʚʷʟʢʦʩʪʝʡ ʞʠʜʢʦʩʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠ ʚʳʪʝʩʥʝʥʠʠ ʤʘʣʦʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʚʳʩʦʢʦʚʷʟʢʦʡ ʚ ʦʜʥʦʨʦʜʥʦʡ ʧʦʨʠʩʪʦʡ 

ʩʨʝʜʝ ʦʙʨʘʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ. ɺ ʦʙʨʘʪʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʚʳʩʦʢʦʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ ʚʳʪʝʩʥʷʝʪʩʷ ʤʘʣʦʚʷʟʢʦʡ, ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʤʝʞʜʫ 

ʞʠʜʢʦʩʪʷʤʠ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʡ. ʇʨʠ ʵʪʦʤ ʤʝʥʝʝ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ 

ʧʨʦʨʳʚʘʝʪʩʷ ʚ ʙʦʣʝʝ ʚʷʟʢʫʶ ʚ ʚʠʜʝ ʚʳʪʷʥʫʪʳʭ çʧʘʣʴʮʝʚè. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʥʘʟʳʚʘʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʉʘʬʬʤʘʥʘ-ʊʝʡʣʦʨʘ [37, 

38]. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʷʯʝʡʢʘ ʍʝʣʝïʐʦʫ [39]. ɺ ʷʯʝʡʢʝ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʛʨʘʜʠʝʥʪʫ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʣʘʤʠ ʚʷʟʢʦʩʪʠ, 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʪʝʯʝʥʠʶ ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ. ɼʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʶ ʤʝʞʜʫ ʜʚʠʞʝʥʠʝʤ ʞʠʜʢʦʩʪʠ ʚ ʷʯʝʡʢʝ ʠ ʚ 

ʥʘʩʳʱʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ, ʚ ʢʦʪʦʨʦʡ ʞʠʜʢʦʩʪʴ ʜʚʠʞʝʪʩʷ ʧʦ ʟʘʢʦʥʫ 

ɼʘʨʩʠ [32]. ɼʘʥʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʢʦʥʚʝʢʮʠʠ, ʢʘʢ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʣʠʯʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʪʘʢ ʠ ʧʨʠ 

ʚʠʙʨʘʮʠʷʭ [40 ï 42]. ʀʩʩʣʝʜʦʚʘʥʳ ʠ ʦʧʨʝʜʝʣʝʥʳ ʫʩʪʦʡʯʠʚʳʝ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ 
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ʚʠʙʨʦʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ. ʉʦʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʨʝʞʠʤʦʚ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʷʯʝʡʢʠ ʍʝʣʝïʐʦʫ (ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʠʣʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ) ʢʘʢ ʤʦʜʝʣʠ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ [43 ï 46]. ʐʠʨʦʢʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʢʘʢ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʪʘʢ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʠ ʚʳʪʝʩʥʝʥʠʠ 

ʤʘʣʦʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ ʙʦʣʝʝ ʚʷʟʢʦʡ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʥʝ ʪʦʣʴʢʦ ʦ ʨʘʟʚʠʪʦʡ 

çʧʘʣʴʯʠʢʦʚʦʡè ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʦ ʠ ʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʚʳʪʝʩʥʝʥʠʷ [43, 47]. ɹʦʣʴʰʠʥʩʪʚʦ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʚʳʪʝʩʥʝʥʠʶ ʤʝʥʝʝ ʚʷʟʢʦʡ 

ʩʨʝʜʦʡ ʙʦʣʝʝ ʚʷʟʢʦʡ ʚ ʷʯʝʡʢʝ ʍʝʣʝ-ʐʦʫ [48, 49].  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʥʝʬʪʝʦʪʜʘʯʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʛʝʦʣʦʛʠʠ ʠ ʛʠʜʨʦʣʦʛʠʠ, ʷʚʣʷʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʟʨʳʚ 

ʧʣʘʩʪʘ (ʬʨʝʢʠʥʛ) ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʵʬʬʝʢʪʳ. ʊʘʢʦʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʥʘ ʥʝʬʪʝʥʝʩʫʱʠʡ ʧʣʘʩʪ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʩʦʟʜʘʥʠʝ ʚ ʥʝʤ ʚʳʩʦʢʦʧʨʦʚʦʜʠʤʳʭ ʪʨʝʱʠʥ [50, 51] ʆʜʥʘʢʦ, ʚʠʙʨʘʮʠʦʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʝ ʧʣʘʩʪʳ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝ ʤʝʥʝʝ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ. ɺʠʙʨʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʦʥʳ ʦʩʪʘʪʦʯʥʦʡ 

ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʢʘʢ ʩʧʦʩʦʙ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ [52, 

53]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʱʠʭ ʤʝʞʬʘʟʥʫʶ ʛʨʘʥʠʮʫ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʣʝʞʘʱʠʭ ʚ ʠʭ ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʦʚ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʟʘʜʘʯʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ ʜʨʫʛʦʡ ʚ 

ʷʯʝʡʢʝ ʍʝʣʝïʐʦʫ, ʢʦʪʦʨʦʡ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʣʠʷʥʠʝ ʦʩʮʠʣʣʠʨʫʶʱʝʡ ʧʨʦʢʘʯʢʠ ʥʘ ʜʠʥʘʤʠʢʫ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʘʣʦʩʴ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʦʣʴʢʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [54] ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʤʦʜʫʣʷʮʠʠ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ) ʥʘ ʬʦʨʤʫ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʚ ʧʣʦʩʢʦʩʪʠ ʷʯʝʡʢʠ ʍʝʣʝï

ʐʦʫ. ɺʣʠʷʥʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʛʨʘʥʠʮʫ ʞʠʜʢʦʩʪʝʡ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 
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ʯ̫ʝʡʢʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ [55, 56], ʚ ʯʘʩʪʥʦʩʪʠ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʚʠʙʨʘʮʠʠ ʦʢʘʟʳʚʘʶʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʫʶ ʨʦʣʴ ʥʘ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ. ɺ ʨʘʙʦʪʝ 

[57] ʦʙʥʘʨʫʞʝʥ ʨʝʟʦʥʘʥʩʥʳʡ ʦʪʢʣʠʢ ʥʘ ʢʦʣʝʙʘʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʦʡ. ɼʣʷ ʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ [58], ʢʘʢ ʠ ʜʣʷ 

ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ [59] ʦʙʥʘʨʫʞʝʥʦ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʢʦʣʝʙʘʥʠʡ 

ʜʚʠʞʫʱʝʛʦʩʷ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ. 

ɺʩʝ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʳ ʚʣʠʷʥʠʶ ʢʦʣʝʙʘʥʠʡ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʥʘ ʢʣʘʩʩʠʯʝʩʢʫʶ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʉʘʬʬʤʘʥʘ-ʊʝʡʣʦʨʘ, ʪ. ʝ. ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. ʄʦʞʥʦ 

ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʧʝʨʝʤʝʱʝʥʠʷ ʠ 

ʢʦʣʝʙʘʥʠʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʩ ʙʦʣʴʰʠʤ ʢʦʥʪʨʘʩʪʦʤ ʚʷʟʢʦʩʪʠ ʚ 

ʱʝʣʝʚʳʭ ʟʘʟʦʨʘʭ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʚʫʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʘ ʠʤʝʥʥʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ 

ʧʝʨʝʤʝʱʝʥʠʝʤ, ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʦʩʨʝʜʥʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʢʦʣʝʙʘʥʠʡ ʥʘ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ. ʀʟʫʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʤʝʭʘʥʠʟʤʘ 

ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ çʤʝʭʘʥʠʢʠ ʢʦʣʝʙʘʥʠʡè. ɺʠʙʨʘʮʠʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʤʝʞʬʘʟʥʳʭ 

ʛʨʘʥʠʮ ʠ ʦʩʨʝʜʥʝʥʥʳʝ ʵʬʬʝʢʪʳ, ʚʦʟʙʫʞʜʘʝʤʳʝ ʢʦʣʝʙʘʥʠʷʤʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʩ ʛʨʘʥʠʮʝʡ ʨʘʟʜʝʣʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

çʚʠʙʨʘʮʠʦʥʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠè. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʭʦʨʦʰʦ ʨʘʟʚʠʪʘ ʪʝʦʨʠʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʢʦʛʜʘ ʞʠʜʢʦʩʪʠ ʧʦ ʦʙʝ 

ʩʪʦʨʦʥʳ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʦʚʝʨʰʘʶʪ ʥʝʚʷʟʢʠʝ ʢʦʣʝʙʘʥʠʷ. ʊʘʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʚʳʟʳʚʘʶʪ ʫʩʪʦʡʯʠʚʫʶ ʜʝʬʦʨʤʘʮʠʶ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ [60 ï 63], ʦʩʨʝʜʥʝʥʥʳʝ 

ʪʝʯʝʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʪʝʧʣʦ ʠ ʤʘʩʩʦʧʝʨʝʥʦʩ ʚ ʩʨʝʜʘʭ [64]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʥʝʣʠʥʝʡʥʳʝ ʦʩʨʝʜʥʝʥʥʳʝ ʵʬʬʝʢʪʳ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʚ ʩʣʫʯʘʝ ʚʷʟʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʞʠʜʢʦʩʪʝʡ [65]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʰʠʨʥʦʝ ʠʟʫʯʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ, ʢʘʢ 

ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʨʦʢʘʯʢʝ, ʪʘʢ ʠ ʧʨʠ ʦʩʮʠʣʣʷʮʠʠ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ, ʦʩʪʘʝʪʩʷ 

ʩʣʘʙʦ ʠʟʫʯʝʥʥʳʤ ʚʣʠʷʥʠʝ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʥʫʣʝʚʦʤ ʩʨʝʜʥʝʤ ʨʘʩʭʦʜʝ ʥʘ 

ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ ʠ ʱʝʣʝʚʳʭ ʟʘʟʦʨʘʭ. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʜʝʣʷʝʪʩʷ ʟʘʜʘʯʘʤ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ, ʚ ʢʦʪʦʨʳʭ ʠʟʫʯʘʝʪʩʷ ʚʣʠʷʥʠʷ ʦʩʮʠʣʣʠʨʫʶʱʠʭ ʩʠʣ 

ʥʘ ʜʠʥʘʤʠʢʫ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦ ʧʣʦʪʥʦʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʟʘʜʘʯʠ ʦ ʜʠʥʘʤʠʢʝ ʬʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʞʠʜʢʦʩʪʠ, ʘ ʠʤʝʥʥʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʠʣʠ 

ʚʠʙʨʠʨʫʶʱʝʡ ʧʦʣʦʩʪʠ. ɼʘʥʥʳʡ ʠʥʪʝʨʝʩ ʩʚʷʟʘʥ ʥʘʧʨʷʤʫʶ ʩ ʚʦʧʨʦʩʘʤʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ ʦʪ ʧʨʠʤʝʩʠ ʞʠʜʢʦʩʪʝʡ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, 

ʘʢʪʠʚʠʟʘʮʠʠ ʩʝʧʘʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʞʝ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ 

ʚʣʠʷʥʠʷ ʚʠʙʨʘʮʠʡ ʥʘ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʚʚʠʜʫ ʨʝʰʝʥʠʷ ʙʦʣʴʰʦʛʦ 

ʩʧʝʢʪʨʘ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʆʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʜʦʙʳʯʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʜʥʘʢʦ ʚʦ ʤʥʦʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʚʩʪʨʝʯʘʝʪʩʷ ʦʩʮʠʣʣʷʮʠʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ, ʢʘʢ ʩʤʝʰʠʚʘʶʱʠʭʩʷ, ʪʘʢ ʠ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ. 

 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

çʚʠʙʨʘʮʠʦʥʥʦʡè ʜʠʥʘʤʠʢʠ ʤʥʦʛʦʬʘʟʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʜʝʡʩʪʚʠʠ ʦʩʣʦʞʥʷʶʱʠʭ 

ʬʘʢʪʦʨʦʚ: ʚʨʘʱʝʥʠʷ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

¶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʣʝʛʢʦʛʦ ʜʣʠʥʥʦʛʦ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʚ ʟʘʧʦʣʥʝʥʥʦʤ ʞʠʜʢʦʩʪʴʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʮʠʣʠʥʜʨʝ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ, ʧʘʨʘ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ 

ʞʠʜʢʦʩʪʝʡ ʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʞʠʜʢʦʩʪʠ ʧʨʠ ʚʠʙʨʘʮʠʷʭ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 

ʧʦʣʦʩʪʠ; 

¶ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʪʷʞʝʣʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʦʣʦʩʪʠ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ; ʦʧʨʝʜʝʣʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ʚʝʣʠʯʠʥʳ ʧʦʜʲʝʤʥʦʡ 

ʩʠʣʳ ʠ ʤʝʭʘʥʠʟʤʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʝʝ ʟʥʘʯʝʥʠʝ; 
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¶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʦʩʮʠʣʣʠʨʫʶʱʝʡ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʜʚʫʭ ʞʠʜʢʦʩʪʝʡ ʩ ʚʳʩʦʢʠʤ ʢʦʥʪʨʘʩʪʦʤ ʚʷʟʢʦʩʪʠ ʚ ʨʘʜʠʘʣʴʥʦʡ 

ʷʯʝʡʢʝ ʍʝʣʝïʐʦʫ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʀʟʫʯʝʥʘ ʦʩʨʝʜʥʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʣʝʛʢʦʛʦ ʜʣʠʥʥʦʛʦ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʚ ʟʘʧʦʣʥʝʥʥʦʤ ʞʠʜʢʦʩʪʴʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʚʨʘʱʘʶʱʝʤʩʷ 

ʮʠʣʠʥʜʨʝ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʪʠ ʚʦʟʙʫʞʜʘʶʪʩʷ 

ʚʥʝʰʥʠʤ ʩʪʘʪʠʯʝʩʢʠʤ ʧʦʣʝʤ ʣʠʙʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ʧʦʩʪʫʧʘʪʝʣʴʥʳʤʠ ʚʠʙʨʘʮʠʷʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ (ʧʘʨʘ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ 

ʞʠʜʢʦʩʪʝʡ ʠ ʪʚʝʨʜʦʝ ʪʝʣʦ ʚ ʞʠʜʢʦʩʪʠ) ʧʨʠ ʚʠʙʨʘʮʠʷʭ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 

ʧʦʣʦʩʪʠ. ʆʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʤʝʱʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʩ ʦʩʠ ʚʨʘʱʝʥʠʷ. 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʬʘʟʦʚʳʤ ʚʢʣʶʯʝʥʠʝʤ ʚ 

ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʜʠʥʘʤʠʢʘ ʪʷʞʝʣʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʦʣʦʩʪʠ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʤʦʜʫʣʠʨʦʚʘʥʥʦʤ ʚʨʘʱʝʥʠʠ. ʆʙʥʘʨʫʞʝʥʦ 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ ʚ ʚʝʣʠʯʠʥʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʪʷʞʝʣʦʝ ʪʝʣʦ ʠ ʧʨʠʚʦʜʷʱʝʡ ʢ 

ʦʪʨʳʚʫ ʪʝʣʘ ʦʪ ʩʪʝʥʢʠ ʧʦʣʦʩʪʠ.  

ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʘ ʜʠʥʘʤʠʢʘ ʦʩʮʠʣʣʠʨʫʶʱʝʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʚʫʭ 

ʞʠʜʢʦʩʪʝʡ ʩ ʚʳʩʦʢʠʤ ʢʦʥʪʨʘʩʪʦʤ ʚʷʟʢʦʩʪʠ ʚ ʨʘʜʠʘʣʴʥʦʡ ʷʯʝʡʢʝ ʍʝʣʝïʐʦʫ. 

ʆʙʥʘʨʫʞʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʥʦʚʳʡ ʪʠʧ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʚ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ çʧʘʣʴʯʠʢʦʚʳʭè ʩʪʨʫʢʪʫʨ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʚ ʬʘʟʝ 

ʚʳʪʝʩʥʝʥʠʷ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʝʝ ʨʘʜʠʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʠʤʝʝʪ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʫʶ ʧʨʠʨʦʜʫ ʠ ʧʦ ʪʠʧʫ 

ʘʥʘʣʦʛʠʯʥʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʉʘʬʬʤʘʥʘ ï ʊʝʡʣʦʨʘ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʗʩʥʦʩʪʴ ʚ ʩʧʝʮʠʬʠʢʝ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʤʥʦʛʦʬʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʠ ʜʝʡʩʪʚʠʠ ʦʩʣʦʞʥʷʶʱʠʭ 

ʬʘʢʪʦʨʦʚ, ʚʘʞʥʘ ʩ ʧʦʟʠʮʠʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
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ʧʨʦʮʝʩʩʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ ʬʘʟʦʚʦʛʦ 

ʚʢʣʶʯʝʥʠʷ (ʣʝʛʢʦʛʦ ʠʣʠ ʪʷʞʝʣʦʛʦ) ʚ ʧʦʣʦʩʪʠ ʟʘ ʩʯʝʪ ʧʝʨʝʤʝʥʥʦʛʦ 

ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʧʦʣʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʠʣʠ ʜʣʷ ʩʝʧʘʨʘʮʠʠ. ʆʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʤʝʭʘʥʠʟʤ ʩʪʘʙʠʣʠʟʘʮʠʠ (ʜʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʚʳʨʘʚʥʠʚʘʥʠʷ) ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ʠ ʥʦʚʳʡ ʦʙʥʘʨʫʞʝʥʥʳʡ ʪʠʧ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʪʠʧʫ ʉʘʬʬʤʘʥʘ ï ʊʝʡʣʦʨʘ ʠʤʝʶʪ ʰʠʨʦʢʠʡ 

ʧʨʠʢʣʘʜʥʦʡ ʠʥʪʝʨʝʩ ʚ ʥʝʬʪʝʜʦʙʳʯʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ. ɺʳʧʦʣʥʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʦʩʷʪ ʚʘʞʥʳʡ 

ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ. 

 

ʄʝʪʦʜʳ ʠ ʤʝʪʦʜʦʣʦʛʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʰʝʥʠʝ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʚʝʨʝʥʥʳʤʠ ʘʧʨʦʙʠʨʦʚʘʥʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ: 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʘʤʝʨʳ, ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʢʦʥʪʨʦʣʣʝʨʦʤ ʚʨʘʱʝʥʠʷ, 

ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʣʘʟʝʨʘ, ʚʠʙʨʦʩʪʝʥʜʘ. ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʚ ʧʦʣʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʮʠʬʨʦʚʦʡ 

ʪʨʘʩʩʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ (PIVïʤʝʪʦʜ). 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʂʦʣʝʙʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦ ʧʣʦʪʥʦʩʪʠ ʤʥʦʛʦʬʘʟʥʳʭ ʩʠʩʪʝʤ, ʚʳʟʳʚʘʝʤʳʝ 

ʧʦʣʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʚʦʢʨʫʛ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʧʦʣʦʩʪʠ, 

ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʦʩʨʝʜʥʝʥʥʳʭ ʵʬʬʝʢʪʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ), ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ 

ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʳ. 

¶ ɺʠʙʨʘʮʠʠ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ ʩ ʤʥʦʛʦʬʘʟʥʦʡ ʩʠʩʪʝʤʦʡ ʚʦʟʙʫʞʜʘʶʪ 

ʠʥʝʨʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʦʩʣʝʜʥʝʡ ʠ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʦʩʨʝʜʥʝʥʥʫʶ ʜʠʥʘʤʠʢʫ 

ʬʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ. ʕʬʬʝʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʯʘʩʪʦʪʦʡ ʠ ʘʤʧʣʠʪʫʜʦʡ ʚʠʙʨʘʮʠʡ. 
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¶ ɺʠʙʨʘʮʠʠ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ 

ʤʦʜʠʬʠʢʘʮʠʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʥʦʛʦʬʘʟʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

¶ ʄʦʜʫʣʠʨʦʚʘʥʥʦʝ ʚʨʘʱʝʥʠʝ ʧʦʣʦʩʪʠ ʩ ʞʠʜʢʦʩʪʴʶ ʠ ʪʚʝʨʜʳʤ ʪʷʞʝʣʳʤ ʪʝʣʦʤ 

ʛʝʥʝʨʠʨʫʝʪ ʦʩʨʝʜʥʝʥʥʫʶ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ, ʧʨʠʚʦʜʷʱʫʶ ʢ ʦʪʨʳʚʫ ʪʝʣʘ ʦʪ 

ʩʪʝʥʢʠ ʧʦʣʦʩʪʠ; ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʟʘʚʠʩʠʪ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʡ 

ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ. 

¶ ʂʦʣʝʙʘʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʩ ʚʳʩʦʢʠʤ ʢʦʥʪʨʘʩʪʦʤ ʚʷʟʢʦʩʪʠ ʚ 

ʱʝʣʝʚʦʤ ʟʘʟʦʨʝ ʧʨʠʚʦʜʷʪ ʢ ʧʨʦʷʚʣʝʥʠʶ ʥʦʚʦʛʦ ʪʠʧʘ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʨʦʛ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʪʩʷ ʘʤʧʣʠʪʫʜʦʡ 

ʢʦʣʝʙʘʥʠʡ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ. 

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜʳ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʨʦʙʣʝʤ ʠ 

ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʛʘʨʘʥʪʠʨʫʶʪ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ ʧʘʤʷʪʠ 

ʧʨʦʬʝʩʩʦʨʦʚ ɻ.ɿ. ɻʝʨʰʫʥʠ, ɽ.ʄ. ɾʫʭʦʚʠʮʢʦʛʦ ʠ ɼ.ɺ. ʃʶʙʠʤʦʚʘ çʇʝʨʤʩʢʠʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʫʯʥʳʝ ʯʪʝʥʠʷè (ʇʝʨʤʴ, 2016, 2018, 2019, 2020); 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɺʦʣʥʳ ʠ ʚʠʭʨʠ ʚ ʩʣʦʞʥʳʭ 

ʩʨʝʜʘʭè (ʄʦʩʢʚʘ, 2016, 2018); ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çʅʝʨʘʚʥʦʚʝʩʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʩʧʣʦʰʥʳʭ ʩʨʝʜʘʭè ʚ ʨʘʤʢʘʭ ʇʝʨʤʩʢʦʛʦ ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʛʦ ʌʦʨʫʤʘ 

(ʇʝʨʤʴ, 2017, 2021); ɿʠʤʥʷʷ ʰʢʦʣʘ ʧʦ ʤʝʭʘʥʠʢʝ ʩʧʣʦʰʥʳʭ ʩʨʝʜ. ʀʄʉʉ ʋʨʆ ʈɸʅ 

(ʇʝʨʤʴ, 2017, 2019, 2021); XXIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʝʣʠʥʝʡʥʳʝ 

ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴè (ɿʚʝʥʠʛʦʨʦʜ, 

2018); XII ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʲʝʟʜ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ 

ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ (ʋʬʘ, 2019); VII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʫʯʘʩʪʠʝʤ 

ʟʘʙʝʞʥʳʭ ʫʯʝʥʳʭ çɿʘʜʘʯʠ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ: ʪʝʦʨʠʷ, ʵʢʩʧʝʨʠʤʝʥʪ ʠ 
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ʧʨʠʣʦʞʝʥʠʷè (ʂʨʘʩʥʦʷʨʩʢ, 2020). ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ: ʧʨʦʝʢʪʘ 

ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 14-11-00476; ɺʝʜʫʱʝʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ˉ ʅʐ-

9176.2016.1; ʧʨʦʝʢʪʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ 3.9053.2017/ɹʏ.; 

ʧʨʦʝʢʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 18-71-10053; ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ 17-41-590773, ʧʨʦʝʢʪ 18-31-00363, 

ʧʨʦʝʢʪ 20-41-596011); ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ (ʛʨʘʥʪ ʜʣʷ ʚʝʜʫʱʝʡ ʥʘʫʯʥʦʡ 

ʰʢʦʣʳ C-26/1191); ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ (ʛʨʘʥʪ ʜʣʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ C-26/174.9). 

 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 29 ʨʘʙʦʪʘʭ, ʚʢʣʶʯʘʷ 

6 ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʩʧʠʩʢʘ ɺɸʂ [66 ï 71] (ʠʥʜʝʢʩʠʨʦʚʘʥʳ ʚ WOS/SCOPUS), 14 

ʩʪʘʪʝʡ ʚ ʩʙʦʨʥʠʢʘʭ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʠ ʪʨʫʜʘʭ ʢʦʥʬʝʨʝʥʮʠʡ [72 ï 85] 

(ʠʥʜʝʢʩʠʨʦʚʘʥʳ ʚ ʈʀʅʎ) ʠ 9 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ [86 ï 94].  

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɼʠʩʩʝʨʪʘʥʪʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʧʠʩʘʥʥʳʝ ʚ ʛʣʘʚʘʭ 1, 

2, 4, ʚʳʧʦʣʥʝʥʳ ʣʠʯʥʦ ʜʠʩʩʝʨʪʘʥʪʦʤ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 3 ʛʣʘʚʳ 

ʧʨʦʚʝʜʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʬ.-ʤ.ʥ. ɺʣʘʩʦʚʦʡ ʆʣʴʛʦʡ ɸʥʜʨʝʝʚʥʦʡ. ʆʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʥʘʧʠʩʘʥʠʝ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʦʡ ʪʝʢʩʪ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʯʝʪʳʨʝʭ ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ɼʠʩʩʝʨʪʘʮʠʷ 

ʩʦʜʝʨʞʠʪ 120 ʩʪʨʘʥʠʮ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʷ 56 ʬʠʛʫʨ, ʘ ʪʘʢʞʝ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 

112 ʠʩʪʦʯʥʠʢʦʚ. 

 

ɸʚʪʦʨ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʠ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ɺʠʢʪʦʨʫ ɻʝʥʥʘʜʴʝʚʠʯʫ 

ʂʦʟʣʦʚʫ ʠ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ɸʣʝʚʪʠʥʝ ɸʣʝʢʩʝʝʚʥʝ ʀʚʘʥʦʚʦʡ ʟʘ 
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ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ ʠ ʧʦʤʦʱʴ, ʧʦʣʝʟʥʳʝ 

ʦʙʩʫʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ ʚ ʥʘʧʠʩʘʥʠʠ ʠ ʟʘʱʠʪʝ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʆʩʦʙʘʷ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʩʝʤʫ ʥʘʫʯʥʦʤʫ ʢʦʣʣʝʢʪʠʚʫ ʣʘʙʦʨʘʪʦʨʠʠ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʇɻɻʇʋ ʠ ʣʠʯʥʦ ʢ.ʬ.-ʤ.ʥ. ʂʦʟʣʦʚʫ ʅʠʢʦʣʘʶ ɺʠʢʪʦʨʦʚʠʯʫ ʠ ʢ.ʬ.-

ʤ.ʥ. ɺʣʘʩʦʚʦʡ ʆʣʴʛʝ ɸʥʜʨʝʝʚʥʝ ʟʘ ʧʣʦʜʦʪʚʦʨʥʳʝ ʦʙʩʫʞʜʝʥʠʷ ʟʘʜʘʯ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʦʤʦʱʴ ʚ ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ. ɹʦʣʴʰʦʝ ʩʧʘʩʠʙʦ ʩʝʤʴʝ, ʨʦʜʥʳʤ ʠ 

ʙʣʠʟʢʠʤ ʟʘ ʧʦʜʜʝʨʞʢʫ. 
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ɻʃɸɺɸ 1. ɺʀɹʈɸʎʀʆʅʅɸʗ ɼʀʅɸʄʀʂɸ ʃɽɻʂʆɻʆ 

ʎʀʃʀʅɼʈʀʏɽʉʂʆɻʆ ʊɽʃɸ ɺʆ ɺʈɸʑɸʖʑɽʁʉʗ ʇʆʃʆʉʊʀ 

ʉ ɾʀɼʂʆʉʊʔʖ 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʚʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʧʨʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ʚʠʙʨʘʮʠʷʭ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʢʦʛʜʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʪʝʣʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʙʣʠʟʠ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʈʝʞʠʤ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ. ɺʠʙʨʘʮʠʠ 

ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʙʫʞʜʝʥʠʶ ʨʘʟʥʦʛʦ ʨʦʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ 

(ʦʧʝʨʝʞʘʶʱʝʛʦ ʠʣʠ ʦʪʩʪʘʶʱʝʛʦ), ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʝʟʦʥʘʥʩʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʝʛʦ 

ʠʥʝʨʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʦʪ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ 

ʚʠʙʨʘʮʠʡ ʜʠʥʘʤʠʢʘ ʪʝʣʘ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ. ɸʥʘʣʠʟ ʪʨʘʝʢʪʦʨʠʠ ʢʦʣʝʙʘʥʠʡ 

ʪʝʣʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʪʝʣʘ ʩʦʩʪʦʠʪ ʠʟ ʩʫʤʤʳ ʥʝʩʢʦʣʴʢʠʭ 

ʤʦʜ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʦʩʨʝʜʥʝʥʥʳʝ ʜʠʥʘʤʠʢʫ ʪʝʣʘ ʠ ʪʝʯʝʥʠʷ ʚ 

ʧʦʣʦʩʪʠ. 

 

1.1. ʊʝʣʦ ʚ ʧʦʣʦʩʪʠ, ʚʨʘʱʘʶʱʝʡʩʷ ʚʦʢʨʫʛ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ 

1.1.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʤʝʪʦʜʠʢʘ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʜʚʠʞʝʥʠʠ ʣʝʛʢʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʨʘʜʠʫʩʘ 

2R  ʚ ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʨʘʜʠʫʩʘ 1R, ʚʨʘʱʘʶʱʝʡʩʷ 

ʩ ʯʘʩʪʦʪʦʡ 2rot rfpW = , ʛʜʝ rf   ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ (ʨʠʩ. 1.1). ɼʣʠʥʘ 

ʧʦʣʦʩʪʠ 1 = 280L  ʤʤ, ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ 1 = 35.0R  ʤʤ. ɼʣʠʥʘ ʠ ʨʘʜʠʫʩ ʪʝʣʘ: 

2  = 245L  ʤʤ, 2 = 20.0R  ʤʤ. ʇʣʦʪʥʦʩʪʴ ʪʝʣʘ ʩʦʩʪʘʚʣʷʝʪ  = 0.88sr  ʛ/ʩʤ3
. ʈʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʦʜʘ,  = 1.0
L
r  ʛ/ʩʤ3

. 
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ʈʠʩ. 1.1. ʉʭʝʤʘ ʧʦʣʦʩʪʠ ʠ ʪʝʣʘ ʚ ʥʝʡ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʟʨʘʯʥʫʶ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʢʶʚʝʪʫ 1 (ʨʠʩ. 1.2), ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʠʟ ʦʨʛʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʳ ʩ 

ʧʨʦʟʨʘʯʥʦʡ ʪʦʨʮʝʚʦʡ ʢʨʳʰʢʦʡ 2. ɺ ʢʶʚʝʪʝ, ʟʘʧʦʣʥʝʥʥʦʡ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʴʶ, 

ʥʘʭʦʜʠʪʩʷ ʣʝʛʢʦʝ ʧʦʣʦʝ ʪʚʝʨʜʦʝ ʪʝʣʦ 3, ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʠʟ ʢʘʧʨʦʣʦʥʘ. ʅʘ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʪʝʣʘ (ʥʘ ʪʦʨʮʘʭ) ʫʩʪʘʥʦʚʣʝʥʳ ʫʧʦʨʳ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʫʧʨʫʛʠʭ ñʫʩʦʚò 

ʜʣʠʥʦʡ 10 ʤʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʠʙʣʠʞʝʥʠʷ ʪʝʣʘ ʢ ʪʦʨʮʘʤ ʧʦʣʦʩʪʠ.  

ʂʶʚʝʪʘ ʟʘʢʨʝʧʣʝʥʘ ʚ ʩʪʦʡʢʘʭ ʩ ʧʦʜʰʠʧʥʠʢʘʤʠ 4, ʢʦʪʦʨʳʝ ʩʪʷʥʫʪʳ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʰʧʠʣʴʢʘʤʠ 5 ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʢʦʩʘ ʩʪʦʝʢ. ʂʶʚʝʪʘ 

ʧʨʠʚʦʜʠʪʩʷ ʚʦ ʚʨʘʱʝʥʠʝ ʰʘʛʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ 6 ʤʦʜʝʣʠ FL86STH80-4208A, 

ʟʘʢʨʝʧʣʝʥʥʳʤ ʥʘ ʧʣʠʪʝ 7. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʫʧʨʘʚʣʷʝʪʩʷ ʜʨʘʡʚʝʨʦʤ SMD-4.2 ʚ 

ʧʘʨʝ ʩ ʤʦʜʫʣʝʤ ɸʎʇ ZET 210 (8), ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʙʣʦʢ ʧʠʪʘʥʠʷ NES-350-48 (9). ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 

0.001 ʦʙ/ʩ. 

 

 

ʈʠʩ. 1.2. ʉʭʝʤʘ ʢʶʚʝʪʳ ʩ ʪʝʣʦʤ (ʚʠʜ ʩʙʦʢʫ) 

 

ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʢʶʚʝʪʳ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ  = 0 9.75rf -  ʦʙ/ʩ. ɼʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʥʪʠʣʷʪʦʨ 10 ʪʠʧʘ ɺɺʌ-71ʄ. 

ɺʨʘʱʝʥʠʝ ʦʪ ʜʚʠʛʘʪʝʣʷ ʯʝʨʝʟ ʤʫʬʪʫ 11 ʧʝʨʝʜʘʝʪʩʷ ʢʶʚʝʪʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 
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ʢʶʚʝʪʘ ʚ ʩʙʦʨʝ ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʠʪʝ 12, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʞʝʩʪʢʦʩʪʴ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʟʘʢʨʝʧʠʪʴ ʢʶʚʝʪʫ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ 

ʩʪʝʥʜʝ.  

ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʨʘʱʝʥʠʷ ʣʝʛʢʦʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʪʝʣʦ ʥʘʭʦʜʠʪʩʷ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʧʦʣʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʪʝʣʘ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʛʜʘ ʣʝʛʢʦʝ ʪʝʣʦ, ʤʝʥʴʰʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʞʠʜʢʦʩʪʴʶ ʧʣʦʪʥʦʩʪʠ, ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ 

(ʨʠʩ. 1.3). ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʪʦʨʮʘ ʪʝʣʘ, ʩʜʝʣʘʥʥʘʷ ʢʘʤʝʨʦʡ 13 

(ʩʤ. ʨʠʩ. 1.2). 

ʎʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʪʝʣʘ, ʧʝʨʝʭʦʜ ʦʪ ʩʪʝʥʢʠ ʧʦʣʦʩʪʠ ʚ ʩʨʝʜʥʶʶ ʯʘʩʪʴ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

 = 4.88rf  ʦʙ/ʩ, ʘ ʚʦʟʚʨʘʱʝʥʠʝ ʪʝʣʘ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ  = 4.37rf  ʦʙ/ʩ. 

 

 

ʈʠʩ. 1.3. ʎʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ,  = 4.88rf  ʦʙ/ʩ 

 

ʀʩʩʣʝʜʦʚʘʥʠ ̫ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʠʙʨʘʮʠʡ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ   4.88rf ²  ʦʙ/ʩ. 

ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʪʝʣʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʬʦʪʦ- ʠ ʚʠʜʝʦʨʝʛʠʩʪʨʘʮʠʷ 

ʧʨʦʚʦʜʷʪʩʷ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʟʨʘʯʥʦʛʦ ʪʦʨʮʘ ʢʶʚʝʪʳ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʦʩʚʝʱʝʥʠʠ. 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʚʠʜʝʦʟʘʧʠʩʴ ʚʳʧʦʣʥʷʝʪʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʘʤʝʨʦʡ Optronis 

CamRecord CL600x2 (ʩʤ. ʨʠʩ. 1.2, 13) ʩ ʯʘʩʪʦʪʦʡ 800 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ ʧʨʠ 

ʨʘʟʨʝʰʝʥʠʠ 640Ĭ480 ʧʠʢʩʝʣʝʡ ʥʘ ʢʘʜʨ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʬʦʪʦ- ʠ 

ʚʠʜʝʦʨʝʛʠʩʪʨʘʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. 
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʪʝʣʘ ʧʨʦʚʦʜʠʪʩʷ ʧʦʢʘʜʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ 

ʚʠʜʝʦʟʘʧʠʩʝʡ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʧʦʣʦʩʪʠ ʥʘ ʠʭ ʪʦʨʮʳ ʥʘʥʝʩʝʥʳ ʨʘʜʠʘʣʴʥʳʝ ʤʝʪʢʠ. ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʩʤʝʱʝʥʠʝʤ 

ʤʝʪʦʢ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʪʝʣʘ 

(ʧʦʣʦʩʪʠ). ɺʨʝʤʷ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʷʤʠ ʪʝʣʘ ʥʘʭʦʜʠʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʯʘʩʪʦʪʝ 

ʢʘʜʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ sf  ʠ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ s rf f fD = -. ɼʣʷ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ImageJ. ʉʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ x ʠ y 

ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ (ʦʩʝʡ) ʧʦʣʦʩʪʠ ʠ ʪʝʣʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ. 

ɺʳʯʠʪʘʷ ʠʟ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʪʝʣʘ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʧʦʣʦʩʪʠ, ʤʳ ʦʩʫʱʝʩʪʚʣʷʝʤ 

ʧʝʨʝʭʦʜ ʚ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʫʶ ʩ ʥʝ ʚʨʘʱʘʶʱʠʤʩʷ ʩʪʦʣʠʢʦʤ 

(ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʠʪʦʡ, ʨʠʩ. 1.2, 12) ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ ʚ ʮʝʥʪʨʝ ʧʦʣʦʩʪʠ. 

ʀʤʝʥʥʦ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʘ ʪʝʣʘ.  

 

1.1.2. ɼʠʥʘʤʠʢʘ ʪʝʣʘ ʠ ʦʩʨʝʜʥʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʪʝʣʘ 

 

ʇʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʢʘʢ        s rf f fD = -. ɿʜʝʩʴ sf  ī ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʪʝʣʘ, ʘ rf  ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʧʦʣʦʩʪʠ. ʅʘ ʨʠʩ. 1.4 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ rf . ɽʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ fD  ʩʣʫʞʠʪ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ. ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʪʘʢʞʝ ʦʪʣʦʞʝʥʘ ʚʝʣʠʯʠʥʘ 

ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʘʢ: 

 

2
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f Rp
. (1.1) 

 



21 

 

ɻʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ rf  ʚʨʘʱʝʥʠʝ ʪʝʣʘ ʷʚʣʷʝʪʩʷ 

ʦʪʩʪʘʶʱʠʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʣʦʩʪʠ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʚ ʩʨʝʜʥʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʧʨʷʤʦʤ ʭʦʜʝ, ʪ.ʝ. ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ (ʩʚʝʪʣʳʝ ʪʦʯʢʠ ʥʘ ʛʨʘʬʠʢʝ), ʥʘʙʣʶʜʘʝʪʩʷ 

ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʚ ʜʠʘʧʘʟʦʥʝ    7.25   8.00rf = -  ʦʙ/ʩ, ʠ ʧʨʠ ʟʥʘʯʝʥʠʠ 

   8.12rf =  ʦʙ/ʩ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʩʢʘʯʢʦʤ ʧʦʚʳʰʘʝʪʩʷ. ʇʨʠ ʦʙʨʘʪʥʦʤ ʭʦʜʝ ʧʦ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ (ʪʝʤʥʳʝ ʪʦʯʢʠ) ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʥʦʪʦʥʥʦʝ ʧʦʥʠʞʝʥʠʝ 

ʚʝʣʠʯʠʥʳ / rf fD .  

 

 

ʈʠʩ. 1.4. ɿʘʚʠʩʠʤʦʩʪʴ ʙʝʟʨʘʟʤʝʨʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ: 1 ï ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ (ʧʫʩʪʳʝ ʩʠʤʚʦʣʳ), 2 ï ʦʙʨʘʪʥʳʡ ʭʦʜ ʚ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ 

(ʟʘʢʨʘʰʝʥʥʳʝ ʩʠʤʚʦʣʳ). ʉʭʝʤʳ ʧʦ ʩʪʦʨʦʥʘʤ ʛʨʘʬʠʢʘ ʧʦʢʘʟʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʞʠʤʳ 

ʜʚʠʞʝʥʠʷ, ʧʦʷʩʥʝʥʥʳʝ ʥʘ ʨʠʩ. 1.5 

 

ʄʝʞʜʫ ʧʨʷʤʳʤ ʠ ʦʙʨʘʪʥʳʤ ʭʦʜʦʤ ʧʦ rf  ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʩʪʝʨʝʟʠʩ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʦʪʣʠʯʠʝʤ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ. ʊʘʢ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʩʢʦʨʦʩʪʠ rf , ʥʘ ʫʯʘʩʪʢʝ    5.25   8.25 rf = -  ʦʙ/ʩ ʢʦʣʝʙʘʥʠʷ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʘʤʧʣʠʪʫʜʫ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ ʧʦʥʠʞʝʥʠʷ rf . ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 
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ʧʦʣʦʩʪʠ ʧʦʚʝʜʝʥʠʝ ʪʝʣʘ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ rf  

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʨʝʞʠʤʦʚ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ.  

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ 

ʧʦʣʦʩʪʠ. ʇʨʠ    4.88   8.00rf = -  ʦʙ/ʩ (ʩʤ. ʨʠʩ. 1.4, AB) ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʫʤʝʨʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ. ɺ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʜʠʥʘʤʠʢʘ ʪʝʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʝʛʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʤʝʱʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʨʝʜʥʝʛʦ ʧʦʣʦʞʝʥʠʷ (ʨʠʩ. 1.5,a). 

ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʝʣʦ ʠ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʧʦʣʦʩʪʠ ʚ ʦʙʣʘʩʪʠ    6.75   5.25rf = -  ʦʙ/ʩ (EA).  

 

 

ʈʠʩ. 1.5. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʣʝʛʢʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʝʜʫʶʱʝʤʫ ʥʘ ʨʠʩ. 1.4: ʦʙʣʘʩʪʴ AB ʜʣʷ ʩʚʝʪʣʳʭ 

ʩʠʤʚʦʣʦʚ ʠ ʦʙʣʘʩʪʴ EA ʜʣʷ ʪʝʤʥʳʭ ʩʠʤʚʦʣʦʚ (ʘ); ʪʦʣʴʢʦ ʦʙʣʘʩʪʴ BC ʜʣʷ ʩʚʝʪʣʳʭ ʩʠʤʚʦʣʦʚ (ʙ); 

ʦʙʣʘʩʪʴ CD ʜʣʷ ʩʚʝʪʣʳʭ ʩʠʤʚʦʣʦʚ ʠ ʦʙʣʘʩʪʴ DE ʜʣʷ ʪʝʤʥʳʭ ʩʠʤʚʦʣʦʚ (ʚ) 

 

ʅʘ ʧʨʠʚʝʜʝʥʥʳʭ ʩʭʝʤʘʭ ʩʤʝʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʨʝʜʥʝʛʦ 

ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ ʦʙʦʟʥʘʯʝʥʦ ʢʘʢ 1b , ʘ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʤʝʱʝʥʠʝ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʦʙʦʟʥʘʯʝʥʦ ʢʘʢ 2b . ɺʙʣʠʟʠ ʧʦʨʦʛʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

   8.12rf =  ʦʙ/ʩ (BC) ʜʠʥʘʤʠʢʘ ʪʝʣʘ ʦʩʣʦʞʥʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʧʨʝʮʝʩʩʠʠ (ʨʠʩ. 1.5,ʙ). 

ʘ 

ʙ 

ʚ 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʮʝʩʩʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚʙʣʠʟʠ ʧʦʨʦʛʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʠ ʪʦʣʴʢʦ ʜʣʷ ʩʣʫʯʘʷ ʧʨʷʤʦʛʦ ʭʦʜʘ ʧʦ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ 

rf , ʦʙʣʘʩʪʠ ʩ ʜʘʥʥʳʤ ʪʠʧʦʤ ʜʚʠʞʝʥʠʷ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʩʚʝʨʭ    8.12rf >  ʦʙ/ʩ (CD ʥʘ ʨʠʩ. 1.4) ʠʩʧʦʣʴʟʫʝʤʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʪʘʢʞʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʫʚʠʜʝʪʴ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʨʝʜʥʝʛʦ ʧʦʣʦʞʝʥʠʷ. ʇʦʚʝʜʝʥʠʝ ʪʝʣʘ, ʜʣʷ ʩʣʫʯʘʷ 

ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ, ʘʥʘʣʦʛʠʯʥʦ ʜʣʷ ʦʙʣʘʩʪʠ    9.75   7.25rf = -  ʦʙ/ʩ (DE). ɼʣʷ ʜʘʥʥʳʭ 

ʟʥʘʯʝʥʠʡ rf  ʭʘʨʘʢʪʝʨʥʦ ʪʦʣʴʢʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʤʝʱʝʥʠʝ ʪʝʣʘ (ʨʠʩ. 1.5,ʚ). 

ʉʢʦʨʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʝʛʦ ʨʝʞʠʤʦʤ 

ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ɻ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʩʪʦʡʯʠʚʳʡ ʨʘʜʠʘʣʴʥʳʡ ʩʜʚʠʛ 2b  (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʚ ʧʨʝʜʝʣʘʭ CD ʠ DE 

ʥʘ ʨʠʩ. 1.4). ʕʪʦʪ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʥʴʰʝʡ ʨʘʟʥʠʮʝ ʩʢʦʨʦʩʪʝʡ 

ʚʨʘʱʝʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ɻ ʨʘʟʥʠʮʘ ʚ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ. 

ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʤ ʟʥʘʯʝʥʠʠ ɻ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ 

1b  ʥʘʙʣʶʜʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ ʨʘʜʠʘʣʴʥʳʤ 

ʩʤʝʱʝʥʠʝʤ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʚ ʧʨʝʜʝʣʘʭ AB ʠ ɽA ʥʘ ʨʠʩ. 1.4), ʪʦʛʜʘ 

ʨʘʟʥʠʮʘ ʚ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʙʫʜʝʪ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ. ɺ ʧʨʝʜʝʣʘʭ 

ʪʦʯʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʘʢ ʨʘʜʠʘʣʴʥʳʡ ʩʜʚʠʛ, ʪʘʢ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʜʚʫʤʝʨʥʳʤʠ, ʪ.ʝ. ʧʦʧʝʨʝʯʥʳʤʠ. ɺ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ BC ʥʘʙʣʶʜʘʶʪʩʷ 

ʪʨʝʭʤʝʨʥʳʝ ʧʨʝʮʝʩʩʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʅʘʙʣʶʜʘʝʤʳʡ ʛʠʩʪʝʨʝʟʠʩ ʤʝʞʜʫ ʧʨʷʤʳʤʠ 

ʠ ʦʙʨʘʪʥʳʤʠ ʭʦʜʘʤʠ ʪʠʧʠʯʝʥ ʜʣʷ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʨʝʞʠʤʘʤʠ 

ʜʚʠʞʝʥʠʷ ʜʣʷ ʚʨʘʱʘʶʱʠʭʩʷ ʜʚʫʭʬʘʟʥʳʭ ʩʠʩʪʝʤ. 

 

1.2. ʉʚʦʙʦʜʥʦʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʪʝʣʦ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʦʩʪʠ ʧʨʠ ʚʠʙʨʘʮʠʷʭ 

 

ɼʠʥʘʤʠʢʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʠ ʧʦʧʝʨʝʯʥʳʭ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ 

ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 
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ʚʨʘʱʝʥʠʷ, ʢʦʛʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʪʝʣʦ ʩʤʝʱʘʝʪʩʷ ʢ ʦʩʠ 

ʚʨʘʱʝʥʠʷ (ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ). ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʠʙʨʘʮʠʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʪʩʪʘʶʱʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʪʝʣʘ ʠʟ-ʟʘ ʨʘʜʠʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʪʝʣʘ ʦʪ 

ʦʩʠ ʧʦʣʦʩʪʠ, ʚʳʟʚʘʥʥʦʛʦ ʩʠʣʦʡ ʪʷʞʝʩʪʠ. ʈʝʞʠʤ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʟʘʚʠʩʠʪ ʦʪ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ. ɺʠʙʨʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʙʫʞʜʝʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʦʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ (ʦʧʝʨʝʞʘʶʱʝʛʦ ʠʣʠ ʦʪʩʪʘʶʱʝʛʦ), 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʝʛʦ ʠʥʝʨʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʀʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʦʪ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʡ. ɼʠʥʘʤʠʢʘ ʪʝʣʘ 

ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʟʘʚʠʩʠʪ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ. ɸʥʘʣʠʟ 

ʪʨʘʝʢʪʦʨʠʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʩʦʩʪʦʠʪ 

ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʦʩʨʝʜʥʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʪʝʣʘ ʠ ʪʝʯʝʥʠʷ ʚ 

ʧʦʣʦʩʪʠ.  

 

1.2.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʤʝʪʦʜʠʢʘ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚ ʩʙʦʨʝ 1, ʟʘʢʨʝʧʣʝʥʥʘʷ ʥʘ ʧʣʘʪʬʦʨʤʝ, 

ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʩʪʦʣʠʢ ʚʠʙʨʦʩʪʝʥʜʘ 2, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ (ʨʠʩ. 1.6).  

 

 

ʈʠʩ. 1.6. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʚʠʜ ʩʚʝʨʭʫ) 

 



25 

 

ʉʪʦʣʠʢ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʣʠʥʝʡʥʳʝ ʰʘʨʠʢʦʚʳʝ ʧʦʜʰʠʧʥʠʢʠ, ʢʦʪʦʨʳʝ 

ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʘʨʘʣʣʝʣʴʥʳʤ ʨʝʣʴʩʘʤ 3. ɺʨʘʱʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ ʨʦʪʦʨʘ ʤʦʪʦʨʘ ʧʦʩʨʝʜʩʪʚʦʤ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 4, 5 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʩʪʦʣʠʢʘ ʚʠʙʨʦʩʪʝʥʜʘ. ʆʩʴ ʚʨʘʱʝʥʠʷ 

ʧʦʣʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʘ ʩʪʦʣʠʢʫ ʚʠʙʨʦʩʪʝʥʜʘ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʚʠʙʨʘʮʠʡ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ. ʏʘʩʪʦʪʘ ʚʠʙʨʘʮʠʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ   0 ï 7vibf =  ɻʮ, ʘʤʧʣʠʪʫʜʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 

  1  0.0 0.5vibA = °  ʤʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʠʙʨʘʮʠʡ ʥʘ ʜʠʥʘʤʠʢʫ ʪʝʣʘ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ,    4.88rf =  ʦʙ/ʩ. ɼʘʥʥʘʷ ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʶ ʪʝʣʘ. ɼʣʷ ʬʦʪʦ- ʠ ʚʠʜʝʦʨʝʛʠʩʪʨʘʮʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʪʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʩʢʦʨʦʩʪʥʘʷ ʢʘʤʝʨʘ 6 (Optronis CamRecord 

CL600x2) ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʟʨʘʯʥʦʛʦ ʪʦʨʮʘ ʢʶʚʝʪʳ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʦʩʚʝʱʝʥʠʠ. 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʚʠʜʝʦʟʘʧʠʩʴ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ 800 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ ʠ 

ʨʘʟʨʝʰʝʥʠʝʤ 640Ĭ480 ʧʠʢʩʝʣʝʡ ʥʘ ʢʘʜʨ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʬʘʟʦʚʦʛʦ 

ʚʢʣʶʯʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʦʢʘʜʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʚʠʜʝʦʟʘʧʠʩʝʡ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʪʝʣʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ sf  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʤʝʱʝʥʠʶ ʤʝʪʢʠ, 

ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʝʛʦ ʪʦʨʝʮ, ʠ ʧʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʢʘʜʨʘʤʠ, ʢʦʪʦʨʦʝ ʟʘʧʠʩʳʚʘʝʪ 

ʢʘʤʝʨʘ. ʉʢʦʨʦʩʪʴ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʢʘʢ 
s rf f fD = -, ʛʜʝ rf   

ʵʪʦ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʬʦʪʦ- ʠ ʚʠʜʝʦʨʝʛʠʩʪʨʘʮʠʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ImageJ ʥʘ ʢʦʤʧʴʶʪʝʨʝ 7. ʆʧʨʝʜʝʣʷʶʪʩʷ 

ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʧʦʣʦʩʪʠ ʠ ʬʘʟʦʚʦʛʦ ʚʢʣʶʯʝʥʠʷ. ɺʳʯʠʪʘʷ ʠʟ ʢʦʦʨʜʠʥʘʪ 

ʮʝʥʪʨʘ ʚʢʣʶʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʧʦʣʦʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʚ ʩʠʩʪʝʤʫ 

ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʫʶ ʩʦ ʩʪʦʣʠʢʦʤ ʚʠʙʨʘʪʦʨʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ. 
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1.2.2. ʂʦʣʝʙʘʥʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʪʝʣʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʚʠʙʨʘʮʠʡ ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʩʠʩʪʝʤʫ. ʉʢʦʨʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʠʟʤʝʥʷʝʪʩʷ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʟʘʜʘʚʘʝʤʦʡ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʠ (ʨʠʩ. 1.7). ʅʘ ʛʨʘʬʠʢʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ 

ʚʠʙʨʘʮʠʠ /vib rf f  ʦʪʣʦʞʝʥʘ ʚʜʦʣʴ ʦʩʠ ʘʙʩʮʠʩʩ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʧʨʠ ʚʠʙʨʘʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʦʪʣʦʞʝʥʘ 

ʚʜʦʣʴ ʦʩʠ ʦʨʜʠʥʘʪ. ɽʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ gfD , ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ g s rf f fD = - ʧʨʠ 

0vibf =  ɻʮ. ʇʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ 4.88rf =  ʦʙ/ʩ ʚʝʣʠʯʠʥʘ 

2.22gfD =  ʦʙ/ʩ. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʨʷʤʦʤ ʭʦʜʝ ʧʦ ʯʘʩʪʦʪʝ 

/vib rf f  (ʩʚʝʪʣʝr ʩʠʤʚʦʣʳ) ʠ ʦʙʨʘʪʥʦʤʫ (ʪʝʤʥʳʝ ʩʠʤʚʦʣʳ), ʚʳʷʚʣʷʝʪ ʫʟʢʠʝ 

ʦʙʣʘʩʪʠ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʧʝʨʝʭʦʜʘʭ ʠʟ ʦʜʥʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʚ ʜʨʫʛʦʡ. ʀ ʚ 

ʩʣʫʯʘʝ ʧʨʷʤʦʛʦ ʭʦʜʘ, ʠ ʚ ʩʣʫʯʘʝ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ ʚ ʦʙʣʘʩʪʠ / 0 0.41vib rf f = -  

ʚʠʙʨʘʮʠʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʚʝʣʠʯʠʥʫ / gf fD D. ʇʨʠ / 0.43vib rf f =  ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʪʝʣʘ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ /vib rf f  ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʩʪʦʤ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʜʦ ʟʥʘʯʝʥʠʷ / 0.80vib rf f = . ɺ ʜʠʘʧʘʟʦʥʝ 

/ 0.80 0.88vib rf f = -  ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʩʧʘʜ ʚʝʣʠʯʠʥʳ / gf fD D, ʯʪʦ ʩʤʝʥʷʝʪʩʷ 

ʤʦʥʦʪʦʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʧʨʠ / 0.88vib rf f > . ɺ ʮʝʣʦʤ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʚʦʟʨʘʩʪʘʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ ʯʘʩʪʦʪʳ 

ʚʠʙʨʘʮʠʡ. ʅʘʙʣʶʜʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ /vib rf f  ʧʨʦʠʩʭʦʜʠʪ 

ʩʤʝʥʘ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʚ ʧʦʣʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʥʳʡ 

ʠʥʪʝʨʚʘʣ ʯʘʩʪʦʪ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʙʣʘʩʪʠ. 

ɺ ʦʙʣʘʩʪʠ I, / 0 0.41vib rf f = - , ʧʦʚʝʜʝʥʠʝ ʪʝʣʘ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʝʡʩʪʚʠʝʤ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ / 0.31vib rf f =  (ʨʠʩ. 1.8,a, 

ʪʦʯʢʘ 2); ʝʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ xD  ʠ yD  ʷʚʣʷʝʪʩʷ ʨʘʜʠʫʩ ʪʝʣʘ 

2 20.0R =  ʤʤ. 
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ʈʠʩ. 1.7. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʡ 

 

ʅʘʨʷʜʫ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʤʝʱʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʫʯʘʡʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʛʦ ʩʨʝʜʥʝʛʦ ʧʦʣʦʞʝʥʠʷ. ʉʤʝʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʠʙʨʘʮʠʡ ʠ ʚ ʠʭ ʦʪʩʫʪʩʪʚʠʝ ʩʦʧʦʩʪʘʚʠʤʦ ʧʦ 

ʚʝʣʠʯʠʥʝ, ʥʦ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʠ 

ʚʠʙʨʘʮʠʷʭ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʠʥʘʤʠʢʫ ʤʦʞʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʩʭʦʞʫʶ, ʠ ʚʨʘʱʝʥʠʝ ʪʝʣʘ ʦʩʪʘʝʪʩʷ ʧʨʝʞʥʠʤ: / 1gf fD D =-. 

ɺʠʙʨʘʮʠʠ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ / 0 0.41vib rf f = -  ʥʝ ʤʝʥʷʶʪ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ 

ʪʝʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʩʣʫʯʘʝʤ. 

ɺ ʦʙʣʘʩʪʠ II  (ʩʤ. ʨʠʩ. 1.7) ʧʦʚʝʜʝʥʠʝ ʪʝʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʦʥʦʪʦʥʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʥʘʨʷʜʫ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʪʠʧʘ ʜʚʠʞʝʥʠʷ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ ʢʘʯʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ. 

ʊʝʣʦ ʙʦʣʴʰʝ ʥʝ ʟʘʥʠʤʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʩʤʝʱʝʥʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ (ʠʣʠ ʩʣʝʛʢʘ ʢʦʣʝʙʣʶʱʝʝʩʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ ʩʨʝʜʥʝʛʦ 

ʧʦʣʦʞʝʥʠʷ) ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ. ɺ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʪʝʣʦ ʩʦʚʝʨʰʘʝʪ 

ʢʨʫʛʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʛʦ ʩʤʝʱʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪ ʦʩʠ 
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ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ (ʨʠʩ.1.8,a, ʪʦʯʢʠ 3). ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʜʝʡʩʪʚʠʝ ʚʠʙʨʘʮʠʡ ʚʳʟʳʚʘʝʪ ʢʨʫʛʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ, ʢʦʪʦʨʳʝ ʩʫʤʤʠʨʫʶʪʩʷ ʩʦ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʤʝʱʝʥʠʝʤ, ʚʳʟʚʘʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʪʷʞʝʩʪʠ. ʎʝʥʪʨ ʢʨʫʛʦʚʦʡ 

ʪʨʘʝʢʪʦʨʠʠ, ʧʦ ʢʦʪʦʨʦʡ ʜʚʠʞʝʪʩʷ ʪʝʣʦ, ʥʘʭʦʜʠʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʪʦʡ ʞʝ ʪʦʯʢʝ, 

ʯʪʦ ʠ ʦʩʴ ʪʝʣʘ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʩʣʫʯʘʝ. ʅʘ ʨʠʩ. 1.8,ʙ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʝʟʨʘʟʤʝʨʥʘʷ 

ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʦʨʜʠʥʘʪʳ 2x RD . ɽʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ 

ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜ ʚʠʙʨʘʮʠʡ T; ʦʜʥʦʤʫ ʧʝʨʠʦʜʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1t T=. ʇʦʩʢʦʣʴʢʫ 

ʪʝʣʦ ʩʦʚʝʨʰʘʝʪ ʢʨʫʛʦʚʳʝ ʢʦʣʝʙʘʥʠʷ, ʝʛʦ ʢʦʦʨʜʠʥʘʪʳ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ. ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʢʦʦʨʜʠʥʘʪʳ 

2y RD  ʚʳʛʣʷʜʠʪ ʘʥʘʣʦʛʠʯʥʦ, ʥʦ ʩʦ ʩʜʚʠʛʦʤ ʧʦ ʬʘʟʝ ʥʘ 2p . ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʦʩʮʠʣʣʦʛʨʘʤʤʘ (ʨʠʩ. 1.8,ʚ), ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʦʙʘ ʪʠʧʘ ʩʤʝʱʝʥʠʷ, 1b  

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʨʝʜʥʝʛʦ ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ) ʠ 2b  (ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʩʤʝʱʝʥʠʝ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ), ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ 

ʢʨʫʛʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʩ ʯʘʩʪʦʪʦʡ vibf . ɺ ʚʳʙʨʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʩʨʝʜʥʝʝ ʩʤʝʱʝʥʠʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʦʪ 2 0b R =  ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1b , ʘʤʧʣʠʪʫʜʘ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2b . ɸʤʧʣʠʪʫʜʘ ʢʨʫʛʦʚʳʭ ʢʦʣʝʙʘʥʠʡ 1b  ʥʘ 

ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʘʜʠʘʣʴʥʳʡ ʩʜʚʠʛ 2b  ʠ ʘʤʧʣʠʪʫʜʳ ʜʨʫʛʠʭ 

ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʯʠʩʪʦ ʢʨʫʛʦʚʳʭ ʢʦʣʝʙʘʥʠʷʭ ʨʘʜʠʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ 2b R  ʙʫʜʝʪ 

ʦʩʪʘʚʘʪʴʩʷ ʧʦʩʪʦʷʥʥʳʤ ʚʦ ʚʨʝʤʝʥʠ, ʘ ʚ ʩʣʫʯʘʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʦʥʦ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩ ʯʘʩʪʦʪʦʡ ʚʠʙʨʘʮʠʡ. ʉʧʝʢʪʨ 

ʩʠʛʥʘʣʘ 2b R ( t T), ʧʦʣʫʯʝʥʥʳʡ ʙʳʩʪʨʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ, ʩʦʜʝʨʞʠʪ ʪʨʠ 

ʯʘʩʪʦʪʳ (ʨʠʩ. 1.8,ʛ). ɸʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʩʧʝʢʪʨʘ ʌʫʨʴʝ 2A R  ʥʦʨʤʠʨʦʚʘʥʦ ʥʘ 

ʨʘʜʠʫʩ ʪʝʣʘ. ʆʩʥʦʚʥʦʡ ʧʠʢ ʩʧʝʢʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʝ ʢʨʫʛʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʢʦʪʦʨʘʷ ʩʦʚʧʘʜʘʝʪ ʩ ʯʘʩʪʦʪʦʡ ʚʠʙʨʘʮʠʡ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʝʭ /vib rf f  ʚ ʦʙʣʘʩʪʠ 

II  (ʩʤ. ʨʠʩ. 1.7). ʂʨʦʤʝ ʪʦʛʦ ʧʨʠ ʤʝʥʴʰʝʡ ʯʘʩʪʦʪʝ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʚʪʦʨʠʯʥʳʭ 

ʧʠʢʘ ʣʝʚʝʝ ʦʩʥʦʚʥʦʛʦ, ʢʦʪʦʨʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ /vib rf f . 
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ʈʠʩ.  1.8. ʉʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʪʝʣʘ (ʘ) ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʠʙʨʘʮʠʡ (1) ʠ ʧʨʠ 

/ 0.31vib rf f =  (2); ʪʨʘʝʢʪʦʨʠʷ, ʦʧʠʩʳʚʘʝʤʘʷ ʮʝʥʪʨʦʤ ʪʝʣʘ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʩʪʦʣʠʢʘ 

ʚʠʙʨʦʩʪʝʥʜʘ ʧʨʠ / 0.80vib rf f =  (3): ʙʝʟʨʘʟʤʝʨʥʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʪʝʣʘ ʧʦ 

ʦʩʠ ʘʙʩʮʠʩʩ (ʙ), ʙʝʟʨʘʟʤʝʨʥʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʨʘʜʠʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʪʝʣʘ (ʚ), ʙʝʟʨʘʟʤʝʨʥʳʡ 

ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ, ʥʘʡʜʝʥʥʳʡ ʙʳʩʪʨʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ (ʛ) 

 

ʇʨʠ / 0.82 1.02vib rf f = -  (ʦʙʣʘʩʪʴ III  ʥʘ ʨʠʩ. 1.7) ʪʨʘʝʢʪʦʨʠʷ ʦʨʙʠʪʳ ʪʝʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ (ʨʠʩ. 1.9,ʘ). 

ɼʚʠʞʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

(ʦʪʩʪʘʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʩʠʣʴʥʝʝ). ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ ʩ ʯʘʩʪʦʪʦʡ ʚʠʙʨʘʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʟʘʤʝʪʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʳʤʠ 

(ʨʠʩ. 1.9,ʙ).  
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ʈʠʩ.  1.9. ʊʨʘʝʢʪʦʨʠʷ, ʦʧʠʩʳʚʘʝʤʘʷ ʮʝʥʪʨʦʤ ʪʝʣʘ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʩʪʦʣʠʢʘ ʚʠʙʨʦʩʪʝʥʜʘ 

(ʘ); ʙʝʟʨʘʟʤʝʨʥʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʪʝʣʘ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ (ʙ); ʙʝʟʨʘʟʤʝʨʥʘʷ 

ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʨʘʜʠʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʪʝʣʘ (ʚ); ʙʝʟʨʘʟʤʝʨʥʳʡ ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ, 

ʥʘʡʜʝʥʥʳʡ ʙʳʩʪʨʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ (ʛ). / 0.88vib rf f =  

 

ɺ ʩʧʝʢʪʨʝ ʦʩʥʦʚʥʦʡ ʧʠʢ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʯʘʩʪʦʪʝ, ʢʦʪʦʨʘʷ ʩʦʚʧʘʜʘʝʪ ʩ 

ʯʘʩʪʦʪʦʡ ʚʠʙʨʘʮʠʡ (ʨʠʩ. 1.9,ʛ). ʇʨʠ ʵʪʦʤ ʧʠʢ ʧʨʠ / 0.40vib rf f  ʫʜʚʦʠʣ ʩʚʦʶ 

ʘʤʧʣʠʪʫʜʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ, ʯʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʦʙʣʘʩʪʠ II. ʂʘʢ ʚʠʜʥʦ ʥʘ 

ʨʠʩ. 1.8, ʤʘʢʩʠʤʫʤ ʚ ʩʧʝʢʪʨʝ ʧʨʠ / /r vib rf f f f=  ʩʚʷʟʘʥ ʩʦ ʩʜʚʠʛʦʤ ʢʨʫʛʦʚʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʪʦʨʦʡ ʧʦ ʘʤʧʣʠʪʫʜʝ 

ʤʘʢʩʠʤʫʤ ʧʨʠ / 0.4rf f º  ʩʚʷʟʘʥ ʩ ʤʦʜʫʣʷʮʠʝʡ ʙʘʟʦʚʦʡ ʢʨʫʛʦʚʦʡ ʤʦʜʳ. 

ʇʨʠ / 1.02vib rf f >  (ʦʙʣʘʩʪʴ IV ʥʘ ʨʠʩ. 1.7) ʪʦʨʮʳ ʪʝʣʘ ʜʚʠʛʘʶʪʩʷ ʧʦ ʩʧʠʨʘʣʠ, 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʠ ʫʜʘʣʷʷʩʴ ʦʪ ʥʝʝ 

(ʨʠʩ. 1.10,ʘ). ʌʨʘʛʤʝʥʪ ʪʨʘʝʢʪʦʨʠʠ ʮʝʥʪʨʘ ʪʝʣʘ ʠ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʦʪʤʝʯʝʥ ʥʘ ʨʠʩʫʥʢʝ ʢʨʘʩʥʦʡ ʣʠʥʠʝʡ ʩʦ ʩʪʨʝʣʢʦʡ. ʅʘʙʣʶʜʝʥʠʷ ʚ 

ʙʦʢʦʚʦʡ ʧʨʦʝʢʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʘʢʘʷ ʪʨʘʝʢʪʦʨʠʷ ʩʚʷʟʘʥʘ ʩ ʧʨʝʮʝʩʩʠʝʡ ʪʝʣʘ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʦʩʮʠʣʣʦʛʨʘʤʤʳ (ʨʠʩ. 1.10,ʙ, ʚ), ʥʘʨʷʜʫ ʩ ʢʨʫʛʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

ʚ 

ʘ 

ʛ 

ʙ 



31 

 

ʪʝʣʘ ʩ ʯʘʩʪʦʪʦʡ ʚʠʙʨʘʮʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʝʮʝʩʩʠʷ ʚʳʟʳʚʘʝʪ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʦʥʮʦʚ ʪʝʣʘ.  

 

     

       

     

     

ʈʠʩ.  1.10. ʊʨʘʝʢʪʦʨʠʷ, ʦʧʠʩʳʚʘʝʤʘʷ ʮʝʥʪʨʦʤ ʪʝʣʘ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʩʪʦʣʠʢʘ 

ʚʠʙʨʦʩʪʝʥʜʘ (ʘ); ʙʝʟʨʘʟʤʝʨʥʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʪʝʣʘ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ (ʙ); 

ʙʝʟʨʘʟʤʝʨʥʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʨʘʜʠʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʪʝʣʘ (ʚ); ʙʝʟʨʘʟʤʝʨʥʳʡ ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ 

ʢʦʣʝʙʘʥʠʡ, ʥʘʡʜʝʥʥʳʡ ʙʳʩʪʨʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ (ʛ). / 1.25vib rf f =  

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʤʦʜʫʣʷʮʠʠ ʢʨʫʛʦʚʳʭ ʢʦʣʝʙʘʥʠʡ 

(ʨʠʩ. 1.10,ʙ). ʅʘ ʨʠʩ. 1.10,ʛ ʧʨʝʮʝʩʩʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʚʦʤʫ 

ʧʠʢʫ ( / 0.2rf f º ) ʠ ʤʘʣʦʤʫ ʧʠʢʫ ʚʙʣʠʟʠ ʟʥʘʯʝʥʠʷ / 1.25rf f º . ʉʨʘʚʥʠʚʘʷ 

ʩʧʝʢʪʨʳ ʥʘ ʨʠʩ. 1.8,ʛ, 1.9,ʛ ʠ 1.10,ʛ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʪʨʠ 

ʯʘʩʪʦʪʳ ʧʨʠʥʘʜʣʝʞʘʪ ʦʧʨʝʜʝʣʝʥʥʳʤ / rf f . ɼʚʘ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʧʠʢʘ 

ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ / rf f , ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʥʘʯʝʥʠʷ 

/vib rf f , ʠ, ʚʝʨʦʷʪʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʘʩʪʦʪʘʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ. 

ʊʨʝʪʠʡ ʧʠʢ ʚ ʩʧʝʢʪʨʝ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʟʥʘʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʳ 

ʚʠʙʨʘʮʠʡ, / /r vib rf f f f= . 
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ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʡ ʯʘʩʪʦʪʥʳʝ ʦʙʣʘʩʪʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʨʝʞʠʤʘʤʠ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ, ʛʨʘʥʠʮʳ ʵʪʠʭ 

ʦʙʣʘʩʪʝʡ ʤʦʛʫʪ ʥʝ ʩʦʚʧʘʜʘʪʴ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʥʝʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚ 

ʟʥʘʯʝʥʠʠ / gf fD D  (ʤʝʞʜʫ ʧʫʩʪʳʤʠ ʠ ʟʘʢʨʘʰʝʥʥʳʤʠ ʩʠʤʚʦʣʘʤʠ ʥʘ ʨʠʩ. 1.7). 

 

1.3. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ɺ ʨʘʙʦʪʘʭ [12, 95, 96] ʚ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ 

ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʠʥʝʨʮʠʦʥʥʳʭ ʧʦʣʝʡ, ʦʜʥʦʨʦʜʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘ ʜʠʥʘʤʠʢʫ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʚʳʧʦʣʥʝʥʘ 

ʪʨʘʥʩʣʷʮʠʦʥʥʘʷ ʩʠʤʤʝʪʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ z, ʪ.ʝ. / 0zµ µ =. 

ɼʝʡʩʪʚʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʚʥʝʰʥʝʛʦ ʧʦʣʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʦʩʠ ʚʨʘʱʝʥʠʷ, 

ʚʳʟʳʚʘʝʪ ʢʨʫʛʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʪʠ ʚʠʜʘ 

( )sin cososc oscb t t= W Ö + W Öi jr  , ʛʜʝ b ï ʘʤʧʣʠʪʫʜʘ ʨʘʜʠʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʪʝʣʘ, 

oscW  ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʝʛʦ ʢʦʣʝʙʘʥʠʡ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ. ɽʩʣʠ ʢʦʣʝʙʘʥʠʷ 

ʚʳʟʚʘʥʳ ʧʦʣʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ 

ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ oscW  ʨʘʚʥʘ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ rW , osc rW =-W. ɺ ʩʣʫʯʘʝ 

ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʚʠʙʨʘʮʠʡ ʧʦʣʦʩʪʠ ʩ ʯʘʩʪʦʪʦʡ vibW  ʪʝʣʦ ʢʦʣʝʙʣʝʪʩʷ ʩ 

ʯʘʩʪʦʪʦʡ osc vib rW =W -W. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʝʙʘʥʠʡ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʉʪʦʢʩʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʛʝʥʝʨʠʨʫʝʪʩʷ ʦʩʨʝʜʥʝʥʥʳʡ ʤʦʤʝʥʪ ʩʠʣʳ, ʧʨʠʚʦʜʷʱʠʡ ʝʛʦ ʚʦ 

ʚʨʘʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʪʠ. ʆʧʝʨʝʞʘʶʱʝʝ ʠʣʠ ʦʪʩʪʘʶʱʝʝ ʚʨʘʱʝʥʠʝ ʪʝʣʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ oscW , 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ [97] ʧʦʣʫʯʝʥʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʤʘʣʦʡ ʚʷʟʢʦʩʪʠ ʠ 

ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ 1 2b R R<< -. ɸʤʧʣʠʪʫʜʘ ʨʘʜʠʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ, 

ʚʳʟʚʘʥʥʦʛʦ ʛʨʘʚʠʪʘʮʠʝʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʧʣʘʚʫʯʝʩʪʴʶ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ: 
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, (1.2) 

 

ʛʜʝ s lr r r=  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʝʣʘ, 2 1/R R R= . ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʣʘ, 

ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʩʦʩʪʘʚʣʷʝʪ: 

 

( )2 2
0

2

1

4r osc r

U R

Rd

-DW
=

W W W
, (1.3) 

 

ʛʜʝ 2
0 2 (1 )oscU b R= W -  ï ʘʤʧʣʠʪʫʜʘ ʩʢʦʨʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʚʷʟʢʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ 2 / oscd n= W , n ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ 

ʞʠʜʢʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʧʦʣʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠʟ (1.2) ʠ (1.3) 

ʧʦʣʫʯʘʝʤ [96]: 
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʚʫʤʝʨʥʦʡ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʝʡ, 

ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʞʠʜʢʦʩʪʝʡ ʤʘʣʦʡ ʚʷʟʢʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠʭ ʨʘʩʭʦʞʜʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʜʣʠʥʥʳʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʪʝʣʦʤ, ʦʧʠʩʳʚʘʝʤʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ, 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʨʠʪʴ ʧʨʝʜʝʣʳ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʡ 2D-ʪʝʦʨʠʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʣʝʛʢʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʣʘʙʦʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʦʡ, ʚʦʟʤʫʱʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʩʠʣ ʠʥʝʨʮʠʠ [96]. ʇʦʩʣʝʜʥʠʝ 

ʧʨʠʚʦʜʷʪ ʢ ʢʦʣʝʙʘʥʠʷʤ ʪʝʣʘ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ. ʕʪʦ 

ʧʨʠʙʣʠʞʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʚ ʦʙʣʘʩʪʷʭ I ʠ II  (ʩʤ. ʨʠʩ. 1.7). ʄʦʞʥʦ ʩʨʘʚʥʠʪʴ 
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ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʚʠʙʨʘʮʠʡ (ʩʤ. ʨʠʩ. 1.8,ʘ, ʪʦʯʢʘ 1).  

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʫʶ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ, ʩʢʦʨʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ 

ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʪʝʦʨʠʷ: ʧʨʠ 4.88rf =  ʦʙ/ʩ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʩʦʩʪʘʚʣʷʝʪ / 0.46rf fD =-  ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ / 0.052rf fD =-  

ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʦ ʚʳʨʘʞʝʥʠʶ (1.3). ʇʦʤʠʤʦ ʢʦʣʝʙʘʥʠʡ ʩ ʯʘʩʪʦʪʦʡ / rf fD  ʧʨʠ 

4.88rf =  ʦʙ/ʩ ʪʝʣʦ ʩʦʚʝʨʰʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ 

ʧʦʣʦʞʝʥʠʷ, ʥʝ ʩʦʚʧʘʜʘʶʱʝʛʦ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ. ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ 

ʩʠʣʴʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʪʨʝʭʤʝʨʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ 

ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʪʝʦʨʠʠ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʧʨʠ ʙʦʣʴʰʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʝ ʪʝʣʘ. ʊʘʢ, ʪʝʦʨʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʪʦʣʴʢʦ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʨʘʜʠʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʪʝʣʘ, ʙʝʟ ʢʦʣʝʙʘʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʩʤʝʱʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ. 

ʂʨʫʛʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʧʦʜʦʙʥʳ ʘʟʠʤʫʪʘʣʴʥʳʤ ʚʦʣʥʘʤ 

ʩ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ 1 ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ-ʞʠʜʢʦʩʪʴ. ʉʦʛʣʘʩʥʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ [27], ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʪʝʣʦ ʦʙʣʘʜʘʝʪ ʜʚʫʤʷ ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʯʘʩʪʦʪʘʤʠ ʘʟʠʤʫʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

2

2 2

2 2 (1 ) (1 )

1  (1 )

vib

r

Rf
n

f R R

r

r

° - -
= =

+ + -
. (1.5) 

 

ʋʯʠʪʳʚʘʷ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʜʠʫʩ ʪʝʣʘ, 

ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ: 1 0.83n =  ʜʣʷ 

ʦʪʩʪʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ ʠ 2 1.25n =  ʜʣʷ ʦʧʝʨʝʞʘʶʱʠʭ. ʅʘ ʛʨʘʬʠʢʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ (ʩʤ. ʨʠʩ. 1.7), ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ 1/vib rf f nº  

ʩʫʱʝʩʪʚʫʝʪ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ / gf fD D. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ 

ʦʪʩʪʘʶʱʝʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ, ʪʘʢ ʢʘʢ1n  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʝ 



35 

 

ʦʪʩʪʘʶʱʠʭ ʘʟʠʤʫʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɺ ʩʣʫʯʘʝ 2/vib rf f nº  ʦʪʥʦʰʝʥʠʝ / gf fD D  

ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʧʝʨʝʞʘʶʱʠʤʠ ʢʨʫʛʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

ʪʝʣʘ, ʧʨʝʜʩʢʘʟʘʥʥʳʤʠ ʧʦ ʬʦʨʤʫʣʝ (1.5). 

ɺʠʙʨʘʮʠʠ ʦʩʣʦʞʥʷʶʪ ʜʠʥʘʤʠʢʫ ʪʝʣʘ, ʚʦʟʙʫʞʜʘʷ ʢʦʣʝʙʘʥʠʷ ʩ ʜʨʫʛʠʤʠ 

ʯʘʩʪʦʪʘʤʠ. ʌʫʨʴʝ-ʘʥʘʣʠʟ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʢʘʨʪʫ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʡ (ʨʠʩ. 1.11,ʘ). ɺ ʢʘʯʝʩʪʚʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʡ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʡ 

ʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ ʚʳʙʨʘʥʘ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ 4.88rf =  ʦʙ/ʩ. 

ʐʪʨʠʭ-ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʥʘ ʛʨʘʬʠʢʝ ʦʙʦʟʥʘʯʝʥʦ ʦʪʥʦʰʝʥʠʝ / 1vibf f =, ʢʦʪʦʨʦʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʥʫʞʜʝʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʪʝʣʘ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʝʛʦ ʢʦʣʝʙʘʥʠʡ 

ʩʦʚʧʘʜʘʝʪ ʩ ʯʘʩʪʦʪʦʡ ʚʠʙʨʘʮʠʡ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ / 0.4vib rf f <  ʚʠʙʨʘʮʠʦʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʦʚʝʜʝʥʠʝ ʪʝʣʘ: ʢʨʫʛʦʚʳʝ 

ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ ʠʤʝʶʪ ʦʯʝʥʴ ʤʘʣʫʶ ʘʤʧʣʠʪʫʜʫ (ʨʠʩ. 1.11,ʙ) ʠ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʢʘʨʪʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʷʚʥʳʭ ʧʠʢʦʚ (ʨʠʩ. 1.11,ʘ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʢʦʨʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʝʛʦ ʨʘʜʠʘʣʴʥʳʤ 

ʩʤʝʱʝʥʠʝʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ: / 1gf fD D º- (ʩʤ. ʨʠʩ. 1.7). ʇʨʝʞʜʝ 

ʚʩʝʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʦʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ viba , ʦʧʠʩʳʚʘʶʱʝʛʦ ʩʠʣʳ 

ʠʥʝʨʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʩʪʦʣʠʢʘ ʚʠʙʨʦʩʪʝʥʜʘ ʠʟ-ʟʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʚʠʙʨʘʮʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʧʝʨʝʯʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʡ 

ʧʦʣʦʩʪʠ. ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʚʟʷʪʴ ʭʘʨʘʢʪʝʨʥʦʝ ʮʝʥʪʨʦʙʝʞʥʦʝ 

ʫʩʢʦʨʝʥʠʝ ʚ ʧʦʣʦʩʪʠ 
2

2(2 )rf Rp , ʪʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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ʈʠʩ. 1.11. ʂʘʨʪʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ /vib rf f  (ʘ) ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʝʟʨʘʟʤʝʨʝʥʥʦʡ ʘʤʧʣʠʪʫʜʳ ʢʨʫʛʦʚʳʭ ʢʦʣʝʙʘʥʠʡ 

ʪʝʣʘ ʦʪ /vib rf f  (ʙ). ʎʚʝʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʘʤʧʣʠʪʫʜʫ ʩʧʝʢʪʨʘ ʢʦʣʝʙʘʥʠʡ ɸ 

 

ʇʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʢʶʚʝʪʳ ʠ ʘʤʧʣʠʪʫʜʘ ʚʠʙʨʘʮʠʡ vibA  

ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ, ʟʥʘʯʠʪ, ʚʠʙʨʘʮʠʦʥʥʦʝ ʫʩʢʦʨʝʥʠʝ viba  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʦʡ ʚʠʙʨʘʮʠʡ, ʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʯʘʩʪʦʪʳ 

ʚʠʙʨʘʮʠʡ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʟʘʢʦʥʫ: 

 

.

.

.

.

.

.

.

.

.

.

.

.

.

......

ʘ 

ʙ 



37 

 

2

0.5 vib
vib

r

f
a

f

å õ
= æ ö

ç ÷
. (1.7) 

 

ʅʘ ʨʠʩ. 1.11 ʚʠʜʥʦ, ʯʪʦ ʦʪʢʣʠʢ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʟʥʘʯʝʥʠʷ / 0.43vib rf f = , ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʯʦʢ ʘʤʧʣʠʪʫʜʳ 

1 2b R . ʇʦʩʪʫʧʘʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʪʦʣʠʢʘ ʚʠʙʨʦʩʪʝʥʜʘ ʚʦʟʙʫʞʜʘʶʪ ʚ 

ʥʝʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ. ʇʦʩʣʝʜʥʠʝ ʧʨʦʠʩʭʦʜʷʪ ʩ 

ʯʘʩʪʦʪʦʡ ʚʠʙʨʘʮʠʡ, ʜʚʠʞʝʥʠʝ ʪʝʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʢʨʫʛʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʂʨʫʛʦʚʳʝ 

ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ, ʚʦʟʙʫʞʜʘʝʤʳʝ ʧʨʠ / 0.43vib rf f = , ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʫʶ ʘʤʧʣʠʪʫʜʫ 

ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚʧʣʦʪʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʜʘʥʥʦʡ /vib rf f . ʇʦʤʠʤʦ ʢʨʫʛʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚʦʟʙʫʞʜʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ. 

ʇʨʠ ʢʨʫʛʦʚʳʭ ʢʦʣʝʙʘʥʠʷʭ ʩ ʯʘʩʪʦʪʦʡ, ʤʝʥʴʰʝʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ, 

ʪʝʣʦ ʩʦʚʝʨʰʘʝʪ ʦʪʩʪʘʶʱʠʝ ʢʨʫʛʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪ ʦʪʩʪʘʶʱʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʪʝʣʘ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ 

ʜʝʡʩʪʚʠʝʤ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʢʦʪʦʨʦʝ ʩʦʭʨʘʥʷʝʪʩʷ (ʪʘʢ ʢʘʢ ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ 

ʪʝʣʘ ʩʤʝʱʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʧʦʣʦʩʪʠ), ʚʳʥʫʞʜʝʥʥʳʝ ʢʨʫʛʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ 

ʩ ʯʘʩʪʦʪʦʡ ʚʠʙʨʘʮʠʡ ʧʨʠʚʦʜʷʪ ʢ ʨʝʟʢʦʤʫ ʫʩʠʣʝʥʠʶ ʝʛʦ ʦʪʩʪʘʶʱʝʛʦ ʚʨʘʱʝʥʠʷ (ʩʤ. 

ʨʠʩ. 1.7, ɸ). 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʡ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ viba , ʨʝʞʠʤ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ 

ʩ ʯʘʩʪʦʪʦʡ ʚʠʙʨʘʮʠʡ (/ /r vib rf f f f= ) ʩʦʭʨʘʥʷʝʪʩʷ (ʨʠʩ. 1.11,ʘ). ɺ ʩʨʝʜʥʝʤ 

ʘʤʧʣʠʪʫʜʘ ʢʨʫʛʦʚʳʭ ʢʦʣʝʙʘʥʠʡ 1 2b R  ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ viba . ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ 

ʥʝʢʦʪʦʨʳʭ /vib rf f  ʧʨʦʷʚʣʷʶʪʩʷ ʜʨʫʛʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʤʦʜʳ. ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳ 

ʤʦʜʳ ʩ ʯʘʩʪʦʪʘʤʠ / 0.12rf f =  ʠ 0.39 (ʨʠʩ. 1.11,ʘ). ɿʥʘʯʝʥʠʝ ʠʭ ʯʘʩʪʦʪ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʯʘʩʪʦʪʳ /vib rf f . ʇʝʨʚʘʷ ʤʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʨʝʭʤʝʨʥʳʝ ʧʨʝʮʝʩʩʠʦʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 2/vib rf f nº  (ʩʤ. 

ʨʠʩ. 1.7). ʇʨʠ ʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʠʣʴʥʦʝ ʦʧʝʨʝʞʘʶʱʝʝ ʧʦʣʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʪʝʣʘ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʢʨʫʛʦʚʳʤʠ ʠ 
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ʧʨʝʮʝʩʩʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ. ɺʪʦʨʘʷ ʤʦʜʘ ʧʨʠ / 0.39rf f =  

ʘʥʘʣʦʛʠʯʥʘ ʧʝʨʚʦʡ, ʥʦ ʢʦʣʝʙʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʫʩʠʣʝʥʠʝʤ ʦʪʩʪʘʶʱʝʛʦ ʠʣʠ 

ʦʧʝʨʝʞʘʶʱʝʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ. ɼʘʥʥʘʷ ʤʦʜʘ, ʚʝʨʦʷʪʥʦ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ ʠ ʟʥʘʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

/ gf fD D  (ʩʤ. ʨʠʩ. 1.7). 

ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʧʨʝʮʝʩʩʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ (ʩʤ. ʨʠʩ. 1.10) ʚʦʟʙʫʞʜʘʶʪʩʷ 

ʧʨʠ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʝ ʚʠʙʨʘʮʠʡ / 1.02vib rf f >  ʠ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 

/ 1.25vib rf f º  (ʨʠʩ. 1.11,ʘ). ʉʦʛʣʘʩʥʦ 2D-ʪʝʦʨʠʠ ʵʪʠ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʣʦʩʢʠʤ ʢʨʫʛʦʚʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩ ʯʘʩʪʦʪʦʡ 2n . ɹʳʣʦ ʙʳ 

ʝʩʪʝʩʪʚʝʥʥʦ ʫʚʠʜʝʪʴ ʥʝʣʠʥʝʡʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʨʫʛʦʚʳʭ ʢʦʣʝʙʘʥʠʡ 

1 2b R ʧʨʠ / 1.25vib rf f º , ʦʜʥʘʢʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʠʢʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʩʤ. ʨʠʩ. 1.11). 

ɺʤʝʩʪʦ ʵʪʦʛʦ ʥʘ ʬʦʥʝ ʢʨʫʛʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʘʤʧʣʠʪʫʜʘ ʧʨʝʮʝʩʩʠʠ ʨʝʟʦʥʘʥʩʥʳʤ 

ʦʙʨʘʟʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʄʝʞʜʫ ʪʝʤ ʯʘʩʪʦʪʘ ʧʨʝʮʝʩʩʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʟʦʥʘʥʩʥʦʡ. 

ʏʪʦʙʳ ʧʦʥʷʪʴ ʵʪʦ, ʩʨʘʚʥʠʤ ʨʘʟʣʠʯʥʳʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʧʦʷʚʣʷʶʪʩʷ ʯʘʩʪʦʪʳ 

ʧʨʝʮʝʩʩʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʆʧʠʨʘʷʩʴ ʥʘ ʢʘʨʪʫ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʤʝʥʥʦ 

ʜʘʥʥʳʡ ʪʠʧ ʢʦʣʝʙʘʥʠʡ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʚʠʙʨʘʮʠʡ 

/ : 0.43, 0.72, 0.94vib rf f A B C- - -  (ʩʤ. ʨʠʩ. 1.11,ʘ). ʉʨʘʚʥʠʚʘʷ ʢʘʨʪʫ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʛʨʘʬʠʢʦʤ ʜʣʷ / gf fD D  (ʩʤ. ʨʠʩ. 1.7), ʚʠʜʠʤ, ʯʪʦ ʵʪʠ 

ʯʘʩʪʦʪʳ ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ ʪʦʯʝʢ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ ʧʦʚʝʜʝʥʠʷ ʪʝʣʘ. ɺʙʣʠʟʠ 

ʧʦʨʦʛʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ ʘʥʘʣʦʛʠʯʥʳ ʢʦʣʝʙʘʥʠʷʤ ʧʨʠ / 1.02vib rf f > , 

ʥʦ ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʘʤʧʣʠʪʫʜʫ.  

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʤʳʤ ʧʦʚʝʜʝʥʠʝʤ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʧʨʝʮʝʩʩʠʷ. ʆʥʘ ʚʦʟʥʠʢʘʝʪ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʧʦʣʦʞʝʥʠʝ ʪʝʣʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʪʘʙʠʣʴʥʳʤ: ʧʝʨʝʭʦʜ ʦʪ ʢʦʣʝʙʘʥʠʡ ʢ ʫʩʪʦʡʯʠʚʦʤʫ 

ʨʘʜʠʘʣʴʥʦʤʫ ʩʤʝʱʝʥʠʶ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʩʣʫʯʘʝ, ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʤʦʜʘʤʠ ʜʚʠʞʝʥʠʷ ʧʨʠ ʚʠʙʨʘʮʠʷʭ ʠ, ʥʘʢʦʥʝʮ, ʚ ʨʝʟʦʥʘʥʩʝ ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ 

ʢʨʫʛʦʚʳʭ ʢʦʣʝʙʘʥʠʷʭ ʪʝʣʘ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʠʯʠʥʘ ʚ ʪʦʤ, ʯʪʦ ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʜʣʠʥʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ 

ʧʦʧʝʨʝʯʥʦʡ ʦʩʠ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ ʩʠʤʤʝʪʨʠʠ. ʇʨʠ ʵʪʦʤ ʘʤʧʣʠʪʫʜʘ ʧʨʝʮʝʩʩʠʦʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʯʘʩʪʦʪʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʙʩʪʚʝʥʥʳʤ ʜʚʫʤʝʨʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ. ʇʨʠ 2/vib rf f nº  ʬɻʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʩʠʣʴʥʝʝ, ʯʝʤ ʧʨʠ 1/vib rf f nº  

ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ viba . ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ 

ʜʦʧʦʣʥʷʝʪ ʧʨʝʜʳʜʫʱʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʙʦʣʝʝ ʢʦʨʦʪʢʠʤʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʪʝʣʘʤʠ.  
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ɻʃɸɺɸ 2. ɼɺʋʍʌɸɿʅɸʗ ʉʀʉʊɽʄɸ ʇʈʀ ʉʆɺʇɸɼɽʅʀʀ 

ʏɸʉʊʆʊʓ ɺʈɸʑɽʅʀʗ ʉ ʏɸʉʊʆʊʆʁ ɺʀɹʈɸʎʀʀ 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʘʝʪʩʷ ʚʣʠʷʥʠʝ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʚʠʙʨʘʮʠʡ ʙʦʣʴʰʦʡ 

ʘʤʧʣʠʪʫʜʳ ʥʘ ʜʠʥʘʤʠʢʫ ʣʝʛʢʦʛʦ ʪʝʣʘ ʠʣʠ ʩʠʩʪʝʤʳ ʜʚʫʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ 

ʞʠʜʢʦʩʪʝʡ, ʧʦʤʝʱʝʥʥʳʭ ʚʦ ʚʨʘʱʘʶʱʫʶʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʦʣʦʩʪʴ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʢʦʛʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʣʝʛʢʘʷ ʬʘʟʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʙʣʠʟʠ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʯʘʩʪʦʪʘ ʚʠʙʨʘʮʠʡ ʙʣʠʟʢʘ ʢ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʚʠʙʨʘʮʠʡ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʯʘʩʪʦʪ rf  

ʠ vibf  ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʚʠʙʨʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʩʦʟʜʘʥʠʶ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʠʣʦʚʦʛʦ 

ʧʦʣʷ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ. ɼʝʡʩʪʚʠʝ ʚʠʙʨʘʮʠʡ ʧʨʠ ʵʪʦʤ ʵʢʚʠʚʘʣʝʥʪʥʦ 

ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʧʝʨʝʥʦʩʫ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʚʥʦʝ ʧʦʣʦʚʠʥʝ 

ʘʤʧʣʠʪʫʜʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʚʠʙʨʘʮʠʡ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ 

ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʡ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʦʩʨʝʜʥʝʥʥʦʤʫ 

ʘʟʠʤʫʪʘʣʴʥʦʤʫ ʜʨʝʡʬʫ ʬʘʟʦʚʦʛʦ ʚʢʣʶʯʝʥʠʷ (ʣʝʛʢʦʛʦ ʪʝʣʘ ʠʣʠ ʩʪʦʣʙʘ ʣʝʛʢʦʡ 

ʞʠʜʢʦʩʪʠ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʪʠ. ʇʦʩʣʝʜʥʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʟʠʤʫʪʘʣʴʥʳʤ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʨʝʜʥʝʥʥʦʛʦ ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʢʘʢ ʦʪʩʪʘʶʱʠʤ, ʪʘʢ ʠ ʦʧʝʨʝʞʘʶʱʠʤ. ʇʦʧʝʨʝʯʥʳʝ ʦʩʠ ʚʨʘʱʝʥʠʷ ʚʠʙʨʘʮʠʠ ʩ 

ʯʘʩʪʦʪʦʡ, ʙʣʠʟʢʦʡ ʢ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʠ ʨʘʜʠʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ ʣʝʛʢʠʭ 

ʪʚʝʨʜʭr ʠ ʞʠʜʢʦʩʪʥʳʭ ʬʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ. 

 

2.1.  ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʤʝʪʦʜʠʢʘ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʟʨʘʯʥʫʶ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʢʶʚʝʪʫ, ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʠʟ ʦʨʛʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʳ ʩ ʧʨʦʟʨʘʯʥʦʡ 

ʪʦʨʮʝʚʦʡ ʢʨʳʰʢʦʡ (ʨʠʩ. 2.1). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʥʫʪʨʴ ʧʦʤʝʱʘʝʪʩʷ ʣʝʛʢʦʝ 

(ʤʝʥʴʰʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʫʞʘʶʱʝʡ ʞʠʜʢʦʩʪʴʶ ʧʣʦʪʥʦʩʪʠ) ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ 

ʪʝʣʦ 1, ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʥʠʤ ʠ ʩʪʝʥʢʘʤʠ ʢʶʚʝʪʳ ʟʘʧʦʣʥʷʝʪʩʷ ʨʘʙʦʯʝʡ 
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ʞʠʜʢʦʩʪʴʶ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʢʶʚʝʪʘ ʟʘʧʦʣʥʷʝʪʩʷ ʧʘʨʦʡ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ 

ʞʠʜʢʦʩʪʝʡ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ 2. ʈʘʟʤʝʨʳ ʨʘʙʦʯʝʡ ʧʦʣʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ: ʜʣʠʥʘ 

1 26.5L =  ʩʤ (ʚ ʩʣʫʯʘʝ ʪʝʣʘ) ʠ 1 13.5L =  ʩʤ (ʩ ʜʚʫʤʷ ʞʠʜʢʦʩʪʷʤʠ), ʚʥʫʪʨʝʥʥʠʡ 

ʨʘʜʠʫʩ 
1 3.5R=  ʩʤ. ʊʚʝʨʜʦʝ ʧʦʣʦʝ ʪʝʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʠʟ ʢʘʧʨʦʣʦʥʘ ʠ ʠʤʝʝʪ ʜʣʠʥʫ 

2 24.5L =  ʩʤ, ʨʘʜʠʫʩ 2 2.0R =  ʩʤ. ɽʛʦ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 0.88 ʛ/ʩʤ
3
. ɼʣʠʥʘ 

ʩʪʦʣʙʘ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ 3 13.5L =  ʩʤ, ʘ ʨʘʜʠʫʩ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

3 0.7 2.3R = -  ʩʤ. ʋʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʧʦʣʦʩʪʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʚʫʭʞʠʜʢʦʩʪʥʦʡ 

ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʦʩʣʘʙʠʪʴ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʚʠʙʨʘʮʠʷʭ. 

 

 

ʈʠʩ. 2.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʚʠʜ ʩʙʦʢʫ) 

 

ʈʘʟʤʝʨʳ ʧʦʣʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʜʠʫʩ ʧʦʣʦʩʪʠ ʠ ʨʘʜʠʫʩʳ ʚʢʣʶʯʝʥʠʡ 

ʧʦʜʦʙʨʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʘʤʧʣʠʪʫʜʳ 

ʚʠʙʨʘʮʠʡ ʩʠʩʪʝʤʳ ʚ ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ. ʌʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1. 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨ ʠʩʩʣʝʜʫʝʤʳʭ ʞʠʜʢʦʩʪʝʡ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2. ɹʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʪʷʞʝʣʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʧʘʨ.  
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ʊʘʙʣʠʮʘ 2.1. ʌʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ 

 ʇʣʦʪʥʦʩʪʴ 

r, ʛ/ʩʤ3
 

ɺʷʟʢʦʩʪʴ 

n, ʩʉʪ 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ 

s, ʜʠʥ/ʩʤ 

ɺʦʜʘ (ʧʦʜʢʨʘʰʝʥʥʘʷ) 1.0 1.0 54 

ʄʘʩʣʦ ʀ-5ɸ 0.83 10.3 27 

ɺʦʜʘ+ʛʣʠʮʝʨʠʥ (50%) 1.12 5.0 37 

ɺʦʜʘ+ʛʣʠʮʝʨʠʥ (75%) 1.2 21.0 44 

 

ʊʘʙʣʠʮʘ 2.2. ʌʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨ ʞʠʜʢʦʩʪʝʡ 

 ʆʪʥʦʰʝʥʠʝ  

ʧʣʦʪʥʦʩʪʝʡ 

ʦʪʥr  

ʆʪʥʦʰʝʥʠʝ  

ʚʷʟʢʦʩʪʝʡ 

ʦʪʥn  

ʂʦʵʬʬʠʮʠʝʥʪ ʤʝʞʬʘʟʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ,  

ʜʠʥ/ʩʤ 

ɺʦʜʘ ï ʄʘʩʣʦ ʀ-5ɸ 0.83 10.3 31 

ɺʦʜʘ+ʛʣʠʮʝʨʠʥ (50%) ï ʄʘʩʣʦ ʀ-5ɸ 0.74 2.1 17 

ɺʦʜʘ+ʛʣʠʮʝʨʠʥ (75%) ï ʄʘʩʣʦ ʀ-5ɸ 0.69 0.49 8.6 

 

ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʨʘʱʝʥʠʷ ʣʝʛʢʦʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʪʝʣʦ (ʩʪʦʣʙ ʣʝʛʢʦʡ 

ʞʠʜʢʦʩʪʠ) ʥʘʭʦʜʠʪʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʣʦʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʜʠʥʘʤʠʢʠ ʚʢʣʶʯʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʩʣʫʯʘʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʢʦʛʜʘ ʣʝʛʢʦʝ ʬʘʟʦʚʦʝ ʚʢʣʶʯʝʥʠʝ, ʤʝʥʴʰʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʫʞʘʶʱʝʡ 

ʞʠʜʢʦʩʪʴʶ ʧʣʦʪʥʦʩʪʠ, ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ (ʨʠʩ. 2.2). ʇʨʠ 

ʵʪʦʤ ʣʝʛʢʘʷ ʞʠʜʢʦʩʪʴ ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʪʦʣʙʘ, ʚʳʪʷʥʫʪʦʛʦ 

ʚʜʦʣʴ ʦʩʠ ʚʨʘʱʝʥʠʷ. 

 

  

ʈʠʩ. 2.2. ʎʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʣʝʛʢʦʡ ʬʘʟʳ: ʪʚʝʨʜʦʝ ʪʝʣʦ (ʘ), ʩʪʦʣʙ ʞʠʜʢʦʩʪʝʡ 

(ʙ) 

 

ʘ ʙ 
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ɺʠʙʨʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʠʩʪʝʤʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʪʝʥʜʘ, ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ (ʩʤ. ɻʣʘʚʘ 

1, ʨʠʩ. 1.6). ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʜʠʥʘʤʠʢʦʡ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʦ 

ʩʪʦʨʦʥʳ ʧʨʦʟʨʘʯʥʦʛʦ ʪʦʨʮʘ. ʉʝ̡ʤʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʘʤʝʨʦʡ 

Optronis CamRecord CL600x2. ʈʝʟʫʣʴʪʘʪʳ ʬʦʪʦ-ʠ ʚʠʜʝʦʩʲʝʤʢʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ImageJ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ  sf  ʠ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ s rf f fD = -  

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʛʜʝ  rf  ʵʪʦ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ.  

ɺ ʩʣʫʯʘʝ ʞʠʜʢʦʩʪʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʥʝ ʚʦʟʤʦʞʥʦ. ɼʣʷ ʜʚʫʭʞʠʜʢʦʩʪʥʦʡ ʩʠʩʪʝʤʳ ʪʨʘʝʢʪʦʨʠʷ 

ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʩʪʦʣʙʘ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʆʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʠʤʝʶʱʠʭ ʦʪʥʦʰʝʥʠʝ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ, 

ʷʚʣʷʝʪʩʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ. ɼʣʷ ʝʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʧʦʣʠʤʝʨʥʳʝ ʯʘʩʪʠʮʳ, 

ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʳʭ ʙʳʣʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʤʝʞʜʫ ʧʣʦʪʥʦʩʪʷʤʠ ʪʷʞʝʣʦʡ ʠ ʣʝʛʢʦʡ 

ʞʠʜʢʦʩʪʝʡ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʣ ʦʪ 0.3 ʜʦ 0.7 ʤʤ. ʇʦ ʜʦʩʪʠʞʝʥʠʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʯʘʩʪʠʮʳ ʨʘʩʧʨʝʜʝʣʷʣʠʩʴ ʚʜʦʣʴ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. ʇʦʩʨʝʜʩʪʚʦʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʨʮʘʥʠʷ 

ʩʪʨʦʙʦʩʢʦʧʠʯʝʩʢʦʡ ʣʘʤʧʳ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʦʙʲʝʢʪʘ ʠʟʤʝʨʷʣʘʩʴ ʯʘʩʪʦʪʘ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ intf . ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʙʦʩʢʦʧʦʤ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʦʚ GSPF-052 (ʪʦʯʥʦʩʪʴ 0.001 ɻʮ). ʏʘʩʪʦʪʘ 

ʤʝʨʮʘʥʠʷ ʥʘʩʪʨʘʠʚʘʣʘʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʯʘʩʪʠʮʳ ʙʳʣʠ ʚʠʜʥʳ 

ʥʝʧʦʜʚʠʞʥʳʤʠ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʩʪʦʣʠʢʘ ʚʠʙʨʦʩʪʝʥʜʘ. ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʛʨʘʥʠʮʳ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ 

int2 ( )rf fpDW= -.  

ɼʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʣʝʛʢʦʛʦ ʬʘʟʦʚʦʛʦ ʚʢʣʶʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤ ʧʨʘʚʠʣʴʥʳʡ 

ʚʳʙʦʨ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʆʩʴ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ ʪʚʝʨʜʦʪʝʣʴʥʦ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩʦ ʩʪʦʣʠʢʦʤ ʚʠʙʨʦʩʪʝʥʜʘ. ʇʝʨʝʭʦʜ ʚ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ, 
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ʩʚʷʟʘʥʥʫʶ ʩʦ ʩʪʦʣʠʢʦʤ ʚʠʙʨʦʩʪʝʥʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʯʠʪʘʥʠʷ 

ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʧʦʣʦʩʪʠ ʠʟ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʚʢʣʶʯʝʥʠʷ. ʀʤʝʥʥʦ ʚ ʵʪʦʡ 

ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʘʝʢʪʦʨʠʠ ʮʝʥʪʨʘ ʣʝʛʢʦʛʦ ʚʢʣʶʯʝʥʠʷ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ ʠ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ.  

ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʘʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ 

ʚʦʟʥʠʢʘʣʘ ʚʦʣʥʘ. ʋʛʣʦʚʘʷ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ 2w wfpW =  ʠʟʤʝʨʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʘʟʳ ʚʦʣʥʳ. ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʠ ʢʦʦʨʜʠʥʘʪʳ ʦʩʠ ʧʦʣʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʘʩʯʝʪʘ ʤʛʥʦʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʚʦʣʥʳ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʩʪʦʣʠʢʘ ʚʠʙʨʦʩʪʝʥʜʘ. ɺʨʝʤʷ ʢʘʞʜʦʛʦ ʢʘʜʨʘ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʯʘʩʪʦʪʝ ʢʘʜʨʦʚ ʩʢʦʨʦʩʪʥʦʡ ʚʠʜʝʦʩʲʝʤʢʠ. ʋʛʣʦʚʦʝ (ʘʟʠʤʫʪʘʣʴʥʦʝ) 

ʠʟʤʝʥʝʥʠʝ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʝʪ wW . ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ w w rDW =W -W, ʛʜʝ 2r rfpW = . 

ʏʘʩʪʦʪʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ vibf  ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʣʠʟʢʘ ʢ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ rf . ʏʘʩʪʦʪʘ vibf  ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ (ʜʣʷ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʝʛʢʦʛʦ ʚʢʣʶʯʝʥʠʷ), ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ 

ʧʦʣʦʩʪʠ q, ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʜʢʦʩʪʝʡ. ʊʘʢʞʝ ʯʘʩʪʦʪʘ ʚʠʙʨʘʮʠʡ 

ʦʛʨʘʥʠʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʪʝʥʜʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ 

ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʭ ʚʠʙʨʘʮʠʷʭ. ɺʝʨʭʥʠʡ ʧʨʝʜʝʣ ʜʣʷ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʡ ʚ ʩʣʫʯʘʝ 

ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ (ʧʦʨʷʜʢʘ ʜʝʩʷʪʢʦʚ ʤʠʣʣʠʤʝʪʨʦʚ) ʩʦʩʪʘʚʣʷʝʪ 8 ɻʮ.  

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʯʠʭ ʜʠʘʧʘʟʦʥʦʚ (ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʠ 

ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʡ) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ 

(ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʩʣʫʯʘʡ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʠʙʨʘʮʠʡ). ʊʘʢ, ʪʚʝʨʜʦʝ ʪʝʣʦ ʟʘʜʘʥʥʳʭ 

ʨʘʟʤʝʨʦʚ ʧʝʨʝʭʦʜʠʪ ʦʪ ʩʪʝʥʢʠ ʧʦʣʦʩʪʠ ʚ ʩʨʝʜʥʶʶ ʯʘʩʪʴ ʧʨʠ 4.88rf =  ʦʙ/ʩ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʪʚʝʨʜʦʛʦ ʬʘʟʦʚʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʩʣʝʜʫʶʱʠʝ: 5 7r vibf f= = - ɻʮ, ʘʤʧʣʠʪʫʜʘ ʚʠʙʨʘʮʠʡ 0  3.0vibA = -  ʩʤ. ɺ ʩʣʫʯʘʝ 

ʜʚʫʭʞʠʜʢʦʩʪʥʦʡ ʩʠʩʪʝʤʳ ʯʘʩʪʦʪʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʞʠʜʢʦʩʪʝʡ: ʚʷʟʢʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ, ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ 
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2 2
3 1/q R R= , ʛʜʝ 3R - ʨʘʜʠʫʩ ʩʪʦʣʙʘ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ, 1R - ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ 

ʧʦʣʦʩʪʠ. ɼʣʷ ʪʨʝʭ ʧʘʨ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʯʘʩʪʦʪʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (ʨʠʩ. 2.3). ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʳ: ʚʦʜʘ ï 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʤʘʩʣʦ ʀ5-ɸ (1), 50% ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ ʚ ʚʦʜʝ ï ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ 

ʤʘʩʣʦ ʀ5-ɸ (2), 75% ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ ʚ ʚʦʜʝ ï ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʤʘʩʣʦ ʀ-5ɸ (3). 

 

 

ʈʠʩ. 2.3. ʏʘʩʪʦʪʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʣʝʛʢʦʛʦ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʨʘʙʦʯʝʡ ʧʦʣʦʩʪʠ  

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʟʤʦʞʥʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ ʚ ʚʦʜʝ ʚ ʧʘʨʝ ʩ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ 

ʤʘʩʣʦʤ (ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʧʦʣʦʩʪʠ ʠ ʧʨʦʮʝʥʪʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʠʮʝʨʠʥʘ ʚ ʚʦʜʝ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʞʠʜʢʦʩʪʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʚʢʣʁʯʝʥʠʷ ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʣʝʜʫʶʱʠʝ: 

   5.75 7.75r vibf f= = -  ɻʮ, ʘʤʧʣʠʪʫʜʘ ʚʠʙʨʘʮʠʡ   0 1  .5vibA = -  ʩʤ. ɼʦʧʫʩʪʠʤʘʷ 

ʘʤʧʣʠʪʫʜʘ ʚʠʙʨʘʮʠʡ ʦʢʘʟʘʣʘʩʴ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʧʦ ʧʨʠʯʠʥʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʞʠʜʢʦʩʪʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʛʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʦʣʙʘ ʣʝʛʢʦʡ 

ʞʠʜʢʦʩʪʠ. 
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2.2. ʃʝʛʢʦʝ ʪʝʣʦ ʚ ʞʠʜʢʦʩʪʠ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʣʝʛʢʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʙʦʣʴʰʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ. 

ʀʟʫʯʝʥʠʝ ʚʝʜʝʪʩʷ ʧʨʠ ʚʥʝʰʥʝʤ ʦʩʮʠʣʣʷʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ (ʧʦʧʝʨʝʯʥʳʝ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʚʠʙʨʘʮʠʠ) ʩ ʯʘʩʪʦʪʦʡ vib rf f= . 

 

2.2.1. ʆʩʮʠʣʣʠʨʫʶʱʝʝ ʜʚʠʞʝʥʠʝ ʣʝʛʢʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

 

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʬʘʟʦʚʦʝ ʚʢʣʶʯʝʥʠʝ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ 

ʧʦʣʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʚʠʙʨʘʮʠʷʤʠ 

ʦʩʮʠʣʣʠʨʫʶʱʝʡ ʩʠʣʳ ʠʥʝʨʮʠʠ. ʆʙʝ ʵʪʠ ʩʠʣʳ ʚʦʟʙʫʞʜʘʶʪ ʢʦʣʝʙʘʥʠʷ ʚʢʣʶʯʝʥʠʷ ʚ 

ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ (ʩ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʦʪʘʤʠ), ʚʳʟʳʚʘʷ ʘʜʜʠʪʠʚʥʳʝ 

ʦʩʨʝʜʥʝʥʥʳʝ ʵʬʬʝʢʪʳ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʞʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʙʝʟʨʘʟʤʝʨʥʳʤ ʚʠʙʨʘʮʠʦʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ viba , ʦʧʠʩʳʚʘʶʱʠʤ 

ʩʠʣʳ ʠʥʝʨʮʠʠ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʚʠʙʨʠʨʫʶʱʝʛʦ ʩʪʦʣʠʢʘ. ʉ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ( )
2

22 rf Rp  ʬʦʨʤʫʣʘ ʜʣʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 

2

2

vib vib
vib

r

A f
a

R f

å õ
= æ ö

ç ÷
. (2.1) 

 

ʀʩʩʣʝʜʫʝʪʩʷ ʜʠʥʘʤʠʢʘ ʪʚʝʨʜʦʛʦ ʣʝʛʢʦʛʦ ʪʝʣʘ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ ʧʨʠ 

ʚʠʙʨʘʮʠʷʭ ʩ ʯʘʩʪʦʪʦʡ, ʧʨʝʜʝʣʴʥʦ ʙʣʠʟʢʦʡ ʢ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ vib rf f= . ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦʙ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʧʦʜʨʘʟʫʤʝʚʘʷ ʜʝʡʩʪʚʠʝ 

ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʪʘʢ ʠ ʩʠʣʳ ʠʥʝʨʮʠʠ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʠʙʨʘʮʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʠʣʳ ʪʷʞʝʩʪʠ ʪʝʣʦ ʩʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʨʘʜʠʫʩʘ, ʠ ʩʢʦʨʦʩʪʴ ʝʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ 0fD <. ɺʦʟʜʝʡʩʪʚʠʝ ʚʠʙʨʘʮʠʡ ʩ ʯʘʩʪʦʪʦʡ, ʙʣʠʟʢʦʡ ʢ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ, 

ʚʳʟʳʚʘʝʪ ʜʚʫʤʝʨʥʳʝ ʢʨʫʛʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ, ʢʦʪʦʨʳʝ ʩʫʤʤʠʨʫʶʪʩʷ ʩʦ 
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ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʤʝʱʝʥʠʝʤ, ʚʳʟʚʘʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʧʦʣʷ ʪʷʞʝʩʪʠ. ʆʙ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʪʝʣʘ (ʨʠʩ. 2.4,a,ʙ): ʦʥʦ ʩʦʚʝʨʰʘʝʪ ʢʨʫʛʦʚʳʝ 

ʢʦʣʝʙʘʥʠʷ (ʪʦʯʢʠ 1) ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʨʘʜʠʫʩʘ 1b  ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʧʦʣʦʞʝʥʠʷ 

(ʪʦʯʢʘ 2), ʩʤʝʱʝʥʥʦʛʦ ʩ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʥʘ ʚʝʣʠʯʠʥʫ 2b . ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʪʝʣʦ ʩʦʚʝʨʰʘʝʪ ʢʘʢ ʘʟʠʤʫʪʘʣʴʥʦʝ, ʪʘʢ ʠ ʨʘʜʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʨʘʱʘʷʩʴ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ. 

 

  

  

ʈʠʩ. 2.4 ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʪʝʣʘ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʩʪʦʣʠʢʘ ʚʠʙʨʦʩʪʝʥʜʘ ʧʨʠ 

0.53vibA =  ʩʤ (ʘ), ʧʨʠ 2.05vibA =  ʩʤ (ʙ), ʬʦʪʦʛʨʘʬʠʷ ʩʤʝʱʝʥʠʷ ʪʝʣʘ ʦʪ ʦʩʠ ʧʦʣʦʩʪʠ ʧʨʠ 

1.5vibA =  ʩʤ (ʚ) ʠ 3.0vibA =  ʩʤ (ʛ); 5vib rf f ==  ɻʮ 

 

ʂʘʯʝʩʪʚʝʥʥʦ ʤʦʞʥʦ ʨʘʟʣʠʯʠʪʴ ʜʚʘ ʪʠʧʘ ʜʚʠʞʝʥʠʷ ʪʝʣʘ. ɺʳʙʦʨ ʤʝʞʜʫ ʥʠʤʠ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ (ʚʠʙʨʘʮʠʡ) ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʤʧʣʠʪʫʜʦʡ. 

ʇʝʨʚʳʡ ʪʠʧ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʘʤʧʣʠʪʫʜ ʚʠʙʨʘʮʠʡ   1.5vibA <  ʩʤ. ʊʨʘʝʢʪʦʨʠʷ, 

ʦʧʠʩʳʚʘʝʤʘʷ ʮʝʥʪʨʦʤ ʪʦʨʮʘ ʪʝʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʝʝ 

ʨʘʜʠʫʩʘ 1b  (ʨʠʩ. 2.4,ʘ). ɺʪʦʨʦʡ ʪʠʧ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʘ ʙ 

ʚ ʛ 
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ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʦʩʪʝ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʘʜʠʫʩʦʤ 1b  (ʨʠʩ. 2.4,ʙ). ɽʩʣʠ 

ʨʘʩʩʤʦʪʨʝʪʴ ʪʨʘʝʢʪʦʨʠʶ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ. 2.4,ʙ, ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, 

ʚʨʘʱʘʶʱʝʡʩʷ ʚʤʝʩʪʝ ʩ ʧʦʣʦʩʪʴʶ, ʪʦ ʣʝʛʢʦʝ ʪʝʣʦ ʟʘʥʠʤʘʝʪ ʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1b  ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʛʦ ʪʝʣʦ ʩʦʚʝʨʰʘʝʪ ʢʦʣʝʙʘʥʠʷ 

ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ 2b . ʋʛʣʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ ʪʝʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʨʘʱʘʶʱʝʡʩʷ 

ʧʦʣʦʩʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. ʉʨʘʚʥʝʥʠʝ ʨʠʩ. 2.4,ʘ,ʙ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 1b  

ʚʦʟʨʘʩʪʘʝʪ ʩ ʘʤʧʣʠʪʫʜʦʡ ʚʠʙʨʘʮʠʡ. ɺ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩʦ ʩʪʦʣʠʢʦʤ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʪʝʥʜʘ, ʭʦʨʦʰʦ ʚʠʜʥʦ ʩʤʝʱʝʥʠʝ ʪʝʣʘ ʦʪ ʦʩʠ ʧʦʣʦʩʪʠ (ʨʠʩ. 2.4,ʚ), ʘ 

ʚ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 11 2b R R= -, ʪʝʣʦ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩʦ ʩʪʝʥʢʦʡ ʢʶʚʝʪʳ 

(ʨʠʩ. 2.4,ʛ). 

 

2.2.2. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʪʝʣʘ 

 

ʉʤʝʱʝʥʠʝ ʠ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʢʦʣʝʙʘʥʠʷʤ 

ʞʠʜʢʦʩʪʠ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ï ʢ ʛʝʥʝʨʘʮʠʠ ʩʨʝʜʥʝʛʦ ʤʦʤʝʥʪʘ ʩʠʣ, ʚʳʟʳʚʘʶʱʝʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʪʝʣʘ [97]. ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʪʝʣʘ fD  ʚ ʮʝʣʦʤ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʨʦʩʪʦʤ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ vibA  (ʨʠʩ. 2.5,a). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʝʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ ʨʘʩʩʣʘʠʚʘʶʪʩʷ ʧʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʚʢʣʘʜʦʤ ʧʦʣʷ ʪʷʞʝʩʪʠ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʪʝʣʘ [70]. ɺ ʠʥʪʝʨʚʘʣʝ 

1.0 1.5vibA = -  ʩʤ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʟʢʠʝ ʚʦʟʨʘʩʪʘʥʠʷ fD  ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʱʝʤʫ 

ʨʦʩʪʫ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʠʟʫʯʝʥʠʷ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʥʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʩʤʝʥʦʡ ʪʠʧʘ ʜʚʠʞʝʥʠʷ ʪʝʣʘ. ʇʨʠ 3.0vibA =  ʩʤ ʪʝʣʦ 

ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩʦ ʩʪʝʥʢʦʡ ʧʦʣʦʩʪʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʧʨʝʢʨʘʱʘʝʪʩʷ, 

0fD =. ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʝ ʚ ʠʟʫʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʚʳʰʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴʰʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʩʢʦʨʦʩʪʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ (ʨʠʩ. 2.5,ʙ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʙʝʟʨʘʟʤʝʨʥʘʷ ʘʤʧʣʠʪʫʜʘ viba  ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʜʣʷ ʦʜʥʦʛʦ ʚʳʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ vibA .  
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ʈʠʩ. 2.5. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ fD : ʦʪ vibA  ʚ ʨʘʟʤʝʨʥʦʤ ʚʠʜʝ (ʘ), 

ʦʪ rf   ʚ ʨʘʟʤʝʨʥʦʤ ʚʠʜʝ (ʙ), ʦʪ vibA  ʚ 

ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ (ʚ) 

 

ɼʘʥʥʳʝ ʠʟ ʨʠʩ. 2.5, ʘ, ʙ ʦʙʦʙʱʝʥʳ ʥʘ ʨʠʩ. 2.5,ʚ ʥʘ ʧʣʦʩʢʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [9], ʩʢʦʨʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ 

ʪʝʣʘ ï ʵʪʦ ʣʠʥʝʡʥʘʷ ʩʫʧʝʨʧʦʟʠʮʠʷ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʥʝʟʘʚʠʩʠʤʦ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʚʠʙʨʘʮʠʷʤʠ: vib gf f fD =D +D. ʅʘ ʨʠʩ. 2.5,ʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 
gf fD D  ʦʪ 2vibA R , ʛʜʝ ʘʤʧʣʠʪʫʜʘ ʚʠʙʨʘʮʠʡ 

ʦʙʝʟʨʘʟʤʝʨʝʥʘ ʥʘ ʚʝʣʠʯʠʥʫ ʨʘʜʠʫʩʘ ʪʝʣʘ. ɼʣʷ fD  ʧʨʦʠʟʚʝʜʝʥʦ ʦʙʝʟʨʘʟʤʝʨʠʚʘʥʠʝ 

ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʪʝʣʘ, g
fD , ʦʧʨʝʜʝʣʷʝʤʫʶ ʜʣʷ ʢʘʞʜʦʡ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʧʨʠ 0vibf =  ɻʮ ʠ 0vibA =  ʩʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʮʝʥʠʚʘʝʤ ʪʦʣʴʢʦ ʚʢʣʘʜ ʚʠʙʨʘʮʠʡ ʚ ʩʢʦʨʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ. 

ʘ 

ʚ 

ʙ 
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ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ 2vibA R  ʦʪʢʣʠʢ ʪʝʣʘ ʥʘ ʚʦʟʤʫʱʝʥʠʝ ʩ ʨʘʟʥʦʡ 

ʯʘʩʪʦʪʦʡ ʦʜʠʥʘʢʦʚ. ɺ ʮʝʣʦʤ ʪʨʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʠ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: 2
2( )g vibf f A RD D  (ʩʧʣʦʰʥʘʷ 

ʣʠʥʠʷ ʥʘ ʨʠʩ. 2.5,ʚ). ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʛʨʘʬʠʢʘ, ʚʠʙʨʘʮʠʠ ʚʦʟʙʫʞʜʘʶʪ 

ʦʪʩʪʘʶʱʝʝ ʚʨʘʱʝʥʠʝ ʪʝʣʘ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʘʤʧʣʠʪʫʜʦʡ. 

 

2.3. ʉʠʩʪʝʤʘ ʜʚʫʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ 

 

ɺ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʣʝʛʢʘʷ ʞʠʜʢʦʩʪʴ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʫ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʚ ʚʠʜʝ ʨʦʚʥʦʛʦ ʩʪʦʣʙʘ (ʨʠʩ. 2.6,ʘ). ʂʦʣʝʙʘʥʠʷ ʩ ʯʘʩʪʦʪʦʡ 

1vib rf f º  ʧʨʠʚʦʜʷʪ ʢ ʨʘʜʠʘʣʴʥʦʤʫ ʩʤʝʱʝʥʠʶ ʩʪʦʣʙʘ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ 

(ʨʠʩ. 2.6,ʙ), ʢʦʪʦʨʳʡ ʧʨʠ ʵʪʦʤ ʟʘʥʠʤʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ ʩʪʦʣʙʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʩ ʪʦʡ 

ʞʝ ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʦʡ, ʯʪʦ ʠ ʧʦʣʦʩʪʴ. ʉʤʝʱʝʥʠʝ ʩʪʦʣʙʘ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ vibA . ʇʨʠ ʥʝʢʦʪʦʨʦʤ ʧʦʨʦʛʦʚʦʤ 

ʟʥʘʯʝʥʠʠ vibA  ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʚʦʣʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʴ ʩʪʦʣʙʘ ʩʦʭʨʘʥʷʝʪ ʥʝʧʦʜʚʠʞʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ. ʅʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ. ʇʝʨʚʳʡ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʦʟʙʫʞʜʝʥʠʝʤ 

ʘʟʠʤʫʪʘʣʴʥʦʡ ʚʦʣʥʳ (ʨʠʩ. 2.6,ʚ): ʩʪʦʣʙ ʪʝʨʷʝʪ ʩʚʦʶ ʦʩʝʚʫʶ ʩʠʤʤʝʪʨʠʶ, ʧʨʠ ʵʪʦʤ 

ʚʦʟʤʫʱʝʥʠʝ ʷʚʣʷʝʪʩʷ ʜʚʫʤʝʨʥʳʤ ʠ ʛʨʝʙʥʠ ʚʦʣʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ 

ʩʪʦʣʙʘ. 
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ʈʠʩ. 2.6. ʌʦʪʦʛʨʘʬʠʠ ʬʦʨʤʳ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʣʷ ʧʘʨʳ ʚʦʜʦʛʣʠʮʝʨʠʥʦʚʳʡ ʨʘʩʪʚʦʨ 

(50%) ï ʤʘʩʣʦ ʀ-5ɸ ʧʨʠ 0.13q= , 7.75rf =  ʦʙ/ʩ. ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ vibA (ʩʤ) = 0  (ʘ), 

0.63 (ʙ), 0.75 (ʚ), 1.1 (ʛ), 1.5 (ʜ,ʝ); ʨʘʜʠʫʩ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʣʝʛʢʦʛʦ ʚʢʣʶʯʝʥʠʷ3 1.25R =  ʩʤ. 

ʉʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ: ʩʪʦʣʙ ʠʤʝʝʪ ʢʨʫʛʣʦʝ ʩʝʯʝʥʠʝ (ʘ); ʧʷʪʴ ʛʨʝʙʥʝʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʝʡ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʩʠ ʩʪʦʣʙʘ (ʙ); ʛʨʝʙʥʠ ʩʪʘʥʦʚʷʪʩʷ ʦʩʪʨʝʝ ʠ ʠʭ ʬʘʟʘ ʤʝʥʷʝʪʩʷ ʚʜʦʣʴ 

ʦʩʠ (ʚ); ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʬʘʟʳ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʩʪʦʣʙʘ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ (ʛⱷʝ). ʊʦʯʢʦʡ ʥʘ 

ʬʦʪʦʛʨʘʬʠʷʭ ʦʪʤʝʯʝʥʘ ʦʩʴ ʚʨʘʱʝʥʠʷ 

 

ɺʪʦʨʦʡ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʦʩʝʚʳʭ ʠ 

ʘʟʠʤʫʪʘʣʴʥʳʭ ʚʦʣʥ (ʨʠʩ. 2.6,ʛ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʫʱʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʟʘʚʠʩʷʪ ʦʪ ʦʩʝʚʦʡ ʢʦʦʨʜʠʥʘʪʳ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ 

ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʧʝʨʝʭʦʜʷʪ ʚ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ ʨʝʞʠʤ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 2.6,ʜ,ʝ ʧʦʢʘʟʘʥʳ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʬʘʟʳ 

ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ vibA  ʥʘʨʫʰʘʝʪʩʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʦʜʥʘʢʦ ʵʪʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʦʩʠ 

ʩʪʦʣʙʘ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ. 
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2.3.1. ɼʠʥʘʤʠʢʘ ʩʪʦʣʙʘ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ 

 

ɺ ʮʝʣʦʤ ʜʠʥʘʤʠʢʘ ʩʪʦʣʙʘ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʚʠʙʨʘʮʠʷʭ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʯʘʩʪʦʪʦʡ / 1vib rf f º  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʛʦ ʩʤʝʱʝʥʠʝʤ ʚʜʦʣʴ ʨʘʜʠʫʩʘ ʧʦʣʦʩʪʠ, ʧʨʠ 

ʵʪʦʤ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. 

ɼʚʠʞʝʥʠʝ ʩʪʦʣʙʘ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʜʠʘʣʴʥʳʤ ʩʤʝʱʝʥʠʝʤ b. ɺ 

ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʩʪʦʣʠʢʘ ʚʠʙʨʦʩʪʝʥʜʘ ʩʪʦʣʙ ʜʚʠʞʝʪʩʷ ʧʦ ʢʨʫʛʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʨʘʜʠʫʩʘ 1b  (ʨʠʩ. 2.7, ʪʦʯʢʠ 1) ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ rW .  

 

  

 

 

 

ʈʠʩ. 2.7. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ 

ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʩʪʦʣʠʢʘ 

ʚʠʙʨʦʩʪʝʥʜʘ ʧʨʠ    7.75
r vib

f f= =  ɻʮ, 

 0.6
vib

A =  ʩʤ (ʘ); 7  ɻʮ, 0.45 ʩʤ (ʙ); 7.5 ɻʮ, 

0.88 ʩʤ (ʚ) 

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʮʝʥʪʨ ʵʪʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʦʣʦʩʪʠ, ʟʘʜʘʥʥʦʡ ʢʦʦʨʜʠʥʘʪʘʤʠ ( , ) (0,0)y xD D = , ʠ ʩʤʝʱʘʝʪʩʷ ʦʪ ʥʝʝ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ 2b  (ʨʠʩ. 2.7, ʘïʚ, ʪʦʯʢʠ 2). ʅʘ ʨʠʩ. 2.7 ʧʨʠʚʝʜʝʥʳ ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ: 2.1ʦʪʥn = , 0.74ʦʪʥr = , 0.13q=  (ʘ); 2.1ʦʪʥn = , 0.74ʦʪʥr = , 

ʚ 

ʙ ʘ 
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0.24q=  (ʙ); 0.49,   0.69ʦʪʥ ʦʪʥn r= = , 0.24q=  (ʚ). ɺʩʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʧʘʨʘʤʝʪʨʳ ʪʷʞʝʣʦʡ ʞʠʜʢʦʩʪʠ (ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ ʚ ʚʦʜʝ).  

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʝʛʢʘʷ ʞʠʜʢʦʩʪʴ ʩʦʚʝʨʰʘʝʪ ʢʘʢ ʘʟʠʤʫʪʘʣʴʥʦʝ, ʪʘʢ ʠ 

ʨʘʜʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʧʦʣʦʩʪʠ. ɼʘʥʥʘʷ ʜʠʥʘʤʠʢʘ, ʢʘʢ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʘʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʧʦʣʦʩʪʠ 2 2
3 1/Rq R=  ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʞʠʜʢʦʩʪʝʡ (ʦʪʥr , ʦʪʥn ), ʧʦʩʢʦʣʴʢʫ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʦʜʥʦʪʠʧʥʳʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ çʪʚʝʨʜʦʪʝʣʴʥʦè ʫʧʨʘʚʣʷʪʴ ʞʠʜʢʦʩʪʥʳʤ ʚʢʣʶʯʝʥʠʝʤ 

ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʯʘʣʴʥʦʛʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ. 

ɺʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʪʦʣʙʘ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʝʛʦ 

ʮʝʥʪʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʧʦʣʦʩʪʠ (ʨʠʩ. 2.8). ɺ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʴʶ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʜʠʥʘʤʠʢʘ ʩʪʦʣʙʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ 
1 2( )b b b t= + .  

 

 

 

 

 

ʈʠʩ. 2.8. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʜʠʘʣʴʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʩʪʦʣʙʘ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ, ʦʙʦʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʠʩ. 2.7  

 

ʀʟ ʨʠʩ. 2.8 ʚʠʜʥʦ, ʯʪʦ 1b  ʠ ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ 2b  ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ vibA . 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 1b  (ʧʦʩʪʦʷʥʥʦʝ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʩʪʦʣʙʘ 

ʞʠʜʢʦʩʪʠ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ) ʙʣʠʟʢʦ ʢ ʧʦʣʦʚʠʥʝ 

ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ vibA . 

 

ʚ 

ʙ ʘ 
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2.3.2. ɻʨʘʥʠʮʘ ʨʘʟʜʝʣʘ: ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ, ʩʢʦʨʦʩʪʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʜʠʥʘʤʠʢʫ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʚʫʭ 

ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʥʘ ʧʨʠʤʝʨʝ ʧʘʨʳ ʚʦʜʦʛʣʠʮʝʨʠʥʦʚʘʷ ʩʤʝʩʴ (75%) ï 

ʤʘʩʣʦ ʀ-5ɸ ( 0.69ʦʪʥr =  ʠ 0.29q= ). ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʠʙʨʘʮʠʡ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʜʚʫʭ 

ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʩʦʚʝʨʰʘʝʪ ʦʪʩʪʘʶʱʝʝ ʚʨʘʱʝʥʠʝ 0rDW W < 

(ʨʠʩ. 2.9).  

 

 

ʈʠʩ. 2.9. ʉʢʦʨʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ rDW W ʠ ʬʘʟʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ w rDW Wʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʡ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ, 6.0rf =  ʦʙ/ʩ 

 

ʇʨʠ 
~

3vib wA R A< (ʦʙʣʘʩʪʴ I) ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʦʩʪʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩʪʦʣʙʘ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ (ʢʨʫʛʦʚʦʡ ʬʦʨʤʳ), ʘ ʟʥʘʯʝʥʠʝ rDW W 

ʧʦʩʪʦʷʥʥʦ. ʈʘʟʥʠʮʘ ʚ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʤʝʞʜʫ ʩʪʦʣʙʦʤ ʞʠʜʢʦʩʪʠ ʠ ʧʦʣʦʩʪʴʶ 

ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ. ʅʝʢʦʪʦʨʦʝ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʳʤ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʦʨʦʛʫ 
~
wA  ʩʣʝʚʘ. ɺʳʰʝ ʧʦʨʦʛʘ 

~
wA  

(ʦʙʣʘʩʪʴ II) ʧʦʷʚʣʷʶʪʩʷ ʮʝʥʪʨʦʙʝʞʥʳʝ ʚʦʣʥʳ. ʉʪʦʣʙ ʞʠʜʢʦʩʪʠ ʠʩʢʘʞʘʝʪʩʷ, 

ʦʜʥʘʢʦ ʵʪʠ ʚʦʟʤʫʱʝʥʠʷ ʜʚʫʤʝʨʥʳʝ: ʛʨʝʙʥʠ ʚʦʣʥʳ ʚʳʪʷʥʫʪʳ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ 
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ʩʪʦʣʙʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʪʴ ʚʪʦʨʦʡ ʪʠʧ ʚʦʣʥ, ʦʧʨʝʜʝʣʷʶʱʠʭʩʷ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʦʩʝʚʳʭ ʠ ʘʟʠʤʫʪʘʣʴʥʳʭ ʚʦʣʥ. ɺ ʮʝʣʦʤ, ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʦ 

ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʴʶ. ɹʝʟʨʘʟʤʝʨʥʘʷ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ 
w rDW W ʧʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ (ʨʠʩ. 2.9). ʆʪʩʪʘʚʘʥʠʝ ʬʘʟʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʪʠ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. ʇʨʠ 
~

3 .vib a oscA R A>  (ʦʙʣʘʩʪʴ III ) 

ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʧʝʨʝʭʦʜʷʪ ʚ ʨʝʞʠʤ ʘʚʪʦʢʦʣʝʙʘʥʠʡ. ɺ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ 

ʜʠʥʘʤʠʢʘ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʠ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 

r
DW W ʠ 

w r
DW W ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ.  

ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʦʜʠʤʳʭ ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ, 

ʧʦʢʘʟʳʚʘʝʪ ʩʭʦʞʫʶ ʜʠʥʘʤʠʢʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʢʘʨʪʫ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʡ ʚ 

ʧʦʣʦʩʪʠ (ʨʠʩ. 2.10).  

 

 

ʈʠʩ. 2.10. ʂʘʨʪʘ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʡ: ʧʦʨʦʛ ʚʦʟʙʫʞʜʝʥʠʷ ʚʦʣʥʳ ~
wA  (1); ʧʦʨʦʛ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ~
.a oscA  (2). ʆʙʣʘʩʪʠ I, II , III  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʠʩ. 2.9  

 

ɺʣʠʷʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʘʨʘʤʝʪʨʦʤ 

2
3ɻ ( )rg R= W , ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʢ 

ʮʝʥʪʨʦʙʝʞʥʦʤʫ ʫʩʢʦʨʝʥʠʶ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʨʦʛʠ ʩʤʝʥʳ ʨʝʞʠʤʦʚ ʩʣʘʙʦ 

ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʯʘʩʪʦʪʦʡ 
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ʚʨʘʱʝʥʠʷ 5.75rf =  ʦʙ/ʩ (ɻ 0.40= ), ʧʨʠ ʢʦʪʦʨʦʤ ʘʚʪʦʢʦʣʝʙʘʥʠʷ ʚʦʟʙʫʞʜʘʶʪʩʷ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʘʤʧʣʠʪʫʜʝ ʚʠʙʨʘʮʠʡ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʯʝʥʴ 

ʙʣʠʟʢʦʡ ʢ ʧʦʨʦʛʫ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ. 

 

2.4. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ɺ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ ʧʨʠʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʦʢʘʟʳʚʘʝʤʦʛʦ ʚʠʙʨʘʮʠʷʤʠ ʥʘ ʣʝʛʢʦʝ ʬʘʟʦʚʦʝ ʚʢʣʶʯʝʥʠʝ ʚ ʩʣʫʯʘʝ ʩʦʚʧʘʜʝʥʠʷ 

ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʠ ʚʠʙʨʘʮʠʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʠʥʘʤʠʢʠ ʣʝʛʢʦʛʦ ʬʘʟʦʚʦʛʦ ʚʢʣʶʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʚ ʩʣʫʯʘʝ ʜʚʫʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

2.4.1. ʉʤʝʱʝʥʠʝ ʣʝʛʢʦʛʦ ʬʘʟʦʚʦʛʦ ʚʢʣʶʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ 

 

ɼʠʥʘʤʠʢʘ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩʣʝʜʫʶʱʠʤʠ 

ʦʩʥʦʚʥʳʤʠ ʵʬʬʝʢʪʘʤʠ: ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʘʜʠʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʠ ʢʦʣʝʙʘʥʠʷ ʣʝʛʢʦʛʦ 

ʬʘʟʦʚʦʛʦ ʚʢʣʶʯʝʥʠʷ (ʪʚʝʨʜʦʛʦ ʠ ʞʠʜʢʦʩʪʥʦʛʦ), ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʝʡ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠʣʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʝʡ. ʇʦʩʣʝʜʥʝʝ, ʢʘʢ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʨʘʥʝʝ [27, 99], ʦʙʫʩʣʦʚʣʝʥʦ 

ʦʩʨʝʜʥʝʥʥʳʤ ʪʝʯʝʥʠʝʤ, ʛʝʥʝʨʠʨʫʝʤʳʤ ʢʦʣʝʙʘʥʠʷʤʠ ʞʠʜʢʦʩʪʠ. ʈʘʜʠʘʣʴʥʦʝ 

ʩʤʝʱʝʥʠʝ ʚʢʣʶʯʝʥʠʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʧʦʣʷ ʧʨʠ 

ʚʠʙʨʘʮʠʷʭ ʩ ʯʘʩʪʦʪʦʡ, ʨʘʚʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ. ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʨʘʥʝʝ 

ʦʙʥʘʨʫʞʝʥ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʮʠʣʠʥʜʨʝ ʩ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʴʶ [28]. 

ʆʜʥʘʢʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʜʣʷ ʨʘʟʥʦʛʦ ʨʦʜʘ ʬʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ 

ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʳʣʦ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʙʳʩʪʨʦʛʦ ʚʨʘʱʝʥʠʷ, ʢʦʛʜʘ ʨʦʣʴ ʩʠʣʳ ʪʷʞʝʩʪʠ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ. ɺʚʝʜʝʤ ʜʚʝ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ, ʦʜʥʫ ʥʝʧʦʜʚʠʞʥʫʶ , ,x y z¡ ¡ ¡, 

ʜʨʫʛʫʶ ï , ,x y z, ʚʨʘʱʘʶʱʫʶʩʷ ʚʤʝʩʪʝ ʩ ʧʦʣʦʩʪʴʶ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ rW . 

ʇʫʩʪʴ ʦʩʠ z ʠ z¡ʩʦʚʧʘʜʘʶʪ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ  (ʨʠʩ. 2.11), ʘ ʦʩʴ ʢʶʚʝʪʳ 
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ʩʦʚʝʨʰʘʝʪ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʦ ʟʘʢʦʥʫ cos( )vibb t ¡= Wr i , ʛʜʝ ¡i  ï 

ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʜʦʣʴ ʦʩʠ x¡.  

 

 

ʈʠʩ. 2.11. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 

ɺ ʥʝʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʩʦʚʝʨʰʘʶʱʝʡ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʚʤʝʩʪʝ ʩ ʦʩʴʶ, ʥʘ ʞʠʜʢʦʩʪʴ ʜʝʡʩʪʚʫʝʪ ʠʥʝʨʮʠʦʥʥʦʝ ʩʠʣʦʚʦʝ ʧʦʣʝ  

2 cos( )vib vib vibA t ¡=- = W Wa r i . ɼʘʥʥʦʝ ʧʦʣʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʦ ʚ ʩʫʤʤʫ ʜʚʫʭ 

ʩʠʣʦʚʳʭ ʧʦʣʝʡ  = ++ -
a a a, ʢʦʪʦʨʳʝ ʚʨʘʱʘʶʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʫʛʣʦʚʳʤʠ ʯʘʩʪʦʪʘʤʠ vibW : 

 

2

(cos( ) sin( ) )
2

vib vib
vib vib

A
t t

W
¡ ¡¹ W + W+

a i j , 

2

(cos( ) sin( ) )
2

vib vib
vib vib

A
t t

W
¡ ¡¹ W - W-

a i j  

(2.2) 

 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʚʦ ʚʨʘʱʘʶʱʫʶʩʷ ʚʤʝʩʪʝ ʩ ʧʦʣʦʩʪʴʶ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ , ,x y z 

ʵʪʠ ʩʠʣʦʚʳʝ ʧʦʣʷ ʙʫʜʫʪ ʚʨʘʱʘʪʴʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʫʛʣʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ 

osc vib r
+W ¹W -W ʠ ( )osc vib r

-W ¹- W +W. ʈʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ ʦʜʥʦʨʦʜʥʦʛʦ ʩʠʣʦʚʦʛʦ 

ʧʦʣʷ aosc, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʠ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ oscW . 
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ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʚʠʙʨʘʮʠʡ ʩʦʚʧʘʜʘʝʪ ʩ 

ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ vib rW =W. ʇʨʠ ʵʪʦʤ ʦʜʥʘ ʠʟ ʢʦʤʧʦʥʝʥʪ ʠʥʝʨʮʠʦʥʥʦʛʦ 

ʩʠʣʦʚʦʛʦ ʧʦʣʷ (
+

a ) ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ 

( 0osc vib r
+W ¹W -W =) ʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ 

ʮʝʥʪʨʦʙʝʞʥʳʤ ʧʦʣʝʤ; ʘ ʚʪʦʨʘʷ ʢʦʤʧʦʥʝʥʪʘ (
-

a ) ʩʦʚʝʨʰʘʝʪ ʚʨʘʱʝʥʠʝ ʩ ʫʜʚʦʝʥʥʦʡ 

ʯʘʩʪʦʪʦʡ 2osc r
-W =- W. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʥʝʡʥʳʝ ʚʠʙʨʘʮʠʠ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ ʩ ʯʘʩʪʦʪʦʡ, 

ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ, ʧʨʠʚʦʜʷʪ ʢ ʩʦʟʜʘʥʠʶ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʠʣʦʚʦʛʦ 

ʧʦʣʷ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ, ʥʘʨʫʰʘʶʱʝʛʦ ʩʠʤʤʝʪʨʠʶ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʩʠʣʦʚʦʛʦ ʧʦʣʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʠ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʡ (vib rW ¸W) ʧʨʠʚʦʜʠʪ ʢ ʤʝʜʣʝʥʥʦʤʫ ʚʨʘʱʝʥʠʶ ʥʘʚʝʜʝʥʥʦʛʦ 

ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʪʠ ʩ ʯʘʩʪʦʪʦʡ vib rDW=W -W. ɽʱʝ ʦʜʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʩʠʣʦʚʦʝ ʧʦʣʝ, ʬʦʨʤʠʨʫʶʱʝʝʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʝʥʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʩʠʣʦʚʦʛʦ ʧʦʣʷ 
2 2vib rA¹ W+

a  ʠ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʧʦʣʷ 
2
r rW  ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ, ʷʚʣʷʝʪʩʷ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ ʩ ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ, ʩʤʝʱʝʥʥʦʡ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 

/ 2vibA .  

ɺ [28] ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ ʤʘʣʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʣʦʪʥʦʩʪʠ 

3( )1 ~10ʦʪʥr -- . ɺ ʥʘʩʪʦʷʱʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥ 

ʩʣʫʯʘʡ ʩʠʩʪʝʤ ʩ ʛʨʘʥʠʮʝʡ ʨʘʟʜʝʣʘ, ʛʜʝ ʧʨʦʬʠʣʴ ʧʣʦʪʥʦʩʪʠ ʩʪʫʧʝʥʯʘʪʳʡ ʠ 

( ) 11 ~10ʦʪʥr -- . ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʨʘʟʣʠʯʠʝ, ʤʳ ʥʘʙʣʶʜʘʝʤ ʢʘʯʝʩʪʚʝʥʥʦ ʩʭʦʞʫʶ 

ʜʠʥʘʤʠʢʫ. ʆʩʨʝʜʥʝʥʥʳʡ ʵʬʬʝʢʪ ʚʠʙʨʘʮʠʡ ʧʨʠ vib rf f=  ʵʢʚʠʚʘʣʝʥʪʝʥ 

ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʧʝʨʝʥʦʩʫ ʦʩʠ ʚʨʘʱʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʚʥʦʝ ʧʦʣʦʚʠʥʝ vibA . ʆʙ 

ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ʨʠʩ. 2.12,ʘ) ʠ ʞʠʜʢʦʛʦ ʩʪʦʣʙʘ (ʨʠʩ. 2.12,ʙ).  
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ʈʠʩ. 2.12. ɿʘʚʠʩʠʤʦʩʪʴ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ 1 vibb A ʦʪ ʘʤʧʣʠʪʫʜʳ 

ʚʠʙʨʘʮʠʠ: ʪʚʝʨʜʦʝ ʪʝʣʦ ʧʨʠ 5r vibf f= = ɻʮ (1), 7  ɻʮ (2) (ʘ); ʩʪʦʣʙ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ (ʙ). 

ʋʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʩʣʫʯʘʷ ʩʦ ʩʪʦʣʙʦʤ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʛʨʘʬʠʢʝ 

 

ʆʪʥʦʰʝʥʠʝ 1 / 0.5vibb A º  ʩʦʭʨʘʥʷʝʪʩʷ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʛʦ, ʢʘʢʦʛʦ ʨʦʜʘ ʣʝʛʢʦʝ ʚʢʣʶʯʝʥʠʝ ʠʩʩʣʝʜʫʝʪʩʷ. ɼʘʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʟʥʘʯʝʥʠʡ 
r

f  ʠ 
vib

f  ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ / 1r vibf f º . ɼʣʷ 

ʜʚʫʭʞʠʜʢʦʩʪʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʠ ʚʘʨʠʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ q , 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪʥr  ʠ ʦʪʥʦʰʝʥʠʷ ʚʷʟʢʦʩʪʝʡ ʦʪʥn , ʚʝʣʠʯʠʥʘ 

1 / 0.5vibb A º  ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʦʮʝʥʢʠ [28] ʦ ʪʦʤ, ʯʪʦ ʩʤʝʱʝʥʠʝ ʚʢʣʶʯʝʥʠʷ ʦʪ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʧʦʣʦʩʪʠ ʚʳʟʚʘʥʦ 

ʦʩʨʝʜʥʝʥʥʤr ʠʥʝʨʮʠʦʥʥʳʤ ʧʦʣʝʤ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʘʷ ʪʝʦʨʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʙʱʝʥʘ ʥʘ ʰʠʨʦʢʠʡ 

ʢʣʘʩʩ ʚʨʘʱʘʶʱʠʭʩʷ ʩʠʩʪʝʤ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦ ʧʣʦʪʥʦʩʪʠ.  

 

ʘ 

ʙ 
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2.4.2. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ 

 

ɼʝʡʩʪʚʠʝ ʛʨʘʚʠʪʘʮʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ 

ʨʘʜʠʘʣʴʥʦʤ ʩʤʝʱʝʥʠʠ ʣʝʛʢʦʛʦ ʬʘʟʦʚʦʛʦ ʚʢʣʶʯʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 2b  ʦʪ ʦʩʠ 

ʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʢʨʫʛʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ 2b  ʠ ʯʘʩʪʦʪʦʡ rf  (ʩʤ. ʨʠʩ. 2.7, 2.8). ʕʪʠ 

ʢʦʣʝʙʘʥʠʷ ʛʝʥʝʨʠʨʫʶʪ ʦʪʩʪʘʶʱʝʝ ʚʨʘʱʝʥʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʩʦ 

ʩʢʦʨʦʩʪʴʶ rDW W, ʥʠʞʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʷʚʣʝʥʠʷ ʚʦʣʥʳ, ʪ.ʝ. ʧʨʠ 

~
3vib wA R A< . ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʝʨʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ɻ, 

ʨʘʩʱʝʧʣʷʶʪʩʷ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʘʪʦ (ʨʠʩ. 2.13,ʘ). ʆʪʩʪʘʚʘʥʠʝ rDW W 

ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ɻ. ɺʣʠʷʥʠʝ ʩʜʚʠʛʘ ʩʪʦʣʙʘ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ, ʚ ʧʦʣʝ 

ʩʠʣʳ ʪʷʞʝʩʪʠ, ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʜʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ [27]: 

 

2 2 23ɻ (1 ) (1 ) ɻ
gravity

q

r

R
qr

d

DW
~ - - =

W
 (2.3) 

 

ʇʝʨʝʥʦʨʤʠʨʫʝʤ ʩʢʦʨʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʝʡ ʠ ʚʚʝʜʝʤ ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ 2( ɻ )r qY¹DW W . ʇʨʠ ʵʪʦʤ ʚʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʝʨʠʠ ʩʦʚʧʘʜʘʶʪ ʚ ʦʙʣʘʩʪʠ 3 0.4vibA R<  ʠ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʳ 

ʟʥʘʯʝʥʠʶ Y ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʠʙʨʘʮʠʡ (0
vib

A = ), ʦʪʤʝʯʝʥʥʦʤʫ ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ 

(ʨʠʩ. 2.13,ʙ).  
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ʈʠʩ. 2.13. ɹʝʟʨʘʟʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʝʡ rDW W (ʘ) ʠ ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ Y (ʙ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʡ 

ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ ʜʣʷ ʧʘʨʳ ʞʠʜʢʦʩʪʝʡ ʚʦʜʦʛʣʠʮʝʨʠʥʦʚʘʷ ʩʤʝʩʴ (75%) ï ʤʘʩʣʦ ʀ-5ɸ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ɻ 

 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʠʞʝ ʧʦʨʦʛʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʣʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʚʨʘʱʝʥʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʦʟʜʘʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʧʦʣʝʤ, ʢʦʪʦʨʦʝ ʩʦʚʝʨʰʘʝʪ 

ʚʨʘʱʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦʣʦʩʪʠ. ʆʜʥʘʢʦ ʩʠʣʘ ʪʷʞʝʩʪʠ (ʚʝʣʠʯʠʥʘ ɻ) ʚʣʠʷʝʪ 

ʥʘ ʧʦʨʦʛ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʘʤʧʣʠʪʫʜʦʡ 3 ~ 0.45vibA R . ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʠʞʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ 
~
wA  

ʚʠʙʨʘʮʠʠ ʥʝ ʚʥʦʩʷʪ ʟʘʤʝʪʥʦʛʦ ʚʢʣʘʜʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ. 

ʙ 

ʘ 
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ʋʩʪʦʡʯʠʚʦʩʪʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʚʫʭ ʞʠʜʢʦʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʠʙʨʘʮʠʦʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ 3ɻvib vibA R= . ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʚʦʣʥ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʦʩʨʝʜʥʝʥʥʦʝ ʪʝʯʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʢʦʣʝʙʘʥʠʷʤʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, 

ʢʦʪʦʨʦʝ ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʧʦʪʦʢʫ, ʚʳʟʚʘʥʥʦʤʫ ʧʦʣʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. ɺʚʠʜʫ ʵʪʦʛʦ 

ʦʪʩʪʘʶʱʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʫʩʠʣʠʚʘʝʪʩʷ. ɺʦʣʥʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʯʘʩʪʦʪʦʡ ʙʣʠʟʢʦʡ ʢ ʠʭ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʝ. ʊʘʢ ʢʘʢ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘʙʣʶʜʘʣʠʩʴ ʪʦʣʴʢʦ ʦʪʩʪʘʶʱʠʝ ʚʦʣʥʳ, ʵʪʦ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ 

ʚʠʙʨʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʫʩʠʣʠʚʘʝʪ ʦʪʩʪʘʶʱʠʡ ʧʦʪʦʢ ʚ ʧʦʣʦʩʪʠ, ʘ ʥʝ ʧʦʜʘʚʣʷʝʪ 

ʝʛʦ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʚʳʟʚʘʥʥʦʝ ʚʠʙʨʘʮʠʷʤʠ, 

ʤʦʞʝʪ ʙʳʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʚʳʟʚʘʥʥʦʝ ʧʦʣʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ (ʩʤ. 

ʨʠʩ. 2.13, ɻ 0.23= ): 

 

0

1 3.0

vib

vibration

gravity A =

DW DW
= - =

DW DW
. (2.4) 

 

ʀʟ ʨʠʩ. 2.13 ʚʠʜʥʦ, ʯʪʦ ʚʳʟʚʘʥʥʦʝ ʠʥʝʨʮʠʦʥʥʳʤʠ ʚʦʣʥʘʤʠ ʦʪʩʪʘʶʱʝʝ 

ʘʟʠʤʫʪʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ɻ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʨʦʩʪʦʤ ʘʤʧʣʠʪʫʜʳ ʚʦʣʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ɻ ɻvib . 
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ɻʃɸɺɸ 3. ʊʗɾɽʃʆɽ ɺʂʃʖʏɽʅʀɽ ɺ ʅɽʈɸɺʅʆʄɽʈʅʆ 

ɺʈɸʑɸʖʑɽʁʉʗ ʇʆʃʆʉʊʀ ʉ ɾʀɼʂʆʉʊʔʖ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʜʠʥʘʤʠʢʘ ʪʷʞʝʣʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ, ʩʦʚʝʨʰʘʶʱʝʡ 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʚʨʘʱʝʥʠʝ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʣʘ ʦʜʥʦʛʦ ʨʘʟʤʝʨʘ, ʥʦ ʨʘʟʣʠʯʥʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʧʦ ʨʘʜʠʫʩʫ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʩʠʩʪʝʤʳ ʙʣʠʟʢʘ ʢ ʝʜʠʥʠʮʝ, ʦʜʥʘʢʦ ʨʘʟʣʠʯʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʝʣ ʧʦʟʚʦʣʷʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴ ʧʣʦʪʥʦʩʪʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʘ ʟʥʘʯʠʪ ʠ ʚʷʟʢʦʩʪʴ. ʇʝʨʠʦʜʠʯʝʩʢʦʝ 

ʠʟʤʝʥʝʥʠʝ (ʤʦʜʫʣʷʮʠʷ) ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʘʟʠʤʫʪʘʣʴʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ ʪʝʣʘ ʚ ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʟʘ ʩʯʝʪ ʚ̫ʟʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʪʝʥʢʘʤʠ ʧʦʣʦʩʪʠ. ɺʙʣʠʟʠ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ ʥʘ ʢʦʣʝʙʣʶʱʝʝʩʷ 

ʪʝʣʦ ʜʝʡʩʪʚʫʝʪ ʦʩʨʝʜʥʝʥʥʘʷ ʦʪʪʘʣʢʠʚʘʶʱʘʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ. ɺ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʤʦʜʫʣʷʮʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʝʜʝʥʠʝʤ ʪʚʝʨʜʦʛʦ ʪʷʞʝʣʦʛʦ ʪʝʣʘ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ, ʚʙʣʠʟʠ 

ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʪʝʣʘ ʦʙʥʘʨʫʞʝʥʳ ʚʠʭʨʠ (ʚ ʬʦʨʤʝ ʚʘʣʦʚ), ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚʥʝ 

ʚʷʟʢʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

 

3.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʤʝʪʦʜʠʢʘ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʘʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʪʷʞʝʣʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʚ 

ʟʘʧʦʣʥʝʥʥʦʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʶʚʝʪʝ, ʩʦʚʝʨʰʘʶʱʝʡ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʚʨʘʱʝʥʠʝ. ʋʛʣʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʦʣʦʩʪʠ 1 (ʨʠʩ. 3.1) ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʧʦ ʟʘʢʦʥʫ 0sinr libt tj j=W + W. 

ɺʳʨʘʞʝʥʠʝ 0sin libtj W  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʫʛʣʦʚʦʡ 

ʢʦʦʨʜʠʥʘʪʳ ʩ ʯʘʩʪʦʪʦʡ 2ˊlib libfW =  ʠ ʘʤʧʣʠʪʫʜʦʡ 0j. ʇʦʣʦʩʪʴ ʚʨʘʱʘʝʪʩʷ ʩ 
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ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ (1 cos )r libteW=W + W ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʛʜʝ 

2r rfpW =   ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ, 0 /lib re j= W W  ʘʤʧʣʠʪʫʜʘ 

ʤʦʜʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ W ʦʪ rW . ʇʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʣʝʞʘʪ ʚ ʩʣʝʜʫʶʱʠʭ ʜʠʘʧʘʟʦʥʘʭ: 

25.1 44.0rW = -  ʨʘʜ/ʩ, 25.1 75.4libW = -  ʨʘʜ/ʩ, 0 1e= -.  

 

 

ʈʠʩ. 3.1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʶʚʝʪʳ 

 

ʂʶʚʝʪʘ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʧʨʦʟʨʘʯʥʦʛʦ ʧʣʝʢʩʠʛʣʘʩʘ ʚ ʬʦʨʤʝ ʢʫʙʘ ʩʦ ʩʪʦʨʦʥʦʡ ʚ 

80 ʤʤ. ʈʘʙʦʯʘʷ ʧʦʣʦʩʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʚʳʙʦʨʢʦʡ ʨʘʜʠʫʩʦʤ 

30.0R=  ʤʤ ʠ ʜʣʠʥʦʡ 74.0L=  ʤʤ. ʇʨʷʤʦʫʛʦʣʴʥʳʝ ʚʥʝʰʥʠʝ ʛʨʘʥʠʮʳ ʢʶʚʝʪʳ 

ʧʦʟʚʦʣʷʪʁ ʫʤʝʥʴʰʠʪʴ ʦʧʪʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʦʣʦʩʪʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʯʝʥʠʡ ʚʥʫʪʨʠ ʥʝʝ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ 

ʪʷʞʝʣʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ 2: ʨʘʜʠʫʩ 3.9r=  ʤʤ, ʜʣʠʥʘ 58.0l =  ʤʤ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʠʣʠʥʜʨʳ ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʘʩʩʳ 

ʚʜʦʣʴ ʨʘʜʠʫʩʘ: ʧʦʣʥʦʪʝʣʳʡ ʮʠʣʠʥʜʨ ʠʟ ʧʣʝʢʩʠʛʣʘʩʘ, ʪʦʣʩʪʦʩʪʝʥʥʳʡ ʮʠʣʠʥʜʨ ʠʟ 

ʬʪʦʨʦʧʣʘʩʪʘ (ʩ ʦʪʚʝʨʩʪʠʝʤ ʜʠʘʤʝʪʨʦʤ 5.3 ʤʤ ʚʜʦʣʴ ʦʩʠ) ʠ ʮʠʣʠʥʜʨ ʠʟ 

ʧʣʝʢʩʠʛʣʘʩʘ ʩ ʘʣʶʤʠʥʠʝʚʳʤ ʩʪʝʨʞʥʝʤ ʥʘ ʦʩʠ (ʜʠʘʤʝʪʨ ʩʪʝʨʞʥʷ 1.5 ʤʤ). 

ʇʣʦʪʥʦʩʪʠ ʮʠʣʠʥʜʨʦʚ Sr  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 1.18, 1.26 ʠ 1.29 ʛ/ʩʤ
3
. ʅʘ ʪʦʨʮʘʭ 

ʢʘʞʜʦʛʦ ʮʠʣʠʥʜʨʘ ʠʤʝʝʪʩʷ ʤʝʪʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʣʝʜʠʪʴ ʟʘ ʚʨʘʱʝʥʠʝʤ ʪʝʣʘ ʚʦʢʨʫʛ 

ʩʚʦʝʡ ʦʩʠ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ, 

ʚʷʟʢʦʩʪʴ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ, 5.1 575.0n= -  ʩʉʪ. 

ʆʙʥʘʨʫʞʝʥʥʳʡ ʚ [19] ʵʬʬʝʢʪ ʦʪʨʳʚʘ ʪʷʞʝʣʦʛʦ ʪʝʣʘ ʦʪ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ ʧʨʠ 
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ʤʦʜʫʣʠʨʦʚʘʥʥʦʤ ʚʨʘʱʝʥʠʠ ʦʪʷʛʦʱʝʥ ʚʣʠʷʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜʦʙʨʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʚʝʩʪʠ ʜʝʡʩʪʚʠʝ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʥʘ ʪʝʣʦ ʢ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ ʚʝʣʠʯʠʥʝ. ɼʣʷ ʵʪʦʛʦ ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ 

ʧʦʜʙʠʨʘʝʪʩʷ ʙʣʠʟʢʦʡ ʢ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʪʝʣʘ ( ) 1S L Lr r r- <<. ɿʜʝʩʴ Sr   

ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʪʝʣʘ, Lr   ʧʣʦʪʥʦʩʪʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ S Lr r r=  ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʙʣʠʟʢʦʡ ʢ ʝʜʠʥʠʮʝ ʠ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1.02 1.10r= - . 

ʂʶʚʝʪʘ, ʟʘʧʦʣʥʝʥʥʘʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʴʶ, ʩ ʧʦʤʝʱʝʥʥʳʤ ʚ ʥʝʝ ʪʝʣʦʤ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʩʪʦʡʢʠ ʩ ʧʦʜʰʠʧʥʠʢʘʤʠ 3 (ʨʠʩ. 3.2). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʢʶʚʝʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʤʫʬʪʳ 4 ʢʨʝʧʠʪʩʷ ʢ ʰʧʠʥʜʝʣʶ 

ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 5 ʤʦʜʝʣʠ FL86STH118-6004A.  

 

 

ʈʠʩ. 3.2. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʫʧʨʘʚʣʷʝʪʩʷ ʜʨʘʡʚʝʨʦʤ SMD-4.2 ʚ ʧʘʨʝ ʩ ʤʦʜʫʣʝʤ ɸʎʇ 

ZET 210 (6). ʊʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ʤʦʪʦʨʘ 

ʩʦʩʪʘʚʣʷʝʪ 0.01 ʨʘʜ/ʩ. ʕʣʝʢʪʨʦʧʠʪʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʦʢʦʤ ʧʠʪʘʥʠʷ NES-350-

48 (7). ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʥʘ ʝʛʦ ʪʦʨʮʝ ʟʘʢʨʝʧʣʝʥ ʚʝʥʪʠʣʷʪʦʨ 8 ʪʠʧʘ ɺɺʌ-71ʄ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʚ ʩʙʦʨʝ ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʜʶʨʘʣʶʤʠʥʠʝʚʦʡ ʧʣʠʪʝ. 

ɺʠʜʝʦʬʠʢʩʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʘʤʝʨʦʡ 
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OptronisCamRecord CL600x2 (9) ʧʨʠ ʷʨʢʦʤ ʚʥʝʰʥʝʤ ʦʩʚʝʱʝʥʠʠ ʧʦʣʦʩʪʠ. 

ɺʠʜʝʦʟʘʧʠʩʴ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʢʘʜʨʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ 10 ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʩʣʝʜʫʝʪʩʷ ʩʣʫʯʘʡ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ (ʨʠʩ. 3.3,ʘ), ʢʦʛʜʘ ʪʷʞʝʣʳʡ ʮʠʣʠʥʜʨ 

ʣʝʞʠʪ ʥʘ ʩʪʝʥʢʝ ʧʦʣʦʩʪʠ. ʇʨʠ ʤʦʜʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʪʝʣʦ 

ʩʦʚʝʨʰʘʝʪ ʫʛʣʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʚʜʦʣʴ ʩʪʝʥʢʠ, ʚʳʟʚʘʥʥʳʝ ʚʷʟʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʥʝʡ, ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩʦ ʩʪʦʣʙʦʤ ʞʠʜʢʦʩʪʠ.  

 

 

 

ʈʠʩ. 3.3. ʇʦʣʦʞʝʥʠʝ ʪʝʣʘ (ʧʣʝʢʩʠʛʣʘʩʦʚʳʡ ʮʠʣʠʥʜʨ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʩʪʝʨʞʥʝʤ ʥʘ ʦʩʠ) ʚ 

ʧʦʣʦʩʪʠ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʨʠ 31.4lib rW =W =  ʨʘʜ/ʩ: ʪʝʣʦ ʧʨʠʞʘʪʦ ʢ ʩʪʝʥʢʝ, 

0e=  (ʘ); ʪʝʣʦ ʚ ʧʦʜʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, 0.65e=  (ʙ) 

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʦʣʙ ʞʠʜʢʦʩʪʠ ʚʥʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʉʪʦʢʩʘ ʨʘʚʥʦʤʝʨʥʦ 

ʚʨʘʱʘʝʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ ʩʦ ʩʢʦʨʦʩʪʴʶ rW . ʅʘ ʪʝʣʝ ʠ ʥʘ 

ʧʦʣʦʩʪʠ ʠʤʝʶʪʩʷ ʨʘʜʠʘʣʴʥʳʝ ʤʝʪʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʘʤʧʣʠʪʫʜʫ 

ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʩʪʦʣʙʘ 

ʞʠʜʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʤʧʣʠʪʫʜʘ ʘʟʠʤʫʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʣʦʩʪʠ 

0j  ʠ ʪʝʣʘ bj  ʚ ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʘʤʧʣʠʪʫʜʘ 

ʚʨʘʱʘʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ ba  ʠ ʟʘʟʦʨ h  ʤʝʞʜʫ ʪʝʣʦʤ ʠ ʩʪʝʥʢʦʡ ʧʦʣʦʩʪʠ. 

ʀʩʩʣʝʜʫʶʪʩʷ ʪʝʯʝʥʠʷ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ ʩ ʪʚʝʨʜʳʤ 

ʪʝʣʦʤ ʚʥʫʪʨʠ. ʉʪʨʫʢʪʫʨʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʠʟʫʯʘʝʪʩʷ PIV-ʤʝʪʦʜʦʤ [100]. ʅʘ 

ʨʘʟʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʨʦʟʨʘʯʥʦʛʦ ʧʝʨʝʜʥʝʛʦ ʪʦʨʮʘ ʧʦʣʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʩʝʯʝʥʠʠ, ʩʦʟʜʘʚʘʝʤʦʤ ʣʘʟʝʨʥʳʤ ʥʦʞʦʤ, ʠʩʩʣʝʜʫʝʪʩʷ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʦʩʨʝʜʥʝʥʥʦʛʦ 

ʘ ʙ 
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ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʨʘʙʦʯʫʶ ʞʠʜʢʦʩʪʴ ʜʦʙʘʚʣʷʶʪʩʷ ʤʝʣʢʠʝ 

ʦʪʨʘʞʘʶʱʠʝ ʯʘʩʪʠʮʳ ʪʨʘʩʩʝʨʳ ʠʟ ʧʦʣʠʘʤʠʜʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ 50 ʤʢʤ. 

ʆʪʥʦʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʠʮ ʢ ʧʣʦʪʥʦʩʪʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 0.87 0.98- . ʉʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʚ ʮʝʥʪʨʦʙʝʞʥʦʤ ʧʦʣʝ ʚ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 
410-  ʤ/ʩ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ 10 ʨʘʟ 

ʤʝʥʴʰʝ ʭʘʨʘʢʪʝʨʥʦʡ ʩʢʦʨʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʦʚ.  

 

3.2. ʍʘʨʘʢʪʝʨ ʠ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʪʷʞʝʣʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʧʨʝʜʝʣʳ 

 

ʊʷʞʝʣʦʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʪʝʣʦ ʩʦʚʝʨʰʘʝʪ ʩʣʦʞʥʦʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ 

ʜʚʠʞʝʥʠʝ. ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʶʚʝʪʳ ʚʳʟʳʚʘʝʪ 

ʘʟʠʤʫʪʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʶʚʝʪʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʦʩʨʝʜʥʝʥʥʘʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ, ʦʪʪʘʣʢʠʚʘʶʱʘʷ ʪʝʣʦ ʦʪ ʩʪʝʥʢʠ 

ʧʦʣʦʩʪʠ. ʇʦʤʠʤʦ ʘʟʠʤʫʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʮʠʣʠʥʜʨ ʩʦʚʝʨʰʘʝʪ ʚʨʘʱʘʪʝʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʝʡ ʦʩʠ. 

ɺʨʘʱʘʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʦʣʦʩʪʠ ( 0, 0lib eW ¸ )̧ ʥʘ ʬʦʥʝ ʨʘʚʥʦʤʝʨʥʦʛʦ 

ʩʨʝʜʥʝʛʦ ʚʨʘʱʝʥʠʷ  ʚʳʟʳʚʘʶʪ ʘʟʠʤʫʪʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʷʞʝʣʦʛʦ ʪʝʣʘ ʚʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ. ʀʩʪʦʯʥʠʢʦʤ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʮʠʣʠʥʜʨʘ ʩ ʚʷʟʢʠʤ ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ ʉʪʦʢʩʘ, ʬʦʨʤʠʨʫʶʱʠʤʩʷ ʥʘ ʩʪʝʥʢʝ 

ʧʦʣʦʩʪʠ. ɺ ʭʦʜʝ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʚʷʟʢʠʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ 

ʫʚʣʝʢʘʝʪ ʧʦʛʨʫʞʝʥʥʫʶ ʚ ʥʝʛʦ ʯʘʩʪʴ ʮʠʣʠʥʜʨʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʤʝʱʘʷ ʪʝʣʦ ʚʜʦʣʴ 

ʛʨʘʥʠʮʳ ʠ ʟʘʢʨʫʯʠʚʘʷ ʝʛʦ ʚʦʢʨʫʛ ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ, 

ʠʤʝʥʫʝʤʦʛʦ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʦʡ 24 /lib rw n=W , ʟʘʚʠʩʷʱʝʡ ʦʪ ʨʘʟʤʝʨʦʚ ʪʝʣʘ, 

ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ ʠ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʧʦʣʫʯʘʝʤ ʨʘʟʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ 

ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. ɺ ʩʣʫʯʘʝ ʚʳʩʦʢʠʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʯʘʩʪʦʪ 1w  ʪʦʣʱʠʥʘ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 2 libd n= W  ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʪʝʣʘ 
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(ʨʠʩ. 3.4,ʘ). ʅʘ ʨʠʩʫʥʢʝ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʠ ʮʠʣʠʥʜʨʝ ʥʘ ʧʦʣʫʧʝʨʠʦʜʝ ʢʦʣʝʙʘʥʠʡ.  

 

 

ʘ 

 

ʙ 

ʈʠʩ. 3.4. ʎʠʣʠʥʜʨ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʠʭ (ʘ) ʠ ʥʠʟʢʠʭ (ʙ) ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʯʘʩʪʦʪ 

 

ʉ ʧʦʥʠʞʝʥʠʝʤ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ ʪʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʨʠʩ.3.4,ʙ). ʂ ʩʣʫʯʘʶ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʦʪʥʦʩʠʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ 

ʢʦʪʦʨʦʤ ʦʪʥʦʰʝʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʷ ʉʪʦʢʩʘ ʢ ʜʠʘʤʝʪʨʫ ʪʝʣʘ ʩʦʩʪʘʚʣʷʝʪ 0.87, ʪ.ʝ. 

ʪʝʣʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʦʛʨʫʞʝʥʦ ʚ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ. ɺʳʩʦʢʦʯʘʩʪʦʪʥʘʷ 

ʦʙʣʘʩʪʴ ʟʘʜʘʯʠ, ʢʦʛʜʘ ʙʝʟʨʘʟʤʝʨʥʘʷ ʯʘʩʪʦʪʘ 24 / 1lib rw n=W , ʠʩʩʣʝʜʫʝʪʩʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦ ʩʧʣʦʰʥʳʤ ʮʠʣʠʥʜʨʦʤ ʚ ʤʘʣʦʚʷʟʢʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʛʣʠʮʝʨʠʥʘ. ʆʙʣʘʩʪʴ ʥʠʟʢʠʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʯʘʩʪʦʪ ʠʟʫʯʘʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 

ʮʠʣʠʥʜʨʦʤ ʩʦ ʩʪʝʨʞʥʝʤ ʥʘ ʦʩʠ ʚ ʯʠʩʪʦʤ ʛʣʠʮʝʨʠʥʝ, ʣʠʙʦ ʚ ʝʛʦ ʩʣʘʙʦʤ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʤʦʜʫʣʷʮʠʠ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʘʤʧʣʠʪʫʜʘ ʘʟʠʤʫʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʪʝʣʘ bj  (ʨʠʩ. 3.5). ʇʘʨʘʤʝʪʨ nL  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ 

ʧʦʣʦʩʪʠ ʢ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ, nL lib r=W W. 
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ʈʠʩ. 3.5. ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʢʦʣʝʙʘʥʠʷ bj  ʦʪ e ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʠʭ (ʘ) 

ʠ ʥʠʟʢʠʭ (ʙ) ʙʝʟʨʘʟʤʝʨʥʳʭ ʯʘʩʪʦʪ 

 

ɸʤʧʣʠʪʫʜʘ bj  ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ, 

ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ rW  ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 

ʉʪʦʢʩʘ. ʈʘʟʨʳʚʳ ʣʠʥʠʡ ʥʘ ʨʠʩ. 3.5 ʦʪʦʙʨʘʞʘʶʪ ʟʥʘʯʝʥʠʝ e, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʳʚ ʪʷʞʝʣʦʛʦ ʪʝʣʘ ʦʪ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ. ʂʘʢ ʚʠʜʥʦ, ʚ 

ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʯʘʩʪʦʪ (ʨʠʩ. 3.5,ʘ) ʪʝʣʦ ʩʦʚʝʨʰʘʝʪ ʢʦʣʝʙʘʥʠʷ ʩ 

ʤʝʥʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʥʠʟʢʠʭ w (ʨʠʩ. 3.5,ʙ).  

ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ e ʜʣʷ ʚʩʝʭ w ʭʘʨʘʢʪʝʨʥʦ ʫʤʝʥʴʰʝʥʠʝ bj  ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʠʩʪʦʥʯʝʥʠʝʤ ʚʷʟʢʦʛʦ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ w, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʷʟʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣʘ ʩʦ ʩʪʝʥʢʦʡ ʧʦʣʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʚʳʩʦʢʠʭ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʯʘʩʪʦʪ ʧʝʨʝʭʦʜ ʪʝʣʘ ʚ ʧʦʜʚʝʰʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʦʡ ʩʤʝʥʦʡ 

ʟʘʢʦʥʘ ʟʘʚʠʩʠʤʦʩʪʠ bj  ʦʪ e. ʇʨʠ ʧʝʨʝʭʦʜʝ ʮʠʣʠʥʜʨʘ ʚ ʧʦʜʚʝʰʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʛʨʘʥʠʮʘ ʧʦʣʦʩʪʠ ʧʝʨʝʩʪʘʝʪ ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʪʝʣʦʤ, ʠ ʧʝʨʝʜʘʝʪ ʩʚʦʡ 

ʠʤʧʫʣʴʩ ʯʝʨʝʟ ʩʣʦʡ ʞʠʜʢʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʧʨʝʜʝʣʴʥʦ ʥʠʟʢʠʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʯʘʩʪʦʪ 

ʘ 

ʙ 
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ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʮʠʣʠʥʜʨʘ ʧʦʛʨʫʞʝʥʘ ʚ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʤʦʥʦʪʦʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ. 

ʇʦʤʠʤʦ ʘʟʠʤʫʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʮʠʣʠʥʜʨ ʩʦʚʝʨʰʘʝʪ ʚʨʘʱʘʪʝʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʝʡ ʦʩʠ ʩ ʘʤʧʣʠʪʫʜʦʡ ba, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʩʣʝ ʦʪʨʳʚʘ 

ʦʪ ʩʪʝʥʢʠ. ɺʨʘʱʘʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ ʧʨʦʠʩʭʦʜʷʪ ʩʠʥʬʘʟʥʦ ʩ ʘʟʠʤʫʪʘʣʴʥʳʤʠ. 

ɼʣʷ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʯʘʩʪʦʪ ʭʘʨʘʢʪʝʨʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʚʨʘʱʘʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ ʩ ʨʦʩʪʦʤ e (ʨʠʩ. 3.6). ʅʘʨʘʩʪʘʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ba  ʩ e ʧʨʦʠʩʭʦʜʠʪ ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʡ, ʯʝʤ ʤʝʥʴʰʝ ʙʝʟʨʘʟʤʝʨʥʘʷ 

ʯʘʩʪʦʪʘ w. 

 

 

 

ʈʠʩ. 3.6. ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʚʨʘʱʘʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ba  ʦʪ e ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʠʭ (ʘ) 

ʠ ʥʠʟʢʠʭ (ʙ) ʙʝʟʨʘʟʤʝʨʥʳʭ ʯʘʩʪʦʪ 

 

3.3. ʉʪʨʫʢʪʫʨʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ 

 

ɺ ʦʪʩʫʪʩʪʚʠʝ ʪʝʣʘ ʚ ʧʦʣʦʩʪʠ, ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʚʨʘʱʝʥʠʝ ʧʦʩʣʝʜʥʝʡ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʥʝʡ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʟʦʥʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ 

ʘ 
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ʯʘʩʪʠ ʧʦʣʦʩʪʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʦʪʩʪʘʶʱʝʝ ʘʟʠʤʫʪʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʘ ʫ 

ʩʪʝʥʢʠ  ʦʧʝʨʝʞʘʶʱʝʝ (ʨʠʩ. 3.7,ʘ). ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʠʣʫ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ 

ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ ʕʢʤʘʥʘ ʚʙʣʠʟʠ ʪʦʨʮʝʚʳʭ ʩʪʝʥʦʢ ʧʦʣʦʩʪʠ [101-103].  
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ʈʠʩ. 3.7. ɺʝʣʠʯʠʥʘ ʦʩʨʝʜʥʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʧʦʣʦʩʪʠ (ʤ/ʩ) ʚ ʦʪʩʫʪʩʪʚʠʝ ʮʠʣʠʥʜʨʘ 

(ʘ, ʙ) ʠ ʩ ʮʠʣʠʥʜʨʦʤ ʚ ʧʦʣʦʩʪʠ (ʚ, ʛ); 25.1r libW =W =  ʨʘʜ/ʩ, 0.15e=  (ʘ, ʚ) ʠ 0.30 (ʙ, ʛ), 130w=  

 

ʉ ʧʦʚʳʰʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʤʦʜʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ, 

ʩʪʨʫʢʪʫʨʘ ʥʝ ʤʝʥʷʝʪʩʷ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ (ʨʠʩ. 3.7,ʙ). ʅʘʣʠʯʠʝ ʪʷʞʝʣʦʛʦ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʦʩʨʝʜʥʝʥʥʦʛʦ 

ʪʝʯʝʥʠʷ ʚ ʧʦʣʦʩʪʠ ʚʚʠʜʫ ʤʘʣʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ (ʨʠʩ. 3.7,ʚ,ʛ), ʧʦʨʷʜʢʘ 

ʪʦʣʱʠʥ ʚʷʟʢʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʉʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʡ ʥʘ ʨʠʩ. 3.7 ʧʦʣʫʯʝʥʳ ʚ 

ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 
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25.1rW =  ʨʘʜ/ʩ ʧʨʠ 25.1libW =  ʨʘʜ/ʩ. ʊʷʞʝʣʦʝ ʪʝʣʦ ʩʦʚʝʨʰʘʝʪ ʘʟʠʤʫʪʘʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʚʙʣʠʟʠ ʩʪʝʥʢʠ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʚʥʦʤʝʨʥʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ rW  ʧʦʣʦʩʪʴʶ. ɺ ʩʣʫʯʘʝ ʢʦʣʝʙʘʥʠʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʚʙʣʠʟʠ ʩʪʝʥʢʠ ʚ ʞʠʜʢʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ 

ʪʝʯʝʥʠʝ ʚ ʚʠʜʝ ʧʘʨʳ ʩʠʤʤʝʪʨʠʯʥʳʭ ʚʠʭʨʝʡ [104, 105]. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ 

ʪʘʢʞʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʜʚʘ ʚʠʭʨʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʟʘʢʨʫʪʢʠ ʚʙʣʠʟʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ (ʨʠʩ. 3.8,ʘ). ʅʘ ʨʠʩ. 3.8 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʨʝʜʥʷʷ 

ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ (ʬʨʘʛʤʝʥʪʳ ʘ ʠ ʚ) ʠ ʥʠʟʢʠʭ (ʙ 

ʠ ʛ) ʙʝʟʨʘʟʤʝʨʥʳʭ ʯʘʩʪʦʪʘʭ ʚ ʦʪʩʫʪʩʪʚʠʝ ʟʘʟʦʨʘ ʤʝʞʜʫ ʪʝʣʦʤ ʠ ʩʪʝʥʢʦʡ (ʘ, ʙ) ʠ 

ʧʦʩʣʝ ʦʪʨʳʚʘ ʪʝʣʘ (ʚ, ʛ): 0.15e=  (ʘ) ʠ 0.30 (ʚ) ʧʨʠ 130w= , 0.06e=  (ʙ) ʠ 0.21 (ʛ) 

ʧʨʠ 3w= .  

ɺ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʩʣʫʯʘʝ ʚʠʭʨʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʦʙʝʠʤ ʩʪʦʨʦʥʘʤ ʦʪ ʪʝʣʘ, 

ʘ ʠʭ ʨʘʟʤʝʨ ʩʨʘʚʥʠʤ ʩ ʜʠʘʤʝʪʨʦʤ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ʨʠʩ. 3.8,ʘ,ʚ). ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʠʭʨʝʡ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ e (ʨʠʩ. 3.8, ʚ). ɺ ʩʣʫʯʘʝ ʚʳʩʦʢʠʭ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʯʘʩʪʦʪ ʚʠʭʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳ ʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚʥʝ ʚʷʟʢʦʛʦ ʩʣʦʷ (ʨʠʩ. 3.8,ʜ). 

ɸʩʠʤʤʝʪʨʠʷ ʚʳʟʚʘʥʘ ʚʣʠʷʥʠʝʤ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʥʘʜ ʮʠʣʠʥʜʨʦʤ. 

ɺʠʭʨʴ, ʚʨʘʱʘʶʱʠʡʩʷ ʧʨʦʪʠʚ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ, ʨʘʩʧʦʣʦʞʝʥ ʚʜʦʣʴ ʩʪʝʥʢʠ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚʠʭʨʴ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ ʮʠʣʠʥʜʨʘ ʧʦʜʘʚʣʷʝʪʩʷ ʥʘʙʝʛʘʶʱʠʤ 

ʧʦʪʦʢʦʤ ʠ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʩʪʝʥʢʝ ʧʦʣʦʩʪʠ. ɺ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʩʣʫʯʘʝ ʨʘʟʤʝʨ 

ʚʠʭʨʝʡ ʧʨʝʚʦʩʭʦʜʠʪ ʜʠʘʤʝʪʨ ʪʝʣʘ (ʨʠʩ. 3.8,ʙ,ʛ) ʠ ʪʝʣʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʥʘʭʦʜʠʪʩʷ ʚ ʚʷʟʢʦʤ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ (ʨʠʩ. 3.8,ʝ). ʏʘʩʪʴ ʮʠʣʠʥʜʨʘ, ʚʳʭʦʜʷʱʘʷ ʟʘ 

ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, ʛʝʥʝʨʠʨʫʝʪ ʚʠʭʨʠ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʨʘʟʤʝʨ 

ʮʠʣʠʥʜʨʘ. ɺʠʭʨʠ ʣʦʢʘʣʠʟʫʶʪʩʷ ʥʘʜ ʮʠʣʠʥʜʨʦʤ ʠ ʩʠʣʴʥʦ ʠʩʢʘʞʘʶʪ ʩʪʨʫʢʪʫʨʫ 

ʪʝʯʝʥʠʷ, ʧʦʜʘʚʣʷʷ ʦʪʩʪʘʶʱʝʝ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʮʝʥʪʨʝ ʧʦʣʦʩʪʠ. ʂʘʢ ʠ ʚ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʩʣʫʯʘʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʤʦʜʫʣʷʮʠʠ e ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʠʭʨʝʡ ʫʩʠʣʠʚʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʦʚ. 
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ʈʠʩ. 3.8. ʆʩʨʝʜʥʝʥʥʦʝ ʧʦʣʝ ʟʘʚʠʭʨʝʥʥʦʩʪʠ (1 c ) (ʘʛ) ʠ ʩʭʝʤʘ ʪʝʯʝʥʠʡ ʚʙʣʠʟʠ ʮʠʣʠʥʜʨʘ 

(ʜ, ʝ) ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʠʭ (ʘ,ʚ,ʜ  130w= ) ʠ ʥʠʟʢʠʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʯʘʩʪʦʪ (ʙ,ʛ,ʝ  3w= )  

 

ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʧʝʨʝʜʥʝʛʦ ʪʦʨʮʘ 

ʧʦʣʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ ʥʝ ʤʝʥʷʝʪʩʷ ʚʜʦʣʴ ʦʩʠ ʚʨʘʱʝʥʠʷ ʠ 

ʜʚʫʤʝʨʥʘ. ʅʘ ʨʠʩ. 3.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʪʨʝʢʦʚ ʦʪʨʘʞʘʶʱʠʭ ʯʘʩʪʠʮ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʝʯʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʥʦʞʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ 
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ʚʨʘʱʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʪʦʨʮʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʟʠʤʫʪʘʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ ʦʙʨʘʟʫʝʪʩʷ ʧʘʨʘ ʜʚʫʤʝʨʥʳʭ ʚʠʭʨʝʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʟʘʢʨʫʪʢʠ ʚ 

ʚʠʜʝ ʚʘʣʠʢʦʚ, ʚʳʪʷʥʫʪʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ. ʇʦʜʦʙʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ ʘʤʧʣʠʪʫʜ ʤʦʜʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ e. 
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ʈʠʩ. 3.9. ʉʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʨʘʟʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʧʝʨʝʜʥʝʛʦ ʪʦʨʮʘ ʧʦʣʦʩʪʠ: 1 4L  (ʘ), 2 4L  (ʙ) ʠ 

3 4L  (ʚ); 25.1r libW =W =  ʨʘʜ/ʩ, 0.30e= , 

130w=  

 

3.4. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ɺ ʨʘʙʦʪʝ [106] ʥʘʡʜʝʥʦ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʙʪʝʢʘʥʠʷ ʧʦʪʦʢʦʤ 

ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʮʠʣʠʥʜʨʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʫ ʩʪʝʥʢʠ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʥʘ ʮʠʣʠʥʜʨ ʜʝʡʩʪʚʫʝʪ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʦʪ ʩʪʝʥʢʠ. ɺ ʧʨʦʚʝʜʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʪʷʞʝʣʦʝ ʪʝʣʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʤʦʜʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʦʪʨʳʚʘʝʪʩʷ ʦʪ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ ʧʦʣʦʩʪʠ (ʨʠʩ. 3.10).  
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ʈʠʩ. 3.10. ʇʦʣʦʞʝʥʠʝ ʪʝʣʘ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ 

25.1r libW =W =  ʨʘʜ/ʩ: 0.120e=  (ʘ), 0.255e=  (ʙ) 

 

ɺ ʢʘʯʝʩʪʚʝ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ 

ʧʦʣʦʩʪʠ, ʘ ʟʥʘʯʠʪ ʠ ʟʘ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ, ʚʳʩʪʫʧʘʝʪ ʘʤʧʣʠʪʫʜʘ 

ʤʦʜʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ e.  

ʅʘ ʨʠʩ. 3.11 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʟʘʟʦʨʘ h d (ʚ 

ʝʜʠʥʠʮʘʭ ʪʦʣʱʠʥʳ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 2 libd n= W ) ʦʪ e ʜʣʷ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʪʝʣ 

ʧʨʠ n 1L=. ʇʦʩʣʝ ʦʪʨʳʚʘ ʪʝʣʘ ʦʪ ʩʪʝʥʢʠ ʟʘʟʦʨ ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʘʤʧʣʠʪʫʜʳ ʤʦʜʫʣʷʮʠʠ e. ʉʠʤʚʦʣʳ ʥʘ ʛʨʘʬʠʢʝ ʧʦʢʘʟʳʚʘʶʪ ʩʨʝʜʥʝʝ ʟʘ ʦʜʠʥ 

ʦʙʦʨʦʪ ʟʥʘʯʝʥʠʝ ʟʘʟʦʨʘ. ʊʦʯʢʠ ʥʘ ʛʨʘʬʠʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ: 1.020r=  ʧʦʣʥʦʪʝʣʳʡ 

ʧʣʝʢʩʠʛʣʘʩʦʚʳʡ ʮʠʣʠʥʜʨ, 1.093r=   ʧʣʝʢʩʠʛʣʘʩʦʚʳʡ ʮʠʣʠʥʜʨ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʩʪʝʨʞʥʝʤ ʥʘ ʦʩʠ, 1.055r=   ʧʫʩʪʦʪʝʣʳʡ ʮʠʣʠʥʜʨ ʠʟ ʬʪʦʨʦʧʣʘʩʪʘ.  

 

 

ʈʠʩ. 3.11. ɿʘʚʠʩʠʤʦʩʪʴ ʙʝʟʨʘʟʤʝʨʥʦʡ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ ʤʝʞʜʫ ʪʝʣʦʤ ʠ ʩʪʝʥʢʦʡ ʧʦʣʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʤʧʣʠʪʫʜʳ ʤʦʜʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ e 

 

ʙ ʙ ʘ 
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ɼʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʪʝʣʘ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʦʪʨʳʚʘ ʪʝʣʘ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʪʝʣ 

ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʘʩʩʳ. ʉ ʨʦʩʪʦʤ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ 

ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ e ʫʤʝʥʴʰʘʝʪʩʷ.  

ʅʘ ʨʠʩ. 3.12 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʭʦʞʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʟʘʟʦʨʘ h d 

ʦʪ e, ʥʦ ʜʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʣʫʯʘʷ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ 

w. ɺʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʩʭʦʞ ʜʣʷ ʚʩʝʛʦ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʯʘʩʪʦʪ: ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ ʩ ʧʦʚʳʰʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʤʦʜʫʣʷʮʠʠ 

e.  

 

 

 

 

ʈʠʩ. 3.12. ɿʘʚʠʩʠʤʦʩʪʴ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʪʝʣʦʤ ʠ ʩʪʝʥʢʦʡ ʧʦʣʦʩʪʠ ʦʪ e ʚ 

ʩʣʫʯʘʝ ʚʳʩʦʢʠʭ (ʘ, ʧʦʣʥʦʪʝʣʳʡ ʮʠʣʠʥʜʨ) ʠ ʥʠʟʢʠʭ (ʙ, ʮʠʣʠʥʜʨ ʩʦ ʩʪʝʨʞʥʝʤ ʥʘ ʦʩʠ) 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʯʘʩʪʦʪ 

 

ʉʤʝʱʝʥʠʝ ʧʦʨʦʛʘ ʦʪʨʳʚʘ ʪʝʣʘ ʦʪ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʡ 

ʯʘʩʪʦʪʳ w. ɺ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʨʦʩʪʦʤ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ 

ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ e ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʙʨʘʪʥʘʷ ʞʝ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʘ 

ʙ 






































































