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ɸʅʅʆʊɸʎʀʗ 

 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʌʘʨʘʜʝʷ. ʕʪʠʤ ʪʝʨʤʠʥʦʤ ʚ ʛʠʜʨʦʜʠʥʘʤʠʢʝ 

ʦʧʨʝʜʝʣʷʶʪ ʩʪʦʷʯʠʝ ʚʦʣʥʳ, ʚʦʟʙʫʞʜʘʝʤʳʝ ʧʨʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʨʝʟʦʥʘʥʩʝ 

ʚ ʞʠʜʢʦʩʪʠ, ʧʦʜʚʝʨʞʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ. ɺ ʨʘʙʦʪʝ ʤʝʪʦʜʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠʩʩʣʝʜʦʚʘʥʳ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ 

ʌʘʨʘʜʝʷ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ 

ʣʦʢʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʜʥʝ ʠ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʦʩʫʜʘ. 

ɺʧʝʨʚʳʝ ʚ ʫʩʣʦʚʠʷʭ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʘʣʠʟʦʚʘʥʦ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʝʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ. 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʩʦ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ ʟʘʢʨʝʧʣʝʥʥʳʭ ʠ ʧʦʜʚʠʞʥʳʭ ʩʦʩʫʜʘʭ ï 

ʪʨʘʜʠʮʠʦʥʥʘʷ ʟʘʜʘʯʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʠʤʝʶʱʘʷ ʙʦʣʴʰʦʝ ʧʨʠʢʣʘʜʥʦʝ 

ʟʥʘʯʝʥʠʝ. 

ɺ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ 

ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʦʙʲʝʤʳ ʞʠʜʢʦʩʪʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ; ʥʘʧʨʠʤʝʨ, 

ʪʦʧʣʠʚʥʳʝ ʙʘʢʠ ʦʙʲʝʢʪʦʚ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, 

ʨʝʟʝʨʚʫʘʨʳ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʞʠʜʢʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʩʞʠʞʝʥʥʳʭ ʛʘʟʦʚ, ʚʦʜʦʥʘʧʦʨʥʳʝ ʙʘʰʥʠ ʠ ʪ.ʜ. ɾʠʜʢʦʩʪʴ, 

ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʱʘʷ ʧʦʣʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʜʚʠʞʝʥʠʝ ʚʩʝʡ 

ʩʠʩʪʝʤʳ; ʦʩʦʙʝʥʥʦ, ʢʦʛʜʘ ʤʘʩʩʘ ʞʠʜʢʦʩʪʠ ʩʨʘʚʥʠʤʘ ʩ ʤʘʩʩʦʡ ʩʠʩʪʝʤʳ. 

ɺʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʜʚʠʞʝʥʠʡ ʞʠʜʢʦʩʪʠ ʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʠʪʴ ʬʦʨʤʫ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʩʣʦʞʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʩʠʩʪʝʤʝ ʪʝʣʦ ï ʞʠʜʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʃ.ʅ. ʉʨʝʪʝʥʩʢʦʛʦ 

(1951) ʦ ʢʦʣʝʙʘʥʠʠ ʞʠʜʢʦʩʪʠ ʚ ʧʦʜʚʠʞʥʦʤ ʩʦʩʫʜʝ. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʦʩʫʜʘ ʩ 

ʞʠʜʢʦʩʪʴʶ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʫʤʤʘʨʥʦʝ ʜʘʚʣʝʥʠʝ ʩʪʦʷʯʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʣʥ ʥʘ ʩʪʝʥʢʠ ʩʦʩʫʜʘ ʠ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ ʝʛʦ ʜʚʠʞʝʥʠʷ. ʆʜʥʘʢʦ, ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ 

ʜʠʥʘʤʠʢʝ ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʴʶ, ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʡ ʠʤʝʶʪʩʷ 

ʚʦʣʥʳ ʩʪʘʮʠʦʥʘʨʥʦʡ ʘʤʧʣʠʪʫʜʳ. ɼʝʬʠʮʠʪ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʧʦʩʪʘʥʦʚʢʠ ʩʘʤʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʙʫʞʜʝʥʠʝ ʩʪʦʷʯʠʭ 

ʚʦʣʥ ʩʪʘʮʠʦʥʘʨʥʦʡ ʘʤʧʣʠʪʫʜʳ ʚ ʩʦʩʫʜʝ, ʠʤʝʶʱʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʪʝʧʝʥʴ 

ʩʚʦʙʦʜʳ. 

ʆʜʥʘ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʘʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, 

ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʷʜʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 
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ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʤʦʨʩʢʠʤ ʠ ʥʘʟʝʤʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ - ʫʧʨʘʚʣʝʥʠʝ 

ʜʝʤʧʬʠʨʦʚʘʥʠʝʤ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʡ ʬʘʟʳ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʝʝ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʩʪʝʥʢʠ ʩʦʩʫʜʘ. ɺ ʫʩʣʦʚʠʷʭ ʨʝʟʦʥʘʥʩʘ ʚʦʟʥʠʢʘʶʱʠʝ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʜʘʞʝ ʨʘʟʨʫʰʝʥʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʷʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʜʝʤʧʬʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʠʟʫʯʝʥʠʶ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʧʦʩʚʷʱʝʥʦ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʢʘʯʝʩʪʚʝ ʜʝʤʧʬʝʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʛʦʨʦʜʢʠ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤʘʣʴʥʦ ʢ 

ʙʦʢʦʚʳʤ ʩʪʝʥʢʘʤ ʠʣʠ ʜʥʫ, ʠ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʶʱʠʝ 

ʧʨʦʜʦʣʴʥʦʝ ʠʣʠ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʴʶ. ʇʨʠ ʢʦʣʝʙʘʥʠʷʭ 

ʞʠʜʢʦʩʪʠ ʥʘ ʢʨʦʤʢʘʭ ʧʣʘʩʪʠʥ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʙʨʘʟʫʶʪʩʷ ʠ ʩʨʳʚʘʶʪʩʷ 

ʚʠʭʨʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʷʟʢʠʤ ʟʘʪʫʭʘʥʠʝʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʦʨʠʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʪʦʣʴʢʦ 

ʥʝʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʚʙʣʠʟʠ ʢʨʦʤʢʠ ʜʝʤʧʬʝʨʘ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʮʝʥʢʫ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʧʦʜʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʚ ʦʩʮʠʣʣʠʨʫʶʱʠʭ 

ʩʦʩʫʜʘʭ, ʦʙʱʘʷ ʢʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʥʝ ʠʟʫʯʘʣʘʩʴ, ʠ ʤʝʭʘʥʠʟʤʳ ʧʦʜʘʚʣʝʥʠʷ ʥʝ 

ʜʝʪʘʣʠʟʠʨʦʚʘʣʠʩʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʠʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʣʥ ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʥʘ ʜʥʝ - ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʦʢʝʘʥʦʣʦʛʠʠ ʠ ʣʠʤʥʦʣʦʛʠʠ. ʂʦʣʝʙʘʥʠʷ ʞʠʜʢʦʩʪʠ ʚ 

ʢʘʥʘʣʘʭ, ʧʨʦʣʠʚʘʭ, ʚʦʜʦʝʤʘʭ ʠ ʟʘʣʠʚʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦ 

ʤʘʩʰʪʘʙʘʤ ʛʠʜʨʦʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ ʠ ʯʘʩʪʦ ʧʨʦʷʚʣʷʶʪʩʷ ʢʘʢ ʥʠʟʰʠʝ 

ʤʦʜʳ ʩʪʦʷʯʠʭ ʚʦʣʥ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʩʝʡʰʠ. ɺ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʚ ʟʘʤʢʥʫʪʳʭ ʙʘʩʩʝʡʥʘʭ ʧʦʣʫʯʝʥʳ ʨʝʰʝʥʠʷ 

ʜʣʷ ʫʟʢʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʝʡʰʠ ʚʦʜʦʝʤʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʩʝʯʝʥʠʷ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʜʥʦʤ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʝʨʠʦʜʘ ʠ 

ʧʦʣʦʞʝʥʠʷ ʫʟʣʦʚʳʭ ʣʠʥʠʡ ʩʝʡʰ ʚ ʨʝʘʣʴʥʳʭ ʚʦʜʦʝʤʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 
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ʦʩʫʱʝʩʪʚʠʤʘ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʜʦʥʥʦʛʦ ʨʝʣʴʝʬʘ. ʆʪʤʝʪʠʤ ʦʪʩʫʪʩʪʚʠʝ ʨʘʙʦʪ, 

ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʙʳ ʩʪʦʷʯʠʝ ʚʦʣʥʳ ʚ ʫʜʣʠʥʝʥʥʳʭ ʙʘʩʩʝʡʥʘʭ ʩ 

ʦʪʜʝʣʴʥʳʤʠ ʚʦʟʚʳʰʝʥʠʷʤʠ ʠʣʠ ʧʦʥʠʞʝʥʠʷʤʠ ʜʥʘ, ʭʦʪʷ ʫʢʘʟʘʥʥʘʷ 

ʛʝʦʤʝʪʨʠʷ ʭʘʨʘʢʪʝʨʥʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʝʡʰ ʚ ʦʟʝʨʝ ɹʘʡʢʘʣ ʩ ʜʚʫʤʷ 

ʧʦʜʚʦʜʥʳʤʠ ʭʨʝʙʪʘʤʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʪʦʷʯʠʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ, ʚʦʟʙʫʞʜʘʝʤʳʝ ʚ ʢʦʣʝʙʣʶʱʝʤʩʷ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ ʩ ʞʠʜʢʦʩʪʴʶ. ʇʨʝʜʤʝʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʣʥʦʚʳʭ ʜʚʠʞʝʥʠʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʩʦʩʫʜʘ ʠʣʠ ʣʦʢʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʥʘ ʠʣʠ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʩʦʩʫʜʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʘʞʥʳʭ 

ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʩʪʦʷʯʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥʘʭ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʨʝʟʦʥʘʥʩʝ. 

ʆʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʀʟʫʯʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʪʦʷʯʠʭ ʚʦʣʥ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʠ 

ʧʦʜʚʠʞʥʦʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʫʜʝ ʧʨʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʨʝʟʦʥʘʥʩʝ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʥʘ ʪʝʣʝʞʢʝ ʚ ʢʘʯʝʩʪʚʝ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʚʦʣʥ ʌʘʨʘʜʝʷ ʚ ʧʦʜʚʠʞʥʦʤ ʩʦʩʫʜʝ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʡ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚʦʣʥ ʚ ʩʦʩʫʜʝ ʩ 

ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʥʘ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʦʧʦʛʨʘʬʠʷ ʜʥʘ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ 

ʚʦʟʚʳʰʝʥʠʡ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʦʷʯʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩ ʚ ʞʠʜʢʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ ʩʧʦʩʦʙ ʛʝʥʝʨʘʮʠʠ ʩʪʦʷʯʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ. ʀʟʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʣʥ ʌʘʨʘʜʝʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʩʦʦʙʱʘʪʴ ʩʦʩʫʜʫ ʩ ʞʠʜʢʦʩʪʴʶ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚ 
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ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʘʤʧʣʠʪʫʜʦʡ. ʆʩʥʦʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʞʠʜʢʦʩʪʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚʠʜʝʦʟʘʧʠʩʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʚʠʜʝʦʩʲʝʤʢʠ ʢʦʣʝʙʘʥʠʡ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʧʨʷʤʳʭ ʥʘʙʣʶʜʝʥʠʡ.  

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʙʫʞʜʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ 

ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʝʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʠ ʠʟʫʯʝʥʠʝ ʩʚʷʟʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ ʩ 

ʞʠʜʢʦʩʪʴʶ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʧʣʘʩʪʠʥ-ʜʝʤʧʬʝʨʦʚ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʩʪʦʷʯʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚ ʚʝʨʪʠʢʘʣʴʥʦ 

ʢʦʣʝʙʣʶʱʝʤʩʷ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʦʧʦʛʨʘʬʠʠ ʜʥʘ ʥʘ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ 

ʩʪʦʷʯʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ɺʧʝʨʚʳʝ ʚ ʫʩʣʦʚʠʷʭ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʘʣʠʟʦʚʘʥʦ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʝʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ. ʇʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʵʬʬʝʢʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʩʦʩʫʜʘ ʥʘ ʨʝʟʦʥʘʥʩʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʦʣʥ ʌʘʨʘʜʝʷ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʩ ʠʤʝʶʱʝʡʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʩʚʷʟʘʥʥʳʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʝʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʦʙʦʜʥʳʭ ʚʦʣʥ. ʀʩʩʣʝʜʦʚʘʥ ʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ ʧʨʠ 

ʩʦʚʤʝʩʪʥʦʤ ʚʦʣʥʦʚʦʤ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʷʭ ʩʦʩʫʜʘ; ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ɼʣʷ ʚʦʣʥ ʌʘʨʘʜʝʷ ʚ ʧʦʜʚʠʞʥʦʤ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʫʜʝ ʠʩʩʣʝʜʦʚʘʥ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʘʥʘʣʦʛ ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ, ʪʦʯʢʘ 

ʧʦʜʚʝʩʘ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʪʝʧʝʥʴ 

ʩʚʦʙʦʜʳ. 

2. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʜ ʫʛʣʦʤ ʢ ʙʦʢʦʚʳʤ 

ʩʪʝʥʢʘʤ ʧʦʧʝʨʝʯʥʳʭ ʧʣʘʩʪʠʥ-ʜʝʤʧʬʝʨʦʚ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʪʦʷʯʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚ ʚʝʨʪʠʢʘʣʴʥʦ ʢʦʣʝʙʣʶʱʝʤʩʷ ʧʨʷʤʦʫʛʦʣʴʥʦʤ 

ʩʦʩʫʜʝ. ʄʝʪʦʜʘʤʠ ʪʨʘʩʩʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʦʣʥʦʚʦʛʦ ʪʝʯʝʥʠʷ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʤʧʬʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʣʘʩʪʠʥ 

(ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʫʟʣʝ ʩʪʦʷʯʝʡ ʚʦʣʥʳ) ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʝʥʦʩʦʤ 

ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʫ ʪʨʝʭʤʝʨʥʳʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʚʠʭʨʝʡ 

ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ ʞʠʜʢʦʩʪʠ. ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʧʦʧʝʨʝʯʥʳʭ ʧʣʘʩʪʠʥ-ʜʝʤʧʬʝʨʦʚ ʥʘ ʭʘʨʘʢʪʝʨ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ 

ʩʫʩʧʝʥʟʠʠ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʜʥʦʨʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʧʦʣʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʌʘʨʘʜʝʷ. ʇʦʣʫʯʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʧʣʘʩʪʠʥ ʧʦ ʠʟʤʝʥʝʥʠʶ ʚʠʜʘ ʠ ʯʘʩʪʦʪʥʦʤʫ 

ʩʤʝʱʝʥʠʶ ʨʝʟʦʥʘʥʩʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ 

ʚʦʟʙʫʞʜʘʝʤʳʭ ʚʦʣʥ. ʆʮʝʥʝʥʘ ʚʝʣʠʯʠʥʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʝʨʝʢʨʳʪʠʷ 

ʩʦʩʫʜʘ, ʦʪʚʝʯʘʶʱʘʷ ʧʦʣʥʦʤʫ ʧʦʜʘʚʣʝʥʠʶ ʚʦʣʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʠ. 

3. ʀʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʣʠʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʥʘ ʜʥʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʩʝʡʰ. ʇʦʣʫʯʝʥ ʥʦʚʳʡ ʨʝʟʫʣʴʪʘʪ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ 

ʦʜʠʥʦʯʥʦʛʦ ʚʦʟʚʳʰʝʥʠʷ ʥʘ ʥʘʢʣʦʥʥʦʤ ʜʥʝ ʥʘ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ 

ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʧʦʜʭʦʜʷʱʝʤ ʚʳʙʦʨʝ ʧʦʣʦʞʝʥʠʷ ʚʦʟʚʳʰʝʥʠʷ 

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʩʪʦʷʯʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, 
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ʯʪʦ ʚ ʩʣʫʯʘʝ ʜʚʫʭ ʚʦʟʚʳʰʝʥʠʡ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʜʥʝ ʚʘʨʠʘʮʠʠ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʢʘʢ ʯʘʩʪʦʪ, ʪʘʢ ʠ ʬʦʨʤ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʦʣʥʦʚʳʭ ʤʦʜ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʠ ʥʘʫʯʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. 

1. ɺʳʷʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʚʦʣʥ ʌʘʨʘʜʝʷ ʚ 

ʧʦʜʚʠʞʥʦʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʫʜʝ ʠ ʩʦʩʫʜʝ ʩ 

ʣʦʢʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʥʘ ʠ ʩʪʝʥʦʢ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

2. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʠʭʨʝʚʦʤʫ ʜʝʤʧʬʠʨʦʚʘʥʠʶ 

ʚʦʣʥ ʌʘʨʘʜʝʷ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ 

ʢʦʣʝʙʘʥʠʡ ʪʦʧʣʠʚʘ ʚ ʙʘʢʘʭ ʨʘʢʝʪ ʠ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʪʘʥʢʘʭ 

ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

3. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʣʠʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ ʩ 

ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʥʘ ʜʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʷʭ ï ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʥʘʪʫʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʩʝʡʰʘʤ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʘʭ ʩʣʦʞʥʦʡ 

ʛʝʦʤʝʪʨʠʠ. 

4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʙʦʪʝ ʚʦʣʥ ʌʘʨʘʜʝʷ ʢʘʢ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʢʘʢ 

ʩʧʦʩʦʙʘ ʛʝʥʝʨʘʮʠʠ ʩʪʦʷʯʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 

ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪʫ 14 

çʃʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʚʦʣʥʳ ʚ ʞʠʜʢʦʩʪʷʭ ʠ ʛʘʟʘʭè ʇʘʩʧʦʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 01.02.05 çʄʝʭʘʥʠʢʘ ʞʠʜʢʦʩʪʠ, ʛʘʟʘ ʠ ʧʣʘʟʤʳè. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʦʪʦʢʠ ʠ ʩʪʨʫʢʪʫʨʳ ʚ 

ʞʠʜʢʦʩʪʷʭè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʠʶʥʴ 2013; ʂʘʣʠʥʠʥʛʨʘʜ, ʠʶʥʴ 2015); IV, V 

ʠ VI ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʥʘʫʯʥʳʝ ʰʢʦʣʳ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɺʦʣʥʳ ʠ ʚʠʭʨʠ ʚ 

ʩʣʦʞʥʳʭ ʩʨʝʜʘʭè (ʄʦʩʢʚʘ, ʥʦʷʙʨʴ 2013; ʄʦʩʢʚʘ, ʥʦʷʙʨʴ 2014; 

ʂʘʣʠʥʠʥʛʨʘʜ, ʠʶʥʴ 2015); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʪʝʭʥʠʢʠè (ʄʦʩʢʚʘ, ʥʦʷʙʨʴ 2014); 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʌʠʟʠʯʝʩʢʦʝ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʦʩʬʝʨʘʭè (ʄʦʩʢʚʘ, ʥʦʷʙʨʴ 

2015); ʉʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʘʷ ʚʝʩʥʘ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ (ʄʦʩʢʚʘ, 

ʘʧʨʝʣʴ 2013; ʘʧʨʝʣʴ 2014; ʤʘʡ 2015). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 16 ʨʘʙʦʪ, ʚʢʣʶʯʘʷ 

4 ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʩʧʠʩʢʘ ɺɸʂ [ʂʘʣʠʥʠʯʝʥʢʦ, ʅʝʩʪʝʨʦʚ, ʉʦ (2015); 

ʂʘʣʠʥʠʯʝʥʢʦ, ʉʦ (2015); ʂʘʣʠʥʠʯʝʥʢʦ, ʉʦ, ʏʘʰʝʯʢʠʥ (2015); ʉʦ, ʉʳʩʦʝʚʘ 

(2016)], 3 ʩʪʘʪʴʠ ʚ ʩʙʦʨʥʠʢʘʭ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, 9 ʪʝʟʠʩʦʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʡ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʳ ʜʠʩʩʝʨʪʘʥʪʦʤ, ʦʙʩʫʞʜʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʦʩʫʱʝʩʪʚʣʝʥ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʠ ʩʦʘʚʪʦʨʘʤʠ. 
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ɻʣʘʚʘ 1. ʆɹɿʆʈ ɿɸɼɸʏ ʆ ʂʆʃɽɹɸʅʀʗʍ ɾʀɼʂʆʉʊʀ ɺ ʉʆʉʋɼɸʍ. 
ʇɸʈɸʄɽʊʈʀʏɽʉʂʀʁ ʈɽɿʆʅɸʅʉ ʂɸʂ ʉʇʆʉʆɹ ɺʆɿɹʋɾɼɽʅʀʗ 
ʉʊʆʗʏʀʍ ɺʆʃʅ ɺ ɾʀɼʂʆʉʊʀ ï ʄʆɼɽʃʔ ʀ 
ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʋʉʊɸʅʆɺʂɸ 

 

ɺ ʦʙʟʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥ ʨʷʜ ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ 

ʩʦʩʫʜʝ. ʇʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ï ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʣʥ ʌʘʨʘʜʝʷ. ʕʪʠʤ ʪʝʨʤʠʥʦʤ ʚ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʦʧʨʝʜʝʣʷʶʪ ʩʪʦʷʯʠʝ ʚʦʣʥʳ, 

ʚʦʟʙʫʞʜʘʝʤʳʝ ʧʨʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʨʝʟʦʥʘʥʩʝ ʚ ʞʠʜʢʦʩʪʠ, ʧʦʜʚʝʨʞʝʥʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ. ʆʙʩʫʞʜʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [ʅʝʩʪʝʨʦʚ (1969)], ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʧʳʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩ ʚ ʞʠʜʢʦʩʪʠ 

ʧʨʠʤʝʥʷʣʩʷ ʢʘʢ ʩʧʦʩʦʙ ʚʦʟʙʫʞʜʝʥʠʷ ʩʪʦʷʯʠʭ ʚʦʣʥ. 

1.1. ɿʘʜʘʯʠ ʦ ʢʦʣʝʙʘʥʠʷʭ ʞʠʜʢʦʩʪʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʩ 
ʧʦʟʠʮʠʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʞʠʜʢʦʩʪʠ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʠʣʠ 

ʢʦʣʝʙʣʶʱʝʤʩʷ ʩʦʩʫʜʝ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʢʘʢ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ, ʪʘʢ ʠ ʤʥʦʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ [ʄʠʢʠʰʝʚ, ʈʘʙʠʥʦʚʠʯ 

(1971); Ibrahim (2005); ʂʦʣʝʩʥʠʢʦʚ (2003)]. ʉ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʟʘʜʘʯʘ ʦ ʚʦʣʥʘʭ ʚ ʩʦʩʫʜʘʭ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ 

ʚʦʟʙʫʞʜʝʥʠʷ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʠ ʵʪʦʪ ʨʘʟʜʝʣ 

ʚʦʣʥʦʚʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ ʩʪʘʣ ʢʣʘʩʩʠʯʝʩʢʠʤ [ʃʘʤʙ 

(1947); ʉʨʝʪʝʥʩʢʠʡ (1977); ʄʦʠʩʝʝʚ, ʈʫʤʷʥʮʝʚ (1965); ʏʝʨʥʦʫʩʴʢʦ (1969) ʠ 

ʜʨ.]. 

ɺ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʩʦʜʝʨʞʘʱʠʝ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʞʠʜʢʦʩʪʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ - 

ʪʦʧʣʠʚʥʳʝ ʙʘʢʠ ʦʙʲʝʢʪʦʚ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, 

ʨʝʟʝʨʚʫʘʨʳ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʞʠʜʢʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʩʞʠʞʝʥʥʳʭ ʛʘʟʦʚ, ʚʦʜʦʥʘʧʦʨʥʳʝ ʙʘʰʥʠ ʠ ʪ.ʜ. ɾʠʜʢʦʩʪʴ, 



 12 

ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʱʘʷ ʧʦʣʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʜʚʠʞʝʥʠʝ ʚʩʝʡ 

ʩʠʩʪʝʤʳ, ʦʩʦʙʝʥʥʦ, ʢʦʛʜʘ ʤʘʩʩʘ ʞʠʜʢʦʩʪʠ ʩʨʘʚʥʠʤʘ ʩ ʤʘʩʩʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʦʞʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʩʠʩʪʝʤʝ ʪʝʣʦ ï ʞʠʜʢʦʩʪʴ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʤʝʩʪʦ 

ʘʥʘʣʠʟʘ ʩʣʦʞʥʦʡ ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʩʫʜ ʩ ʞʠʜʢʦʩʪʴʶ, 

ʠʤʝʶʱʠʡ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʜʝʤʧʬʠʨʫʶʱʠʝ, ʠʥʝʨʮʠʦʥʥʳʝ ʠ ʫʧʨʫʛʠʝ 

ʵʣʝʤʝʥʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1.1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ 

[Ibrahim, Barr (2003)], ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʦʜʦʥʘʧʦʨʥʫʶ ʙʘʰʥʶ ʠʣʠ ʪʦʧʣʠʚʥʳʡ 

ʙʘʢ ʨʘʢʝʪʳ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ. 

 

ʈʠʩ. 1.1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʠ ʘʥʘʣʠʟʝ ʩʚʷʟʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʚ 

ʚʦʜʦʥʘʧʦʨʥʦʡ ʙʘʰʥʝ ʠʣʠ ʪʦʧʣʠʚʥʦʤ ʙʘʢʝ ʨʘʢʝʪʳ [Ibrahim, Barr (1975)] 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʴʶ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʩʪʦʷʯʠʭ ʚʦʣʥ 

[Chester, Bones (1968); Bredmose, Brocchini, Peregrine, Thais (2003); ɹʫʢʨʝʝʚ, 

ʏʝʙʦʪʥʠʢʦʚ (2015)]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʤ ʚʳʥʫʞʜʝʥʥʳʝ ʚʦʣʥʦʚʳʝ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʳʭ ʚ ʪʦʯʥʦʩʪʠ ʨʘʚʥʘ ʯʘʩʪʦʪʝ ʢʦʣʝʙʘʥʠʡ 

ʩʦʩʫʜʘ, ʘ ʚʳʩʦʪʘ ʚʦʣʥʳ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʚ ʨʘʤʢʘʭ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ 

[ʉʨʝʪʝʥʩʢʠʡ (1977)]. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ 
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ʩʦʩʫʜʘ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚʦʟʙʫʞʜʘʶʪʩʷ ʪʦʣʴʢʦ ʥʝʯʝʪʥʳʝ 

ʚʦʣʥʦʚʳʝ ʤʦʜʳ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʟʘʜʘʯʘ ʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʴʶ ʨʘʩʩʤʦʪʨʝʥʘ ʃ.ʅ. ʉʨʝʪʝʥʩʢʠʤ ʚ 1951 

ʛ. [ʉʨʝʪʝʥʩʢʠʡ (1951; 1977)]; ʧʦʟʜʥʝʝ ʙʣʠʟʢʘʷ ʧʦ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʘ ʨʝʰʝʥʘ 

ʅ.ʅ. ʄʦʠʩʝʝʚʳʤ [ʄʦʠʩʝʝʚ (1952)]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʵʪʫ ʟʘʜʘʯʫ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ 

ʟʘʜʘʯʝʡ ʃ.ʅ. ʉʨʝʪʝʥʩʢʦʛʦ. ɺ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪʘʭ ʚʳʯʠʩʣʝʥʦ ʩʫʤʤʘʨʥʦʝ 

ʜʘʚʣʝʥʠʝ ʩʪʦʷʯʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʥʘ ʩʪʝʥʢʠ ʩʦʩʫʜʘ ʠ ʩʦʩʪʘʚʣʝʥʦ 

ʫʨʘʚʥʝʥʠʝ ʝʛʦ ʜʚʠʞʝʥʠʷ. ʆʙʦʙʱʝʥʠʷ ʟʘʜʘʯʠ ʃ.ʅ. ʉʨʝʪʝʥʩʢʦʛʦ ʥʘ ʩʣʫʯʘʡ 

ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʚʝʜʝʥʳ ʚ [ɸʢʫʣʝʥʢʦ, ʅʝʩʪʝʨʦʚ (1994)] ï ʨʠʩ. 1.2. 

 

ʈʠʩ. 1.2. ʆʙʦʙʱʝʥʠʝ ʟʘʜʘʯʠ ʃ.ʅ. ʉʨʝʪʝʥʩʢʦʛʦ ʥʘ ʩʣʫʯʘʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʦʩʫʜʘ ʩ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʴʶ [ɸʢʫʣʝʥʢʦ, 

ʅʝʩʪʝʨʦʚ (1994)] 

 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦ ʜʠʥʘʤʠʢʝ ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʴʶ, ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʡ 

ʠʤʝʶʪʩʷ ʚʦʣʥʳ ʩʪʘʮʠʦʥʘʨʥʦʡ ʘʤʧʣʠʪʫʜʳ. ɸʚʪʦʨʫ ʠʟʚʝʩʪʥʘ ʣʠʰʴ ʦʜʥʘ 

ʨʘʙʦʪʘ [Herczycski, Weidman (2012)], ʚ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ 

ʩʚʷʟʘʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʴʶ, ʩʪʦʷʯʠʝ ʚʦʣʥʳ 

ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʡ ʚʦʟʙʫʞʜʘʣʠʩʴ ʚʨʫʯʥʫʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʠʟʤʝʨʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʜʘʯʠ ʥʘ ʩʪʘʜʠʠ ʟʘʪʫʭʘʶʱʠʭ ʚʦʣʥʦʚʳʭ 

ʜʚʠʞʝʥʠʡ ʞʠʜʢʦʩʪʠ. ɼʝʬʠʮʠʪ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʤ 
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ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʧʦʩʪʘʥʦʚʢʠ ʩʘʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʙʫʞʜʝʥʠʝ ʩʪʦʷʯʠʭ ʚʦʣʥ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʘʤʧʣʠʪʫʜʳ ʚ ʩʦʩʫʜʝ, ʠʤʝʶʱʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ. 

 
 

ʈʠʩ. 1.3. ʇʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʃ.ʅ. ʉʨʝʪʝʥʩʢʦʛʦ 

[ʂʘʣʠʥʠʯʝʥʢʦ, ʉʦ (2015)]  

 

ʋʢʘʟʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʨʝʰʝʥʘ ʚ ʨʘʙʦʪʝ [ʂʘʣʠʥʠʯʝʥʢʦ, ʉʦ (2015)], ʛʜʝ 

ʟʘʜʘʯʘ ʉʨʝʪʝʥʩʢʦʛʦ ʃ.ʅ. ʙʳʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝʘʣʠʟʦʚʘʥʘ, ʧʨʠʯʝʤ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʙʣʠʟʢʠʝ ʢ ʩʚʦʙʦʜʥʳʤ ʩʪʘʮʠʦʥʘʨʥʳʝ ʚʦʣʥʳ ʌʘʨʘʜʝʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ, ʢʦʪʦʨʳʡ ʠʤʝʣ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʰʘʪʴʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

 

ʈʠʩ. 1.4. ʄʝʭʘʥʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ï ʤʘʷʪʥʠʢ ʠ ʪʝʣʦ ʥʘ ʧʨʫʞʠʥʝ ï ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ [Dodge 

(2000)]  

 

ʉ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʟʘʜʘʯʠ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʫʜʘ ï 

ʢʦʣʝʙʣʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ 

ï ʤʘʷʪʥʠʢ ʠʣʠ ʪʦʯʝʯʥʘʷ ʤʘʩʩʘ ʩ ʫʧʨʫʛʠʤʠ ʩʚʷʟʷʤʠ, ʨʠʩ. 1.4. ʊʘʢ, 

ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ 
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ʤʝʭʘʥʠʯʝʩʢʘʷ ʘʥʘʣʦʛʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʨʘʟʣʠʯʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ [ʂʦʣʝʩʥʠʢʦʚ (2003); Ibrahim (2005); Abramson (1966)]. 

ʋʢʘʟʘʥʥʳʝ ʨʘʙʦʪʳ ʠʤʝʣʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ï ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʦʣʝʙʘʥʠʡ ʪʦʧʣʠʚʘ ʚ ʨʘʢʝʪʥʳʭ ʙʘʢʘʭ.  

ʆʙʳʢʥʦʚʝʥʥʳʡ ʧʣʦʩʢʠʡ ʤʘʷʪʥʠʢ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʥʝʣʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 

ʤʦʜʝʣʠʨʫʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʧʦʜʚʠʞʥʦʤ ʩʦʩʫʜʝ ï ʨʠʩ. 1.5. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʤʘʷʪʥʠʢʦʚʳʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

 

ʈʠʩ. 1.5. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʥʘ ʪʝʣʝʞʢʝ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʦʛ 

ʧʝʨʚʦʡ ʚʦʣʥʦʚʦʡ ʤʦʜʳ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ (ʨʠʩ. 1.3) ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ [ʉʦ 

(2013)] 

 

ʋʧʨʘʚʣʝʥʠʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝʤ ʢʦʣʝʙʘʥʠʡ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ 

ʚʦʟʜʝʡʩʪʚʠʡ ʞʠʜʢʦʩʪʠ ʥʘ ʩʪʝʥʢʠ ʩʦʩʫʜʘ - ʦʜʥʘ ʠʟ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʘʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʷʜʝʨʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʤʦʨʩʢʠʤ ʠ ʥʘʟʝʤʥʳʤ 

ʪʨʘʥʩʧʦʨʪʦʤ [Abramson (1966); Sarpkaya (2010); Ibrahim (2005)]. ɺ ʫʩʣʦʚʠʷʭ 

ʨʝʟʦʥʘʥʩʘ ʚʦʟʥʠʢʘʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʜʘʞʝ ʨʘʟʨʫʰʝʥʠʶ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ [Krata (2013); ʈʘʙʠʥʦʚʠʯ (2006); ɽʣʠʟʘʨʦʚʘ, ʉʘʙʫʨʠʥ 

(2013)]. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʷʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʜʝʤʧʬʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʠʟʫʯʝʥʠʶ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʧʦʩʚʷʱʝʥʦ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪ, 

ʜʝʪʘʣʴʥʳʡ ʦʙʟʦʨ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥ ʚ [Ibrahim (2005)]. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ 
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ʢʘʯʝʩʪʚʝ ʜʝʤʧʬʝʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʧʝʨʝʛʦʨʦʜʢʠ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤʘʣʴʥʦ ʢ ʙʦʢʦʚʳʤ ʩʪʝʥʢʘʤ 

ʠʣʠ ʜʥʫ, ʠ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʧʨʦʜʦʣʴʥʦʝ ʠʣʠ 

ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʴʶ [Abramson (1966); NASA Techn. 

Rep. SP-8031 (1969); ʄʠʢʠʰʝʚ, ʈʘʙʠʥʦʚʠʯ (1971)]. 

ɺ ʨʝʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʞʠʜʢʦʩʪʥʳʭ ʨʘʢʝʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʜʝʤʧʬʝʨʳ ʢʦʣʝʙʘʥʠʡ 

ʞʠʜʢʦʩʪʠ ʚ ʪʦʧʣʠʚʥʳʭ ʙʘʢʘʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʜʝʤʧʬʝʨʳ ʚ ʚʠʜʝ ʨʘʜʠʘʣʴʥʳʭ ʠʣʠ ʢʦʣʴʮʝʚʳʭ ʨʝʙʝʨ (ʨʠʩ. 1.6). 

 

                                      ʘ ʙ 

ʈʠʩ. 1.6. ɼʝʤʧʬʝʨ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʚ ʚʠʜʝ ʨʘʜʠʘʣʴʥʳʭ (ʘ) ʠ 

ʢʦʣʴʮʝʚʳʭ (ʙ) ʨʝʙʝʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʙʘʢʘʭ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʨʘʢʝʪʳ-

ʥʦʩʠʪʝʣʷ ʉʘʪʫʨʥ V [ʄʠʢʠʰʝʚ (1978)] 

 

ʋʞʝ ʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ [Keulegan, Carpenter (1958)] ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʠʥʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘʥʠʡ ʧʦʪʦʢʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʣʷ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʙʘʢʘʭ ʩ ʢʦʣʴʮʝʚʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʝʨʝʛʦʨʦʜʢʦʡ [Miles 

(1958)] ʠ ʩ ʩʠʩʪʝʤʦʡ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʧʣʘʩʪʠʥ-ʨʝʙʝʨ [ʄʠʢʠʰʝʚ 
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(1978)]. ʅʘ ʧʨʘʢʪʠʢʝ ʦʮʝʥʢʘ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʜʝʢʨʝʤʝʥʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʦʣʥʦʚʦʡ ʤʦʜʳ [ʄʠʢʠʰʝʚ (1978)]. ɺ [Goudarzi et. al. 

(2010)] ʧʨʠʚʝʜʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʜʝʤʧʬʠʨʫʶʱʠʭ ʧʣʘʩʪʠʥ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ ʩ 

ʞʠʜʢʦʩʪʴʶ ï ʨʠʩ. 1.7. ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʮʝʥʢʝ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʜʝʢʨʝʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ [Keulegan, Carpenter (1958)]. 

  

 
ʘ          ʙ 

ʈʠʩ. 1.7. ʇʨʷʤʦʫʛʦʣʴʥʳʡ ʩʦʩʫʜ ʩ ʧʣʘʩʪʠʥʘʤʠ-ʜʝʤʧʬʝʨʘʤʠ: ʤʦʜʝʣʴ (ʘ) ʠ 

ʵʢʩʧʝʨʠʤʝʥʪ (ʙ) [Goudarzi et. al. (2010)] 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʞʠʜʢʦʩʪʠ ʥʘ ʢʨʦʤʢʘʭ ʧʣʘʩʪʠʥ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʙʨʘʟʫʶʪʩʷ ʠ ʩʨʳʚʘʶʪʩʷ ʚʠʭʨʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʷʟʢʠʤ ʟʘʪʫʭʘʥʠʝʤ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʦʨʠʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ 

ʚʙʣʠʟʠ ʢʨʦʤʢʠ ʜʝʤʧʬʝʨʘ [ɹʫʞʠʥʩʢʠʡ (1998); Gavrilyuk, Lukovsky, Trotsenko, 

Timokha (2006)]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʧʦʜʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʚ ʦʩʮʠʣʣʠʨʫʶʱʠʭ 

ʩʦʩʫʜʘʭ, ʦʙʱʘʷ ʢʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʥʝ ʠʟʫʯʘʣʘʩʴ, ʠ ʤʝʭʘʥʠʟʤʳ ʧʦʜʘʚʣʝʥʠʷ ʥʝ 

ʜʝʪʘʣʠʟʠʨʦʚʘʣʠʩʴ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʥʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ [ɽʣʢʠʥ, ɿʘʮʝʧʠʥ (2013); ɿʳʨʷʥʦʚ (1995)] ʧʦ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʶ ʠ ʜʠʥʘʤʠʢʝ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʠʤʝʶʱʠʭ 

ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ. 
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ɺʦʣʥʦʚʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʩʦʩʫʜʘʭ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʯʘʩʪʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʯʠʩʪʦ ʢʦʣʝʙʘʪʝʣʴʥʦʝ. ʆʜʥʘʢʦ ʠʟʤʝʨʝʥʠʷ ʧʦʣʷ ʩʢʦʨʦʩʪʠ 

ʚ ʨʝʘʣʴʥʳʭ ʚʦʣʥʘʭ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʥʝʥʫʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪ ʫʩʨʝʜʥʝʥʥʦʡ 

ʧʦ ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʞʠʜʢʦʩʪʠ. ɿʥʘʯʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʵʪʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ; ʦʜʥʘʢʦ ʚʩʣʝʜʩʪʚʠʝ ʢʫʤʫʣʷʪʠʚʥʦʛʦ 

ʵʬʬʝʢʪʘ ʵʪʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʪʝʯʝʥʠʷ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʨʠʤʝʩʝʡ, ʜʠʥʘʤʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ. ɼʣʷ ʪʘʢʠʭ ʚʪʦʨʠʯʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʪʝʯʝʥʠʡ ʞʠʜʢʦʩʪʠ, ʩʦʚʝʨʰʘʶʱʝʡ ʚʦʣʥʦʚʳʝ ʜʚʠʞʝʥʠʷ, ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʞʜʝʩʪʚʝʥʥʳʝ ʧʦ ʟʥʘʯʝʥʠʶ ʪʝʨʤʠʥʳ çʚʦʣʥʦʚʦʡ ʧʝʨʝʥʦʩè, 

çʤʘʩʩʦʧʝʨʝʥʦʩè ʠʣʠ çʚʦʣʥʦʚʦʡ ʜʨʝʡʬè. 

ʄʘʩʩʦʧʝʨʝʥʦʩ ʚ ʩʪʦʷʯʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥʘʭ ʧʨʝʜʩʢʘʟʘʥ ʚ 

[Rayleigh (1884)] ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʥʝʣʠʥʝʡʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ, ʘ ʨʘʩʩʯʠʪʘʥ ʚ 

[Longuet-Higgens (1953); Dore (1976)] ʜʣʷ ʚʦʣʥ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ. ɺ [ʃʶʙʠʤʦʚ, ʃʶʙʠʤʦʚʘ, ʏʝʨʝʧʘʥʦʚ (2003); Ng 

(2004); Martin, Vega (2006)] ʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʪʝʯʝʥʠʷ ʷʯʝʠʩʪʦʛʦ ʪʠʧʘ ʚ 

ʩʪʦʷʯʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥʘʭ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʝʦʨʝʪʠʯʝʩʢʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ, ʷʚʣʷʶʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʤ ʟʘʚʠʭʨʝʥʥʦʩʪʠ 

ʠ ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʪʦʨʠʯʥʳʝ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚ 

[ʏʘʰʝʯʢʠʥ, ʂʠʩʪʦʚʠʯ (2004); ʏʘʰʝʯʢʠʥ, ʇʨʠʭʦʜʴʢʦ (2007)].  

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʦʜʝʣʠ [Longuet-Higgens (1953)] ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʣʘʙʦʨʘʪʦʨʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ [ʂʘʣʠʥʠʯʝʥʢʦ, ʉʝʢʝʨʞ-ɿʝʥʴʢʦʚʠʯ (2008)] - 

ʜʣʷ ʜʚʫʤʝʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʌʘʨʘʜʝʷ ʠʤʝʝʪʩʷ 

ʩʠʩʪʝʤʘ ʚʪʦʨʠʯʥʳʭ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʪʝʯʝʥʠʡ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʚʩʶ ʪʦʣʱʫ 

ʞʠʜʢʦʩʪʠ ʤʝʞʜʫ ʜʥʦʤ ʩʦʩʫʜʘ ʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʅʘʨʷʜʫ ʩ 

ʢʦʣʝʙʘʥʠʷʤʠ ʩ ʯʘʩʪʦʪʦʡ ʚʦʣʥʳ ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ ʤʝʜʣʝʥʥʦ ʧʝʨʝʤʝʱʘʶʪʩʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʮʠʨʢʫʣʷʮʠʦʥʥʳʤʠ ʪʝʯʝʥʠʷʤʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ 

ʤʘʩʰʪʘʙ ʵʪʠʭ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʷʯʝʝʢ ʩʦʩʪʘʚʣʷʝʪ ʯʝʪʚʝʨʪʴ ʜʣʠʥʳ ʚʦʣʥʳ. 
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ʆʪʤʝʪʠʤ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ï ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩʚʦʡʩʪʚʘʤʠ 

ʩʪʦʷʯʝʡ ʚʦʣʥʳ ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦʨʷʜʢʘ 20 ʝʝ ʧʝʨʠʦʜʦʚ. 

ʇʦʜʯʝʨʢʥʝʤ ʪʘʢʞʝ, ʯʪʦ ʠ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [Longuet-Higgens 

(1953)], ʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ [ʂʘʣʠʥʠʯʝʥʢʦ, ʉʝʢʝʨʞ-ɿʝʥʴʢʦʚʠʯ (2008)] 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʦʜʥʦʤʦʜʦʚʦʝ ʚʦʣʥʦʚʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʥʠʞʝ 2-3 ɻʮ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʙʦʣʝʝ 30 ʩʤ. 

 

 
ʈʠʩ. 1.8. (ʘ) ʎʠʨʢʫʣʷʮʠʦʥʥʳʝ ʪʝʯʝʥʠʷ ʜʣʷ ʧʝʨʚʦʡ ʚʦʣʥʦʚʦʡ ʤʦʜʳ ʚ ʩʦʩʫʜʝ ʩ 

ʛʣʘʜʢʠʤʠ ʩʪʝʥʢʘʤʠ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ [Longuet-Higgens (1953)]; (ʙ) ʩʣʦʞʥʳʝ 

ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʦʣʥʘʭ ʌʘʨʘʜʝʷ ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʣʘʩʪʠʥʳ-ʜʝʤʧʬʝʨʘ ʰʠʨʠʥʦʡ l=3 ʩʤ ʚ ʩʦʩʫʜʝ ʜʣʠʥʦʡ 60 ʩʤ: I, II  ï ʚʠʜr 

ʬʨʦʥʪʘʣʴʥʳʡ ʠ ʩʚʝʨʭʫ; s=2.25 ʩʤ, h=6 ʩʤ, ʧʝʨʠʦʜ ʚʦʣʥʳ ʊ=1.57 ʩ [ʉʦ, 

ʉ ʩrʦʝʚʘ (2016)] 

 

ʂʘʨʪʠʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʢʘʧʠʣʣʷʨʥʦʡ ʨʷʙʠ ʌʘʨʘʜʝʷ ï 

ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʩʚʳʰʝ 30 ɻʮ, ʜʣʠʥʳ ʚʦʣʥ ʤʝʥʝʝ 2 ʩʤ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

[Lukaschuk, Denissenko, Falkovich (2007); Sanli, Lohse, van der Meer (2014)] 

ʚʳʷʚʣʝʥʘ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʧʣʘʚʘʶʱʠʭ ʯʘʩʪʠʮ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʧʠʣʣʷʨʥʳʭ 

ʚʦʣʥ - ʯʘʩʪʠʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʛʠʜʨʦʬʠʣʴʥʳʭ ʠʣʠ ʛʠʜʨʦʬʦʙʥʳʭ 

ʩʚʦʡʩʪʚ ʜʨʝʡʬʫʶʪ ʚ ʩʪʦʨʦʥʫ ʫʟʣʦʚ ʠʣʠ ʧʫʯʥʦʩʪʝʡ ʩʪʦʷʯʝʡ ʚʦʣʥʳ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʜʦ 60 ɻʮ (ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʜʦ 0.4 ʩʤ) 

ʧʨʦʠʩʭʦʜʠʪ ʤʥʦʛʦʤʦʜʦʚʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʢʘʧʠʣʣʷʨʥʳʭ ʚʦʣʥ ʌʘʨʘʜʝʷ 

[Francois, Xia, Punzmann, Ramsden, Shats (2014)] ï ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ «ʦʩʮʠʣʣʦʥʳ» ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʳʝ 
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ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ ʢʨʘʪʝʨʦʚ ʠ ʧʠʢʦʚ ʠ ʜʚʫʤʝʨʥʳʝ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʪʝʯʝʥʠʡ ʚ ʧʦʣʝ ʩʪʦʷʯʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʚʦʣʥʳ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʥʝʤ ʜʝʤʧʬʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚʳʷʚʣʝʥʳ ʚ [ʉʦ, ʉʳʩʦʝʚʘ (2016); ʂʘʣʠʥʠʯʝʥʢʦ, ʉʦ, ʏʘʰʝʯʢʠʥ 

(2015)] ï ʨʠʩ. 1.8 ʙ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʣʠʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʥʘ 

ʜʥʝ ï ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, 

ʦʢʝʘʥʦʣʦʛʠʠ ʠ ʣʠʤʥʦʣʦʛʠʠ. ʂʦʣʝʙʘʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣʘʭ, ʧʨʦʣʠʚʘʭ, 

ʚʦʜʦʝʤʘʭ ʠ ʟʘʣʠʚʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦ ʤʘʩʰʪʘʙʘʤ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ ʠ ʯʘʩʪʦ ʧʨʦʷʚʣʷʶʪʩʷ ʢʘʢ ʥʠʟʰʠʝ ʤʦʜʳ ʩʪʦʷʯʠʭ 

ʚʦʣʥ. ʊʘʢʠʝ ʩʪʦʷʯʠʝ ʚʦʣʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʣʢʦʡ ʚʦʜʳ ʠʟʚʝʩʪʥʳ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʢʘʢ ʩʝʡʰʠ [ʉʨʝʪʝʥʩʢʠʡ (1936); Defant (1961); ɸʨʩʝʥʴʝʚʘ ʠ ʜʨ. 

(1963); Rabinovich (2009)]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʦʩʥʦʚʥʦʡ 

(ʧʝʨʚʦʡ) ʤʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʚʦʜʦʝʤʘ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ɺʳʩʦʪʘ ʥʘʙʣʶʜʘʝʤʳʭ 

ʚʦʣʥ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥ ʦʪ 0.05 ʜʦ 6 ʤ [Rabinovich (2009)]. 

ɺ ʦʙʟʦʨʝ [Rabinovich (2009)] ʫʢʘʟʘʥʳ ʪʝ ʥʝʤʥʦʛʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʬʦʨʤʳ ʚʦʜʦʝʤʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʚʦʣʥʦʚʳʭ 

ʜʚʠʞʝʥʠʡ ʞʠʜʢʦʩʪʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʧʦʣʫʯʝʥʳ ʨʝʰʝʥʠʷ ʜʣʷ 

ʩʝʡʰʝʚʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʦʮʝʥʢʝ ʧʝʨʠʦʜʘ ʜʚʫʤʝʨʥʳʭ ʩʝʡʰ ʚ ʚʦʜʦʝʤʝ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʠ ʧʦʩʪʦʷʥʥʦʡ ʛʣʫʙʠʥʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ 

ʄʝʨʠʘʥʘ [Defant (1961); ʇʨʘʫʜʤʵʥ (1957)] 

2 / 2 / ( )n n oT l n gh= p w =  

ʛʜʝ nT  ʠ nw  - ʧʝʨʠʦʜ ʠ ʯʘʩʪʦʪʘ ʚʦʣʥʦʚʦʡ ʤʦʜʳ ʥʦʤʝʨʘ n ; n - ʯʠʩʣʦ ʫʟʣʦʚ 

ʩʪʦʷʯʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʳ (ʩʝʡʰʠ); l  ʠ oh  - ʜʣʠʥʘ ʠ ʛʣʫʙʠʥʘ ʙʘʩʩʝʡʥʘ; 

g  - ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʆʜʥʘʢʦ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ nT  ʚʦʟʨʘʩʪʘʶʪ 

ʜʦ 25% ʧʨʠ ʨʝʟʢʦʤ ʥʘʨʫʰʝʥʠʠ ʫʩʣʦʚʠʷ ʧʦʩʪʦʷʥʩʪʚʘ ʰʠʨʠʥʳ 0d d=  ʠ(ʠʣʠ) 
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ʧʣʦʱʘʜʠ o o oS S h d= =  ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʘʩʩʝʡʥʘ [Defant (1961); 

ɸʨʩʝʥʴʝʚʘ ʠ ʜʨ. (1963); Miles (1974)]. 

ʀʟ-ʟʘ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʠʙʨʝʞʥʦʡ ʣʠʥʠʠ ʠ ʜʥʘ ʜʣʷ ʨʝʘʣʴʥʳʭ 

ʚʦʜʦʝʤʦʚ ʦʪʩʫʪʩʪʚʫʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʧʝʨʠʦʜʦʚ ʠ ʧʦʣʦʞʝʥʠʷ 

ʫʟʣʦʚʳʭ ʣʠʥʠʡ ʩʝʡʰ. ɼʣʷ ʠʭ ʥʘʭʦʞʜʝʥʠʷ ʚ ʣʠʤʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ ʠ ʩʭʝʤʳ [Defant (1961)]. ʅʘʠʙʦʣʝʝ 

ʧʨʦʜʫʢʪʠʚʥʳʡ ʠʟ ʥʠʭ - ʤʝʪʦʜ ɼʝʬʘʥʪʘ, ʚ ʜʝʪʘʣʷʭ ʦʧʠʩʘʥʥʳʡ ʚ [Prigo, 

Manley, Connell (1996)]. ʀʤʝʥʥʦ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʝʨʚʳʭ 

ʯʝʪʳʨʝʭ ʧʨʦʜʦʣʴʥʳʭ ʩʝʡʰʝʚʳʭ ʤʦʜ ʦʟʝʨʘ ɹʘʡʢʘʣ [ʉʤʠʨʥʦʚ ʠ ʜʨ. (2014)], 

ʛʝʦʤʝʪʨʠʷ ʜʥʘ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.9.  

 

ʈʠʩ. 1.9. ʉʭʝʤʘ ʧʨʦʜʦʣʴʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʨʝʟʦʚ ʦʟʝʨʘ ɹʘʡʢʘʣ 

[ʐʝʨʩʪʴʷʥʢʠʥ ʠ ʜʨ. (2006)] 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʨʘʩʯʝʪʦʚ ʢʦʣʝʙʘʥʠʡ ʚ 

ʩʦʩʫʜʘʭ ʩʣʦʞʥʦʡ ʬʦʨʤʳ (ʵʣʣʠʧʪʠʯʝʩʢʠʭ [ɸʢʫʣʝʥʢʦ, ʂʫʤʘʢʰʝʚ, ʅʝʩʪʝʨʦʚ 

(2001)] ʠʣʠ ʩ ʥʝʨʦʚʥʦʩʪʷʤʠ ʜʥʘ [ɸʢʫʣʝʥʢʦ, ʂʘʣʠʥʠʯʝʥʢʦ, ʅʝʩʪʝʨʦʚ (2012)]). 

ɺ [ɸʢʫʣʝʥʢʦ, ʂʘʣʠʥʠʯʝʥʢʦ, ʅʝʩʪʝʨʦʚ (2012)] ʧʦʩʪʨʦʝʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʝʡʰ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʝʪʦʜʝ ʫʩʢʦʨʝʥʥʦʡ 

ʩʭʦʜʠʤʦʩʪʠ ʚ ʩʣʫʯʘʝ ʨʝʟʢʦʛʦ ʚʦʟʚʳʰʝʥʠʷ ʜʥʘ ï ʨʠʩ. 1.10 ʘ. ʕʪʘ ʤʦʜʝʣʴ 
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ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

[ʂʘʣʠʥʠʯʝʥʢʦ, ʂʦʨʦʚʠʥʘ, ʅʝʩʪʝʨʦʚ, ʉʦ (2014); ʂʘʣʠʥʠʯʝʥʢʦ, ʅʝʩʪʝʨʦʚ, ʉʦ 

(2015)] ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʪʦʧʦʛʨʘʬʠʠ ʜʥʘ (ʨʠʩ. 1.10 ʙ) ʥʘ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ 

ʩʪʦʷʯʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ. 

ʘ 

ʙ 

ʈʠʩ. 1.10. (ʘ) - ʄʦʜʝʣʴ ʩʝʡʰ 1 ʚ ʢʘʥʘʣʝ ʥʘʜ ʨʝʟʢʠʤ ʣʦʢʘʣʴʥʳʤ ʚʦʟʚʳʰʝʥʠʝʤ 

2 ʠʣʠ ʫʛʣʫʙʣʝʥʠʝʤ 3 ʜʥʘ [ɸʢʫʣʝʥʢʦ, ʂʘʣʠʥʠʯʝʥʢʦ, ʅʝʩʪʝʨʦʚ (2012)] ʠ (ʙ) ï 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʜʥʘ [ʂʘʣʠʥʠʯʝʥʢʦ, 

ʂʦʨʦʚʠʥʘ, ʅʝʩʪʝʨʦʚ, ʉʦ (2014); ʂʘʣʠʥʠʯʝʥʢʦ, ʅʝʩʪʝʨʦʚ, ʉʦ (2015)] 

 

1.2. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩ ʢʘʢ ʩʧʦʩʦʙ ʚʦʟʙʫʞʜʝʥʠʷ ʚʦʣʥ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʠʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ 

ʚʦʟʙʫʞʜʝʥʠʷ ʩʪʦʷʯʠʭ ʚʦʣʥ ʚ ʞʠʜʢʦʩʪʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʣʥʦʚʳʭ ʜʚʠʞʝʥʠʡ ʞʠʜʢʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩ 

ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʛʝʥʝʨʘʮʠʠ ʩʪʦʷʯʠʭ ʚʦʣʥ. 

ɺʦʣʥʳ ʌʘʨʘʜʝʷ ʫʜʦʙʥʳ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʠ ʩʫʱʝʩʪʚʫʶʪ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʚʦʣʥʦʧʨʦʜʫʢʪʦʨʦʚ ï ʠʭ 

ʢʨʫʪʠʟʥʫ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ, ʚʘʨʴʠʨʫʷ ʯʘʩʪʦʪʫ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʦʩʫʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʙʫʞʜʝʥʠʝ ʚʦʣʥ ʌʘʨʘʜʝʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʤʘʣʳʭ 
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ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʫʩʢʦʨʝʥʠʷʭ ʩʦʩʫʜʘ, ʧʦʵʪʦʤʫ ʠʭ ʧʨʦʬʠʣʴ ʙʣʠʟʦʢ ʢ ʧʨʦʬʠʣʶ 

ʩʚʦʙʦʜʥʳʭ ʩʪʦʷʯʠʭ ʚʦʣʥ. 

ʅʘʯʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʞʠʜʢʦʩʪʠ ʙʳʣʦ 

ʧʦʣʦʞʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʌʘʨʘʜʝʷ ʧʦ ʚʦʟʙʫʞʜʝʥʠʶ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-

ʢʘʧʠʣʣʷʨʥʳʭ ʚʦʣʥ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʦʛʦ ʩʣʦʷ ʞʠʜʢʦʩʪʠ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʢʦʣʝʙʣʶʱʝʡʩʷ ʧʣʘʩʪʠʥʢʝ [Faraday (1831)]. 

Lord Rayleigh ʧʨʦʜʦʣʞʘʣ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠ ʧʦʜʪʚʝʨʜʠʣ ʨʝʟʫʣʴʪʘʪʳ 

ʌʘʨʘʜʝʷ [Rayleigh (1883; 1887)].  

ɿʘʜʘʯʘ ʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ ʨʘʩʩʤʦʪʨʝʥʘ ʉ.ɺ. ʅʝʩʪʝʨʦʚʳʤ 

[ʅʝʩʪʝʨʦʚ ʉ.ɺ. (1969)]. ɼʣʷ ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, 

ʟʘʧʠʩʘʥʥʳʭ ʚ ʧʝʨʝʤʝʥʥʳʭ ʃʘʛʨʘʥʞʘ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʂʨʳʣʦʚʘ-

ɹʦʛʦʣʶʙʦʚʘ-ʄʠʪʨʦʧʦʣʴʩʢʦʛʦ [ɹʦʛʦʣʶʙʦʚ ʅ.ʅ., ʄʠʪʨʦʧʦʣʴʩʢʠʡ ʖ.ɸ. 

(1974)], ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʥʝʣʠʥʝʡʥʦ ʡ ʤʝʭʘʥʠʢʝ. 

1.2.1. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʦʣʥ ʌʘʨʘʜʝʷ 

ʈʘʩʩʤʦʪʨʠʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚ 

ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ [ʅʝʩʪʝʨʦʚ ʉ.ɺ. (1969)]. 

     

ʈʠʩ. 1.11. ʄʝʭʘʥʠʟʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚʦʣʥ ʚ ʞʠʜʢʦʩʪʠ ʠ ʠʭ 

ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʝʨʝʤʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ʩʠʩʪʝʤʳ ï ʧʝʨʝʤʝʥʥʦʝ 

ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ: 
2

*( ) (1 cos )
s

g t g t
g

W
= + W 
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ʇʫʩʪʴ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʩʦʩʫʜ ʩ ʞʠʜʢʦʩʪʴʶ ʛʣʫʙʠʥʳ h ʩʦʚʝʨʰʘʝʪ 

ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʘʤʧʣʠʪʫʜʦʡ s ʠ 

ʯʘʩʪʦʪʦʡ W - ʨʠʩ. 1.11. ʀʟʫʯʘʝʪʩʷ ʜʚʫʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦ 

ʢʦʣʝʙʣʶʱʝʤʩʷ ʠ ʥʝʧʦʜʚʠʞʥʦʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʫʜʝ, 

ʩʤʝʱʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ ʚ ʚʠʜʝ 

( , ) 0.5 ( )cosy x t H t kx= . ɿʜʝʩʴ ( )H t - ʚʳʩʦʪʘ ʩʪʦʷʯʝʡ ʚʦʣʥʳ; /k n L=p  - 

ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ; n  - ʥʦʤʝʨ ʚʦʣʥʦʚʦʡ ʤʦʜʳ, ʨʘʚʥʳʡ ʯʠʩʣʫ ʫʟʣʦʚ ʩʪʦʷʯʝʡ 

ʚʦʣʥʳ; L  - ʜʣʠʥʘ ʩʦʩʫʜʘ; x  ʠ y  - ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʩʚʦʙʦʜʥʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʡ ʩ ʩʦʩʫʜʦʤ. ʊʦʛʜʘ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʚ [ɹʦʣʦʪʠʥ (1956); Benjamin, Ursell (1954); Miles, Henderson 

(1990)], ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʬʫʥʢʮʠʶ ( )H t  

2 2( ) 2 ( ) ( cos ) ( ) 0H t bH t ks t H t¡¡ ¡+ + w -W W =    (1.1) 

ɿʜʝʩʴ ʜʝʡʩʪʚʫʶʱʘʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʞʠʜʢʦʩʪʠ ʩʠʣʘ ʪʨʝʥʠʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʭ ʩʢʦʨʦʩʪʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ b; thgk khw=  - ʣʠʥʝʡʥʘʷ 

ʯʘʩʪʦʪʘ ʚʦʣʥʳ; g  - ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ.  

ɽʩʣʠ ʚʚʝʩʪʠ ʙʝʟʨʘʟʤʝʨʥʫʶ ʧʝʨʝʤʝʥʥʫʶ / 2tt=W  ʠ ʧʨʦʠʟʚʝʩʪʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 1( ) ( )H e H-dtt = t, ʪʦ ʬʫʥʢʮʠʷ 1( )H t ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʫʨʘʚʥʝʥʠʶ ʄʘʪʴʝ ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ 

1 1[ 2 cos2 ] 0H p q H¡¡+ - t =       (1.2) 

ʛʜʝ 2 22 / ,  2 ,  (2 / )b q sk pd= W = = w W -d. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʘʤʧʣʠʪʫʜʘ 

ʚʦʣʥʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʤʘʣʘ, ʪ.ʝ. 1( )H t§1. ʊʦʛʜʘ ʠʟ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʷ 

(1.2) ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ W ʩʦʩʫʜʘ ʧʨʠʥʘʜʣʝʞʠʪ ʟʦʥʝ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʥʝʨʘʚʝʥʩʪʚʦʤ [ɹʦʛʦʣʶʙʦʚ (1974); ʅʝʩʪʝʨʦʚ 

(1969)] 
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2 2 2 2 2 21 (2 ) 4 / 2 / 1 (2 ) 4 /sk b sk b- - w < w W< + - w 

ʪʦ ʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.2) ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʠ ʢʦʣʝʙʘʥʠʷ 

ʥʘʨʘʩʪʘʶʪ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. 

ʀʟ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [ʅʝʩʪʝʨʦʚ (1969)], ʚ ʢʦʪʦʨʦʡ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ ʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥʘʭ 

ʌʘʨʘʜʝʷ ʧʦʩʪʨʦʝʥʦ ʚ ʧʝʨʝʤʝʥʥʳʭ ʃʘʛʨʘʥʞʘ ʤʝʪʦʜʦʤ ʂʨʳʣʦʚʘ-ɹʦʛʦʣʶʙʦʚʘ, 

ʨʝʟʦʥʘʥʩʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʩʦʪʳ ʩʪʘʮʠʦʥʘʨʥʦʡ ʚʦʣʥʳ ʦʪ ʯʘʩʪʦʪʳ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ  

( )
2

2 2 2 24 / 2 / 2k H s g b°

è ø
wb = w-W ° w W -é ù

ê ú
    (1.3) 

ɿʜʝʩʴ 4 6 4 2th (2th 3th 12th 9) / 64kh kh kh kh-b= + + - ; ʅ+ ʦʪʚʝʯʘʝʪ 

ʨʝʘʣʠʟʫʝʤʦʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʫʩʪʦʡʯʠʚʦʡ, ʘ ʅ- - ʥʝʫʩʪʦʡʯʠʚʦʡ ʚʝʪʚʷʤ 

ʨʝʟʦʥʘʥʩʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʠʙʣʠʞʝʥʥʦʡ ʪʝʦʨʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ ʠ ʦʮʝʥʠʤ ʚʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ ʥʘ ʧʨʦʮʝʩʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʚʦʣʥ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʧʨʠʙʣʠʞʝʥʥʦʡ ʪʝʦʨʠʠ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ [ʃʘʤʙ (1947); Keulegan (1959)] - ʩʢʦʨʦʩʪʴ ʨʘʩʩʝʷʥʠʷ 

ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʩʩʠʧʘʮʠʝʡ DE1 ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʞʠʜʢʦʩʪʠ, 

ʧʦʪʝʨʷʤʠ DE2 ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʥʢʘʭ ʠ DE3 ʥʘ ʜʥʝ ʩʦʩʫʜʘ 

1 2 3,
dE

E E E
dt
=-D -D -D 

ʛʜʝ 

2
2( ) (0)

16

bt gH
E t E e LW- r
= = , 

( ) (0) btH t H e-= . 
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ʇʨʠ ʟʘʪʫʭʘʥʠʠ ʚʦʣʥʦʚʦʡ ʤʦʜʳ ʥʦʤʝʨʘ n ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʛʣʫʙʠʥʳ h ʚ ʩʦʩʫʜʝ ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʦʚ (L³W) ʚʝʣʠʯʠʥʳ DE1 ʠ DE2 

ʩʦʭʨʘʥʷʶʪʩʷ, ʘ DE3 ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʜʥʘ.  

ʉʦʛʣʘʩʥʦ [ʃʘʤʙ (1947); Keulegan (1959)] ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ  

1 2 3b b b b= + +         (1.4) 

ʛʜʝ 

2

1 2b k= n , 

2

2

2 sh 2

L W L h
b k

LW L kh

wn + -å õ
= +æ ö

ç ÷
, 

3

1

2 sh2
b k

kh

wn
= . 

ɿʜʝʩʴ n - ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ; ʢʦʵʬʬʠʮʠʝʥʪʳ b1, b2 ʠ b3 

ʦʧʨʝʜʝʣʷʶʪ ʜʠʩʩʠʧʘʮʠʶ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʞʠʜʢʦʩʪʠ, ʥʘ 

ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʩʪʝʥʢʘʭ ʠ ʜʥʝ ʩʦʩʫʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

1.2.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʇʈ-2ʄ 

ʉʪʝʥʜ ʇʈ-2ʄ (ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʈʝʟʦʥʘʥʩ ï ʚʘʨʠʘʥʪ 2 

ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ), ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʩʦʟʜʘʥʥʳʡ ʚ ʀʇʄʝʭ ʈɸʅ, 

ʧʨʝʜʥʘʟʥʘʯʘʣʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʩʪʦʷʯʠʭ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥʘʭ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʧʨʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʨʝʟʦʥʘʥʩʝ ʚ ʞʠʜʢʦʩʪʠ [ʂʘʣʠʥʠʯʝʥʢʦ, ʅʝʩʪʝʨʦʚ, ʉʝʢʝʨʞ-

ɿʝʥʴʢʦʚʠʯ (2015)] ï ʨʠʩ. 1.12.  

ʆʙʲʝʢʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʩʪʝʥʜʝ ʇʈ-2ʄ 

ʷʚʣʷʶʪʩʷ ʚʦʣʥʳ, ʚʦʟʙʫʞʜʘʝʤʳʝ ʚ ʢʦʣʝʙʣʶʱʝʤʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʫʜʝ ʩ ʞʠʜʢʦʩʪʴʶ; ʧʝʨʝʤʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʦʝ ʧʦʣʝ 

ʪʷʞʝʩʪʠ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʢʦʣʝʙʣʶʱʠʤʩʷ ʩʦʩʫʜʦʤ ï ʨʠʩ. 1.11.  
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ʇʦʩʢʦʣʴʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʙʫʞʜʘʝʤʳʭ ʚʦʣʥ ʟʘʚʠʩʷʪ ʦʪ ʯʘʩʪʦʪʳ ʠ 

ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ, ʦʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʝ ʷʚʣʷʶʪ ʩʪʨʦʛʦ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʴʶ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ 

ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʦʩʴ ʚ 

ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʛʨʫʟʦʚʦʡ ʧʣʦʱʘʜʢʠ. 

 

ʈʠʩ. 1.12. ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʇʈ-2ʄ 

 

ɺ ʩʦʩʪʘʚ ʇʈ-2ʄ ʚʭʦʜʷʪ (ʩʤ. ʙʣʦʢ-ʩʭʝʤʫ ʥʘ ʨʠʩ.1.13): 

¶ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʇ-11 (0,45 ʢɺʪ; 2200 ʦʙ/ʤʠʥ); 

¶ ʨʝʜʫʢʪʦʨ; 

¶ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʠʡ ʤʝʭʘʥʠʟʤ; 

¶ ʙʣʦʢ ʧʠʪʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ; 

¶ ʛʨʫʟʦʚʘʷ ʧʣʦʱʘʜʢʘ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʥʝʧʨʦʚʦʜʷʱʠʤʠ. 
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ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʛʨʫʟʦʚʦʡ ʧʣʦʱʘʜʢʠ ʩ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʦʡ, ʢʦʪʦʨʘʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʝ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 0.3<W/2p<5 ɻʮ. 

 

ʈʠʩ. 1.13. ɹʣʦʢ-ʩʭʝʤʘ ʠ ʩʧʝʮʠʬʠʢʘʮʠʷ ʩʪʝʥʜʘ ʇʈ-2ʄ: 1 ï ʩʦʩʫʜ ʩ 

ʠʩʧʳʪʫʝʤʳʤʠ ʞʠʜʢʦʩʪʷʤʠ; 2 ï ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʡ ʤʝʭʘʥʠʟʤ; 3 ï 

ʨʝʜʫʢʪʦʨ; 4 ï ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʇ11); 5 ï ʙʣʦʢ ʧʠʪʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ; 6 ï ʫʩʪʨʦʡʩʪʚʦ ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ; 7 ï 

ʮʠʬʨʦʚʘʷ ʬʦʪʦʢʘʤʝʨʘ (DimageZ); 8 ï ʩʢʦʨʦʩʪʥʘʷ ʢʘʤʝʨʘ VS-FAST; 9 ï ʇʂ 

(ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ); 10 - ʢʦʥʪʨʦʣʣʝʨ ʚʚʦʜʘ ʠʟʦʙʨʘʞʝʥʠʷ VS2001 

 

ʋʩʪʨʦʡʩʪʚʦ ʢʨʠʚʦʰʠʧʥʦʘhʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ 

ʨʘʜʠʫʩ ʢʨʠʚʦʰʠʧʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ ʚ 

ʜʠʘʧʘʟʦʥʝ 0.03<s<7.50 ʩʤ. 

ɻʨʫʟʦʚʘʷ ʧʣʦʱʘʜʢʘ ʜʦʧʫʩʢʘʝʪ ʫʩʪʘʥʦʚʢʫ ʩʦʩʫʜʦʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ 

ʦʙʱʝʡ ʤʘʩʩʦʡ ʜʦ 40 ʢʛ. 

 ʇʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʇʈ-2 ʚʳʜʚʠʛʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

ʜʚʠʞʝʥʠʷ ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʴʶ ʜʦʣʞʥʳ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʳ ʢ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʷʚʣʷʪʴʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ. 
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ɺʩʣʝʜʩʪʚʠʝ ʥʝʠʟʙʝʞʥʦʡ ʤʘʣʦʡ ʘʩʠʤʤʝʪʨʠʠ ʫʩʪʘʥʦʚʢʠ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʨʫʰʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʜʚʠʞʝʥʠʷ, ʘ ʠʤʝʥʥʦ, ʥʘʧʨʘʚʣʝʥʠʝ, ʚʜʦʣʴ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʩʦʩʫʜʘ, ʩʦʩʪʘʚʣʷʝʪ ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ ʩ 

ʚʝʨʪʠʢʘʣʴʶ. ʇʦ ʩʤʝʱʝʥʠʶ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʛʨʫʟʦʚʦʡ ʧʣʦʱʘʜʢʝ ʟʝʨʢʘʣʘ, ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʵʪʦʪ ʫʛʦʣ 

ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 8'. 

ʅʘʨʫʰʝʥʠʝ ʛʘʨʤʦʥʠʯʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʚʩʣʝʜʩʪʚʠʝ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʘ ʠ ʨʘʟʙʘʣʘʥʩʠʨʦʚʢʠ 

ʢʨʠʚʦʰʠʧʘ. ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʚʨʘʱʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʦ ʧʦʢʘʟʘʥʠʷʤ 

ʯʘʩʪʦʪʦʤʝʨʘ, ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʝʢʨʘʱʘʶʪʩʷ, ʝʩʣʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʧʨʝʚʳʰʘʶʪ 5³10-3 ʩ. ʈʘʟʙʘʣʘʥʩʠʨʦʚʢʘ 

ʫʩʪʨʘʥʷʝʪʩʷ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʝʤ ʧʣʝʯ ʢʨʠʚʦʰʠʧʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʛʘʨʤʦʥʠʯʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ ʧʨʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ 

ʢʨʠʚʦʰʠʧʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ W ʠ ʘʤʧʣʠʪʫʜʳ s ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʟʘʧʠʩʴ ʜʚʠʞʝʥʠʷ ʛʨʫʟʦʚʦʡ ʧʣʦʱʘʜʢʠ ʇʈ-2ʄ. ʇʦʣʫʯʝʥʦ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢʘʭ ʥʝ ʧʨʝʚʳʰʘʶʪ ʚʝʣʠʯʠʥʫ 0,02 ʩʤ, ʘ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ ʛʘʨʤʦʥʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʝʡ ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 5%. 

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʝʨʠʦʜʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 3³10-3 ʩ, ʧʨʠʯʝʤ ʵʪʘ 

ʚʝʣʠʯʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʘ ʫʩʪʘʥʦʚʢʠ ʇʈ-2ʄ. 

ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʘʯʢʘʤʠ ʥʘʧʨʷʞʝʥʠʷ 

ʧʠʪʘʥʠʷ.  

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʣʥʦʚʳʭ ʜʚʠʞʝʥʠʡ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʮʠʬʨʦʚʘʷ ʬʦʪʦ/ʚʠʜʝʦʩʲʝʤʢʘ (DIMAGE Z2, 24-30 ʢ/ʩ ʠ Cannon Power Shot 

SX50 HS) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʚ ʩʨʝʜʝ ImageJ-1.46r. 

ʆʮʝʥʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʦʣʥ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʬʦʪʦ ʠ ʚʠʜʝʦʩʲʝʤʢʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 1 ʤʤ 

(ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ), ʧʨʠʯʝʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ H  ʚ ʢʘʞʜʦʤ 
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ʨʝʞʠʤʝ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ 8-10 ʠʟʤʝʨʝʥʥʳʤ ʚ ʤʦʤʝʥʪʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʚʦʣʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʚʳʩʦʪʦʡ ʝʝ 

ʛʨʝʙʥʷ ʠ ʚʧʘʜʠʥʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ b ʦʮʝʥʠʚʘʣʦʩʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʦʜʥʦʡ ʠʟ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ W ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ 

ʚʦʟʙʫʞʜʘʣʘʩʴ ʧʝʨʚʘʷ ʚʦʣʥʦʚʘʷ ʤʦʜʘ n=1. ɿʘʪʝʤ ʚʠʙʨʦʩʪʝʥʜ ʚʳʢʣʶʯʘʣʩʷ, ʠ 

ʧʦʩʣʝ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ ʩʦʩʫʜʘ (ʚʨʝʤʷ ʧʦʨʷʜʢʘ ʧʝʨʠʦʜʘ ʚʦʣʥʳ) ʧʨʦʚʦʜʠʣʘʩʴ 

ʚʠʜʝʦʩʲʝʤʢʘ ʧʨʦʮʝʩʩʘ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥʦʚʳʭ ʜʚʠʞʝʥʠʡ ʞʠʜʢʦʩʪʠ. ʀʟʤʝʨʝʥʠʷ 

ʩʤʝʱʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʢʠʥʦ/ʚʠʜʝʦʩʲʝʤʢʠ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʪʦʯʥʦʩʪʴʶ 0.1 ʩʤ. ɺʝʣʠʯʠʥʘ 

b ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ  
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=          (1.5) 

ʛʜʝ T=2p/w - ʧʝʨʠʦʜ ʚʦʣʥʳ, ʅm ʠ ʅm+1 - ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ ʚʦʣʥʳ, 

ʚʟʷʪʳʝ ʯʝʨʝʟ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʥʜʘ ʇʈ-2ʄ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ  

ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ 0.1-0.5 ɻʮ 

ɸʤʧʣʠʪʫʜʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ 0.03-7.5 ʩʤ 

ʋʛʣʦʚʳʝ ʩʤʝʱʝʥʠʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʥʝ ʙʦʣʝʝ 8ô 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ 

5% 

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ 3ª10-3 ʩ 

ɼʦʧʫʩʪʠʤʘʷ ʤʘʩʩʘ ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʴʶ ʜʦ 50 ʢʛ 

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʦʣʥʦʚʳʭ ʜʚʠʞʝʥʠʡ 

1 ʤʤ 
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ɻʣʘʚʘ 2. ɺʆʃʅʓ ʌɸʈɸɼɽʗ ɺ ʇʆɼɺʀɾʅʆʄ ʇʈʗʄʆʋɻʆʃʔʅʆʄ 
ʉʆʉʋɼɽ 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʴʶ, ʚʳʟʚʘʥʥʳʝ ʧʝʨʚʦʡ ʤʦʜʦʡ ʩʪʦʷʯʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʌʘʨʘʜʝʷ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʚʷʟʘʥʥʳʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʦʩʫʜʘ 

ʩʦ ʩʣʫʯʘʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚʦʣʥ ʌʘʨʘʜʝʷ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʫʜʝ. ʇʦʣʫʯʝʥʥʳʝ ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ 

ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʤʝʶʱʠʭʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  

ʀʩʩʣʝʜʦʚʘʥʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʚ 

ʚʠʜʝ ʦʜʥʦʨʦʜʥʦʛʦ ʩʪʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʚʦʣʥ 

ʌʘʨʘʜʝʷ ʚ ʩʣʫʯʘʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʪʦʯʢʠ 

ʧʦʜʚʝʩʘ ʤʘʷʪʥʠʢʘ. 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʛʣʘʚʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʘʙʦʪʳ [ʉʦ (2013); ʂʘʣʠʥʠʯʝʥʢʦ, 

ʉʦ (2013ʘ; 2013ʙ; 2015); Kalinichenko, Soe (2014)]. 

2.1. ʇʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɺʦʣʥʦʚʳʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʩʦʩʫʜʘʭ ʩʣʝʜʫʶʱʠʭ ʨʘʟʤʝʨʦʚ (L=50 ʩʤ, W=4 ʩʤ) ʠ (L=50 ʩʤ, W=10 ʩʤ). 

ʄʘʩʩʳ ʩʦʩʫʜʦʚ ʨʘʚʥʳ m2=7.55 ʠ 7.60 ʢʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʫʯʘʣʘʩʴ ʧʝʨʚʘʷ 

ʚʦʣʥʦʚʘ ̫ʤʦʜʘ n=1 ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʛʣʫʙʠʥ r h=5-20 ʩʤ ʚ 

ʫʩʣʦʚʠʷʭ ʦʩʥʦʚʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʌʘʨʘʜʝʷ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʚʦʟʙʫʞʜʘʝʤʳʭ ʚʦʣʥ ʚ 

2 ʨʘʟʘ ʤʝʥʴʰʝ ʯʘʩʪʦʪʳ W ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ. ɸʤʧʣʠʪʫʜʘ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ s=1.3 ʠʣʠ 2.25 ʩʤ. 

ɼʣʠʥʘ ʚʦʣʥʳ ʧʝʨʚʦʡ ʤʦʜʳ l=2L=100 ʩʤ, ʪ.ʝ. ʨʝʘʣʠʟʫʝʤʳʝ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʦʣʥʦʚʳʝ ʨʝʞʠʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʫʯʘʶ ʜʣʠʥʥʳʭ ʚʦʣʥ ʠʣʠ 

ʤʝʣʢʦʡ ʚʦʜʳ - /h l=0.05-0.2. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʣʴʩʦʚʘʷ ʪʝʣʝʞʢʘ (ʤʘʩʩʘ 

m3=1.3 ʢʛ), ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʶʱʘʩ̫ʷ ʧʦ ʜʚʫʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʩʪʘʣʴʥʳʤ 
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ʨʝʣʴʩʘʤ. ʇʨʷʤʦʫʛʦʣʴʥʳʝ ʩʦʩʫʜʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʘ ʪʝʣʝʞʢʫ (ʨʠʩ. 2.1). 

ʇʣʘʚʥʦʩʪʴ ʭʦʜʘ ʪʝʣʝʞʢʠ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʧʷʪʴʶ ʧʦʜʰʠʧʥʠʢʘʤʠ ʢʘʯʝʥʠʷ. 

ʇʨʠ ʫʢʘʟʘʥʥʦʡ ʤʘʩʩʝ ʪʝʣʝʞʢʠ ʠʟʤʝʨʝʥʥʳʡ ʜʠʥʘʤʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʧʦʢʦʷ ʥʝ ʧʨʝʚʳʰʘʣ 0.02. 

 
 

ʈʠʩ. 2.1. ʇʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʃ.ʅ. ʉʨʝʪʝʥʩʢʦʛʦ  

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʤʘʷʪʥʠʢʦʤ ʦʜʥʦʨʦʜʥʳʡ ʩʪʘʣʴʥʦʡ ʮʠʣʠʥʜʨ 

ʜʠʘʤʝʪʨʦʤ 1.5 ʩʤ, ʜʣʠʥʦʡ 50.2 ʩʤ ʠ ʤʘʩʩʦʡ 4m =688 ʛ (ʚʤʝʩʪʝ ʩ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ 
5m =2880 ʛ) ʞʝʩʪʢʦ ʢʨʝʧʠʣʩʷ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ 

ʦʙʝʩʪʦʯʝʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʂʘʢ ʠ ʚ ʚʦʣʥʘʭ ʌʘʨʘʜʝʷ, ʠʩʩʣʝʜʦʚʘʣʩʷ 

ʦʩʥʦʚʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ű 

ʦʪʢʣʦʥʝʥʠʷ ʤʘʷʪʥʠʢʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʠʜʝʦʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʣʷʣʘ 0.5ʦ. 

ʀʟʤʝʨʝʥʥʘʷ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʤʘʷʪʥʠʢʘ w=5.28°0.12 ʩ-1, ʧʨʠʚʝʜʝʥʥʘʷ 

ʜʣʠʥʘ l =35.1 ʩʤ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʨʝʣʴʩʦʚʘʷ ʪʝʣʝʞʢʘ ʥʘ ʧʷʪʠ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ. 

2.2. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦ 

ʢʦʣʝʙʣʶʱʝʤʩʷ ʠ ʧʦʜʚʠʞʥʦʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʫʜʝ ʠ 

ʠʩʧʦʣʴʟʫʷ ʘʙʩʦʣʶʪʥʫʶ ( , )X Y  ʠ ʧʦʜʚʠʞʥʫʶ ( , )x y ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 

2.1), ʧʦʪʝʥʮʠʘʣ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ 

1 2F=j+j +j. ɿʜʝʩʴ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ű ʦʧʠʩʳʚʘʝʪ ʚʦʣʥʦʚʦʝ 
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ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʘ 1j ʠ 2j  ʦʧʨʝʜʝʣʷʶʪ ʝʝ ʪʚʝʨʜʦʪʝʣʴʥʦʝ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʚʤʝʩʪʝ ʩ ʩʦʩʫʜʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʣʝʝ ʪʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

2.2.1. ɺʦʣʥʳ ʌʘʨʘʜʝʷ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʫʜʝ  

ʇʫʩʪʴ ʩʦʩʫʜ ʢʦʣʝʙʣʝʪʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ: 1 20, 0j ¸ j =. 

 

 

ʈʠʩ. 2.2. ʈʝʟʦʥʘʥʩʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ( )H W  ʧʝʨʚʦʡ ʚʦʣʥʦʚʦʡ ʤʦʜʳ (s=1.3 

ʩʤ) (ʘ) ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʘʭʘ 02X  ʢʦʣʝʙʘʥʠʡ ʪʝʣʝʞʢʠ ʦʪ ʯʘʩʪʦʪʳ W (ʙ): 

1,3 ï ʥʝʧʦʜʚʠʞʥʳʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʫʜ, h=10, 20 ʩʤ; 

2,4 ï ʩʦʩʫʜ ʥʘ ʪʝʣʝʞʢʝ, h=10, 20 ʩʤ; 5 ï ʫʩʪʦʡʯʠʚʘʷ ʚʝʪʚʴ, ʨʘʩʩʯʠʪʘʥʥʘʷ 

ʧʦ (1.3), ʤʦʜʝʣʴ [ʅʝʩʪʝʨʦʚ (1969)]. ʉʦʩʫʜ (L=50 ʩʤ, W=4 ʩʤ) 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʨʝʟʦʥʘʥʩʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʩʦʪʳ ʅ 

ʦʪ Ý. ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 
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ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ ʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥʘʭ 

ʌʘʨʘʜʝʷ (ʩʤ. ʨʘʟʜʝʣ 1.2.1). 

 

ʈʠʩ. 2.3. ʌʦʨʤʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (h=10 ʩʤ, s=1.3 ʩʤ) ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʧʝʨʚʦʡ ʤʦʜʳ ʚʦʣʥ ʌʘʨʘʜʝʷ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʩʦʩʫʜʝ (L=50 ʩʤ, 

W=4 ʩʤ) ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʧʝʨʠʦʜʘ ʚʦʣʥʳ: ʘ - W=11.26 ʩ-1; H =3.7 ʩʤ (ʰʘʛ ʧʦ 

ʚʨʝʤʝʥʠ T /16); ʙ - W=11.53 ʩ-1; H =22.2 ʩʤ (ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ T /18) 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ (1, 3) ʠ ʨʘʩʯʝʪʥʘʷ (5) ʨʝʟʦʥʘʥʩʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʣʷ ʧʝʨʚʦʡ ʚʦʣʥʦʚʦʡ ʤʦʜʳ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʩʦʩʫʜʝ (0X=  ʠʣʠ 2 0j =) 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.2. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʛʣʫʙʠʥʝ ʞʠʜʢʦʩʪʠ h=10 ʩʤ 

ʟʘʚʠʩʠʤʦʩʪʠ ( )H W  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʫʯʘʶ ʞʝʩʪʢʦʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ 

ʩʠʣʳ (b=-0.801) - ʚʳʩʦʪʘ ʚʦʣʥʳ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ 

ʩʦʩʫʜʘ (1). ɺ ʩʣʫʯʘʝ h=20 ʩʤ ʚʝʣʠʯʠʥʘ b=0.060 ʧʦʣʦʞʠʪʝʣʴʥʘ, ʠ ʥʘʢʣʦʥ 

ʨʝʟʦʥʘʥʩʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʥʷʝʪʩʷ (3) - ʨʝʘʣʠʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ 

ʚʦʟʙʫʞʜʝʥʠʝ ʩ ʤʷʛʢʦʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʩʠʣʦʡ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʤʦʜʝʣʴ ʥʝʧʣʦʭʦ ʦʧʠʩʳʚʘʝʪ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦ ʢʨʫʪʠʟʥʳ 

ʚʦʣʥʳ /H l=0.15, ʧʨʠʯʝʤ ʦʪʩʫʪʩʪʚʫʝʪ ʩʤʝʱʝʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʠ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦ ʯʘʩʪʦʪʝ. ʅʝʢʦʪʦʨʦʝ ʨʘʟʣʠʯʠʝ ʠʟʤʝʨʝʥʥʳʭ ʠ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ H  ʩʚʷʟʘʥʦ ʩ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʥʘʙʣʶʜʘʝʤʳʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʦʣʥ, ʜʣʷ ʢʦʪʦʨʳʭ ʫʟʣʘ ʩʪʦʷʯʝʡ ʚʦʣʥʳ ʢʘʢ ʥʝʧʦʜʚʠʞʥʦʡ 

ʪʦʯʢʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 
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ʇʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 2.3 ʧʨʦʬʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʫʤ ʨʝʞʠʤʘʤ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʧʨʠ ʯʘʩʪʦʪʝ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ W=11.26 ʠ 11.53 ʩ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʦʬʠʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʥʘʣʦʞʝʥʠʠ 8 ʠ 9 ʚʠʜʝʦʢʘʜʨʦʚ (ʦʪʚʝʯʘʶʪ 

ʧʦʣʫʧʝʨʠʦʜʫ ʚʦʣʥʳ). ɽʩʣʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (ʘ) ʚʦʣʥʘ ʠʤʝʝʪ ʢʨʫʪʠʟʥʫ 

/H l=0.04 ʠ ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ, ʪʦ ʧʨʠ /H l=0.22 (ʙ) ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ ï ʠʥʪʝʥʩʠʚʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʟʣʘ 

ʩʪʦʷʯʝʡ ʚʦʣʥʳ, ʘʩʠʤʤʝʪʨʠʷ ʧʨʦʬʠʣʷ ʠ ʦʪʨʳʚʳ ʥʝʙʦʣʴʰʠʭ ʬʨʘʛʤʝʥʪʦʚ 

ʞʠʜʢʦʩʪʠ. 

2.2.2. ɺʦʣʥʳ ʌʘʨʘʜʝʷ ʚ ʧʦʜʚʠʞʥʦʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʫʜʝ  

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʧʦʜʚʠʞʥʦʛʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʴʶ - 1 20, 0j ¸ j (̧ʨʠʩ. 2.1). 

ʆʮʝʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʣʝʙʣʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʥʘ ʩʦʩʫʜ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʚʦʣʥ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʪʦʨʮʝʚʳʝ ʩʪʝʥʢʠ ʩʦʩʫʜʘ ʜʘʝʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʥʫʣʝʚʫʶ ʩʠʣʫ. ʇʨʠ ʥʘʣʠʯʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ 

ʩʚʦʙʦʜʥʳʭ ʩʪʦʷʯʠʭ ʜʚʫʤʝʨʥʳʭ ʚʦʣʥ ʘʤʧʣʠʪʫʜʘ ʜʝʡʩʪʚʫʶʱʝʡ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʠʣʳ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʠʟ 

ʠʥʪʝʛʨʘʣʘ ʂʦʰʠ ï ʃʘʛʨʘʥʞʘ ʢʘʢ 2 2 2/XQ HL W= rw p. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʝʨʚʦʡ 

ʚʦʣʥʦʚʦʡ ʤʦʜʳ n=1 ʚʳʩʦʪʦʡ H=10 ʩʤ ʠ ʯʘʩʪʦʪʦʡ w=5.04 ʩ-1 ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʛʣʫʙʠʥʦʡ h=7 ʩʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ 

ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ XQ =2.6³105 ʜʠʥ. ʀʤʝʥʥʦ ʵʪʘ ʩʠʣʘ ʧʨʠʚʦʜʠʪ ʢ ʢʦʣʝʙʘʥʠʷʤ 

ʩʦʩʫʜʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɽʩʣʠ ʧʦʤʝʩʪʠʪʴ ʩʦʩʫʜ ʩ ʚʦʜʦʡ ʥʘ ʪʝʣʝʞʢʫ ʠ ʚʦʟʙʫʜʠʪʴ ʧʝʨʚʫʶ ʤʦʜʫ 

ʚʦʣʥ ʌʘʨʘʜʝʷ, ʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣ ʨʝʘʢʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʢʦʣʝʙʣʶʱʝʡʩʷ 

ʞʠʜʢʦʩʪʠ ʥʘ ʪʦʨʮʝʚʳʝ ʩʪʝʥʢʠ ʚʩʷ ʩʠʩʪʝʤʘ ʩʦʚʝʨʰʘʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʨʝʟʦʥʘʥʩʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ (2, 4) ʜʣʷ ʧʝʨʚʦʡ ʚʦʣʥʦʚʦʡ ʤʦʜʳ, ʚʦʟʙʫʞʜʘʝʤʦʡ ʚ 

ʩʦʩʫʜʝ ʥʘ ʪʝʣʝʞʢʝ ʧʨʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʨʝʟʦʥʘʥʩʝ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.2. 

ɸʥʘʣʦʛʠʯʥʦ ʥʝʧʦʜʚʠʞʥʦʤʫ ʩʦʩʫʜʫ ʧʨʠ ʛʣʫʙʠʥʝ ʞʠʜʢʦʩʪʠ h=10 ʩʤ ʠʤʝʝʤ 
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ʩʣʫʯʘʡ ʞʝʩʪʢʦʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʩʠʣʳ (2), ʘ ʧʨʠ h=20 ʩʤ ʥʘʢʣʦʥ 

ʨʝʟʦʥʘʥʩʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʥʷʝʪʩʷ (4). 

ʉʨʘʚʥʝʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʠ 

ʧʦʜʚʠʞʥʦʤ ʩʦʩʫʜʘʭ ʚʦʣʥ ʌʘʨʘʜʝʷ ʧʦʢʘʟʳʚʘʝʪ ʩʜʚʠʛ ʨʝʟʦʥʘʥʩʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ï ʨʠʩ. 2.2. ʇʨʠ h=10 ʩʤ ʵʪʦ 

ʩʤʝʱʝʥʠʝ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ DW=0.69 ʩ-1, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʛʣʫʙʠʥʳ ʞʠʜʢʦʩʪʠ 20 

ʩʤ ʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʜʚʦʝ - DW=1.41 ʩ-1. 

ʍʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʚʷʟʘʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʘʭʘ 

02X ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʪʝʣʝʞʢʠ ʦʪ ʯʘʩʪʦʪʳ W ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ H  ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.2, ʙ. ɺʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʟʤʘʭʘ ʩ ʨʦʩʪʦʤ (h=10 ʩʤ) ʠʣʠ ʫʤʝʥʴʰʝʥʠʝʤ (h=20 ʩʤ) ʯʘʩʪʦʪʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʘʢʣʦʥʦʤ ʨʝʟʦʥʘʥʩʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠʩ. 

2.2, ʘ), ʧʨʠʯʝʤ ʟʥʘʯʝʥʠʝ 02X  ʙʦʣʴʰʝ ʚ ʩʣʫʯʘʝ ʛʣʫʙʦʢʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ 

ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʳ. 

ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ ʧʨʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʚʦʣʥ ʠ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʨʝʟʦʥʘʥʩʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʦʚʝʜʝʥ ʚ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʘʤʧʣʠʪʫʜʝ s=2.25 ʩʤ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ ʠ ʛʣʫʙʠʥʝ ʞʠʜʢʦʩʪʠ h=5, 7, 8.5, 10 ʠ 12 ʩʤ. 

ʅʘ ʨʠʩ. 2.4, ʘ ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ( )H W  ʜʣʷ ʪʨʝʭ ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥʳ 

ʞʠʜʢʦʩʪʠ. ɽʩʣʠ ʧʨʠ h=5 ʩʤ (I) ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʩʦʩʫʜʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʝʟʦʥʘʥʩʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ, ʪʦ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ (II  ʠ III) ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʩʜʚʠʛ ( )H W  ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ. 

ɼʘʥʥʳʝ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʤʘʭʘ 02X  ʢʦʣʝʙʘʥʠʡ ʪʝʣʝʞʢʠ ʦʪ ʯʘʩʪʦʪʳ W 

(ʨʠʩ. 2.4, ʘ) ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʩʠʣʝʥʠʠ ʦʩʮʠʣʣʷʮʠʡ ʩʦʩʫʜʘ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ. 

ʄʦʞʥʦ ʜʘʪʴ ʩʣʝʜʫʶʱʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦʣʫʯʝʥʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʉ ʨʦʩʪʦʤ ʛʣʫʙʠʥʳ ʞʠʜʢʦʩʪʠ 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʪʦʨʮʝʚʳʝ ʩʪʝʥʢʠ ʩʦʩʫʜʘ ʩʦ ʩʪʦʨʦʥʳ ʢʦʣʝʙʣʶʱʝʡʩʷ 

ʞʠʜʢʦʩʪʠ. ʕʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʪʘʢʞʝ ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ 

ʚʦʣʥʳ, ʧʨʠʯʝʤ ʨʘʟʤʘʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ H  - 

ʨʠʩ. 2.4, ʚ. 

ʘ 

 ʙ  ʚ 

ʈʠʩ. 2.4. ʈʝʟʦʥʘʥʩʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ( )H W  ʧʝʨʚʦʡ ʚʦʣʥʦʚʦʡ ʤʦʜʳ (ʘ), 

ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʤʘʭʘ02X ʢʦʣʝʙʘʥʠʡ ʪʝʣʝʞʢʠ ʦʪ ʯʘʩʪʦʪʳ W (ʙ) ʠ ʚʳʩʦʪʳ 

ʚʦʣʥʳ H  (ʚ) ʧʨʠ s=2.25 ʩʤ: IïIII  - h=5, 8.5 ʠ 12 ʩʤ; 1,2 ï ʥʝʧʦʜʚʠʞʥʳʡ ʠ 

ʧʦʜʚʠʞʥʳʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʫʜ (L=50 ʩʤ, W=4 ʩʤ); 3 ï

ʫʩʪʦʡʯʠʚʘʷ ʚʝʪʚʴ( )H W, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ (1.3), ʤʦʜʝʣʴ [ʅʝʩʪʝʨʦʚ (1969)]. 

ʀʥʪʝʨʧʦʣʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ 02 0.12X H=  

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʩʦʩʫʜʘ ʩ 

ʢʦʣʝʙʣʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ *w  

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʘʥʘʣʠʟʝ 

ʩʚʷʟʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜ ï ʞʠʜʢʦʩʪʴ ʚʤʝʩʪʦ ʣʠʥʝʡʥʦʡ ʚʦʣʥʦʚʦʡ ʯʘʩʪʦʪʳ 
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thgk khw=  ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʘʩʪʦʪʫ *w , ʟʘʚʠʩʷʱʫʶ ʦʪ ʛʣʫʙʠʥʳ ʠʣʠ 

ʤʘʩʩʳ ʞʠʜʢʦʩʪʠ. 

ʕʬʬʝʢʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʩʦʩʫʜʘ ʩ ʢʦʣʝʙʣʶʱʝʡʩʷ 

ʞʠʜʢʦʩʪʴʶ ʥʘ ʨʝʟʦʥʘʥʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʜʣʷ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʦʩʫʜʘ ʨʘʟʤʝʨʘʤʠ (L=50 ʩʤ, W=10 ʩʤ) ʠ ʤʘʩʩʦʡ m2=7.6 ʢʛ. 

 

 

ʈʠʩ. 2.5. ʈʝʟʦʥʘʥʩʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ( )H W  ʧʝʨʚʦʡ ʚʦʣʥʦʚʦʡ ʤʦʜʳ ʦʪ ʯʘʩʪʦʪʳ 

W ʜʣʷ ʛʣʫʙʠʥ h=7 ʠ 10 ʩʤ (ʘ) ʠ h=8.5 ʠ 12 ʩʤ (ʙ) ʧʨʠ s=2.25 ʩʤ: IïIV - h=7, 

10, 8.5 ʠ 12 ʩʤ; 1,2 ï ʥʝʧʦʜʚʠʞʥʳʡ ʠ ʧʦʜʚʠʞʥʳʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʫʜ (L=50 ʩʤ, W=10 ʩʤ); 3 ï ʫʩʪʦʡʯʠʚʘʷ ʚʝʪʚʴ( )H W , 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ (1.3), ʤʦʜʝʣʴ [ʅʝʩʪʝʨʦʚ (1969)] 

 

ʀʟʤʝʨʝʥʳ ʨʝʟʦʥʘʥʩʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʅ(Ý) ʚ ʩʣʫʯʘʷʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʥʝʧʦʜʚʠʞʥʦʛʦ ʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʫʜʦʚ.  

ɺ ʩʣʫʯʘʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʫʜʘ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪʳ ʨʝʟʦʥʘʥʩʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʝ ʚʳʩʦʪ 
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ʥʘʙʣʶʜʘʝʤʳʭ ʚʦʣʥ ʧʦʨʷʜʢʘ ʅ~1.5 ʩʤ (ʨʠʩ. 2.5) ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ 

ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʍʦʪʷ ʩʦʩʫʜ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʙʦʣʝʝ ʰʠʨʦʢʠʡ (W=10 ʩʤ), ʥʦ ʠʤʝʣ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʫʶ ʤʘʩʩʫ c 

ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ ʩʦʩʫʜʦʤ (W=4 ʩʤ). ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʛʣʫʙʠʥʝ (h=7 ʩʤ) 

ʠ ʚʳʩʦʪʝ ʚʦʣʥ (ʅ=10 ʩʤ) ʫ ʦʙʦʠʭ ʩʦʩʫʜʦʚ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʣʳ 

ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʩʪʝʥʢʠ (2 2 2/XQ HL Wº rw p) ʠ ʩʠʣʳ ʪʨʝʥʠʷ (Fʪʨ=ɛ N) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ: 

ʛʜʝ 1 2 3( )N m m m g= + + , 1 2 3, ,m m m  - ʤʘʩʩʳ ʞʠʜʢʦʩʪʠ, ʩʦʩʫʜʘ ʠ ʪʝʣʝʞʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ɟ=1 ʛ/ʩʤ3 - ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ; ɛ~0.02 ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʢʘʯʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʳʤ ʦʮʝʥʢʘʤ, ʜʣʷ ʦʙʦʠʭ ʩʦʩʫʜʦʚ ʩʠʣʳ ʜʘʚʣʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʧʨʝʚʳʰʘʶʪ ʩʠʣʳ ʪʨʝʥʠʷ. ʆʜʥʘʢʦ ʵʪʠ ʦʮʝʥʢʠ ʥʝ ʦʙʲʷʩʥʷʶʪ 

ʦʪʩʫʪʩʪʚʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ ʚ ʩʣʫʯʘʝ ʰʠʨʦʢʦʛʦ ʩʦʩʫʜʘ 

(W=10 ʩʤ). ʄʘʣʘʷ ʚʳʩʦʪʘ ʚʦʣʥ ʅ~1.5 ʩʤ ʪʘʢʞʝ ʥʝ ʧʦʟʚʦʣʠʣʘ ʦʮʝʥʠʪʴ 

ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʜʣʷ ʩʦʩʫʜʘ, ʠʤʝʶʱʝʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ʥʝʣʠʥʝʡʥʦʩʪʠ 

ʟʘʜʘʯʠ ʦ ʩʚʷʟʘʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʴʶ ʚ ʧʦʜʚʠʞʥʦʤ ʰʠʨʦʢʦʤ 

ʩʦʩʫʜʝ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʧʨʦʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʝʝ ʠ ʪʨʝʙʫʶʪ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʰʠʨʦʢʦʤ ʩʦʩʫʜʝ ʢʦʣʝʙʘʥʠʡ ʥʘ ʨʠʩ. 

2.6 ʧʨʠʚʝʜʝʥʳ ʧʨʦʬʠʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʣʫʯʘʷʤ ʥʝʧʦʜʚʠʞʥʦʛʦ ʠ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʫʜʘ (L=50 ʩʤ, W=10 ʩʤ) ʚ ʨʝʞʠʤʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʦʣʥʦʚʳʭ 

ʜʚʠʞʝʥʠʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʛʣʫʙʠʥʝ h=7 ʩʤ ʠ ʦʜʠʥʘʢʦʚʦʡ ʯʘʩʪʦʪʝ 

ʉʦʩʫʜ 

(L×W) ʩʤ 

ʄʘʩʩʘ ʩʦʩʫʜʘ, 

ʛ 

h, 

ʩʤ 

H, 

ʩʤ 

Qx, 

ʜʠʥ 

Fʪʨ, 

ʜʠʥ 

50×4 7550 7 10 ~2.6×105 ~2.0×105 

50×10 7600 7 10 ~6.5×105 ~2.4×105 
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ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʫʜʘ Ý=9.89 ʩ-1. ʆʛʠʙʘʶʱʠʝ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʥʘʣʦʞʝʥʠʠ 169 ʚʠʜʝʦʢʘʜʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 10 ʧʝʨʠʦʜʘʤ ʚʦʣʥʳ. 

 

 

 

ʈʠʩ. 2.6. ʆʛʠʙʘʶʱʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (h=7 ʩʤ, s=2.25 ʩʤ) ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʧʝʨʚʦʡ ʤʦʜʳ ʚʦʣʥ ʌʘʨʘʜʝʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʤ 

ʩʦʩʫʜʝ (ʘ) ʠ ʚ ʧʦʜʚʠʞʥʦʤ ʩʦʩʫʜʝ (ʙ). ʉʦʩʫʜ (L=50 ʩʤ, W=10 ʩʤ) 

 

2.2.3. ɺʷʟʢʦʝ ʟʘʪʫʭʘʥʠʝ ʚʦʣʥ  

ʈʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʪʫʭʘʥʠʷ ʧʝʨʚʦʡ ʤʦʜʳ (n=1) ʩʪʦʷʯʠʭ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʤ ʠ ʧʦʜʚʠʞʥʦʤ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʫʜʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʳ 

ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʠʩʧʦʣʴʟʫʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ (ʩʤ. 

ʨʘʟʜ. 1.2.1). 

ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʫʟʢʦʛʦ ʩʦʩʫʜʘ (L=50 ʩʤ, 

W=4 ʩʤ) ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʦʮʝʥʠʚʘʣʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʨʦʮʝʩʩʦʚ 

ʟʘʪʫʭʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʦʣʥ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʠ ʧʦʜʚʠʞʥʦʤ ʩʦʩʫʜʘʭ (ʩʤ. 

ʨʠʩ. 2.2 ʠ 2.4). 
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ɼʣʷ ʧʝʨʚʦʡ ʚʦʣʥʦʚʦʡ ʤʦʜʳ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʛʣʫʙʠʥʦʡ h ʦʪ 5 ʜʦ 12 ʩʤ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʩʦʩʫʜʝ ʧʦʣʫʯʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ b=0.154-0.086 ʩ-1. 

ʈʘʩʯʝʪ b ʥʘ ʦʩʥʦʚʝ ʧʨʠʙʣʠʞʝʥʥʦʡ ʪʝʦʨʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ (ʩʤ. ʨʘʟʜʝʣ 

1.2.1) ʜʘʝʪ b=0.065-0.056 ʩ-1. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʪʝʧʝʥʴ 

ʩʚʦʙʦʜʳ ʩʦʩʫʜʘ ʧʨʠʚʦʜʠʪ ʢ ʜʚʫʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ - b=0.213-0.137 ʩ-1. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʳʪʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ: 

 

 

ʉʦʩʫʜ 

(ʩʤ) 

 

 

h 

(ʩʤ) 

 

 

ɤ 

(ʩ-1) 

ʅʝʧʦʜʚʠʞʥʳʡ 

(ʛʦʨʠʟʦʥʪʘʣʴʥʦ) 

ʩʦʩʫʜ 

ʇʦʜʚʠʞʥʳʡ 

(ʛʦʨʠʟʦʥʪʘʣʴʥʦ) 

ʩʦʩʫʜ 

b 

(ʩ-1) 

(ʵʢʩʧ.) 

b 

(ʩ-1) 

(ʪʝʦʨ.) 

b 

(ʩ-1) 

(ʵʢʩʧ.) 

 

 

50×4×40 

 

 

5 4.54 0.154 0.065 0.213 

7 5.14 0.118 0.060 0.200 

8.5 5.50 0.096 0.058 0.163 

10 5.85 0.091 0.057 0.150 

12 6.30 0.086 0.056 0.137 

2.3. ʆʮʝʥʢʘ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ  

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʃ.ʅ. 

ʉʨʝʪʝʥʩʢʦʛʦ ʦ ʧʣʦʩʢʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʦʩʫʜʘ 

ʩ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʦʙʦʜʥʦʡ ʩʪʦʷʯʝʡ 

ʚʦʣʥʳ [ʉʨʝʪʝʥʩʢʠʡ (1951)]. ʋʢʘʟʘʥʥʘʷ ʟʘʜʘʯʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ 

1 20, 0j = j  ̧- ʨʠʩ. 2.7. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʩʦʩʫʜ ʜʣʠʥʦʡ L ʠ ʰʠʨʠʥʦʡ W, 

ʟʘʧʦʣʥʝʥʥʳʡ ʞʠʜʢʦʩʪʴʶ ʜʦ ʛʣʫʙʠʥʳ h. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʩʦʩʫʜ ʤʦʞʝʪ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ 

ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ 0 sin nX X t*= w. ʇʫʩʪʴ ʚʝʣʠʯʠʥʘ X ʦʧʨʝʜʝʣʷʝʪ 
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ʧʦʣʦʞʝʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʫʜʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. ʂʘʢʠʤʠ-ʣʠʙʦ ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʧʨʝʥʝʙʨʝʛʘʝʤ. 

ɺʩʝ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʪʝʦʨʠʠ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ ʠ 

ʥʘ ʩʦʦʪʥʦʰʝʥʠʷʭ ʪʝʦʨʠʠ ʚʦʣʥ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʚʫʤʝʨʥʳʭ 

ʜʚʠʞʝʥʠʡ ʞʠʜʢʦʩʪʠ ʚʚʝʜʝʤ ʧʦʜʚʠʞʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ Oxy, ʩʚʷʟʘʥʥʫʶ 

ʩ ʣʝʚʦʡ ʩʪʝʥʢʦʡ ʩʦʩʫʜʘ; ʦʩʴ Ox ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʣʠʥʠʠ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʘ Oy ï ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ. 

 

ʈʠʩ. 2.7. ɺʦʣʥʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ, ʧʝʨʝʤʝʱʘʶʱʝʤʩʷ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ( , , )x y tj  ʧʦʪʝʥʮʠʘʣ ʩʢʦʨʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʩʦʩʫʜʝ. ʌʫʥʢʮʠʷ ( , , )x y tj ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ 

ʃʘʧʣʘʩʘ ʠ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʥʘ ʪʦʨʮʝʚʳʭ ʩʪʝʥʢʘʭ ʠ ʜʥʝ ʩʦʩʫʜʘ  

2

0, 

0

0, 0
x L y h

x y= =-

Ð j=

å õµj µjå õ
= =æ ö æ ö

µ µç ÷ ç ÷

       (2.1) 

ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʫʩʣʦʚʠʷ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ ʠʤʝʶʪ ʚʠʜ 

0y
y t

=

å õµj µh
=æ ö

µ µç ÷
,  

0

0
y

g xX
t =

µjå õ
+ h + =æ ö

µç ÷
 

ʆʙʲʝʜʠʥʷʷ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ 

2

2

0

0

y

g xX
t y

=

å õµ j µj
+ + =æ ö

µ µç ÷
        (2.2) 
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ʀʩʧʦʣʴʟʫ ̫ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, ʚʳʨʘʟʠʤ ( , , )x y tj  ʢʘʢ 

( , , ) ( , ) ( )x y t x y S tj =y Ö        (2.3) 

ʋʜʦʚʣʝʪʚʦʨʷʶʱʫʶ (2.1) ʛʘʨʤʦʥʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ( , )x yy  ʧʨʝʜʩʪʘʚʠʤ 

ʚ ʚʠʜʝ  

1,2,3..

( , ) ch ( ).cosn n

n

x y k y h k x
¤

=

y = +ä       (2.4) 

ʇʦʜʩʪʘʚʣʷʷ (2.4) ʚ (2.3) ʠ ʠʩʧʦʣʴʟʫʷ (2.2), ʜʣʷ ( )S t  ʧʦʣʫʯʠʤ 

2

3

0

2 2
1,2,3.. 1,3,5..

( ) cos

4
,

ch ( th )

n n

n n
n n

n nn n n n

S t A t

D X L
A D

nk h gk k h

*

*¤ ¤

*
= =

= w

w
= =-

p-w
ä ä

 

ʇʦʪʝʥʮʠʘʣ ʩʢʦʨʦʩʪʝʡ  

3

2

0

1,2,3...

ch ( )
( , , ) cos cos

ch( th )

n n n
n n

n nn n n

D X k y h
x y t k x t

k hgk k h

*¤
*

*
=

w +
j = Ö w

-w
ä   (2.5)  

ʋʨʘʚʥʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʝʪ ʚʠʜ 

4

2

2

0
0

1,2,3..

1
( , , ) cos sin

( th )

n n
n n n

n n n n

D X
x y t xX k x t

g gk k h

*¤
* *

*
=

å õw
h = w + wæ öæ ö-wç ÷

ä
  

(2.6) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʩʪʝʥʢʠ ʩʦʩʫʜʘ ʠʩʧʦʣʴʟʫʝʤ 

ʠʥʪʝʛʨʘʣ ʂʦʰʠ ï ʃʘʛʨʘʥʞʘ 

        

(2.7) 

ʀʟ (2.5) ʠ (2.7) ʧʦʣʫʯʠʤ ʜʘʚʣʝʥʠʝ ʈ ʞʠʜʢʦʩʪʠ ʥʘ ʩʪʝʥʢʠ ʩʦʩʫʜʘ 

 

ɼʝʡʩʪʚʫʶʱʘʷ ʥʘ ʩʪʝʥʢʠ ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

 

  (2.8) 




















































































































