
 

 

ʐʪʦʨʤʦʚʘʷ ʤʦʨʝʭʦʜʥʦʩʪʴ ʢʦʨʘʙʣʷ 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚ 

ʧʨʦʝʢʪʥʳʭ ʢʦʨʘʙʝʣʴʥʳʭ ʠʟʳʩʢʘʥʠʷʭ ʠ 

ʧʦʚʝʨʢʝ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʥʘʩʪʘʚʣʝʥʠʡ ʚ 

ʰʪʦʨʤʦʚʦʤ ʧʣʘʚʘʥʠʠ 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʨʘ-

ʙʝʣʴʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʚ ʩʣʦʞʥʳʭ ʠ ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠʷʭ ʢʦ-

ʨʘʙʣʝʚʦʞʜʝʥʠʷ ʩʧʦʩʦʙʝʥ ʧʦʢʨʳʚʘʪʴ ʟʥʘʯʠʤʫʶ ʯʘʩʪʴ ʧʦʠʩʢʦʚʳʭ 

ʠʣʠ ʤʦʨʝʭʦʜʥʳʭ ʠʟʳʩʢʘʥʠʡ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚʥʝʰʥʝʛʦ ʦʙʣʠʢʘ ʠ ʦʙʱʝʢʦʨʘʙʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʢʦʨʘʙʣʷ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʠʥʪʝʨʝʩʘʭ ʧʦʩʪʨʦʝʥʠʷ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʥʘʠʣʫʯ-

ʰʝʡ ʛʝʦʤʝʪʨʠʠ ʢʦʨʘʙʝʣʴʥʳʭ ʦʙʚʦʜʦʚ. ʆʙʲʝʜʠʥʝʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦ ʪʝʦ-

ʨʠʠ ʢʦʨʘʙʣʷ: çHullè ʠ ʤʦʨʝʭʦʜʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ: 

«Aurora» ï ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʤʦʨʝʭʦʜʥʳʝ ʠʟʳʩʢʘʥʠʷ ʥʘ ʵʪʘʧʘʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʢʝʘʥʩʢʦʛʦ ʬʣʦʪʘ ʧʦʚʳʰʝʥʥʦʡ ʰʪʦʨʤʦʚʦʡ ʤʦʨʝ-

ʭʦʜʥʦʩʪʠ, ʦʪʚʝʯʘʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʤʦʨʩʢʠʭ ʨʘʙʦʪ ʠ ʧʦʜʜʝʨʞʢʠ ʜʘʣʴʥʠʭ ʢʦʤʤʫʥʠʢʘʮʠʡ; ï ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʳ ʜʣʷ ʦʧʳʪʦʚʦʡ ʘʧʨʦʙʘʮʠʠ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʢʦʨʘʙʣʝʡ ʚ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʧʨʘʢʪʠʢʝ ʰʪʦʨʤʦʚʦʛʦ ʤʘʥʝʚʨʠʨʦ-

ʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʚʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʣʠ ʢʦʤʬʦʨʪ-

ʥʳʭ ʨʝʞʠʤʦʚ ʭʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʣʥʝʥʠʷ; ï ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʰʪʫʨʤʘʥʩʢʠʤ ʪʨʝʥʘʞʸʨʦʤ ʜʣʷ ʧʨʘʢʪʠʯʝ-

ʩʢʦʛʦ ʦʩʚʦʝʥʠʷ ʤʝʪʦʜʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʰʪʦʨʤʦʚʦʛʦ ʩʫʜʦʚʦʞʜʝ-

ʥʠʷ, ʩ ʦʪʨʘʙʦʪʢʦʡ ʚʘʨʠʘʥʪʦʚ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʢʦʨʘʙʣʷ ʚ ʩʣʦʞʥʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠ ʦʩʦʙʳʭ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

 
ʍʦʨʦʰʘʷ ʤʦʨʩʢʘʷ ʧʨʘʢʪʠʢʘ ʊʠʭʦʛʦ ʠ ɸʪʣʘʥʪʠʯʝ-

ʩʢʦʛʦ ʦʢʝʘʥʦʚ ʠʟ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʛʦ ʤʦʨʝʭʦʜʥʦʛʦ 

ʫʯʠʣʠʱʘ ʧʨʠʚʝʣʘ ʥʘ ʢʘʬʝʜʨʫ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʃʝ-

ʥʠʥʛʨʘʜʩʢʦʛʦ ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ, 

ʚ ʥʘʫʢʠ ʦ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦ-

ʨʘʙʣʷ. ʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʟʜʘʚʘʣʦʩʴ ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. 
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ʐʊʆʈʄʆɺɸʗ ʄʆʈɽʍʆɼʅʆʉʊʔ ʂʆʈɸɹʃʗ 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʝʢʪʥʦʡ ʧʦʚʝʨʢʠ ʠ ʦʮʝʥʢʠ ʰʪʫʨ-

ʤʘʥʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʚʳʙʦʨʫ ʨʝʞʠʤʦʚ ʰʪʦʨʤʦʚʦʛʦ ʭʦʜʘ 

ʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʢʦʨʘʙʣʷ 

ʍʨʘʤʫʰʠʥ ɺ. ʅ  ʧʦʜʩʝʢʮʠʷ ʤʦʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚ ʩʫʜʦʚ ʚ ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠʷʭ, 

ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ ʩʫʜʦʩʪʨʦʠʪʝʣʝʡ 

ʠʤ. ɸ.ʅ. ʂʨʳʣʦʚʘ. ʛ. ʖʞʥʦ-ʉʘʭʘʣʠʥʩʢ, 2025. 

ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʯʘʩʪʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠ ʦʙʩʫʞʜʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʷʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʚʠʟʫʘʣʴʥʦ 

ʥʘʛʣʷʜʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʰʪʦʨʤʦʚʦʡ ʤʦʨʝʭʦʜʥʦʩʪʠ ʢʦʨʘʙʣʷ, ʧʦʣʝʟ-

ʥrʤʠ ʥʘ ʵʪʘʧʘʭ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʚʦʜʦʚ ʠ 

ʦʙʱʝʢʦʨʘʙʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘ-

ʥʠʠ ʨʝʞʠʤʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ ʬʣʦʪʘ 

ʜʝʡʩʪʚʫʶɦ ʝʛʦ. 

ʇʦʣʘʛʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʢ ʦʪ-

ʢʨʳʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʟʘʜʘʯʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ ʤʦ-

ʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚ ʥʦʚʦʛʦ ʢʦʨʘʙʣʷ, ʘ ʪʘʢʞʝ ʚ ʩʦʩʪʘʚʝ ʰʪʫʨʤʘʥʩʢʠʭ ʙʦʨ-

ʪʦʚʳʭ ʩʯʸʪʥʦ-ʨʝʰʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʧʦʠʩʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ ʚʘʨʠʘʥʪʦʚ ʰʪʦʨʤʦʚʦʛʦ ʭʦʜʘ ʠʣʠ ʧʘʩʩʠʚʥʦʛʦ 

ʰʪʦʨʤʦʚʘʥʠʷ ʬʣʦʪʘ ʜʝʡʩʪʚʫʶʱʝʛʦ, ʚ ʧʨʦʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦ-

ʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʩʪʘʣʠ ʥʘʠʙʦʣʝʝ 

ʙʳʩʪʨʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʙʝʟ ʦʩʦʙʳʭ ʟʘʧʨʦʩʦʚ ʢʦʤʧʴʶʪʝʨ-

ʥʳʭ ʨʝʩʫʨʩʦʚ. ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʮʝʣʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʩʨʝʜʥʝʛʦ ʢʣʘʩʩʘ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʚʥʝʜʨʝ-

ʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʤʦʨʝʭʦʜʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʠ ʢʦ-

ʨʘʙʝʣʴʥʳʝ ʩʯʸʪʥʦ-ʨʝʰʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʥɹʦʩʪʠ. 

ʀʟʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʚʝʜʝʪʩʷ ʚ ʢʨʘʪʢʦʡ ʬʦʨʤʝ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ 

ʧʦʚʪʦʨʝʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʚ. ʂʥʠʛʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʩʫʜʦʚʦʜʠʪʝʣʝʡ, ʢʦʨʘʙʝʣʴʥʳʭ ʠʥ-

ʞʝʥʝʨʦʚ, ʢʫʨʩʘʥʪʦʚ ʤʦʨʝʭʦʜʥʳʭ ʫʯʠʣʠʱ ʠ ʚʩʝʭ ʠʥʪʝʨʝʩʫʶʱʠʭʩʷ ʤʦʨʝ-

ʭʦʜʥʦʩʪʴʶ ʢʦʨʘʙʣʷ ʠ ʚʦʧʨʦʩʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʚʦʜʦʚ ʢʦʨʧʫʩʘ ʠ 

ʦʙʱʝʢʦʨʘʙʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

Ò ʍʨʘʤʫʰʠʥ ɺ.ʅ.  

1974·1979 ï ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʝ ʤʦʨʝʭʦʜʥʦʝ ʫʯʠʣʠʱʝ 

1980·1986 ï ʃʝʥʠʥʛʨʘʜʩʢʠʡ ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴʥʳʡ ʠʥʩʪʠʪʫʪ 

1983·2005 ï ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

1987·2025 ï ʅʘʫʯʥʦ-ʠʥʞʝʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ ʩʫʜʦʩʪʨʦʠʪʝʣʝʡ ʠʤ. ɸ. ʅ. ʂʨʳʣʦʚʘ 

2012·2018 ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ. 

2017·2025 ï  ˢ˯ˡˢ ˶ˣ˴,  ˫ˏ˧˒˪˓̅ ̐˶ˋ˧  
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ʇʨʝʜʠʩʣʦʚʠʝ 

ɺr ʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʛʠʜʨʦʤʝʭʘʥʠʢʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʨʘʙʣʷ ʠ ʰʪʦʨʤʦʚʦʛʦ ʦʢʝʘʥʘ ʚʝʩʴʤʘ ʟʥʘʯʠʤʳ ʚ ʦʙʦʩʥʦ-

ʚʘʥʠʷʭ ʢʣʶʯʝʚʳʭ ʠʥʞʝʥʝʨʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʚʩʝʧʦʛʦʜʥʦʛʦ ʢʦʨʘʙʣʷ, ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʧʦʩʣʝʜʫʶ-

ʱʝʤ ʩʠʥʪʝʟʝ ʥʘʩʪʘʚʣʝʥʠʡ ʤʦʨʝʧʣʘʚʘʪʝʣʷʤ ʚ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʤ ʩʦʛʣʘʩʦ-

ʚʘʥʠʠ ʩ ʧʦʣʦʞʝʥʠʷʤʠ ʤʦʨʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʠ ʭʦʨʦʰʝʡ ʤʦʨʩʢʦʡ ʧʨʘʢʪʠʢʠ 

ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʪʠʧʦʚ ʢʦʨʘʙʣʝʡ, ʩ ʫʯʸʪʦʤ ʢʦʥʢʨʝʪʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʦ-

ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʩʝʧʦʛʦʜʥʦʛʦ ʤʦ-

ʨʝʭʦʜʩʪʚʘ. 

ʀʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʤʦʨʩʢʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʦʙʫʩʣʘʚʣʠʚʘ-

ʝʪʩʷ ʧʦʠʩʢʦʤ ʙʳʩʪʨʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ ʩʢʦʨʦ-

ʩʪʝʡ ʪʝʯʝʥʠʡ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ ʚʦ ʚʩʝʡ ʪʦʣʱʝ ʚʦʜʳ ʩ ʠʥʪʝʥ-

ʩʠʚʥʳʤ ʪʨʦʭʦʠʜʘʣʴʥʳʤ ʚʦʣʥʝʥʠʝʤ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪʩʷ ʚ ʤʦʜʝʣʠ ʛʠʜ-

ʨʦʤʝʭʘʥʠʢʠ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʨʧʫʩ ʩʚʦʙʦʜʥʦ ʤʘʥʝʚʨʠʨʫʶʱʝʛʦ ʚ 

ʰʪʦʨʤʦʚʦʤ ʤʦʨʝ ʢʦʨʘʙʣʷ. 

ʇʦʢʘʟʘʪʝʣʴʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʤʦʨʝʭʦʜʥʦʩʪʠ ʢʦʨʘʙʣʷ ʷʚʣʷʶʪʩʷ ʧʨʝʜʝ-

ʣʳ ʜʦʧʫʩʪʠʤʦʛʦ ʢʨʝʥʘ ʧʨʠ ʥʫʣʝʚʦʡ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʥʘʯʘʣʴʥʦʡ ʤʝʪʘ-

ʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʝ, ʠʟʥʘʯʘʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʝ ʰʪʦʨʤʦʚʦʤʫ ʤʘ-

ʥʝʚʨʠʨʦʚʘʥʠ ʁʢʦʨʘʙʣʷ ʥʘ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʛʨʝʙʥʷʭ ʛʣʫʙʦʢʦʡ ʚʦʜʳ ʠ ʢʥʦʠ-

ʜʘʣʴʥʳʭ ʚʘʣʘʭ ʧʨʠʙʨʝʞʥʦʡ ʟʳʙʠ. ʉʥʠʞʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ ʚʩʝ-

ʛʜʘ ʦʟʥʘʯʘʝʪ ʫʤʝʨʝʥʥʦʩʪʴ ʠ ʧʣʘʚʥʦʩʪʴ ʢʘʯʢʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫ-

ʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʦʜʘ ʠ ʩʚʦʙʦʜʝ ʜʝʡʩʪʚʠʡ ʢʦʨʘʙʣʷ ʚ ʩʣʦʞʥʳʭ ʧʦʛʦʜ-

ʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʨʘʩʰʠʨʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʚʳʙʦʨʫ ʢʫʨʩʘ ʧʨʠ ʟʘʜʘʥ-

ʥʦʡ ʭʦʜʢʦʩʪʠ ʧʦʜ ʫʨʘʛʘʥʥʳʤʠ ʚʝʪʨʘʤʠ ʠ ʫʜʘʨʘʤʠ ʛʨʝʙʥʝʡ ʪʨʦʭʦʠʜʘʣʴʥʳʭ 

ʚʦʣʥ ʠ ʢʥʦʠʜʘʣʴʥʳʭ ʚʘʣʦʚ ʥʘ ʤʦʨʩʢʠʭ ʠ ʧʨʠʙʨʝʞʥʳʭ ʤʝʣʢʦʚʦʜʴʷʭ. 

ʇʨʦʝʢʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʤʦʨʝʭʦʜʥʳʝ ʢʘʯʝʩʪʚʘ ʠ ʫʩʣʦʚʠʷ ʤʘʥʝʚʨʠʨʦ-

ʚʘʥʠʷ ʢʦʨʘʙʣʷ ʚ ʨʝʘʣʴʥʦʤ ʰʪʦʨʤʦʚʦʤ ʧʣʘʚʘʥʠʠ ʢʣʘʩʩʠʬʠʮʠʨʫʁ ʪʩʷ ʧʦ 

ʪʨʸʤ ʫʨʦʚʥʷʤ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝ-
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ʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʤʝʣʢʦʚʦʜʥʳʭ ʬʘʨʚʘʪʝʨʘʭ ʠ ʦʪʢʨʳʪʳʭ ʘʢʚʘʪʦʨʠʷʭ ʛʣʫ-

ʙʦʢʦʛʦ ʤʦʨʷ: 

1 ï ʰʪʦʨʤʦʚʦʡ ʭʦʜ ʥʘ ʛʣʫʙʦʢʦʡ ʚʦʜʝ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʷʚʣʝʥʠʷ ʜʝʚʪ̫ʳʭ 

ʚʘʣʦʚ ʧʦʜ ʫʨʘʛʘʥʥʳʤʠ ʚʝʪʨʘʤʠ, ʠ ʦʩʦʙʦ - ʥʘ ʠʨʨʝʛʫʣʷʨʥʦʡ ʪʦʣʯʝʝ ʚ ʮʝʥ-

ʪʨʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʮʠʢʣʦʥʘ ʠʣʠ ʪʘʡʬʫʥʘ; 

2 ï ʭʦʜ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʰʝʣʴʬʝ, ʠ ʦʩʦʙʦ ï ʥʘ ʤʦʨʩʢʠʭ ʤʝʣʢʦʚʦʜ-

ʥʳʭ ʙʘʥʢʘʭ, ʛʜʝ ʛʣʫʙʠʥʘ ʤʦʨʷ ʩʪʘʥʦʚʠʪʩʷ ʩʦʠʟʤʝʨʠʤʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʩ 

ʜʣʠʥʦʡ ʰʪʦʨʤʦʚʦʡ ʚʦʣʥʳ, ʘ ʛʨʝʙʥʠ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥ ʦʙʨʘʱʘʶʪʩʷ 

ʢʨʫʪʳʤʠ ʢʥʦʠʜʘʣʴʥʳʤʠ ʚʘʣʘʤʠ ʩ ʙʳʩʪʨʳʤʠ ʧʦʪʦʢʘʤʠ ʚʦʜʳ; 

3 ï ʭʦʜ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʧʨʠʙʨʝʞʥʳʤʠ ʬʘʨʚʘʪʝʨʘʤʠ, ʚ ʟʦʥʘʭ ʨʝʡʜʦ-

ʚʳʭ ʨʘʟʜʝʣʝʥʠʡ ʜʚʠʞʝʥʠʷ ʠʣʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ ʚ ʚʦʨʦʪʘʭ ʧʦʨʪʘ ʠ ʩʨʝʜʠ 

ʤʦʣʦʚ ʧʦʨʪʦʚʳʭ ʛʘʚʘʥʝʡ, ʛʜʝ ʢʨʘʡʥʝ ʚʘʞʥʳ ʧʨʦʛʥʦʟʳ ʦʧʘʩʥʳʭ ʤʘʥʝʚʨʦʚ ʩ 

ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʦʭʦʜʘ ʠ ʪʦʯʥʦʛʦ ʤʘʥʝʚʨʠʨʦ-

ʚʘʥʠʷ ʩ ʧʦʩʝʢʫʥʜʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʢʣʘʜʢʦʡ ʤʘʨʰʨʫʪʦʚ ʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʩ ʧʦʨʪʦʚʳʤʠ ʙʫʢʩʠʨʘʤʠ, ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʰʪʦʨʤʦʚʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʧʦʣʝʟʥʦ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʠ ʚʦʩʪʨʝʙʫʝʪʩʷ ʥʘ ʭʦʜʦʚʦʤ ʤʦʩʪʠʢʝ ʜʣʷ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʡ ʘʧʨʦʙʘʮʠʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʩʦʩʪʘʚʝ ʩʯʸʪʥʦ-

ʨʝʰʘʶʱʠʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʧʨʝʜʚʳʯʠʩʣʝʥʠʷ ʩʣʦʞʥʳʭ ʠʣʠ ʦʧʘʩʥʳʭ ʤʘʥʝʚ-

ʨʦʚ ʢʦʨʘʙʣʷ. ʆʙʦʩʥʦʚʘʥʠʝʤ ʘʜʝʢʚʘʪʥʦʩʪʠ ʦʧʳʪʦʚʳʭ ʧʨʦʛʥʦʟʦʚ ʟʜʝʩʴ ʩʣʫ-

ʞʘʪ ʙʦʨʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʦʢʨʫʞʘʶʱʝʡ ʦʙʩʪʘʥʦʚʢʦʡ ʠ ʙʦʨ-

ʪʦʚʘʷ ʪʝʣʝʤʝʪʨʠʷ ʨʝʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʥ̫ʠʷ ʢʦʨʘʙʣʷ, ʯʪʦ 

ʚʘʞʥʦ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʥʝʚʨʦʚ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ ʨʝʞʠʤʦʚ ʩ 

ʥʘʠʣʫʯʰʝʡ ʭʦʜʢʦʩʪʴʶ ʠ/ʠʣʠ ʦʙʠʪʘʝʤʦʩʪʴʶ ʚ ʩʣʦʞʥʳʭ, ʰʪʦʨʤʦʚʳʭ ʠʣʠ 

ʘʚʘʨʠʡʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʨʘʙʣʝʚʦʞʜʝʥʠʷ ʥʘ ʜʘʣʴʥʠʭ ʦʢʝʘʥʩʢʠʭ ʢʦʤʤʫʥʠʢʘ-

ʮʠʷʭ ʠ ʨʳʙʥʳʭ ʧʨʦʤʳʩʣʘʭ, ʯʪʦ ʦʩʦʙʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ 

ʈʦʩʩʠʠ. 
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ɺʚʝʜʝʥʠʝ 

ʆʙʲʝʜʠʥʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦ ʪʝʦʨʠʠ ʢʦʨʘʙʣʷ «Hullè ʠ ʤʦʨʝʭʦʜʥʳʡ ʚʳʯʠʩʣʠʪʝʣʥɹʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ çAurora» 1: 

ð  ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʤʦʨʝʭʦʜʥʳʝ ʠʟʳʩʢʘʥʠʷ ʚ ʭʦʜʝ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʦʢʝʘʥʩʢʦʛʦ ʬʣʦʪʘ ʧʦʚʳʰʝʥʥʦʡ ʰʪʦʨʤʦʚʦʡ ʤʦʨʝʭʦʜʥʦʩʪʠ, ʦʪʚʝ-

ʯʘʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʤʦʨʩʢʠʭ ʨʘʙʦʪ ʠ ʧʦʜ-

ʜʝʨʞʢʠ ʜʘʣʴʥʠʭ ʢʦʤʤʫʥʠʢʘʮʠʡ; 

ð  ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʧʳʪʦʚʦʡ ʘʧʨʦʙʘʮʠʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʜʝʡ-

ʩʪʚʫʶʱʝʛʦ ʢʦʨʘʙʣʷ ʚ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʧʨʘʢʪʠʢʝ ʰʪʦʨʤʦʚʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘ-

ʥʠʷ, ʚʢʣʶʯʘʷ ʚʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʣʠ ʢʦʤʬʦʨʪʥʳʭ ʨʝʞʠ-

ʤʦʚ ʭʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʣʥʝʥʠʷ; 

ð  ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʰʪʫʨʤʘʥʩʢʠʤ ʪʨʝʥʘʞʸʨʦʤ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʩʚʦʝʥʠʷ ʤʝʪʦʜʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʰʪʦʨʤʦʚʦʛʦ ʩʫʜʦʚʦʞʜʝ-

ʥʠʷ, ʩ ʦʪʨʘʙʦʪʢʦʡ ʚʘʨʠʘʥʪʦʚ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʢʦʨʘʙʣʷ ʚ ʩʣʦʞʥʳʭ ʥʘʚʠʛʘ-

ʮʠʦʥʥʳʭ ʠ ʦʩʦʙʳʭ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘ-

ʥʠʡ ʭʦʜʢʦʩʪʠ ʠ ʢʘʯʢʠ ʢʦʨʘʙʣʷ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʩ ʧʨʦʝʢʪʥʳ-

ʤʠ ʨʘʟʤʝʨʥʳʤʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʩʪʦʷʱʝʛʦ ʢʦʨʘʙʣʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʠʟʤʝʥʝʥʠʝ ʘʧʧʣʠʢʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝ-

ʩʪʠ (ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʳ), ʦʩʘʜʢʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. 

ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʫʧʨʘʚʣʝʥʠʝ ʢʫʨʩʦʤ ʚʢʣʶʯʘʝʪ ʘʚʪʦʨʫʣʝʚʦʡ, ʚʳʙʦʨ ʩʢʦʨʦ-

ʩʪʠ ʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʷʛʦʡ ʜʚʠʞʠʪʝʣʝʡ ʧʦ ʫʩʣʦʚʠʷʤ ʪʠʭʦʡ ʚʦʜʳ, ʯʪʦ ʩʦ-

ʦʙʨʘʟʫʝʪ ʰʪʦʨʤʦʚʫʶ ʭʦʜʢʦʩʪʴ ʠ ʨʳʩʢʘʥʠʝ, ʚʢʣʶʯʘʷ ʜʝʣɹʬʠʥʠʨʦʚʘʥʠʝ, 

ʟʘʭʚʘʪʳ ʢʦʨʧʫʩʘ ʠʣʠ ʙʨʦʯʠʥʛ. 

 
1 © 1975 ʉɺʆ ʂʄʋ õ 2012 ʂʄʄʉ ʇʄïʇʋ ʉʇʙɻʋ ÷ 2025 ˫ˏ˧˒˪˓̅ ̐˶ˋ˧. 
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ʄʦʨʩʢʦʝ ʚʦʣʥʝʥʠʝ ʚ ʘʢʚʘʪʦʨʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʦʟ-

ʙʫʞʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʸʭ ʧʝʨʝʥʘʩʪʨʘʠʚʘʝʤʳʭ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʢʨʫʪʠʟʥʳ ʠ ʚʳʩʦʪʳ ʛʨʝʙʥʝʡ 

ʰʪʦʨʤʦʚʳʭ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥ. ɺʩʝ ʛʨʝʙʥʠ ʚʦʣʥ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʦ-

ʜʚʠʞʥʳʤʠ (ʧʨʦʛʨʝʩʩʠʚʥʳʤʠ), ʧʦʜʦʙʥʳʤ ʧʨʠʙʝʨʝʞʥʦʤʫ ʥʘʢʘʪʫ ʠʣʠ ʢʥʦʠ-

ʜʘʣʴʥʳʤ ʚʘʣʘʤ ʥʘ ʤʝʣʢʦʚʦʜʥʳʭ ʤʦʨʩʢʠʭ ʙʘʥʢʘʭ, ʯʪʦ ʥʘʩʪʦʷʱʝʡ ʧʦʩʪʘ-

ʥʦʚʢʝ ʧʨʦʙʣʝʤʳ ʦʟʥʘʯʘʝʪ ʦʧʳʪʦʚʳʝ ʠʩʧʳʪʘʥʠʷ çʙʣʠʞʝ ʦʧʘʩʥʦʩʪʠè. 

ɺ ʦʪʢʨʳʪʦʤ ʤʦʨʝ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʛʨʝʙʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʦʪʯʘ-

ʩʪʠ ʩʪʦʷʯʠʤʠ, ʯʪʦ ʚ ʭʦʨʦʰʝʡ ʤʦʨʩʢʦʡ ʧʨʘʢʪʠʢʝ ʩʣʫʞʠʪ ʦʙʦʩʥʦʚʘʥʠʝʤ 

ʚʩʝʧʦʛʦʜʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʭʦʜʩʪʚʘ. ʏʠʩʪʦ ʧʨʦ-

ʛʨʝʩʩʠʚʥʳʝ ʪʨʦʭʦʠʜʘʣʴʥʳʝ ʚʦʣʥʳ ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳ ʚ ʧʣʘʥʝ ʩʠʣʦʚʦʛʦ ʠ 

ʚʠʭʨʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʨʘʙʣʴ ʚ ʤʦʨʝ, ʦʜʥʘʢʦ, ʚ ʚʳʯʠʩʣʠʪʝʣʥɹʳʭ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʣʶʯʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʚʦʣʥʦʚʳʭ ʧʦʪʦʢʦʚ, ʯʪʦ ʚ ʛʠʜʨʦʤʝʭʘʥʠʢʝ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦ-

ʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʶ ʩʪʦʷʯʠʭ ʚʦʣʥ ï ʥʘʠʙʦʣʝʝ ʢʨʫʪʳʭ ʜʝʚʷʪʳʭ ʚʘʣʦʚ. ɹʦʣʝʝ 

ʩʣʦʞʥʳʝ ʤʦʜʝʣʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʧʣʘʥʠʨʫʶʪʩʷ ʢ ʚʥʝʜʨʝ-

ʥʠʶ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʩʣʝ ʜʦʨʘʙʦʪʢʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦ-

ʚʝʨʢʠ ʤʦʜʝʣʝʡ ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝʥʠʷ ʩ ʥʦʚʳʤʠ ʩʮʝʥʘʨʠʷʤʠ ʜʣʷ ʨʘʙʦʪʳ ʩʦ 

ʰʢʚʘʣʴʥʳʤʠ ʚʝʪʨʘʤʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʨʝʜʘ ʦʙʣʘʜʘʝʪ ʧʦʣʥʦʮʝʥʥʦʡ 

ʪʨʸʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʚʩʝʭ ʩʪʨʫʢʪʫʨ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ, ʩ ʪʨʘʝʢʪʦ-

ʨʠʝʡ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʤʛʥʦʚʝʥʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʢʦʨʘʙʣʷ ʚ ʦʭʚʘʪʝ ʤʦʨʩʢʠʭ ʚʦʣʥ, ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʮʝʥ-

ʪʨʦʚ ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʛʥʦʚʝʥʥʦʡ ʦʩʪʦʡʯʠ-

ʚʦʩʪʠ. 
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I . «HULL » ï ʆɹɺʆɼʓ ʂʆʈʇʋʉɸ, ʊɽʆʈʀʗ ʂʆʈɸɹʃʗ ʀ ʂʆʈɸɹɽʃʔʅʆɽ 

ɺʆʃʅʆʆɹʈɸɿʆɺɸʅʀɽ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʝʦʤʝʪʨʠʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʩʪʨʦʠʪʩʷ ʥʘ 

ʧʣʦʩʢʠʭ ʢʦʥʪʫʨʘʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʰʧʘʥʛʦʫʪʦʚ, ʜʦʧʦʣʥʷʝ-

ʤʳʭ ʚ ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʦʥʪʫʨʘʤʠ ʜʥʠʱʘ, ʧʘʣʫʙ ʠ ʰʪʝʚʥʝʡ ʩ 

ʪʨʘʥʮʝʚʳʤʠ ʨʘʩʰʠʨʝʥʠʷʤʠ. ɺʠʟʫʘʣʴʥʦ ʪʘʢʘʷ ʦʮʠʬʨʦʚʢʘ ʚ ʪʦʯʥʦʩʪʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʛʨʘʬʠʯʝʩʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʢʦʨʧʫʩʘ ʚ ʪʨʸʭ ʧʨʦʝʢʮʠʷʭ ʪʠʧʦ-

ʚʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʯʝʨʪʝʞʝʡ, ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʧʦʟʚʦʣʝ̫ʪ ʦʧʠʨʘʪʴʩʷ ʥʘ ʠʩ-

ʪʦʨʠʯʝʩʢʠ ʧʦʚʝʨʝʥʥʳʝ ʬʦʨʤʘʪʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʸʪʥʳʭ ʤʝʪʦʜʠʢ 

ʠʟ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʫʯʝʙʥʠʢʘ [6]. 

ɺʳʙʨʘʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʠʨʘʪʴʩʷ ʥʘ 

ʨʘʥʝʝ ʧʦʚʝʨʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʪʝʦʨʠʠ ʢʦʨʘʙʣʷ ʠ ʢʦʨʘʙʝʣʴʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠ-

ʢʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʥʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʩʝʨʠʷʤʠ 

ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʩʯʸʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʢʣʶʯʘʶʱʠʭ ʤʘʪʝʨʠʘʣʳ ʙʦʨ-

ʪʦʚʦʡ ʢʦʨʘʙʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʥʝʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥ-

ʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʧʳʪʦʚʳʭ ʙʘʩʩʝʡʥʘʭ ʠ ʤʦʨʝʭʦʜʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʚ 

ʦʪʢʨʳʪʦʤ ʤʦʨʝ. ʉʙʝʨʝʞʝʥʠʝ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʚ ʵʚʦʣʶʮʠʦʥʥʦʤ ʦʙʥʦʚʣʝ-

ʥʠʠ ʢʦʨʘʙʝʣʴʥʦʛʦ ʠ ʤʦʨʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʦʪʚʝʯʘʝʪ ʢʘʢ ʧʦʠʩʢʫ ʵʬ-

ʬʝʢʪʠʚʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʨʘʙʣʷ, ʪʘʢ ʠ ʚ ʧʦ-

ʩʣʝʜʫʶʱʝʡ ʧʨʦʨʘʙʦʪʢʝ ʢʣʶʯʝʚʳʭ ʥʘʩʪʘʚʣʝʥʠʡ ʤʦʨʝʧʣʘʚʘʪʝʣʷʤ ʚ ʩʦʛʣʘ-

ʩʠʠ ʩ ʭʦʨʦʰʝʡ ʤʦʨʩʢʦʡ ʧʨʘʢʪʠʢʠ. 

ʇʨʠʥʷʪʦʝ ʯʠʩʣʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʯʝʨʪʝʞʝʡ ʢʦʨʧʫʩʘ 

ʢʦʨʘʙʣʷ ʚ ʬʦʨʤʝ ʪʘʙʣʠʮ ʧʣʘʟʦʚʳʭ ʦʨʜʠʥʘʪ ʠʟʥʘʯʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʦʚ ʚ ʪʝʦʨʠʠ ʠ ʛʠʜʨʦʤʝʭʘʥʠʢʝ ʢʦʨʘʙʣʷ, ʠ 

ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ  çHull» [2010, ʯʘʩʪʴ 1]. ʅʘʢʦʧʣʝ-

ʥʠʝ ʚʘʨʠʘʥʪʦʚ ʢʦʨʘʙʝʣʴʥʳʭ ʦʙʚʦʜʦʚ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʦʩʪʘʚʝ ʙʘʟʳ ʜʘʥʥʳʭ 

«Vessel» [2015], ʥʘ ʠʶʣʴ 2025 ʛʦʜʘ ʩʦʜʝʨʞʘʱʝʡ 163 (ʠʟ ʥʠʭ 77 ʠʟ 
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Free!Ship)  ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʢʦʨʘʙʣʝʡ, ʩʫʜʦʚ ʠ ʤʘʣʳʭ ʧʣʘʚ-

ʩʨʝʜʩʪʚ, ʠ 26 ï ʪʝʩʪʦʚʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʧʣʘʚʘʶʱʠʭ ʪʝʣ. ɺʩʝ 

ʯʠʩʣʦʚʳʝ ʤʦʜʝʣʠ ʧʦʜʩʪʨʦʝʥʳ ʢ ʧʨʦʚʝʜʝʥʠʶ ʧʨʷʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʘʣʛʦʨʠʪʤʦʚ çAurora» 

[ʯʘʩʪʴ.2], ʨʝʘʣʠʟʫʶʱʠʭ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʦʨʘʙʣʸʤ ʚ ʰʪʦʨʤʦʚʦʤ 

ʧʣʘʚʘʥʠʠ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʦʩʪʦ-

ʷʥʠʝ ʢʦʨʘʙʣʷ ʠ ʰʪʦʨʤʦʚʦʛʦ ʤʦʨʷ. 

 

ʈʠʩ. 1. ʇʨʦʨʠʩʦʚʢʠ ʧʦ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʢʨʝʡʩʝʨʘ çɸʚʨʦʨʘ», ʚʳʧʦʣʥʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʯʠʩʣʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʰʧʘʥʛʦʫʪʦʚ ʠ ʰʪʝʚʥʝʡ. ʆʪ-

ʩʯʸʪʳ ʘʙʩʮʠʩʩ ʚʝʜʫʪʩʷ ʦʪ ʢʦʨʤʳ ʚ ʥʦʩ, ʰʧʘʥʛʦʫʪʳ ʨʘʟʤʝʯʘʶʪʩʷ ʦʪ ʥʦ-

ʩʦʚʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʚ ʢʦʨʤʫ. ʉʠʤʤʝʪʨʠʯʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʤʝʪ-

ʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʦʨʧʫʩ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʦʨʜʠʥʘʪʳ, ʧʨʠ ʵʪʦʤ 

ʬʫʥʢʮʠʠ ʠʭ ʦʧʠʩʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʝʦʜʥʦʟʥʘʯʥʳʤʠ. ɸʧʧʣʠʢʘʪʳ ʰʧʘʥʛʦʫ-

ʪʦʚ ʠ ʰʪʝʚʥʝʡ ʨʘʟʤʝʯʘʶʪʩʷ ʩʥʠʟʫ ï ʚʚʝʨʭ, ʦʪ ʦʩʥʦʚʥʦʡ ʣʠʥʠʠ ʢ ʰʠʨʩʪʨʝ-

ʢʫ, ʩ ʦʢʦʥʪʫʨʠʚʘʥʠʝʤ ʬʘʣʴʰʙʦʨʪʦʚ ʠ ʥʘʜʩʪʨʦʝʢ. ʊʨʠ ʧʨʦʝʢʮʠʠ ʪʝʦʨʝʪʠ-

ʯʝʩʢʦʛʦ ʯʝʨʪʝʞʘ ʥʘ ʚʝʨʭʥʠʭ ʨʠʩʫʥʢʘʭ ʧʦʜʛʦʪʦʚʣʝʥʳ ʧʨʦʛʨʘʤʤʦʡ çHull», 

ʘʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ ï ʚ ʧʨʦʛʨʘʤʤʝ çAurora». 
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ʈʝʛʫʣʷʨʠʟʦʚʘʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʰʧʘʮʠʡ ʠ ʪʦʯʝʢ ʚ ʢʦʥʪʫʨʘʭ 

ʰʧʘʥʛʦʫʪʦʚ, ʜʦʧʦʣʥʝʥʥʳʝ ʚ ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʯʝʨʪʘʥʠʝʤ ʰʪʝʚ-

ʥʝʡ c ʪʨʘʥʮʝʚʳʤʠ ʨʘʩʰʠʨʝʥʠʷʤʠ, ʩʣʫʞʘʪ ʫʩʢʦʨʝʥʥʦʡ ʚʳʙʦʨʢʝ ʦʨʜʠʥʘʪ 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʙʲʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʥʪʝʛʨʘʣʦʚ, ʩ ʫʯʸʪʦʤ ʙʳʩʪʨʦ 

ʤʝʥʷʶʱʝʡʩʷ ʧʦʩʘʜʢʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ ʢʘʯʢʠ; ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʧʦ ʩʢʣʦʥʘʤ ʠ ʤʝʞʜʫ ʛʨʝʙʥʷʤʠ ʤʦʨʩʢʠʭ ʚʦʣʥ ʙʦʣʴʰʦʡ ʚʳʩʦʪʳ. 

ɸʙʩʮʠʩʩʳ ʰʧʘʥʛʦʫʪʦʚ ʨʘʟʤʝʯʘʶʪʩʷ ʦʪ ʢʦʨʤʳ ʚ ʥʦʩ, ʦʧʦʨʥʳʝ ʪʦʯʢʠ ʢʨʠ-

ʚʳʭ ʥʘ ʰʧʘʥʛʦʫʪʘʭ ʠ ʰʪʝʚʥʷʭ ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʦʪ ʢʠʣʷ ʚʚʝʨʭ ʜʦ ʧʘʣʫʙʥʦʛʦ 

ʰʠʨʩʪʨʝʢʘ, ʩ ʦʢʦʥʪʫʨʠʚʘʥʠʝʤ ʬʘʣʴʰʙʦʨʪʦʚ, ʧʘʣʫʙʥʳʭ ʥʘʜʩʪʨʦʝʢ ʠ ʜʨʫ-

ʛʠʭ ʢʨʫʧʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʱʝʢʦʨʘʙʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ.  

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʧʨʦ-

ʛʨʘʤʤʝ çAuroraè ʜʦʧʫʩʢʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʤʥʦʛʦʢʦʨʧʫʩʥʳʭ ʤʦʜʝʣʝʡ, ʦʜʥʘʢʦ, 

ʚ ʪʝʢʫʱʝʡ ʚʝʨʩʠʠ ʙʝʟ ʪʦʯʥʦʛʦ ʦʧʠʩʘʥʠʷ ʰʪʝʚʥʝʡ ʠ ʩ ʦʛʦʚʦʨʢʘʤʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʚʢʣʶʯʝʥʠʷ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʘʣʦʚ ʧʦ 

ʨʘʟʨʳʚʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʰʧʘʥʛʦʫʪʦʚ ʠ ʠʥʪʝʨʧʦʣʠʨʫʶʱʠʭ 

ʪʦʯʝʢ (ʈʠʩ. 1), ʪʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʟʚʦʣʷʝʪ ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʪʦʯʥʦʩʪʴʶ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ, ʯʪʦ ʤʠʥʠ-

ʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʮʝʥʦʯʥʳʭ ʨʘʩʯʸʪʦʚ ʚ ʪʝʦʨʠʠ ʢʦʨʘʙʣʷ, ʪʘʢ ʞʝ ʢʘʢ 

ʠ ʚ ʧʨʦʚʝʜʝʥʠʠ ʘʜʝʢʚʘʪʥʳʭ ʧʨʷʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʢʘʯʢʠ, ʭʦʜʢʦʩʪʠ, ʠ ʰʪʦʨʤʦʚʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ 

ʦʧʳʪʦʚʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʚʩʝʧʦʛʦʜʥʦʛʦ ʤʦ-

ʨʝʭʦʜʩʪʚʘ. 

ʇʦʚʝʨʦʯʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʳʩʪʫʧʘʝʪ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʡ 

ʜʘʥʥʳʭ çVessel» ï ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çHullè ʉʘʭʘʣʠʥʩʢʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʚ ʢʦʪʦʨʦʤ ʚʩʝ ʨʘʩʯʸʪʳ ʧʦ ʪʝʦʨʠʠ ʢʦʨʘʙʣʷ ʚʳʧʦʣ-

ʥʷʶʪʩʷ ʚ ʩʪʨʦʛʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ [6] (ʠʩʪʦʨʠʯʝʩʢʠʤʠ) 

ʤʝʪʦʜʠʢʘʤʠ. ɹʘʟʘ ʜʘʥʥʳʭ «Vesselè ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʠʥʳʝ ʮʠʬʨʦʚʳʝ ʬʦʨ-

ʤʘʪʳ ʦʧʠʩʘʥʠʷ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ, ʢʦʪʦʨʳʝ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʥʚʝʨʪʠʨʫ-
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ʶʪʩʷ ʢ ʧʨʠʥʷʪʦʤʫ ʟʜʝʩʴ ʦʙʥʦʚʣʸʥʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʦ-

ʛʨʘʤʤʘ çHullè ʙʝʟ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʦʞʜʘʝʪ ʦʙʨʘʟʝʮ ʢʦʨʧʫʩʘ ʩ ʫʤʝʥʴʰʝʥʥʳʤ 

ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ ʧʣʦɦ ʘʜʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ çHull . vsl è ʚ 

ʬʦʨʤʘʪʝ ʢʘʬʝʜʨʳ ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʜʦʚ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴ-

ʥʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʥʝʝ ʧʨʠ ʦʧʳʪʦʚʳʭ ʤʦ-

ʨʝʭʦʜʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʧʦ ʢʘʬʝʜʨʝ ʪʝʦʨʠʠ ʢʦʨʘʙʣʷ ʚ 1985-1986 ʛʦʜʘʭ. 

ʇʦʧʫʪʥʦ ʚ ʧʨʦʛʨʘʤʤʝ «Hull» ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʩʯʸʪʳ ʚʦʜʦʠʟʤʝʱʝʥʠʷ, 

ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʮʝʥʪʨʦʚ ʦʙʲʝʤʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʥʦʪʳ, ʚʳ-

ʧʦʣʥʷʝʤʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʩʝʭ ʪʨʸʭ ʧʨʦʝʢʮʠʡ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠʭ ʯʝʨʪʝʞʝʡ. 

ɺ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʥʫ-

ʩʦʠʜʘʣʴʥʳʭ, ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʠ ʧʨʦʩʪʝʡʰʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʚʦʜʦʚ 

ʢʦʨʧʫʩʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʝ ʘʬʬʠʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ɺ ʦʪʜʝʣʴʥʳʭ ʦʢʥʘʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʸʭ ʘʚʪʦʨʩʢʠʭ ʤʝʪʦʜʠʢ, ʚʳ-

ʧʦʣʥʷʶʪʩʷ ʚʳʯʠʩʣʝʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʝ ʢʨʠʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʯʝʨʪʝʞʘ (ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ); ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʳ ʠ ʧʦʩʪʨʦʝʥʠʝ ʜʠʘ-

ʛʨʘʤʤ ʦʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʦʩʘʜʢʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʬʠʢ-

ʩʘʮʠʠ ʘʧʧʣʠʢʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ. ʈʝʘʣʠʟʦʚʘʥʦ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʠʝ ʢʨʠʚʳʭ 

ʚʦʣʥʦʚʦʛʦ ʠ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʢʦʨʘʙʣʷ ʥʘ ʪʠʭʦʡ ʚʦʜʝ, 

ʩ ʧʨʦʨʠʩʦʚʢʦʡ ʚʜʦʣʴ ʢʦʨʧʫʩʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ. 

ɺʘʨʠʘʥʪʳ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʢʦʨʘʙʝʣʴʥʳʭ ʢʦʨʧʫʩʦʚ ʩʠʩʪʝʤʘʪʠʟʠʨʦ-

ʚʘʥʳ ʚ ʩʦʩʪʘʚʝ ʙʘʟʳ ʜʘʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʯʝʨʪʝʞʝʡ «Vessel», 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʈʦʩʧʘʪʝʥʪʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ. ʀʩʭʦʜʥʳʝ ʦʨʠʛʠʥʘʣʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʯʝʨʪʝʞʝʡ ʚ ʦʩʥʦʚʥʦʤ 

ʦʮʠʬʨʦʚʳʚʘʣʠʩʴ ʧʦ ʢʦʧʠʷʤ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢ-

ʮʠʷʭ, ʠ ʷʚʣʷʶʪʩʷ ʣʠʙʦ ʘʚʪʦʨʩʢʠʤʠ [18], ʣʠʙʦ ʚʳʙʨʘʥʳ ʠʟ ʦʪʢʨʳʪʳʭ ʧʫʙ-

ʣʠʢʘʮʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘʫʯʥʳʭ ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. ʅʝ-

ʢʦʪʦʨʳʝ ʤʦʜʝʣʠ ʜʝʡʩʪʚʫʶʱʠʭ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ ʦʮʠʬʨʦʚʳʚʘʣʠʩʴ ʧʦ 

ʨʘʩʪʨʦʚʳʤ ʢʦʧʠʷʤ ʠʟ ʫʩʣʦʚʥʦ çʙʝʟʳʤʷʥʥʳʭè ʠʩʪʦʯʥʠʢʦʚ, ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʩ 



14 

ʚʠʜʠʤʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʯʝʨʪʝʞʝʡ, ʠ ʧʦʪʦʤʫ ʦʛʨʘʥʠʯʝʥʥʦ 

ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʪʨʝ-

ʥʘʞʝʨʘʭ ʧʦ ʰʪʦʨʤʦʚʦʤʫ ʤʘʥʝʚʨʠʨʦʚʘʥʠʶ.  

 

ʄʦʜʝʣʴ ʮʠʬʨʦʚʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʯʝʨʪʝʞʝʡ ï ʪʘʙʣʠʮʳ 

ʧʣʘʟʦʚʳʭ ʦʨʜʠʥʘʪ ʠ ʰʪʝʚʥʝʡ ʢʦʨʘʙʣʷ ʚ ʢʦʤʧʣʝʢʩʝ çVessel» 

// ʂʦʤʤʝʥʪʘʨʠʠ ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʦʨʘʙʣʶ      ( // ʠʣʠ ; ) 

1. ʇʨʠʟʥʘʢ ʬʦʨʤʘʪʘ (ƶ=0x1E(alt+30) ʠ <ʥʘʟʚʘʥʠʝ> ʚ ʫʛʣʦʚʳʭ ʩʢʦʙʢʘʭ 

2. N M ï ʜʣʠʥʘ ʪʘʙʣʠʮʳ ʧʣʘʟʦʚʳʭ ʦʨʜʠʥʘʪ ʠ ʥʦʤʝʨ ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʘ 

3. L B T æT ï ʨʘʟʤʝʨʝʥʠʷ ʢʦʨʧʫʩʘ: ʜʣʠʥʘ, ʰʠʨʠʥʘ, ʦʩʘʜʢʘ ʩ ʜʦʙʘʚʢʦʡ 

{
n

} 
ï
 ʢ
ʦ
ʣ
ʠ
ʯ
ʝ
ʩ
ʪ
ʚ
ʦ
 
ʪ

ʦ
ʯ
ʝ
ʢ
 
ʥ
ʘ

 
ʪ
ʝ
ʦ
ʨ
ʝ
ʪ
ʠ
ʯ
ʝ
ʩ
ʢ
ʦ

ʤ
 
ʢ
ʦ
ʥ
ʪ
ʫ
ʨ
ʝ

 

4.  n {  z xé} ï ʘʙʩʮʠʩʩʳ ʢʦʥʪʫʨʘ ʘʭʪʝʨʰʪʝʚʥʷ ʧʦ ʘʧʧʣʠʢʘʪʘʤ 

5.  n {  z yé} ï ʦʨʜʠʥʘʪʳ ʰʠʨʠʥʳ ʪʨʘʥʮʘ 

{
x

}
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ʙ
ʩʮ
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ʳ
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ʦ
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ʝ-
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ʦ
ʫ
-

ʪ
ʦ
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(
ʦ
ʪ
 
ʢ
ʦ
ʨ
ʤ
ʳ

 
 ʚ
 
ʥ
ʦ
ʩ

) 

6. n x  {  z yé} ï ʧʣʘʟʦʚʳʝ ʪʘʙʣʠʮʳ ʬʦʨʤʠʨʫʶʪʩʷ 

ʢʦʥʪʫʨʘʤʠ ʢʨʠʚʳʭ ʩ ʘʧʧʣʠʢʘʪʘʤʠ ʠ ʦʨʜʠʥʘʪʘʤʠ 

ʪʦʯʝʢ ʥʘ ʰʧʘʥʛʦʫʪʘʭ ʩ ʦʪʩʯʸʪʘʤʠ ʦʪ ʦʩʥʦʚʥʦʡ ʣʠ-

ʥʠʠ ʢʦʨʧʫʩʘ. ʉʦʚʧʘʜʝʥʠʝ ʪʦʯʝʢ ʦʪʤʝʯʘʝʪ ʣʠʥʠʠ 

ʩʣʦʤʦʚ ʙʦʨʪʘ. 

7+N n { z yé} ï ʦʨʜʠʥʘʪʳ ʫʪʦʣʱʝʥʠʷ ʬʦʨʰʪʝʚʥʷ ʠ ʙʫʣʴʙʘ 

8.+N n { z xé} ï ʘʙʩʮʠʩʩʳ ʢʦʥʪʫʨʘ ʬʦʨʰʪʝʚʥʷ 

~ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʧʫʩʘ: (ʚʦʜʦʠʟʤʝʱʝʥʠʝ, ʩʤʦʯʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦʣʥʦʪʘ) 

~ ʇʦʜʧʠʩʴ ï ʜʘʪʘ ʧʦʩʣʝʜʥʝʛʦ ʬʦʨʤʘʪʠʨʦʚʘʥʠʷ 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʪʝʢʩʪʦʚʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʠʩʣʦʚʦʡ ʪʘʙʣʠʮ rʧʣʘʟʦʚʳʭ 

ʦʨʜʠʥʘʪ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ, ʩ ʜʦʦʧʨʝʜʝʣʝʥʠʷʤʠ ʛʨʘʥʠʯʥʳʭ ʢʦʥʪʫʨʦʚ ʰʪʝʚ-

ʥʝʡ ʠ ʪʨʘʥʮʝʚʳʭ ʨʘʩʰʠʨʝʥʠʡ. 

ɹʘʟʘ ʜʘʥʥʳʭ çVesselè ʚ ʮʝʣʦʤ ʫʧʨʘʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ 

«Hullè, ʠ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʦʣʥʷʝʪʩʷ ʬʘʡʣʘʤʠ ʢʦʥʬʠʛʫʨʘʮʠʠï

ʧʨʦʪʦʢʦʣʘʤʠ <ʠʤʷ>.vil  ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʷʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʦʚ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʰʪʦʨʤʦʚʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʢʦʨʘʙʣʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ çAuroraè. ʉʠʩʪʝʤʘ ʚ ʮʝʣʦʤ: ( «Hull»+«Aurora» ) 
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ï ʧʨʝʜʥʘʟʥʘʯʘʝʪʩʷ ʘʢʘʜʝʤʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʦʮʝʥʦʯʥʳʤ ʠʟʳʩʢʘʥʠ-

ʷʤ ʥʘ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ ʧʦʚʳʰʝʥʥʦʡ ʰʪʦʨ-

ʤʦʚʦʡ ʤʦʨʝʭʦʜʥʦʩʪʠ, ʠ ʙʫʜʝʪ ʚʝʩʴʤʘ ʧʦʣʝʟʥʘ ʩʫʜʦʚʦʜʠʪʝʣʷʤ ʜʣʷ ʦʪʨʘʙʦʪ-

ʢʠ ʚʘʨʠʘʥʪʦʚ ʰʪʦʨʤʦʚʦʛʦ ʭʦʜʘ ʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦ-

ʛʦ ʚʝʪʨʦʚʦʛʦ ʚʦʣʥʝʥʠʷ ʩ ʥʘʣʦʞʝʥʠʝʤ ʜʚʫʭ ʩʪʨʫʢʪʫʨ ʟʳʙʠ. 

ʏʠʩʣʦʚʦʡ ʬʦʨʤʘʪ ʙʘʟʳ ʜʘʥʥʳʭ çVesselè ʠʟʥʘʯʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʦʮʠʬʨʦʚʢʫ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʯʝʨʪʝʞʝʡ ʢʦʨʘʙʣʷ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʧʦ ʢʦʧʠʷʤ ʥʘ ʙʫʤʘʛʝ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʠʥʷʪʦʛʦ ʯʠʩʣʦʚʦʛʦ ʦʧʠ-

ʩʘʥʠʷ ʢʦʨʧʫʩʘ ʧʦ ʰʪʝʚʥʷʤ ʠ ʰʧʘʥʛʦʫʪʘʤ ʚʠʜʠʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦ-

ʩʪʦʪʝ ʠ ʢʦʤʧʘʢʪʥʦʩʪʠ ʢʦʤʧʦʥʦʚʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʜʛʦʪʦʚʣʝʥʳ, ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʪʝʢʩʪʦʚʳʭ 

ʩʪʨʦʢ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʯʝʨʪʝʞʠ ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʪ ʜʚʘʜʮʘʪʴ ʦʩʥʦʚʥʳʭ ʩ ʥʝ-

ʙʦʣhɹʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʰʧʘʥʛʦʫʪʦʚ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ, ʯʪʦ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʦʯʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʰʪʦʨʤʦʚʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʢʦʨʘʙʣʷ, ʧʨʠ ʵʪʦʤ ʷʚʥʦ 

ʥʝ ʚʦʩʪʨʝʙʫʶʪʩʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʨʝʘʣʠʟʘ-

ʮʠʠ ʪʘʢʠʭ ʦʧʳʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʌʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʚ ʩʦʩʪʘʚʝ ʙʘ-

ʟʳ ʜʘʥʥʳʭ çVesselè ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʪʨʦʢʦʚʳʤʠ ʟʘʧʠʩʷʤʠ, ʚʢʣʶʯʘʶɦ ʠʤʠ 

ʥʘʟʚʘʥʠʝ ʠ ʨʘʟʤʝʨʝʥʠʷ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ, ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʳʤ ʦʧʠʩʘʥʠʝʤ 

ʢʦʨʤʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ, ʧʦʣʥʦʡ ʪʘʙʣʠʮʳ ʧʣʘʟʦʚʳʭ ʦʨʜʠʥʘʪ, ʠ ʟʘʪʝʤ ï 

ʬʦʨʰʪʝʚʥʷ (ʈʠʩ. 2). 

ʂʦʥʪʫʨʳ ʰʧʘʥʛʦʫʪʦʚ ʥʘʯʠʥʘʶʪʩʷ ʦʪ ʦʩʥʦʚʥʦʡ ʢʠʣʝʚʦʡ ʣʠʥʠʠ ʠʣʠ 

ʤʝʞʢʦʨʧʫʩʥʦʛʦ ʧʦʜʚʦʣʦʢʘ ʢʘʪʘʤʘʨʘʥʘ (zmin) ʚ ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

(y=0), ʩ ʟʘʤʳʢʘʥʠʝʤ ʯʝʨʝʟ ʚʝʨʭʥʠʝ ʪʦʯʢʠ (zmax) ʧʘʣʫʙʳ ʠʣʠ ʩʫʜʦʚʳʭ 

ʥʘʜʩʪʨʦʝʢ. ʐʪʝʚʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʦʜʥʦʟʥʘʯʥʳʤʠ ʬʫʥʢʮʠʤ̫ʠ ʘʙʩʮʠʩʩ (x) 

ʧʦ ʘʨʛʫʤʝʥʪʫ ʦʪ ʘʧʧʣʠʢʘʪ (z), ʜʦʧʦʣʥʷʝʤʳʝ ʦʨʜʠʥʘʪʘʤʠ (y) ʜʣʷ ʪʨʘʥʮʝʚʳʭ 

ʨʘʩʰʠʨʝʥʠʡ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʟʘʤʢʥʫʪʳʤʠ ʢʦʥʪʫʨʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʰʧʘʥ-

ʛʦʫʪʦʚ (y(z(x))).  
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ɺʝʣʠʯʠʥʘ DT ï  ʧʦʛʨʫʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʫʯʘʝ ʦʮʠʬʨʦʚʢʠ ʪʘʙʣʠ-

ʮʳ ʦʨʜʠʥʘʪ ʥʝ ʦʪ ʦʩʥʦʚʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ, ʥʘʧʨʠʤʝʨ ï ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 

ʚʘʪʝʨʣʠʥʠʠ. ʕʪʘ ʞʝ ʚʝʣʠʯʠʥʘ ʧʦʣʝʟʥʘ ʜʣʷ ʫʢʘʟʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʧʦʛʨʫʞʝ-

ʥʠʷ ʢʦʨʧʫʩʘ, ʥʘʧʨʠʤʝʨ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʧʦʜʚʦʜʥʦʡ 

ʣʦʜʢʦʡ 2. 

ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ç*. vsl è ʚ ʙʘʟʫ ʜʘʥʥʳʭ 

«Vesselè, ʚ ʢʦʤʤʝʥʪʘʨʠʷʭ ʦʧʠʩʳʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩ-

ʢʠʝ ʠ ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʢʦʨʘʙʣʝ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʥʳʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ, 

ʧʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʢʦʨʧʫʩʘ, 

ʜʘʪʘ ʠ ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ ʬʘʡʣʘ ʠ ʧʦʩʣʝʜʥʝʡ ʧʨʘʚʢʠ ʦʙʚʦʜʦʚ ʠ ʬʦʨʤʳ ʢʦʨʧʫ-

ʩʘ, ʠ ʜʨʫʛʘʷ ʧʦʣʝʟʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʤʦʜʝʣʠ ʢʦʨʘʙʣʷ. 

ʆʨʠʝʥʪʘʮʠʷ ʥʘ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʠʢʠ ʚ ʪʝʦʨʠʠ ʢʦʨʘʙʣʷ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʪʘʙʣʠʮʘʤ ʧʣʘʟʦʚʳʭ ʦʨʜʠʥʘʪ, ʢ ʩʦʞʘ-

ʣʝʥʠʶ, ʥʝʢʦʨʨʝʢʪʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʣʫʯʘʷʭ ʩ ʥʝʦʜʥʦʟʥʘʯʥʳʤʠ ʬʫʥʢʮʠʷʤ 

ʦʨʜʠʥʘʪ ʧʦ ʘʧʧʣʠʢʘʪʘʤ ʰʧʘʥʛʦʫʪʥʳʭ ʢʦʥʪʫʨʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʪʦʥʥʝʣʴ-

ʥʳʭ ʦʙʚʦʜʘʭ, ʥʘ ʙʦʨʪʦʚʳʭ ʢʠʣʷʭ ʠ ʜʨʫʛʠʭ ʚʳʩʪʫʧʘʶʱʠʭ ʯʘʩʪʷʭ ʥʘ ʩʤʦ-

ʯʝʥʥʦʡ ʦʙʰʠʚʢʝ ʢʦʨʧʫʩʘ. ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çHullè ʪʘʢʠʝ ʚʳʯʠʩ-

ʣʝʥʠʷ ʚʝʜʫʪʩʷ ʩ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʦʪ ʧʨʦʩʪʦʛʦ ʦʪʩʝʯʝʥʠʷ ʧʦʚʪʦʨʥʳʭ ʧʝʨʝʩʝ-

ʯʝʥʠʡ ʚʘʪʝʨʣʠʥʠʡ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʯʠʪʳʚʘʥʠʠ ʰʧʘʥʛʦʫʪʥʳʭ ʢʦʥ-

ʪʫʨʦʚ ʦʪ ʢʠʣʷ ʢ ʧʘʣʫʙʘʤ. ʊʦ ʝʩʪʴ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʚʳʯʠʩʣʝʥʠʷ ʚ ʤʦʜʝʣʷʭ 

ʪʝʦʨʠʠ ʢʦʨʘʙʣʷ ʠ ʢʦʨʘʙʝʣʴʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʨʝʘʣʴʥʦ ʧʦʣʫʯʘʶʪʩʷ ʩ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʪʦʯʥʦʩʪʠ, ʩʚʦʡʩʪʚʝʥʥʳʤʠ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʨʘʩʯʸʪʳ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʘʙʣʠʮʘʤ ʧʣʘʟʦʚʳʭ ʦʨʜʠʥʘʪ. 

ɺ ʘʣʛʦʨʠʪʤʘʭ ʧʨʦʛʨʘʤʤʳ çAurora» ʫʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠʩʢʣʶʯʘʶʪ-

ʩ ̫ʟʘʜʝʡʩʪʚʦʚʘʥʠʝʤ ʧʦʣʥʦʮʝʥʥʳʭ ʢʦʥʪʫʨʥʳʭ ʠʣʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠʥʪʝ-

ʛʨʘʣʦʚ ʚ ʚʝʢʪʦʨʥʦ-ʪʝʥʟʦʨʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʚ 

ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʜʝ ʚʢʣʶʯʘʶʪʩʷ ʚʧʦʣʥʝ ʘʜʝʢʚʘʪʥʳʝ ʛʝʦʤʝʪʨʠ-

 
2 ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʛʣʫʙʠʥʦʡ ʭʦʜʘ ʚ ʠʶʣʝ 2025 ʚ ʨʘʟʨʘʙʦʪʢʝ. 
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ʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ ʜʣʷ ʚʩʝʭ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʳ-

ʯʠʩʣʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʤʥʦʛʦʢʦʨʧʫʩʥʳʭ ʧʨʦʝʢʪʦʚ ʩʫʜʦʚ, ʩ ʦʙʝʩʧʝʯʝ-

ʥʠʝʤ ʘʜʝʢʚʘʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʫʨʘʛʘʥʥʳʤ ʚʝʪʨʦʤ3 ʠ hʪʦʨʤʦʚʳʤ ʚʦʣʥʝʥʠʝʤ ʥʘ ʤʦʨʝ. 

 

ɻʨʘʬʠʯʝʩʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʢʦʨʘʙʝʣʴʥʳʭ ʦʙʚʦʜʦʚ 

ʠ ʜʦʩʪʫʧ ʢ ʧʦʜʙʦʨʢʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ 

ʇʨʦʛʨʘʤʤʘ çHullè ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠʥʠʤʘʝʪ ʪʝʢʩʪʦʚʳʡ 

ʬʘʡʣ ʩ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʴʶ ʢʦʨʧʫʩʘ 

ʢʦʨʘʙʣʷ ç*. vsl è. ʇʨʠ ʥʝʫʜʘʯʝ, ʚ 

ʪʝʢʫʱʫʶ ʜʠʨʝʢʪʦʨʠʠ ʙʫʜʝʪ ʟʘʧʠʩʘʥ, 

ʠ ʩʨʘʟʫ ʞʝ ʩʯʠʪʘʥ ʬʘʡʣ-ʦʙʨʘʟʝʮ4 

çHull.vslè ʩ ʠʟʥʘʯʘʣʴʥʦʡ ʮʠʬʨʦʚʦʡ 

ʤʦʜʝʣʴʶ [52] ʢʦʨʧʫʩʘ ʄʀɼɺ5-1985. 

ʅʘ ʵʢʨʘʥʝ ʧʨʦʨʠʩʦʚʳʚʘʶʪʩʷ 

ʪʨʠ ʧʨʦʝʢʮʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨ-

ʪʝʞʘ (ʈʠʩ. 3), ʦʨʜʠʥʘʪʳ, ʘʧʧʣʠʢʘʪʳ 

ʠ ʘʙʩʮʠʩʩʳ ʢʦʪʦʨʦʛʦ ʩʯʠʪʳʚʘʶʪʩʷ 

ʧʦʜʚʠʞʥʳʤ ʢʫʨʩʦʨʦʤ ʚ ʥʠʞʥʠʭ ʢʨʘʩʥʳʭ ʩʪʨʦʢʘʭ ʩʧʨʘʚʘ. ɺ ʣʝʚʦʡ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʧʨʠʚʦʜʷʪʩʷ ʨʘʟʤʝʨʥʦʩʪʠ ʢʦʨʧʫʩʘ, ʚʦʜʦʠʟʤʝʱʝʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʠ ʧʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ ʥʘ 

ʟʘʜʘʥʥʦʡ ʦʩʘʜʢʝ.  

ʅʘ ʦʩʥʦʚʥʦʤ ʵʢʨʘʥʝ ʜʦʩʪʫʧʥʘ ʩʧʨʘʚʢʘ <F1>, ʛʜʝ ʫʧʦʤʠʥʘʶʪʩʷ ʦʧʝ-

ʨʘʮʠʠ ʟʘʧʠʩʠ <F2> / ʩʯʠʪʳʚʘʥʠʷ <F3> ʥʦʚʦʛʦ ʢʦʨʧʫʩʘ; <F4> ʘʬʬʠʥʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʤʝʨʥʦʩʪʝʡ ʠʣʠ ʧʦʩʪʨʦʝʥʠʝ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʘʥʘʣʠʪʠʯʝ-

 
3 ʚ ʚʝʨʩʠʠ ʟʘ ʠʶʣʴ 2025 ʛʦʜʘ ʜʝʡʩʪʚʠʝ ʰʢʚʘʣʴʥʦʛʦ ʚʝʪʨʘ ʥʝ ʚʢʣʶʯʝʥʦ. 
4 ʚ ʬʦʨʤʘʪʝ ʢʘʬʝʜʨʳ ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʜʦʚ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠʥ-

ʩʪʠʪʫʪʘ (É1985, ʘʚʪʦʨ ʀʛʦʨʴ ɺʣʘʜʠʤʠʨʦʚʠʯ ʉʪʝʧʘʥʦʚ). 
5 ʩ ʄʘʣʳʤʠ ʤʦʤʝʥʪʘʤʠ ʀʥʝʨʮʠʠ ʧʣʦʱʘʜʠ ɼʝʡʩʪʚʫʶʱʝʡ ɺʘʪʝʨʣʠʥʠʠ. 

Hull  ʆʙʚʦʜʳ, ʛʠʜʨʦʩʪʘʪʠʢʘ 
 ʠ ʦʩʪʦʡʯʠʚʦʩʪʴ ʢʦʨʘʙʣ ̫
 + ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 
F1 ʢʨʘʪʢʘʷ ʩʧʨʘʚʢʘ 
F2/F2  ʟʘʧʠʩʴ/ʩʯʠʪʳʚʘʥʠʝ ʢʦʨʧʫʩʘ 
F4 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʘʥʘʣʠʪʠʢʘ 
F5 ɻʠʜʨʦʩʪʘʪʠʢʘ + ʦʩʪʦʡʯʠʚʦʩʪʴ 
ɺʦʣʥʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʭʦʜʢʦʩʪʴ 
F7 ʦʪ çʐʪʦʨʤʦʚʦʡ ʤʦʨʝʭʦʜʥʦʩʪʠ» 
F8 ʠʟ ʂʦʨʘʙʝʣʢʠ + ɸ.ʅ.ʐʝʙʘʣʦʚ 
F9  ++ ʦʩʪʘʪʦʯʥʦʝ ʦʪ ɸ.ʐ.ɻʦʪʤʘʥ 
<Enter> ʤʘʩʰʪʘʙ ʧʦ ʰʠʨʠʥʝ ʦʢʥʘ 
<Space> h ʧʘʥʛʦʫʪʳ ʩʧʣʘʡʥ\ʣʠʥʠʠ 
<Esc>/<ctrlC> ʟʘʚʝʨʰʝʥʠʝ 
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ʩʢʠʭ ʢʦʨʧʫʩʦʚ; ʘ ʪʘʢʞʝ ʚʳʟʦʚ ʧʨʦʮʝʜʫʨ ʜʣʷ ʨʘʩʯʝʪʦʚ ʛʠʜʨʦʩʪʘʪʠʢʠ ʠ 

ʦʩʪʦʡʯʠʚʦʩʪʠ <F5>;  ʠ ʪʨʠ ʤʦʜʝʣʠ ʚʳʯʠʩʣʝʥʠʡ ʚʦʣʥʦʚʦʛʦ <F8- F9> ʠ 

ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ <F7> ʚʦʜʳ ʜʚʠʞʝʥʠʶ ʢʦʨʘʙʣʷ.  

 

ʈʠʩ. 3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʢʦʨʧʫʩʘ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ ʩ 

ʫʤʝʥʴʰʝʥʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠ-

ʥʠʠ (ʄʀɼɺ), ʠ ʩʦ ʩʤʝʱʝʥʥʳʤ ʚ ʥʦʩ ʮʝʥʪʨʦʤ ʚʝʣʠʯʠʥʳ ʧʦʜʚʦʜʥʦʛʦ ʦʙʲʝʤʘ. 

ɺ 1985 ʛ. ʤʦʜʝʣʴ ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʤʦʨʝʭʦʜʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʚ ʦʧʳʪʦʚʦʤ ʙʘʩ-

ʩʝʡʥʝ ʢʘʬʝʜʨʳ ʪʝʦʨʠʠ ʢʦʨʘʙʣʷ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ɸʣʝʢʩʘʥʜʨʘ ʅʠʢʦʣʘʝʚʠʯʘ ʍʦʣʦ-

ʜʠʣʠʥʘ. ʅʘ ʛʨʘʬʠʢʘʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦ-

ʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ɼʣʷ ʧʨʦʨʠʩʦʚʢʠ ʢʦʥʪʫʨʦʚ ʰʧʘʥʛʦʫʪʦʚ ʧʦ ʢʦʤʘʥʜʝ: <ʇʨʦʙʝʣ> ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʨʝʞʠʤʳ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʦʪʨʝʟʢʘʭ, ʠʣʠ ʩʦ 

ʩʛʣʘʞʠʚʘʥʠʝʤ ʢʦʥʪʫʨʦʚ ʩʧʣʘʡʥ-ʬʫʥʢʮʠʷʤʠ ʩ ʨʘʟʤʝʪʢʦʡ ʫʟʣʦʚʳʭ ʪʦʯʝʢ.  

ʇʝʨʝʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʯʝʨʪʝʞʝʡ: <ɺʚʦʜ>ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʧʨʦʧʦʨʮʠʷʭ 

ʠʩʭʦʜʥʦʛʦ ʤʘʩʰʪʘʙʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʰʠʨʠʥʳ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ. 
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<F2 ï Ship Hull Digital Loft> ï ʟʘʧʠʩʴ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʠʟ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚʦ ʚʥʝʰʥʠʡ ʬʘʡʣ. ɿʘʧʨʘʰʠʚʘʝʪʩʷ ʥʦʚʦʝ ʠʤʷ, ʚ ʢʦʪʦ-

ʨʦʤ ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʨʝʜʣʘʛʘʶʪʩʷ ʮʠʬʨʳ ʜʘʪʳ ʠ ʚʨʝʤʝʥʠ: 

«ʛʛʤʤʜʜ-ʯʯʤʤ.vsl». 

ʇʨʠ ʟʘʧʨʦʩʝ ʥʘ ʩʯʠʪʳʚʘʥʠʝ ʥʦʚʦʛʦ ʮʠʬʨʦʚʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨʪʝ-

ʞʘ: <F3 ï Choice hull from óvslô file  or Esc to MIDV  ship> ï ʦʪʢʨʳʚʘʝʪʩʷ ʩʪʘʥ-

ʜʘʨʪʥʦʝ ʦʢʥʦ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʚʳʙʦʨʘ ʬʘʡʣʦʚ ʩ ʨʘʩʰʠʨʝʥʠʝʤ 

«*.vsl». ʇʨʠ ʦʪʢʘʟʝ ʦʪ ʩʯʠʪʳʚʘʥʠʷ ʥʦʚʦʛʦ ʬʘʡʣʘ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʩʯʠʪʳʚʘʥʠʝ ʬʘʡʣʘ-ʦʙʨʘʟʮʘ çHull.vslè ʮʠʬʨʦʚʦʡ ʤʦ-

ʜʝʣʠ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ ʄʀɼɺ-85 (ʈʠʩ. 3). 

 

ʇʨʦʩʪʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʬʦʨʤʳ ʢʦʨʧʫʩʘ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʬʬʠʥʥʦʡ ʠ ʩʢʫʣʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʇʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʨʧʫʩʘ ʠ ʩʩʳʣʢʠ ʥʘ ʧʦʩʪʨʦʝʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʙʚʦʜʦʚ ʩʦʙʨʘʥʳ ʚ ʙʣʦʢʝ ʧʨʦʮʝʜʫʨ <F4> ï çʄʘʪʝʤʘʪʠʯʝʩ-

ʢʘʷ ʘʥʘʣʠʪʠʢʘè. ʀʟʥʘʯʘʣʴʥʦ ʚ ʤʝʥʶ 

çɸʥʘʣʠʪʠʯʝʩʢʠʝ ʦʙʚʦʜʳ ʢʦʨʧʫʩʘè 

ʧʨʝʜʥʘʟʥʘʯʘʣʦʩʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤ-

ʙʠʥʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʠʟ ʥʘʩʣʝʜʠʷ 

ʘʪʣʘʥʪʠʯʝʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ ʚ 70-ʭ ʛʦ-

ʜʘʭ. 

ɺʘʨʠʘʥʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʨʘ-

ʙʝʣʴʥʳʭ ʦʙʚʦʜʦʚ ʠ ʥʘʜʚʦʜʥʦʛʦ ʙʦʨʪʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʢʦʤʙʠʥʘʮʠʷʭ ʠʟ: 1 ï 

ʧʦʣʠʥʦʤʠʥʘʣʴʥʳʭ ʠ 2 ï ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢ-

ʮʠʡ. ʕʪʠ ʚʝʩʴʤʘ ʩʣʦʞʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʩʣʝ-

ʜʫʶʱʝʤ ʧʘʨʘʛʨʘʬʝ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʦʙʚʦʜʳ ʢʦʨʧʫʩʘ 

  1 ï ʥʘ ʩʪʝʧʝʥʥʳʭ ʬʫʥʢʮʠʷʭ 
  2 ï ʩʠʥʫʩʥʦ-ʧʦʢʘʟʘʪʝʣʴʥʳʭ 
 

  <<ʇʨʦʩʪʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ>>  
   x Ā 1.000   y Ā 1.000   z Ā 1.000 
   ʉʜʚʠʛ ʧʦ  X: 0.000  Z:  1.000 
  ʈʸʙʨʘ  Ó  0.0   ʤʤ    ʥʘ  1 °  
 

<< ʕʣʣʠʧʩʦʠʜʳ  ʠ  ʜʨʫʛʦʝé >> 
   ʂʦʨʧʫʩ:   L=20   B=10   ˉ=65  
 

  << ʦʙʚʦʜʳ ʩʢʫʣʦʚʳʭ ʚʦʣʥ >>  
     ʧʦ ʙʦʨʪʫ:   ʩʪʝʧʝʥʴ    3.0    
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ʉʣʝʜʫʶʱʠʝ ʪʨʠ ʙʣʦʢʘ ʤʝʥʶ ʠʩʧʦʣʥʷʶʪʩʷ ʧʦ ʢʦʤʘʥʜʝ çʚʚʦʜè ʩ ʢʣʘ-

ʚʠʘʪʫʨʳ ʠʣʠ ʦʪʤʝʪʢʦʡ ʫʢʘʟʘʪʝʣʝʤ ʢʫʨʩʦʨʘ çʤʳʰʴè ʥʘ ʟʘʛʦʣʦʚʢʝ ʚ ʜʚʦʡ-

ʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʙʢʘʭ.  

ɺ ʨʘʟʜʝʣ <<ʇʨʦʩʪʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ>> ʚʢʣʶʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

çʘʬʬʠʥʥʦʛʦè (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ) ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʨ-

ʧʫʩʘ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʦʭʨʘʥʝ-

ʥʠʷ. ɺ ʧʦʣʷʭ xĀ[] ,  yĀ[] ,  zĀ[]  ʫʢʘʟʳʚʘʶʪʩʷ ʤʘʩʰʪʘʙʥʳʝ ʢʦʵʬʬʠʮʠʝʥ-

ʪʳ ʧʦ ʚʩʝʤ ʪʨʸʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʧʦʜ ʥʠʤʠ ʧʫʥʢʪ çʉʜʚʠʛè ʜʣʷ ʩʤʝʱʝʥʠʷ 

ʢʦʨʧʫʩʘ ʚ X:  ʧʨʦʜʦʣʴʥʦʤ ʠ Z:  ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ.  

 

ʈʠʩ. 4. çʐʣʶʧʢʘè ï ʄʦʜʝʣʴ ʥʘ ʙʘʟʝ ʵʣʣʠʧʩʦʠʜʘ ʩ ʨʘʚʥʦʫʜʘʣʸʥʥʳʤʠ ʧʦʜʚʦʜʥʳ-

ʤʠ ʚʘʪʝʨʣʠʥʠʷʤʠ. ʏʠʩʪʦ ʵʣʣʠʧʪʠʯʝʩʢʘʷ ʬʦʨʤʘ ʥʘʜʚʦʜʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʸ ʤʠʥʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʠʥʪʝʥʩʠʚʥʦʤ 

ʰʪʦʨʤʦʚʦʤ ʚʦʣʥʝʥʠʠ. ʉʧʨʘʚʘ ʚʚʝʨʭʫ ʧʦʢʘʟʘʥʘ ʢʘʨʪʫʰʢʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʢʨʝʥʦʤʝʪʨʘ ʠ ʘʢʩʠʦʤʝʪʨʘ ʧʦʣʦʞʝʥʠʷ ʨʫ-

ʣʷ, ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʢʨʫʪʠʟʥʳ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʩ ʥʘʜʧʠʩʷʤʠ ʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ; ʩʪʨʝʣʦʢ ʜʝʡʩʪʚʫʶʱʝʛʦ ʠ ʟʘʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ, 

ʩ ʫʢʘʟʘʥʠʝʤ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʫʨʩʘ ʠ ʩʢʦʨʦʩʪʠ ʚ ʮʝʥʪʨʝ ʢʘʨʪʫʢhʠ. 

ʇʫʥʢʪ çʈʸʙʨʘ» ï ʚ ʪʨʝʪʴʝʡ ʩʪʨʦʢʝ ʚʪʦʨʦʛʦ ʙʣʦʢʘ, ʫʢʘʟʳʚʘʝʪʩʷ ʚʝʣʠ-

ʯʠʥʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʫʟʣʦʚ ʥʘ ʢʦʥʪʫʨʘʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʰʧʘʥʛʦʫ-

ʪʦʚ ʠ ʰʪʝʚʥʝʡ, ʢʦʪʦʨʳʝ ʧʦʧʘʨʥʦ ʦʙʲʝʜʠʥʷʶʪʩʷ, ʝʩʣʠ ʜʣʠʥʘ ʠ ʫʛʦʣ ʤʝʞʜʫ 
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ʩʤʝʞʥʳʤʠ ʨʸʙʨʘʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʫʢʘʟʘʥʥʦʡ ʚʝʣʠʯʠʥʳ. ʇʨʠ ʦʪʨʠʮʘʪʝʣʴ-

ʥʦʡ ʚʝʣʠʯʠʥʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠʟ ʢʦʥʪʫʨʦʚ ʥʝ ʫʜʘʣʷʶʪʩʷ ʩʦʚʧʘ-

ʜʘʶʱʠʝ ʫʟʣʳ. ɺʝʩʴʤʘ ʚʘʞʥʘʷ ʦʧʝʨʘʮʠʷ ʜʣʷ ʧʨʦʨʝʞʠʚʘʥʠʷ ʫʟʣʦʚ ʯʠʩʣʦʚʦʡ 

ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʩ ʮʝʣʴʶ ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʂʦ-

ʣʠʯʝʩʪʚʦ ʰʧʘʥʛʦʫʪʦʚ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʟʘʢʨʳʪʠʝʤ ʩʪʨʦʢ ʜʘʥʥʳʭ ʩʠʤʚʦ-

ʣʘʤʠ ʢʦʤʤʝʥʪʘʨʠʝʚ: ç;è ʠʣʠ ç//è ʚ ʬʘʡʣʘʭ [Ship].vsl. 

ɺ ʨʘʟʜʝʣʝ <<ʕʣʣʠʧʩʦʠʜʳ ʠ ʜʨʫʛʦʝé>> ʚ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʩʫʜʦʚʳʭ ʦʙʚʦʜʦʚ ʚʳʙʠʨʘʶʪʩʷ ʵʣʝʤʝʥʪʘʨʥʦ ʧʨʦʩʪʳʝ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʝ ʦʙʲʝʢʪʳ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʪʝʩʪʠʨʦʚʘ-

ʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʏʝʪʳʨʝ ʤʦʜʝʣʠ: çʕʣʣʠʧʩ» ï ʫʜʣʠ-

ʥʸʥʥʳʡ ʰʘʨʠʢ; «ʐʣʶʧʢʘ» ï ʵʣʣʠʧʩʦʠʜ ʩ ʨʘʚʥʦʫʜʘʣʝʥʥʳʤʠ ʚʘʪʝʨʣʠʥʠʷʤʠ; 

«ʂʦʨʧʫʩ» ï ʦʙʚʦʜʳ ʥʘ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʚʘʪʝʨʣʠʥʠʷʭ ʩʦ ʰʧʘʥʛʦʫʪʘʤʠ ʢʫ-

ʙʠʯʝʩʢʦʡ ʧʦʣʥʦʪʳ; «ʂʠʨʧʠʯ» ï ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ. ɺ ʫʢʘʟʘ-

ʥʠʷʭ ʨʘʟʤʝʨʝʥʠʡ ʥʝʪ ʦʩʦʙʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʤʦʞʥʦ ʫʢʘʟʳʚʘʪʴ:  L (>1) ï 

ʜʣʠʥʫ; B (>1) ï ʰʠʨʠʥʫ ʥʦʚʦʛʦ ʢʦʨʧʫʩʘ ʠ ˉ (>2) ï ʢʦʣʠʯʝʩʪʚʦ ʘʧʧʨʦʢʩʠ-

ʤʠʨʫʶʱʠʭ ʰʧʘʥʛʦʫʪʦʚ. ʆʩʘʜʢʘ ʙʫʜʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 

ʧʦʣʦʚʠʥʫ ʰʠʨʠʥʳ ʢʦʨʧʫʩʘ ʊ = ɺ/2, ʥʦ ʵʪʦ ʤʦʞʥʦ ʟʘʪʝʤ ʧʝʨʝʥʘʩʪʨʦʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʘʬʬʠʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ʇʨʦʩʪʝʡʰʠʝ ʧʦʣʠʥʦʤʠʥʘʣʴʥʳʝ ʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʦʨʧʫ-

ʩʘ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʚʦʜʷʪʩʷ ʢ ʩʢʨʫʛʣʸʥʥʳʤ ʩʢʫʣʘʤ ʫʚʝʣʠʯʝʥʥʦʡ 

ʧʦʣʥʦʪʳ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ (ʈʠʩ. 4), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʤʠʪʠʚʥʳʤ ʩʭʝʤʘʤ 

çʩʪʨʫʡʥʳʭ ʩʠʩʪʝʤè ʦʙʪʝʢʘʥʠʷ ʧʦ ʀ. ʇ. ɸʣʳʤʦʚʫ6 [1878], ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʝʛʦʞʠʤ ʧʦ ʭʦʜʢʦʩʪʠ ʠ ʢʘʯʢʝ ʥʘ ʚʦʣʥʝʥʠʠ.  

ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʢʦʨʧʫʩʘ ʢ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʰʪʦʨʤʦʚʦʛʦ ʭʦʜʘ V-

ʦʙʨʘʟʥʳʤ ʠʣʠ ʢʣʠʧʝʨʩʢʠʤ ʩʢʫʣʦʚʳʤ ʰʧʘʥʛʦʫʪʘʤ (ʈʠʩ. 5) ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʧʨʦʮʝʜʫʨʘ çʦʙʚʦʜʳ ʩʢʫʣʦʚʳʭ ʚʦʣʥè, ʧʦ ʢʦʪʦʨʦʡ ʚʝʪʚʠ ʩʢʫʣʦʚʳʭ 
 

6 ʀʣʴʷ ʇʘʚʣʦʚʠʯ ɸʣʳʤʦʚ. ʄʦʨʩʢʦʡ ʩʙʦʨʥʠʢ, 1879, ˉ9, ʩ.1÷54, ˉ10, ʩ.1÷52: çʆʯʝʨʢʠ 

ʩʠʩʪʝʤʳ ʩʪʨʫʡʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʜʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝ-

ʤʳè; ˉ12, ʩ.103÷156: çʆʧʳʪ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʩʪʨʫʡʥʳʭ ʦʙʨʘʟʦ-

ʚʘʥʠʡ ʩʫʜʦʚè. 
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ʰʧʘʥʛʦʫʪʦʚ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ ʟʘʦʩʪʨʷʶʪʩʷ ʧʦ V-ʦʙʨʘʟʥʦʡ ʩʭʝʤʝ, ʯʪʦ ʥʝʦʙ-

ʭʦʜʠʤʦ ʜʣʷ ʩʤʝʱʝʥʠʷ ʜʝʡʩʪʚʠʷ ʚʩʝʭ ʩʠʣ ʚʦʣʥʦʚʦʡ ʧʨʠʨʦʜʳ ʚ ʩʪʦʨʦʥʫ ʤʠ-

ʜʝʣʷ, ʩ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʠʣʝʚʦʡ ʢʘʯʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʫʶ, ʩ ʧʦʧʫʪʥʳʤ 

ʫʣʫʯʰʝʥʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʢʦʨʧʫʩʘ ʚ ʮʝʣʦʤ. 

 

ʈʠʩ. 5. ɺʘʨʠʘʥʪ çʂʦʨʧʫʩʘè ʩ ʦʜʥʦʢʨʘʪʥʳʤ ʫʣʫʯʰʝʥʠʝʤ ʩʢʫʣʦʚʳʭ ʦʙʚʦʜʦʚ ʧʦ 

ʘʣʛʦʨʠʪʤʫ: çʦʙʚʦʜʳ ʩʢʫʣʦʚʳʭ ʚʦʣʥè ʜʣʷ ʚʩʝʡ ʚʳʩʦʪʳ ʙʦʨʪʘ ʩʦ ʩʪʝ-

ʧʝʥʴʶ ʧʦʣʠʥʦʤʘ = 3.  

ɺʳʙʦʨʦʤ ʚ ʧʦʣʝ ʥʠʞʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʝʢʣʶʯʝʥʠʝ ʨʝʞʠʤʦʚ 

«ʧʦ ʙʦʨʪʫè ʜʣʷ ʚʩʝʡ ʚʳʩʦʪʳ ʢʦʨʧʫʩʘ, ʠ çʧʦ ʦʩʘʜʢʝ» ï ʜʣʷ  ʩʢʫʣʦʚʳʭ 

ʟʘʦʩʪʨʝʥʠʡ ʪʦʣʴʢʦ ʧʦ ʦʙʚʦʜʘʤ ʥʠʞʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʚʘʪʝʨʣʠʥʠʠ. 

ʇʘʨʘʤʝʪʨʦʤ çʩʪʝʧʝʥʴè ʨʝʛʫʣʠʨʫʝʪʩʷ ʟʘʦʩʪʨʝʥʠʝ ʚʘʪʝʨʣʠʥʠʡ ʠ ʧʨʦ-

ʜʦʣʴʥʘʷ ʧʦʣʥʦʪʘ ʢʦʨʧʫʩʘ. ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ çʩʪʝʧʝʥʠè, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʚʘʪʝʨʣʠʥʠʠ ʟʘʤʝʪʥʦ ʟʘʦʩʪʨʷʶʪʩʷ ʧʦ ʚʩʝʭ ʚʳʩʦʪʝ ʢʦʨʧʫ-

ʩʘ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ çʩʪʝʧʝʥʠè, ʥʘʧʨʠʤʝʨ, ʙʦʣʝʝ 3 ï ʜʝʡʩʪʚʠʝ ʧʘʨʘʤʝʪʨʘ 

ʚʠʜʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʙʦʣʝʝ ʜʣʷ ʛʣʫʙʦʢʠʭ ʚʘʪʝʨʣʠʥʠʡ. 

 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʦʙʚʦʜʳ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʢʣʶʯʝʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʨʤʳ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ 

ɼʚʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʬʦʨʤʳ ʢʦʨʧʫʩʘ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚʦ 

ʚʣʦʞʝʥʥʳʭ ʤʝʥʶ: ç1 ï ʥʘ ʩʪʝʧʝʥʥʳʭ ʬʫʥʢʮʠʷʭè ʠ ç2 ï ʩʠʥʫʩ ʵʢʩʧʦʥʝʥ-

ʮʠʘʣʴʥʳʭè ʬʫʥʢʮʠ̫ ʭ. 
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ñʇʘʨʘʙʦʣʠʯʝʩʢʠʝò (ʩʪʝʧʝʥʥʳʝ) ʦʙʚʦʜʳ 

ʆʨʜʠʥʘʪʳ ʢʦʨʧʫʩʘ Y ( z,x ) ʥʘ çʩʪʝʧʝʥʥʳʭ ʬʫʥʢʮʠʷʭè (ʈʠʩ. 6) ʦʙʨʘʟʫ-

ʶʪ ʧʣʘʚʥʦ-ʤʦʥʦʪʦʥʥʳʝ ʦʙʚʦʜʳ, ʩ ʧʦʣʥʦʪʦʡ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʩʪʝʧʝʥʝʡ Px, 

Pz; ʠ ʟʘʦʩʪʨʝʥʠʝʤ ʥʘ ʰʪʝʚʥʷʭ ʧʦ ʢʦʩʠ-

ʥʫʩʦʠʜʝ ʩ ʧʘʨʘʤʝʪʨʦʤ ʉʭ ⱦ [0÷1] ï ʟʘ-

ʦʩʪʨʝʥʠʝʤ ʜʦ ʧʦʣʥʦʡ ʩʠʥʫʩʦʠʜʳ ʧʨʠ 

ʉʭ =  1; ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʟʚʘʣʘ ʙʦʨʪʘ ʚ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʧʨʠ Kp > 1 ʠʣʠ 

ʟʘʚʘʣʘ ʧʨʠ Kp < 1. 

2/))1(1()/1()2/cos()/21(),( zKTzCLxBxzY p
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P zx
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ʈʠʩ. 6. ʆʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʨʘʟʤʝʨʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʤʤʝʪʨʠʯ-

ʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʘ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ï ʂʇʆ - ʢʦʨʧʫʩ ʧʘ-

ʨʘʙʦʣʠʯʝʩʢʠʭ ʦʙʚʦʜʦʚ. 

ʇʦʣʥʦʪʘ ʚʘʪʝʨʣʠʥʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ: a = Px /(1ïPx); ʜʣʷ ʤʠʜʝʣʴ-

ʧhʘʥʛʦʫʪʘ ʵʪʦ: b = Pz /(1ïPz), ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʱʝʡ ʧʦʣʥʦʪʳ d = a·b   (ʙʝʟ 

ʫʯʝʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʦʩʪʨʝʥʠʡ ʚʘʪʝʨʣʠʥʠʠ ʠ ʟʘʚʘʣʘ/ʨʘʟʚʘʣʘ ʙʦʨʪʦʚ). 

ʀʟ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʫʜʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʈʠʩ. 7) 

ʩʣʝʜʫʝʪ: 

1. ʋʚʝʣʠʯʝʥʠʝ ʧʦʣʥʦʪʳ ʚʘʪʝʨʣʠʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʫʜʝʣʴʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʭʦʜʘ Fn = 0.4 ʠ ʤʝʥʝʝ; 

ʂʦʨʧʫʩ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ 
ʩʪʝʧʝʥʥʳʭ ʬʫʥʢʮʠʷʭ 

ʐʧʘʥʛʦʫʪʳ  Pz =   6.0  
ɺʘʪʝʨʣʠʥʠʠ  Pʭ =   3.0  
ɿʘʦʩʪʨʝʥʠʝ   ʉʭ =  0.50  ⱦ  [0õ1] 
ɹʦʨʪ ʂʨ =  1.00  ʨʘʟʚʘʣ>1>ʟʘʚʘʣ 
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2. ʇʦʣʥʦʪʘ ʚʘʪʝʨʣʠʥʠʡ ʠ ʰʧʘʥʛʦʫʪʦʚ ʤʘʣʦ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ 

ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ Fn Ó 0.5, ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ʧʦʣʥʦʪʳ ʢʦʨʧʫʩʘ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ; 

0.1 0.2 0.3 0.4 0.5 0.6 0.7

Fn

0.5

1.0

RW

D
[ʥ/ʢʛ]

5

4

2, 3
2, 3
45

 

ʈʠʩ. 7.  ʈʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ ʫʜʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʦʪʥʝʩʝʥʥʦʛʦ 

ʢ ʚʦʜʦʠʟʤʝʱʝʥʠʶ, ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʘ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ 

3. ʋʚʝʣʠʯʝʥʠʝ ʧʦʣʥʦʪʳ ʤʠʜʝʣʴ-ʰʧʘʥʛʦʫʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʩʢʦʨʦʩʪʠ Fn = 0.5 ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʝ̫ʪ 

ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ Fn = 0.3; 

4. ʄʘʣʳʝ ʩʤʝʱʝʥʠʷ ʵʢʩʪʨʝʤʫʤʦʚ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʚʦʣʥʦʦʙʨʘʟʫʶʱʘʷ ʜʣʠʥʘ ʢʦʨʧʫʩʘ ʥʘ ʩʪʝʧʝʥʥʳʭ ʬʫʥʢʮʠʷʭ ʩʣʘʙʦ ʟʘʚʠ-

ʩʠʪ ʦʪ ʧʦʣʥʦʪʳ ʚʘʪʝʨʣʠʥʠʡ ʠ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʢʦʨʧʫʩʘ. 

5. çɸʣʳʤʦʚʩʢʘʷè ʧʦʣʥʦʪʘ ʚʝʪʚʝʡ ʰʧʘʥʛʦʫʪʦʚ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ ʫʩʠʣʠ-

ʚʘʝʪ ʢʦʨʘʙʝʣʴʥʦʝ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʝ, ʠ ïʫʩʠʣʠʚʘʝʪʩ ̫ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ. ʋʩʪʨʘʥʝʥʠʝ ʧʨʦʙʣʝʤʳ ʨʝʘʣʠʟʫʝʪʩʷ çʢʣʠʧʝʨʩʢʠʤè (ʘʥ-

ʛʣʠʡʩʢʠʤ) ʟʘʦʩʪʨʝʥʠʝʤ ʚʝʪʚʝʡ ʩʢʫʣʦʚʳʭ ʰʧʘʥʛʦʫʪʦʚ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ 

(ʈʠʩ. 5), ʧʨʠʜʘʥʠʝ ʠʤ V-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ. 

ɸʩʠʤʤʝʪʨʠʯʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʘ ʢʦʨʧʫʩ 

ɸʩʩʠʤʝʪʨʠʯʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʜʝʣʷ ʦʙʚʦʜʳ ʩʦʟʜʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ çʩʠʥʫʩʦʠʜʘʣʴʥʦ-ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡè, ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘʶʪ 
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ʤʥʦʛʦʦʙʨʘʟʠʝ ʦʙʚʦʜʦʚ ʦʪ ʧʦʣʥʦʡ ʩʠʥʫʩʦʠʜʳ ʜʦ ʙʫʣʴʙʦʚʦʡ ʢʘʧʣʠ, ʨʘʩʰʠ-

ʨʷʶʱʝʡʩʷ ʜʦ ʬʦʨʤʳ ʧʦʜʚʦʜʥʦʛʦ çʢʨʳʣʘ ʩʢʘʪʘè.  

ʇʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ ʚ ʘʣ-

ʛʦʨʠʪʤʝ ʩʦʧʨʷʛʘʶʪʩʷ ʧʦ ʧʨʠ-

ʥʘʜʣʝʞʥʦʩʪʠ ʥʦʩʦʚʦʡ Ps ʠ 

ʢʦʨʤʦʚʦʡ Pa ʦʢʦʥʝʯʥʦʩʪʷʤ 

ʢʦʨʧʫʩʘ. ʅʝʙʦʣʴʰʘʷ ʢʦʨʨʝʢ-

ʪʠʨʦʚʢʘ ʘʧʧʣʠʢʘʪʳ ʥʦʩʦʚʦʛʦ 

ʙʫʣʴʙʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘ-

ʤʝʪʨʘ Ts.  

L

x

T

x

z z

B

Y(x,z)

Y( x,z )
Í
Í

Íx

z
Px,z

- L
2 L 2

[
]

[

[
]

]

0 : ¤
0 :

:

 T

 

ʈʠʩ. 8.  ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʠ ʣʠʥʠʠ ʯʝʨʪʝʞʘ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʦʨʧʫʩʘ 

ʉ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʘ ʂs ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʡ ʨʘʟʚʘʣ Ks > 1 

ʠʣʠ ʟʘʚʘʣ ʙʦʨʪʘ Ks < 1 ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ. 

))1(1()))1(())1((1(

)cos1(
1

)1(
),(

11

11

)/(82

zKxPxP

x
PP

z
BxzY

s
Tz

a
Tz

s

sa

PP

zz

sa

Ö-+Ö+Ö+-Ö+³

³+Ö
++

-
Ö=

-Ö-Ö-

--

++

p

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ P ʩʝʤʝʡʩʪʚʦ ʢʨʠʚʳʭ ʦʙʨʘʟʫʶʪ ʩʣʝʜʫʶ-

ʱʠʝ ʬʦʨʤʳ ʚʘʪʝʨʣʠʥʠʡ: 

1. ʂʦʩʠʥʫʩʦʠʜʳ P ² 10; 

2. ɹʫʣʴʙʦʚʳʝ ʬʦʨʤʳ ʚʘʪʝʨʣʠʥʠʡ 1 ¢ P ¢ 5; 

3. ʌʦʨʤʘ ʢʘʧʣʠ P º 1; 

ʉʠʥʫʩʦʠʜʘʣʴʥʦ-ʧʦʢʘʟʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ 

ʇʘʨʘʤʝʪʨʳ ʦʙʨʘʪʥʦʡ ʧʦʣʥʦʪʳ: ʈ ⱦ [0õÐ] 
   P > 10   ʢʦʩʠʥʫʩʦʠʜʳ 
  1 < P < 5   ʙʫʣʴʙʦʚʳʝ ʚʘʪʝʨʣʠʥʠʠ 
   P å 1   ʢʘʧʣʝʦʙʨʘʟʥʦʩʪʴ 
   P < 0.5   ʢ ʬʦʨʤʝ ʢʨʳʣʘ ʩʢʘʪʘ 
   Ps = 1.2  ʬʦʨʰʪʝʚʝʥʴ 
   Pa = 1.2  ʘʭʪʝʨʰʪʝʚʝʥʴ 
 ɿʘʛʣʫʙʣʝʥʠʝ Tz =   0.50   ⱦ ]0õ1] 
ʅʘʢʣʦʥ ʙʦʨʪʘ ʂs =  0.80 ʨʘʟʚʘʣ>1>ʟʘʚʘʣ 
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4. ʌʦʨʤʘ ʢʨʳʣʘ ʩʢʘʪʘ P ¢ 0.5. 

ʇʨʠ ʵʪʦʤ: 

1. ʋʚʝʣʠʯʝʥʠʝ P ʧʨʠʚʦʜʠʪ ʢ ʟʘʦʩʪʨʝʥʠʶ ʚʘʪʝʨʣʠʥʠʡ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ 

ʠ ʫʤʝʥʴʰʝʥʠʶ ʙʫʣʴʙʘ. ʇʨʠ P­¤, ʢʦʨʧʫʩ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʩʠʥʫʩʦʠʜʘʤʠ ʧʦ 

ʚʘʪʝʨʣʠʥʠʷʤ ʠ ʧʘʨʘʙʦʣʘʤʠ ʧʦ ʰʧʘʥʛʦʫʪʘʤ; 

2. ʋʤʝʥʴʰʝʥʠʝ P ʧʨʠʚʦʜʠʪ ʢ ʛʣʫʙʦʢʦʧʦʛʨʫʞʝʥʥʦʤʫ ʨʘʟʚʠʪʦʤʫ ʙʫʣɹ-

ʙʫ, ʩ ʪʝʥʜʝʥʮʠʝʡ ʢ ʬʦʨʤʝ ñʢʨʳʣʦ ʩʢʘʪʘò. ɸʭʪʝʨʰʪʝʚʝʥʴ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʧʦʜʦʙʠʝ ñʧʣʘʚʥʠʢʘò. ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʠ ʩʤʦ-

ʯʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʨʧʫʩʘ; 
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ʈʠʩ. 9. ʂʨʠʚʳʝ ʚʦʜʦʠʟʤʝʱʝʥʠʷ (D) ʠ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (S) ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ P ʘʩʩʠʤʝʪʨʠʯʥʦʡ ʤʦʜʝʣʠ 

3. ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʦʙʲʝʤʦʤ ʢʦʨʧʫʩʘ ʠ ʧʣʦʱʘʜʴʶ 

ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʈʠʩ. 9) ʧʨʠ P @ 1,5 (Ch(1.0)=1.54308). 

ʀʟ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʫʜʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʦʪʥʦʰʝ-

ʥʠʷ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢ ʚʦʜʦʠʟʤʝʱʝʥʠʶ, ʈʠʩ. 10) ʩʣʝʜʫʶʪ ʚʚrʦʜʳ: 

1. ʇʨʠʤʝʥʝʥʠʝ ʥʦʩʦʚʦʛʦ ʙʫʣʴʙʘ ʦʪʯʘʩʪʠ ʚʣʠʷʝʪ ʥʘ ʫʜʝʣʴʥʦʝ ʚʦʣʥʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʧʦʨʷʜʢʘ Fn º 0,3. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ ʧʦʣ-
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ʥʦʪʘ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʥɹʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʥʘʙʣʶʜʘʣʦʩʴ ʫ ʢʦʨʧʫʩʦʚ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʧʘʨʘ-

ʙʦʣʠʯʝʩʢʠʤʠ ʦʙʚʦʜʘʤʠ; 

2. ɽʩʣʠ ʧʘʨʘʤʝʪʨ P ² 1.5, ʪʦ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʩʢʦʨʦʩʪʠ 

Fn = 0,3 ʩʥʠʞʘʝʪʩʷ; 

3. ɽʩʣʠ P < 1.5, ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʨʤʦʚʦʛʦ ʙʫʣʴʙʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ Fn = 0.3, ʥʦ ʩʨʘʚʥʠʤʦ ʤʝʥʴʰʝ , ʯʝʤ ʫ ʢʦʨʧʫ-

ʩʦʚ ʩ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤʠ ʦʙʚʦʜʘʤʠ; 

4. ʂʦʨʧʫʩ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤʠ ʦʙʚʦʜʘʤʠ 

(ʂʕʊʆ) ʧʦʢʘʟʳʚʘʝʪ ʭʫʜʰʫʶ ʭʦʜʢʦʩʪʴ ʥʘ ʩʢʦʨʦʩʪʠ Fn=0.5 ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤʠ ʢʦʨʧʫʩʘʤʠ (ʂʇʆ); 

5. ʄʦʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʦʩʦʚʦʡ ʙʫʣʴʙ ʫʤʝʥʴʰʘʝʪ ʦʪʥʦʩʠʪʝʣʴ-

ʥʫʶ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʵʢʩʪʨʝʤʫʤʦʤ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ Fn = 0.3 ʠ 

ʤʠʥʠʤʫʤʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ Fn º 0.35, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʫʩʠʣʝʥʠʝʤ ʨʘʩ-

ʭʦʜʷʱʝʡʩʷ ʢʦʨʘʙʝʣʴʥʦʡ ʚʦʣʥʳ. 
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ʈʠʩ. 10. ʈʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ ʫʜʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʥʝʩʠʤ-

ʤʝʪʨʠʯʥʦʛʦ ʢʦʨʧʫʩʘ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ-ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤʠ ʦʙʚʦʜʘʤʠ. 

ʉʠʥʠʤ ʧʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥ ʨʘʩʯʸʪ ʜʣʷ ʢʦʨʧʫʩʘ ʩ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤʠ ʦʙʚʦʜʘ-

ʤʠ, ʦʪʤʝʯʝʥʥʦʡ ʧʦʜ ˉ 3 ʚ ʧʨʝʜʳʜʫʱʝʡ ʩʝʨʠʠ. 
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ʋʩʣʦʚʥʦ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦ ʤʠʥʠʤʫʤʫ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʩʢʦʨʦʩʪʠ 

ʭʦʜʘ Fn = 0.5 ʢʦʨʧʫʩ ʧʦʣʫʯʘʝʪʩʷ ʩ ʧʘʨʘʤʝʪʨʦʤ P = 1,0. 

 

ʐʪʝʚʥʠ 

ɹʫʣʴʙʦʚʳʡ ʬʦʨʰʪʝʚʝʥʴ ʠ ʢʦʥʩʦʣʴ ʢʦʨʤʦʚʦʛʦ ʧʦʜʟʦʨʘ ʥʘʩʪʨʘʠʚʘʶʪʩʷ 

ʧʦ ʩʦʧʫʪʩʪʚʫʶʱʝʤʫ ʟʘʧʨʦ-

ʩʫ: çʆʧʠʩʘʥʠʝ ʰʪʝʚʥʝʡè, 

ʛʜʝ ʪʘʢʞʝ ʤʦʞʥʦ ʧʝʨʝʦʧʨʝ-

ʜʝʣʠʪʴ ʛʣʘʚʥʳʝ ʨʘʟʤʝʨʥʦʩʪʠ 

ʢʦʨʧʫʩʘ: ʜʣʠʥʫ (L), ʰʠʨʠ-

ʥʫ (B) ʠ ʦʩʘʜʢʫ (D). Ns ï ʩʦ-

ʟʜʘʸʪ ʧʣʘʚʥʫʶ ʩʪʳʢʦʚʢʫ 

ʙʫʣʴʙʦʚʦʛʦ ʦʯʝʨʪʘʥʠʷ ʩ ʦʩ-

ʥʦʚʥʦʡ ʣʠʥʠʝʡ;  

ɺʳʩʪʫʧ ʢʦʥʩʦʣʠ ʢʦʨʤʦʚʦʛʦ ʧʦʜʟʦʨʘ La ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʪʦʯʢʠ ʥʘ ʢʠ-

ʣʝ, ʘ ʢʨʫʪʠʟʥʘ Na ï ʫʩʣʦʚʥʳʡ ʫʛʦʣ ʧʝʨʝʩʝʯʝʥʠʷ ʘʭʪʝʨʰʪʝʚʥʷ ʩ ʚʘʪʝʨʣʠʥʠ-

ʝʡ ʩʚʷʟʘʥ ʩ ʚʳʩʪʫʧʦʤ ʧʣʘʚʥʠʢʦʚʦʛʦ ʘʭʪʝʨʰʪʝʚʥʷ ʠ ʚʝʣʠʯʠʥʦʡ ʥʘʢʣʦʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʰʠʚʢʠ ʧʦʜ ʢʦʨʤʦʚʦʡ ʨʘʢʦʚʠʥʦʡ: 
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ʈʠʩ. 11 ʆʧʠʩʘʥʠʝ ʢʦʨʤʦʚʦʛʦ ʧʦʜʟʦʨʘ ʩ ʧʦʤʦʱʴʶ ʵʣʣʠʧʩʘ. 

ʆʧʠʩʘʥʠʝ ʰʪʝʚʥʝʡ 

ʅʘʢʣʦʥ ʬʦʨʰʪʝʚʥʷ Fs [ï1÷ 1] = 0.00 
ɿʘʛʣʫʙʣʝʥʠʝ ʙʫʣʴʙʘ Ts [0.5÷1] = 0.75 

ɼʣʠʥʘ ʥʦʩʦʚʦʛʦ ʙʫʣʴʙʘ Ls [0÷0.5] = 0.10 
ʉʪʝʧʝʥʴ ʢʨʠʚʠʟʥʳ Ns [1÷ å2] = 1.67 

ɼʣʠʥʘ ʢʦʨʤʦʚʦʛʦ ʧʦʜʟʦʨʘ La [0÷0.5] = 0.15 
ʂʨʫʪʠʟʥʘ ʧʦʜʟʦʨʘ Na [1÷ å2] = 1.60 

 ɼʣʠʥʘ ʢʦʨʧʫʩʘ Length=  123.74 
 ʐʠʨʠʥʘBreadth=    16.80 
 ʆʩʘʜʢʘDraught=      6.40 
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ʇʦʩʪʨʦʝʥʠʝ ʬʦʨʰʪʝʚʥʷ X ( z ) ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʥʫʜʠʪʝʣʴʥʳʡ ʥʘʢʣʦʥ Fs 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʟʫʶʱʝʡ ʧʨʷʤʦʡ ʣʠʥʠʠ, ʩ ʫʢʘʟʘʥʠʝʤ ʘʧʧʣʠʢʘʪʳ ʟʘʛʣʫʙ-

ʣʝʥʠʷ Ts ʠ ʜʣʠʥʳ Ls ʚʳʩʪʫʧʘʶʱʝʛʦ ʚʧʝʨʸʜ ʥʦʩʦʚʦʛʦ ʙʫʣʴʙʘ. ʉʪʝʧʝʥʴ ʢʨʠ-

ʚʠʟʥʳ Ns ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʠʟʛʠʙ ʬʦʨʰʪʝʚʥʷ ʥʘ ʫʨʦʚʥʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʚʘ-

ʪʝʨʣʠʥʠʠ. 
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ʛʜʝ z < 0 ï ʥʘʜʚʦʜʥʳʡ ʙʦʨʪ ʩ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤ ʢʦʥʪʫʨʦʤ ʬʦʨʰʪʝʚʥʷ, ʟʥʘʢ 

ʚʦʧʨʦʩʘ: ? ï ʦʧʝʨʘʪʦʨ ʚʳʙʦʨʘ ʚ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ. 

ɺʢʣʶʯʝʥʠʝ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚʘʪʝʨʣʠʥʠʡ Y ( x ) ʧʦ ʫʨʦʚʥʷʤ ʘʧʧʣʠ-

ʢʘʪʳ z ʚ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʰʪʝʚʥʷʤʠ ʧʨʠʜʘʝʪ ʢʦʨʧʫʩʫ ʚʥʝʰʥʝ ʧʨʠʚʳʯʥʳʡ 

ʦʙʣʠʢ, ʥʦ, ʩ ʵʢʚʠʜʠʩʪʘʥʪʥʳʤʠ ʢʦʥʪʫʨʘʤʠ ʚʘʪʝʨʣʠʥʠʡ.  
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ʈʠʩ. 12. ʌʫʥʢʮʠʠ, ʦʙʨʘʟʫʶʱʠʝ ʬʦʨʰʪʝʚʝʥʴ (ʘ), ʠ ʠʭ ʧʨʦʠʟʚʝʜʝʥʠʝ (ʙ). 

ʊʦ ʝʩʪʴ, ʚ ʦʙʚʦʜʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠʜʦʥʥʳʝ ʩʫʞʝʥʠʷ ʢʦʥʪʫʨʦʚ ʰʧʘʥ-

ʛʦʫʪʦʚ ʚ ʟʦʥʘʭ ʥʦʩʦʚʳʭ ʠ ʢʦʨʤʦʚʳʭ ʩʢʫʣ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʩʦʟʜʘʥʠʝ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʦ ʢʦʨʘʙʝʣʴʥʦʤʫ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʶ ʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʩʠʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʧʨʦʮʝʩʩʝ ʦʪʨʘʞʝʥʠʷ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʦʪ ʢʦʨʧʫʩʘ 

ʥʘ ʭʦʜʫ ʢʦʨʘʙʣʷ. 
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ʂʨʠʚʳʝ ʵʣʝʤʝʥʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨʪʝʞʘ ʠ ʜʠʘʛʨʘʤʤʳ 

ʦʩʪʦʡʯʠʚʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʘʭ ʦʩʘʜʦʢ ʠʥʪʝʥʩʠʚʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ 

ʈʘʩʯʸʪʳ ʛʠʜʨʦʩʪʘʪʠʢʠ ʠ ʦʩʪʦʡʯʠʚʦʩʪʠ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ 

çHullè ʧʦ ʪʨʘʜʠʮʠʦʥʥʳʤ [6] ʨʫʢʦʚʦʜʩʪʚʘʤ ʠʟ ʫʯʝʙʥʠʢʘ ʪʝʦʨʠʠ ʢʦʨʘʙʣʷ, 

ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʨʠ-

ʚʳʯʥʦʡ ʠʣʠ ʦʙʱʝʧʨʠʥʷʪʦʡ 

ʢʦʨʘʙʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. 

ʇʨʦʮʝʜʫʨʘ <F5> ʜʣʷ 

ʨʘʩʯʸʪʦʚ ʛʠʜʨʦʩʪʘʪʠʢʠ ʠ 

ʦʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʨʚrʘʝʪʩʷ ʚ 

ʥʦʚʦʤ ʦʢʥʝ çShip Hull Hy-

drostaticsè, ʛʜʝ ʩʣʝʚʘ-ʚʚʝʨʭʫ 

ʠʟʦʙʨʘʞʘʝʪʩʷ ʧʨʦʝʢʮʠʷ 

çʢʦʨʧʫʩè ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʯʝʨʪʝʞʘ (ʈʠʩ. 13) ʩ ʨʘʩʩʝʯʝ-

ʥʠʝʤ ʧʦʜʚʦʜʥʦʛʦ ʠ ʥʘʜʚʦʜ-

ʥʦʛʦ ʦʙʲʝʤʦʚ ʧʷʪʴʶ ʢʦʥ-

ʪʨʦʣʴʥʳʤʠ ʚʘʪʝʨʣʠʥʠʷʤʠ.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʚ ʨʘʤʢʘʭ ʩʪʘʥʜʘʨʪʥʳʭ 

(ʠʣʠ ʠʩʪʦʨʠʯʝʩʢʠʭ) ʤʝʪʦʜʠʢ, ʧʦ ʠʩʭʦʜʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʢʦ-

ʨʘʙʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʩʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʦʨʜʠʥʘʪ ʙʦʨʪʦʚʦʡ ʦʙ-

ʰʠʚʢʠ ʥʘ ʨʘʚʥʦʤʝʨʥʫʶ ʨʘʩʯʝʪʥʫʶ ʩʝʪʢʫ ʪʘʙʣʠʮʳ ʧʣʘʟʦʚʳʭ ʦʨʜʠʥʘʪ. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʢʦʥʪʫʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʡ ʦʪ ʚʝʨʪʠʢʘʣʴ-

ʥʦʡ ʘʧʧʣʠʢʘʪʳ ʥʝʣʴʟʷ ʨʘʙʦʪʘʪʴ ʩ ʥʝʦʜʥʦʟʥʘʯʥʳʤʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʧʦ-

ʩʪʨʦʝʥʠʷʤʠ ʰʧʘʥʛʦʫʪʦʚ ʠ ʰʪʝʚʥʝʡ. ʇʨʠ ʫʢʘʟʘʥʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʧʨʝʝʤ-

ʩʪʚʝʥʥʦʩʪʠ ʚ ʧʨʦʛʨʘʤʤʝ çHullè ʚʳʧʦʣʥʷʝʪʩʷ ʦʪʙʦʨ ʥʘʠʙʦʣʴʰʠʭ ʦʨʜʠʥʘʪ 

ʧʨʠ ʦʯʝʨʯʠʚʘʥʠʠ ʰʧʘʥʛʦʫʪʥʳʭ ʢʦʥʪʫʨʦʚ ʚ ʬʫʥʢʮʠʠ ʘʧʧʣʠʢʘʪʳ ʦʪ ʢʠʣʷ ʢ 

Stability        ɻʠʜʨʦʩʪʘʪʠʢʘ ʠ ʦʩʪʦʡʯʠʚʦʩʪʴ 
 ʢʣʘʩʩʠʢʘ ʉʝʤʸʥʦʚʘ ʊʷʥʴ-ʐʘʥʩʢʦʛʦ. 
F1 ʵʪʘ ʢʨʘʪʢʘʷ ʩʧʨʘʚʢʘ 
F4 ʧʘʨʘʤʝʪʨʳ ʜʠʘʛʨʘʤʤ ʦʩʪʦʡʯʠʚʦʩʪʠ 
 

<Enter> ʦʙʥʦʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 
<Esc> ʚʳʭʦʜ 
~~~~~ ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï 
  V ʛʨʫʟʦʚʦʡ ʨʘʟʤʝʨ, ʚʦʜʦʠʟʤʝɦ ʝʥʠʝ 
  S ʧʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ ʦʙʰʠʚʢʠ 
  Swl  ʧʣʦʱʘʜʴ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ 
  xS   ʘʙʩʮʠʩʩʘ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ 
  xC   ʘʙʩʮʠʩʩʘ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ 
  zC   ʘʧʧʣʠʢʘʪʘ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ 
  zM   ʘʧʧʣʠʢʘʪʘ ʤʝʪʘʮʝʥʪʨʘ 
  r, R   ʧʦʧʝʨʝʯʥʳʡ (ʭ) ʠ ʧʨʦʜʦʣʥɹʳʡ (ʫ) 
   ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʝ ʨʘʜʠʫʩʳ 
 Jx,Jy ʧʦʧʝʨʝʯʥʳʡ ʠ ʧʨʦʜʦʣʴʥʳʡ ʤʦʤʝʥʪʳ  
   ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ 
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ʧʘʣʫʙʘʤ, ʦʪʯʝʛʦ ʢʦʨʧʫʩ ʜʦʧʦʣʥʷʝʪʩʷ ʦʙʲʸʤʘʤʠ ʟʘ ʙʦʨʪʦʚʳʤʠ ʢʠʣʷʤʠ, ʧʦʜ 

ʧʨʦʛʠʙʘʤʠ ʢʦʨʤʦʚʳʭ ʪʦʥʥʝʣʝʡ, ʟʘ ʧʣʘʥʰʠʨʷʤʠ ʬʘʣʴʰʙʦʨʪʦʚ ʠ ʜʨ. 

ʆʢʝʘʥʩʢʠʡ ʢʦʨʘʙʣʴ ʧʦʚʳʰʝʥʥʦʡ ʰʪʦʨʤʦʚʦʡ ʤʦʨʝʭʦʜʥʦʩʪʠ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʤʥʦʛʦʢʦʨʧʫʩʥʳʤ, ʠ ʥʝ ʩʪʨʦʠʪʩʷ ʚ ʩʠʣʴʥʦ ʠʩʢʨʠʚʣʝʥʥʳʭ ʧʦʚʝʨʭʥʦ-

ʩʪʷʭ c ʦʙʨʘʪʥʦʡ ʢʨʠʚʠʟʥʦʡ, ʛʜʝ ʦʜʥʦʟʥʘʯʥʦ ʚʦʟʥʠʢʘʶʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʫʜʘʨʳ ʩʦ ʩʣʝʤʠʥʛʦʤ ʠ ʨʘʟʨʫʰʠʪʝʣʴʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʠ ʧʦʪʦʤʫ ʛʠʜ-

ʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʚ ʧʨʦʛʨʘʤʤʝ çHullè ʩʯʠʪʘʶʪʩʷ ʧʨʠʝʤʣʝʤʳʤʠ ʠ 

ʜʦʩʪʦʚʝʨʥʳʤʠ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʩʝʧʦʛʦʜʥʳʭ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʥʝʦʛʨʘʥʠ-

ʯʝʥʥʦʛʦ ʨʘʡʦʥʘ ʧʣʘʚʘʥʠʷ. 

 

ʈʠʩ. 13. ɺʘʨʠʘʥʪ ʨʘʩʯʸʪʘ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʠ ʜʠʘʛʨʘʤʤ ʦʩʪʦʡʯʠ-

ʚʦʩʪʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʫʜʥʘ çʇʨʦʬʝʩʩʦʨ ʇʘʚʝʣ ɻʦʨʜʠʝʥʢʦè. 

ʇʨʠ ʥʫʣʝʚʦʡ ʥʘʯʘʣʴʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʘʜʢʝ ʚʥʝʰʥʠʝ 

ʢʨʝʥʷʱʠʝ ʤʦʤʝʥʪʳ ʤʘʣʳ ʧʨʠʤʝʨʥʦ ʜʦ 15Ü ʚʦʣʥʦʚʦʛʦ ʩʢʣʦʥʘ. ʅʘ ʯʝʨʪʝʞʝ 

ʢʦʨʧʫʩʘ ʠ ʥʘ ʢʨʠʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨʪʝʞʘ ʧʨʠʚʝʜʝʥʳ ʣʠ-

ʥʠʠ ʦʩʘʜʦʢ, ʧʦ ʢʦʪʦʨʳʤ ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ ʦʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʬʠʢʩʠ-

ʨʦʚʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ. 
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ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ çAuroraè ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝ-

ʥʠʷ ʚʝʜʫʪʩʷ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʢʦʥʪʫʨʘʤʠ ʠʣʠ ʦʙʲʸʤʥʳʤʠ ʠʥʪʝʛʨʘʣʘʤʠ 

ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʠ ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʤʥʦʛʦʢʦʨʧʫʩʥʠʢʘʤʠ. 

ʅʘ ʛʨʘʬʠʯʝʩʢʦʤ ʵʢʨʘʥʝ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʯʝʨʪʝʞ ʢʦʨʘʙʣʷ ʚ ʧʨʦʝʢʮʠʠ 

ʢʦʨʧʫʩ ʠʟʦʙʨʘʞʘʝʪʩʷ ʣʝʚʝʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʚ ʪʦʤ ʞʝ ʚʝʨʪʠʢʘʣʴ-

ʥʦʤ ʤʘʩʰʪʘʙʝ (ʈʠʩ. 13) ʩ ʦʙʱʠʤʠ ʛʦʨʠʟʦʥʪʘʣʷʤʠ ʚʘʪʝʨʣʠʥʠʡ. ʄʝʞʜʫ ʠʩ-

ʭʦʜʥʳʤʠ ʰʧʘʥʛʦʫʪʘʤʠ ʩʚʝʪʣʦ-ʛʦʣʫʙʳʤʠ ʚʝʪʚʷʤʠ ʧʨʦʨʠʩʦʚʳʚʘʶʪʩʷ ʧʝʨʝ-

ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʝ ʢʦʥʪʫʨʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʘʩʯʸʪʘʭ, ʠ ʧʦ ʢʦʪʦʨʳʤ 

ʤʦʞʥʦ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʚʘʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʩʯʝʪʘʭ ʦʙʳʯ-

ʥʳʭ ʪʘʙʣʠʮ ʧʣʘʟʦʚʳʭ ʦʨʜʠʥʘʪ.  

ʅʘ ʧʨʦʝʢʮʠʠ ʢʦʨʧʫʩ (ʈʠʩ. 13 ï ʩʣʝʚʘ-ʚʚʝʨʭʫ) ʚ ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩ-

ʢʦʩʪʠ ʢʦʨʧʫʩʘ ʙʦʣʴʰʠʤ ʟʝʣʸʥʳʤʠ ʢʨʫʞʦʯʢʦʤ ʦʪʤʝʯʘʝʪʩʷ ʮʝʥʪʨ ʚʝʣʠʯʠʥʳ 

ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʘʜʢʝ, ʫ ʜʨʫʛʠʭ ʢʦʥʪʨʦʣʴʥʳʭ ʦʩʘʜʦʢ ʩʠʥʝʚʘʪʳʡ ʦʪʪʝ-

ʥʦʢ ʧʨʠ ʚʩʧʣʳʪʠʠ ʠ ʞʝʣʪʦʚʘʪʳʡ ï ʜʣʷ ʧʦʛʨʫʞʝʥʠʷ ʢʦʨʧʫʩʘ; ʩʘʤʳʝ ʤʘ-

ʣʝʥʴʢʠʝ ʪʦʯʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʦʩʘʜʢʘʤ. ɸʥʘʣʦʛʠʯʥʦ ʧʦʢʘ-

ʟʳʚʘʶʪʩʷ ʘʧʧʣʠʢʘʪʳ ʤʝʪʘʮʝʥʪʨʦʚ, ʪʦʣʴʢʦ ʢʨʘʩʥʳʤ ʢʨʫʞʦʯʢʦʤ ʯʫʪʴ 

ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʩ ʪʘʢʠʤʠ ʞʝ ʮʚʝʪʦʚʳʤʠ ʦʪʪʝʥʢʘʤʠ ʠ ʯʫʪʴ ʤʝʥʴʰʠʤʠ 

ʨʘʟʤʝʨʘʤʠ ʜʣʷ ʜʨʫʛʠʭ ʢʦʥʪʨʦʣʴʥʳʭ ʚʘʪʝʨʣʠʥʠʡ. 

ʂʨʠʚʳʝ ʵʣʝʤʝʥʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨʪʝʞʘ ʧʨʠʚʦʜʷʪʩʷ ʚ ʧʨʘʚʦʡ ʯʘ-

ʩʪʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ (ʈʠʩ. 13 ï ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ), ʛʜʝ ʧʨʠʚʦ-

ʜʪ̫ʩʷ ʦʩʥʦʚʥʳʝ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʛʦʨʠʟʦʥʪʘʣʠ ʢʦʥʪʨʦʣʴʥʳʭ ʚʘʪʝʨʣʠʥʠʡ. 

ʈʘʟʤʝʪʢʘ ʢʨʠʚʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʚʩʝʡ ʚʳʩʦʪʝ: ʦʪ ʥʠʞʥʝʡ ʪʦʯʢʠ ʥʘ ʢʠʣʝ, 

ʜʦ ʧʘʣʫʙʳ ʠ ʚʳʰʝ. ʉʣʝʚʘïʚʥʠʟʫ ï ʛʨʘʬʠʢʠ ʜʠʘʛʨʘʤʤ ʦʩʪʦʡʯʠʚʦʩʪʠ ʩ ʫʢʘ-

ʟʘʥʠʝʤ ʤʝʪʦʜʘ ʦʪʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ: ʥʘʜ ʮʝʥʪʨʦʤ ʚʝʣʠʯʠ-

ʥʳ; ʥʘʜ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʝʡ; ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʪʘʮʝʥʪʨʘ ï ʤʝʪʘʮʝʥ-

ʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʦʜʠʥʘʢʦʚʘʷ ʜʣʷ ʚʩʝʭ ʦʩʘʜʦʢ; ʠ ʥʘʜ ʦʩʥʦʚʥʦʡ ʣʠʥʠʝʡ ï 

ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʝ ʥʘ 
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ʚʦʣʥʝʥʠʠ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʨʝʘʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʢʦʨʘʙʣʷ ʚ ʰʪʦʨʤʦʚʦʤ ʤʦ-

ʨʝ. 

ʉʧʨʘʚʘ ʚʥʠʟʫ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʧʦʜʧʠʩʳʚʘʶʪʩʷ ʪʝʢʫʱʠʝ ʦʪʩʯʝʪʳ ʧʦʜ 

ʢʫʨʩʦʨʦʤ ʤʳʰʠ, ʩ ʫʢʘʟʘʥʠʝʤ ʥʘʟʚʘʥʠʡ ʛʨʘʬʠʯʝʩʢʠʭ ʩʝʢʪʦʨʦʚ ʵʢʨʘʥʘ: 

çʂʦʨʧʫʩè, çʂʕʊʏè (ʢʨʠʚʳʝ ʵʣʝʤʝʥʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨʪʝʞʘ) ʠ 

çʆʩʪʦʡʯʠʚʦʩʪʴè. 

ɺʳʙʦʨ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʪʨʦʣʴʥʳʭ 

ʚʘʪʝʨʣʠʥʠʡ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ 

ʜʠʘʛʨʘʤʤʳ ʦʩʪʦʡʯʠʚʦʩʪʠ ʠ ʬʦʨʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʚ ʤʝʥʶ ʧʦ ʢʦʤʘʥʜʝ: <F4> ï 

çʧʘʨʘʤʝʪʨʳ ʜʠʘʛʨʘʤʤ ʦʩʪʦʡʯʠʚʦʩʪʠè, ʚ ʤʝʥʶ, ʧʦʷʚʣʷʶʱʝʤʩʷ ʧʨʘʚʝʝ ʜʠʘ-

ʛʨʘʤʤ ʦʩʪʦʡʯʠʚʦʩʪʠ. 

ʇʦ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʚʳʙʠʨʘʝʪʩʷ ʚʘʨʠʘʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʘʛʨʘʤʤ 

ʦʩʪʦʡʯʠʚʦʩʪʠ, ʛʜʝ ʧʨʝʜʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʦʪʩʪʦʷʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝ-

ʩʪʠ ʜʣʷ ʠʩʭʦʜʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʘʜʢʠ: 

«ʎʊ ʥʘʜ ʮʝʥʪʨʦʤ ʚʝʣʠʯʠʥʳ»  ï ʜʠʘʛʨʘʤʤʘ ʦʩʪʦʡʯʠʚʦʩʪʠ ʬʦʨʤʳ ʢʦʨ-

ʧʫʩʘ ï ʦʮʝʥʢʘ ʵʬʬʝʢʪʘ ʜʝʡʩʪʚʠʷ ʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥ; 

 «ʄʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ» ï ʦʩʪʦʡʯʠʚʦʩʪʴ ʙʝʟ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʷ 

ʦʩʘʜʢʠ ï ʫʩʣʦʚʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶɦ ʠʭ/ʢʨʝʥʷɦʠʭ 

ʤʦʤʝʥʪʦʚ; 

 «ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʘʪʝʨʣʠʥʠʠ» ï ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʦʮʝʥʢʘ ʦʩʪʦʡʯʠʚʦʩʪʠ, 

ʠʣʠ ʧʨʷʤʦʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ; 

 «ʎʊ ʥʘʜ ʦʩʥʦʚʥʦʡ ʣʠʥʠʝʡ» ï ʧʨʘʢʪʠʯʝʩʢʘʷ ʦʩʪʦʡʯʠʚʦʩʪʴ ʜʣʷ ʨʝʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʡ ʰʪʦʨʤʦʚʦʛʦ ʧʣʘʚʘʥʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʘʧʧʣʠ-

ʢʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢʦʨʘʙʣʷ. 

ɺʦ ʚʪʦʨʦʡ ʩʪʨʦʢʝ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʜʣʷ ʧʨʦ-

ʨʠʩʦʚʢʠ ʜʠʘʛʨʘʤʤ ʦʩʪʦʡʯʠʚʦʩʪʠ; ʚ ʥʠʞʥʝʡ ʩʪʨʦʢʝ ʫʢʘʟʳʚʘʝʪʩʷ ʠʥʪʝʨʚʘʣ 

ʢʦʥʪʨʦʣʴʥʳʭ ʚʘʪʝʨʣʠʥʠʡ, ʧʦ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʚʳʯʠʩʣʝʥʠʷ. 

 

ɼʠʘʛʨʘʤʤʘ ʈʠʜʘ 
ʎʊ ʥʘʜ ʮʝʥʪʨʦʤ ʚʝʣʠʯʠʥ  r    0.00 
ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʢʨʝʥʘ     180° 
ɺʳʙʦʨ ʚʘʪʝʨʣʠʥʠʡ   ʩ  2    ʧʦ     8 
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ʆʩʥʦʚʥʳʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠʥʪʝʛʨʘʣʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ɺʥʝʰʥʠʡ ʮʠʢʣ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʛʨʘʬʠʢʦʚ 

ʢʨʠʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨʪʝʞʘ (ʂʕʊʏ) ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʝʜʠ-

ʥʦʤʫ ʘʨʛʫʤʝʥʪʫ ï ʘʧʧʣʠʢʘʪʝ.  

ʈʝʟʫʣʴʪʘʪʳ ʫʜʦʙʥʦ ʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʚ ʤʘʩʰʪʘʙʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨ-

ʪʝʞʘ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ, ʩ ʦʪʤʝʪʢʦʡ ʨʘʩʯʝʪʥʳʭ ʚʘʪʝʨʣʠʥʠʡ ʦʙʱʝʡ ʛʦʨʠʟʦʥ-

ʪʘʣʴʶ (ʈʠʩ. 13).  

ʇʦ ʵʪʠʤ ʞʝ ʛʦʨʠʟʦʥʪʘʣʷʤ ʦʩʘʜʦʢ ʩʣʝʚʘ ʚʥʠʟʫ ʩʪʨʦʷʪʩʷ ʜʠʘʛʨʘʤʤʳ 

ʈʠʜʘ (ʛʨʘʬʠʢʠ ʧʦʧʝʨʝʯʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ). 

ʅʘ ʛʨʘʬʠʢʘʭ ʧʨʘʚʝʝ ʧʨʦʝʢʮʠʠ ʢʦʨʧʫʩʘ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨʪʝʞʘ ʨʘʟ-

ʤʝʯʘʶʪʩʷ 12 ʢʨʠʚʳʭ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʦʩʘʜʢʠ: 

Z [ʤ]ï ʘʧʧʣʠʢʘʪʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʢʨʝʩʪʥʦʡ ʚʳʙʦʨʢʠ; 

zC, zM [ʤ]ï ʘʧʧʣʠʢʘʪʳ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ ʠ ʤʝʪʘʮʝʥʪʨʘ; 

V [ʤ3] ï ʛʨʫʟʦʚʦʡ ʨʘʟʤʝʨ, ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ ʚʦʜʫ ʯʘʩʪʠ 

ʢʦʨʧʫʩʘ; 

S [ʤ2] ï ʩʤʦʯʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ; 

Swl [ʤ2] ï ʧʣʦʱʘʜʴ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ; 

xS, xC [ʤ] ï ʘʙʩʮʠʩʩʳ ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ ʠ ʚʝʣʠʯʠʥʳ ʢʦʨʧʫʩʘ; 

r, R [ʤ] ï ʧʦʧʝʨʝʯʥʳʡ ʠ ʧʨʦʜʦʣʴʥʳʡ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʝ ʨʘʜʠʫʩʳ; 

Jx, Jy [ʤ4] ï ʧʦʧʝʨʝʯʥʳʡ ʠ ʧʨʦʜʦʣʴʥʳʡ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ 

ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ;  

ʇʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʧʦʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʪʨʘʧʝʮʠʡ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʯʠʩʣʦʚʳʭ ʚʳʙʨʦʩʦʚ ʧʨʠ ʩʠʣʴʥʳʭ ʠʩʢʨʠʚʣʝʥʠʷʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʨʘʩʯʸʪʥʳʭ ʩʝʪʢʘʭ, ʠ ʥʝ ʦʞʠʜʘʝʪʩʷ ʥʝ-

ʘʜʝʢʚʘʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʞʝ ʚ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʷ ʦʮʠʬʨʦʚʦʢ ʩ ʷʚʥʳʤʠ 

ʥʝʜʦʯʸʪʘʤʠ, ʠʟʣʠʰʥʠʤʠ ʜʘʥʥʳʤʠ ʠʣʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʚ ʦʮʠʬʨʦʚʢʝ ʠʩ-

ʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ. 
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ʇʣʦʱʘʜʴ ʚʘʪʝʨʣʠʥʠʠ: 

ʇʨʦʜʦʣʴʥʳʡ ʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ: 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ ʧʦ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ 

ʦʩʷʤ: 

ɸʙʩʮʠʩʩʘ ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ ʜʣʷ ʪʝʢʫʱʝʡ ʦʩʘʜʢʠ: 

ʆʙʲʸʤʥʦʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ: 

ʉʪʘʪʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ ʧʣʦʱʘʜʝʡ ʚʘʪʝʨʣʠʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʧʧʣʠʢʘ-

ʪʳ ʠ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ: 

ʂʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ ʧʦ ʘʙʩʮʠʩʩʝ ʠ ʘʧʧʣʠʢʘʪʝ: 

ʇʦʧʝʨʝʯʥʳʡ r ʠ ʧʨʦʜʦʣʴʥʳʡ R ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʝ ʨʘʜʠʫʩʳ: 

ɸʧʧʣʠʢʘʪʳ ʧʦʧʝʨʯʝʥʥʦʛʦ ʠ ʧʨʦʜʦʣʴʥʦʛʦ ʤʝʪʘʮʝʥʪʨʦʚ: 

 ñ= dxzyzS )()( . [ʤ2]  (1) 

 ñ= dxzyxzMx )(·)( . [ʤ3]  (2) 

 ñ= dxzyzJx )()( 3
;  ñ= dxzyxzJy )(·)( 2

 [ʤ4]  (3) 

 )(/)()( zSzMxzXf = . [ʤ] (4) 

 ñ=
z

dzxSzV
0

)()( . [ʤ3]  (5) 

 ñ=
z

dzzSzzʉz
0

.)(·)( ;  ñ=
z

dzzMxzʉx
0

.)()(  [ʤ4]  (6) 

 )(/)()();(/)()( zVzCzzZczVzCxzXc == . [ʤ4]  (7) 

 )(/)();(/)( zVzJyRzVzJxr == . [ʤ] (8) 

 RZczMrZczm +=+= ; . [ʤ] (9) 



36 

ʇʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʨʪʦʚʦʡ ʦʙh ʠʚʢʠ: 

ʛʜʝ: S(0) ï ʧʣʦʱʘʜʴ ʜʥʠʱʘ ʧʨʠ ʘʧʧʣʠʢʘʪʝ z = 0, dyx ʠ dyz ï ʨʘʟʥʦʩʪʠ ʦʨʜʠ-

ʥʘʪ ʧʦ ʵʣʝʤʝʥʪʘʨʥʳʤ ʷʯʝʡʢʘʤ ʙʦʨʪʦʚʦʡ ʦʙh ʠʚʢʠ. 

ɼʣʷ ʦʙʱʝʛʦ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʪʘʙʣʠʮʳ ʦʨʜʠʥʘʪ 

ʜʦʧʦʣʥʷʶʪʩʷ ʦʧʠʩʘʥʠʝʤ ʰʪʝʚʥʝʡ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʢʦʥʪʫʨʠʚʘʥʠʷ ʧʘʣʫʙ 

ʠ ʥʘʜʩʪʨʦʝʢ. ʐʪʝʚʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʘʨʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʨʠʚʳʭ ʩ 

ʦʙʱʠʤ ʘʨʛʫʤʝʥʪʦʤ ʧʦ ʘʧʧʣʠʢʘʪʘʤ: ʚ ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʦʨʧʫʩʘ; ʠ 

ʚ ʨʘʩʰʠʨʝʥʠʷʭ ʧʦ ʦʨʜʠʥʘʪʘʤ, ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʪʨʘʥʮʝʚʳʭ ʠʣʠ ʩʢʨʫʛʣʷʝʤʳʭ 

ʦʙʲʸʤʦʚ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ ʢʦʨʧʫʩʘ.  

ɸʙʩʮʠʩʩʘ ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ ʚ ʦʢʦʥʝʯʥʳʭ ʪʨʘʧʝʮʠʷʭ ʫʪʦʯʥʷʝʪʩʷ ʧʦ ʦʪ-

ʩʪʦʷʥʠʶ ʰʪʝʚʥʷ ʦʪ ʙʣʠʞʘʡʰʝʛʦ ʢ ʥʝʤʫ ʨʘʩʯʸʪʥʦʛʦ ʰʧʘʥʛʦʫʪʘ: 

 
)·(3

)·2)·((

y

yx

x
Sy

SyxS
xC

+

+-
+= , [ʤ] (11) 

ʛʜʝ: x, y ï ʘʙʩʮʠʩʩʘ ʠ ʦʨʜʠʥʘʪʘ ʙʣʠʞʘʡʰʝʡ ʢ ʰʪʝʚʥʶ ʪʦʯʢʠ ʥʘ ʰʧʘʥʛʦʫʪʝ, 

sx, sy ï ʢʦʦʨʜʠʥʘʪʳ ʥʘ ʪʦʡ ʞʝ ʚʘʪʝʨʣʠʥʠʠ ʥʘ ʩʨʝʟʝ ʰʪʝʚʥʷ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʠʘʛʨʘʤʤ ʦʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʦʛʠʯʥʳʡ 

ʨʘʩʯʝʪ ʚʦʜʦʠʟʤʝʱʝʥʠʡ, ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʝʡ ʚʘʪʝʨʣʠʥʠʡ ʠ ʤʝʪʘ-

ʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʜʠʫʩʦʚ ʜʣʷ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ ʦʩʘʜʦʢ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʦʚ ʢʨʝʥʘ. ɿʘʪʝʤ ʚʳʧʦʣʥʷʝʪʩʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʢ ʫʩʣʦʚʥʦ ʨʘʩ-

ʯʝʪʥʦʡ ʦʩʘʜʢʝ ʜʣʷ ʪʨʝʙʫʝʤʦʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ, ʠ ʧʦ ʧʦʣʫʯʝʥʥʦʤʫ ʘʨʛʫ-

ʤʝʥʪʫ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʚʝʣʠʯʠʥʳ ʢ ʜʠʘʛʨʘʤʤʘʤ ʦʩʪʦʡʯʠ-

ʚʦʩʪʠ. 

ʌʦʨʤʘʣʴʥʦ ʜʠʘʛʨʘʤʤʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʯʝʪʥʘʷ ʬʫʥʢʮʠʷ 

ʯʠʩʪʦʡ ʩʠʥʫʩʦʠʜʳ, ʫʛʦʣ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʢʦʪʦʨʦʡ ʚ ʪʦʯʢʝ ʥʫʣʝʚʦʛʦ ʫʛʣʘ ʢʨʝ-

ʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʦʡ, ʢʘʢ ʣʠʥʠʝʡ ʧʨʦʭʦʜʷʱʝʡ ʯʝ-

ʨʝʟ ʚʝʣʠʯʠʥʫ ʧʣʝʯʘ ʦʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʦʪʩʯʸʪʝ ʫʛʣʘ ʢʨʝʥʘ ʚ ʦʜʠʥ ʨʘʜʠʘʥ. 

 ññ +++=
z

zx dzdxyySziS
0

22 )1()0()( dd , [ʤ2]  (10) 
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ʕʣʝʤʝʥʪʘʨʥʘʷ ʩʠʥʫʩʦʠʜʘ ʧʦ ʨʘʟʥʦʩʪʠ ʘʧʧʣʠʢʘʪ ʜʣʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʩ ʮʝʥ-

ʪʨʦʤ ʦʙʲʸʤʘ ʵʣʣʠʧʩʦʠʜʘ ʚ ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʛʨʘʤʤʘʤ ʦʩʪʦʡʯʠ-

ʚʦʩʪʠ ʧʨʘʚʠʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʠʣʠ ʵʣʣʠʧʩʦʠʜʘ ʩ ʢʨʫʛʦʚʳʤʠ ʰʧʘʥʛʦʫʪʘʤʠ 

(ʈʠʩ. 14).  

 

ʈʠʩ. 14. ʂʦʨʧʫʩ ʛʘʣʝʦʥʘ ʠʟ ʵʧʦʭʠ ɺʝʣʠʢʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʪʢʨʳʪʠʡ ʦʙ-

ʣʘʜʘʝʪ ʫʜʠʚʠʪʝʣʴʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʴʶ, ʚʩʝʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʧʦʩʘʜʢʠ ʚ ʫʩʣʦʚʠʷʭ ʚʝʨʪʠʢʘʣʥɹʦʡ ʢʘʯʢʠ, ʠ ʙʝʟ ʫʛʣʦʚ ʟʘʢʘʪʘ 

ʜʠʘʛʨʘʤʤ ʜʘʞʝ ʧʨʠ ʥʫʣʝʚʦʡ ʥʘʯʘʣʴʥʦʡ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʝ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʦʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʠʟʚʦʣʴ-

ʥʦʛʦ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʣʠʰʴ ʦʪʦʙʨʘʞʘʶʪ ʠʩʢʘʞʝʥʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʦʙʲʸʤʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʚʦʜʦʚ. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʫʛʦʚʳʝ ʮʠʣʠʥʜʨʳ ʠʣʠ ʵʣʣʠʧʩʦʠʜʳ ʥʝ ʧʨʠʚʥʦʩʷʪ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ ʬʦʨʤʳ, ʠʟʥʘʯʘʣʴʥʦ ʦʙʣʘʜʘʷ ʘʙʩʦʣʶʪʥʦʡ ʦʩʪʦʡ-

ʯʠʚʦʩʪʴʶ ʜʣʷ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ ʫʛʣʦʚ ʢʨʝʥʘ ʦʪ ʨʦʚʥʦʛʦ ʢʠʣʷ ʜʦ ʦʚʝʨʢʠʣʷ, 

ʪʦ ʝʩʪʴ, ʙʝʟ ʬʠʟʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʦʢʠʜʳʚʘʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

ʥʘʣʠʯʠʝ ʫʛʣʦʚ ʟʘʢʘʪʘ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʦʩʪʦʡʯʠʚʦʩʪʠ ʨʝʘʣʴʥʳʭ ʩʫʜʦʚ 

ʜʦʣʞʥʳ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʣʠʙʦ ʚ ʢʘʯʝʩʪʚʝ ʛʨʫʙʝʡʰʠʭ ʧʨʦʝʢʪʥʳʭ 
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ʦʰʠʙʦʢ, ʣʠʙʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʦʛʦʚʦʨʢʘʤʠ ʦʙ ʦʧʘʩʥʦʩʪʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʫʱʝʡ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴʶ ʧʦ ʠʥʳʤ ʧʨʦʝʢʪʥʳʤ ʧʨʝʜʧʦʩʳʣʢʘʤ, ʩ ʜʦʣʞ-

ʥʦʡ ʧʨʦʨʘʙʦʪʢʦʡ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦ ʪʘʢʠʤ ʩʣʫʯʘʷʤ ʥʘʩʪʘʚʣʝʥʠʡ ʧʦ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʤʦʨʝʧʣʘʚʘʪʝʣʝʡ. 

ɼʠʘʛʨʘʤʤʳ ʦʩʪʦʡʯʠʚʦʩʪʠ ʩ ʥʫʣʝʚʦʡ ʥʘʯʘʣʴʥʦʡ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ 

ʚʳʩʦʪʦʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʯʠʩʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʢʦʨʘʙʝʣʴʥʦʛʦ 

ʢʦʨʧʫʩʘ, ʠ, ʚʠʜʠʤʦ, ʥʝʞʝʣʘʪʝʣʴʥʦ ʯʪʦʙʳ ʚʝʪʚʠ ʢʨʠʚʳʭ ʦʩʪʦʡʯʠʚʦʩʪʠ 

ʦʧʫʩʢʘʣʠʩʴ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʟʦʥʫ ʧʨʠ ʣʶʙʳʭ ʫʛʣʘʭ ʢʨʝʥʘ, ʯʪʦ ʠʥʘʯʝ ʙʫ-

ʜʝʪ ʷʚʣʷʪʴʩʷ ʚʘʞʥʳʤ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝʤ ʦʧʘʩʥʦʩʪʠ ʥʝʧʨʝʜʚʠʜʝʥʥʦʛʦ ʠ 

ʤʛʥʦʚʝʥʥʦʛʦ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʢʦʨʘʙʣʷ ʚ ʰʪʦʨʤʦʚʦʤ ʧʣʘʚʘʥʠʠ, ʠʣʠ ʧʨʠ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʷʭ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʢʦʨʧʫʩʘ. 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʙʣʦʢ ʜʠʘʛʨʘʤʤ ʦʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʦʠʪʩʷ ʜʣʷ ʬʠʢʩʠʨʦ-

ʚʘʥʥʦʛʦ ʧʦ ʘʧʧʣʠʢʘʪʝ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʘʙʣʷ, ʠʟ ʨʘʩʯʝʪʘ, ʯʪʦ ʥʘ ʢʦʥʪʨʦʣʴ-

ʥʦʡ ʦʩʘʜʢʝ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʧʨʠʚʝʜʸʥ ʢ ʘʧʧʣʠʢʘʪʝ ʤʝʪʘʮʝʥʪʨʘ, ʯʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʥʫʣʝʚʦʡ ʥʘʯʘʣʴʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ. ʊʘʢʦʡ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʚʝʪ-

ʚʝʡ ʜʠʘʛʨʘʤʤ ʦʩʪʦʡʯʠʚʦʩʪʠ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʮʝʥʪʨʘ ʤʘʩʩ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʩʘʜʦʢ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʙʳʩʪʨʦʡ  ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʰʪʦʨʤʦʚʦʛʦ ʧʣʘʚʘʥʠʷ ʢʦʨʘʙʣʷ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ ʙʦʨʪʦʚʦʡ ʠ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʢʘʯʢʠ. 

ɺ ʘʣʛʦʨʠʪʤʘʭ ʧʨʦʛʨʘʤʤʳ Hull ʧʣʝʯʠ ʦʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʦʷʪʩʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʫʣʝʚʦʡ ʪʦʯʢʠ ʥʘ ʫʨʦʚʥʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʚʘʪʝʨʣʠʥʠʠ, ʠ ʪʦʛʜʘ ʟʘ-

ʧʨʦʩʳ ʚ ʧʦʩʪʨʦʝʥʠʠ ʜʠʘʛʨʘʤʤ ʦʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʦʷʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʚʫʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʦʚ ʢʨʝʥʘ  ᵻʠ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʦʙʲʸʤ-

ʥʦʡ ʥʘʯʘʣʴʥʦʡ ʦʩʘʜʢʠ z. 

«ʄʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ» ï ʩ ʬʠʢʩʘʮʠʝʡ ʩʥʠʞʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝ-

ʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʛʥʦʚʝʥʥʦʛʦ ʤʝʪʘʮʝʥʪʨʘ zm ʥʘ ʚʝʣʠʯʠʥʫ Zm ʚʳʧʦʣʥʷʝʪ-

ʩʷ ʦʮʝʥʢʘ ʦʩʪʦʡʯʠʚʦʩʪʠ ʬʦʨʤʳ ʢʦʨʧʫʩʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʪʥʳʭ ʦʩʘʜʦʢ 

ʧʨʠ ʩʪʨʦʛʦ ʦʜʠʥʘʢʦʚʦʡ ʚʝʣʠʯʠʥʝ ʥʘʯʘʣʴʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ: 
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«ʎʊ ʥʘʜ ʮʝʥʪʨʦʤ ʚʝʣʠʯʠʥʳ» ï ʚʘʨʠʘʥʪ ʬʠʢʩʘʮʠʠ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʥʘ 

ʚʝʣʠʯʠʥʫ Zm ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʛʥʦʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ Zc ʚ ʫʩʣʦʚʠʷʭ 

ʢʨʝʥʘ  ᵻʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ z ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʝʢʪʥʳʝ ʢʘʯʝʩʪʚʦ ʬʦʨʤʳ 

ʢʦʨʧʫʩʘ ʠ ʟʘʧʘʩ ʦʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʥʘʢʨʝʥʝʥʠʷ: 

«ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʘʪʝʨʣʠʥʠʠ» ï ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʦʮʝʥʢʘ ʦʩʪʦʡʯʠʚʦʩʪʠ 

ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠ-

ʥʠʠ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʨʦʝʢʪʥʳʭ ʦʮʝʥʦʢ ʥʘʯʘʣʴʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ ʢʦʨʘʙʣʷ 

ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʫʛʣʘʭ ʢʨʝʥʘ 

ʛʜʝ:  z ï ʨʘʩʯʸʪʥʦʝ ʟʥʘʯʝʥʠʝ ʦʩʘʜʢʠ ʧʨʠ ʨʘʚʥʦʦʙʲʤyʥʦʤ ʥʘʢʨʝʥʝʥʠʠ ʢʦʨ-

ʧʫʩʘ. 

«ʎʊ ʥʘʜ ʦʩʥʦʚʥʦʡ ʣʠʥʠʝʡ» ï ʧʨʘʢʪʠʯʝʩʢʘʷ ʦʩʪʦʡʯʠʚʦʩʪʴ ʩ ʬʠʢʩʠʨʦ-

ʚʘʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʘʧʧʣʠʢʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢʦʨʘʙʣʷ ï ʢʘʢ ʢʣʯʁʝʚʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʨʝʭʦʜʥʦʩʪʠ ʢʦʨʘʙʣʷ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ ʰʪʦʨʤʦ-

ʚʦʡ ʢʘʯʢʠ: 

ʛʜʝ: T ï ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʨʘʩʯʸʪʥʘʷ ʠʣʠ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʦʩʘʜʢʘ ʢʦʨʘʙʣʷ. 

 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʨʘʙʝʣʴʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʩʯʸʪʘʭ 

ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʢʦʨʘʙʣʷ 

ɻʠʜʨʦʤʝʭʘʥʠʢʘ ʢʦʨʘʙʣʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰ-

ʥʠʤ ʚʦʣʥʝʥʠʝʤ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʄʠʯʝʣʣʘ [13], ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʪʦʯʥʝʥʠʷ ʧʦ ʂʦʯʠʥʫ [5]  ʜʣʷ ʯʘʩʪʠʯʥʦʛʦ 

 )·sin()),((),()( 0 JJJJ Zmzzmzll --= . [ʤ] (12) 

 ))·sin(),((),()( 0 JJJJ ZmzZczll +-= . [ʤ] (13) 

 ))·sin()((),()( 0 JJJJ Zmzzll +-= , [ʤ] (14) 

 ))·sin((),()( 0 JJJ ZmTzll +-= , [ʤ] (15) 
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ʫʯʸʪʘ ʰʠʨʠʥʳ ʢʦʨʧʫʩʘ ʠ ʫʛʣʦʚ ʚʭʦʞʜʝʥʠʷ (ʠ ʩʭʦʞʜʝʥʠʷ ʧʦ ʢʦʨʤʝ) ʚʘʪʝʨ-

ʣʠʥʠʡ.  

ʆʮʝʥʦʯʥʳʝ ʨʘʩʯʸʪʳ ʢʦʨʘʙʝʣʴ-

ʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʦʣʥʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʦʨʤʘʣʴʥʦ ʧʦʟʚʦ-

ʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠ-

ʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʨʫʧʥʳʭ ʰʪʦʨ-

ʤʦʚʳʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʚ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ ʄʠʯʝʣʣʘ ʧʨʝʜʩʪʘʚʣʷ-

ʶʪʩʷ ʩʧʝʢʪʨʦʤ ʥʘʙʝʛʘʶʱʠʭ ʥʘ ʢʦ-

ʨʘʙʣʴ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʨʘʞʝʥʠʝʤ 

ʦʪ ʢʦʨʧʫʩʘ ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ: l Í [ 0 · L = 2ÖpÖV0
2/g], ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʚʦʡ ʧʦʣʦ-

ʚʠʥʝ ʬʘʟʦʚʦʛʦ ʫʛʣʘ: J Í 0 ÷ p/2, ʪʦʛʜʘ ʢʘʢ ʥʝʜʦʩʪʘʶʱʘʷ ʯʝʪʚʝʨʪʴ ʛʦʨʠʟʦʥ-

ʪʘ: J Í p/2 ÷ p  ʩʦʩʪʘʚʣʷʝʪ çʚʥʝʰʥʶʶ ʚʦʣʥʫè ʚ ʨʘʚʥʦʤʝʨʥʦʤ ʙʝʣʦʤ ʩʧʝʢ-

ʪʨʝ, ʠʣʠ ï ʩʧʣʦʰʥʦʤ ʚʩʪʨʝʯʥʦʤ ʧʦʪʦʢʝ. 

ʀʣʠ ʠʥʘʯʝ, ʝʩʣʠ ʚ ʜʚʠʞʝʥʠʠ ʥʘ ʢʦʨʧʫʩʝ ʢʦʨʘʙʣʷ ʧʦʨʦʞʜʘʶʪʩʷ ʢʦʨʘ-

ʙʝʣʴʥʳʝ ʚʦʣʥʳ ʩ ʷʨʢʦʤ ʚʳʨʘʞʝʥʥʳʤʠ ʧʝʨʠʦʜʘʤʠ, ʪʦ ʰʪʦʨʤʦʚʘʷ ʚʦʣʥʘ ʩ 

ʪʘʢʠʤʠ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʥʘʠʙʦʣʝʝ ʩʠʣʥɹʦʝ ʩʠʣʦʚʦʝ 

(ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ) ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʧʨʦʮʝʩʩʝ ʢʠʣʝʚʦʡ ʠ ʙʦʨʪʦʚʦʡ ʢʘʯʢʠ, ʘʩʩʦ-

ʮʠʠʨʫʝʤʳʭ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʠ ʨʘʩʭʦʜʷʱʠʤʠʩʷ ʢʦʨʘʙʝʣʴʥʳʤʠ ʚʦʣʥʘʤʠ, ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʦʛʜʘ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʤ ʢʨʠʪʝʨʠʝʤ ʰʪʦʨʤʦʚʦʡ ʤʦʨʝʭʦʜʥʦʩʪʠ ʩʪʘʥʦ-

ʚʠʪʩʷ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʨʘʙʝʣʴʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠ ̫ʠ ʚʦʣʥʦ-

ʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʚʩʝʭ ʩʢʦʨʦʩʪʷʭ ʭʦʜʘ, ʚʢʣʶʯʘʷ ʟʘʢʨʠʪʠʯʝʩʢʠ ʚʳʩʦ-

ʢʠʝ, ʥʘʧʨʠʤʝʨ ʜʦ ʚʝʣʠʯʠʥ Fn Ò 0,8, ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ 

ʚʩʝʤʫ ʩʧʝʢʪʨʫ ʧʝʨʠʦʜʦʚ ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ, ʩʦʠʟʤʝʨʠʤʳʭ ʧʦ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤ ʩʦ ʰʪʦʨʤʦʚʳʤ ʚʦʣʥʝʥʠʝʤ ʚ ʟʘʜʘʥʥʦʤ ʨʘʡʦʥʝ ʧʣʘʚʘʥʠʷ ʢʦʨʘʙʣʷ. 

Wave   ɺʦʣʥʦʦʙʨʘʟʦʚʘʥʠʝ ʠ 
 ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠ ʁ
 ʢʦʨʘʙʣʷ ʥʘ ʪʠʭʦʡ ʚʦʜʝ. 
F1 ʢʨʘʪʢʘʷ ʩʧʨʘʚʢʘ 
F7 ʧʦ çʐʪʦʨʤʦʚʦʡ ʤʦʨʝʭʦʜʥʦʩʪʠè 
F8 ʠʟ ʂʦʨʘʙʝʣʢʠ  + ɸ. ʅ. ʐʝʙʘʣʦʚ  
F9 ++ ʦʩʪʘʪʦʯʥʦʝ ʦʪ ɸ. ʐ. ɻʦʪʤʘʥ 
 
(LMouse)   + ʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 
<Space>   ʩʙʨʦʩ ʧʨʦʬʠʣʝʡ ʚʦʣʥ 
<Enter>   ʦʙʥʦʚʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ 
<Tab>   ʠʥʘʷ ʤʦʜʝʣʴ ʄʠʯʝʣʣʘ 
<Esc>/<ctrlC> ʟʘʚʝʨʰʝʥʠʝ 
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ʇʨʦʩʪʝʡʰʠʝ ʦʮʝʥʢʠ ʩʫʤʤʘʨʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʨʘʙʝʣʴʥʦʛʦ ʚʦʣʥʦ-

ʦʙʨʘʟʦʚʘʥʠʷ ʦʧʠʨʘʶʪʩʷ ʥʘ ʘʥʘʣʠʟ ʵʬʬʝʢʪʦʚ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʦʧʝʨʝʯʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʚʦʣʥʳ ʚʜʦʣʴ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ. ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ 

ʢʦʨʧʫʩʘ ʟʘ ʢʦʨʤʦʡ ʢʦʨʘʙʣʷ ʦʙʨʘʟʫʝʪʩʷ ʨʝʛʫʣʷʨʥʘʷ ʩʠʩʪʝʤʘ ʧʦʧʝʨʝʯʥʳʭ 

ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ, ʜʣʠʥʘ ʠ ʧʝʨʠʦʜ ʢʦʪʦʨʳʭ ʩʪʨʦʛʦ ʩʚʷʟʘʥʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʭʦʜʘ ʢʦʨʘʙʣʷ: lW = V0
2·2p/g; t W = V0·2p/g. ɺʠʟʫʘʣʴʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩ-

ʩʪʦʷʥʠʡ ʤʝʞʜʫ ʛʨʝʙʥʷʤʠ ʚʦʣʥ l ʠ ʜʣʠʥʦʡ ʢʦʨʘʙʣʷ L : (l|/L) = V2 / L ·2p/g, 

ʦʧʨʝʜʝʣʷʝʪ ʢʨʠʪʝʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦ ʢʦʨʘʙʝʣʴʥʦʤʫ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʶ 

ʩʢʦʨʦʩʪʠ ʭʦʜʘ, ʢʘʢ ʢʨʠʪʝʨʠʡ ʌʨʫʜʘ: 

 Fn =V/ LgÖ , 

ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ ʚʠʜʠʤʘʷ ʬʦʨʤʘ ʠʟʣʫʯʘʝʤʦʡ ʚʦʣʥʳ ʩ ʤʘʢʩʠʤʘʣʥɹʦʡ 

ʜʣʠʥʦʡ:  

 (l/L) = 2p·Fn2   

ʠʣʠ    

 Fn =
LÖp

l

2
  å ( )LlÖ4.0 . 

 

ʈʠʩ. 15.  ʍʘʨʘʢʪʝʨʥʳʝ ʨʝʞʠʤʳ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ V å ( ) ll Ö=ÖÖ 25.125.1 LL  [ʤ/ʩ]. 

ʇʨʠ ʜʣʠʥʝ ʧʦʧʝʨʝʯʥʦʡ ʢʦʨʘʙʝʣʴʥʦʡ ʚʦʣʥʳ ʩʪʨʦʛʦ ʨʘʚʥʦʡ ʜʣʠʥʝ ʢʦʨ-

ʧʫʩʘ, ʤʦʞʝʪ ʦʞʠʜʘʪʴʩʷ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʥʦʩʦʚʦʡ ʠ 

ʢʦʨʤʦʚʦʡ ʩʠʩʪʝʤ ʚʦʣʥ. 

l = 2·L;  Fn=0,57 

l = L;  Fn=0,4 

l = 0,67·L;  Fn=0,33 

l = 0,5·L;  Fn=0,28 
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ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʘʣʴʥʘʷ ʚʦʣʥʦʦʙʨʘʟʫʶʱʘʷ ʜʣʠʥʘ ʢʦʨʧʫʩʘ ʚʩʝ-

ʛʜʘ ʤʝʥʴʰʝ, ʦʪʯʝʛʦ ʠʩʢʦʤʳʡ ʤʠʥʠʤʫʤ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʤʝʥʴ-

ʰʘʝʪʩʷ ʩʦ ʟʥʘʯʝʥʠʷ Fn å 0,4 ʜʦ Fn å 0,32ï0,36, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʦʩʪ 

ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʧʨʠ Fn Ó 0,57 ʦʙʳʯʥʦ ʩʦʦʪʥʦʩʷʪ ʩ 

Fn Ó 0,5. 

ʈʠʩ. 15 ʠʣʣʶʩʪʨʠʨʫʝʪ ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʧʦʧʝʨʝʯʥʳʭ ʢʦʨʘʙʝʣʴʥʳʭ 

ʚʦʣʥ, ʫʩʣʦʚʥʦ ʟʘʨʦʞʜʘʶʱʠʭʩʷ ʥʘ ʬʦʨʰʪʝʚʥʝ ʠ ʘʭʪʝʨʰʪʝʚʥʝ. ɺ ʨʝʘʣʴʥʦ-

ʩʪʠ ʥʦʩʦʚʘʷ ʧʦʜʧʦʨʥʘʷ ʚʦʣʥʘ ʟʘʨʦʞʜʘʝʪʩʷ ʚ ʨʘʡʦʥʝ ʩʢʫʣʳ, ʘ ʩʥʠʞʝʥʠʝ 

ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʡʦʥʝ ʢʦʨʤʦʚʦʡ 

ʨʘʢʦʚʠʥʳ ʠ ʚʠʥʪʦ-ʨʫʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʦʙʷʟʘʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠ-

ʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʚʦʜʦʚ ʢʦʨʧʫʩʘ. ʅʘ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʭʦʜʘ, 

ʧʨʠ Fn > 0,4, ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʧʨʦʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦʝ ʧʨʦʩʝʜʘʥʠʝ 

ʫʨʦʚʥʷ ʚʦʜʳ, ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʦʩʦʚʦʡ ʧʦʜʧʦʨʥʦʡ ʚʦʣʥ rʦʙʨʘʟʫʝʪʩʷ ʭʦ-

ʜʦʚrʡ ʜʠʬʬʝʨʝʥʪ ʥʘ ʢʦʨʤʫ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʩʫʜʥʦ 

ʢʘʢ ʙʳ ʥʘʯʠʥʘʝʪ ʪʦʣʢʘʪʴ ʧʝʨʝʜ ʩʦʙʦʡ çʛʦʨʫè ʚʦʜʳ, ʦʪʯʝʛʦ ʙʳʩʪʨʦ ʨʘʩʪʝʪ 

ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʨʘʙʝʣʴʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʚʦʣʥʦʚʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʢʦʨʘʙʣʷ.  

ʕʬʬʝʢʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʥʦʩʦʚʦʡ ʠ ʢʦʨʤʦʚʦʡ ʩʠʩʪʝʤ 

ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʠʯʥʦ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥ ʩʧʝʮʠʘʣʴʥʦʡ 

ʬʦʨʤʦʡ ʢʦʨʧʫʩʘ, ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʦʡ ʜʦʣʞʝʥ ʷʚʣʷʪʴʩʷ ʟʘʚʘʣ 

ʙʦʨʪʦʚ ʥʘ ʫʨʦʚʥʝ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ ʜʚʠʞʝʥʠʶ ʢʦʨʘʙʣʷ ʧʦʣʴʟʫʶʪʩʷ ʚʝ-

ʣʠʯʠʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʉW, ʦʪʥʝʩʝʥʥʦʛʦ ʢ ʢʚʘʜʨʘʪʫ ʩʢʦʨʦ-

ʩʪʠ ʠ ʧʣʦʱʘʜʠ ʧʦʜʚʦʜʥʦʡ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ. 

 RW = CW·
2

Vɟ 2Ö
·S,  

ʛʜʝ: RW ï ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ [ʅ]; r - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ [ʢʛ/ʤ3]; V ï 

ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʩʫʜʥʘ [ʤ/ʩ]; S ï ʧʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ 

[ʤ2]. 
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ɼʣʷ ʦʮʝʥʢʠ ʬʦʨʤʳ ʢʦʨʧʫʩʘ ʠ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʥʘʯʝ ʤʦʞʥʦ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʤʝʨʥʦʡ ʚʝʣʠʯʠʥʦʡ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʦʪʥʝʩʝʥʥʦ-

ʛʦ ʢ ʚʦʜʦʠʟʤʝʱʝʥʠʶ ʢʦʨʘʙʣʷ: RW/D, ʛʜʝ D ï ʚʦʜʦʠʟʤʝʱʝʥʠʝ [ʢʛ]. ʆʙʝ 

ʦʮʝʥʢʠ Cw ʠ Rw/D ʟʘʚʠʩʷʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʡ ʨʘʟʤʝʨʥʦʩʪʝʡ ʢʦʨʧʫʩʘ, ʠ ʜʣʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʜʝʥʠʝ ʤʦʜʝʣʝʡ ʢ ʩʪʨʦʛʦ 

ʦʜʠʥʘʢʦʚʳʤ ʨʘʟʤʝʨʝʥʠʷʤ. ɺʧʦʣʥʝ ʢʦʨʨʝʢʪʥʦ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʦʣʴʢʦ ʬʦʨʤr ʨʘʩʯʸʪʥʳʭ ʢʨʠʚʳʭ ʚʜʦʣʴ ʦʩʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʭʦ-

ʜʘ ʧʦ ʌʨʫʜʫ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʩʯʝʪʥʳʝ ʚʝʣʠʯʠʥʳ ʜʣʷ 

ʩʢʦʨʦʩʪʝʡ Fn = 0,5. 

 

ʈʠʩ. 16.  ʍʘʨʘʢʪʝʨʥʘʷ ʬʦʨʤʘ ʠ ʨʘʩʯʸʪʥʳʝ ʦʮʝʥʢʠ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʣʷ ʭʦʨʦʰʦ ʦʙʪʝʢʘʝʤʦʛʦ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ. ʉx ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ; Rx/D ï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʍʦʨʦʰʦ ʚʠʜʥʳ ʵʢʩʪʨʝʤʫʤʳ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʥʦʩʦʚʦʡ ʠ ʢʦʨʤʦʚʦʡ ʩʠ-

ʩʪʝʤ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ, ʚʦʟʥʠʢʘʶʱʝʡ ʥʘ ʩʢʦʨʦʩʪʷʭ ʭʦʜʘ ʧʨʠ Fnå0,5 (0,57) 

ʠ Fnå0,3 (0,33). ʇʦʣʥʦʛʦ ʛʘʰʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ Fnå0,26 

(0,28) ʠ Fnå0,35 (0,4) ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʯʪʦ ʦʙʲʷʩʥʝ̫ʪʩʷ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ 

ʥʘ ʟʘʨʦʞʜʝʥʠʝ ʩʠʩʪʝʤʳ ʨʘʩʭʦʜʷɦ ʠʭʩʷ ʚʦʣʥ. 

ɽʩʣʠ ʪʠʭʦʭʦʜʥʦʝ ʩʫʜʥʦ (Fn Ò 0,2) ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʦ ʦʙʪʝʢʘʝʤʳʤ ʢʦʨ-

ʧʫʩʦʤ, ʝʛʦ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʫʜʝʪ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤ. 

ʇʦ ʵʚʨʠʩʪʠʯʝʩʢʠʤ ʦʮʝʥʢʘʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʙʠʦʥʠʢʝ ʧʣʘʚʘʥʠʷ ʘʢʫʣʳ 

ʠ ʨʳʙʳ-ʧʘʨʫʩʥʠʢʘ ʚ ʦʪʢʨʳʪʦʤ ʦʢʝʘʥʝ, ʩʦʟʜʘʚʘʣʘʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦ-

ʜʝʣʴ ʢʦʨʧʫʩʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʘʨʴʠʨʦʚʘʪʴ ʦʢʨʫʛʣʦʩʪʴ ʙʦʨʪʘ, ʟʘʚʘʣ ʠ ʨʘʟʚʘʣ 

ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʘ, ʧʨʦʜʦʣʴʥʫʶ ʘʩʠʤʤʝʪʨʠʶ ʧʦʣʥʦʪʳ ʢʦʨʧʫʩʘ ʠ ʨʘʟʚʠ-

ʪʦʩʪʴ ʥʦʩʦʚʦʛʦ ʙʫʣʴʙʘ.  
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ʈʠʩ. 17.  ʂʦʤʧʦʥʝʥʪʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʶʪʩʷ ʩʨʝʜʩʪʚʘ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʧʫʩʘ ʠ ʦʩʪʦʡʯʠʚʦʩʪʠ 

ʢʦʨʘʙʣʷ, ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʪʨʸʭʤʝʨʥʦʡ ʧʨʦʨʠʩʦʚʢʠ ʢʦʨʧʫʩʘ ʜʣʷ 

ʘʥʘʣʠʟʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. ʉʣʝʚʘ, ʧʦʜ ʧʨʦʝʢʮʠʝʡ ʢʦʨʧʫʩ ʧʦʢʘʟʘʥʳ ʢʨʠ-

ʚʳʝ ʦʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʦʩʘʜʢʘʭ ʜʣʷ ʥʫʣʝʚʦʡ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ 

ʚʳʩʦʪʳ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʘʧʧʣʠʢʘʪʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ, ʯʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʨʝʘʣʴʥʦʡ ʜʠʥʘʤʠʢʝ ʢʦʨʘʙʣʷ ʚ ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʘʚʝʝ ʧʨʠʚʝ-

ʜʝʥ ʢʦʤʧʣʝʢʩ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʜʣʷ ʚʩʝʭ ʦʩʘʜʦʢ ʦʪ ʢʠʣʷ ʜʦ ʧʘʣʫ-

ʙʳ. 

ʇʝʨʚʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʟʘʨʠʩʦʚʢʠ ʧʨʦʩʯʠʪʳʚʘʣʠʩʴ ʚ 1976 ʛʦʜʫ ʥʘ 

ʙʦʨʪʫ ʈʊʄʉ7 "ɹʘʛʨʘʪʠʦʥʦʚʩʢ" ʚ ʖʞʥʦʡ ɸʪʣʘʥʪʠʢʝ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʰʪʦʨʤʦʚʘʥʠʝʤ ʩʫʜʦʚ ʦʢʝʘʥʩʢʦʛʦ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦ-

 
7 ʈʊʄʉ ï ʨʳʙʦʣʦʚʥʳʡ ʪʨʘʫʣʝʨ ʤʦʨʦʟʠʣʴʥʳʡ ï ʩʫʧʝʨ, ʪʠʧ çʉʫʧʝʨ-ɸʪʣʘʥʪʠʢè. 
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ʪʘ, ʟʘ ʥʝʦʙʳʯʥʳʤʠ ʤʦʨʝʭʦʜʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʤʘʣʦʤʝʨʥʳʭ ʩʫʜʦʚ ʘʬʨʠʢʘʥ-

ʩʢʠʭ ʩʪʨʘʥ, ʘ ʪʘʢʞʝ, ʯʪʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ, ʟʥʘʢʦʤʩʪʚʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʩʚʦʙʦʜʥʦʛʦ ʧʣʘʚʘʥʠʷ ʠ ʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʙʣʠʟʠ ʚʟʚʦʣʥʦʚʘʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʨʘʟʣʠʯʥʳʭ ʞʠʚʦʪʥʳʭ (ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʨʳʙ, ʜʝʣʴʬʠʥʦʚ 

ʠ ʚʦʜʦʧʣʘʚʘʶʱʠʭ ʧʪʠʮ).  

ʄʘʣʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʥʦʩʦ-

ʚʦʛʦ ʙʫʣʴʙʘ, ʠ ʩʜʝʣʘʪʴ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʧʦ ʰʪʝʚʥʷʤ 

ʠ ʧʦʣʥʦʪʝ ʦʢʦʥʝʯʥʦʩʪʝʡ ʜʣʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʜʝʣʴʰʧʘʥ-

ʛʦʫʪʘ ʦʙʚʦʜʦʚ ʢʦʨʧʫʩʘ. 

ʇʦ ʢʨʘʡʥʝ ʤʝʨʝ ʜʚʘ ʫʜʘʯʥʳʭ (ʈʠʩ. 17), ʠ ʥʝ ʦʯʝʥʴ, ʟʘʢʣʶʯʝʥʠʷ ʦʙ 

ʦʧʳʪʦʚʳʭ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʪʠʭʦʡ ʚʦʜʝ ʠ ʚʦʣʥʝʥʠʠ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʶ ʙʦʣʴʰʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʠʩ-

ʧʳʪʘʥʠʡ ʚ 1985 ʛʦʜʫ ʚ ʦʧʳʪʦʚʦʤ ʙʘʩʩʝʡʥʝ ʢʘʬʝʜʨʳ ʪʝʦʨʠʠ ʢʦʨʘʙʣʷ ʃʝ-

ʥʠʥʛʨʘʜʩʢʦʛʦ ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʈʠʩ. 3).  
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ʈʠʩ. 18. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʢʨʠʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʤʦʜʝʣʝʡ. 1. ʕʪʘʣʦʥʥʘʷ ʤʦʜʝʣʴ çɺʠʢʪʦʨʠè; 2. ʄʦʜʝʣʴ 60-ʡ ʩʝʨʠʠ; 3. 

ʄʀɼɺ, ʦʩʘʜʢʘ: ʊ=135 ʤʤ; 4. - ʊ=125 ʤʤ; 5. - Dʊ=40 ʤʤ ʥʘ ʢʦʨʤʫ; 6. - ʭʦʜ 

ʢʦʨʤʦʡ ʚʧʝʨʝʜ; 1õ3 - ʠʩʧʳʪʘʥʠʝ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ; 4õ6. - ʥʘ ʙʫʢ-

ʩʠʨʦʚʦʯʥʦʡ ʪʝʣʝʞʢʝ. 

ɺ ʠʩʧʳʪʘʥʠʷʭ ʤʦʜʝʣʴ ʧʦʢʘʟʳʚʘʣʘ ʠʥʪʝʥʩʠʚʥʳʝ ʨʘʩʭʦʜʷʱʠʝʩʷ ʚʦʣʥʳ, 

ʧʦʨʦʞʜʘʝʤʳʝ (ʧʦ ɸʣʳʤʦʚʫ) ʚ ʟʦʥʘʭ ʧʨʠʧʦʣʥʝʥʥʦʡ ʥʦʩʦʚʦʡ ʩʢʫʣʳ. ʈʘʩʭʦ-
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ʜʷʱʘʷʩʷ ʢʦʨʘʙʝʣʴʥʘʷ ʚʦʣʥʘ ʟʘʪʝʤ ʧʨʝʢʨʘʩʥʦ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʚ ʨʘʩʯʝʪʘʭ 

ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʦʢʘʟʳʚʘʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʧʠʢ ʥʘ ʩʢʦʨʦʩʪʷʭ 

ʭʦʜʘ ʧʦ ʌʨʫʜʫ ʧʦʨʷʜʢʘ Fn å 0,3. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ çʢʣʠʧʝʨʩʢʠʝè 

ʦʙʚʦʜʳ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ ʥʝ ʫʩʪʨʘʠʚʘʣʠʩʴ ʚʚʠʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʦʧʳʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʩʘʜʦʢ, ʦʪʯʝʛʦ ʚʩʝ ʚʘʪʝʨ-

ʣʠʥʠʠ ʦʪ ʜʥʠʱʘ ʜʦ ʧʘʣʫʙʳ ʫʩʪʨʘʠʚʘʣʠʩʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʚʠʜʠʩʪʘʥʪʥʦ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʪyʦʚ 

ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʈʠʩ. 18), ʧʨʦʛʥʦʟʠʨʦʚʘʚʰʠʭ ʫʣʫʯʰʝʥʠʝ ʭʦʜʢʦ-

ʩʪʠ ʥʘ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʭʦʜʘ ʧʨʠ FnÓ=0,5, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʟʘʚʘʣʘ ʙʦʨʪʦʚ ʠ ʫʤʝʥʴʰʝʥʠʷ ʰʠʨʠʥʳ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ ʚ ʩʨʝʜʥʝʡ 

ʯʘʩʪʠ ʢʦʨʧʫʩʘ.  

ɼʣʷ ʥʘʠʣʫʯʰʠʭ ʦʙʚʦʜʦʚ ʧʦʜʪʚʝʨʞʜʘʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʦʯʢʠ ʧʝʨʝ-

ʛʠʙʘ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʟʘʚʘʣʘ ʰʧʘʥʛʦʫʪʦʚ ʥʘ ʫʨʦʚʥʝ ʜʝʡʩʪʚʫʶʱʝʡ 

ʚʘʪʝʨʣʠʥʠʠ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʨʠʩʦʚʢʠ ʢʦʪʦʨʦʛʦ ʦʙʦʩʥʦʚʘʥʳ ʧʘʪʝʥʪʦʤ ʈʦʩ-

ʩʠʠ ˉ 2487043: «ʂʦʨʘʙʣʴ, ʦʩʪʦʡʯʠʚʳʡ ʚ ʰʪʦʨʤʦʚʦʤ ʧʣʘʚʘʥʠʠ». 

 

ʈʠʩ. 19. ʋʥʠʚʝʨʩʘʣʴʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʫʜʥʦ (ɸ1203-Univer-86) ʩ ʟʘʚʘʣʦʤ 

ʙʦʨʪʘ ʥʘ ʫʨʦʚʥʝ ʪʚʠʥʜʝʢʦʚ ʧʦʜ ʚʝʨʭʥʝʡ ʧʘʣʫʙʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʨʫʢʦʚʦ-

ʜʠʪʝʣʶ, ʧʨʦʬʝʩʩʦʨʫ ɸʣʝʢʩʘʥʜʨʘ ʅʠʢʦʣʘʝʚʠʯʫ ʍʦʣʦʜʠʣʠʥʫ ʚ ʢʘʯʝʩʪʚʝ ʦʩ-

ʥʦʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʤʦʨʝʭʦʜʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʦʧʳʪʦʚʦʤ ʙʘʩʩʝʡʥʝ ʚ ʃʂʀ 

ʚ 1985 ʛʦʜʫ. ɸʧʝʨʠʦʜʠʯʝʩʢʠʡ ʨʝʞʠʤ ʙʦʨʪʦʚʦʡ ʢʘʯʢʠ ʧʨʠ ʥʫʣʝʚʦʡ ʥʘʯʘʣʴ-

ʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ; ʠ ʧʣʘʚʥʦʩʪʴ ʢʠʣʝʚʦʡ ʢʘʯʢʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʟʘʣʠʚʘʝ-

ʤʦʩʪʴ ʚʝʨʭʥʝʡ ʥʦʩʦʚʦʡ ʧʘʣʫʙʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ ʚʳʩʦʪʳ ʬʦʨʰʪʝʚ-

ʥʷ, ʫʩʪʨʦʝʥʥʦʛʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʠʣʦʚʦʛʦ ʟʘʭʚʘʪʘ ʢʦʨʧʫʩʘ ʚʩʪʨʝʯʥʦʡ 

ʚʦʣʥʦʡ. 

https://shipdesign.ru/Invent/06.html
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ʊʦʛʜʘ ʞʝ, ʫʞʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʧʳʪʦʚʦʤ ʙʘʩʩʝʡʥʝ ʃʝ-

ʥʠʥʛʨʘʜʩʢʦʛʦ ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʧʨʦʨʘʙʘʪʳʚʘʣʠʩʴ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʝ ʦʙʚʦʜʳ ʜʣʷ ʪʷʞʸʣʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʫʜʥʘ ʠ ʤʥʦʛʦʮʝʣʝʚʦʛʦ 

ʩʫʜʥʘ ʩʨʝʜʥʝʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ (ʈʠʩ. 19, ʈʠʩ. 20). 

ɼʣʷ ʛʘʰʝʥʠʷ ʨʘʩʭʦʜʷʱʝʡʩʷ ʚʦʣʥʳ ʧʦ ʥʦʩʦʚʦʡ ʩʢʫʣʝ ʫʩʪʨʦʝʥʦ ʢʣʠ-

ʧʝʨʩʢʦʝ (ʠʣʠ ʘʥʛʣʠʡʩʢʦʝ) ʟʘʦʩʪʨʝʥʠʝ ʰʧʘʥʛʦʫʪʦʚ - ʧʨʠʜʘʥʠʝ V-ʦʙʨʘʟʥʦʡ 

ʬʦʨʤʳ ʧʨʠʢʠʣʝʚʳʤ ʚʝʪʚʷʤ ʰʧʘʥʛʦʫʪʦʚ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʠʥʮʠʧ ʠʩʧʦʣʴʟʦ-

ʚʘʥ ʠ ʧʦ ʚʝʪʚʷʤ ʰʧʘʥʛʦʫʪʦʚ ʢʦʨʤʦʚʦʡ ʩʢʫʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʘʞʥʦ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʢʨʫʯʠʚʘʥʠʷ ʩʧʫʪʥʦʛʦ ʧʦʪʦʢʘ ʧʦʜ ʢʦʤʦʚʳʤ ʧʦʜʟʦʨʦʤ, ʚ 

ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʚʠʥʪʦ-ʨʫʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʢʦʨʘʙʝʣʴʥʳʭ ʦʙʚʦʜʦʚ (ʈʠʩ. 20) ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ (ʈʠʩ. 21). 

 

ʈʠʩ. 20. ʇʨʦʨʘʙʦʪʢʘ ʢʦʨʘʙʝʣʴʥʳʭ ʦʙʚʦʜʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʦʚʳʭ ʠʩʧʳ-

ʪʘʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʤʠʥʠʤʠʟʘʮʠʝʡ ʢʦʨʘʙʝʣʴʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚʦ 

ʚʩʝʭ ʩʧʝʢʪʨʘʭ ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ ï ʥʘ ʚʩʝʭ ʩʢʦʨʦʩʪʷʭ ʭʦʜʘ. 

ʌʠʟʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʮʝʥʦʢ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʢʦʨʘʙʣʷ ʩʪʘʥʦʚʠʪʩʷ ʥʘʛʣʷʜʥʦʡ, ʠ ʜʦʧʫʩʢʘʶʱʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʦʚ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʚʩʝ ʧʦʜʳʥʪʝʛʨʘʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ ʠ ʘʨʛʫʤʝʥʪʳ ʙʫʜʫʪ ʟʘʧʠʩʘ-

ʥʳ ʚ ʨʘʟʤʝʨʥʦʤ ʚʠʜʝ. ʈʘʩʯʝʪʥʳʝ ʠʥʪʝʛʨʘʣʳ ʜʣʷ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʦʜʥʦʡ 
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ʩʪʦʨʦʥʳ ʩʠʥʛʫʣʷʨʥʳʝ, ʥʦ ʩʭʦʜʷʱʠʝʩʷ, ʠ ʩ ʜʨʫʛʦʡ ʥʝ ʪʝʨʧʷʪ ʨʘʟʨʳʚʘ ʣʠʰʴ 

ʟʘ ʩʯʝʪ ʘʜʝʢʚʘʪʥʦʛʦ ʫʯʸʪʘ ʩʠʣʴʥʝʡʰʝʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʩʮʠʣʣʷʮʠʠ. 

 

ʈʠʩ. 21. ɺʘʨʠʘʥʪ ʨʘʩʯʸʪʦʚ ʢʦʨʘʙʝʣʴʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ 

ʛʨʘʬʠʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠ ʁʥʘ ʝʜʠʥʠʮʫ ʚʦʜʦʠʟ-

ʤʝʱʝʥʠʷ ʢʦʨʘʙʣʷ R/D [ʅ/ʢʛ], ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

Cw. ɺʝʨʭʥʠʝ ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʚʦʣʥ ʩ ʫʯʸ-

ʪʦʤ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚʜʦʣʴ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʭʦʜʘ. 

ʉʧʨʘʚʘ-ʚʥʠʟʫ ʧʨʠʚʦʜʷʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʰʧʘʥʛʦʫʪʳ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʚ 

ʘʣʛʦʨʠʪʤʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʟʣʫʯʝʥʠʷ ʦʪʨʘʞʸʥʥʳʭ 

ʢʦʨʧʫʩʦʤ ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ. ɿʜʝʩʴ ʫʣʫʯʰʝʥʥʳʝ ʦʙʚʦʜʳ ʧʦʢʘʟʳʚʘʶʪ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʩʢʦʨʦʩʪʷʭ ʜʦ Fn Ò 0,4, ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ R/D ʥʘ ʩʢʦʨʦʩʪʷʭ ʧʦ ʌʨʫʜʫ ʙʦʣʝʝ Fn > 0,6. 

ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʝ, ʠ ʪʝʤ ʙʦʣʝʝ ʚ ʧʨʠʨʦʜʝ ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʳʭ ʚʦʣʥ ʥʘ ʛʣʫʙʦʢʦʡ ʚʦʜʝ, ʥʝ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʩʠʥʛʫʣʷʨʥʳʭ ʨʘʟʨʚrʦʚ, ʠ 

ʪʝʤ ʙʦʣʝʝ ʠʩʢʣʶʯʝʥʳ ʢʘʢʠʝ-ʣʠʙʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʷʚʣʝʥʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʚʦʣʥʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʣʫʙʦʢʦʡ ʚʦʜʳ. ʀ ʧʦʪʦʤʫ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʘʜʘʧʪʘʮʠʷ ʧʦʜʳʥʪʝʛʨʘʣʴʥʳʭ ʚʳ-
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ʨʘʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʦʚʳʭ ʟʘʢʦʥʦʚ ʛʠʜʨʦʤʝʭʘʥʠʢʠ, ʚ ʨʘʟʤʝʨʥʦʤ 

ʚʠʜʝ, ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʢʣʶʯʘʪʴ ʚ ʨʘʩʯʸʪʳ ʘʜʝʢʚʘʪʥʳʝ ʘʩʠʤʧʪʦʪʠ-

ʢʠ, ʣʠʙʦ ʩʚʦʜʠʪʴ ʨʝʰʝʥʠʷ ʚ ʣʦʢʘʣʴʥʳʭ ʧʦʜʦʙʣʘʩʪʷʭ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ï ʵʤʧʠʨʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ.  

ɺ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯʘʭ ʢʦʨʘʙʝʣʴʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʫʯʘʩʪʚʫ-

ʝʪ ʚʨʝʤʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ ʩʚʦʜʷʪʩʷ ʢ ʩʪʘʮʠʦʥʘʨʥʳʤ ï ʥʝʧʦ-

ʜʚʠʞʥʳʤ ʚʦʣʥʦʚʳʤ ʢʘʨʪʠʥʘʤ ʚ ʣʦʢʘʣʴʥʳʭ ʦʪʩʯʸʪʘʭ ʜʣʷ ʜʚʠʞʫɦ ʝʛʦʩʷ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʢʦʨʘʙʣʷ. ʀʟʣʫʯʝʥʠʝ ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʫʩʣʦʚʥʦ ʤʘʣʳʭ ʨʘʩʭʦʜʷʱʠʭʩʷ ʚʦʣʥ, ʜʦ ʤʘʢʩʠʤʘʣʥɹʦʡ ʧʦ 

ʜʣʠʥʝ ʠ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥʳ: L = 2p·V 2/g , ʧʨʦʷʚʣʷʶʱʝʡʩʷ 

ʟʘ ʢʦʨʤʦʡ ʢʦʨʘʙʣʷ, ʛʜʝ V [ʤ/ʩ] ï ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʢʦʨʘʙʣʷ. 
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(16) 

ɹʝʟʨʘʟʤʝʨʥʦʝ ʯʠʩʣʦ l/ȿM =  ï ʙʫʜʝʪ ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʣʠʥ ʜʣʷ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥʳ L [ʤ] ʢ ʨʘʩʯʝʪʥʦʡ ʬʘʟʦʚʦʡ ʚʦʣʥʝ l [ʤ], 

ʨʦʞʜʘʶʱʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʦ ʚʩʝʤʠ ʠʟʣʫʯʘʪʝʣʷʤʠ ʚʦʣʥ ʥʘ 

ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʘʙʝʣʴʥʳʭ ʦʙʚʦʜʦʚ. ʄʥʦʞʠʪʝʣʴ ʄ ʧʨʠʚʥʦʩʠʪ 

ʩʭʦʜʷʱʫʶʩʷ ʩʠʥʛʫʣʷʨʥʦʩʪʴ ʧʦʨʷʜʢʘ l-1/2 ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʩʢʦʨʦʩʪʠ ʭʦʜʘ, ʠ ʚ ʪʝʦʨʠʠ ʪʘʢʦʡ ʠʥʪʝʛʨʘʣ ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʚʦʣʥʳ ʤʦʞʝʪ 

ʜʘʚʘʪʴ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʠʝ ʚʝʣʠʯʠʥʳ, ʯʪʦ ʥʠʢʘʢ ʥʝ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦ-

ʚʘʪʴ ʞʝʩʪʢʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʜʣʷ ʢʨʫʪʠʟʥʳ ʩʢʣʦʥʦʚ ʚ ʧʨʠʨʦʜʝ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʳʭ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥ ʥʘ ʚʦʜʝ.  

ɼʣʷ ʢʦʥʪʨʦʣʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʚʩʝ 

ʚʝʣʠʯʠʥʳ ʚ ʠʥʪʝʛʨʘʣʝ ʄʠʯʝʣʣʘ ʧʨʠʚʝʜʝʥʳ ʢ ʨʘʟʤʝʨʥʳʤ ʬʠʟʠʯʝʩʢʠʤ 

ʬʫʥʢʮʠʷʤ ʠ ʘʨʛʫʤʝʥʪʘʤ: A(l) [ʤ] ï ʘʤʧʣʠʪʫʜʘ ʠʟʣʫʯʘʝʤʦʡ ʢʦʨʘʙʝʣʴʥʦʡ 

ʚʦʣʥʳ ʟʘʜʘʥʥʦʡ ʜʣʠʥʳ l, ʠʟʤʝʨʷʝʤʘʷ ʚʙʣʠʟʠ ʩʤʦʯʝʥʥʦʡ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ 

ʢʦʨʘʙʣʷ x0, y0; Rx ï ʩʠʣʦʚʘʷ ʨʝʘʢʮʠʷ ʢʦʨʘʙʝʣʴʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 
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ʩʢʦʨʦʩʪʠ ʭʦʜʘ V0; l/ȿM =  ï ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʠʥ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦ-

ʧʝʨʝʯʥʦʡ ʚʦʣʥʳ L ʢ ʨʘʩʯʝʪʥʦʡ ʬʘʟʦʚʦʡ ʚʦʣʥʝ l;  

k = 2 · p / l = g /( V0
2·cos2J ) ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʜʣʷ ʜʘʥʥʦʡ ʬʘʟʦʚʦʡ ʚʦʣʥʳ;; 

MMyMx /1/ 2
000 -Ö+=w  ï ʬʘʟʦʚʳʡ ʦʪʩʯʝʪ ʨʘʩʭʦʜʷʱʝʡʩʷ ʚʦʣʥʳ ʩ ʧʘ-

ʨʘʤʝʪʨʦʤ ʦʪʩʪʘʚʘʥʠʷ ʄ ʜʣʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʢʦʨʘʙʝʣʴʥʦʡ ʚʦʣʥʳ ʦʪ ʣʦʢʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʢʦʨʘʙʝʣʴʥʦʡ ʦʙʰʠʚʢʠ ʩ ʢʦʦʨ-

ʜʠʥʘʪʘʤʠ x0, y0. 

Cst

­
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ʈʠʩ. 22. ɺʦʣʥʦʦʙʨʘʟʦʚʘʥʠʝ, ʢʘʢ ʧʨʦʮʝʩʩ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨ-

ʧʫʩʘ ʢʦʨʘʙʣʷ. ɺ ʟʦʥʘʭ A+S ʠ SïB ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʛʨʝʙʥʷ ʪʨʦʭʦʠʜʘʣʴʥʦʡ 

ʚʦʣʥʳ, ʥʝʩʧʦʩʦʙʥʦʡ ʦʪʦʨʚʘʪʴʩʷ ʦʪ ʢʦʨʧʫʩʘ ʩʫʜʥʘ. 

ʄʝʭʘʥʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ ʚ ʠʥʪʝʛʨʘʣʝ ʄʠʯʝʣʣʘ (ʈʠʩ. 22) ʩʚʷʟʳʚʘʝʪ ʧʨʦʮʝʩʩʳ ʦʪʨʘʞʝʥʠʷ ʦʪ 

ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʚʥʝʰʥʠʭ ʚʦʣʥ [49], ʫʩʣʦʚʥʦ ʥʘʙʝʛʘʶʱʠʭ ʧʦʜ ʢʦʩʳʤʠ ʫʛ-

ʣʘʤʠ J ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ: l Í [ 0 · L = 2ÖpÖV0
2/g], ʛʜʝ: L ï ʜʣʠʥʘ ʧʦʧʝʨʝʯ-

ʥʦʡ ʢʦʨʘʙʝʣʴʥʦʡ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʢʦʨʦʩʪʠ ʭʦʜʘ V0.  

ɺ ʦʢʦʥʝʯʥʦʩʪʷʭ ʢʦʨʧʫʩʘ ʚ ʟʦʥʘʭ: s-B ʠ A+s ï ʢʦʨʘʙʝʣʴʥʘʷ ʚʦʣʥʘ ʥʝ 

ʤʦʞʝʪ ʦʪʦʨʚʘʪʴʩʷ ʦʪ ʢʦʨʧʫʩʘ ʠ ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʦʙʨʘʱʘʶʪʩʷ ʩʣʦʞʝʥʠ-

ʝʤ ʢʦʨʦʪʢʠʭ ʚʦʣʥ ʚ ʬʦʨʤʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ï ʩʪʨʫʠ ʞʠʜʢʦʩʪʠ 

ʚʙʣʠʟʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ. 
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ʊʦʛʜʘ, ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʧʦ ʜʣʠʥʝ ʢʦʨʧʫʩʘ ʩʪʘʥʦ-

ʚʷʪʩʷ ʟʦʥʳ A iï ʠ +iB, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʠʩʦʝʜʠʥʸʥʥʦʛʦ 

ʛʨʝʙʥʷ ʚ ʩʚʦʙʦʜʥʦ ʨʘʩʭʦʜʷʱʫʶʩʷ ʢʦʨʘʙʝʣʴʥʫʶ ʚʦʣʥʫ. ɽʩʣʠ ʚ ʩʢʫʣʦʚʳʭ 

ʦʙʚʦʜʘʭ ʢʦʨʧʫʩʘ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʟʘʪʷʛʠʚʘʥʠʝ ʛʨʝʙʥʷ ʚʦʣʥʳ ʧʦʜ ʜʥʠɦ ʝ 

ʢʦʨʧʫʩʘ, ʪʦ ʚʙʣʠʟʠ ʢʦʨʧʫʩʘ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʨʘʩʭʦʜʷ-

ʱʘʷʩʷ ʚʦʣʥʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʘʷ ʦ ʥʘʨʫʰʝʥʠʷʭ ʧʣʘʚ-

ʥʦʩʪʠ ʥʘʙʝʛʘʶʱʠʭ ʥʘ ʢʦʨʧʫʩ ʧʦʪʦʢʦʚ ʚʦʜʳ, ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʥʝʛʘʪʠʚʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ. 

ɺ ʧʨʦʛʨʘʤʤʫ çHullè ʚʩʪʨʦʝʥʦ ʪʨʠ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʦʨʘʙʝʣʴ-

ʥʳʤ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʝʤ, ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢʘʢ ʠʟʚʥʝ ʧʨʠ ʟʘʧʫʩʢʝ, 

ʪʘʢ ʠ ʠʟʥʫʪʨʠ ʧʨʦʮʝʜʫʨʳ çSimple Wave Resistance of shipè ʧʦ ʢʦʤʘʥʜʘʤ ʩ 

ʢʣʘʚʠʘʪʫʨʳ: 

<F7> ï ʊʝʢʫʱʠʝ (ʫʩʣʦʚʥʦ ʥʝʟʘʚʝʨʰʸʥʥʳʝ) ʧʨʦʨʘʙʦʪʢʠ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟ ʢʥʠʛʠ [17] çʀʩʪʦʨʠʷ ʰʪʦʨʤʦʚʦʡ ʤʦʨʝʭʦʜʥʦʩʪʠè; 

<F8> ï ɸʢʘʜʝʤʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴ-

ʥʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʂʦʨʘʙʝʣʢʠ) ʧʦ ɸʣʝʢʩʘʥʜʨʫ ʅʠʢʦʣʘʝʚʠʯʫ ʐʝʙʘʣʦʚʫ; 

<F9> ï ʇʦʚʝʨʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ɸʜʳ ʐʦ-

ʣʦʤʦʚʥʳ ɻʦʪʤʘʥ (ʨʘʩʯʸʪʥʳʝ ʢʨʠʚʳʝ ʧʦ ʄʠʯʝʣʣʫ, ʠʭ ʛʣʘʚʥʳʝ ʯʘʩʪʠ ʠ 

ʫʪʦʯʥʝʥʠʝ ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ). 

ʅʝʟʘʚʠʩʠʤʦʝ ʛʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ ʜʣʷ ʧʨʦʮʝʜʫʨʳ çWaveè ʨʘʟʙʠʚʘʝʪʩʷ 

ʥʘ ʯʝʪʳʨʝ ʧʣʦʱʘʜʢʠ (ʈʠʩ. 21): 

ï ʩʧʨʘʚʘ ʚʥʠʟʫ ï ʧʨʦʝʢʮʠʷ ʢʦʨʧʫʩ ʧʦʜʚʦʜʥʳʭ ʦʙʚʦʜʦʚ ʢʦʨʧʫʩʘ ʢʦ-

ʨʘʙʣʷ ʚ ʤʘʩʰʪʘʙʝ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʢʦʨʘʙʣʷ; 

ï ʩʣʝʚʘ ʚʥʠʟʫ ï ʛʨʘʬʠʢʠ: Cw ï ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʠ ʠ R/D [ʅ/ʢʛ] ï ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʚʦʜʦʠʟ-

ʤʝʱʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʘʣʛʦʨʠʪʤʦʚ ɸ. ʐ. ɻʦʪʤʘʥ <F9> ʩʪʨʦʷʪʩʷ ʛʨʘʬʠʢʠ 

ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʄʠʯʝʣʣʫ, ʘ ʪʘʢʞʝ ʛʣʘʚʥʘʷ ʯʘʩʪʴ ʨʘʩʯʝʪʥʦʛʦ 

ʠʥʪʝʛʨʘʣʘ ʩ ʧʨʦʛʥʦʟʦʤ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʶ ʢʦʨʘʙʣʷ; 
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ï ʥʘʜ ʛʨʘʬʠʢʘʤʠ ʠ ʰʧʘʥʛʦʫʪʘʤʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʨʦʝʢʮʠʷ ʧʦʣʫʰʠʨʦʪʘ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨʪʝʞʘ, ʩ ʧʦʜʧʠʩʴʶ ʩʧʨʘʚʘ: V [ʤ3] ï ʚʦʜʦʠʟʤʝʱʝʥʠʝ; ʠ 

S [ʤ2] ï ʧʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

ï ʥʘʜ ʯʝʨʪʝʞʦʤ ʧʦʣʫʰʠʨʦʪʳ ʢʨʠʚʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʨʘʙʝʣʴʥʦʛʦ 

ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚʜʦʣʴ ʢʦʨʧʫʩʘ ʜʣʷ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ. ʇʦʜʧʠʩʠ 

ʥʘʜ ʢʨʠʚʳʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʢʦʨʦʩʪʠ Fn ʧʦ ʌʨʫʜʫ ʠ ʦʪʤʝʯʘʶʪʩʷ ʥʘ ʚʝʨ-

ʪʠʢʘʣʷʭ ʩʪʨʦʛʦ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʛʨʘʬʠʢʦʚ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ï ʚ ʥʠʞʥʝʡ ʩʪʨʦʢʝ ʩʧʨʘʚʘ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʶʪʩʷ 

ʯʠʩʣʦʚʳʝ ʚʝʣʠʯʠʥʳ ʩ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʢʠ ʧʦʜ ʢʫʨʩʦʨʦʤ ʤʳh ʠ. 

ʇʦ <F1> ï ʚʳʟʳʚʘʝʪʩʷ ʢʨʘʪʢʘʷ ʩʧʨʘʚʢʘ ʧʦ ʢʦʤʘʥʜʘʤ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʜʫʨʦʡ çWave». 

ʂʫʨʩʦʨ ʤʳʰʠ ʚʩʝʛʜʘ ʨʝʧʝʪʫʝʪ ʟʥʘʯʝʥʠʷʤʠ ʢʦʦʨʜʠʥʘʪ ʠ ʚʝʣʠʯʠʥʘʤʠ ʚ 

ʪʦʯʢʝ ʝʛʦ ʪʝʢʫʱʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ.  

ɺ ʧʦʣʝ ʢʨʠʚʳʭ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʫʨʩʦʨ ʘʢʪʠʚʠʨʫʝʪ ʤʘʨʢʝʨ ï 

ʚʝʨʪʠʢʘʣʴʥʫʶ ʣʠʥʠʶ ʩʢʦʨʦʩʪʠ ʭʦʜʘ Fn ʧʦ ʌʨʫʜʫ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʛʨʘʬʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚʦʣʥ ʦʪ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʥʘʜ ʯʝʨʪʝʞʦʤ 

ʢʦʨʧʫʩʘ ʚ ʧʨʦʝʢʮʠʠ çʧʦʣʫʰʠʨʦʪʘè. ʃʝʚʦʡ ʢʣʘʚʠʰʝʡ ʤʳʰʠ ʠʟʦʙʨʘʞʝʥʠʝ 

ʤʘʨʢʝʨʘ ʠ ʢʨʠʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʬʠʢʩʠʨʫʶʪʩʷ, ʘ ʥʦʚʳʝ ʘʢʪʠʚʥʳʝ ʢʨʠ-

ʚʳʝ ʦʪ ʢʫʨʩʦʨʘ ʫʞʝ ʥʝ ʙʫʜʫʪ ʜʠʥʘʤʠʯʝʩʢʠ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴʩʷ. ʏʪʦʙʳ 

ʫʙʨʘʪʴ ʚʩʝ ʛʨʘʬʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʣʘʚʠʰʝʡ 

<ʇʨʦʙʝʣ>.  

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʟʤʝʨʦʚ ʦʢʥʘ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʦʛʨʝʭʠ ʚ 

ʠʟʦʙʨʘʞʝʥʠʠ, ʢʦʪʦʨʳʝ ʧʦ ʢʦʤʘʥʜʝ <ɺʚʦʜ> ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʨʘʚʣʝʥʳ ʧʫʪʸʤ 

ʧʦʣʥʦʛʦ ʧʝʨʝʨʘʩʯʝʪʘ. ʂʣʘʚʠʰʝʡ <ʊʘʙ> ʤʦʞʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʤʝʥʷʪʴ 

ʚʳʙʦʨ ʤʝʪʦʜʘ ʚʳʯʠʩʣʝʥʠʡ <F7><F8><F9>. 
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II . «AURORA» ï ɺʓʏʀʉʃʀʊɽʃʔʅʓʁ ʕʂʉʇɽʈʀʄɽʅʊ ʀʃʀ ʆʇʓʊʓ 

ʐʊʆʈʄʆɺʆɻʆ ʄɸʅɽɺʈʀʈʆɺɸʅʀʗ 

ʂʦʤʧʣʝʢʩ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʨʘʤʤʳ çAuroraè ʨʝʘʣʠʟʫʝʪ ʧʨʷʤʳʝ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʤʦʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚ ʢʦʨʘʙ-

ʣʝʡ ʠ ʩʫʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʰʪʦʨʤʦʚʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʭʦ-

ʜʘʤʠ ʠ ʨʘʟʣʠʯʥʳʤʠ ʢʫʨʩʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʪʨʦʭʦʠ-

ʜʘʣʴʥʦʛʦ ʚʦʣʥʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʟʳʩʢʘʥʠʡ ʚ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʠ ʦʙʚʦʜʦʚ ʠ ʦʙʱʝʢʦʨʘʙʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʢʦʨʘʙʣʷ ʧʦʚʳʰʝʥ-

ʥʦʡ ʰʪʦʨʤʦʚʦʡ ʤʦʨʝʭʦʜʥʦʩʪʠ, ʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʨʝʥʘʞʝʨʦʤ ʚ ʦʩʚʦʝʥʠʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʰʪʦʨʤʦʚʦʛʦ ʭʦʜʘ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ ʬʣʦʪʘ ʜʝʡ-

ʩʪʚʫʶʱʝʛʦ. 

ʇʨ̫ʤʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩʪʨʦʠʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʝ-

ʣʷʤʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʢʦʨʧʫʩʘ, ʚʥʝʰʥʝʛʦ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʠ ʛʠʜʨʦʤʝʭʘ-

ʥʠʢʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɻʨʫʧʧʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʪʨʦʭʦʠʜʘʣʴʥʦʛʦ ʚʦʣʥʝʥʠʷ 

ʟʘʜʘʶʪʩʷ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʚʳʩʦʪʳ ʠ ʢʨʫʪʠʟʥʳ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ, ʧʦʩʪʫʧʘ-

ʪʝʣʴʥʳʝ ʠ ʚʨʘʱʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʤʦʛʫʪ 

ʠʤʝʪʴ ʧʨʦʠʟʚʦʣʴʥʳʡ ʨʘʟʤʘʭ, ʚʢʣʶʯʘʷ ʩʠʪʫʘʮʠʠ ʩ ʜʝʣʴʬʠʥʠʨʦʚʘʥʠʝʤ, 

ʙʨʦʯʠʥʛʦʤ ʠʣʠ ʦʧʨʦʢʠʜʳʚʘʥʠʝʤ ʢʦʨʘʙʣʷ. ɼʣʷ ʵʪʦʛʦ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʢʦ-

ʨʘʙʣʷ ʦʮʠʬʨʦʚʳʚʘʶʪʩʷ ʩ ʧʘʣʫʙʘʤʠ ʠ ʢʨʫʧʥʳʤʠ ʥʘʜʩʪʨʦʡʢʘʤʠ. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʢʘʯʢʠ ʢʦʨʧʫʩʘ ʥʘʩʪʨʦʝʥʘ ʥʘ 

ʫʧʨʘʚʣʷʝʤʦʝ ʜʚʠʞʝʥʠʝ ʢʦʨʘʙʣʷ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʭʦʜʘʤʠ ʠ ʢʫʨʩʘʤʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ. ʏʠʩʣʦʚʘʷ ʤʦʜʝʣʴ ʢʦʨʘʙʣʷ ʩʪʨʦʠʪʩʷ ʚ ʧʦʣʥʦ-

ʨʘʟʤʝʨʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʘʩʰʪʘʙʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʳʭ ʨʝʞʠ-

ʤʦʚ ʰʪʦʨʤʦʚʦʛʦ ʭʦʜʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʟʤʝʥʝʥʠʝ ʦʩʪʦʡʯʠʚʦʩʪʠ (ʤʝʪʘʮʝʥ-

ʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʳ) ʠ ʦʩʘʜʢʠ ʢʦʨʘʙʣʷ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʢʦʨʧʫʩʘ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʥʘʩʪʨʦʡʢʠ ʪʨʸʭ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʤʦʨ-

ʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʠ ʜʨ. 
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ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʛʨʘʤʤʳ çAurora . exeè ʙʝʟ ʧʘʨʘʤʝʪʨʦʚ ʜʝʣʘʝʪ-

ʩʷ ʧʦʧʳʪʢʘ ʩʯʠʪʳʚʘʥʠʷ ʬʘʡʣʘ ʜʘʥʥʳʭ Aurora . vsl  ʩ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʴʶ 

ʢʦʨʧʫʩʘ ʢʨʝʡʩʝʨʘ çɸʚʨʦʨʘè. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚ ʨʘʙʦʯʝʡ ʜʠʨʝʢʪʦʨʠʠ ʵʪʦʛʦ 

ʬʘʡʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʠʩʢʦʚʳʡ ʟʘʧʨʦʩ ʧʦ ʤʘʩʢʝ ç*. vsl è, ʠ ʚ ʩʣʫʯʘʝ 

ʝʛʦ ʦʪʤʝʥʳ  ʧʦ <Esc> ʚ ʪʝʢʫʱʝʡ ʨʘʙʦʯʝʡ ʜʠʨʝʢʪʦʨʠʠ ʧʦʨʦʞʜʘʝʪʩʷ ʥʦʚʳʡ 

ʬʘʡʣ Aurora . vsl , ʢʦʪʦʨʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʯʠʪʳʚʘʝʪʩʷ ʠ ʚʢʣʶʯʘʝʪʩʷ ʚ 

ʘʢʪʠʚʥʫʶ ʨʘʙʦʪʫ. 

 

ʂʨʘʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ 

ʘʣʛʦʨʠʪʤʦʚ 

ɻʣʘʚʥʘʷ ʯʘʩʪʴ ʩʠʣʦʚʦʛʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʨʘʙʣʷ ʠ 

ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʥʦ ʩʚʦʙʦʜʥʳʤ ʚʝʢʪʦʨʦʤ ʧʨʠʨʘʱʝ-

ʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ 
­

Vd [ʤ/c], ʩ ʠʟʤʝʥʝ-

ʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʛʣʦʚʦʛʦ ʧʦʚʦʨʦʪʘ 
­

wd [cï1 ] ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʛʥʦʚʝʥ-

ʥʦʛʦ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ 
«

L[ʤ] ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʰʘʛʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ ʚʦ ʚʨʝʤʝʥʠ. 

t
W

WvS
gV dd Ö

-
ÖÖ=

««
³­

r   [ʤ/c];   t
WvSL

g dwd Ö
-³

ÖÖ=
³

«««
³­

M

r
) (

  [cï1 ] , 

ʛʜʝ 
³

r [d] ï ʪʝʥʟʦʨ ʦʨʠʝʥʪʘʮʠʠ ʢʦʨʘʙʣʷ ï ʛʣʘʚʥʳʝ ʦʩʠ ʢʦʨʘʙʝʣʴʥʦʛʦ ʙʘʟʠʩʘ; 
«

W[ʢʛ] ï ʚʝʢʪʦʨ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʳ ʪʷʞʝʩʪʠ ʢʦʨʘʙʣʷ ï ʠʩʭʦʜʥʦʝ ʚʦʜʦ-

ʠʟʤʝʱʝʥʠʝ; 
«

vS[ʢʛ] ï ʚʝʢʪʦʨ ʘʨʭʠʤʝʜʦʚʳʭ ʩʠʣ ʚʩʧʣʳʪʠʷ ʧʦ ʥʦʨʤʘʣʠ ʢ 

ʚʦʣʥʦʚʦʤʫ ʩʢʣʦʥʫ ʧʦʜ ʦʩʨʝʜʥʸʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠ-

ʥʠʠ ï ʦʙʲʸʤ ʧʦʛʨʫʞʝʥʥʳʭ ʦʙʚʦʜʦʚ ʢʦʨʧʫʩʘ; 
«

L [ʤ] ï ʚʝʢʪʦʨ ʦʪʩʪʦʷʥʠʷ 

ʤʛʥʦʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ ʦʪ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʘʙʣʷ ï 

ʧʣʝʯʦ ʧʘʨʳ ʩʠʣ; 
³

M [ʢʛĿʤ2] ï ʤʘʩʩʦʚʳʡ (ʦʙʲʸʤʥʳʡ) ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʢʦʨ-
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ʧʫʩʘ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩ ʛʨʫʟʦʚ, ʙʦʨʪʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠ ʩʦʙʩʪʚʝʥʥʦ ʢʦʨʧʫʩʘ. 

ʄʘʩʩʦʚʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʦʙʲʝʤʫ ʧʦʛʨʫʞʝʥʥʦʛʦ 

ʢʦʨʧʫʩʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʛʨʫʟʦʚ ʩ ʧʣʦʪ-

ʥʦʩʪʴʶ ʚʦʜʳ ʧʦ ʚʩʝʤʫ ʢʦʨʧʫʩʫ. ʆʜʥʘʢʦ ʪʘʢʦʝ ʜʦʧʫʱʝʥʠʝ ʥʫʞʜʘʝʪʩʷ ʢʦʨ-

ʨʝʢʪʠʨʦʚʢʝ ʧʦ ʘʧʧʣʠʢʘʪʝ, ʪʘʢ ʢʘʢ ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʙʩʮʠʩʩʳ ʠ ʦʨʜʠʥʘʪʳ ʜʣʷ 

ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ, ʮʝʥʪʨ ʤʘʩʩ ʢʦʨʧʫʩʘ ʦʙʳʯʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʮʝʥʪʨʘ 

ʚʝʣʠʯʠʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʧʦ ʙʦʨʪʦʚʦʡ ʢʘʯʢʠ ʪʘʢʞʝ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʡ, ʯʪʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ z-

ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʘ ʚʝʣʠʯʠʥʫ ʢʚʘʜʨʘʪʘ ʨʘʟʥʦʩʪʠ ʦʪ ʨʘʩʯʝʪʥʦʝ ʘʧʧʣʠʢʘ-

ʪʳ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ ʠ ʧʨʝʜʫʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʘʧʧʣʠʢʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 

ʢʦʨʘʙʣʷ ʧʦ ʬʦʨʤʫʣʘʤ ɻʶʡʛʝʥʩʘ-ʐʪʝʨʥʝʨʘ (ʧʦʜʨʦʙʥʝʝ ʚ ʪʨʝʪʝɹʡ ʛʣʘʚʝ).  

ʆʩʥʦʚʥʦʡ ʚʝʢʪʦʨ ʘʨʭʠʤʝʜʦʚʳʭ ʩʠʣ ʚʩʧʣʳʪʠʷ 
«

vS[ʢʛ] ʤʦʞʝʪ ʚʳʯʠʩ-

ʣʷʪʴʩʷ ʣʠʙʦ ʧʦ ʠʟʤʝʥʯʠʚʦʤʫ ʦʙʲʝʤʫ ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ, ʣʠʙʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʜʘʚʣʝʥʠʷ ʧʦ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ. 

ʅʘ ʪʠʭʦʡ ʚʦʜʝ ʙʝʟ ʢʘʯʢʠ ʦʙʘ ʤʝʪʦʜʘ ʚʳʯʠʩʣʝʥʠʷ ʧʦʛʨʫʞʝʥʥʦʛʦ ʦʙʝ̡ʤʘ 

ʜʘʶʪ ʩʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʅʘ ʵʣʝʤʝʥʪʘʨʥʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ ʚʝʣʠʯʠʥʘ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʧʣʦʱʘʜʠ ʩ ʚʝʢʪʦʨʦʤ 

ʥʦʨʤʘʣʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪʩʷ ʢ ʘʧʧʣʠʢʘʪʝ ʮʝʥʪʨʘ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

hz [ʤ]: 

 

««

+= Shgpf zi )···( r
 [ʅ = ʢʛĀʤ/ʩ2] 

ʛʜʝ pi ï ʠʟʙʳʪʦʯʥʦʝ ʠʣʠ ʥʘʚʝʜʝʥʥʦʝ ʠʟʚʥʝ ʜʘʚʣʝʥʠʝ, ʥʘʧʨʠʤʝʨ ï ʚ ʩʣʫʯʘʝ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʠʣʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʦʢʘʣʴʥʳʭ ʩʢʦʨʦʩʪ-

ʥʳʭ ʧʦʪʦʢʦʚ; hz ï ʘʧʧʣʠʢʘʪʘ ʧʦʛʨʫʞʝʥʠʷ ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ ʪʨʝʫʛʦʣʴʥʠʢʘ; 
«

S  ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʩ ʧʣʦʱʘʜʴʶ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚ ʢʦʨʘ-

ʙʝʣʴʥʦʤ ʙʘʟʠʩʝ; r = 1025 [ʢʛ/ʤ3] ï ʫʩʣʦʚʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʨʩʢʦʡ ʚʦʜʳ. 
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ʉʚʦʙʦʜʥʳʡ ʠʣʠ ʛʣʘʚʥʳʡ ʚʝʢʪʦʨ ʩʠʣ8 ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʩʤʦʯʝʥʥʫʶ ʦʙʰʠʚʢʫ ʢʦʨʧʫʩʘ ʧʨʦʩʫʤʤʠʨʫʝʪʩʷ: 

 äD
««

= shgvS zd·  [ʅ/r, ʤ4/ʩ2]  

ɸʧʧʣʠʢʘʪʘ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʤʦʤʝʥʪʫ ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚ ʧʨʦʝʢʮʠʠ ʝʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ: 

 
zz

c
z

sh

I
hh

Ö
+=D   [ʤ] 

ʛʜʝ sz ï ʧʨʦʝʢʮʠʷ ʧʣʦʱʘʜʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʘ ʚʝʨʪʠʢʘʣʥɹʫʶ 

ʧʣʦʩʢʦʩʪʴ. ɺ ʩʣʫʯʘʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʣʦʱʘʜʦʢ ʧʦʧʨʘʚʢʘ Ic ʢ ʘʧʧʣʠʢʘʪʝ hD 

ʦʙʥʫʣʷʝʪʩʷ, ʘ ʪʦʯʢʘ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣ ʜʘʚʣʝʥʠʷ ʧʨʦʩʪʦ ʩʚʦʜʠʪʩʷ ʢ ʮʝʥʪʨʫ 

ʧʣʦʱʘʜʠ ʪʨʝʫʛʦʣʴʥʠʢʘ hz. 

 äD
«««

D

«

³-= sGrhgvR z d)·(· ,  [ʅĀʤ/r, ʤ5/ʩ2]  

ʛʜʝ: 
«

Dr  ï ʚʝʢʪʦʨ ʜʣʷ ʪʦʯʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʠʣ ʦʪ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʥʘ ʵʣʝ-

ʤʝʥʪʘʨʥʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ, ʩ ʫʯʸʪʦʤ ʧʦʧʨʘʚʢʠ ʥʘ ʟʘʛʣʫʙʣʝʥʠʝ ʚʝʨʪʠʢʘʣʥɹʦʡ 

ʢʦʤʧʦʥʝʥʪʳ hD, G - ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʘʙʣʷ, ŭS ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ 

ʩ ʚʝʣʠʯʠʥʦʡ ʧʣʦʱʘʜʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. 

ʀʥʪʝʛʨʘʣ ʧʦ ʧʦʣʶ ʜʘʚʣʝʥʠʡ ʤʦʞʝʪ ʫʪʦʯʥʷʪʴʩʷ ʧʦʧʨʘʚʢʘʤʠ ʧʦ ʩʢʦʨʦ-

ʩʪʠ ʪʝʯʝʥʠʷ ʚʙʣʠʟʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʨʧʫʩʘ, ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ ʧʦ ʫʩʣʦʚʠʷʤ ʥʝʧʨʦʪʝʢʘʥʠʷ [16] (ʢʘʢ ʤʦʜʝʣʠ ʦʪ-

ʨʘʞʝʥʠʷ ʚʥʝʥhʝʛʦ ʧʦʪʦʢʘ ʦʪ) ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ. ʅʦʨʤʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʦʣʫʯʘʶʪʩʷ ʜʚʦʡʥʳʤ ʩʢʘʣʷʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʩ ʝʜʠ-

ʥʠʯʥʦʡ ʥʦʨʤʘʣʴʶ n ʢ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʝ (ʪʨʝʫʛʦʣʴʥʠʢʫ) ʩʤʦʯʝʥʥʦʡ 

ʦʙʰʠʚʢʠ: 

 
8 ɺ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ ʚ ʜʝʣʠʪʝʣʝ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʘʩʩʘ ʠʣʠ ʤʦʤʝʥʪʳ ʠʥʝʨ-

ʮʠʠ, ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʧʦʟʚʦʣʷʝʪ ʦʧʫʩʢʘʪʴ ʤʥʦʞʠʪʝʣʴ: r ï ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ. 
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««««

Ö= nvnvn )·(
.  [ʤ/ʩ] 

ɸʩʠʤʤʝʪʨʠʷ ʦʪʨʘʞʸʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩʢʦʨʦʩʪʠ:  

 
«

nv ×=  1 + (1 - kv )· nv,  

ʛʜʝ kv ï ʧʘʨʘʤʝʪʨ ʚ ʤʦʜʝʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʥʝ-

ʧʨʦʪʝʢʘʥʠʷ ʚ ʟʦʥʘʭ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʦʪʨʳʚʘ ʪʝʯʝʥʠʡ ʠʣʠ ʢʘʚʠʪʘʮʠʠ. ʇʦ 

ʫʤʦʣʯʘʥʠʶ ʫʩʪʘʥʦʚʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ kv =0,5. ɽʩʣʠ kv = 1.0 ï ʚʝʣʠʯʠʥʘ ʦʪ-

ʨʠʮʘʪʝʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʜʘʚʣʝʥʠʷ ʥʝ ʦʩʣʘʙʣʷʝʪʩʷ, ʧʨʠ ʫʤʝʥʴh ʝʥʠʠ kv ŗ

[0,0 ÷ 1,0[ ï ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʙʣʦʢʠʨʫʝʪʩʷ ʚʝʣʠʯʠʥʘ ʩʪʦʢʘ ʩʦʨʘʟʤʝʨʥʦ 

ʧʨʦʝʢʮʠʠ ʠʤʧʫʣʴʩʘ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʦ ʥʦʨʤʘʣʠ ʢ ʵʣʝʤʝʥʪʘʨʥʦʤʫ ʪʨʝ-

ʫʛʦʣʴʥʠʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ, ʯʪʦ ʚʙʣʠʟʠ 

ʚʘʪʝʨʣʠʥʠʠ ʧʦʜʦʙʥʦ ʦʛʦʣʝʥʠʶ ʦʙʰʠʚʢʠ ʠʣʠ ʢʘʚʠʪʘʮʠʠ. 

ʉʢʦʣʴʟʷʱʠʡ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ ʧʦ-

ʣʫʯʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʜʚʦʡʥʳʤ ʚʝʢʪʦʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ: 

 

««««««

-=³³= ns vvnvnv ][
.  [ʤ/ʩ] 

ʀʟʤʝʥʝʥʠʝʤ ʟʥʘʢʘ (ʧʦʨʷʜʢʘ) ʚ ʚʝʢʪʦʨʥʦʤ ʧʨʦʠʟʚʝʜʝʥʠʠ ʧʦʣʫʯʘʝʪʩʷ 

ʚʝʢʪʦʨ 
«

^v  ʜʣʷ ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʠ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ 
«

n , ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʪʨʘ-

ʞʝʥʠʷ ʚʦʣʥ: 

 

«««««««««

^ -=³³+Ö= sn vvvnnnvnv ][)·(
.  [ʤ/ʩ] 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʚʝʢʪʦʨ ʩʠʣʳ ʥʘ ʵʣʝʤʝʥʪʘʨʥʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ: 

«
««««

«

D

«

D
ö
ö
ö
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õ

æ
æ
æ

ç
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°
+
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Ö== s

vnvnV
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2

||
·

222

,  [ʅ=ʢʛĀʤ/ʩ2]  

ʛʜʝ: V ï ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʢʦʨʘʙʣʷ, pD ï ʜʘʚʣʝʥʠʝ ʚʦʜʳ ʥʘ ʵʣʝʤʝʥʪʝ ʙʦʨʪʦʚʦʡ 

ʦʙʰʠʚʢʠ. ʇʝʨʚʳʡ ʯʣʝʥ ʚ ʚʳʨʘʞʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʫ 



58 

ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ ʟʘ ʩʯʝʪ ʢʘʩʘʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦ-

ʢʘ ʚ ʨʘʤʢʘʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʟʘʢʦʥʦʚ ɹʝʨʥʫʣʣʠ. ɺʪʦʨʦʡ ʯʣʝʥ ʤʦʜʝʣʠʨʫʝʪ 

ʫʩʣʦʚʠʝ ʥʝʧʨʦʪʝʢʘʥʠʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ co ʩʢʦʨʦʩʪʴʶ 

ʚ ʟʘʢʦʥʝ ʊʦʨʨʠʯʝʣʣʠ, ʩ ʯʘʩʪʠʯʥʳʤ ʥʘʨʫʰʝʥʠʝʤ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʩʠʤ-

ʤʝʪʨʠʠ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʘ kv ʧʨʠ ʬʦʨʤʘʣʴʥʦʤ ʫʯʝʪʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, 

ʦʪʨʳʚʘ ʧʦʪʦʢʘ ʠ ʢʘʚʠʪʘʮʠʠ. 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ ʚʢʣʶʯʘʶʪʩʷ ʚ ʘʣʛʦʨʠʪʤ ʚ ʢʘʯʝ-

ʩʪʚʝ ʜʦʧʦʣʥʝʥʠʡ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʦʚ ʧʣʘʚʫʯʝʩʪʠ: 

 ä
««

=+ fvS d   [ʅ, ʢʛĀʤ/ʩʝʢ2]  

 ä
«««

D

«

³-=+ fGrvR d)(  [ʅĀʤ, ʢʛĀʤ2/ʩʝʢ2]  

ʎʝʥʪʨ ʩʠʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ dV ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʣʠʥʠʠ ʤʝʞʜʫ 

ʜʝʡʩʪʚʫʶʱʠʤʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʮʝʥʪʨʘʤʠ ʚʝʣʠʯʠʥʳ ʠ ʧʣʦʱʘʜʠ 

ʚʘʪʝʨʣʠʥʠʠ: 

 )·/()·)·(( iVdZiFiVvBdZiFvFdV ++=
«««

  [ʤ] 

ʛʜʝ: vF ï ʮʝʥʪʨ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ; iF ï ʧʣʦʱʘʜʴ ʚʘʪʝʨʣʠʥʠʠ; dZ ï ʚʝʨ-

ʪʠʢʘʣʴʥʦʝ ʦʪʩʪʦʷʥʠʝ ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ ʦʪ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ; vB 

ï ʮʝʥʪʨ ʚʝʣʠʯʠʥʳ; iV ï ʚʦʜʦʠʟʤʝʱʝʥʠʝ. ɺʩʝ ʚʝʣʠʯʠʥʳ, ʢʨʦʤʝ dZ, ʠʟʤʝʨʷ-

ʶʪʩʷ ʚ ʢʦʨʘʙʝʣʴʥʦʤ ʙʘʟʠʩʝ. 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʮʝʥʪʨ vC ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʣʠʥʠʠ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ 

vD ʠ dV ʩ ʫʯʸʪʦʤ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ, ʚʢʣʶʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʳ ʜʝʤʧʬʠ-

ʨʦʚʘʥʠʷ ɛF( ɝ,ɖ,ɕ ): 

  )tanh1(·tanh· mm -+=
««­

vDdVvC .  [ʤ] 

ɽʩʣʠ ɛF = 0 ï ʜʚʠʞʝʥʠʝ ʢʦʨʘʙʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ G, ʝʩʣʠ 

ɛF å 0,55, ʪʦ ʜʠʥʘʤʠʯʝʩʢʠʡ ʮʝʥʪʨ ʥʘ ʩʝʨʝʜʠʥʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʪʷʞʝʩʪʠ G 

ʠ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ vB. ɼʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʧʦʚʦʨʦʪʦʤ 



59 

ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɤ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ 

vC: 

 tvCVLocate dw)·(·
«««³­

³+=r ,  [ʤ] 

ʛʜʝ r  ï ʪʝʥʟʦʨ ʣʦʢʘʣʴʥʦʛʦ ʙʘʟʠʩʘ ʢʦʨʘʙʣʷ; V ï ʪʝʢʫʱʘʷ ʩʢʦʨʦʩʪʴ ʭʦʜʘ; ɤ ï 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʨʧʫʩʘ. 

ʂʦʨʘʙʣʴ, ʧʣʘʚʘʶʱʠʡ ʥʘ ʩʚʦʙʦʜʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙ-

ʣʘʜʘʝʪ ʢʘʢ ʙʳ ʫʩʨʝʜʥʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʠ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʚ 

ʜʚʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʡ ʢʠʥʝʤʘʪʠʢʦʡ ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝʥʠʷ. ɼʣʷ ʫʯʸʪʘ ʪʘ-

ʢʦʛʦ ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʩʪʦʝ ʜʦʧʦʣʥʝʥʠʝ ʨʝʟʫʣʴ-

ʪʠʨʫʶʱʝʡ ʩʢʦʨʦʩʪʠ ʫʩʨʝʜʥʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʚ ʧʦʪʦʢʝ 

ʚʦʜʳ ʚ ʦʙʲʝʤʝ ʚʦʜʦʠʟʤʝʱʝʥʠʷ. 

ɺ ʘʣʛʦʨʠʪʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ ʧʦʪʦʢʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚ 

ʪʦʣʱʝ ʚʦʣʥʳ ʚʣʠʷʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʤʝʱʝʥʠʝ 

ʢʦʨʧʫʩʘ, ʠ ʪʦʣʴʢʦ, ʙʝʟ ʥʘʨʘʱʠʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʝʨʮʠʦʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚ ʫʩʣʦʚʥʦ ʥʝʧʦʜʚʠʞʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʦʛʜʘ, ʚʥʫʪʨʠʢʦʨʧʫʩʥʳʝ 

ʫʩʢʦʨʝʥʠʷ ʤʦʞʥʦ ʚʳʯʠʩʣʷʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ 

ʧʨʠʨʘʱʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʢʦʨʘʙʣʷ, ʯʪʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʣʦʢʘʣʴʥʳʝ ʫʩʢʦʨʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʯʢʠ ʠ ʧʦʩʪʫʧʘʪʝʣʴ-

ʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʦʨʧʫʩʘ, ʦʪʯʘʩʪʠ ʩʦʙʣʶʜʘʷ ʜʠʥʘʤʠʢʫ ʜʚʠʞʝʥʠʷ ʢʦʨʧʫʩʘ 

ʧʦ ʚʦʣʥʝ ʢʘʢ ʧʦ ʨʦʚʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

1. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʢʦʥʩʦʣʴ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʦʢʥʘ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʤʦʨʝʭʦʜʥʦʩʪʠ ʢʦʨʘʙʣʷ ʚ ʰʪʦʨʤʦʚʦʤ ʤʦʨʝ, ʠʥʪʝʨʘʢʪʠʚʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

ʏʠʩʣʦʚʘʷ ʤʦʜʝʣʴ ʢʦʨʘʙʣʷ ʦʮʠʬʨʦʚʳʚʘʝʪʩʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʤʠ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʤʠ ʯʝʨʪʝʞʘʤʠ ʦʙʚʦʜʦʚ ʢʦʨʧʫʩʘ ʩ ʯʘʩʪʠʯʥʦʡ ʦʙʨʠʩʦʚʢʦʡ ʛʣʘʚ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʱʝʢʦʨʘʙʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ, ʩ ʩʦʙʣʶ-
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ʜʝʥʠʝʤ ʠʥʝʨʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʫʣʴʩʘʮʠʡ ʩʢʦʨʦʩʪʠ ʠ ʧʝʨʠʦʜʦʚ ʢʘʯ-

ʢʠ ʚ ʥʘʛʣʷʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʰʪʦʨʤʦʚʦʡ ʤʦʨʝʭʦʜʥʦʩʪʠ ʥʘʩʪʦʷʱʝʛʦ ʢʦ-

ʨʘʙʣʷ. 

ʄʦʨʩʢʦʝ ʚʦʣʥʝʥʠʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʷʯʝʠʩʪʳʤʠ ʪʨʦʭʦʠʜʘʣʴʥʳʤʠ ʩʪʨʫʢ-

ʪʫʨʘʤʠ, ʛʜʝ ʬʘʟʦʚʳʝ ʩʢʦʨʦʩʪʠ ʛʨʝʙʥʝʡ ʚʦʣʥ ʚʜʚʦʝ ʙʦʣʴʰʝ ʠʭ ʛʨʫʧʧʦʚʳʭ 

ʧʨʦʷʚʣʝʥʠʡ, ʪʦ ʝʩʪʴ, ʜʝʚʷʪʳʝ ʚʘʣʳ ʩʫʱʝʩʪʚʫʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʣʠʰʴ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ. ʍʘʨʘʢʪʝʨ ʚʦʣʥʝʥʠʷ ʤʦʞʝʪ ʧʝʨʝʥʘʩʪʨʘʠʚʘʪʴʩʷ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠʟʥʘʯʘʣʴʥʦ ʵʪʦ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʚʦʣʥ ʫʩʠʣʠʚʘʶ-

ʱʝʛʦʩʷ ʰʪʦʨʤʘ9 ʧʦ ʢʫʨʩʫ ʢʦʨʘʙʣʷ ʥʘ Nord ʩ ʭʦʜʦʤ çʚʨʘʟʨʝʟ ʚʦʣʥʝè 15Á ʩ 

ʧʨʘʚʦʛʦ ʙʦʨʪʘ: 

ï ʠʥʪʝʥʩʠʚʥʦʝ ʚʝʪʨʦʚʦʝ ʚʦʣʥʝʥʠʝ (l=64 ʤ, h=6,88 ʤ, ʉ=195°); 

ï ʩʚʝʞʘʷ ʟʳʙʴ ʜʝʡʩʪʚʫʶʱʝʛʦ ʰʪʦʨʤʘ (l=100 ʤ, h=5,37 ʤ, ʉ=160°); 

ï ʧʦʣʦʛʠʝ ʨʝʣʠʢʪʦʚʳʝ ʚʘʣʳ ʦʪ ʫʜʘʣʸʥʥʳʭ ʫʨʘʛʘʥʦʚ 

 (l=160 ʤ, h=3,82 ʤ, ʉ=230°). 

ʄʘʥʝʚʨʳ ʢʦʨʘʙʣʷ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ 

ʧʣʘʚʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʮʠʨʢʫʣʷʮʠʠ; ʧʣʘʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘʙʦʨ ʠ ʧʦʪʝʨʷ 

ʩʢʦʨʦʩʪʠ ʭʦʜʘ, ʯʪʦ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʤʫ ʧʣʘʚʘʥʠʶ ʩʦ ʚʩʝʤʠ 

ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʧʦ ʫʛʣʦʚʳʤ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʚʠʜʘʤ ʢʘʯʢʠ, ʩ 

ʢʨʝʥʦʤ ʥʘ ʮʠʨʢʫʣʷʮʠʠ ʠ ʭʦʜʦʚʳʤ ʜʠʬʬʝʨʝʥʪʦʤ ʧʨʠ ʨʘʟʛʦʥʝ ʠ ʪʦʨʤʦʞʝ-

ʥʠʠ ʢʦʨʘʙʣʷ; ʠ ʯʪʦ ʚʘʞʥʦ ï ʩ ʧʝʨʝʤʝʥʯʠʚʦʡ ʩʢʦʨʦʩʪʴʶ ʭʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʨʧʫʩʘ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʛʨʝʙʥʷʤʠ ʰʪʦʨʤʦ-

ʚʳʭ ʚʦʣʥ. 

ʂʫʨʩ ʢʦʨʘʙʣʷ ʫʜʝʨʞʠʚʘʝʪʩʷ ʘʚʪʦʨʫʣʝʚʳʤ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

ʮʠʨʢʫʣʷʮʠʠ ʧʦ ʪʨʸʤ ʫʩʣʦʚʥʳʤ ʚʘʨʠʘʥʪʘʤ ʧʝʨʝʢʣʘʜʢʠ ʨʫʣʷ çʧʦʤʘʣʫè, ʥʘ 

çʧʦʣʙʦʨʪʘè ʠ çʥʘ ʙʦʨʪè (ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʫʨʩʘ ʥʘ ʮʠʨʢʫʣʮ̫ʠʠ 

ʟʜʝʩʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʭʦʜʘ).  

 
9 ʉʣʦʞʝʥʠʝ ʜʝʚʷʪʳʭ ʚʘʣʦʚ ʧʨʝʚʳʰʘʝʪ 16 ʤ ï ʧʦʯʪʠ ʥʝʚʦʟʤʦʞʥʘʷ ʦʮʝʥʢʘ ʦʧʘʩʥʦʩʪʠ 

ʩʚʝʨʭʫ. 
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ʉʢʦʨʦʩʪʴ ʭʦʜʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʫʩʣʦʚʥʦʡ çʪʷʛʦʡ ʜʚʠʞʠʪʝʣʝʡè, ʩ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʶ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦ çʪʠʭʦʡ ʚʦʜʝè, ʯʪʦ ʜʦʧʫʩ-

ʢʘʝʪ ʢʘʢ ʧʦʪʝʨʶ ʰʪʦʨʤʦʚʦʛʦ ʭʦʜʘ ʥʘ ʠʥʪʝʥʩʠʚʥʦʤ ʚʦʣʥʝʥʠʠ, ʪʘʢ ʠ ʨʘʟʛʦʥ 

ʩ ʜʝʣʴʬʠʥʠʨʦʚʘʥʠʝʤ ʥʘ ʛʨʝʙʥʷʭ ʧʦʧʫʪʥʳʭ ʚʦʣʥ. ʇʨʠ ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʤʘ-

ʰʠʥʘʭ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʭʦʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦ ʚʩʝʤ ʢʦʤʧʦʥʝʥʪʘʤ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ ʜʨʝʡʬʘ, ʥʘ ʭʦʜʫ ï ʪʦʣʴʢʦ ʢ ʧʦʧʝʨʝʯʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʦʪ ʟʘ-

ʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʫʶ ʚʳʩʦʪʫ, ʦʪ-

ʤʝʨʷʝʤʫʶ ʦʪ ʤʝʪʘʮʝʥʪʨʘ ʪʠʭʦʡ ʚʦʜʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ 

ʤʝʪʘʮʝʥʪʨʘ ʙʫʜʝʪ ʩʜʚʠʛʘʪʴʩʷ ʘʧʧʣʠʢʘʪʘ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ (Gz =  mz ï h). ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʦʮʝʥʦʢ ʠ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʘ ʠ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʢʘʯʢʠ ʢʦʨʘʙʣʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʰʪʦʨʤʦʚʦʛʦ ʧʣʘʚʘʥʠʷ.  

ʃʶʙʦʧʳʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʦʞʝʪ ʩʪʘʪʴ ʚʝʣʠʯʠʥʘ ʤʝʪʘʮʝʥʪʨʠʯʝ-

ʩʢʦʡ ʚʳʩʦʪʳ ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʷ ʚ ʧʦʣʦʞʝʥʠʝ çʥʘ ʨʦʚʥʳʡ ʢʠʣʴè ʦʧʨʦʢʠ-

ʥʫʚʰʝʛʦʩʷ ʢʦʨʘʙʣʷ. ɸʜʝʢʚʘʪʥʦ ʦʪʨʘʙʦʪʘʥʥʳʝ ʦʙʚʦʜʳ ʠ ʥʘʜʚʦʜʥʘʷ ʘʨʭʠ-

ʪʝʢʪʫʨʘ ʢʦʨʘʙʣʷ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ 

ʤʦʤʝʥʪʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʢʨʝʥʘ, ʪʘʢʞʝ ʢʘʢ ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ 

ʦʩʘʜʢʠ ʢʦʨʧʫʩʘ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ ʢʘʯʢʠ. ʇʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʧʨʦʝʢʪʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ ʦʧʨʦʢʠʜʳʚʘʥʠʝ ʥʘ ʨʝʟʢʦʡ ʢʘʯʢʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʝ, ʠ ʪʦʛʜʘ ʚʦʟʚʨʘʪ ʢʦʨʧʫʩʘ ʥʘ 

ʨʦʚʥʳʡ ʢʠʣʴ ʪʝʦʨʝʪʠʯʝʩʢʠ ʙʫʜʝʪ ʚʦʟʤʦʞʝʥ ʧʨʠ ʙʝʟʤʝʨʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʳ (ʩʤʝʱʝʥʠʠ ʘʧʧʣʠʢʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ çʥʠʞʝ 

ʢʠʣʷè). 

ʆʩʘʜʢʘ ʠ ʜʠʬʬʝʨʝʥʪ ʢʦʨʘʙʣʷ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʫʩʪʘʥʦʚʢʘʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʦʟ-

ʤʦʞʥʦ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʡ ʦʩʘʜʢʠ ʢʦʨʧʫʩʘ, ʧʨʠ ʵʪʦʤ 

ʦʧʳʪʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʢʦʨʘʙʣʷ ʙʫʜʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʥʘʩʪʨʘʠʚʘʪʴʩʷ ʠ 

ʧʝʨʝʟʘʧʫʩʢʘʪʴʩʷ, ʘ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʛʨʘʬʠʢʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʨʳʚʘʪʴʩʷ ʥʝ 

ʙʫʜʫʪ.  
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ɼʣʷ ʙʳʩʪʨʦʛʦ ʚʳʚʝʜʝʥʠʷ ʧʣʘʚʘʶʱʝʡ ʤʦʜʝʣʠ ʠʟ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦ-

ʚʝʩʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʤʧʫʣʴʩʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʨʝʥʘ ʥʘ Ñ30Á ʧʨʘʚʦʛʦ ʠʣʠ 

ʣʝʚʦʛʦ ʙʦʨʪʘ. 

ɺ ʧʨʦʚʝʜʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʪʝʢʩʪʦ-

ʚʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʢʦʥʩʦʣʴ ʠ ʜʚʘ ʘʢʪʠʚʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʦʢʥʘ Windows 

ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ OpenGL: 
 

 

 ʐʐʐʪʪʪʦʦʦʨʨʨʤʤʤʦʦʦʚʚʚʘʘʘ̫̫̫    ʤʤʤʦʦʦʨʨʨʝʝʝʭʭʭʦʦʦʜʜʜʥʥʥʦʦʦʩʩʩʪʪʪɹɹɹ    ʢʢʢʦʦʦʨʨʨʘʘʘʙʙʙʣʣʣ̫̫̫    ((( ʚʚʚrrr ʯʯʯʠʠʠʩʩʩʣʣʣʠʠʠʪʪʪʝʝʝʣʣʣɹɹɹ ʥʥʥrrr ʡʡʡ   ʵɻɻʢʢʢʩʩʩʧʧʧʝʝʝʨʨʨʠʠʠʤʤʤʝʝʝʥʥʥʪʪʪ)))    
 ʃʝʥʠʥʛʨʘʜ, ʂʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴʥʳʡ ʠʥʩʪʠʪʫʪ  
          \  ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
                  ʅʘʫʯʥʦ-ʠʥʞʝʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ ʩʫʜʦʩʪʨʦʠʪʝʣʝʡ ʠʤ.ɸ.ʅ.ʂʨʳʣʦʚʘ, 
                  ʧʦʜʩʝʢʮʠʷ ʤʦʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚ ʢʦʨʘʙʣʷ ʚ ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠ̫ ʭ 
  çʄʀɼɺè É1975-2023 ʂʘʣʠʥʠʥʛʨʘʜïʉʝʚʘʩʪʦʧʦʣʴïʃʝʥʠʥʛʨʘʜïʉʘʭʘʣʠʥ ï  ˭ ˑ˩ ˔ˬ ˕̇ ̒˸ˍ˩ ï ɺ.ʍʨʘʤʫʰʠʥ 

 
 >>> ʂʨʘʩʥʦʟʥʘʤʸʥʥʳʡ ʦʨʜʝʥʘ ʆʢʪʷʙʨʴʩʢʦʡ ʨʝʚʦʣʶʮʠʠ ʢʨʝʡʩʝʨ çɸʚʨʦʨʘè 
 >>{ L=123.7, B=16.8, T=6.4, Ɋ=00' \ ŭd=0ʩʤ}^6.4 ˉ A.103<+147+>113.ʌ> Statum {4}  
 
ɺʦʣʥʘ: ɚ=56ʤ,Ű= 6",ɕ=6/0.89ʤ,C=9.4 ʤ/ʩ,A=191Á,ŭS=4.7ʤ[172Ŀ154]={800Ŀ720}ʤ 
ɿʳʙʴ:   100ʤ,   8.0",  0.0/0 ʤ, 12.5 ʤ/ʩ, 158Á, 6.2ʤ [130Ŀ116] 
ɺʘʣ:   156ʤ,  10.0",  0.0/0 ʤ, 15.6 ʤ/ʩ, 236Á, 7.8ʤ [104Ŀ94] 
                             P:{   0.5,0.0, - 2.7  }  
 Time   03'06" + 0.20"   C:{  2.6, - 0.9, - 2.9 } mC:|  0.38 - 0.92 - 0.01 |= -6Á 
 Speed  17.1ʫʟ(0.25=0.4L) W:{  1.5, - 0.5, - 1.8 }     |  0.91 0.38  0.14  |= 3Á 
 Volume  6817 << 6097   vW:{  0.1,0.0,1.0   }     | - 0.13 -0.07 0.99  |=67Á 
 Surface  2354<< 1876   mW:|  19151  5484.1 |  mM:| 135605 - 11079 41635.3 |  
 Floatable  1436 << 1318   | 5484.1  918267 |     | - 11079 3570954 - 6461.6 |  
 ɛCenter  0.8 >> 0.3 >> - 0.2 Gravity              | 41635.3 - 6461 3573807 |  
      h 0.84>> 1.2 --  ɛM 156.5 >> 156.3   inMass :| 160625 - 0.0   33485.8 |  
                                                |   - 0.0  4566025 - 0.0  |  

Ã ʂʫʨʩ( Ö )ʟʘʜʘʥʥʳʡ => 67.3Á<0.2> 67.5Á         | 33485.8 - 0.0  4592476 |  
           ʢʨʝʥ 8.2Á,  ʜʠʬʬʝʨʝʥʪ 0.7Á   ɛã:ƅ ɝ0.1Ú0.9 ɖ0.8Ú0.9 ɕ0.6Ú0.9 ƅ 
           ʉʢʦʨʦʩʪʴ 17.1 ʠʟ 18.0 ʫʟʣʦʚ   ɤ:ƅ ₆0.2Ú0.9 ɣ0.6Ú0.9 ɢ0.8Ú0.9 ƅ 
                                         ɺ ʧʦʪʦʢʝ ʚʦʣʥ, ʠ/ʩʪʦʢ: Kv=0.5 
 
 C  [ʤ]-  ʧʦʣʦʞʝʥʠʝ ʤʛʥʦʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ (ʧʦʜʚʦʜʥʦʛʦ ʦʙʲʸʤʘ) 
 mC (ŭ)-  ʤʘʪʨʠʮʘ ʦʨʠʝʥʪʘʮʠʠ ʢʦʨʧʫʩʘ (ʢʦʨʘʙʝʣʴʥʳʝ ʦʩʠ ʚ ʤʦʨʩʢʦʤ ʙʘʟʠʩʝ) 
 vF [ʤ]-  ʢʦʨʘʙʝʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ 
 vW (ŭ)-  ʠʥʪʝʛʨʘʣʴʥʘʷ ʥʦʨʤʘʣʴ ʢ ʜʝʡʩʪʚʠʶ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ ʚʩʧʣʪrʠ ̫
 vD [ʤ]-  ʫʩʣʦʚʥʳʡ ʮʝʥʪʨ ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨ ʩʠʣ 
 vS [H/ɟ] -  ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʚʝʢʪʦʨ ʩʠʣ ʦʪ ʧʝʨʝʧʘʜʦʚ ʫʨʦʚʥʷ ʤʦʨʷ 
 vR [HĿʤ/ɟ] -  ʧʦʚʦʨʦʪʥʳʡ ʤʦʤʝʥʪ ʦʪ ʢʨʠʚʦ-ʥʘʢʣʦʥʥʦʡ ʚʘʪʝʨʣʠʥʠʠ 
 mW [ʤ4] -  ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ 
 mM [ʤ5] -  ʦʙʲʸʤʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʧʦʛʨʫʞʝʥʥʦʛʦ ʢʦʨʧʫʩʘ 
 inMass  -  ʠʩʭʦʜʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʢʦʨʧʫʩʘ 
 
çɸʚʨʦʨʘè <=[ʢʨʘʪʢʦ]:ʭʦʜ,ʢʫʨʩ; ʚʝʨʪʠʢʘʣʴ, ʙʦʨʪ, ʢʠʣʴ {ʢʦʨʤʘ,ʤʠʜʝʣʴ,ʥʦʩ} 
 

ʈʠʩ. 23. ʊʝʢʩʪʦʚʘʷ ʢʦʥʩʦʣʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʤʝʝʪ ʨʘʟʤʝʨ 

92ʭ40 ʩʠʤʚʦʣʦʚ. ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦ-

ʜʠʪʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʵʢʨʘʥʘ. 

1 ï ʊʝʢʩʪʦʚʘʷ ʢʦʥʩʦʣʴ ʩ ʧʦʜʟʘʛʦʣʦʚʢʦʤ:  

 «ʐʪʦʨʤʦʚʘʷ ʤʦʨʝʭʦʜʥʦʩʪʴ ʢʦʨʘʙʣʷ (ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝ-
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ʨʠʤʝʥʪ)» ï ʩ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʨʘʙʣʷ,  ʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʪʨʸʭ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ, ʦ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʢʦʨʧʫʩʘ, ʭʦʜʢʦʩʪʠ ʠ ʫʜʝʨʞʘʥʠʷ ʢʦ-

ʨʘʙʣʷ ʥʘ ʢʫʨʩʝ. 

ʊʝʢʩʪʦʚʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʢʦʥʩʦʣʴ ʦʪʢʨʳʚʘʝʪʩʷ ʚ ʦʪʜʝʣʴʥʦʤ ʥʝʟʘ-

ʚʠʩʠʤʦʤ ʦʢʥʝ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠʩʭʦʜʥʳʭ ʨʘʟʤʝʨʝʥʠʡ ʧʦ ʢʦʨʧʫʩʫ ʢʦʨʘʙʣʷ 

ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ. ʅʘ ʢʦʥʩʦʣʠ ʥʝʧʨʝʨʳʚʥʦ ʦʙʥʦʚ-

ʣʷʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʧʫʩʘ ʚ ʫʩʣʦʚʠ-

ʷʭ ʢʘʯʢʠ ʥʘ ʚʦʣʥʝʥʠʠ, ʧʨʠʚʦʜʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʫʛʣʘʭ ʢʫʨʩʘ, ʢʨʝʥʘ ʠ 

ʜʠʬʬʝʨʝʥʪʘ, ʪʝʢʫʱʘʷ ʠ ʟʘʜʘʥʥʘʷ ʩʢʦʨʦʩʪʠ ʭʦʜʘ, ʠ ʜʨʫʛʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳ-

ʯʠʩʣʝʥʠʡ ʧʦ ʛʠʜʨʦʤʝʭʘʥʠʢʝ ʢʦʨʘʙʣʷ ʥʘ ʚʦʣʥʝʥʠʠ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʝʢ-

ʩʪʦʚʦʡ ʩʪʨʘʥʠʮʳ ʧʨʠʚʦʜʷʪʩʷ ʧʦʷʩʥʝʥʠʷ ʚ ʬʦʨʤʝ ʢʨʘʪʢʦʡ ʩʧʨʘʚʢʠ ʧʦ ʦʙʦ-

ʟʥʘʯʝʥʠʷʤ ʯʠʩʣʦʚʳʭ ʚʝʣʠʯʠʥ. 

ɺ ʩʘʤʦʡ ʥʠʞʥʝʡ ʩʪʨʦʢʝ ʧʨʠʚʦʜʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʝʞʠʤʝ ʠ ʧʘʨʘ-

ʤʝʪʨʘʭ ʚʝʜʝʥʠʷ ʪʝʢʩʪʦʚʦʛʦ ʧʨʦʪʦʢʦʣʘ, ʢʦʪʦʨʳʡ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚʩʣʝʜ ʟʘ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʬʘʡʣʘ <ʠʤʷ ʬʘʡʣʘ ʤʦʜʝʣʠ>*.vil . 

2 ï ɻʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ ʩʦʩʪʦʷʥʠʷ ʢʦʨʘʙʣʷ:  

 «ɸʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʚʠʜ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʠ ʧʨʦʬʠʣʝʡ ʤʦʨʩʢʠʭ 

ʚʦʣʥ» ï ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʢʦʨʘʙʣʷ ʠ ʝʛʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʚ ʢʦʨ-

ʧʫʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; ʩ ʢʦʥʪʫʨʘʤʠ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ; ʛʨʘʬʠʢʘʤʠ ʙʦʨʪʦ-

ʚʦʡ, ʢʠʣʝʚʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ; ʭʦʜʢʦʩʪʠ, ʨʳʩʢʘʥʠʷ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʫʩʢʦʨʝʥʠʡ ʥʘ ʢʦʨʧʫʩʝ ʠ ʚ ʝʛʦ ʦʢʦʥʝʯʥʦʩʪʷʭ; ʩ ʢʘʨʪʫʰʢʦʡ ʜʣʷ ʥʘʚʠʛʘʮʠʦʥ-

ʥʦʡ ʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʧʘʨʘʤʝʪʨʳ 

ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ 

ʋʧʨʘʚʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʠ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʤʦʜʝ-

ʣʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʘʢʪʠʚʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʦʢʥʘʭ: 

2) - çʢʦʨʘʙʣʴè; ʠ 3 - çʤʦʨʝè (ʈʠʩ. 24 ʠ ʈʠʩ. 25), ʛʜʝ ʠʤʝʶʪʩʷ ʢʨʘʪʢʠʝ ʢʦʥ-

ʪʝʢʩʪʥʳʝ ʧʦʜʩʢʘʟʢʠ: <F1>, ʠ ʤʝʥʶ ʥʘʩʪʨʦʡʢʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

<F4>. 
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ʈʠʩ. 24. ʇʨʦʨʠʩʦʚʢʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʨʘʙʣʷ ʚ ʜʚʫʭ ʛʨʘʬʠʯʝʩʢʠʭ 

ʦʢʥʘʭ: ʚ ʢʦʨʘʙʝʣʴʥʦʤ ʙʘʟʠʩʝ ʠ ʚ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʇʦʢʘʟʘʥʘ 

ʢʘʨʪʫʰʢʘ ʩ ʪʝʢʫʱʠʤ ʢʫʨʩʦʤ ʠ ʩʢʦʨʦʩʪʴʶ ʭʦʜʘ. ʉʪʨʝʣʢʘʤʠ ʦʪʤʝʯʘʝʪʩʷ 

ʜʣʠʥʘ, ʢʨʫʪʠʟʥʘ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚʦʣʥ. ɺ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʛʨʘʬʠʢʠ ʙʦʨʪʦʚʦʡ, ʢʠʣʝʚʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ, ʚʳʰʝ 

ʭʦʜʢʦʩʪʴ, ʨʳʩʢʘʥʠʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʫʩʢʦʨʝʥʠʷ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʠ 

ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ. 

3 ï ɻʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʮʝʣʦʤ: 

  «ʂʦʨʘʙʣʴ ʠ ʪʨʦʭʦʠʜʘʣʴʥʳʝ ʰʪʦʨʤʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʤʦʨʩʢʠʭ 

ʚʦʣʥ» ï ʦʩʥʦʚʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʢʦʨʘʙʣʷ ʚ ʫʩʣʦʚʠʷʭ 

ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ. ʇʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʨʷ ʧʨʝʜʩʪʘʚʣʝ̫ʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʧʦʜʚʠʞʥʦʡ ʩʝʪʢʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʨʘʟʨʝʞʘʪʴʩʷ ʜʦ 100 ʷʯʝʝʢ ʧʦ 

ʢʘʞʜʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 

ɺʦʣʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ ʨʘʟʜʝʣʸʥʥʳʤʠ ʧʦʚʝʨʭʥʦ-

ʩʪʷʤʠ, ʨʘʩʧʦʣʘʛʘʶʱʠʤʠʩʷ ʥʠʞʝ ʦʩʥʦʚʥʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʫʨʦʚʥʷ ʤʦ-

ʨʷ, ʯʪʦ ʧʦʣʝʟʥʦ ʧʨʠ ʨʘʟʜʝʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʢʦʨʘʙʣʴ ʠ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʦʪ ʢʦʨʧʫʩʘ. ɺ ʥʠʞʥʝʡ ʩʪʨʦʢʝ ʧʦʢʘʟʳʚʘʝʪʩʷ ʢʦ-



65 

ʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʠ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩ ʦʪʤʝʪʢʦʡ ʟʘʧʘʟʜʳʚʘ-

ʥʠʷ ʜʣʷ ʨʝʘʣʴʥʳʭ ʦʪʩʯʸʪʦʚ ʚ ʩʣʫʯʘʝ ʥʝʭʚʘʪʢʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

 

ʈʠʩ. 25. ʀʟʦʙʨʘʞʝʥʠʝ ʚʩʝʭ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ, ʢʦʨʘʙʣʷ ʠ ʤʘʨʰʨʫʪʘ ʝʛʦ ʜʚʠʞʝ-

ʥʠʷ ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʭʦʜʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ 

ʚʝʨʭʥʠʭ ʩʪʨʦʢʘʭ ʟʘʧʠʩʳʚʘʶʪʩʷ ʜʝʡʩʪʚʫʶʱʠʝ ʨʝʞʠʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʠ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣʷ. ɺ ʥʠʞʥʝʡ ʩʪʨʦʢʝ ʪʝʢʫʱʝʝ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʚʨʝʤʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʥʳʭ ʮʠʢʣʦʚ. ʂʨʘʩʥʳʝ ʦʪʩʯʝ-

ʪʳ ʤʠʥʫʪ ʦʟʥʘʯʘʶʪ ʥʝʭʚʘʪʢʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʠ ʦʪʩʪʘʚʘʥʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

 

ʆʙʱʠʡ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʤʦʨʩʢʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ 

ʅʘʩʪʨʦʡʢʘ ʨʝʞʠʤʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʢʣʘʚʠʘʪʫʨʳ ʠ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʢʫʨʩʦʨʘ ʤʳʰʠ, ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʢʦʥʪʝʢʩʪʥʦ ʩʚʷʟʘʥʳ ʩ ʘʢ-

ʪʠʚʥʳʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ ʦʢʥʘʤʠ ʠ ʦʭʚʘʪʳʚʘʶʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʦʧʝʨʘʮʠʠ ʧʦ 
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ʚʠʟʫʘʣʠʟʘʮʠʠ, ʧʝʨʝʩʪʨʦʝʥʠʶ ʛʠʜʨʦʩʪʘʪʠʢʠ ʢʦʨʧʫʩʘ, ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ ʠʟ-

ʤʝʥʝʥʠʝʤ ʭʦʜʘ ʠ ʢʫʨʩʘ ʢʦʨʘʙʣʷ. ʇʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʝʨʝʩʪʨʦʝʥʠʷ ʚʩʝʭ ʪʨʝʭ ʚʦʣʥʦʚʳʭ ʩʠʩʪʝʤ ʠ ʭʘʨʘʢʪʝʨʘ ʩʠ-

ʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʩ ʤʦʨʩʢʠʤ ʚʦʣʥʝʥʠʝʤ, ʧʨʠ ʵʪʦʤ, 

ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝ-

ʟʘʧʫʩʢʘʪʴʩʷ. 

ʋʢʘʟʘʪʝʣʴ çʤʳʰʠè ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʛʨʘʬʠʯʝ-

ʩʢʦʡ ʩʮʝʥʳ, ʧʦʚʦʨʦʪʦʚ, ʩʤʝʱʝʥʠʡ ʠʣʠ ʧʨʠʙʣʠʞʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʢʦʨʘʙʣʷ 

ʠ ʤʦʨʩʢʦʡ ʘʢʚʘʪʦʨʠʠ. ʕʪʠ ʞʝ ʦʧʝʨʘʮʠʠ ʜʫʙʣʠʨʫʶʪʩʷ ʘʢʢʦʨʜʘʤʠ ʩʪʨʝʣʦʢ ʩ 

<ctrl > ʠ <shift >. ʄʘʥʝʚʨʠʨʦʚʘʥʠʝ ʭʦʜʦʤ ʠ ʢʫʨʩʦʤ ʢʦʨʘʙʣʷ ʘʜʘʧʪʠʨʦ-

ʚʘʥʦ ʢ ʧʨʘʚʦʡ ʮʠʬʨʦʚʦʡ ʛʨʫʧʧʝ ʢʣʘʚʠʰ, ʥʦ ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴʩʷ ʠ ʦʙʳʯ-

ʥʳʤʠ ʮʠʬʨʘʤʠ ʩ ʢʣʘʚʠʘʪʫʨʳ. ɺ ʦʙʦʠʭ ʛʨʘʬʠʯʝʩʢʠʭ ʦʢʥʘʭ ʛʦʨʷʯʠʝ ʢʣʘʚʠ-

ʰʠ ʙʳʩʪʨʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʜʝʡʩʪʚʫʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʜʠʥʘ-

ʢʦʚʦ. 

ʂ ʛʨʘʬʠʯʝʩʢʠʤ ʵʢʨʘʥʘʤ ʧʨʠʚʷʟʘʥʘ ʦʙʨʘʙʦʪʢʘ ʧʨʝʨʳʚʘʥʠʡ\ʢʦʤʘʥʜ ʦʪ 

ʢʣʘʚʠʘʪʫʨʳ, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪ ʤʝʪʦʜʘʤʠ ʨʘʩʢʨʘʩʢʠ ʠ ʪʨʝʭʤʝʨʥʦʡ ʚʠʟʫʘ-

ʣʠʟʘʮʠʠ; ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʛʦ ʚʦʟʚʨʘʪʘ ʢ ʠʩʭʦʜʥʳʤ ʧʨʦʝʢʮʠʷʤ 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʠʣʠ ʚʨʝʤʝʥʥʦʡ ʧʨʠʦʩʪʘʥʦʚʢʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ: 

<Del  ʠʣʠ Home> ï ʚʠʟʫʘʣʠʟʘʮʠʷ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʥ̫ʠʝ; 

<BkSp> ï ʧʨʦʠʩʭʦʜʠʪ ʚʨʝʤʝʥʥʦʝ ʠʩʢʣʶʯʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʨʩʢʦʛʦ 

ʚʦʣʥʝʥʠʷ, ʘ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʤʦ-

ʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʦʣʥʳʡ ʧʝʨʝʟʘʧʫʩʢ ʚʩʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ; 

<ʊʘʙ> ʠ <ʇʨʦʙʝʣ> ï ʤʝʪʦʜʳ ʨʘʩʢʨʘʩʢʠ ʚ ʢʦʥʪʝʢʩʪʝ ʛʨʘʬʠʯʝʩʢʠʭ ʦʢʦʥ; 

<ʉʪʨʝʣʢʠ> ʠ <ʤʳʰʢʘ ʩʣʝʚʘ> ï ʧʦʚʦʨʦʪ ʩʮʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʠʜʠʤʦʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (ʚʚʝʨʭ-ʚʥʠʟ) ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʡ (ʚʧʨʘʚʦ-ʚʣʝʚʦ) ʦʩʠ 

ʥʘ ʵʢʨʘʥʝ; 
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<Shift +ʉʪʨʝʣʢʠ> ʠ <ʤʳʰʢʘ ʩʧʨʘʚʘ> ï ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝ-

ʥʠʝ ʛʨʘʬʠʯʝʩʢʦʡ ʩʮʝʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʫʨʩʦʨʘ-ʫʢʘʟʘʪʝʣʷ; 

<Ctrl +ʉʪʨʝʣʢʠ ʚʚʝʨʭ-ʚʥʠʟ> ʠ <ʢʦʣʸʩʠʢʦ ʤʳʰʢʠ> ï ʧʨʠʙʣʠʞʝ-

ʥʠʝ / ʦʪʜʘʣʝʥʠʝ ʩʮʝʥʳ, ʠʟʤʝʥʝʥʠʝ ʚʠʜʠʤʦʛʦ ʤʘʩʰʪʘʙʘ; 

<Ctrl +ʉʪʨʝʣʢʠ ʚʧʨʘʚʦ-ʚʣʝʚʦ> ï ʤʦʜʝʣʴ ʥʘ ʵʢʨʘʥʝ ʥʘʢʣʦʥʷʝʪʩʷ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʩʦʙʩʪʚʝʥʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʦʩʠ (z), ʚʨʘʱʝʥʠʝ ʧʦ ʦʨʠʝʥʪʘ-

ʮʠʠ ʚʟʛʣʷʜʘ ʥʘ ʛʨʘʬʠʯʝʩʢʫʶ ʩʮʝʥʫ. 

<Escap > ï ʟʘʧʨʦʩ ʥʘ ʟʘʚʝʨʰʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʢʦʨ-

ʨʝʢʪʥʳʤ ʟʘʢʨʳʪʠʝʤ ʧʨʦʪʦʢʦʣʦʚ ʠ ʦʩʪʘʥʦʚʢʦʡ ʧʨʦʛʨʘʤʤʳ çAurora». 

ʇʨʠ ʚʳʟʦʚʝ ʧʦʜʩʢʘʟʢʠ <F1> ʠʣʠ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ <F4>, ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʝ ʜʦʣʞʝʥ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ. ɽʩʣʠ ʵʪʦ ʩʣʫʯʘʝʪʩʷ, ʪʦ 

ʣʫʯʰʝ ʟʘʢʨʳʪʴ ʠ ʩʥʦʚʘ ʦʪʢʨʳʪʴ ʪʝʢʩʪʦʚʦʝ ʦʢʦʰʢʦ, ʪʘʢ ʢʘʢ ʠʥʘʯʝ ʧʨʝʨʚʘʥ-

ʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʟʘʪʝʤ ʩ ʷʚʥʦʡ ʧʝʨʝʛʨʫʟʢʦʡ ʙʫʜʫʪ ʥʘʩʪʠʛʘʪʴ ʫʧʫɦ ʝʥʥʦʝ 

çʨʝʘʣʴʥʦʝ ʚʨʝʤʷè ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

ɻʠʜʨʦʤʝʭʘʥʠʢʘ ʢʦʨʘʙʣʷ: ʚʳʙʦʨ ʠ ʚʢʣʶʯʝʥʠʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʭ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ɺʳʙʦʨ ʠ ʫʩʪʘ-

ʥʦʚʢʘ ʤʦʜʝʣʠ ʛʠʜ-

ʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙ-

ʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʣʠʙʦ ʚ ʩʪʨʦʢʝ ʚʥʫʪ-

ʨʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʥʶ ʥʘʩʪʨʦʝʢ <F4>, ʣʠʙʦ ʧʦ ʢʦʤʘʥʜʝ <F8> ʠʟ ʣʙʁʦʛʦ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ. 

ɺ ʧʦʜʙʦʨʢʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʚʥʫʪʨʠ ʚʣʦʞʝʥʥʦʛʦ ʤʝʥʶ 

<F8> -  çɺʳʙʦʨ ʤʦʜʝʣʠ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣʷè, ʧʨʝʜʣʘʛʘʝʪʩʷ ʢ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʧʷʪʴ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣʷ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ɺʳʙʦʨ ʤʦʜʝʣʠ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣ  ̫
ʂʠʥʝʤʘʪʠʢʘ ʢʘʯʢʠ ʥʘ 4-ʭ ʪʦʯʢʘʭ ʧʦ ʩʢʣʦʥʘʤ ʚʦʣʥ 
ʆʙʲʸʤʥʘʷ ʧʣʘʚʫʯʝʩʪʴ ʧʝʨʝʤʝʥʥʦʛʦ ʚʦʜʦʠʟʤʝɦ ʝʥʠʷ 
ɼʘʚʣʝʥʠʝ ʩʤʦʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʦʨʪʦʚʦʡ ʦʙh ʠʚʢʠ 
ɼʘʚʣʝʥʠʝ ʥʘ ʚʩʪʨʝʯʥʦʤ ʧʦʪʦʢʝ ʩ ʢʘʯʢʦʡ ʢʦʨʘʙʣʷ 
ɼʘʚʣʝʥʠʝ ʩ ʚʦʣʥʦʚʳʤʠ ʠ ʭʦʜʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʚʦʜʳ 
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ʤʦʞʝʪ ʮʝʣʝʚʳʤ ʦʙʨʘʟʦʤ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʚ ʧʨʦʝʢʪʥʳʭ ʠʟʩrʢʘʥʠʷʭ, ʪʘʢ ʠ ʚ 

ʠʥʪʝʨʝʩʘʭ ʜʦʩʪʠʞʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʣʘ-

ʚʘʥʠʷ ʢʦʨʘʙʣʷ ʚ ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠ̫ ʭ.  

1 ï «ʂʠʥʝʤʘʪʠʢʘ ʢʘʯʢʠ ʥʘ 4-ʭ ʪʦʯʢʘʭ ʧʦ ʩʢʣʦʥʘʤ ʚʦʣʥè: ʜʠʥʘʤʠʯʝ-

ʩʢʦʝ ʩʢʦʣʴʞʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʳʩʪʨʳʭ ʛʨʘʜʠʝʥʪʦʚ ʚʦʣʥʦʚʦʛʦ ʩʢʣʦʥʘ 

ʧʦ ʧʷʪʠʪʦʯʝʯʥʦʤʫ ʰʘʙʣʦʥʫ ʠʟ ʯʝʪʳʨʝʭ ʩʤʝʞʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʩ ʢʦʨ-

ʨʝʢʪʥʳʤ ʫʯʝʪʦʤ ʠʥʝʨʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʘʙʣʷ ʚ ʜʚʠʞʝʥʠʠ ʥʘ 

ʩʢʣʦʥʘʭ ʚʦʣʥ; 

2 ï «ʆʙʲʸʤʥʘʷ ʧʣʘʚʫʯʝʩʪʴ ʧʝʨʝʤʝʥʥʦʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷè: ʚʳʯʠʩʣʝ-

ʥʠʝ ʦʙʲʸʤʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʩ ʫʪʦʯʥʝʥʠʝʤ ʩʠʣʦʚʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦ ʠʥʪʝʛʨʘʣʴ-

ʥʦʤʫ ʛʨʘʜʠʝʥʪʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ; 

3 ï «ɼʘʚʣʝʥʠʝ ʩʤʦʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠè: ʠʥʪʝʛʨʠ-

ʨʫʶʪʩʷ ʜʘʚʣʝʥʠʷ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʘʭ ʩʤʦʯʝʥʥʦʡ ʙʦʨʪʦʚʦʡ 

ʦʙʰʠʚʢʠ; 

4 ï «ɼʘʚʣʝʥʠʝ ʥʘ ʚʩʪʨʝʯʥʦʤ ʧʦʪʦʢʝ ʩ ʢʘʯʢʦʡ ʢʦʨʘʙʣʷè: ʚ ʨʘʩʯʸʪʳ 

ʚʢʣʶʯʘʶʪʩʷ ʚʩʪʨʝʯʥʳʝ ʧʦʪʦʢʠ ʚʦʜʳ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʧʦ ʩʤʦʯʝʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ, ʯʪʦ ʤʦʜʝʣʠʨʫʝʪ ʦʙʪʝʢʘʥʠʷ ʢʦʨʧʫʩʘ ʥʘ ʭʦʜʫ 

ʢʦʨʘʙʣʷ; 

5 ï «ɼʘʚʣʝʥʠʝ ʩ ʚʦʣʥʦʚʳʤʠ ʠ ʭʦʜʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʚʦʜʳè: ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʦʧʦʣʥʷʝʪʩʷ ʩʢʦʨʦʩʪʷʤʠ ʪʝʯʝʥʠʡ ʚ ʪʦʣʱʝ ʚʦʜʳ ʧʦʜ 

ʚʦʣʥʦʚʳʤʠ ʛʨʝʙʥʷʤʠ. 

ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʝʨʚʦʡ ʫʩʣʦʚʥʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʚ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʚʩʝ ʰʝʩʪʴ ʢʦʤʧʦʥʝʥʪ ʚʥʝʰʥʠʭ ʧʦ-

ʩʪʫʧʘʪʝʣʴʥʳʭ ʠ ʚʨʘʱʘʪʝʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩʦ ʩʪʦʨʦʥʳ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ, 

ʩ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʠʥʝʨʮʠʦʥʥʳʤ ʦʪʢʣʠʢʦʤ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʢʦʨʘʙʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʝʛʦ ʫʩʣʦʚʥʦʛʦ ʮʝʥʪʨʘ ʩʠ-

ʣʦʚʦʡ ʨʝʘʢʮʠʠ ʢʦʨʧʫʩʘ (ʢʘʢ ʙʳ çʮʝʥʪʨʘ ʙʦʢʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷè). 

ʈʘʙʦʯʠʤ ʨʝʞʠʤʦʤ ʚ ʢʦʤʧʣʝʢʩʝ çAuroraè ʧʨʝʜʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ-

ʩʣʝʜʥʠʡ, ʧʨʠʚʝʜʸʥʥʳʡ ʚ ʥʠʞʥʝʡ ʧʷʪʦʡ ʩʪʨʦʢʝ, ˉ5, ʛʜʝ ʚ ʘʣʛʦʨʠʪʤʠʯʝ-
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ʩʢʦʤ ʩʠʥʪʝʟʝ ʚʢʣʶʯʘʶʪʩʷ ʚʩʝ ʚʥʝʰʥʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʜʠʥʘʤʠ-

ʯʝʩʢʠʝ ʚʦʟʤʫʱʘʶʱʠʝ ʩʠʣʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʌʦʨʤʘʣʴʥʦ ʚʪʦʨʦʡ ʨʝʞʠʤ, ˉ2, ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ɸʨʭʠʤʝʜʦʚʳʤ ʟʘʢʦʥʘʤ ʧʣʘʚʘʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʧʦ ʟʘʢʦʥʘʤ ʟʘʤʝʱʘʝʤʦʛʦ 

ʦʙʲʸʤʘ ʜʣʷ ʧʦʛʨʫʞʘʝʤʦʛʦ ʚ ʚʦʜʫ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ. ɼʣʷ ʪʠʭʦʡ ʚʦʜʳ ʦʙʲ-

ʝʤʥʳʡ ʠʥʪʝʛʨʘʣ ʚ ʪʦʯʥʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʜʘʚʣʝʥʠʡ ʚʦʜʘ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ. ʅʘ ʚʦʣʥʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʘʩʩʠʤʝʪ-

ʨʠʯʥʫʶ ʧʦʧʨʘʚʢʫ ʧʦ ʫʨʦʚʥʷʤ ʚʦʜʳ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʙʦʨʪʘʭ ʢʦʨʘʙʣʷ. 

ɺ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʜʣʷ ʦʙʲʸʤʥʦʛʦ ʠʥʪʝʛʨʘʣʘ 

ʚʦʟʥʠʢʘʶʪ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʧʦ ʬʦʨʤʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨ-

ʣʠʥʠʠ, ʠ ʧʦʪʦʤʫ, ʚʩʸ ʞʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʚʳʙʠʨʘʝʪʩʷ ʚʘʨʠʘʥʪ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʡ ʧʦ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʘʙʝʣʥɹʳʭ ʦʙʚʦʜʦʚ. 

ɼʚʝ ʦʩʪʘʚʰʠʝʩʷ ʤʦʜʝʣʠ ʛʠʜʨʦʤʝʭʘʥʠʢʠ (ˉ3 ʠ ˉ4) ï ʦʙʣʝʛʯʸʥʥʳʝ, ʚ 

ʦʜʥʦʡ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʥʠʢʘʢʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚʙʣʠʟʠ ʢʦʨʧʫʩʘ, ʫ ʜʨʫ-

ʛʦʡ ʚ ʨʘʩʯʝʪ ʧʨʠʥʠʤʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ ʚʩʪʨʝʯʥʳʡ ʩʢʦʨʦʩʪʥʦʡ 

ʧʦʪʦʢ ʚʦʜʳ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʢʦʨʘʙʣʷ  ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʚ 

ʦʪʣʘʜʢʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʣʠ ʚ ʧʨʦʝʢʪʥʦʡ ʦʪʨʘʙʦʪʢʝ ʢʦʥ-

ʢʨʝʪʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʩ ʚʳʷʚʣʝʥʠʝʤ ʢʘʢʠʭ-ʣʠʙʦ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʢʦʨʘʙʝʣʴʥʳʭ ʦʙʚʦʜʘʭ. 

 

ʀʥʪʝʨʘʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʭʦʜʦʤ ʠ ʢʫʨʩʦʤ ʢʦʨʘʙʣʷ 

ʅʘ ʢʘʨʪʫʰʢʝ ʩʧʨʘʚʘïʚʚʝʨʭʫ ʢʫʨʩ ʢʦʨʘʙʣʷ ʫʢʘʟʳʚʘʝʪʩʷ ʩʚʝʪʣʦ-ʩʠʥʝʡ 

ʧʨʦʨʠʩʦʚʢʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʚʘʪʝʨʣʠʥʠʠ, ʩ ʩʠʥʠʤ ʦʙʨʘʤʣʝʥʠʝʤ ʠʟʤʝʥʯʠ-

ʚʦʛʦ ʢʦʥʪʫʨʘ ʚʘʪʝʨʣʠʥʠʠ ʜʝʡʩʪʚʫʶʱʝʡ. ɾʸʣʪʘʷ ʩʪʨʝʣʢʘ ʩʦ ʩʚʝʪʣʳʤ ʢʦʥ-

ʪʫʨʦʤ ʧʦʢʘʟʳʚʘʝʪ ʟʘʜʘʥʥʳʡ ʢʫʨʩ, ʜʦʧʦʣʥʷʝʤʳʡ ʧʦ ʢʘʨʪʫʰʢʝ ʙʫʢʚʘʤʠ 

ʨʫʤʙʦʚ. 

ʇʨʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ ʠʣʠ ʨʳʩʢʘʥʠʠ ʢʦʨʘʙʣʷ ʟʘʜʘʥʥʳʡ ʠ ʜʝʡʩʪʚʫʶ-

ʱʠʡ ʢʫʨʩʳ ʨʘʩʩʦʛʣʘʩʫʶʪʩʷ. ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʥʘ ʢʫʨʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʣʦʚ-
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ʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ çʨʫʣʝʤè, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʜʚʠʞʝʥʠʝ ʢʦʨʘʙʣʷ 

ʧʨʠʚʥʦʩʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦ ʘʥʘʣʦʛʠʠ ʝʩʪʝʩʪʚʝʥʥʳʤ ʢʦʤʘʥʜʘʤ ʥʘ ʨʫʣʴ ʢʘʢ: çʧʦʤʘ-

ʣʫè, çʨʫʣʴ ʧʦʣʙʦʨʪʘè (7-ʚʣʝʚʦ, 9-ʚʧʨʘʚʦ = 120 ʩʝʢ ʥʘ ʧʦʣʥʳʡ ʢʨʫʛ ʮʠʨʢʫʣʷ-

ʮʠʠ) ʠʣʠ çʨʫʣʴ ʥʘ ʙʦʨʪè (4-ʚʣʝʚʦʙ 6-ʚʧʨʘʚʦ = 60 ʩʝʢ), ʯʪʦ ʦʪʤʝʯʘʝʪʩʷ 

ʠʟʦʙʨʘʞʝʥʠʝʤ ʧʝʨʘ ʨʫʣʷ ʥʘ ʦʪʦʙʨʘʞʝʥʠʠ ʢʦʨʧʫʩʘ ʚʥʫʪʨʠ ʢʘʨʪʫʰʢʠ. 

ʇʦʜʜʝʨʞʘʥʠʝ ʢʫʨʩʘ ʚʳʧʦʣʥʷʝʪʩʷ çʘʚʪʦʨʫʣʝʚʳʤè, ʠ ʚ ʩʣʫʯʘʝ ʦʪʢʣʦ-

ʥʝʥʠʷ ʥʘ ʦʜʠʥ ʨʫʤʙ ʨʫʣʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʢʣʘʜʳʚʘʝʪʩʷ ʚ ʨʝʞʠʤ çʧʦʤʘ-

ʣʫè (240 ʩʝʢ), ʯʪʦ ʧʨʠʜʘʸʪ ʢʦʨʘʙʣʶ ʮʠʨʢʫʣʷʮʠʶ ʚʜʚʦʝ ʤʝʥʴʰʫʶ, ʯʝʤ 

çʨʫʣʴ ʧʦʣʙʦʨʪʘè. ɺ ʩʧʦʢʦʡʥʦʤ ʩʚʦʙʦʜʥʦʤ ʧʣʘʚʘʥʠʠ ʤʦʜʝʣʴ ʦʙʣʘʜʘʝʪ ʩʣʘ-

ʙʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʥʘ ʟʘʜʘʥʥʦʤ ʢʫʨʩʝ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʰʝʩʪʠʢʨʘʪʥʦ 

ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʧʦʚʦʨʦʪʘ (24 ʤʠʥ), ʯʝʤ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʧʨʠʚʝʜʝʥʠʠ 

ʥʘ ʢʫʨʩ ʩ ʧʝʨʝʢʣʘʜʢʦʡ ʨʫʣʷ çʧʦ ʤʘʣʫè. 

ʇʦ ʤʝʨʝ ʥʘʙʦʨʘ ʭʦʜʘ ʟʘ ʬʦʨʰʪʝʚʥʝʤ ʧʨʦʨʠʩʦʚʳʚʘʝʪʩʷ ʨʘʩʭʦʜʷʱʠʡʩʷ 

ʩʚʝʪʣʦ-ʛʦʣʫʙʦʡ ʩ ʟʝʣʝʥʳʤ ʢʦʥʪʫʨʦʤ ʪʨʝʫʛʦʣʴʥʠʢ ʂʝʣʴʚʠʥʘ, ʩʪʦʨʦʥʘ ʢʦʪʦ-

ʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʠʜʠʤʦʡ ʜʣʠʥʝ ʢʦʨʘʙʝʣʴʥʦʡ ʚʦʣʥʳ ʜʣʷ ʟʘʜʘʥʥʦʡ ʩʢʦ-

ʨʦʩʪʠ ʭʦʜʘ. ʇʨʠ ʨʝʚʝʨʩʝ ʭʦʜʘ ʵʪʦʪ ʚʦʣʥʦʚʦʡ ʢʣʠʥ ʙʫʜʝʪ ʨʘʩʭʦʜʠʪʴʩʷ ʦʪ 

ʘʭʪʝʨh ʪʝʚʥʷ. 

ʊʨʠ ʧʝʨʝʢʨʝʱʠʚʘʶʱʠʝʩʷ ʩʪʨʝʣʢʠ ʥʘ ʢʘʨʪʫʰʢʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʤʦʜʝ-

ʣʠʨʫʝʤʦʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʦʨʩʢʦʝ ʚʦʣʥʝʥʠʝ. ɼʣʠʥʳ ʩʪʨʝʣʦʢ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʪ ʜʣʠʥʝ ʚʦʣʥʳ, ʘ ʫʪʦʣʱʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʳʩʦʪʫ ʠ ʢʨʫʪʠʟʥʫ ʛʨʝʙʥʝʡ 

ʜʝʚʷʪʳʭ ʚʘʣʦʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥ ʠ ʮʚʝʪʘ ʩʪʨʝʣʦʢ ʤʦʛʫʪ ʧʝʨʝʥʘʟʥʘ-

ʯʘʪʴʩʷ, ʠʩʭʦʜʥʦ ʵʪʦ: ʟʝʣʝʥʘʷ ï ʚʝʪʨʦʚʘʷ ʚʦʣʥʘ; ʛʦʣʫʙʘʷ ï ʩʚʝʞʘʷ ʚʝʪʨʦʚʘʷ 

ʟʳʙʴ; ʩʠʥʷʷ ï ʧʦʣʦʛʠʡ ʥʘʢʘʪ ʦʢʝʘʥʩʢʠʭ ʚʘʣʦʚ ï ʨʝʣʠʢʪʦʚʳʭ ʚʦʣʥ ʦʪ ʜʘʣʴ-

ʥʠʭ ʰʪʦʨʤʦʚ. 

ɺ ʮʝʥʪʨʝ ʢʘʨʪʫʰʢʠ ʧʨʠʚʦʜʷʪʩʷ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ ʢʫʨʩ ʠ ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʢʦʨʘʙʣʷ. 

ʊʝʢʩʪʦʚʳʤʠ ʥʘʜʧʠʩʷʤʠ ʥʘ ʛʨʘʬʠʯʝʩʢʠʭ ʵʢʨʘʥʘʭ ʩʣʝʚʘ ʚʚʝʨʭʫ ʧʦʢʘ-

ʟʳʚʘʶʪʩʷ ʨʝʞʠʤʳ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʧʦʣʥʘʷ 
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ʛʠʜʨʦʤʝʭʘʥʠʢʘ; ʛʨʘʜʠʝʥʪʳ ʘʨʭʠʤʝʜʦʚʳʭ ʩʠʣ; ʚʝʨʪʠʢʘʣʴʥʘʷ ʛʠʜʨʦʩʪʘʪʠʢʘ; 

ʠ ʩʢʦʣʴʞʝʥʠʝ ʧʦ ʭʦʨʜʘʤ ʯʝʪʨrʝʭ ʪʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥ. 

ʉʣʝʚʘ ʚʥʠʟʫ ʧʨʠʚʦʜʷʪʩʷ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʟʘʜʘʥʥʘʷ ʠ 

ʜʝʡʩʪʚʫʶʱʘʷ ʩʢʦʨʦʩʪʠ ʭʦʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʌʨʫʜʫ (Fr) ʠ ʚ ʜʣʠʥʘʭ ʢʦʨʘ-

ʙʝʣʴʥʳʭ ʚʦʣʥ (Lw/L); ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ ʤʝʪʘʮʝʥʪʨʠ-

ʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʤʝʨʷʝʤʳʝ ʧʦ 

ʪʠʭʦʡ ʚʦʜʝ ʠ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʭʦʜʦʤ ʢʦʨʘʙʣʷ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʚʦʛʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʢʣʘʚʠʘʪʫʨʳ, ʠ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʮʠʬʨʦ-

ʚʳʝ ʢʣʘʚʠʰʠ: 

<7> ï ʧʦʚʦʨʦʪ ʥʘ ʦʜʠʥ ʨʫʤʙ ʚʣʝʚʦ; <9> ï ʚʧʨʘʚʦ, ʨʫʣʴ ʧʦʣʙʦʨʪʘ; 

<4> ï ʚʳʭʦʜ ʥʘ ʦʜʠʥ ʨʫʤʙ ʚʣʝʚʦ; <6> ï ʚʧʨʘʚʦ, ʨʫʣʴ ʥʘ ʙʦʨʪ; 

<5> ï çʪʘʢ ʜʝʨʞʘʪʴè ï ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʝʡʩʪʚʫʶʱʠʡ ʢʫʨʩ ʢʦʨʘʙʣʷ; 

<Alt > ï ʠʟʤʝʥʝʥʠʝ ʢʫʨʩʘ ʚʨʝʤʝʥʥʦ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ (ʦʜʝʨʞʠʚʘʝʪ); 

<8> ï ʭʦʜ ʙʳʩʪʨʝʝ ʜʚʘ ʫʟʣʘ ʚʧʝʨʸʜ; <2> ï ʜʚʘ ʫʟʣʘ ʪʠʰʝ ʭʦʜ ʠ ʥʘʟʘʜ; 

<0> ï ʧʦʣʥʘʷ ʦʩʪʘʥʦʚʢʘ ʤʘʰʠʥʳ, ʭʦʜ ʩʧʘʜʘʝʪ ʜʦ ʚʳʭʦʜʘ ʚ ʜʨʝʡʬ; 

<1> ï ʜʦʙʘʚʣʷʝʪʩʷ ʢʨʝʥ 30Á ʣʝʚʳʡ ʙʦʨʪ; <3> ï ʧʣʶʩ 30Á ʧʨʘʚʳʡ ʙʦʨʪ; 

<Ctrl > ï ʚʨʝʤʝʥʥʘʷ ʧʨʠʦʩʪʘʥʦʚʢʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ; 

<Ctrl +Shift > ï ʦʩʪʘʥʦʚʢʘ ʚʳʯʠʩʣʝʥʠʡ ʚ ʦʞʠʜʘʥʠʠ ʧʦʚʪʦʨʥʦʛʦ 

<Ctrl >. 

ʉʜʝʨʞʠʚʘʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʢʣʘʚʠʰʝʡ <Alt > ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʩʠʣʴʥʦʛʦ (ʘʚʘʨʠʡʥʦʛʦ) ʥʘʢʨʝʥʝʥʠʷ ʢʦʨʘʙʣʷ, ʚʳʧʦʣʥʷʶɦ ʝʛʦ 

ʧʦʚʦʨʦʪ ʥʘ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ. 

ɺʨʝʤʝʥʥʘʷ ʧʨʠʦʩʪʘʥʦʚʢʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʥʝʦʙʭʦ-

ʜʠʤʳʤ ʩʤʝʱʝʥʠʝʤ ʯʘʩʦʚ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʫʜʝʨʞʘʥʠʠ 

ʥʘʞʘʪʦʡ ʢʣʘʚʠʰʠ <Ctrl >. ʇʨʠ ʜʦʧʦʣʥʝʥʠʠ ʘʢʢʦʨʜʘ ʜʦ 

<Ctrl >+<Shift > ʧʘʫʟʘ ʚ ʧʨʦʚʝʜʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʙʫʜʝʪ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʘ ʦʞʠʜʘʥʠʝ ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʳ ʩ ʥʘʞʘʪʠʝʤ ʠ ʦʪ 

ʧʫʩʢʘʥʠʝʤ <Ctrl > (ʦʙʥʘʨʫʞʠʣʦʩʴ, ʯʪʦ Windows ʥʝ ʩʚʷʟʳʚʘʝʪ ʵʪʠ ʢʦ-
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ʤʘʥʜʳ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʢʦʥʢʨʝʪʥʳʭ ʦʢʦʥ, ʧʦʟʞʝ ʵʪʦ ʠʩʧʨʘʚʠʪʩʷ, ʘ ʧʦʢʘ 

ʞʝʣʘʪʝʣʴʥʦ ʙʳʪʴ ʚʥʠʤʘʪʝʣʴʥʳʤ ʢ <Ctrl > ʠ <Shift > ʚʦ ʚʨʝʤʷ ʧʨʦʚʝ-

ʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ). 

 

ʉʦʭʨʘʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʢʦʨʘʙʣʷ ʚ ʠʥʦʨʦʜʥʳʭ ʬʦʨʤʘʪʘʭ 

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çAuroraè ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞ-

ʥʦʩʪʝʡ ʧʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ. ʆʪʯʘʩʪʠ 

ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ ʜʦʧʫʩʪʠʤʳ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʡ ʜʘʥʥʳʭ çVessel», 

ʚ ʤʦʜʫʣʝ çHullè. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ ʜʣʷ ʵʢʩʧʦʨʪʘ 

3D-ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʚʦ ʚʥʝʰʥʠʡ ʬʘʡʣ ʚ ʦʜʥʦʤ ʠʟ ʦʙʤʝʥʥʳʭ ʪʝʢ-

ʩʪʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʦʛʨʘʤʤʳ çDesignCAD».[dc2,dc3], ʠʣʠ ʚ ʧʦʧʫʣʷʨʥʦʤ 

ʬʦʨʤʘʪʝ çWaveFrontôs».obj. 

<F2> ï ʢʦʤʘʥʜʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʣʘʚʠʘʪʫʨʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʘʥʘ ʩ 

ʣʶʙʦʛʦ ʠʟ ʛʨʘʬʠʯʝʩʢʠʭ ʵʢʨʘʥʦʚ, ʧʦ ʢʦʪʦʨʦʡ ʚʳʟʳʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʤʝ-

ʥʶ ʩ ʟʘʛʦʣʦʚʢʦʤ: 

çɺʳʭʦʜʥʦʡ ʬʦʨ-

ʤʘʪ ʤʦʜʝʣʠ ʢʦʨʧʫ-

ʩʘ ʢʦʨʘʙʣʷè. 

ʂʦʨʘʙʝʣʴʥʦʡ 

ʧʨʦʛʨʘʤʤʦʡ  Free!Ship10  ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʵʢʩʧʦʨʪ ʜʘʥʥʳʭ ʧʦ ʬʦʨʤʝ 

ʢʦʨʧʫʩʘ ʚ ʧʨʠʥʷʪʳʡ ʟʜʝʩʴ ʬʦʨʤʘʪ [Hull].vsl. ʇʦ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʚʳʰʝ-

ʫʢʘʟʘʥʥʦʛʦ ʤʝʥʶ ʚʳʧʦʣʥʷʝʪʩʷ ʵʢʩʧʦʨʪ ʢʦʨʧʫʩʘ ʚ ʦʙʤʝʥʥʳʡ ʬʦʨʤʘʪ 

[Ship].fef, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʚʦ Free!Ship. ʅʘ ʟʘʧʠʩʴ ʟʜʝʩʴ ʧʦʜʘ-

ʶʪʩʷ ʪʦʣʴʢʦ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʩʪʘʥʜʘʨʪʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʧʦ ʠʥʜʝʢʩʘʤ 

ʪʨʝʪʴʝʛʦ ʙʣʦʢʘ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʈʸʙʨʘ ʚʪʦʨʦʛʦ ʙʣʦʢʘ ʜʘʥʥʳʭ ʧʨʦʧʫʩʢʘ-

ʶʪʩʷ, ʦʪʯʝʛʦ ʚ ʩʦʚʩʝʤ ʩʪʘʨʳʭ ʚʝʨʩʠʷʭ Free!Ship ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʦʰʠʙʢʘ. 

 
10 ShipDesign.ru\SoftWare\Aurora.z 

ɺʳʭʦʜʥʦʡ ʬʦʨʤʘʪ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ 

Free!Ship exchange format (ʪʨʝʫʛʦʣʥɹʠʢʠ)   .fef 
Wavefront Technologies Advanced Visualizer    .obj 
ʐʧʘʥʛʦʫʪʳ ʠ ʢʦʥʪʫʨʳ ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ .dc2 
ʂʦʥʪʫʨʥʘʷ ʤʦʜʝʣʴ ʚ ʪʨʸʭʤʝʨʥʦʡ ʧʨʦʝʢʮʠʠ         .dc3 
ʂʦʨʘʙʣʴ ʩ ʢʦʥʪʫʨʘʤʠ ʠ ʦʙʰʠʚʢʦʡ ʢʦʨʧʫʩʘ         .dc3 
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ʇʨʦʩʪʝʡʰʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʢʦʨʘʙʣʷ ʚ ʚʠʜʝ ʩʚʷʟʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʠʟ ʤʥʦʞʝʩʪʚʘ ʨʘʟʨʦʟʥʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʤʦʞʥʦ ʟʘʧʠʩʳʚʘʪʴ 

ʚ ʧʦʧʫʣʷʨʥʦʤ ʬʦʨʤʘʪʝ ʛʨʘʬʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ: çWavefront 

Technologies for Advanced Visualizer».obj.  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʪʘʢʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʬʘʡʣʘ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʜʚʘ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʳʭ ʮʚʝʪʘ. ʇʦʜʚʦʜʥʘʷ ʯʘʩʪʴ 

ʢʦʨʧʫʩʘ ʦʪʤʝʯʘʝʪʩʷ ʟʝʣʝʥʳʤ, ʥʘʜʚʦʜʥʘʷ ï ʰʘʨʦʚʦʡ ʨʘʩʮʚʝʪʢʦʡ, ʯʪʦ ʦʪʤʝ-

ʯʘʝʪʩʷ ʥʘʟʚʘʥʠʷʤʠ ʮʚʝʪʦʚ ʚ ʬʘʡʣʝ çAurora .mtl». 

 

ʈʠʩ. 26. ɺʘʨʠʘʥʪ ʵʢʩʧʦʨʪʘ ʤʦʜʝʣʠ ʢʦʨʘʙʣʷ ʜʣʷ ʨʘʙʦʪʳ ʚ DesignCAD-express 

(*.dc2) ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʜʚʫʤʝʨʥʦʤ ʠʣʠ çʙʫʤʘʞʥʦʤè ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʭ ʯʝʨʪʝʞʝʡ. ɿʜʝʩʴ ʩʦʚʤʝʱʘʶʪʩʷ ʧʨʦʝʢʮʠʠ ʙʦʢ ʠ ʢʦʨʧʫʩ, ʩ ʨʘʟ-

ʤʝʪʢʦʡ ʘʧʧʣʠʢʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʡ ʣʠʥʠʠ. 

 

ʈʠʩ. 27. ʂʦʨʘʙʣʴ çɺʘʩʘè, ʵʢʩʧʦʨʪʠʨʦʚʘʥʥʳʡ ʚ ʪʨʸʭʤʝʨʥʳʡ ʧʨʦʝʢʪ ʢʦʨʧʫʩʘ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʦʡ DesignCAD (*.dc3). ɸʧʧʣʠʢʘʪʳ ʧʨʠʚʝʜʝʥʳ ʢ ʚʘʪʝʨ-

ʣʠʥʠʠ. ʉʣʝʚʘ ʯʝʪʳʨʝ ʧʨʦʝʢʮʠʠ ʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ ʢʦʨʘʙʣʷ, ʩʧʨʘʚʘ ï ʩ ʪʨʝ-

ʫʛʦʣʴʥʠʢʘʤʠ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ, ʚ ʪʦʤ ʚʠʜʝ, ʢʘʢ ʦʥʠ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʚ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʥʘʩʪʨʦʡʢʠ ʨʘʩʮʚʝʪʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʵʪʦʤ ʪʝʢʩʪʦʚʦʤ 

ʬʘʡʣʝ ʧʦʜ ʥʘʟʚʘʥʠʷʤʠ: gray  ʠ green , ʪʘʤ ʞʝ ʤʦʞʥʦ ʧʦʜʩʪʨʦʠʪʴ ʧʨʦ-

Aurora.mtl  
newmtl gray  
Kd 0.6 0.6 0.6  
newmtl green  
Kd     0 0.5 0  
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ʟʨʘʯʥʦʩʪʴ ʠʣʠ ʦʩʦʙʫʶ ʦʩʚʝʱʝʥʥʦʩʪʴ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ, ʠʣʠ ʧʝʨʝ-

ʥʘʟʥʘʯʠʪʴ ʨʝʘʣʴʥʫʶ ʨʘʩʮʚʝʪʢʫ ʤʦʜʝʣʠ ʢʦʨʘʙʣʷ. 

ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʘʚʢʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ (ʈʠʩ. 26, ʈʠʩ. 27) ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʜʥʠʤ ʠʟ ʪʨʸʭ ʚʘʨʠʘʥʪʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʢʦʨʘʙʣʷ 

ʚ ʪʠʧʦʚʦʡ ʩʨʝʜʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ DesignCAD, 

ʜʣʷ ʢʦʪʦʨʦʡ ʨʘʥʝʝ ʩʚʦʙʦʜʥʦ ʧʫʙʣʠʢʦʚʘʣʠʩʴ ʦʙʤʝʥʥʳʝ ʬʦʨʤʘʪʳ ʬʘʡʣʦʚ ʠ 

ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ ʚ ʪʝʢʩʪʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ. 

ʇʨʠ ʚʦʩʩʦʟʜʘʥʠʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʢʦʨʘʙʣʷ ʚ ʧʨʠʚʳʯʥʦʤ ʬʦʨʤʘʪʝ 

ʜʚʫʤʝʨʥʦʛʦ ʯʝʨʪʝʞʘ ʥʝ ʦʪʙʨʘʩʳʚʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʨʧʫʩʘ. ɺʳʧʦʣʥʷʝʪʩʷ ʪʘʢʞʝ ʧʨʝʜʤʝʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʚ 

ʙʣʦʢʠ ʵʣʝʤʝʥʪʦʚ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ, ʠ ʪʝʤʘʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʛʨʘʬʠʯʝ-

ʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʦ ʥʫʤʝʨʦʚʘʥʥʳʤ ʠ ʠʤʝʥʦʚʘʥʥʳʤ ʩʣʦ̫ ʤ: 

0 ï <ʠʤʷ ʬʘʡʣʘ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʢʦʨʘʙʣʷ>.dc2  

1 ï Grid  ï  ʩʚʝʪʣʦ-ʛʦʣʫʙʘʷ ʨʘʟʤʝʪʢʘ ʩʝʪʢʠ ʰʧʘʥʛʦʫʪʦʚ, ʦʩʥʦʚʥʦʡ ʣʠ-

ʥʠʠ ʠ ʚʘʪʝʨʣʠʥʠʠ ʚ ʧʨʦʝʢʮʠʠ ʙʦʢ (ʈʠʩ. 26), ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʨʘʟʤʝʪʢʘ 

ʛʘʙʘʨʠʪʦʚ ʢʦʨʧʫʩʘ; 

2 ï Frames  ï  ʜʚʝ ʛʨʫʧʧʳ ʰʧʘʥʛʦʫʪʦʚ, ʚ ʚʘʨʠʘʥʪʝ ʜʚʫʤʝʨʥʦʛʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨʪʝʞʘ ʚ ʧʨʦʝʢʮʠʠ çʢʦʨʧʫʩè. ʉʨʝʜʩʪʚʘʤʠ 

ʛʨʫʧʧʠʨʦʚʢʠ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ ʚ ʬʦʨʤʘʪʝ <DesignCAD-

express>.dc2, ʰʧʘʥʛʦʫʪʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʥʦʩʦʚʳʝ ʠ ʢʦʨʤʦʚʳʝ ʚʝʪʚʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʘ; 

3 ï Stern  and  Stem line  ï ʢʦʥʪʫʨʳ ʢʦʨʧʫʩʘ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʩ 

ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʚ ʧʨʦʝʢʮʠʠ ʙʦʢ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨʪʝʞʘ, ʨʘʟ-

ʜʝʣʷʶʪʩʷ ʥʘ ʦʧʠʩʘʥʠʷ ʧʦ ʬʦʨʰʪʝʚʥʶ ʠ ʘʭʪʝʨʰʪʝʚʥʶ, ʩ ʟʘʧʠʩʴʶ ʚ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦ ʚʦʟʨʘʩʪʘʥʠʝ ʘʧʧʣʠʢʘʪ ʪʦʯʝʢ ʥʘ ʰʪʝʚʥʷʭ; 

4 ï Aft  and  Bow breadth  ï ʧʦʧʝʨʝʯʥʘʷ ʧʨʦʝʢʮʠʷ ʧʦ ʪʝʤ ʞʝ ʢʦʥ-

ʪʫʨʘʤ ʰʪʝʚʥʝʡ ʥʘ ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʥʦ ʩ ʦʨʜʠʥʘʪʘʤʠ ʪʨʘʥʮʝʚʳʭ 

ʠʣʠ ʙʫʣʴʙʦʚʳʭ ʨʘʩʰʠʨʝʥʠʡ ʧʦ ʪʝʤ ʞʝ ʦʪʩʯʝʪʘʤ ʘʧʧʣʠʢʘʪ, ʢʦʪʦʨʳʝ ʪʨʝ-

ʙʫʶʪʩʷ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʧʦʪʝʨʷʥʥʳʭ ʦʙʲʝʤʦʚ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʦʤʝʥʪʦʚ 
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ʠʥʝʨʮʠʠ ʚ ʙʫʣʴʙʦʚʳʭ ʨʘʩʰʠʨʝʥʠʷʭ ʠ ʪʨʘʥʮʝʚʳʭ ʩʣʦʤʘʭ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ 

ʢʦʨʧʫʩʘ. 

ɺ ʪʨʸʭʤʝʨʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ <DesignCAD>.dc3, ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʛʦ 

ʩʣʦʷ ʨʘʟʜʝʣʝʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʠʥʘʯʝ: 

0 ï <ʠʤʷ ʬʘʡʣʘ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʢʦʨʘʙʣʷ>.dc3  

1 ï Grid  ï   ʨʘʟʤʝʪʢʘ ʰʧʘʥʛʦʫʪʦʚ (ʈʠʩ. 27-ʩʣʝʚʘ) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʨʘʟʤʝʪʢʘ ʛʘʙʘʨʠʪʦʚ ʢʦʨʧʫʩʘ; 

2 ï Portside  ï ʧʦ ʣʝʚʦʤʫ ʙʦʨʪʫ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚʩʝ ʰʧʘʥʛʦʫʪʳ ʩ 

ʦʙʱʝʡ ʚʝʣʠʯʠʥʦʡ ʘʙʩʮʠʩʩʳ, ʚʩʝ ʜʦʙʘʚʣʷʝʤʳʝ ʠ ʦʪʢʣʦʥʸʥʥʳʝ ʰʪʝʚʥʤ̫ʠ 

ʪʦʯʢʠ ʠʩʢʣʶʯʘʁ ʪʩʷ. 

3 ï Starboard  side  ï ʰʧʘʥʛʦʫʪʥʳʝ ʢʦʥʪʫʨʳ ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʟʘʥʦ-

ʩʷʪʩʷ ʚ ʪʘʙʣʠʮʫ ʦʨʜʠʥʘʪ ʚʤʝʩʪʝ ʩ ʘʙʩʮʠʩʩʘʤʠ ʩʤʝʞʥʳʭ ʪʦʯʝʢ, ʢʦʧʠʨʫʝ-

ʤʳʭ ʩʦ ʰʪʝʚʥʝʡ; 

4 ï Stern  and  Stem line  ï  ʢʦʥʪʫʨʳ ʰʪʝʚʥʝʡ, ʚʦʟʤʦʞʥʦ ʩ ʛʦʨʠ-

ʟʦʥʪʘʣʷʤʠ ʜʥʠʱʘ ʠ ʧʘʣʫʙ ʠʟ ʧʨʦʝʢʮʠʠ çʙʦʢè ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨʪʝʞʘ.  

5 ï Hull  plating  ï ʪʨʝʫʛʦʣʴʥʠʢʠ ʦʙʰʠʚʢʠ ʬʦʨʤʠʨʫʶʪʩʷ ʩʪʨʦʛʦ 

ʧʦ ʪʝʤ ʞʝ ʘʣʛʦʨʠʪʤʘʤ (ʈʠʩ. 27-ʩʧʨʘʚʘ), ʯʪʦ ʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʡʣʘ ʯʠʩʣʦʚʦʡ ʤʦʜʝʣʠ ʚʳʧʦʣʥʷ-

ʝʪʩʷ ʛʨʫʧʧʠʨʦʚʢʘ ʩʚʷʟʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ ʙʣʦʢʘʤʠ ʧʦ 

ʩʣʦʷʤ: çʩʝʪʢʘ ʠ ʨʘʟʤʝʪʢʘè; çʜʠʘʤʝʪʨʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴè, çʧʨʘʚʳʡè ʠ çʣʝ-

ʚʳʡè ʙʦʨʪʘ, ʠ ʜʨʫʛʠʝ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʀʟ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ DesignCAD ʚʦʟʤʦʞʝʥ ʵʢʩʧʦʨʪ ʮʠʬʨʦʚʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʯʝʨʪʝʞʝʡ ʚ ʠʥʳʝ ʧʦʧʫʣʷʨʥʳʝ ʮʠʬʨʦʚʳʝ ʬʦʨʤʘʪʳ, ʪʠʧʘ 

«Initial  Graphics Exchange Specification».iges, ʠʣʠ çAutoCAD».dwg, ʠ ʜʨʫ-

ʛʠʝé 
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 2. çɸʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʚʠʜ ʢʦʨʘʙʣʷ ʠ ʧʨʦʬʠʣʝʡ ʤʦʨʩʢʠʭ 

ʚʦʣʥè 

ʇʦʜʚʦʜʥʘʷ ʯʘʩʪʴ ʢʦʨʧʫʩʘ ʟʝʣʝʥʘʷ, ʥʘʜʚʦʜʥʘʷ ï ʰʘʨʦʚʘʷ, ʩʤʦʯʝʥʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʤʥʦʛʦ ʟʘʪʝʤʥʝʥʘ. ɹʝʣʦʡ ʧʦʣʦʩʦʡ ʨʘʟʤʝʯʝʥʘ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʘʷ ʚʘʪʝʨʣʠʥʠʷ, ʠʟʤʝʥʯʠʚʘʷ ʜʝʡʩʪʚʫʶʱʘʷ ï ʩʠʥʠʤʠ ʣʠʥʠʷʤʠïʩʪʨʝʣʢʘʤʠ, 

ʦʢʘʡʤʣʷʶɦʠʤʠ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʚʥʫʪʨʠ ʰʧʘʮʠʡ. ʂ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨ-

ʣʠʥʠʠ ʧʨʠʤʳʢʘʶʪ ʩʪʨʝʣʢʠ ʦʨʪʦʚ ʥʦʨʤʘʣʝʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʜʦʚʦʡ ʦʙ-

ʰʠʚʢʠ. (ʈʠʩ. 29) ʆʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʢʦʨʘʙʣʷ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 

ʚʘʪʝʨʣʠʥʠʠ ʠ ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʝ, ʢʘʢ ʦʪ ʥʘʯʘʣʘ ʢʦʨʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦ-

ʦʨʜʠʥʘʪ ʥʘʯʠʥʘʝʪʩʷ ʨʘʟʤʝʪʢʘ ʮʝʧʦʯʢʠ ʪʦʯʝʢ ʤʘʨʰʨʫʪʘ ʧʦ ʭʦʜʫ ʢʦʨʘʙʣʷ ʥʘ 

ʢʘʞʜʳʡ ʨʘʩʯʸʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

<F2> «ʟʘʧʠʩʴ ʤʦʜʝʣʠ ʚ 

CAD-ʬʦʨʤʘʪʝ» ï  ʟʜʝʩʴ ʚʳʟʳʚʘʝʪ 

ʤʝʥʶ ʩ ʚʳʙʦʨʦʤ ʚʘʨʠʘʥʪʦʚ ʜʣʷ 

ʵʢʩʧʦʨʪʘ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʢʦʨʧʫ-

ʩʘ ʢʦʨʘʙʣʷ ʚ ʦʜʠʥ ʠʟ ʪʠʧʦʚʳʭ ʛʨʘ-

ʬʠʯʝʩʢʠʭ ʬʦʨʤʘʪʦʚ (ʈʠʩ. 26, 

ʈʠʩ. 27): Free!Ship.fef, Wave-

Front.obj ʠ DesignCAD.dc2/3, ʧʦ-

ʩʣʝʜʥʠʡ ʚ ʚʠʜʝ ʣʠʩʪʘ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʭ ʯʝʨʪʝʞʝʡ; ʪʨʸʭʤʝʨʥʦʡ ʢʦʥ-

ʪʫʨʥʦʡ ʤʦʜʝʣʠ ʠ ʤʦʜʝʣʠ ʩ ʦʙʰʠʚ-

ʢʦʡ. 

<F3> «ʚʳʙʦʨ ʠ ʯʪʝʥʠʝ ʠʥʦʛʦ 

ʢʦʨʧʫʩʘ» ï  ʟʜʝʩʴ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ-

ʧʨʦʩ ʥʦʚʦʛʦ ʠʤʝʥʠ ʬʘʡʣʘ ʮʠʬʨʦ-

ʚʦʡ ʤʦʜʝʣʠ ʢʦʨʘʙʣʷ, ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʩʯʠʪʳʚʘʥʠʝ ʠʥʦʛʦ ʢʦʨʧʫʩʘ ʚ ʩʪʘʥ-

Ship   ʎʝʣʝʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, 
 ʪʝʦʨʠʷ ʠ  ʰʪʦʨʤʦʚʘʷ 
   ʤʦʨʝʭʦʜʥʦʩʪʴ ʢʦʨʘʙʣʷ. 
F1 ï ʢʨʘʪʢʘʷ ʩʧʨʘʚʢʘ 
F2 ʟʘʧʠʩʴ ʤʦʜʝʣʠ ʚ CAD-ʬʦʨʤʘʪʝ  
F3 ʚʳʙʦʨ ʠ ʯʪʝʥʠʝ ʠʥʦʛʦ ʢʦʨʧʫʩʘ 
F4 ʥʘʩʪʨʦʡʢʘ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʭʦʜʘ 
F5 ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʰʠʚʢʠ ʠ ʧʦʪʦʢʘ 
F8 ʛʠʜʨʦʤʝʭʘʥʠʢʘ ʰʪʦʨʤʦʚʘʥʠʷ 
 

§       ç ʋʧʨʘʚʣʝʥʠʝ ʭʦʜʦʤ ʢʦʨʘʙʣʷ è  
 <8/2>  Ñ ʜʚʘ ʫʟʣʘ ʚʧʝʨʸʜ/ʦʙʨʘʪʥʦ 
 <7/9>  Ñ ʨʫʤʙ ʚʣʝʚʦ/ʧʨʘʚʦ ʧʦʣʙʦʨʪʘ 
 <4/6>   Ñ ʨʫʤʙ ʚʣʝʚʦ/ʚʧʨʘʚʦ ʥʘ ʙʦʨʪ 
 <1/3>   Ñ ʢʨʝʥ 30Á ʥʘ ʣʝʚʳʡ/ʧʨʘʚʳʡ 
 <5/Alt>     ʨʫʣʴ ʧʨʷʤʦ/ʪʘʢ ʜʝʨʞʘʪʴ 
 <0>            ʩʪʦʧ ʤʘʰʠʥʘ 
§        ç ʅʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ è 
 <Enter>             ʦʪʨʠʩʦʚʢʘ ʛʨʘʬʠʢʦʚ 
 <Tab/Space>         ʟʘʢʨʘʩʢʠ/ʢʦʥʪʫʨʳ 
 <Ctrl/+Shift>       ʟʘʜʝʨʞʢʘ ʠʣʠ ʩʪʦʧ 
 <ʩʪʨʝʣʢʠÅleftMouse>     ʦʨʠʝʥʪʘʮʠʷ 
 <+ShiftÅrightMouse>         ʩʤʝʱʝʥʠʝ 
 <+CtrlÅ(roll)>       ʜʘʣʴʥʦʩʪʴ, ʥʘʢʣʦʥ 
 <<Del>+<Shift>      ʠʩʭʦʜʥʳʡ ʦʙʟʦʨ 
 <BkSp>        ʧʨʝʢʨʘʱʝʥʠʝ ʚʦʣʥʝʥʠʷ 
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ʜʘʨʪʥʦʤ ʬʦʨʤʘʪʝ <ʠʤʷ>.vsl, ʧʨʠ ʵʪʦʤ ʟʘʤʝʥʸʥʥʳʡ ʢʦʨʧʫʩ ʦʢʘʟʳʚʘʝʪʩʷ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʥʝʝ ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ. 

<F4> «ʥʘʩʪʨʦʡʢʘ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʭʦʜʘè ʦʙʨʘʱʘʝʪʩʷ ʢ ʤʝʥʶ çɻʠʜ-

ʨʦʩʪʘʪʠʢʘ ʠ ʜʠʥʘʤʠʢʘ ʢʦʨʧʫʩʘ» ï ʦʩʥʦʚʥʳʝ ʟʘʧʨʦʩʳ ʧʦ ʥʘʩʪʨʦʡʢʝ ʤʝ-

ʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʚʳʙʦʨʦʤ ʤʦʜʝʣʝʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʢʦʨʘʙʣʷ 

ʚ ʚʳʯʠʩʣʠʪʝʣʥɹʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ɺ ʧʝʨʚʦʡ 

ʩʪʨʦʢʝ ʧʨʠʚʦʜʠʪʩʷ 

ʩʩʳʣʢʘ ʥʘ ʚʣʦʞʝʥ-

ʥʦʝ ʤʝʥʶ ʩ ʨʝʞʠ-

ʤʘʤʠ ʛʠʜʨʦʤʝʭʘ-

ʥʠʢʠ ʩʠʣʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʨʘʙʣʷ ʩ ʤʦʨʩʢʠʤ ʚʦʣʥʝʥʠʝʤ, ʪʘ ʞʝ, ʯʪʦ ʠ ʚ ʩʠʥʭʨʦʥʥʦ 

ʨʘʙʦʪʘʶʱʝʤ ʦʢʥʝ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʥɹʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʪʨʦʭʦʠʜʘʣʴʥʦʤ 

ʚʦʣʥʝʥʠʠ. ɺʥʝ ʤʝʥʶ ʨʝʞʠʤʳ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʝʨʝʢʣʶʯʘʶʪʩʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʣʘʚʠʘʪʫʨʝ ʧʦ ʢʦʤʘʥʜʝ <F8>, ʯʪʦ 

ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ ʚ ʨʘʟʜʝʣʝ çɻʠʜʨʦʤʝʭʘʥʠʢʘ ʢʦʨʘʙʣʷ: ʚʳʙʦʨ ʠ ʚʢʣʶʯʝ-

ʥʠʝéè. 

ɺʦ ʚʪʦʨʦʡ ʩʪʨʦ-

ʢʝ ʤʝʪʘʮʝʥʪʨʠ-

ʯʝʩʢʘʷ ʚʳʩʦʪʘ h [ʤ], 

ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ 

ʜʠʥʘʤʠʯʝʩʢʠ ʚ ʣʶʙʦʝ ʚʨʝʤʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʧʦʚʪʦʨʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʨʦʚʥʳʡ ʢʠʣʴ ʦʧʨʦʢʠʥʫʚʰʝʛʦʩʷ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ. 

ʄʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʘ ʩʚʷʟʘʥʘ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ ʘʧʧʣʠʢʘʪʦʡ ʮʝʥʪʨʘ 

ʪʷʞʝʩʪʠ ʢʘʢ: h = Zm ï Zg ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʯʠʩʣʝʥʥʦʡ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʘʧʧʣʠʢʘʪʳ ʧʦʧʝʨʝʯʥʦʛʦ ʤʝʪʘʮʝʥʪʨʘ. 

ɻʠʜʨʦʩʪʘʪʠʢʘ ʠ ʜʠʥʘʤʠʢʘ ʢʦʨʧʫʩʘ 
ɼʘʚʣʝʥʠʝ ʩ ʚʦʣʥʦʚʳʤʠ ʠ ʭʦʜʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʚʦʜʳ 
ʅʘʯʘʣʴʥʘʷ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ:   h=  +0.85  ʤ 
ʌʘʢʪʦʨʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ:  x= 0.10  y= 0.80  z= 0.60 
      ʙʦʨʪʦʚʘʷ:  0.20   ʢʠʣʝʚʘʷ:  0.60   ʨr ʩʢʘʥʠʝ:  0.80  
ɼʦʣʷ ʩʪʦʢ/ʠʩʪʦʢ ʚ ʤʦʜʝʣʠ ʥʝʧʨʦʪʝʢʘʥʠʷ:  kV= 0.50  
ɺʦʚʣʝʯʝʥʠʝ ʚ ʢʠʥʝʤʘʪʠʢʫ ʚʦʣʥ.   ʆʩʘʜʢʘ:      6.40 ʤ 
çʀʟʦʙʨʘʞʝʥʠʝ ʢʦʨʧʫʩʘè  ɼʣʠʥʘ ʛʨʘʬʠʢʦʚ 0.50 ʤʠʥ  

ɺʳʙʦʨ ʤʦʜʝʣʠ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣʷ 

ʂʠʥʝʤʘʪʠʢʘ ʧʷʪʠ ʪʦʯʝʢ ʰʘʙʣʦʥʘ ʥʘ ʩʢʣʦʥʘʭ ʚʦʣʥ 
ʆʙʲʸʤʥʘʷ ʧʣʘʚʫʯʝʩʪʴ ʧʝʨʝʤʝʥʥʦʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ 
ɼʘʚʣʝʥʠʝ ʩʤʦʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʦʨʪʦʚʦʡ ʦʙh ʠʚʢʠ 
ɼʘʚʣʝʥʠʝ ʥʘ ʚʩʪʨʝʯʥʦʤ ʧʦʪʦʢʝ ʙʝʟ ʤʦʨʩʢʠʭ ʚʦʣʥ 
ɼʘʚʣʝʥʠʝ ʩ ʚʦʣʥʦʚʳʤʠ ʠ ʭʦʜʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʚʦʜʳ 
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ɺ ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʸʨʪʦʡ ʩʪʨʦʢʘʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʜʣʷ 

ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ {  ɝ-ʧʨʦʜʦʣʴʥʘʷ, ɖ-ʧʦʧʝʨʝʯʥʘʷ, ɕ-ʚʝʨʪʠʢʘʣʴʥʘʷ }  ʠ ʫʛʣʦ-

ʚʳʭ ʩʢʦʨʦʩʪʝʡ {  J-ʙʦʨʪʦʚʘʷ, ű-ʢʠʣʝʚʘʷ, ɢ-ʨʳʩʢʘʥʠʝ }  ʢʘʯʢʠ { 0 ï ʙʝʟ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ; ʙʦʣʴʰʝ ʥʫʣʷ ï ʩʪʘʥʜʘʨʪʥʳʝ ʬʘʢʪʦʨʳ ʪʦʨʤʦʞʝʥʠʷ ʩʢʦʨʦ-

ʩʪʝʡ ʢʘʯʢʠ; ʤʝʥʴʰʝ ʥʫʣʷ ï ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʩʢʘʯʠʚʘʥʠʝ ʠʣʠ ʩʘʤʦʚʦʟ-

ʙʫʞʜʘʝʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʢʦʨʧʫʩʘ ʦʪ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ }. ʌʦʨ-

ʤʘʣʴʥʦ, ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʬʘʢʪʦʨʳ ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ ʥʘ ʤʛʥʦ-

ʚʝʥʥʳʝ ʩʢʦʨʦʩʪʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʦʨʧʫʩʘ, ʘ ʪʘʢʞʝ 

ʠʥʝʨʮʠʦʥʥʳʝ ʧʦʧʨʘʚʢʠ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩʳ ʞʠʜʢʦʩʪʠ ʧʨʠ ʫʩʢʦ-

ʨʝʥʥʳʭ ʜʚʠʞʝʥʠʷʭ ʢʦʨʘʙʣʷ. 

ɺ ʧʷʪʦʡ ʩʪʨʦʢʝ çɼʦʣʷ ʩʪʦʢ/ʠʩʪʦʢ ʚ ʤʦʜʝʣʠ ʥʝʧʨʦʪʝʢʘʥʠʷ:  kV= 0.50» 

ʧʨʠʚʦʜʠʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʫʤʝʥʴʰʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦ-

ʨʦʩʪʠ ï ʩʪʦʢʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʪʨʝʯʥʦʡ ʩʢʦʨʦʩʪʠ ï ʠʩʪʦʯʥʠʢʘ ʚ ʤʦʜʝʣʠ 

ʥʝʧʨʦʪʝʢʘʥʠʷ ʢʦʨʧʫʩʘ ʦʢʨʫʞʘʶʱʝʤ ʩʢʦʨʦʩʪʥʦʤ ʧʦʪʦʢʝ ʞʠʜʢʦʩʪʠ. ɽʩʣʠ 

kV = 1,0, ʪʦ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʥʷʝʪʩʷ ʧʘʨʘʜʦʢʩ ɼ'ɸʣʘʤʙʝʨʘ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʩʫʤʤʘʨʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʇʨʠ 

kV ŗ [ 0 ÷ 1 [ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ ï ʤʦʜʝʣʠʨʫʝʪʩʷ ʥʝʯʪʦ ʧʦʜʦʙʥʦʝ ʚʷʟʢʦʩʪ-

ʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ, ʬʦʨʤʘʣʴʥʦ ʧʦʭʦʞʝʤʫ ʥʘ ʯʘʩʪʠʯʥʳʡ ʦʪʨʳʚ ʚʠʭʨʝʚʦ-

ʛʦ ʩʣʦʷ ʚ ʟʦʥʝ ʨʘʟʨʝʞʝʥʠʷ ʚ ʢʦʨʤʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ. 

ɺ ʰʝʩʪʦʡ ʩʪʨʦʢʝ ʚʢʣʶʯʘʝʪʩʷ ʤʦʜʝʣʴ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʟʘʭʚʘʪʘ ʢʦʨʧʫ-

ʩʘ ʚʦʣʥʦʚʳʤ ʧʦʪʦʢʦʤ çɺʦʚʣʝʯʝʥʠʝ ʚ ʢʠʥʝʤʘʪʠʢʫ ʚʦʣʥè, ʩ ʩʠʣʴʥʦʡ ʩʪʨʘ-

ʪʠʬʠʢʘʮʠʝʡ ʩʢʦʨʦʩʪʝʡ ʧʦʜ ʛʨʝʙʥʷʤʠ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥ. ʂʦʨʧʫʩ ʢʦʨʘʙ-

ʣʷ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʫʩʢʦʨʝʥʠʡ ʚʥʫʪʨʠ 

ʚʦʣʥʦʚʳʭ ʧʦʪʦʢʦʚ, ʛʜʝ ʚʝʣʠʯʠʥʘ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʳ ʦʪʯʘʩʪʠ ʩʣʫ-

ʞʠʪ ʢʦʤʧʝʥʩʘʮʠʠ ʙʦʨʪʦʚʫʶ ʢʘʯʢʠ ʧʦʜ ʩʠʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʡ ʥʘ 

ʙʦʨʪʦʚʫʶ ʦʙʰʠʚʢʫ. ʀʥʘʯʝ, ʚ ʨʝʞʠʤʝ çʉʚʦʙʦʜʥʘʷ ʜʠʥʘʤʠʢʘ ʥʘ ʚʦʣʥʘʭè 

ʢʠʥʝʤʘʪʠʢʘ ʢʦʨʧʫʩʘ ʩʚʦʙʦʜʥʘ ʦʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʫʚʣʝʯʝʥʠʷ ʚ ʜʚʠʞʝʥʠʝ 

ʚʥʫʪʨʠ ʚʦʣʥʦʚʳʭ ʧʦʪʦʢʦʚ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʫʩʠʣʠʪ ʩʠʣʦʚʳʝ ʠʤʧʫʣʴʩʳ ʧʨʠ 

ʦʪʨʘʞʝʥʠʠ ʚʦʣʥʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 
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ɺ ʵʪʦʡ ʞʝ ʩʪʨʦʢʝ ʠʟʤʝʥʷʝʪʩʷ çʇʨʘʢʪʠʯʝʩʢʘʷ ʦʩʘʜʢʘè, ʦʪʤʝʨʷʝʤʘ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʡ ʣʠʥʠʠ. ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʢʦʨʧʫʩʘ ʟʘʥʦʚʦ ʩʯʠʪʳʚʘʝʪ-

ʩʷ ʠʟ ʬʘʡʣʘ, ʧʦʩʣʝ ʯʝʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʚʳʯʠʩʣʷʶʪʩʷ ʚʩʝ ʠʥʝʨʮʠʦʥ-

ʥʳʝ, ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʧʫʩʘ, ʩ ʧʨʠ-

ʚʝʜʝʥʠʝʤ ʧʦʧʝʨʝʯʥʦʡ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʳ h ʢ ʝʸ ʠʟʥʘʯʘʣʴʥʦʡ ʚʝʣʠ-

ʯʠʥʝ. ʇʦʩʪʨʦʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʛʨʘʬʠʢʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩ ʪʝʢʫʱʠʤʠ ʥʘʩʪʨʦʡʢʘʤʠ ʚ ʪʝʭ ʞʝ ʚʨʝ-

ʤʝʥʥʳʭ ʦʪʩʯʪyʘʭ. 

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʥʠʞʥʝʡ ʩʪʨʦʢʠ ʩʪʦʠʪ ʚʳʟʦʚ ʧʦʜʤʝʥʶ: çɺʘʨʠʘʥʪʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʨʧʫʩʘ + ʧʦʪʦʢʠ». 

ʇʦ ʚʝʨʭʥʝʡ ʩʪʨʦʢʝ ʧʦʜʤʝʥʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʙʠʨʘʶʪʩʷ ʯʝʪʳʨʝ 

ʚʘʨʠʘʥʪʘ ʟʘʢʨʘʩʢʠ ʢʦʨʧʫʩʘ ʩ ʨʝʞʠʤʘʤʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʜʝʡ-

ʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠ-

ʥʠʠ ʠ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʛʦ ʤʝʩʪʦʧʦ-

ʣʦʞʝʥʠʷ ʛʠʜʨʦʩʪʘʪʠ-

ʯʝʩʢʠʭ ʮʝʥʪʨʦʚ.  

 ʕʪʘ ʞʝ ʚʳʙʦʨʢʘ ʤʦʞʝʪ ʠʩʧʦʣʥʷʪʴʩʷ ʚʥʝ ʤʝʥʶ ʧʦ ʢʦʤʘʥʜʝ <ʊʘʙ> ʩ 

ʢʣʘʚʠʘʪʫʨʳ: 

«ʆʙʰʠʚʢʘ ʢʦʨʘʙʝʣʴʥʦʛʦ ʢʦʨʧʫʩʘ ʠ ʥʘʜʚʦʜʥʳʡ ʙʦʨʪ»  - ʦʙʳʯʥʘʷ ʨʘʩ-

ʢʨʘʩʢʘ ʨʘʙʦʯʝʡ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ; 

 «ʉʤʦʯʝʥʥʘʷ ʦʙʰʠʚʢʘ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʘʪʝʨʣʠʥʠʠ»  - ʩ ʧʨʦʨʠʩʦʚ-

ʢʦʡ ʪʦʣʴʢʦ ʰʧʘʥʛʦʫʪʦʚ ʦʪʢʨʚrʘʝʪʩʷ ʥʘʜʚʦʜʥʳʡ ʙʦʨʪ; 

 «ʂʦʥʪʫʨʳ ʰʧʘʥʛʦʫʪʦʚ ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʪʝʨʣʠʥʠʠ» - ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʥʝʧʨʦʟʨʘʯʥʦʡ ʦʩʪʘʸʪʩʷ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ; 

 «ʇʦʣʫʧʨʦʟʨʘʯʥʘʷ ʪʝʥʴ, ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʦʪʤʝʪʢʠ» - ʢʦʨʧʫʩ ʩʪʘ-

ʥʦʚʠʪʩʷ ʧʨʦʟʨʘʯʥʳʤ ʠ ʝʣʝ-ʝʣʝ ʚʠʜʠʤʳʤ, ʦʪʢʨʳʚʘʶʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʩʝ 

ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʙʳʩʪʨʦ ʧʝʨʝʤʝʱʘʶʱʠʝʩʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʮʝʥʪʨʳ. 

ɺʘʨʠʘʥʪʳ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʨʧʫʩʘ + ʧʦʪʦʢʠ 

ʆʙʰʠʚʢʘ ʢʦʨʘʙʝʣʴʥʦʛʦ ʢʦʨʧʫʩʘ ʠ ʥʘʜʚʦʜʥʳʡ ʙʦʨʪ 
ʉʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʧʦ ʩʤʦʯʝʥʥʦʡ ʦʙh ʠʚʢʝ ʩʢʨʳʪʳ 
ɿʘʢʨʘʰʠʚʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʨʘʙʝʣʴʥʦʡ ʦʙʰʠʚʢʠ 
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ʇʦ ʩʨʝʜʥʝʡ ʩʪʨʦʢʝ: çʉʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʧʦ ʩʤʦʯʝʥʥʦʡ ʦʙʰʠʚʢʝ 

ʩʢʨʳʪʳ» ï ʚʳʙʠʨʘʶʪʩʷ ʚʘʨʠʘʥʪʦʚ ʦʪʦʙʨʘʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʚʙʣʠ-

ʟʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ. 

 

ʈʠʩ. 28. ʇʦʪʦʢ ʧʦ ʩʤʦʯʝʥʥʦʡ ʦʙʰʠʚʢʝ. ʇʨʦʨʠʩʦʚʢʘ ʛʦʣʫʙʳʤʠ ʩʪʨʝʣʢʘʤʠ ʥʘʙʝ-

ʛʘʶʱʠʭ ʠ ʚʦʣʥʦʚʳʭ ʧʦʪʦʢʦʚ ʚʙʣʠʟʠ ʢʦʨʧʫʩʘ; ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʩʠʥʠʤʠ 

ʩʪʨʝʣʢʘʤʠ ʧʦ ʩʢʦʣʴʟʷʱʠʤ ʪʝʯʝʥʠʷʤ ʜʣʷ ʤʦʜʝʣʠ ʚʠʭʨʝʚʦʛʦ ʩʣʦʷ ʧʦ ʩʤʦʯʝʥ-

ʥʦʡ ʦʙʰʠʚʢʝ; ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ/ʩʪʦʢʦʚ ʜʣʷ ʤʦʜʝʣʠ ʥʝʧʨʦʪʝ-

ʢʘʥʠʷ ʢʦʨʧʫʩʘ. ʄʘʩʰʪʘʙ ʩʪʨʝʣʦʢ ʧʦʢʘʟʳʚʘʝʪ ʝʞʝʩʝʢʫʥʜʥʳʝ ʩʤʝʱʝʥʠʷ 

ʯʘʩʪʠʮ ʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʝʥʠʡ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ. 

ɺ ʧʝʨʚʳʭ ʜʚʫʭ ʩʣʫʯʘʷʭ ʩʚʝʪʣʦ-ʛʦʣʫʙʳʤ ʦʪʦʙʨʘʞʘʶʪʩʷ ʩʪʨʝʣʢʠ ʥʘʙʝ-

ʛʘʶʱʝʛʦ ʭʦʜʦʚʦʛʦ ʧʦʪʦʢʘ ʩʦʚʤʝʩʪʥʦ ʩ ʤʛʥʦʚʝʥʥʦ ʜʝʡʩʪʚʫʶʱʠʤʠ ʩʢʦʨʦ-

ʩʪʷʤʠ ʚ ʪʦʣʱʝ ʪʨʦʭʦʠʜʘʣʴʥʦʛʦ ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝʥʠʷ. 
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ʉʠʥʠʤʠ ʩʪʨʝʣʢʘʤʠ çʂʘʩʘʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʙʪʝʢʘʶʱʠʭ ʩʢʦʨʦ-

ʩʪʝʡè, ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʷʶʪʩʷ ʥʦʨʤʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ: çɺʠʭʨʝʠʩʪʦʯʥʠʢʠ ʧʦ-

ʪʦʢʘ ʠ ʥʝʧʨʦʪʝʢʘʥʠʷ ʢʦʨʧʫʩʘè. ɺ ʪʨʝʪʴʝʤ ʨʝʞʠʤʝ: çʀʤʧʫʣʴʩʳ ʩʢʦʨʦʩʪʝʡ 

ʠʟʣʫʯʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ» ï ʬʠʦʣʝʪʦʚʳʤʠ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʳʚʘʶʪʩʷ 

ʩʢʦʨʦʩʪʠ ʜʣʷ ʦʪʨʘʞʘʝʤʳʭ ʢʦʨʧʫʩʦʤ ʧʦʪʦʢʦʚ, ʩʦʟʜʘʶʱʠʭ ʢʦʨʘʙʝʣʴʥʦʝ 

ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʝ; ʠ ʦʪʨʘʞʝʥʠʝ ʧʘʜʘʶʱʠʭ ʥʘ ʢʦʨʘʙʣʴ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ. 

ɺʥʝ ʤʝʥʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʚʳʙʦʨ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʩʪʨʝʣʦʢ ʪʝʯʝʥʠʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʢʦʤʘʥʜʝ <Shift+ʧʨʦʙʝʣ>. 

 

ʈʠʩ. 29. ʍʦʜ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʦʢʥʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʠʜʨʦ-

ʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣʷ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʢʘʯʢʘ ʧʨʝʚʳʰʘʝʪ 7 ʤʝʪʨʦʚ. ʉʠʣʴʥʦʝ 

ʨʳʩʢʘʥʠʝ ʠ ʜʨʝʡʬ ʧʦ ʢʫʨʩʫ ʚʦʟʥʠʢʘʝʪ ʚ ʤʦʤʝʥʪʳ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʙʦʨʪʦ-

ʚʦʡ ʢʘʯʢʠ. ɺʥʠʟʫ ʛʨʘʬʠʢʠ ʙʦʨʪʦʚʦʡ X, ʢʠʣʝʚʦʡ Y ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ Z ʢʘʯʢʠ ʩ 

ʤʘʩʰʪʘʙʥʦʡ ʰʢʘʣʦʡ ʩʧʨʘʚʘ. ʅʘ ʣʝʚʦʡ ʰʢʘʣʝ ʚʝʨʭʥʠʭ ʛʨʘʬʠʢʦʚ ʤʘʩʰʪʘʙ 

ʜʣʷ ʢʨʠʚʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʩʢʦʨʝʥʠʡ. 
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ɺ ʥʠʞʥʝʡ ʩʪʨʦʢʝ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʤʝʪʦʜ ʧʨʦʨʠʩʦʚʢʠ ʩʫʜʦʚʳʭ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ ʩ ʟʘʢʨʘʩʢʦʡ, ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʨʸʙʝʨ ʪʨʝʫʛʦʣʴʥʠʢʦʚ (ʈʠʩ. 29): 

«ɿʘʢʨʘʰʠʚʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʨʘʙʝʣʴʥʦʡ ʦʙʰʠʚʢʠè ʠ 

 «ʂʦʥʪʫʨʳ ʨʸʙʝʨ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ». 

ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʥʠʞʥʝʡ ʩʪʨʦʢʠ ʥʠʞʥʝʡ: çʇʨʦʪʷʞʸʥʥʦʩʪʴ ʢʠʥʝʤʘ-

ʪʠʯʝʩʢʦʡ ʚʳʙʦʨʢʠ 0,5 ʤʠʥ» - ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʢʦʣʴʟʷɦ ʝʛʦ 

ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʨʘʬʠʢʦʚ ʙʦʨʪʦʚʦʡ, ʢʠʣʝʚʦʡ [°], ʚʝʨ-

ʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ [ʤ], ʫʩʢʦʨʝʥʠʡ ʥʘ ʤʠʜʝʣʝ ʠ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ [ʤ/ʩ2], ʭʦʜʢʦʩʪʠ 

[ʫʟʣʳ], ʨʳʩʢʘʥʠʷ [°] ʠ ʜʨʫʛʠʝ. 

ɺʳʙʦʨ ʦʪʦʙʨʘʞʝʥʠʷ ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ ʧʦʣʦʩ ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʡ ʨʝʛʠ-

ʩʪʨʘʮʠʠ ʚ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʥʝʢʦʪʦʨʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʢʦʨʘʙʣʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʢʦʤʘʥʜʝ <Enter > ʩ ʢʣʘʚʠʘʪʫ-

ʨʳ. 

ɺ ʪʘʙʣʠʯʢʝ ʩʣʝʚʘ-ʚʥʠʟʫ (ʈʠʩ. 29) ʧʨʠʚʦʜʷʪʩʷ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʧʘʨʘ-

ʤʝʪʨʳ ʧʦ ʭʦʜʫ ʧʘʨʫʩʥʦʛʦ ʛʘʣʝʦʥʘ çWasaè: ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʠ ʨʘʩʯʸʪʥʳʡ 

ʰʘʛ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ; ʟʘʜʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʭʦʜʘ ï 9 ʫʟʣʦʚ ʠ 

ʤʛʥʦʚʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʜʦʩʪʠʛʥʫʪʦʡ ʭʦʜʢʦʩʪʠ ʥʘ ʢʨʫʧʥʦʡ ʚʦʣʥʝ ʪʦʣʴʢʦ 6,2 

ʫʟʣʘ; ʜʨʫʛʠʝ ʠʩʭʦʜʥʳʝ ʠ ʪʝʢʫʱʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʠʥʝʨʮʠʦʥʥʳʝ ʠ ʤʝʪʘ-

ʮʝʥʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʧʫʩʘ ʥʘ ʭʦʜʫ ʥʘ ʚʦʣʥʝʥʠʠ. 

ʇʨʘʚʝʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ, ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʧʦʣʝ ʩ 

ʨʘʟʤʝʪʢʦʡ ʧʦ ʩʢʦʣʴʟʷʱʝʤʫ ʠʥʪʝʨʚʘʣʫ ʚʨʝʤʝʥʠ, ʩʪʨʦʷʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʛʨʘʬʠʢʠ ʩʦʩʪʦʷʥʠʷ ʤʦʨʷ ʠ ʢʦʨʘʙʣʷ. ʆʪʩʯʸʪ ʚʨʝʤʝʥʠ ʜʣʷ ʛʨʘʬʠʢʦʚ ʚ ʤʠʥʫ-

ʪʘʭ ʠ ʩʝʢʫʥʜʘʭ ʨʘʟʤʝʯʘʝʪʩʷ ʧʦ ʥʠʞʥʝʡ ʰʢʘʣʝ. 

ɺ ʚʘʨʠʘʥʪʝ ʜʚʫʭ ʧʦʣʝʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʭʦʜʘ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʝʨʝʢʣʶʯʘʝʤʳʭ ʧʦ ʢʦʤʘʥʜʝ <Enter >, ʚ ʥʠʞʥʝʤ 

ʧʦʣʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʯʝʪʳʨʝ ʛʨʘʬʠʢʘ: ʬʠʦʣʝʪʦʚʳʤ ï ʙʦʨʪʦʚʘʷ ʢʘʯʢʘ ( X ); 

ʩʠʥʠʤ ï ʢʠʣʝʚʘʷ ʢʘʯʢʘ ( Y ); ʠ ʟʘʢʨʘʰʝʥʥʘʷ ʧʦʣʦʩʘ ʩ ʩʝʨʳʤ ʢʦʥʪʫʨʦʤ ʜʣʷ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ, ʧʣʘʚʥʦ ʧʝʨʝʭʦʜʷʱʘʷ ʚ ʛʦʣʫʙʦʡ ʮʚʝʪ ʩ ʨʘʩʰʠʨʝʥʠʝʤ 

ʧʦʣʦʩʳ ʜʦ ʫʨʦʚʥʷ ʤʦʨʷ ʚ ʪʦʯʢʝ ʤʠʜʝʣʷ ʧʦ ʢʦʨʧʫʩʫ ʢʦʨʘʙʣʷ ʥʘ ʪʦʪ ʞʝ ʤʦ-
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ʤʝʥʪ ʚʨʝʤʝʥʠ. ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ ʵʢʩʪʨʝʤʫʤʳ ʩʚʦʜʷʪʩʷ ʩʪʨʦʛʦ ʢ ʧʦʣʦ-

ʚʠʥʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ ʥʠʞʥʝʛʦ ʧʦʣʷ, ʧʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʤʦʨʷ ʚʙʣʠʟʠ 

ʢʦʨʘʙʣʷ ʤʦʞʝʪ ʟʘʰʢʘʣʠʚʘʪʴ ʟʘ ʛʦʨʠʟʦʥʪʘʣʠ ʫʢʘʟʳʚʘʝʤʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʇʦ ʧʨʘʚʦʡ ʩʪʦʨʦʥʝ ʛʨʘʬʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ʝʜʠʥʦʤ ʤʘʩʰʪʘʙʝ ʧʨʠʚʦʜʠʪ-

ʩʷ ʰʢʘʣʘ ʵʢʩʪʨʝʤʫʤʦʚ ʜʣʷ ʙʦʨʪʦʚʦʡ ʠ ʢʠʣʝʚʦʡ ʢʘʯʢʠ: ʬʠʦʣʝʪʦʚʳʤ ï ʙʦʨ-

ʪʦʚʘʷ ( X ); ʩʠʥʠʤ ï ʢʠʣʝʚʘʷ ( Y ) ʢʘʯʢʘ ʚ ʫʛʣʦʚʳʭ ʛʨʘʜʫʩʘʭ. ɺ ʩʝʨʝʜʠʥʝ 

ʰʢʘʣʳ ʮʚʝʪʦʤ ʦʪʤʝʯʘʶʪʩʷ ʤʝʪʢʠ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ, ʠ ʙʣʠʞʘʡʰʠʝ ʟʥʘ-

ʯʝʥʠʷ ʧʦ ( Z ) ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʢʦʨʧʫʩʘ ʦʪ ʫʨʦʚʥʷ ʩʧʦʢʦʡʥʦʛʦ 

ʤʦʨʷ ʚ ʪʝʤʧʝ ʚʝʨʪʠʢʘʣʴ ʥʦʡ ʢʘʯʢʠ ʚ ʤʝʪʨʘʭ. 

ɺʦ ʚʪʦʨʦʡ ʚʝʨʭʥʝʡ ʧʦʣʦʩʝ ʪʦʥʢʠʤʠ ʣʠʥʠʷʤʠ ʠʟʦʙʨʘʞʘʶʪʩʷ: ʟʝʣyʥʳʤ 

ʮʚʝʪʦʤ - ʪʝʢʫʱʘʷ ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʚ ʫʟʣʘʭ ʚ ʛʣʦʙʘʣʴʥʦʡ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ, ʠ ʩʠʥʠʤ ï ʨʳʩʢʘʥʠʝ ʥʘ ʢʫʨʩʝ, ʢʘʢ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʛʦ 

ʢʫʨʩʘ ʚ Áʛʨʘʜʫʩʘʭ. ɿʜʝʩʴ ʞʝ, ʩʠʤʤʝʪʨʠʯʥʦ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʠ 

ʟʘʢʨʘʰʠʚʘʶʪʩʷ ʧʫʣʴʩʠʨʫʶʱʠʝ ʚʩʧʣʝʩʢʠ ʫʩʢʦʨʝʥʠʡ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ 

(ʈʠʩ. 29), ʩʠʥʠʤ ïʧʦ ʢʦʨʤʝ; ʟʝʣʝʥʳʤ ï ʧʦ ʥʦʩʫ, ʚ ʤʘʩʰʪʘʙʝ ʦʪʥʦʩʠʪʝʣʥɹʦ 

ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ʊʦʣʩʪʦʡ ʞʝʣʪʦʡ ʣʠʥʠʝʡ 

ʧʦʚʝʨʭʫ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʢʨʠʚʘʷ ʫʩʢʦʨʝʥʠʡ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ. ʅʘ ʣʝ-

ʚʦʡ ʰʢʘʣʝ ʧʨʠʚʦʜʷʪʩʷ ʦʪʤʝʪʢʠ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʤʘʩʰʪʘʙʘ ʦʪ ïg ʜʦ +3Ŀg 

ʜʣʷ ʟʘʤʝʨʦʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʩʢʦʨʝʥʠʡ ʥʘ ʧʘʣʫʙʝ ʢʦʨʘʙʣʷ, ʠ ʧʨʘʚʝʝ ʪʝʢʫ-

ʱʠʝ ʵʢʩʪʨʝʤʫʤʳ ʚ ʚʠʜʠʤʦʡ ʯʘʩʪʠ ʛʨʘʬʠʢʦʚ ʜʣʷ ʯʘʩʪʝʡ ʢʦʨʧʫʩʘ: ʚ ʢʦʨʤʝ ï 

ʩʠʥʝʡ, ʥʘ ʤʠʜʝʣʝ - ʢʦʨʠʯʥʝʚʦʡ (ʚʤʝʩʪʦ ʞʸʣʪʦʡ) ʠ ʧʦ ʥʦʩʫ ï ʟʝʣʸʥʦʡ ʨʘʩ-

ʮʚʝʪʢʦʡ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ.  

ʅʘ ʧʨʘʚʦʡ ʰʢʘʣʝ ʟʜʝʩʴ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ 

ʚʠʜʠʤʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ, ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ ʢʘʨʪʫʰʢʘ ʩ ʥʘʛʣʷʜʥʳʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʪʦʨʤʦʚʦ-

ʛʦ ʚʦʣʥʝʥʠʷ ʩ ʦʪʤʝʯʝʥʥʦʡ ʢʨʫʪʠʟʥʦʡ ʚʦʣʥʦʚʳʭ ʩʢʣʦʥʦʚ. 

ɽʩʣʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʫʩʢʦʨʝʥʠʷ ʦʪʤʝʯʘʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠ-

ʷʤʠ, ʪʦ ʥʝʟʘʢʨʝʧʣʸʥʥʳʡ (ʙʝʟ ʥʘʡʪʦʚʦʚ) ʛʨʫʟ ʥʘ ʧʘʣʫʙʘʭ ʢʦʨʘʙʣʷ, ʦʢʘʟʘʚ-
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ʰʠʩʴ ʚ ʥʝʚʝʩʦʤʦʩʪʠ, ʦʪʨʳʚʘʝʪʩʷ ʦʪ ʧʘʣʫʙʳ ʩ ʫʛʨʦʟʦʡ ʨʘʟʨʫʰʝʥʠʷ ʢʦʨʧʫʩ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʨʠ ʧʦʚʪʦʨʝʥʠʠ ʢʦʤʘʥʜʳ <Enter > c ʢʣʘʚʠʘʪʫʨʳ, ʚʝʨʭʥʝʝ ʧʦʣʝ ʩ 

ʢʨʠʚʳʤʠ ʭʦʜʢʦʩʪʠ ʠ ʨʳʩʢʘʥʠʷ ʠʩʢʣʶʯʘʶʪʩʷ, ʘ ʛʨʘʬʠʢʠ ʫʩʢʦʨʝʥʠʡ ʧʝʨʝ-

ʥʦʩʷʪʩʷ ʧʦʚʝʨʭ ʠʟʦʙʨʘʞʝʥʠʷ ʙʦʨʪʦʚʦʡ, ʢʠʣʝʚʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ. 

ʄʦʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʵʧʠʟʦʜʠʯʝʩʢʠ ʧʨʦʠʩʭʦʜʠʪ ʩʠʣʴʥʘʷ 

ʨʘʩʢʘʯʢʘ ʢʦʨʘʙʣʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʨʫʪʳʭ ʛʨʝʙʥʝʡ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʛʨʫʧ-

ʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʪʨʦʭʦʠʜʘʣʴʥʦʛʦ ʚʦʣʥʝʥʠʷ, ʠ ʦʩʦʙʦ ʧʨʠ ʚʩʪʨʝʯʝ ʩ ʜʝʚʷʪʳ-

ʤʠ ʚʘʣʘʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʨʘʩʢʘʯʢʘ ʩʣʫʯʘʝʪʩʷ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʧʦ ʚʩʝʤ ʨʝʛʠʩʪʨʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ. 

ʉʪʘʨʠʥʥʳʡ ʢʦʨʘʙʣʴ çɺʘʩʘè ʚʧʦʣʥʝ ʫʚʝʨʝʥʥʦ ʜʝʨʞʠʪʩʷ ʥʘ ʦʧʘʩʥʦʤ 

ʢʫʨʩʝ ʣʘʛʦʤ ʢ ʚʦʣʥʝ ʰʝʩʪʠʤʝʪʨʦʚʦʡ ʚʳʩʦʪʳ. 

ʅʘ ʢʘʨʪʫʰʢʝ ʩʣʝʚʘ, ʧʦʜ ʢʥʷʚʜʠʛʝʜʦʤ ʢʦʨʘʙʣʷ, ʧʦʢʘʟʘʥʘ ʧʝʨʝʢʣʘʜʢʘ 

ʨʫʣʷ ʧʦʤʘʣʫ ʚʣʝʚʦ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʢʫʨʩʘ, ʵʪʦ ʨʘʙʦʪʘ ʘʚʪʦʨʫ-

ʣʝʚʦʛʦ ʚ ʩʣʫʯʘʝ ʨʳʩʢʘʥʠʷ ʥʘ ʢʫʨʩʝ c ʦʪʢʣʦʥʝʥʠʝʤ ʙʦʣʝʝ 1 ʨʫʤʙʘ (11Á15'). 

ʊʦʥʢʘʷ ʞʸʣʪʘʷ ʩʪʨʝʣʢʘ ʩ ʩʠʥʠʤ ʦʢʘʡʤʣʝʥʠʝʤ ʫʢʘʟʳʚʘʝʪ ʟʘʜʘʥʥʳʡ ʢʫʨʩ. 

ʅʘʜ ʢʘʨʪʫʰʢʦʡ ʧʨʠʚʦʜʷʪʩʷ ʧʘʨʘʤʝʪʨʳ ʪʨʸʭ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʤʦʨʩʢʦʛʦ 

ʚʦʣʥʝʥʠʷ: ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʨʫʤʙʘʭ; ʚʳʩʦʪʘ ʚʦʣʥʳ ʚ ʤʝʪʨʘʭ 

ʠ ʧʝʨʠʦʜ ʚʦʣʥʳ ʚ ʩʝʢʫʥʜʘʭ. ʊʨʝʤʷ ʩʪʨʝʣʢʘʤʠ ʥʘ ʢʘʨʪʫʰʢʝ ʧʦʢʘʟʳʚʘʶʪʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʜʣʠʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʚʦʣʥ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʜʣʠʥʦʡ ʢʦ-

ʨʘʙʣʷ, ʫʪʦʣʱʝʥʠʝ ʩʪʨʝʣʦʢ ʚ ʪʦʯʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʨʫʪʠʟʥʫ ʚʦʣʥʳ (ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʚʳʩʦʪʳ ʢ ʜʣʠʥʝ). 

 

ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʝ ʚʦʟʟʨʝʥʠʷ 

ʚ ʜʠʥʘʤʠʢʝ ʢʦʨʘʙʣʷ 

ɼʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʣʥʦʮʝʥʥʦʩʪʠ ʧʨʷʤʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ, ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʧʨʠʚʦʜʠʪʩʷ ʢʦʤʧʣʝʢʩ ʜʘʥ-

ʥʳʭ ʧʦ ʪʝʢʫʱʝʡ ʜʠʥʘʤʠʢʝ ʠ ʛʠʜʨʦʤʝʭʘʥʠʢʝ ʢʦʨʘʙʣʷ ʚ ʪʝʢʩʪʦʚʦʤ ʠ ʛʨʘʬʠ-



85 

ʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʢʘʟʳʚʘʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʥʘʚʠʛʘ-

ʮʠʦʥʥʦʤ ʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʥʘ ʤʦʨʝ, ʯʪʦ ʚ ʮʝʣʦʤ ʚʦʩ-

ʪʨʝʙʫʝʪʩʷ ʚ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʥʳʭ ʠʟʳʩʢʘʥʠʡ ʜʣʷ ʚʩʝʧʦʛʦʜʥʦʛʦ ʢʦʨʘʙʣʷ, ʘ 

ʪʘʢʞʝ ʚ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʦʨʘʙʦʪʢʘʭ ʰʪʦʨʤʦʚʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ, ʜʣʷ 

ʚʳʙʦʨʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʭʦʜʘ ʠ ʢʫʨʩʘ ʢʦʨʘʙʣʷ ʧʨʠ ʥʘʠʣʫʯʰʝʤ ʠʩʧʦʣʥʝʥʠʠ 

ʤʦʨʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʶ. 

ʏʠʩʪʦ ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʚʝʨʢʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʭ ʚʦʟʟʨʝʥʠʡ ʥʘ ʦʩʪʦʡʯʠʚʦʩʪʴ ʠ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʰʪʦʨʤʦʚʦʛʦ ʧʣʘʚʘʥʠʷ ʢʦʨʘʙʣʷ, ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʢʦʪʦ-

ʨʳʝ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ ʚ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʘʭ ʠʥʪʝʥʩʠʚʥʦʡ ʢʘʯ-

ʢʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʚʚʠʜʫ ʙʦʣʴʰʠʭ ʧʦʩʪʫʧʘʪʝʣʥɹʳʭ ʠ 

ʚʨʘʱʘʪʝʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʧʦʜ ʫʜʘʨʘʤʠ ʚʦʣʥ ʥʘ ʠʥʪʝʥʩʠʚ-

ʥʦʤ ʪʨʦʭʦʠʜʘʣʴʥʦʤ ʚʦʣʥʝʥʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʛʥʦʚʝʥʥʳʝ ʦʮʝʥʢʠ ʚʥʝʰʥʠʭ 

ʩʠʣ ʠ ʨʝʘʢʮʠʡ ʢʦʨʧʫʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʶʯʝʚʳʭ ʧʦʣʦʞʝ-

ʥʠʡ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʤ̫ʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʫʣʫʯʰʝʥʳ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʣʷ ʥʦʚʳʭ ʘʜʝʢ-

ʚʘʪʥʳʭ ʦʮʝʥʦʢ ʦʧʘʩʥʦʩʪʠ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʢʘʯʢʠ ʠ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʢʦʨʘʙʣʷ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʢʦʨʘʙʣʷ, 

ʜʣʷ ʫʛʣʫʙʣʸʥʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʠʚʳʯʥʳʭ ʥʘʩʪʘʚʣʝʥʠʡ ʠʟ ʪʝʦʨʠʠ ʢʦʨʘʙʣʷ, 

ʚʥʫʪʨʠ ʧʦʣʫʧʨʦʟʨʘʯʥʦʛʦ ʢʦʨʧʫʩʘ ʚʩʝʛʜʘ ʠʟʦʙʨʘʞʘʶʪʩʷ ʥʘʯʘʣʥɹʳʝ (ʜʣʷ 

ʪʠʭʦʡ ʚʦʜʳ) ʠ ʪʝʢʫʱʠʝ ʤʛʥʦʚʝʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ 

ʠ ʮʝʥʪʨʦʚ ʩʠʣʦʚʳʭ ʨʝʘʢʮʠʡ ʧʦʜʚʠʞʥʦʛʦ ʢʦʨʧʫʩʘ.  

ʊʘʢ, ʧʦʣʫʧʨʦʟʨʘʯʥʳʡ ʢʦʨʧʫʩ ʛʘʣʝʦʥʘ çɺʘʩʘè ʚ ʨʝʞʠʤʝ ʚʠʟʫʘʣʠʟʘʮʠʠ 

çʂʦʥʪʫʨʳ ʰʧʘʥʛʦʫʪʦʚéè (ʈʠʩ. 29) ʦʪʢʨʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʡʩʪʚʫʶʱʝʡ 

ʚʘʪʝʨʣʠʥʠʠ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʮʚʝʪʥʳʭ ʰʘʨʠʢʦʚ ʠ ʣʠʥʠʡ ʩʚʷʟʠ ʜʣʷ ʜʝʡʩʪʚʫ-

ʶʱʠʭ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ. ɺ ʨʝʞʠʤʝ 

çʇʦʣʫʧʨʦʟʨʘʯʥʘʷ ʪʝʥʴéè ʢʦʨʧʫʩ ʧʨʦʨʠʩʦʚʳʚʘʝʪʩʷ ʩ ʧʦʯʪʠ ʥʝʚʠʜʠʤʦʡ 

ʦʙʰʠʚʢʦʡ, ʠ ʪʘʢʠʝ ʮʝʥʪʨʳ ʩʠʣ, ʚʨʘʱʝʥʠʡ ʠ ʤʝʪʘʮʝʥʪʨʳ ʫʞʝ ʥʠʯʝʤ ʥʝ 

ʫʢʨʳʚʘʶʪʩʷ. 
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ʇʝʨʚʳʤ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʧʨʦʨʠʩʦʚʳʚʘʶʪʩʷ ʦʩʠ ʢʦʨʘʙʝʣʴʥʦʛʦ 

ʙʘʟʠʩʘ { x, y, z } ï ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʦʧʠʨʘʶʱʝʡʩʷ ʥʘ ʜʠʥʘ-

ʤʠʯʝʩʢʠʡ ʮʝʥʪʨ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ ï ʮʝʥʪʨ ʩʠʣʦʚʦʡ 

ʨʝʘʢʮʠʠ ʢʦʨʧʫʩʘ. ɹʘʟʠʩ ʦʪʤʝʯʘʝʪʩʷ ʙʝʣʳʤ ʰʘʨʠʢʦʤ ʠ ʩʦʝʜʠʥʷʝʪʩʷ ʫʪʦʣ-

ʱʝʥʥʦʡ ʩʪʨʝʣʢʦʡ ʩ ʰʘʨʠʢʦʤ ʧʦʤʝʥʴʰʝ ï ʠʥʪʝʛʨʘʣʴʥʳʤ ʮʝʥʪʨʦʤ ʜʝʡʩʪʚʠʷ 

ʚʥʝʰʥʠʭ ʩʠʣ.  

ɿʘʪʝʤ ʠʟʦʙʨʘʞʘʝʪʩʷ ʪʨʝʫʛʦʣʴʥʳʡ çʬʣʘʞʦʢè ʥʘʯʘʣʴʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ: 

ʩʠʥʠʡ ʥʠʞʥʠʡ ʫʛʦʣ: C ï ʠʩʭʦʜʥʳʡ ʮʝʥʪʨ ʚʝʣʠʯʠʥʳ; ʚʳʰʝ: G ï ʩʝʨʳʡ 

ʮʝʥʪʨ ʤʘʩʩ ʢʦʨʘʙʣʷ; ʥʘ ʪʦʡ ʞʝ ʚʝʨʪʠʢʘʣʠ ʪʨʝʪʴʷ ʪʦʯʢʘ: M  ï ʤʝʪʘʮʝʥʪʨ 

ʥʘʯʘʣʴʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʢʨʘʰʠʚʘʝʪʩʷ ʚ ʟʝʣʝʥʳʡ ʮʚʝʪ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʳ, ʚ ʞʞʝʝʣʣʪʪrr ʡʡ ï ʧʨʠ ʫʤʝʥʴʰʝʥʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʚʝʣʠʯʠʥʝ, ʠ ʚ ʢʨʘʩʥʳʡ ï ʢʦʛʜʘ ʦʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ; 

ʯʝʪʚʝʨʪʘʷ ʪʦʯʢʘ ʛʦʣʫʙʘʷ: F ï ʵʪʦ ʠʩʭʦʜʥʳʡ ʮʝʥʪʨ ʧʣʦɦ ʘʜʠ ʚʘʪʝʨʣʠʥʠʠ ʥʘ 

ʪʠʭʦʡ ʚʦʜʝ (ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʤ ʢʦʨʧʫʩʝ ʚʩʝ ʪʦʯʢʠ ʤʦʛʫʪ ʚʳʩʪʨʘʠʚʘʪʴʩʷ 

ʧʦ ʦʜʥʦʡ ʚʝʨʪʠʢʘʣʠ). 

ʀʟ ʫʢʘʟʘʥʥʳʭ ʮʝʥʪʨʦʚ ʥʘʯʘʣʴʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ, ʚ ʪʝʭ ʞʝ ʮʚʝʪʘʭ 

ʥʘʧʨʘʚʣʷʶʪʩʷ ʩʪʨʝʣʢʠ ʢ ʜʝʡʩʪʚʫʶʱʠʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʮʝʥʪʨʫ ʚʝʣʠʯʠ-

ʥʳ ʧʦʛʨʫʞʝʥʥʦʛʦ ʦʙʲʸʤʘ ʢʦʨʧʫʩʘ, ʢ ʥʦʚʦʤʫ ʤʛʥʦʚʝʥʥʦʤʫ ʮʝʥʪʨʫ ʧʣʦʱʘ-

ʜʠ ʚʘʪʝʨʣʠʥʠʠ ʠ ʢ ʜʝʡʩʪʚʫʶʱʝʤʫ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʝʪʘʮʝʥʪʨʫ, ʦʪʩʯʠ-

ʪrʚʘʝʤʦʤʫ ʩʪʨʦʛʦ ʧʦ ʚʝʨʪʠʢʘʣʠ ʦʪ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ r = J / W [ʤ], ʢʘʢ ʯʘʩʪʥʦʛʦ ʦʪ ʤʦʤʝʥʪʘ 

ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ J [ʤ4] ʩ ʜʝʣʠʪʝʣʝʤ ʧʦ ʠʩʭʦʜ-

ʥʦʤʫ ʚʦʜʦʠʟʤʝʱʝʥʠʶ ʢʦʨʘʙʣʷ W [ʤ3]. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ ʢʦʨʘʙʣʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʝ ʧʣʦʩʢʦ-

ʩʪʝʡ ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʚʘʪʝʨʣʠʥʠʠ ʠ ʜʠʘʤʝʪʨʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʢʦʨʧʫʩʘ. ʕʪʦʪ ʮʝʥʪʨ ʥʠʢʘʢ ʥʝ ʦʪʤʝʯʘʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ ʢʦʨʘʙʣʷ, ʦʜʥʘʢʦ ʠʤʝʥʥʦ ʦʪ ʥʝʛʦ ʚʝʜʫʪʩʷ ʚʩʝ ʦʪʩʯʸʪʳ ʧʦʩʪʫ-

ʧʘʪʝʣʴʥʳʭ ʠ ʫʛʣʦʚʳʭ ʩʤʝʱʝʥʠʡ ʢʦʨʧʫʩʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟ ʵʪʦʛʦ ʮʝʥʪʨʘ 

ʩʪʨʦʠʪʩʷ ʮʝʧʦʯʢʘ ʪʦʯʝʢ ʤʘʨʰʨʫʪʘ ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ, ʧʦʤʝʯʘʝʤʦʛʦ ʚ ʢʘʞ-
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ʜʳʡ ʨʘʩʯʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɺ ʧʨʦʚʝʜʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ ʞʝʣʘʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʘʣʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʰʘʛʘ ʥʘ 

ʤʘʨʰʨʫʪʝ ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ, ʠ ʧʣʘʚʥʦʩʪʴ ʦʙʨʘʟʫʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ. 

ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʵʪʠ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʠʢʘʢ 

ʥʝ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʠ ʩʣʫʞʘʪ ʪʦʣʴʢʦ ʚ ʢʘ-

ʯʝʩʪʚʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʣʣʶʩʪʨʘʮʠʡ ʢ ʪʝʢʫʱʝʤʫ ʩʦʩʪʦʷ-

ʥʠʷ ʢʦʨʘʙʣʷ. 

 

3. çʂʦʨʘʙʣʴ ʠ ʪʨʦʭʦʠʜʘʣʴʥʳʝ ʰʪʦʨʤʦʚʳʝ ʩʪʨʫʢʪʫʨʳ 

ʤʦʨʩʢʠʭ ʚʦʣʥè 

ɺ ʦʩʥʦʚʥʦʤ ʦʢʥʝ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟʦʙʨʘʞʘ-

ʝʪʩʷ ʢʦʨʘʙʣʴ ʚ ʦʢʨʫʞʝʥʠʠ ʤʦʨʩʢʦ-

ʛʦ ʚʦʣʥʝʥʠʷ. ɿʜʝʩʴ ʤʦʛʫʪ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴʩʷ ʠ ʥʘʩʪʨʘʠʚʘʪʴʩʷ ʨʘʟʣʠʯ-

ʥʳʝ ʚʘʨʠʘʥʪʳ ʰʪʦʨʤʦʚʦʛʦ ʭʦʜʘ ʠ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ, ʩ 

ʥʘʛʣʷʜʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʢʦʨʘʙʣʷ ʩʦ ʰʪʦʨ-

ʤʦʚʳʤ ʚʦʣʥʝʥʠʝʤ, ʥʘ ʬʦʥʝ ʘʢʪʠʚ-

ʥʳʭ ʛʨʝʙʥʝʡ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʚ 

ʩʦʩʪʘʚʝ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩ ʜʝ-

ʚʷʪʳʤʠ ʚʘʣʘʤʠ. 

ɺ ʚʝʨʭʥʝʡïʣʝʚʦʡ ʯʘʩʪʠ ʚ 

ʚʝʨʭʥʝʡ ʩʪʨʦʢʝ ʧʦʢʘʟʳʚʘʝʪʩʷ ʠʥ-

ʬʦʨʤʘʮʠʷ ʦ ʨʝʞʠʤʘʭ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ, ʚ ʩʪʨʦʢʝ ʥʠʞʝ 

ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣʷ ʠ ʝʛʦ 

ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʨʘʙʣʷ ʩ ʤʦʨʩʢʠʤ ʚʦʣʥʝʥʠʝʤ, ʠ ʚ ʪʨʝʪʴʝʡ ʩʪʨʦ-

Sea: ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, 
 ʰʪʦʨʤʦʚʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ 
 ʢʦʨʘʙʣʷ ʚ ʦʪʢʨʳʪʦʤ ʤʦʨʝ 
F1 ï ʢʨʘʪʢʘʷ ʩʧʨʘʚʢʘ 
F4 ʥʘʩʪʨʦʡʢʘ ʚʦʣʥʦʚʦʛʦ ʨʝʞʠʤʘ 
F8 ʰʪʦʨʤʦʚʘʷ ʛʠʜʨʦʤʝʭʘʥʠʢʘ 
 

§       ç ʋʧʨʘʚʣʝʥʠʝ ʭʦʜʦʤ ʢʦʨʘʙʣʷ è  
 <8/2>   Ñ ʜʚʘ ʫʟʣʘ ʚʧʝʨʸʜ/ʦʙʨʘʪʥʦ 
 <7/9>   Ñ ʨʫʤʙ ʚʣʝʚʦ/ʧʨʘʚʦ ʧʦʣʙʦʨʪʘ 
 <4/6>   Ñ ʨʫʤʙ ʚʣʝʚʦ/ʚʧʨʘʚʦ ʥʘ ʙʦʨʪ 
 <1/3>   Ñ ʢʨʝʥ 30Á ʥʘ ʣʝʚʳʡ/ʧʨʘʚʳʡ 
 <5/Alt>     ʨʫʣʴ ʧʨʷʤʦ/ʪʘʢ ʜʝʨʞʘʪʴ 
 <0>            ʩʪʦʧ ʤʘʰʠʥʘ 
§        ç ʅʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ è 
<Tab/Space>       ʟʘʢʨʘʩʢʠ/ʢʦʥʪʫʨʳ 
<Ctrl/+Shift>       ʟʘʜʝʨʞʢʘ ʠʣʠ ʩʪʦʧ 
<ʩʪʨʝʣʢʠÅleftMouse>     ʦʨʠʝʥʪʘʮʠʷ 
<+ShiftÅrightMouse>      ʩʤʝɦ ʝʥʠʝ 
<+CtrlÅ(roll)>     ʜʘʣʴʥʦʩʪʴ, ʥʘʢʣʦʥ 
<<Del>+<Shift>   ʠʩʭʦʜʥʳʡ ʦʙʟʦʨ 
<BkSp>     ʦʩʪʘʥʦʚʢʘ ʚʦʣʥʝʥʠʷ 
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ʢʝ ï ʪʝʢʫɦ ʠʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ: ʢʫʨʩ ʠ ʨʳʩʢʘʥʠʝ (ʜʨʝʡʬ) ʢʦʨʘʙʣʷ, 

ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʚ ʫʟʣʘʭ, ʧʦ ʌʨʫʜʫ (Fr) ʠ ʚ ʦʪʥʦʰʝʥʠʷʭ ʜʣʠʥ ʢʦʨʧʫʩʘ ʠ ʢʦ-

ʨʘʙʝʣʴʥʳʭ ʚʦʣʥ (Lw/L). 

ʄʝʥʶ <F4> çɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪè ï ʟʜʝʩʴ  ʚʧrʦʣʥʷʝʪʩʷ 

ʥʘʩʪʨʦʡʢʘ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʚʳʙʠʨʘʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ 

ʰʪʦʨʤʦʚʦʛʦ ʪʨʦʭʦʠʜʘʣʴʥʦʛʦ ʚʦʣʥʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʜʣʷ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʫʩʣʦʚʥʳʭ ʩʪʨʫʢʪʫʨ, ʥʘʧʨʠʤʝʨ: 

ʚʝʪʨʦʚʳʭ ʚʦʣʥ, ʘʢʪʠʚʥʦʡ ʟʳʙʠ ʠ ʧʦʣʦʛʠʭ ʨʝʣʠʢʪʦʚʳʭ ʚʘʣʦʚ ʦʪ ʜʘʣʴʥʠʭ 

ʫʨʘʛʘʥʦʚ. 

ɺ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʯʝʪʳʨʝ ʚʘʨʠʘʥʪʘ ʨʝʘʣʠʟʘʮʠʠ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ 

ʰʪʦʨʤʦʚʦʛʦ ʪʨʦʭʦʠʜʘʣʴʥʦʛʦ ʚʦʣʥʝʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʭʦʜʘ ʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ 

ʢʦʨʘʙʣʷ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ: 

«ʏʠʩʪʘʷ ʰʪʠʣʝʚʘʷ ʤʦʨʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ» (ʜʠʥʘʤʠʢʘ ʠ ʢʘʯʢʘ ʥʘ ʪʠ-

ʭʦʡ ʚʦʜʝ); 

«ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ» (ʛʠʜʨʦʩʪʘ-

ʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ); 

«ʊʨʦʭʦʠʜʘʣʴʥʳʡ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ» (ʚʦʣʥʘ ʦʪ-

ʨʘʞʘʝʪʩʷ ʦʪ ʢʦʨʘʙʣʷ); 

«ʂʦʥʪʠʥʫʘʣʴʥʦ-

ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ ʨʝʰʝʥʠʷ» ( é ʟʘʣʦʞʝʥʦ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ ʢ ʪʝʩʪʠʨʦʚʘʥʠʶ 

ʪʝʢʫʱʠʭ ʨʘʟʨʘʙʦʪʦʢ); 

ɺʦ ʚʪʦʨʦʡ ʩʪʨʦʢʝ ʚʳʙʦʨ ʤʦʜʝʣʠ ʪʨʝʭʤʝʨʥʦʛʦ ʪʨʦʭʦʠʜʘʣʴʥʦʛʦ ʤʦʨ-

ʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʠʣʠ ʤʦʜʝʣʠ ʧʦʣʥʳʭ ʧʦʪʦʢʦʚ ʜʣʷ ʧʣʦʩʢʦʛʦ ʜʣʠʥʥʦʚʦʣʥʦ-

ʚʦʛʦ ʧʨʦʮʝʩʩʘ: 

«ɺʳʩʦʢʠʝ ʚʦʣʥʳ ʩ ʜʨʝʡʬʦʚʳʤʠ ʪʝʯʝʥʠʷʤʠ» (ʩʪʨʫʢʪʫʨʳ ʪʨʦʭʦʠ-

ʜʘʣʴʥʳʭ ʚʦʣʥ); 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ 
ɺʳʩʦʢʠʝ ʚʦʣʥʳ ʩ ʜʨʝʡʬʦʚʳʤʠ ʪʝʯʝʥʠʤ̫ʠ 
ʈʘʩʢʨʘʩʢʘ ʩʠʥʝ-ʟʝʣʝʥʦ-ʧʝʥʥʳʭ ʩʢʣʦʥʦʚ  
ʊʸʤʥʘʷ ʚʦʜʘ ʩ ʦʩʚʝʱʝʥʥʳʤʠ ʦʪʪʝʥʢʘʤʠ  
ʎʫʛʠ:     ʜʣʠʥʘ    ʚʳʩʦʪʘ     ʥʘʧʨʘʚʣʝʥʠʝ 
   ɺʝʪʝʨ:    64 ʤ    0.99\5.7 ʤ     190  ʛʨʘʜÁ 
   ɿʳʙʴ:   104 ʤ    0.56\5.1 ʤ     160  ʛʨʘʜÁ 
   ɺʘʣ:     160 ʤ    0.25\3.6 ʤ     230  ʛʨʘʜÁ 
ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʢʦʨʘʙʣʷ:      ï640      ʤ 
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«ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʚ ʧʦʣʥʳʭ ʧʦʪʦʢʘʭ» (ʘʥʘʣʦʛ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ). 

ʄʦʨʩʢʦʝ ʚʦʣʥʝʥʠʝ ʚʨʝʤʝʥʥʦ ʦʪʢʣʶʯʘʝʪʩʷ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʥʝ 

ʤʝʥʶ ʧʦ ʢʦʤʘʥʜʝ <BkSP> 

ɺʦ ʪʨʝʪʴʝʡ ʩʪʨʦʢʝ ʯʝʪʳʨʝ ʚʘʨʠʘʥʪʘ ʧʨʦʨʠʩʦʚʢʠ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ, ʢʦ-

ʪʦʨʳʝ ʚʥʝ ʤʝʥʶ ʧʝʨʝʢʣʶʯʘʶʪʩʷ ʧʦ ʢʦʤʘʥʜʝ <ʊʘʙ>: 

«ʈʘʩʢʨʘʩʢʘ ʩʠʥʝ-ʟʝʣʸʥʳʭ-ʧʝʥʥʳʭ ʩʢʣʦʥʦʚ» (ʮʚʝʪʦʚʘʷ ʨʘʩʢʨʘʩʢʘ ʚʦʣ-

ʥʝʥʠʷ); 

«ʉʝʪʦʯʥʦʝ ʧʦʢʨʳʪʠʝ ʚ ʮʚʝʪʦʚʦʡ ʧʘʣʠʪʨʝ» (ʨʘʩʯʸʪʥʘʷ ʩʝʪʢʘ ʚʦʣʥʦʚʦ-

ʛʦ ʧʦʣʷ); 

«ʈʘʟʨʝʞʝʥʥʘʷ ʩʝʪʢʘ, ʩʪʦ ʢʦʥʪʫʨʦʚ ʚʦʣʥ» (ʩʝʪʢʘ ʚʦʣʥ ʙʝʟ ʧʦʣʥʦʛʦ 

ʧʦʢʨʳʪʠʷ); 

«ʇʨʦʬʠʣʠ ʚʦʣʥʝʥʠʷ ʧʦ ʢʫʨʩʫ ʠ ʪʨʘʚʝʨʟʫ» (ʩʝʪʢʘ ʩ ʚʝʢʪʦʨʘʤʠ ʩʢʦʨʦ-

ʩʪʝʡ). 

ɺ ʯʝʪʚʸʨʪʦʡ ʩʪʨʦʢʝ ʯʝʪʳʨʝ ʚʘʨʠʘʥʪʘ ʨʘʩʢʨʘʩʢʠ ʤʦʨʩʢʠʭ ʚʦʣʥ, ʠʩʧʦʣ-

ʥʷʝʤʳʭ ʚʥʝ ʤʝʥʶ ʧʦ ʢʦʤʘʥʜʝ <ʇʨʦʙʝʣ>: 

«ʊʸʤʥʘʷ ʚʦʜʘ ʩ ʦʩʚʝʱʝʥʥʳʤʠ ʦʪʪʝʥʢʘʤʠ» (ʪʠʧʦʚʘʷ ʧʘʣʠʪʨʘ ʚ ʩʚʝʪʦ-

ʚʳʭ ʣʫʯʘʭ); 

«ʉʚʝʪʣʘʷ ʚʦʜʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʘʪʝʨʣʠʥʠʠ» (ʨʘʩʢʨʘʩʢʘ ʛʨʝʙʥʝʡ ʠ ʣʦʞ-

ʙʠʥ ʚʦʣʥ); 

«ʊʸʤʥʘʷ ʚʦʜʘ +ʪʨʠ ʩʣʦʷ ʠʩʭʦʜʥʳʭ ʚʦʣʥ» (ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʧʦʣʝ ʤʦʨ-

ʩʢʦʛʦ é 

«ʉʚʝʪʣʘʷ ʚʦʜʘ ʩ ʧʦʩʣʦʡʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ» é ʚʦʣʥʝʥʠʝ + ʪʨʠ ʩʪʨʫʢ-

ʪʫʨʳ ʚʦʣʥ). 

ɺ ʧʝʨʚʳʭ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ʠʟʦʙʨʘʞʝʥʠʝ ʚʦʣʥ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʣʫʧʨʦ-

ʟʨʘʯʥʳʤ, ʩ ʚʠʜʠʤʦʡ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʴʶ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ. ɺ ʩʣʫʯʘʝ ʧʨʦʨʠ-

ʩʦʚʢʠ ʪʨʸʭ ʦʧʦʨʥʳʭ ʚʦʣʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʧʨʦʟʨʘʯʥʦʩʪʴ ʩʥʠʤʘʝʪʩʷ, ʯʪʦʙʳ 

ʯʝʪʳʨʝ ʚʦʣʥʦʚʳʭ ʧʦʣʷ ʥʝ ʠʩʢʘʞʘʣʠ ʨʘʩʮʚʝʪʢʫ ʜʨʫʛ ʜʨʫʛʘ. 
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ɺ ʩʣʝʜʫʶʱʠʭ ʩʪʨʦʢʘʭ ʤʝʥʶ ʧʨʠʚʦʜʷʪʩʷ ʧʘʨʘʤʝʪʨʳ ʪʨʝʭ ʩʪʨʫʢʪʫʨ 

ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ: 

«ɺʝʪʝʨ» ï ʘʢʪʠʚʥʳʝ ʚʝʪʨʦʚʳʝ ʚʦʣʥʳ ʩ ʦʙʨʫʰʘʶʱʠʤʠʩʷ ʛʨʝʙʥʤ̫ʠ; 

«ɿʳʙʴ» ï ʩʚʝʞʘʷ ʟʳʙʴ ʥʝʜʘʚʥʠʭ ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠʡ ʚ ʵʪʦʡ ʞʝ ʤʦʨ-

ʩʢʦʡ ʘʢʚʘʪʦʨʠʠ; 

«ɺʘʣ» ï ʧʦʣʦʛʠʝ ʨʝʣʠʢʪʦʚʳʝ ʚʘʣʳ ʦʪ ʜʘʣʸʢʠʭ ʫʨʘʛʘʥʦʚ. 

ɿʜʝʩʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʣʠ ʬʘʢʪʠʯʝʩʢʘʷ ʚʳʩʦʪʘ 

ʚʦʣʥ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟ ʢʘʨʪʫʰʢʠ ʢʦʤʧʘʩʘ. 

ɺ ʧʦʩʣʝʜʥʝʡ ʩʪʨʦʢʝ ʧʦʢʘʟʘʥʦ «ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʢʦʨʘʙʣʷ», ʠʟ ʪʦʯʢʠ ʦʙ-

ʟʦʨʘ ʜʦ ʮʝʥʪʨʘ ʛʨʘʬʠʯʝʩʢʦʡ ʩʮʝʥʳ ʚ ʤʝʪʨʘʭ. ʀʟʤʝʥʝʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʤʝʩʪʦ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʡ 

ʩʮʝʥʳ, ʠ ʙʫʜʝʪ ʧʦʣʝʟʥʳʤ ʧʨʠ ʪʦʯʥʦʡ ʧʦʜʩʪʨʦʡʢʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦʣʥʦʚʳʭ 

ʧʦʣʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʵʪʦʛʦ ʤʝʥʶ. 

 

ʇʨʝʜʫʩʪʘʥʦʚʢʘ ʫʩʣʦʚʠʡ ʦʧʳʪʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦ ʰʪʦʨʤʦʚʦʡ 

ʤʦʨʝʭʦʜʥʦʩʪʠ ʢʦʨʘʙʣʷ 

ʇʨʦʚʝʜʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤ-

ʧʣʝʢʩʝ çAuroraè ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʝ. ʉʠʩʪʝ-

ʤʘʪʠʟʘʮʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩ ʧʨʦʪʦʢʦʣʠʨʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʦʟʤʦʞʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʢʣʶʯʝʚʳʭ ʟʘʧʠʩʝʡ ʚ ʬʘʡʣʘʭ ʠʩʭʦʜʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (*.vil  = vessel-

initiation+logging).  

Aurora.vil  ï ʠʩʭʦʜʥʘʷ ʥʘʩʪʨʦʡʢʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ 

ʚʩʝʭ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʚ ʨʘʙʦʯʝʡ ʜʠʨʝʢʪʦʨʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʪʘ-

ʢʦʤ ʦʙʦʙʱʘʶʱʝʤ ʬʘʡʣʝ ʤʦʛʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʩʪʨʦʡʢʠ 

ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʘʩʰʪʘʙʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʤʝʨʦʚ ʢʦʨʧʫʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ 

ʜʣʠʥʘʤ ʠ ʚʳʩʦʪʘʤ ʚʦʣʥ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩʦ ʩʢʦʨʦʩʪʴʶ ʭʦʜʘ ʢʦʨʘʙʣʷ, ʯʪʦ 

ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʙʳʩʪʨʳʭ ʦʮʝʥʦʢ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ. 
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çʀʤʷ-ʤʦʜʝʣʠè.vil  ï ʥʘʯʘʣʴʥʘʷ ʧʦʜʩʪʨʦʡʢʘ ʦʧʳʪʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʢʦʨʘʙʣʷ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʪʘʢʦʡ ʬʘʡʣ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʫʜʝʪ ʜʦʧʦʣʥʷʪʴʩʷ ʧʨʦʪʦʢʦʣʦʤ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʨʝʭʦʜʥʦʩʪʠ ʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʢʦʨʘʙʣʷ ʚ 

ʫʩʣʦʚʠʷʭ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ. 

ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʬʘʡʣ *.vil  ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʧʨʦʠʟʚʦʣʴʥʳʝ ʪʝʢ-

ʩʪʳ, ʩʪʨʦʢʠ (ʘʙʟʘʮʳ) ʢʦʪʦʨʦʛʦ, ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʛʫʪ ʥʘʯʠʥʘʪʴʩʷ ʩ 

ʩʠʤʚʦʣʦʚ ʢʦʤʤʝʥʪʘʨʠʷ ç;è ʠʣʠ ç//è ʚ ʧʝʨʚʦʡ ʧʦʟʠʮʠʠ. 

ɿʥʘʯʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʨʘʟʤʝʱʘʪʴʩʷ ʚ ʮʝʣʦʡ ʩʪʨʦʢʝ, ʦʪʤʝʯʘʝ-

ʤʦʡ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʢʣʶʯʝʚʳʤ ʩʣʦʚʦʤ ʩ ʜʚʦʝʪʦʯʠʝʤ. ʇʦʨʷʜʦʢ ʪʘʢʠʭ ʩʪʨʦʢ 

ʥʝʩʫʱʝʩʪʚʝʥʝʥ. ɿʘ ʢʣʶʯʝʚʳʤ ʩʣʦʚʦʤ ʚ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʦʤ ʧʦʨʷʜʢʝ ʩʣʝ-

ʜʫʶʪ ʪʝʨʤʠʥʳ, ʯʠʩʣʦʚʳʝ ʚʝʣʠʯʠʥʳ ʠʣʠ ʠʥʜʝʢʩʳ ʨʝʞʠʤʦʚ, ʨʘʟʜʝʣʷʝʤʳʝ 

ʟʘʧʷʪʳʤʠ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʧʷʪʳʭ ʙʝʟ ʜʘʥʥʳʭ ʦʟʥʘʯʘʝʪ ʧʨʦʧʫʩʢ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʨʘʥʝʝ ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝ ʠʟʤʝ-

ʥʷʶʪʩʷ. ɺ ʟʘʚʝʨʰʝʥʠʝ ʩʪʨʦʢʠ, ʧʦʩʣʝ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʟʘʧʷʪʳʤʠ ʤʦʞʝʪ 

ʨʘʟʤʝʱʘʪʴʩʷ ʧʨʦʠʟʚʦʣʴʥʳʡ ʪʝʢʩʪʦʚʳʡ ʢʦʤʤʝʥʪʘʨʠʡ. ʇʨʦʧʫʩʢ ʜʘʥʥʳʭ ʦʪ-

ʤʝʯʘʝʪʩʷ ʥʫʞʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʧʷʪʳʭ, ʠʣʠ ʦʙʨʳʚʦʤ ʩʪʨʦʢʠ, ʥʦ ʚ ʧʦ-

ʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʥʝʞʝʣʘʪʝʣʝʥ ʟʘʚʝʨʰʘʶʱʠʡ ʩʪʨʦʢʦʚʳʡ ʢʦʤʤʝʥʪʘʨʠʡ. 

ʉʠʤʚʦʣʦʤ Šïʠʣʠ ʦʪʤʝʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʦʚ ʬʠʟʠ-

ʯʝʩʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠʣʠ ʤʘʩʰʪʘʙʘ ʜʣʷ ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ɿʥʘʯʠʤʳʝ ʚʝʣʠʯʠʥʳ ʧʨʠʤʝʥʷʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ, ʥʠʞʝ ʦʛʦʚʘʨʠʚʘʝʤʳʭ 

ʥʦʪʘʮʠʷʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥʘʭ. ʃʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʚ ʘʙʩʦʣʶʪʥʳʭ ʠʟ-

ʤʝʨʝʥʠʷʭ ʟʘ ʯʠʩʣʦʚʦʡ ʚʝʣʠʯʠʥʦʡ ʜʦʣʞʥʳ ʦʪʤʝʯʘʪʴʩʷ ʩʠʤʚʦʣʘʤʠ ʬʠʟʠʯʝ-

ʩʢʠʭ ʨʘʟʤʝʨʥʦʩʪʝʡ, ʢʘʢ: çʤè-ʤʝʪʨʳ; çʜʤè-ʜʝʮʠʤʝʪʨʳ ʠʣʠ çʩʤè-

ʩʘʥʪʠʤʝʪʨʳ. 

ʉʠʤʚʦʣ çȹè ʦʟʥʘʯʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʷʚʥʦʛʦ ʫʢʘʟʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʨʘʟ-

ʤʝʨʥʦʩʪʝʡ ʠʣʠ ʦʪʤʝʯʘʝʪ ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ, ʠʟʤʝʨʷʝʤʳʝ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʦʛʦʚʦʨʝʥʥʳʭ ʨʘʟʤʝʨʝʥʠʡ ʜʣʠʥ ʚʦʣʥ ʠʣʠ ʨʘʟʤʝʨʥʦʩʪʝʡ ʢʦʨʧʫʩʘ ʢʦ-

ʨʘʙʣʷ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʦ ʩʫʪʠ ʚʝʣʠʯʠʥʳ ʤʦʛʫʪ ʦʪʤʝʯʘʪʴʩʷ ʟʥʘʢʘʤʠ % ï 
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ʧʨʦʮʝʥʪʘ ʠʣʠ ă ï ʧʨʦʤʠʣʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʫʢʘʟʘʥʠʷ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʟʥʘ-

ʯʝʥʠʡ ʚ ʩʦʪʳʭ ʠʣʠ ʪʳʩʷʯʥʳʭ ʜʦʣʷʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʝʥʠʡ. 

ʋʛʣʦʚʳʝ ʦʪʩʯʝʪʳ ʦʪʤʝʨʷʶʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʩʝ-

ʚʝʨʥʦʛʦ ʤʝʨʠʜʠʘʥʘ, ʠ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʚ ʛʨʘʜʫʩʘʭ, ʦʪʤʝʯʘʝʤʳʭ ʪʨʘʜʠʮʠ-

ʦʥʥʳʤʠ ʩʠʤʚʦʣʘʤʠ [ ° ' " ] ʩʣʠʪʥʦ ʩ ʮʠʬʨʘʤʠ. ʂʘʢ ʧʨʠʤʝʨ: -123°45'56"789, 

ʣʠʙʦ ʚ ʨʫʤʙʘʭ [ ƿŠÒ ] ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʢʘʨʪʫʢhʠ. 

ʏʝʪʳʨʝ ʛʣʘʚʥʳʭ ʨʫʤʙʘ ʦʪʤʝʯʘʶʪʩʷ ʦʜʥʦʡ 

ʧʨʦʧʠʩʥʦʡ ʙʫʢʚʦʡ ʠʣʠ ʮʝʣʳʤ ʩʣʦʚʦʤ ʜʣʷ ʫʢʘ-

ʟʘʥʠʷ ʩʪʦʨʦʥ ʩʚʝʪʘ: Nord, Ost, Su"d ʠ West, 

ʨʘʟʤʝʪʢʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʨʩʦʚ ʧʦ ʢʘʨʪʫʰʢʝ 

[ ƿ ] ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʫʢʚʦʩʦʯʝʪʘ-

ʥʠʡ ʨʫʤʙʦʚ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʢʫʨʩʘ ʩ ʪʦʯʥʦʩʪʴʶ 

11Á15' (11Á25), ʠ ʘʥʘʣʦʛʠʯʥʦ ʜʣʷ ʨʦʟʳ ʚʝʪʨʦʚ ïÒ : 

 NŠNord ,  NtO, NNO, NOtN, NO, NOtO, ONO, OtN,  

 OŠOst ,   OtS, OSO, SOtO, SO, SOtS, SSO, StO,  

 SŠSuòd,  StW, SSW, SWtS, SW, SWtW, WSW, WtS,  

 WŠWest ,  WtN, WNW, NWtW, NW, NWtN, NNW, NtW.  

ʂʣʶʯʝʚʦʝ ʩʣʦʚʦ çʂʦʨʘʙʣʴ:è (ʠʣʠ çShip: è) ʦʧʨʝʜʝʣʷʝʪ ʫʢʘʟʘʥʠʝ ʪʨʝ-

ʙʫʝʤʳʭ ʢʫʨʩʘ ʠ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʢʦʨʘʙʣʷ, ʝʛʦ ʨʘʙʦʯʠʝ ʦʩʘʜʢʫ ʠ ʜʠʬʬʝʨʝʥʪ 

ʢʦʨʧʫʩʘ, ʠ ʚʘʨʠʘʥʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʢʦʨʘʙʣʷ ʩʦ ʰʪʦʨʤʦʚʳʤ ʚʦʣʥʝʥʠʝʤ ʠ ʫʨʘʛʘʥʥʳʤ ʚʝʪʨʦʤ. ɺ ʥʘʯʘʣʴ-

ʥʳʡ ʤʦʤʝʥʪ ʢʦʨʘʙʣʴ ʭʦʜʘ ʥʝ ʠʤʝʝʪ, ʠ ʧʣʘʚʥʦ ʨʘʟʛʦʥʷʝʪʩʷ ʩ ʚʳʭʦʜʦʤ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʭʦʜʢʦʩʪʠ ʥʘ ʪʠʭʦʡ ʚʦʜʝ, ʩ ʫʯʝʪʦʤ ʧʦ-

ʪʝʨʴ ʭʦʜʘ ʠʣʠ ʜʝʣʴʬʠʥʠʨʦʚʘʥʠʷ ʥʘ ʩʢʣʦʥʘʭ ʚʦʣʥ. 

1 ï ʢʫʨʩ [ƿŠ°] ï ʚ ʨʫʤʙʘʭ [Ò] Š ʠʣʠ ʚ ʛʨʘʜʫʩʘʭ[Á] ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʦʪʩʯʝʪʘʭ ʦʪ ʩʝʚʝʨʥʦʛʦ ʤʝʨʠʜʠʘʥʘ (+180Á ʥʘ ʚʦʩʪʦʢ, ï180Á ʢ ʟʘʧʘʜʫ), ʛʨʘ-

ʜʫʩʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʦʧʫʩʢʘʪʴ (ʠʟʤʝʨʝʥʠʝ ʫʛʣʦʚ ʚ ʨʘʜʠʘʥʘʭ ʟʜʝʩʴ 

ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ); 
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2 ï ʪʨʝʙʫʝʤʘʷ ʩʢʦʨʦʩʪʴ ʭʦʜʘ [ȹŠʫʟʣŠʤ/ʩ] ï ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ ʜʣʠʥʳ 

ʢʦʨʧʫʩʘ ʩ ʜʣʠʥʦʡ ʢʦʨʘʙʝʣʴʥʦʡ ʚʦʣʥʦʡ ʧʦ ʌʨʫʜʫ: Fn =V/ LgÖ  [ȹ ï ʙʝʟ ʫʢʘ-

ʟʘʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ]; Š ʠʣʠ ʩʢʦʨʦʩʪʴ V ï ʚ ʫʟʣʘʭ, ʛʜʝ ʦʜʥʘ ʫʛʣʦʚʘʷ ʤʠʥʫʪʘ 

ʧʦ ʤʝʨʠʜʠʘʥʫ ʠʣʠ ʤʦʨʩʢʘʷ çʨʘʚʥʦʦʙʲʸʤʥʘʷè ʤʠʣʷ ʚ ʯʘʩ [ʫʟʣé]; Š ʠʣʠ 

ʢʘʢ V [ʤ/ʩ] ʚ ʩʪʘʥʜʘʨʪʝ ʜʣʠʥʳ ʤʝʪʨʦʚʦʛʦ ʤʘʷʪʥʠʢʘ ʩ ʦʜʥʦʩʝʢʫʥʜʥʳʤʠ ʢʦ-

ʣʝʙʘʥʠʷʤʠ ʥʘ ʇʘʨʠʞʩʢʦʡ ʧʘʨʘʣʣʝʣʠ. ɺʳʧʦʣʥʷʝʪʩʷ ʢʦʥʪʨʦʣʴ: ʤʘʢʩʠʤʘʣʴ-

ʥʘʷ ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʜʦ Fn Ò 0,8 ï ʨʘʥʝʝ ʧʨʠʥʠʤʘʝʤʦʛʦ ʢʦʥ-

ʪʨʦʣʴʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʦʧʳʪʦʚʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʃʝ-

ʥʠʥʛʨʘʜʩʢʦʛʦ ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ; 

3 ï ʨʘʙʦʯʘʷ ʦʩʘʜʢʘ [±ȹŠʤ,ʜʤ,ʩʤ] ï ʧʨʠ ʷʚʥʦʤ ʫʢʘʟʘʥʠʠ ʟʥʘʢʘ ʯʠʩʣʦ-

ʚʦʡ ʚʝʣʠʯʠʥʳ ʚʳʧʦʣʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʦʩʘʜʢʠ ŭʊ [Ñʤ] ï ʘʧʧʣʠʢʘʪʳ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʡ ʚʘʪʝʨʣʠʥʠʠ; Š ʠʥʘʯʝ ʜʝʡʩʪʚʫʶʱʘʷ ʦʩʘʜʢʘ ʊ [ʤ] ʧʝʨʝʥʘʟʥʘ-

ʯʘʝʪʩʷ. ɺ ʩʣʫʯʘʝ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ ʚ ʧʦʜʚʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʙʫʜʝʪ ʦʪʩʣʝ-

ʞʠʚʘʪʴʩʷ ʛʣʫʙʠʥʘ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʦʡ ʚʘʪʝʨʣʠʥʠʠ ʧʦʜ ʫʩʣʦʚʥʦ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʦʨʷ (ʧʦ-

ʢʘ ʜʦʨʘʙʘʪʳʚʘʝʪʩʷ). ɺʳʧʦʣʥʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ï ʦʩʘʜʢʘ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ. 

4 ï ʜʠʬʬʝʨʝʥʪ [±ȹŠ%ăŠ°Šʤ] ï ʟʥʘʢ ç+ʧʣʶʩè ï ʜʠʬʬʝʨʝʥʪ ʥʘ 

ʥʦʩ, ʟʥʘʢ çïʤʠʥʫʩè ï ʥʘ ʢʦʨʤʫ. ʋʛʣʦʚʦʡ ʦʪʩʯʸʪ ɣ [ÑÁ] ʚ ʛʨʘʜʫʩʘʭ, ʠʣʠ Š 

ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʘʜʢʠ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʘʩʰʪʘʙʠ-

ʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʥʪʘʭ ʠ ʧʨʦʤʠʣʷʭ (ʪʳʩʷʯʥʳʭ ʜʦʣʷʭ), ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

Š[Ñʤ] ʢʘʢ ʨʘʟʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ ŭd = (Tʢʦʨʤʘïʊʥʦʩ)/2   ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʧʦʣʫʜʣʠʥʳ ʢʦʨʧʫʩʘ ʧʦ ʚʠʜʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʫʨʦʚʥʷ ʚʦʜʷ ʥʘ 

ʤʘʨʢʘʭ ʫʛʣʫʙʣʝʥʠʷ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʠʬʬʝʨʝʥʪ ʩʦʟʜʘʸʪʩʷ ʧʫʪʸʤ ʬʠʢʩʘʮʠʠ 

ʘʙʩʮʠʩʩʳ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʧʦ ʦʜʥʦʢʨʘʪʥʦ ʧʨʝʜʚʳʯʠʩʣʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ 

ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʣʷ ʦʧʦʨʥʳʭ ʛʠʜʨʦʩʪʘʪʠ-

ʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. ɺʳʧʦʣʥʷʝʪʩʷ ʢʦʥʪʨʦʣʴ: ʜʠʬʬʝʨʝʥʪ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳ-

ʰʘʪʴ ʜʝʡʩʪʚʫʶʱʝʡ ʦʩʘʜʢʠ ʢʦʨʧʫʩʘ. 
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ʈʠʩ. 30. çʂʦʨʘʙʣʴ ʠ ʪʨʦʭʦʠʜʘʣʴʥʳʝ ʰʪʦʨʤʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʤʦʨʩʢʠʭ ʚʦʣʥè ï 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʚ ʦʧʪrʦʚʳʭ ʠʟʳʩʢʘʥʠʷʭ ʤʦʨʝʭʦʜʥʦʩʪʠ 

ʢʦʨʘʙʣʷ ʚ ʫʩʣʦʚʠʷʭ ʰʪʦʨʤʦʚʦʛʦ ʧʣʘʚʘʥʠʷ. ʂʦʥʪʫʨʥʳʝ ʧʨʦʨʠʩʦʚʢʠ ʧʨʦʬʠ-

ʣʝʡ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥ ʙʦʣʴʰʦʡ ʢʨʫʪʠʟʥʳ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʬʦʥʝ ʩʦʠʟʤʝ-

ʨʠʤʦʡ ʧʦ ʚʳʩʦʪʝ ʜʣʠʥʥʦʧʝʨʠʦʜʥʦʡ ʟʳʙʠ. 

5 ï ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ h [ȹŠ%Šʤ] ï ʬʘʢʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ 

ʘʧʧʣʠʢʘʪʫ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢʦʨʘʙʣʷ zG = zM ï h ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʤʝʪʘʮʝʥʪʨʘ zM ʥʘ ʪʠʭʦʡ ʚʦʜʝ. ɿʘʜʘʝʪʩʷ ʚ ʜʦʣʷʭ ʟʘʜʘʥʥʦʡ ʠhʨʠʥʳ 

ʢʦʨʧʫʩʘ [ȹŠ%], ʠʣʠ ʬʠʢʩʠʨʫʝʪʩʷ11 h [ʤ] ï ʚ ʤʝʪʨʘʭ (ʢ ʧʨʠʤʝʨʫ, ʜʣʷ ʨʝʛʠ-

ʩʪʨʦʚʦʡ ʧʝʨʝʩʪʨʘʭʦʚʢʠ ʚ 0,5 ʤ). ɼʣʷ ʰʠʨʦʢʦʢʦʨʧʫʩʥʳʭ ʩʫʜʦʚ ʠ ʢʘʪʘʤʘʨʘ-

ʥʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʘʮʝʥʪʨ ʧʦʜʥʠʤʘʝʪʩʷ ʯʨʝʟʤʝʨʥʦ ʚʳʩʦʢʦ, ʠ ʧʦʜʥʠ-

ʤʘʝʪ ʚʩʣʝʜ ʟʘ ʩʦʙʦʡ ʨʘʩʯʸʪʥʳʡ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʤʦʜʝʣʠ. ɺʦ ʠʟʙʝʞʘʥʠʝ 

ʩʣʦʞʥʦʩʪʝʡ, ʥʘʯʘʣʴʥʘʷ ʘʧʧʣʠʢʘʪʘ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʝʣʠʯʠ-

ʥʦʡ ʦʩʘʜʢʠ ʢʦʨʧʫʩʘ ʥʘʜ ʚʘʪʝʨʣʠʥʠʝʡ. 

ʀʥʪʝʨʘʢʪʠʚʥʳʡ ʚʳʙʦʨ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʳ ʚ ʧʨʦʮʝʩʩʝ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʠʢʘʢ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ. 

 
11 ʈʦʩʩʠʡʩʢʠʡ ʤʦʨʩʢʦʡ ʨʝʛʠʩʪʨ ʩʫʜʦʭʦʜʩʪʚʘ ʧʝʨʝʩʪʨʘʭʦʚʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʤʠʥʠ-

ʤʘʣʴʥʦʡ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʳ h Ó 0,5 ʤ, ʦʪʯʝʛʦ ʰʪʦʨʤʦʚʘʷ ʤʦʨʝʭʦʜʥʦʩʪʴ 

ʩʨʝʜʥʝʪʦʥʥʘʞʥʦʛʦ ʩʫʜʥʘ ʫʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɿʘʧʨʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʥʘʯʘʣʴʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ ʛʨʦʟʠʪ ʦʧʨʦʢʠʜʚrʘʥʠʝʤ. 
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6 ï ʢʦʜ ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣʷ ʚ ʩʠʣʦʚʦʤ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʩ ʤʦʨʩʢʠʤ ʚʦʣʥʝʥʠʝʤ: 

0 ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʨʧʫʩʘ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ ʧʦ ʭʦʨ-

ʜʘʤ ʧʷʪʠ ʪʦʯʝʢ ʥʘ ʩʢʣʦʥʘʭ ʚʦʣʥ (ʥʘ ʯʝʪʳʨʝʭ ʪʨʝʫʛʦʣʴʥʠʢʘʭ); 

1 ʰʪʦʨʤʦʚʘʷ ʜʠʥʘʤʠʢʘ ʢʦʨʘʙʣʷ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʚʦʜʦʠʟʤʝ-

ʱʝʥʠʷ ʩ ʧʝʨʝʧʘʜʘʤʠ ʫʨʦʚʥʝʡ ʤʦʨʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʙʦʨʪʘʭ 

(ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʥʘ ʚʦʣʥʫ); 

2 ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʢʦʨʘʙʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʷʤʳʭ ʚʳʯʠʩʣʝʥʠʡ 

ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʚ ʪʦʣʱʝ ʧʦʜ ʪʨʦʭʦʠʜʘʣʴʥʳʤ ʚʦʣʥʝʥʠʝʤ ʥʘ ʤʦʨʝ ʧʦ 

ʚʩʝʡ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ, ʚʢʣʶʯʘʷ ʥʘʜʚʦʜ-

ʥʳʡ ʙʦʨʪ, ʧʘʣʫʙʳ ʠ ʥʘʜʩʪʨʦʡʢʠ; 

3 ++ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʜʘʚʣʝʥʠʡ ʧʦ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʝ ʜʦʙʘʚʣʷʶʪʩʷ 

ʚʠʭʨʝʠʩʪʦʯʥʠʢʠ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʫʩʣʦʚʠʷ ʥʝʧʨʦʪʝʢʘʥʠʷ ʩ ʠʤʧʫʣʴ-

ʩʘʤʠ ʦʪʨʘʞʝʥʠʷ ʢʦʨʘʙʝʣʴʥʦʡ ʚʦʣʥʳ ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ 

ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ; 

4 ++ ʚʠʭʨʝʠʩʪʦʯʥʠʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ ʤʦʜʠʬʠʮʠ-

ʨʫʶʪʩʷ ʩ ʫʯʸʪʦʤ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʚ ʤʦʨʩʢʦʡ ʪʦʣʱʝ ʧʦʜ ʛʨʝʙʥʷʤʠ 

ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ 

7 ï ʬʘʢʪʦʨ ʘʩʠʤʤʝʪʨʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʢʦʚ ʠ ʩʪʦʢʦʚ ʧʦ ʩʤʦ-

ʯʝʥʥʦʡ ʦʙʰʠʚʢʝ ʢʦʨʧʫʩʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʩʣʦʚʠʡ ʥʝʧʨʦʪʝʢʘʥʠʷ. ʇʦ 

ʫʤʦʣʯʘʥʠʶ ʧʨʠʥʠʤʘʝʪʩʷ ʚʝʣʠʯʠʥʘ: kV = 0,5. 

8 ï ʢʣʶʯ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʟʘʭʚʘʪʘ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʩ ʫʩʨʝʜʥʝʥʥʦʡ 

ʧʦ ʦʙʲʸʤʫ ʩʢʦʨʦʩʪʴʶ ʚ ʧʦʪʦʢʘʭ ʚʦʜʳ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʚʦʣʥʝʥʠʷ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʫʚʣʝʯʝʥʠʝ ʢʦʨʘʙʣʷ ʚʦʣʥʦʚʳʤʠ 

ʧʦʪʦʢʘʤʠ ʚʢʣʶʯʝʥʦ: Flow = true, ʠ ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʥʘ ʪʨʦʭʦʠʜʘʣʴʥʦʤ ʚʦʣʥʝʥʠʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ ʩʫʜʦʚʦʡ ʦʙʰʠʚ-

ʢʝ ʚʠʭʨʝʠʩʪʦʯʥʠʢʘʤʠ. ɺʢʣʶʯʝʥʠʝ ʨʝʞʠʤʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʢʘʟʘʥʠʝʤ ʣʦʛʠ-

ʯʝʩʢʦʡ ʝʜʠʥʠʮʳ 1(true), ʠʩʢʣʯʁʝʥʠʝ ï 0(false). 
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ɼʚʘ ʯʠʩʣʦʚʳʭ ʚʝʢʪʦʨʘ: çɼʝʤʧʬʠʨʦʚʘʥʠʝ:» («Damp:») ï ʬʘʢʪʦʨʳ 

ʟʘʪʫʭʘʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʠ ʫʛʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʢʦʨʧʫʩʘ. ɿʘ-

ʜʘʶʪʩʷ ʧʘʨʦʡ ʚʝʢʪʦʨʦʚ, ʨʘʟʜʝʣʷʝʤʳʭ ʦʜʥʦʡ ʟʘʧʷʪʦʡ ʤʝʞʜʫ ʪʨʦʡʢʘʤʠ ʯʠ-

ʩʝʣ. ɺ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠʥʷʪʳʭ ʧʦ ʫʤʦʣʯʘʥʠʶ ʢʘʢ: 

ɛ : {  =ᵻ0,2 ɣ=0,6 ɢ=0,8 } ï ʜʣʷ ʙʦʨʪʦʚʦʡ, ʢʠʣʝʚʦʡ ʢʘʯʢʠ ʠ ʨʳʩʢʘʥʠʷ; 

ɛ : {  ɝ=0,1 ɖ=0,8 ɕ=0,6 } ï ʧʨʦʜʦʣʴʥʦʡ, ʧʦʧʝʨʝʯʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʢʘʯʢʠ 

ɺ ʰʪʦʨʤʦʚʦʡ ʢʘʯʢʝ ʜʝʡʩʪʚʫʝʪ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʘʨʘʜʦʢʩ ʚʷʟʢʦʛʦ 

ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʧʦʜ ʛʨʝʙʥʷʤʠ ʚʦʣʥ, ʦʩʦʙʦ ʚʣʠʷʶ-

ʱʠʭ ʥʘ ʜʥʠʱʝʚʳʝ ʠ ʙʦʨʪʦʚʳʝ ʢʠʣʠ, ʢʨʳʣʴʷ ʨʫʣʝʡ ʠ ʜʨ. ʇʦʪʦʤʫ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ ʧʨʠʤʝʥʠʪʴ ʛʘʰʝʥʠʝ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ ʢʘʯʢʠ ʚ ʢʫʙʠʯʝʩʢʦʡ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʩ ʜʚʫʢʨʘʪʥʳʤ ʧʨʝʜʝʣʦʤ. 

 ( )( )
m

dm
dm

)·exp(1
·)···tanh(5,01 2 t

tVV
-

-=³ , 

ʛʜʝ V ïʩʢʦʨʦʩʪʴ ʢʘʯʢʠ; m ï ʬʘʢʪʦʨ ʜʝʤʧʬʠʨʦʚʘʥʠʷ; dt ï ʨʘʩʯʝʪʥʳʡ ʰʘʛ 

ʚʨʝʤʝʥʠ. 

ʅʘ ʨʘʩʯʝʪʥʳʭ ʧʣʦʱʘʜʢʘʭ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʦʪʨʘʞʝʥʥʳʭ 

ʧʦʪʦʢʦʚ ʜʝʡʩʪʚʫʝʪ ʧʘʨʘʜʦʢʩ ɼʘʣʘʤʙʝʨʘ ʧʦ ʚʟʘʠʤʦʢʦʤʧʝʥʩʘʮʠʠ ʠʩʪʦʯʥʠ-

ʢʦʚ ʠ ʩʪʦʢʦʚ ʠʟ ʫʩʣʦʚʠʡ ʥʝʧʨʦʪʝʢʘʥʠʷ. Kv = 0,5 ï ʜʦʣʷ ʩʪʦʢʘ ʚʥʫʪʨʴ ʦʙ-

ʰʠʚʢʠ. 

ʉʪʨʦʢʘ çʕʢʩʧʝʨʠʤʝʥʪ:» («Test è) ʩʦʩʪʦʠʪ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʢʣʶʯʝʡ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʠʩʷʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʚ ʠʩʭʦʜʥʳʭ ʥʘʩʪʨʦʡʢʘʭ ʧʨʦʛʨʘʤʤʳ ʚʢʣʶʯʝʥʘ ʨʝʛʠʩʪʨʘʮʠʷ 

ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʟʘʧʠʩʴʶ ʢʘʞʜʦʛʦ ʠʟ ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʵʢʩʪʨʝʤʫʤʦʚ. 

ʇʨʠ ʘʢʪʠʚʘʮʠʠ ʨʘʟʜʝʣʘ çʕʢʩʧʝʨʠʤʝʥʪ:è ʙʝʟ ʧʘʨʘʤʝʪʨʦʚ ʚʩʝ ʢʣʶʯʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʦʯʠʱʘʶʪʩʷ. 

ʉʨʝʜʠ ʢʣʶʯʝʡ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴʩʷ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʜʣʷ ʛʨʘʬʠʢʦʚ ʚ 

ʦʢʥʝ çɸʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʚʠʜ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʠ ʧʨʦʬʠʣʝʡ ʤʦʨʩʢʠʭ 

ʚʦʣʥè, ʝʩʣʠ ʟʘ ʯʠʩʣʦʤ ʫʢʘʟʳʚʘʝʪʩʷ ʨʘʟʤʝʨʥʦʩʪʴ ç " » - ʩʝʢʫʥʜʳ ʠʣʠ 
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« ' » - ʤʠʥʫʪʳ. ʄʠʥʠʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚ 12" ʩʝʢʫʥʜ, 

ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʥʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝ ʢʣʶʯʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʠʮʠʠʨʫʶʪʩʷ ʩʣʦʚʦʤ çʚʩʸ», 

ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʪʦʨʦʛʦ ʜʨʫʛʠʝ ʩʧʝʮʠʘʣʴʥʳʝ ʢʣʶʯʠ ʠʥʚʝʨʪʠʨʫʶʪʩʷ ʚ 

ʨʝʞʠʤ ʠʩʢʣʶʯʝʥʠʷ ʫʢʘʟʳʚʘʝʤʳʭ ʠʤʠ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʩʥʦʚʥʘʷ ʪʘʙʣʠʮʘ ʧʨʦʪʦʢʦʣʘ ʦʨʛʘʥʠʟʫʝʪʩʷ ʧʦʜʙʦʨʢʦʡ ʢʣʶʯʝʡ ʠʟ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʦ ʧʦʨʷʜʢʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʣʦʚ: çʭʦʜèʢʦʩʪʴ, 

«ʨʳʩʢèʘʥʠʝ, çʚʝʨʪèʠʢʘʣʴʥʘʷ, çʙʦʨʪèʦʚʘʷ ʠ çʢʠʣèʝʚʘʷ ʢʘʯʢʘ; ʫʩʢʦʨʝʥʠʷ ʚ 

«ʢʦʨʤèʝ, ʥʘ çʤʠʜèʝʣʝ ʠ ʧʦ çʥʦʩèʫ, ʚ ʢʦʪʦʨʳʭ ʧʦʠʩʢʦʤ ʚʳʙʠʨʘʶʪʩʷ ʦʪʤʝ-

ʯʝʥʥʳʝ ʙʫʢʚʦʩʦʯʝʪʘʥʠʷ. 

ʇʝʨʚʳʝ ʜʚʘ ʩʪʦʣʙʮʘ ʪʘʙʣʠʮʳ ʩʦʜʝʨʞʘʪ ʟʥʘʯʝʥʠʷ ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʠ 

«ʭʦʜè ʩ ʜʝʡʩʪʚʫʶʱʠʤ ʢʫʨʩʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʳʭ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʛʦʥʳ ʠ ʧʦʪʝʨʠ ʩʢʦʨʦʩʪʠ ʭʦʜʘ, ʘ ʪʘʢʞʝ çʨʳʩʢèʘʥʠʷ ï ʢʘʢ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʛʦ ʢʫʨʩʘ. 

ʉʣʝʜʫʶʱʠʝ ʪʨʠ ʢʣʶʯʘ ʩʚʷʟʘʥʳ ʩ ʢʘʯʢʦʡ ʢʦʨʧʫʩʘ, ʠʤʝʶʱʠʭ ʩʦʙ-

ʩʪʚʝʥʥʳʝ  ʧʝʨʠʦʜʳ ʢʦʣʝʙʘʥʠʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʕʪʦ 

«ʚʝʨʪèʠʢʘʣʴʥʘʷ, çʙʦʨʪèʦʚʘʷ ʠ çʢʠʣèʝʚʘʷ ʢʘʯʢʘ.  

ʆʩʪʘʚʰʠʝʩʷ ʪʨʠ ʢʣʶʯʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʵʢʩʪʨʝʤʫʤʦʚ 

ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʫʩʢʦʨʝʥʠʷʤ ʚ çʢʦʨʤèʦʚʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ, ʚ ʨʘʡʦʥʝ 

«ʤʠʜèʝʣʷ ʠ ʥʘ ʬʦʨʰʪʝʚʥʝ ʚ çʥʦʩèʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ. ɺʩʝʛʦ ʚʦʩʝʤʴ ʢʣʶ-

ʯʝʡ: çʭʦʜ», «ʨʳʩʢ», «ʚʝʨʪ» «ʙʦʨʪ», «ʢʠʣ», «ʢʦʨʤ», «ʤʠʜè ʠ çʥʦʩè, ʘ 

ʪʘʢʞʝ ʫʢʘʟʘʥʠʝ çʚʩèy, ʦʪ ʢʦʪʦʨʦʛʦ ʠʥʚʝʨʪʠʨʫʝʪʩʷ ʜʝʡʩʪʚʠʝ ʚʦʩʴʤʠ ʩʧʝʮʠ-

ʘʣʴʥʳʭ ʢʣʶʯʝʡ. 

ʉ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʝʤʘ ʧʨʦʪʦʢʦʣʘ ʤʦʞʥʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʢʣʶʯ 

ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʠ ʪʦʣʴʢʦ ʜʣʷ ʥʘʠçʙʦʣʴʰèʠʭ ʟʥʘʯʝʥʠʡ ʠʟ ʨʝʛʠʩʪʨʠʨʫʝ-

ʤʳʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʣʶʯʘ çʙʦʣʴʰè ʚ ʧʨʦʪʦʢʦʣ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʥʦʩʷʪʩʷ ʚʩʝ ʤʘʢʩʠʤʫʤʳ ʟʘʤʝʨʷʝʤʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʯʠʩʣʦʚʳʭ ʚʝʣʠʯʠʥ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ çɺʦʣʥʘ:», «ɿʳʙʴ:è ʠ çɺʘʣ:» («Wave: », «Swell: » 

ʠʣʠ çSurge: è) ʥʘʯʠʥʘʶʪ ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʪʨʸʭ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʰʪʦʨʤʦʚʦʛʦ ʪʨʦʭʦʠʜʘʣʥɹʦʛʦ 

ʚʦʣʥʝʥʠʷ ʥʘ ʤʦʨʝ: 

1 ï ʜʣʠʥʘ ʚʦʣʥʳ l [ȹŠʤŠ' "] ï ʚ ʜʦʣʷʭ ʦʪ ʜʣʠʥʳ ʧʘʨʦʭʦʜʘ l/L [ȹ], Š 

ʚ ʤʝʪʨʘʭ L [ʤ] ʠʣʠ Š ʚ ʩʝʢʫʥʜʘʭ ʧʝʨʠʦʜʘ ʛʨʝʙʥʝʡ ʚʦʣʥ t [°  ' "] ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ; 

2 ï ʚʳʩʦʪʘ ʚʦʣʥʳ zW [ȹŠ%|ăŠʤ] ï ʚ ʜʦʣʷʭ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦ-

ʪʳ ʦʙʨʫʰʘʶʱʝʛʦʩʷ ʛʨʝʙʥʷ [ȹ], ʠʣʠ Š ʚ ʧʨʦʮʝʥʪʘʭ ʠ ʧʨʦʤʠʣʷʭ ʚ ʦʪʥʦʰʝ-

ʥʠʝ ʢ ʦʩʘʜʢʝ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ [%|ă], ʠʣʠ Š ʧʦ ʨʘʩʯʝʪʥʦʡ ʚʳʩʦʪʝ12 ʚ ʤʝʪ-

ʨʘʭ [ʤ], 

3 ï ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʘʢʝʪʘ ʚʦʣʥ [ƿŠ°] ï ʤʦʞʝʪ ʟʘʜʘ-

ʚʘʪʴʩʷ ʚ ʨʫʤʙʘʭ [Ò] ʠʣʠ Š ʚ ʛʨʘʜʫʩʘʭ [Á] ʦʪ ʩʝʚʝʨʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʝʨʠʜʠ-

ʘʥʘ ʩ ʦʪʩʯʝʪʦʤ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟ ʢʘʨʪʫʰʢʠ13 ʢʦʤʧʘʩʘ; 

4 ï ʥʦʤʝʨ ʠʣʠ ʬʘʟʦʚʦʡ ʦʪʩʯʸʪ ʧʝʨʚʦʛʦ ʚʩʪʫʧʣʝʥʠʷ ʬʨʦʥʪʘ ʪʨʦʭʦʠ-

ʜʘʣʴʥʦʡ ʚʦʣʥʳ. 0 ï ʥʫʣʝʚʘʷ ʬʘʟʘ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʝ ʦʧʳʪʦʚʦʛʦ ʙʘʩʩʝʡʥʘ ʚ 

ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʝ ʚʦʣʥʝʥʠʷ, ʠʣʠ ʧʦ ʤʠʜʝʣʶ ʠʩʧʳʪʫʝʤʦʛʦ ʢʦʨʘʙʣʷ ʧʨʠ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʭ ʚʦʣʥʦʚʳʭ ʩʪʨʫʢʪʫʨ; ç+ˉè ï 

ʦʞʠʜʘʥʠʝ ʧʨʦʧʫʩʢʘʝʤʳʭ ˉ-ʚʦʣʥʦʚʳʭ ʛʨʝʙʥʝʡ; çï̄ è ï ʧʨʝʜʚʘʨʠʪʝʣʥɹʳʡ 

ʟʘʧʫʩʢ ˉ ʚʦʣʥ ʚ ʘʢʚʘʪʦʨʠʶ ʠʣʠ ʟʘ ʤʠʜʝʣʴ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ. 

ʉʪʨʦʢʘ ʥʘʩʪʨʦʡʢʠ çʄʦʨʝ:» («Sea: ») ï ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨʳ ʯʠʩʣʦʚʦʛʦ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʨʝʞʠʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ. 

1 ï ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ ʘʢʚʘʪʦʨʠʠ [ȹŠʤ] ʟʘʜʘʝʪʩʷ ʚ ʦʪʥʦʰʝʥʠʷʭ ʢ ʜʣʠʥʝ 

ʢʦʨʧʫʩʘ ʮʠʬʨʦʚʦʡ ʦʧʳʪʦʚʦʡ ʤʦʜʝʣʠ Long/L [ȹ], ʠʣʠ Š ʚ ʘʙʩʦʣʶʪʥʳʭ ʠʟ-

ʤʝʨʝʥʠʷʭ l [ʤ] ʚ ʤʝʪʨʘʭ. ʈʘʟʤʝʨʥʦʩʪʴ ʫʢʘʟʳʚʘʝʪʩʷ ʩʣʝʜʦʤ ʟʘ ʜʚʫʤʷ ʯʠʩ-
 

12 ʈʘʩʯʝʪʥʘʷ ʚʳʩʦʪʘ ʚʦʣʥʳ ï ʫʜʚʦʝʥʥʳʡ ʨʘʜʠʫʩ ʪʨʦʭʦʠʜʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʫʨʦʚʥʝ 

ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. 
13 ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʟʘʜʘʸʪʩʷ ʚʥʫʪʨʴ ʢʘʨʪʫʰʢʠ ʢʦʤʧʘʩʘ, ʦʪʢʫʜʘ ʚʝʪʝʨ ʚʠʜʠʪʩʷ; 

ʚʦʣʥʳ ʙʝʛʫʪ ʠʟ ʢʘʨʪʫʰʢʠ ʧʦ ʚʠʜʠʤʦʤʫ ʩ ʙʦʨʪʘ ʩʫʜʥʘ ʥʘʧʨʘʚʣʝʥʠʶ. 
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ʣʘʤʠ ʜʣʠʥʳ ʠ ʰʠʨʠʥʳ ʙʘʩʩʝʡʥʘ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ; ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʘʟʤʝʨ-

ʥʦʩʪʠ ï ʯʠʩʣʘ ʦʟʥʘʯʘʶʪ ʦʪʥʦʰʝʥʠʝ ʢ ʜʣʠʥʝ ʢʦʨʧʫʩʘ Long/L [ȹ]. ɺʳʧʦʣʥʷ-

ʝʪʩʷ ʢʦʥʪʨʦʣʴ: ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʘʢʚʘʪʦʨʠʠ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʯʝʪʳʨʝ ʜʣʠ-

ʥʳ ʢʦʨʧʫʩʘ, ʰʠʨʠʥʘ ï ʥʝ ʤʝʥʝʝ ʫʪʨʦʝʥʥʦʡ ʜʣʠʥʳ ʢʦʨʘʙʣʷ; 

2 ï   ʤʦʜʝʣʠ ʛʝʥʝʨʘʮʠʠ, ʩʚʦʙʦʜʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʦʪ 

ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ: 

0 ʯʠʩʪʦʝ ʰʪʠʣʝʚʦʝ ʤʦʨʝ ʙʝʟ ʚʦʣʥʝʥʠʷ ʠ ʚʝʪʨʘ; 

1 ʯʠʩʪʦ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝ-

ʥʠʷ ʩ ʪʨʦʭʦʠʜʘʣʴʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ ʩʢʦʨʦʩʪʝʡ ʧʦʜʚʦʜʥʳʭ ʧʦ-

ʪʦʢʦʚ ʚʦʜʳ; 

2 ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʨʘʟʥʦʩʪʷʭ 

ʜʣʷ ʚʦʣʥʦʚʳʭ ʫʨʘʚʥʝʥʠʡ, ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʧʦ ʠʟ-

ʤʝʥʝʥʠʷʤ ʫʨʦʚʥʷ ʤʦʨʷ ʠ ʧʦʜʚʦʜʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ. ɺʝʜʝʪ-

ʩʷ ʦʪʨʘʙʦʪʢʘ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʤʦʜʝʣʝʡ ʚʦʣʥʝʥʠʷ 

ʩ ʛʨʫʧʧʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʩʪʦʷʯʠʤʠ ʜʝʚʷʪʳʤʠ ʚʘʣʘʤʠ. ɺʚʠʜʫ 

ʩʣʦʞʥʦʩʪʝʡ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʦʪ ʙʳʩʪʨʦʜʚʠʞʫʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ 

ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ ʢʦʨʘʙʣʷ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ 

ʚʨʝʤʝʥʥʦ ʦʪʢʣʶʯʝʥʘ. 

3 ʢʦʥʪʠʥʫʘʣʴʥʦ-ʢʦʨʧʫʩʢʫʣʷʨʥʳʡ ʧʨʦʮʝʩʩ ʰʪʦʨʤʦʚʦʡ ʛʠʜʨʦʤʝʭʘ-

ʥʠʢʠ ʢʦʨʘʙʣʷ (ʚ ʨʘʟʨʘʙʦʪʢʝ). 

3 ï ʪʠʧ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝʥʠʷ. 

0 ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʣʥʝʥʠʷ ʚ ʧʦʣʥʳʭ ʧʦʪʦʢʘʭ ʩ ʨʘʚʥʦʤʝʨ-

ʥʳʤʠ ʫʟʣʘʤʠ ʩʝʪʢʠ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʪʣʘʜʢʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʨʘʟʥʦʩʪʝʡ ʠ ʚʠʟʫʘʣʴʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʧʨʦʙʣʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʫʩʣʦʚʠʷʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ 

ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʫʟʣʘʭ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ; 

1  ʪʨʸʭʤʝʨʥʳʡ ʪʨʦʭʦʠʜʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩ ʜʠʥʘʤʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝʤ ʨʘʩʯʝʪʥʳʭ ʫʟʣʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʱʝʡʩʷ ʛʝʦʤʝʪʨʠ-
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ʝʡ ʩʤʝʞʥʳʭ ʷʯʝʝʢ ʚ ʘʧʧʨʦʢʩʠʤʘʮʠʷʭ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ ʠ ʧʦʜʚʦʜ-

ʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. 

ʇʝʨʚʳʝ ʜʚʝ ʩʪʨʦʢʠ ʬʘʡʣʘ *.vil  ʫʩʣʦʚʥʦ, ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ ʪʝʢ-

ʩʪʦʤ ʟʘʛʦʣʦʚʢʘ ʩ ʧʦʜʟʘʛʦʣʦʚʢʦʤ ʢ ʧʣʘʥʠʨʫʝʤʳʤ ʠʩʧʳʪʘʥʠʷʤ ʤʦʨʝʭʦʜʥʦ-

ʩʪʠ ʢʦʨʘʙʣʷ, ʠ ʟʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʦʧʠʩʘʥʠʷʭ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʨʠ ʧʨʦʧʫʩʢʝ ʠʥʠʮʠʠʨʫʶʱʠʭ ʜʘʥʥʳʭ ʚ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʟʘʧʠʩʷʭ, 

ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʧʨʝʜʫʩʪʘʥʦʚʢʠ ʠʩʭʦʜʥʦʡ 

ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʧʨʦʛʨʘʤʤʳ çAuroraè, ʯʪʦ ʙʫ-

ʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʟʘʧʠʩʷʤ ʥʘʯʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ: 

ʂʦʨʘʙʣʴ: 0°, 0, 0, 0, 1   ï ʩʢʦʨʦʩʪʴ ʭʦʜʘ, ʢʫʨʩ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘ-

ʛʨʫʟʢʘ (ʦʩʘʜʢʘ), ʜʠʬʬʝʨʝʥʪ, ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʠ ʤʦʜʝʣʴ ʛʠʜʨʦʤʝ-

ʭʘʥʠʢʠ; 

ɼʝʤʧʬʠʨʦʚʘʥʠʝ: 0.1 0.8 0.6,  0.2 0.6 0.8, 0.5 { ɝ ɖ ɕ }ʤ,{ ◒ ɣ ɢ }, ʉʨ 

ï ʧʝʨʚʳʝ ʜʚʝ ʪʨʦʡʢʠ ʯʠʩʝʣ ʧʦ ʘʙʩʮʠʩʩʝ-ʦʨʜʠʥʘʪʝ-ʘʧʧʣʠʢʘʪʝ, ʠ ʟʘʪʝʤ ʧʦ 

ʙʦʨʪʦʚʦʡ, ʢʠʣʝʚʦʡ ʢʘʯʢʝ ʠ ʨʳʩʢʘʥʠʶ, 

ï ʧʦʩʣʝ ʚʪʦʨʦʡ ʟʘʧʷʪʦʡ ʫʢʘʟʳʚʘʝʪʩʷ ʬʘʢʪʦʨ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʩʠʣʦʚʦ-

ʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʘʤ ʩʠʣ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʦʷʚʣʝʥʠʝʤ ʧʘʨʘʜʦʢʩʘ ɼʘʣʘʤʙʝʨʘ ʧʦ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ ʥʘ ʵʣʝ-

ʤʝʥʪʘʨʥʳʭ ʧʣʦʱʘʜʢʘʭ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ ʠ ʚʳʩʪʫʧʘʶʱʠʭ ʯʘʩʪʷʭ ʢʦʨʧʫʩʘ. 

ʕʢʩʧʝʨʠʤʝʥʪ:  ʠʥʪʝʨʚʘʣ ʛʨʘʬʠʢʦʚ - 12ò, ʥʘʠʙʦʣʴʰʝʝ çʚʩèy: ʩʢʦ-

ʨʦʩʪʴ ʭʦʜʘ, ʢʫʨʩ ʠ ʨʳʩʢʘʥʠʝ; ʚʝʨʪʠʢʘʣʴʥʘʷ, ʙʦʨʪʦʚʘʷ ʠ ʢʠʣʝʚʘʷ ʢʘʯʢʘ; 

ʫʩʢʦʨʝʥʠʷ ʚ ʢʦʨʤʝ, ʥʘ ʤʠʜʝʣʝ ʠ ʧʦ ʥʦʩʫ. 

ʄʦʨʝ:  800 720 ʤ, 1, 1     ʨʘʟʤʝʨʳ ʘʢʚʘʪʦʨʠʠ ʠ ʚʘʨʠʘʥʪʳ ʰʪʦʨʤʦʚʦʛʦ 

ʚʦʣʥʝʥʠʷ 

ɺʦʣʥʘ: 64 ʤ, 0.9,  -165Á, 0  ʩʚʝʞʘʷ ʚʝʪʨʦʚʘʷ ʚʦʣʥʘ ʩ ʦʙʨʫʰʘʶʱʠʤʠʩʷ 

ʛʨʝʙʥʷʤʠ 
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ʐʪʦʨʤʦʚʘʷ ʤʦʨʝʭʦʜʥʦʩʪʴ ʠ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʢʦʨʘʙʣʷ <ʧʨʷʤʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ> 

ʃʝʥʠʥʛʨʘʜ, ʂʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴʥʳʡ ʠʥʩʪʠʪʫʪ \  ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

     ʅʘʫʯʥʦ-ʠʥʞʝʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ ʩʫʜʦʩʪʨʦʠʪʝʣʝʡ ʠʤʝʥʠ ɸ.ʂʨʳʣʦʚʘ -  ʰʪʦʨʤʦʚʘʷ ʤʦʨʝʭʦʜʥʦʩʪʴ 

çʄʀɼɺè É72- 2023  ʉʳʟʨʘʥʴïʂʘʣʠʥʠʥʛʨʘʜïʉʝʚʘʩʪʦʧʦʣʴïʃʝʥʠʥʛʨʘʜïɺʣʘʜʠʚʦʩʪʦʢïʉʘʭʘʣʠʥï ˫ ˏ˧ ˒˪ ˓̅ ̐˶ˋ˧     ɺ.ʍʨʘʤʫʰʠʥ 
/~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ \  
ʂʦʨʘʙʣʴ:  OtN, 9 ʫʟʣʦʚ, 0 ʤ, 0Á, 50ă, 4, 0.5, true  ðð ʢʫʨʩ, ʩʢʦʨʦʩʪʴ ʭʦʜʘ, ʧʦʩʘʜʢʘ, ʜʠʬʬʝʨʝʥʪ, 
... ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʠ ʤʦʜʝʣʴ ʛʠʜʨʦʤʝʭʘʥʠʢʠ [0õ4], ʠʩʪʦʢ/ʩʪʦʢ, ʧʦʪʦʢ ʚʦʣʥʳ  eng: ( Ship )  
ɼʝʤʧʬʠʨʦʚʘʥʠʝ: 0.1 0.8 0.6, 0.2 0.6 0.8    ðð ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʧʦ ʘʙʩʮʠʩʩʝ, ʦʨʜʠʥʘʪʝ ʠ ʘʧʧʣʠʢʘʪʝ, 
                                   ... ʧʦ ʙʦʨʪʦʚʦʡ, ʢʠʣʝʚʦʡ ʢʘʯʢʝ ʠ ʨʳʩʢʘʥʠʶ            ( Damp)  
ʕʢʩʧʝʨʠʤʝʥʪ:12" ʚʩʸ,ʙʦʣʴʰʝʝ,ʭʦʜ,ʨʳʩʢʘʥʠʝ; ʚʝʨʪʠʢʘʣʴ,ʙʦʨʪʦʚʘʷ,ʢʠʣʝʚʘʷ {ʢʦʨʤʘ,ʤʠʜʝʣʴ,ʥʦʩ} ( Test )  
ʄʦʨʝ:  800 720 ʤ, 1,1  ðð ʈʘʟʤʝʨʳ ʯʠʩʣʦʚʦʡ ʘʢʚʘʪʦʨʠʠ ʠ ʚʘʨʠʘʥʪʳ ʛʝʥʝʨʘʮʠʠ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ( Sea)  
ɺʦʣʥʘ:64 ʤ, 0.6 ʤ, StW,0 ðð ʉʚʝʞʘʷ ʠ ʢʨʫʪʘʷ ʚʝʪʨʦʚʘʷ ʚʦʣʥʘ ʩ ʦʙʨʫʰʘʶʱʠʤʠʩʷ ʛʨʝʙʥʷʤʠ =6ʤ ( Wave)  
ɿʳʙʴ: 100 ʤ,0.4 ʤ,SSO,0 ðð ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ, ʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʚʰʝʝʩʷ ʚʦʣʥʝʥʠʝ  =4 ʤ ( Swell )  
ɺʘʣ:  160 ʤ,0.3 ʤ,SWTW,0 ðð ʈʝʣʠʢʪʦʚʦʝ ʧʦʣʦʛʦʝ ʚʦʣʥʝʥʠʝ ʦʪ ʩʦʚʩʝʤ ʜʘʣʴʥʠʭ ʫʨʘʛʘʥʦʚ=3 ʤ ( Surge )  

( ʧʫʩʪʘʷ ʩʪʨʦʢʘ Ą  ʨʘʟʜʝʣʠʪʝʣʴ ) 
ƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱƱ 
ʂʦʨʘʙʣʴ -  ʫʩʪʘʥʦʚʢʘ ʢʫʨʩʘ ʠ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʢʦʨʘʙʣʷ, ʦʩʘʜʢʠ, ʜʠʬʬʝʨʝʥʪʘ ʠ ʚʦʣʥʦʚʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ 
 course [Á|ƿ]     ʫʩʪʘʥʦʚʢʘ ʥʘʯʘʣʴʥʦʛʦ ʢʫʨʩʘ ʚ ʛʨʘʜʫʩʘʭ [Á] ʠʣʠ ʨʫʤʙʘʭ ʠʟ ʢʘʨʪʫʰʢʠ ʢʦʤʧʘʩʘ [ƿ] 
 speed [ȹ|ʫʟʣ|ʤ/ʩ] ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʧʦ ʌʨʫʜʫ,ʚ [ʫʟʣ]ʘʭ ʠʣʠ [ʤ/ʩ] ʧʦ ʪʷʛʝ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʪʠʭʦʡ ʚʦʜʝ 
                      ʜʝʡʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʠʝ 0,8 ʧʦ ʌʨʫʜʫ, ʥʦ ʤʦʞʝʪ ʧʨʝʦʜʦʣʝʚʘʪʴʩʷ ʠʥʪʝʨʘʢʪʠʚʥʦ 

 draught [Ñʤ|ʤ]   ʧʨʠ ʫʢʘʟʘʥʠʠ ʟʥʘʢʘ ʯʠʩʣʘ -  ʠʟʤʝʥʝʥʠʝ ʦʩʘʜʢʠ, ʠʥʘʯʝ ʝʸ ʧʝʨʝʥʘʟʥʘʯʝʥʠʝ ʪʝʢʫɦ ʝʡ 
 trim   [ÑÁ|Ñʤ]   ʜʠʬʬʝʨʝʥʪ ʚ ʫʛʣʦʚʦʡ ʤʝʨʝ [ÑÁ], ʠʣʠ ʧʦ ʠʟʤʝʥʝʥʠʷʤ ʧʦʩʘʜʢʠ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ [Ñʤ] 
 hʍ    [ȹ%ă|ʤ]    ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʚ ʜʦʣʷʭ ʰʠʨʠʥʳ ʢʦʨʧʫʩʘ ʠʣʠ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ[ʤ] 
 statum   0       ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʨʧʫʩʘ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ ʧʦ ʭʦʨʜʘʤ ʧʷʪʠ ʪʦʯʝʢ ʥʘ ʩʢʣʦʥʘʭ ʚʦʣʥ 
       Ҝ 1       ʰʪʦʨʤʦʚʘʷ ʜʠʥʘʤʠʢʘ ʢʦʨʘʙʣʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʩʧʣʪrʠʷ 
          2       ʜʠʥʘʤʠʢʘ ʢʦʨʘʙʣʷ ʩ ʤʦʜʝʣʷʤʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʩʤʦʯʝʥʥʦʡ ʦʙh ʠʚʢʝ 
          3       ʚʠʭʨʝʠʩʪʦʯʥʠʢʠ ʩʢʦʣʴʟʷʱʝʛʦ ʧʦʪʦʢʘ ʩ ʠʤʧʫʣʴʩʘʤʠ ʦʪʨʘʞʝʥʠʷ ʦʪ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ 
          4   õ å ʥʘʙʝʛʘʶʱʠʡ ʧʦʪʦʢ ʜʦʧʦʣʥʷʝʪʩʷ ʩʢʦʨʦʩʪʷʤʠ ʪʝʯʝʥʠʡ ʧʦʜ ʛʨʝʙʥʷʤʠ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ 
 Kv:   [0.5]      ðð ʬʘʢʪʦʨ ʧʘʨʘʜʦʢʩʘ ɼ'ɸʣʘʤʙʝʨʘ; [0õ1[ ð ʢ ʫʩʣʦʚʠʶ ʥʝʧʨʦʪʝʢʘʥʠʷ ʩʪʦʢ/ʠʩʪʦʢ 
 Flow  [ true |1 Š0] ʚʦʚʣʝʯʝʥʠʝ ʚ ʥʝʟʘʚʠʩʠʤʫʶ ʢʠʥʝʤʘʪʠʢʫ ʚʦʣʥʦʚʳʭ ʧʦʪʦʢʦʚ; fals e -  ʯʠʩʪʦ ʜʠʥʘʤʠʢʘ 
 ɼʝʤʧʬʠʨʦʚʘʥʠʝ: -ï ʬʘʢʪʦʨʳ ʟʘʪʫʭʘʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʠ ʫʛʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʢʦʨʧʫʩʘ. 
   ɛ : { ɝ=0,1 ɖ=0,8 ɕ=0,6 } ï ʧʫʣʴʩʘʮʠʡ ʭʦʜʘ, ʧʦʧʝʨʝʯʥʳʭ ʩʜʚʠʛʦʚ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ; 
   ɛ : { ₆=0,2 ɣ=0,6 ɢ=0,8 } ï ʜʣʷ ʙʦʨʪʦʚʦʡ, ʢʠʣʝʚʦʡ ʢʘʯʢʠ ʠ ʨʳʩʢʘʥʠʷ ʥʘ ʢʫʨʩʝ. 
 ʕʢʩʧʝʨʠʤʝʥʪ:ðð ʥʘʩʪʨʦʡʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʮʝʣʦʤ, ʘʢʪʠʚʘʮʠʷ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʙʪrʠʡ 

 12 [ "|']       ʫʩʪʘʥʦʚʢʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʛʨʘʬʠʢʦʚ ʩ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʟʘʤʝʨʘʤʠ ʢʘʯʢʠ ʢʦʨʘʙʣʷ 
 çʚʩèy         ʚʳʙʦʨ ʩʨʘʟʫ ʚʩʝʭ ʩʦʙʳʪʠʡ, ʠ ʪʝʧʝʨʴ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʙʫʜʫʪ ʩʣʫʞʠʪʴ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 
 çʭʦʜèʢʦʩʪʴ     ʨʝʛʠʩʪʨʘʮʠʷ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʩ ʨʘʟʛʦʥʘʤʠ ʠ ʧʦʪʝʨʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʘʥʥʦʡ  
 çʨʳʩʢèʘʥʠʝ     ʢʫʨʩ ʩ ʥʘʙʣʶʜʝʥʠʷʤʠ ʟʘ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʟʘʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 
 çʚʝʨʪèʠʢʘʣʴʥʘʷ,çʙʦʨʪèʦʚʘʷ ʠ çʢʠʣèʝʚʘʷ ʢʘʯʢʘ -  ʚʦʟʙʫʞʜʘʶʱʘʷʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ 
 ʚ çʢʦʨʤèʝ,ʥʘ çʤʠʜèʝʣʝ ʠ ʧʦ çʥʦʩèʫ-  ʚʝʨʪʠʢʘʣʴʥʳʝ ʫʩʢʦʨʝʥʠʷ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʩʚʦʙʦʜʥʳʤ ʧʘʜʝʥʠʝʤ g 
 ʥʘʠçʙʦʣʴʰèʠʝ ï ʚ ʧʨʦʪʦʢʦʣʝ ʦʪʤʝʯʘʶʪʩʷ ʥʘʠʙʦʣʴʰʠʝ ʠʟ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ,ʠʥʘʯʝ ʚʩʝ ʤʘʢʩʠʤʫʤ  r
 ʄʦʨʝ:ðð ʈʘʟʤʝʨʳ ʘʢʚʘʪʦʨʠʠ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʚʳʙʦʨ ʤʦʜʝʣʠ ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝʥʠʷ 
 long wide[ȹ|%ă|ʤ] ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʠ ʰʠʨʠʥʘ ʘʢʚʘʪʦʨʠʠ ʚ ʤʝʪʨʘʭ[ʤ] ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʳ ʢʦʨʘʙʣ  ̫
 wave     0       ʯʠʩʪʦʝ ʰʪʠʣʝʚʦʝ ʤʦʨʝ ʙʝʟ ʚʦʣʥʝʥʠʷ ʠ ʚʝʪʨʘ 
       Ҝ 1       ʯʠʩʪʦ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʰʪʦʨʤʦʚʦʛʦ ʪʨʦʭʦʠʜʘʣʴʥʦʛʦ ʚʦʣʥʝʥʠʷ 
          2       ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʨʘʟʥʦʩʪʷʭ ʩ ʦʪʨʘʞʝʥʠʷʤʠ ʚʦʣʥ 
          3       ʢʦʥʪʠʥʫʘʣʴʥʦ-ʢʦʨʧʫʩʢʫʣʷʨʥʳʡ ʧʨʦʮʝʩʩ ʰʪʦʨʤʦʚʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣʷ ʥʘ ʚʦʣʥʝ 
 peak     0       ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʣʥʝʥʠʷ ʚ ʧʦʣʥʳʭ ʧʦʪʦʢʘʭ ʩ ʨʘʚʥʦʤʝʨʥʳʤʠ ʫʟʣʘʤʠ ʩʝʪʢʠ 

       Ҝ 1       ʪʨʸʭʤʝʨʥʳʡ ʪʨʦʭʦʠʜʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩ ʜʠʥʘʤʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʷʝʤʳʤʠ ʷʯʝʡʢʘʤʠ 
 ɺʦʣʥʘ:  ɿʳʙ:ɹʠ ɺʘʣ:ððʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʸʭ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʰʪʦʨʤʦʚʦʛʦ ʪʨʦʭʦʠʜʘʣʴʥʦʛʦ ʚʦʣʥʝʥʠʷ 
 length [ȹ|ʤ|'"]  ʜʣʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ[ȹ], ʚ ʤʝʪʨʘʭ[ʤ] ʠʣʠ ʧʝʨʠʦʜ ʚʦ ʚʨʝʤʝʥʠ['"] 
 height [ȹ|%ă|ʤ]  ʚʳʩʦʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʫʰʘʶʱʝʛʦʩʷ ʛʨʝʙʥʷ[ȹ], ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʦʩʘʜʢʠ ʢʦʨʧʫʩʘ,  
                    ʠʣʠ ʩʦʙʩʪʚʝʥʥʦ ʚ ʤʝʪʨʘʭ ʚ ʦʪʥʦʰʝʥʠʠ ʫʜʚʦʝʥʥʦʛʦ ʪʨʦʭʦʠʜʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ [ʤ] 
 dir  [Á|ƿ]       ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʘʢʝʪʘ ʚʦʣʥ ʚ ʛʨʘʜʫʩʘʭ[Á] ʠʣʠ ʨʫʤʙʘʭ [ƿ] ʢʦʤʧʘʩʘ 
 phase ſҜ 0      ʥʘʯʘʣʴʥʳʡ ʦʪʩʯʝʪ ʥʦʤʝʨʘ/ʬʘʟʳ ʪʨʦʭʦʠʜʘʣʴʥʦʡ ʚʦʣʥʳ: (+)-ʚ ʦʞʠʜʘʥʠʝ (- ) -ʧʨʦʧʫʩʢ 

 ʉʪʦʨʦʥʳ ʩʚʝʪʘ ʠ ʙʫʢʚʦʩʦʯʝʪʘʥʠʷ ʨʫʤʙʦʚ ʢʦʤʧʘʩʘ: 11Á15'=(11Á25) (ʠ ʨʦʟʳ ʚʝʪʨʦʚ) 

   N Š Nord, NtO,NNO,NOtN,NO,NOtO,ONO,OtN,  
   O Š Ost,  OtS,OSO,SOtO,SO,SOtS,SSO,StO,  
   S Š Suòd, StW,SSW,SWtS,SW,SWtW,WSW,WtS, 
   W Š West, WtN,WNW,NWtW,NW,NWtN,NNW,NtW. 
ʇʨʠʤʝʨ ðð åååååååååååååååååååååååååååååååååååååååååååååååååååååååååååååååååååååååååååååååååååå 
   ʂʦʨʘʙʣʴ: NOtO, 0.4, - 0.1 ʤ, -3Á, 0.1, 1 ðð ʢʫʨʩ, V, T, ŭT, ʠ ʤʦʜʝʣʴ ʛʠʜʨʦʤʝʭʘʥʠʢʠ 

 ɼʝʤʧʬʠʨʦʚʘʥʠʝ: .1 .8 .6, .2 .6 .8, .5 ðð ɛ: { ɝ ɖ ɕ},{ ₆ ɣ ɢ }, Kv ʛʘʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʠ ʧʦʪʦʢʦʚ 
 ʕʢʩʧʝʨʠʤʝʥʪ:12" ʦʪʩʯʸʪʳ ʥʘʠʙʦʣʴʰʠʝ[ʚʩʸ]:ʭʦʜʢʦʩʪʴ,ʨʳʩʢʘʥʠʝ,ʚʝʨʪʠʢʘʣʴʥʘʷ,ʙʦʨʪʦʚʘʷ,ʢʠʣʝʚʘʷ ʢʘʯʢʘ 
                                     ++ ʫʩʢʦʨʝʥʠʷ ʚ ʢʦʨʤʝ, ʥʘ ʤʠʜʝʣʝ ʠ ʧʦ ʥʦʩʫ, + 30" ʛʨʘʬʠʢʦʚ 
 ʄʦʨʝ:    6 4, 1,1                   ðð ʈʘʟʤʝʨʳ ʘʢʚʘʪʦʨʠʠ ʠ ʚʘʨʠʘʥʪʳ ʛʝʥʝʨʘʮʠʠ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ 
 ɺʦʣʥʘ:   1, 0.92, -165Á, 0          ðð ʉʚʝʞʘʷ ʢʨʫʪʘʷ ʚʝʪʨʦʚʘʷ ʚʦʣʥʘ ʩ ʦʙʨʫʰʘʶʱʠʤʠʩʷ ʛʨʝʙʥʷʤʠ 
 ɿʳʙʴ:  1.6, 0.44,  160Á, 0          ðð ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ, ʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʚʰʝʝʩʷ ʚʦʣʥʝʥʠʝ 
 ɺʘʣ:   2.4, 0.24, -130Á, 0          ðð ʈʝʣʠʢʪʦʚʦʝ ʧʦʣʦʛʦʝ ʚʦʣʥʝʥʠʝ ʦʪ ʩʦʚʩʝʤ ʜʘʣʴʥʠʭ ʫʨʘʛʘʥʦʚ 

ʈʠʩ. 31. ʌʘʡʣ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ñAurora.vilò ʩʦ-

ʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʚʩʝʭ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. 
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ɿʳʙ:ɹ 100 ʤ, 0.44, 160Á, 0  ʠʥʪʝʥʩʠʚʥʦʝ, ʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʚʰʝʝʩʷ 

ʚʦʣʥʝʥʠʝ 

ɺʘʣ:   160 ʤ, 0.2,  -130Á, 0  ʨʝʣʠʢʪʦʚʦʝ ʧʦʣʦʛʦʝ ʚʦʣʥʝʥʠʝ ʫʜʘʣʸʥʥʳʭ 

ʫʨʘʛʘʥʦʚ 

ɺ ʨʘʙʦʯʝʡ ʜʠʨʝʢʪʦʨʠʠ ʤʦʞʝʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴʩʷ ʦʙʱʠʡ ʬʘʡʣ ʩ ʠʤʝ-

ʥʝʤ çAurora.vilè ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʝʨʚʳʤ ʟʘʤʝʥʷʪʴ ʧʨʠʥʷʪʳʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠʩʭʦʜʥʳʝ ʧʘʨʘ-

ʤʝʪʨʳ ʠ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʢʦʤʧʣʝʢʩʝ 

«Aurora». 

ɺ ʬʘʡʣʝ ï ʦʙʨʘʟʮʝ, ʩʦʩʪʘʚʣʝʥʥʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ, ʩʦʜʝʨʞʠʪʩʷ ʚʩʝ ʚʘʨʠʘʥʪʳ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʟʘʧʠʩʝʡ ʜʣʷ ʧʦʩʪʨʦ-

ʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʧʦʣʥʳʤ ʣʠ-

ʩʪʠʥʛʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʢʨʘʪʢʠʭ ʧʦʷʩʥʝʥʠʡ ʠ ʧʨʠʤʝʨʦʤ. 

ɼʣʷ ʚʨʝʤʝʥʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʠʤʝʥʦʚʘʥʥʦʡ ʟʘʧʠʩʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʦ-

ʩʪʘʪʦʯʥʦ ʚ ʥʘʯʘʣʝ ʩʪʨʦʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʦʡ ʩʠʤʚʦʣ, ʥʘʧʨʠʤʝʨ ' ;  ', ʠʣʠ 

ʠʩʢʘʟʠʪʴ ʢʣʶʯʝʚʦʝ ʩʣʦʚʦ, ʥʘʧʨʠʤʝʨ, ʦʪʦʜʚʠʥʫʚ ʧʨʦʙʝʣʦʤ ʜʚʦʝʪʦʯʠʝ ' :  '. 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚʳʭ ʤʦʨʝʭʦʜʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʆʢʦʥʯʘʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʟʘʧʠʩʝʡ ʷʚʣʷʝʪʩʷ ʣʶʙʘʷ ʧʫʩʪʘʷ 

ʩʪʨʦʢʘ ʠʣʠ ʟʘʚʝʨʰʝʥʠʝ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʠʮʠʠʨʫ-

ʶʱʠʭ ʥʘʩʪʨʦʝʢ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʢʦʨʘʙʣʷ, ʚ ʢʦʥʝʮ ʬʘʡʣʘ ʠʣʠ ʧʦʩʣʝ 

ʧʝʨʚʦʡ ʧʫʩʪʦʡ ʩʪʨʦʢʠ, ʥʘʯʠʥʘʝʪʩʷ ʟʘʧʠʩʴ ʧʨʦʪʦʢʦʣʘ ʩ ʧʦʣʥʳʤ ʢʦʤʧʣʝʢ-

ʩʦʤ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʩʪʨʦʢʘʤʠ ʨʝʛʠʩʪʨʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʨʘʙʣʷ ʜʣʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʧʦ ʣʶʙʦʤʫ ʠʟ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʪʦʢʦʣʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʝʟ ʢʘʢʦʛʦ-

ʣʠʙʦ ʠʟʤʝʥʝʥʠʷ ʠʩʭʦʜʥʳʭ ʫʩʣʦʚʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ ʧʨʝʜʦʧʨʝ-
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ʜʝʣʸʥʥʳʭ ʚ ʬʘʡʣʝ çAurora.vilè, ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʚ ʨʘʙʦʯʝʡ ʜʠʨʝʢʪʦʨʠʠ 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʬʘʡʣ ʩ ʠʤʝʥʝʤ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʠ ʨʘʩʰʠʨʝʥʠʝʤ <*.vil>. 

ʂʨʘʩʥʦʟʥʘʤʸʥʥʳʡ ʦʨʜʝʥʘ ʆʢʪʷʙʨʴʩʢʦʡ ʨʝʚʦʣʶʮʠʠ ʢʨʝʡʩʝʨ I  ʨʘʥʛʘ çɸʚʨʦʨʘè ʊʠʭʦʛʦ ʦʢʝʘʥʘ 

ʐʪʦʨʤʦʚʘʷ ʤʦʨʝʭʦʜʥʦʩʪʴ ʠ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʢʦʨʘʙʣʷ Òʧʨʷʤʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪÓ 
/ľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľ\  

ʂʦʨʘʙʣʴ: OtN,9 ʫʟʣ,0 ʤ,0Á, 50ă, 4 -  ʢʫʨʩ, ʩʢʦʨʦʩʪʴ ʭʦʜʘ, ʦʩʘʜʢʘ, ʜʠʬʬʝʨʝʥʪ eng:(Ship) 

                                   ... ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʠ ʤʦʜʝʣʴ ʛʠʜʨʦʤʝʭʘʥʠʢʠ 

ɼʝʤʧʬʠʨʦʚʘʥʠʝ:0.1 0.8 0.6,0.2 0.6 0.8,0.5 -ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʧʦ ʘʙʩʮʠʩʩʝ,ʦʨʜʠʥʘʪʝ,ʘʧʧʣʠʢʘʪʝ 

             ... ʧʦ ʙʦʨʪʦʚʦʡ, ʢʠʣʝʚʦʡ ʢʘʯʢʝ ʠ ʨʳʩʢʘʥʠʶ, ʠ ʜʦʣʷ ʚ ʩʪʦʢʝ ʧʦʪʦʢʘ  (Damp) 

ʄʦʨʝ:800 720ʤ,1,1-ʈʘʟʤʝʨʳ ʯʠʩʣʦʚʦʡ ʘʢʚʘʪʦʨʠʠ ʠ ʚʘʨʠʘʥʪʳ ʛʝʥʝʨʘʮʠʠ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ(Sea) 

ɺʦʣʥʘ:0.75,0.8,StW,1 -ʉʚʝʞʘʷ ʠ ʢʨʫʪʘʷ ʚʝʪʨʦʚʘʷ ʚʦʣʥʘ ʩ ʦʙʨʫʰʘʶʱʠʤʠʩʷ ʛʨʝʙʥʤ̫ʠ=6ʤ(Wave) 

ɿʳʙ:ɹ 100ʤ,8ʤ,SSO,0 -ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ, ʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʚʰʝʝʩʷ ʚʦʣʥʝʥʠʝ =4ʤ(Swell) 

ɺʘʣ: 160ʤ,4ʤ,SWTW,0 -ʈʝʣʠʢʪʦʚʦʝ ʧʦʣʦʛʦʝ ʚʦʣʥʝʥʠʝ ʦʪ ʩʦʚʩʝʤ ʜʘʣʴʥʠʭ ʫʨʘʛʘʥʦʚ=3ʤ(Surge) 

 

 ʐʪʦʨʤʦʚʘʷ ʤʦʨʝʭʦʜʥʦʩʪʴ ʢʦʨʘʙʣʷ (ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ) 

 ååååååååååååååååååååååååååååååååååååååååååååååååååååååååååå 

 2024 ʘʧʨʝʣʴ 29 ʧʦʥʝʜʝʣʴʥʠʢ  12Ŵ03'16" 

 ʂʨʘʩʥʦʟʥʘʤʸʥʥʳʡ ʦʨʜʝʥʘ ʆʢʪʷʙʨʴʩʢʦʡ ʨʝʚʦʣʶʮʠʠ ʢʨʝʡʩʝʨ çɸʚʨʦʨʘè 

 ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʟʘʧʠʩʷʭ ʨʝʛʠʩʪʨʘʮʠʷ ʚʩʝʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ: 

 ʭʦʜ,ʨʳʩʢʘʥʠʝ,ʚʝʨʪʠʢʘʣʴʥʘʷ,ʙʦʨʪʦʚʘʷ ʠ ʢʠʣʝʚʘʷ; ʫʩʢʦʨʝʥʠʷ ʚ ʢʦʨʤʝ,ʥʘ ʤʠʜʝʣʝ,ʧʦ ʥʦʩʫ 

 ʘʢʚʘʪʦʨʠʷ: { 800Ĭ720 ʤ }[268Ŀ241]~ŭS=3.00 ʤ, { ŭt=0.5"/4.2 }[+0] 

 

 Ҝ ʂʨʘʩʥʦʟʥʘʤʸʥʥʳʡ ʦʨʜʝʥʘ ʆʢʪʷʙʨʴʩʢʦʡ ʨʝʚʦʣʶʮʠʠ ʢʨʝʡʩʝʨ çɸʚʨʦʨʘè 

 Ҝ { L=123.7, B=16.8, T=6.4, Ɋ= 00'\ ŭd=0ʩʤ }^6.4  ʂ(ʘ.103<ʰʧ[147]>113.ʬ) 

 Ҝ { ŭ=0.51, W=6797.9 mį, S=2565.4 mĮ, F=1428.7 mĮ } 

 Ҝ ʉ{ x=1.2, z=- 2.67 }, zG= -0.04, r=3.47, h=0.84 [ʤ] 

 Ҝ ɼʝʤʧʬʠʨʦʚʘʥʠʝ: ɛV{ ɝ=0.10,ɖ=0.80,ɕ=0.60 }; ɛɤ{ɗ=0.20,ɣ=0.60,ɢ=0.80},Kv=0.5  

 Ҝ ɻʠʜʨʦʤʝʭʘʥʠʢʘ[4]: ɼʘʚʣʝʥʠʝ ʩ ʚʦʣʥʦʚʳʤʠ ʠ ʭʦʜʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʚʦʜʳ 

 

ɺʦʣʥʘ: ɚ= 93 ʤ, Ű=7.7", ɕ=10.00 ʤ,Ŭ=0.90, C=12.0 ʤ/ʩ, A=191Á, ŭS=6.0 ʤ [134Ŀ120] 

 ɿʳʙ:ɹ   100 ʤ,   8.0",   0.00 ʤ,  =0.00,   12.5 ʤ/ʩ,   158Á,    6.2 ʤ [130Ŀ116] 

  ɺʘʣ:   160 ʤ,  10.1",   0.00 ʤ,  =0.00,   15.8 ʤ/ʩ,   230Á,    7.9 ʤ [102Ŀ92] 

 Ҝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʚʦʣʥʝʥʠʠ (ʪʨʦʭʦʠʜʘʣʴʥʳʡ ʧʨʦʮʝʩʩ) 
 

Ҝɺʨʝʤʷ KtҜʩʢʦʨʦʩʪʴ,ʫʟʣ.ʢʫʨʩÑʨʳʩʢʘʥʠʝ ʨʫʣʴ Z ʤʠʜʝʣʷÚʚʦʣʥ ʙʦʨʪʦʚʘʷ ʢʠʣʝʚʘʷ ʢʦʨʤʘ ʤʠʜʝʣʴ ʥʦʩ 

 00"35/3 ҜÅVÑɝ 4.3+4Á7 ĿÑɢ  78Á8-0Á1  ż Ŀɕ+0.1Ú+0.9  Ŀ₆-0Á0  Ŀɣ-0Á0   ç+0.1 Å+0.1Å+0.1è 

 00"59/5 Ҝ VÑɝ 4.3+4.7 ĿÑɢ  78Á8-0Á1  ż Ŀɕ+0.2Ú+0.8  Ŀ₆-0Á1  Åɣ-0Á0   ç+0.1 Ŀ+0.0 -0.0è 

 01"53/13 Ҝ VÑɝ 4.4+4.6 ĿÑɢ  78Á8-0Á6  ż Åɕ+0.5Ú+0.2  Ŀ₆-0Á5  Ŀɣ+0Á4   ç-0.0 Ŀ- 0.1 -0.2è 

 . . .  

12'23"59/105 Ҝ ɼʝʤʧʬʠʨʦʚʘʥʠʝ:ɛV{ɝ=0.10,ɖ=0.80,ɕ=1.60};ɛɤ{ ɗ=0.20, ɣ=1.60, ɢ=0.80 }, Kv=0 

12'23 "85/109 ҜĿÑɝ 5.2+3.8 ĿÑɢ 78Á8+5Á9 ʃM ɕ-0.3Ú-0.1 Ŀ₆-4Á4   Ŀɣ-1Á8  çÅ-0.2Ŀ+0.0 Ŀ+0.2è 

12'23"96/110 ҜÅÑɝ 5.2+3Á8 ĿÑɢ 78Á8+6Á1 ʃMĿɕ-0.1Ú+0.1 Ŀ₆-3Á9   Ŀɣ-2Á0  çĿ-0.1Å+0.0 Å+0.2è 

 25'22"17/129 Ҝ << ʫʩʧʝʰʥʦʝ ʟʘʚʝʨʰʝʥʠʝ >> 

 ʩʢʦʨʦʩʪʴ ʭʦʜʘ      Ñɝ[ʤ/ʩ]- 14.79 < - 0.00 >  +18.89  

 ʨʳʩʢʘʥʠʝ ʥʘ ʢʫʨʩʝ  Ñɢ[Á]   50.47 < +0.10 > - 0.70  

 ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʘʯʢʘ Ñɕ[ʤ]   - 0.34 < +0.00 > +0.36  

 ʙʦʨʪʦʚʘʷ ʢʘʯʢʘ     Ñ₆[Á]  - 30.00 < - 0.01 > +22.88  

 ʢʠʣʝʚʘʷ ʢʘʯʢʘ      Ñɣ[Á]   - 0.24 < - 0.00 > +0.23  

 ʫʩʢʦʨʝʥʠʷ ʧʦ ʢʦʨʤʝ {a/g}   - 0.07 < - 0.00 > +0. 06 

 [ʤ/ʩĮ/g] ʥʘ ʤʠʜʝʣʝ {m/g}   - 0.07 < +0.00 > +0.07  

   ð ð  ʫ ʬʦʨʰʪʝʚʥʷ {f/g}   - 0.12 < +0.00 > +0.11  
 

ʈʠʩ. 32. ʌʘʡʣ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʥʢʨʝʪʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʜʦʧʦʣʥʷʝʪʩʷ ʧʨʦʪʦʢʦʣʦʤ ʠʩʧʳʪʘʥʠʡ. 

ʌʘʡʣ ʤʦʞʝʪ ʙʳʪʴ ʧʫʩʪʳʤ ʠʣʠ ʩʦʜʝʨʞʘʪʴ ʧʨʦʠʟʚʦʣʴʥʳʡ ʪʝʢʩʪ ʩ ʦʧʠ-

ʩʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʙʝʟ ʧʫʩʪʳʭ ʩʪʨʦʢ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ 

ʟʘʧʠʩʷʤ ʞʫʨʥʘʣʘ ʤʦʨʝʭʦʜʥʳʭ ʠʩʧʳʪʘʥʠʡ. 
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ʇʨʦʪʦʢʦʣ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʫʩʣʦ-

ʚʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʟʘʜʝʡʩʪʚʫʝʤʳʭ ʥʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʚʳʯʠʩʣʠʪʝʣʥɹʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ï ʜʘʪʘ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʚʨʝʤʷ ʥʘʯʘʣʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ; 

ï ʥʘʟʚʘʥʠʝ ʢʦʨʘʙʣʷ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʤʦʨʝʭʦʜʥʳʭ ʠʩʧʳʪʘʥʠʷʭ; 

ï ʜʝʡʩʪʚʫʶʱʠʡ ʨʝʞʠʤ ʚʝʜʝʥʠʷ ʦʧʳʪʦʚʦʛʦ ʞʫʨʥʘʣʘ, ʢʘʢ ʚʳʙʠʨʘʶʪʩʷ 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʩʦʙʳʪʠʷ, ʠ ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʟʘʧʠʩʠ ʪʝʢʫ-

ʱʝʛʦ ʩʦʩʪʦʥ̫ʠʷ ʢʦʨʘʙʣʷ; 

ï ʨʘʟʤʝʨʳ ʘʢʚʘʪʦʨʠʠ ʚ {ʤʝʪʨʘʭ} ʠ ʢʦʣʠʯʝʩʪʚʝ [ʫʟʣʦʚ]; 

ŭS å Kt·VWĿŭt [ʤ] ïʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʰʘʛ ʢʚʘʜʨʘʪʥʳʭ ʷʯʝʝʢ ʨʘʩʯʝʪʥʦʡ 

ʩʝʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʩʦʥʦʚʝ ʢʨʠʪʝʨʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʅʘʡʢʚʠʩʪʘ) ʧʦ ʟʘ-

ʜʘʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ ʚʨʝʤʝʥʠ ŭt [ʩʝʢ], ʩ ʫʯʸʪʦʤ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʤʦʜʝʣʠ-

ʨʫʝʤʦʡ ʚʦʣʥʳ VW  ʠ ʥʝʢʦʪʦʨʦʛʦ ʫʚʝʣʠʯʠʚʘʶʱʝʛʦ ʤʥʦʞʠʪʝʣʷ Kt ï ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʢʨʘʪʥʦʩʪʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʣʦʞʥʳʭ ʬʘʢʪʦʨʦʚ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚ ʫʩʢʦʨʷʝʤʳʭ ʧʨʦʮʝʩʩʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʩ ʜʚʠʞʫʱʠʤʩʷ ʢʦʨʘʙʣʸʤ. 

ɺʝʣʠʯʠʥʘ Kt ʫʢʘʟʳʚʘʝʪʩʷ ʟʘ ʢʦʩʦʡ ʯʝʨʪʦʡ ʧʨʠ ŭt. 

ɺ ʩʣʝʜʫʶʱʝʤ ʙʣʦʢʝ ʧʨʠʚʦʜʷʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʘʙʝʣʴʥʦʛʦ ʢʦʨʧʫʩʘ, ʥʘʯʠʥʘʷ ʩ: 

Ҝ ʥʘʟʚʘʥʠʷ ʩ ʢʨʘʪʢʠʤ ʦʧʠʩʘʥʠʝʤ ʢʦʨʘʙʣʷ, ʠ ʧʨʝʜʩʪʘʚʣʷʝʤʦʛʦ ʥʘʩʪʦ-

ʷʱʠʤ ʧʨʦʪʦʢʦʣʦʤ ʦʧʳʪʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

Ҝ L, B, T ï ʨʘʩʯʝʪʥʘʷ ʜʣʠʥʘ, ʰʠʨʠʥʘ ʠ ʦʩʘʜʢʘ ʢʦʨʧʫʩʘ. Ɋ ï ʜʠʬʬʝ-

ʨʝʥʪ ʚ ʛʨʘʜʫʩʥʦʡ ʤʝʨʝ ʠ ʚ ʩʘʥʪʠʤʝʪʨʘʭ ʨʘʟʥʠʮʘ ʦʩʘʜʦʢ ʥʦʩʦʤ ʠ ʢʦʨʤʦʡ. 

ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ï ʵʪʦ ʜʠʬʬʝʨʝʥʪ ʩ ʧʦʛʨʫʞʝʥʠʝʤ ʥʦʩʘ ʠ ʚʩʧʣʳ-

ʪʠʝʤ ʢʦʨʤʳ, ʧʨʠ ʵʪʦʤ ʢʦʨʧʫʩ ʨʘʩʢʨʘʰʠʚʘʝʪʩʷ ʩʦ ʩʤʝʥʦʡ ʮʚʝʪʦʚ ʧʦ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʡ ʚʘʪʝʨʣʠʥʠʠ, ʘ ʥʦʚʘʷ ʚʘʪʝʨʣʠʥʠʷ ʩ ʫʯʸʪʦʤ ʜʠʬʬʝʨʝʥʪʘ ʥʘʥʦ-

ʩʠʪʩʷ ʞʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦ ʫʩʣʦʚʠʷʤ ʧʦʛʨʫʞʝʥʠʷ ʥʘ ʪʠʭʦʡ ʚʦʜʝ. ɿʘ ʩʢʦʙʢʦʡ 

ʨʘʟʤʝʨʥʦʩʪʝʡ ʢʦʨʧʫʩʘ ʧʨʠʚʦʜʠʪʩʷ ʚʝʣʠʯʠʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʘʜʢʠ. ɺ ʫʛʣʦʚʳʭ ȅʩʢʦʙʢʘʭȆ ʚ ʟʘʚʝʨʰʝ-



105 

ʥʠʠ ʩʪʨʦʢʠ ï ʢʦʣʠʯʝʩʪʚʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʪʦʯʝʢ ʥʘ ʘʭʪʝʨʰʪʝʚʥʝ, ʟʘʪʝʤ 

ï ʢʦʣʠʯʝʩʪʚʦ <ʰʧʘʥʛʦʫʪʦʚ> ʠ ʢʦʣʠʯʝʩʪʚʦ ï ʪʦʯʝʢ ʬʦʨʰʪʝʚʥʷ. 

Ҝ ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʢʦʨʧʫʩʘ; W [ʤį] ï ʚʦʜʦʠʟʤʝʱʝ-

ʥʠʝ; S [ʤĮ] ï ʧʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ; F [ʤĮ] ï ʧʣʦʱʘʜʴ 

ʚʘʪʝʨʣʠʥʠʠ ʥʘ ʩʧʦʢʦʡʥʦʡ ʚʦʜʝ.  

Ҝ ʉ{ x,z } ï ʘʙʩʮʠʩʩʘ ʠ ʘʧʧʣʠʢʘʪʘ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ; zG ï ʘʧʧʣʠʢʘʪʘ 

ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʠ r ï ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʜʣʷ ʟʘʜʘʥʥʦʡ ʤʝʪʘʮʝʥʪʨʠ-

ʯʝʩʢʦʡ ʚʳʩʦʪʳ h  [ʤ]. 

Ҝ ɺ ʩʢʦʙʢʘʭ ʪʝʨʤʠʥ çʛʠʜʨʦʤʝʭʘʥʠʢʘè ʫʢʘʟʳʚʘʝʪ ʚʳʙʦʨ ʨʝʞʠʤʘ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʢʦʨʘʙʣʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ: 

0 ï ʂʠʥʝʤʘʪʠʢʘ ʢʘʯʢʠ ʚ 4-ʭ ʪʦʯʢʘʭ ʥʘ ʩʢʣʦʥʘʭ ʚʦʣʥ ʩʢʦʣʴʞʝʥʠʝ 

1 ï ʆʙʲʸʤʥʘʷ ʧʣʘʚʫʯʝʩʪʴ ʧʝʨʝʤʝʥʥʦʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʛʠʜʨʦʩʪʘʪʠʢʘ 

2 ï ɼʘʚʣʝʥʠʝ ʩʤʦʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ ʛʠʜʨʦʜʠʥʘʤʠʢʘ 

3 ï ɼʘʚʣʝʥʠʝ ʥʘ ʚʩʪʨʝʯʥʦʤ ʧʦʪʦʢʝ ʙʝʟ ʤʦʨʩʢʠʭ ʚʦʣʥ ʭʦʜ ʢʦʨʘʙʣ ̫

4 ï ɼʘʚʣʝʥʠʝ ʩ ʚʦʣʥʦʚʳʤʠ ʠ ʭʦʜʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʚʦʜʳ ʜʝʡʩʪʚʠʝ ʚʦʣʥ 

Ҝ ɺ ʟʘʚʝʨʰʝʥʠʝ ʙʣʦʢʘ ʦʧʠʩʘʥʠʷ ʢʦʨʧʫʩʘ ʧʨʠʚʦʜʷʪʩʷ ʜʝʡʩʪʚʫʶʱʠʝ 

ʬʘʢʪʦʨʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʝʡ ʢʘʯʢʠ ɛ ʧʦ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ { ɝ, ɖ, ɕ } 

ʠ ʫʛʣʦʚʳʤ { ɗ, ɣ, ɢ } ʜʚʠʞʝʥʠʷʤ ʢʦʨʘʙʣʷ. 

ɺ ʪʨʝʪʴʝʤ ʙʣʦʢʝ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʘʩʧʠʩʳʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ 

ʪʨʝʭ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʤʦʨʩʢʦʛʦ ʪʨʦʭʦʠʜʘʣʴʥʦʛʦ ʚʦʣʥʝʥʠʷ. ʇʨʝʜʧʦʣʘ-

ʛʘʝʪʩʷ, ʯʪʦ ʤʦʨʩʢʦʝ ʚʦʣʥʝʥʠʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʢʪʠʚʥʦʛʦ ʚʝʪʨʦ-

ʚʦʛʦ ʚʦʣʥʝʥʠʷ çɺʦʣʥʘè, ʚ ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪʩʷ ʘʩʩʠʤʝʪʨʠʯʥʘʷ ʧʦʧʨʘʚʢʘ 

ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʨʫʪʠʟʥʳ ʧʦʜʚʝʪʨʝʥʥʦʛʦ ʩʢʣʦʥʘ ʚʦʣʥ. ɼʚʝ ʩʠʩʪʝʤʳ ʟʳʙʠ 

ʤʦʛʫʪ ʦʧʠʩʳʚʘʪʴ ʥʝʜʘʚʥʦ ʟʘʨʦʜʠʚʰʠʝʩʷ ʢʨʫʧʥʳʝ ʚʦʣʥʳ ʚ ʪʦʤ ʨʘʡʦʥʝ ʧʣʘ-

ʚʘʥʠʷ çɿʳʙʴè, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʧʦʣʦʛʠʭ ʚʘʣʦʚ ʦʪ ʜʘʣʴʥʠʭ ʰʪʦʨʤʦʚ çɺʘʣè.  

ɺ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʟʘʧʠʩʷʭ ʧʨʠʚʦʜʷʪʩʷ ɚ [ʤ] ï ʜʣʠʥʘ ʠ ɕ [ʤ] ï ʚrʩʦʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʨʝʙʥʷ ʚ ʚʦʣʥʦʚʦʤ ʧʘʢʝʪʝ; ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ Ŭ ï ʦʪ-

ʥʦʰʝʥʠʝ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʳ ʚʦʣʥʳ ʢ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ï ʦʙʨʫh ʘ-

ʶʱʝʤʫʩʷ ʪʨʦʭʦʠʜʘʣʴʥʦʤʫ ʛʨʝʙʥʶ; A[°] ï ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʦʣʥʦʚʦ-
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ʛʦ ʧʘʢʝʪʘ; Ű [ʩʝʢ] ï ʧʝʨʠʦʜ ʠ ʉ [ʤ/ʩ] ï ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ 

ʚʦʣʥʳ; 

ʉ ʢʘʞʜʳʤ ʠʭ ʪʨʸʭ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ ʩʚʷʟʳʚʘʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʩʝʪʦʯ-

ʥʳʝ ʘʢʚʘʪʦʨʠʠ ʜʣʷ ʨʘʟʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʚʦʣʥʦʚʳʭ ʫʨʘʚ-

ʥʝʥʠʡ, ʯʝʤ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʩʦʨʘʟʤʝʨʥʳʝ ʢʨʠʪʝʨʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʩʚʦʙʦʜʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʦʪ ʧʦʜʚʠʞʥʦʛʦ ʢʦʨʧʫʩʘ 

ʢʦʨʘʙʣʷ. ŭS [ʤ] ï ʰʘʛ ʠ [ʢʦʣʠʯʝʩʪʚʦ]  ʫʟʣʦʚ ʩʝʪʦʯʥʦʡ ʦʙʣʘʩʪʠ. 

Ҝ ʚ ʟʘʚʝʨʰʝʥʠʝ ʙʣʦʢʘ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ ʜʘʸʪʩʷ ʩʪʨʦʯʢʘ 

ʦʧʠʩʘʥʠʷ ʚʢʣʶʯʘʝʤʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ14: 

0 ï ʯʠʩʪʦʝ ʰʪʠʣʝʚʦʝ ʤʦʨʝ ʙʝʟ ʚʦʣʥʝʥʠʷ ʠ ʚʝʪʨʘ; 

1 ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʚʦʣʥʝʥʠʠ; 

2 ï ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʦʪʨʘʞʝʥʠʝʤ ʚʦʣʥ ʦʪ ʢʦʨʧʫʩʘ; 

3 ï ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʫʯʸʪʦʤ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʠ ʜʠʩʧʝʨʩʠʝʡ ʚʦʣʥ. 

ɺ ʩʢʦʙʢʘʭ ʫʢʘʟʳʚʘʝʪʩʷ ʪʠʧ ʚʦʣʥʦʚʦʡ ʤʦʜʝʣʠ (3D ʪʨʦʭʦʠʜʘʣʴʥʳʡ ʧʨʦ-

ʮʝʩʩ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʛʫʣʷʨʥʳʭ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʩʝʪʦʢ ʩ ʪʨʦʭʦʠʜʘʣʴ-

ʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʫʨʦʚʥʝʡ ʠ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʦʚ ʧʦ ʚʩʝʡ 

ʛʣʫʙʠʥʝ ʚʦʜʥʦʡ ʪʦʣʱʠ; (2D ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʦʪʦʢ) ï ʜʣʷ ʧʨʦʩʪʳʭ ʚʦʣʥʦ-

ʚʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ʩʪʨʦʛʦ ʨʘʚʥʦʤʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʪʢʝ ʩ ʢʚʘʜʨʘʪʥʳ-

ʤʠ ʷʯʝʡʢʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ 

ʠ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ 

ʚʦʣʥ ɻʝʨʩʪʥʝʨʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʤʦʨʝʭʦʜʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦ-

ʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦʧʫʩʢʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʟʣʠʯ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ, ʚʢʣʶʯʘʷ ʦʩʘʜʢʫ ʢʦʨʧʫʩʘ ʠ ʜʨʫʛʠʝ 

 
14 ɼʝʡʩʪʚʫʶʱʘʷ ʚʝʨʩʠʷ ʢʦʤʧʣʝʢʩʘ çAurora» ʦʪʣʘʞʠʚʘʝʪʩʷ ʥʘ ʪʨʦʭʦʠʜʘʣʴʥʦʡ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ. ɺ ʤʦʜʝʣʷʭ ʥʘ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤʘʭ ʚʨʝʤʝʥʥʦ 

ʦʪʢʣʶʯʝʥ ʧʨʦʮʝʩʩ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʚʚʠʜʫ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʵʬʬʝʢ-

ʪʦʚ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʫ ʙʳʩʪʨʦʜʚʠʞʫʱʝʡʩʷ ʦʙh ʠʚʢʠ 

ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ. 
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ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ ʢʦʨʘʙʣʷ, ʯʪʦ ʦʙʷʟʘʪʝʣʴʥʦ ʦʪʦʙʨʘʞʘʝʪʩʷ ʦʪʜʝʣʴʥʳʤʠ 

ʩʪʨʦʢʘʤʠ ʚ ʪʝʢʩʪʦʚʦʤ ʧʨʦʪʦʢʦʣʝ. 

ʆʩʥʦʚʥʦʡ ʞʝ ʦʙʲʝʤ ʧʨʦʪʦʢʦʣʘ ʦʙʨʘʟʫʝʪʩʷ ʟʘʧʠʩʷʤʠ ʩʦʙʳʪʠʡ ʩ ʵʢʩ-

ʪʨʝʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʧʝʮʠʘʣʴʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

1 ï ʚʨʝʤʷ ʥʘʯʘʣʘ ʠʣʠ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʥʦʤʝʨ ʰʘʛʘ ʨʘʩ-

ʯʸʪʦʚ; 

2 ï ÅÑɝ [ʫʟʣʳ] ï ʪʝʢʫʱʘʷ ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʠ ʝʸ ʨʘʟʣʠʯʠʝ ʩ ʟʘʜʘʥʥʦʡ; 

3 ï ÅÑɢ ï ʟʘʜʘʥʥʳʡ ʢʫʨʩ ʠ ʨʳʩʢʘʥʠʝ ʠʣʠ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʢʫʨʩʘ; 

4 ï ʧʦʣʦʞʝʥʠʝ ʨʫʣʷ: çʣè ï ʥʘ ʣʝʚʳʡ Š ʠʣʠ çʧè ï ʥʘ ʧʨʘʚʳʡ ʙʦʨʪ:  

   Å ï  <_ɹ> ʣʝʚʦŠʧʨʘʚʦ ʥʘ ʙʦʨʪ, ʠ ʦʙʨʘʪʥʳʡ ʢʫʨʩ ʟʘ 30 ʩʝʢʫʥʜ. 

   Å ï  <_ʈ> ʨʫʣʴ ʣʝʚʦŠʧʨʘʚʦ ʧʦʣʙʦʨʪʘ, ʩ ʚʳʭʦʜʦʤ ʥʘ ʦʙʨʘʪʥʳʡ ʢʫʨʩ 

ʟʘ 1 ʤʠʥʫʪʫ. 

   Å ï  <_ʄ> ʧʦʤʘʣʫ ʣʝʚʦŠʧʨʘʚʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʚʪʦʨʫʣʝʚʳʤ ʧʨʠ ʦʪ-

ʢʣʦʥʝʥʠʠ ʦʪ ʟʘʜʘʥʥʦʛʦ ʢʫʨʩʘ ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʫʤʙʘ, ʩ ʚʳʭʦʜʦʤ ʥʘ ʦʙʨʘʪʥʳʡ 

ʢʫʨʩ ʟʘ 2 ʤʠʥʫʪʳ.  

ʅʘ ʢʨʫʧʥʦʤ ʚʦʣʥʝʥʠʠ ʪʘʢʦʡ ʘʚʪʦʨʫʣʝʚʦʡ ʥʝ ʚʩʝʛʜʘ ʩʧʦʩʦʙʝʥ ʢ ʚʳʚʝ-

ʜʝʥʠʶ ʩʫʜʥʘ ʥʘ ʟʘʜʘʥʥʳʡ ʢʫʨʩ, ʪʦʛʜʘ ʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʦʛʘʪʴ ʧʝʨʝʢʣʘʜ-

ʢʦʡ ʥʘ ʙʦʨʪ ʠʣʠ ʧʦʣʙʦʨʪʘ ʚʨʫʯʥʫʶ, ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʢʫʨ-

ʩʘ, ʩ ʚʦʟʚʨʘʪʦʤ ʢ ʠʩʭʦʜʥʦʤʫ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

5 ï ÅɕÑʢʦʨʧʫʩ Ú Ñʚʦʣʥʘ ï ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ, ʚʳʩʦʪʘ ʚʦʣʥʳ ʥʘ 

ʤʠʜʝʣʝ; 

6 ï Å◒ ʫʛʣʳ ʙʦʨʪʦʚʦʡ ʠ Åɣ ï ʢʠʣʝʚʦʡ ʢʘʯʢʠ ʚ ʛʨʘʜʫʩʘʭ;  

7 ï ʚ ʪʨʸʭ ʩʪʦʣʙʮʘʭ çʢʦʨʤʘ ʤʠʜʝʣʴ ʥʦʩè ʧʨʠʚʦʜʠʪʩʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʚ ʢʦʨʤʦʚʦʡ, ʩʨʝʜʥʝʡ ʠ ʥʦʩʦʚʦʡ ʯʘʩʪʷʭ ʢʦʨʧʫ-

ʩʘ ʢʦʨʘʙʣʷ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʫʩʢʦʨʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ʊʘʢ, ʜʣʷ 

ʬʠʢʩʘʮʠʠ ʦʪʨʳʚʘ ʩʚʦʙʦʜʥʦ ʣʝʞʘʱʠʭ ʧʨʝʜʤʝʪʦʚ ʦʪ ʧʘʣʫʙʳ, ʚ ʩʦʩʪʦʷʥʠʠ 

ʥʝʚʝʩʦʤʦʩʪʠ ʠʣʠ ʫʩʢʦʨʝʥʥʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ, ʚʝʣʠʯʠʥʘ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ 

ʫʩʢʦʨʝʥʠʷ ʙʳʪʴ ʤʝʥʝʝ ʤʠʥʫʩ ʝʜʠʥʠʮʳ (a < ï1). 
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ɺ ʩʣʫʯʘʝ ʫʩʧʝʰʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

ʧʦʩʣʝʜʥʝʡ ʩʪʦʢʝ ʦʪʧʝʯʘʪʳʚʘʝʪʩʷ ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩ ʬʨʘʟʦʡ çʫʩʧʝʥhʦʝ 

ʟʘʚʝʨʰʝʥʠʝè, ʪʘʢʞʝ ʦʟʥʘʯʘʶʱʝʡ ʦʪʤʝʪʢʫ ʢʦʥʮʘ ʠ ʟʘʢʨʳʪʠʝ ʪʝʢʩʪʦʚʦʛʦ 

ʬʘʡʣʘ ʧʨʦʪʦʢʦʣʘ: 

<< 04'06" ʫʩʧʝʰʥʦʝ ʟʘʚʝʨʰʝʥʠʝ >>  
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III . ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʀ ɸʃɻʆʈʀʊʄʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʇʈʗʄʓʍ 

ɺʓʏʀʉʃʀʊɽʃʔʅʓʍ ʕʂʉʇɽʈʀʄɽʅʊʆɺ ɺ ʊɽʆʈʀʀ ʂʆʈɸɹʃʗ ʀ 

ɻʀɼʈʆʄɽʍɸʅʀʂɽ ʐʊʆʈʄʆɺʆʁ ʄʆʈɽʍʆɼʅʆʉʊʀ 

ɺ ʰʪʦʨʤʦʚʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʜʚʠʞʫʱʠʤʩʷ ʧʨʦʠʟ-

ʚʦʣʴʥʳʤ ʢʫʨʩʦʤ ʠ ʩʢʦʨʦʩʪʴʶ ʢʦʨʘʙʣʸʤ ʚʩʪʨʘʠʚʘʝʪʩʷ ʰʝʩʪʴ ʤʦʜʝʣʝʡ 

ʰʪʦʨʤʦʚʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ, ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʦʧʳʪʦʚ ʦʪ ʧʨʦʩʪʦ-

ʛʦ ʢ ʩʣʦʞʥʦʤʫ; ʦʪ ʙʘʟʦʚʳʭ ʟʘʢʦʥʦʚ ʚʦʣʥʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʦ ʢʦʤʧʣʝʢʩ-

ʥʳʭ ʩʠʣʦʚʳʭ ʚʣʠʷʥʠʡ ʦʙʲʸʤʥʦʡ ʛʠʜʨʦʩʪʘʪʠʢʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʡ 

ʧʦ ʦʙʚʦʜʘʤ ʢʦʨʘʙʣʷ ʩ ʫʯʸʪʦʤ ʭʦʜʦʚʦʛʦ ʥʘʙʝʛʘʶʱʝʛʦ ʠ ʚʦʣʥʦʚʦʛʦ ʧʦʪʦʢʦʚ 

ʩʦ ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ:  

1) ï ʠʥʝʨʮʠʦʥʥʦʝ ʩʢʦʣʴʞʝʥʠʝ ʢʦʨʧʫʩʘ ʧʦ ʚʟʚʦʣʥʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʨʷ ʩ ʫʩʣʦʚʥʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʢʫʨʩʦʤ ʠ ʩʢʦ-

ʨʦʩʪʴʶ ʭʦʜʘ ʢʦʨʘʙʣʷ;  

2) ï ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʠʩʭʦʜ-

ʥʦʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩ ʤʛʥʦʚʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʜʚʦʜʥʦʛʦ ʦʙʲʸʤʘ 

ʢʦʨʧʫʩʘ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʣʥ, ʩ ʪʝʤ ʞʝ ʫʧʨʘʚʣʝʥʠʝʤ ʢʫʨʩʦʤ ʠ ʩʢʦʨʦ-

ʩʪʴʶ ʭʦʜʘ;  

3) ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚʝʣʠʯʠʥ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ, ʩ ʫʯʸʪʦʤ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ 

ʪʦʯʝʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʠʣ ʜʘʚʣʝʥʠʷ;  

4) ï ʚʦʚʣʝʯʝʥʠʝ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʡ ʧʦʧʨʘʚʦʢ ʧʦ ʢʘʩʘʪʝʣʥɹʳʤ 

ʠ ʦʪʨʘʞʘʝʤʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʭʦʜʦʚʦʛʦ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ, ʜʣʷ ʯʝʛʦ ʟʘ-

ʜʝʡʩʪʚʫʶʪʩʷ ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʚʠʭʨʝʠʩʪʦʯʥʠʢʠ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫ-

ʜʦʚʳʭ ʦʙʚʦʜʦʚ;  

5) ï ʚʢʣʶʯʝʥʠʝ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʛʥʦʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʯʝʥʠʡ ʞʠʜʢʦʩʪʠ ʧʦʜ ʩʢʣʦʥʘʤʠ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ, ʧʦ ʪʝʤ 

ʞʝ ʧʨʘʚʠʣʘʤ ʬʦʨʤʠʨʫʶʱʠʭ ʚʠʭʨʝʠʩʪʦʯʥʠʢʠ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʢʘʩʘ-

ʪʝʣʴʥʦ-ʩʢʦʣʴʟʷʱʠʭ ʠ ʥʦʨʤʘʣʴʥʦ-ʦʪʨʘʞʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪ; 
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6) ï ʚ ʜʠʥʘʤʠʢʫ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ ʚʢʣʶʯʘʶʪʩʷ ʨʘʩʧʨʝ-

ʜʝʣʸʥʥʳʝ ʩʢʦʨʦʩʪʥʳʝ ʧʦʪʦʢʠ ʧʦʜ ʛʨʝʙʥʷʤʠ ʠ ʧʦʜʦʰʚʘʤʠ ʚʦʣʥ, ʯʪʦ ʬʦʨ-

ʤʘʣʴʥʦ ʦʟʥʘʯʘʝʪ ʟʘʭʚʘʪ ʢʦʨʘʙʣʷ ʚ ʥʝʩʚʦʙʦʜʥʦʝ ʚʦʣʥʦʚʦʝ ʜʚʠʞʝʥʠʝ, ʩ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʝʤ ʚʥʫʪʨʠʢʦʨʧʫʩʥʳʭ ʫʩʢʦʨʝʥʠʡ ʠ ʩʠʣʦʚʳʭ ʨʝʘʢʮʠʡ ʙʝʟ ʩʧʝʮʠ-

ʘʣʴʥʳʭ ʦʮʝʥʦʢ ʜʝʡʩʪʚʫʶʱʠʭ ʠʟʚʥʝ ʩʠʣ. 

ɺ ʧʨʦʨʘʙʘʪʳʚʘʝʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʟʘʜʝʡʩʪʚʫʶʪʩʷ 

ʪʨʠ ʤʦʜʝʣʠ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ: 1) ʰʪʦʨʤʦʚʦʝ ʚʦʣʥʝʥʠʝ ʩ ʯʠʩʪʦ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʝʤ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥ ʩ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ ʪʝʯʝʥʠʡ (ʘʢʪʠʚʝʥ); 2) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʨʘʟʥʦʩʪʷʭ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʩʦ ʩʚʦʙʦʜʥʳʤ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝʤ ʠ ʦʪʨʘʞʝʥʠʝʤ ʚʦʣʥ ʦʪ ʢʦʨʧʫʩʘ ʤʘʥʝʚʨʠʨʫʶʱʝʛʦ ʢʦʨʘʙʣʷ (ʚ 

ʦʪʣʘʜʢʝ); 3) ʧʨʷʤʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʧʦʣʥʦʮʝʥʥʳʤ ʪʨʦʭʦ-

ʠʜʘʣʴʥʳʤ ʚʦʣʥʝʥʠʝʤ ʥʘ ʤʦʨʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʸʪʦʤ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʜʨʝʡ-

ʬʦʚʳʭ ʪʝʯʝʥʠʡ ʠ ʜʠʩʧʝʨʩʠʠ ʚʠʜʠʤʳʭ ʠ ʛʨʫʧʧʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʚʦʣʥʦʚʳʭ 

ʩʪʨʫʢʪʫʨ (ʚ ʧʨʦʨʘʙʦʪʢʝ). 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʜʣʷ 

ʦʧʳʪʦʚ ʩ ʥʘʜʚʦʜʥʳʤ ʢʦʨʘʙʣʸʤ ʚʦʩʩʦʟʜʘʶʪʩʷ ʩʦʦʙʨʘʟʥʦ ʥʘʙʣʶʜʝʥʠʤ̫ʠ ʟʘ 

ʨʝʘʣʴʥʳʤ ʰʪʦʨʤʦʚʳʤ ʚʦʣʥʝʥʠʝʤ ʥʘ ʤʦʨʝ, ʢʦʪʦʨʦʝ ʥʘʷʚʫ ʧʨʝʜʩʪʘʚʣʝ̫ʪʩʷ 

ʷʯʝʠʩʪʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʧʘʢʝʪʦʚ ʚʦʣʥ ʩ ʙʳʩʪʨʦ ʦʩʝʜʘʶʱʠʤʠ ï ʫʩʣʦʚʥʦ 

ʩʪʦʷʯʠʤʠ ʛʨʝʙʥʷʤʠ ʦʙʨʫʰʘʶʱʠʭʩʷ ʜʝʚʷʪʳʭ ʚʘʣʦʚ. ʋʤʝʥʴʰʝʥʠʝ ʢʨʫʪʠʟʥʳ 

ʠ ʚʳʧʦʣʘʞʠʚʘʥʠʝ ʩʢʣʦʥʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʚʦʣʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʦʙʨʘʱʝʥʠʝʤ ʬʘʟʦʚʳʭ ʦʪʩʯʝʪʦʚ; ʦʩʣʘʙʣʝʥʠʝ ʢʨʫʪʠʟʥʳ ʚ ʪʨʦʡʢʘʭ ʮʝʥʪʨʘʣʴ-

ʥʳʭ ʛʨʝʙʥʝʡ ʦʟʥʘʯʘʝʪʩʷ ʫʜʣʠʥʝʥʠʝʤ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ. 

ʌʦʨʤʘʣʴʥʦ ʚ ʢʚʘʟʠʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʪʨʦʭʦʠʜʘʣʥɹʳʭ ʚʦʣʥʦʚʳʭ ʩʪʨʫʢʪʫʨ 

ʩʦʙʣʶʜʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʩʧʣʦʰʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʢʣʶ-

ʯʘʝʪʩʷ ʩʪʨʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʛʨʝʙʥʝʡ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ, ʯʪʦ 

ʚʘʞʥʦ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʣ 

ʚʦʣʥʦʚʦʡ ʧʨʠʨʦʜʳ ʥʘ ʢʦʨʧʫʩ ʢʦʨʘʙʣʷ ʚ ʩʚʦʙʦʜʥʦʤ ʥʘʜʚʦʜʥʦʤ ʧʣʘʚʘʥʠʠ. 
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ʉʪʘʥʜʘʨʪʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ OpʝnGL ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʩʪʨʦʡʢʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʤʦʨʩʢʠʭ ʚʦʣʥ ʩ ʚʳʙʦʨʦʤ ʚʘʨʠʘʥʪʦʚ ʩʧʣʦʥhʳʭ 

ʠʣʠ ʢʦʥʪʫʨʥʳʭ ʧʨʦʨʠʩʦʚʦʢ ʩʫʜʦʚʳʭ ʦʙʚʦʜʦʚ ʠ ʥʘʜʚʦʜʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʢʦʨʘʙʣʷ, ʯʪʦ ʜʘʝʪ ʩʫʜʦʚʦʜʠʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʛʣʷʜʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʟʘʙʣʘ-

ʛʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʫʩʣʦʚʠʡ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʰʪʦʨʤʦʚʦʛʦ ʭʦʜʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʠʣʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘ-

ʮʠʡ ʚ ʦʪʢʨʳʪʦʤ ʤʦʨʝ. 

ɺ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʠʶʣʴ 2025 ʛʦʜʘ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

çɸʚʨʦʨʘè ʥʝʟʘʚʝʨʰʝʥʘ ʦʪʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʜʝʚʷʪʳʭ ʚʘʣʦʚ ʠ ʰʢʚʘʣʴʥʳʭ 

ʚʝʪʨʦʚ, ʯʪʦ ʚ ʮʝʣʦʤ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʷʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʨʝʜʧʠʩʘʥʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ. 

ɸʢʪʫʘʣʴʥʳʤʠ ʦʩʪʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʛʥʦʚʝʥʥʦʛʦ ʧʦ-

ʣʦʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʮʝʥʪʨʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʧʨʠʩʦʝʜʠ-

ʥʸʥʥʳʭ ʤʘʩʩ ʚʦʜʳ, ʦʙʨʘʟʫʶʱʠʭ ʧʘʨʳ ʩʠʣ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʪʷʞʝʩʪʴʶ ʢʦ-

ʨʘʙʣʷ. ɼʨʫʛʦʡ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚʠʜʠʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʜʣʷ 

ʩʨʝʜʥʝʠʥʪʝʛʨʘʣʴʥʦʛʦ ʟʘʭʚʘʪʘ ʢʦʨʧʫʩʘ ʙʳʩʪʨʳʤʠ ʧʦʪʦʢʘʤʠ ʚ ʛʨʝʙʥʷʭ 

ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ, ʧʨʦʷʚʣʷʶʱʝʛʦʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤʠ ʫʩʢʦʨʝʥʠʷʤʠ ʥʘ ʙʦʨ-

ʪʫ ʢʦʨʘʙʣʷ ʩ ʫʩʠʣʝʥʠʷʤʠ ʫʛʣʦʚʦʡ ʢʘʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʚʳʰʝʥʠʷ ʮʝʥʪʨʘ 

ʪʷʞʝʩʪʠ ʥʘʜ ʮʝʥʪʨʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʠʣ ʜʘʚʣʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. 

 

ʃʦʛʠʯʝʩʢʘʷ ʬʦʨʤʘʣʠʟʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʟʘʜʘʯʠ  

ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʰʪʦʨʤʦʚʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣʷ 

ʅʝʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʜʦʚʦʜʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦ ʫʨʦʚʥʷ ʠʥʞʝʥʝʨʥʦʛʦ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʢʦʨʘʙʣʷ ʚ ʨʝʘʣʴ-

ʥʦʤ ʚʨʝʤʝʥʠ, ʢʘʢ ʠ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʩʣʦʞʥʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʠ ʟʘʚʝʨʰʝʥʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ, ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʩʭʝʤʳ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʤʦʜʝʣʠʨʫʶʱʠʭ ʦʧʝʨʘʮʠʡ ʠ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʢʘʢ ʦʩʦʙʳʭ 
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ʧʨʝʜʤʝʪʦʚ ʜʣʷ ʧʨʦʝʢʪʥʦʡ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʙʫʜʫʱʝʛʦ ʘʥʘ-

ʣʠʟʘ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʪɹʘʪʦʚ. 

ʄʦʨʝʭʦʜʥʳʡ 

ʚʳʯʠʩʣʠʪʝʣʥɹʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ 

 ʢʦʨʧʫʩ: ʚʦʣʥʝʥʠʝ: ʚʠʟʫʘʣʠʟʘʮʠʷ: 

ʷʚʣʝʥʠʷ (ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʝ) ʠʣʠ ʯʠʩʣʦʚʳʝ ʦʙʲʝʢʪʳ15 

ʛʝʦʤʝʪʨʠʷ: 
ʜ
ʝ
ʡ
ʩ
ʪ
ʚ
ʠ
ʷ
 
(
ʛ
ʣ
ʘ
ʛ
ʦ
ʣ
ʳ
)
 
ʦ
ʧ
ʝ
ʨ
ʘ
ʮ
ʠ
ʠ

 
1.1 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʯʝʨʪʝʞ 

1.2 

ʮʫʛʠ ʢʨʫʪʳʭ ʪʨʦ-

ʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥ  

1.3 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʚʦʣʥʝʥʠʷ  

ʛʠʜʨʦʩʪʘʪʠʢʘ: 

2.1 

ʦʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʧʣʘʚʫʯʝʩʪʴ 

2.2 

ʩʠʣʦʚʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʚʦʣʥ 

2.3 

ʥʝʩʚʦʙʦʜʥʘʷ ʜʠ-

ʥʘʤʠʢʘ ʠ ʢʘʯʢʘ 

ʛʠʜʨʦʤʝʭʘʥʠʢʘ   

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: 

3.1 

ʠʟʣʫʯʝʥʠʝ ʚʦʣʥ 

ʢʦʨʧʫʩʦʤ ʢʦ-

ʨʘʙʣʷ 

3.2 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʚʦʣʥ ʫ ʧʦʜʚʠʞ-

ʥʦʛʦ ʙʦʨʪʘ 

3.3 

ʛʠʜʨʦʤʝʭʘʥʠʢʘ 

ʢʦʨʘʙʣʷ ʚ ʰʪʦʨ-

ʤʦʚʦʤ ʤʦʨʝ 

ʈʠʩ. 33. ʈʘʟʜʝʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʫʩʣʦʚʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʤʦ-

ʜʝʣʠʨʫʶʱʠʝ ʦʧʝʨʘʮʠʠ ʠ ʷʚʣʝʥʠʷ ʛʠʜʨʦʤʝʭʘʥʠʢʠ. 

ʊʨʦʠʯʥʘʷ ʣʦʛʠʢʘ ʩʣʫʞʠʪ ʪʘʢʦʤʫ ʦʜʥʦʟʥʘʯʥʦʤʫ ʩʠʥʪʝʟʫ ʚʘʨʠʘʥʪʦʚ 

ʯʠʩʣʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʘʣʴ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣʷ ʚ ʰʪʦʨʤʦʚʦʤ ʤʦʨʝ, ʩʚʦʜʠʤʳʭ ʠʟ 

ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʷ ʥʝʟʘʚʠ-

ʩʠʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʙʣʦʢʦʚ ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʢʦʨʘʙʝʣʥɹʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʠ 

ʠʥʞʝʥʝʨʥʦʡ ʛʨʘʬʠʢʠ ʩ ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʤrʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʚ ʮʝʣʦʤ.  

ʃʦʛʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ ʬʦʨʤʘʣʠʟʫʝʪ ʢʣʶʯʝʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ (ʈʠʩ. 33) [16], ʨʘʟʜʝʣʷʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ 

ʫʩʣʦʚʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʦʙʱʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʧʨʦ-

 
15 ɺ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʘʪʨʠʮʳ-ʧʨʦʝʢʪʘ ʚʦʟʤʦʞʥʳ ʘʥʘʣʦʛʠʠ ʩ ʯʘʩʪʷʤʠ ʨʝʯʠ: ʩʫʱʝʩʪʚʠ-

ʪʝʣʴʥʦʝ, ʧʨʠʣʘʛʘʪʝʣʴʥʦʝ, ʯʠʩʣʠʪʝʣʴʥʦʝ, ʤʝʩʪʦʠʤʝʥʠʝ, ʛʣʘʛʦʣ, ʥʘʨʝʯʠʝ, ʧʨʝʜʣʦʛ, 

ʩʦʶʟ, ʯʘʩʪʠʮʘ, ʤʝʞʜʦʤʝʪʠʝ, ʩʚʷʟʳʚʘʝʤʳʝ ʩʠʥʪʘʢʩʠʯʝʩʢʠʤʠ ʩʫʱʥʦʩʪʷʤʠ ï ʯʣʝʥʘʤʠ 

ʧʨʝʜʣʦʞʝʥʠʷ: ʧʦʜʣʝʞʘʱʝʝ, ʦʧʨʝʜʝʣʝʥʠʝ, ʩʢʘʟʫʝʤʦʝ, ʜʦʧʦʣʥʝʥʠʝ, ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʠ 

ʪ.ʧ. 
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ʩʪʨʘʥʩʪʚʝ ï ʧʦ ʥʝʟʘʚʠʩʠʤʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ ʵʪʘʧʘʭ ʧʦʩʪʨʦʝʥʠʷ, ʦʪʣʘʜʢʠ 

ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʢʦʨʘʙʝʣʴʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ. 

ʉʣʦʞʥʳʝ ʯʠʩʣʦʚʳʭ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʪʦʜʳ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʬʦʨʤʘʣʠ-

ʟʫʶʪʩʷ ʘʙʩʪʨʘʢʪʥʳʤʠ ʤʝʪʘʷʟʳʢʦʚʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʚ ʦʙʦʙʱʝʥʠʷʭ ʜʝ-

ʢʣʘʨʘʪʠʚʥʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩ ʨʘʟʨʝʰʝʥʠʝ ʧʨʦ-

ʪʠʚʦʨʝʯʠʡ ʚ ʧʦʥʷʪʠʷʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʷʟʳʢʦʚʦʡ ʣʦʛʠʢʠ, ʧʨʦʝʮʠʨʫʝʤʦʡ ʥʘ 

ʢʦʥʢʨʝʪʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʠ 

ʘʣʛʦʨʠʪʤʦʚ. ʆʙʨʘʪʥʳʝ ʩʚʷʟʠ ʚ ʪʨʦʠʯʥʦʡ ʤʘʪʨʠʮʝ ʩʣʫʞʘʪ ʧʦʚʝʨʢʝ ʜʦʩʪʠ-

ʞʝʥʠʷ ʮʝʣʝʚʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʩʝʧʦʛʦʜʥʦʛʦ ʤʦʨʝʭʦʜʩʪʚʘ, 

ʢʘʢ ʚ ʠʟʥʘʯʘʣʴʥʳʭ ʧʨʦʝʢʪʥʳʭ ʠʟʳʩʢʘʥʠʷʭ, ʪʘʢ ʠ ʚ ʧʨʦʨʘʙʦʪʢʝ ʥʘʩʪʘʚʣʝ-

ʥʠʡ ʤʦʨʝʧʣʘʚʘʪʝʣʷʤ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʤʝʪʝʦʨʦ-

ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʦʨʝʭʦʜʩʪʚʘ.  

ɺʟʘʠʤʦʩʚʷʟʴ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʛʠʜ-

ʨʦʤʝʭʘʥʠʢʠ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚ ʥʝʟʘʚʠʩʠʤʳʭ ʦʧʨʝʜʝʣʝʥʠʷʭ ʪʨʦʠʯʥʦʡ ʣʦʛʠʢʠ, 

ʚ ʦʨʪʦʛʦʥʘʣʴʥʦʤ ʙʘʟʠʩʝ ʜʣʷ ʨʘʟʜʝʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ 

ʧʨʦʮʝʩʩʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝ. ɻʠʜʨʦʤʝʭʘʥʠʢʘ ʢʦʨʘʙʣʷ 

ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʠ ʥʝʨʝʛʫʣʷʨʥʳʤ ʤʦʨʩʢʠʤ ʚʦʣʥʝʥʠʝʤ 

ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʷʚʥʳʭ ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʛʠʙʨʠʜʥʳʭ ʧʝʨʝʩʪʨʦʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣ-

ʛʦʨʠʪʤʦʚ ʚ ʧʦʜʦʙʣʘʩʪʷʭ ʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʩʰʠʚʢʦʡ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʠʭ ʠ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʉʚʦʝʦʙʨʘʟʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʧʦʜʭʦʜʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʬʨʘʛʤʝʥʪʦʚ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ ʩ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ 

ʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʦʪ ʛʨʝʙʥʝʡ ʦʙʨʫʰʘʶʱʠʭʩʷ ʰʪʦʨʤʦʚʳʭ 

ʚʦʣʥ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʝʣʴʥʦʡ ʚʳʩʦʪʳ (ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠ-

ʢʝ ʧʦʢʘ ʥʝʪ ʩʪʨʦʛʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ). 
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ʉʭʝʤʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ  

ʩ ʢʦʨʘʙʣʝʤ ʚ ʰʪʦʨʤʦʚʦʤ ʤʦʨʝ 

ʅʝʧʨʦʪʠʚʦʨʝʯʠʚʘʷ ʧʨʦʝʢʪʥʘʷ ʣʦʛʠʢʘ ʦʙʦʩʦʙʣʷʝʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʪʨʦ-

ʠʯʥʦʡ ʤʘʪʨʠʮʳ, ʛʜʝ ʧʦ ʩʪʨʦʢʘʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝʢʠʝ çʩʫʱʝʩʪʚʠʪʝʣʴʥʳʝè 

ï ʢʘʢ ʦʩʦʙʳʝ ʯʠʩʣʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʜʝʢʣʘʨʘʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ; ʪʦʛʜʘ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʩʚʷʟʚrʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳ-

ʤʠ ʜʝʡʩʪʚʠʷʤʠ ʧʦ ʩʪʦʣʙʮʘʤ, ʘʩʩʦʮʠʠʨʫʝʤʳʭ ʩ çʛʣʘʛʦʣʘʤʠ» ï ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʧʦʜ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʢʦʥʪʝʢʩʪʥʦ-

ʟʘʚʠʩʠʤʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ. ʉʠʥʪʝʟ ʯʠʩʣʦʚʳʭ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʚ ʧʦʩʪʨʦʝʥʠʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʦʧʳʪʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʨʘʩʠh-

ʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʦʨʘ ʘʨʭʠʪʝʢʪʫʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʩ ʧʝʨ-

ʩʧʝʢʪʠʚʦʡ ʚʦʚʣʝʯʝʥʠʷ ʘʥʘʣʦʛʦʚʦʡ ʤʦʜʝʣʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʩʠʩʪʝʤ 

ʪʝʣʝʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʰʪʫʨʤʘʥʩʢʠʭ ʵʢʩʧʝʨʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ. 

ɺ ʣʦʛʠʯʝʩʢʦʤ ʠʝʨʦʛʣʠʬʝ (ʈʠʩ. 33) ʧʦ ʩʪʦʣʙʘʤ ʤʘʪʨʠʮʳ ʦʪʤʝʯʘʶʪʩʷ 

ʦʙʦʙʱʝʥʥʳʝ ʦʙʲʝʢʪʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 1 ï ʢʦʨʧʫʩ ʢʦʨʘʙ-

ʣʷ; 2 ï ʤʦʨʩʢʦʝ ʚʦʣʥʝʥʠʝ ʠ 3 ï ʩʮʝʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʠ ʛʨʘʬʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʇʝʨʝʭʦʜʳ ʤʝʞʜʫ ʷʯʝʡʢʘʤʠ ʚ ʩʪʦʣʙʘʭ 

ʤʘʪʨʠʮʳ, ʢʘʢ ʛʣʘʛʦʣʳ, ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʤʝʪʦʜʦʚ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʣʠ ʩ ʦʧʝʨʘʮʠʷʤʠ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʫʯʘʩʪʠʠ ʫʩʣʦʚʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʩʫʱʝʩʪʚʠ-

ʪʝʣʴʥʳʭ, ʢʘʢ ʚʠʨʪʫʘʣʴʥʳʭ ʯʠʩʣʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʩʤʝʞʥʳʭ ʷʯʝʡʢʘʭ ʣʦʛʠʯʝ-

ʩʢʦʡ ʤʘʪʨʠʮʳ. 

ʗʯʝʡʢʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦʙʦʙʱʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʠ ʧʨʦʮʝʩʩʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʫʨʦʚʥʷʤ ʩʣʦʞʥʦʩʪʠ ʥʘ 

ʩʪʨʦʢʘʭ ʣʦʛʠʯʝʩʢʦʛʦ ʠʝʨʦʛʣʠʬʘ ʩ ʤʝʪʢʘʤʠ: 1.ʭ ï ʛʝʦʤʝʪʨʠʷ; 2.ʭ ï ʛʠʜʨʦ-

ʩʪʘʪʠʢʘ ʠ 3.ʭ ï ʛʠʜʨʦʤʝʭʘʥʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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1. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʨʭʥʷʷ ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ ʬʦʨʤʠʨʫʝʪ ʤʝʪʦʜʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʜʣʷ; 1.1 ï ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʠ 1.2 ï ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʚʷʟʘʥʦ 1.3 ï ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʝʡ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ 

ʚ ʢʦʥʪʝʢʩʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʨʧʫʩ ʢʦʨʘʙʣʷ ʠ ʥʘʛʣʷʜʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

2. ɺʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠ ʧʦʪʦʤʫ ʚʝʩʴʤʘ ʩʣʦʞʥʳʝ ʦʙʲʝʢʪʳ ʬʦʨʤʠ-

ʨʫʶʪ ʩʨʝʜʥʶʶ ʩʪʨʦʢʫ, ʚ ʢʦʪʦʨʦʡ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʚʟʘʠʤʥʦʛʦ 

ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ: 2.1 ï ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ; 2.2 ï ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ, ʯʪʦ 

ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 2.3 ï ʜʠʥʘʤʠʢʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ, 

ʙʝʟ ʫʯʝʪʘ ʚʳʟʳʚʘʝʤʦʡ ʠʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʪʨʦʭʦʠʜʘʣʴʥʳʭ 

ʚʦʣʥ. 

3. ʊʦʛʜʘ ʚ ʦʩʥʦʚʘʥʠʠ ʣʦʛʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʩʬʦʨʤʠʨʫʶʪʩʷ ʫʪʦʯʥʝʥ-

ʥʳʝ ʟʘʜʘʯʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ: 3.1 ï ʠʟʣʫʯʝ-

ʥʠʝ ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ; 3.2 ï ʨʝʬʨʘʢʮʠʶ, ʦʪʨʘʞʝʥʠʝ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʶ 

ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʚʙʣʠʟʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ, ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʟʘʚʝʨʰʘʝʪ ʧʦ-

ʩʪʨʦʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ; 3.3 ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʤʝ-

ʭʘʥʠʢʠ ʢʦʨʘʙʣʷ ʚ ʰʪʦʨʤʦʚʦʤ ʤʦʨʝ. 

ɺ ʮʝʣʦʤ ʧʨʦʝʢʪʥʘʷ ʟʘʜʘʯʘ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʦʪʯʘʩʪʠ ʦʩʚʦʝʥʥʳʝ ʠʥʞʝ-

ʥʝʨʥʳʝ ʨʝʰʝʥʠʷ, ʧʨʦʙʣʝʤʥʳʝ ʟʘʜʘʯʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʣʘʛʘʝʪʩʷ ʧʨʠʥ-

ʮʠʧʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ, ʘ ʪʘʢʞʝ ʥʝʧʦʟʥʘʥʥʳʝ ʢ ʥʘʯʘʣʫ ʨʘʙʦʪ ʧʦʠʩʢʦʚʳʝ 

ʠʟʳʩʢʘʥʠʷ ʠ ʯʠʩʪʦ ʥʘʫʯʥʳʝ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ɸʥʘʣʠʪʠʢʘ (ʟʘʜʝʣ): ʛʝʦʤʝʪʨʠʷ ʠ ʢʠʥʝʤʘʪʠʢʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʚʠ-

ʞʝʥʠʡ ʢʦʨʧʫʩʘ ʩʫʜʥʘ, ʝʛʦ ʛʠʜʨʦʩʪʘʪʠʢʘ ʥʘ ʚʟʚʦʣʥʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʨʷ ʩ ʫʯʝʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʢʦʨʘʙʝʣʴʥʳʭ ʠ ʦʪ-

ʨʘʞʝʥʥʳʭ ʚʦʣʥ (ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʩʪʨʦʝʥʠʷ ʟʘʪʘʧʣʠʚʘʝ-

ʤʳʭ ʦʪʩʝʢʦʚ); 

ɻʠʜʨʦʤʝʭʘʥʠʢʘ (ʟʘʜʘʯʘ): ʵʤʧʠʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʪʦʢʦʚ 

ʵʥʝʨʛʠʠ ʚ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʩ ʦʮʝʥʢʘʤʠ ʨʘʩ-
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ʧʨʝʜʝʣʝʥʥʦʛʦ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʰʠʚʢʫ ʢʦʨʧʫʩʘ, ʩ ʫʯʝʪʦʤ ʜʠʥʘ-

ʤʠʯʝʩʢʦʡ ʦʪʨʘʞʝʥʠʷ, ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʛʨʝʙʥʝʡ ʚʦʣʥ; 

ʕʤʧʠʨʠʢʘ (ʧʦʠʩʢʦʚʳʝ ʠʟʳʩʢʘʥʠʷ): ʧʦʚʩʝʤʝʩʪʥʳʡ ʢʦʥʪʨʦʣʴ ʚʳʯʠʩʣʝ-

ʥʠʡ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ ʯʠʩʣʦʚʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠ-

ʩʪʝʤʝ ʢʨʠʪʝʨʠʝʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ, ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʨʝʟʫʣʪɹʘʪʦʚ 

ʠʟ ʦʧʳʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʵʤʧʠʨʠʯʝʩʢʠʭ ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦ-

ʩʪʝʡ. 

ɺ ʣʦʛʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʦʪʤʝʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ: 

ʉʪʨʦʢʘ 1 ʧ.2. ɻʝʥʝʨʘʮʠʷ ʥʘ ʩʚʦʙʦʜʥʳʭ ʛʨʘʥʠʮʘʭ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʛʨʫʧʧʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʘʢʝʪʦʚ ʚʦʣʥ ʚ ʧʨʦʠʟʚʝʜʝʥʠʠ ʩ ʦʛʠʙʘʶʱʠʤʠ ʨʦʤʙʠ-

ʯʝʩʢʠʤʠ ʩʝʢʪʦʨʘʤʠ, ʩʤʝʱʘʶʱʠʤʠʩʷ ʩ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʴʶ; 

ʉʪʨʦʢʘ 2. ʀʥʝʨʮʠʦʥʥʦʝ ʩʤʝʱʝʥʠʝ ʢʦʨʧʫʩʘ ʧʦ ʧʨʠʨʘʱʝʥʠʷʤ ʩʢʦʨʦʩʪʠ 

ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʘʯʢʠ (ʙʝʟ ʚʦʚʣʝʯʝʥʠʷ ʚ   ʧʨʷʤʳʝ ʨʘʩʯʝʪʳ ʧʨʠʩʦʝʜʠʥʝʥ-

ʥʳʭ ʤʘʩʩ); 

ʉʪʨʦʢʘ 3. ɻʝʥʝʨʘʮʠʷ ʢʦʨʘʙʝʣʴʥʦʡ ʚʦʣʥʳ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʬʨʦʥʪʦʚ ʢʦ-

ʨʦʪʢʠʭ ʬʘʟʦʚʳʭ ʚʦʣʥ ʠ ʩʦʙʩʪʚʝʥʥʦ ʢʦʨʘʙʝʣʴʥʦʝ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʪʦ-

ʯʝʯʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʢʘʞʜʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʝ ʦʙʰʠʚʢʠ. 

ʆʟʥʘʯʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚʦʩʪʨʝʙʫʶʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʘʜʘʧʪʘʮʠʶ ʤʥʦ-

ʞʝʩʪʚʘ ʨʝʩʫʨʩʦʝʤʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʦʩʚʷʱʝʥʥʳʭ ʚʠʟʫʘ-

ʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʟɹʦʚʘʥʠʝʤ ʛʨʘʬʠʢʠ Window::Place [2010]: 

- ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ, ʧʨʦʚʝʜʝʥʠʷ, ʚʠ-

ʟʫʘʣʠʟʘʮʠʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʤ; 

- ʥʝʟʘʚʠʩʠʤʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʦ ʪʘʡʤʝʨʫ ʠʣʠ ʩ ʧʨʠʦʩʪʘ-

ʥʦʚʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʮʠʢʣʦʚ ʜʣʷ ʚʥʝʰʥʝʛʦ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʝʨʝʩʪʨʦʝ-

ʥʠʷ ʘʣʛʦʨʠʪʤʦʚ; 

- ʦʙʨʘʙʦʪʢʘ ʧʨʝʨʳʚʘʥʠʡ ʚ ʦʩʦʙʳʭ ʫʩʣʦʚʠʷʭ: ʩʙʦʨ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʧʦ ʢʨʠʪʠʯʝʩʢʠʤ ʫʟʣʘʤ; ʥʘʩʪʨʦʡʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚʠʟʫʘʣʠʟʘʮʠʝʡ; 
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ʢʦʥʪʨʦʣʴ ʠ ʧʝʨʝʥʘʩʪʨʦʡʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʜ ʣʦʢʘʣʴʥʳʝ ʫʩʣʦ-

ʚʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ: ʥʘ ʩʪʨʦʢʘʭ ʦʙʦʙʱʝʥʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʩʠʥʪʝʟʠ-

ʨʦʚʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʠ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠ-

ʩʠʤʳʭ çʩʫʱʝʩʪʚʠʪʝʣʴʥʳʭè ʠʣʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʩʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ï ʤʝʪʦʜʘʤʠ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ. ʇʦ ʩʪʦʣʙʮʘʤ ʬʦʨ-

ʤʘʣʠʟʫʶʪʩʷ çʛʣʘʛʦʣʳè ï ʢʘʢ ʦʧʝʨʘʮʠʠ ʛʠʜʨʦʤʝʭʘʥʠʢʠ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʥʘʤʠʢʠ ʢʦʨʘʙʣʷ, ʤʦʨʩʢʦʛʦ ʚʦʣ-

ʥʝʥʠʷ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʢʨʘʡʥʝʤ ʩʪʦʣʙʮʝ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʨʝʟʫʣʴ-

ʪʘʪr ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠ ʚʥʷʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʨʝʭʦʜ-

ʥʭr ʢʘʯʝʩʪʚ ʢʦʨʘʙʣʷ ʚ ʦʩʦʙʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʢʨʳʚʘʝʤʳʭ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

ʂ ʚʦʧʨʦʩʫ ʦ ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʠʭ ʩʠʣ, 

ʨʝʘʢʮʠʡ ʢʦʨʧʫʩʘ ʠ ʩʚʷʟʥʳʭ ʤʦʤʝʥʪʦʚ 

ɺ ʜʠʥʘʤʠʢʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʜʚʠʞʝʥʠʷ ʠ ʧʦʚʦʨʦʪʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʩʪʨʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ. ʆʜʥʘʢʦ, ʚ ʜʚʠʞʝʥʠʝ 

ʢʦʨʘʙʣʷ ʚʦʚʣʝʢʘʶʪʩʷ ʦʛʨʦʤʥʳʝ ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʤʘʩʩʳ ʦʢʨʫʞʘʶʱʝʡ ʚʦ-

ʜʳ, ʢʦʪʦʨʳʝ ʚ ʧʦʧʝʨʝʯʥʦʤ ʠʥʝʨʮʠʦʥʥʦʤ ʦʪʢʣʠʢʝ ʩʦʠʟʤʝʨʠʤʳʝ ʠʣʠ ʧʨʝ-

ʚʳʰʘʶʱʠʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʢʦʨʘʙʣʷ, ʦʪʯʝʛʦ ʬʘʢʪʠʯʝʩʢʠ ʜʝʡʩʪʚʫʶʱʠʡ ʜʠ-

ʥʘʤʠʯʝʩʢʠʡ ʮʝʥʪʨ ʜʚʠʞʝʥʠʷ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʜʚʠʛʘʝʪʩʷ ʚ 

ʩʪʦʨʦʥʫ ʮʝʥʪʨʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ ʚʦʜʳ, ʢʦʪʦʨʳʡ ʚ ʦʪʥʦʰʝʥʠʠ 

ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʨʳʩʢʘʥʠʷ ʬʦʨʤʘʣʴʥʦ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʧʦʥʷʪʠʝʤ 

ʮʝʥʪʨʘ ʙʦʢʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ɺʝʣʠʯʠʥʘ ʧʨʠʩʦʝʜʠʥʸʥʥʳʭ ʤʘʩʩ ʫʧʨʦʱʝʥʥʦ ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʧʦ 

ʩʦʠʟʤʝʨʝʥʠʷʤ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ, ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘ-

ʥʠʷ ʚʠʭʨʝʠʩʪʦʯʥʠʢʦʚ ʚ ʠʭ ʤʛʥʦʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʣʷ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ 

ʩʤʝʱʝʥʠʡ ʢʦʨʧʫʩʘ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʣʥʝʥʠʷ. ɽʩʣʠ ʚ ʚʳʯʠʩʣʠ-
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ʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʢʦʨʦʩʪʥʳʝ ʧʦʪʦʢʠ ʞʠʜʢʦʩʪʠ 

ʚʙʣʠʟʠ ʢʦʨʘʙʝʣʴʥʦʡ ʦʙʰʠʚʢʠ, ʪʦ ʚ ʥʘʯʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʚʦʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʩʪʳʤ ʫʜʚʦʝʥʠʝʤ ʤʘʩʩʳ ʢʦʨʧʫʩʘ ʜʣʷ ʫʩʢʦʨʝʥʠʡ ʚ ʧʦʧʝ-

ʨʝʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʪʘʢʞʝ ʢʘʢ ʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʳʩʢʘʥʠʷ ʥʘ ʢʫʨʩʝ. 

ɺʝʣʠʯʠʥʦʡ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ ʜʣʷ ʧʨʦʜʦʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʛʘʪʴ. ɺ ʜʚʠʞʝʥʠʠ ʢʦʨʘʙʣʷ ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʫʯʸʪ ʧʝʨʝʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʡ ʩ ʫʯʸʪʦʤ ʙʝʟʦʪʨʳʚʥʦʛʦ ʩʪʦʢʘ ʧʦʪʦʢʘ ʩ ʧʣʘʚʥʠʢʦʚʦʛʦ 

ʢʨʳʣʘ ʘʭʪʝʨʰʪʝʚʥʷ, ʜʣʷ ʯʝʛʦ ʧʨʠʙʣʠʞʝʥʥʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʮʝʥʪʨ 

ʩʤʝʱʘʝʪʩʷ ʚ ʥʦʩ ʚ ʧʦʣʦʞʝʥʠʝ ʦʜʥʦʡ ʪʨʝʪʠ ʜʣʠʥʫ ʢʦʨʧʫʩʘ, ʠ ʯʪʦ ʩʢʘʟʳ-

ʚʘʝʪʩʷ ʥʘ ʫʩʣʦʚʠʷʭ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ 

ʭʦʜʘ ʢʦʨʘʙʣʷ. 

ʂʦʨʘʙʣʴ ʚ ʰʪʦʨʤʦʚʦʤ ʤʦʨʝ, ʢʘʢ ʚʦʜʦʠʟʤʝʱʘʶʱʠʡ ʦʙʲʝʢʪ, ʫʚʣʝʢʘ-

ʝʪʩʷ ʚʦʣʥʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʧʦ ʯʠʩʪʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʧʨʘʚʠʣʘʤ: çʢʘʢ 

ʚʦʣʥʘè. ʇʨʠ ʵʪʦʤ ʝʛʦ ʫʩʣʦʚʥʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʢʘʢ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, 

ʠ ʥʘʢʦʧʣʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʢʦʣʝʙʘʥʠʡ ʚ ʚʦʣʥʦʚʦʤ ʧʦʪʦʢʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʙʦʨʪʫ ʢʦ-

ʨʘʙʣʷ ʧʨʦʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʢʦʨʝʥʠʷ ʚ ʪʝʤʧʝ ʢʦʣʝʙʘʥʠʡ ʢʦʨʧʫʩʘ ʚ 

ʚʦʣʥʦʚʦʤ ʧʦʪʦʢʝ, ʢʦʪʦʨʳʝ ʚʦ ʚʥʝ ʦʪʤʝʯʘʶʪʩʷ ʩʠʣʴʥʳʤʠ ʢʨʝʥʷʱʠʤʠ ʤʦ-

ʤʝʥʪʘʤʠ ʚʚʠʜʫ ʨʘʟʥʠʮʳ ʘʧʧʣʠʢʘʪ ʮʝʥʪʨʦʚ ʚʦʜʦʠʟʤʝɦ ʘʶʱʠʭ ʦʙʲʸʤʦʚ, 

ʙʣʠʟʢʠʭ ʢ ʮʝʥʪʨʘʤ ʙʦʢʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ, ʠ ʮʝʥʪʨʘ ʩʦʩʨʝ-

ʜʦʪʦʯʝʥʠʷ ʤʘʩʩ ʥʘʜʚʦʜʥʦʛʦ ʢʦʨʘʙʣʷ, ʚʩʝʛʜʘ ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ, ʙʣʠʞʝ ʢ ʘʧʧʣʠʢʘʪʝ ʤʝʪʘʮʝʥʪʨʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʚʥʦʩʪʠ ʙʦʨ-

ʪʦʚʦʡ ʢʘʯʢʠ. 

ɺʘʨʠʘʥʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

1 ï ʩʢʦʣʴʟʷʱʘʷ ʜʠʥʘʤʠʢʘ ʭʦʜʘ (ʢʠʥʝʤʘʪʠʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ) ʩ ʬʠʢʩʠ-

ʨʦʚʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʢʦʨʧʫʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʣʥʦʚʳʭ ʩʢʣʦʥʦʚ, ʠ ʩ ʚʳ-

ʯʠʩʣʝʥʠʷʤʠ ʫʩʢʦʨʝʥʠʡ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʧʦ ʚʦʣʥʦʚʳʤ ʩʢʣʦʥʘʤ ʚ 

ʛʨʘʜʠʝʥʪʘʭ ʯʝʪʳʨʝʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʢʨʝʩʪʦʦʙʨʘʟʥʦʛʦ ʰʘʙʣʦʥʘ. ɿʜʝʩʴ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʷ ʧʦʩʘʜʢʠ ʢʦʨʧʫʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ ʚʦʜʳ. ʋʯʸʪ 
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ʧʨʠʩʦʝʜʠʥʸʥʥʳʭ ʤʘʩʩ ʚ ʧʦʧʝʨʝʯʥʳʭ ʫʩʢʦʨʝʥʠʷʭ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʩʪʳʤ 

ʫʜʚʦʝʥʠʝʤ ʤʘʩʩʘ ʢʦʨʘʙʣʷ, (ʧʦ ʘʥʘʣʦʛʠʠ ʚʜʚʦʝ ʩʥʠʞʘʝʪʩʷ ʨʝʘʢʮʠʷ ʧʦ ʫʩʢʦ-

ʨʝʥʠʷʤ ʚ ʩʚʦʙʦʜʥʦʤ ʨʳʩʢʘʥʠʠ ʥʘ ʢʫʨʩʝ). 

 tzyxSgradgV dd )·),((·
­­­

-= ,  [ʨʘʜ/ʩ] 

ʛʜʝ S(x,y) ï ʧʦʚʝʨʭʥʦʩʪʴ ʫʨʦʚʥʷ ʚʦʜʳ ʩ ʫʯʝʪʦʤ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ, ʩ ʥʦʨ-

ʤʠʨʦʚʘʥʥʳʤ ʜʦ ʝʜʠʥʠʮʳ ʚʝʢʪʦʨʦʤ ʥʘʧʨʘʚʣʝʥʠʷ; z ï ʦʨʪ ʚʝʨʪʠʢʘʣʠ. 

ʄʦʜʝʣʴ ʧʦ ʟʘʢʦʥʘʤ ʤʝʭʘʥʠʢʠ ʩʚʦʙʦʜʥʦ ʠ ʙʝʟ ʪʨʝʥʠʷ ʩʢʦʣʴʟʠʪ ʧʦ ʚʦʣ-

ʥʦʚʳʤ ʩʢʣʦʥʘʤ ʰʪʦʨʤʦʚʦʛʦ ʤʦʨʷ, ʠʣʣʶʩʪʨʠʨʫʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʣʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʘʩʩʠʤʝʪʨʠʯʥʳʭ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥ. ɺ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ ʫʯʘʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʨʘʟʛʦʥʥʘʷ ʩʠʣʘ, ʪʘʨʠʨʦʚʘʥʥʘʷ 

ʜʣʷ ʪʠʭʦʡ ʚʦʜʳ ʧʦ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ. ʅʘ ʢʨʫʪʳʭ ʩʢʣʦʥʘʭ ʚʦʣʥ ʤʦ-

ʜʝʣʴ ʢʦʨʘʙʣʷ ʤʦʞʝʪ ʥʝ çʚʳʛʨʝʙʘʪʴè ʧʦ ʰʪʦʨʤʦʚʦʤʫ ʚʦʣʥʝʥʠʶ, ʠ ʪʦʛʜʘ 

ʧʨʦʩʪʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ï ʫʩʣʦʚʥʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʥʘ ʪʠʭʦʡ ʚʦʜʝ, 

ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʨʝʜʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʥʦʡ ʠʣʠ ʙʝʟʦʧʘʩʥʦʡ ʩʢʦʨʦʩʪʠ 

ʭʦʜʘ. ʋʧʨʘʚʣʝʥʠʝ ʭʦʜʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʢʦʤʘʥʜʘʤ ʩ ʢʣʘʚʠʘʪʫʨʳ <8/2> 

ʜʣʷ ʜʦʙʘʚʦʢ ʧʦ ʜʚʘ ʫʟʣʘ ʚʧʝʨʸʜ/ʥʘʟʘʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ <0> ï ʩʪʦʧ ʤʘʰʠ-

ʥʘ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ ʧʦʜ ʚʦʣʥʦʚʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʠ ʧʦ 

ʠʥʝʨʮʠʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʳʩʢʘʥʠʷ ʚ ʜʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʚʳʧʦʣʥʷʝʪʩʷ ʯʠʩʪʦ ʢʠ-

ʥʝʤʘʪʠʯʝʩʢʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚʦʣʥʦʚʳʭ ʧʦ-

ʪʦʢʦʚ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ ʢʦʨʘʙʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʣʝʯʘ ʥʘ ʜʚʫʭ 

ʪʨʝʪʷʭ ʦʪ ʜʣʠʥʳ ʢʦʨʧʫʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʚʠʞʝʥʠʝ ʚʩʝʛʜʘ ʚʦʚʣʝʢʘʝʪʩʷ 

ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʦʚʦʨʦʪʦʚ ʢʦʨʧʫʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ʊʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥʦʚʳʭ ʧʦʪʦʢʦʚ 

ʠʟʤʝʨʷʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʦʙʨʘʟʫʝʪʩʷ ʦʪʯʘʩʪʠ ʟʘʚʳʰʝʥʥʦʝ ʨʳʩʢʘ-

ʥʠʝ ʥʘ ʢʫʨʩʝ. ʋʜʝʨʞʘʥʠʝ ʤʦʜʝʣʠ ʥʘ ʟʘʜʘʥʥʦʤ ʢʫʨʩʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ çʙʦʨʪʦʚʦʛʦ ʘʚʪʦʨʫʣʝʚʦʛʦè, ʫʧʨʘʚʣʷʶʱʝʝ ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʦʛʨʘʥʠ-
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ʯʠʚʘʝʪʩʷ ʫʩʣʦʚʥʦ ʤʘʣʳʤʠ ʧʝʨʝʢʣʘʜʢʘʤʠ ʨʫʣʷ, ʠ ʦʪʯʝʛʦ ʢʦʨʘʙʣʴ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʭʚʘʯʝʥ ʢʨʫʧʥʳʤʠ ʚʦʣʥʘʤʠ, ʠ ʥʝʧʨʦʠʟʚʦʣʴʥʦ ʧʦʩʪʘʚʣʝʥ ʣʠʙʦ ʚ ʘʚʘ-

ʨʠʡʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʣʠʙʦ ʚʳʚʝʜʝʥ ʥʦʩʦʤ ʥʘ ʚʦʣʥʫ. ɼʣʷ ʫʩʢʦʨʝʥʥʦʛʦ ʚʦʟ-

ʚʨʘʪʘ ʥʘ ʢʫʨʩ, ʠʣʠ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʦʚʦʨʦʪʘ ʢʦʨʘʙʣʷ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʨʫʯʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ: <4/6> ï ʨʫʣʴ ʥʘ ʙʦʨʪ; <7/9> ï ʧʦʣʙʦʨʪʘ ʚʣʝʚʦ ʠ 

ʚʧʨʘʚʦ. 

2 ï ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʢʦʨʘʙʣʷ ʧʦ ʘʨʭʠʤʝʜʦʚʳʤ ʩʠʣʘʤ ʚʩʧʣʳʪʠʷ ʠʟʤʝ-

ʥʷʶʱʝʛʦʩʷ ʦʙʲʝʤʘ ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ ʚʦʜʫ ʢʦʨʧʫʩʘ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦ-

ʛʦ ʚʦʣʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʘʟʦʚʦʡ ʠ ʙʝʟʫʩʣʦʚʥʦ ʨʘʟʨʝʰʠʤʦʡ ʤʦʜʝʣʴʶ 

ʰʪʦʨʤʦʚʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣʷ. ɺ ʷʚʥʳʭ ʚʳʨʘʞʝʥʠʷʭ ʟʜʝʩʴ ʟʘʧʠʩʳ-

ʚʘʶʪʩʷ ʪʦʣʴʢʦ ʪʨʠ ʟʘʢʦʥʘ ʜʚʠʞʝʥʠʷ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶ-

ʱʠʤʠ ʩʠʣʘʤʠ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʝ, ʠ ʩ ʜʚʫʤʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠ ʤʦ-

ʤʝʥʪʘʤʠ ʜʣʷ ʢʘʯʢʠ ʙʦʨʪʦʚʦʡ ʠ ʢʠʣʝʚʦʡ. 

ʈʳʩʢʘʥʠʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʢʦʨʧʫʩʘ ʨʘʩ-

ʩʯʠʪʳʚʘʶʪʩʷ ʚ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʦ ʦʩʨʝʜʥʝʥʥʦʤʫ ʩʢʦ-

ʨʦʩʪʥʦʤʫ ʧʦʪʦʢʫ ʚ ʪʦʡ ʞʝ ʧʦʛʨʫʞʝʥʥʦʡ ʚ ʚʦʜʫ ʯʘʩʪʠ ʢʦʨʧʫʩʘ, ʯʪʦ ʧʦʜʦʙ-

ʥʦ ʞʠʚʳʤ ʚʦʜʦʧʣʘʚʘʶʱʠʤ ʙʫʜʝʪ ʫʚʣʝʢʘʪʴ ʢʦʨʘʙʣʴ ʚ ʩʠʥʭʨʦʥʥʳʝ ʩʤʝʱʝ-

ʥʠʷ ʚʥʫʪʨʠ ʚʦʣʥʦʚʳʭ ʧʦʪʦʢʦʚ, ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ ʦʢʨʫʞʘ-

ʶʱʝʡ ʞʠʜʢʦʩʪʠ. ɽʜʠʥʩʪʚʝʥʥʦ, ʟʜʝʩʴ ʙʫʜʝʪ ʚʦʩʪʨʝʙʦʚʘʪʴʩʷ ʢʦʨʨʝʢʪʥʳʡ 

ʫʯʝʪ ʨʘʟʥʦʩʪʠ ʘʧʧʣʠʢʘʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʠ ʮʝʥʪʨʘ ʙʦʢʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʢʦʨʧʫʩʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʳʭ ʧʨʠ ʫʩʢʦʨʝʥʥʳʭ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʩʤʝʱʝʥʠ-

ʷʭ ʙʫʜʫʪ ʩʦʟʜʘʚʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʨʝʥʷʱʠʝ ʠ ʜʠʬʬʝʨʝʥʪʫʶʱʠʝ ʤʦ-

ʤʝʥʪ .r 

ɺʦʟʜʝʡʩʪʚʠʝ ʫʩʨʝʜʥʸʥʥʳʭ ʧʦʪʦʢʦʚ ʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʧʦʣʥʷʪʴ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʥʳʭ ʠʥʪʝʛʨʘ-

ʣʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʦʯʝʥʥʦʡ ʢʦʨʘʙʝʣʴʥʦʡ ʦʙʰʠʚʢʠ, ʯʪʦ ʠʩʢʣʶʯʠʪ 

ʦʩʣʘʙʣʝʥʠʝ ʚʥʝʰʥʠʭ ʩʠʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʩʠʣʴʥʦ ʟʘʦʩʪʨʸʥʥʳʭ ʦʢʦʥʝʯ-

ʥʦʩʪʷʭ. (éʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʢʦʨʨʝʢʪʥʦʩʪʴ çʟʘʭʚʘʪʳʚʘʶʱʠʭ ʧʦʪʦ-
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ʢʦʚè ʦʪʯʘʩʪʠ ʧʦʜʪʚʝʨʞʜʘʣʘʩʴ ʪʦʣʴʢʦ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ 

ʦʙʲʸʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʥʪʝʛʨʘʣʦʚ [3D-ʪʝʥʟʦʨʥʘʷ ʤʘʪʝʤʘʪʠʢʘ]). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʭʚʘʪʳʚʘʶʱʠʭ ʢʦʨʘʙʣʴ ʫʩʨʝʜʥʝʥʥʳʭ ʧʦʪʦʢʦʚ ʘʢʪʫ-

ʘʣʴʥʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʪʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʚʘʨʠʘʥʪʳ 1 ʠ 2). ɺ ʩʣʫʯʘʷʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʝ-

ʣʝʡ ʩ ʟʘʜʝʡʩʪʚʦʚʘʥʠʝʤ ʚʠʭʨʝʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʢʦʣʴʟʷɦ ʠʭ ʠ 

ʦʪʨʘʞʘʝʤʳʭ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ ʩʢʦʨʦʩʪʝʡ 

ʪʝʯʝʥʠʡ, ʨʘʩʯʸʪʳ ʫʩʨʝʜʥʷʶʱʠʭ ʧʦʪʦʢʦʚ ʩʪʘʥʦʚʷʪʩʷ ʥʝʘʢʪʫʘʣʥɹʳʤʠ, ʥʦ 

ʧʦʣʝʟʥʳ ʜʣʷ ʧʦʚʝʨʢʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʦʛʦ ʟʘʭʚʘʪʘ ʢʦʨʧʫʩʘ ʚ ʜʚʠʞʝʥʠʠ 

ʩʨʝʜʠ ʢʨʫʧʥʳʭ ʛʨʝʙʥʝʡ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ. 

ɺ ʙʣʠʞʘʡʰʠʭ ʧʣʘʥʘʭ ʞʝʣʘʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʠʝ ʩʚʝʨʢʠ ʚʝʩʴʤʘ ʩʣʦʞʥʦ-

ʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦ ʢʦʩʦʡ ʚʘʪʝʨʣʠʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʫʩʨʝʜʥʷʶʱʠʭ 

ʠʥʪʝʛʨʘʣʦʚ ʜʣʷ ʟʘʭʚʘʪʳʚʘʶʱʠʭ ʧʦʪʦʢʦʚ ʠ ʮʠʨʢʫʣʷʮʠʡ ʚʦʜʳ ʚʦʢʨʫʛ ʢʦʨ-

ʧʫʩʘ ʢʦʨʘʙʣʷ. 

ɺʤʝʩʪʦ ʚʦʚʣʝʯʝʥʠʷ ʟʘʭʚʘʪʳʚʘʶʱʠʭ ʧʦʪʦʢʦʚ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʫʧʫʩʢʘʝʤʳʭ ʚ ʦʙʲʸʤʥʳʭ ʠʥʪʝʛʨʘʣʘʭ ʥʝʛʘʨʤʦʥʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʩʤʝʱʝʥʠʡ ʠ ʨʳʩʢʘʥʠʷ ʥʘ ʢʫʨʩʝ, ʜʝʡʩʪʚʫʶʱʠʡ ʚ ʧʨʦʛʨʘʤʤʝ çAuroraè ʚr-

ʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʩʪʦ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʝʡ-

ʩʪʚʠʷ ʘʨʭʠʤʝʜʦʚʳʭ ʩʠʣ ʚʩʧʣʳʪʠʷ ʧʦ ʥʦʨʤʘʣʠ ʢ ʫʩʣʦʚʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʣʷ 

ʚʩʝʸ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ; ʠ ʜʦʧʦʣʥʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʥʘ ʜʠʥʘʤʠʢʫ ʢʦʨʘʙʣʷ ʘʩʠʤʤʝʪʨʠʠ ʫʨʦʚʥʝʡ ʚʦʜʳ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ 

ʙʦʨʪʘʭ (ʩʪʦʨʦʥʘʭ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʛʥʦʚʝʥʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ. 

ʇʨʠ ʵʪʦʤ ʚ ʘʣʛʦʨʠʪʤʘʭ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʚʳʯʠʩʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʠʣ ʦʪ 

ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʚʷʟʢʠ ʢ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʮʝʥʪʨʘʤ 

ʥʘ ʤʘʣʳʭ ʧʣʦʱʘʜʢʘʭ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʫʧʨʦʱʘʝʪ ʠ ʟʘ-

ʤʝʪʥʦ ʫʩʢʦʨʷʝʪ ʚʳʯʠʩʣʝʥʠʷ. 

3 ï ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʢʦʨʘʙʣʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʳʭ ʛʠʜʨʦʩʪʘ-

ʪʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʦʯʝʥʥʦʡ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ. ʊʘʢʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʚ ʩʨʘʚʥʝʥʠʠ 
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ʦʙʲʸʤʥʳʤʠ ʘʨʭʠʤʝʜʦʚʳʤʠ ʠʥʪʝʛʨʘʣʘʤʠ ʧʦ ʚʳʪʝʩʥʷʝʤʳʤ ʢʦʨʘʙʣʸʤ ʦʙʲʸ-

ʤʘʤʠ ʞʠʜʢʦʩʪʠ. ɺ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʨʘʩʯʸʪʥʳʝ ʨʘʟʤʝʨʳ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʧʦ ʧʣʦʱʘʜʠ ʥʠʢʘʢ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ, ʠ ʧʦʪʦʤʫ 

ʪʦʯʥʳʡ ʫʯʸʪ ʘʧʧʣʠʢʘʪ ʮʝʥʪʨʦʚ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ, ʢʘʢ ʮʝʥʪʨʦʚ 

ʧʨʠʣʦʞʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʣ, ʩʪʘʥʦʚʷʪʩʷ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʳʤʠ. 

ʌʦʨʤʘʣʴʥʦ ʫʩʨʝʜʥʸʥʥʳʡ ʥʘʢʣʦʥ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ ʩ ʧʝʨʝʧʘʜʘʤʠ 

ʫʨʦʚʥʝʡ ʚʦʜʳ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʙʦʨʪʘʭ ʪʝʧʝʨʴ ʤʦʜʝʣʠʨʫʶʪʩʷ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ, ʙʝʟ ʠʥʦʨʦʜʥʳʭ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ.  

ʆʜʥʘʢʦ, ʝʩʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʥʠʢʘʢ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠ-

ʷʥʠʝ ʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʚʦʜʳ, ʪʦ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʨʘʥʝʝ ʫʧʦʤʠ-

ʥʘʝʤʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʩʨʝʜʥʝʥʥʳʭ ʟʘʭʚʘʪʳʚʘʶʱʠʭ ʢʦʨʘʙʣʴ ʧʦʪʦʢʦʚ, 

ʪʝʭ ʞʝ, ʯʪʦ ʚ ʚʘʨʠʘʥʪʝ ï 1 ʩ ʤʝʭʘʥʠʢʦʡ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʥʯʠʚʦʡ ʘʨʭʠʤʝʜʦ-

ʚʦʡ ʧʣʘʚʫʯʝʩʪʠ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʢʘʟʳʚʘʝʪ ʚʝʩʴʤʘ ʪʦʯʥʦʝ ʩʦʚʧʘʜʝʥʠʝ, ʧʨʠ ʫʩʣʦʚʠʠ, ʢʦʥʝʯʥʦ, ʯʪʦ ʥʘ ʩʫʜʦ-

ʚʦʡ ʦʙʰʠʚʢʝ ʥʝʪ ʧʝʨʝʭʣʸʩʪʦʚ ʩ ʥʘʣʦʞʝʥʠʝʤ ʩʦʚʧʘʜʘʶʱʠʭ ʬʨʘʛʤʝʥʪʦʚ. 

4 ï ʚʘʨʠʘʥʪ ʩ ʚʳʯʠʩʣʝʥʠʷʤʠ ʧʦ ʚʩʪʨʝʯʥʦʤʫ ʥʘʙʝʛʘʶʱʝʤʫ ʧʦʪʦʢʫ ʧʦ 

ʭʦʜʫ ʢʦʨʘʙʣʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʦʧʦʣʥʷʝʪ-

ʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩʢʦʣʴʟʷʱʠʭ ʠ ʦʪʨʘʞʝʥʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʬʨʘʛʤʝʥʪʘʭ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ, ʧʨʠ ʵʪʦʤ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚʥʝʰʥʠʭ ʩʠʣ ʰʪʦʨʤʦʚʦʡ ʧʨʠʨʦʜʳ. ɺ ʜʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʚ 

ʪʦʯʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʦʪʦʢʦʚ ʚʙʣʠʟʠ ʩʤʦʯʝʥ-

ʥʦʡ ʦʙʰʠʚʢʠ ʢʦʨʘʙʣʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʤʝʱʘʪʴ ʥʘ ʥʝʡ ʚʠʭʨʝʠʩʪʦʯʥʠʢʠ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʢ ʜʣʷ ʩʢʦʣʴʟʷʱʠʭ ʧʦʪʦʢʦʚ ʩ ʧʦʧʨʘʚʢʘʤʠ ʜʣʷ ʜʘʚʣʝ-

ʥʠʷ ʧʦ ʟʘʢʦʥʫ ɹʝʨʥʫʣʣʠ16, ʪʘʢ ʠ ʜʣʷ ʦʪʨʘʞʘʝʤʳʭ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʩ ʠʤ-

ʧʫʣʴʩʘʤʠ ʜʘʚʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ ʊʦʨʨʠʯʝʣʣʠ17. 

 
16 ɿʘʢʦʥ ɹʝʨʥʫʣʣʠ ʩʚʷʟʳʚʘʝʪ ʩʪʘʮʠʦʥʘʨʥʫʶ ʩʢʦʨʦʩʪʴ ʚʜʦʣʴ ʣʠʥʠʠ ʪʦʢʘ ʩ ʣʦʢʘʣʥɹʳʤ 

ʜʘʚʣʝʥʠʝʤ ʚ ʞʠʜʢʦʩʪʠ: constphgV =++ ··2/· 2 rr . ʇʨʠʤʝʥʷʶʪʩʷ ʢ ʩʢʦʣʴʟʷʱʠʤ ʢʦʤʧʦ-
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ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʷʚʣʝʥʠʡ ʭʦʜʦʚʦʛʦ ʜʠʬʬʝʨʝʥ-

ʪʘ ʥʘ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʭʦʜʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʘʞʥʦ ʜʣʷ ʦʮʝʥʦʢ ʧʦ-

ʩʘʜʢʠ ʠ ʦʩʪʦʡʯʠʚʦʩʪʠ ʢʦʨʘʙʣʷ ʚ ʛʣʠʩʩʠʨʫʶʱʠʭ ʨʝʞʠʤʘʭ ʭʦʜʢʦʩʪʠ, ʠʣʠ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʨʧʫʩʘ ʧʦ ʫʩʣʦʚʠʷʤ ʤʠʥʠʤʠʟʘʮʠʠ ʭʦʜʦʚʦʛʦ ʜʠʬʬʝʨʝʥ-

ʪʘ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʢʦʨʘʙʣʝʡ ʤʥʦʛʦʢʦʨʧʫʩʥʳʭ ʠ ʦʙʣʘʜʘʶʱʠʭ ʤʘʣʦʡ 

ʧʣʦʱʘʜʴʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʠʣʠ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʭʦʜʫ ʢʦʨʘʙʣʷ ʚʘʪʝʨʣʠ-

ʥʠʠ. 

ʌʦʨʤʘʣʴʥʦ ʪʦʯʥʦ ʪʘʢʦʡ ʞʝ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʙʥʫʣʝ-

ʥʠʷ ʚʥʝʰʥʝʛʦ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ. ʅʦ ʚʩʸ ʞʝ, ʪʘʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩ-

ʧʝʨʠʤʝʥʪ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʦʚʝʨʢʠ ʠʟʙʠʪʦʛʦ ʪʝʟʠʩʘ ʦ ʪʦʤ, ʯʪʦ ʚʝʨʭʥʷʷ 

ʦʮʝʥʢʘ ʦʧʘʩʥʦʩʪʠ ʰʪʦʨʤʦʚʦʛʦ ʧʣʘʚʘʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʠʤʝʥʥʦ ʚ ʩʣʫʯʘʝ ʛʠʜ-

ʨʦʩʪʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʥʘ ʚʦʣʥʫ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝ-

ʤʝʥʠ ʩʧʝʮʠʘʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ, ʘ ʧʦ-

ʧʫʪʥʦ ʧʨʦʚʦʜʠʤʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʷʚʥʦ ʥʝ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʦʚʘʣʠ ʦʙ ʫʩʠʣʝʥʠʠ ʢʘʯʢʠ ʠʣʠ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʦʧʨʦʢʠʜʚrʘʥʠʷ 

ʢʦʨʘʙʣʷ ʚ ʫʩʣʦʚʠʷʭ ʯʠʩʪʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʚʦʣʥʝ.  

5 ï ʧʦʣʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩʠʣʦʚʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʩʦ ʩʪʦʨʦʥʳ  ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ. ʆʪʣʠʯʠʝ ʦʪ ʚʘʨʠʘʥʪʘ ʩ ʪʦʣʴʢʦ 

ʩʦ ʚʩʪʨʝʯʥʳʤʠ ʭʦʜʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʩʦʩʪʦʠʪ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ ʚʠʭʨʝʠʩʪʦʯ-

ʥʠʢʠ ʥʘ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʤʧʝʥʩʠʨʫʶʪ ʧʦʪʦʢʠ ʞʠʜʢʦ-

ʩʪʠ ʧʦʜ ʪʨʦʭʦʠʜʘʣʴʥʳʤʠ ʛʨʝʙʥʷʤʠ ʠ ʩʢʣʦʥʘʤʠ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ. ʋʤʝʩʪʥʦ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʫʚʣʝʯʝʥʠʷ ʢʦʨʘʙʣʷ ʚ ʜʚʠʞʝʥʠʝ ʚ ʫʚʷʟʢʝ ʩ 

ʧʦʪʦʢʘʤʠ ʞʠʜʢʦʩʪʠ ʚ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ 

ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ, ʪʦ ʧʨʦʥʠʟʳʚʘʶʱʠʡ ʩʢʚʦʟʴ ʢʦʨʧʫʩ ʧʦʪʦʢ ʚʦʜʳ ʙʫʜʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʥ, ʠ ʪʦʛʜʘ ʜʣʷ ʦʩʪʘʪʦʯʥʳʭ ʚʦʣʥʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩʢʦʨʦʩʪʠ 

 

ʥʝʥʪʘʤ ʩʢʦʨʦʩʪʠ ʚ ʧʦʪʦʢʝ ʚʙʣʠʟʠ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ. ɼʘʥʠʠʣ ɹʝʨʥʫʣʣʠ, 1700ï1782, ʰʚʝʡʮʘʨ-

ʩʢʠʡ ʬʠʟʠʢ, ʤʝʭʘʥʠʢ ʠ ʤʘʪʝʤʘʪʠʢ, ʯʣʝʥ ʇʝʪʝʨʙʫʨʛʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (1733). 
17 ʌʦʨʤʫʣʘ ʊʦʨʨʠʯʝʣʣʠ hgv ·2=  ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʥʦʨʤʘʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʩʢʦʨʦʩʪʠ 

ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʩʣʦʚʠʡ ʥʝʧʨʦʪʝʢʘʥʠʷ. ʕʚʘʥʜʞʝ-

ʣʠ͕ʩʪʘ ʊʦʨʨʠʯʝ͕ʣʣʠ (Evangelista Torricelli; 1608ï1647, ʌʣʦʨʝʥʮʠʷ) ï ʠʪʘʣʴʷʥʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʠ ʬʠʟʠʢ, ʫʯʝʥʠʢ ɻʘ-

ʣʠʣʝʷ. 
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ʪʝʯʝʥʠʡ ʤʦʛʫʪ ʧʨʠʟʥʘʚʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʤʠ ʠʣʠ ʧʦʯʪʠ ʩʪʘʮʠʦʥʘʨ-

ʥʳʤʠ. 

ʎʝʥʪʨ ʜʘʚʣʝʥʠʡ ʫʯʠʪʳʚʘʝʪ ʜʚʠʞʝʥʠʝ ʚʳʪʝʩʥʝʥʥʦʡ ʢʦʨʧʫʩʦʤ ʚʦʜʳ 

ʚʤʝʩʪʝ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʧʦʪʦʢʦʤ ʦʢʨʫʞʘʶʱʝʡ ʞʠʜʢʦʩʪʠ, ʫʩʣʦʚʥʦ ʩʪʘ-

ʮʠʦʥʘʨʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʢʦʨʘʙʣʴ ʚ ʮʝʣʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ 

ʩʠʣ ʦʪ ʜʘʚʣʝʥʠʷ ʥʘ ʙʦʨʪʦʚʫʶ ʦʙʰʠʚʢʫ ʚ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʦʜʝʣʠ ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʫʩʠʣʝʥ-

ʥʫʶ ʘʩʠʤʤʝʪʨʠʶ ʜʘʚʣʝʥʠʡ ʚ ʥʦʩʦʚʦʡ ʠ ʢʦʨʤʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʷʭ, ʧʨʠʚʦ-

ʜʷʱʫʶ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʤʝʱʝʥʠʶ ʮʝʥʪʨʘ ʜʘʚʣʝʥʠʷ ʚʜʦʣʴ ʢʦʨʧʫʩʘ ʚ ʥʦ-

ʩʦʚʫʶ ʯʘʩʪʴ ʢʦʨʘʙʣʷ. ʇʨʠ ʵʪʦʤ, ʧʨʦʜʦʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ 

ʩʠʣ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʦʪ ʚʩʪʨʝʯʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʦʢʘ ʚʦʜʳ ʧʦʣʥʦʩʪʴʶ 

ʚʟʘʠʤʦʢʦʤʧʝʥʩʠʨʫʶʪʩʷ, ʠ ʧʦʚʳʰʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 

ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʝʛʦ ʧʦʥʠʞʝʥʠʝʤ ʚ ʢʦʨʤʦʚʳʭ ʩʭʦʜʷʱʠʭʩʷ ʚʘʪʝʨʣʠʥʠʷʭ, 

ʩʪʨʦʛʦ ʠ ʪʦʯʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʘʨʘʜʦʢʩʦʤ ɼ'ɸʣʘʤʙʝʨʘ18 ʜʣʷ ʠʜʝʘʣʴʥʦʡ 

ʞʠʜʢʦʩʪʠ. 

ʊʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʜʘʚ-

ʣʝʥʠʷ ʥʘʚʩʪʨʝʯʫ ʥʘʙʝʛʘʶʱʝʤʫ ʧʦʪʦʢʫ ʤʘʢʩʠʤʘʣʴʥʦ, ʠ ʚʥʝʩʝʥʠʝ ʚʷʟʢʦʩʪ-

ʥʳʭ ʧʦʧʨʘʚʦʢ ʣʠʰʴ ʦʪʯʘʩʪʠ ʦʩʣʘʙʣʷʝʪ ʧʦʪʦʢʦʚʳʡ ʩʜʚʠʛ ʮʝʥʪʨʘ ʩʠʣʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚʦʜʳ. ɿʜʝʩʴ ʪʘʢʞʝ ʫʤʝʩʪʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʫʜʣʠʥʸʥʥʳʡ 

ʢʦʨʧʫʩ ʢʦʨʘʙʣʷ ʩ ʟʘʦʩʪʨʸʥʥʳʤ ʧʣʘʚʥʠʢʦʚʳʤ ʘʭʪʝʨʰʪʝʚʥʝʤ ʧʦʜ ʢʦʨʤʦʚʳʤ 

ʧʦʜʟʦʨʦʤ ʧʨʠʚʦʜʠʪ ʛʠʜʨʦʜʠʥʘʤʠʢʫ ʢʦʨʘʙʣʷ ʢ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤ ʧʨʦʮʝʩ-

ʩʘʤ ʥʘ ʢʨʳʣʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʵʬʬʝʢʪʘ ʢʨʳʣʘ ʧʨʠ ʢʦʩʳʭ 

ʧʦʪʦʢʘʭ ʥʘ ʢʦʨʧʫʩʝ ʢʦʨʘʙʣʷ ʦʩʣʘʙʣʷʝʪ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʜʘʚʣʝʥʠʷ ʚ ʩʪʦ-

ʨʦʥʫ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ, ʠ ʝʩʣʠ ʫʛʣʳ ʘʪʘʢʠ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʥʝ ʦʪ-

ʤʝʯʘʶʪʩʷ ʩʨʳʚʘʤʠ ʥʘ ʟʘʜʥʝʡ ʢʨʦʤʢʝ ʢʦʨʤʦʚʳʭ ʨʫʣʝʡ ʢʦʨʘʙʣʷ, ʪʦ ʠ ʮʝʥʪʨ 

 
18 ʇʘʨʘʜʦʢʩ ɼ'ɸʣʘʤʙʝʨʘ ï ʕʡʣʝʨʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʚʥʝʥhʠʭ 

ʩʠʣ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʦʙʪʝʢʘʥʠʠ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʧʨʦʠʟʚʦʣʴ-

ʥʦʡ ʬʦʨʤʳ. ɼôɸʣʘʤʙʝʨ, ɾʘʥ ʃʝʨʦʥ (Jean Le Rond D'Alembert, d'Alembert) 1717ï1783 ï ʬʨʘʥʮʫʟʩʢʠʡ ʫʯʸʥʳʡ 

ʵʥʮʠʢʣʦʧʝʜʠʩʪ, ʯʣʝʥ ʇʝʪʝʨʙʫʨʛʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (1764). 
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ʜʝʡʩʪʚʠʷ ʧʨʠʩʦʝʜʠʥʸʥʥʳʭ ʤʘʩʩ ʥʝ ʩʜʚʠʛʘʝʪʩʷ ʙʦʣʝʝ ʜʚʫʭ ʪʨʝʪʝʡ (2/3) ʦʪ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʜʣʠʥʳ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ. 

ɺ ʨʘʩʯʝʪʘʭ ʣʦʢʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʜʘʚʣʝʥʠʷ ʫʯʘʩʪʚʫʝʪ ʛʠʜʨʦ-

ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ g·h [ʤ2/ʩ2], ʚ ʩʫʤʤʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʤʠ ʩʢʦ-

ʨʦʩʪʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʧʦ ʚʠʭʨʝʚʦʤʫ ʩʣʦʶ ʧʦʜʪʦʨʤʘʞʠʚʘʥʠʷ ʩʢʦʣʴʟʷʱʠʭ 

ʪʝʯʝʥʠʡ ʧʦ ɹʝʨʥʫʣʣʠ Vt2/2; ʠ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ 

n·Vn
2/2, ʛʜʝ n ï ʟʥʘʢ ʠʩʪʦʯʥʠʢʘ (+) ʠ ʩʪʦʢʘ (ï), ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʧʨʦ-

ʪʝʢʘʥʠʷ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ ʧʦ ʦʙʨʘʱʝʥʥʦʡ ʬʦʨʤʫʣʝ ʊʦʨʨʠʯʝʣʣʠ: 

     

Wg

srVnV

W

dwr

W

sr
g

VnV
h

shg

srp
C

S nW w

S

n

S

S s

p

·2

)··(

)·
2

·
(

···

·

22

22

d

d

dr

d

t

t

ñññññ

ññ

ññ

ññ

««

««

«

°
+=

=

°
+

==

.  [ʤ] 

ɺ ʧʦʩʣʝʜʥʝʤ ʚʳʨʘʞʝʥʠʠ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʫʶ ʯʘʩʪʴ 

ʤʦʞʥʦ ʚʳʯʠʩʣʷʪʴ ʧʦ ʦʙʲʸʤʫ ʢʦʨʧʫʩʘ (ʧʦ ɸʨʭʠʤʝʜʫ), ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʜʦʙʘʚʢʦʡ ʧʦ ɹʝʨʥʫʣʣʠ-ʊʦʨʨʠʯʝʣʣʠ ʪʦʣʴʢʦ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʚ ʩʣʫ-

ʯʘʷʭ ʧʨʠʩʫʪʩʪʚʠʷ ʚʩʪʨʝʯʥʦʛʦ ʭʦʜʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʙʳʩʪʨʳʭ ʪʝʯʝʥʠʡ ʧʦʜ 

ʛʨʝʙʥʷʤʠ ʠ ʩʢʣʦʥʘʤʠ ʠʥʪʝʥʩʠʚʥʳʭ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥ. 

ʇʦʣʫʯʘʝʪʩʷ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʮʝʥʪʨʘ ʚʝʣʠ-

ʯʠʥʳ ʩ ʧʦʧʨʘʚʢʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡ-

ʩʪʚʠʷʤ ʦʪ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʚʙʣʠʟʠ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ. W [ʤ3] ï ʟʜʝʩʴ 

ʧʨʠʚʦʜʠʪʩʷ ʦʙʲʸʤʥʦʝ ʚʦʜʦʠʟʤʝɦ ʝʥʠʝ, ʪʘʢ ʢʘʢ ʚʦ ʚʩʝʭ ʨʘʩʯʸʪʥʳʭ ʘʣʛʦ-

ʨʠʪʤʘʭ ʥʝ ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʚʝʣʠʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ, ʯʪʦ ʜʦʧʫʩʪʠʤʦ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʡ ʚ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ɺ ʨʘʩʯʸʪʘʭ ʚʦʜʦʠʟʤʝ-

ʱʝʥʠʷ ʥʝ ʫʯʘʩʪʚʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ, ʛʜʝ ʧʦ ʦʧʨʝ-

ʜʝʣʝʥʠʶ ʦʪʩʫʪʩʪʚʫʝʪ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʳ, ʠ ʧʦʪʦʤʫ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʨʘʩʯʸʪʦʚ ʮʝʥʪʨʘ ʜʘʚʣʝʥʠʡ ʠ ʩʢʦʨʦʩʪʥʳʝ ʧʦʪʦʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ, ʯʪʦ ʚʠʜʠʤʦ ʥʝ ʦʩʦʙʦ ʧʨʦʪʠʚʦʨʝ-
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ʯʠʪ ʟʜʨʘʚʦʤʫ ʩʤʳʩʣʫ ʚ ʦʪʥʦʰʝʥʠʝ ʫʢʨʳʪʦʡ ʚʥʫʪʨʠʢʦʨʧʫʩʥʦʡ ʠ çʚʠʨʪʫ-

ʘʣʴʥʦʡè ʧʦʚʝʨʭʥʦʩʪʠ. 

6. ʇʦ ʫʤʦʣʯʘʥʠʶ ʚ ʵʢʩʧʝʨʠʤʝʥʪ ʚʢʣʶʯʘʝʪʩʷ ʯʠʩʪʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʟʘʭʚʘʪʘ ʢʦʨʧʫʩʘ ʧʦʪʦʢʘʤʠ ʚʦʜʳ ʚ ʪʦʣʱʝ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥ. 

ɺʥʫʪʨʠ ʢʦʨʧʫʩʘ ʚʦʟʥʠʢʘʶʪ ʫʩʢʦʨʝʥʠʷ ʧʦʜ ʛʨʝʙʥʷʤʠ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ, ʠ 

ʩʠʣʴʥʳʝ ʨʝʘʢʮʠʠ ʥʘ ʧʣʝʯʝ ʦʪ ʮʝʥʪʨʘ ʤʘʩʩ ʢ ʮʝʥʪʨʫ ʚʥʝʰʥʠʭ ʛʠʜʨʦʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʩʠʣ. ɼʠʥʘʤʠʯʝʩʢʠʡ ʪʝʥʟʦʨ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ ʢʘʢ ʨʝʘʢʮʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʚʦʜʳ ʫʯʪʝʥʳ ʢʦʨʨʝʢʪʠʨʫʶʱʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʙʣʠʟʢʠʤʠ 

ʢ ʝʜʠʥʠʮʝ ʜʣʷ ʧʦʧʝʨʝʯʥʳʭ ʜʚʠʞʝʥʠʡ ʢʦʨʧʫʩʘ ʠ ʨʳʩʢʘʥʠʷ, ʩ ʦʩʣʘʙʣʝʥʠʝʤ 

ʜʣʷ ʧʨʦʜʦʣʴʥʳʭ ʩʤʝʱʝʥʠʡ, ʚʝʨʪʠʢʘʣʴʥʦʡ, ʙʦʨʪʦʚʦʡ ʠ ʢʠʣʝʚʦʡ ʢʘʯʢʠ, ʛʜʝ 

ʩʫʱʝʩʪʚʝʥʥʳ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʤʦʤʝʥʪʳ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʦʪʨʘʙʦʪʘʪʴ ʦʙʚʦʜʳ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 

ʠʟ ʫʩʣʦʚʠʷ ʚʟʘʠʤʦʢʦʤʧʝʥʩʘʮʠʠ ʢʨʝʥʷʱʠʭ ʤʦʤʝʥʪʦʚ ʦʪ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʚ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʢʠʥʝʤʘʪʠʢʦʡ ʚʦʣʥʦʚʳʭ ʧʦʪʦʢʦʚ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʙʦʨʪʦ-

ʚʦʡ ʢʘʯʢʠ, ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʦ ʨʘʟʥʝʩʸʥʥʳʭ ʧʦ ʘʧʧʣʠʢʘʪʝ ʮʝʥʪʨʘʭ ʤʘʩʩ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʛʦʢʨʘʪʥʦ ʤʠʥʠʤʠ-

ʟʠʨʦʚʘʥʘ. 

ɺ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʪʘʢʞʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʳ-

ʙʦʨ ʚʘʨʠʘʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʚʘʪʴ ʫʩʣʦʚʠʷ ʰʪʦʨʤʦʚʦʛʦ 

ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʢʦʨʘʙʣʷ ʥʘ ʤʝʣʢʦʡ ʠ ʛʣʫʙʦʢʦʡ ʚʦʜʝ: 

1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʚʥʦʤʝʨʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʪʢʠ, ʠ ʨʝʛʫʣʷʨʠ-

ʟʦʚʘʥʥʦʡ ʩʝʪʢʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ [çɺʦʣʥʘè, 2013], ʜʠʥʘʤʠʯʝʩʢʠ ʘʜʘʧ-

ʪʠʨʫʝʤʳʤ ʧʦʜ ʢʨʫʪʠʟʥʫ ʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚ ʛʨʝʙʥʷʭ ʚʦʣʥ; 

2) ʤʦʨʩʢʦʝ ʚʦʣʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʣʠʙʦ ʚ ʧʦʣʥʳʭ ʧʦʪʦʢʘʭ ʩʦ ʩʢʦ-

ʨʦʩʪʷʤʠ ʪʝʯʝʥʠʡ ʥʝ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʛʣʫʙʠʥʳ, ʣʠʙʦ ʪʨʦʭʦʠʜʘʣʴʥʳʤʠ ʚʦʣ-

ʥʘʤʠ [Computational modelé 2020] ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʟʘʪʫʭʘʥʠʝʤ ʩʢʦ-

ʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʩ ʛʣʫʙʠʥʦʡ; 

3) ʚʘʨʠʘʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʙʝʟ ʠʩʢʘʞʝʥʠʷ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʦʨʧʫʩʦʤ ʢʦʨʘʙʣʷ, ʠʣʠ ʧʦʣʥʘʷ ʨʘʟʥʦʩʪʥʘʷ 
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ʤʦʜʝʣʴ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦʣʥ ʧʦʩʣʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʢʦʨ-

ʧʫʩʘ ʢʦʨʘʙʣʷ. 

ɺ ʧʦʩʣʝʜʥʝʤ ʥʘʠʙʦʣʝʝ ʨʝʩʫʨʩʦʸʤʢʦʤ ʚʘʨʠʘʥʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʨ-

ʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʢʦʥʪʫʨ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʢʘʢ ʩ 

ʫʯʸʪʦʤ ʚʟʘʠʤʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚʦʣʥ, ʪʘʢ ʠ ʩ ʫʯʸʪʦʤ ʝʸ ʤʛʥʦʚʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫ ʙʦʨʪʘ ʢʦʨʘʙʣʷ. ʆʜʥʘʢʦ, ʠʤʝʥʥʦ ʜʣʷ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʘʢʪʫʘʣʴʥʳ ʚʦʧʨʦʩʳ ʢʦʨʨʝʢʪʥʦʩʪʠ ʙʳʩʪʨʳʭ ʩʤʝʱʝʥʠʡ ʢʦʨʧʫʩʘ ʩ ʫʜʘʨʥʳʤʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʨʘʟʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʙʫʜʫʱʝʤ ʧʦʪʨʝ-

ʙʫʝʪ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʠ, ʢ ʩʦʞʘʣʝ-

ʥʠʶ, ʙʝʟ ʦʩʦʙʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

ɸʣʛʦʨʠʪʤʳ ʠ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʚ ʧʦʩʪʨʦʝʥʠʠ ʮʠʬʨʦʚʦʡ 

ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ 

ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʦʛʦ ʯʠʩʣʦʚʦʛʦ 

ʦʙʲʝʢʪʘ ʠʟʥʘʯʘʣʴʥʦ ʦʙʨʘʟʫʝʪʩʷ ʪʘʙʣʠʮʝʡ ʧʣʘʟʦʚʳʭ ʦʨʜʠʥʘʪ, ʜʦʧʦʣʥʷʝʤʦʡ 

ʘʙʩʮʠʩʩʘʤʠ ʰʪʝʚʥʝʡ ʠ ʦʨʜʠʥʘʪʘʤʠ ʠʭ ʪʨʘʥʮʝʚʳʭ ʨʘʩʰʠʨʝʥʠʡ, ʢʘʢ ʵʪʦ 

ʦʧʨʝʜʝʣʝʥʦ ʚ ʧʦʩʪʨʦʝʥʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʯʝʨʪʝʞʝʡ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ [ɹɼ-«Vesselè, 2015], ʚ ʢʘʯʝʩʪʚʝ ʦʩʦʙʦʡ 

ʉ++ʩʪʨʫʢʪʫʨʳ: Hull . ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ [çHullè, 2010] ïʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʢʦʨʧʫʩʘ 

ʢʦʨʘʙʣʷ ʠ ʦʢʨʫʞʘʶʱʠʭ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ ʬʦʨʤʠʨʫʁ ʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʛʦʨʠʪʤʦʚ ʪʝʥʟʦʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ: ʠʥʪʝʨʬʝʡʩ Base  [çʊʝʥʟʦʨè, 2013] ʜʣʷ 

ʩʪʨʦʛʦ ʠ ʦʜʥʦʟʥʘʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʚʥʫʪʨʠʢʦʨʘʙʝʣʴʥʳʭ ʢʦʦʨ-

ʜʠʥʘʪʥʳʭ ʙʘʟʠʩʦʚ ʩ ʚʥʝʰʥʝʡ ʠʣʠ ʛʣʦʙʘʣʴʥʦʡ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʦʡ ʦʪʩʯʸʪʘ 

ʤʘʥʝʚʨʠʨʫʶʱʝʛʦ ʢʦʨʘʙʣʷ. 

ʅʝʟʘʚʠʩʠʤʘʷ ʥʘʜʩʪʨʦʡʢʘ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠʨʫ-

ʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʫʝʪ ʦʜʥʦʨʦʜʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʛʨʘʬʠʯʝʩʢʦʤ 

ʦʢʨʫʞʝʥʠʠ Window: Place  [çʂʦʥʪʝʢʩʪʥʘʷ ʛʨʘʬʠʢʘè, 2010] ï ʦʙʝʩʧʝʯʠ-
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ʚʘʶʱʝʤ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʩ 

ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ʭʦʜʘ ʚʳʯʠʩʣʝʥʠʡ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʚ ʪʨʝʭʤʝʨʥʦʡ ʛʨʘʬʠʯʝ-

ʩʢʦʡ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ OpenGL.  

ɼʣʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʠʥʳʤʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʢʘʢ 

Linux\Unix; Andoid, OS-MESA ʠ ʜʨ., ʩ ʩʦʩʪʘʚ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʜʦʙʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʧʨʷʤʦʛʦ ʦʙʨʘʱʝʥʠʷ ʢ msWindows-WGL 

ʥʘ GLFW-OpenGL. ʇʝʨʝʥʦʩʠʤʦʩʪʴ ʪʝʢʩʪʦʚʳʭ ʰʨʠʬʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʤ ʥʘʙʦʨʦʤ ʨʘʩʪʨʦʚ ʥʘ ʈʫʩʩʢʦʤ ʠ ɸʥʛʣʠʡʩʢʦʤ ʷʟʳ-

ʢʘʭ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʪ ʚʝʢʪʦʨʥʳʭ ʰʨʠʬʪʦʚ ʩʦ ʩʜʚʦʝʥʥʳʤʠ ʥʘʯʝʨʪʘʥʠʷʤʠ 

ʢʦʥʪʫʨʦʚ ʙʫʢʚ ʥʘ ʈʫʩʩʢʦʤ, ɸʥʛʣʠʡʩʢʦʤ, ɻʨʝʯʝʩʢʦʤ ʠ ʀʚʨʠʪʝ, ʩ ʧʦʣʥʳʤ 

ʥʘʙʦʨʦʤ ʛʨʘʬʠʯʝʩʢʠʭ ʩʠʤʚʦʣʦʚ ʠʟ ʩʪʘʨʳʭ ʆɽʄ ʠ ANSI ʢʦʜʠʨʦʚʦʢ. 

 

ɻʝʦʤʝʪʨʠʷ ʦʙʚʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ 

ʏʠʩʣʦʚʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʢʦʨʘʙʣʷ ʚ ʪʝʢʩʪʦʚʦʤ ʬʘʡʣʝ ʩ ʨʘʩʰʠʨʝʥʠ-

ʝʤ *. vsl  ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʠʟʥʘʢʘ ʬʘʡʣʘ çƶè(x30) ʠ ʨʘʩʰʠʨʝʥʥʦʛʦ ʥʘʟʚʘ-

ʥʠʷ ʧʨʦʝʢʪʘ ʢʦʨʘʙʣʷ ʚ ʫʛʣʦʚʳʭ ʩʢʦʙʢʘʭ (<ʠʤʷ ʠ ʪʠʧ ʢʦʨʘʙʣé̫>) ʚ ʧʝʨʚʦʡ 

ʘʢʪʠʚʥʦʡ ʩʪʨʦʢʝ (ʈʠʩ. 2). ɿʘʪʝʤ ʧʨʠʚʦʜʷʪʩʷ ʫʢʘʟʘʥʠʷ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ï 

Nframes , ʠ ʥʦʤʝʨʘ ʤʠʜʝʣʴʧhʘʥʛʦʫʪʘ ï Mid .  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʘʙʩʮʠʩʩʳ ʫʢʘʟʘʥʥʦʛʦ ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʘ ʚ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʚʠʞʝʥʠʝ ʩ ʧʨʦʨʠʩʦʚʢʦʡ ʤʘʨh ʨʫʪʘ 

ʢʦʨʘʙʣʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʰʪʦʨʤʦʚʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ. 

ɺ ʪʨʝʪʴʝʡ ʩʪʨʦʢʝ ʟʘʜʘʶʪʩʷ ʟʥʘʯʠʤʳʝ ʜʣʷ ʨʘʩʯʸʪʦʚ ʨʘʟʤʝʨʝʥʠʷ ʢʦʨʘʙ-

ʣʷ: ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ L ï ʜʣʠʥʘ, B ï ʰʠʨʠʥʘ, T ï ʦʩʘʜʢʘ, ʠ ʥʝʦʙʷʟʘʪʝʣʴʥʘʷ 

ʚʝʣʠʯʠʥʘ æT ï ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʢʦʨʧʫʩʘ.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʘʢʪʥʳʡ ʢʦʜ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ ʧʦʣʫʯʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʠʣʷʪʦʨʘ MinGWïʉ++  ʚʝʨ-

ʩʠʠ TDM-GCC-4.3.3 ʦʪ 16 ʬʝʚʨʘʣʷ 2009 ʛʦʜʘ. ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʪʘʢʦʡ 

ʢʦʤʧʠʣʷʪʦʨ ʚʜʚʦʝ ʩʦʢʨʘʱʘʝʪ ʦʙʲʝʤ ʠʩʧʦʣʥʷʝʤʦʛʦ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ, ʥʦ, ʢ 
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ʩʦʞʘʣʝʥʠʶ, ʚ ʩʪʦʣʴ ʚʝʣʠʢʦʚʦʟʨʘʩʪʥʦʡ ʚʝʨʩʠʠ ʢʦʤʧʠʣʷʪʦʨʘ ʝʱʸ ʥʝ ʧʦʜ-

ʜʝʨʞʠʚʘʣʠʩʴ ʦʙʦʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʨʫʩʩʢʠʤʠ ʙʫʢʚʘʤʠ, ʠ ʧʦʪʦʤʫ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʚ ʮʝʣʦʤ ʧʨʠʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʣʘ-

ʪʠʥʩʢʠʭ ʥʘʯʝʨʪʘʥʠʷʭ: 

class  Hull  ï ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʠ ʦʧʝʨʘʮʠʡ ʧʦ ʢʦʨʧʫʩʫ ʢʦ-

ʨʘʙʣʷ ʩ ʚʠʨʪʫʘʣʴʥʳʤʠ ʩʤʝʰʝʥʠʷʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʙʳʩʪʨʦʡ ʚʳʙʦʨ-

ʢʦʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ: 

Matrix  ï ʦʨʪʦʛʦʥʘʣʴʥʳʡ ʠ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʡ ʢʦʨʘʙʝʣʴʥʳʡ ʙʘʟʠʩ ʜʣʷ 

ʙʳʩʪʨʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠʟ ʢʦʨʘʙʝʣʴʥʦʛʦ ʚ ʤʦʨʩʢʦʡ ʙʘ-

ʟʠʩ, ʠ ʦʙʨʘʪʥʦ; 

View  ï ʩʮʝʥʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ ʩ ʬʦʥʦʚʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʳʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʚ ʦʜʥʦʨʦʜʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ OpenGL. 

ʂʦʥʩʪʘʥʪʳ: 

Real  Length  Bread th  Draught ʠ æT ï ʨʘʩʯʸʪʥʳʝ ʜʣʠʥʘ, ʰʠʨʠʥʘ ʠ 

ʦʩʘʜʢʘ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ; 

I nt   Nframes  ʠ Mid  ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠ ʥʦʤʝʨ ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʘ. 

ʉʢʘʣʷʨʳ {  i }:  

Course , dCs ï ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʢʫʨʩ ʢʦʨʘʙʣʷ ʠ 

ʟʘʜʘʥʥʳʡ ʧʦ ʢʫʨʩʦʚʦʤʫ ʫʛʣʫ ʥʘ ʫʜʝʨʞʘʥʠʝ ʘʚʪʦʨʫʣʝʚʦʤʫ; 

Speed , cSp ï ʜʝʡʩʪʚʫʶʱʘ ̫ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʧʦ 

ʫʩʣʦʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʢʦʨʘʙʣʷ ʧʦ ʪʠʭʦʡ ʚʦʜʝ; 

iV~Volume  ï ʪʝʢʫʱʠʡ ʧʦʛʨʫʞʝʥʥʳʡ ʦʙʲʸʤ ʠ ʠʩʭʦʜʥʦʝ ʦʙʲʸʤʥʦʝ ʚʦʜʦ-

ʠʟʤʝʱʝʥʠʝ; 

iF~Floatage  ï ʧʣʦʱʘʜʴ ʚʘʪʝʨʣʠʥʠʠ ʜʝʡʩʪʚʫʶʱʘʷ ʠ ʥʘ ʪʠʭʦʡ ʚʦʜʝ; 

iS~Surface  ï ʧʣʦʱʘʜʴ ʠʟʤʝʥʯʠʚʦʡ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ, ʠ 

ʠʟʥʘʯʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʛʨʫʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʰʠʚʢʠ; 
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Trim  ï ʜʠʬʬʝʨʝʥʪ ʟʘʜʘʸʪʩʷ ʥʘʯʘʣʴʥʳʤ ʩʤʝʱʝʥʠʝʤ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ ʜʣʷ 

ʫʜʠʬʬʝʨʝʥʪʦʚʘʥʥʦʛʦ ʜʦ ʥʫʞʥʦʡ ʚʝʣʠʯʠʥʳ ʢʦʨʧʫʩʘ; 

hX  ï ʬʠʢʩʠʨʫʝʤʘʷ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʜʣʷ ʥʘʯʘʣʴʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ; 

Kv ï ʜʦʣʷ ʩʙʨʦʩʘ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʥʦʨʤʘʣʠ ʩʪʦʢʘ ʧʦʪʦʢʘ (ɼʘ-

ʣʘʤʙʝʨ). 

ɺʝʢʪʦʨʳ {  v }:  

Gravity  ï ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʚ ʣʦʢʘʣʴʥʳʭ ʢʦʨʘʙʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ; 

vB~Buoyancy  ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ, ʮʝʥʪʨʘ ʧʣʘʚʫʯʝʩʪʠ ʢʦʨʧʫʩʘ; 

vF~Floatable  ï ʮʝʥʪʨ ʧʣʦʱʘʜʠ ʪʝʢʫʱʝʡ ʠ ʥʘʯʘʣʴʥʦʡ ʚʘʪʝʨʣʠʥʠʠ; 

vM~Metacenter  ï ʪʝʢʫʱʘʷ ʠ ʟʘʜʘʥʥʘʷ ʘʧʧʣʠʢʘʪʘ ʧʦʧʝʨʝʯʥʦʛʦ ʤʝʪʘʮʝʥʪʨʘ; 

Locate  ï ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʢʦʨʘʙʣʷ ʚʦ ʚʥʝʰʥʝʡ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

ʊʝʥʟʦʨʳ {  m }:  

mW~inWater  ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ I [ʤ ] 

mM~inMass  ï ʪʝʥʟʦʨ ʤʘʩʩʦʚʳʭ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ) ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ 

M [ʤ ] ʢʦʨʧʫʩʘ ʧʦ ʢʘʯʢʝ ʠ ʨʳʩʢʘʥʠʶ ʢʦʨʘʙʣʷ. 

ʄʘʨʰʨʫʪʥʳʝ ʟʘʧʠʩʠ { flex  }:  

Route  ïʪʨʘʝʢʪʦʨʠʷ ʭʦʜʘ ʢʦʨʘʙʣʷ ʚ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ      [ʤ] 

Rateï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʢʦʨʧʫʩʘ ʚ ʢʦʨʘʙʝʣʴʥʦʤ ʙʘʟʠʩʝ [ʤ/ʩ] 

Head ï ʦʨʠʝʥʪʘʮʠʷ ʚʦ ʚʥʝʰʥʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʫʛʣʘʭ ʂʨʣrʦʚʘ [ʨʘʜ] 

Whirl  ï ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʘʙʝʣʴʥʳʭ ʦʩʝʡ  [ʨʘʜ/ʩ] 

Mix  ï ʩʦʭʨʘʥʷʝʤʳʝ ʚʝʣʠʯʠʥʳ ʧʦʚʪʦʨʥʳʭ ʧʝʨʝʨʘʩʯʝʪʦʚ ʚ ʧʨʦʪʦʢʦʣʘʭ: 

Mi x. z  ï ʫʨʦʚʝʥʴ ʤʦʨʷ ʥʘ ʤʠʜʝʣʝ; ʫ ï ʢʫʨʩ; x  ï ʩʢʦʨʦʩʪʴ ʭʦʜʘ ... 

ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʥʦʚʦ ʚʳʯʠʩʣʷʁ ʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʝ-
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ʥʠʷ ʢʦʨʘʙʣʷ ʥʘ ʠʥʪʝʥʩʠʚʥʦʤ ʚʦʣʥʝʥʠʠ, c ʷʚʥʳʤ ʫʯʸʪʦʤ ʢʠʥʝʤʘʪʠʢʠ ʢʦʨ-

ʧʫʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʟʚʦʣʥʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (ʦʪʤʝʯʝʥʥʳʝ ʚʳʰʝ 

ʜʚʫʭʩʠʤʚʦʣʴʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ), ʧʨʠ ʵʪʦʤ, ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʘ ʧʝʨʚʦʤ ʨʘʩʯʸʪʥʦʤ ʮʠʢʣʝ ʚʦʣʥʦʚʦʝ ʧʦ-

ʣʝ ʥʝ ʩʦʟʜʘʝʪʩʷ, ʠ ʚʩʝ ʥʘʯʘʣʴʥʳʝ ʯʠʩʣʦʚʳʝ ʚʝʣʠʯʠʥʳ ʧʝʨʝʧʨʠʩʚʘʠʚʘʶʪʩʷ 

ʠʩʭʦʜʥʳʤ ʯʠʩʣʦʚʳʤ ʦʙʲʝʢʪʘʤ (ʦʪʤʝʯʝʥʳ ʩʣʦʚʘʤʠ) ʜʣʷ ʬʠʢʩʘʮʠʠ ʤʘʩʩʦ-

ʚʳʭ, ʠʥʝʨʮʠʦʥʥʳʭ ʠ ʚʩʝʭ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʘʙʣʷ ʥʘ ʪʠʭʦʡ 

ʚʦʜʝ ʙʝʟ ʢʘʯʢʠ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚʩʝʛʜʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ 

ʭʦʜʘ ʥʘ ʯʠʩʪʦʡ ʚʦʜʝ. ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʢʦʨʘʙʣʷ ʧʣʘʚʥʦ ʥʘʙʠʨʘʝʪ ʪʨʝʙʫʝ-

ʤʳʡ ʭʦʜ ʠ ʧʦʩʪʝʧʝʥʥʦ ʚʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʳ ʢʘʯʢʠ, ʨʳʩʢʘʥʠʷ ʠ ʧʫʣʴʩʘ-

ʮʠʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʧʦ ʤʝʨʝ ʫʩʠʣʝʥʠʷ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ 

ʦʮʝʥʢʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʥʘ ʚʦʣʥʝʥʠʠ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʞʠʜʘʝʪʩʷ 

ʧʝʨʚʦʡ ʧʘʜʝʥʠʝ ʭʦʜʘ, ʢʦʪʦʨʦʝ ʥʘʟʥʘʯʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʠʤʘʣʴʥʦʡ ʠ 

ʦʩʨʝʜʥʸʥʥʦʡ ʭʦʜʢʦʩʪʠ ʥʘ ʚʦʣʥʝʥʠʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

 

ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʯʠʩʣʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʝʦʤʝʪʨʠʠ ʢʦʨʘʙʝʣʴʥʳʭ ʦʙʚʦʜʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʦʙʱʝʢʦʨʘʙʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʆʩʥʦʚʥʳʝ ʠʤʝʥʘ ʯʠʩʣʦʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʦʧʝʨʘʮʠʡ: 

Stern [*], Frame [ Nframes+2 ][  *  ] ʠ Stem[ *  ] ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʢʦʥʪʫʨʳ ʘʭʪʝʨʰʪʝʚʥʷ, ʰʧʘʥʛʦʫʪʦʚ ʠ ʬʦʨʰʪʝʚʥʷ; 

Keel [Nframes+2] ï ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʰʧʘʥʛʦʫʪʦʚ ʥʘ ʢʠʣʝʚʦʡ ʜʦʨʦʞʢʝ. 

Shell [ Nframes+1 ][  *  ] ï ʠʥʜʝʢʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʧʦ-

ʩʪʨʦʝʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ʰʧʘʮʠʡ ʠ ʦʢʦʥʝʯʥʦʩʪʝʡ.  

ʆʪʩʯʸʪʳ ʠʥʜʝʢʩʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʠʣʝʚʦʡ ʜʦʨʦʞʢʠ: 0 ï ʘʭʪʝʨʰʪʝʚʝʥʴ; 

Frame [ 1éNframes ] ï ʰʧʘʥʛʦʫʪʳ ʧʦ ʧʨʦʝʢʮʠʠ ʢʦʨʧʫʩ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʯʝʨʪʝʞʘ; Nframes+1 ï ʬʦʨʰʪʝʚʝʥʴ. ʇʨʠ ʩʯʠʪʳʚʘʥʠʠ ʢʦʥʪʫʨʳ Stern  ʠ 
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Stem ʜʦʧʦʣʥʷʶʪ ʰʧʘʥʛʦʫʪʳ, ʥʦ ʦʥʠ ʩʦʭʨʘʥʷʶʪʩʷ ʜʣʷ ʟʘʤʳʢʘʥʠʷ ʪʨʘʥʮʝ-

ʚʳʭ ʨʘʩʰʠʨʝʥʠʡ ʠ ʫʪʦʣʱʝʥʠʡ ʥʘ ʰʪʝʚʥʷʭ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʦʨʧʫʩʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʧʠʩʘʥʠʷ ʰʧʘʥʛʦʫʪʦʚ Frame ( z,y ), ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʦ ʪʘʙʣʠʮʝ ʦʨʜʠʥʘʪ 

ʥʘ ʘʙʩʮʠʩʩʘʭ ʦʩʥʦʚʥʦʡ ʣʠʥʠʠ Keel ( ʭ ); ʠ ʰʪʝʚʥʝʡ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ 

Stem( x,y,z ) ʠ Stern ( x,y,z ), ʩʠʥʪʝʟʠʨʫʶʱʠʭ ʨʘʟʜʝʣʴʥʦʝ ʩʯʠʪʳʚʘʥʠʝ 

ʦʨʜʠʥʘʪ ʠ ʘʙʩʮʠʩʩ ʚ ʢʦʥʪʫʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ {  x,y,z }.  

ʂʦʥʪʫʨʳ ʰʧʘʥʛʦʫʪʦʚ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʝʦʜʥʦʟʥʘʯʥʳʤʠ ʬʫʥʢʮʠʷ-

ʤʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʥʥʝʣʴʥʦʡ ʢʦʨʤʳ ʠʣʠ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦ-

ʛʦʢʦʨʧʫʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩʫʜʥʘ. ʂʨʘʡʥʠʝ ʪʦʯʢʠ ʰʧʘʥʛʦʫʪʦʚ ʩ ʥʫʣʝʚʦʡ 

ʦʨʜʠʥʘʪʦʡ ʤʦʛʫʪ ʦʧʫʩʢʘʪʴʩʷ, ʦʥʠ ʚʩʝʛʜʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʧʦʣʥʷʶʪʩʷ ʧʦ-

ʩʣʝʜʥʝʡ ʧʝʨʚʦʡ ʠ ʘʧʧʣʠʢʘʪʦʡ ʧʨʠ ʩʯʠʪʳʚʘʥʠʠ ʢʦʨʧʫʩʘ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʚ 

ʧʨʦʝʢʮʠʠ ʙʦʢ ʢʦʥʪʫʨʳ ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʪʨʘʥʮʝʚʳʤʠ ʨʘʩʰʠʨʝ-

ʥʠʷʤʠ ʥʝ ʚʩʝʛʜʘ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʰʪʝʚʥʷʤʠ, ʪʦ ʥʫʣʝʚʳʝ ʦʨʜʠʥʘʪʳ ʪʨʘʥʮʝ-

ʚʳʭ ʨʘʩʰʠʨʝʥʠʡ ʠ ʘʙʩʮʠʩʩʳ ʢʦʥʪʫʨʦʚ ʦʢʦʥʝʯʥʦʩʪʝʡ ʞʝʣʘʪʝʣʴʥʦ ʫʢʘʟʳ-

ʚʘʪʴ ʚ ʷʚʥʦʤ ʚʠʜʝ, ʠʥʦʛʜʘ ʟʜʝʩʴ ʜʝʣʘʶʪʩʷ ʧʦʚʪʦʨʳ ʦʜʠʥʘʢʦʚʳʭ ʦʨʜʠʥʘʪ 

ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʧʦʣʠʨʫʶʱʠʭ ʪʦʯʝʢ ʥʘ ʰʪʝʚʥʷʭ. 

ʅʘ ʰʪʝʚʥʷʭ ʫʢʘʟʳʚʘʪʁʩʷ ʫʪʦʣʱʝʥʠʷ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ ʠʣʠ ʪʨʘʥʮʝʚʳʝ 

ʨʘʩʰʠʨʝʥʠʷ, ʠ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʫʙʣʠʨʫʝʪʩʷ ʰʠʨʠʥʘ ʧʣʦʩʢʦʩʪʝʡ ʥʘ 

ʜʥʠʝɦ ʠʣʠ ʧʘʣʫʙʘʭ: 

y = 0 ï ʟʘʦʩʪʨʝʥʥʳʡ ʰʪʝʚʝʥʴ ʠʣʠ ʩʣʦʤ ʧʦ ʣʠʥʠʠ ʢʠʣʷ ʥʘ ʜʥʠʱʝ; 

y > 0 ï ʦʨʜʠʥʘʪʘ ʰʠʨʠʥʘ ʜʦ ʩʣʦʤʘ ʚʘʪʝʨʣʠʥʠʠ ʥʘ ʪʨʘʥʮʝ, ʰʠʨʩʪʨʝ-

ʢʝ ʠʣʠ ʧʣʦʩʢʦʤ ʢʠʣʝ. 

y < 0 ï ʟʘʢʨʫʛʣʸʥʥʦʝ ʦʢʦʥʯʘʥʠʝ ʥʘ ʰʪʝʚʥʷʭ (ʥʝ ʦʪʨʘʙʦʪʘʥʦ). 

ʇʨʠ ʩʯʠʪʳʚʘʥʠʠ ʜʚʫʭ ʩʪʨʦʢ ʩ ʦʧʠʩʘʥʠʝʤ ʰʪʝʚʥʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠ ʚʟʘʠʤʥʦʝ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʝ ʘʙʩʮʠʩʩ ʢʦʥʪʫ-

ʨʦʚ ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʦʨʜʠʥʘʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʘʥʮʝʚʳʭ 

ʨʘʩʰʠʨʝʥʠʡ (ʠʣʠ ʨʘʜʠʫʩʦʚ ʙʫʣʙɹʦʚʳʭ ʩʢʨʫʛʣʝʥʠʡ). 
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ʆʩʦʙʝʥʥʦʩʪʠ ʛʨʘʬʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ 

ʊʨʠʘʥʛʫʣʷʮʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮʳ 

ʩʩʳʣʦʢ: Shell [Nframes+3][1+*], ʩ ʠʥʜʝʢʩʘʤʠ ʵʣʝʤʝʥʪʦʚ ʯʠʩʣʦʚʳʭ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʠ ʦʧʠʩʘʥʠʷ ʢʦʥʪʫʨʦʚ ʰʧʘʥʛʦʫʪʦʚ ʠ ʰʪʝʚʥʝʡ ʢʦʨʧʫʩʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʜʣʷ  ʢʦʥʪʫʨʦʚ ʭʨʘʥʠʪʩʷ ʥʘ ʤʝʩʪʝ ʥʫʣʝʚʳʭ ʠʥʜʝʢʩʦʚ, ʧʝ-

ʨʝʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʟʘʜʘʶʱʠʭ ʥʝʦʜ-

ʥʦʟʥʘʯʥʳʝ ʬʫʥʢʮʠʠ ʢʦʦʨʜʠʥʘʪ, ʧʦʟʚʦʣʷʷ ʨʘʙʦʪʘʪʴ ʩ ʤʥʦʛʦʢʦʨʧʫʩʥʠʢʘʤʠ 

ʠ ʢʦʨʨʝʢʪʥʦ ʧʨʦʨʠʩʦʚʳʚʘʪʴ ʙʦʨʪʦʚʳʝ ʢʠʣʠ ʠʣʠ ʢʨʫʧʥʳʝ ʵʣʝʤʝʥʪʳ 

ʥʘʜʚʦʜʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʢʦʨʘʙʣʷ. 

ʀʟʥʘʯʘʣʴʥʦ ʚ ʧʦʩʪʨʦʝʥʠʠ ʢʦʨʧʫʩʘ ʢʦʥʪʫʨʳ ʰʪʝʚʥʝʡ ʠʥʜʝʢʩʠʨʦʚʘ-

ʣʠʩʴ ʧʦ ʦʩʦʙʳʤ ʧʨʘʚʠʣʘʤ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʠʩʢʦʤ ʪʦʯʝʢ ʰʪʝʚʥʝʡ ʚʥʫʪʨʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʰʧʘʮʠʡ. ɺ ʜʚʫʭ ʩʪʘʨʰʠʭ ʙʠʪʘʭ ʢʘʞʜʦʛʦ ʦʪʩʯʸʪʘ ʚ ʠʥʜʝʢʩ-

ʥʦʤ ʤʘʩʩʠʚʝ ʭʨʘʥʷʪʩʷ ʧʨʠʟʥʘʢʠ ʚʝʨʰʠʥ ʪʨʝʫʛʦʣʴʥʠʢʦʚ: 

LeftFrame  0x8000 // ʪʦʯʢʠ ʩʤʝʞʥʦʛʦ ʣʝʚʦʛʦ (ʚ ʢʦʨʤʫ) ʰʧʘʥʛʦʫʪʘ 

SternPost  
0x4000 // ʠʥʜʝʢʩʥʘʷ ʤʘʩʢʘ ʰʧʘʮʠʡ ʙʣʠʟʠ ʘʭʪʝʨʰʪʝʚʥ ̫

StemPost   0x2000 // ʠ ʬʦʨʰʪʝʚʥʷ ʚ ʰʧʘʥʛʦʫʪʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʘʭ 

FramePost  0xE000 // ʦʙʱʘʷ ʤʘʩʢʘ ʦʩʦʙʦʛʦ ʰʧʘʥʛʦʫʪʥʦʛʦ ʠʥʜʝʢʩʘ 

ʃʦʛʠʢʘ ʧʦʠʩʢʦʚ ʪʦʯʝʢ ʥʘ ʰʪʝʚʥʷʭ ʚʥʫʪʨʠ ʨʘʩʯʝʪʥʳʭ ʰʧʘʮʠʡ, ʤʝʞʜʫ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʰʧʘʥʛʦʫʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʥʘʜʸʞʥʳʤ, ʥʦ ʦʯʝʥʴ 

ʪʨʫʜʥʦ ʧʦʜʩʪʨʘʠʚʘʝʤʳʤ ʜʣʷ ʩʣʫʯʘʝʚ ʪʦʥʥʝʣʴʥʳʤ ʦʙʚʦʜʦʚ ʠʣʠ ʤʥʦʛʦʢʦʨ-

ʧʫʩʥʳʭ ʤʦʜʝʣʝʡ. 

ɺ ʧʦʩʣʝʜʥʝʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çAuroraè ʨʝʘʣʠʟʦʚʘʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʚʳʙʦʨʢʘ ʪʦʯʝʢ ʥʘ ʰʪʝʚʥʷʭ ʩ ʠʭ ʧʝʨʝʥʦʩʦʤ ʚʥʫʪʨʴ ʨʘʩ-

ʯʝʪʥʳʭ ʰʧʘʮʠʡ, ʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʢʨʠʚʣʸʥʥʳʭ ʢʦʥ-

ʪʫʨʦʚ ʥʘ ʰʪʝʚʥʷʭ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ ʢʦʨʧʫʩʘ. 

ɺ ʦʙʥʦʚʣʸʥʥʦʤ ʚʘʨʠʘʥʪʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ ʣʦʛʠʢʘ ʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʧʝʨʝʬʦʨʤʘʪʠʨʦʚʘʥʠʷ ʰʪʝʚʥʝʡ ʢ ʰʧʘʥʛʦʫʪʘʤ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʢʠ 

ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʘ ʚ ʫʪʦʯʥʝʥʠʠ ʪʠʧʘ ʰʧʘʥʛʦʫʪʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʰʧʘ-
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ʮʠʠ ʦʩʪʘʸʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʙʠʪ ʜʣʷ ʦʪʤʝʪʢʠ ʣʝʚʦʛʦ ʩʤʝʞʥʦʛʦ ʰʧʘʥʛʦʫʪʘ ï ʚ 

ʩʪʦʨʦʥʫ ʢʦʨʤʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ. 

    LeftFrame  0x8000 // ʣʝʚʳʡ ʩʤʝʞʥʳʡ ʰʧʘʥʛʦʫʪ ʚ ʨʘʩʯʸʪʥʦʡ ʰʧʘʮʠʠ 

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʚʩʝ ʨʘʟʥʦʩʪʠ ʘʙʩʮʠʩʩ 

ʚʥʫʪʨʠ ʰʧʘʮʠʡ ʥʘ ʰʧʘʥʛʦʫʪʥʳʭ ʢʦʥʪʫʨʘʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʜʠʥʘʢʦʚʤrʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʪʦʯʢʘʤ, ʩʥʷʪʳʤ ʩʦ ʰʪʝʚʥʝʡ. ɺ ʥʝʢʦʪʦʨʳʭ ʦʪʣʘʜʦʯʥʳʭ ʚʝʨ-

ʩʠʷʭ ʧʨʦʛʨʘʤʤʳ ʠʥʦʛʜʘ ʟʘʜʝʡʩʪʚʦʚʘʣʠʩʴ ʝʜʠʥʠʯʥʳʝ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ 

ʰʧʘʥʛʦʫʪʘʤʠ, ʦʜʥʘʢʦ, ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʱʠʭ ʯʘ-

ʩʪʝʡ ʠ ʧʘʣʫʙʥʳʭ ʥʘʜʩʪʨʦʝʢ ʚ ʜʝʡʩʪʚʫʶʱʝʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʠʩʭʦʜʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʪʩʯʸʪʳ ʜʣʷ ʧʨʦʜʦʣʴʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʰʧʘʥʛʦʫʪʦʚ. 

ʂʦʥʪʫʨʳ ʰʪʝʚʥʝʡ ʟʘ ʧʨʝʜʝʣʘʤʠ ʚʩʝʭ ʨʘʩʯʝʪʥʳʭ ʰʧʘʮʠʡ ʦʙʨʘʟʫʶʪ 

ʜʚʘ ʦʩʪʘʪʦʯʥʳʭ ʰʧʘʥʛʦʫʪʘ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ: Shell [0][1+*] ï ʢʦʨʤʦʚʦʝ 

ʦʢʦʥʯʘʥʠʝ, ʢʘʢ ʚʳʩʪʫʧʘʶʱʘʷ ʯʘʩʪʴ ʘʭʪʝʨʰʪʝʚʥʷ, ʠ ʧʦ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦ-

ʩʪʠ ï Shell [Nframes+1][1+*]. ɺ ʢʘʯʝʩʪʚʝ ʝʜʠʥʦʡ ʨʘʟʥʦʩʪʠ ʘʙʩʮʠʩʩ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪʩʷ ʦʪʩʪʦʷʥʠʝ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʘʣʸʥʥʳʤ ʪʦʯʢʘʤ ʥʘ ʰʪʝʚʥʷʭ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʥʜʝʢʩʘʮʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʰʧʘʥʛʦʫʪʦʚ ʦʩʪʘʸʪʩʷ ʚʥʫʪʨʠ 

ʠʥʪʝʨʚʘʣʘ ʩ ʠʥʜʝʢʩʘʮʠʝʡ ʧʦ ʠʭ ʢʦʣʠʯʝʩʪʚʫ: [1éNframes]. 

ɺ ʤʦʜʫʣʝ Hull  ʩ ʨʘʩʯʸʪʘʤʠ ʧʦ ʪʝʦʨʠʠ ʢʦʨʘʙʣʷ, ʪʦʯʢʠ ʥʘ ʰʧʘʥʛʦʫʪʘʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʷʶʪʩʷ ʣʠʙʦ ʦʪʨʝʟʢʘʤʠ ʧʨʷʤʳʭ, ʣʠʙʦ, ʜʣʷ ʧʦʚʳ-

ʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ï ʛʣʘʜʢʠʤʠ ʩʧʣʘʡʥʦʚʳʤʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʢʨʠʚʳʤʠ, 

ʛʜʝ ʧʦʚʪʦʨʝʥʠʝ ʪʦʯʝʢ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʩʣʫʞʠʪ ʧʨʠʟʥʘʢʦʤ 

ʩʣʦʤʘ ʛʣʘʜʢʦʡ ʢʨʠʚʦʡ (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʨʸʭʤʝʨʥʦʡ ʛʨʘʬʠʢʦʡ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʢʫʣʴʤʘʥʘ DesignCAD) 

ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ Aurora  ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʨʘʙʝʣʥɹʦʡ 

ʦʙʰʠʚʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʙʳʩʪ-

ʨʳʭ ʠ ʪʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʧʫʩʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʩʣʫʯʘʷʭ ʩ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʚʝʩʴʤʘ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ. 
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ʈʠʩ. 34. ʈʘʟʤʝʪʢʘ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʥʘ ʦʙʰʠʚʢʝ ʢʦʨʧʫʩʘ. 

ʇʨʦʩʪʝʡʰʠʤ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʩʪʘʣ ʚʳʙʦʨ ʤʠʥʠʤʘʣʴ-

ʥʦʡ ʜʣʠʥʳ ʜʠʘʛʦʥʘʣʝʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʘ VR, VL, ʧʨʠ ʵʪʦʤ ʦʩʦʙʦ ʦʪʨʘʙʘ-

ʪʳʚʘʶʪʩʷ ʩʦʚʧʘʜʘʶʱʠʝ ʪʦʯʢʠ, ʩʣʦʤʳ ʰʧʘʥʛʦʫʪʦʚ ʠ ʙʦʣʴʰʠʝ ʨʘʟʥʦʩʪʠ 

ʫʛʣʦʚ ʥʦʨʤʘʣʝʡ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʩʤʝʞʥʳʭ ʪʨʝʫʛʦʣʥɹʠʢʦʚ ʚ ʧʦʣʦʩʝ 

ʨʘʩʯʸʪʥʦʡ ʰʧʘʮʠʠ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʨʝʘʣʠʟʦʚʘʥ ʜʚʫʭʧʨʦʭʦʜʥʳʡ ʘʥʘʣʠʟ 

ʜʚʫʭ ʩʤʝʞʥʳʭ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʦʚ. 

ʇʦ ʧʦʜʚʦʜʥʦʡ ʦʙʰʠʚʢʝ ʩʥʘʯʘʣʘ ʦʪ ʢʠʣʷ ʚ ʩʪʦʨʦʥʫ ʚʘʪʝʨʣʠʥʠʠ ʧʦʧʫʪ-

ʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʠʩʢ ʨʝʟʢʠʭ ʩʣʦʤʦʚ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʚʳʩʪʫʧʘʶʱʠʤ ʯʘ-

ʩʪʷʤ, ʢʘʢ ʙʦʨʪʦʚʳʝ ʢʠʣʠ, ʢʨʳʣʴʝʚʳʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʠʣʠ ʢʦʨʤʦʚʳʝ ʨʫʣʠ. 

ʇʨʠ ʠʭ ʦʙʥʘʨʫʞʝʥʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʰʠʚʢʠ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʩ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʧʦʩʪʨʦʝʥʠʝʤ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʧʦ ʰʧʘʮʠʠ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ï 

ʦʪ ʚʘʪʝʨʣʠʥʠʠ ʢ ʪʦʯʢʘʤ ʧʨʠʦʩʪʘʥʦʚʢʠ. 

ʇʦ ʥʘʜʚʦʜʥʦʡ ʯʘʩʪʠ ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʳʡ ʘʣʛʦʨʠʪʤ ʩ ʧʦʠʩʢ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʟʘʩʝʯʝʢ ʧʦ ʩʣʦʤʘʤ ʥʘ ʰʧʘʥʛʦʫʪʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʧʘ-

ʣʫʙʥʦʤ ʰʠʨʩʪʨʝʢʝ, ʘ ʪʘʢʞʝ ʧʦ ʜʫʙʣʠʨʫʶʱʠʤʩʷ ʪʦʯʢʘʤʠ, ʢʘʢ ʧʦ ʠʟʚʥʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʦʯʢʘʤ ʦʙʷʟʘʪʝʣʴʥʳʭ ʩʣʦʤʦʚ ʙʦʨʪʘ. ʉʫʪʴ ʧʦʩʪʨʦʝʥʠʡ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʦʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʪʦʯʢʘʭ ʩʣʦʤʘ 

ʙʦʨʪʘ, ʬʦʨʤʘʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʜʦʧʫʩʪʠʤʳʭ ʫʛʣʘʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʨʧʫʩʘ ʧʦ ʢʦʥʢʨʝʪʥʦʡ ʧʦʜʙʦʨʢʝ ʢʦʨʧʫʩʦʚ ʚ ʨʘʙʦʯʝʡ ʙʘʟʝ ʜʘʥʥʳʭ ʮʠʬʨʦ-

ʚʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʯʝʨʪʝʞʝʡ: çVesse l ». 
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ʋʩʢʦʨʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʩʦʙʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʜʚʫʤʝʨʥʦʛʦ ʤʘʩʩʠʚʘ 

ʠʥʜʝʢʩʦʚ Shell [y][z], ʨʝʛʫʣʷʨʠʟʦʚʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʚʳʙʦʨʢʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʚʝʢʪʦʨ-

ʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ. ɺʳʙʦʨʢʘ ʪʨʝʫʛʦʣʴ-

ʥʠʢʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ Select ( y,z ).  

ʊʘʢ, ʚ ʯʘʩʪʥʦʩʪʠ: 

ʘ) ï ʘʙʩʮʠʩʩʳ ʰʪʝʚʥʝʡ ʠ ʰʧʘʥʛʦʫʪʦʚ ʣʦʢʘʣʠʟʫʶʪʩʷ ʦʪ ʥʫʣʷ ʜʦ ʩʨʝʜ-

ʥʝʡ ʚʝʣʠʯʠʥʳ ʰʧʘʮʠʠ; 

ʙ) ï ʚʩʝ ʨʘʟʥʦʩʪʠ ʦʨʜʠʥʘʪ ʜʣʷ ʪʦʯʝʢ ʥʘ ʩʤʝʞʥʳʭ ʰʧʘʥʛʦʫʪʘʭ ʫʤʝʥʴ-

ʰʘʶʪʩʷ ʚ ʪʨʠ ʨʘʟʘ; 

1 ʢ ʨʘʥʝʝ ʦʪʤʝʯʝʥʥʳʤ ʥʫʣʝʚʳʤ ʨʘʟʥʦʩʪʷʤ ʥʘ ʩʣʦʤʘʭ ʰʧʘʥʛʦʫʪʦʚ ʜʦʙʘʚ-

ʣʷʝʪʩʷ ʮʝʣʳʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢ ʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʧʘʨʦʡ ʪʨʝʫʛʦʣʴʥʠʢʦʚ; 

2 ʢ ʥʦʚʦʡ ʥʫʣʝʚʦʡ ʨʘʟʥʦʩʪʠ ʜʦʙʘʚʣʷʝʪʩʷ ʩʤʝʞʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʘ ʚ 

ʩʣʫʯʘʝ ʜʚʫʭ ʩʣʦʤʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʠʩʢ ʜʨʫʛʦʡ ʥʝʥʫʣʝʚʦʡ ʧʘʨʳ ʨʘʟʥʦʩʪʝʡ; 

3 ʧʨʦʚʝʨʷʝʪʩʷ ʥʘʢʣʦʥ ʜʠʘʛʦʥʘʣʝʡ, ʢʦʪʦʨʳʡ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 20°; 

4 ʚʳʷʚʣʷʶʪʩʷ ʩʣʦʤʳ ʰʧʘʥʛʦʫʪʦʚ ʥʘ 8Á30' ʠ ʣʠʙʦ ʜʦʙʘʚʣʷʝʪʩʷ ʩʤʝʞ-

ʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʣʠʙʦ ʧʦ ʜʚʫʤ ʩʣʦʤʘʤ ʜʦʩʪʨʘʠʚʘʝʪʩʷ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢ; 

5) ʩʨʘʚʥʠʚʘʶʪʩʷ ʥʦʨʤʘʣʠ ʥʦʚʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩ ʧʦʩʣʝʜʥʠʤ ʠʟ ʨʘʥʝʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʮʠʢʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʦʨʘ. 

ɺʠʨʪʫʘʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ Draw ʧʦʜʛʦʪʘʚʣʠʚʘʝʪ ʛʨʘʬʠʯʝʩʢʫʶ ʩʨʝʜʫ 

ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʨʧʫʩʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʛʨʘʬʠʯʝʩʢʦʡ 

ʩʮʝʥʳ, ʛʜʝ ʢʦʥʪʝʢʩʪʥʦ ʥʝʟʘʚʠʩʠʤʘʷ ʧʨʦʮʝʜʫʨʘ Drawing  ï ʚʳʧʦʣʥʷʝʪ 

ʧʨʷʤʫʶ ʧʨʦʨʠʩʦʚʢʘ ʢʦʨʧʫʩʘ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ï çʢʘʢ 

ʝʩʪʴè. 

ʈʝʞʠʤ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘʜʘʶʪʩʷ ʛʦʨʷʯʝʡ ʢʣʘʚʠʰʝʡ çTabè ʠ ʫʧʨʘʚʣʷʝʪ-

ʩʷ ʤʘʩʢʦʡ DrawMode ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʝʨʝʢʣʶʯʝʥʠʝʤ: 

   0   ï ʧʨʦʟʨʘʯʥʳʡ ʢʦʨʧʫʩ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ; 

     1   ï ʧʦʚʝʨʭʥʦʩʪʴ ʚʘʪʝʨʣʠʥʠʠ ʩ ʢʦʥʪʫʨʘʤʠ ʰʪʝʚʥʝʡ ʠ ʰʧʘʥʛʦʫʪʦʚ; 
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     2   ï ʢ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ ʜʦʙʘʚʣʷʝʪʩʷ ʧʦʜʚʦʜʥʳʝ ʦʙʚʦʜʳ; 

     3   ï ʢʦʨʧʫʩ ʠʟʦʙʨʘʞʘʝʪʩʷ ʮʝʣʠʢʦʤ, ʥʦ ʙʝʟ ʰʪʝʚʥʝʡ ʠ ʰʧʘʥʛʦʫʪʦʚ. 

ʇʝʨʝʢʣʶʯʝʥʠʝ çSpaceè (ʧʨʦʙʝʣ) ʟʘʤʝʥʷʝʪ ʟʘʢʨʘʩʢʫ ʨʸʙʨʘʤʠ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ: 

     0ʭ4 ï ʪʝ ʞʝ ʨʝʞʠʤʳ 0õ3, ʥʦ ʪʦʣʴʢʦ ʩ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʤʠ ʨʝʙʨʘʤʠ 

ɼʠʥʘʤʠʢʘ ʢʦʨʘʙʣʷ ʤʦʜʝʣʠʨʫʝʪʩʷ ʧʨʠ ʚʳʟʦʚʝ ʧʨʦʮʝʜʫʨʳ Floa t ing  ï 

ʩʚʦʙʦʜʥʦʝ ʧʣʘʚʘʥʠʝ ʥʘ ʚʟʚʦʣʥʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ; ʠ ʧʨʦʮʝʜʫʨʳ 

Moving  ï ʩʤʝʱʝʥʠʝ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ ʟʘ ʪʦʪ 

ʞʝ ʨʘʩʯʸʪʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ dT.  

ʇʨʠʟʥʘʢʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʠ ʬʠʢʩʘʮʠʠ ʨʘʩʯʸʪʥʳʭ ʟʥʘʯʝ-

ʥʠʡ ʥʘ ʪʠʭʦʡ ʚʦʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʝʣʠʯʠʥ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʠʩ-

ʭʦʜʥʦʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ (Volume  = 0.0  ʠ/ʠʣʠ ʩʯʸʪʯʠʢ ʨʘʩʯʸʪʥʳʭ ʮʠʢ-

ʣʦʚ ʚʦ ʚʨʝʤʝʥʠ Kt  = 0 Ą ʦʙʥʦʚʣʝʥʠʝ). 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʦʙʰʠʚʢʠ ï ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʥʘ ʧʨʠʣʝʛʘʶ-

ʱʠʝ ʢ ʰʪʝʚʥʷʤ, ʧʨʘʚʦʤʫ ʠʣʠ ʣʝʚʦʤʫ ʙʦʨʪʫ (Board ), ʠ ʦʙʦʟʥʘʯʝʥʠʷ ʧʨʠ-

ʥʘʜʣʝʞʥʦʩʪʠ ʢ ʧʦʜʚʦʜʥʳʤ ʦʙʚʦʜʘʤ, ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʚʦʜʝ (ʚʘʪʝʨʣʠʥʠʠ) 

ʠ, ʢ ʥʘʜʚʦʜʥʳʤ ʚʝʪʚʷʤ ʰʧʘʥʛʦʫʪʦʚ ʠ ʧʘʣʫʙʝ (Level ): 

int  Board ,   // '0'  ʰʪʝʚʥʠ; ' - '  ʣʝʚʳʡ ʠʣʠ '+'  ʧʨʘʚʳʡ ʙʦʨʪ 

    Level ;   // - 2 ï ʧʦʜʚʦʜʥʳʝ ʦʙʚʦʜʳ; - 1 ï ʩʤʦʯʝʥʥʳʡ ʙʦʨʪ ʚʳʰʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʚʘʪʝʨʣʠʥʠʠ; 0 ï ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ; 

+1 ï ʦʩʫʰʝʥʥʳʡ ʙʦʨʪ ʥʠʞʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʘʜʢʠ; +2 ï ʥʘʜʚʦʜʥʳʡ 

ʙʦʨʪ ʚʳʰʝ ʚʘʪʝʨʣʠʥʠʠ. 

ʈʘʟʤʝʨʥʦʩʪʠ ʢʦʨʧʫʩʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʤʘʩʰʪʘʙʝ, ʚʩʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, ʧʣʦʱʘʜʠ, ʦʙʲʸʤʳ ʠ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʠʩʯʠʩ-

ʣʷʶʪʩʷ ʚ ʣʦʢʘʣʴʥʦʡ/ʢʦʨʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩ ʥʫʣʝʚʦʡ ʪʦʯʢʦʡ 

ʦʪʩʯʸʪʘ ʥʘ ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʝ ʥʘ ʫʨʦʚʥʝ ʚʘʪʝʨʣʠʥʠʠ ʧʦ ʟʘʜʘʥʥʦʡ ʦʩʘʜʢʝ. 
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ʅʘʩʪʨʦʡʢʠ ʛʨʘʬʠʯʝʩʢʦʡ ʩʮʝʥʳ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʇʘʨʘʤʝʪʨʳ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʚ ʩʣʫʯʘʝ ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʨ-

ʧʫʩʘ ʢʦʨʘʙʣʷ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʝ Draw, ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʠʥʠʮʠʠʨʦʚʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

OpenGL. 

eye , look  ï ʫʛʣʦʚʳʝ ʦʪʩʯʸʪʳ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʡ ʠʟ ʪʦʯʢʠ ʦʙʟʦʨʘ ʥʘ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʮʝʥʳ; 

Distance  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ ʜʦ ʮʝʥʪʨʘ ʩʮʝʥʳ ʚ 

ʤʘʩʰʪʘʙʥʳʭ ʚʝʣʠʯʠʥʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʤʝʪʨʘʭ. 

ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʩʮʝʥ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʣʠʙʦ 

ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʦʛʦʚʦʨʝʥʥʳʭ ʘʢʢʦʨʜʦʚ ʢʣʘʚʠʘʪʫʨʳ, ʠʣʠ ʩ ʧʦʤʦ-

ʱʴʶ ʫʢʘʟʘʪʝʣʷ çʤʳʰʴè. 

ʀʟʥʘʯʘʣʴʥʦ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʠʩʧʦʣʴʟʦʚʘ-

ʣʦʩʴ ʜʣʷ ʙʝʩʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʦʚ ʜʠʥʘʤʠʢʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʨʘʙʣʷ ʩ ʢʨʫʧʥʳʤ ʪʨʦʭʦʠʜʘʣʴʥʳʤ ʤʦʨʩʢʠʤ ʚʦʣʥʝʥʠʝʤ. ʂʣʶʯ 

onlyDraw =true ï ʩʣʫʞʠʪ ʜʣʷ ʟʘʧʫʩʢʘ ʨʝʞʠʤʘ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʨʘʙʣʷ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʧʦʪʦʢʝ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʩʨʝʜ rOpenGL ʙʝʟ ʚʣʠʷʥʠʷ ʥʘ 

ʜʘʥʥʳʝ ʧʦ ʢʦʨʘʙʣʶ ʠ ʩʦʩʪʦʷʥʠʶ ʤʦʨʷ. ʀʥʘʯʝ, ʵʪʘ ʞʝ ʧʨʦʮʝʜʫʨʘ Floa t-

ing ( false ) ʨʝʝʥʪʝʨʘʙʝʣʴʥʦ ʠʩʧʦʣʥʷʝʪʩʷ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʦʪʦʢʝ ʜʣʷ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʢʦʨʘʙʝʣʴʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʦʙʨʘʱʝʥʠʡ ʢ 

ʫʩʪʨʦʡʩʪʚʘʤ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ.  

ʉ ʢʘʞʜʳʤ ʨʘʩʯʸʪʥʳʤ ʰʘʛʦʤ ʟʘʥʦʚʦ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʡ-

ʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʤʦʛʫʪ ʦʪʦʙʨʘʞʘʪʩɹʷ ʚʝʢ-

ʪʦʨʳ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʩ ʢʘʞʜʳʤ ʨʘʩʯʝʪʥʳʤ ʰʘʛʦʤ ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ ʚʤʝ-

ʩʪʝ ʩʦ ʰʪʦʨʤʦʚʳʤ ʢʦʥʪʫʨʦʤ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ. 
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ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʢʦʨʘʙʣʷ ʚ ʫʩʣʦʚʠʷʭ ʰʪʦʨʤʦʚʦʛʦ ʧʣʘʚʘʥʠʷ 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩʪʨʦʠʪʩʷ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʨʝʰʝʥʠʡ ʧʦ 

ʥʝʟʘʚʠʩʠʤʳʤ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʯʪʦ ʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʳʤ ʠʥʪʝʨʘʢ-

ʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʦʤ ʩʠʣʦʚʦ-

ʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʩʦ ʰʪʦʨʤʦʚʦʡ ʩʪʠʭʠʝʡ. ʋʧʨʘʚʣʝʥʠʝ 

ʢʫʨʩʦʤ ʠ ʭʦʜʦʤ ʤʦʜʝʣʠ ʢʦʨʘʙʣʷ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʣʥʝʥʠʷ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʵʢʩʪʨʘʧʦʣʷʮʠʷʭ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʣʘʚʥʦʡ 

ʢʠʥʝʤʘʪʠʢʠ ʢʦʨʧʫʩʘ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʪʷʛʦʚʳʭ 

ʜʚʠʞʠʪʝʣʝʡ ʠ ʢʦʨʤʦʚʳʭ ʨʫʣʝʡ. 

ɺ ʤʦʜʝʣʠʨʫʝʤʦʤ ʜʚʠʞʝʥʠʠ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʢʦʨʘʙʣʷ ʨʘʟʜʝʣʴʥʦ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʘʞʜʦʡ ʠʟ ʙʘʟʦʚʳʭ ʚʦʣʥʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʛʠʜʨʦʜʠʥʘʤʠ-

ʯʝʩʢʠ ʢʦʨʨʝʢʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʛʣʘʚʥʫʶ ʯʘʩʪʴ ʧʨʦʮʝʩʩʘ ʦʪʨʘʞʝʥʠʷ ʪʨʦ-

ʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥ ʦʪ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ. ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʚʦʣʥʦʚʦʝ ʧʦʣʝ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʦʜʚʦʜʥʳʭ ʪʝʯʝʥʠʡ ʧʦʣʫʯʘʝʪ-

ʩʷ ʚʝʢʪʦʨʥʳʤ ʩʫʤʤʠʨʦʚʘʥʠʝʤ (ʧʨʦʩʪʦʡ ʩʫʧʝʨʧʦʟʠʮʠʝʡ19) ʥʝʟʘʚʠʩʠʤʳʭ 

ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʩʣʫʞʠʪ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʣ ʠ ʨʝʘʢʮʠʡ ʦʙʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʛʨʝʙʥʝʡ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ, ʚ ʮʝʣʦʤ, 

ʦʧʨʝʜʝʣʷʷ ʰʪʦʨʤʦʚʫʶ ʛʠʜʨʦʤʝʭʘʥʠʢʫ ʢʦʨʘʙʣʷ ʥʘ ʭʦʜʫ ʧʨʦʠʟʚʦʣʴʥʳʤʠ 

ʢʫʨʩʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ. 

ʋʩʢʦʨʝʥʠʶ ʚʳʯʠʩʣʝʥʠʡ ʩʣʫʞʘʪ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʦ ʰʧʘʮʠʷʤ ʯʠʩʣʦ-

ʚʳʝ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ, ʯʪʦ ʪʘʢʞʝ 

ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʨʝʝʥʪʝʨʘʙʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʘʩʧʘʨʘʣ-

ʣʝʣʠʚʘʥʠʷ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʚʳʯʠʩʣʝʥʠʡ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘ-

ʥʦʚʦ ʠʥʪʝʨʧʦʣʠʨʫʶʪʩʷ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʚʦʣʥʦʚʳʭ ʩʢʣʦʥʦʚ ʠ ʩʪʘʚʷʪʩʷ 

ʙʠʤʩʳ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʪʝʨʣʠʥʠʠ ʩ ʨʘʟʜʝʣʝ-

ʥʠʝʤ ʧʦʜʚʦʜʥʦʛʦ ʠ ʥʘʜʚʦʜʥʦʛʦ ʦʙʲʸʤʦʚ ʢʦʨʧʫʩʘ. ʇʦ ʦʙʚʦʜʘʤ ʢʦʨʧʫʩʘ ʚʳ-

 
19 ɺ ʧʨʦʩʪʦʡ ʩʫʧʝʨʧʦʟʠʮʠʠ ʥʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚʦʟʤʦʞʥʦʝ ʦʙʨʫʰʝʥʠʝ ʛʨʝʙʥʷ ʩʫʤʤʘʨ-

ʥʦʡ ʚʦʣʥʳ, ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʧʨʠʚʝʜʝʪ ʢ ʫʩʠʣʝʥʥʦʤʫ ʩʠʣʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʢʦʨ-

ʧʫʩ ʢʦʨʘʙʣʷ, ʠʣʠ ï ʢ ʦʮʝʥʢʘʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ çʦʧʘʩʥʫʶ ʩʪʦʨʦʥʫè. 
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ʯʠʩʣʷʶʪʩʷ ʥʦʚʳʝ ʦʙʲʸʤʳ ʩʦ ʩʤʝʱʸʥʥʳʤʠ ʮʝʥʪʨʘʤʠ ʚʝʣʠʯʠʥʳ (ʤʦʤʝʥʪʘ-

ʤʠ ʠʥʝʨʮʠʠ), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʜʠʝʥʪʦʚ ʥʘʢʣʦʥʘ ʚʦʣʥʦʚʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʫʩʨʝʜʥʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ ʘʨʭʠʤʝʜʦʚʳʭ ʩʠʣ 

ʚʩʧʣʪrʠʷ. 

ʄʝʪʘʮʝʥʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʧʫʩʘ ʚʳʯʠʩʣʷʶʪʩʷ, ʥʦ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʜʠʥʘʤʠʢʠ ʢʦʨʘʙʣʷ ʚ ʪʨʘʜʠʮʠʦʥ-

ʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʪʝʦʨʠʠ ʢʦʨʘʙʣʷ, ʜʣʷ ʯʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʯʠʩʣʷʶʪ-

ʩʷ ʧʣʦʱʘʜʴ, ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʠ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ ʜʝʡʩʪʚʫʶ-

ʱʝʡ ʚʘʪʝʨʣʠʥʠʠ, ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʝ ʨʘʜʠʫʩʳ ʠ ʧʦʣʦʞʝʥʠʝ ʤʝʪʘʮʝʥʪʨʦʚ ʧʦ 

ʚʝʨʪʠʢʘʣʠ ʦʪ ʠʟʤʝʥʯʠʚʦʛʦ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ. 

 

ʉʧʠʩʦʢ ʧʨʠʥʷʪʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʚ ʰʪʦʨʤʦʚʦʡ 

ʛʠʜʨʦʤʝʭʘʥʠʢʝ ʢʦʨʘʙʣ ̫

Volume [ʤ3] ʠ Surface [ʤ2] ï ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʠ ʧʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ 

ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ ʥʘ ʪʠʭʦʡ ʚʦʜʝ; iV [ʤ3] ï ʧʦʛʨʫʞʝʥʥʳʡ ʦʙʲʸʤ ʢʦʨʧʫʩʘ ʚ 

ʫʩʣʦʚʠʷʭ ʢʘʯʢʠ ʥʘ ʚʦʣʥʝʥʠʠ; 
­

Gravity ï ʚʝʢʪʦʨ ʢʦʦʨʜʠʥʘʪ ʬʠʢʩʠʨʦʚʘʥʥʦ-

ʛʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢʦʨʘʙʣʷ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ; 
«

Buoyancy ʠ 
«

vB°[ʤ] ï ʮʝʥʪʨ ʚʝʣʠʯʠʥʳ ï ʚʝʢʪʦʨ ʚ ʢʦʨʘʙʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘ-

ʪʘʭ ʢ ʤʝʩʪʦʧʦʣʦʞʝʥʠ ʁʮʝʥʪʨʘ ʧʦʛʨʫʞʝʥʥʦʛʦ ʦʙʲʸʤʘ ʢʦʨʧʫʩʘ ʥʘ ʪʠʭʦʡ ʚʦ-

ʜʝ ʠ ʚʦʣʥʝʥʠʠ; g·
«

B = g·r·
«

B  [ʢʛĿʤ/ʩ2] ï ʚʝʢʪʦʨ ʘʨʭʠʤʝʜʦʚʳʭ ʩʠʣ ʚʩʧʣʳʪʠʷ; 
«

Floatable ʠ 
«

vF °[ʤ] ï ʮʝʥʪʨ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ ʥʘ ʪʠʭʦʡ ʚʦʜʝ ʠ ʚʦʣʥʝ-

ʥʠʠ; 
­

vW  [d] ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʩʢʣʦʥʫ ʚʦʣʥʳ; 
«

vS°[H/r] ʠ 
«

vR°[HĿʤ/r] ï ʠ ʚʝʢʪʦʨʳ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʧʦ ʧʣʦʱʘʜʢʘʤ 

ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ, ʩ ʫʯʸʪʦʤ ʜʘʚʣʝʥʠʷ ʧʦʜ ʚʝʨʪʠʢʘʣʴʶ ʚʦʣʥʦʚʦʛʦ ʩʢʣʦʥʘ ʩʦ 

ʩʧʘʜʦʤ ʥʘ ʚʝʣʠʯʠʥʫ ʢʘʩʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦ ɹʝʨʥʫʣʣʠ: 

dhz = 0.5·( dV )2/g°[ʤ]. 
«

G {  ɝ, ɖ, ɕ }  (x-surge, y-sway, z-heavy)[ʤ] ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝ-

ʩʪʠ ʚ ʧʦʜʚʠʞʥʳʭ ʢʦʨʘʙʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ; 
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­

ɋ{  ɗ, ɣ, ɜ }  (x-roll , y-pitch, z-yaw) [°]  ï ʥʘʧʨʘʚʣʝʥʠʝ ʢʫʨʩʘ ï ʧʦʚʦʨʦ-

ʪʦʚ ʧʦ ʦʩʷʤ ʢʨʝʥʘ, ʜʠʬʬʝʨʝʥʪʘ ʠ ʨʳʩʢʘʥʠʷ; 
­

V [ʤ/ʩ] ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʝʡ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʠ 
«

w[Á/ʩ] ï ʩʢʦʨʦʩʪʝʡ ʫʛ-

ʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ; 
³

r  [d3] ï  ʢʦʨʘʙʝʣʴʥʳʡ ʙʘʟʠʩ, ʢʘʢ ʙʝʟʨʘʟʤʝʨʥʳʡ ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ 

ʪʝʥʟʦʨ ʯʠʩʪʦʛʦ ʧʦʚʦʨʦʪʘ; 

r·
³

inMass  [ʢʛĿʤ2]ïʤʘʩʩʦʚʳʡ (ʦʙʲʸʤʥʳʡ [ʤ5]) ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ ʢʦʨʘʙʣʷ; 
­

L  [ʤ] ï ʧʣʝʯʦ ʨʘʩʭʦʞʜʝʥʠʷ ʮʝʥʪʨʦʚ ʚʝʣʠʯʠʥʳ ʠ ʪʷʞʝʩʪʠ; 
­

iV  ï ʚʝʢ-

ʪʦʨ ʥʦʨʤʘʣʠ ʢ ʩʢʣʦʥʫ ʚʦʣʥʳ; h ï ʧʦʧʝʨʝʯʥʘʷ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʩrʦʪʘ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʠ ʦʧʝʨʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʚ ʢʦʨʘʙʝʣʴʥʦʤ ʠ ʚʥʝʰʥʝʤ ʢʦʦʨʜʠʥʘʪʥʳʭ ʙʘʟʠʩʘʭ 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʪʨʦʯʥʳʤʠ ʙʫʢʚʘʤʠ 

ʜʣʷ ʦʙʲʝʢʪʦʚ ʚ ʧʦʜʚʠʞʥʦʡ ʣʦʢʘʣʴʥʦʡ ï ʢʦʨʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ, ʣʠ-

ʙʦ ʟʘʛʣʘʚʥʳʤʠ ï ʜʣʷ ʚʝʣʠʯʠʥ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ï ʤʦʨʩʢʦʡ ʩʠ-

ʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɺʝʢʪʦʨʥʳʝ ʚʝʣʠʯʠʥʳ ʠʟʤʝʨʷʶʪʩʷ ʚ ʣʦʢʘʣʴʥʦʤ ʢʦʨʘ-

ʙʝʣɹʥʦʤ ʙʘʟʠʩʝ ʩ ʦʪʤʝʪʢʦʡ ʩʪʨʝʣʦʯʢʦʡ ʚʣʝʚʦ: 
«

a , ʣʠʙʦ ʚ ʛʣʦʙʘʣʴʥʦʡ ʥʝ-

ʧʦʜʚʠʞʥʦʡ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 
­

ɸ ʩʦ ʩʪʨʝʣʦʯʢʦʡ ʚʧʨʘʚʦ, ʛʜʝ ʦʪ-

ʤʝʨʷʶʪʩʷ ʩʢʣʦʥʳ ʠ ʛʨʝʙʥʠ ʤʦʨʩʢʠʭ ʚʦʣʥ ʠ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʛʨʘʬʠʯʝʩʢʘʷ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʨʘʙʣʸʤ ʚ ʰʪʦʨʤʦʚʦʤ ʤʦʨʝ. ʇʨʦʝʢʮʠʠ ʩʚʦ-

ʙʦʜʥʳʭ ʚʝʢʪʦʨʦʚ ʩʦʦʪʥʦʩʷʪʩʷ ʦʧʝʨʘʮʠʷʤʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʩ ʦʨʪʦʛʦʥʘʣʴ-

ʥʳʤ, ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʤ ʪʝʥʟʦʨʦʤ ʢʦʨʘʙʝʣʴʥʦʛʦ ʙʘʟʠʩʘ (ʠʣʠ ï ʪʝʥʟʦʨʦʤ 

ʦʨʠʝʥʪʘʮʠʠ)   
T
ÙØ³

== rrr : 

«³­

Ö= aA r  ï ʠʟ ʢʦʨʘʙʝʣʴʥʦʛʦ ʙʘʟʠʩʘ ʚ ʤʦʨʩʢʫʶ ʩʠʩʪʝʤʫ ʦʪʩʯʸʪʘ; 
³­«

= rAa  ï ʚʦʟʚʨʘʪ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʢ ʦʨʠʝʥ-

ʪʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʦʢʘʣʴʥʦʛʦ ʢʦʨʘʙʝʣʥɹʦʛʦ ʙʘʟʠʩʘ, ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʢʘʢ 
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ʜʣʷ ʚʝʢʪʦʨʦʚ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʫʛʣʦ-

ʚʳʭ ʚʝʢʪʦʨʦʚ ʠ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ.  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʣʥʳʡ ʧʝʨʝʩʯʸʪ ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ 
­

R  

ʚʝʢʪʦʨʦʚ ʚ ʢʦʨʘʙʝʣʴʥʦʡ ʠ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ20: 
«³­­

Ö+= aRA r  ï  ʧʝʨʝʭʦʜ ʠʟ ʢʦʨʘʙʝʣʴʥʦʡ ʚ ʥʝʧʦʜʚʠʞʥʫʶ ʛʣʦʙʘʣʥɹʫʶ 

ʤʦʨʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ; 
³­­«

-= r)( ARa  ï ʚʦʟʚʨʘʪ ʢ ʦʪʩʯʸʪʘʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʚʠʞʥʦʛʦ ʢʦ-

ʨʘʙʝʣʴʥʦʛʦ ʙʘʟʠʩʘ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʦʧʝʨʘʮʠʠ ʧʦ ʩʤʝʥʝ ʣʦʢʘʣʴʥʳʭ ʙʘʟʠʩʦʚ ʙʝʟ ʩʤʝʱʝʥʠʡ 

ʩʧʨʘʚʝʜʣʠʚʳ ʚ ʩʣʫʯʘʷʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʧʦʚʦʨʦʪʘ ʠ ʫʛ-

ʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʦʚ 

ʢʘʯʢʠ ʢʦʨʘʙʣʷ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʟɹʫʝʤʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʦʨʘʙʦʪʢʘʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ: 

1 ï ʙʦʨʪʦʚʘʷ   (roll)ï (x, ʢʨʝʥ ʥʘ +ʧʨʘʚʳʡ ʠ ïʣʝʚʳʡ ʙʦʨʪ, ʪʵʪʘ-ɗ ῀ J) 

2 ï ʢʠʣʝʚʘʷ   (pitch)ï (y, ʜʠʬʬʝʨʝʥʪ ʥʘ +ʢʦʨʤʫ, ʥʘ ïʥʦʩ, ʬʠ-ű) ῀ (ʧʩʠ-ɣ) 

3 ï ʨʳʩʢʘʥʠʝ (yaw) ï (z, ʫʭʦʜ ʩ ʢʫʨʩʘ +ʚʧʨʘʚʦ, ïʚʣʝʚʦ, ʥ -ʁɜ ῀ ʭʠ-ɢ) 

4 ï ʧʨʦʜʦʣʴʥʦ-ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ (surge) ï (x, +ʨʘʟʛʦʥ ʠ ïʧʦʪʝʨʷ, ʢʩʠ-ɝ) 

5 ï ʧʦʧʝʨʝʯʥʦ-ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ (sway)ï (y, +ʚʧʨʘʚʦ ʠ ïʚʣʝʚʦ, ʵʪʘ-ɖ) 

6 ï ʚʝʨʪʠʢʘʣʴʥʘʷ (heave)ï (z, +ʧʦʛʨʫʞʝʥʠʝ ʠ ïʚʩʧʣʳʪʠʝ, ʜʟʝʪʘ-ɕ) 

 

 
20 ʆʧʝʨʘʮʠʠ ʪʝʥʟʦʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ [16] ʠʟ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʦʙʣʘʜʘʶʪ 

ʥʘʠʚʳʩʰʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʝʨʝʨʘʩʯʸʪʘʭ. 
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ʆʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ ʚ ʫʩʣʦ-

ʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʣʥʝʥʠʷ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ ʚ ʪʷʞʝʣʦʡ ʚʦʜʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʤ 

ʪʨʦʭʦʠʜʘʣʴʥʦʤ ʚʦʣʥʝʥʠʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʩʪʨʦʠʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʧʨʷʤʦʛʦ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ) ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʛʜʝ ʚʥʝʰʥʠʝ ʩʠʣʳ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ 

ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʦʙʫʩʣʦʚʣʠʚʘʶʪʩʷ (ʥʝʧʠʩʘʥʥʳʤʠ) ʟʘʢʦʥʘʤʠ ʥʝʩʪʘʮʠʦʥʘʨ-

ʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ, ʜʝʡʩʪʚʫʶʱʠʤʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʳʭ ʵʚʦʣʶʮʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʚʳʟʚʘʥʥʳʭ ʧʦʪʦʢʘʭ ʦʢʨʫʞʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ï 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩʘʭ ʦʢʨʫʞʘʶʱʝʡ ʢʦʨʘʙʣʴ ʚʦʜʳ. 

ʆʜʥʘʢʦ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ 

ʜʣʷ ʢʦʨʘʙʣʷ ʚ ʨʝʘʣʴʥʦ ʚʷʟʢʦʡ, ʩʞʠʤʘʝʤʦʡ ʠ ʢʘʚʠʪʠʨʫʶʱʝʡ ʞʠʜʢʦʩʪʠ, ʩ 

ʧʨʝʜʝʣʴʥʦ ʚʦʟʙʫʞʜʝʥʥʦʡ ʵʥʝʨʛʠʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦʜ ʩʚʦ-

ʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ, ʧʦʢʘ ʦʩʪʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʟ-

ʨʘʙʦʪʦʢ [16 ï ʊʨʝʭʤʝʨʥʘʷ ʪʝʥʟʦʨʥʘʷ ʤʘʪʝʤʘʪʠʢʘ, 2005] ʠʣʠ ʢʨʘʡʥʝ ʨʝʩʫʨ-

ʩʦʝʤʢʠʭ ï ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɼʣʷ ʜʦʚʝʜʝʥʠʷ ʧʨʷʤʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʛʠʜʨʦʤʝʭʘ-

ʥʠʢʝ ʢʦʨʘʙʣʷ ʜʦ ʟʥʘʯʠʤʳʭ ʚ ʠʥʞʝʥʝʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʪʨʝ-

ʙʫʝʪʩʷ ʚʦʚʣʝʯʝʥʠʝ ʥʝʢʠʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʠʣʠ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʦʩʪʫʣʘʪʦʚ, 

ʢʦʪʦʨʳʝ ʙʝʟ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʡ ʧʨʠʚʝʜʫʪ ʢ ʧʨʠʝʤʣʝʤʳʤ ʦʮʝʥ-

ʢʘʤ ʧʨʦʝʢʪʥʳʭ ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴʥʳʭ ʟʘʢʣʶʯʝʥʠʡ, ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʧʨʦʨʘ-

ʙʦʪʢʘʤʠ ʢʦʨʨʝʢʪʥʳʭ ʥʘʩʪʘʚʣʝʥʠʡ ʤʦʨʝʧʣʘʚʘʪʝʣʷʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ 

ʙʝʟʦʧʘʩʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʚ ʰʪʦʨʤʦʚʦʤ ʤʦʨʝ ʧʦʜ ʫʨʘʛʘʥʥʳʤʠ ʚʝʪʨʘʤʠ. 

ʇʨʝʜʚʦʩʭʠʱʘʷ ʢʦʤʧʣʝʢʩʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʧʦ-

ʩʪʨʦʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʚ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʷʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚ-

ʥʳʝ ʜʦʧʫʱʝʥʠʷ ʚ ʤʦʜʝʣʷʭ ʯʠʩʪʦ ʣʦʢʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʜʚʠʞʥʳʭ 

ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʩ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʧʣʦʱʘʜʢʘʤʠ ʥʘ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʝ ʢʦʨ-

ʧʫʩʘ ʢʦʨʘʙʣʷ: 
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1) ʧʨʠʥʠʤʘʷ ʘʢʩʠʦʤʫ ʦ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʚʠʜʠʤʳʭ ʬʘʟ ʠ ʬʨʦʥʪʦʚ ʢʦ-

ʨʘʙʝʣʴʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʙʦʨʪʘ ʜʚʠʞʫʱʝʛʦʩʷ ʢʦʨʘʙʣʷ, ʧʦʣʘʛʘʝʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʤʦʨʩʢʠʭ ʚʦʣʥ ʟʘʚʠ-

ʩʷʱʠʤ ʣʠʰʴ ʦʪ ʛʝʦʤʝʪʨʠʠ ʦʙʚʦʜʦʚ ʢʦʨʧʫʩʘ, ʪʦʛʜʘ ʢʘʢ ʚʠʜʠʤʘʷ ʠʟʤʝʥʯʠ-

ʚʦʩʪʴ ʧʨʦʬʠʣʝʡ ʚʦʣʥ ʚʙʣʠʟʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʦʙʲʷʩʥʷʝʪʩʷ ʣʠʰʴ ʚʟʘʠʤʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ; 

2) ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʝʪʦʜʘʤʠ ʚʦʚʣʝʯʝʥʠʷ ʢʦʨʘʙʝʣʴʥʳʭ ʦʙʚʦʜʦʚ ʚ ʫʨʘʚ-

ʥʝʥʠʷʭ ʄʠʯʝʣʣʘ-ʂʦʯʠʥʘ ʜʣʷ ʢʦʨʘʙʝʣʴʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʩʤʦʯʝʥʥʦʡ ʢʦʨʘʙʝʣʴʥʦʡ ʦʙʰʠʚʢʠ ʧʦʢʨʳʚʘʝʪʩʷ ʚʠʭʨʝʠʩʪʦʯʥʠʢʘʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʫʩʣʦʚʠʷ ʥʝʧʨʦʪʝʢʘʥʠʷ ʩ ʧʦʜʪʦʨʤʘʞʠʚʘʥʠʝʤ ʥʘʙʝʛʘʶʱʠʭ 

ʧʦʪʦʢʦʚ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ ʢʦʨʘʙʣʷ, ʯʪʦ ʤʦʜʝʣʠʨʫʝʪʩʷ ʧʨʦʩʪʳʤʠ ʨʘʟʨʳʚʘʤʠ 

ʥʦʨʤʘʣʴʥʳʭ vn ʠ ʢʘʩʘʪʝʣʴʥʳʭ vs ʩʢʦʨʦʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʨʪʦʚʦʡ ʦʙ-

ʰʠʚʢʠ: 

 
«««««««««

³³+Ö=+= nvnnvnvvv sn ][)·( , [ʤ/ʩ] 

ʛʜʝ ʚʝʢʪʦʨ v = -V - vɤ = V + ɤ × L ï ʩʢʦʨʦʩʪʴ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʥʘʙʝʛʘʶʱʝ-

ʛʦ ʧʦʪʦʢʘ c ʫʯʝʪʦʤ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʚ ʧʦʚʦʨʦʪʘʭ ʢʦʨʧʫʩʘ ɤ ʧʨʠ 

L - ʦʪʩʪʦʷʥʠʠ ʦʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʜʚʠʞʫʱʝʛʦʩʷ ʢʦʨʘʙʣʷ. 

3) ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʚʣʠʷʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʧʦʪʦʢʦʚ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ (ʧʨʠʥʮʠʧ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ), ʠʟ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ p [H/ʤ2] ʠʩʢʣʶʯʘʝʪʩʷ ʚʝʢʪʦʨ 

ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʢʦʨʘʙʣʷ V [ʤ/ʩ] ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʧʦ ɹʝʨ-

ʥʫʣʣʠ. 

 hg
VLv
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r +
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=

««««

 [ʢʛ/ʤ/ʩ2]  

ʛʜʝ: r = 1 025 [ʢʛ/ʤ3] ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ; V ï ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʠ v [ʤ/ʩ] ï ʣʦ-

ʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʙʣʠʟʠ ʢʦʨʧʫʩʘ; hz [ʤ] ï ʛʣʫʙʠʥʘ; pa [ʢʛ/ʤ/ʩ
2] ï ʘʪʤʦ-

ʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ. 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ ʠʤʧʫʣʴʩʘ ʣʦʢʘʣʴ-

ʥʳʭ ʩʢʦʨʦʩʪʝʡ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʝʛʦ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝ-

ʥʠʷ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʢʦʨʧʫʩʘ, ʜʦʩʪʘʪʦʯʥʦ ʧʦʤʝʥʷʪʴ ʟʥʘʢ ʧʨʠ ʢʘʩʘʪʝʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʝ ʩʢʦʨʦʩʪʠ: 

 
«««««««««

³³-Ö=+= nvnnvnvvv sn ][)·( . [ʤ/ʩ] 

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʦʙʥʫʣʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ 

ʚʙʣʠʟʠ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʜʚʦʝʥʠʶ ʚʳʩʦʪʳ ʦʪʨʘʞʘʝʤʦʡ ʚʦʣʥʳ, ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʜʘʚʣʝ-

ʥʠʷ ʚʦʜʳ ʧʦʜ ʦʪʨʘʞʘʝʤʦʡ ʚʦʣʥʦʡ. ɺ ʩʣʫʯʘʝ ʧʦʣʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʤʦʜʝʣʠ 

ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ, ʥʦʨʤʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʦʙʥʫʣʷʝʪʩʷ ʛʨʘʥʠʯʥʳ-

ʤʠ ʫʩʣʦʚʠʷʤʠ, ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠ-

ʤʳʤ ʠʟʤʝʨʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ ʚʙʣʠʟʠ ʙʦʨʪʘ ʢʦʨʘʙʣʷ: p = ɟ·g·h. 

ʋʷʟʚʠʤʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ ʦʪʩʪʦ-

ʷʥʠʷ ʦʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ L [ʤ]. ɺ ʪʝʢʫʱʝʡ ʚʝʨʩʠʠ 

«Auroraè ʮʝʥʪʨ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʧʘʨ ʩʠʣ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʪʨʦʛʦ ʧʦʩʨʝ-

ʜʠʥʝ ʤʝʞʜʫ ʜʝʡʩʪʚʫʶʱʠʤʠ ʮʝʥʪʨʘʤʠ ʚʝʣʠʯʠʥʳ ʠ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ, 

ʯʪʦ ʦʪʯʘʩʪʠ ʠʩʢʣʶʯʘʝʪ ʠʟ ʵʧʶʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʧʦʩʪʫʧʘ-

ʪʝʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʩʠʣʦʚʦʡ ʨʝʘʢʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʙʥʦ-ʫʧʨʦʱʸʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ 

ʢʦʨʘʙʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʚʝʢʪʦʨʳ, ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʦʟʥʘʯʘʝʪ ʜʠʥʘ-

ʤʠʢʫ ʢʦʨʘʙʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʥʘ ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʝ ʥʘ ʫʨʦʚʥʝ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʡ ʚʘʪʝʨʣʠʥʠʠ, ʥʝ ʫʩʫʛʫʙʣʷʝʪ çʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶè ʢʘʯʢʫ ʢʦʨʘʙ-

ʣʷ, ʠ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ (çʢʦʥʚʝʢʪʠʚʥʳʤè) ʟʘʭʚʘʪʘʤ ʢʦʨ-

ʧʫʩʘ ʛʨʝʙʥʷʤʠ ʢʨʫʧʥʳʭ ʚʦʣʥ. 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʠʥʝʤʘʪʠʢʠ ʢʦʨʧʫʩʘ ʥʝʦʙʭʦʜʠʤʦ 

ʮʝʥʪʨ ʚʨʘʱʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʧʝʨʝʤʝʱʘʪʴ, ʫʜʝʨʞʠʚʘʷ ʝʛʦ ʚʥʫʪʨʠ ʪʨʝ-

ʫʛʦʣʴʥʠʢʘ ʩ ʚʝʨʰʠʥʘʤʠ ʚ ʮʝʥʪʨʘʭ ʪʷʞʝʩʪʠ, ʚʝʣʠʯʠʥʳ ʠ ʧʣʦʱʘʜʠ ʜʝʡ-

ʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ. ɺ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʢʦʨʘʙʣʷ ʪʘʢʘʷ ʪʦʯʢʘ ʥʘʟʳʚʘʝʪʩʷ 
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ʮʝʥʪʨʦʤ çʙʦʢʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷè, ʠ ʝʸ ʢʦʤʧʦʥʝʥʪʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʧʨʦʷʚʣʝʥʠʷʭ ʬʦʨʤʳ çʢʨʳʣʘè ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʟʘ ʮʝʥ-

ʪʨʦʤ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ, ʥʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʢʨʫʛʣʦʛʦ 

ʢʦʨʧʫʩʘ ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ ʧʦʜʚʦʜʥʫʶ ʪʦʯʢʫ a ʩʪʨʦʛʦ ʧʦʩʨʝʜʠʥʝ ʤʝʞʜʫ 

ʤʛʥʦʚʝʥʥʳʤʠ ʮʝʥʪʨʘʤʠ ʚʝʣʠʯʠʥʳ ʠ ʧʣʦʱʘʜʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ: 

 )()··( svsfvca ++=
«««

, [ʤ] 

ʛʜʝ  ʩ ï ʚʝʢʪʦʨ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ, ʠ  f ï ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ ʚʘʪʝʨ-

ʣʠʥʠʠ; v ï ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʠ  s ï ʧʣʦʱʘʜʠ ʜʝʡʩʪʚʫ-

ʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ. 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʧʨʠʣʦʞʝʥʠʷ ʨʝʟʫʣʴʪʠʨʫʶ-

ʱʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʜʣʷ ʩʜʝʨʞʠʚʘʶʱʝʡ ʨʝʘʢʮʠʠ ʢʦʨʧʫʩʘ ʫʪʦʯʥʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʷʟʢʦʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʚʦʜʳ ʩʦʚʤʝʩʪʥʦ ʩ ʜʝʡʩʪʚʠʝʤ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ. ʇʨʠ ʫʩʠʣʝ-

ʥʠʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʢʦʨʘʙʣʷ 
«

w  ʩʤʝʱʘʝʪʩʷ ʢ ʧʦʜ-

ʚʦʜʥʦʡ ʪʦʯʢʝ, ʧʨʠ ʦʩʣʘʙʣʝʥʠʠ  ʢ ʮʝʥʪʨʫ ʪʷʞʝʩʪʠ: 

 
)1(··

)1(····

mVmv

mVGmva
w

-+

-+
=

««
«

 [ʤ] 

ʛʜʝ  v ï ʪʝʢʫʱʘʷ ʤʛʥʦʚʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʚʦʜʦʠʟʤʝʱʝʥʠʷ; V ï ʧʦʣʥʦʝ ʚʦʜʦ-

ʠʟʤʝʱʝʥʠʝ, ʜʦʧʦʣʥʷʝʤʦʝ ʟʘʤʝʨʘʤʠ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʝ ʢʦʨʧʫʩʘ; G ï 

ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢʦʨʘʙʣʷ;  m {  x,y,z } ï ʧʘʨʘʤʝʪʨʳ ʜʝʤʧʬʠʨʦ-

ʚʘʥʠʷ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢ ʠʥʪʝʨʚʘʣʫ [ 0,5 ÷ 1,0 [ : 

 2/)tanh1( m+=m   

ʛʜʝ  ɛ {  ɝ, ɖ, ɕ }  [ 0õÐ [ ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʦ-

ʩʪʫʧʘʪʝʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʢʦʨʧʫʩʘ. 

ɼʣʷ ʧʨʠʤʝʨʘ, ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ ʥʫʣʝʚʦʤ ʜʝʤʧʬʠʨʦʚʘ-

ʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʮʝʥʪʨ ʢʦʨʧʫʩʘ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʘʜʢʝ ʚʩʪʘʥʝʪ ʩʪʨʦ-

ʛʦ ʧʦʩʨʝʜʠʥʝ ʧʦʜʚʦʜʥʦʛʦ ʮʝʥʪʨʘ ʘ ʠ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ G, ʧʨʠ ʩʠʣʴʥʦʤ 
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ʜʝʤʧʬʠʨʦʚʘʥʠʠ ʢʦʨʘʙʣʴ ʙʫʜʝʪ ʨʘʩʢʘʯʠʚʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʚʦʜʥʦʛʦ 

ʮʝʥʪʨʘ ï ʫʩʣʦʚʥʦʛʦ ʮʝʥʪʨʘ ʙʦʢʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʨ-

ʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ, ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʠʩʪʨʘʮʠʠ ʫʚʝʣʠʯʠʚʘʶʱʝʛʦʩʷ ʢʦʥʪʨʦʣʴʥʦ-

ʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ V, ʚʣʠʷʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʙʫʜʝʪ ʥʝʤʥʦʛʦ ʦʩʣʘʙʝʚʘʪʴ, 

ʧʦʜʦʙʥʦ ʫʚʝʣʠʯʠʚʘʶʱʝʤʫʩʷ ʜʝʤʧʬʠʨʦʚʘʥʠʶ ʢʦʨʧʫʩʘ, ʯʪʦ ʦʪʯʘʩʪʠ 

ʫʤʝʥʴʰʠʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʘʯʢʠ ʠ ʩʥʠʟʠʪ ʦʧʘʩʥʦʩʪʴ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʢʦ-

ʨʘʙʣʷ. ʇʨʠ ʧʦʣʥʦʤ ʧʦʛʨʫʞʝʥʠʠ ʧʦʜʚʦʜʥʳʡ ʮʝʥʪʨ ʢʦʨʧʫʩʘ ʚrʯʠʩʣʷʝʪʩʷ ʧʦ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʧʨʠ ʦʪʨʳʚʝ ʦʪ ʚʦʜʳ ʵʪʦʪ ʮʝʥʪʨ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ ʧʨʠʚʦʜʠʪʩʷ ʢ ʮʝʥʪʨʫ ʪʷʞʝʩʪʠ. 

ʇʨʦʚʦʜʷ ʚʩʝ ʚʳʯʠʩʣʝʥʠʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʚʝʣʠʯʠʥʘʤʠ ʚ ʠʭ ʬʠʟʠʯʝ-

ʩʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʚ ʘʣʛʦʨʠʪʤʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʛʨʘʥʠʯʝ-

ʥʠʝ ʢʨʫʪʠʟʥʳ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʚʦʣʥ ʥʝ ʙʦʣʝʝ 30Á, ʠ ʩʪʦʷʯʠʭ ʛʨʝʙʥʝʡ ʜʝʚʷ-

ʪʳʭ ʚʘʣʦʚ ʥʝ ʢʨʫʯʝ 60Á. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʣʠʙʦ ʩʫʤʤʠʨʦʚʘʥʠʝ ʦʙʲʝ-

ʤʦʚ ʚʦʜʳ ʧʦʜ ʛʨʝʙʥʷʤʠ ʧʫʪʝʤ ʦʛʨʘʥʠʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʨʫʪʠʟʥʳ ʚʦʣ-

ʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʣʠʙʦ ʧʨʦʩʪʦ ʦʪʩʝʢʘʶʪʩʷ ʠʟʙʪrʦʯʥʳʝ ʧʦʪʦʢʠ ʚ ʫʩʣʦʚʥʦ 

ʦʙʨʫʰʘʶʱʠʭʩʷ ʛʨʝʙʥʷʭ ʥʦʚʳʭ ʚʦʣʥ. 

 

ʆʙ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʚʳʙʦʨʝ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʥɹʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʏʠʩʣʦʚʘʷ ʤʦʜʝʣʴ ʢʦʨʘʙʣʷ ʩʪʨʦʠʪʩʷ ʚ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʭ ʮʠʬʨʦʚʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʯʝʨʪʝʞʘʭ, ʩ ʦʭʚʘʪʦʤ ʥʘʜʚʦʜʥʦʡ ʦʙʱʝʢʦʨʘʙʝʣʴʥʦʡ ʘʨʭʠʪʝʢ-

ʪʫʨʳ, ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʤʘʩʩʦʚʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʧʫʩʘ, 

ʧʫʣʴʩʘʮʠʡ ʩʢʦʨʦʩʪʠ ʠ ʧʝʨʠʦʜʦʚ ʢʘʯʢʠ ʥʘʩʪʦʷʱʝʛʦ ʢʦʨʘʙʣʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʚʢʣʶʯʝʥʠʝʤ ʪʷʛʠ ʫʩʣʦʚʥʳʭ ʜʚʠʞʠʪʝʣʝʡ ʠ ʤʦʤʝʥʪʦʚ ʦʪ ʨʫʣʝʚʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʜʣʷ ʚʦʩʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʫʧʨʘʚʣʷʝʤʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʢʦ-

ʨʘʙʣʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝʥʠʷ. 

ʄʘʥʝʚʨʳ ʢʦʨʘʙʣʷ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʦʭʦʜʷʪ ʧʦ 

ʧʣʘʚʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʮʠʨʢʫʣʷʮʠʠ; ʪʘʢʞʝ ʧʣʘʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘʙʦʨ ʠ ʧʦ-
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ʪʝʨʷ ʭʦʜʘ, ʯʪʦ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʝ ʩʦ ʚʩʝʤʠ 

ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʧʦ ʫʛʣʦʚʳʤ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʚʠʜʘʤ ʢʘʯʢʠ; ʩ 

ʧʨʦʷʚʣʝʥʠʝʤ ʢʨʝʥʘ ʥʘ ʮʠʨʢʫʣʷʮʠʠ ʠ ʭʦʜʦʚʳʤ ʜʠʬʬʝʨʝʥʪʦʤ ʧʨʠ ʨʘʟʛʦʥʝ ʠ 

ʪʦʨʤʦʞʝʥʠʠ ʢʦʨʘʙʣʷ; ʠ ʯʪʦ ʦʩʦʙʦ ʚʘʞʥʦ ï ʩ ʧʝʨʝʤʝʥʯʠʚʦʡ ʩʢʦʨʦʩʪʴʶ ʭʦ-

ʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʨʧʫʩʘ ʩ ʢʦʥ-

ʢʨʝʪʥʳʤʠ ʛʨʝʙʥʷʤʠ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ, ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʣʴʬʠʥʠʨʦ-

ʚʘʥʠʷ, ʠʣʠ ʟʘʭʚʘʪʘ ʢʦʨʧʫʩʘ ʚʦʣʥʦʡ ʠ ʙʨʦʯʠʥʛʘ, ʩ ʦʧʨʦʢʠʜʳʚʘʥʠʝʤ ʥʘ ʧʦ-

ʧʫʪʥʦʡ ʚʦʣʥʝ. 

ʇʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʘʢʪʦʨʦʚ ʜʝʤʧʬʠʨʦʚʘ-

ʥʠʷ ʢʘʯʢʠ ʠ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʳ hx ʜʣʷ ʢʦʨʧʫʩʘ ʥʘ ʪʠʭʦʡ ʚʦʜʝ, ʜʣʷ 

ʯʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʪʘʮʝʥʪʨʘ mx ʬʠʢʩʠʨʫʝʪʩʷ ʠʥʘʷ ʘʧʧʣʠʢʘʪʘ ʮʝʥʪʨʘ ʪʷ-

ʞʝʩʪʠ (Gz =  mx ï hx), ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʮʝʥʦʢ ʢʨʝʥʘ ʥʘ ʮʠʨʢʫʣʷʮʠʠ ʠ ʢʘʯ-

ʢʠ ʥʘ ʰʪʦʨʤʦʚʦʤ ʚʦʣʥʝʥʠʠ, ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʢʠʣʴ 

ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʡʥʦʛʦ ʦʧʨʦʢʠʜʳʚʘʥʠʷ. 

ʎʠʨʢʫʣʷʮʠʷ ʢʦʨʘʙʣʷ ʫʧʨʘʚʣʷʝʪʩʷ ʫʢʘʟʘʥʠʝʤ ʥʦʚʦʛʦ ʢʫʨʩʘ ʚ ʨʫʤʙʘʭ ʩ 

ʧʝʨʝʢʣʘʜʢʦʡ ʨʫʣʷ çʥʘ ʙʦʨʪè, ʥʘ çʧʦʣʙʦʨʪʘè ʠ ʧʨʠ ʨʘʙʦʪʝ ʘʚʪʦʨʫʣʝʚʦʛʦ ʩ 

ʧʝʨʝʢʣʘʜʢʦʡ çʧʦ ʤʘʣʫè, ʢʘʢ ʵʪʦ ʦʙʳʯʥʦ ʜʝʣʘʝʪʩʷ ʚ ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʜʣʷ ʩʙʝʨʝʞʝʥʠʷ ʨʫʣʝʚʦʡ ʤʘʰʠʥʳ, ʜʦʧʫʩʢʘʷ ʩʚʦʙʦʜʥʦʝ ʨʳʩʢʘʥʠʝ ʩ ʦʪʢʣʦ-

ʥʝʥʠʝʤ ʦʪ ʢʫʨʩʘ ʧʦʜ ʠʥʪʝʥʩʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝʥʠʷ 

(ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʥʘ ʮʠʨʢʫʣʷʮʠʠ ʟʜʝʩʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʭʦʜʘ). 

ʇʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʪʷʛʦʡ ʜʚʠʞʠʪʝʣʝʡ ʩ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʶ ʧʦ ʫʩʣʦʚʥʦ çʪʠʭʦʡ ʚʦʜʝè, ʯʪʦ ʜʦʧʫʩʢʘʝʪ ʢʘʢ 

ʧʦʪʝʨʶ ʰʪʦʨʤʦʚʦʛʦ ʭʦʜʘ ʥʘ ʠʥʪʝʥʩʠʚʥʦʤ ʚʦʣʥʝʥʠʠ, ʪʘʢ ʠ ʨʘʟʛʦʥ ʩ ʜʝʣʴ-

ʬʠʥʠʨʦʚʘʥʠʝʤ ʥʘ ʛʨʝʙʥʷʭ ʧʦʧʫʪʥʳʭ ʚʦʣʥ (ʧʨʠ ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʤʘh ʠʥʘʭ 

ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʭʦʜʘ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʧʦʣʥʦʡ ʩʢʦʨʦʩʪʠ ʦʩʪʘʪʦʯʥʦʛʦ ʜʚʠ-

ʞʝʥʠʷ). 

ʊʘʢʞʝ ʢʘʢ ʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʚ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʣʦʞʥʦʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠ-

ʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʘʯʢʠ ʢʦʨʘʙʣʷ. 
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1. ʇʨʦʩʪʝʡʰʠʡ ʠʣʠ ʪʝʩʪʦʚʳʡ ʚʘʨʠʘʥʪ ʩʪʨʦʠʪʩʷ ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʤ 

ʩʢʦʣʴʞʝʥʠʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʫʭ ʧʘʨ ʪʦʯʝʢ ʚʜʦʣʴ ʠ ʧʦʧʝ-

ʨʝʢ ʢʦʨʧʫʩʘ. ʇʦ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʤʫ ʧʦʣʶ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʫ ʛʨʘʬʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

2. ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦʤ ʚʘʨʠʘʥʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ-

ʛʨʫʞʝʥʥʳʡ ʦʙʲʸʤ ʢʦʨʧʫʩʘ, ʧʝʨʝʤʝʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʝʪ 

ʚʝʨʪʠʢʘʣʴʥʫʶ ɸʨʭʠʤʝʜʦʚʫ ʩʠʣʫ ʚʩʧʣʳʪʠʷ ʠ ʧʦʛʨʫʞʝʥʠʷ. ʏʠʩʪʦ ʚʝʨʪʠ-

ʢʘʣʴʥʘʷ ʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʵʪʠʭ ʩʠʣ ʚʳʟʳʚʘʝʪ ʢʠʣʝʚʫʶ, ʙʦʨ-

ʪʦʚʫʶ ʠ ʚʝʨʪʠʢʘʣʴʥʫʶ ʢʘʯʢʫ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʤʧʦ-

ʥʝʥʪʳ ʦʙʫʩʣʦʚʣʠʚʘʶʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦ ʦʩʨʝʜʥʝʥʥʳʤ ʥʘʢʣʦʥʦʤ ʚʘʪʝʨʣʠʥʠʠ 

ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʚʥʳʭ ʜʘʚʣʝʥʠʡ ʚʦʜʳ, ʦʪʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʧʝʨʝʧʘʜʳ ʛʠʜ-

ʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʙʦʨʪʘʭ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ. ɿʘʜʝʡ-

ʩʪʚʦʚʘʥʠʝ ʚʩʝʭ ʚʥʝʰʥʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʦʟʥʘʯʘʝʪ ʚʦʩʩʦʟʜʘʥʠʝ ʚ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʠ ʚʩʝʭ ʰʝʩʪʠ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʢʦʨ-

ʧʫʩʘ ʢʦʨʘʙʣʷ ʚ ʫʩʣʦʚʠʷʭ ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝʥʠʷ. 

3. ɺʤʝʩʪʦ ʨʘʩʯʸʪʦʚ ʧʦʛʨʫʞʝʥʥʦʛʦ ʦʙʲʸʤʘ ʢʦʨʧʫʩʘ ʚʳʧʦʣʥʷʝʪʩʷ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ ʧʦ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʜʦ-

ʚʦʡ ʦʙʰʠʚʢʠ ʧʦʜ ʚʟʚʦʣʥʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʦʨʷ. ɺ ʪʘʢʦʤ ʚʝʢʪʦʨʥʦʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʚʳʯʠʩʣʷʶʪʩʷ ʚ ʪʦʯʥʦʩʪʠ ʘʥʘʣʦʛʠʯʥʳʝ ʩʠʣʳ ʚʩʧʣʪrʠʷ, 

ʩʦʟʜʘʶʱʠʝ ʪʘʢʠʝ ʞʝ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʠ ʫʛʣʦʚʳʝ ʫʩʢʦʨʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʚʩʝʭ ʰʝʩʪʠ ʢʦʤʧʦʥʝʥʪ ʰʪʦʨʤʦʚʦʡ ʢʘʯʢʠ ʢʦʨʘʙʣʷ. 

4. ʇʨʝʜʳʜʫʱʠʡ ʚʘʨʠʘʥʪ ʜʦʧʦʣʥʷʝʪʩʷ ʫʯʸʪʦʤ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʢʦ-

ʨʦʩʪʝʡ ʪʝʯʝʥʠʡ, ʢʘʩʘʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʶʪ 

ʜʘʚʣʝʥʠʝ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ, ʘ ʦʪʨʘʞʘʝʤʳʝ ʢʦʨʧʫʩʦʤ 

ʥʦʨʤʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʘʙʝʛʘʶʱʠʭ ʧʦʪʦʢʦʚ ʩʦʟʜʘʶʪ ʘʥʪʠʩʠʤʤʝʪʨʠʯ-

ʥʳʝ ʠʤʧʫʣʴʩʳ ʩʠʣ, ʫʩʫʛʫʙʣʷʶʱʠʭ ʨʳʩʢʘʥʠʝ, ʩʣʝʤʠʥʛ ʠ ʦʧʘʩʥʦʩʪʴ ʟʘʭʚʘʪʘ 

ʢʦʨʧʫʩʘ ʛʨʝʙʥʝʤ ʰʪʦʨʤʦʚʦʡ ʚʦʣʥʳ.  

ɼʦʩʪʦʠʥʩʪʚʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʳʯʠʩʣʝ-

ʥʠʝ ʧʦʛʨʫʞʝʥʥʦʛʦ ʦʙʲʸʤʘ ʢʦʨʧʫʩʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʵʣʝʤʝʥʪʘʨʥʳʤ ʪʝʪʨʘ-
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ʵʜʨʘʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʘʥʠʷʤʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ 

ʜʘʚʣʝʥʠʷʤʠ ʚʦʜʳ ʥʘ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ, ʦʪʯʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʦʙʲʸʤʥʳʭ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʣ ʚʩʧʣʳ-

ʪʠʷ ʚʧʦʣʥʝ ʩʦʠʟʤʝʨʠʤʘ. ʅʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ 

ʚʦʩʪʨʝʙʫʶʪʩʷ ʜʣʷ ʷʚʥʦʛʦ ʫʯʸʪʘ ʢʦʤʧʦʥʝʥʪ ʚʥʝʰʥʠʭ ʪʝʯʝʥʠʡ ʚʜʦʣʴ ʩʫʜʦ-

ʚʦʡ ʦʙʰʠʚʢʠ, ʠ ʧʦʪʦʢʦʚ ʦʪʨʘʞʘʝʤʳʭ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʢʦʨʧʫʩʘ, ʥʦ ʚʩʸ ʞʝ, 

ʠ ʟʜʝʩʴ ʟʘʤʝʜʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʨʠʪʠʯʝʩʢʠʤ ʥʝ ʦʮʝ-

ʥʠʚʘʝʪʩʷ. 

ʇʦʣʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ21 ʰʪʦʨʤʦʚʦʛʦ 

ʚʦʣʥʝʥʠʷ ʥʝ ʚʦʩʪʨʝʙʫʝʪ ʵʤʧʠʨʠʢʠ ʚʠʭʨʝʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʫʯʸʪʘ ʠ ʢʦʤʧʝʥ-

ʩʘʮʠʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ, (ʥʝ)ʧʨʦʪʝʢʘʶʱʠʭ ʩʢʚʦʟʴ ʩʫʜʦʚʫʶ ʦʙʰʠʚʢʫ, ʪʘʢ 

ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘ-

ʩʪʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʆʜʥʘʢʦ ʟʜʝʩʴ ʥʝʩʢʦʣʴʢʦ ʟʘʪʨʫʜʥʷʶʪʩʷ ʢʦʨ-

ʨʝʢʪʥʳʝ ʦʮʝʥʢʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʜ ʙʳʩʪʨʦʤʝʥʷʶʱʠʤʩʷ 

ʢʦʥʪʫʨʦʤ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ. ɺ ʚʘʨʠʘʥʪʘʭ ʩ ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ ʪʨʦ-

ʭʦʠʜʘʣʴʥʳʤʠ ʧʘʢʝʪʘʤʠ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʩ ʜʠʩʧʝʨʩʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʤʦʜʝʣʷʭ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʚ ʧʦʣʥʳʭ ʧʦ-

ʪʦʢʘʭ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʘʣʛʦʨʠʪʤʦʚ ʛʝʥʝʨʘʮʠʠ ʧʨʠʚʭʦʜʷʱʠʭ ʚʦʣʥ ʚ ʨʘʩʯʸʪʘʭ 

ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʳʭ 

ʦʧʝʨʘʮʠʡ ʥʘ ʘʜʘʧʪʠʚʥʳʭ ʩʝʪʦʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʧʦ ʚʩʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʦʣʴʰʦʡ ʤʦʨʩʢʦʡ ʘʢʚʘʪʦʨʠʠ, ʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʥʝʟʘʚʠʩʠʤʦʛʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ ʩ ʥʘʣʦʞʝʥʠʷʤʠ ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʢʦʨʧʫʩʘ ʢʦ-

ʨʘʙʣʷ ʚʥʝʰʥʠʭ ʧʘʢʝʪʦʚ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ. 

 

 
21 ɺʘʨʠʘʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʘʟʨʘʙʦʪʢʝ, ʧʦ ʥʝʤʫ ʝʱʸ ʥʝʪ ʟʘʢʣʶʯʝʥʠʡ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ 

ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʨʘʙʣʷ ʠ ʰʪʦʨʤʦʚʦʛʦ ʤʦʨʷ. 
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ɺʳʯʠʩʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ 

ʄʦʜʝʣʴ ʢʦʨʧʫʩʘ ʩʪʨʦʠʪʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʢʦʨʘʙʝʣʴʥʳʭ ʢʦ-

ʦʨʜʠʥʘʪ ʩ ʥʘʯʘʣʴʥʳʤ ʦʪʩʯʸʪʦʤ ʦʪ ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʘ ʥʘ ʫʨʦʚʥʝ ʚʘʪʝʨʣʠʥʠʠ 

ʧʨʠ ʟʘʜʘʥʥʦʡ ʦʩʘʜʢʝ. 

ɸʣʛʦʨʠʪʤ ʥʘʩʪʨʦʝʥ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʧʝʨʝʙʦʨʢʫ ʪʨʝʫʛʦʣʴʥʠʢʦʚ 

D{
«««

cba ,, } ʤʝʞʜʫ ʨʘʩʯʸʪʥʳʤʠ ʰʧʘʥʛʦʫʪʘʤʠ ʚʥʫʪʨʠ ʰʧʘʮʠʡ ʙʦʨʪʦʚʦʡ 

ʦʙʰʠʚʢʠ.  

ʆʩʦʙʘʷ ʧʨʝʜʫʩʪʘʥʦʚʢʘ ʫʛʣʦʚ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʜʝʡʩʪʚʫ-

ʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ, ʛʜʝ ʧʝʨʚʳʝ ʜʚʝ ʚʝʨʰʠʥʳ ʠʥʪʝʨʧʦʣʠʨʫʶʪʩʷ ʧʦ ʪʦʯʢʘʤ 

ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʪʫʨʘ 
««

ba ,  ʚʜʦʣʴ ʚʘʪʝʨʣʠʥʠʠ, ʩ ʪʨʝʪʴʠʤ ʫʛ-

ʣʦʤ 
«

c  ʜʣʷ ʧʘʨʳ ʙʠʤʩʦʚ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʙʦʨʪʫ, ʯʪʦ ʦʙʨʘʟʫʝʪ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʤʝʪʢʦʡ Level = 0; 

ɺʳʯʠʩʣʝʥʠʷ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʵʪʘʧʳ: ʩʥʘʯʘʣʘ ʧʦ ʧʦʜʚʦʜʥʳʤ ʦʙʚʦʜʘʤ 

(Level < 0); ʟʘʪʝʤ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ (Level = 0), ʠ 

ʟʘʪʝʤ ï ʧʦ ʟʘʤʢʥʫʪʳʤ ʢʦʥʪʫʨʘʤ ʥʘʜʚʦʜʥʦʛʦ ʙʦʨʪʘ (Level > 0) ʩ ʦʙʦʙʱʝʥ-

ʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʙʱʝʢʦʨʘʙʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʩʦʙʩʪʚʝʥʥʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʝʜʸʪʩʷ 

ʧʦʣʥʳʡ ʧʝʨʝʩʤʦʪʨ ʚʩʝʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʚ ʧʦʛʨʫʞʝʥʥʦʡ ʧʦʜ 

ʚʦʜʫ ʯʘʩʪʠ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ ʠ ʥʘ ʫʨʦʚʥʝ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ, ʚ 

ʢʦʪʦʨʦʤ ʚʤʝʩʪʦ ʛʨʘʬʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʩʢʦʨʝʥʥʳʡ ʧʝ-

ʨʝʨʘʩʯʸʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʧʫʩʘ ʩ ʫʯʸʪʦʤ ʙʳʩʪʨʦʡ ʢʠʥʝ-

ʤʘʪʠʢʠ ʚʟʚʦʣʥʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ. ɼʣʷ ʵʪʦʛʦ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʪʝ ʞʝ 

ʩʘʤʳʝ ʘʣʛʦʨʠʪʤʳ ʚʳʙʦʨʢʠ ʫʟʣʦʚ ʧʦ ʰʧʘʮʠʷʤ, ʩ ʧʝʨʝʩʪʨʦʝʥʠʝʤ ʪʨʝʫʛʦʣʴ-

ʥʠʢʦʚ ʥʘ ʫʨʦʚʥʝ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ. 

ʉʦʚʤʝʱʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʪʨʸʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʠʩʯʠʩʣʝʥʠʝʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʦʚ ʧʦ ʢʦʨʘʙʝʣʴʥʳʤ ʦʙʚʦʜʘʤ ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʫ-

ʩʤʘʪʨʠʚʘʣʠʩʴ ʧʨʦʝʢʪʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦ ʩʯʠʪʘʣʦʩʴ 

ʚʘʞʥʳʤ ʜʣʷ ʩʢʚʦʟʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝ-
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ʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ʦʮʝʥʢʘʤʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʜʝʣʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʰʪʦʨʤʦʚʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣʷ. 

 

ʉʚʦʙʦʜʥʳʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʚ ʢʦʨʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʦʜʝʨ-

ʞʠʪ ʧʣʦʱʘʜʴ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʘ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʝ: 

 2/][2/)()(
«««««««

³=-³-= bcaccbcaS , [ʤ2]  

ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʣʠʯʠʥʘ ʧʣʦʱʘʜʠ ʵʪʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ: W  = |
«

S |. 

ʎʝʥʪʨ ʧʣʦʱʘʜʠ ʪʨʝʫʛʦʣʴʥʠʢʘ ʟʘʜʘʸʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʝʢʪʦʨʦʤ ʩ 

ʧʨʠʚʷʟʢʦʡ ʢ ʥʘʯʘʣʫ ʢʦʨʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 

ʚʘʪʝʨʣʠʥʠʠ ʠ ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʝ): 

 3/)(3/)(
«««««««

++=++= bcacccbaLs , [ʤ] 

ʆʧʨʝʜʝʣʸʥʥʳʡ ʚʝʢʪʦʨ ʜʣʷ ʮʝʥʪʨʘ ʦʙʲʸʤʘ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʝʪʨʘʵʜʨʘ 

ʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ ʚ ʢʦʨʘʙʝʣʴʥʦʤ ʙʘʟʠʩʝ: 

 4/)(
««««

++= cbaLv , [ʤ] 

ʦʙʲʸʤ ʵʪʦʛʦ ʪʝʪʨʘʵʜʨʘ ʧʦʣʫʯʘʝʪʩʷ ʩʢʘʣʷʨʥʳʤ (ʩʤʝʰʘʥʥʳʤ) ʧʨʦʠʟʚʝʜʝʥʠ-

ʝʤ: 

 6/][3/
«««««

³Ö=Ö= bʩaʩcScV . [ʤ3]  

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ ʧʦʣʫʯʘʶʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʛʨʫʞʝʥʥʳʭ ʦʙʚʦʜʦʚ ʢʦʨʧʫʩʘ. ʇʣʦɦ ʘʜʴ 

ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʛʨʫʞʝʥʥʳʡ ʦʙʲʸʤ ʢʦʨʧʫʩʘ (ʦʙʲʸʤʥʦʝ ʚʦʜʦʠʟ-

ʤʝʱʝʥʠʝ) ʠ ʢʦʨʘʙʝʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ ʢʦʨʧʫʩʘ: 

 
iV

MV
vBViVWiS
ä

ää

«
« Ö
=== ;; , 
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ʠʣʠ ʧʦʵʣʝʤʝʥʪʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʧʣʦʱʘʜʴ ʦʙʰʠʚʢʠ: Surface: 

 ää D

««««
« -³-
==

2

)()(
||

cbca
SiS ; [ʤ2]   

ʚʦʜʦʠʟʤʝʱʝʥʠʝ: Volume:  

 ää D

«««­­

D

««

Ö-³-
=

Ö
=

6

)]()[(

3

ccbcacS
iV ; [ʤ3]  

ʮʝʥʪʨ ʚʝʣʠʯʠʥʳ: Buoyancy: 

  
V

ccbcacba
vB

Ö

Ö-³-Ö++
=

«««««

D

«««

« ä
24

})](){[()(
, [ʤ] 

ʛʜʝ 
«««

cba  ʠ,  ï ʪʨʠ ʚʝʨʰʠʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚ ʢʦʨʘʙʝʣʴʥʦʤ ʙʘʟʠʩʝ. 

ʇʦʩʪʫʧʘʪʝʣʴʥʳʝ ʫʩʢʦʨʝʥʠʷ ʠ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚ ʜʚʠʞʝʥʠʠ ʢʦ-

ʨʘʙʣʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʝʨʮʠʦʥʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʤʘʩʩʳ/ʦʙʲʸʤʘ ʢʦʨʧʫʩʘ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʳʭ ʫʩʢʦʨʝʥʠʡ ʥʘ ʢʘʯʢʝ ʠ ʨʳʩʢʘʥʠʠ ï ʩ ʧʦ-

ʜʦʙʥʳʤʠ ʤʘʩʩʦʚʳʤʠ/ʦʙʲʸʤʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʦʪ ʪʝʥʟʦʨʘ ʠʥʝʨʮʠʠ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʦʩʝʚʳʭ ʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʤʦʤʝʥʪʦʚ, ʬʦʨʤʘʣʠʟʫʝʤʳʭ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʤʘʪ-

ʨʠʮʘʤʠ, ʢʘʢ: 
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[ʢʛĀʤ2]  

ʛʜʝ: r ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ,  w ï ʵʣʝʤʝʥʪ ʦʙʲʸʤʘ, ʟʜʝʩʴ V ï ʪʝʪʨʘɻ ʜʨ. 

ʊʝʥʟʦʨ ʠʥʝʨʮʠʠ ʜʣʷ ʦʙʲʸʤʘ/ʤʘʩʩʳ ʢʦʨʧʫʩʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʩʦʧʨʷ-

ʞʝʥʥʳʤ ʩ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʦʡ ʪʝʪʨʘʵʜʨʘʤ, ʠʤʝʶʱʠʤ ʦʙʱʠʝ ʚʝʨʰʠʥʳ ʚ ʦʩ-

ʥʦʚʘʥʠʠ ʢʦʨʘʙʝʣʴʥʦʛʦ ʙʘʟʠʩʘ ʥʘ ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʚʘ-

ʪʝʨʣʠʥʠʠ: 
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 Jxx=a.y2+b.y2+c.y2 + a.z2+b.z2+c.z2 + 

  + a.y·b.y+a.y·c.y+b.y·c.y + a.z·b.z+a.z·c.z+b.z·c.z; 

 Jyy=a.x2+b.x2+c.x2 + a.z2+b.z2+c.z2 + 

  + a.x·b.x+a.x·c.x+b.x·c.x + a.z·b.z+a.z·c.z+b.z·c.z; 

 Jzz=a.x2+b.x2+c.x2 + a.y2+b.y2+c.y2 + 

  + a.x·b.x+a.x·c.x+b.x·c.x + a.y·b.y+a.y·c.y+b.y·c.y; 

 Jxy=Jyx=( 2·a.x·a.y + 2·b.x·b.y + 2·c.x·c.y + 

  + a.x·b.y+a.x·c.y+b.x·c.y + a.y·b.x+a.y·c.x+b.y·c.x ) / -2; 

 Jxz=Jzx=( 2·a.x·a.z + 2·b.x·b.z + 2·c.x·c.z + 

  + a.x·b.z+a.x·c.z+b.x·c.z + a.z·b.x+a.z·c.x+b.z·c.x ) / -2; 

 Jyz=Jzy=( 2·a.y·a.z + 2·b.y·b.z + 2·c.y·c.z + 

  + a.y·b.z+a.y·c.z+b.y·c.z + a.z·b.y+a.z·c.y+b.z·c.y ) / -2, [ʤ2] 

 10/
³³

ÖÖ=+ JinMass Vr  [ʢʛĀʤ2]  

ɺ ʨʝʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ 
³

inMass  ʜʦʣʞʝʥ ʦʪʥʦʩʠʪʴʩʷ ʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʘʩʩ ʧʦ ʢʦʨʧʫʩʫ, ʧʦ ʛʨʫʟʘʤ ʠ ʙʦʨʪʦʚʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ, 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʨʘʩʯʸʪʦʚ ʥʘʛʨʫʟʦʢ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʦʨʧʫʩʘ. 

ɺ ʦʮʝʥʦʯʥʦʡ ʠ ʦʜʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʘʣʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ 

ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʥʝʰʥʝʛʦ ʚʦʣʥʦʚʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʫʩʣʦʚʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʤʘʩʩ ʧʦ ʨʘʚʥʦʤʝʨʥʦ ʟʘʧʦʣʥʝʥʥʦʤʫ ʚʦʜʦʡ ʢʦʨʧʫʩʫ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʤʝ-

ʱʝʥʠʝʤ ʦʪ ʤʝʪʘʮʝʥʪʨʘ ʚʥʠʟ ʧʦ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʝ, ʢ ʩʧʝʮʠʘʣʴʥʦ 

ʦʧʨʝʜʝʣʷʝʤʦʤʫ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʥʪʨʫ ʤʘʩʩ ʢʦʨʘʙʣʷ. 

ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʪʝʥʟʦʨʘ ʠʥʝʨʮʠʠ ʢ ʮʝʥʪʨʫ ʪʷʞʝʩʪʠ ʢʦʨʘʙʣʷ, ʧʨʝʜʚʳ-

ʯʠʩʣʷʝʤʦʛʦ ʧʦ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʝ ʧʦʜ ʘʧʧʣʠʢʘʪʦʡ ʤʝʪʘʮʝʥʪʨʘ ʥʘ 

ʪʠʭʦʡ ʚʦʜʝ: G.z =m.z ï hx, ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʦʨʝʤʘ ʍʨʠʩʪʠʘʥʘ ɻʶʡʛʝʥʩʘ ï 

ʗʢʦʙʘ ʐʪʝʡʥʝʨʘ (HuygensïSteiner theorem) ʦ ʧʘʨʘʣʣʝʣʴʥʦʤ ʩʤʝʱʝʥʠʠ 

ʦʩʝʡ ʚʨʘʱʝʥʠʷ (parallel axis) ʠʣʠ ʮʝʥʪʨʘ ʤʘʩʩ, ʛʜʝ ʤʝʪʦʜ ʧʝʨʝʨʘʩʯʸʪʘ ʩʠʥ-

ʪʝʟʠʨʫʝʪʩʷ ʢʘʢ: Jij = I ij + r ·V·(L2dij ï RiRj), ʛʜʝ L{  x, y, z }  = 
«

G  ï ʚʝʢʪʦʨ 
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ʩʤʝʱʝʥʠʷ ʦʩʝʡ ʚʨʘʱʝʥʠʷ ʦʪ ʜʝʡʩʪʚʫʶʱʝʛʦ ʮʝʥʪʨʘ ʤʘʩʩ, dij ï ʝʜʠʥʠʯʥʘʷ 

ʤʘʪʨʠʮʘ. ɺ ʢʦʤʧʦʟʠʮʠʠ ʩ ʜʠʘʜʦʡ ʠ ʰʘʨʦʚʳʤ ʪʝʥʟʦʨʦʤ ʪʘʢʘʷ ʧʦʧʨʘʚʢʘ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʢʘʢ: 
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ijd , [ʤ2]  

ʠʥʘʷ ʵʚʨʠʩʪʠʢʘ ʩ ʢʦʩʦʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʝʡ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ: 
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LL
. [ʤ2]  

ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʰʪʦʨʤʦʚʦʡ ʛʠʜ-

ʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣʷ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʦʙʲʸʤʥʳʝ ʠʥʪʝʛʨʘʣʳ ʧʦ ʢʦʨʧʫʩʫ, ʣʠ-

ʙʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ï ʧʦ ʚʝʢʪʦʨʘʤ ʛʨʘʜʠʝʥʪʦʚ ʜʘʚʣʝʥʠʡ  ʥʘ ʩʫʜʦʚʦʡ ʦʙʰʠʚ-

ʢʝ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʘʙʝʣʴʥʦʛʦ ʙʘʟʠʩʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʰʪʦʨʤʦʚʳʭ 

ʚʦʣʥ ʧʨʠʚʦʜʠʪʩʷ ʢ ʮʝʥʪʨʫ ʚʝʣʠʯʠʥʳ 
«

vB, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʥʝʨʮʠʦʥʥʳʝ ʠʣʠ 

ʤʘʩʩʦʚʳʝ ʨʝʘʢʮʠʠ ʩʜʚʠʛʘʶʪʩʷ ʧʦ ʘʧʧʣʠʢʘʪʝ ï ʢ ʮʝʥʪʨʫ ʪʷʞʝʩʪʠ 
«

G, ʦʧʨʝ-

ʜʝʣʷʝʤʦʤʫ ʚ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʧʦʤʦʱʴʶ ʧʦʧʝʨʝʯʥʦʡ ʤʝʪʘʮʝʥʪʨʠʯʝ-

ʩʢʦʡ ʚʳʩʦʪʳ hx ʜʣʷ ʪʠʭʦʡ ʚʦʜ .r 

ʇʦʩʣʝ ʩʘʤʦʛʦ ʧʝʨʚʦʛʦ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʰʘʛʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʥʘ ʪʠʭʦʡ ʚʦʜʝ ʧʝʨʝʧʨʠʩʚʘʠʚʘʶʪʩʷ ʠʩ-

ʭʦʜʥʳʤ ʯʠʩʣʦʚʳʤ ʦʙʲʝʢʪʘʤ: Floatage = iF, Surface = iS, Volume = iV, 
««

=vBBuoyancy , 
³³

= MinMass m  ʠ ʜʨ. ʜʣʷ ʬʠʢʩʘʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, ʠʥʝʨ-

ʮʠʦʥʥʳʭ ʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʘʙʣʷ ʥʘ ʪʠʭʦʡ ʚʦʜʝ ʙʝʟ ʢʘʯʢʠ. 

ɼʚʠʞʫʱʠʡʩʷ ʢʦʨʘʙʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʢʦʥʛʣʦʤʝʨʘʪ 

ʫʩʣʦʚʥʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩʦ ʩʚʦʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʪʷʞʝʩʪʠ, ʚ ʦʢʨʫ-

ʞʝʥʠʠ ʪʷʞʝʣʦʡ ʚʦʜʳ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʚʝʣʠʯʠʥʳ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʧʣʝʯʦ ʨʝʘʢʪʠʚʥʳʭ ʩʠʣ ʜʦʣʞʥʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʥʝʢʠʡ ʮʝʥʪʨ ʙʦʢʦʚʦʛʦ ʩʦʧʨʦ-
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ʪʠʚʣʝʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ ʚʝʩʴʤʘ ʥʝʧʨʦʩʪʳʤ ʛʠʜʨʦʩʪʘ-

ʪʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʜʣʷ ʨʝʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʜʦʚʳʭ ʦʙʚʦʜʦʚ ʚ 

ʫʩʣʦʚʠ̫ ʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ. 

 

ʄʝʪʘʮʝʥʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʵʢʩʧʨʝʩʩ ʦʮʝʥʢʘʭ ʪʝʢʫʱʝʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʢʦʨʘʙʣʷ 

ʄʝʪʘʮʝʥʪʨʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʥʠʢʘʢ ʥʝ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʚ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʦʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʦʩʪʦʡʯʠʚʦʩʪʠ 

ʥʘ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʢʨʝʥʘ ʠ ʜʠʬʬʝʨʝʥʪʘ ʚʝʩʴʤʘ ʣʶʙʦʧʳʪʥʳ ʜʣʷ ʚʠʟʫʘʣʴʥʳʭ 

ʵʢʩʧʨʝʩʩ ʦʮʝʥʦʢ ʩʦʩʪʦʷʥʠʷ ʢʦʨʘʙʣʷ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʰʪʦʨʤʦʚʦʛʦ 

ʚʦʣʥʝʥʠʷ. ɺʳʯʠʩʣʝʥʠʷ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ ʚʳʜʝʣʷʶʪʩʷ ʚ ʦʩʦʙʳʡ ʙʣʦʢ, 

ʧʨʠʚʥʦʩʷʱʠʡ ʠʟʣʠʰʥʶʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ 

ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʛʨʘʬʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʧʨʠ ʚʠʟʫʘʣʠʟʘ-

ʮʠʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʚ ʫʩʣʦʚʠʷʭ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ. 

ʇʣʦʱʘʜʴ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ iF ʠ ʠʥʪʝʛʨʘʣʴʥʦ ʦʩʨʝʜʥʸʥʥʳʡ 

ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ 
«

vWʚʥʫʪʨʠ ʢʦʥʪʫʨʘ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘ-

ʪʝʨʣʠʥʠʠ, ʠʣʠ ʠʥʘʯʝ, 
«

vWï ʚʝʢʪʦʨ ʠʥʪʝʛʨʘʣʴʥʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʥʘʢʣʦʥʘ ʚʦʣ-

ʥʦʚʦʛʦ ʩʢʣʦʥʘ, ʨʘʩʩʝʢʘʝʤʦʛʦ ʢʦʨʧʫʩʦʤ ʢʦʨʘʙʣʷ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʥʝʢʦʪʦ-

ʨʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʘʢʪʠʚʥʦʡ ʚʝʣʠʯʠʥʳ ʟʘ ʩʯʸʪ ʠʩʢʨʠʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ: 

 
iF

S
vWWiF
ä

ä

«
«

== ; , 

ʛʜʝ W =|
«

S | ï ʧʣʦʱʘʜʴ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘ-

ʪʝʨʣʠʥʠʠ. 

ʎʝʥʪʨ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʪʝʨʣʠʥʠʠ ʦʪ-

ʣʠʯʘʝʪʩʷ ʦʪ ʮʝʥʪʨʘ ʦʙʲʸʤʘ ʪʝʪʨʘʵʜʨʘ ʩ ʥʫʣʝʚʳʤ ʙʘʟʠʩʦʤ ʣʠʰʴ ʢʦʥʩʪʘʥʪʦʡ 
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4/3, ʯʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʦʚʪʦʨʦʚ ʚʝʢʪʦʨʥʳʭ ʩʫʤʤ ʧʨʠ 

ʚʳʯʠʩʣʝʥʠʠ ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ: 

 
iF

cbaW

iF

LW
vF

s 3/)(ää
««««

« ++Ö
=

Ö
=  

ʄʝʪʘʮʝʥʪʨʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʚʳʨʘʞʘʶʪʩʷ ʚ ʧʦʜʚʠʞʥʦʤ ʢʦʨʘʙʝʣʥɹʦʤ 

ʙʘʟʠʩʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʥʝʰʥʠʝ ʩʠʣʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʛʣʦ-

ʙʘʣʴʥʦʡ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɹʝʟ ʩʧʝʮʠʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ (ʪʝʥ-

ʟʦʨʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ) ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʢʦʨʨʝʢʪʥʘ ʣʠʰʴ ʚ ʩʣʫʯʘʷʭ 

ʤʘʣʳʭ ʫʛʣʦʚ ʢʨʝʥʘ ʠ ʜʠʬʬʝʨʝʥʪʘ, ʪʦ ʝʩʪʴ, ʩʧʨʘʚʝʜʣʠʚʘ ʣʠʰʴ ʚ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʠ ʥʘʯʘʣʴʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ.  

ʄʝʪʘʮʝʥʪʨʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʦʩʪʦʡʯʠʚʦʩʪʠ ʚʝʩʴʤʘ ʢʦʚʘʨʥʳ, ʪʘʢ ʢʘʢ 

ʫʩʠʣʝʥʠʝ (ʥʘʯʘʣʴʥʦʡ) ʦʩʪʦʡʯʠʚʦʩʪʠ ʦʪʟʳʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʡ ʠʣʠ ʦʧʘʩʥʦʡ 

ʨʝʘʢʮʠʝʡ ʥʘ ʧʨʷʤʦʝ ʜʝʡʩʪʚʠʝ ʩʢʣʦʥʦʚ ʠ ʛʨʝʙʥʝʡ ʤʦʨʩʢʠʭ ʚʦʣʥ, ʜʘʞʝ ʚ 

ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʛʦ ʠʣʠ ʫʤʝʨʝʥʥʦʛʦ ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝʥʠʷ. 

ɼʠʥʘʤʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʦ ʤʝʪʘʮʝʥʪʨ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʧʦ ʚʝʨʪʠʢʘʣʠ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʧʣʦʱʘʜʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ, ʢʦʪʦʨʘʷ ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʤʝʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʢʠʣʝʚʦʡ ʠ ʙʦʨʪʦʚʦʡ ʢʘʯʢʠ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʪʘ-

ʮʝʥʪʨʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʨʫʰʘʪʩʷ ʧʨʠ ʧʦʣʥʦʤ ʧʦʛʨʫʞʝʥʠʠ ʠʣʠ ʚʳʭʦʜʝ ʢʦʨ-

ʧʫʩʘ ʢʦʨʘʙʣʷ ʠʟ ʚʦʜʳ. 

ɺʥʦʚʴ ʟʘʤʝʯʘʷ, ʯʪʦ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʵʪʠ ʨʘʩʯʸʪʳ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ, ʜʣʷ ʬʦʨʤʘʣʴʥʦʛʦ ʨʘʩʯʸʪʘ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʚʦʩ-

ʧʦʣʴʟʫʝʤʩʷ ʦʩʝʚʳʤ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠ-

ʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ (ʦʩʠ ʘʙʩʮʠʩʩ), ʧʦ ʦʪʜʘʣʝʥʠʶ ʪʦʯʝʢ ʥʘ 

ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ: 

 
22 ... yazara += . 

ʇʨʦʝʢʮʠʷ ʧʣʦʱʘʜʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚ ʧʣʦʩʢʦʩʪʠ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʡ ʚʘʪʝʨʣʠʥʠʠ ʙʫʜʝʪ ʙʝʟ cʤʝʥʳ ʟʥʘʢʘ ʠʣʠ ʦʙʥʫʣʝʥʠʷ: 
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 WF = | a.x·b.r ï a.r·b.x | / 2, 

ʠ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ ʩ ʦʪʩʯʸʪʘʤʠ ʦʪ ʤʠ-

ʜʝʣʴʰʧʘʥʛʦʫʪʘ ʥʘ ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʫʨʦʚʥʝʤ ʚʘʪʝʨʣʠʥʠʠ: 

 Ixy = Iyx += ( a.x·b.r+2·a.x·a.r+2·b.x·b.r+b.x·a.r ) · WF / 12; 

 Ix += ( a.r·a.r+a.r·b.r+b.r·b.r ) · WF / 6; 

 Iy += ( a.x·a.x+a.x·b.x+b.x·b.x ) · WF / 6. 

ʉʠʣʴʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʪʝʨʣʠʥʠʠ ʥʘ ʚʦʣʥʦʚʳʭ ʩʢʣʦʥʘʭ ʙʫ-

ʜʝʪ ʦʪʯʘʩʪʠ ʟʘʚʳʰʘʪʴ ʤʛʥʦʚʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʜʠʫʩʦʚ: 

r = Ix /Volume, ʚ ʮʝʣʦʤ ʢʦʨʨʝʢʪʥʦ ʭʘʨʘʢʪʝʨʠʟʫʷ ʤʛʥʦʚʝʥʥʳʝ ʦʮʝʥʢʠ ʪʨʘʜʠ-

ʮʠʦʥʥʦʡ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʢʨʫʧʥʦʛʦ ʚʦʣʥʝʥʠʷ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʝ ʨʘʜʠʫʩʳ ʧʦʣʫʯʘʶʪʩʷ ʯʘʩʪʥʳʤ ʦʪ 

ʜʝʣʝʥʠʷ ʥʘ ʪʝʢʫʱʝʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ, ʩ ʫʯʸʪʦʤ ʠʟʤʝʥʝʥʠʷ ʚʦʜʦʠʟʤʝɦ ʝʥʠʷ 

ʥʘ ʚʦʣʥʦʚʳʭ ʩʢʣʦʥʘʭ22: 

 r = Ix / iV ï ʧʦʧʝʨʝʯʥʳʡ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʡ ʨʘʜʠʫʩ (ʧʦʜ ʢʨʝʥ); 

 R = Iy / iV ï ʧʨʦʜʦʣʴʥʳʡ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʜʠʫʩ (ʜʠʬʬʝʨʝʥʪ). 

ʅʝʙʦʣʴʰʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʜʠʫʩʦʚ ʥʘ ʩʥʠʞʝʥʠʝ 

ʦʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʩʠʣʴʥʦ ʠʩʢʨʠʚʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨ-

ʣʠʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʦʩʨʝʜʥʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ 

ʢ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ: vWz = (Wʘʧʧʣʠʢʘʪʳ/Fʧʦʣʥʘʷ ʧʣʦʱʘʜʴ): 

 r  ×=  |vWz|;     R
 ×=  |vWz|. 

ʎʝʥʪʨ ʪʷʞʝʩʪʠ 
«

G  ï ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʝʨʪʠʢʘʣʠ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ 
«

B  ʙʝʟ 

ʢʘʯʢʠ ʥʘ ʪʠʭʦʡ ʚʦʜʝ, ʩ ʧʝʨʝʫʩʪʘʥʦʚʢʦʡ ʘʧʧʣʠʢʘʪʳ ʥʠʞʝ ʧʦʧʝʨʝʯʥʦʛʦ ʤʝ-

ʪʘʮʝʥʪʨʘ 
«

M ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʜʘʥʥʦʡ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʳ: hx. 

 
«

G  = { B.x, B.y, m.xïhx  }. 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʛʨʘʬʠʢʘʭ ʠ 

ʥʘʜʧʠʩʷʭ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʢʦʨʘʙʣʷ, ʯʪʦ ʧʦʣʝʟʥʦ ʧʨʠ 

 
22 ʄʝʪʘʮʝʥʪʨʠʯʝʩʢʠʝ ʚʦʟʟʨʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ï ʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʢʦʨʘʙʣʷ ʦʮʝʥʢʠ ʧʦ ʪʠʭʦʡ ʚʦʜʝ ʢʦʨʨʝʢʪʥʳ ʣʠʰʴ ʫʩʣʦʚʥʦ. 
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ʙʳʩʪʨʳʭ ʧʨʦʛʥʦʟʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʨʘʙʣʷ ʧʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷʤ ʦ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʝ hx ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ ʢʘʯʢʠ ʥʘ 

ʢʨʫʧʥʦʤ ʚʦʣʥʝʥʠʠ.  

ʄʝʪʘʮʝʥʪʨ ʠʟʦʙʨʘʞʘʝʪʩʷ ʥʝ ʚ ʪʦʯʢʝ ʝʛʦ ʜʝʡʩʪʚʠʷ ʥʘʜ ʮʝʥʪʨʦʤ ʚʘ-

ʪʝʨʣʠʥʠʠ, ʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʥʘʜ ʮʝʥʪʨʦʤ ʚʝʣʠ-

ʯʠʥʳ ʚʦ ʚʥʝʰʥʝʡ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʳ hx ʦʥ ʧʦʜʢʨʘʰʠʚʘʝʪʩʷ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʴʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ; ʞʸʣʪʳʤ ï ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ; ʠ ʢʨʘʩʥʳʤ ï ʝʩʣʠ ʦʩʪʦʡʯʠʚʦʩʪʴ ʠʩʯʠʩʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ. 

 

ʋʛʣʳ ʂʨʳʣʦʚʘ ʚ ʚʠʟʫʘʣʴʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʢʦʨʘʙʣʷ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʛʣʳ ʂʨʳʣʦʚʘ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ z-y-x 

(ʨʳʩʢʘʥʠʝïʜʠʬʬʝʨʝʥʪïʢʨʝʥ) ʩ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʦʪʩʯʸʪʘʤʠ ʧʦ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʝ. ʋʛʣʦʚʳʝ ʚʝʣʠʯʠʥʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʜʦʧʦʣʥʝ-

ʥʠʷʤʠ ʚ ʪʝʤʧʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʰʘʛʘ ʚʦ ʚʨʝʤʝʥʠ (ʚʤʝʩʪʦ ʦʜʥʦʟʥʘʯʥʳʭ ʪʝʥ-

ʟʦʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ), ʦʪʯʝʛʦ ʚʦʩʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʫʛʣʦʚ 

ʂʨʳʣʦʚʘ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʪʝʥʟʦʨʥʳʤ ʙʘʟʠʩʦʤ ʢʦʨʘʙʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ.  

ʇʝʨʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚ ʧʨʠʤʝʥʝʥʠʠ ʪʨʸʭ ʫʛʣʦʚʳʭ ʚʝʣʠʯʠʥ ʩʣʫʞʠʪ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʷʤ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʪʨʸʭ ʧʦʚʦʨʦʪʦʚ, ʯʪʦ ʣʠʰʴ ʦʪʯʘ-

ʩʪʠ ʠʩʧʨʘʚʣʷʝʪʩʷ ʤʘʣʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʧʨʠʨʘʱʝʥʠʷʤʠ ʚ ʦʧʝʨʘʮʠ-

ʷʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ 

ʨʘʩʩʦʛʣʘʩʫʶʪ ʥʝʟʘʚʠʩʠʤʦʝ ʩʯʠʩʣʝʥʠʝ ʫʛʣʦʚ23 ʠ ʤʘʪʨʠʮ ʧʦʚʦʨʦʪʘ. 

ʉʦʙʩʪʚʝʥʥʦ ʚ ʜʠʥʘʤʠʢʝ ʢʦʨʘʙʣʷ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʝʥʝʥʠʷ ʪʝʥ-

ʟʦʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ, ʢʘʢ ʩ ʢʦʦʨʜʠʥʘʪʥʳʤʠ, ʪʘʢ ʠ ʩ ʫʛʣʦʚʳʤʠ ʧʨʠʨʘʱʝ-

ʥʠʷʤʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʰʘʛʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʦ ʚʨʝʤʝʥʠ. ʊʦʛʜʘ 

 
23 é ʝʩʣʠ ʧʝʨʚʳʡ ʧʦʚʦʨʦʪ ʚ ʤʦʨʩʢʦʤ ʙʘʟʠʩʝ ʧʦ ʚʝʨʪʠʢʘʣʠ Z; ʚʪʦʨʦʡ ï ʚ ʢʦʨʘʙʝʣʥɹʦʡ 

ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʦ ʘʙʩʮʠʩʩʝ x; ʪʨʝʪʠʡ ï ʚʢʣʶʯʘʝʪ ʧʨʦʝʢʮʠʠ ʜʚʫʭ ʧʝʨʚʳʭ ï ʥʘ ʪʨʘ-

ʚʝʨʟ Y(y), ʯʪʦ ʢʦʨʨʝʢʪʥʦ ʜʣʷ ʚʳʙʦʨʘ ʢʫʨʩʘ, ʠ ʪʦʣʴʢʦ ʚ ʤʘʣʳʭ ʫʛʣʦʚʳʭ ʧʨʠʨʘɦ ʝʥʠʷʭ 

ʩʦʭʨʘʥʷʶʪʩʷ ʩʫʪʴ ʧʨʝʜʦʧʨʝʜʝʣʝʥʠʡ ʢʘʢ: ʨʳʩʢʘʥʠʝïʫʜʠʬʬʝʨʝʥʪʦʚʢʘïʥʘʢʨʝʥʝʥʠʝ. 
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ʢʘʢ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʢʦʨʘʙʣʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʘʨʰʨʫʪʘ ʝʛʦ ʜʚʠʞʝ-

ʥʠʷ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ 

ʩʪʘʥʜʘʨʪʥʳʡ ʤʝʪʦʜ ʚʳʙʦʨʢʠ ʪʝʢʫʱʠʭ ʘʙʩʦʣʶʪʥʳʭ (ʙʦʣʴʰʠʭ) ʫʛʣʦʚʳʭ ʚʝ-

ʣʠʯʠʥ ʢʫʨʩʘ, ʢʨʝʥʘ ʠ ʜʠʬʬʝʨʝʥʪʘ ʢʦʨʘʙʣʷ. 

ʇʫʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʚʝʣʠʯʠʥ ʥʠʢʘʢ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʠʩʭʦʜʥʫʶ ʤʘʪʨʠʮʫ ʠ ʥʘ ʚʝʣʠʯʠʥʳ ʠʩʢʦʤʳʭ ʫʛʣʦʚʳʭ ʦʪʩʯʸʪʦʚ, ʪʦʛʜʘ ʩʠʥ-

ʪʝʟ ʚʝʢʪʦʨʘ ʦʨʠʝʥʪʘʮʠʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʧʦʣʫʯʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʸʭ ʥʝʟʘ-

ʚʠʩʠʤʳʭ ʦʧʝʨʘʮʠʡ. 

ʄʦʞʥʦ ʚʚʝʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ. ɺʩʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʚʳʧʦʣʥʷʁ ʪʩʷ 

ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʪʝʥʟʦʨʦʤ ʦʨʠʝʥʪʘʮʠʠ24 

|,,|1
­­­

-
ÙØ

== zyxrr , ʦʙʨʘʟʫʝʤʳʤ ʪʨʦʠʮʝʡ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ, ʢʦʪʦʨʳʝ ʚ ʢʦ-

ʨʘʙʝʣʴʥʦʤ ʙʘʟʠʩʝ ʷʚʣʷʶʪʩʷ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʤʠ (ʝʜʠʥʠʯʥʳʤʠ) ʚʝʢʪʦ-

ʨʘʤʠ: 
«

x  ï ʘʙʩʮʠʩʩʳ; 
«

y  ï ʦʨʜʠʥʘʪʳ; 
«

z  ï ʘʧʧʣʠʢʘʪʳ.  

ʊʦʛʜʘ ʚ ʛʣʦʙʘʣʴʥʦʡ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʦʪʯʘʩʪʠ ʟʘʚʠʩʠʤʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʘʢ:  
­

Z  ï ʚʝʨʪʠʢʘʣʴ ï ʧʝʨʚʳʡ ʙʘʟʦʚʳʡ ʚʝʢʪʦʨ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʢ 

ʟʝʥʠʪʫ ʚ ʛʣʦʙʘʣʴʥʦʡ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʧʦ ʦʩʠ ʢʦʪʦʨʦʡ ʦʪʤʝʨʷ-

ʝʪʩʷ ʢʫʨʩ ʢʦʨʘʙʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʨʠʜʠʘʥʘ;  
­­­­

³= }{e ZxY  ï ʪʨʘʚʝʨʟ ʧʨʘʚʦʛʦ ʙʦʨʪʘ, ʧʦ ʦʩʠ ʢʦʪʦʨʦʛʦ ʦʪʤʝʯʘʝʪʩʷ 

ʜʠʬʬʝʨʝʥʪ ʢʦʨʘʙʣʷ, ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ, ʝʩʣʠ ʦʩʴ ʘʙʩʮʠʩʩ ʩʙʣʠ-

ʞʘʝʪʩʷ ʩ ʚʝʨʪʠʢʘʣʴʶ 0)( ¸Ö
­­

Zx ;  ʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʘʧʨʘʚʣʝʥʠʝ ʢʫʨʩʘ ʢʦ-

ʨʘʙʣʷ ʙʫʜʝʪ ʜʦʧʫʩʢʘʪʴ ʠʟʤʝʨʝʥʠʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʢʨʝʥʘ, ʚʢʣʶʯʘʷ ʦʧʨʦʢʠ-

ʜʳʚʘʥʠʝ ʠʣʠ ʚʨʘʱʝʥʠʝ ʢʦʨʧʫʩʘ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʦʩʠ ʘʙʩʮʠʩʩ, ʢʘʢ: 
­­­­­

³³= ]}[Z{e ZxX . 

 

24 ʦʙʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʦʨʠʝʥʪʘʮʠʠ 
Ù

r  ʩ ʣʦʢʘʣʴʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ï ʩʪʨʦʢʘʤʠ |,,|
«««

zyx  ʟʘʜʘʸʪ 

ʪʦʯʥʳʝ ʠ ʦʜʥʦʟʥʘʯʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʛʜʝ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʠʭ ʫʛʣʦʚ ʪʝʨʷ-

ʝʪʩʷ ʩʫʪʴ ʢʦʨʘʙʝʣʴʥʳʭ ʪʝʨʤʠʥʦʚ ʜʣʷ çʢʫʨʩʘè, çʢʨʝʥʘè ʠ çʜʠʬʬʝʨʝʥʪʘè. 
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ɿʜʝʩʴ ʚʝʢʪʦʨʥʘʷ ʬʫʥʢʮʠʷ }{e 
­­

r  ï ʦʟʥʘʯʘʝʪ ʝʜʠʥʠʯʥʫʶ ʥʦʨʤʠʨʦʚʢʫ 

ʚʝʢʪʦʨʘ. 

1) ï ʢʫʨʩ ʢʦʨʘʙʣʷ ɜ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʩʣʝʜʫ ʢʦʨʘʙʝʣʴʥʦʡ ʦʩʠ ʘʙʩʮʠʩʩ 
«

x , 

ʚʝʨʪʠʢʘʣʴʥʦ ʩʧʨʦʝʮʠʨʦʚʘʥʥʦʡ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʥʦʡ ʛʣʘʜʠ: 

 ][
­­­­

³³= ZxZX ;      ɜ = atan2( X.y,X.x ). 

2) ï ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʬʬʝʨʝʥʪʘ ʪʘʢʘʷ ʦʨʠʝʥʪʘʮʠʷ ʢʫʨʩʘ ʚ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʣʦʢʘʣʴʥʳʡ ʢʦʨʘʙʝʣʴʥʳʡ ʙʘʟʠʩ, ʪʦʛʜʘ 

ʦʙʨʘʪʥʦʝ ʠʟʤʝʨʝʥʠʝ ʫʛʣʘ ʙʫʜʝʪ ʦʪʤʝʯʘʪʴ ʜʠʬʬʝʨʝʥʪ ʢʦʨʧʫʩʘ ʙʝʟ ʫʯʸʪʘ ʪʝ-

ʢʫʱʝʛʦ ʫʛʣʘ ʢʨʝʥʘ: 

 
Ø­«

= r/Xx ;      ű = atan2( x.z,x.x ). 

3) ï ʫʛʣʦʚʘʷ ʚʝʣʠʯʠʥʘ ʢʨʝʥʘ ʧʦʣʫʯʘʝʪʩʷ ʧʝʨʝʚʦʜʦʤ ʚʠʜʠʤʦʡ ʚʝʨʪʠʢʘ-

ʣʠ ï ʟʝʥʠʪʘ ʚ ʢʦʨʘʙʝʣʴʥʳʡ ʙʘʟʠʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʢʨʝʥ ʧʦ ʥʘʙʣʶ-

ʜʘʝʤʦʤʫ ʩ ʙʦʨʪʘ ʢʦʨʘʙʣʷ ʥʘʢʣʦʥʫ ʧʘʣʫʙʳ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʢʦʥʝʯʥʦ, ʯʪʦ 

ʫʛʦʣ ʜʠʬʬʝʨʝʥʪʘ ʤʝʥʴʰʝ ʧʨʷʤʦʛʦ: 

 
Ø­«

= r/Zz ;     J = atan2( z.y,z.z ). 

ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʩʥʦʚʘ-

ʥʳ ʥʘ ʩʪʨʦʛʦ ʦʜʥʦʟʥʘʯʥʳʭ ʪʝʥʟʦʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʷʭ, ʘ ʫʛʣʦʚʳʝ ʚʝʣʠʯʠʥʳ 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʟʘʢʦʥʘʭ ʫʧʨʘʚʣʝʥʠʷ ʢʫʨʩʦʤ ʠ ʭʦʜʦʤ 

ʢʦʨʘʙʣʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʨʘʬʠʢʦʚ ʠ ʮʠʬʨʦʚʳʭ ʥʘʜʧʠʩʝʡ, ʠ ʥʘ 

ʧʨʘʢʪʠʢʝ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʚ ʧʨʦʢʣʘʜʢʘʭ ʤʘʨʰʨʫʪʘ ʢʦʨʘʙʣʷ. 

ʆʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʚʠʣʦʤ ʚʳʙʦʨʘ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʧʦʚʦʨʦʪʦʚ ʣʦʢʘʣʴʥʦʛʦ ʢʦʨʘʙʝʣʴʥʦʛʦ ʙʘʟʠʩʘ, ʚ ʢʦʪʦʨʳʭ ʞʝʣʘ-

ʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʦʧʝʨʘʮʠʡ, ʛʜʝ ʢʘʞʜʳʡ ʧʦʚʦʨʦʪ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʦʨʠʝʥʪʘʮʠʶ ʧʦ ʜʚʫʤ ʜʨʫʛʠʤ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʦʩʷʤ, ʠʣʠ ʠʥʘʯʝ 

ʛʦʚʦʨʷ ï ʩʪʨʦʛʦ ʧʦ ʪʨʸʤ ʦʧʝʨʘʮʠʷʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʰʝʩʪʠ ʚʘʨʠʘʥʪʦʚ ʚʨʘ-

ʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. 
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ʄʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʥʟʦʨʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦʚʦʨʦʪʘ 

ʢʦʨʘʙʝʣʴʥʦʛʦ ʙʘʟʠʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʩʠ 

),(
­Ø

rarot , ʛʜʝ a ï ʚʝʣʠʯʠʥʘ ʫʛʣʘ ʧʦʚʦʨʦʪʘ, ʠ 
­

r ï ʚʝʢʪʦʨ ʦʨʠʝʥʪʘʮʠʠ ʦʩʠ 

ʚʨʘɦ ʝʥʠʷ. 

1) ï ʫʩʪʘʥʦʚʢʘ ʥʦʚʦʛʦ ʢʫʨʩʘ ï ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʨʳʩʢʘʥʠʷ d ɜ ʚʳʧʦʣʥʷ-

ʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʥʘʧʨʘʚʣʝʥʠʷ ʢ ʟʝʥʠʪʫ ʚ ʛʣʦ-

ʙʘʣʴʥʦʡ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ: 

 ),(
­Ø

Zdnrot ; 

2) ï ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʢʨʝʥʘ dJ ʧʦ ʦʩʠ ʙʘʟʠʩʥʦʛʦ ʚʝʢʪʦʨʘ ʘʙʩʮʠʩʩ ʚ ʦʪ-

ʩʯʸʪʘʭ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʨʩʢʦʛʦ ʙʘʟʠʩʘ, ʩ ʪʘʢʦʡ ʞʝ ʨʝʛʠʩʪʨʘʮʠʝʡ ʥʦʚʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʢʦʨʧʫʩʘ ʚ ʪʝʥʟʦʨʝ ʢʦʨʘʙʝʣʴʥʦʛʦ ʙʘʟʠʩʘ: 

 ),(
­Ø

xdJrot ; 

3) ï ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ ʜʠʬʬʝʨʝʥʪʘ d ű ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʩʦ-

ʭʨʘʥʝʥʠʝ ʫʛʣʦʚ ʢʫʨʩʘ ʠ ʢʨʝʥʘ, ʜʣʷ ʯʝʛʦ ʧʦʚʦʨʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʤʝ-

ʰʘʥʥʦʤ ʙʘʟʠʩʝ, ʧʦ ʧʨʦʝʢʮʠʠ ʣʦʢʘʣʴʥʦʡ ʦʩʠ ʦʨʜʠʥʘʪ 
­

y  ʥʘ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʫ ʁʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʥʦʡ ʛʣʘʜʠ: 

 )][,(
­­­Ø

³³ ZyZdjrot . 

ɺ ʧʨʠʚʝʜʸʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʜʦʧʫʩ-

ʢʘʝʪʩʷ ʨʘʙʦʪʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʫʛʣʘʤʠ ʧʦʚʦʨʦʪʘ ʠʣʠ ʧʦʣʥʦʛʦ ʨʘʟʚʦʨʦʪʘ 

ʧʦ ʢʫʨʩʫ-ʨʳʩʢʘʥʠʶ ʠ ʢʨʝʥʫ-ʦʧʨʦʢʠʜʳʚʘʥʠʶ, ʢʨʦʤʝ ʜʠʬʬʝʨʝʥʪʘ, ʢʦʪʦʨʳʡ 

ʥʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʜʦʣʞʝʥ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʚʝʣʠʯʠʥʝ 90Á. ɺ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʫʩʪʘʥʦʚʣʝʥʦ ʦʛʨʘʥʠʯʝʥʠʝ25 ʜʦ 84Á. 

 

 
25 ʣʫʯʰʝ, ʥʘʚʝʨʥʦʝ, ʦʛʨʘʥʠʯʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʛʣʦʤ ʩʢʣʦʥʘ ʩʪʦʷʯʝʡ ʚʦʣʥʳ 60Á 
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ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʧʣʘʚʫʯʝʩʪʠ ʥʘ ʰʪʦʨʤʦʚʦʡ ʚʦʣʥʝ 

ɺ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʦʙʰʠʚʢʝ ʢʦ-

ʨʘʙʣʷ ʜʘʚʣʝʥʠʡ ʚʦʜʳ ʨʝʟʫʣʴʪʘʪ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʩʯʸʪʦʚ ʦʙʲʸʤʥʦʡ ʘʨ-

ʭʠʤʝʜʦʚʦʡ ʧʣʘʚʫʯʝʩʪʠ, ʦʜʥʘʢʦ ʚ ʪʘʢʦʤ ʚʘʨʠʘʥʪʝ ʚʦʟʤʦʞʥʦ ʚʥʝʩʝʥʠʝ ʧʦ-

ʧʨʘʚʦʢ ʜʣʷ ʫʯʸʪʘ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʥʘʙʝ-

ʛʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʘʚʠʣʦʤ ʩʦʦʪʥʝʩʝʥʠʷ ʩʠʣʳ ʜʘʚʣʝʥʠʷ 

ʚʦʜʳ ʢ ʮʝʥʪʨʫ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʘ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʝ, ʢʦʪʦʨʘʷ 

ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʙʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʙʝʟ ʫʯʪyʘ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ: 

 

««

ÖÖÖ+= shgpf zi )( r   [ʅ, ʢʛĀʤ/ʩ2]  

ʛʜʝ pi ï ʠʟʙʳʪʦʯʥʦʝ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʥʘʧʨʠʤʝʨ ï ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʠʣʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʦʢʘʣʴʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ 

ʞʠʜʢʦʩʪʠ; hz ï ʘʧʧʣʠʢʘʪʘ ʧʦʛʨʫʞʝʥʠʷ ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ ʪʨʝʫʛʦʣʴʥʠʢʘ; 
«

s  ï 

ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʩ ʧʣʦʱʘʜʴʶ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚ ʢʦʨʘʙʝʣʥɹʦʤ 

ʙʘʟʠʩʝ. ʂʘʢ ʚʘʨʠʘʥʪ, ʩʚʦʙʦʜʥʳʡ ʠʣʠ ʛʣʘʚʥʳʡ ʚʝʢʪʦʨ ʩʠʣ ʜʘʚʣʝʥʠʷ ʥʘ ʩʤʦ-

ʯʝʥʥʫʶ ʦʙʰʠʚʢʫ ʢʦʨʧʫʩʘ26 ʧʨʦʩʫʤʤʠʨʫʝʪʩʷ: 

 äD
««

= shgvS zd·   [ʅ/r, ʤ4/ʩ2]  

ɸʧʧʣʠʢʘʪʘ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ ʦʪ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʳ 

ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ ʧʦ ʩʝʢʫɦ ʠʤ 

ʭʦʨʜʘʤ ï ʩʪʦʨʦʥʘʤ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ. 

 
zz

c
z

sh

I
hh

Ö
+=D   [ʤ] 

ʛʜʝ sz ï ʧʨʦʝʢʮʠʷ ʧʣʦʱʘʜʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʘ ʚʝʨʪʠʢʘʣʥɹʫʶ 

ʧʣʦʩʢʦʩʪʴ; hz = (z0 + z1 + z2)/3 ï ʘʧʧʣʠʢʘʪʘ ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ ʪʨʝʫʛʦʣʴʥʠʢʘ. ɺ 

ʩʣʫʯʘʝ ʧʦʯʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʣʦʱʘʜʦʢ ʧʦʧʨʘʚʢʘ ʢ ʘʧʧʣʠʢʘʪʝ hD ʙʫʜʝʪ 

 
26 ɺ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ ʚ ʜʝʣʠʪʝʣʝ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʘʩʩʘ ʠʣʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, 

ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʧʦʟʚʦʣʷʝʪ ʦʧʫʩʢʘʪʴ ʤʥʦʞʠʪʝʣʴ r ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ. 
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ʦʙʥʫʣʷʪʴʩʷ, ʘ ʩʠʣʘ ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʦʩʪʦ ʩʚʝʜʸʪʩʷ ʢ ʮʝʥʪʨʫ ʧʣʦʱʘʜʠ ʨʘʩʯʸʪ-

ʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ hz. 

ɺ ʚʳʯʠʩʣʝʥʠʠ ʦʩʝʚʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʪʨʝʫʛʦʣʴʥʠʢʘ sz ʚ ʧʨʦʝʢʮʠʷʭ 

ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʫʯʘʩʪʚʫʶʪ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʳ ʝʛʦ ʘʧʧʣʠʢʘʪ ʩ 

ʚʝʣʠʯʠʥʦʡ ʝʛʦ ʧʣʦʱʘʜʠ: 

( )[ ]2
0212100

2
2

2
1 )(6/·)·(·3· zzs hzzzzzzzzzsI --+--++=

 [ʤ4]  

c ʧʨʠʚʝʜʝʥʠʝʤ ʢ ʮʝʥʪʨʫ ʧʣʦʱʘʜʠ ʨʘʩʯʸʪʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ; ï ʥʠʞʥʠʝ ʠʥ-

ʜʝʢʩʳ ʦʪʤʝʯʘʶʪ ʪʨʠ ʝʛʦ ʚʝʨʰʠʥʳ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʧʧʣʠʢʘʪʘ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʥʘ 

ʵʣʝʤʝʥʪʘʨʥʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʩʤʦʯʝʥʥʦʡ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ: 

zz

z
z

h

zzzzzzzz

h

hz
hh

·6

·)·(·3)( 212100
2
2

2
1

2
0 +--++

+
-

-=D , [ʤ] 

ʠ, ʩʫʜʷ ʧʦ ʚʩʝʤʫ, ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʬʦʨʤʫʣʳ ʚʧʦʣʥʝ ʙʝʟʦʧʘʩʥʦ, ʪʘʢ ʢʘʢ 

ʜʣʷ ʧʦʛʨʫʞʝʥʥʦʛʦ ʧʦʜ ʚʦʜʫ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩ ʧʣʦʱʘʜʴʶ sZ > 0 ʘʧʧʣʠʢʘʪʘ ʝʛʦ 

ʮʝʥʪʨʘ hz  ʧʨʠ ʦʪʩʯʸʪʘʭ ʦʪ ʫʨʦʚʥʷ ʚʦʜʳ ʥʝ ʤʦʞʝʪ ʦʙʥʫʣʷʪʴʩʷ. ʆʙʨʘʪʠʤ 

ʚʥʠʤʘʥʠʝ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ ʜʘʚʣʝ-

ʥʠʷ. ɼʣʷ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʥʘ ʚʘʪʝʨʣʠʥʠʠ D.z{0,0,1} ʪʘʢʦʡ 

ʮʝʥʪʨ ʥʘ ʧʦʣʦʚʠʥʝ ʚʝʨʪʠʢʘʣʠ: hD = 0,5 (hz = 1/3); ï ʝʩʣʠ ʥʘʚʝʨʭʫ ʪʦʣʴʢʦ 

ʦʜʥʘ ʪʦʯʢʘ D.z{0,1,1}, ʪʦ ʮʝʥʪʨ ʩʠʣʳ ʦʧʫʩʢʘʝʪʩʷ hD = 0,75 (hz = 2/3); ï ʜʣʷ 

ʜʚʫʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ï ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ: Ǐ.z{0,0,1,1} ï hD = 0,625 (hz = 0,5). 

ʇʨʠ ʟʘʛʣʫʙʣʝʥʠʠ ʪʦʯʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʧʦ ʤʝʨʝ ʟʘʛʣʫʙʣʝʥʠʷ 

ʩʙʣʠʞʘʝʪʩʷ ʩ ʮʝʥʪʨʦʤ ʧʣʦɦ ʘʜʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. 

ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʦʯʢʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʜʚʦʡʥʦʝ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩ ʥʦʨʤʠʨʦʚʢʦʡ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʨʘʟʥʦʩʪʠ dh = hz ï hD. 

 
||
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·

­­
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­­­
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ʛʜʝ: 
­

zr  ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚ ʣʦʢʘʣʴʥʦʡ (ʢʦʨʘ-

ʙʝʣʴʥʦʡ) ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 
­

Sn  ï ʥʦʨʤʘʣʴ ʢ ʧʣʦʱʘʜʠ ʪʨʝʫʛʦʣʴʥʠʢʘ; 
­

z  ï 

ʚʝʨʪʠʢʘʣʴ.  

ɺ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʘʭ ʜʝʡʩʪʚʫʶʱʠʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʦʪʩʯʠ-

ʪʳʚʘʝʪʩʷ ʩʨʘʟʫ ʦʪ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʘʙʣʷ 
«

G : 

 äD
«««

D

«

³-= sGrhgvR z d)·(· ,  [ʅĀʤ/r, ʤ5/ʩ2]  

ʛʜʝ: 
«

Dr  ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʵʣʝʤʝʥʪʘʨ-

ʥʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʩ ʧʨʠʚʝʜʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʧʧʣʠʢʘʪʳ ʝʛʦ ʮʝʥʪʨʘ 

ʧʣʦʱʘʜʠ hz, G - ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʘʙʣʷ, ŭS ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʩ 

ʚʝʣʠʯʠʥʦʡ ʧʣʦʱʘʜʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʅʦ ʚʩʸ ʞʝ ʦʩʪʘʶʪʩʷ ʚʦ-

ʧʨʦʩʳ ʢʦʨʨʝʢʪʥʦʩʪʠ ʦʪʩʯʸʪʦʚ ʩʪʨʦʛʦ ʧʦ ʚʝʨʪʠʢʘʣʠ ʦʪ ʣʦʢʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʧʦʜ ʛʨʝʙʥʷʤʠ ʚʦʣʥ ʠ ʩʢʫʣʦʡ ʢʦʨʘʙʝʣʴʥʦʛʦ ʢʦʨʧʫʩʘ. 

ɽʩʣʠ ʚʝʢʪʦʨ ʛʣʘʚʥʦʡ ʩʠʣʳ 
«

vS ʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʳʤ ʚʝʢʪʦʨʦʤ, ʪʦ ʠʥ-

ʪʝʛʨʘʣʴʥʳʡ ʚʝʢʪʦʨ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 
«

vR ʧʦʣʫʯʘʝʪʩʷ ʩʚʷʟʘʥʥʳʤ 

ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʮʝʥʪʨʦʤ ʤʘʩʩ ʢʦʨʘʙʣʷ 
«

G. ʊʦʛʜʘ, ʩʢʦʣʴʟʷɦ ʠʡ ʚʝʢʪʦʨ 

ʛʣʘʚʥʦʡ ʩʠʣʳ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʧʨʦʭʦʜʷʱʠʤ ʯʝʨʝʟ ʪʦʯʢʫ ʧʨʠʚʝʜʝʥʠʷ: 

 
2

/ vSvSvRG
«««

³=+ ,  [ʤ] 

ʩ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʷʤʠ ʧʨʠ ʦʙʥʫʣʝʥʠʠ ʚʝʣʠʯʠʥʳ ʚʝʢʪʦʨʘ 
«

vS, ʢʦʛʜʘ ʚʝʢ-

ʪʦʨ ʜʝʡʩʪʚʫʶʱʝʛʦ ʤʦʤʝʥʪʘ 
«

vR  ʦʙʨʝʪʘʝʪ ʩʚʦʡʩʪʚʘ ʩʚʦʙʦʜʥʦʛʦ ʚʝʢʪʦʨʘ. 

ʉʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʦʚ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʦʮʝʥʠʚʘʝʪ ʤʠʥʠʤʘʣʴ-

ʥʳʡ ʚʨʘʱʘʪʝʣʴʥʳʡ ʤʦʤʝʥʪ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩʠʣ, ʠ ʥʘʟʳʚʘʝʪʩʷ 

çʧʨʠʚʝʜʝʥʠʝʤ ʢ ʜʠʥʘʤʦè: 

 vRʤʠʥ = vSvSvR /)·(
««

. 
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ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʚʝʢʪʦʨ ʩʠʣ ʚʩʧʣʳʪʠʷ 
­

vS ʚ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨ-

ʜʠʥʘʪ ʦʨʠʝʥʪʠʨʦʚʘʥ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʠ ʥʝ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ, ʝʩʣʠ ʚʝʩʴ ʢʦʨ-

ʧʫʩ ʥʝ ʚʭrʦʜʠʪ ʠʟ ʚʦʜʳ. 

ʄʝʭʘʥʠʢʘ ʢʦʨʘʙʣʷ ʢʘʢ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʨʝʘʣʠʟʫʝʪʩʷ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʩʤʝʱʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʘʙʣʷ 
«

G  ʚ ʩʪʦʨʦʥʫ ʫʩʣʦʚʥʦʛʦ 

ʮʝʥʪʨʘ ʙʦʢʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʨʧʫʩʘ ʎɹʉ = f ( ×sz·hæ ), ʤʝʩʪʦʧʦʣʦʞʝ-

ʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʧʝʨʝʤʝʥʯʠʚʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʚʣʝ-

ʥʠʡ ʠ ʧʫʣʴʩʘʮʠʡ ʩʠʣ ʦʪʨʘʞʘʝʤʳʭ ʢʦʨʧʫʩʦʤ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʳʩʪʨʳʭ ʧʦʪʦʢʦʚ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʨʦʭʦʠʜʘʣʴʥʦʛʦ 

ʚʦʣʥʝʥʠʷ. 

ʕʪʦʪ ʚʦʧʨʦʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʠʞʝ, ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʭʦʜʦʚʦʡ ʠ ʚʦʣʥʦ-

ʚʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚʙʣʠʟʠ ʩʤʦʯʝʥʥʦʡ ʦʙʰʠʚʢʠ, ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ ʬʘʢʪʦʨʦʚ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠ ʧʨʠʩʦʝʜʠʥʸʥʥʳʭ ʤʘʩʩ ʞʠʜ-

ʢʦʩʪʠ. 

 

ʍʦʜʦʚʳʡ ʠ ʚʦʣʥʦʚʦʡ ʧʦʪʦʢ ʚʙʣʠʟʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʜʘʚʣʝʥʠʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʷʤʳʭ 

ʦʮʝʥʦʢ ʧʦʛʨʫʞʝʥʥʦʛʦ ʦʙʲʸʤʘ, ʧʦʟʚʦʣʷʝʪ ʩʦʚʤʝʱʘʪʴ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ 

ʵʬʬʝʢʪʳ ʚ ʝʜʠʥʦʤ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʫʯʪyʦʤ 

ʭʦʜʦʚʦʛʦ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʩʦʚʤʝʩʪʥʦ ʩ ʦʮʝʥʢʘʤʠ ʠʤʧʫʣʴʩʥʳʭ ʚʦʟʜʝʡ-

ʩʪʚʠʡ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʤʦʨʩʢʦʛʦ ʚʦʣ-

ʥʝʥʠʠ. 

ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ 
«

sd[ʤ2] ʦʤʳʚʘʝʪʩʷ ʣʦʢʘʣʴʥʳʤ ʧʦ-

ʪʦʢʦʤ ʞʠʜʢʦʩʪʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 
«

v  [ʤ/c], ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʦʩʪʫʧʘʪʝʣʥɹʦʡ 
«

V ʠ ʫʛʣʦʚʦʡ 
«

Wʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʢʘʯʢʠ ʚ ʦʪʩʯʸʪʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ʤʘʩʩ ʢʦʨʘʙʣʷ 
«

G, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʥʘ ʚʝʨʪʠʢʘʣʠ ʧʦʧʝʨʝʯʥʦʛʦ ʤʝʪʘʮʝʥʪʨʘ 
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ʪʠʭʦʡ ʚʦʜʳ 
«

M  ʩ ʦʪʩʪʫʧʦʤ ʧʦ ʘʧʧʣʠʢʘʪʝ ʥʘ ʚʝʣʠʯʠʥʫ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʦʡ 

ʚʳʩʦʪʳ hx ʚ ʢʦʨʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

 )(
«««««

-³+= GLWVvs ,  [ʤ/c] 

ʛʜʝ 
«

L  [ʤ] ï ʢʦʨʘʙʝʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʚʥʝʰʥʝʛʦ ʚʦʣʥʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʦʠʪʩʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʞʠʜʢʦʩʪʠ ʚʙʣʠʟʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜ-

ʢʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ, ʙʝʟ ʫʯʸʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʠʣʠ ʩʦʙ-

ʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʚ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ ʢʦʨʧʫʩʦʤ ʢʦʨʘʙʣʷ. 

ɺ ʨʘʙʦʪʘʭ ʩ ʧʦʣʷʤʠ ʜʘʚʣʝʥʠʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ ʚʦʩ-

ʪʨʝʙʫʶʪʩʷ ʫʪʦʯʥʝʥʠʷ ʧʦ ʜʘʚʣʝʥʠʶ ʞʠʜʢʦʩʪʠ ʚ ʨʘʤʢʘʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʟʘʢʦʥʘ ɹʝʨʥʫʣʣʠ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʥʝʠʟʤʝʥʥʦʩʪʴ 

çʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷè ʚ ʞʠʜʢʦʩʪʠ: 

 constphg
v

az =++ ··
2

·
2

rr   [ʢʛ/ʤ/ʩ2]  

ʛʜʝ r = 1 025 [ʢʛ/ʤ3] ï ʧʣʦʪʥʦʩʪʴ ʤʦʨʩʢʦʡ ʚʦʜʳ; v [ʤ/ʩ] ï ʚʳʟʚʘʥʥʘʷ ʩʢʦ-

ʨʦʩʪʴ ʪʝʯʝʥʠʷ ʚʙʣʠʟʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ ʙʝʟ ʫʯʸʪʘ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʢʦʨʘʙʣ;̫ 

pa [ʢʛ/ʤ/ʩ
2] ï ʠʟʙʳʪʦʯʥʦʝ ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʪ-

ʤʦʩʬʝʨʳ.  ʇʦʣʥʦʝ ʜʘʚʣʝʥʠʝ, ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʬʠʢʩʠʨʫʝʪʩʷ ʜʣʷ 

ʩʣʫʯʘʷ ʩʫʜʥʘ ʙʝʟ ʭʦʜʘ, ʙʝʟ ʢʘʯʢʠ ʠ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʚʥʝʰʥʝʛʦ ʤʦʨ-

ʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʢʘʢ: pg = r·g·hz + pa, ʛʜʝ ʜʘʚʣʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʩʣʫʞʠʪ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʚʩʢʠʧʘʥʠʷ ʞʠʜʢʦʩʪʠ ʠʣʠ ʝʸ ʢʘʚʠʪʘ-

ʮʠʦʥʥʦʛʦ ʨʘʟʨʳʚʘ ʧʨʠ pg Ò 0. 

ʇʦʣʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʚ ʤʘʣʳʭ ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʘʭ ʩʪʨʦʠʪʩʷ 

ʥʘ ʧʨʠʥʮʠʧʘʭ ʥʝʧʨʦʪʝʢʘʥʠʷ ʩʤʦʯʝʥʥʦʡ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ, ʥʘ ʢʦʪʦʨʦʡ ʚʳ-

ʟʚʘʥʥʳʝ ʚʦʣʥʘʤʠ ʩʢʦʣʴʟʷʱʠʝ ʧʦʪʦʢʠ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʣʦʢʘʣʴ-

ʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʠ ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʙʦʣʝʝ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʜʘʚʣʝʥʠʝ 
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ʩʥʠʞʘʝʪʩʷ, ʧʨʠ ʧʦʜʪʦʨʤʘʞʠʚʘʥʠʠ ʧʦʪʦʢʘ ï ʜʘʚʣʝʥʠʝ ʙʫʜʝʪ ʥʝʤʥʦʛʦ ʚʦʟ-

ʨʘʩʪʘʪʴ: 

2/)||·(2/·2/)·( 22222
««

³-=-=-= svwvwv vnVVpVVp rrrd
, [ʢʛ/ʤ/ʩ2]  

ʛʜʝ Vv ï ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʢʦʨʘʙʣʷ, Vw ï ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʩʢʦʣʴʟʷʱʝʛʦ ʚ ʧʣʦʩ-

ʢʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʙʣʠʟʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ ʚʳʯʠʩʣʷʝʪ-

ʩʷ ʚʝʢʪʦʨʥʳʤ ʩʣʦʞʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʚʦʣʥʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʩʦʙʩʪʚʝʥʥʦʡ ʩʢʦ-

ʨʦʩʪʠ ʵʣʝʤʝʥʪʘ ʦʙʰʠʚʢʠ ʥʘ ʧʦʜʚʠʞʥʦʤ ʢʦʨʧʫʩʝ ʚ ʣʦʢʘʣʴʥʦʡ ʢʦʨʘʙʝʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ: 
«««

-= sw vVv , ʛʜʝ 
«

sv  [ʤ/ʩ] ï ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʧʣʦʱʘʜʢʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ; 
«

wV  ï ʩʢʦʨʦʩʪʴ ʚʦʣʥʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʝʨʝʚʝ-

ʜʝʥʥʦʛʦ ʚ ʢʦʨʘʙʝʣʴʥʳʡ ʙʘʟʠʩ: 
³­«

= r/ww VV .  

ʉʢʦʨʦʩʪʴ ʭʦʜʘ ʢʦʨʘʙʣʷ ʜʦʣʞʥʘ ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ ʥʝʢʦʡ ʠʥʪʝʛʨʘʣʴʥʦ 

ʦʩʨʝʜʥʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʧʦ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʧʦ-

ʧʨʘʚʢʘ ʧʦ ɹʝʨʥʫʣʣʠ ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʚʥʦ ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʧʦʜʚʩʧʣʪrʠʶ 

ʢʦʨʧʫʩʘ ʟʘ ʩʯʸʪ ʥʝʙʦʣʴʰʦʛʦ ʧʦʚʳʰʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʦʢʦʥʝʯʥʦʩʪʷʭ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ. 

ʅʦʨʤʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʩʦʟʜʘʝʪ ʘʩʠʤʤʝʪʨʠʯʥʳʡ ʠʤʧʫʣʴʩ 

ʦʪʨʘʞʝʥʥʦʛʦ ʧʦʪʦʢʘ. ʊʘʢ, ʥʦʩʦʚʘʷ ʦʢʦʥʝʯʥʦʩʪʴ ʚʳʜʘʚʣʠʚʘʝʪʩʷ ʥʘʙʝʛʘʶ-

ʱʠʤ ʧʦʪʦʢʦʤ ʥʘ ʚʩʧʣʳʪʠʝ, ʪʦʛʜʘ ʚ ʢʦʨʤʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʝʞʝʥʠʝ ʩ ʧʦʜʩʘ-

ʩʳʚʘʥʠʝʤ ʢʦʨʤʦʚʦʛʦ ʧʦʜʟʦʨʘ ʥʘ ʧʦʛʨʫʞʝʥʠʝ. ʇʦʣʫʯʘʝʪʩʷ ʭʦʜʦʚʳʡ ʜʠʬ-

ʬʝʨʝʥʪ ʥʘ ʢʦʨʤʫ, ʯʪʦ ʚʠʜʠʪʩʷ ʟʘʨʦʞʜʝʥʠʝʤ ʚʦʣʥʦʚʦʛʦ ʩʢʣʦʥʘ ʧʝʨʝʜ ʥʦʩʦʤ 

ʢʦʨʘʙʣʷ, ʧʦʜʲʸʤ ʥʘ ʢʦʪʦʨʳʡ ʬʦʨʤʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠ-

ʞʝʥʠʶ ʢʦʨʘʙʣʷ ʜʘʞʝ ʥʘ ʪʠʭʦʡ ʚʦʜʝ. 

 
2/|·|·)·(

««««

Ö= nn vnvnp rd
,  [ʤ2/ʩ2]  

ʛʜʝ:  dp ï ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʥʘ ʵʣʝʤʝʥʪʝ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ.   
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ɺʝʢʪʦʨʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʟʜʝʩʴ ʩʫʱʝʩʪʚʝʥʥʳ, ʠ ʧʦʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝ-

ʥʠʝ ʜʝʡʩʪʚʠʷ ʩʠʣ ʜʘʚʣʝʥʠʷ. 

ɽʩʣʠ ʞʝ ʥʘ ʚʩʸʤ ʧʨʦʪʷʞʝʥʠʠ ʜʥʠʱʘ ʫʩʪʨʘʠʚʘʝʪʩʷ ʧʦʜʲʝʤ ʫʩʣʦʚʥʦ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʩʠʣʴʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ 

(ʨʘʟʚʝʩʠʩʪʦʩʪʠ) ʥʦʩʦʚʳʭ ʚʝʪʚʝʡ ʰʧʘʥʛʦʫʪʦʚ (ʈʠʩ. 35), ʪʦ ʚ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʭʦʜʘ ʢʦʨʘʙʣʷ ʥʘ ʛʣʠʩ-

ʩʠʨʦʚʘʥʠʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ ʭʦʜʘ. 

ɺ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʚʦʜʦʚ ʢʦʨʘʙʣʷ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʤ ʛʠʜʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʤ ʜʦʩʪʠʞʝʥʠʝʤ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʠʩʢʣʶʯʝʥʠʝ ʭʦʜʦʚʦʛʦ ʜʠʬʬʝ-

ʨʝʥʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʭʦʜʘ, ʯʪʦ ʚʧʦʣʥʝ ʜʦʩʪʠʛʘʝʪʩʷ 

ʫʩʪʨʦʡʩʪʚʦʤ ʢʣʠʧʝʨʩʢʠʭ ʩʢʫʣʦʚʳʭ ʦʙʚʦʜʦʚ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ ʢʦʨʧʫʩʘ, ʩ ʟʘ-

ʢʨʫʯʠʚʘʥʠʝʤ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʥʘ ʧʨʝʜʝʣʴʥʦ ʩʣʘʙʦ ʠʩʢʨʠʚʣʸʥʥʳʭ ʧʦ-

ʚʝʨʭʥʦʩʪʷʭ ʩʫʜʦʚʳʭ ʦʙʚʦʜʦʚ ʦʪ ʬʦʨʰʪʝʚʥʷ ʧʦʜ ʜʥʠʱʝ, ʠ ʠʟ ʧʦʜ ʜʥʠɦ ʘ ʚ 

ʩʪʦʨʦʥʫ ʢʦʨʤʦʚʦʛʦ ʧʦʜʟʦʨʘ. ʇʦʩʣʝʜʥʝʝ ʩ ʥʝʢʦʪʦʨʳʤʠ ʦʛʦʚʦʨʢʘʤʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʩʦʟʜʘʥʠʷ ʧʣʘʚʥʦʛʦ ʧʦʪʦʢʘ ʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʚ ʟʦʥʝ ʨʘʙʦʪʳ 

ʨʫʣʝʡ ʠ ʜʚʠʞʠʪʝʣʝʡ. 

ɺ ʩʣʫʯʘʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʢʦʥʝʯʥʦʛʦ ʦʙʲʸʤʘ ʪʘʢʘʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʫʯʘʩʪʚʫʝʪ ʚ ʤʘʣʦʡ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʤʝʞʥʳʭ ʩʝʪʦʯʥʳʭ ʷʯʝʝʢ, ʘ ʚ 

ʩʣʫʯʘʝ ʥʝʠʩʢʘʞʘʝʤʳʭ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥ ʘʥʘʣʦʛʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʙʫʜʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʜʣʠʥʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʚʝʢʪʦʨʘʤ ʩʢʦʨʦʩʪʝʡ ʚʦʣʥʦʚʳʭ ʪʝ-

ʯʝʥʠʡ. ʊʘʢ, ʟʝʨʢʘʣʴʥʦʝ ʦʪʨʘʞʝʥʠʝ ʩʪʨʦʠʪʩʷ ʥʘ ʨʘʟʣʦʞʝʥʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʩʫʤʤʘʨʥʦʛʦ ʚʝʢʪʦʨʘ 
«

v  ʧʦ ʢʦʤʧʦʥʝʥʪʘʤ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʙʘʟʠʩʘ ʩ ʝʜʠʥʠʯ-

ʥʦʡ ʥʦʨʤʘʣʴʶ 
«

n ʢ ʩʫʜʦʚʦʡ ʦʙh ʠʚʢʝ. 

ʈʘʟʚʠʚʘʷ ʯʠʩʣʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʨʦʭʦ-

ʠʜʘʣʴʥʦʛʦ ʚʦʣʥʝʥʠʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʣʦʢʘʣʴʥʳʝ ʟʘʢʦʥʳ ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʷʯʝʝʢ ʩʤʦʯʝʥʥʦʡ ʦʙʰʠʚʢʠ ʢʦʨʘʙʣʷ ʩ ʧʦʜʚʠʞʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʟʘ-

ʙʦʨʪʥʦʡ ʞʠʜʢʦʩʪʠ, ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʢʦʨʘʙʝʣʴʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ 
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ʄʠʯʝʣʣʘ ʧʨʠʚʦʜʠʪ ʢ ʫʛʣʫʙʣʸʥʥʦʤʫ ʧʦʟʥʘʥʠʶ ʚ ʦʙʣʘʩʪʠ ʰʪʦʨʤʦʚʦʡ ʛʠʜ-

ʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣʷ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʨʘʙʝʣʴʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʦʣʥʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʩʪʨʦʠʪʩʷ ʥʘ ʙʘʟʝ ʫʩʣʦʚʠʡ ʥʝʧʨʦʪʝʢʘ-

ʥʠʷ ʩʤʦʯʝʥʥʦʡ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ ʚʩʪʨʝʯʥʳʤ ʧʦʪʦʢʦʤ ʚʦʜʳ, ʜʣʷ ʯʝʛʦ, ʚ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʚʜʦʣʴ ʚʩʝʡ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚʠʭ-

ʨʝʠʩʪʦʯʥʠʢʠ, ʧʨʝʜʦʧʨʝʜʝʣʷʶʱʠʝ ʢʘʢ ʢʘʩʘʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʩʢʘʣʴʟʳ-

ʚʘʥʠʷ ʚʦʜʳ ʧʦ ʣʦʢʘʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ ʢʦʨʧʫʩʘ, ʪʘʢ ʠ ʥʦʨʤʘʣʴʥʳʝ ʢʦʤʧʦ-

ʥʝʥʪʳ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ï ʦʪʨʘʞʝʥʠʷ ʚʥʝʰʥʠʭ ʧʦʪʦʢʦʚ ʧʦ ʭʦʜʫ ʢʦʨʘʙʣʷ, 

ʚʢʣʶʯʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ ʩʪʦʨʦʥʳ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ. 

ʅʦʨʤʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʧʦʣʥʦʡ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ, 

ʤʦʜʝʣʠʨʫʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʫʩʣʦʚʠʡ 

ʥʝʧʨʦʪʝʢʘʥʠʷ, ʜʚʦʡʥʳʤ ʩʢʘʣʷʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 
«

v  ʩ ʝʜʠʥʠʯ-

ʥʦʡ ʥʦʨʤʘʣʴʶ 
«

n , ʦʧʨʝʜʝʣʷʷ ʚʝʢʪʦʨ 
«

nv  ʜʣʷ ʠʤʧʫʣʴʩʘ ʦʪʨʘʞʘʝʤʦʛʦ ʧʦʪʦ-

ʢʘ: 

 

««««

Ö= nvnvn )·(
.  [ʤ/ʩ] 

ʇʦ ʫʩʣʦʚʠʷʤ ʥʝʧʨʦʪʝʢʘʥʠʷ ʚʩʪʨʝʯʥʳʝ ʧʦʪʦʢʠ ʩʦʟʜʘʶʪ ʧʦʣʦʞʠʪʝʣʴ-

ʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʊʦʨʨʠʯʝʣʣʠ ʜʣʷ ʜʘʚʣʝʥʠʷ ʠ 

ʩʢʦʨʦʩʪʠ ʚ ʠʩʪʦʯʥʠʢʝ ʩ ʛʣʫʙʠʥʦʡ, ʩ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ï ʚ ʩʪʦʢʝ ʜʘʚʣʝʥʠʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ. ʈʘʟʨʝʞʝʥʠʝ ʚ ʩʭʦʜʷʱʝʤʩʷ ʧʦʪʦʢʝ ʨʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ 

ʦʩʣʘʙʣʷʝʪʩʷ ʬʘʢʪʦʨʘʤʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʩʨʳʚʦʚ ʧʦʪʦʢʘ ʠʣʠ ʦʙʥʫʣʷʝʪʩʷ 

ʢʘʚʠʪʘʮʠʝʡ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʚʘʨʠʘʥʪʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʤʧʠʨʠʯʝʩʢʠʡ 

ʧʘʨʘʤʝʪʨ27: kv ïʢʦʵʬʬʠʮʠʝʥʪʘ ʯʘʩʪʠʯʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚ-

ʣʝʥʠʷ ʚ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʩʪʦʢʘ (ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ) ʥʘ ʩʫ-

 
27 ɺ ʛʠʜʨʦʜʠʥʘʤʠʢʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʜʝʣʝʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ, ʜʝʡʩʪʚʠʝ ʧʘʨʘʜʦʢʩʘ ɼʘʣʘʤ-

ʙʝʨʘ ʚʟʘʠʤʦʢʦʤʧʝʥʩʠʨʫʝʪ ʠʤʧʫʣʴʩʳ ʩʠʣ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʠʪʷʛʠʚʘʥʠʷ ʯʘʩʪʠʮ ʞʠʜʢʦ-

ʩʪʠ. 
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ʜʦʚʦʡ ʦʙʰʠʚʢʝ. ʕʪʦ ʥʘʨʫʰʘʝʪ ʩʠʤʤʝʪʨʠʶ ʦʪʨʘʞʘʝʤʳʭ ʠ ʟʘʪʷʛʠʚʘʝʤʳʭ 

ʢʦʨʧʫʩʦʤ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ, ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʥʘʙʝʛʘʶʱʠʤ 

ʧʦʪʦʢʦʤ ʩ ʙʳʩʪʨʳʤʠ ʧʫʣʴʩʠʨʫʶʱʠʤʠ ʪʝʯʝʥʠʷʤʠ ʧʦʜ ʩʢʣʦʥʘʤʠ ʤʦʨʩʢʠʭ 

ʚʦʣʥ, ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʥʘʨʫʰʝʥʠʝʤ ʧʘʨʘʜʦʢʩʘ ɼʘʣʘʤʙʝʨʘ ʧʦ ʚʳʨʘʚʥʠʚʘ-

ʥʠʶ ʜʘʚʣʝʥʠʡ. 

ɸʩʠʤʤʝʪʨʠʷ ʦʪʨʘʞʸʥʥʳʭ ʠʤʧʫʣʴʩʦʚ: 
«

nv ×= 1 + (1 - kv )· nv, ʛʜʝ kv ï 

ʬʘʢʪʦʨ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʘʟʨʝʞʝʥʠʷ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʪʦʢʦʚ ʚ ʤʦʜʝʣʠ 

ʥʝʧʨʦʪʝʢʘʥʠʷ. ɿʜʝʩʴ nv ï ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʦʨʤʘʣʠ ʩ ʝʜʠʥʠʯʥʳʤ 

ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʚʥʝʰʥʝʛʦ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ.  

ɽʩʣʠ kv = 0 ï ʧʦʣʥʦʝ ʛʘʰʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʪʦʢʘ ʜʣʷ 

ʧʨʠʪʷʛʠʚʘʝʤʳʭ ʢ ʢʦʨʧʫʩʫ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ (ʩʪʦʢʫ), ʨʘʟʨʝʞʝʥʠʝ ʥʘ ʩʢʦ-

ʰʝʥʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʦʙʰʠʚʢʠ ï ʦʩʣʘʙʣʷʝʪʩʷ ʯʘʩʪʠʯʥʦ.  

ɽʩʣʠ kv = 1, ʪʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʥʝ ʚʢʣʶʯʘʶʪʩʷ, ʚ ʫʩʣʦ-

ʚʠʷʭ ʥʝʧʨʦʪʝʢʘʥʠʷ ʥʘ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʝ ʜʝʡʩʪʚʫʝʪ ʩʠʤʤʝʪʨʠʯʥʘʷ ʚʟʘʠ-

ʤʦʢʦʤʧʝʥʩʘʮʠʷ ʠʤʧʫʣʴʩʦʚ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʥʘʙʝʛʘʶʱʝʛʦ ʠ ʦʪʭʦʜʷʱʝʛʦ ʦʪ 

ʢʦʨʧʫʩʘ ʧʦʪʦʢʦʚ ʞʠʜʢʦʩʪʠ, ï ʧʘʨʘʜʦʢʩ ɼʘʣʘʤʙʝʨʘ ʜʝʡʩʪʚʫʝʪ ʠ ʥʝʡʪʨʘʣʠ-

ʟʫʝʪ ʩʠʣʦʚʫʶ ʨʝʘʢʮʠʶ ʦʪʨʘʞʘʤʳʭ ʦʪ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʯʘʩʪʠʮ ʞʠʜʢʦʯʪʠ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ.  

ʇʦ ʫʤʦʣʯʘʥʠʶ ʚ ʧʨʦʛʨʘʤʤʝ çAuroraè ʫʩʪʘʥʦʚʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ 

kv = 0,5 ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʚʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʯʘʩʪʠʯʥʳʭ ʧʦʪʝʨʴ ʥʘ 

ʵʧʶʨʘʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ. 

ʉʢʦʣʴʟʷʱʠʡ ʚʝʢʪʦʨ 
«

sv  ʜʣʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʧʦ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ ʧʦʣʫʯʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦ ʬʦʨʤʝ ʜʚʦʡʥʳʤ ʚʝʢ-

ʪʦʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ: 

 

««««««

-=³³= ns vvnvnv ][
.  [ʤ/ʩ] 

ʀʟʤʝʥʷʷ ʟʥʘʢ (ʧʦʨʷʜʦʢ) ʚ ʧʦʩʣʝʜʥʝʤ ʚʝʢʪʦʨʥʦʤ ʧʨʦʠʟʚʝʜʝʥʠʠ ʤʦʞʥʦ 

ʧʦʩʪʨʦʠʪʴ ʚʝʢʪʦʨ 
«

^v  ʜʣʷ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʥʝʰʥʠʭ ʧʦʪʦ-
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ʢʦʚ ʦʪ ʤʘʣʳʭ ʬʨʘʛʤʝʥʪʦʚ 
«

n  ʩʤʦʯʝʥʥʦʡ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ, ʚʦʩʩʪʨʝʙʫʝʤʳʝ 

ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥʦʚʳʭ ʧʦʪʦʢʦʚ: 

 

«««««««««

^ -=³³+Ö= sn vvvnnnvnv ][)·(
,  [ʤ/ʩ] 

ʯʪʦ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʩʚʦʜʠʪʩʷ ʢ ʧʨʦʩʪʦʤʫ ʫʜʚʦʝʥʠʶ ʢʘʩʘʪʝʣʴʥʦʡ ʢʦʤʧʦ-

ʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʜʣʷ ʦʪʨʘʞʘʝʤʦʡ ʦʪ ʢʦʨʧʫʩʘ ʚʦʣʥʳ. 

ʕʚʨʠʩʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʫʤʝʩʪʥʳ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʡ ʤʦʜʝʣʴʶ ʪʨʦ-

ʭʦʠʜʘʣʴʥʦʛʦ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ. ʌʦʨʤʘʣʴʥʦ ʚʩʷ ʛʠʜʨʦʤʝʭʘʥʠʢʘ ʚʦʣʥʦʚʳʭ 

ʧʦʪʦʢʦʚ ʠ ʦʙʪʝʢʘʥʠʷ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʚʧʦʣʥʝ ʘʜʝʢʚʘʪʥʘ ʧʦʣʥʦʮʝʥʥʳʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʨʝʰʝʥʠʷʤ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ ʚ ʨʘʤʢʘʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʤʦʜʝʣʝʡ ʤʝʪʦʜʦʚ ʢʦʥʝʯʥʦʛʦ ʦʙʲʸʤʘ 

(ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ) ʚ ʥʦʪʘʮʠʠ ʪʦʡ ʞʝ ʩʘʤʦʡ ʪʝʥʟʦʨʥʦʡ ʤʘʪʝʤʘʪʠ-

ʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʨʦʭʦʠ-

ʜʘʣʴʥʦʛʦ ʚʦʣʥʝʥʠʷ ʚʝʩʴʤʘ ʧʦʣʝʟʥʘ ʜʣʷ ʚʠʟʫʘʣʥɹʦʡ ʦʪʣʘʜʢʠ ʠ ʢʦʥʪʨʦʣʷ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʟʦʥʘʭ ʠʥʪʝʥʩʠʚʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘʙʝʛʘʶʱʠʭ ʠ ʚʦʣʥʦ-

ʚʳʭ ʧʦʪʦʢʦʚ ʚʙʣʠʟʠ ʢʦʨʘʙʝʣʴʥʦʡ ʦʙʰʠʚʢʠ. 

ɽʩʣʠ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʣʥʘʷ ʛʠʜʨʦ-

ʤʝʭʘʥʠʯʝʩʢʘʷ ʟʘʜʘʯʘ, ʪʦ ʜʣʷ ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʜʦʩʪʘʪʦʯ-

ʥʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʢʘʣʷʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʘʚʣʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ 

ʚʙʣʠʟʠ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ ʢʦʨʘʙʣʷ, ʜʣʷ ʯʝʛʦ ʚʤʝʩʪʦ ʚʳʰʝʦʧʠʩʘʥʥʳʭ 

ʜʚʦʡʥʳʭ ʩʢʘʣʷʨʥʳʭ ʠ ʚʝʢʪʦʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ, ʜʦʩʪʘʪʦʯʥʦ ʠʭ ʧʨʦʩʪʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʙʦʨʪʦʚʦʡ ʦʙh ʠʚʢʠ. 

ʅʦʨʤʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʨʘʩʯʸʪ-

ʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʙʰʠʚʢʠ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʥʝʧʨʦʪʝʢʘʥʠʷ. ɺʝʣʠ-

ʯʠʥʘ ʚʝʢʪʦʨʘ ʦʪʨʘʞʘʝʤʦʛʦ ʚʥʝʰʥʝʛʦ ʧʦʪʦʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʙ-

ʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʜʘʚʣʝʥʠʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʟʘʢʦʥʦʤ ʊʦʨʨʠʯʝʣʣʠ, ʚ 

ʢʦʪʦʨʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʥʘʧʦʨ (ʜʘʚʣʝʥʠʝ) ʩʪʘʥʦʚʠʪʩʷ ʧʦʚʳh ʝʥʥʳʤ ʧʨʠ 
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ʚʩʪʨʝʯʥʦʤ ʪʝʯʝʥʠʠ ʠ ʚʳʯʠʩʣʷʝʤʦʤ ʚ ʩʢʘʣʷʨʥʦʤ ʧʨʦʠʟʚʝʜʝʥʠʠ, ʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʨʠ ʦʙʨʘʪʥʦʤ ʪʝʯʝʥʠʠ ï ʢʘʢ ʙʳ ʧʨʠ çʦʪʩʦʩʝ ʞʠʜ-

ʢʦʩʪʠè ʦʪ ʙʦʨʪʦʚʦʡ ʦʙh ʠʚʢʠ. 
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|·|·)·(
· ,  [ʤ2/ʩ2]  

ʛʜʝ:  Dp ï ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʥʘ ʵʣʝʤʝʥʪʝ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ. 

ɼʣʷ ʢʘʩʘʪʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʪʝʯʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʨʘʞʝʥʠʝ ɹʝʨ-

ʥʫʣʣʠ ʜʣʷ ʩʢʦʨʦʩʪʥʦʛʦ ʥʘʧʦʨʘ, ʦʪʤʝʨʷʝʤʦʛʦ ʦʪ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʜʣʷ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʢʦʨʘʙʣʷ: 
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,  [ʤ2/ʩ2]  

ʛʜʝ: V ï ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʢʦʨʘʙʣʷ.  

ʀ ʚ ʮʝʣʦʤ: 
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,  [ʤ2/ʩ2]  

ɺ ʧʦʩʣʝʜʥʝʤ ʚʳʨʘʞʝʥʠʠ ʜʚʦʡʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʣʷ 
«

sv ʠ 
«

nv  ʫʧʨʦʱʝ-

ʥʳ, ʪʘʢ ʢʘʢ ʜʣʷ ʦʮʝʥʦʢ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʧʦʪʦʢʝ ʞʠʜʢʦʩʪʠ ʪʨʝʙʫʝʪʩʷ 

ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʝʡ, ʙʝʟ ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥ-

ʪʘʮʠʠ. 

ʇʨʠʥʠʤʘʷ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʢʦʨʘʙʣʷ 
«

V, ʩʢʦʣʴʟʷʱʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ 
«

sv  ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʥʝʙʦʣʴʰʦʝ ʧʦʜʚʩʧʣʳʪʠʝ28, ʢʦ-

ʪʦʨʦʝ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʢʦʤʧʝʥʩʠʨʦʚʘʥʦ ʚʢʣʶʯʝʥʠʝʤ ʥʝ-

 
28 ʕʢʩʧʝʨʠʤʝʥʪ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʜʣʷ ʠʥʪʝʛʨʘʣʦʚ 

ʜʘʚʣʝʥʠʷ ʧʦ ɹʝʨʥʫʣʣʠ. ʆʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʘʝʪʩʷ ʝʩʣʠ V =ׅV. 
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ʩʢʦʣʴʢʦ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʦʙʪʝʢʘʥʠʷ ʢʦʨʧʫʩʘ 
«

ÃV  ʚ ʩʨʝʜʥʝʡ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ (ʚ ʨʘʡʦʥʝ ʤʠʜʝʣʴʰʧʘʥʛʦʫʪʘ).  

 

ʈʠʩ. 35. ʂʦʥʪʨʦʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʙʳʩʪʨʦʭʦʜʥʳʤ ʛʣʠʩʩʠʨʫʶʱʠʤ ʢʦʨʘʙʣʸʤ 

ʥʘ ʪʠʭʦʡ ʚʦʜʝ. ʅʘ ʩʢʦʨʦʩʪʠ ʭʦʜʘ 50 ʫʟʣʦʚ (Fn=2) ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʢʦʨʘʙʣʷ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ 15 ʤ3 ʜʦ 4 ʤ3, ʧʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ 

ʦʪ 44 ʤ2 ʜʦ 32 ʤ2. 

ʆʪʨʘʞʘʝʤʘʷ 
«

nv  ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʥʝʧʨʦʪʝʢʘʥʠʷ ʩʦʟʜʘʝʪ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʡ ʭʦʜʦʚʳʡ ʜʠʬʬʝʨʝʥʪ, ʩ ʧʨʠʞʘʪʠʝʤ ʢʦʨʤʦʚʦʛʦ ʧʦʜʟʦʨʘ ʢ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʚʦʜʳ, ʯʪʦ ʩʦʟʜʘʸʪ ʫʩʣʦʚʠ ̫ʚʳʭʦʜʘ ʥʘ ʛʣʠʩʩʠʨʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʚʦʜʦʚ ʢʦʨʧʫʩʘ. 

ɸʣʛʦʨʠʪʤ ʩ ʧʝʨʝʨʘʩʯʸʪʘʤʠ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʝʡ ʠ ʧʦʧʨʘʚʦʢ ʢ ʜʘʚʣʝ-

ʥʠʷʤ ʟʘʙʦʨʪʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʘʭ ʩʫʜʦʚʦʡ ʦʙ-

ʰʠʚʢʠ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʧʨʷʤʦʛʦ ʠ ʨʘʩʰʠʨʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟ-

ʜʝʡʩʪʚʠʡ ʥʘ ʢʦʨʧʫʩ ʚʩʪʨʝʯʥʳʭ ʠ ʚʦʣʥʦʚʳʭ ʧʦʪʦʢʦʚ ʚʦʜʳ. ʂʦʨʘʙʝʣʴʥʦʝ 

ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʦʧʦʣʥʷʝʪʩʷ ʠʤʧʫʣʴ-

ʩʘʤʠ ʦʪʨʘʞʝʥʠʷ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʛʠʜʨʦʤʝʭʘ-

ʥʠʢʦʡ ʩʠʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʨʝʘʢʮʠʡ ʧʦ ʭʦʜʢʦʩʪʠ ʠ ʢʘʯʢʝ ʢʦʨʘʙʣʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʧʦʪʦʢʦʚ ʚʦʜʳ ʦʩʦʙʦ ʥʝ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʚʘ-

ʨʠʘʥʪʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʠʩʢʘʞʘʝʤʳʭ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥ ʠʣʠ ʚʦʣʥʝ-
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ʥʠʷ, ʩʚʦʙʦʜʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʭʝʤʘʭ ʢʦ-

ʥʝʯʥʳʭ ʦʙʲʸʤʦʚ (ʨʘʟʥʦʩʪʝʡ), ʦʜʥʘʢʦ, ʫʧʨʦʱʝʥʥʘʷ ʤʦʜʝʣʴ ʩʣʫʞʠʪ ʦʪʣʘʜʢʝ 

ʢʣʶʯʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʠ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʘ ʜʣʷ ʢʦʨʨʝʢʪʥʳʭ ʵʢʩʧʨʝʩʩ ʦʮʝ-

ʥʦʢ ʤʦʨʝʭʦʜʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ ʠ ʤʘ-

ʥʝʚʨʠʨʦʚʘʥʠʝʤ ʢʦʨʘʙʣʷ ʥʘ ʠʥʪʝʥʩʠʚʥʦʤ ʚʦʣʥʝʥʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

 

ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʘʷ ʘʩʠʤʤʝʪʨʠʷ ʦʙʲʸʤʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʥʘ ʚʦʣʥʦʚʦʤ 

ʩʢʣʦʥʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʙʲʸʤʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʩʚʦʜʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʤ, ʙʳʩʪʨʳʤ ï ʵʬʬʝʢʪʠʚʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ ʚ ʰʪʦʨʤʦʚʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʝ ʢʦʨʘʙʣʷ. ɺ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʚʝʢʪʦʨʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʚʩʪʨʝʯʥʳʭ ʩʠʣ ʠ ʧʣʝʯ ʠʭ ʨʘʩʩʦʛʣʘʩʦ-

ʚʘʥʠʷ ʦʪ ʠʟʤʝʥʯʠʚʦʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʚʝʩʘ ʢʦʨʧʫʩʘ, ɺʝʢʪʦʨ ʘʨʭʠʤʝʜʦʚʳʭ ʩʠʣ ʚʩʧʣʳʪʠʷ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘʧʨʘʚ-

ʣʷʝʪʩʷ ʧʦ ʠʥʪʝʛʨʘʣʴʥʦ ʦʩʨʝʜʥʝʥʥʳʤ ʛʨʘʜʠʝʥʪʘʤ ʚʦʣʥʦʚʳʭ ʩʢʣʦʥʦʚ, ʢʘʢ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʨʘʚʥʳʭ ʜʘʚʣʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʪʫʨʘ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘ-

ʪʝʨʣʠʥʠʠ, ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʚʢʣʶʯʘʝʪ ʚ ʜʠʥʘʤʠʢʫ ʜʚʠʞʝʥʠʷ ʚʩʝ ʰʝʩʪʴ ʢʦʤ-

ʧʦʥʝʥʪ ʰʪʦʨʤʦʚʦʡ ʢʘʯʢʠ, ʩ ʜʨʝʡʬʦʤ ʠ ʧʦʪʝʨʷʤʠ ʭʦʜʘ. 

ɺ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʥʝʜʦʩʪʘʝʪ ʫʯʸʪʘ ʙʳʩʪʨʦʤʝʥʷʶʱʝʛʦʩʷ ʤʦʤʝʥʪʘ 

ʠʥʝʨʮʠʠ ʧʦ ʦʙʲʸʤʫ ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ. ɺʟʘʤʝʥ ʧʦʢʘ ʜʦʙʘʚʣʷʶʪ-

ʩʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ (ʈʠʩ. 36), ʚʦʟʥʠʢʘʶʱʠʝ ʦʪ ʧʝʨʝʧʘ-

ʜʦʚ ʫʨʦʚʥʷ ʚʦʜʳ ʧʦ ʢʦʥʪʫʨʫ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ. 

ɺ ʘʣʛʦʨʠʪʤʝ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʪʝʨʣʠʥʠʠ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʚʳʙʦʨʢʠ ʧʦ ʜʚʝ ʪʦʯʢʠ a ʠ b ï ʚʜʦʣʴ ʚʘʪʝʨʣʠʥʠʠ, ʩ ʪʨʝʪʴʝʡ ʪʦʯ-

ʢʦʡ c ï ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʙʦʨʪʫ. ɺ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʦʣʫ-

ʯʠʪʩʷ: dhy=0,5·(a + b).z ï c.z ï ʧʝʨʝʧʘʜ ʫʨʦʚʥʝʡ ʚʦʜʳ ʠ ʙʦʨʪʦʚʦʛʦ ʜʘʚʣʝ-

ʥʠʷ ʜʣʷ ʨʘʩʯʸʪʦʚ ʢʨʝʥʘ ʠ ʨʳʩʢʘʥʠʷ, dhx=(a ï b).z ï ʧʨʦʜʦʣʴʥʳʡ ʧʝʨʝʧʘʜ 
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ʫʨʦʚʥʝʡ ʚʦʜʳ ʢ ʨʘʩʯʸʪʘʤ ʢʠʣʝʚʦʡ ʢʘʯʢʠ, ʧʦʪʝʨʠ ʭʦʜʘ ʠʣʠ ʜʝʣʴʬʠʥʠʨʦʚʘ-

ʥʠʷ. 

 { }20,·,···
­­

= yyxx hShSgf ddrd ,  [ʅ, ʢʛĀʤ/ʩʝʢ2]  

ʛʜʝ 
­

fd  ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʠʤʧʫʣʴʩ ʩʠʣʳ ʧʦ ʦʜʥʦʤʫ ʨʘʩʯʸʪʥʦʤʫ ʪʨʝʫʛʦʣʴʥʠ-

ʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ ʚ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

 

ʈʠʩ. 36. ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʩʠʣʳ ʥʘ ʢʦʨʧʫʩʝ ʢʦʨʘʙʣʷ ʚ ʫʩʣʦʚʠʷʭ ʰʪʦʨʤʦʚʦʛʦ 

ʚʦʣʥʝʥʠʷ. 1 ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʤʘʩʩʘ ʢʦʨʘʙʣʷ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʜ ʤʝʪʘʮʝʥ-

ʪʨʦʤ ʜʣʷ ʟʘʜʘʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ; 2 ï ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʘʷ ʩʠʣʘ 

ʧʣʘʚʫʯʝʩʪʠ ʩʦʟʜʘʝʪ ʜʠʥʘʤʠʯʝʩʢʫʶ ʨʘʟʥʦʩʪʴ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʤʘʩʩʦʡ, ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʝʥʷʱʝʛʦ ʠ ʜʠʬʬʝʨʝʥʪʫʶʱʝʛʦ ʧʣʝʯʘ; 3 ï ʠʥʪʝʛʨʘʣʴʥʳʡ 

ʧʝʨʝʧʘʜ ʫʨʦʚʥʝʡ ʚʦʜʳ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ ʠ ʧʦ ʙʦʨʪʘʤ ʢʦʨʧʫʩʘ (ʩ ʫʯʸʪʦʤ ʢʨʝ-

ʥʘ ʠ ʜʠʬʬʝʨʝʥʪʘ), ʩʦʟʜʘʶʪ ʩʠʣʳ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʠ ʧʦʚʦ-

ʨʦʪʦʚ ʢʦʨʧʫʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʛʥʦʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ ʜʝʡʩʪʚʫʶʱʝʡ 

ʚʘʪʝʨʣʠʥʠʠ, ʘ ʪʘʢʞʝ ʧʘʨʳ ʩʠʣ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʨʳʩʢʘʥʠʶ. 

ʋʪʦʯʥʷʶʱʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ ʧʦʣʫʯʘʶʪʩʷ ʚʝʢʪʦʨʥʳʤ ʧʨʦ-

ʠʟʚʝʜʝʥʠʝʤ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʦʙʱʫʶ ʪʦʯʢʫ ʚ ʧʣʦʩʢʦʩʪʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘ-

ʪʝʨʣʠʥʠʠ, ʢ ʧʨʠʤʝʨʫ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʝʸ ʧʣʦʱʘʜʠ (ʥʘ ʪʠʭʦʡ ʚʦʜʝ): 

 ä
««

=+ fvS d   [ʅ, ʢʛĀʤ/ʩʝʢ2]  

 ä
«««

D

«

³-=+ fGrvR d)(  [ʅĀʤ, ʢʛĀʤ2/ʩʝʢ2]  

ʛʜʝ 
«

vS ï ʧʨʦʜʦʣʴʥʘʷ ʠ ʙʦʨʪʦʚʘʷ ʢʦʤʧʦʥʝʥʪʳ ʜʨʝʡʬʦʚʳʭ ʩʠʣ ʟʘ ʩʯʸʪ ʧʝʨʝ-

ʧʘʜʦʚ ʫʨʦʚʥʷ ʤʦʨʷ ʫ ʙʦʨʪʘ ʢʦʨʘʙʣʷ; ʊʦʯʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʨʝʡʬʦʚʳʭ ʩʠʣ 
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ʚʙrʠʨʘʝʪʩʷ 
«

vF  ï ʮʝʥʪʨ ʧʣʦʱʘʜʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ. 
«

vR ï ʩʚʷʟʥʳʡ 

ʚʝʢʪʦʨ ʜʦʙʘʚʦʯʥʳʭ ʤʦʤʝʥʪʦʚ ʜʠʬʬʝʨʝʥʪʘ ʠ ʨʳʩʢʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʧʨʦʧʝʣʣʝʨʥʳʤ ʠʩʢʨʠʚʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ 

(ʥʠʟʰʠʡ ʧʦʨʷʜʦʢ ʤʘʣʦʩʪʠ). 

ɺ ʧʨʘʢʪʠʢʝ ʧʨʦʚʦʜʠʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʪʘʢʘʷ ʧʦ-

ʧʨʘʚʢʘ ʥʘ ʧʝʨʝʧʘʜʳ ʜʘʚʣʝʥʠʡ ʧʦ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ-

ʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ, ʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʩ ʮʝʣʴʶ ʙʩrʪʨʳʭ ʦʮʝʥʦʢ 

ʤʦʨʝʭʦʜʥʦʩʪʠ ʢʦʨʘʙʣʷ ʥʝ ʟʘʜʝʡʩʪʚʫʝʪʩʷ. 

 

ɸʣʛʦʨʠʪʤʳ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʢʘʯʢʠ ʠ ʭʦʜʢʦʩʪʠ ʢʦʨʘʙʣʷ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʤ ʚʦʣʥʝʥʠʠ 

ɼʚʠʞʫʱʘʷʩʷ ʤʦʜʝʣʴ ʢʦʨʘʙʣʷ ʨʘʟʜʝʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʘʞʜʳʤ ʠʟ 

ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ ʩ ʧʨʝʜʦʧʨʝʜʝʣʸʥʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠ ʜʣʠʥʘʤʠ 

ʚʦʣʥ, ʯʪʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʘʜʝʢʚʘʪʥʦ ʚʦʩʩʦʟʜʘʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʠ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʦʪ ʙʦʨʪʦʚʦʡ ʦʙ-

ʰʠʚʢʠ ʚ ʫʩʣʦʚʥʦ ʫʟʢʦʡ ʧʦʣʦʩʝ ʥʘ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ (ʦʤʳʚʘʝʤʦʛʦ 

ʙʦʨʪʘ ʢʦʨʘʙʣʷ).  

ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʚʦʣʥʦʚʦʝ ʧʦʣʝ (ʈʠʩ. 38) ʧʦʣʫʯʘʝʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝʤ 

ʫʨʦʚʥʝʡ ʤʦʨʷ ʠ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʝʡ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ, ʠ ʬʦʨ-

ʤʘʣʴʥʦ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʝʨʝʨʘʩʯʸʪʦʚ ʤʛʥʦʚʝʥʥʳʭ ʩʠʣʦʚʳʭ ʚʦʟ-

ʜʝʡʩʪʚʠʡ ʥʘ ʚʝʩʴ ʢʦʨʧʫʩ, ʚʢʣʯʁʘʷ ʥʘʜʚʦʜʥʳʡ ʙʦʨʪ ʩ ʧʝʨʝʭʣʝʩʪʦʤ ʛʨʝʙʥʝʡ 

ʚʦʣʥ ʯʝʨʝʟ ʧʘʣʫʙʳ ʠ ʥʘʜʩʪʨʦʡʢʠ. 

ʂʘʞʜʳʡ ʰʘʛ ʢʦʨʘʙʣʷ ʚʦ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ (ʤʘʩʩʠʚʘ) ʚʝʢʪʦʨʥʳʭ ʦʪʩʯʸʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʣʝʛʢʦ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ: 

Route ï ʤʘʨʰʨʫʪ ï ʪʨʘʝʢʪʦʨʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʭʦʜʘ ʢʦʨʘʙʣʷ ʚ  ʛʣʦ-

ʙʘʣʴʥʦʤ ʤʦʨʩʢʦʤ ʙʘʟʠʩʝ [ʤ]; 
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Rate ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʨʧʫʩʘ ʚ ʢʦʨʘʙʝʣʴʥʦʛʦ ʙʘʟʠʩʝ [ʤ/ʩ]; 

Head ï ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʢʨʝʥʘ, ʜʠʬʬʝʨʝʥʪʘ ʠ ʨʳʩʢʘʥʠʷ ʚ 

ʛʣʦʙʘʣʴʥʦʤ ʙʘʟʠʩʝ [ʨʘʜ]; 

Whirl ï ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʢʘʯʢʠ ʚ ʣʦʢʘʣʴʥʳʭ ʫʛʣʘʭ ʂʨʳʣʦʚʘ ʚ ʢʦʨʘ-

ʙʝʣʴʥʦʤ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ [ʨʘʜ/ʩ]. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʦʙʨʘʟʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʘʣ-

ʛʦʨʠʪʤʦʚ ʩ ʚʝʢʪʦʨʥʳʤʠ ʠ ʪʝʥʟʦʨʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ɺ ʩʣʫʯʘʝ ʛʠʜʨʦʩʪʘʪʠ-

ʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ ʢʦʨʧʫʩʘ ʥʘ ʚʦʣʥʫ, ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʢʦʨʘʙʣʷ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʜʦʧʫʱʝʥʠʷʭ ʟʘʢʦʥʦʚ ʦ 

ʜʚʠʞʝʥʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʌʦʨʤʘʣʴʥʦ ʵʪʦ ʦʟʥʘʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʯʠʩ-

ʣʝʥʠʷ ʪʦʣʴʢʦ ʩʫʤʤʘʨʥʦʛʦ ʚʝʢʪʦʨʘ ʩʠʣ ʠ ʪʦʯʢʠ ʝʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ɼʣʷ ʩʣʫʯʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʵʪʦ 

ʦʙʲʸʤ ʟʘ ʩʤʦʯʝʥʥʦʡ ʦʙʰʠʚʢʦʡ ʢʦʨʧʫʩʘ ʩ ʪʦʯʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʨʭʠʤʝʜʦ-

ʚʦʡ ʩʠʣʳ ʧʣʘʚʫʯʝʩʪʠ ʚ ʤʛʥʦʚʝʥʥʦʤ ʮʝʥʪʨʝ ʚʝʣʠʯʠʥʳ. ɺ ʢʘʯʝʩʪʚʝ ʚʝʢʪʦʨʘ 

ʚʩʧʣʳʪʠʷ ʦʥ ʥʘʧʨʘʚʣʷʝʪʩʷ ʧʦ ʥʦʨʤʘʣʠ ʢ ʦʩʨʝʜʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥʦ-

ʚʦʛʦ ʩʢʣʦʥʘ, ʨʘʩʩʝʢʘʝʤʦʛʦ ʢʦʨʧʫʩʦʤ ʢʦʨʘʙʣʷ: 

 
««

= vWiVB · .  [ʤ3]  

ɺʝʨʪʠʢʘʣʴʥʳʡ ʚʝʢʪʦʨ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʤʘʩʩʳ/ʦʙʲʸʤʘ ʢʦʨʧʫʩʘ ʩʠʥʪʝ-

ʟʠʨʫʝʪʩʷ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ: 

 },0,0{ VolumeW=
­

.  [ʤ3]  

ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʢʦʨʧʫʩʘ ʚ ʢʦʨʘ-

ʙʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʙʝʟ ʫʯʸʪʘ ʦʩʣʘʙʣʝʥʠʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʨʘʱʘ-

ʪʝʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʩ ʧʣʝʯʦʤ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʮʝʥʪʨʦʚ ʚʝʣʠʯʠʥʳ ʠ ʤʘʩʩʦ-

ʚʦʡ ʪʷʞʝʩʪʠ ʢʦʨʘʙʣʷ: 

 VolumetWBgV /·)/·( d
³­««

+=+ r ,  [ʤ/ʩ] 
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ʛʜʝ: g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; ʜʝʣʝʥʠʝ ʥʘ ʢʦʨʘʙʝʣʴʥʳʡ ʙʘʟʠʩ 
³

r  

ʦʟʥʘʯʘʝʪ ʧʝʨʝʚʦʜ ʚʝʢʪʦʨʘ ʠʟ ʛʣʦʙʘʣʴʥʦʡ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ 

ʣʦʢʘʣʴʥʦʤʫ ʢʦʨʘʙʝʣʴʥʦʤʫ ʙʘʟʠʩʫ. 

 

ɼʝʤʧʬʠʨʦʚʘʥʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʧʦ ʰʪʦʨʤʦʚʦʡ ʢʘʯʢʝ ʠ 

ʜʨʝʡʬʫ ʢʦʨʧʫʩʘ 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʘʣʳʭ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ  ʢʦʨʧʫʩʘ 

ʚʢʣʶʯʘʝʪ ʠʥʝʨʮʠʦʥʥʳʝ ʠ ʜʝʤʧʬʠʨʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʚʦʩʩʪʘʥʘʚʣʠ-

ʚʘʶʱʠʭ ʠ ʜʨʝʡʬʦʚʳʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

[10, 1985, ɺʦʡʪʢʫʥʩʢʠʡ]. ɺʳʨʘʞʝʥʠʷ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ 

ʜʚʠʞʝʥʠʷʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʨʝʘʢʮʠʡ ʟʘʧʠʩʳʚʘʶʪʩʷ 

ʜʣʷ  ᵻï ʙʦʨʪʦʚʦʡ, ɣ ï ʢʠʣʝʚʦʡ ʠ ɕ ï ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ: 

 
0····)·( 04444 =+++ JJmJl hMgI xx

###
,  [ʢʛĀʤ2/ʩ2]  

 0····)·( 05555 =+++ jjmjl HMgI yy
### ,  [ʢʛĀʤ2/ʩ2]  

 0····)·( 3333 =+++ gg SgM zrzmzl ### ,  [ʢʛĀʤ/ʩ2]  

ʠʣʠ ʧʨʠ ʬʦʨʤʘʣʠʟʘʮʠʠ ʢʘʥʦʥʠʯʝʩʢʦʡ ʟʘʧʠʩʠ: 

 0···2 2 =++ JwJnJ JJ
### ,  [ʨʘʜ/ʩ2]  

 0···2 2 =++ ywyny yy ### ,  [ʨʘʜ/ʩ2]  

 0···2 2 =++ gggg zwznz ### .  [ʤ/ʩ2]  

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʦʧʠʩʘʥʠʷ ʟʘʪʫʭʘʶʱʠʭ ʛʘʨ-

ʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʫʛʣʦʚʦʡ ( ᵻ- ʙʦʨʪʦʚʦʡ ʠ ɣ - ʢʠʣʝʚʦʡ) ʠ ʧʦʩʪʫ-

ʧʘʪʝʣʴʥʦʡ (ɕ - ʚʝʨʪʠʢʘʣʴʥʦʡ) ʢʘʯʢʠ ʢʦʨʧʫʩʘ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʙʦʨʪʦʚʦʡ, ʢʠʣʝʚʦʡ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ: 

)·(2 44

44

l

m
nJ

+
=

xxI
, 

)·(2 55

55

l

m
ny

+
=

yyI
, 

)·(2 33

33

l

m
nz

+
=

M
 [ʩï1]  
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ʉʦʙʩʪʚʝʥʥʳʝ ʢʨʫʛʦʚʳʝ ʯʘʩʪʦʪʳ ʙʦʨʪʦʚʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ 

ʠʥʝʨʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ: 

)(·· 440 lwJ += xxIhMg  ʠ )(·· 33lrwz += MSg ..[ʩï1]  

ʕʤʧʠʨʠʯʝʩʢʠʝ ʠʣʠ ʩʦʢʨʘʱʸʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝ-

ʙʘʥʠʡ ʢʦʨʧʫʩʘ ʟʘʧʠʩʳʚʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʠʦʜʦʚ ʢʘʯʢʠ wpt 2=  

[ʩʝʢ], ʢʘʢ ʢʘʧʠʪʘʥʩʢʘʷ ʬʦʨʤʫʣʘ: 0· hBk=Jt [ʩʝʢ] ʩ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʤ  k å 0,78 [c/ʤ1/2] ʜʣʷ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʩʫʜʦʚ, ʜʦ ʝʛʦ  ʚʝʣʠʯʠ-

ʥ  r k å 0,9 [c/ʤ1/2] ʜʣʷ ʢʨʫʧʥʳʭ ʩʫʜʦʚ ʠʣʠ ʪʨʘʥʩʧʦʨʪʦʚ ʩ ʧʦʣʥʳʤ ʛʨʫʟʦʤ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʦʮʝʥʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʣʷ ʚʝʨʪʠʢʘʣʥɹʦʡ ʢʘʯʢʠ: 

T·5,2=zt [ʩʝʢ], ʠ ʪʘʢʞʝ ʧʦ ʢʠʣʝʚʦʡ ʢʘʯʢʝ  T·4,2=yt [ʩʝʢ]: ʛʜʝ: T [ʤ] 

ï ʦʩʘʜʢʘ; B [ʤ] ï ʰʠʨʠʥʘ ʢʦʨʧʫʩʘ ʧʦ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ; S [ʤ2] ï 

ʧʣʦʱʘʜʴ ʜʝʡʩʪʚʫʶʱʝʡ ʚʘʪʝʨʣʠʥʠʠ; h0
 [ʤ] ï ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ; 

M = r·W [ʢʛ] ï ʤʘʩʩʘ ʢʦʨʧʫʩʘ; D = r·g·W [ʢʛĿʤ/ʩ2] ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʠʣʘ 

ʪʷʞʝʩʪʠ ʢʦʨʧʫʩʘ; W [ʤ3] ï ʦʙʲʸʤʥʦʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ; 

g = r·g =1025 [ʢʛ/ʤ2/ʩ2] ï ʤʘʩʩʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ; mᵻ [ʢʛĿʤ2/ʩ] ï ʦʙʦʙ-

ʱʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ mɕ [ʢʛ/ʩ] ï ʚ 

ʩʣʫʯʘʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ. 

ɺʦ ʚʩʝʭ ʪʨʸʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʤʦʤʝʥʪʳ wᵻ, wɣ  ʠ ʩʠʣʳ wɕ ʩ ʠʥʝʨʮʠʦʥʥʦʡ ʥʦʨʤʠʨʦʚ-

ʢʦʡ, ʢʦʪʦʨʳʝ w2 ֙ ɜ2 ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʜʝʤʧʬʠʨʫʶʱʠʝ ʢʦʤʧʦʥʝʥ-

ʪʳ ʚ ʜʠʩʢʨʠʤʠʥʘʥʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ wwn ·22 iº- , ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʰʝʥʠʷʤ ʩ ʦʩʮʠʣʣʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ 

ʧʝʨʠʦʜʦʚ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ ʢʦʨʧʫʩʘ, ʙʝʟ ʥʘʯʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. 

 
t
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=  ï ʢʠʣʝʚʘʷ ʢʘʯʢʘ,  [ʨʘʜ] 
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-
=  ï ʚʝʨʪʠʢʘʣʴʥʘʷ.  [ʨʘʜ] 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜ-

ʢʘ, ʩ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʜʝʤʧʬʠʨʫʶʱʠʤʠ ʩʢʦ-

ʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʤʦʛʫʪ ʠ ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʧʦʣʟɹʦʚʘʥʳ ʜʣʷ 

ʧʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ 

ʩʚʦʙʦʜʥʳʭ ʠ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʷʭ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʥʘ ʪʠʭʦʡ ʚʦʜʝ. 

ɺ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʢʦʨʧʫʩʘ, ʠʩʯʠʩʣʷʝʤʳʝ ʧʦ ʥʘʯʘʣʴʥʳʤ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, 

ʩʘʤʠ ʧʦ ʩʝʙʝ ʜʦʣʞʥʳ ʩʯʠʪʘʪʴʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʢʨʫʪʳʭ ʩʢʣʦʥʦʚ ʢʨʫʧʥʳʭ ʤʦʨʩʢʠʭ ʚʦʣʥ ʩ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʡ ʧʝʨʠʦ-

ʜʠʯʥʦʩʪʴʶ. ɺ ʧʨʷʤʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʪʘʢʦʝ ʛʠʜʨʦʩʪʘʪʠʯʝ-

ʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʮʝʥʠʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʪʦʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʦʚʤʝʱʝʥʠʝʤ ʥʝ ʤʝʥʴʰʠʭ ʛʠʜʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʩ ʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ ʠ ʙʳʩʪʨʳʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ 

ʩʤʝʱʝʥʠʷʤʠ ʫʨʦʚʥʷ ʤʦʨʷ ʧʦʜ ʚʥʝʰʥʠʤ ʰʪʦʨʤʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʢʦʣʴ 

ʫʛʦʜʥʦ ʙʦʣʴʰʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʊʨʠ ʢʦʤʧʦʥʝʥʪ rʢʘʯʢʠ: ɢ ï ʨʳʩʢʘʥʠʷ; ɖ ï ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ɝ 

ï ʧʨʦʜʦʣʴʥʳʭ ʧʫʣʴʩʘʮʠʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ. 

 0·)·( 6666 =++ cmcl ###
zzI ,  [ʢʛĀʤ2/ʩ2]  

0)·()·( 1111 =-++ iM xxmxl #### ,  0·)·( 2222 =++ hmhl ###M , [ʢʛĀʤ/ʩ2]  

ʠ ʪʨʠ ʢʘʥʦʥʠʯʝʩʢʠʝ ʬʦʨʤʳ ʵʪʠʭ ʫʛʘʩʘʶʱʠʭ ʜʚʠʞʝʥʠʡ: 

0··2 =+ cnc c### ,   [ʨʘʜ/ʩ2] ;     0··2 =D+ xnx x
### ,   0··2 =+ hnh h### , [ʤ/ʩ2]  

ʛʜʝ: ix
# ï ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʧʦ ʠʥʜʠʢʘʪʦʨʥʦʡ (ʵʬʬʝʢʪʠʚʥʦʡ) ʤʦʱʥʦʩʪʠ ʜʚʠʛʘ-

ʪʝʣʝʡ ʥʘ ʪʠʭʦʡ ʚʦʜʝ, ixxx ### -=D  ï ʦʪʢʣʦʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʭʦʜʢʦʩʪʠ ʥʘ ʪʠʭʦʡ ʚʦʜʝ. 

ɺ ʜʠʩʢʨʠʤʠʥʘʥʪʝ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʩʪʘʝʪʩʷ ʪʦʣʴ-

ʢʦ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ nn =2
, ʟʥʘʯʠʪ, ʬʫʥʜʘ-

ʤʝʥʪʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʚ ʮʝʣʦʤ ʩʚʦʜʠʪʩʷ ʢ ʟʘʪʫʭʘʶʱʠʤ ʢʦʣʝʙʘʥʠʷʤ ʫʛʣʦʚʳʭ 
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ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʢʦʨʧʫʩʘ, ʯʪʦ ʚ ʣʦʢʘʣʴʥʳʭ ʢʦʦʨʜʠ-

ʥʘʪʘʭ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʚʩʝʭ ʰʝʩʪʠ ʢʦʤʧʦʥʝʥʪ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʜʚʠʞʝʥʠʷ. 
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ʛʜʝ: d t ï ʨʘʩʯʸʪʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʦʜʥʦʛʦ ʰʘʛʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ, +ɝ, +ɖ ʠ +ɕ ï ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʘʙʣʷ ʧʦ ʠʩʪʝʯʝ-

ʥʠʠ ʨʘʩʯʸʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ d t. 
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 ï ʨʳʩʢʘʥʠʝ.  [ʨʘʜ] 

ʊʘʢʦʝ ʧʦʜʪʦʨʤʘʞʠʚʘʥʠʝ ʫʛʣʦʚʳʭ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʫʜʦ-

ʚʣʝʪʚʦʨʷʝʪ ʙʘʟʦʚʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʠʤʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʩʣʘʙʳʭ ʢʦʣʝʙʘʥʠʡ ʩ ʤʘʣʳ-

ʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʥʘ ʪʠʭʦʡ ʚʦ-

ʜʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʬʦʨʤʘʣʴʥʦ ʤʘʣʳʝ ʩʢʦʨʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʜʚʠʞʝʥʠʡ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʤʘʩʩʳ ʦʢʨʫʞʘʶʱʝʡ ʚʦʜʳ ʠ ʚʷʟʢʠʝ ʩʨʳʚʳ ʧʦ-

ʪʦʢʦʚ ʥʘ ʚʳʩʪʫʧʘʶʱʠʭ ʯʘʩʪʷʭ ʢʦʨʧʫʩʘ, ʦʧʨʘʚʜʳʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʘʜʘʧ-

ʪʠʚʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢʘʯʢʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʚʪʦʨʦʛʦ ʠʣʠ ʪʨʝʪʴʝ-

ʛʦ ʧʦʨʷʜʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʢʦʨʦʩʪʠ ʚʳʥʫʞʜʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʢʦʨʧʫʩʘ ʢʦ-

ʨʘʙʣʷ ʥʘ ʚʦʣʥʝʥʠʠ. 

ɻʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʧʘʨʘʜʦʢʩʦʤ ʚ ʢʘʯʢʝ ʢʦʨʘʙʣʷ ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʦʙ-

ʨʘʪʥʦʝ ʜʝʡʩʪʚʠʝ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘ ʫʩʠʣʝʥʠʝ ʚʥʝʰʥʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ. 

ɺ ʰʪʦʨʤʦʚʦʤ ʤʦʨʝ ʠʤʝʥʥʦ ʩʢʦʨʦʩʪʥʳʝ ʧʦʪʦʢʠ ʚ ʪʦʣʱʝ ʚʦʜʳ ʧʦʜ ʛʨʝʙʥʷ-
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ʤʠ ʚʦʣʥ ʩʦʟʜʘʶʪ ʚʥʝʰʥʝʝ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʩʢʘʯʠʚʘʥʠʝ ʢʦʨʘʙʣʷ, 

ʢʦʪʦʨʦʝ ʫʩʠʣʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʣʶʙʳʭ ʚʳʩʪʫʧʘʶʱʠʭ ʯʘʩʪʝʡ: ʢʘʢ ʜʥʠʱʝ-

ʚʳʭ ʠ ʙʦʨʪʦʚʳʭ ʢʠʣʝʡ, ʢʨʳʣʴʝʚʳʭ ʫʩʧʦʢʦʠʪʝʣʝʡ ʢʘʯʢʠ; ʪʘʢ ʞʝ ʢʘʢ ʠ ʜʝʡʜ-

ʚʫʜʥʳʭ ʢʨʦʥʰʪʝʡʥʦʚ, ʨʫʣʝʡ, ʧʣʘʚʥʠʢʦʚʦʛʦ ʘʭʪʝʨh ʪʝʚʥʷ ʠʣʠ ʰʠʨʦʢʦʛʦ 

ʪʨʘʥʮʘ ʥʘʜ ʢʦʨʤʦʚʳʤ ʧʦʜʟʦʨʦʤ ʚʤʝʩʪʦ ʦʢʨʫʛʣʦʡ ʢʨʝʡʩʝʨʩʢʦʡ ʨʘʢʦʚʠʥʳ, ʠ 

ʜʨʫʛʠʭ ʚʳʩʪʫʧʘʶʱʠʭ ʯʘʩʪʝʡ. 

ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʪʘʚʠʪʴ ʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʤʧʬʠʨʦ-

ʚʘʥʠʷ ʢʘʯʢʠ ʪʦʣʴʢʦ ʜʣʷ ʤʘʣʳʭ, ʥʘʯʘʣʴʥʳʭ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʠ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʝʡ ʢʘʯʢʠ ʧʫʩʪʴ ʚʢʣʶʯʘ-

ʝʪʩʷ ʢʫʙʠʯʝʩʢʦʝ ʛʘʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʩ ʜʚʫʢʨʘʪʥʦʤ ʧʨʝʜʝʣʦʤ. 

 ( )( )
m

dm
dm

)·exp(1
·)···tanh(5.01 2 t

tVV
--

-=³ , 

ʛʜʝ V ï ʫʩʣʦʚʥʘʷ ʩʢʦʨʦʩʪʴ ʢʘʯʢʠ; m ï ʬʘʢʪʦʨ ʜʝʤʧʬʠʨʦʚʘʥʠʷ; dt ï ʨʘʩʯʝʪ-

ʥʳʡ ʰʘʛ ʚʨʝʤʝʥʠ. 

ɺʝʩʴʤʘ ʩʣʦʞʥʦʡ ʠ ʥʝʨʘʟʨʝʰʠʤʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʧʦʩʪʨʦʝʥʠʠ ʧʨʷʤʦʛʦ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʢʘʩʘʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʘʩʯʸʪʥʳʭ ʧʣʦʱʘʜʢʘʭ 

ʢʦʨʘʙʝʣʴʥʦʡ ʦʙʰʠʚʢʠ. ʌʨʘʛʤʝʥʪʳ ʩʤʦʯʝʥʥʦʡ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ ʫʯʘʩʪ-

ʚʫʶʪ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʜʚʠʞʝʥʠʠ, ʠ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʠʥʪʝʥʩʠʚʥʳʭ 

ʚʥʝʰʥʠʭ ʧʦʪʦʢʦʚ ʧʦʜ ʛʨʝʙʥʷʤʠ ʤʦʨʩʢʠʭ ʚʦʣʥ.  

 

ɸʣʛʦʨʠʪʤʳ ʤʦʜʝʣʝʡ ʜʚʠʞʝʥʠʷ  

ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʢʦʨʧʫʩʘ 

ʌʘʢʪʦʨ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ m ʩʚʷʟʘʥ ʩ ʚʝʣʠʯʠʥʦʡ ʦʪʢʣʦʥʝʥʠʡ 

ʩʢʦʨʦʩʪʠ ʦʪ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʠʣʠ ʥʝʡʪʨʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ, ʠ ʬʦʨʤʘʣʴʥʦ 

ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʩʦ-

ʝʜʠʥʝʥʥʳʭ ʤʘʩʩ ʠ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ.  
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+ =dampV & ,  [ʤ/ʩ] 

ʟʜʝʩʴ ʦʧʝʨʘʮʠʷ  &=  ʦʟʥʘʯʘʝʪ ʧʦʢʦʤʧʦʥʝʥʪʥʦʝ ʫʤʥʦʞʝʥʠʝ ʚʝʣʠʯʠʥ ʩʢʦʨʦ-

ʩʪʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ: damp 

ï  ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʬʘʢʪʦʨʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠ ʰʘʛʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ ʚʦ ʚʨʝʤʝʥʠ: 

 damp = 
t

e t

dn

dn

·2

1 ·2--
. 

ɼʝʤʧʬʠʨʦʚʘʥʠʝ ʙʦʨʪʦʚʦʡ ʢʘʯʢʠ ʫʩʠʣʠʚʘʝʪʩʷ ʥʘ ʙʦʣʴʰʠʭ ʫʛʣʘ ʢʨʝʥʘ, 

ʪʘʢ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʬʘʢʪʦʨ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʘʨʘʙʦʣʠ-

ʯʝʩʢʠ ʚʦʟʨʘʩʪʘʝʪ ʚ ʯʝʪʳʨʝ ʨʘʟʘ. 

 dampɝ  ³= (1,0 ï 0,5625 · ᵻ /p)2, 

ʛʜʝ  ᵻï ʫʛʦʣ ʢʨʝʥʘ ʚ ʨʘʜʠʘʥʘʭ. 

ɺ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʢʦʨʘʙʣʷ ʪʘʢʞʝ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʧʦʣʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʣʷ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʧʫʩʘ, ʩ ʧʨʦʩʪʳʤ 

ʠʩʢʣʶʯʝʥʠʝʤ ʤʘʨʰʝʚʦʛʦ ʭʦʜʘ ʧʦʜ ʪʷʛʦʡ ʩʫʜʦʚʳʭ ʤʘʰʠʥ ʙʝʟ ʚʥʝʩʝʥʠʷ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʧʦʧʨʘʚʦʢ:  

 

Speedii -=-= xxxx ####
0 . 

ʌʘʢʪʦʨʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʠʥʪʝʨʘʢʪʠʚʥʦ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʥʠʮʠʘʣʠʟʠʨʫʶʪ-

ʩʷ ʯʠʩʣʦʚʳʤʠ ʚʝʢʪʦʨʘʤʠ, ʢʘʢ: 

nɝ,ɖ,ɕ={  0.05,0.4,0.3 } ï ʧʨʦʜʦʣʴʥʦʡ, ʧʦʧʝʨʝʯʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ; 

 nᵻ,ɣ,ɢ ={  0.1,0.3,0.4 } ï ʜʣʷ ʙʦʨʪʦʚʦʡ, ʢʠʣʝʚʦʡ ʢʘʯʢʠ ʠ ʨʳʩʢʘʥʠʷ. 

ɺ ʩʦʩʪʘʚʝ ʤʦʜʝʣʠʨʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ: 

ɛF = {  0.1,0.8,0,6 } ï ʧʨʦʜʦʣʴʥʦʡ, ʧʦʧʝʨʝʯʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ 

ɛM = {  0.2,0.6,0,8 } ï ʜʣʷ ʙʦʨʪʦʚʦʡ, ʢʠʣʝʚʦʡ ʢʘʯʢʠ ʠ ʨʳʩʢʘʥʠʷ. 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʢ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚ 

ʠʥʝʨʮʠʦʥʥʦʡ ʥʦʨʤʠʨʦʚʢʝ ʥʝ ʚʢʣʶʯʘʶʪʩʷ ʚ ʷʚʥʦʡ ʬʦʨʤʝ ʧʨʠʩʦʝʜʠʥʸʥʥʳʝ 



185 

ʤʘʩʩʳ ʜʣʷ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʦʚ ʦʙʪʝʢʘʥʠʷ ʢʦʨʧʫʩʘ. ɺ ʧʨʦʮʝʩʩʝ ʠʥ-

ʪʝʥʩʠʚʥʦʡ ʰʪʦʨʤʦʚʦʡ ʢʘʯʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ 

ʦʙh ʠʚʢʠ, ʚʧʣʦʪʴ ʜʦ ʦʪʨʳʚʘ ʢʦʨʧʫʩʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʧʨʠ ʩʣʝʤʠʥʛʝ, ʠ ʜʦ 

ʧʦʣʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʧʦʜ ʚʦʜʫ ʠ ʩ ʧʝʨʝʭʣʩyʪʘʤʠ ʚʝʨʭʥʠʭ ʧʘʣʫʙ ʛʨʝʙʥʷʤʠ 

ʚʦʣʥ. ɺ ʩʠʣʫ ʧʨʦʚʦʜʠʤʦʛʦ ʫʯʸʪʘ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʦʚ ʩ ʛʠʜʨʦʤʝʭʘʥʠʢʦʡ ʠʟ-

ʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʡ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʣʠ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ ʵʬʬʝʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʦʙʦʩʥʦʚʘʥʠʡ. 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʧʦʣʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʤʦʜʝʣʠʨʫʶʪ ʜʚʠ-

ʞʝʥʠʝ ʢʦʨʘʙʣʷ ʚ ʮʝʣʦʤ, ʘ ʥʝ ʪʦʣʴʢʦ ʝʛʦ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʧʦʜ ʚʥʝʰ-

ʥʠʤ ʚʦʣʥʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʠ ʛʜʝ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʪʝʥʟʦʨʳ ʠʥʝʨʮʠʠ ʜʣʷ 

ʚʟʘʠʤʦʩʚʷʟʥʳʭ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʠ ʫʛʣʦʚʳʭ ʜʚʠʞʝʥʠʡ, ʧʦʪʦʤʫ ʚ ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʤ ʘʣʛʦʨʠʪʤʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠʥʝʨʮʠʦʥʥʘʷ ʥʦʨ-

ʤʠʨʦʚʢʘ ʩʯʠʪʘʝʪʩʷ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ: 
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  [ʤ5/ʩ] 

ʌʘʢʪʦʨʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʪʘʢʞʝ ʢʘʢ ʠ ʦʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝ-

ʥʠʷ, ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʙʝʟ ʤʥʦʞʠʪʝʣʷ ʩ ʧʣʦʪʥʦʩʪʴʶ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʠʟʥʘ-

ʯʘʣʴʥʦ ʧʨʠʥʷʪʦ ʚ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ çAuroraè. ɺ 

ʘʣʛʦʨʠʪʤʘʭ ʩ ʦʮʝʥʢʘʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʫʛʣʦʚʳʭ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʢʦʣʝʙʘ-

ʥʠʡ ʢʦʨʧʫʩʘ ʧʦʪʨʝʙʫʝʪʩʷ ʚʝʨʥʫʪʴ ʠʥʝʨʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʨʘʟʤʝʨʥʦʤ 

ʚʠʜʝ, ʠ ʧʨʠʤʝʥʷʪʴ ʤʦʜʝʣʠ ʩ ʨʘʜʠʢʘʣʘʤʠ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

ɼʣʷ ʧʨʦʜʦʣʴʥʳʭ ʧʫʣʴʩʘʮʠʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʜʝʤʧʬʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʨʘʟ-

ʣʠʯʠʝ ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʠ V.x ʦʪ ʟʘʜʘʥʥʦʡ Speed, ʢʘʢ ʙʳ ʧʦ ʫʩʣʦʚʠʷʤ ʪʷʛʠ 

ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʪʠʭʦʡ ʚʦʜʝ. 
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ʉʢʦʨʦʩʪʴ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʢʦʨʧʫʩʘ ʠʟʤʝʨʷʝʪʩʷ ʚ ʢʦʨʘʙʝʣʴ-

ʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʭʦ-

ʜʘ ʠ ʪʷʛʠ ʤʘʨʰʝʚʳʭ ʜʚʠʛʘʪʝʣʝʡ: 

 Speed = V.x.   [ʤ/ʩ] 

ɺ ʩʣʫʯʘʝ ʧʨʝʢʨʘʱʝʥʠʷ ʪʷʛʠ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʚʝʣʠʯʠʥʝ ʩʢʦʨʦʩʪʠ ʭʦʜʘ: 

 Speed ×=  dumpF.x.   [ʤ/ʩ]  

ɺʦ ʠʟʙʝʞʘʥʠʝ ʥʝʢʦʨʨʝʢʪʥʦʛʦ ʧʦʜʪʦʨʤʘʞʠʚʘʥʠʷ ʚ ʤʘʨʰʨʫʪʥʦʤ ʤʘʩ-

ʩʠʚʝ ʩʢʦʨʦʩʪʝʡ ʧʨʦʜʦʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʦʙʥʫʣʷʝʪʩʷ ʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʭʦʜʘ29. 

 },,0{
««

+ = zy VVRate ,  [ʤ/ʩ] 

ʛʜʝ (+) ʚʝʨʭʥʠʡ ʣʝʚʳʡ ʠʥʜʝʢʩ ʦʪʤʝʯʘʝʪ ʥʦʚʳʡ ʰʘʛ ʚʦ ʚʨʝʤʝʥʠ, ʩʣʝʜʫʶ-

ʱʠʡ ʵʣʝʤʝʥʪ ʚ ʤʘʩʩʠʚʝ ʩʢʦʨʦʩʪʝʡ. 

ʉʦʛʣʘʩʦʚʘʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʚʦʙʦʜʥʳʡ ʚʝʢʪʦʨ ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦ-

ʩʪʠ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʛʣʦʙʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʠ ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʚ ʨʘʩ-

ʯʸʪʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʢʦʨʘʙʣʷ ʥʘ ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ: 

 tVRoute dÖÖ=+
«³­

+
r ,  [ʤ] 

ʠ ʚʳʯʠʩʣʝʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʢʦʨʘʙʝʣʴ-

ʥʳʡ ʙʘʟʠʩ: r.Z = Route.z, ʛʜʝ ʧʨʦʧʠʩʥʘʷ Z ʦʪʤʝʯʘʝʪ ʘʧʧʣʠʢʘʪʫ ʮʝʥʪʨʘ ʤʘʩʩ 

ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʩʪʨʦʯʥʘʷ z ï ʣʦʢʘʣʴʥʘʷ ʘʧʧʣʠʢʘʪʘ).  

ʈʘʟʜʝʣʝʥʥʳʡ ʵʪʘʧ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʛʣʦʚʳʭ ʤʦʤʝʥʪʦʚ ʩʠʣ ʠ ʚʨʘʱʘ-

ʪʝʣʴʥʳʡ ʨʝʘʢʮʠʡ ʢʦʨʧʫʩʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʪʨʦʠʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʘʙʣʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʤʦʜʝʣʠʨʫ-

ʝʪʩʷ ʜʠʥʘʤʠʢʘ ʢʨʝʥʘ, ʜʠʬʬʝʨʝʥʪʘ ʠ ʨʳʩʢʘʥʠʷ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʵʪʦ ʥʝ-

 
29 ʅʦʪʘʮʠʷ ʦʙʦʟʥʘʯʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʠʟ ʪʝʥʟʦʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ 

[16. ʊʝʥʟʦʨʥʘʷ,.. 2005]. 
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ʩʢʦʣʴʢʦ ʫʩʠʣʠʚʘʝʪ ʢʘʢ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʚʨʘʱʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʢʦ-

ʨʘʙʣʷ ʥʘ ʰʪʦʨʤʦʚʦʤ ʚʦʣʥʝʥʠʠ, ʦʜʥʘʢʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʘʚʠʣʫ ʧʨʠʚʥʦʩʠ-

ʤʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʝʡ çʦʧʘʩʥʦʩʪʠè. 

ʇʣʝʯʦ ʤʦʤʝʥʪʘ ʘʨʭʠʤʝʜʦʚʳʭ ʩʠʣ ʚʩʧʣʳʪʠʷ ʚ ʢʦʨʘʙʝʣʴʥʦʤ ʙʘʟʠʩʝ: 

 
«««

-= GravityvBR   [ʤ] 

ʆʙʨʘʟʫʝʪʩʷ ʠʤʧʫʣʴʩ ʤʦʤʝʥʪʘ ʧʨʦʚʦʨʘʯʠʚʘʶʱʠʭ ʩʠʣ ʟʘ ʚʨʝʤʷ dt, ʪʘʢ-

ʞʝ ʚ ʢʦʨʘʙʝʣʴʥʦʤ ʙʘʟʠʩʝ: 

 tBRgʄ d)··(
«««

³=   [ʤ5/ʩ] 

ʃʶʙʦʝ ʫʩʢʦʨʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʘʙʣʷ ʦʪʢʣʠʢʘʝʪʩʷ ʤʦʤʝʥʪʘʤ ʩʠʣ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʫʩʣʦʚʥʦʛʦ ʮʝʥʪʨʘ ʙʦʢʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʨʧʫʩʘ ʥʘ ʚʦʜʝ 

(ʧʫʩʪʴ ʠʤ ʙʫʜʝʪ ʪʦʪ ʞʝ ʮʝʥʪʨ ʚʝʣʠʯʠʥʳ). ʊʨʝʙʫʝʤʦʝ ʫʩʢʦʨʝʥʠʝ ʧʨʦʱʝ 

ʧʦʣʫʯʠʪʴ ʯʠʩʣʝʥʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ ʤʘʨʰʨʫʪʘ ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ c 

ʧʨʠʚʝʜʝʥʠʝʤ ʢ ʢʦʨʘʙʝʣʴʥʦʤʫ ʙʘʟʠʩʫ: 

tVolumeRouteRouteRouteRʄ d/]·/)2[( 321
³­

-
­

-
­

-
««

+Ö-³=+ r        [ʤ5/ʩ] 

ʆʙʥʦʚʣʝʥʥʳʡ ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʢʘʯʢʝ ʢʦʨʘʙʣʷ ʪʘʢʞʝ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʚ ʣʦʢʘʣʴʥʦʤ ʢʦʨʘʙʝʣʴʥʦʤ ʙʘʟʠʩʝ: 

 
³««

=+ inMass/· tMɋ d ,  [ʨʘʜ/ʩ] 

ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʢ ʢʦʤʧʦʥʝʥʪʘʤ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ: 

 
ª«

=W dumpʄ& ,  [ʨʘʜ/ʩ] 

ʥʘʯʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʘʢ: M = {  0.9; 0,8; 0.7 }, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʪʝʢʫʱʠʤ ʫʛʣʘʤʠ ʢʨʝʥʘ, ʜʠʬʬʝʨʝʥʪʘ ʠ ʨʳʩʢʘʥʠʷ: 

 tK d·
««

W=+ .  [ʨʘʜ] 

ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʵʬʬʝʢʪ ʮʠʬʨʦ-

ʚʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩ ʫʩʠʣʝʥʠʝʤ ʚʥʝʰʥʝʛʦ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʛʜʘ 
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ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʨʫʧʥʦʛʦ ʚʦʣʥʝʥʠʷ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʥʝʘʜʝʢʚʘʪʥʦ 

ʙʦʣʴʰʠʝ ʫʩʢʦʨʝʥʠʷ ʧʦ ʚʩʝʤ ʰʝʩʪʠ ʢʦʤʧʦʥʝʥʪʘʤ ʢʘʯʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʧʨʦʢʠʜʳʚʘʥʠʷ 

ʢʦʨʘʙʣʷ ʚʝʣʠʯʠʥʦʡ ʚʨʝʤʝʥʠ ʥʝ ʙʦʣʝʝ 6 ʩʝʢʫʥʜ, ʯʪʦ ʧʦʣʝʟʥʦ ʚ ʧʣʘʥʝ ʠʩ-

ʢʣʶʯʝʥʠʷ ʥʝʦʙʦʩʥʦʚʘʥʥʦ ʙʦʣʴʰʠʭ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʦʪ 

ʟʘʧʘʟʜʳʚʘʶʱʝʛʦ ʠʥʪʝʨʚʘʣʘ ʦʪʩʯʸʪʦʚ ʚʨʝʤʝʥʠ ʚ ʠʥʪʝʛʨʘʣʘʭ ʜʚʠʞʝʥʠʷ ʧʦ 

ʣʠʥʝʡʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʘʤ ʕʡʣʝʨʘ. 

 
6/|| p¢W

«

x   [ʨʘʜ/ʩ] 

ʇʦʣʘʛʘʷ, ʯʪʦ ʢʠʣʝʚʘʷ ʢʘʯʢʘ ʠ ʨʳʩʢʘʥʠʝ ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʨʝʟʦʥʘʥʩʥʳʤ 

ʵʬʬʝʢʪʘʤ ʧʦʜ ʫʜʘʨʘʤʠ ʛʨʝʙʥʝʡ ʨʝʛʫʣʷʨʥʦʛʦ ʚʦʣʥʝʥʠʷ, ʪʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʝ ʚʚʦʜʷʪʩʷ. 

ʌʦʨʤʘ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʚ ʥʘʜʚʦʜʥʦʡ ʯʘʩʪʠ ʤʦʞʝʪ 

ʠʤʝʪʴ ʙʦʣʴʰʠʝ ʧʣʦʩʢʦʩʪʠ ʠ ʚʦʟʚʳʰʝʥʥʳʝ ʥʘʜʩʪʨʦʡʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʢʦʥ-

ʮʝʥʪʨʠʨʫʶʪʩʷ ʫʜʘʨʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʚ ʩʣʫʯʘʝʪ ʙʦʣʴʰʠʡ 

ʫʛʣʦʚ ʢʨʝʥʘ ʠ ʚ ʤʦʤʝʥʪʳ ʦʧʨʦʢʠʜʳʚʘʥʠʠ ʢʦʨʧʫʩʘ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʢʦʨʦʩʪʴ ʥʘʢʨʝʥʝʥʠʷ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʦʧʨʦʢʠʜʳʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʥʝ ʙʳʩʪ-

ʨʝʝ ʯʝʤ ʟʘ 10 ʩʝʢʫʥʜ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʯʝʪʚʝʨʦ ʫʩʠʣʠʚʘʝʪʩʷ ʬʘʢʪʦʨ ʜʝʤʧ-

ʬʠʨʦʚʘʥʠʷ ʙʦʨʪʦʚʦʡ ʢʘʯʢʠ ʜʣʷ ʧʦʣʦʞʝʥʠʷ ʢʦʨʧʫʩʘ ʢʚʝʨʭʫ ʢʠʣʝʤ: 

 
2)/·5625,0(1 pJJ -=³+# . 

ɺ ʧʦʩʪʨʦʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʛʣʳ 

ʂʨʳʣʦʚʘ (ʕʡʣʝʨʘ) ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚ-

ʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʚ ʨʘʩʯʝʪʘʭ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʜʠʬʬʝʨʝʥʪʘ ʜʣʷ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʨʘʟʨʳʚʥʳʭ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʨʝʰʝʥʠʡ ʚʝʣʠʯʠʥʘ ʜʠʬʬʝʨʝʥʪʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʦ ʜʦ 84Á. 

ʉʚʦʙʦʜʥʳʡ ʚʝʢʪʦʨ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ 
«

vS[H/ɟ] ʠ ʚʝʢʪʦʨ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʧʦʛʨʫʞʝʥʥʦʡ ʚ ʚʦʜʫ ʯʘʩʪʠ ʢʦʨʧʫ-
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ʩʘ 
«

vR[ʅĿʤ/ɟ] ʚʳʯʠʩʣʷʶʪʩʷ ʚ ʢʦʨʘʙʝʣʴʥʦʡ (ʣʦʢʘʣʴʥʦʡ) ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ 

ʩʪʨʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʘʙʣʷ G. 

ɺ ʪʘʢʦʡ ʤʦʜʝʣʠ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ ʦʢʘʟʳʚʘʶʪ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʝ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʤʦʯʝʥʥʫʶ ʦʙʰʠʚʢʫ ʢʦʨʘʙʣʷ, ʚ ʠʩ-

ʢʣʶʯʠʪʝʣʴʥʦ ʧʝʨʝʤʝʥʯʠʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʛʠʜʨʦʩʪʘ-

ʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʸʪʦʤ ʠʥʪʝʥʩʠʚ-

ʥʦʡ ʢʠʥʝʤʘʪʠʢʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʠ ʫʛʣʦʚʳʭ ʜʚʠʞʝʥʠʡ ʩʦʙʩʪʚʝʥʥʦ ʢʦʨʘʙʣʷ 

ʥʘ ʠʥʪʝʥʩʠʚʥʦʤ ʚʦʣʥʝʥʠʠ. 

ʉ ʧʨʠʥʷʪʳʤʠ ʜʦʧʫʱʝʥʠʷʤʠ ʧʦ ʩʢʦʨʦʩʪʠ ʥʘʙʝʛʘʶʱʠʭ ʭʦʜʦʚʳʭ ʠ ʚʦʣ-

ʥʦʚʳʭ ʧʦʪʦʢʦʚ ʚʦʜʳ ʚʦʢʨʫʛ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ, ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʡ ʠʟʤʝʥʷʝʪ-

ʩʷ ʧʦ ʫʩʣʦʚʠʷʤ ʥʝʧʨʦʪʝʢʘʥʠʷ ʚ ʥʝʠʩʢʘʞʘʝʤʦʡ ʩʫʧʝʨʧʦʟʠʮʠʠ ʩ ʧʦʪʦʢʘʤʠ 

ʧʦʜ ʩʢʣʦʥʘʤʠ ʠ ʛʨʝʙʥʷʤʠ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ. ʇʨʠ ʵʪʦʤ ʥʘʙʝʛʘʶʱʠʡ ʧʦʪʦʢ 

ʫʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʥʝʧʨʦʪʝʢʘʥʠʷ ʩʫʜʦʚʦʡ ʦʙʰʠʚʢʠ, ʚ ʪʦ ʚʨʝ-

ʤʷ ʢʘʢ ʩʢʦʨʦʩʪʠ ʚʦʣʥʦʚʳʭ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʪʝʯʝʥʠʡ ï ʜʠʥʘʤʠʯʝʩʢʠ ʦʪʨʘ-

ʞʘʶʪʩʷ. 

ʇʦ ʪʝʦʨʠʠ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ ʢʦʨʧʫʩʘ (ʘʥʘʣʦʛ 

ʎɹʉ=Pivot Point) ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢʦʨʧʫʩʘ 

(ʎʊ=CoG-gravity) ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦ ʚʝʣʠʯʠʥʝ ʩʤʝʱʝʥʠʝʤ ʜʣʷ ʫʯʝʪʘ 

ʚʣʠʷʥʠʷ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ 

(ʎɺ=CoB-buoyancy) ʧʦʜʚʦʜʥʦʛʦ ʦʙʲʝʤʘ, ʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʜʘʥʥʳʡ ʤʦ-

ʤʝʥʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʡ ʚ ʩʢʦʨʦʩʪʥʦʤ ʧʦʪʦʢʝ ʥʘ ʩʤʦʯʝʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ (ʎɼ=CoL-lift), ʩ ʥʝʙʦʣʴʰʠʤʠ ʧʦʧʨʘʚʢʘʤʠ ʧʦ ʨʘʟʙʘʣʘʥ-

ʩʠʨʦʚʢʝ ʮʝʥʪʨʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʩ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʣʠʥʠʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʪʷʛʠ ʚʠʥʪʦ-ʨʫʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (CoT-thrust). 

ʀʟʥʘʯʘʣʴʥʦ ʮʝʥʪʨ ʧʣʘʚʫʯʝʩʪʠ (ʎɺ) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʪʨʦʛʦ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʥʘ ʪʠʭʦʡ ʚʦʜʝ. ɿʘʪʝʤ, ʚ ʧʨʦʮʝʩʩʝ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚʢʣʶʯʘʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʷ ʩ ʧʫʣʴʩʘʮʠʷʤʠ 

ʜʘʚʣʝʥʠʡ ʧʦʜ ʛʨʝʙʥʷʤʠ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʝʨʝʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʡ ʚʦʜʳ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʙʪʝʢʘʥʠʷ ʧʦ ʭʦʜʫ ʩ ʫʯʸ-
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ʪʦʤ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥʦʚʳʭ ʧʦʪʦʢʦʚ ʦʪ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ. ʋʪʦʯʥʝʥʥʳʡ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʮʝʥʪʨ ʜʘʚʣʝʥʠʡ (ʎɼ) ʫʯʘʩʪʚʫʝʪ ʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʡ ʢʦ-

ʨʘʙʣʷ ʚ ʦʢʨʫʞʘʶʱʠʭ ʧʦʪʦʢʘʭ ʚʦʜʳ, ʩʚʷʟʳʚʘʷ ʮʝʥʪʨʳ ʚʥʝʰʥʠʭ ʫʛʣʦʚʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʩ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤʠ ʩʤʝʱʝʥʠʷʤʠ ʚ ʙʳʩʪʨʳʭ ʧʦʪʦʢʘʭ ʪʨʦʭʦʠ-

ʜʘʣʴʥʳʭ ʚʦʣʥ. 

ɸʩʠʤʤʝʪʨʠʷ ʩʠʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ Kv, ʠ ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ ʫʪʦʯʥʷʶʪʩʷ ʜʨʝʡʬʦʚʳʝ ʩʜʚʠʛʠ ʩʦ ʩʤʝʱʝʥʠʝʤ ʮʝʥʪʨʘ ʙʦʢʦʚʦ-

ʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʎɹʉ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠ-

ʯʠʥʳ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʢʦʨʘʙʣʷ. 

ɺ ʨʘʙʦʯʠʭ ʘʣʛʦʨʠʪʤʘʭ ʜʚʦʡʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʣʷ 
«

sv ʠ 
«

nv  ʫʧʨʦʱʘʶʪ-

ʩʷ, ʪʘʢ ʢʘʢ ʚ ʦʮʝʥʢʘʭ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʧʦʪʦʢʝ ʞʠʜʢʦʩʪʠ ʪʨʝʙʫʶʪʩʷ 

ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʝʡ, ʙʝʟ ʚʢʣʶʯʝʥʠʷ ʚ ʨʘʩʯʝʪʳ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 

ɺ ʤʦʨʩʢʦʡ (ʛʣʦʙʘʣʴʥʦʡ) ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʩʠʣʳ ʙʫʜʝʪ ʩʦʟʜʘʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʤʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ʩʠʣʦʚʦʡ ʨʝʘʢʮʠʠ ʢʦʨʧʫʩʘ 
­

M : 

 
«³­

= vSvS ·r , [ʤ] 

 )(
«««³­

³+Ö= MvSvRvR r , [ʢʛĀʤ] 

ʛʜʝ ),,,(
ª«««­­

= mFCGfM  ï ʧʦʜʚʠʞʥʳʡ ʮʝʥʪʨ ʩʠʣʦʚʦʡ ʨʝʘʢʮʠʠ ʢʦʨʧʫʩʘ ʚ 

ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʯʠʚʦʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʰʪʦʨʤʦʚʦʤ ʚʦʣ-

ʥʝʥʠʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ G ʠ ʮʝʥʪʨʘʣʥɹʦʡ ʦʩʠ , 

ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ C, ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ ʚʘ-

ʪʝʨʣʠʥʠʠ ʠ ʜʝʡʩʪʚʠʷ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ ʞʠʜʢʦʩʪʠ m, ʬʦʨʤʘʣʴʥʦ ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝ-

ʥʠʷ ʢʦʨʧʫʩʘ. 
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ʀʟʥʘʯʘʣʴʥʦ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘ ʠʥʝʨʮʠʠ ʧʨʠʥʠʤʘʝʪʩʷ ʮʝʥʪʨ ʤʘʩʩ ʢʦ-

ʨʘʙʣʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ ʦʪʨʘʙʘʪʳʚʘʪʴ ʧʦʣʥʳʡ ʚʳʭʦʜ ʢʦʨʧʫʩʘ ʠʟ 

ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʠ. 

ɺ ʥʦʨʤʘʣʴʥʦʤ ʚʦʜʦʠʟʤʝʱʘʶʱʝʤ ʩʦʩʪʦʷʥʠʠ ʢ ʚʝʢʪʦʨʫ ʮʝʥʪʨʘ ʤʘʩʩ 

ʧʨʠʚʥʦʩʠʪʩʷ ʩʤʝʱʝʥʠʝ ʢ ʪʦʯʢʝ ʧʨʠʚʷʟʢʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥ-

ʪʘ, ʯʪʦ ʜʝʣʘʝʪ ʛʣʘʚʥʳʡ ʚʝʢʪʦʨ ʩʠʣ ʩʢʦʣʴʟʷʱʠʤ ʧʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ: 

 
2

/][ vRvRvSGvD
««««

³+=   [ʤ] 

ɼʨʫʛʘʷ ʢʦʥʪʨʦʣʴʥʘʷ ʪʦʯʢʘ ʟʘʜʘʝʪ ʮʝʥʪʨ ʩʠʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʨ-

ʧʫʩʘ ʩ ʫʯʸʪʦʤ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʤ ʫʩʨʝʜʥʝʥʠʝʤ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʚʝʣʠʯʠʥʳ ʩ ʚʝʩʦʚʳʤ ʤʥʦʞʠʪʝʣʝʤ 

ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ, ʠ ʤʛʥʦʚʝʥʥʳʤ ʮʝʥʪʨʦʤ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ, ʩ ʦʙʲʸʤ-

ʥʳʤ ʤʥʦʞʠʪʝʣʝʤ ʚ ʢʘʯʝʩʪʚʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʪʩʪʦʷʥʠʷ ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ 

ʚʘʪʝʨʣʠʥʠʠ ʦʪ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ ʚ ʛʣʦʙʘʣʴʥʦʡ ʤʦʨʩʢʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ. 

 )·/()·)·(( iVdZiFiVvBdZiFvFdV ++=
«««

  [ʤ] 

ʛʜʝ: dV ï ʧʦʜʚʦʜʥʳʡ ʮʝʥʪʨ ʙʦʢʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; vF ï ʮʝʥʪʨ ʧʣʦʱʘʜʠ 

ʚʘʪʝʨʣʠʥʠʠ; iF ï ʧʣʦʱʘʜʴ ʚʘʪʝʨʣʠʥʠʠ; dZ ï ʚʝʨʪʠʢʘʣʴʥʦʝ ʦʪʩʪʦʷʥʠʝ ʮʝʥ-

ʪʨʘ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ ʦʪ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ; vB ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ 

ʚʝʣʠʯʠʥʳ; iV ï ʚʦʜʦʠʟʤʝʱʝʥʠʝ. ɺʩʝ ʚʝʣʠʯʠʥʳ, ʢʨʦʤʝ dZ, ʠʟʤʝʨʷʶʪʩʷ ʚ 

ʢʦʨʘʙʝʣʴʥʦʤ ʙʘʟʠʩʝ ʥʘ ʨʘʩʯʸʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʣʦ-

ʞʝʥʠʠ ʢʦʨʘʙʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʟʚʦʣʥʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ, ï ʧʦ ʪʝ-

ʢʫʱʝʡ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ. 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʮʝʥʪʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʣʠʥʠʠ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ vD ʠ 

dV ʚ ʧʨʦʧʦʨʮʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʘʢʪʦʨʦʚ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

(ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ), ʩ ʥʦʨʤʠʨʦʚʢʦʡ ʜʦ ʝʜʠʥʠʮʳ ʩ ʧʦʤʦʱʴʶ ʧʦʵʣʝ-

ʤʝʥʪʥʦʡ ʦʧʝʨʘʮʠʠ: 

  )tanh1(·tanh· mm -+=
««­

vDdVvC ,  [ʤ] 
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ʛʜʝ ʧʘʨʘʤʝʪʨ ɛF( ɝ,ɖ,ɕ ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʝʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʪʘʢ, ʢʘʢ ʦʥ ʫʢʘ-

ʟʳʚʘʝʪʩʷ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ɛF = 0 

ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ ʜʚʠʞʝʥʠʝ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʮʝʥʪʨʘ ʤʘʩʩ G, ʝʩʣʠ ɛF å 0,55, ʪʦ ʜʠʥʘʤʠʯʝʩʢʠʡ ʮʝʥʪʨ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʩʷ ʢ 

ʩʝʨʝʜʠʥʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʪʷʞʝʩʪʠ ʠ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ, ʠ ʧʨʠ ʫʚʝʣʠ-

ʯʝʥʠʠ ɛF > 1 - ʮʝʥʪʨ ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ ʙʫʜʝʪ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʧʦʜʚʦʜʥʦʤʫ 

ʮʝʥʪʨʫ ʙʦʢʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ vC. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʜʚʠ-

ʞʝʥʠʷ ʢʦʨʘʙʣʷ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʧʦ ʢʘʞʜʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ 

ɛF( ɝ,ɖ,ɕ ) ï ʭʦʜʢʦʩʪʠ, ʙʦʢʦʚʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʘʯʢʝ. 

ʅʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʦʪʩʯʸʪʘ ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ ʥʘ ʥʦʚʳʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʩ ʫʯʸʪʦʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʧʦ-

ʚʦʨʦʪʦʤ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɤ, ʧʨʦʭʦʜʷʱʝʡ ʯʝ-

ʨʝʟ ʪʦʯʢʫ vC: 

 tvCVLocate dw)·(·
«««³­

³+=r ,  [ʤ] 

ʛʜʝ r  ï ʪʝʥʟʦʨ ʣʦʢʘʣʴʥʦʛʦ ʙʘʟʠʩʘ ʢʦʨʘʙʣʷ; V ï ʪʝʢʫʱʘʷ ʩʢʦʨʦʩʪʴ ʭʦʜʘ; ɤ ï 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʨʧʫʩʘ. 

 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʫʨʩʦʤ ʠ 

ʩʢʦʨʦʩʪʴʶ ʭʦʜʘ 

ɺʘʞʥʦʡ ʬʫʥʢʮʠʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʧʣʘʚʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʙʦʨʘ ʩʢʦʨʦʩʪʠ ʭʦʜʘ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʮʠʨ-

ʢʫʣʷʮʠʠ ʧʨʠ ʚʳʭʦʜʝ ʥʘ ʟʘʜʘʥʥʳʡ ʢʫʨʩ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʩʚʦʙʦʜʥʘʷ ʜʠʥʘʤʠʢʘ ʭʦʜʢʦʩʪʠ ʠ ʨʳʩʢʘʥʠʝ ʥʘ ʢʫʨʩʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝʥʠʷ. 

ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʳʰʝʦʧʠʩʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʣʠʥʝʡʥʦ-

ʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚʧʦʣʥʝ ʘʜʝʢʚʘʪʥʦ ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʦʪʢʣʦ-
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ʥʝʥʠʡ ʦʪ ʟʘʜʘʥʥʦʡ ʭʦʜʢʦʩʪʠ ʥʘ ʩʧʦʢʦʡʥʦʡ ʚʦʜʝ ix
# ʜʣʷ ʤʦʜʝʣʠʨʫʝʤʳʭ 

ʫʩʣʦʚʠʡ ʰʪʦʨʤʦʚʦʛʦ ʧʣʘʚʘʥʠʷ.  

ʋʩʢʦʨʝʥʥʦʝ ʧʨʠʚʝʜʝʥʠʝ ʢ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʬʦʨʤʘʣʴʥʦ ʧʨʝʜʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʫʩʣʦʚʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʚʠʛʘʪʝʣʝʡ, ʠ ʦʩʦʙʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʝʸ ʤʘʣʳʝ 

ʧʫʣʴʩʘʮʠʠ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʫʩʠʣʝʥʠʠ ʬʘʢʪʦʨʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ: 

 
)(tanh1(/ 2 xxx ### --=+

i /16)/24. 

ʚʨʝʤʝʥʠ ʩ ʧʦʣʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ ʟʘ 4, 2 ʠʣʠ ʦʜʥʫ ʤʠʥʫʪʫ. 

ʋʧʨʘʚʣʝʥʠʝ ʢʫʨʩʦʤ ʢʦʨʘʙʣʷ ʚʳʧʦʣʥʷʝʪʩʷ ʤʘʣʳʤʠ ʧʨʠʨʘʱʝʥʠʷʤʠ ʫʛ-

ʣʘ ʥʘʧʨʘʚʣʝʥʠʷ dɢ, ʢʦʪʦʨʳʝ ʥʘ ʪʠʭʦʡ ʚʦʜʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʫʶ ʮʠʨʢʫ-

ʣʷʮʠʶ ʚ ʦʜʥʦʤ ʠʟ ʪʨʸʭ ʨʝʞʠʤʦʚ: çʈʫʣʴ ʥʘ ʙʦʨʪè ï ʟʘ 1 ʤʠʥʫʪʳ; çʇʦʣʙʦʨ-

ʪʘè ï 2 ʤʠʥʫʪʳ; ʠ çʇʦʤʘʣʫè ï ʟʘ 4 ʤʠʥʫʪʳ.  

ɺ ʰʪʦʨʤʦʚʦʤ ʧʣʘʚʘʥʠʠ ʨʝʞʠʤ çʇʦʤʘʣʫè ʚʢʣʶʯʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʟʘʜʘʥʥʦʛʦ ʢʫʨʩʘ ʥʘ 1 ʨʫʤʙ (11Á15'), ʦʜʥʘʢʦ ʵʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʷ ʢʦʨʘʙʣʷ ʥʘ ʟʘʜʘʥʥʳʡ ʢʫʨʩ. 

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʮʠʨʢʫʣʷʮʠʠ ʠ ʚʳʭʦʜʘ ʥʘ ʟʘʜʘʥʥʳʡ ʢʫʨʩ ʤʦʞʥʦ ʟʘʜʝʡ-

ʩʪʚʦʚʘʪʴ ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩ ʚʳʙʦʨʦʤ ʨʝʞʠʤʦʚ çʈʫʣʴ ʥʘ ʙʦʨʪè ʠʣʠ 

çʇʦʣʙʦʨʪʘè: 

 ),.,max(min. AzKAzK ddd-=++
,  

ʛʜʝ: d A = d t · ( p / 120,  p / 60 ʠʣʠ p / 30 ) ï ʫʛʦʣ ʠʟʤʝʥʝʥʠʷ ʢʫʨʩʘ ʟʘ ʦʜʠʥ 

ʰʘʛ.  

ʇʦʩʣʝ ʚʳʭʦʜʘ ʢʦʨʘʙʣʷ ʥʘ ʫʢʘʟʘʥʥʳʡ ʢʫʨʩ ʨʫʣʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʪʘ-

ʚʠʪʩʷ ʧʨʷʤʦ, ʩ ʧʦʚʪʦʨʝʥʠʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʝʨʝʢʣʘʜʢʘʤʠ 

ʨʫʣʷ çʇʦʤʘʣʫè. 

ʅʘ ʢʨʫʧʥʦʡ ʚʦʣʥʝ ʩʢʦʨʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʠ 

ʤʦʜʝʣʴ ʨʠʩʢʫʝʪ ʚʩʪʘʪʴ ʣʘʛʦʤ ʢ ʚʦʣʥʝ, ʠʣʠ ʧʝʨʝʡʪʠ ʢ ʜʝʣʴʬʠʥʠʨʦʚʘʥʠʶ ʠ 

ʦʧʘʩʥʦʤʫ ʙʨʦʯʠʥʛʫ (ʚ ʪʝʢʫʱʝʡ ʚʝʨʩʠʠ ʧʦʢʘ ʥʝ ʦʮʝʥʠʚʘʝʪʩʷ ʦʙʨʘʪʥʦʝ ʜʝʡ-

ʩʪʚʠʝ ʨʫʣʷ ʧʦʜ ʦʙʛʦʥʷʶʱʠʤ ʧʦʪʦʢʦʤ ʚ ʛʨʝʙʥʝ ʰʪʦʨʤʦʚʦʡ ʚʦʣʥʳ). 
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ʋʧʨʘʚʣʝʥʠʝ ʭʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ ʠ ʧʣʘʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʝ ʢʫʨʩʘ ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʨʝʥʘ ʥʘ ʮʠʨʢʫʣʮ̫ʠʠ ʩ 

ʘʜʝʢʚʘʪʥʳʤ ʭʦʜʦʚʳʤ ʜʠʬʬʝʨʝʥʪʦʤ ʧʨʠ ʨʘʟʛʦʥʝ ʠ ʪʦʨʤʦʞʝʥʠʠ; ʩ ʧʨʦʷʚ-

ʣʝʥʠʝʤ ʧʦʪʝʨʴ ʭʦʜʘ ʥʘ ʰʪʦʨʤʦʚʦʤ ʚʦʣʥʝʥʠʠ ʠ ʜʨʫʛʠʭ ʵʬʬʝʢʪʳ ʢʘʯʢʠ ʠ 

ʭʦʜʢʦʩʪʠ ʧʦ ʚʩʝʤ ʰʝʩʪʠ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʢʦʨʘʙʣʷ. 

ʇʨʠ ʧʦʜʘʯʝ ʢʦʤʘʥʜʳ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʚʢʣʶ-

ʯʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʫʩʢʦʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʵʤʧʠʨʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ 0,03, 

ʧʨʠʚʝʜʝʥʥʦʡ ʢ ʪʨʝʙʫʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʥʦʨʤʠʨʦʚ-

ʢʠ ʧʣʦʱʘʜʠ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ Surface ʢ ʠʩʭʦʜʥʦʤʫ ʚʦʜʦʠʟ-

ʤʝʱʝʥʠʶ Volume: 

 VolumeSurfacetVVV /||03,0 ÖÖÖÖ=+
­­

+ ddd , 

ʛʜʝ dV ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʟʘʜʘʥʥʦʡ ʠ ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʴʶ ʭʦʜʘ, d t ï ʠʥʪʝʨ-

ʚʘʣ ʦʜʥʦʛʦ ʨʘʩʯʸʪʥʦʛʦ ʪʘʢʪʘ ʚʦ ʚʨʝʤʝʥʠ. 

ɼʝʤʧʬʠʨʦʚʘʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʢʘʯʢʠ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʟʘ-

ʜʘʥʥʦʡ ʠ ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʴʶ ʭʦʜʘ dV, ʯʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʣʘʚʥʦʤʫ 

ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʭʦʜʢʦʩʪʠ, ʜʦʧʫʩʢʘʷ ʜʝʣʴʬʠʥʠʨʦʚʘʥʠʝ ʠ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʧʦʪʝʨʠ ʭʦʜʘ, ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʪʥʦʛʦ ʜʨʝʡʬʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʨʝʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʰʪʦʨʤʦʚʘʥʠʷ ʢʦʨʘʙʣʷ ʥʘ ʢʫʨʩʝ çʥʦʩʦʤ ʥʘ ʚʦʣʥʫè. 

ʀʟʤʝʥʝʥʠʝ ʢʫʨʩʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʜʦʣʞʥʳʤ ʦʜʝʨʞʠʚʘʥʠʝʤ ʚ 

ʪʨʸʭ ʨʝʞʠʤʘʭ ʮʠʨʢʫʣʷʮʠʠ ʢʘʢ: çʧʦʤʘʣʫè, çʧʦʣʙʦʨʪʘè ʠ çʥʘ ʙʦʨʪè: 

 ),.,max(min. AzKAzK ddd-=++
, 

ʛʜʝ:  d A = d t · ( p / 120,  p / 60 ʠʣʠ p / 30 ) ï ʫʛʦʣ ʠʟʤʝʥʝʥʠʷ ʢʫʨʩʘ ʟʘ ʦʜʠʥ 

ʰʘʛ ʚʨʝʤʝʥʠ ʩ ʧʦʣʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ ʟʘ 4, 2 ʠʣʠ ʦʜʥʫ ʤʠʥʫʪʫ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʦʟʚʨʘʱʝʥʠʷ ʥʘ ʟʘʜʘʥʥʳʡ ʢʫʨʩ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʥʘ ʚʝʣʠʯʠʥʫ 0,1 ʨʘʜʠʘʥʘ (å 5Á73), ʩ ʫʩʪʘʥʦʚ-

ʢʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ çʧʦ ʤʘʣʫè: W.z = p /120 [ʨʘʜ/ʩ] (ʧʦʣʥʳʡ ʢʨʫʛ ʟʘ 4 

ʤʠʥʫʪʳ). ʅʘ ʢʨʫʧʥʦʡ ʚʦʣʥʝ ʪʘʢʦʡ ʩʢʦʨʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ 
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ʨʳʩʢʘʥʠʝ ʣʝʛʢʦ ʧʨʝʚʳʰʘʝʪ ʢʨʠʪʠʯʝʩʢʠʝ ʫʛʣʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʚʭrʦʜʘ ʣʘʛʦʤ 

ʢ ʚʦʣʥʝ, ʠʣʠ ʜʣʷ ʟʘʭʚʘʪʘ ʢʦʨʧʫʩʘ ʩ ʦʧʘʩʥʳʤ ʙʨʦʯʠʥʛʦʤ. ɺ ʚʘʨʠʘʥʪʘʭ ʠʥ-

ʪʝʨʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʤʦʞʝʪ ʚʳʙʠʨʘʪʴʩʷ ʢʘʢ 

çʧʦʣʙʦʨʪʘè: W.z = p /60 [ʨʘʜ/ʩ] (å 2 ʤʠʥ.), ʠʣʠ çʨʫʣʴ ʥʘ ʙʦʨʪè: W.z = p /30 

[ʨʘʜ/ʩ] (å 1 ʤʠʥ.), ʯʪʦ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʫʩʢʦʨʝʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʚʳʙʨʘʥʥʦʛʦ ʢʫʨʩʘ. 

ʋʧʨʘʚʣʝʥʠʝ ʭʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ ʠ ʧʣʘʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʝ ʢʫʨʩʘ ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʨʝʥʘ ʥʘ ʮʠʨʢʫʣʮ̫ʠʠ ʩ 

ʘʜʝʢʚʘʪʥʳʤ ʭʦʜʦʚʳʤ ʜʠʬʬʝʨʝʥʪʦʤ ʧʨʠ ʨʘʟʛʦʥʝ ʠ ʪʦʨʤʦʞʝʥʠʠ; ʘ ʪʘʢʞʝ 

ʧʨʦʷʚʣʝʥʠʝ ʧʦʪʝʨʴ ʭʦʜʘ ʥʘ ʰʪʦʨʤʦʚʦʤ ʚʦʣʥʝʥʠʠ; ʜʝʣʴʬʠʥʠʨʦʚʘʥʠʝ ʧʨʠ 

ʟʘʭʚʘʪʝ ʢʦʨʧʫʩʘ ʧʦʧʫʪʥʦʡ ʚʦʣʥʦʡ ʠ ʜʨʫʛʠʝ ʵʬʬʝʢʪʳ ʢʘʯʢʠ ʠ ʭʦʜʢʦʩʪʠ ʧʦ 

ʚʩʝʤ ʰʝʩʪʠ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʢʦʨʘʙʣʷ. 

 
 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʤʦʨʩʢʦʛʦ 

ʚʦʣʥʝʥʠʷ 

ʂʦʨʘʙʝʣʴʥʘʷ ʛʠʜʨʦʤʝʭʘʥʠʢʘ ʠ ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʣʫʙʦʢʦʛʦ ʤʦʨʷ ʥʝ ʠʟʦʙʠʣʫʶʪ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ʠʣʠ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴʶ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʚʝʪʨʦʚʦʛʦ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ 

ʠ ʟʘʪʫʭʘʶʱʝʡ ʟʳʙʠ. ʉʠʣʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʨʘʙʣʷ, ʦʢʝʘʥʘ ʠ ʘʪʤʦʩʬʝ-

ʨʳ ʩʚʷʟʘʥʳ ʟʘʢʦʥʘʤʠ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʪʷʞʝʣʦʡ ʞʠʜʢʦʩʪʠ, ʫʩʣʦʚʠʷʤʠ ʩʦ-

ʭʨʘʥʝʥʠʷ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ, 

ʚʦʟʙʫʞʜʘʝʤʳʭ ʚʝʪʨʦʚʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʥʘ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ʆʩʥʦʚʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʦʙʦʟʥʘʯʝʥʠʷ ʠʟ ʪʝʦʨʠʠ ʚʦʣʥ 

t = 2p /w [ʩ] ï ʪʝʢʫʱʠʡ ʧʝʨʠʦʜ ʚʦʣʥʳ; 

l = 2p / k [ʤ] ï ʚʠʜʠʤʘʷ ʜʣʠʥʘ ʚʦʣʥʳ; 

r =  1025 [ʢʛ/ʤ3]  ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ; 
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g ï ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʫʩʢʦʨʝʥʠʝ [ʤ/ʩ2]; 

s = 0,072.86 [ʢʛ/ʩ2] ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʧʠʣʣʷʨʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Áʉ; 

Cw=l / t =w / k
 [ʤ/ʩ] ï ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚ ʜʣʠʥʘʭ ʠ ʯʘʩʪʦʪʘʭ ʚʦʣʥʳ; 

pl 2// Ö== gkgCw  ï ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ ʥʘ ʛʣʫʙʦʢʦʡ ʚʦʜʝ; 

rs /kCw Ö= ï ʢʘʧʠʣʣʷʨʥʦʡ: Ccg=0,232 ʤ/ʩ; lcgå
 1,73 ʩʤ {  g/k 

ė
 s Āk /r }   

HgCw Ö= ï ʩʢʦʨʦʩʪʴ ʜʣʠʥʥʦʡ ʚʦʣʥʳ (ʤʝʣʢʘ ̫ʚʦʜʘ), H [ʤ] ï ʛʣʫʙʠʥʘ; 
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th  ï ʩʢʦʨʦʩʪʴ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʡ ʚʦʣʥʳ ʩ ʫʯʸʪʦʤ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʩʦʩʪʦʷʥʠʷ ʞʠʜʢʦʩʪʠ: 

l [ʤ]  ï ʜʣʠʥʘ ʚʦʣʥʳ, s [ʢʛ/ʩ2]  ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʠ ʅ [ʤ] ï 

ʛʣʫʙʠʥʘ ʤʦʨʷ; 

rw [ʤ] ï ʣʦʢʘʣʴʥʳʡ ʨʘʜʠʫʩ ʪʨʦʭʦʠʜʳ ʚ ʚʦʣʥʦʚʳʭ ʜʚʠʞʝʥʠʷʭ ʞʠʜʢʦʩʪʠ; 

rz = rw·e k·z = rw·e 2p·z/l ï ʨʘʜʠʫʩ ʪʨʦʭʦʠʜʳ,  z [ʤ] ⱦ [ 0 ÷ ïÐ [ ï ʛʣʫʙʠʥʘ; 

( ) www Cts lpj /2 Ö+Ö=  ï ʦʪʩʯʸʪ ʬʘʟʦʚʦʛʦ ʫʛʣʘ ʜʣʷ ʪʨʦʭʦʠʜʘʣʴʥʦʡ ʚʦʣʥʳ, 

s [ʤ] ï ʦʪʩʪʦʷʥʠʝ, t [ʩ] ï ʦʪʩʯʸʪʳ ʚʨʝʤʝʥʠ ʧʨʠ ʩʢʦʨʦʩʪʠ Cw[ʤ/ʩ]; ź 

w =  2p·Cw/l =  2p /t = lp/2·g  [1/ʩ] ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ; 
­

z[ʤ] ï ʩʤʝʱʝʥʠʝ ʯʘʩʪʠʮʳ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦ ʭʦʜʫ ʚʦʣʥʳ; 

­­­

³= zz rv w [ʤ/ʩ]ï ʩʢʦʨʦʩʪʴ ʥʘ ʪʨʦʭʦʠʜʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʛʣʫʙʠʥʦʡ z; 

h = 2·rw [ʤ] ï ʫʩʣʦʚʥʘʷ ʚʳʩʦʪʘ ʚʦʣʥʳ ʢʘʢ ʫʜʚʦʝʥʥʳʡ ʨʘʜʠʫʩ ʪʨʦʭʦʠʜʳ; 

Hw = 8/3·p ·h /l ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʩʦʪʳ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʛʨʝʙʥʷ ʚʦʣʥʳ. 

ɺ ʦʩʥʦʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʰʪʦʨʤʦʚʦʛʦ ʤʦʨʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʪʨʦʭʦʠʜʘʣʥɹʳʭ 

ʚʦʣʥ ʙʦʣʴʰʦʡ ʚʳʩʦʪʳ [17, ʇʦʠʩʢʦʚʳʝ.., 2018], ʚ ʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ 

ʟʘʧʠʩʴ ʢʠʥʝʤʘʪʠʢʠ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʧʦ ʘʨʛʫʤʝʥʪʫ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʷʝʪ-

ʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʪʨʘʝʢʪʦʨʠʷʤʠ ʚ ʩʧʣʦʰʥʦʡ ʩʨʝʜʝ ʚ ʩʠʣʦʚʦʤ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦʤ ʧʦʣʝ ʤʦʨʩʢʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʬʦʨ-

ʤʘʮʠʠ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ. ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩ-

ʧʝʨʠʤʝʥʪʝ ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʧʦʚʝʨʦʯʥʳʡ ʚʘʨʠʘʥʪ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
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ʦʧʠʩʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʩʪʨʦʛʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʦʭʦʠʜʘʣʴʥʦʛʦ ʚʦʣʥʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʥʫʪʨʠ ʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʞʠʜ-

ʢʦʩʪʠ ʚ ʬʦʨʤʘʣʠʟʘʮʠʷʭ ʪʝʥʟʦʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ [16, ʊʝʥʟʦʨʥʘʷ ʤʘʪʝʤʘʪʠ-

ʢʘ.., 2005] ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʛʠʜʨʦʤʝʭʘʥʠʢʝ. 

ɺʦʣʥʦʚʳʝ ʧʘʢʝʪʳ ʠ ʠʭ ʛʨʫʧʧʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʦʧʳʪʦʚ ʩ ʥʘʜʚʦʜ-

ʥʳʤ ʢʦʨʘʙʣʸʤ ʚʦʩʩʦʟʜʘʶʪʩʷ ʩʦʦʙʨʘʟʥʦ ʥʘʙʣʶʜʝʥʠʷʤʠ ʟʘ ʨʝʘʣʴʥʳʤ ʰʪʦʨ-

ʤʦʚʳʤ ʚʦʣʥʝʥʠʝʤ ʥʘ ʤʦʨʝ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʷʯʝʠʩʪʳʤ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝʤ ʪʨʦʝʢ ʚʦʣʥ ʩ ʜʝʚʷʪʳʤʠ ʚʘʣʘʤʠ ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʦʙ-

ʨʫʰʘʶʱʠʤʠʩʷ ʛʨʝʙʥʷʤʠ, ʠ ʩ ʫʜʣʠʥʝʥʠʝʤ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʚʳʧʦʣʘʞʠʚʘʝ-

ʤʳʭ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ ʚ ʩʣʫʯʘʝ ʫʤʝʥʴʰʝʥʠʷ ʢʨʫʪʠʟʥʳ ʠʭ ʮʝʥʪʨʘʣʴʥʳʭ 

ʚʘʣʦʚ.  

ɼʦʩʪʦʠʥʩʪʚʦʤ ʪʘʢʦʡ ʢʚʘʟʠʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʣʴʥʦʝ 

ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʩʧʣʦʰʥʦʩʪʠ ʤʦʜʝʣʠʨʫʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʚʘʞʥʦ 

ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥʦʚʳʭ 

ʧʦʪʦʢʦʚ ʩ ʢʦʨʧʫʩʦʤ ʢʦʨʘʙʣʷ ʚ ʩʚʦʙʦʜʥʦʤ ʥʘʜʚʦʜʥʦʤ ʧʣʘʚʘʥʠʠ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʠʟʥʘʯʘʣʴʥʦ ʧʨʦʝʢʪʠʨʦʚʘʣʩʷ ʚ ʧʦʥʷʪʠ-

ʷʭ ʨʘʟʜʝʣʝʥʠʷ ʨʝʰʝʥʠʡ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʯʪʦ ʧʦʧʫʪʥʦ ʧʦʟʚʦʣʷʝʪ 

ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʚʳʙʦʨ ʢʘʢ ʩʦʙʩʪʚʝʥʥʦ ʤʦʜʝʣʝʡ ʤʦʨʩʢʦʛʦ 

ʚʦʣʥʝʥʠʷ, ʪʘʢ ʠ ʭʘʨʘʢʪʝʨʘ ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʨʧʫʩʘ ʩ ʠʥʪʝʥʩʠʚ-

ʥʳʤ ʚʦʣʥʝʥʠʝʤ, ʜʣʷ ʢʦʨʘʙʣʷ ʥʘ ʭʦʜʫ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʢʫʨʩʘʤʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝʥʠʷ ʠ ʚʝʪʨʘ, ʧʦʜ ʜʠʥʘʤʠʯʝʩʢʠ ʧʦʜʦʙʥʳʤʠ ʪʷʛʦʡ 

ʜʚʠʞʠʪʝʣʝʡ ʠ ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʦʩʥʦʚʝ ʠʟʳʩʢʘʥʠʡ ʩ ʤʦʨʩʢʠʤ ʚʦʣʥʝʥʠʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʥʮʠʧ 

ʚʟʘʠʤʥʦʩʪʠ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʥʘ ʢʦʨʧʫʩ ʢʦʨʘʙʣʷ, ʠ 

ʢʦʨʘʙʝʣʴʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʮʝʣʦʤ ʟʘʚʠʩʷʱʠʭ ʦʪ ʛʝʦʤʝʪʨʠʠ ʦʙʚʦ-

ʜʦʚ ʠ ʬʦʨʤʳ ʥʘʜʚʦʜʥʦʛʦ ʙʦʨʪʘ ʢʦʨʘʙʣʷ, ʦʤʳʚʘʝʤʳʭ ʛʨʝʙʥʷʤʠ ʰʪʦʨʤʦʚʳʭ 

ʚʦʣʥ ʚ ʫʩʣʦʚʠʷʭ ʚʝʨʪʠʢʘʣʴʥʦʡ, ʙʦʨʪʦʚʦʡ ʠ ʢʠʣʝʚʦʡ ʢʘʯʢʠ. 
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ʆ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʳʪʘʭ ʩ ʤʦʜʝʣʷʤʠ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʛʠʜʨʦʤʝʭʘʥʠʢʝ ʚʠ-

ʜʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʣʠ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʨʘʟ-

ʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʯʪʦ ʤʦʞʝʪ ʚʦʩʪʨʝʙʦʚʘʪʴʩʷ ʢʘʢ ʜʣʷ 

ʙrʩʪʨʦʡ ʦʮʝʥʢʠ ʰʪʦʨʤʦʚʳʭ ʷʚʣʝʥʠʡ ʥʘ ʤʦʨʝ, ʪʘʢ ʠ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʧʦʵʣʝ-

ʤʝʥʪʥʳʭ ʠʣʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʰʪʦʨʤʦʚʦʡ ʭʦʜʢʦ-

ʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʣʘʚʘʥʠʷ ʢʦʨʘʙʣʷ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʚʩʪʨʦʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʙʝʟʫʩʣʦʚʥʦ ʧʦʣʝʟʥʦ ʧʨʠ ʦʪʣʘʜʢʝ ʩʦʙ-

ʩʪʚʝʥʥʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʜʣʷ ʧʨʦʷʩʥʝʥʠʷ ʪʦʥʢʠʭ 

ʵʬʬʝʢʪʦʚ ʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʢʦʨʘʙʣʷ ʚ ʦʧʳʪʘʭ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʉʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝ-

ʥʠʷ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çAurora» (+++): 

1. ɺʘʨʠʘʥʪ ʰʪʠʣʝʚʦʛʦ ʤʦʨʷ ʙʝʟ ʚʦʣʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʚ ʩ ʫʜʠʬʬʝʨʝʥʪʦʚʘʥʠʝʤ ʢʦʨʘʙʣʷ ʧʨʠ ʥʘʙʦʨʝ ʭʦʜʘ ʠ ʘʢʪʠʚʥʦʤ ʪʦʨʤʦʞʝ-

ʥʠʠ; ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʨʝʥʘ ʠ ʢʘʯʢʠ ʢʦʨʘʙʣʷ ʥʘ ʭʦʜʫ ʥʘ ʮʠʨʢʫʣʷʮʠʠ; 

ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʠʣʠ ʦʩʪʘʪʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʦʨʧʫʩʘ ʧʨʠ 

ʤʛʥʦʚʝʥʥʦʤ ʠʩʢʣʶʯʝʥʠʠ ʠʟ ʨʘʩʯʸʪʦʚ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ; ʘ ʪʘʢʞʝ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʡ ʢʘʯʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʠʤʧʫʣʴʩʥʳʭ ʢʨʝʥʷʱʠʭ ʤʦ-

ʤʝʥʪʦʚ. 

2. ʏʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʦʣʥʦʚʦʝ ʧʦʣʝ ʧʦʣʥʦʮʝʥʥʳʭ ʪʨʦʭʦʠʜʘʣʥɹʳʭ 

ʚʦʣʥ (ʚʘʨʠʘʥʪʳ 2,3,4) ʠ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʥʘ ʥʝʨʘʚ-

ʥʦʤʝʨʥʳʭ ʨʝʛʫʣʷʨʠʟʦʚʘʥʥʳʭ ʨʘʩʯʸʪʥʳʭ ʫʟʣʘʭ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʥʝʜʝʬʦʨʤʠ-

ʨʫʝʤʦʛʦ ʰʪʦʨʤʦʚʦʛʦ ʤʦʨʷ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʦ ʦʪʨʘʙʘʪʳʚʘʪʴ ʜʠʥʘʤʠʢʫ 

ʰʪʦʨʤʦʚʦʡ ʭʦʜʢʦʩʪʠ ʠ ʢʘʯʢʠ ʢʦʨʘʙʣʷ ʙʝʟ ʫʩʣʦʞʥʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʦʪʨʘʞʘ-

ʝʤʳʭ ʦʪ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ ʚʦʣʥ ʙʦʣʴʰʦʡ ʚʳʩʦʪʳ. 
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3. ʊʘʢʦʝ ʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʦʣʥʦʚʦʝ ʧʦʣʝ ʥʘ ʩʪʨʦʛʦ ʨʘʚʥʦʤʝʨʥʳʭ 

ʫʟʣʘʭ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʨʘʩʯʸʪʥʳʤʠ ʷʯʝʡʢʘʤʠ. ɺ ʪʘʢʦʤ ʚʘʨʠʘʥʪʝ ʩʨʘʟʫ ʤʦ-

ʜʝʣʠʨʫʝʪʩʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʚʦʣʥʦʚʦʝ ʧʦʣʷ ʙʝʟ ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ ʣʠʥhʠʭ 

ʩʣʦʝʚ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ. ɺ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʤ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʠ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨʥʳʭ ʤʘʩʩʠʚ, 

ʚ ʢʦʪʦʨʦʤ ʢʦʤʧʦʥʝʥʪʘ z ʚʢʣʶʯʘʝʪ ʫʨʦʚʝʥʴ ʤʦʨʷ, ʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʦʩʷʤ { x,y } ï ʦʩʨʝʜʥʝʥʥʳʝ ʩʢʦʨʦʩʪʠ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʚʘʨʠʘʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʭ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʚʳʯʠʩʣʠʪʝʣʥɹʳʭ ʨʝʩʫʨʩʦʚ. 

4. ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʣʥʦʚʦʛʦ ʨʝʞʠ-

ʤʘ ʚ ʧʦʣʥʳʭ ʧʦʪʦʢʘʭ ʥʘ ʨʘʚʥʦʤʝʨʥʳʭ ʩʝʪʦʯʥʳʭ ʫʟʣʘʭ, ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤ 

ʩʦʙʣʶʜʝʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʦʡ ʛʣʘʜʢʦʩʪʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ ʟʘʧʨʦʩʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʢʦʤʧʴʶʪʝʨʘ, ʠ 

ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʶʱʘʷ ʯʘʩʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚʧʦʣʥʝ ʢʦʨʨʝʢʪʥʦ. 

5. ʇʦʣʥʦʬʦʨʤʘʪʥʳʡ ʧʨʷʤʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʪʨʦʭʦʠ-

ʜʘʣʴʥʳʤ ʚʦʣʥʝʥʠʝʤ ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʨʝʛʫʣʷʨʠʟʦʚʘʥʥʳʭ ʫʟʣʘʭ, ʩ ʚʦʟ-

ʤʦʞʥʦʩʪʴʶ ʚʢʣʶʯʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʬʘʟʦʚʳʭ ʠ ʛʨʫʧʧʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʩ 

ʧʨʦʷʚʣʝʥʠʝʤ ʢʦʨʘʙʝʣʴʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʠ ʧʦʣʥʦʮʝʥʥʳʤ ʦʪʨʘʞʝʥʠ-

ʝʤ ʚʥʝʰʥʠʭ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʦʪ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ ʢʦʨʘʙʣʷ. 

6. ʊʦʪ ʞʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʫʯʸʪʦʤ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ, ʦʪʯʘʩʪʠ ʩʥʠʞʘʶʱʠʭ ʩʠʣʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʰʪʦʨʤʦʚʳʭ 

ʚʦʣʥ ʥʘ ʢʦʨʧʫʩ ʢʦʨʘʙʣʷ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʧʨʠ ʫʯʸʪʝ ʚʳ-

ʟʚʘʥʥʳʭ ʪʝʯʝʥʠʡ ʚʙʣʠʟʠ ʙʦʨʪʦʚʦʡ ʦʙʰʠʚʢʠ ʢʦʨʘʙʣʷ. ɺ ʪʘʢʦʤ ʚʘʨʠʘʥʪʝ 

ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʢʦʤʧʴʶʪʝʨʘ. 
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ʆ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʨʦʭʦʠʜʘʣʴʥʦʛʦ ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝʥʠʷ 

ʉʪʨʦʛʦʝ ʠ ʬʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʳʭ ʚʦʣʥʘʭ ʙʦʣʴʰʦʡ ʚʳʩʦʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʜʝʘʣʴʥʦʡ ʪʷʞʝʣʦʡ 

ʞʠʜʢʦʩʪʠ ʧʦʣʫʯʝʥʦ ʚ 1802 ʛʦʜʫ [12, Theorie der Wellen, 1802] ʌʨʘʥʮʝʤ 

ɻʝʨʩʪʥʝʨʦʤ, ʧʨʦʬʝʩʩʦʨʦʤ ʇʨʘʞʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʆʙʦʙʱʘʝʤʘʷ ʚ ʨʘʤ-

ʢʘʭ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤ ʪʨʦʭʦʠʜʘʣʴʥʘʷ ʤʦʜʝʣʴ ʤʦʨ-

ʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʦʙʣʘʜʘʝʪ ï ʩʠʣʴʥʦʡ ʜʠʩʧʝʨʩʠʝʡ [ɹɼ çVessel», 2015], ʧʨʦ-

ʷʚʣʷʶʱʝʡʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʨʝʙʥʝʡ ʚʦʣʥ ʦʪ ʠʭ 

ʜʣʠʥʳ ʠ ʧʝʨʠʦʜʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ: 

ï ʜʚʫʢʨʘʪʥʦʝ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ 

ʚ ʮʝʣʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʠʜʠʤʦʡ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʚʦʣʥʦʚʳʭ 

ʛʨʝʙʥʝʡ, ʦʪʯʝʛʦ: 

ï ʬʨʦʥʪ ʚʦʣʥʳ ʧʨʝʙʳʚʘʝʪ ʚ ʩʦʩʪʦʷʥʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ 

ʧʝʨʚʦʛʦ ʚʩʪʫʧʣʝʥʠʷ, ʠ ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ: 

ï ʧʨʦʠʩʭʦʜʠʪ ʢʚʘʥʪʦʚʘʥʠʝ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʩʪʦʷʯʠʭ ʮʝʥʪʨʘʣʴʥʳʭ ʠʣʠ çʜʝʚʷʪʳʭè ʚʘʣʦʚ ʩ ʦʙʨʫʰʘʶʱʠʤʠʩʷ 

ʛʨʝʙʥʷʤʠ ʙʦʣʴʰʦʡ ʢʨʫʪʠʟʥʳ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ: 

ï ʛʠʜʨʦʤʝʭʘʥʠʢʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʩʚʦʙʦʜʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʛʫʙʦ ʥʝʩʪʘʮʠʦ-

ʥʘʨʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʤʦʨʝ, ʠ ï ʚ ʧʨʷʤʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥ-

ʪʝ. 

ʄʦʨʩʢʦʝ ʚʦʣʥʝʥʠʝ ʥʘ ʦʪʢʨʳʪʳʭ ʘʢʚʘʪʦʨʠʷʭ ʚʩʝʛʜʘ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʦ-

ʪʷʞʝʥʥʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʬʨʦʥʪʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʚʦʣʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʧʨʦʱʝʥʥʳʭ ʜʚʫʤʝʨʥʳʭ 

ʧʨʦʬʠʣʝʡ ʪʨʦʭʦʠʜʘʣʴʥʳʭ ʚʦʣʥ ʚ ʧʣʦʩʢʦʩʪʠ ʣʦʢʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʩ ʧʨʝʜʦʧʨʝʜʝʣʸʥʥʳʤ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʝʨʪʠ-

ʢʘʣʠ. 
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ʊʨʦʭʦʠʜʘʣʴʥʘʷ ʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʚʦʣʥʘ ɻʝʨʩʪʥʝʨʘ ʥʘ ʛʣʫʙʦʢʦʡ ʠ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʣʫʙʠʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʥʝʨʘʟʨʳʚ-

ʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʘʩʘʶʱʠʤ ʧʦ ʚʝʨʪʠʢʘʣʠ ʧʦʣʝʤ ʩʢʦʨʦʩʪʠ, 

ʠ ʟʘʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʝʤ ʪʨʘʝʢʪʦʨʠʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ, 

ʜʚʠʞʫʱʠʭʩʷ ʚ ʣʦʢʘʣʴʥʳʭ (ʣʘʛʨʘʥʞʝʚʳʭ) ʢʦʦʨʜʠʥʘʪʘʭ ʧʦ ʪʨʦʭʦʠʜʘʤ ʩ ʨʘ-

ʜʠʫʩʦʤ, ʫʤʝʥʴʰʘʶʱʠʤʩʷ ʩ ʛʣʫʙʠʥʦʡ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʰʪʦʨʤʦʚʦʛʦ ʤʦʨʷ ʚʦʟʥʠʢʘʶʪ ʚʠʟʫʘʣʴʥʦ ʨʝʛʫʣʷʨʥʳʝ 

ʷʯʝʠʩʪʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʦʤʙʠʯʝʩʢʠʭ ʧʘʢʝʪʦʚ ʩ ʛʨʝʙʥʷʤʠ ʚʝʪʨʦʚʳʭ ʚʦʣʥ 

ʠ ʚʳʧʦʣʦʞʝʥʥʳʤʠ ʩʢʣʦʥʘʤʠ ʜʣʠʥʥʦʧʝʨʠʦʜʥʦʡ ʟʳʙʠ, ʥʝʟʘʚʠʩʠʤʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʶʱʠʤʠʩʷ ʚ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʜʝʚʷʪʳʤʠ ʚʘʣʘʤʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʩʪʦʡ ʚʟʘʠʤʥʦʡ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʠ. ʈʠʩ. 37 ʧʨʠʚʦʜʠʪ ʪʨʦʭʦʠ-

ʜʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʥʘ ʬʦʥʝ ʬʦʪʦʛʨʘʬʠʠ ʩ ʛʨʝʙʥʷʤʠ ʚʝʪʨʦʚʳʭ ʚʦʣʥ, ʙʝʛʫ-

ʱʠʭ ʧʦʚʝʨʭ ʟʳʙʠ ʩʦʠʟʤʝʨʠʤʦʡ ʚʳʩʦʪʳ. ʅʘ ʧʦʣʦʛʠʭ ʩʢʣʦʥʘʭ ʟʳʙʠ ʩʦʭʨʘ-

ʥʷʝʪʩʷ ʜʠʥʘʤʠʢʘ ʧʨʦʷʚʣʝʥʠʷ ʜʝʚʷʪʳʭ ʚʘʣʦʚ ʚʝʪʨʦʚʳʭ ʚʦʣʥ, ʦʜʥʘʢʦ, ʦʪʯʘ-

ʩʪʠ ʩʙʠʚʘʝʪʩʷ ʨʠʪʤ ʦʙʨʫʰʝʥʠʷ ʠʭ ʛʨʝʙʥʝʡ, ʦʪʯʝʛʦ ʦʪʯʘʩʪʠ ʩʙʠʚʘʝʪʩʷ ʚʠ-

ʜʠʤʦʩʪʴ ʩʪʨʦʛʦʡ ʨʝʛʫʣʷʨʥʦʩʪʠ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ. 

 

ʈʠʩ. 37. ʍʘʨʘʢʪʝʨʥʘʷ ʬʦʨʤʘ ʪʨʦʭʦʠʜʘʣʴʥʦʡ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʚʦʣʥʳ. ʋʛʦʣ 

ʩʢʣʦʥʘ ʚʙʣʠʟʠ ʚʝʨʰʠʥʳ ʜʦʩʪʠʛʘʝʪ 30Á.  ʇʨʠ ʜʣʠʥʝ ʚʦʣʥʳ l = 100 ʤ (ʧʝʨʠ-

ʦʜ 8 ʩʝʢ.), ʩʫʤʤʘʨʥʘʷ ʚʳʩʦʪʘ ʦʪ ʚʧʘʜʠʥʳ ʜʦ ʚʝʨʰʠʥʳ ʧʦʨʷʜʢʘ 12 ʤ (ʧʨʠ-

ʣʠʚ/ʦʪʣʠʚ ï +9 / ï3 ʤ), ʘ ʩʢʦʨʦʩʪʴ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʚ ʛʨʝʙʥʝ ʜʦʩʪʠʛʘ-

ʝʪ 20 ʫʟʣʦʚ 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʤʦʨʩʢʠʭ ʚʦʣʥ ʠ ʚʦʣʥʦʚʳʭ ʧʦʪʦʢʦʚ ʧʦʣʫʯʘʝʪ-

ʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ ʧʦʩʪʨʦʝʥʠʠ ʣʠʥʠʡ ʪʦʢʘ ʠ ʪʨʘʝʢ-
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ʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʨʦʭʦʠ-

ʜʘʣʴʥʦʝ ʧʨʦʚʦʨʘʯʠʚʘʥʠʝ ʧʨʠʚʥʦʩʠʪ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʚʠʜʝ ʫʜʚʦ-

ʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʨʝʙʥʝʡ, ʘ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʨʘʩʢʨʫʯʠʚʘʥʠʠ ï ʢ ʧʦʜʪʦʨʤʘʞʠ-

ʚʘʥʠʶ ʬʘʟʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʯʪʦ ʤʦʜʝʣʠʨʫʝʪ ʧʦʣʫʪʦʨʥʦʝ ʫʩʢʦʨʝʥʠʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʘʧʠʣʣʷʨʥʳʭ ʵʬʬʝʢʪʦʚ ï ʩʠʣ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. 

ʄʦʨʩʢʦʝ ʚʦʣʥʝʥʠʝ ʥʘ ʦʪʢʨʳʪʳʭ ʘʢʚʘʪʦʨʠʷʭ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʦʪʷʞʝʥ-

ʥʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥʦʚʳʤʠ ʬʨʦʥʪʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʚʦʣʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʤʝʨʥʳʭ ʧʨʦʬʠʣʝʡ ʪʨʦʭʦ-

ʠʜʘʣʴʥʦʛʦ ʚʦʣʥʝʥʠʷ30 ʚ ʧʣʦʩʢʦʩʪʠ ʣʦʢʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ 

ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʩʦʧʦʩʪʘʚʠʤʳ ʧʦ ʨʘʟʤʘʭʫ ʢʦʣʝʙʘʥʠʡ. 

ʊʨʦʭʦʠʜʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʜʣʷ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʚ ʧʣʦʩʢʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʝʨʪʠʢʘʣʠ, ʦʜʥʘʢʦ, ʧʦʩʪʨʦʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʨʩʢʠʭ ʚʦʣʥ ʧʨʠ ʦʪʨʘʞʝʥʠʠ 

ʦʪ ʦʙʰʠʚʢʠ ʢʦʨʘʙʣʷ ʧʦʢʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝ-

ʥʠʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ pl 2/Ö= gCw  ʠ ʟʘ-

ʜʝʡʩʪʚʦʚʘʥʠʝʤ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʚ ʧʦʣʥʳʭ ʧʦʪʦʢʘʭ31, ʤʦʜʝʣʠʨʫʶʱʠʭ ʩʚʦ-

ʙʦʜʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. 

ɺʢʣʶʯʝʥʠʝ ʚ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʛʝʥʝʨʘʮʠʠ ʧʨʠʚʭʦʜʷʱʠʭ ʪʨʦʭʦʠʜʘʣʥɹʳʭ 

ʚʦʣʥ ʧʦʩʣʫʞʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʶ ʛʨʫʧʧʦʚʳʭ ʩʪʨʫʢʪʫʨ 

ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝʥʠʷ ʠ ʣʦʢʘʣʴʥʳʭ ʪʝʯʝʥʠʡ ʧʦ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 
30 ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʚʦʣʥ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ 

ʪʨʦʭʦʠʜʘʣʴʥʳʭ, ʧʨʠ ʫʩʣʦʚʠʠ ʠʩʯʝʟʘʶʱʝ ʤʘʣʦʡ ʚʳʩʦʪʳ ʚʦʣʥ: h=2rw. 
31 ɺʦʣʥʦʚʳʝ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʳʚʘʶʪʩʷ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ, ʟʘʚʠʩʷɦ ʝʡ 

ʦʪ ʣʦʢʘʣʴʥʦʡ ʨʝʦʣʦʛʠʠ ʩʦʩʪʦʷʥʠʷ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ. ɺ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʫʨʘʚʥʝʥʠʷʭ 

ʵʪʦ ʛʣʫʙʠʥʘ ʤʦʨʷ, ʚ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʝ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʠ ʪ.ʧ. 
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ɼʣʷ ʚʦʩʩʦʟʜʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠ ʧʦʜʦʙʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʰʪʦʨʤʦʚʦʤ 

ʤʦʨʝ ʚʦʟʤʦʞʥʦ ʥʘʣʦʞʝʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʡ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʚʦʣʥʦ-

ʚʳʤ ʩʪʨʫʢʪʫʨʘʤ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʜʚʠʞʝʥʠʷ ʠ ʘʤʧʣʠʪʫʜʥʦ-

ʯʘʩʪʦʪʥʤrʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɼʣʷ ʦʪʢʨʳʪʦʛʦ ʦʢʝʘʥʘ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʝʣʴʥʦ ʢʨʫʪʳʝ ʚʝʪʨʦʚʳʝ ʚʦʣʥʳ, ʠ ʦʜʥʘ-ʜʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʟʳʙʠ ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʫʜʘʣʸʥʥʳʭ ʰʪʦʨʤʦʚ. 

 

ʈʠʩ. 38. ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʚʩʝʭ 

ʪʨʝʭ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʠ ʠʭ ʩʫʤʤʘʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʠ ʩ ʢʦʨʧʫʩʦʤ ʢʦʨʘʙʣʷ. ɺ ʦʪʜʝʣʴʥʦʤ ʦʢʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʠʥʘ-

ʤʠʢʘ ʩʦʙʩʪʚʝʥʥʦ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʠ ʚ ʦʢʨʫʞʝʥʠʠ ʪʦʣʴʢʦ ʧʨʦʬʠʣʝʡ ʤʦʨ-

ʩʢʦʛʦ ʚʦʣʥʝʥʠʷ. 

ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʘʞʜʦʝ ʚʦʣʥʦʚʦʝ ʧʦʣʝ ʤʦʜʝʣʠʨʫʝʪ-

ʩʷ ʧʘʢʝʪʘʤʠ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʚʦʣʥ (ʈʠʩ. 38), ʨʘʟʜʝʣʸʥʥʳʭ ʥʘ ʨʦʤʙʠʯʝʩʢʠʝ 

ʷʯʝʡʢʠ ʚ ʮʫʛʘʭ ʧʦ ʜʝʚʷʪʴ, ʩʦ ʩʤʝʱʝʥʠʝʤ ʬʘʟʳ ʥʘ ʪʨʝʪʴ ˊ ʧʦ ʩʤʝʞʥʳʤ ʛʨʘ-

ʥʷʤ, ʠ ʩ ʦʙʨʘʪʥʦʡ ʬʘʟʦʡ +ˊ ʚ ʫʛʣʦʚʳʭ ʩʦʧʨʷʞʝʥʠʷʭ ʮʝʧʦʯʝʢ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʳʭ ʮʫʛ ʚʦʣʥ. 

ɺ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʧʨʘʢʪʠʢʝ, ʢʘʢ ʠ ʥʘ ʙʦʨʪʦʚʳʭ ʛʠʜʨʦʤʝʪʝʦʩʪʘʥʮʠʷʭ, 

ʜʣʷ ʩʨʦʯʥʳʭ ʪʝʣʝʛʨʘʤʤ ʚʠʟʫʘʣʴʥʦ ʬʠʢʩʠʨʫʶʪʩʷ ʚʝʪʨʦʚʦʝ ʚʦʣʥʝʥʠʝ ʥʘ 

ʬʦʥʝ ʦʜʥʦʡ-ʜʚʫʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʨʫʢʪʫʨ ʟʳʙʠ ʦʪ ʫʜʘʣʸʥ-
























































































































































































































































































































