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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ɿʘʜʘʯʠ ʦʙʪʝʢʘʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʩ 

ʦʯʝʥʴ ʙʦʣʴʰʠʤʠ ʩʚʝʨʭʟʚʫʢʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʢʘʢ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʧʨʠʩʫʱʠʭ ʜʘʥʥʳʤ ʩʢʦʨʦʩʪʷʤ ʧʦʣʝʪʘ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ ʛʘʟʘ ʚ ʦʙʨʘʟʫʶʱʝʤʩʷ ʫʜʘʨʥʦʤ ʩʣʦʝ. ʇʦʜʦʙʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʩʦʚʝʨʰʝʥʥʦʛʦ ʛʘʟʘ ʠʟ-ʟʘ ʘʢʪʠʚʥʦ 

ʧʨʦʪʝʢʘʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚʭʦʜʘ ʚ 

ʘʪʤʦʩʬʝʨʫ ʥʝʢʦʪʦʨʳʭ ʧʣʘʥʝʪ ʠ ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʦʙʲʷʩʥʷʶʪ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

(ɺʃɸ) ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʩʦʧʨʷʞʝʥʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ ʢʘʢ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʪʘʢ ʠ ʩʪʝʥʜʦʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʜʦʚ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ 

ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʘʵʨʦʬʠʟʠʢʠ ɺʃɸ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʝʡ ʩʦʚʝʨʰʝʥʥʦʛʦ ʠ 

ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʝʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɺʃɸ. ʆʜʥʘʢʦ ʨʘʩʯʝʪ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʪʨʝʙʫʝʪ ʜʝʪʘʣʴʥʦʡ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʫʟʢʦʡ ʟʦʥʳ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʧʨʠʝʤʣʝʤʫʶ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʥʘʛʨʝʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʝʱʝ ʦʜʥʦʡ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʦʙʲʝʤʥʳʭ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʫʧʦʤʷʥʫʪʦʛʦ ʪʠʧʘ ʩʝʪʦʯʥʦʡ ʪʦʧʦʣʦʛʠʠ 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʢʠ ʜʣʷ ʨʝʘʣʠʩʪʠʯʥʳʭ 
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ʤʦʜʝʣʝʡ ɺʃɸ. ʇʨʠʤʝʥʝʥʠʝ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ ʷʚʣʷʝʪʩʷ 

ʦʧʨʘʚʜʘʥʥʳʤ ʚ ʟʘʜʘʯʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʘʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʦʩʪʨʦʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ɺʃɸ. ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʜʦʚ ʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʘʙʦʪʳ ʠʤʝʥʥʦ ʩ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʩʝʪʢʘʤʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ 

ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ɺʃɸ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʝʡ ʩʦʚʝʨʰʝʥʥʦʛʦ ʠ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʘ 

ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʜʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʚ. ɽʱʝ ʦʜʥʦʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʥʝʚʷʟʢʦʛʦ ʧʦʣʷ ʪʝʯʝʥʠʷ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ɺʃɸ. ɿʘʢʣʶʯʠʪʝʣʴʥʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʪʦʜʦʚ ʛʝʥʝʨʘʮʠʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʜʣʷ ɺʃɸ ʩʣʦʞʥʦʡ 

ʬʦʨʤʳ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʥʝʚʷʟʢʦʝ ʧʦʣʝ ʪʝʯʝʥʠʷ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ï ʚʦʣʥʦʣʝʪʦʚ; 

2. ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ; 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʵʨʦʜʠʥʘʤʠʢʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʚʦʣʥʦʣʝʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, 

ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʝʤʘ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʢʦʜʝ 

UST3D, ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʩʝʪʢʘʤʠ; 

4. ʇʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʛʘʟʦʚʦʡ 

ʜʠʥʘʤʠʢʠ ʩʧʫʩʢʘʝʤʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ Exomars ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʜʘ NERAT-2D; 
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5. ɺʳʧʦʣʥʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʥʘʛʨʝʚʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʩʧʫʩʢʘʝʤʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ Exomars, 

ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʜ ʫʛʣʦʤ ʘʪʘʢʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʜʘ NERAT-3D ʚ 

ʨʘʤʢʘʭ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ; 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ: 

1. ʈʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʥʝʩʫʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʚʷʟʢʦʛʦ ʢʦʥʠʯʝʩʢʦʛʦ ʧʦʣʷ ʪʝʯʝʥʠʷ; 

2. ɺʳʧʦʣʥʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ 

ʩʝʪʦʯʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʧʦʣʥʷʪʴ ʧʦʩʪʨʦʝʥʠʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʜʣʷ ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ; 

3. ɺʳʧʦʣʥʝʥʘ ʚʘʣʠʜʘʮʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʜʘ UST3D ʥʘ ʧʨʠʤʝʨʝ 

ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʘʵʨʦʜʠʥʘʤʠʢʝ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʚʦʣʥʦʣʝʪʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʠ ʫʛʣʦʚ ʘʪʘʢʠ. 

ʊʘʢʞʝ ʚʳʧʦʣʥʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʯʠʩʣʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʜʦʚ; 

4. ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʢʦʥʚʝʢʪʠʚʥʳʭ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʧʣʦʚʳʭ 

ʧʦʪʦʢʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʫʩʢʘʝʤʦʛʦ ʘʧʧʘʨʘʪʘ Exomars ʚ ʨʘʤʢʘʭ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʜʚʫʭʤʝʨʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʜʘ 

NERAT-2D ʜʣʷ ʘʢʪʫʘʣʴʥʳʭ ʪʨʘʝʢʪʦʨʥʳʭ ʪʦʯʝʢ. ʇʨʦʚʝʜʝʥʦ ʦʮʝʥʦʯʥʦʝ 

ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʣʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʫʯʘʩʪʢʦʚ ʪʨʘʝʢʪʦʨʠʠ; 

5. ʇʨʦʚʝʜʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʯʝʪʳ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʩʧʫʩʢʘʝʤʦʛʦ ʘʧʧʘʨʘʪʘ Exomars ʧʦʜ ʫʛʣʦʤ ʘʪʘʢʠ. ɺʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʫʯʝʪʘ 

ʵʬʬʝʢʪʦʚ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ; 
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ʆʩʥʦʚʥr ʤʠ ʟʘʱʠʱʘʝʤʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʚʣʷʶʪʩʷ: 

1. ʄʝʪʦʜ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʡ 

ʥʝʚʷʟʢʦʝ ʢʦʥʠʯʝʩʢʦʝ ʧʦʣʝ ʪʝʯʝʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ɺʃɸ;  

2. ʄʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ; 

3. ʄʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ 

ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʝʤʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʢʘʭ. ʉʨʘʚʥʝʥʠʝ ʩ ʨʘʩʯʝʪʥʳʤʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʚʦʣʥʦʣʝʪʦʚ; 

4. ɼʚʫʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʨʘʜʠʘʮʠʦʥʥʦʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʩʧʫʩʢʘʝʤʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ Exomars. ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʠ 

ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʘʤ; 

5. ʊʨʝʭʤʝʨʥʘʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʧʫʩʢʘʝʤʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ Exomars. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʢʦʥʚʝʢʪʠʚʥʦʤʫ 

ʥʘʛʨʝʚʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʩʧʫʩʢʘʝʤʦʛʦ ʘʧʧʘʨʘʪʘ Exomars, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʫʯʝʪʘ ʪʫʨʙʫʣʝʥʪʥʳʭ ʵʬʬʝʢʪʦʚ; 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʤʝʪʦʜ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʩʪʨʦʝʥʠʝ ʥʝʩʫʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ɺʃɸ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʢʦʜʳ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʜʣʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʇʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʘ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʩʝʪʢʘʭ ʜʘʝʪ ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʘʵʨʦʜʠʥʘʤʠʢʝ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʝʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ, ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʧʫʩʢʘʝʤʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʙʣʠʞʝʥʠʷʭ, ʘ ʪʘʢʞʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ. 
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ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʘ ʈʌʌʀ 16-01-00379 ʠ ʧʨʦʝʢʪʘ ʈʌʌʀ 19-0100515,  

ʛʦʩʟʘʜʘʥʠʷ ˉ ɸɸɸɸ-ɸ17-117021310372-6, ʘ ʪʘʢʞʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ 

CNES ˉ 170440/00. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴʶ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯ ʠ ʩʪʨʦʛʠʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʠʭ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʬʠʟʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʩʨʘʚʥʝʥʠʝʤ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʘʩʯʝʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, ʘ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʬʠʣʴʥʳʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ: 

1. ʅʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʄʌʊʀ, ʄʦʩʢʚʘ-ɼʦʣʛʦʧʨʫʜʥʳʡ, 

ʄʦʩʢʦʚʩʢʠʡ ʌʠʟʠʢʦ-ʊʝʭʥʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪ, 2016 ï 2018 ʛʛ;  

2. ʐʢʦʣʘ-ʩʝʤʠʥʘʨ çɸʵʨʦʬʠʟʠʢʘ ʠ ʬʠʟʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤè (ɸʌʄ), ʄʦʩʢʚʘ, ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ 

ʤʝʭʘʥʠʢʠ ʠʤ. ɸ.ʖ. ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ, 2016 ï 2018 ʛʛ;  

3. XX ʖʙʠʣʝʡʥʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʝʭʘʥʠʢʝ ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʠʢʣʘʜʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʩʠʩʪʝʤʘʤ 

(ɺʄʉʇʇʉô2017), 24ï31 ʤʘʷ 2017 ʛ., ɸʣʫʰʪʘ 

4. ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʘʵʨʦʛʠʜʨʦʜʠʥʘʤʠʢʝ, ʧʦʩʚʷʱʝʥʥʘʷ 

100-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʉ.ɺ. ɺʘʣʣʘʥʜʝʨʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 23-25 

ʦʢʪʷʙʨʷ 2017 ʛ. 

5. XXI ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʛ. ʂʦʨʦʣʝʚ, 30 ʦʢʪʷʙʨʷ ï 3 ʥʦʷʙʨʷ 2017 ʛ. 

6. ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʘʵʨʦʜʠʥʘʤʠʢʝ.  

ʧ. ɺʦʣʦʜʘʨʩʢʦʛʦ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣ. 2017 ï 2019 ʛʛ; 
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7. ɸʢʘʜʝʤʠʯʝʩʢʠʝ ʯʪʝʥʠʷ ʧʦ ʢʦʩʤʦʥʘʚʪʠʢʝ, ʧʦʩʚʷʱʝʥʥʳʝ ʧʘʤʷʪʠ 

ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʝʚʘ ʠ ʜʨʫʛʠʭ ʚʳʜʘʶʱʠʭʩʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʝʥʳʭ ï 

ʧʠʦʥʝʨʦʚ ʦʩʚʦʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʄʦʩʢʚʘ, 2018, 2019 ʛʛ;  

8. 56th AIAA Aerospace Sciences Meeting, ʌʣʦʨʠʜʘ, ʉʐɸ,  

8-12 ʷʥʚʘʨʷ 2018 ʛ. 

9. XII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʝ ʠ 

ʤʝʭʘʥʠʢʝ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ (NPNJô2018). 24-21 ʤʘʷ 2018 ʛ., ɸʣʫʰʪʘ. 

10. 7-ʷ ʈʦʩʩʠʡʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʪʝʧʣʦʦʙʤʝʥʫ.  

22-26 ʦʢʪʷʙʨʷ 2018, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

11. AIAA  SciTech Forum (7-11 January, 2019, San Diego, California, 

USA), San Diego, California, ʉʐɸ, 7-11 ̫ ʥʚʘʨʷ 2019 ʛ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 6 ʩʪʘʪʝʡ ʠʟ ʢʦʪʦʨʳʭ 5 

ʠʥʜʝʢʩʠʨʦʚʘʥʳ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ çʉʝʪʴ ʥʘʫʢʠè (Web of Science) ʠʣʠ çʉʢʦʧʫʩè 

(Scopus) ʠ ʚʭʦʜʷʪ ʚ ʩʧʠʩʦʢ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʠʟʜʘʥʠʡ ɺɸʂ, ʘ ʪʘʢʞʝ 10 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 5 ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʆʙʱʠʡ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ʩʦʩʪʘʚʣʷʝʪ 167 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʷ 107 ʨʠʩʫʥʢʦʚ ʠ 16 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ 

ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 203 ʥʘʠʤʝʥʦʚʘʥʠʷ. 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʪʨʘʞʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʮʝʣʴ ʨʘʙʦʪʳ ʠ ʢʨʘʪʢʦ ʦʪʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʚʦʣʥʦʣʝʪʘ ʢʘʢ ʦʙʲʝʢʪʘ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʘ 

ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʥʝʩʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʥʝʚʷʟʢʦʛʦ ʢʦʥʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʪʝʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʠʟʣʦʞʝʥʳ ʤʝʪʦʜʠʢʠ ʧʨʠʤʝʥʝʥʠʷ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʠ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʩʝʪʦʯʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʢ ʜʚʫʭʤʝʨʥʳʤ ʠ 

ʪʨʝʭʤʝʨʥʳʤ ʢʦʥʬʠʛʫʨʘʮʠʷʤ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 
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ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʜʘ UST3D, ʨʝʘʣʠʟʫʶʱʝʛʦ ʤʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ 

ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ ʩʝʪʢʘʭ. ʉ 

ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʚʦʣʥʦʣʝʪʦʚ ʚ ʰʠʨʦʢʦʤ ʩʢʦʨʦʩʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ. ʇʦʣʫʯʝʥʦ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʘʵʨʦʜʠʥʘʤʠʢʝ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʚʝʜʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʘʭ ʤʠʨʘ. 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʭʤʝʨʥʘʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʤʦʜʝʣʴ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʫʩʢʘʝʤʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʤʘʨʩʠʘʥʩʢʦʡ ʘʪʤʦʩʬʝʨʳ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ ʦ ʩʣʘʙʦʤ ʚʣʠʷʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʘ ʪʝʧʣʦʚʳʝ 

ʧʦʪʦʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʨʘʝʢʪʦʨʥʳʭ ʪʦʯʝʢ. 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʥʘʛʨʝʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʫʩʢʘʝʤʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʇʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʘʤʠʥʘʨʥʦʤʫ ʨʝʞʠʤʫ ʪʝʯʝʥʠʷ, ʪʫʨʙʫʣʝʥʪʥʦʤʫ 

ʨʝʞʠʤʫ ʚ ʨʘʤʢʘʭ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɹʦʣʜʫʠʥʘ-ʃʦʤʘʢʩʘ, ʪʫʨʙʫʣʝʥʪʥʦʤʫ 

ʨʝʞʠʤʫ ʚ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ɹʦʣʜʫʠʥʘ-ʃʦʤʘʢʩʘ ʠ 

ʧʨʠʩʪʝʥʦʯʥʳʭ ʬʫʥʢʮʠʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʢʨʘʪʢʦ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ. 
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ɻʃɸɺɸ 1. ʇʈʆɹʃɽʄʓ ɸʕʈʆɼʀʅɸʄʀʂʀ ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʓʍ 

ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ 

1.1. ɺʚʝʜʝʥʠʝ 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʚʘʜʮʘʪʠ ʣʝʪ ʚ ʉʐɸ ʥʝʧʨʝʨʳʚʥʦ ʚʝʣʠʩʴ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʤʥʦʛʦʨʘʟʦʚʳʭ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʅʝʢʦʪʦʨʳʝ, ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʝ 

ʧʨʦʝʢʪʳ, ʧʨʝʦʜʦʣʝʣʠ ʩʪʘʜʠʶ ʩʪʝʥʜʦʚʦʡ ʦʪʨʘʙʦʪʢʠ ʠ ʧʨʦʰʣʠ ʣʝʪʥʳʝ 

ʠʩʧʳʪʘʥʠʷ. ʉʨʝʜʠ ʥʠʭ ʦʨʙʠʪʘʣʴʥʘʷ ʣʝʪʘʶʱʘʷ ʣʘʙʦʨʘʪʦʨʠʷ X-37B OTV  

(Orbital Test Vehicle), ʩʦʚʝʨʰʠʚʰʘʷ ʫʞʝ ʯʝʪʳʨʝ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʘ, 

ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ X-43A, ʢʦʪʦʨʳʡ ʟʘʬʠʢʩʠʨʦʚʘʣ ʥʦʚʳʡ 

ʨʝʢʦʨʜ ʩʢʦʨʦʩʪʠ ï 9.6 ʯʠʩʣʘ ʄʘʭʘ (11850 ʢʤ/ʯ), ʢʨʳʣʘʪʘʷ ʨʘʢʝʪʘ  

X-51a ï ʦʜʠʥ ʠʟ ʧʝʨʚʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʦʣʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʩ 

ʛʠʧʝʨʟʚʫʢʦʚʳʤ ʧʨʷʤʦʪʦʯʥʳʤ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ (ɻʇɺʈɼ), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʣʝʪʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʥʘʜʝʞʥʦʡ ʙʘʟʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɺʃɸ). ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʩʫʱʠʤʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ: 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

(ʃɸ); 

¶ ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʫʧʨʘʚʣʷʝʤʦʤʫ ʧʦʣʝʪʫ ʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʶ, ʘ ʪʘʢʞʝ 

ʦʙʣʘʜʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ; 

¶ ɺʳʩʦʢʦʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʬʦʨʤʦʡ; 

¶ ɺʳʧʦʣʥʝʥʠʝ ʧʦʣʝʪʦʚ ʧʨʠ ʙʦʣʴʰʠʭ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ, 

ʪʨʝʙʫʶʱʝʝ ʥʘʣʠʯʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ. 

ʈʘʩʯʝʪʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʙʦʣʴʰʠʭ 
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ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʥʘʯʘʣʘ 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʮʝʣʝʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʣʠʢʘ ɺʃɸ (ʠʣʠ ʝʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ), ʦʙʣʘʜʘʶʱʝʛʦ ʥʘʠʣʫʯʰʠʤʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʧʦʣʝʪʘ. ʇʨʠ ʵʪʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ɺʃɸ (ʛʘʙʘʨʠʪʳ, ʧʦʣʝʟʥʫʶ 

ʥʘʛʨʫʟʢʫ, ʠʥʪʝʛʨʘʮʠʶ ʩ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ), ʥʦ ʠ 

ʘʩʧʝʢʪʳ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʬʦʨʤʳ (ʫʜʘʨʥʳʝ 

ʚʦʣʥʳ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʣʘʤʠʥʘʨʥʦ-ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʝʨʝʭʦʜ).  

ɺ ʢʦʥʮʝ 50-ʭ ʛʦʜʦʚ ʚ ʨʘʙʦʪʝ [1] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ɺʃɸ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ 

ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʣʝʞʘʣ ʨʝʟʫʣʴʪʘʪ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʠʜʝʡ ʤʝʪʦʜʘ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ. ʆʥ ʧʦʟʚʦʣʠʣ ʫʧʨʦʩʪʠʪʴ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʥʘ ʘʵʨʦʜʠʥʘʤʠʢʫ 

ʥʝʩʫʱʠʭ ʬʦʨʤ ʟʥʘʯʠʤʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʪʝʯʝʥʠʡ ï ʩʠʣʴʥʳʭ 

ʫʜʘʨʥʳʭ ʚʦʣʥ, ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʟʘ ʢʦʪʦʨʳʤʠ ʚʥʦʩʠʪ ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʢʣʘʜ 

ʚ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ ɺʃɸ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʩʪʦʷʱʝʛʦ ʤʝʪʦʜʘ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʣʦʞʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ɺʃɸ ʥʘ 

ʦʩʥʦʚʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʣʠʥʠʡ ʪʦʢʘ ʟʘʜʘʥʥʦʛʦ ʧʦʣʷ ʪʝʯʝʥʠʷ, ʠ 

ʬʦʨʤʘ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. ʈʘʩʯʝʪ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʦʙʥʳʭ ʥʝʩʫʱʠʭ ʬʦʨʤ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʧʨʦʱʘʝʪʩʷ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʤʝʥʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʜʣʷ ʧʨʦʩʪʝʡʰʝʛʦ ʪʠʧʘ ʪʝʯʝʥʠʷ. ɺ ʨʘʙʦʪʝ [1] ʥʝʩʫʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʥʩʪʨʫʠʨʦʚʘʣʘʩʴ ʠʟ ʣʠʥʠʡ ʪʦʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝʚʷʟʢʦʤʫ ʦʙʪʝʢʘʥʠʶ ʦʩʪʨʦʛʦ ʢʣʠʥʘ ʧʦʜ ʥʫʣʝʚʳʤ ʫʛʣʦʤ 

ʘʪʘʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʷʣʦʩʴ ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ  

ʘʵʨʦʜʠʥʘʤʠʢʠ ï ʦʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʳ ʧʦ ʟʘʜʘʥʥʦʤʫ ʧʦʣʶ ʪʝʯʝʥʠʷ. ɺʝʨʭʥʷʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʃɸ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʢʘ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ 

ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʠ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʦʜʝʣʠ.  

ʇʨʠ ɻʪʦʤ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ ɺʃɸ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʥʝʢʦʪʦʨʦʡ ʙʘʟʦʚʦʡ ʢʨʠʚʦʡ, ʬʦʨʤʘ 
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ʢʦʪʦʨʦʡ ʧʦʜʙʠʨʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʃɸ (ʛʘʙʘʨʠʪʥʳʝ 

ʨʘʟʤʝʨʳ), ʥʘʟʥʘʯʝʥʠʷ (ʦʙʲʝʤ ʠ ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ) ʘ ʪʘʢʞʝ, ʫʩʣʦʚʠʡ ʝʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ (ʚʳʩʦʪʘ ʧʦʣʝʪʘ ʠ ʧʘʨʘʤʝʪʨʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩ ̫ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʩʪʨʦʡ ʢʨʦʤʢʦʡ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ ʩʞʘʪʠʝ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʫ ʥʝʩʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʨʠʨʦʩʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. ʆʙʱʝʝ ʢʘʯʝʩʪʚʦ ʚʦʣʥʦʣʝʪʘ  

(ʩ ʘʥʛʣ. çWaveriderè) ʚ ʠʪʦʛʝ ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʘʨʘʤʝʪʨ ʫ ʜʨʫʛʠʭ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʦʚʦʢ.  

ʀʤʝʥʥʦ ʵʪʠʤ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʘʥʥʦʛʦ ʚʠʜʘ ʃɸ. ʉ ʥʘʯʘʣʘ 80-ʭ ʛʦʜʦʚ ʥʘ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʣʥʦʣʝʪʘʤ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 1990 ʛʦʜʫ ʚ ʉʐɸ ʧʨʦʚʦʜʠʣʩʷ ʩʠʤʧʦʟʠʫʤ (1st International 

Hypersonic Waverider Symposium, University of Maryland, College Park, MD, 

October 17ï19, 1990), ʧʦʩʚʷʱʝʥʥʳʡ ʜʘʥʥʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʆʧʫʙʣʠʢʦʚʘʥʳ ʜʝʪʘʣʴʥʳʝ ʦʙʟʦʨʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʟʘʪʨʘʛʠʚʘʶʱʠʝ ʘʢʪʫʘʣʴʥʦʝ (ʥʘ ʤʦʤʝʥʪ ʧʫʙʣʠʢʘʮʠʠ) ʩʦʩʪʦʷʥʠʝ ʨʘʟʚʠʪʠʷ ɺʃɸ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʦʣʥʦʣʝʪʦʚ [2ï6]. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʦʥʦʛʨʘʬʠʠ [7ï9], ʚʢʣʶʯʘʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʨʘʩʯʝʪʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʢʘʩʘʶʱʠʭʩʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʚʦʧʨʦʩʦʚ 

ʘʵʨʦʜʠʥʘʤʠʢʠ ʥʝʩʫʱʠʭ ʬʦʨʤ (ʚʦʣʥʦʣʝʪʦʚ, ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ ʪʝʣ ʠ ʪ.ʜ.), 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʢʦʤʧʦʥʦʚʦʢ, ʘ ʪʘʢʞʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʦʨʤ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʪʦʯʥʳʭ 

ʨʝʰʝʥʠʡ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ [10]. ɺ ʟʘʨʫʙʝʞʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʥʦʛʨʘʬʠʠ [11ï14], 

ʘʢʢʫʤʫʣʠʨʫʶʱʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ 

ʟʘʪʨʘʛʠʚʘʶʪ ʥʘʫʯʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ɺʃɸ. 
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1.2. ʆʙʟʦʨ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʝ ʚʦʣʥʦʣʝʪʦʚ 

ʈʘʩʯʝʪʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʙʦʣʴʰʠʭ 

ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʥʘʯʘʣʘ 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʮʝʣʝʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʣʠʢʘ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ɺʃɸ) (ʠʣʠ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʵʣʝʤʝʥʪʘ), ʦʙʣʘʜʘʶʱʝʛʦ ʥʘʠʣʫʯʰʠʤʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʧʦʣʝʪʘ. ʉʪʘʪʴʷ [1] ʟʘʪʨʘʛʠʚʘʣʘ ʰʠʨʦʢʠʡ ʢʨʫʛ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʫʧʨʘʚʣʷʝʤʦʤʫ ʢʦʩʤʠʯʝʩʢʦʤʫ ʧʦʣʝʪʫ: 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʩʧʫʩʢʘ ʚ 

ʘʪʤʦʩʬʝʨʝ, ʚʦʧʨʦʩʳ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ ʠ ʨʘʟʤʝʱʝʥʠʷ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. ɺ 

ʧʨʦʮʝʩʩʝ ʦʙʩʫʞʜʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʬʦʨʤʳ, ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʷ 

ʯʝʣʦʚʝʢʘ ʩ ʦʨʙʠʪʳ ʥʘ ɿʝʤʣʶ, ʙʳʣ ʚʧʝʨʚʳʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʣʥʦʣʝʪ ʥʘ ʦʩʥʦʚʝ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʢʨʳʣʘ ʩ ʥʝʩʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʦʙʨʘʟʦʚʘʥʥʦʡ 

ʦʜʥʠʤ ʠʣʠ ʜʚʫʤʷ ʧʣʦʩʢʠʤʠ ʩʢʘʯʢʘʤʠ ʫʧʣʦʪʥʝʥʠʷ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʜʘʥʥʦʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʜʲʝʤʥʫʶ 

ʩʠʣʫ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʞʘʪʦʤ ʩʣʦʝ ʫ 

ʥʝʩʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʤʘʣʦʝ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʟʘ ʩʯʝʪ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʢ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʝ ʠ ʢʘʩʘʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʙʝʛʘʶʱʝʤʫ ʧʦʪʦʢʫ. ɼʘʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ 

ʧʨʠ ʙʦʣʴʰʠʭ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʦʙʣʠʢ ʚʦʣʥʦʣʝʪʘ ʙʳʣ ʙʣʠʟʦʢ ʢ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʝ 

ʪʨʝʫʛʦʣʴʥʦʛʦ ʢʨʳʣʘ. ʇʨʠ ʵʪʦʤ ʥʝʩʫʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʪʝʯʝʥʠʝʤ ʟʘ 

ʧʣʦʩʢʠʤ ʩʢʘʯʢʦʤ ʫʧʣʦʪʥʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʘ ʚʦʣʥʦʣʝʪʘ ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ: ʫʩʣʦʚʠʷʤʠ 

ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ, ʚʝʣʠʯʠʥʘʤʠ ʫʛʣʦʚ ʘʪʘʢʠ ʠ ʩʢʦʣʴʞʝʥʠʷ, ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ 

ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ɺʃɸ ï ʜʣʷ ʚʦʣʥʦʣʝʪʘ ʩʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʦʜʠʥ ʥʘʠʙʦʣʝʝ 
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ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʧʦʣʝʪʘ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʪʝʯʝʥʠʷ, 

ʷʚʣʷʶʱʝʛʦʩʷ ʦʩʥʦʚʦʡ ʝʛʦ ʥʝʩʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [15] ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʫʜʘʨʥʦʡ ʪʨʫʙʝ, ʚʦʣʥʦʣʝʪʦʚ ʥʘ ʧʣʦʩʢʦʤ ʩʢʘʯʢʝ 

ʫʧʣʦʪʥʝʥʠʷ ʩ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ȿ-ʢʨʳʣʘ (ȿ-ʚʦʣʥʦʣʝʪ), 

ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʦʝ ʨʘʩʯʝʪʥʦʝ ʯʠʩʣʦ ʄʘʭʘ, ʨʘʟʥʳʝ ʛʘʙʘʨʠʪʳ ʠ ʦʙʲʝʤʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʧʦ ʠʟʚʝʩʪʥʳʤ 

ʧʨʠʙʣʠʞʝʥʥʳʤ ʪʝʦʨʠʷʤ. ʇʨʠ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʣʥʦʣʝʪʦʚ ʚʳʧʦʣʥʷʣʠʩʴ 

ʪʘʢʞʝ ʠ ʜʣʷ ʥʝʨʘʩʯʝʪʥʳʭ ʨʝʞʠʤʦʚ ʧʦʣʝʪʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ ʄʘʭʘ 

M 7.9 15.5¤= ·  ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ. ʇʦʢʘʟʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʥʝʩʫʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʪʝʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʟʘʢʨʠʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʦʙʪʝʢʘʥʠʷ, 

ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʦʰʝʜʰʝʡ ʦʪ ʦʩʪʨʳʭ ʢʨʦʤʦʢ ʫʜʘʨʥʦʡ ʚʦʣʥʝ.  

ʈʘʩʯʝʪʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ȿ-ʚʦʣʥʦʣʝʪʘ ʙʳʣʠ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [16ï18]. ɺ ʨʘʙʦʪʘʭ [16, 17] ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ 

ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʥʘ ʚʦʧʨʦʩʘʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ɺʃɸ ʧʨʠ ʙʦʣʴʰʠʭ 

ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ. ʈʘʙʦʪʘ [18] ʚ ʦʩʥʦʚʥʦʤ ʢʘʩʘʣʘʩʴ ʚʦʧʨʦʩʦʚ 

ʦʙʪʝʢʘʥʠʷ ȿ-ʚʦʣʥʦʣʝʪʘ ʧʨʠ ʯʠʩʣʝ ʄʘʭʘ M 8.2¤=  ʧʦʪʦʢʦʤ ʣʘʤʠʥʘʨʥʦʛʦ ʠʣʠ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʛʘʟʘ. ʆʪʤʝʯʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ɺʃɸ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ. ɺʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʨʘʜʠʫʩʘ ʟʘʪʫʧʣʝʥʠʷ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥʦʣʝʪʘ, ʘ ʪʘʢʞʝ ʥʘ ʬʦʨʤʫ ʚʠʭʨʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ.  

ɿʘʜʘʯʘ ʦʙʪʝʢʘʥʠʷ ʢʦʥʫʩʘ ʧʦʜ ʥʫʣʝʚʳʤ ʫʛʣʦʤ ʘʪʘʢʠ ʪʘʢʞʝ ʠʤʝʝʪ ʪʦʯʥʦʝ 

ʨʝʰʝʥʠʝ ʠ ʧʦʵʪʦʤʫ ʢʦʥʠʯʝʩʢʠʝ ʧʦʣʷ ʪʝʯʝʥʠʷ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʥʝʩʫʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ. ʆʥʠ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʝʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ, ʯʝʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʯʝʥʠʡ ʟʘ ʧʣʦʩʢʠʤʠ ʩʢʘʯʢʘʤʠ ʫʧʣʦʪʥʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʥʫʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʪʝʣ-ʛʝʥʝʨʘʪʦʨʦʚ ʫʜʘʨʥʳʭ ʚʦʣʥ ʧʦʟʚʦʣʠʣʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʡ ʦʙʲʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. 
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ʇʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʥʝʚʷʟʢʠʤ ʢʦʥʠʯʝʩʢʠʤ ʧʦʣʝʤ ʪʝʯʝʥʠʷ ʙʳʣʦ 

ʚʧʝʨʚʳʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʝ [19]. ʌʦʨʤʘ ʩʝʯʝʥʠʡ ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʝʪʩʷ ʧʦ 

ʜʣʠʥʝ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʝʣ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʧʣʦʩʢʠʭ ʩʢʘʯʢʘʭ 

ʫʧʣʦʪʥʝʥʠʷ ɺ ʨʘʙʦʪʝ [20] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʠʯʝʩʢʦʝ ʧʦʣʝ ʪʝʯʝʥʠʷ ʧʨʠ 

ʦʜʠʥʘʢʦʚʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʦʪʦʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʚʝ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʩ 

ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʪʘʢʞʝ ʠ 

ʦʙʲʝʤʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʧʦʧʳʪʦʢ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʮʝʥʥʦʡ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ɺʃɸ ʙʳʣʘ ʩʜʝʣʘʥʘ ʚ ʨʘʙʦʪʝ [21]. ʇʨʠ ʵʪʦʤ ʙʣrʠ 

ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʪʝʯʝʥʠʷ ʟʘ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤʠ ʩʢʘʯʢʘʤʠ ʫʧʣʦʪʥʝʥʠʷ ʚ 

ʮʝʣʦʤ. ɺ ʨʘʙʦʪʝ [22] ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʝʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʙʪʝʢʘʥʠʠ 

ʥʘʢʣʦʥʥʳʭ ʢʦʥʫʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʧʨʷʤʳʭ ʢʦʥʫʩʦʚ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ. 

ɹʳʣ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʦʣʥʦʣʝʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʧʦʣʝʡ ʪʝʯʝʥʠʷ. ʄʝʪʦʜʳ ʪʝʦʨʠʠ 

ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ [23ï25] ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʘʥʘʣʠʟ ʪʝʯʝʥʠʡ ʟʘ 

ʥʘʢʣʦʥʥʳʤʠ ʠʣʠ ʵʣʣʠʧʪʠʯʝʩʢʠʤʠ ʢʦʥʫʩʘʤʠ. ʇʨʠ ʵʪʦʤ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʨʘʩʯʝʪʘ ʬʦʨʤʳ ʥʝʩʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʝʯʝʥʠʶ ʚʦʟʣʝ ʧʨʷʤʦʛʦ 

ʢʨʫʛʦʚʦʛʦ ʢʦʥʫʩʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʬʦʨʤʫ ʥʝʩʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥʦʣʝʪʘ ʚ ʩʬʝʨʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ. ɺ ʨʘʙʦʪʘʭ [26ï28] ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʢʣʘʩʩ ʚʦʣʥʦʣʝʪʦʚ, ʠʤʝʶʱʠʭ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʧʦʤʷʥʫʪʳʤʠ ʨʘʥʝʝ 

ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ. ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʯʠʩʣʝʥʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʫʛʣʦʚ ʘʪʘʢʠ 

ʠ ʩʢʦʣʴʞʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʠ ʥʝʨʘʩʯʝʪʥʳʭ ʯʠʩʝʣ ʄʘʭʘ. ɿʘʪʨʘʛʠʚʘʣʠʩʴ 

ʚʦʧʨʦʩʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ 

(ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ, ʧʣʦʱʘʜʴ 

ʩʤʘʯʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ). ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ 

ʚʷʟʢʦʩʪʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʪʘʢʠʭ ʚʦʣʥʦʣʝʪʦʚ.  
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ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʦʣʥʦʣʝʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩ ʧʨʦʜʦʣʴʥʦʡ ʢʨʠʚʠʟʥʦʡ. ɺ 

ʨʘʙʦʪʝ [29] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜʦʙʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʨʦʩʪʫ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʘ ʪʘʢʞʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʠ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. ɺ ʨʘʙʦʪʝ [30] ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ 

ʬʦʨʤʳ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥʦʣʝʪʘ ʧʨʠ ʯʠʩʣʝ ʄʘʭʘ M 10¤= . ɺʳʧʦʣʥʝʥ 

ʘʥʘʣʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʠʯʝʩʢʦʛʦ ʧʦʣʷ ʪʝʯʝʥʠʷ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʦʨʤʳ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʦʩʥʦʚʝ ʚʦʣʥʦʣʝʪʘ. 

ɽʩʪʝʩʪʚʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʵʨʦʜʠʥʘʤʠʢʠ 

ʚʦʣʥʦʣʝʪʦʚ ʷʚʣʷʣʩʷ ʧʝʨʝʭʦʜ ʢ ʙʦʣʝʝ ʧʨʦʠʟʚʦʣʴʥʳʤ ʬʦʨʤʘʤ ʩʢʘʯʢʦʚ 

ʫʧʣʦʪʥʝʥʠʷ. ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʢʠ ʪʝʣ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʩʞʘʪʠʷ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʪʝʯʝʥʠʠ ʟʘ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʢʦʥʫʩʦʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ 

ʨʘʙʦʪʝ [31]. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʪʘʢʞʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥʦʣʝʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʫʜʘʨʥʳʝ ʚʦʣʥʳ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʦʨʤʳ [32]. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʦʢʘʟʘʣʦʩʴ ʚʳʰʝ, ʯʝʤ ʚʦʣʥʦʣʝʪʦʚ ʥʘ ʧʣʦʩʢʦʤ ʩʢʘʯʢʝ ʫʧʣʦʪʥʝʥʠʷ 

ʧʨʠ ʠʜʝʥʪʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʄʘʭʘ, ʦʙʲʝʤʘ ʠ ʚʝʣʠʯʠʥʳ ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ 

ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ȿ-ʢʨʳʣʘ. ɸʵʨʦʜʠʥʘʤʠʢʘ ʥʝʩʫʱʠʭ ʪʝʣ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʩʢʘʯʢʠ ʫʧʣʦʪʥʝʥʠʷ, ʢʨʘʪʢʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ 

ʨʘʙʦʪʝ [33]. ʐʠʨʦʢʠʡ ʢʨʫʛ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʵʨʦʜʠʥʘʤʠʢʦʡ ʥʝʩʫʱʠʭ 

ʬʦʨʤ, ʧʦʣʫʯʝʥʥʳʭ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʩʢʘʯʢʦʚ 

ʫʧʣʦʪʥʝʥʠʷ, ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʘʙʦʪʝ [34]. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ 

ʬʦʨʤʳ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʨʘʙʦʪʘʭ [35, 36].  
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ɽʱʝ ʦʜʥʦʡ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ 

ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʠʤʝʶʱʝʡʩʷ ʬʦʨʤʳ ʜʣʷ ʟʘʜʘʥʥʳʭ 

ʫʩʣʦʚʠʡ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʩ ʫʯʝʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʳʭ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ: 

¶ ʄʠʥʠʤʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʦʜʲʝʤʥʦʡ ʩʠʣʝ; 

¶ ʄʘʢʩʠʤʘʣʴʥʦʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʦʙʲʝʤʝ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ; 

¶ ʄʘʢʩʠʤʘʣʴʥʦʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʲʝʤʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (
3 2

ʵʬʬ wetV Sh =  ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, V  ï ʦʙʲʝʤ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, wetS  ï ʧʣʦʱʘʜʴ 

ʩʤʘʯʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ). 

ɺʘʨʠʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʬʦʨʤ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʤʝʥʥʦ ʚʘʨʠʘʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʧʦʣʫʯʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʣʷ ʩʚʝʨʭ- ʠ ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦʩʚʷʱʝʥʘ 

ʤʦʥʦʛʨʘʬʠʷ [37]. ɺ ʤʦʥʦʛʨʘʬʠʠ [38] ʧʨʝʜʩʪʘʚʣʝʥ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʡ ʚʟʛʣʷʜ 

ʥʘ ʧʨʦʙʣʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʘʢʮʝʥʪʦʤ ʢʘʢ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʬʦʨʤʳ ʥʦʩʦʚʳʭ ʯʘʩʪʝʡ ʠ ʪʨʝʫʛʦʣʴʥʳʭ ʢʨʳʣʴʝʚ, ʪʘʢ ʠ ʥʘ 

ʟʘʜʘʯʠ ʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʀʟʙʨʘʥʥʳʝ ʚʦʧʨʦʩʳ ʦʧʪʠʤʠʟʘʮʠʠ 

ʬʦʨʤʳ ʚʦʣʥʦʣʝʪʘ ʙʳʣʠ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʩʪʘʪʴʷʭ [39, 40]. ɺ ʮʝʣʦʤ ʦʙʱʘʷ 

ʠʜʝʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʝʛʦ ʛʝʦʤʝʪʨʠʶ, ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ 

ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʘ ʟʘʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʘʣʛʦʨʠʪʤʦʤ ʚʳʙʨʘʥʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ. ɺ ʨʘʙʦʪʘʭ [41, 42] ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʣʥʦʣʝʪʳ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩ ʫʯʝʪʦʤ ʚʷʟʢʦʩʪʥʳʭ ʵʬʬʝʢʪʦʚ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʷʚʣʷʣʦʩʴ ʚʳʩʦʢʦʝ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ, ʧʨʝʚʦʩʭʦʜʷʱʝʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʥʥʳʡ 

ʧʨʝʜʝʣ ʜʣʷ ʟʘʜʘʥʥʳʭ ʯʠʩʝʣ ʄʘʭʘ [43]. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʪʨʝʥʠʝ, ʚʥʦʩʷʱʝʝ 
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ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʦʮʝʥʠʚʘʣʦʩʴ ʜʣʷ ʣʘʤʠʥʘʨʥʦʛʦ, 

ʧʝʨʝʭʦʜʥʦʛʦ ʠʣʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʦʙʣʘʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚʦʣʥʦʣʝʪʦʚ ʩʪʘʣ ʢʦʤʧʴʶʪʝʨʥʳʡ ʢʦʜ MAXWARP  

[44], ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʬʦʨʤʘ 

ʚʦʣʥʦʣʝʪʘ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʧʦʣʝʪʘ. ɺ ʨʘʙʦʪʝ [41] ʜʣʷ ʦʮʝʥʢʠ ʪʨʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠʙʣʠʞʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʟ ʪʝʦʨʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʘ ʚ 

ʨʘʙʦʪʝ [42] ï ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨ  r [45], ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʫʣʳ ʕʢʢʝʨʪʘ ʧʨʠ ʨʘʩʯʝʪʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʯʝʥʠʷ ʚʜʦʣʴ ʣʠʥʠʡ ʪʦʢʘ, ʣʝʞʘʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʤʝʪʦʜ, ʧʦ ʩʫʪʠ ʠʩʧʦʣʴʟʫʝʪ ʪʝ ʞʝ ʬʠʟʠʯʝʩʢʠʝ 

ʘʥʘʣʦʛʠʠ, ʯʪʦ ʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʠʢʠ ï ʤʝʪʦʜ ʣʦʢʘʣʴʥʦʛʦ 

ʧʦʜʦʙʠʷ [46] ʠ ʤʝʪʦʜ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʠʥʳ [47]. ɺ ʨʘʙʦʪʝ [48] ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʚʦʣʥʦʣʝʪ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʦʙʲʝʤʦʤ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. ʇʦʜʭʦʜʳ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʬʦʨʤʳ 

ʚʦʣʥʦʣʝʪʘ ʙʳʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʥʘ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ [49ï51] ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʠʥʪʝʛʨʘʣʴʥʳʝ ʢʦʤʧʦʥʦʚʢʠ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʩʠʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ, ʘ ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʬʫʥʢʮʠʠ ʚʢʣʶʯʘʣʠ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʝʡ ï ʪʠʧ ʪʦʧʣʠʚʘ, ʝʛʦ ʤʘʩʩʘ 

ʠ ʦʙʲʝʤ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʟʘʧʘʩ ʪʷʛʠ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ 

ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʳ ʧʣʘʥʝʨʘ ʠ ʧʨʦʪʦʯʥʦʛʦ ʪʨʘʢʪʘ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʚʩʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ [52]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʦʙʣʠʢ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʥʝ ʪʦʣʴʢʦ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʦʧʪʠʤʠʟʘʮʠʠ, ʥʦ ʠ ʩʧʦʩʦʙ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʧʦʣʫʯʘʝʤʦʡ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ CAD ʩʠʩʪʝʤ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʟʘʪʨʘʛʠʚʘʣʘʩʴ ʚ 

ʨʘʙʦʪʝ [53], ʧʦʩʚʷʱʝʥʥʦʡ ʚʳʙʦʨʫ ʬʦʨʤʳ ʩʧʫʩʢʘʝʤʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʠʥʠʤʘʣʴʥʳʤ ʪʝʧʣʦʚʳʤ ʥʘʛʨʫʟʢʘʤ. ʆʮʝʥʢʘ ʪʝʧʣʦʚʳʭ 

ʧʦʪʦʢʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʫʯʝʪʦʤ ʧʨʦʪʝʢʘʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʚʣʠʷʥʠʷ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʵʬʬʝʢʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 
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ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʢʣʶʯʘʶʪ ʥʝ 

ʪʦʣʴʢʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʙʨʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘʠʣʫʯʰʠʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʥʦ ʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʚʳʧʦʣʥʝʥʠʝ ʧʦʣʥʦʮʝʥʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʢʠ ʙʣʠʞʥʝʛʦ ʧʦʣʷ ʪʝʯʝʥʠʷ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʫʧʦʤʷʥʫʪʳʭ ʨʘʥʝʝ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʚʦʣʥʦʣʝʪʦʚ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʵʨʦʜʠʥʘʤʠʢʝ), ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʫʧʨʦʱʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠ 

ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ: ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ ʠʣʠ 

ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʤʝʪʦʜʳ ʤʝʩʪʥʦʛʦ 

ʢʘʩʘʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ ʠʣʠ ʢʣʠʥʘ, ʤʝʪʦʜ ʪʦʥʢʦʛʦ ʫʜʘʨʥʦʛʦ ʩʣʦʷ. ʉ ʨʘʟʚʠʪʠʝʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʚʳʧʦʣʥʷʪʴ 

ʧʦʣʥʦʮʝʥʥʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʙʪʝʢʘʥʠʷ 

ʚʦʣʥʦʣʝʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʣʝʡ ʚʷʟʢʦʛʦ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ. ɺ ʨʘʙʦʪʝ [54] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʚʦʣʥʦʣʝʪʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʪʝʯʝʥʠʠ ʟʘ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʢʦʥʫʩʦʤ. ɺ 

ʠʩʧʦʣʴʟʫʝʤʦʤ ʢʦʤʧʴʶʪʝʨʥʦʤ ʢʦʜʝ CFL3D ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʠʟʚʝʩʪʥʳʡ 

ʧʨʠʥʮʠʧ ʨʘʩʱʝʧʣʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʧʦʪʦʢʦʚ [55]. ʆʩʥʦʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥʦʣʝʪʘ. ɼʣʷ ʵʪʦʡ ʞʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ɹʦʣʜʫʠʥʘ-ʃʦʤʘʢʩʘ [56]. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʷʚʣʷʣʩʷ 

ʧʨʝʜʩʢʘʟʘʥʥʳʡ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ. ɹʳʣ ʪʘʢʞʝ 

ʦʧʨʦʙʦʚʘʥ ʢʦʤʧʴʶʪʝʨʥʳʡ ʢʦʜ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʤʝʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ [57]. 

ʇʦʣʫʯʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʦʚʘʣʦʩʴ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʜʘ 

ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ. ʏʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʨʘʩʯʝʪʥʳʭ 

ʨʝʞʠʤʦʚ ʦʙʪʝʢʘʥʠʷ ʚʦʣʥʦʣʝʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ʚʷʟʢʦʩʪʠ 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʙʦʪʘʭ [58ï62]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʪʘʪʴʝ [61] ʘʢʮʝʥʪʠʨʦʚʘʣʦʩʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʨʠ ʯʠʩʣʘʭ ʄʘʭʘ, 
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ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʨʘʩʯʝʪʥʳʭ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ. ɺ ʨʘʙʦʪʝ [63] ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʘʵʨʦʜʠʥʘʤʠʢʠ ʚʦʣʥʦʣʝʪʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʧʘʨʘʙʦʣʠʟʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ  

ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʫʶ ʵʢʦʥʦʤʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ. ɺ ʝʱʝ ʦʜʥʦʤ ʯʠʩʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ [64] 

ʧʨʠʤʝʥʷʣʘʩʴ ʢʦʤʙʠʥʘʮʠʷ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʦʙʪʝʢʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ: ʚʙʣʠʟʠ ʟʦʥʳ ʥʦʩʦʚʦʡ ʯʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʦʟʚʫʢʦʚʦʝ ʪʝʯʝʥʠʝ, ʚʳʧʦʣʥʷʣʦʩʴ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʪʦʥʢʦʛʦ ʩʣʦʷ, ʚ ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʨʝʰʘʣʠʩʴ ʫʞʝ ʫʧʦʤʷʥʫʪʳʝ ʧʘʨʘʙʦʣʠʟʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʅʘʚʴʝ-ʉʪʦʢʩʘ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʩʷ ʩʧʝʢʪʨ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʣʠ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʦʨʤʳ, ʧʦʜʦʙʥʳʝ ʚʦʣʥʦʣʝʪʘʤ. ɺ ʩʪʘʪʴʝ [65] ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʧʨʦʩʳ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʝʡ ʪʝʣʘ ʩ ʚʳʩʦʢʠʤ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʦʤ, ʜʚʠʞʫʱʠʤʩʷ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ɿʝʤʣʠ, 

ʄʘʨʩʘ, ɺʝʥʝʨʳ ʠʣʠ ʇʣʫʪʦʥʘ. ʆʙʩʫʞʜʘʣʘʩʴ ʧʝʨʩʧʝʢʪʠʚʘ ʧʨʠʤʝʥʝʥʠʷ 

ʘʵʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʘʥʝʚʨʘ, ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʦʛʦ ʚʘʞʥʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʩʦʙʩʪʚʝʥʥʘʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ 

ʥʝʙʝʩʥʦʛʦ ʪʝʣʘ, ʩ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ ʩʙʣʠʞʝʥʠʝ. ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʙʦʪʝ [66] ʪʦʣʴʢʦ ʜʣʷ ɺʝʥʝʨʳ ʠ ʄʘʨʩʘ. ɼʣʷ ʢʘʞʜʦʡ 

ʘʪʤʦʩʬʝʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʬʦʨʤʳ ʚʦʣʥʦʣʝʪʦʚ, ʚ ʮʝʣʦʤ, ʥʝ 

ʠʤʝʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ. ɹʳʣ ʪʘʢʞʝ ʦʪʤʝʯʝʥ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʵʨʦʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʤʘʥʝʚʨʦʚ, ʧʨʠ 

ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʘʥʝʪʦʡ ʧʨʠʟʥʘʚʘʣʘʩʴ ɺʝʥʝʨʘ, ʜʣʷ ʢʦʪʦʨʦʡ 

ʙr ʣʘ ʦʧʨʝʜʝʣʝʥʘ ʬʦʨʤʘ ʚʦʣʥʦʣʝʪʘ ʩ ʥʘʠʙʦʣʴʰʠʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʢʘʯʝʩʪʚʦʤ ( 15L D= ).  

ɼʨʫʛʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʵʨʦʜʠʥʘʤʠʢʠ ʚʦʣʥʦʣʝʪʦʚ ʥʘ 

ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ ʧʦʣʝʪʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ 

ʚʷʟʢʦʩʪʠ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʨʦʤʝ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʘ ʪʘʢʞʝ ʨʦʩʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ. ɺ ʩʪʘʪʴʝ [67] ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥʦʣʝʪʦʚ ʧʨʠ 

ʚʳʩʦʪʘʭ ʩʚʳʰʝ 90 ʢʠʣʦʤʝʪʨʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʢʨʫʞʘʶʱʘʷ ʘʪʤʦʩʬʝʨʘ ʫʞʝ ʥʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʩʧʣʦʰʥʦʡ. ʆʜʥʘʢʦ ʚ 

ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʦʧʨʘʚʜʘʥʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ ʩʧʣʦʰʥʦʡ 

ʩʨʝʜʳ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʥʝʩʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥʦʣʝʪʘ. ʕʬʬʝʢʪʳ ʚʳʩʦʪʥʦʡ 

ʨʘʟʨʝʞʝʥʥʦʩʪʠ ʫʯʠʪʳʚʘʣʠʩʴ ʧʫʪʝʤ ʨʝʘʣʠʟʘʮʠʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ 

ʈʝʡʥʦʣʴʜʩʘ ʠ ʧʨʠʤʝʥʝʥʠʠ ʧʨʠʙʣʠʞʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʨʘʩʯʝʪʘ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ 

ʦʪʤʝʯʘʣʘʩʴ ʩʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʬʨʦʥʪʘ ʫʜʘʨʥʦʡ ʦʪ ʚʳʩʦʪʳ ʧʦʣʝʪʘ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ.  

ɽʱʝ ʦʜʥʘ ʩʪʘʪʴʷ [68] ʟʘʪʨʘʛʠʚʘʣʘ ʚʦʧʨʦʩʳ ʚʣʠʷʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʥʘ ʘʵʨʦʜʠʥʘʤʠʢʫ ʚʦʣʥʦʣʝʪʘ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʚʷʟʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚ 

ʥʝʚʷʟʢʦʤ ʛʘʟʝ, ʫʯʝʪ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʫʪʝʤ ʢʦʤʙʠʥʘʮʠʠ ʫʨʘʚʥʝʥʠʡ 

ʊʝʡʣʦʨʘ-ʄʘʢʢʦʣʣʘ ʩ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʥʳʭ ʩʚʦʡʩʪʚ 

ʚʦʟʜʫʭʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʠʤʝʶʪ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʘʵʨʦʜʠʥʘʤʠʢʫ. ʉʪʝʧʝʥʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʷʟʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʣʴʥʦ 

ʩʚʷʟʘʥʘ ʩ ʚʳʩʦʪʦʡ ʠ ʩʢʦʨʦʩʪʴʶ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʧʦʣʝʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʛʨʘʥʠʮʳ ʟʦʥʳ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʷʟʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 5 %: ʦʪ 60 ʢʤ 

ʧʨʠ ʯʠʩʣʝ ʄʘʭʘ M 5¤=  ʜʦ 25 ʢʤ ʧʨʠ ʯʠʩʣʝ ʄʘʭʘ M 30¤= . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʘʥʥʘʷ ʦʙʣʘʩʪʴ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪ ʚʳʩʦʪʥʦ-ʩʢʦʨʦʩʪʥʦʡ ʜʠʘʧʘʟʦʥ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʣʠʪʝʣʴʥʦʛʦ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʣʝʪʘ, ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʜʘʥʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʜʣʷ ʫʩʣʦʚʠʡ ʧʦʣʝʪʘ ʚʳʩʦʪʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. 

ɹʳʣʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʦʣʥʦʣʝʪʦʚ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩ ʫʯʝʪʦʤ 

ʚʣʠʷʥʠʷ ʚʷʟʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. (ʥʝ ʧʫʪʘʪʴ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʩ ʫʯʝʪʦʤ ʚʷʟʢʦʩʪʠ 

[40, 41]). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʮʝʣʦʤ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ 
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ʦʙʲʝʤʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʭʦʪʷ ʠ ʧʦʤʦʛʘʝʪ ʥʠʚʝʣʠʨʦʚʘʪʴ ʩʥʠʞʝʥʠʝ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʠʭ ʚʳʩʦʪ ʧʦʣʝʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʣʥʦʣʝʪʦʚ ʙʳʣʠ ʚ ʦʩʥʦʚʥʦʤ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʳʩʦʢʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʢʘʯʝʩʪʚʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺ 

ʨʘʙʦʪʝ [69] ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʨʦʜʫʚʢʠ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʝʡ ʚʦʣʥʦʣʝʪʘ ʚ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ NASA ʚ ʃʵʥʛʣʠ  

(NASA Langley Unitary Plane Wind Tunnel ʠ 20-inch Mach 6 wind tunnel). ɺ 

ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜʜʝʨʞʠʚʘʣʩʷ ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ ʦʙʪʝʢʘʥʠʷ 

ʤʦʜʝʣʝʡ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʚʙʣʠʟʠ ʥʦʩʠʢʘ ʤʦʜʝʣʠ ʰʝʨʦʭʦʚʘʪʦʡ ʦʙʣʘʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʣʘʤʠʥʘʨʥʦ-ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʝʨʝʭʦʜ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʯʠʩʣʝ 

ʄʘʭʘ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʢʘʩʘʶʱʠʝʩʷ ʩʠʣʦʚʳʭ ʠ 

ʤʦʤʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥʦʣʝʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʣʠʞʥʝʛʦ ʧʦʣʷ ʪʝʯʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʘʵʨʦʜʠʥʘʤʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ. ɺʦʣʥʦʣʝʪ ʚ ʠʪʦʛʝ 

ʦʙʣʘʜʘʣ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʦʤ ʧʨʠʤʝʨʥʦ ʥʘ 13 % ʥʠʞʝ ʟʥʘʯʝʥʠʷ, 

ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʠ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʩ ʧʣʦʩʢʦʡ ʚʝʨʭʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʠʤʝʶʱʘʷ ʘʥʘʣʦʛʠʯʥʫʶ ʧʣʦʱʘʜʴ ʚ ʧʣʘʥʝ, ʦʙʣʘʜʘʣʘ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʦʤ, ʯʝʤ ʚʦʣʥʦʣʝʪ.  

ɽʱʝ ʦʜʠʥ ʵʢʩʧʝʨʠʤʝʥʪ [70] ʙʳʣ ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʢʦʤʧʦʥʦʚʦʢ ʚʦʣʥʦʣʝʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ ʄʘʭʘ, ʈʝʡʥʦʣʴʜʩʘ, ʫʛʣʘʭ ʘʪʘʢʠ, 

ʩʢʦʣʴʞʝʥʠʷ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʦʣʥʦʣʝʪʦʚ, ʢ ʢʦʪʦʨʳʤ 

ʧʨʠʩʦʝʜʠʥʷʣʠʩʴ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ (ʵʣʝʚʦʥʳ, ʵʣʝʨʦʥʳ), ʙʣʦʢ, ʠʤʠʪʠʨʫʶʱʠʡ 

ʢʘʤʝʨʫ ɻʇɺʈɼ, ʙʣʦʢ, ʠʤʠʪʠʨʫʶʱʠʡ ʢʘʙʠʥʫ ʧʠʣʦʪʘ ʚ ʥʦʩʦʚʦʡ ʯʘʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʣʥʳʝ ʢʦʤʧʦʥʦʚʢʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʭʦʨʦʰʫʶ ʧʨʦʜʦʣʴʥʫʶ ʠ 

ʧʦʧʝʨʝʯʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʧʦʪʦʢʝ ʛʘʟʘ ʚʧʣʦʪʴ ʜʦ ʯʠʩʣʘ 

ʄʘʭʘ M 4.63¤= . ʅʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ 

ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ. ɹʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ ʜʨʫʛʠʤʠ 
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ʚʘʨʠʘʥʪʘʤʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʦʤʧʦʥʦʚʦʢ. ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʜʘʥʥʦʤ ʩʢʦʨʦʩʪʥʦʤ ʜʠʘʧʘʟʦʥʝ.  

ɺ ʨʘʙʦʪʘʭ [71ï73] ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʘʵʨʦʜʠʥʘʤʠʢʠ ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥʦʣʝʪʘ ʩ ʟʘʪʫʧʣʝʥʥʳʤʠ 

ʢʨʦʤʢʘʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʛʠʧʝʨʟʚʫʢʦʚʦʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ ʚ ʄʵʨʠʣʝʥʜʝ (Naval Surface Warfare Center (NSWC) 

Hypervelocity Wind Tunnel No. 9). ʌʦʨʤʘ ʚʦʣʥʦʣʝʪʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩ ʫʯʝʪʦʤ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ ʚʷʟʢʦʩʪʥʳʤ ʵʬʬʝʢʪʘʤ, ʘ ʟʘʪʝʤ ʚʳʧʦʣʥʝʥʦ ʟʘʪʫʧʣʝʥʠʝ ʢʨʦʤʦʢ. 

ʄʦʜʝʣʴ ʦʙʪʝʢʘʣʘʩʴ ʧʦʪʦʢʦʤ ʩʦʚʝʨʰʝʥʥʦʛʦ ʛʘʟʘ ï ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ï ʚ 

ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ M 10 16.5¤= · . ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʛʨʝʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥʦʣʝʪʘ ʧʨʠʤʝʥʷʣʠʩʴ ʪʝʨʤʦʧʘʨʳ, ʧʦʢʘʟʘʥʠʷ ʢʦʪʦʨʳʭ ʟʘʪʝʤ 

ʧʝʨʝʩʯʠʪʳʚʘʣʠʩʴ ʚ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʧʨʠʚʝʜʝʥʥʳʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ (ʯʠʩʣʘ ʉʪʘʥʪʦʥʘ) 

ʧʦ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ (ʥʝʩʫʱʝʡ) ʧʦʚʝʨʭʥʦʩʪʷʤ, ʘ ʪʘʢʞʝ ʧʦ ʧʝʨʝʜʥʝʡ 

ʟʘʪʫʧʣʝʥʥʦʡ ʢʨʦʤʢʝ. ɺ ʩʪʘʪʴʝ [74] ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʧʦʤʷʥʫʪʦʛʦ ʚʦʣʥʦʣʝʪʘ. ɹʳʣʘ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʢʨʘʩʢʠ (ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʤʝʪʦʜ) ʢʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʘ ʪʝʨʤʦʧʘʨʘʤ, ʚʥʦʩʷʱʠʤ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʚ ʧʦʪʦʢ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ 

ʦʮʝʥʢʠ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ, ʜʣʷ ʵʪʦʡ ʞʝ ʤʦʜʝʣʠ ʚʦʣʥʦʣʝʪʘ ʧʨʠ ʯʠʩʣʝ ʄʘʭʘ 

M 8¤=  ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʪʘʪʴʝ [75], ʘ ʚ ʨʘʙʦʪʝ [76] ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʪʝʢʘʥʠʷ ʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʨʠ ʯʠʩʣʝ ʄʘʭʘ M 10¤= . ɺ ʨʘʙʦʪʝ [77] ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʦʙʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʚʳʧʦʣʥʝʥʘ 

ʦʮʝʥʢʘ ʤʦʤʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʮʝʥʢʠ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʚʦʣʥʦʣʝʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʣʫʯʘʝ ʦʙʪʝʢʘʥʠʷ ʤʦʜʝʣʠ 

ʧʦʪʦʢʦʤ ʭʠʤʠʯʝʩʢʠ ʨʝʘʛʠʨʫʶʱʝʛʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʛʘʟʘ, ʚ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ ʄʘʭʘ 

M 5 20¤= ·  ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʙʦʪʝ [78]. 
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ʌʠʟʠʯʝʩʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʬʦʨʤʫ ʚʦʣʥʦʣʝʪʘ, ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʩʚʝʨʭ- ʠ 

ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. ʆʜʥʘʢʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʦʥʮʝʧʮʠʠ ʃɸ ʜʣʠʪʝʣʴʥʦʛʦ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʣʝʪʘ ʥʘ ʦʩʥʦʚʝ ʚʦʣʥʦʣʝʪʘ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʧʨʠʥʠʤʘʪʴ ʚʦ 

ʚʥʠʤʘʥʠʝ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʃɸ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʭ 

ʩʢʦʨʦʩʪʷʭ. ɺ ʨʘʙʦʪʝ [79] ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʵʨʦʜʠʥʘʤʠʢʠ ʜʚʫʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʚʦʣʥʦʣʝʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ 

ʜʦʟʚʫʢʦʚʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ ʮʝʥʪʨʘ NASA Langley (14x22-Foot 

Tunnel, 12-Foot Low-Speed Tunnel). ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʦʮʝʥʢʝ 

ʧʦʚʝʜʝʥʠʷ ʤʦʤʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʛʣʘʭ ʘʪʘʢʠ, 

ʩʢʦʣʴʞʝʥʠʷ ʠ ʫʛʣʘʭ ʦʪʢʣʦʥʝʥʠʷ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʯʠʩʣʝ ʄʘʭʘ 

M ~ 0.25¤ . ʅʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʪʘʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʷʟʳʚʘʣʩʷ ʩ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʠʭʨʝʚʳʤ ʪʝʯʝʥʠʝʤ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʃɸ. ɺ ʮʝʣʦʤ ʙʳʣʘ ʜʘʥʘ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʚʦʣʥʦʣʝʪʦʚ ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʝʪʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʦʚ ʘʪʘʢʠ. ʆʜʥʘʢʦ, ʜʘʥʥʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʛʣʘ ʙʳʪʴ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʘ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

ɸʥʘʣʠʟ ʘʢʪʫʘʣʴʥʳʭ ʨʘʙʦʪ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ [80ï85] ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʣʥʦʣʝʪʦʚ, ʚʳʟʳʚʘʶʱʠʝ ʥʘʠʙʦʣʴʰʠʡ 

ʠʥʪʝʨʝʩ: 

¶ ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʧʦʣʥʷʪʴ 

ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʪʝʢʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʧʦʣʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʅʘʚʴʝ-ʉʪʦʢʩʘ ʩ ʫʯʝʪʦʤ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ 

ʩʦʚʝʨʰʝʥʥʦʛʦ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʭʠʤʠʯʝʩʢʠ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʛʘʟʘ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʦʮʝʥʢʠ 

ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʃɸ, ʚ ʢʦʪʦʨʦʤ ʥʝ ʧʦʩʣʝʜʥʶʶ ʨʦʣʴ ʠʛʨʘʝʪ 

ʢʘʯʝʩʪʚʦ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ; 

¶ ʇʦʣʫʯʝʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʦʤʧʦʥʦʚʦʢ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʥʦʣʝʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ɻʇɺʈɼ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦ 
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ʜʦʩʪʘʪʦʯʥʦ ʤʘʩʰʪʘʙʥʘʷ ʟʘʜʘʯʘ, ʚ ʠʜʝʘʣʝ ʪʨʝʙʫʶʱʘʷ ʠʥʪʝʛʨʘʮʠʠ ʚ ʝʜʠʥʳʡ 

ʤʦʜʫʣʴ ʢʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʝʥʝʨʘʮʠʶ ʬʦʨʤʳ, 

ʩʝʪʢʦʧʦʩʪʨʦʠʪʝʣʷ, ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʣʚʝʨʘ, ʦʪʣʘʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʦʧʪʠʤʠʟʘʮʠʠ; 

¶ ʈʘʟʨʘʙʦʪʢʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ 

ʚʦʣʥʦʣʝʪʦʚ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

¶ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʳʩʦʢʠʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥʦʣʝʪʦʚ, ʘ ʪʘʢʞʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʃɸ ʚ ʰʠʨʦʢʦʤ ʩʢʦʨʦʩʪʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

1.3. ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʥʝʩʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʣʥʦʣʝʪʘ ʥʘ ʦʩʥʦʚʝ ʥʝʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʟʘ ʢʦʥʠʯʝʩʢʠʤ ʩʢʘʯʢʦʤ 

ʫʧʣʦʪʥʝʥʠʷ 

ʇʨʠ ʘʥʘʣʠʟʝ ʩʚʝʨʭ- ʠ ʛʠʧʝʨʟʚʫʢʦʚʦʛʦ ʦʙʪʝʢʘʥʠʷ ʢʦʥʫʩʘ ʥʝʚʷʟʢʠʤ ʧʦʪʦʢʦʤ 

ʛʘʟʘ ʧʦʜ ʥʫʣʝʚʳʤ ʫʛʣʦʤ ʘʪʘʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʚʦʡʩʪʚʘ ʢʦʥʠʯʝʩʢʠʭ 

ʪʝʯʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʠʩʭʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʧʨʦʮʝʩʩ 

ʠʭ ʨʝʰʝʥʠʷ: 

¶ ʊʝʯʝʥʠʝ ʦʢʦʣʦ ʧʨʷʤʦʛʦ ʢʨʫʛʦʚʦʛʦ ʢʦʥʫʩʘ ʷʚʣʷʝʪʩʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ; 

¶ ʊʝʯʝʥʠʷ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʥʫʩʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʢʘʯʢʘ 

ʫʧʣʦʪʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳʤʠ ʚʦ ʚʩʝʭ ʧʣʦʩʢʦʩʪʷʭ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʚʩʝʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʦʥʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ, 

ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʚʜʦʣʴ ʣʶʙʦʡ ʧʨʷʤʦʡ, ʧʨʦʚʝʜʝʥʥʦʡ ʠʟ ʚʝʨʰʠʥʳ 

ʢʦʥʫʩʘ ʠ ʷʚʣʷʶʱʝʡʩʷ ʦʙʨʘʟʫʶʱʝʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʢʦʥʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʞʜʫ ʢʦʥʫʩʦʤ ʠ ʩʢʘʯʢʦʤ ʫʧʣʦʪʥʝʥʠʷ, ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʙʫʜʫ ʦʩʪʘʚʘʪʴʩʷ 

ʧʦʩʪʦʷʥʥʳʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʘʨʘʤʝʪʨʳ ʪʝʯʝʥʠʷ ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʪʦʣʴʢʦ ʦʪ ʦʜʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ ï ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 

ʢʦʥʫʩʘ. ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʟʘʧʠʩʘʥʥʦʝ ʚ ʩʬʝʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ [86] 
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ɿʜʝʩʴ r ï ʧʣʦʪʥʦʩʪʴ; r  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ; q ï ʧʦʣʷʨʥʳʡ ʫʛʦʣ;  

j ï ʘʟʠʤʫʪʘʣʴʥʳʡ ʫʛʦʣ; rV , Vq, Vj ï ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʠ 

ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʧʦʤʷʥʫʪʳʤʠ ʨʘʥʝʝ 

ʩʚʦʡʩʪʚʘʤʠ ʢʦʥʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ 
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ʇʦʩʣʝ ʨʘʩʢʨʳʪʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʫʯʝʪʘ ʫʩʣʦʚʠʡ (2) ʫʨʘʚʥʝʥʠʝ (1) ʧʨʠʤʝʪ 

ʚʠʜ 

 ()2 cot 0r

V
V V Vq

q q

µ µr
r +r q +r + =

µq µq
 (3) 

ʉʭʝʤʘ ʦʙʪʝʢʘʥʠʷ ʢʦʥʫʩʘ ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʧʦʪʦʢʦʤ ʛʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʈʠʩ. 1. ʅʘ ʩʭʝʤʝ ʪʘʢʞʝ ʦʙʦʟʥʘʯʝʥʳ ʫʛʦʣ ʥʘʢʣʦʥʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʢ ʧʨʦʜʦʣʴʥʦʡ 

ʦʩʠ sq ʠ ʫʛʦʣ ʧʦʣʫʨʘʩʪʚʦʨʘ ʢʦʥʫʩʘ ʩq. 

 

ʈʠʩ. 1. ʆʙʪʝʢʘʥʠʝ ʢʦʥʫʩʘ ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʧʦʪʦʢʦʤ ʧʨʠ  

ʥʫʣʝʚʦʤ ʫʛʣʝ ʘʪʘʢʠ 

ʊʝʯʝʥʠʝ ʟʘ ʢʦʥʠʯʝʩʢʠʤ ʩʢʘʯʢʦʤ ʫʧʣʦʪʥʝʥʠʷ ʦʩʪʘʝʪʩʷ ʷʚʣʷʝʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ. ɺʚʝʜʝʤ ( ),rj q ï ʧʦʪʝʥʮʠʘʣ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʤʝʞʜʫ ʫʜʘʨʥʦʡ 
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ʚʦʣʥʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʥʫʩʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ 

ʙʫʜʫʪ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʢʦʨʦʩʪʠ ʙʫʜʝʪ ʠʤʝʪʴ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ 
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ɿʜʝʩʴ T¤, p¤, M¤ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʠ ʯʠʩʣʦ ʄʘʭʘ 

ʚ ʥʘʙʝʛʘʶʱʝʤ ʧʦʪʦʢʝ; 0T , 0p , 0r ï ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʠ ʧʣʦʪʥʦʩʪʴ 

ʪʦʨʤʦʞʝʥʠʷ; g ï ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ; 0R  ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ 

ʧʦʩʪʦʷʥʥʘʷ; m ï ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʛʘʟʘ. ɺ ʫʨʘʚʥʝʥʠʷ (3), (6) ʚʭʦʜʠʪ ʣʠʰʴ ʦʜʥʘ 

ʥʝʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ ï ʧʦʣʷʨʥʳʡ ʫʛʦʣ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʦʪ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʢ ʦʙʳʢʥʦʚʝʥʥʳʤ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ, ʧʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ, 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʧʨʦʠʟʚʦʜʥʫʶ ʧʣʦʪʥʦʩʪʠ ʧʦ ʧʦʣʷʨʥʦʤʫ ʫʛʣʫ ʧʨʠʤʝʪ ʚʠʜ 
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( )( )

2 2 2

2 2 2

0.5 1 1 2 ctg

0.5 1 1

r r r

r

V V V V V VdV

d V V V

q q qq

q q

- Ö g- - - + q
=
q Ö g- - - -

 (12) 

ɿʜʝʩʴ 
max

r
r

V
V

V
= , 

max

V
V

V

q
q= . ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (11) ï (12) ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʷʚʥʦʛʦ ʤʝʪʦʜʘ ʈʫʥʛʝ-ʂʫʪʪʳ 4-ʛʦ ʧʦʨʷʜʢʘ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʩʢʘʯʢʝ ʫʧʣʦʪʥʝʥʠʷ  

 
( )

( )

0

2

2

cos

2
1

1 M

s

rV
q -d

=

+
g-

 (13) 

 
( )

( )

0

2

2

sin

2
1

1 M

sVq
- q -d

=

+
g-

 (14) 

ɺ ʚʳʨʘʞʝʥʠʷʭ (13) ï (14) d ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

 ( )
( )
( )( )

2 2

2

M sin 1
arctg 2 ctg

M cos 2 2

s

s

s

¤

¤

å õq -
d= Ö qæ ö

æ öÖ g+ q +ç ÷

 (15) 

ʏʠʩʣʦ ʄʘʭʘ ʟʘ ʩʢʘʯʢʦʤ ʫʧʣʦʪʥʝʥʠʷ 2M  ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʷʤ 

 ( )1M M sinn s¤= q (16) 

 

2

1

2
2

1

2
M

1
M

2
M 1

1

n

n

n

+
g-

=
g
Ö -

g-

 (17) 
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( )

2
2

M
M

sin

n

s

=
q -d

 (18) 

ɺ ʧʨʦʮʝʩʩʝ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʷʨʥʳʡ ʫʛʦʣ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ sq ʜʦ ʩq. ʋʩʣʦʚʠʝʤ ʦʢʦʥʯʘʥʠʷ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ 

ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʥʦʨʤʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ Vq ʧʨʠ ʩq=q, ʪ.ʝ. ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʫʩʘ. ʇʨʠ ʚʳʙʨʘʥʥʦʤ ʠʟʥʘʯʘʣʴʥʦ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ 

ʰʘʛʘ ʧʦ ʧʦʣʷʨʥʦʤʫ ʫʛʣʫ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʢʦʨʨʝʢʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʫʩʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʤʝʥʴʰʠʪʴ ʰʘʛ 

ʠ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʩʤʝʥʫ ʟʥʘʢʘ ʥʦʨʤʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ. 

ʇʦʩʪʨʦʝʥʠʝ ʣʠʥʠʡ ʪʦʢʘ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʢʦʨʦʩʪʝʡ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ [20]. ʉʯʠʪʘʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʢʦʦʨʜʠʥʘʪʳ 

ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʥʝʢʦʪʦʨʦʡ ʙʘʟʦʚʦʡ ʢʨʠʚʦʡ. ʂʘʞʜʘʷ ʪʦʯʢʘ, ʧʨʠʥʘʜʣʝʞʘʱʘʷ 

ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʝ, ʷʚʣ̫ʝʪʩʷ ʥʘʯʘʣʴʥʦʡ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʠʥʠʠ ʪʦʢʘ  

(ʩʤ. ʈʠʩ. 2) 

 

ʈʠʩ. 2. ʇʝʨʝʜʥʷʷ ʢʨʦʤʢʘ ʚʦʣʥʦʣʝʪʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʪʝʯʝʥʠʠ ʟʘ 

ʢʦʥʠʯʝʩʢʠʤ ʩʢʘʯʢʦʤ ʫʧʣʦʪʥʝʥʠʷ 

ʇʦʩʪʨʦʝʥʠʝ ʢʘʨʪʠʥʳ ʣʠʥʠʡ ʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʩʞʠʤʘʝʤʦʩʪʠ 

ʛʘʟʘ. ɺʚʝʜʝʤ ʬʫʥʢʮʠʶ ʪʦʢʘ y. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʥʘ ʜʦʣʞʥʘ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ: 
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 ()sinr V
r

q

µy
=- q r

µ
 (19) 

 ()2 sin rr V
µy
= q r

µq
 (20) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʠ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʟʘʚʠʩʷʪ ʣʠʰʴ ʦʪ 

ʫʛʣʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

 ()2r fy= q (21) 

 
()

()1

sin
r

df
V

d

q
r =

q q
 (22) 

 
()

()
2

sin
V fqr =- q

q
 (23) 

ʋʨʘʚʥʝʥʠʷ ʣʠʥʠʡ ʪʦʢʘ ʠʤʝʶʪ ʚʠʜ 

 constantj=  (24) 

 constanty=  (25) 

ʉ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (23) ʫʨʘʚʥʝʥʠʝ (21) ʧʨʠʤʝʪ ʚʠʜ 

 () () ()2 sin constantr Vqr q q q =  (26) 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʨʠʚʘʷ, ʦʙʨʘʟʫʶʱʘʷ ʧʝʨʝʜʥʶʶ ʢʨʦʤʢʫ ʧʨʠʥʘʜʣʝʞʠʪ 

ʢʦʥʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ɽʩʣʠ ʣʠʥʠʷ ʪʦʢʘ ʧʝʨʝʩʝʢʘʝʪ 

ʧʝʨʝʜʥʶʶ ʢʨʦʤʢʫ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʦʡ r R= , sq=q, ʪʦ ʫʨʘʚʥʝʥʠʝ, 

ʦʧʠʩʳʚʘʶʱʝʝ ʣʠʥʠʶ ʪʦʢʘ, ʧʝʨʝʩʝʢʘʶʱʫʶ ʧʝʨʝʜʥʶʶ ʢʨʦʤʢʫ ʚ ʵʪʦʡ ʪʦʯʢʝ 

ʧʨʠʤʝʪ ʚʠʜ 

 ()
( ) ( ) ( )
() () ()

sin

sin

s s sV
r R

V

q

q

r q q q
q =

r q q q
 (27) 

ɿʜʝʩʴ 
2 2 2

LE LE LER x y z= + +  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʝʨʰʠʥʳ ʢʦʥʫʩʘ ʜʦ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʠ ʪʦʢʘ ʠ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ; , ,LE LE LEx y z  ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ 

ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ. ʋʨʘʚʥʝʥʠʝ (27) ʦʜʥʦʟʥʘʯʥʦ ʦʧʠʩʳʚʘʝʪ ʢʦʦʨʜʠʥʘʪʳ ʣʠʥʠʠ 

ʪʦʢʘ ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʝʩʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥʦʣʝʪʘ ʥʘ 

ʦʩʥʦʚʝ ʥʝʚʷʟʢʦʛʦ ʢʦʥʠʯʝʩʢʦʛʦ ʧʦʣʷ ʪʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʩʣʝʜʫʶʱʠʝ 

ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

¶ ʋʛʦʣ ʧʦʣʫʨʘʩʪʚʦʨʘ ʢʦʥʫʩʘ ʠʣʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʩq ʠʣʠ sq; 

¶ ʏʠʩʣʦ ʄʘʭʘ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ, M¤; 

¶ ɼʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ, p¤, T¤; 

¶ ɼʣʠʥʘ ʢʦʥʫʩʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʪʝʣʘ-ʛʝʥʝʨʘʪʦʨʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

(ʠʣʠ ʣʶʙʘʷ ʜʨʫʛʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ 

ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ ʚʦʣʥʦʣʝʪʘ ʥʘ ʫʜʘʨʥʦʡ ʚʦʣʥʝ); 

ʅʘ ʨʠʩ. 3 ï 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʠʨʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʚʦʣʥʦʣʝʪʦʚ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʠʢʠ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ. 

 

 

ʘ  ʙ 

 
 

ʚ ʛ 

ʈʠʩ. 3. ɺʦʣʥʦʣʝʪ: 12sq = ¯, M 6¤= , 1185.5ʇʘp¤= , 231.3ʂT¤=  
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ʚ ʛ 

ʈʠʩ. 4. ɺʦʣʥʦʣʝʪ: 16.4sq = ¯, M 4¤= , 1250ʇʘp¤= , 84.4ʂT¤=  

 

 

ʘ ʙ 

 

 

ʚ ʛ 

ʈʠʩ. 5. ɺʦʣʥʦʣʝʪ: 11.66sq = ¯, M 14¤= , 165ʇʘp¤= , 48.9ʂT¤=  
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ʘ ʙ 

 
 

ʚ ʛ 

ʈʠʩ. 6. ɺʦʣʥʦʣʝʪ: 15.5sq = ¯, M 4¤= , 1230ʇʘp¤= , 84 ʂT¤=  

1.4. ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʣʥʦʣʝʪʘ ʥʘ ʦʩʥʦʚʝ ʪʝʯʝʥʠʷ ʇʨʘʥʜʪʣʷ-ʄʘʡʝʨʘ 

ʇʦʜʲʝʤʥʫʶ ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʚʦʣʥʦʣʝʪ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʪʴ, ʧʦʞʝʨʪʚʦʚʘʚ ʧʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʴʶ ʦʙʲʝʤʘ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ. ɺ ʩʪʘʪʴʝ [87] ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʣʥʦʣʝʪʘ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ ʣʠʥʠʡ ʪʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʚʝʨʭʟʚʫʢʦʚʦʤʫ 

ʦʙʪʝʢʘʥʠʶ ʚʳʧʫʢʣʦʛʦ ʫʛʣʘ (ʪʝʯʝʥʠʝ ʇʨʘʥʜʪʣʷ-ʄʘʡʝʨʘ). ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʪʝʯʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʞʝ ʫʧʦʤʷʥʫʪʳʤ ʨʘʥʝʝ 

ʢʦʥʠʯʝʩʢʠʤ ʪʝʯʝʥʠʝʤ, ʷʚʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ ʣʠʥʠʡ ʪʦʢʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʰʠʥʳ ʚʳʧʫʢʣʦʛʦ ʫʛʣʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʳ ʣʠʥʠʡ ʪʦʢʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ. ʇʦ ʟʘʜʘʥʥʦʤʫ ʯʠʩʣʫ ʄʘʭʘ ʥʘʙʝʛʘʶʱʝʛʦ 

ʧʦʪʦʢʘ 1M  ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʇʨʘʥʜʪʣʷ-ʄʘʡʝʨʘ [86] 

 ( ) ( ) ( )2 2

1 1 1

1 1
M arctg M 1 arctg M 1

1 1

å õg+ g-
n = - - -æ ö

g- g+ç ÷
 (28) 

ʋʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʧʦʪʦʢʘ q ʩʚʷʟʘʥ ʩ ʬʫʥʢʮʠʷʤʠ ʇʨʘʥʜʪʣʷ-ʄʘʡʝʨʘ ʜʦ  

( )( )1Mn  ʠ ʧʦʩʣʝ ( )( )2Mn  ʧʦʚʦʨʦʪʘ ʪʝʯʝʥʠʷ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 
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 ( ) ( )2 1M Mn =n +q (29) 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ ʇʨʘʥʜʪʣʷ-ʄʘʡʝʨʘ ʧʦʩʣʝ ʧʦʚʦʨʦʪʘ ʧʦʪʦʢʘ 

ʘʥʘʣʦʛʠʯʥʦ ʫʨʘʚʥʝʥʠʶ (28). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʧʨʠʤʝʨ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʄʘʭʘ 

2M  ʟʘ ʚʝʝʨʦʤ ʚʦʣʥ ʨʘʟʨʝʞʝʥʠʷ. ʇʦ ʠʟʚʝʩʪʥʳʤ ʟʥʘʯʝʥʠʷʤ 1M  ʠ 2M  

ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʛʣʳ ʥʘʢʣʦʥʘ ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 ʅ

1

1
arcsin

M

å õ
a = æ ö

ç ÷
 (30) 

 K

2

1
arcsin

M

å õ
a = æ ö

ç ÷
 (31) 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʣʠʥʠʠ ʪʦʢʘ ï ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʬʦʨʤʫ ʚ 

ʧʨʝʜʝʣʘʭ ʚʦʟʤʫʱʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʋʨʘʚʥʝʥʠʝ ʣʠʥʠʠ ʪʦʢʘ ʠʤʝʝʪ ʚʠʜ  
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 (32) 

ɺ ʜʘʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʅa  ʜʦ Ka . ɺʝʨʭʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʥʦʣʝʪʘ, 

ʩʦʩʪʘʚʣʝʥʥʘʷ ʠʟ ʣʠʥʠʡ ʪʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝʚʷʟʢʦʤʫ ʩʚʝʨʭʟʚʫʢʦʚʦʤʫ 

ʦʙʪʝʢʘʥʠʶ ʚʳʧʫʢʣʦʛʦ ʫʛʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 7. 

 

 

ʈʠʩ. 7. ɺʝʨʭʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʥʦʣʝʪʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʜʭʦʜʘ ʠʟ ʨʘʙʦʪʳ [87]. ʋʛʦʣ ʨʘʩʪʚʦʨʘ ʪʫʧʦʛʦ ʫʛʣʘ 177¯a=  
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1.5. ɺʳʚʦʜʳ 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʘ ʢʦʥʮʝʧʮʠʷ ʚʦʣʥʦʣʝʪʘ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ɺʃɸ, ʦʙʣʘʜʘʶʱʝʛʦ ʚʳʩʦʢʠʤʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʧʠʩʘʥʥʳʭ ʚ ʦʙʟʦʨʝ ʢ ʛʣʘʚʝ. ɼʦʣʞʥʦ ʙʳʪʴ ʦʪʤʝʯʝʥʦ, ʯʪʦ 

ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʚʦʣʥʦʣʝʪʘ (ʦʩʪʨʳʝ ʢʨʦʤʢʠ, ʧʨʠʩʦʝʜʠʥʝʥʥʘʷ 

ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʝʪʥʦʤʫ ʨʝʞʠʤʫ ʧʦʣʝʪʘ), ʷʚʣʷʶʱʠʡʩʷ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʘʵʨʦʜʠʥʘʤʠʢʠ), ʥʝ ʷʚʣʷʝʪʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʠʛʦʜʥʳʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʥʦʮʝʥʥʦʛʦ ɺʃɸ ʜʣʠʪʝʣʴʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʣʝʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʭʦʜʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʬʦʨʤʳ ʚʦʣʥʦʣʝʪʘ, ʢ ʩʦʟʜʘʥʠʶ ʨʝʘʣʠʩʪʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ɺʃɸ 

ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʦʩʥʘʱʝʥʥʳʤʠ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ ʠ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʘʢʠʭ ɺʃɸ.  
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ɻʃɸɺɸ 2. ʇʈʆɹʃɽʄʓ ʇʆʉʊʈʆɽʅʀʗ ʂʆʅɽʏʅʆ-ʈɸɿʅʆʉʊʅʓʍ ʀ 

ʂʆʅɽʏʅʆ-ʆɹʒɽʄʅʓʍ ʉʊʈʋʂʊʋʈʀʈʆɺɸʅʅʓʍ ʉɽʊʆʂ 

2.1. ʆʙʟʦʨ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʶ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ. 

ʉʦʟʜʘʥʠʝ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ. ɿʘʯʘʩʪʫʶ ʦʪ ʩʝʪʦʯʥʦʡ ʪʦʧʦʣʦʛʠʠ 

ʟʘʚʠʩʷʪ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ, ʠ ʪʦʯʥʦʩʪʴ 

ʧʦʣʫʯʘʝʤʦʛʦ ʨʝʰʝʥʠʷ. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʵʢʦʥʦʤʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʘʢʪʫʘʣʴʥʘʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ 

ʧʦʜʨʦʙʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʂ ʧʨʠʤʝʨʫ, ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʯʝʥʠʡ 

ʚ ʟʦʥʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʜʝʢʚʘʪʥʦʡ ʦʮʝʥʢʠ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ, 

ʧʦʜʚʦʜʠʤʳʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ. ɻʣʦʙʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʭ 

ʛʝʥʝʨʘʮʠʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ (ʣʠʥʝʡʥʘʷ, ʪʨʘʥʩʬʠʥʠʪʥʘʷ, 

ʕʨʤʠʪʦʚʘ, ʤʝʪʦʜ ʤʥʦʛʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʤʝʪʦʜ ʜʚʫʭ ʛʨʘʥʠʮ ʠ ʪ.ʜ.) ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ ʩʝʪʢʠ ʠʟ ʠʟʚʝʩʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʛʨʘʥʠʯʥʳʭ ʫʟʣʦʚ. ʂ ʦʩʥʦʚʥʦʤʫ ʧʨʝʠʤʫʱʝʩʪʚʫ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʝʛʦ ʧʨʦʩʪʦʪʫ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʷʚʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʚʳʨʘʞʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚ ʩʝʪʢʠ. ʆʜʥʘʢʦ, ʚʦ ʤʥʦʛʠʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʣʫʯʘʷʭ ʠʥʪʝʨʧʦʣʷʮʠʷ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠʝʤʣʝʤʦʝ 

ʢʘʯʝʩʪʚʦ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʜʣʷ ʦʙʣʘʩʪʝʡ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʟʣʦʚ. ɿʘʪʨʫʜʥʠʪʝʣʴʥʳʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ ʩʝʪʢʠ. 

ʗʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʝʪʦʯʥʳʭ ʪʦʧʦʣʦʛʠʡ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʟʘʜʘʯʘʭ ʧʦʩʪʨʦʝʥʠʷ 

ʩʝʪʦʢ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʧʝʨʝʚʦʜʘ ʫʟʣʦʚ 

ʩʝʪʢʠ ʠʟ ʬʠʟʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩʦ 
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ʩʣʦʞʥʳʤʠ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʟʣʦʚ ʩʝʪʢʠ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʜʘʞʝ ʝʩʣʠ ʚ ʬʠʟʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ ʩʝʪʢʘ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʡ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʦʙʥʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʢʦʦʨʜʠʥʘʪ: 

¶ ʆʜʥʦʟʥʘʯʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; 

¶ ɻʣʘʜʢʦʩʪʴ ʣʠʥʠʡ ʩʝʪʢʠ, ʦʪʩʫʪʩʪʚʠʝ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʩʦʩʝʜʥʠʤʠ ʣʠʥʠʷʤʠ 

ʠ ʢʦʥʪʫʨʘʤʠ ʛʨʘʥʠʮ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ; 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʦʙʣʘʩʪʷʭ 

ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ; 

¶ ʀʟʙʝʛʘʥʠʝ ʯʨʝʟʤʝʨʥʦʡ ʧʝʨʝʢʦʰʝʥʥʦʩʪʠ ʷʯʝʝʢ ʩʝʪʢʠ ï ʩʪʨʝʤʣʝʥʠʝ ʢ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʣʠʥʠʡ ʩʝʪʢʠ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʨʘʚʥʝʥʠʷ 

ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ. ɺ ʨʘʙʦʪʝ [88] ʠʩʩʣʝʜʦʚʘʣʩʷ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʇʫʘʩʩʦʥʘ ʥʘ ʨʝʛʫʣʷʨʥʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʩʝʪʢʝ, ʣʠʥʠʠ ʢʦʪʦʨʦʡ ʧʦʣʫʯʘʣʠʩʴ ʠʟ 

ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ ʠ ʷʚʣʷʣʠʩʴ, ʧʦ ʩʫʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʣʠʥʠʷʤʠ ʫʨʦʚʥʷ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʢ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ 

ʫʟʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʟʘʜʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʝʢ ʩʝʪʢʠ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʢ ʟʘʜʘʯʘʤ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʙʦʪʝ [89]. ʇʨʠ ʵʪʦʤ ʙʳʣ ʦʪʤʝʯʝʥ ʥʝʜʦʩʪʘʪʦʢ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ ï ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʣʠʥʠʡ ʩʝʪʢʠ ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ 

ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʜʚʫʤʝʨʥʦʡ ʩʝʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ, ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ 

ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʧʨʦʩʪʝʡʰʠʝ ʫʧʨʘʚʣʷʶʱʠʝ ʬʫʥʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ ʩʝʪʢʠ ʫ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ. 

ʇʝʨʚʘʷ ʧʦʣʥʦʮʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʩʝʪʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, 

ʨʝʘʣʠʟʫʶʱʝʛʦ ʧʦʩʪʨʦʝʥʠʝ ʜʚʫʤʝʨʥʳʭ ʩʝʪʦʢ ʜʣʷ ʦʙʣʘʩʪʝʡ ʩ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʝ [90]. ʇʨʠ ʵʪʦʤ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ 

ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʘʚʦʡ ʯʘʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʣʘ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ 
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ʚʘʨʠʘʥʪʳ ʩʛʫʱʝʥʠʷ ʩʝʪʢʠ (ʢ ʢʦʥʢʨʝʪʥʦʡ ʣʠʥʠʠ, ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʫʟʣʫ). 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʩʝʪʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʜʣʷ ʤʥʦʛʦʩʚʷʟʥʳʭ ʦʙʣʘʩʪʝʡ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʟʘʜʘʥʠʷ 

ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ ʩʝʪʢʠ, ʘ ʪʘʢʞʝ ʨʘʮʠʦʥʘʣʴʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʇʫʘʩʩʦʥʘ.  

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʝʪʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʝʪʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʫʧʨʘʚʣʷʶʱʠʭ ʬʫʥʢʮʠʡ ʥʘ ʛʨʘʥʠʮʘʭ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ [91]. ɿʥʘʯʝʥʠʷ ʜʘʥʥʳʭ ʬʫʥʢʮʠʡ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʘʭ ʩʝʪʢʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʫʪʝʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʛʨʘʥʠʯʥʳʭ ʟʥʘʯʝʥʠʡ. ɻʣʘʚʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʬʫʥʢʮʠʡ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʣʠʥʠʡ ʩʝʪʢʠ ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ. 

ɺ ʨʘʙʦʪʘʭ [92, 93] ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʧʨʦʙʣʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʦʢ ʜʣʷ ʟʘʜʘʯ 

ʚʥʫʪʨʝʥʥʝʡ ʛʘʟʦʜʠʥʘʤʠʢʠ (ʥʘʧʨʠʤʝʨ, ʪʝʯʝʥʠʝ ʚ ʪʨʘʢʪʝ ɻʇɺʈɼ). ɼʣʷ ʧʦʜʦʙʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʠʤʝʝʪ ʩʤʳʩʣ ʧʦʣʫʯʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʩʝʪʢʫ ʩ ʧʦʤʦʱʴʶ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʘ ʟʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʛʣʘʜʢʦʡ ʩʝʪʢʠ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʷʭ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ 

ʦʙʪʝʢʘʥʠʝʤ ʫʩʪʫʧʦʚ ʠʣʠ ʢʘʚʝʨʥ.  

ɺ ʩʪʘʪʴʝ [94] ʙʳʣ ʠʟʣʦʞʝʥ ʠʥʦʡ ʚʟʛʣʷʜ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʝʪʦʢ. ɺʦ-ʧʝʨʚʳʭ, ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ 

ʨʝʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʠʩʭʦʜʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʪ.ʝ. ʧʝʨʝʭʦʜ ʦʪ ʜʝʢʘʨʪʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪ ʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʢʨʠʚʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʫʟʣʦʚ.  

ɺʦ-ʚʪʦʨʳʭ, ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʝʪʦʢ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝ ʪʦʣʴʢʦ ʫʨʘʚʥʝʥʠʷ 

ʃʘʧʣʘʩʘ ʠ ʇʫʘʩʩʦʥʘ, ʥʦ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ; ʚ ʯʘʩʪʥʦʩʪʠ 

ʚ ʨʘʙʦʪʝ [94] ʧʨʠʤʝʥʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ-ɹʝʣʴʪʨʘʤʠ. ɺʦʧʨʦʩʳ ʚʣʠʷʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ʚʠʜ ʧʦʣʫʯʘʝʤʦʡ ʩʝʪʢʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʚ [95]. 
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ɺ ʩʪʘʪʴʷʭ [96, 97] ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʫʧʨʘʚʣʷʶʱʠʭ ʬʫʥʢʮʠʡ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʩʝʪʢʠ, ʚ 

ʦʩʥʦʚʥʦʤ ʚ ʧʨʠʛʨʘʥʠʯʥʳʭ ʟʦʥʘʭ. ɺ ʨʘʙʦʪʝ [98] ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʚʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʩʝʪʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʴ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʚʥʫʪʨʝʥʥʠʭ ʷʯʝʝʢ ʩʝʪʢʠ: ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʱʘʜʠ ʷʯʝʝʢ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠʣʠ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʣʠʥʠʷʤʠ ʩʝʪʢʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢ 

ʜʦʩʪʦʠʥʩʪʚʘʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴ ʟʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʥʘʯʝʥʠʝʤ ʗʢʦʙʠʘʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʕʣʣʠʧʪʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʜʦʧʫʩʢʘʝʪ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ 

ʩʝʪʢʠ ʠ ʚʳʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʯʝʥʠʷ [99]. ɺ 

ʩʪʘʪʴʝ [100] ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʢʦʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʟʚʝʰʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʚ ʫʟʣʘʭ ʩʝʪʢʠ, ʘ ʚ ʮʝʥʪʨʘʭ ʝʝ ʷʯʝʝʢ. ʀʩʧʦʣʴʟʫʷ ʣʦʢʘʣʴʥʦʝ 

ʚʦʟʤʫʱʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʢʦʥʪʨʦʣʶ ʟʘ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʣʠʥʠʷʤʠ 

ʩʝʪʢʠ. 

ʕʣʣʠʧʪʠʯʝʩʢʠʡ ʩʝʪʦʯʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ, 

ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʩʝʪʦʢ 

[101ï103]. ʆʥ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʩʣʦʞʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʫʜʘʨʥʳʭ ʚʦʣʥ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. ʆʜʥʘʢʦ, ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ 

ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʧʦ 

ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʩʝʪʢʦʧʦʩʪʨʦʠʪʝʣʷʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʟʣʦʚ ʧʦ ʛʨʘʥʠʮʘʤ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʤ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʠʟʘʮʠʠ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ɼʠʨʠʭʣʝ ʜʣʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ. ʆʜʥʘʢʦ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʫʩʣʦʚʠʡ ʅʝʡʤʘʥʘ [104] ʜʦʧʫʩʢʘʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʟʣʦʚ ʩ 
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ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʩʝʪʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʥʪʨʦʣʴʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠ ʵʪʦʤ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ɸʥʘʣʠʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʝʪʦʜʘʤ 

ʧʦʩʪʨʦʝʥʠʶ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ 

ʪʠʧʘ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ: 

¶ ʄʝʪʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʛʝʥʝʨʘʮʠʠ ʩʝʪʦʢ ʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʃʘʧʣʘʩʘ; 

¶ ʄʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ 

ʧʨʘʚʦʡ ʯʘʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʦʥʪʨʦʣʴ ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ 

ʩʝʪʢʠ; 

¶ ʂʦʤʙʠʥʘʮʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʫʨʘʚʥʝʥʠʡ ʇʫʘʩʩʦʥʘ; 

¶ ʉʦʯʝʪʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʇʫʘʩʩʦʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʘʜʘʧʪʘʮʠʠ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʝʪʦʢ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ 

ʛʣʘʜʢʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʩʝʪʦʯʥʳʭ ʪʦʧʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ 

ʢʦʥʪʨʦʣʶ ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ ʩʝʪʢʠ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʟʣʦʚ ʧʦ ʚʩʝʤ ʛʨʘʥʠʮʘʤ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ, ʠ ʩʣʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʩʝʪʦʢ ʧʨʠ ʦʯʝʥʴ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫʟʣʦʚ, 

ʢʦʪʦʨʘʷ ʥʘʧʨʷʤʫʶ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʪʝʨʘʮʠʦʥʥʦʤ ʧʨʦʮʝʩʩʝ. ɺʳʭʦʜʦʤ ʠʟ 

ʧʦʜʦʙʥʦʡ ʩʠʪʫʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʧʦʜʭʦʜʘ: 

ʧʨʠʤʝʥʝʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʢ ʛʨʫʙʦʡ ʠʟʥʘʯʘʣʴʥʦʡ ʩʝʪʢʝ ʠ 

ʧʦʣʫʯʝʥʠʝ ʛʣʘʜʢʦʡ ʠ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʝʪʢʠ, ʟʘʪʝʤ ʧʦʣʫʯʝʥʠʝ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ 

ʩʝʪʢʠ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʩʧʣʘʡʥʘʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʤʠ ʩʦʭʨʘʥʠʪʴ ʠʩʭʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʝʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʘʨʘʙʦʣʠʯʝʩʢʠʡ ʩʝʪʦʯʥʳʡ ʛʝʥʝʨʘʪʦʨ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʤʝʩʪʦ 

ʤʝʞʜʫ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɻʣʘʚʥʦʝ 

ʜʦʩʪʦʠʥʩʪʚʦ ʵʪʦʛʦ ʚʠʜʘ ʛʝʥʝʨʘʪʦʨʦʚ ʩʝʪʦʢ ʩʦʩʪʦʠʪ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʧʦʣʥʷʪʴ ʠʪʝʨʘʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʛʣʘʜʢʦʩʪʴ ʣʠʥʠʡ ʩʝʪʢʠ ʠ ʝʝ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʜʣʷ 
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ʦʙʣʘʩʪʝʡ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ. ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʚʘʨʠʘʥʪʦʚ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [105]. ʌʘʢʪʠʯʝʩʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʪʨʝʭʤʝʨʥʘʷ ʩʝʪʢʘ ʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʜʚʫʤʝʨʥʦʡ ʩʝʪʢʠ ʚ ʢʘʞʜʦʤ 

ʩʝʯʝʥʠʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʦʮʝʜʫʨʘ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʦ ʤʥʦʛʦʤ 

ʘʥʘʣʦʛʠʯʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ ʜʚʫʭʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ 

ʧʦʤʦʱʴʶ ʩʭʝʤʳ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʦʙʨʘʪʥʳʝ ʨʘʟʥʦʩʪʠ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʧʨʦʠʟʚʦʜʥʳʭ. ʄʘʪʨʠʮʘ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪ 

ʩʠʣʴʥʦʝ ʜʠʘʛʦʥʘʣʴʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʷʚʥʳʡ 

ʤʝʪʦʜ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥʦ ʢʘʢ ʦʜʥʦ, ʪʘʢ ʠ ʜʚʘ ʤʘʨʰʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʷ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʩʝʪʢʠ. ʕʪʠ ʚʦʧʨʦʩʳ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʩʛʫʱʝʥʠʝʤ ʩʝʪʢʠ ʠ ʝʝ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴʶ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ [106]. ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʭʝʤ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʩʪʘʪʴʝ [107]. ɹʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʤʦʜʠʬʠʢʘʮʠʡ ʩʪʘʥʜʘʨʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʦʣʴʰʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʨʘʙʦʪʳ ʩʝʪʦʯʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ. ɹʳʣ ʚʚʝʜʝʥ ʵʪʘʧ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʧʨʝʜʠʢʪʦʨʘ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʣʥʦʮʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ ʠ 

ʟʘ ʥʘʢʣʦʥʦʤ ʣʠʥʠʡ ʩʝʪʢʠ ʢ ʛʨʘʥʠʮʘʤ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʧʦʩʣʝʜʥʝʡ ʟʘʜʘʯʠ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʦʚʳʭ ʪʦʯʝʢ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʜʦʣʴ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ. 

ɺ ʮʝʣʦʤ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʩʝʪʦʢ ʩʦʭʨʘʥʷʶʪ ʦʩʥʦʚʥʳʝ 

ʜʦʩʪʦʠʥʩʪʚʘ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ ʤʘʨʰʝʚʳʝ ʤʝʪʦʜʳ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʴʰʫʶ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

ɺ ʨʘʙʦʪʝ [108] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʧʦʣʥʦʮʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʩʝʪʦʯʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ. ʇʦʜʦʙʥʳʡ 

ʧʦʜʭʦʜ ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʝʪʦʢ ʩ 

ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʤ ʨʘʟʤʝʨʦʤ ʧʝʨʚʦʛʦ ʩʣʦʷ ʷʯʝʝʢ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʟʣʦʚ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʝ ʨʘʩʯʝʪʥʦʡ 
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ʦʙʣʘʩʪʠ, ʧʨʠ ʵʪʦʤ ʚʥʝʰʥʷʷ ʛʨʘʥʠʮʘ ʙʫʜʝʪ ʠʤʝʪʴ ʧʨʦʠʟʚʦʣʴʥʫʶ ʬʦʨʤʫ, ʢʦʪʦʨʘʷ 

ʧʦʣʫʯʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʤʘʨʰʝʚʦʛʦ ʨʝʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʆʩʥʦʚʥʘʷ 

ʧʨʦʙʣʝʤʘ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʩʝʪʦʯʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ 

ʜʝʬʝʢʪʦʚ ʚʥʫʪʨʝʥʥʠʭ ʣʠʥʠʡ ʩʝʪʢʠ (ʠʟʣʦʤʦʚ), ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʬʦʨʤʦʡ ʛʨʘʥʠʮʳ 

ʦʙʣʘʩʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ ʠʩʭʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʦʙʘʚʣʷʶʪʩʷ 

ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʯʣʝʥʳ. ɺ ʩʪʘʪʴʝ [109] ʦʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʦʙʦʙʱʝʥʠʷ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʥʘ ʪʨʝʭʤʝʨʥʳʡ ʩʣʫʯʘʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʫʟʣʦʚ ʩʝʪʢʠ ʥʘ ʥʦʚʦʤ ʩʣʦʝ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʧʨʦʮʝʜʫʨʫ 

ʦʙʨʘʱʝʥʠʷ ʙʣʦʯʥʦʡ ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʳ. ʈʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ [110ï113] ʥʘʧʨʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʨʦʙʘʩʪʥʦʩʪʠ ʤʝʪʦʜʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʦʨʤʝ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ. 

ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʩʝʪʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʳʭ ʧʦʜʭʦʜʦʚ. ɺ ʩʪʘʪʴʝ [114] 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʤʝʰʘʥʥʘʷ ʧʘʨʘʙʦʣʠʢʦ-ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʨʝʘʣʠʟʫʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʫʞʝ ʦʧʠʩʘʥʥʳʭ ʩʝʪʦʯʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. ɺʦ-ʧʝʨʚʳʭ, 

ʧʦ-ʧʨʝʞʥʝʤʫ ʨʝʘʣʠʟʫʝʪʩʷ ʙʝʟʳʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʢʠ, ʚʦ-

ʚʪʦʨʳʭ, ʧʦʣʫʯʝʥʥʳʝ ʩʝʪʢʠ ʷʚʣʷʶʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ. ʇʨʠ ʵʪʦʤ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʟʣʦʚ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʠ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʛʠʙʨʠʜʥʦʡ ʩʭʝʤʳ ʧʦʣʫʯʝʥʦ ʢʘʢ 

ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʡ. 

ʉʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʫʨʘʚʥʝʥʠʷ ʢʘʞʜʦʛʦ ʫʯʠʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ. ʉʦʯʝʪʘʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʡ 

ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʝʪʢʫ ʩ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [115]. ʇʨʠ ʵʪʦʤ 

ʠʪʦʛʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ. ɸʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʧʦʜʭʦʜʫ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʧʨʝʦʙʣʘʜʘʝʪ ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʯʘʩʪʴ, ʧʨʠ  

ʙʦʣʴʰʠʭ ï ʵʣʣʠʧʪʠʯʝʩʢʘʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʨʝʰʝʥʠʠ 
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ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʦʧʠʩʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩʚʦʡʩʪʚʘʤʠ ʩʝʪʢʠ, ʘ ʪʘʢʞʝ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʥʘʣʠʯʠʠ ʠʟʣʦʤʦʚ ʛʨʘʥʠʮʳ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ. 

ʆʪʜʝʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʫʧʦʤʷʥʫʪʳʭ ʩʝʪʦʯʥʳʭ 

ʛʝʥʝʨʘʪʦʨʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʜʣʷ 

ʨʝʘʣʠʩʪʠʯʥʳʭ ɺʃɸ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʦʜʥʠʤ ʠʟ 

ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʠ ɺʃɸ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ ʠ ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʤʝʨʥʦʛʦ ʩʝʪʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʢʘʞʜʦʛʦ 

ʩʝʯʝʥʠʷ. ɺ ʨʘʙʦʪʘʭ [116ï118] ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʥʦʛʦʙʣʦʯʥʳʭ ʩʝʪʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʨʘʟʨʘʙʦʪʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʨʘʩʯʝʪʥʳʭ 

ʩʝʪʦʢ ʧʫʪʝʤ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ.  

2.2. ʇʨʠʤʝʥʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ (ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʩʝʪʦʯʥʳʡ ʛʝʥʝʨʘʪʦʨ) 

2.2.1. ʌʦʨʤʫʣʠʨʦʚʢʘ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʜʚʫʭʤʝʨʥʦʛʦ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʩʝʪʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʉʫʱʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʩʝʪʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ ʩʝʪʢʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʛʨʘʥʠʯʥʳʭ ʫʟʣʦʚ ʧʫʪʝʤ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ (ʃʘʧʣʘʩʘ, ʇʫʘʩʩʦʥʘ). ʉʚʦʡʩʪʚʘ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʩʝʪʢʠ ʩ ʛʣʘʜʢʠʤʠ ʣʠʥʠʷʤʠ 

ʜʘʞʝ ʚ ʟʦʥʘʭ ʩ ʠʟʣʦʤʘʤʠ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʫʭʤʝʨʥʳʡ ʩʣʫʯʘʡ. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʠʥʮʠʧʫ ʤʘʢʩʠʤʫʤʘ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʟʘʠʤʥʦ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʚʠʜʘ 

 ( ),x yx=x  (33) 

 ( ),x yh=h  (34) 
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ʉʠʩʪʝʤʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʃʘʧʣʘʩʘ, ʩʚʷʟʳʚʘʶʱʠʭ ʢʦʦʨʜʠʥʘʪʳ ʚ 

ʬʠʟʠʯʝʩʢʦʡ ʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠʤʝʝʪ ʚʠʜ 
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0

x y

µ x µ x
+ =

µ µ
 (35) 

 
2 2

2 2
0

x y

µ h µ h
+ =

µ µ
 (36) 

ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʩʝʪʢʠ ʚ ʬʠʟʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʫʨʘʚʥʝʥʠʷʭ (35) ï (36) 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ [119]. ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʪʦʞʜʝʩʪʚʘ  

 ( ) ( )( ), , ,x x y x y xx h ¹ (37) 

 ( ) ( )( ), , ,y x y x y yx h ¹ (38) 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʢʘʞʜʦʝ ʠʟ ʚʳʨʘʞʝʥʠʡ (37) ï (38) ʧʦ x  ʠ ʧʦ y . 

ʇʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ 

 1
x x

x x

µ µx µ µh
+ =

µxµ µhµ
 (39) 

 0
x x

y y

µ µx µ µh
+ =

µxµ µhµ
 (40) 

 0
y y

x x

µ µx µ µh
+ =

µxµ µhµ
 (41) 

 1
y y

y y

µ µx µ µh
+ =

µxµ µhµ
 (42) 

ɼʘʣʝʝ ʚʦʟʴʤʝʤ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ x  ʦʪ ʚʳʨʘʞʝʥʠʡ (39) ʠ (41) ʠ ʧʨʦʠʟʚʦʜʥʳʝ 

ʧʦ y  ʦʪ ʚʳʨʘʞʝʥʠʡ (40) ʠ (42) 

 

2 22 2 2 2 2

2 2 2 2
2

x x x x x

x x x x x x

è øµ µ x µ µ h µ µx µ µx µh µ µhå õ å õ
+ =- + Ö Ö +é ùæ ö æ ö

µxµ µhµ µx µ µxµh µ µ µh µç ÷ ç ÷é ùê ú

 (43) 

 

2 22 2 2 2 2

2 2 2 2
2

y y y y y

x x x x x x

è øµ µ x µ µ h µ µx µ µx µh µ µhå õ å õ
+ =- + Ö Ö +é ùæ ö æ ö

µxµ µhµ µx µ µxµh µ µ µh µç ÷ ç ÷é ùê ú

 (44) 

 

2 22 2 2 2 2
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x x x x x

y y y y y y

è øå õ å õµ µ x µ µ h µ µx µ µx µh µ µh
+ =- + Ö Ö +é ùæ ö æ ö

µxµ µhµ µx µ µxµh µ µ µh µç ÷ ç ÷é ùê ú

 (45) 
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2 22 2 2 2 2

2 2 2 2
2

y y y y y

y y y y y y

è øå õ å õµ µ x µ µ h µ µx µ µx µh µ µh
+ =- + Ö Ö +é ùæ ö æ ö

µxµ µhµ µx µ µxµh µ µ µh µç ÷ ç ÷é ùê ú

 (46) 

ʊʝʧʝʨʴ ʧʦʣʫʯʠʤ ʷʚʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ xxx , xxh , yyx , yyh . 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (43) ï (44) ʠ (45) ï (46). 
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x x x x

è øå õµ µ µx µ µh µ µx µhå õ å õ
+ + Ö Ö -é ùæ öæ ö æ öæ öµh µx µ µh µ µxµh µ µç ÷ ç ÷é ùµ x ç ÷

= é ù
µ å õµ µ µx µ µh µ µx µhå õ å õé ù

- + + Ö Öæ öæ ö æ öé ùæ öµh µx µ µh µ µxµh µ µç ÷ ç ÷ç ÷ê ú

 (47) 
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x x x x

x J x y y y

x x x x

è øå õµ µ µx µ µh µ µx µhå õ å õ
+ + Ö Ö -é ùæ öæ ö æ öæ öµx µx µ µh µ µxµh µ µç ÷ ç ÷é ùµ h ç ÷

= é ù
µ å õµ µ µx µ µh µ µx µhå õ å õé ù

- + + Ö Öæ öæ ö æ öé ùæ öµx µx µ µh µ µxµh µ µç ÷ ç ÷ç ÷ê ú

 (48) 
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x y y y

y y y y

y J y x x x

y y y y

è øå õå õ å õµ µ µx µ µh µ µx µh
é ùæ ö+ + Ö Ö -æ ö æ öæ öµh µx µ µh µ µxµh µ µé ùç ÷ ç ÷µ x ç ÷

= é ù
µ å õé ùå õ å õµ µ µx µ µh µ µx µh

æ ö- + + Ö Öé ùæ ö æ öæ öµh µx µ µh µ µxµh µ µç ÷ ç ÷é ùç ÷ê ú

 (49) 
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1
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y x x x

y y y y

y J x y y y

y y y y

è øå õå õ å õµ µ µx µ µh µ µx µh
é ùæ ö+ + Ö Ö -æ ö æ öæ öµx µx µ µh µ µxµh µ µé ùç ÷ ç ÷µ h ç ÷

= é ù
µ å õé ùå õ å õµ µ µx µ µh µ µx µh

æ ö- + + Ö Öé ùæ ö æ öæ öµx µx µ µh µ µxµh µ µç ÷ ç ÷é ùç ÷ê ú

 (50) 

ɿʜʝʩʴ 
x y x y

J
µ µ µ µ
= -
µxµh µhµx

 ï ʷʢʦʙʠʘʥ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʉʣʦʞʠʤ ʚʳʨʘʞʝʥʠʷ 

(47) ʠ (49) 
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è øå õå õå õ å õµ µx µx µ µx µh µx µhå õé ùæ öæ ö+ + Ö + Ö +æ öæ ö æ öæ öµx µ µ µxµh µ µ µ µé ùæ öç ÷ç ÷ ç ÷µ x µ x µ ç ÷
é ùæ ö+ = -

µ µ µhé ùå õæ öå õµ µh µhå õ
æ ö+ +é ùæ öæ öæ öæ öæ öµh µ µç ÷é ùç ÷ç ÷ç ÷ê ú
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x x

x y x x y yy

J x

x y

è øå õå õå õ å õµ µx µx µ µx µh µx µhå õé ùæ öæ ö+ + Ö + Ö +æ öæ ö æ öæ öµx µ µ µxµh µ µ µ µé ùæ öç ÷ç ÷ ç ÷µ ç ÷
é ùæ ö-
µhé ùå õæ öå õµ µh µhå õ

æ ö+ +é ùæ öæ öæ öæ öæ öµh µ µç ÷é ùç ÷ç ÷ç ÷ê ú

 (51) 

ɼʘʣʝʝ ʙʫʜʝʤ ʠʩʢʣʶʯʘʪʴ ʩʤʝʰʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ xxh, yxh. ɺʝʨʥʝʤʩʷ ʢ 

ʫʨʘʚʥʝʥʠʷʤ (41) ʠ (42). ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ (41) ʧʦ x, ʘ (42) ï ʧʦ y  
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y y y y y
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µ µx µ µx µh µ µh µ µ x µ µ hå õ å õ
+ Ö Ö + =- -æ ö æ ö

µx µ µxµh µ µ µh µ µxµ µhµç ÷ ç ÷
 (52) 
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y y y y y

y y y y y y

å õ å õµ µx µ µx µh µ µh µ µ x µ µ h
+ Ö Ö + =- -æ ö æ ö

µx µ µxµh µ µ µh µ µxµ µhµç ÷ ç ÷
 (53) 

ʉʣʦʞʠʤ ʫʨʘʚʥʝʥʠʷ (52) ʠ (53) 

 

2 22 22 2 2
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y y y

x y x x y y x y

y y

x y x y

è ø è øå õ å õ å õµx µx µ µx µh µx µh µ µh µh µå õ å õ
+ + Ö + Ö + + =é ù é ùæ ö æ öæ ö æ ö æ ö

µ µ µx µ µ µ µ µxµh µ µ µhç ÷ ç ÷ç ÷ ç ÷ ç ÷é ù é ùê ú ê ú

å õ å õµ µ x µ x µ µ h µ h
=- + - +æ ö æ ö
µx µ µ µh µ µç ÷ ç ÷

 (54) 

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʷ (51) ʠ (54) ʧʦʣʫʯʠʤ 

 

22 2 2

2

22 2

2

2

0

x x

x y x x y y

x

x y

è øå õ å õµx µx µ µ µx µh µx µhå õ
+ + Ö + Ö +é ùæ öæ ö æ ö

µ µ µx µxµh µ µ µ µç ÷ç ÷ ç ÷é ùê ú

è øå õµh µh µå õ
+ + =é ùæ öæ ö
µ µ µhç ÷ç ÷é ùê ú

 (55) 

ʉʚʷʟʴ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʥʳʤʠ ʚ ʬʠʟʠʯʝʩʢʦʡ ʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ (39) ï (42) ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʷʢʦʙʠʘʥʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (55) ʧʦʣʫʯʠʤ ʵʣʣʠʧʪʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ x  ʠ y  ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʢʦʦʨʜʠʥʘʪ 

x ʠ h 

 ( ) ( ) ( )2 2 2 22 0x y x x x y y x x y xh h xx x h x h xh x x hh+ - + + + = (56) 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʚʪʦʨʦʡ ʢʦʦʨʜʠʥʘʪ r
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 ( ) ( ) ( )2 2 2 22 0x y y x x y y y x y yh h xx x h x h xh x x hh+ - + + + = (57) 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (56) ï (57) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʚʫʭʤʝʨʥʦʡ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʝʪʢʠ. ʆʜʥʘʢʦ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʝʜʝʥʠʝʤ ʣʠʥʠʡ ʩʝʪʢʠ 

ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʡ (56) ï (57) 

ʚʚʦʜʷʪʩʷ ʢʦʥʪʨʦʣʴʥʳʝ ʬʫʥʢʮʠʠ. ʊʦʛʜʘ ʠʪʦʛʦʚʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʨʠʤʝʪ 

ʚʠʜ [104] 

 ( ) ( )22 12 112 0g x Px g x g x Qxxx x xh hh h+ - + + = (58) 

 ( ) ( )22 12 112 0g y Py g y g y Qyxx x xh hh h+ - + + = (59) 

ʇʘʨʘʤʝʪʨʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 22g , 12g , 11g  ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ 

 2 2

11g x yx x= +  (60) 

 12g x x y yx h x h= +  (61) 

 2 2

22g x yh h= +  (62) 

ʋʨʘʚʥʝʥʠʷ (58) ï (59) ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ 

 ( ) ( )22 12 112 0g P g g Qxx x xh hh h+ - + + =x x x x x  (63) 

ɿʜʝʩʴ ( ),x yx = . ʆʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʬʫʥʢʮʠʡ P  ʠ 

Q  ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʨʘʟʜʝʣʝ 2.2.3.  

2.2.2. ʈʝʘʣʠʟʘʮʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʜʦʣʞʥʦ 

ʙʳʪʴ ʟʘʜʘʥʦ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ ʩʝʪʢʠ. 

ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʨʦʩʪʝʡʰʠʤ 

ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ 

 
1

1

1

j
RJ

NJ

-
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-
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2
1

NJ j
RJ

NJ

-
=

-
 (64) 

 , 1 , 2 ,1i j i NJ iRJ RJ= Ö + Öx x x  (65) 

ɿʜʝʩʴ NJ  ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ h. ɼʘʥʥʳʡ ʤʝʪʦʜ ʜʘʝʪ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʷʭ ʩ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ 
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ʬʦʨʤʦʡ ʛʨʘʥʠʮ. ɹʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʪʨʘʥʩʬʠʥʠʪʥʘʷ 

ʠʥʪʝʨʧʦʣʷʮʠʷ [120], ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʝʪʢʠ ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ 

ʚ ʦʙʣʘʩʪʷʭ, ʚ ʢʦʪʦʨʳʭ ʚʩʝ ʛʨʘʥʠʮʳ ʷʚʣʷʶʪʩʷ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ. ʉʦʦʪʥʦʰʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ, ʠʤʝʶʪ ʚʠʜ 
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 (66) 
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 (67) 

 , 1 , 2 1,i j NI j jRI RI= Ö + ÖPx x x  (68) 

 ( ) ( ), 1 , , 2 ,1 ,1i j i NJ i NJ i iRJ RJ= Ö - + Ö -Qx x Px x Px  (69) 

 , , ,i j i j i j=x Px + Qx  (70) 

ʅʘ ʨʠʩ. 8 ʠ ʨʠʩ. 9 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭ 

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʪʢʠ 

ɺ ʨʘʙʦʪʝ [90] ʙʳʣʠ ʦʧʠʩʘʥʳ ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʠʟʥʘʯʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ. ɺ ʧʨʠʥʮʠʧʝ ʣʶʙʦʡ ʠʟ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʵʪʦʡ ʮʝʣʠ. ʏʘʩʪʦ ʜʘʥʥʳʡ ʵʪʘʧ ʥʘʟʳʚʘʶʪ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʧʨʝʜʠʢʪʦʨʦʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ 

ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ, ʠʟʣʦʞʝʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʝʘʣʠʟʘʮʠʶ 

ʬʫʥʢʮʠʡ ʩʛʫʱʝʥʠʷ ʠʤʝʥʥʦ ʥʘ ʵʪʘʧʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʧʨʝʜʠʢʪʦʨʘ. 

  

ʈʠʩ. 8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʫʟʣʦʚ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ 

ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʈʠʩ. 9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʫʟʣʦʚ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ 

ʪʨʘʥʩʬʠʥʠʪʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ 
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2.2.3. ʂʦʥʪʨʦʣʴ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʩʝʪʢʠ ʫ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ ʚ ʨʘʤʢʘʭ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ɼʠʨʠʭʣʝ 

ʇʦʜʦʙʥʳʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʝʪʦʯʥʳʭ ʫʟʣʦʚ ʚ ʯʘʩʪʥʦʩʪʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ ʨʘʙʦʪʝ [121] ʜʣʷ ʜʚʫʭʤʝʨʥʦʡ ʟʘʜʘʯʠ ʠ ʚ ʩʪʘʪʴʝ [122] ʜʣʷ 

ʪʨʝʭʤʝʨʥʦʡ ʟʘʜʘʯʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʵʪʦʤ 

ʢʦʥʪʨʦʣʴʥʳʝ ʬʫʥʢʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʣʠʥʠʡ ʩʝʪʢʠ ʢ ʛʨʘʥʠʮʘʤ, ʥʦ ʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʨʘʥʠʮ ʜʦ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʚʥʫʪʨʝʥʥʠʭ ʩʝʪʦʯʥʳʭ ʫʟʣʦʚ. ɺʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ 

 
11 22g g

x xx x hhÖ Ö
=- -

x x x x
P  (63) 

 
22 11g g

h hh h xxÖ Ö
=- -

x x x x
Q  (64) 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʝʪʦʢ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʟʣʦʚ ʥʘ ʚʩʝʭ ʛʨʘʥʠʮʘʭ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10 ʚ ʜʚʫʭʤʝʨʥʦʤ ʩʣʫʯʘʝ ʪʘʢʠʭ ʛʨʘʥʠʮ ʙʫʜʝʪ 

ʯʝʪʳʨʝ: ʧʝʨʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0x=, ʚʪʦʨʘʷ ï 1x=, ʪʨʝʪʴʷ ï 0h=, ʯʝʪʚʝʨʪʘʷ ï 

1h=. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ x ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʟʤʝʥʝʥʠʶ ʠʥʜʝʢʩʘ i  ʦʪ 1 ʜʦ NI , ʘ ʠʟʤʝʥʝʥʠʝ ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ  

h ï ʠʟʤʝʥʝʥʠʶ ʠʥʜʝʢʩʘ j  ʦʪ 1 ʜʦ NJ . 

 

ʈʠʩ. 10. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʟʣʦʚ ʧʦ ʛʨʘʥʠʮʘʤ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 
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ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚʩʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʚʭʦʜʷʱʠʝ ʚ ʫʨʘʚʥʝʥʠʷ 

(63) ï (64). ʌʦʨʤʫʣʳ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʦʠʟʚʦʜʥʳʭ hx  ʠ hhx  ʥʘ ʛʨʘʥʠʮʘʭ 0x= ʠ 1x=. 

 ( ), 1 , 10.5 /i j i jh + -= Ö - Dhx x x  (65) 

 ( )( )
2

, 1 , , 12 /i j i j i jhh + -= - Ö + Dhx x x x  (66) 

ɿʜʝʩʴ 1i=  ʧʨʠ 0x= ʠ i NI=  ʧʨʠ 1x=, 1Dh=. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ xx  ʠ xxx  ʥʘ ʛʨʘʥʠʮʘʭ 0h= ʠ 1h=ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 ( )1, 1,0.5 /i j i jx + -= Ö - Dxx x x  (67) 

 ( )( )
2

1, , 1,2 /i j i j i jxx + -= - Ö + Dxx x x x  (68) 

ɿʜʝʩʴ 1j=  ʧʨʠ 0h= ʠ j NJ=  ʧʨʠ 1h=, 1Dx=. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʬʫʥʢʮʠʡ (63) ï (64) ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ xx , xxx

ʥʘ ʛʨʘʥʠʮʘʭ 0x= ʠ 1x=, ʠ hx , hhx  ʥʘ ʛʨʘʥʠʮʘʭ 0h= ʠ 1h=. ʇʝʨʚʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ 

 ( )1, 2, 3,0.5 3 4 /j j jx= Ö - + - Dxx x x x , 0x= (69) 

 ( ), 1, 2,0.5 3 4 /NI j NI j NI jx - -= Ö - + Dxx x x x , 1x= (70) 

 ( ),1 ,2 ,30.5 3 4 /i i ih= Ö - + - Dhx x x x , 0h= (71) 

 ( ), , 1 , 20.5 3 4 /i NJ i NJ i NJh - -= Ö - + Dhx x x x , 1h= (72) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʛʝʥʝʨʘʮʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʣʦʝʚ ʬʠʢʪʠʚʥʳʭ ʪʦʯʝʢ ʚʜʦʣʴ ʚʩʝʭ ʛʨʘʥʠʮ. ɺ ʵʪʦʤ 

ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʨʘʥʠʯʥʳʭ ʪʦʯʢʘʭ, ʘ ʪʘʢʞʝ ʢʦʦʨʜʠʥʘʪʳ 

ʧʝʨʚʦʛʦ ʩʣʦʷ ʩʝʪʦʯʥʳʭ ʫʟʣʦʚ. ʉʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʝʢʮʠʷ ʪʦʯʢʠ ʩ 

ʙʣʠʞʘʡʰʝʡ ʢ ʛʨʘʥʠʮʝ ʣʠʥʠʠ ʩʝʪʢʠ ʥʘ ʥʦʨʤʘʣʴ ʢ ʵʪʦʡ ʛʨʘʥʠʮʝ 

 ( )
22 22

,n
y x

y x x y
g g

h h

x h x h x

-å õ
= -æ ö
ç ÷

x  (73) 

 ( )
11 11

,n
y x

y x x y
g g

x x

h x h x h

-å õ
= - +æ ö
ç ÷

x  (74) 
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ɺ ʫʨʘʚʥʝʥʠʠ (73) xh, yh ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (65), ʘ 

ʧʨʦʠʟʚʦʜʥʳʝ xx ʠ yx ï ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ (69) ï (70) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʨʘʥʠʮʳ. ɸʥʘʣʦʛʠʯʥʦ ʚ ʩʦʦʪʥʦʰʝʥʠʠ (74) ʧʨʦʠʟʚʦʜʥʳʝ xx ʠ yx ʚʳʯʠʩʣʷʶʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʥʦʰʝʥʠʷ (67), ʘ xh, yh ï ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʥʦʰʝʥʠʡ (71) ï (72). 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʬʠʢʪʠʚʥʳʭ ʪʦʯʝʢ ʚʜʦʣʴ ʚʩʝʭ ʛʨʘʥʠʮ 

ʠʤʝʶʪ ʚʠʜ 

 
0 1,

ghost n

jx= x= -x x x  (81) 

 
1 ,

ghost n

NI jx= x= +x x x  (82) 

 
0 ,1

ghost n

ih= h= -x x x  (83) 

 
1 ,

ghost n

i NJh= h= +x x x  (84) 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʠʢʪʠʚʥʳʭ ʫʟʣʦʚ ʚʜʦʣʴ ʛʨʘʥʠʮ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 11. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʫʟʣʦʚ 1, 1i j= =, , 1i NI j= =, 1,i j NJ= = , 

,i NI j NJ= =  ʥʝ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʢʪʠʚʥʳʭ ʪʦʯʝʢ. 

 

ʈʠʩ. 11. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʠʢʪʠʚʥʳʭ ʫʟʣʦʚ ʚʜʦʣʴ ʛʨʘʥʠʮ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʊʝʧʝʨʴ ʧʨʦʠʟʚʦʜʥʳʝ xxx  ʥʘ ʛʨʘʥʠʮʘʭ 0x= ʠ 1x=, ʠ hhx  ʥʘ ʛʨʘʥʠʮʘʭ 0h= 

ʠ 1h= ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ 

 ( )0 2

2, 1, 02 /ghost

j j

x=

xx x== - Ö + Dxx x x x  (85) 
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 ( )1 2

1 , 1,2 /ghost

NI j NI j

x=

xx x= -= - Ö + Dxx x x x  (86) 

 ( )0 2

,2 ,1 02 /ghost

i i

h=

hh h== - Ö + Dhx x x x  (87) 

 ( )1 2

1 , , 12 /ghost

i NJ i NJ

h=

hh h= -= - Ö + Dhx x x x  (88) 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʬʫʥʢʮʠʡ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (63) ï (64) ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʪʨʘʥʩʬʠʥʠʪʥʘʷ 

ʠʥʪʝʨʧʦʣʷʮʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʠʭ 

ʫʟʣʘʭ. ʇʦʣʝʟʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʠʝ ʩʛʣʘʞʠʚʘʥʠʷ 

 ( ), , 1 , 1

1

2

s

i j i j i j+ -= +P P P  (89) 

 ( ), , 1 , 1

1

2

s

i j i j i j+ -= +Q Q Q  (90) 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʝʪʢʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ. ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʥʘʯʘʣʴʥʦʡ ʩʝʪʢʠ (ʥʘʧʨʠʤʝʨ, ʟʦʥʳ 

ʩʛʫʱʝʥʠʷ) ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʚʦʜʠʪʩʷ ʜʝʤʧʬʠʨʫʶʱʠʡ 

ʤʥʦʞʠʪʝʣʴ 

 
1

,

j NJ ji NI i
NI NJ NI NJ

i jb e
--

d
-

=  (91) 

ɺ ʠʪʦʛʝ ʢʦʥʪʨʦʣʴʥʳʝ ʬʫʥʢʮʠʠ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ  

 ( ), , , , ,1itog s

i j i j i j i j i jb b= + -P P P  (92) 

 ( ), , , , ,1itog s

i j i j i j i j i jb b= + -Q Q Q  (93) 

ʈʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʬʫʥʢʮʠʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 13 ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʝʪʢʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ (ʨʠʩ. 12). ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʠʟʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʧʦʜʭʦʜʘ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʝʪʦʢ ʙʣʠʟʢʠʭ ʢ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʥʘ ʚʩʝʭ 

ʛʨʘʥʠʮʘʭ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. 



55 

  

ʈʠʩ. 12. ʅʘʯʘʣʴʥʘʷ ʩʝʪʢʘ 

ʈʠʩ. 13. ʉʝʪʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ 

ʬʫʥʢʮʠʡ 

2.2.4. ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (63) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ɻʘʫʩʩʘ-

ɿʝʡʜʝʣʷ ʠʣʠ ʤʝʪʦʜʦʚ ʨʝʣʘʢʩʘʮʠʠ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʯʠʩʣʝʥʥʦʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ [123]. ʂʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ 

ʨʝʣʘʢʩʘʮʠʠ ʠʤʝʝʪ ʚʠʜ 

 ( )1 1 2

, , ,1p p p

i j i j i j

+ += -w +wx x x  (94) 
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( ) ( )( )

( ) ( )( )

22 1, , 1, ,
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,
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11 , 1 , , 1 ,

1 0.5 1 0.5

2 1 0.5 1 0.5

p p p p

i j i j i j i j
p

i j
p p p p

i j i j i j i j

g

g g g

+ -
+

+ -

å õÖ Ö + Ö + Ö - Ö +w æ ö=
æ ö+ æ ö+ Ö Ö + Ö + Ö - Ö
ç ÷

x P x P
x

x Q x Q
 (95) 

ɿʜʝʩʴ p  ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ, w ï ʧʘʨʘʤʝʪʨ ʨʝʣʘʢʩʘʮʠʠ, 11g  ʠ 22g

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (60) ï (62). ɿʥʘʯʝʥʠʷ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʨʘʚʥʝʥʠʝ (94) ʩʭʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ, ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 

0 2<w<. ʇʨʠ 1w< ʨʝʯʴ ʠʜʝʪ ʦ ʤʝʪʦʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʥʠʞʥʝʡ ʨʝʣʘʢʩʘʮʠʠ, 

ʘ ʧʨʠ 1w= ʧʦʣʫʯʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʤʝʪʦʜ ɻʘʫʩʩʘ-ɿʝʡʜʝʣʷ. 
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2.2.5. ʈʝʟʫʣʴʪʘʪʳ 

ʇʨʠʤʝʥʝʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʩʝʪʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʦʧʨʘʚʜʘʥʥʳʤ ʜʣʷ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʧʦʩʪʨʦʝʥʠʝ 

ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʛʨʘʥʠʮʘʤʠ (ʚʥʫʪʨʝʥʥʠʤʠ ʠ 

ʚʥʝʰʥʠʤʠ) ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ ʠʣʠ ʚ ʟʘʜʘʯʘʭ, ʪʨʝʙʫʶʱʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʙʣʦʯʥʳʭ ʩʝʪʦʢ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ʩʧʫʩʢʘʝʤʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚ 

ʦʙʱʝʡ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚʦʟʥʠʢʘʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʟʦʥʳ, 

ʪʨʝʙʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩʝʪʦʢ: 1) ɿʦʥʘ ʣʦʙʦʚʦʛʦ ʱʠʪʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʧʦʣʦʩʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʞʘʪʳʡ ʫʜʘʨʥʳʡ ʩʣʦʡ ï ʢʨʘʡʥʝ ʫʟʢʠʡ ʧʨʠ ʭʘʨʘʢʪʝʨʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʚʭʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ; 2) ʇʝʨʝʭʦʜʥʘʷ ʟʦʥʘ, ʚ ʢʦʪʦʨʦʡ ʫʜʘʨʥʘʷ ʚʦʣʥʘ 

ʦʪʭʦʜʠʪ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʫʩʢʘʝʤʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʦʙʨʘʟʫʝʪʩʷ  

ʚʦʟʚʨʘʪʥʦ-ʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ; 3) ʇʨʦʪʷʞʝʥʥʘʷ ʟʦʥʘ ʩʣʝʜʘ, ʯʴʷ ʬʠʟʠʯʝʩʢʘʷ 

ʜʣʠʥʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ. ʉʚʦʡʩʪʚʘ ʪʝʯʝʥʠʷ ʚ ʩʣʝʜʝ 

ʟʘ ʩʧʫʩʢʘʝʤʳʤ ʘʧʧʘʨʘʪʦʤ ʦʧʨʝʜʝʣʷʶʪ ʢʦʥʚʝʢʪʠʚʥʳʡ ʠ ʨʘʜʠʘʮʠʦʥʥʳʡ ʥʘʛʨʝʚ 

ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʥʜʘ. ʇʨʠʤʝʨ ʜʚʫʤʝʨʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʜʣʷ ʨʘʩʯʝʪʘ 

ʦʙʪʝʢʘʥʠʷ ʩʧʫʩʢʘʝʤʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ Exomars ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 14 

 

ʈʠʩ. 14. ɼʚʫʭʤʝʨʥʘʷ ʯʝʪʳʨʝʭʙʣʦʯʥʘʷ ʩʝʪʢʘ ʜʣʷ ʩʧʫʩʢʘʝʤʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ Exomars 
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ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʚʫʤʝʨʥʳʝ ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʛʦʜʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ 

ʚʦ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʣʫʯʘʷʭ: ʧʨʠ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʠ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʠʣʠ ʧʨʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʩʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚ ʚʠʜʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʝʪʦʯʥʘʷ ʪʦʧʦʣʦʛʠʷ 

ʜʣʷ ʩʧʫʩʢʘʝʤʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ Exomars ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 15. 

 

ʈʠʩ. 15. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʝʤʠʙʣʦʯʥʘʷ ʩʝʪʢʘ ʜʣʷ ʩʧʫʩʢʘʝʤʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ Exomars 

2.3. ʇʨʠʤʝʥʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ (ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʩʝʪʦʯʥʳʡ ʛʝʥʝʨʘʪʦʨ) 

2.3.1. ʌʦʨʤʫʣʠʨʦʚʢʘ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʜʚʫʭʤʝʨʥʦʛʦ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʩʝʪʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ɺ ʩʪʘʪʴʝ [108] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʦʢ, ʦʩʥʦʚʘʥʥʘʷ 

ʥʘ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʠʟ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ. ʇʝʨʚʦʝ ʠʟ ʥʠʭ 

ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʫʩʣʦʚʠʝ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʣʠʥʠʡ ʩʝʪʢʠ ʢ ʠʩʭʦʜʥʦʡ 

ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʝ 
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 0x x y yx h x h+ = (96) 

ɺʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪ ʗʢʦʙʠʘʥ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʜʚʫʤʝʨʥʳʭ ʦʙʲʝʤʦʚ ʚ ʬʠʟʠʯʝʩʢʦʡ ʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʟʤʝʨ ʩʝʪʦʯʥʳʭ ʷʯʝʝʢ  

 
1

x y x y V
J

x h h x- = ¹ (97) 

ɿʜʝʩʴ J  ï ʷʢʦʙʠʘʥ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, V  ï ʜʚʫʤʝʨʥʳʡ ʦʙʲʝʤ ʷʯʝʡʢʠ. ɼʘʣʝʝ 

ʫʨʘʚʥʝʥʠʷ (96) ï (97) ʜʦʣʞʥʳ ʙʳʪʴ ʣʠʥʝʘʨʠʟʦʚʘʥʳ. 

 ( )0 0 0x x x x x x= + - = + (98) 

 ( )0 0 0y y y y y y= + - = + (99) 

ʇʦʜʩʪʘʚʣʷʷ (98), (99) ʚ (96) ʠ (97) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʠʤ  

 ( )( ) ( )( )0 0 0 0 0x x x x y y y y
x h x h

+ + + + + = (100) 

 ( )( ) ( )( )0 0 0 0 0x x y y x x y y V V
x h h x

+ + + + + = + (101) 

ʇʦʜʩʪʘʚʣʷʷ (98), (99) ʚ (96) ʠ (97) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʠʤ  

 0 0 0 0 0x x x x y y y yh x h x x h x h+ + + = (102) 

 0 0 0 0 0x y y x x y y x V Vx h h x h x x h+ - - = + (103) 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʠʧ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʰʝʥʘ ʯʠʩʣʝʥʥʦ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʘʤʠ [108], [110], [113] ʠʤʝʝʪ ʩʤʳʩʣ 

ʧʨʝʜʩʪʘʚʠʪʴ ʠʩʭʦʜʥʫʶ ʩʠʩʪʝʤʫ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ 

 [] []A R B R Hx h+ =  (104) 

ʛʜʝ  

 
x

R
y

è ø
=é ù
ê ú

, 

0 0

0 0

x y
A

y x

h h

h h

è ø
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-ê ú
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0 0
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x y
B

y x

x x

x x

è ø
=é ù
-ê ú

, 
0

0
H

V V

è ø
=é ù

+ê ú
 (105) 

ɼʘʣʝʝ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ x ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʘʣʴʥʳʭ 

ʨʘʟʥʦʩʪʝʡ, ʘ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ h ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʳʭ ʨʘʟʥʦʩʪʝʡ. ʊʦʛʜʘ 

ʧʦʣʫʯʠʤ 
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 [] []1, 1, , , 1

,
2

i j i j i j i j

i j

R R R R
A B H

+ - -- -
+ =

Dx Dh
 (106) 

ʋʤʥʦʞʠʤ ʫʨʘʚʥʝʥʠʝ (106) ʥʘ ʦʙʨʘʪʥʫʶ ʤʘʪʨʠʮʫ 1B-  ʠ ʧʦʣʦʞʠʤ 

1Dx=Dh= 

 [][]{ } [][]{ } []
1 1 1

1, , 1, , , 1, 1
, 1 , 1

1 1

2 2
i j i j i j i j i ji j

i j i j

B A R R B A R B H R
- - -

- + --
- -

- Ö + + Ö = + (107) 

ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ  

 [ ] [][]{ }1

, 1

1

2 i j

AA B A
-

-

=-  (108) 

 [ ][]BB I=  (109) 

 [ ] [ ]CC AA=-  (110) 

 [ ][] []
1

, 1, 1 , i ji j i j
DD B H R

-

--
= +  (111) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʨʠʯʥʘʷ ʬʦʨʤʘ ʫʨʘʚʥʝʥʠʷ (104) ʧʨʠʤʝʪ ʚʠʜ 

 [ ] [ ] [ ] [ ]1, , 1, ,i j i j i j i j
AA R BB R CC R DD- ++ + =  (112) 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (112) ʠʤʝʝʪ ʙʣʦʯʥʫʶ ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʫʶ ʤʘʪʨʠʮʫ. 

ʈʝʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʯʥʦʡ ʧʨʦʛʦʥʢʠ, ʨʝʘʣʠʟʫʝʤʦʡ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʩʝʪʦʯʥʳʭ ʫʟʣʦʚ ʥʘ ʢʘʞʜʦʤ ʥʦʚʦʤ j -ʤ ʩʣʦʝ. 

ʈʘʟʤʝʨʥʦʩʪʴ ʙʦʣʴʰʦʡ ʤʘʪʨʠʮʳ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʫʟʣʦʚ ʥʘ 

ʠʟʚʝʩʪʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʝ NI  
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R DDBB CC

R DDAA BB CC

AA BB CC R DD

AA BB R DD
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2.3.2. ɺʳʯʠʩʣʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʘ ʷʯʝʝʢ 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ x ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩ 

ʮʝʥʪʨʘʣʴʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ 
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ʇʨʦʠʟʚʦʜʥʳʝ ʧʦ h ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʙʲʝʤʦʚ ʷʯʝʝʢ ʧʦ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʢʘʞʜʦʛʦ 

ʥʦʚʦʛʦ j -ʛʦ ʩʣʦʷ ʷʚʣʷʶʪʩʷ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʤʠ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʢʨʫʞʥʦʩʪʠ ʩ ʜʣʠʥʦʡ 

ʜʫʛʠ ʨʘʚʥʦʡ ʜʣʠʥʝ ʠʩʢʦʤʦʡ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʳ. ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʳ 

ʙʝʨʝʪʩʷ ʝʱʝ ʦʜʥʘ ʦʢʨʫʞʥʦʩʪʴ ʩ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʘʜʠʫʩʦʤ, ʙʦʣʴʰʠʤ ʯʝʤ 

ʨʘʜʠʫʩ ʚʥʫʪʨʝʥʥʝʡ ʦʢʨʫʞʥʦʩʪʠ. ʇʨʠ ʠʟʚʝʩʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫʟʣʦʚ ʚ 

ʥʦʨʤʘʣʴʥʦʤ ʢ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʝ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʩʝʪʢʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʞʝʣʘʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʦʚ ʷʯʝʝʢ. ɼʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʫʟʣʦʚ ʩʝʪʢʠ ʚ ʟʦʥʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʩʛʫʱʝʥʠʷ 

 ()
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exp 1

exp 1
s
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ɿʜʝʩʴ b ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. ʅʘ ʨʠʩ. 16 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʟʣʦʚ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʩʝʯʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ɺʃɸ. ʅʘ ʨʠʩ. 17 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʦʚ ʷʯʝʝʢ ʧʦ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ɺʃɸ. ɼʚʫʤʝʨʥʳʡ ʦʙʲʝʤ ʷʯʝʡʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ 

 ( )( )2 2

, 1 10.25i j j j i iV R R+ += Ö - q -q (119) 
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ɿʜʝʩʴ jR  ʠ iq ï ʧʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ.  

 

ʈʠʩ. 16. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʟʣʦʚ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʩʝʯʝʥʠʷ ɺʃɸ Waverider 

 

 

ʈʠʩ. 17. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʦʚ ʷʯʝʝʢ ʧʦ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ɺʃɸ Waverider 

2.3.3. ʇʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʆʜʥʦʡ ʠʟ ʥʝʛʘʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʩʝʪʦʯʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ ʛʨʘʥʠʮʳ (ʠʟʣʦʤʘʤ) 

ʠ ʥʠʟʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ. ʆʙʘ ʬʘʢʪʦʨʘ ʟʘʪʨʫʜʥʷʶʪ ʧʦʣʫʯʝʥʠʝ 

ʛʣʘʜʢʦʡ ʩʝʪʢʠ ʙʝʟ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʡ. ɼʣʷ ʙʦʨʴʙʳ ʩ ʫʢʘʟʘʥʥʳʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (112) ʚʚʦʜʠʪʩʷ ʜʠʩʩʠʧʘʪʠʚʥʳʡ ʯʣʝʥ, 

ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʚʠʜ [110] 

 ( ) ( )( )
2

, ,i j i jR R
x x x

è øF=b DÐ =b DÐ DÐ
ê ú

 (120) 
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ɿʜʝʩʴ b ï ʧʦʩʪʦʷʥʥʘʷ. ʍʘʨʘʢʪʝʨʥʳʝ ʟʥʘʯʝʥʠʷ 0.125 0.16b= · . 

2.3.4. ʈʝʟʫʣʴʪʘʪʳ 

ɻʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʩʝʪʦʯʥʳʡ ʛʝʥʝʨʘʪʦʨ ʫʜʦʙʝʥ ʧʨʠ ʨʘʩʯʝʪʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ, ʪʨʝʙʫʶʱʠʭ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʣʠʰʴ ʙʣʠʞʥʝʛʦ ʧʦʣʷ 

ʪʝʯʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʥʝ ʦʧʨʝʜʝʣʷʪʴ ʦʪʜʝʣʴʥʦ ʬʦʨʤʫ ʚʥʝʰʥʝʡ 

ʛʨʘʥʠʮʳ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʅʘ ʨʠʩ. 18 ʧʦʢʘʟʘʥʘ ʜʚʫʭʤʝʨʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʝʪʢʘ 

ʚʦʢʨʫʛ ʩʝʯʝʥʠʷ ʚʦʣʥʦʣʝʪʘ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʨʝʘʣʠʟʘʮʠʷ ʩʛʫʱʝʥʠʷ 

ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʵʪʘʧʝ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʷʯʝʝʢ. 

 

ʈʠʩ. 18. ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʚ ʩʝʯʝʥʠʠ ʚʦʣʥʦʣʝʪʘ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʝʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʧʦʚʝʨʭʥʦʩʪʴ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʚ ʚʠʜʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ, ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʚʫʤʝʨʥʳʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʩʝʪʦʯʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠʤʝʨʳ ʧʦʜʦʙʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 19ï21. 
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ʈʠʩ. 19. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʩʝʪʢʘ ʜʣʷ ʤʦʜʝʣʠ ʚʦʣʥʦʣʝʪʘ 

 

 

ʈʠʩ. 20. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʩʝʪʢʘ ʜʣʷ ʤʦʜʝʣʠ ɺʃɸ AHW 
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ʈʠʩ. 21. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʩʝʪʢʘ ʜʣʷ ʤʦʜʝʣʠ ɺʃɸ HyBolt 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʩʝʪʢʠ ʜʣʷ ʤʦʜʝʣʝʡ ʚʦʣʥʦʣʝʪʘ ʠ ɺʃɸ AHW, 

ʘ ʪʘʢʞʝ ʜʣʷ ɺʃɸ HyBolt ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 22ï24. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʜʝʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʚ ʦʙʣʘʩʪʠ ʥʦʩʘ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʘ ʪʘʢʞʝ ʚ ʟʦʥʝ ʟʘʜʥʝʡ ʩʪʝʥʢʠ. ɼʣʷ ʧʝʨʚʦʡ ʦʙʣʘʩʪʠ ʩʝʪʢʘ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʜʣʷ ʚʪʦʨʦʡ ʦʙʣʘʩʪʠ 

ï ʣʠʙʦ ʪʨʘʥʩʬʠʥʠʪʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ, ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ 

ʩʝʪʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

 

ʈʠʩ. 22. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʝʪʢʘ ʜʣʷ ʤʦʜʝʣʠ ʚʦʣʥʦʣʝʪʘ 
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ʈʠʩ. 23. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʝʪʢʘ ʜʣʷ ʤʦʜʝʣʠ ɺʃɸ AHW 

 

 

ʈʠʩ. 24. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʝʪʢʘ ʜʣʷ ʤʦʜʝʣʠ ɺʃɸ HyBolt 
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2.4. ɺʳʚʦʜʳ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʠʟʣʦʞʝʥʳ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ. ʕʣʣʠʧʪʠʯʝʩʢʠʡ ʩʝʪʦʯʥʳʡ ʛʝʥʝʨʘʪʦʨ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʪʝʨʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ï ʰʠʨʦʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʩʝʪʦʯʥʳʭ ʫʟʣʦʚ, ʨʝʘʣʠʟʫʝʤʘʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʬʫʥʢʮʠʡ ʚ 

ʠʩʭʦʜʥʫʶ ʩʠʩʪʝʤʫ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʪʦʠʪ ʦʪʥʝʩʪʠ 

ʦʙʱʫʶ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʭʦʜʠʤʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝʤ 

ʨʘʟʤʝʨʦʚ ʷʯʝʝʢ. ɻʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʩʝʪʦʯʥʳʡ ʛʝʥʝʨʘʪʦʨ ʚʳʧʦʣʥʷʝʪ ʧʦʩʪʨʦʝʥʠʝ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʝʪʦʢ ʩ ʧʦʤʦʱʴʶ ʤʘʨʰʝʚʦʛʦ ʙʝʟʳʪʝʨʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ. 

ɺʥʝʰʥʷʷ ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʘʧʦʩʪʝʨʠʦʨʥʦ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʨʘʩʯʝʪʥʫʶ ʩʝʪʢʫ ʚ ʧʨʠʣʝʛʘʶʱʝʡ ʢ 

ʣʝʪʘʪʝʣʴʥʦʤʫ ʘʧʧʘʨʘʪʫ ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʷ. ʆʜʥʘʢʦ, ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ 

ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʜʫʨ ʩʛʣʘʞʠʚʘʥʠʷ ʠ ʚʚʝʜʝʥʠʷ ʚ ʠʩʭʦʜʥʫʶ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ ʜʝʤʧʬʠʨʫʶʱʠʭ ʯʣʝʥʦʚ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʤʝʪʨʠʠ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʳ (ʠʟʣʦʤʦʚ) 

ʚʥʫʪʨʴ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. 
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ɻʃɸɺɸ 3. ʄɽʊʆɼ ʈɸʉʑɽʇʃɽʅʀʗ ʇʆ ʌʀɿʀʏɽʉʂʀʄ ʇʈʆʎɽʉʉɸʄ 

ɺ ɿɸɼɸʏɽ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʆɹʊɽʂɸʅʀʗ 

ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʓʍ ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ  

3.1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʣʝ 

ʪʝʯʝʥʠʷ ʚʙʣʠʟʠ ʦʙʲʝʢʪʦʚ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʪʨʝʙʫʶʱʠʭ ʜʝʪʘʣʴʥʦʡ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʨʘʚʜʘʥʥʳʤ ʧʦʜʭʦʜʦʤ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʡ 

ʛʠʙʢʦʩʪʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʤʝʪʦʜʦʚ ʠʭ ʧʦʩʪʨʦʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʡ 

ʛʝʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʨʘʟʨʘʙʦʪʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʥʘ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʢʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʝʤʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʭʝʤʳ ʩʢʚʦʟʥʦʛʦ ʩʯʝʪʘ [124ï130]. ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʦʪʚʝʯʘʶʱʝʛʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʨʝʙʦʚʘʥʠʷʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʱʝʛʦ ʢʦʨʨʝʢʪʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʝʯʝʥʠʷ 

ʚʷʟʢʦʛʦ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʠ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [131] ʤʝʪʦʜ ʯʘʩʪʠʮ ʚ ʷʯʝʡʢʘʭ, ʘ ʪʘʢʞʝ ʝʛʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ï ʤʝʪʦʜ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ [132] ï ʨʝʘʣʠʟʫʶʪ 

ʧʨʠʥʮʠʧ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʚʝʩʪʠ 

ʨʝʰʝʥʠʝ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʨʝʰʝʥʠʶ ʙʦʣʝʝ ʧʨʦʩʪʳʭ 

ʟʘʜʘʯ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʩʦʯʝʪʘʥʠʷ ʕʡʣʝʨʦʚʘ ʠ ʃʘʛʨʘʥʞʝʚʘ ʧʦʜʭʦʜʘ. 

ʊʝʦʨʠʷ ʤʝʪʦʜʦʚ ʨʘʩʱʝʧʣʝʥʠʷ ʠʟʣʦʞʝʥʘ ʪʘʢʞʝ ʚ ʤʦʥʦʛʨʘʬʠʷʭ [133, 134]. 

ʆʩʥʦʚʥʳʝ ʠʜʝʠ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʤʦʛʫʪ ʙʳʪʴ 

ʫʜʘʯʥʦ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʝʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʈʘʜʠʘʮʠʦʥʥʦʡ 

ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʀʇʄʝʭ ʈɸʅ ʢʦʤʧʴʶʪʝʨʥʳʡ ʢʦʜ UST3D (Unstructured 
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Splitting Tetrahedron 3-Dimensional) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʤʝʪʦʜʦʚ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʦʧʫʙʣʠʢʦʚʘʥ 

ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʤ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʚʘʣʠʜʘʮʠʠ ʜʘʥʥʦʛʦ ʢʦʜʘ 

ɺ ʨʘʙʦʪʘʭ [135, 136] ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʃɸ ʩʣʦʞʥʦʡ ʬʦʨʤʳ: X-43, X-51, ʩʧʫʩʢʘʝʤʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ Fire-II . ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʘʤ ʪʘʢʞʝ ʫʜʘʯʥʦ ʩʦʯʝʪʘʝʪʩʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʦ ʨʘʩʧʘʜʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʨʘʟʨʳʚʘ. ɺ ʨʘʙʦʪʘʭ [137ï140] ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʢʦʜʘ 

UST3D, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ 

ʈʠʤʘʥʘ: ʤʝʪʦʜʘ ʜʦʥʦʨʥʳʭ ʷʯʝʝʢ [141], ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ AUSM-

ʩʭʝʤ [142ï143]. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʟʘʪʫʧʣʝʥʥʦʛʦ ʢʦʥʫʩʘ, ʘ ʪʘʢʞʝ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ X-33 ʠ X-34, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [144]. 

ɸʵʨʦʜʠʥʘʤʠʢʘ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʚʦʣʥʦʣʝʪʦʚ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚ ʨʘʙʦʪʘʭ 

[145ï147]. ɺ ʨʘʙʦʪʝ [148] ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʩ 

ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʠʷ ʥʝʚʷʟʢʠʭ ʨʘʩʯʝʪʦʚ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩʪʘʥʜʘʨʪʥʳʭ 

ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ ʠ 

ʢʦʥʝʯʥʦ-ʦʙʲʝʤʥʦʛʦ ʤʝʪʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʩʪʘʪʴʝ [149]. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʘʩʧʝʢʪʳ ʚʣʠʷʥʠʷ ʥʘʙʦʨʘ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʠʜ ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʥʘ ʪʝʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʜʦʥʥʦʛʦ ʩʨʝʟʘ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [124ï149] ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʧʨʠʛʦʜʥʦʩʪʠ ʤʝʪʦʜʘ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, 

ʨʝʘʣʠʟʫʝʤʦʛʦ ʚ ʨʘʤʢʘʭ ʢʦʥʝʯʥʦ-ʦʙʲʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʩʝʪʢʘʭ, ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʃɸ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʦ 

ʰʠʨʦʢʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʢʦʜʘ UST3D. 
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3.2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺ ʦʩʥʦʚʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʜʘ UST3D ʣʝʞʠʪ ʧʦʣʥʘʷ ʩʠʩʪʝʤʘ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʤʦʜʝʣʴ ʚʷʟʢʦʛʦ ʩʞʠʤʘʝʤʦʛʦ 

ʩʦʚʝʨʰʝʥʥʦʛʦ ʛʘʟʘ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ: 

ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʠ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ. ɺʩʝ 

ʫʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ 

 
() () () () () ()x y z x y z

t x y z x y z

µ µ µ µ µ µµ
+ + + = + +

µ µ µ µ µ µ µ

w w w w w ww F F F G G G
 (122) 

ɺ ʜʘʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ( ), , v, ,
T

u w E= rr r r rw  ï ʚʝʢʪʦʨ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ; ( )2, , v, ,
T

x u u p u uw uE pu= r r + r r r +F  ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʩʴ x , ( )2v, v, v , v , v v
T

y u p w E p= r r r + r r +F  ï 

ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʩʴ y , 

( )2, , v , ,
T

z w uw w w p wE pw= r r r r + r +F  ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʧʦʪʦʢʘ ʥʘ ʦʩʴ z; ( )0, , , , v
T

x

xx yx zx xx yx zx xu w q= t t t t + t + t -G  ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ 

ʚʷʟʢʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʩʴ x , ( )0, , , , v
T

y

xy yy zy xy yy zy yu w q= t t t t + t + t -G ï ʧʨʦʝʢʮʠʷ 

ʚʝʢʪʦʨʘ ʚʷʟʢʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʩʴ y , ( )0, , , , v
T

z

xz yz zz xz yz zz zu w q= t t t t + t + t -G  ï 

ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʚʷʟʢʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʩʴ z;  

ɺ ʢʘʯʝʩʪʚʝ ʟʘʤʳʢʘʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ ʠ 

ʢʘʣʦʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʦʚʝʨʰʝʥʥʦʛʦ ʛʘʟʘ, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʣʥʦʡ 

ʵʥʝʨʛʠʠ ʠ ʟʘʢʦʥ ʌʫʨʴʝ 

 ( ) ( ) ( )2 2 21 1 0.5 vp U E u wè ø= g- r = g- r - + +
ê ú,  (123) 

 VU ʩ T= ,  (124) 

 
( )

2 2 2v

1 2

p u w
E

+ +
= +
g- r

,  (125) 
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 q T=-lÐ.  (126) 

ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʫʨʘʚʥʝʥʠʷʭ r ï ʧʣʦʪʥʦʩʪʴ; t  ï ʚʨʝʤʷ;  

, ,x y z ï ʢʦʦʨʜʠʥʘʪʳ; ,v,u w ï ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ; p  ï ʜʘʚʣʝʥʠʝ;  

E  ï ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ; g ï ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ; U  ï ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ;  

Vʩ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ; T  ï ʪʝʤʧʝʨʘʪʫʨʘ;  

l ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ; q  ï ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ. 

ʂʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʩʣʝʜʫʶʱʠʭ ʚʳʨʘʞʝʥʠʡ 
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z x y
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 (127) 

 
v

yz zy

w

y z

å õµ µ
t =t =m +æ ö

µ µç ÷
, xz zx

u w

z x

µ µå õ
t =t =m +æ ö

µ µç ÷
  

ɿʜʝʩʴ m ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ. 

3.3. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ ʢ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʅʘ 

ʚʭʦʜʥʦʡ ʛʨʘʥʠʮʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʟʘʜʘʚʘʣʠʩʴ ʫʩʣʦʚʠʷ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ 

 ʚʭ ¤r =r, ʚʭu u¤= , v vʚʭ ¤= , ʚʭw w¤= , ʚʭE E¤=  (128) 

ɿʜʝʩʴ ¤r , u¤, v¤, w¤, E¤ ï ʜʘʚʣʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ, ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʠ 

ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʚ ʥʘʙʝʛʘʶʱʝʤ ʧʦʪʦʢʝ. ʅʘ ʚʳʭʦʜʥʦʡ ʛʨʘʥʠʮʝ 

ʧʨʠʤʝʥʷʣʠʩʴ ʫʩʣʦʚʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ 
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 (129) 

ɿʜʝʩʴ n  ï ʝʜʠʥʠʯʥʘʷ ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʠʮʳ. 
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ʉʠʤʤʝʪʨʠʯʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪʳ 

ʜʣʷ ʧʦʣʦʚʠʥʳ ʦʙʣʘʩʪʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ ʚ ʧʣʦʩʢʦʩʪʠ 

ʩʠʤʤʝʪʨʠʠ 
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 (130) 

ɿʜʝʩʴ V  ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ ʟʘʜʘʚʘʣʠʩʴ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ ʦʩʪʘʚʘʣʘʩʴ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 
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3.4. ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ 

ʇʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (122) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʝʤʘ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ ʩʝʪʦʢ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ 
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i S ,  (132) 

ɿʜʝʩʴ ( ),v, , , ,f u w p qa ab= t ; 1...Ni= ; 1...4j= ; , ,x y za= ; , ,x y zb= ; iV  ï ʦʙʲʝʤ 

i -ʛʦ ʪʝʪʨʘʵʜʨʘ; 
j

iS  ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ j -ʡ ʛʨʘʥʠ i -ʛʦ ʵʣʝʤʝʥʪʘ;  

,i jna  ï ʩʦʩʪʘʚʣʷʶʱʘʷ ʝʜʠʥʠʯʥʦʡ ʥʦʨʤʘʣʠ j -ʡ ʛʨʘʥʠ i -ʛʦ ʵʣʝʤʝʥʪʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (132) ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʦʠʟʚʦʜʥʦʡ ʬʫʥʢʮʠʠ ʧʦ ʪʝʪʨʘʵʜʨʘʣʴʥʦʤʫ ʵʣʝʤʝʥʪʫ. 

ʂʦʤʧʴʶʪʝʨʥʳʡ ʢʦʜ UST3D ʨʝʘʣʠʟʫʝʪ ʧʨʠʥʮʠʧ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ 

ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʚ ʦʜʥʦʤ ʠʟ ʝʛʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ [132]. ʇʨʠ 

ʵʪʦʤ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʘʮʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʢ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʩʝʪʢʘʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʴ ʝʛʦ 
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ʧʨʠʤʝʥʝʥʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʤʝʪʦʜʘ ʨʘʩʱʝʧʣʝʥʠʷ 

ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʨʝʰʝʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʅʘʚʴʝ-ʉʪʦʢʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʨʠ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ (ʵʡʣʝʨʦʚʦʤ) ʵʪʘʧʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʠʩʢʦʤʳʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʩʯʝʪ ʩʠʣ ʜʘʚʣʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʝʢʮʠʠ 

ʚʝʢʪʦʨʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʦʪʦʢʘ, ʚʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (122) ʧʨʠʤʫʪ 

ʚʠʜ 
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F F F ,  (133) 

ʀʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʠ ʵʥʝʨʛʠʠ ʦʧʨʝʜʝʣʠʤ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʠ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ 
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,  (137) 

ʈʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʧʨʦʠʟʚʦʜʥʳʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʥʘ ʛʨʘʥʷʭ 

ʪʝʪʨʘʵʜʨʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ʜʦʥʦʨʥʳʭ ʷʯʝʝʢ [141]. ʅʘ 

ʨʠʩ. 25 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʚʦʟʤʦʞʥʦʛʦ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ 

ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʘʨʘʤʝʪʨʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʝʢʫʱʝʤʫ 

ʢʦʥʪʨʦʣʴʥʦʤʫ ʦʙʲʝʤʫ ʙʫʜʫʪ ʠʤʝʪʴ ʥʠʞʥʠʡ ʠʥʜʝʢʩ L, ʘ ʢ ʩʦʩʝʜʥʝʤʫ  

ʦʙʲʝʤʫ ï LB.  
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ʈʠʩ. 25. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʦʩʝʜʥʠʭ ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʉ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (132) ʫʨʘʚʥʝʥʠʷ (134) ï (137) ʧʨʠʤʫʪ ʚʠʜ 
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ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʚʷʟʢʦʛʦ ʧʦʪʦʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ 

ʠ ʤʦʛʫʪ ʙʳʪʴ ʫʯʪʝʥʳ ʥʘ ʵʡʣʝʨʦʚʦʤ ʵʪʘʧʝ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚ ʚʳʨʘʞʝʥʠʷ  

(138) ï (141) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʣʝʥʦʚ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʩʫʤʤʠʨʦʚʘʪʴ ʧʦ ʚʩʝʤ ʛʨʘʥʷʤ. ʇʨʠ ʵʪʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ 
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ɿʜʝʩʴ , ,x y za= ; , ,x y zb= . ʉʘʤʠ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 
2 v
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L LL
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,  (143) 
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2 v
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zz LL
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w u

z x y

å õå õµ µ µ
t = m Ö - +æ öæ öæ öµ µ µç ÷ç ÷

,  (148) 

ʇʨʦʠʟʚʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪ ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧʨʦʠʟʚʦʜʥʳʤ 

ʜʘʚʣʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʤ ʨʘʥʝʝ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ (ʣʘʛʨʘʥʞʝʚʦʤ) ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʤʘʩʩʦʦʙʤʝʥʘ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʷʯʝʡʢʘʤʠ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʝʨʝʥʦʩ ʤʘʩʩʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʥʦʨʤʘʣʴʥʦʡ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʘʥʠ 

ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʬʦʨʤʫʣʝ 

 , , ,V +vn x y z

L L j L j L jun n wn= + ,  (149) 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʤʘʩʩʳ ʩʣʝʜʫʝʪ ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʪʴ 

ʚʪʝʢʘʝʪ ʠʣʠ ʚʳʪʝʢʘʝʪ ʧʦʪʦʢ ʛʘʟʘ ʠʟ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʝʤʘ. ʕʪʦ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ 
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ʇʨʠ 0V+²  ʧʦʪʦʢ ʩʯʠʪʘʝʪʩʷ ʚʳʪʝʢʘʶʱʠʤ ʠʟ ʦʙʲʝʤʘ,  

ʧʨʠ 0V-<  ï ʚʪʝʢʘʶʱʠʤ. ʇʦʪʦʢ ʤʘʩʩʳ ʠʟ i -ʛʦ ʵʣʝʤʝʥʪʘ ʯʝʨʝʟ j -ʶ ʛʨʘʥʴ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 ( ),

j

i j L LB LM V V S+ -D = r +r t,  (153) 

ʄʘʩʩʦʦʙʤʝʥ ʚ ʧʨʝʜʝʣʘʭ i -ʛʦ ʵʣʝʤʝʥʪʘ ʪʝʪʨʘʵʜʨʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ 
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ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʪʦʢʠ ʢʦʤʧʦʥʝʥʪ ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ 
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ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʠʩʭʦʜʷ ʠʟ ʠʥʪʝʛʨʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʠ 

ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʥʦʚʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ 
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ʉʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ. 

ʀʟʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʦʙʪʝʢʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʤʦʜʝʣʝʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʨʘʟʨʳʚʘ. 

3.5. ʈʘʩʯʝʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʵʨʦʜʠʥʘʤʠʢʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʚʦʣʥʦʣʝʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ 

ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʦʣʥʦʣʝʪʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʩʢʘʯʢʘʭ ʫʧʣʦʪʥʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, ʘ ʪʘʢʞʝ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʦʤʧʦʥʦʚʦʢ (ʩ ʨʘʢʝʪʥʳʤ ʫʩʢʦʨʠʪʝʣʝʤ ʠ ɻʇɺʈɼ) ʥʘ ʠʭ ʦʩʥʦʚʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʚʘʣʠʜʘʮʠʠ, ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʥʘ 

ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʝʪʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 
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3.5.1. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʪʝʢʘʥʠʷ ʚʦʣʥʦʣʝʪʦʚ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʩʢʘʯʢʘʭ ʫʧʣʦʪʥʝʥʠʷ ʟʘ ʧʨʷʤʳʤ ʢʨʫʛʦʚʳʤ ʢʦʥʫʩʦʤ  

ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʪʝʢʘʥʠʷ ʤʦʜʝʣʠ ʚʦʣʥʦʣʝʪʘ, ʧʨʦʪʦʪʠʧ ʢʦʪʦʨʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʩʷ ʚ ʨʘʙʦʪʝ [70]. ɺ ʢʘʯʝʩʪʚʝ ʪʝʣʘ-ʛʝʥʝʨʘʪʦʨʘ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʙʳʣ ʚʟʷʪ ʦʩʪʨʳʡ ʧʨʷʤʦʡ ʢʨʫʛʦʚʦʡ ʢʦʥʫʩ. ɺ ʩʪʘʪʴʝ [70] ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʜʣʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʘʥʘʣʦʛʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʡ 

ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʢʦʜʘ MAXWAR P [43], ʧʦʟʚʦʣʷʶʱʝʛʦ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʤʦʜʝʣʠ ʚʦʣʥʦʣʝʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʳʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʢʘʯʝʩʪʚʦʤ ʣʠʙʦ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ɼʘʥʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ ʘʥʘʣʦʛ 

ʙʳʣ ʚʟʷʪ ʟʘ ʦʩʥʦʚʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ɺʃɸ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʜʘ UST3D. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʜʚʫʭ 

ʤʦʜʝʣʝʡ ʚʦʣʥʦʣʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʝʡ ʚʦʣʥʦʣʝʪʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʄʦʜʝʣʴ ˉ 1[70] 
ɺʠʨʪʫʘʣʴʥʘʷ 

ʤʦʜʝʣʴ 

ɼʣʠʥʘ L , ʩʤ 60.96 60.96 

ʐʠʨʠʥʘ W, ʩʤ 50.597 50.597 

ɺʳʩʦʪʘ h, ʩʤ 5.608 5.223 

ʇʣʦʱʘʜʴ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ baseS , ʩʤ2 126.348 122.65 

ʇʣʦʱʘʜʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ  

ʥʝʩʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ planS , ʩʤ2 1756 1803 

ʆʙʲʝʤʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, effV  0.112 0.112 

ʋʛʦʣ ʧʦʣʫʨʘʩʪʚʦʨʘ ʢʦʥʫʩʘ, ʛʨʘʜ 8.1 

ʋʛʦʣ ʥʘʢʣʦʥʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʛʨʘʜ 16.44 

ɼʣʠʥʘ ʢʦʥʫʩʘ, ʩʤ 121.92 

 

ɺʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚʦʣʥʦʣʝʪʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 26. ɺ ʢʘʯʝʩʪʚʝ 

ʭʘʨʘʢʪʝʨʥʦʡ ʧʣʦʱʘʜʠ refS  ʜʣʷ ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʣʦʱʘʜʴ ʧʨʦʝʢʮʠʠ ʥʝʩʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 
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ʧʣʦʩʢʦʩʪʴ planS . ʂʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʯʠʩʣʷʣʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 

 

2
3

eff

plan

V
V

S
= ,  (164) 

ʛʜʝ V  ï ʦʙʲʝʤ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

 

ʈʠʩ. 26. ɺʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚʦʣʥʦʣʝʪʘ 

ɼʣʷ ʦʩʥʦʚʥʦʛʦ ʮʠʢʣʘ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ 

ʩʝʪʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 2192622 ʪʝʪʨʘʵʜʨʦʚ (ʨʠʩ. 27). ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʙʳʣʦ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 129704 ʬʠʢʪʠʚʥʳʭ ʷʯʝʝʢ, ʦʩʚʦʙʦʞʜʘʶʱʠʭ ʦʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʜʣʷ ʛʨʘʥʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ.  

 
ʈʠʩ. 27. ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʩʝʪʢʘ  

(2192622 ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘ) 
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ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʘʵʨʦʜʠʥʘʤʠʢʠ ʜʣʷ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ɺʃɸ 

Waverider ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʜʣʷ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʫʩʣʦʚʠʡ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 2. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʟʘʜʥʝʡ ʩʪʝʥʢʝ 

ɺʦʣʥʦʣʝʪʘ ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʜʘʚʣʝʥʠʝ ʨʘʚʥʦʝ ʜʘʚʣʝʥʠʶ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʙʳʣʘ 

ʚʚʝʜʝʥʘ ʧʦʧʨʘʚʢʘ ʥʘ ʜʦʥʥʦʝ ʜʘʚʣʝʥʠʝ. 

ʊʘʙʣʠʮʘ 2. ʇʘʨʘʤʝʪʨʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʯʠʩʝʣ ʄʘʭʘ [70] 

M 2.3¤=  M 4¤=  M 4.63¤=  

5524.9 ʇʘp¤=  1243.78ʇʘp¤=  734.48ʇʘp¤=  

4 ʛ1.22 10
3ʩʤ

-

¤r = Ö  
4 ʛ0.516 10

3ʩʤ

-

¤r = Ö  
4 ʛ0.388 10

3ʩʤ

-

¤r = Ö  

158.1T K¤=  84.4T K¤=  67.1T K¤=  

5ʛ10.77 10
ʩʤ c

-

¤m = Ö
Ö

 
5ʛ5.78 10
ʩʤ c

-

¤m = Ö
Ö

 
5ʛ4.488 10
ʩʤ c

-

¤m = Ö
Ö

 

 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ: 

 

()

cos cosx f

planS

dS
C p nx c x

S

Ø Øè øå õ å õ
= Ö + tñ æ ö æ öé ù

ç ÷ ç ÷ê ú
,   

 

()

cos cosy f

planS

dS
C p ny c y

S

Ø Øè øå õ å õ
= Ö + tñ æ ö æ öé ù

ç ÷ ç ÷ê ú
,  (164) 

 [ ]
( )base

base base

planS

dS
C p

S
= ñ ,   

ɿʜʝʩʴ xC  ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʝʚʦʡ ʩʠʣʳ; yC  ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʦʨʤʘʣʴʥʦʡ 

ʩʠʣʳ; baseC  ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ;
p p

p
q

¤

¤

-
=  ï ʙʝʟʨʘʟʤʝʨʥʳʡ 
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ʢʦʵʬʬʠʮʠʝʥʪ ʜʘʚʣʝʥʠʷ; base
base

p p
p

q

¤

¤

-
=  ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ; 
2

2

V
q ¤ ¤
¤

r
=  ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʧʦʨ; fc

q¤

t
=  ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʨʝʥʠʷ; basep  ï ʜʦʥʥʦʝ ʜʘʚʣʝʥʠʝ;t ï ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺʦʣʥʦʣʝʪʘ; cos nx
Øå õ
æ ö
ç ÷

 ʠ cos x
Øå õ
tæ ö
ç ÷

 ï ʢʦʩʠʥʫʩʳ ʫʛʣʦʚ ʤʝʞʜʫ 

ʥʦʨʤʘʣʴʶ (ʢʘʩʘʪʝʣʴʥʦʡ) ʠ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. 

ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʇʝʨʝʭʦʜ ʚ 

ʧʦʪʦʯʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ 

 () ()cos sinL y xʉ C C= a - a,  (165) 

 () ()sin cosD y xʉ C C= a + a,  (166) 

ɿʜʝʩʴ LC  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ; DC  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʣʳ 

ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ;a ï ʫʛʦʣ ʘʪʘʢʠ. ɼʣʷ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʪʨʝʥʠʷ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ [45]. 

ʅʘ ʨʠʩ. 28ï30 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʃɸ Waverider ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʄʘʭʘ ʠ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʘʪʘʢʠ, ʘ ʪʘʢʞʝ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʇʨʠ ʦʙʱʝʡ ʢʦʨʨʝʣʷʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʠ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʢʦʜʘ UST3D, 

ʚʳʰʝ, ʯʝʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʬʦʨʤʘ 

ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʥʝ ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʟʘʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʪʨʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʭʘʨʘʢʪʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʵʪʦʤʫ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʯʝʪʥʦʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʫ ʠʩʩʣʝʜʫʝʤʦʡ 

ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ. ʅʘʠʣʫʯʰʘʷ ʢʦʨʨʝʣʷʮʠʷ ʜʘʥʥʳʭ 

ʨʘʩʯʝʪʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʯʠʩʣʝ ʄʘʭʘ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ 
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ʨʘʚʥʦʤ M 2.3¤= . ʅʘʠʣʫʯʰʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʥʘʠʤʝʥʴʰʝʡ 

ʩʢʦʨʦʩʪʠ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ. ʅʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʄʘʭʘ ʥʝ ʚʳʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ɺʦʣʥʦʣʝʪʘ. ʅʘʣʠʯʠʝ 

ʨʘʟʨʝʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʟʘʜʥʝʡ ʩʪʝʥʢʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʢʘʯʝʩʪʚʝʥʥʦ 

ʤʝʥʷʝʪ ʧʦʚʝʜʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʵʪʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʠʣʘ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʥʠʞʘʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʢʘʯʝʩʪʚʦ ɺʃɸ. ɼʣʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʩʪʘʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʪʦ ʩʥʠʞʘʝʪ ʤʘʩʰʪʘʙ ʚʣʠʷʥʠʷ ʜʦʥʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʅʘ ʨʠʩ. 31 ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ɺʦʣʥʦʣʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʯʠʩʣʘ ʄʘʭʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʫʯʝʪʘ ʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʣʷ ʩʣʫʯʘʷ 

ʦʪʩʫʪʩʪʚʠʷ ʨʘʟʨʝʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʟʘʜʥʝʡ ʩʪʝʥʢʠ ʧʨʠʚʦʜʷʪʩʷ ʪʘʢʞʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. ʅʘ ʨʠʩ. 32 ʧʦʢʘʟʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ 

ʢʦʤʧʦʥʝʥʪ, ʚʭʦʜʷʱʠʭ ʚ ʦʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪ ʜʝʡʩʪʚʠʷ ʜʘʚʣʝʥʠʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ. ʂʘʢ 

ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʨʝʥʠʷ ʠʛʨʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʜʝʛʨʘʜʘʮʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ. 

 

ʈʠʩ. 28. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʘʪʘʢʠ:  

1, 3, 5 ï ʨʘʩʯʝʪ ʧʦ ʢʦʜʫ UST3D ʜʣʷ ʯʠʩʝʣ ʄʘʭʘ M 2.3¤= , M 4¤=  ʠ M 4.63¤=  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 2, 4, 6 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [70], ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʯʠʩʣʘʤ ʄʘʭʘ M 2.3¤= , M 4¤=  ʠ M 4.63¤= . 
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ʈʠʩ. 29. ʂʦʵʬʬʠʮʠʝʥʪ ʩʠʣʳ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ 

ʘʪʘʢʠ: 1, 3, 5 ï ʨʘʩʯʝʪ ʧʦ ʢʦʜʫ UST3D ʜʣʷ ʯʠʩʝʣ ʄʘʭʘ M 2.3¤= , M 4¤=  ʠ 

M 4.63¤=  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 2, 4, 6 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [70], 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʠʩʣʘʤ ʄʘʭʘ M 2.3¤= , M 4¤=  ʠ M 4.63¤= . 

 

ʈʠʩ. 30. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʘʪʘʢʠ:  

1, 3, 5 ï ʨʘʩʯʝʪ ʧʦ ʢʦʜʫ UST3D ʜʣʷ ʯʠʩʝʣ ʄʘʭʘ M 2.3¤= , M 4¤=  ʠ M 4.63¤=  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 2, 4, 6 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [70], ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʯʠʩʣʘʤ ʄʘʭʘM 2.3¤= , M 4¤=  ʠ M 4.63¤= . 
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ʈʠʩ. 31 ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʢʘʢ ʬʫʥʢʮʠʷ ʯʠʩʣʘ ʄʘʭʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʚʝʣʠʯʠʥʘʭ ʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ: 1, 3 ï ʨʘʩʯʝʪ ʧʦ ʢʦʜʫ UST3D ʧʨʠ 0basep =  ʠ 

basep p¤= ; 2 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [70] ʜʣʷ ʩʣʫʯʘʷ basep p¤= . 

 

 

ʈʠʩ. 32. ʉʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʦʪ ʩʠʣ ʜʘʚʣʝʥʠʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʨʝʥʠʷ 

ʆʙʦʙʱʝʥʠʝ ʦʧʳʪʘ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʘʟʣʠʯʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʜʣʷ ʙʦʣʴʰʠʭ ʩʚʝʨʭʟʚʫʢʦʚʳʭ 
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ʚʳʷʚʠʣʦ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʧʦʣʝʪʘ [42]. ʆʜʥʘʢʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʘʙʦʪ [40ï41], ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʚʷʟʢʦʩʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʧʨʠ ʫʯʝʪʝ ʵʬʬʝʢʪʦʚ 

ʣʘʤʠʥʘʨʥʦ-ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʠʙʣʠʟʠʪʴ ʠʣʠ ʜʘʞʝ ʧʨʝʚʳʩʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʦʜʦʣʝʪʴ ʛʠʧʝʨʟʚʫʢʦʚʦʡ 

çʙʘʨʴʝʨè. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʦʧʠʩʳʚʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ 
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ʅʘ ʨʠʩ. 33 ʧʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɺʃɸ ʠ ʠʩʩʣʝʜʫʝʤʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʝʨʟʚʫʢʦʚʳʭ çʙʘʨʴʝʨʦʚè. 

 

ʈʠʩ. 33. ʄʘʢʩʠʤʘʣʴʥʦʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʢʘʢ ʬʫʥʢʮʠʷ ʯʠʩʣʘ 

ʄʘʭʘ: 1 ï ʧʝʨʚʳʡ ʛʠʧʝʨʟʚʫʢʦʚʦʡ ʙʘʨʴʝʨ; 2 ï ʚʪʦʨʦʡ ʛʠʧʝʨʟʚʫʢʦʚʦʡ ʙʘʨʴʝʨ;  

3 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [70]; 4 ï ʨʘʩʯʝʪ ʧʦ ʢʦʜʫ UST3D.  
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ɺʪʦʨʘʷ ʯʘʩʪʴ ʨʘʟʜʝʣʘ ʧʦʩʚʷʱʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʢʠ ʚʦʣʥʦʣʝʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʢʦʜʘ UST3D ʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʜʦʚ: MAXWARP [43] ʠ CFL3D [60]. ʅʘ ʨʠʩ. 34 ʠʟʦʙʨʘʞʝʥʘ 

ʚʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚʦʣʥʦʣʝʪʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʯʠʩʣʘ ʄʘʭʘ 

M 6¤= . ʅʘ ʨʠʩ. 35 ʧʦʢʘʟʘʥʘ ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʧʨʠ ʨʘʩʯʝʪʘʭ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʩʝʪʢʘ. 

 
 

ʈʠʩ. 34. ɺʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ʚʦʣʥʦʣʝʪʘ ʠʟ ʨʘʙʦʪʳ [60] 

ʈʠʩ. 35. ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ (2515038 

ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘ) 

ʇʘʨʘʤʝʪʨʳ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʏʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʨʝʞʠʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʯʠʩʣʫ ʄʘʭʘ M 6¤=  ʠ ʜʚʫʭ ʥʝʨʘʩʯʝʪʥʳʭ ʨʝʞʠʤʦʚ: M 4¤=  ʠ M 8¤= . 

ʊʘʙʣʠʮʘ 3. ʇʘʨʘʤʝʪʨʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʯʠʩʝʣ ʄʘʭʘ 

 M 4¤=  M 6¤=  M 8¤=  

3, ʵʨʛ ʩʤp¤  17791 11866 8889 

4 310 , ʛ ʩʤ¤r Ö  0.268 0.179 0.134 

, KT¤  231.3 

4 -1Re 10 , ʩʤ¤Ö  2.156 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 36ï38. ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʡ 

ʧʣʦʱʘʜʠ ʜʣʷ ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʧʣʦʱʘʜʴ ʚʦʣʥʦʣʝʪʘ ʚ ʧʣʘʥʝ. ɼʦʣʞʥʦ ʙʳʪʴ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʯʠʪʳʚʘʣʘʩʴ ʪʦʣʴʢʦ ʩʦʩʪʘʚʣʷʶʱʘʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ. ɺʩʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʄʘʭʘ. ɺ ʮʝʣʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʤʝʞʜʫ ʚʩʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ.  

  

ʘ ʙ 

 

 

 

ʈʠʩ. 36. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʲʝʤʥʦʡ 

ʩʠʣʳ (a) ʠ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

(ʙ) ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ (ʚ) 

ʢʘʢ ʬʫʥʢʮʠʠ ʯʠʩʣʘ ʄʘʭʘ. 

ʚ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʦʣʥʦʣʝʪʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʯʠʩʝʣ ʄʘʭʘ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 37. ʅʘʠʣʫʯʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʦʜʦʚ UST3D ʠ CFL3D 
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ʧʨʠ M 4¤=  [60]. ʄʦʞʝʪ ʙʳʪʴ ʦʪʤʝʯʝʥʦ ʪʘʢʞʝ ʥʝʢʦʪʦʨʦʝ ʨʘʟʣʠʯʠʝ ʚ ʩʪʝʧʝʥʠ 

ʩʞʘʪʠʷ ʧʦʪʦʢʘ ʚʙʣʠʟʠ ʢʨʦʤʢʠ ʚʦʣʥʦʣʝʪʘ ʜʣʷ ʯʠʩʝʣ ʄʘʭʘ M 6¤=  ʠ M 8¤= .  

  

ʘ ʙ 

 

 

ʈʠʩ 37. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ M 4¤=  

(ʘ), M 6¤=  (ʙ) ʠ M 8¤=  (ʚ). 

ʚ 

ʇʨʦʚʝʜʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʜʘ UST3D ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʦʩʥʦʚʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥʦʣʝʪʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʩʢʘʯʢʘʭ ʫʧʣʦʪʥʝʥʠʷ ʟʘ ʧʨʷʤʳʤ 

ʢʨʫʛʦʚʳʤ ʢʦʥʫʩʦʤ. ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʨʘʟʜʝʣʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʙʣʠʞʝʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʨʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʚ ʮʝʣʦʤ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ 

ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʜʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ɺʃɸ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʧʦʣʝʪʘ M 4.63¤=  ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʦʣʥʦʣʝʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʨʝʥʠʝ ʠʛʨʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʦʙʱʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɺʦ ʚʪʦʨʦʡ 

ʯʘʩʪʠ ʨʘʟʜʝʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ 
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ʜʘʥʥʳʤʠ ʢʦʜʘ UST3D ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʠʟ ʜʨʫʛʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʢʦʜʦʚ. 

3.5.2. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʪʝʢʘʥʠʷ ʚʦʣʥʦʣʝʪʦʚ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʩʢʘʯʢʘʭ ʫʧʣʦʪʥʝʥʠʷ ʟʘ ʥʘʢʣʦʥʥʳʤ ʢʨʫʛʦʚʳʤ ʢʦʥʫʩʦʤ ʠ 

ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʢʦʥʫʩʦʤ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʳʣʠ ʜʚʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʚʦʣʥʦʣʝʪʦʚ, ʥʝʩʫʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʩʦʦʪʥʦʰʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ [24]. 

 

12.5

1 0.34 tan
2 2

q è p f øå õ
= + Ö -æ öé ùd ç ÷ê ú

,  (169) 

 ( ) ( )( )
7.69

1 0.1cos 2 0.39 0.1cos 2 tan
2.75

q è p-f øå õ
= - f + + f Öæ öé ùd ç ÷ê ú

,  (170) 

ɿʜʝʩʴ q ï ʧʦʣʷʨʥʳʡ ʫʛʦʣ; f ï ʘʟʠʤʫʪʘʣʴʥʳʡ ʫʛʦʣ; 18.62d= ¯ ï ʫʛʦʣ ʢʦʥʫʩʘ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʣʷ ʪʝʯʝʥʠʷ. ʌʦʨʤʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚʳʨʘʞʝʥʠʝʤ (169) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʣʥʦʣʝʪʫ, 

ʧʦʩʪʨʦʝʥʥʦʤʫ ʥʘ ʩʢʘʯʢʝ ʫʧʣʦʪʥʝʥʠʷ ʟʘ ʥʘʢʣʦʥʥʳʤ ʢʨʫʛʦʚʳʤ ʢʦʥʫʩʦʤ  

(ʅʂ-ʚʦʣʥʦʣʝʪ), ʥʝʩʫʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʥʦʣʝʪʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʧʦʣʝ 

ʪʝʯʝʥʠʷ ʟʘ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʢʦʥʫʩʦʤ (ʕʂ-ʚʦʣʥʦʣʝʪ) ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

(170). ɺʝʨʭʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʅʂ-ʚʦʣʥʦʣʝʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʥʘʢʣʦʥʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʫʛʣʫ ʘʪʘʢʠ 3.72a=- ,̄ ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʨʘʟʨʝʞʝʥʠʝ ʯʘʩʪʠ ʧʦʪʦʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʧʨʠʨʦʩʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. ɼʘʥʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʥʠʯʝʩʢʠʭ ʚʦʣʥʦʣʝʪʦʚ, ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʠʤ ʚʥʫʪʨʝʥʥʠʤ ʦʙʲʝʤʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʙʦʣʝʝ ʦʧʨʘʚʜʘʥʥʳʤ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʦʤʧʦʥʦʚʦʢ ɺʃɸ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʣʦʱʘʜʠ ʩʤʘʯʠʚʘʝʤʦʡ ʠ ʜʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʚʥʦʩʷʱʠʭ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʦʜʝʣʠ ʠ ʩʥʠʞʘʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ. ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʣ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 
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ʊʘʙʣʠʮʘ 4. ʍʘʨʘʢʪʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʝʦʤʝʪʨʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʣʥʦʣʝʪʦʚ 

 ʕʂ-ʚʦʣʥʦʣʝʪ ʅʂ-ʚʦʣʥʦʣʝʪ 

ɼʣʠʥʘ, ʤ 0.6 0.6 

ʐʠʨʠʥʘ, ʤ 0.545 0.557 

ʇʣʦʱʘʜʴ ʜʦʥʥʦʛʦ ʩʨʝʟʘ, 

ʤ2 0.0488 0.0558 

ʇʣʦʱʘʜʴ ʩʤʘʯʠʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʤ2 0.359 0.399 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [27] ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʯʠʩʣʘ ʄʘʭʘ 

M 4¤=  ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʘʪʘʢʠ 20 ... 20a=- ¯ + ¯ ʠ ʫʛʣʦʚ ʩʢʦʣʴʞʝʥʠʷ 

0 ... 20b= ¯ + ¯. ʇʘʨʘʤʝʪʨʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ 

ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ɸʨʥʦʣʴʜʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʨʘʟʤʝʨʥʦʤʫ ʯʠʩʣʫ ʈʝʡʥʦʣʴʜʩʘ 
6 1Re 6.56 10 ʤ-¤= Ö : M 4¤= ; 1453p ʇʘ¤= ; 

92.8T K¤= ; 30.0546ʢʛ
ʤ¤r = . ʇʨʠ ʨʘʩʯʝʪʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʦʪʦʯʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʡ ʧʣʦʱʘʜʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʣʦʱʘʜʴ ʜʦʥʥʦʛʦ ʩʨʝʟʘ. ʍʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʷʚʣʷʣʘʩʴ ʜʣʠʥʘ ʚʦʣʥʦʣʝʪʘ. ʆʙʱʠʡ 

ʚʠʜ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 38 (ʘ, ʙ). 

  

ʈʠʩ. 38. ʄʦʜʝʣʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ: ʕʂ-ʚʦʣʥʦʣʝʪ 

(ʘ), ʅʂ-ʚʦʣʥʦʣʝʪ (ʙ) 

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 39ï41. ɺ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʦʚ ʘʪʘʢʠ ʥʝʩʫʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʅʂ-ʚʦʣʥʦʣʝʪʘ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ 

ʢʘʯʝʩʪʚʘ ʧʨʠ 20 ... 3.72a=- ¯ - ¯ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʕʂ-ʚʦʣʥʦʣʝʪʦʤ, ʬʦʨʤʘ 

ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ.  

  

ʈʠʩ. 39. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʲʝʤʥʦʡ 

ʩʠʣʳ ʜʣʷ ʕʂ- ʠ ʅʂ-ʚʦʣʥʦʣʝʪʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʜʣʷ ʯʠʩʣʘ ʄʘʭʘ M 4¤=  

ʈʠʩ. 40. ʂʦʵʬʬʠʮʠʝʥʪʳ ʣʦʙʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʕʂ- ʠ ʅʂ-

ʚʦʣʥʦʣʝʪʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ 

ʯʠʩʣʘ ʄʘʭʘ M 4¤=  

 

ʈʠʩ. 41. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʜʣʷ ʕʂ- ʠ ʅʂ-ʚʦʣʥʦʣʝʪʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʯʠʩʣʘ ʄʘʭʘ M 4¤=  
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ʀʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʘʥʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʥʦʩʠʪ 

ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʠʯʝʤ ʤʠʥʠʤʘʣʴʥʦʝ ʝʛʦ ʟʥʘʯʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ  

ʧʨʠ 10a=-.̄ ʕʣʣʠʧʪʠʯʝʩʢʠʡ ʚʦʣʥʦʣʝʪ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʚʦʣʥʦʚʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʝʥʴʰʫʶ 

ʧʣʦʱʘʜʴ ʩʤʘʯʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʦʥʥʦʛʦ ʩʨʝʟʘ. ʆʙʣʘʜʘʷ ʚ ʮʝʣʦʤ ʩʭʦʞʠʤ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʦʤ ʅʂ- ʠ ʕʂ-ʚʦʣʥʦʣʝʪʳ ʫʩʪʫʧʘʶʪ ʧʦ ʵʪʦʤʫ 

ʧʘʨʘʤʝʪʨʫ ʢʦʥʬʠʛʫʨʘʮʠʷʤ ʩ ʥʝʩʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʦʛʦ 

ʢʨʫʛʦʚʦʛʦ ʢʦʥʫʩʘ [69]. 

ʆʮʝʥʢʘ ʤʦʤʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʧʨʦʩʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ɺʃɸ ʠ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʧʦʣʝʪʝ. ʕʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢʘʢ ʢ ʫʩʣʦʚʠʷʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʘʢ ʠ ʢ ʧʦʣʦʞʝʥʠʶ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʘʪʘʢʠ ʠʣʠ ʩʢʦʣʴʞʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 42ï44. ɺʩʝ ʛʨʘʬʠʢʠ 

ʠʤʝʶʪ ʭʘʨʘʢʪʝʨ ʙʣʠʟʢʠʡ ʢ ʣʠʥʝʡʥʦʤʫ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʅʂ-

ʚʦʣʥʦʣʝʪʘ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʘ ʪʘʥʛʘʞʘ ʧʨʠ ʣʶʙʳʭ ʫʛʣʘʭ ʘʪʘʢʠ 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʕʂ-ʚʦʣʥʦʣʝʪʘ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʝʪʘ. 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʘʵʨʦʛʘʟʦʜʠʥʘʤʠʢʠ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ 

ʪʝʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʜʦʥʥʦʛʦ ʩʨʝʟʘ ɺʃɸ. ɸʥʘʣʠʟ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʦʩʣʦʞʥʷʝʪʩʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴʶ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʦʪʦʢʘ, ʥʘʣʠʯʠʝʤ ʦʪʨʳʚʘ ʠ ʚʦʟʚʨʘʪʥʦ-

ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʛʘʟʘ. ɸʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʪʨʳʚʥʳʭ ʪʝʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʳʡ ʚʳʙʦʨ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ 

ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʚʷʟʢʦʛʦ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ. 

ʊʝʯʝʥʠʝ ʚ ʜʦʥʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʜʚʫʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʚʦʣʥʦʣʝʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʛʣʘʭ ʘʪʘʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 45ï48. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʢʘʢ ʣʦʢʘʣʴʥʳʭ ʜʦʟʚʫʢʦʚʳʭ ʟʦʥ, ʪʘʢ ʠ ʫʩʢʦʨʠʚʰʝʛʦʩʷ ʧʦʪʦʢʘ,  
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ʩʦ ʩʢʦʨʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ ʠʩʭʦʜʥʦʝ ʯʠʩʣʦ ʄʘʭʘ. ʄʦʞʝʪ ʙʳʪʴ ʦʪʤʝʯʝʥʦ 

ʧʦʷʚʣʝʥʠʝ ʥʝʙʦʣʴʰʠʭ ʣʦʢʘʣʴʥʳʭ ʚʠʭʨʝʡ ʚ ʜʦʟʚʫʢʦʚʳʭ ʟʦʥʘʭ. 

  

ʈʠʩ. 42. ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʦʤʝʥʪʘ 

ʢʨʝʥʘ ʜʣʷ ʕʂ- ʠ ʅʂ-ʚʦʣʥʦʣʝʪʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʜʣʷ ʯʠʩʣʘ ʄʘʭʘ M 4¤=  

ʈʠʩ. 43. ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʦʤʝʥʪʘ 

ʨʳʩʢʘʥʠʷ ʜʣʷ ʕʂ- ʠ ʅʂ-ʚʦʣʥʦʣʝʪʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʜʣʷ ʯʠʩʣʘ ʄʘʭʘ M 4¤=  

 

 

ʈʠʩ. 44. ʂʦʵʬʬʠʮʠʝʥʪʘ ʤʦʤʝʥʪʘ ʪʘʥʛʘʞʘ ʜʣʷ ʕʂ- ʠ ʅʂ-ʚʦʣʥʦʣʝʪʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʯʠʩʣʘ ʄʘʭʘ M 4¤=  
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ʈʠʩ. 45. ʊʝʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʜʦʥʥʦʛʦ 

ʩʨʝʟʘ ʠ ʣʠʥʠʠ ʪʦʢʘ ʜʣʷ ʕʂ-

ʚʦʣʥʦʣʝʪʘ ʜʣʷ ʯʠʩʣʘ ʄʘʭʘ M 4¤=  

ʧʨʠ 0a= ¯ 

ʈʠʩ. 46. ʊʝʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʜʦʥʥʦʛʦ 

ʩʨʝʟʘ ʠ ʣʠʥʠʠ ʪʦʢʘ ʜʣʷ ʕʂ-

ʚʦʣʥʦʣʝʪʘ ʜʣʷ ʯʠʩʣʘ ʄʘʭʘ M 4¤=  

ʧʨʠ 20a= ¯ 

  

ʈʠʩ. 47. ʊʝʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʜʦʥʥʦʛʦ 

ʩʨʝʟʘ ʠ ʣʠʥʠʠ ʪʦʢʘ ʜʣʷ ʅʂ-

ʚʦʣʥʦʣʝʪʘ ʜʣʷ ʯʠʩʣʘ ʄʘʭʘ M 4¤=  

ʧʨʠ 20a= ¯ 

ʈʠʩ. 48. ʊʝʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʜʦʥʥʦʛʦ 

ʩʨʝʟʘ ʠ ʣʠʥʠʠ ʪʦʢʘ ʜʣʷ ʅʂ-

ʚʦʣʥʦʣʝʪʘ ʜʣʷ ʯʠʩʣʘ ʄʘʭʘ M 4¤=  

ʧʨʠ 20a=- ¯ 

3.5.3. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʪʝʢʘʥʠʷ ʚʦʣʥʦʣʝʪʦʚ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʧʣʦʩʢʠʭ ʩʢʘʯʢʘʭ ʫʧʣʦʪʥʝʥʠʷ  

ʉʣʝʜʫʶʱʠʡ ʮʠʢʣ ʨʘʩʯʝʪʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʣʷ ʜʚʫʭ ʤʦʜʝʣʝʡ ʚʦʣʥʦʣʝʪʘ, 

ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʪʝʯʝʥʠʠ ʟʘ ʧʣʦʩʢʠʤ ʩʢʘʯʢʦʤ ʫʧʣʦʪʥʝʥʠʷ ʩ ʚʝʨʭʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ȿ-ʢʨʳʣʘ (ȿ-ʚʦʣʥʦʣʝʪ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʦʙʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ [15] ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚ 

ʫʜʘʨʥʦʡ ʪʨʫʙʝ ʧʨʠ ʯʠʩʣʘʭ ʄʘʭʘ M 7.9 15.5¤= - . ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʙʳʣʦ ʫʜʝʣʝʥʦ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʩʚʷʟʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʃɸ 

(ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ, ʦʙʲʝʤʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʛʣʘ ʥʘʢʣʦʥʘ ʠʩʭʦʜʥʦʡ 
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ʧʣʦʩʢʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ) ʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʧʦʣʫʯʘʝʤʳʤʠ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʘʵʨʦʜʠʥʘʤʠʢʝ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ (ʪʝʦʨʠʷ 

ʪʦʥʢʦʛʦ ʪʝʣʘ, ʪʝʦʨʠʷ ʅʴʶʪʦʥʘ). 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʥʘʩʪʦʷʱʝʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʜʚʫʭ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ȿ-ʚʦʣʥʦʣʝʪʘ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʫʛʣʦʚ ʘʪʘʢʠ ʜʣʷ ʩʢʦʨʦʩʪʝʡ 

M 4 15.5¤= -  ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʩʦʚʝʨʰʝʥʥʦʛʦ ʛʘʟʘ. ʆʙʣʠʢ ȿ-ʚʦʣʥʦʣʝʪʘ ʧʦʢʘʟʘʥ 

ʥʘ ʨʠʩ. 49. ʍʘʨʘʢʪʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʝʦʤʝʪʨʠʠ ʦʧʠʩʘʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

 

ʈʠʩ. 49. ɺʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ȿ-ʚʦʣʥʦʣʝʪʘ  

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʫʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ɺʃɸ ʜʣʷ ʤʦʜʝʣʠ 1 ʧʦʣʫʯʝʥʘ 

ʥʘ ʦʩʥʦʚʝ ʧʣʦʩʢʦʛʦ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ ʧʨʠ ʨʘʩʯʝʪʥʦʤ ʯʠʩʣʝ ʄʘʭʘ M 10¤= , ʘ 

ʜʣʷ ʤʦʜʝʣʠ 2 ï ʧʨʠ ʨʘʩʯʝʪʥʦʤ ʯʠʩʣʝ ʄʘʭʘ M 6¤= . ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ ʜʦʥʥʦʝ ʜʘʚʣʝʥʠʝ. ʕʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [60] ʨʦʩʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ 

ʜʦʥʥʦʛʦ ʩʨʝʟʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʤʤʘʨʥʦʤʫ ʩʥʠʞʝʥʠʶ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʄʘʭʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʇʝʨʚʳʡ ʮʠʢʣ ʨʘʩʯʝʪʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʣʷ ʤʦʜʝʣʠ 1 ʧʨʠ ʫʛʣʘʭ ʘʪʘʢʠ 0¯a=  

ʠ 10¯a=  ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʯʠʩʝʣ ʄʘʭʘ: M 7.9, 10.9, 13.6, 15.5¤= . ʈʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. 
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ɹʝʟ ʫʯʝʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʨʝʥʠʷ ʠ ʜʦʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʯʪʠ 

ʜʚʫʭʢʨʘʪʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ. 

ʊʘʙʣʠʮʘ 5. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʝʡ ȿ-ʚʦʣʥʦʣʝʪʘ 

 
ȿ-ʚʦʣʥʦʣʝʪ  

(ʤʦʜʝʣʴ 1 [15]) 

ȿ-ʚʦʣʥʦʣʝʪ  

(ʤʦʜʝʣʴ 2 [15]) 

ɼʣʠʥʘ, ʤʤ 90 90 

ʐʠʨʠʥʘ, ʤʤ 36 54 

ɺʳʩʦʪʘ, ʤʤ 15.4 24.6 

ʋʛʦʣ ʤʝʞʜʫ 

ʧʣʦʩʢʦʩʪʷʤʠ, 

ʦʙʨʘʟʫʶʱʠʤʠ ʥʝʩʫʱʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʛʨʘʜ 

136.4 125.7 

 

ʊʘʙʣʠʮʘ 6. ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ  

ʜʣʷ ʤʦʜʝʣʠ 1 ȿ-ʚʦʣʥʦʣʝʪʘ ʧʨʠ 0¯a=  ʠ 10¯a=  

0¯a=  UST3D ʕʢʩʧʝʨʠʤʝʥʪ [15] 

 LC  *

DC  LC  DC  

M 7.9¤=  0.032 0.005 0.04 0.010 

M 10.9¤=  0.255 0.003 0.03 0.008 

M 13.6¤=  0.0226 0.0026 0.035 0.005 

M 15.5¤=  0.0211 0.0023 0.037 0.006 

10¯a=  UST3D ʕʢʩʧʝʨʠʤʝʥʪ [15] 

 LC  *

DC  LC  DC  

M 7.9¤=  0.19 0.0509 0.22 0.06 

M 10.9¤=  0.173 0.0462 0.18 0.06 

M 13.6¤=  0.165 0.0440 0.19 0.07 

M 15.5¤=  0.157 0.0419 0.18 0.09 

* ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʜʘʚʣʝʥʠʝʤ 



96 

ɼʘʣʝʝ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʤʦʜʝʣʴ 2. ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʜʣʷ ʯʠʩʝʣ 

ʄʘʭʘ M 4 8¤= · ʧʨʠ ʥʫʣʝʚʦʤ ʫʛʣʝ ʘʪʘʢʠ. ʇʨʠ ʦʙʪʝʢʘʥʠʠ ʚʦʣʥʦʣʝʪʘ ʩ ʦʩʪʨʳʤʠ 

ʢʨʦʤʢʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠʩʦʝʜʠʥʝʥʥʘʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʬʦʨʤʘ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ 

ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʙʪʝʢʘʥʠʷ. ʇʨʠ ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ ʦʙʪʝʢʘʥʠʷ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʵʪʦ M 6¤= , ʨʠʩ. 52) ʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ ʣʝʞʠʪ ʪʦʯʥʦ ʤʝʞʜʫ ʜʚʫʤʷ ʢʨʦʤʢʘʤʠ, 

ʦʙʨʘʟʫʷ ʧʨʷʤʫʶ ʣʠʥʠʶ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʜʘʚʣʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ.  

 

ʈʠʩ. 50. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ  

ȿ-ʚʦʣʥʦʣʝʪʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0.9s l=  ʦʪ ʧʝʨʝʜʥʝʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʯʠʩʝʣ ʄʘʭʘ 

  

ʈʠʩ. 51. ʂʦʥʬʠʛʫʨʘʮʠʷ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ ʚ ʧʣʦʩʢʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ȿ-ʚʦʣʥʦʣʝʪʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

0.9s l=  ʦʪ ʧʝʨʝʜʥʝʡ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʜʣʷ ʥʝʨʘʩʯʝʪʥʦʛʦ ʨʝʞʠʤʘ 

ʦʙʪʝʢʘʥʠʷ M 4¤=  

ʈʠʩ. 52. ʂʦʥʬʠʛʫʨʘʮʠʷ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ ʚ ʧʣʦʩʢʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ȿ-ʚʦʣʥʦʣʝʪʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

0.9s l=  ʦʪ ʧʝʨʝʜʥʝʡ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʨʝʞʠʤʘ 

ʦʙʪʝʢʘʥʠʷ M 6¤=  
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ʈʠʩ. 53. ʂʦʥʬʠʛʫʨʘʮʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʧʣʦʩʢʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ  

ȿ-ʚʦʣʥʦʣʝʪʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0.9s l=  ʦʪ ʧʝʨʝʜʥʝʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʜʣʷ 

ʥʝʨʘʩʯʝʪʥʦʛʦ ʨʝʞʠʤʘ ʦʙʪʝʢʘʥʠʷ M 8¤=  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʄʘʭʘ ʬʨʦʥʪ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʩʢʨʠʚʣʷʝʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʥʝʩʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʬʦʨʤʠʨʫʷ ʟʦʥʫ ʣʦʢʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ʠʟʣʦʤʘ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɽʩʣʠ ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ ʤʝʥʴʰʝ ʨʘʩʯʝʪʥʦʡ, ʪʦ ʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ ʠʟʛʠʙʘʝʪʩʷ ʦʪ ʥʝʩʫʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʜʘʚʣʝʥʠʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ʠʟʣʦʤʘ ʩʥʠʞʘʝʪʩʷ. ʇʨʠ ʨʘʩʯʝʪʘʭ 

ʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʦʪʭʦʜʠʣ ʦʪ ʢʨʦʤʦʢ, ʯʪʦ ʧʨʦʷʚʣʷʣʦʩʴ ʚ 

ʣʦʢʘʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʥʘ ʥʠʭ (ʩʤ. ʨʠʩ. 51.). ɺ ʦʩʪʘʣʴʥʦʤ ʬʦʨʤʘ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʧʨʦʮʝʩʩʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʪʝʦʨʠʠ (ʩʤ. ʨʠʩ. 53). 

ɺ ʪʘʙʣʠʮʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʯʠʩʝʣ ʄʘʭʘ ʠ ʫʛʣʦʚ ʘʪʘʢʠ.  

3.5.4. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʪʝʢʘʥʠʷ ʚʦʣʥʦʣʝʪʘ, 

ʩʦʧʨʷʞʝʥʥʦʛʦ ʩ ʨʘʢʝʪʥʳʤ ʫʩʢʦʨʠʪʝʣʝʤ 

ʉʦʚʨʝʤʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ɺʃɸ ʜʣʷ ʙʦʣʴʰʠʭ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʛʦʥʘ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʜʦ ʩʢʦʨʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʣʝʪʥʦʤʫ ʠʩʧʳʪʘʥʠʶ ɺʃɸ 

ʧʨʝʜʰʝʩʪʚʫʶʪ ʵʪʘʧ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ (ʠʟ ʦʧʳʪʘ ʣʝʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ 

ɺʃɸ X-43 ʠ X-51 ï ʧʦʜ ʢʨʳʣʦʤ ʩʘʤʦʣʝʪʘ) ʥʘ ʚʳʩʦʪʫ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʫʩʢʦʨʠʪʝʣʷ 

ʠ ʬʘʟʘ ʧʦʣʝʪʘ ʚʤʝʩʪʝ ʩ ʨʘʢʝʪʦʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʦʮʝʥʢʘ 



98 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʫʩʢʦʨʠʪʝʣʷ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʠ. ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʥʦʛʦ 

ʚʣʠʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ɻʃɸ ʥʘ ʧʦʣʝ ʪʝʯʝʥʠʷ, ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʞʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʫʜʘʨʥʳʭ ʚʦʣʥ. 

ʈʘʩʯʝʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʵʨʦʜʠʥʘʤʠʢʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʜʚʫʭ 

ʚʠʨʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩ. 54ï55: ʧʝʨʚʘʷ ʧʨʝʜʩʪʘʚʣʷʣʘ 

ʩʦʙʦʡ ʚʦʣʥʦʣʝʪ, ʬʦʨʤʘ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʯʠʩʣʘ ʄʘʭʘ 

M 8¤= , ʠʤʝʶʱʠʡ ʢʨʦʤʢʫ ʩ ʨʘʜʠʫʩʦʤ ʟʘʪʫʧʣʝʥʠʷ 1ʩʤR= ; ʚʪʦʨʘʷ ʤʦʜʝʣʴ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʢ ʦʧʠʩʘʥʥʦʤʫ ʨʘʥʝʝ ʚʦʣʥʦʣʝʪʫ ʨʘʢʝʪʥʦʛʦ 

ʫʩʢʦʨʠʪʝʣʷ, ʧʨʦʦʙʨʘʟʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʣʘʩʴ ʪʚʝʨʜʦʪʦʧʣʠʚʥʘʷ ʢʨʳʣʘʪʘʷ ʨʘʢʝʪʘ-

ʥʦʩʠʪʝʣʴ Pegasus XL. ʈʘʩʯʝʪʥʳʝ ʩʝʪʢʠ ʜʣʷ ʚʦʣʥʦʣʝʪʘ ʠ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʢʦʤʧʦʥʦʚʢʠ ʩʦʜʝʨʞʘʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2153882 ʠ 4176821 ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʘ 

 
 

ʈʠʩ. 54. ɺʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ʚʦʣʥʦʣʝʪʘ ʩ ʟʘʪʫʧʣʝʥʥʦʡ ʢʨʦʤʢʦʡ 

ʈʠʩ. 55. ɺʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ʚʦʣʥʦʣʝʪʘ, ʩʦʧʨʷʞʝʥʥʦʛʦ ʩ 

ʨʘʢʝʪʥʳʤ ʫʩʢʦʨʠʪʝʣʝʤ 

ʈʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʫʩʣʦʚʠʡ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ, 

ʧʦʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 7. ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʡ ʧʣʦʱʘʜʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʣʦʱʘʜʴ ʤʠʜʝʣʝʚʦʛʦ ʩʝʯʝʥʠʷ 

ʢʘʞʜʦʡ ʤʦʜʝʣʠ.  
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ʊʘʙʣʠʮʘ 7. ʇʘʨʘʤʝʪʨʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ 

 ȿ-ʚʦʣʥʦʣʝʪ 

ɼʘʚʣʝʥʠʝ, ʇʘ 287.2 

ʊʝʤʧʝʨʘʪʫʨʘ, ʂ 250.3 

ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 0.004 

ʏʠʩʣʦ ʄʘʭʘ 8 

 

ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʠ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʘʪʘʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 56ï57. ʀʥʪʝʛʨʘʣʴʥʘʷ ʢʦʤʧʦʥʦʚʢʘ 

ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʧʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ 

ʩʤʘʯʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʷʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. 

  

ʈʠʩ. 56. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ 

ʈʠʩ. 57. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʦʙʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʚʦʣʥʦʣʝʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʛʣʘʭ ʘʪʘʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 58ï60. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʘ ʘʪʘʢʠ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʞʘʪʠʝ ʧʦʪʦʢʘ ʥʘ ʥʠʞʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʝ ʟʦʥʳ ʨʘʟʨʝʞʝʥʠʷ ʥʘʜ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 




































































































































