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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʇʨʦʜʦʣʞʘʶʱʝʝʩʷ ʫʞʝ ʥʝ ʧʝʨʚʦʝ ʜʝʩʷʪʠʣʝʪʠʝ ʙʳʩʪʨʦʝ 

ʨʘʟʚʠʪʠʝ ʙʦʨʪʦʚʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

(ɹʆʕʉɼɿ), ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ (ʥʦʩʠʪʝʣʷʭ),  ʧʦʟʚʦʣʷʝʪ 

ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʰʠʨʷʪʴ ʢʨʫʛ ʠʭ ʧʨʠʤʝʥʝʥʠ ̫ʠ ʨʝʰʘʪʴ ʤʥʦʛʠʝ ʩʣʦʞʥʳʝ ʧʨʠʢʣʘʜʥʳʝ 

ʟʘʜʘʯʠ, ʥʘʧʨʠʤʝʨ, ʚ ʦʙʣʘʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʘʵʨʦʬʦʪʦʩʲʸʤʢʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ 

ʢʘʨʪʦʛʨʘʬʠʠ ʠ ʨʘʟʚʝʜʢʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʰʠʨʠʥʳ ʦʭʚʘʪʘ ʪʝʨʨʠʪʦʨʠʠ. 

ʕʪʠ ʩʠʩʪʝʤʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʤʦʥʠʪʦʨʠʥʛʝ, ʧʨʠ ʨʘʟʚʝʜʢʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʨʠ ʢʦʥʪʨʦʣʝ ʩʦʩʪʦʷʥʠʷ ʥʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ, 

ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʦʯʘʛʦʚ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ, ʧʨʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʤʠʥʥʳʭ ʧʦʣʝʡ ʠ 

ʜʨ. 

 ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʪʦʜʦʣʦʛʠʝʡ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ (ʉʇʆʀ)  ɹʆʕʉɼɿ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʙʲʝʢʪʠʚʘ ʠ ʌʇʋ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʦʚʦʜʠʪʩʷ 

ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʩʭʝʤ ʧʦʩʪʨʦʝʥʠʷ ɹʆʕʉɼɿ ʠ ʧʘʨʘʤʝʪʨʦʚ ʝʝ ʉʇʆʀ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ, ʚʨʝʤʝʥʥ·ʤʫ, ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ.  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ɹʆʕʉɼɿ ʩ  

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʬʦʪʦʧʨʠʝʤʥʳʭ 

ʫʩʪʨʦʡʩʪʚ (ʌʇʋ) ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ɹʆʕʉɼɿ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ 

ɹʆʕʉɼɿ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ, ʚʨʝʤʝʥʥ·ʤʫ, ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ 

ʵʪʠʭ ʩʠʩʪʝʤ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʰʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʟʘʜʘʯʠ. ɿʘʪʝʤ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʩʠʥʪʝʟʫ 
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ʩʠʩʪʝʤʳ, ʪʦ ʝʩʪʴ ʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ   ʧʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʧʘʨʘʤʝʪʨʘʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ 

ɹʆʕʉɼɿ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʌʇʋ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ.  ʈʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ ʚʳʙʦʨʘ ʠ 

ʨʘʩʯʝʪʘ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ ʧʦʩʚʷʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʫʙʣʠʢʘʮʠʠ 

ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ (ʄ.ʄ.ʄʠʨʦʰʥʠʢʦʚ, ɻ.ʇ.ʂʘʪʳʩ, ɺ.ɸ.ʉʦʣʦʤʘʪʠʥ, ɺ.ɺ.ʊʘʨʘʩʦʚ, 

ɸ.ʉ.ɽʣʠʟʘʨʝʥʢʦ, ʖ.ɻ.ʗʢʫʰʝʥʢʦʚ, P.Cox, T.Edvards, R.G.Driggers ʠ ʜʨ.). ɺ ʵʪʠʭ 

ʠʩʪʦʯʥʠʢʘʭ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʭʝʤʳ ʧʨʦʩʤʦʪʨʘ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʚʳʙʦʨʘ ʠ ʨʘʩʯʝʪʘ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ 

ʩʠʩʪʝʤ; ʧʨʠʚʦʜʷʪʩʷ ʧʘʪʝʥʪʥʳʝ ʦʧʠʩʘʥʠʷ ʨʷʜʘ ɹʆʕʉɼɿ, ʩʦʜʝʨʞʘʱʠʝ ʦʮʝʥʢʠ ʪʦʣʴʢʦ 

ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʨʘʟʨʝʰʝʥʠʷ ʙʝʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ. ʆʙʦʙʱʝʥʥʘʷ 

ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, 

ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ɹʆʕʉɼɿ ʢ ʨʘʟʨʝʰʝʥʠʶ ʵʪʠʭ ʩʠʩʪʝʤ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʌʇʋ (ʄʌʇʋ) ʠ ʧʦʟʚʦʣʷʶʱʘʷ 

ʚʳʷʚʠʪʴ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ 

ɹʆʕʉɼɿ, ʚ ʠʟʚʝʩʪʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ ʤʝʪʦʜʠʢʠ ʜʝʣʘʝʪ 

ʪʝʤʫ, ʚʳʥʝʩʝʥʥʫʶ ʚ ʟʘʛʣʘʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʘʢʪʫʘʣʴʥʦʡ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʝʪʩʷ  ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɹʆʕʉɼɿ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ ʠ ʨʘʩʯʝʪʘ  ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʌʇʋ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʭ ʨʘʟʨʝʰʝʥʠʶ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʚʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʠ ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʦʮʝʥʢʠ ʪʨʝʙʫʝʤʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ, ʚʨʝʤʝʥʥ·ʛʦ, ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʯʠʩʣʦ çʚʥʝʰʥʠʭè (ʟʘʜʘʚʘʝʤʳʭ ʧʦʪʨʝʙʠʪʝʣʝʤ ʘʧʧʘʨʘʪʫʨʳ ʧʦ ʫʩʣʦʚʠʷʤ ʝʝ 

ʨʘʙʦʪʳ) ʠ çʚʥʫʪʨʝʥʥʠʭè (ʚʳʙʠʨʘʝʤʳʭ ʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʤ, 
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ʠʩʭʦʜʷ ʠʟ ʠʤʝʶʱʝʡʩʷ ʠʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ) ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʆʕʉɼɿ; 

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ɹʆʕʉɼɿ ʠ ʠʭ 

ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ï ʦʙʲʝʢʪʠʚʦʚ ʠ ʌʇʋ; 

- ʫʩʪʘʥʦʚʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ çʚʥʝʰʥʠʤʠè ʠ çʚʥʫʪʨʝʥʥʠʤʠè 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ, 

ʚʨʝʤʝʥʥ·ʝ, ʩʧʝʢʪʨʘʣʴʥʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ɹʆʕʉɼɿ; 

- ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʳʝ ʦʪʢʣʦʥʝʥʠʷ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʷʝʪʩʷ 

ʪʨʝʙʫʝʤʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ; 

- ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ ʠ ʨʘʩʯʝʪʘ  

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʌʇʋ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹʆʕʉɼɿ;  

-  ʚ ʮʝʣʷʭ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʠ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʨʘʩʩʯʠʪʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʯʠʩʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɹʆʕʉɼɿ, ʠʩʭʦʜʷ ʠʟ ʩʦʩʪʦʷʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ 

(ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʲʝʢʪʠʚʦʚ ʠ ʄʌʇʋ).  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʉʇʆʀ ɹʆʕʉɼɿ, ʧʨʠʥʮʠʧʳ ʚʳʙʦʨʘ ʩʭʝʤʳ 

ʧʨʦʩʤʦʪʨʘ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʦʣʷ ʦʙʟʦʨʘ) ʠ  çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʧʧʘʨʘʪʫʨʳ, ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ, 

ʚʨʝʤʝʥʥʳʤ,  ʩʧʝʢʪʨʘʣʴʥʳʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ɹʆʕʉɼɿ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ  ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʇʨʝʜʣʦʞʝʥʳ ʜʦʩʪʘʪʦʯʥʦ  ʦʙʱʠʝ   ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ɹʆʕʉɼɿ, 

ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ, ʠ ʚʨʝʤʝʥʥ·ʛʦ, ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʬʦʨʤʫʣ ʠ 

ʪʘʙʣʠʮ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʩʩʯʠʪʘʪʴ ʠʣʠ ʚʳʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʩʪʝʤʳ. 
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2. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʮʝʥʦʢ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʡ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ (çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ) ʥʘ 

ʨʘʟʨʝʰʝʥʠʝ ʘʧʧʘʨʘʪʫʨʳ, ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚ ʠʟʚʝʩʪʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ. 

3. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥrʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʝʜʣʦʞʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʘʷ 

ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʠ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʆʕʉɼɿ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ  ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ:  

1. ʇʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʠ ʛʨʘʬʠʢʠ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʚʳʙʨʘʪʴ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʠʚʘ ʠ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʛʦ ʌʇʋ ʧʦ ʟʘʜʘʥʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʢʘʞʝʥʠʡ, ʥʦ ʠ ʩʣʫʞʠʪʴ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ 

ʪʨʝʙʫʝʤʦʡ ʚʳʩʦʪʳ ʠ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʘʧʧʘʨʘʪʫʨʳ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʨʘʟʤʝʨʘʭ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʥʘʯʝʥʠʷʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʩʦʛʣʘʩʦʚʘʪʴ çʚʥʫʪʨʝʥʥʠʝè 

ʧʘʨʘʤʝʪʨʳ ɹʆʕʉɼɿ (ʝʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ) ʩ çʚʥʝʰʥʠʤʠè 

ʧʘʨʘʤʝʪʨʘʤʠ ï ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦʪʨʝʙʠʪʝʣʷ ʘʧʧʘʨʘʪʫʨʳ. 

2. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʩ ʝʜʠʥʳʭ ʧʦʟʠʮʠʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʩʯʝʪ ʠ 

ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʉʇʆʀ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʭ ɹʆʕʉɼɿ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 0,4 ï 14 ʤʢʤ, ʘ ʪʘʢʞʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʟʜʝʣʠʡ.  

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʭ  ɹʆʕʉɼɿ ʠ ʚʳʙʠʨʘʪʴ 

ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʩʨʝʜʩʪʚʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʵʪʠʭ ʩʠʩʪʝʤ.         

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʧʦʣʦʞʝʥʠʷʭ ʦʙʱʝʡ ʪʝʦʨʠʠ ʨʘʩʯʝʪʘ ʩʣʦʞʥʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ, ʤʝʪʦʜʠʢʘʭ 

ʨʘʩʯʝʪʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ ʚ ɹʆʕʉɼɿ, ʤʝʪʦʜʠʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ, 

ʚʨʝʤʝʥʥ·ʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʪʦʜʦʣʦʛʠʝʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 
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ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ (ʉʇʆʀ)  ɹʆʕʉɼɿ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʙʲʝʢʪʠʚʘ ʠ 

ʌʇʋ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʩʭʝʤ 

ʧʦʩʪʨʦʝʥʠʷ ɹʆʕʉɼɿ ʠ ʧʘʨʘʤʝʪʨʦʚ ʝʝ ʉʇʆʀ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ, ʚʨʝʤʝʥʥ·ʤʫ, ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ 

ʩʠʩʪʝʤʳ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʧʨʝʜʣʦʞʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ 

ʨʘʩʯʝʪʘ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ, ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʨʘʟʣʠʯʥʳʭ 

ʩʭʝʤ ʧʨʦʩʤʦʪʨʘ ʧʦʣʷ ʦʙʟʦʨʘ, ʬʦʨʤʫʣʠʨʦʚʢʝ ʵʪʘʧʦʚ ʦʙʦʙʱʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ ʠ 

ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ɹʆʕʉɼɿ.                                                                                                            

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʣʦʞʝʥʠʷ: 

1. ʆʙʦʙʱʝʥʥʘʷ ʛʝʦʤʝʪʨʦʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ɹʆʕʉɼɿ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʩʚʷʟʘʪʴ çʚʥʝʰʥʠʝè ʠ çʚʥʫʪʨʝʥʥʠʝè ʧʘʨʘʤʝʪʨʳ 

ʘʧʧʘʨʘʪʫʨʳ. 

2. ʇʨʝʜʣʦʞʝʥʥʳʝ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ɹʆʕʉɼɿ ʧʦʟʚʦʣʷʪʁ ʦʧʨʝʜʝʣʠʪʴ 

ʚʟʘʠʤʦʩʚʷʟʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ, ʠ ʚʨʝʤʝʥʥ·ʛʦ, ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ. 

3. ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʬʦʨʤʫʣʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʠʟʤʝʥʷʶʱʠʭʩʷ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʜʦʩʪʠʞʝʥʠʝ 

ʪʨʝʙʫʝʤʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ  ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʚʳʚʦʜʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʨʨʝʢʪʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʨʦʛʦʩʪʴʶ ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʆʥʘ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʜʥʦʡ ʠʟ ʨʝʘʣʴʥʦ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ɹʆʕʉɼɿ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʘʥʘʣʦʛʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʤʝʪʦʜʠʢʝ.  
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ɸʧʨʦʙʘʮʠʷ  ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ 

ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ʄʀʀɻɸʠʂ ʚ 2014 ʠ  2015 ʛʛ., ʘ ʪʘʢʞʝ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʜʠʩʪʘʥʮʠʦʥʥʦʤʫ ʟʦʥʜʠʨʦʚʘʥʠʶ (International European Optical 

Society  EOSAM2014 Conference,  ɹʝʨʣʠʥ, 15-19 ʩʝʥʪʷʙʨʷ 2014 ʛ.). 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʯʝʪʳʨʝʭ ʩʪʘʪʴʷʭ ʚ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ  ʚ 

ʧʝʨʝʯʝʥʴ ɺɸʂ ʈʌ: 

1. ʍ. ʄ. ʕʣʴʝhʡʭ,  ʗʢʫʰʝʥʢʦʚ ʖ. ɻ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʙʦʨʪʦʚʳʭ 

ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ // ʀʟʚ. ʚʫʟʦʚ. 

ɻʝʦʜʝʟʠʷ ʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ. - 2014. - ˉ3. - ʉ.109-114. ISSN 0536101X. 

2. ʍ. ʄ. ʕʣʴʝhʡʭ, ʗʢʫʰʝʥʢʦʚ ʖ. ɻ. ɺʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʙʦʨʪʦʚʳʭ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ // ʆʧʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ï 

2014. ï ˉ 10.- ʉ. 603-606. ISSN 00304042. 

3. ʍ. ʄ. ʕʣʴʝhʡʭ, ʗʢʫʰʝʥʢʦʚ ʖ. ɻ.  ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʙʦʨʪʦʚʳʭ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ // ʀʟʚ. ʚʫʟʦʚ. ɻʝʦʜʝʟʠʷ ʠ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ.-2015.- ˉ.5. ISSN 0536101X. 

4. H. M. ElSheikh, Yakushenkov Y.G.Spatial and temporal resolutions pixel level 

performance analysis of the onboard remote sensing electro-optical systems. Journal 

of the European Optical Society - Rapid publications, Europe, v. 9, 14035, 2014. 

ISSN 1990-2573.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, 

ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʪʨʝʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ ʨʘʙʦʪʳ ï 210 ʩʪʨʘʥʠʮ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʷ 11 ʨʠʩʫʥʢʦʚ, 30 ʪʘʙʣʠʮ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 65 

ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ ʪʨʠ ʧʨʠʣʦʞʝʥʠ.̫  
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ɻʣʘʚʘ 1.     ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ                    

                            ɹʆʈʊʆɺʓʍ ʆʇʊʀʂʆ-ʕʃɽʂʊʈʆʅʅʓʍ ʉʀʉʊɽʄ 

ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ɿʆʅɼʀʈʆɺɸʅʀʗ 

1.1   ɺʠʜʳ ʨʘʟʨʝʰʝʥʠʷ ʙʦʨʪʦʚʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ; ʚʟʘʠʤʦʩʚʷʟʴ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ 

ʋʯʠʪʳʚʘʷ ʤʥʦʛʦʤʝʨʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʟʘʜʘʯ, 

ʨʝʰʘʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʤʠ ɹʆʕʉɼɿ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʴʟʫʶʪʩʷ ʧʦʥʷʪʠʷʤʠ çʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝè, çʚʨʝʤʝʥʥ·ʝè, 

çʩʧʝʢʪʨʘʣʴʥʦʝè ʠ çʵʥʝʨʛʝʪʠʯʝʩʢʦʝè (ʘʤʧʣʠʪʫʜʥʦʝ) ʨʘʟʨʝʰʝʥʠʝ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ɹʆʕʉɼɿ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʭʦʨʦʰʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ; ʜʣʷ ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ (ʧʨʠ ʚʟʘʠʤʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʩʠʩʪʝʤʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʦʙʲʝʢʪʦʚ), ʥʘʨʷʜʫ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʚʘʞʥʳʤ 

ʷʚʣʷʝʪʩʷ ʠ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʝʨʝʜ ʦʪʜʝʣʴʥʳʤʠ 

ɹʆʕʉɼɿ, ʦʩʦʙʝʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʠʤʝʪʴ ʭʦʨʦʰʝʝ 

ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʰʠʨʦʢʦʤ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʣʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʜʜʠʘʧʘʟʦʥʘʭ  [1]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʥʘʨʫʞʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠ ʦʙʨʘʟʦʚ, ʥʘʧʨʠʤʝʨ 

ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʛʦ ʧʦ ʬʦʨʤʝ, ʩʧʝʢʪʨʫ ʠ ʜʨʫʛʠʤʠ ʧʨʠʟʥʘʢʘʤ ʦʙʲʝʢʪʘ, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʩʣʦʞʥʦʤ ñʧʝʩʪʨʦʤò ʬʦʥʝ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ɹʆʕʉɼɿ ʧʦʯʪʠ 

ʧʦʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ. ɺʳʙʦʨ 

ʧʨʠʟʥʘʢʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ɹʆʕʉɼɿ, 
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ʨʘʙʦʪʘʶʱʝʡ ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ɹʆʕʉɼɿ ʦʯʝʥʴ ʚʘʞʥʦ ʦʪʦʙʨʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ 

ʯʠʩʣʦ ʪʘʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʘʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ 

ɹʆʕʉɼɿ, ʥʦ ʥʝ ʫʩʣʦʞʥʷʶʱʠʭ ʠʭ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʪʝʤ ʩʘʤʳʤ ʥʝ ʩʥʠʞʘʶʱʠʭ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʠ ʥʝ ʫʜʦʨʦʞʘʶʱʠʭ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʯʘʱʝ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʨʝʭʤʝʨʥʳʡ ʤʘʩʩʠʚ ʠʥʬʦʨʤʘʮʠʠ,           

ʪʦ ʝʩʪʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʟʨʘʙʦʪʦʢ ʠ ʧʦʧʳʪʦʢ ʩʦʟʜʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ɹʆʕʉɼɿ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʝʦʤʝʪʨʦʦʧʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ 

ʦʙʲʝʢʪʦʚ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ).  

ʉʧʝʢʪʨʘʣʴʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʦʙʲʝʢʪʦʚ ʠ ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʛʨʘʥʠʯʝʥʥʦ ï ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʩʪʦʡ ʨʝʞʝʢʪʦʨʥʦʡ 

(ʧʦʣʦʩʦʚʦʡ, ʦʜʥʦʧʦʣʦʩʥʦʡ) ʠʣʠ ʜʚʫʭʮʚʝʪʦʚʦʡ (ʜʚʫʭʧʦʣʦʩʥʦʡ) ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʬʠʣʴʪʨʘʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ 

(ʨʘʙʦʯʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ) ʚ ʩʦʩʪʘʚʝ ɹʆʕʉɼɿ ʭʦʪʷ ʙʳ ʜʦ ʜʚʫʭ ʠʣʠ ʪʨʝʭ, ʢʘʢ 

ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʟʨʠʪʝʣʴʥʦʤ ʘʧʧʘʨʘʪʝ ʯʝʣʦʚʝʢʘ, ʤʦʞʝʪ ʟʘʤʝʪʥʦ ʧʦʚʳʩʠʪʴ 

ñʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʴò ʵʪʠʭ ʩʠʩʪʝʤ ʠ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʝ ʦʥʠ ʚʭʦʜʷʪ, ʪʦ ʝʩʪʴ 

ʫʣʫʯʰʠʪʴ ʠʭ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ. 

ʋʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ (ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʲʝʢʪʘ ʠʣʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ), ʩʚʷʟʘʥʥʳʝ, ʥʘʧʨʠʤʝʨ, ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʙʲʝʢʪʝ, ʠʣʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʩʣʦʚʠʡ ʧʨʦʭʦʞʜʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʪʨʘʩʩʝ ñʦʙʲʝʢʪïɹʆʕʉɼɿò, ʠʣʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʩʣʦʚʠʡ 

ʦʙʣʫʯʝʥʠʷ ʦʙʲʝʢʪʘ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʦʩʪʦʨʦʥʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʪ.ʜ., ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʤʝʪʴ ʛʠʙʢʠʝ ʵʪʘʣʦʥʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ï ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ [1]. 

ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʘʢ ʯʠʩʣʦ ʨʘʟʨʝʰʘʝʤʳʭ ʫʨʦʚʥʝʡ 

ʷʨʢʦʩʪʠ ʦʙʲʝʢʪʘ ʠʣʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʚʳʙʠʨʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʫʝʤʳʤ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ.  
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ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ, ʚʨʝʤʝʥʥ·ʛʦ, 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʠʤʝʶʱʫʶ ʤʝʩʪʦ ʚ ʨʝʘʣʴʥʳʭ ɹʆʕʉɼɿ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ 

ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʦ ʠʟ-ʟʘ ʵʪʦʛʦ ʥʘ ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ 

ʙʫʜʝʪ ʧʨʠʭʦʜʠʪʴʩʷ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʝʝ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʙʦʯʠʤ ʜʠʘʧʘʟʦʥʘʤ ʠ ʧʦʣʫʯʝʥʠ ̫ ʪʨʝʙʫʝʤʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʜʠʘʧʘʟʦʥʦʚ. 

ɺ [2-5] ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ ʩʭʝʤʳ ʧʨʦʩʤʦʪʨʘ 

ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ, ʘ ʪʘʢʞʝ ʦʧʠʩʳʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʚʳʙʦʨʘ ʠ ʨʘʩʯʝʪʘ 

ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʩʠʩʪʝʤ, ʧʨʠʚʦʜʷʪʩʷ ʧʘʪʝʥʪʥʳʝ ʦʧʠʩʘʥʠʷ 

ʨ̫ ʜʘ ɹʆʕʉɼɿ, ʩʦʜʝʨʞʘʱʠʝ ʦʮʝʥʢʠ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʨʘʟʨʝʰʝʥʠʷ ʙʝʟ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ. ʆʜʥʘʢʦ ʦʙʦʙʱʝʥʥʘʷ ʤʝʪʦʜʠʢʘ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ɹʆʕʉɼɿ ʢ ʨʘʟʨʝʰʝʥʠʶ 

ʵʪʠʭ ʩʠʩʪʝʤ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʄʌʇʋ, ʚ ʠʟʚʝʩʪʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ ʤʝʪʦʜʠʢʠ ʜʝʣʘʝʪ 

ʪʝʤʫ, ʚʳʥʝʩʝʥʥʫʶ ʚ ʟʘʛʣʘʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʘʢʪʫʘʣʴʥʦʡ. 

 ʊʨʝʙʦʚʘʥʠʷ ʢ ɹʆʕʉɼɿ ʦʩʦʙʝʥʥʦ ʫʩʣʦʞʥʷʶʪʩʷ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʵʪʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʙʦʨʪʫ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʠ ʚʳʙʦʨʝ ʠ 

ʨʘʩʯʝʪʝ ɹʆʕʉɼɿ ʠ ʝʝ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ï ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʌʇʋ ʷʚʣʷʶʪʩʷ: 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʨʘʙʦʯʠʝ ʜʠʘʧʘʟʦʥʳ; ʨʘʟʤʝʨʳ ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʡ ʟʦʥʳ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʳʩʦʪʘ ʧʦʣʝʪʘ; ʪʨʝʙʫʝʤʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ, ʚʨʝʤʝʥʥבʝ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʠ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ; ʩʢʦʨʦʩʪʴ ʧʦʣʝʪʘ ʚʜʦʣʴ ʥʝʢʦʪʦʨʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʧʨʠʥʷʪʦʛʦ ʟʘ ʦʜʥʫ ʠʟ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʦʩʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʚ 

ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʝʪ ɹʆʕʉɼɿ, ʠʣʠ ʯʘʩʪʦʪʘ ʧʨʦʩʤʦʪʨʘ ʟʘʜʘʥʥʦʡ ʟʦʥʳ; ʩʦʩʪʦʷʥʠʝ 

ʘʪʤʦʩʬʝʨʳ ʥʘ ʪʨʘʩʩʝ çʧʨʦʩʤʘʪʨʠʚʘʝʤʘʷ ʟʦʥʘ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ                             

ï ɹʆʕʉɼɿè.  
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ɹʆʕʉɼɿ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ:  

- ʫʩʪʘʥʦʚʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ çʚʥʝʰʥʠʤʠè ʠ çʚʥʫʪʨʝʥʥʠʤʠè 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ, 

ʚʨʝʤʝʥʥ·ʝ, ʩʧʝʢʪʨʘʣʴʥʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ɹʆʕʉɼɿ; 

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ, ʚʨʝʤʝʥʥ·ʤʫ, 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʵʪʠʭ ʩʠʩʪʝʤ, ʚʦʟʥʠʢʘʶʱʠʝ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʰʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ɿʘʪʝʤ ʥʘ 

ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʥʘʠʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʢ 

ʧʘʨʘʤʝʪʨʘʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ɹʆʕʉɼɿ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʌʇʋ;  

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʉʇʆʀ 

ɹʆʕʉɼɿ ʠ ʩʠʩʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʧʦʣʷ ʦʙʟʦʨʘ.     

ɺʟʘʠʤʦʩʚʷʟʠ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ. 1.  
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ʈʠʩ. 1. ɺʟʘʠʤʦʩʚʷʟʴ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ 
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1.2  ʆʙʟʦʨ ʠʟʚʝʩʪʥʳʭ ʧʨʠʥʮʠʧʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʷ ʦʙʟʦʨʘ ʙʦʨʪʦʚʳʭ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ  

ʀʟʚʝʩʪʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʩʤʦʪʨʘ ʩʮʝʥʳ ʷʚʣʷʝʪʩʷ ʧʦʣʝʪ ʥʦʩʠʪʝʣʷ 1 ɹʆʕʉɼɿ,  

ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ Vy ʚʜʦʣʴ ʦʩʠ  y ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʚʳʩʦʪʝ 

H ʧʦ ʪʨʘʩʩʝ, ʧʨʦʭʦʜʷʱʝʡ ʥʘʜ ʮʝʥʪʨʦʤ ʩʮʝʥʳ 4 (ʨʠʩ.2). ɹʆʕʉɼɿ ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʟʦʥʫ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʫʛʣʦʚʳʤʠ ʨʘʟʤʝʨʘʤʠ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ  2Ýʭ Ĭ 2Ýy ʯʝʨʝʟ 

ʘʪʤʦʩʬʝʨʫ ʩ ʧʦʤʦʱʴʶ ʄʌʇʋ 3 ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʬʦʨʤʘʪʘ NxĬNy, ʢʦʪʦʨʘʷ 

ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʠʚʘ 2 ɹʆʕʉɼɿ ʩ ʬʦʢʫʩʥʳʤ              

ʨʘʩʩʪʦʷʥʠʝʤ äǋ.  

 

ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʙʦʪʳ ɹʆʕʉɼɿ, ʨʘʙʦʪʘʶʱʝʡ ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ, ʧʨʠ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʨʦʩʤʦʪʨʝ 

ɹʆʕʉɼɿ ʠʩʩʣʝʜʫʝʪ ʟʦʥʫ ʧʨʦʩʤʦʪʨʘ ʩ ʨʘʟʤʝʨʘʤʠ ɸ0 = Lʭ0ĬLy0. ʆʙʦʟʥʘʯʠʤ 

ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʄʌʇʋ ʧʦ ʦʩʷʤ x ʠ y ʚ ʬʦʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʠʚʘ ʢʘʢ dx ʠ dy, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʫʛʣʦʚʳʝ ʨʘʟʤʝʨʳ ʚ ʥʘʜʠʨʝ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʢʘʢ  2ɤx0 ʠ 2ɤy0.   

ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ɹʆʕʉɼɿ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʄʌʇʋ, ʛʜʝ 

ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ ʩʦʚʧʘʜʘʝʪ ʩ ʣʠʥʠʝʡ ʥʘʜʠʨʘ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ  lx0 ʠ ly0 ʧʦ 
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ʦʩʷʤ ʭ ʠ ʫ ʥʘ ʩʮʝʥʝ ʦʧʨʝʜʝʣʠʪʩʷ ʨʘʟʤʝʨʘʤʠ ʧʨʦʝʢʮʠʠ ʧʠʢʩʝʣʷ ʄʌʇʋ ʥʘ ʤʝʩʪʥʦʩʪʴ 

ʨʘʚʥʦ [6-11]: 

                                                   lx0 å Hdx/ äǋ   ,     ly0 å Hdx/ äǋ.                                           (1) 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʚʦʩʪʨʝʙʦʚʘʥʘ ʧʦ ʚʩʝʤʫ 

ʤʠʨʫ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʨʘʙʦʪʘʝʪ ʤʥʦʛʦ ʢʦʤʧʘʥʠʡ, ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʘʪʝʥʪʦʚ. 

ʕʪʠ ʢʦʤʧʘʥʠʠ ʧʦʣʫʯʘʶʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ, 

ʠʩʧʦʣʴʟʫʷ, ʚ ʦʩʥʦʚʥʦʤ, ʮʠʬʨʦʚʳʝ ɹʆʕʉɼɿ. ʄʥʦʛʠʝ  ɹʆʕʉɼɿ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ 

ʙʦʨʪʫ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ,  ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʨʪʦʛʨʘʬʠʠ, ʨʘʟʚʝʜʢʝ, ʥʘʙʣʶʜʝʥʠʠ. 

ʆʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʮʠʬʨʦʚʳʭ ʢʘʜʨʦʚʳʭ ɹʆʕʉɼɿ 

ʷʚʣʷʶʪʩʷ ʤʘʣʳʝ ʨʘʟʤʝʨʳ (ʬʦʨʤʘʪʳ) ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʛʝʦʤʝʪʨʦʦʧʪʠʯʝʩʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʄʌʇʋ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʫʛʣʦʚʦʝ ʧʦʣʝ ʦʙʲʝʢʪʠʚʦʚ, 

ʩʪʨʦʷʱʠʭ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʩʮʝʥʳ) ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʤ 

ʩʣʦʝ ʄʌʇʋ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ɹʆʕʉɼɿ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʦʙʲʝʢʪʠʚʘʤʠ ʠ 

ʌʇʋ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʩʮʝʥʳ ʙʦʣʴʰʦʛʦ ʬʦʨʤʘʪʘ ʩ ʭʦʨʦʰʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ɺʦ ʤʥʦʛʠʭ, ʭʦʪʷ ʠ ʥʝ ʚʦ ʚʩʝʭ, ʩʣʫʯʘʷʭ ʵʪʦ ʚʳʟʚʘʣʦ 

ʚʥʝʜʨʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩʥʠʤʢʦʚ, ʢʦʪʦʨʳʝ ʘʥʘʣʦʛʠʯʥʳ ʪʝʤ, ʯʪʦ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʝʱʝ ʜʦ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ.  

ʊʘʢʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʢʣʶʯʘʶʪ: ʘ) ʚʝʝʨʥʫʶ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʚ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʬʦʪʦʩʲʝʤʢʝ ʜʣʷ ʙʦʣʝʝ ʤʘʩʰʪʘʙʥʦʛʦ ʦʭʚʘʪʘ ʩʮʝʥʳ, ʟʘʯʘʩʪʫʶ ʚ ʮʝʣʷʭ ʨʘʟʚʝʜʢʠ;              

ʙ) ʙʣʦʢʦʚʫʶ, ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪ ʧʣʦʱʘʜʴ ʩʮʝʥʳ (ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ), 

ʧʨʦʩʤʘʪʨʠʚʘʝʤʫʶ ʩ ʦʜʥʦʡ ʵʢʩʧʦʟʠʮʠʦʥʥʦʡ ʪʦʯʢʠ, ʯʪʦ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʢʘʨʪʦʛʨʘʬʠʠ ʠ ʥʘʙʣʶʜʝʥʠʠ; ʚ) çʄʘʣʴʪʠʡʩʢʠʡ ʢʨʝʩʪè - ʢʦʤʙʠʥʘʮʠʶ  ʦʜʥʦʡ 

ɹʆʕʉɼɿ, ʧʨʦʩʤʘʪʨʠʚʘʶʱʝʡ ʩʮʝʥʫ ʚ ʥʘʜʠʨ, ʠ ʯʝʪʳʨʝʭ ɹʆʕʉɼɿ, ʦʙʨʘʟʫʶʱʠʭ 

ʩʪʦʨʦʥʳ ʤʘʣʴʪʠʡʩʢʦʛʦ ʢʨʝʩʪʘ ʠ ʧʨʦʩʤʘʪʨʠʚʘʶʱʠʭ ʩʮʝʥʫ ʩ ʥʘʢʣʦʥʦʤ ʠʭ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ [12]. 

ɺʝʝʨʥʘʷ ʩʲʝʤʢʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ  

ʧʨʦʩʤʦʪʨʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʧʣʦʱʘʜʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ  ʩ ʙʦʨʪʘ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʝʛʦ ʧʦʣʝʪʘ [4,12]. ʅʘʧʨʠʤʝʨ, ʚ 



18 

ʚʦʝʥʥʦ-ʚʦʟʜʫʰʥʳʭ ʩʠʣʘʭ ʅɸʊʆ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʝ 

ʧʣʝʥʦʯʥʳʝ ɹʆʕʉɼɿ ʩʝʨʠʠ Zeiss KS-153 ʚ ʜʚʫʭ ʝʝ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ - ʪʨʝʭʦʙʲʝʢʪʠʚʥʦʡ 

Tri-lens 80 ʠ ʧʷʪʠʦʙʲʝʢʪʠʚʥʦʡ - Penta-lens 53, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ  ʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʝ ʫʛʣʦʚʦʝ ʧʦʣʝ. ʉʭʝʤʳ ʨʘʙʦʪʳ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦʡ ʧʣʝʥʦʯʥʦʡ 

ɹʆʕʉɼɿ ʩʝʨʠʠ Zeiss KS-153 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. 

ʅʝʜʘʚʥʦ ʥʘ ʨʳʥʢʝ ʧʦʷʚʠʣʠʩʴ ʩʨʝʜʥʝʬʦʨʤʘʪʥʳʝ ʮʠʬʨʦʚʳʝ ɹʆʕʉɼɿ.  ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʩʠʩʪʝʤʳ DiMAC Wide (ɹʝʣʴʛʠʷ), Dual-DigiCAMʠRolleiMetric (ʩʝʡʯʘʩ 

Trimble) AIC x 2 (ʌʈɻ). ɺʩʝ ʦʥʠ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʩʭʦʞʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʆʪʜʝʣʴʥʳʝ ɹʆʕʉɼɿ ʧʦʟʚʦʣʷʶʪ ʜʝʣʘʪʴ ʩʥʠʤʢʠ ʨʘʟʤʝʨʦʤ 39 ʤʝʛʘʧʠʢʩʝʣʦʚ.  

  

                       ʘ)                                                                            ʙ) 

ʈʠʩ. 3. ʉʭʝʤʘ ʨʘʙʦʪʳ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦʡ ʧʣʝʥʦʯʥʦʡ ɹʆʕʉɼɿ ʩʝʨʠʠ Zeiss KS-153, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʚʝʝʨ ʠʟ ʥʘʢʣʦʥʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʥʠʤʢʦʚ  

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠ ʁʧʦʣʝʪʘ 

ʘ) ʪʨʝʭʦʙʲʝʢʪʠʚʥʦʡ ɹʆʕʉɼɿ (Tri-lens 80) ; ʙ) ʧʷʪʠʦʙʲʝʢʪʠʚʥʦʡ ɹʆʕʉɼɿ (Penta-lens 53) 

 

ɿʘʪʚʦʨʳ ʦʪʜʝʣʴʥʳʭ ɹʆʕʉɼɿ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ, ʯʪʦʙʳ ʧʦʣʫʯʘʪʴ ʜʚʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʥʠʤʢʘ ʧʦ ʦʙʝʠʤ   ʩʪʦʨʦʥʘʤ ʣʠʥʠʠ ʧʦʣʝʪʘ. ʇʦʩʣʝ ʚʳʧʨʷʤʣʝʥʠʷ ʠ 
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ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʟʤʝʨʳ ʠʪʦʛʦʚʦʛʦ ʩʥʠʤʢʘ ʩʦʩʪʘʚʣʷʶʪ 75 

ʤʝʛʘʧʠʢʩʝʣʦʚ [13,14]. ʊʘʢʦʚʘ ʨʘʙʦʪʘ  ɹʆʕʉɼɿ ʤʦʜʝʣʠ Dual-DigiCAM ʠ DiMAC 

Wide. 

ʇʨʠʤʝʨʦʤ ʪʨʝʭʢʘʥʘʣʴʥʦʡ ɹʆʕʉɼɿ ʷʚʣʷʝʪʩʷ DLR-3k (ʌʈɻ). ʉʠʩʪʝʤʘ DLR-3k 

ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʤʘʣʦʬʦʨʤʘʪʥʳʭ ʮʠʬʨʦʚʳʭ  ɹʆʕʉɼɿ, ʚʢʣʶʯʘʶʱʠʭ ʢʘʤʝʨʳ Canon, 

ʢʦʪʦʨʳʝ ʧʦʤʝʱʝʥʳ ʚ ʨʝʛʫʣʠʨʫʝʤʳʝ ʦʧʨʘʚʳ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʦʜʥʫ ʚʝʨʪʠʢʘʣʴʥʫʶ ʠ ʜʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʬʦʪʦʛʨʘʬʠʠ. ʂʦʤʧʘʥʠʷ 

IGI ʩʦʟʜʘʣʘ ʘʥʘʣʦʛʠʯʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʥʘʟʚʘʥʘ Triple-DigiCAM. ɺ ʥʝʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʩʨʝʜʥʝʬʦʨʤʘʪʥʳʭ ʮʠʬʨʦʚʳʭ ɹʆʕʉɼɿ ʢʦʤʧʘʥʠʠ DigiCAM ʚʤʝʩʪʦ 

ʤʘʣʦʬʦʨʤʘʪʥʦʡ ɹʆʕʉɼɿ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʩʠʩʪʝʤʝ DLR-3k [15,16]. 

ʉʣʝʜʫʝʪ ʩʢʘʟʘʪʴ ʦ ʥʦʚʦʤ ʧʦʢʦʣʝʥʠʠ  ʮʠʬʨʦʚʳʭ ɹʆʕʉɼɿ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ 

ʨʦʩʩʠʡʩʢʦʡ ʢʦʤʧʘʥʠʠ NPO KSI. ɺ ʵʪʠʭ ʮʠʬʨʦʚʳʭ ɹʆʕʉɼɿ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʤʘʣʦʬʦʨʤʘʪʥʳʭ ʌʇʋ ʥʘ ʙʘʟʝ ʇɿʉ-ʤʘʪʨʠʮ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʯʝʪʳʨʴʤʷ, ʰʝʩʪʴʶ ʠʣʠ 

ʚʦʩʝʤʴʶ ʦʙʲʝʢʪʠʚʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʝʥʳ ʧʦʜ ʥʘʢʣʦʥʦʤ ʧʦ ʦʙʝʠʤ ʩʪʦʨʦʥʘʤ ʣʠʥʠʠ 

ʧʦʣʝʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʰʠʨʠʥʳ ʦʭʚʘʪʘ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ 

ʩʣʫʯʘʝ ʯʝʪʳʨʝʭ ʦʙʲʝʢʪʠʚʦʚ ʜʚʝ ʧʘʨʳ ʠʟ ʥʠʭ ʨʘʟʤʝʱʝʥʳ ʧʦʜ ʥʘʢʣʦʥʦʤ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦ ʩʪʦʨʦʥʘʤ ʣʠʥʠʠ ʧʦʣʝʪʘ; ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ                  

ʨʠʩ. 4-ʘ. ɺ ʬʦʢʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʠʚʘ ʨʘʟʤʝʱʝʥʘ  ʌʇɿʉ- ʤʘʪʨʠʮʘ. 

ʆʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʦʜʥʦʡ ʧʘʨʳ 

ʦʙʲʝʢʪʠʚʦʚ, ʩʦʝʜʠʥʷʶʪʩʷ ʚʤʝʩʪʝ, ʦʙʨʘʟʫʷ ʧʨʷʤʦʫʛʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩ ʝʝ ʙʦʣʝʝ ʜʣʠʥʥʦʡ ʩʪʦʨʦʥʦʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʣʠʥʠʠ ʧʦʣʝʪʘ; ʩʭʝʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4-ʙ. ʀʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʘʝʤʳʝ ʜʨʫʛʦʡ ʧʘʨʦʡ ʦʙʲʝʢʪʠʚʦʚ ʠ ʠʭ 

ʌʇʋ, ʧʨʠʤʳʢʘʶʪ ʢ ʠʟʦʙʨʘʞʝʥʠʷʤ ʠʟ ʧʝʨʚʦʡ ʧʘʨʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʰʠʨʦʢʦʛʦ ʦʭʚʘʪʘ 

ʪʝʨʨʠʪʦʨʠʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʧʨʠ ʧʦʣʝʪʝ ʥʘ ʥʠʟʢʠʭ 

ʚʳʩʦʪʘʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʘʜʨ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʤʝʨʦʤ 12200 ʧʠʢʩʝʣʦʚ. ɺ ʩʣʫʯʘʝ 

ʰʝʩʪʠ ʦʙʲʝʢʪʠʚʦʚ ʚ ʩʠʩʪʝʤʝ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʦʜʦʙʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ  

ʧʨʠʤʝʥʷʝʤʦʡ ʧʨʠ ʧʦʣʝʪʘʭ ʥʘ ʩʨʝʜʥʝʡ ʚʳʩʦʪʝ, ʰʠʨʠʥʘ ʟʦʥʳ ʦʭʚʘʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʝʪʘ, ʩʦʩʪʘʚʣʷʝʪ 27000 ʧʠʢʩʝʣʦʚ.  
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʩʴʤʠ ʦʙʲʝʢʪʠʚʦʚ ʠ  ʧʨʠ ʧʦʣʝʪʘʭ ʥʘ ʙʦʣʴʰʦʡ ʚʳʩʦʪʝ 

ʦʭʚʘʪ ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʪʘʚʣʷʝʪ 49000 ʧʠʢʩʝʣʦʚ [12]. 

ʇʨʘʢʪʠʯʝʩʢʠ ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʩʪʝʤʦʡ ʠʟ ʜʚʫʭ ʮʠʬʨʦʚʳʭ ʧʦʰʘʛʦʚʳʭ ʢʘʜʨʦʚʳʭ 

ɹʆʕʉɼɿ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ VisionMap A3. ʆʥʘ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʧʦʰʘʛʦʚʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʷ ʧʦʣʫʯʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʘʜʨʦʚ, 

ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʝʪʘ 

ɹʆʕʉɼɿ [6,12]. 

 

 

                        ʘ)                                                          ʙ) 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʯʝʪʳʨʝʭʮʠʬʨʦʚʦʡ ɹʆʕʉɼɿ ʢʦʤʧʘʥʠʠ NPO KSI 

                         ʘ) ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʝʪʳʨʝʭ ʦʙʲʝʢʪʠʚʦʚ ʢ ʥʘʜʠʨʫ;  

                        ʙ) ʨʘʟʤʝʱʝʥʠʝ ʌʇɿʉ ʤʘʪʨʠʮ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ  

                             ʢʘʞʜʦʛʦ ʠʟ ʯʝʪʳʨʝʭ ʦʙʲʝʢʪʠʚʦʚ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʣʦʢʦʚ ʠʟ ʯʝʪʳʨʝʭ- ʠʣʠ ʰʝʩʪʠʢʘʜʨʦʚʳʭ ɹʆʕʉɼɿ, ʢʦʪʦʨʳʝ 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʙʣʦʢʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʤʝʩʪʦ ʚʝʝʨʥʦʡ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ  ʚ ʢʘʨʪʦʛʨʘʬʠʠ ʠ ʨʘʟʚʝʜʢʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʠ ʦʙʲʝʜʠʥʷʶʪʩʷ, ʦʙʨʘʟʫʷ ʦʜʥʦ 

ʙʣʠʟʢʦʝ ʢ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʩʦʩʪʘʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʢʚʘʜʨʘʪʥʦʤ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʦʤ 

ʬʦʨʤʘʪʝ, ʢʦʪʦʨʦʝ ʧʝʨʝʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʕʪʦ ʠʪʦʛʦʚʦʝ ʩʦʩʪʘʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 
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ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʳʡ ʦʭʚʘʪ ʪʝʨʨʠʪʦʨʠʠ ʚ ʰʠʨʦʢʦʬʦʨʤʘʪʥʦʤ ʨʘʟʤʝʨʝ. ɺ ʪʘʢʦʤ 

ʰʠʨʦʢʦʤ ʬʦʨʤʘʪʝ ʠ ʧʨʠ ʪʘʢʦʡ ʛʝʦʤʝʪʨʠʠ ʩʦʩʪʘʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʨʘʟʫ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤʠ ʩʪʘʥʮʠʷʤʠ (DPWs) ʠ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ, ʩʦʟʜʘʥʥʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʣʶʙʳʤʠ ʪʠʧʘʤʠ ʢʘʜʨʦʚʦʡ ʩʲʝʤʢʠ. 

ʉʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ  ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʦʡ ʩʠʩʪʝʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʬʠʨʤʦʡ Zeiss 

ʚ 1930-ʭ ʛʛ., ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ  ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ɹʆʕʉɼɿ. ɺ  

ʩʠʩʪʝʤʝ Z/I (ʩʝʡʯʘʩ Intergraph) DMC  ʯʝʪʳʨʝ ʩʨʝʜʥʝʬʦʨʤʘʪʥʳʭ ʢʘʜʨʦʚʳʭ ɹʆʕʉɼɿ ʩ 

ʇɿʉ-ʤʘʪʨʠʮʘʤʠ 7k x 4k ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʨʦʩʤʦʪʨʘ. ɺʩʝ ʯʝʪʳʨʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʝʜʠʥʷʶʪʩʷ ʩʣʝʛʢʘ ʚʥʘʭʣʝʩʪ ʚʜʦʣʴ ʜʚʫʭ ʩʚʦʠʭ ʩʪʦʨʦʥ, ʦʙʨʘʟʫʷ 

ʧʨʷʤʦʫʛʦʣʴʥʦʝ ʢʨʫʧʥʦʬʦʨʤʘʪʥʦʝ ʢʘʜʨʦʚʦʝ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ 

ʨʘʟʤʝʨʦʤ 13.5k x 8k = 108 ʤʝʛʘʧʠʢʩʝʣʦʚ. ʇʦʣʫʯʝʥʥʦʝ ʩʦʩʪʘʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʟʘʪʝʤ 

ʤʦʞʝʪ ʙʳʪʴ ʦʢʨʘʰʝʥʦ, ʯʪʦʙʳ ʧʨʠʦʙʨʝʩʪʠ ʮʚʝʪ (ʚ ʩʠʩʪʝʤʝ RGB) ʠʣʠ 

çʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʮʚʝʪè (ʚʠʜʠʤʦʛʦ ʠ ʙʣʠʞʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʦʚ), ʠʩʧʦʣʴʟʫʷ  

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʯʝʪʳʨʝʭ ʢʘʜʨʦʚʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʣʦʬʦʨʤʘʪʥʳʭ            

(2k x 3k) ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ɹʆʕʉɼɿ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʙʣʠʟʢʦʤ ʢ ʚʝʨʪʠʢʘʣʴʥʦʤʫ. ɸʥʘʣʦʛʠʯʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭ ʢʘʜʨʦʚʳʭ ʩʨʝʜʥʝʬʦʨʤʘʪʥʳʭ ʮʠʬʨʦʚʳʭ ɹʆʕʉɼɿ  ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʘʥʠʷʤʠ RolleiMetric ʠ IGI.  ɺ ʩʠʩʪʝʤʝ RolleiMetric ʤʦʜʝʣʴ AIC x4 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʝʪʳʨʝ ʮʠʬʨʦʚʳʭ Rollei AIC ɹʆʕʉɼɿ, ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʠʤʝʥʷʝʪʩʷ 39 ʤʝʛʘʧʠʢʩʝʣʴʥʳʭ ʇɿʉ-ʤʘʪʨʠʮ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ Kodak. ɺ ʩʠʩʪʝʤʝ 

IGI ʤʦʜʝʣʴ Quattro-DigiCAM  ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʝʪʳʨʝ ʮʠʬʨʦʚʳʝ ɹʆʕʉɼɿ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʬʦʨʤʘʪʘʤʠ ʩʥʠʤʢʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʬʠʨʤʦʡ Hasselblad; ʠʪʦʛʦʚʦʝ 

ʩʦʩʪʘʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʤʝʝʪ ʨʘʟʤʝʨ 145 ʤʝʛʘʧʠʢʩʝʣʦʚ [16].  

ʆʪʜʝʣʦʤ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢʦʤʧʘʥʠʠ ITT Corporation ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 

CenTauri Solutions ʩ ʮʝʣʴʶ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ ʉʐɸ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ,  ʩʦʩʪʦʷʱʘʷ ʠʟ ʰʝʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʘʜʨʦʚʳʭ ɹʆʕʉɼɿ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʥʘʢʣʦʥʦʤ ʢ ʥʘʜʠʨʫ. ʕʪʘ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʟʘʢʨʝʧʣʷʪʴʩʷ ʥʘ 

ʧʠʣʦʪʠʨʫʝʤʳʭ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʚʝʨʰʘʪʴ 
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ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʧʦʣʝʪʳ ʩ ʧʝʨʝʜʘʯʝʡ ʩʥʠʤʢʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʮʝʥʢʘ ʠ ʘʥʘʣʠʟ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʉʠʩʪʝʤʘ ITT ʦʩʥʘʱʝʥʘ ʰʝʩʪʴʶ ʤʘʣʦʬʦʨʤʘʪʥʳʤʠ ɹʆʕʉɼɿ, ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩʥʠʤʢʠ ʨʘʟʤʝʨʦʤ 11 ʤʝʛʘʧʠʢʩʝʣʦʚ. ʕʪʦʪ ʙʣʦʢ ʧʦʤʝʱʝʥ 

ʥʘ ʧʣʘʪʬʦʨʤʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʥʘʢʣʦʥʷʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʩʪʦʷʥʥʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʯʘʩʪʴ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ï ʣʠʙʦ ʩʦ ʩʨʝʜʥʝʬʦʨʤʘʪʥʳʤʠ ɹʆʕʉɼɿ ʚʤʝʩʪʦ 

ʤʘʣʦʬʦʨʤʘʪʥʳʭ, ʣʠʙʦ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʘʣʦʬʦʨʤʘʪʥʳʭ ɹʆʕʉɼɿ (ʠʥʦʛʜʘ ʜʦ 

24), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʥʠʤʢʠ  ʨʘʟʤʝʨʘʤʠ 864 ʤʝʛʘʧʠʢʩʝʣʦʚ [12].   

    ʇʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ çʄʘʣʴʪʠʡʩʢʠʡ ʢʨʝʩʪè [15] ʷʚʣʷʣʘʩʴ 

ʧʣʝʥʦʯʥʘʷ ʢʘʤʝʨʘ T-3A ʢʦʤʧʘʥʠʠ Fairchild ʩ ʧʷʪʴʶ ʦʙʲʝʢʪʠʚʘʤʠ, ʩʦʟʜʘʥʥʘʷ ʝʱʝ ʚ 

1930-ʭ ʛʛ. [12].  

ʂʦʤʧʘʥʠʝʡ Pictometry ʠ ʧʦ ʝʝ ʧʘʪʝʥʪʘʤ ʜʣʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ   

ʨʘʟʨʘʙʦʪʘʥʳ ɹʆʕʉɼɿ,  ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ 

ʟʜʘʥʠʡ ʠ ʜʨʫʛʠʭ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ  ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʥʠʤʢʦʚ 

ʧʨʠ ʙʦʣʴʰʠʭ ʥʘʢʣʦʥʥʳʭ ʫʛʣʘʭ ʧʨʦʩʤʦʪʨʘ.  

ʇʦʤʠʤʦ ʵʪʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʧʷʪʠʢʘʜʨʦʚʫʶ (ʠʣʠ 

ʰʝʩʪʠʢʘʜʨʦʚʫʶ) ɹʆʕʉɼɿ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʙʠʥʘʮʠʠ ʧʣʘʥʦʚʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʬʠʨʤʦʡ RolleiMetric ʥʝʜʘʚʥʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ Aero Oblique 

System (AOS). ɺ ʥʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʷʪʠ ʬʦʪʦʛʨʘʬʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʬʠʛʫʨʘʮʠʠ çʄʘʣʴʪʠʡʩʢʠʡ ʂʨʝʩʪè ʫʤʝʥʴʰʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ɹʆʕʉɼɿ. ʉʠʩʪʝʤʘ AOS 

ʚʢʣʶʯʘʝʪ ʪʨʠ  ʩʨʝʜʥʝʬʦʨʤʘʪʥʳʭ ʮʠʬʨʦʚʳʭ ɹʆʕʉɼɿ Rollei AIC. ɿʘʪʚʦʨʳ ʪʨʸʭ 

ʢʘʜʨʦʚʳʭ ɹʆʕʉɼɿ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ, ʯʪʦʙʳ ʟʘʭʚʘʪʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʣʘʥʦʚʦʝ  

ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʜʚʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʝʪʘ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʉʠʩʪʝʤʘ ʠʟ ʪʨʸʭ ɹʆʕʉɼɿ 

ʤʦʞʝʪ ʙʳʩʪʨʦ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʧʦ ʘʟʠʤʫʪʫ ʥʘ 90Á ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʪʦʨʦʡ ʧʘʨʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʣʠʥʠʠ ʧʦʣʝʪʘ ʚ 
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ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʉ ʧʦʤʦʱʴʶ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʤʦʞʥʦ 

ʟʘʧʠʩʳʚʘʪʴ ʜʦ 3500 ʦʪʜʝʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ [12].  

ʅʝʢʦʪʦʨʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ɹʆʕʉɼɿ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 [12-17]. 

 ʆʮʝʥʢʠ ʥʝʢʦʪʦʨʳʭ ɹʆʕʉɼɿ ʜʣʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʨʘʟʨʝʰʝʥʠʠ ʚ ʥʘʜʠʨʝ, ʨʘʚʥʦʤ 10 ʩʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2 [18]. 

 

ʊʘʙʣʠʮʘ 1. ʅʝʢʦʪʦʨʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ɹʆʕʉɼɿ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʘʵʨʦʬʦʪʦʩʲʤʢʠ 
 

ʌʠʨʤʘ-ʧʨʦʠʟʚʦʜʠʪʝʣʴ, ʤʦʜʝʣʠ 

ʇʘʨʘʤʝʪʨʳ 
Hexagon AB (ʐʚʝʮʠʷ) UltraCam/Microsoft 

DMC Iie 250 ADS100 UltraCam Eagle 

ʏʠʩʣʦ ʦʙʲʝʢʪʠʚʦʚ  5  1  8 (4 PAN + 3 RGB + 1 

NIR)  

ʌʦʢʫʩʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ, ʤʤ  

112 (PAN);  45 (MS)  62,5  ʉʠʩʪʝʤʘ ʦʙʲʝʢʪʠʚʦʚ 1: 

80 (PAN), 27 (MS) 

ʉʠʩʪʝʤʘ ʦʙʲʝʢʪʠʚʦʚ 2: 

210 (PAN), 70 (MS)  

ʋʛʣʦʚʳʝ ʧʦʣʷ  

(ʚʜʦʣʴ/ʧʦʧʝʨʝʢ 

ʤʘʨʰʨʫʪʘ)  

38,6Ü / 45,5Á(PAN); 

 54,2Ü / 52Á (MS)  

- / 65,2Á-77,3Á ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʣʠʥʝʝʢ 

ʚʧʝʨʝʜ, ʥʘʟʘʜ ʠʣʠ ʚ 

ʥʘʜʠʨ  

46Á/66Á (ʉʠʩʪʝʤʘ 

ʦʙʲʝʢʪʠʚʦʚ 1)  

20Á/28Á (ʉʠʩʪʝʤʘ 

ʦʙʲʝʢʪʠʚʦʚ 2)  

ʏʠʩʣʦ ʌʇʋ  5 (1- PAN, 4 - MS)  SH100: 13 ʣʠʥʝʝʢ. 4 

ʣʠʥʝʡʢʠ R,G,B,N 

(ʚʧʝʨʝʜ) 4 ʣʠʥʝʡʢʠ 

R,G,B,N (ʥʘʟʘʜ) 5 

ʣʠʥʝʝʢ R,G,G,B,N (ʚ 

ʥʘʜʠʨ)  

13 (9 ï PAN, 4 ï MS)  

ʉʧʝʢʪʨʘʣʴʥʳʝ 

ʨʘʙʦʯʠʝ  ʜʠʘʧʘʟʦʥʳ  

PAN, R, G, B, NIR  R, G, B, NIR  PAN, R, G, B, NIR  

ʏʠʩʣʦ ʧʠʢʩʝʣʦʚ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʢʘʜʨʘ (ʚʜʦʣʴ 

/ʧʦʧʝʨʝʢ ʤʘʨʰʨʫʪʘ) 

14656 Ĭ 17216 

(PAN);                

6846 Ĭ 6096  

(MS)  

ʆʧʨʝʜʝʣʷʝʪʩʷ 

ʜʣʠʥʦʡ ʤʘʨʰʨʫʪʘ  / 

20 000  

13080 Ĭ 20010 (PAN) 

4360 Ĭ 6670 (MS)  
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 1 
ʌʠʨʤʘ-ʧʨʦʠʟʚʦʜʠʪʝʣʴ, ʤʦʜʝʣʠ 

ʇʘʨʘʤʝʪʨʳ 
Hexagon AB (ʐʚʝʮʠʷ) UltraCam/Microsoft 

DMC Iie 250 ADS100 UltraCam Eagle 

ʈʘʟʤʝʨ ʧʠʢʩʝʣʘ, ʌʇʋ, 

ʤʢʤ  

5,6 (PAN);  

7,2 (MS)  

5  5,2 (PAN)  

ʏʠʩʣʦ ʬʨʘʛʤʝʥʪʦʚ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʢʘʜʨʘ  

1  ʉʲʝʤʢʘ ʚʝʜʝʪʩʷ 

ʥʝʧʨʝʨʳʚʥʦ  

9  

ɻʝʦʤʝʪʨʠʷ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ  

ʎʝʥʪʨʘʣʴʥʘʷ 

ʧʨʦʝʢʮʠʷ  

ʎʝʥʪʨʘʣʴʥʘʷ 

ʧʨʦʝʢʮʠʷ ʢʘʞʜʦʡ 

ʩʪʨʦʢʠ ʠʟʦʙʨʘʞʝʥʠʷ  

ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʡ 

ʢʘʜʨ ʧʦ ʜʘʥʥʳʤ ʦʪ 9 

ʇɿʉ  

ʌʠʨʤʘ-ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʇʘʨʘʤʝʪʨʳ 

Visionmap Ltd. 

(ʀʟʨʘʠʣʴ) 

Optech Inc. 

(ʂʘʥʘʜʘ) 

IGI mbH 

(ɻʝʨʤʘʥʠʷ) 

A3 Edge/ A3 Edge 

CIR 
CS-15000 Quattro DigiCAM 

ʏʠʩʣʦ ʦʙʲʝʢʪʠʚʦʚ  2  2  4  

ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, 

ʤʤ  

300  70, 120, 210  80,100,150, 210, 300  

ʋʛʣʦʚʳʝ ʧʦʣʷ  

(ʚʜʦʣʴ/ʧʦʧʝʨʝʢ 

ʤʘʨʰʨʫʪʘ)  

111,28Á (ʤʘʢʩ. 

ʧʦʧʝʨʝʢ ʤʘʨʰʨʫʪʘ)  

37Á/29Á (70 ʤʤ); 

23Á/18Á (120 ʤʤ); 

14Á/11Á (210 ʤʤ)  

ɼʣʷ ʦʜʥʦʛʦ ʤʦʜʫʣʷ: 

27Á/36Á (80 ʤʤ); 

23Á/30Á (100 ʤʤ); 

15Á/20Á (150 ʤʤ); 

11Á/15Á (210 ʤʤ); 

8Á/10Á (300 ʤʤ)  

ʏʠʩʣʦ ʌʇʋ  2  2  4  

ʉʧʝʢʪʨʘʣʴʥʳʝ 

ʨʘʙʦʯʠʝ  ʜʠʘʧʘʟʦʥʳ  

R, G, B / R, G, B, 

NIR  

R,G,B - ʩʪʘʥʜʘʨʪ 

NIR - ʦʧʮʠʷ  

R, G, B  

ʏʠʩʣʦ ʧʠʢʩʝʣʦʚ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʢʘʜʨʘ(ʚʜʦʣʴ/ʧʦʧʝʨʝʢ 

ʤʘʨʰʨʫʪʘ)  

10200 Ĭ 80500 

(ʤʘʢʩ.)  

10000 Ĭ 15000  12750 Ĭ 18500  

ʈʘʟʤʝʨ ʧʠʢʩʝʣʘ, ʌʇʋ, 

ʤʢʤ  

5,5  5,2  6  

ʏʠʩʣʦ ʬʨʘʛʤʝʥʪʦʚ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʢʘʜʨʘ  

ʠʟʤʝʥʷʝʤʦʝ  2  4  

ɻʝʦʤʝʪʨʠʷ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ  

ʂʚʘʟʠʧʘʥʦʨʘʤʥʳʡ 

ʩʥʠʤʦʢ ï ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʉʪʘʥʜʘʨʪʥʘʷ ʮʝʥʪʨ.  

ʎʝʥʪʨʘʣʴʥʘʷ 

ʧʨʦʝʢʮʠʷ  

ʎʝʥʪʨʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ  
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ʊʘʙʣʠʮʘ.2. ʇʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ɹʆʕʉɼɿ ʜʣʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ  
 

 

 ̄
ʄʦʜʝʣʴ 

ɹʆʕʉɼɿ 

ɺʳʩʦʪʘ, 

ʤ 

ʋʛʣʦʚʦʝ ʧʦʣʝ, 

ʛʨʘʜʫʩ 
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʚ 

ʥʘʜʠʨʝ, ʩʤ 

ʈʘʟʤʝʨ ʟʦʥʳ 

ʧʨʦʩʤʦʪʨʘ, ʢʤ    
ʇʣʦʱʘʜʴ ʟʦʥ r

ʧʨʦʩʤʦʪʨʘ, 

ʢʤ
2
 ʇʦ ʦʩʠ x ʇʦ ʦʩʠ y ʇʦ ʦʩʠ x ʇʦ ʦʩʠ y 

1 DMC-II_250 2000 45,5 38,6 10 1676 1401 2,348 

2 DMC-II_230 1642 50,7 46,6 10 1555 1414 2,199 

3 DMC-II_140 1277 50,7 47,3 10 1209 1120 1,354 

4 DMC-I 1000 69,3 42 10 1382 768 1,061 

5 RMK_DX 1000 69,3 42 10 1382 768 1,061 

6 RMK_D 625 52 54,9 10 609 650 0,396 

7 Ultracam EAGLE    

80mm - UCE80 
1538 66,1 46,1 10 2001 1308 2,617 

8 Ultracam EAGLE  

210mm - UCE210 
4038 27,8 18,4 10 2001 1308 2,617 

9 Ultracam Osprey (Center) 850 69 47,7 10 1167 751 0,876 

10 Ultracam FALCON  

100mm - UCF100 
1388 54,9 37,5 10 1443 942 1,359 

11 Ultracam FALCON  

70mm - UCF70 
972 73,2 51,7 10 1443 942 1,359 

12 Ultracam XpWA - UCXpWA 1166 73,1 51,7 10 1731 1131 1,958 

13 Ultracam Xp UCXp 1666 54,9 37,5 10 1731 1131 1,958 

14 Ultracam X - UCX 1388 54,9 37,5 10 1443 942 1,359 

15 Ultracam Lp -UCLp 1166 53,3 37,5 10 1170 792 0,927 

16 Ultracam L - UCL 972 52,6 37 10 960 650 0,624 

17 Ultracam D - UCD 1111 54,7 37,3 10 1150 750 0,863 

18 Leica ADS100 1250 77,3 - 10 2000 ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʝʪʘ 

19 Leica ADS80-SH82 961 63,9 - 10 1200 ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʝʪʘ 

20 Leica ADS80-SH82  

HR HiRes Mode 
1923 63,9 - 10 2400 ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʝʪʘ 

21 Leica ADS40/52/80 969 63,5 - 10 1200 ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʝʪʘ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 
 

 ̄
ʄʦʜʝʣʴ 

ɹʆʕʉɼɿ 

ɺʳʩʦʪʘ, 

ʤ 

ʋʛʣʦʚʦʝ ʧʦʣʝ, 

ʛʨʘʜʫʩ 
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʚ 

ʥʘʜʠʨʝ, ʩʤ 

ʈʘʟʤʝʨ ʟʦʥʳ 

ʧʨʦʩʤʦʪʨʘ, ʢʤ    
ʇʣʦʱʘʜʴ ʟʦʥ r

ʧʨʦʩʤʦʪʨʘ, 

ʢʤ
2
 ʇʦ ʦʩʠ x ʇʦ ʦʩʠ y ʇʦ ʦʩʠ x ʇʦ ʦʩʠ y 

22 Leica RCD30 (CH62) RGBI 833 56,5 43,8 10 895 670 0,6 

23 VisionMap A3 Edge 5454 72,8 10,7 10 8050 1020 8,211 

24 VisionMap A3 3333 86,3 13,4 10 6251 781 4,882 

25 VisionMap A3 3333 86,3 13,4 10 6251 781 4,882 

26 PhaseOne iXA 180 / 80mm 1538 37,1 28,3 10 1032 775 0,8 

27 PhaseOne iXA 160 / 80mm 1333 37,2 28,3 10 898 673 0,60 

28 Track' Air SLRTrack 781 39,5 46,6 10 561 673 0,378 

29 
SpectraView 12W-MS 

Airborne Data Systems 
810 75,3 33,4 10 1250 487 0,609 

30 Geoniss-H4D60-50mm 833 56,5 43,8 10 895 670 0,6 

31 
Icaros IDM 200 80              

MP (80) 
1538 37,1 28,3 10 1032 775 0,8 

32 
Icaros IDM 600              wide 

(80) 
1538 63,4 28,3 10 1900 775 1,473 

33 Icaros IDM 600 (80) 1333 37,2 28,3 10 898 673 0,604 

34 Icaros IDM 200 (80) 1333 37,2 28,3 10 898 673 0,604 

35 SI5 1666 35,2 35,2 10 1058 1056 1,117 

36 iOne IMS 509 65,7 46,6 10 657 438 0,288 

37 iOne Ortho 19kps / MS 1500 64,6 10,2 10 1897 267 0,506 

38 IrisOne Stereo19kps 1545 63,2 44 10 1900 1250 2,375 

39 IrisOne Stereo12kps 909 67,5 69,4 10 1213 1260 1,528 

40 M7VI Iris One 1500 65,7 10,2 10 1938 267 0,517 

41 IrisOne Hi5 3333 53 4,6 10 3323 267 0,887 

42 IrisOne Hi5-16 4054 53 4,6 10 4040 324 1,309 

43 JAS-150 2307 29,1 - 10 1200 ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʝʪʘ 

44 Optech CS-15000 2307 36 24,5 10 1500 1000 1,5 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 
 

 

 ̄
ʄʦʜʝʣʴ 

ɹʆʕʉɼɿ 

ɺʳʩʦʪʘ, 

ʤ 

ʋʛʣʦʚʦʝ ʧʦʣʝ, 

ʛʨʘʜʫʩ 
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʚ 

ʥʘʜʠʨʝ, ʩʤ 

ʈʘʟʤʝʨ ʟʦʥʳ 

ʧʨʦʩʤʦʪʨʘ, ʢʤ    
ʇʣʦʱʘʜʴ ʟʦʥ r

ʧʨʦʩʤʦʪʨʘ, 

ʢʤ
2
 ʇʦ ʦʩʠ x ʇʦ ʦʩʠ y ʇʦ ʦʩʠ x ʇʦ ʦʩʠ y 

45 Optech CS-10000 2307 25,2 19,1 10 1032 776 0,801 

46 Optech CS-6500 909 39,3 26,6 10 650 430 0,28 

47 DiMAC+ Wide/80mm 1333 52 36,9 10 1300 890 1,157 

48 DiMAC/80mm 1176 34 25,9 10 720 540 0,389 

49 DiMAC+ Light/80mm 1333 36,9 28,2 10 890 670 0,596 

50 DiMAC+ UltraLight/80mm 1333 36,9 28,2 10 890 670 0,596 

51 DiMAC Wide 80mm 1176 48,1 34 10 1050 720 0,756 

52 DiMAC Light 80mm 1176 34 25,9 10 720 540 0,389 

53 3-DAS-1 1222 36,2 - 10 800 ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʝʪʘ 

54 
IGI Quattro Digi-Cam 

227/80mm 
1366 65,2 50,9 10 1749 1300 2,274 

55 IGI H50/50mm 833 52,3 40,4 10 817 613 0,501 

56 IGI H39/80mm 1210 33,2 25,2 10 721 541 0,39 

57 IGI H39 Dual80mm 1210 58,8 25,5 10 1365 541 0,738 

58 IGI H22 80mm 914 33,1 25,1 10 544 408 0,222 

59 IGI H22 50mm 555 52,2 40,3 10 544 408 0,222 

60 IGI DigiTHERM 30mm 120 29,9 22,6 10 64 48 0,003 

61 IGI DigiTHERM 50mm 200 18,2 13,7 10 64 48 0,003 

62 
Trimble Aerial Camera 

TAC80MP/50mm 
961 56,5 44 10 1032 776 0,801 

63 
Trimble Aerial Camera 

P65+/47mm 
783 59,3 46,5 10 892 673 0,6 

64 
Trimble Gatewing UX5-Sony 

NEX5R 
315 75,9 54,8 10 491 326 0,16 

65 
Trimble Gatewing X100-

Ricoh GR IV 
682 29,9 22,7 10 364 273 0,099 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 2 
 

 ̄
ʄʦʜʝʣʴ 

ɹʆʕʉɼɿ 

ɺʳʩʦʪʘ, 

ʤ 

ʋʛʣʦʚʦʝ ʧʦʣʝ, 

ʛʨʘʜʫʩ 
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʚ 

ʥʘʜʠʨʝ, ʩʤ 

ʈʘʟʤʝʨ ʟʦʥʳ 

ʧʨʦʩʤʦʪʨʘ, ʢʤ    
ʇʣʦʱʘʜʴ ʟʦʥʳ 

ʧʨʦʩʤʦʪʨʘ, 

ʢʤ
2
 ʇʦ ʦʩʠ x ʇʦ ʦʩʠ y ʇʦ ʦʩʠ x ʇʦ ʦʩʠ y 

66 RolleiAICx1/50mm 691 55,2 42,9 10 722 542 0,391 

67 RolleiAICx2/50mm 691 88,6 41,2 10 1350 520 0,702 

68 RolleiAICx4/50mm 691 88,6 71,8 10 1350 1000 1,35 

69 
Rollei AICpro 60 

MPix /50mm 
691 66 51,9 10 898 673 0,604 

70 Applanix DSS 439/60mm 882 44,5 34,1 10 721 541 0,39 

71 
Applanix DUAL ï  

DSS 439/60mm 
882 44,5 34,1 10 721 541 0,39 

72 NMC - New Metric Camera 1111 48,4 8,2 10 1000 160 0,16 

73 TrackAir MiDAS Center 882 44,5 34,1 10 721 541 0,39 

74 GUACAMAYA -Venezuela 555 42,9 29,4 10 436 291 0,127 

75 Hasselblad H4D50 / 50mm 833 52,3 40,4 10 817 613 0,501 

76 
Mamiya Leaf Apt-us II-28/ 

35mm 
583 64,2 50,3 10 731 547 0,4 

77 Nikon D3X/ 50mm 841 39,5 26,9 10 604 403 0,243 

78 Nikon D800 / 30mm 627 4,78 60,8 10 736 491 0,361 

79 Nikon D7000 / 35mm 732 4,78 37,2 10 492 326 0,16 

80 Canon EOS 5D MII 35mm 546 6,4 54,4 10 561 374 0,21 

81 Canon EOS 5D MII 50mm 781 6,4 39,5 10 561 374 0,21 

82 Sony NEX-7 (16) 410 3,9 72,4 10 600 400 0,24 

83 asb_QuadroCopter_1 3571 1,4 6,4 10 400 300 0,12 

84 
asb_QuadroCopter_ 

EOS600D/18 
428 4,2 62,3 10 518 345 0,179 

85 Film 21Õ 723 21 72,4 10 1059 1059 1,121 
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1.3  ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʙʲʝʢʪʠʚʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʙʦʨʪʦʚʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ                   

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ  

ʇʦʩʢʦʣʴʢʫ ʨʘʟʨʝʰʝʥʠʝ ɹʆʕʉɼɿ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠʤʝʥʷʝʤʳʭ ʦʙʲʝʢʪʠʚʦʚ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʢʘʢ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʨʘʟʨʘʙʦʪʦʢ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʠ ʥʝʢʦʪʦʨʳʭ ʪʝʥʜʝʥʮʠʡ ʝʝ ʨʘʟʚʠʪʠʷ ʟʘ ʩʯʝʪ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʪʠʧʦʚ ʦʙʲʝʢʪʠʚʦʚ [19-23]. ʆ ʌʇʋ ʙʫʜʝʪ ʛʦʚʦʨʠʪʴʩʷ ʚ ʩʣʝʜʫʶʱʝʤ 

ʧʘʨʘʛʨʘʬʝ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʩʤʦʪʨʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʟʦʥ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʭʦʨʦʰʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʠʨʦʢʦʫʛʦʣʴʥʳʝ ʦʙʲʝʢʪʠʚʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ.  

ʉʝʛʦʜʥʷ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʠʚʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ɹʆʕʉɼɿ. ɺ ʩʚʷʟʠ ʩ ʪʝʥʜʝʥʮʠʝʡ ʫʚʝʣʠʯʝʥʠʷ ʬʦʨʤʘʪʘ   ʄʌʇʋ ʠ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʦʙʲʝʢʪʠʚʦʚ ʜʣʷ ʩʦʧʨʷʞʝʥʠʷ  ʩ ʰʠʨʦʢʦʬʦʨʤʘʪʥʳʤʠ ʄʌʇʋ.  

ʅʘʧʨʠʤʝʨ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ  "ʅʘʫʯʥʦ- 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ "ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʉ.ʀ. 

ɺʘʚʠʣʦʚʘ" (ʅʇʂ ɻʆʀ) ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʠ ʠʟʛʦʪʘʚʣʠʚʘʝʪ [24]:  

Å ʐʠʨʦʢʦʫʛʦʣʴʥʳʝ ʦʙʲʝʢʪʠʚʳ (ʰʠʨʦʢʦʫʛʦʣʴʥʳʡ ʘʵʨʦʬʦʪʦʦʙʲʝʢʪʠʚ "ʆʨʪʦʛʦʥ 

21ɸ" ʜʣʷ ʩʠʩʪʝʤʳ ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷè, ʰʠʨʦʢʦʫʛʦʣʴʥʳʡ ʩʚʝʪʦʩʠʣʴʥʳʡ 

ʘʵʨʦʬʦʪʦʦʙʲʝʢʪʠʚ "ʆʨʪʦʛʦʥ 10è ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʟʘʜʥʠʤ ʦʪʨʝʟʢʦʤ ʜʣʷ ʩʠʩʪʝʤʳ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠ ʰʠʨʦʢʦʫʛʦʣʴʥʳʡ ʦʙʲʝʢʪʠʚ "ɿʦʜʠʘʢ 2ʇ" ʜʣʷ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʤʘʣʦʛʘʙʘʨʠʪʥʦʤ ʰʠʨʦʢʦʟʘʭʚʘʪʥʦʤ ʘʧʧʘʨʘʪʝ. 

Å ɸʵʨʦʬʦʪʦ- ʠ ʢʦʩʤʠʯʝʩʢʠʝ ʦʙʲʝʢʪʠʚʳ (ʜʣʠʥʥʦʬʦʢʫʩʥʳʡ ʪʝʣʝʦʙʲʝʢʪʠʚ  

çɸʢʪʠʥʠʡ 4ɸʄè ʜʣʷ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ çɻʝʦʪʦʥ-ʃ1è, ʘʵʨʦʬʦʪʦʦʙʲʝʢʪʠʚ 3ʄʊ-14 ʩ ʚʳʨʘʚʥʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʧʦʣʶ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ. 

http://ns1.npkgoi.ru/npk_new/r_1251/directions/dir2/optsystems/shiroko/page10.htm
http://ns1.npkgoi.ru/npk_new/r_1251/directions/dir2/optsystems/aerofoto_sys/page9.htm
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Å   ʄʥʦʛʦʢʘʥʘʣʴʥʳʝ ʠ ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʜʠʘʧʘʟʦʥʘʭ:  

0.5 - 0.9 ʤʢʤ,  1.06 ʤʢʤ,  8 - 12.5 ʤʢʤ. 

ɼʣʷ ʨʘʙʦʪʳ ʚ ʠʥʬʨʘʢʨʘʩʥʳʭ ʜʠʘʧʘʟʦʥʘʭ 3 ï 5 ʤʢʤ ʠ 8 ï 12 ʤʢʤ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʲʝʢʪʠʚʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʌʠʣʠʘʣʝ ʀʌʇ ʉʆ ʈɸʅ çʂʊʀʇʄè ʜʣʷ 

ʰʠʨʦʢʦʬʦʨʤʘʪʥʳʭ ʦʭʣʘʞʜʘʝʤʳʭ ʤʘʪʨʠʯʥʳʭ ʌʇʋ (ʄʌʇʋ). ʆʙʲʝʢʪʠʚʳ  ʨʘʩʩʯʠʪʘʥʳ 

ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ 3,6 - 4,9 ʤʢʤ ʠ 7,7 - 10,3 ʤʢʤ. ʆʥʠ ʬʦʨʤʠʨʫʶʪ 

ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʧʣʦʩʢʦʩʪʠ ʦʭʣʘʞʜʘʝʤʦʛʦ ʄʌʇʋ ʩ ʬʦʨʤʘʪʦʤ ʢʘʜʨʘ 640 Ĭ 512 

ʧʠʢʩʝʣʦʚ ʩ ʰʘʛʦʤ 25 ʤʢʤ [25].  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʙʲʝʢʪʠʚʳ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤ ʢʘʯʝʩʪʚʦʤ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ  ʢʘʢ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʰʠʨʦʢʦʬʦʨʤʘʪʥʳʤʠ 

ʦʭʣʘʞʜʘʝʤʳʤʠ ʄʌʇʋ, ʥʘʧʨʠʤʝʨ ʬʠʨʤʳ çSofradirè, ʪʘʢ ʠ ʩ ʨʦʩʩʠʡʩʢʠʤʠ 

ʦʭʣʘʞʜʘʝʤʳʤʠ ʤʘʪʨʠʯʥʳʤʠ ʧʨʠʝʤʥʠʢʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʚ ʀʌʇ ʉʆ ʈɸʅ ʠ 

ʌɻʋʇ çʅʇʆ çʆʨʠʦʥè, ʬʦʨʤʘʪʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʨʦʩʩʠʡʩʢʠʝ ʤʘʪʨʠʯʥʳʝ  ʧʨʠʙʦʨʳ, ʥʝ ʫʩʪʫʧʘʶʱʠʝ ʟʘʨʫʙʝʞʥʳʤ. 

ʆʙʲʝʢʪʠʚʳ ʤʘʨʢʠ ʆʊ19075 ʠ ʆʊ43107, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʤ 

ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʤ ʦʙʲʝʜʠʥʝʥʠʠ  çʃʆʄʆè, ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 8-14 ʤʢʤ ʠ ʤʦʛʫʪ ʩʦʯʝʪʘʪʴʩʷ ʩ 

ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʘʪʨʠʮʘʤʠ ʩ ʨʘʟʤʝʨʦʤ ʧʠʢʩʝʣʦʚ 45 ʤʢʤ.  

ɼʣʷ ʨʘʙʦʪʳ ʚ ʠʥʬʨʘʢʨʘʩʥʳʭ ʜʠʘʧʘʟʦʥʘʭ 3ï5 ʠ 7ï14 ʤʢʤ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʲʝʢʪʠʚʳ ʤʘʨʢʠ STRIX, ʠʤʝʶʱʠʝ ʫʛʣʦʚʦʝ ʧʦʣʝ 110
ʦ
 ʧʨʠ ʬʦʢʫʩʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ 7 ʤʤ ʠ ʜʠʘʬʨʘʛʤʝʥʥʦʤ ʯʠʩʣʝ 1,4 ʠ ʩʦʟʜʘʶʱʠʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʮʝʥʳ 

ʨʘʟʤʝʨʦʤ 21 ʤʤ [26]. ʋ ʵʪʠʭ ʣʠʥʟʦʚʳʭ ʦʙʲʝʢʪʠʚʦʚ ʨʘʟʤʝʨʳ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʷʪʥʘ ʚ 

ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ 7ï14 ʤʢʤ ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʤʝʥʝʝ 17 ʤʢʤ ʜʘʞʝ ʧʦ ʫʨʦʚʥʶ 0,5, ʘ ʧʦ 

ʧʝʨʚʳʤ ʥʫʣʷʤ ʬʫʥʢʮʠʠ ʕʨʠ ʠ ʚʩʝ 34 ʤʢʤ, ʪ.ʝ. ʩ ʥʠʤʠ ʤʦʛʫʪ ʩʦʯʝʪʘʪʴʩʷ ʤʘʪʨʠʯʥʳʝ 

ʌʇʋ ʙʦʣʴʰʦʛʦ ʬʦʨʤʘʪʘ, ʥʘʧʨʠʤʝʨ, 1024Ĭ1024 ʩ ʤʘʣʳʤʠ ʨʘʟʤʝʨʘʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ - ʧʦʨʷʜʢʘ 17 ʤʢʤ. ʇʦ ʢʨʠʪʝʨʠʶ ʈʵʣʝʷ ʧʨʠ ʚʳʩʦʪʝ ʧʦʣʝʪʘ H = 46 ʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʤʝʩʪʥʦʩʪʠ ʩʦʩʪʘʚʠʪ ʜʣʷ ʪʘʢʠʭ ʨʘʟʤʝʨʦʚ ʧʠʢʩʝʣʦʚ 

ʥʝ ʤʝʥʝʝ 10 ʩʤ ʚ ʥʘʜʠʨʝ [8].  
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ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝʢʦʪʦʨʳʭ ʦʙʲʝʢʪʠʚʦʚ  [24 -29]. 

ʊʘʙʣʠʮʘ 3. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝʢʦʪʦʨʳʭ ʦʙʲʝʢʪʠʚʦʚ 

ʄʦʜʝʣʴ 

ʦʙʲʝʢʪʠʚʘ, 

ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʠ 

ʉʧʝʢʪʨʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ, ʤʢʤ 

ʌʦʢʫʩʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ f, 

ʤʤ 

ɼʠʬʨʘʛʤʝʥ-

ʥʦʝ ʯʠʩʣʦ 

ʦʙʲʝʢʪʠʚʘ 

ʈʘʟʤʝʨ  

ʠʟʦʙʨʘʞʝʥʠʷ  

ʋʛʣʦʚʦʝ ʧʦʣʝ, 

ʛʨʘʜʫʩ 

ʄʘʩʩʘ,ʛ ʂʦʵʬʬʠ-

ʮʠʝʥʪ ʧʨʦ-

ʧʫʩʢʘʥʠʷ 

çʅʇʂ ɻʆʀè 

ʆʨʪʦʛʦʥ 21ɸ 0,4 ï 0,9 140 5,6 18 Ĭ 18 ʩʤ
2
 84

ʦ
 -//- -//- 

ʆʨʪʦʛʦʥ 10 0,4 ï 0,9 75 4,5 18 Ĭ 18 ʩʤ
2
 120

ʦ
 -//- -//- 

ɿʦʜʠʘʢ 2ʇ 0,4 ï 0,9 15 3,5 -//- 180
ʦ
 -//- -//- 

ʂʆʉ 

"ʉʘʞʝʥʴ"/ 

ʂʆʉ "ɹʝʨʝʪ" 

1,8 ï 2,6 / 

3,2 ï 4,2 / 

4,5 ï 5,3 

100 1 1,02 Ĭ 1,02 ʩʤ
2
 -//- -//- -//- 

ʅʇʂ ɻʆʀ 
3 ï 5 100 1,19 1,28 Ĭ 0,96 ʩʤ

2
 -//- -//- -//- 

8 ï 12 22 0,7 -//- 20
ʦ
 -//- -//- 

ɸʢʪʠʥʠʡ 4ɸʄ 0,5 ï 0,9 4000 8 -//- 6
ʦ
 310 ʢʛ -//- 

3ʄʊ-14 0,4 ï 0,9 500 4,5 18 Ĭ 18 ʩʤ
2
 28

ʦ
 20 ʢʛ -//- 

ʊʨʝʭʩʧʝʢʪʨʘ-

ʣɹ ʥʘʷ ʩʠʩʪʝʤʘ 

ʥʘʙʣʶʜʝʥʠʷ  

0,5 ï 0,9 60 1 -//- 6
ʦ
 -//- -//- 

1,06 200 1,25 -//- 4
ʦ
 -//- -//- 

8 ï 12,5 200 1,25 -//- 6
ʦ
 -//- -//- 

çʂʊʀʇʄè 

ʂʊʀʇʄ 
3,6 - 4,9 250 2,0 20,5 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 4,7

o
 1,435 -//- 

7,7 ï 10,3 250 2,0 20,5 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 4,7
o
 950 -//- 

çʃʆʄʆè 

ʆʊ 19075 

ʆʊ43107 

8 - 14 19 0,75 8,4 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 25
o
 -//- -//- 

8 - 14 42,8 1,07 18 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 25
o
 -//- -//- 

 

http://ns1.npkgoi.ru/npk_new/r_1251/directions/dir2/optsystems/shiroko/page10.htm
http://ns1.npkgoi.ru/npk_new/r_1251/directions/dir2/optsystems/aerofoto_sys/page9.htm
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3 
 

ʄʦʜʝʣʴ 

ʦʙʲʝʢʪʠʚʘ, 

ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʠ 

ʉʧʝʢʪʨʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ, ʤʢʤ 

ʌʦʢʫʩʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ f, 

ʤʤ 

ɼʠʬʨʘʛʤʝʥ-

ʥʦʝ ʯʠʩʣʦ 

ʦʙʲʝʢʪʠʚʘ 

ʈʘʟʤʝʨ  

ʠʟʦʙʨʘʞʝʥʠʷ  

ʋʛʣʦʚʦʝ ʧʦʣʝ, 

ʛʨʘʜʫʩ 

ʄʘʩʩʘ,ʛ ʂʦʵʬʬʠ-

ʮʠʝʥʪ ʧʨʦ-

ʧʫʩʢʘʥʠʷ 

çʃʋɻɻɸʈè 

ʃʋɻɻɸʈ 

8 - 14 6 1 4 Ĭ 3 ʤʤ
2
 49,6

ʦ
 5 -//- 

8 - 14 17 1,3 9,6 Ĭ 7,2 ʤʤ
2
 39,8

ʦ
 17 -//- 

8 - 14 20 1 9,6 Ĭ 7,2 ʤʤ
2
 33,6

ʦ
 19 -//- 

8 - 14 24 1,2 9,6 Ĭ 7,2 ʤʤ
2
 28

ʦ
 20 -//- 

8 - 14 60 1,2 9,6 Ĭ 7,2 ʤʤ
2
 11,2

ʦ
 65 -//- 

8 - 14 80 1,33 9,6 Ĭ 7,2 ʤʤ
2
 8,6

ʦ
 120 -//- 

8 - 14 100 1,2 9,6 Ĭ 7,2 ʤʤ
2
 7,7

ʦ
 210 -//- 

8 - 14 30 1     10,88 Ĭ 8,16 ʤʤ
2
 25,5

ʦ
 44 -//- 

8 - 14 36 1 16 Ĭ 12 ʤʤ
2
 25

ʦ
 83 -//- 

8 - 14 80 1,33 16 Ĭ 12 ʤʤ
2
 14

ʦ
 181 -//- 

8 - 14 100 1,3 16 Ĭ 12 ʤʤ
2
 11,3

ʦ
 290 -//- 

8 - 14 100 1 16 Ĭ 12 ʤʤ
2
 11,4

ʦ
 510 -//- 

8 - 14 130 1,3 16 Ĭ 12 ʤʤ
2
 8,8

ʦ
 422 -//- 

çɸʉʊʈʆʅè 

ɸʉʊʈʆʅ 

8 ï 12 12 1,0 9,6 Ĭ 7,2 ʤʤ
2
 43,6

ʦ
 Ĭ 33,4

ʦ
 -//- -//- 

8 ï 12 20 0,8 9,6 Ĭ 7,2 ʤʤ
2
 27

ʦ
 Ĭ 20,4

ʦ
 -//- -//- 

8 ï 12 40 0,68 9,6 Ĭ 7,2 ʤʤ
2
 13,7

ʦ
 Ĭ 10,3

ʦ
 -//- -//- 

8 ï 12 50 0,7 9,6 Ĭ 7,2 ʤʤ
2
 11

ʦ
 Ĭ 8,2

ʦ
 -//- -//- 

8 ï 12 75 0,8 9,6 Ĭ 7,2 ʤʤ
2
 7,3

ʦ
 Ĭ 5,5

ʦ
 -//- -//- 

8 ï 12 100 1,1 9,6 Ĭ 7,2 ʤʤ
2
 5,5

ʦ
 Ĭ 4,1

ʦ
 -//- -//- 

8 ï 12 107 0,68 9,6 Ĭ 7,2 ʤʤ
2
 5,1

ʦ
 Ĭ 3,9

ʦ
 -//- -//- 

8 ï 12 120 1,1 9,6 Ĭ 7,2 ʤʤ
2
 4,6

ʦ
 Ĭ 3,4

ʦ
 -//- -//- 

8 ï 12 150 1,2 9,6 Ĭ 7,2 ʤʤ
2
 3,7

ʦ
 Ĭ 2,8

ʦ
 -//- -//- 

8 ï 12 6,3 2 9,6 Ĭ 7,68 ʤʤ
2
 74,61

ʦ
 Ĭ 62,73

ʦ
 -//- -//- 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3 
 

ʄʦʜʝʣʴ 

ʦʙʲʝʢʪʠʚʘ, 

ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʠ 

ʉʧʝʢʪʨʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ, ʤʢʤ 

ʌʦʢʫʩʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ f, 

ʤʤ 

ɼʠʬʨʘʛʤʝʥ-

ʥʦʝ ʯʠʩʣʦ 

ʦʙʲʝʢʪʠʚʘ 

ʈʘʟʤʝʨ  

ʠʟʦʙʨʘʞʝʥʠʷ  

ʋʛʣʦʚʦʝ ʧʦʣʝ, 

ʛʨʘʜʫʩ 

ʄʘʩʩʘ,ʛ ʂʦʵʬʬʠ-

ʮʠʝʥʪ ʧʨʦ-

ʧʫʩʢʘʥʠʷ 

çɸʉʊʈʆʅè 

ɸʉʊʈʆʅ 

8 ï 12 13,2 2 9,6 Ĭ 7,68 ʤʤ
2
 39,97

ʦ 
Ĭ 32,44

ʦ
 -//- -//- 

8 ï 12 50 2 9,6 Ĭ 7,68 ʤʤ
2
 10,97

ʦ
 Ĭ 8,78

ʦ
 -//- -//- 

8 ï 12 100 1,2 9,6 Ĭ 7,68 ʤʤ
2
 5,5

ʦ
 Ĭ 4,4

ʦ
 -//- -//- 

8 ï 12 22,6 /114,5 0,9 / 1,0 9,6 Ĭ 7,2 ʤʤ
2
 

24
ʦ
 Ĭ 18,1

ʦ
 / 

4,8
ʦ
 Ĭ 3,6

ʦ
 

-//- -//- 

8 ï 12 25 / 75 0,85 / 1,0 9,6 Ĭ 7,2 ʤʤ
2
 

21,7
ʦ
 Ĭ 16,4

ʦ
 / 

7,3
ʦ
 Ĭ 5,5

ʦ
 

-//- -//- 

8 ï 12 26 / 137 1,1 / 1,1 9,6 Ĭ 7,2 ʤʤ
2
 

20,9
ʦ
 Ĭ 15,8

ʦ
 / 

4
ʦ
 Ĭ 3

ʦ
 

-//- -//- 

ɸʉʊʈʆʅ 

8 ï 12 50 / 100 1,0 / 1,1 9,6 Ĭ 7,2 ʤʤ
2
 

11
ʦ
 Ĭ 8,2

ʦ
 / 

5,5
ʦ
 Ĭ 4,1

ʦ
 

-//- -//- 

8 ï 12 68 / 150 1,0 / 1,0 9,6 Ĭ 7,2 ʤʤ
2
 

8,1
ʦ
 Ĭ 6,1

ʦ
 / 

3,7
ʦ
 Ĭ 2,8

ʦ
 

-//- -//- 

8 ï 12 170 / 55 4 9,6 Ĭ 7,68 ʤʤ
2
 

3,23
ʦ
 Ĭ 2,59

ʦ
 / 

9,98
ʦ
 Ĭ 7,99

ʦ
 

-//- -//- 

ɸʉʊʈʆʅ 

8 ï 12 180 / 60 3 9,6 Ĭ 7,68 ʤʤ
2
 

3,06
ʦ
 Ĭ 2,44

ʦ
 / 

9,15
ʦ
 Ĭ 7,32

ʦ
 

-//- -//- 

8 ï 12 
600/ 150/      

22 
4 9,6 Ĭ 7,68 ʤʤ

2
 

0,92
ʦ
 Ĭ 0,73

ʦ
 / 

3,67
ʦ
 Ĭ 2,93

ʦ
 / 

24,62
ʦ
 Ĭ 19,8

ʦ
 

-//- -//- 

8 ï 12 240 /60 2 / 4 9,6 Ĭ 7,68 ʤʤ
2
 

2,29
ʦ
 Ĭ 1,83

ʦ
 / 

9,15
ʦ
 Ĭ 7,32

ʦ
 

-//- -//- 

8 ï 12 300 / 75 3,1 9,6 Ĭ 7,68 ʤʤ
2
 

1,83
ʦ
 Ĭ 1,47

ʦ
 / 

7,32
ʦ
 Ĭ 5,86

ʦ
 

-//- -//- 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3  
ʄʦʜʝʣʴ 

ʦʙʲʝʢʪʠʚʘ, 

ʧʨʦʠʟʚʦʜʠ-ʪʝʣʠ 

ʉʧʝʢʪʨʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ, ʤʢʤ 

ʌʦʢʫʩʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ 

f, ʤʤ 

ɼʠʬʨʘʛʤʝʥ-

ʥʦʝ ʯʠʩʣʦ 

ʦʙʲʝʢʪʠʚʘ 

ʈʘʟʤʝʨ  

ʠʟʦʙʨʘʞʝʥʠʷ  

ʋʛʣʦʚʦʝ 

ʧʦʣʝ, 

ʛʨʘʜʫʩ 

ʄʘʩʩʘ

,ʛ 

ʂʦʵʬʬʠ-

ʮʠʝʥʪ 

ʧʨʦ-

ʧʫʩʢʘʥʠʷ 

çɸʉʊʈʆʅè 

ELYTAR IR15.5F08 8 - 12 15,5 0,8 -//- -//- -//- -//- 

ELYTAR IR25F083 8 - 12 25 0,83 12,9 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR35AF075 8 - 12 35 0,75 16,4 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR35BF075 8 - 12 35 0,75 22,885 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR40F08 8 - 12 40 0,8 10,721 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR40F10 8 - 12 40 1,0 26,455 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR50F076 8 - 12 50 0,76 15,485 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR50F08 8 - 12 50 0,8 11,665 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR50F10 8 - 12 50 1,0 11,545 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR50AF08 8 - 12 50 0,8 18,0 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR50DF08 8 - 12 50 0,8 21,585 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR75F08 8 - 12 75 0,8 19,76 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR75F08 8 - 12 75 0,8 30,645 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR100F10 8 - 12 100 1,0 19,096 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR100BF10 8 - 12 100 1,0 25,185 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR150F10 8 - 12 150 1,0 27,515 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR150BF10 8 - 12 150 1,0 32,385 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

ELYTAR IR180F10 8 - 12 180 1,0 34 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ -//- -//- -//- 

çJanos Technologyè 

TYTO 

7 - 14 18 1,0 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 58
o
 284 93% 

7 - 14 25 1,0 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 43
o
 370 93% 

7 - 14 50 1,0 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 22
o
 284 93% 

7 - 14 100 1,0 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 11
o
 1530 93% 

7 - 14 150 1,0 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 7,5
o
 2500 93% 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 3 
 

ʄʦʜʝʣʴ 

ʦʙʲʝʢʪʠʚʘ, 

ʧʨʦʠʟʚʦʜʠ-ʪʝʣʠ 

ʉʧʝʢʪʨʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ, ʤʢʤ 

ʌʦʢʫʩʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ f, ʤʤ 

ɼʠʬʨʘʛʤʝʥ-

ʥʦʝ ʯʠʩʣʦ 

ʦʙʲʝʢʪʠʚʘ 

ʈʘʟʤʝʨ  

ʠʟʦʙʨʘʞʝʥʠʷ  

ʋʛʣʦʚʦʝ 

ʧʦʣʝ, 

ʛʨʘʜʫʩ 

ʄʘʩʩʘ

,ʛ 

ʂʦʵʬʬʠ-

ʮʠʝʥʪ 

ʧʨʦ-

ʧʫʩʢʘʥʠʷ 

STRIX 

 

7 - 14 7 1,4 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 110
o
 425 95% 

7 - 14 13 1,4 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 75
o
 255 93% 

7 - 14 25 1,4 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 45
o
 241 93% 

7 - 14 50 1,4 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 23
o
 525 93% 

7 - 14 75 1,4 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 15
o
 567 95% 

7 - 14 100 1,4 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 11
o
 850 95% 

7 - 14 150 1,4 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 6
o
 3175 90% 

ALBA  

 

3 - 5 100 4,0 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 11
o
 2835 92% 

3 - 5 200 4,0 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 6
o
 567 90% 

3 - 5 350 4,0 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 3,44
o
 1361 90% 

3 - 5 50/200/ 500 TFOV 4,0 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ - 5448 80% 

ASIO 

3 - 5 7 2,3 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 110
o
 500 95% 

3 - 5 13 2,3 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 75
o
 227 92% 

3 - 5 25 2,3 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 45
o
 227 92% 

3 - 5 50 2,3 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 23
o
 213 92% 

3 - 5 100 2,3 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 11
o
 880 92% 

3 - 5 50/250 DFOV 2,3 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 23
o 
/ 4,8

o
 4083 81% 

NYCTEA 

1.5 - 5 25 2,3 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 45
o
 312 75% 

1.5 - 5 50 2,3 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 23
o
 312 77% 

1.5 - 5 100 2,3 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 11
o
 1985 75% 

8 - 12 25 2,0 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 45
o
 284 95% 

8 - 12 50 2,0 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 23
o
 284 95% 

8 - 12 100 2,0 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 11
o
 766 93% 

SURINA 
7 - 14 25 0,86 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 45

o
 400 95% 

7 - 14 50 0,86 21 ʤʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 23
o
 454 93% 
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1.4  ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʬʦʪʦʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ,                         

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʙʦʨʪʦʚʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ 

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʨʘʟʨʝʰʝʥʠʝ ɹʆʕʉɼɿ, ʷʚʣʷʝʪʩʷ  ʄʌʇʋ - 

ʤʘʪʨʠʮʘ, ʥʘ ʢʦʪʦʨʫʶ  ʦʙʲʝʢʪʠʚʦʤ ʧʨʦʝʮʠʨʫʝʪʩʷ ʧʦʣʫʯʘʝʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ.  

ʅʇʆ çʆʨʠʦʥè  ʨʘʟʨʘʙʦʪʘʣʦ ʠ ʠʟʛʦʪʦʚʠʣʦ ʌʇʋ ʠ ʄʌʇʋ ʜʣʷ ʚʩʝʛʦ ʩʧʝʢʪʨʘ 

ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ [30]. 

ʆʥʠ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ.  

ʄʘʪʨʠʯʥʳʝ ʬʦʪʦʧʨʠʝʤʥʳʝ ʤʦʜʫʣʠ ʌʕʄ17ʄ, ʌʕʄ18ʄ ʠ  ʌʕʄ19ʄ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ɹʆʕʉɼɿ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 3-5 ʤʢʤ. 

ɺ ʩʦʩʪʘʚ ʤʦʜʫʣʝʡ ʚʭʦʜʷʪ: ʤʘʪʨʠʯʥʦʝ ʬʦʪʦʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʤʠʢʨʦʢʨʠʦʛʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʪʠʧʘ "ʠʥʪʝʛʨʘʣʴʥʳʡ ʉʪʠʨʣʠʥʛ", ʦʩʫʱʝʩʪʚʣʷʶʱʘʷ ʦʭʣʘʞʜʝʥʠʝ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ (82Ñ5) ʂ, ʠ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʩʦʧʨʷʞʝʥʠʷ.   

ʄʌʇʋ  ʌʕʄ6ʄ  ʥʘ ʙʘʟʝ ʂʈʊ (ʢʘʜʤʠʡ-ʨʪʫʪʴ-ʪʝʣʣʫʨ) ʬʦʨʤʘʪʘ 256 Ĭ 256 ʩ 

ʨʘʟʤʝʨʦʤ ʧʠʢʩʝʣʦʚ 30 ʤʢʤ, ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚ 50 ɻʮ,  ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʰʫʤʫ ʨʘʟʥʦʩʪʴʶ 

ʪʝʤʧʝʨʘʪʫʨ 40 ʤʂ ʠ ʤʘʩʩʦʡ ʥʝ ʙʦʣʝʝ 1400 ʛ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʢʦʤʧʣʝʢʪʘʮʠʠ 

ʙʝʩʩʢʘʥʝʨʥʳʭ ʩʤʦʪʨʷʱʠʭ ʪʝʧʣʦʚʠʟʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 7,5 - 11 ʤʢʤ. ɺ ʩʦʩʪʘʚ ʤʦʜʫʣʷ ʚʭʦʜʷʪ: ʤʘʪʨʠʯʥʦʝ ʬʦʪʦʧʨʠʝʤʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʤʠʢʨʦʢʨʠʦʛʝʥʥʘʷ ʩʠʩʪʝʤʘ ʪʠʧʘ "ʠʥʪʝʛʨʘʣʴʥʳʡ ʉʪʠʨʣʠʥʛ", 

ʦʩʫʱʝʩʪʚʣʷʶʱʘʷ ʦʭʣʘʞʜʝʥʠʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ (80Ñ3) ʂ, ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʙʣʦʢʠ 

ʩʦʧʨʷʞʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ [30].  

ʊʘʙʣʠʮʘ 4 ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʪʠʧʦʚʳʭ ʄʌʇʋ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤʠ [30 ï 36 ]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʧʨʦʠʟʚʦʜʷʪʩʷ ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʠʝ 

ʄʌʇʋ. ʊʘʙʣʠʮʘ 5 ʩʦʜʝʨʞʠʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʝʢʦʪʦʨʳʭ ʙʦʣʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʘʪʨʠʮ [37, 38 ]. 
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ʊʘʙʣʠʮʘ 4. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝʢʦʪʦʨʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʄʌʇʋ 
 

ʄʘʨʢʘ ʄʌʇʋ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʉʧʝʢʪʨʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ, ʤʢʤ 

ʌʦʨʤʘʪ 

ʄʌʇʋ, 

ʧʠʢʩʝʣ 

ʈʘʟʤʝʨ 

ʧʠʢʩʝʣʘ, 

ʤʢʤ 

ʈʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘ-

ʪʫʨʘ, ʂ 

 ʄʘʪʝʨʠʘʣ 

ʄʌʇʋ 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʰʫʤʫ 

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 

(NETD), ʤʂ 

çʆʨʠʦʥè 

ʌʕʄ17ʄ 3,0 - 5,0 320Ĭ256 30 -//- InSb 30 

ʌʕʄ18ʄ 3,0 - 5,0 320Ĭ256 30 -//- InSb 25 

ʌʕʄ19ʄ 3,6 - 4,9 320Ĭ256 30 -//- InSb 30 

ʄʌʇʋ-ɻʉ-01 3,5 - 3,95 2Ĭ96 30 80 ʂʈʊ -//- 

ʄʌʇʋ-ɻʉ-02 5,7 - 9,2 2Ĭ96 30 80 ʂʈʊ -//- 

ʄʌʇʋ-ɻʉ-03 9,2 - 12 2Ĭ96 30 80 ʂʈʊ -//- 

ʌʕʄ6ʄ 7,5 - 11 256 Ĭ256 30 -//- ʂʈʊ 40 

ʌʕʄ10ʄ 7,7 ï 10,5 4 Ĭ288 -//- -//- ʂʈʊ -//- 

ʌʋʂ20ʄ 0,7 ï 1,7 320Ĭ256 30 -//- InGaAs -//- 

ʌʕʄ7ʄ-01 3,0 - 5,0 320Ĭ256 30 -//- InSb 40 

ʌʕʄ16ʄ 3,0 - 5,0 320Ĭ256 30 -//- InSb 30 

ʌʋʂ24ʄ 0,7 ï 1,7 320Ĭ256 30 -//- InGaAs -//- 

ʌʕʄ13ʄ-02 7,7 - 10,3 6Ĭ576 -//- -//- ʂʈʊ 40 

ʌʕʄ14ʄ 3,0 - 5,0 640Ĭ512 15 -//- InSb 30 

ʌʕʄ8ʄ 7,5 - 11 384Ĭ288 28 -//- ʂʈʊ 30 

çSelex ESè 

Eagle MW 3,0 - 5,0 640Ĭ512 24 90 ... 120 ʂʈʊ 12 

Hawk MW 3,0 - 5,0 640Ĭ512 16 80 ... 100 ʂʈʊ 17 

Merlin MW 3,0 - 5,0 1024Ĭ768 16 140 ʂʈʊ 15 

Ospery-C MW 3,0 - 5,0 384Ĭ288 20 140 ʂʈʊ 17 

Ospery- S MW 3,0 - 5,0 384Ĭ288 20 90 ... 120 ʂʈʊ 14 

Falcon 720 MW 3,0 - 5,0 1280Ĭ720 12 80 ... 100 ʂʈʊ 19 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4 
 

ʄʘʨʢʘ ʄʌʇʋ, 

ʦʙʦʟʥʘʯʝʥʠʝ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʉʧʝʢʪʨʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ, ʤʢʤ 

ʌʦʨʤʘʪ 

ʄʌʇʋ, 

ʧʠʢʩʝʣ 

ʈʘʟʤʝʨ 

ʧʠʢʩʝʣʘ, 

ʤʢʤ 

ʈʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘ-

ʪʫʨʘ, ʂ 

ʄʘʪʝʨʠʘʣ 

ʄʌʇʋ 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʰʫʤʫ 

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 

(NETD), ʤʂ 

çSelex ESè 

Super Hawk 3,7 - 4,95 
1280Ĭ1024 

8 110 
ʂʈT 

20 
1280Ĭ720 ʂʈT 

Eagle LW 8,0 - 12,0 640Ĭ512 24 90 ʂʈT 20 

Hawk LW 8,0 - 12,0 640Ĭ512 16 90 ʂʈT 32 

Merlin LW 8,0 - 12,0 1024Ĭ768 16 90 ʂʈT 32 

Harrier LW 8,0 - 12,0 640Ĭ512 24 90 ʂʈT 17 

Ospery-C LW 8,0 - 12,0 384Ĭ288 20 90 ʂʈT 30 

Ospery-S LW 8,0 - 12,0 384Ĭ288 20 90 ʂʈT 28 

Conder II 

(DWIR) 

3,0- 5,0 /          

8,0-10,0 

640Ĭ512        

dual band 
24 80 ʂʈT 28 

Hot Hawk MW 

Module 
3,0- 5,0 640Ĭ512 16  80 é180 ʂʈT 17 

SPRINT 2,5 ï 11,5 384Ĭ384 20 90 ʂʈT 24 

çAIMè 

2
ʝ
 and 3

ʝ
 

ʧʦʢʦʣʝʥʠʷ         

ʀʂ ʄʌʇʋ 

8,0- 10,5 288Ĭ6 25Ĭ28 -//- ʂʈT  ̓25 

8,0- 10,5 576Ĭ7 
20Ĭ20 /   

20Ĭ30 
-//- ʂʈT  ̓40 

3,0-5,0 384Ĭ288 24 -//- ʂʈT  ̓25    

8,0-9,0 384Ĭ288 24 -//- ʂʈT  ̓18 

3,0-5,0 640Ĭ512 24 -//- ʂʈT  ̓15 

3,0-5,0 640Ĭ512 15 -//- ʂʈT  ̓25 

8,0-9,0 640Ĭ512 15 -//- ʂʈT  ̓40 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4 
 

ʄʘʨʢʘ ʄʌʇʋ ʉʧʝʢʪʨʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ, ʤʢʤ 

ʌʦʨʤʘʪ 

ʄʌʇʋ, 

ʧʠʢʩʝʣ 

ʈʘʟʤʝʨ 

ʧʠʢʩʝʣʘ, 

ʤʢʤ 

ʈʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘ-

ʪʫʨʘ, ʂ 

ʊʠʧ 

ʤʘʪʝʨʠʘʣ 

ʄʌʇʋ 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʰʫʤʫ 

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 

(NETD), ʤʂ 

çAIMè 

2
ʝ
 and 3

ʝ
 

ʧʦʢʦʣʝʥʠʷ         

ʀʂ ʄʌʇʋ 

3,4- x  / y -5,0 

x,y customer specific 

384Ĭ288 Ĭ2 

dual color 
40 -//- 

Super-

lattice 
 ̓35   /  ᾽ 25 

3,0-5,0 / 8,0-9,0 
640Ĭ512 Ĭ2 

dual band 
20 -//- ʂʈT -//- 

çGoodrich Corporationè 

Goodrich 

Corporation 

0,9-1,7 1280Ĭ1024 12,5 293 InGaAs -//- 

 0,7-1,7 1280Ĭ1024 12,5 293 InGaAs -//- 

0,9-1,7 1280Ĭ1024 15 293 InGaAs -//- 

 0,7-1,7 1280Ĭ1024 15 293 InGaAs -//- 

0,9-1,7 320Ĭ256 12,5 293 InGaAs -//- 

 0,7-1,7 320Ĭ256 12,5 293 InGaAs -//- 

0,9-1,7 640Ĭ512 12,5 293 InGaAs -//- 

 0,7-1,7 640Ĭ512 12,5 293 InGaAs -//- 

0,9-1,7 640Ĭ512 15 293 InGaAs -//- 

 0,7-1,7 640Ĭ512 15 293 InGaAs -//- 

0,9-1,7 320Ĭ240 40 293 InGaAs -//- 

0,7-1,7 320Ĭ240 40 293 InGaAs -//- 

0,9-1,7 640Ĭ512 25 293 InGaAs -//- 

0,7-1,7 640Ĭ512 25 293 InGaAs -//- 

0,9-1,7 320Ĭ256 25 293 InGaAs -//- 

0,4-1,7 320Ĭ256 25 293 InGaAs -//- 

0,4 - 1,7 640Ĭ512 25 293 InGaAs -//- 

0,99 - 1,61 2048Ĭ1 10 -//- InGaAs -//- 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4 

 
ʄʘʨʢʘ ʄʌʇʋ,  ʉʧʝʢʪʨʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ, ʤʢʤ 

ʌʦʨʤʘʪ 

ʄʌʇʋ, 

ʧʠʢʩʝʣ 

ʈʘʟʤʝʨ 

ʧʠʢʩʝʣʘ, 

ʤʢʤ 

ʈʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘ-

ʪʫʨʘ, ʂ 

ʄʘʪʝʨʠʘʣ 

ʄʌʇʋ 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʰʫʤʫ 

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 

(NETD), ʤʂ 

çGoodrich Corporationè 

Goodrich 

Corporation 
0,8 - 1,7 1024Ĭ1 25 -//- InGaAs -//- 

çRaytheon Vision Systemsè 

ORION II 
0,4 - 5,0 1024Ĭ1024 25 30 InSb -//- 

0,6 - 5,4 2048Ĭ2048 25 30 InSb -//- 

VIRGOī2K 0,8 - 2,5 2048Ĭ2048 20 70...80 ʂʈT -//- 

 3,0 - 5,0 2048Ĭ2048 15 78 ʂʈT /Si 23 

AQUARIUS-1K 
5,0 ï 28,0 1024Ĭ1024 25 4 é 10 Si:As -//- 

5,0 ï 28,0 2048Ĭ1024 25 4 é 10 Si:As -//- 

çTeledyne Imaging Sensorsè 

HAWAII -4RG 

0,33 ï 1,05 4096Ĭ4096 10 / 15 -//- ʂʈT /Si -//- 

0,35 ï 2,5 4096Ĭ4096 10 / 15 -//- ʂʈT /Si -//- 

0,38 ï 5,5 4096Ĭ4096 10 / 15 -//- ʂʈT /Si -//- 

HAWAII -2RG 

1,65 - 1,8 2048Ĭ2048 18 120 ʂʈT -//- 

2,45 - 2,65 2048Ĭ2048 18 77 ʂʈT -//- 

5,1 - 5,5 2048Ĭ2048 18 37 ʂʈT -//- 

HAWAII -1RG 
1,65 - 1,8 1024Ĭ1024 18 120 ʂʈT -//- 

2,25 - 2,35 1024Ĭ1024 18 100 ʂʈT -//- 

çTeledyne Imaging Sensorsè 

HAWAII -1RG 
2,45 - 2,65 1024Ĭ1024 18 77 ʂʈT -//- 

5,1 - 5,5 1024Ĭ1024 18 37 ʂʈT -//- 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4 
 

ʄʘʨʢʘ ʄʌʇʋ  ʉʧʝʢʪʨʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ, ʤʢʤ 

ʌʦʨʤʘʪ 

ʄʌʇʋ, 

ʧʠʢʩʝʣ 

ʈʘʟʤʝʨ 

ʧʠʢʩʝʣʘ, 

ʤʢʤ 

ʈʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘ-

ʪʫʨʘ, ʂ 

ʊʠʧ 

ʤʘʪʝʨʠʘʣ 

ʄʌʇʋ 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʰʫʤʫ 

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 

(NETD), ʤʂ 

çTeledyne Imaging Sensorsè 

CHROMA 320 
0,33 ï 1,05 / 

0,35 ï 2,5 /  

0,38 ï 5,5 

320Ĭ480 30 -//- ʂʈT /Si -//- 

CHROMA 640 640Ĭ480 30 -//- ʂʈT /Si -//- 

CHROMA 1280 1280Ĭ480 30 -//- ʂʈT /Si -//- 

CHROMA 1600 1600Ĭ480 30 -//- ʂʈT /Si -//- 

çSofradirè 

CACTUS 640 

SW 
0,9 - 1,7 640Ĭ512 25 -//- 

InAsSb 
-//- 

CACTUS 320 

SW 
0,9 - 1,7 320 Ĭ 256 30 -//- 

InAsSb 
-//- 

NEPTUNE SW 0,8 - 2,5 500 Ĭ 256 30 200 ʂʈT -//- 

NEPTUNE 

VISIR 
0,4 - 2,5 500 Ĭ 256 30 200 

ʂʈT 
-//- 

SATURN 0,8 - 2,5 1000Ĭ256 30 200 ʂʈT -//- 

SATURN VISIR 0,4 - 2,5 1000Ĭ256 30 200 ʂʈT -//- 

SNAKE SW 
0,9 - 1,7 640Ĭ512 15 -//- InAsSb -//- 

0,4 - 1,7 640Ĭ512 15 -//- InAsSb -//- 

AXIR MW  3,7 - 4,8 640Ĭ512 15 80 InSb 18 

AXIR MW OEM 3,7 - 4,8 640Ĭ512 15 80 InSb 18 

DAPHNIS-HD 

MW 
3,7 - 4,9 1280Ĭ720 10 110 

ʂʈT 
 ̓25 

DAPHNIS-XGA 

MW 
3,7 - 4,9 1280Ĭ768 10 110 ʂʈT  ̓25 

EPSILON MW 3,4 - 4,8 384Ĭ288 15 100 é 110 ʂʈT  ̓20 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 4 
ʄʘʨʢʘ ʄʌʇʋ ʉʧʝʢʪʨʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ, ʤʢʤ 

ʌʦʨʤʘʪ 

ʄʌʇʋ, 

ʧʠʢʩʝʣ 

ʈʘʟʤʝʨ 

ʧʠʢʩʝʣʘ, 

ʤʢʤ 

ʈʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘ-

ʪʫʨʘ, ʂ 

ʊʠʧ 

ʤʘʪʝʨʠʘʣ 

ʄʌʇʋ 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʰʫʤʫ 

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 

(NETD), ʤʂ 

çSofradirè 

GALATEA MW  3,4 - 4,2 640Ĭ512 15 140 é 150 ʂʈT  ̓23 

INSPIR MW  3,7 - 4,8 384Ĭ288 25 80 InSb 12 é 17 

JUPITER MW  3,7 - 4,8 1280Ĭ1024 15 90 ʂʈT 19 

LEO MW  3,7 - 4,8 640Ĭ512 15 90 é 120 ʂʈT 20 

LEO ïLO MW  3,7 - 4,8 640Ĭ512 15 110 ʂʈT 20 

SCORPIO MW 3,7 - 4,8 640Ĭ512 15 90 é 120 ʂʈT  ̓18 

SCORPIO MW JT MWIR 640Ĭ512 15 -//- ʂʈT -//- 

URANUS MW 3,7 - 4,8 640Ĭ512 20 85 é 110 ʂʈT  18 

MARS LW 7,7 - 9,5 320Ĭ256 30 77 ʂʈT  20 

MARS VLW 7,7 - 11,7 320Ĭ256 30 70 ʂʈT  25 

PLUTON LW 7,7 - 10,3 288Ĭ4 28Ĭ43 77 é 80 ʂʈT -//- 

SCORPIO LW 7,7 - 9,3 640Ĭ512 15 100 ʂʈT 22 

SIRIUS LW 8,0 - 9,0 640Ĭ512 20 73 QWIP 33 

VEGA LW 8,0 - 9,0 384Ĭ288 25 73 QWIP 35 

VENUS LW 7,7 - 9,5 384Ĭ288 25 77 ... 80 ʂʈT  ̓17 

ALTAIR  
MW(dual) 640Ĭ512 24 77 ... 80 ʂʈT 15 ... 20 

MW/LW(dual) 640Ĭ512 24 77 ... 80 ʂʈT 20 ... 25 

 çDRS Technologiesè 

DRS 

Technologies 

5,0 ï 28,0 2048Ĭ2048/H 18 7,8 Si:As -//- 

5,0 ï 28,0 1024Ĭ1024/H 25 7,8 Si:As -//- 

5,0 ï 40,0 2048Ĭ2048/H 18 7,8 Si:Sb -//- 
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ʊʘʙʣʠʮʘ 5.  ʅʝʦʭʣʘʞʜʘʝʤʳʝ ʙʦʣʦʤʝʪʨʠʯʝʩʢʠʝ ʄʌʇʋ 

ʄʘʨʢʘ 

ʄʌʇʋ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʌʦʨʤʘʪ 

ʄʌʇʋ, 

ʧʠʢʩʝʣ 

ʈʘʟʤʝʨ 

ʧʠʢʩʝʣʘ, 

ʤʢʤ 

ʄʘʪʝʨʠʘʣ ʄʌʇʋ 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ 

ʰʫʤʫ ʨʘʟʥʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨ 

(NETD), ʤʂ 

Lī3 

320Ĭ240 37.5 VOx 50 

160Ĭ120 30 aīSi 50 

640Ĭ480 30 aīSi 50 

320Ĭ240 17 aīSi/aīSiGe -//- 

1024Ĭ768 17 aīSi/aīSiGe 50 

BAE 

320Ĭ240 28 VOx 30 

640Ĭ480 28 VOx 50 

160Ĭ120 17 VOx 50 

640Ĭ480 17 VOx 50 

1024Ĭ768 17 VOx -//- 

DRS 

320Ĭ240 25 VOx 35 

320Ĭ240 17 VOx 50 

640Ĭ480 17 VOx -//- 

1024Ĭ768 17 VOx -//- 

Raytheon 

320Ĭ240 25 VOx 30 

640Ĭ480 25 VOx 40 

320Ĭ240 17 VOx 50 

640Ĭ480 17 VOx 50 

1024Ĭ480 17 VOx -//- 

2048Ĭ1536 17 VOx -//- 

NEC 
320Ĭ240 23,5 VOx  ̓75 

640Ĭ480 23,5 VOx  ̓75 

FLIR 

80Ĭ60 17 VOx  ̓50 

640Ĭ512 17 VOx  ̓50 

336Ĭ256 17 VOx  ̓50 

324Ĭ256 25 VOx  ̓50 

160Ĭ128 25 VOx  ̓50 

162Ĭ128 50 VOx  ̓50 

168Ĭ128 34 VOx  ̓50 

ULIS 

160Ĭ120 25 VOx  ̓60 

640Ĭ480 25 VOx  ̓60 

640Ĭ480 17 VOx  ̓60 

1024Ĭ768 17 VOx  ̓60 
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1.5    ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ,    

   ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʙʦʨʪʦʚʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ  

   ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʉʝʛʦʜʥʷ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ 

ʚʘʞʥʳʭ ʟʘʜʘʯ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʜʠʘʧʘʟʦʥʥʳʝ (ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʳʝ) ɹʆʕʉɼɿ, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʚʠʜʠʤʦʤ ʠ ʠʥʬʨʘʢʨʘʩʥʦʤ (ʀʂ) ʜʠʘʧʘʟʦʥʘʭ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ.  

ʆʩʥʦʚʥʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʥʘ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ñʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭò 

ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʳʭ ɹʆʕʉɼɿ ʷʚʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʝ ʪʨʫʜʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʭ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʰʠʨʦʢʦʜʠʘʧʘʟʦʥʥʳʭ 

(ʨʘʙʦʪʘʶʱʠʭ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ) ʌʇʋ ʩ ʚʳʩʦʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ, ʚʨʝʤʝʥʥʳʤ ʠ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʉʶʜʘ ʞʝ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʪʨʫʜʥʦʩʪʠ ʧʦ ʩʦʟʜʘʥʠʶ ʵʢʦʥʦʤʠʯʥʳʭ, ʜʦʣʛʦʚʝʯʥʳʭ, ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ 

ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʌʇʋ ʠ ʨʷʜ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʭʘʨʘʢʪʝʨʘ. ʇʨʝʜʧʨʠʥʠʤʘʝʤʳʝ ʧʦʧʳʪʢʠ ʩʦʟʜʘʪʴ ʪʘʢʠʝ ɹʆʕʉɼɿ ʚ ʚʠʜʝ ʌʫʨʴʝ-

ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʠʣʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʚʠʜʝʦʩʧʝʢʪʨʦʤʝʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ. 

ɺ ʪʘʙʣʠʮʝ 6 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝʢʦʪʦʨʳʭ ʫʟʢʦʧʦʣʦʩʥʳʭ 

ʬʠʣʴʪʨʦʚ [39,40].  

ɺ  ʪʘʙʣʠʮʝ 7 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʠʣʴʪʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 6 ʜʣʠʥʘʭ 

ʚʦʣʥ [41,42]. 

ʊʘʙʣʠʮʘ.6. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝʢʦʪʦʨʳʭ ʫʟʢʦʧʦʣʦʩʥʳʭ ʬʠʣʴʪʨʦʚ 
 

Mʦʜʝʣʴ 
l0, 

ʥʤ 

Dl, 

ʥʤ 
tF0 Mʦʜʝʣʴ 

l0, 

ʥʤ 

Dl, 

ʥʤ 
tF0 

SNB11780-001452 11780 206 82,40 SNB13973-000794 13973 788 86,17 

SNB13974-000789 13974 790 86,19 SNB14001-000793 14001 791 83,60 

SNB1401-0000796 14010 798 83,42 SNB1429-001072 1429 64 41,75 

SNB1672-001382 1672 99 49,10 SNB182-0001076 1820 74 68,55 

SNB1825-001077 1825 72 54,12 SNB1837-001075 1837 75 70,88 

SNB2093-001068 2093 80 65,00 SNB2137-001400 2137 47 46,59 
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Mʦʜʝʣʴ 
l0, 

ʥʤ 

Dl, 

ʥʤ 
tF0 Mʦʜʝʣʴ 

l0, 

ʥʤ 

Dl, 

ʥʤ 
tF0 

SNB2303-000687 2203 38 70,36 SNB2307-000607 2307 42 73,10 

SNB2312-001039 2312 42 77,00 SNB2317001037 2317 42 76,77 

SNB2321-001394 2321 44 76,00 SNB2327-000592 2327 50 62,37 

SNB2331-000591 2331 51 62,14 SNB2342-000580 2342 48 76,65 

SNB2347-000041 2347 45 62,00 SNB2347-001051 2347 42 77,00 

SNB2347-001052 2347 42 78,77 SNB2349-000420 2349 47 67,32 

SNB2591-001364 2591 27 69,02 SNB2604-001360 2604 28 68,21 

SNB2604-001363 2604 27 69,04 SNB2607-001362 2607 28 69,39 

SNB2609-001347 2609 54 66,13 SNB2611-001346 2611 54 66,69 

SNB2612-001344 2612 50 74,83 SNB2612-001345 2612 54 66,34 

SNB2612-001350 2612 54 66,47 SNB2613-001339 2613 50 76,26 

SNB2613-001343 2613 50 75,75 SNB2613-001348 2613 54 66,01 

SNB2613-001349 2613 54 66,64 SNB2614-001342 2614 49 75,84 

SNB2615-001341 2615 50 75,89 SNB2616-001340 2616 49 76,50 

SNB2622-001425 2622 73 85,01 SNB264-0001335 2640 64 68,25 

SNB2640-001336 2640 64 68,27 SNB2641-001333 2641 64 67,90 

SNB2642-001332 2642 64 67,56 SNB2644-001414 2644 65 67,86 

SNB2646-000732 2646 27 57,51 SNB2650-000731 2650 27 55,97 

SNB2688-000288 2688 53 76,00 SNB2688-001355 2688 42 66,87 

SNB2689-001358 2689 42 66,87 SNB2693-000419 2693 62 64,23 

SNB2694-001359 2694 41 66,22 SNB2697-001356 2697 42 68,52 

SNB2699-001354 2699 42 69,09 SNB2700-001357 2700 42 68,07 

SNB2702-000318 2702 124 78,00 SNB2720-000659 2720 51 66,46 

SNB2937-000934 2937 30 51,15 SNB2944-000935 2944 29 53,80 

SNB2945-000933 2945 30 50,81 SNB2957-000649 2957 133 56,85 

SNB2974-000936 2974 29 54,30 SNB2974-000938 2974 28 63,88 

SNB2979-000939 2979 31 60,67 SNB2993-000942 2993 30 58,12 

SNB2994-000940 2994 28 64,15 SNB2998-000941 2998 28 57,69 

SNB3027-000945 3027 41 60,36 SNB3036-000944 3036 32 58,44 

SNB3052-000949 3052 35 60,14 SNB3054-000946 3054 31 65,04 

SNB3056-000948 3056 34 62,20 SNB3060-000947 3060 31 64,96 

SNB3061-000950 3061 32 73,20 SNB3064-000656 3064 63 62,42 

SNB3067-000481 3067 60 71,54 SNB3067-000952 3067 34 61,52 

SNB3068-000951 3068 33 59,57 SNB3071-000485 3071 62 63,16 

SNB3074-000484 3074 57 78,72 SNB3079-000953 3079 34 63,79 

SNB3092-000955 3092 33 67,95 SNB3099-000954 3099 33 60,30 

SNB3099-000956 3092 33 65,04 SNB3112-000957 3112 33 61,65 

SNB3114-000958 3114 33 58,64 SNB3124-000959 3124 33 61,89 

SNB3131-000960 3131 35 54,86 SNB3308-000994 3308 119 73,82 

SNB3313-000996 3313 108 81,20 SNB3319-000995 3319 121 76,23 
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Mʦʜʝʣʴ 
l0, 

ʥʤ 

Dl, 

ʥʤ 
tF0 Mʦʜʝʣʴ 

l0, 

ʥʤ 

Dl, 

ʥʤ 
tF0 

SNB3326-001272 3326 68 85,74 SNB3329-001323 3329 100 70,45 

SNB3339-001435 3339 132 81,88 SNB3369-001488 3369 123 79,49 

SNB3372-001251 3372 92 79,24 SNB3377-001153 3377 91 82,62 

SNB3378-000993 3378 82 77,71 SNB3384-001018 3384 62 75,96 

SNB3385-001004 3385 62 76,87 SNB3385-001007 3385 62 76,90 

SNB3386-001426 3386 83 69,70 SNB3389-001022 3389 62 77,01 

SNB3390-001020 3390 63 77,74 SNB3393-000507 3393 69 83,40 

SNB3394-001303 3394 202 95,30 SNB3395-000511 3395 70 77,21 

SNB3395-001001 3395 78 73,51 SNB3396-000515 3396 70 77,55 

SNB3396-001021 3396 77 74,55 SNB3397-001006 3397 77 74,55 

SNB3406-000992 3406 79 79,66 SNB3407-001304 3407 198 97,73 

SNB3412-001453 3412 60 79,97 SNB3414-000508 3414 71 82,96 

SNB3416-000510 3416 66 74,24 SNB3419-000707 3419 121 73,40 

SNB3422-001003 3422 61 74,30 SNB3422-001005 3422 62 71,99 

SNB3423-001017 3423 62 72,70 SNB3425-001019 3425 62 78,77 

SNB3428-000708 3428 123 74,06 SNB3428-000715 3428 123 71,85 

SNB3429-001023 3429 62 76,03 SNB3430-001002 3430 62 76,04 

SNB3432-000710 3432 124 71,54 SNB3437-000709 3437 125 70,96 

SNB3455-001423 3455 68 86,18 SNB3552-001399 3552 147 86,04 

SNB3552-001430 3552 147 86,04 SNB3567-001026 3567 147 82,32 

SNB3570-001024 3570 150 75,47 SNB3578-001219 3578 148 78,92 

SNB3579-001027 3579 147 83,63 SNB3580-000904 3580 151 85,46 

SNB3580-000906 3580 147 82,64 SNB3582-000902 3582 145 82,84 

SNB3582-001220 3582 149 79,52 SNB3585-000415 3585 151 73,10 

SNB3585-001218 3585 152 73,74 SNB3587-000903 3587 148 81,09 

SNB3589-001415 3589 149 75,31 SNB3592-000905 3592 151 84,02 

SNB3593-001217 3593 153 72,46 SNB3601-001216 3601 149 81,06 

SNB3615-000569 3615 57 60,33 SNB3743-000518 3743 65 71,98 

SNB3745-000516 3745 69 71,90 SNB3748-000517 3748 74 58,67 

SNB3812-000963 3812 69 80,87 SNB3864-000603 3864 65 77,35 

SNB3868-001401 3868 81 77,07 SNB3870-000601 3870 68 75,89 

SNB3870-000602 3870 65 77,93 SNB3874-000600 3874 66 73,34 

SNB3874-000734 3874 73 66,93 SNB3874-000972 3874 77 73,03 

SNB3875-000735 3875 74 62,28 SNB3876-000599 3876 69 65,45 

SNB3877-000973 3877 77 71,69 SNB3879-000736 3879 72 64,74 

SNB3880-000698 3880 67 52,62 SNB3883-001402 3883 76 74,94 

SNB3887-000697 3887 68 54,87 SNB3894-000663 3894 196 66,46 

SNB3894-001386 3894 67 65,08 SNB3895-000555 3895 154 63,60 

SNB3895-001392 3895 69 64,72 SNB3897-001388 3897 71 67,55 

SNB3897-001391 3897 74 70,45 SNB3898-001389 3898 74 69,81 

 



47 

 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 6 

 
 

Mʦʜʝʣʴ 
l0, 

ʥʤ 

Dl, 

ʥʤ 
tF0 Mʦʜʝʣʴ 

l0, 

ʥʤ 

Dl, 

ʥʤ 
tF0 

SNB3898-001393 3898 69 70,55 SNB3910-001387 3910 70 65,64 

SNB3913-001390 3913 71 69,93 SNB3927-000556 3927 155 64,55 

SNB3927-000560 3927 148 72,70 SNB3973-000403 3973 73 71,29 

SNB3978-000525 3978 36 62,26 SNB3987-000522 3987 43 73,98 

SNB4173-000004 4173 166 84,40 SNB4185-000417 4185 36 77,40 

SNB4201-000418 4201 32 73,43 SNB4210-000250 4210 177 80,20 

SNB4221-000036 4221 92 80,79 SNB4226-001469 4226 99 79,55 

SNB4231-000017 4231 78 78,70 SNB4232-000970 4232 33 76,20 

SNB4233-000018 4233 79 77,10 SNB4233-000019 4233 78 76,90 

SNB4233-000901 4233 166 92,61 SNB4233-000969 4233 34 69,98 

SNB4240-000749 4240 68 83,21 SNB4241-000896 4241 161 92,74 

SNB4241-001459 4241 42 82,11 SNB4242-000538 4242 36 87,62 

SNB4244-001470 4244 81 66,00 SNB4246-000645 4246 179 92,86 

SNB4248-000539 4248 34 85,85 SNB4248-000647 4248 180 92,51 

SNB4255-000025 4255 159 92,80 SNB4273-000899 4273 163 95,10 

SNB4274-001273 4274 46 77,34 SNB4284-000024 4284 175 86,60 

SNB4285-000897 4285 165 92,68 SNB4286-000023 4286 174 89,90 

SNB4287-000436 4287 73 68,24 SNB4292-000435 4292 71 68381 

SNB4294-000032 4294 61 90,00 SNB4300-001293 4300 180 77,91 

SNB4301-001292 4301 181 79,68 SNB4303-000437 4303 68 74,70 

SNB4309-000438 4309 67 77,02 SNB4311-000722 4311 176 72,46 

SNB4440-001472 4440 87 70,99 SNB4454-001181 4454 79 81,96 

SNB4458-001182 4458 80 83,02 SNB4466-001183 4466 80 81,89 

SNB4474-000317 4474 77 75,00 SNB4518-000028 4518 80 63,60 

SNB4522-000030 4522 80 63,30 SNB4526-000029 4526 80 62,90 

SNB4680-001436 4680 195 83,85 SNB4680-001437 4680 195 83,85 

SNB4680-001443 4680 187 88,59 SNB4688-001166 4688 83 85,08 

SNB4692-001163 4692 86 85,10 SNB4697-001438 4697 199 83,43 

SNB4704-001167 4704 86 83,55 SNB4708-001160 4708 86 79,00 

SNB4710-001156 4710 88 81,92 SNB4715-001165 4715 86 80,09 

SNB4716-001162 4716 84 84,64 SNB4718-001155 4718 87 79,20 

SNB4718-001158 4718 86 80,04 SNB4719-001157 4719 86 82,89 

SNB4720-001161 4720 85 79,09 SNB4736-001159 4736 87 79,64 

SNB4755-001289 4755 193 82,69 SNB4787-000003 4787 248 60,90 

SNB5155-001433 5155 309 83,59 SNB5181-001211 5181 268 82,22 

SNB5188-000825 5188 271 80,95 SNB5192-001212 5192 268 81,05 

SNB5192-001214 5192 269 81,61 SNB5203-000822 5203 270 79,47 

SNB5223-000207 5223 99 81,60 SNB5223-001269 5223 131 81,29 

SNB5229-000574 5229 70 77,26 SNB5229-001270 5229 130 79,31 

SNB5232-000573 5232 67 80,18 SNB5232-001267 5232 131 81,01 
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Mʦʜʝʣʴ 
l0, 

ʥʤ 

Dl, 

ʥʤ 
tF0 Mʦʜʝʣʴ 

l0, 

ʥʤ 

Dl, 

ʥʤ 
tF0 

SNB5233-001268 5233 132 79,79 SNB5240-000571 5240 97 85,25 

SNB5241-000205 5241 102 79,00 SNB5241-000206 5241 102 79,00 

SNB5243-001284 5243 69 36,85 SNB5245-000342 5245 85 76,00 

SNB5257-000747 5257 76 75,90 SNB5265-000824 5265 274 79,71 

SNB5274-000611 5274 254 66,47 SNB5278-000651 5274 105 88,56 

SNB5280-000612 5280 265 67,33 SNB5291-000823 5291 271 81,62 

SNB5291-001215 5291 271 81,90 SNB5300-000610 5300 284 67,22 

SNB5329-000682 5329 236 75,34 SNB5335-000681 5335 260 81,84 

SNB5381-000685 5381 235 78,46 SNB5386-000684 5386 237 76,93 

SNB5399-000686 5399 228 77,85 SNB5404-000683 5404 226 80,66 

SNB5451-000374 5451 103 67,70 SNB5597-000429 5597 68 68,43 

SNB5599-000431 5599 95 67,41 SNB5608-000428 5608 96 67,51 

SNB5634-000430 5634 98 63,33 SNB5937-001226 5937 71 64,36 

SNB5992-000424 5992 95 69,77 SNB5994-000426 5994 94 70,45 

SNB6089-001227 6089 72 68,70 SNB6096-001224 6096 75 67,57 

SNB6103-000404 6103 67 75,13 SNB6394-000410 6394 72 72,87 

SNB6401-000411 6401 75 83,71 SNB6456-000965 6456 126 71,04 

SNB6456-000966 6456 126 71,04 SNB6457-000929 6457 100 92,03 

SNB6460-000908 6460 109 89,80 SNB6460-000928 6460 110 87,80 

SNB6460-000930 6460 111 86,85 SNB6461-000915 6461 112 86,15 

SNB6462-000964 6462 122 74,66 SNB6463-000044 6463 107 68,00 

SNB6467-000909 6467 112 86,52 SNB6473-000425 6473 95 86,71 

SNB6473-000916 6473 114 84,74 SNB6474-000912 6474 113 86,16 

SNB6492-000427 6492 121 73,64 SNB6503-000914 6503 123 69,11 

SNB6504-001222 6504 124 62,45 SNB6508-001221 6508 123 62,93 

SNB6521-001485 6521 123 69,31 SNB6524-001487 6524 113 91,13 

SNB6530-001223 6530 83 65,71 SNB6962-001464 6962 130 74,41 

SNB6990-001463 6990 128 73,84 SNB7408-001427 7408 130 86,96 

SNB7422-001429 7422 131 88,25 SNB7430-001428 7430 134 80,09 

SNB7434-000583 7434 130 88,17 SNB7437-000582 7437 136 81,14 

SNB7442-001456 7442 133 88,76 SNB7449-001457 7449 134 89,31 

SNB7490-001461 7490 156 61,04 SNB7490-001462 7490 156 61,04 

SNB7623-001441 7623 325 85,79 SNB7631-001439 7631 342 89,32 

SNB7995-001460 7995 153 94,14 SNB8206-000361 8206 353 90,10 

SNB8214-000414 8214 353 89,53 SNB8223-001255 8223 479 90,08 

SNB8234-000413 8234 353 90,16 SNB8253-000362 8253 355 90,08 

SNB8343-001466 8343 397 87,35 SNB8786-000221 8786 397 87,35 

SNB8897-000470 8897 107 66,17 SNB8968-000472 8968 104 89,79 

SNB9001-000473 9001 101 69,40 SNB9076-000667 9076 115 66,20 

SNB9078-000668 9078 123 58,57 SNB9378-001031 9378 393 95,87 



49 

 

 

ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 6 
 

Mʦʜʝʣʴ 
l0, 

ʥʤ 

Dl, 

ʥʤ 
tF0 Mʦʜʝʣʴ 

l0, 

ʥʤ 

Dl, 

ʥʤ 
tF0 

INBP10000 
10000 190 Ó 70 

INBP10560 
10560 200 Ó 60 

10000 220 Ó 55 10560 200 Ó 70 

INBP10200 

10200 90 Ó 80 

INBP10600 

10600 90 Ó 80 

10200 90 Ó 80 10600 120 Ó 70 

10200 200 Ó 70 10600 190 Ó 80 

10200 220 Ó 50 10600 220 Ó 50 

10200 250 Ó 40 10600 250 Ó 40 

10200 270 Ó 30 10600 270 Ó 30 

INBP10400 

10400 90 Ó 80 

INBP10800 

10800 90 Ó80 

10400 120 Ó 60 10800 120 Ó60 

10400 160 Ó 85 10800 190 Ó80 

10400 190 Ó 80 

INBP11000 

11000 90 Ó70 

10400 200 Ó 70 11000 120 Ó60 

10400 220 Ó 60 11000 200 Ó75 

10400 250 Ó 40 11000 250 Ó40 

 
 

ʊʘʙʣʠʮʘ 7. ʆʩʥʦʚʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʠʟʤʝʨʷʝʤʳʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʢʥʘʭ 

 

ʆʙʱʠʝ ʉʧʝʮʠʘʣʴʥʳʝ Dl, ʥʤ 

ɻʨʘʥʠʮʘ ʤʝʞʜʫ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ  

ʠ ʦʙʣʘʢʘʤʠ 

 ʍʣʦʨʦʬʠʣʣ  ʨʘʩʪʝʥʠʡ 620-670  

ʆʙʣʘʯʥʦʩʪʴ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 841-876  

ʉʚʦʡʩʪʚʘ ʟʝʤʥʦʡ  

ʧʦʚʝʨʭʥʦʩʪʠ  

ʠ ʦʙʣʘʯʥʦʩʪʠ 

ʈʘʟʣʠʯʠʝ ʚ ʧʦʯʚʘʭ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 459-479  

ɿʝʣʝʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪ ɹ 545-565  

ʉʚʦʡʩʪʚʘ ʣʠʩʪʦʚʦʛʦ ʧʦʣʦʛʘ 1230-1250  
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 7 
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ɺʳʩʦʪʘ ʠ ʩʦʩʪʘʚ ʦʙʣʘʢʦʚ 13785-14085  
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ɺʳʚʦʜ ʧʦ ʛʣʘʚʝ 1 

 

ʇʨʠʚʦʜʠʤʳʝ  ʚ ʠʟʚʝʩʪʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʤʘʪʝʨʠʘʣʳ ʥʝ ʩʦʜʝʨʞʘʪ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʣʠ ʘʥʘʣʠʟʝ ʥʦʚʳʭ ʩʠʩʪʝʤ ʠ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʪʤʝʯʘʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʦʙʦʙʱʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʉʇʆʀ 

ɹʆʕʉɼɿ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ɹʆʕʉɼɿ ʢ 

ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ ʵʪʠʭ ʩʠʩʪʝʤ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʢ ʠʭ ʨʘʟʨʝʰʝʥʠʶ, ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʄʌʇʋ. 
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ɻʣʘʚʘ 2.     ʆʎɽʅʂɸ ʂɸʏɽʉʊɺɸ ʈɸɹʆʊʓ ɹʆʈʊʆɺʓʍ ʆʇʊʀʂʆ-      

ʕʃɽʂʊʈʆʅʅʓʍ ʉʀʉʊɽʄ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ɿʆʅɼʀʈʆɺɸʅʀʗ 

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ 

ɹʆʕʉɼɿ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ, ʚʨʝʤʝʥʥ·ʤʫ, ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ 

ʵʪʠʭ ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʩʚʷʟʴ ʪʨʝʙʦʚʘʥʠʡ, ʟʘʜʘʚʘʝʤʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ɹʆʕʉɼɿ, ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʲʝʢʪʠʚʦʚ ʠ 

ʄʌʇʋ.  

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʜʣʷ ɹʆʕʉɼɿ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʄʌʇʋ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ lx ʠ ly, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ ʚ ʠʟʦʙʨʘʞʝʥʠʠ ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʡ ʩʮʝʥʳ, ʠ 

ʚʨʝʤʝʥʥ·ʛʦ ʨʘʟʨʝʰʝʥʠʷ Űd, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʚʨʝʤʝʥʝʤ ʧʨʦʩʤʦʪʨʘ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ lx ʥʘ ʤʝʩʪʥʦʩʪʠ. ʇʨʠʤʝʤ, ʯʪʦ ʚʨʝʤʝʥʥ·ʝ 

ʨʘʟʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʢʪʘ             

ȹf å 1/(kȹf Űd), ʛʜʝ kȹf ï ʢʦʵʬʬʠʮʠʝʥʪ, ʩʚʷʟʳʚʘʶʱʠʡ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ  

ȹf ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʢʪʘ ʩ ʚʨʝʤʝʥʝʤ   ʧʨʝʙʳʚʘʥʠʷ Űd.  

ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ɹʆʕʉɼɿ  ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʯʠʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ (ʧʦʜʜʠʘʧʘʟʦʥʦʚ) ʠʣʠ ñʩʧʝʢʪʨʘʣʴʥʳʭ ʦʢʦʥò ʩʠʩʪʝʤ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʚʠʜʠʤʦʤ ʠ ʙʣʠʞʥʝʚʦʣʥʦʚʦʤ ʠʥʬʨʘʢʨʘʩʥʦʤ (ʀʂ) ʜʠʘʧʘʟʦʥʘʭ 

ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʦʪʨʘʞʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʠʣʠ ʚ ʩʨʝʜʥʝʤ ʠ 

ʜʘʣʴʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʘʭ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʵʣʝʤʝʥʪʘ 

ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʣʷ (ñʩʮʝʥʳò).  

ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʝʣʠʯʠʥʘʤʠ ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣïh ʫʤ CNR ʠʣʠ CNRTt ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʘʭ   ʚ ʚʠʜʠʤʦʤ ʠ 

ʙʣʠʞʥʝʚʦʣʥʦʚʦʤ ʠʥʬʨʘʢʨʘʩʥʦʤ (ʀʂ) ʜʠʘʧʘʟʦʥʘʭ ʦʧʪʠʯʝʩʢʦʛʦ ʠʣʠ ʚ ʩʨʝʜʥʝʤ ʠ 
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ʜʘʣʴʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʧʨʦʝʢʮʠʠ ʦʜʥʦʛʦ 

ʧʠʢʩʝʣʷ (lxĬ ly) ʥʘ ʤʝʩʪʥʦʩʪʴ, ʘ ʪʘʢʞʝ  ʚʝʣʠʯʠʥʘʤʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʰʫʤʫ ʨʘʟʥʦʩʪʠ 

ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ NEDr ʚ ʚʠʜʠʤʦʤ ʠ ʙʣʠʞʥʝʚʦʣʥʦʚʦʤ ʠʥʬʨʘʢʨʘʩʥʦʤ 

(ʀʂ) ʜʠʘʧʘʟʦʥʘʭ ʠʣʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʰʫʤʫ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ NEDTʵʩ, ʚ ʩʨʝʜʥʝʤ 

ʠ ʜʘʣʴʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʘʭ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. 

2.1  ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʙʦʨʪʦʚʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ɹʆʕʉɼɿ, ʨʘʙʦʪʘʶʱʝʡ ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.5. ʇʨʠʤʝʤ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʯʪʦ ʧʦʣʝʪ ʥʦʩʠʪʝʣʷ ʩʠʩʪʝʤʳ 1 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ Vy ʚʜʦʣʴ ʦʩʠ  y ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʚʳʩʦʪʝ H ʧʦ 

ʪʨʘʩʩʝ, ʧʨʦʭʦʜʷʱʝʡ ʥʘʜ ʮʝʥʪʨʦʤ ʩʮʝʥʳ 5. ɹʆʕʉɼɿ 2 ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʟʦʥʫ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ 10 ʩ ʧʦʤʦʱʴʶ ʄʌʇʋ ʚ ʚʠʜʝ 

ʤʘʪʨʠʮʳ 4 ʬʦʨʤʘʪʘ NxĬNy, ʨʘʟʤʝʱʘʝʤʦʛʦ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʠʚʘ 

ɹʆʕʉɼɿ 3 ʩ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ äǋ. ʉʢʦʨʦʩʪʠ Vy ʚ ʧʣʦʩʢʦʩʪʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʩʣʦʷ ʤʘʪʨʠʯʥʦʛʦ ʌʇʋ (ʄʌʇʋ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʮʝʥʳ vy. ʇʨʦʩʤʦʪʨ ʧʦʣʷ ʧʦ ʦʩʠ x ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ vx, ʧʨʠʯʝʤ vx >>vy.  ɺʨʝʤʝʥʠ ʧʨʦʩʤʦʪʨʘ ʚʩʝʛʦ ʢʘʜʨʘ Tʢ0 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʘ ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ fʢ0 = 1/Tʢ0 (ʧʨʠ ʧʨʦʩʤʦʪʨʝ ʩʮʝʥʳ ʚ ʥʘʜʠʨ). 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʟʘʚʠʩʠʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ 

ʛʝʦʤʝʪʨʦʦʧʪʠʯʝʩʢʦʛʦ  ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ. ʇʨʠ ʨʘʙʦʪʝ ʚ ʥʘʜʠʨ 7  ɋǋx = ɋǋy = 0
o
, 

ɹʆʕʉɼɿ ʠʩʩʣʝʜʫʝʪ ʟʦʥʫ ʩ ʨʘʟʤʝʨʘʤʠ (Aʧʧ0 = Lʭ0 Ĭ Ly0)  6 ʩ ʫʛʣʦʚʳʤʠ ʨʘʟʤʝʨʘʤʠ  

2Ýʭ Ĭ 2Ýy. ʆʙʦʟʥʘʯʠʤ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʄʌʇʋ ʧʦ ʦʩʷʤ x 

ʠ y ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʠʚʘ ʢʘʢ dx ʠ dy, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʫʛʣʦʚʳʝ 

ʨʘʟʤʝʨʳ ʚ ʥʘʜʠʨʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʢʘʢ  2ɤx0 ʠ 2ɤy0. ʆʧʪʠʯʝʩʢʘʷ 

ʦʩʴ ɹʆʕʉɼɿ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʄʌʇʋ ʠ  ʩʦʚʧʘʜʘʝʪ ʩ ʣʠʥʠʝʡ 
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ʥʘʜʠʨʘ. ʇʠʢʩʝʣʳ ʄʌʇʋ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʥʘ ʤʝʩʪʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʦʡ (ʦʙʲʝʢʪʠʚʦʤ) ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʩʢʘʞʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʳ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ lx0 å Hdx/ äǋ ʠ ly0 å Hdx/ äǋ ʧʦ ʦʩʷʤ ʭ ʠ ʫ ʥʘ ʩʮʝʥʝ 

ʦʧʨʝʜʝʣʠʪʩʷ ʨʘʟʤʝʨʘʤʠ ʧʨʦʝʢʮʠʠ ʧʠʢʩʝʣʘ ʄʌʇʋ. 

 
ʘ)  

 
ʙ)  

ʈʠʩ. 5. ʆʙʦʙʱʝʥʥʘʷ ʛʝʦʤʝʪʨʦʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ɹʆʕʉɼɿ,  

ʨʘʙʦʪʘʶʱʝʡ ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʘ) ʧʦʰʘʛʦʚr ʡ ʧʨʦʩʤʦʪʨ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ 

ʙ) ʧʦʰʘʛʦʚʳʡ ʧʨʦʩʤʦʪʨ ʩ ʜʚʫʤʷ ʠʣʠ ʙʦʣʝʝ ʦʧʪʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ 
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ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʩʤʦʪʨʘ ʦʪ ʣʠʥʠʠ ʥʘʜʠʨʘ (ɋǋy = 0
o 
ʠ                 

ɋǋx Ò 90
o
) ʩʠʩʪʝʤʘ ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʢʘʜʨʳ 8. ʇʨʦʠʟʚʦʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʛʥʦʚʝʥʥʦʛʦ 

ʫʛʣʦʚʦʛʦ ʧʦʣʷ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʢʦʪʦʨʳʤ ʪʝʢʫʱʠʤ ʫʛʣʦʚʳʤ ʧʦʣʦʞʝʥʠʝʤ 

ɋǋx ʦʩʠ ʚʠʟʠʨʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ ʥʘʜʠʨʘ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ 

ʵʣʝʤʝʥʪʘ ʨʘʟʣʦʞʝʥʠʷ ʠ ʫʟʣʦʚʫʶ ʪʦʯʢʫ ʦʙʲʝʢʪʠʚʘ. ɺʝʣʠʯʠʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ lxi ʠ lyi ʧʦ ʦʩʷʤ x ʠ y ʜʣʷ i-ʛʦ  ʧʠʢʩʝʣʘ (i= 0,1,..,Nx/2) ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ [8-11] 

 lxi å lxokxi;   kxi = cos
2
ɗi/cos

2
(ɋǋxÑɗi) ,    

                                         lyi  å lyo kyi ;    kyi = cosɗi/cos(ɋǋx Ñ ɗi) ,                                   (2) 

 

ʛʜʝ ʫʛʣʳ ɗi å tg
-1
(idx /äǋ) ʠʟʤʝʨʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2Ýx ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʥʪʨʫ 

ʢʘʞʜʦʛʦ ʩʪʦʣʙʮʘ ʧʠʢʩʝʣʦʚ ʄʌʇʋ, ʘ ʟʥʘʢʠ (+, ╖ ) ʦʧʨʝʜʝʣʷʶʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʩʪʦʣʙʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ  ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ; kxi ʠ kyi - ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʠʩʢʘʞʝʥʠʡ ʧʦ ʦʩʷʤ x ʠ y, ʦʧʨʝʜʝʣʷʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʦʪ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ ɋǋx ʠ ʫʛʣʦʚ Ñ ɗi.  

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ 9 (ʚʜʦʣʴ ʦʩʠ y) ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o 
ʚʝʣʠʯʠʥʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ lxj ʠ lyj, ʧʦ ʦʩʷʤ x ʠ y ʜʣʷ j-ʛʦ ʧʠʢʩʝʣʘ                           

(j= 0,1,..,Ny/2) ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [8-11]: 

 

lxj å lxokxj;   kxj = cosɗj/cos(ɋǋyÑɗj) ,   

                                           lyjå lyokyj;  kyj = cos
2
ɗj/cos

2
(ɋǋyÑɗj),                                       (3) 

 

ʛʜʝ   ʫʛʣʳ ɗj å tg
-1
(jdy/äǋ) ʠʟʤʝʨʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2Ýy ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʥʪʨʫ 

ʢʘʞʜʦʡ ʩʪʨʦʢʠ ʧʠʢʩʝʣʦʚ ʄʌʇʋ, ʘ ʟʥʘʢʠ (+, ╖ ) ʦʧʨʝʜʝʣʷʶʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʩʪʨʦʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ; kxj , kyj - ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʠʩʢʘʞʝʥʠʡ ʧʦ ʦʩʷʤ x ʠ y, ʦʧʨʝʜʝʣʷʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʦʪ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ   ɋǋy  ʠ ʫʛʣʦʚ Ñ ɗj.  

ʅʘ ʨʠʩ.6. ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʢʘʞʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ ɋǋx ʠ ɋǋy [8]. 

ʈʘʟʤʝʨʳ ʵʣʝʤʝʥʪʘ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʟʘʜʘʥʥʳʤ ʚʝʣʠʯʠʥʘʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʤʝʩʪʥʦʩʪʠ 
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ʠ  ʫʛʣʦʚʳʤ ʨʘʟʤʝʨʘʤ ʟʦʥʳ  ʧʨʦʩʤʦʪʨʘ  2Ýʭ³ 2Ýy ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʩʦʪʳ 

ʧʦʣʝʪʘ H .  

ʇʣʦʱʘʜʴ ʧʨʦʝʢʮʠʠ ʧʠʢʩʝʣʦʚ ʄʌʇʋ Aʧʧ0 ʥʘ ʩʮʝʥʫ, ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨ 

(ɋǋx = ɋǋy = 0
o
), ʨʘʚʥʘ  

                                                   Aʧʧ0 ålx0ly0 .                                                           (4) 

 

ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʩʤʦʪʨʘ ʦʪ ʣʠʥʠʠ ʥʘʜʠʨʘ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) 

ʚʝʣʠʯʠʥʳ ʧʨʦʝʢʮʠʠ ʧʠʢʩʝʣʦʚ Aʧʧi  11 ʨʘʚʥʳ  

 

                 Aʧʧiå Aʧʧ0 (cos
2
ɗi/cos

2
(ɋǋxÑɗi)) cosɗi/cos(ɋǋxÑɗi) å Aʧʧ0 kxikyi .              (5) 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ʚʜʦʣʴ ʦʩʠ y) ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
, ʚʝʣʠʯʠʥʳ 

ʧʨʦʝʢʮʠʠ ʧʠʢʩʝʣʦʚ A¡ʧʧj  12 ʨʘʚʥʳ 

 

               A¡ʧʧjå Aʧʧ0 (cosɗj/cos(ɋǋyÑɗj)) cos
2
ɗj/cos

2
(ɋǋyÑ ɗj) å Aʧʧ0 kxjkyj.               (6) 

 

ʊʝʣʝʩʥʳʝ ʫʛʣʳ Wij, ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨʝ (ɋǋx = ɋǋy = 0
o
), ʩʪʷʛʠʚʘʝʤʳʝ 

ʨʘʟʣʠʯʥʳʤʠ ʧʠʢʩʝʣʘʤʠ ʩʮʝʥʳ ʠ ʧʨʠʚʝʜʝʥʥʳʝ ʢʦ ʚʭʦʜʥʦʤʫ ʟʨʘʯʢʫ ʦʙʲʝʢʪʠʚʘ,  ʜʣʷ 

i, j ï ʧʠʢʩʝʣʘ ʙʫʜʫʪ ʨʘʚʥʳ [10-11] 

 

Wijå W0 cos
3qij      ;     W0 å D

2
/4H

2 
; 

                                      qijå cos
-1
(cosqi cos(tg

-1
(cosqi tanqj))).                               (7) 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʚʝʣʠʯʠʥʳ ʪʝʣʝʩʥʳʭ ʫʛʣʦʚ 

Wʚʙijʨʘʚʥʳ  

                          Wʚʙij å W0 cos
3qij /( cos

2
ɗi/cos

2
(ɋǋx Ñ ɗi)) å W0 cos

3qij /kxi .           (8) 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʚʝʣʠʯʠʥʳ ʪʝʣʝʩʥʳʭ ʫʛʣʦʚ 

W¡ʚʧijʨʘʚʥʳ  

                           W¡ʚʧijå W0 cos
3qij/(cos

2
ɗj/cos

2
(ɋǋyÑ ɗj)) å W0 cos

3qij/kyj.               (9) 

 

ʈʘʟʤʝʨ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ Lx0 ʧʦ ʦʩʠ x ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨʝ                           

(ɋǋx = ɋǋy = 0
o
)  ʨʘʚʝʥ 
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                                                        Lx0 å Nxlx0 .                                                    (10) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʨʘʟʤʝʨ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ Lxʧʦ ʦʩʠ x 

ʨʘʚʝʥ  

                                              Lx  å  Lx0/cos
2
ɋǋx å  Lx0 kx .                                      (11) 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʨʘʟʤʝʨ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ  L¡x  ʧʦ 

ʦʩʠ x ʨʘʚʝʥ  

                                                Lx  å  Lx0/cosɋǋy å  Lx0 k¡x .                                     (12) 

 

ʈʘʟʤʝʨ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ Ly0 ʧʦ ʦʩʠ y ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨʝ (ɋǋx = ɋǋy = 0
o
)  

ʨʘʚʝʥ  

                                                            Ly0 å Nyly0 .                                                 (13) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʨʘʟʤʝʨ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ Ly ʧʦ ʦʩʠ 

y ʨʘʚʝʥ  

                                                    Ly å  Ly0/cosɋǋx å  Ly0 ky .                                  (14) 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʨʘʟʤʝʨ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ L¡y ʧʦ 

ʦʩʠ y ʨʘʚʝʥ  

                                                    L¡y å  Ly0/cos
2
ɋǋy å  Ly0 k¡y.                                (15) 

 

ʇʣʦʱʘʜʴ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ (ʢʘʜʨʘ) Aʢ0, ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨʝ                   

(ɋǋx = ɋǋy = 0
o
),  ʨʘʚʥʘ  

                                                             Aʢ0 å NxNyAʧʧ0 .                                         (16) 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʧʣʦʱʘʜʴ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ Aʢ 

ʨʘʚʥʘ 

                                                 Aʢ å Aʢ0 /cos
3
ɋǋx å Aʢ0  kxky.                               (17) 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʧʣʦʱʘʜʴ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ A¡ʢ ʨʘʚʥʘ 

                                                A¡ʢ å Aʢ0 / cos
3
ɋǋy å Aʢ0 k¡x k¡y .                           (18) 
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ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 8. ʇʦʜʩʪʨʦʯʥʳʝ 

ʠʥʜʝʢʩʳ ç0è ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʫʯʘʶ ʥʘʙʣʶʜʝʥʠʷ ʚ ʥʘʜʠʨ [8-11]. 

 

ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʢʘʞʝʥʠʡ ʦʪ ʪʝʢʫʱʠʭ 

ʫʛʣʦʚʳʭ ʧʦʣʦʞʝʥʠʡ ɋǋx ʠ ɋǋy 

ʘ) ʧʨʠ ɋǋx, ɋǋy  15
o       

 ʙ) ʧʨʠ ɋǋx, ɋǋy  30
o          
ʚ) ʧʨʠ ɋǋx, ɋǋy  45

o
 

ʛ) ʧʨʠ ɋǋx, ɋǋy  60
o         
ʜ) ʧʨʠ ɋǋx, ɋǋy  80

o          
ʝ) ʧʨʠ ɋǋx, ɋǋy  80

o
 



58 

 

 

ʊʘʙʣʠʮʘ 8. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ  

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɋǋx = ɋǋy = 0

o 
ɋǋy = 0

o 
, ɋǋx Ò 90

o 
ɋǋx = 0

o
 ,  ɋǋy Ò 90

o
 

ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʠʩʢʘʞʝʥʠʡ
 

ʚʜʦʣʴ ʦʩʠ 
kx  =  k¡x   =1 

ky  =   k¡y   = 1 

kx  = 1/cos
2
ɋǋx; 

ky  = 1/cosɋǋx; 

k¡x = 1/cosɋǋy; 

k¡y  = 1/cos
2
ɋǋy; 

ʚʥʝ ʦʩʠ 
kxi =  kxj  = 1 

kyi =  kyj  = 1 

kxi = cos
2
ɗi/cos

2
(ɋǋx Ñɗi);  

kyi = cos ɗi/cos(ɋǋx Ñɗi); 

ɗi å tg
-1
(idx/äǋ),  

i=0,1,.,Nx/2 

kxj = cosɗj/cos(ɋǋy Ñɗj); 

kyj = cos
2
ɗj/cos

2
(ɋǋy Ñ ɗj); 

ɗj  å tg
-1
(jdy/äǋ),   

j= 0,1,.,Ny/2 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʦʩʠ x 

ʚʜʦʣʴ ʦʩʠ 
lx0 å dx H / äǋ  

lx å lxokx l¡x å lxok¡x 

ʚʥʝ ʦʩʠ lxi  å lx0 kxi lx j å lx0 kxj 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʦʩʠ y 

ʚʜʦʣʴ ʦʩʠ 
ly0 å dy H / äǋ 

ly å lyoky l¡y å lyok¡y 

ʚʥʝ ʦʩʠ lyi  å lyo kyi ly j  å lyo kyj 

ʇʣʦʱʘʜʴ  ʧʨʦʝʢʮʠʠ 

ʧʠʢʩʝʣʦʚ  ʄʌʇʋ ʥʘ 

ʩʮʝʥʫ 

ʚʜʦʣʴ ʦʩʠ 
Aʧʧ0 å lx0ly0 

Aʧʧå Aʧʧ0 kxky A¡ʧʧå Aʧʧ0 k¡x k¡y 

ʚʥʝ ʦʩʠ Aʧʧi å Aʧʧ0 kxikyi A¡ʧʧjå Aʧʧ0 kxjkyj 

ʊʝʣʝʩʥʳʝ ʫʛʣʳ, 

ʩʪʷʛʠʚʘʝʤʳʝ 

ʨʘʟʣʠʯʥʳʤʠ ʧʠʢʩʝʣʘʤʠ 

ʩʮʝʥʳ ʠ ʧʨʠʚʝʜʝʥʥʳʝ 

ʢʦ ʚʭʦʜʥʦʤʫ ʟʨʘʯʢʫ 

ʦʙʲʝʢʪʠʚʘ 

ʚʜʦʣʴ ʦʩʠ W0 å D
2
/4H

2
 Wʚʙå Wsfto /kx W¡ʚʧå Wsft0 /k¡y 

ʚʥʝ ʦʩʠ 

WijåW0 cos
3qij; Wʚʙijå Wsft0 cos

3qij /kxi 

W¡ʚʧijå Wsft0 cos
3qij/kyj 

cosqijå cosqi cos(tg
-1
(cosqi tanqj)) 

  ʈʘʟʤʝʨ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ ʧʦ ʦʩʠ  x Lx0 å Nx lx0 Lx  å  Lx0 kx L¡x  å  Lx0 k¡x 

  ʈʘʟʤʝʨ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ ʧʦ ʦʩʠ  y Ly0 å Ny ly0 Ly å  Ly0 ky L¡y  å  Ly0 k¡y 

  ʇʣʦʱʘʜʴ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ (ʢʘʜʨʘ) Aʢ0 å NxNyAʧʧ0 Aʢ å Aʢ0  kx ky A¡ʢ å Aʢ0 k¡x k¡y 
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2.2 ɺʨʝʤʝʥʥ·ʝ ʨʘʟʨʝʰʝʥʠʝ ʙʦʨʪʦʚʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʍʦʨʦʰʝʝ ʚʨʝʤʝʥʥ·ʝ (ʜʠʥʘʤʠʯʝʩʢʦʝ) ʨʘʟʨʝʰʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʥʝʜʦʧʫʱʝʥʠʷ ʩʤʘʟʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ-ʟʘ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥ·ʛʦ ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʝʨʠʦʜ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʩʪʨʦʢʘʤ Ty0 - ʚʨʝʤʷ  ʧʨʝʙʳʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʦʩʠ 

y ʥʘ ʵʣʝʤʝʥʪʘʭ ʩʮʝʥʳ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʢʘʜʨ. ʕʪʦ ʚʨʝʤʷ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ 

ʥʘʜʠʨʝ (ɋǋx = ɋǋy = 0
o
) ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʦʤ ʄʌʇʋ ʠ ʨʘʚʥʦ [9-11] 

                                                 Ty0 = ly0 / Vy.                                                  (19) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʚʨʝʤʷ  ʧʨʝʙʳʚʘʥʠʷ Tyi 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʦʩʠ y ʥʘ ʵʣʝʤʝʥʪʘʭ ʩʮʝʥʳ ʨʘʚʥʦ  

                                      Tyi  å Ty0 cos ɗi/cos(ɋǋx Ñ ɗi) å Ty0kyi .                               (20) 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʚʨʝʤʷ  ʧʨʝʙʳʚʘʥʠʷ Tyj 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʦʩʠ y ʥʘ ʵʣʝʤʝʥʪʘʭ ʩʮʝʥʳ ʨʘʚʥʦ  

 

                                       Tyj å Ty0cos
2
ɗj/ cos

2
(ɋǋyÑ ɗj)å Ty0kyj.                               (21) 

 

ʏʘʩʪʦʪʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʪʨʦʢ fy0  ʚʜʦʣʴ ʦʩʠ ʫ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨ           

(ɋǋx = ɋǋy = 0
o
) ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ  

 

                                                fy0 å 1/ Ty0 .                                                    (22) 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʯʘʩʪʦʪʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʪʨʦʢ 

fyiʚʜʦʣʴ ʦʩʠ ʫ ʨʘʚʥʘ  

                           fyi å  fy0 /(cos ɗi/cos(ɋǋx Ñ ɗi)) å  fy0 / kyi .                            (23) 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʯʘʩʪʦʪʘ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʩʪʨʦʢ f yj ʚʜʦʣʴ ʦʩʠ ʫ ʨʘʚʥʘ  

                         fyj å fy0 /(cos
2
ɗj/cos

2
(ɋǋyÑ ɗj)) å fy0 /kyj.                                 (24) 
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ɺʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ Űd0 ʠʟʦʙʨʘʞʝʥʠʷ (ʧʦ ʦʩʠ x) ʥʘ ʵʣʝʤʝʥʪʝ ʨʘʟʣʦʞʝʥʠʷ ʩ 

ʫʛʣʦʚʳʤ ʨʘʟʤʝʨʦʤ 2ɤx0 ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨ (ɋǋx = ɋǋy = 0
o
) ʨʘʚʥʦ  

 

                                     Űd0 å ʊy0/Nx .                                                  (25) 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ 

Űdiʠʟʦʙʨʘʞʝʥʠʷ (ʧʦ ʦʩʠ x) ʥʘ ʵʣʝʤʝʥʪʝ ʩʮʝʥʳ  ʨʘʚʥʦ  

 

                         Űdi å Űd0cosɗi/ cos(ɋǋxÑɗi) å Űd0kyi.                                (26) 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ Űdj 

ʠʟʦʙʨʘʞʝʥʠʷ (ʧʦ ʦʩʠ x) ʥʘ ʵʣʝʤʝʥʪʝ ʩʮʝʥʳ  ʨʘʚʥʦ  

 

                              Űdj å Űd0(cos
2
ɗj/cos

2
(ɋǋyÑ ɗj)) å Űd0kyj.                             (27) 

 

ʉʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ vx0 ʚʜʦʣʴ ʦʩʠ x ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ 

ʥʘʜʠʨ (ɋǋx = ɋǋy = 0
o
) ʨʘʚʥʘ  

                                               vx0 å lx0 /Űd0 .                                                   (28) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ vxiʚʜʦʣʴ ʦʩʠ x  ʨʘʚʥʘ  

                                       vxi å vx0cosɗi/ cos(ɋǋxÑɗi) å vx0kyi.                                  (29) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ vxjʚʜʦʣʴ ʦʩʠ x  ʨʘʚʥʘ  

                                        vxj å vx0/ (cosɗj/cos(ɋǋyÑɗj)) å vx0/kxj.                             (30) 

ɺʨʝʤʝʥʥʘʷ ʯʘʩʪʦʪʘ f d0 ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨʝ (ɋǋx = ɋǋy = 0
o
) ʨʘʚʥʘ  

                                                   fd0 å 1/Űd0 .                                                  (31) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʚʨʝʤʝʥʥʘʷ ʯʘʩʪʦʪʘ fdi               

ʨʘʚʥʘ  
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                                    f di å f d0 /(cos ɗi/cos(ɋǋx Ñ ɗi)) å f d0 / kyi .                           (32) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʚʨʝʤʝʥʥʘʷ ʯʘʩʪʦʪʘ fdj,               

ʨʘʚʥʘ  

                             fdj å fd0 /( cos
2
ɗj/cos

2
(ɋǋyÑ ɗj)) å fd0 /kyj.                           (33)  

ʇʦʣʦʩʘ ʯʘʩʪʦʪ ʩʠʛʥʘʣʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʥʘ ʚʳʭʦʜʝ ʩʢʘʥʠʨʫʶʱʝʡ 

ʩʠʩʪʝʤʳ ȹf0, ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨ (ɋǋx = ɋǋy = 0
o
) ʨʘʚʥʘ  

                                               ȹf0å 1/(kȹfŰd0) ,                                               (34) 

ʛʜʝ kȹf ï ʢʦʵʬʬʠʮʠʝʥʪ, ʩʚʷʟʳʚʘʶʱʠʡ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ȹf0 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʢʪʘ ʩ ʚʨʝʤʝʥʝʤ Űd0 [7,43]. 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʧʦʣʦʩʘ ʯʘʩʪʦʪ ʩʠʛʥʘʣʘ ȹfi              

ʨʘʚʥʘ  

                                  ȹfiå ȹf0/( cosɗi/cos(ɋǋxÑɗi)) å ȹf0/kyi.                         (35) 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʧʦʣʦʩʘ ʯʘʩʪʦʪ ʩʠʛʥʘʣʘ ȹfi              

ʨʘʚʥʘ  

                                        ȹfj å ȹf0/(cos
2
ɗj/cos

2
(ɋǋyÑ ɗj)) å ȹf0/kyj.                        (36) 

 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʨʦʧʫʩʢʦʚ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩʮʝʥʳ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʢʨʳʪʠʝ OLʫ ʢʘʜʨʦʚ, ʩʦʦʪʚʝʪʩʪʫʶʱʠʭ ʦʪʜʝʣʴʥʳʤ ʫʯʘʩʪʢʘʤ 

ʩʮʝʥʳ ʚʜʦʣʴ ʣʠʥʠʠ ʧʦʣʝʪʘ ɹʆʕʉɼɿ [2,3]. 

ɺʨʝʤʷ ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ Tʢ0, ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨ (ɋǋx = ɋǋy = 0
o
) 

ʨʘʚʥʦ  

                                      Tʢ0 å (Ny(1-OLy)/ɖʢ) Ty0 .                                         (37) 

 

 ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʚʨʝʤʷ ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ Tʢ               

ʨʘʚʥʦ [9-11] 

                                             Tʢ å Tʢ0 /cosɋǋx å Tʢ0  ky  .                                          (38) 
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ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʚʨʝʤʷ ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ Tȭʢ               

ʨʘʚʥʦ  

                                                Tȭʢ å Tʢ0 /cos
2
ɋǋy å Tʢ0kȭy .                                     (39) 

ʏʘʩʪʦʪʘ ʧʨʦʩʤʦʪʨʘ  ʢʘʜʨʘ fʢ0 ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨ (ɋǋx = ɋǋy = 0
o
) 

ʨʘʚʥʘ  

                                                          fʢ0 å 1/ Tʢ0 .                                                  (40) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʯʘʩʪʦʪʘ ʧʨʦʩʤʦʪʨʘ  ʢʘʜʨʘ fʢ               

ʨʘʚʥʘ  

                                                    fʢ å fʢ0cosɋǋxå fʢ0 /ky.                                         (41) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʯʘʩʪʦʪʘ ʧʨʦʩʤʦʪʨʘ  ʢʘʜʨʘ            

f ¡ʢ  ʨʘʚʥʘ  

                                             f ¡ʢ å  fʢ0 cos
2
ɋǋy å  fʢ0 / kȭy .                                      (42) 

ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʚʨʝʤʝʥʥ·ʤʫ ʨʘʟʨʝʰʝʥʠʶ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 9 [9-11].  

ʇʦʣʴʟʫʷʩʴ ʧʨʠʚʝʜʝʥʥʳʤʠ ʬʦʨʤʫʣʘʤʠ, ʛʨʘʬʠʢʘʤʠ ʠ ʪʘʙʣʠʮʘʤʠ 8 ʠ 9, 

ʤʦʞʥʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʚʠʟʠʨʥʦʡ ʦʩʠ ɹʆʕʉɼɿ ʦʧʨʝʜʝʣʠʪʴ 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʨʦʝʢʮʠʠ ʧʠʢʩʝʣʦʚ ʌʇʋ ʥʘ ʤʝʩʪʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʚʝʣʠʯʠʥʫ ʫʭʫʜʰʝʥʠʷ ʚʨʝʤʝʥʥ·ʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠʟ-ʟʘ ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʢʘʞʝʥʠʡ. 
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ʊʘʙʣʠʮʘ 9. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʚʨʝʤʝʥʥ·ʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɋǋx = ɋǋy = 0

o 
ɋǋy = 0

o 
, ɋǋx Ò 90

o 
ɋǋx = 0

o
 ,  ɋǋy Ò 90

o
 

ɺʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʦʩʠ y ʥʘ 

ʵʣʝʤʝʥʪʝ ʩʮʝʥʳ 

ʚʜʦʣʴ ʦʩʠ 
Ty0 å  ly0/Vy 

Ty  å Ty0ky T¡y å Ty0k¡y 

ʚʥʝ ʦʩʠ Tyi  å Ty0kyi T yj å Ty0 kyj 

ʏʘʩʪʦʪʘ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʩʪʨʦʢʦʚ ʚʜʦʣʴ ʦʩʠ ʫ ʥʝ 

ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 

ʚʜʦʣʴ ʦʩʠ 
fy0 å 1/ Ty0 

fy å fy0 / ky f ¡y å fy0 / k¡y 

ʚʥʝ ʦʩʠ fyi å  fy0 / kyi f ¡yj å fy0 /k¡yj 

ɺʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʦʩʠ x ʥʘ 

ʵʣʝʤʝʥʪʝ ʩʮʝʥʳ 

ʚʜʦʣʴ ʦʩʠ 
Űd0 å Ty0/ Nx 

Űdå Űd0 ky Ű¡d å Űd0 k¡y 

ʚʥʝ ʦʩʠ Űdi å Űd0 kyi Űdj å Űd0 kyj 

ʉʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚʜʦʣʴ ʦʩʠ x 

ʚʜʦʣʴ ʦʩʠ 
vx0 å lx0 /Űd0 

vx å vx0 ky v¡x åvx0/k¡x 

ʚʥʝ ʦʩʠ vxi å vx0 kyi vxj å vx0/kxj 

ɺʨʝʤʝʥʥʘʷ ʯʘʩʪʦʪʘ   
ʚʜʦʣʴ ʦʩʠ 

f d0 å 1/Űd0 
f d å f d0 / ky f ¡d å f d0 / k¡y 

ʚʥʝ ʦʩʠ f di å f d0 / kyi f dj å f d0 /kyj 

ʐʠʨʠʥʘ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʢʪʘ 

ʚʜʦʣʴ ʦʩʠ 
ȹf0 å 1/kȹfŰd0 

ȹfå ȹf0/ ky ȹf¡å ȹf0/k¡y 

ʚʥʝ ʦʩʠ ȹfi  å ȹf0/ kyi ȹ f j  å ȹf0/ kyj 

ɺʨʝʤʷ ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ Tʢ0 å (Ny(1-OLy)/ɖʢ) Ty0 Tʢ å Tʢ0  ky T ʢ å Tʢ0kȭy 

ʏʘʩʪʦʪʘ ʧʨʦʩʤʦʪʨʘ  ʢʘʜʨʘ fʢ0 å 1/ Tʢ0 fʢ =  fʢ0 / ky f ¡ʢ =  fʢ0 / kȭy 
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2.3  ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʙʦʨʪʦʚʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʝʨʝʜ ʦʪʜʝʣʴʥʳʤʠ ɹʆʕʉɼɿ, ʦʩʦʙʝʥʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʠʤʝʪʴ ʭʦʨʦʰʝʝ ʩʧʝʢʪʨʘʣʴʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʰʠʨʦʢʦʤ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʣʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʜʜʠʘʧʘʟʦʥʘʭ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʥʘ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ñʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭò 

ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʳʭ ɹʆʕʉɼɿ ʷʚʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʝ ʪʨʫʜʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʭ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʰʠʨʦʢʦʜʠʘʧʘʟʦʥʥʳʭ ʌʇʋ ʩ 

ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ, ʚʨʝʤʝʥʥʳʤ ʠ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʉʶʜʘ 

ʞʝ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʨʫʜʥʦʩʪʠ ʧʦ ʩʦʟʜʘʥʠʶ ʵʢʦʥʦʤʠʯʥʳʭ, ʜʦʣʛʦʚʝʯʥʳʭ, 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʌʇʋ ʠ ʨʷʜ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ.  

ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ɹʆʕʉɼɿ  ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʯʠʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ (ʧʦʜʜʠʘʧʘʟʦʥʦʚ) ʠʣʠ ñʩʧʝʢʪʨʘʣʴʥʳʭ ʦʢʦʥò 

ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʩʦʙʠʨʘʶʪʩʷ ʜʘʥʥʳʝ ʦ ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʤ ʧʦʣʝ (ñʩʮʝʥʝò). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ   ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʜʘʧʪʠʚʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ ʩ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʥʘʧʨʠʤʝʨ, ʬʠʣʴʪʨʳ ʥʘ ʙʘʟʝ ʵʪʘʣʦʥʦʚ ʌʘʙʨʠ - 

ʇʝʨʦ (ʌʌʇ) ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʬʦʨʤʘʪʘ Nx³Ny , ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʄʌʇʋ ʪʦʛʦ ʞʝ ʬʦʨʤʘʪʘ [5,44-52].  

ɺʝʣʠʯʠʥʘ ʨʘʙʦʯʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʳ ʌʌʇ ʚ ʵʪʦʡ ʧʦʣʦʩʝ  ʨʘʚʥʘ         

[5, 53,54]  

                           Dlij = l2ij - l1ij å klij  Dl.   , klij å  (1-(ni/neff)
2 
sin

2
ɗij)

0.5
,                (43) 
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ʛʜʝ l2ij ʠ l1ij - ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʛʨʘʥʠʯʥʘʷ ʜʣʠʥʘ ʚʦʣʥ (ʦʪʩʝʯʢʠ), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʫ ʧʘʜʝʥʠʷ (ɗij Í 0), ni ʠ neff  - ʵʬʬʝʢʪʠʚʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʤʘʪʝʨʠʘʣʘ ʬʠʣʴʪʨʘ, klij - ʢʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ ʫʛʣʦʚ ɗij ʥʘ hʠʨʠʥʫ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʦʣʦʩʳ ʬʠʣʴʪʨʘ, Dlij ʠ Dl - ʰʠʨʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʳ ʬʠʣʴʪʨʘ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʣʫʯʝʡ (ɗij = 0),   ʢʦʪʦʨʘʷ ʨʘʚʥʘ [55-58] 

 

                                             Dl= l2-l1 å l0 (1-Á)/(pÁ
0.5

),                                       (44) 

 

ʛʜʝ l2 ʠ l1 -  ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʜʣʠʥʳ ʚʦʣʥ ʦʪʩʝʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʫ ʧʘʜʝʥʠʷ (ɗij = 0), Á  - ʬʨʝʥʝʣʝʚʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʪʨʘʞʝʥʠʷ ʬʠʣʴʪʨʘ ʠ ɚ 0 - ʜʣʠʥʘ ʚʦʣʥʳ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʫʛʣʝ ʧʘʜʝʥʠʷ ʣʫʯʝʡ 

(ɗij = 0), ʢʦʪʦʨʘʷ ʨʘʚʥʘ [5,59,60] 

 

                                                l0 = 2l1 l2 /( l1 + l2) = 2 neff d,                                     (45) 

 

ʛʜʝ d ï ʪʦʣʱʠʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʬʠʣʴʪʨʘ.  ɼʣʠʥʳ ʚʦʣʥ l0, l2 ʠ l1 ʧʨʠ 

ʥʘʢʣʦʥʝ ʧʫʯʢʘ ʣʫʯʝʡ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʬʠʣʴʪʨ, ʩʜʚʠʥʝʪʩʷ ʢ ʜʣʠʥʘʤ ʚʦʣʥ l0ij, l2ij 

ʠ  l1ij, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʚʥʳ  

 

                            l0ij å klijl0     ,   l2ij å klijl2       ,     l1ij å klijl1.                        (46) 

 

ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʰʠʨʝʥʠʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ, ʘ 

ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʧʠʢʘ ʧʨʦʧʫʩʢʘʥʠʷ. ɼʣʷ ʫʛʣʦʚ ʧʘʜʝʥʠʷ ʜʦ 5Á ʵʪʠ ʠʟʤʝʥʝʥʠʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ɼʣʷ ʫʛʣʦʚ ʚʳʰʝ 5Á ʩʜʚʠʛ ʚ ʜʣʠʥʝ ʚʦʣʥʳ ʧʠʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʮʝʥʝʥ ʧʫʪʝʤ ʧʦʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʧʘʜʝʥʠʷ  ʚ ʧʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ 

ʫʨʘʚʥʝʥʠʝ. ʉʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʘʷ ʚʳʰʝ ʬʦʨʤʫʣʘ 

ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʡ. ʊʦʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʘʶʪʩʷ ʜʣʷ ʨʝʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ [39].  

ɺʝʣʠʯʠʥʳ ʧʨʦʧʫʩʢʘʥʠʷ tFij ʌʌʇ ʧʨʠ ɗij Í 0 ʚ ʨʘʙʦʯʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʧʦʣʦʩʘʭ Dlij ʙʫʜʫʪ ʨʘʚʥʳ  

                                                       t tὯ ,                                                     (47) 



66 

 

 

ʛʜʝ tF0 ʠ Ὧ - ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʨʦʧʫʩʢʘʥʠʝ ʬʠʣʴʪʨʘ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨ ʠ    

ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ ʫʛʣʦʚ ɗij ʥʘ 

ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʨʦʧʫʩʢʘʥʠʝ ʬʠʣʴʪʨʘ tFij, ʢʦʪʦʨʳʝ  ʨʘʚʥʳ  

             tF0 = (1-A/(1-Á))
2
,      Ὧ ÁȾ -Á  ἻἱἶpὯ Ȣ ,      (48) 

ʛʜʝ A   - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʬʠʣʴʪʨʘ.  

ʂʦʤʧʘʥʠʷ Northumbria Optical Coatings Ltd (NOC, Ltd) ʚʣʘʜʝʝʪ 

ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʬʠʣʴʪʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 1,5 ï 20 ʤʢʤ, ʘ ʪʘʢʞʝ 

ʫʟʢʦʧʦʣʦʩʥʳʭ ʬʠʣʴʪʨʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʨʦʧʫʩʢʘʥʠʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 2,0 ï 20 ʤʢʤ [39]. 

ʇʨʠ ʤʘʣʳʭ ʫʛʣʘʭ ʦʪʢʣʦʥʝʥʠʷ ʧʫʯʢʘ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʧʘʜʝʥʠʷ ʥʘ ʬʠʣʴʪʨ 

ʵʪʦʪ ʩʜʚʠʛ ʤʦʞʝʪ ʙʳʪʴ  ʧʦʣʝʟʥʳʤ ʧʨʠ  ʥʘʩʪʨʦʡʢʝ ʬʠʣʴʪʨʘ ʥʘ ʪʨʝʙʫʝʤʫʶ 

ʧʠʢʦʚʫʶ ʜʣʠʥʫ ʚʦʣʥʳ. ʆʜʥʘʢʦ ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ (30
0
 ʠ ʙʦʣʝʝ) ʦʥ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʤʝʪʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʠ 

ʠʩʢʘʞʝʥʠʶ ʬʦʨʤʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. ʉʜʚʠʛ ʧʠʢʦʚʦʡ ʜʣʠʥʳ ʚʦʣʥʳ lij 

ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʩ ʧʦʤʦʱʴʶ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʬʦʨʤʫʣʳ (ʯʪʦ 

ʩʧʨʘʚʝʜʣʠʚʦ ʪʦʣʴʢʦ ʜʣʷ ʢʦʣʣʠʤʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʧʨʠ ʫʛʣʘʭ ʧʘʜʝʥʠʷ        

ʤʝʥʝʝ 10
ʦ
).  

ɺʝʣʠʯʠʥʘ neff  ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʨʠʘʣʦʚ ʬʠʣʴʪʨʘ. ʅʘʧʨʠʤʝʨ, 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʬʠʣʴʪʨʳ ʢʦʤʧʘʥʠʠʠ çNOCè ʠʤʝʶʪ ʪʠʧʠʯʥʳʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ neff, ʥʘʯʠʥʘʷ ʩ 1,7 ʜʦ ʙʦʣʝʝ                  

ʯʝʤ 2,5 [39]. 

ʉʪʝʧʝʥʴ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠʣʠ ʬʦʨʤʳ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʘ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʢʨʳʪʠʷ. 

 

 

 



67 

 

 

2.4  ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʙʦʨʪʦʚʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ɹʆʕʉɼɿ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʝʣʠʯʠʥʘʤʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʰʫʤʫ ʨʘʟʥʦʩʪʝʡ ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʠʣʠ ʠʟʣʫʯʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ NEDr ʠʣʠ NEDeʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʰʫʤʫ ʨʘʟʥʦʩʪʴʶ ʪʝʤʧʝʨʘʪʫʨ 

NEDTʵʩ (NETD) ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʧʦʣʦʩʝ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʦʙʲʝʢʪʦʚ - 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩʮʝʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʝʢʮʠʠ ʦʜʥʦʛʦ ʧʠʢʩʝʣʘ lxĬ ly  

ʌʇʋ ʥʘ ʤʝʩʪʥʦʩʪʴ [11].  

ɺ ʠʟʚʝʩʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʦʢʦʚ ʠʣʠ ʦʩʚʝʱʝʥʥʦʩʪʝʡ ʥʘ ʚʭʦʜʝ 

ɹʆʕʉɼɿ ʤʦʞʥʦ ʚʚʝʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ kaij, ksaij ʠ kǋaij, ʫʯʠʪʳʚʘʶʱʠʝ 

ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ, ʧʨʦʭʦʜʠʤʳʭ ʧʦʪʦʢʘʤʠ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ɋǋx,             

ɋǋy ʠ ɗij. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʚʝʣʠʯʠʥʳ ʨʘʙʦʯʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʳ ʌʌʇ Dlij 

ʜʣʷ  ʥʘʢʣʦʥʥʦʛʦ ʧʫʯʢʘ ʣʫʯʝʡ (ɗij Í 0) ʤʦʞʥʦ ʚʚʝʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ (kʩDlij , 

kʵʩDlij ʠ kDlij), ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʪʦʢʘ, 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ i, j ï ʡ ʧʠʢʩʝʣ. 

ʅʘ ʨʠʩ.7 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ  

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩʮʝʥʳ, ʧʨʠʥʠʤʘʝʤʳʭ ʟʘ ʣʘʤʙʝʨʪʦʚʩʢʠʝ ʠʟʣʫʯʘʪʝʣʠ ʩ 

ʨʘʟʤʝʨʘʤʠ lx0 Ĭ ly0 ʥʘ ʤʝʩʪʥʦʩʪʠ.  

ɿʜʝʩʴ sc ʠ q -  ʟʝʥʠʪʥʳʡ ʫʛʦʣ ʉʦʣʥʮʘ 13 ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʠʟʠʨʦʚʘʥʠʷ 

ʩʮʝʥʳ ʦʪʜʝʣʴʥʳʤ ʧʠʢʩʝʣʦʤ ʄʌʇʋ.  

ʇʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʨʦʩʤʦʪʨʝ ɋǋx = ɋǋy = 0  ʷʨʢʦʩʪʴ L0 ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ, 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʥʘʜʠʨ, ʠ ʷʨʢʦʩʪʠ Lij  ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʧʦʣʦʩʝ 

ʜʣʠʥ ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ,  ʜʣʷ i, j ï 

ʛʦ ʧʠʢʩʝʣʘ,  ʙʫʜʫʪ ʨʘʚʥʳ [11] 

L0 å Lc0 +Lʵʩ0       ,     Lij åLcij + Lʵʩij, 

Lc0 å t0 (r/p) (rʩ /rʟʩ)
2
t1 (cossc) ÚDlc1l

-5
(e

c2 /lTʩ-1)
-1
dl, 
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                                     Lʵʩ0 å t0 (e/ˊ) ÚDlc1l
-5
 (e 

c2 /lTʵʩ-1)
-1
 dl, 

Lcij å kaijt0(r/p) (rʩ /rʟʩ)
2
t1 (cossc) kʩDlij ÚDlc1l

-5
(e

c2 /lTʩ-1)
-1
dlå kaijkʩDlijLc0, 

                Lʵʩij å kaijkʵʩDlij (e/ˊ) ÚDlc1l
-5
 (e 

c2 /lTʵʩ-1)
-1
 dlå kaijkʵʩDlij Lʵʩ0,             

ʦʪʩʶʜʘ                    Lij åkaij(kʩDlijLc0 + kʵʩDlij Lʵʩ0) åL0 kDlijkaij.                             (49) 

ɿʜʝʩʴ rʟʩ - ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʮʝʥʳ ʜʦ ʉʦʣʥʮʘ  ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ 

ɹʆʕʉɼɿ, rʩ - ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʉʦʣʥʮʘ, c1 ʠ c2 - ʧʦʩʪʦʷʥʥʳʝ ʟʘʢʦʥʘ ʇʣʘʥʢʘ,                

Tc - ʪʝʤʧʝʨʘʪʫʨʘ ʉʦʣʥʮʘ, Tʵʩ - ʪʝʤʧʝʨʘʪʫʨʘ ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ, e - ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʟʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ, (r=1-e) - ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʵʣʝʤʝʥʪʘ 

ʩʮʝʥʳ.  t1 å e
-bextHasecsʩ -  ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʘʪʤʦʩʬʝʨʳ ʥʘ ʧʫʪʠ            

(Hasec sʩ) ʦʪ ʉʦʣʥʮʘ ʜʦ ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ, Ha - ʪʦʣʱʘ ʘʪʤʦʩʬʝʨ,r  kaij å e
-bextH 

(secqij-1)
 - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʝʨʝʤʝʥʥʫʶ ʜʣʠʥʫ ʧʫʪʠ (H secqij) ʦʪ 

ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ ʜʦ ɹʆʕʉɼɿ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ɗij, t0 å e
-bextH 

-
 
ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʫʩʢʘʥʠʷ ʘʪʤʦʩʬʝʨʳ ʥʘ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨ, H ï ʚʳʩʦʪʘ ʧʦʣʝʪʘ ʠ 

(kʩDlij , kʵʩDlij ʠ kDlij) - ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ Dlij ʥʘ ʷʨʢʦʩʪʠ Lcij,Lʵʩijʠ Lij ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʪʦʨʳʝ ʨʘʚʥʳ 

                kʩDlij å ÚDlijc1l
-5
(e 

c2 /lTʩ-1)
-1
 dl) / ÚDlc1l

-5
(e 

c2 /lTʩ-1)
-1
 dl, 

                kʵʩDlij å ÚDlijc1l
-5
(e 

c2 /lTʵʩ-1)
-1
 dl) / ÚDlc1l

-5
(e 

c2 /lTʵʩ-1)
-1
 dl, 

                                     kDlij å (kʩDlijLc0 + kʵʩDlij Lʵʩ0)/L0.                              (50) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʷʨʢʦʩʪʠ L ʠ Lsij  ʵʣʝʤʝʥʪʦʚ 

ʩʮʝʥʳ ʚ ʧʦʣʦʩʝ ʜʣʠʥ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ 

ɹʆʕʉɼɿ, ʜʣʷ i, j ï ʧʠʢʩʝʣʘ ʙʫʜʫʪ ʨʘʚʥʳ [11] 

 

L å L0t0
((1/cos ɋǋx)-1)

 å L0t0
(ky-1)

 å L0ka, 

      Lsij å L0 kDlijt0
((cos ɗi/cos (ɋǋxÑ ɗi)) secqij- 1)

 åL0 kDlijt0
(kyi secqij- 1)

 å L0 kDlij ksaij.            (51) 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
), ʷʨʢʦʩʪʴ Lǋʠ Lǋij  ʵʣʝʤʝʥʪʦʚ 

ʩʮʝʥʳ ʜʣʷ i, j ï ʧʠʢʩʝʣʘ ʷʨʢʦʩʪʠ ʙʫʜʫʪ ʨʘʚʥʳ 
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Lǋ å L0 t0
((1/cos ɋǋy)-1)

 å L0 t0
(k¡x-1)

 å L0 kǋa, 

         Lǋij å L0 kDlijt0
((cos ɗj/cos (ɋǋyÑɗj)) secqij- 1)

 å L0 kDlijt0
(kxjsecqij- 1)

 å L0 kDlij kǋaij.        (52) 

 

 
 

ʈʠʩ. 7. ʂ ʨʘʩʯʝʪʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ, ʨʘʙʦʪʘʶʱʝʡ 

ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʇʦʪʦʢʠ F0 ʠ Fij, ʧʨʠʭʦʜʷʱʠʝ ʥʘ ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ ɹʆʕʉɼɿ ʚ ʧʦʣʦʩʝ ʜʣʠʥ 

ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ, ʧʨʠ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʨʦʩʤʦʪʨʝ ɋǋx = ɋǋy = 0 ʠ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʥʘʜʠʨ ʠ ʚʥʝ ʝʛʦ, 

ʙʫʜʫʪ ʨʘʚʥʳ 

F0 å Aʧʧ0 W0 L0,      

                        Fij å F0 kDlijt0
(secqij- 1)

cos
4qij å F0 kDlijkaijcos

4qij.                    (53) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʧʦʪʦʢʠ  F ʠ Fsij, ʧʨʠʭʦʜʷʱʠʝ 

ʥʘ ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ ɹʆʕʉɼɿ ʚ ʧʦʣʦʩʝ ʜʣʠʥ ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ, ʜʣʷ i, j ï ʧʠʢʩʝʣʘ ʙʫʜʫʪ ʨʘʚʥʳ 

 

                               F å F0t0
((1/cos ɋǋx)-1)

å F0t0
(ky-1)
å F0 ka,      
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Fsij å F0 kDlijt0
((cos ɗi/cos (ɋǋxÑ ɗi)) secqij- 1)

cos
4qij å F0 kDlijt0

(kyisecqij- 1)
cos

4qij 

                    å F0 kDlijksaij cos
4qij.                                                                           (54) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
), ʧʦʪʦʢʠ Fǋ ʠ Fǋij, 

ʧʨʠʭʦʜʷʱʠʝ ʥʘ ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ ɹʆʕʉɼɿ ʚ ʧʦʣʦʩʝ ʜʣʠʥ ʚʦʣʥ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ, ʜʣʷ i, j ï ʧʠʢʩʝʣʘ 

ʙʫʜʫʪ ʨʘʚʥʳ 

                                  Fǋ å F0 t0
((1/cos ɋǋy)-1)

 å F0 t0
(k¡x-1)

 å F0 kǋa ,                         

Fǋij å F0 kDlijt0
((cosɗj/cos (ɋǋyÑ ɗj))secqij- 1)

cos
4qij å F0 kDlijt0

(kxjsecqij- 1)
cos

4qij 

                  å F0 kDlijkǋaijcos
4qij.                                                                              (55) 

ʆʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ SNR0 ʠ SNRij ʚ ʧʦʣʦʩʝ ʜʣʠʥ ʚʦʣʥ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʧʨʦʩʤʦʪʨʝ ɋǋx = ɋǋy = 0 ʠ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʥʘʜʠʨ ʠ ʚʥʝ ʝʛʦ, ʙʫʜʫʪ ʨʘʚʥʳ 

 

SNR0 å topt tF0(D*/(Aʧȹf0)
0.5

) F0  ,  

                   SNRij å SNR0kFijkDlijt0
(secqij- 1)

cos
5qij å SNR0kFij kDlijkaij cos

5qij.           (56) 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ SNR 

ʠ SNRsij ʚ ʧʦʣʦʩʝ ʜʣʠʥ ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ 

ɹʆʕʉɼɿ, ʜʣʷ i, j ï ʧʠʢʩʝʣʘ, ʙʫʜʫʪ ʨʘʚʥʳ 

 

SNR åSNR0 (1/cosɋǋx)
0.5 
t0

((1/cos ɋǋx)-1)
 åSNR0 ky

0.5 
ka, 

SNRsij å SNR0kFijkDlij (cos ɗi/cos(ɋǋx Ñ ɗi))
0.5
t0

((cos ɗi/cos (ɋǋxÑ ɗi)) secqij- 1)
 cos

5qij 

                   å SNR0 kFij  kDlij  kyi
0.5 

ksaij cos
5qij,                                                           (57) 

 

ʛʜʝ topt ʠ tF ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʨʦʧʫʩʢʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ, D* - ʫʜʝʣʴʥʘʷ 

ʦʙʥʘʨʫʞʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, Aʧ - ʧʣʦʱʘʜʴ ʧʠʢʩʝʣʘ 

ʄʌʇʋ. 
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ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ 

SNRǋ ʠ SNRǋij ʚ ʧʦʣʦʩʝ ʜʣʠʥ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ, ʜʣʷ i, j ï ʧʠʢʩʝʣʘ ʙʫʜʫʪ ʨʘʚʥʳ 

 

SNRǋ å SNR0 (1/cos
2
ɋǋy)

0.5
t0

((1/cosɋǋy)-1)
 å SNR0 k¡y

0.5
kǋa , 

SNRǋij å SNR0kFijkDlij(cos
2
ɗj/cos

2
(ɋǋyÑ ɗj))

0.5 
t0

((cosɗj/cos (ɋǋyÑɗj))secqij- 1)
cos

5qij 

                     å SNR0kFijkDlijkyj
0.5 

kǋaijcos
5qij.                                                            (58) 

ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʠʣʠ ʠʟʣʫʯʝʥʠʷ 

ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ Dr, De, ʘ ʪʘʢʞʝ  ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ DTʵʩ  

ʚʝʜʝʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʨʠʨʘʱʝʥʠʡ  (DFr0, DFrij), (DFe0, DFeij) ʠ (DFTʵʩ0, 

DFTʵʩij) ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʨʦʩʤʦʪʨʝ ɋǋx = ɋǋy = 0  ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʥʘʜʠʨ ʠ 

ʚʥʝ ʝʛʦ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʷ Dr, De ʠ DTʵʩ 

DFr0 å t0(Dr/p) Aʧʧ0W0 (rʩ /r¡ʟʩ)
2 
t1cossʩ Ĭ ÚDlc1l

-5
(e

c2 / lTʩ-1)
-1
dl , 

DFrij å DFr0 kʩDlijt0
(secqij- 1) 

cos
4qij å DFr0 kʩDlijkaijcos

4qij . 

DFe0 å t0(De/p) Aʧʧ0W0 (rʩ /r¡ʟʩ)
2 
t1cossʩ Ĭ ÚDlc1l

-5
(e

c2 / lTʩ-1)
-1
dl , 

DFeij å DFe0 kʩDlijt0
(secqij- 1) 

cos
4qij å DFe0 kʩDlijkaijcos

4qij . 

DFTʵʩ0 å t0(DTʵʩ e/ˊ)Aʧʧ0 W0 ((hc/k)/Tʵʩ
2
) Ĭ ÚDlc1 l

-6 
(e

c2 / lTʵʩ-1)
-1
dl , 

DFTʵʩij å DFTʵʩ0 kTʵʩDlijt0
(secqij- 1)

cos
4qij å DFTʵʩ0 kʵʩDlijkaijcos

4qij ,                     

                 kTʵʩDlijå ÚDlijc1l
-6
(e 

c2 /lTʵʩ-1)
-1
 dl) / ÚDlc1l

-6
(e 

c2 /lTʵʩ-1)
-1
 dl.                   (59)      

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ (DFr, DFrsij), (DFe, DFesij) ʠ (DFTʵʩ,DFTʵʩsij) ʚ ʧʦʣʦʩʝ ʜʣʠʥ ʚʦʣʥ ȹɚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ,  ʜʣʷ i, j ï ʧʠʢʩʝʣʘ, 

ʙʫʜʫʪ ʨʘʚʥʳ 

DFrå DFr0 t0
((1/cos ɋǋx)-1)

 å DFr0 t0
(ky-1)

 å DFr0 ka , 

DFrsij å å DFr0 kʩDlijt0
((cos ɗi/cos (ɋǋxÑ ɗi)) secqij- 1)

 cos
4qij å å DFr0 kʩDlijksaij cos

4qij . 

DFeå DFe0 t0
((1/cos ɋǋx)-1)

 å DFe0 t0
(ky-1)

 å DFe0 ka , 

DFesij å DFe0 kʩDlijt0
((cos ɗi/cos (ɋǋxÑ ɗi)) secqij- 1)

 cos
4qij å DFe0 kʩDlijksaij cos

4qij . 
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                       DFTʵʩ å DFTʵʩ0t0
((1/cos ɋǋx)-1)

 å DFTʵʩ0t0
(ky-1)

 å DFTʵʩ0 ka , 

                       DFTʵʩsij å DFTʵʩ0 kTʵʩDlijt0
((cos ɗi/cos (ɋǋxÑ ɗi)) secqij- 1)

 cos
4qij 

                                    å DFTʵʩ0 kTʵʩDlij ksaij cos
4qij .                                               (60) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ (DFrǋ, DFrǋij), (DFeǋ, DFeǋij) ʠ (DFTʵʩǋ,DFTʵʩǋij) ʚ ʧʦʣʦʩʝ ʜʣʠʥ ʚʦʣʥ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ, ʜʣʷ i, j ï ʧʠʢʩʝʣʘ, 

ʙʫʜʫʪ ʨʘʚʥʳ 

DFrǋå DFr0 t0
((1/cos ɋǋy)-1)

 å DFr0 t0
(k¡x-1)

  å DFr0 kǋa , 

DFrǋij å DFr0 kʩDlijt0
((cos ɗj/cos (ɋǋyÑ ɗj))secqij- 1)

 cos
4qij å DFr0 kʩDlij kǋaij cos

4qij . 

DFeǋå DFe0 t0
((1/cos ɋǋy)-1) 

å DFe0 t0
(k¡x-1)

 å DFe0 kǋa , 

DFeǋij å DFe0 kʩDlijt0
((cos ɗj/cos (ɋǋyÑ ɗj))secqij- 1)

 cos
4qij å DFe0 kʩDlij kǋaij cos

4qij . 

DFTʵʩǋå DFTʵʩ0 t0
((1/cos ɋǋy)-1)

 å DFTʵʩ0 t0
(k¡x-1)

 å DFTʵʩ0 kǋa , 

                          DFTʵʩǋij å DFTʵʩ0kTʵʩDlijt0
((cosɗj/cos (ɋǋyÑ ɗj))secqij- 1)

cos
4qij 

                                      å DFTʵʩ0kTʵʩDlijkǋaijcos
4qij .                                                (61) 

ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ (DFr0, DFrij), (DFe0, DFeij) ʠ 

(DFTʵʩ0,DFTʵʩij)  ʚʝʜʝʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʨʠʨʘʱʝʥʠʡ ʢʦʥʪʨʘʩʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ-ʰʫʤ (CNRr0, CNRrij), (CNRe0, CNReij) ʠ (CNRTʵʩ0, CNRTʵʩij), ʧʨʠ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʨʦʩʤʦʪʨʝ ɋǋx= ɋǋy = 0 (ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʥʘʜʠʨ ʠ ʚʥʝ ʝʛʦ), 

ʨʘʚʥʳ 

CNRr0 å topt tF0(D*/(Aʧȹf0)
0.5

) DFr0 , 

CNRrij å CNRr0kFij kʩDlijt0
(secqij- 1)

 cos
5qij å CNRr0kFij kʩDlijkaij cos

5qij . 

CNRe0 å topt tF0(D*/(Aʧȹf0)
0.5

) DFe0 , 

CNReij åCNRe0kFij kʩDlijt0
(secqij- 1)

 cos
5qij åCNRe0kFij kʩDlijkaij cos

5qij . 

CNRTʵʩ0 å topt tF0(D*/(Aʧȹf0)
0.5

) DFTʵʩ0 , 

CNRTʵʩij å CNRTʵʩ0kFij kTʵʩDlijt0
(secqij- 1)

 cos
5qij å CNRTʵʩ0kFij kʵʩDlij kaij cos

5qij .  (62) 
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ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʚʝʣʠʯʠʥʳ ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ (CNRr, CNRrsij), (CNRe, CNResij) ʠ (CNRTʵʩ, CNRTʵʩsij) ʚ 

ʧʦʣʦʩʝ ʜʣʠʥ ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ, 

ʜʣʷ i, j ï ʧʠʢʩʝʣʘ, ʙʫʜʫʪ ʨʘʚʥʳ 

CNRr å CNRr0 (1/cosɋǋx)
0.5 
t0

((1/cos ɋǋx)-1)
 å CNRr0ky

0.5 
ka , 

CNRrsij åCNRr0kFijkʩDlij (cos ɗi/cos(ɋǋx Ñ ɗi))
0.5
t0

((cos ɗi/cos (ɋǋxÑ ɗi)) secqij- 1) 
cos

5qij 

                     åCNRr0kFijkʩDlijkyi
0.5

ksaij cos
5qij . 

CNRe å CNRe0 (1/cosɋǋx)
0.5 
t0
((1/cos ɋǋx)-1)

 å CNRe0ky
0.5 

ka , 

CNResij åCNRe0kFijkʩDlij (cos ɗi/cos(ɋǋx Ñ ɗi))
0.5
t0

((cos ɗi/cos (ɋǋxÑ ɗi)) secqij- 1)
cos

5qij 

                     åCNRe0kFijkʩDlijkyi
0.5

ksaij cos
5qij . 

CNRTʵʩ å CNRTʵʩ0 (1/cosɋǋx)
0.5 
t0
((1/cos ɋǋx)-1)

 å CNRTʵʩ0 ky
0.5

ka , 

CNRTʵʩsij å CNRTʵʩ0 kFij kTʵʩDlij(cos ɗi/cos(ɋǋx Ñ ɗi))
0.5
t0

((cos ɗi/cos (ɋǋxÑ ɗi)) secqij- 1)
 cos

5qij 

              å CNRTʵʩ0 kFij kTʵʩDlij kyi
0.5

ksaij cos
5qij .                                                     (63) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʚʝʣʠʯʠʥʳ ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ (CNRrǋ, CNRrǋij), (CNReǋ, CNReǋij) ʠ (CNRTʵʩǋ, CNRTʵʩǋij) ʚ 

ʧʦʣʦʩʝ ʜʣʠʥ ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ, 

ʜʣʷ i, j ï ʧʠʢʩʝʣʘ, ʙʫʜʫʪ ʨʘʚʥʳ 

CNRrǋå CNRr0 (1/cos
2
ɋǋy)

0.5
t0

((1/cosɋǋy)-1)
 å CNRr0k¡y

0.5
kǋa , 

CNRrǋij å CNRr0kFijkʩDlij (cos
2
ɗj/cos

2
(ɋǋyÑ ɗj))

0.5
t0

((cosɗj/cos (ɋǋyÑɗj))secqij- 1)
cos

5qij 

                    å CNRr0kFijkʩDlijkyj
0.5

kǋaijcos
5qij . 

CNReǋå CNRe0 (1/cos
2
ɋǋy)

0.5
t0

((1/cos ɋǋy)-1)
 å CNRe0k¡y

0.5
 kǋa , 

CNReǋij å CNRe0kFij kʩDlij(cos
2
ɗj/cos

2
(ɋǋy Ñ ɗj))

0.5
t0

((cos ɗj/cos (ɋǋyÑɗj))secqij- 1)
 cos

5qij 

                    å CNRe0kFij kʩDlijkyj
0.5

kǋaij cos
5qij . 

CNRTʵʩǋå CNRTʵʩ0 (1/cos
2
ɋǋy)

0.5
t0

((1/cos ɋǋy)-1)
 å CNRTʵʩ0 k¡y

0.5 
kǋa , 

CNRTʵʩǋij å CNRTʵʩ0 kFij kTʵʩDlij(cos
2
ɗj/cos

2
(ɋǋy Ñ ɗj))

0.5
t0

((cos ɗj/cos (ɋǋyÑɗj))secqij- 1) 
cos

5qij 

                å CNRTʵʩ0 kFij kTʵʩDlij kyj
0.5

kǋaij cos
5qij .                                                   (64) 
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ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʢʦʥʪʨʘʩʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ (CNRr0, 

CNRrij), (CNRe0, CNReij) ʠ (CNRTʵʩ0, CNRTʵʩij) ʚʝʜʝʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʧʨʠʨʘʱʝʥʠʡ (NEDr0, NEDrij), (NEDe0, NEDeij) ʠ (NEDTʵʩ0, NEDTʵʩij) ʜʣʷ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʥʘʜʠʨ ʠ ʚʥʝ ʝʛʦ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʷ Dr, De ʠ 

DTʵʩ, ʨʘʚʥʳʝ 

NEDr0 å Dr /CNRr0 , 

NEDrij å (NEDr0/kFijkʩDlij)/[(t0
(secqij- 1)

)cos
5qij] å (NEDr0/kFijkʩDlij)/(kaijcos

5qij). 

NEDe0 å De / CNRe0 , 

NEDeij  å (NEDe0/ kFijkʩDlij)/[(t0
(secqij- 1)

)cos
5qij] å (NEDe0/ kFijkʩDlij)/(kaij cos

5qij). 

NEDTʵʩ0åDTʵʩ/CNRTʵʩ0, 

                         NEDTʵʩij å (NEDTʵʩ0 /kFij kTʵʩDlij)/[(t0
(secqij- 1)

)cos
5qij] 

                                       å (NEDTʵʩ0 /kFij kTʵʩDlij)/(kaij cos
5qij).                                (65) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʚʝʣʠʯʠʥʳ (NEDr, NEDrsij), 

(NEDe, NEDesij) ʠ (NEDTʵʩ, NEDTʵʩsij) ʚ ʧʦʣʦʩʝ ʜʣʠʥ ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ, ʜʣʷ i, j ï ʧʠʢʩʝʣʘ, ʙʫʜʫʪ ʨʘʚʥʳ 

NEDr åNEDr0 /[(1/cosɋǋx)
0.5 
t0

((1/cosɋǋx)-1)
] åNEDr0 /(ky

0.5 
ka), 

NEDrsij å (NEDr0/kFijkʩDlij)/[(cosɗi/cos(ɋǋxÑɗi))
0.5

 

                   Ĭ t0
((cosɗi/cos (ɋǋxÑɗi)) secqij- 1) 

cos
5qij]  

             å (NEDr0/kFijkʩDlij) /(kyi
0.5

ksaijcos
5qij). 

NEDe å NEDe0 /[(1/cosɋǋx)
0.5 
t0

((1/cos ɋǋx)-1)
] å NEDe0 /(ky

0.5 
ka), 

NEDesij å (NEDe0/ kFij kʩDlij)/[(cos ɗi/cos(ɋǋx Ñɗi))
0.5
t0

((cos ɗi/cos (ɋǋxÑɗi)) secqij- 1) 
cos

5qij]  

             å (NEDe0/ kFij kʩDlij)/(kyi
0.5

ksaij cos
5qij). 

NEDTʵʩ å NEDTʵʩ0 /[(1/cosɋǋx)
0.5 
t0

((1/cos ɋǋx)-1)
] å NEDTʵʩ0 /(ky

0.5 
ka), 

NEDTʵʩsij å(NEDTʵʩ0/kFij kTʵʩDlij)/[(cosɗi/cos(ɋǋx Ñɗi))
0.5 

                      Ĭ  t0
((cosɗi/cos (ɋǋxÑɗi)) secqij- 1) 

cos
5qij]  

                 å (NEDTʵʩ0/ kFij kTʵʩDlij) /(kyi
0.5

ksaij cos
5qij) .                                             (66) 
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ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʚʝʣʠʯʠʥʳ (NEDrǋ, NEDrǋij), 

(NEDeǋ, NEDeǋij) ʠ (NEDTʵʩǋ, NEDTʵʩǋij)  ʚ ʧʦʣʦʩʝ ʜʣʠʥ ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ, ʜʣʷ   i, j ï ʧʠʢʩʝʣʘ, ʙʫʜʫʪ ʨʘʚʥʳ 

NEDrǋ å NEDr0 /[(1/cos
2
ɋǋy)

0.5
t0

((1/cosɋǋy)-1)
]åNEDr0 /(k¡y

0.5 
kǋa), 

                NEDrǋij å (NEDr0/kFijkʩDlij)/[(cos
2
ɗj/cos

2
(ɋǋyÑ ɗj))

0.5 

                                 Ĭ t0
((cosɗj/cos (ɋǋyÑɗj))secqij- 1)

cos
5qij]  

                         å (NEDr0/kFijkʩDlij)/(kyj
0.5

kǋaijcos
5qij) 

NEDeǋ å NEDe0 /[(1/cos
2
ɋǋy)

0.5
t0

((1/cos ɋǋy)-1)
] å NEDe0 /k¡y

0.5 
kǋa , 

NEDeǋij å(NEDe0/ kFij kʩDlij)/[(cos
2
ɗj/cos

2
(ɋǋy Ñ ɗj))

0.5
t0

((cos ɗj/cos (ɋǋy Ñɗj))secqij- 1)
cos

5qij] 

             å (NEDe0/ kFij kʩDlij)/(kyj
0.5

kǋaij cos
5qij), 

NEDTʵʩǋå NEDTʵʩ0 /[(1/cos
2
ɋǋy)

0.5
t0

((1/cos ɋǋy)-1)
] å NEDTʵʩ0 /(k¡y

0.5 
kǋa), 

  NEDTʵʩǋij å (NEDTʵʩ0/kFij kTʵʩDlij)/[(cos2ɗj/cos2(ɋǋy Ñɗj))
0.5 

                  Ĭt0
((cosɗj/cos(ɋǋyÑɗj))secqij- 1)cos5qij] 

               å (NEDTʵʩ0/ kFij kTʵʩDlij) /(kyj
0.5

kǋaij cos
5qij).                                              (67) 

 

ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 10.  
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ʊʘʙʣʠʮʘ 10. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ 
 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɋǋx = ɋǋy = 0

o 
ɋǋy = 0

o 
, ɋǋx Ò 90

o 
ɋǋx = 0

o
 ,  ɋǋy Ò 90

o
 

ʂʦʵʬʬʠʮʠʝʥʪ,  

ʫʯʠʪʳʚʘʶʱʠʡ 

ʧʝʨʝʤʝʥʥʫʶ ʜʣʠʥʫ ʧʫʪʠ 

ʜʦ ʦʙʲʝʢʪʠʚʘ 

ʚʜʦʣʴ ʦʩʠ ka =   kǋa  = 1 ka å t0
(ky-1)

 kǋa å t0
(k¡x-1)

 

ʚʥʝ ʦʩʠ kaij å t0
(secqij- 1)

, t0 = e
-bextH ksaij å t0

(kyisecqij- 1)
 kǋaij å t0

(kxjsecqij- 1)
 

ʂʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ 

ʫʛʣʦʚ ɗij ʥʘ tFij  

ʚʜʦʣʴ ʦʩʠ ὯὊὭὮρ. 

ʚʥʝ ʦʩʠ Ὧ  ρ τÁȾρ-Á  ÓÉÎpρ  ὲȾὲ ÓÉÎ— Ȣ  

ʗʨʢʦʩʪʴ  ʵʣʝʤʝʥʪʘ 

ʩʮʝʥʳ 

ʚʜʦʣʴ ʦʩʠ 

L0 å Lc0 +Lʵʩ0 

å t0 [(r/p) (rʩ/r¡es)
2
t1 cossʩ 

   Ĭ ÚDlc1l
-5
(e 

c2 / lTʩ- 1)
-1 

dl 

   +(e / )́ÚDlc1l
-5
(e 

c2 / lTʵʩ-1)
-1 

dl]   

L å L0 ka; 

t1 = e
-bext Hasecsʩ 

Lǋ å L0 kǋa 

ʚʥʝ ʦʩʠ 
Lij åkaij(kʩDlijLc0 + kʵʩDlij Lʵʩ0) 

å  L0 kDlij kaij 
Lsij å L0kDlijksaij Lǋij å L0kDlijkǋaij 

ʂʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ  ʨʘʙʦʯʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʳ ʌʌʇ Dlij ʧʨʠ 

ʥʘʢʣʦʥʝ ʧʫʯʢʘ ʣʫʯʝʡ ( ʚʥʝ ʦʩʠɗij Í 0) ʥʘ ʷʨʢʦʩʪʠ Lij, Lsijʠ Lǋij: 

                                           kDlij å (kʩDlijLc0 + kʵʩDlij Lʵʩ0)/L0, 

ʛʜʝ                   kʩDlij å ÚDlijc1l
-5
(e 

c2 /lTʩ 
-1)

-1
 dl) / ÚDlc1l

-5
(e 

c2 /lTʩ 
-1)

-1
 dl, 

                        kʵʩDlij å ÚDlijc1l
-5
(e 

c2 /lTʵʩ 
-1)

-1
 dl) / ÚDlc1l

-5
(e 

c2 /lTʵʩ 
-1)

-1
 dl. 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 10 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɋǋx = ɋǋy = 0

o 
ɋǋy = 0

o 
, ɋǋx Ò 90

o 
ɋǋx = 0

o
 ,  ɋǋy Ò 90

o
 

ʇʦʪʦʢ, ʧʨʠʭʦʜʷʱʠʡ ʥʘ 

ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ 

ɹʆʕʉɼɿ  

ʚʜʦʣʴ ʦʩʠ F0 åAʧʧ0 W0 L0 F å F0ka Fǋ å F0 kǋa 

ʚʥʝ ʦʩʠ Fij å F0  kDlijkaijcos
4qij 

Fsij å F0  kDlijksaij 

Ĭ cos
4qij 

Fǋij å F0 kDlijkǋaij 

          Ĭ cos
4qij  

ʆʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ ʚʜʦʣʴ ʦʩʠ SNR0 å topt tF0(D*/(Aʧȹf0)
0.5

) F0 SNR  å SNR0 ky
0.5 

ka SNRǋ å SNR0 k¡y
0.5

kǋa 

ʚʥʝ ʦʩʠ SNRij å SNR0kFijkDlijkaijcos
5qij 

SNRsij åSNR0kFij kDlij 

Ĭ kyi
0.5

ksaijcos
5qij 

SNRǋij å SNR0 kFij kDlij
 

Ĭ kǋaij cos
5qij 

ʀʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 

Dl, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʷ Dr 

ʚʜʦʣʴ ʦʩʠ 
DFr0 å t0(Dr/p) Aʧʧ0W0 (rʩ /r¡ʟʩ)

2  

Ĭt1cossʩÚDlc1l
-5
(e

c2 / lTʩ-1)
-1
dl 

DFrå DFr0 ka DFrǋå DFr0 kǋa 

ʚʥʝ ʦʩʠ DFrij  å DFr0 kʩDlijkaijcos
4qij 

DFrsijå DFr0  kʩDlijksaij 

               Ĭ cos
4qij 

DFrǋijå DFr0 kʩDlijkǋaij 

               Ĭ cos
4qij 

ʀʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 

Dl, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʷ De 

ʚʜʦʣʴ ʦʩʠ 
DFe0 åt0(De/p) Aʧʧ0W0  (rʩ /r¡ʟʩ)

2 

Ĭt1cossʩÚDlc1l
-5
(e

c2 / lTʩ-1)
-1
dl 

DFeå DFe0 ka DFeǋå DFe0 kǋa 

ʚʥʝ ʦʩʠ DFeij  å DFr0  kʩDlijkaijcos
4qij 

DFesij å DFe0kʩDlijksaij 

              Ĭ cos
4qij 

DFeǋijå DFe0  kʩDlijkǋaij 

             Ĭ cos
4qij 

ʀʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 

Dl, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʷ DTʵʩ 

ʚʜʦʣʴ ʦʩʠ 

DFTʵʩ0 å t0(DTʵʩ e/ˊ)Aʧʧ0 W0 

          Ĭ((hc/k)/Tʵʩ
2
) 

          Ĭ ÚDlc1 l
-6
(e

c2 / lTʵʩ-1)
-1
dl 

DFTʵʩ å DFTʵʩ0 ka DFTʵʩǋå DFTʵʩ0 kǋa 

ʚʥʝ ʦʩʠ 

DFTʵʩij  å DFTʵʩ0 kTʵʩDlijkaijcos
4qij , 

kTʵʩDlijå ÚDlijc1l
-5
(e 

c2 /lTʵʩ 
-1)

-1
 dl)  

Ĭ1/ ÚDlc1l
-5
(e 

c2 /lTʵʩ 
-1)

-1
 dl. 

DFTʵʩsij å DFTʵʩ0kTʵʩDlij 

³ksaijcos
4qij 

DFTʵʩǋij å DFTʵʩ0 kTʵʩDlij 

³kǋaijcos
4qij 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 10 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ   

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɋǋx = ɋǋy = 0

o 
ɋǋy = 0

o 
, ɋǋx Ò 90

o 
ɋǋx = 0

o
 ,  ɋǋy Ò 90

o
 

ʂʦʥʪʨʘʩʪʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ ï ʰʫʤ, ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʷ 

Dr 

ʚʜʦʣʴ ʦʩʠ 
CNRr0 å topt tF0DFr0 

³ (D*/(Aʧȹf0)
0.5

)  
CNRr åCNRr0ky

0.5 
ka CNRrǋåCNRr0k¡y

0.5
 kǋa 

ʚʥʝ ʦʩʠ 
CNRrij  å CNRr0kFijkʩDlij 

                Ĭ kaijcos
5qij 

CNRrsij åCNRr0kFijkʩDlij 

³kyi
0.5

ksaijcos
5qij 

CNRrǋij å CNRr0kFijkʩDlij 

³kyj
0.5

kǋaijcos
5qij 

ʂʦʥʪʨʘʩʪʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ ï ʰʫʤ, ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʷ 

De 

ʚʜʦʣʴ ʦʩʠ 
CNRe0 å topt tF0DFe0 

³ (D*/(Aʧȹf0)
0.5

)  
CNRe å CNRe0ky

0.5 
ka CNReǋå CNRe0k¡y

0.5
 kǋa 

ʚʥʝ ʦʩʠ 
CNReij  å CNRe0kFijkʩDlij 

               Ĭ kaijcos
5qij 

CNResij åCNRe0kFijkʩDlij 

³kyi
0.5

ksaijcos
5qij 

CNReǋij å CNRe0kFijkʩDlij 

Ĭ kyj
0.5

kǋaijcos
5qij 

ʂʦʥʪʨʘʩʪʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ - ʰʫʤ, ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʷ 

DTʵʩ 

ʚʜʦʣʴ ʦʩʠ 
CNRTʵʩ0 å topttF0DFTʵʩ0  

³(D*/(Aʧ ȹf0)
0.5

)  
CNRTʵʩ å CNRTʵʩ0ky

0.5
ka CNRTʵʩǋå  CNRTʵʩ0  k¡y

0.5 
kǋa 

ʚʥʝ ʦʩʠ 
CNRTʵʩijå CNRTʵʩ0kFij kTʵʩDlij 

                  Ĭ kaijcos
5qij 

CNRTʵʩsijåCNRTʵʩ0 kFijkTʵʩDlij 

Ĭ kyi
0.5 

ksaijcos
5qij

 

CNRTʵʩǋijåCNRTʵʩ0 kFij kTʵʩDlij  

Ĭ kyj
0.5 

kǋaij cos
5qij

 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʰʫʤʫ 

ʨʘʟʥʦʩʪʴ ʦʪʨʘʞʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ 

ʚʜʦʣʴ ʦʩʠ NEDr0 å Dr / CNRr0 NEDr å NEDr0 /(ky
0.5 

ka) NEDrǋ å NEDr0 /(k¡y
0.5 

kǋa) 

ʚʥʝ ʦʩʠ 
NEDrij  å (NEDr0/kFijkʩDlij ) 

                Ĭ1/(kaijcos
5qij) 

NEDrsij å (NEDr0/kFijkʩDlij ) 

Ĭ1/( kyi
0.5

ksaij cos
5qij) 

NEDrǋij å (NEDr0/kFij kʩDlij ) 

           Ĭ1/( kyj
0.5

kǋaij cos
5qij) 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʰʫʤʫ 

ʨʘʟʥʦʩʪʴ ʠʟʣʫʯʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ 

ʚʜʦʣʴ ʦʩʠ NEDe0 å De / CNRe0 NEDe å NEDe0 /(ky
0.5 

ka) NEDeǋ å NEDe0 /(k¡y
0.5 

kǋa) 

ʚʥʝ ʦʩʠ 
NEDeij  å (NEDe0/kFijkʩDlij ) 

Ĭ1/(kaij cos
5qij) 

NEDesij å (NEDe0/kFij kʩDlij ) 

         Ĭ1/(kyi
0.5

ksaij cos
5qij) 

NEDeǋij å(NEDe0/ kFij kʩDlij ) 

            Ĭ1/(kyj
0.5

kǋaij cos
5qij) 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʰʫʤʫ 

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 
ʚʜʦʣʴ ʦʩʠ NEDTʵʩ0 å DTʵʩ /CNRTʵʩ0 NEDTʵʩåNEDTʵʩ0 /(ky

0.5 
ka) NEDTʵʩǋåNEDTʵʩ0/(k¡y

0.5 
kǋa) 

ʚʥʝ ʦʩʠ 

NEDTʵʩij  

å(NEDTʵʩ0/kFijkTʵʩDlij) 

³ 1/(kaijcos
5qij) 

NEDTʵʩsij 

å(NEDTʵʩ0/kFijkTʵʩDlij) 

           Ĭ 1/(kyi
0.5ksaijcos5qij) 

NEDTʵʩǋij  

å(NEDTʵʩ0/kFijkTʵʩDlij) 

Ĭ1/(kyj
0.5kǋaij cos5qij) 
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2.5  ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ɹʆʕʉɼɿ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʦʰʘʛʦʚʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʠ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ, ʨʘʙʦʪʘʶʱʠʤ                       

ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ   

   ʊʨʝʙʦʚʘʥʠʷ ʢ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʠ ʄʌʇʋ ʫʩʣʦʞʥʷʶʪʩʷ, ʝʩʣʠ ʮʝʥʪʨ 

ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʥʘʜʠʨʘ, ʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʦʨʦʥʝ ʦʪ ʪʨʘʩʩʳ 

ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʘ ɹʆʕʉɼɿ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʪʨʝʙʫʝʪʩʷ 

ʦʙʲʝʢʪʠʚ ʩ ʙʦʣʴʰʠʤ ʫʛʣʦʚʳʤ ʧʦʣʝʤ, ʦʭʚʘʪʳʚʘʶʱʠʤ ʟʦʥʫ ʧʨʦʩʤʦʪʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʦʚ ʨʘʟʨʝʰʝʥʠʡ ʜʣʷ ʦʙʦʙʱʝʥʥʦʛʦ 

ʧʦʰʘʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ, ʨʘʙʦʪʘʶʱʠʤ 

ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ. 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʢʨʳʪʠʝ OLx ʵʪʠʭ ʢʘʜʨʦʚ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʝʪʘ, ʘ ʪʘʢʞʝ ʧʝʨʝʢʨʳʪʠʝ OLʫ ʩʪʨʦʢ, 

ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʪʦʨʳʭ ʩʦʩʪʦʪ̫ ʠʟ ʚʩʝʭ ʢʘʜʨʦʚ ʚʜʦʣʴ ʣʠʥʠʠ ʧʦʣʝʪʘ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʧʨʦʧʫʩʢʦʚ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩʮʝʥʳ. ʅʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʰʘʛʦʚʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ, 

ʧʨʦʩʤʘʪʨʠʚʘʶʱʠʤ ʧʦʣʝ ʦʙʟʦʨʘ 2ɋʭh 1. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʧʦʰʘʛʦʚʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ, ʨʘʙʦʪʘʶʱʠʤ ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.8. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʜʝʣʴʥʳʝ ʢʘʜʨʳ (ʰʘʛʠ ʧʨʦʩʤʦʪʨʘ)  ʨʘʚʥʳ [11] 

 

    ɋǋx[m]ʰ1 = [(ʄ/2) - (m - 1)]Ĭ(1 - OLx) Ĭ2ɋʭ  ;m =1,2,.., [(M/2)+1],., [M +1].         (68) 

          ʇʨʠ  ʵʪʦʤ  ʦʙʱʝʝ ʯʠʩʣʦ ʰʘʛʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ M ʩ ʫʯʝʪʦʤ ʧʝʨʝʢʨʳʪʠʷ OLx 

ʨʘʚʥʦ   

                                            M = (2Ýʭh 1- 2Ýʭ) / [2Ýʭ (1- OLx)],                                (69) 
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ʧʨʠʯʝʤ M ʜʦʣʞʥʦ ʚʳʙʠʨʘʪʴʩʷ ʢʘʢ ʯʝʪʥʦʝ ʯʠʩʣʦ, ʧʨʝʚʳʰʘʶʱʝʝ ʯʠʩʣʦ ʰʘʛʦʚ, ʘ 

[M+1] - ʯʠʩʣʦ ʢʘʜʨʦʚ ʚ ʧʨʝʜʝʣʘʭ  2ɋʭh 1. 

 

ʈʠʩ.8. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʧʦʰʘʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ 

ʢʘʥʘʣʦʤ, ʨʘʙʦʪʘʶʱʠʤ ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ   

ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʢʘʞʝʥʠʡ ʧʦ ʦʩʷʤ x ʠ y, kxi[m]ʰ1 ʠ kyi[m]ʰ1, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʢʘʞʝʥʠʡ ʦʪ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ ɋǋx[m]ʰ1   ʠ ʫʛʣʦʚ  Ñ ɗi, ʙʫʜʫʪ ʨʘʚʥʳ [11] 

                                kxi[m]ʰ1 = cos
2
ɗi/ cos

2
(ɋǋx[m]ʰ1Ñ ɗi), 

                                kyi[m]ʰ1 = cos ɗi/ cos(ɋǋx[m]ʰ1Ñ ɗi).                                              (70) 

ʅʘʧʨʠʤʝʨ, ʧʨʠ 2ɋʭ = 40
ʦ
, OLx Ó 0,3, ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ 2Ýʭh 1 = 170

ʦ
,  

M = (170
ʦ
- 40

ʦ
) / [40

ʦ
 (1- 0,3)] = 4,65,  ʧʨʠʯʝʤ M ʜʦʣʞʥʦ ʚʳʙʠʨʘʪʴʩʷ ʢʘʢ ʯʝʪʥʦʝ 

ʯʠʩʣʦ, ʧʨʝʚʳʰʘʶʱʝʝ ʯʠʩʣʦ ʰʘʛʦʚ M = 6. ɺʳʙʠʨʘʝʤʦʝ ʧʝʨʝʢʨʳʪʠʝ OLx 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʯʠʩʣʘ ʰʘʛʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ M = 6 ʨʘʚʥʦ  

OLx = 1- [(2Ýʭh 1- 2Ýʭ) /(M Ĭ 2Ýʭ)] = 1- [(170
ʦ
- 40

ʦ
) /(6 Ĭ 40

ʦ
)] å 0,46 Ó 0,3.  
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      ʏʠʩʣʦ ʢʘʜʨʦʚ ʚ ʧʨʝʜʝʣʘʭ 170
ʦ
 ʙʫʜʝʪ ʨʘʚʥʦ 7 ʢʘʜʨʘʤ, ʪʦ ʝʩʪʴ m =1,2,3,4,5,6,7, 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʜʝʣʴʥʳʝ ʢʘʜʨʳ (ʰʘʛʠ ʧʨʦʩʤʦʪʨʘ)  ʨʘʚʥʳ 

ɋǋx[1]ʰ1 = [(6/2) - (1- 1)]Ĭ(1 - 0,46) Ĭ 40
ʦ
 å + 65

ʦ
;  

ɋǋx[2]ʰ1 = [(6/2) - (2- 1)]Ĭ(1 - 0,46) Ĭ 40
ʦ
 å + 43,3

ʦ
;  

ɋǋx[3]ʰ1 = [(6/2) - (3- 1)]Ĭ(1 - 0,46) Ĭ 40
ʦ
 å + 21,67

ʦ
;  

ɋǋx[4]ʰ1 = [(6/2) - (4- 1)]Ĭ(1 - 0,46) Ĭ 40
ʦ
 å 0

ʦ
 (ʥʘʜʠʨ);  

ɋǋx[5]ʰ1 = [(6/2) - (5- 1)]Ĭ(1 - 0,46) Ĭ 40
ʦ
 å - 21,67

ʦ
;  

ɋǋx[6]ʰ1 = [(6/2) - (6- 1)]Ĭ(1 - 0,46) Ĭ 40
ʦ
 å - 43,3

ʦ
;  

ɋǋx[7]ʰ1 = [(6/2) - (7- 1)]Ĭ(1 - 0,46) Ĭ 40
ʦ
 å - 65

ʦ
;  

ɿʥʘʢʠ (+, ╖ ) ʦʧʨʝʜʝʣʷʶʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʰʘʛʘ ʧʨʦʩʤʦʪʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ  ʥʘʜʠʨʘ.  

 ʊʘʢ,   2Ýʭh 1 =ó (+ 65
ʦ 
) + (+ 20

ʦ
)ó+ó (- 65

ʦ 
) + (- 20

ʦ
)ó = 170

ʦ
. 

ɺʦ ʚʨʝʤʷ ʧʨʦʩʤʦʪʨʘ ʧʝʨʚʦʛʦ ʢʘʜʨʘ Tʢ[1]ʰ1 ʧʠʢʩʝʣʳ ʌʇʋ ʥʘʢʘʧʣʠʚʘʶʪ 

ʟʘʨʷʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʛʥʘʣʘʤ ʦʪ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩʮʝʥʳ. ʇʦʩʣʝ ʠʭ 

ʥʘʢʦʧʣʝʥʠʷ ʠ ʩʯʠʪʳʚʘʥʠʷ  ʩʠʩʪʝʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʭʦʜ ʢʦ ʚʪʦʨʦʡ ʧʦʟʠʮʠʠ, 

ʪ.ʝ. ʢ ʧʨʦʩʤʦʪʨʫ ʫʛʣʦʚ ʦʙʟʦʨʘ  ɋǋx[2]ʰ1. ɿʘʪʝʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʝʨʝʭʦʜ ʢ 

ʪʨʝʪʴʝʤʫ ʰʘʛʫ ʠ ʪ.ʜ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ 

ʢʘʜʨʘ ʩʢʘʥʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʥʦʡ 

ʫʛʣʦʚʦʡ ʚʝʣʠʯʠʥʝ ɋǋx[1]ʰ1 ʚʨʝʤʷ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʰʘʛʦʚʳʤʠ ʵʪʘʧʘʤʠ ʧʨʦʩʤʦʪʨʘ  

ʩʪʨʦʢ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʘ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ [11] 

                       –h ρ ὕὒВ Ὧ ʰ ὓ ρϳ Ὧ ʰ .              (71) 

ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʧʦʰʘʛʦʚʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 11, 12 ʠ 

13 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [6]. ʇʦʜʩʪʨʦʯʥʳʝ ʠʥʜʝʢʩʳ ç0è ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʫʯʘʶ 

ʥʘʙʣʶʜʝʥʠʷ ʚ ʥʘʜʠʨ. 

Tʢʰ1  å TʢAʰ1 / ɖh1 å Tʢ0 ky[1]ʰ1å Tʢ0/cosɋǋx[1]ʰ1, 

Ὕʢʰ Ὕʢ Ⱦ  ʰ В Ὧ ʰ , –h –h ρ, 
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ʊʘʙʣʠʮʘ 11. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ ʧʨʠ  

ʧʦʰʘʛʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɋǋy = 0

o 
,  ɋǋx[m]ʰ1 Ò 90

o
 

ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʠʩʢʘʞʝʥʠʡ  

ɺʜʦʣʴ ʦʩʠ 

kx[m]ʰ1= 1/cos
2
ɋǋx[m]ʰ1   ;   ky[m]ʰ1= 1/cosɋǋx[m]ʰ1; 

ɋǋx[m]ʰ1 = [(ʄ/2) - (m-1)]Ĭ(1-OLx) Ĭ2ɋʭ; 

m=1,2,é., [(M/2) +1],é,M, [M +1] ; 

M= (2Ýʭh 1-2Ýʭ) / [2Ýʭ (1-OLx)] 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 kx[(M/2) +1]ʰ1 = 1   ;   ky[(M/2) +1]ʰ1 = 1 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 kx[1]ʰ1 = kx[M+1]ʰ1   ;  ky[1]ʰ1 = ky[M+1]ʰ1  

ɺʥʝ ʦʩʠ 

kxi[m]ʰ1 = cos
2
ɗi /cos

2
(ɋǋx[m]ʰ1Ñɗi)  ;  kyi[m]ʰ1 = cosɗi / cos(ɋǋx[m]ʰ1Ñɗi); 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 kxi[(M/2) +1]h 1  = 1     ;    kyi[(M/2) +1]h 1 =  1 

ɋǋx[m] 1h = ɋǋx[1] 1h = ɋǋx[M+1] 1h kxi[1] 1h = kxi[M+1] 1h   ;    kyi[1] 1h = kyi[M+1] 1h 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʧʦ  

ʦʩʠ x 

ɺʜʦʣʴ ʦʩʠ 

lx[m]ʰ1 å  lx0 kx[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 lx[(M/2) +1]ʰ1 å lx0 kx[(M/2) +1]ʰ1 å lx0 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 lx[1]ʰ1 å lx[M+1]ʰ1 å lx0 kx[1]ʰ1 å lx0 kx[M+1]ʰ1  

ɺʥʝ ʦʩʠ 

lxi[m]ʰ1å lx0 kxi[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 lxi[(M/2) +1]ʰ1 å lx0 kxi[(M/2) +1]ʰ1 å lx0 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 lxi[1]ʰ1 å lxi[M+1]ʰ1 å lx0 kxi[1]ʰ1 å lx0 kxi[M+1]ʰ1  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʧʦ  

ʦʩʠ y 

ɺʜʦʣʴ ʦʩʠ 

ly[m] 1hå ly0 ky[m] 1h 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 ly[(M/2) +1]ʰ1 å ly0 ky[(M/2) +1]ʰ1 å ly0 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 ly[1]ʰ1 å ly[M+1]ʰ1 å ly0 ky[1]ʰ1 å ly0 ky[M+1]ʰ1  

ɺʥʝ ʦʩʠ 

lyi[m] 1hå ly0 kyi[m] 1h 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 lyi[(M/2) +1]ʰ1 å ly0 kyi[(M/2) +1]ʰ1 å ly0 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 lyi[1]ʰ1 å lyi[M+1]ʰ1 å ly0 kyi[1]ʰ1 å ly0 kyi[M+1]ʰ1  
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 11 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ  

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɋǋy = 0

o 
,  ɋǋx[m]ʰ1 Ò 90

o
 

ʇʣʦʱʘʜʴ  

ʧʨʦʝʢʮʠʠ ʧʠʢʩʝʣʦʚ  

ʄʌʇʋ  ʥʘ ʩʮʝʥʫ  

ɺʜʦʣʴ ʦʩʠ 

Aʧʧ[m]ʰ1å Aʧʧ0 kx[m]ʰ1 ky[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 Aʧʧ[(M/2) +1]ʰ1 å Aʧʧ0 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 Aʧʧ[1]ʰ1 å Aʧʧ[M+1]ʰ1å Aʧʧ0 kx[1]ʰ1 ky[1]ʰ1 å Aʧʧ0 kx[M+1]ʰ1 ky[M+1]ʰ1 

ɺʥʝ ʦʩʠ 

Aʧʧi[m]ʰ1å Aʧʧ0 kxi[m]ʰ1kyi[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 Aʧʧi[(M/2) +1]ʰ1 å Aʧʧ0 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 Aʧʧi[1]ʰ1åAʧʧi[M+1]ʰ1åAʧʧ0 kxi[1]ʰ1 kyi[1]ʰ1åAʧʧ0 kxi[M+1]ʰ1 kyi[M+1]ʰ1 

ʊʝʣʝʩʥʳʝ ʫʛʣʳ, 

ʩʪʷʛʠʚʘʝʤʳʝ 

ʨʘʟʣʠʯʥʳʤʠ 

ʧʠʢʩʝʣʘʤʠ ʩʮʝʥʳ ʠ 

ʧʨʠʚʝʜʝʥʥʳʝ ʢʦ 

ʚʭʦʜʥʦʤʫ ʟʨʘʯʢʫ 

ʦʙʲʝʢʪʠʚʘ 

ɺʜʦʣʴ ʦʩʠ 

W [m]ʰ1å W0 /kx[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 W [(M/2) +1]ʰ1 å W0 /kx[(M/2) +1]ʰ1 å W0 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 W [1]ʰ1 å W [M+1]ʰ1 å W0 /kx[1]ʰ1 å W0 /kx[M+1]ʰ1 

ɺʥʝ ʦʩʠ 

Wij [m]ʰ1  å W0 cos
3qij /kxi[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 Wij [(M/2) +1]ʰ1 å W0 cos

3qij /kxi[(M/2) +1]ʰ1 å W0cos
3qij  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 Wij [1]ʰ1 å Wij [M+1]ʰ1 å  W0cos
3qij/ kxi[1]ʰ1  å W0 cos

3qij/kxi[M+1]ʰ1 

  ʈʘʟʤʝʨ  ʢʘʜʨʘ ʧʦ ʦʩʠ x 

Lx[m]ʰ1 å Lx0 kx[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 Lx[(M/2) +1]ʰ1 å Lx0 kx[(M/2) +1]ʰ1 å Lx0 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 Lx[1]ʰ1 å Lx[M+1]ʰ1  å Lx0 kx[1]ʰ1 å Lx0 kx[M+1]ʰ1  

ʈʘʟʤʝʨ ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ             

ʧʦ ʦʩʠ y 

Ly[m] 1hå Ly0 ky[m] 1h 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 Ly[(M/2) +1]ʰ1 å Ly0 ky[(M/2) +1]ʰ1 å Ly0 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 Ly[1]ʰ1 å Ly[M+1]ʰ1 å Ly0 ky[1]ʰ1 å Ly0 ky[M+1]ʰ1  

  ʇʣʦʱʘʜʴ ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ 

Aʢ[m]ʰ1 å Aʢ0 kx[m]ʰ1 ky[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 Aʢ[(M/2) +1]ʰ1 å Aʢ0 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 Aʢ[1]ʰ1 å  Aʢ[M+1]ʰ1 å Aʢ0 kx[1]ʰ1 ky[1]ʰ1 å Aʢ0 kx[M+1]ʰ1 ky[M+1]ʰ1 

ʈʘʟʤʝʨ ʚʩʝʛʦ ʧʨʦʩʤʘʪʨʠ-

ʚʘʝʤʦʛʦ ʧʦʣʷ 2ɋʭh 1 
Lʭh 1 å 2Htg

-1
 ɋʭh 1 
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ʊʘʙʣʠʮʘ 12. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʚʨʝʤʝʥʥ·ʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʰʘʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ  

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɋǋy = 0

o 
,  ɋǋx[m]ʰ1 Ò 90

o
 

ɺʨʝʤʷ 

ʧʨʝʙʳʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ 

ʦʩʠ y ʥʘ  ʵʣʝʤʝʥʪʝ 

ʨʘʟʣʦʞʝʥʠʷ 

ɺʜʦʣʴ ʦʩʠ 

Ty[m] 1hå Ty0 ky[m] 1h 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 Ty[(M/2) +1]ʰ1 å Ty0 ky[(M/2) +1]ʰ1 å Ty0 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 Ty[1]ʰ1 å Ty[M+1]ʰ1 å Ty0 ky[1]ʰ1 å Ty0 ky[M+1]ʰ1 

ɺʥʝ ʦʩʠ 

Tyi[m] 1hå Ty0 kyi[m] 1h 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 Tyi[(M/2) +1]ʰ1 å Ty0 kyi[(M/2) +1]ʰ1 å Ty0 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 Tyi[1]ʰ1å Tyi[M+1]ʰ1 å Ty0 kyi[1]ʰ1 å Ty0 kyi[M+1]ʰ1 

ʏʘʩʪʦʪʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʚʜʦʣʴ ʦʩʠ y 

ɺʜʦʣʴ ʦʩʠ 

fy[m] 1hå fy0 / ky[m] 1h 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 fy[(M/2) +1]ʰ1 å  fy0 / ky[(M/2) +1]ʰ1 å fy0 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 fy[1]ʰ1 å fy[M+1]ʰ1 å  fy0 / ky[1]ʰ1 å  fy0 / ky[M+1]ʰ1  

ɺʥʝ ʦʩʠ 

fyi[m] 1hå fy0 / kyi[m] 1h 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 fyi[(M/2) +1]ʰ1 å  fy0 / kyi[(M/2) +1]ʰ1 å fy0 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 fyi[1]ʰ1 å fyi[M+1]ʰ1 å  fy0 / kyi[1]ʰ1 å  fy0 / kyi[M+1]ʰ1  

ɺʨʝʤʷ 

ʧʨʝʙʳʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ 

ʦʩʠ x ʥʘ ʵʣʝʤʝʥʪʝ 

ʩʮʝʥʳ 

ɺʜʦʣʴ ʦʩʠ 

Űd[m]ʰ1å (Űd0/(M+1))ky[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 Űd [(M/2) +1]ʰ1 å (Űd0/(M+1))ky[(M/2) +1]ʰ1 å (Űd0/(M+1)) 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 Űd[1]ʰ1 å Űd[M+1]ʰ1 å (Űd0/(M+1))ky[1]ʰ1 å (Űd0/(M+1))ky[M+1]ʰ1  

ɺʥʝ ʦʩʠ 

Űdi[m]ʰ1 å (Űd0/(M+1))kyi[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 Űdi[(M/2) +1]ʰ1 å (Űd0/(M+1))kyi[(M/2) +1]ʰ1 å (Űd0/(M+1)) 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 Űdi[1]ʰ1 å Űdi[M+1]ʰ1 å (Űd0/(M+1))kyi[1]ʰ1 å (Űd0/(M+1)) kyi[M+1]ʰ1  

ʉʢʦʨʦʩʪʴ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ 

ʚʜʦʣʴ ʦʩʠ x 

ɺʜʦʣʴ ʦʩʠ 

vx[m]ʰ1å (vx0(M+1))ky[m]ʰ1     

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 vx[(M/2) +1]ʰ1 å (vx0(M+1))ky[(M/2) +1]ʰ1 å (vx0(M+1)) 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 vx[1]ʰ1 å vx[M+1]ʰ1 å (vx0(M+1))ky[1]ʰ1 å (vx0(M+1))ky[M+1]ʰ1  

ɺʥʝ ʦʩʠ 

vxi[m]ʰ1å (vx0(M+1))kyi[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 vxi[(M/2) +1]ʰ1 å (vx0(M+1))kyi[(M/2) +1]ʰ1 å (vx0(M+1)) 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 vxi[1]ʰ1 å vxi[M+1]ʰ1 å (vx0(M+1))kyi[1]ʰ1 å (vx0(M+1))kyi[M+1]ʰ1  
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 12 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ  

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ    
ɋǋy = 0

o 
,  ɋǋx[m]ʰ1 Ò 90

o
 

ɺʨʝʤʝʥʥ§ʷ 

ʯʘʩʪʦʪʘ 

ɺʜʦʣʴ ʦʩʠ 

fd[m]ʰ1å (fd0(M+1))/ ky[m]ʰ1     

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 fd[(M/2) +1]ʰ1 å  (fd0(M+1))/ ky[(M/2) +1]ʰ1 å (fd0(M+1)) 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 fd[1]ʰ1 å  fd[M+1]ʰ1 å  (fd0(M+1))/ky[1]ʰ1 å  (fd0(M+1))/ky[M+1]ʰ1  

ɺʥʝ ʦʩʠ 

fdi[m]ʰ1å (fd0(M+1))/ kyi[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 fdi[(M/2) +1]ʰ1 å  (fd0(M+1))/ kyi[(M/2) +1]ʰ1 å (fd0(M+1)) 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 fdi[1]ʰ1 å fdi[M+1]ʰ1 å  (fd0(M+1))/kyi[1]ʰ1 å (fd0(M+1))/kyi[M+1]ʰ1  

ʐʠʨʠʥʘ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ  

ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʪʨʘʢʪʘ 

ɺʜʦʣʴ ʦʩʠ 

ȹf[m]ʰ1å (ȹf0(M+1))/ ky[m]ʰ1    

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 ȹf[(M/2) +1]ʰ1 å (ȹf0(M+1))/ ky[(M/2) +1]ʰ1 å (ȹf0(M+1)) 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 ȹf[1]ʰ1 å ȹf[M+1]ʰ1 å (ȹf0(M+1))/ky[1]ʰ1 å (ȹf0(M+1))/ky[M+1]ʰ1  

ɺʥʝ ʦʩʠ 

ȹf i[m] 1hå (ȹf0(M+1))/ kyi[m] 1h 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 ȹfi[(M/2) +1]ʰ1 å (ȹf0(M+1))/ kyi[(M/2) +1]ʰ1 å (ȹf0(M+1)) 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 ȹfi[1]ʰ1 åȹfi[M+1]ʰ1 å(ȹf0(M+1))/kyi[1]ʰ1 å(ȹf0(M+1))/kyi[M+1]ʰ1  

ɺʨʝʤʷ ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ 

Tʢ[m]ʰ1å Tʢ0 [(1-OLx)/(M+1)]Ĭky[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 

Tʢ[(M/2) +1]ʰ1 å Tʢ0 [(1-OLx)/(M+1)]Ĭky[(M/2) +1]ʰ1                                                                

å  Tʢ0 [(1-OLx)/(M+1)] 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
Tʢ[1]ʰ1 å Tʢ[M+1]ʰ1 å Tʢ0 [(1-OLx)/(M+1)]Ĭky[1]ʰ1   

           å Tʢ0 [(1-OLx)/(M+1)]Ĭky[M+1]ʰ1  

  ʏʘʩʪʦʪʘ ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ 

fʢ[m]ʰ1å1/Tʢ[m]ʰ1 åfʢ0 (M+1)/[(1-OLx) ky[m]ʰ1] 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 fʢ[(M/2) +1]ʰ1 å fʢ0 (M+1)/(1-OLx) 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
fʢ[1]ʰ1 å fʢ[M+1]ʰ1 å fʢ0 (M+1)/[(1-OLx) ky[1]ʰ1] 

å fʢ0 (M+1)/[(1-OLx) ky[M+1]ʰ1] 

ɺʨʝʤʷ ʧʨʦʩʤʦʪʨʘ ʚʩʝʛʦ ʧʦʣʷ 

2ɋʭh 1 
–h ρ ὕὒ Ὧ ʰ ὓ ρὯ ʰ  

Tʢʰ1  å TʢAʰ1 / ɖh1 å Tʢ0 ky[1]ʰ1å Tʢ0/cosɋǋx[1]ʰ1,  

Ὕʢʰ Ὕʢ Ⱦ  ʰ В Ὧ ʰ , –h –h ρ, 

ʏʘʩʪʦʪʘ ʧʨʦʩʤʦʪʨʘ ʚʩʝʛʦ ʧʦʣʷ 

2ɋʭh 1 
fk 1h  å  1/ Tk 1h 
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ʊʘʙʣʠʮʘ 13. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ 

ɹʆʕʉɼɿ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʰʘʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ 

 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ  

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ    
ɋǋy = 0

o 
,  ɋǋx[m]ʰ1 Ò 90

o
 

ʂʦʵʬʬʠʮʠʝʥʪ,  

ʫʯʠʪʳʚʘʶʱʠʡ 

ʧʝʨʝʤʝʥʥʫʶ ʜʣʠʥʫ 

ʧʫʪʠ ʜʦ ʦʙʲʝʢʪʠʚʘ 

ɺʜʦʣʴ ʦʩʠ 

ka[m] 1h å t0
(ky[m] 1h- 1)

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1=0
o
 ka[(M/2) +1]ʰ1å t0

(ky[(M/2) + 1]h 1 - 1) 
å 1 

ɋǋx[m]ʰ1= ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 ka[1]ʰ1å t0
(ky[1]ʰ1 -  1)

 å t0
(ky[M + 1]h 1 - 1) 

å ka[M +1]ʰ1
 

ɺʥʝ ʦʩʠ 

kaij[m]ʰ1å t0
(kyi[m]ʰ1 secqij- 1)

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1=0
o
 kaij[(M/2) + 1]h 1 å t0

(kyi[(M/2)  + 1]h 1 secqij- 1)  
å t0

(secqij-1) 
å kaij

 

ɋǋx[m]ʰ1= ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
kaij[1]ʰ1 å t0

(kyi[1]ʰ1 secqij- 1)  
å t0

(kyi[M+ 1]h 1 secqij- 1)  

å kaij[M+ 1]h 1 
 

ʂʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʚʝʣʠʯʠʥ ʫʛʣʦʚ ɗij  ʥʘ 

tFij  

ɺʜʦʣʴ ʦʩʠ Ὧ ρ.  

ɺʥʝ ʦʩʠ Ὧ  ρ τÁȾρ-Á  ÓÉÎpρ  ὲȾὲ ÓÉÎ— Ȣ  

ʗʨʢʦʩʪʴ  ʵʣʝʤʝʥʪʘ 

ʩʮʝʥʳ 

ɺʜʦʣʴ ʦʩʠ 

L[m]ʰ1 å L0 ka[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1=0
o
 L[(M/2) + 1]h 1å L0ka[(M/2) + 1]h 1 å L0 

ɋǋx[m]ʰ1= ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 L[1]ʰ1å L[M+1]ʰ1å L0ka[1]ʰ1 å L0ka[M + 1]h 1 

ɺʥʝ ʦʩʠ 

Lij [m]ʰ1å L0kDlijkaij[m]ʰ1    ,      kDlij å (kʩDlijLc0 + kʵʩDlijLʵʩ0)/L0, 

ɻʜʝ                    kʩDlijå ÚDlij  c1l
-5
(e 

c2 /lTʩ-1)
-1
 dl) / ÚDlc1l

-5
(e 

c2 /lTʩ-1)
-1
 dl, 

        kʵʩDlijå ÚDlijc1l
-5
(e 

c2 /lTʵʩ-1)
-1
 dl) / ÚDlc1l

-5
(e 

c2 /lTʵʩ-1)
-1
 dl 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1=0
o
 Lij [(M/2) + 1]h 1 å L0kDlijkaij[(M/2) + 1]h 1 å L0kDlijkaijå Lij 

ɋǋx[m]ʰ1= ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 Lij [1]ʰ1å Lij [M+1]ʰ1å L0kDlijkaij[1]ʰ1å L0kDlijkaij[M+1]ʰ1 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 13 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ  

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ    
ɋǋy = 0

o 
,  ɋǋx[m]ʰ1 Ò 90

o
 

ʇʦʪʦʢ, 

ʧʨʠʭʦʜʷʱʠʡ ʥʘ 

ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ 

ɹʆʕʉɼɿ 

ɺʜʦʣʴ ʦʩʠ 

F[m]ʰ1å F0 ka[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1=0
o
 F[(M/2) + 1]h 1å F0ka[(M/2) + 1]h 1å F0 

ɋǋx[m]ʰ1= ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 F[1]ʰ1 å F[M+1]ʰ1 å F0ka[1]ʰ1 å F0ka[M+1]ʰ1 

ɺʥʝ ʦʩʠ 

Fij [m]ʰ1 å F0 kDlijkaij[m]ʰ1cos
4qij 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1=0
o
 Fij [(M/2) + 1]h 1 å F0 kDlijkaij[(M/2) + 1]h 1 cos

4qij å Fij 

ɋǋx[m]ʰ1= ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
Fij [1]ʰ1 å Fij [M+1]ʰ1 å F0 kDlijkaij[1]ʰ1cos

4qij 

            å F0 kDlijkaij[M+1]ʰ1cos
4qij  

ʆʪʥʦʰʝʥʠʝ                

ʩʠʛʥʘʣ-ʰʫʤ  

ɺʜʦʣʴ ʦʩʠ 

SNR[m]ʰ1 å (SNR0/(M+1)
0,5

)(ky[m]ʰ1)
0,5 

ka[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1=0
o
 SNR[(M/2) + 1]h 1 å(SNR0/(M+1)

0,5
) 

ɋǋx[m]ʰ1= ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
SNR[1]ʰ1 åSNR[M+1]ʰ1 å (SNR0/(M+1)

0,5
)(ky[1]ʰ1)

0,5 
ka[1]ʰ1 

              å (SNR0/(M+1)
0,5

)(ky[M+1]ʰ1)
0,5 

ka[M+1]ʰ1 

ɺʥʝ ʦʩʠ 

SNRij [m]ʰ1å (SNR0kFij kDlij /(M+1)
0,5

)(kyi[m]ʰ1)
0,5

kaij[m]ʰ1 cos
5qij 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1=0
o
 

SNRij [(M/2) + 1]h 1 å (SNR0kFij kDlij /(M+1)
0,5

)kaijcos
5qij 

                        åSNRij /(M+1)
0,5

 

ɋǋx[m]ʰ1= ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
SNRij [1]ʰ1 å (SNR0kFij  kDlij /(M+1)

0,5
)(kyi[1]ʰ1)

0,5 
kaij[1]ʰ1 cos

5qij  

               å SNRij [M+1]ʰ1å (SNR0ktF0  kDlij /(M+1)
0,5

) 

                  Ĭ (kyi[M+1]ʰ1)
0.5

kaij[M+1]ʰ1 cos
5qij 

ʀʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ Dr 

ɺʜʦʣʴ ʦʩʠ 

DFr[m]ʰ1å DFr0 ka[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1=0
o
 DFr[(M/2) + 1]h 1å DFr0 ka[(M/2) + 1]h 1å DFr0 

ɋǋx[m]ʰ1= ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 DFr[1]ʰ1å DFr[M+1]ʰ1åDFr0 ka[1]ʰ1 åDFr0 ka[M+1]ʰ1 

ɺʥʝ ʦʩʠ 

DFrij [m]ʰ1 å DFr0 kʩDlijkaij[m]ʰ1cos
4qij 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1=0
o
 DFrij [(M/2) + 1]h 1 å DFr0 kʩDlijkaij[(M/2) + 1]h 1 cos

4qij å DFrij 

ɋǋx[m]ʰ1= ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
DFrij [1]ʰ1 å DFr0 kʩDlijkaij[1]ʰ1 cos

4qij 

                å DFrij [M + 1]ʰ1å DFr0 kʩDlijkaij[M + 1]h 1 cos
4qij 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 13 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ  

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ    
ɋǋy = 0

o 
,  ɋǋx[m]ʰ1 Ò 90

o
 

ʀʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ  Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ De 

ɺʜʦʣʴ ʦʩʠ 

DFe[m]ʰ1å DFe0 ka[m]ʰ1 

ɋǋx[m]ʰ1 =  ɋǋx[(M/2) +1]ʰ1 =0
o
 DFe[(M/2) + 1]h 1å DFe0 ka[(M/2) + 1]h 1å DFe0 

ɋǋx[m]ʰ1 =  ɋǋ[1]ʰ1 =  ɋǋx[M+1]ʰ1 DFe[1]ʰ1å DFe[M+1]ʰ1åDFe0 ka[1]ʰ1 åDFe0 ka[M+1]ʰ1 

ɺʥʝ ʦʩʠ 

DFeij [m]ʰ1 å DFe0 kʩDlijkaij[m]ʰ1cos
4qij 

ɋǋx[m]ʰ1 =  ɋǋx[(M/2) +1]ʰ1 =0
o
 DFeij [(M/2) + 1]h 1 å DFe0 kʩDlijkaij[(M/2) + 1]h 1 cos

4qij å DFeij 

ɋǋx[m]ʰ1 =  ɋǋ[1]ʰ1 =  ɋǋx[M+1]ʰ1 
DFeij [1]ʰ1 å DFe0 kʩDlijkaij[ 1]ʰ1 cos

4qij 

                å DFeij [M + 1]h 1å DFe0 kʩDlijkaij[M + 1]h 1 cos
4qij 

ʀʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ DTʵʩ 

ɺʜʦʣʴ ʦʩʠ 

DFTʵʩ[m]ʰ1å DFTʵʩ0ka[m]ʰ1 

ɋǋx[m]ʰ1 =  ɋǋx[(M/2) +1]ʰ1 =0
o
 DFTʵʩ[(M/2) + 1]h 1 å DFTʵʩ0 ka[(M/2) + 1]h 1 å DFTʵʩ0 

ɋǋx[m]ʰ1 =  ɋǋ[1]ʰ1 =  ɋǋx[M+1]ʰ1 
DFTʵʩ[1]ʰ1 å DFTʵʩ[M+1]ʰ1 å DFTʵʩ0ka[1]ʰ1                                                  

å DFTʵʩ0 ka[M+1]ʰ1 

ɺʥʝ ʦʩʠ 

DFTʵʩij [m]ʰ1å DFTʵʩ0 kTʵʩDlijkaij[m]ʰ1 cos
4qij 

ɋǋx[m]ʰ1 =  ɋǋx[(M/2) +1]ʰ1 =0
o
 DFTʵʩij [(M/2) + 1]h 1 å DFTʵʩ0  kTʵʩDlijkaij[(M/2) + 1]h 1 cos

4qijå DFTʵʩij 

ɋǋx[m]ʰ1 =  ɋǋ[1]ʰ1 =  ɋǋx[M+1]ʰ1 
DFTʵʩij [1]ʰ1 å DFTʵʩ0  kTʵʩDlijkaij[1]ʰ1cos

4qij  

                  å DFTʵʩij [M+1]ʰ1å DFTʵʩ0  kTʵʩDlijkaij[M+1]ʰ1cos
4qij 

ʂʦʥʪʨʘʩʪʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ 

ï ʰʫʤ, ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ Dr 

ɺʜʦʣʴ ʦʩʠ 

CNRr[m]ʰ1å (CNRr0/(M+1)
0,5

)(ky[m]ʰ1)
0.5 

ka[m]ʰ1 

ɋǋx[m]ʰ1 =  ɋǋx[(M/2) +1]ʰ1 =0
o
 CNRr[(M/2) + 1]h 1 å (CNRr0/(M+1)

0,5
) 

ɋǋx[m]ʰ1 =  ɋǋ[1]ʰ1 =  ɋǋx[M+1]ʰ1 
CNRr[1]ʰ1 å (CNRr0/(M+1)

0,5
)(ky[1]ʰ1)

0.5 
ka[1]ʰ1 

            å CNRr[M+1]ʰ1 å (CNRr0/(M+1)
0,5

)(ky[M+1]ʰ1)
0.5  

ka[M+1]ʰ1 

ɺʥʝ ʦʩʠ 

CNRrij [m]ʰ1 å (CNRr0kFij kʩDlij /(M+1)
0,5

)(kyi[m]ʰ1)
0.5

kaij[m]ʰ1 cos
5qij 

ɋǋx[m]ʰ1 =  ɋǋx[(M/2) +1]ʰ1 =0
o
 

CNRrij [(M/2) + 1]h 1å (CNRr0kFij kʩDlij /(M+1)
0,5

)kaijcos
5qij 

                          å CNRrij/(M+1)
0,5

 

ɋǋx[m]ʰ1 =  ɋǋ[1]ʰ1 =  ɋǋx[M+1]ʰ1 

CNRrij [1]ʰ1 å (CNRr0kFijkʩDlij/(M+1)
0,5

)(kyi[1]ʰ1)
0.5

kaij[1]ʰ1cos
5qij  

                  å CNRrij [M+1]ʰ1å (CNRr0kFij kʩDlij /(M+1)
0,5

) 

                     Ĭ (kyi[M+1]ʰ1)
0.5  

kaij[M+1]ʰ1 cos
5qij 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 13 

 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ  

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ    
ɋǋy = 0

o 
,  ɋǋx[m]ʰ1 Ò 90

o
 

ʂʦʥʪʨʘʩʪʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ 

ï ʰʫʤ, ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ De 

ɺʜʦʣʴ ʦʩʠ 

CNRe[m]ʰ1å (CNRe0/(M+1)
0,5

)(ky[m]ʰ1)
0.5  

ka[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 CNRe[(M/2) + 1]h 1 å (CNRe0/(M+1)

0,5
) 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
CNRe[1]ʰ1 å (CNRe0/(M+1)

0,5
)(ky[1]ʰ1)

0.5 
ka[1]ʰ1 

             å CNRe[M+1]ʰ1 å (CNRe0/(M+1)
0,5

)(ky[M+1]ʰ1)
0.5  

ka[M+1]ʰ1 

ɺʥʝ ʦʩʠ 

CNReij [m]ʰ1 å (CNRe0kFij kʩDlij /(M+1)
0,5

)(kyi[m]ʰ1)
0.5

kaij[m]ʰ1 cos
5qij 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 

CNReij [(M/2) + 1]h 1 å (CNRe0kFij kʩDlij /(M+1)
0,5

) kaijcos
5qij 

                          å CNReijkFij kʩDlij /(M+1)
0,5

 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

CNReij [1]ʰ1 å (CNRe0kFijkʩDlij /(M+1)
0,5

)(kyi[1]ʰ1)
0.5 

kaij[1]ʰ1cos
5qij  

                 å CNReij [M+1]ʰ1å (CNRe0kFij kʩDlij /(M+1)
0,5

) 

                    Ĭ (kyi[M+1]ʰ1)
0.5  

kaij[M+1]ʰ1 cos
5qij 

ʂʦʥʪʨʘʩʪʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ 

ï ʰʫʤ, ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ DTʵʩ 

ɺʜʦʣʴ ʦʩʠ 

CNRTʵʩ[m]ʰ1 å (CNRTʵʩ0/(M+1)
0,5

)(ky[m]ʰ1)
0.5 

ka[m]ʰ1 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 CNRTʵʩ[(M/2)+1]h 1 å (CNRTʵʩ0/(M+1)

0,5
) 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
CNRTʵʩ[1]ʰ1 å (CNRTʵʩ0/(M+1)

0,5
)(ky[1]ʰ1)

0.5  
ka[1]ʰ1 

        å CNRTʵʩ[M+1]ʰ1 å (CNRTʵʩ0/(M+1)
0,5

)(ky[M+1]ʰ1)
0.5  

ka[M+1]ʰ1 

ɺʥʝ ʦʩʠ 

CNRTʵʩij [m]ʰ1 å (CNRTʵʩ0kFij kTʵʩDlij /(M+1)
0,5

)(kyi[m]ʰ1)
0.5 

kaij[m]ʰ1 cos
5qij 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 

CNRTʵʩij [(M/2)+1]h 1å (CNRTʵʩ0kFij kTʵʩDlij /(M+1)
0,5

)kaijcos
5qij  

å CNRTʵʩij/(M+1)
0,5

 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

CNRTʵʩij [1]ʰ1å(CNRTʵʩ0kFij kTʵʩDlij /(M+1)
0,5

)(kyi[1]ʰ1)
0.5

kaij[1]ʰ1cos
5qij  

                     å CNRTʵʩij [M+1]ʰ1 å (CNRTʵʩ0kFij kTʵʩDlij/(M+1)
0,5

) 

                        Ĭ (kyi[M+1]ʰ1)
0.5  

kaij[M+1]ʰ1 cos
5qij 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ 

ʰʫʤʫ ʨʘʟʥʦʩʪʴ 

ʦʪʨʘʞʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ 

ɺʜʦʣʴ ʦʩʠ 

NEDr[m]ʰ1 åNEDr0(M+1)
0,5

/ [(ky[m]ʰ1)
0.5

ka[m]ʰ1] 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 NEDr[(M/2)+1]h 1 å NEDr0(M+1)

0,5
 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
NEDr[1]ʰ1 åNEDr0(M+1)

0,5
/ [(ky[1]ʰ1)

0.5 
ka[1]ʰ1] 

           å NEDr[M+1]ʰ1 åNEDr0(M+1)
0,5

/ [(ky[M+1]ʰ1)
0.5 

ka[M+1]ʰ1] 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 13 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ  ɋǋy = 0
o 
,  ɋǋx[m]ʰ1 Ò 90

o
 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ 

ʰʫʤʫ ʨʘʟʥʦʩʪʴ 

ʦʪʨʘʞʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ 

ɺʥʝ ʦʩʠ 

NEDrij [m]ʰ1 å(NEDr0/kFijkʩDlij)(M+1)
0,5

/ [(kyi[m]ʰ1)
0.5

kaij[m]ʰ1cos
5qij] 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 

NEDrij [(M/2)+1]h 1 å (NEDr0 /kFijkʩDlij)(M+1)
0,5

/[kaijcos
5qij]  

                            å NEDrij(M+1)
0,5

 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

NEDrij [1]ʰ1 å(NEDr0/kFijkʩDlij)(M+1)
0,5

/[(kyi[1]ʰ1)
0.5

kaij[1]ʰ1cos
5qij] 

                   å NEDrij [M+1]ʰ1 å (NEDr0/kFijkʩDlij)(M+1)
0,5 

                                                Ĭ 1/ [(kyi[M+1]ʰ1)
0.5 

kaij[M+1]ʰ1 cos
5qij] 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ           

ʰʫʤʫ ʨʘʟʥʦʩʪʴ 

ʠʟʣʫʯʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ 

ɺʜʦʣʴ ʦʩʠ 

NEDe[m]ʰ1 åNEDe0 (M+1)
0,5

/ [(ky[m]ʰ1)
0.5 

ka[m]ʰ1]   

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 NEDe[(M/2)+1]h 1 å NEDe0 (M+1)

0,5
 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
NEDe[1]ʰ1 åNEDe0 (M+1)

0,5
 /[(ky[1]ʰ1)

0.5 
ka[1]ʰ1] 

            å NEDe[M+1]ʰ1 åNEDe0 (M+1)
0,5

/ [(ky[M+1]ʰ1)
0.5 

ka[M+1]ʰ1] 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ          

ʰʫʤʫ ʨʘʟʥʦʩʪʴ 

ʠʟʣʫʯʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ 

ɺʥʝ ʦʩʠ 

NEDeij [m]ʰ1 å (NEDe0/kFijkʩDlij)(M+1)
0,5

/ [(kyi[m]ʰ1)
0.5 

kaij[m]ʰ1 cos
5qij] 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 

NEDeij [(M/2)+1]h 1å (NEDe0/ kFijkʩDlij)(M+1)
0,5

/ [kaijcos
5qij]  

å NEDeij(M+1)
0,5

 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

NEDeij [1]ʰ1 å (NEDe0/kFijkʩDlij)(M+1)
0,5

/ [(kyi[1]ʰ1)
0.5

kaij[1]ʰ1cos
5qij] 

                  å NEDeij [M+1]ʰ1 å (NEDe0/kFijkʩDlij)(M+1)
0,5 

                                              Ĭ 1/ [(kyi[M+1]ʰ1)
0.5 

kaij[M+1]ʰ1cos
5qij] 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ 

ʰʫʤʫ ʨʘʟʥʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨ 

ɺʜʦʣʴ ʦʩʠ 

NEDTʵʩ[m]ʰ1å NEDTʵʩ0(M+1)
0,5

/ [(ky[m]ʰ1)
0.5

ka[m]ʰ1] 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 NEDTʵʩ[(M/2)+1]h 1 å NEDTʵʩ0 (M+1)

0,5
 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
NEDTʵʩ[1]ʰ1 å NEDTʵʩ0 (M+1)

0,5
/ [(ky[1]ʰ1)

0.5
ka[1]ʰ1] 

 å NEDTʵʩ[M+1]ʰ1 å NEDTʵʩ0 (M+1)
0,5

/[(ky[M+1]ʰ1)
0.5 

ka[M+1]ʰ1] 

ɺʥʝ ʦʩʠ 

NEDTʵʩij [m]ʰ1 å (NEDTʵʩ0/kFijkTʵʩDlij)(M+1)
0,5

/ [(kyi[m]ʰ1)
0.5

kaij[m]ʰ1cos
5qij] 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 

NEDTʵʩij [(M/2)+1]h 1 å (NEDTʵʩ0/kFij kTʵʩDlij) (M+1)
0,5

/ [kaijcos
5qij] 

                             å NEDTʵʩij(M+1)
0,5

 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

NEDTʵʩij [1]ʰ1å(NEDTʵʩ0/kFij kTʵʩDlij)(M+1)
0,5

/[(kyi[1]ʰ1)
0.5 

kaij[1]ʰ1cos
5qij]                   

                     å NEDTʵʩij [M+1]ʰ1 å (NEDTʵʩ0/kFij kʵʩDlij)(M+1)
0,5 

Ĭ 1 / [(kyi[M+!]ʰ1)
0.5

kaij[M+1]ʰ1cos
5qij] 
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2.6 ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ɹʆʕʉɼɿ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʦʰʘʛʦʚʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ  ʩ ʜʚʫʤʷ ʦʧʪʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ                      

ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʈʘʩʩʤʦʪʨʠʤ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʦʚ ʨʘʟʨʝʰʝʥʠʷ ʜʣʷ ʦʙʦʙʱʝʥʥʦʡ ʩʭʝʤʳ 

ʧʦʰʘʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʜʚʫʤʷ ʦʧʪʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʧʘʩʩʠʚʥʳʤ 

ʤʝʪʦʜʦʤ  (ʨʠʩ. 9). 

 

ʈʠʩ. 9. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʧʦʰʘʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʜʚʫʤʷ ʦʧʪʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ, 

ʨʘʙʦʪʘʶʱʠʤʠ ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ  

ʂʘʞʜʘʷ ʠʟ  ɹʆʕʉɼɿ 2 ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʩʚʦʶ ʧʦʣʦʚʠʥʫ ʧʦʣʷ ʦʙʟʦʨʘ ɋʭh 2. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʜʝʣʴʥʳʤ ʢʘʜʨʘʤ (ʰʘʛʘʤ ʧʨʦʩʤʦʪʨʘ) ʫʛʣʳ ʨʘʚʥʳ [11] 

            ɋǋx[n]ʰ2 = [N- (n - 1)]Ĭ(1 - OLx) Ĭ 2ɋʭ   ;  n =1,2,éé., [N - 1],[N], [N +1],         (72) 

ʛʜʝ  N - ʦʙʱʝʝ ʯʠʩʣʦ ʰʘʛʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ.  

ʇʨʠ ʦʜʠʥʘʢʦʚʦʤ ʧʝʨʝʢʨʳʪʠʠ OLx ʯʠʩʣʦ ʰʘʛʦʚ N ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʦ  

                                      N= [(Ýʭh 2+ Ýʭ) - 2Ýʭ)] / [2Ýʭ (1-OLx)],                                      (73) 
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ʛʜʝ N ʜʦʣʞʥʦ ʚʳʙʠʨʘʪʴʩʷ ʢʘʢ ʥʝʯʝʪʥʦʝ ʯʠʩʣʦ, ʧʨʝʚʳʰʘʶʱʝʝ ʯʠʩʣʦ ʰʘʛʦʚ,                  

[N+1] - ʯʠʩʣʦ ʢʘʜʨʦʚ  ʚ ʧʨʝʜʝʣʘʭ  ɋʭh 2. 

ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʢʘʞʝʥʠʡ ʧʦ ʦʩʷʤ x ʠ y, kxi[n]ʰ2 ʠ kyi[n]ʰ2, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʢʘʞʝʥʠʡ ʦʪ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ ɋǋx[n]ʰ2    ʠ ʫʛʣʦʚ  Ñ ɗi, ʙʫʜʫʪ ʨʘʚʥʳ [11] 

            kxi[n]ʰ2 = (cos
2
ɗi ) / cos

2
(ɋǋx[n]ʰ2Ñ ɗi)   ,   kyi[n]ʰ2 = (cosɗi ) / cos(ɋǋx[n]ʰ2Ñ ɗi).       (74) 

ʅʘʧʨʠʤʝʨ, ʧʨʠ 2ɋʭ = 40
ʦ
 ʠ ʦʜʠʥʘʢʦʚʦʤ ʧʝʨʝʢʨʳʪʠʠOLx Ó 0,3, ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ 

2Ýʭh 2 = 170
ʦ
, ʪʦ N= [(85

ʦ
+20

ʦ
) - 40

ʦ
] / [40

ʦ
Ĭ(1 - 0,3)] = 2,32, ʧʨʠʯʝʤ N ʜʦʣʞʥʦ 

ʚʳʙʠʨʘʪʴʩʷ ʢʘʢ ʥʝʯʝʪʥʦʝ ʯʠʩʣʦ, ʧʨʝʚʳʰʘʶʱʝʝ ʯʠʩʣʦ ʰʘʛʦʚ N= 3. ɿʘʪʝʤ ʚʳʙʠʨʘʝʤ 

ʧʝʨʝʢʨʳʪʠʝ OLx ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʯʠʩʣʘ ʰʘʛʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ N = 3, ʨʘʚʥʦʝ 

OLx = 1- ([(Ýʭh 2+ Ýʭ) - 2Ýʭ)] /(NĬ2Ýʭ)) =1- ([(85
ʦ
+20

ʦ
) - 40

ʦ
] /(3Ĭ40

ʦ
))å 0,46 Ó 0,3.  

ʏʠʩʣʦ ʢʘʜʨʦʚ ʚ ʧʨʝʜʝʣʘʭ 85
ʦ
 ʙʫʜʝʪ ʨʘʚʥʦ 4, ʪʦ ʝʩʪʴ n = 1,2,3,4, ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʜʝʣʴʥʳʝ ʢʘʜʨʳ (ʰʘʛʠ ʧʨʦʩʤʦʪʨʘ)  ʨʘʚʥʳ 

ɋǋx[1]ʰ1 = [(6/2) - (1- 1)]Ĭ(1 - 0,46) Ĭ 40
ʦ
 å + 65

ʦ
;  

ɋǋx[2]ʰ1 = [(6/2) - (2- 1)]Ĭ(1 - 0,46) Ĭ 40
ʦ
 å + 43,3

ʦ
;  

ɋǋx[3]ʰ1 = [(6/2) - (3- 1)]Ĭ(1 - 0,46) Ĭ 40
ʦ
 å + 21,67

ʦ
;  

ɋǋx[4]ʰ1 = [(6/2) - (4- 1)]Ĭ(1 - 0,46) Ĭ 40
ʦ
 å 0

ʦ
 (ʥʘʜʠʨ);  

ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ: 2Ýʭh 2 = 2Ĭ(65
ʦ 
 + 20

ʦ
) = 170

ʦ
. 

ɺʨʝʤʷ ʧʨʦʩʤʦʪʨʘ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʨʦʢʘʤʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʘ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʫʛʣʦʚʦʡ ʚʝʣʠʯʠʥʝ ɋǋx[1]ʰ2  ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ [11] 

                   –h ρ ὕὒВ Ὧ ʰ ὔ ρϳ Ὧ ʰ .                    (75) 

ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʦʡ ɹʆʕʉɼɿ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 14, 

15 ʠ 16.  ʇʦʜʩʪʨʦʯʥʳʝ ʠʥʜʝʢʩʳ ç0è ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʫʯʘʶ ʥʘʙʣʶʜʝʥʠʷ ʚ ʥʘʜʠʨ. 

                             Tʢʰ2  å TʢAʰ2 / ɖh2 å Tʢ0 ky[1]ʰ2å Tʢ0/cosɋǋx[1]ʰ2, 

Ὕʢʰ Ὕʢ  ʰ В Ὧ ʰ , –h –h ρ, 
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ʊʘʙʣʠʮʘ 14. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ ʩ 

ʜʚʫʤʷ ʦʧʪʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʧʦʰʘʛʦʚʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ  

 

 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ  

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɋǋy = 0

o 
,  ɋǋx[n] 2h Ò 90

o
 

ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʠʩʢʘʞʝʥʠʡ  

ɺʜʦʣʴ ʦʩʠ 

kx[n]ʰ2 = 1/cos
2
ɋǋx[n]ʰ2   ;   ky[n]ʰ2 = 1/cosɋǋx[n]ʰ2; 

ɋǋx[n]ʰ2 = [N- (n-1)]Ĭ(1-OLx) Ĭ2ɋʭ     ;n=1,2,é., [N-1],[N], [N +1] ; 

N= [(Ýʭh 2 + Ýʭ) -2Ýʭ ] / [2Ýʭ (1-OLx)]  

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 kx[N +1]ʰ2= 1   ;   ky[N+1]ʰ2 = 1 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 kx[1] 2h = 1/cos
2
ɋǋx[1] 2h       ;    ky[1] 2h = 1/cosɋǋx[1] 2h 

ɺʥʝ ʦʩʠ 

kxi[n]ʰ2 = cos
2
ɗi /cos

2
(ɋǋx[n]ʰ2 Ñɗi) ;  kyi[n]ʰ2 = cosɗi / cos(ɋǋx[n]ʰ2 Ñɗi); 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 kxi[ N +1] 2h  = 1  ;  kyi[ N +1] 2h =  1 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 
kxi[1] 2h = cos

2
ɗi /cos

2
(ɋǋx[1] 2h Ñɗi); 

kyi[1] 2h  = cosɗi / cos(ɋǋx[1] 2h Ñɗi) 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʦʩʠ x 

ɺʜʦʣʴ ʦʩʠ 

lx[n]ʰ2 å  lx0 kx[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 Lx[N +1]ʰ2 å lx0 kx[N +1]ʰ2 å lx0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 Lx[1] 2h å lx0 kx[1] 2h  

ɺʥʝ ʦʩʠ 

lxi[n]ʰ2å lx0 kxi[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 lxi[N  +1]ʰ2 å lx0 kxi[N +1]ʰ2 å lx0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 lxi[1] 2h å lx0 kxi[1] 2h  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʦʩʠ y 

ɺʜʦʣʴ ʦʩʠ 

ly[n] 2h å ly0 ky[n] 2h 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 ly[N +1]ʰ2 å ly0 ky[N +1]ʰ2 å ly0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 ly[1] 2h å ly0 ky[1] 2h  

ɺʥʝ ʦʩʠ 

lyi[n]ʰ2å ly0kyi[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 lyi[N +1]ʰ2 å ly0 kyi[N +1]ʰ2 å ly0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 lyi[1] 2h å ly0 kyi[1] 2h  
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 14 

 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɋǋy = 0
o 
,  ɋǋx[n] 2h Ò 90

o
 

ʇʣʦʱʘʜʴ  ʧʨʦʝʢʮʠʠ 

ʧʠʢʩʝʣʦʚ  ʄʌʇʋ ʥʘ 

ʩʮʝʥʫ  

ɺʜʦʣʴ ʦʩʠ 

Aʧʧ[n]ʰ2å Aʧʧ0 kx[n]ʰ2 ky[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 Aʧʧ[N +1]ʰ2 å Aʧʧ0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 Aʧʧ[1] 2h å Aʧʧ0 kx[1] 2h ky[1] 2h 

ɺʥʝ ʦʩʠ 

Aʧʧi[n]ʰ2å Aʧʧ0 kxi[n]ʰ2kyi[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 Aʧʧi[N +1]ʰ2 å Aʧʧ0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 Aʧʧi[1] 2h åAʧʧ0 kxi[1] 2h kyi[1] 2h 

ʊʝʣʝʩʥʳʝ ʫʛʣʳ, 

ʩʪʷʛʠʚʘʝʤʳʝ 

ʨʘʟʣʠʯʥʳʤʠ 

ʧʠʢʩʝʣʘʤʠ ʩʮʝʥʳ ʠ 

ʧʨʠʚʝʜʝʥʥʳʝ ʢʦ 

ʚʭʦʜʥʦʤʫ ʟʨʘʯʢʫ 

ʦʙʲʝʢʪʠʚʘ 

ɺʜʦʣʴ ʦʩʠ 

W [n] 2hå W0 /kx[n] 2h 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 W [N +1]ʰ2å W0 /kx[N +1]ʰ2å W0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 W [1] 2h å W0 /kx[1] 2h  

ɺʥʝ ʦʩʠ 

Wij [n]ʰ2  å W0 cos
3qij /kxi[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 

Wij [N +1]ʰ2 å W0 cos
3qij/kxi[N+1]ʰ2                  

               å W0 cos
3qij  

ɋǋx[n] 2h= ɋǋx[1]ʰ2 Wij [1] 2h å W0 cos
3qij / kxi[1] 2h 

  ʈʘʟʤʝʨ ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʘʜʨʘ ʧʦ ʦʩʠ x 

Lx[n]ʰ2 å Lx0 kx[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 Lx[N +1]ʰ2 å Lx0 kx[N +1]ʰ2 å Lx0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 Lx[1] 2h å Lx0 kx[1] 2h  

  ʈʘʟʤʝʨ ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʘʜʨʘ ʧʦ ʦʩʠ y 

Ly[n] 2hå Ly0 ky[n] 2h 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 Ly[N +1]ʰ2 å Ly0 ky[N +1]ʰ2 å Ly0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 Ly[1] 2h å Ly0 ky[1] 2h  

  ʇʣʦʱʘʜʴ ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʘʜʨʘ 

Aʢ[n]ʰ2 å Aʢ0 kx[n]ʰ2 ky[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 Aʢ[N +1]ʰ2 å Aʢ0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 Aʢ[1] 2h å  Aʢ0 kx[1] 2h ky[1] 2h  

ʈʘʟʤʝʨ ʚʩʝʛʦ ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʣʷ 2ɋʭh 2 Lʭh 2 å 2Htg
-1

 ɋʭh 2 
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ʊʘʙʣʠʮʘ 15. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʚʨʝʤʝʥʥ·ʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ ʩ ʜʚʫʤʷ 

ʦʧʪʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʧʦʰʘʛʦʚʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɋǋy = 0

o 
,  ɋǋx[n] 2h Ò 90

o
 

ɺʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʦʩʠ y ʥʘ  

ʵʣʝʤʝʥʪʝ ʨʘʟʣʦʞʝʥʠʷ 

ɺʜʦʣʴ ʦʩʠ 

Ty[n] 2hå Ty0 ky[n] 2h 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 Ty[N+1]ʰ2 å Ty0 ky[N +1]ʰ2 å Ty0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 Ty[1] 2h å Ty0 ky[1] 2h  

ɺʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʦʩʠ y ʥʘ 

ʵʣʝʤʝʥʪʝ ʨʘʟʣʦʞʝʥʠʷ 

ɺʥʝ ʦʩʠ 

Tyi[n]ʰ2å Ty0kyi[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 Tyi[N +1]ʰ2 å Ty0 kyi[N+1]ʰ2 å Ty0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 Tyi[1] 2hå Ty0 kyi[1] 2h  

ʏʘʩʪʦʪʘ ʩʢʘʥʠʨʦʚʘʥʠʷ          

ʚʜʦʣʴ ʦʩʠ y 

ɺʜʦʣʴ ʦʩʠ 

fy[n] 2hå fy0 / ky[n] 2h 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 fy[N +1]ʰ2 å  fy0 / ky[N+1]ʰ2 å fy0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 fy[1] 2h å fy0 / ky[1] 2h  

ɺʥʝ ʦʩʠ 

fyi[n]ʰ2å fy0 / kyi[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 fyi[N +1]ʰ2 å  fy0 / kyi[N +1]ʰ2 å fy0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 fyi[1] 2h å fy0 / kyi[1] 2h  

ɺʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʦʩʠ x ʥʘ 

ʵʣʝʤʝʥʪʝ ʩʮʝʥʳ 

ɺʜʦʣʴ ʦʩʠ 

Űd[n]ʰ2å (Űd0/(N+1))ky[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 Űd [N+1]ʰ2 å (Űd0/(N+1))ky[N+1]ʰ2  å (Űd0/(N+1)) 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 Űd[1] 2h å (Űd0/(N+1))ky[1] 2h  

ɺʥʝ ʦʩʠ 

Űdi[n]ʰ2 å (Űd0/(N+1))kyi[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 Űdi[N+1]ʰ2 å (Űd0/(N+1))kyi[N +1]ʰ2 å (Űd0/(N+1)) 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 Űdi[1] 2h å (Űd0/(N+1))kyi[1] 2h  

ʉʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚʜʦʣʴ            

ʦʩʠ x 

ɺʜʦʣʴ ʦʩʠ 

vx[n]ʰ2å vx0 ky[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 vx[N+1]ʰ2 å (vx0(N+1))ky[N +1]ʰ2 å (vx0(N+1)) 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 vx[1]ʰ1 å (vx0(N+1))ky[1]ʰ2  

ɺʥʝ ʦʩʠ 

vxi[n]ʰ2å (vx0(N+1))kyi[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 vxi[N +1]ʰ2 å (vx0(N+1))kyi[N+1]ʰ2 å (vx0(N+1)) 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 vxi[1] 2h å (vx0(N+1))kyi[1] 2h  
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 15 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɋǋy = 0

o 
,  ɋǋx[n] 2h Ò 90

o
 

ɺʨʝʤʝʥʥ§ʷ ʯʘʩʪʦʪʘ 

ɺʜʦʣʴ ʦʩʠ 

fd[n]ʰ2å (fd0(N+1))/ ky[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 fd[N+1]ʰ2 å  (fd0(N+1))/ ky[N +1]ʰ2 å (fd0(N+1)) 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 fd[1] 2h å  (fd0(N+1))/ ky[1] 2h  

ɺʥʝ ʦʩʠ 

fdi[n]ʰ2å (fd0(N+1))/ kyi[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 fdi[N +1]ʰ2 å  (fd0(N+1))/ kyi[N+1]ʰ1 å (fd0(N+1)) 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 fdi[1] 2h å ( fd0(N+1))/ kyi[1] 2h  

ʐʠʨʠʥʘ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ  

ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʢʪʘ 

ɺʜʦʣʴ ʦʩʠ 

ȹf[n]ʰ2å (ȹf0(N+1))/ ky[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 ȹf[N+1]ʰ2 å (ȹf0(N+1))/ ky[N+1]ʰ2 å (ȹf0(N+1)) 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 ȹf[1] 2h å (ȹf0(N+1))/ ky[1] 2h  

ɺʥʝ ʦʩʠ 

ȹf i[n] 2h å (ȹf0(N+1))/ kyi[n] 2h 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 ȹfi[N +1]ʰ2 å (ȹf0(N+1))/ kyi[N+1]ʰ2 å (ȹf0(N+1)) 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 ȹfi[1] 2h å (ȹf0(N+1))/ kyi[1] 2h  

ɺʨʝʤʷ ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ 

Tʢ[n]ʰ2å Tʢ0 [(1-OLx)/(N+1)]Ĭky[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 

Tʢ[N+1]ʰ2 å Tʢ0 [(1-OLx)/ (N+1)]Ĭ ky[N +1]ʰ2   

              å Tʢ0[(1-OLx)/ (N+1)] 
ɋǋx[n] 2h= ɋǋx[1]ʰ2 Tʢ[1] 2h å  Tʢ0 [(1-OLx)/(N+1)]Ĭky[1] 2h   

ʏʘʩʪʦʪʘ ʧʨʦʩʤʦʪʨʘ 

ʢʘʜʨʘ 

fʢ[n]ʰ2å1/Tʢ[n]ʰ2 åfʢ0 (N+1)/[(1-OLx) ky[n]ʰ2] 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 fʢ[N+1]ʰ2 å fʢ0 (N+1)/(1-OLx) 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 fʢ[1] 2h å fʢ0 (N+1)/[(1-OLx) ky[1] 2h] 

ɺʨʝʤʷ ʧʨʦʩʤʦʪʨʘ ʚʩʝʛʦ 

ʧʦʣʷ 2ɋʭh 2 

Tʢʰ2  å TʢAʰ2 / ɖh2 å Tʢ0 ky[1]ʰ2å Tʢ0/cosɋǋx[1]ʰ2,  

Ὕʢʰ Ὕʢ  ʰ В Ὧ ʰ , –h –h ρ, 

 –h ρ ὕὒВ Ὧ ʰ ὔ ρϳ Ὧ ʰ  

ʏʘʩʪʦʪʘ ʧʨʦʩʤʦʪʨʘ 

ʚʩʝʛʦ ʧʦʣʷ 2ɋʭh 2 
fk 2h  å  1/ Tk 2h 
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ʊʘʙʣʠʮʘ 16. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ 

ɹʆʕʉɼɿ ʩ ʜʚʫʤʷ ʦʧʪʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʧʦʰʘʛʦʚʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ  

 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ  

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ    
ɋǋy = 0

o 
,  ɋǋx[n] 2h Ò 90

o
 

ʂʦʵʬʬʠʮʠʝʥʪ,  

ʫʯʠʪʳʚʘʶʱʠʡ 

ʧʝʨʝʤʝʥʥʫʶ 

ʜʣʠʥʫ ʧʫʪʠ ʜʦ 

ʦʙʲʝʢʪʠʚʘ 

ɺʜʦʣʴ ʦʩʠ 

ka[n] 2hå t0
(ky[n] 2h- 1)

 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 ka[N+1]ʰ2å t0

(ky[N + 1]h 2- 1) 
å 1 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 ka[1] 2hå t0
(ky[1] 2h -  1) 

ɺʥʝ ʦʩʠ 

kaij[n]ʰ2å t0
(kyi[n]ʰ2 secqij- 1)

 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 kaij[N+1]ʰ2 å t0

(kyi[N+1]ʰ2 secqij- 1)  
å t0

(secqij-1)  
å kaij

 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 kaij[1] 2h å t0
(kyi[1] 2h secqij - 1)   

ʂʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ 

ʚʣʠʷʥʠʝ 

ʨʘʟʣʠʯʥʳʭ 

ʚʝʣʠʯʠʥ ʫʛʣʦʚ ɗij  

ʥʘ tFij  

ɺʜʦʣʴ ʦʩʠ Ὧ ρ. 

ɺʥʝ ʦʩʠ Ὧ  ρ τÁȾρ-Á  ÓÉÎpρ  ὲȾὲ ÓÉÎ— Ȣ  

ʗʨʢʦʩʪʴ ʵʣʝʤʝʥʪʘ 

ʩʮʝʥʳ 

ɺʜʦʣʴ ʦʩʠ 

L[n] 2h å L0 ka[n] 2h 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 L[N+1] 2hå L0ka[N+1] 2hå L0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 L[1] 2h å L0 ka[1] 2h  

ɺʥʝ ʦʩʠ 

Lij [n]ʰ2 å L0kDlijkaij[n]ʰ2    ,      kDlij å (kʩDlijLc0 + kʵʩDlij Lʵʩ0)/L0, 

ʛʜʝ                 kʩDlij å ÚDlijc1l
-5
(e 

c2 /lTʩ-1)
-1
 dl) / ÚDlc1l

-5
(e 

c2 /lTʩ-1)
-1
 dl, 

                     kʵʩDlij å ÚDlijc1l
-5
(e 

c2 /lTʵʩ-1)
-1
 dl) / ÚDlc1l

-5
(e 

c2 /lTʵʩ-1)
-1
 dl 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 Lij [N+1]ʰ2 å L0kDlijkaij[N+1]ʰ2 å L0kDlijkaijå Lij  

ɋǋx[n] 2h= ɋǋx[1]ʰ2 Lij [1] 2hå  L0kDlijkaij[1] 2h 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 16 

 

 

 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ  

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ    
ɋǋy = 0

o 
,  ɋǋx[n] 2h Ò 90

o
 

ʇʦʪʦʢ, 

ʧʨʠʭʦʜʷʱʠʡ ʥʘ 

ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ 

ɹʆʕʉɼɿ 

ɺʜʦʣʴ ʦʩʠ 

F[n] 2h å F0 ka[n] 2h 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 F[N+1] 2h å F0ka[N+1] 2h å F0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 F[1]ʰ2 å F0ka[1] 2h 

ɺʥʝ ʦʩʠ 

Fij [n]ʰ2 å F0 kDlijkaij[n]ʰ2 cos
4qij 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 Fij [N+1]ʰ2 å F0 kDlijkaij[N+1]ʰ2 cos

4qij å Fij 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 Fij [1] 2h å F0 kDlijkaij[1] 2h cos
4qij  

ʆʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ-ʰʫʤ  

ɺʜʦʣʴ ʦʩʠ 

SNR[n]ʰ2 å (SNR0/(N+1)
0,5

)(ky[n]ʰ2)
0.5 

ka[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 SNR[N+1] 2hå(SNR0/(N+1)

0,5
) 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 SNR[1] 2h å(SNR0/(N+1)
0,5

)(ky[1] 2h)
0.5  

ka[1] 2h 

ɺʥʝ ʦʩʠ 

SNRij [n]ʰ2 å (SNR0kFij kDlij /(N+1)
0,5

)(kyi[n]ʰ2)
0.5 

kaij[n]ʰ2 cos
5qij 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 

SNRij [N+1]ʰ2 å(SNR0kFijkDlij /(N+1)
0,5

)kaijcos
5qij 

                   åSNRij /(N +1)
0,5

 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 SNRij [1] 2h å ( SNR0 kFij  kDlij /(N+1)
0,5

)(kyi[1] 2h)
0.5

kaij[1] 2h cos
5qij

 

ʀʟʤʝʥʝʥʠʷ 

ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ 

ʚ ʜʠʘʧʘʟʦʥʝ Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ Dr 

ɺʜʦʣʴ ʦʩʠ 

DFr[n] 2hå DFr0 ka[n] 2h 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 DFr[N+1] 2h åDFr0 ka[N+1] 2h å DFr0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 DFr[1]ʰ2  å DFr0 ka[1] 2h 

ɺʥʝ ʦʩʠ 

DFrij [n]ʰ2 å DFr0 kʩDlijkaij[n]ʰ2 cos
4qij 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 DFrij [N+1]ʰ2 å DFr0 kʩDlijkaij[N+1]ʰ2 cos

4qij å DFrij  

ɋǋx[n] 2h= ɋǋx[1]ʰ2 DFrij [1] 2h å DFr0 kʩDlijkaij[1] 2h cos
4qij 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 16 

 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ  

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ    
ɋǋy = 0

o 
,  ɋǋx[n] 2h Ò 90

o
 

ʀʟʤʝʥʝʥʠʷ 

ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ 

ʚ ʜʠʘʧʘʟʦʥʝ Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ De 

ɺʜʦʣʴ ʦʩʠ 

DFe[n] 2h å DFe0 ka[n] 2h 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 DFe[N+1] 2h å DFe0 ka[N+1] 2hå DFe0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 DFe[1] 2h å DFe0 ka[1] 2h 

ɺʥʝ ʦʩʠ 

DFeij [n]ʰ2 å DFe0 kʩDlijkaij[n]ʰ2 cos
4qij 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 DFeij [N+1]ʰ2 å DFe0 kʩDlijkaij[N+1]ʰ2 cos

4qij å DFeij  
ɋǋx[n] 2h= ɋǋx[1]ʰ2 DFeij [1] 2h å DFe0 kʩDlijkaij[1] 2h cos

4qij 

ʀʟʤʝʥʝʥʠʷ 

ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ 

ʚ ʜʠʘʧʘʟʦʥʝ Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ DTʵʩ 

ɺʜʦʣʴ ʦʩʠ 

DFTʵʩ[n]ʰ2 å DFTʵʩ0ka[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 DFTʵʩ[N+1]ʰ2  å DFTʵʩ0 ka[N+1]ʰ2  å DFTʵʩ0 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 DFTʵʩ[1] 2h  å DFTʵʩ0 ka[1] 2h  

ɺʥʝ ʦʩʠ 

DFTʵʩij [n]ʰ2 å DFTʵʩ0 kTʵʩDlijkaij[n]ʰ2 cos
4qij 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 DFTʵʩij [N+1]ʰ2 å DFTʵʩ0 kTʵʩDlijkaij[N+1]ʰ2 cos

4qijå DFTʵʩij  

ɋǋx[n] 2h= ɋǋx[1]ʰ2 DFTʵʩij [1] 2h å DFTʵʩ0 kTʵʩDlijkaij[1] 2h  cos
4qij  

ʂʦʥʪʨʘʩʪʥʦʝ 

ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ ï ʰʫʤ, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ Dr 

ɺʜʦʣʴ ʦʩʠ 

CNRr[n]ʰ2å (CNRr0/(N+1)
0,5

)(ky[n]ʰ2)
0.5 

ka[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 CNRr[N+1] 2hå (CNRr0/(N+1)

0,5
) 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 CNRr[1] 2h å (CNRr0/(N+1)
0,5

) (ky[1] 2h)
0.5

ka[1] 2h
 

ɺʥʝ ʦʩʠ 

CNRrij [n]ʰ2 å (CNRr0kFij kʩDlij /(N+1)
0,5

) (kyi[n]ʰ2)
0.5 

kaij[n]ʰ2 cos
5qij 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 

CNRrij [N+1]ʰ2 å (CNRr0kFijkʩDlij /(N+1)
0,5

)kaijcos
5qij 

                     å CNRrij /(N+1)
0,5

 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 CNRrij [1] 2h å ( CNRr0 kFij kʩDlij /(N+1)
0,5

) (kyi[1] 2h)
0.5

kaij[1] 2hcos
5qij
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 16 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ  

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ    
ɋǋy = 0

o 
,  ɋǋx[n] 2h Ò 90

o
 

ʂʦʥʪʨʘʩʪʥʦʝ 

ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ ï ʰʫʤ, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ De 

ɺʜʦʣʴ ʦʩʠ 

CNRe[n]ʰ2 å (CNRe0/(N+1)
0,5

) (ky[n]ʰ2)
0.5  

ka[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 CNRe[N+1] 2hå (CNRe0/(N+1)

0,5
) 

ɋǋx[n] 2h= ɋǋx[1]ʰ2   CNRe[1] 2h å (CNRe0/(N+1)
0,5

) (ky[1] 2h)
0.5 

ka[1] 2h
 

ɺʥʝ ʦʩʠ 

CNReij [n]ʰ2 å (CNRe0kFij  kʩDlij /(N+1)
0,5

)(kyi[n]ʰ2)
0.5

kaij[n]ʰ2 cos
5qij 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 

CNReij [N + 1]h 2 å (CNRe0 kFij  kʩDlij /(N+1)
0,5

) kaijcos
5qij 

                      å CNReij/(N+1)
0,5

 

ɋǋx[n] 2h= ɋǋx[1]ʰ2   CNReij [1] 2h å ( CNRe0 kFijkʩDlij /(N+1)
0,5

) (kyi[1] 2h)
0.5 

kaij[1] 2h cos
5qij  

ʂʦʥʪʨʘʩʪʥʦʝ 

ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ ï ʰʫʤ, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ DTʵʩ 

ɺʜʦʣʴ ʦʩʠ 

CNRTʵʩ[n]ʰ2 å (CNRTʵʩ0/(N+1)
0,5

)(ky[n]ʰ2)
0.5 

ka[n]ʰ2 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 CNRTʵʩ[N+1]ʰ2 å (CNRTʵʩ0/(N+1)

0,5
) 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 CNRTʵʩ[1] 2h å (CNRTʵʩ0/(N+1)
0,5

)(ky[1] 2h)
0.5

ka[1] 2h
 

ɺʥʝ ʦʩʠ 

CNRTʵʩij [n]ʰ2 å (CNRTʵʩ0kFijkTʵʩDlij /(N+1)
0,5

) (kyi[n]ʰ2)
0.5 

kaij[n]ʰ2 cos
5qij 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 

CNRTʵʩij [N+1]ʰ2å(CNRTʵʩ0kFijkTʵʩDlij/(N+1)
0,5

)kaijcos
5qij

 

                         åCNRTʵʩij /(N+1)
0,5 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 CNRTʵʩij [1] 2hå(CNRTʵʩ0 kFij kTʵʩDlij /(N+1)
0,5

)(kyi[1] 2h)
0.5 

kaij[1] 2h cos
5qij  

ʕʢʚʠʚʘʣʝʥʪʥʘʷ 

ʰʫʤʫ ʨʘʟʥʦʩʪʴ 

ʦʪʨʘʞʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ 

ɺʜʦʣʴ ʦʩʠ 

NEDr[n]ʰ2 å NEDr0 (N+1)
0,5

 / [(ky[n]ʰ2)
0.5 

ka[n]ʰ2] 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 NEDr[N+1] 2h å NEDr0 (N+1)

0,5
 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 NEDr[1] 2h å  NEDr0 (N+1)
0,5

 / [(ky[1] 2h)
0.5 

ka[1] 2h] 

ɺʥʝ ʦʩʠ 

NEDrij [n]ʰ2 å (NEDr0/kFijkʩDlij)(N+1)
0,5

/ [(kyi[n]ʰ2)
0.5 

kaij[n]ʰ2 cos
5qij] 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 

NEDrij [N+1]ʰ2 å (NEDr0 /kFijkʩDlij)(N+1)
0,5

/[kaijcos
5qij] 

 

å NEDrij(N+1)
0,5

 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 
NEDrij [1] 2h å (NEDr0/ kFij kʩDlij)(N+1)

0,5
/[(kyi[1] 2h)

0.5 

kaij[1] 2hcos
5qij] 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 16 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ  

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ    
ɋǋy = 0

o 
,  ɋǋx[n] 2h Ò 90

o
 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ 

ʰʫʤʫ ʨʘʟʥʦʩʪʴ 

ʠʟʣʫʯʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ 

ɺʜʦʣʴ ʦʩʠ 

NEDe[n]ʰ2 å NEDe0 (N+1)
0,5

 / [(ky[n]ʰ2)
0.5 

ka[n]ʰ2] 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 NEDe[N+1] 2h å NEDe0(N+1)

0,5
 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 NEDe[1] 2h å  NEDe0 (N+1)
0,5

 / [(ky[1] 2h)
0.5 

ka[1] 2h] 

ɺʥʝ ʦʩʠ 

NEDeij [n]ʰ2 å (NEDe0/kFijkʩDlij) (N+1)
0,5

/ [(kyi[n]ʰ2)
0.5 

kaij[n]ʰ2 cos
5qij] 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 

NEDeij [N+1]ʰ2 å(NEDe0/ kFijkʩDlij)(N+1)
0,5

/ [kaijcos
5qij] 

 

å NEDeij (N+1)
0,5 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 
NEDeij [1] 2h å (NEDe0/ kFij kʩDlij)(N+1)

0,5
/[(kyi[1] 2h)

0.5 
kaij[1] 2h 

cos
5qij] 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ 

ʰʫʤʫ ʨʘʟʥʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨ 

ɺʜʦʣʴ ʦʩʠ 

NEDTʵʩ[n]ʰ2 å NEDTʵʩ0 (N+1)
0,5

/ [(ky[n]ʰ2)
0.5 

ka[n]ʰ2] 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 NEDTʵʩ[N+1]ʰ2 å NEDTʵʩ0 (N+1)

0,5
 

ɋǋx[n] 2h= ɋǋx[1]ʰ2 NEDTʵʩ[1] 2h å  NEDTʵʩ0 (N+1)
0,5

/ [(ky[1] 2h)
0.5 

ka[1] 2h] 

ɺʥʝ ʦʩʠ 

NEDTʵʩij [n]ʰ2 å (NEDTʵʩ0/kFijkTʵʩDlij)(N+1)
0,5

/ [(kyi[n]ʰ2)
0.5 

kaij[n]ʰ2 cos
5qij] 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 

NEDTʵʩij [N+1]ʰ2 å(NEDTʵʩ0/ kFijkTʵʩDlij)(N+1)
0,5

/ [kaijcos
5qij] 

 

                         å NEDTʵʩij (N+1)
0,5

 

ɋǋx[n] 2h= ɋǋx[1]ʰ2  NEDTʵʩij [1] 2hå(NEDTʵʩ0/ kFij kTʵʩDlij)(N+1)
0,5

/[(kyi[1] 2h)
0.5

kaij[1] 2hcos
5qij] 
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

 

1. ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʚʳʙʦʨʘ ʠ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʇʆʀ ɹʆʕʉɼɿ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ "ʚʥʝʰʥʠʭ" ʧʘʨʘʤʝʪʨʦʚ  ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʘʜʘʚʘʝʤʳʭ 

ʟʘʢʘʟʯʠʢʦʤ ʠ ʧʦʪʨʝʙʠʪʝʣʝʤ ʘʧʧʘʨʘʪʫʨʳ,  ʠ "ʚʥʫʪʨʝʥʥʠʭ" ʧʘʨʘʤʝʪʨʦʚ, 

ʚʳʙʠʨʘʝʤʳʭ ʠʣʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʠʤʝʶʱʝʡʩʷ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʦʡ ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʌʇʋ, 

ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʨʘʟʨʝʰʝʥʠʝ ʩʠʩʪʝʤ.  

2. ɽʩʣʠ ʥʝʚʦʟʤʦʞʥʦ  ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚʩʶ ʟʘʜʘʥʥʫʶ ʩʮʝʥʫ ʩ ʚʳʩʦʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʪʦ ʚʦʟʤʦʞʥʦ: 1) ʧʨʠʤʝʥʠʪʴ 

ʛʝʦʤʝʪʨʦʦʧʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ɹʆʕʉɼɿ ʩ ʜʚʫʤʷ ʠʣʠ ʙʦʣʝʝ ʦʧʪʠʯʝʩʢʠʤʠ 

ʢʘʥʘʣʘʤʠ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʚʠʟʠʨʥʳʝ ʦʩʠ ʥʘʢʣʦʥʝʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʘʜʠʨʫ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʣʦʩʢʦʩʪʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʣʦʝʚ ʄʌʇʋ 

ʥʘʢʣʦʥʝʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ; 2) ʧʨʠʤʝʥʠʪʴ 

ʛʝʦʤʝʪʨʦʦʧʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ɹʆʕʉɼɿ ʩ ʧʦʰʘʛʦʚʳʤ ʧʨʦʩʤʦʪʨʦʤ ʩ ʦʜʥʠʤ 

ʠʣʠ ʜʚʫʤʷ ʦʧʪʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ, ʢʦʛʜʘ ʵʪʘ ʟʦʥʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʯʘʩʪʠ, 

ʧʨʦʩʤʘʪʨʠʚʘʝʤʳʝ ʦʙʲʝʢʪʠʚʘʤʠ ʩ ʤʝʥʴʰʠʤʠ ʫʛʣʦʚʳʤʠ ʧʦʣʷʤʠ ʠ 

ʤʘʪʨʠʯʥʳʤʠ ʄʌʇʋ ʤʝʥʴʰʝʛʦ ʬʦʨʤʘʪʘ.  
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ɻʣʘʚʘ 3.   ʄɽʊʆɼʀʂɸ ʆʇʈɽɼɽʃɽʅʀʗ ʇʆɻʈɽʐʅʆʉʊɽʁ ʆʎɽʅʆʂ 

ʈɸɿʈɽʐɽʅʀʗ ɹʆʈʊʆɺʓʍ ʆʇʊʀʂʆ-ʕʃɽʂʊʈʆʅʅʓʍ ʉʀʉʊɽʄ                        

ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ɿʆʅɼʀʈʆɺɸʅʀʗ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ ʦʪ 

ʟʘʜʘʚʘʝʤʳʭ ʠ ʚʳʙʠʨʘʝʤʳʭ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʘʯʝʩʪʚʦ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʉʯʠʪʘʷ, ʯʪʦ ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʥʦʩʷʪ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʥʘʧʨʠʤʝʨ,  ʚ ʩʠʣʫ ʩʣʫʯʘʡʥʳʭ ʠʟʤʝʥʝʥʠʡ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ɹʆʕʉɼɿ ʠʣʠ ʝʝ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʧʨʠʤʝʤ ʛʠʧʦʪʝʟʫ ʦ ʤʘʣʳʭ ʚʝʣʠʯʠʥʘʭ ʵʪʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʙ ʠʭ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʢʣʦʥʝʥʠʷ ʢʦʪʦʨʳʭ ʦʪ 

ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʥʘ ʧʨʘʢʪʠʢʝ, ʧʨʠʤʝʤ ʚʳʩʦʪʫ H                

ʠ ʩʢʦʨʦʩʪʴ VY ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ, ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ                    

(ɋǋx , ɋǋy) ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ. ʌʦʨʤʫʣʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʦʪʢʣʦʥʝʥʠʷ 

ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ, ʚʳʥʝʩʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʝ ɸ.  

3.1  ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʦʪʢʣʦʥʝʥʠʡ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʆʕʉɼɿ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ɹʆʕʉɼɿ 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʜʣʷ ʦʮʝʥʢʠ 

ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʡʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʦʙʱʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʠʜʘ ʨʘʟʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠʨʘʱʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʧʦʣʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʨʘʚʥʳ 

ʩʨʝʜʥʠʤ ʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʚʝʣʠʯʠʥʘʤ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ  

ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. ʊʦʛʜʘ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʦʪʢʣʦʥʝʥʠʡ çʚʥʝʰʥʠʭè ʠ 
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çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʆʕʉɼɿ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ɹʆʕʉɼɿ ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ɹʆʕʉɼɿ (ʩʤ. ʨʠʩ. 5) ʩʨʝʜʥʠʝ 

ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʢʘʞʝʥʠʡ „  , „ , „¡, „¡, „ , 

„ ,„  ʠ „  ʧʨʠ ʩʣʫʯʘʡʥʦ ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʝʣʠʯʠʥʘʭ H, ɋǋx ʠ ɋǋy, ʙʫʜʫʪ ʨʘʚʥʳ 

„
 ¡

¡„¡    ,  „
¡

¡„¡    ,    „¡

¡

¡„¡     ,    „¡

¡

¡„¡ Ȣ 

„
¡

¡ „¡

¡

¡ „¡ .            

„
¡

¡ „¡

¡

¡ „¡ .                                                                                                                                              

„
¡

¡ „¡

¡

¡ „¡ .            

„
¡

¡ „¡

¡

¡ „¡.                                                             (76) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ „ ,„ ,„ ,„ , „  

, „ , „¡,„¡, „  ʠ „  ʧʦ ʦʩʷʤ x ʠ y ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ                   

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:  

„
¡
„      ,    „

¡
„  .                                      

„ Ὧ „  ὰ „  ,      „ Ὧ „  ὰ „ , 

„ Ὧ „  ὰ „ ,„ Ὧ „  ὰ „ , 

„¡ Ὧ¡„  ὰ „¡,      „¡ Ὧ¡„  ὰ „¡ ,  

„ Ὧ „  ὰ „ ,„ Ὧ „  ὰ „  .                                                     (77) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʣʦʱʘʜʠ ʧʨʦʝʢʮʠʠ ʧʠʢʩʝʣʦʚ ʄʌʇʋ ʥʘ ʩʮʝʥʫ    

„
̐

 ̐, „
̐

 ̐,„
̐

 ̐, „
̐̐
¡  ʠ„

̐̐
¡  ʙʫʜʫʪ ʨʘʚʥʳ  

„
̐̐
 ὰ  „  ὰ „   ,„

̐̐
ὯὯ „

̐̐
ὃ̐ Ὧ̐ „ ὃ̐ Ὧ̐  „ , 
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„
̐̐

ὯὯ „
̐̐

ὃ̐ Ὧ̐ „ ὃ̐ Ὧ̐  „ ,  

„
̐̐
¡ Ὧ¡Ὧ¡ „

̐̐
ὃ̐ Ὧ̐¡ „¡ ὃ̐ Ὧ̐¡ „¡,                            

„
̐̐
¡ Ὧ Ὧ „

̐̐
ὃ̐ Ὧ̐ „ ὃ̐ Ὧ̐  „ .                                                      (78) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʪʝʣʝʩʥʳʭ ʫʛʣʦʚ „W  , „W , „W̃  ̂ , „W̃ ̂
 ,„
W̃ ̐
¡  ʠ 

„
W̃ ̐
¡ ʥʘ ʩʮʝʥʫ, ʨʘʚʥʳ 

„W  „       ,    „W ÃÏÓ— „W  , „W̃  ̂ „W
W

„ , 

„W̃ ̂
„W

W
„ ,„

W̃ ̐
¡ ¡ „W

W

¡
„¡  ,  

„
W̃ ̐
¡ „W

W
„q

W
„  .                                       (79) 

ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʟʤʝʨʘ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ „  , „ , „¡, ʧʦ ʦʩʠ x ʠ  

ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʟʤʝʨʘ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ „  , „ , „¡ ʧʦ ʦʩʠ y, ʙʫʜʫʪ ʨʘʚʥʳ 

„   ὔ„    ,  „  Ὧ „  ὒ „     ,„¡ Ὧ¡„  ὒ „¡ , 

„   ὔ„    ,„  Ὧ „  ὒ „    ,„¡ Ὧ¡„  ὒ „¡ .                            (80) 

ʇʦʛʨʝʰʥʦʩʪʴ ʧʣʦʱʘʜʠ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ (ʢʘʜʨʘ) „
̋

, „  ̋ʠ „
̋
¡ʨʘʚʥʳ  

„
̋
  ὔὔ„

̐
 ̐   ,„

̋
 ὯὯ „

̋
 ὃ̋ Ὧ „  ὃ̋ Ὧ „ , 

„
̋
¡  Ὧ¡Ὧ¡ „

̋
 ὃ̋ Ὧ¡ „¡  ὃ̋ Ὧ¡ „¡ .                                                                  (81) 

ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ, ʧʨʠ                                   

ʦʪʢʣʦʥʝʥʠʷʭ ʚʳʩʦʪʳ ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʠ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ 

ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ  ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 17. ʇʦʜʩʪʨʦʯʥʳʝ ʠʥʜʝʢʩʳ ç0è ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʫʯʘʶ 

ʥʘʙʣʶʜʝʥʠʷ ʚ ʥʘʜʠʨ. 
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ʊʘʙʣʠʮʘ 17. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ  

ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ ʚʳʩʦʪʳ ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʠ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ 
ʇʨʠ ɋǋx = ɋǋy = 0

o   
ʠ 

ʦʪʢʣʦʥʝʥʠʠ ʚʝʣʠʯʠʥʳ H
 

ʇʨʠ ɋǋy= 0
o  
ʠ  

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H,  ɋǋx
 

ʇʨʠ ɋǋx = 0
o  
ʠ  

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H,  ɋǋy 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʠʩʢʘʞʝʥʠʡ
 

ʚʜʦʣʴ ʦʩʠ 
„ ḙ„¡ḙ π 

„ „¡ḙ π 

„
 ¡

¡„¡; 

„
¡

¡„¡ . 

„¡

¡

¡„¡; 

„¡

¡

¡„¡; 

ʚʥʝ ʦʩʠ 
„ ḙ„ ḙπ 

„ ḙ„ ḙ π „
ÓÉÎɱ¡ — ÃÏÓ—

ÃÏÓɱ¡ —
„¡ 

„
¡

¡ „¡;  

„
ςÓÉÎɱ¡ — ÃÏÓ—

ÃÏÓɱ¡ —
„¡ 

„
¡

¡ „¡; 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʦʩʠ x 

ʚʜʦʣʴ ʦʩʠ 
„

Ὠ

Ὢ¡
„  

„ Ὧ „  ὰ „
ȟ

 „¡ Ὧ¡„  ὰ „¡
ȟ

 

ʚʥʝ ʦʩʠ „ Ὧ „  ὰ „
ȟ

 „ Ὧ „  ὰ „
ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʦʩʠ y 

ʚʜʦʣʴ ʦʩʠ 
„

Ὠ

Ὢ¡
„  

„ Ὧ „  ὰ „
ȟ

 „¡ Ὧ¡„  ὰ „¡
ȟ

 

ʚʥʝ ʦʩʠ „ Ὧ „  ὰ „
ȟ

 „ Ὧ „  ὰ „
ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ ʧʣʦʱʘʜʠ    

ʧʨʦʝʢʮʠʠ ʧʠʢʩʝʣʦʚ  

ʄʌʇʋ ʥʘ ʩʮʝʥʫ 

ʚʜʦʣʴ ʦʩʠ 

„
̐̐

ὰ  „  ὰ „
ȟ

 

 

„
̐̐

ὯὯ „
̐

 ̐

ὃ̐ Ὧ̐ „  

ὃ̐ Ὧ̐  „
ȟ

 

„
̐̐
¡ Ὧ¡Ὧ¡ „

̐
 ̐

ὃ̐ Ὧ̐¡ „¡ 

 ὃ̐ Ὧ̐¡ „¡

ȟ

 

ʚʥʝ ʦʩʠ 

„
̐̐

Ὧ Ὧ „
̐

 ̐

ὃ̐ Ὧ̐ „  

ὃ̐ Ὧ̐  „
ȟ

 

„
̐̐
¡ Ὧ Ὧ „

̐
 ̐

ὃ̐ Ὧ̐ „  

ὃ̐ Ὧ̐  „
ȟ
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 17 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ 
ʇʨʠ ɋǋx = ɋǋy = 0

o  
ʠ 

ʦʪʢʣʦʥʝʥʠʠ ʚʝʣʠʯʠʥʳ H
 

ʇʨʠ ɋǋy= 0
o  
ʠ  

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H,  ɋǋx
 

ʇʨʠ ɋǋx = 0
o  
ʠ  

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H,  ɋǋy 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʪʝʣʝʩʥʳʭ ʫʛʣʦʚ,  

ʩʪʷʛʠʚʘʝʤʳʭ 

ʨʘʟʣʠʯʥʳʤʠ 

ʧʠʢʩʝʣʘʤʠ ʩʮʝʥʳ ʠ  

ʧʨʠʚʝʜʝʥʥʳʭ ʢʦ 

ʚʭʦʜʥʦʤʫ ʟʨʘʯʢʫ 

ʦʙʲʝʢʪʠʚʘ 

ʚʜʦʣʴ 

ʦʩʠ 
„W πȢυ“ὈὌ „  „W̃ ̂

Ὧ „W WὯ „
Ȣ

 „
W̃ ̐
¡ Ὧ¡ „W WὯ¡ „¡

Ȣ

 

ʚʥʝ ʦʩʠ „W ÃÏÓ— „W  
 „W̃ ̂

ÃÏÓ—Ὧ „W  

               W ÃÏÓ—Ὧ „
ȟ

 

„
W̃ ̐
¡ ÃÏÓ—Ὧ „W  

 

           W ÃÏÓ—Ὧ „
ȟ

 

 

ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʟʤʝʨʘ ʟʦʥʳ 

ʧʨʦʩʤʦʪʨʘ ʧʦ ʦʩʠ  x 
„ ὔ„  „ Ὧ „  ὒ „

ȟ

  „¡ Ὧ¡„  ὒ „¡

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʟʤʝʨʘ ʟʦʥʳ 

ʧʨʦʩʤʦʪʨʘ ʧʦ ʦʩʠ  y 
„   ὔ„  „ Ὧ „  ὒ „

ȟ

 „¡ Ὧ¡„  ὒ „¡

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ ʧʣʦʱʘʜʠ 

ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ (ʢʘʜʨʘ) 
„
̋
  ὔὔ„

̐
 ̐ „

̋
Ὧ Ὧ „

̋
 ὃ̋ Ὧ „  

 

               ὃ̋ Ὧ „
ȟ

 

„
̋
¡ Ὧ¡Ὧ¡ „

̋
 ὃ̋ Ὧ¡ „¡ 

 

               ὃ̋ Ὧ¡ „¡

ȟ
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3.2 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʦʪʢʣʦʥʝʥʠʡ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʆʕʉɼɿ ʥʘ ʚʨʝʤʝʥʥ·ʝ ʨʘʟʨʝʰʝʥʠʝ ɹʆʕʉɼɿ 

ɺʳʰʝ, ʚ ʥʘʯʘʣʝ ʨʘʟʜʝʣʘ 3.1, ʛʦʚʦʨʠʣʦʩʴ ʦ ʧʨʠʥʷʪʠʠ ʛʠʧʦʪʝʟʳ ʦ ʤʘʣʳʭ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥʘʭ ʦʪʢʣʦʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ  ʚʨʝʤʝʥʥ·ʛʦ ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ. ʊʦ ʞʝ ʩʘʤʦʝ 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʧʨʠ ʦʮʝʥʢʝ ʚʣʠʷʥʠ ̫ ʦʪʢʣʦʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʦʪ 

ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʝʝ ʚʨʝʤʝʥʥ·ʝ ʨʘʟʨʝʰʝʥʠʝ. 

ʊʦʛʜʘ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʦʪʢʣʦʥʝʥʠʡ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʆʕʉɼɿ ʥʘ ʚʨʝʤʝʥʥ·ʝ ʨʘʟʨʝʰʝʥʠʝ ɹʆʕʉɼɿ ʤʦʞʥʦ 

ʧʨʠʥʷʪʴ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ɹʆʕʉɼɿ (ʩʤ. ʨʠʩ.5) ʧʦʛʨʝʰʥʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʦʩʠ y ʥʘ ʵʣʝʤʝʥʪʝ ʩʮʝʥʳ „ , „ , „ , „¡ ʠ „                                  

ʧʨʠ ʥʝʦʧʨʝʜʝʣʸʥʥʳʭ ʚʝʣʠʯʠʥʘʭ H, ɋǋx, ɋǋy ʠ Vy ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

„ „ „ ,  „ Ὧ„ Ὕ „ , „ Ὧ „ Ὕ „  ,  

„¡ Ὧ¡„ Ὕ „¡,      „ Ὧ „ Ὕ „  .                                                             (82) 

ʇʦʛʨʝʰʥʦʩʪʠ ʯʘʩʪʦʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʪʨʦʢ ʚʜʦʣʴ ʦʩʠ ʫ„ ,„  , „ , „¡ ʠ 

„   ʨʘʚʥʳ  

„ Ὕ „   ,      „ Ὧ „  „  ,     „ Ὧ „  „  ,  

„¡ Ὧ¡ „  
¡

„¡,„ Ὧ „  „ .                                                 (83) 

ʇʦʛʨʝʰʥʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʦʩʠ x ʥʘ ʵʣʝʤʝʥʪʝ ʩʮʝʥʳ 

„ ,„  , „  , „¡ , „  , „¡ ʠ „  ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

„ „ ὔϳ ,     „ Ὧ„  † „ , „ Ὧ „  † „ , 

„¡ Ὧ¡„  † „¡, „ Ὧ „  † „  .                                                                (84) 
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ʇʦʛʨʝʰʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚʜʦʣʴ ʦʩʠ x„ , „  , 

„ ,      „¡ ʠ „   ʨʘʚʥʳ  

„ † „ „  ,     „ Ὧ„  ὺ „  ,„ Ὧ „  ὺ „   ,  

„¡ Ὧ¡ „  
¡

„¡,     „ Ὧ „  „ .    (85) 

ʇʦʛʨʝʰʥʦʩʪʠ ʚʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʳ „ , „  , „ ,„¡ ʠ „  ʨʘʚʥʳ  

„ „ †ϳ , „ Ὧ „  „ , „ Ὧ „  „ ,  

„¡ Ὧ¡ „  
¡

„¡  ,    „ Ὧ „  „  .                                         (86) 

ʇʦʛʨʝʰʥʦʩʪʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʢʪʘ „Ў , „Ў , 

„Ў ,  „Ў¡ ʠ „Ў  ʙʫʜʫʪ ʨʘʚʥʳ  

„Ў „ ὯЎ †ϳ , „Ў Ὧ „Ў  
Ў

„  ,„Ў Ὧ „Ў  
Ў

„ ,  

„Ў¡ Ὧ¡ „Ў  
Ў

¡
„¡, „Ў Ὧ „Ў  

Ў
„   .                                            (87) 

ʇʦʛʨʝʰʥʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ „ , „  ʠ „¡  ʨʘʚʥʳ  

„ „ „ „   ,                

„ Ὧ„  Ὕ „ ,    „¡ Ὧ¡„  Ὕ „¡.                                                                 (88) 

ʇʦʛʨʝʰʥʦʩʪʠ ʯʘʩʪʦʪʳ ʧʨʦʩʤʦʪʨʘ  ʢʘʜʨʘ „ , „  ʠ „
 
¡  ʨʘʚʥʳ  

„ „ Ὕϳ ,  „ Ὧ „  „ ,„¡ Ὧ¡ „  
¡

„¡ .                 (89) 

ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʚʨʝʤʝʥʥ·ʤʫ ʨʘʟʨʝʰʝʥʠʶ ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʳʩʦʪʳ ʠ ʩʢʦʨʦʩʪʠ 

ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 18. 

ʇʦʜʩʪʨʦʯʥʳʝ ʠʥʜʝʢʩʳ ç0è ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʫʯʘʶ ʥʘʙʣʶʜʝʥʠʷ ʚ ʥʘʜʠʨ.
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ʊʘʙʣʠʮʘ 18. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ                        

ʢ ʚʨʝʤʝʥʥ·ʤʫ ʨʘʟʨʝʰʝʥʠʶ ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʳʩʦʪʳ ʠ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʠ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ 

ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ 
ʇʨʠ ɋǋx = ɋǋy = 0

o 
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy
 

ʇʨʠ ɋǋy = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʨʠ ɋǋx = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋy 

ʇʦʛʨʝʰʥʦʩʪʴ    

ʚʨʝʤʝʥʠ 

ʧʨʝʙʳʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ 

ʦʩʠ y ʥʘ ʵʣʝʤʝʥʪʝ 

ʩʮʝʥʳ 

 ɺʜʦʣʴ ʦʩʠ 

„ ὠ „
ὰ

ὠ
„

ȟ

 

„ Ὧ„ Ὕ „
ȟ

 „¡ Ὧ¡„ Ὕ „¡

ȟ

 

ɺʥʝ ʦʩʠ „ Ὧ „ Ὕ „
ȟ

 „ Ὧ „ Ὕ „
ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʯʘʩʪʦʪʳ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʩʪʨʦʢ ʚʜʦʣʴ ʦʩʠ ʫ  

ɺʜʦʣʴ ʦʩʠ 

„ Ὕ „  

„ Ὧ „  
Ὢ

Ὧ
„

ȟ

 „¡ Ὧ¡ „  
Ὢ

Ὧ¡
„¡

ȟ

 

ɺʥʝ ʦʩʠ „ Ὧ „  
Ὢ

Ὧ
„

ȟ

 „ Ὧ „  
Ὢ

Ὧ
„

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʚʨʝʤʝʥʠ 

ʧʨʝʙʳʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ 

ʦʩʠ x ʥʘ ʵʣʝʤʝʥʪʝ 

ʩʮʝʥʳ 

ɺʜʦʣʴ ʦʩʠ 

„ „ ὔϳ  

„ Ὧ„  † „
ȟ

 „¡ Ὧ¡„  † „¡

ȟ

 

ɺʥʝ ʦʩʠ „ Ὧ „  † „
ȟ

 „ Ὧ „  † „
ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʩʢʦʨʦʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ 

ʚʜʦʣʴ ʦʩʠ x 

ɺʜʦʣʴ ʦʩʠ 

„ † „
ὰ

†
„

ȟ

 

„ Ὧ„  ὺ „
ȟ

 „¡ Ὧ¡ „  
ὺ

Ὧ¡
„¡

ȟ

 

ɺʥʝ ʦʩʠ „ Ὧ „  ὺ „
ȟ

 „ Ὧ „  
ὺ

Ὧ
„

ȟ

 



111 

 

 

 

ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 18 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ 
ʇʨʠ ɋǋx = ɋǋy = 0

o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy
 

ʇʨʠ ɋǋy = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʨʠ ɋǋx = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋy 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʚʨʝʤʝʥʥʦʡ 

ʯʘʩʪʦʪʳ   

ʚʜʦʣʴ ʦʩʠ 

„ „ †ϳ  

„ Ὧ „  
Ὢ

Ὧ
„

ȟ

 „¡ Ὧ¡ „  
Ὢ

Ὧ¡
„¡

ȟ

 

ʚʥʝ ʦʩʠ „ Ὧ „  
Ὢ

Ὧ
„

ȟ

 „ Ὧ „  
Ὢ

Ὧ
„

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ     

ʰʠʨʠʥʳ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʪʨʘʢʪʘ 

ʚʜʦʣʴ ʦʩʠ 

„Ў „ ὯЎ †ϳ  

„Ў Ὧ „Ў  
ЎὪ

Ὧ
„

ȟ

 „Ў¡ Ὧ¡ „Ў  
ЎὪ

Ὧ¡
„¡

ȟ

 

ʚʥʝ ʦʩʠ „Ў Ὧ „Ў  
ЎὪ

Ὧ
„

ȟ

 „Ў Ὧ „Ў  
ЎὪ

Ὧ
„

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ ʚʨʝʤʝʥʠ 

ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ 

„
ὔὝ

–
„  

              „  

              „

ȟ

 

       „ Ὧ„  Ὕ „
ȟ

 

 
„¡ Ὧ¡„  Ὕ „¡

ȟ
 

ʇʦʛʨʝʰʥʦʩʪʴ ʯʘʩʪʦʪ r

ʧʨʦʩʤʦʪʨʘ  ʢʘʜʨʘ   
„ „ Ὕϳ  „ Ὧ „  

Ὢ

Ὧ
„

ȟ

 „¡ Ὧ¡ „  
Ὢ

Ὧ¡
„¡

ȟ
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3.3 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʦʪʢʣʦʥʝʥʠʡ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʆʕʉɼɿ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ɹʆʕʉɼɿ 

ɺʳʰʝ, ʚ ʥʘʯʘʣʝ ʨʘʟʜʝʣʦʚ 3.1 ʠ 3.2, ʛʦʚʦʨʠʣʦʩʴ ʦ ʧʨʠʥʷʪʠʠ ʛʠʧʦʪʝʟʳ ʦ ʤʘʣʳʭ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥʘʭ ʦʪʢʣʦʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ. ʊʦ ʞʝ 

ʩʘʤʦʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʧʨʠ ʦʮʝʥʢʝ ʚʣʠʷʥʠʡ ʦʪʢʣʦʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʦʪ 

ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ. 

ʊʦʛʜʘ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʦʪʢʣʦʥʝʥʠʡ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʆʕʉɼɿ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ɹʆʕʉɼɿ 

ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ɹʆʕʉɼɿ (ʩʤ. ʨʠʩ. 5 ʠ 7), ʧʦʛʨʝʰʥʦʩʪʠ  

ʢʦʵʬʬʠʮʠʝʥʪʦʚ „  , „ , „ , „¡ ʠ „¡ , ʧʨʠ ʥʝʦʧʨʝʜʝʣʸʥʥʳʭ ʚʝʣʠʯʠʥʘʭ                    

H, ɋǋx, ɋǋy ʠ Vy, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

„ ÃÏÓ— ρ „ ,      „ ὌὩ ἭὀἼ„  ,                                                             

„ Ὧ „ ἴἷἯ „ , 

„ ρ „
ἴἷἯ

„

ȟ

, 

„¡ Ὧ¡
¡

„
¡ ἴἷἯ „¡ ,                                                            

„¡ „
ἴἷἯ

„

ȟ

.                                       (90)   

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʷʨʢʦʩʪʝʡ  ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ „ , „ , „, „ , „               

ʠ „  ʙʫʜʫʪ ʨʘʚʥʳ  

„
ἺἫ

Ἲ̈Ἣ
†ÃÏÓsἫ᷿

Ἣ

ἭἫϳἢ̒
Ὠ‗ ᷿

Ἣ

ἭἫϳἢ̞ ̒
Ὠ‗„ , 

„ ὯЎ  Ὧ „ ὯЎ ὒ „ ,  „ Ὧ „ ὒ „  ,    
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„ ὯЎ Ὧ „ ὯЎ ὒ „     ,  „ Ὧ „ ὒ „   ,   

„ ὯЎ Ὧ „ ὯЎ ὒ „  .                                                                        (91) 

ʇʦʛʨʝʰʥʦʩʪʠ ʚʝʣʠʯʠʥ ʧʦʪʦʢʦʚ „F , „F , „F, „F , „F  ʠ  „F   ʙʫʜʫʪ ʨʘʚʥʳ 

„F ɱὒ „
̐̐

ὃ̐ ὒ̐ „ ὃ̐ ɱ̐ „     ,              

„F ὯЎ Ὧ ÃÏÓ— „F ὯЎ F ÃÏÓ— „    ,           

„F Ὧ „F F „ ,  „F ὯЎ Ὧ ÃÏÓ— „F ὯЎ F ÃÏÓ— „ ,              

„F Ὧ „F F „ ,„F ὯЎ Ὧ ÃÏÓ— „F ὯЎ F ÃÏÓ— „ .     (92) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʪʥʦʰʝʥʠʡ ʩʠʛʥʘʣ-ʰʫʤ „ , „ , „ , „ , 

„  ʠ  „  ʙʫʜʫʪ ʨʘʚʥʳ 

„
Fz ̐

̐
ȟ „

ᶻ

̐
„F , 

„ Ὧ ὯЎ Ὧ ÃÏÓ— „ Ὧ ὯЎ ὛὔὙÃÏÓ— „    ,        

„ ὯȢὯ „ Ȣ „ ὛὔὙ Ὧ
Ȣ „   ,         

„ Ὧ ὯЎ Ὧ
ȢὯ ÃÏÓ— „ πȟυ Ὧ ὯЎ ὛὔὙὯ Ὧ ȟÃÏÓ— „  

Ὧ ὯЎ ὛὔὙὯ
ȢÃÏÓ— „

ȟ

, 

„ Ὧ ȢὯ „ Ȣ „ ὛὔὙ Ὧ
Ȣ „   ,           

„ Ὧ ὯЎ Ὧ
ȢὯ ÃÏÓ— „ πȟυ Ὧ ὯЎ ὛὔὙὯ Ὧ ȟÃÏÓ— „  

                         Ὧ ὯЎ ὛὔὙὯ
ȢÃÏÓ— „

ȟ

.                                                         (93) 
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ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʡ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ                          

„Ў ̞
 ̒,„Ў ̞

 ̒,„Ў ̞
 ̒,„Ў ̞̒

, „Ў ̞
 ̒ʠ „Ў ̞̒

 ʙʫʜʫʪ ʨʘʚʥʳ 

 „Ў ̞̒

Ў ̞̒ „
Ў ̞̒

̐̐
„
̐̐

Ў ̞̒ „  

ʛʜʝ     
Ў ̞̒

Ў

ʵʩ ὃʧʧɱ
ϳ

ʵʩ
᷿

Ἣ

ἭἫϳἢ̞ ̒
Ὠ‗ , 

Ў ̞̒

̐̐ Ў
† ʵʩ ɱ

ϳ

ʵʩ
᷿

Ἣ

ἭἫϳἢ̞ ̒
Ὠ‗,  

Ў ̞̒

Ў
† ʵʩ ὃʧʧ

ϳ

ʵʩ
᷿

Ἣ

ἭἫϳἢ̞ ̒
Ὠ‗,  

„Ў ̞̒
Ὧ̞Ў̒ Ὧ ÃÏÓ— „Ў ̞̒

Ўɮ ̞ Ὧ̞̒Ў̒ ÃÏÓ— „ , 

„Ў ̞
 ̒ Ὧ „Ў ̞̒

Ўɮ ̞̒ „  ,  

„Ў ̞̒
Ὧ̞Ў̒ Ὧ ÃÏÓ— „Ў ̞̒

Ўɮ ̞ Ὧ̞̒Ў̒ ÃÏÓ— „  

„Ў ̞
 ̒ Ὧ „Ў ̞̒

Ўɮ ̞̒ „  ,  

„Ў ̞̒
Ὧ̞Ў̒ Ὧ ÃÏÓ— „Ў ̞̒

Ўɮ ̞ Ὧ̞̒Ў̒ ÃÏÓ— „   .                       (94) 

ɺʝʣʠʯʠʥ r ʧʦʛʨʝʰʥʦʩʪʝʡ ʢʦʥʪʨʘʩʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ                  

„
̞

,̒ „
̞

,̒ „
̞

,̒ „
̞̒

, „
̞

 ̒ʠ „
̞̒

 ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

„
̞̒

ᶻF ̞̒ ̐

̐
ȟ „

ᶻ

̐
„F ̞

 ̒ , 

„
̞̒

Ὧ Ὧ̞Ў̒ Ὧ ÃÏÓ— „
̞̒

ὅὔὙ̞ Ὧ̒ Ὧ̞Ў̒ ÃÏÓ— „    , 

„
̞̒

ὯȢὯ „
̞̒

̞̒
Ȣ „ ὅὔὙ̞ Ὧ̒Ȣ „    ,   

„
̞̒

Ὧ Ὧ̞Ў̒ Ὧ
ȢὯ ÃÏÓ— „

̞
 ̒

πȟυ ὅὔὙ̞  ̒Ὧ Ὧ̞Ў̒ Ὧ
ȟὯ ÃÏÓ— „  

                                         ὅὔὙ̞ Ὧ̒ Ὧ̞Ў̒ Ὧ
ȢÃÏÓ— „

Ȣ

, 
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„
̞̒

Ὧ ȢὯ „
̞̒

̞̒
Ȣ „ ὅὔὙ̞ Ὧ̒ Ȣ „ ,  

 „
̞̒

Ὧ Ὧ̞Ў̒ Ὧ
ȢὯ ÃÏÓ— „

̞
 ̒

                     πȟυ Ὧ ȟὅὔὙ̞ Ὧ̒ Ὧ̞Ў̒ Ὧ ÃÏÓ— „  

                     ὅὔὙ̞ Ὧ̒ Ὧ̞Ў̒ Ὧ
ȢÃÏÓ— „   .                                                               (95) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʰʫʤʫ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ    

„ D̞
,̒ „ D̞

,̒ „ D̞
,̒ „ D̞̒

, „ D ̞
 ̒ʠ „ D ̞

 ̒ ʙʫʜʫʪ ʨʘʚʥʳ 

„ D̞̒
 DὝ̞ὅ̒ὔὙ̞ „̒

̞
 ̒, 

„ D̞̒
Ὧ Ὧ̞Ў̒ Ὧ ÃÏÓ— „ D̞̒

ὔὉDὝ̞̒Ὧ Ὧ̞Ў̒ Ὧ ÃÏÓ— „  

 „ D̞̒
ὯȟὯ „ D̞̒

D̞̒

 ȟ „
D̞̒
ȟ „  

 „ D̞̒
Ὧ Ὧ̞Ў̒ Ὧ

ȟὯ ÃÏÓ— „ D̞̒

D̞̒ ̞Ў̒

 ȟ „  

                       
D̞̒ ̞Ў̒

ȟ „

ȟ

,  

„ D̞̒
Ὧ ȟὯ „ D̞̒

πȟυὯ ȟὯ ὔὉDὝ̞̒ „ Ὧ ȟὯ ὔὉDὝ̞̒ „  

„ D̞̒
Ὧ Ὧ̞Ў̒ Ὧ

ȟὯ ÃÏÓ— „ D̞̒

ὔὉDὝ̞̒Ὧ Ὧ̞Ў̒

ς ὯȟὯ ÃÏÓ—
„  

                             ὔὉDὝ̞̒Ὧ Ὧ̞Ў̒ Ὧ ȟὯ ÃÏÓ— „

ȟ

.                              (96) 

ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʳʩʦʪʳ ʠ 

ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ       

ʪʘʙʣʠʮʝ 19. ʇʦʜʩʪʨʦʯʥʳʝ ʠʥʜʝʢʩʳ ç0è ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʫʯʘʶ ʥʘʙʣʶʜʝʥʠʷ ʚ ʥʘʜʠʨ. 
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ʊʘʙʣʠʮʘ 19. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ                        

ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʳʩʦʪʳ ʠ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʠ  ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  

ʦʰʠʙʦʢ 

ʇʨʠ ɋǋx = ɋǋy = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy
 

ʇʨʠ ɋǋy = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʨʠ ɋǋx = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋy 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ,  

ʫʯʠʪʳʚʘʶʱʝʛʦ 

ʧʝʨʝʤʝʥʥʫʶ 

ʜʣʠʥʫ ʧʫʪʠ ʜʦ 

ʦʙʲʝʢʪʠʚʘ 

 ʚʜʦʣʴ 

ʦʩʠ 
„
ʘ
ḙ„¡ḙπ 

„ Ὧ ρ†  „  

†  ÌÏÇ† „
ȟ

 

„¡ Ὧ¡ ρ
¡ „  

¡ ἴἷἯ „¡

ȟ

 

 ʚʥʝ ʦʩʠ 

„ ὌὩ ἭὀἼ „ἒ 

„ ρ†
 
„ ,  

 

„
Ὧ

ÃÏÓ—
ρ† „  

ÌÏÇ†

ÃÏÓ—
† „

ȟ

 

„¡

Ὧ

ÃÏÓ—
ρ „  

ἴἷἯ

ÃÏÓ—
„

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʷʨʢʦʩʪʠ  

ʵʣʝʤʝʥʪʘ 

ʩʮʝʥʳ 

ʚʜʦʣʴ 

ʦʩʠ 

„
”

“

ἺἫ
Ἲ̈Ἣ

†ÃÏÓsἫ 

Ἣ ἭἫϳἢ̒ Ὠ‗ 

‐

“
Ἣ ἭἫϳἢ̞ ̒ Ὠ‗„  

„ Ὧ „ ὒ „  „ Ὧ „ ὒ „  

ʚʥʝ ʦʩʠ 
„ ὯЎ Ὧ „  

ὒὯЎ „
ȟ

 

„ ὯЎ Ὧ „  

ὒὯЎ „
ȟ

 

„ ὯЎ Ὧ „  

ὒὯЎ „
ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʦʪʦʢʘ, 

ʧʨʠʭʦʜʷʱʝʛʦ 

ʥʘ ʚʭʦʜʥʦʡ 

ʟʨʘʯʦʢ 

ɹʆʕʉɼɿ  

ʚʜʦʣʴ 

ʦʩʠ 

„F ɱὒ „
̐

 ̐

ὃ̐ ὒ̐ „  

ὃ̐ ɱ̐ „
ȟ

 

„F Ὧ „F F „  „F Ὧ „F F „  

ʚʥʝ ʦʩʠ 
„F ὯЎ Ὧ ÃÏÓ— „F  

F ὯЎ ÃÏÓ— „
ȟ

 

„F ὯЎ Ὧ ÃÏÓ— „F  

F ὯЎ ÃÏÓ— „
ȟ

 

„F ὯЎ Ὧ ÃÏÓ— „F  

F ὯЎ ÃÏÓ— „
ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ-ʰʫʤ 

ʚʜʦʣʴ 

ʦʩʠ 

„
† † ὈzF ὃ̐

ςὃ̐ɝὪ ȟ „  

† † Ὀz

ὃ̐ɝὪ
„F

ȟ

 

„ ὯȢὯ „  

πȟυ Ὧ ȟὛὔὙὯ „  

ὛὔὙ Ὧ
Ȣ „

ȟ
 

„ Ὧ
Ȣ
Ὧ „  

πȟυ Ὧ
ȟ
ὛὔὙὯ „  

ὛὔὙ Ὧ
Ȣ
„

ȟ
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ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  

ʦʰʠʙʦʢ 

ʇʨʠ ɋǋx = ɋǋy = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy
 

ʇʨʠ ɋǋy = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʨʠ ɋǋx = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋy 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ-ʰʫʤ 
ʚʥʝ 

ʦʩʠ 

„ Ὧ ὯЎ Ὧ ÃÏÓ— „  

ὛὔὙὯ ὯЎ ÃÏÓ— „
ȟ

 

„ Ὧ ὯЎ Ὧ
ȢὯ ÃÏÓ— „  

πȟυ Ὧ ȟὛὔὙὯ ὯЎ Ὧ ÃÏÓ— „  

ὛὔὙὯ ὯЎ Ὧ
ȢÃÏÓ— „

ȟ

 

„ Ὧ ὯЎ Ὧ
ȢὯ ÃÏÓ— „  

πȟυ Ὧ ȟὛὔὙὯ ὯЎ Ὧ ÃÏÓ— „ ὛὔὙὯ ὯЎ Ὧ
ȢÃÏÓ— „

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ 

ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ Dr 

ʚʜʦʣʴ 

ʦʩʠ 

„Ў
ɝ”

“
ὃ̐ ɱ̐

ἺἫ
Ἲ̈Ἣ

† 

ÃÏÓsἫ
Ἣ

ἭἫϳἢ̒
Ὠ‗ „  

†
ɝ”

“
ɱ
ἺἫ
Ἲ̈Ἣ

†ÃÏÓsἫ 

Ἣ

ἭἫϳἢ̒
Ὠ‗ „

̐
 ̐

†
ɝ”

“
ὃ̐ ̐

ἺἫ
Ἲ̈Ἣ

†ÃÏÓsἫ 

Ἣ

ἭἫϳἢ̒
Ὠ‗ „

ȟ

 

„Ў  Ὧ „Ў Ўɮ „  „Ў  Ὧ „Ў Ўɮ „  . 

ʚʥʝ 

ʦʩʠ 

„Ў Ὧ̒Ў Ὧ ÃÏÓ— „Ў  

Ўɮ Ὧ̒Ў ÃÏÓ— „
ȟ

 

„Ў Ὧ̒Ў Ὧ ÃÏÓ— „Ў  

Ўɮ Ὧ̒Ў ÃÏÓ— „
ȟ

 

„Ў Ὧ̒Ў Ὧ ÃÏÓ— „Ў  

Ўɮ Ὧ̒Ў ÃÏÓ— „
ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ 

ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ De 

ʚʜʦʣʴ 

ʦʩʠ 

„Ў
ɝ‐

“
ὃ̐ ɱ̐

ἺἫ
Ἲ̈Ἣ

† 

ÃÏÓsἫ
Ἣ

ἭἫϳἢ̒
Ὠ‗ „  

†
ɝ‐

“
ɱ
ἺἫ
Ἲ̈Ἣ

†ÃÏÓsἫ 

Ἣ

ἭἫϳἢ̒
Ὠ‗ „

̐
 ̐

†
ɝ‐

“
ὃ̐ ̐

ἺἫ
Ἲ̈Ἣ

†ÃÏÓsἫ 

Ἣ

ἭἫϳἢ̒
Ὠ‗ „

ȟ

 

„Ў  Ὧ „Ў Ўɮ „  „Ў  Ὧ „Ў Ўɮ „  . 
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ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  

ʦʰʠʙʦʢ 

ʇʨʠ ɋǋx = ɋǋy = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy
 

ʇʨʠ ɋǋy = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʨʠ ɋǋx = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋy 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ 

ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ De 

ʚʥʝ 

ʦʩʠ 

„Ў Ὧ̒Ў Ὧ ÃÏÓ— „Ў  

Ўɮ Ὧ̒Ў ÃÏÓ— „
ȟ

 

„Ў Ὧ̒Ў Ὧ ÃÏÓ— „Ў  

Ўɮ Ὧ̒Ў ÃÏÓ— „
ȟ

 

„Ў Ὧ̒Ў Ὧ ÃÏÓ— „Ў  

Ўɮ Ὧ̒Ў ÃÏÓ— „
ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ 

ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ 

DTʵʩ 

ʚʜʦʣʴ 

ʦʩʠ 

„Ў ̞̒

ɝὝɻʩ‐

“
ὃ̐ ɱ̐

ὬὧὯϳ

Ὕɻʩ

 

Ἣ

ἭἫϳἢ̞ ̒
Ὠ‗ „  

†
ɝὝɻʩ‐

“
ɱ
ὬὧὯϳ

Ὕɻʩ

 

Ἣ

ἭἫϳἢ̞ ̒
Ὠ‗ „

̐
 ̐

†
ɝὝɻʩ‐

“
ὃ̐ ̐

ὬὧὯϳ

Ὕɻʩ

 

Ἣ

ἭἫϳἢ̞ ̒
Ὠ‗ „

ȟ

 

 „Ў ̞
 ̒ Ὧ „Ў ̞̒

Ўɮ ̞̒ „  „Ў ̞
 ̒ Ὧ „Ў ̞̒

Ўɮ ̞̒ „  

ʚʥʝ 

ʦʩʠ 

„Ў ̞̒
Ὧ̞Ў̒ Ὧ ÃÏÓ— „Ў ̞

 ̒

Ўɮ ̞ Ὧ̞̒Ў̒ ÃÏÓ— „
ȟ

 

„Ў ̞̒
Ὧ̞Ў̒ Ὧ ÃÏÓ— „Ў ̞

 ̒

Ўɮ ̞ Ὧ̞̒Ў̒ ÃÏÓ— „
ȟ

 

„Ў ̞̒
Ὧ Ὧ̞Ў̒ ÃÏÓ— „Ў ̞

 ̒

Ўɮ ̞ Ὧ̞̒Ў̒ ÃÏÓ— „
ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ ï ʰʫʤ, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʪʁ 

ʠʟʤʝʥʝʥʠʷ Dr 

ʚʜʦʣʴ 

ʦʩʠ 

„
†  † ὈᶻɝF ὃ̐

ςὃ̐ɝὪ ȟ „  

† † Ὀz

ὃ̐ɝὪ
„F

ȟ

 

„ ὯȢὯ „  

πȟυ Ὧ ȟὅὔὙὯ „  

ὅὔὙ Ὧ
Ȣ „

ȟ
 

„ Ὧ
Ȣ
Ὧ „  

πȟυ Ὧ
ȟ
ὅὔὙὯ „  

ὅὔὙ Ὧ
Ȣ
„

ȟ

 

ʚʥʝ 

ʦʩʠ 

„ Ὧ Ὧ̒Ў Ὧ ÃÏÓ— „  

ὅὔὙ Ὧ Ὧ̒Ў ÃÏÓ— „
ȟ

 

„ Ὧ Ὧ̒Ў Ὧ
ȢὯ ÃÏÓ— „  

ὅὔὙὯ Ὧ̒Ў Ὧ ÃÏÓ—

ς Ὧȟ
„  

ὅὔὙὯȢὯ Ὧ̒Ў ÃÏÓ— „
ȟ

 

„

Ὧ Ὧ̒Ў Ὧ
ȢὯ ÃÏÓ— „  

ὅὔὙὯ Ὧ̒Ў Ὧ ÃÏÓ—

ςὯȟ
„  

ὅὔὙὯ Ὧ̒Ў Ὧ
ȢÃÏÓ— „

ȟ
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 19 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  

ʦʰʠʙʦʢ 

ʇʨʠ ɋǋx = ɋǋy = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy
 

ʇʨʠ ɋǋy = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʨʠ ɋǋx = 0
o  
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋy 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ ï ʰʫʤ, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ De 

ʚʜʦʣʴ 

ʦʩʠ 

„

†  † ὈᶻɝF ὃ̐

ςὃ̐ɝὪ ȟ
„  

† † Ὀᶻ

ὃ̐ɝὪ
„F

ȟ

 

„ ὯȢὯ „  

πȟυ Ὧ ȟὅὔὙὯ „  

ὅὔὙ Ὧ
Ȣ „

ȟ

. 

„ Ὧ
Ȣ
Ὧ „  

πȟυ Ὧ
ȟ
ὅὔὙὯ „  

ὅὔὙ Ὧ
Ȣ
„

ȟ

 

ʚʥʝ 

ʦʩʠ 

„

Ὧ Ὧ̒Ў Ὧ ÃÏÓ— „  

ὅὔὙ Ὧ Ὧ̒Ў ÃÏÓ— „
ȟ

 

„

Ὧ Ὧ̒Ў Ὧ
ȢὯ ÃÏÓ— „  

Ὧ Ὧ̒Ў ὅὔὙὯ ÃÏÓ—

ς Ὧȟ
„  

ὅὔὙὯ Ὧ̒Ў Ὧ
ȢÃÏÓ— „

ȟ

 

„

Ὧ Ὧ̒Ў Ὧ
ȢὯ ÃÏÓ— „  

ὅὔὙὯ Ὧ̒Ў Ὧ ÃÏÓ—

ς Ὧȟ
„  

ὅὔὙὯ Ὧ̒Ў Ὧ
ȢÃÏÓ— „

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ - ʰʫʤ, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ DTʵʩ 

ʚʜʦʣʴ 

ʦʩʠ 

„
̞̒

†  † ὈᶻɝF ̞ ὃ̒̐

ςὃ̐ɝὪ ȟ
„  

† † Ὀᶻ

ὃ̐ɝὪ
„F ̞̒

ȟ

 

„
̞̒

ὯȢὯ „
̞

 ̒

πȟυ Ὧ ȟὅὔὙ̞ Ὧ̒ „  

ὅὔὙ̞ Ὧ̒Ȣ „
ȟ

 

„
̞̒

Ὧ
Ȣ
Ὧ „

̞
 ̒

πȟυ Ὧ
ȟ
ὅὔὙ̞ Ὧ̒ „  

ὅὔὙ̞  ̒Ὧ
Ȣ
„

ȟ

 

ʚʥʝ 

ʦʩʠ 

„
̞̒

Ὧ ὯὝ̞ Ў̒‗ὭὮὯ ÃÏÓ— „
̞

 ̒

ὅὔὙ̞ Ὧ̒ ὯὝ̞ Ў̒‗ὭὮ
ÃÏÓ— „

ȟ

 

„
̞̒

Ὧ ὯὝ̞ Ў̒‗ὭὮ
ὯȢὯ ÃÏÓ— „

̞
 ̒

ὅὔὙ̞ Ὧ̒ ὯὝ̞ Ў̒‗ὭὮ
Ὧ ÃÏÓ—

ς Ὧȟ
„  

ὅὔὙ̞ Ὧ̒ ὯὝ̞ Ў̒‗ὭὮ
ὯȢÃÏÓ— „

ȟ

 

„
̞̒

Ὧ ὯὝ̞ Ў̒‗ὭὮ
ὯȢὯ ÃÏÓ— „

̞
 ̒

ὅὔὙ̞  ̒Ὧ ὯὝ̞ Ў̒‗ὭὮὯ ÃÏÓ—

ς Ὧȟ
„  

ὅὔὙ̞ Ὧ̒ ὯὝ̞ Ў̒‗ὭὮ
ὯȢÃÏÓ— „

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʰʫʤʫ ʨʘʟʥʦʩʪʠ 

ʦʪʨʘʞʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ 

ʚʜʦʣʴ 

ʦʩʠ 
„ Dr DrὅὔὙ  „  

„ Dr ὯȢὯ „ Dr  

πȟυ Ὧ ȟὔὉDrὯ „  

ὔὉDr
 
Ὧ ȟὯ „

ȟ

 

„ Dr Ὧ
Ȣ
Ὧ „ Dr  

πȟυ Ὧ
ȟ
ὔὉDrὯ „  

ὔὉDr
 
Ὧ

Ȣ
Ὧ „

ȟ
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 19 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  

ʦʰʠʙʦʢ 

ʇʨʠ ɋǋx = ɋǋy = 0
o 
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy
 

ʇʨʠ ɋǋy = 0
o 
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʨʠ ɋǋx = 0
o 
ʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋy 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʰʫʤʫ ʨʘʟʥʦʩʪʠ 

ʦʪʨʘʞʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ 

ʚʥʝ 

ʦʩʠ 

„ Dr

Ὧ Ὧ̒Ў Ὧ ÃÏÓ— „ Dr 

ὔὉDrȾὯ Ὧ̒Ў

Ὧ  ÃÏÓ—
„

ȟ

 

„ Dr Ὧ Ὧ̒Ў Ὧ
ȢὯ ÃÏÓ— „ Dr 

ὔὉDrȾὯ Ὧ̒Ў

ς ὯȟὯ ÃÏÓ—
„  

ὔὉDrȾὯ Ὧ̒Ў

ὯȟὯ ÃÏÓ—
„

ȟ

 

„ Dr

Ὧ Ὧ̒Ў Ὧ
ȢὯ ÃÏÓ— „ Dr 

ὔὉDrȾὯ Ὧ̒Ў

ς ὯȟὯ ÃÏÓ—
„  

ὔὉDrȾὯ Ὧ̒Ў

ὯȢὯ ÃÏÓ—
„

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ  

ʰʫʤʫ ʨʘʟʥʦʩʪʠ 

ʠʟʣʫʯʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ 

ʚʜʦʣʴ 

ʦʩʠ 
„ D D‐ὅὔὙ  „  

„ D ὯȢὯ „ D  

πȟυ Ὧ ȟὔὉD‐Ὧ „  

Ὧ ȟὯ ὔὉD‐ „
ȟ

 

„ D Ὧ
Ȣ
Ὧ „ D  

πȟυ Ὧ
ȟ
ὔὉD‐Ὧ „  

ὔὉD‐ Ὧ
Ȣ
Ὧ „

ȟ

 

ʚʥʝ 

ʦʩʠ 

 „ D

Ὧ Ὧ̒Ў Ὧ ÃÏÓ— „ D  

 
D Ⱦ Ў̒

 
„

ȟ

 

„ D Ὧ Ὧ̒Ў Ὧ
ȢὯ ÃÏÓ— „ D  

                 
D Ⱦ Ў̒

 
ȟ „  

                     
D Ⱦ Ў̒

ȟ „

ȟ

 

„ D Ὧ Ὧ̒Ў Ὧ
ȢὯ ÃÏÓ— „ D  

ὔὉD‐ȾὯ Ὧ̒Ў

ς ὯȟὯ ÃÏÓ—
„  

ὔὉD‐ȾὯ Ὧ̒Ў

ὯȢὯ ÃÏÓ—
„

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ  

ʰʫʤʫ ʨʘʟʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ 

ʚʜʦʣʴ 

ʦʩʠ 
„ D̞̒

DὝ̞ ὅ̒ὔὙ̞ „̒
̞

 ̒

„ D̞̒
ὯȢὯ „ D̞

 ̒

πȟυ Ὧ ȟὯ ὔὉDὝ̞̒ „  

Ὧ ȟὯ ὔὉDὝ̞̒ „
ȟ

 

„ D̞̒
Ὧ

Ȣ
Ὧ „ D̞

 ̒

πȟυ Ὧ
ȟ
Ὧ ὔὉDὝ̞̒ „  

ὔὉDὝ̞  ̒Ὧ
Ȣ
Ὧ „

ȟ

 

ʚʥʝ 

ʦʩʠ 

„ D̞̒

Ὧ Ὧ̞Ў̒ Ὧ ÃÏÓ— „ D̞
 ̒

 
D̞ Ⱦ̒ ̞Ў̒

 
„

ȟ

 

„ D̞̒

Ὧ Ὧ̞Ў̒ Ὧ
ȢὯ ÃÏÓ— „ D̞

 ̒

 
D̞ Ⱦ̒ ̞Ў̒

 ȟ „  

 
D̞ Ⱦ̒ ̞Ў̒

ȟ „

ȟ

 

„ D̞̒

Ὧ Ὧ̞Ў̒ Ὧ
ȢὯ ÃÏÓ— „ D̞

 ̒

 
ὔὉDὝ̞ Ⱦ̒Ὧ Ὧ̞Ў̒

ὯȢὯ ÃÏÓ—
„

ȟ

 

   
D̞ Ⱦ̒ ̞Ў̒

 ȟ „  
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ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ, ʚʨʝʤʝʥʥ·ʤʫ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ 

ɹʆʕʉɼɿ ʧʨʠ  ʧʦʰʘʛʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ, ʜʣʷ 

ʦʪʢʣʦʥʝʥʠʡ ʚʝʣʠʯʠʥ ʚʳʩʦʪʳ H ʠ ʩʢʦʨʦʩʪʠ Vy ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ, ʘ ʪʘʢʞʝ  ʫʛʣʦʚ 

ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʦʪ ʠʭ 

ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ɹ (ʚ ʪʘʙʣʠʮʘʭ 20, 21 ʠ 22 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

ɸʥʘʣʦʛʠʯʥʳʝ ʬʦʨʤʫʣʳ ʧʨʠ ʧʦʰʘʛʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩ ʜʚʫʤʷ ʦʧʪʠʯʝʩʢʠʤʠ 

ʢʘʥʘʣʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ, ʜʣʷ ʦʪʢʣʦʥʝʥʠʡ ʚʳʩʦʪʳ H, ʩʢʦʨʦʩʪʠ Vy 

ʠ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʦʪ ʠʭ 

ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ɺ (ʚ ʪʘʙʣʠʮʘʭ 23, 24 ʠ 25 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʦʜʩʪʨʦʯʥʳʝ ʠʥʜʝʢʩʳ ç0è ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʫʯʘʶ ʥʘʙʣʶʜʝʥʠʷ ʚ ʥʘʜʠʨ. 

ɺʳʚʦʜ ʧʦ ʛʣʘʚʝ 3 

   ʇʦʣʫʯʝʥʥʳʝ  ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ  ʚʳʩʦʪʳ ʠ ʩʢʦʨʦʩʪʠ  ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʥʘʜʠʨʘ ʧʨʠ ʚʠʟʠʨʦʚʘʥʠʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ. 
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ɻʣʘʚʘ 4.    ʆʉʅʆɺʅʓɽ ʇʆʃʆɾɽʅʀʗ ʆɹʆɹʑɽʅʅʆʁ ʄɽʊʆɼʀʂʀ 

ɺʓɹʆʈɸ ʀ ʈɸʉʏɽʊɸ  ʂʆʅʉʊʈʋʂʊʀɺʅʓʍ  ʇɸʈɸʄɽʊʈʆɺ ʀ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɹʆʈʊʆɺʓʍ ʆʇʊʀʂʆ-ʕʃɽʂʊʈʆʅʅʓʍ  

ʉʀʉʊɽʄ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ɿʆʅɼʀʈʆɺɸʅʀʗ 

4.1        ʉʪʨʫʢʪʫʨʘ ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ ʠ ʨʘʩʯʝʪʘ  ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ  ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʆʕʉɼɿ 

ʆʙʦʙʱʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ɹʆʕʉɼɿ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ɹʆʕʉɼɿ ʢ ʨʘʟʨʝʰʝʥʠʶ ʵʪʠʭ ʩʠʩʪʝʤ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ:  

1. ɺʳʙʦʨ çʚʥʝʰʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʠʩʳʚʘʶʱʠʭ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ 

ʠ ʪʨʝʙʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ɹʆʕʉɼɿ. 

2. ɺʳʙʦʨ ʠʣʠ ʨʘʩʯʝʪ  çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʇʆʀ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʠʤʝʶʱʝʡʩʷ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʦʡ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʲʝʢʪʠʚʦʚ ʠ 

ʄʌʇʋ). 

3. ɺʳʙʦʨ ʩʭʝʤʳ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʧʨʦʩʤʦʪʨʘ) ʩʮʝʥʳ ʩ ʧʦʤʦʱʴʶ ɹʆʕʉɼɿ  ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʝʝ ʛʝʦʤʝʪʨʦʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ,  ʚʨʝʤʝʥʥ·ʤʫ, ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ 

ʨʘʟʨʝʰʝʥʠʶ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʩʠʩʪʝʤʳ - ʦʙʲʝʢʪʠʚʘ ʠ ʄʌʇʋ. ʇʨʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚʩʶ ʟʘʜʘʥʥʫʶ ʩʮʝʥʫ ʩ ʚʳʩʦʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʧʦʰʘʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ, 

ʨʘʙʦʪʘʶʱʠʤ ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ.  
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4. ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ çʚʥʝʰʥʠʤʠè ʠ çʚʥʫʪʨʝʥʥʠʤʠè ʧʘʨʘʤʝʪʨʘʤʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ, ʚʨʝʤʝʥʥ·ʝ, 

ʩʧʝʢʪʨʘʣʴʥʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ɹʆʕʉɼɿ.  

5. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʮʝʥʦʢ ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ 

ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ, ʚʨʝʤʝʥʥ·ʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʦʪʢʣʦʥʝʥʠʡ ʚʳʩʦʪʳ ʠ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ, ʘ ʪʘʢʞʝ  ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʥʘʜʠʨʘ ʧʨʠ ʚʠʟʠʨʦʚʘʥʠʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ.   

6. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʨʘʟʨʝʰʝʥʠʷ ʠ ʧʦʛʨʝʰʥʦʩʪʝʡ  ʵʪʠʭ ʩʠʩʪʝʤ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʧʘʨʘʤʝʪʨʘʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ 

ɹʆʕʉɼɿ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʲʝʢʪʠʚʦʚ ʠ ʄʌʇʋ) ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ 

ʧʦʪʨʝʙʠʪʝʣʷ. 

ʉʪʨʫʢʪʫʨʘ ʦʙʦʙʱʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ ʠ ʨʘʩʯʝʪʘ  ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ  

ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʇʆʀ ɹʆʕʉɼɿ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 10.  
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ʆʧʨʝʜʝʣʝʥʠʝ çʚʥʝʰʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʠ ʪʨʝʙʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ 

ɹʆʕʉɼɿ 

 

ʀʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ɹʆʕʉɼɿ (ʦʪʢʣʦʥʝʥʠʷ ʚʳʩʦʪʳ ʠ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʠ ʫʛʣʦʚ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ) 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ɹʆʕʉɼɿ 

(ʦʙ̡ʝʢʪʠʚʦʚ, ʄʌʇʋ ʠ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ) 

 

ɺʳʙʦʨ ʩʭʝʤʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ɹʆʕʉɼɿ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʥʘ ʣʝʪʘʪʝʣʴʥʦʤ ʘʧʧʘʨʘʪʝ 

 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ çʚʥʝʰʥʠʤʠè ʠ 

çʚʥʫʪʨʝʥʥʠʤʠè ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ, ʚʨʝʤʝʥʥ·ʝ, ʩʧʝʢʪʨʘʣʴʥʦʝ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ɹʆʕʉɼɿ 

 

ɺʳʙʦʨ çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʚʳʙʠʨʘʝʤʳʝ ʠʣʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʠ 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʤʝʶʱʝʡʩʷ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʦʡ) 

 

ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ 

ɹʆʕʉɼɿ, ʨʘʙʦʪʘʶʱʝʡ ʧʘʩʩʠʚʥʳʤ 

ʤʝʪʦʜʦʤ (ʩʤ. ʨʠʩ.5) 

ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʧʦʰʘʛʦʚʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ 

ʢʘʥʘʣʦʤ, ʨʘʙʦʪʘʶʱʠʤ ʧʘʩʩʠʚʥʳʤ 

ʤʝʪʦʜʦʤ (ʩʤ.  ʨʠʩ.8) 

ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʧʦʰʘʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʩ ʜʚʫʤʷ ʦʧʪʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ, 

ʨʘʙʦʪʘʶʱʠʤʠ ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ (ʩʤ. 

ʨʠʩ.9) 

ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ, 

ʚʨʝʤʝʥʥ·ʤʫ, ʩʧʝʢʪʨʘʣɹʥʦʤʫ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ 

ʨʘʟʨʝʰʝʥʠʶ (ʪʘʙʣ. 8, 9, 10 ʠ ʨʘʟʜ. 2.3) 

 

ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ, ʚʨʝʤʝ-

ʥʥ·ʤʫ, ʩʧʝʢʪʨʘʣʴʥʦʤʫ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ 

ʨʘʟʨʝʰʝʥʠʶ (ʩʤ. ʪʘʙʣ. 14, 15, 16 ʠ  ʨʘʟʜ. 2.3) 

 

ɼʦʧʫʩʪʠʤʳʝ 

 ʛʘʙʘʨʠʪʳ, ʤʘʩʩʘ,  

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ɹʆʕʉɼɿ 

 

ʈʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ, 

ʚʨʝʤʝʥʥ·ʤʫ, ʩʧʝʢʪʨʘʣʴʥʦʤʫ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ 

ʨʘʟʨʝʰʝʥʠʶ (ʩʤ. ʪʘʙʣ. 11, 12, 13 ʠ  ʨʘʟʜ. 2.3) 

 
ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ 

ɹʆʕʉɼɿ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ, ʚʨʝʤʝʥʥ·ʝ  ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ (ʩʤ.ʪʘʙʣ. 17, 18           

ʠ 19) 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ 

ɹʆʕʉɼɿ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ, ʚʨʝʤʝʥʥ·ʝ  ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ (ʩʤ. ʇʨʠʣʦʞʝʥʠʝ 

ɺ - ʪʘʙʣ. 23, 24 ʠ 25) 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ 

ɹʆʕʉɼɿ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ, ʚʨʝʤʝʥʥ·ʝ  ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ (ʩʤ. ʇʨʠʣʦʞʝʥʠʝ 

ɹ - ʪʘʙʣ. 20, 21 ʠ 22) 

ʈʠʩ.1 

              ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ɹʆʕʉɼɿ 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʮʝʥʦʢ ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ 

 
ɼʘ ʅʝʪ 

        ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ɹʆʕʉɼɿ 

ʈʠʩ. 10. ʉʪʨʫʢʪʫʨʘ ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ ʠ ʨʘʩʯʝʪʘ  ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ  ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʉʇʆʀ ɹʆʕʉɼɿ 
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1.6 ɸʥʘʣʠʟ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʨʘ ʧʦʩʪʨʦʝʥʠʷ ɹʆʕʉɼɿ ʠ  ʝʝ ʵʣʝʤʝʥʪʦʡ ʙʘʟʳ 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʠ ʤʝʪʦʜʠʢʠ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʨʝʟʫʣʴʪʘʪʳ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʜʥʦʡ ʠʟ ɹʆʕʉɼɿ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʘʥʝʝ (ʙʝʟ ʦʧʫʙʣʠʢʦʚʘʥʠʷ 

ʩʚʝʜʝʥʠʡ ʦ ʩʫʱʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʨʘʟʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʣʷ ʟʘʜʘʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʘʟʯʠʢʘ ʠ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ). ʉʦʚʧʘʜʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ ʩ ʨʘʩʯʝʪʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ, ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʩʣʝʜʥʝʡ. 

ʅʘ ʩʧʫʪʥʠʢʝ Landsat-8 ʫʩʪʘʥʦʚʣʝʥʘ ʘʧʧʘʨʘʪʫʨʘ TIRS (Thermal Infrared Sensor)      

ʩ ʧʨʦʩʪʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 100 ʤ ʚ ʩʨʝʜʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ [60]. TIRS 

ʠʤʝʝʪ ʜʚʘ ʀʂ-ʢʘʥʘʣʘ.  

        ʆʙʱʠʡ ʩʮʝʥʘʨʠʡ ʨʘʙʦʪʳ TIRS ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.11, ʘ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

TIRS ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 26 [60-65]. 

 

ʊʘʙʣʠʮʘ 26. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʘʥʝʨʘ TIRS 
 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ, 

ʤʢʤ 
ʆʧʪʠʯʝʩʢʠʡ ʢʘʥʘʣ Dl l1 l2 l0 

ʂʘʥʘʣ 10 0,588 10,602 11,19 10,889 

ʂʘʥʘʣ 11 1,011 11,5 12,511 11,984 

ʆʙ̡ʝʢʪʠʚ ʏʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʣʠʥʟʦʚʳʡ ʦʙʝ̡ʢʪʠʚ; ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʦʪʚʝʨʩʪʠʝ 1:1,64 

ɹʣʦʢ ʧʨʠʝʤʥʠʢʦʚ 

ʠʟʣʫʯʝʥʠʷ 

ʊʨʠ ʤʦʜʫʣʷ ʤʘʪʨʠʮ 640Ĭ512 ʵʣʝʤʝʥʪʦʚ ʥʘ ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ 

GaAs; ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ (25Ĭ25) ʤʢʤ; ʫʛʣʦʚʦʝ ʧʦʣʝ ʧʠʢʩʝʣʘ 

142.10
-6
 ʨʘʜ;  ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʝʥʠʷ 43 ʂ 

ʇʨʦʩʪʨʘʥʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ, ʤ 
100 

ʋʛʣʦʚʦʝ ʧʦʣʝ 15
ʦ
, 185 ʢʤ ʩ ʚʳʩʦʪʳ 705 ʢʤ 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʰʫʤʫ 

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 

NEDTʵʩ0, ʂ  

ʂʘʥʘʣ 10 
0,069 @ 

240 ʂ 

0,053 @ 

280 ʂ 

0,048 @ 

320 ʂ 

0,043 @ 

360  ʂ 

ʂʘʥʘʣ 11 
0,079 @ 

240 ʂ 

0,059 @ 

280 ʂ 

0,049 @ 

320 ʂ 

0,045 @ 

360  ʂ 

ʏʘʩʪʦʪʘ ʢʘʜʨʦʚ, ɻʮ 70  
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ʈʠʩ. 11. ʆʙʱʠʡ ʩʮʝʥʘʨʠʡ ʨʘʙʦʪʳ TIRS 

1 - ʚʭrʦʜʥʦʝ ʧʣʦʩʢʦʝ ʟʝʨʢʘʣʦ; 2 - Ge-ʣʠʥʟʘ; 3 - ZnSe-ʣʠʥʟʘ; 4 - ʦʧʪʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ; 5 - ʬʦʢʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ; 6 - ʄʌʇʋ;            

7 - ʩʠʩʪʝʤʘ ʩʯʠʪʳʚʘʥʠʷ; 8 - ʬʠʣʴʪʨ 10,8 ʤʢʤ; 9 - ʥʝʦʙʣʫʯʘʝʤʘʷ ʟʦʥʘ ʄʌʇʋ; 10 - ʬʠʣʴʪʨ 12,0 ʤʢʤ; 11 - ʯʝʨʥʦʝ ʪʝʣʦ;                     

12 - ʥʘʧʨʘʚʣʝʥʠʝ  ʧʦʣʝʪʘ; 13 - ʧʠʢʩʝʣ  ʄʌʇʋ; 14 -  ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ  ʥʘʧʨʘʚʣʝʥʠʝ  ʩʯʠʪʳʚʘʥʠʷ; 15 -  ʚʝʨʪʠʢʘʣʴʥʦʝ   

ʥʘʧʨʘʚʣʝʥʠʝ ʩʯʠʪʳʚʘʥʠʷ 
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʘʷ  

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʉʇʆʀ ɹʆʕʉɼɿ ʠ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʝʝ ʨʘʙʦʪʳ: 

%= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
 

è  D = 1.22*Upperlamda*10-̂6*H/lx0 ;    

è  FOV = 2*atand((Lx0/2)/H);   

è  IFOVx = 2*atand((lx0/2)/H);    

è  fdash =(H/lx0)*dx ;  

è  Fnumber = fdash/D ; 

è  Dx_ARRAY_max = (Lx0/H)*fdash ;  

è  Nxmax = Dx_ARRAY_max/dx ; 

è  for  dy = dx;      

è   ly0 = lx0;    

è   IFOVy = IFOVx;   

è  Ap = dx * dy;     

 è App0 = lx0 * ly0;  

è  end 

è  OPBEFPAs = ((3*Nx) - Nxmax)/2;   

è  for i= Nxmax/2   

è   i= Nxmax/2 ; 

è   Thetai = atand(i*dx/fdash);  

è   for j = Ny/2    

è   j = Ny/2; 

è   Thetaj = atand(j*dy/fdash);  

è   end 

è  Thetaij = acosd(cosd(Thetai)*cosd(atand(cosd(Thetai)*tand(Thetaj))));  

è  end 

è  SAsbt0 = D^2/(4*H^2);  

è  SAsbtij = SAsbt0*(cosd(Thetaij)^3);   

è  Vy_Orbit =((G_E*M_E)/(r_E+H))^0.5 ; 

è  T_Orbit = 2*pi* ((((r_E+H)^3)/(G_E*M_E))^0.5) ; 

è  Ty0 = ly0/Vy_Orbit ;   

è  fy0 = 1/Ty0 ;          

è  td0 = Ty0/Nx ;        

è  vx0 = lx0/td0  ;       

è  vx0r = vx0/H  ;        

è  fd0 = 1/td0  ;        
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è  DeltaF0 = 1/(KdeltaF0*td0) ; 

è  Tk0 = (Ny*((1- OLy)/ETAk)*Ty0)/Ny ;  

è  fk0 = 1/Tk0   ;        

è  OutRate = fk0*Nx*(2*NyueF) ;  

è  DeltaLamda0 = w2-w1 ;            

è  Lamda0 = (2*w1*w2)/(w1+w2);     

è  d = Lamda0/(2*neff);           

è  Rf = ((-1*pi*(DeltaLamda0/Lamda0))+((((pi*((DeltaLamda0/Lamda0)))^2)+ 4)^0.5))/2; 

è  A = (1-Rf)*(1-(tF0)^0.5); 

è  kLamdaij = (1-(((ni/neff)^2)*(sind(Thetaij)^2)))^0.5; 

è  kFij = 1/(1+((4*Rf)/((1-Rf)^2))*(sind((pi*(kLamdaij^2))^0.5)^2)); 

è  Lamda0ij = Lamda0*kLamdaij ;    

è  w2ij = w2*kLamdaij ;            

è  w1ij = w1*kLamdaij ;            

è  DeltaLamdaij = DeltaLamda0*kLamdaij ;   

è  tFij = tF0*kFij ; 

è  kaij = tatm0^((secd(Thetaij))-1) ; 

è  T = (240:40:360); 

è  parfor i = 1:length(T) 

è  Mw2(i) = (c1*T(i)*(c2^3 + 3*c2^2*T(i)*w2 + 6*c2*T(i)^2*w2^2 +  

è                  6*T(i)^3*w2^3))/(c2^4*w2^3*exp(c2/(T(i)*w2))); 

è  Mw1(i) = (c1*T(i)*(c2^3 + 3*c2^2*T(i)*w1 + 6*c2*T(i)^2*w1^2 +  

è                    6*T(i)^3*w1^3))/(c2^4*w1^3*exp(c2/(T(i)*w1))); 

è  M0(i) = Mw2(i) - Mw1(i); 

è  L0(i) = tatm0*(epson/pi)*M0(i); 

è  Mw2ij(i) = (c1*T(i)*(c2^3 + 3*c2^2*T(i)*w2ij + 6*c2*T(i)^2*w2ij^2 +  

è                      6*T(i)^3*w2ij^3))/(c2^4*w2ij^3*exp(c2/(T(i)*w2ij))); 

è  Mw1ij(i) = (c1*T(i)*(c2^3 + 3*c2^2*T(i)*w1ij + 6*c2*T(i)^2*w1ij^2 +  

è                     6*T(i)^3*w1ij^3))/(c2^4*w1ij^3*exp(c2/(T(i)*w1ij))); 

è  Mij(i) = Mw2ij(i) - Mw1ij(i) ; 

è  Kdlamdaij(i) = Mij(i)/M0(i); 

è  Lij(i) = kaij*Kdlamdaij(i)*L0(i); 

è  Fai0(i) = App0*SAsbt0*L0(i); 

è  Faiij(i) = Fai0(i)*Kdlamdaij(i)*kaij*(cosd(Thetaij)^4); 

è  SNR0(i) = topt*tF0*(Dstar/((Ap*DeltaF0)^0.5))*Fai0(i);  

è  SNRij(i) = SNR0(i)*kFij*Kdlamdaij(i)*kaij*(cosd(Thetaij)^5); 

è  IntdiffMw2(i) = (((c2/T(i)^2)*c1*T(i)*(c2^4 + 4*c2^3*T(i)*w2 +              

è                                 12*c2^2*T(i)^2*w2^2   + 24*c2*T(i)^3*w2^3 +  

è                                 24*T(i)^4*w2^4))/(c2^5*w2^4*exp(c2/(T(i)*w2)))); 
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è  IntdiffMw1(i) = (((c2/T(i)^2)*c1*T(i)*(c2^4 + 4*c2^3*T(i)*w1 +  

è                                 12*c2^2*T(i)^2*w1^2 + 24*c2*T(i)^3*w1^3 +  

è                                 24*T(i)^4*w1^4))/(c2^5*w1^4*exp(c2/(T(i)*w1)))); 

è  IntdiffM0(i) = IntdiffMw2(i) - IntdiffMw1(i);  

è  DeltaFaiT0(i) = tatm0*(DeltaT*epson/pi)*App0*SAsbt0*IntdiffM0(i); 

è  IntdiffMw2ij(i) = (((c2/T(i)^2)*c1*T(i)*(c2^4 + 4*c2^3*T(i)*w2ij +  

è                                12*c2^2*T(i)^2*w2ij^2 + 24*c2*T(i)^3*w2ij^3 +  

è                                  24*T(i)^4*w2ij^4))/(c2^5*w2ij^4*exp(c2/(T(i)*w2ij)))); 

è  IntdiffMw1ij(i) = (((c2/T(i)^2)*c1*T(i)*(c2^4 + 4*c2^3*T(i)*w1ij +  

è                               12*c2^2*T(i)^2*w1ij^2 + 24*c2*T(i)^3*w1ij^3 +  

è                                24*T(i)^4*w1ij^4))/(c2^5*w1ij^4*exp(c2/(T(i)*w1ij)))); 

è  IntdiffMij(i) = IntdiffMw2ij(i) - IntdiffMw1ij(i);  

è  KdlamdaTij(i) = IntdiffMij(i)/IntdiffM0(i); 

è  DeltaFaiTij(i) = DeltaFaiT0(i)*KdlamdaTij(i)*kaij*(cosd(Thetaij)^4); 

è  CNRT0(i) = topt*tF0*(Dstar/((Ap*DeltaF0)^0.5))*DeltaFaiT0(i);    

è  CNRTij(i) = CNRT0(i)*kFij*KdlamdaTij(i)*kaij*(cosd(Thetaij)^5); 

è  NEDT0(i) = DeltaT/CNRT0(i); 

è  NEDTij(i) = NEDT0(i)/(kFij*KdlamdaTij(i)*kaij*(cos(Thetaij*pi/180)^5)); 

è  end 

è  D = vpa(D,4) 

è  fdash = vpa(fdash,4) 

è  Dx_ARRAY_max = vpa(Dx_ARRAY_max,4) 

è  Nxmax = vpa(Nxmax,4)  

è  Ap = vpa(Ap,4)  

è  App0 = vpa(App0,4)  

è  OPBEFPAs =  vpa(OPBEFPAs,4) 

è  Thetai = vpa(Thetai,4) 

è  Thetaj = vpa(Thetaj,4) 

è  Thetaij = vpa(Thetaij,4) 

è  SAsbt0 =  vpa(SAsbt0,4) 

è  SAsbtij =  vpa(SAsbtij,4) 

è  Vy_Orbit = vpa(Vy_Orbit,4) 

è  T_Orbit = vpa(T_Orbit,4) 

è  Ty0 = vpa(Ty0,4) 

è  fy0 = vpa(fy0,4) 

è  td0 = vpa(td0,4) 

è  vx0 = vpa(vx0,4) 

è  vx0r = vpa(vx0r,4) 

è  fd0 = vpa(fd0,4) 
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è  DeltaF0 = vpa(DeltaF0,4) 

è  Tk0 = vpa(Tk0,4) 

è  fk0 = vpa(fk0,4) 

è  OutRate = vpa(OutRate,4) 

è  DeltaLamda0 = vpa(DeltaLamda0,4) 

è  Lamda0 = vpa(Lamda0,4) 

è  d = vpa(d,4) 

è  Rf = vpa(Rf,4) 

è  A = vpa(A,4) 

è  kLamdaij = vpa(kLamdaij,4) 

è  kFij = vpa(kFij,4) 

è  Lamda0ij = vpa(Lamda0ij,4) 

è  w2ij = vpa(w2ij,4) 

è  w1ij = vpa(w1ij,4) 

è  DeltaLamdaij = vpa(DeltaLamdaij,4) 

è  tFij = vpa(tFij,4) 

è  kaij = vpa(kaij,4) 

è  T = T 

è  L0 = vpa(L0,4) 

è  Kdlamdaij = vpa(Kdlamdaij,4) 

è  Lij = vpa(Lij,4) 

è  Fai0 = vpa(Fai0,4) 

è  Faiij = vpa(Faiij,4) 

è  SNR0 = vpa(SNR0,4) 

è  SNRij = vpa(SNRij,4) 

è  DeltaFaiT0 = vpa(DeltaFaiT0,4) 

è  KdlamdaTij = vpa(KdlamdaTij,4) 

è  DeltaFaiTij = vpa(DeltaFaiTij,4) 

è  CNRT0 = vpa(CNRT0,4) 

è  CNRTij = vpa(CNRTij,4) 

è  NEDT0 = vpa(NEDT0,4) 

è  NEDTij = vpa(NEDTij,4) 
 

%= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ  ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ TIRS 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 27. 
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ʊʘʙʣʠʮʘ 27. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ  

ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ TIRS 
ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʊʝʨʤʠʥ ʊʝʨʤʠʥ ʚ 

ʤʦʜʝʣʠ 

ɿʥʘʯʝʥʠʝ ɽʜʠʥʠʮʘ 

ʈʘʟʤʝʨ ʧʠʢʩʝʣʘ ʧʦ ʦʩʷʤ x,y dx , dy dx , dy 25Ĭ10
-6
 ʤ 

ʌʦʨʤʘʪ ʄʌʇʋ NxĬ Ny Nx ĬNy 640 Ĭ 512  

ʈʘʟʤʝʨ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ ʧʦ ʦʩʠ  x Lx0 Lx0  185000 ʤ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ 

ʦʩʷʤ x,y 

lx0 , ly0 lx0 , ly0 100 ʤ 

ɺʳʩʦʪʘ ʧʦʣʝʪʘ H H 705000 ʤ 

ɺʝʨʭʥʷʷ ʜʣʠʥʘ ʚʦʣʥ ʦʪʩʝʯʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʫ 

ʧʘʜʝʥʠʷ ɗij = 0 (ʢʘʥʘʣ 11) 

l2 

 

Upperlamda 12,511 ʤʢʤ 

ʂʦʵʬʬʠʮʠʝʥʪ, ʩʚʷʟʳʚʘʶʱʠʡ ʰʠʨʠʥʫ 

ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ȹf0 ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʪʨʘʢʪʘ ʩ ʚʨʝʤʝʥʝʤ Űd0 

kȹf KdeltaF0 0,5  

ʂʦʵʬʬʠʮʠʝʥʪ, ʩʚʷʟʳʚʘʶʱʠʡ ʚʨʝʤʷ 

ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ 

ɖc ETAk 0,934  

ʉʪʨʦʢʠ, ʦʛʨʘʥʠʯʝʥʥʳʝ  

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤ ʬʠʣʴʪʨʦʤ  

 NyueF 32  

ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ  G_E 6,673Ĭ10
-11

 ʥ ʤ
2
 ʢʛ

-2
 

ʉʨʝʜʥʷʷ ʤʘʩʩʘ ɿʝʤʣʠ  M_E 5,97Ĭ10
24

 ʢʛ 

ʉʨʝʜʥʠʡ ʨʘʜʠʫʩ ɿʝʤʣʠ  r_E 6,38Ĭ10
6
 ʤ 

ʕʬʬʝʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʟʜʫʭʘ ʬʠʣʴʪʨʘ 

ni ni 

ʂʘʥʘʣ 

10 

1  

ʕʬʬʝʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʝʣʦʤʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʬʠʣʴʪʨʘ 

neff neff 2,5  

ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ 

ʚ ʥʘʜʠʨ 

tF0 tF0 0,85  

ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʧʨʦʧʫʩʢʘʥʠʷ 

ʘʪʤʦʩʬʝʨʳ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨ 
t0 tatm0 0,84988  

ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
topt Topt 0,95  

ʋʜʝʣʴʥʘʷ ʦʙʥʘʨʫʞʠʪʝʣʴʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ 

D*  Dstar 4,9Ĭ10
10

 ɺʪ
-1 
ʤɻʮ

-1/2
 

ɺʝʨʭʥʷʷ ʜʣʠʥʘ ʚʦʣʥ ʦʪʩʝʯʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʫ 

ʧʘʜʝʥʠʷ (ɗij = 0) 

l2 

 

w2 11,19 ʤʢʤ 

ʅʠʞʥʷʷ ʜʣʠʥʘ ʚʦʣʥ ʦʪʩʝʯʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʫ 

ʧʘʜʝʥʠʷ (ɗij = 0) 

l1 

 

w1 

 

10,602 ʤʢʤ 
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ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʊʝʨʤʠʥ ʊʝʨʤʠʥ ʚ 

ʤʦʜʝʣʠ 

ɿʥʘʯʝʥʠʝ ɽʜʠʥʠʮʘ 

ʕʬʬʝʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʟʜʫʭʘ ʬʠʣʴʪʨʘ 

ni ni 

ʂʘʥʘʣ 

11 

1  

ʕʬʬʝʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʝʣʦʤʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʬʠʣʴʪʨʘ 

neff neff 2,5  

ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ 

ʚ ʥʘʜʠʨ 

tF0 tF0 0,8  

ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʧʨʦʧʫʩʢʘʥʠʷ 

ʘʪʤʦʩʬʝʨʳ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨ 

t0 tatm0 0,793567  

ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

topt Topt 0,65  

ʉʨʝʜʥʷʷ ʫʜʝʣʴʥʘʷ ʦʙʥʘʨʫʞʠʪʝʣʴʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ 

D*  Dstar 4,9Ĭ10
10

 ɺʪ
-1 
ʤɻʮ

-1/2
 

ɺʝʨʭʥʷʷ ʜʣʠʥʘ ʚʦʣʥ ʦʪʩʝʯʢʠ  ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʫ ʧʘʜʝʥʠʷ (ɗij = 0) 

l2 

 

w2 12,511 ʤʢʤ 

ʅʠʞʥʷʷ ʜʣʠʥʘ ʚʦʣʥ ʦʪʩʝʯʢʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʫ ʧʘʜʝʥʠʷ (ɗij = 0) 

l1 

 

W1 11,5 ʤʢʤ 

ʇʦʩʪʦʷʥʥʳʝ ʟʘʢʦʥʘ ʇʣʘʥʢʘ 
c1 c1 3,7418Ĭ10

8
 ɺʪ ʤ

-2
ʤʢʤ

4
 

c2 c2 1,4388Ĭ10
4
 ʤʢʤ ʂ 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʘ 

ʩʮʝʥʳ 

e epson 0,992  

ʊʝʤʧʝʨʘʪʫʨʘ ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ Tʵʩ T 240:40:360 ʂ 

ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ 

DTʵʩ DeltaT 1 ʂ 

i= 0,1,..,Nx/2    ,    j= 0,1,..,Ny/2 i , j i , j i= 925, 

j=256 

 

 

ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʧʨʦʧʫʩʢʘʥʠʷ ʘʪʤʦʩʬʝʨʳ t0 ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʤʦʜʝʣʠ Modtrain5 @ ʜʣʷ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʩʪʘʥʜʘʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ, 

ʧʨʠʥʷʪʦʡ ʚ ʉʐɸ (1976 ʛ.). ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʙʦʟʥʘʯʝʥʘ ʢʘʢ topt. ʉʨʝʜʥʷʷ  ʚʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʡ 

ʦʙʥʘʨʫʞʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ D* ʚʟʷʪʘ ʠʟ [20, 61-66]. 

file:///C:/Users/hany/Downloads/203/F%2526action=edit%2522постоянные%2522постоянные%2522постоянные
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ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ tF0 ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʥʘʜʠʨ 

ʜʣʷ ʜʚʫʭ ʦʧʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ 10 ʠ  11 ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ   ʩʨʘʚʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʬʠʣʴʪʨʦʚ IWBP10300-11300 ʠ ILP11400. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ  ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ TIRS,  

ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ  ʠ ʚʨʝʤʝʥʥ·ʤʫ ʨʘʟʨʝʰʝʥʠʶ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 28. 

 

ʊʘʙʣʠʮʘ 28. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ TIRS, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ  

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ  ʠ ʚʨʝʤʝʥʥ·ʤʫ ʨʘʟʨʝʰʝʥʠʶ 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʊʝʨʤʠʥ ʊʝʨʤʠʥ ʚ 

ʤʦʜʝʣʠ 

ɿʥʘʯʝʥʠʝ ɽʜʠʥʠʮʘ 

ɼʠʘʤʝʪʨ ʚʭʦʜʥʦʛʦ ʟʨʘʯʢʘ D D 0,1076 ʤ 

ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ äǋ fdash 0,1762 ʤ 

ʇʣʦʱʘʜʴ ʧʠʢʩʝʣʘ dx Ĭ dy Ap 6,25Ĭ10
-10

 ʤ
2
 

ʇʣʦʱʘʜʴ ʧʨʦʝʢʮʠʠ ʧʠʢʩʝʣʦʚ 

ʄʌʇʋ ʥʘ ʩʮʝʥʫ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ 

ʚ ʥʘʜʠʨ 

Aʧʧ0 App0 10000 ʤ
2
 

ʋʛʣʳ ʠʟʤʝʨʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2Ýx 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʥʪʨʫ ʢʘʞʜʦʛʦ 

ʩʪʦʣʙʮʘ ʧʠʢʩʝʣʦʚ ʄʌʇʋ 

ɗi Thetai 7,475 ʛʨʘʜʫʩʦʚ 

ʋʛʣʳ ʠʟʤʝʨʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2Ýy 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʥʪʨʫ ʢʘʞʜʦʡ 

ʩʪʨʦʢʠ ʧʠʢʩʝʣʦʚ ʄʌʇʋ 

ɗj Thetaj 2,08 ʛʨʘʜʫʩʦʚ 

ʋʛʣʳ ʠʟʤʝʨʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

2ÝxĬ2Ýy ʜʣʷ i, j ï ʧʠʢʩʝʣʘ 
qij Thetaij 7,752 ʛʨʘʜʫʩʦʚ 

ʊʝʣʝʩʥʳʝ ʫʛʣʳ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ 

ʥʘʜʠʨʝ 
W0 SAsbt0 5,824Ĭ10

-15
 ʩʪʨ. 

ʊʝʣʝʩʥʳʝ ʫʛʣʳ ʜʣʷ i, j ï ʧʠʢʩʝʣʘ Wij SAsbtij 5,666Ĭ10
-15

 ʩʪʨ. 
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ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʊʝʨʤʠʥ ʊʝʨʤʠʥ ʚ 

ʤʦʜʝʣʠ 

ɿʥʘʯʝʥʠʝ ɽʜʠʥʠʮʘ 

Cʢʦʨʦʩʪʴ ʚʜʦʣʴ ʦʩʠ  y ʥʘ 

ʧʦʩʪʦʷʥʥʦʡ ʚʳʩʦʪʝ H ʧʦ ʪʨʘʩʩʝ 
Vy Vy_Orbit 7499 ʤ ʩ

-1
 

ɺʨʝʤʷ ʧʨʦʩʤʦʪʨʘ ʦʨʙʠʪ r  T_Orbit 5937 ʩ 

ɺʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦ ʦʩʠ y ʥʘ ʵʣʝʤʝʥʪʝ ʩʮʝʥʳ 
Ty0 Ty0 0,01334 ʩ 

ɺʨʝʤʝʥʥʘʷ ʯʘʩʪʦʪʘ fy0 fy0 74,99 ɻʮ 

ɺʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦ ʦʩʠ x ʥʘ ʵʣʝʤʝʥʪʝ ʩʮʝʥʳ 
Űd0 td0 2,084Ĭ10

-5
 ʩ 

ʉʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚʜʦʣʴ ʦʩʠ x 
vx0 vx0r 6,807 ʨʘʜ ʩ

-1
 

ɺʨʝʤʝʥʥʘʷ ʯʘʩʪʦʪʘ f d0 fd0 4,799Ĭ10
4
 ɻʮ 

ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʢʪʘ 
ȹf0 DeltaF0 9,598Ĭ10

4
 ɻʮ 

ɺʨʝʤʷ ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ Tʢ0 Tk0 0,01429 ʩ 

ʏʘʩʪʦʪʘ ʧʨʦʩʤʦʪʨʘ  ʢʘʜʨʘ fʢ0 fk0 70,0 ɻʮ 
 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ TIRS, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʝʝ ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʨʘʟʨʝʰʝʥʠʶ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ 10 ʠ 11, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 29. 

 

ʊʘʙʣʠʮʘ 29. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ TIRS, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ  ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʨʘʟʨʝʰʝʥʠʶ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ 10 ʠ 11 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʆʧʪʠʯ.  

ʢʘʥʘʣ 
ʊʝʨʤʠʥ 

ʊʝʨʤʠʥ ʚ 

ʤʦʜʝʣʠ 
ɿʥʘʯʝʥʠʝ ɽʜʠʥʠʮʘ 

ɼʣʠʥʘ ʚʦʣʥʳ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʫʛʣʝ ʧʘʜʝʥʠʷ ʣʫʯʝʡ (ɗij = 0) 

ʂʘʥʘʣ 10 
l0 Lamda0 

10,89 
ʤʢʤ 

ʂʘʥʘʣ 11 11,98 

ʊʦʣʱʠʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ 

ʬʠʣʴʪʨʘ 

ʂʘʥʘʣ 10 
d d 

2,178 
ʤʢʤ 

ʂʘʥʘʣ 11 2,397 

ʌʨʝʥʝʣʝʚʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʪʨʘʞʝʥʠʷ ʬʠʣʴʪʨʘ 

ʂʘʥʘʣ 10 
Á Rf 

0,9188 
 

ʂʘʥʘʣ 11 0,8762 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʬʠʣʴʪʨʘ 

ʂʘʥʘʣ 10 
A A 

0,00634 
 

ʂʘʥʘʣ 11 0,01307 

ʂʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ 

ʫʛʣʦʚ ɗij ʥʘ hʠʨʠʥʫ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʳ ʬʠʣʴʪʨʘ 

ʂʘʥʘʣ 10 

klij kLamdaij 

0,9985 

 
ʂʘʥʘʣ 11 0,9985 
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ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʆʧʪʠʯ.  

ʢʘʥʘʣ 
ʊʝʨʤʠʥ ʊʝʨʤʠʥ ʚ 

ʤʦʜʝʣʠ 
ɿʥʘʯʝʥʠʝ ɽʜʠʥʠʮʘ 

ʂʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ 

ʫʛʣʦʚ ɗij ʥʘ ʩʧʝʢʪʨʘʣʴʥʦʝ 

ʧʨʦʧʫʩʢʘʥʠʝ ʬʠʣʴʪʨʘ 

ʂʘʥʘʣ 10 

kFij kFij 

0,531 

 

ʂʘʥʘʣ 11 0,8209 

ɼʣʠʥʳ ʚʦʣʥ l0  ʧʨʠ ʥʘʢʣʦʥʝ 

ʧʫʯʢʘ ʣʫʯʝʡ, ʧʘʜʘʶʱʝʛʦ ʥʘ 

ʬʠʣʴʪʨ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʜʣʠʥʘʤ ʚʦʣʥ l0ij 

ʂʘʥʘʣ 10 

l0ij Lamda0ij 

10,87 

ʤʢʤ 

ʂʘʥʘʣ 11 11,97 

ɼʣʠʥʳ ʚʦʣʥ l2 ʧʨʠ ʥʘʢʣʦʥʝ 

ʧʫʯʢʘ ʣʫʯʝʡ, ʧʘʜʘʶʱʝʛʦ ʥʘ 

ʬʠʣʴʪʨ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʜʣʠʥʘʤ ʚʦʣʥ l2ij 

ʂʘʥʘʣ 10 

l2ij w2ij 

11,17 

ʤʢʤ 
ʂʘʥʘʣ 11 12,49 

ɼʣʠʥʳ ʚʦʣʥ l1 ʧʨʠ ʥʘʢʣʦʥʝ 

ʧʫʯʢʘ ʣʫʯʝʡ, ʧʘʜʘʶʱʝʛʦ ʥʘ 

ʬʠʣʴʪʨ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʜʣʠʥʘʤ ʚʦʣʥ l1ij 

ʂʘʥʘʣ 10 

l1ij w1ij 

10,59 

ʤʢʤ 

ʂʘʥʘʣ 11 11,48 

ɺʝʣʠʯʠʥʘ ʨʘʙʦʯʝʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʳ ʌʌʇ 

ʂʘʥʘʣ 10 

Dlij DeltaLamdaij 
0,5871 

ʤʢʤ 
ʂʘʥʘʣ 11 1,01 

ɺʝʣʠʯʠʥʘ ʨʘʙʦʯʝʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʳ Dl ʧʨʠ 

ʥʘʢʣʦʥʝ ʧʫʯʢʘ ʣʫʯʝʡ, 

ʧʘʜʘʶʱʝʛʦ ʥʘ ʬʠʣʴʪʨ, ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʜʣʠʥʘʤ ʚʦʣʥ Dlij 

ʂʘʥʘʣ 10 

tFij  tFij 

0,5551 

 

ʂʘʥʘʣ 11 0,6567 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ TIRS, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ 

ʨʘʟʨʝʰʝʥʠʶ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ 10 ʠ 11 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ ʪʝʤʧʝʨʘʪʫʨ 

ʵʣʝʤʝʥʪʦʚ ʩʮʝʥʳ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʚ ʥʘʜʠʨ ʠ ʚʥʝ ʝʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 30. 
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ʊʘʙʣʠʮʘ 30. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ TIRS, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ 

ʢʘʥʘʣʦʚ 10 ʠ 11 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 
ʆʧʪʠʯ. 

ʢʘʥʘʣ 
ʊʝʨʤʠʥ 

ʊʝʨʤʠʥ ʚ 

ʤʦʜʝʣʠ 

ʊʝʤʧʝʨʘʪʫʨʘ ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ Tʵʩ, ʂ 
ɽʜʠʥʠʮʘ 

240 280 320 360 

ʗʨʢʦʩʪʴ  ʵʣʝʤʝʥʪʘ 

ʩʮʝʥʳ 

ɺʜʦʣʴ 

ʦʩʠ 

ʂʘʥ.10 
Lʵʩ0 L0 

1,567 3,439 6,203 9,813 

ɺʪ ʤ
-2
ʩʪʨ

-1
 

ʂʘʥ.11 2,574 5,256 8,98 13,62 

ɺʥʝ 

ʦʩʠ 

ʂʘʥ.10 
Lʵʩij Lij  

1,561 3,431 6,192 9,803 

ʂʘʥ.11 20565 5,242 8,964 13,61 

ʂʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ 

ʧʝʨʝʤʝʥʥʫʶ ʜʣʠʥʫ 

ʧʫʪʠ (H secqij) ʦʪ 

ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ ʜʦ 

ɹʆʕʉɼɿ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ɗij, 

ɺʥʝ 

ʦʩʠ 

ʂʘʥ.10 

kaij kaij 

0,9979 

 

ʂʘʥ.11 0,9985 

ʂʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ 

ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ Dlij ʥʘ 

ʷʨʢʦʩʪʠ Lʵʩij 

ɺʥʝ 

ʦʩʠ 

ʂʘʥ.10 

kʵʩDlij Kdlamdaij 

0,9978 0,9989 0,9998 1,0 

 

ʂʘʥ.11 0,9985 0,9996 1,0 1,001 

ʇʦʪʦʢʠ, 

ʧʨʠʭʦʜʷʱʠʝ ʥʘ 

ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ 

ɹʆʕʉɼɿ ʚ ʧʦʣʦʩʝ 

ʜʣʠʥ ʚʦʣʥ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʨʘʟʨʝʰʝʥʠʶ 

ɹʆʕʉɼɿ 

ɺʜʦʣʴ 

ʦʩʠ 

ʂʘʥ.10 

F0 Fai0 

9,12Ĭ10
-11

 2,003Ĭ10
-10

 3,613Ĭ10
-10

 5,716Ĭ10
-10

 

ɺʪ 
ʂʘʥ.11 1,499Ĭ10

-10
 3,061Ĭ10

-10
 3,23Ĭ10

-10
 7,934Ĭ10

-10
 

ɺʥʝ 

ʦʩʠ 

ʂʘʥ.10 

Fij Faiij 

8,755Ĭ10
-11

 1,926Ĭ10
-10

 3,477Ĭ10
-10

 5,504Ĭ10
-10

 

ʂʘʥ.11 1,44Ĭ10
-10

 2,943Ĭ10
-10

 5,032Ĭ10
-10

 7,639Ĭ10
-10
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮ r30 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 
ʆʧʪʠʯ. 

ʢʘʥʘʣ 
ʊʝʨʤʠʥ 

ʊʝʨʤʠʥ ʚ 

ʤʦʜʝʣʠ 

ʊʝʤʧʝʨʘʪʫʨʘ ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ Tʵʩ, ʂ 
ɽʜʠʥʠʮʘ 

240 280 320 360 

ʆʪʥʦʰʝʥʠʷ  

ʩʠʛʥʘʣ-ʰʫʤ 

ɺʜʦʣʴ 

ʦʩʠ 

ʂʘʥ.10 SNR0 

 

SNR0 466,2 1023 1846 2920 

 
ʂʘʥ.11 493,1 1007 1721 2610 

ɺʥʝ 

ʦʩʠ 

ʂʘʥ.10 
SNRij SNRij 

289,7 636,7 1149 1820 

ʂʘʥ.11 385,3 787,5 1347 2044 

ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʚʝʣʠʯʠʥʳ 

ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ DTʵʩ 

ɺʜʦʣʴ 

ʦʩʠ 

ʂʘʥ.10 
DFTʵʩ0 DeltaFaiT0 

2,092Ĭ10
-12

 3,375Ĭ10
-12

 4,661Ĭ10
-12

 5,827Ĭ10
-12

 

ɺʪ 
ʂʘʥ.11 3,12Ĭ10

-12
 6,684Ĭ10

-12
 6,129Ĭ10

-12
 7,348Ĭ10

-12
 

ɺʥʝ 

ʦʩʠ 

ʂʘʥ.10 
  DFTʵʩsij DeltaFaiTij 

2,012Ĭ10
-12

 3,25Ĭ10
-12

 4,492Ĭ10
-12

 5,619Ĭ10
-12

 

ʂʘʥ.11 3,002Ĭ10
-12

 4,51Ĭ10
-12

 5,906Ĭ10
-12

 7,085Ĭ10
-12

 

ʂʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ 

ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ Dlij ʥʘ 

ʧʦʪʦʢʠ DFTʵʩsij 

ɺʥʝ 

ʦʩʠ 

ʂʘʥ.10 

kTʵʩDlij KdlamdaTij 

0,9993 1,0 1,001 1,002 

 

ʂʘʥ.11 1,0 1,001 1,002 1,002 

ʂʦʥʪʨʘʩʪʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣʘ 

ɺʜʦʣʴ 

ʦʩʠ 

ʂʘʥ.10 
  CNRTʵʩ0 CNRT0 

10,69 17,24 23,81 29,77 

 
ʂʘʥ.11 10,27 15,41 20,16 24,17 

ɺʥʝ 

ʦʩʠ 

ʂʘʥ.10 
  CNRTʵʩij CNRTij 

6,653 10,74 14,85 18,58 

ʂʘʥ.11 8,032 12,07 15,8 18,96 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ  ʰʫʤʫ 

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 

ɺʜʦʣʴ 

ʦʩʠ 

ʂʘʥ.10 
  NEDTʵʩ0 NEDT0 

0,09355 0,058 0,042 0,03359 

ʂ 
ʂʘʥ.11 0,0974 0,0649 0,04959 0,0413 

ɺʥʝ 

ʦʩʠ 

ʂʘʥ.10 
  NEDTʵʩij NEDTij 

0,1503 0,09308 0,06734 0,05383 

ʂʘʥ.11 0,1245 0,08286 0,06328 0,05275 
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 4 

 

1. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ  ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ ʠ 

ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʆʕʉɼɿ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʲʝʢʪʠʚʦʚ ʠ 

ʄʌʇʋ) ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʦʪʨʝʙʠʪʝʣʷ. 

2. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ɹʆʕʉɼɿ ʪʠʧʘ TIRS, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ Landsat-8, 

ʧʦʜʪʚʝʨʜʠʣ ʩʦʚʧʘʜʝʥʠʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʡ ʩʠʩʪʝʤʳ ʩ 

ʨʘʩʯʝʪʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ. 
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ɿɸʂʃʖʏɽʅʀɽ 

ʆʩʥʦʚʥʳʝ ʠʪʦʛʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ  ʬʦʨʤʫʣʳ ʠ ʪʘʙʣʠʮʳ ʧʦʟʚʦʣʷʶʪ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʚʠʟʠʨʥʦʡ ʦʩʠ ɹʆʕʉɼɿ ʦʧʨʝʜʝʣʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʨʦʝʢʮʠʠ 

ʧʠʢʩʝʣʦʚ ʄʌʇʋ ʥʘ ʤʝʩʪʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥ·ʛʦ, 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʠʩʢʘʞʝʥʠʷʤʠ. 

2. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʯʠʩʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹʆʕʉɼɿ, ʠʩʭʦʜʷ ʠʟ ʩʦʩʪʦʷʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʲʝʢʪʠʚʦʚ ʠ ʄʌʇʋ),  ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʧʦʪʨʝʙʠʪʝʣʷ ʢ ʨʘʟʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ. 

3. ʇʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ 

ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ  ʧʦʣʷ ʦʙʟʦʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤʘʭ  ʧʨʦʩʤʦʪʨʘ ʵʪʦʛʦ 

ʧʦʣʷ.   

4. ʇʨʦʚʝʨʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʝʪʦʜʠʢʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ 

ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ, ʥʘ ʧʨʠʤʝʨʝ ʘʧʧʘʨʘʪʫʨʳ TIRS, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ 

Landsat-8, ʧʦʜʪʚʝʨʜʠʣʘ ʩʦʚʧʘʜʝʥʠʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʡ ʘʧʧʘʨʘʪʫʨʳ ʩ 

ʨʘʩʯʝʪʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʩʣʝʜʥʝʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ 

ʧʨʝʜʣʦʞʝʥʥʫʶ ʤʝʪʦʜʠʢʫ ʠ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʜʣʷ ʚʳʙʦʨʘ 

ʠ ʨʘʩʯʝʪʘ ʥʦʚʳʭ ɹʆʕʉɼɿ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʠʟʤʝʥʷʶʱʠʭʩʷ çʚʥʝʰʥʠʭè 

ʧʘʨʘʤʝʪʨʦʚ ï ʚʳʩʦʪʳ ʠ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʘʧʧʘʨʘʪʫʨʳ, ʨʘʟʤʝʨʦʚ ʧʦʣʷ ʦʙʟʦʨʘ (ʟʦʥʳ 

ʟʘʭʚʘʪʘ ʩʮʝʥʳ), ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

5. ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ ʣʝʞʘʪ ʚ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ɹʆʕʉɼɿ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʝʧʨʝʨʳʚʥʦ 

ʩʦʚʝʨʰʝʥʩʪʚʫʝʤʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ï ʦʙʲʝʢʪʠʚʦʚ, ʦʧʪʠʯʝʩʢʠʭ 

ʬʠʣʴʪʨʦʚ, ʄʌʇʋ.   
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ʇʈʀʃʆɾɽʅʀɽ ɸ 

ʆʎɽʅʂɸ ɺʃʀʗʅʀʗ ʀɿʄɽʅʗʖʑʀʍʉʗ çɺʅɽʐʅʀʍè ʀ 

çɺʅʋʊʈɽʅʅʀʍè ʇɸʈɸʄɽʊʈʆɺ ʅɸ ɼʆʉʊʀɾɽʅʀɽ ʊʈɽɹʋɽʄʆɻʆ 

ʈɸɿʈɽʐɽʅʀʗ ɹʆʈʊʆɺʓʍ ʆʇʊʀʂʆ-ʕʃɽʂʊʈʆʅʅʓʍ ʉʀʉʊɽʄ 

ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ɿʆʅɼʀʈʆɺɸʅʀʗ 

ɺ ʛʣʘʚʝ 3 ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʦʪʢʣʦʥʝʥʠʷʭ ʚʳʩʦʪʳ ʠ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ 

ʥʦʩʠʪʝʣʷ ʠ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ 

ʩʮʝʥʳ ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ɹʆʕʉɼɿ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʜʨʫʛʠʭ 

çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ 

ʨʘʟʨʝʰʝʥʠʷ ɹʆʕʉɼɿ. 

ʇʨʠ ɹʆʕʉɼɿ, ʨʘʙʦʪʘʶʱʝʡ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʦʡ ʥʘ ʨʠʩ. 5, ʠ ʧʨʠ ɋǋy = 0
o 

ʠ ɋǋx Ò 90
o
 ʚʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʢʘʞʝʥʠʡ „ , „ , „ , „  

ʧʦ ʦʩʷʤ x ʠ y ʧʨʠ ʩʣʫʯʘʡʥʦ ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʝʣʠʯʠʥʘʭ ɋǋx , ɋǋy , dx,  dy, äǋ, ɗi ʠ ɗj  

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ: 

„  ¡ „¡  
 ¡

¡„¡   ,  „  ¡ „¡  
¡

¡„¡ ,        

„  „ ¡ „¡    , „  „ ¡ „¡ ,     

ʛʜʝ       
¡

¡ ¡      ,    ¡  
¡

¡  , 

 
¡

¡ ¡        ,      ¡  
¡

¡  , 

 „ „
¡
„¡ 

       
¡  

¡ 

„
 

¡  

¡ 

„¡ .                                                  (97) 
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ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ʚʜʦʣʴ ʦʩʠ y) ʧʨʠ ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o 
ʚʝʣʠʯʠʥʳ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʢʘʞʝʥʠʡ („¡,„¡, „ , „ ) ʧʦ ʦʩʷʤ x ʠ y ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

„¡  
¡

¡ „¡  
¡

¡„¡    ,   „¡  
¡

¡ „¡  
¡

¡„¡  , 

„  „ ¡ „¡    ,  „  „ ¡ „¡ .     

ʛʜʝ       
¡

¡ ¡       ,     ¡  
¡

¡  , 

 
¡

¡ ¡    ,    ¡

¡

¡  , 

 „ „
¡
„¡ 

       
¡  

¡ 

„
 

¡  

¡ 

„¡.                                                (98) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ „ ,„ ,„ ,„ , 

„  , „ , „¡,„¡, „  ʠ „  ʙʫʜʫʪ ʨʘʚʥʳ 

 „ „ „
¡
„¡ 

       
¡
„

¡
„  

¡
„¡,                                        

 „ „ „
¡
„¡ 

         
¡
„

¡
„

 

¡
„¡, 

  „ „ „  Ὧ „  ὰ „  , 
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„ „ „  Ὧ „  ὰ „  , 

„ „ „  Ὧ „  ὰ „ , 

„ „ „  Ὧ „  ὰ „  , 

„¡
¡

„
¡

¡ „¡ Ὧ¡„  ὰ „¡ , 

„¡
¡

„
¡

¡ „¡ Ὧ¡„  ὰ „¡ , 

„ „ „  Ὧ „  ὰ „ , 

„ „ „  Ὧ „  ὰ „  .                               (99) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʣʦʱʘʜʠ ʧʨʦʝʢʮʠʠ ʧʠʢʩʝʣʦʚ ʄʌʇʋ „
̐

,̐ 

„
̐

,̐„
̐

,̐ „
̐̐
¡  ,„

̐̐
¡   ʨʘʚʥʳ  

„
̐̐

̐̐ „ ̐̐ „  ὰ  „  ὰ „  , 

„
̐̐

̐̐

̐̐
„
̐̐

̐̐ „ ̐̐ „ , 

ὯὯ „
̐̐

ὃ̐ Ὧ̐ „ ὃ̐ Ὧ̐  „   , 

„
̐̐

̐̐

̐̐
„
̐̐

̐̐ „ ̐̐ „   , 
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       ὯὯ „
̐̐

ὃ̐ Ὧ̐ „ ὃ̐ Ὧ̐  „ , 

 „
̐̐
¡

̐̐
¡

̐̐
„
̐̐

̐̐
¡

¡ „¡
̐̐
¡

¡ „¡ 

Ὧ¡Ὧ¡ „
̐̐

ὃ̐ Ὧ̐¡ „¡ ὃ̐ Ὧ̐¡ „¡ , 

„
̐̐
¡

̐̐
¡

̐̐
„
̐̐

̐̐
¡

„
̐̐
¡

„  ,  

 Ὧ Ὧ „
̐̐

ὃ̐ Ὧ̐ „ ὃ̐ Ὧ̐  „  .                             (100) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʪʝʣʝʩʥʳʭ ʫʛʣʦʚ „W , „W , „W̃  ̂, „W̃ ̂
 , „

W̃ ̐
¡  , „

W̃ ̐
¡  

ʙʫʜʫʪ ʨʘʚʥʳ 

„W
W

„
W

„ „ „  , 

„W
‬W

‬W
„W

‬W

‬—
„q  

       ÃÏÓ— „W σW ÃÏÓ— ÓÉÎ— „q , 

„W̃ ̂

W̃ ̂

W
„W

W̃ ̂ „  „W
W

„ , 

 „W̃ ̂

W̃ ̂

W
„W

W̃ ̂
„q

W̃ ̂
„  

           „W
W

„q
W

„  , 

„
W̃ ̐
¡

W̃ ̐
¡

W
„W

W̃ ̐
¡

¡ „¡ ¡ „W
W

¡
„¡, 
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 „
W̃ ̐
¡

W̃ ̐
¡

W
„W

W̃ ̐
¡

„q
W̃ ̐
¡

„  

           „W
W

„q
W

„  ,           (101) 

ʛʜʝ     „q „q „q   ,                                

ụ
Ụ
Ụ
Ụ
ợ

    

 

  
Ứ
ủ
ủ
ủ
Ủ

 , 

      

  
 

  

. 

ʇʦʛʨʝʰʥʦʩʪʠ ʨʘʟʤʝʨʘ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ „ , „ , „¡, „  , „  , „¡ ʨʘʚʥʳ 

„ „   ὔ„ , 

„ „ „  Ὧ „  ὒ „  , 

„¡
¡

„
¡

¡ „¡ Ὧ¡„  ὒ „¡ , 

„ „   ὔ„ , 

„ „ „  Ὧ „  ὒ „  , 
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„¡
¡

„
¡

¡ „¡ Ὧ¡„  ὒ „¡ .                                  (102) 

ʇʦʛʨʝʰʥʦʩʪʠ ʧʣʦʱʘʜʠ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ (ʢʘʜʨʘ) „
̋

, „  ̋, „
̋
¡ ʨʘʚʥʳ  

„
̋

̋

̐̐
„
̐̐

  ὔὔ„
̐

,̐ 

„
̋

‬ὃ̋

‬ὃ̋
„
̋

‬ὃ̋

‬Ὧ
„

‬ὃ̋

‬Ὧ
„  

 ὯὯ „
̋
 ὃ̋ Ὧ „  ὃ̋ Ὧ „  , 

„
̋
¡

̋
¡

̋
„
̋

̋
¡

¡ „¡
̋
¡

¡ „¡ , 

 Ὧ¡Ὧ¡ „
̋
 ὃ̋ Ὧ¡ „¡  ὃ̋ Ὧ¡ „¡.                                         (103) 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʦʪʢʣʦʥʝʥʠʡ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʆʕʉɼɿ ʥʘ ʚʨʝʤʝʥʥ·ʝ ʨʘʟʨʝʰʝʥʠʝ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ. 

ʇʦʛʨʝʰʥʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʦʩʠ y ʥʘ ʵʣʝʤʝʥʪʝ ʩʮʝʥʳ „ , 

„  , „ , „¡ , „   ʧʨʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʡ ʚʝʣʠʯʠʥʝ Vy ʨʘʚʥʳ 

„ „ „ „ „ , 

„ „ „ Ὧ„ Ὕ „ ,  

„ „ „ Ὧ „ Ὕ „ , 

„¡

¡

„
¡

¡ „¡ Ὧ¡„ Ὕ „¡, 
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„ „ „ Ὧ „ Ὕ „  .                                 (104) 

ʇʦʛʨʝʰʥʦʩʪʠ ʯʘʩʪʦʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʪʨʦʢ ʚʜʦʣʴ ʦʩʠ ʫ „ , „  , „ , „¡, 

„  ʨʘʚʥʳ  

„ „ Ὕ „ , 

„ „ „ Ὧ „  „ , 

„ „ „ Ὧ „  „  , 

„¡

¡

„
¡

¡ „¡ Ὧ¡ „  
¡

„¡, 

„ „ „ Ὧ „  „ .                           (105) 

ʇʦʛʨʝʰʥʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʦʩʠ x ʥʘ ʵʣʝʤʝʥʪʝ ʩʮʝʥʳ 

„ ,„  , „  ,„¡ , „  ʨʘʚʥʳ  

„ „ „ ὔϳ , 

„ „ „ Ὧ„  † „ , 

„ „ „ Ὧ „  † „ , 
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„¡

¡

„
¡

¡ „¡ Ὧ¡„  † „¡, 

„ „ „ Ὧ „  † „ .                                  (106) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚʜʦʣʴ ʦʩʠ 

x„ , „  , „ , „¡ , „  ʨʘʚʥʳ  

„ „ „ † „ „ , 

„ „ „ Ὧ„  ὺ „ , 

„ „ „ Ὧ „  ὺ „ , 

„¡

¡

„
¡

¡ „¡ Ὧ¡ „  
¡

„¡, 

„ „ „ Ὧ „  „ .                           (107) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʳ „ , „  , „ „¡ , „  ʨʘʚʥʳ  

„ „ „ †ϳ  , 

„ „ „ Ὧ „  „ , 

„ „ „ Ὧ „  „ , 
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„¡

¡

„
¡

¡ „¡ Ὧ¡ „  
¡
„¡, 

„ „ „ Ὧ „  „  (108) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʢʪʘ 

„Ў , „Ў  , „Ў , „Ў¡ , „Ў   ʨʘʚʥʳ  

„Ў
Ў

„ „ ὯЎ †ϳ , 

„Ў
Ў

Ў
„Ў

Ў
„ Ὧ „Ў  

Ў
„ , 

„Ў
Ў

Ў
„Ў

Ў
„ Ὧ „Ў  

Ў
„ , 

„Ў¡
Ў¡

Ў
„Ў

Ў¡

¡ „¡ Ὧ¡ „Ў  
Ў

¡
„¡, 

„Ў
Ў

Ў
„Ў

Ў
„ Ὧ „Ў  

Ў
„ .                            (109) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʨʝʤʝʥʠ ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ „ ,„  , „¡ ʨʘʚʥʳ  

 „ „ „ „  

          „ „ „  , 

„ „ „ Ὧ„  Ὕ „ , 
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„¡

¡

„
¡

¡ „¡ Ὧ¡„  Ὕ „¡.                                     (110) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʯʘʩʪʦʪʳ ʧʨʦʩʤʦʪʨʘ  ʢʘʜʨʘ „ ,„  , „
 
¡ ʨʘʚʥʳ  

„ „ „ Ὕϳ , 

„ „ „ Ὧ „  „ , 

„¡

¡

„
¡

¡ „¡ Ὧ¡ „  
¡

„¡  .                          (111) 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʦʪʢʣʦʥʝʥʠʡ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʆʕʉɼɿ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ. 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ „
╕

, „
╕

 ʬʠʣʴʪʨʘ, ʧʨʠ 

ʥʝʦʧʨʝʜʝʣʸʥʥʳʭ ʚʝʣʠʯʠʥʘʭ A , Á, ni , neff  ʨʘʚʥʳ  

„
╕

╕ „ ╕

Á
„Á

Á

Á
„ Á

Á
„Á    , 

„
╕

╕

╕
„
╕ Á

„Á ▪░
„▪░ ▪▄██

„▪▄██  „

ȟ

, 

ʛʜʝ      
╕

╕
Á

Á

▪░
▪▄██

 ,                                                         (112) 

╕

╕

ụ
Ụ
Ụ
Ụ
Ụ
ợ

ở

ỞỞ
ờ

▪░
▪▄██

Á

Ợ

ỡỡ
Ỡ

ở

ỞỞ
ờ
Á

▪░
▪▄██

Á

Ợ

ỡỡ
Ỡ

Ứ
ủ
ủ
ủ
ủ
Ủ

Á

Á

▪░
▪▄██

, 

▪░

 Á ▪░╕
▪░
▪▄██

▪░
▪▄██

Á
▪░
▪▄██

Á

Á

▪░
▪▄██

 , 
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▪▄██

 ╕Á▪░
▪░
▪▄██

▪░
▪▄██

Á
▪░
▪▄██

Á

Á

▪░
▪▄██

, 

 ╕Á▪░
▪░
▪▄██

▪░
▪▄██

Á ▪▄██ 
▪░
▪▄██

Á

Á

▪░
▪▄██

. 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʜʣʠʥʳ ʚʦʣʥʳ „ , „  ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʫʛʣʝ 

ʧʘʜʝʥʠʷ ʣʫʯʝʡ ʠ ʧʨʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʡ ʚʝʣʠʯʠʥʝ d, ʨʘʚʥʳ  

 „
▪▄██

„▪▄██ ▀
„▀ τὨ„▪▄██ τὲ „▀ 

       „ „ „ „  , 

ʦʪʩʶʜʘ      „ „  τὨ„▪▄██ τὲ „▀, 

„  Ὠ„▪▄██ ὲ „▀ „     ,                 

„  Ὠ„▪▄██ ὲ „▀ „   .                                            (113) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʳ „Dl ʬʠʣʴʪʨʘ ʠ ʝʸ 

ʧʦʛʨʝʰʥʦʩʪʠ ʜʣʠʥʳ ʚʦʣʥʳ „  ʨʘʚʥʳ 

„Dl
Dl
„

Dl

Á
„Á

Á

ЍÁ
„

ЍÁ

Á

ЍÁ
„Á 

        
Dl
„

Dl
„ ‗ „ ‗ „    , 

ʦʪʩʶʜʘ       ‗„ ‗„  
Á

ЍÁ
„

ЍÁ

Á

ЍÁ
„Á .                     (114) 

ʇʦʜʩʪʘʚʣʷʷ ʬʦʨʤʫʣʫ 18 ʚ ʬʦʨʤʫʣʫ 19, ʧʦʣʫʯʘʝʤ 
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„
Á

ЍÁ
„

ЍÁ

Á

ЍÁ
„Á ‗ ‗ ‗ϳ ρ ,           

„
‗ρ ‗ς

τ

τ‗ρ
ς

ρ Á

ЍÁ

ς

„‗π
ς ‗π ρ

ЍÁ

ρ Á

ЍςÁ
σ

ς

„Á
ς ‗ς

ς ‗ς ‗ρϳ
ς ρ .          (115) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʠ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ „  , „  , „  ʨʘʚʥʳ 

„ „
▪░

„▪░ ▪▄██
„▪▄██  „

ȟ

, 

ʛʜʝ     ρ ▪░▪▄██ϳ ÓÉÎ—     ,    
▪░

▪░

▪░▪▄██ϳ

 , 

▪▄██

▪░

▪░▪▄██ϳ

         ,    
▪░

▪░▪▄██ϳ

 

„ „
▪░

„▪░ ▪▄██
„▪▄██  „

ȟ

, 

ʛʜʝ     ρ ▪░▪▄██ϳ ÓÉÎ—      ,   
▪░

▪░

▪░▪▄██ϳ

 , 

▪▄██

▪░

▪░▪▄██ϳ

         ,    
▪░

▪░▪▄██ϳ

 . 

„ „
▪░

„▪░ ▪▄██
„▪▄██  „

ȟ

  ,                 (116) 

ʛʜʝ     ρ ▪░▪▄██ϳ ÓÉÎ—    ,    
▪░

▪░

▪░▪▄██ϳ

 , 

▪▄██

▪░

▪░▪▄██ϳ

        ,      
▪░

▪░▪▄██ϳ

 . 

ɺʝʣʠʯʠʥʘ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʙʦʯʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʳ „Dlʌʌʇ ʨʘʚʥʘ  

 „Dl
Dl

Dl
„Dl

Dl

▪░
„▪░

Dl

▪▄██
„▪▄██  

Dl
„

ȟ

 

             
Dl

„
Dl

„ ‗ „ ‗ „  ,            (117) 
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ʛʜʝ   
Dl

Dl
ρ ▪░▪▄██ϳ ÓÉÎ—     ,    

Dl

▪░

Dl▪░

▪░▪▄██ϳ

    , 

Dl

▪▄██

Dl▪░

▪░▪▄██ϳ

       ,    
Dl Dl▪░

▪░▪▄██ϳ

 . 

ʇʦʛʨʝʰʥʦʩʪʠ  ʢʦʵʬʬʠʮʠʝʥʪʦʚ („
ʘ
,  „ʢ¡ ʠ „ ) ʧʨʠ ʥʝʦʧʨʝʜʝʣʸʥʥʭr 

ʚʝʣʠʯʠʥʘʭ ʚʳʩʦʪʳ ʧʦʣʝʪʳ H ʠ ʧʦʢʘʟʘʪʝʣʝ ʦʩʣʘʙʣʝʥʠʷ bext ʙʫʜʫʪ ʨʘʚʥʳ  

 „
†π

„†π „  

ρ†π
 

„†π
†π

 

ÌÏÇ†πἻἱἶ
„ ,                  (118) 

ʛʜʝ  

„†π
†π

♫ἭὀἼ
„♫ἭὀἼ

†π „ ὌὩ♫ἭὀἼ„♫ἭὀἼ ὌὩ♫ἭὀἼ„  . 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʦʪʢʣʦʥʝʥʠʡ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʆʕʉɼɿ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ. 

ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʩʤʦʪʨʘ ʦʪ ʣʠʥʠʠ ʥʘʜʠʨʘ (ɋǋy = 0
o 
ʠ  ɋǋx Ò 90

o
) 

ʚʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ („  ʠ „ ) ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʘʢ 

 „
†π
„†π „  

          Ὧ ρ†π
 „†π †π

▓◐ ÌÏÇ†π „   , 

„
†π

„†π „ „ , 

       ρ†π „†π
ÌÏÇ†π †π „  

             
ÌÏÇ†πἻἱἶ

†π „

ȟ

.                                                          (119)   
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ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ʚʜʦʣʴ ʦʩʠ y) ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o 
ʚʝʣʠʯʠʥʳ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ („¡ ʠ „¡ ) ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

„¡

¡

Ⱳ
„Ⱳ

¡

¡ „¡ , 

        Ὧ¡ ρ†π
¡ „†π †π

¡ ÌÏÇ†π „¡ 

 „¡

¡

†π
„†π

¡

„
¡

„  

  ρ†π „†π
ÌÏÇ†π †π „  

         
ÌÏÇ†πÓÉÎ

†π „

ȟ

.                                                      (120) 

ɺʝʣʠʯʠʥʘ ʧʦʛʨʝʰʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʘʪʤʦʩʬʝʨʳ „  ʥʘ ʧʫʪʠ  

ʦʪ ʉʦʣʥʮʘ ʜʦ ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ ʨʘʚʥʘ 

 „
‍Ὡὼὸ

„‍Ὡὼὸ „
̒
„  ̒

        Ὄ ÓÅÃʎ̒Ὡ‍Ὡὼὸ ̒ „‍Ὡὼὸ ÓÅÃʎ̒‍ὩὼὸὩ
‍Ὡὼὸ ̒ „  

              
‍Ὡὼὸ ̒

̒
Ὡ‍Ὡὼὸ ̒ „

̒

ȟ

.                                                          (121) 

ʇʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʨʦʩʤʦʪʨʝ (ɋǋx = ɋǋy = 0) ʚʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʠ ʷʨʢʦʩʪʠ  

ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ „  ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʥʘʜʠʨ ʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʷʨʢʦʩʪʝʡ „  ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʫʪ ʨʘʚʥʳ 
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 „ „
r
„r ►Ἣ

„►Ἣ ►̈Ἣ
„►̈ ̒

„
sἫ
„sἫ 

              „ 
╣Ἣ
„╣Ἣ  e

„e ╣̞Ἣ
„╣̞Ἣ 

Ȣ

                       (122) 

ʛʜʝ 

Ў

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗ ᷿
╬

ⱦ ▄╬ ⱦϳ╣̞ ̒
Ὠ‗ , 

Ў
†

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗ ᷿
╬

ⱦ ▄╬ ⱦϳ╣̞ ̒
Ὠ‗,  

Ў
†

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗ ᷿
╬

ⱦ ▄╬ ⱦϳ╣̞ ̒
Ὠ‗,  

►ἫЎ
†

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗, 

►̞ἫЎ
†

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗, 

Ў
†

►Ἣ

►̈Ἣ
ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗ , 

sἫЎ
 †

►Ἣ

►̈Ἣ
†ÓÉÎsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗ , 

̒Ў
†

►Ἣ
►̈Ἣ

sἫ╬

╬ ⱦ▄╬ ⱦϳ╣̒

ụ
Ụ
Ụ
Ụ
Ụ
ợ

╣̒ⱦ ╬╣̒ⱦ  ╬╣̒ⱦ ╬

╬

 
╣̒ ╣̒ⱦ ╬╣̒ⱦ  ╬ⱦ

╬

 
╣̒ⱦ ╬╣̒ⱦ  ╬╣̒ⱦ ╬

 ⱦ╣̒ Ứ
ủ
ủ
ủ
ủ
Ủ

Ў

, 

̞ Ў̒
†

╬

╬ ⱦ▄╬ ⱦϳ╣̞ ̒

ụ
Ụ
Ụ
Ụ
Ụ
ợ

╣̞ ⱦ̒ ╬╣̞ ⱦ̒  ╬╣̞ ⱦ̒ ╬

╬

 
╣̞ ̒ ╣̞ ⱦ̒ ╬╣̞ ⱦ̒  ╬ⱦ

╬

 
╣̞ ⱦ̒ ╬╣̞ ⱦ̒  ╬╣̞ ⱦ̒ ╬

 ⱦ╣̞ ̒ Ứ
ủ
ủ
ủ
ủ
Ủ

Ў

, 
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Ў Dl

†π

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ

►Ἣ
►̈Ἣ

sἫ╬

╬ ⱦ▄╬ ⱦϳ╣̒

ở

ỞỞ
ờ

╣̒ⱦ ╬╣̒ⱦ  ╬╣̒ⱦ ╬

 ⱦ

╣̒ ╣̒ⱦ ╬╣̒ⱦ  ╬╣̒ⱦ ╬

╬ⱦ

╣̒ ╣̒ⱦ ╬╣̒ⱦ ╣̒╬

╬ Ợ

ỡỡ
Ỡ

╬

╬ ⱦ▄╬ ⱦϳ╣̞ ̒

ở

ỞỞ
ờ

╣̞ ⱦ̒ ╬╣̞ ⱦ̒  ╬╣̞ ⱦ̒ ╬

 ⱦ

╣̞ ̒╣̞ ⱦ̒ ╬╣̞ ⱦ̒  ╬╣̞ ⱦ̒ ╬

╬ⱦ

╣̞ ̒ ╣̞ ⱦ̒ ╬╣̞ ⱦ̒ ╣̞ ╬̒

╬ Ợ

ỡỡ
Ỡ

Ứ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
Ủ

Ў Dl

, 

„ „ „ Ὧ „ ὒ „                             (123) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʷʨʢʦʩʪʝʡ „,„ , „ ,„  ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʘʢ 

„ „ „ Ὧ „ ὒ „  , 

„ „ „ Ὧ „ ὒ „  , 

„ „ „ Ὧ „ ὒ „  , 

„ „ „ Ὧ „ ὒ „   .                        (124) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʦʪʦʢʦʚ „F  ʠ „F  ʜʣ̫ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʥʘʜʠʨ ʠ ʚʥʝ 

ʝʛʦ ʙʫʜʫʪ ʨʘʚʥʳ 

 „F
F

̐̐
„
̐̐

F
„

F
„  

        ɱὒ „
̐̐

ὃ̐ ὒ̐ „ ὃ̐ ɱ̐ „  , 
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 „F
F

F
„F

F
„

F
„  

        Ὧ ÃÏÓ— „F F ÃÏÓ— „ τFὯ ÃÏÓ— ÓÉÎ— „ , 

„F
F

F
„F

F
„ Ὧ „F F „  , 

 „F
F

F
„F

F
„

F
„  

Ὧ ÃÏÓ— „F F ÃÏÓ— „ τFὯ ÃÏÓ— ÓÉÎ— „ , 

„F
F

F
„F

F
„ Ὧ „F F „  , 

„F
F

F
„F

F
„

F
„                                                  (125) 

Ὧ ÃÏÓ— „F F ÃÏÓ— „ τFὯ ÃÏÓ— ÓÉÎ— „ . 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ „  , „ , „ , „ , 

„ , „   ʙʫʜʫʪ ʨʘʚʥʳ 

 „ „ „
ᶻ
„  z

                  
̐
„
̐

„
F

„F

Ȣ

 

           
Fz

̐
„

Fz

̐
„

F

̐
„ᶻ

Fz

̐
ȟ

„  ̐

                 
Fz ̐

̐
ȟ

„
ᶻ

̐
„F

Ȣ

 , 
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 „ „ „ „  

            Ὧ ÃÏÓ— „ ὛὔὙÃÏÓ— „  

                  υ ὛὔὙὯ ÃÏÓ— ÓÉÎ— „
Ȣ

, 

 „ „ „ „  

         ὯȢὯ „ Ȣ „ ὛὔὙ Ὧ
Ȣ „  , 

 „ „ „ „ „  

           ὯȢὯ ÃÏÓ— „ Ȣ „ ὛὔὙὯȢÃÏÓ— „  

                 υ ὛὔὙὯȢὯ  ÃÏÓ— ÓÉÎ— „
Ȣ

 , 

 „ „ „ „  

         Ὧ ȢὯ „ Ȣ „ ὛὔὙ Ὧ
Ȣ „  , 

 „ „ „ „ „  

            ὯȢὯὥὭὮ
ᴂ
ÃÏÓ— „

ὯὥὭὮ
ᴂ

Ȣ „ ὛὔὙὯȢÃÏÓ— „
ὯὥὭὮ
ᴂ
ς  

                   υ ὛὔὙὯȢὯὥὭὮ
ᴂ
 ÃÏÓ— ÓÉÎ— „

Ȣ

 .                                               (126) 
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ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ                

(„Ў , „Ў ), („Ў , „Ў ) ʠ („Ў ̞
,̒ „Ў ̞̒

) ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʨʦʩʤʦʪʨʝ               

ɋǋx = ɋǋy = 0  ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʥʘʜʠʨ ʠ ʚʥʝ ʝʛʦ ʙʫʜʫʪ ʨʘʚʥʳ 

 „Ў
Ў

„
Ў

Ўr
„Ўr

Ў

̐̐
„
̐̐

Ў
„  

                   
Ў

►Ἣ
„►Ἣ

Ў

►̈Ἣ
„►̈ ̒

Ў
„  

Ў

sἫ
„sἫ 

                   
Ў

„ 
Ў

╣Ἣ
„╣Ἣ , 

ʛʜʝ 

 

Ў

Ў
ὃʧʧɱ

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗ , 

 

Ў

Ў
† ὃʧʧɱ

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗,  

 

Ў

ʧʧ Ў
† ɱ

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗,  

Ў

Ў
† ὃʧʧ

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗,  

 

Ў

►Ἣ Ў
† ὃʧʧɱ

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗, 

 

Ў

►̞Ἣ Ў
† ὃʧʧɱ

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗, 

 

Ў

Ў
† ὃʧʧɱ

►Ἣ

►̈Ἣ
ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗ , 

Ў

sἫ Ў
 † ὃʧʧɱ

►Ἣ

►̈Ἣ
†ÓÉÎsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗ , 

Ў

̒ Ў
†

ʧʧ
►Ἣ
►̈Ἣ

sἫ╬

╬ ⱦ▄╬ ⱦϳ╣̒

ụ
Ụ
Ụ
Ụ
Ụ
ợ

╣̒ⱦ ╬╣̒ⱦ  ╬╣̒ⱦ ╬

╬

 
╣̒ ╣̒ⱦ ╬╣̒ⱦ  ╬ⱦ

╬

 
╣̒ⱦ ╬╣̒ⱦ  ╬╣̒ⱦ ╬

 ⱦ╣̒ Ứ
ủ
ủ
ủ
ủ
Ủ

Ў

, 
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‬Ўɮ”π

Ў Dl

†π

ụ
Ụ
Ụ
Ụ
Ụ
ợ
ɝ”
ὃʧʧπɱπ

►Ἣ
►̈Ἣ

sἫ╬

╬ ⱦ▄╬ ⱦϳ╣̒

ở

ỞỞ
ờ

╣̒ⱦ ╬╣̒ⱦ  ╬╣̒ⱦ ╬

 ⱦ

╣̒ ╣̒ⱦ ╬╣̒ⱦ  ╬╣̒ⱦ ╬

╬ⱦ

╣̒ ╣̒ⱦ ╬╣̒ⱦ ╣̒╬

╬ Ợ

ỡỡ
Ỡ

Ứ
ủ
ủ
ủ
ủ
Ủ

Ў Dl

, 

 „Ў
Ў

Ў
„Ў

Ў
„

Ў
„

ȟ

 

           Ὧ ÃÏÓ— „Ў Ўɮ ÃÏÓ— „  

                 τЎɮ Ὧ ÃÏÓ— ÓÉÎ— „
ȟ

, 

 „Ў
Ў

„
Ў

Ў
„Ў

Ў

̐̐
„
̐̐

Ў
„  

               
Ў

►Ἣ
„►Ἣ

Ў

►̈Ἣ
„►̈ ̒

Ў
„  

Ў

sἫ
„sἫ 

              
Ў

„ 
Ў

╣Ἣ
„╣Ἣ , 

ʛʜʝ 

Ў

Ў
ὃʧʧɱ

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗ , 

 

Ў

Ў
† ὃʧʧɱ

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗,  

 

Ў

ʧʧ Ў
† ɱ

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗,  

Ў

Ў
† ὃʧʧ

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗,  

 

Ў

►Ἣ Ў
† ὃʧʧɱ

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗, 

 

Ў

►̞Ἣ Ў
† ὃʧʧɱ

►Ἣ

►̈Ἣ
†ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗, 

 

Ў

Ў
† ὃʧʧɱ

►Ἣ

►̈Ἣ
ÃÏÓsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗ , 

Ў

sἫ Ў
 † ὃʧʧɱ

►Ἣ

►̈Ἣ
†ÓÉÎsἫ᷿

╬

ⱦ ▄╬ ⱦϳ╣̒ Ὠ‗ , 
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Ў

̒ Ў
†

ʧʧ
►Ἣ
►̈Ἣ

sἫ╬

╬ ⱦ▄╬ ⱦϳ╣̒

ụ
Ụ
Ụ
Ụ
Ụ
ợ

╣̒ⱦ ╬╣̒ⱦ  ╬╣̒ⱦ ╬

╬

 
╣̒ ╣̒ⱦ ╬╣̒ⱦ  ╬ⱦ

╬

 
╣̒ⱦ ╬╣̒ⱦ  ╬╣̒ⱦ ╬

 ⱦ╣̒ Ứ
ủ
ủ
ủ
ủ
Ủ

Ў

, 

‬Ўɮ‐π

Ў Dl

†π

ụ
Ụ
Ụ
Ụ
Ụ
ợ
ɝ‐
ὃʧʧπɱπ

►Ἣ
►̈Ἣ

sἫ╬

╬ ⱦ▄╬ ⱦϳ╣̒

ở

ỞỞ
ờ

╣̒ⱦ ╬╣̒ⱦ  ╬╣̒ⱦ ╬

 ⱦ

╣̒ ╣̒ⱦ ╬╣̒ⱦ  ╬╣̒ⱦ ╬

╬ⱦ

╣̒ ╣̒ⱦ ╬╣̒ⱦ ╣̒╬

╬ Ợ

ỡỡ
Ỡ

Ứ
ủ
ủ
ủ
ủ
Ủ

Ў Dl

, 

 „Ў
Ў

Ў
„Ў

Ў
„

Ў
„

ȟ

 

            Ὧ ÃÏÓ— „Ў Ўɮ ÃÏÓ— „  

                 τЎɮ Ὧ ÃÏÓ— ÓÉÎ— „
ȟ

, 

 „Ў ̞̒

Ў ̞̒ „
Ў ̞̒

╣̞ ̒
„╣̞ ̒

Ў ̞̒ „
Ў ̞̒

̐̐
„
̐

 ̐

                    
Ў ̞̒ „

Ў ̞̒

╣̞ ̒
„╣̞ ̒

Ў ̞̒ „
ȟ

, 

ʛʜʝ 

Ў ̞̒

Ў

ʵʩ ὃʧʧɱ
ϳ

ʵʩ
᷿

╬

ⱦ ▄╬ ⱦϳ╣̞ ̒
Ὠ‗ , 

 

Ў ̞̒

╣̞ ̒ Ў
† ὃʧʧɱ

ϳ

ʵʩ
᷿

╬

ⱦ ▄╬ ⱦϳ╣̞ ̒
Ὠ‗,  

Ў ̞̒

Ў
† ʵʩὃʧʧɱ

ϳ

ʵʩ
᷿

╬

ⱦ ▄╬ ⱦϳ╣̞ ̒
Ὠ‗,  

Ў ̞̒

̐̐ Ў
† ʵʩ ɱ

ϳ

ʵʩ
᷿

╬

ⱦ ▄╬ ⱦϳ╣̞ ̒
Ὠ‗,  

Ў ̞̒

Ў
† ʵʩ ὃʧʧ

ϳ

ʵʩ
᷿

╬

ⱦ ▄╬ ⱦϳ╣̞ ̒
Ὠ‗,  

Ў ̞̒

╣̞ ̒ Ў
†

ʵʩ
ʧʧ

ϳ

ʵʩ
╬

╬ ⱦ▄╬ ⱦϳ╣̞ ̒

ụ
Ụ
Ụ
Ụ
Ụ
ợ

ʵʩ ╣̞ ⱦ̒ ╬╣̞ ⱦ̒  ╬╣̞ ⱦ̒ ╬ⱦ

╬

╣̞ ⱦ̒ ╬╣̞ ⱦ̒ ╬╣̞ ⱦ̒ ╬╣̞ ⱦ̒ ╬

╬

 
╣̞ ⱦ̒ ╬╣̞ ⱦ̒ ╬╣̞ ⱦ̒ ╬╣̞ ⱦ̒ ╬

 ⱦ╣̞ ̒ Ứ
ủ
ủ
ủ
ủ
Ủ

Ў

, 
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Ў ̞̒

Ў Dl

†

ʵʩ
ʧʧ

ϳ

ʵʩ
╬

╬ ⱦ▄╬ ⱦϳ╣̞ ̒

ụ
Ụ
Ụ
Ụ
Ụ
ợ

ʵʩ ╣̞ ⱦ̒ ╬╣̞ ⱦ̒  ╬╣̞ ⱦ̒ ╬╣̞ ̒

╬

ʵʩ ╣̞ ⱦ̒ ╬╣̞ ⱦ̒ ╬╣̞ ⱦ̒ ╬╣̞ ⱦ̒ ╬

╬ⱦ

 
╣̞ ⱦ̒ ╬╣̞ ⱦ̒ ╬╣̞ ⱦ̒ ╬╣̞ ⱦ̒ ╬

ⱦ Ứ
ủ
ủ
ủ
ủ
Ủ

Ў Dl

, 

 „Ў ̞̒

Ў ̞̒

ЎɮὝ̞ π̒

„ЎɮὝ̞ π̒

Ў ̞̒
„

Ў ̞̒
„

ȟ

 

              Ὧ ÃÏÓ— „ЎɮὝ̞ π̒
ЎɮὝ̞ π̒ÃÏÓ— „  

                   τЎɮὝ̞ π̒Ὧ ÃÏÓ— ÓÉÎ— „
ȟ

.                                                 (127) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʚʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ („Ў , „Ў ), („Ў , „Ў ) ʠ („Ў ̞
,̒ „Ў ̞̒

)  

ʙʫʜʫʪ ʨʘʚʥʳ 

„Ў
Ў

Ў
„Ў

Ў
„  Ὧ „Ў Ўɮ „  , 

 „Ў
Ў

Ў
„Ў

Ў
„

Ў
„  

             Ὧ ÃÏÓ— „Ўɮ”π
ς Ўɮ”πÃÏÓ— „  

                    τ Ўɮ”πὯ ÃÏÓ— ÓÉÎ— „
Ȣ

 , 

„Ў
Ў

Ў
„Ў

Ў
„  Ὧ „Ў Ўɮ „  , 

 „Ў
Ў

Ў
„Ў

Ў
„

Ў
„  

               Ὧ ÃÏÓ— „Ўɮ‐π
ς Ўɮ‐πÃÏÓ— „  

                       τ Ўɮ‐πὯ ÃÏÓ— ÓÉÎ— „
Ȣ

, 

„Ў ̞̒

Ў ̞̒

Ў ̞̒
„Ў ̞̒

Ў ̞̒ „  Ὧ „Ў ̞̒
Ўɮ ̞̒ „  , 



167 

 

 „Ў ̞̒

Ў ̞̒

‬ЎɮὝ̞ π̒
„ЎɮὝ̞ π̒

ς Ў ̞̒
„

Ў ̞̒
„  

                Ὧ ÃÏÓ— „Ў ̞̒
Ўɮ ̞̒ÃÏÓ— „  

                      τ Ўɮ ̞̒Ὧ ÃÏÓ— ÓÉÎ— „
Ȣ

  .                                              (128) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʚʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ („Ў , „Ў ), („Ў , „Ў ) ʠ („Ў ̞
,̒ „Ў ̞̒

) ʙʫʜʫʪ 

ʨʘʚʥʳ 

„Ў
Ў

Ў
„Ў

Ў
„  Ὧ „Ў Ўɮ „  , 

 „Ў
Ў

Ў
„Ў

Ў
„

Ў
„  

              ὯὥὭὮ
ᴂ
ÃÏÓ— „Ўɮ”π

ς Ўɮ”πÃÏÓ— „
ὯὥὭὮ
ᴂ
ς  

                   τ Ўɮ”πὯὥὭὮ
ᴂ
ÃÏÓ— ÓÉÎ— „

Ȣ

 , 

„Ў
Ў

Ў
„Ў

Ў
„  Ὧ „Ў Ўɮ „  , 

 „Ў
Ў

Ў
„Ў

Ў
„

Ў
„  

              ὯὥὭὮ
ᴂ
ÃÏÓ— „Ўɮ‐π

ς Ўɮ‐πÃÏÓ— „
ὯὥὭὮ
ᴂ
ς  

                    τ Ўɮ‐πὯὥὭὮ
ᴂ
ÃÏÓ— ÓÉÎ— „

Ȣ

 , 

„Ў ̞̒

Ў ̞̒

Ў ̞̒
„Ў ̞̒

Ў ̞̒ „  Ὧ „Ў ̞̒
Ўɮ ̞̒ „ , 

 „Ў ̞̒

Ў ̞̒

‬ЎɮὝ̞ π̒
„ЎɮὝ̞ π̒

ς
Ў ̞̒

„
Ў ̞̒

„  

                 ὯὥὭὮ
ᴂ
ÃÏÓ— „Ў ̞̒

Ўɮ ̞̒ÃÏÓ— „
ὯὥὭὮ
ᴂ
ς  

                        τ Ўɮ ̞̒ὯὥὭὮ
ᴂ
ÃÏÓ— ÓÉÎ— „

Ȣ

.                                               (129) 
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ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʢʦʥʪʨʘʩʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ                  

(„ , „ ), („ , „ ) ʠ („
̞

,̒ „
̞

)̒ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʧʨʦʩʤʦʪʨʝ ʠ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʥʘʜʠʨ ʠ ʚʥʝ ʝʛʦ ʙʫʜʫʪ ʨʘʚʥʳ 

 „ „ „
ᶻ

„  z

                   
̐

„
̐

„
F

„F

Ȣ

 

            
ɝzF”π

̐
„

ɝzF”π

̐
„

ɝF”π

̐
„ᶻ

ᶻF

̐
ȟ

„  ̐

                    
ᶻF ̐

̐
ȟ

„
ᶻ

̐
„F

Ȣ

 , 

 „ „ „ „  

              Ὧ ÃÏÓ— „ ὅὔὙ ÃÏÓ— „  

                     υ ὅὔὙὯ ÃÏÓ— ÓÉÎ— „
Ȣ

 , 

 „ „ „
ᶻ

„  z

                   
̐

„
̐

„
F

„F

Ȣ

 

             
ɝzF‐π

̐
„

ɝzF‐π

̐
„

ɝF‐π

̐
„ᶻ

ᶻF

̐
ȟ

„  ̐

                   
ᶻF ̐

̐
ȟ

„
ᶻ

̐
„F

Ȣ

, 

 „ „ „ „  

               Ὧ ÃÏÓ— „ ὅὔὙ ÃÏÓ— „  

                    υ ὅὔὙὯ ÃÏÓ— ÓÉÎ— „
Ȣ

 , 
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 „
̞̒

̞̒ „ ̞̒ „ ̞̒

ᶻ
„  z

                     ̞̒

̐
„
̐

̞̒ „ ̞̒

F ̞̒
„F ̞̒

Ȣ

 

               
ɝzFὝ̞ π̒

̐
„

ɝzFὝ̞ π̒

̐
„

ɝFὝ̞ π̒

̐
„  z

                   
ᶻFὝ̞ π̒

̐
ȟ

„
̐

ᶻFὝ̞ π̒ ̐

̐
ȟ

„
ᶻ

̐
„FὝ̞ π̒

Ȣ

ȟ  

 „
̞̒

̞̒

̞̒
„

̞̒

̞̒
„

̞̒
„  

                Ὧ ÃÏÓ— „
̞̒

ὅὔὙ̞ Ã̒ÏÓ— „  

                       υ ὅὔὙ̞  ̒Ὧ ÃÏÓ— ÓÉÎ— „
Ȣ

    .                                   (130) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʚʝʣʠʯʠʥ  r ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʢʦʥʪʨʘʩʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ („ , „ ) , („ , „ ) ʠ          

(„
̞

,̒ „
̞̒

)  ʙʫʜʫʪ ʨʘʚʥʳ 

 „ „ „ „  

             ὯȢὯ „ Ȣ „ ὅὔὙὯȢ „   , 

 „ „ „  

                   „ „

Ȣ

 

               ὯȢὯ ÃÏÓ— „ὅὔὙ”π
ς ὅὔὙ”π

Ȣ „  

                     ὅὔὙ”πὯ
ȢÃÏÓ— „ υ ὅὔὙ”πὯ

ȢὯ ÃÏÓ— ÓÉÎ— „
Ȣ

 , 
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 „ „ „ „  

           ὯȢὯ „ Ȣ „ ὅὔὙὯȢ „  , 

 „ „ „  

                      „ „

Ȣ

 

               ὯȢὯ ÃÏÓ— „ὅὔὙ‐π
ς ὅὔὙ‐π

Ȣ „  

                     ὅὔὙ‐πὯ
ȢÃÏÓ— „ υ ὅὔὙ‐πὯ

ȢὯ ÃÏÓ— ÓÉÎ— „
Ȣ

, 

 „
̞̒

̞̒

̞̒
„

̞̒

̞̒ „ ̞̒ „  

              ὯȢὯ „
̞̒

̞̒
Ȣ „ ὅὔὙ̞ Ὧ̒Ȣ „  , 

 „
̞̒

̞̒

̞̒
„

̞̒

̞̒
„  

                        
̞̒

„
̞̒

„

Ȣ

 

                  ὯȢὯ ÃÏÓ— „
̞̒

̞̒

Ȣ „  

            ὅὔὙ̞ Ὧ̒ȢÃÏÓ— „ υ ὅὔὙ̞ Ὧ̒ȢὯ ÃÏÓ— ÓÉÎ— „
Ȣ

Ȣ(131) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
), ʚʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʢʦʥʪʨʘʩʪʥʳʭ ʦʪʥʦʰʝʥʠʡ ʩʠʛʥʘʣ-ʰʫʤ („ , „ ) , („ , „ ) ʠ                  

(„
̞

,̒ „
̞̒

)  ʙʫʜʫʪ ʨʘʚʥʳ   



171 

 

 „ „ „ „  

             Ὧ ȢὯ „ Ȣ „ ὅὔὙὯ Ȣ „   , 

 „ „ „  

                    „ „

ȟ

 

 ὯȢὯὥὭὮ
ᴂ
ÃÏÓ— „ὅὔὙ”π

ς ὅὔὙ”πὯὥὭὮ
ᴂ

Ȣ „ ὅὔὙ”πὯ
ȢÃÏÓ— „

ὯὥὭὮ
ᴂ
ς  

       υ ὅὔὙ”πὯ
ȢὯὥὭὮ
ᴂ
ÃÏÓ— ÓÉÎ— „

Ȣ

, 

 „ „ „ „  

            Ὧ ȢὯ „ Ȣ „ ὅὔὙὯ Ȣ „   , 

 „ „ „  

                    „ „

ȟ

, 

           ὯȢὯὥὭὮ
ᴂ
ÃÏÓ— „ὅὔὙ‐π

ς ὅὔὙ‐πὯὥὭὮ
ᴂ

Ȣ „ ὅὔὙ‐πὯ
ȢÃÏÓ— „

ὯὥὭὮ
ᴂ
ς  

                  υ ὅὔὙ‐πὯ
ȢὯὥὭὮ
ᴂ
ÃÏÓ— ÓÉÎ— „

Ȣ

, 

 „
̞̒

̞̒

̞̒
„

̞̒

̞̒ „ ̞̒ „  

              Ὧ ȢὯ „
̞̒

̞̒
Ȣ „ ὅὔὙ̞ Ὧ̒ Ȣ „  , 
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 „
̞̒

̞̒

̞̒
„

̞̒

̞̒
„  

                      
̞̒

„
̞̒

„

ȟ

, 

                 ὯȢὯ ÃÏÓ— „
̞̒

̞̒

Ȣ „  

               ὅὔὙ̞ Ὧ̒ȢÃÏÓ— „ υ ὅὔὙ̞ Ὧ̒ȢὯ  ÃÏÓ— ÓÉÎ— „
Ȣ

.  (132) 

ɺʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʰʫʤʫ ʨʘʟʥʦʩʪʝʡ ʦʪʨʘʞʘʪʝʣʴʥʳʭ 

ʠʣʠ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ („ Dr , „ Dr) ʠʣʠ („ D , „ D ) ʠ 

ʚʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʰʫʤʫ ʨʘʟʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨ               

(„ D̞
,̒ „ D̞

)̒ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʨʦʩʤʦʪʨʝ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʥʘʜʠʨ ʠ ʚʥʝ 

ʝʛʦ ʙʫʜʫʪ ʨʘʚʥʳ 

 „ Dr

Dr

Dr
„Dr

Dr
„  

             ὅὔὙ „Dr DrὅὔὙ „   , 

 „ Dr

Dr

Dr
„ Dr

Dr
„

Dr
„  

               Ὧ ÃÏÓ— „ Dr

Dr
„

 Dr
„  , 

   „ D

D

D
„D

D
„ ὅὔὙ „D D‐ὅὔὙ „  , 

 „ D

D

D
„ D

D
„

D
„  

              Ὧ ÃÏÓ— „ D

D
„

 D
„  , 
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 „ D̞̒

D̞̒

D̞̒
„D̞̒

D̞̒

̞̒
„

̞
 ̒

              ὅὔὙ̞ ̒ „D̞̒ DὝ̞ὅ̒ὔὙ̞ ̒ „ ̞
 ̒, 

 „ D̞̒

D̞̒

D̞̒
„ D̞̒

D̞̒
„

D̞̒
„  

               Ὧ ÃÏÓ— „ D̞̒

D̞̒ „
 D̞̒

„ . (133) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʙʦʢ (ɋǋy = 0
o 
ʠ ɋǋx Ò 90

o
) ʚʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʰʫʤʫ ʨʘʟʥʦʩʪʝʡ ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʠʣʠ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ 

(„ Dr, „ Dr ) ʠʣʠ („ D , „ D ) ʠ ʚʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʢɻʚʠʚʘʣʝʥʪʥʳʭ 

ʰʫʤʫ ʨʘʟʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨ („ D̞
,̒ „ D̞̒

) ʙʫʜʫʪ ʨʘʚʥʳ 

 „ Dr
Dr

Dr
„ Dr

Dr
„

Dr
„  

           ὯȟὯ „ Dr

Dr

 ȟ „
Dr
ȟ „ , 

 „ Dr

Dr

Dr
„ Dr

Dr
„  

                     
Dr

„
Dr

„

ȟ

 

            ὯȟὯ ÃÏÓ— „ Dr

Dr

 ȟ „  

                  
Dr

ȟ „
 Dr
ȟ „

ȟ

, 

 „ D
D

D
„ D

D
„

D
„  
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             ὯȟὯ „ D

D

 ȟ „
D
ȟ „ , 

 „ D

D

D
„ D

D
„  

                     
D

„
D

„

ȟ

 

            ὯȟὯ ÃÏÓ— „ D

D

 ȟ „  

                   
D

ȟ „
 D

ȟ „

ȟ

, 

 „ D̞̒

D̞̒

D̞̒
„ D̞̒

D̞̒ „
D̞̒ „  

              ὯȟὯ „ D̞̒

D̞̒

 ȟ „
D̞̒
ȟ „ , 

 „ D̞̒

D̞̒

D̞̒
„ D̞̒

D̞̒
„  

                       
D̞̒

„
D̞̒

„

ȟ

 

               ὯȟὯ ÃÏÓ— „ D̞̒

D̞̒

 ȟ „  

                      
D̞̒

ȟ „
 D̞̒
ȟ „

ȟ

 .                 (134) 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʧʝʨʝʜ (ɋǋx = 0
o 
ʠ ɋǋy Ò 90

o
) ʚʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʰʫʤʫ ʨʘʟʥʦʩʪʝʡ ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʠʣʠ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ 

(„ Dr, „ Dr) ʠʣʠ („ D , „ D ) ʠ ʚʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʰʫʤʫ ʨʘʟʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨ  („ D ̞
,̒ „ D ̞

)̒ ʙʫʜʫʪ ʨʘʚʥʳ 



175 

 

 „ Dr

Dr

Dr
„ Dr

Dr
„

Dr
„  

           Ὧ ȟὯ „ Dr

Dr

 
ȟ „

Dr
ȟ „   , 

 „ Dr

Dr

Dr
„ Dr

Dr
„  

                    
Dr

„
Dr

„

ȟ

 

             ὯȟὯ ÃÏÓ— „ Dr

Dr

 ȟ  
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„
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              ὯȟὯ ÃÏÓ— „ D
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„  
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 „ D̞̒

D̞̒

D̞̒
„ D̞̒

D̞̒
„  

                        
D̞̒

„
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„

ȟ

 

               ὯȟὯ ÃÏÓ— „ D̞̒
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ʇʈʀʃʆɾɽʅʀɽ ɹ 

ʆʇʈɽɼɽʃɽʅʀʗ ʇʆɻʈɽʐʅʆʉʊɽʁ ʆʎɽʅʆʂ ʈɸɿʈɽʐɽʅʀʗ ɹʆʈʊʆɺʓʍ 

ʆʇʊʀʂʆ-ʕʃɽʂʊʈʆʅʅʓʍ ʉʀʉʊɽʄ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ 

ɿʆʅɼʀʈʆɺɸʅʀʗ ʇʈʀ  ʇʆʐɸɻʆɺʆʄ ʉʂɸʅʀʈʆɺɸʅʀʀ ʉ ʆɼʅʀʄ 

ʆʇʊʀʏɽʉʂʀʄ ʂɸʅɸʃʆʄ, ʈɸɹʆʊɸʖʑʀʄ ʇɸʉʉʀɺʅʓʄ ʄɽʊʆɼʆʄ 

 

 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʧʘʨʘʤʝʪʨʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ, ʚʨʝʤʝʥʥ·ʤʫ 

ʠʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ ʧʨʠ ʧʦʰʘʛʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩ ʦʜʥʠʤ 

ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ, ʨʘʙʦʪʘʶʱʠʤʠ ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ (ʨʠʩ 8), ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ 

ʚʝʣʠʯʠʥ ʚʳʩʦʪʳ H ʠ ʩʢʦʨʦʩʪʠ Vy ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʠ ʫʛʣʦʚ ɋǋx[m]ʰ1 ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ, ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 
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ʊʘʙʣʠʮʘ 20. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ  

ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ ʧʨʠ  ʧʦʰʘʛʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ ʚʳʩʦʪʳ 

ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʠ ʫʛʣʦʚ ɋǋx[m]ʰ1 ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ, ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ. ʇʦʜʩʪʨʦʯʥʳʝ ʠʥʜʝʢʩʳ ç0è ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʫʯʘʶ ʥʘʙʣʶʜʝʥʠʷ ʚ ʥʘʜʠʨ 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʠʩʢʘʞʝʥʠʡ
 

ɺʜʦʣʴ ʦʩʠ 

„
̙  

 ̙  
¡

̙  
¡ „

̙  
¡ ;        „

̙  

̙  
¡

̙  
¡ „

̙  
¡  

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „

Ⱦ  ̙  
ḙ π;  „

Ⱦ  ̙
ḙ π 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 „
̙

„
̙

;     „
̙  

„
̙  

 

ɺʥʝ ʦʩʠ 

„
̙  

̙  
¡

̙  
¡

„
̙  

¡ ;  „ ̙  
̙  

¡

̙  
¡

„
̙  

¡  

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „

Ⱦ  ̙
ḙπ   ;    „ Ⱦ  ̙ ḙπ 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 „
̙

„
̙

;    „
̙  

„
̙  

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʦʩʠ x 

ɺʜʦʣʴ ʦʩʠ 

„
̙  

Ὧ ̙ „  ὰ „
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 

„
Ⱦ  ̙  

Ὧ Ⱦ  ̙  „  ὰ „
Ⱦ  ̙

ȟ
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ȟ
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 20 

 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʦʩʠ y 

ɺʜʦʣʴ ʦʩʠ 

„
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̙

ȟ
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o
 

„
Ⱦ  ̙  

Ὧ Ⱦ  ̙  „  ὰ „
Ⱦ  ̙

ȟ

 

„  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
„

̙  
„

̙  
Ὧ ̙  „  ὰ „

̙

ȟ

 

Ὧ ̙  „  ὰ „
̙

ȟ

 

ɺʥʝ ʦʩʠ 

„
̙

Ὧ ̙ „  ὰ „
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „

Ⱦ  ̙
Ὧ Ⱦ  ̙ „  ὰ „

Ⱦ  ̙

ȟ

„  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
„

̙
„

̙
Ὧ ̙ „  ὰ „

̙

ȟ

 

Ὧ ̙ „  ὰ „
̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʣʦʱʘʜʠ  ʧʨʦʝʢʮʠʠ 

ʧʠʢʩʝʣʦʚ  ʄʌʇʋ ʥʘ 

ʩʮʝʥʫ 

ɺʜʦʣʴ ʦʩʠ 

„
̐̐ ̙

Ὧ ̙  Ὧ ̙ „
̐̐

ὃ̐ Ὧ̐ ̙ „
̙  

ὃ̐ Ὧ̐ ̙  „ ̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 

„
̐̐ Ⱦ  ̙

Ὧ Ⱦ  ̙  Ὧ Ⱦ  ̙ „
̐

 ̐

ὃ̐ Ὧ̐ Ⱦ  ̙ „
Ⱦ  ̙  

 

ὃ̐ Ὧ̐ Ⱦ  ̙  „ Ⱦ  ̙

ȟ

„
̐  ̐

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„
̐̐ ̙

Ὧ ̙  Ὧ ̙ „
̐̐

ὃ̐ Ὧ̐ ̙ „
̙  

 

ὃ̐ Ὧ̐ ̙  „ ̙

ȟ

Ὧ ̙  Ὧ ̙ „
̐

 ̐

ὃ̐ Ὧ̐ ̙ „
̙  

ὃ̐ Ὧ̐ ̙  „ ̙

ȟ

 

„
̐̐ ̙  



180 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 20 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0o ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʣʦʱʘʜʠ  ʧʨʦʝʢʮʠʠ 

ʧʠʢʩʝʣʦʚ  ʄʌʇʋ ʥʘ 

ʩʮʝʥʫ 

ɺʥʝ ʦʩʠ 
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ὃ̐ Ὧ̐ ̙ „
̙  

ὃ̐ Ὧ̐ ̙  „ ̙

ȟ
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 20 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʟʤʝʨʘ ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ ʧʦ 
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ʊʘʙʣʠʮʘ 21. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ                        

ʢ ʚʨʝʤʝʥʥ·ʤʫ ʨʘʟʨʝʰʝʥʠʶ ʧʨʠ  ʧʦʰʘʛʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʳʩʦʪʳ ʠ 

ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʠ ʫʛʣʦʚ ɋǋx[m]ʰ1 ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʦʪ ʠʭ 

ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʚʨʝʤʝʥʠ 

ʧʨʝʙʳʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ 

ʦʩʠ y ʥʘ ʵʣʝʤʝʥʪʝ 

ʩʮʝʥʳ 

ɺʜʦʣʴ ʦʩʠ 

„
̙

Ὧ ̙ „ Ὕ „
̙

ȟ
 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „

Ⱦ  ̙
Ὧ Ⱦ  ̙ „ Ὕ „

Ⱦ  ̙

ȟ
„  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
„

̙
Ὧ ̙ „ Ὕ „

̙

ȟ
 

Ὧ ̙ „ Ὕ „
̙

ȟ
„

̙  

ɺʥʝ ʦʩʠ 

„
̙

Ὧ ̙ „ Ὕ „
̙

ȟ
 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „

Ⱦ  ̙
Ὧ Ⱦ  ̙ „ Ὕ „

Ⱦ  ̙

ȟ
„  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
„

̙
Ὧ ̙ „ Ὕ „

̙

ȟ
 

Ὧ ̙ „ Ὕ „
̙

ȟ
„

̙  

ʇʦʛʨʝʰʥʦʩʪʴ 

ʯʘʩʪʦʪʳ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʪʨʦʢ 

ʚʜʦʣʴ ʦʩʠ ʫ  

ɺʜʦʣʴ ʦʩʠ 

„
̙

Ὧ ̙ „  
Ὢ

Ὧ ̙

„
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „

Ⱦ  ̙
Ὧ Ⱦ  ̙ „  

Ὢ

Ὧ Ⱦ  ̙

„
Ⱦ  ̙

ȟ

„  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„
̙

Ὧ ̙ „  
Ὢ

Ὧ ̙

„
̙

ȟ

 

Ὧ ̙ „  
Ὢ

Ὧ ̙

„
̙

ȟ

„
̙
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ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʯʘʩʪʦʪʳ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʪʨʦʢ 

ʚʜʦʣʴ ʦʩʠ ʫ 

ɺʥʝ ʦʩʠ 

„
̙

Ὧ ̙ „  Ὢ Ὧ ̙ „
̙

ȟ
 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „

Ⱦ  ̙
Ὧ Ⱦ  ̙ „  

Ὢ

Ὧ Ⱦ  ̙

„
Ⱦ  ̙

ȟ

„  

ɋǋx[m] 1h = ɋǋx[1] 1h = ɋǋx[M+1] 1h 
„

̙
Ὧ ̙ „  Ὢ  Ὧ ̙ „

̙

ȟ
 

Ὧ ̙ „  Ὢ Ὧ ̙ „
̙

ȟ
„

̙  

ʇʦʛʨʝʰʥʦʩʪʴ 

ʚʨʝʤʝʥʠ 

ʧʨʝʙʳʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ 

ʦʩʠ x ʥʘ ʵʣʝʤʝʥʪʝ 

ʩʮʝʥʳ 

ɺʜʦʣʴ ʦʩʠ 

„
̙

Ὧ ̙ ὓ ρϳ „  † Ⱦὓ ρ „
̙  

ȟ
 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „

Ⱦ  ̙
„ Ⱦὓ ρ 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„
̙

Ὧ ̙ ὓ ρϳ „  † Ⱦὓ ρ „
̙  

ȟ
 

Ὧ ̙ ὓ ρϳ „  † Ⱦὓ ρ „
̙  

ȟ
 

„
̙

 

ɺʥʝ ʦʩʠ 

„
̙  

Ὧ ̙ ὓ ρϳ „  † Ⱦὓ ρ „
̙  

ȟ
 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „

Ⱦ  ̙  
„ Ⱦὓ ρ 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„
̙  

Ὧ ̙ ὓ ρϳ „  † Ⱦὓ ρ „
̙  

ȟ
 

Ὧ ̙ ὓ ρϳ „  † Ⱦὓ ρ „
̙  

ȟ
 

„
̙   

ʇʦʛʨʝʰʥʦʩʪʴ 

ʩʢʦʨʦʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚʜʦʣʴ 

ʦʩʠ x 

ɺʜʦʣʴ ʦʩʠ 

„ ̙ Ὧ ̙ ὓ ρ „  ὺ  ὓ ρ „
̙

ȟ
 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „ Ⱦ  ̙ „ ὓ ρ 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„ ̙ Ὧ ̙ ὓ ρ „  ὺ  ὓ ρ „
̙

ȟ
 

Ὧ ̙ ὓ ρ „  ὺ  ὓ ρ „
̙

ȟ
 

„ ̙  
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ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʩʢʦʨʦʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚʜʦʣʴ 

ʦʩʠ x 

ɺʥʝ ʦʩʠ 

„
̙

Ὧ ̙ ὓ ρ „  ὺ  ὓ ρ „
̙

ȟ
 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „

Ⱦ  ̙
„ ὓ ρ 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
„

̙
Ὧ ̙ ὓ ρ „  ὺ  ὓ ρ „

̙

ȟ
 

Ὧ ̙ ὓ ρ „  ὺ  ὓ ρ „
̙

ȟ
„

̙
 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʚʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʳ   

ɺʜʦʣʴ ʦʩʠ 

„ ̙ ὓ ρ Ὧ ̙ϳ „  
Ὢ ὓ ρ

Ὧ ̙

„
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 

„ Ⱦ  ̙ „ ὓ ρ 

 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„ ̙ ὓ ρ Ὧ ̙ϳ „  
Ὢ ὓ ρ

Ὧ ̙

„
̙

ȟ

 

ὓ ρ Ὧ ̙ϳ „  
Ὢ ὓ ρ

Ὧ ̙

„
̙

ȟ

„ ̙  

 

ɺʥʝ ʦʩʠ 

„ ̙ ὓ ρ Ὧ ̙ϳ „  
Ὢ ὓ ρ

Ὧ ̙

„
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 

„
Ⱦ  ̙

„ ὓ ρ 

 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„
̙

ὓ ρ Ὧ ̙ϳ „  
Ὢ ὓ ρ

Ὧ ̙

„
̙

ȟ

 

ὓ ρ Ὧ ̙ϳ „  
Ὢ ὓ ρ

Ὧ ̙

„
̙

ȟ

„
̙
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ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʰʠʨʠʥʳ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʢʪʘ 

ɺʜʦʣʴ ʦʩʠ 

„Ў ̙
ὓ ρ Ὧ ̙ϳ „Ў  

ЎὪὓ ρ

Ὧ ̙

„
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 

„Ў Ⱦ  ̙
„Ў ὓ ρ 

 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„Ў ̙
ὓ ρ Ὧ ̙ϳ „Ў  

ЎὪὓ ρ

Ὧ ̙

„
̙

ȟ

 

ὓ ρ Ὧ ̙ϳ „Ў  
ЎὪὓ ρ

Ὧ ̙

„
̙

ȟ

 

„Ў ̙
 

 

ɺʥʝ ʦʩʠ 

„Ў ̙
ὓ ρ Ὧ ̙ϳ „Ў  

ЎὪὓ ρ

Ὧ ̙

„
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 

„Ў Ⱦ  ̙
„Ў ὓ ρ 

 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„Ў ̙
ὓ ρ Ὧ ̙ϳ „Ў  

ЎὪὓ ρ

Ὧ ̙

„
̙

ȟ

 

ὓ ρ Ὧ ̙ϳ „Ў  
ЎὪὓ ρ

Ὧ ̙

„
̙

ȟ

„Ў ̙
 

 

ʇʦʛʨʝʰʥʦʩʪʴ ʚʨʝʤʝʥʠ 

 ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʘ 

„
̋ ̙

Ὧ ̙

ρ-ὕὒ

ὓ ρ
„  Ὕ̋

ρ-ὕὒ

ὓ ρ
„

̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „

̋ Ⱦ  ̙

ρ-ὕὒ

ὓ ρ
„  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„
̋ ̙

Ὧ ̙

ρ-ὕὒ

ὓ ρ
„  Ὕ̋

ρ-ὕὒ

ὓ ρ
„

̙

ȟ

 

Ὧ ̙

ρ-ὕὒ

ὓ ρ
„  Ὕ̋

ρ-ὕὒ

ὓ ρ
„

̙

ȟ

„
̋ ̙
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ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ ʯʘʩʪʦʪ r

ʧʨʦʩʤʦʪʨʘ  ʢʘʜʨʘ   

 „Ὢ̋ ά ρ̙

ὓ ρ

ρ-ὕὒὼὯώά ρ̙

ς

„Ὢ  
Ὢ ὓ ρ

ρ-ὕὒὼὯώά ρ̙
ς

ς

„
ώά ρ̙

πȟυ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
  „Ὢ̋ ὓȾς ρ ρ̙

ὓ ρ

ρ-ὕὒὼ
„Ὢ̋π 

 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

 „Ὢ̋ ρ ρ̙

ὓ ρ

ρ-ὕὒὼὯώρ ρ̙

ς

„Ὢ  
Ὢ ὓ ρ

ρ-ὕὒὼὯώρ ρ̙
ς

ς

„
ώρ ρ̙

πȟυ

 

 
ὓ ρ

ρ-ὕὒὼὯώὓ ρ ρ̙

ς

„Ὢ
Ëπ

ς  
Ὢ
Ëπ
ὓ ρ

ρ-ὕὒὼὯώὓ ρ ρ̙
ς

ς

„Ὧώὓ ρ ρ̙

ς

πȟυ

 

 „Ὢ̋ ὓ ρ ρ̙
 

ʇʦʛʨʝʰʥʦʩʪʴ ʚʨʝʤʝʥʠ 

ʧʨʦʩʤʦʪʨʘ ʚʩʝʛʦ ʧʦʣʷ 

2ɋʭh 1 

„
̙

Ὧώρ ρ̙„  Ὕ  „
ώρ ρ̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ  ʯʘʩʪʦʪʳ  

ʧʨʦʩʤʦʪʨʘ ʚʩʝʛʦ ʧʦʣʷ 

2ɋʭh 1 

„Ὢ̙

„
̙

Ὕ̙
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ʊʘʙʣʠʮʘ 22. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ                        

ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʧʨʠ  ʧʦʰʘʛʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩ ʦʜʥʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʳʩʦʪʳ ʠ 

ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʠ  ʫʛʣʦʚ ɋǋx[m]ʰ1 ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʦʪ ʠʭ 

ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

 

 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ,  

ʫʯʠʪʳʚʘʶʱʝʛʦ 

ʧʝʨʝʤʝʥʥʫʶ 

ʜʣʠʥʫ ʧʫʪʠ ʜʦ 

ʦʙʲʝʢʪʠʚʘ 

ɺʜʦʣʴ ʦʩʠ 

„
̙

Ὧ ̙ ρ† ̙  „ † ̙  ÌÏÇ† „
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „

Ⱦ  ̙
π 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„
̙

Ὧ ̙ ρ† ̙  „ † ̙  ÌÏÇ† „
̙

ȟ

 

Ὧ ̙ ρ† ̙  „ † ̙  ÌÏÇ† „
̙

ȟ

„
̙

 

ɺʥʝ ʦʩʠ 

„
̙

Ὧ ̙

ÃÏÓ—
ρ †

̙

„
ÌÏÇ†

ÃÏÓ—
†

̙

„
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „

Ⱦ  ̙
„  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„
̙

Ὧ ̙

ÃÏÓ—
ρ †

̙

„
ÌÏÇ†

ÃÏÓ—
†

̙

„
̙

ȟ

 

Ὧ ̙

ÃÏÓ—
ρ †

̙

„
ÌÏÇ†

ÃÏÓ—
†

̙

„
̙

ȟ

 

„
̙

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʷʨʢʦʩʪʠ 

ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ 

ɺʜʦʣʴ ʦʩʠ 

„
̙

Ὧ ̙ „ ὒ „
̙

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „

Ⱦ  ̙
„  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 „
̙

Ὧ ̙ „ ὒ „
̙

Ὧ ̙ „ ὒ „
̙

„
̙
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ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0o  ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʷʨʢʦʩʪʠ ʵʣʝʤʝʥʪʘ 

ʩʮʝʥʳ 

ɺʥʝ ʦʩʠ 

„
̙

ὯЎ Ὧ ̙ „ ὒὯЎ „
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0o „
Ⱦ  ̙

ὯЎ Ὧ „ ὒὯЎ „
ȟ

„  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
„

̙
ὯЎ Ὧ ̙ „ ὒὯЎ „

̙

ȟ

 

ὯЎ Ὧ ̙ „ ὒὯЎ „
̙

ȟ

„
̙

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʦʪʦʢʘ, 

ʧʨʠʭʦʜʷʱʝʛʦ ʥʘ 

ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ 

ɹʆʕʉɼɿ 

ɺʜʦʣʴ ʦʩʠ 

„F ̙
Ὧ ̙ „F F „

̙
 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0o „F Ⱦ  ̙
Ὧ Ⱦ  ̙ „F F „

Ⱦ  ̙
„F  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 „F ̙
Ὧ ̙ „F F „

̙
Ὧ ̙ „F F „

̙
„F ̙

 

ɺʥʝ ʦʩʠ 

„F ̙
ὯЎ Ὧ ̙ ÃÏÓ— „F F ὯЎ ÃÏÓ— „

̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0o „F Ⱦ  ̙
ὯЎ Ὧ ÃÏÓ— „F F ὯЎ ÃÏÓ— „

ȟ

„F  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
„F ̙

ὯЎ Ὧ ̙ ÃÏÓ— „F F ὯЎ ÃÏÓ— „
̙

ȟ

 

ὯЎ Ὧ ̙ ÃÏÓ— „F F ὯЎ ÃÏÓ— „
̙

ȟ

„F ̙  

ʇʦʛʨʝʰʥʦʩʪʴ 

ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ-ʰʫʤ 

ɺʜʦʣʴ ʦʩʠ 

„
̙

Ὧ ̙
Ȣ Ὧ ̙

ὓ ρ ȟ
„

ὛὔὙὯ ̙

ςὓ ρ ȟὯ ̙
ȟ

„
̙

ὛὔὙ Ὧ ̙
Ȣ

ὓ ρ ȟ
„

̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0o „
Ⱦ  ̙

„

ὓ ρ ȟ 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„
̙

Ὧ ̙
Ȣ Ὧ ̙

ὓ ρ ȟ „
ὛὔὙὯ ̙

ςὓ ρ ȟὯ ̙
ȟ „

̙

ὛὔὙ Ὧ ̙
Ȣ

ὓ ρ ȟ „
̙

ȟ

 

Ὧ ̙
Ȣ Ὧ ̙

ὓ ρ ȟ „
ὛὔὙὯ ̙

ςὓ ρ ȟὯ ̙
ȟ „

̙

ὛὔὙ Ὧ ̙
Ȣ

ὓ ρ ȟ „
̙

ȟ

 

„
̙
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ʇʦʛʨʝʰʥʦʩʪʴ 

ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ-ʰʫʤ 

ɺʥʝ ʦʩʠ 

„
̙

Ὧ ὯDlὯ ̙
Ȣ  Ὧ ̙ ÃÏÓq

ὓ ρ ȟ „
ὛὔὙὯ ὯDl Ὧ ̙ ÃÏÓq

ςὓ ρ ȟὯ ̙
ȟ „

̙
 

ὛὔὙὯ ὯDlὯ ̙
Ȣ ÃÏÓq

ὓ ρ ȟ
„

̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0o „
Ⱦ  ̙

Ὧ ὯDl Ὧ ÃÏÓq

ὓ ρ ȟ „
ὛὔὙὯ ὯDlÃÏÓqὭὮ

ὓ ρ ȟ „

ȟ

„

ὓ ρ ȟ 

ɋǋx[m] 1h = ɋǋx[1] 1h = ɋǋx[M+1] 1h 

„
̙

Ὧ ὯDlὯ ̙
Ȣ Ὧ ̙ ÃÏÓq

ὓ ρ ȟ „
ὛὔὙὯ ὯDlὯ ̙ ÃÏÓq

ςὓ ρ ȟὯ ̙
ȟ „

̙
 

ὛὔὙὯ ὯDlὯ ̙
Ȣ ÃÏÓq

ὓ ρ ȟ
„

̙

ȟ

Ὧ ὯDlὯ ̙
Ȣ Ὧ ̙ ÃÏÓq

ὓ ρ ȟ
„  

ὛὔὙὯ ὯDlὯ ̙ ÃÏÓq

ςὓ ρ ȟὯ ̙
ȟ

„
̙

ὛὔὙὯ ὯDlὯ ̙
Ȣ ÃÏÓq

ὓ ρ ȟ
„

̙

ȟ

 

„
̙

 

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ Dr 

ɺʜʦʣʴ ʦʩʠ 

„Ў r ̙
 Ὧ ̙ „Ў Ўɮ „

̙
 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0o „Ў r Ⱦ  ̙
 Ὧ Ⱦ  ̙ „Ў Ўɮ „

Ⱦ  ̙
„Ў  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 „Ў r ̙
 Ὧ ̙ „Ў Ўɮ „

̙
Ὧ ̙ „Ў Ўɮ „

̙
„Ў r ̙

 

ɺʥʝ ʦʩʠ 

„Ў r ̙
Ὧ̒Ў Ὧ ̙ ÃÏÓ— „Ў Ўɮ Ὧ̒Ў ÃÏÓ— „

̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0o „Ў r Ⱦ  ̙
Ὧ̒Ў Ὧ ÃÏÓ— „Ў Ўɮ Ὧ̒Ў ÃÏÓ— „

ȟ

„Ў  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
„Ў r ̙

Ὧ̒Ў Ὧ ̙ ÃÏÓ— „Ў Ўɮ Ὧ̒Ў ÃÏÓ— „
̙

ȟ

 

Ὧ̒Ў Ὧ ̙ ÃÏÓ— „Ў Ўɮ Ὧ̒Ў ÃÏÓ— „
̙

ȟ

„Ў r ̙
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ʇʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ De 

ɺʜʦʣʴ ʦʩʠ 

„Ў ̙
 Ὧ ̙ „Ў Ўɮ „

̙  

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0o „Ў Ⱦ  ̙
 Ὧ Ⱦ  ̙ „Ў Ўɮ „

Ⱦ  ̙
„Ў  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 „Ў ̙
 Ὧ ̙ „Ў Ўɮ „

̙
Ὧ ̙ „Ў Ўɮ „

̙
„Ў ̙

 

ɺʥʝ ʦʩʠ 

„Ў ̙
Ὧ̒Ў Ὧ ̙ ÃÏÓ— „Ў Ўɮ Ὧ̒Ў ÃÏÓ— „

̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0o „Ў Ⱦ  ̙
Ὧ̒Ў Ὧ ÃÏÓ— „Ў Ўɮ Ὧ̒Ў ÃÏÓ— „

ȟ

„Ў  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„Ў ̙
Ὧ̒Ў Ὧ ̙ ÃÏÓ— „Ў Ўɮ Ὧ̒Ў ÃÏÓ— „

̙

ȟ

 

Ὧ̒Ў Ὧ ̙ ÃÏÓ— „Ў Ўɮ Ὧ̒Ў ÃÏÓ— „
̙

ȟ

„Ў ̙
 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ DTʵʩ 

ɺʜʦʣʴ ʦʩʠ 

„Ў ̞̒ ̙
 Ὧ ̙ „Ў ̞̒

Ўɮ ̞̒ „ ̙
 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0o „Ў ̞̒ Ⱦ  ̙
 Ὧ Ⱦ  ̙ „Ў ̞̒

Ўɮ ̞̒ „ Ⱦ  ̙
„Ў ̞

 ̒

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
„Ў ̞̙̒

 Ὧ ̙ „Ў ̞̒
Ўɮ ̞̒ „ ̙

 

 Ὧ ̙ „Ў ̞̒
Ўɮ ̞̒ „ ̙

„Ў ̞̒ ̙
 

ɺʥʝ ʦʩʠ 

„Ў ̞̒ ̙
Ὧ̞Ў̒ Ὧ ̙ ÃÏÓ— „Ў ̞̒

Ўɮ ̞ Ὧ̞̒Ў̒ ÃÏÓ— „
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0o „Ў ̞̒ Ⱦ  ̙
Ὧ̞Ў̒ Ὧ ÃÏÓ— „Ў ̞̒

Ўɮ ̞ Ὧ̞̒Ў̒ ÃÏÓ— „
ȟ

„Ў ̞
 ̒

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„Ў ̞̒ ̙
Ὧ̞Ў̒ Ὧ ̙ ÃÏÓ— „Ў ̞̒

Ўɮ ̞ Ὧ̞̒Ў̒ ÃÏÓ— „
̙

ȟ

 

Ὧ̞Ў̒ Ὧ ̙ ÃÏÓ— „Ў ̞̒
Ўɮ ̞ Ὧ̞̒Ў̒ ÃÏÓ— „

̙

ȟ

 

„Ў ̞̒ ̙
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ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ 

ï ʰʫʤ, ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʟʤʝʥʝʥʠʷ Dr 

ɺʜʦʣʴ ʦʩʠ 

„
r ̙

Ὧ ̙
Ȣ Ὧ ̙

ὓ ρ ȟ „
ὅὔὙ Ὧ ̙

ς Ὧ ̙
Ȣ ὓ ρ ȟ

„
̙

ὅὔὙ Ὧ ̙
Ȣ

ὓ ρ ȟ „
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0o „
r Ⱦ  ̙

„

ὓ ρ ȟ
 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„
r ̙

Ὧ ̙
Ȣ Ὧ ̙

ὓ ρ ȟ
„

ὅὔὙ Ὧ ̙

ς Ὧ ̙
Ȣ ὓ ρ ȟ

„
̙

ὅὔὙ Ὧ ̙
Ȣ

ὓ ρ ȟ
„

̙

ȟ

 

Ὧ ̙
Ȣ Ὧ ̙

ὓ ρ ȟ
„

ὅὔὙ Ὧ ̙

ς Ὧ ̙
Ȣ ὓ ρ ȟ

„
̙

ὅὔὙ Ὧ ̙
Ȣ

ὓ ρ ȟ
„

̙

ȟ

 

„
r ̙

 

 

ɺʥʝ ʦʩʠ 

„
r ̙

Ὧ ὯDlὯ ̙
Ȣ Ὧ ̙  ÃÏÓq

ὓ ρ ȟ „
ὅὔὙ Ὧ ὯDl Ὧ ̙  ÃÏÓq

ς Ὧ ̙
Ȣ ὓ ρ ȟ

„
̙

 

ὅὔὙ Dl
Ὧ ̙
Ȣ  ÃÏÓq

ὓ ρ ȟ „
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0o „
r Ⱦ  ̙

Ὧ ὯDlὯ ÃÏÓq

ὓ ρ ȟ „
ὅὔὙ Ὧ ὯDl ÃÏÓq

ὓ ρ ȟ „

ȟ

„

ὓ ρ ȟ 

 

ɋǋx[m] 1h = ɋǋx[1] 1h = ɋǋx[M+1] 1h 

„
r ̙

Ὧ ὯDlὯ ̙
Ȣ Ὧ ̙  ÃÏÓq

ὓ ρ ȟ „
ὅὔὙ Ὧ ὯDl Ὧ ̙  ÃÏÓq

ς Ὧ ̙
Ȣ ὓ ρ ȟ

„
̙

 

ὅὔὙ Dl
Ὧ ̙
Ȣ  ÃÏÓq

ὓ ρ ȟ „
̙

ȟ

  
Ὧ ὯDlὯ ̙

Ȣ Ὧ ̙  ÃÏÓq

ὓ ρ ȟ „  

ὅὔὙ Ὧ ὯDl Ὧ ̙  ÃÏÓq

ς Ὧ ̙
Ȣ ὓ ρ ȟ

„
̙

ὅὔὙ Dl
Ὧ ̙
Ȣ  ÃÏÓq

ὓ ρ ȟ „
̙

ȟ

 

„
r ̙
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ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʦʪʥʦʰʝʥʠ ̫

 ʩʠʛʥʘʣ ï ʰʫʤ, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ De 

ɺʜʦʣʴ ʦʩʠ 

„
̙

Ὧ ̙
Ȣ Ὧ ̙

ὓ ρ ȟ „
ὅὔὙ Ὧ ̙

ς Ὧ ̙
Ȣ ὓ ρ ȟ

„
̙

ὅὔὙ Ὧ ̙
Ȣ

ὓ ρ ȟ „
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 = 0o 
„

Ⱦ  ̙

„

ὓ ρ ȟ 

 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„
̙

Ὧ ̙
Ȣ Ὧ ̙

ὓ ρ ȟ „
ὅὔὙ Ὧ ̙

ς Ὧ ̙
Ȣ ὓ ρ ȟ

„
̙

ὅὔὙ Ὧ ̙
Ȣ

ὓ ρ ȟ „
̙

ȟ

 

Ὧ ̙
Ȣ Ὧ ̙

ὓ ρ ȟ „
ὅὔὙ Ὧ ̙

ς Ὧ ̙
Ȣ ὓ ρ ȟ

„
̙

ὅὔὙ Ὧ ̙
Ȣ

ὓ ρ ȟ „
̙

ȟ

 

        „
̙

 

 

ɺʥʝ ʦʩʠ 

„
̙

Ὧ ὯDlὯ ̙
Ȣ Ὧ ̙  ÃÏÓq

ὓ ρ ȟ „
ὅὔὙ Ὧ ὯDlὯ ̙ ÃÏÓq

ς Ὧ ̙
Ȣ ὓ ρ ȟ

„
̙

 

ὅὔὙ Dl
Ὧ ̙
Ȣ ÃÏÓq

ὓ ρ ȟ
„

̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 = 0o „
Ⱦ  ̙

Ὧ ὯDlὯ ÃÏÓq

ὓ ρ ȟ „
ὅὔὙ Ὧ ὯDl ÃÏÓq

ὓ ρ ȟ „

ȟ

„

ὓ ρ ȟ 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„
̙

Ὧ ὯDlὯ ̙
Ȣ Ὧ ̙  ÃÏÓq

ὓ ρ ȟ „
ὅὔὙ Ὧ ὯDl Ὧ ̙  ÃÏÓq

ς Ὧ ̙
Ȣ ὓ ρ ȟ

„
̙

 

ὅὔὙ Dl
Ὧ ̙
Ȣ  ÃÏÓq

ὓ ρ ȟ
„

̙

ȟ

  
Ὧ ὯDlὯ ̙

Ȣ Ὧ ̙  ÃÏÓq

ὓ ρ ȟ
„  

ὅὔὙ Ὧ ὯDl Ὧ ̙  ÃÏÓq

ς Ὧ ̙
Ȣ ὓ ρ ȟ

„
̙

ὅὔὙ Dl
Ὧ ̙
Ȣ  ÃÏÓq

ὓ ρ ȟ „
̙

ȟ

 

               „
̙
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ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʦʪʥʦʰʝʥʠ ̫ 

ʩʠʛʥʘʣ - ʰʫʤ, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ DTʵʩ 

ɺʜʦʣʴ ʦʩʠ 

„
̞̒ ̙

Ὧ ̙
Ȣ Ὧ ̙

ὓ ρ ȟ „
̞̒

ὅὔὙ̞ Ὧ̒ ̙

ς Ὧ ̙
Ȣ ὓ ρ ȟ

„
̙

ὅὔὙ̞ Ὧ̒ ̙
Ȣ

ὓ ρ ȟ „
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 = 0o „
̞̒ Ⱦ  ̙

„
̞̒

ὓ ρ ȟ 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
 

Ὧ ̙
Ȣ Ὧ ̙

ὓ ρ ȟ
„

̞̒

ὅὔὙ̞ Ὧ̒ ̙

ς Ὧ ̙
Ȣ ὓ ρ ȟ

„
̙

ὅὔὙ̞ Ὧ̒ ̙
Ȣ

ὓ ρ ȟ
„

̙

ȟ

  

    
                       „

̞̒ ̙
 

  „
̞̙̒

̙
Ȣ

̙

ȟ
„

̞̒

̞̒ ̙

 ̙
Ȣ ȟ

„
̙

̞̒ ̙
Ȣ

ȟ
„

̙

ȟ

 

 

 

ɺʥʝ ʦʩʠ 

  „
̞̒ ̙

̞Ў̒  ̙
Ȣ

̙  q

ȟ
„

̞̒

̞̒ ̞Ў̒  ̙  q

 ̙
Ȣ ȟ

„
̙

 

                                                         
̞̒ ̞Ў̒ ̙

Ȣ  q

ȟ „
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 = 0o  „
̞̒ Ⱦ ̙

̞Ў̒ q

ȟ
„

̞̒

̞̒ ̞Ў̒ q

ȟ
„

ȟ

̞̒

ȟ
 

 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 
ὅὔὙ̞ Ὧ̒ Ὧ̞Ў̒  Ὧ ̙  ÃÏÓq

ς Ὧ ̙
Ȣ ὓ ρ ȟ

„
̙

ὅὔὙ̞̒ ̞Ў̒
Ὧ ̙
Ȣ  ÃÏÓq

ὓ ρ ȟ „
̙

ȟ

 

 „
̞̒ ̙

̞Ў̒ ̙
Ȣ

̙  q

ȟ „
̞̒

̞̒ ̞Ў̒ ̙ q

 ̙
Ȣ ȟ „

̙
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Ȣ q
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ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʰʫʤʫ ʨʘʟʥʦʩʪʠ 

ʦʪʨʘʞʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ   

ɺʜʦʣʴ ʦʩʠ 

„ Dr ̙

ὓ ρ ȟ

Ὧ ̙
Ȣ Ὧ ̙

„ Dr

ὔὉDr
 
ὓ ρ ȟ

ς Ὧ ̙
ȟ Ὧ ̙

„
̙

ὔὉDr
 
ὓ ρ ȟ

Ὧ ̙
ȟ Ὧ ̙

„
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „ Dr Ⱦ  ̙

ὓ ρ ȟ„ Dr  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„ Dr ̙
 

 „ Dr ̙

ȟ

̙
Ȣ

̙
„ Dr

Dr 
ȟ

 ̙
ȟ

̙
„

̙

Dr 
ȟ

̙
ȟ

̙

„
̙

ȟ

 

 
ȟ

̙
Ȣ

̙
„ Dr

Dr 
ȟ

 ̙
ȟ

̙
„

̙

Dr 
ȟ

̙
ȟ

̙

„
̙

ȟ

 

 

ɺʥʝ ʦʩʠ 

   „ Dr ̙

ȟ

Dl ̙
Ȣ

̙  q

„ Dr

Dr 
ȟ

 Dl ̙
ȟ

̙  q

„
̙

 

                                                                     
Dr 

ȟ

Dl ̙
ȟ

̙  q

„
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 

 „ Dr Ⱦ  ̙

ȟ

Dl q

„ Dr

Dr 
ȟ

Dl  q

„

ȟ

 „ Dr ὓ ρ ȟ 

 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

 „ Dr ̙
 

 „ Dr ̙

ȟ

Dl ̙
Ȣ

̙ q

„ Dr

Dr 
ȟ

 Dl ̙
ȟ

̙ q

„
̙

 

 
Dr 

ȟ

Dl ̙
ȟ

̙  q

„
̙

ȟ

   
ȟ

Dl ̙
Ȣ

̙  q

„ Dr  

 
Dr 

ȟ

 Dl ̙
ȟ

̙  q

„
̙

Dr 
ȟ

Dl ̙
ȟ

̙  q

„
̙
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ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ  

ʰʫʤʫ ʨʘʟʥʦʩʪʠ 

ʠʟʣʫʯʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ 

ɺʜʦʣʴ ʦʩʠ 

„ D ̙

ὓ ρ ȟ

Ὧ ̙
Ȣ Ὧ ̙

„ D

ὔὉD‐ ὓ ρ ȟ

ς Ὧ ̙
ȟ Ὧ ̙

„
̙

ὔὉD‐ ὓ ρ ȟ

Ὧ ̙
ȟ Ὧ ̙

„
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „ D Ⱦ  ̙

ὓ ρ ȟ„ D  

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„ D ̙
 

 „ D ̙

ȟ

̙
Ȣ

̙
„ D

D  
ȟ

 ̙
ȟ

̙
„

̙

D  
ȟ

̙
ȟ

̙

„
̙

ȟ

 

 
ȟ

̙
Ȣ

̙
„ D

D  
ȟ

 ̙
ȟ

̙
„

̙

D  
ȟ

̙
ȟ

̙

„
̙

ȟ

 

 

ɺʥʝ ʦʩʠ 

  „ D ̙

ȟ

Dl ̙
Ȣ

̙ q

„ D

D  
ȟ

 Dl ̙
ȟ

̙ q

„
̙

 

                                                               
D  

ȟ

Dl ̙
ȟ  

̙  q

„
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 „ D Ⱦ  ̙

ὓ ρ ȟ

Ὧ ὯDlὯ q

„ D

ὔὉD‐ ὓ ρ ȟ

Ὧ ὯDl Ὧ q

„

ȟ

 „ D ὓ ρ ȟ 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„ D ̙
 

 „ D ̙

ȟ

Dl ̙
Ȣ

̙ q

„ D

D  
ȟ

 Dl ̙
ȟ

̙ q

„
̙

 

 
D  

ȟ

Dl ̙
ȟ

̙  q

„
̙

ȟ

   
ȟ

Dl ̙
Ȣ

̙  q

„ D  

 
D  

ȟ

 Dl ̙
ȟ

̙  q

„
̙

D  
ȟ

Dl ̙
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„
̙
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ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ  

ʰʫʤʫ ʨʘʟʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ 

ɺʜʦʣʴ ʦʩʠ 

 „ D̞̒ ̙

ȟ

̙
Ȣ

̙
„ D̞̒

D̞̒
ȟ

 ̙
ȟ

̙
„

̙

D̞̒
ȟ

̙
ȟ

̙

„
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 

 „ D̞̒ Ⱦ  ̙
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 ̒

 

ɋǋx[m]ʰ1 = ɋǋx[1]ʰ1 = ɋǋx[M+1]ʰ1 

„ D̞̒ ̙
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ȟ

̙
Ȣ

̙
„ D̞̒

D̞̒
ȟ

 ̙
ȟ

̙
„

̙

D̞̒
ȟ

̙
ȟ

̙

„
̙

ȟ

 

 
ȟ

̙
Ȣ

̙
„ D̞̒

D̞̒
ȟ

 ̙
ȟ

̙
„

̙

D̞̒
ȟ

̙
ȟ

̙

„
̙

ȟ

 

 

ɺʥʝ ʦʩʠ 

 „ D̞̒ ̙

ȟ

̞Ў̒ ̙
Ȣ

̙ q

„ D̞̒

D̞̒
ȟ

 ̞Ў̒ ̙
ȟ

̙ q

„
̙

 

                                                                    
D̞̒

ȟ

̞Ў̒ ̙
ȟ  

̙  q

„
̙

ȟ

 

ɋǋx[m]ʰ1 = ɋǋx[(M/2) +1]ʰ1 =0
o
 

 „ D̞̒
ὓ ρ ȟ 

 „ D̞̒ Ⱦ  ̙

ȟ

̞Ў̒ q

„ D̞̒

D̞̒
ȟ

̞Ў̒  
q

„

ȟ

 

ɋǋx[m] 1h = ɋǋx[1] 1h = ɋǋx[M+1] 1h 

 „ D̞̒ ̙

ȟ

̞Ў̒ ̙
Ȣ

̙  q

„ D̞̒

D̞̒
ȟ

 ̞Ў̒ ̙
ȟ

̙  q

„
̙

 

 
D̞̒

ȟ

̞Ў̒ ̙
ȟ

̙  q

„
̙

ȟ

   
ȟ

̞Ў̒ ̙
Ȣ

̙  q

„ D̞
 ̒

 
D̞̒

ȟ

 ̞Ў̒ ̙
ȟ

̙  q

„
̙

 

 
D̞̒

ȟ

̞Ў̒ ̙
ȟ

̙  q

„
̙

ȟ
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ʇʈʀʃʆɾɽʅʀɽ ɺ 

ʆʇʈɽɼɽʃɽʅʀʗ ʇʆɻʈɽʐʅʆʉʊɽʁ ʆʎɽʅʆʂ ʈɸɿʈɽʐɽʅʀʗ  

ɹʆʈʊʆɺʓʍ ʆʇʊʀʂʆ-ʕʃɽʂʊʈʆʅʅʓʍ ʉʀʉʊɽʄ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ 

ɿʆʅɼʀʈʆɺɸʅʀʗ ʇʈʀ  ʇʆʐɸɻʆɺʆʄ ʉʂɸʅʀʈʆɺɸʅʀʀ ʉ ɼɺʋʄʗ 

ʆʇʊʀʏɽʉʂʀʄʀ ʂɸʅɸʃɸʄʀ, ʈɸɹʆʊɸʖʑʀʄʀ  

ʇɸʉʉʀɺʅʓʄ ʄɽʊʆɼʆʄ 

 

 

 

 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʧʘʨʘʤʝʪʨʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ, ʚʨʝʤʝʥʥ·ʤʫ 

ʠʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ ʧʨʠ ʧʦʰʘʛʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩ ʜʚʫʤʷ 

ʦʧʪʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ (ʨʠʩ 9), ʧʨʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ ʚʳʩʦʪʳ H ʠ ʩʢʦʨʦʩʪʠ Vy ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʠ ʫʛʣʦʚ ɋǋx[n]ʰ2 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʦʪ ʠʭ 

ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 
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ʊʘʙʣʠʮʘ 23. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ  

ʨʘʟʨʝʰʝʥʠʶ ɹʆʕʉɼɿ ʧʨʠ  ʧʦʰʘʛʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩ ʜʚʫʤʷ ʦʧʪʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ ʚʳʩʦʪʳ 

ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʠ ʫʛʣʦʚ ɋǋx[n]ʰ2 ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ, ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ. ʇʦʜʩʪʨʦʯʥʳʝ ʠʥʜʝʢʩʳ ç0è ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʫʯʘʶ ʥʘʙʣʶʜʝʥʠʷ ʚ ʥʘʜʠʨ 

 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0o  ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʠʩʢʘʞʝʥʠʡ
 

ɺʜʦʣʴ ʦʩʠ 

„
̙  

 ̙  
¡

̙  
¡ „

̙  
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̙  

̙  
¡

̙  
¡ „

̙  
¡  

ɋǋx[n] 2h= ɋǋx[N +1]ʰ2=0o
 „

 ̙  
ḙ π;  „

 ̙
ḙ π 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „
̙

;     „
̙  

 

ɺʥʝ ʦʩʠ 

„
̙  

̙  
¡

̙  
¡

„
̙  

¡ ;  „ ̙  
̙  

¡
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¡

„
̙  

¡  

ɋǋx[n] 2h= ɋǋx[N +1]ʰ2=0o „
 ̙

ḙπ   ;    „  ̙ ḙπ 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „
̙

;    „
̙  

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʦʩʠ x 

ɺʜʦʣʴ ʦʩʠ 

„
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Ὧ ̙ „  ὰ „
̙

ȟ
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ȟ
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„
̙
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̙
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ȟ
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Ὧ ̙ „  ὰ „
̙
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ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʦʩʠ y 

ɺʜʦʣʴ ʦʩʠ 

„
̙  
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̙
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ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʦʩʠ y 

ɺʥʝ ʦʩʠ 

„
̙

Ὧ ̙ „  ὰ „
̙
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ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
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ȟ
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̙
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ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʣʦʱʘʜʠ  ʧʨʦʝʢʮʠʠ 

ʧʠʢʩʝʣʦʚ  ʄʌʇʋ ʥʘ ʩʮʝʥʫ 

ɺʜʦʣʴ ʦʩʠ 
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„
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̙
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„
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„
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ὃ̐ Ὧ̐ ̙ „
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ὃ̐ Ὧ̐ ̙  „ ̙

ȟ
 

ɺʥʝ ʦʩʠ 

„
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Ὧ ̙  Ὧ ̙ „
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̙  
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„
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ʇʦʛʨʝʰʥʦʩʪʴ 

ʪʝʣʝʩʥʳʭ ʫʛʣʦʚ,  

ʩʪʷʛʠʚʘʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ 
ʧʠʢʩʝʣʘʤʠ ʩʮʝʥʳ ʠ  

ʧʨʠʚʝʜʝʥʥʳʭ ʢʦ ʚʭʦʜʥʦʤʫ 

ʟʨʘʯʢʫ ʦʙʲʝʢʪʠʚʘ 

ɺʜʦʣʴ ʦʩʠ 

„W ̙
Ὧ ̙ „W WὯ ̙ „

̙

Ȣ
 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2 =0
o
 „W ̙  

Ὧ ̙  „W WὯ ̙ „
̙

ȟ
„W  

ɋǋx[n] 2h = ɋǋx[1] 2h „W ̙  
Ὧ ̙  „W WὯ ̙  „ ̙  

ȟ
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 23 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʪʝʣʝʩʥʳʭ ʫʛʣʦʚ,  

ʩʪʷʛʠʚʘʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ 

ʧʠʢʩʝʣʘʤʠ ʩʮʝʥʳ ʠ  

ʧʨʠʚʝʜʝʥʥʳʭ ʢʦ ʚʭʦʜʥʦʤʫ 

ʟʨʘʯʢʫ ʦʙʲʝʢʪʠʚʘ 

ɺʥʝ ʦʩʠ 

„W ̙
ÃÏÓ—Ὧ ̙ „W  W ÃÏÓ—Ὧ ̙ „

̙

Ȣ
 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 

„W ̙
ÃÏÓ—Ὧ ̙ „W  

 W ÃÏÓ—Ὧ ̙ „
̙

ȟ
ÃÏÓ— „W  

ɋǋx[n]ʰ2= ɋǋx[1] 2h „W ̙
ÃÏÓ—Ὧ ̙ „W W ÃÏÓ—Ὧ ̙ „

̙

ȟ
 

ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʟʤʝʨʘ ʟʦʥʳ  

ʧʨʦʩʤʦʪʨʘ ʧʦ ʦʩʠ  x 
„

̙
Ὧ ̙ „  ὒ „

̙

ȟ
 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 „

̙
Ὧ ̙ „  ὒ „

̙

ȟ
„  

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „
̙

Ὧ ̙ „  ὒ „
̙

ȟ
 

ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʟʤʝʨʘ ʟʦʥʳ  

ʧʨʦʩʤʦʪʨʘ ʧʦ ʦʩʠ  y 
„

̙
Ὧ ̙ „  ὒ „

̙

ȟ
 

ɋǋx[n] 2h= ɋǋx[N+1]ʰ2=0
o
 „

̙
Ὧ ̙ „  ὒ „

̙

ȟ
„  

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „
̙

Ὧ ̙ „  ὒ „
̙

ȟ
 

ʇʦʛʨʝʰʥʦʩʪʴ ʧʣʦʱʘʜʠ  

ʟʦʥʳ ʧʨʦʩʤʦʪʨʘ (ʢʘʜʨʘ) 
„
̋ ̙

Ὧ ̙  Ὧ ̙ „
̋
 ὃ̋ Ὧ ̙ „

̙
 ὃ̋ Ὧ ̙ „

̙

ȟ
 

ɋǋx[n] 2h= ɋǋx[N +1]ʰ2=0
o
 

„
̋  ̙

Ὧ  ̙  Ὧ  ̙ „
̋

 

 ὃ̋ Ὧ  ̙ „
 ̙

 

 ὃ̋ Ὧ  ̙ „
 ̙

ȟ
„
̋

 

ɋǋx[n] 2h = ɋǋx[1] 2h 
„
̋ ̙

Ὧ ̙  Ὧ ̙ „
̋
 ὃ̋ Ὧ ̙ „

̙
 

 ὃ̋ Ὧ ̙ „
̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʟʤʝʨʘ ʚʩʝʛʦ 

ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʣʷ 2ɋʭh 2 
„

̙
ςÔÇɱ̙ „   

ςὌ

ρ ɱ̙
„

̙

ȟ
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ʊʘʙʣʠʮʘ 24. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ                        

ʢ ʚʨʝʤʝʥʥ·ʤʫ ʨʘʟʨʝʰʝʥʠʶ ʧʨʠ  ʧʦʰʘʛʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩ ʜʚʫʤʷ ʦʧʪʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʳʩʦʪʳ ʠ 

ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʠ ʫʛʣʦʚ ɋǋx[n]ʰ2 ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʦʪ ʠʭ 

ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʚʨʝʤʝʥʠ 

ʧʨʝʙʳʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ 

ʦʩʠ y ʥʘ ʵʣʝʤʝʥʪʝ 

ʩʮʝʥʳ 

ɺʜʦʣʴ ʦʩʠ 

 „
ώὲ ς̙

Ὧώὲ ς̙„ Ὕ „
ώὲ ς̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
  „

ώὔ ρ ς̙
Ὧώὔ ρ ς̙„ Ὕ „

ώὔ ρ ς̙

ȟ

„Ὕώπ 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2  „
ώρ ς̙

Ὧώρ ς̙„ Ὕ „
ώρ ς̙

ȟ

 

ɺʥʝ ʦʩʠ 

  „
ώὭὲ ς̙

ὯώὭὲ ς̙„ Ὕ „
ώὭὲ ς̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
  „

ώὭὔ ρ ς̙
ὯώὭὔ ρ ς̙„ Ὕ „

ώὭὔ ρ ς̙

ȟ

„Ὕώπ 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2  „
ώὭρ ς̙

ὯώὭρ ς̙„ Ὕ „
ώὭρ ς̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʯʘʩʪʦʪʳ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʩʪʨʦʢ ʚʜʦʣʴ ʦʩʠ ʫ  

ɺʜʦʣʴ ʦʩʠ 

  „
ώὲ ς̙

Ὧώὲ ς̙„  
ώὲ ς̙

„
ώὲ ς̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
  „

ὔ ρ̙
Ὧ ὔ ρ̙ „  

ὔ ρ̙
„

ὔ ρ̙

ȟ

„  

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2  „
ώρ ς̙

Ὧώρ ς̙„  
ώρ ς̙

„
ώρ ς̙

ȟ

 

ɺʥʝ ʦʩʠ 

  „
ὲ ς̙

Ὧ ὲ ς̙„  ὪὯ ὲ ς̙ „ ὲ ς̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
  „

ὔ ρ̙
Ὧ ὔ ρ̙ „  

ὔ ρ̙
„

ὔ ρ̙

ȟ

„  

ɋǋx[n]ʰ2= ɋǋx[1]ʰ2  „
ρ ς̙

Ὧ ρ ς̙„  Ὢ Ὧ ρ ς̙ „ ρ ς̙

ȟ
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 24 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0o  ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʚʨʝʤʝʥʠ 

ʧʨʝʙʳʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ 

ʦʩʠ x ʥʘ ʵʣʝʤʝʥʪʝ 

ʩʮʝʥʳ 

ɺʜʦʣʴ ʦʩʠ 

„
̙

Ὧ ̙ ὔ ρϳ „  † Ⱦὔ ρ „
̙  

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o „
̙

„ Ⱦὔ ρ 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „
̙

Ὧ ̙ ὔ ρϳ „  † Ⱦὔ ρ „
̙  

ȟ

 

ɺʥʝ ʦʩʠ 

„
̙  

Ὧ ̙ ὔ ρϳ „  † Ⱦὔ ρ „
̙  

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o „
̙  

„ Ⱦὔ ρ 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „
̙  

Ὧ ̙ ὔ ρϳ „  † Ⱦὔ ρ „
̙  

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʩʢʦʨʦʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ 

ʚʜʦʣʴ ʦʩʠ x 

ɺʜʦʣʴ ʦʩʠ 

„ ̙ Ὧ ̙ ὔ ρ „  ὺ  ὔ ρ „
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o „ ̙ „ ὔ ρ 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „ ̙ Ὧ ̙ ὔ ρ „  ὺ  ὔ ρ „
̙

ȟ

 

ɺʥʝ ʦʩʠ 

„
̙

Ὧ ̙ ὔ ρ „  ὺ  ὔ ρ „
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o „
̙

„ ὔ ρ 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „
̙

Ὧ ̙ ὔ ρ „  ὺ  ὔ ρ „
̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʚʨʝʤʝʥʥʦʡ 

ʯʘʩʪʦʪʳ   

ɺʜʦʣʴ ʦʩʠ 

„ ̙ ὔ ρ Ὧ ̙ϳ „  Ὢ ὔ ρὯ ̙ „
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o 
„ ̙ „ ὔ ρ 

 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „ ̙ ὔ ρ Ὧ ̙ϳ „  Ὢ ὔ ρὯ ̙ „
̙

ȟ

 

ɺʥʝ ʦʩʠ 

„ ̙ ὔ ρ Ὧ ̙ϳ „  Ὢ ὔ ρ Ὧ ̙ „
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o 
„

̙
„ ὔ ρ 

 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „
̙

ὔ ρ Ὧ ̙ϳ „  Ὢ ὔ ρ Ὧ ̙ „
̙

ȟ
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 24 

 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʰʠʨʠʥʳ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʪʨʘʢʪʘ 

ɺʜʦʣʴ ʦʩʠ 

 „Ў ̙
ὔ ρ Ὧ ̙ϳ „Ў  ЎὪὔ ρὯ ̙ „

̙

ȟ
 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
 

„Ў ̙
„Ў ὔ ρ 

 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2  „Ў ̙
ὔ ρ Ὧ ̙ϳ „Ў  ЎὪὔ ρὯ ̙ „

̙

ȟ
 

ɺʥʝ ʦʩʠ 

 „Ў ̙
ὔ ρ Ὧ ̙ϳ „Ў  ЎὪὔ ρὯ ̙ „

̙

ȟ
 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
 „Ў ̙

„Ў ὔ ρ 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „Ў ̙
ὔ ρ Ὧ ̙ϳ „Ў  ЎὪὔ ρὯ ̙ „

̙

ȟ
 

ʇʦʛʨʝʰʥʦʩʪʴ  

ʚʨʝʤʝʥʠ  

ʧʨʦʩʤʦʪʨʘ 

 ʢʘʜʨʘ 

 „
̋ ̙

Ὧ ̙
-

„  Ὕ̋
-

„
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
  „

̋ ̙

-
„  

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2  „
̋ ̙

Ὧ ̙
-

„  Ὕ̋
-

„
̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ  

ʯʘʩʪʦʪʦʡ  

ʧʨʦʩʤʦʪʨʘ  

 ʢʘʜʨʘ   

 „
̋ ̙ - ̙

„  
- ̙

„
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
  „

̋ ̙ -
„̋  

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2  „
̋ ̙ - ̙

„  
- ̙

„
̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ ʚʨʝʤʝʥʠ  

 ʧʨʦʩʤʦʪʨʘ ʚʩʝʛʦ ʧʦʣʷ 2ɋʭh 2 
 „

̙
Ὧ ̙ „  Ὕ  „

̙

ȟ
 

ʇʦʛʨʝʰʥʦʩʪʴ ʯʘʩʪʦʪʳ   

ʧʨʦʩʤʦʪʨʘ ʚʩʝʛʦ ʧʦʣʷ 2ɋʭh 2 
„

̙

„
̙

Ὕ̙
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ʊʘʙʣʠʮʘ 25. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ɹʆʕʉɼɿ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ                        

ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʧʨʠ  ʧʦʰʘʛʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩ ʜʚʫʤʷ ʦʧʪʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʳʩʦʪʳ 

ʠ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʠ  ʫʛʣʦʚ ɋǋx[n]ʰ2 ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʜʠʨʘ ʠ ʚʠʟʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʮʝʥʳ ʦʪ ʠʭ 

ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ,  

ʫʯʠʪʳʚʘʶʱʝʛʦ 

ʧʝʨʝʤʝʥʥʫʶ 

ʜʣʠʥʫ ʧʫʪʠ ʜʦ 

ʦʙʲʝʢʪʠʚʘ 

ɺʜʦʣʴ ʦʩʠ 

 „
̙

Ὧ ̙ ρ† ̙  „ † ̙  ÌÏÇ† „
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
 „

̙
π 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2  „
̙

Ὧ ̙ ρ† ̙  „ † ̙  ÌÏÇ† „
̙

ȟ

 

ɺʥʝ ʦʩʠ 

 „
̙

̙
ρ†

̙

„ †
̙

„
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
 „

̙
„  

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2  „
̙

̙
ρ†

̙

„ †
̙

„
̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʷʨʢʦʩʪʠ 

ʵʣʝʤʝʥʪʘ ʩʮʝʥʳ 

ɺʜʦʣʴ ʦʩʠ 

 „
̙

Ὧ ̙ „ ὒ „
̙

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
 „

̙
„  

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2  „
̙

Ὧ ̙ „ ὒ „
̙

 

ɺʥʝ ʦʩʠ 

 „
̙

ὯЎ Ὧ ̙ „ ὒὯЎ „
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
  „

̙
ὯЎ Ὧ „ ὒὯЎ „

ȟ

„  

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2  „
̙

ὯЎ Ὧ ̙ „ ὒὯЎ „
̙

ȟ
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮ r25 

 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʦʪʦʢʘ, 

ʧʨʠʭʦʜʷʱʝʛʦ ʥʘ 

ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ 

ɹʆʕʉɼɿ 

ɺʜʦʣʴ ʦʩʠ 

 „F ̙
Ὧ ̙ „F F „

̙
 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
 „F ̙

Ὧ ̙ „F F „
̙

„F  

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „F ̙
Ὧ ̙ „F F „

̙
 

ɺʥʝ ʦʩʠ 

 „F ̙
ὯЎ Ὧ ̙ ÃÏÓ— „F F ὯЎ ÃÏÓ— „

̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
  „F ̙

ὯЎ Ὧ ÃÏÓ— „F F ὯЎ ÃÏÓ— „
ȟ

„F  

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2  „F ̙
ὯЎ Ὧ ̙ ÃÏÓ— „F F ὯЎ ÃÏÓ— „

̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ-ʰʫʤ 

ɺʜʦʣʴ ʦʩʠ 

                                                „
̙

̙
Ȣ

̙

ȟ „
̙

ȟ
̙

ȟ „
̙

 ̙
Ȣ

ȟ „
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
  „

̙ ȟ 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2  „
̙

̙
Ȣ

̙

ȟ „
̙

ȟ
̙

ȟ „
̙

 ̙
Ȣ

ȟ „
̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ-ʰʫʤ 

ɺʥʝ ʦʩʠ 

 „
̙

Dl ̙
Ȣ  ̙ q

ȟ „
Dl  ̙ q

ȟ
̙

ȟ „
̙

 

                                                                    
Dl ̙

Ȣ q

ȟ „
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
  „

̙

Dl  q

ȟ „
Dl q

ȟ „

ȟ

ȟ 

ɋǋx[n] 2h = ɋǋx[1] 2h 

 „
̙

Ὧ ὯDlὯ ̙
Ȣ Ὧ ̙ ÃÏÓq

ὔ ρ ȟ
„

ὛὔὙὯ ὯDlὯ ̙ ÃÏÓq

ςὔ ρ ȟὯ ̙
ȟ „

̙
 

                             
Dl ̙

Ȣ q

ȟ „
̙

ȟ

 



206 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 25 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0o  ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ Dr 

ɺʜʦʣʴ ʦʩʠ 

„Ў r ̙
 Ὧ ̙ „Ў Ўɮ „

̙
 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o „Ў r ̙
 Ὧ ̙ „Ў Ўɮ „

̙
„Ў  

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „Ў r ̙
 Ὧ ̙ „Ў Ўɮ „

̙
 

ɺʥʝ ʦʩʠ 

„Ў r ̙
Ὧ̒Ў Ὧ ̙ ÃÏÓ— „Ў Ўɮ Ὧ̒Ў ÃÏÓ— „

̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o „Ў r ̙
Ὧ̒Ў Ὧ ÃÏÓ— „Ў Ўɮ Ὧ̒Ў ÃÏÓ— „

ȟ

„Ў  

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „Ў r ̙
Ὧ̒Ў Ὧ ̙ ÃÏÓ— „Ў Ўɮ Ὧ̒Ў ÃÏÓ— „

̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ De 

ɺʜʦʣʴ ʦʩʠ 

„Ў ̙
 Ὧ ̙ „Ў Ўɮ „

̙  

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o „Ў ̙
 Ὧ ̙ „Ў Ўɮ „

̙
„Ў  

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „Ў ̙
 Ὧ ̙ „Ў Ўɮ „

̙
 

ɺʥʝ ʦʩʠ 

„Ў ̙
Ὧ̒Ў Ὧ ̙ ÃÏÓ— „Ў Ўɮ Ὧ̒Ў ÃÏÓ— „

̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o „Ў ̙
Ὧ̒Ў Ὧ ÃÏÓ— „Ў Ўɮ Ὧ̒Ў ÃÏÓ— „

ȟ

„Ў  

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „Ў ̙
Ὧ̒Ў Ὧ ̙ ÃÏÓ— „Ў Ўɮ Ὧ̒Ў ÃÏÓ— „

̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ Dl, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ DTʵʩ 

ɺʜʦʣʴ ʦʩʠ 

„Ў ̞̒ ̙
 Ὧ ̙ „Ў ̞̒

Ўɮ ̞̒ „ ̙
 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o „Ў ̞̒ ̙
 Ὧ ̙ „Ў ̞̒

Ўɮ ̞̒ „ ̙
„Ў ̞

 ̒

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „Ў ̞̙̒
 Ὧ ̙ „Ў ̞̒

Ўɮ ̞̒ „ ̙
 

ɺʥʝ ʦʩʠ 

„Ў ̞̒ ̙
Ὧ̞Ў̒ Ὧ ̙ ÃÏÓ— „Ў ̞̒

Ўɮ ̞ Ὧ̞̒Ў̒ ÃÏÓ— „
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o „Ў ̞̒ ̙
Ὧ̞Ў̒ Ὧ ÃÏÓ— „Ў ̞̒

Ўɮ ̞ Ὧ̞̒Ў̒ ÃÏÓ— „
ȟ

„Ў ̞
 ̒

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „Ў ̞̒ ̙
Ὧ̞Ў̒ Ὧ ̙ ÃÏÓ— „Ў ̞̒

Ўɮ ̞ Ὧ̞̒Ў̒ ÃÏÓ— „
̙

ȟ
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 25 

 

 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0
o  
ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ ï ʰʫʤ, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʪʁ 

ʠʟʤʝʥʝʥʠʷ Dr 

ɺʜʦʣʴ ʦʩʠ 

 „
r ̙

̙
Ȣ

̙

ȟ „
 ̙

 ̙
Ȣ ȟ „

̙

 ̙
Ȣ

ȟ „
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
  „

r Ⱦ  ̙ ȟ 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2  „
r ̙

̙
Ȣ

̙

ȟ „
 ̙

 ̙
Ȣ ȟ „

̙

 ̙
Ȣ

ȟ „
̙

ȟ

 

ɺʥʝ ʦʩʠ 

 „
r ̙

Dl ̙
Ȣ

̙  q

ȟ „
 Dl  ̙  q

 ̙
Ȣ ȟ „

̙
 

                                                                
 Dl ̙

Ȣ  q

ȟ „
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
  „

r ̙

Ὧ ὯDlὯ ÃÏÓq

ὔ ρ ȟ
„

ὅὔὙ Ὧ ὯDl ÃÏÓq

ὔ ρ ȟ
„

ȟ

„

ὔ ρ ȟ
 

 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 

  „
r ̙

Dl ̙
Ȣ

̙  q

ȟ „
 Dl  ̙  q

 ̙
Ȣ ȟ „

̙
  

  
 Dl ̙

Ȣ  q

ȟ „
̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʦʪʥʦʰʝʥʠ ̫

ʩʠʛʥʘʣ ï ʰʫʤ, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ De 

ɺʜʦʣʴ ʦʩʠ 

 „
̙

̙
Ȣ

̙

ȟ „
 ̙

 ̙
Ȣ ȟ „

̙

 ̙
Ȣ

ȟ „
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
 „

̙

„

ὔ ρ ȟ
 

 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „
̙

Ὧ ̙
Ȣ Ὧ ̙

ὔ ρ ȟ
„

ὅὔὙ Ὧ ̙

ς Ὧ ̙
Ȣ ὔ ρ ȟ

„
̙

ὅὔὙ Ὧ ̙
Ȣ

ὔ ρ ȟ
„

̙

ȟ
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 25 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0o  ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʦʪʥʦʰʝʥʠ ̫ 

ʩʠʛʥʘʣ ï ʰʫʤ, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ De 

ɺʥʝ ʦʩʠ 

 „
̙

Dl ̙
Ȣ

̙  q

ȟ
„

 Dl ̙ q

 ̙
Ȣ ȟ

„
̙

 

   
 Dl ̙

Ȣ q

ȟ
„

̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
  „

̙

Ὧ ὯDlὯ ÃÏÓq

ὔ ρ ȟ
„

ὅὔὙ Ὧ ὯDl ÃÏÓq

ὔ ρ ȟ
„

ȟ

„

ὔ ρ ȟ
 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 

 „
̙

Ὧ ὯDlὯ ̙
Ȣ Ὧ ̙  ÃÏÓq

ὔ ρ ȟ
„

ὅὔὙ Ὧ ὯDl Ὧ ̙  ÃÏÓq

ς Ὧ ̙
Ȣ ὔ ρ ȟ

„
̙

 

 
 Dl ̙

Ȣ  q

ȟ „
̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʦʪʥʦʰʝʥʠ ̫ 

ʩʠʛʥʘʣ - ʰʫʤ, 

ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷ DTʵʩ 

ɺʜʦʣʴ ʦʩʠ 

 „
̞̒ ̙

̙
Ȣ

̙

ȟ „
̞̒

̞̒ ̙

 ̙
Ȣ ȟ „

̙

̞̒ ̙
Ȣ

ȟ „
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
  „

̞̒ ̙

„
̞̒

ὔ ρ ȟ
 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 
 „

̞̙̒

̙
Ȣ

̙

ȟ „
̞̒

̞̒ ̙

 ̙
Ȣ ȟ „

̙

̞̒ ̙
Ȣ

ȟ „
̙

ȟ

 

 

 

ɺʥʝ ʦʩʠ 

                                                                               
ὅὔὙ̞̒ ̞Ў̒

Ὧ ̙
Ȣ  ÃÏÓq

ὔ ρ ȟ
„

̙

ȟ

 

 „
̞̒ ̙

̞Ў̒  ̙
Ȣ

̙ q

ȟ
„

̞̒

̞̒ ̞Ў̒  ̙  q

 ̙
Ȣ ȟ

„
̙

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0
o
  „

̞̒ ̙

̞Ў̒ q

ȟ „
̞̒

̞̒ ̞Ў̒ q

ȟ „

ȟ

̞̒

ȟ  

 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 

 „
̞̒ ̙

̞Ў̒ ̙
Ȣ

̙  q

ȟ
„

̞̒

̞̒ ̞Ў̒  ̙  q

 ̙
Ȣ ȟ

„
̙

 

 
̞̒ ̞Ў̒ ̙

Ȣ  q

ȟ „
̙

ȟ
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 25 

 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0o  ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy, ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʰʫʤʫ ʨʘʟʥʦʩʪʠ 

ʦʪʨʘʞʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ   

ɺʜʦʣʴ ʦʩʠ 

„ Dr ̙

ὔ ρ ȟ

Ὧ ̙
Ȣ Ὧ ̙

„ Dr

ὔὉDr
 
ὔ ρ ȟ

ς Ὧ ̙
ȟ Ὧ ̙

„
̙

ὔὉDr
 
ὔ ρ ȟ

Ὧ ̙
ȟ Ὧ ̙

„
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o „ Dr ̙
ὔ ρ ȟ„ Dr 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „ Dr ̙

ὔ ρ ȟ

Ὧ ̙
Ȣ Ὧ ̙

„ Dr

ὔὉDr ὔ ρ ȟ

ς Ὧ ̙
ȟ Ὧ ̙

„
̙

ὔὉDr ὔ ρ ȟ

Ὧ ̙
ȟ Ὧ ̙

„
̙

ȟ

 

ɺʥʝ ʦʩʠ 

„ Dr ̙

ὔ ρ ȟ

Ὧ ὯDlὯ ̙
Ȣ Ὧ ̙ q

„ Dr

ὔὉDr ὔ ρ ȟ

ς Ὧ ὯDlὯ ̙
ȟ Ὧ ̙ q

„
̙

 

ὔὉDr
 
ὔ ρ ȟ

Ὧ ὯDlὯ ̙
ȟ  Ὧ ̙  q

„
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o 
„ Dr ̙

ὔ ρ ȟ

Ὧ ὯDlὯ q

„ Dr

ὔὉDr ὔ ρ ȟ

Ὧ ὯDl Ὧ q

„

ȟ

 „ Dr ὔ ρ ȟ 

 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 

„ Dr ̙

ὔ ρ ȟ

Ὧ ὯDlὯ ̙
Ȣ Ὧ ̙ q

„ Dr

ὔὉDr
 
ὔ ρ ȟ

ς Ὧ ὯDlὯ ̙
ȟ Ὧ ̙ q

„
̙

 

ὔὉDr ὔ ρ ȟ

Ὧ ὯDlὯ ̙
ȟ  Ὧ ̙  q

„
̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ  

ʰʫʤʫ ʨʘʟʥʦʩʪʠ 

ʠʟʣʫʯʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ 

ɺʜʦʣʴ ʦʩʠ 

„ D ̙

ὔ ρ ȟ

Ὧ ̙
Ȣ Ὧ ̙

„ D

ὔὉD‐ ὔ ρ ȟ

ς Ὧ ̙
ȟ Ὧ ̙

„
̙

ὔὉD‐ ὔ ρ ȟ

Ὧ ̙
ȟ Ὧ ̙

„
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o „ D ̙
ὔ ρ ȟ„ D  

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „ D ̙

ὔ ρ ȟ

Ὧ ̙
Ȣ Ὧ ̙

„ D

ὔὉD‐ ὔ ρ ȟ

ς Ὧ ̙
ȟ Ὧ ̙

„
̙

ὔὉD‐ ὔ ρ ȟ

Ὧ ̙
ȟ Ὧ ̙

„
̙

ȟ
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 25 
 

ʆʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʦʰʠʙʦʢ ʇʨʠ ɋǋy = 0o  ʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚʝʣʠʯʠʥ H, Vy,  ɋǋx 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ  

ʰʫʤʫ ʨʘʟʥʦʩʪʠ 
ʠʟʣʫʯʘʪʝʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ 

ɺʥʝ ʦʩʠ 

„ D ̙

ὔ ρ ȟ

Ὧ ὯDlὯ ̙
Ȣ Ὧ ̙ q

„ D

ὔὉD‐ ὔ ρ ȟ

ς Ὧ ὯDlὯ ̙
ȟ Ὧ ̙ q

„
̙

 

ὔὉD‐ ὔ ρ ȟ

Ὧ ὯDlὯ ̙
ȟ  Ὧ ̙  q

„
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o „ D ̙

ὔ ρ ȟ

Ὧ ὯDlὯ q

„ D

ὔὉD‐ ὔ ρ ȟ

Ὧ ὯDl Ὧ q

„

ȟ

 „ D ὔ ρ ȟ 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 

„ D ̙

ὔ ρ ȟ

Ὧ ὯDlὯ ̙
Ȣ Ὧ ̙ q

„ D

ὔὉD‐ ὔ ρ ȟ

ς Ὧ ὯDlὯ ̙
ȟ Ὧ ̙ q

„
̙

 

ὔὉD‐ ὔ ρ ȟ

Ὧ ὯDlὯ ̙
ȟ  Ὧ ̙  q

„
̙

ȟ

 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ  
ʰʫʤʫ ʨʘʟʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ 

ɺʜʦʣʴ ʦʩʠ 

„ D̞̒ ̙

ὔ ρ ȟ

Ὧ ̙
Ȣ Ὧ ̙

„ D̞̒

ὔὉDὝ̞̒ὔ ρ ȟ

ς Ὧ ̙
ȟ Ὧ ̙

„
̙

ὔὉDὝ̞̒ὔ ρ ȟ

Ὧ ̙
ȟ Ὧ ̙

„
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o 
„ D̞̒ ̙

ὔ ρ ȟ„ D̞
 ̒

 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 „ D̞̙̒

ὔ ρ ȟ

Ὧ ̙
Ȣ Ὧ ̙

„ D̞̒

ὔὉDὝ̞̒ὔ ρ ȟ

ς Ὧ ̙
ȟ Ὧ ̙

„
̙

ὔὉDὝ̞̒ὔ ρ ȟ

Ὧ ̙
ȟ Ὧ ̙

„
̙

ȟ

 

ɺʥʝ ʦʩʠ 

„ D̞̒ ̙

ὔ ρ ȟ

Ὧ Ὧ̞Ў̒ Ὧ ̙
Ȣ Ὧ ̙ q

„ D̞̒

ὔὉDὝ̞̒ὔ ρ ȟ

ς Ὧ Ὧ̞Ў̒ Ὧ ̙
ȟ Ὧ ̙ q

„
̙

 

ὔὉDὝ̞̒ὔ ρ ȟ

Ὧ Ὧ̞Ў̒ Ὧ ̙
ȟ  Ὧ ̙  q

„
̙

ȟ

 

ɋǋx[n]ʰ2 = ɋǋx[N+1]ʰ2 =0o 
„ D̞̒ ̙

ὔ ρ ȟ

Ὧ Ὧ̞Ў̒ Ὧ q

„ D̞̒

ὔὉDὝ̞̒ὔ ρ ȟ

Ὧ Ὧ̞Ў̒  Ὧ q

„

ȟ

 

 „ D̞̒
ὔ ρ ȟ 

ɋǋx[n]ʰ2 = ɋǋx[1]ʰ2 

„ D̞̒ ̙

ὔ ρ ȟ

Ὧ Ὧ̞Ў̒ Ὧ ̙
Ȣ Ὧ ̙ q

„ D̞̒

ὔὉDὝ̞̒ὔ ρ ȟ

ς Ὧ Ὧ̞Ў̒ Ὧ ̙
ȟ Ὧ ̙ q

„
̙

 

ὔὉDὝ̞̒ὔ ρ ȟ

Ὧ Ὧ̞Ў̒ Ὧ ̙
ȟ Ὧ ̙  q

„
̙

ȟ

 


