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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʀʥʪʝʨʝʩ ʢ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯʘʭ ʩʫʱʝʩʪʚʫʝʪ ʜʘʚʥʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʧʝʨʚʳʭ ʨʘʙʦʪ 

ʧʦ ʛʦʣʦʛʨʘʬʠʠ, ʦʜʥʘʢʦ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʚʷʟʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʟʘʜʘʯʘʤʠ ʫʜʘʣʸʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʸʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʀʥʪʝʨʝʩ ʨʘʩʪʪy ʩ ʨʘʟʚʠʪʠʝʤ ʛʦʣʦʛʨʘʬʠʠ ʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ 

ʚʠʜʥʦ, ʥʘʧʨʠʤʝʨ, ʠʟ ʨʘʙʦʪ ʧʦ ʨʘʟʚʠʪʠʶ ɻʆʉʊʦʚ ʧʦ ʛʦʣʦʛʨʘʬʠʠ. 

ʊʘʢ, ʩʦʛʣʘʩʥʦ ʩʢʨʦʤʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ɻʆʉʊ 24865.1-81 [1.1], ʚ ʛʦʣʦʛʨʘʤʤʝ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʢʪʝ, ʟʘʢʣʶʯʸʥʥʘʷ ʚ ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʦʤ 

ʠʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʠʩʳʚʘʝʤʦʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ ʧʦʣʝ. ɺʠʜʥʦ, ʯʪʦ ʧʦʥʷʪʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʟʜʝʩʴ ʫʧʦʤʷʥʫʪʦ ʢʘʢ-ʪʦ ʚʩʢʦʣʴʟʴ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʪʦ ʚʨʝʤʷ 

ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʣʦʛʨʘʤʤʳ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʚʳʟʚʘʚʰʠʝ ʚʟʨʳʚʥʦʡ ʠʥʪʝʨʝʩ ʩʦ ʩʪʦʨʦʥʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʉʝʛʦʜʥʷ, ʢʦʛʜʘ ʠʟʫʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʣʦʛʨʘʤʤ 

ʜʦʩʪʠʛʣʦ ʙʦʣʴʰʦʛʦ ʨʘʟʤʘʭʘ, ʘʢʪʠʚʠʟʠʨʦʚʘʣʘʩʴ ʨʘʙʦʪʘ ʧʦ ʧʦʠʩʢʫ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʟʫʯʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʣʦʛʨʘʤʤ. ʇʦʪʨʝʙʥʦʩʪʴ ʰʠʨʝ ʚʚʝʩʪʠ ʠʭ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʦʙʦʨʦʪ ʦʪʨʘʞʘʝʪʩʷ ʜʘʞʝ ʚ ʜʦʢʫʤʝʥʪʘʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʜʘʚʥʦ ʚʳʰʝʜʰʝʤ 

ʥʦʚʦʤ ɻʆʉʊ ʈ 59321.1-2021 [1.2], ɻʆʉʊ ʈ 59321.2-2021 [1.3], ɻʆʉʊ ʈ 59321.3-

2021 [1.4] ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʛʦʣʦʛʨʘʬʠʷ ʵʪʦ çʨʘʟʜʝʣ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʠʟʫʯʘʶʱʠʡ 

ʧʨʦʮʝʩʩʳ ʨʝʛʠʩʪʨʘʮʠʠ, ʦʙʨʘʙʦʪʢʠ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ 

ʚ ʧʘʨʘʤʝʪʨʘʭ ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʭ ʠʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʠʩʳʚʘʝʤʳʭ ʚʦʣʥ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʚʣʝʥʠʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ ʜʠʬʨʘʢʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʧʦʨʥʦʡ ʠ 

ʦʙʲʝʢʪʥʦʡ ʚʦʣʥ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚè [1.2, ʩ. 2]. ʊʘʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʩʘʤʘ ʧʦ ʩʝʙʝ ʫʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʩʝʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʪʦʜʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ 
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ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʛʨʝʩʩ ʚ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ ʠʥʠʮʠʠʨʫʝʪ ʘʢʪʫʘʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠ ̫ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʚ ʦʪʨʘʩʣʝʚʳʭ ɻʆʉʊʘʭ, ʚ ʢʦʪʦʨʳʭ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʪʨʘʞʘʶʪʩʷ ʧʦʩʣʝʜʥʠʝ ʪʝʥʜʝʥʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʝʡ 

ʟʥʘʥʠʡ. 

ʋʞʝ ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʳʭ ʨʘʙʦʪ ʧʦ ʛʦʣʦʛʨʘʬʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʨʘʱʘʣʠ 

ʚʥʠʤʘʥʠʝ ʥʘ ʙʦʣʴʰʫ  ʁʠʥʬʦʨʤʘʮʠʦʥʥʫ  ʁʸʤʢʦʩʪʴ ʛʦʣʦʛʨʘʤʤ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 

ʧʨʦʩʪʦʪʝ ʠʭ ʩʦʟʜʘʥʠʷ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʩʪʫʧʥʦʛʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʦʚʩʝʤ ʥʝʧʦʥʷʪʥʦ ʥʘ ʵʪʦʤ ʬʦʥʝ, ʧʦʯʝʤʫ ʝʱʸ ʪʘʢ ʠ ʥʝ ʙʳʣʦ 

ʨʝʘʣʠʟʦʚʘʥʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ TV ʠ 3D ʜʦʧʦʣʥʝʥʥʘ ̫ ʨʝʘʣʴʥʦʩʪ,ɹ ʥʝʩʤʦʪʨʷ ʥʘ 

ʤʥʦʞʝʩʪʚʦ ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠ ʦʰʠʙʦʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʦ, ʷʢʦʙʳ, ʩʦʟʜʘʥʠʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ TV ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʝʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʸʤʢʦʩʪʴ ʛʦʣʦʛʨʘʤʤ ʥʘʩʪʦʣʴʢʦ 

ʚʳʩʦʢʘ, ʯʪʦ ʟʘʜʘʯʠ ʩʦʟʜʘʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ ʨʘʟʙʠʚʘʶʪʩʷ ʦ 

ʧʨʦʙʣʝʤʫ ʧʝʨʝʜʘʯʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʠʟʚʝʩʪʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ 

[1.5, 1.6]. ʇʨʷʤʳʝ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʧʦʢʘʜʨʦʚʦʡ ʧʝʨʝʜʘʯʝ 3D 

ʩʠʛʥʘʣʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʜʠʥ ʪʘʢʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʢʘʥʘʣ ʟʘʡʤʸʪ ʚʝʩʴ 

ʜʦʩʪʫʧʥʳʡ ʯʝʣʦʚʝʯʝʩʪʚʫ ʨʘʜʠʦʜʠʘʧʘʟʦʥ, ʚʢʣʶʯʘʷ ʚʩʝ ʨʘʜʠʦ- ʠ ʚʩʝ ʪʝʣʝʢʘʥʘʣʳ. 

ʊʦʣʴʢʦ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʢʘʥʘʣʳ TV ʩʚʷʟʠ ʠ ʩʠʩʪʝʤʳ ʧʨʷʤʦʡ ʧʝʨʝʜʘʯʠ ʣʘʟʝʨʥʳʤ 

ʣʫʯʦʤ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʛʫʪ ʙʳʪʴ ʩʧʦʩʦʙʥʳ ʧʝʨʝʜʘʚʘʪʴ ʪʘʢʠʝ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ 

ʠʥʬʦʨʤʘʮʠʠ, ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʠʝʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚʦʡ 

ʨʘʟʚʸʨʪʢʠ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʩʚʝʪʦʚʦʜʥʳʝ ʢʘʥʘʣʳ, ʚʦ-ʧʝʨʚʳʭ, 

ʦʛʨʘʥʠʯʝʥʳ ʩʚʦʝʡ ʧʨʦʚʦʜʥʦʡ ʩʝʪʴʶ ʠʣʠ ʜʠʩʪʘʥʮʠʝʡ ʧʨʷʤʦʛʦ ʚʠʜʝʥʠʷ, ʘ ʚʦ-

ʚʪʦʨʳʭ, ʝʱʸ ʥʝ ʨʝʘʣʠʟʦʚʘʥʳ, ʘ ʪʦʣʴʢʦ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʜʠʠ ʚʝʨʦʷʪʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʟʘʜʘʯ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʧʝʨʝʜʘʯʠ ʧʦʣʥʦʮʝʥʥʦʡ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʯʝʤʫ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ, 

ʙʝʟʫʩʣʦʚʥʦ, ʥʘʡʜʸʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ, ʥʘʯʠʥʘʷ 

ʦʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 3D TV ʠ 3D ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʩʧʝʮʪʝʭʥʠʢʝ ʠ 

ʟʘʢʘʥʯʠʚʘʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʚ ʪʝʣʝʤʝʜʠʮʠʥʝ. 



9 

ʆʜʠʥ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ ʛʦʣʦʛʨʘʬʠʠ, ʘʢʘʜʝʤʠʢ ʖ. ʅ. ɼʝʥʠʩʶʢ ʚ ʨʘʙʦʪʝ 

çɼʦʩʪʘʪʦʯʥʦ ʣʠ ʠʟʚʝʩʪʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʛʦʣʦʛʨʘʬʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʪʠʧʦʚ ʦʙʲʸʤʥʦʛʦ ʢʠʥʝʤʘʪʦʛʨʘʬʘ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ?è ʠ ʚ ʜʨʫʛʠʭ 

ʤʘʪʝʨʠʘʣʘʭ ʧʨʦʟʦʨʣʠʚʦ ʦʧʨʝʜʝʣʠʣ ʥʝʦʙʭʦʜʠʤʫʶ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

çʚʦʩʧʨʦʠʟʚʝʜʝʥʠʶ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡè [1.5, 

ʩ. 155], çʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʫʩʪʨʘʥʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʪ. ʝ. ʢ 

ʠʩʢʣʶʯʝʥʠʶ ʠʟ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʟʨʠʪʝʣʴʥʦʤ ʚʦʩʧʨʠʷʪʠʠè [1.5, ʩ. 157], ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʠʸʤʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢ ʚʠʜʫ, ʫʜʦʙʥʦʤʫ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ 

ʢʘʥʘʣʘʤ ʩʚʷʟʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʠʥʦ ʠ ʪʝʣʝʚʠʜʝʥʠʷ. ʇʦ ʤʥʝʥʠʶ ʖʨʠʷ ʅʠʢʦʣʘʝʚʠʯʘ, 

çʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʩʦʢʨʘʱʝʥʠʠ ʠʟʙʳʪʦʯʥʦʩʪʠ ʙʫʜʝʪ ʠʛʨʘʪʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʢʦʤʧʴʶʪʝʨè [1.5, ʩ. 157]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʜʪʚʝʨʞʜʝʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ 

ʖ. ʅ. ɼʝʥʠʩʶʢʘ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʟʘʜʘʯʘʭ ʫʜʘʣʸʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʸʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʅʝʨʘʟʨʝʰʠʤʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʧʝʨʝʜʘʯʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʨʘʜʠʦʢʘʥʘʣʘʤ ʩʚʷʟʠ ʟʚʫʯʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʦʙʟʦʨʘʭ [1.7]. 

ʈʘʟʚʸʨʥʫʪʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʛʣʘʚʝ 1 ʜʠʩʩʝʨʪʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʩ ʫʯʸʪʦʤ ʘʢʪʫʘʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʳ 

ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʵʥʪʨʦʧʠʶ 

(ʐʝʥʥʦʥʘ) ʚ ʘʥʘʣʦʛʦʚʳʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʛʦʣʦʛʨʘʤʤʘʭ ʠ ʧʦʠʩʢ ʤʝʪʦʜʦʚ, 
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ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 3D 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʩ TV ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚʦʡ ʨʘʟʚʸʨʪʢʠ, ʘ ʪʘʢʞʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʧʨʝʜʣʦʞʝʥʥʳʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʜʦʢʘʟʳʚʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʸʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʨʠʥʷʪʦʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

TV ʩʠʩʪʝʤʘʭ ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚʦʡ ʨʘʟʚʸʨʪʢʠ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ, ʥʘ ʫʨʦʚʥʝ ʩʪʘʥʜʘʨʪʦʚ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ 3D ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʜʦʙʥʦ 

Full HD, ʥʦ ʦʙʣʘʜʘʶʱʝʛʦ ʥʝʧʨʝʨʳʚʥʳʤ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʧʘʨʘʣʣʘʢʩʦʤ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠʟʫʯʝʥʥʦʩʪʠ ʚʦʧʨʦʩʦʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ 3D 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʸ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʘʥʘʣʦʛʦʚʳʭ ʠ 

ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʛʦʣʦʛʨʘʤʤʘʭ. ʈʘʩʩʤʦʪʨʝʪʴ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʟʚʝʩʪʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʦʙʲʸʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (ʧʦʣʠʛʦʥʘʣʴʥʦʡ, 

ʚʦʢʩʝʣʴʥʦʡ, ʦʙʣʘʢʘ ʪʦʯʝʢ, ʪʝʭʥʦʣʦʛʠʠ Pleno, ʤʠʢʨʦʧʨʦʙʦʝʚ ʠ ʜʠʩʧʣʝʝʚ ʩʚʝʪʦʚʦʛʦ 

ʧʦʣʷ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʫʜʘʣʸʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʸʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

2. ʀʩʩʣʝʜʦʚʘʪ ɹʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʣʦʛʨʘʤʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʜʦʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʞʘʪʠʷ ʧʝʨʝʜʘʚʘʝʤʦʡ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩ 

ʫʯʸʪʦʤ ʧʨʦʙʣʝʤ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ 

ʩʚʷʟʠ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩ ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ 

ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʩ TV ʯʘʩʪʦʪʦʡ 

ʢʘʜʨʦʚʦʡ ʨʘʟʚʸʨʪʢʠ, ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʘ ʪʘʢʞʝ 

ʥʝʧʨʝʨʳʚʥʳʤ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʘʨʘʣʣʘʢʩʦʤ. 

3. ʀʩʩʣʝʜʦʚʘʪʴ ʧʨʦʙʣʝʤʳ ʩʠʥʪʝʟʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʛʦʣʦʛʨʘʤʤ ʠ ʠʭ 

ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʨʝʛʠʩʪʨʘʮʠʠ ʢʘʨʪʳ ʚʳʩʦʪ 

ʜʠʥʘʤʠʯʥʦ ʠʟʤʝʥʷʶʱʝʛʦʩʷ 3D ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʣʘʪʝʨʘʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʦʙʲʝʢʪʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʩʚʝʪʦʤ. 
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4. ʀʩʩʣʝʜʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʠʤʤʘʥʝʥʪʥʦ ʧʨʠʩʫʱʠʭ ʛʦʣʦʛʨʘʤʤʘʤ ʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʫʩʪʨʘʥʠʤʳʭ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʛʨʘʥʠʯʝʥʠʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ɼʕ) ʠ ʵʥʪʨʦʧʠʠ ʘʥʘʣʦʛʦʚʳʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʛʦʣʦʛʨʘʤʤ, 

ʚʢʣʶʯʘʷ ʧʝʨʝʢʨʸʩʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʩʧʝʢʣ-

ʨʝʟʦʥʘʥʩ ʠ ʘʣʠʘʩʠʥʛ. 

5. ʇʨʦʚʝʩʪʠ ʬʠʟʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʝʨʝʜʘʯʝ ʥʝʦʙʭʦʜʠʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʩ TV ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚʦʡ ʨʘʟʚʸʨʪʢʠ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʩʠʥʪʝʟʘ 

ʘʥʘʣʦʛʦʚʦʡ ʛʦʣʦʛʨʘʤʤʳ, ʟʘʧʠʩʘʥʥʦʡ ʥʘ ʤʘʪʝʨʠʘʣʴʥʦʤ ʥʦʩʠʪʝʣʝ ʥʘ ʧʨʠʸʤʥʦʤ 

ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʝʞʜʫ ʙʦʣʴʰʠʤ ʦʙʲʸʤʦʤ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 3D ʚʠʜʝʦʧʦʪʦʢʘ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʨʘʜʠʦʢʘʥʘʣʘ ʩʚʷʟʠ, ʧʨʦʚʝʜʸʥʥʳʭ ʨʘʩʯʸʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʦʪʠʚʦʨʝʯʠʷ. 

2. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʫʪʸʤ ʜʚʫʭ ʤʦʜʘʣʴʥʦʩʪʝʡ (ʤʘʩʢʘ + ʪʝʢʩʪʫʨʘ) ʙʝʟ ʥʝʩʫʱʝʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ 3D ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʯʝʤ ʧʨʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʝʣʝʢʮʠʠ ʤʠʥʫʩ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʠʬʨʘʢʮʠʠ. 

3. ɺʧʝʨʚʳʝ ʜʘʥʦ ʦʙʲʷʩʥʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʧʨʠʯʠʥʳ ʥʝʜʦʩʪʠʞʠʤʦʩʪʠ 

ɼʕ, ʧʨʝʜʩʢʘʟʘʥʥʦʡ ʚ ʤʦʜʝʣʠ ʂʦʛʝʣʴʥʠʢʘ, ʚʳʟʚʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʚʫʭ 

ʥʝʣʠʥʝʡʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʵʢʩʧʦʟʠʮʠʠ ʧʦ ʧʦʣʶ ʛʦʣʦʛʨʘʤʤʳ ʠ 

ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ɼʕ ʦʪ ʵʢʩʧʦʟʠʮʠʠ, ʦʙʲʷʩʥʸʥʥʦʛʦ ʢʘʢ ʬʦʨʤʬʘʢʪʦʨ 

ʛʦʣʦʛʨʘʤʤ. ʕʪʦʪ ʵʬʬʝʢʪ ʷʚʣʷʝʪʩʷ ʠʤʤʘʥʝʥʪʥʳʤ ʜʣʷ ʛʦʣʦʛʨʘʤʤ ʩ ʜʠʬʨʘʢʮʠʝʡ 

ɹʨʵʛʛʘ ʠ ʈʘʤʘʥʘ ï ʅʘʪʘ. ʆʥ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʛʘʫʩʩʦʚʳʤʠ 

ʧʫʯʢʘʤʠ, ʧʫʯʢʘʤʠ ʩʧʝʢʣ-ʧʦʣʝʡ ʠ ʜʨʫʛʠʤʠ ʩʣʦʞʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. 
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4. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʝʫʩʪʨʘʥʠʤʳʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʠʯʠʥʳ ʩʥʠʞʝʥʠʷ 

ɼʕ ʠ ʵʥʪʨʦʧʠʠ ʛʦʣʦʛʨʘʤʤ, ʚ ʪ. ʯ. ʟʘ ʩʯʸʪ ʵʬʬʝʢʪʘ ʬʦʨʤʬʘʢʪʦʨʘ ʛʦʣʦʛʨʘʤʤ, 

ʨʝʟʦʥʘʥʩʘ ʩʧʝʢʣ-ʧʦʣʷ ʠ ʘʣʠʘʩʠʥʛʘ, ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʦʛʨʘʥʠʯʝʥʠʷ ʠʭ ʚʣʠʷʥʠʷ. 

5. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪ ʬʦʨʤʬʘʢʪʦʨʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʠʥʝʪʠʢʠ ʬʦʪʦʦʪʢʣʠʢʘ ʥʦʚʳʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ 

ʵʪʦʤ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʬʦʪʦʦʪʢʣʠʢʘ ʧʨʝʜʣʦʞʝʥʥʳʤ ʜʠʬʨʘʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ 

ʩʨʘʚʥʠʤʘ ʩ ʪʦʯʥʦʩʪʴʶ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ. 

6. ɺʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʘ ʟʘʪʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʦ 

ɹ. ʗ. ɿʝʣʴʜʦʚʠʯʝʤ ʚ ʤʦʜʦʚʦʡ ʪʝʦʨʠʠ ʛʦʣʦʛʨʘʤʤ, ʯʪʦ ʧʨʠ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʩʧʝʢʣ-

ʧʦʣʝʡ ʚ ʦʙʲʸʤʥʳʭ, ʧʦ ʢʨʠʪʝʨʠʶ ʂʣʝʡʥʘ, ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʩ 

ʙʝʟʳʥʝʨʮʠʦʥʥʳʤ ʬʦʪʦʦʪʢʣʠʢʦʤ, ʬʦʨʤʠʨʫʝʤʳʤ ʧʨʷʤʳʤ ʦʙʨʘʟʦʤ ʚ ʧʨʦʮʝʩʩʝ 

ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʟʘ ʩʯʸʪ ʵʥʝʨʛʠʠ ʵʢʩʧʦʟʠʮʠʠ, ʚʦʟʥʠʢʘʝʪ ʨʝʟʦʥʘʥʩʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʟʘʧʠʩʘʥʥʦʡ ʩʧʝʢʣ-ʩʪʨʫʢʪʫʨʦʡ ʬʦʪʦʦʪʢʣʠʢʘ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʧʝʢʣ-ʩʪʨʫʢʪʫʨʦʡ ʟʘʧʠʩʳʚʘʶʱʝʛʦ ʛʦʣʦʛʨʘʤʤʫ 

ʠʟʣʫʯʝʥʠʷ. 

7. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʤʦʜʘʣʴʥʦʩʪʝʡ ï ʪʝʢʩʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʘʨʪʳ ʚʳʩʦʪ 

ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʧʦʭʦʞʠʡ ʥʘ ʧʝʨʝʜʘʯʫ ʢʘʨʪʳ ʚʳʩʦʪ ʛʦʣʦʛʨʘʤʤʳ ʚ 

ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʝʢʩʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ 2D 

ʬʦʪʦʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʪʴ ʣʶʙʳʝ 3D ʠʟʦʙʨʘʞʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʚʢʶʯʘʷ ʀʂ, ʋʌ ʠ ʨʘʜʠʦʜʠʘʧʘʟʦʥ, ʘ ʪʘʢʞʝ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠʯʥʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠ 

ʯʘʩʪʠʯʥʦ (ʢʘʨʪʘ ʚʳʩʦʪ ʠʣʠ ʤʘʩʢʘ) ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ, ʧʨʠ ʵʪʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʣʘʜʘʶʪ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʥʝʧʨʝʨʳʚʥʳʤ 

ʧʘʨʘʣʣʘʢʩʦʤ. 

8. ɺʧʝʨʚʳʝ ʯʠʩʣʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʧʦʢʘʟʘʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ 3D 

ʠʟʦʙʨʘʞʝʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʜʠʬʨʘʢʮʠʝʡ ʠʟʣʫʯʝʥʠʷ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʣʘʪʝʨʘʣʴʥʳʤ ʦʩʚʝʱʝʥʠʝʤ 3D ʦʙʲʝʢʪʘ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʩʚʝʪʦʤ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʣʦʩ ʠ ʜʠʬʨʘʢʮʠʝʡ ʥʘ 

ʛʦʣʦʛʨʘʤʤʝ ʵʪʦʛʦ ʦʙʲʝʢʪʘ. ʇʦʢʘʟʘʥʳ ʥʝʙʦʣʴʰʠʝ ʦʪʣʠʯʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʠʤʠ 
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ʠʟʦʙʨʘʞʝʥʠʡ, ʦʙʲʷʩʥʷʝʤʳʝ ʥʘʣʠʯʠʝʤ ʧʨʦʜʦʣʴʥʳʭ ʘʙʝʨʨʘʮʠʡ ʫ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. 

9. ɺʧʝʨʚʳʝ ʯʠʩʣʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʣʘʪʝʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʠʟ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʣʦʩ, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʨʘʟʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ ʧʨʠ ʤʝʜʠʘʥʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʵʪʠʭ ʧʦʣʦʩ. ʇʨʠʯʸʤ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 3D 

ʠʟʦʙʨʘʞʝʥʠʷ ʪʦʞʝ ʦʙʣʘʜʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤ, ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʥʝʧʨʝʨʳʚʥʳʤ ʧʘʨʘʣʣʘʢʩʦʤ. 

10. ɺʧʝʨʚʳʝ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʘʜʠʦʢʘʥʘʣʫ ʧʝʨʝʜʘʥʘ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠ ̫ʦ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʝʤʩʷ ʠʟʦʙʨʘʞʝʥʠʠ ʞʠʚʦʛʦ ʯʝʣʦʚʝʢʘ ʩ TV 

ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚʦʡ ʨʘʟʚʸʨʪʢʠ ʠ ʚʳʰʝ, ʩ ʚʳʩʦʢʠʤ (Full HD) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʥʝʧʨʝʨʳʚʥʳʤ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʘʨʘʣʣʘʢʩʦʤ, ʧʦ 

ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʘʥʘʣʦʛʦʚʳʝ (ʤʘʪʝʨʠʘʣʴʥʳʝ) ʛʦʣʦʛʨʘʤʤʳ ʠ 

ʠʟʤʝʨʝʥ ʠʭ ʧʘʨʘʣʣʘʢʩ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʚʠʪʠʠ ʬʠʟʠʯʝʩʢʠʭ 

ʦʩʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʦʣʦʛʨʘʤʤʝ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʟʜʝʣʝʥʠʝ ʝʸ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʘʨʤʦʥʠʢ, ʦʜʥʘ ʠʟ 

ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʜʠʬʨʘʢʮʠʠ ʩʚʝʪʘ ʚ ʥʫʞʥʳʡ ʧʦʨʷʜʦʢ ʜʣʷ 

ʩʝʧʘʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʘ ʜʨʫʛʘʷ ʥʝʩʸʪ ʵʪʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩʠʥʪʝʟ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʩ TV 

ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚʦʡ ʨʘʟʚʸʨʪʢʠ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʩʝʨʠʶ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʠʯʸʤ, ʧʨʠ ʧʝʨʝʜʘʯʝ ʵʪʦʡ ʛʨʫʧʧʳ ʥʝ ʚ ʚʠʜʝ ʩʧʝʢʪʨʘ, ʘ ʜʚʫʤʷ 

ʦʩʥʦʚʥʳʤʠ ʤʦʜʘʣʴʥʦʩʪʷʤʠ 3D ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʨʪʦʡ ʚʳʩʦʪ ʠ ʪʝʢʩʪʫʨʦʡ, 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʥʝʧʨʝʨʳʚʥʳʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʘʨʘʣʣʘʢʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚʠʜʝʦʨʷʜʘ 3D 
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ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʚʠʜʝʦ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʵʪʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʝʡʩʪʚʫʶʱʠʤ ʧʘʪʝʥʪʦʤ RU2707582C1. 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʩʦʢʨʘʱʝʥʠʷ ʨʝʥʜʝʨʠʥʛʘ ʛʦʣʦʛʨʘʤʤ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʟʘ ʩʯʸʪ ʦʪʢʘʟʘ ʦʪ ʩʠʥʪʝʟʘ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʥʘ ʧʝʨʝʜʘʶʱʝʤ 

ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʵʥʪʨʦʧʠʡʥʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ, ʘ ʥʘ ʧʨʠʸʤʥʦʤ ï 

ʟʘ ʩʯʸʪ ʟʘʤʝʥʳ ʩʠʥʪʝʟʘ ʤʦʜʝʣʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ 

ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʟʜʘʥʥʫʶ ʥʘ ʦʩʥʦʚʝ ʧʘʪʪʝʨʥʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʩʚʝʪʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʣʘʪʝʨʘʣʴʥʳʤ ʦʩʚʝʱʝʥʠʝʤ 3D ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʠʘʥʥʳʤ ʤʫʣʴʪʠʧʣʠʮʠʨʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʧʦʣʦʩ ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʘʪʪʝʨʥʘ ʠ ʩʠʥʪʝʟʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ ʙʝʟ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʧʨʦʱʝʥʠʠ 3D 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʣʠʥ ʚʦʣʥ ʟʘʧʠʩʠ ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʟʘʜʘʯ 3D ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʪʘʚʷʪʩʷ, ʢʘʢ ʚ ʟʘʜʘʯʘʭ ʩʧʝʮʪʝʭʥʠʢʠ, ʪʘʢ ʠ ʚ ʛʨʘʞʜʘʥʩʢʠʭ 

ʨʘʟʨʘʙʦʪʢʘʭ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʪʝʣʝʤʝʜʠʮʠʥʝ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʚ 

ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ, ʧʦʜ ʚʦʜʦʡ ʠ ʚ ʢʦʩʤʦʩʝ. ʕʪʘ ʤʝʪʦʜʠʢʘ ʠʤʝʝʪ ʙʦʣʴʰʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩʦʟʜʘʥʠʷ 3D TV ʠ ʩʠʩʪʝʤ 3D ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʫʩʪʨʦʡʩʪʚ ʦʧʝʨʘʪʦʨʘ. ɺ 

ʯʘʩʪʠ ʨʘʩʯʸʪʦʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ (ɸʢʪ ɸʆ çʅʦʚʦʩʠʙʠʨʩʢʠʡ ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜè ʦ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ) (ʧʨʠʣʦʞʝʥʠʝ ɻ). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚ ʦʙʲʸʤʥʳʭ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʬʦʨʤʠʨʫʶʱʠʭ ʬʦʪʦʦʪʢʣʠʢ ʙʝʟ ʦʪʜʝʣʴʥʦʛʦ ʵʪʘʧʘ 

ʧʨʦʷʚʣʝʥʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ 

ʥʦʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ï ʵʬʬʝʢʪʘ ʨʝʟʦʥʘʥʩʘ ʩʧʝʢʣ-ʧʦʣʷ, ʢʦʪʦʨʳʡ ʧʦʩʣʫʞʠʣ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʤʦʜʦʚʦʡ ʪʝʦʨʠʠ ʛʦʣʦʛʨʘʬʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ɹ. ʗ. ɿʝʣʴʜʦʚʠʯʝʤ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʌʠʟʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɸʅ ʉʉʉʈ. 

ʆʙʲʷʩʥʸʥ ʬʠʟʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʠʞʠʤʦʡ ʚʝʣʠʯʠʥʳ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʛʦʣʦʛʨʘʤʤ 
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ʟʘ ʩʯʸʪ ʧʝʨʝʢʨʸʩʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ï 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʧʦʣʶ ʛʦʣʦʛʨʘʤʤʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʧʠʩʳʚʘʶʱʝʛʦ ʝʸ ʠʟʣʫʯʝʥʠʷ 

ʠ ʥʝʣʠʥʝʡʥʦʡ, ʩ ʣʦʢʘʣʴʥʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ, ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʵʢʩʧʦʟʠʮʠʠ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʪʦʪ ʵʬʬʝʢʪ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʜʣʷ ʩʣʫʯʘʷ ʜʠʬʨʘʢʮʠʠ ɹʨʵʛʛʘ, ʠ ʜʣʷ ʩʣʫʯʘʷ ʜʠʬʨʘʢʮʠʠ 

ʈʘʤʘʥʘ ï ʅʘʪʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʛʘʫʩʩʦʚʳʭ ʧʫʯʢʦʚ, ʥʦ ʠ ʜʣʷ ʧʫʯʢʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ 

ʩʣʦʞʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʭ ʚ ʩʠʣʫ ʎʝʥʪʨʘʣʴʥʦʡ ʧʨʝʜʝʣʴʥʦʡ ʪʝʦʨʝʤʳ 

ʃʷʧʫʥʦʚʘ (ʎʇʊ) ʛʘʫʩʩʦʚʳʤʠ ʛʠʩʪʦʛʨʘʤʤʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ 

ʬʦʨʤʠʨʫʝʤʳʭ ʠʤʠ ʠʟʦʙʨʘʞʝʥʠʷʭ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫʞʝ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʢʠ ʬʦʪʦʦʪʢʣʠʢʘ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʨʠʣʦʞʝʥʠʝ ɺ ï ɸʢʪ ʦ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ Ministry of Education and 

Research of Republic of Moldova, Institute of Applied Physics) ʠ ʜʝʡʩʪʚʫʶʱʠʤ 

ʧʘʪʝʥʪʦʤ RU2734093C1 (ʧʨʠʣʦʞʝʥʠʝ ɹ). 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʢʘʣʷʨʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʪʝʦʨʠʠ ʜʠʬʨʘʢʮʠʠ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʚ ʚʠʜʝ 

ʠʥʪʝʛʨʘʣʘ ʈʝʣʝʷ ï ɿʦʤʤʝʨʬʝʣʴʜʘ ʠ ʝʛʦ ʩʣʝʜʩʪʚʠʡ ï ʠʥʪʝʛʨʘʣʦʚ ʌʨʝʥʝʣʷ ʠ 

ʌʨʘʫʥʛʦʬʝʨʘ, ʚʳʯʠʩʣʷʶʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ 

ʠʟʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʘʤʧʣʠʪʫʜʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʦʣʦʛʨʘʤʤ ʧʨʠ ʧʝʨʝʜʘʯʝ 3D 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʩʚʷʟʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚ ʨʘʤʢʘʭ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʂ. ʐʝʥʥʦʥʘ ʠ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʪʘʢʦʡ ʧʝʨʝʜʘʯʝ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ, ʧʝʨʝʜʘʚʘʷ 

ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʝʚʠʘʮʠʠ ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ, ʘ ʥʝ ʠʭ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʘʨʤʦʥʠʢ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʚʫʤʝʨʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʚʦʟʤʦʞʥʦ ʚ ʧʦʣʥʦʡ 
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ʤʝʨʝ ʧʨʝʜʩʪʘʚʠʪʴ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ 

ʚʠʜʝ, ʚʳʜʝʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʠʭ ʧʨʠʟʥʘʢʠ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʩʧʝʢʪʨ ʛʦʣʦʛʨʘʤʤ, ʭʦʪʷ ʦʥ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʝʤ ʚ 

ʨʘʜʠʦʪʝʭʥʠʢʝ, ʦʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʟʫʣʴʪʘʪʳ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʳ 

ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ ʛʦʣʦʛʨʘʤʤʳ. ɺ ʪʝʭ ʞʝ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʳ ʪʦʯʥʳʝ ʨʘʩʯʸʪʳ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʤʝʪʦʜ ʙʳʩʪʨʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (FFT) ʠ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʸʤ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʨʝʥʝʣʷ, ʢʦʪʦʨʳʝ ʪʦʞʝ ʥʘʟʳʚʘʶʪʩʷ ʙʳʩʪʨʳʤʠ (D-FFT). ʇʨʠ ʵʪʦʤ 

ʦʙʲʸʤ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʢʘʢ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ FFT, ʪʘʢ ʠ ʚ D-FFT ʚ ʩʠʣʫ 

ʦʩʦʙʝʥʥʦʩʪʝʡ FFT ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ ʢʘʢ ʧʦʩʣʦʡʥʘʷ ʥʘʨʝʟʢʘ ʧʦ 

ʛʣʫʙʠʥʝ (slicing), ʯʪʦ ʩʪʘʚʠʪ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʠʥʳʭ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʌʨʝʥʝʣʷ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʞʘʪʠʷ ʛʣʫʙʠʥʳ 

ʟʘʧʠʩʳʚʘʝʤʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʦ ʨʘʟʤʝʨʦʚ ʤʝʥʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʣʫʙʠʥʳ ʙʝʟ ʚʥʝʩʝʥʠʷ ʟʥʘʯʠʤʳʭ ʦʰʠʙʦʢ ʦʩʥʦʚʘʥ 

ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʯʠʩʝʣ ʚ ʬʦʨʤʘʪʝ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ. ʌʦʨʤʘʪ ʜʘʸʪ ʠʟʣʠʰʥʶʶ 

ʠʟʙʳʪʦʯʥʦʩʪʴ ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʛʥʘʣʘ ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʤʝʱʝʥʠʡ ʬʘʟʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʚʥʫʪʨʠ ʜʠʘʧʘʟʦʥʘ ʩ 

ʛʣʫʙʠʥʦʡ ʤʝʥʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ ʠ ʦʙʭʦʜʠʪʴʩʷ ʙʝʟ ʦʧʝʨʘʮʠʡ ʩʣʘʡʩʠʥʛʘ ʠ ʨʘʟʚʸʨʪʢʠ 

ʬʘʟʳ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʩʷ ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʌʨʝʥʝʣʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʤʝʶʱʠʭʩʷ ʩʠʤʤʝʪʨʠʡ 

ʷʜʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʯʠʩʣʝʥʥʦʤ ʚʠʜʝ, ʠʭ 

ʩʧʝʢʪʨʦʚ ʠ ʜʨʫʛʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʨʘʙʦʪʝ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʨʝʜʘ MATLAB, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʘʪʨʠʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʝʨʝʤʝʥʥʳʭ, ʯʪʦ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʨʘʙʦʪʳ ʩ 2D ʦʙʲʝʢʪʘʤʠ ʠ ʚ ʥʘʰʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 3D ʦʙʲʝʢʪʘ ʢʘʢ ʩʫʤʤʳ ʜʚʫʭ 2D 

ʦʙʲʝʢʪʦʚ ʪʘʢʞʝ. ʅʘ ʦʩʥʦʚʝ MATLAB ʙʳʣʠ ʧʨʦʜʝʣʘʥʳ ʚʩʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʴʥʳʝ 
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ʨʘʩʯʸʪʳ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʠʭ ʯʘʩʪʴ, ʚ ʢʣʶʯʝʚʳʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʨʷʤʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. 

ʊʘʢ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʧʝʨʝʜʘʯʝ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʚʠʜʝʦʧʦʪʦʢʘ ʧʦ 

ʨʘʜʠʦʢʘʥʘʣʫ ʩʚʷʟʠ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʵʪʦʡ ʮʝʣʠ 

ʨʘʜʠʦʢʘʥʘʣʘ Wi-Fi ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 40 ʄɻʮ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʩʠʥʪʝʟʫ ʘʥʘʣʦʛʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʧʦ ʧʨʠʥʷʪʦʡ ʥʘ 

ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʴʥʳʝ ʛʦʣʦʛʨʘʤʤʳ, 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ ʩ 

ʥʝʧʨʝʨʳʚʥʳʤ ʧʘʨʘʣʣʘʢʩʦʤ. 

ɺ ʮʝʣʦʤ ʤʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʦʚʝʨʥʳʝ, ʧʦʣʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʟʘʜʘʯ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʛʦʣʦʛʨʘʤʤʫ, ʩʦʜʝʨʞʠʪ ʜʚʘ 

ʪʠʧʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʘʨʤʦʥʠʢ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʙʣʠʟʦʢ ʠʟʚʝʩʪʥʳʤ ʚ 

ʨʘʜʠʦʪʝʭʥʠʢʝ ʥʝʩʫʱʠʤ ʯʘʩʪʦʪʘʤ, ʘ ʜʨʫʛʦʡ ʠʭ ʜʝʚʠʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʜʚʘ ʪʠʧʘ 

ʛʘʨʤʦʥʠʢ ʠʤʝʶʪ ʨʘʟʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ, ʪʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʨʘʟʜʝʣʝʥʳ ʜʣʷ ʧʝʨʝʜʘʯʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʠ ʥʘ 

ʝʛʦ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʩʥʦʚʘ ʦʙʲʝʜʠʥʝʥʳ ʚ ʛʦʣʦʛʨʘʤʤʫ ʘʥʘʣʦʛʠʯʥʦ ʪʝʭʥʦʣʦʛʠʠ SSB 

ʦʜʥʦʤʝʨʥʦʛʦ ʩʠʛʥʘʣʘ. 

2. ʄʝʪʦʜ ʧʝʨʝʜʘʯʠ ʢʘʜʨʦʚ 3D ʮʠʬʨʦʚʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʚʠʜʝʦ ʙʝʟ 

ʥʝʩʫʱʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʜʚʫʤʷ 2D ʤʦʜʘʣʴʥʦʩʪʷʤʠ ï ʢʘʨʪʦʡ ʚʳʩʦʪ ʠ 

ʪʝʢʩʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 3D ʦʙʲʝʢʪʘ, ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʞʠʤʘʪʴ 

ʧʝʨʝʜʘʚʘʝʤʫʶ ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʙʝʟ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ 

ʩʧʝʢʪʨʘʣʴʥʫʶ ʩʝʣʝʢʮʠʶ (ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ SSB) ʧʦʪʝʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʘʨʘʣʣʘʢʩʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ 

ʛʦʣʦʛʨʘʤʤʘʤʠ ʠʟʦʙʨʘʞʝʥʠʷ. 
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3. ʄʝʪʦʜ ʤʝʜʠʘʥʥʦʛʦ ʤʫʣʴʪʠʧʣʠʮʠʨʦʚʘʥʠʷ ʧʦʣʦʩ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʩʚʝʪʘ, ʨʘʩʩʝʷʥʥʦʛʦ 3D ʦʙʲʝʢʪʦʤ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʬʦʨʤʠʨʫʶʱʫʶ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʜʠʬʨʘʢʮʠʠ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ, ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʡ ʫʩʣʦʚʠʡ ɹʨʵʛʛʘ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʧʘʨʘʣʣʘʢʩʦʤ 3D 

ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʟʘʜʘʥʥʦʡ, ʧʨʠ ʤʫʣʴʪʠʧʣʠʮʠʨʦʚʘʥʠʠ ʧʦʣʦʩ, 

ʜʣʠʥʝ ʚʦʣʥʳ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

4. ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ ʦʛʨʘʥʠʯʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʥʪʨʦʧʠʠ 

ʢʘʢ ʫ ʦʙʲʸʤʥʳʭ, ʧʦ ʢʨʠʪʝʨʠʶ ʂʣʝʡʥʘ, ʛʦʣʦʛʨʘʤʤ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ 

ʜʠʬʨʘʢʮʠʠ ɹʨʵʛʛʘ, ʪʘʢ ʠ ʫ ʪʦʥʢʠʭ ʛʦʣʦʛʨʘʤʤ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ ʜʠʬʨʘʢʮʠʠ 

ʈʘʤʘʥʘ ï ʅʘʪʘ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʢʨʸʩʪʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʚʫʭ ʥʝʣʠʥʝʡʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ï ʥʝʣʠʥʝʡʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʧʠʩʳʚʘʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʦ ʧʦʣʶ ʛʦʣʦʛʨʘʤʤʳ ʠ ʥʝʣʠʥʝʡʥʦʡ, ʩ ʣʦʢʘʣʴʥʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ, 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʵʢʩʧʦʟʠʮʠʠ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʢʘʢ 

ʬʘʢʪʦʨ ʬʦʨʤʳ (ʬʦʨʤʬʘʢʪʦʨ) ʛʦʣʦʛʨʘʤʤ, ʫʚʝʣʠʯʠʚʘʶʱʠʡ ʦʧʪʠʤʘʣʴʥʫʶ 

ʵʢʩʧʦʟʠʮʠʶ. ʌʦʨʤʬʘʢʪʦʨ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʠʟʤʝʨʷʪʴ ʢʠʥʝʪʠʢʫ ʬʦʪʦʦʪʢʣʠʢʘ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ. 

5. ʀʤʤʘʥʝʥʪʥʦ ʧʨʠʩʫʱʠʝ ʢʦʤʧʴʶʪʝʨʥʳʤ ʛʦʣʦʛʨʘʤʤʘʤ ʰʫʤʳ ʘʣʠʘʩʠʥʛʘ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʜʠʩʢʨʝʪʠʟʘʮʠʝʡ ʮʠʬʨʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʣʷ ʛʦʣʦʛʨʘʤʤʳ, 

ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʥʘ ʪʝʭ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 3D ʦʙʲʝʢʪʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʥʦʨʤʘʣʠ 

ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ. ɼʣʷ ʛʦʣʦʛʨʘʤʤ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʘʣʠʘʩʠʥʛ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʙʠʪʝʣʝʮʝʥʪʨʠʯʝʩʢʦʡ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʠʟʚʝʩʪʥʳʤ ʥʘʫʯʥʳʤ ʧʦʣʦʞʝʥʠʷʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʜʨʫʛʠʭ ʨʘʙʦʪ, ʠʤʝʶʪ ʷʩʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʪʨʘʢʪʦʚʢʫ ʠ 
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ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʩʝʨʠʝʡ ʯʠʩʣʝʥʥʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ 

ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦ 

ʚʳʙʨʘʥʥʳʤ ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ (ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʟʘʜʘʯʘʭ ʫʜʘʣʸʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʦʙ̡ʸʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ), ʢʦʪʦʨʳʡ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʨʘʤʢʘʭ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʩʢʘʣʷʨʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʪʝʦʨʠʠ ʜʠʬʨʘʢʮʠʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ʠ 

ʬʦʨʤʫʣ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʝʪʦʜʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ 

ʢʦʨʨʝʢʪʥʦʩʪʴʶ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʸʪʦʚ ʠ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʇʨʠʤʝʥʸʥʥʳʝ ʚ ʨʘʙʦʪʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʣʠ ʨʘʩʰʠʨʷʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʙʘʟʫ ʩ ʠʭ ʧʦʤʦʱʴʶ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʚʝʨʝʥʥʦʡ ʩʨʝʜʳ 

MATLAB . 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʚ ʨʷʜʝ ʬʠʟʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ ʥʘ 

ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ ʛʦʣʦʛʨʘʤʤʘʤʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤ ʚ 

ʧʘʪʝʥʪʝ ʘʚʪʦʨʘ RU2707582C1 ʤʝʪʦʜʦʤ ʧʦʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʝʨʝʜʘʯʝ 3D 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ Wi-Fi (40 ʄɻʮ), ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʳʭ ʠʟʤʝʨʝʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 3D ʚʠʜʝʦʧʦʪʦʢʘ ʜʣʷ ʨʘʟʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʚʠʜʝʦʢʘʜʨʘ ʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʧʨʦʚʝʜʸʥʥʳʭ ʨʘʥʝʝ ʨʘʩʯʸʪʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʦʤ 3D 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ 

ʢʘʥʘʣʘ ʩʚʷʟʠ ʛʦʣʦʛʨʘʤʤʳ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʥʝʧʨʝʨʳʚʥʳʤ 

ʧʘʨʘʣʣʘʢʩʦʤ ʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʥʝ ʭʫʞʝ ʪʨʝʙʦʚʘʥʠʡ TV 

ʩʪʘʥʜʘʨʪʘ Full HD, ʛʣʫʙʠʥʦʡ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 256 ʛʨʘʜʘʮʠʡ ʠ ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚʦʡ 

ʨʘʟʚʸʨʪʢʠ 25 ɻʮ ʠ ʚʳʰʝ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ 21 ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʠ 4 ʥʘʮʠʦʥʘʣʴʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ. 

ǒ ʅʘ ʪʨʸʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çʃʘʟʝʨʳ. ʀʟʤʝʨʝʥʠʷ. ʀʥʬʦʨʤʘʮʠʷè (ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʆʧʪʠʯʝʩʢʦʝ 

ʦʙʱʝʩʪʚʦ ʈʦʩʩʠʠ ʠʤ. ɼ. ʉ. ʈʦʞʜʝʩʪʚʝʥʩʢʦʛʦ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2013ï2015 ʛʛ.). 
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ǒ ʅʘ ʪʨʸʭ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çʉʠʙʆʧʪʠʢʘè (ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢ, ʉɻʋɻʠʊ, ʀɸʠʕ, ʂʊʀ ʅʇ, 2015ï2017 ʛʛ.). 

ǒ ʅʘ ʯʝʪʳʨʸʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʉʠʙʆʧʪʠʢʘè (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʉɻʋɻʠʊ, ʀɸʠʕ, ʂʊʀ ʅʇ, 2018ï2021 ʛʛ.). 

ǒ ʅʘ ʰʝʩʪʠ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çHoloExpoè (ʄɻʊʋ ʠʤ. ʅ. ʕ. 

ɹʘʫʤʘʥʘ, 2017ï2022 ʛʛ.). 

ǒ ʅʘ XXV ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʉʠʤʧʦʟʠʫʤʝ çʆʧʪʠʢʘ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ. 

ʌʠʟʠʢʘ ʘʪʤʦʩʬʝʨʳè (ʛ. ʊʦʤʩʢ, ʀʥʩʪʠʪʫʪ ʦʧʪʠʢʠ ʘʪʤʦʩʬʝʨʳ, 01ï05 ʠʶʣʷ 

2019 ʛ.). 

ǒ ʅʘ ʜʚʫʭ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʐʢʦʣʘʭ-ʩʠʤʧʦʟʠʫʤʘʭ ʧʦ ʛʦʣʦʛʨʘʬʠʠ 

ʢʦʛʝʨʝʥʪʥʦʡ ʦʧʪʠʢʝ ʠ ʬʦʪʦʥʠʢʝ (ʛ. ʊʦʤʩʢ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, XXIX ʐʢʦʣʘ-ʩʠʤʧʦʟʠʫʤ, 2015 ʛ.; 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, XXXII  ʐʢʦʣʘ-ʩʠʤʧʦʟʠʫʤ, 2022 ʛ.). 

ǒ ʅʘ IX ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʬʦʨʫʤʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

çʊʝʭʥʦʧʨʦʤ-2022è: çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʫʚʝʨʝʥʠʪʝʪ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 

ʈʦʩʩʠʠè (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʕʢʩʧʦʮʝʥʪʨ, 23ï26 ʘʚʛʫʩʪʘ 2022 ʛ.). 

ʇʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 54 ʥʘʫʯʥʳʭ 

ʩʪʘʪʴʷʭ, 18 ʠʟ ʢʦʪʦʨʳʭ ï ʚ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʙʘʟʳ 

ʮʠʪʠʨʦʚʘʥʠʷ WoS, 6 ï ʚ ʠʟʜʘʥʠʷʭ Scopus ʠ ʦʜʥʘ ï ʚ ʞʫʨʥʘʣʝ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʤ 

ɺɸʂ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʜʦʢʪʦʨʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ. 

ʇʘʪʝʥʪʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʣʫʯʝʥʳ ʜʚʘ ʧʘʪʝʥʪʘ. 

1. ʐʦʡʜʠʥ ʉ. ɸ.; ʉʧʦʩʦʙ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʟʘʧʠʩʠ. ʇʘʪʝʥʪ RU2707582C1, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ G03H 1/00; ʟʘʷʚʣ. 

03.07.2018; ʦʧʫʙʣ. 28.11.2019. ɹʶʣ. ˉ 34 (ʧʨʠʣʦʞʝʥʠʝ ɸ). 

2. ʐʦʡʜʠʥ ʉ. ɸ., ʄʝʰʘʣʢʠʥ ɸ. ʖ.; ʉʧʦʩʦʙ ʵʢʩʧʨʝʩʩ ʘʥʘʣʠʟʘ ʚʝʣʠʯʠʥʳ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʬʦʪʦʦʪʢʣʠʢʘ ʬʘʟʦʚʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʇʘʪʝʥʪ RU2734093C1, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ G03H 1/00, G01M 11/00; 

ʟʘʷʚʣ. 07.04.2020; ʦʧʫʙʣ. 12.10.2020, ɹʶʣ. ˉ 29 (ʧʨʠʣʦʞʝʥʠʝ ɹ). 
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ɸʢʪʳ ʦ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪ Ministry of 

Education and Research of Republic of Moldova, Institute of Applied Physics ʠ ʦʪ 

ɸʢʮʠʦʥʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ çʅʦʚʦʩʠʙʠʨʩʢʠʡ ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜè. 

ʃʠʯʥʳʡ ʚʢʣʘʜ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ, ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʧʨʠʥʮʠʧʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʠ ʧʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʩʦʥʘʣʴʥʦ 

ʘʚʪʦʨʦʤ. ʀʜʝʠ, ʤʝʪʦʜʠʢʘ ʘʚʪʦʨʘ, ʧʦʩʪʘʥʦʚʢʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ ʩʠʥʪʝʟʫ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʛʦʣʦʛʨʘʤʤ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʷ ʠʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ ʥʘ ʙʘʟʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʃʘʙʦʨʘʪʦʨʠʠ 

ʧʨʠʢʣʘʜʥʦʡ ʛʦʣʦʛʨʘʬʠʠ ʚ ʉɻʋɻʠʊ, ʟʘʧʠʩʴ ʘʥʘʣʦʛʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʥʘ ʦʩʥʦʚʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ï ʥʘ ʙʘʟʝ ʢʘʬʝʜʨʳ ʣʘʟʝʨʥʳʭ ʠ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ ʠ ʢʦʤʧʘʥʠʠ JAMES RIVER 

BRANCH, LLC ʩ ʫʯʘʩʪʠʝʤ ʢʦʣʣʝʛ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʠʟʤʝʨʝʥʠʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʛʦʣʦʛʨʘʤʤ ï ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʀɸʠʕ ʉʆ 

ʈɸʅ ʈʌ, ʟʘʧʠʩʴ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʦʣʦʛʨʘʤʤ ʚ ʨʝʞʠʤʝ ʜʠʬʨʘʢʮʠʠ ʈʘʤʘʥʘ ï ʅʘʪʘ ï 

ʚ ʀʥʩʪʠʪʫʪʝ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ɸʅ ʄʦʣʜʦʚʳ, ʂʠʰʠʥʸʚ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʉ. ɹ. ʆʜʠʥʦʢʦʚʫ ʠ 

ʀ. ʉ. ɻʠʙʠʥʫ ʟʘ ʧʦʜʜʝʨʞʢʫ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ, 

ʀ. ʂ. ʎʳʛʘʥʦʚʫ, ɽ. ɸ. ɼʨʦʟʜʦʚʦʡ, ɸ. ʌ. ʉʤʳʢʫ, ɸ. ɺ. ʐʫʨʳʛʠʥʫ ʟʘ ʧʦʤʦʱʴ ʚ 

ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ, ɺ. ʇ. ɹʝʩʩʤʝʣʴʮʝʚʫ ʟʘ ʠʟʤʝʨʝʥʠʷ ʠʭ ʤʠʢʨʦʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ɸ. ʖ. ʄʝʰʘʣʢʠʥʫ ʟʘ ʦʨʛʘʥʠʟʘʮʠʶ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʬʦʨʤʬʘʢʪʦʨʘ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʝʤʫ ʘʩʧʠʨʘʥʪʫ 

ɸ. ʃ. ʇʘʟʦʝʚʫ ʟʘ ʪʚʦʨʯʝʩʢʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, 

ʚʢʣʶʯʘʶʱʝʛʦ 265 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʆʙʱʠʡ ʦʙʲʸʤ ʨʘʙʦʪʳ 400 ʩʪʨʘʥʠʮ, ʚʢʣʯʁʘʷ 166 

ʨʠʩʫʥʢʦʚ, 115 ʬʦʨʤʫʣ, 8 ʪʘʙʣʠʮ ʠ 5 ʧʨʠʣʦʞʝʥʠʡ. 
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ɻʃɸɺɸ 1. ʀɿʋʏɽʅʅʆʉʊʔ ʇʈʆɹʃɽʄ ʇʈɽɼɽʃʔʅʆʁ 

ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɪʄʂʆʉʊʀ ɻʆʃʆɻʈɸʄʄ ʀ ɼʀʅɸʄʀʏɽʉʂʆɻʆ 

ɺʆʉʇʈʆʀɿɺɽɼɽʅʀʗ 3D ʀɿʆɹʈɸɾɽʅʀʁ 

ʇʨʦʙʣʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʠ ʚ 

ʮʝʥʪʨʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʛʦʣʦʛʨʘʬʠʠ. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ ʠ ʦʙʨʘʪʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʚ ʨʘʙʦʪʘʭ ʧʦ ʩʦʟʜʘʥʠʶ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ 

(ɻɿʋ). ʇʦʟʜʥʝʝ ʧʦʷʚʠʣʠʩʴ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʛʦʣʦʛʨʘʤʤ. ɺ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʣʘ ʧʨʦʙʣʝʤʘ ʫʜʘʣʸʥʥʦʛʦ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʸʤʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʘʷ 

ʦʨʛʘʥʠʯʥʦ ʚʢʣʶʯʠʣʘ ʚ ʩʝʙʷ ʦʙʝ ʚʳʰʝʫʢʘʟʘʥʥʳʝ. ʅʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʥʘʜ 

ʜʠʩʩʝʨʪʘʮʠʝʡ ʦʥʘ ʙʳʣʘ ʜʘʣʝʢʘ ʦʪ ʨʘʟʨʝʰʝʥʠʷ. 

ʇʝʨʚʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʚʳʷʚʣʝʥʠʶ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʠ ʧʨʦʪʠʚʦʨʝʯʠʡ, 

ʩʪʦʷʱʠʭ ʥʘ ʧʫʪʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ ʤʝʪʦʜʳ ʧʝʨʝʜʘʯʠ ʠ ʦʙʨʘʙʦʪʢʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʠʟʚʝʩʪʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ. ɺ ʥʝʡ ʠʟʣʦʞʝʥʘ 

ʣʦʛʠʢʘ ʧʦʷʚʣʝʥʠʷ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʩ TV ʯʘʩʪʦʪʦʡ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʚʠʜʝʦʧʦʪʦʢʘ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʫʜʘʣʸʥʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠ 

ʤʝʥʷʶʱʠʡʩʷ ʚʦ ʚʨʝʤʝʥʠ 3D ʞʠʚʦʡ ʦʙʲʝʢʪ. ʇʦʢʘʟʘʥʘ, ʦʙʨʘʟʥʦ ʛʦʚʦʨʷ, 

çʣʘʙʦʨʘʪʦʨʠ ̫ʠʩʩʣʝʜʦʚʘʥʠʡè, ʧʦʤʦʛʘʶʱʘ ̫ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʫʙʣʠʢʘʮʠʡ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʮʝʣʠ, ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʵʪʦʡ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʳ ʠ 

ʧʦʢʘʟʘʪʴ ʤʝʩʪʦ, ʢʦʪʦʨʦʝ ʚ ʥʝʡ ʟʘʥʠʤʘʶʪ ʥʘʰʠ ʨʘʟʨʘʙʦʪʢʠ. 

ʇʘʨʘʛʨʘʬ 1.1. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʸʤʢʦʩʪʴ ʛʦʣʦʛʨʘʤʤ 

ʆ ʙʦʣʴʰʠʭ ʦʙʲʸʤʘʭ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʦʣʦʛʨʘʤʤʘʭ ʛʦʚʦʨʠʪʩʷ ʙʫʢʚʘʣʴʥʦ ʩ 

ʧʝʨʚʳʭ ʨʘʙʦʪ ʖ. ʅ. ɼʝʥʠʩʶʢʘ [1.8, 1.9] ʠ ʕ. ʃʝʡʪʘ ʩ ʖ. ʋʧʘʪʥʠʝʢʩʘ [1.10, 1.11]. ɺ 

ʥʠʭ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʛʦʣʦʛʨʘʤʤʘ ʥʝʩʸʪ ʚ ʩʝʙʝ ʚʩʶ ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 
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ʦʙʲʝʢʪʝ, ʧʦʩʢʦʣʴʢʫ ʨʝʛʠʩʪʨʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʘʤʧʣʠʪʫʜʫ, ʥʦ ʠ ʬʘʟʫ ʚʦʣʥʦʚʦʛʦ 

ʬʨʦʥʪʘ, ʪ. ʝ. ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʸʤʝ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʥʘ ʛʦʣʦʛʨʘʤʤʝ 3D ʦʙʲʝʢʪʘ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʵʪʠʭ ʨʘʙʦʪ ʩʪʘʣʠ ʘʢʪʠʚʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʟʘʧʦʤʠʥʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (ɻɿʋ) ʚ ʢʘʯʝʩʪʚʝ 

ʧʘʤʷʪʠ ʜʣʷ ʕɺʄ. ʇʝʨʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ɻɿʋ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ 

[1.12, 1.13]. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʪʘʣʠ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʫʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʠ ʭʨʘʥʷʱʝʡʩʷ ʚ ʛʦʣʦʛʨʘʤʤʝ 

ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʛʦʣʦʛʨʘʤʤʘ ʨʝʛʠʩʪʨʠʨʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʣʥʦʚʦʤ ʬʨʦʥʪʝ, ʬʦʨʤʠʨʫʝʤʦʤ ʧʨʠ ʨʘʩʩʝʷʥʠʠ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʪʦʙʨʘʞʘʝʤʦʤ ʚ ʛʦʣʦʛʨʘʤʤʝ ʦʙʲʝʢʪʝ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʝ ʠʤʝʝʪ ʧʦʧʝʨʝʯʥʦʝ ʨʘʟʨʝʰʝʥʠʝ h ʢʘʢ ʠ 

ʚ ʦʙʳʯʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʧʝʨʝʥʦʩʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤ ʢʨʠʪʝʨʠʝʤ ʈʵʣʝʷ [1.14], ʨʘʚʥʦʝ ʜʠʘʤʝʪʨʫ ʧʷʪʥʘ ʕʡʨʠ (1.1): 

 
~

D
f

l
s

, (1.1) 

ʛʜʝ ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, D ï ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʛʦʣʦʛʨʘʤʤʳ, f ï 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʛʨʘʤʤʳ ʜʦ ʪʦʯʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʩʠʣʫ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ N, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʥʘ 

ʪʘʢʫʶ ʛʦʣʦʛʨʘʤʤʫ, ʩʦʛʣʘʩʥʦ [1.12, 1.13], ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʤʦʞʝʪ ʙʳʪʴ 

ʦʮʝʥʝʥʦ ʢʘʢ (1.2): 

 ( ) ( )
2 22 2/ / / x yN S h D S S W W= ºv l = v l = Ö Ö. (1.2) 

ɿʜʝʩʴ v=D/f ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ʦʪʦʙʨʘʞʘʶʱʝʡ ʩʠʩʪʝʤʳ, ʚ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʛʦʣʦʛʨʘʤʤʳ, ʘ S ï ʝʸ ʧʣʦʱʘʜʴ. ʆʪʥʦʰʝʥʠʝ (v/ɚ)2
 ï ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʙʠʥʘʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʧʣʦʩʢʦʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ 

ʥʦʩʠʪʝʣʝ, ʠʤʝʝʪ ʩʤʳʩʣ ʢʚʘʜʨʘʪʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʚ ʛʦʣʦʛʨʘʤʤʝ, ʪʦʯʥʝʝ ï ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʧʦ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʦʩʷʤ (Wx, Wy). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 
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v=1, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʭʦʨʦʰʠʭ ʦʧʪʠʯʝʩʢʠʭ ʦʪʦʙʨʘʞʘʶʱʠʭ ʩʠʩʪʝʤ, ʧʣʦʪʥʦʩʪʴ 

ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ (n=N/S) ʚ ʛʦʣʦʛʨʘʤʤʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʤʝʨʥʦ ʦʜʥʦʤʫ ʙʠʪʫ 

ʥʘ ʧʣʦʱʘʜʠ, ʨʘʚʥʦʡ ɚ
2
. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʙʫʜʫʪ ʪʦʞʝ 

ʩʨʘʚʥʠʤʳ ʩ 1/ɚ. 

 ( )
221/ / x yn h W W= = v l = Ö (1.3) 

ʊʘʢʠʝ ʛʦʣʦʛʨʘʤʤʳ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʩʦʩʪʦʷʪ ʠʟ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʯʘʩʪʦʪʘʤ ʧʨʠʤʝʨʥʦ 2ï

3 ʣʠʥ/ʤʢʤ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʵʪʦ ʙʫʜʝʪ ʦʙʩʫʞʜʘʪʴʩʷ ʚ ʛʣʘʚʝ 2. 

ɼʘʣʴʥʝʡʰʠʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ [1.15ï1.34] ʚʥʦʩʠʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʢʦʨʨʝʢʪʠʚʳ, ʩʚʷʟʘʥʥʳʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʦʜʝʣʠ ʟʘʧʠʩʠ ʚ ɻɿʋ ʤʘʪʨʠʮ ʙʠʥʘʨʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʩ ʜʨʫʛʦʡ ï ʩ ʧʦʠʩʢʦʤ ʧʫʪʝʡ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʧʠʩʠ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʚʩʝʛʜʘ ʧʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʩʭʝʤ ʟʘʧʠʩʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʥʝʣʴʟʷ ʘʙʩʦʣʶʪʥʦ ʫʩʪʨʘʥʠʪʴ ʘʙʝʨʨʘʮʠʠ 

ʟʘʧʠʩʳʚʘʶʱʝʡ ʦʧʪʠʢʠ [1.27, 1.28], ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʟʤʝʨ 

ʛʦʣʦʛʨʘʤʤ ʌʫʨɹʝ ʠ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʬʫʥʢʮʠʶ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʨʘʟʤʳʪʠʷ ʠ ʘʙʝʨʨʘʮʠʦʥʥʦʛʦ F{ŭ1ŭ2/ɚf} <1, ʩʥʠʞʘʶʪ ʧʣʦʪʥʦʩʪʴ 

ʟʘʧʠʩʠ n (ʙʠʪ/ʩʤ
2
) [1.29], ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʞʘʷ ʜʠʘʧʘʟʦʥ ʟʘʧʠʩʳʚʘʝʤʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ. ɿʜʝʩʴ ŭ1, ŭ2 ï ʣʫʯʝʚʳʝ ʘʙʝʨʨʘʮʠʠ ʟʘʧʠʩʳʚʘʶʱʝʡ ʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

 

2

1 2n F
f

ë ûpddvå õ
= Öì üæ ö
l lç ÷ í ý

 (1.4) 

ʊʘʢʞʝ ʩʥʠʞʘʝʪ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʠ ʨʷʜ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʢ 

ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʰʫʤʦʚ, ʦ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʦʜʨʦʙʥʝʝ 

ʩʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 2. 

ɼʣʷ ʩʣʫʯʘʷ ʟʘʧʠʩʠ ʤʘʪʨʠʮ ʙʠʥʘʨʥʳʭ ʪʦʯʝʢ ʥʘ ʪʦʥʢʠʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ 

ʤʘʪʝʨʠʘʣ, ʧʨʠʙʣʠʞʸʥʥʦ ʦʮʝʥʠʚʘʪʴ ʜʦʩʪʠʞʠʤʫʶ ʸʤʢʦʩʪʴ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ çNè 
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ʚ ʛʦʣʦʛʨʘʤʤʘʭ ʤʦʞʥʦ ʧʦ (1.2), ʚʟʷʚ ʟʘ ʦʩʥʦʚʫ [1.12ï1.33], ʦʜʥʘʢʦ, ʝʩʣʠ ʚʳʡʪʠ ʠʟ 

ʵʪʦʛʦ, ʜʦʚʦʣʴʥʦ ʫʟʢʦʛʦ, ʧʨʠʙʣʠʞʝʥʠʷ, ʚ ʙʦʣʝʝ ʩʣʦʞʥʳʭ, ʥʘʧʨʠʤʝʨ, ʚ 

ʠʟʦʙʨʘʟʠʪʝʣʴʥʳʭ ʛʦʣʦʛʨʘʤʤʘʭ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʝʱʸ ʠ ʛʨʘʜʘʮʠʶ ʷʨʢʦʩʪʠ ʪʦʯʝʢ. 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʦʣʦʛʨʘʤʤʝ ʩ 

ʫʯʸʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʛʨʘʜʘʮʠʡ ʩʝʨʦʛʦ ʚ ʢʘʞʜʦʤ ʠʟ ʤʦʥʦʭʨʦʤʥʳʭ ʩʣʦʸʚ ʠʟʦʙʨʘʞʝʥʠʷ 

(ʛʣʫʙʠʥʳ ʮʚʝʪʘ) ʩʣʝʜʫʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ ʐʝʥʥʦʥʘ ʜʣʷ ʦʮʝʥʢʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʘʥʘʣʝ ʩ ʰʫʤʘʤʠ [1.35, 1.36]. 
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ɿʜʝʩʴ W ʧʦ ʐʝʥʥʦʥʫ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʘʷ ʚ 

ʧʝʨʝʜʘʚʘʝʤʦʤ ʩʠʛʥʘʣʝ, T ï ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʘ Pʩ/P  h ï ʦʪʥʦʰʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʢ ʤʦʱʥʦʩʪʠ ʰʫʤʘ. ɺ ʛʦʣʦʛʨʘʬʠʠ ʚʨʝʤʝʥʥʳʝ 

ʯʘʩʪʦʪʳ ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ, ʜʚʫʤʝʨʥʳʝ ʜʣʷ ʧʣʦʩʢʠʭ ʛʦʣʦʛʨʘʤʤ, 

ʟʘʧʠʩʘʥʥʳʭ ʥʘ ʪʦʥʢʠʭ ʩʨʝʜʘʭ ʠ ʪʨʸʭʤʝʨʥʳʝ ʜʣʷ ʦʙʲʸʤʥʳʭ ʩʨʝʜ, ʘ ʚʨʝʤʝʥʥʘʷ 

ʨʘʟʚʸʨʪʢʘ ʩʠʛʥʘʣʘ T ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʨʘʟʚʸʨʪʢʫ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʧʣʦʩʢʠʭ, 

ʜʚʫʤʝʨʥʳʭ, ʛʦʣʦʛʨʘʤʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ W ʚ ʢʘʜʨʝ ʨʘʚʥʘ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʨʦʯʥʦʡ ʯʘʩʪʦʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʷʪʝʥ ʕʡʨʠ (1.1) ʥʘ 

ʯʘʩʪʦʪʫ ʩʪʨʦʢ, ʘ ʦʪʥʦʰʝʥʠʝ Pʩ/P  h ʨʘʚʥʦ ʦʪʥʦʰʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ Iʩ/I  h [1.36, 1.37]. ɿʜʝʩʴ Iʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʛʦʣʦʛʨʘʤʤʳ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʦʟʜʘʥʥʦʡ ʥʘ ʥʝʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʨʝʰʸʪʢʦʡ, ʘ I  hï ʰʫʤʘʤʠ. ʂʦʣʠʯʝʩʪʚʦ ʠ ʧʨʠʨʦʜʘ ʰʫʤʦʚ ʛʦʣʦʛʨʘʤʤ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʘʥʘʣʠʟʠʨʫʪʁʩʷ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ. 

ʊʘʢ, ʚ [1.38] ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʰʫʤʘʤʠ ʚ ɻɿʋ. ɺ [1.39] 

ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʠʨʦʜʘ ʰʫʤʦʚ ʥʘ ʧʨʠʤʝʨʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ çɹʠʭʨʦʤʘʪ ʞʝʣʘʪʠʥʳè, ʘ ʚ [1.40] ï ʚʣʠʷʥʠʝ ʧʝʨʝʢʨʸʩʪʥʳʭ 

ʰʫʤʦʚ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʠʟ-ʟʘ ʘʙʝʨʨʘʮʠʡ ʠʩʧʦʣʴʟʫʝʤʦʡ ʦʧʪʠʢʠ. ʍʦʪʷ ʧʨʠʨʦʜʘ ʵʪʠʭ 

ʦʧʪʠʯʝʩʢʠʭ ʰʫʤʦʚ ʨʘʟʣʠʯʥʘ, ʚʩʝ ʦʥʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ 

ʚʝʣʠʯʠʥʳ ʰʫʤʘ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʧʫʯʢʘ. ɼʘʞʝ ʥʝʣʠʥʝʡʥʳʝ 

ʰʫʤʳ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʧʨʠ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʦʷʚʣʝʥʠʶ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʰʸʪʦʢ ʥʘ ʛʦʣʦʛʨʘʤʤʝ, ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʝ ʁ

ʟʘʧʠʩʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʣʠʥʝʡʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʚʦʣʥʳ. ʇʦʵʪʦʤʫ ʚʩʝ ʩʦʙʩʪʚʝʥʥʳʝ ʰʫʤʳ ʛʦʣʦʛʨʘʤʤʳ ʤʦʞʥʦ 

ʦʙʲʝʜʠʥʠʪʴ ʚ ʦʜʠʥ ʠʥʪʝʛʨʘʣʴʥʳʡ ʰʫʤ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ I ,h ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʦʜʠʥ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ɖ.h ʀ ʦʪʥʦʰʝʥʠʝ Iʩ/I  hʜʣʷ 

ʵʪʦʛʦ (ʣʠʥʝʡʥʦʛʦ) ʩʣʫʯʘʷ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ ɖʩ/ɖh, ʛʜʝ ɖʩ ï ʜʠʬʨʘʢʮʠʦʥʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʘ ɖ h ï ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʩʩʝʷʥʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʧʫʯʢʘ ʥʘ ʚʩʝʭ ʨʝʰʸʪʢʘʭ ʛʦʣʦʛʨʘʤʤʳ, ʥʝ 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʉ ʫʯʸʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʠʟ 

ʚʳʨʘʞʝʥʠʷ (1.3) ʠ (1.5) ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʛʦʣʦʛʨʘʤʤʝ 

ʧʦʣʫʯʘʝʤ (1.6) ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ. 
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ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ (1.3), ʥʦ ʫʞʝ ʜʣʷ ʢʘʥʘʣʘ ʩ ʰʫʤʘʤʠ. 

ɿʜʝʩʴ n ï ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʪʦʥʢʦʡ 

ʛʦʣʦʛʨʘʤʤʳ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʚ ʦʨʠʛʠʥʘʣʴʥʳʭ ʨʘʙʦʪʘʭ ʐʝʥʥʦʥʘ ʩʢʦʨʦʩʪʠ çCè 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚʦ ʚʨʝʤʝʥʠ, ʘ Wx ʠ Wy ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ, 

ʟʘʧʠʩʘʥʥʳʭ ʥʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʨʝʰʸʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʜʦʣʴ ʦʩʠ x ʠ ʚʜʦʣʴ ʦʩʠ y, ʠʣʠ ʯʘʩʪʦʪʳ ʨʘʟʨʝʰʠʤʳʭ 

ʩʪʦʣʙʮʦʚ ʠ ʩʪʨʦʢ ʥʘ ʛʦʣʦʛʨʘʤʤʝ, ʚ ʧʨʝʜʝʣʝ ʩʪʨʝʤʷʱʠʝʩʷ ʢ 1/h (1.1). ʆʥʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳ ʚʨʝʤʝʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʚ ʩʠʛʥʘʣʝ, ʨʘʟʚʦʨʘʯʠʚʘʶʱʝʤʩʷ ʚʦ 

ʚʨʝʤʝʥʠ. ɺ ʩʣʫʯʘʝ ʪʨʸʭʤʝʨʥʦʡ, ʦʙʲʸʤʥʦʡ ʩʨʝʜʳ [1.5, 1.32, 1.39] ʚʳʨʘʞʝʥʠʝ (1.6) 

ʙʫʜʝʪ ʜʦʤʥʦʞʘʪʴʩʷ ʝʱʸ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ Wz ʚʜʦʣʴ ʪʨʝʪʴʝʡ 

ʢʦʦʨʜʠʥʘʪʳ z, ʝʩʣʠ ʦʩʪʘʚʣʷʪʴ ʚ ʩʪʦʨʦʥʝ ʚʦʧʨʦʩ ʦ ʩʧʦʩʦʙʘʭ ʟʘʧʠʩʠ ʠ ʠʟʚʣʝʯʝʥʠʷ 

ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʦʙʲʸʤʥʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʠʟʦʙʨʘʟʠʪʝʣʴʥʳʭ ʛʦʣʦʛʨʘʤʤʘʭ. 
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1.1.1. ʆʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ 

ʇʨʠʚʝʜʸʤ ʥʝʢʦʪʦʨʳʝ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ 

ʠʟʦʙʨʘʟʠʪʝʣʴʥʳʭ ʛʦʣʦʛʨʘʤʤʘʭ ʨʝʘʣʴʥʳʭ ʧʦʨʪʨʝʪʦʚ ʯʝʣʦʚʝʢʘ, ʨʘʟʤʝʨʦʤ 

S=ɸ4 (210Ĭ297 ʤʤ
2
), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʣʝʚʠʟʠʦʥʥʦʤʫ ʵʢʨʘʥʫ ʩ ʜʠʘʛʦʥʘʣʴʶ 14 

ʜʶʡʤʦʚ. ʆʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʟʘʧʠʩʠ ʙʫʜʝʤ ʜʝʣʘʪʴ ʧʦ (1.6) ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʩʣʘʙʦ 

ʤʝʥʷʶʱʠʭʩʷ ʯʘʩʪʦʪ ʧʦ ʛʣʫʙʠʥʝ ʛʦʣʦʛʨʘʤʤʳ z. ʇʨʠ ɚ=0,63 ʤʢʤ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ 

ʥʘ ʦʜʠʥ ʢʚʘʜʨʘʪʥʳʡ ʤʠʣʣʠʤʝʪʨ ʜʦʩʪʠʛʘʝʪ nǋ=2,5Ā10
6
, ʘ ʥʘ ʚʩʶ ʛʦʣʦʛʨʘʤʤʫ ʨʘʟʤʝʨʘ 

ɸ4, ʯʪʦ ʧʨʠ ʙʠʥʘʨʥʦʡ ʟʘʧʠʩʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʦʤʫ ʞʝ ʢʦʣʠʯʝʩʪʚʫ ʠʥʬʦʨʤʘʮʠʠ, 

ʠʟʤʝʨʝʥʥʦʤʫ ʚ ʙʠʪʘʭ, n = Snǋ = 1.6Ā10
11

. ʕʪʦ ʧʨʠʤʝʨʥʦ n=2Ā10
10

 ʙʘʡʪ ʠʣʠ ~20 ɻɹ ʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʯʘʩʦʚʦʤ ʢʠʥʦʬʠʣʴʤʝ ʩʪʘʥʜʘʨʪʘ 

Full HD. ʆʜʥʘʢʦ ʨʝʘʣʴʥʦ ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʪʦʯʝʢ ʥʝʩʸʪ ʚ ʩʝʙʝ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ 

ʷʨʢʦʩʪʠ (ʧʦʣʫʪʦʥʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ), ʯʝʡ ʚʢʣʘʜ, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ ʐʝʥʥʦʥʘ [1.35, 

1.36], ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʸʥ ʠʟ (1.6). ɼʣʷ ʩʣʫʯʘʷ ʛʦʣʦʛʨʘʤʤ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʵʪʦ ʦʯʝʚʠʜʥʦ, ʘ ʜʣʷ ʛʦʣʦʛʨʘʤʤ, ʟʘʧʠʩʳʚʘʝʤʳʭ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ 

ʜʠʬʨʘʢʮʠʠ, ʙʫʜʝʤ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʤʦʜʝʣʠ, ʢʦʛʜʘ ʦʢʢʣʶʟʠʷ ʦʪʩʫʪʩʪʚʫʝʪ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʚʦʣʥʝ ʦʩʪʘʸʪʩʷ, ʧʨʠ ʝʸ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ, ʧʨʝʞʥʠʤ. 

ʇʨʠ PS/PN >> 1 ʘʨʛʫʤʝʥʪ ʣʦʛʘʨʠʬʤʘ ʚ ʚʳʨʘʞʝʥʠʠ (1.6) ʠʤʝʝʪ ʩʤʳʩʣ 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʠʤʳʭ ʩʦʩʪʦʷʥʠʡ (m) ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ ʩʠʛʥʘʣʘ ʚ 

ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʟʦʙʨʘʞʝʥʠʷ (ʠʣʠ ʛʦʣʦʛʨʘʤʤʳ), ʘʥʘʣʦʛʠʯʥʦ ʬʦʨʤʫʣʘʤ ʅʘʡʢʚʠʩʪʘ ʠ 

ʍʘʨʪʣʠ [1.41, 1.42]. ʉʘʤ ʣʦʛʘʨʠʬʤ, ʧʨʠ ʵʪʦʤ, ʧʨʝʚʨʘʱʘʝʪʩʷ (1.7) ʚ ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ/ʰʫʤ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʷ, ʚʳʨʘʞʝʥʥʦʝ ʚ 

ʜʝʮʠʙʝʣʘʭ: 

 ()210 log mQ= Ö . (1.7) 

ʊʦʛʜʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ (1.6) ʠ (1.8) ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʛʦʣʦʛʨʘʤʤʝ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ (1.8): 
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x yN S W W
Q

= Ö Ö Ö. (1.8) 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʘ ʛʨʘʜʘʮʠʡ m ï ʯʘʩʪʦ ʠʤʝʥʫʝʤʳʭ çʛʣʫʙʠʥʘ ʮʚʝʪʘè ʨʘʚʥʦʛʦ 

ʟʥʘʯʝʥʠ  ʁm=256, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʠʬʨʦʚʦʤʫ ʩʪʘʥʜʘʨʪʫ TrueColor, ʚʝʣʠʯʠʥʘ Ū 

ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴ 80 ʜɹ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʛʨʘʜʘʮʠʡ ʷʨʢʦʩʪʠ ʚ 

ʛʦʣʦʛʨʘʤʤʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʠʩʘʥʥʦʡ ʚ 

ʥʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʚʩʸ ʞʝ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʦʙʱʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʸʤʢʦʩʪʴ 

ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ, ʜʦ N=160 ɻɹ, ʠʣʠ 1,7Ā10
11

 ʙʘʡʪ. 

ʇʝʨʝʜʘʯʘ ʪʘʢʠʭ ʤʘʩʩʠʚʦʚ ʩ ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚʦʡ ʨʘʟʚʸʨʪʢʠ 25 ɻʮ ʪʨʝʙʫʝʪ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ ʧʦ ʐʝʥʥʦʥʫ [1.36] C å 4Ā10
12

 ʙʘʡʪ/ʩʝʢ. 

 ( )2log 256

C
W=  (1.9) 

ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʤʦʥʦʭʨʦʤʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 500 ɻɻʮ, ʯʪʦ ʩ ʣʠʭʚʦʡ ʧʝʨʝʢʨʳʚʘʝʪ ʚʝʩʴ 

ʜʦʩʪʫʧʥʳʡ ʯʝʣʦʚʝʯʝʩʪʚʫ ʩʝʛʦʜʥʷ ʨʘʜʠʦʜʠʘʧʘʟʦʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ 

ʩʞʘʪʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʡ. 

1.1.2. ʇʨʦʙʣʝʤʳ ʩʞʘʪʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʇʫʪʠ ʩʞʘʪʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ. ʈʘʟʜʝʣʷʷ 

ʠʭ ʥʘ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʤʦʞʥʦ ʢ ʧʝʨʚʳʤ ʦʪʥʝʩʪʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʩʪʨʘʥʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ rʙʣʦʯʥʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ, ʧʦʚʳʰʘʶʱʠʝ ʵʥʪʨʦʧʠʶ ʧʝʨʝʜʘʚʘʝʤʳʭ ʦʪʩʯʸʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʠʛʥʘʣʘ [1.43], ʠʣʠ ʬʠʟʠʯʝʩʢʠʝ, ʢʦʛʜʘ ʩʘʤ ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʫʶ ʵʥʪʨʦʧʠ  ʁ [1.44, 1.45]. ʃʶʙʳʝ ʬʠʟʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʦʛʨʘʥʠʯʝʥʠʶ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʩʥʠʞʘʶʪ ʵʥʪʨʦʧʠʶ ʩʠʛʥʘʣʘ, 

ʟʥʘʯʠʪ, ʫʤʝʥʴʰʘʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ, 

ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʦʡ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʷʚʣʷʝʪʩʷ ʛʦʣʦʛʨʘʤʤʘ. ʂ ʪʘʢʠʤ ʧʨʠʤʝʨʘʤ 
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ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʛʘʫʩʩʦʚʳʭ ʧʫʯʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʴʰʝʡ ʩʚʦʙʦʜʦʡ 

ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʫʯʢʘʭ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʬʫʥʢʮʠʝʡ rect, ʦ ʯʸʤ 

ʧʦʜʨʦʙʥʝʝ ʧʦʡʜʸʪ ʨʝʯʴ ʚ ʛʣʘʚʝ 3, ʧʦʩʚʷʱʸʥʥʦʡ ʘʥʘʣʠʟʫ ʚʟʘʠʤʦʚʣʠʷʥʠʷ 

ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ. ʆʥʠ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʥʠʞʝʥʠʶ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, ʠ ʧʦ (1.6), ʢ 

ʩʥʠʞʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʷʤʦʡ ʧʫʪʴ ʫʚʝʣʠʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʩʚʷʟʘʥ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʛʦʣʦʛʨʘʤʤʳ, ʢʘʢ 

ʵʪʦ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʨʘʥʝʝ [1.29]. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʙʳʩʪʨʦ ʨʘʩʭʦʜʫʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʦʩʠʪʝʣʷ, ʦʪʚʝʜʸʥʥʦʝ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʘʨʤʦʥʠʢ ʛʦʣʦʛʨʘʤʤʳ, ʯʪʦ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʸʤʢʦʩʪʴ. ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʟʘʤʝʯʝʥ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʤʧʫʣʴʩʥʦ-ʢʦʜʦʚʦʡ 

ʤʦʜʫʣʷʮʠʠ, ʢʦʛʜʘ ʮʝʥʦʡ ʟʘ ʝʸ ʚʳʩʦʢʫʶ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʦʢʘʟʘʣʦʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [1.46] 

ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʨʝʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ, ʚ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʩʪʝʤʘʭ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʙʝʟ ʦʰʠʙʦʢ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʠʩʧʦʣʴʟʫʝʤʦʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ, ʠ ʬʦʨʤʫʣʘ ʐʝʥʥʦʥʘ ʜʣʷ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʳʯʥʦ ʧʦʣʫʯʘʝʤʘʷ ʚʟʷʪʠʝʤ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ 

(1.5), ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʣʦʰʫʤʷʱʝʡ ʠʤʧʫʣʴʩʥʦ-ʢʦʜʦʚʦʡ ʤʦʜʫʣʷʮʠʠ, 

ʧʨʠʥʠʤʘʝʪ ʥʝʦʙʳʯʥʳʡ ʚʠʜ (1.10). 

 ( ) ( )2

1 1

log ; log x y

N N
C W n W W

T x y

µ µ
= = = = Ö

µ µ Öµ
. (1.10) 

ɺʠʜʥʦ, ʯʪʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʨʘʥʝʝ ʙʳʣʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ W, ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʨʠʦʙʨʝʪʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʝʝ ʩʣʘʙʫʶ, ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ, ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʘʥʘʣʘ (ʜʣʷ 

ʛʦʣʦʛʨʘʤʤ ï ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ). ʊʦ ʝʩʪʴ ʵʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʤʝʥʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʚ (1.5, 1.6) ʥʘ ʠʭ ʣʦʛʘʨʠʬʤ, ʯʪʦ 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʤʝʥʴʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʱʘʜʠ ʛʦʣʦʛʨʘʤʤʳ. 

ʂʦʥʝʯʥʦ, ʵʪʦ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʠ ʝʛʦ ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ. ɼʣʷ ʵʪʦʛʦ 
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ʥʝʦʙʭʦʜʠʤʦ ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʪʨʘʥʷʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʘ ʟʥʘʯʠʪ ʠ 

ʦʪʥʦʰʝʥʠʝ Iʩ/I  h= ɖʩ/ɖh. 

ʄʝʪʦʜʘʤ ʫʤʝʥʴʰʝʥʠʷ ʰʫʤʦʚ ʚ ʛʦʣʦʛʨʘʬʠʠ ʧʦʩʚʷʱʝʥʘ ʧʦʯʪʠ ʢʘʞʜʘʷ ʨʘʙʦʪʘ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʩʦʟʜʘʥʠʝʤ ɻɿʋ. ɿʜʝʩʴ ʠ ʰʫʤʳ ʨʘʩʩʝʷʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

[1.38, 1.39], ʠ ʧʝʨʝʢʨʸʩʪʥʳʝ ʰʫʤʳ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʤʝʱʸʥʥʳʭ 

ʛʦʣʦʛʨʘʤʤ [1.40, 1.47ï1.51], ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ɺ ʨʘʙʦʪʝ (ʛʣʘʚʘ 3) ʤʳ ʦʩʪʘʥʦʚʠʤʩʷ 

ʥʘ ʛʣʘʚʥʦʤ ï ʥʘ ʜʦʩʪʠʞʠʤʦʡ ʚʝʣʠʯʠʥʝ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʩʪʦʣʴʢʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ ʟʘʧʠʩʴ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʘʪʨʠʮ 

ʜʚʦʠʯʥʳʭ ʩʠʛʥʘʣʦʚ, ʢʘʢ ʚ ɻɿʋ, ʥʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 3D ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʘʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʩʞʘʪʠʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʥʘ ʦʩʥʦʚʝ ʵʥʪʨʦʧʠʡʥʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʚ ʤʘʩʩʠʚʝ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʦʯʝʚʠʜʥʦ ʚʟʘʠʤʦʚʣʠʷʥʠʝ 

ʙʣʠʞʘʡʰʠʭ ʪʦʯʝʢ 3D ʤʘʪʨʠʮʳ, ʧʦʩʢʦʣʴʢʫ ʨʝʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝ ʤʦʛʫʪ ʠʤʝʪʴ 

ʨʘʟʨʳʚʦʚ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʕʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʵʥʪʨʦʧʠʶ ʩʠʛʥʘʣʘ, ʠ ʵʪʦ ʩʣʦʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʜʘ ʝʱʸ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ï ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʚʳʜʝʣʝʥʠʷ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʙʦʣʴʰʠʭ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʩʩʠʚʦʚ, 

ʥʘʧʨʠʤʝʨ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʚ ʤʝʪʦʜʝ ʢʦʜʠʨʦʚʘʥʠʷ ʦʜʥʦʤʝʨʥʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ ʥʘ 

ʦʜʥʦʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʝ (ʤʝʪʦʜ SSB). 

1.1.3. ɺʣʠʷʥʠʝ ʚʝʣʠʯʠʥʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ɺ ʩʠʣʫ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʠʯʠʥ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʣʠʷʝʪ ʪʦʣʴʢʦ ʧʦʣʦʩʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʯʘʩʪʦʪ. 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʧʠʩʠ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʛʦʣʦʛʨʘʤʤʘʭ, ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ 

ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʚʦʩʧʨʠʷʪʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʜʘʞʝ ʥʘ ʝʛʦ 
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ʨʘʩʧʦʟʥʘʚʘʥʠʝ. ʊʝʤ ʙʦʣʝʝ, ʯʪʦ ʤʘʣʦʰʫʤʷʱʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʣʠʥʠʠ ʩʚʷʟʠ [1.46] 

çʦʧʣʘʯʠʚʘʶʪè ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ, çʩʲʝʜʘʷè ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ 

ʯʘʩʪʦʪ. ʀʟʫʯʝʥʠʶ ʰʫʤʦʚ ʚ ʛʦʣʦʛʨʘʬʠʠ ʧʦʩʚʷʱʝʥʦ ʪʘʢ ʤʥʦʛʦ ʨʘʙʦʪ, ʯʪʦ ʠʭ ʦʙʟʦʨ 

ʟʘʥʷʣ ʙʳ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʤʝʩʪʘ. ʊʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠʟ ʜʠʭʨʦʤʠʨʦʚʘʥʥʦʛʦ ʞʝʣʘʪʠʥʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [1.39], ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ ʜʝʩʷʪʢʘ 

ʢʘʥʘʣʦʚ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠ ʩʠʛʥʘʣ, ʠ ʰʫʤ ʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʠ. ʆʜʥʘʢʦ ʚʩʝ ʰʫʤʳ ʧʦʩʣʝ ʧʨʦʷʚʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʰʫʤʦʚʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʰʸʪʢʠ ʠ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʦʥʩʪʘʥʪʦʡ ʜʣʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʧʠʩʠ. ʄʳ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʪʦʣʴʢʦ ʥʘ ʩʘʤʳʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʚʝʣʠʯʠʥʫ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ ʩʠʛʥʘʣʘ, ʠʤʤʘʥʝʥʪʥʦ 

ʧʨʠʩʫʱʠʝ ʛʦʣʦʛʨʘʤʤʘʤ ʨʘʟʥʳʭ ʪʠʧʦʚ, ʯʪʦ ʪʘʢʞʝ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ʜʦʩʪʠʞʠʤʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, ʘ, ʟʥʘʯʠʪ, ʠ ʵʥʪʨʦʧʠʠ. 

ʇʝʨʚʦʝ ʠʟ ʪʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʩʠʛʥʘʣʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʨʘʟʫ ʧʦʩʣʝ 

ʧʦʷʚʣʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʦʙʲʸʤʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʈʝʦʢʩʘʥ [1.52]. 

ʅʘ ʨʠʩʫʥʢʝ 1.1 ʩʭʝʤʘʪʠʯʥʦ ʠʟʦʙʨʘʞʝʥʦ ʧʨʦʭʦʞʜʝʥʠʝ ʣʫʯʝʡ A1 ï A ʠ A2 ï A ʯʝʨʝʟ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. ʇʝʨʝʪʷʞʢʘ ʫʩʣʦʚʥʦ ʧʦʢʘʟʘʥʘ ʥʘ ʟʘʜʥʝʡ ʧʣʦʩʢʦʩʪʠ 

z = L. ɺʠʜʥʦ, ʯʪʦ ʦʧʪʠʯʝʩʢʠʡ ʧʫʪʴ ʫʢʘʟʘʥʥʳʭ ʣʫʯʝʡ ʨʘʟʣʠʯʘʝʪʩʷ ʠ ʚ ʥʠʭ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʥʳʡ ʥʘʙʝʛ ʬʘʟ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪʩʷ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʩ ʵʢʩʧʦʟʠʮʠʝʡ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʤʘʢʩʠʤʫʤʦʚ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ (ʪʦʯʢʘ ɸ) ʚ 

ʧʨʦʮʝʩʩʝ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤʳ ʠ ʠʭ ʠʩʢʨʠʚʣʝʥʠʶ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʪʦʨʦʥʫ 

ʮʝʥʪʨʘ ʛʦʣʦʛʨʘʤʤʳ [1.53]. 
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ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʧʨʦʭʦʞʜʝʥʠʷ ʛʘʫʩʩʦʚʦʛʦ ʧʫʯʢʘ ʚ ʦʙʲʸʤʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʛʣʫʙʠʥʦʡ L. A1 ï A ʠ A2 ï A ʧʫʪʠ ʜʚʫʭ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʣʫʯʝʡ. ȹn(x) ï ʩʝʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʬʦʪʦʦʪʢʣʠʢʘ ʥʘ ʚʭʦʜʝ (z = 0) ʠ ʚʳʭʦʜʝ (z = L) ʦʙʲʸʤʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʊʘʢʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ɼʕ 

ʛʦʣʦʛʨʘʤʤʳ, ʫʩʢʦʨʝʥʥʦʤʫ ʠʩʯʝʨʧʘʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʬʦʪʦʦʪʢʣʠʢʘ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢ ʩʥʠʞʝʥʠʶ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʛʦʣʦʛʨʘʤʤʦʡ ʩʠʛʥʘʣʝ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʸʤʢʦʩʪʴ ʛʦʣʦʛʨʘʤʤ. ʂ ʪʘʢʠʤ ʞʝ ʦʛʨʘʥʠʯʝʥʠʷʤ ʧʨʠʚʦʜʷʪ ʠ ʜʨʫʛʠʝ ʰʫʤʳ. 

ʅʘ ʨʠʩʫʥʢʝ 1.2 ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʢʘʟʘʥʳ ʜʚʘ ʩʣʫʯʘʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ 

l1, ʟʘʥʠʤʘʝʤʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ l ʧʨʠ ʥʘʣʠʯʠʠ ʜʚʫʭ ʚʠʜʦʚ ʠʩʢʘʞʝʥʠʡ (ʰʫʤʦʚ). ɸ 

ʠʤʝʥʥʦ: ʧʨʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʬʦʪʦʦʪʢʣʠʢʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʨʠʩʫʥʦʢ 1.2ʘ), ʚʣʠʷʥʠʝ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʧʦʷʚʣʝʥʠʝ ʰʫʤʦʚ, 

ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʚʠʜʝ ʥʦʚʳʭ ʛʘʨʤʦʥʠʢ ʚ ʩʠʛʥʘʣʝ ʠʣʠ ʧʨʠ ʠʩʢʘʞʝʥʠʠ ʦʧʪʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʚ ʤʘʪʨʠʮʝ ʬʫʨʴʝ-ʛʦʣʦʛʨʘʤʤ (ʨʠʩʫʥʦʢ 1.2ʙ), ʟʘʧʠʩʳʚʘʝʤʳʭ ʚ ʦʧʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʩ ʣʫʯʝʚʳʤʠ ʘʙʝʨʨʘʮʠʷʤʠ ȹ [1.29]. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.2 ï ʋʚʝʣʠʯʝʥʠʝ ʛʦʣʦʛʨʘʤʤʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʭʚʘʪʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ l1 > l 

ʧʨʠ ʘ) ʥʝʣʠʥʝʡʥʦʩʪʠ ʬʦʪʦʦʪʢʣʠʢʘ ʤʘʪʝʨʠʘʣʘ ȹn(E) ʦʪ ʵʢʩʧʦʟʠʮʠʠ; ʙ) ʘʙʝʨʨʘʮʠʦʥʥʳʭ 

ʠʩʢʘʞʝʥʠʷʭ ʚ ʤʘʪʨʠʮʝ ʬʫʨʴʝ-ʛʦʣʦʛʨʘʤʤ. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʬʦʪʦʦʪʢʣʠʢʘ ʧʨʠ ʢʘʞʜʦʤ ʠʟ ʫʢʘʟʘʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʘ 

ʇʦʩʢʦʣʴʢʫ ʧʨʝʜʝʣʴʥʦ ʜʦʩʪʠʞʠʤʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʫ ʧʣʦʩʢʠʭ ʛʦʣʦʛʨʘʤʤ ʦʛʨʘʥʠʯʝʥʘ (1.6), ʜʘʣʴʥʝʡʰʝʝ ʫʧʣʦʪʥʝʥʠʝ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʪʨʝʪʴʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ï Wz ʠʣʠ 

ʥʘʣʦʞʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʛʦʣʦʛʨʘʤʤ ʥʘ ʦʜʠʥ ʫʯʘʩʪʦʢ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʦʩʠʪʝʣʷ. 

ʇʦʩʣʝʜʥʠʡ ʩʣʫʯʘʡ ʧʨʦʱʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠ, ʧʦʵʪʦʤʫ ʦʥ ʧʦʣʫʯʠʣ 

ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʧʠʩʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʝʛʦ, ʯʝʤ ʵʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʜʥʦʢʨʘʪʥʦʡ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ, ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʬʦʪʦʦʪʢʣʠʢʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʬʘʟʦʚʳʭ ʧʨʦʧʫʩʢʘʶʱʠʭ 

ʛʦʣʦʛʨʘʤʤ ʵʪʦ ʥʝ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, ʘ 

ʚʳʟʚʘʥʥʳʡ ʝʛʦ ʠʟʤʝʥʝʥʠʝʤ ʣʦʢʘʣʴʥʳʡ ʨʦʩʪ ʚʝʣʠʯʠʥʳ ʵʡʢʦʥʘʣʘ. ɼʘʣʝʝ, ʜʣʷ 

ʧʨʦʩʪʦʪʳ ʠʤʝʥʥʦ ʝʛʦ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʬʦʪʦʦʪʢʣʠʢʦʤ, ʧʦʩʢʦʣʴʢʫ ʬʘʟʦʚʳʝ 

ʛʦʣʦʛʨʘʤʤʳ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ 

ʥʘʠʤʝʥʝʝ ʧʦʛʣʦʱʘʶʱʠʝ, ʘ ʦʙʲʸʤʥʳʝ ʬʘʟʦʚʳʝ ʷʚʣʷʶʪʩʷ ʚ ʛʦʣʦʛʨʘʬʠʠ ʥʘʠʙʦʣʝʝ 

ʮʝʥʥʳʤʠ, ʢʘʢ ʠʤʝʶʱʠʝ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʫʧʦʤʷʥʫʪʦʛʦ ʚʳʰʝ ʬʦʪʦʦʪʢʣʠʢʘ. 

ʇʨʦʩʪʝʡʰʝʡ ʨʝʘʣʠʟʘʮʠʝʡ ʥʘʣʦʞʝʥʠ ̫ʛʦʣʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʷʤʘ ̫ʟʘʧʠʩʴ ʥʘ 

ʦʜʥʦʤ ʫʯʘʩʪʢʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ [1.50]. ʈʘʟʜʝʣʷʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʞʥʦ, ʚʳʚʦʜʷ ʩʦʩʝʜʥʠʝ ʛʦʣʦʛʨʘʤʤʳ ʠʟ ʫʩʣʦʚʠʡ ʩʠʥʭʨʦʥʠʟʤʘ ʧʨʠ 
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ʠʭ ʟʘʧʠʩʠ. ɼʝʣʘʪʴ ʵʪʦ ʤʦʞʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ ï ʠʟʤʝʥʷʪʴ ʥʘʢʣʦʥ 

ʦʧʦʨʥʦʛʦ ʧʫʯʢʘ ʦʪ ʟʘʧʠʩʠ ʦʜʥʦʡ ʛʦʣʦʛʨʘʤʤʳ ʢ ʜʨʫʛʦʡ, ʚʳʚʦʜʷ ʚʩʝ ʥʝʥʫʞʥʳʝ 

ʛʦʣʦʛʨʘʤʤʳ ʠʟ ʫʩʣʦʚʠʡ ɹʨʵʛʛʘ ʠʣʠ ʟʘʧʠʩʳʚʘʪʴ ʛʦʣʦʛʨʘʤʤʳ ʩʣʦʞʥʳʤ ʦʧʦʨʥʳʤ 

ʧʫʯʢʦʤ ʩ ʫʟʢʦʡ ʬʫʥʢʮʠʝʡ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ, ʪʘʢ, ʯʪʦ ʩʧʝʢʣ-ʩʪʨʫʢʪʫʨʘ ʢʘʞʜʦʛʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʧʫʯʢʘ ʙʫʜʝʪ ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʦʚʪʦʨʷʪʴ ʩʧʝʢʣ-ʩʪʨʫʢʪʫʨʫ ʦʧʦʨʥʦʛʦ ʧʨʠ ʟʘʧʠʩʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʛʦʣʦʛʨʘʤʤʳ, ʚʭʦʜʷ 

ʚ ʨʝʟʦʥʘʥʩ ʩ ʟʘʧʠʩʘʥʥʦʡ ʩʧʝʢʣ-ʩʪʨʫʢʪʫʨʦʡ. ʊʨʝʙʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʬʦʪʦʦʪʢʣʠʢʘ ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ 

ʪʨʸʭʤʝʨʥʳʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʩʨʝʜʘʤ [1.51, 1.54ï1.57], ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʤʝʶʱʠʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʛʘʪʴ 100 % ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉ ʧʦʷʚʣʝʥʠʝʤ 

ʥʦʚʦʛʦ ʦʙʲʸʤʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʈʝʦʢʩʘʥ [1.52] ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ [1.58ï1.62] ʨʘʙʦʪʳ ʧʦ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʪʨʸʭʤʝʨʥʳʭ ʩʨʝʜʘʭ. ɺʚʠʜʫ ʧʦʠʩʢʘ ʧʨʦʩʪʳʭ ʠ ʥʘʜʸʞʥʳʭ ʩʭʝʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʩʭʝʤʳ ʩ ʥʘʣʦʞʝʥʠʝʤ ʟʘ ʩʯʸʪ 

ʠʟʤʝʥʝʥʠʷ ʙʨʵʛʛʦʚʩʢʦʛʦ ʫʩʣʦʚʠʷ ʟʘʧʠʩʠ ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʥʦ ʠ ʟʘ ʩʯʸʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʜʠʨʦʚʘʥʥʦʛʦ ʦʧʦʨʥʦʛʦ ʧʫʯʢʘ [1.54, 1.60], ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʩʦʟʜʘʚʘʪʴʩʷ ʪʘʢʠʤ ʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʤʦʜʫʣʷʪʦʨʦʤ, ʢʘʢ ʠ ʦʙʲʝʢʪʥʳʡ ʧʫʯʦʢ. ɺ 

ʵʪʠʭ ʨʘʙʦʪʘʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣʘ ʢ 

ʧʝʨʝʢʨʸʩʪʥʦʤʫ ʰʫʤʫ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʜʥʦʡ ʛʦʣʦʛʨʘʤʤʳ ʠʟ ʩʝʨʠʠ ʟʘʧʠʩʘʥʥʳʭ 

ʩ ʥʘʣʦʞʝʥʠʝʤ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʫʯʘʩʪʢʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʦʡ 

ʩʠʛʥʘʣ ʦʪ ʧʦʩʪʦʨʦʥʥʠʭ ʛʦʣʦʛʨʘʤʤ ʪʦʞʝ ʘʜʜʠʪʠʚʥʦ ʚʭʦʜʠʪ ʚ ɖ h ʠ ʤʦʞʝʪ 

ʧʨʦʷʚʣʷʪʴʩʷ ʟʘ ʩʯʸʪ ʵʬʬʝʢʪʘ ʤʥʦʛʦʚʦʣʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʵʬʬʝʢʪ ʈʝʥʠʥʛʝʨʘ) 

[1.63ï1.65]. 

ʀʟʫʯʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʲʸʤʥʳʭ ʛʦʣʦʛʨʘʤʤ ʪʨʘʜʠʮʠʦʥʥʦ ʫʜʝʣʷʣʦʩʴ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ. ʇʨʝʞʜʝ ʚʩʝʛʦ, 

ʵʪʦ ʧʠʦʥʝʨʥʳʝ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʘ ʟʘʤʝʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʡ ʧʝʨʝʢʘʯʢʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʚʦʣʥʳ [1.66, 1.67] ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʫʶ, ʘ ʚ [1.62] ï 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʵʬʬʝʢʪʘ. ʕʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ 

ɹʠʭʨʦʤʠʨʦʚʘʥʥʦʡ ʞʝʣʘʪʠʥʝ (ɹʍɾ) [1.68] ʠ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʘʚʪʦʨʘʤʠ [1.48ï

1.50, 1.69ï1.71] ʚ ʩʚʦʠʭ ʨʘʟʨʘʙʦʪʢʘʭ ʧʦ ʥʘʣʦʞʝʥʠʶ ʩʝʨʠʠ ʛʦʣʦʛʨʘʤʤ ʚ ʦʜʥʦʤ 
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ʫʯʘʩʪʢʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʵʪʦʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʧʦʩʦʙʘ ʥʘʣʦʞʝʥʠʷ 

ʛʦʣʦʛʨʘʤʤ, ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʥʝʥʠʷ ʥʘʢʣʦʥʘ ʦʧʦʨʥʦʛʦ ʧʫʯʢʘ, ʚʳʚʦʜʷʱʝʛʦ 

ʛʦʣʦʛʨʘʤʤʫ ʠʟ ʫʩʣʦʚʠʡ ɹʨʵʛʛʘ [1.48ï1.50, 1.69ï1.71] ʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʢʦʜʠʨʦʚʘʥʥʦʛʦ ʦʧʦʨʥʦʛʦ ʧʫʯʢʘ, ʢʦʨʨʝʣʠʨʫʶʱʝʛʦ ʪʦʣʴʢʦ ʩʦ çʩʚʦʝʡè ʛʦʣʦʛʨʘʤʤʦʡ 

[1.54, 1.56, 1.57, 1.60], ʙʳʣʦ ʟʘʤʝʯʝʥʦ [1.50], ʯʪʦ ʜʦʩʪʠʞʠʤʘʷ ʜʠʬʨʘʢʮʠʦʥʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʸʪ ʙʳʩʪʨʦʛʦ ʠʩʯʝʨʧʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʬʦʪʦʦʪʢʣʠʢʘ ʧʘʜʘʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʯʠʩʣʘ ʥʘʣʦʞʝʥʠʡ ɜ: 

 
2

0nh =h n, (1.11) 

ʛʜʝ ɖ0 ï ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘ ɜ ï ʯʠʩʣʦ 

ʥʘʣʦʞʝʥʥʳʭ ʛʦʣʦʛʨʘʤʤ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʝʟʦʥʘʥʩʥʳʤ ʩʣʦʞʝʥʠʝʤ [1.53] ʬʦʪʦʦʪʢʣʠʢʦʚ ʨʘʟʥʳʭ 

ʛʦʣʦʛʨʘʤʤ, ʙʳʩʪʨʝʝ ʠʩʯʝʨʧʳʚʘʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʬʦʪʦʦʪʢʣʠʢʘ, ʯʝʤ 

ʧʨʠ ʠʭ ʫʩʨʝʜʥʸʥʥʦʤ ʩʣʦʞʝʥʠʠ. 

ɺ [1.72] ʦʙʲʷʩʥʷʝʪʩʷ ʵʪʦʪ ʵʬʬʝʢʪ ʠ ʧʨʦʚʦʜʷʪʩʷ ʨʘʩʯʸʪʳ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʣʦʛʨʘʤʤ ʩʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʙʲʝʢʪʥʦʛʦ ʧʫʯʢʘ ï ʛʦʣʦʛʨʘʤʤ 

ʩʧʝʢʣ-ʧʦʣʝʡ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʦʙʲʸʤʥʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʝ. 

ɺ [1.66], ʚ ʤʦʜʝʣʠ ʩʚʷʟʘʥʥʳʭ ʚʦʣʥ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʬʨʘʢʮʠʦʥʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʦʩʢʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʚ ʦʙʲʸʤʥʦʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ 

ʤʘʪʝʨʠʘʣʝ ʠʤʝʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʢʦʛʜʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʚʦʣʥʳ ʚʟʘʠʤʥʦ ʛʘʨʤʦʥʠʯʝʩʢʠ ʧʝʨʝʪʝʢʘʶʪ ʜʨʫʛ ʚ ʜʨʫʛʘ ʩ ʨʦʩʪʦʤ 

ʵʢʩʧʦʟʠʮʠʠ, ʘ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʦʙʲʝʢʪʥʦʡ ʚʦʣʥʳ 

ʨʘʚʥʘ (1.12). 

 ( )2sin
cos

n ln n

pë û
h = D Öì ü

l qí ý
, (1.12) 

ʛʜʝ ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʟʘʧʠʩʠ, ʘ ɗ ï ʫʛʦʣ ʩʭʦʞʜʝʥʠʷ ʦʙʲʝʢʪʥʦʛʦ ʠ ʦʧʦʨʥʦʛʦ ʧʫʯʢʦʚ, 

l ï ʪʦʣʱʠʥʘ ʦʙʲʸʤʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʘ ȹnɜ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʢʣʘʜʘ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣ ̫ ʧʨʝʣʦʤʣʝʥʠʷ ɜ-ʦʡ ʛʦʣʦʛʨʘʤʤʳ. ʉʣʝʜʫʝʪ 
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ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ [1.66] ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ ʧʣʦʩʢʠʭ ʨʘʚʥʦʤʝʨʥʳʭ ʟʘʧʠʩʳʚʘʶʱʝʡ, 

ʦʧʦʨʥʦʡ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʚʦʣʥ. ʅʠʞʝ, ʚ ʛʣʘʚʝ 3, ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤʳ ʨʝʘʣʴʥʳʤʠ ʧʫʯʢʘʤʠ ʩʚʝʪʘ, ʙʫʜʴ ʪʦ ʛʘʫʩʩʦʚʳ ʧʫʯʢʠ, ʠʣʠ ʧʫʯʢʠ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʧʨʠ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʨʪʨʝʪʦʚ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʘʷ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʝʥʘ ʬʘʢʪʦʨʦʤ ʠʭ ʬʦʨʤ,r ʯʪʦ ʢʦʥʝʯʥʦ ʚʣʠʷʝʪ ʥʘ ʜʦʩʪʠʞʠʤʫʶ ʧʣʦʪʥʦʩʪʴ 

ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (1.6). 

ɺ ʚʳʨʘʞʝʥʠʠ (1.12) ʧʨʠ ʘʨʛʫʤʝʥʪʝ ʧʦʜ ʩʠʥʫʩʦʤ, ʩʪʨʝʤʷʱʝʤʩʷ ʢ ˊ/2 ʠ ʜʘʣʝʝ, 

ɖɜ ʩ ʨʦʩʪʦʤ ʘʨʛʫʤʝʥʪʘ ʩʥʘʯʘʣʘ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ, ʘ ʟʘʪʝʤ ʩʥʠʞʘʝʪʩʷ ʠ ʪʘʢ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʩ ʨʦʩʪʦʤ ʵʡʢʦʥʘʣʘ ȹnɜĀl. ʇʦʵʪʦʤʫ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʧʨʠʚʣʝʢʘʣʠ ʨʘʟʨʘʙʦʪʢʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʩ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʦʡ l, 

ʪʘʢ ʠ ʩ ʙʦʣʴʰʠʤ ʜʠʘʧʘʟʦʥʦʤ ʬʦʪʦʦʪʢʣʠʢʘ [1.73, 1.74]. ʆʜʥʘʢʦ ʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ 

ʬʦʪʦʦʪʢʣʠʢʘ ȹn ʚʥʫʪʨʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʝʛʦ ʦʙʲʸʤʝ, ʪʨʫʜʥʦ 

ʩʦʟʜʘʚʘʪʴ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʣʦʢʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, 

ʧʦʤʦʛʘʶʱʝʡ ʬʦʪʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʪ. ʝ. ʪʨʫʜʥʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦʷʚʣʝʥʠʷ ʚ ʛʣʫʙʦʢʠʭ ʩʨʝʜʘʭ. ʇʦʵʪʦʤʫ ʧʝʨʚʳʝ 

ʨʝʘʣʠʟʘʮʠʠ ʦʙʲʸʤʥʳʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʩʨʝʜ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʧʨʦʷʚʣʷʶʱʠʤʠʩʷ, 

ʘ ʬʦʨʤʠʨʫʶʱʠʤʠ ʬʦʪʦʦʪʢʣʠʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʟʘʧʠʩʳʚʘʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʈʘʟʨʘʙʦʪʯʠʢʠ ʪʘʢʞʝ ʩʪʨʝʤʠʣʠʩʴ ʩʦʟʜʘʚʘʪʴ ʩʨʝʜʳ ʙʝʟ ʧʦʛʣʦʱʝʥʠʷ, ʘ 

ʪʦʣʴʢʦ ʩ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ ȹn, (ʬʘʟʦʚʳʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ). ɺ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʠ 

ʟʘʧʠʩʠ ʧʨʦʩʪʳʭ ʙʨʵʛʛʦʚʩʢʠʭ [1.66] ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʰʸʪʦʢ ȹn ʤʦʞʝʪ 

ʧʨʝʚʳʰʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʪʦʧʨʦʮʝʥʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ɖɜ) ʦʜʥʦʡ 

ʛʦʣʦʛʨʘʤʤʳ. ʆʥʘ ʙʫʜʝʪ çʧʝʨʝʚʘʣʠʚʘʪʴè ʯʝʨʝʟ ʛʦʨʙ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ɖɜ, ʥʦ ʧʨʠ 

ʟʘʧʠʩʠ ʥʝʩʢʦʣʴʢʠʭ ʛʦʣʦʛʨʘʤʤ ʚ ʦʜʥʦ ʤʝʩʪʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʵʬʬʝʢʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʬʦʪʦʦʪʢʣʠʢʘ (ʘʨʛʫʤʝʥʪ ʚ (1.12)) ʫʤʝʥʴʰʘʶʪʩʷ ʠ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʨʝʰʸʪʢʠ ʩ ɖɜ, ʪʦʣʴʢʦ ʝʱʸ ʜʦʩʪʠʛʘʶʱʠʝ ʧʝʨʚʦʛʦ ʛʦʨʙʘ. 

ʂ ʪʘʢʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʩ ʙʦʣʴʰʠʤ ȹn~10
ï3

 ʠ ʙʦʣʴʰʠʤ l~3 ʤʤ ʦʪʥʦʩʠʪʩʷ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʡ çʈʝʦʢʩʘʥè [1.52]. ʅʘ ʥʝʛʦ ʚʦʟʣʘʛʘʣʠʩʴ ʙʦʣʴʰʠʝ ʥʘʜʝʞʜʳ ʚ 

ʢʘʯʝʩʪʚʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʦʩʠʪʝʣʷ ʩʚʝʨʭʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 
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ʠʥʬʦʨʤʘʮʠʠ. ɼʘʞʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʤʳʝ 

ʧʨʦʩʪʳʝ ʠ ʫʩʪʦʡʯʠʚʳʝ ʩʭʝʤʳ ɻɿʋ (ʨʠʩʫʥʦʢ 1.3), ʚ ʢʦʪʦʨʳʭ ʢʦʜʠʨʦʚʘʥʥʳʡ 

ʦʧʦʨʥʳʡ ʧʫʯʦʢ ʬʦʨʤʠʨʫʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʦʙʲʝʢʪʥʦʤʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʠʩʳʚʘʪʴ ʩʝʨʠʶ ʛʘʫʩʩʦʚʳʭ ʛʦʣʦʛʨʘʤʤ, 

ʩʤʝʱʸʥʥʳʭ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʥʘ ʚʝʣʠʯʠʥʫ ʬʫʨʴʝ-

ʛʦʣʦʛʨʘʤʤʳ, ʘ ʥʘ ʤʥʦʛʦ ʤʝʥʴʰʫʶ ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫʶ ʬʫʥʢʮʠʠ ʢʦʨʨʝʣʷʮʠʠ ʦʜʥʦʛʦ 

ʦʧʦʨʥʦʛʦ ʢʦʜʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʩ ʜʨʫʛʠʤ, ʩʦʩʝʜʥʠʤ [1.60]. 

 

ʈʠʩʫʥʦʢ 1.3 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ɻɿʋ ʙʝʟ ʦʧʦʨʥʦʛʦ ʧʫʯʢʘ: 1 ï ʤʘʪʨʠʮʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʣʘʟʝʨʦʚ, 2 ï ʣʠʥʟʦʚʳʡ ʨʘʩʪʨ, 3 ʠ 7 ï ʦʙʲʝʢʪʠʚʳ, ʧʝʨʝʥʦʩʷʱʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ ʬʦʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʤʘʪʨʠʮʳ ʦʙʲʝʢʪʠʚʦʚ 2 ʚ ʧʣʦʩʢʦʩʪʴ ʛʦʣʦʛʨʘʤʤ 6 ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʪʨʘʥʩʧʘʨʘʥʪʘ 4 ʥʘ 

ʤʘʪʨʠʮʫ ʬʦʪʦʧʨʠʸʤʥʠʢʦʚ 8, 5 ï ʩʣʫʯʘʡʥʘʷ ʬʘʟʦʚʘʷ ʤʘʩʢʘ. ʉʢʚʘʞʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʤʠʢʨʦʛʦʣʦʛʨʘʤʤ ʌʫʨʴʝ 2 ʟʘʜʘʸʪʩʷ ʰʠʨʠʥʦʡ ʧʠʢʘ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʢʦʜʠʨʦʚʘʥʥʦʛʦ ʦʧʦʨʥʦʛʦ 

ʧʫʯʢʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʯʘʩʪʠ ʷʯʝʝʢ ʪʨʘʥʩʧʘʨʘʥʪʘ 4 ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʘʤʠ ʝʛʦ ʷʯʝʝʢ, ʩ ʫʯʸʪʦʤ 

ʣʫʯʝʚʳʭ ʘʙʝʨʨʘʮʠʡ ʦʙʲʝʢʪʠʚʘ 3, ʠ ʰʘʛʦʤ ʤʘʪʨʠʮ rʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ 1 ʠ ʤʠʢʨʦʣʠʥʟ 2 

ʕʪʘ ʩʭʝʤʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʢʘʢ ʦʧʳʪʥʳʡ ʤʘʢʝʪ ɻɿʋ. ʅʘ ʨʠʩʫʥʢʝ 1.4 

ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʚʦʠʯʥʦʛʦ ʪʨʘʥʩʧʘʨʘʥʪʘ ʩ ʪʝʩʪʦʚʦʡ ʩʪʨʦʢʦʡ 

ʧʨʦʧʫʱʝʥʥʳʭ ʷʯʝʝʢ, ʟʘʧʠʩʘʥʥʦʛʦ ʥʘ ʤʘʪʝʨʠʘʣʝ ʈʝʦʢʩʘʥ ʩ ʢʦʜʠʨʦʚʘʥʥʳʤ ʦʧʦʨʥʳʤ 

ʧʫʯʢʦʤ. 
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ʈʠʩʫʥʦʢ 1.4 ï ɺʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʢʦʜʠʨʦʚʘʥʥʳʤ ʦʧʦʨʥʳʤ ʧʫʯʢʦʤ ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʘʥʩʧʘʨʘʥʪʘ. 

ɼʚʝ ʣʝʚʳʝ ʩʫʙʤʘʪʨʠʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʥʦʛʦ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʫʯʢʘ, ʜʚʝ ʧʨʘʚʳʝ ï ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ, ʧʦʚʪʦʨʷʶʱʝʛʦ ʦʧʦʨʥʳʡ 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʵʡʢʦʥʘʣʘ ȹnĀl ʚ ʈʝʦʢʩʘʥʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 3Ā10
ï3

 ʤʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ (1.13), ʧʨʠ 

ɚ=0,6 ʤʢʤ ʠ ɗ=60Ü, ʯʠʩʣʫ ʧʝʨʝʢʘʯʝʢ ɜ = 20. 

 
/ 2

cos
n l

p
ÖD Ö =nÖp

l q  (1.13) 

ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɜ = 20 ʜʠʘʧʘʟʦʥʘʤ ʬʦʪʦʦʪʢʣʠʢʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ɖɜ = 100 %. ɼʘʞʝ ʩ ʫʯʸʪʦʤ (1.11) ʵʪʦʛʦ 

ʭʚʘʪʠʪ ʥʘ ʟʘʧʠʩʴ ʙʦʣʝʝ ʯʝʪʳʨʸʭ (ɜ=4) ʥʘʣʦʞʝʥʥʳʭ ʛʦʣʦʛʨʘʤʤ ʩ ɖɜ = 100 %, ʠʣʠ 

ʧʷʪʠ (ɜ=5) ʛʦʣʦʛʨʘʤʤ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʢʦʣʦ 80 %. ʕʪʦ ʚʨʝʤʷ, ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʷ 

ʧʝʨʚʳʭ ʜʦʩʪʫʧʥʳʭ ʦʙʲʸʤʥʳʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʫʩʪʨʘʥʠʤʳʭ ʵʬʬʝʢʪʦʚ, ʧʦʨʦʜʠʣʦ ʥʝʦʙʦʩʥʦʚʘʥʥʫʶ 

ʵʡʬʦʨʠʶ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [1.58] ʘʚʪʦʨʳ ʜʘʞʝ ʧʨʦʚʦʟʛʣʘʩʠʣʠ ʛʠʤʥ ʦʙʲʸʤʥʳʤ 

ʛʦʣʦʛʨʘʤʤʘʤ. ʆʜʥʘʢʦ ʚʩʢʦʨʝ, ʧʨʠ ʧʦʧʳʪʢʘʭ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ɻɿʋ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʚʝ ʛʨʫʧʧʳ ʵʬʬʝʢʪʦʚ, ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ. ʕʪʦ ʜʠʥʘʤʠʯʝʩʢʦʝ ʠʩʢʨʠʚʣʝʥʠʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʚ ʦʙʲʸʤʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʟʘʧʠʩʠ 

ʛʦʣʦʛʨʘʤʤ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʝʟʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʨʝʜʝ, ʚʤʝʩʪʝ ʩ ʥʘʣʠʯʠʝʤ 



39 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʣʠʷʥʠʷ ʩʧʝʢʣ-ʧʦʣʷ ʥʘ ʙʳʩʪʨʦʝ ʠʩʯʝʨʧʘʥʠʝ ʬʦʪʦʦʪʢʣʠʢʘ [1.53, 

1.72]. ɼʨʫʛʦʡ, ʟʘʤʝʯʝʥʥʳʡ ʚ [1.59], ʵʬʬʝʢʪ ʦʛʨʘʥʠʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʦ ʥʝ ʦʙʲʷʩʥʸʥʥʳʡ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ, 

ʦʙʦʩʥʦʚʘʥ ʚ ʛʣʘʚʝ 3 ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʩʧʝʢʣ-ʧʦʣʝ ʚʦʟʥʠʢʘʝʪ ʚ ʦʙʲʝʢʪʥʦʤ ʧʫʯʢʝ ʚ ʩʠʣʫ ʎʇʊ, ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʟʣʫʯʝʥʠʷ, ʨʘʩʩʝʷʥʥʦʛʦ ʩʣʦʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ, 

ʥʘʧʨʠʤʝʨ, ʚ ʧʦʨʪʨʝʪʥʳʭ ʛʦʣʦʛʨʘʤʤʘʭ, ʪʘʢʠʤ ʵʬʬʝʢʪʦʤ ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʯʴ. ʇʨʠ 

ʵʪʦʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʦʪʦʦʪʢʣʠʢʘ ʠʜʸʪ ʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʝ ʥʝ ʨʘʚʥʦʤʝʨʥʦ ʧʦ 

ʦʙʲʸʤʫ, ʘ ʚ ʦʙʣʘʩʪʷʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʪʠʭ ʩʧʝʢʣʦʚ, ʦʩʪʘʚʣʷʷ ʧʫʩʪʳʝ ʤʝʩʪʘ ʤʝʞʜʫ 

ʥʠʤʠ. ʇʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʠ ʚʜʚʦʝ ʙʳʩʪʨʝʝ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʧʨʦʠʩʭʦʜʠʪ 

ʠʩʯʝʨʧʘʥʠʝ ʬʦʪʦʦʪʢʣʠʢʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ [1.53]. ʀ ʚ ʩʣʫʯʘʝ 

ʛʘʫʩʩʦʚʳʭ ʧʫʯʢʦʚ ʠ ʚ ʩʣʫʯʘʝ ʩʣʦʞʥʳʭ, ʧʨʠ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʙʝʟʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʧʦʣʦʩʳ ʩʤʝʱʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʟʘʧʠʩʠ, ʩʥʠʞʘʷ ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʫʶ ʜʠʬʨʘʢʮʠʦʥʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʣʦʛʨʘʤʤ 

ʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ ʪʦʞʝ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʤ, ʘ, ʟʥʘʯʠʪ, ʠ ʢ ʩʥʠʞʝʥʠʶ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ 

[1.46], ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʩʪʝʤ, ʫʣʫʯʰʘʶʱʠʭ ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ/ʰʫʤ ʟʘ ʩʯʸʪ ʨʘʩʰʠʨʝʥʠʷ ʧʦʣʦʩʳ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʟʥʘʯʝʥʠʡ (1.6, 1.8) ʜʦ 

ʣʦʛʘʨʠʬʤʘ ʦʪ ʵʪʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ (1.10). ɺ ʩʣʫʯʘʝ ʟʘʤʝʥʳ ʚʨʝʤʝʥʥʳʭ ʯʘʩʪʦʪ ʚ 

(1.10) ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʛʦʣʦʛʨʘʤʤʝ ʧʨʠʥʠʤʘʝʪ ʚʠʜ (1.14), ʛʜʝ Wx, Wy ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʚʜʦʣʴ x 

ʠ y ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ Wx,y ï ʠʭ ʟʥʘʯʝʥʠʝ ʚ ʩʣʫʯʘʝ ʨʘʚʝʥʩʪʚʘ Wx,y=Wx=Wy. 

 ( ) ( ) ( )2

2 2 , 2 ,~ log ~ log 2 logx y x y x yn W W W WÖ = Ö  (1.14) 

ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ n(logW) ʩʘʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʣʘʙʝʝ ʣʠʥʝʡʥʦʡ 

n(W), ʜʘ ʝʱʸ ʠʟ ʩʚʦʡʩʪʚʘ ʣʦʛʘʨʠʬʤʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʦʜ ʣʦʛʘʨʠʬʤʦʤ ʠʩʯʝʟʘʝʪ 
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ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ Wx,y. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʰʠʙʦʢ, ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ. ʇʦʵʪʦʤʫ ʟʜʝʩʴ ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʥʝ ʙʫʜʝʤ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ ʢʦʤʧʝʥʩʘʮʠʠ ʚʦʟʥʠʢʰʠʭ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʰʫʤʦʚ, ʢʘʢ, ʚ ʦʩʥʦʚʥʦʤ, ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʳʭ. ʊʘʢʞʝ ʠ ʚ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʛʦʣʦʛʨʘʤʤʘʭ ʚ ʛʣʘʚʝ 2 ʤʳ ʥʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʝʪʦʜʳ 

ʢʦʤʧʝʥʩʘʮʠʠ ʰʫʤʦʚ, ʘ ʪʦʣʴʢʦ ʫʢʘʞʝʤ ʥʘ ʠʭ ʠʩʪʦʯʥʠʢʠ, ʧʦʣʘʛʘʷ, ʯʪʦ ʪʘʤ, ʛʜʝ ʠʭ 

ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ, ʠʭ ʩʣʝʜʫʝʪ ʫʩʪʨʘʥʷʪʴ, ʥʝ ʪʨʘʪʷ ʥʘ ʩʝʛʦʜʥʷʰʥʝʤ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʥʘ ʠʩʧʨʘʚʣʝʥʠʝ ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʥʠʭ ʦʰʠʙʦʢ. 

1.1.4. ʀʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ 

ʊʝʤʘ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʧʨʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ ʢʦʜʠʨʦʚʘʥʠʠ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʩʥʦʚʘ ʧʨʠʦʙʨʝʪʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ. ɺ [1.44] ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʦʮʝʩʩ ʢʦʜʠʨʦʚʘʥʠʷ ʩʦʦʙʱʝʥʠʷ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʦʣʦʛʨʘʤʤʳ, ʩʦʟʜʘʚʘʝʤʦʡ ʚ ʚʠʨʪʫʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦʣʥʦʡ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʂʦʜʦʚʳʤ ʩʣʦʚʦʤ ʙʳʣʘ ï 

ʛʦʣʦʛʨʘʤʤʘ ʪʦʯʢʠ, ʦʥʘ ʞʝ ʦʜʥʦʤʝʨʥʘʷ ʟʦʥʥʘʷ ʣʠʥʝʡʢʘ, ʥʝʩʫʱʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʚʭʦʜʥʦʤ ʙʣʦʢʝ ʜʘʥʥʳʭ ʚ ʚʠʜʝ n-ʨʘʟʨʷʜʥʦʛʦ ʢʦʜʘ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʟʦʥ ʌʨʝʥʝʣʷ. 

ɺ [1.44] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʛʥʘʣʘ ʦʙʣʘʜʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʩʭʦʜʥʫʶ 

ʮʠʬʨʦʚʫʶ ʢʦʤʙʠʥʘʮʠʶ ʧʨʠ ʧʦʪʝʨʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʢʦʜʦʚʦʛʦ ʩʦʦʙʱʝʥʠʷ ʠ ʧʨʠ 

ʠʩʢʘʞʝʥʠʠ ʢʦʜʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʰʫʤʦʤ, ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʦʩʭʦʜʷʱʠʤ 

ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ. ɼʣʷ ʦʮʝʥʢʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʥʘʜʸʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʫ ʩ ʘʜʜʠʪʠʚʥʳʤ ʙʝʣʳʤ ʛʘʫʩʩʦʚʩʢʠʤ 

ʰʫʤʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʜʘ ʈʠʜʘ ï ʉʦʣʦʤʦʥʘ, ʢʦʜʘ ʈʠʜʘ ï ʄʘʣʣʝʨʘ, 

ʤʘʞʦʨʠʪʘʨʥʦʛʦ ʢʦʜʘ ʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʜʘ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʝ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʧʨʘʚʣʝʥʠʝ ʧʘʢʝʪʥʳʭ ʦʰʠʙʦʢ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʣʠʥʳ ʧʘʢʝʪʘ ʠ ʝʛʦ ʧʦʟʠʮʠʠ ʚ ʢʦʜʦʚʦʤ ʩʣʦʚʝ. ʊʘʢʞʝ ʚ [1.44] ʙʳʣʘ 
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ʨʘʩʩʤʦʪʨʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʜʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʧʘʢʝʪʥʳʭ ʦʰʠʙʦʢ, 

ʚʟrʚʘʥʥʳʭ ʵʬʬʝʢʪʦʤ ʟʘʤʠʨʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ 

ʨʘʜʠʦʢʘʥʘʣʘʭ. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ 

ʪʘʢʞʝ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʥʘ ʚʭʦʜ ʜʝʢʦʜʝʨʘ ʩʤʝʩʠ ʩʣʫʯʘʡʥʳʭ ʠ ʧʘʢʝʪʥʳʭ ʦʰʠʙʦʢ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʳ [1.44] ʜʝʣʘʶʪ ʚʳʚʦʜ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʘʤ ʩ ʥʠʟʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʢʘʥʘʣʘʭ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʚ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʚʦʙʦʜʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ, ʥʘʟʝʤʥʦʡ ʩʚʷʟʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʤʦʙʠʣʴʥʦʡ ʨʘʜʠʦʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ, 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʉʦʛʣʘʰʘʷʩʴ ʩ ʘʚʪʦʨʘʤʠ [1.44], ʯʪʦ ʢʦʜʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʠʤʝʪʴ 

ʥʝ ʪʦʣʴʢʦ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ, ʥʦ ʠ ʬʠʟʠʯʝʩʢʫʶ, ʢʘʢ ʵʪʦ ʥʝ ʨʘʟ ʙʳʣʦ ʜʦʢʘʟʘʥʦ 

ʨʘʥʝʝ, ʥʘʧʨʠʤʝʨ ʚ ʘʤʧʣʠʪʫʜʥʦʤ ʠ ʬʘʟʦʚʦʤ ʢʦʜʠʨʦʚʘʥʠʠ ʨʘʜʠʦʩʠʛʥʘʣʘ, 

ʠʩʧʦʣʴʟʫʝʤ ʜʘʣʝʝ ʵʪʦʪ ʧʦʜʭʦʜ ʚ ʛʦʣʦʛʨʘʬʠʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ [1.44] ʤʝʪʦʜ ʨʝʰʘʝʪ 

ʟʘʜʘʯʫ ʢʦʜʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʧʫʪʳʚʘʥʠʷ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ 

ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʛʦʣʦʛʨʘʬʠʠ, ʥʦ ʥʝ ʨʝʰʘʝʪ 

ʟʘʜʘʯʫ ʝʸ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʞʘʪʠʷ ʥʠ ʚ ʜʝʩʷʪʢʠ, ʥʠ ʚ ʩʦʪʥʠ ʠ ʪʝʤ ʙʦʣʝʝ ʥʠ ʚ 

ʪʨʝʙʫʝʤʳʝ ʪʳʩʷʯʠ ʠ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʨʘʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʥʷʪʥʦ, ʯʪʦ ʧʝʨʝʜʘʯʘ 3D 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʝʙʦʚʘʥʠʡ 

ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʣʠʯʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʧʘʨʘʣʣʘʢʩʘ, ʪʨʝʙʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʦʛʦ ʧʦʜʭʦʜʘ. 

ɺʳʚʦʜʳ ʧʘʨʘʛʨʘʬʘ 1.1 

ɻʦʣʦʛʨʘʤʤʳ ʥʝʩʫʪ ʚ ʩʝʙʝ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢ, ʯʪʦ ʧʨʷʤʘʷ 

ʧʝʨʝʜʘʯʘ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʩʚʷʟʠ ʦʜʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 3D ʚʠʜʝʦ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʘʥʘʣʦʛʠʯʥʳʤ TrueColor ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʣʫʙʠʥʦʡ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʚ 256 ʛʨʘʜʘʮʠʡ ʟʘʡʤʸʪ ʚʝʩʴ ʜʦʩʪʫʧʥʳʡ ʯʝʣʦʚʝʯʝʩʪʚʫ 
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ʨʘʜʠʦʜʠʘʧʘʟʦʥ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʳʜʝʣʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʝʨʝʜʘʯʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʪʜʝʣʴʥʫʶ ʟʘʜʘʯʫ. ʇʨʠ ʘʥʘʣʠʟʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʬʦʨʤʫʣʝ ʐʝʥʥʦʥʘ ʥʝʣʴʟʷ ʦʩʪʘʚʣʷʪʴ ʚ ʩʪʦʨʦʥʝ ʝʛʦ, 

ʢʘʟʘʣʦʩʴ ʙʳ ʩʣʘʙʫʶ ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʧʦʩʢʦʣʢɹʫ ʝʸ ʚʣʠʷʥʠʝ ʚ 

ʨʷʜʝ ʟʘʜʘʯ ʢʦʜʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʚ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʝʸ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʛʦʣʦʛʨʘʤʤʝ. 

ɺ ʩʠʣʫ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʠʯʠʥ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʣʠʷʝʪ ʪʦʣʴʢʦ ʧʦʣʦʩʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʯʘʩʪʦʪ 

[1.12, 1.13]. ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ ʧʣʦʪʥʦʩʪʠ 

ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ, ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ/ʰʫʤ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʝ ʚʦʩʧʨʠʷʪʠʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʜʘʞʝ ʥʘ ʝʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʝ, ʘ 

ʧʦʧʳʪʢʠ ʫʚʝʣʠʯʝʥʠʷ ʦʪʥʦʰʝʥʠ ̫ ʩʠʛʥʘʣ/ʰʫʤ ʟʘ ʩʯʸʪ ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ ʙʦʣʝʝ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ, ʥʝʤʠʥʫʝʤʦ ʧʨʠʚʝʜʫʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʣʦʪʥʦʩʪʠ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ. ʊʝʤ ʙʦʣʝʝ, ʯʪʦ ʠʟʚʝʩʪʥʦ [1.46], ʯʪʦ ʤʘʣʦʰʫʤʷʱʠʝ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʣʠʥʠʠ ʩʚʷʟʠ ʦʙʳʯʥʦ çʦʧʣʘʯʠʚʘʶʪè ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ, 

ʩʲʝʜʘʷ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʯʘʩʪʦʪ. ʊʘʢʞʝ ʠ ʚ ʛʦʣʦʛʨʘʬʠʠ, ʧʦʧʳʪʢʠ ʫʚʝʣʠʯʠʪʴ 

ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ, ʧʦʜʥʠʤʘʷ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʛʦʣʦʛʨʘʤʤʳ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʚʝʣʠʯʝʥʠʶ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ. 

ʉʣʝʜʫʝʪ ʚʥʠʤʘʪʝʣʴʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢʦ ʚʩʝʤ ʵʬʬʝʢʪʘʤ, ʩʥʠʞʘʶʱʠʤ 

ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʣʦʛʨʘʤʤ ʠ ʧʦʩʪʘʨʘʪʴʩʷ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʝ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʫʩʪʨʘʥʠʤʳʝ ʵʬʬʝʢʪʳ ʩʥʠʞʝʥʠʷ ʜʦʩʪʠʞʠʤʳʭ 

ʟʥʘʯʝʥʠʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʢ ʫ ʪʦʥʢʠʭ, ʪʘʢ ʠ ʫ ʦʙʲʸʤʥʳʭ 

ʛʦʣʦʛʨʘʤʤ. ʀʤʝʥʥʦ ʧʦʪʦʤʫ, ʯʪʦ ʦʥʠ ʚʣʠʷʶʪ ʠ ʥʘ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʠ ʥʘ 

ʜʦʩʪʠʞʠʤʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʸʤʢʦʩʪʴ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ 

ʦʙʲʸʤʥʳʭ ʛʦʣʦʛʨʘʤʤ ʪʦʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʧʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʥʠʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʦʙʲʸʤʥʳʭ ʛʦʣʦʛʨʘʤʤ ʚ 

ʧʦʣʠʤʝʨʘʭ, ʥʘ ʧʝʨʚʳʭ ʧʦʨʘʭ ʚʳʛʣʷʜʷʱʠʝ ʢʘʢ ʵʢʟʦʪʠʯʝʩʢʠʝ, ʚʩʸ ʞʝ ʧʨʦʜʦʣʞʘʶʪʩʷ, 

ʢʘʢ ʵʪʦ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʯʝʪʚʸʨʪʦʤ ʧʘʨʘʛʨʘʬʝ ʵʪʦʡ ʛʣʘʚʳ. 
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ʕʥʪʨʦʧʠʡʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ, ʢʘʢ ʠ ʤʝʪʦʜʳ ʨʘʟʨʝʞʘʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, 

ʚʳʭʦʜʪ̫ ʟʘ ʨʘʤʢʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʦʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʢʦʜʠʨʦʚʘʥʠʷ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʚ 

ʨʘʜʠʦʪʝʭʥʠʢʝ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ï ʘʤʧʣʠʪʫʜʥʳʤ ʠ ʬʘʟʦʚʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ 

ʩʠʛʥʘʣʘ ï ʚ ʛʦʣʦʛʨʘʬʠʠ ʪʦʞʝ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʛʣʘʚʝ 2 ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʝʨʝʜʘʯʝ 3D 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʝʪʦʜʦʤ, ʧʦʜʦʙʥʳʤ ʧʦ ʩʚʦʝʡ ʩʫʪʠ, ʥʦ ʚʩʸ ʞʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʤʩʷ ʦʪ ʠʟʚʝʩʪʥʦʛʦ ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ ʤʝʪʦʜʘ SSB, ʪʦʞʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʞʘʪʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʦʝ ʩʞʘʪʠʝ ʪʦʞʝ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʬʠʟʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʫʩʪʨʘʥʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʚ ʛʣʘʚʝ 2 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʫʜʝʪ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʡ ʤʝʪʦʜ ʜʘʸʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ 3D ʠʟʦʙʨʘʞʝʥʠʷ, 

ʯʝʤ ʧʨʠ ʧʝʨʝʜʘʯʝ ʛʦʣʦʛʨʘʤʤ, ʩʞʘʪʳʭ ʧʨʷʤʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ. 

ʇʦʩʢʦʣʴʢʫ ʩʧʝʢʪʨʘʣɹʥʦʝ ʨʘʟʣʦʞʝʥʠʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʛʦ JPEG ʢʦʜʠʨʦʚʘʥʠʷ 2D ʠʟʦʙʨʘʞʝʥʠʡ, ʝʛʦ ʩʨʘʚʥʝʥʠʝ ʩ ʤʝʪʦʜʦʤ 

SSB ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ɺ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʯʝʤ ʤʝʪʦʜ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ. ɸ ʚ 

ʯʝʪʚʸʨʪʦʤ ʧʘʨʘʛʨʘʬʝ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʳ ʙʫʜʝʪ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ ʩʞʘʪʴ ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʯʠʩʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʵʥʪʨʦʧʠʡʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʥʝ ʩʤʦʪʨʷ ʥʘ 

ʜʚʘʜʮʘʪʠʣʝʪʥʶʶ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʚʩʸ ʝʱʸ ʦʯʝʥʴ ʜʘʣʝʢʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ. 

ʊʘʢʞʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʤʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ 

ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʤʝʪʦʜʘʤʠ ʤʫʣʴʪʠʵʢʩʧʦʟʠʮʠʠ, ʠʟʚʝʩʪʥʳʤ ʧʨʠʤʝʨʦʤ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʘʷ ʛʦʣʦʛʨʘʬʠʷ ʩʦ ʩʜʚʠʛʦʤ ʬʘʟʳ [1.75], ʛʜʝ ʜʘʞʝ ʯʠʩʪʦ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ ʪʨʸʭ ʵʢʩʧʦʟʠʮʠʡ, ʯʪʦʙʳ ʦʜʥʦʟʥʘʯʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʘʤʧʣʠʪʫʜʳ ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʫʩʪʫʧʘʶʪ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ 

ʛʣʘʚʝ 2 ʤʝʪʦʜʫ ʢʘʢ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʪʨʝʙʫʝʤʳʭ ʢʘʜʨʦʚ, ʪʘʢ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʦʥʠ 

https://www.sciencedirect.com/topics/engineering/complex-amplitude
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ʦʙʥʘʨʫʞʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʦʙʲʝʢʪʥʦʛʦ ʧʦʣʷ, ʨʘʩʩʝʷʥʥʦʛʦ ʠʥʪʝʨʝʩʫʶʱʠʤʠ ʥʘʩ 3D ʦʙʲʝʢʪʘʤʠ. 

ʈʝʘʣʴʥʦ ʞʝ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʰʫʤʫ, ʚʳʟʚʘʥʥʦʤʫ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʦʙʲʝʢʪʥʦʛʦ ʧʦʣʷ ʚ ʨʘʤʢʘʭ ʛʦʣʦʛʨʘʬʠʠ ʩʦ ʩʜʚʠʛʦʤ ʬʘʟʳ, ʥʫʞʥʦ 

ʩʜʝʣʘʪʴ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʵʢʩʧʦʟʠʮʠʡ. ɺ [1.76] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʪʘʢʠʝ ʤʝʪʦʜʳ ʥʝ 

ʤʦʛʫʪ ʣʝʛʢʦ ʫʣʦʚʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʠ ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʩʝʛʦʜʥʷ [1.77, 

1.78, 1.79], ʦʥʠ ʧʦʢʘ ʝʱʸ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʇʘʨʘʛʨʘʬ 1.2. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʢʠʥʦʬʦʪʦʠʥʩʪʠʪʫʪʝ 

(ʅʀʂʌʀ) ʚ 70-ʝ ʛʦʜʳ XX ʚʝʢʘ [1.80]. ʆʥʠ ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʠʥʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʚʝʪʠʣʠ ʨʷʜ ʧʨʦʙʣʝʤ ʥʘ ʧʫʪʠ 

ʢ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤʫ TV. ɻʝʥʠʘʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʠʥʦ ʜʣʷ 

ʯʝʪʳʨʸʭ ʟʨʠʪʝʣʝʡ ʙʳʣʘ ʥʘ ʧʨʝʜʝʣʝ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʦʛʦ ʚʨʝʤʝʥʠ. ʆʥʘ 

ʩʦʟʜʘʣʘ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʜʦʩʪʠʞʠʤʦʩʪʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠ ʚ ʪʦ 

ʞʝ ʚʨʝʤʷ ï ʥʝʦʙʦʩʥʦʚʘʥʥʳʝ ʥʘʜʝʞʜʳ ʥʘ ʩʢʦʨʫʶ ʧʨʦʤʳʰʣʝʥʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʢʘʢ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʠʥʦ, ʪʘʢ ʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ TV. ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, 

ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ TV ï ʩʚʝʨʭʙʦʣʴʰʠʝ ʦʙʲʸʤʳ ʠʥʬʦʨʤʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʝ ʩʝʛʦʜʥʷ ʨʝʘʣʠʟʦʚʘʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʯʠʥʳ ʵʪʠʭ ʪʨʫʜʥʦʩʪʝʡ ʠ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʠʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʭ ʧʨʝʦʜʦʣʝʥʠʷ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʢʘʢʠʝ ʟʘʜʘʯʠ ʥʘʜʦ 

ʨʝʰʠʪʴ ʥʘ ʧʫʪʠ ʢ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤʫ TV ʠ 3D ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ? 
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ɿʘʙʝʛʘʷ ʚʧʝʨʸʜ, ʩʬʦʨʤʫʣʠʨʫʝʤ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʪʨʝʙʫʶʱʠʤʠ 

ʨʝʰʝʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ TV ʠ ʩʠʩʪʝʤ 3D ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ. ʇʝʨʚʘʷ ï ʬʦʨʤʠʨʦʚʘʥʠʝ 

3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦ ʨʝʘʣʴʥʦʡ ʩʮʝʥʝ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʩʦʙʳʪʠʡ ʚ ʜʠʥʘʤʠʢʝ, ʪ. ʝ. ʩ ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚʦʡ ʨʘʟʚʸʨʪʢʠ ʥʝ ʤʝʥʝʝ, ʯʝʤ 

ʩʝʛʦʜʥʷʰʥʠʝ ʪʝʣʝʚʠʟʠʦʥʥʳʝ ʩʪʘʥʜʘʨʪʳ. ɺʪʦʨʘʷ ï ʩʞʘʪʠʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦ 

ʫʨʦʚʥʷ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ, 

ʞʝʣʘʪʝʣʴʥʦ ʫʞʝ ʨʘʟʚʠʪʳʤ, ʢʘʢ 4G ʠ 4G LTE ʠʣʠ ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʬʠʥʘʣʴʥʦʡ 

ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ, ʢʘʢ 5G. ʊʨʝʪʴʷ ï ʩʦʟʜʘʥʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʤʦʥʠʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʩ TV ʯʘʩʪʦʪʦʡ ʦʪʦʙʨʘʞʘʪʴ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘʙʣʶʜʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʠʟ ʥʠʭ 

ʷʚʣʷʶʪʩʷ ʤʦʥʠʪʦʨʳ, ʩʧʦʩʦʙʥʳʝ ʦʪʦʙʨʘʞʘʪʴ 3D ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘʙʣʶʜʘʪʝʣʷ, ʪ. ʝ. ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʛʜʝ ʙʝʟʦʧʘʩʥʦ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ 

ʥʘʙʣʶʜʘʪʝʣʴ ʠ ʙʳʪʴ ʫʯʘʩʪʥʠʢʦʤ ʩʶʞʝʪʘ, ʨʘʟʚʦʨʘʯʠʚʘʶʱʝʛʦʩʷ ʚ ʵʪʦʤ ʨʝʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʨʝʰʝʥʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʨʘʟʚʠʪʠʝ ʧʝʨʚʳʭ ʜʚʫʭ ʧʨʦʙʣʝʤ, ʯʪʦ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪ ʧʦʯʚʫ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʚ 

ʪʨʝʪʴʝʡ. 

1.2.1. ʈʝʛʠʩʪʨʘʮʠʷ 3D ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʩʠʥʪʝʟʘ ʛʦʣʦʛʨʘʤʤ 

ʇʝʨʚʘʷ ʧʨʦʙʣʝʤʘ, ʫʩʧʝʰʥʦ ʨʝʰʸʥʥʘʷ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ, ʘʥʘʣʦʛʦʚʦʡ 

ʛʦʣʦʛʨʘʬʠʠ ʠ ʧʦʟʚʦʣʠʚʰʘʷ ʩʦʟʜʘʪʴ ʧʝʨʚʦʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʢʠʥʦ, ʩʚʷʟʘʥʘ ʩ 

ʙʦʣʴʰʠʤʠ ʫʩʧʝʭʘʤʠ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʬʦʪʦʵʤʫʣʴʩʠʡ [1.81]. ʀʭ ʨʘʟʨʝʰʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʫʞʝ ʚ ʪʦ ʚʨʝʤʷ ʜʦʩʪʠʛʘʣʘ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʣʠʥʠʡ ʥʘ ʤʤ. ʀʤʝʥʥʦ ʵʪʠ 

ʦʛʨʦʤʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʛʦʣʦʛʨʘʤʤ ʧʦʟʚʦʣʠʣʠ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʜʦʩʪʠʯʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦʛʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʟʨʳʚʥʦʛʦ, ʨʘʟʚʠʪʠʷ ʛʦʣʦʛʨʘʬʠʠ, ʜʦʡʜʷ 

ʜʦ ʧʝʨʚʳʭ ʩʝʘʥʩʦʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʠʥʦ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʚ 

10
8
 ʙʠʪ/ʤʤ

2
 ʥʘʩʪʦʣʴʢʦ ʦʧʝʨʝʞʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʮʠʬʨʦʚʦʡ ʛʦʣʦʛʨʘʬʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʪʦʤʘʪʨʠʮ ʠ ʜʠʩʧʣʝʝʚ ʨʘʟʥʳʭ ʤʘʨʦʢ, ʯʪʦ ʚ ʧʝʨʚʳʡ 
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ʤʦʤʝʥʪ ʧʫʛʘʝʪ ʩʘʤʘ ʤʳʩʣʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ TV. ʆʜʥʘʢʦ 

ʮʝʣʴ ʥʘʩʪʦʣʴʢʦ ʟʘʤʘʥʯʠʚʘ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʝ ʧʨʝʢʨʘʱʘʶʪʩʷ 

ʜʝʩʷʪʠʣʝʪʠʷ [1.7, 1.80]. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʠʥʪʝʟ ʛʦʣʦʛʨʘʤʤ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʸʥ ʪʦʣʴʢʦ ʧʨʠ 

ʟʦʥʜʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʧʨʠʝʤʣʝʤʳʤ ʜʣʷ ʵʪʦʛʦ ʠʟʣʫʯʝʥʠʝʤ. ʕʪʦ 

ʜʦʣʞʥʦ ʙʳʪʴ ʙʝʟʦʧʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʜʦʩʪʘʪʦʯʥʦʝ 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʜʝʪʘʣʝʡ. ɽʩʪʝʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʦʙʲʝʢʪʘ 

ʧʨʠʨʦʜʥʳʤ ʩʦʣʥʝʯʥʳʤ ʠ ʥʝʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʠʛʦʜʥʦ. ɺ ʛʦʣʦʛʨʘʬʠʠ ʦʙʣʫʯʝʥʠʝ ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʛʝʨʝʥʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʩʦʟʜʘʚʘʪʴ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ ʩʦ ʩʣʫʞʝʙʥʳʤ ʦʧʦʨʥʳʤ ʧʫʯʢʦʤ, ʨʝʛʠʩʪʨʠʨʫʷ ʚ 

ʪʘʢʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ ʥʝ ʪʦʣʴʢʦ ʘʤʧʣʠʪʫʜʫ, ʥʦ ʠ ʬʘʟʫ ʨʘʩʩʝʷʥʥʦʛʦ 

ʦʙʲʝʢʪʦʤ ʠʟʣʫʯʝʥʠʷ. ʇʦʩʣʝʜʥʷʷ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʧʨʘʚʣʝʥʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟʣʫʯʝʥʠʷ, ʨʘʩʩʝʷʥʥʦʛʦ ʦʙʲʝʢʪʦʤ, ʧʦ ʢʦʪʦʨʦʡ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ 

ʬʦʨʤʘ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʦʙʲʸʤʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʨʦʤʝ ʧʨʷʤʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʸʤʝ ʠʟʚʝʩʪʥʳ ʝʱʸ ʪʨʠ ï ʵʪʦ ToF 

ʪʝʭʥʦʣʦʛʠʷ [1.82ï1.84], ʪʝʭʥʦʣʦʛʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ [1.85ï1.88] ʠ 

ʪʝʭʥʦʣʦʛʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ [1.89]. ToF (Time of Flight) ʪʝʭʥʦʣʦʛʠʷ ʚʦʟʥʠʢʣʘ ʢʘʢ 

ʨʘʟʚʠʪʠʝ ʣʘʟʝʨʥʳʭ 3D ʩʢʘʥʝʨʦʚ [1.90, 1.91] ʠ ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʤʝʨʝʥʠʠ ʚʨʝʤʝʥʠ 

ʟʘʜʝʨʞʢʠ ʦʪʨʘʞʸʥʥʦʛʦ ʟʦʥʜʠʨʫʝʤʳʤ ʦʙʲʝʢʪʦʤ ʠʟʣʫʯʝʥʠʷ. ʏʘʩʪʦ ʦʥʘ ʩʦʯʝʪʘʝʪʩʷ ʩ 

ʧʦʩʪʨʦʝʥʠʝʤ ʚʠʨʪʫʘʣʴʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ 3D ʦʙʣʘʢʘ ʪʦʯʝʢ. ʆʯʝʚʠʜʥʳ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʵʪʦʛʦ ʤʝʪʦʜʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ [1.8ï1.11], ʦʥ ʪʨʝʙʫʝʪ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʠʤʘʝʤʦʛʦ, ʦʪʨʘʞʸʥʥʦʛʦ ʦʙʲʝʢʪʦʤ ʠʟʣʫʯʝʥʠʷ. ʀ ʝʩʣʠ ʩʘʤ 

ʧʨʠʥʠʤʘʝʤʳʡ ʩʠʛʥʘʣ ʤʦʞʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ, 

ʣʘʚʠʥʥʳʤʠ ʜʠʦʜʘʤʠ, ʪʦ ʝʛʦ ʦʙʨʘʙʦʪʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʘʢʦʧʣʝʥʠʝʤ 

ʩʣʘʙʦʛʦ ʩʜʚʠʥʫʪʦʛʦ ʧʦ ʬʘʟʝ ʠʟʣʫʯʝʥʠʷ, ʪʨʝʙʫʝʪ ʩʝʨʴʸʟʥʳʭ ʫʩʠʣʠʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʉɺʏ ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʤʳ ʭʦʪʠʤ ʠʟʤʝʨʷʪʴ ʛʣʫʙʠʥʫ ʩ 

ʪʦʯʥʦʩʪʴʶ ʭʦʪʷ ʙʳ ʜʦ ʤʠʣʣʠʤʝʪʨʘ (ʧʦʨʪʨʝʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ), ʪʦ ʧʨʠ 

ʦʜʥʦʢʨʘʪʥʦʤ ʠʟʤʝʨʝʥʠʠ ʥʝʦʙʭʦʜʠʤʘʷ ʯʘʩʪʦʪʘ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʞʸʥʥʦʛʦ 
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ʦʙʲʝʢʪʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 300 ɻɻʮ. ʕʪʦ ʫʞʝ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʠʥʞʝʥʝʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʩ ʫʯʸʪʦʤ ʩʣʦʞʥʦʩʪʝʡ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ, ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʤʦʛʫʪ ʚʦʟʨʘʩʪʘʪʴ ʜʦ ʪʝʨʘʛʝʨʮ, ʯʪʦ ʧʨʦʩʪʦ 

ʟʘʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚ rʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʧʨʦʝʢʪʘ. ɼʣʠʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʩʜʚʠʛʘ 

ʬʘʟʳ ʦʪʨʘʞʸʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʝʤʥʦʛʦ ʦʩʣʘʙʣʷʝʪ ʫʢʘʟʘʥʥʳʝ ʧʨʝʜʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʥʦ ʥʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʳ ʦʢʦʥʯʘʪʝʣʴʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ToF ʪʝʭʥʦʣʦʛʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʪʦʯʝʯʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʟʘʧʠʩʳʚʘʝʤʦʛʦ 3D ʦʙʲʝʢʪʘ ʧʦ ʚʩʝʡ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʠʙʦ ʥʘʜʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʘʨʘʣʣʝʣʴʥʦʝ 

ʟʦʥʜʠʨʦʚʘʥʠʝ ʧʦ ʚʩʝʤ ʪʦʯʢʘʤ ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʩ ʥʫʞʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, 

ʣʠʙʦ ʝʱʸ ʫʚʝʣʠʯʠʚʘʪʴ ʯʘʩʪʦʪʫ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʥʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

ʭʦʪʷ ʙʳ ʥʝ ʭʫʞʝ, ʯʝʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʩʧʝʭʘ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʥʦʚʳʭ 3D ʠʟʦʙʨʘʞʝʥʠʷʭ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʛʦʜʥʷ 2D ʩʠʩʪʝʤʘʭ TV. ɼʣʷ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʝʛʦʜʥʷ Full HD ʠʣʠ 4K UHD ʵʪʦ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʦʥʦʚ ʪʦʯʝʢ 

(ʧʠʢʩʝʣʝʡ) ʥʘ ʢʘʞʜʳʡ ʢʘʜʨ, ʢʦʪʦʨʳʝ ʠʜʫʪ ʩ ʯʘʩʪʦʪʦʡ ʥʝ ʤʝʥʝʝ 25 ɻʮ. ɺʩʸ ʵʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʝʨʴʸʟʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʨʘʟʚʠʪʠʷ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ. 

ʇʨʠʤʝʥʝʥʠʷ ToF ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ ʜʣʷ ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ, ʛʜʝ 

ʪʦʯʥʦʩʪʴ ʛʣʫʙʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 3D ʦʙʲʝʢʪʘ ʦʛʨʘʥʠʯʝʥʘ ʤʝʪʨʘʤʠ, ʘ ʚ ʣʫʯʰʝʤ 

ʩʣʫʯʘʝ ʩʘʥʪʠʤʝʪʨʘʤʠ ʠ ʜʝʮʠʤʝʪʨʘʤʠ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʝʛʦʜʥʷ ʦʙʨʘʟʮʳ 

ʢʘʨʪʳ ʚʳʩʦʪ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ToF ʪʝʭʥʦʣʦʛʠʠ, ʚ ʩʠʣʫ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʧʨʠʯʠʥ, ʦʙʣʘʜʘʶʪ ʠ ʥʠʟʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ [1.84]. 
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ʈʠʩʫʥʦʢ 1.5 ï ʂʘʜʨ 3D ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ToF ʢʘʤʝʨʦʡ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 

290Ĭ257 ʧʠʢʩʝʣʝʡ ʥʘ ʢʘʜʨ 

ʅʘ ʨʠʩʫʥʢʝ 1.5 ʧʨʠʚʝʜʝʥʦ ʪʠʧʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 3D ʦʙʲʝʢʪʘ. ɺʠʜʥʳ 

ʘʨʪʝʬʘʢʪʳ, ʚʳʟʚʘʥʥʳʝ ʜʚʠʞʝʥʠʝʤ ʨʫʢʠ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʢʦʨʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʜʨʘ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ ʢʘʜʨʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 

150Ĭ133 ʧʠʢʩʝʣʝʡ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʪʳ ʧʦʚʝʨʭʥʦʩʪʠ 3D 

ʦʙʲʝʢʪʘ ʩ ʧʦʤʦʱʴʶ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ, ʫʞʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʘʚʥʦ 

ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʤʝʜʠʮʠʥʝ ʜʣʷ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʩʚʝʪʦʤ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʙʦʣʴʥʦʛʦ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʤʳʰʝʯʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

(ʧʦʩʪʫʨʘʣʴʥʦʛʦ) ʜʠʩʙʘʣʘʥʩʘ [1.92, 1.93], ʨʠʩʫʥʦʢ 1.6. 

    

ʈʠʩʫʥʦʢ 1.6 ï ɺʳʷʚʣʝʥʠʝ ʦʙʲʸʤʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʪʝʣʘ ʤʝʪʦʜʦʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ 
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1.2.2. ɺʪʦʨʘʷ ʧʨʦʙʣʝʤʘ ï ʧʝʨʝʜʘʯʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʇʨʠ ʜʦʚʦʣʴʥʦ ʦʙʰʠʨʥʦʡ ʙʠʙʣʠʦʛʨʘʬʠʠ ʧʦ ʧʨʦʙʣʝʤʘʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ 

ʚʦʦʙʱʝ ʦʧʪʠʯʝʩʢʦʛʦ 3D TV, ʚʦʧʨʦʩʘʤ ʧʝʨʝʜʘʯʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʚ ʦʙʦʟʨʝʚʘʝʤʦʡ ʣʠʪʝʨʘʪʫʨʝ ʫʜʝʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʚʥʠʤʘʥʠ.̫ ʇʨʠ ʵʪʦʤ 

ʯʘʩʪʦ ʘʚʪʦʨʳ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʢʨʘʪʢʠʤ ʫʧʦʤʠʥʘʥʠʝʤ ʦ ʪʨʫʜʥʦʩʪʷʭ 

ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʠʞʝ, ʚ ʛʣʘʚʝ 2 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʦʧʠʩʘʥ ʥʘʰ ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦ ʦʙʳʯʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ, ʟʘʱʠʱʸʥʥʳʡ ʧʘʪʝʥʪʦʤ ʈʌ  ̄2707582 [1.94]. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʠ ʧʦʢʘʟʘʥʦ ʚʳʰʝ (ʧʘʨʘʛʨʘʬ 1.1.1), 

ʨʝʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʸʤʢʦʩʪʴ ʛʦʣʦʛʨʘʤʤ ʥʘʩʪʦʣʴʢʦ ʚʳʩʦʢʘ, ʯʪʦ ʟʘʜʘʯʠ 

ʩʦʟʜʘʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ ʨʘʟʙʠʚʘʶʪʩʷ ʦ ʧʨʦʙʣʝʤʫ ʧʝʨʝʜʘʯʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʠʟʚʝʩʪʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ. ʇʨʷʤʳʝ ʦʮʝʥʢʠ 

ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʧʦʢʘʜʨʦʚʦʡ ʧʝʨʝʜʘʯʝ 3D ʩʠʛʥʘʣʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʦʜʠʥ ʪʘʢʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʟʘʡʤʸʪ ʚʝʩʴ ʨʘʜʠʦʜʠʘʧʘʟʦʥ, ʚʢʣʶʯʘʷ ʚʩʝ 

ʨʘʜʠʦ ʠ ʚʩʝ ʪʝʣʝʢʘʥʘʣʳ. ʊʦʣʴʢʦ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʢʘʥʘʣʳ TV ʩʚʷʟʠ ʠ ʩʠʩʪʝʤʳ 

ʧʨʷʤʦʡ ʧʝʨʝʜʘʯʠ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʛʫʪ ʙʳʪʴ ʩʧʦʩʦʙʥʳ ʧʝʨʝʜʘʚʘʪʴ 

ʪʘʢʠʝ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ ʠʥʬʦʨʤʘʮʠʠ, ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʠʝʩʷ ʦʪ ʢʘʜʨʘ ʢ ʢʘʜʨʫ. 

ʆʜʥʘʢʦ ʪʘʢʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʩʚʝʪʦʚʦʜʥʳʝ ʢʘʥʘʣʳ, ʚʦ-ʧʝʨʚʳʭ, ʦʛʨʘʥʠʯʝʥʳ 

ʩʚʦʝʡ ʧʨʦʚʦʜʥʦʡ ʩʝʪʴʶ ʠʣʠ ʜʠʩʪʘʥʮʠʝʡ ʧʨʷʤʦʛʦ ʚʠʜʝʥʠʷ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʝʱʸ ʥʝ 

ʨʝʘʣʠʟʦʚʘʥʳ, ʘ ʪʦʣʴʢʦ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʜʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʦʝʢʪʦʚ [1.95ï1.99]. 

ɺ [1.100, 1.101] ʧʨʷʤʦ ʛʦʚʦʨʠʪʩʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ ʫʜʦʙʥʳʭ ʩʧʦʩʦʙʦʚ 

ʩʞʘʪʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦ ʧʨʠʝʤʣʝʤʳʭ ʨʘʟʤʝʨʦʚ, ʥʦ ʥʝ 

ʧʦʟʚʦʣʷʶʱʠʭ ʚʦʩʧʨʠʥʠʤʘʪʴ 3D ʠʟʦʙʨʘʞʝʥʠʝ, ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʦʝ: 

çʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʩʮʝʥʳ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʚʝʪʝ ï ʜʘʣʝʢʦ ʥʝ 

ʝʜʠʥʩʪʚʝʥʥʘʷ ʪʨʫʜʥʦʩʪʴ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʙʲʸʤʥʦʛʦ ʢʠʥʦ ʠ 

ʪʝʣʝʚʠʜʝʥʠʷ, ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ ʥʘʡʪʠ ʩʧʦʩʦʙʳ ʩʦʢʨʘʱʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʧʠʩʠè [1.101]. ʇʨʠ ʵʪʦʤ ʛʣʘʟ ʥʝ ʜʦʣʞʝʥ ʟʘʤʝʯʘʪʴ ʚʠʨʪʫʘʣʴʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʩʮʝʥʳ. ʆʙʨʘʟʥʦ ʛʦʚʦʨʷ, ʠʤʝʶʱʘʷʩʷ ʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ ʚʠʟʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʦʝʥʠʠ ʧʦʨ ʥʘ ʢʦʞʝ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʜʣʷ 
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ʟʘʜʘʯ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʠʥʦ, ʪʘʢ ʠ ʜʣʷ ʟʘʜʘʯ ʚʠʨʪʫʘʣʴʥʦʡ (ʜʦʧʦʣʥʝʥʥʦʡ) 

ʨʝʘʣʴʥʦʩʪʠ, ʟʘʯʘʩʪʫʶ ʠʟʙʳʪʦʯʥʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʩʝʨʴʸʟʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʧʦʠʩʢ ʤʝʪʦʜʦʚ ʩʞʘʪʠʷ ʪʘʢʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʩʪʨʘʥʝʥʠʷ 

ʥʝʥʫʞʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ. 

1.2.3. ʊʨʝʪʴʷ ʠʟ ʫʧʦʤʠʥʘʝʤʳʭ ʚʳʰʝ ʧʨʦʙʣʝʤ ï ʩʦʟʜʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʠʩʧʣʝʝʚ 

ɿʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 3D ʤʦʥʠʪʦʨʦʚ ʥʘʩʪʦʣʴʢʦ ʦʙʰʠʨʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ, ʯʪʦ ʝʸ ʘʥʘʣʠʟʫ ʙʫʜʝʪ ʧʦʩʚʷʱʸʥ ʩʣʝʜʫʶʱʠʡ ʧʘʨʘʛʨʘʬ 1.3. ɿʜʝʩʴ ʤʳ 

ʪʦʣʴʢʦ ʜʦʣʞʥʳ ʫʧʦʤʷʥʫʪʴ ʧʨʦ ʦʩʥʦʚʥʳʝ ʠʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 3D 

ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʠ ʨʝʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʀʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʫʜʘʣʸʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 3D ʠʟʦʙʨʘʞʝʥʠʡ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʥʦ ʦʩʥʦʚʳʚʘʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʠ 

ʟʘʭʚʘʪʝ ʫʟʣʦʚ ʠ ʨʸʙʝʨ 3D ʢʘʨʪʠʥʳ, ʩʥʠʤʘʝʤʦʡ ʤʥʦʞʝʩʪʚʦʤ ʢʘʤʝʨ [1.102]. ʋʟʣʳ ʠ 

ʨʸʙʨʘ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʥʘʧʨʠʤʝʨ, ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ, ʘ ʪʝʢʩʪʫʨʫ ʤʝʞʜʫ 

ʨʸʙʨʘʤʠ ʧʝʨʝʜʘʶʪ ʦʪʜʝʣʴʥʦ, ʥʘʧʦʣʥʷʷ ʝʸ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʮʚʝʪʦʤ. ʀʤʝʥʥʦ ʵʪʦʪ 

ʩʧʦʩʦʙ ʨʘʟʚʠʚʘʶʪ ʩʝʛʦʜʥʷ ʚʦ ʤʥʦʞʝʩʪʚʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ, ʠ ʦʥ ʠʩʯʝʨʧʘʣ ʩʝʙʷ, 

ʪ. ʢ. ʣʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʜʚʠʞʫʱʠʝʩʷ ʬʠʛʫʨʢʠ ʚʩʸ ʞʝ ʠʤʝʶʪ ʠʩʢʫʩʩʪʚʝʥʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʧʘʨʘʛʨʘʬʝ 1.1, ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʨʘʜʠʦʢʘʥʘʣʘ, 

ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʞʝ ʤʦʥʦʭʨʦʤʥʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ 

ʚʠʜʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 500 ɻɻʮ, ʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʝʪ ʚʝʩʴ ʜʦʩʪʫʧʥʳʡ 

ʯʝʣʦʚʝʯʝʩʪʚʫ ʵʬʠʨʥʳʡ ʨʘʜʠʦʜʠʘʧʘʟʦʥ. ʅʝ ʩʣʫʯʘʡʥʦ, ʢʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʦ ʚʚʝʜʝʥʠʠ 

ʢ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʦʜʥʠ ʠʟ ʧʝʨʚʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ TV [1.6] 

ʧʠʰʫʪ: çéʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠ ʧʝʨʝʜʘʚʘʪʴ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʜʠʩʢʨʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʛʦʣʦʛʨʘʤʤ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʧʦ ʨʘʟʨʝʰʝʥʠʶ ʠ ʩʢʦʨʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʨʝʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ TV ʫʩʪʨʦʡʩʪʚ ʠ ʩʪʘʥʜʘʨʪʥʳʭ 
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ʢʘʥʘʣʦʚ ʩʚʷʟʠéè. ʇʦʚʪʦʨʠʤ ʦʪʤʝʯʝʥʥʦʝ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ ʛʦʣʦʛʨʘʬʠʠ, 

ʖ. ʅ. ɼʝʥʠʩʶʢʦʤ, ʩʣʦʞʠʚʰʝʝʩʷ ʧʦʣʦʞʝʥʠʝ ʚ ʥʘʫʢʝ [1.5]: çɼʦʩʪʘʪʦʯʥʦ ʣʠ 

ʠʟʚʝʩʪʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʛʦʣʦʛʨʘʬʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʪʠʧʦʚ 

ʦʙʲʸʤʥʦʛʦ ʢʠʥʝʤʘʪʦʛʨʘʬʘ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ?è. 

ʉʣʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʥʘʩʪʦʣʴʢʦ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪʦʜʚʠʥʫʣʘ ʨʝʘʣʠʟʘʮʠʶ ʧʦʣʥʦʮʝʥʥʦʛʦ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ TV ʠ 

ʨʷʜʘ ʟʘʜʘʯ 3D ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʀʩʪʦʨʠʯʝʩʢʠ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʩʪʦʷʣʠ ʥʝ 

ʪʨʝʙʫʶʱʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʠʩʪʝʤʳ 

ʩʪʝʨʝʦʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʚʩʝʛʦ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʫʶ ʧʦʣʦʩʫ ʯʘʩʪʦʪ 

ʢʘʥʘʣʘ ʩʚʷʟʠ, ʥʦ ʦʥʠ ʙʳʣʠ ʦʪʢʣʦʥʝʥʳ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʚ 2016 ʛʦʜʫ, 

ʠʤʝʥʠʪʳʝ TV ʢʦʤʧʘʥʠʠ Samsung ʠ LG [1.103] ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʧʨʦʜʚʠʞʝʥʠʷ ʩʪʝʨʝʦ 

TV. ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ ï ʥʝʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʯʢʦʚ ʟʨʠʪʝʣʝʤ. ʀʥʦʛʜʘ 

ʥʘʰʣʝʤʥʳʝ TV ʩʪʝʨʝʦʥʘʩʘʜʢʠ ʪʘʢʞʝ ʦʰʠʙʦʯʥʦ ʥʘʟʳʚʘʶʪ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤʠ 

ʤʦʥʠʪʦʨʘʤʠ [1.104], ʦʥʠ ʪʦʞʝ ʥʝ ʫʜʦʙʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʀ ʭʦʪʷ ʪʝʭʥʦʣʦʛʠʷ 

ʩʪʝʨʝʦʠʟʦʙʨʘʞʝʥʠʡ ʥʘʰʣʘ ʚ ʥʝʜʘʚʥʝʤ ʧʨʦʰʣʦʤ ʩʫʱʝʩʪʚʝʥʥʳʡ ʦʪʢʣʠʢ ʢʘʢ ʫ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʪʘʢ ʠ ʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʝʸ ʨʝʘʣʠʟʘʮʠʶ ʦʛʨʘʥʠʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦʩʠʤʦʛʦ ʦʧʝʨʘʪʦʨʦʤ ʠ ʞʸʩʪʢʦ 

ʩʦʚʤʝʱʸʥʥʦʛʦ ʩ ʝʛʦ ʧʨʠʨʦʜʥʦʡ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ. 

ʀʟʫʯʝʥʠʶ ʪʘʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʦʙʲʸʤʘ ʯʝʣʦʚʝʢʦʤ ʙʳʣ ʧʦʩʚʷʱʸʥ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʪʨʫʜ ʅ. ɸ. ɺʘʣʶʩʘ [1.105]. ɺ ʝʛʦ ʦʩʥʦʚʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʭʦʜʘ ʣʫʯʝʡ, ʚʦʩʧʨʠʥʠʤʘʶʱʝʝʩʷ ʯʝʣʦʚʝʢʦʤ, ʚ ʨʘʤʢʘʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ. 

ʊʘʢʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʝʤʠʥʫʝʤʦ ʧʨʠʚʦʜʠʣʦ ʢ ʤʳʩʣʠ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʥʳʭ ʩʚʝʪʦʚʳʭ ʧʦʪʦʢʦʚ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʙʠʥʦʢʫʣʷʨʥʳʤ 

ʟʨʝʥʠʝʤ. ɸʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʣʫʯʘʝʤʦʡ ʩʪʝʨʝʦʧʘʨʳ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʯʝʣʦʚʝʯʝʩʢʦʤ ʤʦʟʛʝ ʠ ʦʛʨʘʥʠʯʝʥ ʧʘʨʘʣʣʘʢʩʦʤ, ʢʦʪʦʨʳʡ ʙʳʣ ʟʘʣʦʞʝʥ ʧʨʠ ʩʲʸʤʢʝ. 

ʈʘʟʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ ʜʣʷ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ ʛʣʘʟʘ ʬʦʨʤʠʨʦʚʘʣʦ ʨʘʟʥʝr ʧʨʦʝʢʮʠʠ 3D 

ʦʙʲʝʢʪʘ ʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʨʘʟʳʤʠ ʤʝʪʦʜʘʤʠ. 

ɸʥʘʛʣʠʬʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʨʘʟʜʝʣʝʥʠʝ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʢʘʥʘʣʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʮʚʝʪʥʳʭ ʩʚʝʪʦʬʠʣʴʪʨʦʚ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪ ʚ 

ʨʝʘʣʠʟʘʮʠʠ, ʦʜʥʘʢʦ ʚ ʮʚʝʪʥʳʭ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 
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ʠʩʢʘʞʝʥʠʝʤ ʮʚʝʪʦʧʝʨʝʜʘʯʠ. ʈʘʟʚʠʪʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩ ʧʝʨʝʜʘʯʝʡ ʥʝ ʜʚʫʭ ʮʚʝʪʦʚ ʚ 

ʢʘʞʜʦʤ ʢʘʥʘʣʝ, ʘ ʥʘʙʦʨʘ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʮʚʝʪʦʚʳʭ ʜʠʘʧʘʟʦʥʦʚ ʩʧʝʢʪʨʘ ʚ ʧʨʘʚʦʤ ʠ 

ʥʝʩʢʦʣʴʢʠʭ ʣʝʚʦʤ ʢʘʥʘʣʝ (ʪʝʭʥʦʣʦʛʠʷ Infitec) ʧʦʤʦʛʘʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʮʚʝʪʦʚʳʝ 

ʠʩʢʘʞʝʥʠʷ ʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠʙʣʠʟʠʪʴ ʝʛʦ ʢ ʨʝʘʣʴʥʦʩʪʠ. ʉʚʦʸ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʟʚʠʪʠʝ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʠʣʘ ʚ ʨʘʟʨʘʙʦʪʢʘʭ ʬʠʨʤʳ Dolby 3D Digital Cinema, 

ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʨʬʝʨʝʥʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠè. ʆʜʥʘʢʦ ʩʣʦʞʥʦʩʪʠ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʫʢʘʟʘʥʥʳʭ ʩʚʝʪʦʬʠʣʴʪʨʦʚ ʠ ʠʭ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʯʠʩʣʦʤ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʸʤʥʠʢʦʚ ʮʚʝʪʘ, ʢʘʢ, ʥʘʧʨʠʤʝʨ ʚ RGB 

ʪʝʭʥʦʣʦʛʠʠ, ʥʝ ʧʦʟʚʦʣʠʣʠ ʵʪʦʤʫ ʤʝʪʦʜʫ ʥʘʡʪʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʪʚʦʨʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ ʢʘʥʘʣʦʚ 

ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʯʝ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʫ ʮʚʝʪʦʧʝʨʝʜʘʯʠ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ 

ʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ, ʥʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ 2 ʨʘʟʘ, ʯʘʩʪʦʪʳ ʧʝʨʝʜʘʚʘʝʤʳʭ ʢʘʜʨʦʚ. 

ʉʝʛʦʜʥʷ ʪʘʢʠʝ ʤʦʥʠʪʦʨʳ ʠ ʧʨʦʝʢʪʦʨʳ ʫʞʝ ʨʝʘʣʠʟʫʶʪʩʷ ʬʠʨʤʘʤʠ Samsung, 

ViewSonic, Acer ʠ ʜʨ. ʉʣʘʙʳʝ ʤʝʩʪʘ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʯʘʩʪʦʪʳ ʢʘʜʨʦʚ, ʥʦ ʠ ʚ ʦʩʣʘʙʣʝʥʠʠ, ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ ʜʚʘ 

ʨʘʟʘ, ʧʨʠʭʦʜʷʱʝʛʦ ʚ ʛʣʘʟʘ ʦʧʝʨʘʪʦʨʘ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. ʊʘʢʞʝ ʚ ʵʪʦʤ ʤʝʪʦʜʝ 

ʧʦʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʥʳʡ ʵʬʬʝʢʪ ʨʘʟʜʚʦʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʩʪʨʦ ʜʚʠʞʫʱʠʭʩʷ 

ʦʙʲʝʢʪʦʚ, ʩʚʦʝʛʦ ʨʦʜʘ çʘʣʠʘʩʠʥʛè, ʨʘʩʩʤʦʪʨʝʥʠʶ ʢʦʪʦʨʦʛʦ ʤʳ ʫʜʝʣʠʤ ʚʥʠʤʘʥʠʝ ʚ 

ʛʣʘʚʝ 4. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʝʨʝʦʠʟʦʙʨʘʞʝʥʠʡ ʟʘʥʷʣʠ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʘʥʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʤʠ ʦʢʘʟʘʣʘʩʴ 

ʪʝʭʥʦʣʦʛʠʠ IMAX 3D ʠ RealD. ɺ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʛʨʦʤʥʳʭ ʵʢʨʘʥʦʚ (ʜʦ 22Ĭ16 ʤ) ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʦʡ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, 

ʧʨʘʚʦʡ ʚ ʦʜʥʦʤ ʢʘʥʘʣʝ ʠ ʣʝʚʦʡ ï ʚ ʜʨʫʛʦʤ, ʩʝʛʦʜʥʷ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʢʠʥʝʤʘʪʦʛʨʘʬʝ. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʩʝʛʜʘ ʚʳʟʳʚʘʣʠ ʧʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ 3D ʦʪʦʙʨʘʞʘʶʱʠʭ 

ʩʠʩʪʝʤ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʚʠʜʝ 

ʦʯʢʦʚ ʠ ʰʣʝʤʦʚ, ʧʦʩʢʦʣʴʢʫ ʝʩʪʴ ʦʙʣʘʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʪʘʢʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʢʘʢ ʤʠʥʠʤʫʤ ʥʝʫʜʦʙʥʳ, ʟʘʪʨʫʜʥʷʶʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʧʝʨʘʪʦʨʘ (ʤʝʜʠʮʠʥʘ, ʚʦʝʥʥʦʝ ʜʝʣʦ, ʠʩʢʫʩʩʪʚʦ). ɸ ʚ ʨʷʜʝ 
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ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʝʭʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʝ ʩ 

ʦʧʝʨʘʪʦʨʦʤ ʠ ʧʨʦʩʪʦ ʥʝʜʦʧʫʩʪʠʤʦ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʧʝʨʝʭʦʜʘ 

ʦʪ ʨʘʙʦʪʳ ʚ ʦʜʥʦʤ ʘʧʧʘʨʘʪʝ (ʥʘʟʝʤʥʦʤ) ʢ ʨʘʙʦʪʝ ʚ ʜʨʫʛʦʤ (ʧʦʜʚʦʜʥʦʤ). 

ʉʨʝʜʠ ʪʘʢʠʭ ʵʢʨʘʥʦʚ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʪ. ʥ. ʘʫʪʦʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʝ, 

ʚʦʣʶʤʝʪʨʠʯʝʩʢʠʝ ʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ. 

ɸʫʪʦʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʜʚʘ ʨʘʢʫʨʩʘ ʦʙʲʸʤʥʦʡ ʩʮʝʥʳ, ʦʜʠʥ 

ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʣʝʚʦʛʦ, ʘ ʜʨʫʛʦʡ ï ʜʣ̫ ʧʨʘʚʦʛʦ ʛʣʘʟʘ. ʊʝʭʥʠʯʝʩʢʠ 

ʵʪʦ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʢʘʢ ʬʠʢʩʘʮʠʷ ʧʦʣʦʞʝʥʠʷ ʦʧʝʨʘʪʦʨʘ ʪʘʢ, ʯʪʦʙʳ ʚ ʦʜʠʥ ʛʣʘʟ 

ʥʘʧʨʘʚʣʷʣʦʩʴ ʦʜʥʦ ʠʟʦʙʨʘʞʝʥʠʝ, ʘ ʚ ʜʨʫʛʦʡ ï ʜʨʫʛʦʝ. ɼʣʷ ʵʪʦʛʦ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʘʪʨʠʮʳ ʦʪʚʝʨʩʪʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʝʨʝʜ ʤʘʪʨʠʮʝʡ ɾʂ, ʪ. ʥ. 

ʤʝʪʦʜ ʧʘʨʘʣʣʘʢʩʥʦʛʦ ʙʘʨʴʝʨʘ. ɼʨʫʛʦʡ, ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʡ ʤʝʪʦʜ ï ʵʪʦ 

ʨʘʟʤʝʱʝʥʠʝ ʧʝʨʝʜ ʤʘʪʨʠʮʝʡ ɾʂ ʣʠʥʟʦʚʦʛʦ ʨʘʩʪʨʘ ʦʜʥʦʤʝʨʥʦʛʦ, ʩ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʣʠʥʟʘʤʠ, ʚʳʪʷʥʫʪʳʤʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʘʨʘʣʣʘʢʩʘ ʠʣʠ ʜʚʫʤʝʨʥʦʛʦ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʘʨʘʣʣʘʢʩʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʈʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʪʘʢʠʭ 

ʜʠʩʧʣʝʝʚ ʚʝʜʫʪʩʷ ʫʞʝ ʤʥʦʛʦ ʣʝʪ ʚʝʜʫʱʠʤʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʢʦʨʧʦʨʘʮʠʷʤʠ, ʢʘʢ 

ʥʘʧʨʠʤʝʨ, ʧʦ ʩʦʟʜʘʥʠʶ ʚ 2011 ʛ. ʙʝʟʦʯʢʦʚʦʛʦ 3D ʪʝʣʝʚʠʟʦʨʘ ʬʠʨʤʦʡ Toshiba 

(ʤʦʜʝʣʴ 55ZL2), ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʘ Samsung ʩʝʨʠʠ 9000, ʥʝʢʦʪʦʨʳʭ 

ʤʦʜʝʣʝʡ Sony, LG ʠ ʜʨ. 

ɼʨʫʛʦʡ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ 3D ʵʢʨʘʥʦʚ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ çɺʦʣʶʤʝʪʨʠʯʝʩʢʠʡè. 

ɺʦʣʶʤʝʪʨʠʯʝʩʢʠʝ ʵʢʨʘʥʳ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʪʦʯʝʢ 

(ʚʦʢʩʝʣʝʡ) ʠʣʠ ʚʝʢʪʦʨʦʚ, ʬʠʟʠʯʝʩʢʠ ʨʘʟʥʝʩʸʥʥʳʭ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʨʘʙʦʯʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʠʩʧʣʝʷ (ʦʙʲʸʤʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ). 

ʏʘʱʝ ʚʩʝʛʦ ʵʪʦ ʚʨʘʱʘʶʱʠʝʩʷ ʠʣʠ ʢʦʣʝʙʣʶʱʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʣʘʩʪʠʥʳ), 

ʥʘ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʪʦʯʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʩʠʥʭʨʦʥʥʦ ʩ ʚʨʘʱʝʥʠʝʤ ʠʟʣʫʯʘʶʱʠʝ 

ʠʣʠ ʨʘʩʩʝʠʚʘʶʱʠʝ ʥʘʧʨʘʚʣʷʝʤʳʡ ʥʘ ʥʠʭ ʩʚʝʪ. 

ʊʘʢ, ʢʦʤʧʘʥʠʷ Actuality Systems ʠʩʧʦʣʴʟʫʝʪ ʚ ʤʦʜʝʣʠ Perspecta ʧʣʦʩʢʠʡ 

ʵʢʨʘʥ, ʚʨʘʱʘʶʱʠʡʩʷ ʚʤʝʩʪʝ ʩ ʩʠʩʪʝʤʦʡ ʟʝʨʢʘʣ ʜʣʷ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ 

ʨʘʟʤʝʨʦʤ 768Ĭ768 ʧʠʢʩʝʣʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ. DLP ʧʨʦʝʢʪʦʨ ʫʩʧʝʚʘʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʟʘ ʚʨʝʤʷ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ (ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 24 ɻʮ) 198 ʧʣʦʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 
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(1 ʙʠʪ ʥʘ ʮʚʝʪ), ʩʦʩʪʘʚʣʷʶʱʠʭ çʥʘʨʝʟʢʫè (slices) 3D ʩʮʝʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʦʨʤʠʨʫʝʤʳʭ ʚʦʢʩʝʣʝʡ ʧʨʝʚʳʰʘʝʪ 100 ʤʠʣʣʠʦʥʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʢʘ 

ʘʙʩʦʣʶʪʥʳʤ ʨʝʢʦʨʜʦʤ. ʇʨʦʙʣʝʤʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʦʨʦʪʘ ʬʦʨʤʠʨʫʝʤʦʛʦ ʥʘ ʵʢʨʘʥʝ ʧʨʦʝʢʪʦʨʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʠʥʭʨʦʥʥʦ ʩ ʚʨʘʱʝʥʠʝʤ ʵʢʨʘʥʘ ʠ ʨʘʩʯʸʪ çʥʘʨʝʟʢʠè. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ DSP 

ʧʨʦʮʝʩʩʦʨ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 1600 ʤʠʣʣʠʦʥʦʚ ʠʥʩʪʨʫʢʮʠʡ ʚ ʩʝʢʫʥʜʫ (MIPS) ʠ 

6 ɻɹ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ (DDRAM) (ʨʠʩʫʥʦʢ 1.7). 

 

ʈʠʩʫʥʦʢ 1.7 ï ɺʦʣʶʤʝʪʨʠʯʝʩʢʠʡ 3D ʵʢʨʘʥ ʢʦʤʧʘʥʠʠ Actuality Systems ʚ ʤʦʜʝʣʠ Perspecta 

ɽʩʪʴ ʤʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʚʦʣʶʤʝʪʨʠʯʝʩʢʠʭ ʵʢʨʘʥʦʚ ʝʱʸ ʵʢʟʦʪʠʯʥʝʝ, ʢʘʢ 

ʥʘʧʨʠʤʝʨ, ʧʘʢʝʪ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʟʨʘʯʥʳʭ ʵʢʨʘʥʦʚ, ʠʣʠ 

ʬʣʶʦʨʝʩʮʠʨʫʶʱʝʝ ʩʪʝʢʣʦ, ʩʚʝʪʷʱʝʝʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʥʝʚʠʜʠʤʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʚ ʪʦʯʢʘʭ ʬʦʢʫʩʠʨʦʚʢʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʯʝʥʠʝ ʠʟʣʫʯʝʥʠʷ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʣʦʞʥʦʡ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʡ, ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʡ ʠʣʠ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ. 

ɺʩʝ ʪʠʧʳ ʚʦʣʶʤʝʪʨʠʯʝʩʢʠʭ ʵʢʨʘʥʦʚ ʥʝ ʜʦʧʫʩʢʘʶʪ ʧʦʛʨʫʞʝʥʠʷ ʚ ʦʙʲʸʤ 

ʩʮʝʥʳ, ʪ. ʢ. ʥʘʨʫʰʘʝʪʩʷ ʤʘʪʝʨʠʘʣ ʝʸ ʨʘʙʦʯʝʛʦ ʦʙʲʸʤʘ ʠʣʠ ʵʪʦʪ ʦʙʲʸʤ ʥʘʧʦʣʥʝʥ 

ʥʝʩʦʚʤʝʩʪʠʤʦʡ ʩ ʯʝʣʦʚʝʢʦʤ ʩʨʝʜʦʡ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʵʪʦ ʨʝʘʣʠʟʦʚʘʥʦ ʫ ʷʧʦʥʩʢʦʡ 

ʢʦʤʧʘʥʠʠ Aerial Burton [1.106] ʚ ʩʠʩʪʝʤʝ ʧʦʪʦʯʝʯʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʨʦʙʦʷ ʚʦʟʜʫʭʘ 

(ʨʠʩʫʥʦʢ 1.8). 
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ʈʠʩʫʥʦʢ 1.8 ï ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦ ʪʨʸʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʣʘʟʝʨʥʦʛʦ ʧʨʦʙʦʷ 

ʚʦʟʜʫʭʘ Aerial Burton 

ʂ ʩʦʞʘʣʝʥʠʶ, ʢʨʦʤʝ ʢʨʘʡʥʝ ʥʠʟʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʬʦʨʤʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ, ʵʪʘ ʩʠʩʪʝʤʘ ʪʦʞʝ ʥʝ ʜʦʧʫʩʢʘʝʪ 

ʧʦʛʨʫʞʝʥʠʷ ʚ ʦʙʲʸʤ ʩʮʝʥʳ. ɹʝʟʫʩʣʦʚʥʦ, ʥʘʠʣʫʯʰʠʤʠ ʵʢʨʘʥʘʤʠ, ʚʦʩʩʦʟʜʘʶʱʠʤ 

3D ʦʙʲʸʤʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ, ʧʦʩʢʦʣʴʢʫ ʚʦʩʧʨʦʠʟʚʦʜʷʪ 

ʥʝʧʨʝʨʳʚʥʦʝ ʩʚʝʪʦʚʦʝ ʧʦʣʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʚʝʪʦʚʦʤʫ ʧʦʣʶ ʨʝʘʣʴʥʦʡ 3D 

ʩʮʝʥʳ. ʊʦʣʴʢʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʙʝʟ 

ʧʨʦʪʠʚʦʨʝʯʠʡ ʤʝʞʜʫ ʥʠʤʠ, ʚʩʝ ʵʬʬʝʢʪʳ, ʢʦʪʦʨʳʤʠ ʧʦʣʴʟʫʝʪʩʷ ʯʝʣʦʚʝʢ ʧʨʠ 

ʥʘʙʣʶʜʝʥʠʠ ʠ ʚʦʩʧʨʠʷʪʠʠ ʦʙʲʸʤʘ, ʚ ʪ. ʯ. ʘʢʢʦʤʦʜʘʮʠʷ, ʚʝʨʛʝʥʮʠʷ, ʦʢʢʣʶʟʠʷ, 

ʥʝʣʘʤʙʝʨʪʦʚʩʢʦʝ ʟʘʪʝʥʝʥʠʝ ʠ ʥʝʧʨʝʨʳʚʥʳʡ ʧʘʨʘʣʣʘʢʩ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ, ʥʦʩʠʤʦʛʦ ʥʘʙʣʶʜʘʪʝʣʝʤ, ʥʘʧʨʠʤʝʨ, ʥʘʰʣʝʤʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʵʢʨʘʥʳ ʠʤʝʶʪ ʩʘʤʳʝ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ, 

ʦʩʥʦʚʳʚʘʶʱʠʝʩʷ ʥʘ ʵʬʬʝʢʪʝ, ʚʧʝʨʚʳʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʤ ʚ ʨʘʙʦʪʘʭ 

ʖ. ʅ. ɼʝʥʠʩʶʢʘ [1.8, 1.9] ʦ ʪʦʤ, ʯʪʦ ʜʠʬʨʘʛʠʨʦʚʘʚʰʘʷ ʥʘ ʛʦʣʦʛʨʘʤʤʝ ʚʦʣʥʘ 

ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʝʪ ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ, ʨʘʩʩʝʷʥʥʳʡ ʦʙʲʝʢʪʦʤ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ. 
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ʕʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʙʦʪ, ʫʚʝʥʯʘʚʰʠʭʩʷ ʫʩʧʝʭʦʤ ʚ 

ʩʦʟʜʘʥʠʠ ʫʥʠʢʘʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʠʥʦ ʨʘʟʨʘʙʦʪʢʠ ʅʀʂʌʀ, ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ. ɻ. ʂʦʤʘʨʘ [1.107ï1.109]. ʆʜʥʘʢʦ ʵʪʦ ʜʦʩʪʠʞʝʥʠʝ, ʦʪʤʝʯʝʥʥʦʝ ʚ 

2003 ʛ. ʧʨʝʩʪʠʞʥʦʡ ʢʠʥʦʧʨʝʤʠʝʡ çʅʠʢʘè ʚ ʥʦʤʠʥʘʮʠʠ çɿʘ ʚʢʣʘʜ ʚ 

ʢʠʥʝʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʥʘʫʢʠè, ʫʜʘʣʦʩʴ ʨʝʘʣʠʟʦʚʘʪʴ ʪʦʣʴʢʦ ʚ ʢʠʥʝʤʘʪʦʛʨʘʬʝ, 

ʧʦʩʢʦʣʴʢʫ ʢʠʥʦʧʣʸʥʢʘ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʨʝʰʝʥʠʝ ʜʦ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ 

ʣʠʥʠʡ ʥʘ ʤʠʣʣʠʤʝʪʨ. ɺʚʠʜʫ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʜʠʦʢʘʥʘʣʦʚ, 

ʫʢʘʟʘʥʥʳʭ ʚ ʧʘʨʘʛʨʘʬʝ 1.1, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ɺ. ɻ. ʂʦʤʘʨʦʤ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ TV. 

ɿʘʜʘʯʘ ʧʨʠʸʤʘ (ʬʠʢʩʘʮʠʠ) 3D ʠʟʦʙʨʘʞʝʥʠʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʀʟʚʝʩʪʝʥ ʩʨʘʚʥʠʪʝʣʴʥʦ ʵʢʦʥʦʤʥʳʡ ʤʝʪʦʜ ʨʝʛʠʩʪʨʘʮʠʠ ʦʙʲʸʤʘ ʥʘ TV, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʪʝʭʥʦʣʦʛʠʠ Pleno (ʨʠʩʫʥʦʢ 1.9). 

 

ʈʠʩʫʥʦʢ 1.9 ï ʄʘʪʨʠʮʘ ʤʠʢʨʦʣʠʥʟ, ʦʙʲʝʜʠʥʸʥʥʳʭ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʚ ʧʦʜʛʨʫʧʧʳ ʩ ʨʘʟʥʳʤʠ 

ʬʦʢʫʩʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ, ʩʦʟʜʘʸʪ ʚ ʧʨʠʸʤʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʝʨʠʶ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʘʟʥʦʡ 

ʛʣʫʙʠʥʝ 

ʆʥ ʨʘʟʚʠʚʘʝʪʩʷ ʛʨʫʧʧʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ Joint Photographic Experts Group 

(JPEG) [1.104, 1.110], ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʧʣʘʩʪʠʥ ʤʠʢʨʦʣʠʥʟ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ ʵʪʦʤʫ ʤʝʪʦʜʫ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʝʨʝʜʘʯʠ 3D ʠʟʦʙʨʘʞʝʥʠʡ Pleno ʦʩʥʦʚʘʥʘ ʥʘ ʠʜʝʝ, ʙʣʠʟʢʦʡ ʢ 
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ʚʦʣʶʤʝʪʨʠʯʝʩʢʦʡ, ʪʦʣʴʢʦ ʟʘʧʠʩʴ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ ʦʙʲʝʢʪʘ ʠʜʸʪ ʥʘ 

ʥʝʧʦʜʚʠʞʥʫʶ ʧʣʦʩʢʦʩʪʴ ʬʦʪʦʧʨʠʸʤʥʦʡ ʤʘʪʨʠʮʳ ʯʝʨʝʟ ʩʝʪʴ ʤʠʢʨʦʣʠʥʟ, ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʚ ʦʜʥʫ ʠʟ ʛʨʫʧʧ ʩʝʙʝ ʧʦʜʦʙʥʳʭ ʩ ʦʜʠʥʘʢʦʚʳʤ ʬʦʢʫʩʦʤ [1.111, 

1.112]. ʇʨʠ ʵʪʦʤ, ʢʘʞʜʘʷ ʛʨʫʧʧʘ ʤʠʢʨʦʣʠʥʟ ʠʤʝʝʪ ʩʚʦʡ ʬʦʢʫʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʬʠʢʩʠʨʦʚʘʪʴ ʨʘʟʥʳʝ ʛʣʫʙʠʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ. ʏʘʱʝ ʚʩʝʛʦ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʟʢʦʩʪʠ, ʝʩʣʠ ʚʜʨʫʛ ʚʦ ʚʨʝʤʷ ʩʲʸʤʢʠ ʥʝ 

ʫʜʘʣʦʩʴ ʪʦʯʥʦ ʚʳʩʪʘʚʠʪʴ ʬʦʢʫʩ ʦʙʲʝʢʪʠʚʘ, ʘ ʛʣʫʙʠʥʘ ʨʝʟʢʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʘ. 

ʇʦʧʳʪʢʠ ʨʝʘʣʠʟʦʚʘʪʴ ʵʪʦʪ ʤʝʪʦʜ ʢʘʢ ʤʝʪʦʜ ʦʪʦʙʨʘʞʝʥʠʷ 3D ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʥʘʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪ ʣʠʙʦ ʙʦʣʴʰʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʸʤʥʦʡ ʬʦʪʦʤʘʪʨʠʮʳ, ʣʠʙʦ 

ʤʫʣʴʪʠʧʣʠʢʘʮʠʠ ʪʘʢʠʭ ʤʘʪʨʠʮ. ʇʨʘʢʪʠʯʝʩʢʠ ʪʘʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʨʘʪʥʦ ʯʠʩʣʫ 

ʧʣʘʥʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʦ ʛʣʫʙʠʥʝ ʦʙʲʝʢʪʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʪʦʤʘʪʨʠʮ, ʧʦʨʷʜʢʘ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʧʠʢʩʝʣʝʡ, 

ʧʦʟʚʦʣʠʣʠ ʬʠʨʤʝ Apple ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ iPhone 13 Pro Max ʪʦʣʴʢʦ ʪʨʠ 

ʧʣʘʥʘ ʚ ʠʟʦʙʨʘʞʝʥʠʠ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ 

ʥʝʙʦʣʴʰʦʝ ʧʦʣʝ ʥʘʙʣʶʜʝʥʠʷ ʧʘʨʘʣʣʘʢʩʘ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʩʠʩʪʝʤʘ ʩʰʠʚʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʵʪʠʭ ʪʨʸʭ ʧʣʘʥʦʚ ʜʘʸʪ ʩʙʦʡ, ʧʦʢʘʟʳʚʘʷ ʜʦʚʦʣʴʥʦ 

ʙʦʣʴʰʦʡ ʯʸʨʥʳʡ ʢʦʥʪʫʨ ʚʦʢʨʫʛ ʠʟʦʙʨʘʞʝʥʠʷ ʙʣʠʞʥʠʭ ʧʣʘʥʦʚ ʧʨʠ ʧʦʧʳʪʢʝ 

ʧʦʢʘʟʘʪʴ ʧʘʨʘʣʣʘʢʩ. 

ʍʦʪʷ ʛʨʫʧʧʘ JPEG [1.113] ʫʜʝʣʷʝʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʵʪʦʤʫ ʤʝʪʦʜʫ, ʤʝʪʦʜ 

Pleno ʧʣʦʭʦ ʧʨʠʛʦʜʝʥ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 3D TV ʩʠʛʥʘʣʘ, ʧʦʩʢʦʣʴʢʫ 

ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʠʟʦʙʨʘʞʝʥʠʷ. ʆʥ ʭʦʨʦʰʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʪʦʣʴʢʦ ʢʘʢ ʤʝʪʦʜ ʧʦʜʩʪʨʦʡʢʠ ʬʦʢʫʩʘ ʧʨʠ ʥʝ ʨʝʟʢʦʡ ʬʦʪʦ ʠ 

ʚʠʜʝʦʩʲʸʤʢʝ [1.114, 1.115]. 

ʀʟʚʝʩʪʥʳ ʝʱʸ ʜʚʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʛʠʩʪʨʘʮʠʠ 3D ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʝ. ʆʥʠ, ʚ ʦʩʥʦʚʥʦʤ, ʨʝʛʠʩʪʨʠʨʫʶʪ 

ʥʝ ʨʝʘʣʴʥʳʝ 3D ʩʮʝʥʳ, ʘ ʚʠʨʪʫʘʣʴʥʳʝ, ʟʘʨʘʥʝʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʤ 

ʧʫʪʸʤ. ʕʪʦ ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʠ ʚʦʢʩʝʣʴʥʘʷ ʛʨʘʬʠʢʘ, ʨʦʜʠʚʰʠʝʩʷ ʠʟ ʠʜʝʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ [1.89, 1.116, 1.117]. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʵʣʝʤʝʥʪʘʨʥʳʡ ʦʙʲʝʢʪ ʠʟ ʪʦʯʝʢ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʚ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʩʝʪʴʶ ʢʦʪʦʨʳʭ ʧʦʢʨʳʚʘʝʪʩʷ ʥʝʜʝʣʠʤʘʷ 
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ʧʦʚʝʨʭʥʦʩʪʴ 3D ʦʙʲʝʢʪʘ [1.89, 1.118, 1.119], (ʨʠʩʫʥʦʢ 1.10ʘ), ʘ ʚʦ ʚʪʦʨʦʤ ï ʚ 

ʢʫʙʠʢʠ, ʤʘʩʩʠʚ ʢʦʪʦʨʳʭ ʩʦʟʜʘʸʪ 3D ʢʘʨʪʠʥʫ ʦʙʲʸʤʥʦʛʦ, ʜʠʥʘʤʠʯʝʩʢʠ 

ʤʝʥʷʶʱʝʛʦʩʷ ʦʙʲʝʢʪʘ (ʨʠʩʫʥʦʢ 1.10ʙ) ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʛʦ ʨʘʟʚʠʪʠʷ, ʢʘʢ 

ʥʘʧʨʠʤʝʨ, ʨʦʞʜʝʥʠʝ ʙʨʳʟʛ ʠʟ ʜʚʠʞʫʱʝʡʩʷ ʠ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʚʦʣʥʳ [1.120ï1.123]. 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.10 ï ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 3D ʦʙʲʝʢʪʘ: ʘ) ʧʦʣʠʛʦʥʘʣʴʥʦʝ; ʙ) ʚʦʢʩʝʣʴʥʦʝ 

ʅʘ ʨʠʩʫʥʢʝ 1.11 ʧʨʠʚʝʜʝʥʳ ʢʘʜʨʳ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ çDetroit: 

Become Humanè ʠ çMetro Exodusè, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ 

ʩʝʛʦʜʥʷ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

  

ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩʫʥʦʢ 1.11 ï ʢʘʜʨʳ ʠʟ ʚʠʜʝʦʠʛʨʳ:  

ʘ), ʙ), ʚ) çDetroit: Become Humanè (2018 ʛʦʜʘ); ʛ) Metro Exodus (2019 ʛʦʜʘ) 
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ɺʠʜʥʦ, ʯʪʦ ʧʦʣʫʯʘʶʱʠʝʩʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʭʦʞʠ ʥʘ ʢʫʢʦʣ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʧʨʠʥʷʪʳ ʟʘ ʞʠʚʳʭ ʣʶʜʝʡ, ʦʩʦʙʝʥʥʦ ʠʟ ʠʟʚʝʩʪʥʦʛʦ ʚʘʤ ʦʢʨʫʞʝʥʠʷ. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʦʱʥʦʩʪʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʩʨʝʜʩʪʚ, ʢʘʢ ʤʥʦʛʦʷʜʝʨʥʳʝ ʧʨʦʮʝʩʩʦʨʳ, ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʘʢ 

ʩʦʚʨʝʤʝʥʥʳʝ ʚʠʜʝʦʧʣʘʪʳ, ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʩʝʛʦʜʥʷ ʜʦʩʪʠʛʣʘ ʩʚʦʝʛʦ ʧʦʪʦʣʢʘ ʠ 

ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʧʨʠ ʣʘʚʠʥʦʦʙʨʘʟʥʦʤ ʨʦʩʪʝ ʤʦʱʥʦʩʪʝʡ ʢʦʤʧʴʶʪʝʨʦʚ. 

ɺʦʢʩʝʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʝʱʸ ʙʦʣʝʝ ʨʝʩʫʨʩʦʸʤʢʘ ʠ ʥʝ ʥʘʭʦʜʠʪ ʪʘʢʦʛʦ 

ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʨʫʛʫ ʠʛʨ, ʟʘʤʝʥʷʶʱʠʭ 

ʪʘʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʂʫʙʦʨʦ [1.124]. 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʩʝʛʦʜʥʷ ʦʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ, ʯʘʩʪʦ ʦʪʦʨʚʘʥʥʳʝ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʀ ʧʦʣʠʛʦʥʘʣʴʥʘʷ, ʠ 

ʚʦʢʩʝʣʴʥʘʷ ʛʨʘʬʠʢʘ, ʨʦʜʠʚʰʠʝʩʷ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʠʜʝʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, 

ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʊʘʢ ʥʘʧʨʠʤʝʨ, ʩʣʦʞʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʨʘʩʪʸʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʫʙʫ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ 

ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ; ʧʦʣʠʛʦʥʘʣʴʥʘʷ, ʛʜʝ ʢʘʞʜʘʷ ʪʦʯʢʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʨʝʫʛʦʣʴʥʠʢʦʤ ʩ ʪʨʝʤʷ ʚʝʨʰʠʥʘʤʠ, ï ʜʝʚʷʪʦʡ ʩʪʝʧʝʥʠ ʣʠʥʝʡʥʦʛʦ 

ʨʘʟʤʝʨʘ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ; ʘ ʚʦʢʩʝʣʴʥʘʷ, ʩ ʝʸ ʨʘʟʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ 

ʥʘʙʦʨʘ ʦʙʲʸʤʥʳʭ çʢʠʨʧʠʯʠʢʦʚè ï ʝʱʸ ʙʦʣʴʰʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʝʨʴʸʟʥʳʤ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʚ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʠʩʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʜʘʣʸʢʫʶ ʦʪ ʬʠʟʠʯʝʩʢʦʡ 

ʩʫʱʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. ʇʦʧʳʪʢʠ ʨʝʘʣʠʟʦʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʢʦʜʠʨʦʚʘʥʠʷ ʜʣʷ 4D ʬʘʡʣʦʚ ʜʘʥʥʳʭ (3 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʦʜʥʘ ʚʨʝʤʝʥʥʘʷ 

ʢʦʦʨʜʠʥʘʪʘ), ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʵʥʪʨʦʧʠʡʥʳʤ ʙʣʦʯʥʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ ʩ 

ʫʩʪʨʘʥʝʥʠʝʤ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʪʘʢ ʫʩʧʝʰʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʩʝʙʷ ʚ JPEG 

ʢʦʜʠʨʦʚʘʥʠʠ 2D ʩʠʛʥʘʣʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʢʘ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʘʥʘʣʦʛʠʯʥʳʤ 

ʫʩʧʝʭʘʤ ʚ 4D ʢʦʜʠʨʦʚʘʥʠʠ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʠ ʚʦʢʩʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʧʘʨʘʛʨʘʬʝ 1.1, ʤʝʪʦʜʳ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʩʠʛʥʘʣʘ ʪʦʞʝ ʫʧʠʨʘʶʪʩʷ ʚ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʠ 

ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʳ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʙʳʩʪʨʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
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ʌʨʝʥʝʣʷ, ʢʦʪʦʨʳʤ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʂʨʦʤʝ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʛʜʝ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʩʭʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʦʙʲʝʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʩʝ ʪʦʯʢʠ ʛʦʣʦʛʨʘʤʤʳ ʠ ʢʘʞʜʦʡ ʪʦʯʢʝ ʛʦʣʦʛʨʘʤʤʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʩʝ ʪʦʯʢʠ 3D ʦʙʲʝʢʪʘ, ʨʘʟʥʳʝ ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʩʚʦʠ ʤʝʪʦʜʳ 

ʫʩʢʦʨʝʥʠʷ ʪʘʢʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʤʝʪʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [1.125]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʯʸʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʨʝʥʝʣʷ ʜʣʷ ʩʠʥʪʝʟʘ ʛʦʣʦʛʨʘʤʤʳ ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʝʥʠʷ ʩʧʝʢʪʨʘ 

ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʤʝʞʜʫ ʛʦʣʦʛʨʘʤʤʦʡ ʠ ʠʟʦʙʨʘʞʝʥʠʝʤ ʚʠʨʪʫʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʳ ʦʙʨʝʟʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʘʩʢʦʡ ʯʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ, ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ ʟʨʠʪʝʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʢʘʯʝʩʪʚʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɸʚʪʦʨʳ ʥʝ ʘʥʘʣʠʟʠʨʫʶʪ ʚʝʣʠʯʠʥʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ 

ʛʣʫʙʠʥʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʯʘʣʴʥʫʶ ʩʪʘʜʠʶ ʨʘʙʦʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʫʩʢʦʨʝʥʠʷ 

ʚʳʯʠʩʣʝʥʠʡ. 

ʂʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʜʣʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʸʤʥʳʭ ʩʶʞʝʪʦʚ 

ʩʝʛʦʜʥʷ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʤʝʪʦʜʘ. ʕʪʦ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʧʦʣʠʛʦʥʘʣʴʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 3D ʦʙʲʝʢʪʘ ʠ ʚʦʢʩʝʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʲʸʤʘ ʚ 

ʚʠʜʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ. ɺʩʝ ʦʥʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚʦʢʨʫʛ ʠʜʝʠ 

ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ 3D ʦʙʲʝʢʪʘ, ʞʝʣʘʪʝʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʦʛʦ 

ʚʠʟʫʘʣʴʥʦ ʢ ʨʝʘʣʴʥʦʤʫ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ 3D ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʚʩʝ ʵʬʬʝʢʪʳ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʦʤ ʦʙʲʸʤʘ 

ʷʚʣʷʝʪʩʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʛʥʘʣʘ, ʭʦʪʷ ʦʥʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ 

ʚʘʨʠʘʥʪʝ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʂʘʢ ʩʯʠʪʘʝʪ ʨ̫ ʜ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ [1.76], çɸʩʧʝʢʪ, ʢʦʪʦʨʦʤʫ ʫʜʝʣʷʝʪʩʷ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ 

ʚʥʠʤʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ, ï ʵʪʦ ʪʦ, ʢʘʢ ʩʣʝʜʫʝʪ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʛʨʦʤʥʳʝ ʦʙʲʸʤʳ ʜʘʥʥʳʭ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʩʦʟʜʘʥʠʷ, ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ. ʉʪʘʪʠʩʪʠʢʘ ʩʠʛʥʘʣʘ ʛʦʣʦʛʨʘʤʤʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʳʯʥʦʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʚʠʜʝʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʢʦʜʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ 
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ʩʝʤʝʡʩʪʚʘ ʢʦʜʝʢʦʚ JPEG ʠ MPEG, ʷʚʣʷʶʪʩʷ ʥʝʦʧʪʠʤʘʣʴʥʳʤʠ. ʇʨʠ ʩʦʟʜʘʥʠʠ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʦʣʦʛʨʘʬʠʠ (CGH) ʪʨʝʙʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʣʛʦʨʠʪʤʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʪʨʝʙʫʝʪʩʷ ʨʝʥʜʝʨʠʥʛ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʬʠʟʠʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʣʫʯʝʡ ʠ 

ʤʦʜʝʣʠ ʯʘʩʪʠʮ ʜʣʷ ʧʝʨʝʥʦʩʘ ʩʚʝʪʘè. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʝʥʠʝ ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʠʥʬʦʨʤʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʥʘ ʧʫʪʠ ʢ ʨʝʘʣʠʟʘʮʠʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 3D TV ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʘʤʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦʙʲʸʤʘ ʠ ʩʫʱʝʩʪʚʫʶʪ ʪʦʣʴʢʦ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʀʭ 

ʤʘʪʝʨʠʘʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʤʦʥʠʪʦʨʘ. ɺ ʧʦʜʘʚʣʷʶʱʝʤ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦ ʧʨʦʝʢʮʠʷ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʧʣʦʩʢʠʡ ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ. 

ʅʘʙʣʶʜʘʪʝʣʴ ʚʠʜʠʪ ʪʘʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʪʫ ʩʪʦʨʦʥʫ ʵʢʨʘʥʘ. ʆʜʥʘʢʦ ʝʩʪʴ ʤʝʪʦʜʳ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ 3D ʩʶʞʝʪʦʚ ʚ ʨʝʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʝʨʝʜ ʤʦʥʠʪʦʨʦʤ. ʀʭ ʦʙʟʦʨʫ 

ʧʦʩʚʷʱʸʥ ʩʣʝʜʫʶʱʠʡ ʧʘʨʘʛʨʘʬ 1.3. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʘʩʪʦʷʱʝʛʦ ʧʘʨʘʛʨʘʬʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʩʤʦʪʨʷ ʥʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʦʪʦʧʨʠʸʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʬʦʪʦʤʘʪʨʠʮʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʙʦʪʫ ʮʠʬʨʦʚʦʡ ʛʦʣʦʛʨʘʬʠʠ, ʫ ʥʠʭ ʝʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʦʪʤʝʯʝʥʥʳʝ ʚ [1.126], ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʷʪʴʩʷ ʥʘ ʠʭ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. 

1.2.4. ʆʙʩʫʞʜʝʥʠʝ 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʵʪʦʛʦ ʧʘʨʘʛʨʘʬʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʙʱʠʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʝʛʦʜʥʷ ʤʝʪʦʜʦʚ ʢʦʜʠʨʦʚʘʥʠʷ, ʩʞʘʪʠʷ ʠ ʧʝʨʝʜʘʯʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 3D ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʝ: 

1.ɿʘʧʠʩʴ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʟʘʪʨʫʜʥʝʥʘ. ɼʣʷ 

ʪʘʢʠʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʳ ʥʝ ʪʦʣʴʢʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ, 
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ʥʦ ʠ ʥʦʚʳʝ ʠʜʝʠ ʜʣʷ ʠʭ ʩʦʟʜʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ, ʨʘʟʤʝʨ 

ʟʘʧʠʩʳʚʘʝʤʳʭ ʛʦʣʦʛʨʘʤʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʛʨʘʥʠʯʝʥ. 

2. ʂʦʤʧʴʶʪʝʨʥʘʷ ʛʦʣʦʛʨʘʬʠʷ (CGH) ʪʨʝʙʫʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʚʳʯʠʩʣʝʥʠʡ, 

ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʠʡ ʨʝʥʜʝʨʠʥʛ ʠʟʦʙʨʘʞʝʥʠʷ: ʢʘʞʜʘʷ ʪʦʯʢʘ ʩʮʝʥʳ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʛʦʣʦʛʨʘʤʤʳ. ʕʪʦ ʦʪʥʦʰʝʥʠʝ çʤʥʦʛʠʝ ʢʦ 

ʤʥʦʛʠʤè ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʙʦʣʴʰʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʛʦʣʦʛʨʘʤʤʳ ʩʣʠʰʢʦʤ ʜʦʨʦʛʦ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʤʝʪʦʜʦʤ ʧʝʨʝʙʦʨʘ. 

3. ɼʣʷ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʥʝʦʙʭʦʜʠʤʳ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʢʦʜʠʨʦʚʘʥʠʷ. ʆʙʳʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʙʦʪʘʶʪ 

ʥʝʦʧʪʠʤʘʣʴʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ʉʪʘʥʜʘʨʪʥʳʝ ʢʦʜʝʢʠ, ʪʘʢʠʝ ʢʘʢ JPEG ʠ MPEG, 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʬʦʪʦʛʨʘʬʠʠ ʠ ʚʠʜʝʦ, ʥʦ ʧʣʦʭʦ 

ʨʘʙʦʪʘʶʪ ʩ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʥʪʝʥʪʦʤ; ʥʝʦʙʭʦʜʠʤʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʥʦʚʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʜʚʠʞʝʥʠʷ. 

4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʩʧʨʠʥʠʤʘʝʤʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʜʣʷ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʝʥʪʘ ʪʨʝʙʫʝʪ ʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʩʫʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʧʦʪʨʝʙʫʶʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʚʝʡʝʨʘ (CGH, ʢʦʜʠʨʦʚʱʠʢʠ / ʜʝʢʦʜʝʨʳ, ʜʠʩʧʣʝʠ) ʩ ʮʝʣʴʶ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

5. ʆʪʤʝʯʘʷ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʨʷʜʘ ʚʳʩʢʘʟʳʚʘʥʠʡ [1.76], ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ 

ʚʦʟʨʘʟʠʪʴ ʘʚʪʦʨʫ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʥʝ ʫʯʠʪʳʚʘʝʪ ʦʜʥʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʤʦʤʝʥʪʘ. 

ʀʤʝʝʪʩʷ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʝ ʚ ʝʛʦ ʚʳʚʦʜʘʭ (ʢʘʢ ʠ ʚ ʚʳʚʦʜʘʭ ʜʨʫʛʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʦʙʟʦʨʦʚ ʥʘ ʵʪʫ ʪʝʤʫ) ʩʪʘʜʠʠ ʧʝʨʝʜʘʯʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 3D ʠʥʬʦʨʤʘʮʠʠ ʦʪ 

ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʢ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤʫ ʤʦʥʠʪʦʨʫ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ 

ʦʰʠʙʢʦʡ, ʧʨʦʠʩʭʦʜʷʱʝʡ ʦʪ ʩʣʦʞʠʚʰʝʛʦʩʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʝʨʝʜʘʯʠ 

ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʢ ʝʛʦ ʧʝʨʝʜʘʯʠ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʥʦ ʫʞʝ 

ʩʦʟʜʘʥʦ. ʕʪʦ ʪʨʘʜʠʮʠʦʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ï 

ʬʦʪʦʛʨʘʬʠʷ, ʢʦʜʠʨʦʚʱʠʢ, ʧʝʨʝʜʘʯʘ ʩʞʘʪʦʛʦ ʢʦʥʪʝʥʪʘ, ʝʛʦ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʜʦ 

ʦʙʳʯʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʝʨʝʜʘʯʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘ ʜʠʩʧʣʝʡ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʢʦʜʠʨʦʚʘʥʠʷ, ʧʦʜʦʙʥʳʝ ʩʜʝʣʘʥʥʳʤ Joint Photographic 
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Experts Group ʧʣʦʭʦ ʨʘʙʦʪʘʶʪ ʩ 3D ʢʦʥʪʝʥʪʦʤ, ʪʨʝʙʫʝʪʩʷ ʠʩʢʘʪʴ ʥʦʚʳʝ ʧʫʪʠ ʠ 

ʤʝʪʦʜʳ ʩʞʘʪʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 3D ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʙʩʫʞʜʝʥʳ ʚ ʛʣʘʚʝ 2 

ʠ ʛʣʘʚʝ 4 ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ɺʳʚʦʜʳ ʧʘʨʘʛʨʘʬʘ 1.2 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʦʚ ʪʨʝʙʫʶʪ 

ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʤʝʪʦʜ ï ʦʙʣʘʢʘ ʪʦʯʝʢ ï ʥʘʰʸʣ ʧʨʠʤʝʥʝʥʠʝ ʚ 

3D ʣʘʟʝʨʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ. ʆʥ ʦʯʝʥʴ ʨʝʩʫʨʩʦʸʤʦʢ ʠ ʪʨʝʙʫʝʪ ʤʠʥʠʤʫʤ 3 ʙʘʡʪʘ ʥʘ 

ʪʦʯʢʫ. ʇʦʵʪʦʤʫ ʨʝʘʣʴʥʳʝ ʞʠʚʳʝ ʦʙʲʝʢʪʳ ʵʪʠʤ ʤʝʪʦʜʦʤ ʥʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ. 

ʄʝʪʦʜ ʧʦʣʠʛʦʥʦʚ, ʥʘʰʝʜʰʠʡ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨʘʭ ʪʘʢʞʝ ʥʝ 

ʩʧʦʩʦʙʝʥ ʩʝʛʦʜʥʷ ʦʙʝʩʧʝʯʠʪʴ ʘʜʝʢʚʘʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʞʠʚʳʭ 3D ʦʙʲʝʢʪʦʚ ʚʦ-

ʧʝʨʚʳʭ ʧʦ ʧʨʠʯʠʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʪʨʦʝ ʙʦʣʴʰʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʸʤʢʦʩʪʠ, ʯʝʤ 

ʦʙʣʘʢʦ ʪʦʯʝʢ, ʘ ʚʦ-ʚʪʦʨʳʭ ʧʦ ʧʨʠʯʠʥʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʠʛʦʥʦʚ ʜʝʣʘʪʴ ʤʥʦʞʝʩʪʚʦ ʜʚʫʤʝʨʥʳʭ ʩʥʠʤʢʦʚ ʦʙʲʝʢʪʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʟʣʦʚ ʠ ʨʸʙʝʨ ʢʘʞʜʦʛʦ ʧʦʣʠʛʦʥʘ. ʉʰʠʚʢʘ ʩʦʩʝʜʥʠʭ ʫʟʣʦʚ ʠ ʨʸʙʝʨ ï ʦʪʜʝʣʴʥʘʷ 

ʩʣʦʞʥʘʷ ʠ ʨʝʩʫʨʩʦʸʤʢʘʷ ʟʘʜʘʯʘ. ɺʩʸ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘ ʩʝʛʦʜʥʷʰʥʝʤ 

ʫʨʦʚʥʝ ʪʝʭʥʠʢʠ ʬʦʨʤʠʨʦʚʘʪʴ ʫʟʥʘʚʘʝʤʳʝ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʞʠʚʳʭ ʦʙʲʝʢʪʦʚ, ʭʦʪʷ 

ʠ ʛʦʜʠʪʩʷ ʜʣʷ ʠʤʠʪʘʮʠʠ ʜʚʠʞʝʥʠʷ ʢʫʢʦʣ ʚ 3D ʛʨʘʬʠʢʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ. 

ɺʦʢʩʝʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʦʙʣʘʜʘʝʪ 

ʥʝʩʦʤʥʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʬʬʝʢʪʦʚ ʧʝʨʝʪʝʢʘʥʠʷ 

ʦʜʥʦʛʦ 3D ʦʙʲʝʢʪʘ ʚ ʥʝʩʢʦʣʴʢʦ ʠ ʦʙʨʘʪʥʦ, ʢʘʢ ʵʪʦ, ʥʘʧʨʠʤʝʨ, ʙʳʚʘʝʪ ʚ 

ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʧʨʠʣʠʚʥʦʡ ʚʦʣʥʝ, ʢʦʛʜʘ ʦʥʘ ʩʥʘʯʘʣʘ ʠʟʛʠʙʘʝʪʩʷ, ʘ ʟʘʪʝʤ 

ʨʘʩʩʳʧʘʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʙʨʳʟʛ. ʆʜʥʘʢʦ ʮʝʥʘ ʚʦʧʨʦʩʘ ʧʦ ʧʘʨʘʤʝʪʨʫ 

ʨʝʩʫʨʩʦʸʤʢʦʩʪʠ ʥʝʧʦʤʝʨʥʦ ʚʝʣʠʢʘ, ʪ. ʢ. ʢʘʞʜʳʡ ʚʦʢʩʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʘʞʝ ʥʝ 

ʪʨʝʤʷ ʪʦʯʢʘʤʠ, ʢʘʢ ʧʦʣʠʛʦʥ, ʘ ʫʞʝ ʚʦʩʝʤʴʶ. ʕʪʦ ʝʱʸ ʙʦʣʴʰʝ ʩʜʝʨʞʠʚʘʝʪ ʨʘʟʚʠʪʠʝ 

ʤʝʪʦʜʘ ʠ, ʚʝʨʦʷʪʥʦ ʧʦʵʪʦʤʫ, ʧʦʧʳʪʦʢ ʠʟʦʙʨʘʞʘʪʴ ʥʘʙʦʨʦʤ ʚʦʢʩʝʣʝʡ ʞʠʚʳʝ 

ʦʙʲʝʢʪʳ ʥʘʤʠ ʜʘʞʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 
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ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʢʣʦʥʷʝʪʩʷ ʢ ʤʳʩʣʠ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 3D ʦʙʲʝʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤʠ 

ʟʘʪʨʘʪʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠ 

ʤʝʥʷʶʱʠʭʩʷ 3D ʦʙʲʝʢʪʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 3D ʠʟʦʙʨʘʞʝʥʠʡ 

ʜʚʠʞʫʱʠʭʩʷ ʞʠʚʳʭ ʦʙʝ̡ʢʪʦʚ. 

ʇʘʨʘʛʨʘʬ 1.3. ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʠʩʧʣʝʠ 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʦʪʦʙʨʘʞʝʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʘʧʧʘʨʘʪʥʳʭ ʟʘʜʘʯʘʭ, ʘ ʠʤʝʥʥʦ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʥʠ 

ʚʢʣʶʯʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜʫʣʷʪʦʨʦʚ ʩʚʝʪʘ 

(SLM) ʠ ʨʘʟʨʘʙʦʪʢʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʧʪʠʢʠ. ɺ [1.127] ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜʫʣʷʪʦʨʦʚ ʩʚʝʪʘ ʥʘ ʦʩʥʦʚʝ ʞʠʜʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ ʦʪ ʢʦʤʧʘʥʠʠ Holoeye. ʄʘʢʩʠʤʘʣʴʥʦ 

ʜʦʩʪʠʛʥʫʪʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʳʭ 4094Ĭ2400 ʧʠʢʩʝʣʝʡ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʬʘʟʦʚʦʤ 

ʤʦʜʫʣʷʪʦʨʝ ʩʝʨʠʠ 4K SRK-JDN124W. ɺ [1.128] ʙʳʣ ʩʜʝʣʘʥ ʭʦʨʦʰʠʡ ʦʙʟʦʨ ʧʦ 

ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʤʦʜʫʣʷʪʦʨʘʤ, ʘ ʚ [1.129] ʩʜʝʣʘʥ ʦʙʟʦʨ 

ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʢʩʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜʫʣʷʪʦʨʦʚ ʩʚʝʪʘ 

ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʦʣʦʛʨʘʬʠʠ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʜʨʫʛʠʭ ʢʦʤʤʝʨʯʝʩʢʠ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʤʦʜʫʣʷʪʦʨʦʚ ʩʚʝʪʘ ʩʝʛʦʜʥʷ ʦʛʨʘʥʠʯʝʥʳ ʩʪʘʥʜʘʨʪʘʤʠ TV ʧʨʦʝʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʠ 

ʯʘʱʝ ʚʩʝʛʦ ʠʤʝʶʪ 1920Ĭ1080 ʧʠʢʩʝʣʝʡ, ʯʪʦ ʥʝ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʠ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʪʴ ʠʭ ʢʘʢ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʠʩʧʣʝʠ. 

https://www.sciencedirect.com/topics/computer-science/optical-technology
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1.3.1. ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʘʣʠʟʘʮʠʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 3D 

ʜʠʩʧʣʝʝʚ 

ʇʦʜʨʦʙʥʳʡ ʦʙʟʦʨ ʧʦʩʣʝʜʥʠʭ ʨʘʟʨʘʙʦʪʦʢ 3D-ʜʠʩʧʣʝʝʚ ʤʦʞʥʦ ʥʘʡʪʠ ʚ 

ʥʝʜʘʚʥʠʭ ʩʪʘʪʴʷʭ [1.7, 1.115, 1.130ï1.132]. ʀʭ ʦʙʲʝʜʠʥʷʝʪ ʫʩʠʣʝʥʥʳʡ ʧʦʠʩʢ ʠ 

ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʥʘʜʦ ʧʨʦʡʪʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ 

ʨʝʘʣʴʥʳʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʠʩʧʣʝʠ, ʨʘʟʤʝʨʥʦʩʪʴʶ ʜʦ 10
12

 ʧʠʢʩʝʣʝʡ ʚ ʢʘʜʨʝ. 

ʄʘʣʦ ʢʪʦ ʠʩʩʣʝʜʫʝʪ ʢʘʢ ʧʝʨʝʜʘʚʘʪʴ ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʝʩʪʴ 

ʪʦʣʴʢʦ ʦʙʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ï ʪ. ʢ. ʦʙʲʸʤʳ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʯʝʥʴ 

ʚʝʣʠʢʠ, ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʥʘʣ ʠʣʠ ʧʨʷʤʦʡ ʘʪʤʦʩʬʝʨʥʳʡ ʩʦ 

ʚʩʝʤʠ ʧʨʦʙʣʝʤʘʤʠ ʦʪʢʨʳʪʦʛʦ ʢʘʥʘʣʘ, ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ʏʘʩʪʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʧʨʦʩʪʦ ʫʧʦʤʠʥʘʥʠʝʤ, ʯʪʦ ʵʪʘ ʧʨʦʙʣʝʤʘ 

ʩʫʱʝʩʪʚʫʝʪ ʠ ʪʫʪ ʞʝ ʫʭʦʜʷʪ ʢ ʜʨʫʛʦʡ (ʨʦʜʩʪʚʝʥʥʦʡ, ʥʦ ʜʨʫʛʦʡ) ï ʢ ʦʙʨʘʙʦʪʢʝ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ, ʚ ʦʩʥʦʚʥʦʤ ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʳʯʠʩʣʝʥʠʷ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʨʝʥʝʣʷ (ʩ ʧʦʤʦʱʴʶ ʙʳʩʪʨʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (FFT) ʠʣʠ ʙʝʟ). 

ɸʥʘʣʠʟʫ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʟʜʘʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʮʠʬʨʦʚʦʛʦ ʜʠʩʧʣʝʷ ʧʦʩʚʷʱʸʥ ʨʷʜ ʦʙʟʦʨʦʚ, 

ʦʜʠʥ ʠʟ ʥʠʭ [1.133]. ɺ ʥʸʤ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʩʩʠʚʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠ 

ʫʧʨʘʚʣʷʝʤʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜʫʣʷʪʦʨʦʚ ʩʚʝʪʘ (ʇʄʉ), ʩʧʦʩʦʙʥʳʭ 

ʤʦʜʫʣʠʨʦʚʘʪʴ ʘʤʧʣʠʪʫʜʫ, ʬʘʟʫ ʠʣʠ ʧʦʣʷʨʠʟʘʮʠʶ ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʧʝʨʝʜʘʚʘʪʴ ʥʘ ʦʧʪʠʯʝʩʢʦʡ ʥʝʩʫʱʝʡ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʣʘʟʝʨʥʦʡ) ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɿʜʝʩʴ ʩʯʠʪʘʝʤ ʚʘʞʥʳʤ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʘʚʪʦʨʦʤ ʠ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʸʤʥʦʡ 

ʩʠʩʪʝʤʦʡ ʦʧʪʠʯʝʩʢʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʞʠʚʦʡ 

ʥʘʙʣʶʜʘʪʝʣʴ (ʦʧʝʨʘʪʦʨ), ʥʦ ʠ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ, ʠʣʠ ʜʘʣʴʥʝʡʰʝʡ 

ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ [1.51, 1.134]. 
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ʇʦʧʨʘʚʢʘ ʘʚʪʦʨʘ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʩ 

ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ ʥʝʩʫʱʝʡ, ʩʚʷʟʘʥʘ ʩ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʩʭʝʤʦʡ ʧʝʨʝʜʘʯʠ 

ʧʦʣʥʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦ ʯʸʤ ʛʦʚʦʨʠʪʩʷ ʚ ʦʙʟʦʨʥʦʡ ʯʘʩʪʠ 

ʧʘʨʘʛʨʘʬʘ 1.1.1 ʠ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʜʨʫʛʦʤ ʦʙʟʦʨʝ [1.76]. ɼʘʣʝʝ ʤʳ 

ʧʦʢʘʞʝʤ ʩʚʦʠ ʚʦʟʨʘʞʝʥʠʷ ʥʘ ʵʪʫ ʪʝʤʫ. 

ʅʘ ʨʠʩʫʥʢʝ 1.12 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ 

ʧʝʨʝʜʘʯʠ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʦʣʦʛʨʘʤʤʝ. 

 

ʈʠʩʫʥʦʢ 1.12 ï ʂʣʘʩʩʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ TV 

ɻʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠʣʠ ʩʠʥʪʝʟʘ ʛʦʣʦʛʨʘʤʤ ʩʦʟʜʘʸʪ 4D 

ʢʦʥʪʝʥʪ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʩʞʠʤʘʝʪʩʷ ʟʘ ʩʯʸʪ ʩʧʝʮʠʘʣʴʥʦʛʦ (ʵʥʪʨʦʧʠʡʥʦʛʦ) 

ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʸʪʩʷ ʥʘ ʧʨʠʸʤʥʳʡ ʢʦʥʝʮ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʛʜʝ ʜʝʢʦʜʠʨʫʝʪʩʷ ʠ 

ʩʥʦʚʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʦʪʦʢ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʪʨʝʙʫʝʤʦʡ 

ʯʘʩʪʦʪʦʡ ʩʤʝʥʳ TV ʢʘʜʨʦʚ, ʢʦʪʦʨʳʝ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ. 

ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʧʝʨʝʜʘʯʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʧʦʚʪʦʨʷʝʪʩʷ ʠʟ ʦʙʟʦʨʘ ʚ ʦʙʟʦʨ [1.130], ʢʦʧʠʨʫʷ 

ʣʦʛʠʢʫ ʨʘʜʠʦ ʠ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʧʝʨʝʜʘʯ. 

ɻʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʟʘʭʚʘʪʘ (ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤʳ) ʠʣʠ ʢʦʤʧʴʶʪʝʨʥʦ-

ʩʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʛʦʣʦʛʨʘʤʤʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʜʠʨʦʚʱʠʢ. ɿʘʪʝʤ 

ʢʦʜʠʨʦʚʱʠʢ ʫʞʝ ʩʦʟʜʘʥʥʦʡ ʛʦʣʦʛʨʘʤʤʳ ʧʨʦʠʟʚʦʜʠʪ ʝʸ ʵʥʪʨʦʧʠʡʥʦʝ ʩʞʘʪʠʝ, 

ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʍʘʬʬʤʘʥʘ, ʬʦʨʤʠʨʫʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʝʥʪ ʙʣʦʢʘʤʠ ʩ 

ʙʣʠʟʢʦʡ (ʚ ʠʜʝʘʣʝ ʦʜʠʥʘʢʦʚʦʡ) ʵʥʪʨʦʧʠʝʡ ʠ ʧʝʨʝʜʘʸʪ ʝʛʦ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ. ʅʘ 
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ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʝʥʪ ʜʝʢʦʜʠʨʫʝʪʩʷ ʠ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʛʦʣʦʛʨʘʤʤʫ, ʧʦʩʪʫʧʘʶʱʫʶ ʥʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ. ɿʘʪʝʤ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʦʠʟʚʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 3D 

ʠʟʦʙʨʘʞʝʥʠʷ. 

ʉʨʝʜʠ ʧʨʦʙʣʝʤ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʥʘ ʵʪʦʤ ʧʫʪʠ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʠʩʧʣʝʝʚ, ʧʝʨʚʦʝ, ʥʘ ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʵʪʦ 

ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʞʘʪʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʛʣʘʚʘʭ 2, 4, ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ ʧʝʨʝʜʘʯʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʚʦʙʦʜʥʳʡ ʦʪ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ. ɺ ʥʠʭ ʙʫʜʝʪ 

ʧʦʢʘʟʘʥʦ ʢʘʢ ʤʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʦʙʳʯʥʦʤʫ 

ʨʘʜʠʦʢʘʥʘʣʫ. 

1.3.2. ʍʦʛʝʣʴ-ʢʦʜʠʨʦʚʘʥʠʝ ʠ ʜʠʩʧʣʝʠ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ 

ʍʦʪʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʢʘʞʜʦʤ ʦʙʟʦʨʝ ʛʦʚʦʨʠʪʩʷ ʦ ʥʘʜʝʞʜʘʭ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ 

ʧʦʣʫʯʠʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʜʠʨʦʚʱʠʢʠ ʩ ʫʩʪʨʘʥʝʥʠʝʤ ʠʟʙʳʪʦʯʥʦʩʪʠ ʠ ʩʞʘʪʠʷ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦ ʧʘʨʘʤʝʪʨʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷʤ 

ʧʝʨʝʜʘʯʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʦʙʳʯʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ, ʥʦ ʫʞʝ ʙʦʣʝʝ 20 

ʣʝʪ ʪʘʢʦʛʦ ʢʦʜʠʨʦʚʱʠʢʘ ʥʘʡʜʝʥʦ ʥʝ ʙʳʣʦ. ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʥʘ 

ʵʪʦʤ ʧʫʪʠ ʪʨʫʜʥʦʩʪʝʡ ʩʚʷʟʘʥʘ ʩ ʙʦʣʴʰʠʤ ʦʙʲʸʤʦʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʜʨʫʛʘʷ ʩ ʩʠʣʴʥʦ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʩʪʨʫʢʪʫʨʳ ʛʦʣʦʛʨʘʤʤ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʠʝ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʩʦʩʪʦʷʥʠʷ ʪʦʯʝʢ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʦ ʢʦʪʦʨʳʭ ʛʦʚʦʨʠʪʩʷ ʚ ʨʷʜʝ ʥʘʰʠʭ ʨʘʙʦʪ ʧʦ ʬʦʨʤʬʘʢʪʦʨʫ [1.135ï1.140] 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʵʥʪʨʦʧʠʶ ʩʠʛʥʘʣʘ. ʅʘʧʨʠʤʝʨ, ʛʦʣʦʛʨʘʤʤʘ ʛʘʫʩʩʦʚʳʭ ʧʫʯʢʦʚ 

ʥʠʢʦʛʜʘ ʥʝ ʜʘʩʪ ʷʨʢʠʭ ʪʦʯʝʢ ʥʘ ʢʨʘʷʭ ʛʘʫʩʩʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʪʘʪʠʩʪʠʢʘ ʩʣʦʞʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʚ ʩʠʣʫ ʎʇʊ [1.72] ʪʦʞʝ ʠʤʝʝʪ ʛʘʫʩʩʦʚ ʚʠʜ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʛʦʣʦʛʨʘʤʤʳ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ ʩʣʦʞʥʦʝ, ʦʙʨʘʟʦʚʘʥʥʦʝ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ ʠʟʦʙʨʘʞʝʥʠʝ, ʠʤʝʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʷʨʢʦʩʪʠ ʠ ʧʦ ʬʘʟʝ ʙʣʠʟʢʦʝ ʢ ʛʘʫʩʩʦʚʫ ʚʠʜʫ. ʇʦʵʪʦʤʫ ʵʥʪʨʦʧʠʷ 

ʛʦʣʦʛʨʘʤʤ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʛʨʘʥʠʯʝʥʘ ʵʬʬʝʢʪʘʤʠ, 

ʦʧʠʩʘʥʥʳʤʠ ʚ ʛʣʘʚʝ 3. 

ʕʪʠ ʠ ʨʷʜ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤ ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʞʘʪʠʷ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʟʘʤʝʯʘʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʧʦ ʢʦʜʠʨʦʚʘʥʠʶ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

[1.141] ʄʘʨʢ ʃʶʩʝʥʪʝ ʚʚʦʜʠʪ ʩʧʝʮʠʘʣʴʥʳʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʢʪ Hogel-vector, 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʠʢʩʝʣʴ ʩ ʠʥʜʠʢʘʪʨʠʩʦʡ ʠʟʣʫʯʝʥʠʷ, ʟʘʜʘʥʥʦʡ 

ʜʠʩʢʨʝʪʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʝʢʪʦʨʦʚ ʨʘʟʥʦʡ ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ 

ʪʘʢʦʛʦ ʦʙʲʝʢʪʘ ʘʚʪʦʨʫ, ʧʦ ʝʛʦ ʫʪʚʝʨʞʜʝʥʠʶ, ʫʜʘʸʪʩʷ ʩʞʘʪʴ ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʚ 16 ʨʘʟ. ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ, ʢʘʢ ʧʠʰʝʪ ʘʚʪʦʨ, ʜʣʷ ʪʠʧʠʯʥʳʭ 

ʪʨʸʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʦʢʨʘʱʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʩ 70 ʜʦ 4,0 ʩʝʢʫʥʜ ʥʘ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ ʨʝʰʸʪʢʫ ʨʘʟʤʝʨʦʤ 36 ʄɹ ʠ ʤʝʥʝʝ 1,0 ʩʝʢʫʥʜʳ ʜʣʷ 

ʧʦʣʥʦʮʚʝʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʤʝʨʦʤ 6 ʄɹ. ʕʪʦ ʦʜʠʥ ʠʟ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ 

ʵʥʪʨʦʧʠʡʥʦʤʫ ʩʞʘʪʠʶ ʛʦʣʦʛʨʘʤʤ, ʦʜʥʘʢʦ ʩʨʘʚʥʝʥʠʝ ʩ ʦʙʲʸʤʘʤʠ ʠʥʬʦʨʤʘʮʠʠ 

ʪʠʧʠʯʥʳʭ ʛʦʣʦʛʨʘʤʤ (ʧʘʨʘʛʨʘʬ 1.1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʨʝʙʫʝʤʦʝ ʩʞʘʪʠʝ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦʣʥʦʮʝʥʥʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʦʙʳʯʥʳʤ ʨʘʜʠʦʢʘʥʘʣʘʤ ʩ ʯʘʩʪʦʪʦʡ TV ʢʘʜʨʦʚʦʡ ʨʘʟʚʸʨʪʢʠ, ʜʦʣʞʥʦ ʙʳʪʴ ʜʘʞʝ ʥʝ 

ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ, ʘ, ʢʘʢ ʤʠʥʠʤʫʤ, ʥʘ 5ï6 ʧʦʨʷʜʢʦʚ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʪʘʢ 

ʦʙʥʘʜʸʞʠʚʰʠʡ ʚ ʥʘʯʘʣʝ, ʚʧʝʨʚʳʝ ʧʨʦʟʚʫʯʘʚʰʠʡ ʚ ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ 

ʄ. ʃʶʩʝʥʪʝ 1994 ʛʦʜʘ ʚ ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ [1.142], 

ʤʝʪʦʜ ʭʦʛʝʣʝʡ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʯʝʤ ʯʝʪʚʝʨʪʠ ʚʝʢʘ ʪʘʢ ʠ ʥʝ ʜʦʩʪʠʛ ʩʦʚʝʨʰʝʥʩʪʚʘ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʦʣʦʛʨʘʬʠʠ. ʆʜʥʘʢʦ, ʦʥ ʙʣʠʟʦʢ ʢ 

ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʩʦʟʜʘʥʠʷ ʜʠʩʧʣʝʝʚ ʧʣʝʥʦʧʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʣʠ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ, 

ʨʦʜʠʚʰʠʭʩʷ ʚ ʨʘʟʚʠʪʠʠ ʩʪʝʨʝʦʜʠʩʧʣʝʝʚ. ɺ [1.131] ʧʨʠʚʦʜʠʪʩʷ ʠʩʪʦʨʠʷ ʠʭ 

ʨʘʟʚʠʪʠʷ, ʛʜʝ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʦʪ ʠʜʝʠ ʩʪʝʨʝʦʢʠʥʦ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʩʧʝʮʠʘʣʴʥʳʭ 

ʦʯʢʦʚ ʙʳʣ ʩʦʚʝʨʰʸʥ ʧʝʨʝʭʦʜ ʢ ʤʥʦʛʦʚʠʜʦʚʳʤ ʵʢʨʘʥʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʤʘʪʨʠʮʫ 

ʤʠʢʨʦʣʠʥʟ (VZFO), ʢʦʪʦʨʳʝ ʧʨʦʝʮʠʨʫʶʪ ʚ ʟʦʥʫ ʥʘʙʣʶʜʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʥʷʪʳʝ 

ʤʥʦʛʠʤʠ ʢʘʤʝʨʘʤʠ ʪʘʢ, ʯʪʦ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʟʦʥʳ ʥʘʙʣʶʜʝʥʠʷ ʚʠʜʥʳ ʪʦʣʴʢʦ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʩʥʷʪʳʝ ʦʜʥʦʡ ʠʟ ʢʘʤʝʨ. 
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ʈʠʩʫʥʦʢ 1.13 ï ʇʘʥʝʣʴ ʜʠʩʧʣʝʷ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʤʠʢʨʦʜʠʩʧʣʝʝʚ (Pixel Cell), 

ʩʦʜʝʨʞʘʱʠʭ ʢʫʩʦʯʥʦ-ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʯʘʩʪʠ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʪʘʢ, ʯʪʦ ʚ ʟʦʥʝ ʥʘʙʣʶʜʝʥʠʷ (Image 

Sell) ʩʦʜʝʨʞʘʪʩʷ ʚʩʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʥʷʪʳʝ ʤʥʦʛʠʤʠ ʢʘʤʝʨʘʤʠ ʪʘʢ, ʯʪʦ ʧʨʠ ʩʤʝʱʝʥʠʠ 

ʥʘʙʣʶʜʘʪʝʣʷ (ʦʧʝʨʘʪʦʨʘ) ʝʤʫ ʧʦʧʘʜʘʶʪ ʚ ʟʦʥʫ ʚʠʜʠʤʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ, ʩʥʷʪʳʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʟʥʳʤʠ ʢʘʤʝʨʘʤʠ 

ʂʘʢ ʩʦʦʙʱʘʝʪʩʷ ʚ [1.143], çʅʘʯʠʥʘʷ ʩ 2005 ʛ., ʧʨʠ ʯʘʩʪʠʯʥʦʤ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʟʘ ʩʯʸʪ ʱʝʜʨʦʡ ʧʦʜʜʝʨʞʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʧʨʦʝʢʪʦʚ ʚ ʦʙʣʘʩʪʠ ʦʙʦʨʦʥʳ ɸʛʝʥʪʩʪʚʘ (DARPA) [1.144], ʬʠʨʤʘ Zebra Imaging 

ʨʘʟʨʘʙʦʪʘʣʘ ʛʠʙʢʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ çʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭè ʜʠʩʧʣʝʝʚ ʩʦ ʚʩʝʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʛʦʣʦʛʨʘʬʠʠ, ʚ ʪ. ʯ.: 

Å ɽʩʪʝʩʪʚʝʥʥʳʡ 3D (ʙʝʟ ʦʯʢʦʚ), ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʩʤʦʪʨ; 

Å ʇʦʣʥʦʮʚʝʪʥʳʝ, ʷʨʢʠʝ, ʪʨʸʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ; 

Å ʌʦʪʦʛʨʘʬʠʷ ʢʨʫʧʥʳʤ ʧʣʘʥʦʤ ʠ ʧʦʣʥʦʮʚʝʪʥʳʡ, ʪʨʸʭʤʝʨʥʳʡ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʤ ʠʟʦʙʨʘʞʝʥʠʷ (ʙʳʣ ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ 3D ʦʪʦʙʨʘʞʝʥʠʷ ï 

ʥʝʙʦʣʴʰʘʷ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʫʯʘʩʪʢʘ ʤʦʣʝʢʫʣʳ ɼʅʂ); 

Å ʇʦʣʥʦʩʪʴʶ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʢʦʥʪʝʥʪ, ʘ ʪʘʢʞʝ ʚʠʜʝʦ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ; 
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Å ʊʦʯʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʟʨʠʪʝʣʝʡ; 

Å ʂʘʯʝʩʪʚʦ ʪʝʢʩʪʘ: ʨʘʟʨʝʰʝʥʠʝ ʙʦʣʴʰʝ 10 ʤʠʣʣʠʦʥʦʚ ʪʦʯʝʢ, ʜʣʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʜʠʘʛʦʥʘʣʴʶ 60 ʩʤ. 

ɺ ʢʘʚʳʯʢʠ ʩʣʦʚʦ çʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡè ʧʦʩʪʘʚʣʝʥʦ ʥʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʤʳ 

ʧʨʠʜʝʨʞʠʚʘʝʤʩʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʦʣʦʛʨʘʬʠʠ, ʢʘʢ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʦ ʨʘʩʩʝʷʥʥʦʤ ʦʙʲʝʢʪʦʤ 

ʩʚʝʪʦʚʦʤ ʧʦʣʝ [1.8ï1.11]. ʎʝʣʴʶ 5-ʣʝʪʥʝʡ ʧʨʦʛʨʘʤʤʳ DARPA ʙʳʣʦ çʨʘʟʨʘʙʦʪʘʪʴ 

ʙʦʣʴʰʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ, ʯʪʦʙʳ ʦʙʣʝʛʯʠʪʴ ʙʳʩʪʨʫʶ ʠ ʯʸʪʢʫʶ ʧʝʨʝʜʘʯʫ 

ʨʘʟʚʝʜʜʘʥʥʳʭ ʜʣʷ ʢʦʤʘʥʜʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʠʩʩʠʡ ʠ ʨʝʧʝʪʠʮʠʡ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʦʙʫʯʝʥʠʝè. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʥʝʝ ʚ ʅʀʂʌʀ [1.80, 1.107ï1.109]. 

ʆʜʥʘʢʦ ʂʦʤʧʘʥʠʷ Zebra Imaging, Inc., ʚʟʷʚʰʘʷʩʷ ʘʢʪʠʚʥʦ ʧʨʦʜʚʠʛʘʪʴ ʪʘʢʦʡ 

ʜʠʩʧʣʝʡ, ʩʝʡʯʘʩ ʟʘʢʨʳʣʘ ʜʦʩʪʫʧ ʢ ʨʘʥʝʝ ʦʪʢʨʳʪʳʤ ʩʚʦʠʤ ʩʘʡʪʘʤ [1.143ï1.146]. 

ʇʨʠʚʝʜʸʥʥʳʝ ʚ [1.7] ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʩʦʟʜʘʥʥʳʡ ʚ Zebra Imaging 

ʜʠʩʧʣʝʡ ʠʤʝʣ ʨʘʟʤʝʨ 30Ĭ45 ʩʤ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʧʠʢʩʝʣʝʡ ʦʢʦʣʦ 3Ā10
6
. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʦʜʠʥ ʠʟ ʣʫʯʰʠʭ ʩʦʟʜʘʥʥʳʭ ʜʠʩʧʣʝʝʚ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʤʦʛ ʠʤʝʪʴ ʪʦʣʴʢʦ 

3000Ĭ3000 ʪʦʯʝʢ, ʯʪʦ ʚʧʦʣʥʝ ʧʨʠʛʦʜʥʦ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʣʦʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʥʦ ʩʦʚʩʝʤ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦ ʛʣʫʙʠʥʝ ʦʙʲʸʤʥʦʛʦ. ʊʘʢ, ʝʩʣʠ 

ʢʘʞʜʘʷ ʛʨʫʧʧʘ ʧʝʨʝʜʘʶʱʠʭ ʠʟʦʙʨʘʞʝʥʠʝ ʧʠʢʩʝʣʝʡ (A Pixel Cell), ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ çʛʦʣʦʧʠʢʩʝʣʠè, ʥʘ ʨʠʩʫʥʢʝ 1.13 ʩʦʜʝʨʞʘʣʠ ʫʯʘʩʪʢʠ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʩ 9 

ʧʨʦʝʢʮʠʷʤʠ, ʩʥʷʪʳʭ ʨʘʟʥʳʤʠ ʢʘʤʝʨʘʤʠ, ʪʦ ʬʦʨʤʘʪ ʢʘʞʜʦʡ ʧʣʦʩʢʦʡ ʧʨʦʝʢʮʠʠ 3D 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʜʝʨʞʘʣ ʪʦʣʴʢʦ 1000Ĭ1000 ʧʠʢʩʝʣʝʡ ʠ ʫʞʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 

ʩʦʚʨʝʤʝʥʥʳʤ TV ʩʪʘʥʜʘʨʪʘʤ. ʅʘʧʨʠʤʝʨ, Full HD ʩʦʜʝʨʞʠʪ 1920Ĭ1080 ʧʠʢʩʝʣʝʡ, 

ʯʪʦ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʧʨʦʝʢʮʠʡ (ʜʦ 10) ʛʣʫʙʠʥʘ 3D ʦʙʲʝʢʪʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʜʠʩʢʨʝʪʥʦ, ʩʢʘʯʢʘʤʠ, ʯʪʦ ʥʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʸ ʘʜʝʢʚʘʪʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ. ʀʜʝʘʣʴʥʦ, ʝʩʣʠ ʛʣʫʙʠʥʘ ʠʤʝʝʪ ʪʫ ʞʝ 

ʜʠʩʢʨʝʪʠʟʘʮʠʶ, ʯʪʦ ʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʥʘ ʧʣʦʩʢʦʩʪʠ. ʕʪʦ ʦʟʥʘʯʘʪ, ʯʪʦ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʨʢʘʤ ʠʟʦʙʨʘʞʝʥʠʝ ʚʦʦʙʱʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʜʦʩʪʠʛʥʫʪʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʠʩʧʣʝʝʚ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ, 
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ʧʦʩʢʦʣʴʢʫ (3Ā10
6
)1/3=144 ʧʠʢʩʝʣʷ ʧʦ ʢʘʞʜʦʡ ʦʩʠ ʩʝʛʦʜʥʷ ʥʠʢʘʢ ʥʝ ʤʦʞʝʪ 

ʩʯʠʪʘʪʴʩʷ ʠʟʦʙʨʘʞʝʥʠʝʤ ʚ ʭʦʨʦʰʝʤ ʢʘʯʝʩʪʚʝ. 

ʇʦʧʳʪʢʠ ʜʦʚʝʩʪʠ ʪʝʭʥʦʣʦʛʠʶ ʜʦ ʢʦʤʤʝʨʯʝʩʢʠ ʧʨʠʝʤʣʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʙʳʣʠ, ʥʦ ʧʨʦʙʣʝʤʘ ʜʦʩʪʠʞʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʘʨʘʣʣʘʢʩʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʜʠʩʧʣʝʝʚ 

ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʚʩʸ ʚʨʝʤʷ ʫʩʢʦʣʴʟʘʣʘ. 

ɹʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠʜʝʷ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʫʩʣʦʚʠʷ ʧʨʦʩʤʦʪʨʘ, ʜʦʩʪʠʛʘʶʱʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʘʨʘʣʣʘʢʩʘ. ʅʝʧʨʝʨʳʚʥʳʡ 

ʧʘʨʘʣʣʘʢʩ ʠʥʜʫʮʠʨʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʢʦʥʝʯʥʳʤ (ʤʫʣʴʪʠʨʘʢʫʨʩʥʳʤ) 

ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʟʦʨʘ, ʠ ʦʥ ʪʘʢʞʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 

ʤʦʥʦʢʫʣʷʨʥʦʝ ʦʱʫʱʝʥʠʝ ʛʣʫʙʠʥʳ [1.147]. ʂʦʥʮʝʧʮʠʷ ʩʫʧʝʨ-ʤʫʣʴʪʠʨʘʢʫʨʩʘ ʙʳʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʝʨʝʜʠʥʝ 1990-ʭ ʛʦʜʦʚ ʩ ʜʠʩʧʣʝʝʤ, ʥʘʟʚʘʥʥʳʤ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ 

ʩʚʝʪʦʚʳʤ ʤʘʩʩʠʚʦʤ (FLA ï Focus Light Array) [1.148]. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʦʧʪʠʯʝʩʢʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ ʢʦʤʧʦʟʠʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ FLA, ʚ ʧʨʠʥʮʠʧʝ, ʪʘʢʠʝ ʞʝ, ʢʘʢ ʠ ʫ 

ʜʠʩʧʣʝʷ Zebra Imaging. FLA ʧʨʝʜʩʪʘʚʠʣ 45 ʨʘʟʣʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʟʦʨʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʦ, ʢʘʢ ʩʦʦʙʱʘʝʪʩʷ ʚ [1.149], ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʛʦ, ʯʪʦ FLA ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʧʘʨʘʣʣʘʢʩ ʚ ʧʨʝʜʝʣʘʭ 

ʩʚʦʝʡ ʦʙʣʘʩʪʠ ʦʙʟʦʨʘ. ɺʩʣʝʜ ʟʘ FLA ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʜʠʩʧʣʝʡ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

Holovizio [1.150]. ʕʪʦʪ ʜʠʩʧʣʝʡ ʩʦʜʝʨʞʘʣ ʤʘʩʩʠʚ ʤʠʢʨʦʜʠʩʧʣʝʝʚ, ʢʘʢ ʤʘʩʩʠʚ 

ʛʦʣʦʧʠʢʩʝʣʝʡ ʫ Zebra Imaging. ɸʚʪʦʨʘʤʠ ʫʪʚʝʨʞʜʘʣʦʩʴ, ʯʪʦ ʜʠʩʧʣʝʡ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʧʘʨʘʣʣʘʢʩ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʵʪʦʛʦ ʜʠʩʧʣʝʷ 

ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʫ IP (Integral Photography). ʂʦʤʧʦʟʠʮʠʠ ʚʦʩʧʨʠʥʠʤʘʝʤʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ Holovizio ʦʯʝʥʴ ʧʦʭʦʞʠ ʥʘ ʪʘʢʦʚʳʝ ʠʟ FLA. ɿʘ ʵʪʠʤ ʜʠʩʧʣʝʝʤ 

ʧʦʩʣʝʜʦʚʘʣ ʜʠʩʧʣʝʡ, ʥʘʟʳʚʘʝʤʳʡ ʜʠʩʧʣʝʝʤ ʥʝʩʢʦʣʴʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ (MID) (Multi 

Image Display), ʢʦʪʦʨʳʡ ʦʪʦʙʨʘʞʘʝʪ ʦʙʲʸʤʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ 256 

ʩʣʦʸʚ [1.151]. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ ʩʦʩʪʘʚ ʠʟʦʙʨʘʞʝʥʠʷ 

MID ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʘʢʠʭ ʞʝ ʫ FLA. 

ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ [1.131], çʄʝʪʦʜʳ ʪʨʸʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩ ʢʦʥʮʘ 1980-ʭ ʛʦʜʦʚ, ʙʳʣʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʜʦʤʘʰʥʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʩ ʩʝʨʝʜʠʥʳ 1990-ʭ ʛʦʜʦʚ ʦʥʠ ʚ ʦʩʥʦʚʥʦʤ 

ʨʝʘʣʠʟʦʚʳʚʘʣʠʩʴ ʥʘ ʧʣʦʩʢʠʭ ʜʠʩʧʣʝʷʭ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʩʧʣʝʷ ʩ 
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ʧʣʦʩʢʦʡ ʧʘʥʝʣʴʶ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʪʨʸʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʞʝʪ ʦʪʦʙʨʘʞʘʪʴʩʷ 

ʚʤʝʩʪʝ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝʤ ʵʪʘʣʦʥʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʪʨʸʭʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 2D / 3D-ʩʦʚʤʝʩʪʠʤʳʝ 

ʜʠʩʧʣʝʠ ʥʘ ʦʩʥʦʚʝ ʧʣʦʩʢʠʭ ʜʠʩʧʣʝʝʚ ʠ ʵʣʝʢʪʨʦʛʦʣʦʛʨʘʬʠʷ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʩʭʝʤ 

ʮʠʬʨʦʚʦʛʦ ʜʠʩʧʣʝʷ, ʪʘʢʠʭ ʢʘʢ SLM, DMD ʠ LCD, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʨʸʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʅʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʧʦʯʪʠ ʜʦʩʪʠʛʣʠ ʪʝʭʥʠʯʝʩʢʦʡ ʟʨʝʣʦʩʪʠ, ʥʦ ʦʥʠ ʚʩʝ ʝʱʸ 

ʤʝʜʣʝʥʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʥʘ ʨʳʥʢʝ. ʉʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʝ ʪʝʣʝʚʠʜʝʥʠʝ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʠ ʟʘʪʚʦʨʥʳʭ ʦʯʢʦʚ ʠ ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʣʣʘʢʩ-

ʙʘʨʴʝʨʘ (ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʤʠʢʨʦʣʠʥʟ ʠʣʠ ʧʨʠʟʤ, ʜʝʣʷʱʠʝ ʯʝʨʝʩʩʪʨʦʯʥʦ ʵʢʨʘʥ 

ʤʦʥʠʪʦʨʘ, ʯʪʦʙʳ ʢʘʞʜʘʷ ʩʪʨʦʢʘ ʙʳʣʘ ʚʠʜʥʘ ʩʦ ʩʚʦʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ) ʫʞʝ ʝʩʪʴ ʥʘ 

ʨʳʥʢʝ, ʠ ʪʝʣʝʚʝʱʘʥʠʝ ʫʞʝ ʥʘʯʠʥʘʣʦʩʴ. ʅʦ ʩʥʠʞʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ ʪʘʢʦʤʫ 3D 

ʪʝʣʝʚʝʱʘʥʠʶ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʦʥʦ ʩʪʘʥʦʚʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ 

ʦʪʦʙʨʘʞʝʥʠʷ ʧʣʦʩʢʦʛʦ ʜʠʩʧʣʝʷ ʜʣʷ ʧʣʦʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʤʥʦʛʦʧʨʦʝʢʮʠʦʥʥʳʝ 

3D ʜʠʩʧʣʝʠ ʜʘʞʝ ʥʝ ʠʤʝʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʫʩʢʘʪʴʩʷ ʥʘ ʣʠʥʠʷʭ ʤʘʩʩʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʣʷ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʯʠʥ, ʥʦ ʦʩʥʦʚʥʳʤʠ 

ʧʨʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝʝʩʪʝʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʩʤʦʪʨʘ, ʪʘʢʠʝ ʢʘʢ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʧʨʦʩʤʦʪʨʘ, ʥʝʫʜʦʙʩʪʚʦ ʥʦʰʝʥʠʷ ʦʯʢʦʚ, ʥʝʝʩʪʝʩʪʚʝʥʥʦʝ 

ʦʱʫʱʝʥʠʝ ʛʣʫʙʠʥʳ ʠ ʠʩʢʘʞʸʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʧʦʣʦʞʝʥʠʷ ʟʨʠʪʝʣʷ, ʘ ʜʣʷ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʛʦ TV ʝʱʸ ʠ ʭʫʜʰʝʝ ʢʘʯʝʩʪʚʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʜʣʷ ʤʥʦʛʦʵʢʨʘʥʥʳʭ 

ʜʠʩʧʣʝʝʚ. ʌʘʢʪʠʯʝʩʢʠ, ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʡʩʷ ʨʘʟʤʝʨ ʧʘʥʝʣʠ, ʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʙʦʣʝʝ ʷʨʢʦʝ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʨʢʦʩʪʠ ʚ 

ʧʣʦʩʢʠʭ ʜʠʩʧʣʝʷʭ ʧʦʩʪʦʷʥʥʦ ʫʣʫʯʰʘʶʪ ʢʘʯʝʩʪʚʦ ʧʣʦʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 

ʫʩʠʣʠʚʘʶʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʯʫʚʩʪʚʦ ʛʣʫʙʠʥʳ ʚ ʠʟʦʙʨʘʞʝʥʠʷʭ. 

ʂʘʯʝʩʪʚʦ ʪʨʸʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʪʘʢʞʝ ʫʣʫʯʰʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʣʦʩʢʠʭ 

ʜʠʩʧʣʝʝʚ, ʥʦ ʩʢʦʨʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʥʘʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ ʫ ʧʣʦʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʕʪʘ 

ʨʘʟʥʠʮʘ ʚ ʩʢʦʨʦʩʪʠ ʜʝʣʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʪʨʸʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʥʘʤʥʦʛʦ ʭʫʞʝ, ʯʝʤ ʫ ʧʣʦʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʅʦ ʵʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʘʷ ʧʨʠʯʠʥʘ, ʧʦ 

ʢʦʪʦʨʦʡ ʪʨʸʭʤʝʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʚʩʝ ʝʱʸ ʧʳʪʘʝʪʩʷ ʥʘʡʪʠ ʩʧʦʩʦʙ ʦʙʦʩʦʙʠʪʴʩʷ ʥʘ 
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ʨʳʥʢʝ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʪʨʸʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʚ ʨʘʤʢʘʭ ʟʨʝʣʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɹʦʣʝʝ ʧʨʘʚʜʦʧʦʜʦʙʥʘʷ ʧʨʠʯʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʪʨʸʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʚʦʸ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʜʦʩʪʦʠʥʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʝʤ: ʦʱʫʱʝʥʠʝ ʛʣʫʙʠʥʳ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʨʸʭʤʝʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʦʣʴʢʦ ʚʠʨʪʫʘʣʴʥʦʝ 

ʦʱʫʱʝʥʠʝ ʛʣʫʙʠʥʳ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʜʠʩʢʦʤʬʦʨʪ ʠ ʫʪʦʤʣʝʥʠʝ ʛʣʘʟ, 

ʚʳʟʚʘʥʥʦʝ ʢʦʥʬʣʠʢʪʦʤ ʚʝʨʛʝʥʮʠʠ ʠ ʘʢʢʦʤʦʜʘʮʠʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ. ʊʨʸʭʤʝʨʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʱʫʱʝʥʠʝ ʛʣʫʙʠʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʩʤʦʪʨʘè. 

ʉʦʛʣʘʰʘʷʩʴ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʘʚʪʦʨʦʤ ʵʪʠʭ ʩʪʨʦʢ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʠʩʧʣʝʠ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ, ʢʘʢ ʷʩʥʦ ʠʟ ʨʠʩʫʥʢʘ 1.13, ʪʘʢʞʝ ʤʦʛʫʪ ʠʤʝʪʴ ʢʦʥʬʣʠʢʪ 

ʤʝʜʫ ʚʝʨʛʝʥʮʠʝʡ ʠ ʘʢʢʦʤʦʜʘʮʠʝʡ. ɺ ʜʠʩʧʣʝʝ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʥʘʙʣʶʜʘʪʝʣʴ, 

ʦʱʫʱʘʷ ʚ ʨʘʟʥʳʭ ʢʘʜʨʘʭ ʨʘʟʥʫʶ ʛʣʫʙʠʥʫ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘ ʩʯʸʪ ʚʝʨʛʝʥʮʠʠ ʙʫʜʝʪ 

ʨʝʟʢʦ ʚʠʜʝʪʴ ʚʩʝ ʩʣʦʠ ʛʣʫʙʠʥʳ ʩ ʦʜʥʦʡ ʘʢʢʦʤʦʜʘʮʠʝʡ, ʥʘʚʦʜʷʩʴ ʥʘ ʵʢʨʘʥ 

ʜʠʩʧʣʝʡʥʦʡ ʧʘʥʝʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʜʝʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 3D TV, ʙʳʣʠ ʠ 

ʦʩʪʘʶʪʩʷ ʪʦʣʴʢʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʇʦʧʳʪʢʠ ʠʭ ʩʦʟʜʘʪʴ ʦʧʠʨʘʶʪʩʷ ʥʘ 

SLM, DMD ʠ LCD ʫʩʪʨʦʡʩʪʚʘ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʧʦʷʚʠʣʠʩʴ ʝʱʸ LED ʠ 

OLED ʫʩʪʨʦʡʩʪʚʘ. 

ʈʘʙʦʪʘ SLM ʤʦʜʫʣʷʪʦʨʦʚ (Space Lite Modulation) ʠ DMD (Digital 

Micromirror Device) ʦʩʥʦʚʘʥʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʟʝʨʢʘʣ. ʆʥʠ, ʚ ʧʨʠʥʮʠʧʝ, 

ʧʨʠʛʦʜʥʳ ʜʣʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʮʝʣʝʡ, ʥʦ ʜʦʩʪʠʛʥʫʪʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʟʝʨʢʘʣ ʠ 

ʠʭ ʙʠʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ (on-off) ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʠ ʩʠʥʪʝʟʝ ʛʦʣʦʛʨʘʤʤ [1.152, 1.153]. 

ɾʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʠʩʧʣʝʠ, ʨʘʙʦʪʘʶʱʠʝ ʯʘʱʝ ʚʩʝʛʦ ʩ ʥʝʤʘʪʠʯʝʩʢʠʤʠ 

ʞʠʜʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ (Liquid Crystal Display, LCD), ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʦʧʫ 

ʧʣʦʩʢʠʭ ʤʘʪʨʠʮ ʦʙʱʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʩʣʦʷ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ (ɾʂ) ʤʘʪʨʠʮʳ 

ʫʧʨʘʚʣʷʶʱʠʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʩ ʧʨʦʟʨʘʯʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʩʫʙʧʠʢʩʝʣʝʡ, ʮʚʝʪʥʳʭ ʠ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʬʠʣʴʪʨʦʚ, ʟʘʢʨʳʪʳʭ ʟʘʱʠʪʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʪʘʢ, ʯʪʦʙʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʬʦʨʤʠʨʦʚʘʣʠ ʥʘ ɾʂ ʧʦʪʝʥʮʠʘʣ, 
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ʧʨʠʚʦʜʷʱʠʡ ʢ ʧʦʚʦʨʦʪʫ ʧʦʣʷʨʠʟʘʮʠʠ ʪʘʢ, ʯʪʦʙʳ ʥʘ ʚʳʭʦʜʝ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ 

ʫʧʨʘʚʣʷʝʤʦ ʠʟʤʝʥʷʣʘʩʴ ʪʦʣʱʠʥʘ ʠʣʠ ʧʦʣʷʨʠʟʘʮʠʷ [1.133, 1.154] ʯʪʦ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʬʠʣʴʪʨʘ ʠʟʤʝʥʷʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʰʝʜʰʝʛʦ 

ʩʚʝʪʘ [1.155, 1.156]. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ ʧʨʠʥʮʠʧʝ ʧʨʠʛʦʜʥʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʦʣʦʛʨʘʤʤ, ʥʦ ʜʦʩʪʠʛʥʫʪʳʝ ʨʘʟʤʝʨʳ ʪʘʢʠʭ ʜʠʩʧʣʝʝʚ, ʚ ʥʝʩʢʦʣʴʢʦ 

ʩʘʥʪʠʤʝʪʨʦʚ ʧʦ ʜʠʘʛʦʥʘʣʠ ʧʨʠ ʧʦʜʭʦʜʷʱʠʭ ʨʘʟʤʝʨʘʭ ʧʠʢʩʝʣʷ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʥ 

ʜʘʣʝʢʠ ʦʪ ʞʝʣʘʝʤʳʭ. 

ɺ [1.157] ʘʥʦʥʩʠʨʫʝʪʩʷ ʮʚʝʪʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩ 

ʨʘʩʰʠʨʝʥʥʳʤ ʫʛʣʦʤ ʦʙʟʦʨʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʠʩʧʣʝʠ 

(ɾʂɼ) ʩʚʝʨʭʚʳʩʦʢʦʡ ʯʸʪʢʦʩʪʠ ʩ ʧʦʜʘʚʣʝʥʠʝʤ ʰʫʤʦʚ ʨʘʩʩʝʷʥʠʷ, ʭʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʙʝʨʨʘʮʠʡ, ʠ ʘʩʪʠʛʤʘʪʠʟʤʘ, ʧʦʣʫʯʝʥʥʳʝ ʠʤʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘ ʦʯʝʥʴ 

ʩʢʨʦʤʥʳ. ɸʚʪʦʨʳ ʠʩʩʣʝʜʫʶʪ ʤʝʪʦʜʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʣʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʥʥʦʡ ʛʦʣʦʛʨʘʬʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɾʂ-

ʜʠʩʧʣʝʝʚ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 33 ʤʝʛʘʧʠʢʩʝʣʷ. ʇʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʣʥʦʮʚʝʪʥʳʝ 3D-ʠʟʦʙʨʘʞʝʥʠʷ ʩ 

ʨʘʟʤʝʨʦʤ ʜʠʘʛʦʥʘʣʠ 4 ʩʤ, ʫʛʣʦʤ ʟʦʥʳ ʦʙʟʦʨʘ 15 ʛʨʘʜʫʩʦʚ ʠ ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚ 

20 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ, ʪ. ʝ. ʥʘ ʧʦʨʷʜʢʠ ʤʝʥʴʰʝ ʫʢʘʟʘʥʥʳʭ ʚ [1.158] ʢʘʢ ʪʨʝʙʫʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ. 

ʄʥʦʞʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʜʠʩʧʣʝʝʚ, ʚʢʣʶʯʘʷ ʜʠʩʧʣʝʠ, 

ʠʟʤʝʥʷʶʱʠʝ ʘʤʧʣʠʪʫʜʫ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʠʣʠ ʝʛʦ ʬʘʟʫ, ʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ 

ʘʤʧʣʠʪʫʜʫ, ʠ ʬʘʟʫ, ʪʘʢʞʝ ʜʦʩʪʠʛʘʶʪ ʩʝʛʦʜʥʷ ʩʪʘʥʜʘʨʪʘ 4K UHD 

(3840Ĭ2160=8 294 400) ʠ ʜʘʞʝ 8K UHD (7680Ĭ4320=33 177 600). ʀʟʚʝʩʪʥʦ 

ʦʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʩ ʫʥʠʢʘʣʴʥʳʤ 33-ʤʝʛʘʧʠʢʩʝʣʴʥʳʤ ɾʂ-ʜʠʩʧʣʝʝʤ [1.157]. 
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ʈʠʩʫʥʦʢ 1.14 ï ʂʘʜʨ ʠʟ ʬʠʣʴʤʘ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ 3D ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ 

ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 33 ʤʝʛʘʧʠʢʩʝʣʴʥʦʤ ʜʠʩʧʣʝʝ 

ʅʘ ʨʠʩʫʥʢʝ 1.14 ʧʦʢʘʟʘʥ ʢʘʜʨ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʬʠʣʴʤʘ, ʧʨʠʚʝʜʸʥʥʦʛʦ ʚ 

ʨʘʙʦʪʝ [1.157], ʨʘʟʤʝʨʦʤ 7680Ĭ4320 ʧʠʢʩʝʣʷ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʩ ʧʦʤʦʱʴʶ 33-

ʤʝʛʘʧʠʢʩʝʣʴʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ɾʂ-ʜʠʩʧʣʝʷ. ʈʘʟʤʝʨ ʜʠʘʛʦʥʘʣʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʢ ʩʦʦʙʱʘʶʪ ʘʚʪʦʨʳ, ʙʳʣ 4 ʩʤ, ʫʛʦʣ ʟʦʥʳ ʦʙʟʦʨʘ 

15 ʛʨʘʜʫʩʦʚ ʠ ʯʘʩʪʦʪʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʛʦʣʦʛʨʘʤʤʦʡ ʧʦʣʥʦʮʚʝʪʥʳʭ ʢʘʜʨʦʚ ʙʳʣʘ 

20 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ, ʭʦʪʷ ʚʠʜʝʦʟʘʭʚʘʪ ʦʙʲʝʢʪʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʯʘʩʪʦʪʦʡ 

60 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ. 

ʕʪʦ ʫʞʝ ʧʨʠʛʦʜʥʦ ʜʣʷ ʩʠʥʪʝʟʘ ʧʨʦʩʪʝʡʰʠʭ ʛʦʣʦʛʨʘʤʤ, ʥʦ ʝʱʸ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʜʣʷ ʩʠʥʪʝʟʘ ʛʦʣʦʛʨʘʤʤ, ʩʧʦʩʦʙʥʳʭ ʬʦʨʤʠʨʦʚʘʪʴ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʥʝʧʨʝʨʳʚʥʳʤ 

ʧʘʨʘʣʣʘʢʩʦʤ ʙʦʣʝʝ ʯʝʤ ʜʣʷ ʦʜʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʪʘʢʦʤ ʨʘʟʤʝʨʝ ʜʠʩʧʣʝʷ ʠ ʪʘʢʦʤ ʝʛʦ ʨʘʟʨʝʰʝʥʠʠ ʪʨʫʜʥʦ ʦʞʠʜʘʪʴ ʧʨʠʙʣʠʞʝʥʠʷ ʢ 

ʢʘʯʝʩʪʚʫ ʙʣʠʟʢʦʤʫ ʢ HD ʠʣʠ Full HD, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʚʳʢ ʩʝʛʦʜʥʷʰʥʠʡ 

ʪʝʣʝʟʨʠʪʝʣʴ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʚʠʜʝʦʧʦʪʦʢʘ ʚ ʩʪʘʥʜʘʨʪʝ TrueColor ʪʨʝʙʫʝʪʩʷ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʚʝʪʥʳʭ RGB ʢʘʜʨʦʚ ʩ ʨʘʟʤʝʨʦʤ Full HD (1920Ĭ1080 

ʪʦʯʝʢ) ʠ ʛʣʫʙʠʥʦʡ ʩʝʨʦʛʦ ʚ 256 ʩʣʦʸʚ ʩ ʯʘʩʪʦʪʦʡ ʩʚʳʰʝ 25 ɻʮ. ɼʣʷ ʵʪʦʛʦ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʘʥʘʣʘ ʩʚʷʟʠ ʦʢʦʣʦ 50 ʄɻʮ. ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ 

ʚʠʜʝʦʧʦʪʦʢʘ ʩʝʛʦʜʥʷ ʚʦʟʤʦʞʥʘ, ʥʘʧʨʠʤʝʨ, ʚ ʩʝʪʷʭ 5G, ʘ ʝʸ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ 

ʘʥʘʣʦʛ ʩ ʛʣʫʙʠʥʦʡ ʚ 256 ʩʣʦʸʚ ʧʦ ʛʣʫʙʠʥʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʚʦʩʭʦʜʠʪ ʙʦʣʝʝ, ʯʝʤ ʥʘ 
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2 ʧʦʨʷʜʢʘ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʨʘʟʚʸʨʪʢʫ ʧʘʨʘʣʣʘʢʩʘ ʜʣʷ 

ʨʝʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʯʝʣʦʚʝʢʘ ʠ ʠʟʚʝʩʪʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʩʥʦʚʥʦʤ 

ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʧʦʠʩʢʦʤ ʧʫʪʝʡ ʫʩʪʨʘʥʝʥʠʷ ʦʢʢʣʶʟʠʠ ʠ ʚʣʠʷʥʠʷ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʠʢʩʝʣʝʡ ʥʘ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ [1.159]. 

1.3.3. ʄʥʦʛʦʢʘʥʘʣʴʥʳʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʝʨʦʷʪʥʦ, ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʦʜʥʦʛʦ ʙʦʣʴʰʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʩʧʣʝʷ 

ʚʧʝʨʸʜ ʚʳʡʜʫʪ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʥʝʣʠ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ 

ʤʥʦʞʝʩʪʚʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʠʩʧʣʝʝʚ ʢʘʢ ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1.15 ɺ ʨʘʙʦʪʝ [1.160] ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ, ʧʦʚʪʦʨʷʶʱʘʷʩʷ ʚʦ 

ʚʩʝʭ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʧʠʰʫʪ: VW ʩ ʨʘʟʤʝʨʦʤ wy ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʜʠʬʨʘʢʮʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ. ʈʘʟʤʝʨ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʦʨʷʜʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚʳʨʘʞʝʥʠʝʤ ɚd/ŭy, ʛʜʝ ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ. 

ʅʘʧʨʠʤʝʨ, ʨʘʟʤʝʨ VW ʩʦʩʪʘʚʣʷʝʪ 13 ʤʤ ʜʣʷ ɚ = 465 ʥʤ, d = 1 ʤ, ʘ ʪʘʢʞʝ 

ŭy= 35 ʤʢʤ. ʕʪʦʪ ʨʘʟʤʝʨ ʙʦʣʴʰʝ, ʯʝʤ ʟʨʘʯʦʢ ʛʣʘʟʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ VW. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʸʭʤʝʨʥʘʷ ʩʮʝʥʘ ʚʠʜʥʘ ʩ VW. VW ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʜʦ ʥʦʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʛʣʘʟ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʪʝʣʴ ʜʚʠʞʝʪʩʷ. 

ʂʘʞʜʘʷ ʪʦʯʢʘ ʦʙʲʝʢʪʘ ʪʨʸʭʤʝʨʥʦʡ ʩʮʝʥʳ ʢʦʜʠʨʫʝʪʩʷ ʚ SH ʥʘ SLM. ʈʘʟʤʝʨ ʠ 

ʧʦʣʦʞʝʥʠʝ SH ʟʘʜʘʶʪʩʷ ʧʫʪʸʤ ʧʨʦʝʮʠʨʦʚʘʥʠʷ VW ʯʝʨʝʟ ʪʦʯʢʫ ʦʙʲʝʢʪʘ ʥʘ SLM, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʟʝʣʸʥʳʤʠ ʣʠʥʠʷʤʠ ʥʘ ʨʠʩʫʥʢʝ 1.15 SH ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʣʠʥʟʫ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʸʪ ʪʦʯʢʫ ʬʦʢʫʩʠʨʦʚʢʠ ʚ ʧʦʣʦʞʝʥʠʠ ʪʦʯʢʠ 

ʦʙʲʝʢʪʘ. ɺʦʟʤʦʞʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʠʣʳ ʣʠʥʟ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʪʦʯʝʢ ʨʝʘʣʴʥʳʭ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʥʘʰʝʡ ʢʦʥʮʝʧʮʠʠ ʥʘʠʚʳʩʰʠʤ 

ʧʨʠʦʨʠʪʝʪʦʤ ʷʚʣʷʝʪʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʚ VW, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʨʝʘʣʴʥʦʡ 3D-ʩʮʝʥʦʡ. 
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ʈʠʩʫʥʦʢ 1.15 ï ʀʩʪʦʯʥʠʢ ʩʚʝʪʘ ʦʩʚʝʱʘʝʪ SLM ʠ ʬʦʢʫʩʠʨʫʝʪʩʷ ʚ VW ʧʦʣʝʚʦʡ ʣʠʥʟʦʡ FL. ʉʚʝʪ 

ʢʦʣʣʠʤʠʨʫʝʪʩʷ ʧʝʨʚʦʡ ʣʠʥʟʦʡ ʧʝʨʝʜ SLM ʠ ʬʦʢʫʩʠʨʫʝʪʩʷ ʚ VW ʚʪʦʨʦʡ ʣʠʥʟʦʡ ʧʦʩʣʝ SLM. VW 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʣʦʩʢʦʩʪʠ ʥʘʙʣʶʜʘʪʝʣʷ. ʈʘʩʩʪʦʷʥʠʝ ʦʙʟʦʨʘ d. SLM ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʧʠʢʩʝʣʝʡ ʩ 

ʰʘʛʦʤ ŭy 

ʈʘʟʤʝʨ 3D-ʩʮʝʥʳ ʦʛʨʘʥʠʯʝʥ ʪʦʣʴʢʦ ʨʘʟʤʝʨʦʤ SLM, ʘ ʥʝ ʰʘʛʦʤ ʧʠʢʩʝʣʷ. 

ʊʨʸʭʤʝʨʥʘʷ ʩʮʝʥʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʧʠʨʘʤʠʜʳ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ VW ʠ SLM, ʪʦ ʝʩʪʴ ʚ ʞʸʣʪʦʡ ʦʙʣʘʩʪʠ ʥʘ ʨʠʩʫʥʢʝ 1.15. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʰʘ ʢʦʥʮʝʧʮʠʷ ʢʦʜʠʨʦʚʘʥʠʷ SH ʠ ʦʪʩʣʝʞʠʚʘʝʤʳʭ VW ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʙʦʣʴʰʠʝ 3D-ʩʮʝʥʳ ʩ ʜʦʧʫʩʪʠʤʳʤ ʰʘʛʦʤ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʧʠʢʩʝʣʝʡ SLM. 

ɺ [1.161] ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʘ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʪʘʢʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʫʶ 

ʘʚʪʦʨʳ ʥʘʟʚʘʣʠ çʤʦʟʘʠʯʥʦʡ ʩʠʩʪʝʤʦʡè. ʆʥʘ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.16. 



78 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.16 ï ʘ) ʠʣʣʶʩʪʨʘʮʠʷ ʩʪʘʥʜʘʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʟʘʠʯʥʳʝ 

ʠʩʪʦʯʥʠʢʠ 2D-ʠʟʦʙʨʘʞʝʥʠʡ; ʙ) ʩʭʝʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ ʩ 3D ʠʟʦʙʨʘʞʝʥʠʷʤʠ 

ʂʘʞʜʦʝ 2D-ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʝʮʠʨʫʝʪʩʷ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ ʦʙʟʦʨʘ 

ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʠʩʪʝʤʫ 4f ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʩʠʩʪʝʤʝ (ʙ) 

ʠʩʪʦʯʥʠʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʟʘʤʝʥʷʶʪʩʷ ʛʦʣʦʛʨʘʤʤʘʤʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʝ ʩʠʛʥʘʣʳ ʛʣʫʙʠʥʳ ʩʘʤʘ ʧʦ ʩʝʙʝ. ʃʠʥʟʘ ʠ ʧʦʣʝʚʘʷ 

ʣʠʥʟʘ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʛʣʦʚʳʭ ʥʘʢʣʦʥʦʚ 

ʤʦʟʘʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʫʙʛʦʣʦʛʨʘʤʤʘʭ. 

ʇʨʠʚʝʜʸʥʥʳʡ ʚʳʰʝ ʘʚʪʦʨʩʢʠʡ ʪʝʢʩʪ ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʜʘʣʝʢʦ ʦʪ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʭʦʜʷʪʩʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʭʝʤʘʭ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʘʨʘʣʣʘʢʩʘ ʪʨʝʙʫʝʪʩʷ 

ʧʨʠʤʝʨʥʦ ʩʪʦʣʴʢʦ ʞʝ ʧʦʟʠʮʠʡ ʧʦ ʛʣʫʙʠʥʝ, ʩʢʦʣʴʢʦ ʠʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʨʘʟʨʝʰʝʥʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʘʞʝ ʚ TV ʩʪʘʥʜʘʨʪʝ, ʩʠʣʴʥʦ 

ʫʩʪʫʧʘʶʱʝʤ Full HD, ʚ ʩʪʘʥʜʘʨʪʝ SD ʩ ʨʘʟʨʝʰʝʥʠʝʤ 720 ʥʘ 576 ʧʠʢʩʝʣʝʡ ʪʘʢʦʝ 

ʪʨʝʙʦʚʘʥʠʝ ʛʣʫʙʠʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʦʪʝʥ ʵʣʝʤʝʥʪʦʚ ʤʦʟʘʠʢʠ ʪʦʣʴʢʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʘʨʘʣʣʘʢʩʘ. 

ɺʦ ʩʪʦʣʴʢʦ ʞʝ ʨʘʟ ʚ ʬʠʥʘʣʴʥʦʤ ʫʚʝʣʠʯʝʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʜʦʣʞʥʦ ʫʧʘʩʪʴ 

ʨʘʟʨʝʰʝʥʠʝ. ɺʦʟʤʦʞʥʦ, ʟʘ ʩʯʸʪ ʟʘʤʝʥʳ ʧʣʦʩʢʠʭ TV ʵʢʨʘʥʦʚ ʤʦʟʘʠʢʠ 

(ʨʠʩʫʥʦʢ 1.16ʘ) ʥʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʤʦʞʝʪ ʥʝʩʢʦʣʴʢʦ ʩʥʠʟʠʪʴʩʷ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʪʘʢʦʛʦ ʨʦʜʘ 3D ʤʦʟʘʠʯʥʳʭ ʜʠʩʧʣʝʝʚ. 

ʊʝʤʠ ʞʝ ʘʚʪʦʨʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ï ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʛʣʫʙʠʥʳ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʩʣʘʡʩʠʥʛʘ, ʨʠʩʫʥʦʢ 1.17, ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ 
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ʩʪʦʣʴ ʦʙʰʠʨʥʳ, ʯʪʦ ʤʳ ʥʝ ʙʫʜʝʤ ʚ ʥʘʰʝʡ ʦʙʟʦʨʥʦʡ ʨʘʙʦʪʝ ʧʦʜʨʦʙʥʦ ʥʘ ʥʠʭ 

ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ. 

 

ʈʠʩʫʥʦʢ 1.17 ï ʅʘʨʝʟʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʩʣʦʷʤʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʦʪ ʢʘʞʜʦʛʦ ʩʣʦʷ, ʟʘʧʠʩʴ 

ʛʦʣʦʛʨʘʤʤʳ ʦʪ ʢʘʞʜʦʛʦ ʬʫʨʴʝ-ʦʙʨʘʟʘ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʠʥʪʝʟ ʛʦʣʦʛʨʘʤʤʳ 3D ʠʟʦʙʨʘʞʝʥʠʷ 

ʉʣʝʜʫʝʪ ʣʠʰʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚʩʝʭ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʜʝʡ ʧʦʢʘ ʦʩʪʘʚʣʷʝʪ ʞʝʣʘʪʴ ʣʫʯʰʝʛʦ, ʩʤ., ʥʘʧʨʠʤʝʨ, 

ʨʠʩʫʥʦʢ 1.18, ʛʜʝ ʩ ʪʨʫʜʦʤ ʚʠʜʥʘ ʧʝʨʝʩʪʨʦʡʢʘ ʧʦ ʛʣʫʙʠʥʝ ʧʫʪʸʤ ʬʦʢʫʩʠʨʦʚʢʠ ʥʘ 

ʧʝʨʝʜʥʝʤ ʠ ʟʘʜʥʝʤ ʢʨʘʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʪʦʞʝ 

ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

   

ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 1.18 ï ʆʙʲʝʢʪ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ: ʘ) ʜʚʝ 

ʢʝʨʘʤʠʯʝʩʢʠʝ ʬʠʛʫʨʢʠ; ʙ) ʬʦʪʦʛʨʘʬʠʷ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ 3D ʠʟʦʙʨʘʞʝʥʠʷ, 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʘ ̫ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ; ʩ) ʬʦʪʦʛʨʘʬʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 3D ʠʟʦʙʨʘʞʝʥʠʷ, 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʘ ̫ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ 
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1.3.4. ʅʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɿʘʩʣʫʞʠʚʘʶʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʝʢʦʪʦʨʳʝ ʥʦʚʝr ʥʘʧʨʘʚʣʝʥʠ ̫

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʩʧʣʝʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʪʳʩʷʯʠ ʨʘʟ, ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʷ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʥʘʩʪʦʷʱʠʤ 

ʛʦʣʦʛʨʘʤʤʘʤ. ʕʪʦ ʠ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʝʡ ʠ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʦʚʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʬʦʪʦʧʦʣʠʤʝʨʳ. 

ʀʟ ʧʦʩʣʝʜʥʠʭ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʫ Blanche ʠ ʜʨ. [1.162] ʠʟ 

ʋʥʠʚʝʨʩʠʪʝʪʘ ɸʨʠʟʦʥʳ, ʛʜʝ ʦʥʠ ʨʘʟʨʘʙʦʪʘʣʠ ʵʢʟʦʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʥʘʟʚʘʥʥʳʡ 

ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʤ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʳʤ ʧʦʣʠʤʝʨʦʤ (PRP), ʩ ʟʘʤʝʯʘʪʝʣʴʥʳʤʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʢʣʶʯʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʥʦʚʣʷʪʴ ʠʟʦʙʨʘʞʝʥʠʷ 

ʢʘʞʜʳʝ 2 ʩʝʢʫʥʜʳ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.19 ([1.69] ʠ [1.130]), ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʢʦʛʝʨʝʥʪʥʳʡ ʣʘʟʝʨʥʳʡ ʣʫʯ (ɚ = 532 ʥʤ). ʆʥ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʦʙʲʝʢʪʥʳʡ 

ʣʫʯ ʠ ʦʧʦʨʥʳʡ ʣʫʯ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʜʝʣʠʪʝʣʷ. ʆʙʲʝʢʪʥʳʡ ʣʫʯ ʤʦʜʫʣʠʨʫʝʪʩʷ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʪʨʸʭʤʝʨʥʦʡ ʩʮʝʥʳ ʩ ʧʦʤʦʱʴʶ 

SLM. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʦʙʲʝʢʪʥʳʡ ʣʫʯ ʠʥʪʝʨʬʝʨʠʨʫʝʪ ʩ 

ʦʧʦʨʥʳʤ ʣʫʯʦʤ ʚ ʦʙʲʸʤʝ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʦʛʦ ʧʦʣʠʤʝʨʘ. ʌʦʪʦʨʝʬʨʘʢʪʠʚʥʳʡ 

ʧʦʣʠʤʝʨ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʟʨʘʯʝʥ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ɻʦʣʦʛʨʘʬʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʘ ʧʦʣʠʤʝʨ ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʡ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ. 

ʊʨʸʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʮʚʝʪʥʦʛʦ 

ʩʚʝʪʦʜʠʦʜʘ, ʧʘʜʘʶʱʝʛʦ ʧʦʜ ʫʛʣʦʤ ɹʨʵʛʛʘ, ʠ ʠʟʦʙʨʘʞʝʥʠʝ ʯʸʪʢʦ ʚʠʜʥʦ ʧʨʠ 

ʦʢʨʫʞʘʶʱʝʤ ʦʩʚʝʱʝʥʠʠ ʚ ʧʦʤʝʱʝʥʠʠ. ɻʦʣʦʛʨʘʤʤʘ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʠʩʯʝʟʘʝʪ ʯʝʨʝʟ ʧʘʨʫ ʤʠʥʫʪ, ʠʣʠ ʝ y ʤʦʞʥʦ ʩʪʝʨʝʪʴ ʧʨʠ ʟʘʧʠʩʠ ʥʦʚʦʛʦ 3D-

ʠʟʦʙʨʘʞʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 1.19 ï ʆʧʪʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʩʪʠʨʘʝʤʦʛʦ ʬʦʪʦʧʦʣʠʤʝʨʘ 

ʇʦʥʷʪʥʦ, ʯʪʦ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʜʘʞʝ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʜʘʯʫ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʦʪ ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʢ 

ʩʠʩʪʝʤʝ 3D ʚʠʟʫʘʣʠʟʘʮʠʠ, ʘ ʩʢʦʨʝʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʫʩʠʣʠʪʝʣʴ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʚ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ, ʦʪ ʫʩʠʣʠʪʝʣʷ ʜʦ ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʝʨʝʜʘʪʯʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʪʘʢ 

ʫʞ ʠ ʜʘʣʝʢʦ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʙʦʪʳ ʧʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʬʦʪʦʧʦʣʠʤʝʨʘʤ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʠʨʘʶʪ ʪʝʤʧʳ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʛʦʣʦʛʨʘʤʤʳ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 

ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʭʦʪʷ ʠ ʥʝ ʣʠʰʝʥʳ 

ʥʝʢʦʪʦʨʳʭ ʠʤʤʘʥʝʥʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ [1.163]. ɸʥʘʣʠʟʫ ʦʛʨʘʥʠʯʝʥʠʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʸʤʢʦʩʪʠ ʪʘʢʠʭ ʛʦʣʦʛʨʘʤʤ ʧʦʩʚʷʱʝʥʘ ʛʣʘʚʘ 3 ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ɺ ʮʝʣʦʤ, ʦʧʠʨʘʷʩʴ ʥʘ ʤʥʦʞʝʩʪʚʦ ʦʙʟʦʨʥʳʭ ʨʘʙʦʪ [1.115, 1.133, 1.158, 1.164, 

1.165] ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʮʝʣʦʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʠʩʧʣʝʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʝʪʝʨʧʝʣʠ ʩʝʨʴʸʟʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʥʦ ʦʧʠʨʘʶʪʩʷ, ʚ 

ʦʩʥʦʚʥʦʤ, ʥʘ 5 ʪʠʧʦʚ ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ: 

1. ʄʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʤʘʪʨʠʮʳ ʟʝʨʢʘʣ [1.166]; 

2. ɾʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʦʜʫʣʷʪʦʨʳ [1.167]; 

3. ʄʘʪʨʠʮʳ ʩʚʝʪʦʜʠʦʜʦʚ [1.168]; 

4. ʕʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʝ ʤʦʜʫʣʷʪʦʨʳ [1.169]; 

5. ɸʢʫʩʪʦʦʧʪʠʯʝʩʢʠʝ ʤʦʜʫʣʷʪʦʨʳ [1.170]. 
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ɺ 2020 ʛʦʜʫ ʚʳʧʫʩʢ ʥʦʫʪʙʫʢʦʚ ʩ OLED-ʜʠʩʧʣʝʷʤʠ ʥʘʯʘʣʘ ʢʦʤʧʘʥʠʷ ASUS 

[1.168]. OLED, ʟʘʤʝʥʠʚʰʠʝ LED, ʩʦʩʪʦʷʪ ʠʟ ʤʘʪʨʠʮ ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʭʦʨʦʰʦ ʩʝʙʷ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʜʣʷ ʧʣʦʩʢʠʭ TV ʧʘʥʝʣʝʡ, ʥʦ ʧʦʢʘ ʥʝʚʦʟʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʭ 

ʢʦʛʝʨʝʥʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʷʪʴʩʷ ʥʘ ʩʠʥʪʝʟ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʛʦʣʦʛʨʘʤʤ ʩ ʠʭ ʧʦʤʦʱʴ,ʁ ʦʜʥʘʢʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʠʩʧʣʝʷʭ 

ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ. 

ʄʦʞʥʦ ʦʞʠʜʘʪʴ ʪʘʢʞʝ, ʯʪʦ ʙʫʜʫʪ ʧʦʷʚʣʷʪʴʩʷ ʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ 

ʪʝʭʥʦʣʦʛʠʷ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʝʡ [1.171], ʠ ʜʘʞʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ [1.162, 

1.163, 1.172], ʠʣʠ ʜʨʫʛʠʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʠʭʩʷ ʩʨʝʜ. 

ɺʳʚʦʜʳ ʧʘʨʘʛʨʘʬʘ 1.3 

ʅʘ ʙʘʟʝ ʫʢʘʟʘʥʥʳʭ ʧʝʨʚʳʭ ʧʷʪʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʩʝʛʦʜʥʷ ʧʦʩʪʨʦʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʦʧʪʠʯʝʩʢʠʭ ʩʭʝʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʠʩʧʣʝʝʚ. ʍʦʨʦʰʠʝ ʦʙʟʦʨʳ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʙʦʪ, ʥʘʧʨʠʤʝʨ [1.7, 1.131, 1.133, 

1.158, 1.159], ʘ ʪʘʢʞʝ ʚʦ ʤʥʦʞʝʩʪʚʝ ʜʨʫʛʠʭ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝ ʥʘ ʘʥʘʣʠʟʝ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʠʩʧʣʝʝʚ, ʘ ʥʘ ʠʭ ʧʨʠʙʣʠʞʸʥʥʦʤ ʘʥʘʣʦʛʝ, ʠʤʝʥʫʝʤʦʤ çʜʠʩʧʣʝʠ 

ʩʚʝʪʦʚʦʛʦ ʧʦʣʷè, ʚ ʢʦʪʦʨʳʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʫʯʘʩʪʢʠ ʛʦʣʦʛʨʘʤʤʳ ʚʧrʦʣʥʷʶʪʩʷ 

ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʠʤʠʪʘʪʦʨʳ ʧʘʨʘʣʣʘʢʩʘ, ʥʘʟʳʚʘʝʤʳʝ Hogel (ʘʙʙʨʝʚʠʘʪʫʨʘ ʦʪ 

ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ Hologram Pixel) ʚ ʨʫʩʩʢʦʷʟʳʯʥʳʭ ʩʪʘʪʴʷʭ ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ 

ʭʦʣʦʧʠʢʩʝʣʴ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʩʦʟʜʘʚʘʪʴ ʠʣʣʶʟʠʶ 3D ʠʟʦʙʨʘʞʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʩʝʛʤʝʥʪ ʛʦʣʦʛʨʘʤʤʳ ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʚʢʣʘʜʢʫ (hogel) ʩ 

ʜʠʩʢʨʝʪʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʝʢʪʦʨʦʚ ʠʥʜʠʢʘʪʨʠʩʳ ʠʟʣʫʯʝʥʠʷ, ʜʠʩʢʨʝʪʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʠʟʣʫʯʝʥʠʷ ʧʦʨʦʞʜʘʝʪ ʧʨʦʙʣʝʤʫ ʜʠʩʢʨʝʪʥʦʛʦ ʧʘʨʘʣʣʘʢʩʘ. 

ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʭʦʛʝʣʷ ʩ ʨʘʟʤʝʨʘʤʠ ʥʘ ʧʦʨʷʜʢʠ ʧʨʝʚʳʰʘʶʱʠʤʠ 

ʧʝʨʠʦʜʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʥʝʤʠʥʫʝʤʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʥʘ ʩʪʦʣʴʢʦ ʞʝ ʧʦʨʷʜʢʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʠʩʧʣʝʠ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʚ 
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(AïC ʧʨʦʪʠʚʦʨʝʯʠʝ). 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʠ ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʥʪʳ ʜʠʩʧʣʝʝʚ çʩʚʝʪʦʚʦʛʦ ʧʦʣʷè, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪʩʷ ʤʝʥʴʰʠʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ. 

ʉʨʝʜʠ ʚʩʝʭ ʤʝʪʦʜʦʚ ʩʞʘʪʠʷ 3D ʠʥʬʦʨʤʘʮʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʥʠʤʘʥʠʷ 

ʫʜʝʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ, ʬʠʟʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʚʩʝʭ ʚʠʜʘʭ 

ʟʨʠʪʝʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʦʙʲʸʤʘ. ɺʘʞʥʦ, ʯʪʦʙʳ ʚʩʝ ʵʪʠ ʚʠʜʳ ʚʦʩʧʨʠʷʪʠʷ ʦʙʲʸʤʘ 

ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʣʠ ʜʨʫʛ ʜʨʫʛʫ, ʥʘʧʨʠʤʝʨ ʢʦʥʚʝʨʛʝʥʮʠʷ ʜʘʚʘʣʘ ʪʦ ʞʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʪʦʯʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʠ ʘʢʢʦʤʦʜʘʮʠʷ (AïC ʧʨʦʪʠʚʦʨʝʯʠʝ). ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʚ ʩʠʩʪʝʤʘʭ ʦʙʨʘʙʦʪʢʠ (ʤʦʟʛ ʯʝʣʦʚʝʢʘ ʠʣʠ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʦʙʨʘʙʦʪʢʠ) ʙʫʜʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʩʙʦʠ. ɼʠʩʧʣʝʠ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʧʦ ʵʪʠʤ 

ʧʨʠʟʥʘʢʘʤ 3D ʠʟʦʙʨʘʞʝʥʠʝ ʥʝ ʤʦʛʫʪ. 

ʄʥʦʛʦʦʙʨʘʟʠʝ ʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʘʣʠʟʘʮʠʡ ʥʝ ʟʘʢʨʳʚʘʝʪ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʫ 

ʚʩʝʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʠʩʧʣʝʝʚ ʩʝʛʦʜʥʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʦ ʢʦʣʠʯʝʩʪʚʦ 

ʘʢʪʠʚʥʳʭ ʧʠʢʩʝʣʝʡ. ɼʣʷ ʧʦʣʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ TV ʢʘʜʨʘ, ʢʦʥʢʫʨʠʨʫʶʱʝʛʦ 

ʧʦ ʢʘʯʝʩʪʚʫ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʩʝʛʦʜʥʷʰʥʠʤ ʧʣʦʩʢʠʤ ʵʢʨʘʥʦʤ ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ 

ʜʦʣʞʥʦ ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ ʧʨʠʤʝʨʥʦ ʚ 10
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4
 ʨʘʟ, ʝʩʣʠ ʩʯʠʪʘʪʴ ʟʘ ʦʩʥʦʚʫ ʢʘʯʝʩʪʚʦ 

ʩʪʘʥʜʘʨʪʘ 8K UHD ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 256 ʩʣʦʸʚ ʛʣʫʙʠʥʳ. 

ʀʟʫʯʘʷ ʦʙʟʦʨʥʳʝ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʜʠʩʢʨʝʪʥʦʝ ʧʠʢʩʝʣʴʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʩʭʦʜʥʦ ʛʣʘʜʢʦʛʦ, ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʦʨʦʞʜʘʝʪ 

ʤʥʦʛʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ʕʪʦ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠ ʦʩʦʙʝʥʥʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʰʫʤʳ. ɺ ʪʦʤ ʯʠʩʣʝ 

ʵʪʦ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʦʨʤʬʘʢʪʦʨʦʤ ʛʦʣʦʛʨʘʤʤ ʩʣʦʞʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

[1.138]. 

ʂʨʠʪʝʨʠʠ, ʦʪʜʝʣʷʶʱʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʩʚʝʪʦʚʦʤ ʧʦʣʝ ʦʪ ʤʫʣʴʪʠʨʘʢʫʨʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ï ʵʪʦ ʥʘʣʠʯʠʝ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʘʨʘʣʣʘʢʩʘ ʥʘ ʙʦʣʴʰʦʤ ʧʦʣʝ ʵʢʨʘʥʘ ʠ ʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʕʪʠ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ʢʘʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʡ ʧʨʦʩʤʦʪʨʘ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʦʡ ʮʝʣʴʶ ʜʠʩʧʣʝʝʚ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ. 
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ʜʠʩʧʣʝʝ ʩʚʳʰʝ 10
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. ʂ ʵʪʠʤ ʧʘʨʘʤʝʪʨʘʤ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʩʠʩʪʝʤʳ. 

ʇʝʨʚʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʫʜʝʪ ʧʘʥʝʣʴ 

ʜʠʩʧʣʝʷ ʩ ʨʘʟʤʝʨʦʤ ʧʠʢʩʝʣʷ, ʙʣʠʟʢʠʤ ʢ 1 ʤʢʤ. ʇʨʠʯʸʤ ʧʠʢʩʝʣʴ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ ʙʫʜʝʪ ʣʫʯʰʝ ʧʝʨʝʜʘʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʟʘ ʩʯʸʪ ʫʩʪʨʘʥʝʥʠʷ ʣʦʞʥʦʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ [1.131], ʧʦʩʢʦʣʴʢʫ ʨʝʛʫʣʷʨʥʦʝ ʧʦʧʠʢʩʝʣʴʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʤʦʞʝʪ 

ʧʦʨʦʞʜʘʪʴ ʚ ʦʙʣʘʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʘʨʪʝʬʘʢʪʳ, ʦʪʩʫʪʩʪʚʦʚʘʚʰʠʝ 

ʥʘ ʤʦʤʝʥʪ ʩʠʥʪʝʟʘ ʮʠʬʨʦʚʦʡ ʛʦʣʦʛʨʘʤʤʳ (ʩʤ. ʛʣʘʚʫ 2). 

ɺʩʝ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʚʭʦʜʷʪ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʧʨʝʜʝʣʴʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʠʩʧʣʝʝʚ 

ʠʟʚʝʩʪʥʳʭ ʪʠʧʦʚ. ʇʦʵʪʦʤʫ ʚʳʭʦʜʦʤ ʠʟ ʩʣʦʞʠʚʰʝʛʦʩʷ ʧʦʣʦʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ 

ʧʦʷʚʣʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʠʩʧʣʝʝʚ 

ʩʚʝʨʭʙʦʣʴʰʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʨʘʟʤʝʨʦʚ, ʣʠʙʦ ʤʥʦʛʦʢʨʘʪʥʘʷ ʤʫʣʴʪʠʧʣʠʢʘʮʠʷ ʫʞʝ 

ʠʟʚʝʩʪʥʳʭ ʪʠʧʦʚ ʜʠʩʧʣʝʝʚ. ʇʦʩʣʝʜʥʷʷ ʩʝʛʦʜʥʷ ʪʨʝʙʫʝʪ ʦʙʲʝʜʠʥʝʥʠʷ ʙʦʣʝʝ 100 

ʜʠʩʧʣʝʝʚ, ʯʪʦ ʚ ʧʨʠʥʮʠʧʝ ʚʦʟʤʦʞʥʦ, ʥʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʧʦ ʠʭ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʯʪʦʙʳ ʪʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʝ 

ʟʘʥʠʤʘʣʦ ʥʝʧʨʠʝʤʣʝʤʦ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʚ ʧʦʤʝʱʝʥʠʠ. 

ʀʟ ʥʦʚʳʭ ʧʫʪʝʡ ʧʦʠʩʢʘ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ 

ʧʦʷʚʣʷʶʱʠʝʩʷ ʪʝʭʥʦʣʦʛʠʠ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ 

ʩʚʝʯʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ [1.171], ʫʚʝʣʠʯʠʚʘʷ ʧʣʦʪʥʦʩʪʴ 

ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ [1.173] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʴ, ʢʘʢ ʧʦʷʚʣʷʶʱʝʝʩʷ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ ʬʘʟʦʡ, ʘʤʧʣʠʪʫʜʦʡ, 

ʧʦʣʷʨʠʟʘʮʠʝʡ ʠ ʨʝʟʦʥʘʥʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʦʪʢʨʳʚʘʷ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʢʦʤʧʘʢʪʥʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʚʳʩʦʢʦʤʫ ʢʘʯʝʩʪʚʫ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʕʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʢʣʶʯʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʫʣʷʮʠʠ ʬʘʟʳ ʠ ʘʤʧʣʠʪʫʜʳ ʜʝʡʩʪʚʫʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʜʠʩʧʣʝʝʚ, ʦʜʥʘʢʦ ʦʥʠ ʩʝʛʦʜʥʷ ʝʱʸ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʪʨʘʜʘʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ 

ʨʘʟʤʝʨʦʚ ʵʢʨʘʥʘ ʠ ʩʣʘʙʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴʶ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, 
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ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠ̫ ʧʦ ʧʦʣʷʨʠʟʘʮʠʠ, ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠ ̫ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ, 

ɺʦʟʤʦʞʥʦ, ʠʤʝʥʥʦ ʟʘ ʥʠʤʠ, ʚ ʵʪʦʡ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʩʝʨʴʸʟʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʥʘ ʙʣʠʞʘʡʰʝʝ ʙʫʜʫʱʝʝ. 

ʊʘʢʞʝ ʝʩʪʴ ʨʘʙʦʪʳ, ʧʨʦʣʠʚʘʶʱʠʝ ʥʘʜʝʞʜʫ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʦʣʦʛʨʘʤʤʘʭ ʬʦʪʦʧʦʣʠʤʝʨʦʚ, ʫʧʨʘʚʣʷʝʤʦ ʜʠʥʘʤʠʯʝʩʢʠ 

ʠʟʤʝʥʷʶʱʠʭ ʩʚʦʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ [1.162, 1.163, 1.174]. ʆʜʥʘʢʦ ʚ ʵʪʠʭ ʠ, 

ʚʦʟʤʦʞʥʦ, ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʝʱʸ ʩʣʠʰʢʦʤ ʤʘʣʦ ʩʜʝʣʘʥʦ ʜʣʷ ʫʚʝʨʝʥʥʦʛʦ 

ʧʨʦʛʥʦʟʘ. 

ʂʘʢ ʩʧʨʘʚʝʜʣʠʚʦ ʦʪʤʝʯʘʝʪʩʷ ʚ [1.158], ʧʨʦʝʮʠʨʦʚʘʥʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 3D 

ʠʟʦʙʨʘʞʝʥʠʡ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʩ ʰʠʨʦʢʠʤ ʫʛʣʦʤ ʦʙʟʦʨʘ, ʥʝʧʨʝʨʳʚʥʳʤ 

ʧʘʨʘʣʣʘʢʩʦʤ, ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʩʢʦʨʦʩʪʴʶ ʚʠʜʝʦʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʩ ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ 

ʮʚʝʪʦʚ ʪʨʝʙʫʝʪ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ. ʇʨʠʚʦʜʷʱʠʝʩʷ ʦʮʝʥʢʠ ʘʚʪʦʨʦʚ, ʦ 

ʪʦʤ, ʯʪʦ ʜʣʷ ʜʣʠʥ ʚʦʣʥ ʟʝʣʸʥʦʛʦ (532 ʥʤ) ʠ ʩʠʥʝʛʦ (450 ʥʤ) ʩʚʝʪʘ ʥʝʦʙʭʦʜʠʤʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 10
10

 ʠ 1.4 Ĭ 10
10

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʣʠʟʢʠ ʧʦ 

ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʢ ʥʘʰʠʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʥʘʩʳʱʝʥʥʳʭ ʮʚʝʪʦʚ (ʦʙʲʝʜʠʥʸʥʥʳʭ RGB-ʢʘʥʘʣʦʚ) ʭʦʪʷ ʙʳ 30 ʢʘʜʨʦʚ/ʩ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʫʞʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʠʤʝʨʥʦ ʜʦ 4Ĭ10
11

 ʧʠʢʩʝʣʝʡ ʚ ʩʝʢʫʥʜʫ. 

ʇʦʥʷʪʥʦ, ʯʪʦ ʝʩʣʠ ʨʘʟʤʝʨ ʛʦʣʦʛʨʘʤʤʳ, ʫʛʦʣ ʦʙʟʦʨʘ ʠ ʯʘʩʪʦʪʘ ʢʘʜʨʦʚ ʫʚʝʣʠʯʘʪʩʷ, 

ʪʦ ʪʨʝʙʫʝʤʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʩʠʪ ʵʪʠ ʟʥʘʯʝʥʠ.̫ 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʶ, ʠʩʧʦʣʴʟʫʶʱʫʶ ʜʣʷ ʩʠʥʪʝʟʘ 

ʛʦʣʦʛʨʘʤʤ ʢʘʨʪʫ ʛʣʫʙʠʥ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʡ ʢʘʨʪʠʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʪʝʢʩʪʫʨʦʡ ʵʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʞʘʪʴ ʦʙʲʸʤʳ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ [1.175]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʘʯʘʩʪʫʶ ʦʧʠʨʘʶʪʩʷ ʥʘ ʜʨʫʛʫʶ ʪʝʭʥʦʣʦʛʠʶ ï ʥʘ 

ʛʦʪʦʚʳʝ ʚʨʝʤʷʧʨʦʣʸʪʥʳʝ ʢʘʤʝʨʳ (ToF), ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʝ ʢʘʨʪʳ ʤʘʣʳʭ ʧʝʨʝʧʘʜʦʚ ʛʣʫʙʠʥʳ. ʉʢʦʣʴ-ʥʠʙʫʜʴ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ToF ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʧʝʨʝʜʘʯʝ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʜʦʩʪʫʧʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʨʘʩʢʨʳʪʳ, ʘ ʧʦ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʥʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʪʫʧʘʶʪ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ. 
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ɺ ʛʣʘʚʝ 2 ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʚ ʦʜʥʦʡ ʠʟ 

ʧʨʦʩʪʝʡʰʠʭ ʩʚʦʠʭ ʨʝʘʣʠʟʘʮʠʡ, ʢʘʢ ʤʝʪʦʜ ʧʨʷʤʳʭ, ʣʘʪʝʨʘʣʴʥʳʭ ʧʦʣʦʩ ʨʘʟʚʠʚʘʝʪʩʷ 

ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʞʘʪʴ ʧʝʨʝʜʘʚʘʝʤʦʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ɺ [1.94] 

ʦʙʲʷʩʥʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʙʩʫʞʜʘʶʪʩʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʤʝʪʦʜʘ ʠ ʧʫʪʠ ʦʩʣʘʙʣʝʥʠʷ ʠʭ ʚʣʠʷʥʠʷ. ʇʨʠʚʦʜʷʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʪʦ ʫʞʝ ʩʘʤʦ ʜʦʢʘʟʳʚʘʝʪ ʨʝʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʜʘʯʠ 3D ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ ʦʙʳʯʥʦʤʫ 

ʨʘʜʠʦʢʘʥʘʣʫ [1.176]. 

ʅʝʣʴʟʷ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʦ-ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ, ʧʨʝʦʜʦʣʝʪʴ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʪʦʣʴʢʦ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʜʠʩʢʨʝʪ ʥʘ ʧʦʣʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʘ. ʂ ʥʠʤ 

ʦʪʥʦʩʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʦʷʚʣʝʥʠʝ ʘʨʪʝʬʘʢʪʦʚ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʛʦʣʦʛʨʘʤʤʦʡ 

ʠʟʦʙʨʘʞʝʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʘʨʪʝʬʘʢʪʳ ʚʦʟʥʠʢʘʶʪ ʠ ʧʨʠ ʩʠʥʪʝʟʝ ʩʘʤʦʡ ʛʦʣʦʛʨʘʤʤʳ, 

ʯʪʦ ʨʝʞʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ʧʦ ʩʠʥʪʝʟʫ ʛʦʣʦʛʨʘʤʤ. ʕʪʠ ʚʦʧʨʦʩʳ ʙʫʜʫʪ 

ʦʙʩʫʞʜʘʪʴʩʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚ ʛʣʘʚʝ 2 ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. ʊʘʢʞʝ ʢʘʢ ʫʞʝ 

ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʵʥʪʨʦʧʠʶ ʩʦʟʜʘʚʘʝʤʳʭ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʜʠʩʧʣʝʝʤ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʥʘʢʣʘʜʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʬʦʨʤʬʘʢʪʦʨʦʤ. ʊʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚʦ ʚʩʝʭ ʪʠʧʘʭ 

ʬʘʟʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʢʘʢ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʦʣʦʛʨʘʤʤʘʭ, ʪʘʢ ʠ ʚ ʢʦʤʧʴʶʪʝʨʥʦ-

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ. ʀʭ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʪʩʷ ʚ ʯʝʪʚʸʨʪʦʡ ʛʣʘʚʝ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ʄʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʛʣʫʙʠʥ ʥʘ ʦʩʥʦʚʝ ʚʨʝʤʷʧʨʦʣʸʪʥʳʭ ʢʘʤʝʨ (ToF) 

ʜʦʩʪʘʪʦʯʥʦ ʛʨʫʙ ʚ ʩʠʣʫ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʯʘʩʪʦʪ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ 

ʦʪʨʘʞʸʥʥʦʛʦ ʦʙʲʝʢʪʦʤ ʠʟʣʫʯʝʥʠʷ ʠ ʥʝ ʤʦʞʝʪ ʜʘʚʘʪʴ ʢʘʨʪʫ ʛʣʫʙʠʥ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

ʩʘʥʪʠʤʝʪʨʦʚ, ʭʦʪʷ ʚ ʧʦʨʪʨʝʪʥʦʡ ʛʦʣʦʛʨʘʬʠʠ ʤʳ ʦʞʠʜʘʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʪʣʠʯʘʶʱʝʛʦ ʚʘʨʠʘʮʠʠ ʛʣʫʙʠʥʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʣʠʮʘ ʠ ʵʪʦ 

ʤʠʣʣʠʤʝʪʨʳ ʠ ʜʦʣʠ ʤʠʣʣʠʤʝʪʨʦʚ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʤʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʤʝʪʦʜʘʤʠ ʤʫʣʴʪʠʵʢʩʧʦʟʠʮʠʠ, ʠʟʚʝʩʪʥʳʤ 

ʧʨʠʤʝʨʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʘʷ ʛʦʣʦʛʨʘʬʠʷ ʩʦ ʩʜʚʠʛʦʤ ʬʘʟʳ [1.75], ʛʜʝ 
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ʜʘʞʝ ʯʠʩʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ ʪʨʸʭ ʵʢʩʧʦʟʠʮʠʡ, ʯʪʦʙʳ ʦʜʥʦʟʥʘʯʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʘʤʧʣʠʪʫʜʳ ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʫʩʪʫʧʘʶʪ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ 

ʛʣʘʚʝ 2 ʤʝʪʦʜʫ ʢʘʢ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʪʨʝʙʫʝʤʳʭ ʢʘʜʨʦʚ, ʪʘʢ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʦʥʠ 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʦʙʲʝʢʪʥʦʛʦ ʧʦʣʷ. ʈʝʘʣʴʥʦ ʞʝ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʰʫʤʫ, 

ʚʳʟʚʘʥʥʦʤʫ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʦʙʲʝʢʪʥʦʛʦ ʧʦʣʷ ʚ ʨʘʤʢʘʭ ʛʦʣʦʛʨʘʬʠʠ 

ʩʦ ʩʜʚʠʛʦʤ ʬʘʟʳ, ʥʫʞʥʦ ʩʜʝʣʘʪʴ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʵʢʩʧʦʟʠʮʠʡ. ɺ [1.76] ʦʪʤʝʯʘʝʪʩʷ, 

ʯʪʦ ʪʘʢʠʝ ʤʝʪʦʜʳ ʥʝ ʤʦʛʫʪ ʣʝʛʢʦ ʫʣʦʚʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʯʪʦ ʧʦʢʘ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʭʦʪʷ ʫʩʧʝʰʥʦʝ ʨʘʟʚʠʪʠʝ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʫʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯʘʭ [1.126]. 

ʆʙʩʫʞʜʝʥʠʝ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʛʣʘʚʳ 1 

ʊʝʭʥʦʣʦʛʠʷ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʥʠʪʦʨʦʚ ʝʱʸ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʘ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ, ʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʦʢ ʦʯʝʥʴ 

ʚʝʣʠʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʫʩʧʝʭʠ ʚ ʥʝ ʦʯʝʥʴ ʦʪʜʘʣʸʥʥʦʤ ʙʫʜʫʱʝʤ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʦʪʦʙʨʘʞʝʥʠʷ ʙʳʣʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʘʧʧʘʨʘʪʥʳʭ ʟʘʜʘʯʘʭ, ʘ ʠʤʝʥʥʦ ʥʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠʤʝʨʳ ʚʢʣʶʯʘʶʪ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʦʜʫʣʷʪʦʨʳ 

ʩʚʝʪʘ (SLM) ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʦʧʪʠʢʫ [1.20, 1.21]. ʆʜʥʘʢʦ ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʥʠʭ ʩʦʚʨʝʤʝʥʥʳʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʠʩʧʣʝʠ ʝʱʸ ʥʝ ʧʨʝʜʣʘʛʘʶʪ ʨʘʟʨʝʰʝʥʠʝ ʠ 

ʫʛʣʦʚʦʝ ʧʦʣʝ ʦʙʟʦʨʘ (FoV ï Field of View), ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʧʨʠʝʤʣʝʤʦʛʦ 

ʚʠʟʫʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ. ʕʪʦ ʤʦʞʝʪ ʩʢʦʨʦ ʠʟʤʝʥʠʪʴʩʷ, ʭʦʪʷ ʜʣʷ ʵʪʦʛʦ ʝʱʸ ʧʨʝʜʩʪʦʠʪ 

ʧʨʝʦʜʦʣʝʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʧʷʪʩʪʚʠʷ. 

ʆʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʚʦʧʨʦʩʦʚ ʨʘʟʨʘʙʦʪʢʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʥʠʪʦʨʦʚ ï 

ʵʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʛʨʫʟʢʠ ʪʘʢʠʭ 3D ʤʦʥʠʪʦʨʦʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʪʦʢʦʤ ʜʘʥʥʳʭ, ʜʦ 300õ500 ɻʙ/ʩʝʢ. ʠ ʚʳʰʝ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʝʨʝʜʘʯʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ 
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ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʥʝ ʭʫʞʝ, ʯʝʤ ʚ TV ʚʳʩʦʢʦʡ 

ʯʸʪʢʦʩʪʠ, ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʧʘʨʘʣʣʘʢʩʦʤ ʠ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʩ 

ʧʨʠʥʷʪʦʡ ʚ TV ʩʪʘʥʜʘʨʪʘʭ ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚʦʡ ʨʘʟʚʸʨʪʢʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʣʫʯʰʝ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʸ ʠʩʭʦʜʥʳʤʠ 

ʜʘʥʥʳʤʠ ʚ ʬʦʨʤʘʪʝ ʜʚʫʭ 2D ʧʦʪʦʢʦʚ ʦʩʥʦʚʥʳʭ ʤʦʜʘʣʴʥʦʩʪʝʡ 3D ʩʮʝʥʳ ï ʢʘʨʪʳ 

ʛʣʫʙʠʥ ʠ ʪʝʢʩʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʸʤʢʦʩʪʴ ʛʦʣʦʛʨʘʤʤ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʷʪʴʩʷ ʥʘ ʧʝʨʝʜʘʯʫ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʝʸ ʩʞʘʪʠʷ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʜʣʷ ʧʝʨʝʜʘʯʠ 2D ʮʚʝʪʥʦʛʦ 

RGB ʬʠʣʴʤʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ Full HD ʠ ʛʣʫʙʠʥʦʡ ʷʨʢʦʩʪʠ ʚ 256 

ʛʨʘʜʘʮʠʡ ʩʝʨʦʛʦ, ʧʨʠ ʯʘʩʪʦʪʝ 25 ɻʮ, ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʠ ʩʞʘʪʠʷ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

155 ɻɹ/ʩʝʢ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʪʘʢʦʛʦ ʢʦʥʪʝʥʪʘ ʚ ʜʚʦʠʯʥʦʤ ʢʦʜʝ ʧʦʪʨʝʙʫʝʪʩʷ ʢʘʥʘʣ ʩ 

ʰʠʨʠʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʳ ʩʚʳʰʝ 1,2 ɻɻʮ, ʯʪʦ ʩʝʛʦʜʥʷ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʝʩʧʝʯʝʥʦ 5G ʩʝʪʷʤʠ ʩʚʷʟʠ. ɺ ʩʣʫʯʘʝ ʧʝʨʝʜʘʯʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 3D ʠʥʬʦʨʤʘʮʠʠ 

ʩ ʪʝʤ ʞʝ ʢʘʯʝʩʪʚʦʤ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʢ Full HD ʠ ʛʣʫʙʠʥʦʡ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʚ 

256 ʩʣʦʸʚ, ʧʦʪʨʝʙʫʝʪʩʷ ʢʘʥʘʣ ʩ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ ʜʚʘ ʩ ʧʦʣʦʚʠʥʦʡ 

ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ, ʪ. ʝ. ʩʚʳʰʝ 3Ā10
11

 ɻʮ ʠ ʢʘʥʘʣʳ 5G ʚ ʧʨʠʥʮʠʧʝ ʩ ʪʘʢʠʤ ʧʦʪʦʢʦʤ 

ʜʘʥʥʳʭ ʩʧʨʘʚʠʪʩʷ ʥʝ ʩʤʦʛʫʪ. ɹʦʣʝʝ ʪʦʛʦ, ʵʪʦ ʪʝʭʥʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʧʝʨʝʢʨʦʝʪ ʚʝʩʴ ʜʦʩʪʫʧʥʳʡ ʯʝʣʦʚʝʯʝʩʪʚʫ ʨʘʜʠʦʜʠʘʧʘʟʦʥ. ʆʜʠʥ ʢʘʜʨ ʚ ʪʘʢʦʤ 

ʢʦʥʪʝʥʪʝ ʩʦʜʝʨʞʠʪ 6,2 ʄɹ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʦʜʥʦʡ ʛʦʣʦʛʨʘʤʤʝ, ʠʤʝʶʱʝʡ 

ʨʘʟʨʝʰʝʥʠʝ 3 ʤʢʤ, ʩ ʨʘʟʤʝʨʦʤ ʚʩʝʛʦ 450 ʤʤ
2
, ʠʣʠ 21Ĭ21 ʤʤ

2
. ɻʦʣʦʛʨʘʤʤʳ ʪʘʢʦʛʦ 

ʨʘʟʤʝʨʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʥʝ ʧʨʠʛʦʜʥʳ 

ʜʣʷ ʧʨʷʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ 3D ʦʙʲʝʢʪʦʚ. ʅʝʦʙʭʦʜʠʤʦʝ ʨʘʟʨʝʰʝʥʠʝ 3D ʠʟʦʙʨʘʞʝʥʠʷ 

ʥʫʞʥʦʛʦ ʨʘʟʤʝʨʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʯʘʩʪʦʪʦʡ ʚʠʜʝʦʢʘʜʨʦʚ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʠʜʝʦʛʦʣʦʛʨʘʬʠʠ, ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ 

ʪʝʨʘʙʘʡʪʘʭ ʚ ʩʝʢʫʥʜʫ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʞʘʪʠʷ. ʇʦʵʪʦʤʫ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʸʪʩʷ [1.21] ʠ ʧʦ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 3D ʢʦʥʪʝʥʪʘ. 
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ɸʥʘʣʠʟ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʮʠʬʨʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʦʣʦʛʨʘʤʤ 

ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʦʯʝʚʠʜʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʎʠʬʨʦʚʳʝ ʤʝʪʦʜʳ 

ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʛʦʣʦʛʨʘʬʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʪʜʝʣʷʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 3D ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ ʩʠʛʥʘʣʘ ʠ 

ʫʩʣʦʚʠʷ ʝʛʦ ʜʠʬʨʘʢʮʠʠ ʚ ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪ. ʝ. ʩʝʧʘʨʘʮʠʠ ʧʫʯʢʦʚ +1; 0; ï1 

ʧʦʨʷʜʢʦʚ ʜʠʬʨʘʢʮʠʠ. ʊʘʢʞʝ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ, ʮʠʬʨʦʚʳʝ ʤʝʪʦʜʳ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʷʪʴ ʥʝʢʦʪʦʨʳʡ ʥʝʥʫʞʥʳʡ ʢʦʥʪʝʥʪ ʠʟ ʩʦʦʙʱʝʥʠʷ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʥʝʩʫʱʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʯʘʩʪʦʪʫ, ʚʦʟʚʨʘʱʘʷ ʝʸ ʥʘ ʤʝʩʪʦ ʚ ʢʦʥʮʝ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ, ʯʪʦ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 2. ʆʜʥʘʢʦ, ʮʠʬʨʦʚʳʝ ʤʝʪʦʜʳ 

ʧʨʠʥʦʩʷʪ ʩʚʦʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ çʚ ʣʦʙè ʥʘ ʩʝʛʦʜʥʷ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ ʜʘʥʥʳʭ, ʤʘʣʳʝ 

ʨʘʟʤʝʨʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʠ ʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʰʫʤʳ [1.177]. 

ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʙʣʝʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʛʦʣʦʛʨʘʤʤʳ ʚ 

ʨʝʘʣʴʥʫʶ, ʩʧʦʩʦʙʥʫʶ ʜʠʥʘʤʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʧʫʯʦʢ ʚ 

3D ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ. ʊʝʤʘ ʩʦʟʜʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʤʦʥʠʪʦʨʦʚ ʥʘʧʨʷʤʫʶ ʥʝ ʚʭʦʜʠʪ ʚ ʟʘʜʘʯʠ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ, ʦʜʥʘʢʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ, ʢʘʢ ʙʣʠʞʘʡʰʘʷ ʩʤʝʞʥʘʷ ʦʙʣʘʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʝʪʦʜʳ 

ʟʘʧʠʩʠ ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʛʫʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʨʘʟʚʠʪʠʝ ʦʪʜʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʥʠʪʦʨʦʚ. 

ʅʘʣʠʯʠʝ ʢʦʤʧʝʥʩʠʨʫʝʤʳʭ ʧʦʪʝʨʴ, ʪʘʢʠʭ ʢʘʢ ʢʘʢ ʘʙʝʨʨʘʮʠʠ ʠ 

ʥʝʢʦʤʧʝʥʩʠʨʫʝʤʳʭ, ʪʘʢʠʭ ʢʘʢ ʨʝʟʦʥʘʥʩ ʩʧʝʢʣ-ʧʦʣʷ, ʘʣʠʘʩʠʥʛ ʠ ʬʦʨʤʬʘʢʪʦʨ, 

ʩʥʠʞʘʝʪ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʚʘʝʤʫ  ʁ ʠʥʬʦʨʤʘʮʠ.ʁ ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʙʳʪʴ ʫʯʪʝʥʦ ʢʘʢ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʬʦʨʤʫʣʝ ʐʝʥʥʦʥʘ, ʦʜʥʘʢʦ ʠʟ ʥʝʸ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʨʝʙʦʚʘʥʠʝ 

ʩʦʭʨʘʥʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ, ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʧʨʠʤʝʨʝ ʬʫʨʴʝ-ʛʦʣʦʛʨʘʤʤ, ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ 

ʧʨʠʚʝʜyʥʥʦʤʫ ʂ. ʐʝʥʥʦʥʦʤ ʧʨʠʤʝʨʫ ʩ ʠʤʧʫʣʴʩʥʦ-ʢʦʜʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ. 

ɺ ʩʣʫʯʘʝ ʨʘʟʚʠʪʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʠʩʧʣʝʝʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʧʨʘʚʣʷʝʤʳʭ 

ʦʙʲʸʤʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʨʘʙʦʪʳ Blanche ʠ 



90 

ʜʨ. [1.162] ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ ɸʨʠʟʦʥʳ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʙʥʘʨʫʞʝʥʥʳʡ ʵʬʬʝʢʪ ʨʝʟʦʥʘʥʩʘ ʩʧʝʢʣ-ʧʦʣʝʡ, ʦʧʠʩʘʥʳ ʜʘʣʝʝ ʚ ʛʣʘʚʝ 3. 

ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʩʣʦʞʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʢʘʢ ʚ ʦʙʲʸʤʥʳʭ ʧʦ 

ʢʨʠʪʝʨʠʶ ʂʣʝʡʥʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʪʘʢ ʠ ʚ ʪʦʥʢʠʭ ʛʦʣʦʛʨʘʤʤʘʭ ʩ 

ʜʠʬʨʘʢʮʠʝʡ ʈʘʤʘʥʘ ï ʅʘʪʘ, ʩ ʙʝʟʳʥʝʨʮʠʦʥʥʳʤ ʬʦʪʦʦʪʢʣʠʢʦʤ, ʬʦʨʤʠʨʫʝʤʳʤ 

ʧʨʷʤʳʤ ʦʙʨʘʟʦʤ ʚ ʧʨʦʮʝʩʩʝ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʟʘ ʩʯʸʪ ʵʥʝʨʛʠʠ ʵʢʩʧʦʟʠʮʠʠ ʠ ʙʝʟ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʷʚʣʝʥʠʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʥʠʢʘʝʪ ʨʝʟʦʥʘʥʩʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʟʘʧʠʩʘʥʥʦʡ ʩʧʝʢʣ-ʩʪʨʫʢʪʫʨʦʡ ʬʦʪʦʦʪʢʣʠʢʘ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʧʝʢʣ-ʩʪʨʫʢʪʫʨʦʡ ʟʘʧʠʩʳʚʘʶʱʝʡ ʛʦʣʦʛʨʘʤʤʫ 

ʚʦʣʥʳ. 

ɺʳʚʦʜʳ ʛʣʘʚ r1 

1. ʉʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʢʨʫʛ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʸʥʥʳʡ 

ʨʘʟʨʘʙʦʪʢʝ ʘʥʘʣʦʛʦʚʳʭ ʛʦʣʦʛʨʘʤʤ, ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʳʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤʠ 

ʜʠʩʧʣʝʷʤʠ, ʥʦ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ, ʩʪʘʪʠʯʝʩʢʠʭ, ʥʝ ʧʝʨʝʜʘʶʱʠʭ 

ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠʣʠ ʩʶʞʝʪʘ. ʇʦʷʚʣʷʶʱʠʝʩʷ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʛʦʣʦʛʨʘʤʤ ʷʚʣʷʶʪʩʷ 

ʧʝʨʚʳʤ ʰʘʛʦʤ ʢ ʩʦʟʜʘʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʦʣʦʛʨʘʬʠʠ ʠ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ 

ʟʘʜʘʯʘʭ ʫʜʘʣʸʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʸʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

2. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʤʝʥʷʝʤʳʝ ʩʝʛʦʜʥʷ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʸʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʦʣʶʤʝʪʨʠʯʝʩʢʦʡ, 

ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʧʨʦʙʦʝʚ, Pleno ʠ ʜʠʩʧʣʝʝʚ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ. ɺʩʝ ʦʥʠ ʥʝ ʦʙʣʘʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ 3D ʦʙʲʝʢʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʩʝʤʠ 

ʪʠʧʘʤʠ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʦʤ ʦʙʲʸʤʘ. ʅʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ 

ʜʠʩʧʣʝʠ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ. ʅʦ ʠ ʦʥʠ ʠʤʝʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ AïC ʧʨʦʪʠʚʦʨʝʯʠʝ 

ʤʝʞʜʫ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʦʤ ʦʙʲʸʤʘ ï ʘʢʢʦʤʦʜʘʮʠʝʡ 

(A) ʠ ʢʦʥʚʝʨʛʝʥʮʠʝʡ (C), ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ. 

ʊʦʣʴʢʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 3D ʩʠʛʥʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 
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ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʚʦʩʧʨʠʷʪʠʝ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʚʠʟʫʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ, ʚʢʣʶʯʘʷ 

ʘʢʢʦʤʦʜʘʮʠʶ, ʢʦʥʚʝʨʛʝʥʮʠʶ, ʦʢʢʣʶʟʠʶ, ʥʝʣʘʤʙʝʨʪʦʚʩʢʦʝ ʟʘʪʝʥʝʥʠʝ ʠ ʧʘʨʘʣʣʘʢʩ. 

3. ʇʨʦʙʣʝʤʳ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʠʩʧʣʝʝʚ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʡʩʷ 3D ʚʠʜʝʦʨʷʜ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʦʙʲʷʩʥʷʶʪʩʷ ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʛʦʣʦʛʨʘʤʤʝ. 

ʉʫʜʷ ʧʦ ʧʫʙʣʠʢʘʮʠʷʤ, ʦʥʠ ʤʥʦʛʠʤ ʘʚʪʦʨʘʤ ʢʘʞʫʪʩʷ ʥʝʧʨʝʦʜʦʣʠʤʳʤʠ ʚ ʩʠʣʫ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʥʘʣ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 

ʨʘʜʠʦʜʠʘʧʘʟʦʥʘ, ʩʨʘʚʥʠʤʦʛʦ ʩʦ ʚʩʝʤ ʜʦʩʪʫʧʥʳʤ ʯʝʣʦʚʝʯʝʩʪʚʫ ʩʝʛʦʜʥʷ ʠʣʠ ʜʘʞʝ 

ʝʱʸ ʙʦʣʴʰʝʛʦ. ʅʝʦʙʭʦʜʠʤ ʧʦʠʩʢ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ. 

4. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʨʘʙʦʪʳ ʧʦ ʩʞʘʪʠʶ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ɿʘʯʘʩʪʫʶ, ʦʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ, ʵʥʪʨʦʧʠʡʥʦʤ ʧʦʜʭʦʜʝ, 

ʙʝʟ ʫʯʸʪʘ ʩʧʝʮʠʬʠʢʠ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʛʦʣʦʛʨʘʤʤ. ɼʦʩʪʠʛʥʫʪʦʝ ʨʘʟʥʳʤʠ 

ʘʚʪʦʨʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʵʥʪʨʦʧʠʡʥʦʝ ʩʞʘʪʠʝ, ʦ ʢʦʪʦʨʦʤ ʫʧʦʤʠʥʘʝʪʩʷ, ʢʘʢ ʦ 

ʨʝʘʣʠʟʦʚʘʥʥʦʤ, ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʚʫʭ ʧʦʨʷʜʢʦʚ, ʭʦʪʷ ʪʨʝʙʫʝʪʩʷ ʯʝʪʳʨʝ ï ʧʷʪʴ. 

ʉʣʘʙʦʝ ʧʨʦʜʚʠʞʝʥʠʝ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʢʘ ʣʝʪ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʥʝʦʙʭʦʜʠʤ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʙʣʝʤʝ ʩʞʘʪʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 3D ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʛʦʣʦʛʨʘʤʤʘʭ. 

5. ʅʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʝʛʦʩʷ ʞʠʚʦʛʦ 

3D ʦʙʲʝʢʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʤʢʘʭ ʪʝʭʥʦʣʦʛʠʠ ToF ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ. ʆʜʥʘʢʦ ʧʝʨʚʘʷ, ʚ ʩʠʣʫ ʩʚʦʝʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʥʝ 

ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʨʘʚʥʠʤʳʭ ʩ ʵʣʝʤʝʥʪʘʤʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʣʠʮʘ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʜʨʫʛʠʭ ʧʫʪʝʡ ʨʝʛʠʩʪʨʘʮʠʠ, ʚʢʣʶʯʘʷ ʤʝʪʦʜʳ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ, ʫʜʦʙʥʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦ ʦʙʳʯʥʳʤ ʨʘʜʠʦʢʘʥʘʣʘʤ, ʥʘʧʨʠʤʝʨ 4G ʠʣʠ 5G. 

6. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʘʤʠ 

ʧʨʠʤʝʥʷʝʤʦʡ ʤʦʜʫʣʷʮʠʠ. ʇʨʠ ʵʪʦʤ ʐʝʥʥʦʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟʣʠʰʥʠʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ 

ʜʦʧʫʩʪʠʤʦʝ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
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ʠʟʫʯʝʥʠʷ ʠ ʩʣʘʙʦʡ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʬʦʨʤʫʣʝ ʐʝʥʥʦʥʘ, 

ʦʪʚʝʯʘʶʱʝʡ ʟʘ ʧʘʨʘʤʝʪʨ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ, ʠʤʤʘʥʝʥʪʥʦ ʧʨʠʩʫʱʠʝ 

ʛʦʣʦʛʨʘʤʤʘʤ, ʧʨʠʯʠʥʳ ʦʛʨʘʥʠʯʝʥʠʡ ʚʝʣʠʯʠʥʳ ʜʦʩʪʠʞʠʤʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʧʨʠʥʷʪʴ ʤʝʨʳ ʧʦ 

ʥʝʜʦʧʫʱʝʥʠʶ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʰʫʤʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʦʪʢʨʳʪʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ ʚʳʚʦʜʦʚ, 

ʩʜʝʣʘʥʥʳʭ ʚ ʵʪʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʙʳʣʠ ʦʙʦʩʥʦʚʘʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ (ʩʤ. ʚʚʝʜʝʥʠʝ). 
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ɻʃɸɺɸ 2. ʄɽʊʆɼʓ ʇɽʈɽɼɸʏʀ 3D ɻʆʃʆɻʈɸʌʀʏɽʉʂʆʁ 

ʀʅʌʆʈʄɸʎʀʀ ʇʆ ʂɸʅɸʃɸʄ ʉɺʗɿʀ ɹɽɿ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ 

ʅɽʉʋʑɽʁ 

ʂʘʢ ʙʳʣʦ ʚʠʜʥʦ ʠʟ ʦʙʟʦʨʘ ʨʘʙʦʪ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʝʥʠʝ ʨʷʜʘ ʟʘʜʘʯ, ʦʪʚʝʯʘʶʱʠʭ ʥʘ ʘʢʪʫʘʣʴʥʳʝ 

ʚʦʧʨʦʩʳ ʧʝʨʝʜʘʯʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ. 

ɹʦʣʴʰʠʝ ʦʙʲʸʤʳ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʙʝʟʫʩʣʦʚʥʦ ʷʚʣʷʶʱʠʝʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʚ ʦʙʣʘʩʪʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ TV 

ʠ ʟʘʜʘʯ 3D ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʩʳʛʨʘʣʠ ʩ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʟʣʫʶ ʰʫʪʢʫ, 

ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʧʝʨʝʜʘʯʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ. ɺʳʭʦʜʦʤ ʠʟ ʩʣʦʞʠʚʰʝʛʦʩʷ ʧʨʦʪʠʚʦʨʝʯʠʷ ʷʚʣʷʝʪʩʷ 

ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ 

ʧʣʦʭʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʯʘʤ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʣʠʙʦ ʩʞʘʪʠʝ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʝʸ ʦʙʲʸʤ ʥʝ ʧʨʝʚʳʰʘʣ 

ʨʘʟʫʤʥʳʭ ʧʨʝʜʝʣʦʚ, ʪ. ʝ. ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ 3G ʠ 4G. 

ɺ ʛʣʘʚʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʦʣʦʛʨʘʤʤ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʚ ʥʝʡ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ, ʧʫʪʝʡ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʜʘʯʠ 

ʧʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʧʦʪʦʢʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʜʠʥʘʤʠʯʝʩʢʠʭ 3D ʦʙʲʝʢʪʘʭ ʩ TV ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚʦʡ ʨʘʟʚʸʨʪʢʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʩʝʛʦʜʥʷ ʚʳʩʦʢʠʤ ʩʪʘʥʜʘʨʪʘʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ 

ʢʘʜʨʝ. ʊʘʢʞʝ ʚʳʷʚʣʝʥ r ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʨʝʛʠʩʪʨʘʮʠʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʦʩʥʦʚʥʳʝ 

ʤʦʜʘʣʴʥʦʩʪʠ 3D ʠʟʦʙʨʘʞʝʥʠʷ ï ʪʝʢʩʪʫʨʫ 3D ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʘʨʪʫ ʝʸ ʚʳʩʦʪ. 
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ʇʘʨʘʛʨʘʬ 2.1. ʉʧʦʩʦʙ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʟʘʧʠʩʠ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʚʳʚʦʜʘʭ ʧʘʨʘʛʨʘʬʘ 1.4, ʢʨʠʪʝʨʠʠ, ʦʪʜʝʣʷʶʱʠʝ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʩʚʝʪʦʚʦʤ ʧʦʣʝ ʦʪ 

ʤʫʣʴʪʠʨʘʢʫʨʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ï ʵʪʦ ʥʘʣʠʯʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʘʨʘʣʣʘʢʩʘ ʥʘ 

ʙʦʣʴʰʦʤ ʧʦʣʝ ʵʢʨʘʥʘ ʠ ʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ʠʟʦʙʨʘʞʝʥʠʷ. ʕʪʠ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ʢʘʯʝʩʪʚʘ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʩʤʦʪʨʘ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ 

ʢʦʥʝʯʥʦʡ ʮʝʣʴʶ 3D ʜʠʩʧʣʝʝʚ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ 

ʪʨʘʜʠʮʠʦʥʥʘ ̫ ʛʦʣʦʛʨʘʬʠʯʝʩʢʘ ̫ ʪʝʭʥʦʣʦʛʠ,̫ ʦʪʚʝʯʘʶʱʘ ̫ ʵʪʠʤ ʢʨʠʪʝʨʠʷʤ, ʠ 

ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʥʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʤʝʥʳ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʩ 

ʯʘʩʪʦʪʦʡ ʥʝ ʤʝʥʝʝ ʩʫʱʝʩʪʚʫʶʱʠʭ TV ʩʪʘʥʜʘʨʪʦʚ. 

ʂʘʢ ʙʳʣʦ ʚʠʜʥʦ ʠʟ ʦʙʟʦʨʘ ʨʘʙʦʪ ʦ ʜʠʩʧʣʝʷʭ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ 3D ʜʠʩʧʣʝʝʚ, ʤʦʞʥʦ ʩʭʝʤʥʳʤʠ 

ʨʝʰʝʥʠʷʤʠ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʩʤʝʥʳ ʢʘʜʨʦʚ ʨʘʟʤʝʥʠʚʘʪʴ ʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ 

ʧʣʦʱʘʜʴ 3D ʤʦʥʠʪʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʪʜʝʣʴʥʳʭ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʩʫʙʵʢʨʘʥʦʚ 

[1.161] ʧʫʪʸʤ ʠʭ ʦʙʲʝʜʠʥʝʥʠʷ ʚ ʦʜʠʥ ʦʙʱʠʡ ʵʢʨʘʥ, ʠʣʠ ʦʙʨʘʪʥʦ, ʫʤʝʥʴʰʘʷ 

ʜʠʘʧʘʟʦʥ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʚ ʢʘʜʨʝ (Wx ʠ Wy) ʧʦʜʥʠʤʘʪʴ ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʫʨʦʚʥʷ ʯʘʩʪʦʪʫ ʢʘʜʨʦʚʦʡ ʨʘʟʚʸʨʪʢʠ ɜ [1/ʩ]. ʇʦʵʪʦʤʫ ʢʨʠʪʝʨʠʝʤ ʫʜʘʯʥʦʛʦ ʨʝʰʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 3D ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚʳʨʘʞʝʥʠʝʤ (1.8), ʫʤʥʦʞʝʥʥʳʤ ʥʘ ʯʘʩʪʦʪʫ 

ʩʤʝʥʳ ʢʘʜʨʦʚ (2.1). 

 [ ] [ ]1
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ç ÷

 (2.1) 

ɿʜʝʩʴ Wx ʠ Wy ʠʛʨʘʶʪ ʨʦʣʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʦʙʲʝʢʪʘ, ʥʦ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʚʩʝʡ ʛʦʣʦʛʨʘʤʤʳ. ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʚ ʛʦʣʦʛʨʘʤʤʝ ʠ ʠʟʦʙʨʘʞʝʥʠʠ ʦʙʲʝʢʪʘ ʤʦʞʝʪ 

ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʘ ʙʫʜʝʪ ʩʠʣʴʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʬʦʨʤʳ 
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ʧʨʝʜʩʪʘʚʣʝʥʠʷ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʛʦʣʦʛʨʘʤʤʳ ʵʪʦ 

ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʚʝʩʴ ʨʘʜʠʦʜʠʘʧʘʟʦʥ, ʘ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ 

ʥʘʤʠ ʚ ʧʘʪʝʥʪʝ ʈʌ  ̄2707582 ʨʝʰʝʥʠ ʁ [1.94] (ʩʤ. ʥʠʞʝ), ʦʧʠʨʘʶʱʝʤʫʩʷ ʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ 3D ʦʙʲʸʤʥʦʡ ʢʘʨʪʠʥʳ ʚ ʚʠʜʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï 

ʪʝʢʩʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 3D ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʬʦʨʤʳ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʢʦʪʦʨʫʶ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʢʘʨʪʦʡ ʚʳʩʦʪ, ʠʣʠ ʤʘʩʢʦʡ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʚʠʜʝʦʧʦʪʦʢ 

ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤ. 

2.1.1. ʉʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʢʘʨʪʳ ʛʣʫʙʠʥ 

ʀʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʪʘʢʦʡ ʢʘʨʪʳ ʛʣʫʙʠʥ, ʤʝʪʦʜʦʤ ToF 

[1.82ï1.84] ʠ ʤʝʪʦʜʦʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ [1.85ï1.88], ʚʚʠʜʫ ʨʷʜʘ 

ʧʨʝʠʤʫʱʝʩʪʚ ʚʳʙʨʘʥ ʧʦʩʣʝʜʥʠʡ. ʇʨʠ ʣʘʪʝʨʘʣʴʥʦʤ ʦʩʚʝʱʝʥʠʠ 3D ʦʙʲʝʢʪʘ 

ʧʘʪʪʝʨʥʦʤ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʣʦʩ, ʦʥ ʦʙʨʘʟʫʝʪ ʩʪʨʫʢʪʫʨʫ, ʥʘʧʦʤʠʥʘʶʱʫ ʁ

ʛʦʣʦʛʨʘʤʤʫ, ʟʘʧʠʩʘʥʥʫʶ ʚ ʩʭʝʤʝ ʕ. ʃʝʡʪʘ ʠ ʖ. ʋʧʘʪʥʠʝʢʩʘ, ʨʠʩʫʥʦʢ 2.1. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʘ) ʩʭʝʤʘ ʟʘʧʠʩʠ ʧʨʦʧʫʩʢʘʶʱʠʭ ʛʦʣʦʛʨʘʤʤ ʕ. ʃʝʡʪʘ ʠ ʖ. ʋʧʘʪʥʠʝʢʩʘ, 1 ï 

ʠʩʪʦʯʥʠʢ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 2 ï ʢʦʣʣʠʤʠʨʫʶʱʘʷ ʦʧʪʠʢʘ, 3 ï ʟʝʨʢʘʣʴʥʳʡ ʵʣʝʤʝʥʪ 

ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ, 4 ï ʦʙʲʝʢʪ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʌ.ʇ. ï ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠʣʠ 

ʬʦʪʦʧʨʠʸʤʥʘʷ ʤʘʪʨʠʮʘ, ɻ ï ʛʦʣʦʛʨʘʤʤʘ, ʬʦʨʤʠʨʫʝʤʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʦʡ ʦʧʦʨʥʦʛʦ 

r(x1, y1) ʠ ʦʙʲʝʢʪʥʦʛʦ U1(x1, y1) ʧʫʯʢʦʚ ʩʚʝʪʘ 
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ʄʝʪʦʜ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʤʠ ʢʘʢ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʬʦʨʤʠʨʫʶʱʠʡ ʢʘʨʪʫ ʧʦʚʝʨʭʥʦʩʪʠ 3D ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ToF ʪʝʭʥʦʣʦʛʠʠ ʦʥ ʙʦʣʝʝ ʪʦʯʥʦ ʬʦʨʤʠʨʫʝʪ ʢʘʨʪʫ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʨʝʛʠʩʪʨʠʨʫʷ ʩʘʥʪʠʤʝʪʨʦʚʳʝ ʠ ʤʠʣʣʠʤʝʪʨʦʚʳʝ ʚʘʨʠʘʮʠʠ ʛʣʫʙʠʥ,r 

ʨʝʘʣʴʥʳʭ 3D ʧʦʨʪʨʝʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʞʠʚʦʛʦ, ʜʚʠʞʫʱʝʛʦʩʷ, ʯʝʣʦʚʝʢʘ. ʊʘʢʞʝ, 

ʢʘʢ ʠ ʩʦʚʨʝʤʝʥʥʘʷ ʬʦʪʦʛʨʘʬʠʷ, ʦʥ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʳʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʨʘʟʫ ʧʦʣʫʯʘʪʴ ʩʠʛʥʘʣ ʚ ʮʠʬʨʦʚʦʤ 

ʚʠʜʝ. ʆʥ ʦʧʠʨʘʝʪʩʷ ʥʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʫʶ ʪʝʭʥʠʢʫ ʠ ʪʝʭʥʦʣʦʛʠʶ 

ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʡ ʬʠʢʩʘʮʠʠ ʠʩʢʨʠʚʣʸʥʥʳʭ 3D ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʦʝʢʮʠʡ ʧʨʷʤʳʭ, 

ʠʣʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ, ʧʦʣʦʩ ʠ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʤʠ ʜʣʷ ʤʘʢʝʪʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʨʝʛʠʩʪʨʘʮʠʠ 3D ʧʦʨʪʨʝʪʘ ʞʠʚʦʛʦ ʯʝʣʦʚʝʢʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɼʘʣʝʝ 

ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʥʘ 3D ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʷʤʳʝ ʧʦʣʦʩʳ ʥʝʩʫʪ 

ʠʥʬʦʨʤʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʘʨʘʣʣʘʢʩʝ, ʥʦ ʠ ʦ ʚʝʨʪʠʢʘʣʴʥʦʤ. ɼʘ ʠ ʚ 

ʮʝʣʦʤ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʠʤʝʶʱʠʤʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʭʦʜʩʪʚʦ ʩ ʛʦʣʦʛʨʘʤʤʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʚ ʜʨʫʛʦʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʧʘʨʘʛʨʘʬ 4.1). 

2.1.2. ʉʧʦʩʦʙ ʟʘʧʠʩʠ ʠ ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʟʘʧʠʩʠ ʠ ʧʝʨʝʜʘʯʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʉʦʛʣʘʩʥʦ [1.94], ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʝ ʫʜʘʣʸʥʥʦʛʦ 

ʦʙʲʝʢʪʘ, ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʸʤ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʩʝʤʴʶ ʙʣʦʢʘʤʠ (ʨʠʩʫʥʦʢ 2.2). 
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ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʭ 2D ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʪʝʢʩʪʫʨʝ ʦʙʲʝʢʪʘ 

ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʝʛʦ ʢʘʨʪʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʤʘʩʢʝ) 

ʇʝʨʚʳʡ ʙʣʦʢ (ʨʠʩʫʥʦʢ 2.2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʬʦʪʦʢʘʤʝʨʫ, 

ʩʥʠʤʘʶʱʫʶ ʚ ʙʝʣʦʤ ʩʚʝʪʝ ʦʙʲʝʢʪ, ʠʣʠ ʜʚʝ ʬʦʪʦʢʘʤʝʨʳ ʜʣʷ ʣʫʯʰʝʛʦ ʠʩʧʨʘʚʣʝʥʠʷ 

ʦʢʢʣʶʟʠʠ. ɺ ʧʝʨʚʦʤ ʙʣʦʢʝ ʩʦʟʜʘʸʪʩʷ ʪʨʠ 2D ʢʘʜʨʘ ʥʘ ʢʘʞʜʳʡ ʩʦʟʜʘʚʘʝʤʳʡ ʚ 

ʜʘʣʴʥʝʡʰʝʤ 3D ʢʘʜʨ. ʇʝʨʚʳʡ 2D ʢʘʜʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʳʢʥʦʚʝʥʥʫʶ 

ʬʦʪʦʛʨʘʬʠʶ ʩ ʣʶʙʳʤ ʥʝʦʙʭʦʜʠʤʳʤ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, 

(ʨʠʩʫʥʦʢ 2.3) ʠʣʠ ʜʚʘ ʢʘʜʨʘ, ʧʦʜʦʙʥʳʭ ʩʪʝʨʝʦʧʘʨʝ. ɺʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʢʘʜʨʳ 

ʜʝʣʘʶʪʩʷ ʧʦʩʣʝ ʧʨʦʝʢʮʠʠ ʥʘ ʦʙʲʝʢʪ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʢʘʨʪʠʥʳ ʣʘʪʝʨʘʣʴʥʦ 

ʧʘʜʘʶʱʝʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʠʟ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʣʦʩ. 
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ʈʠʩʫʥʦʢ 2.3 ï ʀʩʭʦʜʥʦʝ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ 

ɺʪʦʨʦʡ ʙʣʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʸʪ ʠ ʧʨʦʝʮʠʨʫʝʪ 

ʥʘ ʦʙʲʝʢʪ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʵʪʫ ʢʘʨʪʠʥʫ ʣʘʪʝʨʘʣʴʥʦ ʧʘʜʘʶʱʝʛʦ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʠʟ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʣʦʩʥʳʭ ʧʦʣʦʩ, ʢʦʪʦʨʘʷ ʧʦʜʦʙʥʘ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʨʝʰʸʪʢʝ ʩ ʟʘʜʘʥʥʳʤ ʧʝʨʠʦʜʦʤ (ʨʠʩʫʥʦʢ 2.4) ʠʣʠ ʩʪʨʫʢʪʫʨʫ ʩ 

ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʨʠʩʫʥʢʦʤ. 

 

ʈʠʩʫʥʦʢ 2.4 ï ʉʠʩʪʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʘʨʪʠʥʳ ʣʘʪʝʨʘʣʴʥʦ ʧʘʜʘʶʱʝʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʩʚʝʪʘ ʠʟ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʣʦʩ 

ʇʨʠ ʵʪʦʤ ʦʙʝ ʬʦʪʦʢʘʤʝʨʳ, ʠʣʠ ʦʜʥʘ ʩʪʝʨʝʦʢʘʤʝʨʘ ʨʝʛʠʩʪʨʠʨʫʪʁ ʝʱʸ ʜʚʘ 2D 

ʢʘʜʨʘ ï ʠʟʦʙʨʘʞʝʥʠ ̫ʦʙʲʝʢʪʘ ʩʦ ʩʧʨʦʝʮʠʨʦʚʘʥʥʳʤʠ ʥʘ ʥʝʛʦ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ 

ʧʦʣʦʩʘʤʠ (ʨʠʩʫʥʦʢ 2.4). 
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ʈʠʩʫʥʦʢ 2.5 ï ɼʚʘ ʢʘʜʨʘ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ ʩ ʥʘʣʦʞʝʥʥʦʡ ʥʘ ʥʝʛʦ ʧʨʦʝʢʮʠʝʡ ʣʘʪʝʨʘʣʴʥʦ 

ʧʘʜʘʶʱʝʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʠʟ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʣʦʩ 

ʊʨʝʪʠʡ ʙʣʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʢʦʧʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ, 

ʧʨʠ ʢʘʞʜʦʤ ʘʢʪʝ ʩʲʸʤʢʠ ʦʙʲʝʢʪʘ ʦʙʨʘʙʘʪʳʚʘʶʱʫʶ ʪʨʠ ʢʘʜʨʘ. ʇʝʨʚʳʡ ʢʘʜʨ ʠʣʠ 

ʧʘʨʘ ʢʘʜʨʦʚ ʚ ʠʟʦʧʨʦʝʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʪʁ ʩʦʙʦʡ ʬʦʪʦʛʨʘʬʠʶ ʪʝʢʩʪʫʨʳ ʦʙʲʝʢʪʘ ʩ 

ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (ʨʠʩʫʥʦʢ 2.3). ɺʪʦʨʦʡ ï ʬʦʪʦʛʨʘʬʠ ʁʦʙʲʝʢʪʘ ʚʤʝʩʪʝ ʩ 

ʣʘʪʝʨʘʣʴʥʦ ʩʧʨʦʝʮʠʨʦʚʘʥʥʳʤʠ ʥʘ ʥʝʛʦ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ ʧʦʣʦʩʘʤʠ ʧʦʜ ʫʛʣʦʤ 

ʩʣʝʚʘ, ʘ ʪʨʝʪʠʡ ï ʧʦʜ ʫʛʣʦʤ ʩʧʨʘʚʘ (ʨʠʩʫʥʦʢ 2.5). ʋʢʘʟʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʣʦʩ ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʠʤʝʪʴ ʯʘʩʪʦʪʫ, ʩʨʘʚʥʠʤʫʶ ʩ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʚ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ, ʧʦʩʢʦʣʴʢʫ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʨʝʣʴʝʬ (ʛʣʫʙʠʥʘ ʜʝʪʘʣʝʡ 

ʠʟʦʙʨʘʞʝʥʠʷ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʟʨʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʥʘ 

ʧʦʨʷʜʢʠ ʤʝʥʴʰʝʡ, ʯʝʤ ʜʣʠʥʘ ʚʦʣʥʳ ʚʠʜʠʤʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʆ ʤʝʣʢʠʭ ʜʝʪʘʣʷʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʳ ʩʫʜʠʤ ʧʦ ʤʝʣʢʠʤ ʜʝʪʘʣʷʤ ʪʝʢʩʪʫʨʳ. ʅʘʧʨʠʤʝʨ, ʤʳ ʥʝ ʚʠʜʠʤ 

ʛʣʫʙʠʥʫ ʤʦʨʱʠʥʦʢ ʥʘ ʣʠʮʝ, ʥʦ ʚʠʜʠʤ ʠʭ ʬʦʨʤʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʮʘ. ɺ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʝʮʠʨʦʚʘʪʴ ʥʘ ʦʙʲʝʢʪ ʧʦʣʦʩʳ ʩ ʯʘʩʪʦʪʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʪʝʨʘʛʝʨʮʦʚʦʤʫ ʜʠʘʧʘʟʦʥʫ ʜʣʠʥ ʚʦʣʥ, ʠʣʠ ʜʘʞʝ ʉɺʏ ʨʘʜʠʦʜʠʘʧʘʟʦʥʫ ʩ ʧʝʨʠʦʜʦʤ, 

ʦʧʨʝʜʝʣʷʝʤʳʤ ʩʪʨʫʢʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ. ʇʨʘʢʪʠʯʝʩʢʠ, ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʮʘ ʯʝʣʦʚʝʢʘ ʜʦʩʪʘʪʦʯʥʦ ʩʦʟʜʘʚʘʪʴ ʢʘʨʪʠʥʫ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʠʟ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʣʦʩ ʩ ʧʝʨʠʦʜʦʤ ʦʪ ʜʦʣʝʡ 

ʤʠʣʣʠʤʝʪʨʦʚ (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʨʘʛʝʨʮʦʚʦʤʫ ʜʠʘʧʘʟʦʥʫ) ʜʦ ʩʘʥʪʠʤʝʪʨʦʚ 

(ʉɺʏ). 
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ʈʠʩʫʥʦʢ 2.6 ï ɺʳʜʝʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʠʩʢʨʠʚʣʸʥʥʳʭ ʧʦʣʦʩ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʬʦʨʤʫ 3D 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʬʦʪʦʛʨʘʬʠʡ ʩ ʥʘʣʦʞʝʥʥʳʤʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʦʩʘʤʠ 

ʚʳʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʠʩʢʨʠʚʣʸʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʦʧʦʛʨʘʬʠʝʡ ʦʙʲʝʢʪʘ 

(ʨʠʩʫʥʦʢ 2.6). ʇʦ ʚʝʣʠʯʠʥʝ ʩʤʝʱʝʥʠʷ ʧʦʣʦʩ ʚʳʯʠʩʣʷʝʪʩʷ ʜʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ 

ʜʘʥʥʳʭ ʦ ʛʣʫʙʠʥʘʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʨʦʬʠʣʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ 

(ʨʠʩʫʥʦʢ 2.7). 

 

ʈʠʩʫʥʦʢ 2.7 ï ʂʘʨʪʘ ʚʳʩʦʪ ʦʙʲʝʢʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʛʨʘʜʘʮʠʷʭ ʩʝʨʦʛʦ 

ʈʘʟʤʝʨ ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʪʦʯʢʠ ʚ ʪʘʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣɹh ʝ, 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ ʚʳʨʘʞʝʥʠʶ (1.1) ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʜʠʬʨʘʢʮʠʦʥʥʳʤ ʧʨʝʜʝʣʦʤ, 

ʢʘʢ ʚ ʛʦʣʦʛʨʘʤʤʝ, ʘ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʲʝʢʪʠʚʘ ʠ ʬʦʪʦʧʨʠʸʤʥʦʡ 

ʤʘʪʨʠʮʳ ʬʦʪʦʘʧʧʘʨʘʪʘ. ʂʦʣʠʯʝʩʪʚʦ ʞʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʛʠʩʪʨʠʨʫʝʤʦʤ ʤʘʩʩʠʚʝ 

ʪʦʯʝʢ ʠʟʦʙʨʘʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʩʦʜʝʨʞʠʪʩʷ ʚ ʛʦʣʦʛʨʘʤʤʝ 
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ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠ, ʩʦʛʣʘʩʥʦ (1.2), ʩʨʘʚʥʠʤʦ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʪʝʨʘʛʝʨʮʦʚʦʡ ʠ 

ʜʘʞʝ ʉɺʏ ʛʦʣʦʛʨʘʤʤʳ. ʆʜʥʘʢʦ ʟʨʠʪʝʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʝʪʘʣʝʡ, ʦʧʨʝʜʝʣʷʝʤʦʝ 

ʨʘʟʨʝʰʝʥʠʝʤ ʬʦʪʦʛʨʘʬʠʠ ʩ ʪʝʢʩʪʫʨʦʡ ʦʙʲʝʢʪʘ, ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʟʨʠʪʝʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʞʘʪʠʝ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʝʸ 

ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʙʝʟ ʥʘʣʠʯʠʷ ʟʨʠʪʝʣʴʥʦ ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

ʢʘʯʝʩʪʚʘ 3D ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʪʨʝʪʴʝʤ ʙʣʦʢʝ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪ 

ʜʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ (ʨʠʩʫʥʦʢ 2.3) ʠ 

ʦʪʜʝʣʴʥʦ ʜʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʨʦʬʠʣʷ ʦʙʲʝʢʪʘ (ʤʘʩʢʠ) 

(ʨʠʩʫʥʦʢ 2.8) ʜʣʷ ʙʣʦʢʘ 4 (ʨʠʩʫʥʦʢ 2.2). 

 

ʈʠʩʫʥʦʢ 2.8 ï ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʧʨʦʬʠʣʴ ʦʙʲʝʢʪʘ ʠʣʠ ʝʛʦ ʢʘʨʪʘ ʚʳʩʦʪ (ʤʘʩʢʘ) 

ʆʙʘ ʵʪʠʭ ʤʘʩʩʠʚʘ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ (ʥʘʧʨʠʤʝʨ, ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ) ʩ 

ʧʝʨʝʜʘʶʱʝʛʦ ʢʦʥʮʘ (ʙʣʦʢ 4) ʥʘ ʧʨʠʸʤʥʳʡ (ʙʣʦʢ 5). ʅʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ 

ʩʚʷʟʠ ʥʘʭʦʜʷʪʩʷ ʙʣʦʢ 6 ʠ ʙʣʦʢ 7. ʐʝʩʪʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʣʦʢ ʩʠʥʪʝʟʘ 

ʚʠʨʪʫʘʣʴʥʦʡ ʛʦʣʦʛʨʘʤʤʳ (ʨʠʩʫʥʦʢ 2.9) ʧʦ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʠ 

ʤʘʩʢʝ. 
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ʈʠʩʫʥʦʢ 2.9 ï ʉʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ ʛʦʣʦʛʨʘʤʤʘ 3D ʦʙʲʝʢʪʘ 

ʊʘʢʘʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʛʦʣʦʛʨʘʤʤʘ ʵʢʚʠʚʘʣʝʥʪʥʘ ʦʙʳʯʥʦʡ ʛʦʣʦʛʨʘʤʤʝ. ʋ 

ʥʝʸ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʪʝʢʩʪʫʨʳ) ʦʙʲʝʢʪʘ ʠ 

ʜʦʧʫʩʪʠʤʦ ʤʝʥʴʰʝʝ ʠʣʠ ʪʘʢʦʝ ʞʝ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʩʢʠ 

(ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʦʙʲʝʢʪʘ). ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ, ʧʨʠ ʵʪʦʤ, ʥʝ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʦʜʝʨʞʘʱʝʝʩʷ ʚ ʪʨʸʭ ʬʦʪʦʛʨʘʬʠʷʭ, ʯʪʦ ʥʘ ʤʥʦʛʦ ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ ʦʙʲʸʤʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʦʜʥʦʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʦʣʦʛʨʘʤʤʝ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʦʡ ʧʘʪʪʝʨʥ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʠʟ ʣʘʪʝʨʘʣʴʥʦ 

ʦʩʚʝʱʘʶʱʠʭ 3D ʦʙʲʝʢʪ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʣʦʩ (ʨʠʩʫʥʦʢ 2.6), ʢʘʢ ʙʫʜʝʪ ʜʦʢʘʟʘʥʦ ʚ 

ʧʘʨʘʛʨʘʬʝ 4.1, ʩʘʤ ʷʚʣʷʝʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʙʣʘʜʘʶʱʝʡ ʩʚʦʡʩʪʚʦʤ 

ʛʦʣʦʛʨʘʤʤʳ. ʇʨʠ ʝʛʦ ʦʩʚʝʱʝʥʠʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʚʦʣʥʦʡ ʚʦʟʥʠʢʘʶʪ ʪʨʠ 

ʧʦʨʷʜʢʘ ʜʠʬʨʘʢʮʠʠ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ 3D 

ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ, ʢʘʢ ʠ ʩʘʤʘ ʛʦʣʦʛʨʘʤʤʘ, ʭʦʪʷ ʠ ʨʘʙʦʪʘʶʱʘ ̫ ʚ ʜʨʫʛʦʤ 

ʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʉʝʜʴʤʦʡ ʙʣʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ (ʨʠʩʫʥʦʢ 2.10), ʢʦʪʦʨʳʡ ʧʦ ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʙʣʦʢʘ 6 

ʚʠʨʪʫʘʣʴʥʦʡ ʛʦʣʦʛʨʘʤʤʝ ʵʣʝʢʪʨʦʥʥʳʤ ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʝʪ ʚʠʨʪʫʘʣʴʥʦ ʪʫ ʞʝ 

ʩʪʨʫʢʪʫʨʫ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ (ʢʦʤʧʴʶʪʝʨʥʫʶ ʛʦʣʦʛʨʘʤʤʫ), ʯʪʦ ʠ 

ʘʥʘʣʦʛʦʚʘʷ ʛʦʣʦʛʨʘʤʤʘ ʦʙʲʝʢʪʘ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ ʜʣʷ ʣʶʙʦʡ ʩʭʝʤʳ 

ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʩʭʝʤʳ ʃʝʡʪʘ ï ʋʧʘʪʥʠʝʢʩʘ (ʨʠʩʫʥʦʢ 2.10). 
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ʈʠʩʫʥʦʢ 2.10 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʩʧʣʝʷ 

ʇʨʠ ʦʩʚʝʱʝʥʠʠ ʵʪʦʡ ʩʪʨʫʢʪʫʨ r ʢʦʛʝʨʝʥʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʚʠʜʠʤʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʦʝ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ɼʣʷ 

ʧʝʨʝʜʘʯʠ ʮʚʝʪʘ ʠʩʧʦʣʴʟʫʝʤ ʣʶʙʦʡ ʠʟ ʚʠʜʦʚ ʮʚʝʪʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ 

RGB ʢʦʜʠʨʦʚʘʥʠʠ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʝʨʝʜʘʸʤ ʚ ʪʨʸʭ ʮʚʝʪʘʭ, ʢʘʢ ʙʳ 

ʪʨʝʤʷ ʩʣʦʷʤʠ, ʘ ʤʘʩʢʫ ʧʝʨʝʜʘʸʤ ʯʝʪʚʸʨʪʳʤ ʢʘʜʨʦʤ (ʯʝʪʚʸʨʪʳʤ ʩʣʦʝʤ). 

 

ʈʠʩʫʥʦʢ 2.11 ï ɺʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 3D RGB ʠʟʦʙʨʘʞʝʥʠʷ 

ɺʘʨʠʘʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʭʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʟʦʨʘʭ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 3D ʤʦʥʠʪʦʨʦʚ, ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʥʠʭ ʧʨʠʚʝʜʝʥʳ ʚ [1.130, 1.133] ʠ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ. ʄʳ, ʟʘ ʥʝʠʤʝʥʠʝʤ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʘ, ʙʫʜʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ 3D 

ʢʘʜʨʦʚ ʚ ʚʠʜʝ ʚʠʨʪʫʘʣʴʥʳʭ 3D ʤʘʩʩʠʚʦʚ ʠ ʚ ʚʠʜʝ ʠʭ ʧʨʦʝʢʮʠʡ ʥʘ ʧʣʦʩʢʦʩʪʴ 

ʦʙʳʯʥʳʭ 2D ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʥʠʪʦʨʦʚ. 
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ʕʪʦ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʚ ʨʝʞʠʤʝ çonlineè, ʩʦʟʜʘʚʘʷ ʵʬʬʝʢʪ ʧʨʠʩʫʪʩʪʚʠʷ 

ʢʘʢ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʫʩʪʨʦʡʩʪʚʘʭ 3D ʪʝʣʝʚʠʜʝʥʠʷ 

(ʨʠʩʫʥʦʢ 2.12) 

 

ʈʠʩʫʥʦʢ 2.12 ï ʏʝʪʳʨʝ ʧʨʦʝʢʮʠʠ 3D ʠʟʦʙʨʘʞʝʥʠʷ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʦ ʜʚʫʤ ʜʚʫʤʝʨʥʳʤ 

ʢʘʨʪʠʥʘʤ ï ʢʘʨʪʠʥʝ ʪʝʢʩʪʫʨʳ ʠ ʢʘʨʪʠʥʝ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʆʩʦʙʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʝʚʠʜʠʤʳʭ ʚ ʩʚʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ, 

 

ʈʠʩʫʥʦʢ 2.13 ï ʏʝʪʳʨʝ ʧʨʦʝʢʮʠʠ 3D ʀʂ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʦ ʜʚʫʤ ʜʚʫʤʝʨʥʳʤ 

ʢʘʨʪʠʥʘʤ ï ʢʘʨʪʠʥʝ ʀʂ ʪʝʢʩʪʫʨʳ ʠ ʀʂ ʢʘʨʪʠʥʝ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʀʂ, ʠʣʠ ʜʘʞʝ ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ. ʇʨʠʤʝʨʦʤ ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʠ 

ʨʘʜʠʦʚʠʜʝʥʠʷ, ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʚʠʜʝʥʠʷ ʠ ʜʘʞʝ ʚʠʜʝʥʠʷ ʚ ʪʝʨʘʛʝʨʮʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
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ʅʘ ʨʠʩʫʥʢʝ 2.13 ʧʨʠʚʝʜʝʥʳ ʧʝʨʚʳʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʛʦʣʦʛʨʘʤʤʘʤʠ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ ʧʦ ʬʘʡʣʘʤ 

ʪʝʢʩʪʫʨʳ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʛʣʫʙʠʥ (ʤʘʩʢʠ) ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ. ʇʨʠʯʸʤ ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ, ʚ ʢʦʪʦʨʳʭ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʪʝʢʩʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʦʧʦʛʨʘʬʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ. ʅʘʧʨʠʤʝʨ, ʢʦʤʙʠʥʘʮʠʷ, ʢʦʛʜʘ ʪʝʢʩʪʫʨʘ, ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ 

ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʪʦʧʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʫʜʦʙʥʦ ʚ 

ʟʘʜʘʯʘʭ ʥʘʚʠʛʘʮʠʠ ʧʨʠ ʧʦʩʘʜʢʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ɸ ʪʝʢʩʪʫʨʘ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ ʧʨʠ 

ʪʦʧʦʛʨʘʬʠʠ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʫʜʦʙʥʘ ʚ ʤʝʜʠʮʠʥʝ. ʊʘʢʞʝ ʧʦʜʦʙʥʳʝ 

ʢʦʤʙʠʥʘʮʠʠ ʚʦʟʤʦʞʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʩʠʥʪʝʟʘ ʀʂ-ʠʟʦʙʨʘʞʝʥʠʡ ʠ 

ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ [2.1]. 

ʆʙʩʫʞʜʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʧʘʪʝʥʪʝ ʈʌ  ̄2707582 [1.94] ʩʧʦʩʦʙ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʚʝʱʘʥʠʷ: ʟʘʤʝʥʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʢʦʥʪʝʥʪʘ ʠʟ 3D ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʥʘ ʜʚʘ ʧʦʪʦʢʘ 2D ʜʘʥʥʳʭ ʠʟ ʜʚʫʭ ʤʦʜʘʣʴʥʦʩʪʝʡ 

(ʪʝʢʩʪʫʨʘ + ʤʘʩʢʘ) 3D ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʛʦʣʦʛʨʘʤʤ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ. 

ʊʘʢʦʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʛʦʣʦʛʨʘʤʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʩʚʝʱʝʥʠ ̫3D ʦʙʲʝʢʪʘ, ʚʠʨʪʫʘʣʴʥʦʤ ʩʠʥʪʝʟʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ 

ʢʘʨʪʠʥʳ ʧʦ ʨʘʩʩʝʷʥʥʦʤʫ ʠʤ ʠʟʣʫʯʝʥʠʶ ʚʤʝʩʪʝ ʩ ʠʟʣʫʯʝʥʠʝʤ ʦʧʦʨʥʦʛʦ ʧʫʯʢʘ. ʉ 

ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʣʦʛʨʘʤʤʦʡ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʤʝʩʪʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʥʘ ʧʨʠʸʤʥʳʡ ʢʦʥʝʮ ʢʘʥʘʣʘ ʩʚʷʟʠ 

ʧʝʨʝʜʘʸʪʩʷ ʚʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ 3D ʦʙʲʝʢʪʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʸʤ. 

ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʨʪʝ ʚʳʩʦʪ 3D ʦʙʲʝʢʪʘ 

ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ. ɼʣʷ ʵʪʦʛʦ ʦʙʲʝʢʪ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʣʘʪʝʨʘʣʴʥʦ ʦʩʚʝʱʘʶʪ ʩʚʝʪʦʤ ʩʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʟʘʨʘʥʝʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ 

ʠʣʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʧʦʣʦʩʘʤʠ, ʯʝʡ ʧʝʨʠʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
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ʠʥʬʨʘʢʨʘʩʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʠʣʠ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤʫ ʜʠʘʧʘʟʦʥʫ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʪʦʯʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʦʙʲʝʢʪʘ. ʇʦ ʠʩʢʨʠʚʣʝʥʠʷʤ ʵʪʠʭ ʧʦʣʦʩ ʧʦʣʫʯʘʶʪ ʢʘʨʪʫ 

ʚʳʩʦʪ, ʥʘ ʢʦʪʦʨʫʶ ʥʘʢʣʘʜʳʚʘʶʪ ʪʝʢʩʪʫʨʫ, ʧʦʣʫʯʝʥʥʫʶ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝʤ 

ʦʙʲʝʢʪʘ. ɿʘʪʝʤ ʧʝʨʝʜʘʶʪ ʵʪʠ ʜʚʘ ʠʟʦʙʨʘʞʝʥʠʷ (ʬʦʪʦʛʨʘʬʠʶ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʫʶ 

ʢʘʨʪʫ) ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʣʶʙʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ, ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʝʜʠʥʝʥʠʝʤ ʵʪʠʭ ʜʚʫʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʦʙʲʸʤʥʦʝ 3D ʠʟʦʙʨʘʞʝʥʠʝ 

ʦʙʲʝʢʪʘ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʣʠʥʠʠ ʩʚʷʟʠ. ʆʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʦʣʦʛʨʘʤʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʧʦʣʦʩ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʥʦ-ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ ʦʙʲʝʢʪʥʳʤ ʧʫʯʢʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ 3D ʚʠʨʪʫʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ ʠ ʢʦʤʧʴʶʪʝʨʥʦ-

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʦʧʦʨʥʳʡ ʧʫʯʦʢ. ʇʦʩʣʝ ʦʪʦʙʨʘʞʝʥʠʷ (ʟʘʧʠʩʠ) ʧʦʣʫʯʝʥʥʦʡ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʛʦʣʦʛʨʘʤʤʳ ʥʘ ʤʘʪʝʨʠʘʣʴʥʳʡ ʥʦʩʠʪʝʣʴ, ʧʦʩʣʝʜʥʷʷ ʧʨʠ ʦʩʚʝʱʝʥʠʠ 

ʤʘʪʝʨʠʘʣʴʥʳʤ ʵʢʚʠʚʘʣʝʥʪʦʤ ʦʧʦʨʥʦʛʦ ʧʫʯʢʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʟʨʠʪʝʣʴʥʦ ʢʘʢ ʦʙʳʯʥʦʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ 3D 

ʠʟʦʙʨʘʞʝʥʠʝ. 

ʕʪʦʪ ʞʝ ʩʧʦʩʦʙ ʭʘʨʘʢʪʝʨʝʥ ʪʝʤ, ʯʪʦ ʬʦʪʦʬʠʢʩʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʩʧʨʦʝʮʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʢʘʢ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ, ʪʘʢ ʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʧʦʣʦʩ, ʩʘʤʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʘ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʜʠʬʨʘʛʠʨʦʚʘʪʴ ʩʚʝʪ, 

ʘʥʘʣʦʛʠʯʥʦ ʜʠʬʨʘʢʮʠʠ ʥʘ ʛʦʣʦʛʨʘʤʤʝ, ʭʦʪʷ ʠ ʟʘʧʠʩʘʥʥʦʡ ʥʘ ʙʦʣʴʰʝʡ ʜʣʠʥʝ 

ʚʦʣʥʳ, ʩʨʘʚʥʠʤʦʡ ʩ ʧʝʨʠʦʜʦʤ ʩʧʨʦʝʮʠʨʦʚʘʥʥʳʭ ʥʘ ʦʙʲʝʢʪ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʧʦʣʦʩ ʠ ʧʦʵʪʦʤʫ ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʭʦʞʘ ʥʘ ʛʦʣʦʛʨʘʤʤʫ. ʏʠʩʣʦ ʧʦʣʦʩ ʤʦʞʥʦ 

ʤʝʥʷʪʴ, ʥʘʧʨʠʤʝʨ, ʤʝʜʠʘʥʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʦʩ ʤʝʞʜʫ ʢʘʞʜʳʤʠ 

ʜʚʫʤʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤʠ, ʪʝʤ ʩʘʤʳʤ ʠʟʤʝʥʷ ̫ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʠ 

ʩʦʟʜʘʚʘʷ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʟʜʘʶʱʫʶ ʢʘʨʪʠʥʫ ʜʠʬʨʘʢʮʠʠ ʚ ʚʠʜʠʤʦʤ 

ʩʚʝʪʝ, ʘʥʘʣʦʛʠʯʥʦ ʛʦʣʦʛʨʘʤʤʝ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʢʦʛʜʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʠ ʩʦʟʜʘʥʠʝ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʦʙʲʝʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʫʣʷʨʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʯʘʩʪʦʪʦʡ 

ʩʤʝʥʳ ʢʘʜʨʦʚ (ʜʦʩʪʘʪʦʯʥʦʡ ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚʦʡ ʨʘʟʚʸʨʪʢʠ), ʩʦʟʜʘʚʘʷ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 3D ʠʟʦʙʨʘʞʝʥʠʡ, ʪʘʢ ʞʝ ʨʝʛʫʣʷʨʥʦ ʧʝʨʝʜʘʚʘʝʤʳʭ ʥʘ 

ʧʨʠʸʤʥʳʡ ʢʦʥʝʮ ʣʠʥʠʠ ʩʚʷʟʠ, ʛʜʝ ʩʦʟʜʘʸʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʘʥʘʣʦʛʠʯʥʦ ʛʦʣʦʛʨʘʤʤʘʤ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪ ɹ 3D 

ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʘʣʠʟʫʝʪʩʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʢʠʥʦ, ʠʣʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʪʝʣʝʚʠʜʝʥʠʝ. 

ʇʝʨʝʜʘʯʘ ʜʚʫʭ ʢʘʜʨʦʚ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʫʩʧʝʰʥʦ ʢʦʥʢʫʨʠʨʫʝʪ ʩ ʤʝʪʦʜʘʤʠ 

ʤʫʣʴʪʠʵʢʩʧʦʟʠʮʠʠ [1.75], ʢʦʪʦʨʳʝ ʧʣʦʭʦ ʨʘʙʦʪʘʶʪ ʚ ʩʣʫʯʘʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ [1.76]. 

ɺʳʚʦʜʳ ʧʘʨʘʛʨʘʬʘ 2.1 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʟʘʧʠʩʠ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ, ʘ, ʟʥʘʯʠʪ, ʚ ʝʛʦ ʨʘʤʢʘʭ ʤʦʛʫʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ 3D ʠʟʦʙʨʘʞʝʥʠʷ ï 

ʥʝʧʨʝʨʳʚʥʳʡ ʧʘʨʘʣʣʘʢʩ, ʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ʠ ʧʣʦʱʘʜʴ ʦʪʦʙʨʘʞʘʝʤʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʕʪʦ ʠ ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʦʡ ʮʝʣʴʶ ʧʨʦʝʢʪʦʚ ʧʦ ʩʦʟʜʘʥʠʶ 3D TV ʠ 3D 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

ʇʘʨʘʛʨʘʬ 2.2. ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʛʦʣʦʛʨʘʤʤʳ ʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʤ ʧʘʨʘʛʨʘʬʝ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʩʢʘʣʷʨʥʦʡ ʪʝʦʨʠʠ ʜʠʬʨʘʢʮʠʠ ʜʣʷ 

ʩʣʫʯʘʝʚ ʟʘʧʠʩʠ ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʬʘʟʦʚʳʭ (ʦʙʲʸʤʥʳʭ ʠ ʪʦʥʢʠʭ) ʛʦʣʦʛʨʘʤʤ 

ʧʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ ʦʧʠʩʘʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʷʟʳʢʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ, ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʪʝʢʩʪʫʨʳ ʠ ʤʘʩʢʠ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʣʴʥʦʛʦ 3D ʧʦʨʪʨʝʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʯʝʣʦʚʝʢʘ ʠ 

ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʦ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʩʧʦʩʦʙʘ ʠ ʧʨʦʙʣʝʤʘʭ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʥʘ ʵʪʦʤ 

ʧʫʪʠ. 
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ʇʨʠ ʧʝʨʝʜʘʯʝ ʣʶʙʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚʩʪʘʸʪ ʚʦʧʨʦʩ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʥʘʣʘ ʩʚʷʟʠ. ɼʣʷ ʜʚʫʤʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘʠʙʦʣʴʰʝ ʧʦʧʫʣʷʨʥʦʩʪʴʶ 

ʩʝʛʦʜʥʷ ʧʦʣʴʟʫʝʪʩʷ ʩʞʘʪʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʬʦʨʤʘʪʝ JPEG, ʚʚʝʜʸʥʥʦʝ ʚ ʤʘʩʩʦʚʳʡ 

ʦʙʦʨʦʪ ʵʢʩʧʝʨʪʥʦʡ ʛʨʫʧʧʦʡ çʦʙʲʝʜʠʥʸʥʥʳʝ ʬʦʪʦʛʨʘʬʳè [1.104]. ɺ ʥʸʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʩʠʥʫʩʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʠ ʥʝʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʴʥʳʝ ʙʣʦʢʠ 

ʜʣʷ ʩʞʘʪʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʣʘʙʦ ʤʝʥʷʶʱʠʭʩʷ ʧʦ ʧʦʣʶ ʩʠʛʥʘʣʦʚ. ɼʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ 3D ʩʠʛʥʘʣʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʠʩʘʥʥʫʶ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʧʘʨʘʛʨʘʬʝ 2.1 ʤʦʜʝʣʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʝʢʩʪʫʨʳ ʠ ʢʘʨʪʳ ʛʣʫʙʠʥ (ʤʘʩʢʠ) 3D ʦʙʲʝʢʪʘ. 

ʂʘʢ ʫʪʚʝʨʞʜʘʣʦʩʴ ʚʳʰʝ, ʩʧʝʢʪʨʳ ʦʙʲʝʢʪʘ ʠ ʛʦʣʦʛʨʘʤʤʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʪʴʩʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʫʞʥʳʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʜʠʘʧʘʟʦʥ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ. 

ʆʜʥʘʢʦ ʩʪʦʠʪ ʧʦʜʨʦʙʥʝʝ ʚʳʷʩʥʠʪʴ ʢʘʢʦʡ ʩʧʝʢʪʨ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 

ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʳʤ, ʘ ʢʘʢʦʡ ʥʝʪ. ʕʪʘ ʪʝʤʘ çʜʦʩʪʘʪʦʯʥʦʩʪʠ 

ʜʝʪʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʘè ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʦʡ ʠ ʩʣʘʙʦ ʨʘʩʢʨʳʪʘ ʚ ʦʙʟʦʨʘʭ [1.104]. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʦʡ ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʩʦʜʝʨʞʠʪ ʛʦʣʦʛʨʘʤʤʘ ʠ ʢʘʢʦʝ ʤʝʩʪʦ 

ʚ ʥʸʤ ʟʘʥʠʤʘʶʪ ʩʧʝʢʪʨʳ ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʪʝʢʩʪʫʨʳ ʠ ʢʘʨʪʳ 

ʛʣʫʙʠʥ, ʦʙʨʘʪʠʤʩʷ ʢ ʠʩʪʦʢʘʤ ï ʢ ʦʩʥʦʚʥʳʤ ʬʦʨʤʫʣʘʤ ʛʦʣʦʛʨʘʬʠʠ [1.8ï1.11]. 

ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʥʘ ʩʝʛʦʜʥʷʰʥʝʤ ʫʨʦʚʥʝ ʪʝʭʥʠʢʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʮʠʬʨʦʚʳʭ ʦʙʲʸʤʥʳʭ ʦʪʨʘʞʘʪʝʣʴʥʳʭ 

ʛʦʣʦʛʨʘʤʤ ʧʦ ʩʭʝʤʝ ʖ. ʅ. ɼʝʥʠʩʶʢʘ [1.8, 1.9], ʨʘʩʩʤʦʪʨʠʤ ʢʣʘʩʩʠʯʝʩʢʫʶ ʩʭʝʤʫ 

ʟʘʧʠʩʠ ʧʨʦʧʫʩʢʘʶʱʠʭ ʘʥʘʣʦʛʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʚ ʩʭʝʤʝ ʕ. ʃʝʡʪʘ ʠ ʖ. ʋʧʘʪʥʠʝʢʩʘ 

[1.10, 1.11], ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 2.14. 
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ʈʠʩʫʥʦʢ 2.14 ï ʉʭʝʤʘ ʟʘʧʠʩʠ ʧʨʦʧʫʩʢʘʶʱʝʡ ʘʤʧʣʠʪʫʜʥʦʡ ʛʦʣʦʛʨʘʤʤʳ ʃʝʡʪʘ ʠ ʋʧʘʪʥʠʝʢʩʘ. 

U0(x0, y0, z0) ï ʘʤʧʣʠʪʫʜʘ ʨʘʩʩʝʷʥʥʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠ̫  ʦʙʲʝʢʪʘ, U1(x1, y1) ï ʝʛʦ ʟʥʘʯʝʥʠʷ 

ʚ ʧʣʦʩʢʦʩʪʠ ʛʦʣʦʛʨʘʤʤʳ, R(x1, y1) ï ʘʤʧʣʠʪʫʜʘ ʦʧʦʨʥʦʛʦ ʧʫʯʢʘ ʚ ʧʣʦʩʢʦʩʪʠ ʛʦʣʦʛʨʘʤʤʳ,  

z0 ï ʛʣʫʙʠʥʘ ʦʙʲʝʢʪʘ ʚ ʪʦʯʢʝ (x0, y0), z1 ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ (x0, y0, z0) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʜʦ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ (x1, y1) ʥʘ ʛʦʣʦʛʨʘʤʤʝ 

ʆʜʥʦʡ ʠʟ ʨʘʥʥʠʭ ʨʘʙʦʪ, ʧʦ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʬʨʘʢʮʠʠ ʩʚʝʪʘ ʥʘ 3D 

ʦʙʲʝʢʪʘʭ, ʠʟʚʝʩʪʥʳ ʨʘʙʦʪʳ [2.2], ʚ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʜʠʬʨʘʢʮʠʦʥʥʦ-ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʦʝʢʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʸʤʥʦʛʦ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʘʙʩʦʣʶʪʥʦ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ʢʨʘʷ ï ʦʩʥʦʚʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʪʦʣʩʪʳʭ ʧʣʘʩʪʠʥ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ, ʯʪʦ ʘʚʪʦʨʘʤʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʟʤʝʨʥʦʤʫ ʢʦʥʪʨʦʣʶ 3D-ʦʙʲʝʢʪʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʘʥʘʣʠʟ ʜʠʬʨʘʢʮʠʠ ʥʘ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʛʨʘʥʠ ʪʘʢʦʛʦ 

ʦʙʲʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʝʩʝʥ ʚ ʟʘʜʘʯʘʭ ʨʘʟʤʝʨʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʦʜʥʘʢʦ ʥʝ ʜʘʸʪ 

ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩʳ ʜʠʬʨʘʢʮʠʠ ʥʘ 3D ʪʝʣʘʭ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. 

2.2.1. ʌʦʪʦʦʪʢʣʠʢ ʛʦʣʦʛʨʘʤʤʳ 

ɺ ʩʢʘʣʷʨʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʪʝʦʨʠʠ ʜʠʬʨʘʢʮʠʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʚ 

ʧʣʦʩʢʦʩʪʠ ʛʦʣʦʛʨʘʤʤʳ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʦʞʝʥʠʝʤ ʘʤʧʣʠʪʫʜ ʦʧʦʨʥʦʛʦ ʠ ʦʙʲʝʢʪʥʦʛʦ 

ʧʫʯʢʦʚ: 
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 ( ) ( ) ( )
2

1 1 1 1 1 1 1, , ,I x y U x y R x y= + . (2.2) 

ʇʨʠ ʟʘʧʠʩʠ ʪʘʢʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʥʘ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ 

ʤʘʪʝʨʠʘʣ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʧʝʨʝʤʝʥʥʳʡ ʧʦ ʧʦʣʶ ʛʦʣʦʛʨʘʤʤʳ 

ʬʦʪʦʦʪʢʣʠʢ ȹɣ(x1, y1). ɼʣʷ ʩʣʫʯʘʷ ʘʤʧʣʠʪʫʜʥʦʛʦ ʦʪʢʣʠʢʘ ʵʪʦ ʠʟʤʝʥʝʥʠʝ 

ʧʨʦʧʫʩʢʘʥʠʷ ʤʘʪʝʨʠʘʣʘ Ű(x1, y1), ʘ ʜʣʷ ʬʘʟʦʚʦʛʦ ʦʪʢʣʠʢʘ ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʵʡʢʦʥʘʣʘ 

ȹű(x1, y1), ʚʦʟʥʠʢʘʶʱʝʛʦ ʣʠʙʦ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʧʦ ʧʦʣʶ 

ʛʦʣʦʛʨʘʤʤʳ ȹl(x1, y1), ʣʠʙʦ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦ ʧʦʣʶ ʛʦʣʦʛʨʘʤʤʳ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ ȹn(x1, y1), ʣʠʙʦ ʢʦʤʙʠʥʘʮʠʝʡ ʚʩʝʭ ʪʨʸʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʧʨʦʧʦʨʮʠʠ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʦʙʩʪʚʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ [2.3]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʢʣʠʢ ʬʦʪʦʤʘʪʝʨʠʘʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ 

ʥʝʣʠʥʝʝʥ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʤʦʣʝʢʫʣ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʤʘʪʨʠʮʝ ʛʦʣʦʛʨʘʤʤʳ ʠ ʯʘʱʝ ʚʩʝʛʦ ʠʤʝʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʚʠʜ [2.4]. 

 
( )( )

( )1 1

1 1 0

0

,
, 1 exp

G x y
G x y

G

è øå õ
Dy =y - -é ùæ öæ öé ùç ÷ê ú

, (2.3) 

ʛʜʝ 

 
( ) ( )1 1 1 1

0

, ,G x y I x y dt

t

=ñ . (2.4) 

ʇʨʠ ʤʘʣʳʭ ʵʢʩʧʦʟʠʮʠʷʭ (2.4) ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʟʘʩʚʝʪʢʠ ʥʘ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ, ʘ ʬʦʪʦʦʪʢʣʠʢ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ 

ʟʘʚʠʩʠʤʳʤ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (2.5). 

 ( ) ( )1 1 1 1, ~ ,G x y I x y  (2.5) 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʬʦʪʦʦʪʢʣʠʢʘ ï ʘʤʧʣʠʪʫʜʥʳʡ ʠ ʬʘʟʦʚʳʡ. ɸʤʧʣʠʪʫʜʥʳʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʤʘʪʝʨʠʘʣʘ, ʬʘʟʦʚʳʡ ï ʟʘ ʩʯʸʪ 

ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʪʦʣʱʠʥʳ, ʠʣʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ʀʟʚʝʩʪʥʦ ʪʨʠ ʦʩʥʦʚʥʳʭ 
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ʚʠʜʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʰʸʪʦʢ [2.3], ʵʪʦ ʧʦʛʣʦʱʘʶʱʠʝ ʨʝʰʸʪʢʠ, ʚ ʢʦʪʦʨʦʡ 

ʬʦʪʦʦʪʢʣʠʢ Ű(x1, y1) ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʠ 

ʧʨʠ ʤʘʣʳʭ ʵʢʩʧʦʟʠʮʠʷʭ ʠʤʝʝʪ ʚʠʜ (2.6): 

 ( ) ( ) ( )1 1 1 1 1 1, , ~ ,x y G x y I x yt = , (2.6) 

ʘ ʪʘʢʞʝ ʬʘʟʦʚʳʝ ʧʨʦʧʫʩʢʘʶʱʠʝ ʠ ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʨʝʰʸʪʢʠ, ʚ ʢʦʪʦʨʳʭ ʬʦʪʦʦʪʢʣʠʢ 

ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ (ʵʡʢʦʥʘʣʘ) [1.15], 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʚ ʧʨʦʩʪʝʡʰʠʭ ʩʣʫʯʘʷʭ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʧʠʩʳʚʘʝʤʳʭ ʚ ʧʘʨʘʛʨʘʬʝ 1.2 

ʠ ʚ ʛʣʘʚʝ 3 ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ) ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ ʥʘ ʪʦʣʱʠʥʫ ʠʣʠ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʥʘ 

ʣʦʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ. ɼʠʬʨʘʢʮʠʷ ʚ ʪʘʢʠʭ ʛʦʣʦʛʨʘʤʤʘʭ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʝʜʝʥʘ ʢ ʜʚʫʤ ʧʨʝʜʝʣʴʥʳʤ ʩʣʫʯʘʷʤ: ʢ ʨʝʞʠʤʫ ʜʠʬʨʘʢʮʠʠ ʈʘʤʘʥʘ ï ʅʘʪʘ (ʜʣʷ 

ʪʦʥʢʠʭ ʨʝʰʸʪʦʢ) ʠ ɹʨʵʛʛʘ (ʜʣʷ ʦʙʲʸʤʥʳʭ ʨʝʰʸʪʦʢ). ɸʥʘʣʠʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʥʢʠʭ ʨʝʰʸʪʦʢ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣʠ C. V. Raman ʠ 

N. S. N. Nath ʚ ʨʘʙʦʪʝ [2.5], ʚ ʯʝʩʪʴ ʢʦʪʦʨʳʭ ʠ ʙʳʣ ʥʘʟʚʘʥ ʜʘʥʥʳʡ ʨʝʞʠʤ 

ʜʠʬʨʘʢʮʠʠ. ɼʣʷ ʦʙʲʸʤʥʳʭ ʨʝʰʸʪʦʢ ʜʘʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʫʯʠʣ ʂʦʛʝʣʴʥʠʢ ʚ 

ʨʘʙʦʪʝ [1.66]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʂʦʛʝʣʴʥʠʢ ʧʨʠʤʝʥʷʷ ʤʦʜʝʣʴ ʩʚʷʟʘʥʥʳʭ ʚʦʣʥ 

ʨʘʟʨʘʙʦʪʘʣ ʪʝʦʨʠʶ ʜʠʬʨʘʢʮʠʠ ʩʚʝʪʘ ʥʘ ʪʨʸʭʤʝʨʥʳʭ ʛʦʣʦʛʨʘʤʤʘʭ ʩ ʧʨʦʩʪʦʡ 

ʛʦʣʦʛʨʘʤʤʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʜʚʫʤʷ ʧʣʦʩʢʠʤʠ ʚʦʣʥʘʤʠ, ʠ ʥʝ ʪʦʣʴʢʦ 

ʢʘʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʣ, ʥʦ ʠ ʚʳʨʘʟʠʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʪʘʢʠʝ ʚʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʦʣʦʛʨʘʤʤ, ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ 

ʤʦʜʫʣʷʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ, ʪʦʣʱʠʥʳ ʩʣʦʷ 

ʛʦʣʦʛʨʘʤʤʳ, ʥʘʧʨʘʚʣʝʥʠʷ ʦʧʦʨʥʳʭ ʠ ʦʙʲʝʢʪʥʳʭ ʧʫʯʢʦʚ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʛʦʣʦʛʨʘʤʤʳ. ɼʣʷ ʢʘʞʜʦʛʦ ʨʝʞʠʤʘ ʜʠʬʨʘʢʮʠʠ ʤʦʞʥʦ ʝʱʸ ʚʳʜʝʣʠʪʴ ʨʝʞʠʤ 

ʜʠʬʨʘʢʮʠʠ ʥʘ ʧʨʦʧʫʩʢʘʥʠʝ ʠ ʦʪʨʘʞʝʥʠʝ. ɼʣʷ ʚʩʝʭ ʵʪʠʭ ʨʝʞʠʤʦʚ ʦʧʨʝʜʝʣʝʥʳ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɖ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʧʦʨʷʜʢʘ ʩ ʥʦʤʝʨʦʤ m ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʸʪʢʠ (ȹű ï ʤʦʜʫʣʷʮʠʷ ʬʘʟʦʚʦʛʦ ʥʘʙʝʛʘ, ȹn 

ï ʤʦʜʫʣʷʮʠʷ ʬʘʟʳ, ȹd ï ʤʦʜʫʣʷʮʠʷ ʪʦʣʱʠʥʳ, ȿ ï ʣʦʢʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʠʦʜʘ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ) ʠ ʜʣʠʥʳ ʚʦʣʥʳ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ï ɚ [1.62, ʩ. 343]: 

ʈʝʞʠʤ ʜʠʬʨʘʢʮʠʠ ʈʘʤʘʥʘ ï ʅʘʪʘ [1.62, ʩ. 82]: 
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ï ʥʘ ʧʨʦʧʫʩʢʘʥʠʝ: 

 ( )2 / 2m mJh = Dj, (2.7) 

ʛʜʝ Jm ï ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ m-ʧʦʨʷʜʢʘ, ȹű ï ʛʣʫʙʠʥʘ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʨʝʰʸʪʢʠ (ʚ 

ʨʘʜʠʘʥʘʭ). ɺ ʩʣʫʯʘʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʨʝʣʴʝʬʥʦʡ ʨʝʰʸʪʢʠ ʦʥʘ ʨʘʚʥʘ (2.8): 

 ( ) ( )2 / 1d nDj= p l D -, (2.8) 

ʘ ʚ ʩʣʫʯʘʝ ʬʘʟʦʚʦʡ ʨʝʰʸʪʢʠ ʩ ʤʦʜʫʣʷʮʠʝʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ (2.9): 

 ( )( )2 / n dDj= p l D Ö, (2.9) 

ʛʜʝ ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʧʘʜʘʶʱʝʛʦ ʥʘ ʨʝʰʸʪʢʫ ʩʚʝʪʘ, ȹd ï ʛʣʫʙʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʨʝʣʴʝʬʘ, n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʨʝʰʸʪʢʠ, ȹn ï ʛʣʫʙʠʥʘ 

ʤʦʜʫʣʷʮʠʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʨʝʰʸʪʢʠ, d ï ʪʦʣʱʠʥʘ ʩʣʦʷ ʦʪʨʘʞʘʶʱʝʡ 

ʨʝʰʸʪʢʠ ʠʣʠ ʝʸ ʛʣʫʙʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʝʣʴʝʬʘ ȹd (2.10). 

 ( )( )2 / n dDj= p l ÖD (2.10) 

ï ʥʘ ʦʪʨʘʞʝʥʠʝ (2.7), ʛʜʝ: 

 ( )( )2 / 2 dDj= p l ÖD. (2.11) 

ɺ ʨʝʞʠʤʝ ʜʠʬʨʘʢʮʠʠ ɹʨʵʛʛʘ ȹű ï ʛʣʫʙʠʥʘ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʨʝʰʸʪʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʫʙʠʥʦʡ ʚʘʨʠʘʮʠʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ 

(2.9): 

ï ʜʣʷ ʧʨʦʧʫʩʢʘʶʱʠʭ ʛʦʣʦʛʨʘʤʤ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʠʥʫʩ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ (2.12) [1.62, ʩ. 340]: 

 ( )2

1 sin / 2-h = Dj. (2.12) 

ï ʜʣʷ ʦʪʨʘʞʘʶʱʠʭ (2.13): 
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 ( )2

1 tanh / 2-h = Dj, (2.13) 

ʛʜʝ tanh ï ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʳʚʦʜ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪʘʭ ʙʳʣ ʧʨʦʚʝʜʸʥ ʪʦʣʴʢʦ ʜʣʷ ʩʣʫʯʘʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʜʚʫʭ ʧʣʦʩʢʠʭ ʨʘʚʥʦʤʝʨʥʳʭ ʧʫʯʢʦʚ, ʩʦʟʜʘʶʱʠʭ ʧʨʦʩʪʳʝ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʨʝʰʸʪʢʠ ʬʦʪʦʦʪʢʣʠʢʘ, ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʧʦ ʧʦʣʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ 

ʦʙʲʝʢʪʥʦʡ ʠ ʦʧʦʨʥʦʡ ʚʦʣʥ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʠʥʫʩ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʨʝʞʠʤʦʚ ʜʠʬʨʘʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʬʘʟʦʚʦʡ 

ʤʦʜʫʣʷʮʠʠ ȹű ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ 3-ʝʡ ʛʣʘʚʝ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʚʣʠʷʥʠʷ ʬʦʨʤʬʘʢʪʦʨʘ ʥʘ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʣʦʛʨʘʤʤ. 

ɼʘʣʝʝ, ʚ ʥʘʩʪʦʷʱʝʤ ʧʘʨʘʛʨʘʬʝ, ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʱʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʣʠʥʝʡʥʦʛʦ ʦʪʢʣʠʢʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʚ 

ʧʦʛʣʦʱʘʶʱʝʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ, ʠʣʠ ʬʦʪʦʧʨʠy ʤʥʦʡ ʤʘʪʨʠʮʝ, ʛʜʝ 

ʩʪʨʫʢʪʫʨʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʣʦʢʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʚʦʣʥ (2.6). 

2.2.2. ʉʪʨʫʢʪʫʨʘ ʛʦʣʦʛʨʘʤʤʳ 

ʉʦʛʣʘʩʥʦ (2.2) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʬʦʪʦʦʪʢʣʠʢʘ ʧʦ ʧʦʣʶ ʛʦʣʦʛʨʘʤʤʳ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (2.14). ʄʥʦʞʠʪʝʣʴ 

ʧʝʨʝʜ ʢʦʩʠʥʫʩʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʠʜʥʦʩʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ V, ʘ ʧʦʜ 

ʢʦʩʠʥʫʩʦʤ ʥʘʭʦʜʠʪʩʷ ʣʦʢʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʬʘʟ ʦʙʲʝʢʪʥʦʛʦ űa ʠ ʦʧʦʨʥʦʛʦ űr ʧʫʯʢʦʚ. 
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 (2.14) 

ɹʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʱʥʦʩʪʠ, ʜʣʷ ʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 

Ű(x1, y1) ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ, ʟʘʚʠʩʷʱʠʡ ʧʦ ʧʦʣʶ ʛʦʣʦʛʨʘʤʤʳ ʦʪ 

ʢʦʦʨʜʠʥʘʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Io(x1, y1), Ir(x1, y1), I(x1, y1) ï ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʲʝʢʪʥʦʛʦ, 

ʦʧʦʨʥʦʛʦ ʧʫʯʢʦʚ ʚ ʧʣʦʩʢʦʩʪʠ ʛʦʣʦʛʨʘʤʤʳ ʠ ʩʫʤʤʘʨʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʝʥʠʷ ʘʤʧʣʠʪʫʜ ʦʙʲʝʢʪʥʦʡ Uo(x1, y1) ʠ ʦʧʦʨʥʦʡ R(x1, y1) ʚʦʣʥʳ. 

ʈʘʟʥʦʩʪʴ ʬʘʟ ʦʙʲʝʢʪʥʦʡ ʚʦʣʥʳ űo(x1, y1) ʠ ʦʧʦʨʥʦʡ űr(x1y1) ʦʙʨʘʟʫʝʪ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʥʘ ʛʦʣʦʛʨʘʤʤʝ. 

ʈʝʘʣʴʥʦ ʦʙʝ ʬʘʟʳ ʤʝʥʷʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʦʧʦʨʥʦʡ ʚʦʣʥʝ ʯʘʩʪʦ ʧʨʦʩʪʦ 

ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ, ʢʦʛʜʘ ʦʥʘ ʧʣʦʩʢʘʷ. ɸ ʚ ʦʙʲʝʢʪʥʦʡ ʦʥʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʠʛʥʘʣʦʤ, ʬʦʨʤʠʨʫʝʤʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʨʘʩʩʝʷʥʥʳʤ ʛʦʣʦʛʨʘʬʠʨʫʝʤʳʤ ʦʙʲʝʢʪʦʤ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʦʙʲʝʢʪʘ ʜʦ ʛʦʣʦʛʨʘʤʤʳ ʵʪʦ ʛʦʣʦʛʨʘʤʤʳ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʛʦʣʦʛʨʘʤʤʳ ʌʨʝʥʝʣʷ ʠʣʠ ʌʨʘʫʥʛʦʬʝʨʘ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʩʪʘʥʮʠʝʡ ʈʵʣʝʷ. ʉʧʝʢʪʨ ʪʘʢʦʡ ʛʦʣʦʛʨʘʤʤʳ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ 

ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ, ʠʤʝʶʱʝʡ ʩʤʳʩʣ ʥʝʩʫʱʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ 

ɤ=kĀsinɗr, ʨʘʚʥʦʡ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʘʟʥʠʮʳ ʬʘʟ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (2.14) 

ʩ ʜʝʚʠʘʮʠʝʡ, ʚʳʟʚʘʥʥʦʡ ʬʦʨʤʦʡ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ɻʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʜʥʦʩʪʴʶ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ, ʪ. ʝ. ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʝʨʝʜ 

ʢʦʩʠʥʫʩʦʤ ʚ (2.14). ʅʝʩʫʱʘʷ ʯʘʩʪʦʪʘ (2.15) ʦʧʨʝʜʝʣʷʝʪ ʫʛʦʣ ʧʦʚʦʨʦʪʘ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʧʫʯʢʘ ʧʨʠ ʝʛʦ ʧʘʜʝʥʠʠ ʥʘ ʛʦʣʦʛʨʘʤʤʫ, 
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ʘ ʝʸ ʜʝʚʠʘʮʠʷ ɋ ï ʩʧʝʢʪʨ ʜʠʬʨʘʢʮʠʠ ʚʦʣʥ, ʬʦʨʤʠʨʫʶʱʠʭ ʠʟʦʙʨʘʞʝʥʠʝ 

ʟʘʧʠʩʘʥʥʦʛʦ ʥʘ ʛʦʣʦʛʨʘʤʤʝ ʦʙʲʝʢʪʘ. 
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ʅʘ ʛʦʣʦʛʨʘʤʤʝ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʘʨʤʦʥʠʢʠ ʥʝʩʫʱʝʡ 

ʯʘʩʪʦʪʳ ɤ ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ k ʠ ʙʦʢʦʚʳʝ ʛʘʨʤʦʥʠʢʠ ɤÑɋ ʩ ʚʦʣʥʦʚʳʤʠ 

ʚʝʢʪʦʨʘʤʠ kÑȹk, ʘʥʘʣʦʛʠʯʥʳʝ ʠʟʚʝʩʪʥʦʤʫ ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ [2.6] ʬʘʟʦʚʦ-

ʤʦʜʫʣʠʨʦʚʘʥʥʦʤʫ ʩʠʛʥʘʣʫ. 

ʆʥʠ ʧʦʨʦʞʜʘʶʪ ʜʠʬʨʘʢʮʠʶ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʚʦʣʥʳ ʚ ʫʛʣʳ Ñɗx1, Ñɗy1 ʥʘ 

ʩʪʨʫʢʪʫʨʝ ʛʦʣʦʛʨʘʤʤʳ ʩ ʧʝʨʠʦʜʘʤʠ dx1, dy1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʦʛʠʯʥʦ, ʜʝʚʠʘʮʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʦʙʲʝʢʪʥʦʡ ʚʦʣʥʳ ʧʦʨʦʞʜʘʝʪ ʨʝʰʸʪʢʠ ʩ ʧʝʨʠʦʜʘʤʠ ʦʪ 

dx1
min

 ʜʦ dx1
max

 ʠ dy1
min

 ʜʦ dy1
max

. 

 
( ) ( )

( ) ( )

1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1
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x x y y
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x x x y y y
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d d

=l q =l q

=l q -Dq =l q -Dq
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 (2.17) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʤ ʧʫʯʢʦʤ ʩʪʨʫʢʪʫʨʳ 

Ű(x1, y1), ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʣʫʯʝʥʠʝ ʠʤʝʝʪ ʦʩʥʦʚʥʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʘʨʤʦʥʠʢʫ, ʩ ʧʝʨʠʦʜʦʤ dx, ʦʧʨʝʜʝʣʷʶʱʫʶ ʫʛʦʣ ʧʦʚʦʨʦʪʘ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʧʫʯʢʘ, ʘ ʪʘʢʞʝ ʜʚʝ ʙʦʢʦʚʳʭ ʩ ʧʝʨʠʦʜʘʤʠ ʦʪ dx
min

 ʜʦ dx
max

, 

ʩʧʝʢʪʨ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ ʚ ʧʣʶʩ ʧʝʨʚʦʤ ʠ ʚ ʤʠʥʫʩ ʧʝʨʚʦʤ 

ʧʦʨʷʜʢʘʭ. ʋʛʦʣ ʧʘʜʝʥʠʷ ʦʧʦʨʥʦʡ ʚʦʣʥʳ ɗx1 ʚʳʙʠʨʘʶʪ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʫʯʢʦʚ ʥʫʣʝʚʦʛʦ ʠ ʤʠʥʫʩ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʥʘ ʟʘʜʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ z ʦʪ ʛʦʣʦʛʨʘʤʤʳ (ʫʛʦʣ ɗy1 ʯʘʩʪʦ ʚʳʙʠʨʘʶʪ 

ʥʫʣʝʚʳʤ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʫʜʦʙʩʪʚʘ), ʘ ʫʛʣʳ, ʦʛʨʘʥʠʯʝʥʥʳʝ ȹɗx1 ʠ ȹɗy1 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʩʧʝʢʪʨʦʤ ʦʙʲʝʢʪʥʦʡ ʚʦʣʥʳ. ɺ ʥʝʩʢʦʣʴʢʦ 

ʫʧʨʦʱʸʥʥʦʤ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʧʣʦʩʢʠʭ ʨʘʚʥʦʤʝʨʥʳʭ ʧʦ ʧʣʦʱʘʜʠ ʠʭ 

ʩʝʯʝʥʠʷ ʚʦʣʥ ʩʧʝʢʪʨ (2.14) ʧʦʭʦʞ ʥʘ ʩʧʝʢʪʨ ʦʜʥʦʪʦʥʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ (2.18). 
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ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʫʣʝʚʫʶ ʛʘʨʤʦʥʠʢʫ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʧʫʯʦʢ RV 

ʥʘ ʢʦʪʦʨʦʡ ʧʦʨʦʞʜʘʝʪ ʥʫʣʝʚʦʡ ʧʦʨʷʜʦʢ ʜʠʬʨʘʢʮʠʠ ʩ ɤ=kĀsin(ɗV), ʛʜʝ ɗV ï ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʢ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʧʫʯʢʘ, ʠ ʝʱʸ ʜʚʘ ʧʫʯʢʘ ï ʧʣʶʩ ʠ 

ʤʠʥʫʩ ʧʝʨʚʳʡ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʩʫʱʝʡ ɤ=k[sin(ɗV)ïsin(ɗx1)] ʠ ʤʥʠʤʦʛʦ ʩ ʥʝʩʫʱʝʡ 

ɤ=k[sin(ɗV)+sin(ɗx1)]. 

ɺʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨ (2.18) ʘʥʘʣʦʛʠʯʝʥ ʩʧʝʢʪʨʫ ʨʘʜʠʦʩʠʛʥʘʣʘ ʩ ʯʘʩʪʦʪʥʦʡ 

ʤʦʜʫʣʷʮʠʝʡ, ʛʜʝ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ɋ ʨʘʩʰʠʨʷʝʪ 

ʩʧʝʢʪʨ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ɤ ʚʧʨʘʚʦ ʠ ʚʣʝʚʦ ʧʦ ʦʩʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ. ʊʘʢʞʝ 

ʚ (2.14), ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ. ʆʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʤʦʜʫʣʠʨʦʚʘʥʠʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʠʜʥʦʩʪʠ V, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʶʱʠʤ ʦʙʣʘʩʪʴ ʥʫʣʝʚʦʡ ʠ ʧʣʶʩ-ʤʠʥʫʩ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢ 

ʠ ʟʘʚʠʩʷʱʠʤ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʙʲʝʢʪʥʦʛʦ ʠ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ 

ʧʦʣʶ ʛʦʣʦʛʨʘʤʤʳ (2.19). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʦʪʷ ʝʩʪʴ ʠ ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ, ʚ ʮʝʣʦʤ ʚʳʨʘʞʝʥʠʝ (2.14) 

ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʘʤʧʣʠʪʫʜʥʦʡ ʠ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʚ ʩʧʝʢʪʨʝ 

ʟʘʧʠʩʳʚʘʝʤʦʡ ʛʦʣʦʛʨʘʤʤʳ ʘʥʘʣʦʛʠʯʥʦ ʘʤʧʣʠʪʫʜʥʦʡ ʠ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʚ 

ʨʘʜʠʦʪʝʭʥʠʢʝ. ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʜʣʷ 

ʬʘʟʦʚʳʭ ʢʘʢ ʦʪʨʘʞʘʶʱʠʭ, ʪʘʢ ʠ ʧʨʦʧʫʩʢʘʶʱʠʭ ʛʦʣʦʛʨʘʤʤ. ʀ ʭʦʪʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʬʦʪʦʦʪʢʣʠʢʘ ʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʩʣʫʯʘʝʚ (2.7ï2.13) ʙʫʜʫʪ 

ʨʘʟʣʠʯʥʳʤʠ, ʥʦ ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʪʦʯʥʝʝ ʥʘʣʠʯʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʛʘʨʤʦʥʠʢ ʚ ʪʘʢʠʭ ʛʦʣʦʛʨʘʤʤʘʭ ʙʫʜʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤ. 
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ʈʝʘʣʴʥʦ, ʥʝʩʫʱʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ɤ ʚʳʩʦʢʘ. ʆʥʘ ʩʨʘʚʥʠʤʘ ʩ 

ʦʙʨʘʪʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʟʘʧʠʩʠ ʠ ʝʸ ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʝʪ ʝʜʠʥʠʮʳ ʤʠʢʨʦʤʝʪʨʦʚ. 

ʉʧʝʢʪʨ ʞʝ ʦʙʲʝʢʪʘ Ñɋ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʩʣʦʞʥʦʩʪʠ ʝʛʦ ʩʪʨʫʢʪʫʨʳ. ɼʘʞʝ 

ʧʨʠ ʚʳʩʦʢʦʤ ʨʘʟʨʝʰʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʩʪʘʥʜʘʨʪ Full HD, ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2000 ʣʠʥʠʡ ʥʘ ʨʘʟʤʝʨʝ ʵʢʨʘʥʘ, ʯʪʦ 

ʧʨʠ ʜʠʘʛʦʥʘʣʠ 36ǋǋ (~0,9 ʤ), ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3 ʣʠʥ/ʤʤ. ʇʦʯʪʠ ʪʨʠ ʧʦʨʷʜʢʘ 

ʨʘʟʥʠʮʳ ʩ ʦʮʝʥʢʘʤʠ ʧʦ (1.2) ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʢʦʜʠʨʦʚʘʥʠʠ ʥʘ ʦʜʥʦʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʝ [2.7] 

(ʤʝʪʦʜ SSB). ʊʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʩʪʨʦʯʥʦʡ ʠ ʢʘʜʨʦʚʦʡ ʨʘʟʚʸʨʪʢʠ ʩ ʧʝʨʝʜʘʯʝʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʜʨʝ ʧʦʪʦʯʝʯʥʦ ʚʢʣʶʯʘʝʪ ʧʝʨʝʜʘʯʫ ʚʩʝʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 

ʛʦʣʦʛʨʘʤʤʳ. ʀʟʙʳʪʦʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʠ ʧʨʷʤʦʤ ʢʦʜʠʨʦʚʘʥʠʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʛʜʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 

ʢʦʜʠʨʫʶʪʩʷ ʚʩʝ ʯʘʩʪʦʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʝ ʥʝʩʫʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʢʪʝ 

ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʣʝʞʘʱʠʝ ʤʝʞʜʫ ɤ=ɋ ʠ ɤ=kxsin(ɗx1)+ɋ ʥʝ ʦʧʨʘʚʜʘʥʘ, ʭʦʪʷ 

ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʠʤʝʥʥʦ ʪʘʢʦʡ ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ [1.76, 1.100]. ʉʞʘʪʠʝ ʠʥʬʦʨʤʘʮʠʠ ʙʫʜʝʪ ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʙʫʜʝʪ ʫʩʪʨʘʥʝʥʘ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ ɤ=kxsin(ɗx1) ʠ 

ʝʸ ʜʝʚʠʘʮʠʝʡ ɋ=kxsin(ȹɗx1), ʚʳʟʚʘʥʥʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʘʩʭʦʜʠʤʦʩʪʴʶ ʦʙʲʝʢʪʥʦʡ 

ʚʦʣʥʳ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʥʘʣʦʛʠʯʥʦ [2.7] ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʝʨʝʜʘʯʫ ʥʝ ʚʩʝʛʦ 

ʬʘʟʦʚʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩʦ ʩʧʝʢʪʨʦʤ (2.18), ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʚʩʶ 

ʛʦʣʦʛʨʘʤʤʫ, ʘ ʪʦʣʴʢʦ ʪʫ ʝʸ ʢʦʤʧʦʥʝʥʪʫ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʢʦʚʦʡ ʧʦʣʦʩʝ 

(SSB) ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ɋ=kxsin(ȹɗx1), ʥʝʩʫʱʠʤʠ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʪʝʢʩʪʫʨʝ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʦ ʝʛʦ ʢʘʨʪʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʥʘʟʳʚʘʝʤʦʡ ʥʘʤʠ ʤʘʩʢʦʡ. ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʬʦʪʦʛʨʘʬʠʶ ʪʝʢʩʪʫʨʳ ʠ 

ʩʦʟʜʘʥʥʫʶ ʣʶʙʳʤ ʤʝʪʦʜʦʤ ʢʘʨʪʫ ʧʦʚʝʨʭʥʦʩʪʠ (ʤʘʩʢʫ). ʄʳ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ 

ʧʨʦʩʪʦʪʳ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʩʝʛʦʜʥʷ ʤʝʪʦʜ ToF, ʭʦʪʷ, ʚʦʟʤʦʞʥʦ ʝʛʦ 

ʨʘʟʚʠʪʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʫʜʫʱʝʤ, ʘ ʦʩʪʘʥʦʚʠʣʠʩʴ ʥʘ ʙʦʣʝʝ ʧʨʦʩʪʦʤ ʤʝʪʦʜʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ [2.8]. ɺ ʧʘʨʘʛʨʘʬʝ 4.1 ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʤʝʪʦʜ 

ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʛʦʣʦʛʨʘʤʤʫ 
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ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʦʢʨʘʱʝʥʠʠ 

ʦʙ̡ʸʤʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʝ ʤʝʪʦʜʘ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʦ 3D 

ʞʠʚʦʤ ʦʙʲʝʢʪʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʝʨʝʜʘʯʝ ʪʘʢʠʭ ʧʘʨ ʢʘʜʨʦʚ ʧʦ ʦʙʳʯʥʦʤʫ 

ʨʘʜʠʦʢʘʥʘʣʫ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ 

ʧʫʪʸʤ ʩʠʥʪʝʟʘ ʛʦʣʦʛʨʘʤʤʳ ʧʦ ʧʝʨʝʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʮʠʬʨʦʚʦʤʫ ʚʥʝʩʝʥʠʶ ʚ 

ʥʝʸ ʥʝʩʫʱʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʛʦʣʦʛʨʘʤʤ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʱʥʦʩʪʠ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʙʣʠʟʢʠʤ ʩʧʝʢʪʨʘʤ ʜʨʫʛʠʭ ʪʠʧʦʚ ʛʦʣʦʛʨʘʤʤ, ʯʝʡ ʦʪʢʣʠʢ ʥʘ 

ʵʢʩʧʦʟʠʮʠʶ ʧʨʠʚʝʜʸʥ ʚ (2.7ï2.13). 

ʈʝʘʣʴʥʦʝ ʩʚʝʪʦʚʦʝ ʧʦʣʝ, ʟʘʧʠʩʳʚʘʝʤʦʝ ʥʘ ʛʦʣʦʛʨʘʤʤʝ, ʤʦʞʝʪ ʠʤʝʪʴ 

ʨʘʟʨʝʰʝʥʠʝ, ʩʨʘʚʥʠʤʦʝ ʩ ʨʘʟʤʝʨʦʤ ʧʷʪʥʘ ʕʡʨʠ (1.1), ʘ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʛʣʘʟʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ. ʉʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʧʨʠ ʧʝʨʝʜʘʯʝ 3D ʩʠʛʥʘʣʘ ʜʦʧʫʩʪʠʤʳ ʠ ʥʝ ʜʘʶʪ 

ʟʨʠʪʝʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʩʪʠ ʦʙʨʘʟʘ, ʘ ʢʘʢʠʝ ʥʝʜʦʧʫʩʪʠʤʳ. ɿʘ ʦʩʥʦʚʫ 

ʤʦʞʥʦ ʚʟʷʪʴ ʛʦʪʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ TV ʩʪʘʥʜʘʨʪʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ TV ʠʟʦʙʨʘʞʝʥʠʡ, ʥʘʯʠʥʘʷ ʩ Full HD ʠ ʚʧʣʦʪʴ ʜʦ 4K UHD ʠ 

8K UHD, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʧʦʛʨʫʞʝʥʠʝ ʚ ʜʝʤʦʥʩʪʨʠʨʫʝʤʳʡ 

ʩʶʞʝʪ, ʥʝ ʦʪʚʣʝʢʘʷ ʟʨʠʪʝʣʷ ʥʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʵʢʨʘʥʝ ʠ ʚ ʞʠʟʥʠ 

(ʩʤ. ʇʨʠʣʦʞʝʥʠʝ ɼ). ɺʟʷʚ ʟʘ ʦʩʥʦʚʫ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 

2000Ĭ2000 ʧʠʢʩʝʣʝʡ, ʧʨʝʚʦʩʭʦʜʷʱʝʤ ʨʘʟʨʝʰʝʥʠʝ ʩʪʘʥʜʘʨʪʘ 4K UHD, 

ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʩʧʝʢʪʨʳ ʪʝʢʩʪʫʨʳ (ʨʠʩʫʥʦʢ 2.3) ʠ ʤʘʩʢʠ (ʨʠʩʫʥʦʢ 2.7) ʠʟ 

ʧʨʝʜʳʜʫʱʝʛʦ ʧʘʨʘʛʨʘʬʘ 2.1.2. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ 

ʥʝʦʙʭʦʜʠʤʦ ʩʥʦʚʘ ʚʚʝʩʪʠ ʥʝʩʫʱʫʶ ʯʘʩʪʦʪʫ. ɼʣʷ ʵʪʦʛʦ ʚ ʧʘʪʝʥʪʝ ʈʌ  ̄2707582 

[1.94] ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʛʦʣʦʛʨʘʤʤʫ 

ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 
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2.2.3. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʧʝʢʪʨʳ ʦʙʲʝʢʪʘ ʠ ʛʦʣʦʛʨʘʤʤʳ 

ʇʨʠʥʷʪʘʷ ʛʣʫʙʠʥʘ ʮʚʝʪʘ ʪʝʢʩʪʫʨʳ ï 8 ʙʠʪ (256 ʛʨʘʜʘʮʠʡ ʷʨʢʦʩʪʠ) ʩʦʟʜʘʸʪ 

ʚʧʦʣʥʝ ʘʜʝʢʚʘʪʥʦʝ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ 3D ʦʙʲʝʢʪʘ. 

ʆʧʠʩʘʥʥʘʷ ʚ [2.9] ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʤʘʩʢʠ ʤʝʪʦʜʦʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʯʠʩʣʦ ʩʣʦʸʚ ʚ ʛʣʫʙʠʥʫ ʜʦ ʨʘʟʤʝʨʘ 

ʧʦʣʦʚʠʥʳ ʯʠʩʣʘ ʜʠʩʢʨʝʪ ʢʘʜʨʘ, ʪ. ʝ. ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʦ 1000 ʩʣʦʸʚ. ʆʜʥʘʢʦ ʥʘʤ ʥʝ 

ʧʦʥʘʜʦʙʠʪʩʷ ʪʘʢʦʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʯʠʩʣʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʦʥʦ ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥʦ 256 ʩʣʦʷʤʠ, ʧʦ ʯʠʩʣʫ ʩʣʦʸʚ, ʦʪ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʙʨʘʪʴʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʨʝʥʝʣʷ ʧʨʠ ʩʠʥʪʝʟʝ ʛʦʣʦʛʨʘʤʤʳ. 

ʂʘʢ ʚʝʨʥʦ ʦʪʤʝʯʝʥʦ ʚ [2.10], ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ ɤ ʛʦʣʦʛʨʘʤʤʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʤ ʤʝʞʜʫ ʦʙʲʝʢʪʥʳʤ ʠ ʦʧʦʨʥʳʤ ʧʫʯʢʘʤʠ (ʨʠʩʫʥʦʢ 2.14), ʘ 

ʰʠʨʠʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʛʦʣʦʛʨʘʤʤʥʦʡ ʩʪʨʫʢʪʫʨʳ (ɋmax ï ɋmin) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʚʦʡ ʘʧʝʨʪʫʨʦʡ ʦʙʲʝʢʪʘ. ʆʜʥʘʢʦ ʧʦʩʣʝʜʥʝʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʪʦʣʴʢʦ ʢ ʠʜʝʘʣʴʥʳʤ ʦʙʲʝʢʪʘʤ ʧʨʠ ʘʥʘʣʦʛʦʚʦʡ ʟʘʧʠʩʠ ʥʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ 

ʤʘʪʝʨʠʘʣ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ɽʩʣʠ ʚʟʷʪʴ ʨʝʘʣʴʥʳʡ ʩʠʛʥʘʣ, ʥʘʧʨʠʤʝʨ 

ʘʤʧʣʠʪʫʜʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ Full HD, ʪʦ 

ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʫʞʝ ʥʝ ʫʛʣʦʚʳʤ 

ʨʘʟʤʝʨʦʤ ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʘ ʢʦʣʠʯʝʩʪʚʦʤ ʜʠʩʢʨʝʪ ʚ ʠʟʦʙʨʘʞʝʥʠʠ, 

ʢʦʪʦʨʦʝ ʨʘʚʥʦ 1920Ĭ1080 ʪʦʯʝʢ (ʧʠʢʩʝʣʝʡ) ʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ 

ʭʦʨʦʰʠʡ ʵʢʨʘʥ ʩ ʜʠʘʛʦʥʘʣʴʶ 40 ʜʶʡʤʦʚ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 2,17 ʣʠʥ/ʤʤ. ʋ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʘʥʜʘʨʪʘ 4K UHD ï 4096Ĭ3072 ʧʠʢʩʝʣʝʡ, ʯʪʦ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʥʘ ʪʘʢʦʡ ʞʝ ʵʢʨʘʥ ʜʘʸʪ ʝʱʸ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʦʩʧʨʠʷʪʠʷ. ɼʘʣʝʝ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʙʫʜʝʤ ʚ ʦʩʥʦʚʥʦʤ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʤʝʨʦʤ 

2000Ĭ2000 ʧʠʢʩʝʣʝʡ, ʢʘʢ ʠʟʦʙʨʘʞʝʥʠʷ ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ɿʨʠʪʝʣʴʥʦ 

ʥʘʙʣʶʜʘʪʝʣʷ ʪʘʢʠʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚʧʦʣʥʝ ʫʩʪʨʘʠʚʘʪʁ. ɿʘʤʝʪʠʤ, ʯʪʦ ʥʝʩʫʱʘʷ 

ʯʘʩʪʦʪʘ ʚ ʛʦʣʦʛʨʘʤʤʝ ʧʨʠ ʨʝʘʣʴʥʳʭ ʫʛʣʘʭ ɗ~30Ü ʜʦʩʪʠʛʘʝʪ ɤ ~ 1/ɚ ~ 2Ā10
3
 [1/ʤʤ]. 

ɺʠʜʥʦ, ʯʪʦ ʨʝʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʭʦʨʦʰʝʛʦ ʚʦʩʧʨʠʷʪʠʷ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʚ 

ʜʘʞʝ ʚ ʥʘʰʠʭ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ, ʘ ʩ ʫʯʸʪʦʤ 
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ʜʚʫʤʝʨʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʪʘʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ 

5ï6 ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ, ʯʝʤ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʥʘ ʛʦʣʦʛʨʘʤʤʝ. 

ʏʪʦʙʳ ʘʥʘʣʦʛʠʯʥʦ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʟʘʧʠʩʠ ʦʙʲʸʤʘ ʚ 3D ʠʟʦʙʨʘʞʝʥʠʠ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʦʜʝʣʴʶ, ʫʩʧʝʰʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚ [1.94], ʛʜʝ ʦʙʲʸʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʘʤʧʣʠʪʫʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʪ. ʝ. ʪʝʢʩʪʫʨ rʧʦʚʝʨʭʥʦʩʪʠ ʠ ʬʘʟʦʚʦʡ, 

ʪ. ʝ. ʛʣʫʙʠʥʳ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʘʩʪʦ ʥʘʟʳʚʘʝʤʦʡ ʤʘʩʢʦʡ, ʠʣʠ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʦʡ ʦʙʲʝʢʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2.15 ʧʨʠʚʝʜʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʢʩʪʫʨʳ, ʤʘʩʢʠ ʠ 3D 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʣʦʞʝʥʠʝʤ ʧʝʨʚʦʛʦ ʥʘ ʚʪʦʨʦʝ. 

   

ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 2.15 ï ʉʪʨʫʢʪʫʨʘ 3D ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ: ʘ) ʪʝʢʩʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ; 

ʙ) ʤʘʩʢʘ; ʚ) ʧʦʣʥʦʝ 3D ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ 

ʀʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʧʝʢʪʨʳ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ 

ʨʠʩʫʥʢʦʚ 2.15 ʩʪʘʥʜʘʨʪʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ɹʇʌ (ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ), 

ʢʦʪʦʨʳʡ ʚʦʟʚʨʘʱʘʝʪ ʩʧʝʢʪʨ ʪʦʛʦ ʞʝ ʨʘʟʤʝʨʘ ʢʘʢ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ 

ʩʨʝʟʳ ʜʚʫʤʝʨʥʳʭ ʩʧʝʢʪʨʦʚ ʪʝʢʩʪʫʨʳ, ʤʘʩʢʠ ʠ ʧʦʣʥʦʛʦ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʠʭ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʩʝʯʝʥʠʶ (ʨʠʩʫʥʦʢ 2.16): 
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ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩʫʥʦʢ 2.16 ï ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʩʧʝʢʪʨʘ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʨʝʟ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʠʟ ʨʠʩʫʥʢʘ 2.15 ʧʦ ʫʨʦʚʥʶ ʛʣʫʙʠʥʳ ʷʨʢʦʩʪʠ 1/256: 

ʘ) ʪʝʢʩʪʫʨʘ ʦʙʲʝʢʪʘ; ʙ) ʤʘʩʢʘ ʦʙʲʝʢʪʘ; ʚ) ʧʦʣʥʦʝ 3D ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ; 

ʛ) ʦʧʦʨʥʘʷ ʩʠʥʫʩʦʠʜʘ ʩ ʧʝʨʠʦʜʦʤ, ʨʘʚʥʳʤ 34,5 ʧʠʢʩʝʣʝʡ 

ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʩʧʝʢʪʨʘ ʚʳʙʨʘʥʘ ʜʣʷ ʫʜʦʙʩʪʚʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʛʨʘʬʠʢʘʭ ʚʟʷʪʳ ʠʟ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʸʪʦʚ 

ɺʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨ ʤʘʩʢʠ (ʙ) ʥʘ ʫʨʦʚʥʝ 1/256 ʦʪ ʤʘʢʩʠʤʫʤʘ ʣʦʢʘʣɹ ʥʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʯʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʨʦʚʥʝʤ ʰʫʤʦʚ, ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʫʞʝ ʩʧʝʢʪʨʘ ʪʝʢʩʪʫʨʳ (ʘ), ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʢʘʜʨ ʩ ʤʘʩʢʦʡ ʩʦʜʝʨʞʠʪ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʧʦʯʪʠ ʚʜʚʦʝ ʤʝʥʴʰʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ, ʠ ʩʦʜʝʨʞʠʪ ʚ ʢʚʘʜʨʘʪ ʨʘʟ (ʪ. ʝ. ʚ 4 ʨʘʟʘ) ʤʝʥʴʰʝ 

ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʟʘʜʘʯʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, 
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ʧʦʩʢʦʣʴʢʫ ʪʝʢʩʪʫʨʘ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʜʝʨʞʠʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ, ʯʝʤ 

ʢʘʨʪʘ ʛʣʫʙʠʥ (ʤʘʩʢʘ). 

ɺ ʩʠʣʫ ʪʝʦʨʝʤʳ ʦʪʩʯʸʪʦʚ ʂʦʪʝʣʴʥʠʢʦʚʘ, ʙʝʟ ʩʙʦʝʚ ʧʦ ʧʨʠʯʠʥʝ ʘʣʠʘʩʠʥʛʘ ʚ 

ʩʪʨʦʢʝ ʠʟ 2000 ʧʠʢʩʝʣʝʡ ʤʦʞʝʪ ʧʦʤʝʩʪʠʪʴʩʷ ʜʦ 1000 ʛʘʨʤʦʥʠʢ. ʄʦʞʥʦ ʦʮʝʥʠʪʴ, 

ʯʪʦ ʧʦ ʫʨʦʚʥʶ ʦʪʩʝʯʢʠ ʩʠʛʥʘʣ/ʰʫʤ 1/256 ʤʘʩʢʘ ʦʙʲʝʢʪʘ (ʨʠʩʫʥʦʢ 2.16ʙ) ʩʦʜʝʨʞʠʪ 

(62/2000) ʚʦʟʤʦʞʥʳʭ ʛʘʨʤʦʥʠʢ. ʕʪʦ ʦʢʦʣʦ 3 % ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʜʦʧʫʩʪʠʤʦʡ ʚ 

ʢʘʜʨʝ Full HD. ʊʝʢʩʪʫʨʘ ʦʙʲʝʢʪʘ (ʨʠʩʫʥʦʢ 2.16ʘ) ʩʦʜʝʨʞʠʪ (116/2000) ʦʢʦʣʦ 6 % 

ʚʦʟʤʦʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʘʜʨʝ. ɼʘʞʝ ʩʦʚʤʝʱʸʥʥʳʝ ʚʤʝʩʪʝ ʦʥʠ ʜʘʶʪ ʰʠʨʠʥʫ 

ʩʧʝʢʪʨʘ ʤʝʥʴʰʝ 10 % (ʨʠʩʫʥʦʢ 2.16ʚ). ʕʪʦʪ ʧʨʠʤʝʨ ʝʱʸ ʨʘʟ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʧʨʷʤʦʤ ʧʦʪʦʯʝʯʥʦʤ (ʧʦʧʠʢʩʝʣʴʥʦʤ) ʢʦʜʠʨʦʚʘʥʠʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʠʛʥʘʣʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʝʩʸʪ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʦ ʜʘʞʝ ʪʘʢʦʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, 

ʢʘʢ ʚ ʩʪʘʥʜʘʨʪʝ Full HD, ʠ ʜʘʞʝ ʚʜʚʦʝ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 4K UHD, ʫʞʝ ʩʘʤʦ ʧʦ ʩʝʙʝ 

ʠʟʙʳʪʦʯʥʦʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 2D ʠʟʦʙʨʘʞʝʥʠʷʤ, ʥʝ ʩʧʦʩʦʙʥʦ ʧʝʨʝʜʘʪʴ ʚʩʶ ʧʦʣʦʩʫ 

ʯʘʩʪʦʪ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ, ʩʦʜʝʨʞʘʱʝʤ 3D 

ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ. 

ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʩʫʜʷ ʧʦ ʩʧʝʢʪʨʫ, ʩʘʤʦ ʠʟʦʙʨʘʞʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ 3D ʦʙʲʝʢʪʘ ʙʦʣʝʝ ʛʣʘʜʢʦʝ, ʯʝʤ ʝʛʦ ʪʝʢʩʪʫʨʘ ʠ ʩʦʜʝʨʞʠʪ ʤʝʥʴʰʝ 

ʠʥʬʦʨʤʘʮʠʠ ï ʢʘʢ ʤʠʥʠʤʫʤ ʚ 2 ʨʘʟʘ. ʈʝʘʣʴʥʦ ʞʝ, ʤʦʞʝʪ ʙʳʪʴ ʠ ʙʦʣʴʰʝ, 

ʧʦʩʢʦʣʴʢʫ ʤʳ ʦʙʳʯʥʦ ʥʝ ʟʘʤʝʯʘʝʤ ʛʣʫʙʠʥʳ ʤʦʨʱʠʥʦʢ ʥʘ ʣʠʮʝ ʯʝʣʦʚʝʢʘ, ʭʦʪʷ 

ʧʦʯʪʠ ʚʩʝʛʜʘ ʚʠʜʠʤ ʠʭ ʪʝʥʝʚʫʶ ʢʘʨʪʠʥʫ ʥʘ ʪʝʢʩʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʪʦʞʝ ʜʘʸʪ 

ʧʦʚʦʜ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʷʤʦʛʦ 3D ʢʦʜʠʨʦʚʘʥʠʷ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʨʘʜʠʮʠʦʥʥʦ, ʥʘʧʨʠʤʝʨ ʚ [1.76, 1.100, 1.101]. 

ʂʦʤʧʴʶʪʝʨʥʦ-ʛʝʥʝʨʠʨʫʝʤʳʝ ʛʦʣʦʛʨʘʤʤʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʝʱʸ ʜʘʣʝʢʠ 

ʦʪ ʧʦʧʳʪʦʢ ʤʦʜʝʣʠʨʦʚʘʪʴ ʦʙʲʸʤʥʳʝ ʛʦʣʦʛʨʘʤʤʳ ɼʝʥʠʩʶʢʘ, ʧʦʵʪʦʤʫ ʦʛʨʘʥʠʯʠʤʩʷ 

ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʘʤʧʣʠʪʫʜʥʳʤʠ ʛʦʣʦʛʨʘʤʤʘʤʠ (2.14) ʠ ʬʘʟʦʚʳʤʠ 

ʛʦʣʦʛʨʘʤʤʘʤʠ, ʪʦʞʝ ʟʘʧʠʩʘʥʥʳʤʠ ʚ ʩʭʝʤʝ ʃʝʡʪʘ ʠ ʋʧʘʪʥʠʝʢʩʘ, ʚ ʢʦʪʦʨʳʭ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ (2.14) ʤʦʜʫʣʠʨʫʝʪ ʬʘʟʫ ʢʦʤʧʣʝʢʩʥʦʡ ʘʤʧʣʠʪʫʜʳ A(x) 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʚʦʣʥʳ (2.20). 
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ɺ ʩʣʫʯʘʝ ʬʘʟʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʢʣʘʜʦʢ ʠ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ 

ʦʙʱʥʦʩʪʠ ʪʦʞʝ ʟʘʧʠʩʳʚʘʝʤ ʦʜʥʦʤʝʨʥʳʡ ʩʣʫʯʘʡ ʠ ʪʘʢʞʝ ʜʣʷ ʦʜʥʦʪʦʥʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʧʝʢʪʨʘ ʪʘʢʦʛʦ ʩʠʛʥʘʣʘ ʙʫʜʝʪ (2.21). 

 () ( ) ()2
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ä , (2.21) 

ʛʜʝ a ï ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ ʨʘʜʠʦʪʝʭʥʠʢʠ ï ʠʥʜʝʢʩ ʤʦʜʫʣʷʮʠʠ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ 

ʛʣʫʙʠʥʝ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ 

[2.7]. 

 ( ),a x y= Dj  (2.22) 

ɿʜʝʩʴ æű ʦʧʨʝʜʝʣʷʝʪʩʷ (2.8, 2.9) ɸʥʘʣʠʟ ʛʨʘʬʠʢʦʚ ʬʫʥʢʮʠʡ ɹʝʩʩʝʣʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʝʤ ʙʦʣʴʰʝ ʧʦʨʷʜʦʢ m ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ, ʪʝʤ ʧʨʠ ʙʦʣʴʰʠʭ 

ʘʨʛʫʤʝʥʪʘʭ a ʥʘʙʣʶʜʘʝʪʩʷ ʝ y ʤʘʢʩʠʤʫʤ, ʦʜʥʘʢʦ ʧʨʠ m > a ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ 

ɹʝʩʩʝʣʷ ʦʢʘʟʳʚʘʶʪʩʷ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʣʳʤʠ ʙʫʜʫʪ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʇʦʵʪʦʤʫ 

ʦʙʱʫʶ ʰʠʨʠʥʫ ʩʧʝʢʪʨʘ ʛʦʣʦʛʨʘʤʤʳ ȹɤ, ʘʥʘʣʦʛʠʯʥʦ [2.7], ʤʦʞʥʦ ʧʨʠʙʣʠʞʸʥʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ (2.23). 

 ( )( )( )( )max min2 1 1mida aDwº + w+W = + W +W, (2.23) 

ʛʜʝ ʩʨʝʜʥʷʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ɋmid = (ɋmax + ɋmin) / 2. ʆʜʥʘʢʦ ʧʨʠ ʟʘʧʠʩʠ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʛʦʣʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʫʩʣʦʚʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʨʷʜʢʦʚ ʜʠʬʨʘʢʮʠʠ. ʉʧʝʢʪʨ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʢʘʞʜʦʤ ʠʟ m ʧʦʨʷʜʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ 

http://scask.ru/q_book_emp.php?id=30
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ʛʦʣʦʛʨʘʤʤʝ, ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ɋmin Ò ɋ Ò ɋmax. ʂʘʞʜʳʡ ʠʟ m ʧʦʨʷʜʢʦʚ 

ʜʠʬʨʘʛʠʨʫʝʪ, ʩʦʛʣʘʩʥʦ (2.16), ʚ ʩʚʦʡ ʜʠʘʧʘʟʦʥ ʫʛʣʦʚ (ʨʠʩʫʥʦʢ 2.17). 

 

ʈʠʩʫʥʦʢ 2.17 ï ʇʦʨʷʜʢʠ ʜʠʬʨʘʢʮʠʠ ʈʘʤʘʥʘ ï ʅʘʪʘ (ʩ ʥʫʣʝʚʦʛʦ ʧʦ ï7ʦʡ ʧʦʨʷʜʦʢ) ʧʨʠ ʟʘʧʠʩʠ 

ʛʦʣʦʛʨʘʤʤʳ ʛʘʫʩʩʦʚʳʤʠ ʧʫʯʢʘʤʠ 

ɼʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ 

ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʨʘʟʜʝʣʝʥʠʷ ʥʫʣʝʚʦʛʦ ʠ ʧʣʶʩ-ʤʠʥʫʩ ʧʝʨʚʳʭ ʧʫʯʢʦʚ, ʥʦ ʜʣʷ 

ʩʣʫʯʘʷ ʜʠʬʨʘʢʮʠʠ ʈʘʤʘʥʘ ï ʅʘʪʘ ʠ ʫʩʣʦʚʠʷ ʚʟʘʠʤʥʦʛʦ ʥʝʧʝʨʝʩʝʯʝʥʠʷ ʚʩʝʭ m 

ʧʦʨʷʜʢʦʚ ʜʠʬʨʘʢʮʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ (2.24). 

 ( )max min m max min 2idW -W ¢W = W +W (2.24) 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʩʨʘʚʥʠʚʘʷ ʩʧʝʢʪʨʳ ʪʝʢʩʪʫʨʳ (ʨʠʩʫʥʦʢ 2.18) ʠ ʤʘʩʢʠ 

(ʨʠʩʫʥʦʢ 2.19) ʧʦ ʝʱʸ ʙʦʣʝʝ ʥʠʟʢʠʤ ʫʨʦʚʥʷʤ ʦʪʩʝʯʢʠ, ʯʝʤ ʥʘ (ʨʠʩʫʥʦʢ 2.16), 

ʤʦʞʥʦ ʚʠʜʝʪʴ (ʨʠʩʫʥʦʢ 2.19), 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.18 ï ʐʠʨʠʥʘ ʩʧʝʢʪʨʘ ʘʤʧʣʠʪʫʜʳ (ʪʝʢʩʪʫʨʳ) ʩ ʛʣʫʙʦʢʠʤʠ ʫʨʦʚʥʷʤʠ ʦʪʩʝʯʢʠ: 

ʘ) ʧʦ ʫʨʦʚʥʶ 1/512 ʠ ʙ) ʧʦ ʫʨʦʚʥʶ 1/1024 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.19 ï ʐʠʨʠʥʘ ʩʧʝʢʪʨʘ ʬʘʟʳ (ʤʘʩʢʠ) ʩ ʛʣʫʙʦʢʠʤʠ ʫʨʦʚʥʷʤʠ ʦʪʩʝʯʢʠ: 

ʘ) ʧʦ ʫʨʦʚʥʶ 1/512 ʠ ʙ) ʧʦ ʫʨʦʚʥʶ 1/1024 

ʯʪʦ ʜʘʞʝ ʚ ʭʦʨʦʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʢʦʜʠʨʦʚʘʥʠʷ ʛʣʫʙʠʥʳ ʩʝʨʦʛʦ ʜʦ 512 ʠ ʜʘʞʝ ʜʦ 

1024 ʛʨʘʜʘʮʠʡ ʤʳ ʚʩʸ ʨʘʚʥʦ ʥʝ ʙʫʜʝʤ ʠʤʝʪʴ ʟʘʪʨʫʜʥʝʥʠʡ ʧʨʠ ʧʝʨʝʜʘʯʝ ʤʘʩʢʠ ʠ 

ʪʝʢʩʪʫʨʳ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ. ʉʣʠʰʢʦʤ ʚʝʣʠʢ ʟʘʟʦʨ ʤʝʞʜʫ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ ʠ 

ʰʠʨʠʥʦʡ ʧʦʣʝʟʥʦʛʦ ʩʧʝʢʪʨʘ ʘʤʧʣʠʪʫʜʥʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʡ 3D ʩʠʛʥʘʣʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2.20 ʪʦ ʞʝ ʩʘʤʦʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʠ ʧʨʦ ʩʦʚʤʝʱʸʥʥʳʝ 

(ʪʝʢʩʪʫʨʘ + ʤʘʩʢʘ) 3D ʠʟʦʙʨʘʞʝʥʠʷ. 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.20 ï ʉʧʝʢʪʨ ʩʦʚʤʝʱʸʥʥʳʭ ʪʝʢʩʪʫʨʳ ʠ ʤʘʩʢʠ 3D ʦʙʲʝʢʪʘ çʧʦʨʪʨʝʪ ʯʝʣʦʚʝʢʘè: 

ʘ) ʧʦ ʫʨʦʚʥʶ 1/512 ʠ ʙ) ʧʦ ʫʨʦʚʥʶ 1/1024 
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ɺʳʚʦʜʳ ʧʘʨʘʛʨʘʬʘ 2.2 

ɺ ʧʨʠʚʝʜʸʥʥʳʭ ʚ ʵʪʦʤ ʧʘʨʘʛʨʘʬʝ ʤʦʜʘʣʴʥʦʩʪʷʭ 3D ʩʠʛʥʘʣʘ (ʪʝʢʩʪʫʨʘ ʠ 

ʤʘʩʢʘ) ʩʨʘʚʥʠʚʘʶʪʩʷ ʥʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʢʪʨʘ 3D 

ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʘ ʨʝʘʣʴʥʳʝ ʩʧʝʢʪʨʳ ʯʠʩʣʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʩʧʝʢʪʨʦʚ ʢʦʥʢʨʝʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʠʯʸʤ ʚ ʩʘʤʳʭ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʩʪʘʥʜʘʨʪʘʭ Full HD ʠ 4K UHD. ʕʪʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʜʘʯ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦ, 

ʧʦʩʢʦʣʴʢʫ ʠ ʚʳʯʠʪʘʥʠʝ ʥʝʩʫʱʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʠ ʝʸ ʚʦʟʚʨʘʱʝʥʠʝ 

ʥʘʟʘʜ, ʚ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ, ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʤʝʥʥʦ ʜʣʷ 

ʪʘʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɼʣʷ ɻʪʦʛʦ ʚʧʦʣʥʝ ʤʦʞʥʦ ʙʨʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʪʩʯʸʪʦʚ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʝʝ ʜʚʦʡʥʫʶ ʦʙʨʘʪʥʫʶ ʯʘʩʪʦʪʫ ʧʦʣʫʯʝʥʥʳʭ ʟʜʝʩʴ ʩʧʝʢʪʨʦʚ. 

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 3D ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ï ʪʝʢʩʪʫʨʳ ʠ ʤʘʩʢʠ ï ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʝʚʠʘʮʠʷ ʥʝʩʫʱʝʡ 

ʯʘʩʪʦʪʳ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʵʪʠʤʠ ʩʧʝʢʪʨʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʚ 

ʛʦʣʦʛʨʘʤʤʝ. ʕʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʤʦʜ 3D ʦʙʲʝʢʪʘ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦ 3D ʦʙʲʝʢʪʝ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʝ ʩʣʝʜʫʝʪ ʧʝʨʝʜʘʚʘʪʴ ʚʝʩʴ ʩʧʝʢʪʨ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ, ʘ ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʝʜʘʚʘʪʴ ʪʦʣʴʢʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʯʘʩʪʦʪʳ 3D ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʤʘʩʢʠ ʠ ʪʝʢʩʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦ ʥʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʛʦʣʦʛʨʘʤʤʳ ʧʦ ʠʟʚʝʩʪʥʦʡ ʥʝʩʫʱʝʡ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʩʠʛʥʘʣʘ ʥʘ ʦʜʥʦʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʝ. ʅʘʧʨʠʤʝʨ ʪʘʢ, ʢʘʢ ʵʪʦ ʠʟʣʦʞʝʥʦ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ʚ ʧʘʨʘʛʨʘʬʝ 2.1. 

ʉʫʜʷ ʧʦ ʩʧʝʢʪʨʘʤ ʩʠʛʥʘʣʦʚ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ (2000Ĭ2000 ʧʠʢʩʝʣʝʡ) ʩ 

ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʝʨʦʛʦ (ʜʦ 512 ʠ 1024 ʛʨʘʜʘʮʠʡ) ʚʠʜʥʦ, ʯʪʦ 

ʰʠʨʠʥʘ ʦʪʩʝʯʢʠ ʧʦ ʪʘʢʠʤ ʥʠʟʢʠʤ ʫʨʦʚʥʷʤ ʥʝ ʜʘʸʪ ʨʝʚʦʣʮʁʠʦʥʥʦʛʦ ʫʰʠʨʝʥʠʷ 

ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʯʘʩʪʦʪ, ʦʥ ʦʩʪʘʸʪʩʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʘ ʧʦʨʷʜʢʠ ʤʝʥʴʰʝ 

ʥʝʩʫʱʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʫ ʪʘʢʦʡ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʝʩʪʴ ʙʦʣʴʰʦʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 3D ʩʠʛʥʘʣʘ ʥʝ ʪʦʣʴʢʦ 

ʚ ʩʪʘʥʜʘʨʪʝ Full HD, ʥʦ ʠ ʚ 4K UHD ʠ ʜʘʞʝ 8K UHD. 
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ʇʘʨʘʛʨʘʬ 2.3. ʈʘʟʜʝʣʝʥʠʝ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʠ ʯʘʩʪʦʪ ʜʝʚʠʘʮʠʠ 

ʅʘ ʨʠʩʫʥʢʝ 2.21 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʤʦʜʝʣʠ ʮʠʬʨʦʚʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʥʪʝʟʘ 

ʛʦʣʦʛʨʘʤʤʳ. ɸʥʘʣʦʛʠʯʥʦ [2.11], ʤʳ ʚʳʙʨʘʣʠ ʤʝʪʦʜ ʨʘʟʙʠʝʥʠʷ 3D ʦʙʲʝʢʪʘ ʥʘ ʩʣʦʠ 

U0p, (ʨʠʩʫʥʦʢ 2.22), ʯʪʦ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ D-

FFT (Double Fast Fourier Transform) [2.12], ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʡ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʧʣʦʩʢʠʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. 

 

ʈʠʩʫʥʦʢ 2.21 ï ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʮʠʬʨʦʚʦʡ ʜʠʩʢʨʝʪʥʦʡ ʛʦʣʦʛʨʘʤʤʳ: ʦʙʲʝʢʪ;  

x1 ï ʧʣʦʩʢʦʩʪʴ ʛʦʣʦʛʨʘʤʤʳ; ɗ ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʦʧʦʨʥʦʡ ʚʦʣʥʳ;  

L0x ï ʰʠʨʠʥʘ ʦʙʲʝʢʪʘ ʚ ʤʤ; N0x ï ʰʠʨʠʥʘ ʦʙʲʝʢʪʘ ʚ ʧʠʢʩ.;  

Lx ï ʰʠʨʠʥʘ ʧʦʣʷ ʦʙʲʝʢʪʘ ʚ ʤʤ; Nx ï ʰʠʨʠʥʘ ʧʦʣʷ ʦʙʲʝʢʪʘ ʚ ʧʠʢʩ.;  

æx ï ʰʠʨʠʥʘ ʜʠʩʢʨʝʪʳ (ʧʠʢʩʝʣʷ); dz ï ʛʣʫʙʠʥʘ ʦʙʲʝʢʪʘ;  

zʟʘʧ. ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʥʦʚʘʥʠʝʤ ʦʙʲʝʢʪʘ ʠ ʛʦʣʦʛʨʘʤʤʦʡ; zʚʦʩʩʪ. ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʛʦʣʦʛʨʘʤʤʦʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ 
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ɼʣʷ ʦʪʣʘʜʢʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʝʩʪ-ʤʦʜʝʣʴ ʚ ʚʠʜʝ 

ʧʦʣʫʪʦʥʦʚʦʛʦ ʩʪʫʧʝʥʯʘʪʦʛʦ ʧʦ ʛʣʫʙʠʥʝ z ʦʙʲʝʢʪʘ U0, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʘʷ ʥʠʞʝ 

(ʨʠʩʫʥʦʢ 2.22). ʊʨʝʙʦʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʠʥʫʩ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʠʬʨʘʢʮʠʠ, ʢʫʜʘ ʜʠʬʨʘʛʠʨʫʷ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ. ʇʦʵʪʦʤʫ ʧʦʣʝ ʛʦʣʦʛʨʘʤʤʳ ʙʳʣʦ ʚʳʙʨʘʥʦ ʙʦʣʴʰʝ ʧʣʦʱʘʜʠ 

ʦʙʲʝʢʪʘ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʨʝʥʝʣʷ D-FFT [2.12], ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʦ ʦʜʠʥʘʢʦʚʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʠʢʩʝʣʝʡ, ʢʘʢ ʚ ʛʦʣʦʛʨʘʤʤʝ, ʪʘʢ ʠ ʚ 

ʦʙʲʝʢʪʝ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ. 

 

ʈʠʩʫʥʦʢ 2.22 ï ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʮʠʬʨʦʚʦʡ ʜʠʩʢʨʝʪʥʦʡ ʛʦʣʦʛʨʘʤʤʳ.  

ʂʦʤʧʣʝʢʩʥʳʝ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ: U0 ï ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʨʘʩʩʝʷʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʦʙʲʝʢʪ, U1 ï ʦʥʘ 

ʞʝ ʚ ʧʣʦʩʢʦʩʪʠ ʛʦʣʦʛʨʘʤʤʳ, R ï ʦʧʦʨʥʦʡ ʚʦʣʥ;r ɗ ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʦʧʦʨʥʦʡ ʚʦʣʥʳ;  

Lx ï ʰʠʨʠʥʘ ʧʦʣʷ ʦʙʲʝʢʪʘ ʚ ʤʤ; Nx ï ʰʠʨʠʥʘ ʧʦʣʷ ʦʙʲʝʢʪʘ ʚ ʧʠʢʩ.;  

L0x ï ʰʠʨʠʥʘ ʦʙʲʝʢʪʘ ʚ ʤʤ; N0x ï ʰʠʨʠʥʘ ʦʙʲʝʢʪʘ ʚ ʧʠʢʩ.;  

æx ï ʰʠʨʠʥʘ ʜʠʩʢʨʝʪʳ (ʧʠʢʩʝʣʷ); æz ï ʛʣʫʙʠʥʘ ʩʣʦʷ; dz ï ʛʣʫʙʠʥʘ ʦʙʲʝʢʪʘ;  

zʟʘʧ. ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʥʦʚʘʥʠʝʤ ʦʙʲʝʢʪʘ ʠ ʛʦʣʦʛʨʘʤʤʦʡ;  

æ = xi+1 ï xi ï ʧʝʨʠʦʜ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʥʘ ʛʦʣʦʛʨʘʤʤʝ 
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ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ, ʨʠʩʫʥʦʢ 2.22 ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʩʠʥʪʝʟʘ ʛʦʣʦʛʨʘʤʤʳ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ. ʇʝʨʚʳʡ ʵʪʘʧ ï ʧʦʩʣʦʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʨʝʥʝʣʷ ʦʪ 

ʘʤʧʣʠʪʫʜʳ ʠʟʣʫʯʝʥʠʷ, ʨʘʩʩʝʷʥʥʦʛʦ ʩʣʦʝʤ p ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ U0P(x0, y0), 

zp=zʟʘʧ. ï pĀæz, p ï ʥʦʤʝʨ ʩʣʦʷ ʥʘʯʠʥʘʷ ʦʪ ʦʩʥʦʚʘʥʠʷ ʦʙʲʝʢʪʘ. 
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ʛʜʝ k=2ˊ/ɚ; ɗFr ï ʷʜʨʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʨʝʥʝʣʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ p ʩʣʦʸʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘ (2.26), 
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ʠʣʠ ʧʨʠʙʣʠʞʸʥʥʦ, ʜʣʷ ʩʣʫʯʘ ̫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʥʦʡ ʚʦʣʥʳ ʢʘʢ ʚʦʣʥʳ, 

ʠʟʤʝʥʷʶʱʝʡ ʬʘʟʫ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʛʣʫʙʠʥʝ ʦʙʲʝʢʪʘ: 
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ɿʜʝʩʴ, 3D ʦʙʲʝʢʪ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʚʠʜ ×pU0p(x0M, y0N)exp(ïik pĀæz). 

ɼʣʷ ʙʳʩʪʨʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʨʝʥʝʣʷ ʩʫʱʝʩʪʚʫʝʪ ʘʣʛʦʨʠʪʤ 

(D-FFT), ʠʩʧʦʣʴʟʫʶʱʠʡ ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ (FFT) [2.12]. ʇʦʩʢʦʣʴʢʫ 

ɹʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ (FFT) ʧʨʦʩʪʦ ʨʘʙʦʪʘʝʪ ʩ ʧʣʦʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʪʦ 

ʜʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʨʝʥʝʣʷ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ FFT, 3D ʦʙʲʝʢʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʩʣʦʸʚ (slicing) ×pU0(x0i, y0j, zp). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʨʝʥʝʣʷ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ p ʥʘ ʛʣʫʙʠʥʝ zp ʢʦʤʧʣʝʢʩʥʘʷ 

ʘʤʧʣʠʪʫʜʘ ʦʙʲʝʢʪʥʦʡ ʚʦʣʥʳ ʚ ʧʣʦʩʢʦʩʪʠ ʛʦʣʦʛʨʘʤʤʳ ʚʯrʠʩʣʷʝʪʩʷ ʢʘʢ (2.28). 



130 

 ( ) ( ) ( ){ }
1 1

1 1 1 0 0, ,
, D-FFT , ,

i i p
op i j px y z

p

U x y U x y zè ø=
ê úä  (2.28) 

ɺʪʦʨʦʡ ʵʪʘʧ ï ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʲʝʢʪʥʦʛʦ ʧʫʯʢʘ ʩ ʦʧʦʨʥʳʤ ʠ 

ʥʘʭʦʞʜʝʥʠʝ ʬʦʪʦʦʪʢʣʠʢʘ ʛʦʣʦʛʨʘʤʤʳ Ű(x1, y1) ʧʦ (2.14). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʠ ʚʳʙʦʨʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʦʧʦʨʥʦʛʦ ʧʫʯʢʘ ʥʘʜʦ ʚʳʧʦʣʥʷʪʴ ʫʩʣʦʚʠʝ ʅʘʡʢʚʠʩʪʘ ʦ 

ʢʦʣʠʯʝʩʪʚʝ ʜʠʩʢʨʝʪʥʳʭ ʦʪʩʯʸʪʦʚ ʥʘ ʦʜʠʥ ʧʝʨʠʦʜ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʠ 

ʫʩʣʦʚʠʝ ʨʘʟʜʝʣʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʤʠʥʫʩ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

ʜʠʬʨʘʢʮʠʠ) ʩ ʧʨʦʰʝʜʰʠʤ ʛʦʣʦʛʨʘʤʤʫ ʧʫʯʢʦʤ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʜʠʬʨʘʢʮʠʠ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ L0x, ʨʘʚʥʦʝ 

10 ʤʤ, ʠ ʩʦʩʪʦʷʱʝʝ ʠʟ 10
4
 ʧʠʢʩʝʣʝʡ ʠ Lx, ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʧʘʨʘʣʣʘʢʩʘ, ʨʘʚʥʦʝ 

47,5 ʤʤ, ʩʦʩʪʦʷʱʝʝ ʠʟ 47500 ʧʠʢʩʝʣʝʡ, ʘ ʪʘʢʞʝ ɚ=0,532 ʤʢʤ, ʚ ʜʘʣʴʥʝʡʰʝʤ 

(ʛʣʘʚʘ 4) ʤʝʥʷʶʱʝʝʩʷ ʥʘ ɚ=0,633 ʤʢʤ, ɚ=0,435 ʤʢʤ ʠ ɚ=0,937 ʤʢʤ. ʇʨʠ ʫʛʣʝ 

ʧʘʜʝʥʠʷ ʦʧʦʨʥʦʡ ʚʦʣʥʳ, ʨʘʚʥʦʤ 9Ü, ʨʘʩʩʪʦʷʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (zʚʦʩʩʪ.) ʜʣʷ ʵʪʠʭ 

ʜʣʠʥ ʚʦʣʥ ʚʳʙʠʨʘʣʦʩʴ ʦʢʦʣʦ 80 ʤʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ 

ʨʘʟʜʝʣʝʥʠʷ ʧʫʯʢʦʚ ʥʫʣʝʚʦʛʦ ʠ ʧʣʶʩ, ʤʠʥʫʩ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʛʦʣʦʛʨʘʤʤʦʡ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ 

ʧʦʩʣʦʡʥʦ, ʦʧʝʨʘʪʦʨʦʤ (2.29). 
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ɼʣʷ ʧʝʨʝʜʘʯʠ ʛʣʫʙʠʥʳ ʥʘʤʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʯʝʥʠʡ 

ʦʙʲʝʢʪʘ ʧʦ ʛʣʫʙʠʥʝ. ɺʘʨʠʘʥʪ ʩʝʯʝʥʠʷ 3D ʦʙʲʝʢʪʘ 64 ʩʣʦʷʤʠ, ʦʢʘʟʘʣʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʤ. ʂʚʘʥʪʦʚʘʪʝʣʴ ʃʣʦʡʜʘ ï ʄʘʢʩʘ ʤʦʛ ʙʳ ʧʦʤʦʯʴ ʫʤʝʥʴʰʠʪʴ 

ʯʠʩʣʦ ʦʪʩʯʸʪʦʚ ʧʦ ʛʣʫʙʠʥʝ ʤʘʩʢʠ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʪʴ ʵʥʪʨʦʧʠʶ ʦʪʩʯʸʪʦʚ, 

ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʝʸ ʢʦʜʠʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʫʞʝ 128 ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʣʦʸʚ 

ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʘʚʘʣʠ ʭʦʨʦʰʝʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʦʝ ʧʦ ʛʣʫʙʠʥʝ ʠʟʦʙʨʘʞʝʥʠʝ. 

ʄʳ ʦʩʪʘʥʦʚʠʣʠʩʴ ʥʘ ʥʸʤ, ʧʦʢʘʟʳʚʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʪʘʢʠʭ 
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ʛʦʣʦʛʨʘʤʤ 3D ʞʠʚʳʭ ʦʙʲʝʢʪʦʚ, ʥʦ ʥʝ ʠʭ ʧʨʝʜʝʣʴʥʦʝ ʢʘʯʝʩʪʚʦ. ʇʨʷʤʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʨʝʥʝʣʷ 3D ʦʙʲʝʢʪʘ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɺ ʨʷʜʝ ʟʘʜʘʯ, ʛʜʝ ʤʳ ʥʝ ʩʪʘʚʠʣʠ ʧʝʨʝʜ ʩʦʙʦʡ ʟʘʜʘʯʠ ʩʜʝʣʘʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʛʦʣʦʛʨʘʤʤʳ ʘʫʪʝʥʪʠʯʥʳʤ, ʛʜʝ ʪʨʝʙʦʚʘʣʦʩʴ ʪʦʣʴʢʦ ʜʦʢʘʟʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʦʪ ʟʘʧʠʩʠ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʞʠʚʦʛʦ 

ʯʝʣʦʚʝʢʘ ʩ ʢʘʯʝʩʪʚʦʤ Full HD ʠ ʧʝʨʝʜʘʯʠ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʦʙʳʯʥʦʤʫ ʢʘʥʘʣʫ 

ʩʚʷʟʠ ʜʣʷ ʝʸ ʨʝʩʪʘʚʨʘʮʠʠ ʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ 3D ʠʟʦʙʨʘʞʝʥʠʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

128 ʛʨʘʜʘʮʠʡ ʧʦ ʛʣʫʙʠʥʝ. ɺ ʨʷʜʝ ʟʘʜʘʯ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʦʣʦʛʨʘʤʤʘʭ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝ ʧʝʨʝʜʘʯʠ ʧʦ 

ʢʘʥʘʣʫ ʩʚʷʟʠ, ʜʝʣʘʣʠʩʴ ʨʘʩʯʸʪʳ ʠ ʩ 256 ʩʣʦʷʤʠ, ʘʥʘʣʦʛʠʯʥʦ ʛʣʫʙʠʥʝ ʮʚʝʪʘ ʚ 

ʩʪʘʥʜʘʨʪʝ Full HD. 

ɼʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʨʝʩʫʨʩʦʚ ʠ 

ʦʙʲʝʜʠʥʝʥʠʷ ʫʩʠʣʠʡ ʨʘʟʥʳʭ ʛʨʫʧʧ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʘʟʨʘʙʦʪʢʠ 

ʵʢʦʥʦʤʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʨʝʥʝʣʷ ʦʪ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʝʛʦʩʷ 

ʩ ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚʦʡ ʨʘʟʚʸʨʪʢʠ 3D ʩʠʛʥʘʣʘ, ʯʝʤʫ ʧʦʩʚʷʱʘʝʪʩʷ ʚʩʸ ʙʦʣʴʰʝ ʨʘʙʦʪ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [2.13, 2.14]. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʜʥʦʤʫ ʠʟ ʘʩʧʝʢʪʦʚ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʘ 

ʠʤʝʥʥʦ, ʙʦʣʝʝ ʧʨʦʩʪʦʤʫ ʤʝʪʦʜʫ ʩʠʥʪʝʟʘ ʛʦʣʦʛʨʘʤʤʳ ʧʦ ʢʘʨʪʠʥʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʧʦʩʚʷʱʸʥ ʧʝʨʚʳʡ ʧʘʨʘʛʨʘʬ ʯʝʪʚʸʨʪʦʡ ʛʣʘʚʳ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ. 

2.3.1. ʋʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʣʦʛʨʘʤʤʳ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʧʘʨʘʣʣʘʢʩʦʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʨʠʯʠʥʘ ʜʦʧʫʩʪʠʤʦʛʦ ʩʞʘʪʠʷ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ɼʣʷ ʩʠʥʪʝʟʘ ʜʠʩʢʨʝʪʥʦʡ ʛʦʣʦʛʨʘʤʤʳ ʧʦ (2.28) ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʧʷʪʠ ʫʩʣʦʚʠʡ: 

1. 3D ʦʙʲʝʢʪ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʩʫʤʤʘ ʩʣʦʸʚ 

ʧʦ ʝʛʦ ʛʣʫʙʠʥʝ ʚʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʨʝʥʝʣʷ (D-FFT). ʋʜʦʙʥʦ ʩʣʦʠ ʨʘʩʧʦʣʘʛʘʪʴ ʥʝʣʠʥʝʡʥʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʷʷ 



132 

ʂʚʘʥʪʦʚʘʪʝʣʴ ʃʣʦʡʜʘ ï ʄʘʢʩʘ, ʫʚʝʣʠʯʠʚʘʷ ʠʭ ʯʘʩʪʦʪʫ ʚ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʯʘʩʪʢʘʭ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʛʦ 3D ʦʙʲʝʢʪʘ. ʆʙʲʝʢʪʥʘʷ ʚʦʣʥʘ ʥʘ 

ʛʦʣʦʛʨʘʤʤʝ ʧʨʠ ʵʪʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʦʙʨʘʟʦʚ ʌʨʝʥʝʣʷ ʦʪ ʢʘʞʜʦʛʦ ʠʟ 

ʩʣʦʸʚ. 

2. ʉʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ ʚʚʝʜʝʥʠʷ ʚ ʦʙʲʝʢʪʥʳʡ ʧʫʯʦʢ ʚ ʧʣʦʩʢʦʩʪʠ 

ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʬʘʟʦʚʫʶ ʤʘʩʢʫ, ʩʜʚʠʛʘʶʱʫʶ ʬʘʟʳ ʠʟʣʫʯʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʷʯʝʝʢ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʕʪʦ ʨʝʘʣʠʟʫʝʪ ʥʘʣʦʞʝʥʠʝ ʬʘʟʦʚʦʛʦ ʰʫʤʘ ʥʘ 

ʦʙʲʝʢʪ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʥʝ ʠʩʢʘʞʘʷ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʝ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʛʦʣʦʛʨʘʬʠʠ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʷʨʢʠʭ ʚʩʧʣʝʩʢʦʚ ʧʨʠ ʟʘʧʠʩʠ 

ʛʦʣʦʛʨʘʤʤʳ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 

ʬʦʪʦʦʪʢʣʠʢʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʞʝ ʜʣʷ ʜʠʩʢʨʝʪʥʳʭ ʮʠʬʨʦʚʳʭ 

ʛʦʣʦʛʨʘʤʤ ʩʣʫʯʘʡʥʘʷ ʬʘʟʦʚʘʷ ʤʘʩʢʘ ʧʦʤʦʛʘʝʪ ʫʤʝʥʴʰʘʪʴ ʵʬʬʝʢʪʳ ʘʣʠʘʩʠʥʛʘ ʚ 

ʧʣʦʩʢʦʩʪʠ ʛʦʣʦʛʨʘʤʤʳ. 

3. ɼʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ (PC) ʠʤʝʣʦ ʦʙʲʸʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʙʦʣʴʰʠʡ, ʯʝʤ ʦʙʲʸʤ, 

ʟʘʥʠʤʘʝʤʳʡ ʩʘʤʦʡ ʧʨʦʛʨʘʤʤʦʡ ʠ ʦʧʝʨʘʪʠʚʥʳʤʠ ʜʘʥʥʳʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚʦ 

ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. ʇʨʠʚʝʜʸʥʥʳʝ ʥʠʞʝ ʚʳʯʠʩʣʝʥʠʷ ʛʦʣʦʛʨʘʤʤ ʦʙʲʸʤʦʤ ʜʦ 

2.7 ɻɹ (47500Ĭ15000 ʧʠʢʩʝʣʝʡ ʚ ʬʦʨʤʘʪʝ single) ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʩ 

32 ɻɹ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

4. ʏʪʦʙʳ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ (ʨʠʩʫʥʦʢ 2.21) ʜʠʬʨʘʛʠʨʦʚʘʚʰʠʝ ʧʫʯʢʠ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ çzʟʘʧ.è ʥʝ ʥʘʢʣʘʜʳʚʘʣʠʩʴ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʪ. ʝ. ʨʘʟʦʰʣʠʩʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʫʩʣʦʚʠʝ (2.30). 
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ʇʦʩʣʝʜʥʝʝ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʜʦʧʫʩʪʠʤʳʡ ʫʛʦʣ ʧʘʜʝʥʠʷ ʦʧʦʨʥʦʡ 

ʚʦʣʥʳ (2.31). 
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5. ɺ ʩʠʣʫ ʪʝʦʨʝʤʳ ʂʦʪʝʣʴʥʠʢʦʚʘ [2.15] ʫʛʦʣ ʧʘʜʝʥʠʷ ʦʧʦʨʥʦʡ ʚʦʣʥʳ 

(ʨʠʩʫʥʦʢ 2.22) ʜʦʣʞʝʥ ʙʳʪʴ ʪʘʢʠʤ, ʯʪʦʙʳ ʧʝʨʠʦʜ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʨʝʰʸʪʦʢ d 

ʫ ʛʦʣʦʛʨʘʤʤʳ ʙʳʣ ʙʦʣʴʰʝ, ʯʝʤ ʜʚʝ ʜʠʩʢʨʝʪʳ ȹx=(x1
i+1
ïx1

i
) ʥʘ ʮʠʬʨʦʚʦʤ ʤʘʩʩʠʚʝ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ ʛʦʣʦʛʨʘʤʤʫ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʝ ʅʘʡʢʚʠʩʪʘ (2.32) [2.16]. 

ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʤʦʞʥʦʡ ʧʦʜʤʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʵʬʬʝʢʪʦʚ ʘʣʠʘʩʠʥʛʘ (aliasing). ɼʣʷ ʵʪʦʛʦ ʫʛʦʣ ʧʘʜʝʥʠʷ ʦʧʦʨʥʦʡ 

ʚʦʣʥʳ ʧʨʠ ʟʘʧʠʩʠ ɗʟʘʧ., ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ (2.32). 
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ɼʣʷ ʩʣʫʯʘʷ ɗʟʘʧ. = ɗʚʦʩʩʪ. = ɗ ʧʦʣʫʯʘʝʤ ʠʟ (2.31) ʠ (2.32) ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ 

ʫʛʦʣ ʧʘʜʝʥʠʷ ʦʧʦʨʥʦʡ ʚʦʣʥʳ (2.33): 
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ʦʪʢʫʜʘ ʧʦʣʫʯʘʝʤ ʪʨʝʙʦʚʘʥʠʝ ʥʘ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʨʠʮʳ ʯʠʩʝʣ, ʚ 

ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʛʦʣʦʛʨʘʤʤʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟ ʨʠʩʫʥʢʘ 2.21, ʛʜʝ 

ʧʦʣʝ ʛʦʣʦʛʨʘʤʤʳ ʝʛʦ ʚʩʠʣʫ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʦʛʨʘʤʤʳ D-FFT ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ 

ʧʦʣʶ ʩ ʦʙʲʝʢʪʦʤ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʚʠʜʥʦ (2.34): 

 
x

x

L
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N
D = , (2.34) 

ʠ ʩ ʫʯʸʪʦʤ (2.33) ʧʨʠ æx=d ʧʦʣʫʯʘʝʤ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʠʩʢʨʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʛʦʣʦʛʨʘʤʤʳ (2.35), ʧʝʨʝʢʣʠʢʘʶʱʝʝʩʷ ʧʦ ʩʤʳʩʣʫ ʩ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʢʨʳʪʳʭ ʟʦʥ ʌʨʝʥʝʣʷ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʵʪʦ ʚʳʛʣʷʜʠʪ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʜʠʩʪʘʥʮʠʠ ʈʵʣʝʷ: 
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ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʚ ʩʪʨʦʢʝ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʛʦʣʦʛʨʘʤʤʳ ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʯʠʩʣʦ ʦʪʢʨʳʪʳʭ ʟʦʥ 

ʌʨʝʥʝʣʷ. 

2.3.2. ɿʘʧʠʩʴ ʛʦʣʦʛʨʘʤʤʳ ʠ ʦʙʣʘʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʧʘʨʘʣʣʘʢʩʘ 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 2.23), ʥʘʢʣʘʜʳʚʘʝʤʳʝ 

ʥʝʦʙʭʦʜʠʤʳʤ ʧʦʣʝʤ ʦʙʟʦʨʘ Lp. ɺʳʨʘʞʝʥʠʷ (2.36) ʠ (2.37) ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ 

ʦʢʢʣʶʟʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʲʝʢʪ. 
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ʇʨʠ ʩʠʥʪʝʟʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ ʦʙʲʝʢʪʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ (2.14) ʩ 

ʫʯʸʪʦʤ (2.30ï2.36) ʤʘʪʨʠʮʘ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ Ű(x1, y1) ʫʤʥʦʞʘʝʪʩʷ ʥʘ 

ʢʦʤʧʣʝʢʩʥʫʶ ʘʤʧʣʠʪʫʜʫ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʧʫʯʢʘ, ʢʦʪʦʨʳʡ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʙʳʣ ʚʳʙʨʘʥ ʨʘʚʥʳʤ ʦʧʦʨʥʦʤʫ ʧʨʠ ʟʘʧʠʩʠ (ʨʠʩʫʥʦʢ 2.24). ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʩʥʦʚʘ ʧʦʜʚʝʨʛʘʣʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʌʨʝʥʝʣʷ, ʘʥʘʣʦʛʠʯʥʦ (2.27) ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ zʟʘʧ. ʧʦʩʣʦʡʥʦ ʬʦʨʤʠʨʦʚʘʣʠʩʴ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʥʫʣʝʚʦʛʦ ʠ ʧʣʶʩ-

ʤʠʥʫʩ ʧʝʨʚʳʭ ʧʦʨʷʜʢʦʚ. ʄʠʥʫʩ ʧʝʨʚʳʡ ʬʦʨʤʠʨʦʚʘʣ ʥʫʞʥʦʝ ʥʘʤ 3D ʠʟʦʙʨʘʞʝʥʠʝ 

ʟʘʧʠʩʘʥʥʦʛʦ ʥʘ ʛʦʣʦʛʨʘʤʤʫ ʦʙʲʝʢʪʘ. 
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ʈʠʩʫʥʦʢ 2.23 ï ʋʩʣʦʚʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʘʨʘʣʣʘʢʩʘ: 

U0 ï ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ; U1 ï ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʳ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʛʦʣʦʛʨʘʤʤʦʡ;  

U0ǋ ï ʘʤʧʣʠʪʫʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʚʦʣʥʳ ʚ ʧʣʦʩʢʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ; Rʚʦʩʩʪ. ï ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʘʷ 

ʚʦʣʥʘ; L0x ï ʰʠʨʠʥʘ ʦʙʲʝʢʪʘ ʚ ʤʤ; Lx ï ʰʠʨʠʥʘ ʛʦʣʦʛʨʘʤʤʳ ʚ ʤʤ; 

N0x ï ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ ʦʙʲʝʢʪʘ ʚ ʩʝʯʝʥʠʠ x; Nx ï ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ ʛʦʣʦʛʨʘʤʤʳ ʚ ʩʝʯʝʥʠʠ x; 

Lp ï ʙʘʟʘ ʥʘʙʣʶʜʝʥʠʷ ʧʘʨʘʣʣʘʢʩʘ; zʟʘʧ. ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʙʲʝʢʪʦʤ ʠ ʛʦʣʦʛʨʘʤʤʦʡ;  

zʥʘʙʣ. ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʦʣʦʛʨʘʤʤʦʡ ʠ ʧʣʦʩʢʦʩʪʴʶ ʥʘʙʣʶʜʝʥʠ;̫ Nx ï ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʥʘ 

ʛʦʣʦʛʨʘʤʤʝ 

 

ʈʠʩʫʥʦʢ 2.24 ï ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʝʩʪʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ çU0ǋè 
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ʊʝʩʪ-ʤʦʜʝʣʴ ʚ ʧʨʦʙʥʳʭ ʨʘʩʯʸʪʘʭ ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʘʯʠ ʛʣʫʙʠʥʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʚ ʩʭʝʤʘʭ (ʨʠʩʫʥʦʢ 2.22) ʠ 

(ʨʠʩʫʥʦʢ 2.24) ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʯʝʪʳʨʝ ʩʪʫʧʝʥʴʢʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʤʝʱʝʥʘ 

ʧʦ ʛʣʫʙʠʥʝ. 

ʆʧʠʩʘʥʥʳʤ ʚʳʰʝ ʦʙʨʘʟʦʤ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʦʣʦʛʨʘʤʤʘ 

ʪʝʩʪ-ʤʦʜʝʣʠ. ɺʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʝʡ (ʨʠʩʫʥʦʢ 2.24) ʘʤʧʣʠʪʫʜʘ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ 

U0ǋ(x0ǋ, y0ǋ, zʟʘʧ.+zʚʦʩʩʪ.) ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.25. 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 2.25 ï ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʨʝʥʝʣʷ, ʩʜʝʣʘʥʥʦʝ ʩʦʛʣʘʩʥʦ (2.28) ʦʪ ʯʝʪʳʨʸʭ ʧʣʦʩʢʠʭ 

ʩʪʫʧʝʥʝʢ, ʩʜʚʠʥʫʪʳʭ ʧʦ ʛʣʫʙʠʥʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 10 ʤʤ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ 62 ʤʤ, 

72 ʤʤ, 82 ʤʤ ʠ 92 ʤʤ ʦʪ ʛʦʣʦʛʨʘʤʤʳ): ʘ) ʛʣʫʙʠʥʘ ʟʘʜʘʚʘʣʘʩʴ ʩʜʚʠʛʦʤ ʧʦ ʩʣʦʷʤ; ʙ) ʛʣʫʙʠʥʘ 

ʟʘʜʘʚʘʣʘʩʴ ʜʦʙʘʚʢʦʡ ʬʘʟʳ ʦʙʲʝʢʪʥʦʡ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʘʢʠʤ ʞʝ ʧʦ ʨʘʩʩʪʦʷʥʠʶ ʩʜʚʠʛʘʤ 

ʩʪʫʧʝʥʝʢ 

ɺʠʜʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ ʛʦʣʦʛʨʘʤʤʳ ʧʦʩʣʦʡʥʦ, ʩʦ ʩʜʚʠʛʦʤ ʢʘʞʜʦʛʦ ʩʣʦʷ 

ʥʘ ȹz (ʨʠʩʫʥʦʢ 2.25ʘ) ʦʙʲʸʤ ʧʝʨʝʜʘʸʪʩʷ ʧʨʘʚʠʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʚʠʜʥʦ 

ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʨʘʟʤʳʪʠʝ ʩʪʫʧʝʥʝʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʧʣʦʩʢʦʩʪʠ. ɺʪʦʨʦʡ ʤʝʪʦʜ (ʨʠʩʫʥʦʢ 2.25ʙ), ʢʦʛʜʘ ʩʜʚʠʛ ʧʦ 

ʛʣʫʙʠʥʝ ʟʘʜʘʸʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʬʘʟʳ ʚ ʢʘʞʜʦʡ ʠʟ ʩʪʫʧʝʥʝʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʪʘʢʦʤʫ ʞʝ ʠʭ ʩʤʝʱʝʥʠʶ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 2.25a, D-FFT ʜʘʸʪ ʩʙʦʡ. ʉʣʝʚʘ ʥʘʧʨʘʚʦ, 

ʩʥʘʯʘʣʘ ʚʩʝ ʚʤʝʩʪʝ ʦʥʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʝʨʚʦʡ ʩʪʫʧʝʥʴʢʠ, ʟʘʪʝʤ 

ʚʪʦʨʦʡ, ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʸʨʪʦʡ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʩʜʚʠʛ ʧʣʦʩʢʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʚʩʝ 4 
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ʩʪʫʧʝʥʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʨʘʟʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʛʦʣʦʛʨʘʤʤʳ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʚʤʝʩʪʝ ʪʘʢ, ʢʘʢ ʙʫʜʪʦ ʦʥʠ ʙʳʣʠ ʥʘ ʦʜʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʩʥʦʚʘʥʠʷ ʪʝʩʪ-ʤʦʜʝʣʠ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʥʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʨʝʥʝʣʷ ʤʝʪʦʜʦʤ D-FFT [2.12], ʚ ʢʦʪʦʨʦʤ ʧʝʨʝʭʦʜ ʯʝʨʝʟ ʬʘʟʫ 2ˊ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ 

ʧʨʦʛʨʘʤʤʦʡ ʢʘʢ ʚʦʟʚʨʘʱʝʥʠʝ ʚ ʥʦʣʴ. ɿʘʜʘʯʘ ʩʦʭʨʘʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ 2ˊ, ʠʤʝʥʫʝʤʘʷ ʘʣʛʦʨʠʪʤʦʤ ʨʘʟʚʸʨʪʢʠ ʬʘʟʳ ʪʘʢʞʝ ʨʝʰʘʝʤʘ 

[2.17ï2.19], ʭʦʪʷ ʠ ʥʝ ʧʨʦʩʪʘ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʩʙʦʷʤ ʬʘʟʳ 

ʧʨʠ ʥʘʣʠʯʠʠ ʰʫʤʦʚ [2.20, 2.21]. 

ɺʚʠʜʫ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʨʝʥʝʣʷ ʤʝʪʦʜʦʤ D-FFT ʠ 

ʪʨʫʜʥʦʩʪʝʡ ʩ ʨʘʙʦʪʦʡ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʬʘʟʳ ʦʙʲʝʢʪʦʚ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʳ, 

ʜʘʣʴʥʝʡʰʠʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʩʣʦʡʥʦ. ʅʘ ʨʠʩʫʥʢʝ 2.26 ʧʨʠʚʝʜʝʥʦ 

ʠʟʦʙʨʘʞʝʥʠʝ ʟʘʧʠʩʘʥʥʦʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʛʦʣʦʛʨʘʤʤʳ ʦʪ 3D ʦʙʲʝʢʪʘ 

(ʨʠʩʫʥʦʢ 2.15), ʥʘ ʨʠʩʫʥʢʝ 2.27 ï ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʝ ʁ ʠʟʦʙʨʘʞʝʥʠʝ, ʥʘ 

ʨʠʩʫʥʢʝ 2.28 ï ʝʸ ʩʧʝʢʪʨ. 

 

ʈʠʩʫʥʦʢ 2.26 ï ɻʦʣʦʛʨʘʤʤʘ, ʨʘʟʤʝʨʦʤ 15Ĭ47,5 ʤʤ ʩ ʰʘʛʦʤ 1 ʤʢʤ, ɚ=0,532 ʤʢʤ, ʥʘʢʣʦʥ ʦʧʦʨʥʦʛʦ 

ʧʫʯʢʘ 9Á, ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʦʙʲʝʢʪʘ ʥʘ 74 ʤʤ (ʧʦʢʘʟʘʥʳ ʫʚʝʣʠʯʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʛʦʣʦʛʨʘʤʤʳ) 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.27 ï ɺʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʛʦʣʦʛʨʘʤʤʦʡ (ʨʠʩʫʥʦʢ 2.26) 3D ʠʟʦʙʨʘʞʝʥʠʝ: 

ʘ) ʠʟʦʧʨʦʝʢʮʠʷ; ʙ) ʝʸ ʚʠʜ ʩʚʝʨʭʫ 

ɺʠʜʥʦ, ʯʪʦ ʛʦʣʦʛʨʘʤʤʘ (ʨʠʩʫʥʦʢ 2.26) ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʤʳʪʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʨʝʥʝʣʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ, ʬʦʨʤʠʨʫʝʤʳʭ 

ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʤʠ ʚʜʦʣʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʧʦʣʦʩʳ ʪʦʯʢʘʤʠ ʨʘʟʥʦʡ ʷʨʢʦʩʪʠ. 

ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʧʦʣʦʩʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʫʯʘʩʪʢʝ 

ʛʦʣʦʛʨʘʤʤʳ, ʛʜʝ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʢʘʞʸʥʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʨʝʥʝʣʷ ʦʙʲʝʢʪʘ, ʪʘʢ ʠ ʚʥʝ ʵʪʦʛʦ ʫʯʘʩʪʢʘ. ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ 

ʧʦʣʦʩʳ ʚʥʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʦʪʚʝʯʘʶʪ ʟʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʚʠʜʠʤʦʛʦ ʧʦʜ ʫʛʣʦʤ ʢ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʥʘʙʣʶʜʝʥʠʷ ʧʘʨʘʣʣʘʢʩʘ ʙʳʣʦ 

ʩʜʝʣʘʥʦ ʧʦ ʚʝʨʪʠʢʘʣʠ (y1) ʧʦʣʫʪʦʨʘʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʷ ʛʦʣʦʛʨʘʤʤʳ, ʘ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʠ (x1) ï ʚ 4.75 ʨʘʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʘʣʣʘʢʩ (ʨʠʩʫʥʦʢ 2.23) ʜʦʩʪʠʛʘʣ 

ʧʦ ʚʝʨʪʠʢʘʣʠ y1 ï 4Á, ʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ x1 ï 29Á. ɺʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʵʪʦʡ 

ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʥʘʙʣʶʜʘʪʝʣʝʤ ʠ 

ʛʦʣʦʛʨʘʤʤʦʡ. 

2.3.3. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʩʧʝʢʪʨ ʛʦʣʦʛʨʘʤʤʳ 

ʉʝʯʝʥʠʝ ʩʧʝʢʪʨʘ (ʨʠʩʫʥʦʢ 2.28) ʛʦʣʦʛʨʘʤʤʳ (Ű = |U1|
2
), ʧʨʠʚʝʜʸʥʥʦʝ ʥʘ 

ʨʠʩʫʥʢʝ 2.29, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʞʜʫ ʥʫʣʝʚʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʧʣʶʩ-
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ʤʠʥʫʩ ʧʝʨʚʳʤʠ ʧʦʨʷʜʢʘʤʠ ʜʠʬʨʘʢʮʠʠ ʝʩʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʫʩʣʦʚʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ ʧʫʯʢʦʚ ʥʫʣʝʚʦʛʦ ʠ ʧʣʶʩ-

ʤʠʥʫʩ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʦʚ (2.31), ʢʘʢ ʠ ʙʳʣʦ ʧʨʝʜʩʢʘʟʘʥʦ ʦʮʝʥʢʘʤʠ, ʩʜʝʣʘʥʥʳʤʠ 

ʚʳʰʝ (ʧʘʨʘʛʨʘʬ 1.3). ʕʪʘ ʜʠʩʪʘʥʮʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʘʩʪʦʪ ʝʱʸ ʨʘʟ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʪʦ, ʯʪʦ ʧʨʷʤʦʝ ʧʦʪʦʯʝʯʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʛʦʣʦʛʨʘʤʤ ʥʝ ʵʬʬʝʢʪʠʚʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʢʦʜʠʨʫʝʪ ʠ ʵʪʠ ʧʫʩʪʳʝ ʫʯʘʩʪʢʠ ʯʘʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʘʣʠʯʠʝ ʪʨʝʙʦʚʘʥʠʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ (ʤʠʥʫʩ ʧʝʨʚʦʛʦ) ʠ ʧʨʦʰʝʜʰʝʛʦ 

(ʥʫʣʝʚʦʛʦ) ʧʦʨʷʜʢʦʚ ʜʠʬʨʘʢʮʠʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʚʭʦʜʠʪ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʫʧʣʦʪʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʊʦʯʥʝʝ, 

ʪʨʝʙʦʚʘʥʠʝ ʨʘʟʚʝʜʝʥʠʷ ʧʫʯʢʦʚ (ʨʠʩʫʥʦʢ 2.24) ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʛʦʣʦʛʨʘʤʤʝ ʚ ʥʘʰʝʤ 

ʦʙʳʯʥʦʤ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʨʝʙʦʚʘʥʠʝ ʫʧʣʦʪʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ï ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʙʨʘʪʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ï ʯʘʩʪʦʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʨʠʩʫʥʦʢ 2.26). 

ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʚʳʟʚʘʥʳ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ ʠ 

ʢʦʥʢʫʨʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʇʝʨʚʦʝ ʚʳʟʚʘʥʦ ʪʨʝʙʦʚʘʥʠʝʤ ʫʜʦʙʩʪʚʘ ʚʦʩʧʨʠʷʪʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʚʳʨʘʞʝʥʥʳʤ ʚ ʚʝʣʠʯʠʥʝ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʤʠʥʫʩ ʧʝʨʚʦʛʦ ʧʫʯʢʘ ɗ ʠ 

ʟʘʜʘʸʪ ʥʝʩʫʱʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʯʘʩʪʦʪʫ. ɺʪʦʨʦʝ ï ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʤʫ ʟʘʧʦʣʥʝʥʠʶ ʯʘʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʧʝʢʪʨʦʤ ʦʙʲʝʢʪʘ. ʇʝʨʚʦʝ 

ʧʦʜʜʘʸʪʩʷ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ, ʚʪʦʨʦʝ ï ʥʝʪ, ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʤʧʦʟʠʮʠʝʡ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʦʙʲʝʢʪʦʤ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʤ ʤʳ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠ ʥʝ ʫʧʨʘʚʣʷʝʤ. ɸʥʘʣʦʛʠʯʥʦ ʨʘʜʠʦʩʠʛʥʘʣʫ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʠʟʣʠʰʥʝʡ ʠʟʙʳʪʦʯʥʦʩʪʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩʣʝʜʫʝʪ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʨʘʟʜʝʣʠʪ ɹ ʥʝʩʫʱʫʶ ʠ ʙʦʢʦʚʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʝʡ ʥʘ ʧʨʠʸʤʥʳʡ ʢʦʥʝʮ ʢʘʥʘʣʘ ʩʚʷʟʠ ʪʦʣʴʢʦ ʦʜʥʦʡ ʙʦʢʦʚʦʡ 

ʧʦʣʦʩʳ, ʯʪʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʦ ʚ ʚʠʜʝ ʧʝʨʝʜʘʯʠ ʧʘʨʳ 2D ʠʟʦʙʨʘʞʝʥʠʡ 

ʪʝʢʩʪʫʨʘ + ʤʘʩʢʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2.28 ʧʨʠʚʝʜʥy ʩʧʝʢʪʨ ʛʦʣʦʛʨʘʤʤʳ, ʧʨʠʚʝʜʸʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.26, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʧʦ ʩʭʝʤʝ ʨʠʩʫʥʦʢ 2.21. 
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ʈʠʩʫʥʦʢ 2.28 ï ʉʧʝʢʪʨ ʛʦʣʦʛʨʘʤʤʳ 

ʅʘ ʨʠʩʫʥʢʝ 2.29 ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʝ ʧʦʢʘʟʘʥ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʨʝʟ 

ʩʧʝʢʪʨʘ, ʧʨʠʚʝʜʸʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 2.28. 

 

ʈʠʩʫʥʦʢ 2.29 ï ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʰʢʘʣʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘ ʚʜʦʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ x. 

ʎʝʥʪʨʘʣʴʥʳʡ ʧʠʢ ʩʧʝʢʪʨʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 23751 ʧʠʢʩʝʣʶ ʦʪ ʢʨʘʷ 

ʛʦʣʦʛʨʘʤʤʳ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʠʢʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʜʠʬʨʘʢʮʠʠ ʜʦ ʤʠʥʫʩ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ Lï1,0=13974 ʧʠʢʩʝʣʝʡ 

ʇʨʠ ʰʠʨʠʥʝ ʩʧʝʢʪʨʘ ʤʠʥʫʩ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ 1093 ʧʠʢʩʝʣʷ ʧʦ ʫʨʦʚʥʶ 

ʦʪʩʝʯʢʠ 1/256, ʩʧʝʢʪʨ ʚʩʝʛʦ ʩʠʛʥʘʣʘ ʚʤʝʩʪʝ ʩʦ ʩʧʝʢʪʨʦʤ ʛʦʣʦʛʨʘʤʤʳ ʟʘʥʠʤʘʝʪ 

2Ĭ(13974+1093) = 30134 ʧʠʢʩʝʣʝʡ. 

ʕʪʦ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʙʦʣʴʰʫʶ 

ʠʟʙʳʪʦʯʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʛʦʣʦʛʨʘʤʤʝ. ʊʘʢʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ ʥʝ ʥʫʞʥʘ ʜʣʷ 

ʧʝʨʝʜʘʯʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ. ɽʸ 
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ʩʞʘʪʠʝ ʧʨʷʤʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʪʨʦʧʠʠ ʩʦʦʙʱʝʥʠʷ, 

ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʙʣʦʯʥʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ ʍʘʬʬʤʘʥʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʙʦʣʴʰʫʶ ʧʨʦʙʣʝʤʫ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʩʨʘʚʥʠʪʴ ʫʩʣʦʚʠʝ (2.31) ʩʦ ʩʧʝʢʪʨʦʤ (ʨʠʩʫʥʦʢ 2.29), 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʭʦʪʷ ʚ ʦʙʳʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʣʴʟʷ ʫʧʣʦʪʥʠʪʴ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʥʫʣʝʚʦʛʦ ʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʦʚ ʜʠʬʨʘʢʮʠʠ, ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʧʝʢʪʨʦʚ ʥʫʣʝʚʦʡ ʠ ʧʣʶʩ-ʤʠʥʫʩ ʧʝʨʚʳʡ ʧʦʨʷʜʢʠ ʤʦʞʥʦ ʨʘʟʤʝʱʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʣʠʞʝ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʣʦʪʥʷʪʴ ʟʘʧʠʩʴ ʠʥʬʦʨʤʘʮʠʠ, ʪʦʣʴʢʦ ʥʘʜʦ ʥʘʡʪʠ ʧʨʠʝʤʣʝʤʳʡ ʜʣʷ 

ʵʪʦʛʦ ʩʧʦʩʦʙ. ɼʣʷ ʵʪʦʛʦ ʧʦʜʭʦʜʠʪ ʢʘʢ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʦʜʥʦʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʳ 

ʤʠʥʫʩ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʦʙʲʝʢʪʘ, ʢʘʢ ʩʚʦʝʛʦ ʨʦʜʘ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʦʛ (SSB), ʪʘʢ ʠ ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ ʜʚʫʭ 2D ʠʟʦʙʨʘʞʝʥʠʡ 

ʪʝʢʩʪʫʨʘ + ʤʘʩʢʘ. ʇʨʠʯʸʤ ʧʦʩʣʝʜʥʠʡ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ 

ʩʣʝʜʫʶʱʝʤ ʧʘʨʘʛʨʘʬʝ 2.4. ʆʜʥʘʢʦ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʱʝ ʫʧʦʪʨʝʙʣʷʪʴ ʜʘʚʥʦ 

ʠʟʚʝʩʪʥʫʶ ʪʝʨʤʠʥʦʣʦʛʠʶ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ ʥʘ SSB. 

ɺʳʚʦʜʳ ʧʘʨʘʛʨʘʬʘ 2.3 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ, ʟʘʧʠʩʘʥʥʳʝ ʥʘ ʛʦʣʦʛʨʘʤʤʝ, ʠʤʝʶʪ ʨʘʟʥʫʶ 

ʬʠʟʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʧʨʠ ʧʝʨʝʜʘʯʝ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ. ʅʘ ʧʨʠʤʝʨʝ ʨʘʩʯʸʪʘ ʢʦʥʢʨʝʪʥʦʡ ʛʦʣʦʛʨʘʤʤʳ 3D 

ʦʙʲʝʢʪʘ, ʟʘʜʘʥʥʦʛʦ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ ʩ ʢʘʯʝʩʪʚʦʤ, ʧʨʝʚʳʰʘʶʱʠʤ Full HD 

ʬʦʨʤʘʪ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʩʫʱʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 

ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʝʸ ʜʝʚʠʘʮʠʶ, ʚʳʟʚʘʥʥʫʶ ʤʦʜʫʣʷʮʠʝʡ ʦʙʲʝʢʪʥʦʡ ʚʦʣʥʦʡ, 

ʥʝʩʫʱʝʡ ʠʥʬʦʨʤʘʮʠʶ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʧʨʷʤʦʤʫ ʵʥʪʨʦʧʠʡʥʦʤʫ ʢʦʜʠʨʦʚʘʥʠʶ 

ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʢʦʜʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʣʥʳ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʜʠʨʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʚʳʜʝʣʝʥʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ. ʅʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 
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ʤʝʪʦʜʦʤ ʢʦʩʠʥʫʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʥʘʨʷʜʫ ʩ ʚʳʜʝʣʝʥʠʝʤ ʫʯʘʩʪʢʦʚ 

ʩʣʘʙʦ ʤʝʥʷʶʱʠʭʩʷ ʬʫʥʢʮʠʡ, ʦʩʥʦʚʘʥ ʠʟʚʝʩʪʥʳʡ ʩʧʦʩʦʙ JPEG ʩʞʘʪʠ ̫ʩʠʛʥʘʣʘ. 

ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʦʙʟʦʨʘʭ Pleno [1.104], ʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ ʢʦʜʠʨʦʚʘʥʠʠ ʦʥ 

ʩʝʙʷ ʥʝ ʧʨʦʷʚʠʣ. ɸʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʤʝʪʦʜʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʩʚʷʱʝʥʘ ʚʩʷ ʥʘʩʪʦʷʱʘʷ ʛʣʘʚʘ, ʘ ʚ ʩʣʝʜʫʶʱʝʤ, ʧʘʨʘʛʨʘʬʝ 2.4 

ʧʨʦʚʦʜʠʪʩʷ ʧʨʷʤʦʝ ʩʨʘʚʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 3D ʩʠʛʥʘʣʘ 

ʧʨʝʜʣʦʞʝʥʥʳʤ ʚ ʧʘʨʘʛʨʘʬʝ 2.1 ʠ ʤʝʪʦʜʦʤ ʩʞʘʪʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʌʫʨʴʝ ʜʚʫʤʝʨʥʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʇʘʨʘʛʨʘʬ 2.4. ʉʨʘʚʥʝʥʠʝ ʧʝʨʝʜʘʯʠ ʥʘ ʙʦʢʦʚʦʡ ʧʦʣʦʩʝ ʠ ʧʝʨʝʜʘʯʠ ʩʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʞʘʪʠʝʤ, ʩʦʜʝʨʞʘʱʠʤ ʵʣʝʤʝʥʪʳ JPEG 

ʊʨʘʜʠʮʠʦʥʥʦʝ ʵʥʪʨʦʧʠʡʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʩʚʷʟʘʥʦ ʩ ʙʣʦʯʥʳʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʛʨʫʧʧ ʩʠʤʚʦʣʦʚ. ʂʦʜʠʨʦʚʘʥʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʵʥʪʨʦʧʠʠ ʩ ʩʚʷʟʘʥʦ ʩ ʢʦʜʠʨʦʚʘʥʠʝʤ ʜʣʠʥʥʳʤʠ ʙʣʦʢʘʤʠ. ʕʪʦ ʚʳʟʚʘʥʦ 

ʪʝʤ, ʯʪʦ ʢʦʜʠʨʫʝʤʘʷ ʛʦʣʦʛʨʘʤʤʘ ʩʦʜʝʨʞʠʪ ʦʙʲʸʤʳ ʠʥʬʦʨʤʘʮʠʠ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʚʳʰʘʶʱʠʝ ʥʝʦʙʭʦʜʠʤʫʶ ʥʘʤ ʠʩʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 3D ʦʙʲʝʢʪʝ 

ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʢʘʢ ʵʪʦ ʚʠʜʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʚ ʛʦʣʦʛʨʘʤʤʳ 

(ʨʠʩʫʥʦʢ 2.28, 2.29) ʠ 3D ʩʠʛʥʘʣʘ (ʨʠʩʫʥʦʢ 2.16). 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʣʠʩʴ ʤʝʪʦʜʳ ʩʞʘʪʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʨʘʟʣʦʞʝʥʠʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʧʝʢʪʨ ʩ ʚʳʜʝʣʝʥʠʝʤ ʝʛʦ ʟʥʘʯʠʤʦʡ 

ʯʘʩʪʠ ʠ ʦʪʩʝʯʝʥʠʝʤ ʩʠʛʥʘʣʘ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʩʨʘʚʥʠʤʦʤ ʩ ʰʫʤʘʤʠ ʢʘʥʘʣʘ ʩʚʷʟʠ. 

ʕʪʦʪ ʞʝ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʟʚʝʩʪʥʦʛʦ ʤʝʪʦʜʘ JPEG ʩʞʘʪʠʷ 

ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʨʦʮʝʥʪʦʤ ʧʦʪʝʨ.ɹ ʆʥ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥ ʜʦʢʫʤʝʥʪʦʤ 

ISO/IEC IS 10 918 ʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ; ʚʢʣʶʯʘʷ ʜʠʩʢʨʝʪʥʦʝ 

ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (ɼʉʇ), ʢʚʘʥʪʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ɼʉʇ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʚʥʦʩʷʪʩʷ ʧʦʪʝʨʠ, ʠ ʩʞʘʪʠʝ ʤʝʪʦʜʦʤ ʍʘʬʬʤʘʥʘ. ɺ ʩʠʣʫ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʩʧʝʢʪʨʘ ʚ 

JPEG ʩʞʘʪʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʩʠʥʫʩʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ [2.22]. ɻʨʫʧʧʘ Pleno 



143 

ʥʝ ʦʩʪʘʚʣʷʝʪ ʥʘʜʝʞʜʳ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʤʝʪʦʜʳ ʩʞʘʪʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ [2.23], ʭʦʪʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʝ ʵʥʪʨʦʧʠʡʥʳʝ ʤʝʪʦʜʳ. 

2.4.1. ʕʥʪʨʦʧʠʷ ʠʩʪʦʯʥʠʢʘ 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʜʠʨʦʚʘʥʠʷ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʜʚʫʤʝʨʥʳʭ 

ʩʠʛʥʘʣʦʚ (ʧʣʦʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ), ʢʘʢ ʩʦʦʙʱʘʝʪʩʷ ʚ ʦʙʟʦʨʥʦʡ ʨʘʙʦʪʝ [1.76] ʪʘʢʦʡ 

ʤʝʪʦʜ ʢʦʜʠʨʦʚʘʥʠʷ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʥʘʭʦʜʠʪ ʩʝʛʦʜʥʷ 

ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʚʠʜʫ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ï ʩʚʦʝʡ ʤʘʣʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʦʣʴʰʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ JPEG ʢʦʜʠʨʦʚʘʥʠʠ 2D ʩʠʛʥʘʣʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʩʦʢʦʡ. ʕʪʦ ʭʦʨʦʰʦ ʧʦʷʩʥʠʪʴ ʥʘ ʧʨʠʤʝʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ 

ʨʠʩʫʥʢʝ 2.16, ʛʜʝ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 146 ʧʠʢʩʝʣʝʡ ʜʣʷ ʩʠʛʥʘʣʘ 

Full HD. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʜʠʨʦʚʘʥʠʝ L=146Ĭ146 ʙʘʡʪʘʤʠ ʚʤʝʩʪʦ 

L=1920Ĭ1080, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ ʐʝʥʥʦʥʘ [2.24] ʜʣʷ ʢʘʥʘʣʘ ʙʝʟ ʰʫʤʦʚ ʩ 

ʵʥʪʨʦʧʠʝʡ ʩʠʛʥʘʣʘ H. 

 ()min 2logL H m= . (2.38) 

ɿʜʝʩʴ ʜʣʷ ʜʚʦʠʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʩ ʤʦʱʥʦʩʪʴ ʁ ʘʣʬʘʚʠʪʘ m=2, 

ʜʣʠʥʘ ʢʦʜʘ ʨʘʚʥʘ ʵʥʪʨʦʧʠʠ ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʡ. ʆʜʥʘʢʦ ʙʦʣʝʝ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʵʥʪʨʦʧʠʶ ʠʩʪʦʯʥʠʢʘ ʜʘʞʝ ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʢ ʧʠʰʝʪ 

ʋ. ʇʨʵʪʪ [2.24] ʥʝ ʧʨʦʩʪʦ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʪʨʸʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʜʦʙʘʚʠʤ 

ʤʳ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʩʪʨʦʡʥʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʐʝʥʥʦʥʦʤ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʚʳʨʘʞʘʝʤʦʛʦ ʧʨʠ ʢʚʘʥʪʦʚʘʥʠʠ ʚʝʢʪʦʨ ï ʩʪʦʣʙʮʦʤ f, ʪʝʦʨʠʷ ʚʝʢʪʦʨʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʦʙʱʝʥʠʡ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʷʤʦ 

ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʜʚʫʤʝʨʥʳʭ ʠ ʪʝʤ ʙʦʣʝʝ ʪʨʸʭʤʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʧʫʪʸʤ ʩʪʨʦʯʥʦʡ 

ʨʘʟʚʸʨʪʢʠ ʜʚʫʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ×fi 
j
 ʚ ʦʜʥʦʤʝʨʥʳʭ ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ fi ʚʚʠʜʫ 

ʦʯʝʚʠʜʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʙʣʠʟʣʝʞʘʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦ ʜʚʫʤ 

ʦʩʷʤ, ʥʘʧʨʠʤʝʨ fi 
j
; fi 

j+1
 ʠ fi 

j
; fi+1

j
 ʜʚʫʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʧʣʦʩʢʦʛʦ ʠ ʝʱʸ ʙʦʣʴʰʠʤ 
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ʢʦʣʠʯʝʩʪʚʦʤ ʙʣʠʟʢʠʭ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦ ʪʨʸʤ ʦʩʷʤ ʵʣʝʤʝʥʪʦʚ k fi 
j
; k+1 fi 

j
 ʪʨʸʭʤʝʨʥʦʡ 

ʦʙʲʸʤʥʦʡ ʤʘʪʨʠʮʳ ʠʟʦʙʨʘʞʝʥʠʡ. 

ɺ [2.24, c. 189ï190], ʩʦʦʙʱʘʝʪʩʷ: çɽʩʣʠ ʷʨʢʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ Ɂ Ĭ Ɂ ʵʣʝʤʝʥʪʦʚ 

ʠʟʦʙʨʘʞʝʥʠʷ ʢʚʘʥʪʫʝʪʩʷ ʥʘ J ʫʨʦʚʥʝʡ, ʪʦ ʜʘʥʥʳʡ ʠʩʪʦʯʥʠʢ ʤʦʞʝʪ ʩʦʟʜʘʪʴ I = J
Q
 

ʨʘʟʣʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʠʤʝʶʪ ʭʘʦʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʧʦʭʦʞʠ 

ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʜʚʫʤʝʨʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʰʫʤʘ. ʃʠʰʴ ʦʯʝʥʴ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʠʟ I 

ʚʦʟʤʦʞʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʙʫʜʫʪ ʪʘʢʠʤʠ, ʢʘʢʠʝ ʜʘʣ ʙʳ ʨʝʘʣʴʥʳʡ ʜʘʪʯʠʢ ʧʨʠ 

ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʦʢʨʫʞʘʶʱʠʤ ʤʠʨʦʤ. ɺ ʧʨʠʥʮʠʧʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʤʝʝʪʩʷ 

ʘʧʨʠʦʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʈ(fi) (ʛʜʝ i = 1, 2, é, I) ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʢʘʞʜʦʛʦ 

ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʝʢʪʦʨʘ f. ʀʟʤʝʨʠʪʴ ʠʣʠ ʧʨʦʤʦʜʝʣʠʨʦʚʘʪʴ ʵʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʯʝʥʴ ʥʝʧʨʦʩʪʦ, ʥʦ ʩʘʤʘ ʠʜʝʷ ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʝʟʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤè. 

ʅʝ ʧʨʝʪʝʥʜʫʷ ʥʘ ʦʙʱʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ 3D 

ʦʙʲʝʢʪʦʚ, ʘ ʦʛʨʘʥʠʯʠʚʘʷʩʴ 3D ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ 

ʩʣʝʜʫʶʱʝʡ, ʛʣʘʚʝ 3 ï ʩʣʦʞʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʠʤʝʶʱʠʤʠ ʛʘʫʩʩʦʚʫ ʩʪʘʪʠʩʪʠʢʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʨʢʦʩʪʠ, ʟʜʝʩʴ ʤʳ ʧʨʠʚʝʜʸʤ ʩʨʘʚʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʚ ʧʘʪʝʥʪʝ 

ʈʌ  ̄2707582 [1.94] ʤʝʪʦʜʘ ʢʦʜʠʨʦʚʘʥʠʷ 3D ʩʠʛʥʘʣʘ ʜʚʫʤ ̫ ʦʩʥʦʚʥʳʤʠ 

ʤʦʜʘʣʴʥʦʩʪʷʭ (ʤʘʩʢʘ + ʪʝʢʩʪʫʨʘ) ʩ ʤʝʪʦʜʦʤ ʢʦʜʠʨʦʚʘʥʠ,̫ ʧʨʠʤʝʥʷʶʱʠʤ 

ʩʧʝʢʪʨʘʣʴʥʫʶ ʩʝʣʝʢʮʠʶ ʦʩʥʦʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʛʘʨʤʦʥʠʢ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚ JPEG ʢʦʜʠʨʦʚʘʥʠʠ 2D ʠʟʦʙʨʘʞʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ, 

ʧʦʢʘʟʳʚʘʶʱʠʡ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʲʷʩʥʸʥ ʙʦʣʝʝ ʪʦʯʥʳʤ ʧʦʧʘʜʘʥʠʝʤ ʥʘ ʠʤʝʶʱʝʝʩʷ ʘʧʨʠʦʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ P(fi), ʯʝʤ ʧʨʠ ʩʝʣʝʢʮʠʠ ʦʩʥʦʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʛʘʨʤʦʥʠʢ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʩʢʨʝʪʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ɼʉʇ) ʚ JPEG. 

2.4.2. ʏʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩʨʘʚʥʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʩʦʟʜʘʥ ʪʝʩʪ ï ʪʘʢʦʡ ʞʝ, ʢʘʢ ʚ 

ʧʘʨʘʛʨʘʬʝ 2.3 ʚʠʨʪʫʘʣʴʥʳʡ ʦʙʲʝʢʪ ʚ ʚʠʜʝ ʩʪʫʧʝʥʝʢ, ʠʟʤʝʥʷʶʱʠʭ ʩʚʦʸ ʧʦʣʦʞʝʥʠʝ 
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ʧʦ ʛʣʫʙʠʥʝ (ʨʠʩʫʥʦʢ 2.30), ʥʦ ʩ ʥʘʥʝʩʸʥʥʳʤʠ ʥʘ ʥʝʛʦ ʰʪʨʠʭʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʤʠʨʳ. 

 

ʈʠʩʫʥʦʢ 2.30 ï ʊʝʩʪ-ʦʙʲʝʢʪ, ʩʦʟʜʘʥʥʳʡ ʠʟ 4-ʭ ʩʪʫʧʝʥʝʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʟʥʦʡ ʛʣʫʙʠʥʝ ʩ 

ʦʩʥʦʚʘʥʠʝʤ 6.4Ĭ6.4 ʤʤ, ʚʳʩʦʪʦʡ 1.6 ʤʤ ʢʘʞʜʘʷ, ʯʪʦ ʚ ʧʠʢʩʝʣʷʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʥʦʚʘʥʠʶ 

3200Ĭ3200 ʠ ʚʳʩʦʪʝ 800 ʧʠʢʩʝʣʝʡ. ʐʠʨʠʥʘ ʧʦʣʦʩ ʤʠʨʳ ʚ ʧʠʢʩʝʣʷʭ: 256; 181; 91; 64; 45; 32; 23; 

16; 11; 8; 6; 4; 3; 2; 1; 1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚ ʥʘʰʠʭ ʨʘʩʯʸʪʘʭ ʰʠʨʠʥʝ ʚ ʤʤ ï 0,512; 0,362; 0,182; 

0,128; 0,090; 0,064; 0,046; 0,032; 0,022; 0,016; 0,012; 0,008; 0,006; 0,004; 0,002; 0,002. ʂʘʞʜʘʷ 

ʧʨʦʟʨʘʯʥʘʷ ʧʦʣʦʩʢʘ ʨʘʚʥʘ ʧʦ ʰʠʨʠʥʝ ʩʦʩʝʜʥʝʡ ʥʝʧʨʦʟʨʘʯʥʦʡ 

ɺ ʩʭʝʤʝ ʨʠʩʫʥʦʢ 2.31 ʵʪʦʪ ʦʙʲʝʢʪ ʧʦʩʣʦʡʥʦ ʟʘʧʠʩʳʚʘʣʩʷ ʥʘ ʛʦʣʦʛʨʘʤʤʫ 

(2.14), ʩʧʝʢʪʨ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.32. 
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ʈʠʩʫʥʦʢ 2.31 ï ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʮʠʬʨʦʚʦʡ ʜʠʩʢʨʝʪʥʦʡ ʛʦʣʦʛʨʘʤʤʳ:  

U0 ï ʦʙʲʝʢʪ; U1 ï ʧʣʦʩʢʦʩʪʴ ʛʦʣʦʛʨʘʤʤʳ; R ï ʦʧʦʨʥʘʷ ʚʦʣʥʘ; ɗ ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʦʧʦʨʥʦʡ ʚʦʣʥʳ;  

Lx ï ʰʠʨʠʥʘ ʧʦʣʷ ʦʙʲʝʢʪʘ ʚ ʤʤ; Nx ï ʰʠʨʠʥʘ ʧʦʣʷ ʦʙʲʝʢʪʘ ʚ ʧʠʢʩ.;  

L0x ï ʰʠʨʠʥʘ ʦʙʲʝʢʪʘ ʚ ʤʤ; N0x ï ʰʠʨʠʥʘ ʦʙʲʝʢʪʘ ʚ ʧʠʢʩ.;  

Lx_ʩʣʦʡ ï ʰʠʨʠʥʘ ʩʣʦʷ ʦʙʲʝʢʪʘ ʚ ʤʤ; Nx_ʩʣʦʡ ï ʰʠʨʠʥʘ ʩʣʦʷ ʦʙʲʝʢʪʘ ʚ ʧʠʢʩ.;  

æx ï ʰʠʨʠʥʘ ʜʠʩʢʨʝʪʳ (ʧʠʢʩʝʣʷ); dz ï ʛʣʫʙʠʥʘ ʦʙʲʝʢʪʘ;  

æz ï ʨʘʩʩʪʦʷʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʤʝʞʜʫ 4 ʩʣʦʷʤʠ; zʟʘʧ. ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʙʲʝʢʪʦʤ ʠ ʛʦʣʦʛʨʘʤʤʦʡ 

ʆʙʲʝʢʪʥʘʷ ʚʦʣʥʘ ï ʤʥʦʛʦʩʣʦʡʥʳʡ ʦʙʲʝʢʪ ʩʦ ʩʤʝʱʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʧʦ z. ɺ 

ʯʠʩʣʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʚʠʨʪʫʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ: 

ʈʘʟʤʝʨʳ ʦʙʲʝʢʪʘ ʚ ʧʠʢʩʝʣʷʭ (N0y Ĭ N0x) = 3200Ĭ3200 ʧʠʢʩ. å 10
7
 ʧʠʢʩ.; 

ʨʘʟʤʝʨʳ ʧʦʣʷ ʦʙʲʝʢʪʘ ʚ ʧʠʢʩʝʣʷʭ (Ny Ĭ Nx) = 16000Ĭ32000 ʧʠʢʩ. å 5Ā10
8
 ʧʠʢʩ.; 

ʨʘʟʤʝʨʳ ʦʙʲʝʢʪʘ ʚ ʤʠʣʣʠʤʝʪʨʘʭ (L0y Ĭ L0x) = 6,4Ĭ6,4 ʤʤ å 41 ʤʤ
2
; ʨʘʟʤʝʨʳ ʧʦʣʷ 

ʦʙʲʝʢʪʘ ʚ ʤʠʣʣʠʤʝʪʨʘʭ (Ly Ĭ Lx) = 32Ĭ64 ʤʤ å 2048 ʤʤ
2
; zʟʘʧ. ʦʩʥʦʚʘʥʠʷ 

ʦʙʲʝʢʪʘ = 122 ʤʤ; zʟʘʧ. ʚʝʨʰʠʥʳ ʦʙʲʝʢʪʘ = 152 ʤʤ; ʛʣʫʙʠʥʘ ʦʙʲʝʢʪʘ 

dz = 30 ʤʤ å 56391 ʜʣʠʥ ʚʦʣʥ; ʜʣʠʥʘ ʚʦʣʥʳ ʟʘʧʠʩʠ ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ɚʟʘʧ.=0,532 ʤʢʤ; ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʸʚ ʦʙʲʝʢʪʘ ʧʦ ʛʣʫʙʠʥʝ ï 4 ʩʣʦʷ; ʫʛʦʣ ʧʘʜʝʥʠʷ 

ʦʧʦʨʥʦʡ ʚʦʣʥʳ ʧʨʠ ʟʘʧʠʩʠ ʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ɗ = 4Ü = 0,07 ʨʘʜ; ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʠ ʘʤʧʣʠʪʫʜʝ ʦʧʦʨʥʦʡ ʚʦʣʥʳ ʧʨʠ ʟʘʧʠʩʠ 1,0, ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ï 1,0; 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʥʦʩʪʴ ʭʦʜʘ ʚ ʥʘʢʣʦʥʥʦʤ ʦʧʦʨʥʦʤ ʧʫʯʢʝ ʧʨʠ ʧʘʜʝʥʠʠ ʥʘ 
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ʛʦʣʦʛʨʘʤʤʫ å 4,46 ʤʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʝ 

Wx å 8392 ʣʠʥ/ʤʤ ʠʣʠ ʧʝʨʠʦʜʫ d å 7,63 ʤʢʤ; ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʚ ʧʝʨʠʦʜʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʧʦʣʦʩʳ å 3.8 ʧʠʢʩ. 

ɺ ʩʭʝʤʝ ʩ ʫʢʘʟʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʲʝʢʪʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʘʤʧʣʠʪʫʜʥʘʷ 

ʛʦʣʦʛʨʘʤʤʘ ʨʘʟʤʝʨʦʤ ʚ ʧʠʢʩʝʣʷʭ (Ny Ĭ Nx) = 16000Ĭ32000 ʧʠʢʩ. å 5Ā10
8
 ʧʠʢʩ.; ʚ 

ʤʠʣʣʠʤʝʪʨʘʭ ï (Ly Ĭ Lx) = 32Ĭ64 ʤʤ å 2048 ʤʤ
2
 (ʨʠʩʫʥʦʢ 2.32). 

 

ʈʠʩʫʥʦʢ 2.32 ï ʉʧʝʢʪʨ ʛʦʣʦʛʨʘʤʤʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʦʪ ʦʙʲʝʢʪʘ ʨʠʩʫʥʦʢ 2.30: (c) ï ʚʳʜʝʣʝʥʥʘʷ 

ʦʙʣʘʩʪʴ, ʨʘʚʥʘʷ ʢʦʣʠʯʝʩʪʚʫ ʧʠʢʩʝʣʝʡ ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ; (d) ï ʚʳʜʝʣʝʥʥʘʷ ʦʙʣʘʩʪʴ, 

ʨʘʚʥʘʷ ʧʦʣʫʪʦʨʘʢʨʘʪʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʠʢʩʝʣʝʡ ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ; (e) ï ʚʳʜʝʣʝʥʥʘʷ 

ʦʙʣʘʩʪʴ, ʨʘʚʥʘʷ ʚʦʩʴʤʠʢʨʘʪʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʠʢʩʝʣʝʡ ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʅʘ ʨʠʩʫʥʢʝ 2.32 ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ (2.28) ʬʫʨʴʝ-

ʛʦʣʦʛʨʘʤʤʳ 3D ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ (ʨʠʩʫʥʦʢ 2.30). 

ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʵʪʦʡ ʛʦʣʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2.33, ʧʦʩʣʦʡʥʦ, ʚ ʧʣʦʩʢʦʩʪʠ 1-ʦʡ ʩʪʫʧʝʥʴʢʠ (ʘ), 2-ʦʡ 

(ʙ), 3-ʝʡ (ʚ) ʠ 4-ʦʡ (ʛ). ɺʠʜʥʦ ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʨʘʟʤʳʪʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʩʪʫʧʝʥʝʢ, 

ʦʪʩʪʦʷʱʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʛʣʫʙʠʥʝ ʥʘ 10 ʤʤ. 
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ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩʫʥʦʢ 2.33 ï ɺʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ çʩʪʫʧʝʥʴʢʠ ʩ ʤʠʨʦʡè:  

ʘ) ʚ ʧʣʦʩʢʦʩʪʠ ʫʜʘʣʝʥʠʷ ʧʝʨʚʦʡ ʩʪʫʧʝʥʴʢʠ; ʙ) ʚʪʦʨʦʡ ʩʪʫʧʝʥʴʢʠ;  

ʚ) ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʴʢʠ; ʛ) ʯʝʪʚʸʨʪʦʡ ʩʪʫʧʝʥʴʢʠ 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʙʨʘʥʘ ʪʦʣʴʢʦ 

ʦʜʥʘ ʚʪʦʨʘʷ ʩʪʫʧʝʥʴʢʘ ʦʪ ʢʘʞʜʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ. 

ʆʩʪʘʣʴʥʳʝ 3 ʩʪʫʧʝʥʴʢʠ ʚ ʪʦʯʥʦʩʪʠ ʧʦʚʪʦʨʷʶʪ ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʧʦʢʘʟʘʥʥʦʝ ʜʣʷ ʩʪʫʧʝʥʴʢʠ ʥʦʤʝʨ 2 ʠ ʧʦʵʪʦʤʫ ʤʦʛʫʪ ʙʳʪʴ ʦʧʫʱʝʥʳ ʚ ʵʪʦʤ 

ʨʘʩʩʤʦʪʨʝʥʠʠ. ʀʟ ʧʦʣʥʦʡ ʛʦʣʦʛʨʘʤʤʳ ʚʳʜʝʣʷʣʘʩʴ ʦʙʣʘʩʪʴ, ʢʨʘʪʥʘʷ ʧʣʦʱʘʜʠ 

ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ. ʏʠʩʣʦ ʧʠʢʩʝʣʝʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʳʜʝʣʝʥʥʦʡ 

ʧʣʦʱʘʜʠ ʩʧʝʢʪʨʘ. ʋʯʘʩʪʦʢ ʛʦʣʦʛʨʘʤʤʳ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʣʦʱʘʜʢʦʡ (c) ʙʳʣ ʨʘʚʝʥ 
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ʧʦ ʧʣʦʱʘʜʠ ʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʠʢʩʝʣʝʡ ʦʙʲʝʢʪʫ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ. ʋʯʘʩʪʦʢ (d) ï 

ʧʦʣʫʪʦʨʘʢʨʘʪʥʦʤʫ, (e) ï ʚʦʩʴʤʠʢʨʘʪʥʦʤʫ ʦʙʲʝʢʪʫ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 2.34 ʧʨʠʚʝʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʡ, ʚʪʦʨʦʡ ʩʪʫʧʝʥʴʢʠ 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʩʪ ʦʙʲʝʢʪʘ. ʀʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʠʨʳ ʚʪʦʨʦʡ 

ʩʪʫʧʝʥʴʢʠ (a), ʧʦʣʫʯʝʥʥʦʡ ʧʨʝʜʣʘʛʘʝʤʳʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ 

ʛʦʣʦʛʨʘʤʤʳ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʦ ʧʝʨʝʜʘʥʥʦʡ ʪʝʢʩʪʫʨʝ ʠ ʢʘʨʪʝ 

ʛʣʫʙʠʥ, ʟʘʥʠʤʘʶʱʝʤ ʧʦʣʦʩʫ ʯʘʩʪʦʪ ʢʘʥʘʣʘ, ʨʘʚʥʫʶ ʧʦʣʦʩʝ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʚʫʭ 2D ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʦʣʠʯʝʩʪʚʫ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʨʘʚʝʥ ʩʝʛʤʝʥʪʫ (c) ʥʘ ʨʠʩʫʥʢʝ 2.32 ʠ ʤʝʥʴʰʝ, ʯʝʤ ʩʝʛʤʝʥʪ r(d) ʠ (e). 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʷʩʥʷʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 2.34, ʥʘ ʢʦʪʦʨʦʤ ʩʛʨʫʧʧʠʨʦʚʘʥʳ 

ʚʪʦʨʳʝ ʩʪʫʧʝʥʴʢʠ ʪʝʩʪ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʡ. 

 

ʈʠʩʫʥʦʢ 2.34 ï ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ çʩʪʫʧʝʥʴʢʠ ʩ ʤʠʨʦʡè: a) 

ʚʪʦʨʘʷ ʩʪʫʧʝʥʴʢʘ ï ʪʝʩʪ-ʦʙʲʝʢʪʘ (ʨʠʩʫʥʦʢ 2.30); b) ʚʪʦʨʘʷ ʩʪʫʧʝʥʴʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʩʪ-ʦʙʲʝʢʪʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩ ʛʦʣʦʛʨʘʤʤʳ, ʟʘʧʠʩʘʥʥʦʡ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʦ ʧʝʨʝʜʘʥʥʦʡ 

ʢʘʨʪʝ ʛʣʫʙʠʥ ʠ ʪʝʢʩʪʫʨʝ; c) ʚʪʦʨʘʷ ʩʪʫʧʝʥʴʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʫʯʘʩʪʢʘ (c) ʩʧʝʢʪʨʘ ʛʦʣʦʛʨʘʤʤʳ (ʨʠʩʫʥʦʢ 2.32); d) ʚʪʦʨʘʷ ʩʪʫʧʝʥʴʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʫʯʘʩʪʢʘ (d) ʩʧʝʢʪʨʘ ʛʦʣʦʛʨʘʤʤʳ (ʨʠʩʫʥʦʢ 2.32); e) ʚʪʦʨʘʷ ʩʪʫʧʝʥʴʢʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʫʯʘʩʪʢʘ (e) ʩʧʝʢʪʨʘ ʛʦʣʦʛʨʘʤʤʳ (ʨʠʩʫʥʦʢ 2.32) 
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ɺʠʜʥʳ ʦʪʣʠʯʠʷ ʦʪ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (a) ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ (b) ʠ 

ʤʝʪʦʜʦʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʌʫʨʴʝ-ʩʞʘʪʠʝ ʠʥʬʦʨʤʘʮʠʠ (cïd). ʈʘʟʨʝʰʝʥʠʝ ʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ (b) ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʨʘʟʨʝʰʝʥʠʝ ʢʘʢ ʧʨʠ 

ʨʘʚʥʦʤ ʩʣʫʯʘʶ (b) ʦʙʲʸʤʝ ʧʝʨʝʜʘʚʘʝʤʦʡ ʦʙ ʦʙʲʝʢʪʝ ʠʥʬʦʨʤʘʮʠʠ (c), ʪʘʢ ʠ ʧʨʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʭ ʦʙʲʸʤʘʭ ʠʥʬʦʨʤʘʮʠʠ (d, e). ʅʝʙʦʣʴʰʘʷ ʧʠʢʩʝʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʚʠʜʥʘʷ ʧʨʠ ʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ ʠ ʥʝ ʤʝʰʘʶʱʘʷ ʚʦʩʧʨʠʷʪʠʶ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʦʜʘ, ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʤʝʪʦʜʘ D-FFT, ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ D-FFT, ʧʨʦʷʚʣʷʣʘʩʴ ʠ ʚ 

ʜʨʫʛʠʭ ʨʘʩʯʸʪʘʭ. 

2.4.3. ʉʨʘʚʥʝʥʠʝ ʧʝʨʝʜʘʯʠ ʩʞʘʪʳʤʠ ʬʫʨʴʝ-ʦʙʨʘʟʘʤʠ ʩ ʧʝʨʝʜʘʯʝʡ ʜʚʫʤʷ 

ʤʦʜʘʣʴʥʦʩʪʷʤʠ 

ʅʘ ʨʠʩʫʥʢʝ 2.34 ʧʦʢʘʟʘʥʳ ʚʪʦʨʳʝ ʩʪʫʧʝʥʴʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

3D ʦʙʲʝʢʪʘ çʩʪʫʧʝʥʴʢʠ ʩ ʤʠʨʦʡè. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʩʪʘʚʰʠʭʩʷ ʪʨʸʭ 

ʩʪʫʧʝʥʝʢ ʜʘʶʪ ʪʦʯʥʦ ʪʘʢʦʡ ʞʝ ʨʝʟʫʣʴʪʘʪ ʠ ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʥʝ ʧʨʠʚʦʜʷʪʩʷ ʚ ʮʝʣʷʭ 

ʫʜʦʙʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʨʠʩʫʥʢʘ 2.34. ʅʘ ʥʸʤ ʚ ʩʪʨʦʢʝ (a) 

ʧʨʠʚʝʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʚʪʦʨʦʡ ʩʪʫʧʝʥʴʢʠ ʩʘʤʦʛʦ ʪʝʩʪ-ʦʙʲʝʢʪʘ (ʨʠʩʫʥʦʢ 2.30). ɺ 

ʩʪʨʦʢʝ (c) ʧʨʠʚʝʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʚʪʦʨʦʡ ʩʪʫʧʝʥʴʢʠ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ 

ʛʦʣʦʛʨʘʤʤʦʡ, ʯʝʡ ʩʧʝʢʪʨ ʙʳʣ ʦʛʨʘʥʠʯʝʥ ʩʝʛʤʝʥʪʦʤ (c), ʨʘʚʥʳʤ ʧʦ ʧʣʦʱʘʜʠ ʠ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʧʠʢʩʝʣʝʡ ʠʩʭʦʜʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ. ɺʠʜʥʦ, ʯʪʦ ʢʦʥʪʨʘʩʪ ʧʦʣʦʩ ʤʠʨʳ 

ʦʯʝʥʴ ʥʠʟʦʢ ʫʞʝ ʥʘ 10 ʰʪʨʠʭʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʩʘʤ ʩ ʰʠʨʠʥʦʡ ʚ 

16 ʧʠʢʩʝʣʝʡ. ɺ ʩʪʨʦʢʝ (d) ʧʣʦʭʦ ʨʘʟʣʠʯʠʤʳ, ʠ ʜʘʞʝ ʢʦʥʪʨʘʩʪ ʫ ʥʠʭ ʠʥʚʝʨʪʠʨʫʝʪʩʷ, 

ʰʪʨʠʭʠ 12ï13. ʕʪʠ ʰʪʨʠʭʠ ʠʤʝʶʪ ʰʠʨʠʥʫ ʚ 6ï4 ʧʠʢʩʝʣʝʡ. ʇʣʦʱʘʜʴ ʩʧʝʢʪʨʘ 

ʛʦʣʦʛʨʘʤʤʳ ʚ ʧʠʢʩʝʣʷʭ, ʢʦʪʦʨʘʷ ʚʦʩʩʪʘʥʦʚʠʣʘ ʵʪʦ ʠʟʦʙʨʘʞʝʥʠʝ, ʙʳʣʘ ʚ ʧʦʣʪʦʨʘ 

ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʣʦʱʘʜʴ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ 8 ʨʘʟ ʙʦʣʴʰʝʡ ʙʳʣʘ 

ʧʣʦʱʘʜʴ ʩʧʝʢʪʨʘ ʛʦʣʦʛʨʘʤʤʳ, ʚʦʩʩʪʘʥʦʚʠʚʰʝʡ ʠʟʦʙʨʘʞʝʥʠʝ ʚʪʦʨʦʡ ʩʪʫʧʝʥʴʢʠ (e). 

ʇʨʠ ʵʪʦʤ ʠʟʦʙʨʘʞʝʥʠʷ ʰʪʨʠʭʦʚ 14, 15 ʪʘʢʞʝ ʪʝʨʷʶʪ ʢʦʥʪʨʘʩʪ, ʠ ʦʥ ʜʘʞʝ 
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ʠʥʚʝʨʪʠʨʫʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʩʪʫʧʝʥʴʢʠ (e) 

ʦʪʯʸʪʣʠʚʦ ʚʠʜʥʦ ʩʠʣʴʥʦʝ ʵʭʦ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʝʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʱʠʭ 

ʰʪʨʠʭʦʚ ʤʠʨʳ. ʊʦʣʴʢʦ ʚ ʩʪʨʦʢʝ (b) ʠʟʦʙʨʘʞʝʥʠʷ ʚʩʝʭ ʰʪʨʠʭʦʚ, ʚʢʣʶʯʘʷ 

ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʰʠʨʠʥʦʡ ʚ 2 ʧʠʢʩʝʣʷ ʚʠʜʥʳ ʧʦʣʥʦʩʪʴʶ, ʚʠʜʥʳ ʢʦʥʪʨʘʩʪʥʦ ʠ ʥʝʪ 

ʜʘʞʝ ʩʣʝʜʦʚ ʣʦʞʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʘʢ ʵʭʦ ʚ ʧʨʝʜʳʜʫʱʠʭ. ɺʦ ʚʪʦʨʦʡ ʩʪʨʦʢʝ 

ʛʦʣʦʛʨʘʤʤʦʡ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʚʪʦʨʦʡ ʩʪʫʧʝʥʴʢʠ ʦʙʲʝʢʪʘ 

(ʨʠʩʫʥʦʢ 2.15), ʟʘʧʠʩʘʥʥʦʡ ʫʞʝ ʧʦʩʣʝ ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ 3D ʠʟʦʙʨʘʞʝʥʠʷ 

ʦʙʲʝʢʪʘ, ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ, ʠʟʣʦʞʝʥʥʦʤʫ ʚ ʧʘʨʘʛʨʘʬʝ 2.1. ʈʘʟʨʝʰʝʥʠʝ ʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦ ʚʳʩʦʢʦʝ, ʫʚʝʨʝʥʥʦ ʯʠʪʘʶʪʩʷ ʧʦʩʣʝʜʥʠʝ 

ʩʘʤʳʝ ʪʦʥʢʠʝ ʰʪʨʠʭʠ  ̄15, 16, 17. 

ɺʠʜʥʦ, ʯʪʦ ʧʝʨʚʳʡ ʘʣʛʦʨʠʪʤ ʩ ʧʝʨʝʜʘʯʝʡ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʩʧʝʢʪʨʘ 

ʛʦʣʦʛʨʘʤʤʳ, ʨʘʚʥʦʛʦ ʠ ʜʘʞʝ ʙʦʣʴʰʝʛʦ ʧʦ ʨʘʟʤʝʨʫ, ʯʝʤ ʧʣʦʱʘʜʴ ʧʘʨʳ ʢʘʜʨʦʚ 

ʪʝʢʩʪʫʨʘ + ʤʘʩʢʘ, ʫʩʪʫʧʘʝʪ ʧʦ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʪʦʨʦʤʫ ʘʣʛʦʨʠʪʤʫ ʩ 

ʧʝʨʝʜʘʯʝʡ ʧʘʨʳ ʪʝʢʩʪʫʨʘ + ʤʘʩʢʘ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ. ʇʨʠʯʸʤ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ ʜʘʥʥʳʭ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ (ʚ ʚʦʩʝʤʴ ʨʘʟ) ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʛʦʣʦʛʨʘʤʤʳ (e), ʚʩʸ ʞʝ ʥʝ ʜʘʸʪ ʪʘʢʦʡ ʞʝ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʢ ʚ ʚʦʩʝʤʴ ʨʘʟ ʤʝʥʴʰʠʡ ʧʦ ʦʙʲʸʤʫ 

ʠʥʬʦʨʤʘʮʠʠ ʘʣʛʦʨʠʪʤ ʧʝʨʝʜʘʯʠ ʪʝʢʩʪʫʨʘ + ʤʘʩʢʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʠʥʪʝʟʦʤ 

ʛʦʣʦʛʨʘʤʤʳ ʫʞʝ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ ʵʪʦʡ 

ʛʦʣʦʛʨʘʤʤʳ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ (b). 

ɺʳʚʦʜʳ ʧʘʨʘʛʨʘʬʘ 2.4 

ʇʝʨʝʜʘʯʘ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʝʜʘʯʠ ʜʚʫʭ ʤʦʜʘʣʴʥʦʩʪʝʡ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ï 

ʪʝʢʩʪʫʨʳ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʧʦʚʝʨʭʥʦʩʪʠ (ʤʘʩʢʠ) ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʘ, ʯʝʤ ʧʝʨʝʜʘʯʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʦ ʦʙʲʸʤʫ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʧʝʢʪʨʝ 

ʛʦʣʦʛʨʘʤʤʳ. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ ʦʙʲʸʤʘʭ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʝʨʝʜʘʯʘ ʜʚʫʤʷ 

ʤʦʜʘʣʴʥʦʩʪʷʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ 
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ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʠ. ʇʨʠ ʧʦʧʳʪʢʘʭ ʧʨʠʙʣʠʟʠʪʴʩʷ ʧʦ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʢʘʯʝʩʪʚʫ ʧʝʨʝʜʘʯʠ ʜʚʫʤʷ ʤʦʜʘʣʴʥʦʩʪʷʤʠ, ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʜʘʚʘʪʴ 

ʩʧʝʢʪʨ ʛʦʣʦʛʨʘʤʤʳ ʩʫʱʝʩʪʚʝʥʥʦ, ʥʘ ʧʦʨʷʜʢʠ, ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʯʝʤ ʦʙʲʸʤ ʵʪʠʭ 

ʤʦʜʘʣʴʥʦʩʪʝʡ. 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʸʥ ʪʝʤ, ʯʪʦ ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ 

ʤʝʪʦʜʝ ʧʝʨʝʜʘʯʠ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʦʝ 

ʧʦʧʘʜʘʥʠʝ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ P(fi) ʚ 3D ʠʟʦʙʨʘʞʝʥʠʠ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʞʘʪʠʷ, ʧʦʜʦʙʥʦʛʦ ʵʣʝʤʝʥʪʘʤ JPEG. ʕʪʦ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ 

ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʫʪʝʡ ʢʦʜʠʨʦʚʘʥʠʷ ʩ 

ʣʫʯʰʠʤ ʧʦʧʘʜʘʥʠʝʤ ʥʘ ʠʤʝʶʱʝʝʩʷ ʘʧʨʠʦʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ P(fi) ʩ ʮʝʣʴʶ ʩʞʘʪʠʷ 

3D ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʝʸ ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ, ʥʦ ʠ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʫʞʝ ʧʨʠʛʦʜʝʥ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʧʝʨʝʜʘʯʝ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʩʞʘʪʦʤ ʚʠʜʝ. 

ʇʘʨʘʛʨʘʬ 2.5. ʅʝʫʩʪʨʘʥʠʤʳʝ ʦʰʠʙʢʠ, ʘʣʠʘʩʠʥʛ ʠ ʬʦʨʤʬʘʢʪʦʨ 

ʇʨʠ ʩʠʥʪʝʟʝ ʛʦʣʦʛʨʘʤʤ, ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʧʦʚʪʦʨʷʶʱʝʤ ʭʦʜ ʠʟʣʫʯʝʥʠʷ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʨʠʩʫʥʦʢ 2.14, ʛʜʝ ʨʘʩʩʝʷʥʥʦʝ ʦʙʲʝʢʪʦʤ ʢʦʛʝʨʝʥʪʥʦʝ ʩʚʝʪʦʚʦʝ 

ʧʦʣʝ ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʫʤʝʨʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʨʝʥʝʣʷ, ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ 

ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʙʲʝʢʪʥʳʤ ʠ ʦʧʦʨʥʳʤ ʧʫʯʢʘʤʠ. 

ɹʦʣʴʰʘʷ ʢʨʫʪʠʟʥʘ ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʧʦʣʶ 

ʛʦʣʦʛʨʘʤʤʳ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʪʨʘʪʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʭʦʜʘ ʠʩʢʨʠʚʣʝʥʠʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʚ ʧʣʦʩʢʦʩʪʠ ʛʦʣʦʛʨʘʤʤʳ U1(x1,y1) ʠ ʧʨʠʚʦʜʠʪʴ ʢ 

ʨʘʟʨʳʚʘʤ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʠ ʜʘʞʝ ʢ ʬʘʥʪʦʤʥʳʤ ʩʪʨʫʢʪʫʨʘʤ [2.25]. 

ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʫʩʣʦʚʠʡ ʜʠʬʨʘʢʮʠʠ ʠ ʧʦʪʝʨʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʛʦʣʦʛʨʘʤʤʦʡ ʚ ʮʝʣʦʤ (ʨʠʩʫʥʦʢ 2.35). ʏʪʦʙʳ 

ʵʪʦʛʦ ʠʟʙʝʞʘʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʮʠʬʨʦʚʦʤ ʩʠʥʪʝʟʝ ʛʦʣʦʛʨʘʤʤ ʩʦʙʣʶʜʘʪʴ 

ʥʝʨʘʚʝʥʩʪʚʦ (2.39). 
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ʈʠʩʫʥʦʢ 2.35 ï ʄʘʢʝʪ ʫʯʘʩʪʢʘ ʪʠʧʦʚʦʡ ʛʦʣʦʛʨʘʤʤʳ ʩ ʜʠʩʢʨʝʪʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ ʧʦʣʦʩʘʤʠ ʰʠʨʠʥʦʡ ʪʨʠ ʢʚʘʜʨʘʪʥʳʭ ʧʠʢʩʝʣʷ ʠ ʪʘʢʠʤ ʞʝ ʧʨʦʙʝʣʦʤ:  

ʘ) ʩʜʚʠʥʫʪʳʝ ʦʪ ʩʪʨʦʢʠ ʢ ʩʪʨʦʢʝ ʧʨʠʤʝʨʥʦ ʥʘ 1 ʧʠʢʩʝʣʴ;  

ʙ) ʧʨʠʤʝʨʥʦ ʥʘ 2,7 ʧʠʢʩʝʣʷ; ʚ) ʥʘ 4,5 ʧʠʢʩʝʣʷ 

ɺʠʜʥʦ, ʯʪʦ ʢʨʫʪʦʡ ʨʦʩʪ ʛʣʫʙʠʥʳ ʣʦʢʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʢʣʦʥ ʧʦʣʦʩ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʨʠʩʫʥʢʝ 2.35ʙ, ʧʨʠʚʦʜʠʪ ʢ 

ʠʩʯʝʟʥʦʚʝʥʠʶ ʧʦʣʦʩʳ ʠ ʜʘʣʝʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʬʘʥʪʦʤʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ 

ʧʦʣʦʩʳ, ʦʪʩʫʪʩʪʚʫʶʱʝʡ ʧʨʠ ʟʘʧʠʩʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʘʥʘʣʦʛʦʚʦʡ ʛʦʣʦʛʨʘʤʤʳ. 

ʄʦʜʝʣʠʨʫʷ ʟʘʧʠʩʴ ʛʦʣʦʛʨʘʤʤʳ ʧʨʦʩʪʦʛʦ ʦʙʲʝʢʪʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʬʘʥʪʦʤʥʳʝ ʣʠʥʠʠ ʥʘ ʛʦʣʦʛʨʘʤʤʝ ʧʨʠ ȹxi > md (ʨʠʩʫʥʦʢ 2.36ʙ,ʚ). ɿʥʘʯʠʪ, ʩʜʚʠʛ 

ʧʦʣʦʩʳ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʘʞʜʦʡ i-ʦʡ ʩʪʨʦʢʠ ʢ i+1-ʦʡ ʜʦʣʞʝʥ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥ 

ʫʩʣʦʚʠʝʤ: 

 ix mdD ¢ . (2.39) 

ɿʜʝʩʴ ȹxi ï ʩʜʚʠʛ i-ʦʡ ʩʪʨʦʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʨʦʢʝ ʩ ʥʦʤʝʨʦʤ (iï1) ʜʣʷ 

ʚʩʝʭ n ʩʪʨʦʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʮʠʬʨʦʚʫʶ ʛʦʣʦʛʨʘʤʤʫ, ʘ m ʠ d ï ʯʠʩʣʦ ʪʦʯʝʢ 

(ʧʠʢʩʝʣʝʡ), ʬʦʨʤʠʨʫʶʱʠʭ ʧʦʣʦʩʫ, ʠ ʠʭ ʨʘʟʤʝʨ ʧʦ ʦʩʷʤ x ʠ y ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʝʨʠʦʜ ʨʝʰʸʪʢʠ D ʟʜʝʩʴ ʨʘʚʝʥ 2md. 
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ɺʠʜʥʦ, ʯʪʦ ʢʨʫʪʦʡ ʨʦʩʪ ʛʣʫʙʠʥʳ ʣʦʢʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʢʣʦʥ ʧʦʣʦʩ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʨʠʩʫʥʢʝ 2.35ʙ, ʧʨʠʚʦʜʠʪ ʢ 

ʠʩʯʝʟʥʦʚʝʥʠʶ ʧʦʣʦʩʳ ʠ ʜʘʣʝʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʬʘʥʪʦʤʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ 

ʧʦʣʦʩʳ, ʦʪʩʫʪʩʪʚʫʶʱʝʡ ʧʨʠ ʟʘʧʠʩʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʘʥʘʣʦʛʦʚʦʡ ʛʦʣʦʛʨʘʤʤʳ. 

ɼʣʷ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ ʧʠʨʘʤʠʜʘ (ʨʠʩʫʥʦʢ 2.36ʘ) ʵʪʦ ʚʳʛʣʷʜʠʪ ʪʘʢ 

(ʨʠʩʫʥʦʢ 2.36ʙ,ʚ,ʛ). ɿʜʝʩʴ ʚʳʩʦʪʘ ʧʠʨʘʤʠʜʳ ʥʘ ʨʠʩʫʥʢʝ 2.36ʘ ʠ 2.36ʙ ʤʠʥʠʤʘʣʴʥʘ 

ʠ ʨʘʚʥʘ 16 ʧʝʨʠʦʜʘʤ ʨʝʰʸʪʢʠ, ʪ. ʝ. 16 ʜʣʠʥʘʤ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʥʘ ʪʝʩʪ-ʦʙʲʝʢʪʝ 

ʩʧʝʮʠʘʣʴʥʦ ʚʳʙʨʘʥʳ ʙʦʣʴʰʠʤʠ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʵʬʬʝʢʪʘ ʛʣʘʟʦʤ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʚʳʩʦʪʳ ʧʠʨʘʤʠʜʳ ʚʜʚʦʝ ʩʪʨʫʢʪʫʨʘ ʧʦʣʦʩ ʨʘʟʨʫʰʘʝʪʩʷ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ ʚʦʟʥʠʢʘʶʪ ʬʘʥʪʦʤʥʳʝ ʣʠʥʠʠ, ʢʦʪʦʨʳʝ ʤʝʥʷʶʪ ʥʘʧʨʘʚʣʝʥʠʝ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʘʞʝ ʢ ʟʘʤʝʥʝ ʦʨʪʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʧʩʝʚʜʦʩʢʦʧʠʯʝʩʢʦʝ. ʊʘʢʦʝ ʥʘʨʫʰʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ 

ʧʦʷʚʣʝʥʠʝ ʠʭ ʬʘʥʪʦʤʥʳʭ ʘʥʘʣʦʛʦʚ ʥʘʟʳʚʘʝʪʩʷ ʘʣʠʘʩʠʥʛʦʤ (aliasing) [2.26, ʩ. 197]. 

 

ʘ) 
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ʙ) ʚ) ʛ) 

ʈʠʩʫʥʦʢ 2.36 ï ʀʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ ï 

ʧʠʨʘʤʠʜʳ: ʘ) ʧʦʣʝ ʚʩʝʡ ʛʦʣʦʛʨʘʤʤʳ ʠ ʙ) ʝʸ ʚʳʜʝʣʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʚʳʩʦʪʦʡ 16 ʧʝʨʠʦʜʦʚ 

ʨʝʰʸʪʢʠ, ʠʣʠ 16ɚ; ʚ) 128 ʧʝʨʠʦʜʦʚ (128ɚ) ʠ ʛ) 496 ʧʝʨʠʦʜʦʚ (496ɚ) 

ʅʘ ʵʪʦʡ ʤʦʜʝʣʠ ʛʦʣʦʛʨʘʤʤʳ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ 

(2.39) ʩʪʨʫʢʪʫʨʘ ʛʦʣʦʛʨʘʤʤʳ ʨʘʟʨʫʰʘʝʪʩʷ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʛʣʫʙʠʥʳ 

ʦʙʲʝʢʪʘ (496ɚ) ʜʘʞʝ ʚʦʟʥʠʢʘʶʪ ʬʘʥʪʦʤʥʳʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʣʠʥʠʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ 

ʧʦʣʦʩ ʩʚʷʟʘʥʦ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʯʘʩʪʠʯʥʦʛʦ ʥʘʣʦʞʝʥʠʷ ʪʦʯʝʢ (ʧʠʢʩʝʣʝʡ), ʧʨʠ 

ʵʢʩʧʦʟʠʮʠʠ ʛʦʣʦʛʨʘʤʤ. 

ʕʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʰʠʨʠʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ D=2md ʚ ʠʭ 

ʦʩʥʦʚʘʥʠʠ ʠ ʠʭ ʪʦʣʱʠʥʳ D=2mdcos(ɓ) ʧʨʠ ʥʘʢʣʦʥʝ (ʨʠʩʫʥʦʢ 2.36), ʛʜʝ ɓ ʟʘʜʘʸʪʩʷ 

ʫʩʣʦʚʠʝʤ (2.40). 

 () /tg d xb ¢ D (2.40) 

ɿʜʝʩʴ ȹx ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ (0õmd). ɺʳʨʘʞʘʷ ʢʦʩʠʥʫʩ ʯʝʨʝʟ ʪʘʥʛʝʥʩ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʷ (ʨʠʩʫʥʦʢ 2.35) ʝʛʦ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (1/m)<tg(Ŭ)<d/ȹx, ʧʦʣʫʯʠʤ 

(2.41) ʠ (2.42), ʢʦʪʦʨʳʝ ʧʦ ʫʩʣʦʚʠʶ ɹʨʵʛʛʘ, ʩʚʷʟʳʚʘʶʪ ʧʝʨʠʦʜ ʨʝʰʸʪʢʠ D ʩ ʫʛʣʦʤ 

ʜʠʬʨʘʢʮʠʠ ɗ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʧʫʯʢʘ, ʨʝʛʫʣʠʨʫʷ 

 ()
( )
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1
2 sin 4 sin ,
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D md
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D

 (2.41) 
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 ()
( )

( )

2 22

22

1
sin .

4 4

x dm

m d md x

å õå õ D ++ æ öl < q <læ ö
æ ö æ öDç ÷ ç ÷

 (2.42) 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʛʨʘʤʤʳ, ʥʘ ʢʦʪʦʨʦʤ (0)-ʦʡ ʠ (ï1)-ʳʡ ʧʫʯʢʠ ʨʘʟʦʡʜʫʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʮʠʬʨʦʚʦʡ 

ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʝ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʣʫʯʘʤʠ, ʜʠʬʨʘʛʠʨʦʚʘʚʰʠʤʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʦʪ ɗmin ʜʦ ɗmax. 

 ( )

( )

2

min 2

2 2

max 2

1
arcsin ,

4

arcsin .
4

m

m d

x d

md x

ë ûå õ+
î îq = læ ö

æ öî îç ÷î î
ì üå õD +î îæ öq = lî îæ öDî îç ÷í ý

 (2.43) 

ʕʪʠ ʫʛʣʳ ʦʛʨʘʥʠʯʠʚʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ, 

ʤʳ ʝʸ ʨʝʰʝʥʠʝ ʦʨʛʘʥʠʟʦʚʘʣʠ ʚ ʚʠʜʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʚ Mathʩad, ʢʘʢ 

ʵʣʝʤʝʥʪ ʧʨʦʛʨʘʤʤʳ ʩʠʥʪʝʟʘ ʛʦʣʦʛʨʘʤʤʳ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʳʭʦʜ 

ʟʘ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʨʠʪʝʨʠʝʤ ʅʘʡʢʚʠʩʪʘ, ʧʨʠʚʦʜʷʱʠʡ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʣʦʞʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʭʦʪʷ ʧʦʣʥʦʩʪʴʶ ʦʪ ɻʬʬʝʢʪʘ ʧʨʠ 

ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʠ 3D ʦʙʲʝʢʪʦʚ ʠʟʙʘʚʠʪʴʩʷ ʥʝʣʴʟʷ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘ ʨʠʩʫʥʢʝ 2.37 ʥʘ ʧʨʠʤʝʨʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʭʦʨʦʰʦ 

ʚʠʜʥʦ, ʯʪʦ ʜʣʷ 3D ʦʙʲʝʢʪʦʚ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʘʨʫʰʝʥʠʝ ʫʩʣʦʚʠʷ (2.40) ʷʚʣʷʝʪʩʷ 

ʠʤʤʘʥʝʥʪʥʳʤ. ʏʝʤ ʙʦʣʴʰʝ ʥʘʢʣʦʥ ʧʦʚʝʨʭʥʦʩʪʠ Ŭ, ʪʝʤ ʤʝʥʴʰʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʧʫʯʥʦʩʪʷʤʠ ȹDi, ʯʪʦ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʥʝʤʠʥʫʝʤʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʨʫʰʝʥʠʶ ʫʩʣʦʚʠʷ ʅʘʡʢʚʠʩʪʘ [2.16], ʥʘʧʨʷʤʫʶ ʚʳʪʝʢʘʶʱʝʛʦ ʠʟ ʪʝʦʨʝʤʳ 

ʦʪʩʯʸʪʦʚ ʂʦʪʝʣʴʥʠʢʦʚʘ [2.15]. ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʦʝ ʚ ʥʸʤ ʫʩʣʦʚʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʢʘʞʜʫʶ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʘʨʤʦʥʠʢ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʥʝ ʤʝʥʝʝ ʯʝʤ ʜʚʫʤʷ 

ʦʪʩʯʸʪʘʤʠ ʥʝʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʥʝ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʦʙʲʸʤʥʦʛʦ ʦʙʲʝʢʪʘ 

ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ Ŭ ʩʪʨʝʤʷʱʝʤʩʷ ʢ ,́ ʢʘʢ ʵʪʦ ʚʠʜʥʦ ʥʘ 
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ʨʠʩʫʥʢʝ 2.37, ʧʝʨʠʦʜ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ æDi ʦʙʷʟʘʪʝʣʴʥʦ ʩʪʘʥʦʚʠʪʩʷ 

ʤʝʥʴʰʝ ʣʶʙʦʡ ʥʘʧʝʨʸʜ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʜʠʩʢʨʝʪʥʦʛʦ ʰʘʛʘ d, ʦʧʨʝʜʝʣʷʝʤʦʛʦ 

ʨʘʟʤʝʨʦʤ ʧʠʢʩʝʣʷ. ʕʪʦʪ ʵʬʬʝʢʪ ʜʣʷ ʣʶʙʦʛʦ 3D ʦʙʲʝʢʪʘ ʥʝʠʟʙʝʞʝʥ ʚʚʠʜʫ ʝʛʦ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʚ ʦʙʲʸʤʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪ. ʝ. ʚʩʝʛʜʘ ʝʩʪʴ ʫʯʘʩʪʢʠ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʝʛʦ ʥʘʙʣʶʜʝʥʠʷ (ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ). 

 

ʈʠʩʫʥʦʢ 2.37 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʧʣʦʩʢʦʡ ʦʧʦʨʥʦʡ ʚʦʣʥʦʡ, ʧʘʜʘʶʱʝʡ 

ʚʝʨʪʠʢʘʣʴʥʦ ʥʘ ʚʦʣʥʫ, ʨʘʩʩʝʷʥʥʫʶ ʩʬʝʨʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʛʣʫʙʠʥʦʡ z, ʨʘʚʥʦʡ ʝʛʦ ʨʘʜʠʫʩʫ. ʋʛʦʣ 

Ŭi ï ʥʦʨʤʘʣʴ ʢ ʫʯʘʩʪʢʫ i ʠʟʦʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥʳ, æDi ï ʧʝʨʠʦʜ ʚ ʨʘʡʦʥʝ i-ʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʧʦʣʦʩʳ, d ï ʨʘʟʤʝʨ ʜʠʩʢʨʝʪʳ (ʧʠʢʩʝʣʷ) ʥʘ ʛʦʣʦʛʨʘʤʤʝ 

ʕʪʦʪ ʵʬʬʝʢʪ ʥʝʤʠʥʫʝʤʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʚ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤʘʭ, 

ʥʦ ʠ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚʳʭ, ʟʘʧʠʩʘʥʥʳʭ ʥʘ ʬʦʪʦʤʘʪʝʨʠʘʣʘʭ. ʆʜʥʘʢʦ ʚ 

ʧʦʩʣʝʜʥʠʭ ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʧʝʨʠʦʜ 

ʦʩʥʦʚʥʳʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ 

ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠ ̫(2.44). 

 ( )

2 ,i

i i

D d

tg D

D ¢

a ¢l D (2.44) 

ɼʣʷ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʟʘʧʠʩʠ ï ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ɚ ~ 0,5 ʤʢʤ ʠ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʨʷʜʢʘ 10 ʪʳʩ. ʣʠʥ/ʤʤ 
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ʫʛʣʳ Ŭi ʩʦʩʪʘʚʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ, ʘ ʧʨʠ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ 

ʫʨʦʚʥʝ ʨʘʟʤʝʨʘ ʤʦʣʝʢʫʣ, ʛʜʝ d ~ 1 ʥʤ ï ʧʦʨʷʜʢʘ ʜʝʩʷʪʦʡ ʛʨʘʜʫʩʘ. ɼʣʷ ʩʬʝʨʳ 

ʨʠʩʫʥʦʢ 2.37, ʨʘʜʠʫʩʦʤ 1 ʩʤ ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʩ ʥʘʨʫʰʝʥʠʝʤ ʫʩʣʦʚʠʡ 

ʅʘʡʢʚʠʩʪʘ ʢ ʧʦʣʥʦʡ ʧʣʦʱʘʜʠ ʩʬʝʨʳ ʙʫʜʝʪ ʧʦʨʷʜʢʘ 10
ï5
. ʊʘʢʦʛʦ ʞʝ ʧʦʨʷʜʢʘ (ʦʜʥʘ 

ʪʳʩʷʯʥʘʷ ʧʨʦʮʝʥʪʘ) ʙʫʜʝʪ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʦʞʥʦʛʦ ʩʠʛʥʘʣʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʵʪʠʤ ʫʯʘʩʪʢʦʤ ʛʦʣʦʛʨʘʤʤʳ. ʄʳ ʝʛʦ ʟʘʯʘʩʪʫʶ ʥʝ ʥʘʙʣʶʜʘʝʤ ʚ ʩʠʣʫ ʝʛʦ ʤʘʣʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʰʫʤʘʤʠ ʛʦʣʦʛʨʘʤʤ. ʅʦ ʚ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤʘʭ ʩ ʙʦʣʴh ʝʡ 

ʚʝʣʠʯʠʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ d ʵʪʦʪ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ. 

ɺʦʟʥʠʢʘʶʱʠʝ ʙʠʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʷʚʣʝʥʠʝʤ ʣʦʞʥʳʭ, ʦʪʩʫʪʩʪʚʦʚʘʚʰʠʭ ʚ 

ʨʝʘʣʴʥʦʤ ʚʦʣʥʦʚʦʤ ʬʨʦʥʪʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ, ʧʦʜʦʙʥʳʭ ʧʨʠʚʝʜʸʥʥʳʤ ʥʘ 

ʨʠʩʫʥʢʝ 2.36, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʝʨʴʸʟʥʳʤ ʠʩʢʘʞʝʥʠʷʤ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ 

ʛʦʣʦʛʨʘʤʤʦʡ ʚʦʣʥʳ. ʅʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʥʘʢʣʦʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʘʙʦʨʫ ʬʘʟʳ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʛʦʣʦʛʨʘʤʤʳ (ʨʠʩʫʥʦʢ 2.36ʙ), 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʘʨʤʦʥʠʢ, ʧʦʭʦʞʠʭ ʥʘ ʝʸ 

ʫʤʝʥʴʰʝʥʠʝ (ʨʠʩʫʥʦʢ 2.36ʛ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʚʳʧʫʢʣʦʡ ʬʠʛʫʨʳ 

(ʦʨʪʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʨʠʩʫʥʦʢ 2.38ʘ) ʥʘ ʚʦʛʥʫʪʫʶ (ʧʩʝʚʜʦʩʢʦʧʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʨʠʩʫʥʦʢ 2.38ʙ). 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.38 ï ʇʨʠʟʤʘ ʧʨʠ ʠʥʚʝʨʪʠʨʦʚʘʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʤʦʞʝʪ 

ʧʨʝʚʨʘʪʠʪʴʩʷ ʠʟ ʚʳʧʫʢʣʦʡ ʬʠʛʫʨʳ (ʘ) ʚ ʚʦʛʥʫʪʫʶ (ʙ) 
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2.5.1. ʇʨʠʤʝʨʳ ʥʘʨʫʰʝʥʠʷ ʫʩʣʦʚʠʷ ʂʦʪʝʣʴʥʠʢʦʚʘ ï ʅʘʡʢʚʠʩʪʘ ʠ ʤʝʨʳ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʠʭ ʩʣʝʜʩʪʚʠʷʤ 

ɼʨʫʛʦʝ ʧʨʦʷʚʣʝʥʠʝ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ï ʵʪʦ ʧʦʷʚʣʝʥʠʝ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ ʬʘʥʪʦʤʥʳʭ ʩʪʨʫʢʪʫʨ, ʪ. ʝ. ʦʙʲʝʢʪʦʚ, ʦʪʩʫʪʩʪʚʦʚʘʚʰʠʭ ʧʨʠ ʟʘʧʠʩʠ, 

ʪ. ʥ. ʘʨʪʝʬʘʢʪʦʚ, ʠʣʠ çʜʫʭʦʚè, ʢʘʢ ʠʭ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ. ʅʘ ʨʠʩʫʥʢʝ 2.40 ʧʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʘʨʪʝʬʘʢʪʦʚ ʜʣʷ ʩʣʫʯʘʷ ʟʘʧʠʩʠ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʠʩʫʥʦʢ 2.39. 

 

ʈʠʩʫʥʦʢ 2.39 ï ʄʦʜʝʣʴʥʳʡ ʦʙʲʝʢʪ ï ʧʦʣʫʩʬʝʨʘ: H = W = 100 ʧʠʢʩ. (> r) ï ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ ʧʦʣʷ 

ʠʟʦʙʨʘʞʝʥʠʷ; r = 0.8ĬH/2 = 40 ʧʠʢʩ. ï ʨʘʜʠʫʩ ʩʬʝʨʳ; h = (0 ï 40) ʧʠʢʩ. ï ʚʳʩʦʪʘ ʰʘʨʦʚʦʛʦ ʩʣʦʷ;  

x ʠ y ï ʢʦʦʨʜʠʥʘʪʳ ʛʦʣʦʛʨʘʤʤʳ 

ʅʘ ʨʠʩʫʥʢʝ 2.40 ʚʠʜʥʦ, ʢʘʢ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ h ʦʙʲʝʢʪʘ 

ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʨʘʟʤʝʨʦʤ 100Ĭ100 ʧʠʢʩʝʣʝʡ, ʨʘʩʪʸʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦʩ ʥʘ 

ʛʦʣʦʛʨʘʤʤʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʠʶ ʛʨʘʜʠʝʥʪʘ, ʫʤʝʥʴʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ 

ʰʠʨʠʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ, ʚʥʘʯʘʣʝ, ʧʨʠ h=0, ʩʦʩʪʘʚʣʷʚʰʠʭ 8 ʧʠʢʩʝʣʝʡ 

ʥʘ ʧʝʨʠʦʜ. ʅʘʢʣʦʥ ʦʧʦʨʥʦʡ ʚʦʣʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʦʪʩʪʘʚʘʥʠ ʁʧʣʦʩʢʦʛʦ ʦʧʦʨʥʦʛʦ 

ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ 7,8ɚ ʥʘ hʠʨʠʥʝ ʛʦʣʦʛʨʘʤʤʳ 100 ʧʠʢʩʝʣʝʡ. ɺʳʩʦʪʘ ʩʬʝʨʳ h 

ʠʟʤʝʥʷʣʘʩʴ ʠ ʩʦʩʪʘʚʣʷʣʘ ʦʪ ɚ ʜʦ 28ɚ. ʂʨʘʩʥʳʤ ʧʦʤʝʯʝʥʘ ʦʜʥʘ ʠʟ ʧʦʣʦʩ, ʢʦʪʦʨʘʷ 

ʨʘʩʧʘʜʘʝʪʩʷ ʠ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʢʘʢ ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ h ʜʦ 6 ɚ. ɺ 

ʦʙʣʘʩʪʷʭ ʩ ʫʚʝʣʠʯʠʚʘʶʱʠʤʩʷ ʛʨʘʜʠʝʥʪʦʤ ʚʦʟʥʠʢʘʶʪ ʩʙʦʠ ʠ ʨʘʟʨʳʚʳ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ, ʦʨʛʘʥʠʟʫʶʪʩʷ ʘʨʪʝʬʘʢʪʳ, ʢʘʢ ʵʭʦ ʧʦʭʦʞʠʝ ʥʘ ʢʦʣʴʮʘ 

ʌʨʝʥʝʣʷ. ɺʠʜʥʦ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʢʦʣʴʮʘ ʟʘʨʦʞʜʘʶʪʩʷ ʧʨʠ ʥʘʢʣʦʥʘʭ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʲʝʢʪʘ, ʧʦʨʦʞʜʘʶʱʠʭ ʪʦʣʱʠʥʫ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʧʦʣʦʩʳ ʤʝʥʴʰʝ ʧʝʨʠʦʜʘ 
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ʦʩʥʦʚʥʦʡ (ʥʝʩʫʱʝʡ) ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʨʝʰʸʪʢʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 2.37. 

  

ʘ) ʙ) 

  

ʚ) ʛ) 

  

ʜ) ʝ) 

  

ʞ) ʟ) 
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ʠ) ʢ) 

ʈʠʩʫʥʦʢ 2.40 ï ɻʦʣʦʛʨʘʤʤʘ, ʟʘʧʠʩʘʥʥʘʷ ʚ ʩʭʝʤʝ ʨʠʩʫʥʦʢ 2.37 ʥʘʢʣʦʥʥʳʤ ʧʣʦʩʢʠʤ ʦʧʦʨʥʳʤ 

ʧʫʯʢʦʤ, ʥʘ ʨʘʩʩʝʷʥʥʦʝ ʪʝʩʪʦʚʳʤ ʦʙʲʝʢʪʦʤ ʚ ʚʠʜʝ ʩʬʝʨʳ, ʩʞʘʪʦʡ ʧʦ ʚʳʩʦʪʝ ʜʦ:  

ʘ) h=0; ʙ) h=ɚ; ʚ) h=2ɚ; ʛ) h=3ɚ; ʜ) h=4ɚ; ʝ) h=6ɚ; ʞ) h=8ɚ; ʟ) h=16ɚ; ʠ) h=24ɚ; ʢ) h=28ɚ 

ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʤʝʥʴʰʝʥʠʠ ʪʦʣʱʠʥʳ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ 

ʧʦʣʦʩ æDi ʚʦʟʥʠʢʘʶʪ ʧʦʚʪʦʨʥʳʝ ʘʨʪʝʬʘʢʪʳ, ʟʘʪʝʤ ʝʱʸ ʠ ʝʱʸ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʧʦʨʷʜʢʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʨʫʰʝʥʠʝʤ ʫʩʣʦʚʠʷ (2.44), ʪ. ʝ. ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʯʘʩʪʦʪʳ 

ʅʘʡʢʚʠʩʪʘ ʚʳʟʳʚʘʶʱʝʤ çʧʨʦʩʘʯʠʚʘʥʠʝ ʩʠʛʥʘʣʘ ʠʟ ʚʳʩʰʝʡ ʟʦʥʳ ʅʘʡʢʚʠʩʪʘ ʚ 

ʥʠʞʥʶʶè [2.26, ʩ. 197]. ʅʘ ʨʠʩʫʥʢʘʭ 2.41 ʠ 2.42 ʵʪʦ ʧʦʢʘʟʘʥʦ ʩʭʝʤʘʪʠʯʝʩʢʠ ʝʱʸ 

ʨʘʟ. ɺʠʜʥʦ, ʢʘʢ ʚʦʟʥʠʢʘʶʪ ʨʘʟʨʳʚʳ ʨʘʥʝʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʷʜʘ ʧʠʢʩʝʣʝʡ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʨʝʰʸʪʢʠ, ʢʦʛʜʘ ʝʸ ʧʝʨʠʦʜ ʩʨʘʚʥʠʤ ʩ ʰʘʛʦʤ ʧʠʢʩʝʣʷ. ʇʨʠ 

ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʨʠʩʫʥʦʢ, ʦʪʯʘʩʪʠ ʧʦʚʪʦʨʷʶʱʠʡ ʛʦʣʦʛʨʘʬʠʨʫʝʤʳʡ ʦʙʲʝʢʪ. 

   

ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 2.41 ï ʂʦʣʴʮʘ ʌʨʝʥʝʣʷ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʦʙʲʝʢʪʦʤ ï ʩʬʝʨʘ ʚʳʩʦʪʦʡ 8ɚ ʠʟ:  

ʘ) 200Ĭ200 ʠ ʙ) 100Ĭ100 ʧʠʢʩʝʣʝʡ; ʚ) ʛʦʣʦʛʨʘʤʤʘ 3D ʦʙʲʝʢʪʘ, ʩ ʧʦʷʚʣʷʶʱʠʤʠʩʷ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʘʨʪʝʬʘʢʪʘʤʠ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʚʳʩʦʢʠʤ ʛʨʘʜʠʝʥʪʦʤ ʚʳʩʦʪʳ 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.42 ï ʉʪʨʫʢʪʫʨʘ ʛʦʣʦʛʨʘʤʤʳ ʩʬʝʨʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʧʠʢʩʝʣʷʤʠ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ, ʢʦʛʜʘ ʩʪʨʫʢʪʫʨʘ ʨʘʟʨʳʚʦʚ ʦʙʨʘʟʫʝʪ ʘʨʪʝʬʘʢʪʳ, ʧʦʜʦʙʥʳʝ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʤʫ 

ʦʙʲʝʢʪʫ 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʟʘʧʠʩʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ 

ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʚʦʟʥʠʢʘʶʪ ʘʨʪʝʬʘʢʪʳ, ʦʪʯʘʩʪʠ ʧʦʚʪʦʨʷʶʱʠʝ ʦʙʲʝʢʪ 

ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ. 

 

ʈʠʩʫʥʦʢ 2.43 ï ɺʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʢʦʣʴʮʝʚʳʤʠ ʘʨʪʝʬʘʢʪʘʤʠ 
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2.5.2. ʄʝʪʦʜʳ ʙʦʨʴʙʳ ʩ ʘʨʪʝʬʘʢʪʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʙʦʣʴʰʠʭ 

ʛʨʘʜʠʝʥʪʘʭ ʧʝʨʝʧʘʜʦʚ ʚʳʩʦʪ 3D ʦʙʲʝʢʪʦʚ 

ʋʩʪʨʘʥʠʪʴ ʵʪʦʪ ʵʬʬʝʢʪ ʤʦʞʥʦ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʷ ʯʠʩʣʦ ʦʪʩʯʸʪʦʚ ʫʤʝʥʴʰʘʷ 

ʨʘʟʤʝʨ ʜʠʩʢʨʝʪ r d, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʝʛʦ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. ʃʠʙʦ 

ʥʝʦʙʭʦʜʠʤʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʛʦʣʦʛʨʘʤʤʳ ʥʝ ʧʦʣʥʦʡ ʛʣʫʙʠʥʳ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 2.44. 

 

ʈʠʩʫʥʦʢ 2.44 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʧʣʦʩʢʦʡ ʦʧʦʨʥʦʡ ʚʦʣʥʦʡ, ʧʘʜʘʶʱʝʡ 

ʚʝʨʪʠʢʘʣʴʥʦ ʥʘ ʚʦʣʥʫ, ʨʘʩʩʝʷʥʥʫʶ ʩʝʢʪʦʨʦʤ ʩʬʝʨʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʛʣʫʙʠʥʦʡ z, ʨʘʚʥʦʡ ʝʛʦ 

ʯʘʩʪʠ ʝʛʦ ʨʘʜʠʫʩʘ. ʋʛʦʣ Ŭi ï ʥʘʧʨʘʚʣʝʥʠʝ ʢ ʫʯʘʩʪʢʫ i ʠʟʦʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʦʡ 

ʚʦʣʥʳ, æDi ï ʧʝʨʠʦʜ ʚ ʨʘʡʦʥʝ i-ʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʧʦʣʦʩʳ, d ï ʨʘʟʤʝʨ ʜʠʩʢʨʝʪʳ ʥʘ 

ʛʦʣʦʛʨʘʤʤʝ 

ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʜʦ ʣʠʙʦ ʩʤʠʨʠʪʴʩʷ ʩ ʠʩʢʘʞʝʥʠʝʤ ʛʣʫʙʠʥʳ, ʣʠʙʦ 

ʥʘʡʪʠ ʩʧʦʩʦʙʳ ʝʸ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʝʢʮʠʦʥʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʙʠʪʝʣʝʮʝʥʪʨʠʯʝʩʢʦʡ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ [2.25], ʢʦʪʦʨʘʷ ʧʨʦʝʮʠʨʫʝʪ 3D ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʧʨʦʜʦʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʙʦʣʴʰʝ ʧʦʧʝʨʝʯʥʦʛʦ. 

ʋʯʠʪʳʚʘʷ ʫʢʘʟʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʨʝʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ 

ʨʘʟʣʠʯʥʫʶ ʛʣʫʙʠʥʫ, ʧʦʵʪʦʤʫ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʥʘʡʪʠ 

ʩʧʦʩʦʙ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʛʣʫʙʠʥʦʡ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʟʚʦʣʷʝʪ ʮʠʬʨʦʚʘʷ 

ʛʦʣʦʛʨʘʤʤʘ. 
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ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. ʅʘ ʨʠʩʫʥʢʝ 2.45 

ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʟʘʜʥʝʡ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʧʝʨʚʦʛʦ ʦʙʲʝʢʪʠʚʘ ʠ ʧʝʨʝʜʥʝʡ ʬʦʢʘʣʴʥʦʡ 

ʚʪʦʨʦʛʦ, ʠʤʝʝʪ ʤʝʥʷʶʱʠʝʩʷ ʧʨʦʧʦʨʮʠʠ ʤʝʞʜʫ ʧʨʦʜʦʣʴʥʳʤ ʠ ʧʦʧʝʨʝʯʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ [1.14, ʩ. 154]. ʊʘʢʘʷ ʩʭʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʢʦʤʧʝʥʩʘʮʠʠ ʛʣʫʙʠʥʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ 3D ʠʟʦʙʨʘʞʝʥʠʷ, ʯʘʩʪʠʯʥʦ ʠʟʤʝʥʷʷ ʝʛʦ 

ʠʟ ʧʦʜʦʙʥʦʛʦ ʧʨʠʚʝʜʸʥʥʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 2.44 ʚ ʠʟʦʙʨʘʞʝʥʠʝ, ʙʣʠʟʢʦʝ 

ʧʨʠʚʝʜʸʥʥʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 2.37. 

 

ʈʠʩʫʥʦʢ 2.45 ï ʊʝʣʝʩʢʦʧʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʠʟ ʦʙʲʝʢʪʠʚʦʚ ʆ1 ʠ ʆ2 ʩ ʥʝʩʦʚʧʘʜʘʶʱʠʤʠ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʟʘʜʥʠʤ ʬʦʢʫʩʥʳʤ ʦʪʨʝʟʢʦʤ ʧʝʨʚʦʛʦ ʦʙʲʝʢʪʠʚʘ ʠ ʧʝʨʝʜʥʠʤ ʬʦʢʫʩʥʳʤ ʚʪʦʨʦʛʦ. ʆʪʨʝʟʢʠ 

ʘ
1
1 ʠ ʘ

2
1 ï ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʘʜʥʝʡ ʠ ʧʝʨʝʜʥʝʡ ʧʣʦʩʢʦʩʪʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘʭʦʜʠʪʩʷ 

ʦʪʦʙʨʘʞʘʝʤʳʡ ʩʠʩʪʝʤʦʡ 3D ʦʙʲʝʢʪ, ʘ ʦʪʨʝʟʢʠ ʘ
1
2ǋ ʠ ʘ

2
2ǋ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʟʘʜʥʝʡ ʠ ʧʝʨʝʜʥʝʡ ʧʣʦʩʢʦʩʪʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘʭʦʜʠʪʩʷ 

3D ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ. ʇʦʣʦʞʝʥʠʝ ʛʣʘʚʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʪʦʥʢʦʡ ʣʠʥʟʳ 

ʧʦʢʘʟʘʥʦ ʧʫʥʢʪʠʨʦʤ 

ɿʜʝʩʴ ʚ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʝ, ʚʳʰʝ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʧʦʢʘʟʘʥʳ ʨʝʘʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʙʲʝʢʪʠʚʳ, ʘ ʚ ʥʠʞʥʝʡ ï ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʠʤ 

ʪʦʥʢʠʝ ʣʠʥʟʳ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʚʳʙʠʨʘʣʦʩʴ ʨʝʛʨʝʩʩʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ. ʆʩʪʘʪʢʠ 

ʨʝʛʨʝʩʩʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʚʘʨʠʘʮʠʷʤʠ ʧʨʝʜʠʢʪʦʨʦʚ l1, l2, l3, l4, f1, ʠ f2, ʩ ʮʝʣʴʶ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʪʣʠʯʠʷ ʨʘʩʯʸʪʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠʟʦʙʨʘʞʝʥʠʡ ʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ ʙʳʣʘ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦʡ. ʆʪʣʠʯʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʭ ʘ
1
2ǋ ʠ ʘ

2
2ǋ ʦʪ ʨʘʩʯʸʪʥʳʭ ʥʝ ʧʨʝʚʳʰʘʣʦ 2 %, ʧʦʵʪʦʤʫ 
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ʧʦʣʫʯʝʥʥʫʶ ʪʦʯʥʦʩʪʴ ʤʘʢʝʪʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ 

ʩʭʝʤʝ ʠʟ ʨʠʩʫʥʢʘ 2.45 ʩ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʪʦʥʢʠʤʠ ʣʠʥʟʘʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʧʦʣʥʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʨʦʜʦʣʴʥʦʝ (2.45, 2.46) ʠ 

ʧʦʧʝʨʝʯʥʦʝ ʫʚʝʣʠʯʝʥʠʝ (2.47) ʧʦ ʬʦʨʤʫʣʘʤ ʪʦʥʢʠʭ ʣʠʥʟ [2.27]. 
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ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʩʯʸʪʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: 

l1=4,5 ʤʤ, l2=9 ʤʤ, l3=51 ʤʤ, l4=8 ʤʤ, f1=99 ʤʤ, f2=287 ʤʤ. ʇʨʦʚʝʜʸʥʥʳʝ ʚ ʩʭʝʤʝ 

ʨʠʩʫʥʦʢ 2.46 ʠʟʤʝʨʝʥʠʷ ʧʦʤʦʛʣʠ ʠʟʤʝʨʠʪʴ ʧʘʨʘʣʣʘʢʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 

ʛʦʣʦʛʨʘʤʤʦʡ 3D ʠʟʦʙʨʘʞʝʥʠʡ (ʛʣʘʚʘ 4). 

 

ʈʠʩʫʥʦʢ 2.46. ʇʘʨʘʤʝʪʨʳ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ.  

ɺʝʨʭʥʷʷ ʧʦʣʫʧʣʦʩʢʦʩʪʴ ï ʵʢʩʧʝʨʠʤʝʥʪ, ʥʠʞʥʷʷ ï ʨʘʩʯʸʪ 
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ɺʠʜʥʦ, ʯʪʦ ʦʰʠʙʢʘ ʧʨʦʜʦʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ (397ï

38)/(120ï78,5)=359/41,5=8,65 ʤʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ (404,55ï37,34)/(120ï

78,5)=367,21/41,5=8,85 ʤʤ ʨʘʩʯʸʪʥʦ, ʪ. ʝ. ʚ ʧʨʝʜʝʣʘʭ (8,85ï8,65)/8,85=2,2 %; 

Å ɺʝʣʠʯʠʥʘ ʧʦʧʝʨʝʯʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ (86,5/29,5)=2,93 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʪʦʨʦʡ ʧʣʘʥ ʠ (79,85/29,5)=2,7 ï ʨʘʩʯʸʪʥʦ ʚʪʦʨʦʡ ʧʣʘʥ. ʆʪʣʠʯʠʝ ʚ ʧʦʣʦʞʝʥʠʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚʪʦʨʦʛʦ ʧʣʘʥʘ (2,93ï2,7)/2,93=7,85 %; 

Å ʊʘʢʞʝ (23,5/8)=2,94 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʝʨʚʳʡ ʧʣʘʥ ʠ (21,65/8)=2,7 ï 

ʨʘʩʯʸʪʥʦ ʧʝʨʚʳʡ ʧʣʘʥ. ʆʪʣʠʯʠʝ ʚ ʧʦʣʦʞʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʨʚʦʛʦ ʧʣʘʥʘ (2,94ï

2,7)/2,94=8,16 %. 

ʇʦʣʫʯʝʥʥʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʣʷ ʪʨʸʭ ʪʠʧʦʚ ʛʦʣʦʛʨʘʤʤ ï 

ɼʝʥʠʩʶʢʘ, ɹʝʥʪʦʥʘ ʠ ʃʝʡʪʘ ï ʋʧʘʪʥʠʝʢʩʘ. ʀʟʤʝʨʝʥʠ ̫ʠʩʭʦʜʥʳʭ ʠ ʫʚʝʣʠʯʝʥʥʳʭ 

ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 3D ʠʟʦʙʨʘʞʝʥʠʡ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʵʪʠʤʠ 

ʛʦʣʦʛʨʘʤʤʘʤʠ, ʦʢʘʟʘʣʠʩʴ ʠʜʝʥʪʠʯʥʳʤʠ ʢʘʢ ʚ ʧʨʷʤʦʤ ʭʦʜʝ ʣʫʯʝʡ, ʪʘʢ ʠ ʚ 

ʦʙʨʘʪʥʦʤ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʠʣ ʫʚʝʣʠʯʠʪʴ ʥʝʛʣʫʙʦʢʠʝ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ 

ʛʦʣʦʛʨʘʤʤʝ ʜʦ ʧʨʠʝʤʣʝʤʳʭ ʨʘʟʤʝʨʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷ ʧʦʧʝʨʝʯʥʳʡ 

ʨʘʟʤʝʨ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʊʝʣʝʩʢʦʧʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʝʛʦ ʢʚʘʜʨʘʪʫ ï ʧʨʦʜʦʣʴʥʦʝ. ʕʪʦ ʦʯʝʥʴ ʫʜʦʙʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʠʩʭʦʜʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʨʘʟʤʝʨʥʳʝ ʛʦʣʦʛʨʘʤʤʳ 

ʜʣʷ ʧʨʦʝʢʮʠʠ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠʝʤʣʝʤʳʭ ʨʘʟʤʝʨʦʚ ʠ ʧʨʠ ʵʪʦʤ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʤʘʣʫʶ ʛʣʫʙʠʥʫ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ. 

ɺ ʩʣʫʯʘʝ ʩʦʚʤʝʱʝʥʠʷ ʪʦʯʝʢ ʟʘʜʥʝʛʦ ʬʦʢʫʩʘ ʦʙʲʝʢʪʠʚʘ O1 ʩ ʧʝʨʝʜʥʠʤ 

ʬʦʢʫʩʦʤ ʦʙʲʝʢʪʠʚʘ O2, ʪʝʣʝʩʢʦʧʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʙʠʪʝʣʝʮʝʥʪʨʠʯʝʩʢʦʡ 

ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ [2.28]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩ 

ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʧʝʨʝʥʦʩʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʤʘʣʦʨʘʟʤʝʨʥʦʡ 

ʛʦʣʦʛʨʘʤʤʦʡ ʩ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, 

ʫʚʝʣʠʯʠʚʘʷ ʛʣʫʙʠʥʫ ʠʟʦʙʨʘʞʝʥʠʷ. 
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ʂʦʥʝʯʥʦ, ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠʥʚʘʨʠʘʥʪ ʃʘʛʨʘʥʞʘ ï ɻʝʣʴʤʛʦʣʴʮʘ, 

ʩʪʘʚʷʱʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʣʠʥʝʡʥʦʝ V1 = (y
1
2ǋ / y

1
1); V2 = (y

2
2ǋ / y

2
1) ʠ ʫʛʣʦʚʦʝ 

W1=Ŭ1ǋ/Ŭ ʫʚʝʣʠʯʝʥʠʝ (2.48): 

 1 1 2 2 'V W V W n nÖ = Ö =, (2.48) 

ʛʜʝ Ŭ1ǋ = (y
1
2ǋ / a

1
2ǋ) ʠ Ŭ2ǋ = (y

2
2ǋ / a

2
2ǋ). ɿʜʝʩʴ y

1
1; y

2
1 ʠ y

1
2ǋ; y

2
2ǋ ï ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ 

ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʣʦʩʢʦʩʪʷʭ z
1
1, z

2
1 ʠ z

1
2ǋ ʠ z

2
2ǋ. 

ʇʦʩʢʦʣʴʢʫ ʫ ʥʘʩ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ, ʪʦ n=nǋ. 

ʅʘ ʨʠʩʫʥʢʝ 2.47 ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ ʧʝʨʝʥʦʩʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʙʝʟ ʠʩʢʘʞʝʥʠʡ (ʨʠʩʫʥʦʢ 2.47ʘ,ʙ) ʠ ʩ ʠʩʢʘʞʝʥʠʷʤʠ, 

(ʨʠʩʫʥʦʢ 2.47ʚïʝ). ʂʨʘʩʥʳʤ ʠ ʟʝʣʸʥʳʤ ʦʙʦʟʥʘʯʝʥʳ ʧʣʦʩʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʧʨʠʣʝʞʘʱʠʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʠʚʘ ʠ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

   

ʘ) ʙ) ʚ) 

   

ʛ) ʜ) ʝ) 

ʈʠʩʫʥʦʢ 2.47 ï ʆʙʲʝʢʪ ʧʠʨʘʤʠʜʘ (ʘ) ʠ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʙ) ʠ (ʚ); ʦʙʲʝʢʪ 3D ʧʦʨʪʨʝʪ (ʛ) ʠ ʝʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ (ʜ) ʠ (ʝ): ʘ) ʦʙʲʝʢʪ a1 = 0 õ 200; ʙ) ʠʟʦʙʨʘʞʝʥʠʝ f1 = 100; f2 = 300; d1,2 = 400; aǋ2 = ï

500 õ 1000; ʚ) ʠʟʦʙʨʘʞʝʥʠʝ f1 = 100; f2 = 300; d1,2 = 600; aǋ2 = 850 õ 1200; ʛ) ʦʙʲʝʢʪ a1 = 0 õ 200; 

ʜ) ʠʟʦʙʨʘʞʝʥʠʝ f1 = 100; f2 = 300; d1,2 = 600; aǋ2 = 300 õ 650; ʝ) ʠʟʦʙʨʘʞʝʥʠʝ f1 = 100; f2 = 300; 

d1,2 = 600; aǋ2 = 850 õ 1200 
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ɺʠʜʥʦ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʠʝ (ʙ) ʷʚʣʷʝʪʩʷ ʥʝʠʩʢʘʞʸʥʥʳʤ ʦʙʨʘʟʦʤ ʦʙʲʝʢʪʘ (ʘ), 

ʧʦʩʢʦʣʴʢʫ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ (f1 + fǋ2 = d1,2) ʘ ʠʟʦʙʨʘʞʝʥʠʝ (ʚ) ʧʨʝʪʝʨʧʝʣʦ 

ʩʝʨʴʸʟʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʠʣʫ ʥʝʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʫʩʣʦʚʠʷ. ʅʘ ʨʠʩʫʥʢʝ 2.47ʛ, 

ʧʦʢʘʟʘʥ 3D ʧʦʨʪʨʝʪ, ʘ ʥʘ (ʜ), (ʝ) ʧʨʠʚʝʜʝʥʳ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ 

ʫʩʣʦʚʠʷ (f1 + fǋ2 = d1,2). 

ʉ ʫʯʸʪʦʤ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʢʪʠʚʘ 

çɺɸʃè ʠ ʦʙʲʝʢʪʠʚʘ ʠʟ ʢʦʤʧʣʝʢʪʘ ʉʀʅ ʩ ʬʦʢʫʩʥʳʤʠ ʦʪʨʝʟʢʘʤʠ (ʨʠʩʫʥʦʢ 2.46) 

ʙʳʣ ʩʦʙʨʘʥ ʤʘʢʝʪ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʝʢʮʠʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʇʨʠ ʧʦʧʝʨʝʯʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 47 / 16 = 2,94 (ʨʠʩʫʥʦʢ 2.48ʘ,ʙ) ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ 

ʧʨʦʜʦʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 398 / 42 = 9,48 (ʨʠʩʫʥʦʢ 2.49ʘ,ʙ,ʚ) ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʛʦʣʦʛʨʘʤʤʦʡ 3D ʠʟʦʙʨʘʞʝʥʠʷ. 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.48 ï ʘ) ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʝ;  

ʙ) ʫʚʝʣʠʯʝʥʥʦʝ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

   

ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 2.49 ï ʘ) ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʳʥʝʩʝʥʥʦʛʦ ʧʝʨʝʜ ʛʦʣʦʛʨʘʤʤʦʡ ʬʨʘʛʤʝʥʪʘ 3D ʠʟʦʙʨʘʞʝʥʠʷ;  

ʙ) ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʟʘ ʦʙʲʝʢʪʠʚʦʤ ʆ2, ʚ) ʧʦʣʦʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʛʨʘʤʤʳ ʟʘ ʦʙʲʝʢʪʠʚʦʤ ʆ2 
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ʇʦʣʫʯʝʥʥʦʝ ʙʦʣʝʝ, ʯʝʤ ʪʨʸʭʢʨʘʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʟʤʝʨʘ 

ʠʟʦʙʨʘʞʝʥʠʷ ʢ ʧʦʧʝʨʝʯʥʦʤʫ ʙʝʟ ʚʠʜʠʤʳʭ 3D ʜʝʬʦʨʤʘʮʠʡ ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʝʣʴʥʳʤ ʠ ʨʘʩʯʸʪʳ ʧʦ ʩʭʝʤʝ (ʨʠʩʫʥʦʢ 2.45) ʧʦʟʚʦʣʷʶʪ ʥʘʜʝʷʪʴʩʷ ʥʘ 

ʚʦʟʤʦʞʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʟʤʝʨʘ 

3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʈʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ï ʚʳʯʠʩʣʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʬʦʨʤʳ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʘʷ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʪʝʣʝʩʢʦʧʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʦʙʨʘʟʫʝʪ ʪʨʝʙʫʝʤʦʝ ʧʨʘʚʠʣʴʥʦʝ 

3D ʠʟʦʙʨʘʞʝʥʠʝ, ʧʦʟʚʦʣʷʝʪ ʟʘʣʦʞʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʝʢʮʠʦʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʠ ʩʠʥʪʝʟʝ ʛʦʣʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʣʝʛʢʦ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʦʣʦʛʨʘʤʤ, ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʚʣʠʷʥʠʷ ʦʜʥʦʛʦ ʠʟ ʥʝʫʩʪʨʘʥʠʤʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʛʦʣʦʛʨʘʤʤʳ 

(ʨʠʩʫʥʦʢ 2.37). 

ɼʨʫʛʠʤ ʥʝʫʩʪʨʘʥʠʤʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʛʦʣʦʛʨʘʤʤ, ʧʨʠʯʸʤ ʥʝ ʪʦʣʴʢʦ 

ʮʠʬʨʦʚʳʭ, ʥʦ ʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚʳʭ, ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʢʩʧʦʟʠʮʠʠ ʟʘʧʠʩʳʚʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ 

ʛʦʣʦʛʨʘʤʤʝ, ʪ. ʝ. ʩʚʷʟʘʥʥʦʝ ʩ ʬʦʨʤʦʡ ʛʦʣʦʛʨʘʤʤʳ. ʆʥ ʫʞʝ ʫʧʦʤʠʥʘʣʩʷ ʚ 

ʧʘʨʘʛʨʘʬʝ 1.2, ʢʘʢ ʵʬʬʝʢʪ ʬʦʨʤʬʘʢʪʦʨʘ, ʥʦ ʧʦʜʨʦʙʥʦ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʥʠʞʝ, ʚ 

ʛʣʘʚʝ 3. 

ɺʳʚʦʜʳ ʧʘʨʘʛʨʘʬʘ 2.5 

ʇʨʠ ʟʘʧʠʩʠ (ʩʠʥʪʝʟʝ) ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʚʦʟʥʠʢʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʰʫʤʳ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʫʩʪʨʘʥʠʤʳʤ ʚ ʧʨʠʥʮʠʧʝ ʧʨʝʚʳʰʝʥʠʝʤ ʯʘʩʪʦʪʳ 

ʅʘʡʢʚʠʩʪʘ. ʊʘʢʠʝ ʰʫʤʳ ʯʘʩʪʦ ʵʭʦʤ ʧʦʚʪʦʨʷʶʪ ʦʙʨʘʟ ʩʘʤʦʛʦ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʛʦ 

ʩʠʛʥʘʣʘ. ʋʩʪʨʘʥʠʪʴ ʠʭ ʤʦʞʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ ï ʣʠʙʦ ʫʚʝʣʠʯʠʚʘʷ ʯʠʩʣʦ 

ʜʠʩʢʨʝʪʥʳʭ ʦʪʩʯʸʪʦʚ ʛʦʣʦʛʨʘʤʤʳ, ʣʠʙʦ ʩʦʛʣʘʰʘʷʩʴ ʩ ʧʨʦʜʦʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʜʠʩʢʨʝʪʥʦʡ ʮʠʬʨʦʚʦʡ ʛʦʣʦʛʨʘʤʤʦʡ. ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʵʪʦ ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ 



170 

(ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ ʛʦʣʦʛʨʘʤʤʳ ʚ ʧʠʢʩʝʣʷʭ), ʘ ʚʦ 

ʚʪʦʨʦʤ ï ʧʨʠʚʣʝʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ 

ʧʦʷʚʣʷʶʱʠʭʩʷ ʠʩʢʘʞʝʥʠʡ. 

ʈʝʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʛʣʫʙʠʥʫ ʠ ʨʘʟʣʠʯʥʳʝ 

ʛʨʘʜʠʝʥʪʳ ʧʝʨʝʧʘʜʘ ʚʳʩʦʪ (ʛʣʫʙʠʥ). ʅʘʧʨʠʤʝʨ, 3D ʠʟʦʙʨʘʞʝʥʠʝ ʯʝʣʦʚʝʢʘ 

ʦʙʷʟʘʪʝʣʴʥʦ ʙʫʜʝʪ ʠʤʝʪʴ ʫʯʘʩʪʢʠ ʙʦʣʴʰʠʭ ʛʨʘʜʠʝʥʪʦʚ ʛʣʫʙʠʥʳ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʮʠʬʨʦʚʦʛʦ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʥʘʡʪʠ ʩʧʦʩʦʙ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ 

ʩ ʛʣʫʙʠʥʦʡ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʟʚʦʣʷʝʪ ʮʠʬʨʦʚʘʷ ʛʦʣʦʛʨʘʤʤʘ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʯʝʩʢʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ [2.25]. 

ʅʘʨʷʜʫ ʩ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʵʬʬʝʢʪʦʤ ʧʨʝʚʳʰʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʳ 

ʅʘʡʢʚʠʩʪʘ ʢ ʥʝʫʩʪʨʘʥʠʤʳʤ ʵʬʬʝʢʪʘʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʩʥʠʞʝʥʠʶ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʣʦʛʨʘʤʤ ʠ ʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʸʤʢʦʩʪʠ, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʚʳʰʝ, ʦʪʥʦʩʠʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʬʦʨʤʬʘʢʪʦʨ, ʚʣʠʷʥʠʷ ʢʦʪʦʨʦʛʦ ʥʝʚʦʟʤʦʞʥʦ 

ʠʟʙʝʞʘʪʴ. ɺʚʠʜʫ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʦʥ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʦʪʜʝʣʴʥʦ, ʚ ʩʣʝʜʫʶʱʝʡ, 

ʛʣʘʚʝ 3 ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺʳʚʦʜʳ ʛʣʘʚʳ 2 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʦʩʚʝʱʝʥʠʠ 3D ʦʙʲʝʢʪʘ, ʧʦʦʯʝʨʸʜʥʦ ʧʨʦʩʪʳʤ ʥʝʢʦʛʝʨʝʥʪʥʳʤ 

ʩʚʝʪʦʤ ʠ ʬʦʪʦʨʝʛʠʩʪʨʘʮʠʝʡ ʪʝʢʩʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ 

ʩʚʝʪʦʤ ʩʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʟʘʨʘʥʝʝ ʧʘʪʪʝʨʥʘʤʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ, 

ʥʘʧʨʠʤʝʨ ʠʟ ʣʘʪʝʨʘʣʴʥʦ ʦʩʚʝʱʘʶʱʠʭ 3D ʦʙʲʝʢʪ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʣʦʩ, ʧʦ 

ʠʩʢʨʠʚʣʝʥʠʷʤ ʢʦʪʦʨʳʭ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʨʪʘ ʚʳʩʦʪ ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʝʡ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʚʫʭ 2D ʢʘʜʨʦʚ ʠ 

ʮʠʬʨʦʚʦʤ ʩʠʥʪʝʟʝ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ ʛʦʣʦʛʨʘʤʤʳ, 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ 3D ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʧʝʨʝʜʘʶʱʝʤ ʢʦʥʮʝ 

ʢʘʥʘʣʘ ʩʚʷʟʠ. 
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ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʢʘʨʪʳ ʚʳʩʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 3D ʦʙʲʝʢʪʘ ʤʝʪʦʜʦʤ ʧʨʦʝʢʮʠʠ 

ʥʘ ʦʙʲʝʢʪ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʧʘʪʪʝʨʥʦʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʚ ʚʠʜʝ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʣʦʩ ʠ ʬʠʢʩʘʮʠʠ ʠʭ ʠʟʦʧʨʦʝʢʮʠʠ ʚʦʟʥʠʢʘʝʪ ʩʪʨʫʢʪʫʨʘ 

ʠʩʢʨʠʚʣʸʥʥʳʭ ʧʦʣʦʩ, ʢʦʪʦʨʘʷ ʥʝʩʸʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʚʝʨʭʥʦʩʪʠ (ʤʘʩʢʠ) 3D 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʵʢʚʠʚʘʣʝʥʪʥʫ  ʁ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʛʦʣʦʛʨʘʤʤʝ ʩ 

ʥʝʧʨʝʨʳʚʥʳʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʘʨʘʣʣʘʢʩʦʤ, ʟʘʧʠʩʘʥʥʦʡ ʥʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʜʣʠʥʥʦʡ ʚʦʣʥʝ ʟʘʧʠʩʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʘʞʝ ʥʝ ʀʂ 

ʜʠʘʧʘʟʦʥʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʝʨʘʛʝʨʮʦʚʦʤʫ ʠʣʠ ʜʘʞʝ 

ʨʘʜʠʦʜʠʘʧʘʟʦʥʫ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʩʚʷʟʠ ʠ ʩʦʟʜʘʥʠʝ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʛʦʣʦʛʨʘʤʤ. ʄʘʩʢʫ ʪʘʢʞʝ ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ, ʟʦʥʜʠʨʫʷ 

ʦʙʲʝʢʪ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʤ, ʘ ʥʘʢʣʘʜʳʚʘʪʴ ʥʘ ʥʝʸ ʪʝʢʩʪʫʨʫ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʫʶ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝʤ ʦʙʲʝʢʪʘ ʚ ʚʠʜʠʤʦʤ, ʠʣʠ ʜʨʫʛʦʤ 

ʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ 

ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ ʨʘʙʦʪʝ ʧʦʜ ʚʦʜʦʡ, ʚ ʢʦʩʤʦʩʝ ʠ ʚ ʜʨʫʛʠʭ 

ʥʝʜʦʩʪʫʧʥʳʭ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʛʦʣʦʛʨʘʤʤʳ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʪʠʧʦʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʨʘʟʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʆʜʠʥ ʠʟ ʥʠʭ ʵʢʚʠʚʘʣʝʥʪʝʥ 

ʥʝʩʫʱʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʝ ʠ ʦʪʚʝʯʘʝʪ ʟʘ ʨʘʟʜʝʣʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 

ʧʦʨʷʜʢʦʚ ʜʠʬʨʘʢʮʠʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 

ʦʪʨʝʛʫʣʠʨʦʚʘʥ ʮʠʬʨʦʚʳʤ ʦʙʨʘʟʦʤ, ʠ ʚʪʦʨʦʡ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʜʝʚʠʘʮʠʶ ʥʝʩʫʱʝʡ 

ʯʘʩʪʦʪʳ, ʥʝʩʫʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʤ ʦʙʲʝʢʪʝ, ʢʦʪʦʨʳʡ ʥʝʩʸʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʤ 3D ʦʙʲʝʢʪʝ ʠ ʮʠʬʨʦʚʳʤ ʦʙʨʘʟʦʤ ʤʦʞʝʪ ʙʳʪʴ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥ ʩ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʘʙʝʨʨʘʮʠʡ ʠ ʚʥʝʩʝʥʠʷ ʜʨʫʛʠʭ ʞʝʣʘʝʤʳʭ 

ʠʩʧʨʘʚʣʝʥʠʡ. ʋʩʪʨʘʥʝʥʠʝ ʧʝʨʚʦʛʦ ʪʠʧʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʩʦʢʨʘʱʘʝʪ 

ʦʙʲʸʤ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ (ɻʆʉʊ ʈ 59321.3 2021, ʧ. 38) 

ʩʞʘʪʠʶ ʜʘʥʥʳʭ ʚ ʮʠʬʨʦʚʦʡ ʛʦʣʦʛʨʘʤʤʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ, ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʬʘʡʣʝ ʮʠʬʨʦʚʦʡ 

ʛʦʣʦʛʨʘʤʤʳ. 
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ʇʝʨʝʜʘʯʘ 3D ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʝʜʘʯʠ ʜʚʫʭ ʤʦʜʘʣʴʥʦʩʪʝʡ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ï 

ʪʝʢʩʪʫʨʳ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʧʦʚʝʨʭʥʦʩʪʠ (ʤʘʩʢʠ) ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʘ, ʯʝʤ ʧʝʨʝʜʘʯʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʦ ʦʙʲʸʤʫ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʧʝʢʪʨʝ 

ʛʦʣʦʛʨʘʤʤʳ. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ ʦʙʲʸʤʘʭ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʝʨʝʜʘʯʘ ʜʚʫʤʷ 

ʤʦʜʘʣʴʥʦʩʪʷʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ 

ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʠ. ʇʨʠ ʧʦʧʳʪʢʘʭ ʧʨʠʙʣʠʟʠʪʴʩʷ ʧʦ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʢʘʯʝʩʪʚʫ ʧʝʨʝʜʘʯʠ ʜʚʫʤʷ ʤʦʜʘʣʴʥʦʩʪʷʤʠ, ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʜʘʚʘʪʴ 

ʩʧʝʢʪʨ ʛʦʣʦʛʨʘʤʤʳ ʩʫʱʝʩʪʚʝʥʥʦ (ʥʘ ʧʦʨʷʜʢʠ) ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʯʝʤ ʨʘʟʤʝʨ 

ʬʘʡʣʘ ʩ ʵʪʠʤʠ ʤʦʜʘʣʴʥʦʩʪʷʤʠ. 

ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʩʠʥʪʝʟʝ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ 

ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʷʚʣʝʥʠʝʤ ʙʠʝʥʠʡ ʠ 

ʷʚʣʝʥʠʡ ʘʣʠʘʩʠʥʛʘ, ʚʳʟʚʘʥʥʳʭ ʜʠʩʢʨʝʪʠʟʘʮʠʝʡ ʛʦʣʦʛʨʘʤʤʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ʧʠʢʩʝʣʷʤʠ ʢʦʥʝʯʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʚʦʟʨʘʩʪʘʶʱʝʝ ʚʣʠʷʥʠʝ ʪʘʢʠʭ ʙʠʝʥʠʡ ʠ ʘʣʠʘʩʠʥʛʘ 

ʩ ʨʦʩʪʦʤ ʛʣʫʙʠʥʳ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʛʦʣʦʛʨʘʤʤʦʡ 3D ʦʙʲʝʢʪʘ ʥʝʠʟʙʝʞʥʦ ʚ ʩʣʫʯʘʝ 

ʩʠʥʪʝʟʘ ʮʠʬʨʦʚʦʡ ʛʦʣʦʛʨʘʤʤʳ 3D ʦʙʲʝʢʪʦʚ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʙʠʝʥʠʷ ʠ ʘʣʠʘʩʠʥʛ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʪʘʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʛʦʣʦʛʨʘʤʤʳ ʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʪʝʣʝʮʝʥʪʨʠʯʝʩʢʦʡ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʩʪʠ ʫ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝ ʠʩʢʘʞʘʶʱʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʦʣʦʛʨʘʤʤʦʡ, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥ,r ʫʚʝʣʠʯʝʥʠʷ 

ʛʣʫʙʠʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʧʦʧʝʨʝʯʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʴʰʝʨʘʟʤʝʨʥʳʝ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʡ ʛʣʫʙʠʥʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʙʦʣʴʰʠʭ ʛʦʣʦʛʨʘʤʤ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʥʘ ʚʭʦʜʝ 

ʙʠʪʝʣʝʮʝʥʪʨʠʯʝʩʢʦʡ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝ ʛʣʫʙʦʢʠʝ ʤʘʣʦʨʘʟʤʝʨʥʳʝ 3D 

ʠʟʦʙʨʘʞʝʥʠʷ. 

ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʜʚʫʭ ʢʘʜʨʦʚ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʦʪʦʜʚʠʛʘʝʪ ʥʘ 

ʚʪʦʨʦʡ ʧʣʘʥ ʵʢʟʦʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʫʣʴʪʠʵʢʩʧʦʟʠʮʠʠ, ʢʦʪʦʨʳʝ ʢ ʪʦʤʫ ʞʝ ʧʣʦʭʦ 

ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. 
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ɻʃɸɺɸ 3. ʆɻʈɸʅʀʏɽʅʀʗ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɪʄʂʆʉʊʀ 

ɻʆʃʆɻʈɸʄʄ ʌɸʂʊʆʈʆʄ ʌʆʈʄʓ ʀ ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɽɻʆ 

ʉɺʆʁʉʊɺ 

ʅʘʯʠʥʘʷ ʩ ʧʝʨʚʳʭ ʨʘʙʦʪ ʧʦ ʛʦʣʦʛʨʘʬʠʠ [1.8ï1.11] ʚʩʝʛʜʘ ʧʝʨʝʜ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʩʪʦʷʣ ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ ʚʦʧʨʦʩ ï ʥʘ ʢʘʢʦʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ 

ʤʘʪʝʨʠʘʣʝ ʟʘʧʠʩʳʚʘʪʴ ʪʫ ʠʣʠ ʠʥʫʶ ʛʦʣʦʛʨʘʤʤʫ. ʆʯʝʥʴ ʫʜʘʯʥʦ ʩʣʦʞʠʣʘʩʴ ʠʩʪʦʨʠʷ 

ʪʝʭʥʠʢʠ ʚ ʪʦʤ, ʯʪʦ ʢ ʤʦʤʝʥʪʫ ʟʘʨʦʞʜʝʥʠʷ ʛʦʣʦʛʨʘʬʠʠ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ 

ʨʘʟʚʠʣʘʩʴ ʠʥʜʫʩʪʨʠʷ ʬʦʪʦʤʘʪʝʨʠʘʣʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʬʦʪʦʛʨʘʬʠʠ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʛʘʣʦʠʜʦʩʝʨʝʙʨʷʥʳʭ ʵʤʫʣʴʩʠʷʭ 

ʫʞʝ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʬʣʘʛʤʘʥʝ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʠ çʇʆ ʉʣʘʚʠʯè, 

ʩʝʛʦʜʥʷ ʆɸʆ çʂʦʤʧʘʥʠʷ ʉʣʘʚʠʯè. ʕʪʦ ʠʟʚʝʩʪʥʳʝ ʚʦ ʚʩʸʤ ʤʠʨʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʇʌɻ-01, ʇʌɻ-02, ʇʌɻ-03 ʠ ʇʌɻ-04. ʇʦʩʣʝʜʥʠʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʙʝʩʩʝʨʝʙʨʷʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʩʜʝʣʘʥʳ ʥʘ ʦʩʥʦʚʝ ʙʠʭʨʦʤʠʨʦʚʘʥʥʦʡ ʞʝʣʘʪʠʥʳ. 

ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʩʝʛʦʜʥʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʛʦʣʦʛʨʘʬʠʠ [3.1, 3.2]. 

ʆʜʥʘʢʦ ʤʝʯʪʘ ʚʩʝʭ, ʢʪʦ ʟʘʥʠʤʘʝʪʩʷ ʛʦʣʦʛʨʘʬʠʝʡ ʦ ʩʪʦʧʨʦʮʝʥʪʥʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʩʚʝʪʘ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʛʦʣʦʛʨʘʤʤʦʡ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʘʭ, ʥʝ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ. ʀ ʥʝ ʪʦʣʴʢʦ ʧʦ ʧʨʠʯʠʥʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʪʨʫʜʥʦʩʪʝʡ. ɼʣʷ ʪʦʥʢʠʭ ʛʦʣʦʛʨʘʤʤ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʭʝʤʝ ʃʝʡʪʘ ʠ ʋʧʘʪʥʠʝʢʩʘ 

[1.10, 1.11], ʝʩʪʴ ʠʟʚʝʩʪʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʨʝʜʝʣ, ʢʦʪʦʨʳʡ ʜʣʷ ʘʤʧʣʠʪʫʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʰʝ 6,25 %, 

ʘ ʜʣʷ ʬʘʟʦʚʳʭ ï 33,9 % [3.2]. ʇʦʵʪʦʤʫ ʫʞʝ ʤʥʦʛʠʝ ʛʦʜʳ ʚʥʠʤʘʥʠʝ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʢʦʚʘʥʦ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ çʪʦʣʩʪʳʤè ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʩʣʦʷʤ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʧʘʨʘʤʝʪʨʫ ʦʙʲʸʤʥʦʩʪʠ ʂʣʝʡʥʘ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʬʘʟʦʚʳʝ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʪ. ʝ. ʠʟʤʝʥʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʝʱʝʩʪʚʘ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, 

ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 100 % ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʤʥʦʞʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʘʢʪʠʚʥʦ ʟʘʥʷʣʠʩʴ ʨʘʟʨʘʙʦʪʢʦʡ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ ʚʩʢʦʨʝ 
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ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʥʝʩʦʚʝʨʰʝʥʥʦ. ʃʠʙʦ ʠʤʝʝʪ ʩʠʣʴʥʦʝ 

ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ, ʙʝʟ ʢʦʪʦʨʦʛʦ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʣʠʙʦ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ, ʠʩʢʘʞʘʶʱʝʡ 

ʜʠʬʨʘʢʮʠʶ, ʢʘʢ ʵʪʦ ʙʳʚʘʝʪ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʣʠʙʦ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʜʠʘʧʘʟʦʥ 

ʬʦʪʦʦʪʢʣʠʢʘ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʟʜʘʪʴ ʥʝʦʙʭʦʜʠʤʫ  ʁ ʜʠʬʨʘʢʮʠʦʥʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʣʠʙʦ ʥʝʜʦʩʪʘʪʦʯʥʘ ʪʦʣʱʠʥʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʣʠʙʦ 

ʝʩʪʴ ʧʦʯʪʠ ʚʩʸ, ʥʦ ʛʦʣʦʛʨʘʤʤʘ ʜʦʣʛʦ ʥʝ ʞʠʚʸʪ. ʉʣʦʚʦʤ, ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʣʫʯʰʠʡ ʤʘʪʝʨʠʘʣ, ʭʦʪʷ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʘʜʦ ʧʨʝʜʲʷʚʣʷʪʴ ʢ çʠʜʝʘʣʴʥʦʤʫè ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤʫ ʤʘʪʝʨʠʘʣʫ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʤʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʩʯʠʪʘʶʪʩʷ ʤʘʪʝʨʠʘʣʳ 

ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʜʦʩʪʘʪʦʯʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠ 

ʟʘʧʠʩʠ, ʥʝ ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʧʨʠ ʩʯʠʪʳʚʘʥʠʠ, ʩ ʬʘʟʦʚʳʤ ʬʦʪʦʦʪʢʣʠʢʦʤ ʠ 

ʥʝʙʦʣʴʰʠʤ ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʠʤʤʘʥʝʥʪʥʦ ʧʨʠʩʫʱʠʝ ʙʦʣʴʰʠʥʩʪʚʫ ʪʘʢʠʭ 

ʦʙʲʸʤʥʳʭ ʬʘʟʦʚʳʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʜʚʘ ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘ, ʢʦʪʦʨʳʝ ʤʝʰʘʶʪ ʬʘʟʦʚʳʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ 

ʜʦʩʪʠʛʘʪʴ ʙʦʣʴʰʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘ, ʟʥʘʯʠʪ, ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʸʤʢʦʩʪʴ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʩʚʷʟʘʥ ʩ ʵʬʬʝʢʪʦʤ, ʢʦʪʦʨʳʡ ʤʳ 

ʥʘʟʚʘʣʠ çʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʝʟʦʥʘʥʩʦʤ ʟʘʧʠʩʳʚʘʶʱʝʛʦ ʛʦʣʦʛʨʘʤʤʫ ʧʦʣʷ ʩ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, ʚʳʟʚʘʥʥʳʤʠ ʵʪʦʡ ʟʘʧʠʩʴʶè [1.53, 

1.71, 1.72], ʢʦʪʦʨʳʡ ʩʚʦʡʩʪʚʝʥʝʥ ʛʦʣʦʛʨʘʤʤʘʤ, ʟʘʧʠʩʳʚʘʝʤʳʤ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʙʝʟʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʩʨʝʜʘʭ, ʪ. ʝ. ʩʨʝʜʘʭ, ʬʦʨʤʠʨʫʶʱʠʭ ʬʦʪʦʦʪʢʣʠʢ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ ʟʘʧʠʩʠ. ɺʪʦʨʦʡ ʩʫʱʝʩʪʚʫʝʪ ʠ ʚ ʩʨʝʜʘʭ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʠ 

ʩʚʷʟʘʥ ʩ ʥʘʣʠʯʠʝʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʟʘʧʠʩʳʚʘʶʱʠʭ ʦʙʲʸʤʥʫʶ (ʙʨʵʛʛʦʚʩʢʫʶ) 

ʛʦʣʦʛʨʘʤʤʫ ʧʫʯʢʘʭ. ʀʟʫʯʝʥʠʶ ʵʪʦʛʦ ʵʬʬʝʢʪʘ, ʥʘʟʚʘʥʥʦʛʦ çʬʦʨʤʬʘʢʪʦʨʦʤ 

ʛʦʣʦʛʨʘʤʤè [1.135, 3.3ï3.5, 1.136, 1.137] ʠ ʧʦʩʚʷʱʝʥʘ ʛʣʘʚʘ 3. ʊʘʢʞʝ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚʣʠʷʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʣʦʛʨʘʤʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ 

ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʸʤʢʦʩʪʴ ʛʦʣʦʛʨʘʤʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʟʚʘʥʥʳʤ ʵʪʠʤʠ 
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ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʩʥʠʞʝʥʠʝʤ ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʪ. ʝ. ʫʤʝʥʴʰʝʥʠʝʤ ʵʥʪʨʦʧʠʠ ʛʦʣʦʛʨʘʤʤ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʦʤʧʴʶʪʝʨʥʦ-ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʦʣʦʛʨʘʤʤ (CGH), ʦʙʳʯʥʦ ʥʘ 

ʥʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʷ, ʩʧʨʘʚʝʜʣʠʚʦ 

ʧʦʣʘʛʘʷ, ʯʪʦ ʚʩʝ ʧʨʦʮʝʩʩʳ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʠʥʪʝʟʘ ʛʦʣʦʛʨʘʤʤ ʤʦʞʥʦ 

ʣʠʥʝʘʨʠʟʦʚʘʪʴ. ʆʜʥʘʢʦ ʧʨʠ ʧʝʨʚʦʡ ʞʝ ʧʦʧʳʪʢʝ ʤʘʪʝʨʠʘʣʠʟʦʚʘʪʴ CGH ʚʩʝ 

ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʫʩʪʨʘʥʠʤʳʤʠ ʧʦʣʥʦʩʪʴʶ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʚ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʚʩʧʣʳʚʘʶʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ʂ ʥʠʤ ʜʦʙʘʚʣʷʝʪʩʷ ʝʱʸ ʨʷʜ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʢʘʢ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʨʘʟʤʝʨʦʚ ʧʠʢʩʝʣʷ ʠ ʧʦʣʷ 

ʛʦʣʦʛʨʘʤʤʳ, ʘʣʠʘʩʠʥʛ ʠ ʜʨ., ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʵʪʦʡ ʛʣʘʚʝ, ʘ 

ʯʘʩʪʴ ʚ ʛʣʘʚʝ 4 ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ. ʉʝʛʦʜʥʷ ʥʝʪ ʜʦʩʪʘʪʦʯʥʦ ʫʙʝʜʠʪʝʣʴʥʳʭ 

ʨʘʙʦʪ ʧʦ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʩʠʥʪʝʟʫ ʦʙʲʸʤʥʳʭ ʛʦʣʦʛʨʘʤʤ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʟʘʧʠʩʠ ʠ 

ʩʠʥʪʝʟʘ ʛʦʣʦʛʨʘʤʤ ɼʝʥʠʩʶʢʘ, ʦʜʥʘʢʦ ʚ ʘʥʘʣʦʛʦʚʦʡ ʟʘʧʠʩʠ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʷʜʦʤ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʬʦʪʦʧʦʣʠʤʝʨʦʚ ʚ ʤʘʪʨʠʮʝ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ 

[1.52, 1.73, 1.74], ʘʟʦʧʦʣʠʤʝʨʦʚ [2.4, 3.6], ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʩʪʝʢʣʦʦʙʨʘʟʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ (ʍʉʇ) [3.7, 3.8] ʠ ʜʨʫʛʠʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1.81]. 

ʇʝʨʚʳʡ ʦʰʝʣʦʤʣʷʶʱʠʡ ʫʩʧʝʭ ʦʙʲʸʤʥʳʭ ʬʘʟʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʚʩʢʦʨʝ 

ʩʤʝʥʠʣʩʷ ʪʨʝʟʚʳʤ ʦʩʤʳʩʣʝʥʠʝʤ ʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʠʩʢʨʠʚʣʝʥʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʧʦ ʛʣʫʙʠʥʝ ʦʙʲʸʤʘ ʤʘʪʝʨʠʘʣʘ çʈʝʦʢʩʘʥè, 

ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʚʩʝ ʥʝʧʨʦʷʚʣʷʝʤʳʝ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ, ʢʘʢ ʠ ʈʝʦʢʩʘʥ, 

ʬʦʨʤʠʨʫʶʪ ʬʦʪʦʦʪʢʣʠʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʦʟʠʮʠʠ. ʅʘ ʨʠʩʫʥʢʝ 3.1 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ [1.71] ʩʘʤʦʚʦʟʜʝʡʩʪʚʠʷ 

ʟʘʧʠʩʳʚʘʶʱʝʛʦ ʛʦʣʦʛʨʘʤʤʫ ʠʟʣʫʯʝʥʠʷ ʩ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʠʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʨʝʰʸʪʢʦʡ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʨʠʚʣʝʥʠʶ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʩʤʝʱʝʥʠʶ ʧʠʢʘ ʫʛʣʦʚʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʙʲʸʤʥʦʡ ʛʦʣʦʛʨʘʤʤʳ. 
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ʈʠʩʫʥʦʢ 3.1 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʝ ʪʦʯʢʠ ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʠʭ ʢʨʠʚʘʷ 

ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɖ/ɖ0 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ɝ ʧʣʦʩʢʦʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʚʦʣʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨʥʦʡ ʧʨʠ ʟʘʧʠʩʠ. ɿʘʧʠʩʴ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

HeNe ʣʘʟʝʨʦʤ ʥʘ ʧʣʦʩʢʫʶ ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ ʩʨʝʜʫ ʈʝʦʢʩʘʥ ʪʦʣʱʠʥʦʡ 1 ʤʤ 

ʂʨʦʤʝ ʦʧʠʩʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʠʩʢʨʠʚʣʝʥʠʷ ʧʦʣʦʩ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʙʝʟʨʝʣʘʢʩʘʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ, ʩʥʘʯʘʣʘ ʚ ʥʸʤ ʞʝ ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʨʝʟʦʥʘʥʩʘ ʩʧʝʢʣ-ʧʦʣʷ ʧʨʠ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ, ʢʦʪʦʨʳʡ ʪʦʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʨʠʚʣʝʥʠʶ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʚ ʧʨʦʮʝʩʩʝ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ 

(ʨʠʩʫʥʦʢ 1.1) [1.53], ʘ ʟʘʪʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʲʷʩʥʸʥ [1.72]. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʧʝʢʣ-

ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʠʤʤʘʥʝʥʪʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʩʣʦʞʥʳʭ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʛʨʘʥʠʯʝʥʘ. 
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ʈʠʩʫʥʦʢ 3.2 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʝ ʪʦʯʢʠ ʩʜʚʠʛʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

(ȹɝ/ɝ) (ʚ ʝʜʠʥʠʮʘʭ ʧʦʣʫʰʠʨʠʥʳ ʢʨʠʚʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ) ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɖmax: 1 ï ʜʣʷ ʦʙʲʝʢʪʥʦʡ ʩʧʝʢʣ-ʚʦʣʥʳ, 2 ï ʜʣʷ ʦʙʲʝʢʪʥʦʡ ʧʣʦʩʢʦʡ 

ʚʦʣʥʳ 

ɺʠʜʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʧʝʢʣ-ʧʦʣʷ ʨʝʟʦʥʘʥʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʝʢʣ-

ʩʪʨʫʢʪʫʨʳ ʫʞʝ ʟʘʧʠʩʘʥʥʦʡ ʥʘ ʬʦʪʦʤʘʪʝʨʠʘʣʝ, ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʦʟʠʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʟʘʧʠʩʳʚʘʶʱʠʤ ʝʸ ʩʧʝʢʣ-ʧʦʣʝʤ, ʧʨʠʚʦʜʷ, ʧʨʘʢʪʠʯʝʩʢʠ, ʢ 

ʜʚʫʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʠʩʯʝʨʧʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʬʦʪʦʦʪʢʣʠʢʘ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʦʩʪʠʞʠʤʫʶ ɼʕ. 

ʕʪʠ ʜʚʘ ʵʬʬʝʢʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʳʝ 

ʟʥʘʯʝʥʠʷ ɼʕ, ʥʦ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʪʨʝʪʠʡ ʬʠʟʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʥʝʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ï ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʦʪʦʦʪʢʣʠʢʘ, 

ʪ. ʝ. ʦʪ ʵʢʩʧʦʟʠʮʠʠ ʛʦʣʦʛʨʘʤʤʳ, ʩ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʵʪʦʡ ʵʢʩʧʦʟʠʮʠʠ ʧʦ ʧʦʣʶ ʛʦʣʦʛʨʘʤʤ. ɼʣʷ ʛʘʫʩʩʦʚʳʭ ʧʫʯʢʦʚ ʪʘʢʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ, ʥʘʟʚʘʥʥʦʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʬʦʨʤʬʘʢʪʦʨʦʤ, ʩʥʠʞʘʝʪ ʩʨʝʜʥʶʶ ɼʕ ʚ 3ï

5 ʨʘʟ [3.3ï3.5, 1.136, 1.137]. ʆʥ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʧʨʠ ʨʘʙʦʪʝ ʩʦ ʩʭʝʤʦʡ ɻɿʋ 

(ʨʠʩʫʥʦʢ 1.3), ʥʦ ʚ ʪʦ ʚʨʝʤʷ ʥʝ ʙʳʣ ʦʙʲʷʩʥʸʥ. 
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ʇʘʨʘʛʨʘʬ 3.1. ʌʦʨʤʬʘʢʪʦʨ ʛʘʫʩʩʦʚʳʭ ʧʫʯʢʦʚ ʠ ʦʧʪʠʤʘʣʴʥʳʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʣʦʛʨʘʤʤʳ 

ʀʩʪʦʨʠʯʝʩʢʠ ʚʧʝʨʚʳʝ ʵʬʬʝʢʪ ʬʦʨʤʬʘʢʪʦʨʘ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʧʨʠ ʟʘʧʠʩʠ 

ʛʦʣʦʛʨʘʤʤ, ʟʘʧʠʩʳʚʘʝʤʳʭ ʛʘʫʩʩʦʚʳʤʠ ʧʫʯʢʘʤʠ ʚ ʦʙʲʸʤʥʳʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʨʝʜʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ ʜʠʬʨʘʢʮʠʠ ɹʨʵʛʛʘ, ʚ ɻɿʋ [1.171]. ʆʜʥʘʢʦ, 

ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʥ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʠ ʚ ʛʦʣʦʛʨʘʤʤʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ 

ʜʠʬʨʘʢʮʠʠ ʈʘʤʘʥʘ ï ʅʘʪʘ, ʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʛʦʣʦʛʨʘʤʤ ʛʘʫʩʩʦʚʳʭ ʧʫʯʢʦʚ, ʥʦ ʠ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʛʦʣʦʛʨʘʤʤ ʩʣʦʞʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʯʴʷ ʩʪʘʪʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʬʦʨʤʠʨʫʝʤʦʡ ʤʥʦʛʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʩʦʛʣʘʩʥʦ ʮʝʥʪʨʘʣʴʥʦʡ 

ʧʨʝʜʝʣʴʥʦʡ ʪʝʦʨʝʤʝ ʄ. ʃʷʧʫʥʦʚʘ, ʠʤʝʝʪ ʛʠʩʪʦʛʨʘʤʤʫ, ʙʣʠʟʢʫʶ ʢ ʛʘʫʩʩʦʚʦʡ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ (ʧʘʨʘʛʨʘʬ 1.3), ʛʦʣʦʛʨʘʤʤʳ ʦʙʦʠʭ ʪʠʧʦʚ ʤʦʛʫʪ ʩʪʘʪʴ 

ʦʩʥʦʚʦʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʥʠʪʦʨʦʚ, ʧʦʵʪʦʤʫ ʜʘʣʝʝ ʙʫʜʫʪ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʸʤʢʦʩʪʠ ʠ ʦʮʝʥʢʠ ʵʥʪʨʦʧʠʠ 

ʪʘʢʠʭ ʛʦʣʦʛʨʘʤʤ. 

ʉʦʛʣʘʩʥʦ (1.5) ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʜʥʦʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ ʢʘʜʨʝ 3D 

ʚʠʜʝʦʧʦʪʦʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʣʦʛʘʨʠʬʤʫ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, 

ʠʣʠ ʣʦʛʘʨʠʬʤʫ ʦʪ ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ (ʠ ʨʘʟʣʠʯʠʤʳʭ ʤʝʞʜʫ ʩʦʙʦʡ) ʩʦʩʪʦʷʥʠʡ. ʅʘ 

ʧʣʦʱʘʜʠ ʛʦʣʦʛʨʘʤʤʳ ʥʝ ʚʩʝ ʫʯʘʩʪʢʠ ʤʦʛʫʪ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʪʘʢʠʭ 

ʨʘʟʣʠʯʠʤʳʭ ʩʦʩʪʦʷʥʠʡ. ʅʘʧʨʠʤʝʨ, ʢʨʘʡʥʠʝ ʫʯʘʩʪʢʠ ʛʦʣʦʛʨʘʤʤʳ, ʟʘʧʠʩʘʥʥʦʡ 

ʛʘʫʩʩʦʚʳʤʠ ʧʫʯʢʘʤʠ, ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʛʨʘʜʘʮʠʡ ʣʦʢʘʣʴʥʦʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦʣʝʟʥʳʡ 

ʩʠʛʥʘʣ, ʘ ʟʥʘʯʠʪ ʠ ʝʛʦ ʵʥʪʨʦʧʠʷ. ʇʦʣʥʘʷ ʵʥʪʨʦʧʠʷ ʛʦʣʦʛʨʘʤʤʳ H [3.9], ʢʘʢ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʠʩʪʝʤʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ (3.1): 

 ( )2

1

log
Q

m mH p p=-ä , (3.1) 
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ʛʜʝ pm=1/Q ï ʚʝʨʦʷʪʥʦʩʪ ɹʥʘʭʦʞʜʝʥʠʷ ʛʦʣʦʛʨʘʤʤʳ ʚ ʩʦʩʪʦʷʥʠʠ m, ʘ Q = (ɖ)
MĀN

 ï 

ʧʦʣʥʦʝ ʯʠʩʣʦ ʩʦʩʪʦʷʥʠʡ, ʨʘʚʥʦʝ ʯʠʩʣʫ ʨʘʟʨʝʰʠʤʳʭ ʛʨʘʜʘʮʠʡ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ ʚ ʩʪʝʧʝʥʠ ʨʘʟʤʝʨʥʦʩʪʠ ʛʦʣʦʛʨʘʤʤʳ. 

ɽʩʣʠ ʫ ʥʘʰʝʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʦʣʦʛʨʘʤʤʳ ʯʠʩʣʦ ʛʨʘʜʘʮʠʡ ʷʨʢʦʩʪʠ ʨʘʚʥʦ 

256, ʢʘʢ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʩʪʘʥʜʘʨʪʘʭ, ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʜʣʷ ʚʩʝʭ pi 

ʩʦʩʪʦʷʥʠʡ ʦʜʠʥʘʢʦʚʘ, ʪʦ ʚ ʩʨʝʜʥʝʤ ʥʘ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʛʦʣʦʛʨʘʤʤʳ 

Hq=log2(256)=8. 

ʆʜʥʘʢʦ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʬʦʨʤʦʡ ʧʫʯʢʦʚ ʧʨʠ ʟʘʧʠʩʠ 

ʛʦʣʦʛʨʘʤʤʳ, ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʦʢʘʣʴʥʦʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʧʦʣʶ ʛʦʣʦʛʨʘʤʤʳ, ʘ, ʟʥʘʯʠʪ, ʠ ʥʘ ʚʝʨʦʷʪʥʦʩʪʠ 

ʝʸ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʇʦʵʪʦʤʫ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʦʜʠʥ ʧʠʢʩʝʣʴ ʮʠʬʨʦʚʦʡ ʛʦʣʦʛʨʘʤʤʳ (nǋ) ʧʨʦʱʝ ʦʮʝʥʠʪʴ ʧʦ (1.6), 

ʢʦʪʦʨʘʷ ʜʣʷ ʢʘʞʜʦʡ ʝʜʠʥʠʯʥʦʡ ʛʘʨʤʦʥʠʢʠ Wx=Wy=1 (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ 

ʧʠʢʩʝʣʶ ʥʘ ʧʦʣʝ ʛʦʣʦʛʨʘʤʤʳ) ʠ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ (3.2). 

 

2 2
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Ö a aç ÷ ç ÷é ù é ùî îê ú ê úí ý
ä ä , (3.2) 

ʛʜʝ M ʠ N ï ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ ʚ ʢʘʜʨʝ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʠ ʦʨʜʠʥʘʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, m ʠ 

k ï ʥʦʤʝʨ ʪʝʢʫʱʝʛʦ ʧʠʢʩʝʣʷ, Po/Pn ï ʯʠʩʣʦ ʛʨʘʜʘʮʠʡ ʚ ʮʝʥʪʨʝ ʢʘʜʨʘ. 

ɼʣʷ ʩʪʘʥʜʘʨʪʘ Full HD, ʧʨʠ Ŭ = 1/2, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʘʜʘʥʠʶ ʛʘʫʩʩʘ ʥʘ 

ʢʨʘʶ ʢʘʜʨʘ ʜʦ ʫʨʦʚʥʷ 1/ʝ
2
 (ʨʠʩʫʥʦʢ 3.3ʘ), ʧʦʣʫʯʘʝʤ H å 4,38, ʘ ʧʨʠ Ŭ = 1, 

(ʨʠʩʫʥʦʢ 3.3ʙ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʘʜʘʥʠʶ ʛʘʫʩʩʘ ʥʘ ʢʨʘʶ ʢʘʜʨʘ ʜʦ ʫʨʦʚʥʷ 1/e, 

ʵʥʪʨʦʧʠʷ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ H å 7,04. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʜʠʩʢʨʝʪ (ʧʠʢʩʝʣʝʡ), 

ʢʦʪʦʨʳʤʠ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʛʦʣʦʛʨʘʤʤʫ, ʵʥʪʨʦʧʠʷ, ʠʣʠ ʧʨʝʜʝʣʴʥʦ ʚʦʟʤʦʞʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ, ʪʘʢ ʥʘʧʨʠʤʝʨ, ʚ 

ʩʪʘʥʜʘʨʪʝ 4K UHD ʯʠʩʣʦ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʨʘʚʥʦ 3072 ʠ 4096, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʧʦ (3.2) ʙʫʜʫʪ ʧʨʠ Ŭ = 1/2 ʪʦʞʝ H å 4,38, ʘ ʧʨʠ Ŭ = 1 ʪʦʞʝ 

H å 7,04. ʕʪʦ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʵʥʪʨʦʧʠʠ ʨʘʚʥʦʤʝʨʥʦʡ ʧʦ ʧʦʣʶ ʛʦʣʦʛʨʘʤʤʳ (H=8), 

ʭʦʪʷ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ, ʢʦʛʜʘ Ŭ = 1, ʥʦ ʫʞʝ ʩʫʱʝʩʪʚʝʥʥʦ 
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ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ Ŭ = 1/2. ʇʨʠʙʣʠʞʸʥʥʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʧʦʣʶ ʢʘʜʨʘ ʤʝʥʝʝ, ʯʝʤ 1/e, ʦʛʨʘʥʠʯʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʬʘʢʪʦʨʦʤ ʬʦʨʤʳ ʛʦʣʦʛʨʘʤʤʳ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʥʝ ʚʝʣʠʢʠ, ʥʦ ʦʥʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʫʩʪʨʘʥʠʤʳ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʠʩʣʘ ʛʨʘʜʘʮʠʡ ʷʨʢʦʩʪʠ ʥʘ 

ʛʦʣʦʛʨʘʤʤʝ ʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʥʠʪʦʨʘ, ʢʦʪʦʨʳʤ ʤʳ 

ʧʨʝʜʩʪʘʚʣʷʝʤ ʛʦʣʦʛʨʘʤʤʫ. ɿʥʘʯʠʪ, ʦʛʨʘʥʠʯʝʥʠʷʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʬʘʢʪʦʨʦʤ ʬʦʨʤʳ 

ʛʦʣʦʛʨʘʤʤʳ (ʬʦʨʤʬʘʢʪʦʨʦʤ), ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ. ʇʦʟʞʝ, ʧʦʣʫʯʠʚ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʣʦʞʥʳʭ 

ʛʦʣʦʛʨʘʤʤ, ʤʳ ʧʦʢʘʞʝʤ, ʢʘʢ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʠʭ ʵʥʪʨʦʧʠʶ. 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 3.3 ï ʆʛʨʘʥʠʯʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʛʥʘʣʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ 

ʛʦʣʦʛʨʘʤʤʦʡ ʧʨʠ ʝʸ ʟʘʧʠʩʠ ʛʘʫʩʩʦʚʳʤʠ ʧʫʯʢʘʤʠ:  

ʘ) ʰʠʨʠʥʘ ʛʦʣʦʛʨʘʤʤʳ ʧʦ ʫʨʦʚʥʶ 1/ʝ
2
; ʙ) ʰʠʨʠʥʘ ʛʦʣʦʛʨʘʤʤʳ ʧʦ ʫʨʦʚʥʶ 1/ʝ 

ʂʘʢ ʚʳʰʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʵʥʪʨʦʧʠʷ ʛʦʣʦʛʨʘʤʤʳ ʠ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʥʝʡ ʧʨʷʤʦ ʟʘʚʠʩʪ̫ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʸ ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ɼʕ. 

ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʫʙʠʥʦʡ 

ʤʦʜʫʣʷʮʠʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ [2.3], ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʦʪʦʨʝʛʠʩʪʨʘʮʠʠ ʢʘʨʪʠʥʳ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʨʝʜʤʝʪʥʦʛʦ ʧʫʯʢʘ a ï ʥʝʩʫʱʝʛʦ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʤ ʦʙʲʝʢʪʝ, ʠ r ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʧʦʨʥʦʛʦ 

ʧʫʯʢʘ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ɼʕ, ʘ, ʟʥʘʯʠʪ, ʠ ɻʥʪʨʦʧʠʠ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʚ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʩ ʬʘʟʦʚʳʤ ʦʪʢʣʠʢʦʤ. ɼʣʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʚʩʝ ʦʙʲʸʤʥʳʝ, ʚ ʪ. ʯ. ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ [1.52, 1.59, 1.73, 

1.74], ʨʘʙʦʪʘʶʱʠʝ ʚ ʙʨʵʛʛʦʚʩʢʦʤ ʨʝʞʠʤʝ ʜʠʬʨʘʢʮʠʠ, ʚ [1.137] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 
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ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʧʦ ʧʦʣʶ ʛʦʣʦʛʨʘʤʤ ʵʢʩʧʦʟʠʮʠʠ ʠ ʥʝʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ɼʕ ʦʪ ʵʢʩʧʦʟʠʮʠʠ. ɼʣʷ ʪʦʥʢʠʭ ʛʦʣʦʛʨʘʤʤ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ 

ʜʠʬʨʘʢʮʠʠ ʈʘʤʘʥʘ ï ʅʘʪʘ, ʚ ʧʘʨʘʛʨʘʬʝ 3.6 ʪʘʢʞʝ ʧʦʢʘʟʘʥʳ ʘʥʘʣʦʛʠʯʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ. ɼʣʷ ʫʯʸʪʘ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʫʢʘʟʘʥʥʳʭ ʜʚʫʭ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, ʥʘʟʚʘʥʥʳʡ ʬʦʨʤʬʘʢʪʦʨʦʤ 

ʛʦʣʦʛʨʘʤʤʳ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʦʧʠʩʘʥʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʩ 

ʧʦʤʦʱʴʶ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʠʣʠ ʧʘʨʘʤʝʪʨʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʚʣʠʷʥʠʝ 

ʧʨʦʪʷʞʸʥʥʦʩʪʠ (ʬʦʨʤʳ) ʯʘʩʪʠʮʳ ʥʘ ʝ yʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ ʯʘʩʪʠʮʘʤʠ ʠ 

ʧʦʣʷʤʠ [3.10ï3.14]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʵʡʢʦʥʘʣʘ (1.13), ʜʣʷ ʧʦʚʳʰʝʥʠʷ ɖɜ (1.11), ʚ ʩʠʣʫ (1.12), ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩ ʙʦʣʴʰʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ 

ʬʦʪʦʦʪʢʣʠʢʘ. ʆʜʥʘʢʦ ʧʨʠ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʥʘ ʪʘʢʦʡ ʬʦʪʦʤʘʪʝʨʠʘʣ, ʢʘʢ ʈʝʦʢʩʘʥ 

[1.59, 1.71], ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʨʦʩʪʘ ɼʕ (ɖɜ) 

ʛʦʣʦʛʨʘʤʤ ʬʦʨʤʫʣʘʤ ʪʝʦʨʠʠ ʦʙʲʸʤʥʳʭ ʛʦʣʦʛʨʘʤʤ ʂʦʛʝʣʴʥʠʢʘ [1.66]. ʈʦʩʪ ɼʕ 

ʦʛʨʘʥʠʯʠʚʘʣʩʷ ʧʦ ʥʝ ʧʦʥʷʪʥʳʤ ʧʨʠʯʠʥʘʤ ʜʘʣʝʢʦ ʦʪ ʂʦʛʝʣʴʥʠʢʦʚʩʢʦʛʦ 

ʤʘʢʩʠʤʫʤʘ. ʅʘ ʨʠʩʫʥʢʝ 3.4ʘ,ʙ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ɖ ʦʪ ʵʢʩʧʦʟʠʮʠʠ. ɺʠʜʥʦ, ʯʪʦ ʨʦʩʪ ɖ ʩ ʵʢʩʧʦʟʠʮʠʝʡ ʠʤʝʝʪ ʥʝ ʧʨʦʩʪʦʡ 

ʚʠʜ, ʚʥʘʯʘʣʝ ɖ ʨʘʩʪʸʪ, ʧʨʠʯʸʤ ʤʝʜʣʝʥʥʝʝ ʨʘʩʯʸʪʥʳʭ ʧʦ [1.66] ʟʥʘʯʝʥʠʡ, ʘ ʟʘʪʝʤ 

ʥʘʯʠʥʘʝʪ ʧʘʜʘʪʴ, ʜʘʣʝʢʦ ʥʝ ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ, ʧʨʝʜʩʢʘʟʘʥʥʦʛʦ ʂʦʛʝʣʴʥʠʢʦʤ. 

ʊʘʢ ʙʳʣ ʚʧʝʨʚʳʝ ʟʘʤʝʯʝʥ ʵʬʬʝʢʪ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ɼʕ ʛʦʣʦʛʨʘʤʤ. ʇʦʟʞʝ 

ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʵʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ɖ ʩʚʷʟʘʥʳ ʩ ʬʘʢʪʦʨʦʤ ʬʦʨʤʳ ʟʘʧʠʩʳʚʘʝʤʦʛʦ 

ʩʠʛʥʘʣʘ, ʥʘʟʚʘʥʥʦʛʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʬʦʨʤʬʘʢʪʦʨʦʤ [3.3ï3.5, 1.136, 1.137]. 

ʕʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ɖɜ) ʧʦʚʣʠʷʣʦ ʥʘ ʪʦ, ʯʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʟʘʧʠʩʠ ʙʠʥʘʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ɻɿʋ (ʧʦ 

ʩʭʝʤʝ ʥʘ ʨʠʩʫʥʢʝ 1.3) ʜʦʩʪʠʛʣʦ ʚʝʣʠʯʠʥʳ ʯʫʪʴ ʤʝʥʴʰʝ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʛʦʣʦʛʨʘʤʤʳ ʚʜʦʣʴ ʢʘʞʜʦʡ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʤʘʪʨʠʮʳ ʌʫʨʴʝ-ʛʦʣʦʛʨʘʤʤ ʫʜʘʣʦʩʴ ʩʙʣʠʟʠʪʴ ʩ ʯʘʩʪʠʯʥʳʤ ʥʘʣʦʞʝʥʠʝʤ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ 1/3 ʠʭ ʜʠʘʤʝʪʨʘ, ʩ ʧʝʨʝʢʨʳʪʠʝʤ ʥʘ 2/3 ʠʭ ʜʠʘʤʝʪʨʘ. ɼʦʩʪʠʛʥʫʪʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʣʦʪʥʝʥʠʷ ʙʳʣ ʧʨʠ ʵʪʦʤ ʨʘʚʝʥ k=3Ĭ3=9. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 3.4 ï ʘ) ʛʨʘʬʠʢ 1 ï ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ ȹn ʦʪ ʵʢʩʧʦʟʠʮʠʠ E ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʛʦʣʦʛʨʘʤʤ, ʛʨʘʬʠʢ 2 ï ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɖ ʌʫʨʴʝ-ʛʦʣʦʛʨʘʤʤ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʛʘʫʩʩʦʚʳʤʠ ʧʫʯʢʘʤʠ; 

ʙ) ʛʨʘʬʠʢʠ 1ï4 ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɖ ʛʦʣʦʛʨʘʤʤ ʦʪ ʵʢʩʧʦʟʠʮʠʠ E, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʌʫʨʴʝ-ʧʣʦʩʢʦʩʪʠ ʟʘʧʠʩʳʚʘʶʱʝʛʦ ʦʙʲʝʢʪʠʚʘ,  

ʛʨʘʬʠʢ 3 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʤʫ ʧʦʧʘʜʘʥʠʶ ʛʦʣʦʛʨʘʤʤʳ ʚ ʌʫʨʴʝ-ʧʣʦʩʢʦʩʪʴ,  

ʛʨʘʬʠʢʠ 1, 2 ï ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʦʣʦʛʨʘʤʤʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʧʝʨʝʜ ʧʣʦʩʢʦʩʪʴʶ ʌʫʨʴʝ,  

ʘ ʛʨʘʬʠʢ 4 ï ʛʦʣʦʛʨʘʤʤʝ ʟʘ ʌʫʨʴʝ-ʧʣʦʩʢʦʩʪʴʶ 

ɼʘʣʝʝ, ʦʛʨʘʥʠʯʝʥʠʝ ʩʨʝʜʥʝʡ ɼʕ ʛʦʣʦʛʨʘʤʤ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʱʝʝ ʥʘ 

ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʜʦʩʪʠʞʠʤʳʭ ʟʥʘʯʝʥʠʡ ʣʦʢʘʣʴʥʦʡ ɼʕ ʧʦ 

ʧʦʣʶ ʛʦʣʦʛʨʘʤʤ, ʘ, ʟʥʘʯʠʪ, ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʸʤʢʦʩʪʠ ʛʦʣʦʛʨʘʤʤ ï ʬʦʨʤʬʘʢʪʦʨ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʘʟʦʚʳʝ ʦʙʲʸʤʥʳʝ ʛʦʣʦʛʨʘʤʤʳ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ ʩʘʤʫʶ ʙʦʣʴʰʫʶ ɼʕ. ʅʠʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣ̫ ʥʠʭ ʩʫʱʝʩʪʚʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʚʝʣʠʯʠʥ r ʜʦʩʪʠʞʠʤʦʡ ɼʕ. ʆʥʦ ʩʚʷʟʘʥʦ ʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʵʪʦʪ ʵʬʬʝʢʪ ʠʩʯʝʟʘʝʪ, ʧʦʵʪʦʤʫ ʥʝ ʩʨʘʟʫ ʙʳʣ ʟʘʤʝʯʝʥ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʂʨʘʪʢʦ ʝʛʦ ʩʫʪʴ ʤʦʞʥʦ ʠʟʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʇʦʩʢʦʣʴʢʫ ʣʦʢʘʣʴʥʘʷ ɼʕ ʧʦ ʧʦʣʶ ʛʦʣʦʛʨʘʤʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʫʙʠʥʦʡ 

ʤʦʜʫʣʷʮʠʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʧʨʝʜʤʝʪʥʦʛʦ ʧʫʯʢʘ a ï ʥʝʩʫʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʦʣʦʛʨʘʬʠʨʫʝʤʦʤ ʦʙʲʝʢʪʝ, ʠ 

ʦʧʦʨʥʦʛʦ ʧʫʯʢʘ ï r, ʘ ʛʣʫʙʠʥʫ ʤʦʜʫʣʷʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʠʜʥʦʩʪʴ, ʪʦ ʬʦʪʦʦʪʢʣʠʢ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʠ ʦʪ ʵʢʩʧʦʟʠʮʠʠ, ʠ ʦʪ 

ʚʠʜʥʦʩʪʠ. ʆʙʘ ʵʪʠʭ ʧʘʨʘʤʝʪʨʘ ʚʣʠʷʶʪ ʥʘ ʚʝʣʠʯʠʥʫ ʬʦʪʦʦʪʢʣʠʢʘ ȹn, ʢʦʪʦʨʳʡ ʜʣʷ 
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ʦʙʲʸʤʥʳʭ ʬʘʟʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʧʦ [1.66] ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʠʭ ʧʨʦʠʟʚʝʜʝʥʠʝ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ (3.3): 

 ( )2~ sin E Vh Ö . (3.3) 

ɿʜʝʩʴ E ï ʵʢʩʧʦʟʠʮʠ ̫ʠ V ï ʚʠʜʥʦʩʪ.ɹ ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʛʦʣʦʛʨʘʤʤ ʧʝʨʠʦʜ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʨʝʰʸʪʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʣʶʙʳʭ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʥʳʭ 

ʨʘʟʤʝʨʦʚ ʥʘ ʛʦʣʦʛʨʘʤʤʝ, ʚ ʪ. ʯ. ʠ ʝʸ ʨʘʟʤʝʨʘ, ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʪʝʭʥʦʣʦʛʠʠ Dot Matrix [3.15]. ɺ ʩʠʣʫ ʵʪʦʛʦ, ʧʦʣʥʘʷ ɼʕ ʪʘʢʠʭ ʛʦʣʦʛʨʘʤʤ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʩʫʤʤʘ ʝʸ ʣʦʢʘʣʴʥʳʭ ɼʕ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3.5, 3.6 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʦʛʣʘ ʙʳ, ʩʦʛʣʘʩʥʦ (3.3), ʠʟʤʝʥʷʪʴʩʷ ɼʕ 

ʧʦ ʨʘʜʠʫʩʫ ʛʦʣʦʛʨʘʤʤʳ (ʚʜʦʣʴ r), ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ŬĀȹn, ʝʩʣʠ ʟʘʧʠʩʳʚʘʶʱʠʝ 

ʧʫʯʢʠ, ʦʙʲʝʢʪʥʳʡ ʠ ʦʧʦʨʥʳʡ, ʨʘʚʥʦʤʝʨʥʳ ʧʦ ʧʦʣʶ. 

 

ʈʠʩʫʥʦʢ 3.5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɖ ʧʦ ʧʦʣʶ ʨʘʚʥʦʤʝʨʥʦ 

ʧʨʦʵʢʩʧʦʥʠʨʦʚʘʥʥʦʡ (ʥʝ ʤʝʥʷʝʪʩʷ ʚʜʦʣʴ r) ʛʦʣʦʛʨʘʤʤʳ ʦʪ ʵʢʩʧʦʟʠʮʠʠ, ʚʳʟʳʚʘʶʱʝʡ ʠʟʤʝʥʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ ȹn ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʝʜʠʥʠʮʘʭ ŬĀȹn 

ʆʯʝʚʠʜʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɖ(ŬĀȹn) ʧʨʠ ʨʘʚʥʦʤʝʨʥʦ ʚʜʦʣʴ r 

ʦʩʚʝʱʸʥʥʦʡ ʛʦʣʦʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ 3.5) ʫʩʣʦʞʥʷʝʪʩʷ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʟʘʩʚʝʪʢʝ 

ʛʦʣʦʛʨʘʤʤ (ʨʠʩʫʥʦʢ 3.6). ʊʘʢ, ʚ ʩʣʫʯʘʝ ʛʘʫʩʩʦʚʳʭ ʧʫʯʢʦʚ, ʢʦʛʜʘ ȹn ʠʟʤʝʥʷʝʪʩʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʠʜʥʦʩʪʠ ʠ ʵʢʩʧʦʟʠʮʠʠ, ʩʤ. [1.135], ʚʦʟʥʠʢʘʝʪ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ 

ʮʝʥʪʨʘʣʴʥʳʝ, ʙʦʣʝʝ ʷʨʢʠʝ, ʯʘʩʪʠ ʛʦʣʦʛʨʘʤʤʳ (ʟʜʝʩʴ r=3) ʵʢʩʧʦʥʠʨʫʶʪʩʷ ʩʠʣʴʥʝʝ. 

ʆʥʠ ʠ ʙʳʩʪʨʝʝ, ʩ ʨʦʩʪʦʤ ȹn, ʧʨʠʭʦʜʷʪ ʢ ʥʘʩʳʱʝʥʠʶ. ɸ ʚʦʪ ʧʝʨʠʬʝʨʠʡʥʳʝ 

ʫʯʘʩʪʢʠ ʛʦʣʦʛʨʘʤʤʳ (ʛʜʝ r ʙʣʠʞʝ ʢ 1 ʠ 4) ʦʪʩʪʘʶʪ. 










































































































































































































































































































































































































































