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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʩʙʦʨʘ ʮʠʬʨʦʚʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʪʝʢʫʱʝʝ ʚʨʝʤʷ 

ʷʚʣʷʝʪʩʷ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ (ʃʉ). ɻʣʘʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʫʩʪʨʦʡʩʪʚ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʯʠʪʘʶʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʚʳʩʦʢʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʪʨʝʭʤʝʨʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʦʪʨʘʞʘʶʱʝʝ ʛʝʦʤʝʪʨʠʶ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʣʘʟʝʨʥʳʝ 

ʩʢʘʥʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʢʦʤʧʘʢʪʥʳʤʠ ʠ ʤʦʙʠʣʴʥʳʤʠ, ʠʭ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ 

ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʳʨʦʩʣʘ ʥʘ ʧʦʨʷʜʦʢ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʷʜʢʦʚ.  

ʃʘʟʝʨʥʳʝ ʩʢʘʥʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʤʠʣʣʠʦʥʳ 

ʠʟʤʝʨʝʥʠʡ ʚ ʩʝʢʫʥʜʫ, ʘ ʨʘʟʤʝʨʳ ʧʦʣʫʯʘʝʤʳʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʛʠʛʘʙʘʡʪ, ʯʪʦ ʧʨʝʜʲʷʚʣʷʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʪʘʢʠʭ ʜʘʥʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʤʝʝʪ ʤʝʩʪʦ 

ʦʯʝʚʠʜʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʃʉ ʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʘ ʨʘʟʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘʧʨʘʚʣʝʥʘ 

ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʃʉ. ʅʘ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʥʘʧʨʠʤʝʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʠʛʦʥʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ, ʩʝʛʤʝʥʪʘʮʠʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ, 

ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʩʙʦʨʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʬʠʣʴʪʨʘʮʠʠ, ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʝʢʮʠʡ ʠ ʪ.ʧ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʯʘʩʪʫʶ ʩʚʷʟʘʥʘ ʩ ʢʦʥʢʨʝʪʥʳʤ 

ʨʘʟʨʘʙʦʪʯʠʢʦʤ/ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʃʉ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʵʪʦʛʦ.  
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ʉʨʝʜʠ ʦʪʢʨʳʪʦʛʦ ʇʆ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʭʚʘʪʢʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʯʝʡ ʨʘʟʤʝʨ ʧʨʝʚʳʰʘʝʪ ʜʦʩʪʫʧʥʫʶ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ (ʆʇ). ʊʘʢ 

ʢʘʢ ʦʙʲʝʤʳ ʜʦʩʪʫʧʥʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ, ʠ ʟʘʯʘʩʪʫʶ ʥʝ 

ʩʧʦʩʦʙʥʳ ʚʤʝʩʪʠʪʴ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʘ ʨʦʩʪ ʦʙʲʝʤʦʚ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʩʪʘʝʪ ʦʪ ʨʦʩʪʘ ʦʙʲʝʤʦʚ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʚʳʟʚʘʥʥʦʛʦ ʨʘʟʚʠʪʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ ʃʉ, ʟʘʜʘʯʘ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʦʙʲʝʤʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʦʢʪʦʜʝʨʝʚʘ ʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʚʳʜʝʣʝʥʠʶ (ʘʣʣʦʢʘʮʠʠ) ʧʘʤʷʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʝʰʠʪʴ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʚʩʝ 

ʚʦʟʨʘʩʪʘʶʱʠʤ ʦʙʲʝʤʦʤ ʜʘʥʥʳʭ ʃʉ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʢʪʦʜʝʨʝʚʦ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʪʨʝʭʤʝʨʥʳʭ 

ʜʘʥʥʳʭ, ʥʘʯʠʥʘʷ ʩ ʤʦʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʝʛʦ ʚ ʥʘʯʘʣʝ 80-ʭ ʛʦʜʦʚ. ɺ ʩʝʨʝʜʠʥʝ 80-

ʭ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʦʯʢʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʠʪʠʚʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʣʷ ʤʦʜʝʣʝʡ ʩ 

ʟʘʤʢʥʫʪʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʧʦʣʫʯʝʥʠʝ ʩʮʝʥ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʭʤʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʦʡ 

ʪʝʭʥʠʢʦʡ, ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʦʡ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʜʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʘʤʷʪʥʠʢʦʚ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ ʠ 

ʛʦʨʦʜʦʚ. ʉʨʝʜʠ ʚʳʜʘʶʱʠʭʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʢʘʟʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʄʠʛʝʨ ɼ., ʃʝʚʦʡ ʄ., ʋʠʪʝʜ ʊ., ʈʫʩʠʥʢʝʚʠʯ ʐ., ʎʚʠʢʝʨ ʄ., ʇʘʫʣʠ ʄ., 

ʅʦʣʣ ʆ., ɻʨʦʩʩ ʄ., ɺʠʪʪʝʨ ɼ. ʉ., ʉʘʤʝʪ ʍ., ʐʠʙʘʫʝʨ ʂ., ʐʫʮ ʄ. 
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ʆʜʥʘʢʦ, ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ, ʚʚʠʜʫ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ʦʙʲʝʤʦʚ ʦʙʣʘʢʦʚ 

ʪʦʯʝʢ, ʚ ʩʠʩʪʝʤʘʭ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʝ ʭʚʘʪʘʝʪ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ (ɺʇ) ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʪʢʨʳʪʳʭ ʧʨʦʛʨʘʤʤʘʭ ʠ ʙʠʙʣʠʦʪʝʢʘʭ 

ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʭ ʨʘʟʤʝʱʝʥʠʝ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʨʝʜʩʪʚ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʘʢʪʫʘʣʴʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʩʨʝʜʩʪʚ ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʩʦʭʨʘʥʠʪʴ ʧʨʠʝʤʣʝʤʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʨʦʩʪʝ ʨʘʟʤʝʨʘ ʦʙʣʘʢʘ, 

ʩʦʢʨʘʪʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʬʘʡʣʦʚʫʶ ʩʠʩʪʝʤʫ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ̫ ʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʦʙʨʘʙʦʪʢʫ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʧʨʠ ʭʨʘʥʝʥʠʠ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʟʘ ʩʯʝʪ ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʠ ʜʦʩʪʫʧʘ ʢ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʥʠʞʘʶʱʠʭ ʧʦʪʨʝʙʣʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ 

ʧʦ ʦʙʣʘʢʫ ʪʦʯʝʢ ʃʉ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʚʢʣʶʯʘʶʱʠʡ ʘʥʘʣʠʟ 

ʤʝʪʦʜʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʠʭ ʜʝʢʦʤʧʦʟʠʮʠʶ ʥʘ ʩʦʩʪʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʮʝʥʪʨʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ, 

ʚʥʝʰʥʝʡ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʟʘ ʩʯʝʪ ʥʦʚʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ. 
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2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʦʙʤʝʥ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. ʌʦʨʤʫʣʠʨʦʚʘʥʠʝ ʛʠʧʦʪʝʟʳ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʟʘʜʘʯ 

ʥʘ ʧʦʩʣʝʜʫʶʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʫʪʦʯʥʝʥʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʜʘʥʥʦʡ 

ʛʠʧʦʪʝʟʝ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦʪʝʟʝ. ʈʘʟʨʘʙʦʪʢʘ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʥʠʤʠ, ʩʠʩʪʝʤʥʳʤ ʇʆ, ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ. 

4. ʇʣʘʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʮʝʣʴʶ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦʪʝʟ.r ʆʧʨʝʜʝʣʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʠ ʨʘʟʨʘʙʦʪʢʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʩʨʘʚʥʝʥʠʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʨʝʘʣʠʟʘʮʠʷʤʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʦʢʪʦʜʝʨʝʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʚʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʩʪʦʨʦʥʥʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʙʠʙʣʠʦʪʝʢʘʭ ʦʙʨʘʙʦʪʢʠ 

ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʙʦʪʫ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʦʙʣʘʢʘ ʪʦʯʝʢ ʃʉ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʠ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʢʪʦʜʝʨʝʚʘ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʠ ʦʨʛʘʥʠʟʘʮʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʙʦʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʫʤʝʥʴʰʝʥʠʝ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ 

ʥʘ ʦʙʤʝʥʳ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʚ ʜʘʥʥʦʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʝʦʨʠʷ 

ʤʥʦʞʝʩʪʚ ʠ ʦʪʥʦʰʝʥʠʡ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʠ ʝʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʘʧʨʦʙʘʮʠʠ ʥʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

1. ʂʦʥʮʝʧʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʵʪʘʧʦʚ, ʤʦʜʠʬʠʢʘʮʠʝʡ ʢʦʪʦʨʳʭ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʳ ʦʙʣʘʢʘ ʪʦʯʝʢ ʤʦʞʥʦ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ. 

2. ɻʠʧʦʪʝʟʘ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʦʙʨʘʱʝʥʠʷ ʢ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʩʧʦʩʦʙʦʚ ʜʦʩʪʫʧʘ, ʨʘʟʤʝʱʝʥʠʷ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʦʢʪʦʜʝʨʝʚʘ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʬʘʡʣʦʚʳʭ ʦʧʝʨʘʮʠʡ ʠ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʝʨʞʝʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʦʡ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ 

ʙʘʟʝ ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʵʪʘʧʳ ʠ ʢʦʤʧʦʥʝʥʪʳ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʧʨʝʜʤʝʪʦʤ 

ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʣʦʞʠʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ, 

ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

3. ʄʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʝʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʠ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ ʘʩʠʥʭʨʦʥʥʦʡ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

ʦʙʲʝʤʘ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ 

ʬʘʡʣʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʦʙʤʝʥʦʚ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 
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4. ʄʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʝʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʠ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʥʝʰʥʶʶ 

ʧʘʤʷʪʴ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʠ 

ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʱʠʡ ʫʩʢʦʨʠʪʴ ʚʳʧʦʣʥʝʥʠʝ 

ʦʧʝʨʘʮʠʡ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʦʢʪʦʜʝʨʝʚʘ ʟʘ ʩʯʝʪ ʢʦʜʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ ʠ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ ʜʦ ʦʜʥʦʛʦ 

ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʦʙʤʝʥʦʚ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ:  

1. ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ, ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʧʦʟʚʦʣʠʚʰʠʝ ʟʘ ʩʯʝʪ ʜʝʢʦʤʧʦʟʠʮʠʠ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚʳʜʝʣʠʪʴ ʦʧʝʨʘʮʠʠ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʩʪʫʧʘ ʢ ʙʣʦʢʘʤ ʜʘʥʥʳʭ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʪʴ ʦʙʨʘʙʦʪʢʫ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʦʜʝʣʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʣ ʧʨʝʜʣʦʞʠʪʴ ʨʷʜ ʤʦʜʠʬʠʢʘʮʠʡ, 

ʧʦʚʳʰʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. 

2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʦʢʪʦʜʝʨʝʚʘ, 

ʠʩʧʦʣʴʟʫʶʱʘʷʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʠʣʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʠ 

ʧʦʟʚʦʣʷʶʱʘʷ ʫʩʢʦʨʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʦʢʪʦʜʝʨʝʚʘ, ʘ 

ʪʘʢʞʝ ʦʪʣʠʯʘʶʱʘʷʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʦʢʪʦʜʝʨʝʚʘ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʛʣʫʙʠʥʳ. 
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3. ʈʘʟʨʘʙʦʪʘʥʳ ʜʚʘ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʥʳʭ 

ʟʘʪʨʘʪ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦʪʝʟʝ ʦ ʠʟʤʝʥʝʥʠʠ ʩʧʦʩʦʙʦʚ ʜʦʩʪʫʧʘ, ʨʘʟʤʝʱʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʦʢʪʦʜʝʨʝʚʘ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ. ʇʝʨʚʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ 

ʘʩʠʥʭʨʦʥʥʫʶ ʩʠʩʪʝʤʫ ʢʝʰʠʨʦʚʘʥʠʷ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʧʨʦʮʝʜʫʨʫ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʠ ʦʪʣʠʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʫʟʣʦʚ 

ʦʢʪʦʜʝʨʝʚʘ ʢ ʦʙʱʝʤʫ ʬʘʡʣʫ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʩʦʟʜʘʚʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʡʣʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝʤ 

ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʦʙʤʝʥ ʜʘʥʥʳʤʠ. ɺʪʦʨʦʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʤʝʭʘʥʠʟʤ 

ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ ʩʦʚʤʝʩʪʥʦ ʩ ʘʣʛʦʨʠʪʤʦʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʣʣʦʢʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʠʤʝʥʷʝʪ ʮʝʣʦʯʠʩʣʝʥʥʫʶ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʦʢʪʦʜʝʨʝʚʘ ʜʣʷ ʫʩʢʦʨʝʥʠʷ 

ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ. ʆʪʣʠʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʚʦ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʩʦʢʨʘʱʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʩʦʟʜʘʚʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʬʘʡʣʦʚ ʜʦ ʦʜʥʦʛʦ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʝʥʠʝʤ ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʦʙʤʝʥ 

ʜʘʥʥʳʤʠ. 

4. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʚ ʩʪʦʨʦʥʥʠʭ 

ʙʠʙʣʠʦʪʝʢʘʭ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʙʦʪʫ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʦʤʠʤʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʷʤʦʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʤʦʚ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʣʣʦʢʘʮʠʠ. ʇʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʘʜʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʨʘʙʦʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʪʦʣʴʢʦ ʚ ʦʩʥʦʚʥʦʡ 

ʧʘʤʷʪʠ ʠ ʜʦʢʘʟʳʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʦʙʣʘʢʦʤ ʪʦʯʝʢ, ʧʨʝʚʳʰʘʶʱʠʤ 

ʦʙʲʝʤʳ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 
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ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, 

ʧʦʟʚʦʣʠʚʰʠʝ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠ ʚʳʜʝʣʠʪʴ ʵʪʘʧʳ ʠ 

ʢʦʤʧʦʥʝʥʪʳ, ʤʦʜʠʬʠʢʘʮʠʷ ʢʦʪʦʨʳʭ ʩ ʫʯʝʪʦʤ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ 

ʢʦʜʠʨʦʚʘʥʠʷ ʜʦʩʪʫʧʘ ʧʦʟʚʦʣʠʣʘ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʜʣʷ ʦʢʪʦʜʝʨʝʚʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʠ ʧʦʜʪʚʝʨʞʜʘʶʱʝʡ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʧʦʜʭʦʜʳ, ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʧʦʟʚʦʣʷʶʪ ʢʨʘʪʥʦ ʩʥʠʟʠʪʴ 

ʧʦʪʨʝʙʣʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʠʧʦʚʳʭ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ 

ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʧʨʠʝʤʣʝʤʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ, 

ʘʧʨʦʙʘʮʠʝʡ ʦʩʥʦʚʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʧʝʯʘʪʥʳʭ ʪʨʫʜʘʭ ʠ 

ʜʦʢʣʘʜʘʭ, ʘ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʥʝʜʨʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ 

ʜʠʩʩʝʨʪʘʮʠʠ. 
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ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ɺʥʝʜʨʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʤʝʪʦʜʦʚ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʌʎʇ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʈʦʩʩʠʠ ʥʘ 2014 - 2020 ʛʦʜʳè ʧʦ ʪʝʤʝ: çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʦʙʨʘʙʦʪʢʝ, ʭʨʘʥʝʥʠʶ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʬʦʪʦʩʲʝʤʢʠè (ʋʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʝʢʪʘ 

RFMEFI58417X0025) ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ ʧʘʨʪʥʝʨʦʤ ʆʆʆ çʕʢʦʩʢʘʥè (ʉʦʛʣʘʰʝʥʠʝ ʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʩʫʙʩʠʜʠʠ ʦʪ 03.10.2017 ʛ. ˉ 14.584.21.0025). ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʨʘʙʦʪʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʠ 

ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʣʘʜʳʚʘʣʠʩʴ 

ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 19th International Conference on Computational Science 

and its Applications, Saint-Petersburg, 2019; XXI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ 

ʤʷʛʢʠʤ ʚʳʯʠʩʣʝʥʠʷʤ ʠ ʠʟʤʝʨʝʥʠʷʤ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2018ʛ.  

ʈʝʰʝʥʠʝ ʘʧʨʦʙʠʨʦʚʘʥʦ ʢʦʤʧʘʥʠʝʡ ʆʆʆ çʕʢʦʉʢʘʥè ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʬʦʪʦʩʲʝʤʢʠ. ʇʨʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʟʘʛʨʫʟʢʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩ ʦʙʣʘʢʘʤʠ ʪʦʯʝʢ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʦʙʨʘʙʦʪʢʫ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʣʘʟʝʨʥʳʭ ʦʪʨʘʞʝʥʠʡ, ʨʘʟʤʝʨ 

ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʜʦʩʪʫʧʥʳʝ ʦʙʲʝʤʳ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

(ʈʀɼ): çʇʨʦʛʨʘʤʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʩʪʨʦʚʳʭ ʧʨʦʝʢʮʠʡè, ˉ2018665901, 11.12.2018; 

çʇʨʦʛʨʘʤʤʘ ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ ʠ ʬʠʣʴʪʨʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢè, ˉ2018666456, 

17.12.2018; çʇʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʝʢʮʠʡ ʦʙʣʘʢʘ ʪʦʯʝʢ, 

ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷè, ˉ 2015617817, 

22.07.2015. 
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ʇʫʙʣʠʢʘʮʠʠ. ɸʚʪʦʨʦʤ ʦʧʫʙʣʠʢʦʚʘʥʦ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 7 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, 

ʩʨʝʜʠ ʥʠʭ 2 ʨʘʙʦʪʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʠʟ ʧʝʨʝʯʥʷ ɺɸʂ ʠ 2 ʨʘʙʦʪʳ, 

ʚʢʣʶʯʝʥʥʳʝ ʚ ʩʠʩʪʝʤʫ ʮʠʪʠʨʦʚʘʥʠʷ Scopus, ʘ ʪʘʢʞʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 7 

ʈʝʟʫʣʴʪʘʪʦʚ ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ɼʝʷʪʝʣʴʥʦʩʪʠ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʦʙʲʝʤʦʤ ʚ 204 

ʤʘʰʠʥʦʧʠʩʥʳʭ ʩʪʨʘʥʠʮ rʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4 ʨʘʟʜʝʣʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 

98 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ, 78 ʠʣʣʶʩʪʨʘʮʠʡ, 

12 ʪʘʙʣʠʮ, 14 ʣʠʩʪʠʥʛʦʚ, 1 ʧʨʠʣʦʞʝʥʠʷ ʠ ʧʨʝʜʤʝʪʥʦʛʦ ʫʢʘʟʘʪʝʣʷ.  

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʨʦʚʦʜʠʪʩʷ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʩʠʩʪʝʤ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ʌʦʨʤʠʨʫʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ 

ʦʙʨʘʱʝʥʠʷ ʢ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʦʙʤʝʥ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʠ ʫʪʦʯʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʜʘʥʥʳʭ ʚ ʦʢʪʦʜʝʨʝʚʝ ʠ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʠ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ. ʇʨʝʜʣʦʞʝʥʳ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʘʣʛʦʨʠʪʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʚʳʧʦʣʥʷʪʴ ʦʙʨʘʙʦʪʢʫ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ 

ʪʦʯʝʢ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʝʣʠ 

ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʦʩʥʦʚʝ ʘʨʠʬʤʝʪʠʢʠ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʠ ʮʝʣʦʯʠʩʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʠ. ʇʨʝʜʣʦʞʝʥʘ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʣʦʯʠʩʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʠ. 
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ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ ʠ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ. 

ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ 

ʢʝʰʠʨʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʲʝʜʠʥʝʥʠʷ ʟʘʧʦʣʥʝʥʥʳʭ ʫʟʣʦʚ ʚ ʦʙʱʠʡ ʬʘʡʣ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ ʚ 

ʦʢʪʦʜʝʨʝʚʝ ʧʨʝʜʣʦʞʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʣʣʦʢʘʮʠʠ ʥʘ 

ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ 

ʪʦʯʝʢ ʩʪʦʨʦʥʥʠʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ 

ʪʦʯʝʢ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʘʣʣʦʢʘʮʠʠ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ ʚ ʩʪʦʨʦʥʥʠʝ 

ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ linux ʩʠʩʪʝʤ. 

ʏʝʪʚʝʨʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʦʢʪʦʜʝʨʝʚʴʝʚ, ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʳʭ ʦʢʪʦʜʝʨʝʚʴʝʚ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʭ ʥʝʜʦʩʪʘʪʢʠ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ. 
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ɻʣʘʚʘ 1. ɸʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ɺ ʛʣʘʚʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʨʦʚʦʜʠʪʩʷ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʩʠʩʪʝʤ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ʌʦʨʤʠʨʫʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ 

ʦʙʨʘʱʝʥʠʷ ʢ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʦʙʤʝʥ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʠ: 

1. ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ 

ʧʦ ʦʙʣʘʢʫ ʪʦʯʝʢ ʃʉ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʚʢʣʶʯʘʶʱʠʡ 

ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʠʭ ʜʝʢʦʤʧʦʟʠʮʠʶ ʥʘ 

ʩʦʩʪʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʙʦʡ, 

ʮʝʥʪʨʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ, ʚʥʝʰʥʝʡ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ ʩ ʮʝʣʴʶ 

ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʟʘ ʩʯʝʪ ʥʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ. 
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2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʦʙʤʝʥ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. ʌʦʨʤʫʣʠʨʦʚʘʥʠʝ 

ʛʠʧʦʪʝʟʳ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠ 

ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʟʘʜʘʯ ʥʘ 

ʧʦʩʣʝʜʫʶʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʫʪʦʯʥʝʥʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʝ. 

1.1. ʇʦʥʷʪʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʃʘʟʝʨʥʳʡ ʩʢʘʥʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

[1], ʧʦʟʚʦʣʷʶʱʫʶ ʚʳʧʦʣʥʷʪʴ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ [2] ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ ʧʦʟʚʦʣʷʶʪ ʦʢʨʘʰʠʚʘʪʴ ʦʙʣʘʢʦ ʪʦʯʝʢ, 

ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʵʪʦʛʦ ʚʩʪʨʦʝʥʥʫʶ ʮʠʬʨʦʚʫʶ ʬʦʪʦʢʘʤʝʨʫ [3]. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ 

ʚʳʜʝʣʷʶʪ ʪʨʠ ʚʠʜʘ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ: ʥʘʟʝʤʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ 

(ʅʃʉ) [4], ʤʦʙʠʣʴʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ (ʄʃʉ) [5], ʚʦʟʜʫʰʥʦʝ ʣʘʟʝʨʥʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ (ɺʃʉ) [6]. ʈʘʟʣʠʯʘʶʪʩʷ ʦʥʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʪʦʜʘʤʠ ʧʨʠʚʷʟʢʠ ʢ 

ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʘ ʪʘʢʞʝ ʪʦʯʥʦʩʪʴʶ ʠ ʧʣʦʪʥʦʩʪʴ  ʁ ʬʠʥʘʣʴʥʦʛʦ 

ʦʙʣʘʢʘ ʪʦʯʝʢ.  

ʅʃʉ ʥʝʟʘʤʝʥʠʤʦ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʷʭ ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʡ (in-door), 

ʪʦʥʥʝʣʝʡ ʧʝʱʝʨ ʠ ʪ.ʜ. ʊʝʭʥʦʣʦʛʠʷ ʅʃʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʤʝʨʥʳʭ 

ʯʝʨʪʝʞʝʡ ʬʘʩʘʜʦʚ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʤʝʩʪʥʦʩʪʠ ʤʘʩʰʪʘʙʘ 1:500 ʠ ʪ.ʜ. ʅʃʉ 

ʧʦʟʚʦʣʷʝʪ ʦʙʩʣʝʜʦʚʘʪʴ ʦʙʲʝʢʪʳ ʨʘʟʤʝʨʦʤ ʜʦ 0,5ï2 ʩʤ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,5ï5 ʤʤ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʅʃʉ ʦʢʦʣʦ 1000ï4000 ʢʚ. ʤ ʧʨʠ ʩʲʝʤʢʝ ʬʘʩʘʜʦʚ ʚ ʤʘʩʰʪʘʙʝ 

1:50 ʜʦ 4ï20 ʛʘ ʧʨʠ ʩʲʝʤʢʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʤʘʩʰʪʘʙʘ 1:500 ʚ ʜʝʥʴ ʠ 

ʥʝʩʢʦʣʴʢʦ ʫʩʪʫʧʘʝʪ ʜʨʫʛʠʤ ʚʠʜʘʤ ʃʉ [7]. 
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ʄʃʉ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʩʲʝʤʢʠ ʤʝʩʪʥʦʩʪʠ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʙʠʣʴʥʳʡ ʣʘʟʝʨʥʳʡ ʩʢʘʥʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʣʘʟʝʨʥʳʭ 

ʩʝʥʩʦʨʦʚ ʠ ʥʝʩʢʦʣʴʢʠʭ ʬʦʪʦʢʘʤʝʨ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ 

ʘʚʪʦʤʦʙʠʣʴ ʠʣʠ ʥʘ ʣʶʙʦʝ ʜʨʫʛʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ (ʥʘʧʨʠʤʝʨ, ʚʦʜʥʦʝ ʩʫʜʥʦ 

ʠʣʠ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ). ɼʣʷ ʧʨʠʚʷʟʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʢ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʙʣʦʢ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʜʚʠʞʫʱʝʡʩʷ ʧʣʘʪʬʦʨʤʝ ʠ ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ɻʅʉʉ (ɻʣʦʙʘʣʴʥʳʝ ʅʘʚʠʛʘʮʠʦʥʥʳʝ ʉʧʫʪʥʠʢʦʚʳʝ ʉʠʩʪʝʤʳ) ʧʨʠʝʤʥʠʢʦʚ ʠ 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʄʃʉ ʥʘ ʩʢʦʨʦʩʪʠ ʜʦ 100 ʢʤ/ʯ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʦʯʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʩʲʝʤʢʠ ʤʘʩʰʪʘʙʘ 1:100-1:200 ʠ ʧʣʦʪʥʦʩʪʴ ʜʦ 4000 

ʪʦʯʝʢ/ʤ2. ʉʨʝʜʥʷʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʜʦ 500 ʧʦʛʦʥʥʳʭ ʢʠʣʦʤʝʪʨʦʚ ʚ ʜʝʥʴ ʧʨʠ 

ʰʠʨʠʥʝ ʧʦʣʦʩʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʲʝʤʢʠ ʜʦ 250 ʤʝʪʨʦʚ [7]. 

ɺʦʟʜʫʰʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ (ɺʃʉ) - ʵʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʤʝʪʦʜ ʩʙʦʨʘ 

ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʥʦʩʪʠ. ɺʃʉ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʣʠʥʝʡʥʳʭ ʠ ʧʣʦʱʘʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʤʘʩʰʪʘʙʘʭ 

1:500ï1:5000 ʩ ʚʦʟʜʫʰʥʳʭ ʥʦʩʠʪʝʣʝʡ (ʩʘʤʦʣʝʪ, ʚʝʨʪʦʣʝʪ, ʘʚʪʦʞʠʨ). ʉʫʪʴ ʤʝʪʦʜʘ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʢʪʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʥʝʡ, ʩ 

ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ (ʣʠʜʘʨʘ, ʦʪ ʘʥʛʣ. LIDaR ð laser indetification, detection 

and ranging), ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʙʦʨʪʫ ʜʚʠʞʫʱʝʛʦʩʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ʉʨʝʜʠ 

ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʤʝʪʠʤ ʩʣʝʜʫʶʱʠʝ: ʧʣʦʪʥʦʩʪʴ ʪʦʯʝʯʥʦʡ ʤʦʜʝʣʠ 

ʤʝʩʪʥʦʩʪʠ ð ʜʦ 15-20 ʪʦʯʝʢ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʤʝʪʨ; ʪʦʯʥʦʩʪʴ ʪʦʯʝʯʥʦʡ ʤʦʜʝʣʠ 

ʤʝʩʪʥʦʩʪʠ ð ʜʦ 5-7 ʩʤ ʧʦ ʚʳʩʦʪʝ ʠ 7-8 ʩʤ ʚ ʧʣʘʥʝ; ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ ʥʘ ʤʝʩʪʥʦʩʪʠ 

(ʜʝʪʘʣʠʟʘʮʠʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʩʦʩʪʘʚʣʷʝʤʳʭ ʧʦ ʥʝʡ ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ) ð ʜʦ 4-5 ʩʤ 

[7]. 

ɼʘʥʥʳʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʣʘʢʦʤ ʪʦʯʝʢ. ʆʙʣʘʢʦ ʪʦʯʝʢ 

- ʵʪʦ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʚ ʪʨʝʭʤʝʨʥʦʤ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʭʤʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ 

ʧʦʚʝʨʭʥʦʩʪʴ ʵʪʦʛʦ ʦʙʲʝʢʪʘ: 
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ὖ ὴȟȣȟὴȢ (1.1) 

ʊʦʯʢʘ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʢʪʦʨ (ʢʦʨʪʝʞ) ʢʦʦʨʜʠʥʘʪ 

(ὥ ), ʥʦʨʤʘʣʝʡ (ὥ ), ʮʚʝʪʘ (ὥ ) ʠ ʧʨʦʯʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʝʡʩʷ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ: 

ὴ ὥ ȟὥ ȟὥ ȟȣ ȟὴᶰὖȟ (1.2) 

ʛʜʝ ὥ ὼȟώȟᾀȟ ʛʜʝ ὼȟώȟᾀ ï ʪʨʝʭʤʝʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ; 

ὥ ὶȟὫȟὦ, ʛʜʝ ὶȟὫȟὦ ï ʢʨʘʩʥʘʷ, ʟʝʣʝʥʘʷ ʠ ʩʠʥʷʷ ʢʦʤʧʦʥʝʥʪʳ ʮʚʝʪʘ; 

ὥ ὲὼȟὲώȟὲᾀȟ ʛʜʝ ὲὼȟὲώȟὲᾀ ï ʢʦʤʧʦʥʝʥʪʳ ʥʦʨʤʘʣʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʙʦʣʝʝ ʤʠʣʣʠʦʥʘ ʪʦʯʝʢ ʚ ʩʝʢʫʥʜʫ [8]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚ 

ʦʙʣʘʢʘʭ ʪʦʯʝʢ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʦʪʝʥ ʤʠʣʣʠʦʥʦʚ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʘʨʜʦʚ. 

ʆʙʨʘʙʦʪʢʘ ʪʘʢʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʃʉ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʠʩʢʫʨʩ ʦ ʨʘʟʚʠʪʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʃʉ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʳʤ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʵʪʦ 

ʟʚʝʥʦ ʷʚʣʷʝʪʩʷ ʣʠʤʠʪʠʨʫʶʱʠʤ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʃʉ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʨʘʙʦʪʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʘʥʥʳʭ ʩʲʝʤʦʯʥʳʭ ʩʠʩʪʝʤ [7].  
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1.2. ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʕʪʘʧʳ ʦʙʨʘʙʦʪʢʠ 

1.2.1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʬʦʨʤʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʟʘʜʘʯʫ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʦʨʤʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʎʝʣʴʶ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʙʫʜʝʪ ʚʳʷʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʬʦʨʤʘʪʦʚ 

ʭʨʘʥʝʥʠʷ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʥʘ ʦʙʨʘʙʦʪʢʝ ʢʦʪʦʨʳʭ ʩʪʦʠʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʬʦʨʤʘʪʳ ʭʨʘʥʝʥʠʷ 

ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʜʝʣʷʪʩʷ ʥʘ ʦʪʢʨʳʪʳʝ ʠ ʧʨʦʧʨʠʝʪʘʨʥʳʝ. ʇʨʦʧʨʠʝʪʘʨʥʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʟʘʢʨʳʪʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ (TerraSolid, Bentley ʠ ʧʨ.), ʚ 

ʩʠʣʫ ʯʝʛʦ ʥʝ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʆʩʥʦʚʥʳʝ ʦʪʢʨʳʪʳʝ ʬʦʨʤʘʪʳ 

ʭʨʘʥʝʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ ʠ 

ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʤʥʦʛʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʩ ʦʙʣʘʢʦʤ ʪʦʯʝʢ.  

ʌʦʨʤʘʪʳ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ, ʨʘʟʤʝʨʘ ʚ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ ʠ ʧʦʜʜʝʨʞʢʠ ʦʩʥʦʚʥʳʭ 

ʘʪʨʠʙʫʪʦʚ ʪʦʯʢʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʆʮʝʥʢʘ ʨʘʟʤʝʨʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʙʫʜʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʫʪʝʤ ʢʦʥʚʝʨʪʘʮʠʠ ʦʜʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʨʘʟʥʳʝ ʬʦʨʤʘʪʳ 

ʭʨʘʥʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʩʦʜʝʨʞʘʱʝʝ 

1 193 056 ʪʦʯʝʢ (ʈʠʩʫʥʦʢ 1.1) ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʨʝʟʫʣʴʪʘʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʲʝʢʪʘ. ɸʪʨʠʙʫʪʳ ʪʦʯʢʠ ʦʙʣʘʢʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʦʦʨʜʠʥʘʪʫ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ. 
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ʈʠʩʫʥʦʢ 1.1 - ʆʙʣʘʢʦ ʪʦʯʝʢ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʬʘʡʣʦʚ 

 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʬʦʨʤʘʪʳ ʭʨʘʥʝʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ. 

ASCII (American Standard Code for Information Interchange) point cloud 

(xyz). ʆʙʱʠʡ ʬʦʨʤʘʪ ʬʘʡʣʦʚ ʪʦʯʝʯʥʳʭ ʦʙʣʘʢʦʚ, ʛʜʝ ʜʘʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭʤʝʨʥʳʭ ʢʦʦʨʜʠʥʘʪ (ʊʘʙʣʠʮʘ 1.1).  

ʊʘʙʣʠʮʘ 1.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʘʪʘ ASCII point cloud 

ʂʘʪʝʛʦʨʠʷ ʆʧʠʩʘʥʠʝ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʉʨʝʜʥʷʷ 

ʌʦʨʤʘʪ ʊʝʢʩʪʦʚʳʡ 

ʈʘʟʤʝʨ ʬʘʡʣʘ 65 116 ʂʙʘʡʪ 

ʇʦʜʜʝʨʞʢʘ ʘʪʨʠʙʫʪʦʚ 

ʪʦʯʢʠ 

ʆʙʱʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʧʦʵʪʦʤʫ ʩʦʜʝʨʞʠʤʦʝ 

ʬʘʡʣʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ 

LASer (LAS) [9]. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʬʦʨʤʘʪ ʭʨʘʥʝʥʠʷ ʦʙʣʘʢʘ 

ʪʦʯʝʢ. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʨʘʙʦʪʫ ʩ ʦʙʣʘʢʦʤ ʪʦʯʝʢ (ʊʘʙʣʠʮʘ 1.2).  
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ʊʘʙʣʠʮʘ 1.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʘʪʘ LAS 

ʂʘʪʝʛʦʨʠʷ ʆʧʠʩʘʥʠʝ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ɺʳʩʦʢʘʷ 

ʌʦʨʤʘʪ ɹʠʥʘʨʥʳʡ 

ʈʘʟʤʝʨ ʬʘʡʣʘ 30 293 ʂʙʘʡʪ (46% ʦʪ ʨʘʟʤʝʨʘ ASCII point cloud) 

ʇʦʜʜʝʨʞʢʘ ʘʪʨʠʙʫʪʦʚ 

ʪʦʯʢʠ 

ʇʦʜʜʝʨʞʠʚʘʝʪ ʢʘʢ ʤʥʦʞʝʩʪʚʦ ʚʩʪʨʦʝʥʥʳʭ ʪʠʧʦʚ 

ʘʪʨʠʙʫʪʦʚ, ʪʘʢ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʷʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ. ʉʨʝʜʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʘʪʨʠʙʫʪʦʚ: 10 

ʦʙʱʠʭ ʢʣʘʩʩʦʚ ʪʦʯʝʢ ʠ ʘʪʨʠʙʫʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ 

ʢʦʦʨʜʠʥʘʪʫ ʪʦʯʢʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʨʘʞʝʥʠʡ, ʢʣʘʩʩ ʠ ʧʨ.  

 

Compressed Las (LAZ) [10]. ɺʘʨʠʘʥʪ ʬʦʨʤʘʪʘ LAS, ʧʦʣʫʯʘʝʤʳʡ ʧʫʪʝʤ 

ʩʞʘʪʠʷ ʙʝʟ ʧʦʪʝʨʴ ʦʨʠʛʠʥʘʣʴʥʦʛʦ LAS ʬʘʡʣʘ (ʊʘʙʣʠʮʘ 1.3).  

ʊʘʙʣʠʮʘ 1.3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʘʪʘ LAZ 

ʂʘʪʝʛʦʨʠʷ ʆʧʠʩʘʥʠʝ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ɺʳʩʦʢʘʷ 

ʌʦʨʤʘʪ ɹʠʥʘʨʥʳʡ 

ʈʘʟʤʝʨ ʬʘʡʣʘ 13 226 ʂʙʘʡʪ (20% ʦʪ ʨʘʟʤʝʨʘ ASCII point cloud) 

ʇʦʜʜʝʨʞʢʘ ʘʪʨʠʙʫʪʦʚ 

ʪʦʯʢʠ 

ʇʦʜʜʝʨʞʠʚʘʝʪ ʪʝ ʞʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʯʪʦ ʠ ʦʨʠʛʠʥʘʣʴʥʳʡ 

ʬʦʨʤʘʪ LAS 

 

Point Cloud Data (PCD) [11]. ʌʦʨʤʘʪ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ 

ʙʠʙʣʠʦʪʝʢʝ Point Cloud Library (PCL) [12]. ʄʦʞʝʪ ʙʳʪʴ ʢʘʢ ʪʝʢʩʪʦʚʳʤ, ʪʘʢ ʠ 

ʙʠʥʘʨʥʳʤ (ʊʘʙʣʠʮʘ 1.4). ɺ ʙʠʥʘʨʥʦʡ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʥʫʶ ʢʦʧʠʶ 

ʦʙʣʘʢʘ ʪʦʯʝʢ, ʭʨʘʥʠʤʦʛʦ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ (ʟʘ ʩʯʝʪ ʯʝʛʦ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʟʘʛʨʫʞʝʥ). 
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ʊʘʙʣʠʮʘ 1.4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʘʪʘ PCD 

ʂʘʪʝʛʦʨʠʷ ʆʧʠʩʘʥʠʝ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʅʠʟʢʘʷ 

ʌʦʨʤʘʪ ʊʝʢʩʪʦʚʳʡ / ɹʠʥʘʨʥʳʡ 

ʈʘʟʤʝʨ ʬʘʡʣʘ 23 303 ʂʙʘʡʪ (35% ʦʪ ʨʘʟʤʝʨʘ ASCII point cloud) 

ʇʦʜʜʝʨʞʢʘ ʘʪʨʠʙʫʪʦʚ 

ʪʦʯʢʠ 

ʇʦʜʜʝʨʞʠʚʘʝʪ ʩʪʘʥʜʘʨʪʥʳʝ ʪʠʧʳ ʜʘʥʥʳʭ (char, short, int, 

float, double) ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʢʣʘʨʠʨʦʚʘʪʴ 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʥʘʙʦʨ ʘʪʨʠʙʫʪʦʚ ʚ ʟʘʛʦʣʦʚʢʝ ʬʘʡʣʘ 

 

E57 [13]. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʡ ʬʦʨʤʘʪ ʭʨʘʥʝʥʠʷ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʧʦʣʥʷʪʴ ʭʨʘʥʝʥʠʝ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʤʝʪʘʜʘʥʥʳʭ 

(ʊʘʙʣʠʮʘ 1.5). ʇʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʥʘʙʦʨ ʙʠʥʘʨʥʳʭ ʩʝʢʮʠʡ ʩ ʜʘʥʥʳʤʠ ʠ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠʭ ʧʨʠ ʧʦʤʦʱʠ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʥʘ Extensible Markup 

Language (XML ). 

ʊʘʙʣʠʮʘ 1.5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʘʪʘ E57 

ʂʘʪʝʛʦʨʠʷ ʆʧʠʩʘʥʠʝ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʉʨʝʜʥʷʷ 

ʌʦʨʤʘʪ ɹʠʥʘʨʥʳʡ ʩ ʪʝʢʩʪʦʚʦʡ (XML) ʯʘʩʪʴʶ 

ʈʘʟʤʝʨ ʬʘʡʣʘ 17 555 ʂʙʘʡʪ (26% ʦʪ ʨʘʟʤʝʨʘ ASCII point cloud) 

ʇʦʜʜʝʨʞʢʘ 

ʘʪʨʠʙʫʪʦʚ ʪʦʯʢʠ 

ʇʦʜʜʝʨʞʠʚʘʝʪ ʩʪʘʥʜʘʨʪʥʳʝ ʪʠʧʳ ʜʘʥʥʳʭ (integer, float, 

string), ʨʘʩʰʠʨʝʥʥʳʝ ʪʠʧʳ ʜʘʥʥʳʭ (scaled integer), 

ʙʠʥʘʨʥʳʝ ʜʘʥʥʳʝ (blob) ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʢʣʘʨʠʨʦʚʘʪʴ 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʥʘʙʦʨ ʘʪʨʠʙʫʪʦʚ ʚ ʟʘʛʦʣʦʚʢʝ ʬʘʡʣʘ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʟʘʛʨʫʟʢʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʘʪ 

LAS, ʢʘʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ. ɼʨʫʛʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʢʘʯʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʬʦʨʤʘʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ 

ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʜʩʪʚʝʥʥʦʛʦ 

ʬʦʨʤʘʪʘ LAZ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʠʩʭʦʜʥʦʤ ʢʦʜʝ. 
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1.2.2. ʕʪʘʧʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʨʷʜ ʵʪʘʧʦʚ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ, ʜʨʫʛʠʝ ʪʨʝʙʫʶʪ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʦʧʝʨʘʪʦʨʘ. ʉʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʵʪʘʧʦʚ 

ʪʘʢʞʝ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ ʜʣʷ ʥʘʟʝʤʥʦʛʦ, ʤʦʙʠʣʴʥʦʛʦ ʠ ʚʦʟʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, 

ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ. ʅʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʪʜʝʣʴʥʳʡ ʥʘʙʦʨ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʦʙʱʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʘʧʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʚʳʜʝʣʠʤ ʵʪʘʧʳ ʧʦʜʛʦʪʦʚʢʠ ʢ ʩʲʝʤʢʝ, ʩʲʝʤʢʠ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʉʥʘʯʘʣʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʩʲʝʤʢʠ. ʅʘ ʵʪʘʧʝ 

ʩʲʝʤʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʘʣʠʙʨʦʚʢʘ, ʩʲʝʤ ʜʘʥʥʳʭ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ɻʅʉʉ, 

ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʅʘ ʵʪʘʧʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʦʚʤʝʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʥʝʨʮʠʘʣʴʥʳʭ 

ʠ ɻʅʉʉ ʜʘʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ, ʫʨʘʚʥʠʚʘʥʠʝ ʦʙʣʘʢʦʚ, ʫʩʪʨʘʥʝʥʠʝ 

ʬʣʫʢʪʫʘʮʠʡ [14]. ɼʘʥʥʳʝ ʵʪʘʧʳ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʧʨʠʝʪʘʨʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʚ ʩʠʣʫ 

ʯʝʛʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʚʥʝʩʝʥʠʝ ʚ ʥʠʭ ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʚʳʜʝʣʠʤ ʵʪʘʧ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠ ʵʪʘʧ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʅʘ ʵʪʘʧʝ 

ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʫʟʢʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʬʦʨʤʘʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʘ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʩʪʨʫʢʪʫʨ ʨʘʟʙʠʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʫʩʢʦʨʷʶʱʠʭ ʦʧʝʨʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ. ʅʘ ʵʪʘʧʝ 

ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʢ ʟʘʛʨʫʞʝʥʥʦʤʫ ʦʙʣʘʢʫ ʪʦʯʝʢ ʠ ʧʦʩʪʨʦʝʥʥʳʤ 

ʩʪʨʫʢʪʫʨʘʤ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʚʢʣʶʯʘʶʱʠʭ ʘʣʛʦʨʠʪʤʳ 

ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʦʚ, ʧʨʦʨʝʞʠʚʘʥʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʧʨʦʯʠʭ.  
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʪʘʧ ʧʨʝʜʦʙʨʘʙʦʪʢʠ 

ʦʙʣʘʢʘ ʪʦʯʝʢ, ʥʘ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʪʘʢʞʝ ʵʪʘʧ ʦʙʨʘʙʦʪʢʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʨʘʟʙʠʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

ʄʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʃʉ ʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʘʤʷʪʠ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ (ʈʠʩʫʥʦʢ 

1.2). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʦʨʛʘʥʠʟʘʮʠʷ ʚʳʙʦʨʢʠ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʘ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʩʪʨʫʢʪʫʨ ʨʘʟʙʠʝʥʠʷ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʢʦʨʝʥʠʷ 

ʦʧʝʨʘʮʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ), ʪʘʢ ʠ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʚʳʙʦʨʢʠ 

ʜʘʥʥʳʭ ʠʟ ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ. ɼʘʣʝʝ ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʚʳʙʦʨʢʘ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʜʝʣʷʝʪʩʷ ʫʯʝʪʫ ʚʦʟʤʦʞʥʦʩʪʠ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʦʢʪʦʜʝʨʝʚʘ ʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʦʠʩʢʫ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ. 

 

ʈʠʩʫʥʦʢ 1.2 - ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 
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1.3. ʇʨʠʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʦʧʝʨʘʮʠʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ 

1.3.1. ʇʨʠʤʝʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ 

ɺ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʪʦʯʢʠ ʚ ʦʙʣʘʢʝ ʠʟʥʘʯʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʳ ʨʷʜʦʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʘʝʢʪʦʨʠʝʡ ʣʫʯʘ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ, 

ʧʨʝʜʩʢʘʟʘʪʴ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ: ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ 

ʚ ʦʙʣʘʢʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʦ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʝʨʘʮʠʡ 

ʩʦʚʤʝʱʝʥʠʷ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʣʘʢʦ 

ʪʦʯʝʢ ʷʚʣʷʝʪʩʷ ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʘʥʥʳʭ.  

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʘ ʪʦʯʝʢ (ʧʨʦʨʝʞʠʚʘʥʠʠ, ʬʠʣʴʪʨʘʮʠʠ, ʚʠʟʫʘʣʠʟʘʮʠʠ, 

ʚʳʯʠʩʣʝʥʠʶ ʥʦʨʤʘʣʝʡ ʠ ʪ.ʧ.) ʦʙʳʯʥʦ ʪʨʝʙʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ. ʊʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʧʝʨʘʮʠʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ, ʥʘʧʨʠʤʝʨ: ʧʦʠʩʢ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ï ʧʦʠʩʢ N 

ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʠʣʠ ʩʦʩʝʜʝʡ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʜʠʫʩʝ [15]; ʧʦʠʩʢ ʪʦʯʝʢ ʚ 

ʟʘʜʘʥʥʦʤ ʦʙʲʝʤʝ ï ʦʙʲʝʤ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʠʛʫʨʦʡ, ʥʦ ʦʙʳʯʥʦ ʵʪʦ 

ʩʬʝʨʘ, ʢʫʙ ʠʣʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ. 

ɺ ʦʙʣʘʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʤʘʩʩʠʚʦʤ ʪʦʯʝʢ, ʦʧʝʨʘʮʠʠ 

ʧʦʠʩʢʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʨʝʙʫʶʪ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʪʦ ʝʩʪʴ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ὕὲ  [16]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʘʚʜʘʥ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʧʦʠʩʢʘ ʥʝʚʝʣʠʢʦ, ʥʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠ ̫

ʦʧʝʨʘʮʠʡ ʧʦʠʩʢʘ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʚ ʦʙʣʘʢʝ ʩʣʦʞʥʦʩʪʴ ʧʦʜʦʙʥʦʡ ʦʧʝʨʘʮʠʠ 

ʩʪʘʥʦʚʠʪʩʷ ὕὲ , ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ. 
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ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʦʜʦʙʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʝ ʦʙʲʝʤ, ʟʘʥʠʤʘʝʤʳʡ ʦʙʣʘʢʦʤ ʪʦʯʝʢ, ʚ ʚʠʜʝ ʥʘʙʦʨʘ 

ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʘʞʜʫʶ ʪʦʯʢʫ ʚ 

ʦʙʣʘʢʝ ʢʘʢ ʧʨʠʥʘʜʣʝʞʘʱʫʶ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʦʙʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʠʩʢ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʦ 

ʩʤʝʞʥʦʩʪʠ ʦʙʣʘʩʪʝʡ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴ ʙʦʣʝʝ ʙʳʩʪʨʫʶ ʧʨʦʚʝʨʢʫ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʢʨʠʪʝʨʠʷʤ ʧʦʠʩʢʘ ʜʣʷ ʛʨʫʧʧ ʪʦʯʝʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʣʦʞʥʦʩʪʴ ʧʦʠʩʢʘ ʜʦ 

ὕÌÏÇὲ [16]. ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ ʧʦʜʦʙʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʦʡ ʨʘʟʙʠʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ [17].  

1.3.2. ʉʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʉʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʠʝʨʘʨʭʠʯʝʩʢʠʤʠ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʠʣʠ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ) ʨʘʟʜʝʣʝʥʦ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʦʙʣʘʩʪʝʡ, ʘ ʟʘʪʝʤ ʦʜʥʘ ʠ ʪʘ ʞʝ ʩʭʝʤʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʨʝʢʫʨʩʠʚʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʢʘʞʜʦʡ ʠʟ ʩʦʟʜʘʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʣʘʩʪʝʡ. ʆʙʣʘʩʪʠ ʤʦʛʫʪ ʙʳʪʴ 

ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʜʝʨʝʚʘ, ʥʘʟʳʚʘʝʤʦʛʦ ʜʝʨʝʚʦʤ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʘ ʨʘʟʙʠʝʥʠʷ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʢʘʢ ʠʥʜʝʢʩʘʮʠʶ, 

ʪʘʢ ʠ ʭʨʘʥʝʥʠʝ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʅʝʢʦʪʦʨʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʩʧʝʮʠʘʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʚʳʙʦʨʦʢ, ʘ ʥʝʢʦʪʦʨʳʝ ʥʝ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʧʝʮʠʬʠʯʥʳʝ ʚʠʜʳ ʧʦʠʩʢʘ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ 

ʢʣʘʩʩʘ [18]: 

- ʋʧʨʘʚʣʷʝʤʳʝ ʧʨʦʩʪʨʘʥʩʪʚʦʤ (space-driven); 

- ʋʧʨʘʚʣʷʝʤʳʝ ʜʘʥʥʳʤʠ (data-driven). 

ʆʪʣʠʯʠʝ ʤʝʞʜʫ ʧʨʠʚʝʜʝʥʥʳʤʠ ʢʣʘʩʩʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʚ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʙʠʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʜʘʥʥʳʭ, ʚʦ ʚʪʦʨʦʤ ï ʨʘʟʙʠʝʥʠʝ ʜʘʥʥʳʭ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʥʠʤʘʝʤʳʭ ʨʝʛʠʦʥʦʚ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 
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ʉʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ, ʫʧʨʘʚʣʷʝʤʳʝ ʜʘʥʥʳʤʠ, ʦʙʳʯʥʦ ʪʨʝʙʫʶʪ ʤʝʥʴʰʝ 

ʧʘʤʷʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ, ʦʜʥʘʢʦ ʦʯʝʥʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʶʪ ʧʝʨʝʩʪʨʦʡʢʠ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʜʘʥʥʳʭ.  

ʉʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ, ʫʧʨʘʚʣʷʝʤʳʝ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʠʟʤʝʥʝʥʠʶ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ 

ʚʪʦʨʠʯʥʦʡ ʩʠʩʪʝʤʦʡ ʭʨʘʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʨʘʟʙʠʝʥʠʝ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʠʜʝʥʪʠʯʥʦ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʩʦʭʨʘʥʝʥʠʝ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ.  

1.3.3. ʊʘʡʣʦʚʳʡ ʤʘʩʩʠʚ 

ʊʘʡʣʦʚʳʡ ʤʘʩʩʠʚ ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʨʫʢʪʫʨʘʤ ʨʘʟʙʠʝʥʠʷ, ʫʧʨʘʚʣʷʝʤʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʚ ʩʠʣʫ ʯʝʛʦ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ. ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʣʶʙʦʡ ʨʘʟʤʝʨʥʦʩʪʠ: ʚ ʦʜʥʦʤʝʨʥʦʤ 

ʩʣʫʯʘʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʥʘʙʦʨ ʠʥʪʝʨʚʘʣʦʚ, ʚ ʜʚʫʤʝʨʥʦʤ ï 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ, ʚ ʪʨʝʭʤʝʨʥʦʤ ï ʢʫʙʦʚ. ʊʘʡʣʦʚʳʡ ʤʘʩʩʠʚ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚ ʟʘʜʘʯʘʭ ʚʠʟʫʘʣʠʟʘʮʠʠ [19]. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʫʤʝʨʥʳʡ ʩʣʫʯʘʡ. ʇʫʩʪʴ ʜʘʥʦ ʠʩʭʦʜʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʚ 

ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʩʪʨʦʠʤ ʦʧʠʩʳʚʘʶʱʠʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʵʪʦʛʦ ʦʙʣʘʢʘ 

ʪʦʯʝʢ (ʈʠʩʫʥʦʢ 1.3).  
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ʈʠʩʫʥʦʢ 1.3 - ʆʧʠʩʳʚʘʶʱʠʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ 

ɼʣʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩʦʟʜʘʜʠʤ ʜʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ ʷʯʝʝʢ 

(ʈʠʩʫʥʦʢ 1.4).  

 

 

ʈʠʩʫʥʦʢ 1.4 - ɼʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ ʷʯʝʝʢ 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʦʧʝʨʘʮʠʶ ʧʦʠʩʢʘ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʜʣʷ 

ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ. ɼʣʷ ʧʦʠʩʢʘ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʪʦʯʢʠ p ʥʝʦʙʭʦʜʠʤʦ 

ʩʥʘʯʘʣʘ ʥʘʡʪʠ ʷʯʝʡʢʫ, ʚ ʢʦʪʦʨʦʡ ʵʪʘ ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ. ɽʩʣʠ ʚ ʵʪʦʡ ʷʯʝʡʢʝ ʥʘʭʦʜʷʪʩʷ 

ʜʨʫʛʠʝ ʪʦʯʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʜʣʷ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ, ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ. ʀʥʘʯʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʪʦʨʠʪʴ ʧʨʦʮʝʜʫʨʫ ʜʣʷ ʩʦʩʝʜʝʡ 

ʜʘʥʥʦʡ ʷʯʝʡʢʠ (ʈʠʩʫʥʦʢ 1.5). 
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ʈʠʩʫʥʦʢ 1.5 - ʇʦʠʩʢ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʣʦʭʦ ʩʝʙʷ ʧʦʢʘʟʳʚʘʝʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

(ʈʠʩʫʥʦʢ 1.6): ʢʦʛʜʘ ʚʳʙʨʘʥʘ ʩʣʠʰʢʦʤ ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ ʩʝʪʢʠ ʠ ʧʨʠʭʦʜʠʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʴ ʩʨʘʚʥʝʥʠʝ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʪʦʯʝʢ ʚ ʷʯʝʡʢʝ 

(ʘ); ʢʦʛʜʘ ʠʩʢʦʤʳʝ ʪʦʯʢʠ ʥʘʭʦʜʷʪʩʷ ʩʣʠʰʢʦʤ ʜʘʣʝʢʦ ʠ ʧʨʠʭʦʜʠʪʩʷ ʧʝʨʝʙʠʨʘʪʴ 

ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʷʯʝʝʢ (ʙ) ʠ ʢʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʩʝʪʢʠ ʠʟʙʳʪʦʯʥʘ (ʚ). 

 

ʈʠʩʫʥʦʢ 1.6 - ʅʝʜʦʩʪʘʪʢʠ ʘʣʛʦʨʠʪʤʘ: ʘ - ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʝʪʢʠ, ʙ - ʩʦʩʝʜʠ 

ʩʣʠʰʢʦʤ ʜʘʣʝʢʦ, ʚ - ʠʟʙʳʪʦʯʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʝʪʢʠ 

ʇʦʤʠʤʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ 

ʧʘʤʷʪʠ: ʟʘʯʘʩʪʫʶ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʩʝʭ ʷʯʝʝʢ ʪʨʝʙʫʝʪʩʷ ʧʘʤʷʪʠ ʙʦʣʴʰʝ, ʯʝʤ 

ʧʦʪʨʝʙʣʷʝʪ ʠʩʭʦʜʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ. 
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1.3.4. ʂ-ʤʝʨʥʦʝ ʜʝʨʝʚʦ 

ʂ-ʤʝʨʥʦʝ ʜʝʨʝʚʦ (k-dimension tree, kd-tree) [20] - ʵʪʦ ʜʚʦʠʯʥʦʝ ʜʝʨʝʚʦ, ʚ 

ʢʦʪʦʨʦʤ ʨʘʟʙʠʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʨʝʢʫʨʩʠʚʥʦʛʦ ʧʦʜʨʘʟʙʠʝʥʠʷ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʣʦʩʢʦʩʪʷʤʠ ʥʘ ʜʚʝ ʯʘʩʪʠ. ʂʘʞʜʳʡ ʥʝ ʣʠʩʪʦʚʦʡ ʫʟʝʣ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʣʦʩʢʦʩʪʴ, ʜʝʣʷʱʫʶ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʜʚʘ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʊʦʯʢʠ ʩʣʝʚʘ ʦʪ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʣʝʚʦʝ ʧʦʜʜʝʨʝʚʦ ʵʪʦʛʦ ʫʟʣʘ, ʘ ʪʦʯʢʠ 

ʩʧʨʘʚʘ ʦʪ ʧʣʦʩʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʘʚʳʤ ʧʦʜʜʝʨʝʚʦʤ. ʂ-ʤʝʨʥʦʝ ʜʝʨʝʚʦ ʦʪʥʦʩʠʪʩʷ 

ʢ ʩʪʨʫʢʪʫʨʘʤ ʨʘʟʙʠʝʥʠʷ, ʫʧʨʘʚʣʷʝʤʳʤ ʜʘʥʥʳʤʠ (data-driven), ʚ ʩʠʣʫ ʯʝʛʦ ʦʯʝʥʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ ʧʘʤʷʪʠ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʪʦʜʝʨʝʚʦʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ k-ʤʝʨʥʦʛʦ ʜʝʨʝʚʘ ʜʣʷ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʣʘʢʘ 

ʪʦʯʝʢ (k=3). ʇʫʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʢʦ ʪʦʯʝʢ ὖȟȿὖȿ ὲ. ʂ-ʤʝʨʥʦʝ ʜʝʨʝʚʦ ʜʣʷ ὖ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ, ʢʦʪʦʨʦʝ ʨʝʢʫʨʩʠʚʥʦ ʨʘʟʙʠʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ, 

ʟʘʥʠʤʘʝʤʦʝ ὖ. ʂʦʨʝʥʴ ʜʝʨʝʚʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʛʨʘʥʠʯʠʚʘʶʱʝʤʫ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʫ 

(Axis-Aligned Bounding Box, AABB) ʦʙʣʘʢʘ ʪʦʯʝʢ ὖ. ɺʥʫʪʨʝʥʥʠʝ ʫʟʣʳ ʜʝʨʝʚʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʦʩʢʦʩʪʠ ίȟ, ʢʦʪʦʨʳʝ ʨʝʢʫʨʩʠʚʥʦ ʨʘʟʙʠʚʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ. ʃʠʩʪʴʷ ʩʦʜʝʨʞʘʪ ʠʥʜʝʢʩʳ ʚʩʝʭ ʪʦʯʝʢ, 

ʧʦʧʘʜʘʶʱʠʭ ʚ ʦʧʨʝʜʝʣʷʝʤʳʡ ʠʤʠ ʦʙʲʝʤ. ʇʨʠʤʝʨʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ k-

ʤʝʨʥʦʛʦ ʜʝʨʝʚʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʣʠʩʪʠʥʛʝ 1.1. 

ʃʠʩʪʠʥʛ 1.1 - ʈʝʢʫʨʩʠʚʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʢ-ʤʝʨʥʦʛʦ ʜʝʨʝʚʘ 

// ʇʨʠʥʠʤʘʝʪ ʥʘ ʚʭʦʜ ʤʘʩʩʠʚ ʪʦʯʝʢ (P) ʠ ʠʭ AABB (V) 

// ɺʦʟʚʨʘʱʘʝʪ ʚʥʫʪʨʝʥʥʠʡ ʫʟʝʣ ʜʝʨʝʚʘ (Node) ʠʣʠ ʣʠʩʪ (LeafNode) 

Node* BuildTreeNode(Points P[], AABB  V) 

{  

  if (ShouldFinish(P, V)) // ʇʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ʦʩʪʘʥʦʚʢʠ ʨʘʟʙʠʝʥʠʷ 

      return new LeafNode(P); 

  s = FindPlane(P, V); // ʇʦʠʩʢ ʧʦʜʭʦʜʷʱʝʡ ʧʣʦʩʢʦʩʪʠ s ʜʣʷ ʨʘʟʙʠʝʥʠʷ P 

  (ὠ,ὠ) = Split V with s; 

  ὖ ὴɴ  ὖ ȿ ὴ᷊ ὠ ᶮ 

  ὖ ὴɴ  ὖ ȿ ὴ᷊ ὠ ᶮ  

  return new Node(s, BuildTreeNode(ὖ,ὠ), BuildTreeNode(ὖ,ὠ)); 

}  

// ɺʦʟʚʨʘʱʘʝʪ ʢʦʨʥʝʚʦʡ ʫʟʝʣ ʜʝʨʝʚʘ 

Node* BuildTree(Points P[])  

{  
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  V  = GetAABB(P); // ɺʳʯʠʩʣʝʥʠʝ / ʇʦʣʫʯʝʥʠʝ AABB 

  return BuildTreeNode(P, V); 

}  

 

ʆʙʳʯʥʦ ʛʣʘʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ k-ʤʝʨʥʦʛʦ ʜʝʨʝʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʧʣʦʩʢʦʩʪʠ ʨʘʟʙʠʝʥʠʷ ί ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʨʥʦʛʦ ʢʨʠʪʝʨʠʷ 

ʦʩʪʘʥʦʚʢʠ ʨʝʢʫʨʩʠʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʙʠʝʥʠʝ 

ʧʦ ʤʝʜʠʘʥʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʩʴ ʨʘʟʙʠʝʥʠʷ ὥ ʚʳʙʠʨʘʝʪʩʷ ʮʠʢʣʠʯʝʩʢʠ, ʘ ʧʣʦʩʢʦʩʪʴ 

ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʝʜʠʘʥʝ V ʧʦ ʦʩʠ ʘ: 

ὥ Ὀὠ άέὨ σȟί
ὠ ὠ

ς
ὠ ȟ 

(1.3) 

ʛʜʝ Ὀὠ ï ʪʝʢʫʱʘʷ ʛʣʫʙʠʥʘ ʨʘʟʙʠʝʥʠʷ.  

ʈʘʟʙʠʝʥʠʝ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʥʝ ʫʧʘʜʝʪ 

ʥʠʞʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʨʦʛʘ ὑ  ʠʣʠ ʧʦʢʘ ʛʣʫʙʠʥʘ ʨʘʟʙʠʝʥʠʷ ʥʝ ʜʦʩʪʠʛʥʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʳ ὑ : 

ὛὬέόὰὨὊὭὲὭίὬὖȟὠ ȿὖȿ ὑ Ὀ᷉ὠ ὑ Ȣ (1.4) 

1.3.5. ʆʢʪʦʜʝʨʝʚʦ 

ʆʢʪʘʨʥʳʝ ʜʝʨʝʚʴʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʦʚ ʪʦʯʝʢ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʨʘʩʧʦʟʥʘʚʘʥʠʝ 

ʦʙʲʝʢʪʦʚ [21ï23], ʩʝʛʤʝʥʪʘʮʠʷ [24; 25], ʚʳʜʝʣʝʥʠʝ ʧʨʠʤʠʪʠʚʦʚ [26], ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ [27], ʨʘʩʯʝʪ ʥʦʨʤʘʣʝʡ [28] ʠ ʧʨ. 

ʉʪʨʫʢʪʫʨʘ ʦʢʪʦʜʝʨʝʚʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.7. ʋʟʝʣ ʦʢʪʦʜʝʨʝʚʘ ʭʨʘʥʠʪ ʚ 

ʩʝʙʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʩʴʤʠ ʧʦʪʦʤʢʘʭ, ʘ ʪʘʢʞʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ ʠʣʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 

(ʥʘʧʨʠʤʝʨ, ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʘ, ʝʛʦ ʨʘʟʤʝʨ, ʫʨʦʚʝʥʴ ʠ ʪ.ʧ.). ʃʠʩʪʴʷ ʦʢʪʦʜʝʨʝʚʘ ʭʨʘʥʷʪ 

ʚ ʩʝʙʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʯʢʘʭ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʚ ʷʯʝʡʢʫ ʢʦʥʢʨʝʪʥʦʛʦ ʣʠʩʪʘ ʥʘ 

ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʙʠʝʥʠʷ. ʃʠʩʪʴʷ ʪʘʢʞʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ [29]. 
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ʈʠʩʫʥʦʢ 1.7 - ʉʪʨʫʢʪʫʨʘ ʦʢʪʦʜʝʨʝʚʘ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʢʪʦʜʝʨʝʚʘ ʧʨʦʠʟʚʦʜʷʪ ʧʨʠ ʧʦʤʦʱʠ ʨʝʢʫʨʩʠʚʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ 

ʪʦʯʝʢ, ʥʘʯʠʥʘʷ ʩ ʢʦʨʥʝʚʦʛʦ ʫʟʣʘ. ʅʘ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʪʦʯʝʢ ʚ 

ʣʶʙʦʡ ʫʟʝʣ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʢʨʠʪʝʨʠʷ ʨʘʟʙʠʝʥʠʷ ʜʣʷ 

ʜʘʥʥʦʛʦ ʫʟʣʘ [29]. ʂʨʠʪʝʨʠʝʤ ʨʘʟʙʠʝʥʠʷ ʢʘʢ ʧʨʘʚʠʣʦ ʚʳʙʠʨʘʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ 

ʟʘʜʘʥʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʚ ʫʟʣʝ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʘʢʦʛʦ ʫʩʣʦʚʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʙʠʝʥʠʝ ʫʟʣʘ ʥʘ ʚʦʩʝʤʴ ʤʝʥʴʰʠʭ ʦʢʪʘʥʪʦʚ, ʪʦʯʢʠ ʨʦʜʠʪʝʣʴʩʢʦʛʦ 

ʫʟʣʘ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʤʝʞʜʫ ʥʠʤʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʧʨʠʟʥʘʢʫ. ʂʨʠʪʝʨʠʝʤ 

ʦʩʪʘʥʦʚʢʠ ʩʣʫʞʠʪ ʧʨʝʚʳʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʳ ʜʝʨʝʚʘ [29].  

ʏʘʩʪʦ ʧʦʩʪʨʦʝʥʠʝ ʦʢʪʦʜʝʨʝʚʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʟʣʳ, ʣʠʩʪʴʷ ʠ ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʠʤ ʪʦʯʢʠ ʪʘʢʞʝ ʙʫʜʫʪ ʭʨʘʥʠʪʴʩʷ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪ ʧʦʩʪʨʦʝʥʠʝ ʜʝʨʝʚʘ, 

ʦʜʥʘʢʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʦʙʨʘʙʦʪʢʫ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʥʝ ʧʦʤʝʱʘʶʱʠʭʩʷ ʚ 

ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ [29]. 
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1.3.6. ʇʨʠʤʝʥʝʥʠʝ ʚ ʘʣʛʦʨʠʪʤʘʭ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʧʨʠʤʝʨʝ 

ʘʣʛʦʨʠʪʤʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʇʨʦʙʣʝʤʦʡ ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ. ʆʙʣʘʢʦ ʪʦʯʝʢ ʥʝ ʚʩʝʛʜʘ ʧʦʤʝʱʘʝʪʩʷ ʚ 

ʦʧʝʨʘʪʠʚʥʫʶ ʠʣʠ ʚʠʜʝʦ ʧʘʤʷʪʴ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʦʯʢʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʦʧʘʜʘʶʱʠʝ ʥʘ ʵʢʨʘʥ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʤʦʪʨʝʪʴ ʚʩʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʮʝʣʠʢʦʤ (ʪʘʢ ʢʘʢ 

ʠʩʢʦʤʳʝ ʪʦʯʢʠ ʤʦʛʫʪ ʙʳʪʴ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʩʝʤʫ ʦʙʣʘʢʫ). 

ʇʨʠʤʝʨ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 1.8. ʅʘ ʨʠʩʫʥʢʝ 1.9 

ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʠʟʦʙʨʘʞʝʥʳ ʪʦʯʢʠ, ʧʦʧʘʜʘʶʱʠʝ ʚ ʧʠʨʘʤʠʜʫ ʚʠʜʠʤʦʩʪʠ.  

 
ʈʠʩʫʥʦʢ 1.8 - ʊʦʯʢʠ, ʚʠʜʠʤʳʝ ʥʘ ʵʢʨʘʥʝ 

 
ʈʠʩʫʥʦʢ 1.9 ï ɺʠʜʠʤʳʝ ʪʦʯʢʠ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ 
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ɺ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʦʙʣʘʢʦ ʪʦʯʝʢ ʟʘʥʠʤʘʝʪ ʥʝʩʢʦʣʴʢʦ ʛʠʛʘʙʘʡʪ, ʟʘʥʦʚʦ 

ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚʩʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʢʘʞʜʳʡ ʢʘʜʨ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʦʡ ʟʘʜʘʯʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʨʦʩʪʝʡʰʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʜʚʫʤʝʨʥʘʷ ʠʣʠ 

ʪʨʝʭʤʝʨʥʘʷ ʩʝʪʢʘ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʧʘʜʘʥʠʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʠʟ ʦʙʣʘʢʘ ʚ ʷʯʝʡʢʫ ʩʝʪʢʠ ʩʦʛʣʘʩʥʦ ʢʦʦʨʜʠʥʘʪʘʤ ʪʦʯʢʠ 

(ʈʠʩʫʥʦʢ 1.10). ɼʘʣʝʝ ʜʣʷ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʙʦʨʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʝʡ ʪʦʯʝʢ ʠ ʩʦʭʨʘʥʝʥʠʝ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ 

ʪʦʯʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʧʨʝʜʝʣʘʭ ʷʯʝʡʢʠ, ʣʝʞʘʪ ʨʷʜʦʤ ʚ ʧʘʤʷʪʠ.  

 
ʈʠʩʫʥʦʢ 1.10 - ʆʙʣʘʢʦ ʪʦʯʝʢ, ʨʘʟʙʠʪʦʝ ʥʘ ʷʯʝʡʢʠ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʠʜʠʤʳʭ ʪʦʯʝʢ ʦʩʪʘʝʪʩʷ ʣʠʰʴ ʥʘʡʪʠ ʚʠʜʠʤʳʝ ʷʯʝʡʢʠ [30] ʠ 

ʟʘʛʨʫʟʠʪʴ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʠʭ ʪʦʯʢʠ. ʇʨʦʚʝʨʢʘ ʧʝʨʝʩʝʯʝʥʠʡ ʧʠʨʘʤʠʜʳ ʚʠʜʠʤʦʩʪʠ 

ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʤʝʨʳ ʩ ʷʯʝʡʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ 

ʦʪʩʝʯʝʥʠʝ ʮʝʣʳʭ ʛʨʫʧʧ ʪʦʯʝʢ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʦʙʲʝʤ ʚʳʯʠʩʣʝʥʠʡ. 

ʇʨʠʤʝʨ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 1.11. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ 

ʨʝʘʣʴʥʳʝ ʚʠʜʠʤʳʝ ʪʦʯʢʠ, ʟʝʣʝʥʳʤ ï ʷʯʝʡʢʠ, ʧʦʧʘʜʘʶʱʠʝ ʚ ʧʠʨʘʤʠʜʫ ʚʠʜʠʤʦʩʪʠ.  
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ʈʠʩʫʥʦʢ 1.11 - ʇʨʠʤʝʨ ʚʳʙʦʨʢʠ ʪʦʯʝʢ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʨʘʟʣʠʯʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʥʠ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʚʨʝʤʝʥʠ ʚʳʙʦʨʢʠ, 

ʧʨʠʥʮʠʧʫ ʨʘʟʙʠʝʥʠʷ, ʩʣʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʧʘʤʷʪʠ. ʆʙʳʯʥʦ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʧʨʘʚʜʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʦʢʪʦʜʝʨʝʚʴʝʚ, ʢʦʪʦʨʳʝ 

ʟʘ ʩʯʝʪ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʧʘʤʷʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʛʫʣʷʨʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʷʯʝʝʢ, ʚʳʧʦʣʥʷʷ ʭʨʘʥʝʥʠʝ ʪʦʣʴʢʦ ʪʝʭ 

ʦʙʣʘʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʛʜʝ ʩʦʜʝʨʞʘʪʩʷ ʢʘʢʠʝ-ʣʠʙʦ ʜʘʥʥʳʝ. 

1.4.  ʆʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ 

ʪʦʯʝʢ 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʭʦʜʦʚ ʢ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ 

ʪʦʯʝʢ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʶ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ 

ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ.  

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, 

ʚʢʣʶʯʘʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʩʞʘʪʠʷ ʜʘʥʥʳʭ, ʧʦʪʦʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʩʪʨʫʢʪʫʨ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʪʘʢʞʝ ʨʷʜ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ.  
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ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʧʦʜʭʦʜʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ. ɼʣʷ ʵʪʦʛʦ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʷʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʥʘʧʨʠʤʝʨ, ʦʙʲʝʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. ʅʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʜʯʠʥʝʥʳ 

ʨʘʟʣʠʯʥʳʤ ʮʝʣʷʤ, ʘ ʜʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʩʪʘʪʴʷʭ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʥʦʨʦʜʥʳ ʠ 

ʧʦʣʫʯʝʥʳ ʥʘ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤʘʭ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʩʦʚʦʢʫʧʥʫʶ 

ʦʮʝʥʢʫ.  

ɼʣʷ ʦʮʝʥʢʠ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ 

ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʜʭʦʜʘʭ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʩʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʧʦʜʭʦʜʳ ʚ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʦʙʨʘʙʦʪʢʫ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʙʦʣʴʰʠʭ, ʯʝʤ 

ʜʦʩʪʫʧʥʳʡ ʦʙʲʝʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʠʭ ʦʮʝʥʢʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʪʘʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʦʙʨʘʙʦʪʢʠ. ɺʳʜʝʣʠʤ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɽʩʣʠ ʦʙʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʚʳʛʨʫʟʢʠ 

ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʫʯʘʩʪʢʦʚ ʥʘ ʚʪʦʨʠʯʥʫʶ ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ, ʪʦ ʚʘʞʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʙʫʜʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ, ʪ.ʢ. ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʘʡʣʦʚʳʭ ʟʘʧʠʩʝʡ ʤʦʞʝʪ ʟʘʤʝʜʣʠʪʴ ʨʘʙʦʪʫ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʩʪʠ ʢ 

ʠʩʯʝʨʧʘʥʠʶ ʜʦʩʪʫʧʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʡʣʦʚʳʭ ʟʘʧʠʩʝʡ. ʊʘʢ ʢʘʢ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʢʪʦʜʝʨʝʚʦ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʨʫʛʠʝ ʧʦʜʭʦʜʳ ʩ ʮʝʣʴʶ 

ʦʙʦʩʥʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʮʝʣʦʤ ʠ 

ʦʢʪʦʜʝʨʝʚʘ ʚ ʯʘʩʪʥʦʩʪʠ. ʊʘʢʞʝ ʧʨʝʜʧʦʯʪʝʥʠʝ ʙʫʜʝʪ ʦʪʜʘʥʦ ʧʦʜʭʦʜʘʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʚʳʧʦʣʥʷʪʴ ʤʦʜʠʬʠʢʘʮʠʶ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʙʝʟ ʧʝʨʝʩʪʨʦʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʨʫʢʪʫʨ ʨʘʟʙʠʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. 

ɼʨʫʛʦʡ ʮʝʣʴʶ ʦʙʟʦʨʘ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʢʪʦʜʝʨʝʚʴʷʤʠ 

ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 
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1.4.1. ʂʦʤʧʘʢʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ 

ɺ ʩʪʘʪʴʝ Efficient processing of large 3d point clouds [31] ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʨʝʘʣʠʟʘʮʠʷ ʦʢʪʦʜʝʨʝʚʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʩʞʘʪʠʷ ʪʨʝʭʤʝʨʥʳʭ ʜʘʥʥʳʭ 

ʙʝʟ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ.  

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʫʟʣʘ ʦʢʪʦʜʝʨʝʚʘ ʚ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʷʤʳʭ ʫʢʘʟʘʪʝʣʝʡ ʥʘ ʜʘʥʥʳʝ ʧʦʪʦʤʢʦʚ ʠ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ 

ʫʟʣʘ, ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʫʢʘʟʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʘʜʨʝʩʘʮʠʠ ʜʘʥʥʳʭ ʠ 

ʧʦʪʦʤʢʦʚ ʫʟʣʘ, ʘ ʪʘʢʞʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʭʨʘʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʠ ʧʦʟʠʮʠʠ ʫʟʣʘ (ʪʘʢ ʢʘʢ 

ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʭʦʜʘ). 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʦʢʪʦʜʝʨʝʚʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʚʳʧʦʣʥʠʪʴ ʩʞʘʪʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʚ ʦʙʣʘʢʝ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʯʠʩʝʣ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʚ ʦʙʣʘʢʝ ʪʦʣʴʢʦ ʜʚʫʭ ʙʘʡʪ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ 

ʪʦʯʥʦʩʪʠ ʢʘʞʜʳʡ ʙʠʪ ʢʦʦʨʜʠʥʘʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʧʨʠʨʘʱʝʥʠʝ ʢ ʢʦʦʨʜʠʥʘʪʝ 

ʥʠʞʥʝʛʦ ʣʝʚʦʛʦ ʧʝʨʝʜʥʝʛʦ ʫʛʣʘ ʫʟʣʘ ʦʢʪʦʜʝʨʝʚʘ, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʜʘʥʥʘʷ 

ʢʦʦʨʜʠʥʘʪʘ. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʨʘʟʤʝʨʦʚ ʮʚʝʪʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʪʦʯʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʦʪ ʞʝ ʧʦʜʭʦʜ. 

1.4.2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʪʦʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ɺ ʩʪʘʪʴʝ Stream-processing points [32] ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʚʳʧʦʣʥʷʪʴ ʧʦʪʦʢʦʚʦʶ ʦʙʨʘʙʦʪʢʫ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʩʠʩʪʝʤ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʦʙʣʘʢʘ ʪʦʯʝʢ ʟʘ ʩʯʝʪ ʠʭ ʩʦʨʪʠʨʦʚʢʠ ʠ ʩʤʝʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʚʳʙʦʨʢʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʩʨʝʟʘ ʪʦʯʝʢ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʙʦʨ 

ʢʦʥʢʘʪʝʥʠʨʫʝʤʳʭ ʧʦʪʦʢʦʚʳʭ ʦʧʝʨʘʪʦʨʦʚ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʠʩʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʣʫ-ʙʘʣʘʥʩʠʨʫʝʤʦʝ k-ʤʝʨʥʦʝ ʜʝʨʝʚʦ, ʚ 

ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʘʪʩʷ ʜʘʥʥʳʝ ʪʝʢʫʱʝʡ ʧʣʦʩʢʦʩʪʠ ʚʳʙʦʨʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʬʘʡʣ. 
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ɺ ʩʪʘʪʴʝ Flexible configurable stream processing of point data [33] 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟ ʩʪʘʪʴʠ  [32] 

ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʢʦʥʮʝʧʮʠʠ ʮʝʧʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʢʘʢ ʛʣʦʙʘʣʴʥʳʡ 

ʦʧʝʨʘʪʦʨ ʜʣʷ ʮʝʧʦʯʢʠ ʦʙʳʯʥʳʭ ʦʧʝʨʘʪʦʨʦʚ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʩʪʘʨʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʠʩʢʘ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʚ ʧʦʣʴʟʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ ʮʝʧʥʦʛʦ ʦʧʝʨʘʪʦʨʘ.  

ʅʝʜʦʩʪʘʪʢʦʤ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʠʥʜʝʢʩʘʮʠʠ ʪʦʯʝʢ ʪʝʢʫʱʝʛʦ 

ʩʨʝʟʘ, ʯʪʦ ʟʘʤʝʜʣʷʝʪ ʦʙʱʠʡ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʧʦʠʩʢʘ ʪʝʢʫʱʠʤ ʩʨʝʟʦʤ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʝʨʚʠʯʥʘʷ ʚʳʙʦʨʢʘ 

ʪʦʯʝʢ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʣʷ ʚʩʝʛʦ ʬʘʡʣʘ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʣʶʙʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʪʨʝʙʫʝʪ ʩʯʠʪʳʚʘʥʠʷ ʚʩʝʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʦʜʭʦʜʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʦʙʱʝʤ ʤʥʦʞʝʩʪʚʝ ʪʦʯʝʢ 

ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʝʯʝʥʠʷ ʥʝ ʠʥʪʝʨʝʩʫʶʱʠʭ ʪʦʯʝʢ. ʊʘʢʞʝ ʜʘʥʥʳʡ ʧʦʜʭʦʜ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʣʦʢʘʣʴʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʪʦʯʝʢ 

ʩʨʝʟʘ, ʯʪʦ ʤʦʞʝʪ ʫʩʣʦʞʥʠʪʴ ʝʛʦ ʨʝʘʣʠʟʘʮʠʶ.  

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʤʘʣʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʩʯʠʪʳʚʘʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ.  

1.4.3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʡʣʦʚʦʛʦ ʤʘʩʩʠʚʘ 

ɺ ʨʘʙʦʪʝ Supporting multi-resolution out-of-core rendering of massive LiDAR 

point clouds through non-redundant data structures [34] ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʠʢʘ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ, ʦʙʣʘʜʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʧʦʜʜʝʨʞʢʦʡ ʫʨʦʚʥʝʡ ʜʝʪʘʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠ-

ʨʘʟʨʝʰʝʥʠʷ (multi-resolution) ʠ ʠʩʧʦʣʴʟʫʶʱʘʷ ʚʪʦʨʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʭʨʘʥʝʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʦʡ ʪʝʭʥʠʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʥʝʠʟʙʳʪʦʯʥʦʛʦ ʤʝʪʦʜʘ 

ʦʨʛʘʥʠʟʘʮʠʠ ʪʦʯʝʢ, ʥʘʟʚʘʥʥʦʛʦ ʘʚʪʦʨʘʤʠ Hierarchically Layered Tiles (HLT), ʠ 

ʜʨʝʚʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʘʟʳʚʘʝʤʦʡ ʘʚʪʦʨʘʤʠ Tile Grid Partitioning Tree (TGPT).  
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ʇʦʩʪʨʦʝʥʠʝ ʪʘʡʣʦʚʦʡ ʩʪʨʫʢʪʫʨʳ HLT ʦʨʛʘʥʠʟʦʚʘʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʦʙʣʘʢʘ ʪʦʯʝʢ ʜʝʣʠʪʩʷ ʥʘ T ʪʘʡʣʦʚ ʦʜʠʥʘʢʦʚʦʛʦ 

ʨʘʟʤʝʨʘ, ʦʙʨʘʟʫʶʱʠʭ ʨʝʛʫʣʷʨʥʫʶ ʩʝʪʢʫ. ʊʦʯʢʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʪʘʡʣʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʪʘʡʣʘ ʚ ʩʝʪʢʝ ʪʦʯʢʠ 

ʨʘʟʙʠʪʳ ʥʘ L ʩʣʦʝʚ, ʧʨʠ ʵʪʦʤ ʩʦʟʜʘʝʪʩʷ ʥʘʙʦʨ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʪʦʯʝʢ. 

ɺʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ, ʥʘʟʳʚʘʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʥʠʞʘʶʱʝʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ (df), 

ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʮʝʥʪ ʪʦʯʝʢ, ʢʦʪʦʨʳʝ ʨʘʟʙʨʦʩʘʥʳ ʚ ʢʘʞʜʦʤ ʩʣʦʝ ʪʘʡʣʘ. ʊʦʯʢʠ ʚ 

ʢʘʞʜʦʤ ʩʣʦʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʬʨʘʛʤʝʥʪʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʝʥʦ ʦʙʣʘʢʦ ʪʦʯʝʢ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʨʝʚʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ TGPT. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ 

ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʢʚʘʜʨʦʜʝʨʝʚʦ ʠʣʠ ʦʢʪʦʜʝʨʝʚʦ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʯʠʩʣʝʥʳ ʠ ʩʦʭʨʘʥʝʥʳ ʥʘ ʜʠʩʢʝ (ʥʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ 

ʠʣʠ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ), TGPT ʷʚʣʷʝʪʩʷ ʥʝ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʚʳʯʠʩʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʩʪʨʫʢʪʫʨʦʡ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ ʧʦ 

ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʜʘʥʥʦʤʫ ʨʝʛʠʦʥʫ ʠʥʪʝʨʝʩʘ. TGPT 

ʭʨʘʥʠʪʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʢʣʠʝʥʪʘ. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʛʠʦʥʘ ʠʥʪʝʨʝʩʘ ʚ 

TGPT ʩʦʟʜʘʝʪʩʷ ʢʦʨʥʝʚʦʡ ʫʟʝʣ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʩʝ ʧʣʠʪʢʠ, ʧʝʨʝʢʨʳʚʘʶʱʠʝ 

ʨʝʛʠʦʥ ʠʥʪʝʨʝʩʘ. 

ʈʘʙʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʭʨʘʥʝʥʠʷ ʪʦʯʝʢ ʢʘʞʜʦʛʦ ʩʣʦʷ ʢʘʞʜʦʛʦ ʪʘʡʣʘ ʚ ʚʠʜʝ 

ʦʪʜʝʣʴʥʦʛʦ ʬʘʡʣʘ ʥʘ ʚʪʦʨʠʯʥʦʡ ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ ʚ ʩʞʘʪʦʤ ʬʦʨʤʘʪʝ LASzip (LAZ).  
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1.4.4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ K-ʤʝʨʥʦʛʦ ʜʝʨʝʚʘ 

ɺ ʨʘʙʦʪʝ Out-of-core visualization of classified 3d point clouds [35] ʘʚʪʦʨʘʤʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʨʝʥʜʝʨʠʥʛ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʧʨʠ ʧʦʤʦʱʠ ʤʥʦʛʦʩʣʦʡʥʦʛʦ k-

ʤʝʨʥʦʛʦ ʜʝʨʝʚʘ ʩ ʧʦʜʜʝʨʞʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʝʪʘʣʠʟʘʮʠʠ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʪʦʯʝʢ ʚ ʦʙʣʘʢʝ, ʪ.ʝ. ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʨʝʥʜʝʨʠʥʛʘ ʜʣʷ ʪʦʯʝʢ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ. ʇʦʩʪʨʦʝʥʠʝ kd-ʜʝʨʝʚʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʩʪʘʚʢʠ ʪʦʯʝʢ 

ʚ ʛʠʩʪʦʛʨʘʤʤʫ, ʢʘʢ ʠ ʥʘʭʦʞʜʝʥʠʝ ʤʝʜʠʘʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʨʘʟʙʠʝʥʠʷ ʥʘ ʣʝʚʦʝ-

ʧʨʘʚʦʝ ʧʦʜʜʝʨʝʚʦ. ʂʘʞʜʳʡ ʫʟʝʣ ʜʝʨʝʚʘ ʦʪʚʝʯʘʝʪ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʨʦʚʝʥʴ 

ʜʝʪʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʘ. ʆʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʚʳʛʨʫʟʢʠ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʫʟʣʦʚ ʥʘ ʚʪʦʨʠʯʥʫʶ 

ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʩʦʟʜʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʬʘʡʣ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʜʝʨʝʚʘ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ. 

1.4.5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʢʪʦʜʝʨʝʚʘ 

ɺ ʨʘʙʦʪʝ An out-of-core octree for massive point cloud processing  [18] 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʦʢʪʦʜʝʨʝʚʘ, ʚ ʢʦʪʦʨʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʛʨʫʟʢʠ 

ʥʝʘʢʪʫʘʣʴʥʳʭ ʫʟʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʩʪʦʨʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʟʣʘʤʠ. ɼʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʫʟʣʦʚ ʚ ʧʘʤʷʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʯʝʪʯʠʢ ʦʙʨʘʱʝʥʠʡ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ, ʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʘʡʣʦʚʳʭ ʦʧʝʨʘʮʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʲʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʫʟʣʦʚ ʚ ʦʜʠʥ ʬʘʡʣ. ʊʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ ʫʟʣʝ. ɼʣʷ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ 

ʩʦʟʜʘʝʪʩʷ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟ ʬʘʡʣʦʚ ʠ ʜʠʨʝʢʪʦʨʠʡ. 
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ɺ ʨʘʙʦʪʝ Processing and interactive editing of huge point clouds  [36] ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʭʨʘʥʝʥʠʷ ʚʳʙʠʨʘʶʪʩʷ ʨʘʟʤʝʨʳ ʫʟʣʦʚ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʢʦʤʧʨʦʤʠʩʩʫ ʤʝʞʜʫ ʟʘʜʝʨʞʢʦʡ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ-

ʚʳʚʦʜʘ, ʫʟʣʳ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚʳʛʨʫʞʘʶʪʩʷ ʩʦʛʣʘʩʥʦ ʧʦʣʠʪʠʢʝ Least Recently 

Used (LRU, ɺʳʪʝʩʥʝʥʠʝ ʜʘʚʥʦ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ) [37]. ʍʨʘʥʝʥʠʝ ʫʟʣʦʚ ʥʘ ʞʝʩʪʢʦʤ 

ʜʠʩʢʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʥʘʙʦʨʘ ʬʘʡʣʦʚʳʭ ʙʫʬʝʨʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʠʪ ʙʣʦʢʠ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʤʝʨʘ. ʄʝʞʜʫ ʩʦʙʦʡ ʬʘʡʣʳ ʨʘʟʣʠʯʘʶʪʩʷ 

ʨʘʟʤʝʨʦʤ ʙʣʦʢʘ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʜʚʦʡʢʠ. ɼʣʷ ʩʥʠʞʝʥʠʷ 

ʚʣʠʷʥʠʷ ʟʘʜʝʨʞʝʢ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʚʩʝ ʬʘʡʣʦʚʳʝ ʦʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ 

ʘʩʠʥʭʨʦʥʥʦ, ʚ ʦʪʜʝʣʴʥʦʤ ʧʦʪʦʢʝ. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ 

ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ. 

ɺ ʨʘʙʦʪʝ External memory management and simplification of huge meshes [38] 

ʨʘʩʩʤʦʪʨʝʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʧʘʤʷʪʴʶ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʦʣʠʛʦʥʘʣʴʥʳʤʠ 

ʩʝʪʢʘʤʠ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʢʪʦʜʝʨʝʚʘ, ʢʘʞʜʳʡ ʫʟʝʣ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʝʪ ʭʨʘʥʝʥʠʝ ʘʜʨʝʩʘ ʫʯʘʩʪʢʘ ʜʘʥʥʳʭ 

ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʩʝʪʢʠ ʥʘ ʚʪʦʨʠʯʥʦʡ ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ. ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʦʢʪʦʜʝʨʝʚʘ ʧʨʠ ʵʪʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʪʘʢ ʢʘʢ ʟʘʪʨʘʪʳ ʧʘʤʷʪʠ 

ʥʘ ʝʝ ʭʨʘʥʝʥʠʝ ʥʝʚʝʣʠʢʠ. ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʛʨʫʟʢʠ, ʤʦʜʠʬʠʢʘʮʠʠ ʠ 

ʩʦʭʨʘʥʝʥʠʷ ʫʯʘʩʪʢʦʚ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʩʝʪʢʠ. ʂʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ ʚ 

ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ ʥʝ ʫʢʘʟʘʥʦ. 

ɺ ʨʘʙʦʪʝ Interactions with gigantic point clouds [39] ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʣʘʢʘʤʠ ʪʦʯʝʢ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʦʜʠʥ 

ʤʠʣʣʠʘʨʜ ʪʦʯʝʢ. ɺ ʨʘʙʦʪʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʢʪʦʜʝʨʝʚʦ, 

ʫʟʣʳ ʢʦʪʦʨʦʛʦ ʟʘʛʨʫʞʘʶʪʩʷ ʠ ʦʩʚʦʙʦʞʜʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʧʦʣʠʪʠʢʫ LRU. ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʭʨʘʥʝʥʠʷ 

ʫʨʦʚʥʝʡ ʜʝʪʘʣʠʟʘʮʠʠ ʜʣʷ ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ, ʢʦʪʦʨʳʝ ʚʳʯʠʩʣʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʩʝʠʚʘʥʠʷ ʪʦʯʝʢ ʥʘ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʦʜʠʬʠʢʘʮʠʠ ʫʟʣʦʚ. ʅʘ ʢʘʞʜʳʡ ʫʟʝʣ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ ʩʦʟʜʘʝʪʩʷ ʧʦ ʦʜʥʦʤʫ 

ʬʘʡʣʫ.  
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ɺ ʨʘʙʦʪʝ Towards Efficient Implementation of an Octree for a Large 3D Point 

Cloud [40] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʦʢʪʦʜʝʨʝʚʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ 

ʪʦʯʝʢ, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʞʜʦʤ ʫʟʣʝ ʚʤʝʩʪʦ ʫʢʘʟʘʪʝʣʷ ʥʘ ʜʘʥʥʳʝ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʭʨʘʥʠʪʩʷ ʫʢʘʟʘʪʝʣʴ ʥʘ ʬʘʡʣ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪʩʷ 

ʧʨʦʠʟʚʝʩʪʠ ʠʭ ʟʘʛʨʫʟʢʫ ʚ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ, ʢʘʢʦʡ-ʣʠʙʦ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ 

ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʠʟʫʯʘʝʪʩʷ ʚʣʠʷʥʠʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ 

ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʧʠʩʳʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢ ʜʘʥʥʳʤ 

ʦʙʣʘʢʘ ʪʦʯʝʢ.  

ɺ ʩʪʘʪʴʝ Xsplat: External memory multiresolution point visualization [41] 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʨʝʥʜʝʨʠʥʛʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ 

ʧʦʩʪʨʦʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʨʦʚʥʝʡ ʜʝʪʘʣʠʟʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʬʘʡʣʝ 

ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʛʦ ʩʧʠʩʢʘ ʙʣʦʢʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠʭ ʚ ʦʧʝʨʘʪʠʚʥʫʶ 

ʧʘʤʷʪʴ. ɼʣʷ ʭʨʘʥʝʥʠʷ ʚʩʝʭ ʙʣʦʢʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʬʘʡʣ. ʄʦʜʠʬʠʢʘʮʠʷ ʙʣʦʢʦʚ 

ʧʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ. 

1.4.6. ʇʨʦʯʠʝ ʧʦʜʭʦʜʳ 

ɺ ʩʪʘʪʴʝ Extracting roads from dense point clouds in large scale urban 

environment [42] ʦʧʠʩʳʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʳʜʝʣʝʥʠʷ ʜʦʨʦʛ ʥʘ ʙʦʣʴʰʦʤ ʦʙʣʘʢʝ 

ʪʦʯʝʢ (ʜʦ ʤʠʣʣʠʘʨʜʘ ʪʦʯʝʢ) ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʠʩʢ ʜʦʨʦʛ ʚ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ (Open Street Map), ʧʨʦʝʢʮʠʷ 

ʜʦʨʦʛ ʥʘ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʵʢʩʧʦʨʪ ʪʦʯʝʢ ʜʦʨʦʛ ʠ ʠʭ ʦʢʨʫʞʝʥʠʷ ʩ ʨʘʟʙʠʝʥʠʝʤ ʥʘ 

ʥʝʙʦʣʴʰʠʝ ʢʫʩʢʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʜʦʨʦʞʥʦʛʦ 

ʧʦʢʨʳʪʠʷ. 

1.4.7. ɸʥʘʣʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ 

ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʪʨʫʢʪʫʨ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ (ʩʪʨʫʢʪʫʨ ʨʘʟʙʠʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ) ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʪʠʧʘ ʩʪʨʫʢʪʫʨʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʚʦʜʥʫʶ ʪʘʙʣʠʮʫ ʧʦ ʠʥʪʝʨʝʩʫʶʱʠʤ ʥʘʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, 

ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʟʜʝʣʝ 1.4 (ʊʘʙʣʠʮʘ 1.6). 
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ʊʘʙʣʠʮʘ 1.6 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʜʭʦʜʦʚ 

ˉ ʅʘʟʚʘʥʠʝ 

ʨʘʙʦʪʳ/ʤʝʪʦʜʘ 

ʄʝʪʦʜ ʉʪʨʫʢʪʫʨʘ 

ʨʘʟʙʠʝʥʠʷ 

ʉʦʟʜʘʚʘʝʤʳʝ 

ʬʘʡʣʳ  

(N ï ʢʦʣ-ʚʦ 

ʫʟʣʦʚ)  

ɺʦʟʤʦʞʥʦʩʪʴ 

ʤʦʜʠʬʠʢʘʮʠʠ 

1 

Efficient processing 

of large 3d point 

clouds 

ʂʦʤʧʘʢʪʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʩʞʘʪʠʝ 
ʆʢʪʦʜʝʨʝʚʦ ʅʝʪ ʅʝʪ 

2 
Stream-Processing 

Points 
ʇʦʪʦʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ 

ʅʝʪ/ʃʦʢʘʣʴʥʦʝ 

k-ʤʝʨʥʦʝ 

ʜʝʨʝʚʦ 

1 
ʅʝʪ (ʪʨʝʙʫʝʪ 

ʧʝʨʝʟʘʧʫʩʢʘ) 

3 

Supporting multi-

resolution out-of-core 

rendering of massive 

LiDAR point clouds 

through non-

redundant data 

structures 

ʈʘʟʙʠʝʥʠʝ ʜʘʥʥʳʭ ʥʘ 

ʪʘʡʣʳ, ʨʘʟʙʠʝʥʠʝ ʪʘʡʣʦʚ 

ʥʘ ʩʣʦʠ ʧʦ ʧʣʦʪʥʦʩʪʠ 

ʊʘʡʣʦʚʳʡ 

ʤʘʩʩʠʚ 
N ʅʝʪ 

4 

Out-of-core 

visualization of 

classified 3d point 

clouds 

ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʚ k-

ʤʝʨʥʦʤ ʜʝʨʝʚʝ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʛʨʫʟʢʠ 

ʂ-ʤʝʨʥʦʝ 

ʜʝʨʝʚʦ 
N 

ʅʝʪ (ʪʨʝʙʫʝʪ 

ʧʝʨʝʩʪʨʦʝʥʠʷ) 

5 

An out-of-core octree 

for massive point 

cloud processing 

ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʚ 

ʦʢʪʦʜʝʨʝʚʝ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʛʨʫʟʢʠ 

ʆʢʪʦʜʝʨʝʚʦ N/8 ɼʘ 

6 

External memory 

management and 
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ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʭʚʘʪʢʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ: 

1. ʉʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʘ ʟʘʛʨʫʞʘʝʤʳʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʟʘ ʩʯʝʪ ʙʦʣʝʝ 

ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʣʠ ʩʞʘʪʠʷ. ʄʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʩʦʚʤʝʩʪʥʦ 

ʩ ʧʨʦʯʠʤʠ ʧʦʜʭʦʜʘʤʠ. ʅʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʠʟʙʝʞʘʪʴ ʧʨʦʙʣʝʤʳ 

ʥʝʭʚʘʪʢʠ ʧʘʤʷʪʠ; 

2. ʇʨʠʤʝʥʝʥʠʝ ʧʦʪʦʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʨʠ ʧʦʤʦʱʠ ʮʝʧʦʯʢʠ ʘʣʛʦʨʠʪʤʦʚ (ʬʠʣʴʪʨʦʚ), ʧʨʠ ʵʪʦʤ ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʥʘʭʦʜʠʪʩʷ ʣʦʢʘʣʴʥʳʡ ʩʨʝʟ ʦʙʣʘʢʘ, ʚʩʝ ʪʦʯʢʠ ʢʦʪʦʨʦʛʦ 

ʙʣʘʛʦʜʘʨʷ ʩʦʨʪʠʨʦʚʢʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʙʣʠʟʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ 

ʫʩʢʦʨʝʥʠʷ ʦʧʝʨʘʮʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ ʜʣʷ ʪʦʯʝʢ ʚ ʩʨʝʟʝ 

ʧʨʦʠʩʭʦʜʠʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʦʙʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ; 

3. ɺʳʛʨʫʟʢʘ ʥʘ ʚʪʦʨʠʯʥʫʶ ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʪʝʢʫʱʠʡ 

ʤʦʤʝʥʪ ʜʘʥʥʳʭ. ʇʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚ ʙʦʣʴʰʝʡ ʝʤʢʦʩʪʠ, ʦʜʥʘʢʦ ʚʳʟʳʚʘʝʪ ʫʩʣʦʞʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ 

ʩʠʩʪʝʤʳ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʤʝʜʣʝʥʠʶ ʝʝ ʨʘʙʦʪʳ. 

ʂʘʢ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʦʡ ʩʠʩʪʝʤ rʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. 

ʄʝʪʦʜʳ ʩʞʘʪʠʷ ʠʣʠ ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ 

ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʙʦʪʘʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʪʦʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠʤʝʥʷʝʪʩʷ ʨʝʞʝ, ʚʚʠʜʫ ʙʦʣʝʝ ʫʟʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ.  
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ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʠʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʘʤʷʪʠ ʟʘ ʩʯʝʪ ʚʳʛʨʫʟʢʠ ʥʝʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ 

ʚʪʦʨʠʯʥʫʶ ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʪʘʢʦʡ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʨʘʟʙʠʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʚʤʝʩʪʥʦ ʩ ʩʠʩʪʝʤʦʡ ʢʝʰʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʜʦʙʠʪʴʩʷ ʙʦʣʴʰʝʡ ʣʦʢʘʣʴʥʦʩʪʠ ʫʯʘʩʪʢʦʚ, ʯʝʤ ʢʝʰʠʨʦʚʘʥʠʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ 

ʦʙʣʘʢʘ ʪʦʯʝʢ. ʉʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ: k-ʤʝʨʥʦʝ ʜʝʨʝʚʦ, ʪʘʡʣʦʚʳʡ ʤʘʩʩʠʚ, 

ʦʢʪʦʜʝʨʝʚʦ. 

ʂʘʢ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʨʘʥʝʝ, k-ʤʝʨʥʦʝ ʜʝʨʝʚʦ ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʨʫʢʪʫʨʘʤ 

ʨʘʟʙʠʝʥʠʷ, ʫʧʨʘʚʣʷʝʤʳʤ ʜʘʥʥʳʤʠ, ʚ ʩʠʣʫ ʯʝʛʦ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ 

ʤʦʜʠʬʠʢʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ ʧʘʤʷʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 

ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʪʦʜʝʨʝʚʦʤ. ʊʘʡʣʦʚʳʝ ʠʣʠ ʚʦʢʩʝʣʴʥʳʝ 

ʤʘʩʩʠʚʳ, ʘ ʪʘʢʞʝ ʦʢʪʦʜʝʨʝʚʦ ʦʪʥʦʩʷʪʩʷ ʢ ʩʪʨʫʢʪʫʨʘʤ ʨʘʟʙʠʝʥʠʷ, ʫʧʨʘʚʣʷʝʤʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʚ ʦʙʣʘʢʝ 

ʪʦʯʝʢ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʚʪʦʨʠʯʥʦʡ 

ʩʠʩʪʝʤʦʡ ʭʨʘʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʨʘʟʙʠʝʥʠʝ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʠʜʝʥʪʠʯʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʚʳʧʦʣʥʷʪʴ ʩʦʭʨʘʥʝʥʠʝ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ.  

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʘʟʣʠʯʠʷ ʚ ʤʝʭʘʥʠʟʤʘʭ ʨʝʛʫʣʷʮʠʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ɺ ʩʠʩʪʝʤʘʭ, ʨʝʘʣʠʟʫʶʱʠʭ ʚʳʛʨʫʟʢʫ ʜʘʥʥʳʭ ʥʘ ʚʪʦʨʠʯʥʫʶ 

ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʜʭʦʜ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʠʩʪʝʤʳ 

ʢʝʰʠʨʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʧʦʜʛʨʫʟʢʫ ʠ 

ʚʳʛʨʫʟʢʫ ʜʘʥʥʳʭ (ʧʨʠ ʵʪʦʤ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʩʦʜʝʨʞʠʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ). ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʧʦʜʭʦʜ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʝʨʝʣʦʞʠʪʴ ʵʪʫ 

ʨʘʙʦʪʫ ʥʘ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʧʦ ʧʨʷʤʦʤʫ 

ʫʢʘʟʘʪʝʣʶ. 
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʜʭʦʜʦʚ, ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ ʩʦʟʜʘʝʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʘʡʣʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʬʘʡʣʦʚʳʭ 

ʦʧʝʨʘʮʠʡ. ɺ ʥʝʢʦʪʦʨʳʭ ʬʘʡʣʦʚʳʭ ʩʠʩʪʝʤʘʭ, ʪʘʢʠʭ ʢʘʢ Ext4 [43], ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʘʡʣʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʩʯʝʨʧʘʥʠʶ ʜʦʩʪʫʧʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʬʘʡʣʦʚʳʭ ʟʘʧʠʩʝʡ ʚ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ. 

1.5. ɸʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨ ʧʦʜʭʦʜʘ ʢ ʝʝ ʨʝʰʝʥʠʶ 

ʀʟ ʘʥʘʣʠʟʘ ʨʘʙʦʪ ʧʦ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʠʟʚʝʩʪʥʳ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʳ: 

- ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʦʙʣʘʩʪʝʡ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʣʘʢʝ ʧʨʝʚʳʰʘʝʪ 

ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʦʙʲʝʤʘ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ ʚ ʢʦʤʧʴʶʪʝʨʘʭ; 

- ʇʨʦʛʨʘʤʤʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʨʘʟʤʝʱʝʥʠʝ ʜʘʥʥʳʭ ʚ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ; 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ ʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʙʠʙʣʠʦʪʝʢ. 

ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʘʣʠʟʘʮʠʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʙʳʣʦ ʩʜʝʣʘʥʦ ʥʘʙʣʶʜʝʥʠʝ, ʯʪʦ 

ʤʝʭʘʥʠʟʤʳ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ (ʚ ʯʘʩʪʥʦʩʪʠ, ʩʧʦʩʦʙʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʘʡʣʦʚ, 

ʧʦʣʫʯʝʥʠʷ ʢ ʥʠʤ ʜʦʩʪʫʧʘ ʠ ʠʟʤʝʥʝʥʠʷ ʠʭ ʨʘʟʤʝʨʦʚ), ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ, ʧʦʢʘʟʳʚʘʶʪ ʧʘʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʘʡʣʦʚ ʠ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʦʰʠʙʢʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʡʣʦʚ ʚ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ ʠʣʠ ʬʘʡʣʦʚʳʭ 

ʜʝʩʢʨʠʧʪʦʨʦʚ ʧʨʦʮʝʩʩʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʘʥʥʦʤʫ ʥʘʙʣʶʜʝʥʠʶ 

ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʟʜʝʣʝ 4.6. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʨʦʩʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʦʧʝʨʘʮʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʜʣʷ ʦʢʪʦʜʝʨʝʚʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ 

ʦʪʜʝʣʴʥʳʝ ʬʘʡʣʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʙʣʦʢʦʚ ʜʘʥʥʳʭ (ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʘʨʘʱʠʚʘʥʠʷ ʠʭ ʨʘʟʤʝʨʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʧʦʣʥʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʦʣʝʝ ʥʠʟʢʦʫʨʦʚʥʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʬʘʡʣʦʚ ʚʤʝʩʪʦ ʙʦʣʝʝ ʰʠʨʦʢʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʬʘʡʣʦʚʦʡ 

ʩʠʩʪʝʤʳ.  

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦʙ ʫʤʝʥʴʰʝʥʠʠ 

ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʦʙʨʘʱʝʥʠʷ ʢ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʩʧʦʩʦʙʦʚ ʜʦʩʪʫʧʘ, ʨʘʟʤʝʱʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʣʦʢʦʚ ʜʘʥʥʳʭ 

ʦʢʪʦʜʝʨʝʚʘ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʬʘʡʣʦʚʳʭ 

ʦʧʝʨʘʮʠʡ ʠ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʝʨʞʝʢ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʦʡ. 

ʕʪʠ ʚʦʧʨʦʩʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦ 2-ʡ ʛʣʘʚʝ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 3-ʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

1.6. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʦʙʤʝʥ ʩ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʴʶ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦʪʝʟʳ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʟʘʪʨʘʪ 

ʚʨʝʤʝʥʠ ʥʘ ʦʙʨʘʱʝʥʠʷ ʢ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ, ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ ʦʩʥʦʚʝ ʩʝʪʝʡ ʇʝʪʨʠ.  
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ʄʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʜʘʥʥʳʤʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʵʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʳ ʦʢʪʦʜʝʨʝʚʘ. ʄʦʜʝʣʴ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʚʘʨʠʘʥʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʧʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʦʜʝʣʴ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ ʦʩʥʦʚʝ ʩʝʪʝʡ ʇʝʪʨʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ. ɺʤʝʩʪʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʠ 

ʢʦʤʧʦʥʝʥʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʤʦʜʠʬʠʢʘʮʠʷ 

ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. 

ɺʳʜʚʠʛʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʤʦʜʠʬʠʢʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ 

ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʦʙʱʝʡ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʩ ʫʯʝʪʦʤ ʜʚʫʭ ʚʳʜʝʣʝʥʥʳʭ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ ʠ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ. 

1.6.1. ʄʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʦʙʱʝʥʥʫʶ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʤ ʧʨʠʥʮʠʧʝ ʠ ʦʧʠʩʳʚʘʶʱʫʶ ʫʟʣʳ, ʣʠʩʪʴʷ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʘ 

ʪʘʢʞʝ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ.  

ʄʦʜʝʣʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʲʝʢʪʦʚ 

(ʈʠʩʫʥʦʢ 1.12): 

ὕ ộὖȟὔȟὙȟὒȟὙ ȟὙ ȟὠȟὠ ȟὠ Ớȟ (1.5) 

ʛʜʝ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ὖ ὴȟȣȟὴ  ï ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ; 

ʕʣʝʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ (ʦʢʪʦʜʝʨʝʚʘ): 

ὔ ὲȟȣȟὲ  ï ʤʥʦʞʝʩʪʚʦ ʫʟʣʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʨʘʟʙʠʝʥʠʷ; 

Ὑ ὙȟȣȟὙ  ï ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʫʟʣʘʤʠ; 
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ὒ ὰȟȣȟὰ  ï ʤʥʦʞʝʩʪʚʦ ʣʠʩʪʴʝʚ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ; 

Ὑ Ὑ ȟȣȟὙ  ï ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʣʠʩʪʴʷʤʠ ʠ ʫʟʣʘʤʠ 

ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ; 

Ὑ Ὑ ȟȣȟὙ  ï ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʠ ʣʠʩʪʴʷʤʠ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ; 

ʉʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ: 

ὠ ὠȟȣȟὠ  ï ʤʥʦʞʝʩʪʚʦ ʙʣʦʢʦʚ ʜʘʥʥʳʭ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʣʠʩʪʴʷʤ ʚ 

ʩʪʨʫʢʪʫʨʝ ʨʘʟʙʠʝʥʠʷ; 

ὠ ὠ ȟὠ Ṓὠȟπ Ὥ Ὧ  ï ʤʥʦʞʝʩʪʚʦ ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʷʚʣʷʝʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʦʙʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʙʣʦʢʦʚ 

ʜʘʥʥʳʭ; 

ὠ ὠ ȟὠ Ṓὠȟπ Ὦ Ὧ  ï ʤʥʦʞʝʩʪʚʦ ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʚʦ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʷʚʣʷʝʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʦʙʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʙʣʦʢʦʚ 

ʜʘʥʥʳʭ. 

 

ʈʠʩʫʥʦʢ 1.12 - ʄʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ 

ʇʨʠʚʝʜʝʥʥʘʷ ʤʦʜʝʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤ ʦʙʣʘʢʦʤ 

ʪʦʯʝʢ, ʵʣʝʤʝʥʪʘʤʠ ʠʝʨʘʨʭʠʠ ʦʢʪʦʜʝʨʝʚʘ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʙʣʦʢʘʤʠ ʜʘʥʥʳʭ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʠʣʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ. 
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1.6.2. ɸʥʘʣʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʩ 

ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ, ʨʝʩʫʨʩʦʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʆʉ) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʬʫʥʢʮʠʡ. ɼʣʷ ʵʪʦʛʦ ʨʘʟʨʘʙʦʪʘʝʤ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ (ʈʠʩʫʥʦʢ 

1.13), ʫʯʠʪʳʚʘʶʱʫʶ ʢʦʤʧʦʥʝʥʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʣʠʙʦ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. 

 

ʈʠʩʫʥʦʢ 1.13 - ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʪʨʫʜʦʝʤʢʦʩʪʠ 

ʨʝʘʣʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʩʧʠʩʦʢ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʧʦʜʪʚʝʨʜʠʚ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 

- ʆʢʪʦʜʝʨʝʚʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ; 

- ɺʥʝʰʥʝʡ ʧʘʤʷʪʠ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʘʤʷʪʠ; 
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- ʄʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʠʣʠ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ/ʟʘʧʠʩʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ; 

- ʄʝʭʘʥʠʟʤʦʚ ʥʠʟʢʦʫʨʦʚʥʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʘʤʷʪʴʶ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ 

ʨʘʩʭʦʜʦʚ ʥʘ ʦʧʝʨʘʮʠʠ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ. 

ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʩʩʤʦʪʨʠʤ ʦʨʛʘʥʠʟʘʮʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʪʦʜʝʨʝʚʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʩʣʝʜʫʝʤ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ ʚ ʦʢʪʦʜʝʨʝʚʝ 

ʠ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʘʢʠʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʪʠʧʦʚʳʭ ʧʨʠʤʝʨʦʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1.14 ʧʨʠʚʝʜʝʥʘ ʪʠʧʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʚ ʦʢʪʦʜʝʨʝʚʝ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ (ʩʣʝʚʘ), ʠ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ (ʩʧʨʘʚʘ). ɸʜʨʝʩʘʮʠʷ ʫʟʣʦʚ, ʣʠʩʪʴʝʚ ʠ ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʫʢʘʟʘʪʝʣʷ (Ὑ ). 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʟʣʦʚ ʠ ʣʠʩʪʴʝʚ ʚ ʩʪʨʫʢʪʫʨʝ ʨʘʟʙʠʝʥʠʷ 

(ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ) ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ (Ὑ ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩ ʬʘʡʣʦʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʠʤʷ ʬʘʡʣʘ ʧʨʠ ʢʘʞʜʦʤ ʩʦʧʦʩʪʘʚʣʝʥʠʠ. 

 

ʈʠʩʫʥʦʢ 1.14 - ʊʠʧʦʚʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʜʘʥʥʳʭ ʚ ʦʢʪʦʜʝʨʝʚʝ 
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ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʨʘʩʩʤʦʪʨʠʤ 

ʧʨʦʮʝʜʫʨʫ ʚʩʪʘʚʢʠ ʪʦʯʢʠ ʚ ʦʢʪʦʜʝʨʝʚʦ, ʧʨʠʚʝʜʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 1.15. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩʫʥʢʘ, ʚ ʩʣʫʯʘʝ ʦʙʨʘʙʦʪʢʠ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʪʦʯʢʠ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʠʟʚʝʩʪʠ ʟʘʧʨʦʩ ʙʫʬʝʨʘ ʜʘʥʥʳʭ ʧʦ ʫʢʘʟʘʪʝʣʶ, ʚʳʧʦʣʥʠʪʴ ʠʟʤʝʥʝʥʠʝ 

ʝʛʦ ʨʘʟʤʝʨʦʚ (ʜʣʷ ʥʝʧʨʝʨʳʚʥʳʭ ʤʘʩʩʠʚʦʚ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʝʘʣʣʦʢʘʮʠʠ 

ʜʘʥʥʳʭ) ʠ ʟʘʪʝʤ ʧʨʦʠʟʚʝʩʪʠ ʟʘʧʠʩʴ ʪʦʯʢʠ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ 

ʧʨʦʮʝʜʫʨʘ ʫʩʣʦʞʥʷʝʪʩʷ: ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʬʘʡʣʫ ʚʦ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʟʘʛʨʫʟʢʘ ʬʘʡʣʘ, ʟʘʧʠʩʴ ʜʘʥʥʳʭ ʠ ʩʦʭʨʘʥʝʥʠʝ ʬʘʡʣʘ ʚ ʤʦʤʝʥʪ 

ʚʳʪʝʩʥʝʥʠʷ ʠʟ ʢʝʰʘ. 

 

ʈʠʩʫʥʦʢ 1.15 - ʇʨʠʤʝʨ ʧʨʦʮʝʜʫʨʳ ʚʩʪʘʚʢʠ ʪʦʯʢʠ ʚ ʦʢʪʦʜʝʨʝʚʦ 
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1.6.3. ʄʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ 

ʩʝʪʝʡ ʇʝʪʨʠ 

ʇʨʦʮʝʩʩ, ʢʘʢ ʦʙʲʝʢʪ ʠʟʫʯʝʥʠʷ, ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ (ʩʪʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ) ʠ 

ʧʦʚʝʜʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ (ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ). ʇʨʠʚʝʜʝʥʥʳʝ ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ ʤʦʜʝʣʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʪʘʪʠʢʝ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʪʦʯʥʠʪʴ 

ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯ ʜʣʷ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʦʤ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʵʪʘʧʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʱʝʥʠʷʤʠ ʢ ɺʇ. 

ʋʜʦʙʥʳʤ ʠ ʥʘʛʣʷʜʥʳʤ ʷʟʳʢʦʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʷʟʳʢ ʩʝʪʝʡ ʇʝʪʨʠ. ʉʝʪʴ ʇʝʪʨʠ ï ʵʪʦ 

ʜʚʫʜʦʣʴʥʳʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ ʚʝʨʰʠʥ (ʧʦʟʠʮʠʷʤʠ ʠ 

ʧʝʨʝʭʦʜʘʤʠ, ʠʟʦʙʨʘʞʘʝʤʳʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʨʫʞʢʘʤʠ ʠ ʧʦʣʦʯʢʘʤʠ), ʜʫʛʘʤʠ, 

ʩʦʝʜʠʥʷʶʱʠʤʠ ʧʦʟʠʮʠʠ ʩ ʧʝʨʝʭʦʜʘʤʠ ʠ ʧʝʨʝʭʦʜʳ ʩ ʧʦʟʠʮʠʷʤʠ, ʠ ʥʘʯʘʣʴʥʦʡ 

ʤʘʨʢʠʨʦʚʢʦʡ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ [44]. ʉʝʪʴ ʇʝʪʨʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʘʛʣʷʜʥʫʶ ʠ ʭʦʨʦʰʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʩʠʩʪʝʤ ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. ʆʥʘ ʚ ʢʦʤʧʘʢʪʥʦʡ ʬʦʨʤʝ ʦʪʨʘʞʘʝʪ 

ʩʪʨʫʢʪʫʨʫ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʠ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʝʝ 

ʩʦʩʪʦʷʥʠʡ ʧʨʠ ʟʘʜʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʋʨʦʚʝʥʴ ʘʙʩʪʨʘʢʮʠʠ ʤʦʜʝʣʠ ʦʯʝʥʴ 

ʚʳʩʦʢʠʡ ð ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʠʩʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʠʩʪʝʤʝ ʚ ʪʝʨʤʠʥʘʭ ʚʩʝʛʦ 

ʣʠʰʴ ʜʚʫʭ ʧʦʥʷʪʠʡ: ʩʦʙʳʪʠʡ ʠ ʫʩʣʦʚʠʡ [45]. 
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ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʩʝʪʠ ʇʝʪʨʠ ʚ ʚʠʜʝ ʜʚʫʜʦʣʴʥʦʛʦ ʛʨʘʬʘ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʩʝʪʠ ʇʝʪʨʠ ʩʪʘʪʠʯʝʩʢʠ. ɼʠʥʘʤʠʢʘ ʚ ʤʦʜʝʣʴ ʚʥʦʩʠʪʩʷ ʤʝʭʘʥʠʟʤʦʤ ʩʤʝʥʳ 

ʤʘʨʢʠʨʦʚʢʠ (ʨʘʟʤʝʪʢʠ) ʧʦʟʠʮʠʡ ʠ ʩʦʛʣʘʰʝʥʠʝʤ ʦ ʧʨʘʚʠʣʝ ʩʨʘʙʘʪʳʚʘʥʠʷ 

(ʨʝʘʣʠʟʘʮʠʠ) ʧʝʨʝʭʦʜʦʚ [45]. ɺ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʜʘʣʝʝ ʤʦʜʝʣʷʭ ʦʙʦʙʱʝʥʥʦʛʦ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʣʦʛʠʢʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʝʨʝʭʦʜʦʚ 

ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʥʝʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ (ʥʘʧʨ. ʬʠʣʴʪʨʘʮʠʠ, 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʧʨ.), ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʙʘʟʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʠʣʠ ʚʘʨʠʘʥʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʀʟ ʵʪʦʛʦ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʥʝ ʤʦʞʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʚ ʮʠʢʣʝ 

ʦʙʨʘʙʦʪʢʠ, ʠʣʠ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʝ (ʟʘ ʩʯʝʪ ʯʘʩʪʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ) ʧʝʨʝʭʦʜʳ, 

ʥʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʯʠʩʣʠʪʴ ʦʩʥʦʚʥʳʝ ʚʝʪʚʣʝʥʠʷ ʠ ʧʝʨʝʭʦʜʳ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ 

ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʆʇ ʠʣʠ ɺʇ, ʥʝ ʚʣʠʷʶʱʠʝ ʥʘ ʢʦʥʝʯʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʙʦʙʱʝʥʥʳʡ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʪʦʜʝʨʝʚʘ (ʈʠʩʫʥʦʢ 1.16). ɺ ʪʘʢʦʤ ʧʨʦʮʝʩʩʝ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʦʙʭʦʜʘ ʦʢʪʦʜʝʨʝʚʘ TraverseLoop, 

ʚʥʫʪʨʝʥʥʠʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ InnerLoop, ʠ ʚʥʝʰʥʠʡ ʮʠʢʣ ʦʙʭʦʜʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ OuterLoop. ʋʩʣʦʚʠʷ ʚʭʦʜʘ ʚ ʜʘʥʥʳʝ ʮʠʢʣʳ, ʨʘʚʥʦ ʢʘʢ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ, ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʦʙʱʝʤ ʚʠʜʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ-ʠ-ʦʙʨʘʙʦʪʢʠ (Read ʠ Process2) ʠ/ʠʣʠ 

ʦʙʨʘʙʦʪʢʠ-ʠ-ʟʘʧʠʩʠ (Process1 ʠ Write), ʚʳʙʦʨ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʢʦʥʢʨʝʪʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʦʙʨʘʙʦʪʢʠ. 
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ʈʠʩʫʥʦʢ 1.16 ï ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ɺ ʢʦʥʪʝʢʩʪʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʘʩ ʠʥʪʝʨʝʩʫʶʪ ʦʧʝʨʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʳ ʥʘ ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ (ʈʠʩʫʥʦʢ 1.17). 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʩʦ ʩʪʦʨʦʥʳ ʦʧʝʨʘʮʠʡ ʟʘʧʠʩʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʦʧʝʨʘʮʠʠ ʚʳʜʝʣʝʥʠʷ ʙʣʦʢʘ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ (Allocate), ʫʜʘʣʝʥʠʷ ʙʣʦʢʘ 

(Delete), ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʙʣʦʢʘ (Reallocate) ʠ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʚ ʙʣʦʢ (Update ʠ 

Append). ʉʦ ʩʪʦʨʦʥʳ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʠʤʝʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʝʨʘʮʠʷ 

ʩʯʠʪʳʚʘʥʠʷ ʜʘʥʥʳʭ ʠʟ ʆʇ (Read). ʉʦ ʩʪʦʨʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʪʦʜʝʨʝʚʦʤ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʧʝʨʘʮʠʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʫʟʣʘ ʚ ʦʢʪʦʜʝʨʝʚʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʙʣʦʢʫ ʜʘʥʥʳʭ (GetAddress). 
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ʈʠʩʫʥʦʢ 1.17 ï ɼʝʪʘʣʠʟʘʮʠʷ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ (ʈʠʩʫʥʦʢ 1.18) ʩʦ ʩʪʦʨʦʥʳ ʦʧʝʨʘʮʠʡ 

ʟʘʧʠʩʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʧʝʨʘʮʠʠ ʩʦʟʜʘʥʠʷ ʬʘʡʣʦʚ (CreateFile), ʫʜʘʣʝʥʠʷ ʬʘʡʣʘ 

(DeleteFile), ʜʦʙʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ ʢʦʥʝʮ ʬʘʡʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʝʛʦ 

ʨʘʟʤʝʨʘ (Append), ʠ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʚ ʬʘʡʣ (Update). ʉʦ ʩʪʦʨʦʥʳ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ 

ʠʤʝʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʝʨʘʮʠʷ ʩʯʠʪʳʚʘʥʠʷ ʜʘʥʥʳʭ ʠʟ ʬʘʡʣʘ (Read). ʉʦ 

ʩʪʦʨʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʦʡ (ʌʉ) ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ, 

ʢʘʢ ʧʦʣʫʯʝʥʠʝ ʬʘʡʣʦʚʦʛʦ ʜʝʩʢʨʠʧʪʦʨʘ (OpenFile) ʠ ʦʩʚʦʙʦʞʜʝʥʠʝ ʬʘʡʣʦʚʦʛʦ 

ʜʝʩʢʨʠʧʪʦʨʘ (CloseFile). ʉʦ ʩʪʦʨʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʪʦʜʝʨʝʚʦʤ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʧʝʨʘʮʠʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʫʟʣʘ ʚ ʦʢʪʦʜʝʨʝʚʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʘʜʨʝʩʫ ʚ ʌʉ (GetFilePath). 
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ʈʠʩʫʥʦʢ 1.18 - ɼʝʪʘʣʠʟʘʮʠʷ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʠ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʤʦʞʝʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴ 

ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʢʘʢ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ, ʪʘʢ ʠ ʢʦʤʙʠʥʘʮʠʶ 

ʧʦʜʭʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʰʥʝʡ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʇʦʤʠʤʦ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʱʠʭ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ (ʥʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʠ 

ʦʙʭʦʜʘ ʦʢʪʦʜʝʨʝʚʘ), ʙʳʣ ʚʳʜʝʣʝʥ ʨʷʜ ʤʝʨ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʴʶ: 

- ʉʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʦʧʝʨʘʮʠʡ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ; 

- ʉʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʦʧʝʨʘʮʠʡ c ʌʉ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʙʦʣʝʝ ʥʠʟʢʦʫʨʦʚʥʝʚʳʭ 

ʧʨʦʮʝʜʫʨ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ; 

- ʉʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ 

ʌʉ; 
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- ɸʩʠʥʭʨʦʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʯʘʩʪʠ ʦʧʝʨʘʮʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʜʝʨʞʝʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ; 

- ʉʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʙʤʝʥʦʚ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʟʘ ʩʯʝʪ 

ʤʦʜʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʴʶ ʪʘʢʞʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʧʝʨʘʮʠʡ ʦʙʭʦʜʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʤʝʨʳ ʧʦ 

ʩʦʢʨʘʱʝʥʠʶ ʯʠʩʣʘ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʠ ʤʦʜʠʬʠʢʘʮʠʶ ʘʣʛʦʨʠʪʤʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʫʶ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʧʝʨʝʩʳʣʘʝʤʳʭ ʜʘʥʥʳʭ. ʅʘ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʚʥʫʪʨʠ TraverseLoop, 

InnerLoop, OuterLoop ʠ Process. 

1.6.4. ɿʘʜʘʯʘ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʦʙʤʝʥ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʜʚʠʛʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʩʪʨʫʢʪʫʨʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʜʥʠʤ ʠʟ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʜʘʣʝʝ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʚ 

ɺʇ. ʇʨʝʜʣʦʞʝʥʦ ʜʚʘ ʤʝʪʦʜʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʧʦʩʦʙʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʴʶ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʠʟʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʨ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʝʨʚʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʜʫʨʫ ʦʙʨʘʙʦʪʢʠ, ʥʝ ʦʪʢʘʟʳʚʘʷʩʴ 

ʧʦʣʥʦʩʪʴʶ ʦʪ ʦʧʝʨʘʮʠʡ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ. ɺʦ ʚʪʦʨʦʤ ʤʝʪʦʜʝ ʬʫʥʢʮʠʠ ʬʘʡʣʦʚʦʡ 

ʩʠʩʪʝʤʳ (ʚ ʦʩʥʦʚʥʦʤ ï ʚʳʜʝʣʝʥʠʝ ʙʣʦʢʦʚ ʜʘʥʥʳʭ (ʬʘʡʣʦʚ) ʠ ʥʘʨʘʱʠʚʘʥʠʝ ʠʭ 

ʨʘʟʤʝʨʦʚ) ʚʦʟʴʤʝʪ ʥʘ ʩʝʙʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʠ ʤʝʭʘʥʠʟʤ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʘʣʣʦʢʘʮʠʠ. 

ɺ ʧʝʨʚʦʤ ʤʝʪʦʜʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʨʘʩʩʤʦʪʨʝʥʥʫʶ ʩʠʩʪʝʤʫ 

ʦʙʨʘʙʦʪʢʠ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ: 
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- ʉʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʫʩʢʦʨʠʪʴ ʦʧʝʨʘʮʠʠ ʧʦʠʩʢʘ ʠ ʦʙʭʦʜʘ ʫʟʣʦʚ; 

- ʉʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ 

ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʌʉ; 

- ʄʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʜʫʨʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʯʪʝʥʠʡ ʠʟ ɺʇ; 

- ɺʳʧʦʣʥʷʪʴ ʯʘʩʪʴ ʦʧʝʨʘʮʠʡ ʘʩʠʥʭʨʦʥʥʦ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʟʘʜʝʨʞʢʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ɺʇ. 

ɺʦ ʚʪʦʨʦʤ ʤʝʪʦʜʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʨʘʩʩʤʦʪʨʝʥʥʫʶ ʧʨʦʮʝʜʫʨʫ 

ʦʙʨʘʙʦʪʢʠ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ: 

- ʇʦʜʤʝʥʠʪʴ ʙʫʬʝʨʳ ʜʘʥʥʳʭ, ʚʳʜʝʣʝʥʥʳʝ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʥʘ 

ʙʫʬʝʨʳ, ʚʳʜʝʣʝʥʥʳʝ ʚ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ; 

- ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʣʦʢʘʤʠ ʜʘʥʥʳʭ ʚ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʭʘʥʠʟʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʣʣʦʢʘʮʠʠ; 

- ʆʪʢʘʟʘʪʴʩʷ ʦʪ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʚ ʧʨʦʮʝʩʩʝ ʦʙʭʦʜʘ ʠ ʧʦʠʩʢʘ 

ʫʟʣʦʚ; 

- ʄʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʦʢʪʦʜʝʨʝʚʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʫʧʨʦʱʝʥʠʷ ʜʦʩʪʫʧʘ ʠ ʤʦʜʠʬʠʢʘʮʠʠ. 

ʇʨʠʤʝʨ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.19. ɺ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ ʜʦʙʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʨʝʩʘʮʠʠ 

ʫʯʘʩʪʢʘ ʬʘʡʣʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʚʩʝʭ ʦʪʜʝʣʴʥʳʭ 

ʬʘʡʣʦʚ ʚ ʦʜʠʥ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʠʩʭʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʜʘʥʥʳʭ ʦʙʨʘʙʦʪʢʠ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʡ 

(ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ), ʜʦʙʘʚʣʷʝʪʩʷ ʣʠʰʴ ʩʢʨʳʪʘʷ 

ʚʟʘʠʤʦʩʚʷʟʴ (Ὑ ) ʤʝʞʜʫ ʘʜʨʝʩʘʤʠ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʧʘʤʷʪʠ ʠ ʩʤʝʱʝʥʠʝʤ ʚʥʫʪʨʠ 

ʬʘʡʣʘ. 
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ʈʠʩʫʥʦʢ 1.19 - ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚ 

ʦʢʪʦʜʝʨʝʚʝ 

ɺʳʧʦʣʥʠʤ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ. ʊʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʞʜʝʥʠʡ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ, ʘ ʪʘʢʞʝ ʦʙʲʝʤ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʦʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ ʦʧʝʨʘʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ 

ʠʣʠ ʥʘ ʢʨʠʪʠʯʝʩʢʦʤ ʧʫʪʠ ʠʩʧʦʣʥʝʥʠʷ ʥʝ ʜʘʩʪ ʩʪʘʙʠʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ 

ʦʙʨʘʙʦʪʢʠ ʠ ʩʨʘʚʥʝʥʠʝ ʝʛʦ ʩ ʚʨʝʤʝʥʝʤ ʦʙʨʘʙʦʪʢʠ ʨʝʘʣʠʟʘʮʠʠ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ, ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʠʩʧʦʣʥʝʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. 

ɺʚʝʜʝʤ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʘʪʝʛʦʨʠʠ ʪʘʢʠʭ ʦʧʝʨʘʮʠʡ:  

Ὗ

ὝὶὥὺὩὶίὩὒέέὴȟὍὲὲὩὶὒέέὴȟὕόὸὩὶὒέέὴȟὋὩὸὃὨὨὶὩίίȟὋὩὸὊὭὰὩὖὥὸὬ,  

Ὗ ὃὰὰέὧὥὸὩὄόὪὪὩὶȟὈὩὰὩὸὩὄόὪὪὩὶȟὟὴὨὥὸὩὄόὪὪὩὶȟ 

ὃὴὴὩὲὨὝέὄόὪὪὩὶȟὙὩὥὨὊὶέάὄόὪὪὩὶȟ 

Ὗ ὕὴὩὲὊὭὰὩȟὅὰέίὩὊὭὰὩȟὅὶὩὥὸὩὊὭὰὩȟ 

ὈὩὰὩὸὩὊὭὰὩȟὟὴὨὥὸὩὊὭὰὩȟὃὴὴὩὲὨὝέὊὭὰὩȟὙὩὥὨὊὶέάὊὭὰὩȟ 

(1.6) 
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ʛʜʝ Ὗ  ï ʦʧʝʨʘʮʠʠ ʦʙʭʦʜʘ ʦʢʪʦʜʝʨʝʚʘ ʠ ʮʠʢʣʦʚ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ; 

Ὗ  ï ʦʧʝʨʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ; 

Ὗ  ï ʦʧʝʨʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʦʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ. 

ʆʙʦʟʥʘʯʝʥʠʷ ʦʧʝʨʘʮʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʚʝʜʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʘʭ 1.16, 1.17 ʠ 

1.18. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ 

ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ 

ʦʧʝʨʘʮʠʠ, ʧʫʪʝʤ ʩʦʢʨʘʱʝʥʠʷ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʨʝʤʝʥʠ 

ʠʩʧʦʣʥʝʥʠʷ. ɼʦʧʫʩʪʠʤʦ ʪʘʢʞʝ ʩʦʢʨʘʱʝʥʠʝ ʯʘʩʪʠ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʭ ʦʧʝʨʘʮʠʡ 

(ʥʘʧʨʠʤʝʨ, Ὗ ) ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ ʙʳʩʪʨʳʭ (Ὗ ), ʧʨʠ ʫʩʣʦʚʠʠ 

ʩʦʙʣʶʜʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʦʙʲʝʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

ɺʚʝʜʝʤ ὢ ὼȟὭ ρȣὲ  ï ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʛʜʝ ὼ ï ʥʦʤʝʨ 

ʚʘʨʠʘʥʪʘ ʦʙʨʘʙʦʪʢʠ. ʊʦʛʜʘ, ʩʦʛʣʘʩʥʦ ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦʪʝʟʝ, ʩʫʱʝʩʪʚʫʝʪ 

ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ 

ὢ Ṓὢ  ʠ ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ ὢ Ṓὢ. ʊʘʢʞʝ ʚ ʮʝʣʷʭ ʩʨʘʚʥʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʩ ʦʙʨʘʙʦʪʢʦʡ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ὼ  ʠ 

ʦʙʨʘʙʦʪʢʦʡ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ ʠ ʤʝʭʘʥʠʟʤʦʚ ʌʉ ὼ . 

ʌʦʨʤʘʣʠʟʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʦʙʨʘʙʦʪʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʝʪʝʡ ʇʝʪʨʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʚʫʜʦʣʴʥʳʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʤʫʣʴʪʠʛʨʘʬʦʤ: 

Ὃ ộὖȟὝȟὉỚȟ (1.7) 

ʛʜʝ  …ᶰρȟςȟσȟτ  ï ʠʥʜʝʢʩ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ: ὼ ᶰὢ ȟὼ ᶰὢ ȟὼ ȟὼ , 

ʧʨʠʯʝʤ ὼ  ʠ ὼ  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʥʢʨʝʪʥʳʤ ʚʘʨʠʘʥʪʘʤ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʙʘʟʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʣʫʯʝʥʠʝ 

ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ;  

ὖ ï ʢʦʥʝʯʥʦʝ ʥʝʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ ʧʦʟʠʮʠʡ; 



62 

 

Ὕ ï ʢʦʥʝʯʥʦʝ ʥʝʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʭʦʜʦʚ (ʠʣʠ ʩʦʙʳʪʠʡ); 

Ὁ  ï ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʜʫʛ, Ὁ Ṗὖ Ὕ᷾Ὕ ὖ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʦʙʨʘʙʦʪʢʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʧʦʢʘʟʘʪʝʣʴ ʦʙʱʠʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ὑ , ʢʦʪʦʨʦʝ 

ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ: 

ὑ ᴼάὭὲȟ (1.8) 

ʠ ʩʨʘʚʥʠʪʴ ʝʛʦ ʩ ʚʨʝʤʝʥʝʤ ʦʙʨʘʙʦʪʢʠ ʨʝʘʣʠʟʘʮʠʠ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ὑ  ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʚʳʙʨʘʥʥʳʝ 

ʚʘʨʠʘʥʪʳ ʦʙʨʘʙʦʪʢʠ. ʆʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʠʢʦʚʘʷ ʧʦʪʨʝʙʣʷʝʤʘʷ 

ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ: 

ὓ ὸ ὓ ȟὸɴ ɬȟ (1.9) 

ʛʜʝ  ὓ ὸ ï ʦʙʲʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ; 

ὓ  ï ʣʠʤʠʪ ʧʦʪʨʝʙʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ; 

 ὸɴ ɬ ï ʤʥʦʞʝʩʪʚʦ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ, ʚʳʧʦʣʥʠʤ ʜʝʢʦʤʧʦʟʠʮʠʶ ʦʙʱʝʡ ʟʘʜʘʯʠ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʧʦʜʟʘʜʘʯʠ: 

1. ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʢʪʦʜʝʨʝʚʘ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ 

ʩʦʢʨʘʱʝʥʠʷ ʨʘʟʤʝʨʦʚ ʫʟʣʦʚ ʚ ʆʇ, ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ʦʙʭʦʜʘ ʠ ʧʦʠʩʢʘ ʚ ʦʢʪʦʜʝʨʝʚʝ; 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʤʥʦʞʝʩʪʚʘ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ 

( ὢ . ɺʳʙʦʨ ʧʦʣʠʪʠʢʠ ʚʳʪʝʩʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʢʝʰʠʨʦʚʘʥʠʷ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʣʦʢʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʧʨʠʟʥʘʢʫ; 
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3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʤʥʦʞʝʩʪʚʘ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʥʘ ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ 

ʧʘʤʷʪʠ (ὢ . ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʥʠʟʢʦʫʨʦʚʥʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʘʤʷʪʴʶ ʥʘ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ. 

1.7. ɺʳʚʦʜʳ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʦʙʟʦʨʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɿʘʜʘʯʘ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʧʨʦʜʠʢʪʦʚʘʥʘ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ (ʠ ʦʙʣʘʩʪʝʡ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʣʘʢʝ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʦʙʝ̡ʤʘ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ.  

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʙʠʙʣʠʦʪʝʢ. ʇʨʦʛʨʘʤʤʥʳʝ 

ʙʠʙʣʠʦʪʝʢʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʘʟʤʝʱʝʥʠʝ 

ʜʘʥʥʳʭ ʚ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ, ʯʪʦ ʪʘʢʞʝ ʫʩʣʦʞʥʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. 

3. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ 

ʪʦʯʝʢ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʨʫʢʪʫʨ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʦʙʣʘʢʘ 

ʪʦʯʝʢ (ʩʪʨʫʢʪʫʨ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ) ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʘʪʴ ʚʳʙʦʨ ʦʢʪʦʜʝʨʝʚʘ ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ.  
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4. ɹʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʦʙʨʘʱʝʥʠʷ ʢ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʦʙʣʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʢʪʦʜʝʨʝʚʘ, ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ. ɻʠʧʦʪʝʟʘ ʜʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʠʪʴ ʵʪʘʧʳ ʠ 

ʢʦʤʧʦʥʝʥʪʳ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʧʨʝʜʤʝʪʦʤ ʜʝʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʣʦʞʠʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ. 

5. ɹr ʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʘ 

ʪʘʢʞʝ ʚʳʜʝʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʧʦʣʥʠʪʴ ʜʝʢʦʤʧʦʟʠʮʠʶ ʦʙʱʝʡ 

ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ, ʘ 

ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ ʜʚʘ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʥʘ ʙʘʟʝ 

ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ ʠ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ: 

1. ʂʦʥʮʝʧʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ 

ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʵʪʘʧʦʚ, ʤʦʜʠʬʠʢʘʮʠʝʡ ʢʦʪʦʨʳʭ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʦʙʣʘʢʘ ʪʦʯʝʢ ʤʦʞʥʦ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ. 
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2. ɻʠʧʦʪʝʟʘ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʦʙʨʘʱʝʥʠʷ ʢ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʩʧʦʩʦʙʦʚ ʜʦʩʪʫʧʘ, 

ʨʘʟʤʝʱʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʦʢʪʦʜʝʨʝʚʘ ʚʦ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʬʘʡʣʦʚʳʭ ʦʧʝʨʘʮʠʡ ʠ 

ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʝʨʞʝʢ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʦʡ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʙʘʟʝ ʜʘʥʥʦʡ 

ʛʠʧʦʪʝʟʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʵʪʘʧʳ ʠ ʢʦʤʧʦʥʝʥʪʳ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ 

ʧʨʝʜʤʝʪʦʤ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʣʦʞʠʪʴ ʥʦʚʳʝ 

ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʠ: 

1. ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ 

ʧʦ ʦʙʣʘʢʫ ʪʦʯʝʢ ʃʉ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʚʢʣʶʯʘʶʱʠʡ 

ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʠʭ ʜʝʢʦʤʧʦʟʠʮʠʶ ʥʘ 

ʩʦʩʪʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʙʦʡ, 

ʮʝʥʪʨʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ, ʚʥʝʰʥʝʡ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ ʩ ʮʝʣʴʶ 

ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʟʘ ʩʯʝʪ ʥʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ. 

2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʦʙʤʝʥ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. ʌʦʨʤʫʣʠʨʦʚʘʥʠʝ 

ʛʠʧʦʪʝʟʳ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠ 

ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʟʘʜʘʯ ʥʘ 

ʧʦʩʣʝʜʫʶʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʫʪʦʯʥʝʥʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʝ. 
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ɻʣʘʚʘ 2. ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʢʪʦʜʝʨʝʚʘ ʠ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ 

ʦʙʣʘʢʦʚ ʪʦʯʝʢ 

ɺ ʛʣʘʚʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʠ ʫʪʦʯʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʠʚʥʦʡ 

ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʜʘʥʥʳʭ ʚ ʦʢʪʦʜʝʨʝʚʝ ʠ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ. 

ʇʨʝʜʣʦʞʝʥʳ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʘʣʛʦʨʠʪʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʦʢʪʦʜʝʨʝʚʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʚʳʧʦʣʥʷʪʴ ʦʙʨʘʙʦʪʢʫ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ c 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʝʣʠ ʦʢʪʦʜʝʨʝʚʘ 

ʥʘ ʦʩʥʦʚʝ ʘʨʠʬʤʝʪʠʢʠ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʠ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ. 

ʇʨʝʜʣʦʞʝʥʘ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦʪʝʟʝ. ʈʘʟʨʘʙʦʪʢʘ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʥʠʤʠ, ʩʠʩʪʝʤʥʳʤ ʇʆ, ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʴʶ. 

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʩʦʠʩʢʘʪʝʣʝʤ ʚ 

ʩʪʘʪʴʷʭ [46]. 

2.1. ɸʥʘʣʠʟ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʛʨʫʧʧʠʨʦʚʢʠ ʪʦʯʝʢ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʧʨʠʟʥʘʢʫ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʩʮʝʥʘʨʠʝʚ ʦʙʨʘʙʦʪʢʠ, ʫʯʠʪʳʚʘʶʱʠʭ ʥʘʣʠʯʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʚ ʦʙʣʘʢʝ. 
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2.1.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʢ ʚ ʦʙʣʘʢʝ 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʪʦʧʦʣʦʛʠʶ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʆʙʣʘʢʦ ʪʦʯʝʢ ʷʚʣʷʝʪʩʷ 

ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʘʥʥʳʭ. ʊʦʯʢʠ ʚ ʦʙʣʘʢʝ, ʧʦʣʫʯʝʥʥʦʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʤʦʛʫʪ ʠʤʝʪʴ ʥʘʩʪʦʣʴʢʦ 

ʧʨʝʜʩʢʘʟʫʝʤʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ, ʥʘʩʢʦʣʴʢʦ ʧʨʝʜʩʢʘʟʫʝʤʦ ʧʦʚʝʜʝʥʠʝ ʣʫʯʘ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʝʨʘ. ʇʦʜʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʘʞʝ ʠʩʧʦʣʴʟʫʶʪ ʥʝʢʦʪʦʨʳʝ ʘʣʛʦʨʠʪʤʳ [47; 48] 

ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʦʙʣʘʢʦ ʪʦʯʝʢ ʧʦʩʣʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 2.1), ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ (ʈʠʩʫʥʦʢ 2.2), ʠ ʨʝʟʫʣʴʪʘʪ ʩʦʚʤʝʱʝʥʠʷ ʜʚʫʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ (ʈʠʩʫʥʦʢ 2.3). 

ʅʘʨʘʩʪʘʥʠʝ ʠʥʜʝʢʩʘ ʪʦʯʝʢ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʠʟʦʙʨʘʞʝʥʦ ʮʚʝʪʦʚʳʤ ʛʨʘʜʠʝʥʪʦʤ.  

 

ʈʠʩʫʥʦʢ 2.1 ï ʅʘʨʘʩʪʘʥʠʝ ʠʥʜʝʢʩʘ ʪʦʯʢʠ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

 

ʈʠʩʫʥʦʢ 2.2 ï ʅʘʨʘʩʪʘʥʠʝ ʠʥʜʝʢʩʘ ʪʦʯʢʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 



68 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʅʘʨʘʩʪʘʥʠʝ ʠʥʜʝʢʩʘ ʪʦʯʝʢ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʦʙʣʘʢʦʚ ʩ ʜʚʫʭ ʪʦʯʝʢ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʮʚʝʪʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʜʝʢʩʘ ʪʦʯʢʠ, ʨʘʩʩʤʦʪʨʠʤ 

ʧʦʜʨʦʙʥʝʝ ʨʠʩʫʥʦʢ 2.1, ʥʘ ʢʦʪʦʨʦʤ ʧʨʠʚʝʜʝʥʦ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʧʦʣʫʯʝʥʥʦʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʃʘʟʝʨʥʳʡ ʩʢʘʥʝʨ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ 

ʮʝʥʪʨʝ ʦʙʣʘʢʘ, ʘ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʧʦʚʦʨʦʪʘ ʛʦʣʦʚʢʠ ʩʢʘʥʝʨʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ. ɽʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʥʦʤʝʨ ʧʦ ʧʦʨʷʜʢʫ ʪʦʯʢʠ ʚ ʦʙʣʘʢʝ ʚ ʚʠʜʝ 

ʮʚʝʪʦʚʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʪʦ ʩʦʩʝʜʥʠʝ ʪʦʯʢʠ ʚ ʦʙʣʘʢʝ (ʥʦ ʥʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ) ʙʫʜʫʪ 

ʠʤʝʪʴ ʩʭʦʞʠʡ ʮʚʝʪ. ʇʣʘʚʥʦʝ ʥʘʨʘʩʪʘʥʠʝ ʛʨʘʜʠʝʥʪʘ ʥʘ ʨʠʩʫʥʢʝ 2.1 ʛʦʚʦʨʠʪ ʦ ʪʦʤ, 

ʯʪʦ ʪʦʯʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʨʷʜʦʤ ʚ ʦʙʣʘʢʝ, ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʨʷʜʦʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʈʘʟʨʳʚ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʪʦʯʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʨʷʜʦʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘʭʦʜʷʪʩʷ 

ʜʘʣʝʢʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ (ʥʘʧʨʠʤʝʨ, ʨʘʟʨʳʚ, ʚʦʟʥʠʢʘʶʱʠʡ ʥʘ ʩʪʳʢʝ 

ʧʝʨʚʳʭ ʠ ʧʦʩʣʝʜʥʠʭ ʣʠʥʠʡ ʩʢʘʥʠʨʦʚʘʥʠʷ).   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʳʝ ʨʠʩʫʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʥʝʢʦʝʡ ʪʦʯʢʠ ʠʟ 

ʦʙʣʘʢʘ ʝʝ ʩʦʩʝʜʠ (ʪʦʯʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʨʷʜʦʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ) ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ 

ʢʘʢ ʧʦʙʣʠʟʦʩʪʠ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ (ʥʘ ʪʦʡ ʞʝ ʠʣʠ ʩʦʩʝʜʥʠʭ ʣʠʥʠʷʭ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʨʠʩʫʥʦʢ 2.1), ʪʘʢ ʠ ʚ ʜʨʫʛʦʤ ʢʦʥʮʝ ʦʙʣʘʢʘ ʪʦʯʝʢ (ʨʠʩʫʥʢʠ 2.2-2.3).  
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ɼʣʷ ʘʣʛʦʨʠʪʤʦʚ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ ʚ ʦʙʣʘʢʝ ʥʝ 

ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ. ʆʜʥʘʢʦ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʢʠ ʪʦʯʝʢ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʝʛʠʦʥʝ, ʯʪʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʩʜʝʣʘʪʴ ʙʝʟ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʘʣʛʦʨʠʪʤʘ, ʪʨʝʙʫʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ, ʨʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ 

ʥʦʨʤʘʣʝʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʦʙʣʘʢʦʤ ʪʦʯʝʢ, ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʩʪʘʪʴʝ [49]. 

ʇʦʣʫʯʝʥʥʳʝ ʥʦʨʤʘʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʦʩʚʝʱʝʥʠʷ [50], 

ʩʝʛʤʝʥʪʘʮʠʠ [51] ʠ ʚ ʧʨʦʯʠʭ ʘʣʛʦʨʠʪʤʘʭ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʥʦʨʤʘʣʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʦʯʢʠ ʚ ʦʙʣʘʢʝ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʧʦʠʩʢ ʩʦʩʝʜʥʠʭ ʩ ʥʝʡ ʪʦʯʝʢ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʨʘʜʠʫʩʝ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʪʦʯʝʢ ʚʳʯʠʩʣʷʝʪʩʷ ʪʘʢʘʷ ʧʣʦʩʢʦʩʪʴ, 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʢʦʪʦʨʦʡ ʫ ʢʘʞʜʦʡ ʠʟ ʪʦʯʝʢ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʳʤ. ʇʝʨʧʝʥʜʠʢʫʣʷʨ ʢ 

ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʙʫʜʝʪ ʠʩʢʦʤʦʡ ʥʦʨʤʘʣʴʶ. ɿʥʘʢ ʥʦʨʤʘʣʠ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʟʥʘʷ 

ʪʦʯʢʫ ʩʢʘʥʠʨʦʚʘʥʠʷ/ʚʟʛʣʷʜʘ. ʇʨʠʤʝʨ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.4 

(ʧʣʦʩʢʦʩʪʴ ʥʘ ʨʠʩʫʥʢʝ ʩʜʚʠʥʫʪʘ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ). 
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ʈʠʩʫʥʦʢ 2.4 ï ʇʨʠʤʝʨ ʘʣʛʦʨʠʪʤʘ ʚʳʯʠʩʣʝʥʠʷ ʥʦʨʤʘʣʝʡ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ 

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʦʠʩʢʘ ʚ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʨʫʢʪʫʨʳ 

ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʥʠʭ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ 

ʠʩʭʦʜʥʳʝ ʪʦʯʢʠ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠʣʠ ʠʭ ʠʥʜʝʢʩʳ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ 

ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʨʷʜʦʤ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʙʣʠʟʢʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʦʯʢʠ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʢʝʰ-ʧʨʦʤʘʭʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʪʘʢʠʭ ʜʘʥʥʳʭ.  

2.1.2. ʆʙʟʦʨ ʩʮʝʥʘʨʠʝʚ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ɺʳʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ 

ʟʘʛʨʫʟʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɿʘʛʨʫʟʢʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʫʞʥʘ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʥʝʢʦʝʛʦ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ, ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʬʦʨʤʘʪ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʥʷʪʥʳʡ ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʘʣʛʦʨʠʪʤʫ. ʇʦʜ ʧʦʣʫʯʝʥʠʝʤ ʜʘʥʥʳʭ 

ʠʟ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʯʠʪʳʚʘʥʠʝ ʠʟ ʬʘʡʣʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʬʦʨʤʘʪʘ, ʧʦʣʫʯʝʥʠʝ ʧʦ ʩʝʪʠ ʠ ʪ.ʧ. ʊʘʢ ʢʘʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʭʦʜʥʦʝ ʦʙʣʘʢʦ 

ʪʦʯʝʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʬʘʡʣʘ, ʜʘʣʝʝ ʤʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʤʝʥʥʦ ʵʪʦʪ 

ʚʘʨʠʘʥʪ. 
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ʕʪʘʧ ʟʘʛʨʫʟʢʠ ʤʦʞʝʪ ʙʳʪʴ ʩʦʚʤʝʱʝʥ ʩ ʵʪʘʧʦʤ ʧʨʝʜʦʙʨʘʙʦʪʢʠ. ʀʤʝʥʥʦ ʥʘ 

ʵʪʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʘʣʝʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʵʪʘʧ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦʜ ʘʣʛʦʨʠʪʤʦʤ 

ʦʙʨʘʙʦʪʢʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʯʝʨʥʳʡ ʷʱʠʢ, ʧʨʠʥʠʤʘʶʱʠʡ ʥʘ ʚʭʦʜ ʦʙʣʘʢʦ ʪʦʯʝʢ ʠ 

ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ. ɺʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘ ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʦʙʣʘʢʦ ʪʦʯʝʢ ʠ 

ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ. ɸʣʛʦʨʠʪʤ ʤʦʞʝʪ ʢʘʢ ʠʟʤʝʥʷʪʴ ʚʭʦʜʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʪʘʢ ʠ 

ʩʦʟʜʘʚʘʪʴ ʥʦʚʦʝ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʮʝʧʦʯʢʘ ʘʣʛʦʨʠʪʤʦʚ. 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ (ʦʙʣʘʢʘ ʪʦʯʝʢ, 

ʠʟʦʙʨʘʞʝʥʠʷ, ʠ ʪ.ʧ.) ʚ ʫʩʪʨʦʡʩʪʚʦ ʚʳʚʦʜʘ (ʵʢʨʘʥ, ʬʘʡʣ, ʠ ʪ.ʧ.). 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʳʝ ʩʮʝʥʘʨʠʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʘʣʛʦʨʠʪʤʘʤʠ, ʥʝ 

ʪʨʝʙʫʶʱʠʤʠ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʈʠʩʫʥʦʢ 2.5): 

1. ɸʣʛʦʨʠʪʤ ʚʳʧʦʣʥʷʝʪ ʦʙʨʘʙʦʪʢʫ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʩʯʠʪʳʚʘʥʠʷ ʫʯʘʩʪʢʦʚ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠʟ ʬʘʡʣʘ, ʠʭ ʠʟʤʝʥʝʥʠʝʤ, ʠ ʟʘʧʠʩʴʶ 

ʦʙʨʘʪʥʦ ʚ ʬʘʡʣ; 

2. ʇʝʨʝʜ ʚʳʟʦʚʦʤ ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʛʨʫʟʢʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ 

ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤ ʚʳʧʦʣʥʷʝʪ 

ʠʟʤʝʥʝʥʠʝ ʫʯʘʩʪʢʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘʧʨʷʤʫʶ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

ʈʝʟʫʣʴʪʘʪ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʚʠʟʫʘʣʠʟʘʮʠʶ/ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʬʘʡʣ; 

3. ʆʪʣʠʯʘʝʪʩʷ ʦʪ ʚʘʨʠʘʥʪʘ ˉ2 ʪʝʤ, ʯʪʦ ʚʳʧʦʣʥʷʝʪ ʩʦʟʜʘʥʠʝ ʦʪʜʝʣʴʥʦʛʦ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ 

ʧʦʪʨʝʙʣʝʥʠʶ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ; 

4. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʨʠʘʥʪ ʧʦʪʦʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. 

ʉʯʠʪʘʥʥʳʡ ʫʯʘʩʪʦʢ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚʩʝʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʩʯʠʪʘʥʥʦʛʦ 

ʫʯʘʩʪʢʘ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʬʘʡʣʦʚʳʭ 

ʦʧʝʨʘʮʠʡ, ʘ ʪʘʢʞʝ ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ. 
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ʈʠʩʫʥʦʢ 2.5 ï ʇʨʠʤʝʨ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʙʝʟ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʙʠʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʳʝ ʩʮʝʥʘʨʠʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʧʦʩʪʨʦʝʥʠʝʤ 

ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʈʠʩʫʥʦʢ 2.6): 

1. ʅʘ ʵʪʘʧʝ ʟʘʛʨʫʟʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘʙʦʨʦʤ ʫʟʣʦʚ, ʠʤʝʶʱʠʭ ʜʨʝʚʦʚʠʜʥʫʶ ʠʣʠ 

ʣʠʥʝʡʥʫʶ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠ ʩʦʜʝʨʞʘʱʠʭ ʜʘʥʥʳʝ ʦʙʣʘʢʘ ʪʦʯʝʢ. 

ʇʦʩʪʨʦʝʥʠʝ ʦʢʪʦʜʝʨʝʚʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ɸʣʛʦʨʠʪʤ 

ʦʙʨʘʙʦʪʢʠ ʚʳʧʦʣʥʷʝʪ ʩʯʠʪʳʚʘʥʠʝ ʫʟʣʦʚ ʠʟ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ, ʠʟʤʝʥʷʝʪ ʜʘʥʥʳʝ ʠ ʩʦʭʨʘʥʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʚ 

ʩʪʨʫʢʪʫʨʝ ʨʘʟʙʠʝʥʠʷ;  

2. ʆʪʣʠʯʘʝʪʩʷ ʦʪ ʚʘʨʠʘʥʪʘ ˉ1 ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʩʦʭʨʘʥʝʥʠʝ 

ʩʦʜʝʨʞʠʤʦʛʦ ʫʟʣʦʚ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʥʘ ʚʪʦʨʠʯʥʳʝ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ, 

ʪʝʤ ʩʘʤʳʤ ʩʦʢʨʘʱʘʝʪ ʦʙʲʝʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 
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ʈʠʩʫʥʦʢ 2.6 - ʇʨʠʤʝʨ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʇʨʠʤʝʨ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʙʝʟ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ, 

ʢʦʛʜʘ ʚʦʟʤʦʞʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʪʦʯʝʢ ʚ ʦʙʣʘʢʝ, ʪ.ʝ. ʢʦʛʜʘ ʠʟ 

ʦʯʝʨʝʜʥʦʡ ʪʦʯʢʠ ʠʩʭʦʜʥʦʛʦ ʦʙʣʘʢʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʯʝʨʝʜʥʫʶ ʪʦʯʢʫ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʦʙʣʘʢʘ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʦʧʝʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʠʝ 

ʘʬʬʠʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢ ʦʙʣʘʢʫ ʪʦʯʝʢ.  

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʯʝʨʝʜʥʦʡ ʪʦʯʢʠ ʥʝʦʙʭʦʜʠʤ ʧʨʦʠʟʚʦʣʴʥʳʡ 

ʥʘʙʦʨ ʪʦʯʝʢ ʠʟ ʠʩʭʦʜʥʦʛʦ ʦʙʣʘʢʘ (ʦʪʚʝʯʘʶʱʠʡ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʨʠʪʝʨʠʶ), 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʥʝʚʦʟʤʦʞʥʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʧʦʣʥʠʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ 

ʠʩʭʦʜʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʚʩʝ ʪʦʯʢʠ, ʦʪʚʝʯʘʶʱʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʨʠʪʝʨʠʶ, ʙʫʜʫʪ ʨʘʩʧʦʣʦʞʝʥʳ ʨʷʜʦʤ ʚ ʧʘʤʷʪʠ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʢʨʠʪʝʨʠʝʤ ʚʳʩʪʫʧʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ, ʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
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ʀʩʧʦʣʴʟʫʷ ʪʘʢʦʝ ʨʘʟʙʠʝʥʠʝ, ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʪʘʢʞʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ: ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ 

ʩʯʠʪʳʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʠʥʘʯʝ ï ʦʯʝʨʝʜʥʦʛʦ ʙʣʦʢʘ ʚ ʩʪʨʫʢʪʫʨʝ 

ʨʘʟʙʠʝʥʠʷ (ʜʘʥʥʳʝ ʢʦʪʦʨʦʡ ʪʦʞʝ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ). ʅʝʜʦʩʪʘʪʢʦʤ 

ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʙʫʜʫʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʩʪʨʦʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʭʨʘʥʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ 

ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʧʘʤʷʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʧʨʠʤʝʤ, ʯʪʦ: 

- ʆʙʣʘʢʦ ʪʦʯʝʢ ʩʦʜʝʨʞʠʪ N ʪʦʯʝʢ; 

- ʈʝʟʫʣʴʪʘʪ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʩʦʜʝʨʞʠʪ ʩʪʦʣʴʢʦ ʞʝ ʪʦʯʝʢ, ʩʢʦʣʴʢʦ 

ʠʩʭʦʜʥʦʝ ʦʙʣʘʢʦ (ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʦʪʦʙʨʘʞʝʥʠʷ); 

- ʈʘʟʤʝʨ ʪʦʯʢʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. 

ɹʝʟ ʩʦʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ ʧʨʠ ʨʘʟʤʝʨʝ ʠʩʭʦʜʥʦʛʦ ʦʙʣʘʢʘ 

ʪʦʯʝʢ N ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʦʪʨʝʙʫʝʪʩʷ N * (ʢʦʣ-ʚʦ ʘʣʛʦʨʠʪʤʦʚ + 1) ʧʘʤʷʪʠ 

(ʈʠʩʫʥʦʢ 2.7). ʈʘʩʩʤʦʪʨʠʤ ʭʫʜʰʠʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʘʞʜʳʡ ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ 

ʩʦʟʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʘ ʥʝ ʠʟʤʝʥʷʝʪ ʜʘʥʥʳʝ ʧʨʝʜʳʜʫʱʝʛʦ ʵʪʘʧʘ 

ʦʙʨʘʙʦʪʢʠ. 

 

ʈʠʩʫʥʦʢ 2.7 ï ʇʦʪʨʝʙʣʝʥʠʝ ʧʘʤʷʪʠ ʙʝʟ ʩʦʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ 
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ʆʜʥʘʢʦ ʚ ʟʘʜʘʯʠ ʨʘʙʦʪʳ ʪʘʢ ʞʝ ʚʭʦʜʠʪ ʨʝʘʣʠʟʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʘʤʷʪʠ. ʊʘʢʦʡ ʢʦʥʪʨʦʣʴ ʥʝʦʙʭʦʜʠʤ ʢʘʢ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ, 

ʪʘʢ ʠ ʜʣʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʨʘʟʙʠʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʤʝʭʘʥʠʟʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʘʤʷʪʠ ʜʦʧʦʣʥʠʤ ʩʠʩʪʝʤʫ ʢʝʰʝʤ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʩ ʚʳʛʨʫʟʢʦʡ ʥʘ ʞʝʩʪʢʠʡ ʜʠʩʢ (ʈʠʩʫʥʦʢ 2.8). 

 

ʈʠʩʫʥʦʢ 2.8 - ʇʦʪʨʝʙʣʝʥʠʝ ʧʘʤʷʪʠ ʩ ʢʝʰʠʨʦʚʘʥʠʝʤ ʥʘ ʞʝʩʪʢʠʡ ʜʠʩʢ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2.8, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʣʠʤʠʪʘ ʧʦʪʨʝʙʣʝʥʠʷ 

ʚʩʝ ʥʝ ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʯʘʩʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʙʫʜʫʪ ʚʳʛʨʫʞʘʪʴʩʷ 

ʥʘ ʞʝʩʪʢʠʡ ʜʠʩʢ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʦ ʚ ʩʣʫʯʘʝ ʩ ʠʝʨʘʨʭʠʯʝʩʢʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʨʘʟʙʠʝʥʠʷ: ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʟʘʧʨʘʰʠʚʘʝʤʳʝ ʫʯʘʩʪʢʠ (ʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ 

ʢʦʨʥʶ) ʙʫʜʫʪ ʚʩʝʛʜʘ ʦʩʪʘʚʘʪʴʩʷ ʚ ʢʝʰʝ. 

2.2. ʇʦʣʫʯʝʥʠʝ ʦʮʝʥʦʢ ʩʣʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ 

2.2.1. ʆʮʝʥʢʘ ʩʣʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ 

ʇʨʦʠʟʚʝʜʝʤ ʦʮʝʥʢʫ ʩʣʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ ʜʣʷ 

ʦʧʝʨʘʮʠʡ ʚʩʪʘʚʢʠ, ʫʜʘʣʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʘ (ʪʦʯʢʠ). ʇʫʩʪʴ ʦʙʣʘʢʦ ʪʦʯʝʢ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ ʪʦʯʝʢ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʘʤʷʪʠ.  
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ɺʩʪʘʚʢʘ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʚʩʪʘʚʢʝ ʵʣʝʤʝʥʪʦʚ ʚ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʘʩʩʠʚ 

ʨʘʟʣʠʯʘʶʪ ʜʚʝ ʩʠʪʫʘʮʠʠ: ʚʩʪʘʚʢʘ ʚ ʩʝʨʝʜʠʥʫ ʤʘʩʩʠʚʘ ʠ ʚʩʪʘʚʢʘ ʚ ʢʦʥʝʮ. ʋʯʠʪʳʚʘʷ, 

ʯʪʦ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʛʦ ʤʘʩʩʠʚʘ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʚ 

ʟʘʥʠʤʘʝʤʦʡ ʧʘʤʷʪʠ, ʜʣʷ ʚʩʪʘʚʢʠ ʚ ʩʝʨʝʜʠʥʫ ʧʦʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʤʝʱʝʥʠʝ 

ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʜʥʫ ʧʦʟʠʮʠʶ ʚʧʝʨʝʜ. ʍʫʜʰʠʤ ʩʣʫʯʘʝʤ ʙʫʜʝʪ 

ʚʩʪʘʚʢʘ ʚ ʥʘʯʘʣʦ ʤʘʩʩʠʚʘ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʧʝʨʝʤʝʱʝʥʠʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʜʘʝʪ 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ὕὲ. ʇʨʠ ʚʩʪʘʚʢʝ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʥʝʮ ʤʘʩʩʠʚʘ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʫʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʝʭʘʥʠʟʤʘ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ ʚ ʪʘʢʠʭ ʤʘʩʩʠʚʘʭ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʝʛʦ ʝʤʢʦʩʪʠ 

ʧʦʪʨʝʙʫʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʥʦʚʦʛʦ ʫʯʘʩʪʢʘ ʧʘʤʷʪʠ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʥʝʛʦ ʚʩʝʭ ʜʘʥʥʳʭ 

ʦʙʣʘʢʘ ʪʦʯʝʢ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʣʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʢʦʥʝʮ ʩʦʩʪʘʚʠʪ 

ὕὲ , ʦʜʥʘʢʦ ʩʣʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ n ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʠʪ ὕςὲ ρ  (ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʩʦʛʣʘʩʥʦ ʩʪʝʧʝʥʠ ʜʚʦʡʢʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʤʦʨʪʠʟʘʮʠʦʥʥʘʷ 

(ʫʩʨʝʜʥʝʥʥʘʷ) ʩʣʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ ὕρ. 

ʋʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ. ɸʥʘʣʦʛʠʯʥʦ ʩ ʦʧʝʨʘʮʠʝʡ ʚʩʪʘʚʢʠ, ʫʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʧʝʨʝʤʝʱʝʥʠʷ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ, ʯʪʦ ʜʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʩʣʦʞʥʦʩʪʴ ὕὲ. ʋʜʘʣʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʵʣʝʤʝʥʪʘ ʠʤʝʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ 

ὕρ, ʪʘʢ ʢʘʢ ʥʝ ʪʨʝʙʫʝʪ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ. 

ʇʦʣʫʯʝʥʠʝ ʵʣʝʤʝʥʪʘ. ʋʯʠʪʳʚʘʷ ʥʝʧʨʝʨʳʚʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʧʘʤʷʪʠ, 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʥʦʤʝʨʦʤ ʧʦ ʧʦʨʷʜʢʫ, ʯʪʦ ʜʘʝʪ 

ʩʣʦʞʥʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʵʣʝʤʝʥʪʫ ὕρ ʠ ʩʣʦʞʥʦʩʪʴ ʦʙʭʦʜʘ ʚʩʝʛʦ ʤʘʩʩʠʚʘ ὕὲ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʮʝʥʢʠ ʩʣʦʞʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʠ 

ʧʨʦʯʠʭ) ʚ [52]. 
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2.2.2. ʆʮʝʥʢʘ ʩʣʦʞʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʧʦʠʩʢ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʡʪʠ ʜʘʥʥʳʝ 

(ʪʦʯʢʠ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʧʨʠʟʥʘʢʫ. ʊʘʢʠʤ 

ʧʨʠʟʥʘʢʦʤ ʤʦʞʝʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʥʝʢʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ 

ʦʙʲʝʤʫ ʠʣʠ ʩʦʩʝʜʩʪʚʦ ʩ ʜʨʫʛʦʡ ʪʦʯʢʦʡ. ʊʘʢʦʡ ʧʦʠʩʢ ʰʠʨʦʢʦ [53] ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʘʣʛʦʨʠʪʤʘʭ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ: ʫʜʘʣʝʥʠʷ ʰʫʤʦʚ [54], ʩʝʛʤʝʥʪʘʮʠʠ [55],  

ʚʠʟʫʘʣʠʟʘʮʠʠ [41], ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ [56] ʠ ʧʨ.  

ʅʘ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʦʤ ʦʙʣʘʢʝ ʪʦʯʝʢ ʪʘʢʦʡ ʧʦʠʩʢ ʦʙʳʯʥʦ ʟʘʥʠʤʘʝʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʜʣʷ ʧʦʠʩʢʘ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʨʠʪʝʨʠʶ (ʥʘʧʨʠʤʝʨ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʦʙʲʝʤʫ) 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʩʝ ʪʦʯʢʠ ʚ ʦʙʣʘʢʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʩʢʦʨʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʚʝʨʦʢ.  

ʆʜʥʘʢʦ, ʧʨʝʞʜʝ ʯʝʤ ʤʳ ʧʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʪʦʠʪ 

ʦʮʝʥʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ ʥʘ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʘʚʜʘʥ, ʝʩʣʠ 

ʩʣʦʞʥʦʩʪʴ ʧʦʠʩʢʘ ʙʫʜʝʪ ʤʝʥʴʰʝʡ, ʯʝʤ ʩʣʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ 

ï ʪ.ʝ. ʪʦʯʝʢ ʙʫʜʝʪ ʦʯʝʥʴ ʤʘʣʦ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʧʝʨʘʮʠʶ ʧʦʠʩʢʘ ʩʦʩʝʜʝʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ὴ , 

ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʦʙʣʘʢʫ ʪʦʯʝʢ ὖ.  

ʇʫʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʚʝʢʪʦʨ ὔ, ʩʦʜʝʨʞʘʱʠʡ ʠʥʜʝʢʩʳ Ὧ ʩʦʩʝʜʝʡ ʪʦʯʢʠ ὴᶰὖ ʚ 

ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʜʠʩʪʘʥʮʠʠ ʦʪ ʪʦʯʢʠ ὴ: 

ὔ ὲȟȣȟὲ ḊὨὴȟὴ Ὠὴ ȟὴȟὲ ὴȟȿὔȿ Ὧȟ (2.1) 

ʛʜʝ Ὠ ï ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ, ʚʳʯʠʩʣʷʝʤʦʝ ʧʦ ʧʝʨʚʦʤʫ ʘʪʨʠʙʫʪʫ 

ʪʦʯʢʠ (ὥ ):  

Ὠὴȟὴ Ὠὥ ȟὥ ȟ 

Ὠὥ ȟὥ ὼ ὼ ώ ώ ᾀ ᾀ Ȣ 
(2.2) 
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 ʇʨʦʩʪʝʡʰʠʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʪʘʢʦʛʦ ʚʝʢʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʨʘʩʯʝʪʝ ʜʠʩʪʘʥʮʠʡ ʦʪ ʪʦʯʢʠ ὴ ʜʦ ʢʘʞʜʦʡ ʪʦʯʢʠ ὴ ὴȟὴ ᶰὖ. 

ʇʨʠ ʵʪʦʤ ʦʪʩʣʝʞʠʚʘʝʪʩʷ Ὧ ʙʣʠʞʘʡʰʠʭ ʪʦʯʝʢ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ. ʆʪʩʣʝʞʠʚʘʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʧʫʪʝʤ ʚʩʪʘʚʢʠ ʚ ʩʦʨʪʠʨʦʚʘʥʥʳʡ ʤʘʩʩʠʚ, ʩʦʜʝʨʞʘʱʠʡ 

ʤʘʢʩʠʤʫʤ Ὧ ʪʦʯʝʢ (ʥʝʘʢʪʫʘʣʴʥʳʝ ʪʦʯʢʠ ʫʜʘʣʷʶʪʩʷ). 

ʆʧʨʝʜʝʣʠʤ ʚʨʝʤʝʥʥʫʶ ʩʣʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʛʦ ʚʝʢʪʦʨʘ: 

Ὃ ộὖȟὔỚȟ      (2.3) 

ʦʙʣʘʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ὔ ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ὖ:  

ὖᴼὔȟȿὖȿ ὲ.      (2.4) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʫʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʩʝ ʵʣʝʤʝʥʪʳ ὴᶰὖ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʳʯʠʩʣʠʪʴ 

ʜʠʩʪʘʥʮʠʶ ʜʦ ὴ, ʧʦʩʣʝ ʯʝʛʦ, ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʦʡ ʜʠʩʪʘʥʮʠʠ, ʚʳʧʦʣʥʠʪʴ ʚʩʪʘʚʢʫ 

ʵʣʝʤʝʥʪʘ ʚ ʩʦʨʪʠʨʦʚʘʥʥʳʡ ʤʘʩʩʠʚ. ʉʣʦʞʥʦʩʪʴ ʪʘʢʦʡ ʚʩʪʘʚʢʠ - ὕὲ, ʪʘʢ ʢʘʢ 

ʧʨʠʭʦʜʠʪʩʷ ʚʳʧʦʣʥʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʠʩʢ ʤʝʩʪʘ ʜʣʷ ʚʩʪʘʚʢʠ.  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʧʦʠʩʢ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ ʙʝʟ ʧʦʩʪʨʦʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠ ʧʦʠʩʢʝ k ʙʣʠʞʘʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʦʠʩʢʘ ʨʘʚʥʘ ὕὯὲ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʜʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ, ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʚʩʪʘʚʢʠ ʠʣʠ ʧʨʠ 

ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ ʙʳʩʪʨʦʡ ʩʦʨʪʠʨʦʚʢʠ. ʉʦʛʣʘʩʥʦ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ὔ 

ʩʣʦʞʥʦʩʪʴ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʙʫʜʝʪ ʥʝ ʤʝʥʴʰʝ, ʯʝʤ ὕὲ. 

2.2.3. ʆʮʝʥʢʘ ʩʣʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʢʪʦʜʝʨʝʚʝ 

ʇʨʦʠʟʚʝʜʝʤ ʦʮʝʥʢʫ ʩʣʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʢʪʦʜʝʨʝʚʝ ʜʣʷ 

ʦʧʝʨʘʮʠʡ ʨʘʟʙʠʝʥʠʷ ʫʟʣʘ, ʚʩʪʘʚʢʠ, ʫʜʘʣʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʘ. ʆʢʪʦʜʝʨʝʚʦ 

ʷʚʣʷʝʪʩʷ ʜʨʝʚʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʘʞʜʳʡ ʫʟʝʣ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ ʚʦʩʝʤʴ 

ʧʦʪʦʤʢʦʚ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʪʦʯʝʢ, ʢʦʪʦʨʳʝ ʚ ʥʝʛʦ ʧʦʧʘʜʘʶʪ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚ ʫʟʣʝ ʦʛʨʘʥʠʯʝʥʦ. 
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ʈʘʟʙʠʝʥʠʝ ʫʟʣʘ. ɽʩʣʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʦʡ ʪʦʯʢʠ ʚ ʫʟʝʣ ʦʥ ʩʦʜʝʨʞʠʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʨʘʟʙʠʝʥʠʝ ʥʘ 

ʚʦʩʝʤʴ ʧʦʜʫʟʣʦʚ. ʉʦʛʣʘʩʥʦ [57] ʚ ʠʜʝʘʣʴʥʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ ʦʢʪʦʜʝʨʝʚʝ, 

ʩʦʜʝʨʞʘʱʝʤ n ʣʠʩʪʦʚʳʭ ʫʟʣʦʚ ʠ ʠʤʝʶʱʠʤ ʛʣʫʙʠʥʫ ʨʘʟʙʠʝʥʠʷ ÌÏÇὲ ρ, ʙʫʜʝʪ  

ʫʟʣʦʚ, ʘ ʚʨʝʤʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ n ʪʦʯʝʢ 

ʩʦʩʪʘʚʠʪ Ὕὲ ὑὲ ψz Ὕ ὕὲ, ʛʜʝ K ï ʩʪʦʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʡ ʪʦʯʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʤʦʨʪʠʟʘʮʠʦʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʨʘʟʙʠʝʥʠʷ ʦʜʥʦʛʦ ʫʟʣʘ ʩʦʩʪʘʚʠʪ ὕρ. 

ɺʩʪʘʚʢʘ ʵʣʝʤʝʥʪʦʚ. ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʦʢʪʦʜʝʨʝʚʦ ʪʨʝʙʫʝʪ 

ʧʦʠʩʢʘ ʧʦʜʭʦʜʷʱʝʛʦ ʫʟʣʘ ʜʣʷ ʚʩʪʘʚʢʠ. ʇʦʠʩʢ ʚʳʧʦʣʥʷʝʪʩʷ ʨʝʢʫʨʩʠʚʥʦ, ʥʘʯʠʥʘʝʪʩʷ 

ʩ ʢʦʨʥʝʚʦʛʦ ʫʟʣʘ ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʣʷ ʝʛʦ ʧʦʪʦʤʢʦʚ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʥʘʡʜʝʥ 

ʧʦʜʭʦʜʷʱʠʡ ʣʠʩʪʦʚʦʡ ʫʟʝʣ. ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʨʘʟʙʠʝʥʠʷ ʨʘʟʤʝʨʳ 

ʫʟʣʘ ʜʝʣʷʪʩʷ ʧʦʧʦʣʘʤ, ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʧʦʜʭʦʜʷʱʝʛʦ ʫʟʣʘ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʦʞʥʦʩʪʴ 

ὕÌÏÇὲ  ( ὕὲ  ʚ ʩʣʫʯʘʝ ʩʠʣʴʥʦ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʜʝʨʝʚʘ), ʘ ʧʨʦʮʝʩʩ 

ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʡ ʪʦʯʢʠ ʚ ʫʟʝʣ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʦʞʥʦʩʪʴ ὕρ. 

ʋʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ. ʇʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ ʪʦʯʝʢ ʠʟ ʦʢʪʦʜʝʨʝʚʘ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ 

ὕρ, ʦʜʥʘʢʦ ʧʨʦʮʝʩʩ ʧʝʨʝʩʪʨʦʝʥʠʷ ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ὕὲ. ʉ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʝʨʝʩʪʨʦʝʥʠʷ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʢʘʞʜʦʡ 

ʪʦʯʢʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʠʤʝʝʪ ʚʨʝʤʝʥʥʫʶ ʩʣʦʞʥʦʩʪʴ ὕρ. 

ʇʦʣʫʯʝʥʠʝ ʵʣʝʤʝʥʪʘ. ʇʦʣʫʯʝʥʠʝ ʵʣʝʤʝʥʪʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ 

ʩʦʜʝʨʞʘʱʝʛʦ ʵʣʝʤʝʥʪ ʫʟʣʘ (ὕÌÏÇὲ). ɺʳʙʦʨʢʘ ʵʣʝʤʝʥʪʘ ʠʟ ʤʘʩʩʠʚʘ ʪʦʯʝʢ ʫʟʣʘ 

ʠʤʝʝʪ ʩʣʦʞʥʦʩʪʴ ὕρ, ʪʘʢ ʢʘʢ ʪʦʯʢʠ ʚ ʪʘʢʦʤ ʤʘʩʩʠʚʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʘʤʷʪʠ 

ʥʝʧʨʝʨʳʚʥʦ.  
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2.2.4. ʆʮʝʥʢʘ ʩʣʦʞʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ ʚ ʦʢʪʦʜʝʨʝʚʝ 

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʦʢʪʦʜʝʨʝʚʘ ʧʦʟʚʦʣʷʝʪ ʥʘ ʵʪʘʧʝ ʧʦʠʩʢʘ ʚʳʧʦʣʥʷʪʴ 

ʦʪʩʝʯʝʥʠʝ ʫʟʣʦʚ, ʥʝ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʠʩʢʦʤʳʤ ʦʙʲʝʤʦʤ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʧʦʠʩʢʘ ʪʦʯʝʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʜʠʫʩʝ, ʚʳʧʦʣʥʷʝʪʩʷ 

ʨʝʢʫʨʩʠʚʥʳʡ ʦʙʭʦʜ ʦʢʪʦʜʝʨʝʚʘ ʩ ʦʪʩʝʯʝʥʠʝʤ ʫʟʣʦʚ, ʥʝ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʩʦ ʩʬʝʨʦʡ 

ʧʦʠʩʢʘ [53]. ʉʣʦʞʥʦʩʪʴ ʧʦʜʦʙʥʦʛʦ ʧʦʠʩʢʘ ʜʣʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ʨʘʟʤʝʨʦʤ n ʩʦʩʪʘʚʣʷʝʪ 

ὕÌÏÇὲ  [58]. 

ʇʦʠʩʢ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʪʦʯʢʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʘʣʛʦʨʠʪʤʦʤ, ʠ 

ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʠʢ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ [59]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʨʝʚʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʦʙʳʯʥʦ ʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʰʘʛʦʚ, ʯʪʦʙʳ 

ʥʘʡʪʠ ʪʦʯʥʦʛʦ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ ʪʦʯʢʠ. ʉʥʘʯʘʣʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʠʩʢ ʣʠʩʪʦʚʦʛʦ 

ʫʟʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʦʯʢʝ. ʇʦʩʢʦʣʴʢʫ ʪʦʯʢʘ ʟʘʧʨʦʩʘ ʤʦʞʝʪ ʙʳʪʴ ʙʣʠʞʝ ʢ 

ʛʨʘʥʠʮʝ ʦʙʲʝʤʘ ʫʟʣʘ, ʯʝʤ ʢ ʪʦʯʢʘʤ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʣʠʩʪʦʚʦʤ ʫʟʣʝ, 

ʦʙʨʘʪʥʳʡ ʧʦʠʩʢ ʧʦ ʜʝʨʝʚʫ ʪʨʝʙʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʰʘʛʘ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ 

ʧʦʠʩʢʘ ʚ ʩʦʩʝʜʥʠʭ ʫʟʣʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʩʣʦʞʥʦʩʪʴ ʧʦʠʩʢʘ ʨʘʚʥʦʡ ὕὒ, ʛʜʝ L ï ʛʣʫʙʠʥʘ 

ʜʝʨʝʚʘ [60]. 

2.3. ɸʥʘʣʠʟ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʧʘʤʷʪʠ 

ʢʦʤʧʴʶʪʝʨʘ 

ʇʫʩʪʴ ʩʪʨʫʢʪʫʨʘ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʙʦʨʦʤ ʫʟʣʦʚ ὔ

ὲȟȣȟὲ  ʠ ʣʠʩʪʴʝʚ ὒ ὰȟȣȟὰ , ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʳʡ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ Ὑ ὶ ὶ ὭὨὼȟὭὨὼȡὼO ὶ ȟὼɴ ὔ᷾ὒ , ʘ ʪʘʢʞʝ 

ʤʥʦʞʝʩʪʚʦ ʜʫʛ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʫʟʣʘʤʠ ʠ ʣʠʩʪʴʷʤʠ Ὑ

Ὑ ȟȣȟὙ . 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʚ ʦʢʪʦʜʝʨʝʚʝ ʦʙʳʯʥʦ ʧʨʠʚʷʟʘʥ ʢ ʨʘʩʧʦʣʦʞʝʥʠʶ ʫʟʣʘ ʠʣʠ 

ʣʠʩʪʘ ʚ ʠʝʨʘʨʭʠʠ ʦʢʪʦʜʝʨʝʚʘ ʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʦʩʪʫʧ ʢ ʫʟʣʫ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ (ʠʣʠ ʚʥʝʰʥʝʡ) ʧʘʤʷʪʠ. ɺʳʙʦʨ 

ʩʧʦʩʦʙʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʦʧʝʨʘʮʠʡ 

ʦʙʭʦʜʘ ʦʢʪʦʜʝʨʝʚʘ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʦʢʪʦʜʝʨʝʚʘ ʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ. 
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ʆʢʪʦʜʝʨʝʚʦ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʧʦ ʦʙʣʘʢʫ ʪʦʯʝʢ, ʩʦʜʝʨʞʠʪ ʣʠʩʪʴʷ (ʚ ʢʦʪʦʨʳʭ 

ʚʳʧʦʣʥʷʝʪʩʷ ʭʨʘʥʝʥʠʝ ʪʦʯʝʢ ʠʟ ʦʙʣʘʢʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ 

ʧʨʠʟʥʘʢʫ), ʫʟʣʳ ʠ ʜʫʛʠ (ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʢʘʟʘʪʝʣʷʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʯʘʩʪʴʶ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʫʟʣʘ). ʀʝʨʘʨʭʠʷ ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ, ʣʠʩʪʴʷ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ 

ʦʙʣʘʢʘ ʪʦʯʝʢ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʤʝʞʜʫ ʣʠʩʪʴʷʤʠ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʙʣʦʢʦʚ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʢʘʢ ʚ ʦʧʝʨʘʪʠʚʥʦʡ, ʪʘʢ ʠ ʚʦ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʠ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʪʨʝʙʣʷʝʤʫʶ ʧʘʤʷʪʴ ʩ ʪʘʢʦʡ ʧʦʟʠʮʠʠ. 

ʋʯʠʪʳʚʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ ʢ ʫʟʣʘʤ ʚ ʠʝʨʘʨʭʠʠ ʦʢʪʦʜʝʨʝʚʘ, 

ʘ ʪʘʢʞʝ ʠʭ ʩʦʚʦʢʫʧʥʳʡ ʨʘʟʤʝʨ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʡ, ʯʝʤ ʨʘʟʤʝʨ ʦʙʣʘʢʘ ʪʦʯʝʢ, 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚʳʧʦʣʥʷʪʴ ʠʭ ʭʨʘʥʝʥʠʝ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʃʠʩʪʴʷ 

ʦʢʪʦʜʝʨʝʚʘ, ʢʘʢ ʯʘʩʪʴ ʠʝʨʘʨʭʠʠ, ʪʘʢʞʝ ʭʨʘʥʷʪʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʚ ʦʪʣʠʯʠʠ 

ʦʪ ʜʘʥʥʳʭ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʥʘ ʢʦʪʦʨʳʝ ʦʥʠ ʩʩʳʣʘʶʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜ ʙʣʦʢʘʤʠ 

ʜʘʥʥʳʭ, ʭʨʘʥʝʥʠʝ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʢʘʢ ʚ ʦʧʝʨʘʪʠʚʥʦʡ, ʪʘʢ ʠ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʙʣʦʢʠ ʪʦʯʝʢ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʤʝʞʜʫ ʣʠʩʪʴʷʤʠ 

ʦʢʪʦʜʝʨʝʚʘ. ɼʣʷ ʧʦʜʩʯʝʪʘ ʟʘʥʠʤʘʝʤʦʡ ʠʤʠ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʚʚʝʜʝʤ:  

ὠ ï ʤʥʦʞʝʩʪʚʦ ʙʣʦʢʦʚ ʜʘʥʥʳʭ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʣʠʩʪʴʷʤ 

ὠ ὺȟȣȟὺ ȟ (2.5) 

ʛʜʝ  ὺ ï ʙʣʦʢ ʜʘʥʥʳʭ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʣʠʩʪʫ ʦʢʪʦʜʝʨʝʚʘ ὰ; 

Ὑ  ï ʤʥʦʞʝʩʪʚʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʣʠʩʪʴʝʚ, ʧʦ ʢʦʪʦʨʳʤ ʪʘʢʞʝ ʚʝʜʝʪʩʷ 

ʦʙʨʘʱʝʥʠʝ ʢ ʙʣʦʢʘʤ ʜʘʥʥʳʤ ʣʠʩʪʴʝʚ 

Ὑ ṒὙ ȿᶅὥɴ Ὑ ȡὭὨ ὥᶰὒȟ (2.6) 

ʛʜʝ  ὭὨ ὥ  ï ʬʫʥʢʮʠʷ ʧʦʣʫʯʝʥʠʷ ʫʟʣʘ ʠʣʠ ʣʠʩʪʘ ʧʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ; 

Ὗ ï ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʧʨʦʩʦʚ ʢ ʙʣʦʢʘʤ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ 

Ὗ όȟȣȟό ȟόᶰὙ ȟ (2.7) 

ʛʜʝ  ό ï ʵʪʦ ʦʙʨʘʱʝʥʠʝ ʢ ʙʣʦʢʫ ʜʘʥʥʳʭ ʣʠʩʪʘ ʦʢʪʦʜʝʨʝʚʘ ʧʦ ʝʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ 

ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʨʝʤʷ ʜʠʩʢʨʝʪʥʦ ʠ ʚ ʦʜʠʥ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʦʜʥʦ ʦʙʨʘʱʝʥʠʝ. 
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ɺʚʝʜʝʤ ὠ ὸ ï ʤʥʦʞʝʩʪʚʦ ʙʣʦʢʦʚ ʜʘʥʥʳʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ, ʠ ὠ ὸ ï ʤʥʦʞʝʩʪʚʦ ʙʣʦʢʦʚ ʜʘʥʥʳʭ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ. ʊʘʢʞʝ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʤʥʦʞʝʩʪʚʦ 

ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʢʘʢ Ὂὸ Ὂȟπ Ὥ Ὧ, ʛʜʝ Ὧ ï ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. 

ɼʣʷ ʧʦʜʩʯʝʪʘ ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʘʤʷʪʠ ʚʚʝʜʝʤ ʬʫʥʢʮʠʶ ʧʦʣʫʯʝʥʠʷ ʨʘʟʤʝʨʘ 

ʙʣʦʢʘ ʜʘʥʥʳʭ ʚ ʙʘʡʪʘʭ ὓὺȡὺO ὦȟὺɴ ὠȟὦɴ ᴙ. ʊʦʛʜʘ ʦʙʲʝʤ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʢʘʢ ὓ ὸ В ὓὺᶰ , ʘ ʦʙʲʝʤ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʢʘʢ ὓ ὸ В ὓὺᶰ .   

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʥʥʳʭ ʧʨʠ ʦʧʝʨʘʮʠʷʭ ʦʙʨʘʙʦʪʢʠ ό 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʠʶ: 

ὪὸȟὟȡὠ ὸȟὠ ὸȟὊὸ ᴼὠ ὸ ȟὠ ὸ ȟὊὸ Ȣ (2.8) 

ʇʫʩʪʴ Ὕ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʨʝʤʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʨʘʙʦʪʫ ʩ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ: 

Ὕ Ὕ Ὕ Ὕ ȟ (2.9) 

ʛʜʝ Ὕ  ï ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʩʯʠʪʳʚʘʥʠʝ ʜʘʥʥʳʭ; 

Ὕ  ï ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʟʘʧʠʩʴ ʜʘʥʥʳʭ; 

Ὕ  ï ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʦʧʝʨʘʮʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʩʦʟʜʘʥʠʝ ʬʘʡʣʦʚ, 

ʧʦʣʫʯʝʥʠʝ ʬʘʡʣʦʚʳʭ ʜʝʩʢʨʠʧʪʦʨʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʬʘʡʣʦʚ ʠ ʧʨʦʯʝʝ). 
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2.4. ɸʥʘʣʠʟ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʢʪʦʜʝʨʝʚʘ ʠ ʩʧʦʩʦʙʦʚ ʢʦʜʠʨʦʚʘʥʠʷ ʫʟʣʦʚ 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʦʢʪʦʜʝʨʝʚʘ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʟʣʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʚʠʛʘʮʠʠ ʧʦ ʦʢʪʦʜʝʨʝʚʫ. ʉʧʦʩʦʙ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʟʣʦʚ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʟʘʥʠʤʘʝʤʫʶ ʠʝʨʘʨʭʠʝʡ ʦʢʪʦʜʝʨʝʚʘ 

ʧʘʤʷʪʴ, ʩʢʦʨʦʩʪʴ ʦʙʭʦʜʘ ʦʢʪʦʜʝʨʝʚʘ, ʛʠʙʢʦʩʪʴ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʢʪʦʜʝʨʝʚʘ ʢ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʇʨʠ ʫʩʣʦʚʠʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ 

ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʆʧʨʝʜʝʣʠʤ ʩʧʠʩʦʢ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʦʢʪʦʜʝʨʝʚʘ: 

- ɿʘʥʠʤʘʝʤʦʝ ʤʝʩʪʦ ʚ ʧʘʤʷʪʠ ï ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʦʢʪʦʜʝʨʝʚʘ; 

- ʂʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʪʦʯʢʠ ʧʦʪʦʤʢʫ ʫʟʣʘ ï ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʦʙʭʦʜʘ ʠ ʩʢʦʨʦʩʪʴ ʧʦʠʩʢʘ ʧʦ 

ʦʢʪʦʜʝʨʝʚʫ; 

- ɺʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʦʤʢʦʚ ʫʟʣʘ ʠ ʨʘʟʤʝʨʥʦʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʢʪʦʜʝʨʝʚʘ ï ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʦʜʥʘʢʦ ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʦʢʪʦʜʝʨʝʚʘ ʢ ʨʘʟʣʠʯʥʳʤ ʚʘʨʠʘʮʠʷʤ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʢʪʦʜʝʨʝʚʘ. 

2.4.1. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʫʟʣʘ ʦʢʪʦʜʝʨʝʚʘ 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʷʚʣʷʝʪʩʷ ʩʪʘʨʪʦʚʦʡ ʪʦʯʢʦʡ ʚ ʟʘʜʘʯʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʟʣʘ 

ʦʢʪʦʜʝʨʝʚʘ. ʈʘʩʩʤʦʪʨʠʤ ʠʟʙʳʪʦʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʘʢʦʛʦ ʫʟʣʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ 

ʨʘʙʦʪʝ [31]. ɼʘʥʥʳʡ ʫʟʝʣ ʟʘʥʠʤʘʝʪ ʚ 64-ʨʘʟʨʷʜʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʥʝ ʤʝʥʴʰʝ 100 ʙʘʡʪ 

ʠ ʩʦʜʝʨʞʠʪ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʫʟʣʘ (center), ʨʘʟʤʝʨʳ ʫʟʣʘ (size), ʚʦʩʝʤʴ ʫʢʘʟʘʪʝʣʝʡ 

ʥʘ ʧʦʪʦʤʢʦʚ (child), ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ (nr_points) ʠ ʫʢʘʟʘʪʝʣʴ ʥʘ ʤʘʩʩʠʚ ʪʦʯʝʢ 

(points). 
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ʃʠʩʪʠʥʛ 2.1 ï ʀʟʙʳʪʦʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʫʟʣʘ ʦʢʪʦʜʝʨʝʚʘ 

struct OcTree {  

    float center[3];  

    float size[3];  

    OcTree *child[8];  

    int nr_points;  

    float **points;  

};  

 

ɺ ʪʦʡ ʞʝ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʩʦʢʨʘʱʝʥʠʷ ʨʘʟʤʝʨʦʚ ʫʟʣʘ ʟʘ ʩʯʝʪ: 

1. ʆʪʢʘʟʘ ʦʪ ʭʨʘʥʝʥʠʷ ʮʝʥʪʨʘ ʠ ʨʘʟʤʝʨʦʚ ʫʟʣʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʯʠʩʣʝʥʳ ʚ ʤʦʤʝʥʪ ʦʙʭʦʜʘ ʜʝʨʝʚʘ; 

2. ʍʨʘʥʝʥʠʷ ʦʜʥʦʛʦ ʫʢʘʟʘʪʝʣʷ ʥʘ ʤʘʩʩʠʚ ʧʦʪʦʤʢʦʚ ʚʤʝʩʪʦ ʚʦʩʴʤʠ ʫʢʘʟʘʪʝʣʝʡ 

ʥʘ ʫʟʣʳ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥʠʷ 8 ʙʠʪ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʦʪʦʤʢʦʚ; 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʨʝʟʘʥʥʳʭ 6-ʙʘʡʪʦʚʳʭ ʫʢʘʟʘʪʝʣʝʡ;  

4. ʉʦʢʨʘʱʝʥʠʝ ʨʘʟʤʝʨʘ ʪʦʯʢʠ, ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʜʚʫʭ ʙʘʡʪ ʥʘ 

ʢʦʦʨʜʠʥʘʪʫ. 

ʇʦʜʦʙʥʳʝ ʤʝʨʳ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʨʘʟʤʝʨ ʫʟʣʘ ʢʘʢ ʤʠʥʠʤʫʤ ʜʦ 21 ʙʘʡʪʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʦʜʭʦʜʳ ˉ1 ʠ ˉ2 ʠʟ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʛʦ ʩʧʠʩʢʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʧʘʤʷʪʠ ʙʝʟ 

ʙʦʣʴʰʦʛʦ ʫʱʝʨʙʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ, ʚ ʚʠʜʫ ʚʦʟʤʦʞʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʙʫʜʝʪ ʧʨʠʤʝʥʝʥ ʧʦʜʭʦʜ ˉ3. 

ʇʦ ʧʨʠʯʠʥʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʝʢʦʜʠʨʦʚʢʠ ʪʦʯʝʢ ʧʨʠ ʨʘʩʯʝʪʘʭ ʠ ʩʣʦʞʥʦʩʪʠ 

ʠʥʪʝʛʨʘʮʠʠ ʩʦ ʩʪʦʨʦʥʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʝ ʙʫʜʝʪ 

ʧʨʠʤʝʥʝʥ ʧʦʜʭʦʜ ˉ4.  
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2.4.2. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʫʟʣʘ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʘʨʠʬʤʝʪʠʢʝ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ 

ʈʘʩʩʤʦʪʨʠʤ ʩʪʨʫʢʪʫʨʫ ʫʟʣʘ ʦʢʪʦʜʝʨʝʚʘ, ʧʦʩʪʨʦʝʥʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʠʢʠ, ʦʧʠʩʘʥʥʦʡ ʚ 2.4.1. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʟʠʮʠʷ ʠ ʨʘʟʤʝʨʳ ʫʟʣʦʚ ʚ ʦʢʪʦʜʝʨʝʚʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʨʥʝʚʳʤ ʫʟʣʦʤ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʠʭ ʭʨʘʥʝʥʠʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʫʟʣʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʭʦʜʘ. ʉʪʦʠʪ ʪʘʢ ʞʝ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʟʘʥʠʤʘʝʤʦʡ ʦʢʪʦʜʝʨʝʚʦʤ, ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʨʠʬʤʝʪʠʢʘ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʝʛʦ ʢ 

ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʫʟʝʣ ʙʫʜʝʪ ʟʘʜʘʥ ʪʨʝʤʷ 

ʠʥʪʝʨʚʘʣʘʤʠ ʧʦ ʢʘʞʜʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ (ʧʨʠʤʝʨ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʩʣʫʯʘʷ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.9). ʇʨʠ ʵʪʦʤ ʢʦʦʨʜʠʥʘʪʘ ʠ ʨʘʟʤʝʨʳ ʢʦʨʥʝʚʦʛʦ ʫʟʣʘ 

ʦʢʪʦʜʝʨʝʚʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʶʙʳʤ ʟʥʘʯʝʥʠʝʤ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. 

 
ʈʠʩʫʥʦʢ 2.9 - ʌʨʘʛʤʝʥʪ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʘʨʠʬʤʝʪʠʢʝ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ 

ʋʟʝʣ ʪʘʢʦʛʦ ʦʢʪʦʜʝʨʝʚʘ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʢʘʢ ʤʠʥʠʤʫʤ ʫʢʘʟʘʪʝʣʴ ʥʘ ʚʦʩʝʤʴ 

ʧʦʪʦʤʢʦʚ, 8 ʙʠʪ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝʧʫʩʪʳʭ ʧʦʪʦʤʢʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʝʟʥʳʝ ʜʘʥʥʳʝ 

ʚ ʚʠʜʝ ʤʘʩʩʠʚʘ ʪʦʯʝʢ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʦʡ ʪʦʯʢʠ ʚ ʜʝʨʝʚʦ ʧʨʦʠʩʭʦʜʠʪ ʨʝʢʫʨʩʠʚʥʘʷ ʧʨʦʚʝʨʢʘ ʥʘ 

ʧʦʧʘʜʘʥʠʝ ʪʦʯʢʠ ʚ ʧʦʜʫʟʝʣ, ʥʘʯʠʥʘʷ ʩ ʢʦʨʥʝʚʦʛʦ ʫʟʣʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʦʜʫʟʣʘ, ʚ ʢʦʪʦʨʳʡ ʧʦʧʘʜʘʝʪ ʪʦʯʢʘ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʠ ʦʧʝʨʘʮʠʠ 

ʩʨʘʚʥʝʥʠʷ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʦ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʘ ʚ ʣʠʩʪʠʥʛʝ 2.2. 
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ʃʠʩʪʠʥʛ 2.2 ï ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʜʫʟʣʘ, ʚ ʢʦʪʦʨʳʡ ʧʦʧʘʜʘʝʪ ʪʦʯʢʘ 

int GetInsertionIndex(vec3 pointCoord, vec3 nodeCenter) 

{  

 if(pointCoord.x < nodeCenter.x) 

 {  

  if(pointCoord.y < nodeCenter.y) 

  {  

   if(pointCoord.z < nodeCenter.z) 

    return 0; 

   else 

    return 1; 

  }  

  else 

  {  

   if(pointCoord.z < nodeCenter.z) 

    return 2; 

   else 

    return 3; 

  }  

 }  

 else 

 {  

                    // Same principleé 

 }  

}  

ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʝʥʘ 

ʟʘ ʩʯʝʪ ʦʪʢʘʟʘ ʦʪ ʫʩʣʦʚʥʳʭ ʦʧʝʨʘʪʦʨʦʚ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʦʜʫʟʣʘ ʚʥʫʪʨʠ ʫʟʣʘ ʤʦʞʥʦ 

ʟʘʢʦʜʠʨʦʚʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʭ ʙʠʪ, ʧʦ ʙʠʪʫ ʥʘ ʦʩʴ ʨʘʟʙʠʝʥʠʷ (ʊʘʙʣʠʮʘ 2.1). ʂʦʜ 

ʧʦʜʫʟʣʘ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʦʪ 0 ʜʦ 7 ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʝʢʩʘ 

ʚ ʤʘʩʩʠʚʝ ʧʦʪʦʤʢʦʚ ʫʟʣʘ, ʧʦʟʚʦʣʷʷ ʦʜʥʦʟʥʘʯʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚ ʧʘʤʷʪʠ.  
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ʊʘʙʣʠʮʘ 2.1 ï ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʪʦʤʢʦʚ ʫʟʣʘ 

ʇʦʟʠʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʫʟʣʘ ʂʦʜ ʅʘʠʤʝʥʦʚʘʥʠʝ 

ὼȠώȠᾀȠ 0b000 Left Back Bottom 

ὼȠώȠᾀȠ 0b001 Right Back Bottom 

ὼȠώȠᾀȠ 0b010 Left Front Bottom 

ὼȠώȠᾀȠ 0b011 Right Front Bottom 

ὼȠώȠᾀȠ 0b100 Left Back Top 

ὼȠώȠᾀȠ 0b101 Right Back Top 

ὼȠώȠᾀȠ 0b110 Left Front Top 

ὼȠώȠᾀȠ 0b111 Right Front Top 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʦʛʦ ʠʥʜʝʢʩʘ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ 

ʧʦʜʫʟʣʘ, ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʠʪ ʪʦʯʢʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʠʥʘʨʥʦʡ ʘʨʠʬʤʝʪʠʢʠ: 

ὍὲίὩὶὸὭέὲὍὲὨὩὼίὫὲὼ ὧὼz ς ίὫὲώ ὧώz ς ίὫὲᾀ ὧᾀz ςȟ (2.10) 

ʛʜʝ  ίὫὲ ï ʦʧʝʨʘʮʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʢʘ ʯʠʩʣʘ (0 ï ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ, 1 ʜʣʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ), ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʥʘ ʩʪʝʧʝʥʴ ʜʚʦʡʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳ 

ʦʧʝʨʘʮʠʷʤ ʧʦʙʠʪʦʚʦʛʦ ʩʜʚʠʛʘ; 

 ὼȟώȟᾀ ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ; 

ὧὼȟὧώȟὧᾀ ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʫʟʣʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʯʠʝ ʦʧʝʨʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ. 

ʊʘʢ ʢʘʢ ʫʟʝʣ ʪʝʧʝʨʴ ʥʝ ʚʳʧʦʣʥʷʝʪ ʭʨʘʥʝʥʠʝ ʩʚʦʠʭ ʨʘʟʤʝʨʦʚ ʠ ʢʦʦʨʜʠʥʘʪ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʧʦʩʦʙ ʠʭ ʚʳʯʠʩʣʝʥʠʷ. ʇʫʩʪʴ ʦʢʪʦʜʝʨʝʚʦ ʟʘʜʘʥʦ 

ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

- RootCoord ï ʢʦʦʨʜʠʥʘʪʳ ʢʦʨʥʝʚʦʛʦ ʫʟʣʘ ʦʢʪʦʜʝʨʝʚʘ; 

- RootSize - ʨʘʟʤʝʨʳ ʢʦʨʥʝʚʦʛʦ ʫʟʣʘ ʦʢʪʦʜʝʨʝʚʘ; 

- ὈὩὴὸὬ - ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʜʝʨʝʚʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʨʘʟʙʠʝʥʠʡ ʧʦ ʩʪʦʨʦʥʝ ʦʢʪʦʜʝʨʝʚʘ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 
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3ÉÄÅ3ÉÚÅÌÅÖÅÌς ȟ (2.11) 

ʛʜʝ  level ï ʫʨʦʚʝʥʴ ʨʘʟʙʠʝʥʠʷ ʜʝʨʝʚʘ.  

ʄʠʥʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʨʘʟʙʠʝʥʠʷ ʙʫʜʝʪ ʥʫʣʝʚʦʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʦʨʥʝʚʦʤʫ ʫʟʣʫ. ʈʘʟʤʝʨ ʫʟʣʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʙʠʝʥʠʷ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ 

ʧʦ ʬʦʨʤʫʣʝ: 

ὔέὨὩὛὭᾀὩὰὩὺὩὰ
ὙέέὸὛὭᾀὩ

ὛὭὨὩὛὭᾀὩὰὩὺὩὰ
ȟ 

(2.12) 

 

ʛʜʝ  NodeSize ï ʨʘʟʤʝʨ ʫʟʣʘ ʥʘ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʨʷʤʦʡ.   

ʂʦʦʨʜʠʥʘʪʳ ʧʦʜʫʟʣʘ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʟʥʘʷ ʝʛʦ ʦʨʠʝʥʪʘʮʠʶ ʠ ʢʦʦʨʜʠʥʘʪʳ 

ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʫʟʣʘ: 

ὕὶὭὩὲὸὥὸὭέὲὄὭὸίὔέὨὩὍὲὨὩὼ

ὔέὨὩὍὲὨὩὼ Ǫ πὦππρȟὔέὨὩὍὲὨὩὼ Ǫ πὦπρπȟὔέὨὩὍὲὨὩὼ Ǫ πὦρππȟ 

(2.13) 

 

ὔέὨὩὅέέὶὨὰὩὺὩὰȟέὶὭὩὲὸὥὸὭέὲὄὭὸίȟὴὥὶὩὲὸὅέέὶὨ

ὴὥὶὩὲὸὅέέὶὨὔέὨὩὛὭᾀὩὰὩὺὩὰέzὶὭὩὲὸὥὸὭέὲὄὭὸίȟ 

(2.14) 

 

ʛʜʝ ὕὶὭὩὲὸὥὸὭέὲὄὭὸί ï ʙʠʪʳ ʠʥʜʝʢʩʘ ʧʦʜʫʟʣʘ; 

ὔέὨὩὍὲὨὩὼ ï ʠʥʜʝʢʩ ʧʦʜʫʟʣʘ; 

& ï ʦʧʝʨʘʮʠʷ ʧʦʙʠʪʦʚʦʛʦ ñʀò; 

πὦὼὼὼ ï ʜʚʦʠʯʥʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʯʠʩʣʘ; 

ὴὥὶὩὲὸὅέέὶὨ ï ʢʦʦʨʜʠʥʘʪʳ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʫʟʣʘ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʙʠʝʥʠʷ ʤʦʞʥʦ 

ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

ὒὩὺὩὰὠέὰόάὩὰὩὺὩὰψ Ȣ (2.15) 

ɺ ʧʦʜʭʦʜʝ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʢʦʦʨʜʠʥʘʪʳ ʠ ʨʘʟʤʝʨʳ ʫʟʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

floating-point ʟʥʘʯʝʥʠʷʤʠ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʙʦʣʝʝ ʰʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ ʚʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ. ʅʝʜʦʩʪʘʪʢʦʤ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʪʦʯʥʦʩʪʠ ʥʘ ʩʣʠʰʢʦʤ ʚʳʩʦʢʠʭ ʠ ʩʣʠʰʢʦʤ ʤʘʣʳʭ ʚʝʣʠʯʠʥʘʭ [61], ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤ ʧʦʜʭʦʜʦʤ. 
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2.4.3. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʫʟʣʘ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʳʤ ʰʘʛʦʤ ʤʝʞʜʫ ʮʝʣʦʯʠʩʣʝʥʥʳʤ ʠ 

floating-point ʦʢʪʦʜʝʨʝʚʦʤ. ɽʛʦ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʫʟʣʘ ʚ ʦʢʪʦʜʝʨʝʚʝ, ʢʦʪʦʨʳʡ ʧʨʠ ʥʘʣʠʯʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʨʥʝʚʦʤ ʫʟʣʝ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʨʘʟʤʝʨʳ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʫʟʣʘ. ʇʨʠ ʵʪʦʤ ʠʝʨʘʨʭʠʷ ʦʢʪʦʜʝʨʝʚʘ ʦʩʪʘʝʪʩʷ 

ʘʥʘʣʦʛʠʯʥʦʡ ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.9 ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʧʦʤʦʱʠ floating-point 

ʢʦʦʨʜʠʥʘʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʦʨʤʘʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʫʟʣʘ (ʈʠʩʫʥʦʢ 2.10). ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʧʨʝʜʩʪʘʚʣʝʥ 64-ʨʘʟʨʷʜʥʳʤ ʙʝʟʟʥʘʢʦʚʳʤ ʮʝʣʳʤ ʠ ʩʬʦʨʤʠʨʦʚʘʥ ʩʧʦʩʦʙʦʤ, ʧʦʭʦʞʠʤ 

ʥʘ ʦʧʠʩʘʥʥʳʡ ʚ ʪʘʙʣʠʮʝ 2.1: ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʟʣʘ ʚʳʰʝ ʠʣʠ ʥʠʞʝ 

ʧʣʦʩʢʦʩʪʠ ʨʘʟʙʠʝʥʠʷ ʧʦ ʢʘʞʜʦʡ ʠʟ ʦʩʝʡ (x,y,z) ʚʳʜʝʣʝʥʦ ʧʦ ʦʜʥʦʤʫ ʙʠʪʫ. ɺʤʝʩʪʝ 

ʵʪʠ ʪʨʠ ʙʠʪʘ ʢʦʜʠʨʫʶʪ 8 ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʫʟʣʝ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʙʠʝʥʠʷ. ʂʘʞʜʳʝ ʧʦʩʣʝʜʫʶʱʠʝ ʪʨʠ ʙʠʪʘ ʢʦʜʠʨʫʶʪ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʫʟʣʘ ʥʘ ʦʯʝʨʝʜʥʦʤ ʫʨʦʚʥʝ ʨʘʟʙʠʝʥʠʷ (level 1 ʠ level 2 ʥʘ ʨʠʩʫʥʢʝ 

2.10). ɺʝʜʫʱʠʡ ʙʠʪ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʦʢʦʥʯʘʥʠʝ ʨʘʟʙʠʝʥʠʷ (leading one ʥʘ ʨʠʩʫʥʢʝ 

2.10). ʇʦʜʦʙʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠʤʝʯʘʪʝʣʴʥʦ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʥʜʝʢʩ 

ʧʦʪʦʤʢʘ ʠʣʠ ʨʦʜʠʪʝʣʷ ʫʟʣʘ ʧʫʪʝʤ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʩʪʦʡ ʢʦʤʙʠʥʘʮʠʠ ʦʧʝʨʘʮʠʡ 

ʩʤʝʱʝʥʠʷ ʠ ʤʘʩʢʠʨʦʚʘʥʠʷ ʙʠʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ. 

 

ʈʠʩʫʥʦʢ 2.10 ï ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʫʟʣʘ ʦʢʪʦʜʝʨʝʚʘ ʚ ʙʠʥʘʨʥʦʡ ʬʦʨʤʝ 
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ɺʳʧʦʣʥʠʤ ʨʘʩʯʝʪʳ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʟʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʦʙʥʦʛʦ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ OctreeIndex. 

ʋʨʦʚʝʥʴ ʨʘʟʙʠʝʥʠʷ ʫʟʣʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʚʟʷʪʠʷ 

ʚʦʩʴʤʝʨʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʦʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ: 

ὰὩὺὩὰὕὧὸὶὩὩὍὲὨὩὼÌÏÇὕὧὸὶὩὩὍὲὨὩὼȟ (2.16) 

ʛʜʝ  level ï ʫʨʦʚʝʥʴ ʨʘʟʙʠʝʥʠʷ. 

ʀʥʜʝʢʩ ʧʦʪʦʤʢʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʫʪʝʤ ʩʜʚʠʛʘ ʙʠʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚʣʝʚʦ ʠ 

ʜʦʙʘʚʣʝʥʠʷ ʙʠʪ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʦʪʦʤʢʘ ʠ ʦʧʠʩʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 

2.1. ʀʥʜʝʢʩ ʨʦʜʠʪʝʣʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʩʜʚʠʛʘ ʙʠʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

ʚʧʨʘʚʦ. ʆʨʠʝʥʪʘʮʠʶ ʫʟʣʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʝʨʘʮʠʠ ʧʦʙʠʪʦʚʦʛʦ ñʀò 

ʩ ʯʠʩʣʦʤ 0b111. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʫʟʣʘ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʦʤʫ ʚ 

ʧ. 2.4.2.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʟʣʘ ʚ ʦʢʪʦʜʝʨʝʚʝ, 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʦʪʦʤʢʦʚ, 

ʨʦʜʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʫʨʦʚʥʷ ʨʘʟʙʠʝʥʠʷ ʠ ʨʘʟʤʝʨʦʚ ʫʟʣʘ. ʇʦʜʦʙʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʫʢʘʟʘʪʝʣʷ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʘʜʨʝʩʘʮʠʠ ʫʟʣʦʚ, ʚʳʛʨʫʞʝʥʥʳʭ ʠʟ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 
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2.4.4. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʫʟʣʘ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʦʢʪʦʜʝʨʝʚʘ 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʦʜʭʦʜʫ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ 

ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʦʢʪʦʜʝʨʝʚʘ, 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʦʠʩʢʘʪʝʣʝʤ ʚ ʩʪʘʪʴʝ [46] ʠ ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʨʝʘʣʠʟʘʮʠʠ Volumetric 

Dynamic Grid ʜʣʷ B+ʜʝʨʝʚʘ ʠʟ ʨʘʙʦʪʳ [62], ʠʩʧʦʣʴʟʫʷ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ 

ʦʢʪʦʜʝʨʝʚʘ, ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʘʜʨʝʩʘʮʠʶ ʫʟʣʦʚ ʚ ʥʝʤ ʧʨʠ ʧʦʤʦʱʠ ʮʝʣʦʯʠʩʣʝʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʜʥʦʟʥʘʯʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʟʠʮʠʠ ʫʟʣʘ ʚ 

ʦʢʪʦʜʝʨʝʚʝ ʠ ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʈʘʟʤʝʨ ʫʟʣʘ ʚ ʪʘʢʦʤ ʦʢʪʦʜʝʨʝʚʝ 

ʦʛʨʘʥʠʯʝʥ ʥʝ ʩʚʝʨʭʫ, ʢʘʢ ʚ ʧʦʜʭʦʜʝ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʘ ʩʥʠʟʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʥʘʨʘʱʠʚʘʪʴ ʨʘʟʤʝʨʳ ʦʢʪʦʜʝʨʝʚʘ, ʫʢʘʟʳʚʘʷ ʢʦʣʠʯʝʩʪʚʦ ʙʠʪ, ʚʳʜʝʣʝʥʥʳʭ ʥʘ 

ʘʜʨʝʩʘʮʠʶ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʛʠʙʨʠʜʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʦʧʠʩʘʥʠʠ ʠʝʨʘʨʭʠʠ ʦʢʪʦʜʝʨʝʚʘ. ʄʣʘʜʰʠʝ ʙʠʪʳ ʢʣʶʯʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʜʨʝʩʘʮʠʠ ʚ ʦʢʪʦʜʝʨʝʚʝ, ʩʪʘʨʰʠʝ - ʜʣʷ ʘʜʨʝʩʘʮʠʠ ʫʯʘʩʪʢʦʚ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʠʥʦʡ ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʢʪʦʜʝʨʝʚʘ, ʦʧʠʩʘʥʥʦʡ ʨʘʥʝʝ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʰʠʨʝʥʠʷ ʫʯʘʩʪʢʘ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʟʘʥʠʤʘʝʤʦʛʦ ʦʢʪʦʜʝʨʝʚʦʤ, ʧʦ ʤʝʨʝ ʜʦʙʘʚʣʝʥʠʷ 

ʥʦʚʳʭ ʜʘʥʥʳʭ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʢʪʦʜʝʨʝʚʘ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʛʜʝ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʫʟʣʘ 

ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʚ ʮʝʣʦʯʠʩʣʝʥʥʦʤ ʦʢʪʦʜʝʨʝʚʝ ʤʠʥʠʤʘʣʴʥʳʡ ʫʟʝʣ ʙʫʜʝʪ ʠʤʝʪʴ 

ʝʜʠʥʠʯʥʳʡ ʨʘʟʤʝʨ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʢʪʦʜʝʨʝʚʦ, ʟʘʜʘʥʥʦʝ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

- D ï ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʚ ʜʝʨʝʚʝ (ʦʜʥʦʤʝʨʥʦʝ, ʜʚʫʤʝʨʥʦʝ, ʪʨʝʭʤʝʨʥʦʝ); 

- Depth ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʜʝʨʝʚʘ; 

- Dim ï ʣʦʛʘʨʠʬʤ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʙʠʝʥʠʡ ʫʟʣʘ ʚʜʦʣʴ ʦʩʠ 

ʢʦʦʨʜʠʥʘʪ. ʆʪʨʘʞʘʝʪ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʪ, ʥʝʦʙʭʦʜʠʤʦʝ ʯʪʦʙʳ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦʪʦʤʢʘ. ɼʣʷ ʦʢʪʦʜʝʨʝʚʘ Dim = 1; 

- Resolution ï ʨʘʟʨʝʰʝʥʠʝ ʜʝʨʝʚʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʨʦʙʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ. 
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ʈʘʩʩʤʦʪʨʠʤ ʧʘʨʘʤʝʪʨʳ ʫʟʣʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʜʝʨʝʚʘ: 

ὔέὨὩὈὭάὰὩὺὩὰὈὭάzὰὩὺὩὰȟ (2.17) 

ʛʜʝ  ὔέὨὩὈὭά - ʣʦʛʘʨʠʬʤ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʙʠʝʥʠʡ ʫʟʣʘ ʚʜʦʣʴ ʦʩʠ 

ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʫʨʦʚʥʷ ʨʘʟʙʠʝʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʪ, 

ʥʝʦʙʭʦʜʠʤʦʝ? ʯʪʦʙʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʣʦʞʝʥʥʳʭ ʧʦʪʦʤʢʦʚ; 

ὰὩὺὩὰ ï ʫʨʦʚʝʥʴ ʨʘʟʙʠʝʥʠʷ; 

ὔέὨὩὛὭᾀὩὰὩὺὩὰς ȟ (2.18) 

ʛʜʝ  ὔέὨὩὛὭᾀὩ ï ʨʘʟʤʝʨʳ ʩʪʦʨʦʥʳ ʫʟʣʘ ʚ ʝʜʠʥʠʯʥʳʭ ʫʟʣʘʭ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʙʠʝʥʠʡ ʚʜʦʣʴ ʦʩʠ ʢʦʦʨʜʠʥʘʪ; 

ὔέὨὩὡέὶὰὨὛὭᾀὩὰὩὺὩὰὙὩίέὰόὸὭέὲὔzέὨὩὛὭᾀὩὰὩὺὩὰȟ (2.19) 

ʛʜʝ NodeWorldSize ï ʨʘʟʤʝʨ ʫʟʣʘ ʚ ʤʠʨʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ; 

ὔέὨὩὅὥὴὥὧὭὸώὰὩὺὩὰςᶻ ȟ (2.20) 

ʛʜʝ ὔέὨὩὅὥὴὥὧὭὸώ ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʝʜʠʥʠʯʥʳʭ ʫʟʣʦʚ, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʫʟʝʣ 

ʥʘ ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʙʠʝʥʠʷ. 

ὑὩώὛὭᾀὩὔέὨὩὈὭάὈὩὴὸὬȟ  

ὈὩὴὸὬ ὑὩώὛὭᾀὩȾὈὭά, 
(2.21) 

ʛʜʝ  ὑὩώὛὭᾀὩ ï ʨʘʟʤʝʨ ʢʦʦʨʜʠʥʘʪʳ ʜʝʨʝʚʘ ʚ ʙʠʪʘʭ. 

ʅʘ ʨʠʩʫʥʢʝ 2.11 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʟʙʠʝʥʠʷ ʫʟʣʘ ʥʘ ʥʫʣʝʚʦʤ ʫʨʦʚʥʝ ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʟʤʝʨʝʥʠʡ (D) ʠ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʟʙʠʝʥʠʡ (Dim). 

ʋʟʝʣ ʩ ʧʘʨʘʤʝʪʨʘʤʠ D=3 ʠ Dim=1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʟʣʫ ʦʢʪʦʜʝʨʝʚʘ. 
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ʈʠʩʫʥʦʢ 2.11 - ʇʨʠʤʝʨ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʪʦʤʢʦʚ ʫʟʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʟʤʝʨʝʥʠʡ 

ʈʘʩʩʤʦʪʨʠʤ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʦʜʥʦʤʝʨʥʦʝ (Ὀ ρ) ʜʝʨʝʚʦ. ɺ ʥʝʤ ʢʘʞʜʳʡ ʫʟʝʣ 

ʙʫʜʝʪ ʠʤʝʪʴ ʧʦ ʜʚʘ ʧʦʪʦʤʢʘ (ὈὭάρ), ʚ ʢʦʪʦʨʳʭ ʢʦʦʨʜʠʥʘʪʘ ʙʫʜʝʪ ʢʦʜʠʨʦʚʘʪʴʩʷ 

ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʭ ʙʠʪ (ὈὩὴὸὬ σ) (ʈʠʩʫʥʦʢ 2.12). 

 
ʈʠʩʫʥʦʢ 2.12 ï ʇʨʠʤʝʨ ʦʜʥʦʤʝʨʥʦʛʦ ʜʝʨʝʚʘ, ʢʦʜʠʨʫʝʤʦʛʦ ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʛʦ 

ʙʠʪʘ ʥʘ ʫʟʝʣ 

ʀʟ ʨʠʩʫʥʢʘ 2.12 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʟʣʘ ʪʘʢʦʛʦ ʜʝʨʝʚʘ ʜʦʩʪʘʪʦʯʥʦ 

ʦʜʥʦʛʦ ʙʠʪʘ (0 ï ʣʝʚʳʡ, 1 ï ʧʨʘʚʳʡ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʥʢʨʝʪʥʳʝ ʙʠʪʳ ʢʦʦʨʜʠʥʘʪʳ 

ʜʝʨʝʚʘ ʧʦʟʚʦʣʷʶʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʫʟʣʳ ʜʝʨʝʚʘ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʠʟ ʢʦʦʨʜʠʥʘʪʳ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʟʝʣ ʥʘ ʣʶʙʦʤ ʫʨʦʚʥʝ ʨʘʟʙʠʝʥʠʷ. 
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ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʜʦ ʣʶʙʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʦʤʢʦʚ ʥʘ 

ʫʟʝʣ. ʈʘʩʩʤʦʪʨʠʤ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʦʜʥʦʤʝʨʥʦʝ (Ὀ ρ) ʜʝʨʝʚʦ. ʂʘʞʜʳʡ ʫʟʝʣ ʚ ʥʝʤ 

ʙʫʜʝʪ ʠʤʝʪʴ ʧʦ ʯʝʪʳʨʝ ʧʦʪʦʤʢʘ (ὈὭάς), ʚ ʢʦʪʦʨʳʭ ʢʦʦʨʜʠʥʘʪʘ ʙʫʜʝʪ 

ʢʦʜʠʨʦʚʘʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ ʯʝʪʳʨʝʭ ʙʠʪ (ὈὩὴὸὬ ς) (ʈʠʩʫʥʦʢ 2.13). 

 
ʈʠʩʫʥʦʢ 2.13 ï ʇʨʠʤʝʨ ʦʜʥʦʤʝʨʥʦʛʦ ʜʝʨʝʚʘ, ʢʦʜʠʨʫʝʤʦʛʦ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭ ʙʠʪ 

ʥʘ ʫʟʝʣ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʧʦʪʦʤʢʦʚ ʫʟʣʘ, 

ʤʝʥʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʙʠʪ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʦʪʦʤʢʘ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʫʨʦʚʥʝʡ ʨʘʟʙʠʝʥʠʷ 

ʜʝʨʝʚʘ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʟʘʢʦʜʠʨʦʚʘʪʴ ʢʣʶʯʦʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ. ʇʨʠʤʝʨ 

ʧʦʣʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʙʠʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʧʦʪʦʤʢʦʚ ʫʟʣʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.14. 

 
ʈʠʩʫʥʦʢ 2.14 - ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʫʟʣʦʚ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʦʡ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʧʦʪʦʤʢʦʚ ʫʟʣʘ 
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ʊʘʢ ʢʘʢ ʭʨʘʥʝʥʠʝ ʧʦʪʦʤʢʦʚ ʫʟʣʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩʧʦʩʦʙʦʤ, ʘʥʘʣʦʛʠʯʥʳʤ 

ʦʧʠʩʘʥʥʦʤʫ ʚ ʨʘʟʜʝʣʝ 2.4.2, ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʜʫʟʣʘ ʚʥʫʪʨʠ ʫʟʣʘ ʪʘʢʞʝ ʙʫʜʝʪ 

ʢʦʜʠʨʦʚʘʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʭ ʙʠʪ, ʧʦ ʙʠʪʫ ʥʘ ʦʩʴ ʨʘʟʙʠʝʥʠʷ (ʊʘʙʣʠʮʘ 2.1). ʆʜʥʘʢʦ 

ʬʦʨʤʫʣʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʪʦʯʢʠ ʚ ʫʟʝ ʪʝʧʝʨʴ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ 

ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʦʧʝʨʘʮʠʠ: 

ὍὲίὩὶὸὭέὲὍὲὨὩὼρὈὼȟὰὩὺὩὰ
ὼ Ǫ ὔέὨὩὛὭᾀὩὰὩὺὩὰρ

ς
  

ὍὲίὩὶὸὭέὲὍὲὨὩὼὰὩὺὩὰὍὲίὩὶὸὭέὲὍὲὨὩὼρὈὼȟὰὩὺὩὰςz

 ὍὲίὩὶὸὭέὲὍὲὨὩὼρὈώȟὰὩὺὩὰςz  ὍὲίὩὶὸὭέὲὍὲὨὩὼρὈᾀȟὰὩὺὩὰςz , 

(2.22) 

ʛʜʝ  ὼȟώȟᾀ ï ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʝʨʝʚʘ; 

Ǫ - ʦʧʝʨʘʮʠʷ ʧʦʙʠʪʦʚʦʛʦ çʀè, ʫʤʥʦʞʝʥʠʝ ʥʘ ʩʪʝʧʝʥʴ ʜʚʦʡʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦ 

ʦʧʝʨʘʮʠʠ ʧʦʙʠʪʦʚʦʛʦ ʩʜʚʠʛʘ. 

2.4.5. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʠʝʨʘʨʭʠʠ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʦʢʪʦʜʝʨʝʚʘ 

ʈʘʩʩʤʦʪʨʠʤ ʠʝʨʘʨʭʠʶ ʫʟʣʦʚ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʦʢʪʦʜʝʨʝʚʘ. ɼʣʷ ʧʨʠʤʝʨʘ 

ʚʦʟʴʤʝʤ ʦʜʥʦʤʝʨʥʦʝ ʜʝʨʝʚʦ (Ὀ ρ), ʢʘʞʜʳʡ ʫʟʝʣ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʧʦ 

ʯʝʪʳʨʝ ʧʦʪʦʤʢʘ (ὈὭάς). ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ὑὩώὛὭᾀὩρφὦὭὸ, ʪʦ ʧʦʜʦʙʥʦʝ 

ʜʝʨʝʚʦ ʩʤʦʞʝʪ ʘʜʨʝʩʦʚʘʪʴ 65535 ʟʥʘʯʝʥʠʡ, ʘ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʙʫʜʝʪ 

ʩʦʩʪʘʚʣʷʪʴ 8 ʫʨʦʚʥʝʡ.  

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʘʜʨʝʩʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ 

ʨʘʟʤʝʨ ʢʣʶʯʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʫʨʦʚʥʝʡ ʜʝʨʝʚʘ ʠ ʟʘʤʝʜʣʠʪ 

ʩʢʦʨʦʩʪʴ ʝʛʦ ʦʙʭʦʜʘ.  ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʠʟʚʝʩʪʠ 

ʠʥʪʝʛʨʘʮʠʶ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʜʝʨʝʚʘ ʩ ʘʩʩʦʮʠʘʪʠʚʥʳʤ ʤʘʩʩʠʚʦʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʨʝʚʦ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʘʟʤʝʨʦʤ ʢʣʶʯʘ ʜʣʷ ʣʶʙʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʟʥʘʯʝʥʠʡ.  
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ɸʩʩʦʮʠʘʪʠʚʥʳʝ ʤʘʩʩʠʚʳ [63] ʚʳʧʦʣʥʷʶʪ ʭʨʘʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʚʠʜʝ ʧʘʨʳ 

{ʢʣʶʯ:ʟʥʘʯʝʥʠʝ} ʠ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʳʡ  ʧʦʠʩʢ ʵʣʝʤʝʥʪʦʚ 

ʧʦ ʠʭ ʢʣʶʯʘʤ. ɸʩʩʦʮʠʘʪʠʚʥʳʝ ʤʘʩʩʠʚʳ ʧʣʦʭʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʭʨʘʥʝʥʠʷ ʪʦʯʝʢ, 

ʧʦʪʦʤʫ ʯʪʦ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʦʧʝʨʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ ʠ ʥʝ ʠʤʝʶʪ 

ʜʨʝʚʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʣʝʟʥʦʡ ʧʨʠ ʨʘʥʥʝʤ ʦʪʩʝʯʝʥʠʠ ʫʯʘʩʪʢʦʚ ʦʙʣʘʢʘ. ʆʜʥʘʢʦ 

ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤ ʦʢʪʦʜʝʨʝʚʦʤ. 

 ʇʫʩʪʴ ʥʘʰʝ ʜʝʨʝʚʦ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʛʣʫʙʠʥʫ ʚ 3 ʫʨʦʚʥʷ (ὑὩώὛὭᾀὩ

τ ̂̉̓)́, ʥʦ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʘʜʨʝʩʦʚʘʪʴ ʜʠʘʧʘʟʦʥ ʚ 0-65535 ʟʥʘʯʝʥʠʡ. ɼʣʷ 

ʘʜʨʝʩʘʮʠʠ ʪʘʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ 12 ʙʠʪ. ʀʩʧʦʣʴʟʫʝʤ 16-ʙʠʪʥʳʡ 

ʢʣʶʯ, ʧʝʨʚʳʝ 12 ʙʠʪ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʢʣʶʯʦʤ ʚ ʘʩʩʦʮʠʘʪʠʚʥʦʤ ʤʘʩʩʠʚʝ, ʘ ʧʦʩʣʝʜʥʠʝ 

4 ʙʠʪʘ ï ʢʣʶʯʦʤ ʚ ʮʝʣʦʯʠʩʣʝʥʥʦʤ ʜʝʨʝʚʝ. ʇʦʣʥʫʶ ʩʭʝʤʫ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 2.15. 

 

ʈʠʩʫʥʦʢ 2.15 - ʀʥʪʝʛʨʘʮʠʷ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʜʝʨʝʚʘ ʩ ʘʩʩʦʮʠʘʪʠʚʥʳʤ ʤʘʩʩʠʚʦʤ 

2.4.6. ʉʨʘʚʥʝʥʠʝ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʠ floating-point ʘʨʠʬʤʝʪʠʢʠ 

ʉʨʘʚʥʠʤ ʦʧʝʨʘʮʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʟʣʘ, ʚ ʢʦʪʦʨʳʡ ʧʦʧʘʜʘʝʪ ʪʦʯʢʘ, ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʠʜʦʚ ʦʢʪʦʜʝʨʝʚʴʝʚ. ɼʣʷ ʵʪʦʛʦ ʠʩʩʣʝʜʫʝʤ ʧʨʠʚʝʜʝʥʥʳʝ ʨʘʥʝʝ 

ʬʦʨʤʫʣʳ ʠ ʦʧʨʝʜʝʣʠʤ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʦʙʝ ʬʦʨʤʫʣʳ ʠʤʝʶʪ ʦʙʱʫʶ ʯʘʩʪʴ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʨʠʬʤʝʪʠʢʠ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. ʈʘʩʩʤʦʪʨʠʤ ʬʦʨʤʫʣʫ, 

ʧʨʠʤʝʥʷʝʤʫʶ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʟʠʮʠʠ ʪʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʫʟʣʘ ʚʜʦʣʴ ʦʩʠ 

ὼ:  

ίὫὲὼ ὧὼ, (2.23) 

ʛʜʝ  ίὫὲ ï ʦʧʝʨʘʮʠʷ ʧʦʣʫʯʝʥʠʷ ʟʥʘʢʘ ʚʳʨʘʞʝʥʠʷ; 

ὼ ï ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ; 

ὧὼ ï ʮʝʥʪʨ ʫʟʣʘ. 

ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʝ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 

- ʈʘʩʯʝʪ ὧὼ ï ʵʪʦ floating-point ʦʧʝʨʘʮʠʷ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪʩʷ ʦʜʠʥ ʨʘʟ ʧʨʠ 

ʧʦʧʘʜʘʥʠʠ ʪʦʯʝʢ ʚ ʫʟʝʣ (ʪʘʢ ʢʘʢ ʫʟʝʣ ʥʝ ʚʳʧʦʣʥʷʝʪ ʭʨʘʥʝʥʠʝ ʜʘʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ); 

- ὼ ὧὼ) ï ʵʪʦ ʦʜʥʘ floating-point ʦʧʝʨʘʮʠʷ; 

- ίὫὲ ï ɻ ʪʦ ʮʝʣʦʯʠʩʣʝʥʥʘʷ ʦʧʝʨʘʮʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʠʪʘ ʟʥʘʢʘ ʫ floating-point 

ʟʥʘʯʝʥʠʷ, ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ ʜʚʝ ʦʧʝʨʘʮʠʠ (ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʥʚʝʨʩʠʷ ʙʠʪʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʩʪʘʚʢʠ ὲ ʪʦʯʝʢ ʚ 

ʜʝʨʝʚʦ ʛʣʫʙʠʥʦʡ ὈὩὴὸὬ ʩʦʩʪʘʚʠʪ: 

ὈὩὴὸὬz ὲz ς Ὢὰέὥὸὕὴς ὭὲὸὩὫὩὶὕὴȟ (2.24) 

ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ὲ ρππ, ὈὩὴὸὬ ρπ ʩʦʩʪʘʚʠʪ 2000 floating point 

ʦʧʝʨʘʮʠʡ ʠ 2000 ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʦʧʝʨʘʮʠʡ. 

ɸʣʛʦʨʠʪʤ ʦʧʝʨʘʮʠʠ ʧʦʣʫʯʝʥʠʷ ʠʥʜʝʢʩʘ ʚʩʪʘʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʣʠʩʪʠʥʛʝ 2.3. 
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ʃʠʩʪʠʥʛ 2.3 - ʇʦʣʫʯʝʥʠʝ ʠʥʜʝʢʩʘ ʚʩʪʘʚʢʠ ʜʣʷ ʢʦʦʨʜʠʥʘʪʳ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. 

struct FloatCoord; // Floating point 3d vector {x,y,z} 

struct FloatBBox;  // Floating point bounding box {min, max} 

// Returns child index  

uint8 GetInsertionIndex(FloatCoord crd, FloatBBox nodeBBox) { 

 FloatCoord center = crd - nodeBBox.center(); // Coordinate relative to node 

center     

    // Fast index calculation 

    return !signbit(center[0]) |  

            !signbit(center[1]) << 1u | 

            !signbit(center[2]) << 2u; 

}  

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ. ʈʘʩʩʤʦʪʨʠʤ ʬʦʨʤʫʣʫ, 

ʧʨʠʤʝʥʷʝʤʫʶ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʟʠʮʠʠ ʪʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʫʟʣʘ ʚʜʦʣʴ ʦʩʠ 

ὼ: 

ὼ Ǫ ὔέὨὩὛὭᾀὩὰὩὺὩὰρ

ς
ȟ 

(2.25) 

ʛʜʝ ὼ ï ʮʝʣʦʯʠʩʣʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ.  

ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʝ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 

- ʈʘʩʯʝʪ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ 

ʠʩʭʦʜʥʦʡ ʥʘ ὙὩίέὰόὸὭέὲ; 

- ɿʥʘʯʝʥʠʝ ὔέὨὩὛὭᾀὩὰὩὺὩὰρ ʩʯʠʪʘʝʪʩʷ ʥʘ ʵʪʘʧʝ ʢʦʤʧʠʣʷʮʠʠ; 

- ɿʥʘʯʝʥʠʝ ς  ʩʯʠʪʘʝʪʩʷ ʥʘ ʵʪʘʧʝ ʢʦʤʧʠʣʷʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʚʩʪʘʚʢʠ ὲ ʪʦʯʝʢ ʚ ʜʝʨʝʚʦ ʛʣʫʙʠʥʦʡ 

ὈὩὴὸὬ ʩʦʩʪʘʚʠʪ: 

ὲz ρ ὪὰέὥὸὕὴὈὩὴὸὬz ὲz ς ὭὲὸὩὫὩὶὕὴȟ (2.26) 

ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ὲ ρππ, ὈὩὴὸὬ ρπ ʩʦʩʪʘʚʠʪ 100 floating point ʦʧʝʨʘʮʠʡ 

ʠ 2000 ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʦʧʝʨʘʮʠʡ. 

ɸʣʛʦʨʠʪʤ ʦʧʝʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʣʠʩʪʠʥʛʝ 2.4. 
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ʃʠʩʪʠʥʛ 2.4 - ʇʦʣʫʯʝʥʠʝ ʠʥʜʝʢʩʘ ʚʩʪʘʚʢʠ ʜʣʷ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ 

struct IntCoord; // Integer 3d vector {x,y,z} 

struct IntBBox;  // Integer bounding box {min, max} 

const int kLog2Dim = 1; // Dimension = 2^kLog2Dim 

 

// Returns child index  

uint8 GetInsertionIndex(IntCoord crd, int level) { 

 // Calculated at compile time in lookup table (zero cost) 

 const int kLog2Total = kLog2Dim + kLog2Dim * level; 

 const int kLevelDim = (1 << kLog2Total) - 1;  

 // Actual calculations 

 return (((crd.x & kLevelDim) >> kLog2Total)) +  

   (((crd.y & kLevelDim) >> kLog2Total) << 1 * kLog2Dim) + 

   (((crd.z & kLevelDim) >> kLog2Total) << 2 * kLog2Dim); 

}  

 

2.5. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʦʢʪʦʜʝʨʝʚʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʤʷʪʠ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʠ ʫʪʦʯʥʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʠ ʜʝʪʘʣʝʡ 

ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʨʘʙʦʪʝ ʚʘʨʠʘʥʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʚ ʮʝʣʷʭ ʩʨʘʚʥʝʥʠʷ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʚ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ. 

ʋʯʠʪʳʚʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʤʦʜʝʣʝʡ, ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʤʝʪʦʜʦʚ: 

- ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʢʪʦʜʝʨʝʚʘ; 

- ʆʨʛʘʥʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʦʙʣʘʢʘ ʪʦʯʝʢ; 

- ʄʝʭʘʥʠʟʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʘʤʷʪʠ; 

- ʆʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʢʪʦʜʝʨʝʚʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ.   
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2.5.1. ʄʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʘʩʠʥʭʨʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʢʝʰʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʙʦʪʫ 

ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʦʢʪʦʜʝʨʝʚʝ ʜʦʣʞʥʳ ʦʪʩʣʝʞʠʚʘʪʴʩʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʮʠʢʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʜʩʯʝʪ ʟʘʥʷʪʦʡ ʙʣʦʢʘʤʠ 

ʜʘʥʥʳʭ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʣʠʤʠʪʘ ʯʘʩʪʴ ʙʣʦʢʦʚ 

ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʛʨʫʞʝʥʘ ʥʘ ʞʝʩʪʢʠʡ ʜʠʩʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʦʙʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ 

ʙr ʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ, ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʢʝʰʝʤ ʧʨʦʮʝʩʩʦʨʘ, ʧʝʨʚʳʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥ ʙʦʣʝʝ ʙʳʩʪʨʦʡ, ʥʦ 

ʤʘʣʦʯʠʩʣʝʥʥʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ, ʘ ʚʪʦʨʦʡ ʫʨʦʚʝʥʴ ï ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʡ, ʥʦ ʠ 

ʙʦʣʝʝ ʦʙʲʝʤʥʦʡ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʠʪʠʢʫ ʚʳʪʝʩʥʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʧʦʜʜʝʨʞʠʚʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʦʙʲʝʤʘ ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʘʤʷʪʠ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʷʪʴ, ʢʘʢʠʝ 

ʙʣʦʢʠ ʩʣʝʜʫʝʪ ʚʳʛʨʫʞʘʪʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ. ɺ ʨʷʜʝ ʨʘʙʦʪ [15; 36; 39] ʭʦʨʦʰʦ ʩʝʙʷ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʧʦʣʠʪʠʢʘ ʚʳʪʝʩʥʝʥʠʷ LRU, ʚ ʢʦʪʦʨʦʡ ʧʦʩʣʝʜʥʠʡ ʠʩʧʦʣʴʟʫʝʤʳʡ 

ʙʣʦʢ ʧʦʤʝʱʘʝʪʩʷ ʚ ʥʘʯʘʣʦ ʦʯʝʨʝʜʠ, ʚʳʪʝʩʥʷʷ ʙʦʣʝʝ ʩʪʘʨʳʝ ʚ ʢʦʥʝʮ ʦʯʝʨʝʜʠ. 

ʆʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [18] ʩʧʦʩʦʙ ʦʪʩʣʝʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʟʣʦʚ ʪʦʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ, ʦʜʥʘʢʦ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ: 

ʢʦʣʠʯʝʩʪʚʦ ʦʪʩʣʝʞʠʚʘʝʤʳʭ ʫʟʣʦʚ ʦʛʨʘʥʠʯʝʥʦ, ʯʪʦ ʣʠʤʠʪʠʨʫʝʪ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʠʪʠʢʠ ʚʳʪʝʩʥʝʥʠʷ LRU ʙʦʣʴʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ 

ʜʚʫʩʚʷʟʥʳʡ ʩʧʠʩʦʢ, ʪʘʢ ʢʘʢ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʚʩʪʘʚʢʫ ʠ ʫʜʘʣʝʥʠʝ ʚ ʥʘʯʘʣʦ 

ʠ ʢʦʥʝʮ ʟʘ O(1). ʇʦʨʷʜʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʇʨʠ ʟʘʛʨʫʟʢʝ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʦʛʦ ʫʟʣʘ ʝʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨ 

ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʥʘʯʘʣʦ ʩʧʠʩʢʘ; 

- ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʚʦʙʦʞʜʝʥʠʷ ʧʘʤʷʪʠ ʫʜʘʣʷʝʪʩʷ ʫʟʝʣ ʩ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʠʟ ʢʦʥʮʘ ʩʧʠʩʢʘ; 
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- ʇʦʩʣʝʜʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʫʟʣʳ ʦʩʪʘʶʪʩʷ ʚ ʥʘʯʘʣʝ ʩʧʠʩʢʘ ʠ ʥʝ ʫʜʘʣʷʶʪʩʷ 

ʧʨʠ ʦʩʚʦʙʦʞʜʝʥʠʠ ʧʘʤʷʪʠ. 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʟʣʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚ ʨʘʟʜʝʣʝ 

2.4.3, ʪʘʢ ʢʘʢ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʫʟʣʘ ʢʘʢ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʘʢ ʠ ʚ ʦʢʪʦʜʝʨʝʚʝ. ʊʘʢʞʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʷʤʦʛʦ ʫʢʘʟʘʪʝʣʷ, ʧʦʟʚʦʣʷʝʪ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʫʟʝʣ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʧʘʤʷʪʠ.  

ɼʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʫʟʣʦʚ ʠʩʧʦʣʴʟʫʝʤ ʤʝʭʘʥʠʟʤ ʧʦʜʩʯʝʪʘ 

ʩʩʳʣʦʢ ʥʘ ʦʙʲʝʢʪʳ, ʘʥʘʣʦʛʠʯʥʳʡ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʟʣʘʤ 

ʦʢʪʦʜʝʨʝʚʘ ʚ ʨʘʙʦʪʝ [18], ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʜʘʣʷʪʴ ʠʟ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʥʝʠʩʧʦʣʴʟʫʝʤʳʝ ʫʟʣr. 

ʈʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʟʣʦʚ ʥʘ ʚʪʦʨʠʯʥʦʡ ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ, 

ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʶʱʠʤʠ ʢʨʠʪʝʨʠʷʤʠ: 

- ʆʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ, ʪ.ʢ. 

ʩʦʟʜʘʥʠʝ ʬʘʡʣʦʚʦʡ ʟʘʧʠʩʠ ʤʦʞʝʪ ʙʳʪʴ ʤʝʜʣʝʥʥʳʤ, ʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʘʡʣʦʚʳʭ ʟʘʧʠʩʝʡ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ ʣʠʤʠʪ, ʜʦʧʫʩʪʠʤʳʡ ʚ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ; 

- ʆʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʳʭ ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ ʧʨʠ ʭʨʘʥʝʥʠʠ ʫʟʣʦʚ 

ʦʢʪʦʜʝʨʝʚʘ, ʪ.ʢ. ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʦʢʪʦʜʝʨʝʚʝ, ʧʦʩʪʨʦʝʥʥʦʤ ʧʦ 

ʙʦʣʴʰʦʤʫ ʦʙʣʘʢʫ ʪʦʯʝʢ, ʤʦʞʝʪ ʠʟʤʝʨʷʪʴʩʷ ʩʦʪʥʷʤʠ ʤʠʣʣʠʦʥʦʚ; 

- ɺʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʟʘʛʨʫʟʢʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʫʟʣʘ ʟʘ ʢʦʥʩʪʘʥʪʥʦʝ ʚʨʝʤʷ, 

ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʢʘʪʴ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʬʘʡʣʦʚʳʭ ʦʧʝʨʘʮʠʡ 

ʦʢʪʦʜʝʨʝʚʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʛʦ ʨʘʟʤʝʨʦʚ. 
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ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʢʨʠʪʝʨʠʝʚ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʧʦʭʦʞʠʡ ʥʘ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [18]. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʙʦʪʝ ʧʦʪʦʤʢʠ ʦʙʲʝʜʠʥʷʶʪʩʷ 

ʚ ʦʜʠʥ ʬʘʡʣ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ, ʘ ʠʝʨʘʨʭʠʷ ʦʢʪʦʜʝʨʝʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʝʨʘʨʭʠʝʡ 

ʜʠʨʝʢʪʦʨʠʡ (ʥʘʧʨʠʤʝʨ, çTree/0/3/4/2è ʜʣʷ ʫʟʣʘ-ʚʝʪʚʠ ʥʘ ʫʨʦʚʥʝ 4). ʉʧʦʩʦʙ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʪʦʞʝ ʚʳʧʦʣʥʷʝʪ ʦʙʲʝʜʠʥʝʥʠʝ 

ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ, ʦʜʥʘʢʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ ʝʱʝ 

ʩʠʣʴʥʝʝ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʥʘʙʣʶʜʝʥʠʠ, ʯʪʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʢʪʦʜʝʨʝʚʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʨʝʛʫʣʷʨʥʦʡ ʧʨʠʨʦʜʳ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʮʠʢʣ ʟʘʧʦʣʥʝʥʠʷ ʫʟʣʘ, ʝʛʦ ʧʝʨʝʧʦʣʥʝʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʝʛʦ ʨʘʟʙʠʝʥʠʷ ʥʘ ʚʦʩʝʤʴ ʧʦʪʦʤʢʦʚ ʧʦʚʪʦʨʷʝʪʩʷ ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʪʦʯʝʢ ʤʥʦʞʝʩʪʚʦ ʨʘʟ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʜʘʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ ʧʦʩʣʝ ʠʭ ʨʘʟʙʠʝʥʠʷ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʭʨʘʥʝʥʠʝ 

ʜʘʥʥʳʭ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʚʝʪʚʷʭ ʦʢʪʦʜʝʨʝʚʘ, ʧʦʷʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʦʢʪʦʜʝʨʝʚʘ ʥʝ ʚʳʧʦʣʥʷʪʴ ʨʘʟʙʠʝʥʠʝ ʫʟʣʘ ʧʨʠ ʝʛʦ ʧʝʨʝʧʦʣʥʝʥʠʠ, ʘ ʧʨʦʜʦʣʞʘʪʴ 

ʜʦʙʘʚʣʷʪʴ ʪʦʯʢʠ ʚ ʝʛʦ ʧʦʜʫʟʣʳ. ʂʦʛʜʘ ʫʟʝʣ ʟʘʧʦʣʥʝʥ, ʙʦʣʴʰʝ ʪʦʯʝʢ ʚ ʥʝʛʦ ʜʦʙʘʚʠʪʴ 

ʥʝʣʴʟʷ, ʝʛʦ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʚ ʩʦʩʪʦʷʥʠʝ ʟʘʚʝʨʰʝʥʥʦʛʦ ʠ ʧʨʠʩʦʝʜʠʥʠʪʴ ʢ ʦʙʱʝʤʫ 

ʬʘʡʣʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ ʚʪʦʨʠʯʥʦʡ ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʬʘʡʣʦʚ 

ʙʫʜʝʪ ʭʨʘʥʠʪʴʩʷ ʪʦʣʴʢʦ ʩʚʦʜʥʳʡ ʬʘʡʣ ʟʘʚʝʨʰʝʥʥʳʭ ʫʟʣʦʚ, ʘ ʪʘʢʞʝ ʚʳʪʝʩʥʝʥʥʳʝ 

ʢʝʰʝʤ ʫʟʣʳ ʥʠʞʥʠʭ ʫʨʦʚʥʝʡ ʨʘʟʙʠʝʥʠʷ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʩʝ 

ʦʩʪʘʚʰʠʝʩʷ ʬʘʡʣʳ ʪʦʞʝ ʧʝʨʝʡʜʫʪ ʚ ʩʦʩʪʦʷʥʠʝ ʟʘʚʝʨʰʝʥʥʳʭ ʠ ʙʫʜʫʪ ʧʨʠʩʦʝʜʠʥʝʥʳ 

ʢ ʦʙʱʝʤʫ ʬʘʡʣʫ. 



103 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʢʦʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʤʳʭ ʬʘʡʣʦʚʳʭ ʦʧʝʨʘʮʠʡ ʟʘ 

ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʪʘʢʠʭ ʦʧʝʨʘʮʠʡ ʦʪʜʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʦʙʨʘʙʦʪʢʠ. ɺ ʨʘʙʦʪʝ 

[36] ʧʨʝʜʣʦʞʝʥʘ ʨʝʘʣʠʟʘʮʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʨʘʟʜʝʣʝʥʠʝ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʦʧʝʨʘʮʠʡ ʧʦʜʛʨʫʟʢʠ/ʚʳʛʨʫʟʢʠ ʜʘʥʥʳʭ ʥʘ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʧʦʪʦʢʘ. ʇʨʠ 

ʵʪʦʤ ʚʳʪʝʩʥʝʥʥʳʝ ʠʟ ʢʝʰʘ ʫʟʣ rʧʝʨʝʜʘʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʡ ʧʦʪʦʢ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʩʦʭʨʘʥʝʥʠʷ, ʘ ʫʟʣʳ, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʳʤ ʧʦʪʨʝʙʫʶʪʩʷ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ, 

ʘʩʠʥʭʨʦʥʥʦ ʧʦʜʛʨʫʞʘʶʪʩʷ ʠʟ ʬʘʡʣʘ. ʄʝʪʦʜ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʦʙʤʝʥʘ 

ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʥʝ ʫʢʘʟʘʥ, ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-ʧʦʪʨʝʙʠʪʝʣʴ, 

ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ ʘʩʠʥʭʨʦʥʥʦʡ ʥʝʙʣʦʢʠʨʫʶʱʝʡ ʦʯʝʨʝʜʠ [64], ʪʘʢ ʢʘʢ ʦʥʘ 

ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʝʞʧʦʪʦʯʥʳʭ 

ʦʧʝʨʘʮʠʡ. ʇʨʦʪʦʢʦʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʙʫʜʝʪ ʨʘʩʰʠʨʝʥ ʦʧʝʨʘʮʠʝʡ 

ʬʠʥʘʣʠʟʘʮʠʠ ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʝʨʝʚʝʩʪʠ ʫʟʝʣ ʚ ʩʦʩʪʦʷʥʠʝ 

ʟʘʚʝʨʰʝʥʥʦʛʦ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʚ ʥʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʧʦʜʭʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʰʥʝʡ ʠ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʙʤʝʥʦʚ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʟʘ ʩʯʝʪ 

ʤʦʜʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʘʩʠʥʭʨʦʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʯʘʩʪʠ 

ʦʧʝʨʘʮʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʜʝʨʞʝʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ.  

ʅʘ ʙʘʟʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ ʩʝʪʝʡ ʇʝʪʨʠ ʠʟ ʨʘʟʜʝʣʘ 1.6.3 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 2.16). ɺ ʥʝʡ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʦʧʫʱʝʥ TraverseLoop, 

InnerLoop ʠ OuterLoop. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ, ʢʘʢ ʠ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ, ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ (ReadOp, 

WriteOp), ʢʦʪʦʨʳʝ ʧʦʤʝʱʘʶʪʩʷ ʚ ʦʯʝʨʝʜʴ ʦʙʨʘʙʦʪʢʠ (Queue) ʠ ʠʩʧʦʣʥʷʶʪʩʷ ʚ 

ʦʪʜʝʣʴʥʦʤ ʧʦʪʦʢʝ (Process). ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʧʨʦʮʝʜʫʨʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ: 

ʚ ʩʣʫʯʘʝ ʦʧʝʨʘʮʠʡ ʟʘʧʠʩʠ ʧʦʪʦʢ ʦʙʨʘʙʦʪʢʠ ʥʝ ʜʦʞʠʜʘʝʪʩʷ ʟʘʚʝʨʰʝʥʠʷ, ʦʜʥʘʢʦ ʚ 

ʩʣʫʯʘʝ ʟʘʧʨʦʩʘ ʥʘ ʯʪʝʥʠʝ ʜʘʥʥʳʭ ʧʦʪʦʢ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪ ʠʩʧʦʣʥʝʥʠʝ, ʦʞʠʜʘʷ 

ʟʘʚʝʨʰʝʥʠʝ ʦʧʝʨʘʮʠʠ.  
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ʈʠʩʫʥʦʢ 2.16 ï ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ 

ʢʝʰʠʨʦʚʘʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʨʦʮʝʜʫʨʳ ʟʘʧʠʩʠ ʠ ʩʯʠʪʳʚʘʥʠʷ ʜʘʥʥʳʭ 

(ʈʠʩʫʥʦʢ 2.17). ʇʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʳʭ ʦʧʝʨʘʮʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʌʉ (GetFilePath, 

OpenFile, WriteToFile, ReadFile, CloseFile, DeleteFile) ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʧʝʨʘʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ ʢʝʰʠʨʦʚʘʥʠʷ (ReadFromCache, WriteToCache, 

ClearCache) ʠ ʦʧʝʨʘʮʠʷ ʬʠʥʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. ʇʦʩʣʝʜʥʷʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʩʦʝʜʠʥʠʪʴ 

ʢ ʦʙʱʝʤʫ ʬʘʡʣʫ ʫʯʘʩʪʦʢ ʜʘʥʥʳʭ, ʤʦʜʠʬʠʢʘʮʠʷ ʢʦʪʦʨʦʛʦ ʟʘʚʝʨʰʝʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʧʨʦʩʪʠʪʴ ʜʦʩʪʫʧ ʢ 

ʪʘʢʠʤ ʜʘʥʥʳʤ. 
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ʈʠʩʫʥʦʢ 2.17 ï ɼʝʪʘʣʠʟʘʮʠʷ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʠ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ 

ʇʨʠʚʝʜʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʦʪ ʚʳʩʢʘʟʘʥʥʳʭ ʨʘʥʝʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ ʢ ʘʣʛʦʨʠʪʤʫ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʦʛʨʘʤʤʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ.  
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2.5.2. ʄʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ 

ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʘʤʷʪʴʶ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ 

ʢʝʰʠʨʦʚʘʥʠʷ, ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ, 

ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʆʉ Linux / UNIX. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ 

ʦʪʦʙʨʘʞʝʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ ʬʘʡʣʘ ʥʘ ʜʠʘʧʘʟʦʥ ʚʠʨʪʫʘʣʴʥʳʭ ʘʜʨʝʩʦʚ ʚ ʘʜʨʝʩʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʣʦʞʝʥʠʷ. ɼʦʩʪʫʧ ʢ ʦʪʦʙʨʘʞʝʥʥʦʡ ʚ ʧʘʤʷʪʠ ʦʙʣʘʩʪʠ ʘʜʨʝʩʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʫʜʝʪ ʟʘʧʫʩʢʘʪʴ ʧʨʦʚʝʨʢʫ ʚ ʢʝʰʝ ʩʪʨʘʥʠʮ Linux ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʯʠʪʳʚʘʪʴ ʩʪʨʘʥʠʮʫ ʠʟ ʦʪʦʙʨʘʞʘʝʤʦʛʦ ʬʘʡʣʘ ʚ ʢʝʰ ʩʪʨʘʥʠʮ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʢʝʰʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʷʜʨʦʤ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʧʨʦʱʝʥʠʶ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʫʩʢʦʨʠʪʴ ʦʧʝʨʘʮʠʠ ʩʣʫʯʘʡʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ.  

ʈʘʩʩʤʦʪʨʠʤ ʨʝʘʣʠʟʘʮʠʶ ʧʦʜʦʙʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʘʥʥʳʤ 

ʦʢʪʦʜʝʨʝʚʘ. ʀʩʧʦʣʴʟʫʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ, ʚʳʜʝʣʠʤ 

ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ: 

- ʆʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ, ʪ.ʢ. 

ʩʦʟʜʘʥʠʝ ʬʘʡʣʦʚʦʡ ʟʘʧʠʩʠ ʤʦʞʝʪ ʙʳʪʴ ʤʝʜʣʝʥʥʳʤ, ʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʘʡʣʦʚʳʭ ʟʘʧʠʩʝʡ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ ʣʠʤʠʪ, ʜʦʧʫʩʪʠʤʳʡ ʚ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ; 

- ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʦʙʣʘʢʘ ʪʦʯʝʢ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʷʤʦʛʦ ʫʢʘʟʘʪʝʣʷ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ/ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʘʥʥʳʤʠ; 

- ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ï ʧʦʟʚʦʣʠʪ 

ʚʳʧʦʣʥʷʪʴ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ 

ʦʢʪʦʜʝʨʝʚʘ, ʢʦʛʜʘ ʢʦʥʝʯʥʳʡ ʨʘʟʤʝʨ ʙʣʦʢʘ ʥʝʠʟʚʝʩʪʝʥ; 

- ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦʢʪʦʜʝʨʝʚʘ ʧʦʩʣʝ ʝʛʦ ʧʦʩʪʨʦʝʥʠʷ, 

ʚʢʣʶʯʘʷ ʤʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʫʟʣʦʚ ï ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ 

ʩʧʝʢʪʨ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʦʢʪʦʜʝʨʝʚʦ. 
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ʈʘʩʩʤʦʪʨʠʤ ʨʝʘʣʠʟʘʮʠʶ ʧʦʜʦʙʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪʘʭ. ɺ 

ʨʘʙʦʪʝ [41] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʨʝʥʜʝʨʠʥʛʘ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʨʦʚʥʝʡ ʜʝʪʘʣʠʟʘʮʠʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʚ ʬʘʡʣʝ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʛʦ ʩʧʠʩʢʘ ʙʣʦʢʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠʭ ʚ 

ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ. ʅʦ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ 

ʦʢʪʦʜʝʨʝʚʘ ʚ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝ ʫʯʠʪʳʚʘʝʪ ʧʨʦʙʣʝʤʳ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʟʤʝʨʘ ʜʘʥʥʳʭ ʫʟʣʘ ʧʨʠ ʝʛʦ ʟʘʧʦʣʥʝʥʠʠ. 

ɺ ʨʘʙʦʪʝ [65] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʫʯʘʩʪʢʘʤ ʢʘʨʪʳ ʚʳʩʦʪ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʣʘʥʜʰʘʬʪʘ, ʦʜʥʘʢʦ  

ʦʥʘ ʚʥʦʚʴ ʥʝ ʩʦʜʝʨʞʠʪ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʭʨʘʥʝʥʠʷ ʫʟʣʦʚ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʨʘʟʤʝʨʘ. ɺ 

ʨʘʙʦʪʝ [66] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʦʣʴʰʠʭ ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ. ʕʪʘʧ 

ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʳʡ ʚ 

ʨʘʙʦʪʝ [67], ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʠʝʨʘʨʭʠʠ ʬʘʡʣʦʚ ʠ ʜʠʨʝʢʪʦʨʠʡ. 

ʇʦʧʨʦʙʫʝʤ ʨʘʩʩʤʦʪʨʝʪʴ ʙʦʣʝʝ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ. ʇʫʩʪʴ 

ʤʝʭʘʥʠʟʤ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʜʠʘʧʘʟʦʥ ʚʠʨʪʫʘʣʴʥʳʭ ʘʜʨʝʩʦʚ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʩʳʣʘʪʴʩʷ ʥʘ ʬʘʡʣ ʥʘ ʚʪʦʨʠʯʥʦʡ ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ. ʀʩʧʦʣʴʟʫʝʤ 

ʤʝʭʘʥʠʟʤʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ (ʘʣʣʦʢʘʮʠʠ), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ ʚ ʢʫʯʝ, ʪʦʣʴʢʦ ʚʤʝʩʪʦ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠʩʧʦʣʴʟʫʝʤ 

ʚʳʜʝʣʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʚʠʨʪʫʘʣʴʥʳʭ ʘʜʨʝʩʦʚ.  
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ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʚʳʜʝʣʷʪʴ ʚ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ ʫʯʘʩʪʢʠ ʜʘʥʥʳʭ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʨʘʟʤʝʨʘ, ʦʜʥʘʢʦ ʧʦʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʧʘʤʷʪʠ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʥʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʠ ʦʩʚʦʙʦʞʜʝʥʠʷ 

ʫʯʘʩʪʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥʘ. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [68] ʧʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ, ʘ ʚ ʨʘʙʦʪʝ [69] ʨʘʩʩʤʦʪʨʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ 

ʧʘʤʷʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʜʘʥʥʳʭ 

ʥʘ ʜʠʘʧʘʟʦʥʝ ʚʠʨʪʫʘʣʴʥʳʭ ʘʜʨʝʩʦʚ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʦʩʪʘʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ 

ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʭʨʘʥʝʥʠʷ ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʧʦʪʨʝʙʣʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʫʝʤ ʤʦʜʝʣʴ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʜʦʙʠʪʴʩʷ ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʟʘ ʩʯʝʪ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʧʝʨʘʮʠʡ ʩ 

ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. 

ʅʘ ʙʘʟʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ ʩʝʪʝʡ ʇʝʪʨʠ ʠʟ ʨʘʟʜʝʣʘ 1.6.3 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ (ʈʠʩʫʥʦʢ 2.18). ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʚ ʥʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʧʦʜʭʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʥʝʰʥʝʡ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʦʧʝʨʘʮʠʡ c ʌʉ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ 

ʙʦʣʝʝ ʥʠʟʢʦʫʨʦʚʥʝʚʳʭ ʧʨʦʮʝʜʫʨ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʠ ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʌʉ.  

ʆʜʥʦʡ ʠʟ ʝʛʦ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʰʦʚʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʚ ʣʶʙʦʡ ʠʟ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ: ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʘʥʥʳʤʠ ʩʚʦʜʠʪʩʷ ʢ ʦʧʝʨʘʮʠʷʤ ʚʳʜʝʣʝʥʠʷ ʠ ʦʩʚʦʙʦʞʜʝʥʠʷ 

ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʠ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʧʦ ʫʢʘʟʘʪʝʣʶ ʥʘ ʜʘʥʥʳʝ. ʀʟ-ʟʘ ʵʪʦʛʦ ʦʙʱʘʷ 

ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠʜʝʥʪʠʯʥʘ ʧʨʦʮʝʩʩʫ ʦʙʨʘʙʦʪʢʠ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ.  
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ʈʠʩʫʥʦʢ 2.18 - ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʧʨʠ ʧʦʤʦʱʠ ʤʝʭʘʥʠʟʤʘ 

ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ 

 ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʨʦʮʝʜʫʨʳ ʟʘʧʠʩʠ ʠ ʩʯʠʪʳʚʘʥʠʷ ʜʘʥʥʳʭ 

(ʈʠʩʫʥʦʢ 2.19). ʆʪʢʘʟ ʦʪ ʭʨʘʥʝʥʠʷ ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʬʘʡʣʘʭ ʧʦʚʣʝʢ 

ʟʘ ʩʦʙʦʡ ʧʦʪʝʨʶ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʨʘʱʠʚʘʥʠʷ ʨʘʟʤʝʨʦʚ ʙʣʦʢʦʚ ʩʨʝʜʩʪʚʘʤʠ ʬʘʡʣʦʚʦʡ 

ʩʠʩʪʝʤʳ. ʊʝʧʝʨʴ ʚʩʝ ʙʣʦʢʠ ʜʘʥʥʳʭ ʭʨʘʥʷʪʩʷ ʚ ʦʜʥʦʤ ʬʘʡʣʝ, ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʨʘʟʤʝʨʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʨʝʘʣʣʦʢʘʮʠʠ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʬʨʘʛʤʝʥʪʘʮʠʶ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ, ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʫʟʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ ʦʪʢʘʟʘ ʦʪ 

ʯʘʩʪʠ ʦʧʝʨʘʮʠʡ ʌʉ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʜʦʣʞʝʥ ʧʦʢʘʟʳʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʩʦ 

ʩʪʦʨʦʥʳ ʦʧʝʨʘʮʠʡ ʟʘʧʠʩʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʧʝʨʘʮʠʠ ʚʳʜʝʣʝʥʠʷ ʙʣʦʢʘ ʚ ɺʇ 

(Allocate), ʫʜʘʣʝʥʠʷ ʙʣʦʢʘ (Delete), ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʙʣʦʢʘ (Reallocate) ʠ ʟʘʧʠʩʠ 

ʜʘʥʥʳʭ ʚ ʙʣʦʢ (Update ʠ Append). ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʤʝʱʝʥʠʝʤ ʜʘʥʥʳʭ ʚʚʦʜʷʪʩʷ 

ʦʧʝʨʘʮʠʠ ʧʦʠʩʢʘ ʩʚʦʙʦʜʥʦʛʦ ʙʣʦʢʘ ʜʘʥʥʳʭ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ (FindFreeBlock), 

ʚʳʜʝʣʝʥʠʷ ʙʣʦʢʘ (UseFreeBlock), ʦʩʚʦʙʦʞʜʝʥʠʷ ʙʣʦʢʘ (FreeBlock), ʧʨʦʚʝʜʝʥʠʷ 

ʜʝʬʨʘʛʤʝʥʪʘʮʠʠ ʙʣʦʢʘ ʠ ʝʛʦ ʩʦʩʝʜʝʡ (DefragmentBlock). 
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ʈʠʩʫʥʦʢ 2.19 ï ɼʝʪʘʣʠʟʘʮʠʷ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʠ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ 

ʇʨʠʚʝʜʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʦʪ ʚʳʩʢʘʟʘʥʥʳʭ ʨʘʥʝʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʢ ʘʣʛʦʨʠʪʤʫ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʦʛʨʘʤʤʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ. 

2.5.3. ʆʙʟʦʨ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʢʪʦʜʝʨʝʚʘ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʆʙʲʝʤ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚ ʪʘʢʦʤ ʦʢʪʦʜʝʨʝʚʝ ʥʝ ʩʥʠʞʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʠ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ ʣʠʤʠʪ ʧʦʪʨʝʙʣʝʥʠʷ. ʅʝ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʝ 

ʪʨʝʙʦʚʘʥʠʝ ʢ ʦʛʨʘʥʠʯʝʥʠʶ ʦʙʲʝʤʘ ʧʦʪʨʝʙʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʜʝʣʘʝʪ ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ὓ ὖȟὼ ȟὸ ὓ ȟ 

ὑ ὖȟὼ πȟ 

ὑ ὖȟὼ ȟὸ πȟ 

(14) 

ʛʜʝ  ὼ  - ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʩ ʦʙʨʘʙʦʪʢʦʡ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ; 

ὖ ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʯʝʡ ʨʘʟʤʝʨ ʧʨʝʚʳʰʘʝʪ ʜʦʩʪʫʧʥʳʝ ʦʙʲʝʤʳ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ; 
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ὑ  ï ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʥʥʳʭ ʬʘʡʣʦʚ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʚʳʧʦʣʥʷʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʨʘʟʤʝʱʝʥʠʝʤ ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ 

ʢʝʰʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʧʝʨʚʳʤ ʫʨʦʚʥʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ ʙʣʦʢʘ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʘ ʚʪʦʨʳʤ ʫʨʦʚʥʝʤ ï ʨʘʟʤʝʱʝʥʠʝ ʙʣʦʢʘ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ. ʇʨʠ 

ʚʳʪʝʩʥʝʥʠʠ ʙʣʦʢʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʠʪʠʢʘ Least Recently Used (LRU). 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʧʘʤʷʪʴ ʣʠʤʠʪʠʨʫʝʪʩʷ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʦʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ 

ʩʦʟʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʡʣʦʚ, ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ ʩʦʨʘʟʤʝʨʥʦʝ ʢʦʣʠʯʝʩʪʚʫ 

ʫʟʣʦʚ ʚ ʦʢʪʦʜʝʨʝʚʝ. ɿʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʩʝʨʚʠʩʥʳʭ ʦʧʝʨʘʮʠʡ ʨʘʩʪʫʪ ʩ 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ. 

ὓ ὖȟὼ ȟὸ ὓ ȟ 

ὑ ὖȟὼ Ὕ Ὕ Ὕ ȟ 

ὑ ὖȟὼ ȟὸ
Ὧȟπ Ὥ ὲȟ
ρȟὭ ὲ

ȟ 

(15) 

ʛʜʝ  ὖ ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʯʝʡ ʨʘʟʤʝʨ ʧʨʝʚʳʰʘʝʪ ʜʦʩʪʫʧʥʳʝ ʦʙʲʝʤʳ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ; 

ὼ  ï ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʚʘʨʠʘʥʪʘʤ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ ὢ ; 

Ὕ Ὕ Ὕ Ὕ ȟ Ὕ  ï ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʩʦʟʜʘʥʠʝ 

ʬʘʡʣʘ, Ὕ  ï ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʦʧʝʨʘʮʠʠ ʧʦʣʫʯʝʥʠʷ ʬʘʡʣʦʚʦʛʦ 

ʜʝʩʢʨʠʧʪʦʨʘ, Ὕ  ï ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʥʘʨʘʱʠʚʘʥʠʝ ʨʘʟʤʝʨʦʚ ʬʘʡʣʘ; 

Ὧ ï ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʩ ʦʢʪʦʜʝʨʝʚʦʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʦʪʦʙʨʘʞʝʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ ʬʘʡʣʘ ʥʘ ʜʠʘʧʘʟʦʥ ʚʠʨʪʫʘʣʴʥʳʭ 

ʘʜʨʝʩʦʚ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʨʘʙʦʪʘʪʴ ʩ ʩʦʭʨʘʥʝʥʥʳʤʠ 

ʙʣʦʢʘʤʠ ʪʦʯʝʢ ʢʘʢ ʩ ʜʘʥʥʳʤʠ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ ʜʦ ʦʜʥʦʛʦ. 

 



112 

 

ὓ ὖȟὼ ȟὸ ὓ ȟ 

ὑ Ὕ Ὕ Ὕ ȟ 

ὑ ὖȟὼ ȟὸ ρȟ 

(16) 

ʛʜʝ  ὼ  ï ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʚʘʨʠʘʥʪʘʤ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʳ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ ὢ ; 

Ὕ Ὕ Ὕ ȟὝ  ï ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʘʣʣʦʢʘʮʠʶ ʙʣʦʢʘ 

ʜʘʥʥʳʭ ʥʘ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ, Ὕ  ï ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʦʩʚʦʙʦʞʜʝʥʠʝ 

ʙʣʦʢʘ ʜʘʥʥʳʭ ʚ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ. 

2.6. ɺʳʚʦʜʳ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʨʛʘʥʠʟʘʮʠʠ ʦʢʪʦʜʝʨʝʚʘ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʧʨʝʜʣʦʞʝʥʳ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ 

ʘʣʛʦʨʠʪʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʚʳʧʦʣʥʷʪʴ ʦʙʨʘʙʦʪʢʫ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʩʠʩʪʝʤ 

ʭʨʘʥʝʥʠʷ. ʇʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʫʪʦʯʥʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʤʦʜʝʣʠ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʦʩʥʦʚʝ ʘʨʠʬʤʝʪʠʢʠ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʠ ʮʝʣʦʯʠʩʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʠ. ʇʨʝʜʣʦʞʝʥʘ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʣʦʯʠʩʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʢʪʦʜʝʨʝʚʘ, 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʰʥʠʭ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ, ʩʥʠʞʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʥʘ ʬʘʡʣʦʚʫʶ ʩʠʩʪʝʤʫ ʧʫʪʝʤ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ. 

ɺʳʷʚʣʝʥʳ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʦʧʨʝʜʝʣʝʥʳ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ, ʠʭ ʬʫʥʢʮʠʠ ʠ ʮʝʣʠ, ʠ ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ 

ʩʠʩʪʝʤʳ. 
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1. ʇʨʦʚʝʜʝʥʥʘʷ ʦʮʝʥʢʘ ʩʣʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ 

ʠʩʭʦʜʥʦʤ ʚʠʜʝ ʠ ʧʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʧʨʠʟʥʘʢʫ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʠ ʧʦʤʦʱʠ ʦʢʪʦʜʝʨʝʚʘ, ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ 

ʦʧʝʨʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ ʠ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ 

ʛʨʫʧʧʠʨʦʚʢʠ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʦʯʝʢ.  

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʩʦʢʨʘʱʝʥʠʷ ʨʘʟʤʝʨʦʚ ʫʟʣʦʚ ʚ ʆʇ, ʠʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ʦʙʭʦʜʘ ʠ 

ʧʦʠʩʢʘ ʚ ʦʢʪʦʜʝʨʝʚʝ ʧʦʟʚʦʣʠʣʦ ʧʦʩʪʨʦʠʪʴ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʦʢʪʦʜʝʨʝʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʨʠʬʤʝʪʠʢʠ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, 

ʧʨʝʜʣʦʞʠʪʴ ʩʧʦʩʦʙ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʟʣʘ ʧʨʠ ʧʦʤʦʱʠ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʦʢʪʦʜʝʨʝʚʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ.  

3. ɸʥʘʣʠʟ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚ ʦʢʪʦʜʝʨʝʚʝ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʧʦʟʚʦʣʠʣ ʧʨʦʠʟʚʝʩʪʠ ʫʪʦʯʥʝʥʠʝ 

ʘʣʴʪʝʨʥʘʪʠʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ, 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ ʢʝʰʠʨʦʚʘʥʠʷ ʜʣʷ ʦʢʪʦʜʝʨʝʚʘ. ʇʨʝʜʣʦʞʝʥ 

ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʦʢʪʦʜʝʨʝʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ 

ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʣʣʦʢʘʮʠʠ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ: 

1. ʄʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʝʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʠ ʧʫʪʝʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ ʘʩʠʥʭʨʦʥʥʦʡ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ 

ʢʝʰʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙʲʝʤʘ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ 

ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʚʣʠʷʥʠʷ ʦʙʤʝʥʦʚ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 
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2. ʄʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʝʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʠ ʧʫʪʝʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʶʱʠʡ ʫʩʢʦʨʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ 

ʦʢʪʦʜʝʨʝʚʘ ʟʘ ʩʯʝʪ ʢʦʜʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʣʦʯʠʩʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʠ ʠ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ ʜʦ ʦʜʥʦʛʦ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʦʙʤʝʥʦʚ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦʪʝʟʝ. ʈʘʟʨʘʙʦʪʢʘ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʥʠʤʠ, ʩʠʩʪʝʤʥʳʤ ʇʆ, ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʴʶ. 
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ɻʣʘʚʘ 3. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʦʢʪʦʜʝʨʝʚʘ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ɺ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ ʠ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ. ʇʨʝʜʣʦʞʝʥ 

ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʲʝʜʠʥʝʥʠʷ ʟʘʧʦʣʥʝʥʥʳʭ ʫʟʣʦʚ ʚ ʦʙʱʠʡ ʬʘʡʣ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ ʚ ʦʢʪʦʜʝʨʝʚʝ 

ʧʨʝʜʣʦʞʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʣʣʦʢʘʮʠʠ ʥʘ ʦʪʦʙʨʘʞʘʝʤʦʡ 

ʧʘʤʷʪʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ 

ʩʪʦʨʦʥʥʠʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ 

ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʘʣʣʦʢʘʮʠʠ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ ʚ ʩʪʦʨʦʥʥʠʝ 

ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ linux ʩʠʩʪʝʤ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦʪʝʟʝ. ʈʘʟʨʘʙʦʪʢʘ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʥʠʤʠ, ʩʠʩʪʝʤʥʳʤ ʇʆ, ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʴʶ. 

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʩʦʠʩʢʘʪʝʣʝʤ ʚ 

ʩʪʘʪʴʷʭ [29; 70; 71]. 

3.1. ɿʘʛʨʫʟʢʘ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʨʘʟʜʝʣʝ 2.1.2, ʵʪʘʧ ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʪʝʩʥʦ ʩʚʷʟʘʥ 

ʩ ʧʨʦʮʝʩʩʦʤ ʟʘʛʨʫʟʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ï ʚ ʤʦʤʝʥʪ ʟʘʛʨʫʟʢʠ ʧʨʦʠʩʭʦʜʠʪ ʩʯʠʪʳʚʘʥʠʝ 

ʜʘʥʥʳʭ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʠʭ ʢʦʥʚʝʨʪʘʮʠʷ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ 

ʟʘʧʦʣʥʝʥʠʝ ʦʢʪʦʜʝʨʝʚʘ, ʢʦʪʦʨʦʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʦʩʪʫʧʘ ʢ 

ʜʘʥʥʳʤ ʦʙʣʘʢʘ ʪʦʯʝʢ.  
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ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʛʦ ʬʦʨʤʘʪʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʙʳʣ ʚʳʙʨʘʥ ʬʦʨʤʘʪ LAS, ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ. ʋʯʠʪʳʚʘʷ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ 

ʟʘʛʨʫʞʘʝʤʳʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʧʦʜʭʦʜʘ ʧʨʠ ʟʘʛʨʫʟʢʝ ʦʙʣʘʢʦʚ ʪʦʯʝʢ: 

ʨʘʟʙʠʝʥʠʝ ʙʦʣʴʰʦʛʦ ʦʙʣʘʢʘ ʥʘ ʩʝʢʮʠʠ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ; ʟʘʛʨʫʟʢʘ ʦʙʣʘʢʘ ʧʦ 

ʯʘʩʪʷʤ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʚʪʦʨʦʡ ʧʦʜʭʦʜ. ʆʥ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘʤʠ LASTools [72] ʠ PDAL [73], ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʱʠʤʠʩʷ ʜʣʷ ʟʘʛʨʫʟʢʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʬʦʨʤʘʪʘ LAS. ʆʜʥʘʢʦ ʚ ʜʘʥʥʳʭ 

ʙʠʙʣʠʦʪʝʢʘʭ ʟʘʛʨʫʟʢʘ ʠ ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʫʯʘʩʪʢʦʚ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʪʦ ʚʥʦʩʠʪ ʟʘʜʝʨʞʢʠ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ 

ʟʘʛʨʫʞʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʇʦʜ ʧʨʝʜʦʙʨʘʙʦʪʢʦʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 

ʢʦʥʚʝʨʪʘʮʠʷ ʜʘʥʥʳʭ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚʦ ʚʥʫʪʨʝʥʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ 

ʧʦʣʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʠ ʧʨʦʯʠʭ ʠʭ ʘʪʨʠʙʫʪʦʚ, ʘ ʪʘʢʞʝ ʢʦʥʚʝʨʪʘʮʠʷ ʚʦ 

ʚʥʫʪʨʝʥʥʶʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. 

ɺ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʩʦʠʩʢʘʪʝʣʝʤ (ʚ ʩʦʘʚʪʦʨʩʪʚʝ) ʩʪʘʪʴʝ [70] ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʧʦʣʥʠʪʴ ʨʘʟʜʝʣʝʥʠʝ 

ʟʘʜʘʯ ʟʘʛʨʫʟʢʠ ʫʯʘʩʪʢʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠʟ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ ʠ ʝʛʦ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʧʦʪʦʢʦʚ.  

ɸʣʛʦʨʠʪʤ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʟʘʛʨʫʟʢʠ ʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʫʯʘʩʪʢʦʚ ʦʙʣʘʢʘ 

ʪʦʯʝʢ, ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʛʦʧʦʪʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʘʩʠʥʭʨʦʥʥʦʡ 

ʥʝʙʣʦʢʠʨʫʶʱʝʡ ʦʯʝʨʝʜʴ  ʁ ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ. ʅʘ ʚʭʦʜ ʦʥ 

ʧʨʠʥʠʤʘʝʪ ʧʫʪʴ ʢ ʬʘʡʣʫ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʬʦʨʤʘʪʝ LAS, ʘ ʥʘ ʚʳʭʦʜʝ ʧʦ ʟʘʧʨʦʩʫ 

ʚʳʜʘʝʪ ʩʯʠʪʘʥʥʳʝ ʠ ʧʨʝʜʦʙʨʘʙʦʪʘʥʥʳʝ ʫʯʘʩʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. ɸʣʛʦʨʠʪʤ ʟʘʛʨʫʟʢʠ ʠ 

ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʫʯʘʩʪʢʦʚ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʩʪʨʦʝʥʠʶ ʦʢʪʦʜʝʨʝʚʘ 

ʧʨʠʚʝʜʝʥ ʣʠʩʪʠʥʛʝ 3.1. 

ʃʠʩʪʠʥʛ 3.1 ï ɸʣʛʦʨʠʪʤ ʟʘʛʨʫʟʢʠ ʫʯʘʩʪʢʦʚ ʦʙʣʘʢʘ ʪʦʯʝʢ 

Reader r(filepath); // LAS Point Cloud reader 

Octree octree; // Point Cloud Octree 

 

// Queue for freed buffers (Lock-free) 

Queue<Buffer> freeQ(queueLength); 

// Queue for loaded buffers (Lock-free) 

Queue<Buffer> loadedQ(queueLength); 
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// Loading thread 

auto t1 = std::thread([&] 

{  

 while(/* not all points readed from file */) { 

  // Pop free buffer from queue   

  Buffer b = freeQ.pop();  

  // Read file chunk to buffer 

  r.readChunk(b, b.size());  

  // Push points to queue 

  loadedQ.push(b);  

 }  

});  

 

// Octree construction thread 

auto t2 = std::thread([&] 

{  

 while(/* not received stop signal */) { 

  if(Buffer b = loadedQ.pop()) { 

   // Insert loaded points to octree 

   octree.insertPoints(b);  

   freeQ.push(b); 

  }  

 }  

});  

 

// Wait for threads ends 

t1.join(); 

t2.join(); 

 

3.2. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʠ ʩʪʨʫʢʪʫʨʳ ʦʢʪʦʜʝʨʝʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʩʠʥʭʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ ʢʝʰʠʨʦʚʘʥʠʷ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʦʢʪʦʜʝʨʝʚʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ, ʷʚʣʷʶʱʝʛʦʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʠ 

çʈʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʘʣʛʦʨʠʪʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ 

ʟʘʛʨʫʟʢʠ/ʚʳʛʨʫʟʢʠ ʜʘʥʥʳʭ ʥʘ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʧʨʠʢʣʘʜʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʠè. 
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3.2.1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʜʣʷ ʘʜʨʝʩʘʮʠʠ ʫʟʣʦʚ 

ʦʢʪʦʜʝʨʝʚʘ 

ɼʣʷ ʘʜʨʝʩʘʮʠʠ ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ ʚ ʩʠʩʪʝʤʝ ʢʝʰʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʠʤ 

ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʨʘʟʜʝʣʝ 2.4.3. ɼʘʥʥʳʡ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʝʜʩʪʘʚʣʝʥ 64 ʙʠʪʥʳʤ ʙʝʟʟʥʘʢʦʚʳʤ ʮʝʣʳʤ (uint64_t), ʩʦʜʝʨʞʘʱʠʤ 

ʧʦ ʪʨʠ ʙʠʪʘ ʥʘ ʫʨʦʚʝʥʴ ʨʘʟʙʠʝʥʠʷ ʠ ʦʜʠʥ ʙʠʪ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ 

ʘʜʨʝʩʫʝʤʦʛʦ ʫʨʦʚʥʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʤʦʞʝʪ ʘʜʨʝʩʦʚʘʪʴ 263 

ʫʟʣʘ ʠʣʠ 21 ʫʨʦʚʝʥʴ ʨʘʟʙʠʝʥʠʷ.  

3.2.2. ʍʨʘʥʝʥʠʝ ʠʝʨʘʨʭʠʠ ʦʢʪʦʜʝʨʝʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

ʂʣʘʩʩʠʯʝʩʢʠ ʫʟʣʳ ʦʢʪʦʜʝʨʝʚʘ ʭʨʘʥʷʪʩʷ ʚ ʚʠʜʝ ʠʝʨʘʨʭʠʠ, ʚ ʢʦʪʦʨʦʡ 

ʨʦʜʠʪʝʣʴʩʢʠʡ ʫʟʝʣ ʚʳʧʦʣʥʷʝʪ ʭʨʘʥʝʥʠʝ ʚʦʩʴʤʠ ʫʟʣʦʚ-ʧʦʪʦʤʢʦʚ. ɼʣʷ ʭʨʘʥʝʥʠʷ 

ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ ʠʩʧʦʣʴʟʫʝʤ ʭʵʰ-ʪʘʙʣʠʮʫ ʠʟ ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʠ C++, ʜʘʣʝʝ 

ʥʘʟʳʚʘʝʤʦʡ STL (Standard Template Library) [74; 75]. ʍʵ-hʪʘʙʣʠʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʦʥʪʝʡʥʝʨʦʤ ʧʦʜ ʥʘʟʚʘʥʠʝʤ unordered_map [76], ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʝʡ 

ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʧʘʨʳ ʢʣʶʯ:ʟʥʘʯʝʥʠʝ. ʂʣʶʯʦʤ ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʫʟʣʘ, ʘ ʟʥʘʯʝʥʠʝʤ ï ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʫʟʣʘ.  

3.2.3. ʆʨʛʘʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ ʠ ʧʦʣʠʪʠʢʠ ʚʳʪʝʩʥʝʥʠʷ 

ɼʣʷ ʭʨʘʥʝʥʠʷ ʩʧʠʩʢʘ ʫʟʣʦʚ, ʟʘʛʨʫʞʝʥʥʳʭ ʚ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʩʚʷʟʥʳʡ ʩʧʠʩʦʢ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʣʣʦʢʘʮʠʡ ʨʝʘʣʠʟʫʝʤ 

ʩʦʙʩʪʚʝʥʥʳʡ ʜʚʫʩʚʷʟʥʳʡ ʩʧʠʩʦʢ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʚʪʦʨʥʦ ʩʪʘʨʳʝ 

ʵʣʝʤʝʥʪʳ ʚʤʝʩʪʦ ʠʭ ʧʦʚʪʦʨʥʦʡ ʘʣʣʦʢʘʮʠʠ.  ʕʣʝʤʝʥʪ ʪʘʢʦʛʦ ʩʧʠʩʢʘ (ʃʠʩʪʠʥʛ 3.2) 

ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʚʫʩʚʷʟʥʦʛʦ ʩʧʠʩʢʘ ʠ ʭʨʘʥʠʪ ʫʢʘʟʘʪʝʣʴ ʥʘ 

ʩʣʝʜʫʶʱʠʡ ʠ ʧʨʝʜʳʜʫʱʠʡ ʫʟʣʳ. ʆʪʣʠʯʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʭʨʘʥʝʥʠʝ ʦʪʜʝʣʴʥʦ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʫʟʣʘ (KeyT) ʠ ʫʢʘʟʘʪʝʣʷ ʥʘ ʧʦʨʦʞʜʝʥʥʳʡ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʫʟʝʣ (ValueT), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʜʦʙʩʪʚʦʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ.  
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ʃʠʩʪʠʥʛ 3.2 ï ʕʣʝʤʝʥʪ ʜʚʫʩʚʷʟʥʦʛʦ ʩʧʠʩʢʘ 

struct Node 

{  

    Node* prev; // ʋʢʘʟʘʪʝʣʴ ʥʘ ʧʨʝʜʳʜʫʱʠʡ ʫʟʝʣ 

    Node* next; // ʋʢʘʟʘʪʝʣʴ ʥʘ ʩʣʝʜʫʶʱʠʡ ʫʟʝʣ 

    KeyT key; // ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʫʟʣʘ 

    ValueT value; // ʋʢʘʟʘʪʝʣʴ ʥʘ ʫʟʝʣ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

};  

 

ʉʪʨʫʢʪʫʨʘ ʩʘʤʦʛʦ ʜʚʫʩʚʷʟʥʦʛʦ ʩʧʠʩʢʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʱʝʧʨʠʥʷʪʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʪʝʤ, ʯʪʦ ʚ ʥʝʡ ʪʘʢʞʝ ʭʨʘʥʠʪʩʷ ʫʢʘʟʘʪʝʣʴ ʥʘ ʬʫʥʢʮʠʶ, ʚʳʟʳʚʘʝʤʫʶ ʧʨʠ 

ʫʜʘʣʝʥʠʠ ʫʟʣʘ (m_destroyCb) ʠ ʫʢʘʟʘʪʝʣʴ ʥʘ ʧʫʣ ʫʜʘʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (m_pool) 

(ʃʠʩʪʠʥʛ 3.3).  

ʃʠʩʪʠʥʛ 3.3 ï ʉʪʨʫʢʪʫʨʘ ʜʚʫʩʚʷʟʥʦʛʦ ʩʧʠʩʢʘ 

struct LinkedList 

{  

    // ...  

    // ʋʢʘʟʘʪʝʣʴ ʥʘ ʬʫʥʢʮʠʶ, ʚʳʟʳʚʘʝʤʫʶ ʧʨʠ ʫʜʘʣʝʥʠʠ ʫʟʣʘ 

    NodeDestroyCb m_destroyCb;  

    // ʋʢʘʟʘʪʝʣʴ ʥʘ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ ʩʧʠʩʢʘ 

    Node* m_front; 

    // ʋʢʘʟʘʪʝʣʴ ʥʘ ʧʦʩʣʝʜʥʠʡ ʵʣʝʤʝʥʪ ʩʧʠʩʢʘ 

    Node* m_back; 

    // ʋʢʘʟʘʪʝʣʴ ʥʘ ʧʫʣ ʫʜʘʣʝʥʥʳʭ ʫʟʣʦʚ 

    Node* m_pool; 

    // ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚ ʩʧʠʩʢʝ 

    size_t m_size; 

}  

ʍʨʘʥʝʥʠʝ ʧʫʣʘ ʫʜʘʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʤʝʩʪʦ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʢʫʯʝ ʧʦʣʫʯʘʪʴ ʝʛʦ ʠʟ ʩʧʠʩʢʘ ʫʜʘʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʧʨʠ ʥʘʣʠʯʠʠ). 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʫʜʘʣʝʥʠʠ ʵʣʝʤʝʥʪʘ, ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʝʩʪʠʪʴ ʚ ʩʧʠʩʦʢ 

ʫʜʘʣʝʥʥʳʭ (ʃʠʩʪʠʥʛ 3.4).  

ʃʠʩʪʠʥʛ 3.4 ï ʆʧʝʨʘʮʠʠ ʜʦʙʘʚʣʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʠʟ ʩʧʠʩʢʘ 

// ɼʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʩʧʠʩʦʢ 

inline Node* push(const KeyT& key, const ValueT& val)  

{  

    Node* node; 

    if(m_pool) 

    {  
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        node = pool_pop(); 

        node->key = key; 

        node->value = val; 

    }  

    else 

        node = new Node(key, val); 

    ........... 

}  

 

// ʋʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʠʟ ʩʧʠʩʢʘ 

inline void pop() 

{  

    if(m_front == m_back) { 

        pool_push(m_back); 

        m_front = m_back = NULL; 

    }  

    else { 

        pool_push(m_back); 

        m_back = m_back->prev; 

        m_back->next = NULL; 

    }  

    ........... 

}  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʜʚʫʩʚʷʟʥʦʛʦ ʩʧʠʩʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʝʘʣʣʦʮʠʨʦʚʘʥʥʳʭ ʙʣʦʢʦʚ ʧʘʤʷʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʧʠʩʢʘ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʝʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʨʝʘʣʠʟʘʮʠʶ ʤʝʭʘʥʠʟʤʘ ʧʦʜʩʯʝʪʘ ʟʘʥʠʤʘʝʤʦʡ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ. ʇʫʩʪʴ ʢʘʞʜʳʡ ʫʟʝʣ ʦʢʪʦʜʝʨʝʚʘ ʚʳʧʦʣʥʷʝʪ ʭʨʘʥʝʥʠʝ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʨʘʟʤʝʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʪʦʯʢʠ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʊʦʛʜʘ ʨʘʟʤʝʨ ʫʟʣʘ 

ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʩʣʦʞʠʚ ʨʘʟʤʝʨ ʩʘʤʦʛʦ ʫʟʣʘ ʠ ʨʘʟʤʝʨ 

ʤʘʩʩʠʚʘ ʪʦʯʝʢ. ʉʣʝʜʫʝʪ ʪʘʢ ʞʝ ʫʯʠʪʳʚʘʪʴ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʭʨʘʥʝʥʠʠ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ STL. ʋʯʠʪʳʚʘʷ 

ʚʩʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʜʩʯʝʪ ʟʘʥʠʤʘʝʤʦʡ ʜʘʥʥʳʤʠ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʘʢʞʝ ʚʢʣʶʯʠʪʴ ʚ 

ʨʘʩʯʝʪʳ ʣʶʙʳʝ ʜʨʫʛʠʝ ʜʘʥʥʳʝ, ʥʘʧʨʠʤʝʨ, ʟʘʥʠʤʘʝʤʳʝ ʠʝʨʘʨʭʠʝʡ ʦʢʪʦʜʝʨʝʚʘ, 

ʦʜʥʘʢʦ ʵʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʧʦʜʩʯʝʪʘ. 
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ʏʪʦʙʳ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʪʨʝʙʣʷʝʤʫʶ ʧʘʤʷʪʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʠʙʘʚʣʷʪʴ ʠʣʠ ʚʳʯʠʪʘʪʴ ʠʟ ʩʯʝʪʯʠʢʘ ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʘʤʷʪʠ ʟʥʘʯʝʥʠʝ ʜʝʣʴʪʳ ʚ 

ʤʦʤʝʥʪ ʟʘʛʨʫʟʢʠ, ʩʦʟʜʘʥʠʷ ʠʣʠ ʫʜʘʣʝʥʠʷ ʫʟʣʘ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ 

ʧʦʪʨʝʙʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ M ʥʝʦʙʭʦʜʠʤʦ ʚ ʤʦʤʝʥʪ ʚʳʜʝʣʝʥʠʷ ʥʦʚʦʡ ʧʘʤʷʪʠ 

ʨʘʟʤʝʨʘ N (ʧʨʠ ʩʦʟʜʘʥʠʠ ʫʟʣʘ ʠʣʠ ʫʚʝʣʠʯʝʥʠʠ ʝʛʦ ʜʘʥʥʳʭ) ʦʩʚʦʙʦʜʠʪʴ ʫʟʣʳ ʠʟ 

ʢʦʥʮʘ ʜʚʫʩʚʷʟʥʦʛʦ ʩʧʠʩʢʘ ʜʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʘʤʷʪʠ ʚ ὓ

ὔ). 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʘʣʠʟʘʮʠʶ ʧʦʣʠʪʠʢʠ LRU, ʚʳʧʦʣʥʷʝʤʫʶ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʜʚʫʩʚʷʟʥʦʛʦ ʩʧʠʩʢʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʨʘʙʦʪʳ ʜʦʩʪʘʪʦʯʥʦ 

ʦʪʩʣʝʞʠʚʘʪʴ ʦʧʝʨʘʮʠʠ ʩʦʟʜʘʥʠʷ ʠ ʟʘʛʨʫʟʢʠ ʫʟʣʘ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʜʘʥʥʳʭ. 

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʣʶʙʦʡ ʠʟ ʪʘʢʠʭ ʩʠʪʫʘʮʠʡ ʜʘʥʥʳʡ ʫʟʝʣ ʧʦʤʝʱʘʝʪʩʷ ʚ ʢʦʥʝʮ 

ʜʚʫʩʚʷʟʥʦʛʦ ʩʧʠʩʢʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʩʚʦʙʦʞʜʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩ ʥʘʯʘʣʘ 

ʩʧʠʩʢʘ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʫʟʣʳ ʙʫʜʫʪ ʦʩʪʘʚʘʪʴʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʜʦʣʴʰʝ 

ʚʩʝʛʦ.  

3.2.4. ɸʩʠʥʭʨʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦ ʚʪʦʨʠʯʥʦʡ ʩʠʩʪʝʤʦʡ ʭʨʘʥʝʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʘʣʠʟʘʮʠʶ ʤʝʭʘʥʠʟʤʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʬʘʡʣʦʚʳʭ 

ʦʧʝʨʘʮʠʡ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʨʘʟʜʝʣʝ 2.5.1 ʠ ʧʦʟʚʦʣʷʶʱʝʛʦ ʯʘʩʪʠʯʥʦ ʩʢʨʳʪʴ ʟʘʜʝʨʞʢʠ 

ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ.  

ʇʫʩʪʴ ʜʣʷ ʨʘʙʦʪʳ ʩ ʬʘʡʣʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʜʝʣʴʥʳʡ ʧʦʪʦʢ, ʧʨʠʥʠʤʘʶʱʠʡ 

ʫʧʨʘʚʣʷʶʱʠʝ ʢʦʤʘʥʜʳ ʧʨʠ ʧʦʤʦʱʠ ʘʩʠʥʭʨʦʥʥʦʡ ʥʝʙʣʦʢʠʨʫʶʱʝʡ ʦʯʝʨʝʜʠ 

ʩʦʦʙʱʝʥʠʡ. ʈʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʜʦʙʥʦʡ ʦʯʝʨʝʜʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʤʥʦʛʦʧʦʪʦʯʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ 

ʥʝʙʣʦʢʠʨʫʶʱʝʡ ʦʯʝʨʝʜʠ ʩ ʦʜʥʠʤ ʧʦʪʨʝʙʠʪʝʣʝʤ ʠ ʦʜʥʠʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ [77]. ɺʳʙʦʨ ʜʘʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʢʦʣʴʮʝʚʦʛʦ 

ʙʫʬʝʨʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʣʠʤʠʪʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʘʥʜ ʚ ʦʯʝʨʝʜʠ, ʘ ʪʘʢʞʝ 

ʭʦʨʦʰʝʡ ʦʙʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. 
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ʋʧʨʘʚʣʷʶʱʘʷ ʢʦʤʘʥʜʘ ʩʦʜʝʨʞʠʪ ʪʠʧ ʚʳʧʦʣʥʷʝʤʦʡ ʦʧʝʨʘʮʠʠ, ʫʢʘʟʘʪʝʣʴ ʥʘ 

ʜʘʥʥʳʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʠʥʜʝʢʩ ʫʟʣʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʷʚʣʝʥʥʘʷ 

ʦʧʝʨʘʮʠʷ. ʉʬʦʨʤʠʨʫʝʤ ʩʧʠʩʦʢ ʢʦʤʘʥʜ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ 

ʚʪʦʨʠʯʥʦʡ ʩʠʩʪʝʤʦʡ ʭʨʘʥʝʥʠʷ: 

- ɿʘʛʨʫʟʢʘ ʜʘʥʥʳʭ ʫʟʣʘ ʦʢʪʦʜʝʨʝʚʘ ʚ ʢʝʰ ï ʚʳʧʦʣʥʷʝʪ ʩʯʠʪʳʚʘʥʠʝ ʜʘʥʥʳʭ 

ʠʟ ʦʪʜʝʣʴʥʦʛʦ ʠʣʠ ʦʙʱʝʛʦ ʬʘʡʣʘ; 

- ɼʦʙʘʚʣʝʥʠʝ ʪʦʯʝʢ ʢ ʫʟʣʫ ʦʢʪʦʜʝʨʝʚʘ ï ʝʩʣʠ ʙʣʦʢ ʥʝ ʬʠʥʘʣʠʟʠʨʦʚʘʥ, ʥʦ 

ʚʳʛʨʫʞʝʥ ʥʘ ʚʪʦʨʠʯʥʫʶ ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ, ʪʦ ʧʦʜʦʙʥʘʷ ʢʦʤʘʥʜʘ ʧʦʟʚʦʣʠʪ 

ʜʦʙʘʚʠʪʴ ʥʦʚʳʝ ʪʦʯʢʠ ʢ ʙʣʦʢʫ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʥʦʡ ʝʛʦ ʟʘʛʨʫʟʢʠ ʚ 

ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ; 

- ʆʙʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ ʫʟʣʘ ʦʢʪʦʜʝʨʝʚʘ ï ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʘʥʥʳʭ ʫʟʣʘ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʠʭ ʦʙʥʦʚʣʝʥʠʝ ʥʘ ʚʪʦʨʠʯʥʦʡ 

ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ. ʂʦʤʘʥʜʘ ʪʘʢʞʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʜʣʷ 

ʬʠʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʣʦʢʦʚ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚ ʫʟʣʝ ʥʝ 

ʙʳʣʦ ʠʟʤʝʥʝʥʦ; 

- ʌʠʥʘʣʠʟʘʮʠʷ ʙʣʦʢʘ ʜʘʥʥʳʭ ï ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʙʣʦʢʘ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʜʘʥʥʘʷ ʢʦʤʘʥʜʘ ʧʨʦʠʟʚʦʜʠʪ ʝʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ 

ʦʙʱʝʤʫ ʬʘʡʣʫ; 

- ʆʯʠʩʪʢʘ ʙʣʦʢʘ ʪʦʯʝʢ ï ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʠʪʴ ʬʘʡʣ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ 

ʥʝʬʠʥʘʣʠʟʠʨʦʚʘʥʥʦʤʫ ʙʣʦʢʫ ʪʦʯʝʢ. 

ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʠʤ ʦʙʱʠʝ ʫʧʨʘʚʣʷʶʱʠʝ ʢʦʤʘʥʜʳ: 

- ɺʳʧʦʣʥʝʥʠʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ï ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʞʠʜʘʥʠʷ ʟʘʚʝʨʰʝʥʠʷ 

ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ ʚ ʦʯʝʨʝʜʠ; 

- ʆʩʪʘʥʦʚʢʘ ʧʦʪʦʢʘ ï ʩʦʦʙʱʘʝʪ ʧʦʪʦʢʫ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʚʝʨʰʝʥʠʷ ʮʠʢʣʘ 

ʦʙʨʘʙʦʪʢʠ ʩʦʦʙʱʝʥʠʡ. 
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ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʞʠʜʘʥʠʷ ʟʘʚʝʨʰʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʧʝʨʘʮʠʠ ʠʣʠ ʨʷʜʘ ʦʧʝʨʘʮʠʡ; ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʠ ʧʦʤʦʱʠ ʧʦʜʘʯʠ ʚ 

ʦʯʝʨʝʜʴ ʢʦʤʘʥʜ ʧʨʠʤʠʪʠʚʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʫʩʣʦʚʥʦʡ ʧʝʨʝʤʝʥʥʦʡ (conditional variable) [78], ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩ ʢʦʪʦʨʦʡ 

ʧʨʠʚʝʜʝʥ ʚ ʣʠʩʪʠʥʛʝ 3.5. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʦʪʧʨʘʚʠʪʝʣʴ ʧʦʤʝʱʘʝʪ 

ʜʘʥʥʳʡ ʧʨʠʤʠʪʠʚ ʚ ʦʯʝʨʝʜʴ ʢʦʤʘʥʜ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʟʳʚʘʝʪ ʤʝʪʦʜ wait, ʯʪʦ ʙʣʦʢʠʨʫʝʪ 

ʝʛʦ ʧʦʪʦʢ ʠʩʧʦʣʥʝʥʠʷ ʜʦ ʤʦʤʝʥʪʘ ʚʳʟʦʚʘ ʤʝʪʦʜʘ notify ʧʨʠ ʠʩʧʦʣʥʝʥʠʠ ʜʘʥʥʦʡ 

ʢʦʤʘʥʜʳ ʧʦʣʫʯʘʪʝʣʝʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʚʩʝ ʢʦʤʘʥʜʳ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʢʦʤʘʥʜʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʙʫʜʫʪ ʚʳʧʦʣʥʝʥʳ ʧʦ ʟʘʚʝʨʰʝʥʠʠ 

ʤʝʪʦʜʘ wait. 

ʃʠʩʪʠʥʛ 3.5 ï ʇʨʠʤʠʪʠʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʫʩʣʦʚʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

struct Sync // ʇʨʠʤʠʪʠʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʣʦʚʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

{  

    // ɹʣʦʢʠʨʫʝʪ ʧʦʪʦʢ ʠʩʧʦʣʥʝʥʠʷ ʜʦ ʚʳʟʦʚʘ ʤʝʪʦʜʘ notify 

    inline void wait() { 

        std::unique_lock<std::mutex> locker(m_lock); 

        while(!m_notified) 

            m_cv.wait(locker); 

    }  

    // ʉʥʠʤʘʝʪ ʙʣʦʢʠʨʦʚʢʫ  

    inline void notify() { 

        std::unique_lock<std::mutex> locker(m_lock); 

        m_notified = true; 

        m_cv.notify_one(); 

    }  

private: 

    std::mutex  m_lock; 

    std::condition_variable m_cv; 

    bool m_notified = false; 

};  

 

ʎʠʢʣ ʦʙʨʘʙʦʪʢʠ ʢʦʤʘʥʜ ʜʣʷ ʧʦʪʦʢʘ ʨʘʙʦʪʳ ʩ ʬʘʡʣʘʤʠ ʧʨʠʚʝʜʝʥ ʚ ʣʠʩʪʠʥʛʝ 

3.6. ʇʦʜʦʙʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʚʳʙʦʨʢʫ ʢʦʤʘʥʜ ʠʟ ʦʯʝʨʝʜʠ 

ʩʦʦʙʱʝʥʠʡ, ʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʦʤʘʥʜ ʚ ʦʯʝʨʝʜʠ ʧʝʨʝʜʘʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ 

ʧʣʘʥʠʨʦʚʱʠʢʫ ʧʦʪʦʢʦʚ ʜʣʷ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ ʧʨʦʮʝʩʩʦʨʘ. 
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ʃʠʩʪʠʥʛ 3.6 ï ʎʠʢʣ ʦʙʨʘʙʦʪʢʠ ʢʦʤʘʥʜ 

bool resumeFlag = true; 

while(resumeFlag) 

{  

    while(CacheOP* op = m_asyncQueue.front()) 

    {  

        m_asyncQueue.pop(); 

        switch(op->type) 

        {  

        case kFinish:  

            resumeFlag = false; 

            break;  

        case kSync: 

            // ʉʠʥʭʨʦʥʠʟʘʮʠʷ 

            break; 

        case kAppend:     

            // ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʪʦʯʝʢ ʢ ʫʟʣʫ 

            break; 

        case kLoad: 

            // ɿʘʛʨʫʟʢʘ ʫʟʣʘ 

            break; 

        case kDiscardBlock: 

            // ʆʯʠʩʪʢʘ ʫʟʣʘ 

            break; 

        case kFinalizeBlock: 

            // ʌʠʥʘʣʠʟʘʮʠʷ ʫʟʣʘ 

            break; 

        case kUpdateBlock: 

            // ʆʙʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ ʫʟʣʘ 

            break; 

        default: 

            assert(false); 

        }  

    }  

    // ʇʝʨʝʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʧʣʘʥʠʨʦʚʱʠʢʫ ʧʦʪʦʢʦʚ, 

    // ʝʩʣʠ ʥʝʪ ʚʭʦʜʷʱʠʭ ʢʦʤʘʥʜ 

    std::this_thread::yield(); 

}  
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3.2.5. ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ 

ʇʦʩʪʨʦʝʥʠʝ ʦʢʪʦʜʝʨʝʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʚʩʪʘʚʢʠ 

ʙʣʦʢʦʚ ʪʦʯʝʢ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʟʘʛʨʫʟʢʠ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʨʘʟʜʝʣʝ 

3.1. ɹʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʜʚʘ ʚʘʨʠʘʥʪʘ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ï 

ʨʝʢʫʨʩʠʚʥʳʡ ʠ ʧʘʨʘʣʣʝʣʴʥʳʡ. ʈʝʢʫʨʩʠʚʥʳʡ ʘʣʛʦʨʠʪʤ (ʃʠʩʪʠʥʛ 3.7) ʚʳʧʦʣʥʷʝʪ ʜʣʷ 

ʢʘʞʜʦʛʦ ʫʟʣʘ ʦʢʪʦʜʝʨʝʚʘ ʧʨʦʮʝʜʫʨʫ ʜʦʙʘʚʣʝʥʠʷ ʪʦʯʝʢ, ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʫʟʣʘ 

ʧʨʦʠʟʚʦʜʠʪ ʝʛʦ ʬʠʥʘʣʠʟʘʮʠʶ, ʘ ʟʘʪʝʤ ʧʦʚʪʦʨʷʝʪ ʪʫ ʞʝ ʧʨʦʮʝʜʫʨʫ ʫʞʝ ʜʣʷ ʝʛʦ 

ʧʦʪʦʤʢʦʚ. ɿʘʧʦʣʥʝʥʥʳʝ ʫʟʣʳ ʧʨʠ ʵʪʦʤ ʠʛʥʦʨʠʨʫʶʪʩʷ. ʇʝʨʝʧʦʣʥʝʥʠʷ ʩʪʝʢʘ ʧʨʠ 

ʵʪʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʚʠʜʫ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʨʦʚʥʝʡ ʚ 

ʦʢʪʦʜʝʨʝʚʝ (21 ʫʨʦʚʝʥʴ). 

ʃʠʩʪʠʥʛ 3.7 ï ɸʣʛʦʨʠʪʤ ʨʝʢʫʨʩʠʚʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ 

void insertPoints(const Point* points, const Index* indices, size_t size, const OctreeIndex nodeId) 

{  

    // ʆʙʨʘʱʝʥʠʝ ʢ ʢʝʰʫ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʪʝʢʫʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʚ ʫʟʣʝ.  

    // ʅʝ ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ ʬʘʡʣʦʚʳʭ ʠʣʠ ʘʩʠʥʭʨʦʥʥʳʭ ʦʧʝʨʘʮʠʡ 

    const size_t blockSize = cache()->pointCount(nodeId); 

    // ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʟʘʧʠʩʘʥʳ ʚ ʫʟʝʣ 

    size_t sizeToWrite = 0; 

    if(blockSize < MaximumBlockSize) 

    {  

        sizeToWrite = std::min(MaximumBlockSize - blockSize, size); 

        size -= sizeToWrite; 

    }  

    if(size) 

    {  

        std::vector<Index> actualIndices[8]; 

        const Index* firstPointIndex = indices + sizeToWrite; 

        const Index* const lastPointIndex = firstPointIndex + size; 

        // ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʝʢʩʦʚ ʪʦʯʝʢ ʧʦ ʧʦʪʦʤʢʘʤ ʫʟʣʘ 

        while(firstPointIndex < lastPointIndex) 

        {  

            uint8_t childIndex = ComputeChildIndex(points[*firstPointIndex]); 

            actualIndices[childIndex].push_back(*firstPointIndex); 

            ++firstPointIndex; 

        }  

        for(int i = 0; i < 8; i++) 

        {  

            if(actualIndices[i].empty()) 

                continue; 

            // ʈʝʢʫʨʩʠʚʥʳʡ ʚʳʟʦʚ ʬʫʥʢʮʠʠ ʜʣʷ ʚʩʪʘʚʢʠ ʪʦʯʝʢ ʚ ʫʟʝʣ ʧʦʪʦʤʢʘ 

            insertPoints(points,  

                actualIndices[i].data(),  
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                actualIndices[i].size(), 

                nodeId.childIndex(i)); 

        }  

    }  

    if (sizeToWrite) 

    {  

        // ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʪʦʯʝʢ ʢ ʫʟʣʫ 

        cache()->append(extractPointBlock(indices, sizeToWrite), index.code); 

        // ɽʩʣʠ ʫʟʝʣ ʟʘʧʦʣʥʝʥ - ʚʳʧʦʣʥʠʪʴ ʬʠʥʘʣʠʟʘʮʠʶ 

        if(blockSize + sizeToWrite == MaximumBlockSize) 

        {  

            cache()->finalize(index.code); 

            cache()->unload(index.code); 

        }  

    }  

}  

 

ʇʘʨʘʣʣʝʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʷʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʨʝʢʫʨʩʠʚʥʘʷ, 

ʦʜʥʘʢʦ ʚʤʝʩʪʦ ʨʝʢʫʨʩʠʚʥʦʛʦ ʚʳʟʦʚʘ ʧʨʦʠʩʭʦʜʠʪ ʜʦʙʘʚʣʝʥʠʝ ʟʘʧʨʦʩʘ ʚ ʦʯʝʨʝʜʴ 

ʚʳʧʦʣʥʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʘʩʠʥʭʨʦʥʥʦ ʧʨʠ ʧʦʤʦʱʠ ʧʫʣʘ ʧʦʪʦʢʦʚ [79]. 

ʊʘʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʯʘʩʪʦʤ 

ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʧʦʪʦʢʦʚ, ʪ.ʢ. ʧʦʨʦʞʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʤʫ ʧʦʪʦʢʫ ʥʘ ʷʜʨʦ. 

ʇʘʨʘʣʣʝʣʴʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʢʘʞʜʳʡ ʧʦʪʦʢ ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʚʦʶ 

ʚʝʪʚʴ ʦʢʪʦʜʝʨʝʚʘ, ʠ ʧʦʪʦʢʠ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ ʧʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʠʤʠ ʜʘʥʥʳʤ. ʅʦ ʧʨʠ 

ʧʦʜʦʙʥʦʤ ʧʦʜʭʦʜʝ ʩʣʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʟʘʜʝʨʞʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ 

ʨʝʛʠʦʥʦʚ ʧʘʤʷʪʠ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʢʝʰ ʨʘʟʥʳʭ ʷʜʝʨ ʧʨʦʮʝʩʩʦʨʘ [80]. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʧʨʠʥʷʪʦ ʜʦʙʘʚʣʷʪʴ ʧʫʩʪʫʶ ʟʦʥʫ ʧʘʤʷʪʠ, ʨʘʚʥʫʶ ʨʘʟʤʝʨʫ ʣʠʥʠʠ ʢʝʰʠʨʦʚʘʥʠʷ ʷʜʨʘ, 

ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ ʧʘʤʷʪʠ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʤʠ ʨʘʟʥʠʤʠ ʷʜʨʘʤʠ, ʯʪʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ 

ʩʜʝʣʘʪʴ ʜʣʷ ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ, ʠ ʦʩʦʙʝʥʥʦ ʜʣʷ ʙʣʦʢʘ ʟʘʛʨʫʞʝʥʥʳʭ ʪʦʯʝʢ, ʣʝʞʘʱʝʛʦ 

ʚ ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʝʘʣʠʟʘʮʠʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʚʩʝ ʞʝ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ.  
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3.2.6. ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ 

ʢʝʰʠʨʦʚʘʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʱʫʶ ʩʭʝʤʫ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ 

ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 3.1). ʅʘ ʨʠʩʫʥʢʝ ʠʟʦʙʨʘʞʝʥ ʮʝʥʪʨʘʣʴʥʳʡ 

ʢʦʤʧʦʥʝʥʪ (Octree Interface), ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʜʣʷ 

ʚʳʙʦʨʢʠ, ʦʙʭʦʜʘ ʠ ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ, ʘʣʛʦʨʠʪʤ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥ ʚ ʨʘʟʜʝʣʝ 

3.2.5. ɼʣʷ ʭʨʘʥʝʥʠʷ ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʩʩʦʮʠʘʪʠʚʥʳʡ ʤʘʩʩʠʚ (Hash 

Table, ʦʧʠʩʘʥ ʚ ʨʘʟʜʝʣʝ 3.2.2), ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 3.2.2. ɺ 

ʢʘʯʝʩʪʚʝ ʢʣʶʯʘ ʚ ʥʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʣʦʯʠʩʣʝʥʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʫʟʣʘ (ʦʧʠʩʘʥ ʚ 

ʨʘʟʜʝʣʝ 2.4.3). ɼʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʪʝʢʫʱʠʡ 

ʤʦʤʝʥʪ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʠʪʠʢʠ ʚʳʪʝʩʥʝʥʠʷ ʧʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʣʠʤʠʪʘ ʧʦʪʨʝʙʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʩʚʷʟʥʳʡ 

ʩʧʠʩʦʢ (LRU Cache), ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʟʜʝʣʝ 3.2.3. ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʬʘʡʣʦʚʦʡ 

ʩʠʩʪʝʤʦʡ ʧʨʠʤʝʥʷʝʪʩʷ ʘʩʠʥʭʨʦʥʥʳʡ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʩʝ ʦʧʝʨʘʮʠʠ 

ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʦʪʜʝʣʴʥʦʤ ʧʦʪʦʢʝ (File Thread), ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʪʦʨʳʤ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʥʝʙʣʦʢʠʨʫʶʱʝʡ ʦʯʝʨʝʜʠ ʩʦʦʙʱʝʥʠʡ (Async Queue), ʯʪʦ 

ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 3.2.4 

 

ʈʠʩʫʥʦʢ 3.1 ï ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ 

ʢʝʰʠʨʦʚʘʥʠʷ 
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3.3. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʠ ʩʪʨʫʢʪʫʨʳ ʦʢʪʦʜʝʨʝʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʦʢʪʦʜʝʨʝʚʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ, ʷʚʣʷʶʱʝʛʦʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʠ 

çʈʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʘʣʛʦʨʠʪʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ 

ʟʘʛʨʫʟʢʠ/ʚʳʛʨʫʟʢʠ ʜʘʥʥʳʭ ʥʘ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʧʨʠʢʣʘʜʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʠè. 

3.3.1. ʈʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʫʟʣʘ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ ʮʝʣʦʯʠʩʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʠ 

ʉʪʨʫʢʪʫʨʘ ʫʟʣʘ ʚ ʜʘʥʥʦʤ ʦʢʪʦʜʝʨʝʚʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʦʢʪʦʜʝʨʝʚʝ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ ʥʘʤ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʚʝʜʝʥʠʷ ʛʨʦʤʦʟʜʢʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʢʝʰʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʘʨʭʠʪʝʢʪʫʨʫ ʦʢʪʦʜʝʨʝʚʘ. ʄʳ ʪʘʢʞʝ ʥʝ 

ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʩʩʦʮʠʘʪʠʚʥʳʡ ʤʘʩʩʠʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ, ʘ ʙʫʜʝʤ 

ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʳ [81], ʚ ʢʦʪʦʨʦʡ ʨʦʜʠʪʝʣʴʩʢʠʡ ʫʟʝʣ ʚʳʧʦʣʥʷʝʪ 

ʭʨʘʥʝʥʠʝ ʚʦʩʴʤʠ ʧʦʪʦʤʢʦʚ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʣʠʯʠʷʤʠ ʩʭʝʤ rʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʚ ʢʦʪʦʨʦʡ ʥʘʤ ʥʝ ʪʨʝʙʫʝʪʩʷ ʦʪʜʝʣʴʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʟʣʦʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʢʝʰʠʨʦʚʘʥʠʷ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ 

ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ ʜʣʷ ʦʧʝʨʘʮʠʡ ʦʙʭʦʜʘ ʩʪʘʥʫʪ ʙʦʣʝʝ ʧʨʝʜʩʢʘʟʫʝʤʳʤʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʧʘʜʝʪ ʟʘʜʝʨʞʢʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʧʝʨʝʩʪʨʦʡʢʝ ʪʘʙʣʠʮʳ ʭʝʰʠʨʦʚʘʥʠʷ ʧʨʠ ʝʝ 

ʟʘʧʦʣʥʝʥʠʠ.  
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ʇʨʠʤʝʤ, ʯʪʦ ʠʝʨʘʨʭʠʷ ʦʢʪʦʜʝʨʝʚʘ ʭʨʘʥʠʪʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʦʩʪʫʧʘ. ʂʘʞʜʳʡ ʫʟʝʣ ʦʢʪʦʜʝʨʝʚʘ ʚʳʧʦʣʥʷʝʪ ʭʨʘʥʝʥʠʝ 

ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ, ʤʝʭʘʥʠʟʤʳ 

ʨʘʙʦʪʳ ʩ ʢʦʪʦʨʳʤ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. ʂʨʦʤʝ ʭʨʘʥʝʥʠʷ 

ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʫʟʣʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʭʨʘʥʝʥʠʝ ʫʢʘʟʘʪʝʣʷ ʥʘ ʤʘʩʩʠʚ ʧʦʪʦʤʢʦʚ, ʘ 

ʪʘʢʞʝ ʙʠʪʦʚʳʝ ʤʘʩʢʠ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʪʦ, ʢʘʢʠʝ ʧʦʪʦʤʢʠ ʥʝ ʧʫʩʪʳ, ʯʪʦ ʙʳʣʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʟʜʝʣʝ 2.4.1.  

ʂʘʞʜʳʡ ʫʟʝʣ ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʢʦʪʦʨʳʡ ʩʫʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʫʨʦʚʥʷ. ʅʘ ʥʫʣʝʚʦʤ ʫʨʦʚʥʝ ʰʠʨʠʥʘ 

ʜʠʘʧʘʟʦʥʘ ʙʫʜʝʪ ʨʘʚʥʘ ʝʜʠʥʠʮʝ. ʀʤʝʷ ʮʝʣʦʯʠʩʣʝʥʥʫʶ ʢʦʦʨʜʠʥʘʪʫ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʫʟʝʣ, ʝʝ ʩʦʜʝʨʞʘʱʠʡ, ʥʘ ʣʶʙʦʤ ʫʨʦʚʥʝ ʨʘʟʙʠʝʥʠʷ. ʂʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 

2.4.4, ʠʝʨʘʨʭʠʷ ʦʢʪʦʜʝʨʝʚʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʪʘʢ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʙʠʪʳ 

ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʟʚʦʣʷʶʪ ʘʜʨʝʩʦʚʘʪʴ ʧʦʪʦʤʢʦʚ ʫʟʣʘ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʙʠʝʥʠʷ. ʀʤʝʷ ʪʨʝʭʤʝʨʥʫʶ ʢʦʦʨʜʠʥʘʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ 

ʪʨʝʤʷ ʮʝʣʳʤʠ ʯʠʩʣʘʤʠ ʩʦ ʟʥʘʢʦʤ (ʥʘʧʨʠʤʝʨ, int32_t), ʤʣʘʜʰʠʝ ʙʠʪʳ ʢʘʞʜʦʛʦ ʠʟ 

ʯʠʩʝʣ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ ʧʦʣʦʞʝʥʠʝ ʫʟʣʘ ʥʘ ʥʫʣʝʚʦʤ ʫʨʦʚʥʝ ʨʘʟʙʠʝʥʠʷ, ʩʣʝʜʫʶʱʠʝ 

ʧʦ ʧʦʨʷʜʢʫ ï ʥʘ ʧʝʨʚʦʤ ʠ ʪʘʢ ʜʘʣʝʝ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʨʘʟʙʠʝʥʠʷ. ʇʦʜʦʙʥʦʝ 

ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʭʦʜ ʦʢʪʦʜʝʨʝʚʘ.   



130 

 

3.3.2. ʍʨʘʥʝʥʠʝ ʠʝʨʘʨʭʠʠ ʦʢʪʦʜʝʨʝʚʘ 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʭʘʥʠʟʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʝʨʘʨʭʠʠ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʦʢʪʦʜʝʨʝʚʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪ rʜʣʷ ʘʜʨʝʩʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ 

ʜʝʨʝʚʦ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʧʦ ʦʜʥʦʤʫ ʫʨʦʚʥʶ ʨʘʟʙʠʝʥʠʷ ʥʘ ʢʘʞʜʳʡ ʙʠʪ ʢʦʦʨʜʠʥʘʪʳ 

(ʚ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʘ ʨʘʟʙʠʝʥʠʷ - ʝʜʠʥʠʮʘ). ʆʜʥʘʢʦ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ 

ʫʨʦʚʥʝʡ ʨʘʟʙʠʝʥʠʷ, ʪʝʤ ʤʝʜʣʝʥʥʝʝ ʩʢʦʨʦʩʪʴ ʦʙʭʦʜʘ, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʦʢʪʦʜʝʨʝʚʴʷ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʦʙʣʘʢʘʤ ʪʦʯʝʢ, ʚ ʦʩʥʦʚʥʦʤ ʩʦʜʝʨʞʘʪ ʦʪ ʚʦʩʴʤʠ ʜʦ ʯʝʪʳʨʥʘʜʮʘʪʠ 

ʫʨʦʚʥʝʡ, ʤʳ ʙʳ ʭʦʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʣʘʜʰʠʭ ʙʠʪ 

ʢʦʦʨʜʠʥʘʪʳ ʜʣʷ ʘʜʨʝʩʘʮʠʠ ʚ ʦʢʪʦʜʝʨʝʚʝ. ʆʩʪʘʣʴʥʳʝ ʙʠʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʘ ʚ ʘʩʩʦʮʠʘʪʠʚʥʦʤ ʤʘʩʩʠʚʝ, ʢʘʢ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ 

ʨʘʟʜʝʣʝ 2.4.5. ʇʦʜʦʙʥʦʝ ʨʝʰʝʥʠʝ ʩʥʠʟʠʪ ʛʣʫʙʠʥʫ ʜʝʨʝʚʘ ʠ ʧʦʟʚʦʣʠʪ ʚʳʧʦʣʥʷʪʴ 

ʘʜʨʝʩʘʮʠʶ ʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʟʘʤʝʜʣʝʥʠʷ ʨʘʙʦʪʳ 

ʦʢʪʦʜʝʨʝʚʘ, ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʦʩʦʚ ʢ ʘʩʩʦʮʠʘʪʠʚʥʦʤʫ ʤʘʩʩʠʚʫ ʙʫʜʝʪ ʛʦʨʘʟʜʦ 

ʤʝʥʴʰʠʤ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ).  

ʇʫʩʪʴ ʤʣʘʜʰʠʝ ʙʠʪʳ ʢʦʦʨʜʠʥʘʪʳ ʦʪʚʝʯʘʶʪ ʟʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʫʟʣʘ ʚ 

ʮʝʣʦʯʠʩʣʝʥʥʦʤ ʦʢʪʦʜʝʨʝʚʝ. ʊʦʛʜʘ ʦʙʥʫʣʠʚ ʤʣʘʜʰʠʝ ʙʠʪʳ ʚ ʢʦʦʨʜʠʥʘʪʝ, ʝʝ ʤʦʞʥʦ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʘ ʚ ʘʩʩʦʮʠʘʪʠʚʥʦʤ ʤʘʩʩʠʚʝ.  
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3.3.3. ɸʣʛʦʨʠʪʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʣʣʦʢʘʮʠʠ ʥʘ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ 

ʄʝʭʘʥʠʟʤ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʦʪʦʙʨʘʞʝʥʠʝ 

ʩʦʜʝʨʞʠʤʦʛʦ ʬʘʡʣʘ ʥʘ ʜʠʘʧʘʟʦʥ ʚʠʨʪʫʘʣʴʥʳʭ ʘʜʨʝʩʦʚ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʵʪʦʤ ʚ 64-ʭ 

ʨʘʟʨʷʜʥʦʡ ʩʠʩʪʝʤʝ ʥʘ ʘʜʨʝʩ ʚʳʜʝʣʷʝʪʩʷ 48 ʙʠʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʨʝʩʦʚʘʪʴ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʜʦ 256 ʪʝʨʘʙʘʡʪ ʜʘʥʥʳʭ. ʅʘ ʧʨʘʢʪʠʢʝ ʚʳʧʦʣʥʝʥʠʝ ʦʪʦʙʨʘʞʝʥʠʷ 

ʩʦʜʝʨʞʠʤʦʛʦ ʬʘʡʣʘ ʥʘ ʜʠʘʧʘʟʦʥ ʘʜʨʝʩʦʚ ʚ ʘʜʨʝʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʦʮʝʩʩʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʳʟʦʚʘ ʤʝʪʦʜʘ mmap [82] ʩ ʫʢʘʟʘʥʠʝʤ ʬʘʡʣʦʚʦʛʦ 

ʜʝʩʢʨʠʧʪʦʨʘ ʠ ʰʠʨʠʥʳ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʘʜʨʝʩʦʚ (ʃʠʩʪʠʥʛ 3.8). ʈʘʟʤʝʨ 

ʬʘʡʣʘ ʧʨʠ ʵʪʦʤ ʥʝ ʦʙʷʟʘʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʘʥʥʦʤʫ ʜʠʘʧʘʟʦʥʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʥʘʨʘʱʠʚʘʪʴ ʨʘʟʤʝʨ ʬʘʡʣʘ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʧʳʪʢʘ 

ʜʦʩʪʫʧʘ ʧʦ ʘʜʨʝʩʫ, ʚʳʭʦʜʷʱʝʤʫ ʟʘ ʛʨʘʥʠʮʳ ʬʘʡʣʘ, ʧʨʠʚʝʜʝʪ ʢ ʦʰʠʙʢʝ ʚʨʝʤʝʥʠ 

ʠʩʧʦʣʥʝʥʠʷ. ʄʝʪʦʜ mmap ʚʦʟʚʨʘʱʘʝʪ ʫʢʘʟʘʪʝʣʴ ʥʘ ʘʜʨʝʩ ʥʘʯʘʣʘ ʜʘʥʥʳʭ ʚ 

ʦʪʦʙʨʘʞʝʥʥʦʡ ʧʘʤʷʪʠ, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʳʤ ʧʨʠʚʝʜʝʪ ʢ ʩʯʠʪʳʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʬʘʡʣʘ. 

ʃʠʩʪʠʥʛ 3.8 ï ʇʨʠʤʝʨ ʚʳʧʦʣʥʝʥʠʷ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ ʚ ʆʉ Linux 

// ʉʦʟʜʘʥʠʝ ʬʘʡʣʘ ʠ ʧʦʣʫʯʝʥʠʝ ʬʘʡʣʦʚʦʛʦ ʜʝʩʢʨʠʧʪʦʨʘ 

int fd = ::open(filePath,  

    O_RDWR | O_CREAT,  

    static_cast<mode_t>(0600)); 

 

void* data =  

    mmap( 

        // ʅʘʯʘʣʴʥʳʡ ʘʜʨʝʩ 

        nullptr,    

        // ʈʘʟʤʝʨ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

        m_capacity,                  

        // ʆʪʢʨʳʪʴ ʥʘ ʯʪʝʥʠʝ ʠ ʟʘʧʠʩʴ 

        PROT_READ | PROT_WRITE,      

        // ʆʙʱʠʡ ʜʦʩʪʫʧ, 

        // ʅʝ ʨʝʟʝʨʚʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ RAM ʠ ʬʘʡʣʝ ʧʦʜʢʘʯʢʠ 

        MAP_SHARED | MAP_NORESERVE,  

        // ɼʝʩʢʨʠʧʪʦʨ ʬʘʡʣʘ 

        fd,                 

        // ʉʤʝʱʝʥʠʝ          

        0); 
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ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ.  ʇʫʩʪʴ ʢʘʞʜʳʡ ʫʟʝʣ ʚʳʧʦʣʥʷʝʪ ʭʨʘʥʝʥʠʝ ʤʘʩʩʠʚʘ ʪʦʯʝʢ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚ ʫʟʣʝ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʳʤ, ʚʧʣʦʪʴ ʜʦ ʟʘʜʘʥʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ, ʜʣʷ ʭʨʘʥʝʥʠʷ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫʝʤ ʨʝʘʣʠʟʘʮʠʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ 

(std::vector [83]) ʠʟ ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʠ C++. ʊʘʢʦʡ ʚʳʙʦʨ ʧʦʟʚʦʣʠʪ ʭʨʘʥʠʪʴ 

ʪʦʯʢʠ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʚ ʧʘʤʷʪʠ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ 

ʩʢʦʨʦʩʪʠ ʠʭ ʦʙʨʘʙʦʪʢʠ ʠ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʦʧʝʨʘʮʠʡ ʚʳʜʝʣʝʥʠʷ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʠʪ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʤʘʩʩʠʚʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʥʦʚʦʡ 

ʧʘʤʷʪʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʪʦʯʢʘʤʠ ʪʝʢʫʱʝʡ ʝʤʢʦʩʪʠ ʤʘʩʩʠʚʘ. ʅʝʜʦʩʪʘʪʢʠ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʧʨʦʠʩʭʦʜʷʪ ʠʟ ʝʛʦ ʜʦʩʪʦʠʥʩʪʚ: ʫʯʠʪʳʚʘʷ ʣʠʥʝʡʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʧʘʤʷʪʠ, 

ʦʧʝʨʘʮʠʠ ʫʜʘʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʥʝ ʠʟ ʢʦʥʮʘ ʤʘʩʩʠʚʘ ʠʤʝʶʪ ʩʣʦʞʥʦʩʪʴ O(n), ʘ 

ʦʧʝʨʘʮʠʠ ʚʩʪʘʚʢʠ ʚ ʢʦʥʝʮ ʤʘʩʩʠʚʘ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʝʛʦ ʝʤʢʦʩʪʠ ʧʦʪʨʝʙʫʶʪ 

ʨʝʘʣʣʦʢʘʮʠʠ ʚʩʝʭ ʝʛʦ ʜʘʥʥʳʭ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʩ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʴʶ ʚʳʧʦʣʥʠʤ ʧʦʜʤʝʥʫ 

ʘʣʣʦʢʘʪʦʨʘ ʚ ʠʩʧʦʣʴʟʫʝʤʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ ʤʘʩʩʠʚʝ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʠʤ ʥʘʩʣʝʜʦʚʘʥʠʝ ʦʪ ʢʣʘʩʩʘ çstd::allocatorè [84], ʠ 

ʧʝʨʝʦʧʨʝʜʝʣʠʤ ʤʝʪʦʜʳ, ʚʳʟʳʚʘʝʤʳʝ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʠ ʦʩʚʦʙʦʞʜʝʥʠʠ ʧʘʤʷʪʠ 

(ʃʠʩʪʠʥʛ 3.9). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʩʤʦʞʝʤ ʦʙʦʡʪʠ ʩʪʘʥʜʘʨʪʥʳʡ ʤʝʭʘʥʠʟʤ 

ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʫʧʨʘʚʣʷʪʴ ʚʳʜʝʣʝʥʠʝʤ ʧʘʤʷʪʠ ʜʣʷ ʜʘʥʥʦʛʦ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʥʘʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʦʙʨʘʞʘʝʤʫʶ ʧʘʤʷʪʴ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʩʩʠʚʘ. 

ʃʠʩʪʠʥʛ 3.9 ï ʇʦʜʤʝʥʘ ʘʣʣʦʢʘʪʦʨʘ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ 

template<typename T, size_t kAlignment = alignof(T)> 

class MMapAllocator : public std::allocator<T> 

{  

    // .... 

    // ɺʳʜʝʣʝʥʠʝ ʧʘʤʷʪʠ 

    T* allocate(size_type n, const void *hint = nullptr) { 

        // ʄʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ ʥʘ ʦʪʦʙʨʘʞʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʘʜʨʝʩʦʚ 

        return mmap_alloc(n * sizeof(T), kAlignment);  

    }  

    // ʆʩʚʦʙʦʞʜʝʥʠʝ ʧʘʤʷʪʠ 

    void deallocate(pointer p, size_type n) { 

        // ʄʝʪʦʜ ʦʩʚʦʙʦʞʜʝʥʠʷ ʧʘʤʷʪʠ ʥʘ ʦʪʦʙʨʘʞʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʘʜʨʝʩʦʚ 
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        mmap_free(p); 

    }  

};  

 

ʊʘʢ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʡ ʩʠʩʪʝʤʥʳʡ ʘʣʣʦʢʘʪʦʨ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʳʜʝʣʝʥʠʝ 

ʧʘʤʷʪʠ ʚ ʦʪʦʙʨʘʞʘʝʤʦʤ ʘʜʨʝʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘʤ ʧʨʠʜʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʨʫʯʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʜʦʙʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ. ʈʘʩʩʤʦʪʨʠʤ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʚʳʜʝʣʝʥʠʷ 

ʧʘʤʷʪʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʩʦʚʤʝʩʪʥʦ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʤʘʩʩʠʚʘʤʠ. ʂʘʢ ʤʠʥʠʤʫʤ, ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʢ ʚʳʜʝʣʝʥʠʷ, ʪʘʢ ʠ 

ʦʩʚʦʙʦʞʜʝʥʠʷ ʫʯʘʩʪʢʦʚ ʧʘʤʷʪʠ. ʈʘʟʤʝʨ ʚʳʜʝʣʷʝʤʳʭ ʫʯʘʩʪʢʦʚ ʥʝ ʷʚʣʷʝʪʩʷ 

ʢʦʥʩʪʘʥʪʥʳʤ, ʯʪʦ ʜʦʙʘʚʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ 

ʫʯʘʩʪʢʦʚ ʧʘʤʷʪʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʨʘʟʤʝʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʥʝ ʩʤʦʞʝʤ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʦʜʝʣʷʤʠ ʣʠʥʝʡʥʦʛʦ ʘʣʣʦʢʘʪʦʨʘ [85], ʩʪʝʢʦʚʦʛʦ ʘʣʣʦʢʘʪʦʨʘ [86] ʠ 

ʘʣʣʦʢʘʪʦʨʘ ʥʘ ʧʫʣʝ [87], ʯʪʦ ʧʨʠʚʦʜʠʪ ʥʘʩ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʧʘʤʷʪʠ. ʂ ʩʯʘʩʪʴʶ, ʧʦʜʦʙʥʘʷ ʧʨʦʙʣʝʤʘ ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥʘ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʫʟʢʫʶ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ, ʵʪʦ ʜʝʣʘʝʪ ʝʝ ʩʪʨʫʢʪʫʨʥʦ ʙʦʣʝʝ ʧʨʦʩʪʦʡ, ʯʝʤ ʩʠʩʪʝʤʳ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʠ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʬʨʘʛʤʝʥʪʘʮʠʠ ʧʘʤʷʪʠ ʜʦ 

ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ. ʇʨʠʯʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʝ ʫʩʪʫʧʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʦʙʱʝʩʠʩʪʝʤʥʳʭ ʤʝʪʦʜʘʭ. ʇʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʤʷʪʠ 

ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 3.2. 

 

ʈʠʩʫʥʦʢ 3.2 ï ɼʠʥʘʤʠʯʝʩʢʘʷ ʘʣʣʦʢʘʮʠʷ ʥʘ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ 

3.3.4. ʇʫʣʳ ʧʘʤʷʪʠ 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʳʜʝʣʝʥʥʦʡ ʧʘʤʷʪʴʶ ʠʩʧʦʣʴʟʫʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʫʣʳ 

ʧʘʤʷʪʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪʁ ʚʳʜʝʣʷʪʴ ʙʣʦʢ ʧʘʤʷʪʠ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʦ ʜʚʝ ʨʝʘʣʠʟʘʮʠʠ: 
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- RAM Pool ï ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʳʜʝʣʝʥʠʷ ʫʯʘʩʪʢʘ ʧʘʤʷʪʠ ʚ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʥʦʛʦ ʘʣʣʦʢʘʪʦʨʘ; 

- MMap File Pool ï ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʨʦʞʜʝʥʠʝ ʬʘʡʣʘ ʚ ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ, 

ʚʳʜʝʣʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʚʠʨʪʫʘʣʴʥʳʭ ʘʜʨʝʩʦʚ ʠ ʧʨʠʚʷʟʢʫ ʬʘʡʣʘ. 

ʇʫʣ ʧʘʤʷʪʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʚʳʜʝʣʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʙʣʦʢʘ ʧʘʤʷʪʠ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʘʣʣʦʢʘʪʦʨʝ. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʦʧʝʨʘʮʠʷ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʙʣʦʢʘ, ʪ.ʝ. 

ʘʣʣʦʢʘʪʦʨ ʩʤʦʞʝʪ ʟʘʧʨʘʰʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʧʘʤʷʪʠ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʘ ʟʘʥʠʤʘʝʤʳʭ ʜʘʥʥʳʭ, ʘʥʘʣʦʛʠʯʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʤʘʥʜʳ brk 

[88] ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʝʛʤʝʥʪʘ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʘ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠʤʧʣʝʤʝʥʪʘʮʠʠ 

malloc [89]. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʫʣʘ ʥʘ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʬʘʡʣʘ (ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʜʠʘʧʘʟʦʥʘ 

ʚʠʨʪʫʘʣʴʥʳʭ ʘʜʨʝʩʦʚ), ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʫʣʘ ʥʘ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝ ʩʯʝʪʯʠʢʘ ʪʝʢʫʱʝʛʦ ʨʘʟʤʝʨʘ (ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʨʘʟʤʝʨ 

ʪʘʢʦʛʦ ʧʫʣʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥ ʙʝʟ ʧʝʨʝʤʝʱʝʥʠʷ ʝʛʦ ʚ ʜʨʫʛʦʝ ʤʝʩʪʦ ʚ ʧʘʤʷʪʠ, 

ʦʥ ʩʦʟʜʘʝʪʩʷ ʩʨʘʟʫ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʦʙʲʝʤ). 

3.3.5. ɼʠʥʘʤʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʧʘʤʷʪʠ 

ɸʣʛʦʨʠʪʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ ʦʩʥʦʚʘʥ ʥʘ ʦʧʠʩʘʥʥʦʤ ʘʚʪʦʨʦʤ 

ʚ ʨʘʙʦʪʝ [71]. ʆʥ ʠʩʧʦʣʴʟʫʝʪ ʧʫʣʳ ʧʘʤʷʪʠ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʙʣʦʢʦʚ ʧʘʤʷʪʠ, ʚ 

ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚʳʜʝʣʝʥʠʝ ʙʦʣʝʝ ʤʝʣʢʠʭ ʫʯʘʩʪʢʦʚ ʧʦ ʟʘʧʨʦʩʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʝʩʪʘ ʚ ʧʫʣʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʦʚʦʛʦ 

ʫʯʘʩʪʢʘ ï ʫ ʧʫʣʘ ʙʫʜʝʪ ʟʘʧʨʦʰʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʥʘ ʟʘʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ. 

ɺʳʜʝʣʝʥʥʳʝ ʠ ʩʚʦʙʦʜʥʳʝ ʫʯʘʩʪʢʠ ʧʘʤʷʪʠ ʭʨʘʥʷʪʩʷ ʚ ʚʠʜʝ ʜʚʫʩʚʷʟʥʦʛʦ 

ʩʧʠʩʢʘ ʙʣʦʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ ʚʝʨʭʥʠʡ (Header) ʠ ʥʠʞʥʠʡ (Footer) 

ʟʘʛʦʣʦʚʢʠ (ʈʠʩʫʥʦʢ 3.3). ɿʘʛʦʣʦʚʢʠ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʟʤʝʨʝ ʙʣʦʢʘ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠ ʦʥ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʥʘʡʪʠ ʩʣʝʜʫʶʱʠʡ ʠ ʧʨʝʜʳʜʫʱʠʡ. 

ʀʟʥʘʯʘʣʴʥʦ ʜʣʷ ʚʩʝʛʦ ʩʚʦʙʦʜʥʦʛʦ ʙʣʦʢʘ ʧʘʤʷʪʠ, ʚʳʜʝʣʝʥʥʦʛʦ ʧʫʣʦʤ, ʩʦʟʜʘʝʪʩʷ 

ʦʜʠʥ ʧʫʩʪʦʡ ʙʣʦʢ.  
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ʈʠʩʫʥʦʢ 3.3 - ʍʨʘʥʝʥʠʝ ʫʯʘʩʪʢʦʚ ʜʘʥʥʳʭ 

ɺ ʩʠʣʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʠ ʦʩʚʦʙʦʞʜʝʥʠʷ ʫʯʘʩʪʢʦʚ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʨʘʟʤʝʨʘ ʧʦʷʚʣʷʶʪʩʷ ʧʨʦʙʣʝʤʳ ʩ ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 3.4). 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʝʬʨʘʛʤʝʥʪʘʮʠʠ, ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʦʠʟʚʦʜʠʤʦʡ ʚ 

ʬʘʡʣʦʚʳʭ ʩʠʩʪʝʤʘʭ, ʦʪʩʫʪʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ ʧʝʨʝʤʝʱʝʥʠʝ ʫʯʘʩʪʢʘ ʧʘʤʷʪʠ ʩʜʝʣʘʝʪ ʚʩʝ 

ʧʨʷʤʳʝ ʫʢʘʟʘʪʝʣʠ ʥʘ ʥʝʝ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤʠ. ʌʨʘʛʤʝʥʪʘʮʠʶ ʤʦʞʥʦ ʩʥʠʟʠʪʴ, 

ʚʚʝʜʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʜʠʥʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʙʣʦʢʦʚ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʠ ʟʘʧʨʦʩʝ 

ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ ʥʝ ʥʘʡʜʝʥʦ ʩʚʦʙʦʜʥʦʛʦ ʙʣʦʢʘ ʧʦʜʭʦʜʷʱʝʛʦ ʨʘʟʤʝʨʘ, ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʧʨʦʩʠʪʴ ʫ ʧʫʣʘ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʨʘʟʤʝʨʦʚ. 

 
ʈʠʩʫʥʦʢ 3.4 - ʌʨʘʛʤʝʥʪʘʮʠʷ ʜʘʥʥʳʭ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʧʘʤʷʪʠ 
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ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʣʣʦʢʘʮʠʠ ʥʦʚʦʛʦ ʫʯʘʩʪʢʘ ʚ ʧʘʤʷʪʠ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ 

ʧʦʠʩʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʩʚʦʙʦʜʥʦʛʦ ʙʣʦʢʘ. ʇʝʨʝʙʦʨ ʚʩʝʭ ʙʣʦʢʦʚ ʧʣʦʭʦ 

ʧʦʜʭʦʜʠʪ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ ʣʠʥʝʡʥʫʶ ʩʣʦʞʥʦʩʪʴ. ɼʣʷ ʙʳʩʪʨʦʛʦ ʧʦʠʩʢʘ ʘʣʣʦʢʘʪʦʨ 

ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʠ ʨʘʟʤʝʨʝ ʚʩʝʭ ʙʣʦʢʦʚ ʚ ʚʠʜʝ 

ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʛʦ (ʧʦ ʨʘʟʤʝʨʫ ʙʣʦʢʘ) ʩʧʠʩʢʘ. ʇʦʠʩʢ ʧʦ ʪʘʢʦʤʫ ʩʧʠʩʢʫ ʠʤʝʝʪ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʩʣʦʞʥʦʩʪʴ.  

ɼʣʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʜʘʥʥʳʭ ʫʢʘʟʘʥʥʳʡ ʙʣʦʢ ʧʨʦʩʪʦ ʧʦʤʝʯʘʝʪʩʷ 

ʫʜʘʣʝʥʥʳʤ ʠ ʧʦʤʝʱʘʝʪʩʷ ʚ ʩʧʠʩʦʢ ʩʚʦʙʦʜʥʳʭ ʙʣʦʢʦʚ. ʊʦʛʜʘ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʚʩʝʭ 

ʙʣʦʢʦʚ ʤʳ ʧʦʣʫʯʠʤ ʩʠʣʴʥʦ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʡ ʤʘʩʩʠʚ ʧʫʩʪʳʭ ʙʣʦʢʦʚ. ʇʦʵʪʦʤʫ 

ʧʨʠ ʫʜʘʣʝʥʠʠ ʙʣʦʢʘ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʷʪʴ ʩ ʩʦʩʝʜʥʠʤʠ ʧʫʩʪʳʤʠ ʙʣʦʢʘʤʠ 

(ʈʠʩʫʥʦʢ 3.5). 

 
ʈʠʩʫʥʦʢ 3.5 - ʆʙʲʝʜʠʥʝʥʠʝ ʙʣʦʢʦʚ ʧʨʠ ʦʩʚʦʙʦʞʜʝʥʠʠ ʧʘʤʷʪʠ 

ʉʫʤʤʠʨʫʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʩʠʩʪʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʣʣʦʢʘʮʠʠ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ: 

- allocate ï ʚʳʜʝʣʝʥʠʝ ʥʦʚʦʛʦ ʙʣʦʢʘ ʧʘʤʷʪʠ; 

- free(p) ï ʦʩʚʦʙʦʞʜʝʥʠʝ ʚʳʜʝʣʝʥʥʦʛʦ ʙʣʦʢʘ ʧʘʤʷʪʠ ʧʦ ʫʢʘʟʘʪʝʣʶ p; 
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- coalesce(p1, p2) ï ʦʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʙʣʦʢʦʚ ʧʘʤʷʪʠ p1 ʠ p2; 

- findBlock(size) ï ʧʦʠʩʢ ʩʚʦʙʦʜʥʦʛʦ ʙʣʦʢʘ ʧʘʤʷʪʠ, ʨʘʟʤʝʨʦʤ ʙʦʣʴʰʝ ʠʣʠ 

ʨʘʚʥʦʛʦ size; 

- requestMemory(size) ï ʟʘʧʨʦʩ ʥʦʚʦʡ ʧʘʤʷʪʠ ʨʘʟʤʝʨʦʤ size ʫ ʧʫʣʘ. 

3.3.6. ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ ʤʝʭʘʥʠʟʤʘ 

ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʱʫʶ ʩʭʝʤʫ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ 

ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ ʥʘ ʨʠʩʫʥʢʝ 3.6. ʀʝʨʘʨʭʠʷ ʦʢʪʦʜʝʨʝʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʦʤʙʠʥʘʮʠʝʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʫʟʣʦʚ (Node) ʦʢʪʦʜʝʨʝʚʘ ʠ ʘʩʩʦʮʠʘʪʠʚʥʳʤ 

ʤʘʩʩʠʚʦʤ (Associative Array). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʢʪʦʜʝʨʝʚʦʤ ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʤʧʦʥʝʥʪʘ (Octree Interface), ʩʦʜʝʨʞʘʱʝʛʦ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʜʦʩʪʫʧʘ ʢ 

ʜʘʥʥʳʤ. ɼʘʥʥʳʝ ʫʟʣʦʚ ʦʢʪʦʜʝʨʝʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʘʩʩʠʚʦʤ (Data), 

ʩʦʜʝʨʞʘʱʠʤ ʫʢʘʟʘʪʝʣʴ ʥʘ ʦʪʦʙʨʘʞʘʝʤʫʶ ʧʘʤʷʪʴ (Mapped Memory). 

 

ʈʠʩʫʥʦʢ 3.6 ï ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ 

ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ 
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3.4. ʇʦʩʪʨʦʝʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʧʨʠ 

ʧʦʤʦʱʠ ʦʢʪʦʜʝʨʝʚʘ 

ʆʙʳʯʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ ʙʦʣʴʰʠʭ 

ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʥʝ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʧʘʤʷʪʠ, ʪʘʢ ʢʘʢ ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʝʢʮʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʯʠʪʳʚʘʥʠʷ ʪʦʯʝʢ ʠʟ ʦʙʣʘʢʘ 

ʪʦʯʝʢ, ʠʭ ʧʨʦʝʢʮʠʠ ʠ ʟʘʧʠʩʠ ʚ ʠʟʦʙʨʘʞʝʥʠʝ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʪʨʝʙʦʚʘʣʦʩʴ 

ʚʳʧʦʣʥʷʪʴ ʭʨʘʥʝʥʠʝ ʚʩʝʭ ʪʦʯʝʢ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʧʠʢʩʝʣʴ ʬʠʥʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʩʪʨʦʡ ʚʳʙʦʨʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʩʪʦʨʦʥʥʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ ʧʦʜʦʙʥʦʡ ʟʘʜʘʯʠ ʧʨʠ ʧʦʤʦʱʠ ʦʢʪʦʜʝʨʝʚʘ. ʇʫʩʪʴ ʜʘʥʦ 

ʦʙʣʘʢʦ ʪʦʯʝʢ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ. ʆʩʴ 

ʮʠʣʠʥʜʨʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʨʘʟʚʝʨʪʢʠ, ʟʘʜʘʥʘ ʜʚʫʤʷ 

ʪʨʝʭʤʝʨʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ Ὓ  ʠ Ὓ . ʇʨʦʝʢʮʠʶ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʚ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʰʠʨʠʥʦʡ W ʠ ʚʳʩʦʪʦʡ H.  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʪʨʦʚʦʡ ʧʨʦʝʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ ʧʝʨʝʚʝʩʪʠ ʢʦʦʨʜʠʥʘʪʫ ʪʦʯʢʠ ʠʟ ʠʩʭʦʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ὖ  ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ὖ , ʚ ʢʦʪʦʨʦʤ ʩʦʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʫʩʣʦʚʠʷ: 

- ʅʘʯʘʣʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʪʦʯʢʝ Ὓ; 

- ʆʩʴ X ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʦʩʠ ʮʠʣʠʥʜʨʘ; 

- ʄʘʩʰʪʘʙ ʦʩʠ X ʪʘʢʦʚ, ʯʪʦ ʜʣʷ ʪʦʯʢʠ Ὓ ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʚʥʦ 0, ʘ 

ʜʣʷ ʪʦʯʢʠ Ὓ ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʚʥʦ W; 

- ʂʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʦ ʦʩʠ Y ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʛʦʣ ʥʘʢʣʦʥʘ ʪʦʯʢʠ ʚʦʢʨʫʛ ʦʩʠ 

ʮʠʣʠʥʜʨʘ; 

- ʄʘʩʰʪʘʙ ʦʩʠ Y ʪʘʢʦʚ, ʯʪʦ ʜʣʷ ʫʛʣʘ -180o ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʚʥʦ 0, ʘ 

ʜʣʷ ʫʛʣʘ 180o ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʚʥʦ H; 

- ʂʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʦ ʦʩʠ Z ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʦʩʴʶ ʮʠʣʠʥʜʨʘ ʠ ʪʦʯʢʦʡ. 
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ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚʩʝ ʪʦʯʢʠ ʜʦʙʘʚʣʷʶʪʩʷ ʚ 

ʦʢʪʦʜʝʨʝʚʦ. ʇʨʠ ʚʳʙʦʨʢʝ ʠʟ ʪʘʢʦʛʦ ʦʢʪʦʜʝʨʝʚʘ ʦʩʠ X ʠ Y ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʦʩʷʤ X ʠ Y ʠʟʦʙʨʘʞʝʥʠʷ, ʘ ʦʩʴ Z ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʛʣʫʙʠʥʫ ʪʦʯʢʠ, ʪ.ʝ. ʝʝ ʨʘʩʩʪʦʷʥʠʝ 

ʦʪ ʦʩʠ ʧʨʦʝʢʮʠʠ.  

3.5. ʉʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ 

ʘʣʣʦʢʘʮʠʠ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ ʚ ʩʪʦʨʦʥʥʠʝ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ linux 

ʩʠʩʪʝʤ 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʃʉ ʙʳʣʦ 

ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʚʳʜʝʣʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ 

Point Cloud Library (PCL). ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ 

ʦʙʨʘʙʦʪʢʫ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʧʨʠ ʧʦʤʦʱʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʚ ʙʠʙʣʠʦʪʝʢʫ PCL 

ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʣʣʦʢʘʮʠʠ ʥʘ ʦʪʦʙʨʘʞʘʝʤʦʡ 

ʧʘʤʷʪʠ, ʦʧʠʩʘʥʥʦʡ ʘʚʪʦʨʦʤ ʚ ʨʘʙʦʪʝ [90]. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʘʣʛʦʨʠʪʤʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʳʜʝʣʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʣʣʦʢʘʮʠʠ ʥʘ 

ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ 

ʪʦʯʝʢ. 

3.5.1. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʚʳʜʝʣʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠʟ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʣʣʦʢʘʮʠʠ ʥʘ 

ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ 

ʇʨʠ ʣʘʟʝʨʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʠ 

ʚʝʢʪʦʨʠʟʘʮʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɺʚʠʜʫ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʇʊʉ) ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ ʩʧʦʩʦʙʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʫʪʝʤ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʘʣʛʦʨʠʪʤʳ ʧʨʠʤʝʥʠʤʳʝ ʢ ʦʪʜʝʣʴʥʦʤʫ ʢʣʘʩʩʫ ʇʊʉ ð ʪʨʫʙʦʧʨʦʚʦʜʫ. 
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ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʤʠʪʠʚʦʚ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ï ʵʪʦ 

ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ʉʨʝʜʠ ʧʨʦʯʠʭ ʧʨʠʤʝʨʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ï ʪʨʫʙʘ, ʜʝʨʝʚʦ (ʢʦʥʫʩ), ʜʳʤʦʚʘʷ 

ʪʨʫʙʘ (ʮʠʣʠʥʜʨ ʠʣʠ ʢʦʥʫʩ), ʩʪʦʣʙ (ʚ ʪʦʤ ʯʠʩʣʝ ʤʥʦʛʦʛʨʘʥʥʳʡ), ʪʦʥʥʝʣʴ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʢʘʙʝʣʴ/ʧʨʦʚʦʜ. ɺʳʜʝʣʝʥʠʝ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʪʨʝʙʫʝʪʩʷ ʜʣʷ: 

- ʇʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ; 

- ʇʦʜʩʯʝʪʘ ʩʪʘʪʠʩʪʠʢʠ; 

- ʉʥʠʞʝʥʠʷ ʚʠʟʫʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ; 

- ʕʢʩʧʦʨʪʘ ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɻʀʉ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʇʊʉ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʚʳʜʝʣʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ 

ʵʪʘʧʘ ʦʙʨʘʙʦʪʢʠ: 

- ʌʠʣʴʪʨʘʮʠʷ ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʭ ʪʦʯʝʢ; 

- ʂʣʘʩʪʝʨʠʟʘʮʠʷ; 

- ʇʦʠʩʢ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɺ ʧʨʦʛʨʘʤʤʝ ʜʘʥʥʳʝ ʵʪʘʧʳ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʦʙʨʘʟʫʶʪ ʢʦʥʚʝʡʝʨ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. 

ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ 

ʦʙʣʘʢʦ ʪʦʯʝʢ ʚ ʬʦʨʤʘʪʝ PCL, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʅʠʞʝ ʙʫʜʝʪ 

ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʢʦʥʚʝʡʝʨʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ 

ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʝʛʦ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʘʣʛʦʨʠʪʤʦʚ. 
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3.5.2. ʋʜʘʣʝʥʠʝ ʤʘʣʦʠʥʬʦʨʤʘʪʠʚʥʳʭ ʪʦʯʝʢ 

ʆʙʳʯʥʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩʠʣʴʥʦ ʟʘʰʫʤʣʝʥʳ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʧʨʦʮʝʩʩ ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʤʘʣʦʠʥʬʦʨʤʘʪʠʚʥʳʭ ʪʦʯʝʢ, 

ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʣʛʦʨʠʪʤ. 

ɺ ʜʘʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʨʝʜʩʪʚʘ ʠʟ ʙʠʙʣʠʦʪʝʢʠ PCL: 

- ɸʣʛʦʨʠʪʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʣʴʪʨʘʮʠʠ ʫʜʘʣʝʥʥʳʭ ʪʦʯʝʢ ʥʘ ʦʩʥʦʚʝ 

ʘʣʛʦʨʠʪʤʘ Statistical Outlier Removal; 

- ɸʣʛʦʨʠʪʤ ʚʦʢʩʝʣʠʟʘʮʠʠ VoxelGrid. 

ɸʣʛʦʨʠʪʤ Statistical Outlier Removal ʷʚʣʷʝʪʩʷ ʜʚʫʭʧʨʦʭʦʜʥʳʤ ʘʣʛʦʨʠʪʤʦʤ. 

ʅʘ ʧʝʨʚʦʤ ʧʨʦʭʦʜʝ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʷʷ ʜʠʩʪʘʥʮʠʷ ʜʦ k 

ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, k ʷʚʣʷʝʪʩʷ ʥʘʩʪʨʘʠʚʘʝʤʳʤ ʟʥʘʯʝʥʠʝʤ. ɼʘʣʝʝ ʚʳʯʠʩʣʷʝʪʩʷ 

ʩʨʝʜʥʝʝ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ ʩʨʝʜʥʠʭ ʜʠʩʪʘʥʮʠʡ ʚʩʝʭ ʪʦʯʝʢ, ʧʨʠ ʧʦʤʦʱʠ 

ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʛʨʘʥʠʮʳ ʜʠʩʪʘʥʮʠʠ ʧʦ ʬʦʨʤʫʣʝ mean + 

stddev_mult * stddev, ʛʜʝ stddev_mult ̫ ʚʣʷʝʪʩʷ ʥʘʩʪʨʘʠʚʘʝʤʳʤ ʟʥʘʯʝʥʠʝʤ. ʅʘ ʚʪʦʨʦʤ 

ʧʨʦʭʦʜʝ ʚʩʝ ʪʦʯʢʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʚʥʫʪʨʝʥʥʠʝ ʠʣʠ ʚʥʝʰʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʟʥʘʯʝʥʠʷ ʠʭ ʩʨʝʜʥʝʡ ʜʠʩʪʘʥʮʠʠ ʜʦ ʩʦʩʝʜʝʡ. ɺʩʝ ʚʥʝʰʥʠʝ ʪʦʯʢʠ ʩʯʠʪʘʶʪʩʷ 

ʤʘʣʦʠʥʬʦʨʤʘʪʠʚʥʳʤʠ. 

ɸʣʛʦʨʠʪʤ VoxelGrid ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʚ 

ʦʙʣʘʢʝ ʪʦʯʝʢ [91]. ʇʦʚʝʨʭ ʠʩʭʦʜʥʦʛʦ ʦʙʣʘʢʘ ʩʪʨʦʠʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʩʝʪʢʘ ʚʦʢʩʝʣʝʡ, 

ʧʦʩʣʝ ʯʝʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʚʦʢʩʝʣʷ ʚʩʝ ʪʦʯʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʥʫʪʨʠ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ 

ʠʭ ʮʝʥʪʨʦʠʜʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʨʘʟʨʷʞʝʥʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʢʦʪʦʨʦʝ ʥʝ 

ʧʦʪʝʨʷʣʦ ʩʚʦʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʠʪʴ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ ʦʙʣʘʢʘ ʪʦʯʝʢ. 
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ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʩʨʝʜʩʪʚʘ ʚʤʝʩʪʝ ʬʦʨʤʠʨʫʶʪ ʘʣʛʦʨʠʪʤ çNoise Reductionè. 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʠʥʠʤʘʝʪ ʥʘ ʚʭʦʜ ʦʙʣʘʢʦ ʪʦʯʝʢ ʜʣʷ ʦʙʨʘʙʦʪʢʠ, ʢʦʣʠʯʝʩʪʚʦ 

ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʠ ʧʦʨʦʛ ʫʜʘʣʝʥʠʷ ʚʳʙʨʦʩʦʚ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

Statistical Outlier Removal. ʈʘʟʤʝʨ ʚʦʢʩʝʣʷ ʜʣʷ ʘʣʛʦʨʠʪʤʘ VoxelGrid ʩʯʠʪʘʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʠʩʭʦʜʷ ʠʟ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ 

ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 3.7. 

 
ʈʠʩʫʥʦʢ 3.7 - ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ çNoise Reductionè - ʜʦ (ʩʚʝʨʭʫ) ʠ ʧʦʩʣʝ 

(ʩʥʠʟʫ) 
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3.5.3. ʋʜʘʣʝʥʠʝ ʥʝʨʦʚʥʳʭ ʠ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ɸʣʛʦʨʠʪʤ ʫʜʘʣʝʥʠʷ ʩʣʠʰʢʦʤ ʰʫʤʥʳʭ ʠʣʠ ʩʣʠʰʢʦʤ ʧʣʦʩʢʠʭ ʩʝʛʤʝʥʪʦʚ ʪʘʢ 

ʞʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʜʘʣʝʥʠʷ ʤʘʣʦʠʥʬʦʨʤʘʪʠʚʥʳʭ ʪʦʯʝʢ. ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʠʩʢʦʤʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ, ʘ ʟʥʘʯʠʪ ʩʣʠʰʢʦʤ ʧʣʦʩʢʠʝ ʠʣʠ ʥʘʦʙʦʨʦʪ ʩʣʠʰʢʦʤ 

ʟʘʰʫʤʣʝʥʥʳʝ ʩʝʛʤʝʥʪʳ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩʢʦʨʝʝ ʚʩʝʛʦ ʥʝ ʙʫʜʫʪ ʧʨʠʥʘʜʣʝʞʘʪʴ 

ʠʩʢʦʤʦʤʫ ʮʠʣʠʥʜʨʫ. ɼʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʙʝʨʝʪʩʷ k ʩʦʩʝʜʝʡ, ʛʜʝ k ð ʥʘʩʪʨʘʠʚʘʝʤʳʡ 

ʧʘʨʘʤʝʪʨ, ʠ ʧʦ ʥʠʤ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩʪʨʦʠʪʩʷ ʦʧʠʩʳʚʘʶʱʘʷ 

ʧʣʦʩʢʦʩʪʴ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʦʯʢʠ ʦʪ 

ʧʣʦʩʢʦʩʪʠ. ʊʦʯʢʠ ʩ ʦʪʢʣʦʥʝʥʠʝʤ, ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʟʘʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ, 

ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʚʳʙʦʨʢʠ.   

ɸʣʛʦʨʠʪʤ ʫʜʘʣʝʥʠʷ ʥʝʨʦʚʥʳʭ ʠ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠʥʠʤʘʝʪ ʥʘ ʚʭʦʜ 

ʦʙʣʘʢʦ ʪʦʯʝʢ ʜʣʷ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʦʪʩʝʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʥʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 3.8: ʢʨʘʩʥʳʝ ʪʦʯʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʡʜʝʥʥʳʝ 

ʧʣʦʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʝʣʝʥʳʝ ï ʩʣʠʰʢʦʤ ʰʫʤʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʩʝ ʧʦʜʩʚʝʯʝʥʥʳʝ 

ʪʦʯʢʠ ʙʫʜʫʪ ʫʜʘʣʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ. 

 
ʈʠʩʫʥʦʢ 3.8 - ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ çPlane Extractionè 
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3.5.4. ʂʣʘʩʪʝʨʠʟʘʮʠʷ 

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʝʤʘ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʧʦʠʩʢʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ ʦʪʜʝʣʴʥʳʝ ʢʣʘʩʪʝʨʳ ʧʨʠ 

ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ Euclidean Cluster Extraction ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʙʠʙʣʠʦʪʝʢʝ PCL 

(ʈʠʩʫʥʦʢ 3.9). 

 

ʈʠʩʫʥʦʢ 3.9 ï ʇʨʠʤʝʨ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ 

3.5.5. ʇʦʠʩʢ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʇʦʠʩʢ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ 

Random sample consensus (RANSAC). ɸʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ ʩʙʦʨʝ ʩʪʘʪʠʩʪʠʢʠ ʦ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʀʟ ʦʙʱʝʛʦ ʥʘʙʦʨʘ ʚʭʦʜʥʳʭ ʪʦʯʝʢ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʠʨʘʝʪʩʷ 

ʥʝʢʦʪʦʨʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʢʦʪʦʨʦʝ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʨʠʤʠʪʠʚʦʤ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚʭʦʜʥʦʛʦ ʥʘʙʦʨʘ, 

ʦʢʘʟʘʚʰʠʭʩʷ ʚʙʣʠʟʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠʤʠʪʠʚʘ, ʟʘʧʦʤʠʥʘʝʪʩʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʧʦʚʪʦʨʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʠʤʠʪʠʚ, ʚʙʣʠʟʠ ʢʦʪʦʨʦʛʦ ʦʢʘʟʘʣʦʩʴ 

ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʪʦʯʝʢ, ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʝʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʚʭʦʜʥʳʭ ʪʦʯʝʢ [92].  
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ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʠʩʢ 

ʧʨʠʤʠʪʠʚʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʨʘʜʠʫʩ, ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʪ.ʜ.). ɺ 

ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤ ʧʨʠʥʠʤʘʝʪ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʝ ʠ ʨʘʟʙʠʪʦʝ ʥʘ 

ʢʣʘʩʪʝʨʳ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʢʣʘʜʘ ʥʦʨʤʘʣʝʡ ʧʨʠ ʧʦʠʩʢʝ ʮʠʣʠʥʜʨʘ, 

ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʘʣʛʦʨʠʪʤʘ RANSAC, ʢʦʵʬʬʠʮʠʝʥʪ ʚʢʣʘʜʘ ʨʘʩʩʪʦʷʥʠʡ ʧʨʠ 

ʧʦʠʩʢʝ ʮʠʣʠʥʜʨʘ, ʨʘʜʠʫʩ ʠʩʢʦʤʳʭ ʪʨʫʙ (ʤʠʥʠʤʘʣʴʥʳʡ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ), 

ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʧʦʠʩʢʘ, ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʥʘʜʣʝʞʘʪʴ ʮʠʣʠʥʜʨʫ. ʅʘ ʚʳʭʦʜʝ ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʧʠʩʦʢ ʮʠʣʠʥʜʨʦʚ 

ʠ ʦʙʣʘʢʦ ʪʦʯʝʢ ʙʝʟ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 3.10. ʎʚʝʪʦʤ 

ʧʦʜʩʚʝʯʝʥʳ ʪʦʯʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʥʘʡʜʝʥʥʳʤ ʮʠʣʠʥʜʨʘʤ, ʣʠʥʠʠ ʦʪʤʝʯʘʶʪ ʦʩʠ 

ʮʠʣʠʥʜʨʦʚ. 

 

ʈʠʩʫʥʦʢ 3.10 - ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ 
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3.5.6. ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʣʣʦʢʘʮʠʠ ʜʘʥʥʳʭ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤʳ ʜʘʥʥʳʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʠʩʭʦʜʥʦʤ ʢʦʜʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʙʠʙʣʠʦʪʝʢʠ. ɹʳʣʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʘ: 

1. ɺʥʝʜʨʝʥʠʝ ʘʣʣʦʢʘʪʦʨʘ ʚ ʨʝʘʣʠʟʘʮʠʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ PCL ï 

ʧʦʟʚʦʣʷʝʪ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʠʩʭʦʜʥʦʤ ʢʦʜʝ ʙʠʙʣʠʦʪʝʢʠ 

ʦʙʝʩʧʝʯʠʪʴ ʝʝ ʨʘʙʦʪʫ ʥʘ ʚʪʦʨʠʯʥʦʡ ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ; 

2. ʇʦʣʥʘʷ ʧʦʜʤʝʥʘ ʩʠʩʪʝʤʥʦʛʦ ʘʣʣʦʢʘʪʦʨʘ ï ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʝ ʚʩʝʭ ʟʘʧʨʦʩʦʚ ʥʘ ʚʳʜʝʣʝʥʠʝ ʠ ʦʩʚʦʙʦʞʜʝʥʠʝ ʜʘʥʥʳʭ ʚ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʣʦʢʘʪʦʨ. ʅʝ ʪʨʝʙʫʝʪ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʠʩʭʦʜʥʦʤ ʢʦʜʝ 

ʙʠʙʣʠʦʪʝʢʠ, ʦʜʥʘʢʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʩʣʦʞʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ.  

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʥʠʪʴ ʠʩʭʦʜʥʳʝ ʢʦʜʳ ʙʠʙʣʠʦʪʝʢʠ, ʯʪʦʙʳ 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚ ʙʠʙʣʠʦʪʝʢʝ PCL ʙʳʣʘ 

ʦʙʲʷʚʣʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʣʦʢʘʪʦʨʘ ʥʘ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ. ʉʘʤʦ ʠʟʤʝʥʝʥʠʝ 

ʥʝʚʝʣʠʢʦ, ʥʦ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʘʩʩʠʚ ʦʙʲʷʚʣʝʥ ʚʦ ʤʥʦʛʠʭ 

ʤʝʩʪʘʭ ʚ ʙʠʙʣʠʦʪʝʢʝ, ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʫʝʪʩʷ ʚʥʝʩʪʠ, ʙʫʜʫʪ ʜʦʚʦʣʴʥʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʶʪ 

ʧʝʨʝʭʦʜ ʥʘ ʥʦʚʳʝ ʚʝʨʩʠʠ ʙʠʙʣʠʦʪʝʢʠ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʜʣʷ Linux-ʧʦʜʦʙʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʙʳʣʘ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʷ __malloc_hook ʠ __free_hook [93], 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʬʫʥʢʮʠʷʭ malloc ʠ free ʩʚʦʶ ʨʝʘʣʠʟʘʮʠʶ 

ʘʣʣʦʢʘʪʦʨʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʛʣʦʙʘʣʴʥʘʷ ʧʦʜʤʝʥʘ ʘʣʣʦʢʘʪʦʨʘ ʧʨʠʚʝʣʘ 

ʢ ʥʝʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʛʨʘʤʤʳ, ʯʪʦ ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʚʳʜʝʣʷʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʘʤʷʪʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʣʦʢʘʪʦʨ. 
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ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ 

ʨʝʘʣʠʟʘʮʠʠ, ʧʦ ʧʨʠʯʠʥʝ ʧʨʦʩʪʦʪʳ ʝʛʦ ʠʤʧʣʝʤʝʥʪʘʮʠʠ. ʆʜʥʘʢʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʩʪʦʠʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʝʨʚʳʡ ʧʦʜʭʦʜ, ʪʘʢ ʢʘʢ ʦʥ ʧʦʟʚʦʣʷʝʪ ʣʦʢʘʣʠʟʦʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʣʦʢʘʪʦʨʘ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ 

ʙʦʣʴʰʝʡ ʥʘʜʝʞʥʦʩʪʴʶ. 

3.6. ɺʳʚʦʜʳ 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʢʪʦʜʝʨʝʚʘ ʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ 

ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʙʳʣʠ ʧʨʠʤʝʥʝʥ r ʩʠʩʪʝʤʥʳʡ ʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ 

ʧʦʜʭʦʜʳ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʥʠʤʠ, ʠʭ ʬʫʥʢʮʠʡ ʠ ʮʝʣʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʘʙʩʪʨʘʢʮʠʡ 

ʠ ʠʥʪʝʨʬʝʡʩʦʚ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ. 

1. ʈʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʟʘʛʨʫʟʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʬʦʨʤʘʪʝ LAS. ɼʣʷ ʫʩʢʦʨʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʟʘʛʨʫʟʢʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʧʨʦʮʝʩʩʫ ʟʘʛʨʫʟʢʠ ʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʫʯʘʩʪʢʦʚ ʦʙʣʘʢʘ ʪʦʯʝʢ. 

2. ʈʘʩʩʤʦʪʨʝʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ 

ʦʢʪʦʜʝʨʝʚʝ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʨʝʘʣʠʟʘʮʠʷ LRU 

ʩʠʩʪʝʤʳ ʢʝʰʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʩʠʥʭʨʦʥʥʦʡ ʥʝʙʣʦʢʠʨʫʶʱʝʡ 

ʦʯʝʨʝʜʠ. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʘ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ. 

3. ʈʘʩʩʤʦʪʨʝʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ 

ʦʢʪʦʜʝʨʝʚʝ ʥʘ ʙʘʟʝ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʨʝʘʣʠʟʘʮʠʷ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ. 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʦʢʪʦʜʝʨʝʚʘ ʧʨʠ ʧʦʤʦʱʠ 

ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʘʣʣʦʢʘʮʠʠ ʜʘʥʥʳʭ ʥʘ ʦʪʦʙʨʘʞʘʝʤʦʡ ʧʘʤʷʪʠ. 
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4. ʈʘʩʩʤʦʪʨʝʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʣʘʢʦʚ 

ʪʦʯʝʢ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʦʢʪʦʜʝʨʝʚʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʦʡ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ, ʨʘʩʩʤʦʪʨʝʥ 

ʘʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʡ 

ʘʣʛʦʨʠʪʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʣʣʦʢʘʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʦʡ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʣʝʜʫʶʱʠʭ 

ʧʦʣʦʞʝʥʠʡ ʜʠʩʩʝʨʪʘʮʠʠ: 

1. ʄʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʝʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʠ ʧʫʪʝʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ ʘʩʠʥʭʨʦʥʥʦʡ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ 

ʢʝʰʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙʲʝʤʘ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ 

ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʚʣʠʷʥʠʷ ʦʙʤʝʥʦʚ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

2. ʄʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʝʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʠ ʧʫʪʝʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʪʦʜʝʨʝʚʘ ʥʘ ʙʘʟʝ ʤʝʭʘʥʠʟʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʤʷʪʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʶʱʠʡ ʫʩʢʦʨʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ 

ʦʢʪʦʜʝʨʝʚʘ ʟʘ ʩʯʝʪ ʢʦʜʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʣʦʯʠʩʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʠ ʠ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʡʣʦʚ ʜʦ ʦʜʥʦʛʦ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʦʙʤʝʥʦʚ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 
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ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦʪʝʟʝ. ʈʘʟʨʘʙʦʪʢʘ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʥʠʤʠ, ʩʠʩʪʝʤʥʳʤ ʇʆ, ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʴʶ. 
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ɻʣʘʚʘ 4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʘʧʨʦʙʘʮʠʷ ʠ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  

ɼʘʥʥʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʦʢʪʦʜʝʨʝʚʴʝʚ, ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʦʢʪʦʜʝʨʝʚʴʝʚ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʭ ʥʝʜʦʩʪʘʪʢʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʩʦʠʩʢʘʪʝʣʝʤ ʚ 

ʩʪʘʪʴʝ [29]. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʠ: 

1. ʇʣʘʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʮʝʣʴʶ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ 

ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʜʚʠʥʫʪʦʡ 

ʛʠʧʦʪʝʟʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʩʨʘʚʥʝʥʠʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʨʝʘʣʠʟʘʮʠʷʤʠ. ʈʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʦʢʪʦʜʝʨʝʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʚʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʩʪʦʨʦʥʥʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʙʠʙʣʠʦʪʝʢʘʭ 

ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʙʦʪʫ ʚ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ, ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ. 

4.1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʆʙʣʘʢʘ ʪʦʯʝʢ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʦʮʝʥʢʘ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ  4.1. ɺʳʙʦʨ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʘʢ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʧʦ ʨʘʟʤʝʨʫ, ʧʣʦʪʥʦʩʪʠ, ʪʦʧʦʣʦʛʠʠ ʠ ʤʝʪʦʜʫ ʩʲʝʤʢʠ ʚ 

ʮʝʣʷʭ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʚʭʦʜʥʳʭ ʥʘʙʦʨʦʚ 

ʜʘʥʥʳʭ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ 

ʨʝʘʣʴʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ. 
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ʊʘʙʣʠʮʘ 4.1 ï ʆʙʣʘʢʘ ʪʦʯʝʢ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

 ̄ ʅʘʟʚʘʥʠʝ ʂʦʣ-ʚʦ ʪʦʯʝʢ, ʤʣʥ ʈʘʟʤʝʨ, ɻɹ 

1 five.las 1.2 0.03 

2 polytech.las 51.6 1.8 

3 smolny.las 126 4.3 

4 molodezhnoe.las 1560 53.4 

5 road.las 21 0.685 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʧʨʝʜʣʦʞʝʥʥʳʝ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʆʙʣʘʢʘ ʪʦʯʝʢ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʪʦʯʝʢ, ʨʘʟʤʝʨʫ, ʧʣʦʪʥʦʩʪʠ, ʤʝʪʦʜʫ ʩʲʝʤʢʠ. ʅʘ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʥʠʞʝ ʙʫʜʝʪ ʧʨʠʚʝʜʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʘ ʪʘʢʞʝ ʠʭ 

ʧʣʦʪʥʦʩʪʴ. ʇʣʦʪʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʫʪʝʤ ʧʦʜʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʩʦʩʝʜʝʡ ʜʣʷ 

ʢʘʞʜʦʡ ʪʦʯʢʠ ʚ ʨʘʜʠʫʩʝ 15 ʩʤ. ʏʝʤ ʙʣʠʞʝ ʟʥʘʯʝʥʠʝ ʪʘʢʦʛʦ ʨʘʜʠʫʩʘ ʢ ʩʨʝʜʥʝʡ 

ʧʣʦʪʥʦʩʪʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʪʝʤ ʙʦʣʝʝ ʪʦʯʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʨʘʜʠʫʩ ʙʳʣ 

ʚʳʙʨʘʥ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʚʩʝʤ ʦʙʣʘʢʘʤ ʪʦʯʝʢ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʝʜʠʥʫʶ ʰʢʘʣʫ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʰʢʘʣʘ 

ʧʣʦʪʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʮʚʝʪʘ ʨʘʩʢʨʘʩʢʠ ʠ ʟʥʘʯʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ. 
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five.las. ɼʘʥʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʧʨʠ 

ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʪʦʯʝʢ. ʀʩʪʦʯʥʠʢʦʤ ʦʙʣʘʢʘ ʪʦʯʝʢ ʷʚʣʷʝʪʩʷ ʣʘʟʝʨʥʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ. ʀʟʦʙʨʘʞʝʥʠʝ ʦʙʣʘʢʘ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.1, ʘ ʧʣʦʪʥʦʩʪʴ ʥʘ 

ʨʠʩʫʥʢʝ 4.2. 

 

ʈʠʩʫʥʦʢ 4.1 ï ʀʟʦʙʨʘʞʝʥʠʝ ʦʙʣʘʢʘ ʪʦʯʝʢ five.las 

 

ʈʠʩʫʥʦʢ 4.2 ï ʇʣʦʪʥʦʩʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ five.las 
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polytech.las. ɼʘʥʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʟʫʣʴʪʘʪ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʅʘʫʯʥʦ-ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʂʦʨʧʫʩʘ ʉʇʙʇʋ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʝʡ ʧʨʠ ʧʦʤʦʱʠ 

ʜʨʦʥʘ ʩ ʚʠʜʝʦʢʘʤʝʨʘʤʠ, ʚ ʩʠʣʫ ʯʝʛʦ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ, ʦʜʥʘʢʦ ʠʤʝʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠʩʢʘʞʝʥʠʷ. ʀʟʦʙʨʘʞʝʥʠʝ ʦʙʣʘʢʘ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.3, ʘ ʧʣʦʪʥʦʩʪʴ ʥʘ ʨʠʩʫʥʢʝ 4.4. 

 

ʈʠʩʫʥʦʢ 4.3 - ʀʟʦʙʨʘʞʝʥʠʝ ʦʙʣʘʢʘ ʪʦʯʝʢ polytech.las 

 

ʈʠʩʫʥʦʢ 4.4 - ʇʣʦʪʥʦʩʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ polytech.las 
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smolny.las. ɼʘʥʥʦʝ ʦʙʣʘʢʦ ʫʞʝ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʠ 

ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʦʚʤʝʱʝʥʠʷ ʜʘʥʥʳʭ ʩ ʪʨʝʭ ʪʦʯʝʢ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʀʟʦʙʨʘʞʝʥʠʝ 

ʦʙʣʘʢʘ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.5, ʘ ʧʣʦʪʥʦʩʪʴ ʥʘ ʨʠʩʫʥʢʝ 4.6. 

 

ʈʠʩʫʥʦʢ 4.5 - ʀʟʦʙʨʘʞʝʥʠʝ ʦʙʣʘʢʘ ʪʦʯʝʢ smolny.las 

 

ʈʠʩʫʥʦʢ 4.6 - ʇʣʦʪʥʦʩʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ smolny.las 
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molodezhnoe.las. ɼʘʥʥʦʝ ʦʙʣʘʢʦ ʩʦʜʝʨʞʠʪ ʧʦʣʪʦʨʘ ʤʠʣʣʠʘʨʜʘ ʪʦʯʝʢ ʠ ʫʞʝ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʛʨʫʞʝʥʦ ʚ ʧʘʤʷʪʴ ʮʝʣʠʢʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʗʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʦʚʤʝʱʝʥʠʷ ʜʘʥʥʳʭ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʦʯʝʢ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʦʙʣʘʢʘ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.7, ʘ ʧʣʦʪʥʦʩʪʴ ʥʘ ʨʠʩʫʥʢʝ 4.8. 

 

ʈʠʩʫʥʦʢ 4.7 - ʀʟʦʙʨʘʞʝʥʠʝ ʦʙʣʘʢʘ ʪʦʯʝʢ molodezhnoe.las 

 

ʈʠʩʫʥʦʢ 4.8 - ʇʣʦʪʥʦʩʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ molodezhnoe.las 
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road.las. ɼʘʥʥʦʝ ʦʙʣʘʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʣʛʦʨʠʪʤʝ ʧʦʩʪʨʦʝʥʠʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ ʠ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʤʦʙʠʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦʨʦʛʠ. ʀʟʦʙʨʘʞʝʥʠʝ ʦʙʣʘʢʘ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.9, ʘ ʧʣʦʪʥʦʩʪʴ 

ʥʘ ʨʠʩʫʥʢʝ 4.10. 

 

ʈʠʩʫʥʦʢ 4.9 - ʀʟʦʙʨʘʞʝʥʠʝ ʦʙʣʘʢʘ ʪʦʯʝʢ road.las 

 

ʈʠʩʫʥʦʢ 4.10 - ʇʣʦʪʥʦʩʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ road.las 
































































































