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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

ʆʂʉ ï ʦʙʲʝʢʪ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ; 

ʆʅ ï ʦʙʲʝʢʪ ʥʝʜʚʠʞʠʤʦʩʪʠ; 

ʈʦʩʨʝʝʩʪʨ ï ʌʝʜʝʨʘʣʴʥʘʷ ʩʣʫʞʙʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ, ʢʘʜʘʩʪʨʘ ʠ 

ʢʘʨʪʦʛʨʘʬʠʠ (ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ); 

ɻʀʉ ï ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ; 

ɻʂʅ ï ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʢʘʜʘʩʪʨʝ ʥʝʜʚʠʞʠʤʦʩʪʠ; 

FIG ï ʤʝʞʜʫʥʘʨʦʜʥʘ ̫ʬʝʜʝʨʘʮʠ ̫ʛʝʦʜʝʟʠʩʪʦʚ; 

LOD ï ʫʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ Level of Details;  

ʇʆ ï ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ; 

ïɴ ʟʥʘʢ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʨʝʭʤʝʨʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ ʪʨʸʭʤʝʨʥʦʤ 

ʤʠʨʝ ʠʟ-ʟʘ ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʣʦʞʥʦʩʪʠ ʢʘʜʘʩʪʨʦʚʦʛʦ ʦʧʠʩʘʥʠʷ ʧʣʦʱʘʜʝʡ 

ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ, ʧʦʜʟʝʤʥʦʡ ʠ ʥʘʜʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʊʨʸʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ - ʜʦʩʪʘʪʦʯʥʦ ʧʦʧʫʣʷʨʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʪʝʤʳ. ʊʨʝʭʤʝʨʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʥʝʡ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʤʦʛʣʦ ʙʳ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʘʜʘʩʪʨʦʚʦʛʦ ʫʯʸʪʘ (ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʳʩʦʪʝ, ʨʘʟʤʝʨʘʭ ʦʪʜʝʣʴʥʳʭ 

ʯʘʩʪʝʡ ʠ ʦʙʲʝʤʝ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʜʨ.).  

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʥʘʟʝʤʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʨʘʟʥʦʛʦ ʪʠʧʘ. ɸ ʠʤʝʥʥʦ, ʦʩʦʙʳʝ 

ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʘʚʪʦʨ ʩʯʠʪʘʝʪ, ʯʪʦ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʥʝʩʝʥʠʷ ʚ ʢʘʜʘʩʪʨʦʚʫʶ ʩʠʩʪʝʤʫ ʩʪʨʘʥʳ.  

ʄʥʦʛʠʝ ʟʘʨʫʙʝʞʥʳʝ ʩʪʨʘʥʳ ʥʘʯʘʣʠ ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʜʚʫʭʤʝʨʥʦʡ ʩʠʩʪʝʤʳ 

ʢʘʜʘʩʪʨʘ ʢ ʪʨʸʭʤʝʨʥʦʡ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ 

ʥʝʜʚʠʞʠʤʦʩʪʠ. ʆʧʠʨʘʷʩʴ ʥʘ ʦʧʳʪ ʵʪʠʭ ʩʪʨʘʥ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʙʦʨʘ ʪʨʝʭʤʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ 3D-ʢʘʜʘʩʪʨʘ ð 

ʵʪʦ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ. 

ʈʘʟʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʧʨʝʜʣʘʛʘʶʪ ʩʚʦʠ ʵʢʩʧʝʨʪʥʳʝ ʚʟʛʣʷʜʳ ʥʘ ʙʫʜʫʱʝʝ 

ʢʘʜʘʩʪʨʘ ʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ. ʅʦ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʜʘʩʪʨʦʚʦʛʦ ʠ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʚ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʩʦʙʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ 

ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʪʴ ʚʨʝʤʷ ʢʘʤʝʨʘʣʴʥʳʭ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ. 
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ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʊʝʤʳ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʜʘʩʪʨʘ ʫʞʝ ʦʙʩʫʞʜʘʣʠʩʴ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ: 

ʉ.ʅ.  ɺʦʣʢʦʚ, ɸ.ɺ. ʂʦʤʠʩʩʘʨʦʚ, ɼ. ɺ. ʂʦʤʠʩʩʘʨʦʚ, ɺ.ɸ. ʉʝʨʝʜʦʚʠʯ, ɸ.ɻ. ʏʠʙʫʥʠʯʝʚ, 

ɸ.ɻ. ʖʥʫʩʦʚ, ɺ.ʄ. ʂʫʨʢʦʚ, ɸ.ʇ. ʉʠʟʦʚ, ʊ.ɺ. ʇʘʧʘʩʢʠʨʠ,  ʄ.ʇ. ɹʫʨʦʚ, ɸ.ɹ. ɺʝʣʠʞʝʚ, 

ʉ.ɻ. ɻʝʨʘʩʠʤʦʚʘ, ɻ.ʖ. ɽʣʠʟʘʨʦʚʘ, ɸ. ɸ. ʂʦʯʥʝʚʘ, ʀ.ʂ. ʉʝʨʛʝʝʚʠʯ, ʀ.ʀ. ʉʥʝʞʢʦ, ʈ.ɺ. 

ʐʘʧʦʚʘʣʦʚ. ʋʯʪʝʥ ʙʦʣʴʰʦʡ ʦʧʳʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ: ɸ. Abdelhafiz, 

A. Aien, E. Che , F. Doner, L. George, R. Kucak, L. Li , H. Mattsson, H. Onsrud , T. 

Rabbani, J. Stoter, T. Valstad, P. Van Oosterom, G. Vosselman, I. Williamson. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ ʚʥʝʩʣʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʈʝʛʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʉɻʋɻʠʊ 

(ʅʦʚʦʩʠʙʠʨʩʢ).   

ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʮʝʣʷʭ 3D-ʢʘʜʘʩʪʨʘ 

ʵʪʦ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɹʦʣʴʰʦʡ 

ʦʙʲʝʤ ʜʘʥʥʳʭ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʵʪʘʧʝ ʢʘʤʝʨʘʣʴʥʳʭ 

ʨʘʙʦʪ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʫʤʝʥʴʰʘʶʪ ʚʨʝʤʷ ʥʘ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʦʛʜʘ ʦʥʠ ʤʦʛʫʪ ʜʘʪʴ 

ʥʝʧʨʘʚʠʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʤʝʪʦʜ ʩʯʠʪʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʳ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ (ʧʨʦʩʪʳʝ ʧʦʩʪʨʦʡʢʠ, ʩʣʦʞʥʳʝ 

ʬʘʩʘʜʳ ʩ ʫʢʨʘʰʝʥʠʷʤʠ ʠ ʪ. ʜ.). ʇʦʵʪʦʤʫ ʥʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ 3D-ʤʦʜʝʣʝʡ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʜʣʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʫʜʫʱʝʛʦ ʢʘʜʘʩʪʨʘ ʩ ʪʨʝʭʤʝʨʥʳʤʠ ʤʦʜʝʣʷʤʠ 

ʦʙʲʝʢʪʦʚ ʦʩʦʙʦʛʦ ʪʠʧʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʜʘʩʪʨʦʚʦʛʦ ʫʯʸʪʘ.  

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʤʝʪʦʜʠʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʩʦʙʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʪʴ ʚʨʝʤʷ ʢʘʤʝʨʘʣʴʥʳʭ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʜʚʫʭʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ ʢ ʪʨʸʭʤʝʨʥʦʡ. ʈʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʩʝʛʤʝʥʪʘʮʠʠ. 
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ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1) ʠʟʫʯʠʪʴ ʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 3D- 

ʢʘʜʘʩʪʨʫ ʚ ɽʚʨʦʧʝ ʠ ʚ ʈʦʩʩʠʠ ; 

2) ʦʧʨʝʜʝʣʠʪʴ 3D-ʢʘʜʘʩʪʨ ʠ ʪʠʧ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʚ 3D, ʠ ʠʭ 

ʫʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ;  

3) ʠʟʫʯʠʪʴ ʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʝʪʦʜʘʤ 

ʩʝʛʤʝʥʪʘʮʠʠ ʜʘʥʥʳʭ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ; 

4) ʚʳʧʦʣʥʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʝʪʦʜʠʢ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʦʩʦʙʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ 

ʪʦʯʥʦʩʪʠ ʠʭ ʤʦʜʝʣʝʡ ; 

5) ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʣʦʪʥʦʩʪʴʶ ʪʦʯʝʢ ʠ ʪʦʯʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ 

ʩʝʛʤʝʥʪʘʮʠʠ, ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠʟʫʯʘʝʤʳʭ 

ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ;  

6) ʘʧʨʦʙʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʘ ʚ ʦʙʣʘʢʝ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʮʝʣʷʭ 3D-ʢʘʜʘʩʪʨʘ ʠ ʚʳʷʚʠʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ; 

7) ʚʳʧʦʣʥʠʪʴ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʟʝʤʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʘʜʘʩʪʨʘ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʜʚʫʭʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ ʢ ʪʨʸʭʤʝʨʥʦʡ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʳ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʥʘ ʢʦʪʦʨʳʭ 

ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʟʝʤʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚ ʮʝʣʷʭ 3D-ʢʘʜʘʩʪʨʘ ʩʣʦʞʥʳʭ ʧʦ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʝ ʦʙʲʝʢʪʦʚ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ï ʩʝʛʤʝʥʪʘʮʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʠʩʧʨʘʚʣʝʥʠʝ 

ʵʬʬʝʢʪʘ ʪʝʥʝʡ. 

ʅʦʚʠʟʥʘ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

1. ɼʣʷ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʜʣʷ 3D-ʢʘʜʘʩʪʨʘ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ: 
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a. ʄʝʪʦʜʠʢʘ ʩʝʛʤʝʥʪʘʮʠʠ ʜʘʥʥʳʭ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʘʥʘʣʦʛʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ 

ʰʫʤʫ, ʧʦʣʦʞʝʥʠʶ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʜʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʟʘʪʨʘʪʘʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʢʘʤʝʨʘʣʴʥʳʭ ʨʘʙʦʪ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʠʧ, ʭʘʨʘʢʪʝʨ, 

ʬʦʨʤʫ ʠʣʠ ʤʘʪʝʨʠʘʣʳ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ. 

b. ʄʝʪʦʜʠʢʘ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ (ʵʬʬʝʢʪʘ ʪʝʥʝʡ) 

ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʦʙʥʘʨʫʞʠʪʴ ʪʝʥʠ ʥʘ ʦʙʲʝʢʪʘʭ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʨʘʚʠʪʴ ʠʭ ʚʣʠʷʥʠʝ ʢʘʢ ʥʘ ʧʨʦʩʪʳʭ, ʪʘʢ ʠ ʥʘ ʩʣʦʞʥʳʭ 

ʤʦʜʝʣʷʭ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʤʦʜʝʣʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷʤ ʢʘʜʘʩʪʨʦʚʳʭ 

ʨʘʙʦʪ, ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʧʝʨʝʭʦʜʘ ʦʪ ʜʚʫʭʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ 

ʢ ʪʨʸʭʤʝʨʥʦʡ.  

2. ɺ ʮʝʣʷʭ 3D-ʢʘʜʘʩʪʨʘ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ 

ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʚʥʝʜʨʠʪʴ ʥʘ ʧʨʝʜʧʨʦʝʢʪʥʦʤ ʵʪʘʧʝ ʥʦʚʳʡ ʩʧʦʩʦʙ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ. 

3. ɺ ʧʨʦʮʝʩʩʝ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ ʮʝʣʷʭ 3D-

ʢʘʜʘʩʪʨʘ ʚʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ. 

 ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʦʩʦʙʝʥʥʦʛʦ ʪʠʧʘ ʚ ʮʝʣʷʭ 3D-ʢʘʜʘʩʪʨʘ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʠʩʩʣʝʜʦʚʘʪʴ ʤʥʦʛʦʵʪʘʞʥʫʶ ʟʘʩʪʨʦʡʢʫ, ʦʙʲʝʢʪʳ ʧʦʜʟʝʤʥʦʡ ʠ ʥʘʜʟʝʤʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʠ ʚ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʢʘʢ ʚʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ 
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ʦʙʣʘʩʪʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʩʚʝʜʝʥʠʡ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʝʡ, ʛʘʨʘʥʪʠʠ ʧʨʘʚ 

ʩʦʙʩʪʚʝʥʥʠʢʦʚ, ʚʣʘʜʝʶʱʠʭ ʥʝʜʚʠʞʠʤʦʩʪʴʶ, ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʚ ʦʙʣʘʩʪʠ ʟʝʤʝʣʴʥʦ-ʠʤʫʱʝʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʘʜʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʩʦʢʨʘʪʷʪ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʠ ʪʨʫʜʦʚʳʝ (ʯʝʣʦʚʝʯʝʩʢʠʝ) 

ʨʝʩʫʨʩʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʠʧ, 

ʭʘʨʘʢʪʝʨ ʠʣʠ ʪʝʢʩʪʫʨʫ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʝʪʦʜʠʢ ʚ ʢʘʜʘʩʪʨʝ ʧʦʟʚʦʣʠʪ ʚ ʢʘʤʝʨʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʘʪʴ ʥʘ 3D-ʤʦʜʝʣʷʭ 

ʥʝʦʙʭʦʜʠʤʳʝ ʪʨʝʭʤʝʨʥʳʝ ʜʘʥʥʳʝ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʝʚʳʭ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʚ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʷʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 3D-ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʩ 

ʮʝʣʴʶ ʨʝʩʪʘʚʨʘʮʠʠ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 3D-ʢʘʨʪ ʜʣʷ ʥʘʚʠʛʘʮʠʠ, ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, 

ʜʣʷ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʠ ʪ.ʧ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʩʙʦʨʘ, ʠʟʫʯʝʥʠʷ, ʘʥʘʣʠʟʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʘʥʘʣʠʟʝ ʠ 

ʩʠʥʪʝʟʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ 

ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʪʨʸʭʤʝʨʥʦʛʦ ʢʘʜʘʩʪʨʘ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʠʣʠʩʴ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ, ʵʢʩʧʝʨʪʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʠʩʪʝʤʥʳʡ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʠ ʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

ɺ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʣʝʞʠʪ ʢʦʤʙʠʥʘʮʠʷ ʤʝʪʦʜʘ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʩʝʛʤʝʥʪʘʮʠʠ ʜʘʥʥʳʭ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ, ʢʦʪʦʨʘʷ ʩʤʦʞʝʪ 

ʩʪʘʪʴ ʯʘʩʪʴʶ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 3D-ʢʘʜʘʩʪʨʘ, ʠ ʧʦʟʚʦʣʠʣʘ ʙʳ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʠ ʦʧʪʠʤʘʣʴʥʦ ʨʘʙʦʪʘʪʴ ʩ ʦʙʲʝʢʪʘʤʠ ʥʝʜʚʠʞʠʤʦʩʪʠ; 
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2. ʤʝʪʦʜʠʢʘ ʠʩʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʚ ʦʙʣʘʢʘʭ ʪʦʯʝʢ ʦʪ ʪʝʥʝʚʦʛʦ ʵʬʬʝʢʪʘ, 

ʚʳʟʚʘʥʥʦʛʦ ʩʦʩʝʜʥʠʤʠ ʦʙʲʝʢʪʘʤʠ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʷʤʠ ʩʘʤʦʛʦ 

ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ;  

3. ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʚ 

ʥʝʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʥʳʭ 

ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ;  

4. ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ ʠ ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʮʝʣʷʭ 3D 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʧʝʨʝʭʦʜʘ ʦʪ ʜʚʫʭʤʝʨʥʦʡ ʩʠʩʪʝʤʳ 

ʢʘʜʘʩʪʨʘ ʢ ʪʨʸʭʤʝʨʥʦʡ. 

 ʊʝʤʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʤ ʧʫʥʢʪʘʤ ʧʘʩʧʦʨʪʘ ʥʘʫʯʥʦʡ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 25.00.26 ɿʝʤʣʝʫʩʪʨʦʡʩʪʚʦ, ʢʘʜʘʩʪʨ ʠ ʤʦʥʠʪʦʨʠʥʛ ʟʝʤʝʣʴ 

(ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ):  ʇ.5 çʇʨʠʥʮʠʧʳ ʩʙʦʨʘ, ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ, ʥʘʢʦʧʣʝʥʠʷ, 

ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʩʚʝʜʝʥʠʡ ʦ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ. ʈʘʟʨʘʙʦʪʢʘ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʠ 

ʧʦ ʚʝʜʝʥʠʶ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʘè.  ʇ.7 çʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʘè.  ʇ.3 çʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʠʟʲʷʪʠʷ ʠ 

ʚʚʝʜʝʥʠʷ ʬʝʜʝʨʘʣʴʥʦʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʘè. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʚʪʦʨʝʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ 9-ʠ 

ʦʙʲʝʢʪʘʭ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʩʢʘʥʝʨʦʚ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ (ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ). ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʩʫʞʜʘʣʠʩʴ ʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʥʘʰʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʦʪʢʣʠʢ ʥʘ 6-ʪʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ 4 ʤʝʞʜʫʥʘʨʦʜʥʳʭ: 
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- IX  ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ, ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ çʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʥʳʭ ʜʣʷ ʨʘʟʚʠʪʠʷ ɸʇʂè (ɻʋɿ, ʄʦʩʢʚʘ, ʘʧʨʝʣʴ 2017 ʛ.); 

- VI ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʛʝʦʜʝʟʠʠ ʠ ʘʨʭʠʪʝʢʪʫʨʝ çʂ ʥʦʚʳʤ 

ʧʝʨʩʧʝʢʪʠʚʘʤ ʚ ʨʘʟʚʠʪʠʠ ʟʝʤʣʠè (ɹʝʡʨʫʪ, ʃʠʚʘʥ, ʠʶʣʴ, 2017 ʛ.); 

- ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɺʝʢʪʦʨʳ ʨʘʟʚʠʪʠʷ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʟʝʤʝʣʴʥʦʡ ʧʦʣʠʪʠʢʠ: ʦʧʳʪ 

XX ʚʝʢʘ ʠ ʩʦʚʨʝʤʝʥʥʦʩʪʴè (ɻʋɿ, ʄʦʩʢʚʘ, ʜʝʢʘʙʨʴ 2018 ʛ.); 

- ʅʘʫʯʥʦʤ ʩʝʤʠʥʘʨʝ ʢʘʬʝʜʨʳ ʛʝʦʜʝʟʠʠ ʠ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʫ (ʄʦʩʢʚʘ, ʘʧʨʝʣʴ 2019 ʛ.); 

-  XXVI ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚ-2019è, ʩʝʢʮʠʷ çɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝè ʥʘ ʧʦʜʩʝʢʮʠʠ çɺʳʟʦʚʳ 4-ʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʚʦʣʶʮʠʠ: ʈʦʩʩʠʷ 

ʠ ʤʠʨè (ʄɻʋ, ʄʦʩʢʚʘ, ʘʧʨʝʣʴ 2019 ʛ.);  

- ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ ʬʦʨʫʤ çɺʝʣʠʢʠʝ ʨʝʢʠ 2019è) 

(ʅʅɻɸʉʋ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʤʘʡ 2019ʛ.). 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 8 ʨʘʙʦʪ, ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ 3 ʚ ʞʫʨʥʘʣʘʭ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʠ ʦʜʥʘ ʩʪʘʪʴʷ 

ʚ ʞʫʨʥʘʣʝ Scopus.  

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʦʪʩʫʪʩʪʚʫʝʪ ʟʘʠʤʩʪʚʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʙʝʟ ʩʩʳʣʦʢ ʥʘ ʘʚʪʦʨʘ ʠ 

ʠʩʪʦʯʥʠʢ ʟʘʠʤʩʪʚʦʚʘʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ 

ʨʘʙʦʪ, ʚʳʧʦʣʥʝʥʥʳʭ ʩʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʩʦʠʩʢʘʪʝʣʴ ʦʪʤʝʪʠʣ ʵʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ. 
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ɻʃɸɺɸ 1. ʊʨʘʜʠʮʠʦʥʥʳʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʢʘʜʘʩʪʨʦʚʦʛʦ ʫʯʝʪʘ 

 

1.1. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ ʥʝʜʚʠʞʠʤʦʩʪʠ 

ʈʦʩʩʠʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʨʘʙʦʪʘʣʘ ʩʦʚʨʝʤʝʥʥʫʶ ʢʘʜʘʩʪʨʦʚʫʶ ʩʠʩʪʝʤʫ ʠ 

ʩʜʝʣʘʣʘ ʦʛʨʦʤʥʳʝ ʰʘʛʠ ʚʧʝʨʝʜ ʚ ʧʨʠʤʝʥʝʥʠʠ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ. ʅʦ ʤʥʦʛʠʝ 

ʩʪʨʘʥʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʦʚʳʤʠ ʚʳʟʦʚʘʤʠ, ʫʜʝʣʷʷ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʨʝʰʝʥʠʷʤ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʢʘʜʘʩʪʨʦʚʳʭ ʩʠʩʪʝʤʘʭ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʢ ʫʯʝʪʫ ʦʙʲʝʢʪʦʚ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʤʝʪʦʜʦʚ ʭʨʘʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ ʠ 

ʚʥʝʜʨʝʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʧʦʤʦʛʣʠ ʩʦʟʜʘʪʴ ʧʦʜʭʦʜʷʱʫʶ 

ʩʨʝʜʫ ʜʣʷ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʢʘʜʘʩʪʨʘ ʥʝʜʚʠʞʠʤʦʩʪʠ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʛʦʨʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʘʛʨʫʞʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ 

ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʩʣʦʞʥʳʤʠ ʠʤʫʱʝʩʪʚʝʥʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ. ʅʝ ʨʝʜʢʠ ʩʠʪʫʘʮʠʠ 

ʧʝʨʝʩʝʢʘʶʱʝʡʩʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩ ʠʤʫʱʝʩʪʚʦʤ ʨʘʟʥʳʭ ʩʦʙʩʪʚʝʥʥʠʢʦʚ. ʇʦʜʦʙʥʳʝ 

ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʟʚʠʚʘʪʴ, ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ [44]. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʨʘʟʥʦʛʦ ʨʦʜʘ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ ʥʝʭʚʘʪʢʠ 

ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʛʦʨʦʜʩʢʠʭ ʛʨʘʥʠʮʘʭ. ʇʦʵʪʦʤʫ, ʦʙʲʝʢʪʳ ʥʝʜʚʠʞʠʤʦʩʪʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʠ ʧʦʜ ʥʝʡ, 

ʨʘʚʥʦ ʢʘʢ ʠ ʥʘʜ ʥʝʡ [52]. ʇʨʝʜʩʪʘʚʣʷʷ ʩʠʩʪʝʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʘʜʘʩʪʨʘ ʦʙʲʝʢʪʦʚ 

ʥʝʜʚʠʞʠʤʦʩʪʠ ʢʘʢ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʨʝʘʣʴʥʦʩʪʠ ʥʘ ʥʝʢʦʪʦʨʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʚ ʥʝʢʦʪʦʨʳʭ ʛʨʘʥʠʮʘʭ, ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʦʯʝʚʠʜʥʦ, 

ʯʪʦ ʜʚʫʤʝʨʥʦʛʦ ʦʧʠʩʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ, 

ʠʩʭʦʜʷ ʠʟ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ɻʂʅ, ʩʣʦʞʥʦ ʩʜʝʣʘʪʴ ʦʙʲʝʢʪʠʚʥʳʡ ʠ 

ʠʩʯʝʨʧʳʚʘʶʱʠʡ ʚʳʚʦʜ ʦ ʨʝʘʣʴʥʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʤʠ 

ʦʙʲʝʢʪʘʤʠ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʜʘʩʪʨʘ. 
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ɺʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʫʞʝ ʧʨʝʜʧʨʠʥʷʣʠ ʩʝʨʴʝʟʥʳʝ ʰʘʛʠ ʥʘ 

ʧʫʪʠ ʢ ʩʦʟʜʘʥʠʶ ʮʝʣʦʡ ʠ ʧʦʣʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ ʦʙʲʝʢʪʦʚ 

ʥʝʜʚʠʞʠʤʦʩʪʠ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʦʙ ʵʪʦʡ ʪʝʤʝ ʥʘʯʘʣʘʩʴ ʥʘ ʧʝʨʚʦʤ 

ʩʝʤʠʥʘʨʝ ʧʦ 3D-ʢʘʜʘʩʪʨʘʤ, ʦʨʛʘʥʠʟʦʚʘʥʥʦʤ ɼʝʣʬʪʩʢʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʚ ʥʦʷʙʨʝ 2001 ʛʦʜʘ [135]. ʇʦʩʣʝ ʩʝʤʠʥʘʨʘ 2001 ʛʦʜʘ, ʧʦʩʪʨʦʝʥʠʝ 

ʢʘʜʘʩʪʨʦʚʳʭ ʢʘʨʪ, ʧʫʪʝʤ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʛʨʘʥʠʮ 

ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ 3D ʥʘʯʘʣʦʩʴ, ʥʘʧʨʠʤʝʨ ʩ 2004 ʛʦʜʘ ʚ ʐʚʝʮʠʠ [107], [91] 

ʠ ʩ 2005 ʚ ʊʫʨʮʠʠ [124]. 

1.2. 2D-ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ 

ʅʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ, ʟʝʤʣʷ ʙʳʣʘ, 

ʙʝʩʩʧʦʨʥʦ, ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʙʦʛʘʪʩʪʚʘ ʠ ʚʣʘʩʪʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʨʘʥʪʠʠ 

ʚʣʘʜʝʥʠʷ ʟʝʤʣʝʡ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʨʘʟʥʳʝ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ ʥʝʜʚʠʞʠʤʦʩʪʠ [142]. 

ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʩʠʩʪʝʤʘʤʠ ʯʘʩʪʦ ʟʘʚʠʩʷʪ ʦʪ ʤʝʩʪʥʦʛʦ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʟʝʤʝʣʴ, ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʪ. ʜ. [57]. 

 ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʬʝʜʝʨʘʮʠʠ ʛʝʦʜʝʟʠʩʪʦʚ (FIG) [83], ʢʘʜʘʩʪʨ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʢʘʜʘʩʪʨ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʢʪʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʜʝʨʞʘʱʫʶ ʟʘʧʠʩʠ ʦ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, 

ʧʨʘʚʘʭ ʥʘ ʥʝʜʚʠʞʠʤʦʝ ʠʤʫʱʝʩʪʚʦ, ʦʛʨʘʥʠʯʝʥʠʷʭ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʩʦʙʩʪʚʝʥʥʠʢʦʚ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ (ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʛʨʘʥʠʮʳ, ʢʦʦʨʜʠʥʘʪʳ, ʧʣʦʱʘʜʴ, 

ʩʪʦʠʤʦʩʪʴ), ʦ ʟʝʤʣʝʚʣʘʜʝʥʠʠ (ʧʨʘʚʘ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʦʙʷʟʘʥʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʠʢʦʚ) ʠ ʦ ʩʦʙʩʪʚʝʥʥʠʢʘʭ. 

ʉʦʛʣʘʩʥʦ ɿʝʤʝʣʴʥʦʤʫ ʢʦʜʝʢʩʫ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [1], ʟʝʤʝʣʴʥʳʡ ʫʯʘʩʪʦʢ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʜʚʫʤʝʨʥʳʡ ʦʙʲʝʢʪ, ʘ ʥʝ ʪʨʝʭʤʝʨʥʳʡ, ʥʦ ʩʦʛʣʘʩʥʦ ʌʝʜʝʨʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ ʦʪ 24.07.2007 ʛ. ˉ221-ʌɿ çʆ ʢʘʜʘʩʪʨʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠè [2], ʚ ʜʦʧʦʣʥʝʥʠʝ 

ʢ ʟʝʤʝʣʴʥʳʤ ʫʯʘʩʪʢʘʤ, ʢʘʜʘʩʪʨ ʩʦʜʝʨʞʠʪ ʠ ʦʙʲʝʢʪʳ ʪʨʝʭʤʝʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʪʘʢʠʝ 

ʢʘʢ ʟʜʘʥʠʷ, ʩʦʦʨʫʞʝʥʠʷ, ʧʦʤʝʱʝʥʠʷ ʠ ʦʙʲʝʢʪʳ ʥʝʟʘʚʝʨʰʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʇʦʵʪʦʤʫ ʚ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʧʨʘʚʘ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 
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ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʪʴ ʥʦʚʳʝ ʪʨʝʭʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʚ ʪʨʝʭʤʝʨʥʦʤ ʚʠʜʝ. 

1.3. ʇʨʦʙʣʝʤʳ 2D ʢʘʜʘʩʪʨʘ 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʪʨʝʭʤʝʨʥʦʛʦ ʤʠʨʘ ʚ ʜʚʫʤʝʨʥʦʤ ʚʠʜʝ ʚʝʜʝʪ ʢ 

ʥʝʠʟʙʝʞʥʳʤ ʥʘʣʦʞʝʥʠʷʤ ʦʙʲʝʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʥʦʡ ʚʳʩʦʪʝ, ʠ 

ʧʝʨʝʩʝʯʝʥʠʷʤ ʠʭ ʛʨʘʥʠʮ. ɼʝʡʩʪʚʫʶʱʠʡ ʜʚʫʤʝʨʥʳʡ ʢʘʜʘʩʪʨ ʥʝ ʧʦʟʚʦʣʷʝʪ ʯʝʪʢʦ 

ʫʚʠʜʝʪʴ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʫʯʝʪ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʢʘʢ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ 

ʢʦʤʧʣʝʢʩʳ ʥʝʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʳ, ʩ ʥʘʚʠʩʘʶʱʠʤ ʚʪʦʨʳʤ, ʪʨʝʪʴʠʤ ʵʪʘʞʦʤ ʠʣʠ 

ʚʳʣʝʪʘʶʱʠʤʠ ʢʦʥʩʦʣʷʤʠ, ʧʦʧʘʜʘʶʱʠʤʠ ʥʘ ʯʫʞʫʶ ʪʝʨʨʠʪʦʨʠʶ (ʨʠʩʫʥʦʢ 1.1).  

 

ʈʠʩʫʥʦʢ 1.1 ï ɾʠʣʦʡ ʢʦʤʧʣʝʢʩ ʚ ʂʦʠʤʙʨʝ ʚ ʇʦʨʪʫʛʘʣʠʠ 

ɺ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʨʝʜʝ ʫʯʘʩʪʥʠʢʦʚ ʢʘʜʘʩʪʨʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ 

ʧʦʜʦʙʥʳʝ ʩʠʪʫʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʝʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʘʜʘʩʪʨʦʚʦʤʫ ʠʥʞʝʥʝʨʫ 

ʧʦʩʪʫʧʠʣ ʟʘʢʘʟ ʥʘ ʤʝʞʝʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʚʝʢʦʚʘʷ ʦʙʦʨʦʥʠʪʝʣʴʥʘʷ ʢʨʝʧʦʩʪʴ, ʚʠʩʷʱʘʷ ʥʘ ʩʢʘʣʝ, ʥʘ ʚʳʩʦʪʝ 

ʧʨʠʤʝʨʥʦ 15 ʤʝʪʨʦʚ ʦʪ ʟʝʤʣʠ. ʕʪʘ ʢʨʝʧʦʩʪʴ ʧʨʦʝʮʠʨʫʝʪʩʷ ʥʘ ʟʝʤʝʣʴʥʳʡ ʫʯʘʩʪʦʢ, 

ʫʞʝ ʧʦʩʪʘʚʣʝʥʥʳʡ ʥʘ ʢʘʜʘʩʪʨʦʚʳʡ ʫʯʝʪ, ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʝʸ ʥʝʚʦʟʤʦʞʥʘ [33].  

ʉʦʚʨʝʤʝʥʥʳʝ ʤʥʦʛʦʵʪʘʞʥʳʝ ʟʜʘʥʠʷ, ʪʦʥʥʝʣʠ ʠ ʠʥʞʝʥʝʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

ʪʨʝʙʫʶʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘʜʟʝʤʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʥʝʜʦʩʪʘʪʢʦʚ 2D ʢʘʜʘʩʪʨʘ 

ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ ʧʨʠʤʝʨʳ. 

ʇʝʨʚʳʤ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʦʜʥʦʤ 

ʟʝʤʝʣʴʥʦʤ ʫʯʘʩʪʢʝ. ʅʘ ʨʠʩʫʥʢʝ 1.2 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʩʦʯʝʪʘʥʠʷ ʨʘʟʥʳʭ ʚʠʜʦʚ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʜʥʦʤ ʟʝʤʝʣʴʥʦʤ ʫʯʘʩʪʢʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠ ʚ ʦʜʠʥ ʦʙʲʝʢʪ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʠʭ 
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ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ 2D ʩʠʩʪʝʤʝ ʢʘʜʘʩʪʨʘ. ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʧʦʢʘʟʘʥʳ ʞʠʣʳʝ ʧʦʤʝʱʝʥʠʷ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʨʘʟʥʳʤ ʚʣʘʜʝʣʴʮʘʤ, ʦʬʠʩʳ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʦʤʝʱʝʥʠʷ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʶʨʠʜʠʯʝʩʢʠʤ ʣʠʮʘʤ.  

 

ʈʠʩʫʥʦʢ 1.2 ï ʄʥʦʛʦʢʚʘʨʪʠʨʥʳʝ ʞʠʣʳʝ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ ʟʜʘʥʠʷ ʥʘ ʦʜʥʦʡ 

ʧʣʦʱʘʜʢʝ ʠ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʜʚʫʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʘʜʘʩʪʨʘ. 

ʇʦ ʨʠʩʫʥʢʫ ʧʦʥʷʪʥʦ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʦʪʦʙʨʘʞʝʥʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʨʘʚ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʦʙʲʝʢʪʳ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

ʬʠʟʠʯʝʩʢʠ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʚʥʦʩʠʪ ʧʫʪʘʥʠʮʫ ʚ ʩʚʝʜʝʥʠʷ ʥʘ 

ʧʫʙʣʠʯʥʦʡ ʢʘʜʘʩʪʨʦʚʦʡ ʢʘʨʪʝ. ʌʘʢʪʠʯʝʩʢʠ, ʪʘʢʦʡ ʩʧʦʩʦʙ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʨʘʚ ʠ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʥʘʛʣʷʜʥʳʤ, ʘ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʠʩʪʝʤ ʢʘʜʘʩʪʨʘ, ʢʦʪʦʨʳʝ ʬʦʨʤʘʣʴʥʦ ʜʝʣʷʪ ʪʘʢʠʝ ʟʜʘʥʠʷ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʦʙʲʝʢʪʳ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʨʘʟʥʳʤ ʚʣʘʜʝʣʴʮʘʤ, ʥʦ 

ʨʘʟʤʝʱʝʥʥʳʝ ʥʘ ʦʜʥʦʤ ʟʝʤʝʣʴʥʦʤ ʫʯʘʩʪʢʝ, ʚ ʠʪʦʛʝ ʦʙʨʘʟʫʶʪ ʥʦʚʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ. 

ʕʪʠ ʥʦʚʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʢʘʜʘʩʪʨʦʚʦʡ 

ʩʪʨʫʢʪʫʨʝ, ʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ 3D ʚʩʝʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʦʤʦʞʝʪ 

ʧʨʦʷʩʥʠʪʴ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʥʝʜʚʠʞʠʤʦʩʪʠ ʨʘʟʥʳʭ 

ʩʦʙʩʪʚʝʥʥʠʢʦʚ ʠ ʦʙʱʝʡ ʩʦʙʩʪʚʝʥʥʦʩʪʴʶ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʥʠʤʘʝʤʦʡ ʢʘʢ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʫʶ ʩʫʱʥʦʩʪʴ [127]. ʂʘʜʘʩʪʨʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʪʘʢʠʭ 

ʟʜʘʥʠʡ ʦʙʳʯʥʦ ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʙʱʝʛʦ ʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʡ 

ʧʨʘʚ ʥʘ ʥʝʜʚʠʞʠʤʦʩʪʴ (ʩʝʨʚʠʪʫʪʳ) [42].  

ʇʦʭʦʞʠʡ ʧʨʠʤʝʨ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 1.3-1.4, ʛʜʝ ʠʟʦʙʨʘʞʝʥ ɾʂ "ɹʘʣʯʫʛ 

ʈʝʟʠʜʝʥʩ" ʚ ʄʦʩʢʚʝ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 4 ʟʜʘʥʠʷ, ʦʜʥʦ ʠʟ ʥʠʭ ʥʘʚʠʩʘʝʪ ʥʘʜ ʜʨʫʛʠʤ ʥʘ 

ʫʨʦʚʥʝ ʧʦʩʣʝʜʥʝʛʦ ʵʪʘʞʘ. ʆʜʥʘʢʦ ʵʪʦʪ ʦʙʲʝʢʪ ʥʘ ʗʥʜʝʢʩ ʢʘʨʪʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʢʘʢ 3 
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ʦʙʲʝʢʪʳ (ʨʠʩ 1.4.ʘ) ʘ ʥʘ ʧʫʙʣʠʯʥʦʡ ʢʘʜʘʩʪʨʦʚʦʡ ʢʘʨʪʝ, ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʟʜʘʥʠʷʤʠ ʥʝ 

ʦʪʨʘʞʝʥ ʢʘʢ ʯʘʩʪʴ ʢʦʥʪʫʨʘ (ʨʠʩ 1.4.ʙ). 

 

ʈʠʩʫʥʦʢ 1.3 ï  ɾʂ "ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ", ʛ. ʄʦʩʢʚʘ ʉʘʜʦʚʥʠʯʝʩʢʘʷ ʫʣʠʮʘ, 29 

 

   (ʘ)                                                      (ʙ) 

ʈʠʩʫʥʦʢ 1.4 ï (ʘ)- ɾʂ "ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ", ʚʠʜ ʥʘ ʗʥʜʝʢʩ ʢʘʨʪʝ, (ʙ)- ɾʂ 

"ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ" ʥʘ ʧʫʙʣʠʯʥʦʡ ʢʘʜʘʩʪʨʦʚʦʡ ʢʘʨʪʝ 

ʈʘʩʩʤʦʪʨʠʤ ʚʪʦʨʦʡ ʩʣʫʯʘʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʢʦʛʜʘ ʦʙʲʝʢʪʳ 

ʧʝʨʝʩʝʢʘʶʪ ʥʝʩʢʦʣʴʢʦ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ (ʨʠʩʫʥʦʢ 1.5).  

 

ʈʠʩʫʥʦʢ 1.5 ï  ʂʦʤʧʣʝʢʩʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʧʝʨʝʩʝʢʘʶʱʝʝʩʷ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʟʝʤʝʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ: 1, 5 ï ʤʥʦʛʦʵʪʘʞʥʳʝ ʟʜʘʥʠʷ; 2, 4 ï ʫʣʠʮʳ; 3 ïʧʘʨʢ; 6 ï 

ʩʚʘʠ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʟʜʘʥʠʷ; 7 ï ʘʚʪʦʩʪʦʷʥʢʠ 

ʉʦʚʨʝʤʝʥʥʘʷ ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘ ʯʘʩʪʦ ʪʨʝʙʫʝʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʨʘʟʤʝʱʝʥʠʝ 

ʢʦʪʦʨʦʡ ʥʘ ʦʜʥʦʤ ʟʝʤʝʣʴʥʦʤ ʫʯʘʩʪʢʝ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʜʦʙʥʳʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ 

ʦʙʲʝʢʪʳ, ʢʘʢ ʧʦʜʟʝʤʥʳʝ ʘʚʪʦʩʪʦʷʥʢʠ ʠʣʠ ʩʪʘʥʮʠʠ ʤʝʪʨʦʧʦʣʠʪʝʥʘ, 
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ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʠ ʜʨʫʛʠʝ ʪʨʫʙʦʧʨʦʚʦʜʳ, ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʥʘ ʤʝʩʪʥʦʩʪʠ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʚʳʰʘʶʪ ʚʘʞʥʦʩʪʴ 

ʫʯʝʪʘ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ. ɹʦʣʴʰʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, 

ʩʠʣʴʥʦ ʫʩʣʦʞʥʷʶʪ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʦʙʳʯʥʦ, ʪʨʝʙʫʶʪ 

ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʦʚ, ʢʦʪʦʨʳʝ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʧʨʠʦʙʨʝʪʝʥʠʝ 

ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ [53]. ʅʘ ʨʠʩʫʥʢʝ 1.6 ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʜʘʩʪʨʦʚʳʡ ʧʣʘʥ ʩʠʪʫʘʮʠʠ, 

ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1.5 ʚ ʜʚʫʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʘʜʘʩʪʨʘ. 

 

ʈʠʩʫʥʦʢ 1.6 ï ʂʘʜʘʩʪʨʦʚʘʷ ʢʘʨʪʘ ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʨʠʩʫʥʢʝ 1.6: 1, 5 ï 

ʤʥʦʛʦʵʪʘʞʥʳʝ ʟʜʘʥʠʷ; 2, 4 ï ʫʣʠʮʳ; 3 ïʧʘʨʢ 

ʈʘʩʩʤʦʪʨʠʤ ʝʱʝ ʦʜʠʥ ʧʨʠʤʝʨ - ɾʂ  "The Interlace" ʚ ʉʠʥʛʘʧʫʨʝ (ʨʠʩ.1.7), 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 1000-ʢʚʘʨʪʠʨʥʳʡ ʞʠʣʦʡ ʢʦʤʧʣʝʢʩ. ʆʥ ʧʨʠʤʝʯʘʪʝʣʝʥ 

ʩʚʦʠʤ ʜʠʟʘʡʥʦʤ, ʢʦʪʦʨʳʡ ʚʳʛʣʷʜʠʪ ʢʘʢ 31 ʢʠʨʧʠʯ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʩʣʦʞʝʥʥʳʡ ʜʨʫʛ 

ʥʘ ʜʨʫʛʘ. 

  

                           (ʘ)                                                      (ʙ) 

ʈʠʩʫʥʦʢ 1.7 ï (ʘ)-ɾʠʣʦʡ ʢʦʤʧʣʝʢʩ Interlace ʚ ʉʠʥʛʘʧʫʨʝ. (ʙ)-ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ɾʂ ʚ ʜʚʫʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʕʪʠ ʧʨʠʤʝʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢ ʩʫʱʝʩʪʚʫʶʱʠʝ 2D ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʯʝʪʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʘʚʦʚʦʛʦ ʩʪʘʪʫʩʘ ʩʣʦʞʥʳʭ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 
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1.4. ʆʧʨʝʜʝʣʝʥʠʝ 3D-ʢʘʜʘʩʪʨʘ 

ʉʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʘʤ ɽʚʨʘʟʠʡʩʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʠ (ɽʕʂ), 

ʟʝʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʤʝʶʱʠʭ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʙʲʝʤ. ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ 3D-

ʢʘʜʘʩʪʨʘ ʚ ʤʠʨʝ. ʈʘʟʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪ ʧʦʥʷʪʠʝ 3D-

ʢʘʜʘʩʪʨʘ ʧʦ-ʨʘʟʥʦʤʫ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

ɺ ʨʘʙʦʪʝ [127] ʘʚʪʦʨ ʦʧʨʝʜʝʣʠʣ ʪʨʝʭʤʝʨʥʳʡ ʢʘʜʘʩʪʨ ʢʘʢ ʩʠʩʪʝʤʫ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʯʪʝʥʥʦʤ ʥʝʜʚʠʞʠʤʦʤ ʠʤʫʱʝʩʪʚʝ, ʛʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʧʨʘʚʘʭ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʥʘ ʟʝʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʥʦ 

ʠ ʥʘ ʪʨʝʭʤʝʨʥʳʝ ʦʙʲʝʢʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ɺ ʨʘʙʦʪʝ [87] 

ʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʦʧʨʝʜʝʣʝʥʠʝ 3D-ʢʘʜʘʩʪʨʘ ʢʘʢ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʫʧʨʘʚʣʷʪʴ ʪʨʝʭʤʝʨʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʚ 

ʩʠʩʪʝʤʘʭ ɻʀʉ. ʎʝʣʴ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʟʘʜʘʯʠ. ʇʝʨʚʘʷ ʟʘʜʘʯʘ 

ï ʢʘʜʘʩʪʨʦʚʳʡ ʘʥʘʣʠʟ ʪʨʝʭʤʝʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 

ʠ ʦʙʲʝʢʪʘʭ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʧʨʠʣʘʛʘʝʤʳʝ ʢ ʥʠʤ ʧʨʘʚʘ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ɺʪʦʨʘʷ ʟʘʜʘʯʘ 

ð ʵʪʦ ʪʨʝʭʤʝʨʥʘʷ ʮʠʬʨʦʚʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ. ʉʦʛʣʘʩʥʦ FIG ʪʨʝʭʤʝʨʥʘʷ ʩʠʩʪʝʤʘ 

ʢʘʜʘʩʪʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʚ ʪʨʝʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʘʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ 

ʦʙʲʝʢʪʳ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦʜ, ʥʘʜ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ [113]. ɼʝʣʴʬʪʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʦʧʨʝʜʝʣʷʝʪ 

3D-ʢʘʜʘʩʪʨ ʢʘʢ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʨʝʛʠʩʪʨʠʨʫʝʪ ʧʨʘʚʘ ʠ ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʧʨʘʚʘ ʥʘ 2D-ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʘ, ʥʦ ʜʘʝʪ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʶʨʠʜʠʯʝʩʢʦʡ ʠ 

ʬʘʢʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚʳʰʝ ʠ ʥʠʞʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʚ ʩʣʫʯʘʝ ʩʣʦʞʥʦʩʪʠ 

ʶʨʠʜʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʩʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʳʜʝʣʷʶʪ ʚʘʞʥʦʩʪʴ ʬʠʢʩʘʮʠʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʘʚ ʥʘ ʥʝʜʚʠʞʠʤʦʝ 

ʠʤʫʱʝʩʪʚʦ ʥʝ ʪʦʣʴʢʦ ʚ ʧʣʘʥʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ, ʥʦ ʠ ʚ ʦʙʲʝʤʥʦʤ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ 3D-ʢʘʜʘʩʪʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ ɽʚʨʦʩʦʶʟʘ, ʧʦʵʪʦʤʫ ʜʣʷ 
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ʦʧʨʝʜʝʣʝʥʠʷ 3D-ʢʘʜʘʩʪʨʘ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʦʧʳʪ 

ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ. 

1.5. 3D-ʢʘʜʘʩʪʨ ʚ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ 

ʋʞʝ ʩʝʡʯʘʩ ʪʨʝʭʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚʦ ʤʥʦʛʠʭ 

ʩʪʨʘʥʘʭ ʤʠʨʘ, ʥʘʧʨʠʤʝʨ ʚ ʪʘʢʠʭ ʢʘʢ: ʅʠʜʝʨʣʘʥʜʳ [129], [130], ʐʚʝʮʠʷ [91], [114], 

[115], ʅʦʨʚʝʛʠʷ [134] ʠ ʊʫʨʮʠʷ [67-68]. ʅʘʯʘʣʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʩʦʟʥʘʥʠʷ ʪʝʤʳ 

3D-ʢʘʜʘʩʪʨʘ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʧʝʨʚʳʤ ʩʝʤʠʥʘʨʦʤ ʧʦ 3D-ʢʘʜʘʩʪʨʘʤ, ʦʨʛʘʥʠʟʦʚʘʥʥʦʤ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ɼʝʣʬʪʘ ʚ ʥʦʷʙʨʝ 2001 ʛʦʜʘ ʠ ʩʧʦʥʩʠʨʦʚʘʥʥʦʤ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʌʝʜʝʨʘʮʠʝʡ ɻʝʦʜʝʟʠʩʪʦʚ (FIG). ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʨʘʩʧʦʣʘʛʘʝʪ ʨʝʟʫʣʴʪʘʪʘʤʠ ʫʞʝ ʰʝʩʪʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʝʤʠʥʘʨʦʚ ʧʦ ʪʝʤʝ 3D-ʢʘʜʘʩʪʨʘ (2001, 2011, 2012, 2014, 2016, 

2018) [84]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʦ ʩʪʨʘʥ ʫʞʝ ʩʦʟʜʘʣʠ ʩʚʦʠ ʪʨʝʭʤʝʨʥʳʝ ʩʠʩʪʝʤʳ 

ʢʘʜʘʩʪʨʘ ʥʝʜʚʠʞʠʤʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʚ ʅʦʨʚʝʛʠʠ ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʜʘʩʪʨʘ ʙʳʣʦ ʚʢʣʶʯʝʥʦ ʚ ʢʘʯʝʩʪʚʝ ʚʘʞʥʦʛʦ ʚʦʧʨʦʩʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʢʘʜʘʩʪʨʦʚʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦ ʚʨʝʤʷ ʜʝʡʩʪʚʫʶʱʘʷ ʶʨʠʜʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʩ 

ʨʘʟʜʝʣʴʥʳʤ ʚʣʘʜʝʥʠʝʤ ʥʘ ʦʜʥʦʤ ʟʝʤʝʣʴʥʦʤ ʫʯʘʩʪʢʝ [134]. ɺ 1995 ʛʦʜʫ ʙʳʣʘ 

ʩʦʟʜʘʥʘ ʢʦʤʠʩʩʠʷ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʠʣʘ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʢʘʜʘʩʪʨʘ ʅʦʨʚʝʛʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 4 ʪʠʧʘ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ [111]: 

1) ʦʙʲʝʢʪʳ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ, ʪʘʢʠʝ ʢʘʢ ʧʦʜʟʝʤʥʳʝ ʧʘʨʢʠʥʛʠ, 

ʪʦʨʛʦʚʳʝ ʧʣʦʱʘʜʠ, ʪʦʥʥʝʣʠ; 

2) ʟʜʘʥʠʷ ʠ ʜʨʫʛʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʩʪʦʣʙʘʭ ʠʣʠ ʥʘʜ ʠʩʭʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ, ʚ ʦʩʥʦʚʥʦʤ ʥʘʜ ʜʦʨʦʛʘʤʠ ʠʣʠ ʞʝʣʝʟʥʳʤʠ ʜʦʨʦʛʘʤʠ; 

3) ʩʦʦʨʫʞʝʥʠʷ ʥʘ ʩʪʦʣʙʘʭ ʚ ʤʦʨʝ ʠʣʠ ʧʨʝʩʥʦʡ ʚʦʜʝ; 

4) ʟʝʤʝʣʴʥʳʡ ʫʯʘʩʪʦʢ ʚ ʩʣʫʯʘʝ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʦʚ, 

ʧʝʨʝʩʝʢʘʶʱʠʭ ʛʨʘʥʠʮʳ ʵʪʦʛʦ ʫʯʘʩʪʢʘ. 

ʊʨʝʭʤʝʨʥʳʡ ʦʙʲʝʢʪ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ ʅʦʨʚʝʛʠʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

[128]: 
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ʘ) ʟʝʤʝʣʴʥʳʡ ʫʯʘʩʪʦʢ ʩʪʘʥʦʚʠʪʩʷ 3D-ʦʙʲʝʢʪʦʤ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʨʘʟʤʝʱʝʥʠʷ ʥʘ 

ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʜʘʥʠʷ, ʩʪʨʦʝʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ, ʧʝʨʝʩʝʢʘʶʱʝʛʦ ʛʨʘʥʠʮʳ 

ʵʪʦʛʦ ʫʯʘʩʪʢʘ (ʨʠʩʫʥʦʢ 1.8);  

 

ʈʠʩʫʥʦʢ 1.8 ï ʆʜʥʦ ʟʜʘʥʠʝ ʥʘ ʪʨʝʭ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 

ʙ) ʧʦʩʢʦʣʴʢʫ ʥʦʚʳʡ ʦʙʲʝʢʪ ʥʝʜʚʠʞʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʪʦʣʴʢʦ 

ʧʦʩʣʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʥʘʯʘʣʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʦ ʜʝʣʝʥʠʝ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ 

ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʚʣʘʜʝʣʴʮʘʤʠ ʚ ʮʝʣʦʤ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ, ʪʦʣʴʢʦ ʝʩʣʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘ ʟʝʤʝʣʴʥʦʤ ʫʯʘʩʪʢʝ ʙʫʜʝʪ ʦʜʦʙʨʝʥʦ; 

ʚ) ʪʨʝʭʤʝʨʥʳʡ ʦʙʲʝʢʪ ʥʝʜʚʠʞʠʤʦʩʪʠ ʧʝʨʝʩʪʘʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ, ʝʩʣʠ ʟʜʘʥʠʝ, 

ʩʪʨʦʝʥʠʝ ʠʣʠ ʩʦʦʨʫʞʝʥʠʝ ʙʫʜʝʪ ʫʥʠʯʪʦʞʝʥʦ, ʠ ʥʝ ʙʫʜʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʚ 

ʪʝʯʝʥʠʝ ʪʨʝʭ ʣʝʪ; 

ʛ) ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʟʜʘʥʠʝ, ʩʪʨʦʝʥʠʝ ʠʣʠ ʩʦʦʨʫʞʝʥʠʝ ʥʝ ʧʝʨʝʩʝʢʘʝʪ ʛʨʘʥʠʮʳ 

ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ, ʵʪʦʪ ʟʝʤʝʣʴʥʳʡ ʫʯʘʩʪʦʢ ʥʝ ʩʯʠʪʘʝʪʩʷ ʪʨʝʭʤʝʨʥʳʤ 

ʦʙʲʝʢʪʦʤ; 

ʜ) ʨʝʛʠʩʪʨʘʮʠʷ ʯʘʩʪʠ ʟʜʘʥʠʷ, ʩʪʨʦʝʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ ʩ ʟʝʤʝʣʴʥʳʤ ʫʯʘʩʪʢʦʤ 

ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʨʝʛʠʩʪʨʘʮʠʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʯʘʩʪʝʡ ʠ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

(ʨʠʩʫʥʦʢ 1.9).  

 

ʈʠʩʫʥʦʢ 1.9 ï ʂʘʜʘʩʪʨʦʚʘʷ ʢʘʨʪʘ ʩʦʦʨʫʞʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 1.8 

ʇʝʨʝʡʜʝʤ ʢ ʦʧʳʪʫ ʐʚʝʮʠʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʝʜʫʱʠʭ ʩʪʨʘʥ ʚ 

ʦʙʣʘʩʪʠ 3D-ʢʘʜʘʩʪʨʘ. ɼʦ ʷʥʚʘʨʷ 2004 ʛʦʜʘ ʚ ʐʚʝʮʠʠ ʨʘʟʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʚ 
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ʪʨʝʪʴʝʤ ʠʟʤʝʨʝʥʠʠ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʥʦʚʦʤ ʟʘʢʦʥʝ ʚʦʟʥʠʢʣʘ ʠʟ 

ʩʠʪʫʘʮʠʠ, ʯʪʦ ʢʚʘʨʪʠʨʳ ʚ ʞʠʣʦʤ ʢʦʤʧʣʝʢʩʝ ʤʦʛʫʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʪʦʣʴʢʦ ʦʜʥʦʡ 

ʞʠʣʠʱʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʂʘʞʜʳʡ ʚʣʘʜʝʣʝʮ ʢʚʘʨʪʠʨʳ ʤʦʞʝʪ ʧʨʦʜʘʪʴ ʩʚʦʶ ʜʦʣʶ 

ʪʦʣʴʢʦ ʞʠʣʠʱʥʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ɺ ʨʘʙʦʪʝ [91, 107] 

ʘʚʪʦʨʳ ʦʧʠʩʘʣʠ ʥʦʚʳʡ ʟʘʢʦʥ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʭʤʝʨʥʳʝ ʦʙʲʝʢʪʳ 

ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ ʐʚʝʮʠʠ. ɼʘʥʥʳʡ ʟʘʢʦʥ ʚʩʪʫʧʠʣ ʚ ʩʠʣʫ ʚ ʷʥʚʘʨʝ 2004 ʛʦʜʘ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʅʦʨʚʝʛʠʠ, ʩʘʤʦ ʟʜʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʦ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʦʙʲʝʢʪʳ ʥʝʜʚʠʞʠʤʦʩʪʠ. ʕʪʦ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʦʩʥʦʚʥʦʡ ʪʠʧ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʢʦʪʦʨʫʶ 

ʟʘʢʦʥ 2004 ʛʦʜʘ ʩʤʦʛ ʦʙʝʩʧʝʯʠʪʴ. ʆʜʥʘʢʦ ʪʨʝʭʤʝʨʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʜʣʷ ʞʠʣʳʭ 

ʟʜʘʥʠʡ ʩʦʟʜʘʝʪʩʷ ʪʦʣʴʢʦ, ʝʩʣʠ ʟʜʘʥʠʝ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ ʧʷʪʠ ʞʠʣʳʭ ʢʚʘʨʪʠʨ. 

ɺ ʩʠʩʪʝʤʝ ʢʘʜʘʩʪʨʘ ʐʚʝʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 3 ʪʠʧʘ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ 

ʥʝʜʚʠʞʠʤʦʩʪʠ: 

1) ʦʙʲʝʢʪʳ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ ; 

2) ʞʠʣʳʝ ʟʜʘʥʠʷ, ʝʩʣʠ ʦʥʠ ʩʦʜʝʨʞʘʪ ʙʦʣʝʝ ʧʷʪʠ ʞʠʣʳʭ ʢʚʘʨʪʠʨ ; 

3) ʟʝʤʝʣʴʥʳʡ ʫʯʘʩʪʦʢ ʚ ʩʣʫʯʘʝ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ, 

ʧʝʨʝʩʝʢʘʶʱʝʛʦ ʛʨʘʥʠʮʳ ʵʪʦʛʦ ʫʯʘʩʪʢʘ. 

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 3D-ʢʘʜʘʩʪʨʘ ʚ ʅʦʨʚʝʛʠʠ ʠ ʐʚʝʮʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʢʘʢ ʪʨʝʭʤʝʨʥʳʝ ʦʙʲʝʢʪʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʦʩʦʙʝʥʥʳʝ ʩʣʫʯʘʠ ʨʘʟʤʝʱʝʥʠʷ 

ʟʜʘʥʠʡ, ʩʪʨʦʝʥʠʡ ʠʣʠ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ [19]. ʂʨʦʤʝ 

ʪʦʛʦ, ʢʘʜʘʩʪʨʦʚʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥʘ, ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʧʨʘʚʠʣʘ 

ʤʝʞʝʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʂʦʥʝʯʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʨʝʰʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʪʨʝʭʤʝʨʥʦʡ ʢʘʜʘʩʪʨʦʚʦʡ ʨʝʛʠʩʪʨʘʮʠʠ, ʪ.ʝ. ʢʘʢ ʚʢʣʶʯʠʪʴ 

ʪʨʝʭʤʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʢʘʜʘʩʪʨʦʚʫʶ ʢʘʨʪʫ. 

1.6. ʆʧʨʝʜʝʣʝʥʠʝ 3D-ʢʘʜʘʩʪʨʘ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 3D-ʢʘʜʘʩʪʨʘ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘʣʘ 

ʩʜʝʣʘʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʧʦ ʬʦʨʤʝ (ʪʘʙ.1.1.) ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ʜʝʪʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ (ʪʘʙ.1.2.).  
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ʊʘʙʣʠʮʘ 1.1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʧʦ ʬʦʨʤʝ 

ˉ ʆʙʲʝʢʪ  ʧʨʠʤʝʨ 

1 ɿʝʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠ 

 

2 ɿʜʘʥʠʷ ʧʨʦʩʪʳʭ ʬʦʨʤ 

 

3 ɿʜʘʥʠʷ ʩʣʦʞʥʳʭ ʬʦʨʤ 

 

4 

ɿʜʘʥʠʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ 

(ʯʘʩʪʴ ʦʙʲʝʢʪʘ ʥʘʚʠʩʘʝʪ ʥʘʜ ʜʨʫʛʦʡ ʯʘʩʪʴʶ 

ʦʙʲʝʢʪʘ ʠʣʠ ʧʨʦʝʟʞʝʡ ʯʘʩʪʴʶ ʫʣʠʮʳ)  

5 

ʉʦʦʨʫʞʝʥʠʷ ʩʣʦʞʥʳʭ ʬʦʨʤ, ʠʤʝʶʱʠʝ 

ʠʩʪʦʨʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʫʣʴʪʫʨʥʦʛʦ 

ʥʘʩʣʝʜʠʷ 
 

6 

ʆʙʲʝʢʪʳ ʜʦʤʠʥʘʥʪʳ (ʚʳʩʦʢʦʝ ʟʜʘʥʠʝ, 

ʢʦʪʦʨʦʝ ʜʦʤʠʥʠʨʫʝʪ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʪʥʦʤʫ 

ʧʨʝʠʤʫʱʝʩʪʚʫ ʥʘʜ ʦʙʲʝʢʪʘʤʠ ʙʣʠʟʣʝʞʘʱʝʡ 

ʟʘʩʪʨʦʡʢʠ)  

7 ʆʙʲʝʢʪʳ ʥʝʟʘʚʝʨʰʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

 

8 
ʆʙʲʝʢʪʳ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ 

(ʥʘʧʨʠʤʝʨ: ʪʦʥʥʝʣʠ, ʧʦʜʟʝʤʥʳʝ ʧʘʨʢʦʚʢʠ) 
 

ʉʦʛʣʘʩʥʦ ʧʨʠʢʘʟʫ ˉ 928/ʧʨ ʦʪ 31 ʜʝʢʘʙʨʷ 2020 ʛ. ʦʙ ʫʪʚʝʨʞʜʝʥʠʠ ʉʇ 

333.1325800.2020 çʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʇʨʘʚʠʣʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘè, ʢʘʞʜʦʤʫ ʪʠʧʫ ʤʦʜʝʣʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʝʛʦ ʞʠʟʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʨʦʚʝʥʴ ʧʨʦʨʘʙʦʪʢʠ ʤʦʜʝʣʠ (A, B, C1, C2, D, G) [3]. ɺ 

ʜʘʥʥʦʤ ʩʧʠʩʢʝ ʫʨʦʚʥʝʡ ʧʨʦʨʘʙʦʪʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʫʨʦʚʝʥʴ ʧʨʦʨʘʙʦʪʢʠ ʜʣʷ ʢʘʜʘʩʪʨʘ 

ʠ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʝʪʘʣʠʟʘʮʠʠ 3D-ʤʦʜʝʣʝʡ (Level of Details (LOD)) 

[125].         
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  CityGML - ʚʘʞʥʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʦʪʢʨʳʪʦʛʦ ʩʪʘʥʜʘʨʪʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ 3D- 

ɻʀʉ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʢʣʘʩʩʳ 

ʦʙʲʝʢʪʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

[149]. ɺ CityGML ʚʩʝ ʦʙʲʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ 

ʫʨʦʚʥʷʭ ʜʝʪʘʣʠʟʘʮʠʡ (LOD), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.2. 

ʊʘʙʣʠʮʘ 1.2 ï ʊʨʝʙʦʚʘʥʠʝ ʜʝʪʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ 3D ʦʙʲʝʢʪʦʚ (ʫʨʦʚʝʥʴ 

ʜʝʪʘʣʠʟʘʮʠʠ LOD). 

ˉ 
ʇʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦʙʲʝʢʪʘ 

ʋʨʦʚʝʥʴ 

ʜʝʪʘʣʠʟʘʮʠʠ 
ʆʧʠʩʘʥʠʝ 

1 
 

LOD0 
ʇʨʦʝʢʮʠʷ ʢʦʥʪʫʨʘ ʦʙʲʝʢʪʘ ʚ ʜʚʫʭʤʝʨʥʦʤ 

ʤʠʨʝ 

2 

 

LOD1 
ʇʨʦʝʢʮʠʷ ʢʦʥʪʫʨʘ ʦʙʲʝʢʪʘ + ʦʩʥʦʚʥʘʷ 

ʚʳʩʦʪʘ 

3 

 

LOD2 3D-ʤʦʜʝʣʴ ʙʝʟ ʜʝʪʘʣʝʡ 

4 
 

LOD3 
ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʘʷ ʤʦʜʝʣʴ ʚʳʩʦʢʦʡ 

ʜʝʪʘʣʠʟʘʮʠʠ 

5 

 

LOD4 

ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʘʷ ʤʦʜʝʣʴ ʚʳʩʦʢʦʡ 

ʜʝʪʘʣʠʟʘʮʠʠ ʩ ʚʥʫʪʨʝʥʥʠʤʠ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʟʜʘʥʠʷ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʘʝʤ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ 

ʩ ʫʨʦʚʥʝʤ ʜʝʪʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʫʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 1.2. ʄʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʵʪʠ 

ʤʦʜʝʣʠ- ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʜʣʷ ʢʘʜʘʩʪʨʘ.   

ʇʦʩʢʦʣʴʢʫ ʚ ʈʦʩʩʠʠ ʩʫʱʝʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʤʦʜʝʣʷʤʠ (BIM-ʤʦʜʝʣʠ), ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 3D-ʤʦʜʝʣʠ ʜʣʷ 

ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʜʘʩʪʨʘ ʪʦʣʴʢʦ ʜʣʷ ʦʩʦʙʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʨʦʚʥʝʤ 

ʜʝʪʘʣʠʟʘʮʠʠ.  

ʉʦʛʣʘʩʥʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʤʫ, ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ 3D-ʢʘʜʘʩʪʨ ʚ ʥʘʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʘʢ: ʀʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʧʨʘʚʘ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʦʙʲʝʢʪʦʚ 

ʥʝʜʚʠʞʠʤʦʩʪʠ: 
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1. ʦʙʲʝʢʪʳ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ, (ʧʝʨʝʩʝʢʘʶʱʠʝ ʛʨʘʥʠʮʳ ʟʝʤʝʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ); 

2. ʦʙʲʝʢʪʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ (ʥʘʚʠʩʘʶʱʠʝ ʥʘʜ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ 

ʠʣʠ ʟʝʤʝʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ); 

3. ʦʙʲʝʢʪʳ ʩʣʦʞʥʳʭ ʬʦʨʤ, ʠʤʝʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ; 

4. ʦʙʲʝʢʪʳ ʜʦʤʠʥʘʥʪʳ (ʚʳʩʦʢʠʝ ʟʜʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʚʳʩʦʪʝ ʦʪ 

ʩʦʩʝʜʥʠʭ ʟʜʘʥʠʡ). 

ɸ ʧʨʘʚʘ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʦʩʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʚ ʜʚʫʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʢ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʢʘʜʘʩʪʨʘ. 

ʋʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.3. 

ʊʘʙʣʠʮʘ 1.3 ï ʋʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʥʘʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ. 

ʊʠʧ ʦʙʲʝʢʪʘ 
ʋʨʦʚʝʥʴ 

ʜʝʪʘʣʠʟʘʮʠʠ 

ʆʙʲʝʢʪʳ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ LOD2 

ʆʙʲʝʢʪʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ LOD3 

ʆʙʲʝʢʪʳ ʩʣʦʞʥʳʭ ʬʦʨʤ, ʠʤʝʶʱʠʭ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ LOD3 

ʆʙʲʝʢʪʳ ʜʦʤʠʥʘʥʪʳ LOD3 

ʆʙʲʝʢʪʳ ʩ ʥʝʦʙʳʯʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ  LOD4 

ʆʩʪʘʣʴʥʳʝ ʦʙʲʝʢʪʳ LOD0 

1.7. 3D-ʢʘʜʘʩʪʨ ʚ ʈʦʩʩʠʠ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʘ ɻʂʅ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʭʨʘʥʠʪ ʪʦʣʴʢʦ 

ʧʣʘʥʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʦʙ ʦʙʲʝʢʪʘʭ. ɺʥʝʜʨʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ ʚ ʈʌ 

ʪʨʝʙʫʝʪ ʩʝʨʴʝʟʥʳʭ ʫʩʠʣʠʡ. ʅʝʦʙʭʦʜʠʤ ʛʣʫʙʦʢʠʡ ʵʢʩʧʝʨʪʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʠ ʨʘʟʨʘʙʦʪʢʘ ʨʝʰʝʥʠʡ ʨʘʟʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ɺ 

ʈʦʩʩʠʠ ʚ 2010 ʛʦʜʫ, ʈʦʩʨʝʝʩʪʨ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʘʛʝʥʪʩʪʚʦʤ ʢʘʜʘʩʪʨʘ, ʨʝʛʠʩʪʨʘʮʠʠ 

ʟʝʤʝʣʴ ʠ ʢʘʨʪʦʛʨʘʬʠʠ ʅʠʜʝʨʣʘʥʜʦʚ ʚʳʧʦʣʥʠʣʠ ʫʥʠʢʘʣʴʥʳʡ ʧʨʦʝʢʪ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

çʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʜʘʩʪʨʘ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ ʈʦʩʩʠʠè [6].  

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʣʘʩʴ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʚʚʝʜʝʥʠʷ 

ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʜʘʩʪʨʘ ʚ ʈʌ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʦʙʲʝʢʪʘ ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ: 
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ʘ) ʦʙʲʝʢʪ ʧʦ ʘʜʨʝʩʫ: ʫʣ. ɹʝʣʠʥʩʢʦʛʦ, ʜ. 9/1. ʄʥʦʛʦʵʪʘʞʥʦʝ ʟʜʘʥʠʝ ʩ ʧʦʜʟʝʤʥʦʡ 

ʧʘʨʢʦʚʢʦʡ (ʨʠʩ. 1.10);  

ʙ) ʦʙʲʝʢʪ ʧʦ ʘʜʨʝʩʫ ʫʣ. ʅʝʚʟʦʨʦʚʳʭ, 66ʘ, ʞʠʣʦʡ ʢʦʤʧʣʝʢʩ ʩ ʧʦʜʟʝʤʥʦʡ ʧʘʨʢʦʚʢʦʡ; 

ʚ) ʦʙʲʝʢʪ ʧʦ ʘʜʨʝʩʫ ʫʣ. ʇʠʩʢʫʥʦʚʘ, ʛʘʟʦʧʨʦʚʦʜ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ.  

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ʇʝʨʚʳʡ ʧʠʣʦʪʥʳʡ ʦʙʲʝʢʪ (ʩʣʝʚʘ), ʚʪʦʨʦʡ ʧʠʣʦʪʥʳʡ ʦʙʲʝʢʪ 

(ʩʧʨʘʚʘ) 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʝʢʪʘ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʢʘʜʘʩʪʨʘ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʩʚʝʜʝʥʠʡ ʦʙ ʦʙʲʝʢʪʘʭ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʶʨʠʜʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ ʈʦʩʩʠʠ. ʊʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ ʪʨʝʭʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʘʜʘʩʪʨʘ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʠʣʦʪʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ 

ʪʨʝʭʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ ʚ ʈʌ. ʍʦʨʦʰʝʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʪʝʩʥʦʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʢʣʠʝʥʪʘʤʠ ʧʦʟʚʦʣʷʪ ʜʦʩʪʠʯʴ ʭʦʨʦʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚ ʨʘʟʚʠʪʠʠ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ ʥʝʜʚʠʞʠʤʦʩʪʠ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʥʘʯʘʪ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʜʚʫʭʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ ʢ 

ʪʨʸʭʤʝʨʥʦʡ.  

ɿʘʜʘʯʘ ʧʦ ʨʘʟʚʠʪʠʶ ʢʘʜʘʩʪʨʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʧʝʨʝʜ 

ʩʦʟʜʘʥʥʳʤ ʥʘ ʙʘʟʝ ʈʦʩʨʝʝʩʪʨʘ ʥʦʚʳʤ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ çʃʘʙʦʨʘʪʦʨʠʝʡ ʙʫʜʫʱʝʛʦè, 

ʦʪʢʨʳʪʠʝ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʷʣʦʩʴ 19 ʷʥʚʘʨʷ 2018. ʕʪʦ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʧʣʘʥʠʨʫʝʪ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʟʘʧʫʩʢ ʥʦʚʳʭ ʧʨʦʝʢʪʦʚ. çʃʘʙʦʨʘʪʦʨʠʝʡè ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʨʝʘʣʠʟʫʶʪʩʷ 

ʪʨʠ ʧʨʦʝʢʪʘ: ʵʪʦ çʌʘʙʨʠʢʘ ʵʣʝʢʪʨʦʥʥʳʭ ʨʝʛʠʩʪʨʘʮʠʡè, ç3D-ʢʘʜʘʩʪʨè ʠ 

ʵʣʝʢʪʨʦʥʥʳʡ ʩʝʨʚʠʩ çɾʠʟʥʝʥʥʳʝ ʩʠʪʫʘʮʠʠè [148]. 

ɺ ʤʘʨʪʝ 2018 ʛʦʜʘ ʙʳʣ ʟʘʧʫʱʝʥ ʧʨʦʝʢʪ ç3D-ʢʘʜʘʩʪʨè ʚ ʧʠʣʦʪʥʦʤ ʨʝʞʠʤʝ ʥʘ 

ʙʘʟʝ ʞʠʣʦʛʦ ʢʚʘʨʪʘʣʘ ʚ ʮʝʥʪʨʝ ʄʦʩʢʚʳ. ɺ ʪʨʝʭʤʝʩʪʥʦʤ ʢʘʜʘʩʪʨʝ ʙʫʜʫʪ ʦʪʦʙʨʘʞʝʥʳ 
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ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ, ʪʨʸʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʟʜʘʥʠʡ ʩ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʤʠ 

ʪʝʢʩʪʫʨʘʤʠ, ʪʨʸʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʢʨʫʧʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʡ [148]. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʦ, ʯʪʦ ʪʨʘʥʟʠʪ 

ʩʠʩʪʝʤʳ ʝʜʠʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʝʩʪʨʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʢ ʪʨʝʭʤʝʨʥʦʤʫ ʚʠʜʫ ʚ 

ʈʦʩʩʠʠ ʫʞʝ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ. ʊʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʆʅ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʙʘʟ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʝʢʪʦʚ ʈʦʩʨʝʝʩʪʨʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʉʦʛʣʘʩʥʦ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʤʫ ʝʞʝʛʦʜʥʠʢʫ ʈʦʩʩʠʠ [7] ʚ 1959 ʛʦʜʫ 52,4% 

ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ ʧʨʦʞʠʚʘʣʦ ʚ ʛʦʨʦʜʘʭ, ʦʜʥʘʢʦ ʚ 2019 ʛʦʜʫ, ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦʩʪʠʛ 

74,6%. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʦʩʪʨʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʠʩʪʝʤ 

ʢʘʜʘʩʪʨʘ ʦʩʦʙʝʥʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʩ ʮʝʣʴʶ ʦʙʲʝʢʪʠʚʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ ʥʝʜʚʠʞʠʤʦʩʪʠ. 

1.8. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʠ. 

ʉʝʡʯʘʩ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʫʶ 

ʦʙʨʘʙʦʪʢʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʤʝʩʪʥʦʩʪʠ, ʥʦ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ï ʵʪʦ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʤʝʩʪʥʦʩʪʠ [13]. 

ʄʝʪʦʜ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʣʘʜʘʝʪ ʤʥʦʞʝʩʪʚʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ 

ʦʙʣʝʛʯʘʶʪ ʩʙʦʨ ʜʘʥʥʳʭ ʜʣʷ 3D-ʢʘʜʘʩʪʨʘ. ɺ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʤʠ ʢʘʢ ʚʳʩʦʢʘʷ ʜʝʪʘʣʠʟʘʮʠʷ ʠ ʩʢʦʨʦʩʪʴ ʩʲʝʤʢʠ, ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʠʥʪʝʨʝʩ ʢ ʵʪʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʨʳʥʢʝ ʨʘʩʪʸʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ. ɺ ʨʘʙʦʪʝ [15-16] ʘʚʪʦʨ ʧʨʦʚʦʜʠʣ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ 

ʵʪʘʣʦʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ ʩ ʧʦʤʦʱʴʶ ʢʘʣʠʙʨʦʚʘʥʥʦʡ ʣʠʥʝʡʢʠ. ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʮʝʩʩ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʩʦʩʪʘʚʠʣʠ 59 ʯʘʩʦʚ 35 ʤʠʥʫʪ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ - 4 ʯʘʩʘ, ʥʘ ʢʘʤʝʨʘʣʴʥʳʝ ʨʘʙʦʪʳ - 55 ʯʘʩʦʚ 

35 ʤʠʥʫʪ, ʘ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʥʝ ʙʦʣʝʝ 9 ʤʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ [15] ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʯʪʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʤʝʩʪʝ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, 

ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʧʨʠ 
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ʩʦʭʨʘʥʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ 3D-ʢʘʜʘʩʪʨʘ ʥʘ 

ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʯʠʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ.  ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʜʘʩʪʨʦʚʦʡ ʩʠʩʪʝʤʳ ʪʨʝʭʤʝʨʥʳʤʠ ʤʦʜʝʣʷʤʠ ʦʙʲʝʢʪʦʚ 

ʥʝʜʚʠʞʠʤʦʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʚʝʜʝʥʥʳʡ ʦʧʳʪ ʜʨʫʛʠʭ ʩʪʨʘʥ. ɺʳʙʦʨ 

ʟʘʚʠʩʠʪ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ [13]. 

1.9. ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ 

ʊʨʝʭʤʝʨʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʥʝʡ 

ʦʙʲʝʢʪʦʚ ʤʦʛʣʦ ʙʳ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʜʘʩʪʨʦʚʦʛʦ ʫʯʝʪʘ ʠ 

ʤʝʭʘʥʠʟʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʘʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʨʝʭʤʝʨʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ ʪʨʸʭʤʝʨʥʦʤ ʤʠʨʝ ʠʟ-ʟʘ ʚʦʟʨʘʩʪʘʶʱʝʡ 

ʩʣʦʞʥʦʩʪʠ ʢʘʜʘʩʪʨʦʚʦʛʦ ʦʧʠʩʘʥʠʷ ʧʣʦʱʘʜʝʡ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ, ʧʦʜʟʝʤʥʦʡ 

ʠ ʥʘʜʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʚʥʝʜʨʝʥʠʝ ʪʨʝʭʤʝʨʥʦʛʦ 

ʧʦʜʭʦʜʘ ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ (ʪʨʝʭʤʝʨʥʳʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ), 

ʪʨʝʭʤʝʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʩʦʭʨʘʥʝʥʠʝ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ), ʢʦʪʦʨʳʝ 

ʜʝʣʘʶʪ ʪʨʝʭʤʝʨʥʳʡ ʧʦʜʭʦʜ ʢ ʢʘʜʘʩʪʨʦʚʦʤʫ ʫʯʝʪʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʠʤʳʤ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʠʯʠʥʳ, ʧʦʙʫʞʜʘʶʱʠʝ ʩʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʠ 

ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ: 

1) ʩʣʦʞʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʢʘʜʘʩʪʨʦʚʦʛʦ ʫʯʝʪʘ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʩʣʦʞʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʦʙʲʝʢʪʳ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʨʘʟʣʠʯʥʳʤ 

ʩʦʙʩʪʚʝʥʥʠʢʘʤ (ʨʠʩʫʥʦʢ 1.11).  ʅʘ ʨʠʩʫʥʢʘʭ 1.11.ʘ ʠ 1.11.ʙ ʧʦʢʘʟʘʥ ʧʨʦʝʢʪ  "The 

Interlace" ʚ ʉʠʥʛʘʧʫʨʝ. ʆʥ ʚʳʛʣʷʜʠʪ ʢʘʢ 31 ʢʠʨʧʠʯ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʩʣʦʞʝʥʥʳʡ 

ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʜʚʫʭʤʝʨʥʦʤ ʤʠʨʝ ʥʝ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʥʦʝ ʧʦʥʠʤʘʥʠʝ ʩʣʦʞʥʦʩʪʠ ʩʠʪʫʘʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ 

ʜʚʫʭʤʝʨʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʘʚ ʩʦʙʩʪʚʝʥʥʠʢʘ ʥʘ 

ʚʥʝʰʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʢʨʫʛ ʞʠʣʦʛʦ ʜʦʤʘ ʠʣʠ ʧʦʤʝʱʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ. ʊʘʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʥʝ ʩʫʱʝʩʪʚʫʶʪ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʨʝʰʘʪʴ 

ʶʨʠʜʠʯʝʩʢʠʭ ʢʦʥʬʣʠʢʪʦʚ (ʨʠʩʫʥʦʢ 1.11.ʚ); 
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                          (ʘ)                        (ʙ)                                (ʚ) 

ʈʠʩʫʥʦʢ 1.11 ï ɾʠʣʦʡ ʢʦʤʧʣʝʢʩ ʚ ʉʠʥʛʘʧʫʨʝ: (ʘ)- ʖʞʥʳʡ ʬʘʩʘʜ ʧʨʦʝʢʪʘ, 

(ʙ)-ʚʥʫʪʨʝʥʥʝʝ ʧʝʨʝʩʝʯʝʥʠʝ ʞʠʣʳʭ ʝʜʠʥʠʮ, (ʚ)-ʊʨʝʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

2) ɿʜʘʥʠʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʠʤʝʶʪ ʨʘʟʥʳʝ ʧʣʦʱʘʜʠ ʥʘ ʨʘʟʥʦʡ 

ʚʳʩʦʪʝ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚ 2D-ʢʘʜʘʩʪʨʝ. ɸ ʚ 3D-ʢʘʜʘʩʪʨʝ ʪʘʢʦʡ 

ʥʝʯʝʪʢʦʩʪʠ ʥʝʪ.  ʅʘ ʨʠʩʫʥʢʝ 1.12 ʧʦʢʘʟʘʥʦ ʬʦʪʦ ʟʜʘʥʠʷ ɹʘʣʯʫʛʦʛʦ ʈʝʟʠʜʝʥʩʘ ʠ 

ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʜʚʫʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

 
(ʘ)                                                    (ʙ) 

ʈʠʩʫʥʦʢ 1.12 ï ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ: (ʘ)- ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘ ʢʘʨʪʝ (ʙ)-ʨʝʘʣʴʥʦʝ ʬʦʪʦ 

3) ʪʨʝʭʤʝʨʥʳʡ ʢʘʜʘʩʪʨ ʤʦʞʝʪ ʜʘʪʴ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʢʪʝ 

ʥʝʜʚʠʞʠʤʦʩʪʠ, ʥʘʧʨʠʤʝʨ: ʦʙʲʝʤ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʩʪʦʠʤʦʩʪʴ. ʆʩʦʙʝʥʥʦ ʝʩʣʠ 

ʫʯʠʪʳʚʘʪʴ ʤʦʜʝʣʴ ʠʥʪʝʨʴʝʨʘ, ʪʦʣʱʠʥʫ ʩʪʝʥ, ʤʘʪʝʨʠʘʣ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʜʘʥʠʷ ʠ ʜʨʫʛʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʚʣʠʷʶʱʫʶ ʥʘ ʩʪʦʠʤʦʩʪʴ ʦʙʲʝʢʪʘ; 

4) ʨʝʛʠʩʪʨʘʮʠʷ ʠ ʢʘʜʘʩʪʨʦʚʳʡ ʫʯʝʪ ʧʦʜʟʝʤʥʦʡ ʠ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʩʦʦʨʫʞʝʥʠʡ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʝʦʙʳʯʥʦʛʦ ʪʠʧʘ, ʧʨʠ ʵʪʦʤ ʦʙʲʝʢʪʳ ʤʦʛʫʪ ʧʝʨʝʩʝʢʘʪʴ 

ʤʥʦʞʝʩʪʚʦ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʨʘʟʥʳʭ ʩʦʙʩʪʚʝʥʥʠʢʦʚ;  

5) ʧʦʣʫʯʝʥʥʘʷ 3D-ʤʦʜʝʣʴ ʢʘʜʘʩʪʨʘ ʟʘʩʪʨʦʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʧʣʘʥʠʨʦʚʘʥʠʶ ʠ 

ʫʧʨʘʚʣʝʥʠʶ ʨʘʟʣʠʯʥʳʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʣʠʢʚʠʜʘʮʠʠ 

ʧʦʩʣʝʜʩʪʚʠʡ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʦʙʳʪʠʡ, ʨʝʰʝʥʠʠ ʶʨʠʜʠʯʝʩʢʠʭ ʢʦʥʬʣʠʢʪʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʣʦʞʥʳʭ ʩʠʪʫʘʮʠʷʭ ʠ ʜʨ.; 
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6) ʧʦʣʫʯʝʥʥʳʝ 3D-ʤʦʜʝʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʠ 

ʩʪʦʠʤʦʩʪʠ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ; 

7) ʧʦʣʫʯʝʥʥʳʝ 3D-ʤʦʜʝʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʣʷ ʨʝʩʪʘʚʨʘʮʠʠ ʧʘʤʷʪʥʠʢʦʚ 

ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʉʠʨʠʠ ʚ 

ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 10 ʣʝʪ ʚʦʡʥʳ ʤʥʦʛʠʝ ʦʙʲʝʢʪʳ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʙʳʣʠ 

ʧʦʚʨʝʞʜʝʥʳ ʠʣʠ ʨʘʟʨʫʰʝʥʳ. ɹʳʣ ʥʘʥʝʩʝʥ ʫʱʝʨʙ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ 

ʠʩʪʦʨʠʯʝʩʢʠʤ ʟʜʘʥʠʷʤ ʠ ʪʝʨʨʠʪʦʨʠʷʤ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʘʨʭʝʦʣʦʛʠʯʝʩʢʫʶ 

ʮʝʥʥʦʩʪʴ [15]. ʅʘ ʨʠʩʫʥʢʝ 1.13 ʠʟʦʙʨʘʞʝʥ ʬʨʘʛʤʝʥʪ ʛʦʨʦʜʘ ʇʘʣʴʤʠʨʘ (ʉʠʨʠ̫) ʚ 

ʧʝʨʠʦʜ ʩ 2009 ʧʦ 2016 ʛʦʜ.  ʅʘʣʠʯʠʝ 3D-ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ ʚʩʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʠ 

ʨʝʩʪʘʚʨʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ. 

 
ʈʠʩʫʥʦʢ 1.13 ï ɻʦʨʦʜ ʇʘʣʴʤʠʨʘ ʚ ʉʠʨʠʠ: (ʘ)- ɻʣʘʚʥʳʡ ʚʲʝʟʜ ʛʦʨʦʜʘ ʚ 

ʥʦʷʙʨʝ 2010, (ʙ)- ʚ ʤʘʨʪʝ 2016, (ʚ)- ʍʨʘʤ ɹʘʘʣʘ ʚ ʤʘʝ 2009, (ʛ)- ʚ ʤʘʨʪʝ 2016 

ʇʦʤʠʤʦ ʦʛʨʦʤʥʳʭ ʯʝʣʦʚʝʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʉʠʨʠʷ ʧʦʩʪʨʘʜʘʣʘ ʠ ʩ ʢʫʣʴʪʫʨʥʦʡ 

ʪʦʯʝʢ ʟʨʝʥʠʷ, ʧʦʪʝʨʷʚ ʤʥʦʛʦʚʝʢʦʚʳʝ ʦʙʲʝʢʪʳ ʠʩʪʦʨʠʠ ʠ ʢʫʣʴʪʫʨʳ. ɺ ʩʧʠʩʦʢ 

ʚʩʝʤʠʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʖʅɽʉʂʆ ʚʢʣʶʯʝʥʳ ʰʝʩʪʴ ʦʙʲʝʢʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʠʨʠʠ. 

ɼʣʷ ʫʯʝʪʘ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʢʘʜʘʩʪʨʝ ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ 3D ʬʦʨʤʘʪʝ. 

ʇʨʦʚʝʜʝʥʠʝ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʉʠʨʠʠ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ ʥʘ ʧʨʠʤʝʨʝ 

ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʈʦʩʩʠʠ, ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ 

ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ.   

1.10. ʊʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʚ 3D-ʢʘʜʘʩʪʨʝ ʠ ʮʠʬʨʦʚʦʤ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʝ. 

ʉʦʛʣʘʩʥʦ ʥʘʮʠʦʥʘʣʴʥʦʤʫ ʜʦʢʣʘʜʫ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʝʤʝʣʴ [4], ʥʘ 1 ʷʥʚʘʨʷ 

2018 ʛʦʜʘ ʧʣʦʱʘʜʴ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʘ ʦʢʘʣʦ 

)(ʘ )(ʙ 

)(ʛ )(ʚ 
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383228 ʪʳʩ. ʛʘ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ ʛʦʜʦʤ ʧʣʦʱʘʜʴ ʢʘʪʝʛʦʨʠʠ ʟʝʤʝʣʴ 

ʚ ʩʦʩʪʘʚʝ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 384,3 ʪʳʩ. ʛʘ.  

ɿʝʤʣʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ð ʵʪʦ ʦʩʦʙʘʷ ʢʘʪʝʛʦʨʠʷ ʟʝʤʝʣʴ, ʚ 

ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʣʫʯʰʠʝ, ʧʣʦʜʦʨʦʜʥʳʝ ʟʝʤʣʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʦʩʪʦʷʥʠʝ 

ʩʪʨʘʥʳ [40]. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʠʭ 

ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʦʝ ʥʝʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʌʝʜʝʨʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ 

çʉʦʭʨʘʥʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚè ʥʝ ʩʤʦʛʣʠ ʦʙʝʩʧʝʯʠʪʴ 

ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʦʠʩʢ ʨʝʰʝʥʠʡ ʵʪʠʭ ʧʨʦʙʣʝʤ ʙʳʣ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʵʢʦʥʦʤʠʩʪʦʚ ʠ ʘʛʨʘʨʥʠʢʦʚ [5], [9], [26], 

[28], [29], [38] [39], [46]. ʆʜʥʘʢʦ ʧʨʝʜʣʘʛʘʝʤʳʝ ʨʝʰʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ 

ʤʘʣʦʵʬʬʝʢʪʠʚʥʳ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʳ. ʇʦʵʪʦʤʫ ʧʦʪʨʝʙʥʦʩʪʴ ʥʦʚʦʡ ʟʝʤʝʣʴʥʦʡ 

ʧʦʣʠʪʠʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʥʦʚʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʜʤʝʪʦʤ ʧʝʨʚʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʪʨʘʥʳ [37].  

ʉʦʛʣʘʩʥʦ [43], ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʦ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʨʘʟʚʠʪʠʝ ʪʝʨʨʠʪʦʨʠʠ. ʉʝʡʯʘʩ ʚ ʈʦʩʩʠʠ ʨʘʟʥʳʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʧʨʝʜʣʘʛʘʶʪ ʩʚʦʠ ʵʢʩʧʝʨʪʥʳʝ 

ʚʟʛʣʷʜʳ ʥʘ ʙʫʜʫʱʝʝ ʢʘʜʘʩʪʨʘ ʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ.  

ʂ ʧʨʠʤʝʨʫ, ʚ ʨʘʙʦʪʘʭ [34], [35], [36] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʛʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ. ʀʤʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ ʠ 

ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʥʦʚʘʷ ʧʦʣʠʪʠʢʘ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

(ʢʦʩʤʠʯʝʩʢʠʝ ʠ ʘʵʨʦʬʦʪʦʩʥʠʤʢʠ, ʜʘʥʥʳʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ɹʇʃɸ ʠ ʜʨ). 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʳʝ ʠ ʢʘʜʘʩʪʨʦʚʳʝ 

ʨʘʙʦʪʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʦ 

ʩʦʙʨʘʪʴ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʘʭ ʙʝʟ ʧʦʚʪʦʨʥʦʛʦ 

ʧʦʩʝʱʝʥʠʷ ʤʝʩʪʥʦʩʪʠ. ʀʜʝʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʳʭ 
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ʨʘʙʦʪ ʧʦʜʜʝʨʞʠʚʘʶʪ ʘʚʪʦʨʳ ʨʘʙʦʪ [11], [12] ʨʘʩʩʫʞʜʘʷ ʦ ʤʝʪʦʜʘʭ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʝʤʝʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʩʪʨʘʥʳ. ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʤʘʣʦ 

ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʠʥʞʝʥʝʨʥʦʛʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʆʧʠʨʘʷʩʴ ʥʘ ʦʧʳʪ ʤʠʨʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʛʝʦʜʝʟʠʩʪʦʚ ʠ ʨʘʙʦʪʫ [84] ʦʯʝʚʠʜʥʦ, 

ʯʪʦ ʚʦʧʨʦʩ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 3D-ʢʘʜʘʩʪʨʘ ʠ ʮʠʬʨʦʚʦʛʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ 

ʩʪʘʥʝʪ ʩʘʤʳʤ ʘʢʪʫʘʣʴʥʳʤ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʜʦʚʦʜʦʚ ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʮʝʣʠ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʫʜʫʱʝʡ ʩʠʩʪʝʤʳ 3D-ʢʘʜʘʩʪʨʘ ʠ ʮʠʬʨʦʚʦʛʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ 

ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ɺ ʨʘʙʦʪʘʭ [36, 39] ʘʚʪʦʨ ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜʠʢʫ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ 

ʥʘ ʦʩʥʦʚʝ ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʪʝʨʨʠʪʦʨʠʡ ʩ ʦʙʲʝʢʪʘʤʠ, ʠʤʝʶʱʠʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʧʨʠʚʷʟʢʫ. ʉʦʟʜʘʥʠʝ ʪʨʸʭʤʝʨʥʳʭ ɻʀʉ ʧʦʤʦʞʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʠʟʤʝʥʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʫʧʨʘʚʣʝʥʠʷ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʫʣʫʯʰʠʪʴ ʛʦʨʦʜʩʢʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʜʨ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʠʥʞʝʥʝʨʥʦʛʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʘ.  

ʉʦʛʣʘʩʥʦ [6] ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ 

ʢʘʜʘʩʪʨʘ ʜʣʷ ʈʦʩʨʝʝʩʪʨʘ ð ʪɻʦ ʦʪʩʫʪʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʦʧʳʪʘ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʫ 

ʢʘʜʘʩʪʨʦʚʳʭ ʠʥʞʝʥʝʨʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 3D-ʢʘʜʘʩʪʨʦʚʳʭ ʨʘʙʦʪ. 

ʇʦʵʪʦʤʫ ʥʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʤʝʪʦʜʠʢ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ 3D-

ʤʦʜʝʣʝʡ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʫʜʫʱʝʛʦ ʢʘʜʘʩʪʨʘ ʩ ʪʨʝʭʤʝʨʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʜʘʩʪʨʦʚʦʛʦ ʫʯʸʪʘ ʠ ʧʦʤʦʛʘʝʪ ʧʦʷʩʥʠʪʴ, ʢʘʢ ʵʬʬʝʢʪʠʚʥʦ ʧʦʣʫʯʘʪʴ 

ʢʘʜʘʩʪʨʦʚʫʶ ʧʨʦʜʫʢʮʠʶ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʢʘʢ 

ʦʙʝʩʧʝʯʠʪʴ ʙʫʜʫʱʠʡ ʢʘʜʘʩʪʨ ʥʝʦʙʭʦʜʠʤʳʤʠ ʪʨʝʭʤʝʨʥʳʤʠ ʜʘʥʥʳʤʠ. 
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

1) ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʦ ʠ ʦʙʱʝʩʪʚʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʦ 

ʩʦʟʜʘʥʠʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʫʯʝʪʘ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʥʝʜʚʠʞʠʤʦʛʦ ʠʤʫʱʝʩʪʚʘ (3D-ʢʘʜʘʩʪʨʘ) ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʘ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ; 

2) ʚʥʝʜʨʝʥʠʝ ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʜʘʩʪʨʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʧʦʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʫʯʝʪʘ ʦʙʲʝʢʪʘ, ʯʪʦ ʫʣʫʯʰʠʪ ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ 

ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ;  

3) ʜʣʷ ʧʦʣʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʪʨʝʭʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʘʜʘʩʪʨʘ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʝʨʝʩʤʦʪʨʝʪʴ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʢʘʜʘʩʪʨʘ 

ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʤʫʱʝʩʪʚʝʥʥʳʭ ʧʨʘʚ; 

4) ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʦʧʳʪ ʐʚʝʮʠʠ ʠ ʅʦʨʚʝʛʠʠ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘ ʵʪʘʣʦʥʥʳʡ 

ʜʣʷ ʩʦʟʜʘʥʠʷ 3D-ʢʘʜʘʩʪʨʘ ʚ ʈʌ ʚʚʠʜʫ ʝʛʦ ʦʙʲʝʢʪʠʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ; 

5) ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʚ ʦʙʣʘʩʪʠ ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʜʘʩʪʨʘ ʚ ʈʦʩʩʠʠ 

ʧʨʦʚʦʜʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʦʧʳʪʝ; 

6) ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʣʘʟʝʨʥʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ, ʩʯʠʪʘʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʥʘʠʣʫʯʰʝʤ ʦʙʨʘʟʦʤ ʦʪʚʝʯʘʝʪ ʥʘ ʚʦʧʨʦʩ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 3D- 

ʢʘʜʘʩʪʨʘ ʠ ʮʠʬʨʦʚʦʛʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ.   
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ɻʃɸɺɸ 2. ʊʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʝʛʤʝʥʪʘʮʠʷ ʜʘʥʥʳʭ ʥʘʟʝʤʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

2.1. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʝʪʦʜʳ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʠʥʪʝʨʝʩʘ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʧʨʠʙʦʨʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ, ʪʘʢ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʚʳʨʘʙʦʪʢʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʦʙʲʝʢʪʦʚ ʨʘʟʥʦʛʦ ʪʠʧʘ.  

ɺ ʮʝʣʷʭ 3D-ʢʘʜʘʩʪʨʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ ʧʘʤʷʪʥʠʢʦʚ ʘʨʭʠʪʝʢʪʫʨʳ 

ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʝʪʦʜʘ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʤʝʪʦʜʦʤ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ. ɹʳʣ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʙʦʠʭ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ 

3D-ʤʦʜʝʣʠ ʧʘʤʷʪʥʠʢʘ ɻʝʨʦʷʤ ʇʣʝʚʥʳ c ʪʦʯʥʦʩʪʴʶ 3ʩʤ (ʨʠʩ 2.1). 

ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠʙʦʨʳ ʠ ʇʆ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ɸ. 

 

                                (ʘ)                         (ʙ)                            (ʚ) 

ʈʠʩʫʥʦʢ 2.1 ï (ʘ)- ʬʦʪʦ ʧʘʤʷʪʥʠʢʘ ɻʝʨʦʤ̫ ʇʣʝʚʥʳ, (ʙ)- 3D-ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, (ʚ)- 3D-ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ 

2.1.1. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʳʭ ʧʦʜʦʙʲʝʢʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚʦʩʝʤʴ ʢʘʤʥʝʡ ʠʟ ʧʘʤʷʪʥʠʢʘ 

(ʧʦ ʦʜʥʦʤʫ ʢʘʤʥʶ ʥʘ ʢʘʞʜʦʡ ʩʪʦʨʦʥʝ ʧʘʤʷʪʥʠʢʘ); ʨʘʟʤʝʨʳ ʚʩʝʭ ʚʥʝʰʥʠʭ ʩʪʦʨʦʥ 

ʙʳʣʠ ʠʟʤʝʨʝʥʳ (S1, S2, S3, S4, S5, S6, S7, S8) (ʨʠʩ.2.2). 
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ʈʠʩʫʥʦʢ 2.2 ï ɺʠʜ ʦʪʜʝʣʴʥʦʛʦ ʢʘʤʥʷ ʠ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʡ 

ʀʟʤʝʨʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 3 ʨʘʟʘ: 

¶ ʥʘ ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʤʝʪʦʜʫ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ; 

¶ ʥʘ ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʤʝʪʦʜʫ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ; 

¶ ʠʟʤʝʨʝʥʠʷ ʥʘ ʢʘʤʥʝ ʩ ʧʦʤʦʱʴʶ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʣʠʥʝʡʢʠ (ʦʧʦʨʥʳʝ 

ʠʟʤʝʨʝʥʠʷ). 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ɸ4. (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɸ) 

2.1.2. ɸʥʘʣʠʟ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʱʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʨʘʚʥʘ 8,9 ʤʤ ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʟʝʤʥʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ 

ʜʦʩʪʠʛʘʝʪ 25,6 ʤʤ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 3D-

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʦʣʞʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʠʭ ʤʝʪʦʜʦʚ. ʅʘʟʝʤʥʘʷ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ ʩʧʦʩʦʙʥʘ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʮʝʩʩ ʠʟʫʯʝʥʠʷ ʦʙʲʝʢʪʘ ʪʝʢʩʪʫʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʳʭ 

3D-ʤʦʜʝʣʝʡ ʜʣʷ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʙʳʩʪʨʝʝ, ʯʝʤ ʜʨʫʛʠʝ ʤʝʪʦʜʳ. 

ɺʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʜʘʥʥʳʭ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʠʪ ʜʦʩʪʘʪʦʯʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʪʦʯʥʦʛʦ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩʣʦʞʥʦʩʪʠ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʘ ʤʝʪʦʜʘ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʝ, ʘ ʥʝ 

ʠʩʢʣʶʯʘʶʱʠʝ ʜʨʫʛ ʜʨʫʛʘ. ʅʦ ʪʘʢ ʢʘʢ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʩ ʠʥʪʝʨʝʩʫʝʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʘ̫ ʪʦʯʥʦʩʪʴ ʠ ʧʨʦʮʝʩʩ ʩʝʛʤʝʥʪʘʮʠʠ, ʢʘʢ ʧʝʨʚʳʡ ʵʪʘʧ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʥʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʥʦ ʥʘ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʨʝʘʣʴʥʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʪʦʣʴʢʦ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 
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S1 
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2.2. ʀʟʫʯʘʝʤʳʝ ʦʙʲʝʢʪʳ 

ɺ ʮʝʣʷʭ 3D-ʢʘʜʘʩʪʨʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ 

ʩʝʛʤʝʥʪʘʮʠʠ, ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʯʝʢ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʪʦʯʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ, ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʲʝʢʪʳ (ʪʘʙʣʠʮʘ 2.1). 

ʊʘʙʣʠʮʘ 2.1 ï ʀʟʫʯʘʝʤʳʝ ʦʙʲʝʢʪʳ 

ˉ ʆʙʲʝʢʪ ʌʦʪʘ ʦʙʲʝʢʪʘ 
ʇʨʠʯʠʥʘ ʚʳʙʦʨʘ 

ʦʙʲʝʢʪʘ 

1 

ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ 

ʄʦʩʢʚʘ, 

ʉʘʜʦʚʥʠʯʝʩʢʘʷ ʫʣ., 29   

 
 

ʆʙʲʝʢʪ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 

ʧʣʦʩʢʦʩʪʷʤʠ 

2 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʧʦ 

ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʫ 

 
 

ɿʜʘʥʠʝ ʜʣʷ ʫʯʸʪʘ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ   

3 

ʇʘʤʷʪʥʠʢ ɻʝʨʦʷʤ 

ʇʣʝʚʥʳ 

 

 

 

ʉʦʦʨʫʞʝʥʠʝ (ʦʙʲʝʢʪ 

ʢʫʣʴʪʦʨʥʦʛʦ ʥʘʩʣʝʜʷ) 

ʩʣʦʞʥʳʭ ʬʦʨʤ 

4 

ʈʷʟʘʥʩʢʠʡ ʪʝʘʪʨ 

ʜʨʘʤʳ 

 

 
 

ɿʜʘʥʠʝ ʩʣʦʞʥʦʡ ʬʦʨʤʳ 

5 

ɿʜʘʥʠʝ ʧʦ ʘʜʨʝʩʫ: 

ɻʦʨʦʭʦʚʩʢʠʡ 

ʧʝʨʝʫʣʦʢ, ʜʦʤ 4, 

ʢʦʨʧʫʩ 3. 

  

ʆʙʲʝʢʪ ʨʘʟʥʦʡ ʬʦʨʤʳ ʠ 

ʪʝʢʩʪʫʨʳ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʨʘʟʥʳʭ 

ʤʝʪʦʜʠʢ ʩʝʛʤʝʥʪʘʮʠʠ 

ʦʙʣʘʢʘ ʪʦʯʝʢ. 

2.3. ʆʙʟʦʨ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʧʦ ʜʘʥʥʳʤ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ [60]. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 
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ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʦʙʲʝʢʪʦʚ 

ʥʝʜʚʠʞʠʤʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ, ʧʦʩʢʦʣʴʢʫ ʨʫʯʥʦʝ ʚʳʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ 

ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʧʦʵʪʦʤʫ ʵʪʠ ʦʧʝʨʘʮʠʠ ʥʫʞʜʘʶʪʩʷ ʚ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ. ɺ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʘʭ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ, ʠ ʜʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʩʢʘʥʝʨʘ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʚʨʝʤʝʥʠ ʟʘʭʚʘʪʘ [122]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʠ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʢʘʤʝʨʘʣʴʥʳʭ ʨʘʙʦʪ. 

ʆʙʣʘʢʘ ʪʦʯʝʢ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʤʠʣʣʠʦʥʦʚ ʪʦʯʝʢ ʥʘ ʦʜʠʥ ʦʙʲʝʢʪ. ɼʣʷ ʫʩʧʝʰʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʘʢʠʭ 

ʦʙʲʝʤʥʳʭ ʜʘʥʥʳʭ ʠ ʜʣʷ ʣʫʯʰʝʛʦ ʠʭ ʧʦʥʠʤʘʥʠʷ, ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʧʨʦʮʝʜʫʨʫ 

ʩʝʛʤʝʥʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʢʘʢ ʧʝʨʚʳʡ ʵʪʘʧ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ [139]. 

ʉʝʛʤʝʥʪʘʮʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ð ʵʪʦ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʦʜʥʦʨʦʜʥʳʭ ʩʝʛʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʪʦʯʢʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʩʝʛʤʝʥʪʘ ʙʫʜʫʪ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʝ ʩʚʦʡʩʪʚʘ [55]. ʉʝʛʤʝʥʪʘʮʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʛʨʫʧʧʘʤ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʦʙʣʘʜʘʶʱʠʭ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, ʢʨʠʚʠʟʥʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʪ. ʜ. (ʦʢʥʘ, ʩʪʝʥʘ 

ʠ ʜʨ.) [10], [66]. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʙʣʘʢʦ ʪʦʯʝʢ ʙʳʣʦ ʩʝʛʤʝʥʪʠʨʦʚʘʥʦ, ʤʦʞʥʦ ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ ʥʘʟʥʘʯʘʪʴ ʢʣʘʩʩ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʘʪʴ ʥʘʟʚʘʥʠʝ, ʧʦʵʪʦʤʫ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʯʘʩʪʦ ʥʘʟʳʚʘʝʪʩʷ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʝʡ [22]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʩʝʛʤʝʥʪʘʮʠʠ ʨʘʟʜʝʣʷʝʪ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦ ʛʨʫʧʧʘʤ, 

ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪ ʨʘʟʥʳʝ ʯʘʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ [18], [80].   

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʦʡ ʪʝʤʦʡ, ʤʥʦʛʠʝ ʠʟ 

ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʳ ʦʩʦʙʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤʠ ʦʙʣʘʩʪʴʶ 

ʧʨʠʤʝʥʝʥʠʷ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ, 3D-ʢʘʜʘʩʪʨ, ʜʦʢʫʤʝʥʪʘʮʠʷ ʠ ʨʝʩʪʘʚʨʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʠ ʪ. ʜ.). ʉʦʛʣʘʩʥʦ [75] ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʤʝʪʦʜʦʚ 

ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) ʩʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ; 
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ʕʪʠ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʝʛʤʝʥʪʘʮʠʠ (ʥʘʧʨʠʤʝʨ: ʢʨʠʚʠʟʥʘ). ʉʥʘʯʘʣʘ 

ʦʙʥʘʨʫʞʘʪʩʷ ʛʨʘʥʠʮʳ ʚ ʦʙʣʘʢʝ, ʧʦʪʦʤ ʛʨʫʧʧʠʨʫʶʪʩʷ ʪʦʯʢʠ ʚʥʫʪʨʠ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʛʨʘʥʠʮ ʚ ʢʘʯʝʩʪʚʝ ʩʝʛʤʝʥʪʦʚ.  ʄʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʥʘ ʦʩʥʦʚʝ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ [59], [65], [121] ʠ [141]. 

2) ʩʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ; 

ɺ ʨʘʙʦʪʝ [137] ʘʚʪʦʨ ʧʨʝʜʩʪʘʚʠʣ ʘʣʛʦʨʠʪʤ ʩʝʛʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ 

ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ, ʜʣʷ ʙʳʩʪʨʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʛʦʨʦʜʩʢʠʭ 

ʦʙʲʝʢʪʦʚ. ɺʳʯʠʩʣʝʥʠʷ ʚ ʵʪʦʤ ʤʝʪʦʜʝ ʥʘʯʠʥʘʪʁʩʷ ʩ ʦʜʥʦʡ ʠʣʠ ʩ ʥʝʩʢʦʣʴʢʠʭ 

ʠʩʭʦʜʥʳʭ ʪʦʯʝʢ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʟʘʪʝʤ ʢ ʵʪʠʤ ʪʦʯʢʘʤ 

ʜʦʙʘʚʣʷʶʪʩʷ ʩʦʩʝʜʥʠʝ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʦʭʦʞʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ 

ʢʘʢ ʦʨʠʝʥʪʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʨʠʚʠʟʥʘ ʠ ʪ. ʜ. [86], [118]. 

3) ʩʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʠʪʠʚʦʚ; 

ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʝ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʤʥʦʛʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʳ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʨʠʤʠʪʠʚʳ ï ʧʣʦʩʢʦʩʪʠ, ʩʬʝʨʳ ʠ ʪ.ʧ.. ʇʦʵʪʦʤʫ ʧʨʠʤʠʪʠʚʳ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ 

ʦʙʣʘʢʦ, ʘ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ 

ʧʨʠʤʠʪʠʚʥʦʡ ʬʦʨʤʳ, ʛʨʫʧʧʠʨʫʶʪʩʷ ʢʘʢ ʦʜʠʥ ʩʝʛʤʝʥʪ [56], [70].  

4) ʩʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ: 

ʄʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʨʘʙʦʪʘʶʪ, ʛʨʫʧʧʠʨʫʷ 

ʥʘʙʣʶʜʘʝʤʳʝ ʜʘʥʥʳʝ ʚ ʢʣʘʩʪʝʨʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʦʜʦʙʠʷ ʠʣʠ ʣʠʥʠʝʡ ʦʪʩʯʝʪʘ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʝʩʪʴ ʜʚʘ 

ʧʦʜʭʦʜʘ, ʩʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʠʟʘʮʠʠ k-ʩʨʝʜʥʠʭ [97], [146] ʠ 

ʩʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ [103], [110]. 

2.3.1. ʉʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ 

ʄʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʵʪʘʧʘ: 

1) ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʚʳʜʝʣʝʥʠʝ ʢʨʘʸʚ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮʳ ʨʘʟʥʳʭ ʯʘʩʪʝʡ ʠʣʠ ʦʙʣʘʩʪʝʡ ʩʢʘʥʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ; 

2) ʛʨʫʧʧʠʨʦʚʢʘ ʪʦʯʝʢ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʛʤʝʥʪʦʚ. 
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ʂʨʘʷ ʠʣʠ ʛʨʘʥʠʮʳ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʦʯʝʢ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʝʚʳʰʘʶʱʠʭ ʟʘʜʘʥʥʦʝ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ. 

ɺ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʤʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ð ʵʪʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʴ, ʫʢʣʦʥʳ, ʫʛʣʳ ʥʘʢʣʦʥʘ, ʢʨʠʚʠʟʥʘ ʠʣʠ 

ʧʨʦʠʟʚʦʜʥʳʝ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʳʩʪʨʫʶ ʩʝʛʤʝʥʪʘʮʠʶ, ʦʥʠ ʤʦʛʫʪ ʜʘʚʘʪʴ ʥʝʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʩʣʫʯʘʝ ʰʫʤʘ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʊʘʢʠʝ ʩʠʪʫʘʮʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʜʘʥʥʳʭ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʯʝʥʴ ʯʘʩʪʦ, ʧʦʵʪʦʤʫ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʘʢʠʝ 

ʤʝʪʦʜʳ ʯʘʩʪʦ ʦʙʥʘʨʫʞʠʚʘʶʪ ʧʨʝʨʳʚʥʳʝ ʢʨʘʷ (ʥʝʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ ʯʘʩʪʠ 

ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ), ʢʦʪʦʨʳʝ ʙʝʟ ʧʨʦʮʝʜʫʨ ʟʘʧʦʣʥʝʥʠʷ ʠʣʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʤʦʛʫʪ ʟʘʪʨʫʜʥʠʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʟʘʤʢʥʫʪʳʭ ʩʝʛʤʝʥʪʦʚ [64]. 

2.3.2. ʉʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ 

ɼʘʥʥʳʡ ʤʝʪʦʜ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 

ʘ) ʤʝʪʦʜ çʩʥʠʟʫ ʚʚʝʨʭè: ʤʝʪʦʜ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʝʢʦʪʦʨʳʭ ʠʩʭʦʜʥʳʭ ʪʦʯʝʢ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʤʘʣʝʥʴʢʠʡ ʩʝʛʤʝʥʪ, ʘ ʟʘʪʝʤ ʵʪʦʪ ʩʝʛʤʝʥʪ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʟʘʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ. ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʵʪʠʤ ʤʝʪʦʜʦʤ ʩʠʣʴʥʦ 

ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʨʘʥʥʳʭ ʠʩʭʦʜʥʳʭ ʪʦʯʝʢ, ʧʦʵʪʦʤʫ ʥʝʪʦʯʥʳʡ ʚʳʙʦʨ ʠʩʭʦʜʥʳʭ 

ʪʦʯʝʢ ʦʯʝʥʴ ʨʝʟʢʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ (ʨʘʟʥʳʝ ʩʝʛʤʝʥʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ 

ʦʜʠʥ ʩʝʛʤʝʥʪ) ʠʣʠ ʢ ʯʨʝʟʤʝʨʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ (ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 

ʨʘʟʥʳʝ ʩʝʛʤʝʥʪʳ ʙʦʣʴʰʝ, ʯʝʤ ʥʫʞʥʦ); 

ʙ) ʤʝʪʦʜ "ʩʚʝʨʭʫ ʚʥʠʟ": ʤʝʪʦʜ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʘʟʥʘʯʝʥʠʷ ʚʩʝʭ ʪʦʯʝʢ ʚ ʦʜʥʫ 

ʛʨʫʧʧʫ, ʘ ʟʘʪʝʤ ʜʝʣʝʥʠʝʤ ʝʝ ʥʘ ʨʘʟʥʳʝ ʩʝʛʤʝʥʪʳ. ɻʜʝ ʠ ʢʘʢ ʨʘʟʜʝʣʠʪʴ ʵʪʠ 

ʛʨʫʧʧʳ ï ʵʪʦ ʦʩʥʦʚʥʘʷ ʪʨʫʜʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ. 

 ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʨʘʙʦʪʝ [58], ʘ ʟʘʪʝʤ ʥʝʩʢʦʣʴʢʦ 

ʚʘʨʠʘʥʪʦʚ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. 

ɺ ʮʝʣʦʤ, ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʤʝʥʴʰʝ ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ ʰʫʤʘ, ʯʝʤ 

ʤʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ, ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʝʛʦ 
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ʢʦʣʠʯʝʩʪʚʘ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ, ʯʪʦ ʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʰʫʤʦʚ [102]. ʆʜʥʘʢʦ 

ʵʪʠ ʤʝʪʦʜʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʠʩʭʦʜʥʳʭ ʪʦʯʝʢ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʠʟʫʘʣʴʥʦ ʦʧʝʨʘʪʦʨʦʤ. 

2.3.3. ʉʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʠʪʠʚʦʚ 

ʉʘʤʳʤʠ ʠʟʚʝʩʪʥʳʤʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʠʪʠʚʦʚ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʍʘʬʘ [56] ʠ ʤʝʪʦʜ 

ʩʣʫʯʘʡʥʳʭ ʚʳʙʦʨʦʢ (RANSAC) [70]. ʂʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʍʘʬʘ 

ʩʚʷʟʘʥ ʩ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʧʨʷʤʳʭ ʣʠʥʠʡ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ, ʥʦ ʧʦʟʞʝ ʘʣʛʦʨʠʪʤ ʙʳʣ 

ʨʘʩʰʠʨʝʥ c ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʠʛʫʨʳ, ʯʘʱʝ 

ʚʩʝʛʦ ʵʣʣʠʧʩʦʚ ʠ ʦʢʨʫʞʥʦʩʪʝʡ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʍʘʬʘ ʚ ʪʦʤ ʚʠʜʝ, ʚ ʢʦʪʦʨʦʤ ʦʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʡʯʘʩ, ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʦʠʩʢʘ ʪʦʯʝʢ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʢʣʘʩʩʫ ʬʠʛʫʨ, ʪʘʢʠʭ ʢʘʢ ʧʣʦʩʢʦʩʪʠ [138]. 

ʄʝʪʦʜ RANSAC ʙʝʨʸʪ ʟʘ ʦʩʥʦʚʫ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʪʦʯʝʢ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʨʠʤʠʪʠʚʦʚ. ɿʘʪʝʤ ʟʘʜʘʥʥʳʝ ʧʨʠʤʠʪʠʚʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʪʦʯʢʘʤʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʪʦʯʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʦʤʫ ʧʨʠʤʠʪʠʚʫ. ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ ʦʮʝʥʢʠ ʩ ʟʘʜʘʥʥʳʤ ʧʦʨʦʛʦʤ. 

ɺ ʨʘʙʦʪʝ [132] ʘʚʪʦʨʳ ʩʨʘʚʥʠʚʘʣʠ ʤʝʪʦʜ RANSAC ʠ ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʍʘʬʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʳʰʠ ʟʜʘʥʠʡ ʠʟ ʜʘʥʥʳʭ ʃʠʜʘʨʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʦʙʦʠʭ ʤʝʪʦʜʘʭ, ʤʝʪʦʜ 

RANSAC ʩʯʠʪʘʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʜʘʝʪ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ 

ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʤʦʞʝʪ ʦʙʨʘʙʦʪʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. 

ʄʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʠʪʠʚʦʚ ʩʯʠʪʘʶʪʩʷ ʙʳʩʪʨʳʤʠ ʠ 

ʥʘʜʝʞʥʳʤʠ, ʥʦ ʦʥʠ ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʢʠ. ʆʥʠ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʣʦʞʥʳʭ ʬʦʨʤ, 

ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʙʲʝʢʪʘʤʠ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʛʜʝ ʜʝʪʘʣʠ ʥʝ 

ʚʩʝʛʜʘ ʤʦʛʫʪ ʙʳʪʴ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʚ ʫʟʥʘʚʘʝʤʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʠʛʫʨʳ.  

2.3.4. ʉʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ï ʵʪʦ ʦʜʠʥ ʠʟ ʧʦʜʨʘʟʜʝʣʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ, ʯʪʦʙʳ ʜʘʪʴ 
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ʢʦʤʧʴʶʪʝʨʥʳʤ ʩʠʩʪʝʤʘʤ ʚʦʟʤʦʞʥʦʩʪʴ çʫʯʠʪʴʩʷè ʥʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʦʡ ʚʳʙʦʨʢʠ. 

ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʧʦʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʙʝʟ ʧʦʤʦʱʠ ʦʧʝʨʘʪʦʨʘ 

[45]. ʄʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʨʘʙʦʪʘʶʪ, ʛʨʫʧʧʠʨʫʷ 

ʥʘʙʣʶʜʘʝʤʳʝ ʜʘʥʥʳʝ ʚ ʢʣʘʩʪʝʨʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʦʜʦʙʠʷ ʠʣʠ ʣʠʥʠʝʡ ʦʪʩʯʝʪʘ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʝʩʪʴ ʜʚʘ ʧʦʜʭʦʜʘ. 

ʘ) ʄʝʪʦʜ k-ʩʨʝʜʥʠʭ ð ʵʪʦ ʧʦʧʫʣʷʨʥʳʡ ʘʣʛʦʨʠʪʤ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ (k ʦʙʦʟʥʘʯʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ) [104]. ɸʣʛʦʨʠʪʤ 

ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʳʭ ʪʦʯʝʢ, ʘ ʟʘʪʝʤ ʦʧʪʠʤʠʟʠʨʫʝʪ ʢʣʘʩʪʝʨʳ, 

ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʠ ʝʚʢʣʠʜʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʯʪʦʙʳ ʥʘʡʪʠ ʥʘʠʣʫʯʰʫʶ 

ʛʨʫʧʧʠʨʦʚʢʫ ʪʦʯʝʢ ʜʘʥʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʦʧʝʨʘʪʦʨʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ 

ʧʨʘʚʠʣʴʥʦʝ ʟʥʘʯʝʥʠʝ k ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ.  

ʙ) ʉʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ð ʪɻʦʪ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʷʝʪ ʧʘʨʘʤʝʪʨʳ ʩʝʛʤʝʥʪʘʮʠʠ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʥʘ ʦʩʥʦʚʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʣʠ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʧʨʠʤʝʨ: ʧʦʣʦʞʝʥʠʝ 

ʪʦʯʢʠ, ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ 

ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʠ ʪ.ʜ. ʄʝʪʦʜ ʦʙʳʯʥʦ ʩʦʟʜʘʝʪ ʠʝʨʘʨʭʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ 

ʥʘʙʦʨʘ ʪʦʯʝʢ ʧʫʪʝʤ ʠʪʝʨʘʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ ʛʨʫʧʧʳ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʢʘʞʜʘʷ ʛʨʫʧʧʘ ʥʝ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʪʦʣʴʢʦ ʠʟ ʪʦʯʝʢ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʦʜʥʦʤʫ ʩʝʛʤʝʥʪʫ [103], [110].  

ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳ, ʦʜʥʘʢʦ ʦʥʠ ʟʘʚʠʩʷʪ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʪʦʯʝʢ ʠ ʠʥʦʛʜʘ ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ. 

2.4. ɺʳʙʨʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 

2.4.1. ɸʣʛʦʨʠʪʤ ʏʝ ʠ ʆʣʩʝʥ 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʧʦʣʥʷʝʪ ʧʨʦʮʝʩʩ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ ʦʩʥʦʚʝ 

ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [65]:  

1) ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʚ ʦʙʣʘʢʝ ʚʳʜʝʣʷʶʪʩʷ 8 ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ ʚʦʢʨʫʛ ʥʝʝ; 

2) ʚʳʯʠʩʣʷʝʪʩʷ ʫʛʦʣ ʧʘʜʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ (Ŭ) ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ ʢʦʩʠʥʫʩʦʚ 

(ʨʠʩ. 2.3). ʅʘʧʨʠʤʝʨ, ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ A ð ɻ ʪʦ ʠʟʫʯʘʝʤʘʷ ʪʦʯʢʘ, ɺ - ʦʜʥʘ 
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ʠʟ ʝʝ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ, ʆ - ʧʦʣʦʞʝʥʠʝ ʩʢʘʥʝʨʘ. ʊʦʛʜʘ ʫʛʦʣ ʧʘʜʝʥʠʷ 

ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʚ ʪʦʯʢʝ ɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ɺ ʷʚʣʷʝʪʩʷ ʫʛʣʦʤ (Ŭ): ʫʛʦʣ, 

ʦʙʨʘʟʫʝʤʳʡ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ (OA) ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ὲᴆ;  

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʚʳʯʠʩʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ  

3) ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʚʳʯʠʩʣʷʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʚ ʥʘ 

ʢʘʞʜʦʡ ʪʦʯʢʝ, ʧʦʪʦʤ ʚr ʯʠʩʣʷʶʪʩʷ ʫʛʣʳ ʥʘʢʣʦʥʘ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʤʝʞʜʫ 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘʤʠ (Ўὔ) (ʨʠʩ. 2.4). ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (Ўὔ ), ʢʦʪʦʨʦʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʟʘʜʘʥʥʳʤ 

ʧʦʨʦʛʦʤ (Ñ ςπЈ, ʯʪʦʙʳ ʦʢʦʥʯʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ ʵʪʘ 

ʪʦʯʢʘ ʢʨʘʶ ʠʣʠ ʛʨʘʥʠʮʝ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʪ.ʝ. ʝʩʣʠ  Ўὔ  ᴜςπЈ, ʪʦ 

ʠʟʫʯʘʝʤʘʷ ʪʦʯʢʘ ʧʨʠʥʘʜʣʝʞʠʪ ʢʨʘʶ ʦʙʲʝʢʪʘ; 

 

 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʋʛʦʣ ʥʘʢʣʦʥʘ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʚ 

4) ʧʦʩʣʝ ʦʙʥʘʨʫʞʝʥʠʷ ʢʨʘʸʚ, ʪʦʯʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʥʫʪʨʠ ʵʪʠʭ ʢʨʘʸʚ, 

ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʦʜʠʥ ʩʝʛʤʝʥʪ, ʠ ʟʘʜʘʝʪʩʷ ʩʣʫʯʘʡʥʳʡ ʮʚʝʪ. 

2.4.2. ɸʣʛʦʨʠʪʤ ʈʘʙʙʘʥʠ 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʧʦʣʥʷʝʪ ʧʨʦʮʝʩʩ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ, ʠʩʧʦʣʴʟʫʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʣʘʢʘ ʪʦʯʝʢ. ɸʣʛʦʨʠʪʤ 

ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [118]:  

1) ʚʙrʠʨʘʝʪʩʷ ʦʜʥʘ ʪʦʯʢʘ A (ʠʩʭʦʜʥʘʷ ʪʦʯʢʘ), ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʠʟʚʝʩʪʥʦʤʫ 

ʩʝʛʤʝʥʪʫ ʦʧʝʨʘʪʦʨʦʤ; 
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2) ʚʳʙʠʨʘʶʪʩʷ ʩʦʩʝʜʥʠʝ ʪʦʯʢʠ ʚʦʢʨʫʛ ʪʦʯʢʠ (ɸ) ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ çk-

ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡè (KNN - k Nearest Neighbor), ʛʜʝ k ï ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʙʨʘʥʥʳʭ ʪʦʯʝʢ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ (ʨʠʩʫʥʦʢ 2.5); 

                                      

ʈʠʩʫʥʦʢ 2.5 ï ɺʳʜʝʣʝʥʠʝ ʪʦʯʢʠ     ʈʠʩʫʥʦʢ 2.6 ï ʅʘʧʨʘʚʣʝʥʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ 

           ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ               ὔ̱ᴆ ʥʘ ʧʦʣʫʯʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

3) ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʘʤʘʷ ʧʦʜʭʦʜʷʱʘʷ 

ʧʣʦʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʙʨʘʥʥʳʝ ʪʦʯʢʠ ʥʘʠʣʫʯʰʠʤ 

ʦʙʨʘʟʦʤ, ʘ ʟʘʪʝʤ ʚʳʯʠʩʣʷʶʪʩʷ ʨʘʩʭʦʞʜʝʥʠʷ (ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʚʳʙʨʘʥʥʳʭ ʪʦʯʝʢ ʜʦ ʧʦʣʫʯʝʥʥʦʡ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ); 

4) ʚ ʠʩʭʦʜʥʦʡ ʪʦʯʢʝ ɸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ὔ̱ᴆ ʥʘ 

ʧʦʣʫʯʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (ʨʠʩʫʥʦʢ 2.6); 

5) ʠʟ ʚʳʙʨʘʥʥʳʭ ʪʦʯʝʢ ʚʦʢʨʫʛ ʪʦʯʢʠ (ɸ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʢʘ ʩ ʩʘʤʳʤ ʤʘʣʝʥʴʢʠʤ 

ʨʘʩʭʦʞʜʝʥʠʝʤ, ʠ ʝʝ ʩʯʠʪʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʡ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ (ɺ). ɿʘʪʝʤ 

ʧʦʚʪʦʨʷʶʪʩʷ ʰʘʛʠ (1-5) ʜʣʷ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ (ɺ); 

6) ʜʘʣʝʝ ʚʳʯʠʩʣʷʝʪʩʷ ʫʛʦʣ Ўὔ  (ʨʠʩ. 2.7); 

 
ʈʠʩʫʥʦʢ 2.7 ï ʋʛʦʣ, ʦʙʨʘʟʫʝʤʳʡ ʤʝʞʜʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘʤʠ ὔ̱ᴆ ̉ ὔˏᴆ. 

7) ʟʘʜʘʝʪʩʷ ʧʦʨʦʛ ʥʘʢʣʦʥʘ —ȟ ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ ʪʦʯʢʘ (ɺ) ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʯʢʠ (ɸ). ʆʙʳʯʥʦ ʫʛʦʣ — ρυςπЈ;  

8) ʜʘʣʝʝ ʟʘʜʘʝʪʩʷ ʧʦʨʦʛ ʨʘʩʭʦʞʜʝʥʠʡ (r), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʷʚʣʷʶʪʩʷ ʣʠ ʚʳʙʨʘʥʥʳʝ ʪʦʯʢʠ ʚʦʢʨʫʛ ʪʦʯʢʠ (ɺ) ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʩʭʦʜʥʳʤʠ 

ʪʦʯʢʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʟʘʜʘʥʥʳʤ ʧʦʨʦʛʦʤ (r). 
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ʊʦʯʢʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʥʴʰʝ, ʯʝʤ ʧʦʨʦʛ (r) ʜʦʙʘʚʣʷʶʪʩʷ ʚ 

ʩʧʠʩʦʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʭʦʜʥʳʭ ʪʦʯʝʢ (ʉʇʠ.ʪ.). ɽʩʣʠ ʩʧʠʩʦʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʠʩʭʦʜʥʳʭ ʪʦʯʝʢ ʥʝ ʧʫʩʪʦʡ, ʪʦ ʚʳʙʠʨʘʝʪʩʷ ʪʦʯʢʘ ʩ ʩʘʤʳʤ ʤʘʣʝʥʴʢʠʤ 

ʨʘʩʭʦʞʜʝʥʠʝʤ ʠʟ ʩʧʠʩʢʘ ʠ ʝʝ ʩʯʠʪʘʶʪ, ʢʘʢ ʥʦʚʫʶ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʧʨʦʩʤʦʪʨʦʚ. ɸ ʝʩʣʠ ʩʧʠʩʦʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʭʦʜʥʳʭ ʪʦʯʝʢ 

ʧʫʩʪʦʡ, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʧʝʨʘʪʦʨ ʜʦʣʞʝʥ ʚʳʙʨʘʪʴ ʜʨʫʛʠʝ ʠʩʭʦʜʥʳʝ ʪʦʯʢʠ 

ʜʣʷ ʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ; 

9) ʧʦʚʪʦʨʷʶʪʩʷ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʵʪʘʧʳ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ ʚʩʝʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ. 

2.4.3. ɸʣʛʦʨʠʪʤ ʃʠ, ʗʥ ʠ ʊʘʥ 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʧʦʣʥʷʝʪ ʧʨʦʮʝʩʩ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʤʠʪʠʚʦʚ, ʠʩʧʦʣʴʟʫʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʣʘʢʘ ʪʦʯʝʢ [99]. ɸʣʛʦʨʠʪʤ 

ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʩʣʫʯʘʡʥʳʭ ʚʳʙʦʨʦʢ (RANSAC) ʠ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) ʩʥʘʯʘʣʘ ʦʙʣʘʢʦ ʪʦʯʝʢ ʜʝʣʠʪʩʷ ʥʘ ʨʝʛʫʣʷʨʥʳʝ ʷʯʝʡʢʠ, ʜʣʠʥʘ ʩʪʦʨʦʥʳ ʢʦʪʦʨʳʭ 

ʠʟʚʝʩʪʥʘ ʠ ʨʘʚʥʘ (S). ɿʘʪʝʤ ʪʦʯʢʠ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ 

ʪʨʝʭʤʝʨʥʳʝ ʵʣʣʠʧʩʳ (ʨʠʩʫʥʦʢ 2.8); 

2) ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (principal component analysis, 

PCA), ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʦʙʨʘʟʫʶʪ ʣʠ ʪʦʯʢʠ, ʣʝʞʘʱʠʝ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ 

ʵʣʣʠʧʩʘ, ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ; 

 

ʈʠʩʫʥʦʢ 2.8 ï ʀʩʭʦʜʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʩʣʝʚʘ; ʦʙʣʘʢʦ ʪʦʯʝʢ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ 

ʥʘ ʵʣʣʠʧʩʳ ʩʧʨʘʚʘ 

3) ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʚʳʯʠʩʣʷʝʪʩʷ 

ʧʘʨʘʤʝʪʨ (ɚ), ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʳ ʪʦʯʢʠ ʵʣʣʠʧʩʘ; 

4) ʟʘʜʘʝʪʩʷ ʧʦʨʦʛ ( ̓̆  ɴ πȟρ  ʥʘ ʦʩʥʦʚʝ, ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʷʚʣʷʶʪʩʷ ʣʠ ʪʦʯʢʠ ʚʥʫʪʨʠ ʠʟʫʯʘʝʤʦʛʦ ʵʣʣʠʧʩʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ; 
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5) ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ (ɚ) ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʧʦʨʦʛʦʤ (̓̆). ʕʣʣʠʧʩʳ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ (ɚ) ʤʝʥʴʰʝ ʧʦʨʦʛʘ (̓̆), ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʵʣʣʠʧʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʠ ʦʥʠ ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʩʧʠʩʦʢ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʣʣʠʧʩʦʚ; 

6) ʝʩʣʠ ʵʣʣʠʧʩ ʠʤʝʝʪ ɚ ʙʦʣʴʰʝ ʧʦʨʦʛʘ (̓̆), ʪʦ ʪʦʯʢʠ ʚʥʫʪʨʠ ʥʝʛʦ ʥʝ ʦʙʨʘʟʫʶʪ 

ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʪʘʢʠʤʠ ʪʦʯʢʘʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ 

ʦʙʨʘʙʦʪʢʝ; 

7) ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʵʣʣʠʧʩʘ, ʚʳʙʠʨʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʣʫʯʘʡʥʳʭ 

ʪʦʯʝʢ (ʥʝ ʤʝʥʝʝ 3 ʪʦʯʝʢ). ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʘʷ ʧʣʦʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (k), ʢʦʪʦʨʘʷ 

ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʙʨʘʥʥʳʝ ʪʦʯʢʠ, ʠ ʚʳʯʠʩʣʷʶʪʩʷ 

ʨʘʩʭʦʞʜʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʪʦʯʝʢ ʚʥʫʪʨʠ ʵʣʣʠʧʩʘ;  

8) ʟʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ὔ̋ᴆ.  ɿʘʪʝʤ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʩʘʤʦʛʦ ʵʣʣʠʧʩʘ ὔ̞ᴆ̌ (ʨʠʩ. 2.9); 

9) ʟʘʜʘʶʪʩʷ ʜʚʘ ʧʦʨʦʛʘ (Ў—, ʧʦʨʦʛ ʥʘʢʣʦʥʘ - ʫʛʦʣ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʤʝʞʜʫ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʚ  ὔᴆ ʠ  ὔ̞ᴆ̌) ʠ ЎὨ, ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʭʦʞʜʝʥʠʝ 

- ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʝʢ ʚʥʫʪʨʠ ʵʣʣʠʧʩʘ ʜʦ ʦʙʨʘʟʫʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (k)); 

 
ʈʠʩʫʥʦʢ 2.9 ï ʉʭʝʤʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʚ 

10) ʚʳʯʠʩʣʷʝʪʩʷ ʫʛʦʣ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʚ Ўὔ̋ȟ̞ Ȣ̌ ɽʩʣʠ Ўὔ̋ȟ̞  ̌ʤʝʥʴʰʝ ʧʦʨʦʛʘ Ў—, ʪʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʠʟʫʯʘʝʤʳʡ ʵʣʣʠʧʩ ʩʦʜʝʨʞʠʪ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʣʦʩʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʧʦʨʦʛʦʤ (ЎὨ). 

ʊʦʯʢʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʥʴʰʝ ʧʦʨʦʛʘ (ЎὨ) ʷʚʣʷʶʪʩʷ ʪʦʯʢʘʤʠ 
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ʠʟ ʧʦʚʝʨʭʥʦʩʪʠ (k). ɽʩʣʠ ʫʛʦʣ Ўὔ̋ȟ̞  ̌ʙʦʣʴʰʝ, ʯʝʤ ʧʦʨʦʛ Ў—, ʪʦ ʠʟʫʯʘʝʤʳʡ 

ʵʣʣʠʧʩ ʥʝ ʩʦʜʝʨʞʠʪ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʣʦʩʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʮʝʥʠʚʘʪʴ ʧʦʨʦʛ ЎὨ. ʊʦʯʢʠ ʚʥʫʪʨʠ ʪʘʢʠʭ 

ʵʣʣʠʧʩʦʚ ʫʜʘʣʷʶʪʩʷ ʠʟ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ; 

11) ʚʳʯʠʩʣʷʝʪʩʷ ʫʛʦʣ (ɔ) - ʫʛʦʣ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʚ ʩʦʩʝʜʥʠʭ ʵʣʣʠʧʩʦʚ (ʨʠʩʫʥʦʢ 2.10). ʋʛʦʣ (ɔ) ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 

ʧʦʨʦʛʦʤ ʥʘʢʣʦʥʘ Ў—. ɽʩʣʠ ɔ < Ў—, ʪʦ ʵʪʠ ʩʦʩʝʜʥʠʝ ʵʣʣʠʧʩʳ ʧʨʠʥʘʜʣʝʞʘʪ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʭ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚʤʝʩʪʝ ʚ ʦʜʥʦʤ ʩʝʛʤʝʥʪʝ; 

 

 

 

 

ʈʠʩʫʥʦʢ 2.10 ï ʇʨʠʤʝʨ ʥʘʧʨʘʚʣʝʥʠʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʚ ʩʦʩʝʜʥʠʭ ʵʣʣʠʧʩʦʚ 

(ʧʝʨʧʝʥʜʠʢʫʣʷʨʳ ʧʦʯʪʠ ʧʘʨʘʣʣʝʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ ʪ.ʝ. ʫʛʦʣ (ɔ)π) 

12) ʧʦʚʪʦʨʷʶʪʩʷ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʵʪʘʧʳ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ ʚʩʝʛʦ ʦʙʣʘʢʘ 

ʪʦʯʝʢ. 

2.4.4. ɸʣʛʦʨʠʪʤ ʂʫʩʘʢ ʠ ʀʨʦʣ 

ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʚ ʦʙʣʘʢʝ ʩʦʭʨʘʥʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ (X, Y, Z), ʥʦ ʠ ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ [24]. 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʧʦʣʥʷʝʪ ʧʨʦʮʝʩʩ ʩʝʛʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ [94]. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʦʪʨʘʞʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʘʟʝʨʥʳʭ 

ʣʫʯʝʡ ʦʪ ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʪʨʘʞʘʶʱʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ, ʫʛʣʘ ʧʘʜʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʠ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʢʘʥʥʝʨʘ ʜʦ ʦʙʲʝʢʪʘ [72-73]. ɸʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ k-ʩʨʝʜʥʠʭ 

(k-mean) ʠ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) ʩʥʘʯʘʣʘ, ʟʘʜʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ (k), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ (k) ʩʝʛʤʝʥʪʳ; 
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2) ʘʣʛʦʨʠʪʤ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʳʭ ʪʦʯʝʢ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʩʯʠʪʘʝʪʩʷ ʮʝʥʪʨʦʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʠʣʠ ʩʝʛʤʝʥʪʘ; 

3) ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʙʣʠʟʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʘʞʜʦʡ ʪʦʯʢʠ ʜʦ 

ʮʝʥʪʨʘ ʢʣʘʩʪʝʨʦʚ:  

Ὠ ̖ ̖ ̔ ̔ ᾀ ᾀ   ȟ                                                 ςȢρ 

ʛʜʝ i ð 1,2,3,ééN;          Nð ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ;           ‘ð ʮʝʥʪʨ ʢʣʘʩʪʝʨʘ k; 

      ὼ, y, z ð ʢʦʤʧʦʥʝʥʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ RGB, LAB ʠʣʠ 

ʚ ʣʶʙʦʤ ʜʨʫʛʦʤ ʮʚʝʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; 

4) ʪʦʯʢʠ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʩʝʛʤʝʥʪʝ, ʮʝʥʪʨ ʢʦʪʦʨʦʛʦ ʙʣʠʞʝ ʢ ʥʠʤ (ʨʠʩʫʥʦʢ 2.11); 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.11 ï ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ. 

5) ʧʦʣʦʞʝʥʠʝ ʥʦʚʳʭ ʮʝʥʪʨʦʚ ʢʣʘʩʪʝʨʦʚ ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʦʯʝʢ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ. ɿʘʪʝʤ ʚʳʯʠʩʣʷʶʪʩʷ 

ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʚʩʝʭ ʪʦʯʝʢ ʜʦ ʥʦʚʳʭ ʮʝʥʪʨʦʚ; 

6) ʪʦʯʢʠ ʤʝʥʷʶʪ ʢʣʘʩʪʝʨʳ ʥʘ ʦʩʥʦʚʝ  ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʨʘʩʩʪʦʷʥʠʡ. ʊʦʯʢʠ 

ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʩʝʛʤʝʥʪʝ, ʮʝʥʪʨ ʢʦʪʦʨʦʛʦ ʙʣʠʞʝ ʢ ʥʠʤ; 

7) ʧʦʚʪʦʨʷʶʪʩʷ ʧʫʥʢʪʳ (1-6) ʧʦʢʘ ʪʦʯʢʠ ʤʝʥʷʶʪ ʢʣʘʩʪʝʨʳ. ɸʣʛʦʨʠʪʤ ʩʪʨʝʤʠʪʩʷ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʪʦʯʝʢ ʢʣʘʩʪʝʨʘ ʜʦ ʝʛʦ ʮʝʥʪʨʘ (ʨʠʩ.2.12). 

 
ʈʠʩʫʥʦʢ 2.12 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʝʪʦʜʘ k-ʩʨʝʜʥʠʭ 
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2.5. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ 

2.5.1. ʀʟʫʯʘʝʤʳʝ ʦʙʲʝʢʪʳ ʠ ʧʦʜʛʦʪʦʚʢʘ ʵʪʘʣʦʥʥʳʭ ʜʘʥʥʳʭ 

ʏʪʦʙʳ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʘʣʛʦʨʠʪʤʳ, ʤʳ ʧʨʦʚʝʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2. 

ʊʘʙʣʠʮʘ 2. 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ 

ʆʙʲʝʢʪ ʉʢʘʥʥʝʨ 

ʇʣʦʪʥʦʩʪʴ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

(ʤʤ)  

ʂʦʣʠʯʝʩʪʚʦ 

ʪʦʯʝʢ 

ʂʦʣʠʯʝʩʪʚʦ 

ʛʣʘʚʥʳʭ 

ʩʝʛʤʝʥʪʦʚ 

ɿʜʘʥʠʝ ʧʦ ʘʜʨʝʩʫ: 

ɻʦʨʦʭʦʚʩʢʠʡ ʧʝʨ., ʜ.4, ʢ.3 
Trimble GX 25  265933 43 

ʇʘʤʷʪʥʠʢ ʛʝʨʦʷʤ ʇʣʝʚʥʳ Leica C10 3 5000501 344 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʦʤʝʱʝʥʠʝ FARO X130 10  1295667 38 

ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ 

ʄʦʩʢʚʘ, ʉʘʜʦʚʥʠʯʝʩʢʘʷ ʫʣ., 

29 

BLK 360 6 5258725 42 

ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʵʪʘʣʦʥʥʳʭ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʪʨʝʙʫʝʤʳʝ ʩʝʛʤʝʥʪʳ. ʕʪʠ ʵʪʘʣʦʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʛʦʪʦʚʣʝʥʳ ʧʫʪʝʤ ʚʠʟʫʘʣʴʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʪʦʯʝʢ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ Autodesk RECAP. ʊʦʯʢʠ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʤʝʶʱʠʝ ʦʜʠʥʘʢʦʚʳʡ ʮʚʝʪ, ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ 

ʦʜʥʦʤ ʩʝʛʤʝʥʪʝ ʚʨʫʯʥʫʶ ʠ ʜʘʝʪʩʷ ʫʥʠʢʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ ʠ ʮʚʝʪ.  

ʈʫʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠ ʠʩʭʦʜʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɺ ʪʘʙʣʠʮʝ 2.3 ʧʨʠʚʝʜʝʥʳ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 

ʧʦʜʛʦʪʦʚʢʫ ʵʪʘʣʦʥʥʳʭ ʜʘʥʥʳʭ (ʨʫʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ). 

ʊʘʙʣʠʮʘ 2. 3 ï ʟʘʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ ʥʘ ʵʪʘʧʝ ʨʫʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ 

ʆʙʲʝʢʪ ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ 

ɿʜʘʥʠʝ ʥʘ ɻʦʨʦʭʦʚʩʢʦʤ ʧʝʨʝʫʣʢʝ 1 ʯʘʩ 30ʤʠʥ 

ʇʘʤʷʪʥʠʢ ʛʝʨʦʷʤ ʇʣʝʚʥʳ 5 ʯʘʩʦʚ 30ʤʠʥ 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʦʤʝʱʝʥʠʝ 2 ʯʘʩʘ 15ʤʠʥ 

ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ 2 ʯʘʩʦʚ 55 ʤʠʥ 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʫʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 2.13- 2.16.  
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(ʘ)                                                      (ʙ) 

ʈʠʩʫʥʦʢ 2.13 ï ɿʜʘʥʠʝ ʧʦ ʘʜʨʝʩʫ: ɻʦʨʦʭʦʚʩʢʠʡ ʧʝʨ., ʜ4, ʢ3: (ʘ)- ʬʦʪʦ, (ʙ)- 

ʨʝʟʫʣʴʪʘʪ ʨʫʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ 

 
        (ʘ)                     (ʙ) 

ʈʠʩʫʥʦʢ 2.14 ï ʇʘʤʷʪʥʠʢ ʛʝʨʦʷʤ ʇʣʝʚʥʳ: (ʘ)- ʬʦʪʦ, (ʙ)- ʨʝʟʫʣʴʪʘʪ ʨʫʯʥʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ 

 
                                (ʘ)                                                (ʙ) 

ʈʠʩʫʥʦʢ 2.15 ï ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʦʤʝʱʝʥʠʝ: (ʘ)- ʬʦʪʦ, (ʙ)- ʨʝʟʫʣʴʪʘʪ ʨʫʯʥʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ 

 
                                (ʘ)                                                (ʙ) 

ʈʠʩʫʥʦʢ 2.16 ï ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ: (ʘ)- ʬʦʪʦ, (ʙ)- ʨʝʟʫʣʴʪʘʪ ʨʫʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ, ʩʣʦʞʥʦʩʪʠ ʝʛʦ ʬʦʨʤʳ ʠ ʪʝʢʩʪʫʨʳ, ʥʦ ʠ ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʧʴʶʪʝʨ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʫʢʘʟʘʥʥʳʤʠ ʚ ʪʘʙ. 2.4.  

ʊʘʙʣʠʮʘ 2. 4 ï ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʦʤʧʴʶʪʝʨʘ 

ʇʨʦʮʝʩʩʦʨ Intel CoreÊ i3 

ʆʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ 4 ɻɹ ʧʘʤʷʪʠ 

ɻʨʘʬʠʢʘ NVIDIA GeForce 920MX 

2.5.2. ʇʘʨʘʤʝʪʨʳ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʛʤʝʥʪʘʮʠʠ 

ʏʪʦʙʳ ʩʨʘʚʥʠʪʴ ʦʧʠʩʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ PCL. 

Point Cloud Library (PCL) ð ʵʪʦ ʧʨʦʝʢʪ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ (C++), 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ [81]. 

ɹʠʙʣʠʦʪʝʢʘ PCL ʩʦʜʝʨʞʠʪ ʘʣʛʦʨʠʪʤʳ ʬʠʣʴʪʨʘʮʠʠ, ʩʝʛʤʝʥʪʘʮʠʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʬʫʥʢʮʠʠ ʦʮʝʥʢʠ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʦʜʝʣʝʡ. ʆʜʥʘʢʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʜʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʘʚʪʦʨʦʤ ʚ MATLAB ʠ 

ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ CloudCompare ʠ MeshLab. ʆʙʟʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʣʷ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʨʠʚʝʜʝʥ ʚ ʧʨʠʣʦʞʝʥʠʠ ɹ. 

ʂʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [71], F-ʤʝʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʩʝʛʤʝʥʪʘʮʠʠ. 

ʇʘʨʘʤʝʪʨ F-ʤʝʨʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʨʘʩʩʯʠʪʘʚ ʜʚʘ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʘ (ʪʦʯʥʦʩʪʴ, 

ʧʦʣʥʦʪʘ). ʆʙʦʟʥʘʯʠʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦ ʦʜʥʦʤʫ ʠʟ 

ʠʟʫʯʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ð ʵʪʦ ʛʨʫʧʧʘ ʪʦʯʝʢ (R), ʦʙʨʘʟʫʶʱʘʷ ʩʝʛʤʝʥʪ i. ɺ ʪʘʢʦʤ 

ʩʣʫʯʘʝ, ʛʨʫʧʧʫ ʪʦʯʝʢ, ʦʙʨʘʟʫʶʱʫʶ ʵʪʦʪ ʞʝ ʩʝʛʤʝʥʪ i, ʥʦ ʧʦʣʫʯʝʥʥʫʶ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʨʫʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʦʟʥʘʯʠʤ (K). ɽʩʣʠ ʦʙʣʘʩʪʴ N1 ð ʵʪʦ ʪʦʯʢʠ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʛʨʫʧʧʘʤ R ʠ K, ʪʦ ʦʙʣʘʩʪʴ N2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ 

ʪʦʯʝʢ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʪʦʣʴʢʦ ʛʨʫʧʧʝ K. ʆʙʣʘʩʪʴ N3 ð ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ, 

ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʪʦʣʴʢʦ ʛʨʫʧʧʝ R. ʉʭʝʤʘ ʥʘʣʦʞʝʥʠʷ ʤʥʦʞʝʩʪʚ ʪʦʯʝʢ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 2.17. 
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 ̓ Ȣ̆Ȣ
ὔ Ὑ᷊ὑ 
ὔ ὑ͵Ὑ
ὔ Ὑ͵ὑ

,                                                                                      (2.2) 

    

 

ʈʠʩʫʥʦʢ 2.17 ï ʉʭʝʤʘ ʨʘʩʯʝʪʘ ʪʦʯʥʦʩʪʠ ʩʝʛʤʝʥʪʘʮʠʠ 

ʊʦʛʜʘ ʩʦʛʣʘʩʥʦ [48], [82], ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ ʢʘʢ ʧʨʦʮʝʥʪ ʚʝʨʥʳʭ ʪʦʯʝʢ ʩʨʝʜʠ ʥʘʡʜʝʥʥʳʭ. ʊʦʛʜʘ ʧʘʨʘʤʝʪʨ ʧʦʣʥʦʪʳ 

ʩʝʛʤʝʥʪʘʮʠʠ ʧʦʣʫʯʘʝʪʩʷ, ʢʘʢ ʧʨʦʮʝʥʪ ʥʘʡʜʝʥʥʳʭ ʩʨʝʜʠ ʚʝʨʥʳʭ ʪʦʯʝʢ. ʊʦʯʥʦʩʪʴ (ʪʦ) 

ʠ ʧʦʣʥʦʪʘ (ʧʦ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.3) ʠ (2.4). 

         ̓̏ 
ὔ

ὔ ὔ
ρzππ

ὔ

Ὑ
ρzππ  ȟ                                                                             ςȢσ 

ʘ ʧʦʣʥʦʪʘ ʩʝʛʤʝʥʪʘʮʠʠ (ʧʦ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.4) 

         ̐̏ 
ὔ

ὔ ὔ
ρzππ

ὔ

ὑ
ρzππ  Ȣ                                                                             ςȢτ 

ʊʦʯʥʦʩʪʴ ʠ ʧʦʣʥʦʪʘ ʭʦʨʦʰʦ ʦʮʝʥʠʚʘʶʪ ʢʘʯʝʩʪʚʦ ʩʝʛʤʝʥʪʘʮʠʠ, ʥʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʝʛʤʝʥʪʘʮʠʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʙʲʝʢʪʘ, ʤʦʞʝʪ ʩʣʫʯʠʪʴʩʷ ʪʘʢ, ʯʪʦ ʧʦʣʥʦʪʘ 

ʙʫʜʝʪ ʥʠʟʢʦʡ, ʘ ʪʦʯʥʦʩʪʴ ʚʳʩʦʢʦʡ ʠʣʠ ʥʘʦʙʦʨʦʪ.  ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʦʣʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʘʯʝʩʪʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʘ 

ʧʘʨʘʤʝʪʨʘ. ʏʪʦʙʳ ʩʚʷʟʘʪʴ ʪʦʯʥʦʩʪʴ ʩ ʧʦʣʥʦʪʦʡ ʠʩʧʦʣʴʟʫʶʪ ʧʘʨʘʤʝʪʨ F-ʤʝʨʘ, 

ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʶʪ ʢʘʢ ʩʨʝʜʥʝʝ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ [106] : 

         Ὂ ̍̆̑́
ςz ̓̏z̐̏

̓̏̐̏
      Ȣ                                                                                         ςȢυ 

2.5.3. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʛʤʝʥʪʘʮʠʠ 

ʆʙʣʘʢʘ ʪʦʯʝʢ ʦʙʲʝʢʪʦʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʧ. 2.5.1 ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ: ʪ.ʝ. 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪ r ʨʫʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ. 
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1) ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʟʜʘʥʠʷ ʥʘ ɻʦʨʦʭʦʚʩʢʦʤ ʧʝʨʝʫʣʢʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʨʠʩʫʥʢʘʭ: 

ʘ) ʧʦ ʤʝʪʦʜʫ ʏʝ ʠ ʆʩʣʝʥ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [65], (ʨʠʩ. 2.18); 

ʙ) ʧʦ ʤʝʪʦʜʫ ʈʘʙʙʘʥʠ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [118], (ʨʠʩ. 2.19); 

ʚ) ʧʦ ʤʝʪʦʜʫ ʃʠ, ʗʥ ʠ ʊʘʥ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [99], (ʨʠʩ. 2.20); 

ʛ) ʧʦ ʤʝʪʦʜʫ ʂʫʩʘʢ ʠ ʀʨʦʣ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [94], (ʨʠʩ. 2.21). 

 

ʈʠʩʫʥʦʢ 2.18 ï ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦ ʤʝʪʦʜʫ ʏʝ ʠ ʆʣʩʝʥ 

 

ʈʠʩʫʥʦʢ 2.19 ï ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦ ʤʝʪʦʜʫ ʈʘʙʙʘʥʠ 

 

ʈʠʩʫʥʦʢ 2.20 ï ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦ ʤʝʪʦʜʫ ʃʠ, ʗʥ ʠ ʊʘʥ 

 
ʈʠʩʫʥʦʢ 2.21 ï ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦ ʤʝʪʦʜʫ ʂʫʩʘʢ ʠ ʀʨʦʣ 
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ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ F-ʤʝʨr ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ ʧʦ ʬʦʨʤʫʣʝ (2.5), 

ʚʳʯʠʩʣʷʝʪʩʷ ʦʙʱʘ ̫F-ʤʝʨʘ ʜʣʷ ʚʩʝʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 ̠̏̂́̚ Ὂ ̍̆̑́
В Ὂ ̍̆̑Ὥ́ ὲzὭ

В ὲὭ
  ȟ                                                              ςȢφ 

ʛʜʝ  i ð ʥʦʤʝʨ ʩʝʛʤʝʥʪʘ;                    N ð ʢʦʣʠʯʝʩʪʚʦ ʩʝʛʤʝʥʪʦʚ; 

      Ὂ ̍̆̑Ὥ́ ð ʧʘʨʘʤʝʪʨ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʩʝʛʤʝʥʪʘʮʠʠ ʩʝʛʤʝʥʪʘ ʥʦʤʝʨ i; 

      n ð ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʩʝʛʤʝʥʪʘ ʥʦʤʝʨ i. 

ʇʘʨʘʤʝʪʨʳ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ 

ʥʘ ʠʭ ʧʦʜʛʦʪʦʚʢʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.22 ʠ 2.23.  

 

ʈʠʩʫʥʦʢ 2.22 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʛʨʘʬʠʢ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

 

ʈʠʩʫʥʦʢ 2.23 ï ɻʨʘʬʠʢ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʩʝʛʤʝʥʪʘʮʠʠ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʵʪʘʣʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʦʮʝʥʪ ʧʨʘʚʠʣʴʥʦ ʦʙʥʘʨʫʞʝʥʥʳʭ ʪʦʯʝʢ (ʦʙʱʘʷ F-ʤʝʨʘ) ʧʦ ʤʝʪʦʜʫ, 

ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [65] ʩʦʩʪʘʚʠʣ 83,2%. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʤʘʨʢʘʭ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʪʝʥʳ ʠ ʥʘ ʜʦʨʦʛʝ, ʧʦʪʦʤʫ ʯʪʦ ʘʣʛʦʨʠʪʤ ʥʝ 

ʤʦʛ, ʦʙʥʘʨʫʞʠʪʴ ʟʘʤʢʥʫʪʳʝ ʛʨʘʥʠʮʳ ʚʩʝʭ ʩʝʛʤʝʥʪʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʏʝ ʠ ʆʣʩʝʥʈʘʙʙʘʥʠʃʠ, ʗʥ ʠ 

ʊʘʥ

ʂʫʩʘʢ ʠ 

ʀʨʦʣ

83.2 85.1 82.8
94.8

ʆʙʱʘʷ F-ʤʝʨʘ, %

ʏʝ ʠ ʆʣʩʝʥʈʘʙʙʘʥʠʃʠ, ʗʥ ʠ ʊʘʥʂʫʩʘʢ ʠ 

ʀʨʦʣ

3.9

15.7

2.9 5.3
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ʯʨʝʟʤʝʨʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʩʪʝʥʝ (ʩʣʝʚʘ) ʠ ʥʘ ʢʨʳʰʝ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʨʘʟʨʳʚʦʚ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ.  

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [118], ʦʙʱʘʷ F-ʤʝʨʘ ʩʦʩʪʘʚʠʣʘ 

85,06%. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʤʘʨʢʘʭ, ʚ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʩʪʝʥʳ ʠ ʥʘ ʜʦʨʦʛʝ, ʧʦʪʦʤʫ ʯʪʦ ʘʣʛʦʨʠʪʤ ʥʝ ʤʦʛ ʦʙʥʘʨʫʞʠʪʴ ʛʨʘʥʠʮʳ ʵʪʠʭ 

ʩʝʛʤʝʥʪʦʚ ʠʟ-ʟʘ ʧʣʘʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʵʪʠʭ ʩʝʛʤʝʥʪʦʚ ʢ ʩʦʩʝʜʥʠʤ ʩʝʛʤʝʥʪʘʤ ʚʦʢʨʫʛ 

ʥʠʭ. ʏʨʝʟʤʝʨʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʚʦʜʦʩʪʦʯʥʳʭ ʪʨʫʙʘʭ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ 4 ʩʝʛʤʝʥʪʘ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʪʨʫʙ.  

ʀʟʫʯʘʷ ʨʝʟʫʣʴʪʘʪʳ ʤʝʪʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [99], ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʪʦʯʢʠ ʚʦʜʦʩʪʦʯʥʳʭ ʪʨʫʙ ʫʜʘʣʝʥʳ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʄʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʳ ʥʘ ʧʣʦʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʦ ʪʦʯʢʠ 

ʚʦʜʦʩʪʦʯʥʳʭ ʪʨʫʙ ʠʤʝʶʪ ʬʦʨʤʫ ʮʠʣʠʥʜʨʘ, ʯʪʦ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʛʠʧʦʪʝʟʦʡ ʵʪʦʛʦ 

ʤʝʪʦʜʘ, ʧʦʵʪʦʤʫ ʪʘʢʠʝ ʪʦʯʢʠ ʫʜʘʣʷʶʪʩʷ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʤʘʨʢʘʭ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʪʝʥʳ, ʥʘ 

ʢʨʳʰʝ ʠʟ-ʟʘ ʧʣʘʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʵʪʠʭ ʩʝʛʤʝʥʪʦʚ ʢ ʩʦʩʝʜʥʠʤ ʩʝʛʤʝʥʪʘʤ ʚʦʢʨʫʛ 

ʥʠʭ. ʏʨʝʟʤʝʨʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʪʨʦʪʫʘʨʝ, ʢʦʪʦʨʳʡ ʙʳʣ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʢʘʢ 4 ʩʝʛʤʝʥʪʘ, ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʣʦʞʝʥʠʠ ʢʘʤʥʝʡ 

ʪʨʦʪʫʘʨʘ, ʢʦʪʦʨʳʝ ʧʨʝʚʳʰʘʶʪ ʧʦʨʦʛʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ɺʩʝ ʵʪʠ ʦʰʠʙʢʠ, ʧʨʠʚʦʜʷʪ ʢ 

ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʵʪʦʛʦ ʤʝʪʦʜʘ. ʆʙʱʘʷ F-ʤʝʨʘ ʩʦʩʪʘʚʠʣʘ 82,8%. 

ɸʣʛʦʨʠʪʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [94], ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ k-ʩʨʝʜʥʠʭ ʠ 

ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʀʩʩʣʝʜʫʝʤʦʝ ʟʜʘʥʠʝ 

ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʩʝʛʤʝʥʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʦʢʥʘ ʠ ʧʦʜʦʢʦʥʥʠʢʠ (ʘʣʶʤʠʥʠʡ), ʠʣʠ ʚʦʜʦʩʪʦʯʥʳʝ ʪʨʫʙʳ ʠ ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʢʨʳʰʘ. ʊʘʢʠʝ ʩʝʛʤʝʥʪʳ ʤʦʛʫʪ ʩʥʠʟʠʪʴ ʪʦʯʥʦʩʪ ɹʩʝʛʤʝʥʪʘʮʠʠ, ʝʩʣʠ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʜʨʫʛ ʜʨʫʛʘ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʥʝ ʤʦʞʝʪ ʠʭ ʧʨʘʚʠʣʴʥʦ 

ʦʙʥʘʨʫʞʠʪʴ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʜʝʣʘʥʳ ʠʟ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ, ʪ.ʝ. ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ. ʆʜʥʘʢʦ, ʦʙʱʘʷ F-ʤʝʨʘ ʜʣʷ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʩʦʩʪʘʚʠʣʘ 94,8%.   
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ɽʩʣʠ ʞʝ ʛʦʚʦʨʠʪʴ ʦ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪʘʭ (ʨʠʩ. 2.23), ʪʦ ʠʟ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʚ, ʤʝʪʦʜ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [118], ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ (16 

ʤʠʥ). ʊʘʢ ʢʘʢ ʵʪʦʪ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʜʝʡʩʪʚʠʡ ʦʪ ʦʧʝʨʘʪʦʨʘ, ʧʦ ʚʳʙʦʨʫ ʠʩʭʦʜʥʳʭ ʪʦʯʝʢ 

ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʝʛʤʝʥʪʘ ʠ ʠʟ-ʟʘ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʝʪʦʜ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [99], ʟʘʥʷʣ ʚʩʝʛʦ 3 ʤʠʥ, ʠʟ-ʟʘ ʧʨʦʩʪʦʛʦ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ, 

ʥʦ ʦʥ ʜʘʣ ʭʫʜʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʢʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ. 

2) ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʦʛʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʘʤʷʪʥʠʢʘ ʛʝʨʦʷʤ 

ʇʣʝʚʥʳ ʧʨʠʚʝʜʝʥʳ ʜʘʣʝʝ ʥʘ ʨʠʩʫʥʢʝ 2.24 

 

 

 

 

 

 

 

                     (ʘ)                         (ʙ)                          (ʚ)                         (ʛ) 

ʈʠʩʫʥʦʢ 2.24 ï ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ: (ʘ)-ʧʦ ʤʝʪʦʜʫ ʏʝ ʠ ʆʣʩʝʥ, (ʙ)-ʧʦ 

ʤʝʪʦʜʫ ʈʘʙʙʘʥʠ, (ʚ)-ʧʦ ʤʝʪʦʜʫ ʃʠ, ʗʥ ʠ ʊʘʥ, (ʛ)-ʧʦ ʤʝʪʦʜʫ ʂʫʩʘʢ ʠ ʀʨʦʣ 

ɺʳʯʠʩʣʝʥʠʝ F-ʤʝʨr ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ (2.5), 

ʠ ʦʙʱʘʷ F-ʤʝʨʘ ʜʣʷ ʚʩʝʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦ ʬʦʨʤʫʣʝ (2.6). 

 

ʈʠʩʫʥʦʢ 2.25 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʛʨʘʬʠʢ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʏʝ ʠ ʆʣʩʝʥʈʘʙʙʘʥʠʃʠ, ʗʥ ʠ 

ʊʘʥ

ʂʫʩʘʢ ʠ 

ʀʨʦʣ

87.5 74.6
52.7 49.3

ʆʙʱʘʷ F-ʤʝʨʘ, %
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ʈʠʩʫʥʦʢ 2.26 ï ɻʨʘʬʠʢ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʩʝʛʤʝʥʪʘʮʠʠ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʵʪʘʣʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʙʱʘʷ F-ʤʝʨʘ ʧʦ ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [65] ʩʦʩʪʘʚʠʣ 87,5% 

(ʨʠʩ.2.25). ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʜʚʝʨʥʳʭ ʢʦʨʦʙʢʘʭ, ʥʘ 

ʦʢʥʘʭ ʠ ʥʘ ʢʨʝʩʪʝ, ʧʦʪʦʤʫ ʯʪʦ ʘʣʛʦʨʠʪʤ ʥʝ ʤʦʛ, ʦʙʥʘʨʫʞʠʪʴ ʛʨʘʥʠʮʳ ʵʪʠʭ 

ʩʝʛʤʝʥʪʦʚ, ʠʣʠ ʦʙʥʘʨʫʞʝʥʥʳʝ ʛʨʘʥʠʮʳ ʙʳʣʠ ʥʝ ʟʘʢʨʳʪʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟ-ʟʘ 

ʩʣʦʞʥʦʩʪʠ ʬʦʨʤʳ ʩʢʫʣʴʧʪʫʨ r ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʯʨʝʟʤʝʨʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ. 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [118], ʦʙʱʘʷ F-ʤʝʨʘ ʩʦʩʪʘʚʠʣʘ 74.6%. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʜʚʝʨʥʳʭ ʢʦʨʦʙʢʘʭ, ʥʘ ʦʢʥʘʭ 

ʠ ʥʘ ʢʨʝʩʪʝ, ʧʦʪʦʤʫ ʯʪʦ ʘʣʛʦʨʠʪʤ ʥʝ ʤʦʛ ʦʙʥʘʨʫʞʠʪʴ ʛʨʘʥʠʮʳ ʵʪʠʭ ʩʝʛʤʝʥʪʦʚ ʠʟ-ʟʘ 

ʧʣʘʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʵʪʠʭ ʩʝʛʤʝʥʪʦʚ ʢ ʩʦʩʝʜʥʠʤ ʩʝʛʤʝʥʪʘʤ ʚʦʢʨʫʛ ʥʠʭ. ʏʨʝʟʤʝʨʥʘʷ 

ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʯʘʩʪʷʭ ʩʢʫʣʴʧʪʫʨʳ, ʚʝʥʢʘʭ ʠ ʥʘ ʥʝʢʦʪʦʨʳʭ 

ʢʘʤʥʷʭ ʧʘʤʷʪʥʠʢʘ (ʚʥʠʟʫ) ʠʟ-ʟʘ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʥʦʨʤʘʣʝʡ. 

ʀʟʫʯʘʷ ʨʝʟʫʣʴʪʘʪʳ ʤʝʪʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [99], ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʠʥʘʜʣʝʞʘʪ ʧʣʦʩʢʠʤ ʩʝʛʤʝʥʪʘʤ, ʫʜʘʣʷʶʪʩʷ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʦʯʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ. ʆʙʱʘʷ F-ʤʝʨʘ ʜʣʷ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʩʦʩʪʘʚʠʣʘ 52,7%. ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [94], ʦʙʱʘʷ F-

ʤʝʨʘ ʩʦʩʪʘʚʠʣʘ 49,3%. ɹʦʣʴʰʠʥʩʪʚʦ ʯʘʩʪʝʡ ʧʘʤʷʪʥʠʢʘ ʧʦʩʪʨʦʝʥʳ ʠʟ ʦʜʥʦʛʦ ʠ ʪʦʛʦ 

ʞʝ ʤʘʪʝʨʠʘʣʘ ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʥʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʩʤʦʛ ʦʙʥʘʨʫʞʠʪʴ ʨʘʟʣʠʯʥʳʝ ʩʝʛʤʝʥʪʳ ʧʘʤʷʪʥʠʢʘ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʟʥʘʯʝʥʠʝ ʦʙʱʝʡ F-ʤʝʨʳ ʨʝʟʢʦ ʫʤʝʥʴʰʠʣʦʩʴ.  

ɽʩʣʠ ʞʝ ʛʦʚʦʨʠʪʴ ʦ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪʘʭ (ʨʠʩ 2.26), ʪʦ ʠʟ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʚ, ʤʝʪʦʜ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [118], ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ (3 

ʏʝ ʠ ʆʣʩʝʥʈʘʙʙʘʥʠʃʠ, ʗʥ ʠ 

ʊʘʥ

ʂʫʩʘʢ ʠ 

ʀʨʦʣ

32.3

194.7

22.2 37.7
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ʯʘʩʘ 14 ʤʠʥ 40ʩ). ʆʜʥʘʢʦ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [99], ʟʘʥʷʣ ʚʩʝʛʦ 22 ʤʠʥ 

10ʩ. ʆʩʪʘʚʰʠʝʩʷ ʜʚʘ ʤʝʪʦʜʘ ʚʳʧʦʣʥʷʣʠ ʧʨʦʮʝʩʩ ʩʝʛʤʝʥʪʘʮʠʠ ʧʨʠʤʝʨʥʦ ʟʘ 30 

ʤʠʥʫʪ. ʈʘʟʣʠʯʠʷ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʮʝʩʩʘ ʩʝʛʤʝʥʪʘʮʠʠ ʨʘʟʣʠʯʥʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʫʩʣʦʚʣʝʥʳ ʩʪʝʧʝʥʴʶ ʩʣʦʞʥʦʩʪʠ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʤʝʪʦʜʦʚ ʠ 

ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʲʝʤʦʤ ʚʳʯʠʩʣʝʥʠʡ. 

3) ɸʥʘʣʦʛʠʯʥʝr ʜʝʡʩʪʚʠʷ ʧʨʠ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʦʤʝʱʝʥʠʷ (ʨʠʩʫʥʢʠ 2.27, 2.28, 2.29, 2.30). 

 
                              (ʘ)                                         (ʙ) 

ʈʠʩʫʥʦʢ 2.27 ï ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ: (ʘ) ʧʦ ʤʝʪʦʜʫ ʏʝ ʠ 

ʆʣʩʝʥ, (ʙ) ʧʦ ʤʝʪʦʜʫ ʈʘʙʙʘʥʠ 

 
                                 (ʚ)                                              (ʛ) 

ʈʠʩʫʥʦʢ 2.28 ï ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ: (ʚ) ʧʦ ʤʝʪʦʜʫ ʃʠ, ʗʥ 

ʠ ʊʘʥ, (ʛ) ʧʦ ʤʝʪʦʜʫ ʂʫʩʘʢ ʠ ʀʨʦʣ 

 

ʈʠʩʫʥʦʢ 2.29 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʏʝ ʠ 

ʆʣʩʝʥ

ʈʘʙʙʘʥʠʃʠ, ʗʥ ʠ 

ʊʘʥ

ʂʫʩʘʢ ʠ 

ʀʨʦʣ

88.9 90.3 71.6
33.1

ʆʙʱʘʷ F-ʤʝʨʘ, %
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ʈʠʩʫʥʦʢ 2.30 ï ɻʨʘʬʠʢ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʩʝʛʤʝʥʪʘʮʠʠ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʵʪʘʣʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʙʱʘʷ F-ʤʝʨʘ ʧʦ ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [65] ʩʦʩʪʘʚʠʣʘ 88,9%. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʪʨʫʙʘʭ, ʧʦʪʦʤʫ ʯʪʦ ʘʣʛʦʨʠʪʤ ʥʝ 

ʤʦʛ ʦʙʥʘʨʫʞʠʪʴ ʛʨʘʥʠʮʳ ʵʪʠʭ ʩʝʛʤʝʥʪʦʚ ʠʣʠ ʦʙʥʘʨʫʞʝʥʥʳʝ ʛʨʘʥʠʮʳ ʙʳʣʠ ʥʝ 

ʟʘʢʨʳʪʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʥʦʨʤʘʣʠ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʝʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʙʘʣʦʢ, ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʯʨʝʟʤʝʨʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ. ʉʦʛʣʘʩʥʦ 

ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [118], ʦʙʱʘʷ F-ʤʝʨʘ ʩʦʩʪʘʚʠʣʘ 80.3%. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʫʙʘʭ, 

ʧʦʪʦʤʫ ʯʪʦ ʘʣʛʦʨʠʪʤ ʥʝ ʩʤʦʛ ʦʙʥʘʨʫʞʠʪʴ ʛʨʘʥʠʮʳ ʵʪʠʭ ʩʝʛʤʝʥʪʦʚ ʠʟ-ʟʘ ʧʣʘʚʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʦʪ ʵʪʠʭ ʩʝʛʤʝʥʪʦʚ ʢ ʩʦʩʝʜʥʠʤ ʩʝʛʤʝʥʪʘʤ ʚʦʢʨʫʛ ʥʠʭ. ʏʨʝʟʤʝʨʥʘʷ 

ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʙʘʣʢʘʭ ʠʟ-ʟʘ ʥʝʨʝʛʫʣʷʨʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʥʦʨʤʘʣʝʡ. ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [99] 

ʦʙʱʘʷ F-ʤʝʨʘ ʩʦʩʪʘʚʠʣʘ 71,6%. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʥʝ ʩʤʦʛ ʦʙʥʘʨʫʞʠʪʴ ʤʥʦʛʦ 

ʩʝʛʤʝʥʪʦʚ ʦʙʣʘʢʘ ʪʦʯʝʢ (ʚʩʝ ʪʨʫʙʳ), ʪʘʢ ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, 

ʢʦʪʦʨʘʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʧʨʠʤʠʪʠʚʥʦʡ ʬʦʨʤʳ 

ʤʝʪʦʜʘ. ʆʙʱʘʷ F-ʤʝʨʘ ʩʦʩʪʘʚʠʣʘ 33,1% ʧʦ ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [94].  

ʆʙʱʘʷ F-ʤʝʨʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʢʘʟʘʣʘʩʴ ʥʠʟʢʦʡ ʠʟ-ʟʘ ʪʝʢʩʪʫʨ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʥʥʦʛʦ 

ʦʙʲʝʢʪʘ (ʙʦʣʴʰʠʥʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ ï ʤʝʪʘʣʣ ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʥʠ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʟʥʘʯʝʥʠʝ 

ʦʙʱʝʡ F-ʤʝʨʳ ʨʝʟʢʦ ʫʤʝʥʴʰʠʣʦʩʴ). 

ɽʩʣʠ ʞʝ ʛʦʚʦʨʠʪʴ ʦ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪʘʭ (ʨʠʩ. 2.30), ʪʦ ʦʧʷʪ ʤʝʪʦʜ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [118], ʟʘʥʠʤʘʣ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ (48 ʤʠʥ 33ʩ). ʆʜʥʘʢʦ ʤʝʪʦʜ 

ʏʝ ʠ ʆʣʩʝʥʈʘʙʙʘʥʠʃʠ, ʗʥ ʠ 

ʊʘʥ

ʂʫʩʘʢ ʠ 

ʀʨʦʣ

8.2

48.6

5.8 9.9
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ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [99], ʟʘʥʷʣ ʚʩʝʛʦ 5 ʤʠʥ 47ʩ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʝʥʦ ʨʘʥʴʰʝ, 

ʨʘʟʣʠʯʠʷ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʮʝʩʩʘ ʩʝʛʤʝʥʪʘʮʠʠ ʨʘʟʣʠʯʥʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʫʩʣʦʚʣʝʥʳ ʩʪʝʧʝʥʴʶ ʩʣʦʞʥʦʩʪʠ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʠ 

ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʲʝʤʦʤ ʚʳʯʠʩʣʝʥʠʡ.  

4) ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 3-ʛʦ ʢʦʨʧʫʩʘ ɹʘʣʯʫʛʘ ʈʝʟʠʜʝʥʩʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʨʠʩʫʥʢʘʭ: 

ʜ) ʧʦ ʤʝʪʦʜʫ ʏʝ ʠ ʆʩʣʝʥ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [65], (ʨʠʩ. 2.31); 

ʝ) ʧʦ ʤʝʪʦʜʫ ʈʘʙʙʘʥʠ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [118], (ʨʠʩ. 2.32); 

ʞ) ʧʦ ʤʝʪʦʜʫ ʃʠ, ʗʥ ʠ ʊʘʥ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [99], (ʨʠʩ. 2.33); 

ʟ) ʧʦ ʤʝʪʦʜʫ ʂʫʩʘʢ ʠ ʀʨʦʣ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [94], (ʨʠʩ. 2.34). 

 

ʈʠʩʫʥʦʢ 2.31ï ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦ ʤʝʪʦʜʫ ʏʝ ʠ ʆʣʩʝʥ 

 

ʈʠʩʫʥʦʢ 2.32 ï ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦ ʤʝʪʦʜʫ ʈʘʙʙʘʥʠ 

 

ʈʠʩʫʥʦʢ 2.33 ï ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦ ʤʝʪʦʜʫ ʃʠ, ʗʥ ʠ ʊʘʥ 
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ʈʠʩʫʥʦʢ 2.34 ï ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦ ʤʝʪʦʜʫ ʂʫʩʘʢ ʠ ʀʨʦʣ 

ʇʘʨʘʤʝʪʨʳ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ 

ʥʘ ʠʭ ʧʦʜʛʦʪʦʚʢʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.35 ʠ 2.36.  

 

ʈʠʩʫʥʦʢ 2.35 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʛʨʘʬʠʢ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

 

ʈʠʩʫʥʦʢ 2.36 ï ɻʨʘʬʠʢ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʩʝʛʤʝʥʪʘʮʠʠ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʵʪʘʣʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʦʮʝʥʪ ʧʨʘʚʠʣʴʥʦ ʦʙʥʘʨʫʞʝʥʥʳʭ ʪʦʯʝʢ ʧʦ ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ 

[65] ʩʦʩʪʘʚʠʣ 86,3%. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʣʝʚʦʡ ʩʪʝʥʳ, ʧʦʪʦʤʫ ʯʪʦ ʘʣʛʦʨʠʪʤ ʥʝ ʤʦʛ, ʦʙʥʘʨʫʞʠʪʴ ʟʘʤʢʥʫʪʳʝ ʛʨʘʥʠʮʳ 

ʚʩʝʭ ʩʝʛʤʝʥʪʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʯʨʝʟʤʝʨʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʘ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʦʩʣʝʜʥʝʛʦ ʵʪʘʞʘ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʨʘʟʨʳʚʘ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ.  

͔̉ ͙ 
˻͔ͫͤ͡

˾͙͊͋͋͊ͤ˶͙Σ ̒ͤ ͙ 
́͊ͤ

˴ͯͫ͊͟ ͙ 
ˮͪͦ͡

86.3 67.2 82.9

32.9

ʆʙʱʘʷ F-ʤʝʨʘ, %

͔̉ ͙ ˻͔ͫͤ͡˾͙͊͋͋͊ͤ˶͙ Σ ̒ͤ ͙ 
́͊ͤ

˴ͯͫ͊͟ ͙ 
ˮͪͦ͡

35.9

182.3

18.4 32.7
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ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [118], ʦʙʱʘʷ F-ʤʝʨʘ ʩʦʩʪʘʚʠʣʘ 

67.2%. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʥʠʞʥʝʡ ʯʘʩʪʠ ʣʝʚʦʡ 

ʩʪʝʥʳ ʠ ʚ ʩʝʛʤʝʥʪʳ ʚʦʢʨʫʛ ʦʢʦʥ, ʧʦʪʦʤʫ ʯʪʦ ʘʣʛʦʨʠʪʤ ʥʝ ʤʦʛ ʦʙʥʘʨʫʞʠʪʴ ʛʨʘʥʠʮʳ 

ʵʪʠʭ ʩʝʛʤʝʥʪʦʚ.  

ʀʟʫʯʘʷ ʨʝʟʫʣʴʪʘʪʳ ʤʝʪʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [99], ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʪʦʯʢʠ ʠʟʦʛʥʫʪʦʡ ʯʘʩʪʠ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʝʛʤʝʥʪʦʚ ʚʤʝʩʪʦ ʦʜʥʦʛʦ. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʥʠʞʥʝʡ ʯʘʩʪʠ ʣʝʚʦʡ ʩʪʝʥʳ ʠ ʥʘ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʦʩʣʝʜʥʝʛʦ ʵʪʘʞʘ. ʕʪʠ ʦʰʠʙʢʠ, ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʵʪʦʛʦ 

ʤʝʪʦʜʘ. ʆʙʱʘʷ F-ʤʝʨʘ ʩʦʩʪʘʚʠʣʘ 82,9%. 

ʀʩʩʣʝʜʫʝʤʦʝ ʟʜʘʥʠʝ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʩʝʛʤʝʥʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʦʜʥʠʭ 

ʠ ʪʝʭ ʞʝ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʢʥʘ ʠ ʜʚʝʨʠ (ʘʣʶʤʠʥʠʡ) ʩʪʝʥʳ (ʙʝʪʦʥ). ɼʘʥʥʳʡ 

ʘʣʛʦʨʠʪʤ ʥʝ ʤʦʞʝʪ ʠʭ ʧʨʘʚʠʣʴʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʜʝʣʘʥʳ ʠʟ ʦʜʥʦʛʦ ʠ 

ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ, ʪ.ʝ. ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ. 

ʇʦʵʪʦʤʫ, ʦʙʱʘʷ F-ʤʝʨʘ ʜʣʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʘʚʠʣʘ 32,9%.  

ɽʩʣʠ ʞʝ ʛʦʚʦʨʠʪʴ ʦ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪʘʭ (ʨʠʩ. 2.36), ʪʦ ʠʟ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʚ, ʤʝʪʦʜ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [118], ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ 

(182,3 ʤʠʥ) ʠʟ-ʟʘ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ 

ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ.  
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʷʜ ʚʳʚʦʜʦʚ: 

1. ɺʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʩʣʦʞʥʦʩʪʠ ʬʦʨʤʳ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, 

ʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʪ ʞʝʣʘʝʤʦʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ. 

2. ʄʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ ʠ ʤʝʪʦʜ ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ ʩʤʦʛʣʠ ʜʘʪʴ ʧʦʣʥʳʝ 

ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʦʙʱʘʷ F-ʤʝʨʘ ʙʦʣʴʰʝ 75 %) ʙʝʟ ʧʦʪʝʨʠ ʪʦʯʝʢ. 

3. ʄʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʫʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʘʤʫʶ ʙʳʩʪʨʫʶ ʩʝʛʤʝʥʪʘʮʠʶ ʙʝʟ 

ʧʦʪʝʨʠ ʪʦʯʝʢ.  

4. ʄʝʪʦʜ ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʨʫʧʥʳʭ 

ʦʙʲʝʢʪʦʚ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʧʦʜʭʦʜ. 

5. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʛʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʠʪʠʚʦʚ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʪʦʯʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ. ʄʝʪʦʜ ʤʦʞʝʪ ʫʜʘʣʷʪʴ ʪʦʯʢʠ, ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʧʨʠʤʠʪʠʚʥʦʡ ʬʦʨʤʳ, 

ʧʦʵʪʦʤʫ ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ. 

6. ʈʝʟʫʣʴʪʘʪʳ ʤʝʪʦʜʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʟʘʚʠʩʷʪ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʪ 

ʤʘʪʝʨʠʘʣʘ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʪʨʝʙʫʝʪ ʦʪ ʦʧʝʨʘʪʦʨʘ ʭʦʨʦʰʝʛʦ ʟʥʘʥʠʷ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ 

ʥʫʞʥʳʭ ʩʝʛʤʝʥʪʦʚ ʩʯʠʪʘʝʪʩʷ ʚʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ. ʇʦʵʪʦʤʫ ʩʝʛʤʝʥʪʘʮʠʷ ʥʘ 

ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʩʪʨʦʝʥʳ ʠʟ 

ʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʧʘʤʷʪʥʠʢʠ ʠ ʩʢʫʣʴʧʪʫʨʳ). 

7. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʠ ʦʜʥʘ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝ ʨʝʰʘʝʪ ʘʙʩʦʣʶʪʥʦ ʚʩʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʪʨʝʭʤʝʨʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʦʙʲʝʢʪʦʚ ʠ ʨʝʰʝʥʠʝ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʇʆ ʜʦʣʞʥʦ ʧʨʠʥʠʤʘʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʮʝʣʷʤʠ ʠ 

ʟʘʜʘʯʘʤʠ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɹ). 
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ɻʃɸɺɸ 3. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʯʝʢ ʥʘ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ 

3.1. ʇʣʦʪʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ 

ʉʦʛʣʘʩʥʦ [93], ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʣʦʪʥʦʩʪʴ ʪʦʯʝʢ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʅʦ ʨʘʟʥʳʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ-ʨʘʟʥʦʤʫ ʦʧʨʝʜʝʣʷʶʪ ʧʣʦʪʥʦʩʪʴ ʪʦʯʝʢ. 

ɺ ʨʘʙʦʪʘʭ [8], [27] ʠ [31] ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʦʧʨʝʜʝʣʠʪʴ ʧʣʦʪʥʦʩʪʴ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʢʘʢ ʚʝʣʠʯʠʥʫ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. ʆʜʥʘʢʦ ʚ 

ʨʘʙʦʪʘʭ [25], [63] ʠ [93] ʧʣʦʪʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʥʘ 1ʤ2. 

 ʊʘʢ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʦʨʠʝʥʪʠʨʦʚʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʘʥʝʨʘ, 

ʧʝʨʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸ ʚʪʦʨʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʠʣʠ ʤʦʙʠʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʚ 

ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝ ʙʫʜʝʪ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʦʛʣʘʩʥʦ [62], ʧʣʦʪʥʦʩʪʴ ʪʦʯʝʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʥʘ 

1ʤ2 ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʜʣʷ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦʪʦʤʫ ʯʪʦ 

ʧʣʦʪʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʤʦʞʝʪ ʩʠʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʦʙʣʘʢʝ 

ʪʦʯʝʢ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʥʝʧʣʦʩʢʠʝ, ʩʣʦʞʥʳʝ ʦʙʲʝʢʪʳ, ʨʘʟʤʝʨʳ 

ʢʦʪʦʨʳʭ ʥʝ ʷʚʣʷʶʪʩʷ ʨʝʛʫʣʷʨʥʳʤʠ. ʇʦʵʪʦʤʫ, ʚ ʮʝʣʷʭ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʤ 

ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʢʘʢ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʚ 

ʦʙʣʘʢʝ. ʆʙʣʘʢʦ ʪʦʯʝʢ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʨʘʟʥʳʭ ʩʪʘʥʮʠʡ, ʥʦ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ.  

ʇʦʜʨʦʙʥʳʝ ʠ ʧʣʦʪʥʳʝ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʦʙʳʯʥʦ, ʜʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʥʦ ʦʥʠ 

ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʙʨʘʙʦʪʢʫ [16]. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: 

"ʢʘʢ ʚʣʠʷʝʪ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʨʝʤʷ ʠʭ ʦʙʨʘʙʦʪʢʠ?" 

ʀʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʠ ʦʥʠ ʦʙʳʯʥʦ ʠʟʫʯʘʶʪ ʤʝʪʦʜʳ 

ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʙʝʟ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ 
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ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʥʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʨʝʤʷ ʠʭ ʦʙʨʘʙʦʪʢʠ. 

ʉʦʛʣʘʩʥʦ [100], ʢʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʩʠʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʩʝʛʤʝʥʪʘʮʠʷ ʥʝ ʤʦʞʝʪ 

ʭʦʨʦʰʦ ʦʙʥʘʨʫʞʠʪʴ ʛʨʘʥʠʮʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ. ʋʤʝʥʴʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʯʝʢ ʚ ʦʙʣʘʢʝ ï ʵʪʦ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʪʦʯʝʢ ʜʣʷ ʣʫʯʰʝʡ ʠ ʙʦʣʝʝ ʙʳʩʪʨʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʚʦʡʩʪʚ ʩʮʝʥʳ [96].  

ʉʫʱʝʩʪʚʫʪʁ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ. ɸʚʪʦʨ ʨʘʙʦʪ r[145], 

ʨʘʟʜʝʣʠʣ ʤʝʪʦʜʳ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: 

ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʷ (resampling), ʠʪʝʨʘʪʠʚʥʦʝ ʫʧʨʦʱʝʥʠʝ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʷ.  

ʆʩʥʦʚʥʦʡ ʠʜʝʝʡ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʧʦʣʦʞʝʥʠ ̫ʥʦʚʦʛʦ 

ʥʘʙʦʨʘ ʪʦʯʝʢ ʥʘ ʠʩʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʨʘʚʠʣʘʤʠ. ʕʪʠ ʤʝʪʦʜʳ ʯʘʩʪʦ ʧʦʟʚʦʣʷʶʪ ʠʥʪʫʠʮʠʠ ʦʧʝʨʘʪʦʨʘ ʫʧʨʘʚʣʷʪʴ 

ʧʦʣʫʯʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʦʯʝʢ [54], [101], [117], [143]. 

ʀʪʝʨʘʪʠʚʥʦʝ ʫʧʨʦʱʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʙʠʨʘʝʪ ʧʘʨʳ ʪʦʯʝʢ ʠ ʦʙʲʝʜʠʥʷʝʪ 

ʢʘʞʜʫʶ ʧʘʨʫ ʚ ʦʜʥʫ ʪʦʯʢʫ [144]. ʇʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʷ ʠ ʠʪʝʨʘʪʠʚʥʦʝ ʫʧʨʦʱʝʥʠʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʫʧʨʦʱʝʥʥʳʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʥʦ ʦʥʠ ʩʦʭʨʘʥʷʶʪ ʚʩʝ 

ʦʙʣʘʢʦ ʚ ʧʘʤʷʪʠ ʚʦ ʚʨʝʤʷ ʧʦʩʪʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ. 

ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʨʘʟʜʝʣʷʝʪ ʦʙʣʘʢʦ ʪʦʯʝʢ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʘ ʠ ʦʙʲʝʜʠʥʷʝʪ ʪʦʯʢʠ 

ʚ ʢʘʞʜʦʤ ʧʦʜʤʥʦʞʝʩʪʚʝ [74], [112]. ʄʝʪʦʜʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʥʝ ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʦʤʫ ʫʧʨʦʱʝʥʥʦʤʫ 

ʦʙʣʘʢʫ ʪʦʯʝʢ ʚ ʩʣʫʯʘʝ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʨʘʟʤʝʨʘ ʧʦʜʤʥʦʞʝʩʪʚʘ ʦʙʣʘʢʘ ʪʦʯʝʢ. 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʦʙʲʝʤʥʦʛʦ ʧʠʢʩʝʣʷ, 

ʥʘʟʳʚʘʝʤʳʡ ʬʠʣʴʪʨʦʤ ʚʦʢʩʝʣʴʥʦʡ ʩʝʪʢʠ (Voxel Grid filter), ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʦʚʘʥ ʚ 

ʧʨʦʛʨʘʤʤʝ Point Cloud Library (PCL) [108]. ɺʦʢʩʝʣ ð ʵʪʦ ʪʨʝʭʤʝʨʥʘʷ ʤʘʪʨʠʮʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʨʸʭʤʝʨʥʳʭ ʷʯʝʝʢ [78], [109]. ʉʥʘʯʘʣʘ ʥʘ ʦʙʣʘʢʦ ʪʦʯʝʢ ʥʘʢʣʘʜʳʚʘʝʪʩʷ 

ʚʦʢʩʝʣʴ, ʟʘʪʝʤ ʪʦʯʢʠ ʚ ʢʘʞʜʦʡ ʷʯʝʡʢʝ ʟʘʤʝʥʷʶʪʩʷ ʦʜʥʦʡ ʪʦʯʢʦʡ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 
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ʮʝʥʪʨʝ ʷʯʝʡʢʠ [77]. ɺʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʨ ʷʯʝʡʢʠ, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʝʨʘʪʦʨʦʤ [79]. 

3.2. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

3.2.1. ʇʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ ʩ ʫʤʝʥʴʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʪʦʯʝʢ 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʳ (ʨʘʟʜʝʣ 2.5.3) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʭʦʜʥʳʭ 

ʧʣʦʪʥʦʩʪʷʭ. ʉ ʮʝʣʴʶ ʩʨʘʚʥʝʥʠʷ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ 

ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʛʤʝʥʪʘʮʠʠ, ʧʦʚʪʦʨʠʣʠ ʥʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʨʘʟʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʪʦʯʢʘʤʠ. ɺ ʪʘʙʣʠʮʘʭ 3.1-3.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʧʨʦʮʝʥʪ ʪʦʯʝʢ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʧʣʦʪʥʦʩʪʷʭ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 3. 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʟʜʘʥʠʷ ʥʘ ɻʦʨʦʭʦʚʩʢʦʤ ʧʝʨʝʫʣʢʝ 
ʇʣʦʪʥʦʩʪʴ (ʤ) ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʇʨʦʮʝʥʪ ʪʦʯʝʢ % 

0,025 265933 100 

0,030 257423 96.8 

0,035 239872 90.2 

0,040 227426 85.5 

0,045 178707 67.2 

0,050 139216 52.4 

0,055 89619 33.7 

0,060 67174 25.3 

ʊʘʙʣʠʮʘ 3. 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʘʤʷʪʥʠʢʘ ʛʝʨʦʷʤ ʇʣʝʚʥʳ 

ʇʣʦʪʥʦʩʪʴ (ʤ) ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʇʨʦʮʝʥʪ ʪʦʯʝʢ % 

0.003 5000501 100 

0.005 3463347 69.3 

0.006 2606261 52.1 

0.010 1979198 39.6 

0.015 1187119 23.7 

0.020 932093 18.6 

0.025 699070 14.0 

0.030 563556 11.3 

ʊʘʙʣʠʮʘ 3. 3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ 

ʇʣʦʪʥʦʩʪʴ (ʤ) ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʇʨʦʮʝʥʪ ʪʦʯʝʢ % 

0.01 1295667 100 

0.015 959571 74.1 

0.017 806553 62.3 

0.02 520988 40.2 

0.03 388441 30.0 

0.035 223243 17.2 

0.04 181264 14.0 

0.045 129955 10.0 
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ʊʘʙʣʠʮʘ 3. 4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ 

ʇʣʦʪʥʦʩʪʴ (ʤ) ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʇʨʦʮʝʥʪ ʪʦʯʝʢ % 

0.006 5258725 100 

0.010 3875601 73.7 

0.015 2925486 55.6 

0.020 2000215 38.0 

0.025 1678599 31.9 

0.030 1020445 19.4 

0.035 895220 17.0 

0.040 521429 9.9 

3.2.2. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʯʝʢ ʥʘ ʪʦʯʥʦʩʪʴ 

ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʚʨʝʤʷ ʠʭ ʦʙʨʘʙʦʪʢʠ 

ʄʳ ʧʦʚʪʦʨʠʣʠ ʥʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʪʦʯʢʘʤʠ, 

ʠ ʚʳʯʠʩʣʠʣʠ ʟʥʘʯʝʥʠʷ ʦʙʱʝʡ F-ʤʝʨʳ.  

ʇʦʣʫʯʠʚʰʠʝʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ 

ʧʨʠ ʨʘʟʥʳʭ ʧʣʦʪʥʦʩʪʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3.1- 3.4, ʘ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʠʭ 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3.5-3.8.  

 
ʈʠʩʫʥʦʢ 3.1 ï ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʟʜʘʥʠʷ ʥʘ 

ɻʦʨʦʭʦʚʩʢʦʤ ʧʝʨʝʫʣʢʝ 

 
ʈʠʩʫʥʦʢ 3.2 ï ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʧʘʤʷʪʥʠʢʘ ʛʝʨʦʷʤ ʇʣʝʚʥʳ 
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94
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)

ʇʣʦʪʥʦʩʪʴ  ʪʦʯʝʢ (ʤ)

ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ

ʤʝʪʦʜ ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ

ʤʝʪʦʜ ʧʨʠʤʠʪʠʚʦʚ

ʤʝʪʦʜ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ
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ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ

ʤʝʪʦʜ ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ

ʤʝʪʦʜ ʧʨʠʤʠʪʠʚʦʚ

ʤʝʪʦʜ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ
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ʈʠʩʫʥʦʢ 3.3 ï ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʦʤʝʱʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 3.4 ï ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ɹʘʣʯʫʛ 
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ʈʠʩʫʥʦʢ 3.6 ï ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʧʘʤʷʪʥʠʢʘ ʛʝʨʦʷʤ ʇʣʝʚʥʳ 

 

ʈʠʩʫʥʦʢ 3.7 ï ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 3.8 ï ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʦʙʲʝʢʪʘ ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʨʠʩʫʥʢʘʭ 3.1 - 3.4, ʚʠʜʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ 
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ʩʝʛʤʝʥʪʘʮʠʠ. ʅʦ ʢʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʝʣʠʯʠʥʫ (ʧʦʣʦʚʠʥʳ 

ʨʘʟʤʝʨʘ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ), ʪʦʯʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ ʨʝʟʢʦ 

ʫʤʝʥʴʰʘʶʪʩʷ. ʅʘʧʨʠʤʝʨ, ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʟʜʘʥʠʷ ʥʘ ɻʨʦʭʦʚʩʢʦʤ 

ʧʝʨʝʫʣʢʝ, ʵʪʘ ʚʝʣʠʯʠʥʘ υ̒ ,̍ ʪʘʢ ʢʘʢ ʥʘʠʤʝʥʴʰʝʡ ʜʝʪʘʣʴʶ ʦʪʩʢʘʥʠʨʦʚʘʥʥʦʛʦ 

ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ ʚʦʜʦʩʪʦʯʥʘʷ ʪʨʫʙʘ ʜʠʘʤʝʪʨʦʤ  10 ʩʤ [50]. ʄʳ ʤʦʞʝʤ ʦʙʲʷʩʥʠʪʴ 

ʵʪʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʢʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪ ʧʦʣʦʚʠʥʳ 

ʨʘʟʤʝʨʘ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʥʘ ʵʪʠʭ ʜʝʪʘʣʷʭ ʦʪʨʘʞʘʶʪʩʷ 

ʤʘʢʩʠʤʫʤ ʜʚʝ-ʪʨʠ ʪʦʯʢʠ. ʊʘʢʦʝ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʜʝʪʘʣʠ ʦʙʲʝʢʪʘ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʣʫʯʝʥʥʦʡ ʪʦʯʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʢʘʞʜʳʡ ʤʝʪʦʜ 

ʩʝʛʤʝʥʪʘʮʠʠ. ɺʨʝʤʷ ʨʫʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʥʝ ʤʝʥʷʝʪʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʥʘ ʨʠʩʫʥʢʘʭ 3.5 - 3.8, ʚʠʜʥʦ, ʯʪʦ ʙʦʣʴʰʝ ʚʩʝʛʦ 

ʚʨʝʤʝʥʠ ʫʭʦʜʠʪ ʥʘ ʤʝʪʦʜ ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ ʧʨʠ ʚʩʝʭ ʫʨʦʚʥʷʭ ʧʣʦʪʥʦʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. ʉʢʦʨʝʝ ʚʩʝʛʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʘ ʢʦʪʦʨʦʤ ʧʦʩʪʨʦʝʥ ʜʘʥʥʳʡ 

ʘʣʛʦʨʠʪʤ. ʉʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʠʪʠʚʦʚ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ ʚʩʝʛʦ ʚʨʝʤʝʥʥʳʭ 

ʟʘʪʨʘʪ, ʥʦ, ʚ ʦʩʥʦʚʥʦʤ, ʪʦʯʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ 

ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. ɺʩʣʝʜʩʪʚʠʝ, ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʚʩʝʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ. 

ʆʜʥʘʢʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʞʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʨʝʟʢʦ ʫʤʝʥʴʰʘʶʪʩʷ. 

ʇʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʠʣʦʩʴ ʚ 

ʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤʘʭ (PCL, MeshLab, CloudCopmare ʠ MATLAB), ʪʘʢ ʢʘʢ ʥʠ ʦʜʥʘ ʠʟ 

ʵʪʠʭ ʧʨʦʛʨʘʤʤ ʥʝ ʨʝʰʘʝʪ ʘʙʩʦʣʶʪʥʦ ʚʩʝʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʝʭʤʝʨʥʳʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ [17] (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɹ).  

ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʩʪʨʦʝʥʠʝ 3D-ʤʦʜʝʣʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʩ ʠ ʙʝʟ 

ʚʳʧʦʣʥʝʥʠʷ ʩʝʛʤʝʥʪʘʮʠʠ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.5 - 3.8. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʘʙʣʠʮ ʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʚ 

ʟʘʪʨʘʯʠʚʘʝʤʦʤ ʚʨʝʤʝʥʠ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʩ ʠ ʙʝʟ ʚʳʧʦʣʥʝʥʠʷ ʩʝʛʤʝʥʪʘʮʠʠ 

ʦʙʣʘʢʦʚ ʪʦʯʝʢ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ 
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ʪʦʯʝʢ ʧʨʦʮʝʩʩ ʚʝʢʪʦʨʠʟʘʮʠʠ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʇʨʦʮʝʩʩ ʚʝʢʪʦʨʠʟʘʮʠʠ ʥʘʧʨʘʚʣʝʥ ʥʘ 

ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʦʪʨʠʩʦʚʢʫ ʢʨʘʝʚ ʠ ʛʨʘʥʠʮ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʊʘʢʠʝ ʚʳʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩʘ ʩʝʛʤʝʥʪʘʮʠʠ. 

ʊʘʙʣʠʮʘ 3. 5 ï ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʦʩʪʨʦʝʥʠʷ 3D-ʤʦʜʝʣʠ ʟʜʘʥʠʷ ʥʘ ɻʦʨʦʭʦʚʩʢʦʤ 

ʧʝʨʝʫʣʢʝ 

ʊʘʙʣʠʮʘ 3. 6 ï ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʦʩʪʨʦʝʥʠʷ 3D-ʤʦʜʝʣʴ ʧʘʤʷʪʥʠʢʘ 

 

ʕʪʘʧ ʩʦʟʜʘʥʠʷ 3D- 

ʤʦʜʝʣʠ 

ɹʝʟ 

ʩʝʛʤʝʥʪ

ʘʮʠʠ 

ʄʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ 

ɺʳʜʝʣʝʥʠʷ 

ʢʨʘʝʚ 

ʈʘʩʪʫʱʠʭ 

ʨʝʛʠʦʥʦʚ 

ʇʨʠʤʠʪʠʚ

ʦʚ 

ʄʘʰʠʥʥʦʛ

ʦ ʦʙʫʯʝʥʠʷ 

ʇʦʣʝʚʘʷ ʨʘʙʦʪʘ 60 60 60 60 60 

ʉʦʟʜʘʥʠʝ ʧʨʦʝʢʪʘ 7 7 7 7 7 

ʈʝʛʠʩʪʨʘʮʠʷ 10 10 10 10 10 

ʆʯʠʩʪʢʘ ʦʙʣʘʢʘ 5 5 5 5 5 

ʉʝʛʤʝʥʪʘʮʠʷ ʅʝʪ 3,9 15,7 2,9 5,3 

ʀʩʧʨʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʝʛʤʝʥʪʘʮʠʠ 
ʅʝʪ 16 14 17 5 

ɺʝʢʪʦʨʠʟʘʮʠʷ 900 ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ 

ʉʦʟʜʘʥʠʝ ʧʦʣʠʛʦʥʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ 
480 120 120 120 120 

ɼʦʙʘʚʣʝʥʠʝ ʪʝʢʩʪʫʨ 120 120 120 120 120 

ʀʪʦʛʦ: 
26 ʯʘʩʦʚ 

22 ʤʠʥ 

5 ʯʘʩʦʚ 

41.9 ʤʠʥ 

5 ʯʘʩʦʚ 

51.7 ʤʠʥ 

5 ʯʘʩʦʚ 

41.9 ʤʠʥ 

5 ʯʘʩʦʚ 32.3 

ʤʠʥ 

ʕʪʘʧ ʩʦʟʜʘʥʠʷ 3D-

ʤʦʜʝʣʠ 

ɹʝʟ 

ʩʝʛʤʝʥʪ

ʘʮʠʠ 

ʄʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ 

ɺʳʜʝʣʝʥ

ʠʷ ʢʨʘʝʚ 

ʈʘʩʪʫʱʠʭ 

ʨʝʛʠʦʥʦʚ 

ʇʨʠʤʠʪʠʚ

ʦʚ 

ʄʘʰʠʥʥʦ

ʛʦ 

ʦʙʫʯʝʥʠʷ 

ʇʦʣʝʚʘʷ ʨʘʙʦʪʘ 240 240 240 240 240 

ʉʦʟʜʘʥʠʝ ʧʨʦʝʢʪʘ 10 10 10 10 10 

ʈʝʛʠʩʪʨʘʮʠʷ 15 15 15 15 15 

ʆʯʠʩʪʢʘ ʦʙʣʘʢʘ 5 5 5 5 5 

ʉʝʛʤʝʥʪʘʮʠʷ ʅʝʪ 32,3 194,7 22,2 37,7 

ʀʩʧʨʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʝʛʤʝʥʪʘʮʠʠ 
ʅʝʪ 38 76 142 152 

ɺʝʢʪʦʨʠʟʘʮʠʷ 1800 ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ 

ʉʦʟʜʘʥʠʝ ʧʦʣʠʛʦʥʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ 
1200 360 360 360 360 

ɼʦʙʘʚʣʝʥʠʝ ʪʝʢʩʪʫʨ 300 300 300 300 600 

ʀʪʦʛʦ: 
59 ʯʘʩʦʚ 

30 ʤʠʥ 

16 ʯʘʩʦʚ 

40,3 ʤʠʥ 

20 ʯʘʩʦʚ 

0,7 ʤʠʥ 

18 ʯʘʩʦʚ 

14,2 ʤʠʥ 

18 ʯʘʩʦʚ 

39,7 ʤʠʥ 
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ʊʘʙʣʠʮʘ 3. 7 ï ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʦʩʪʨʦʝʥʠʷ 3D-ʤʦʜʝʣʴ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʦʤʝʱʝʥʠʷ 

 

ʊʘʙʣʠʮʘ 3. 8 ï ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʦʩʪʨʦʝʥʠʷ 3D-ʤʦʜʝʣʴ ɹʘʣʯʫʛʦʛʦ ʈʝʟʠʜʝʥʩʘ 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ (ʪʘʙʣʠʮʘ 3.9). 

 

ʕʪʘʧ ʩʦʟʜʘʥʠʷ 3D- 

ʤʦʜʝʣʠ 

ɹʝʟ 

ʩʝʛʤʝ

ʥʪʘʮʠ

ʠ 

ʄʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ 

ɺʳʜʝʣʝʥʠ

ʷ ʢʨʘʝʚ 

ʈʘʩʪʫʱʠʭ 

ʨʝʛʠʦʥʦʚ 

ʇʨʠʤʠʪʠʚ

ʦʚ 

ʄʘʰʠʥʥʦ

ʛʦ 

ʦʙʫʯʝʥʠʷ 

ʇʦʣʝʚʘʷ ʨʘʙʦʪʘ 60 60 60 60 60 

ʉʦʟʜʘʥʠʝ ʧʨʦʝʢʪʘ 8 8 8 8 8 

ʈʝʛʠʩʪʨʘʮʠʷ 13 13 13 13 13 

ʆʯʠʩʪʢʘ ʦʙʣʘʢʘ 4 4 4 4 4 

ʉʝʛʤʝʥʪʘʮʠʷ ʅʝʪ 8,2 48,6 5,8 9,9 

ʀʩʧʨʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʝʛʤʝʥʪʘʮʠʠ 
ʅʝʪ 17 14 42 94 

ɺʝʢʪʦʨʠʟʘʮʠʷ 1200 ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ 

ʉʦʟʜʘʥʠʝ ʧʦʣʠʛʦʥʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ 
660 300 300 300 300 

ɼʦʙʘʚʣʝʥʠʝ ʪʝʢʩʪʫʨ 215 215 215 215 215 

ʀʪʦʛʦ: 
36 

ʯʘʩʦʚ 

10 ʯʘʩʦʚ 

25,2 ʤʠʥ 

11 ʯʘʩʦʚ 

2,6 ʤʠʥ 

10 ʯʘʩʦʚ 

47,8 ʤʠʥ 

11 ʯʘʩʦʚ 

43,9 ʤʠʥ 

ʕʪʘʧ ʩʦʟʜʘʥʠʷ 3D- 

ʤʦʜʝʣʠ 

ɹʝʟ 

ʩʝʛʤʝʥʪ

ʘʮʠʠ 

ʄʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ 

ɺʳʜʝʣʝʥ

ʠʷ ʢʨʘʝʚ 

ʈʘʩʪʫʱʠʭ 

ʨʝʛʠʦʥʦʚ 

ʇʨʠʤʠʪʠʚ

ʦʚ 

ʄʘʰʠʥʥʦ

ʛʦ 

ʦʙʫʯʝʥʠʷ 

ʇʦʣʝʚʘʷ ʨʘʙʦʪʘ 245 245 245 245 245 

ʉʦʟʜʘʥʠʝ ʧʨʦʝʢʪʘ 10 10 10 10 10 

ʈʝʛʠʩʪʨʘʮʠʷ 20 20 20 20 20 

ʆʯʠʩʪʢʘ ʦʙʣʘʢʘ 5 5 5 5 5 

ʉʝʛʤʝʥʪʘʮʠʷ ʅʝʪ 35.9 182.3 18.4 32.7 

ʀʩʧʨʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʝʛʤʝʥʪʘʮʠʠ 
ʅʝʪ 20 35 23 125 

ɺʝʢʪʦʨʠʟʘʮʠʷ 425 ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ 

ʉʦʟʜʘʥʠʝ ʧʦʣʠʛʦʥʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ 
295 250 250 250 250 

ɼʦʙʘʚʣʝʥʠʝ ʪʝʢʩʪʫʨ 120 120 120 120 120 

ʀʪʦʛʦ: 
18 ʯʘʩʦʚ 

40 ʤʠʥ 

11 ʯʘʩʦʚ 

45 ʤʠʥ 

14 ʯʘʩʦʚ  

27 ʤʠʥ 

11 ʯʘʩʦʚ 

31 ʤʠʥ 

13 ʯʘʩʦʚ  

27 ʤʠʥ 
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ʊʘʙʣʠʮʘ 3. 9 ï ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ 

ʄʝʪʦʜ ʩʝʛʤʝʥʪʘʮʠʠ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʉʝʛʤʝʥʪʘʮʠʷ ʥʘ 

ʦʩʥʦʚʝ ʚʳʜʝʣʝʥʠʷ 

ʢʨʘʝʚ (ʄʝʪʦʜ ʏʝ ʠ 

ʆʣʩʝʥ) 

¶ ʄʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʳʩʪʨʫʶ 

ʩʝʛʤʝʥʪʘʮʠʶ; 

¶ ʄʝʪʦʜ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ 

ʧʦʣʥʦʩʪʴʶ. 

¶ ʄʝʪʦʜ ʤʦʞʝʪ ʜʘʚʘʪʴ ʥʝʪʦʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʩʣʫʯʘʝ ʰʫʤʘ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʯʝʢ; 

¶ ʄʝʪʦʜ ʤʦʞʝʪ ʜʘʚʘʪʴ ʥʝʚʝʨʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʝʩʣʠ ʦʙʥʘʨʫʞʝʥʥʳʝ ʢʨʘʷ 

ʙʳʣʠ ʥʝʟʘʢʨʳʪʳʝ. 

ʉʝʛʤʝʥʪʘʮʠʷ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ 

ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ 

(ʄʝʪʦʜ ʈʘʙʙʘʥʠ) 

¶ ʄʝʪʦʜ ʤʝʥʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ 

ʰʫʤʫ ʚ ʦʙʣʘʢʝ 

ʪʦʯʝʢ.  

¶ ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ; 

¶ ʇʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ; 

¶ ʄʝʪʦʜ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʠʩʭʦʜʥʳʭ ʪʦʯʝʢ. 

ʉʝʛʤʝʥʪʘʮʠʷ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʤʠʪʠʚʦʚ 

(ʄʝʪʦʜ ʃʠ, ʗʥ ʠ 

ʊʘʥ) 

¶ ʄʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʳʩʪʨʫʶ 

ʩʝʛʤʝʥʪʘʮʠʶ. 

¶ ʄʝʪʦʜ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʰʫʤʫ ʚ ʦʙʣʘʢʝ 
ʪʦʯʝʢ; 

¶ ʄʝʪʦʜ ʥʝ ʤʦʞʝʪ ʦʙʥʘʨʫʞʠʪʴ 

ʥʝʧʣʦʩʢʠʝ ʩʝʛʤʝʥʪʳ. 

ʉʝʛʤʝʥʪʘʮʠʷ ʥʘ 

ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ (ʄʝʪʦʜ 

ʂʫʩʘʢ ʠ ʀʨʦʣ) 

¶ ʍʦʨʦʰʝʝ ʨʘʟʜʝʣʝʥʠʝ 

ʦʙʲʝʢʪʦʚ ʠʟ ʨʘʟʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

¶ ʄʝʪʦʜ ʟʘʚʠʩʠʪ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʪ 
ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʥʳʭ ʯʘʩʪʝʡ ʦʙʲʝʢʪʘ; 

¶ ʄʝʪʦʜ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʡ 
ʧʣʦʪʥʦʩʪʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. 

3.3. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʯʝʢ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ð ʵʪʦ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʥʘʩʢʦʣʴʢʦ 

ʙʣʠʟʢʦ ʠʟʤʝʨʝʥʠʝ ʢ ʝʛʦ ʠʩʪʠʥʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʦʙʳʯʥʦ ʦʥʦ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ (ʉʂʇ) [85]. ɺ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ 

ʠʩʧʦʣʴʟʫʶʪ ʉʂʇ, ʚʳʯʠʩʣʷʝʤʫʶ ʧʦ ʬʦʨʤʫʣʝ [49]: 

ά
В Ў

ὲ
  ȟ                                                                                                                   σȢρ 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʯʝʢ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʦʚʦʜʠʣʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʣʠʥʝʡʥʳʭ ʦʪʨʝʟʢʦʚ ʦʙʲʝʢʪʘ (ʨʘʟʤʝʨʳ ʦʢʦʥ ʠ ʜʚʝʨʝʡ ʥʘ ʟʜʘʥʠʠ 

ʈʷʟʘʥʩʢʦʛʦ ʪʝʘʪʨʘ ʜʨʘʤʳ) ʠ ʥʘ ʤʦʜʝʣʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʩʝʛʤʝʥʪʘʮʠʠ (ʈʠʩʫʥʦʢ 3.9). 
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ʈʠʩʫʥʦʢ 3.9 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ 

ʈʘʟʤʝʨʳ ʠʩʩʣʝʜʫʝʤʳ ʦʙʲʝʢʪʦʚ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʘ) ʚʳʧʦʣʥʝʥʳ ʥʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʨʫʣʝʪʢʠ, ʩ ʪʦʯʥʦʩʪʴʶ 1,5-2ʤʤ. ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʳʭ (ʠʩʪʠʥʥʳʭ) ʠʟʤʝʨʝʥʠʠ;  

ʙ) ʚʳʧʦʣʥʝʥʘ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʚʳʯʠʩʣʝʥʳ 

ʨʘʩʩʪʦʷʥʠ ̫ʤʝʞʜʫ ʚʳʙʨʘʥʥʳʤʠ ʪʦʯʢʘʤʠ ʥʘ ʥʝʡ.  

(ʄʘʪʝʨʠʘʣʳ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʠ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʪʨʝʟʢʦʚ ʩ 

ʦʮʝʥʢʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ɺ); 

ʚ) ʚʳʧʦʣʥʝʥʳ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʪʝʤ ʞʝ ʪʦʯʢʘʤ ʠʟ ʤʘʩʩʳ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʨʫʯʥʦʤ 

ʨʝʞʠʤʝ ʧʨʠ ʨʘʟʥʳʭ ʧʣʦʪʥʦʩʪʷʭ ʤʝʞʜʫ ʪʦʯʢʘʤʠ; 

ʛ) ʚʳʧʦʣʥʝʥʳ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʪʝʤ ʞʝ ʪʦʯʢʘʤ ʥʘ ʤʦʜʝʣʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ 

ʨʘʟʥʳʤ ʤʝʪʦʜʘʤ ʩʝʛʤʝʥʪʘʮʠʠ ʧʨʠ ʨʘʟʥʳʭ ʧʣʦʪʥʦʩʪʷʭ ʤʝʞʜʫ ʪʦʯʢʘʤʠ.  

3.3.1. ʀʟʤʝʨʝʥʠʷ ʥʘ ʦʙʣʘʢʝ ʪʦʯʝʢ ʧʨʠ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ 

ʈʘʟʤʝʨʳ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʦʙʨʘʙʦʪʢʠ ʤʘʩʩʳ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʠ ʥʘ ʤʦʜʝʣʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʘʟʥʳʤ ʤʝʪʦʜʘʤ ʩʝʛʤʝʥʪʘʮʠʠ 

ʧʨʠ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʪʦʯʢʘʤʠ. ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʚ ʦʙʣʘʢʝ ʠʟʤʝʥʷʣʠʩʴ ʥʘ 10, 20, 30 ʠ 40ʤʤ. ʉʨʘʚʥʠʚʘʷ 

ʧʦʣʫʯʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʵʪʘʣʦʥʥʳʤʠ, ʧʦʣʫʯʠʣʠ ʟʥʘʯʝʥʠʷ ʉʂʇ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʠ (m=5,4 ʤʤ).  ɿʥʘʯʝʥʠʷ ʉʂʇ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʢʘʥʠʨʦʚʘʥʠʷ, 
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ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩʝʛʤʝʥʪʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.10 ʠ ʥʘ ʨʠʩʫʥʢʝ 3.10.  

ʊʘʙʣʠʮʘ 3.10 ï ʉʂʇ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʙʣʘʢʝ ʪʦʯʝʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʪʠʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ (ʤʤ) 

ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ  
ʉʂʇ, 

ʤʤ 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ, ʤʤ 

ʄʝʪʦʜ 

ʠʟʤʝʨʝʥʠʷ  

ʉʂʇ, 

ʤʤ 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ, ʤʤ 

ʈʫʯʥʘʷ ʦʙʨʘʙʦʪʢʘ 

10 5 

ʄʝʪʦʜ 

ʨʘʩʪʫʱʠʭ 

ʨʝʛʠʦʥʦʚ   

17 5 

15 10 21 10 

26 20 34 20 

39 30 46 30 

52 40 63 40 

ʄʝʪʦʜ ʚʳʜʝʣʝʥʠʷ 

ʢʨʘʝʚ  

20 5 

ʄʝʪʦʜ 

ʧʨʠʤʠʪʠʚʦʚ  

15 5 

23 10 19 10 

32 20 30 20 

44 30 41 30 

58 40 55 40 

ʄʝʪʦʜ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ  

14 5 

18 10 

28 20 

39 30 

54 40 

 

ʈʠʩʫʥʦʢ 3.10 ï ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠ ̫ʉʂʇ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʘʝʪ ʥʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ. ʇʨʠʥʮʠʧ ʤʝʪʦʜʘ ʩʝʛʤʝʥʪʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʨʘʟʥʳʭ ʯʘʩʪʝʡ ʦʙʲʝʢʪʘ. ʇʦʩʢʦʣʴʢʫ 
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ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʲʝʢʪʳ ʧʦʩʪʨʦʝʥʳ ʠʟ ʜʝʨʝʚʘ, ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ ʤʘʪʝʨʠʘʣʘ ʩʦʩʝʜʥʠʭ 

ʦʙʲʝʢʪʦʚ (ʩʪʝʥʘ ʠʟ ʙʝʪʦʥʘ), ʪʦ ʦʥʠ ʠʤʝʶʪ ʨʘʟʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ð ʵʪʦ 

ʧʨʠʚʝʣʦ ʢ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʧʨʠʤʠʪʠʚʦʚ ʢʘʢ ʚ ʨʘʙʦʪʝ [99], ʬʠʛʫʨʘ (ʧʣʦʩʢʦʩʪʴ) 

ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʘ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʧʨʠʤʠʪʠʚʥʦʡ ʬʠʛʫʨʳ, ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʦʜʠʥ ʩʝʛʤʝʥʪ. ʅʘ ʨʠʩʫʥʢʝ 

3.9 ʚʠʜʥʦ, ʯʪʦ ʵʣʝʤʝʥʪʳ (ʦʢʦʥ ʠ ʜʚʝʨʝʡ) ʷʚʣʷʶʪʩʷ ʧʣʦʩʢʠʤʠ ʬʠʛʫʨʘʤʠ, ʯʪʦ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʝʪʦʜʘ ʧʨʠʤʠʪʠʚʦʚ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʨʝʟʫʣʴʪʘʪ 

ʩʝʛʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʠʪʠʚʦʚ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʱʠʝ 

ʪʦʯʥʦʩʪʠ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɽʩʣʠ ʞʝ ʛʦʚʦʨʠʪʴ ʦ ʜʨʫʛʠʭ ʜʚʫʭ ʤʝʪʦʜʘʭ, ʪʦ ʧʨʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʤʝʪʦʜ 

ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʣʫʯʰʝ, ʯʝʤ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ. ɸ ʧʨʠ 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʦʣʫʯʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʉʦʛʣʘʩʥʦ [65], [118], 

ʦʙʘ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʫʶʪ ʢʦʦʨʜʠʥʘʪʳ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʮʝʩʩ ʩʝʛʤʝʥʪʘʮʠʠ. ʄʝʪʦʜ 

ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʘʞʜʦʡ ʠʟ ʪʦʯʝʢ ʚ ʦʙʣʘʢʝ, ʠʩʧʦʣʴʟʫʝʪ çkè 

ʙʣʠʞʘʡʰʠʝ ʩʦʩʝʜʥʠʝ ʪʦʯʢʠ (ʦʙʳʯʥʦ, k=25-30), ʘ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ ʠʩʧʦʣʴʟʫʝʪ 

ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ (4-8 ʪʦʯʝʢ). ʀʪʘʢ, ʧʨʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ 5ʤʤ, ʩʦʩʝʜʥʠʝ ʪʦʯʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʣʠʟʢʦ ʢ ʠʟʫʯʘʝʤʦʡ ʪʦʯʢʝ ʠ ʠʤʝʶʪ 

ʧʦʭʦʞʠʝ ʢʦʦʨʜʠʥʘʪʳ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ 

ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ, ʧʦʵʪʦʤʫ ʧʨʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʤʝʪʦʜ ʨʘʩʪʫʱʠʭ 

ʨʝʛʠʦʥʦʚ ʜʘʝʪ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ. ɸ ʧʨʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ 30ʤʤ, 

ʩʦʩʝʜʥʠʝ ʪʦʯʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʘʣʴʰʝ ʦʪ ʠʟʫʯʘʝʤʦʡ ʪʦʯʢʠ ʠ ʠʤʝʶʪ ʙʦʣʴʰʠʝ 

ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦʣʴʢʦ ʩʘʤʳʝ ʙʣʠʞʘʡʰʠʝ ʪʦʯʢʠ 

ʧʦʚʳʰʘʶʪ ʪʦʯʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ, ʧʦʵʪʦʤʫ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ 

ʣʫʯʰʝ, ʯʝʤ ʤʝʪʦʜ ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ. 

ʉʦʛʣʘʩʥʦ [147], ʨʘʟʣʠʯʥʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ ʯʘʩʪʦ ʙʳʚʘʶʪ ʨʘʟʥʳʭ 

ʮʚʝʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʠ ʵʩʪʝʪʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʠ ʵʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʦʪʨʘʞʘʪʝʣʴʥʫ  ʁ
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ʩʧʦʩʦʙʥʦʩʪ ɹ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʇʦʵʪʦʤʫ, ʧʨʦʚʝʨʠʤ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʜʨʫʛʠʭ ʦʙʲʝʢʪʘʭ ʠʟ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

 ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʧʠʣʦʪʥʦʛʦ ʦʙʲʝʢʪʘ, ʚʳʙʠʨʘʝʤ ʚʦʩʝʤʴ ʢʘʤʥʝʡ ʧʦ ʦʜʥʦʤʫ 

ʢʘʤʥʶ ʥʘ ʢʘʞʜʦʡ ʩʪʦʨʦʥʝ ʧʘʤʷʪʥʠʢʘ ʛʝʨʦʷʤ ʇʣʝʚʥʳ. ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʚ ʦʙʣʘʢʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 5, 10 ʠ 15ʤʤ. 

ʈʘʟʤʝʨʳ ʚʩʝʭ ʩʪʦʨʦʥ ʠ ʜʠʘʤʝʪʨ ʚʥʫʪʨʝʥʥʝʛʦ ʰʘʨʘ ʙʳʣʠ ʠʟʤʝʨʝʥʳ (ʨʠʩ.2.2).  

ʀʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʦʚ ʢʘʤʥʝʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʚʘ ʨʘʟʘ: 

ʘ) ʥʘ ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʦʡ ʩʢʘʥʝʨʦʤ ʧʨʠ ʨʘʟʥʳʭ ʧʣʦʪʥʦʩʪʷʭ ʪʦʯʝʢ ʚ ʨʫʯʥʦʤ 

ʨʝʞʠʤʝ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ; 

ʙ) ʥʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʣʠʥʝʡʢʠ  ʩ 

ʪʦʯʥʦʩʪʴʶ 1.5-2ʤʤ (ʦʧʦʨʥʳʝ ï ʵʪʘʣʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ). 

ʇʦʣʫʯʝʥʥʳʝ ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

3.11 ʠ ʥʘ ʨʠʩʫʥʢʝ 3.11 ʠ 3.12.  

ʊʘʙʣʠʮʘ 3.11 ï ʉʂʇ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʙʣʘʢʝ ʪʦʯʝʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʵʪʘʣʦʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ 

ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ  ʉʂʇ (ʤʤ) ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ (ʤʤ) 

ʈʫʯʥʘʷ ʦʙʨʘʙʦʪʢʘ 

9 3 

10 5 

15 10 

21 15 

ʄʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ  

12 3 

13 5 

17 10 

23 15 

ʄʝʪʦʜ ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ   

11 3 

13 5 

19 10 

26 15 

ʄʝʪʦʜ ʧʨʠʤʠʪʠʚʦʚ  

50 3 

50 5 

50 10 

52 15 

ʄʝʪʦʜ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ  

11 3 

12 5 

17 10 

23 15 
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ʈʠʩʫʥʦʢ 3.11 ï ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠ ̫ʉʂʇ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ 

 

ʈʠʩʫʥʦʢ 3.12 ï ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʉʂʇ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 
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ʇʦ ʛʨʘʬʠʢʘʤ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʤʝʪʦʜ ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ 

ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʣʫʯʰʝ, ʯʝʤ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ. ɸ ʧʨʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʧʦʣʫʯʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʇʨʠʯʠʥʘ ʜʘʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʟʘʚʠʩʠʪ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʚʦʢʨʫʛ ʠʩʢʦʤʦʡ ʪʦʯʢʠ, ʢʘʢ ʦʪʤʝʯʘʣʠʩʴ ʨʘʥʝʝ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʩʝʛʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʠʪʠʚʦʚ, ʟʥʘʯʝʥʠʷ 

ʉʂʇ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʩʝʛʤʝʥʪʘʮʠʠ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʝʜʣʘʛʘʝʪ ʫʜʘʣʠʪʴ ʩʝʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʧʨʠʤʠʪʠʚʥʦʡ ʬʦʨʤʳ (ʧʣʦʩʢʦʩʪʴ), 

ʧʦʵʪʦʤʫ ʜʠʘʤʝʪʨʳ ʰʘʨʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʨʘʚʥʳ ʥʫʣʷ ð ʵʪʦ ʧʨʠʚʝʣʦ ʢ 

ʥʠʟʢʦʡ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʠʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʪʦʯʥʦʩʪʠ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʯʘʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ (ʯʫʛʫʥ) ʠ ʦʥʠ 

ʠʤʝʶʪ ʧʦʭʦʞʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʷʝʪ 

ʧʨʦʮʝʩʩ ʩʝʛʤʝʥʪʘʮʠʠ. ʈʘʟʥʳʝ ʯʘʩʪʠ ʢʘʤʥʝʡ ʧʘʤʷʪʥʠʢʘ ʠʤʝʶʪ ʨʘʟʥʳʝ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʘʥʝʨʘ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʠʟʤʝʨʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʥʘʤ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʦ ʢʦʣʠʯʝʩʪʚʦ ʥʫʞʥʳʭ ʩʝʛʤʝʥʪʦʚ (6 ʩʝʛʤʝʥʪʦʚ ʚ 

ʢʘʞʜʦʤ ʢʘʤʥʝ), ʤʝʪʦʜ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʫʩʧʝʰʥʦ ʩʤʦʛ ʦʙʥʘʨʫʞʠʪʴ ʨʘʟʣʠʯʥʳʝ 

ʯʘʩʪʠ ʢʘʤʥʷ ʠ ʰʘʨ ʚʥʫʪʨʠ ʥʝʛʦ. 
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

ʇʨʦʚʝʜʝʥʥʦʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʷʜ 

ʚʳʚʦʜʦʚ: 

1) ʪʦʯʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʭ 4-ʭ ʤʝʪʦʜʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʏʝʤ ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ, ʪʝʤ 

ʤʝʥʴʰʝ ʥʘʜʝʞʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ. ʇʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘ ʦʙʨʘʙʦʪʢʫ ʚʝʜʝʪ ʢ ʧʦʪʝʨʝ 

ʪʦʯʥʦʩʪʠ; 

2) ʢʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʝʣʠʯʠʥʫ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʤʝʨʘ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ), ʪʦʯʥʦʩʪʴ 

ʩʝʛʤʝʥʪʘʮʠʠ ʨʝʟʢʦ ʫʤʝʥʴʰʘʶʪʩʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝʧʨʠʝʤʣʝʤʳʤʠ; 

3) ʪʦʯʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ, ʟʘʚʠʩʠʪ ʦʪ:  

ʘ) ʨʘʟʤʝʨʘ ʤʘʣʝʥʴʢʠʭ ʜʝʪʘʣʝʡ; 

ʙ) ʨʘʟʤʝʨʘ ʢʘʞʜʦʛʦ ʠʟ ʩʝʛʤʝʥʪʦʚ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ (ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ 

ʪʦʯʝʢ ʚ ʢʘʞʜʦʤ ʩʝʛʤʝʥʪʝ); 

ʚ) ʪʝʢʩʪʫʨʳ, ʬʦʨʤʳ ʦʙʲʝʢʪʘ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʝʛʦ ʨʘʟʥʳʭ ʯʘʩʪʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʘʥʝʨʘ; 

ʛ) ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʝʛʤʝʥʪʘʮʠʠ. 

4) ʠʟʫʯʘʝʤʳʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʣʠʥʝʡʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʴʶ (1,4 - 6.3ʩʤ) (ʪʘʙʣʠʮʘ 3.10). ʅʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʦʣʴʢʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʚʩʝʛʜʘ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ F-ʤʝʨʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

5) ʚʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʩʝʛʤʝʥʪʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʩʣʦʞʥʦʩʪʠ ʬʦʨʤʳ 

ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʟʥʘʯʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʇ), ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʩʢʘʥʝʨʦʤ ʠ ʦʙʲʝʢʪʦʤ ʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʝʪʘʣʠʟʘʮʠʠ (ʧʦʣʦʚʠʥʘ 

ʨʘʟʤʝʨʘ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʦʙʨʘʞʝʥʳ ʥʘ 

ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʷʭ (ʈ)). 
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6) ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʤʝʪʦʜʘ ʩʝʛʤʝʥʪʘʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʚ ʪʘʙʣʠʮʝ 3.12. 

ʊʘʙʣʠʮʘ 3.12 ï ɺʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ 

ʇʘʨʘʤʝʪʨʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ 
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ɻʃɸɺɸ 4. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʝʛʤʝʥʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ 

 

4.1. ʉʪʨʘʪʝʛʠʷ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʝʛʤʝʥʪʘʮʠʠ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ: 

1) ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʰʫʤʘ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ; 

2) ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʬʦʨʤʝ ʠ ʩʚʦʡʩʪʚʘʤ ʤʘʪʝʨʠʘʣʦʚ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ; 

3) ʜʦʣʞʥʘ ʜʘʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝʩʤʦʪʨʷ ʥʘ ʪʠʧ ʠ ʭʘʨʘʢʪʝʨ 

ʩʢʘʥʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ; 

4) ʜʦʣʞʥʘ ʧʦʟʚʦʣʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʢʘʤʝʨʘʣʴʥʳʭ ʨʘʙʦʪ. 

ʇʨʝʜʣʘʛʘʝʤʫ  ʁʤʝʪʦʜʠʢʫ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʷʪʴ ʨʘʟʥʳʭ ʵʪʘʧʦʚ: 

4.1.1. ʋʩʪʨʘʥʝʥʠʝ ʰʫʤʘ ʠ ʚʳʙʨʦʩʦʚ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʰʫʤʘ ʠ ʚʳʙʨʦʩʦʚ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʉʦʛʣʘʩʥʦ [131] ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʣʠʯʘʪʴ ʚʳʙʨʦʩ r

ʠ ʰʫʤ: ʚʳʙʨʦʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʟʤʝʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʦʙʱʝʡ ʚʳʙʦʨʢʠ, ʘ ʰʫʤ ð ʵʪʦ ʦʰʠʙʢʠ ʚ ʠʟʤʝʨʝʥʠʷʭ, ʨʘʟʙʨʦʩʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ. ɺ 

ʩʣʫʯʘʝ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʰʫʤ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ 

ʪʝʢʩʪʫʨʦʡ ʠ ʮʚʝʪʦʤ ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʩʢʘʥʠʨʫʝʤʳʡ ʦʙʲʝʢʪ 

ʦʢʨʘʰʝʥ ʚ ʯʝʨʥʦ-ʙʝʣrʡ ʮʚʝʪ, ʢʘʢ ʥʘ ʰʘʭʤʘʪʥʦʡ ʜʦʩʢʝ [41]. ɽʩʣʠ ʩʢʘʥʠʨʫʝʤʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʵʪʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʦʪʨʘʞʝʥʠʷ. ʅʝʞʝʣʘʪʝʣʴʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʭʫʜʰʘʶʪ ʫʩʣʦʚʠʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʣʫʯʘʶʪʩʷ ʠʟʤʝʨʝʥʠʷ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʰʠʙʢʘʤʠ (ʚʳʙʨʦʩʘʤʠ) [140]. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʫʩʪʨʘʥʝʥʠʷ ʰʫʤʘ ʠ ʚʳʙʨʦʩʦʚ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ, 

ʥʘʧʨʠʤʝʨ ʤʝʪʦʜ ɺʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (Wavelet transform) [88], ʠ ʤʝʪʦʜ 

ʣʦʢʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʚʳʙʨʦʩʦʚ (LOF) [61]. ʆʜʥʘʢʦ ʧʝʨʚʳʡ ʤʝʪʦʜ ʪʨʝʙʫʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ 
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(X, Y, Z) ʚ ʠʩʭʦʜʥʳʝ ʧʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ű, ɕ, d ʠ ʵʪʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʝʥʥʳʝ 

ʟʘʪʨʘʪʳ. ʉ ʜʨʦʛʦʡ ʩʪʦʨʦʥʳ ʤʝʪʦʜ (LOF) ʥʝ ʤʦʞʝʪ ʦʙʥʘʨʫʞʠʪʴ ʚʝʩʴ ʰʫʤ ʠ ʚʳʙʨʦʩʳ 

ʠ ʵʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʦʰʠʙʢʠ ʚ ʦʙʨʘʙʦʪʢʝ ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [126]. 

ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʜʣʷ ʫʜʘʣʝʥʠʷ ʰʫʤʘ ʠ ʚʳʙʨʦʩʦʚ ʠʟ 

ʦʙʣʘʢʘ ʪʦʯʝʢ. ʕʪʦʪ ʧʦʜʭʦʜ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʨʦʛʨʘʤʤʝ Point Cloud Library (PCL) 

[116]. ʉʥʘʯʘʣʘ ʜʣʷ ʢʘʞʜʦʡ ʠʩʢʦʤʦʡ ʪʦʯʢʠ ʘʣʛʦʨʠʪʤ ʦʙʥʘʨʫʞʠʚʘʝʪ 50 ʩʦʩʝʜʥʠʭ 

ʪʦʯʝʢ ʚʦʢʨʫʛ ʥʝʸ ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʝʸ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʧʦʜʯʠʥʷʶʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ (ɛ) ʠ 

ʜʠʩʧʝʨʩʠʝʡ (ɜ). ɺʩʝ ʪʦʯʢʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʘʥʦʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʫʜʘʣʝʥʳ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʝʩʣʠ ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʦʪ ʠʩʢʦʤʦʡ ʪʦʯʢʠ ʥʘ 

ʨʘʩʩʪʦʷʥʠʷ ʙʦʣʴʰʝ, ʯʝʤ ʟʘʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ (æ: æ= ɛ* ɜ).  

ʅʘ ʨʠʩʫʥʢʝ 4.1 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʬʠʣʴʪʨʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦ ʘʣʛʦʨʠʪʤʫ, 

ʨʝʘʣʠʟʦʚʘʥʥʦʤʫ ʚ ʧʨʦʛʨʘʤʤʝ PCL.  ɸʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʤʳ PCL ʭʦʨʦʰʦ 

ʦʙʥʘʨʫʞʠʚʘʝʪ ʰʫʤʳ ʠ ʚʳʙʨʦʩʳ, ʥʦ ʥʝʜʦʩʪʘʪʦʢ ʘʣʛʦʨʠʪʤʘ ï ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʠʷ 

ʪʦʯʝʢ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʲʝʢʪʫ, ʠʟ-ʟʘ ʥʝʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʨʚʘʣʘ æ.  ʅʘʣʠʯʠʝ ʰʫʤʘ ʠ ʚʳʙʨʦʩʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʷ ɛ, ɜ 

ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʟʥʘʯʝʥʠʝ ʠʥʪʝʨʚʘʣʘ æ, ʪʦ ʫʩʪʨʘʥʝʥʠʝ ʘʥʦʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝʜʦʩʪʘʪʦʯʥʦ.  

 

ʈʠʩʫʥʦʢ 4.1 ï ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 50 ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ 

ʇʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʝ ʰʫʤʘ ʥʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ 

ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʟʥʘʯʝʥʠʷ ʚʳʙʨʦʩʦʚ, ʪʦ ʚʣʠʷʥʠʝʤ ʰʫʤʘ ʥʘ 

ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ȹ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ.  ʅʘ ʨʠʩʫʥʢʝ 4.2 ʧʦʢʘʟʘʥʳ 

ʧʨʠʤʝʨʳ ʰʫʤʘ ʠ ʚʳʙʨʦʩʦʚ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ. 
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ʈʠʩʫʥʦʢ 4.2 ï ʇʨʠʤʝʨ ʰʫʤʘ ʠ ʚʳʙʨʦʩʦʚ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʦʤʝʱʝʥʠʷ 

ʉʦʛʣʘʩʥʦ [90] ʚʳʙʨʦʩʳ ʦʙʳʯʥʦ ʙʳʚʘʶʪ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ ʠʣʠ ʥʘʙʦʨʘ 

ʪʦʯʝʢ, ʦʪʜʝʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʨʠʩ. 4.2). ʇʦʵʪʦʤʫ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʪʦʣʴʢʦ ʚʳʙʨʦʩʦʚ, 

ʧʨʝʜʣʘʛʘʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ. ʉʥʘʯʘʣʘ ʚʦʢʨʫʛ ʢʘʞʜʦʡ ʪʦʯʢʠ ʩʦʟʜʘʝʪʩʷ 

ʩʬʝʨʘ ʩ ʨʘʜʠʫʩʦʤ, ʨʘʚʥʳʤ ʜʚʦʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʨʠʩ.4.3). ʇʦʪʦʤ 

ʪʦʯʢʠ, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʡ ʩʬʝʨʝ ʤʝʥʝʝ 2 ʪʦʯʝʢ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʳʙʨʦʩʘʤʠ ʠ ʠʭ ʤʦʞʥʦ 

ʫʜʘʣʠʪʴ. ʊʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʚ ʦʙʣʘʢʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʘʚʥʳ ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʝʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʣʘʟʝʨʥʦʤʫ ʣʫʯʫ, ʠʣʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʚʦʡʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʝʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʩʣʝʛʢʘ ʥʘʢʣʦʥʝʥʘ. ʕʪʦ 

ʟʥʘʯʠʪ, ʯʪʦ ʚʥʫʪʨʠ ʰʘʨʘ ʩ ʨʘʜʠʫʩʦʤ ʨʘʚʥʳʤ ʜʚʦʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ 2 ʪʦʯʝʢ (4-6 ʪʦʯʝʢ), ʝʩʣʠ ʵʪʠ ʪʦʯʢʠ ʧʨʠʥʘʜʣʝʞʘʪ 

ʩʢʘʥʠʨʫʝʤʦʤʫ ʦʙʲʝʢʪʫ, ʠ ʤʝʥʝʝ 2 ʪʦʯʝʢ (1-2 ʪʦʯʢʠ), ʝʩʣʠ ʵʪʠ ʪʦʯʢʠ ʷʚʣʷʶʪʩʷ 

ʚʳʙʨʦʩʘʤʠ. 

 

 

ʈʠʩʫʥʦʢ 4.3 ï ʉʭʝʤʘ ʫʜʘʣʝʥʠʷ ʚʳʙʨʦʩʦʚ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʥʘʯʘʣʘ ʚʳʙʨʦʩʳ ʫʩʪʨʘʥʷʶʪʩʷ ʠʟ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʘ ʟʘʪʝʤ ʰʫʤ ʫʩʪʨʘʥʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ PCL. ʅʘ 

ʨʠʩʫʥʢʝ 4.4 ʧʦʢʘʟʘʥʘ ʯʘʩʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ ʈʟ̫ʘʥʩʢʦʛʦ ʪʝʘʪʨʘ ʜʨʘʤʳ ʜʦ ʠ ʧʦʩʣʝ 

ʫʩʪʨʘʥʝʥʠʷ ʰʫʤʘ ʠ ʚʳʙʨʦʩʦʚ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ. 
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ʈʠʩʫʥʦʢ 4.4 ï ʏʘʩʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦʩʣʝ ʫʩʪʨʘʥʝʥʠʷ ʰʫʤʘ ʠ ʚʳʙʨʦʩʦʚ 

4.1.2. ʀʩʧʨʘʚʣʝʥʠʝ ʵʬʬʝʢʪʘ ʪʝʥʝʡ 

ʀʟ-ʟʘ ʥʘʣʠʯʠʷ ʪʝʥʝʡ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ, ʠʥʦʛʜʘ ʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʧʨʘʚʠʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʮʚʝʪʝ ʦʙʲʝʢʪʘ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ ʙʝʟ ʦʰʠʙʦʢ. ʕʬʬʝʢʪ ʪʝʥʝʡ ʚ ʦʙʣʘʢʘʭ 

ʪʦʯʝʢ ʤʦʞʥʦ ʠʩʧʨʘʚʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʫʩʪʨʘʥʝʥʠʷ ʪʝʥʝʡ ʚ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʩ ʫʯʝʪʦʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʵʪʠ ʤʝʪʦʜ r ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʤʝʪʦʜʳ ʫʩʪʨʘʥʝʥʠʷ ʪʝʥʝʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʝʛʫʣʷʨʥʳʭ ʤʘʪʨʠʮ 

ʠʟʦʙʨʘʞʝʥʠʷ (ʧʠʢʩʝʣʝʡ). ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʚʳʨʘʚʥʠʚʘʥʠʷ ʛʠʩʪʦʛʨʘʤʤʳ, 

ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʟʘʪʝʤʥʝʥʥʦʡ ʦʙʣʘʩʪʴʶ ʠ 

ʝʝ ʦʢʨʫʞʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ. ʉʦʛʣʘʩʥʦ [119] ʠʩʧʨʘʚʣʝʥʠʝ 

ʵʬʬʝʢʪʘ ʪʝʥʝʡ, ʚʳʨʘʚʥʠʚʘʷ ʛʠʩʪʦʛʨʘʤʤʫ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʧʨʘʚʠʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʪʘʢ ʢʘʢ ʧʦʣʫʯʝʥʥʳʝ ʮʚʝʪʘ ʤʦʛʫʪ ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 

ʠʩʭʦʜʥʳʭ ʮʚʝʪʦʚ. 

ɿʘʪʝʤʥʝʥʥʳʝ ʦʙʣʘʩʪʠ ʦʙʲʝʢʪʘ ʤʦʛʫʪ ʙʳʪʴ ʪʦʯʥʦ ʩʤʦʜʝʣʠʨʦʚʘʥʳ, ʟʥʘʷ 

ʧʦʣʦʞʝʥʠʝ ʉʦʣʥʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ (ʘʟʠʤʫʪ ʉʦʣʥʮʘ). ɺ ʩʪʘʪʴʝ 

[95] ʘʚʪʦʨ ʧʨʝʜʣʘʛʘʝʪ ʫʥʠʢʘʣʴʥʳʡ ʤʝʪʦʜ ʧʦʠʩʢʘ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʪʝʥʝʡ. ʉʥʘʯʘʣʘ 

ʢʨʘʷ ʪʝʥʝʡ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ. ɼʘʣʝʝ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʟ ʛʠʩʪʦʛʨʘʤʤʳ ʠ ʘʩʠʤʤʝʪʨʠʠ ʟʥʘʯʝʥʠʷ 

ʷʨʢʦʩʪʠ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʦʙʥʘʨʫʞʝʥʥʳʭ ʢʨʘʝʚ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʪʝʥʝʚʳʭ ʢʨʘʸʚ. 

ɺ ʨʘʙʦʪʝ [133] ʘʚʪʦʨ ʧʨʝʜʣʦʞʠʣ ʧʝʨʝʦʩʚʝʪʠʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʠʩʧʦʣʴʟʫʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʨʘʩʰʠʨʝʥʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ (High dynamic range ð 

HDR), ʩʥʷʪʳʝ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʚʝʱʝʥʠʷ, ʩ ʟʦʥʘʤʠ ʧʝʨʝʢʨʳʪʠʷ ʤʝʞʜʫ ʥʠʤʠ. 
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ʉʪʨʘʪʝʛʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʳʯʠʩʣʷʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʷʨʢʦʩʪʠ ʚ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʟʦʥʘʭ, ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʯʪʦʙʳ ʟʘʥʦʚʦ 

ʦʩʚʝʪʠʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʄʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [133] ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʠʜʝʘʣʴʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ (ʙʝʟ ʜʳʨʦʢ). ʆʜʥʘʢʦ ʚ 

ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʧʦʣʫʯʠʣʠ ʥʝʩʦʚʝʨʰʝʥʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʠʟ-ʟʘ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʣʦʞʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʪʩʫʪʩʪʚʠʶ 

ʥʝʩʢʦʣʴʢʠʭ ʥʝʙʦʣʴʰʠʭ ʯʘʩʪʝʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʨʠʝʥʪʘʮʠʠ ʉʦʣʥʮʘ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʯʘʱʝ ʚʩʝʛʦ 

ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʦʞʠʤ ʜʨʫʛʫʶ ʤʝʪʦʜʠʢʫ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʠʩʧʨʘʚʣʝʥʠʷ 

ʪʝʥʝʡ ʚ ʦʙʣʘʢʘʭ ʪʦʯʝʢ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ. ʅʘ ʨʠʩʫʥʢʝ 4.5 ʧʦʢʘʟʘʥʘ 

ʙʣʦʢ ʩʭʝʤʘ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʠʩʧʨʘʚʣʝʥʠʷ ʪʝʥʝʡ. 

 

ʈʠʩʫʥʦʢ 4.5 ï ʉʭʝʤʘ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠʩʧʨʘʚʣʝʥʠʷ ʪʝʥʝʡ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʠʩʧʨʘʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʪʝʥʝʡ, ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ 

ʥʘ ʨʘʟʥʳʭ ʦʙʲʝʢʪʘʭ ʠʟ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʢʘʞʜʳʡ ʙʣʦʢ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ.  
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1) ʇʨʠʤʝʥʝʥʠʝ ʬʠʣʴʪʨʘ ʵʢʩʧʦʟʠʮʠʠ 

ʕʢʩʧʦʟʠʮʠʷ ð ɻ ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʣʫʯʘʝʤʦʛʦ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʢʘʤʝʨʳ ʠʣʠ ʩʢʘʥʥʝʨʘ [123].   

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʨʝʢʮʠʠ ʵʢʩʧʦʟʠʮʠʠ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʥʘʟʥʘʯʝʥʦ 

ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ, ʯʪʦʙʳ 

ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ ʦʙʥʘʨʫʞʝʥʠʷ ʪʝʥʝʡ, ʜʝʣʘʷ ʟʘʪʝʤʥʝʥʥʳʝ ʦʙʣʘʩʪʠ ʪʝʤʥʝʝ, ʘ 

ʦʩʚʝʱʝʥʥʳʝ ʦʙʣʘʩʪʠ ʷʨʯʝ. ɼʘʥʥʘʷ ʢʦʨʨʝʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ: 

- ʈʘʟʤʝʨ ʵʢʩʧʦʟʠʮʠʠ: ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʧʦʜʩʪʨʘʠʚʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʭʦʨʦʰʦ 

ʦʩʚʝʱʝʥʥʳʝ ʯʘʩʪʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʧʦʣʥʦʩʪʴʶ ʠʛʥʦʨʠʨʫʝʪ ʩʘʤʳʝ ʪʝʤʥʳʝ ʪʝʥʠ. 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʫʣʘ 4.1 ʠ 4.2 [123]: 

Ὂρ
Ὑ
Ὃ
ὄ

Ὑ π π
π Ὃ π
π π ὄ

ᶻ
ςᶻ

ςᶻ

ςᶻ
ȟ                                                                             (4.1) 

Ὑ
Ὃ
ὄ

&ρȟ̆ ̒̌̉ &ρ ςυυ
 ςυυȟ̆ ̒̌̉ &ρ ςυυ

ȟ                                                                                 (4.2) 

  ʛʜʝ (Ὑ ȟὋ , ὄ ) ï ʩʪʘʨʳʝ ʮʚʝʪʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ ; 

Ὑ ȟὋ , ὄ  ï ʥʦʚʳʝ ʮʚʝʪʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ ; 

F1 ï ʬʫʥʢʮʠʷ ʵʢʩʧʦʟʠʮʠʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʪʘʨʳʤʠ ʠ 

ʥʦʚʳʤʠ ʮʚʝʪʦʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ RGB ʚ ʦʙʣʘʢʝ ; 

EV ï (exposure value) ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʧʦʟʠʮʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ   ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʟʥʘʯʝʥʠ ̫ʢʦʪʦʨʦʛʦ ʨʘʟʣʠʯʘʶʪʩʷ ʦʪ 

-20 (ʪʦʯʢʠ ʠʤʝʶʪ ʯʝʨʥʳʡ ʮʚʝʪ) ʜʦ +20 (ʪʦʯʢʠ ʠʤʝʶʪ ʙʝʣʳʡ ʮʚʝʪ) ; 

k ï ʢʦʥʩʪʘʥʪʘ å 0,452512205. 

ʅʘ ʨʠʩʫʥʢʝ 4.6 ʧʦʢʘʟʘʥ ʵʬʬʝʢʪ ʧʨʠʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʨʘʟʤʝʨʘ ʵʢʩʧʦʟʠʮʠʠ ʥʘ 

ʦʪʪʝʥʢʘʭ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ. ʈʝʟʫʣʴʪʘʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʦʙʣʘʩʪʷʭ ʩ ʭʦʨʦʰʠʤ 

ʦʩʚʝʱʝʥʠʝʤ ʧʨʦʠʟʦʰʣʠ ʠʟʤʝʥʝʥʠʷ, ʘ ʩʘʤʳʝ ʪʝʤʥʳʝ ʪʝʥʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ. 

            

 

                          (ʘ)                                          (ʙ)                                          (ʚ)                                             

ʈʠʩʫʥʦʢ 4.6 ï ʵʬʬʝʢʪ ʧʨʠʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʨʘʟʤʝʨʘ ʵʢʩʧʦʟʠʮʠʠ (ʘ)- EV = -

1, (ʙ)- EV = -0,5, (ʚ)- EV = 0 
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- ʉʤʝʱʝʥʠʝ: ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʟʘʪʝʤʥʷʝʪ ʪʝʥʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʦʩʪʘʚʣʷʝʪ 

ʦʙʣʘʩʪʠ ʩ ʭʦʨʦʰʠʤ ʦʩʚʝʱʝʥʠʝʤ ʚ ʦʙʣʘʢʝ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʨʝʙʫʝʪ ʩʥʘʯʘʣʘ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʮʚʝʪʘ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ ʠʟ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ RGB ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ YCbCr. ɿʘʪʝʤ ʜʦʙʘʚʠʪʴ 

ʟʥʘʯʝʥʠʝ ʩʤʝʱʝʥʠʷ ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʧʦʥʝʥʪʘ Y ʠ ʧʦʪʦʤ, ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʮʚʝʪʘ 

ʦʙʨʘʪʥʦ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ RGB. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʩʤʝʱʝʥʠʷ 

ʪʝʥʝʡ ð ɻ ʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʆʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʦʪ -0,5 (ʪʝʥʠ ʠʤʝʶʪ ʯʝʨʥʳʡ ʮʚʝʪ) ʜʦ +0,5 (ʪʝʥʠ ʠʤʝʶʪ ʧʦʯʪʠ 

ʙʝʣrʡ ʮʚʝʪ). 

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʞʝʪ ʦʙʣʝʛʯʠʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʪʝʥʝʡ, ʥʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʢʦʪʦʨʦʡ ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ, ʠ ʧʦʵʪʦʤʫ 

ʤʳ ʥʝ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. 

- ʂʦʨʨʝʢʮʠʷ ɻʘʤʤʘ: ʥʘ ʧʨʘʢʪʠʢʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʬʦʪʦʥʦʚ ʠ 

ʟʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ. ʇʦʵʪʦʤʫ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʢʘʥʝʨʘ ʠʣʠ ʢʘʤʝʨʳ ʚ ʜʚʘ ʨʘʟʘ, ʧʦʣʫʯʝʥʥʳʡ ʩʠʛʥʘʣ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʦʞʝ ʚ ʜʚʘ ʨʘʟʘ. ʕʪʦ ʩʦʟʜʘʝʪ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʮʚʝʪ ʩʪʘʣ, 

ʥʝʤʥʦʛʦ ʷʨʯʝ. ʅʘʰʠ ʛʣʘʟʘ ʩʧʦʩʦʙʥʳ ʚʠʜʝʪʴ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʪʝʤʥʳʭ ʦʪʪʝʥʢʘʭ, ʥʦ ʧʣʦʭʦ ʨʘʟʣʠʯʘʶʪ ʠʟʤʝʥʝʥʠʷ ʚ ʷʨʢʠʭ ʦʪʪʝʥʢʘʭ. ʇʦʵʪʦʤʫ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ (ʠʟʦʙʨʘʞʝʥʠʷ, ʦʙʣʘʢʘ ʪʦʯʝʢ) ʝʩʪʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʛʘʤʤʘ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʯʪʦʙʳ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʪʦʤʫ, ʯʪʦ ʤʳ ʫʚʠʜʠʤ ʛʣʘʟʘʤʠ [21]. ʂʦʨʨʝʢʮʠʷ ɻʘʤʤʘ 

ʧʦʜʩʪʨʘʠʚʘʝʪ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ. 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʤʤʘ-ʢʦʨʨʝʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʥʠʮʳ ʚ ʦʪʪʝʥʢʘʭ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ, ʯʪʦʙʳ ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ 

ʦʙʥʘʨʫʞʝʥʠʷ ʪʝʥʝʡ. ɻʘʤʤʘ-ʢʦʨʨʝʢʮʠʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ [136]: 
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ȟ                                                          τȢσ 

Ὑ
Ὃ
ὄ

&ςȟ̆ ̒̌̉ &ς ςυυ
 ςυυȟ̆ ̒̌̉ &ς ςυυ

ȟ                                                                  τȢτ 

 ʛʜʝ   (Ὑ ȟὋ , ὄ ) ï ʩʪʘʨʳʝ ʮʚʝʪʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ; 

Ὑ ȟὋ , ὄ  ï ʥʦʚʳʝ ʮʚʝʪʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ;        

F2 ï ʬʫʥʢʮʠʷ ʛʘʤʤʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʪʘʨʳʤʠ ʠ 

ʥʦʚʳʤʠ ʮʚʝʪʦʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ RGB ʚ ʦʙʣʘʢʝ; 

gamma ï ʢʦʵʬʬʠʮʠʝʥʪ ʛʘʤʤʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʦʧʨʝʜʝʣʷʝʤʦʝ   ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʟʥʘʯʝʥʠ ̫ ʢʦʪʦʨʦʛʦ ʨʘʟʣʠʯʘʶʪʩʷ ʦʪ 0,01 

(ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʚʥʦ 0 (ʯʝʨʥʳʡ ʮʚʝʪ)) ʜʦ 9,99 

(ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʚʥʦ 255 (ʙʝʣʳʡ ʮʚʝʪ)). 

ʅʘ ʨʠʩʫʥʢʝ 4.7 ʧʦʢʘʟʘʥ ʵʬʬʝʢʪ ʧʨʠʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʛʘʤʤʘ ʥʘ ʦʪʪʝʥʢʘʭ 

ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ. 

     
                 (ʘ)                                          (ʙ)                                        (ʚ) 

ʈʠʩʫʥʦʢ 4.7 ï ʵʬʬʝʢʪ ʧʨʠʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʛʘʤʤʘ (ʘ)- gamma = 2, (ʙ)- 

gamma = 1, (ʚ)- gamma = 0,5 

ʅʘ ʨʠʩʫʥʢʝ 4.8 ʧʦʢʘʟʘʥʦ ʦʙʣʘʢʦ ʪʦʯʝʢ ʟʜʘʥʠʷ ʥʘ ɻʦʨʦʭʦʚʩʢʦʤ ʧʝʨʝʫʣʢʝ ʩ 

ʨʝʘʣʴʥʳʤʠ ʮʚʝʪʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 4.9 ʧʦʢʘʟʘʥʦ ʦʙʣʘʢʦ ʪʦʯʝʢ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ 

ʬʠʣʴʪʨʘ ʵʢʩʧʦʟʠʮʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʥʠ ʚ ʦʙʣʘʢʝ ʩʪʘʣʠ ʪʝʤʥʝʝ ʠ ʟʘʤʝʪʥʝʝ.  
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ʈʠʩʫʥʦʢ 4.8 ï ʆʙʣʘʢʦ ʪʦʯʝʢ ʟʜʘʥʠʷ ʩ ʨʝʘʣʴʥʳʤʠ ʮʚʝʪʘʤʠ 

 
ʈʠʩʫʥʦʢ 4.9 ï ʆʙʣʘʢʦ ʪʦʯʝʢ ʟʜʘʥʠʷ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʬʠʣʴʪʨʘ ʵʢʩʧʦʟʠʮʠʠ 

ʅʘ ʨʠʩʫʥʢʝ 4.10 ʧʦʢʘʟʘʥʦ ʧʦʣʫʯʝʥʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʩ ʢʨʘʩʥʦʡ ʤʘʩʢʦʡ ʥʘ ʪʝʥʠ  

 
ʈʠʩʫʥʦʢ 4.10 ï ɺʳʜʝʣʝʥʠʝ ʪʝʥʠ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ (ʢʨʘʩʥʳʡ ʮʚʝʪ) 

2) ʇʨʦʚʝʨʢʘ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʀʩʧʦʣʴʟʫʷ ʧʨʝʜʳʜʫʱʠʡ ʵʪʘʧ, ʤʳ ʩʤʦʛʣʠ ʦʙʥʘʨʫʞʠʪʴ ʪʝʥʠ ʥʘ ʦʩʥʦʚʝ ʪʦʣʴʢʦ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ, ʥʦ ʚ ʩʣʫʯʘʝ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʟʫʯʘʝʤʳʡ 

ʦʙʲʝʢʪ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʠ ʤʝʣʢʠʝ ʜʝʪʘʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʩʣʦʞʥʠʪʴ ʩʭʝʤʫ ʪʝʥʝʡ. 

ʇʦʵʪʦʤʫ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʦʣʫʯʝʥʥʳʭ ʪʝʥʝʡ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ï ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʚ ʚʦʟʚʨʘʱʘʝʤʦʤ ʩʠʛʥʘʣʝ ʦʪ ʠʟʫʯʘʝʤʦʛʦ 

ʦʙʲʝʢʪʘ ʢ ʧʨʠʝʤʥʠʢʫ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪ 

ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʤʘʪʝʨʠʘʣʘ [23].  

ʉʦʛʣʘʩʥʦ [76], ʜʚʝ ʪʦʯʢʠ ʣʝʞʘʪ ʥʘ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥʘʭ ʪʝʥʝʚʦʡ 

ʛʨʘʥʠʮʳ, ʝʩʣʠ ʦʥʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʥʦ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ 

ʮʚʝʪʘ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʚʠʩʷʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪ ʦʪʨʘʞʘʶʱʠʭ 
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ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʥʝ ʦʪ ʪʦʛʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʣʝʞʠʪ ʚ ʪʝʥʠ ʠʣʠ ʚ ʦʩʚʝʱʝʥʥʦʡ 

ʦʙʣʘʩʪʠ. ʏʪʦʙʳ ʦʢʦʥʯʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʦʭʦʜʷʪ ʣʠ ʛʨʘʥʠʮʳ ʪʝʥʝʡ ʯʝʨʝʟ 

ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ, ʧʨʝʜʣʘʛʘʝʤ ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ: 

- ɺʳʜʝʣʷʶʪʩʷ N =11 ʪʦʯʝʢ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʨʘʥʠʮʝ 

ʪʝʥʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ, 5 ʪʦʯʝʢ 

ʙʳʣʠ ʙʳ ʚ ʟʘʪʝʥʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠ 5 ʪʦʯʝʢ ʚ ʦʩʚʝʱʝʥʥʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ.4.11); 

- ɺʳʯʠʩʣʷʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʮʚʝʪʘ ʢʘʞʜʦʡ ʪʦʯʢʠ ʜʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʮʚʝʪʦʚ ʚʳʜʝʣʝʥʥʳʭ ʪʦʯʝʢ ʚ ʮʚʝʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ.4.12); 

- ɺʳʯʠʩʣʷʝʪʩʷ ʜʠʩʧʝʨʩʠʷ ʮʚʝʪʦʚ ʚʳʜʝʣʝʥʥʳʭ ʪʦʯʝʢ. 

 
ʈʠʩʫʥʦʢ 4.11 ï ʉʭʝʤʘ ʚʳʙʦʨʘ ʪʦʯʝʢ 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.12 ï Eʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ RGB 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʮʚʝʪʘ ʢʘʞʜʦʡ ʪʦʯʢʠ ʜʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʮʚʝʪʦʚ ʚʳʜʝʣʝʥʥʳʭ 

ʪʦʯʝʢ ʠ ʜʠʩʧʝʨʩʠʷ ʮʚʝʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʚʳʜʝʣʝʥʥʳʭ ʪʦʯʝʢ ʚ ʮʚʝʪʦʚʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ RGB ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

Ὓ Ὑ Ὑ Ὃ Ὃ ὄ ὄ ȟ                                        τȢυ 
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ὺ В Ὑ Ὑ ȟ                                                                                         τȢφ  

ὺ В Ὃ Ὃ ,                                                                                         τȢχ 

 ὺ В ὄ ὄ ȟ                                                                                       τȢψ 

ὺ ὺ ὺ ὺ ȟ                                                                                                      τȢω 

 ʛʜʝ   Ri ,  Gi ,  Bi ï ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʮʚʝʪʘ ʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʦʯʢʠ ʥʦʤʝʨ i; 

Rmean , Gmean , Bmean ï ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʮʚʝʪʦʚ ʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʙʨʘʥʥʳʭ 

ʪʦʯʝʢ;  

v ï ʦʙʱʘʷ ʜʠʩʧʝʨʩʠʷ;   N ï ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ (ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ N=11);  

vr,vg,vb ï ʜʠʩʧʝʨʩʠʷ ʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʮʚʝʪʘ ʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ R,G ʠ B. 

ɺ ʪʘʙʣʠʮʝ 4.1 ʧʦʢʘʟʘʥʦ ʚʳʯʠʩʣʝʥʠʝ ʝʚʢʣʠʜʦʚʳʭ ʨʘʩʩʪʦʷʥʠʡ ʠ ʜʠʩʧʝʨʩʠʠ ʜʣʷ 

11 ʪʦʯʝʢ, ʚʟʷʪʳʭ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ ʟʜʘʥʠʷ ʥʘ ɻʦʨʦʭʦʚʩʢʦʤ ʧʝʨʝʫʣʢʝ.      

ʉʦʛʣʘʩʥʦ [120], ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʚʝ ʪʦʯʢʠ ʠʤʝʶʪ ʨʘʟʥʳʝ ʮʚʝʪʘ ʠʣʠ ʨʘʟʥʳʝ 

ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʝʩʣʠ ʦʥʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʠʤ ʜʚʫʤ ʫʩʣʦʚʠʷʤ: 

¶ ʝʩʣʠ ʧʦʣʫʯʝʥʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʮʚʝʪʘ ʢʘʞʜʦʡ ʪʦʯʢʠ ʜʦ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʮʚʝʪʦʚ ʚʳʜʝʣʝʥʥʳʭ ʪʦʯʝʢ ʧʨʝʚʳʰʘʝʪ ʧʦʨʦʛ (æ=8); 

¶ ʟʥʘʯʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʮʚʝʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʚʳʜʝʣʝʥʥʳʭ ʪʦʯʝʢ ʧʨʝʚʳʰʘʝʪ 

ʠʟʚʝʩʪʥʳʡ ʧʦʨʦʛ (Ö= æ^2=64). 

ʊʘʙʣʠʮʘ 4.1 ï ʇʨʠʤʝʨ ʚʳʯʠʩʣʝʥʠʷ ʝʚʢʣʠʜʦʚʳʭ ʨʘʩʩʪʦʷʥʠʡ ʠ ʜʠʩʧʝʨʩʠʠ 

ʅʦʤʝʨ ʪʦʯʢʠ 

ʈʝʘʣʴʥʳʡ ʮʚʝʪ  ʀʥʪʝʥʩʠʚʥʦʩʪʴ  

R G B 
ʈʘʩʩʪʦʷʥʠʝ ʦʪ 

ʩʨ. ʟʥʘʯʝʥʠʷ 
R G B 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ 

ʩʨ. ʟʥʘʯʝʥʠʷ 

1 243 237 219 34.19 0 254 33 8.38 

2 240 235 219 30.95 0 254 35 6.38 

3 241 238 220 34.11 0 254 40 1.44 

4 248 237 219 37.46 0 255 50 8.65 

5 247 236 220 36.44 0 255 33 8.38 

6 247 239 220 38.45 0 255 49 7.66 

7 243 235 219 32.78 0 254 50 8.65 

8 219 190 203 23.08 0 254 40 1.44 

9 195 167 185 57.55 0 254 35 6.38 

10 160 162 182 84.01 0 255 50 8.65 

11 160 160 180 85.86 0 255 40 1.47 

ʉʨʝ. ʟʥʘʯʝʥʠʝ 222.0 212.4 207.8 44.99 0 254.5 41.4 6.13 

ɼʠʩʧʝʨʩʠʷ    2440.8    46,5 
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ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪ,ɹ ʯʪʦ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʚʝʪʘ ʢʘʞʜʦʡ 

ʪʦʯʢʠ ʜʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʮʚʝʪʦʚ ʚʳʜʝʣʝʥʥʳʭ ʪʦʯʝʢ ʚ ʩʣʫʯʘʝ ʨʝʘʣʴʥʦʛʦ ʮʚʝʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 44,99 >8, ʠ ʠʭ ʜʠʩʧʝʨʩʠʷ ʩʦʩʪʘʚʣʷʝʪ 2440.8 >64. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ 

ʩʣʫʯʘʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʚʝʪʘ ʢʘʞʜʦʡ ʪʦʯʢʠ ʜʦ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ ʮʚʝʪʦʚ ʚʳʜʝʣʝʥʥʳʭ ʪʦʯʝʢ ʩʦʩʪʘʚʣʷʝʪ 6.13 <8, ʘ ʠʭ ʜʠʩʧʝʨʩʠʷ ʩʦʩʪʘʚʣʷʝʪ 

46,5<64.  ʇʦʵʪʦʤʫ ʩʦʛʣʘʩʥʦ [76] ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʝʩʪʴ ʪʝʥʴ, 

ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʪʦʯʝʢ. 

3) ɺʳʯʠʩʣʝʥʠʝ ʢʨʘʷ ʪʝʥʠ 

ʅʘ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʵʪʘʧʘʭ, ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʙʣʘʢʦ 

ʪʦʯʝʢ, ʯʪʦʙʳ ʦʙʥʘʨʫʞʠʪʴ ʟʘʪʝʤʥʝʥʥʳʝ ʦʙʣʘʩʪʠ, ʘ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʘʣʛʦʨʠʪʤ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪ, ʛʜʝ ʥʘʯʠʥʘʶʪʩʷ ʪʝʥʠ. ʋʯʠʪʳʚʘʷ ʦʙʲʝʤ ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʨʘʙʦʪʘʪʴ ʩ ʦʜʥʠʤ ʮʚʝʪʥʳʤ ʢʘʥʘʣʦʤ, ʘ ʥʝ ʩ ʪʨʝʤʷ 

ʢʘʥʘʣʘʤʠ. ʉʦʛʣʘʩʥʦ [92] ̫ ʨʢʦʩʪʴ ʩʯʠʪʘʝʪʩʷ ʭʦʨʦʰʠʤ ʧʨʠʟʥʘʢʦʤ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʙʝʟ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʮʚʝʪʥʳʭ ʜʘʥʥʳʭ, ʧʦʵʪʦʤʫ ʥʘ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʷʨʢʦʩʪʴ ʠ ʛʨʘʜʠʝʥʪ ʷʨʢʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʨʘʷ ʪʝʥʠ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ [14], [76]: 

ʗʨʢʦʩʪʴ = =̠ 0.2989*R + 0.5870*G + 0.1141*B,                                     (4.10) 

2ɳ ,                                                                                                   (4.11) 

 ʛʜʝ ʗi ï ʟʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ ʪʦʯʢʠ i;                ʗp,ʗqï ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ ʪʦʯʝʢ p ʠ q; 

p ʠ q ï ʜʚʝ ʩʦʩʝʜʥʠʝ ʪʦʯʢʠ ʠʟ ʩʧʠʩʢʘ ʚʳʙʨʘʥʥʳʭ ʪʦʯʝʢ ʧʨʝʜʳʜʫʱʝʛʦ ʵʪʘʧʘ; 

ʗɳï ʛʨʘʜʠʝʥʪ ʷʨʢʦʩʪʠ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ. 

ɺ ʨʘʙʦʪʝ [76] ʩʯʠʪʘʝʪʩ,̫ ʯʪʦ ʜʚʝ ʪʦʯʢʠ ʣʝʞʘʪ ʥʘ ʢʨʘʶ ʪʝʥʠ, ʝʩʣʠ ʗɳ Ó 0,05.  

ɺ ʪʘʙʣʠʮʝ 4.2 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʚʳʯʠʩʣʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʷʨʢʦʩʪʠ. ʈʠʩʫʥʦʢ 4.13 

ʧʦʢʘʟʳʚʘʝʪ ʜʠʘʛʨʘʤʤʫ ʷʨʢʦʩʪʠ, ʛʜʝ ʷʩʥʦ, ʢʘʢ ʨʝʟʢʦ ʧʘʜʘʝʪ ʷʨʢʦʩʪʴ ʚ ʪʦʯʢʝ 7. ʅʘ 

ʨʠʩʫʥʢʝ 4.14 ʧʦʢʘʟʘʥʘ ʜʠʘʛʨʘʤʤʘ ʥʘʠʙʦʣʴʰʝʛʦ ʠʟʤʝʥʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʷʨʢʦʩʪʠ ʚ 

ʪʦʯʢʝ 7. 
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ʊʘʙʣʠʮʘ 4.2 ï ʇʨʠʤʝʨ ʚʳʯʠʩʣʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʷʨʢʦʩʪʠ 

ˉ R G B ʗʨʢʦʩʪʴ ɻʨʘʜʠʝʥʪ ˉ R G B ʗʨʢʦʩʪʴ ɻʨʘʜʠʝʥʪ 

1 243 237 219 236.7177 0.004393 6 247 239 220 239.2013 0.007704 

2 240 235 219 234.647 0.004611 7 243 235 219 235.5437 0.081282 

3 241 238 220 236.8209 0.002929 8 219 190 203 200.1311 0.047172 

4 248 237 219 238.2122 0.001623 9 195 175 185 182.1005 0.039251 

5 247 236 220 237.4403 0.003695 10 160 169 187 168.345 0.018393 

      11 160 160 180 162.264 - 

 

   ʈʠʩʫʥʦʢ 4.13 ï ɼʠʘʛʨʘʤʤʘ ʷʨʢʦʩʪʠ              ʈʠʩʫʥʦʢ 4.14 ï ɼʠʘʛʨʘʤʤʘ 

                                                                                     ʛʨʘʜʠʝʥʪʘ ʷʨʢʦʩʪʠ 

ɺʳʯʠʩʣʝʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʷʨʢʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʯʘʣʦ ʦʙʣʘʩʪʠ ʪʝʥʠ ʚ 

ʪʦʯʢʝ 7, ʛʜʝ ʗɳ7 =0,08 > 0,05. 

ʀʪʘʢ, ʩʥʘʯʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʠʣʴʪʨ ʵʢʩʧʦʟʠʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʚʳʙʦʨʘ ʢʨʘʝʚ ʪʝʥʝʡ, ʘ ʧʦʪʦʤ ʧʨʦʚʝʨʷʶʪʩʷ ʧʦʣʫʯʝʥʥʳʝ ʪʝʥʠ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʘ ʟʘʪʝʤ ʧʦ ʛʨʘʜʠʝʥʪʫ ʷʨʢʦʩʪʠ ʫʪʦʯʥʷʝʪʩʷ, ʚ ʢʘʢʦʡ ʪʦʯʢʝ ʥʘʯʠʥʘʶʪʩʷ 

ʪʝʥʠ. ʌʘʢʪʠʯʝʩʢʠ, ʠʩʧʦʣʴʟʫʷ ʛʨʘʜʠʝʥʪ ʷʨʢʦʩʪʠ ʧʦʣʫʯʘʝʤ ʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʢʦʪʦʨʳʝ ʤʘʣʦ ʟʘʚʠʩʷʪ ʦʪ ʦʧʝʨʘʪʦʨʘ, ʪʘʢ ʢʘʢ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʬʠʣʴʪʨʘ ʵʢʩʧʦʟʠʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʠʟʫʘʣʴʥʦ ʚʳʙʠʨʘʝʪ 2 ʠʣʠ 3 ʧʘʨʘʤʝʪʨʘ. 

4) ʇʨʠʤʝʥʝʥʠʝ ʬʠʣʴʪʨʘ ʠʟʦʛʝʣʠʠ 

ɺ ʥʘʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ ʷʚʣʷʝʪʩʷ ʉʦʣʥʮʝ, 

ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʦʯʝʥʴ ʜʘʣʝʢʦ ʦʪ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʧʦʵʪʦʤʫ ʠʥʦʛʜʘ ʚʤʝʩʪʦ 

ʯʝʪʢʦʛʦ ʢʨʘʷ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʦʩʚʝʱʝʥʥʦʡ ʦʙʣʘʩʪʠ ʢ ʟʘʪʝʤʥʝʥʥʦʡ 

ʦʙʣʘʩʪʠ. ʏʪʦʙʳ ʠʩʧʨʘʚʠʪʴ ʪʝʥʝʚʦʡ ʵʬʬʝʢʪ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ, ʥʘʤ ʥʫʞʥʦ ʧʦʥʷʪʴ, 

ʥʘʩʢʦʣʴʢʦ ʢʘʞʜʘʷ ʪʦʯʢʘ ʟʘʪʝʥʝʥʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʛʨʫʧʧʠʨʦʚʢʠ 

ʪʦʯʝʢ ʩ ʧʦʭʦʞʠʤʠ ʪʝʥʷʤʠ ʚʤʝʩʪʝ, ʠ ʧʦʪʦʤ ʩʨʘʚʥʠʪʴ ʠʭ ʩ ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ, 
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ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʦʩʚʝʱʝʥʥʳʭ ʦʙʣʘʩʪʷʭ. ʕʪʘ ʛʨʫʧʧʠʨʦʚʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ 

ʬʠʣʴʪʨʦʤ ʠʟʦʛʝʣʠʠ. 

ʀʟʦʛʝʣʠʷ ʮʚʝʪʦʚ ʚ ʦʙʣʘʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʣʘʚʥʦʛʦ 

ʛʨʘʜʠʝʥʪʘ ʪʦʥʘ ʚ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʥʦʚ ʩ ʨʝʟʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʦʪ ʦʜʥʦʛʦ ʪʦʥʘ 

ʢ ʜʨʫʛʦʤʫ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʛʝʣʠʷ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʣʫʪʦʥʦʚ. ʅʘ ʨʠʩʫʥʢʝ 4.15 

ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʬʠʣʴʪʨʘ ʠʟʦʛʝʣʠʠ ʥʘ ʦʪʪʝʥʢʠ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ 

 

 

ʈʠʩʫʥʦʢ 4.15 ï ʕʬʬʝʢʪ ʬʠʣʴʪʨʘ ʠʟʦʛʝʣʠʠ 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʬʠʣʴʪʨʘ ʠʟʦʛʝʣʠʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ: 

- ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ ʪʦʯʝʢ, 

ʥʘʭʦʜʷʱʠʭʩ ̫ʚ ʟʘʪʝʥʝʥʥʦʡ ʦʙʣʘʩʪʠ çʗʤʘʢʩ, ʗʤʠʥè ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʨʘʟʥʠʮʘ ʚ 

ʷʨʢʦʩʪʠ æ=ʗʤʘʢʩ-ʗʤʠʥ; 

- ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʫʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʘʧʘʟʦʥʦʚ çNè ʦʧʝʨʘʪʦʨʦʤ (N<æ); 

- ʚʳʯʠʩʣʷʝʪʩʷ ʰʠʨʠʥʘ ʜʠʘʧʘʟʦʥʘ ʧʦ ʬʦʨʤʫʣʝʤ: 

˥̅̉
Ў

ὔ
ȟ                                                                                                              τȢρς 

- ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ, ʚ ʢʘʞʜʦʤ ʜʠʘʧʘʟʦʥʝ çʂi» ʠʩʧʦʣʴʟʫʷ 

ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ: 

̆̒̌̉ȟˬ̘̓̏̋́  ɴˬ ̍̉̎ É ρᶻ˥ ̅̉O ˬ̍ ̉̎ Éz˥̅ ȟ̉ 

̓̏̄̅́ ̘̓̏̋́ Íᶰ̅̉́̐́̈̏̎ȟ 

ʛʜʝ, i ʵʪʦ ʥʦʤʝʨ ʜʠʘʧʘʟʦʥʘ. i=(1,2,é..N) ; 

- ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ ʢʘʞʜʦʛʦ ʜʠʘʧʘʟʦʥʘ: 

ˬ
В ˬ
˗

˗
ȟ                                                                                             τȢρσ 

- ʟʘʤʝʥʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ ʢʘʞʜʦʡ ʪʦʯʢʠ, ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʷʨʢʦʩʪʠ 

ʜʠʘʧʘʟʦʥʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʵʪʘ ʪʦʯʢʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʦ ʜʠʘʧʘʟʦʥʦʚ ʷʨʢʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʠʣʴʪʨʘ 

ʠʟʦʛʝʣʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʠʥʪʝʨʚʘʣʫ [1, æ]. ʅʘʰ ɻʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ὔ πȟυ æ . ʅʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 
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ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ N ʧʨʦʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʚʳʯʠʩʣʝʥʠʡ. ɺ ʥʘʰʝʤ 

ʧʨʠʤʝʨʝ, ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʟʜʘʥʠʷ ʤʳ ʚʳʙʨʘʣʠ N=7. ʅʘ ʨʠʩʫʥʢʝ 4.16 ʧʦʢʘʟʘʥʳ ʪʝʥʠ 

ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ ʜʘʥʥʦʛʦ ʟʜʘʥʠʷ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʬʠʣʴʪʨʘ ʠʟʦʛʝʣʠʠ ʩ ʤʥʦʛʦʮʚʝʪʥʦʡ 

ʤʘʩʢʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʣʘʩʪʠ ʪʝʥʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʜʣʷ 

ʠʩʧʨʘʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʪʝʥʠ. 

 

ʈʠʩʫʥʦʢ 4.16 ï ʆʙʣʘʢʦ ʪʦʯʝʢ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʬʠʣʴʪʨʘ ʠʟʦʛʝʣʠʠ ʩ 

ʤʥʦʛʦʮʚʝʪʥʦʡ ʤʘʩʢʦʡ 

5) ʂʦʨʨʝʢʮʠʷ ʪʝʥʝʡ 

ʉʦʛʣʘʩʥʦ [76, 89], ʯʪʦʙʳ ʠʩʧʨʘʚʠʪʴ ʵʬʬʝʢʪ ʪʝʥʠ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʟʘʪʝʥʝʥʥʳʤʠ ʪʦʯʢʘʤʠ ʠ ʠʭ ʩʦʩʝʜʥʠʤʠ ʚ 

ʦʩʚʝʱʝʥʥʦʡ ʦʙʣʘʩʪʠ: 

ǲ̗É ̗Éᶻ
̗

̗
,                                                                                                         (4.14) 

 ʛʜʝ  ̗ǲÉ ï ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ  ʮʚʝʪʘ ʪʦʯʢʠ i;      ̗ É ï ʩʪʘʨʦʝ ʟʥʘʯʝʥʠʝ ʮʚʝʪʘ ʪʦʯʢʠ i; 

 ̗ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʮʚʝʪʘ ʪʦʯʢʠ ʚ ʟʘʪʝʥʝʥʥʦʡ ʦʙʣʘʩʪʠ; 

 ̗ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʮʚʝʪʘ ʪʦʯʢʠ ʚ ʦʩʚʝʱʝʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʕʪʫ ʬʦʨʤʫʣʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʝʩʣʠ ʮʚʝʪʘ ʟʘʜʘʥʳ ʚ ʮʚʝʪʦʚʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ L*a*b* ʠ ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ a* ʠ b*, ʘ ʪʨʝʪʠʡ ʢʦʤʧʦʥʝʥʪ L* 

ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʬʦʨʤʫʣʳ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʘʟʠʤʫʪʘ ʉʦʣʥʮʘ [76]. ʉʥʘʯʘʣʘ ʮʚʝʪʘ ʚ ʦʙʣʘʢʝ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʠʟ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ RGB ʚ ʩʠʩʪʝʤʫ L*a*b*. ɼʘʣʝʝ, ʥʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ a* ʠ b * ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 4.14 [47]. 

ʅʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʪʨʝʪʴʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ L* (ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʘʟʠʤʫʪʘ ʉʦʣʥʮʘ) ʚ ʥʘʰʝʤ 
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ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʠʟʚʝʩʪʥʳ, ʧʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʤ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʚʳʯʠʩʣʝʥʠʷ. 

ɼʦʧʫʩʢʘʝʤ, ʯʪʦ ʢʦʤʧʦʥʝʥʪ L* ʚʳʨʘʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪ 

ʪʦʯʢʘ. ʊʦʯʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʤʧʦʥʝʥʪʘ L*. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ L* 

ʢʘʞʜʦʡ ʪʝʥʝʚʦʡ ʦʙʣʘʩʪʠ, ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʬʠʣʴʪʨʘ ʠʟʦʛʝʣʠʠ, 

ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʤʧʦʥʝʥʪʘ L* ʜʣʷ k ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʥʠʭ 

ʪʦʯʝʢ, ʥʘʭʦʜʷʱʠʭʩ ̫ʚ ʩʦʩʝʜʥʝʡ ʦʩʚʝʱʝʥʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ k=10. 

ʅʘ ʨʠʩʫʥʢʝ 4.17.ʘ ʧʦʢʘʟʘʥʘ ʯʘʩʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʪʝʥʴʶ ʥʘ ʥʝʡ, ʘ ʥʘ ʨʠʩʫʥʢʝ 

4.17.ʙ ʧʦʢʘʟʘʥʦ ʦʙʣʘʢʦ ʪʦʯʝʢ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʥʘʨʫʞʝʥʠʷ ʪʝʥʠ. ʅʘ 

ʨʠʩʫʥʢʝ 4.17.ʚ ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʢʦʨʨʝʢʮʠʠ ʪʝʥʠ. 

ʇʨʦʮʝʩʩʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʠʩʧʨʘʚʣʝʥʠʷ ʪʝʥʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ MATLAB. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʦʰʠʙʢʠ ʤʦʛʫʪ ʦʩʪʘʪʴʩʷ 

ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʟʘʪʝʥʝʥʥʳʤʠ ʠ ʦʩʚʝʱʝʥʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʨʠʩ 4.17.ʛ. ʕʪʠ ʦʰʠʙʢʠ 

ʦʙʳʯʥʦ ʚʳʟʚʘʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʣʠ ʯʨʝʟʤʝʨʥʦʡ ʢʦʨʨʝʢʮʠʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʘ* ʠ b* 

ʧʦ ʢʨʘʷʤ ʪʝʥʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʣʠʥʝʡʥʳʡ ʵʬʬʝʢʪ ʚʜʦʣʴ ʛʨʘʥʠʮʳ. 

           
                 (ʘ)                   (ʙ)                      (ʚ)                       (ʛ) 

ʈʠʩʫʥʦʢ 4.17 ï ʀʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ ʢʦʨʨʝʢʮʠʠ ʪʝʥʠ 

ʏʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʵʪʦʛʦ ʵʬʬʝʢʪʘ, ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʮʝʩʩ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʮʚʝʪʘ ʧʦ ʠʟʚʝʩʪʥʦʡ ʛʨʘʥʠʮʝ ʪʝʥʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʠʥʪʝʨʧʦʣʷʮʠʷ ʧʦ 

ʤʝʪʦʜʫ ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ (ʆɺʈ) [32], ʠʥʪʝʨʧʦʣʷʮʠʷ ʧʦ ʤʝʪʦʜʫ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʦʩʝʜʩʪʚʘ [30], ʠʥʪʝʨʧʦʣʷʮʠʷ ʤʝʪʦʜʦʤ TIN (ʅʝʨʝʛʫʣʷʨʥʘʷ 

ʊʨʠʘʥʛʫʣʷʮʠʦʥʥʘʷ ʉʝʪʴ) [105] ʠ ʜʨ.  

ʉʦʛʣʘʩʥʦ [32], ʤʝʪʦʜ ʥʝʨʝʛʫʣʷʨʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ 

ʙʳʩʪʨʳʤ ʤʝʪʦʜʦʤ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʫʞʥʦʡ ʪʦʯʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʦʨʜʠʥʘʪʘʭ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ.  ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 
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ʠʥʪʝʨʧʦʣʷʮʠʷ ʧʦ ʤʝʪʦʜʫ ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʦʰʠʙʢʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʥʪʝʨʧʦʣʷʮʠʷ ʧʦ ʤʝʪʦʜʫ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʦʩʝʜʩʪʚʘ ʤʦʞʝʪ ʜʘʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩ ʙʣʠʟʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʚ 

ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʨʧʦʣʷʮʠʶ ʧʦ ʤʝʪʦʜʫ ʦʙʨʘʪʥʳʭ 

ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ a* ʠ b* ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʬʦʨʤʫʣʳ ʤʝʪʦʜʘ ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ (IDW): 

ὥὛ ‗ ὥzὛȟ                                                                                τȢρυ  

ὦὛ ‗ ὦzὛȟ                                                                                 τȢρφ 

ʛʜʝ   ὥὛ ȟὦὛ  ï ʠʩʢʦʤʳʝ ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ a* ʠ b* ʜʣʷ ʪʦʯʢʠ S0; 

ɚi ï ʚʝʩ, ʧʨʠʩʚʦʝʥʥʳʡ ʢʘʞʜʦʡ ʦʧʦʨʥʦʡ ʪʦʯʢʝ, ʠʟ ʪʝʭ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʚʳʯʠʩʣʝʥʠʷʭ. ɿʥʘʯʝʥʠʝ ʚʝʩʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʩʩʪʦʷʥʠ ̫ɚi=1/di;                                 di ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ S0 ʠ Si;  

a(si), b(si) ï ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ a* ʠ b* ʚ ʦʧʦʨʥʦʡ ʪʦʯʢʝ Si; 

N ï ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʠʩʢʦʤʦʡ 

ʪʦʯʢʠ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʚʳʯʠʩʣʝʥʠʷʭ, (ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ N=12). 

ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʢʦʨʨʝʢʮʠʠ ʪʝʥʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 4.18. 

 
ʈʠʩʫʥʦʢ 4.18 ï ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʢʦʨʨʝʢʮʠʠ ʪʝʥʠ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ 

ʟʜʘʥʠʷ ʥʘ ɻʦʨʦʭʦʚʩʢʦʤ ʧʝʨʝʫʣʢʝ 

4.1.3. ʉʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʚ ʦʙʣʘʢʝ 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ ʦʩʥʦʚʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ, ʢʘʢ ʚ ʨʘʙʦʪʝ [147]. ʅʝʜʦʩʪʘʪʢʦʤ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʥʝ ʫʯʝʪ 

ʧʨʠʩʫʪʩʪʚʠʷ ʪʝʥʠ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ 
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ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʨʘʩʩʤʦʪʨʠʤ ʧʨʝʜʣʦʞʝʥʥʫʶ 

ʤʝʪʦʜʠʢʫ ʩʝʛʤʝʥʪʘʮʠʠ: 

1) ʦʙʣʘʢʦ ʪʦʯʝʢ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʥʝʨʝʛʫʣʷʨʥʳʝ ʢʫʙʦʠʜʳ, ʧʦ 15-20 ʪʦʯʝʢ ʚʥʫʪʨʠ 

ʢʘʞʜʦʛʦ (ʨʠʩ. 4.19); 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.19 ï ʉʭʝʤʘ ʨʘʟʜʝʣʝʥʠ ̫ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ ʢʫʙʦʠʜʳ 

2) ʧʨʦʮʝʩʩ ʩʝʛʤʝʥʪʘʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʪʦʯʢʠ ʩ ʥʘʠʤʝʥʴʰʝʡ ʚʳʩʦʪʦʡ ʠʟ ʦʙʣʘʢʘ 

ʪʦʯʝʢ, ʢʦʪʦʨʘʷ ʚʳʙʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ (ʀ.ʊ1); 

3) ʦʙʥʘʨʫʞʠʪʩʷ ʢʫʙʦʠʜ ʂʫʙʊ1, ʩʦʜʝʨʞʘʱʠʡ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ (ʀ.ʊ1); 

4) ʛʨʫʧʧʠʨʫʶʪʩʷ ʦʩʪʘʣʴʥʳʝ ʪʦʯʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʦʜʥʫ ʛʨʫʧʧʫ, ʥʘʟʳʚʘʝʤʫʶ 

ʥʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʦʡ ʛʨʫʧʧʦʡ (ʅ.ʂ.ɻ); 

5) ʜʣʷ ʂʫʙʊ1 ʚʳʯʠʩʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

- ʚʳʯʠʩʣʷʝʪʩʷ «k» ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʫʪʨʠ ʂʫʙʊ1 ; 

- ʚʳʯʠʩʣʷʝʪʩʷ «‘ ὙȟὋȟὄȻ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʮʚʝʪʘ ʪʦʯʢʠ ʢʫʙʦʠʜʘ ʂʫʙʊ1:  

Ὑ
В

  ,  Ὃ
В

  ,  ὄ
В

ȟ                                          τȢρχ 

ʛʜʝ Ri, Gi, Bi ï ʵʪʦ ʮʚʝʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʦʯʝʢ; 

- ʚʳʯʠʩʣʷʪʁʩʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʮʚʝʪʘ ‘  ʜʦ ʠʩʭʦʜʥʦʡ 

ʪʦʯʢʠ ʀ.ʊ1 ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ RGB: 

Ὓ Ȣ̉̓ Ὑ Ὑ̉Ȣ̓ Ὃ Ὃ̉Ȣ̓ ὄ ὄ̉Ȣ̓  Ƞ     τȢρψ 

- ʚʳʯʠʩʣʷʶʪʩʷ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʮʚʝʪʘʭ ʤʝʞʜʫ ʠʩʭʦʜʥʦʡ ʪʦʯʢʦʡ ʀ.ʊ1 ʠ 

ʢʘʞʜʦʡ ʪʦʯʢʦʡ çiè ʢʫʙʦʠʜʘ ʂʫʙʊ1: 

Ў ЎὙ ЎὋ Ўὄ

ЎὙ Ὑ Ὑ̉Ȣ̓
ЎὋ Ὃ Ὃ̉Ȣ̓
Ўὄ ὄ ὄ̉Ȣ̓ Ƞ

                                                     τȢρω 
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- ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʞʜʝʥʠʡ ʪʦʯʝʢ ʢʫʙʦʠʜʘ ʂʫʙʊ1: 

ὺ̉Ȣ̓ ὺὙ̉Ȣ̓ ὺὋ̉Ȣ̓ ὺὄ̉Ȣ̓

ừ
ỬỬ
Ừ

ỬỬ
ứὺὙ̉Ȣ̓

В ЎὙ

Ὧ

ὺὋ̉Ȣ̓
В ЎὋ

Ὧ

ὺὄ̉Ȣ̓
В Ўὄ

Ὧ
Ƞ

                           τȢςπ 

- ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Ὓ Ȣ̉̓  ʠ ὺ̉Ȣ̓  ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʟʘʜʘʥʥʳʤʠ 

ʧʦʨʦʛʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ  Ὓ̐̏̑̏̄ȟὺ̐̏̑̏̄. 

ɽʩʣʠ Ὓ Ȣ̉̓  Ὓ̐̏̑̏̄ ʠ ὺ̉Ȣ̓  ὺ̐̏̑̏̄, ʪʦʛʜʘ ʚʩʝ ʪʦʯʢʠ ʢʫʙʦʠʜʘ ʂʫʙʊ1 

ʧʨʠʥʘʜʣʝʞʘʪ ʩʝʛʤʝʥʪʫ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ ʀ.ʊ1. 

ɽʩʣʠ Ὓ Ȣ̉̓  Ὓ̐̏̑̏̄ ʠ/ʠʣʠ ὺ̉Ȣ̓  ὺ̐̏̑̏̄, ʪʦʛʜʘ ʥʝʩʢʦʣʴʢʦ ʪʦʯʝʢ 

ʢʫʙʦʠʜʘ ʂʫʙʊ1 ʥʝ ʧʨʠʥʘʜʣʝʞʘʪ ʩʝʛʤʝʥʪʫ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ ʀ.ʊ1. ʇʦʵʪʦʤʫ 

ʚʳʙʠʨʘʝʪʩʷ ʪʦʯʢʘ ʩ ʥʘʠʙʦʣʴʰʠʤ ʨʘʩʭʦʞʜʝʥʠʝʤ Ўάὥὼ ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 

ʛʨʫʧʧʫ ʅ.ʂ.ɻ., ʟʘʪʝʤ ʧʦʚʪʦʨʷʶʪʩʷ ʚʳʯʠʩʣʝʥʠʷ ʵʪʘʧʘ 5 ʜʣʷ ʦʩʪʘʣʴʥʳʭ 

ʪʦʯʝʢ. 

6) ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʦʚ ʙʳʣ ʧʦʣʫʯʝʥ ʥʘʙʦʨ ʪʦʯʝʢ ʠʟ ʪʦʯʢʠ ʢʫʙʦʠʜʘ 

ʂʫʙʊ1, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʧʝʨʚʦʤʫ ʩʝʛʤʝʥʪʫ. ɼʘʣʝʝ ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʮʚʝʪʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʝʛʤʝʥʪʘ ‘; 

7) ʚʳʙʠʨʘʶʪʩʷ ʚʩʝ ʢʫʙʦʠʜʳ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʢʫʙʦʠʜʘ 

ʂʫʙʊ1 (ʢʫʙʦʠʜʳ, ʠʤʝʶʱʠʝ ʦʙʱʫʶ ʚʝʨʰʠʥʫ ʠ/ʠʣʠ ʦʙʱʠʝ ʩʪʦʨʦʥʳ ʩ ʠʩʭʦʜʥʳʤ 

ʢʫʙʦʠʜʦʤ) ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʛʨʫʧʧʫ W (q=1,2éQ) (ʨʠʩ.4.20); 

 

ʈʠʩʫʥʦʢ 4.20 ï ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʧʧʳ W ʚʦʢʨʫʛ ʠʩʭʦʜʥʦʛʦ ʢʫʙʦʠʜʘ 

8) ʜʣʷ ʢʘʞʜʦʛʦ ʢʫʙʦʠʜʘ ʠʟ ʛʨʫʧʧʳ W ʚʳʯʠʩʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

- ʚʳʯʠʩʣʷʝʪʩʷ «wè ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʫʪʨʠ ʂʫʙq;  
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- ʚʳʯʠʩʣʷʝʪʩʷ «‘ ὙȟὋȟὄè ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʮʚʝʪʘ ʪʦʯʢʠ ʢʫʙʦʠʜʘ ʂʫʙq: 

Ὑ
В

  ,  Ὃ
В

  ,  ὄ
В

ȟ                                             τȢςρ 

ʛʜʝ Rj, Gj, Bj ï ʵʪʦ ʮʚʝʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʦʯʝʢ; 

- ʚʳʯʠʩʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʮʚʝʪʘ ‘ ʜʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʮʚʝʪʘ ʧʝʨʚʦʛʦ ʩʝʛʤʝʥʪʘ ‘: 

Ὓ Ὑ Ὑ Ὃ Ὃ ὄ ὄ  Ƞ                     τȢςς 

- ʚʳʯʠʩʣʷʶʪʩʷ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʮʚʝʪʘʭ ʤʝʞʜʫ ‘ ʠ ʢʘʞʜʦʡ ʪʦʯʢʦʡ çjè ʢʫʙʦʠʜʘ 

ʂʫʙq: 

Ў ЎὙ ЎὋ Ўὄȟ̄ ̅ ̆

ЎὙ Ὑ Ὑ

ЎὋ Ὃ Ὃ

Ўὄ ὄ ὄ Ƞ
                                               τȢςσ 

- ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʞʜʝʥʠʡ ʪʦʯʝʢ ʢʫʙʦʠʜʘ ʂʫʙq: 

ὺ ὺὙ ὺὋ ὺὄ

ừ
ỬỬ
Ừ

ỬỬ
ứὺὙ

В ЎὙ

ύ

ὺὋ
В ЎὋ

ύ

ὺὄ
В Ўὄ

ύ
Ƞ

                                               τȢςτ 

- ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Ὓ  ʠ ὺ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʟʘʜʘʥʥʳʤʠ ʧʦʨʦʛʘʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ  Ὓ̐̏̑̏̄ ʠ ὺ̐̏̑̏̄; 

ɽʩʣʠ Ὓ  Ὓ̐̏̑̏̄ ʠ ὺ  ὺ̐̏̑̏̄ , ʪʦʛʜʘ ʚʩʝ ʪʦʯʢʠ ʢʫʙʦʠʜʘ ʂʫʙq 

ʧʨʠʥʘʜʣʝʞʘʪ ʧʝʨʚʦʤʫ ʩʝʛʤʝʥʪʫ. 

ɽʩʣʠ Ὓ  Ὓ̐̏̑̏̄ ʠ/ʠʣʠ ὺ  ὺ̐̏̑̏̄ , ʪʦʛʜʘ ʥʝʩʢʦʣʴʢʦ ʪʦʯʝʢ ʢʫʙʦʠʜʘ ʂʫʙq 

ʥʝ ʧʨʠʥʘʜʣʝʞʘʪ ʧʝʨʚʦʤʫ ʩʝʛʤʝʥʪʫ. ʇʦʵʪʦʤʫ ʚʳʙʠʨʘʝʪʩʷ ʪʦʯʢʘ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʨʘʩʭʦʞʜʝʥʠʝʤ Ўάὥὼ ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʛʨʫʧʧʫ ʅ.ʂ.ɻ., ʟʘʪʝʤ ʧʦʚʪʦʨʷʶʪʩʷ 

ʚʳʯʠʩʣʝʥʠʷ ʧʫʥʢʪʘ 8 ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʪʦʯʝʢ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʟ ʛʨʫʧʧʳ W ʜʦʙʘʚʣʷʶʪʩʷ ʥʦʚʳʝ ʪʦʯʢʠ ʢ ʠʟʫʯʘʝʤʦʤʫ ʩʝʛʤʝʥʪʫ. 

9)  ʚʳʯʠʩʣʷʝʪʩʷ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ‘  (ʩʨʝʜʥʠʡ ʮʚʝʪ ʧʝʨʚʦʛʦ ʩʝʛʤʝʥʪʘ); 
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10) ʬʦʨʤʠʨʫʝʪʩʷ ʛʨʫʧʧʘ G ʠʟ ʛʨʫʧʧʳ W, ʩʦʜʝʨʞʘʚʰʘʷ ʢʫʙʦʠʜʳ, ʚʩʝ ʪʦʯʢʠ 

ʢʦʪʦʨʳʭ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʢ ʧʝʨʚʦʤʫ ʩʝʛʤʝʥʪʫ (ʨʠʩ.4.21); 

 

ʈʠʩʫʥʦʢ 4.21 ï ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʧʧʳ G ʠʟ ʛʨʫʧʧʳ W 

11) ʚʳʙʠʨʘʶʪʩʷ ʚʩʝ ʢʫʙʦʠʜʳ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʫʙʦʠʜʦʚ 

ʛʨʫʧʧʳ G (ʢʫʙʦʠʜʳ, ʠʤʝʶʱʠʝ ʦʙʱʠʝ ʩʪʦʨʦʥʳ ʩ ʢʫʙʦʠʜʘʤʠ ʛʨʫʧʧʳ G) ʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʛʨʫʧʧʫ X(f=1,2,éF) (ʨʠʩ.4.22);  

 

ʈʠʩʫʥʦʢ 4.22 ï ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʧʧʳ X ʠʟ ʛʨʫʧʧʳ G 

12) ʜʣʷ ʢʘʞʜʦʛʦ ʢʫʙʦʠʜʘ ʠʟ ʛʨʫʧʧʳ X ʚʳʯʠʩʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

- ʚʳʯʠʩʣʷʝʪʩʷ «xè ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʫʪʨʠ ʢʫʙʦʠʜʘ ʂʫʙf; 

- ʚʳʯʠʩʣʷʝʪʩʷ «‘ ὙȟὋȟὄè ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʮʚʝʪʘ ʪʦʯʢʠ ʢʫʙʦʠʜʘ ʂʫʙf; 

- ʚʳʯʠʩʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʷ Ὓ ; 

- ʚʳʯʠʩʣʷʶʪʩʷ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʮʚʝʪʘʭ ʤʝʞʜʫ ‘ ʠ ʢʘʞʜʦʡ ʪʦʯʢʦʡ çj» 

ʢʫʙʦʠʜʘ ʂʫʙf; 

- ʚʳʯʠʩʣʷʝʪʩʷ ὺ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʞʜʝʥʠʡ ʪʦʯʝʢ ʢʫʙʦʠʜʘ ʂʫʙf: 

- ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Ὓ  ʠ ὺ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʟʘʜʘʥʥʳʤʠ ʧʦʨʦʛʘʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ  Ὓ̐̏̑̏̄ ʠ ὺ̐̏̑̏̄; 

ɽʩʣʠ Ὓ  Ὓ̐̏̑̏̄ ʠ ὺ  ὺ̐̏̑̏̄ , ʪʦʛʜʘ ʚʩʝ ʪʦʯʢʠ ʢʫʙʦʠʜʘ ʂʫʙf ʪʦʞʝ 

ʧʨʠʥʘʜʣʝʞʘʪ ʧʝʨʚʦʤʫ ʩʝʛʤʝʥʪʫ. ɽʩʣʠ Ὓ  Ὓ̐̏̑̏̄ ʠ/ʠʣʠ ὺ  ὺ̐̏̑̏̄ , 
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ʪʦʛʜʘ ʥʝʩʢʦʣʴʢʦ ʪʦʯʝʢ ʢʫʙʦʠʜʘ ʂʫʙf ʥʝ ʧʨʠʥʘʜʣʝʞʘʪ ʧʝʨʚʦʤʫ ʩʝʛʤʝʥʪʫ. 

ʇʦʵʪʦʤʫ ʚʳʙʠʨʘʝʪʩʷ ʪʦʯʢʘ ʩ ʥʘʠʙʦʣʴʰʠʤ ʨʘʩʭʦʞʜʝʥʠʝʤ Ўάὥὼ ʠ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʛʨʫʧʧʫ ʅ.ʂ.ɻ., ʟʘʪʝʤ ʧʦʚʪʦʨʷʶʪʩʷ ʚʳʯʠʩʣʝʥʠʷ ʧʫʥʢʪʘ 12 

ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʪʦʯʝʢ. 

13) ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʘ ̫ʛʨʫʧʧʘ G ï ʵʪʦ ʩʪʘʨʘʷ ʛʨʫʧʧʘ G ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʢʫʙʦʠʜʘʤ ʠʟ ʛʨʫʧʧʳ X, ʚʩʝ ʪʦʯʢʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʢ ʧʝʨʚʦʤʫ 

ʩʝʛʤʝʥʪʫ (ʨʠʩ.4.23); 

 

ʈʠʩʫʥʦʢ 4.23 ï ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʫʶ ʛʨʫʧʧʫ G 

14) ʧʦʚʪʦʨʷʶʪʩʷ ʧʫʥʢʪ r11, 12 ʠ 13, ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʦʚʳʝ ʪʦʯʢʠ ʥʝ ʙʫʜʫʪ 

ʜʦʙʘʚʣʝʥʳ ʢ ʧʝʨʚʦʤʫ ʩʝʛʤʝʥʪʫ; 

15) ʠʟ ʛʨʫʧʧʳ ʅ.ʂ.ɻ. ʚʳʙʠʨʘʝʪʩʷ ʪʦʯʢʘ ʩ ʥʘʠʤʝʥʴʰʝʡ ʚʳʩʦʪʦʡ, ʢʦʪʦʨʫʶ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʦʡ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ; 

16) ʧʦʚʪʦʨʷʶʪʩʷ ʧʫʥʢʪ r3-14, ʯʪʦʙʳ ʦʙʥʘʨʫʞʠʪʴ ʚʩʝ ʪʦʯʢʠ ʩʣʝʜʫʶʱʝʛʦ 

ʩʝʛʤʝʥʪʘ; 

17)  ʧʦʚʪʦʨʷʪʁʩʷ ʧʫʥʢʪ r15 ʠ 16, ʯʪʦʙʳ ʟʘʚʝʨʰʠʪʴ ʧʨʦʮʝʩʩ ʩʝʛʤʝʥʪʘʮʠʠ 

ʚʩʝʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ. 

ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ ʤʝʪʦʜʠʢʝ, ʠʩʭʦʜʥʘʷ ʪʦʯʢʘ ï ʵʪʦ ʪʦʯʢʘ ʩ ʥʘʠʤʝʥʴʰʝʡ 

ʚʳʩʦʪʦʡ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʅʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʚʳʙʨʘʥʥʘʷ ʠʩʭʦʜʥʘʷ ʪʦʯʢʘ 

ʠʤʝʝʪ ʮʚʝʪ, ʢʦʪʦʨʳʡ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʮʚʝʪʘ ʚʩʝʭ ʪʦʯʝʢ ʠʩʭʦʜʥʦʛʦ ʢʫʙʦʠʜʘ, ʪʦ 

ʠʩʭʦʜʥʦʡ ʪʦʯʢʦʡ ʷʚʣʷʝʪʩʷ ʰʫʤ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʪʘʢʘʷ ʪʦʯʢʘ ʫʜʘʣʷʝʪʩʷ ʠ ʚʳʙʠʨʘʝʪʩ ̫

ʜʨʫʛʘ ̫ ʪʦʯʢʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ. ʉʭʝʤʘ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʩʝʛʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʚ ʦʙʣʘʢʝ ʧʨʠʚʝʜʝʥʘ ʚ 

ʧʨʠʣʦʞʝʥʠʠ ɻ. 
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ʅʘ ʨʠʩʫʥʢʝ 4.24 ʧʦʢʘʟʘʥʘ ʯʘʩʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ ʜʦ ʠ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʩʝʛʤʝʥʪʘʮʠʠ. 

 

ʈʠʩʫʥʦʢ 4.24 ï ʈʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ. 

4.1.4. ʋʣʫʯʰʝʥʠʷ ʠ ʩʣʠʷʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʝʛʤʝʥʪʦʚ 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʝʛʤʝʥʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ 2 ʨʘʟʥʳʭ 

ʵʪʘʧʦʚ. ʅʘ ʨʠʩʫʥʢʝ 4.25 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʫʣʫʯʰʝʥʠʷ ʠ ʩʣʠʷʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʝʛʤʝʥʪʦʚ. 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.25 ï ʉʭʝʤʘ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʫʣʫʯʰʝʥʠʷ 

ʠ ʩʣʠʷʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʝʛʤʝʥʪʦʚ 

ʅʘ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

1) ʇʝʨʚʳʡ ʵʪʘʧ ʧʦʩʪʦʙʨʘʙʦʪʢʠ 

1) ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʩʝʛʤʝʥʪʦʚ çɽè ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ; 

2) ʧʨʦʮʝʩʩ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʳʙʦʨʘ ʪʦʯʢʠ ʣʶʙʦʛʦ ʩʝʛʤʝʥʪʘ; 

ʆʙʲʝʜʠʥʝʥʠʝ ʩʝʛʤʝʥʪʦʚ ʦʜʥʦʛʦ ʮʚʝʪʘ 

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ɺʳʯʠʩʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚʥʫʪʨʠ 

ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ 

ʉʝʛʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʦʯʢʠ ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʛʦ 

ʧʦʨʦʛʘ, ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ ʩʦʩʝʜʥʠʤʠ ʩʝʛʤʝʥʪʘʤʠ 

ʇʦʩʪʦʙʨʘʙʦʪʢʠ 1 

ʇʦʩʪʦʙʨʘʙʦʪʢʠ 2 

ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 
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3) ʚʳʯʠʩʣʷʝʪʩʷ ç‘̓» ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʮʚʝʪʘ ʪʦʯʝʢ ʚʳʙʨʘʥʥʦʛʦ ʩʝʛʤʝʥʪʘ;  

4) ʬʦʨʤʠʨʫʝʪʩʷ ʛʨʫʧʧʘ MT (m=1,2,éR), ʠʟ ʩʦʩʝʜʥʠʭ ʩʝʛʤʝʥʪʦʚ ʚʳʙʨʘʥʥʦʛʦ 

ʩʝʛʤʝʥʪʘ; 

5) ʚʳʯʠʩʣʷʝʪʩʷ ç‘̓ » ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʮʚʝʪʘ ʪʦʯʝʢ ʩʝʛʤʝʥʪʘ ˉ m; 

6) ʚʳʯʠʩʣʷʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʮʚʝʪʘ ʪʦʯʝʢ ʚʳʙʨʘʥʥʦʛʦ 

ʩʝʛʤʝʥʪʘ ‘̓  ʜʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʮʚʝʪʘ ʪʦʯʝʢ ʝʛʦ ʩʦʩʝʜʥʠʭ ʩʝʛʤʝʥʪʦʚ ‘̓ ; 

7) ʝʩʣʠ Ὓ
̓  ̓

 Ὓ̐̏̑̏̄, ʪʦʛʜʘ ʵʪʠ ʜʚʘ ʩʝʛʤʝʥʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ 

ʚʤʝʩʪʝ; 

8) ʧʦʚʪʦʨʷʝʪʩʷ ʧʫʥʢʪ 7 ʜʣʷ ʚʩʝʭ ʜʨʫʛʠʭ ʩʝʛʤʝʥʪʦʚ ʚ ʛʨʫʧʧʝ MT;  

9) ʧʦʚʪʦʨʷʶʪʩʷ ʧʫʥʢʪ r2-8 ʜʣʷ ʚʩʝʭ ʩʝʛʤʝʥʪʦʚ ʚ ʦʙʣʘʢʝ. 

ʅʘ ʨʠʩʫʥʢʝ 4.26.ʘ ʧʦʢʘʟʘʥʘ ʯʘʩʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ ʟʜʘʥʠʷ ʥʘ ɻʦʨʦʭʦʚʩʢʦʤ 

ʧʝʨʝʫʣʢʝ. ʂʨʘʩʥʳʡ ʩʝʛʤʝʥʪ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʩʪʝʥʳ, ʧʦʵʪʦʤʫ ʢʨʘʩʥʳʡ ʠ ʟʝʣʝʥʳʡ 

ʩʝʛʤʝʥʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʚʤʝʩʪʝ.  

                    
                               (ʘ)                                          (ʙ) 

ʈʠʩʫʥʦʢ 4.26 ï (ʘ)- ʯʘʩʪʴ ʦʙʣʘʢʘ; (ʙ)- ʨʝʘʣʴʥʦʝ ʬʦʪʦ ʜʘʥʥʦʡ ʯʘʩʪʠ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʧʦʩʪʦʙʨʘʙʦʪʢʠ, ʧʦʣʫʯʠʣʠ ʦʙʣʘʢʦ 

ʪʦʯʝʢ ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 4.27. 

 

ʈʠʩʫʥʦʢ 4.27 ï ʆʙʣʘʢʘ ʪʦʯʝʢ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 1ʛʦ ʵʪʘʧʘ ʧʦʩʪʦʙʨʘʙʦʪʢʠ 
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2) ɺʪʦʨʦʡ ʵʪʘʧ ʧʦʩʪʦʙʨʘʙʦʪʢʠ 

1) ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ YT; 

2) ʝʩʣʠ ὣ  ὣ̐̏̑̏̄, ʪʦʛʜʘ, ʬʦʨʤʠʨʫʝʪʩʷ ʛʨʫʧʧʘ Z (z=1,2,éH) ʠʟ ʩʝʛʤʝʥʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʪʦʯʢʠ ʤʝʥʴʰʝ ʯʝʤ ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ ὣ̐̏̑̏̄; 

3) ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ ʠʟ ʛʨʫʧʧʳ Z ʬʦʨʤʠʨʫʝʪʩʷ ʛʨʫʧʧʘ Bz(b=1,2,éD) ʠʟ 

ʩʦʩʝʜʥʠʭ ʩʝʛʤʝʥʪʦʚ; 

4) ʚʳʯʠʩʣʷʝʪʩʷ çʈ» ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʮʚʝʪʘ ʪʦʯʝʢ ʩʝʛʤʝʥʪʘ ˉ z ʠʟ ʛʨʫʧʧʳ Z;  

5) ʚʳʯʠʩʣʷʝʪʩʷ çʈ » ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʮʚʝʪʘ ʪʦʯʝʢ ʩʦʩʝʜʥʝʛʦ ʩʝʛʤʝʥʪʘ ˉ b ʠʟ 

ʛʨʫʧʧʳ Bz;  

6) ʚʳʯʠʩʣʷʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ 3
 
; 

7) ʚʳʙʠʨʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ 3
 

(min); 

8) ʦʙʲʝʜʠʥʷʝʪʩʷ ʠʟʫʯʘʝʤʳʡ ʩʝʛʤʝʥʪ ʠʟ ʛʨʫʧʧʳ Z ʩ ʩʦʩʝʜʥʠʤ ʩʝʛʤʝʥʪʦʤ ˉ b ʠʟ 

ʛʨʫʧʧʳ Bz, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʪʦʷʥʠʶ 3
 

(min);  

9) ʧʦʚʪʦʨʷʶʪʩʷ ʧʫʥʢʪ r3-8 ʜʣʷ ʚʩʝʭ ʩʝʛʤʝʥʪʦʚ ʠʟ ʛʨʫʧʧʳ Z. 

ʅʘ ʨʠʩʫʥʢʝ 4.28.ʘ ʧʦʢʘʟʘʥʘ ʦʜʥʘ ʩʪʦʨʦʥʘ ʢʘʤʥʷ ʠʟ ʧʘʤʷʪʥʠʢʘ ʛʝʨʦʷʤ ʇʣʝʚʥʳ, 

ʘ ʥʘ ʨʠʩʫʥʢʝ 4.28.ʙ ʧʦʢʘʟʘʥʦ ʦʙʣʘʢʦ ʪʦʯʝʢ ʵʪʦʛʦ ʢʘʤʥ.̫ ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʢʘʤʝʥʴ 

ʩʦʜʝʨʞʠʪ ʥʝʢʦʪʦʨʳʝ ʠʟʥʦʰʝʥʥʳʝ ʠʣʠ ʨʞʘʚʳʝ ʦʙʣʘʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʯʨʝʟʤʝʨʥʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ (ʨʠʩ. 4.29.ʙ). 

 
                                               (ʘ)                                   (ʙ) 

ʈʠʩʫʥʦʢ 4.28 ï (ʘ)-ʦʜʥʘ ʩʪʦʨʦʥʘ ʢʘʤʥʷ ʠʟ ʧʘʤʷʪʥʠʢʘ ʛʝʨʦʷʤ ʇʣʝʚʥʳ, (ʙ)-

ʯʘʩʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ ʵʪʦʛʦ ʢʘʤʥʷ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʵʪʘʧʦʚ 

ʧʦʩʪʦʙʨʘʙʦʪʢʠ, ʧʦʣʫʯʠʤ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4.29. 
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                                        (ʘ)                                             (ʙ) 

ʈʠʩʫʥʦʢ 4.29 ï (ʘ)-ʦʙʣʘʢʦ ʪʦʯʝʢ ʢʘʤʥʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 1-ʛʦ ʵʪʘʧʘ 

ʧʦʩʪʦʙʨʘʙʦʪʢʠ, (ʙ)-ʦʙʣʘʢʦ ʪʦʯʝʢ ʢʘʤʥʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 2-ʛʦ ʵʪʘʧʘ ʧʦʩʪʦʙʨʘʙʦʪʢʠ 

(ὣ̐̏̑̏ ρ̄ππ) 

ʉʭʝʤʘ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʫʣʫʯʰʝʥʠʷ ʠ ʩʣʠʷʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʝʛʤʝʥʪʦʚ 

ʧʨʠʚʝʜʝʥʘ ʚ ʧʨʠʣʦʞʝʥʠʠ ɻ. 

4.1.5. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ   

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʧʦʷʚʠʪʩʷ, ʢʦʛʜʘ ʨʘʟʥʳʝ ʩʝʛʤʝʥʪʳ ʩʢʘʥʠʨʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʦʜʠʥ ʩʝʛʤʝʥʪ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʥʘʤʠ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ 

ʚʳʧʦʣʥʷʪʴ ʧʨʦʮʝʩʩ ʩʝʛʤʝʥʪʘʮʠʠ, ʥʘ ʦʩʥʦʚʝ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʚ ʦʙʣʘʢʝ 

ʪʦʯʝʢ, ʠ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ, ʝʩʣʠ ʨʘʟʥʳʝ ʩʝʛʤʝʥʪʳ 

ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʮʚʝʪʘ (ʨʠʩ.4.30). 

 
ʈʠʩʫʥʦʢ 4.30 ïʥʝʜʦʩʪʘʪʦʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʦʙʣʘʢʘ ʧʘʤʷʪʥʠʢʘ ʛʝʨʦʷʤ ʇʣʝʚʥʳ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʥʦʚʦ ʚʳʧʦʣʥʠʪʴ ʧʨʦʮʝʩʩ ʩʝʛʤʝʥʪʘʮʠʠ ʪʘʢʠʭ 

ʩʝʛʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʣʘʢʘ ʪʦʯʝʢ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʡ 

ʧʦʜʭʦʜ: 

1) ʦʧʝʨʘʪʦʨ ʚʳʙʠʨʘʝʪ ʩʝʛʤʝʥʪʳ, ʛʜʝ ʠʤʝʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘ ̫ʩʝʛʤʝʥʪʘʮʠ;̫ 
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2) ʬʦʨʤʠʨʫʝʪʩʷ ʛʨʫʧʧʘ A ( a=1,2,éU), ʠʟ ʩʝʛʤʝʥʪʦʚ ʛʜʝ, ʝʩʪʴ ʥʝʜʦʩʪʘʪʦʯʥʘʷ 

ʩʝʛʤʝʥʪʘʮʠʷ;  

3) ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ ʠʟ ʛʨʫʧʧʳ ɸ: 

- ʚʳʧʦʣʥʷʝʪʩʷ ʪʨʠʘʥʛʫʣʷʮʠʷ ɼʝʣʦʥʝ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ; 

- ʚr ʯʠʩʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ Na ʨʠʩ 

(4.31); 

 

ʈʠʩʫʥʦʢ 4.31 ï ɺʳʯʠʩʣʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʦʨʤʘʣʠ 

- ʚr ʙʠʨʘʝʪʩʷ ʪʦʯʢʘ ʊʊ ʩ ʥʘʠʤʝʥʴʰʝʡ ʚʳʩʦʪʦʡ ʠʟ ʠʟʫʯʘʝʤʦʛʦ ʩʝʛʤʝʥʪʘ; 

- ʚr ʙʠʨʘʝʪʩʷ ʪʨʝʫʛʦʣʴʥʠʢ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʪʦʯʢʫ ʊʊ. ɺ ʩʣʫʯʘʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʯʢʫ ʊʊ, 

ʚʳʙʠʨʘʝʪʩʷ ʣʶʙʦʡ ʪʨʝʫʛʦʣʴʥʠʢ ʠʟ ʥʠʭ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʀ.ʊʨʝ.; 

- ʚr ʙʠʨʘʶʪʩʷ ʚʩʝ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ʀ.ʊʨʝ. (ʊʨʝʫʛʦʣʴʥʠʢʠ, ʠʤʝʶʱʠʝ ʦʙʱʫʶ ʚʝʨʰʠʥʫ ʠ/ʠʣʠ ʦʙʱʠʝ 

ʩʪʦʨʦʥʳ ʩ ʠʩʭʦʜʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ) ʠ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʛʨʫʧʧʫ J (r=1,2éV); 

- ʚr ʯʠʩʣʷʝʪʩʷ ʫʛʦʣ ær ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʦʨʤʘʣʠ ʠʩʭʦʜʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʦʨʤʘʣʠ ʢʘʞʜʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʠʟ ʛʨʫʧʧʳ J (ʨʠʩ.4.32); 

 
ʈʠʩʫʥʦʢ 4.32 ï ʉʭʝʤʘ ʚʳʯʠʩʣʝʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ 

- ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʟʘʜʘʥʥʳʤ ʧʦʨʦʛʘʤ 

æʧʦʨʦʛ. 
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ɽʩʣʠ ær Ò æʧʦʨʦʛ, ʪʦ ʪʨʝʫʛʦʣʴʥʠʢ ˉ r ʧʨʠʥʘʜʣʝʞʠʪ ʩʝʛʤʝʥʪʫ ʠʩʭʦʜʥʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ. ʌʦʨʤʠʨʫʝʪʩʷ ʛʨʫʧʧʘ ʉ (g=1,2éU) ʠ ʢ ʥʝʡ ʜʦʙʘʚʣʷʝʪʩʷ 

ʠʩʭʦʜʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʠ ʢʘʞʜʳʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʢʦʪʦʨʳʡ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ. ɼʘʣʝʝ ʚʳʯʠʩʣʷʝʪʩʷ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʦʨʤʘʣʠ 

ʧʦ ʬʦʨʤʫʣʘʤ:  .  .  
Ў
 ȟ                                                                  τȢςυ 

ʛʜʝ Nnew ï ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʦʨʤʘʣʠ ʠʩʭʦʜʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ; 

Nold ï ʩʪʘʨʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʦʨʤʘʣʠ ʠʩʭʦʜʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. 

ɽʩʣʠ ær Ó æʧʦʨʦʛ, ʪʦʛʜʘ ʪʨʝʫʛʦʣʴʥʠʢ ˉ r ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʩʝʛʤʝʥʪʫ ʠʩʭʦʜʥʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ. ʊʨʝʫʛʦʣʴʥʠʢ ˉ r ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʛʨʫʧʧʫ 

ʥʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ (ʅ.ʂ.ʊ.), ʟʘʪʝʤ ʧʦʚʪʦʨʷʶʪʩʷ 

ʚʳʯʠʩʣʝʥʠʷ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʠʟ ʛʨʫʧʧʳ J; 

4) ʚr ʙʠʨʘʶʪʩʷ ʚʩʝ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʛʨʫʧʧʳ ʉ ʠ 

ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʛʨʫʧʧʫ XX (ff=1,2éFF): 

- ʚr ʯʠʩʣʷʝʪʩʷ ʫʛʦʣ ʥʘʢʣʦʥʘ æff ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʦʨʤʘʣʠ .  ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʦʨʤʘʣʠ ʢʘʞʜʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʠʟ ʛʨʫʧʧʳ XX; 

- ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʟʘʜʘʥʥʳʤʠ ʧʦʨʦʛʘʤʠ 

æʧʦʨʦʛ. 

ɽʩʜʠ æff Ò æʧʦʨʦʛ, ʪʦʛʜʘ ʪʨʝʫʛʦʣʴʥʠʢ ˉ ff  ʧʨʠʥʘʜʣʝʞʠʪ ʠʟʫʯʘʝʤʦʤʫ ʩʝʛʤʝʥʪʫ. 

ʌʦʨʤʠʨʫʝʪʩʷ ʥʦʚʘ ̫ ʛʨʫʧʧʘ ʉ (ʉʥʦʚʘʷ= ʉʩʪʘʨʘʷ + ʢʘʞʜʳʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʠʟ 

ʛʨʫʧʧʳ XX, ʢʦʪʦʨʳʡ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ) ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʥʦʚʦʝ 

ʟʥʘʯʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʦʨʤʘʣʠ .  ʧʦ ʬʦʨʤʫʣʘʤ 4.25; 

ɽʩʜʠ æff Ó æʧʦʨʦʛ, ʪʦʛʜʘ ʪʨʝʫʛʦʣʴʥʠʢ ˉ ff  ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʠʟʫʯʘʝʤʦʤʫ 

ʩʝʛʤʝʥʪʫ, ʪʨʝʫʛʦʣʴʥʠʢ ʥʦʤʝʨ ff  ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʛʨʫʧʧʫ ʅ.ʂ.ʊ; 

5) ʧʦʚʪʦʨʷʶʪʩʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʧʫʥʢʪʫ 5 ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ; 

6) ʜʣʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʛʨʫʧʧʳ ʅ.ʂ.ʊ. ʧʦʚʪʦʨʷʶʪʩʷ ʚʳʯʠʩʣʝʥʠʷ ʧʫʥʢʪʦʚ 4-6, ʯʪʦʙʳ 

ʦʙʥʘʨʫʞʠʪʴ ʚʩʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʩʣʝʜʫʶʱʝʛʦ ʩʝʛʤʝʥʪʘ; 

7)  ʧʦʚʪʦʨʷʝʪʩʷ ʧʫʥʢʪ 6 ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʝʛʤʝʥʪʘʮʠʠ ʚʩʝʭ ʩʝʛʤʝʥʪʦʚ 

ʛʨʫʧʧʳ ɸ. 
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ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʦʨʦʛʠ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ 

ʧʨʠʣʦʞʝʥʠʠ ɼ. ʅʘ ʨʠʩʫʥʢʝ 4.33 ʧʦʢʘʟʘʥʦ ʦʙʣʘʢʦ ʪʦʯʝʢ ʧʘʤʷʪʥʠʢʘ ʛʝʨʦʷʤ ʇʣʝʚʥʳ 

ʧʦʩʣʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ. 

 
ʈʠʩʫʥʦʢ 4.33 ï ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʧʘʤʷʪʥʠʢʘ ʛʝʨʦʷʤ ʇʣʝʚʥʳ 

ʅʘ ʨʠʩʫʥʢʘʭ 4.34 - 4.36 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ. 

 
ʈʠʩʫʥʦʢ 4.34 ï ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʟʜʘʥʠʷ 

ʥʘ ɻʦʨʦʭʦʚʩʢʦʤ ʧʝʨʝʫʣʢʝ 

 
ʈʠʩʫʥʦʢ 4.35 ï ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ 
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ʈʠʩʫʥʦʢ 4.36 ï ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʦʙʲʝʢʪʘ 

ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ 

4.2. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ ʪʦʯʥʦʩʪʴ 

ʩʝʛʤʝʥʪʘʮʠʠ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ 

ʂʘʢ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ (ʨʘʟʜʝʣ 3.2), ʧʣʦʪʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ 

ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʫʯʝʥʥʦʡ ʪʦʯʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʚʣʠʷʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ, ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʝʛʤʝʥʪʘʮʠʷ ʧʦ 

ʦʙʲʝʢʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʟʜʘʥʠʝ ʧʦ ʘʜʨʝʩʫ ɻʦʨʦʭʦʚʩʢʠʡ ʧʝʨ., ʜ4, ʢ3, ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʧʦʤʝʱʝʥʠʝ, ʧʘʤʷʪʥʠʢ ʛʝʨʦʷʤ ʇʣʝʚʥʳ ʠ ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ). ʉʥʘʯʘʣʘ, ʩ ʫʯʝʪʦʤ ʪʦʣʴʢʦ 

ʮʚʝʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʪʝʤ ʩ ʫʯʝʪʦʤ ʢʘʢ ʮʚʝʪʦʚʦʡ, ʪʘʢ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʣʘʢʝ ʯʪʦʙʳ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ. ɼʘʣʝʝ 

ʧʦʚʪʦʨʠʣʠ ʵʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ 7 ʨʘʟ, ʧʨʠ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʪʦʯʢʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩʫʥʢʘʭ 4.37 - 4.40. 

 

ʈʠʩʫʥʦʢ 4.37 ï ɻʨʘʬʠʢ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʣʦʪʥʦʩʪʠ 
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ʄʠʥʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ (ʤʤ)

ʟʜʘʥʠʝ ʧʦ ʘʜʨʝʩʫ  

ɻʦʨʦʭʦʚʩʢʠʡ ʧʝʨ.,ʜ4, ʢ3 

ʮʚʝʪʥʘʷ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ

ʪʦʣʴʢʦ  ʮʚʝʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 
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ʈʠʩʫʥʦʢ 4.38 ï ɻʨʘʬʠʢ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʣʦʪʥʦʩʪʠ 

 

ʈʠʩʫʥʦʢ 4.39 ï ɻʨʘʬʠʢ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʣʦʪʥʦʩʪʠ 

 

ʈʠʩʫʥʦʢ 4.40 ï ɻʨʘʬʠʢ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ (ʦʙʲʝʢʪ ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ) 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʚʝʪʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 
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ʪʦʣʴʢʦ ʮʚʝʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ
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ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʠʜʥʦ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʝʛʤʝʥʪʘʮʠʠ ʧʘʤʷʪʥʠʢʘ ɻʝʨʦʷʤ ʇʣʝʚʥʳ (ʨʠʩ. 4.39), ʧʦʩʢʦʣʴʢʫ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʘʤʷʪʥʠʢʘ ʧʦʩʪʨʦʝʥʘ ʠʟ ʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʢʨʘʰʝʥʘ ʚ ʦʜʠʥ ʮʚʝʪ. 

ʅʘ ʨʠʩʫʥʢʘʭ 4.41 - 4.44 ʧʦʢʘʟʘʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʧʨʠ ʨʘʟʥʳʭ 

ʧʣʦʪʥʦʩʪʷʭ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

 

ʈʠʩʫʥʦʢ 4.41 ï ɻʨʘʬʠʢ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ 

ʟʜʘʥʠʷ ʥʘ ɻʦʨʦʭʦʚʩʢʦʤ ʧʝʨʝʫʣʢʝ 

 

ʈʠʩʫʥʦʢ 4.42 ï ɻʨʘʬʠʢ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ 
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ʈʠʩʫʥʦʢ 4.43 ï ɻʨʘʬʠʢ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ 

ʧʘʤʷʪʥʠʢʘ ɻʝʨʦʷʤ ʇʣʝʚʥʳ 

 

ʈʠʩʫʥʦʢ 4.44 ï ɻʨʘʬʠʢ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ 

ʧʘʤʷʪʥʠʢʘ ʦʙʲʝʢʪʘ ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ 

ɸ ʥʘ ʨʠʩʫʥʢʘʭ 4.45 - 4.48 ʧʦʢʘʟʘʥʳ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʧʨʦʮʝʩʩʘ ʩʝʛʤʝʥʪʘʮʠʠ ʧʨʠ ʨʘʟʥʳʭ ʧʣʦʪʥʦʩʪʷʭ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

 

ʈʠʩʫʥʦʢ 4.45 ï ɻʨʘʬʠʢ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʜʣʷ 

ʟʜʘʥʠʷ ʥʘ ɻʦʨʦʭʦʚʩʢʦʤ ʧʝʨʝʫʣʢʝ 
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ʈʠʩʫʥʦʢ 4.46 ï ɻʨʘʬʠʢ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ 

 
ʈʠʩʫʥʦʢ 4.47 ï ɻʨʘʬʠʢ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʜʣʷ 

ʧʘʤʷʪʥʠʢʘ ɻʝʨʦʷʤ ʇʣʝʚʥʳ 

 

ʈʠʩʫʥʦʢ 4.48 ï ɻʨʘʬʠʢ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʜʣʷ 

ʧʘʤʷʪʥʠʢʘ ʦʙʲʝʢʪ ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ 
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ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʩʝʛʤʝʥʪʘʮʠʠ ʜʘʝʪ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʯʝʤ ʜʨʫʛʠʝ ʤʝʪʦʜʳ, ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʦʙʣʘʢʝ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ. 

4.3. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʤʝʪʦʜʠʢʝ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʣʠʩ ɹ ʪʝ ʞʝ ʦʢʥʘ ʠ ʜʚʝʨʠ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩ ɹʨʘʥʝʝ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ (ʨʠʩ.4.49). 

 

ʈʠʩʫʥʦʢ 4.49 ï ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʬʘʩʘʜ ʈʷʟʘʥʩʢʦʛʦ ʪʝʘʪʨʘ ʜʨʘʤʳ) 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʣʠʥʝʡʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʢʪʦʚ 

(ʜʚʝʨʝʡ ʠ ʦʢʦʥ), ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʤʝʪʦʜʠʢʠ ʧʨʠ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʪʦʯʢʘʤʠ. ʀʟʤʝʨʝʥʠʷ ʧʦʣʫʯʝʥʥʳʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʙʣʘʢʝ ʪʦʯʝʢ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ 

ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʧʨʠ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʵʪʘʣʦʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʘʟʤʝʨʦʚ (ʠʟʤʝʨʝʥʠʷ ʣʘʟʝʨʥʦʡ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʨʫʣʝʪʢʘʤʠ). 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʚ ʦʙʣʘʢʝ 

ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʜʦ 10, 20, 30 ʠ 40ʤʤ. ʇʦ ʨʘʩʭʦʞʜʝʥʠʷʤ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʠ ʵʪʘʣʦʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʳʯʠʩʣʝʥʳ ʉʂʇ ʜʣʷ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʡ 

ʤʝʞʜʫ ʪʦʯʢʘʤʠ (ʪʘʙʣ. 4.3).    
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ʊʘʙʣʠʮʘ 4.3 ï ɿʥʘʯʝʥʠʷ ʉʂʇ ʧʨʠ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 

ʄʝʪʦʜ ʦʙʨʘʙʦʪʢʠ 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ (ʤʤ) 

5 10 20 30 40 

ʉʂʇ (ʤʤ) 

ʈʫʯʥʘʷ ʦʙʨʘʙʦʪʢʘ 10 15 26 39 52 

ʄʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ 20 23 32 44 58 

ʄʝʪʦʜ ʨʘʩʪʫʱʠʭ ʨʘʡʦʥʦʚ 17 21 34 46 63 

ʄʝʪʦʜ ʧʨʠʤʠʪʠʚʦʚ 15 19 30 41 55 

ʄʝʪʦʜ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 14 18 28 39 54 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ 14 19 28 40 54 

ʅʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ.4.50) ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʉʂʇ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʦʙʲʝʢʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩ ɹʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠ ̫ʦ ʮʚʝʪʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʝʛʤʝʥʪʘʮʠʠ.  

 

ʈʠʩʫʥʦʢ 4.50 ï ʀʟʤʝʥʝʥʠʝ ʉʂʇ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 

ɼʠʘʛʨʘʤʤʘ ʥʘ ʨʠʩʫʥʢʝ 4.50 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ 

ʩʝʛʤʝʥʪʘʮʠʠ ʜʘʝʪ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ, ʯʝʤ ʤʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʢʨʘʝʚ, ʨʘʩʪʫʱʠʭ 

ʨʘʡʦʥʦʚ ʠ ʤʝʪʦʜ ʧʨʠʤʠʪʠʚʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥ,r ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʪʦʜʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʠ 

ʤʝʪʦʜ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ 

ʦʙʣʘʢʝ ʪʦʯʝʢ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʝʛʤʝʥʪʘʮʠʠ. 
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4.4. ʆʮʝʥʢʘ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ 

ɼʣʷ ʦʮʝʥʢʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ, ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʢʨʠʪʝʨʠʠ: 

1) ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʰʫʤʫ. 

ɺʩʝ ʤʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ ʦʮʝʥʠʚʘʶʪ ʦʢʨʝʩʪʥʦʩʪʴ ʚʦʢʨʫʛ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ, 

ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ ʦʥʘ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʩʝʛʤʝʥʪʫ ʠʣʠ ʥʝʪ. 

ʅʘʣʠʯʠʝ ʘʥʦʤʘʣʴʥʳʭ ʪʦʯʝʢ (ʰʫʤ ʠ ʚʳʙʨʦʩʳ) ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʦʯʢʠ 

ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʣʫʯʝʥʥʦʡ ʪʦʯʥʦʩʪʠ ʠʣʠ ʜʘʞʝ ʢ ʥʝʧʨʘʚʠʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʧʦʩʢʦʣʴʢʫ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʚʦ ʚʩʝʭ ʤʝʪʦʜʘʭ ʩʦʜʝʨʞʘʪ 

ʥʝʢʦʪʦʨʳʝ ʨʘʩʯʝʪʳ (ʥʘʧʨʠʤʝʨ: ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʦʨʤʘʣʝʡ), ʧʦ ʢʦʪʦʨʳʤ 

ʘʥʦʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ. 

ɺ ʥʘʰʝʡ ʤʝʪʦʜʠʢʝ ʚʣʠʷʥʠʝ ʰʫʤʘ ʠ ʚʳʙʨʦʩʦʚ ʙʳʣʦ ʫʯʪʝʥʦ, ʦʪʬʠʣʴʪʨʦʚʳʚʘʥʦ 

ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʇʦʵʪʦʤʫ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ, ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʥʘʣʠʯʠʶ ʰʫʤʘ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʦʣʫʯʝʥʘ ʙʦʣʝʝ ʚʳʩʦʢʘ ̫ʪʦʯʥʦʩʪ ɹ(ʨʠʩ.4.50). 

2) ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ.  

ʈʘʟʥʳʝ ʤʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ ʪʨʝʙʫʶʪ ʨʘʟʣʠʯʥʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. 

ʅʘʧʨʠʤʝʨ, ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʝʪʦʜʘ ʩʝʛʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ð ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʫʞʥʳʭ ʩʝʛʤʝʥʪʦʚ. ɸ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʝʪʦʜʘ ʩʝʛʤʝʥʪʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʨʘʩʪʫʱʠʭ ʨʝʛʠʦʥʦʚ ð ʵʪʦ ʧʦʣʦʞʝʥʠʝ ʠʩʭʦʜʥʳʭ ʪʦʯʝʢ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʭʦʨʦʰʝʝ ʟʥʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʦʯʝʥʴ ʚʘʞʥʦ. ʇʦʩʢʦʣʴʢʫ 

ʥʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠʚʦʜʠʪ ʢ ʥʝʚʝʨʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʥʝ ʪʨʝʙʫʝʪ ʢʘʢʠʭ-ʣʠʙʦ ʟʥʘʥʠʡ ʦ ʩʢʘʥʠʨʫʝʤʦʤ 

ʦʙʲʝʢʪʝ. ʆʥʘ ʪʨʝʙʫʝʪ ʪʦʣʴʢʦ ʚʠʟʫʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʪʝʥʠ). ʇʦʵʪʦʤʫ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʥʝ ʩʠʣʴʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ. 

3) ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʅʘʰ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʩʝʭ ʤʝʪʦʜʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʏʝʤ ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʝ 
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ʤʝʞʜʫ ʪʦʯʢʘʤʠ, ʪʝʤ ʤʝʥʴʰʝ ʥʘʜʝʞʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ. ʆʜʥʘʢʦ ʙʳʣʦ ʟʘʤʝʪʥʦ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʠʟʤʝʥʝʥʠʷʤ ʧʣʦʪʥʦʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʯʝʤ ʜʨʫʛʠʝ ʤʝʪʦʜʳ (ʨʠʩ. 4.41-4.44).  

ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʩʝʛʤʝʥʪʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʮʚʝʪʝ ʚ ʦʙʣʘʢʝ, ʢʦʪʦʨʘʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʪ̫ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ, ʪ.ʝ. ʦʪ ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, 

ʧʨʦʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

4) ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʬʦʨʤʝ ʠ ʩʚʦʡʩʪʚʘʤ ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʄʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʠʪʠʚʦʚ, ʤʦʛʫʪ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʪʦʣʴʢʦ ʩʝʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʧʨʠʤʠʪʠʚʥʦʡ ʬʦʨʤʳ (ʧʣʦʩʢʦʩʪʴ, ʮʠʣʠʥʜʨ ʠ ʪ.ʜ.), ʧʦʩʢʦʣʴʢʫ 

ʧʨʠʥʮʠʧ ʤʝʪʦʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʠʤʠʪʠʚʳ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʛʠʧʦʪʝʟʳ ʥʝ ʚʭʦʜʷʪ ʚ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʬʦʨʤʘ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ. 

ʉʦʛʣʘʩʥʦ [41] ʪʝʢʩʪʫʨʘ ʠ ʮʚʝʪ ʣʶʙʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʣʠʷʶʪ ʥʘ ʦʪʨʘʞʝʥʥʳʝ 

ʩʠʛʥʘʣʳ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʬʫʥʢʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ, ʧʣʦʩʢʦʛʦ ʦʙʲʝʢʪʘ, ʦʜʥʘ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʦʢʨʘʰʝʥʘ ʚ 

ʙʝʣʳʡ ʮʚʝʪ, ʘ ʜʨʫʛʘʷ ï ʚ ʯʝʨʥʳʡ, ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʠʤʝʪʴ ʤʥʦʛʦ ʰʫʤʘ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʥʳʭ ʮʚʝʪʦʚ. ʆʜʥʘʢʦ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʰʫʤʘ ʠ 

ʚʳʙʨʦʩʦʚ (ʨʘʟʜʝʣ 4.1.1). 

5) ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʦʙʨʘʙʦʪʢʠ.  

ʄʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʚ ʨʘʙʦʪʘʭ [65], [99] ʠ [118] ʠʩʧʦʣʴʟʫʶʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʝʟ ʧʨʝʜʦʙʨʘʙʦʪʢʠ. ʆʜʥʘʢʦ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʤʝʪʦʜʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠ ̫ ʦ ʮʚʝʪʝ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 
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ʩʦʜʝʨʞʘʪʴ ʪʝʥʠ, ʚʳʟʚʘʥʥʳʝ ʦʢʨʫʞʘʶʱʠʤʠ ʦʙʲʝʢʪʘʤʠ ʠʣʠ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʷʤʠ 

ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ. ʊʘʢʠʝ ʪʝʥʠ ʧʨʠʚʦʜʷʪ ʢ ʥʝʧʨʘʚʠʣʴʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʠʣʠ ʢ 

ʯʨʝʟʤʝʨʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ, ʧʦʵʪʦʤʫ ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʥʘʨʫʞʠʪʴ ʵʪʠ ʪʝʥʠ ʠ 

ʠʩʧʨʘʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʮʚʝʪʝ ʚ ʦʙʣʘʢʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʘʧ 

ʧʨʝʜʦʙʨʘʙʦʪʢʠ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ. 

6) ʊʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʂʘʢ ʙʳʣʦ ʨʘʥʝʝ ʦʪʤʝʯʝʥʦ ʪʝʢʩʪʫʨʘ, ʤʘʪʝʨʠʘʣ ʠ ʩʣʦʞʥʦʩʪʴ ʬʦʨʤʳ ʠʟʫʯʘʝʤʦʛʦ 

ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʣʫʯʰʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʝʛʤʝʥʪʘʮʠʠ (ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʢʨʠʚʠʟʥʘ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʚ ʠ ʜʨ.) ʠʣʠ ʥʝʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʮʚʝʪ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʜʨ.)). 

ʀʟ ʜʠʘʛʨʘʤʤ 4.38, 4.39 ʠ 4.40 ʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʜʘʝʪ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʆʜʥʘʢʦ ʧʨʝʜʣʦʞʝʥʥʘʷ 

ʤʝʪʦʜʠʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʪʦʣʴʢʦ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʟʜʘʥʠʷ ʥʘ ɻʦʨʦʭʦʚʩʢʦʤ 

ʧʝʨʝʫʣʢʝ (ʨʠʩ.4.37), ʧʦʣʫʯʝʥʳ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʠʩʧʦʣʴʟʫʷ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʮʚʝʪʝ ʚ ʦʙʣʘʢʝ. ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʩʝʛʤʝʥʪʘʮʠʠ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʲʝʤʥʳʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ. 

7) ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ. 

ɽʩʣʠ ʞʝ ʛʦʚʦʨʠʪʴ ʦ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪʘʭ, ʪʦ ʠʟ ʜʠʘʛʨʘʤʤ 4.45- 4.48 ʚʠʜʥʦ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʥʦʛʜʘ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, ʯʝʤ ʜʨʫʛʠʝ ʤʝʪʦʜʳ. 

ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʥʝʡ, ʰʫʤʘ ʠ ʚʳʙʨʦʩʦʚ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʵʪʦʪ ʬʘʢʪʦʨ ʧʨʠ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʩʝʛʤʝʥʪʘʮʠʠ. 

8) ʉʪʝʧʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʂʘʢ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʠʥʦʛʜʘ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʪʨʝʙʫʝʪ ʥʝʢʦʪʦʨʳʭ 

ʜʝʡʩʪʚʠʡ ʩʦ ʩʪʦʨʦʥʳ ʦʧʝʨʘʪʦʨʘ, ʯʪʦʙʳ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʪʴ ʥʘʣʠʯʠʝ ʧʨʦʙʣʝʤʳ 
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ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʚʳʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʦʙʥʘʨʫʞʝʥʠʷ ʪʝʥʠ. ʇʦʵʪʦʤʫ 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ. 

ʄʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʪʘʙ.4.4): 

ʊʘʙʣʠʮʘ 4.4 ï ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʄʝʪʦʜ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʄʝʪʦʜ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʫʶ 

ʩʝʛʤʝʥʪʘʮʠʶ. 

ʄʝʪʦʜ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʬʦʨʤʝ ʠ ʩʚʦʡʩʪʚʘʤ 

ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ; 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʝʡʩʪʚʠʡ ʩʦ ʩʪʦʨʦʥʳ 

ʦʧʝʨʘʪʦʨʘ ʜʣʷ ʦʮʝʥʢʠ ʥʘʣʠʯʠʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ 

ʄʝʪʦʜ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʰʫʤʫ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ.  

ʄʝʪʦʜ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ.  

 

4.5.  ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʙʲʝʢʪʦʚ ʠʟ ʨʘʟʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʦ ʩʣʦʞʥʦʡ ʩʭʝʤʦʡ ʪʝʥʝʡ  

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʠʣʦʪʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʝʪʦʜʠʢ ʙʳʣʠ ʚʳʙʨʘʥ rʩʣʝʜʫʶʱʠʝ ʦʙʲʝʢʪʳ: 

4.5.1. ɼʦʤ ʧʦ ʘʜʨʝʩʫ: ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʑʝʣʢʦʚʩʢʠʡ ʨ-ʥ, ʩʥʪ 

"ʏʢʘʣʦʚʩʢʦʝ", ʜʦʤ 113ʘ; 

ɼʘʥʥʦʝ ʟʜʘʥʠʝ ʙʳʣʦ ʚʳʙʨʘʥʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʤʝʪʦʜʠʢ, ʢʦʛʜʘ ʩʭʝʤʘ ʪʝʥʝʡ ʫʩʣʦʞʥʷʝʪʩʷ ʨʘʩʪʝʥʠʷʤʠ ʠ ʜʝʨʝʚʴʷʤʠ ʚʦʢʨʫʛ ʟʜʘʥʠʷ 

(ʨʠʩ.4.51). 

 

ʈʠʩʫʥʦʢ 4.51 ï ʬʘʩʘʜʳ ʦʙʲʝʢʪʘ 
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ʇʨʦʮʝʩʩ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʩʷ ʩʢʘʥʝʨʦʤ Lieca BLK  360.  ʩ ʪʦʯʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʪʦʯʝʢ 6ʤʤ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ 10ʤ ʦʪ 

ʩʢʘʥʝʨʘ ʜʦ ʦʙʲʝʢʪʘ. ʇʣʦʪʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʩʲʝʤʢʠ ʨʘʚʥʘ 10ʤʤ, ʚʨʝʤʷ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 2 ʯʘʩʘ ʠ 20 ʤʠʥ, ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʮʠʡ 21.  

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʙʳʣʠ ʟʘʢʨʝʧʣʝʥʳ 6 ʰʘʨʦʚ ʩ ʨʘʜʠʫʩʦʤ 14ʩʤ 

ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʨʞʥʷʭ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ (ʨʠʩ.4.52) ʠ 

ʨʘʩʧʝʯʘʪʘʥʥʳʝ ʤʘʨʢʠ (ɸ4), ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ ʥʘ ʩʪʝʥʘʭ ʟʜʘʥʠʷ (ʨʠʩ.4.51).  

 
ʈʠʩʫʥʦʢ 4.52 ï ɿʘʢʨʝʧʣʝʥʳe ʰʘʨʳ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ 

    ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

1- ʨʝʛʠʩʪʨʘʮʠʷ;  

2- ʦʙʥʘʨʫʞʝʥʠʝ ʪʝʥʠ ʠ ʩʝʛʤʝʥʪʘʮʠʷ ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʠʢʘʤ;  

3- ʧʦʩʪʨʦʝʥʠʝ ʚʝʢʪʦʨʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ (ʟʜʘʥʠʝ); 

4- ʧʦʩʪʨʦʝʥʠʝ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ;  

5- ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʟʜʘʥʠʷ;  

6- ʚʳʯʠʩʣʝʥʠʝ ʧʣʦʱʘʜʠ, ʨʘʟʤʝʨʘ ʠ ʦʙʲʝʤʘ ʟʜʘʥʠʷ;  

7- ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʅʘ ʨʠʩʫʥʢʝ 4.53. (ʩʣʝʚʘ) ʧʦʢʘʟʘʥʘ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʛʜʝ ʤʦʞʥʦ 

ʟʘʤʝʪʠʪʴ ʨʘʟʥʳʝ ʪʝʥʠ ʚ ʦʙʣʘʢʝ, ʘ ʥʘ ʧʨʘʚʦʝ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ ʪʦ ʞʝ ʦʙʣʘʢʦ ʧʦʩʣʝ 

ʧʨʠʤʝʥʝʥʠʷ ʬʠʣʴʪʨʘ ʵʢʩʧʦʟʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʦʙʥʘʨʫʞʝʥʠʷ ʪʝʥʠʡ.  

 
ʈʠʩʫʥʦʢ 4.53 ï ʆʙʣʘʢʘ ʪʦʯʝʢ ʜʚʫʭʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ ʩʣʝʚʘ, ʩʧʨʘʚʘ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʬʠʣʴʪʨʘ ʵʢʩʧʦʟʘʮʠʠ 
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ʆʙʥʘʨʫʞʝʥʥʳʝ ʪʝʥʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.54. (ʩʣʝʚʘ), ʘ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʨʘʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʪʝʥʝʡ ʧʦʢʘʟʘʥʳ (ʩʧʨʘʚʘ). 

 

              (ʘ)                                     (ʙ)                                   (ʚ) 

ʈʠʩʫʥʦʢ 4.54ï (a)- ʆʙʣʘʢʘ ʪʦʯʝʢ ʜʚʫʭʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ ʩ ʪʝʥʷʤʠ, (ʙ) - ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʩ ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʪʝʥʷʤʠ (ʞʝʣʪʳʡ ʮʚʝʪ). (ʚ)- ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦʩʣʝ 

ʠʩʧʨʘʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʪʝʥʝʡ 

ʇʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʧʦʣʫʯʝʥʥʳʭ 

ʚʝʢʪʦʨʥʳʭ ʠ ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʠ ʧʦʣʫʯʝʥʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʧʦʢʘʟʘʥʳ 

ʥʘ ʨʠʩʫʥʢʘʭ 4.55 ʠ 4.56.  

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.55 ï ʈʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʜʚʫʭʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ 

(ʩʣʝʚʘ), ɺʝʢʪʦʨʥʘʷ ʤʦʜʝʣʴ ʜʚʫʭʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ (ʩʧʨʘʚʘ) 
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ʈʠʩʫʥʦʢ 4.56 ï ʇʦʣʠʛʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʜʚʫʭʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ (ʩʣʝʚʘ), 

ʇʦʣʫʯʝʥʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʜʚʫʭʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ (ʩʧʨʘʚʘ) 

ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʜʚʫʭʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ 

ʙʝʟ ʠ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 4.5. 

ʊʘʙʣʠʮʘ 4.5 ï ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʵʪʘʧ rʦʙʨʘʙʦʪʢʠ 

ʅʘʟʚʘʥʠʝ ʵʪʘʧʘ 
ɹʝʟ ʚʳʧʦʣʥʝʥʠʷ 

ʩʝʛʤʝʥʪʘʮʠʠ 

ʉ ʚʳʧʦʣʥʝʥʠʝʤ 

ʩʝʛʤʝʥʪʘʮʠʠ ʧʦ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ 

ʉʦʟʜʘʥʠʝ ʧʨʦʝʢʪʘ ʠ  ʨʝʛʠʩʪʨʘʮʠʷ 2 ʯʘʩʘ 35 ʤʠʥ 

ʋʜʘʣʝʥʠʝ ʰʫʤʘ ʠ ʥʝ ʥʫʞʥʳʭ ʦʙʲʝʢʪʦʚ 45 ʤʠʥ ʅʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʉʝʛʤʝʥʪʘʮʠʷ ʅʝ ʚʳʧʦʣʥʷʝʪʩʷ 6 ʯʘʩʦʚ 25 ʤʠʥ 

ʀʩʧʨʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʅʝ ʚʳʧʦʣʥʷʝʪʩʷ 5 ʤʠʥ 

ɺʝʢʪʦʨʠʟʘʮʠʷ 10 ʯʘʩʦʚ 1 ʯʘʩ 

ʉʦʟʜʘʥʠʝ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ 11 ʯʘʩʦʚ 3 ʯʘʩʘ 

ɼʦʙʘʚʣʝʥʠʝ ʪʝʢʩʪʫʨʳ 2 ʯʘʩʦʚ ʅʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʀʪʦʛʦ: 26 ʯʘʩʦʚ 30 ʤʠʥʫʪ 13 ʯʘʩʦʚ 5 ʤʠʥ 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ 

ʦʙʨʘʙʦʪʢʫ ʜʦ 13 ʯʘʩʦʚ 5 ʤʠʥ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʥʘ ʜʘʥʥʦʤ ʦʙʲʝʢʪʝ ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʠʢ ʩʦʩʪʘʚʠʣʘ 50,6 %.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʛʨʘʥʠʮʳ 

ʟʜʘʥʠʷ. ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ ʨʫʣʝʪʢʠ, ʩ 

ʪʦʯʥʦʩʪʴʶ 1,5-2 ʤʤ (ʵʪʘʣʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ). ʇʦʪʦʤ ʚʳʧʦʣʥʝʥʳ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʪʝʤ 

ʞʝ ʪʦʯʢʘʤ ʥʘ ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ (ʪʘʙ. 4.6.).  
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ʊʘʙʣʠʮʘ 4.6 ï ʉʨʘʚʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʛʨʘʥʠʮ ʟʜʘʥʠʷ 

ɻʨʘʥʠʮ ʦʥ ʚʥʫʪʨʠ ʈʘʟʤʝʨʳ ʛʨʘʥʠʮ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ  (ʤ) 

ʆʪ ɼʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʅʃʉ (ʥʘʰʘ ʤʝʪʦʜʠʢʘ) ʃʘʟʝʨʥʦʡ ʨʫʣʝʪʢʠ 

5 6 8,49 8,48 

6 7 7,33 7,34 

7 8 2,04 2,07 

8 9 5,52 5,54 

9 10 6,34 6,34 

10 5 12,84 12,85 

ʇʣʦʱʘʜʴ ʟʜʘʥʠʷ  97,49 ʢʚ. ʤ 97,44 ʢʚ. ʤ 

ʆʙʲʝʤ ʟʜʘʥʠʷ  687,05 ʤ3 686,98 ʤ3 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʉʂʇ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʜʦʤʘ 

(16ʤʤ).  

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʢʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʘ ɽ1. 

4.5.2. ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ 

ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠ ʠʩʧʨʘʚʣʝʥʳ ʪʝʥʠ ʚ 

ʦʙʣʘʢʝ ʪʦʯʝʢ ʟʜʘʥʠʷ (ʨʠʩ.4.57 - 4.58). ɹʳʣʘ ʧʦʣʫʯʝʥʘ ʚʝʢʪʦʨʥʘ ̫ ʤʦʜʝʣʴ ʠ 

ʪʨʝʭʤʝʨʥʘ ̫ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ (ʨʠʩ4.59 - 4.60). 

 

ʈʠʩʫʥʦʢ 4.57 ï ʆʙʥʘʨʫʞʝʥʥʳʝ ʪʝʥʠ 

 

ʈʠʩʫʥʦʢ 4.58 ï ʆʙʣʘʢʦ ʪʦʯʝʢ ʧʦʩʣʝ ʠʩʧʨʘʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʪʝʥʠ 
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ʈʠʩʫʥʦʢ 4.59 ï ɺʝʢʪʦʨʥʘʷ ʤʦʜʝʣʴ ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ 

 

ʈʠʩʫʥʦʢ 4.60 ï ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ 

ʆʙʲʝʢʪ ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ ʠʤʝʝʪ ʦʩʦʙʝʥʥʫ  ʁ ʬʦʨʤʫ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ 4-ʭ 

ʢʦʨʧʫʩʦʚ. 7-ʦʡ ʵʪʘʞ ʧʝʨʚʦʛʦ ʢʦʨʧʫʩʘ ʥʘʚʠʩʘʝʪ ʥʘʜ ʯʝʪʚʝʨʪʳʤ ʢʦʨʧʫʩʦʤ. 1-ʡ ʢʦʨʧʫʩ 

ʩʦʩʪʦʠʪ ʠʟ 7 ʵʪʘʞʝʡ. 2-ʡ ʠ 4-ʡ ʢʦʨʧʫʩʘ ʩʦʩʪʦʷʪ ʠʟ 5 ʵʪʘʞʝʡ, ʘ 3-ʛʦ ʢʦʨʧʫʩʘ ʠʟ 4 

ʵʪʘʞʝʡ. ʇʦʵʪʦʤʫ ʜʘʥʥʦʝ ʟʜʘʥʠʝ ʠʤʝʝʪ ʨʘʟʥʳʝ ʧʣʦʱʘʜʠ ʧʨʠ ʨʘʟʥʳʭ ʚʳʩʦʪʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʙʳʣʦ ʧʦʚʪʦʨʝʥʦ ʜʣʷ ʛʨʘʥʠʮʳ 

ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩʘ. ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ 

ʨʫʣʝʪʢʠ, ʩ ʪʦʯʥʦʩʪʴʶ 1,5-2 ʤʤ (ʵʪʘʣʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ). ʇʦʪʦʤ ʚʳʧʦʣʥʝʥʳ 

ʚr ʯʠʩʣʝʥʠʷ ʧʦ ʪʝʤ ʞʝ ʪʦʯʢʘʤ ʥʘ ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʉʂʇ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʟʜʘʥʠʷ (25 

ʤʤ). ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʟʜʘʥʠʷ ʙʝʟ ʠ ʩ 

ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 4.7. 
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ʊʘʙʣʠʮʘ 4.7 ï ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ 

ʅʘʟʚʘʥʠʝ ʵʪʘʧʘ 
ɹʝʟ ʚʳʧʦʣʥʝʥʠʷ 

ʩʝʛʤʝʥʪʘʮʠʠ 

ʉ ʚʳʧʦʣʥʝʥʠʝʤ 

ʩʝʛʤʝʥʪʘʮʠʠ ʧʦ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ 

ʉʦʟʜʘʥʠʝ ʧʨʦʝʢʪʘ ʠ  ʨʝʛʠʩʪʨʘʮʠʷ 1 ʯʝʩʘ 15 ʤʠʥ 

ʋʜʘʣʝʥʠʝ ʰʫʤʘ ʠ ʥʝ ʥʫʞʥʳʭ ʦʙʲʝʢʪʦʚ 10 ʤʠʥ ʅʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʉʝʛʤʝʥʪʘʮʠʷ ʅʝ ʚʳʧʦʣʥʷʝʪʩʷ 6 ʯʘʩʦʚ 30 ʤʠʥ 

ʀʩʧʨʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʅʝ ʚʳʧʦʣʥʷʝʪʩʷ 2 ʯʝʩʘ 

ɺʝʢʪʦʨʠʟʘʮʠʷ 14 ʯʘʩʦʚ 30 ʤʠʥ 

ʉʦʟʜʘʥʠʝ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ 10 ʯʘʩʦʚ 3 ʯʝʩʘ 

ɼʦʙʘʚʣʝʥʠʝ ʪʝʢʩʪʫʨʳ 2 ʯʘʩʦʚ 45 ʤʠʥ ʅʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʀʪʦʛʦ: 28 ʯʘʩʦʚ 10 ʤʠʥʫʪ 13 ʯʘʩʦʚ 15 ʤʠʥ 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʜʘʥʥʦʤ ʦʙʲʝʢʪʝ ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʠʢ ʩʦʩʪʘʚʠʣʘ 53,9 %.  

ʇʦʣʫʯʝʥʥʳʝ ʧʣʦʱʘʜʠ ʠ ʜʨʫʛʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʪʘʙʣʠʮʘ ɽ2. 

4.5.3. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʫ (ʩʥʘʨʫʞʠ); 

ʇʨʦʮʝʩʩ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʩʷ ʪʦʞʝ ʩʢʘʥʝʨʦʤ Lieca BLK  360.  ʩ 

ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʪʦʯʝʢ 6ʤʤ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ 

10ʤ ʦʪ ʩʢʘʥʝʨʘ ʜʦ ʦʙʲʝʢʪʘ [20]. ʇʣʦʪʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʩʲʝʤʢʠ ʨʘʚʥʘ 10ʤʤ. 

ʉʢʘʥʠʨʦʚʘʥʠʷ ʫʜʘʣʦʩʴ ʟʘ 6 ʨʘʙʦʯʠʭ ʜʥʝʡ, ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʥʮʠʡ 100 (ʨʠʩ.4.61).  

 

ʈʠʩʫʥʦʢ 4.61 ï ʆʙʣʘʢʘ ʪʦʯʝʢ ʦʩʥʦʚʥʦʛʦ ʢʦʨʙʫʩʘ ɻʋɿʘ 

ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʠ ʤʦʜʝʣʴ ʬʘʩʘʜʘ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.62.  
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                                    (ʘ)                                                 (ʙ) 

ʈʠʩʫʥʦʢ 4.62 ï (a)- ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʬʘʩʘʜʘ, (ʙ) ï ʤʦʜʝʣʴ ʬʘʩʘʜʘ 

ʋʥʠʚʝʨʩʠʪʝʪ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʵʪʘʞʝʡ. ʇʣʘʥ, ʧʣʦʱʘʜʴ ʢʘʞʜʦʛʦ ʵʪʘʞʘ ʠ ʜʨʫʛʘ ̫

ʜʦʧʦʣʥʠʪʝʣʴʥʘ ̫ʠʥʬʦʨʤʘʮʠ ̫ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ ɽ3. 

ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ. ʉʂʇ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʩʥʦʚʥʦʛʦ ʢʦʨʧʫʩʘ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʘ ʦʩʥʦʚʝ ʥʘʪʫʨʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪʦʚ ʥʘ ʤʦʜʝʣʠ ʨʘʚʥʘ (33 ʤʤ). 

4.5.4. ʆʬʠʩ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʫ; 

ʆʙʣʘʢʦ ʪʦʯʝʢ ʠʥʪʝʨʴʝʨʦʚ ʠʥʦʛʜʘ ʙʳʚʘʶʪ ʦʯʝʥʴ ʩʣʦʞʥʳʤ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʤʝʪʦʜʠʢ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠʥʪʝʨʴʝʨʦʚ ʙʳʣ ʚʳʙʨʘʥ ʦʬʠʩ ʚ ɻʋɿʝ (ʨʠʩ 

4.63). 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.63 ï ʆʙʣʘʢʘ ʪʦʯʝʢ ʦʬʠʩʘ ʚ ɻʋɿ 

ʇʨʠ ʩʝʛʤʝʥʪʘʮʠʠ ʜʘʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʙʳʣʠ ʩʣʦʞʥʦʩʪʠ ʩʦ ʩʭʝʤʘʤʠ ʪʝʥʝʡ ʠʟ-

ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʚ ʠʥʪʝʨʴʝʨʝ (ʤʝʙʝʣʴ, ʢʥʠʛʠ, ʪʝʪʨʘʜʠ ʠ ʪ.ʜ.). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʨʘʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʪʝʥʝʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

(ʨʠʩ4.64). 
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                                        (ʘ)                                      (ʙ) 

ʈʠʩʫʥʦʢ 4.64 ï (a)- ʯʘʩʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ, (ʙ) ï ʦʙʥʘʨʫʞʝʥʥʳʝ ʪʝʥʠ ʥʘ ʰʢʘʬʝ 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 4.64.ʙ. ʚʠʜʥʦ, ʯʪʦ ʥʝ ʚʩʝ 

ʦʙʥʘʨʫʞʝʥʥʳʝ ʪʝʥʠ ʙʳʣʠ ʧʨʘʚʠʣʴʥʳʤʠ (ʣʝʚʘʷ ʯʘʩʪʴ), ʪʘʢ ʢʘʢ ʰʢʘʬ ʠʤʝʝʪ 

ʛʣʷʥʮʝʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʘ ʢʦʪʦʨʦʡ ʙʳʣʦ ʚʠʜʥʦ ʦʪʨʘʞʝʥʠʝ ʩʦʩʝʜʥʝʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʜʚʝʨʠ. ʇʦʩʢʦʣʴʢʫ ʥʘʰʘ ʤʝʪʦʜʠʢʘ ʦʙʥʘʨʫʞʠʪ ʪʝʥʠ ʥʘ ʦʩʥʦʚʝ ʮʚʝʪʘ ʚ 

ʦʙʣʘʢʝ, ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʚʨʫʯʥʫʶ ʠʩʧʨʘʚʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʨʠʩ.4.65.). 

 

                                            (ʘ)                                (ʙ) 

ʈʠʩʫʥʦʢ 4.65 ï (a)- ʦʙʥʘʨʫʞʝʥʥʳʝ ʪʝʥʠ ʧʦʩʣʝ ʨʫʯʥʦʛʦ ʠʩʧʨʘʚʣʝʥʠʷ, (ʙ) ï 

ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠʩʧʨʘʚʣʝʥʠʷ 

ʆʢʦʥʯʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʠ 

ʯʘʩʪʴ ʤʦʜʝʣʠ ʦʬʠʩʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.66.  
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                             (ʘ)                                                             (ʙ) 

ʈʠʩʫʥʦʢ 4.66 ï (a)- ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʬʘʩʘʜʘ, (ʙ) ï ʤʦʜʝʣʴ ʧʦʤʝʱʝʥʠʷ 

ɼʣʷ ʦʮʝʥʢʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʪʦʞʝ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʥʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʨʫʣʝʪʢʠ, ʩ ʪʦʯʥʦʩʪʴʶ 

1,5-2 ʤʤ. ʉʂʇ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʬʠʩʘ ʥʘ ʦʩʥʦʚʝ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʨʘʩʯʝʪʦʚ ʥʘ ʤʦʜʝʣʠ ʨʘʚʥʘ (19 ʤʤ). ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʪʘʙʣʠʮʝ ɽ4. 

4.5.5. ɸʫʜʠʪʦʨʠʷ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʫ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʬʠʩʘ ʦʩʦʙʳʝ ʪʨʫʜʥʦʩʪʠ ʙʳʣʠ 

ʟʘʤʝʪʥʳ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʛʣʷʥʮʝʚʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ.  ʇʦʵʪʦʤʫ ʙʳʣʘ ʝʱʝ ʚʳʙʨʘʥʘ 

ʘʫʜʠʪʦʨʠʷ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʩ ʢʦʤʧʴʶʪʝʨʘʤʠ (ʘʫʜʠʪʦʨʠʷ 207). ʎʝʣʴ ʚʳʙʦʨʘ ʪʘʢʦʡ 

ʘʫʜʠʪʦʨʠʠ - ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʠʥʪʝʨʴʝʨʦʚ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʝʩʪʴ ʛʣʷʥʮʝʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ 4.67). 

 

ʈʠʩʫʥʦʢ 4.67 ï ʦʙʣʘʢʘ ʪʦʯʝʢ ʘʫʜʠʪʦʨʠʷ 207 ʚ ɻʋɿʝ 

ʉʪʝʢʣʷʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʝʠʚʘʶʪ ʠ ʦʪʨʘʞʘʶʪ ʣʘʟʝʨʥʳʝ ʣʫʯʠ ʚʦ ʚʩʝʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʣʦʞʥʳʭ ʜʘʥʥʳʭ (ʚʳʙʨʦʩʳ ʠ ʰʫʤ) 

(ʨʠʩ4.68). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʵʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʷʶʪʩʷ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ. 
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                                           (ʘ)                                       (ʙ) 

ʈʠʩʫʥʦʢ 4.68 ï (a)- ʦʙʣʘʢʦ ʪʦʯʝʢ ʵʢʨʘʥʘ ʥʘ ʩʪʝʥʝ, (ʙ) ï ʦʙʣʘʢʦ ʪʦʯʝʢ ʵʢʨʘʥʘ 

ʩʙʦʢʫ 

ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʠ ʯʘʩʪʴ ʤʦʜʝʣʠ 

ʘʫʜʠʪʦʨʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.69.  

 

                              (ʘ)                                                             (ʙ) 

ʈʠʩʫʥʦʢ 4.69 ï (a)- ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘʮʠʠ, (ʙ) ï ʤʦʜʝʣʴ ʙʝʟ ʤʝʙʝʣʠ 

ʉʂʇ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʘʫʜʠʪʦʨʠʠ ʥʘ ʦʩʥʦʚʝ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʨʘʩʯʝʪʦʚ ʥʘ ʤʦʜʝʣʠ =18 ʤʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙ. ɽ5. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʚʳʩʦʪʳ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʟʜʘʥʠʡ. ɸ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʚʳʩʦʪ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʵʪʠ 

ʞʝ ʚʳʩʦʪʳ ʟʜʘʥʠʡ ʣʘʟʝʨʥʦʡ ʨʫʣʝʪʢʦʡ. ʉʂʇ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʠ ʚʳʩʦʪ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙ. 4.8. 

ʊʘʙʣʠʮʘ 4.8 ï ʆʙʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ 

ʆʙʲʝʢʪ 
ʉʂʇ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʧʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ (ʤʤ) 

ʉʂʇ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʧʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ (ʤʤ) 

ʈʷʟʘʥʩʢʠʡ ʪʝʘʪʨ ʜʨʘʤʳ 14 18 

ʜʦʤ ʚ ʩʥʪ ʏʢʘʣʦʚʩʢʦʝ 16 20 

ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩ 25 28 

ɻʋɿ (ʬʘʩʘʜ) 33 42 

ɻʋɿ (ʦʬʠʩ) 19 25 

ɻʋɿ (ʘʫʜʠʪʦʨʠʷ 207) 18 23 
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ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɼʝʣʴʬʪʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʚʳʩʦʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ 16 ʩʤ ʜʣʷ ʦʙʲʝʢʪʦʚ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ ʠ 

5 ʩʤ ʜʣʷ ʦʙʲʝʢʪʦʚ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ. ɸ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʛʨʘʥʠʮ 3D-ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʥʦʩʪʠ ʜʣʷ 2D-

ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ. ʂʦʦʨʜʠʥʘʪʳ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʢʦʥʪʫʨʘ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ 

ʪʦʯʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ 

ʛʨʘʥʠʮ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʜʘʥʥʳʡ ʦʙʲʝʢʪ. 

      ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʙʨʘʙʦʪʢʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ (1,4-3,3 ʩʤ), 

ʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʦʙʲʝʢʪʦʚ (1.8-4.2 ʩʤ). 

ɿʥʘʯʝʥʠʷ ʉʂʇ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʪʦʯʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʯʝʪʘ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʘʚ ʥʘ ʦʙʲʝʢʪʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʯʝʨʪʝ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ (10ʩʤ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ 

ʦʙʲʝʢʪʦʚ ʠ 5ʩʤ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʦʙʲʝʢʪʦʚ). 

4.6. ʉʪʦʠʤʦʩʪʴ ʮʠʢʣʦʚ ʨʘʙʦʪʳ 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʨʘʙʦʪ ʥʫʞʥʦ ʫʯʝʩʪʴ ʩʪʦʠʤʦʩʪʴ ʘʨʝʥʜʳ ʩʢʘʥʝʨʘ ʚ ʩʫʪʢʠ 

ʙʝʟ ʩʧʝʮʠʘʣʠʩʪʘ ʠʣʠ ʩʦ ʩʧʝʮʠʘʣʠʩʪʦʤ, ʩʪʦʠʤʦʩʪʴ ʇʆ ʠ ʩʪʦʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

(ʥʘʧʨʠʤʝʨ: ɸʨʝʥʜʘ Leica BLK360 ʙʝʟ ʩʧʝʮʠʘʣʠʩʪʘ =6000 ʨ./ʜʝʥ. ɸʨʝʥʜʘ Leica 

BLK360 ʩʦ ʩʧʝʮʠʘʣʠʩʪʦʤ = 20000 ʨ./ʜʝʥ) (ʩʪʦʠʤʦʩʪʴ ʇʆ ʩʤ. ʪʘʙʣʠʮʘ ʇ.2.1).  

ʉ ʫʯʝʪʦʤ ʩʪʦʠʤʦʩʪʠ ʘʥʘʣʦʛʠʯʥʳʭ ʨʘʙʦʪ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ ʚ 2021 ʛʦʜʫ, ʘʚʪʦʨ 

ʧʨʝʜʣʘʛʘʝʪ ʩʣʝʜʫʶʱʠʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʮʠʢʣʘ ʨʘʙʦʪ: 

1. ʉʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʣʘʟʝʨʥʦʤʫ ʩʢʘʥʠʨʦʚʘʥʠʶ ʚʥʫʪʨʠ ʦʙʲʝʢʪʘ 

(ʥʘʧʨʠʤʝʨ: ʦʬʠʩ, ʘʫʜʠʪʦʨʠʷ), ʛʜʝ ʨʘʩʯʝʪ ʧʣʦʱʘʜʝʡ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʘ ʠʣʠ ʦʩʥʦʚʘʥʠʷ: 50 /ʤĮ ʠ ʩʦʩʪʘʚʣʷʝʪ 20000  ʥʘ 

ʚʝʩʴ ʦʙʲʝʤ ʨʘʙʦʪ. 

 ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚʥʫʪʨʠ ʦʙʲʝʢʪʘ ʩ 

ʦʪʢʨʳʪʳʤʠ ʧʣʦʱʘʜʷʤʠ (ʟʘʣʳ, open-space ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʘʨʢʦʚʢʠ ʠ ʪ.ʧ.), ʛʜʝ 

ʨʘʩʯʝʪ ʧʣʦʱʘʜʝʡ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʘ ʠʣʠ 

ʦʩʥʦʚʘʥʠʷ: 35 /ʤĮ ʠ ʩʦʩʪʘʚʣʷʝʪ 20000  ʥʘ ʚʝʩʴ ʦʙʲʝʤ ʨʘʙʦʪ. 
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2. ʉʪʦʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʧʦ ʨʘʙʦʪʘʤ ʚʥʫʪʨʠ ʦʙʲʝʢʪʘ. 

2.1. ʋʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ1: ʉʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʣʘʟʝʨʥʦʤʫ 

ʩʢʘʥʠʨʦʚʘʥʠʶ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʫʨʘʚʥʝʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʦʪʨʠʩʦʚʢʠ 

ʧʣʦʩʢʠʭ 2D ʯʝʨʪʝʞʝʡ ʚ ʬʦʨʤʘʪʝ .dwg: + 30 /ʤĮ ʢ ʩʪʦʠʤʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 10000  ʥʘ ʚʝʩʴ ʦʙʲʝʤ ʨʘʙʦʪ. 

2.2. ʋʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ2: ʉʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʣʘʟʝʨʥʦʤʫ 

ʩʢʘʥʠʨʦʚʘʥʠʶ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ 

ʬʦʨʤʘʪʝ .e57 ʠʣʠ .ply: + 40 /ʤĮ ʢ ʩʪʦʠʤʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 10000  ʥʘ ʚʝʩʴ ʦʙʲʝʤ ʨʘʙʦʪ. 

2.3. ʋʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ3: ʉʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʣʘʟʝʨʥʦʤʫ 

ʩʢʘʥʠʨʦʚʘʥʠʶ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʦʪʨʠʩʦʚʢʠ 3D-ʦʙʤʝʨʥʳʭ ʯʝʨʪʝʞʝʡ ʚ 

ʬʦʨʤʘʪʝ .dwg (ʚʝʢʪʦʨʠʟʘʮʠʷ): + 50 /ʤĮ ʢ ʩʪʦʠʤʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 15000  ʥʘ ʚʝʩʴ ʦʙʲʝʤ ʨʘʙʦʪ. 

2.4. ʋʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ4: ʉʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʣʘʟʝʨʥʦʤʫ 

ʩʢʘʥʠʨʦʚʘʥʠʶ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʬʦʨʤʘʪʝ .ply: + 100 

/ʤĮ ʢ ʩʪʦʠʤʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 40000  ʥʘ ʚʝʩʴ ʦʙʲʝʤ 

ʨʘʙʦʪ. 

3. ʉʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʣʘʟʝʨʥʦʤʫ ʩʢʘʥʠʨʦʚʘʥʠʶ ʜʣʷ ʨʘʙʦʪ ʚʥʝ 

ʧʦʤʝʱʝʥʠʡ (ʥʘʧʨʠʤʝʨ: ʩʲʝʤʢʘ ʬʘʩʘʜʦʚ ʟʜʘʥʠʡ), ʛʜʝ ʨʘʩʯʝʪ ʧʣʦʱʘʜʝʡ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʧʦʚʝʨʭʥʦʩʪʷʤ: 10 /ʤĮ ʠ ʩʦʩʪʘʚʣʷʝʪ 50000  ʥʘ ʚʝʩʴ ʦʙʲʝʤ ʨʘʙʦʪ. 

4. ʉʪʦʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʨʘʙʦʪ ʚʥʝ ʧʦʤʝʱʝʥʠʡ. 

4.1. ʋʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ1: ʉʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʣʘʟʝʨʥʦʤʫ 

ʩʢʘʥʠʨʦʚʘʥʠʶ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʫʨʘʚʥʝʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʦʪʨʠʩʦʚʢʠ 

ʧʣʦʩʢʠʭ 2D ʯʝʨʪʝʞʝʡ ʚ ʬʦʨʤʘʪʝ .dwg: + 5 /ʤĮ ʢ ʩʪʦʠʤʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 25000  ʥʘ ʚʝʩʴ ʦʙʲʝʤ ʨʘʙʦʪ. 

4.2. ʋʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ2: ʉʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʣʘʟʝʨʥʦʤʫ 

ʩʢʘʥʠʨʦʚʘʥʠʶ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ 
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ʬʦʨʤʘʪʝ .e57 ʠʣʠ .ply: + 5 /ʤĮ ʢ ʩʪʦʠʤʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 25000  ʥʘ ʚʝʩʴ ʦʙʲʝʤ ʨʘʙʦʪ. 

4.3. ʋʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ3: ʉʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʣʘʟʝʨʥʦʤʫ 

ʩʢʘʥʠʨʦʚʘʥʠʶ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʦʪʨʠʩʦʚʢʠ 3D-ʦʙʤʝʨʥʳʭ ʯʝʨʪʝʞʝʡ ʚ 

ʬʦʨʤʘʪʝ .dwg (ʚʝʢʪʦʨʠʟʘʮʠʷ): + 5 /ʤĮ ʢ ʩʪʦʠʤʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʠ ʩʦʩʪʘʚʣʷʝʪ 50000  ʥʘ ʚʝʩʴ ʦʙʲʝʤ ʨʘʙʦʪ. 

4.4. ʋʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ4: ʉʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʣʘʟʝʨʥʦʤʫ 

ʩʢʘʥʠʨʦʚʘʥʠʶ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʬʦʨʤʘʪʝ .ply: + 25 

/ʤĮ ʢ ʩʪʦʠʤʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 120000  ʥʘ ʚʝʩʴ 

ʦʙʲʝʤ ʨʘʙʦʪ. 

 ʅʘʧʨʠʤʝʨ: ɺʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʧʦ ʣʘʟʝʨʥʦʤʫ ʩʢʘʥʠʨʦʚʘʥʠʶ ʬʘʩʘʜʦʚ ʦʙʲʝʢʪʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʣʦʱʘʜʴʶ S = 5000 ʤĮ ʩ ʫʨʦʚʥʝʤ ʦʙʨʘʙʦʪʢʠ 1+2+3+4 ʩʦʩʪʘʚʣʷʝʪ: 

(10*5000+50000)+(5*5000+25000)+(5*5000+25000)+(5*5000+5000)+(25*5000+120

000)=520000  

 ʇʨʠʤʝʨʥʘʷ ʠʪʦʛʦʚʘʷ ʩʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.9.  

ʊʘʙʣʠʮʘ 4.9 ï ʇʨʠʤʝʨʥʘʷ ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʆʙʲʝʢʪ ʈʘʟʤʝʨ ʤ2 
ʀʪʦʛʦʚʘʷ 

ʩʪʦʠʤʦʩʪʴ ( ) 

ʌʘʩʘʜ ɻʋɿ 4849 (ʧʣʦʱʘʜʴ ʬʘʩʘʜʘ) 512500 

ʆʬʠʩ ʚ ɻʋɿ 26.3 (ʧʣʦʱʘʜʴ ʧʦʤʝʱʝʥʠʷ) 102000 

ʂʣʘʩʩ 207 ʚ ɻʋɿ 33.4 (ʧʣʦʱʘʜʴ ʧʦʤʝʱʝʥʠʷ) 104000 

ʌʘʩʘʜ ɹʘʣʯʫʛ ʈʝʟʠʜʝʥʩʘ 13615 (ʧʣʦʱʘʜʴ ʬʘʩʘʜʘ) 950700 

ʌʘʩʘʜ ʜʦʤʘ ʚ ʩʥʪ "ʏʢʘʣʦʚʩʢʦʝ", ʜʦʤ 

113ʘ 
234.8 (ʧʣʦʱʘʜʴ ʬʘʩʘʜʘ) 281700 
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 4 

 ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʧʦʟʚʦʣʷʪʁ ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʷʜ ʚʳʚʦʜʦʚ: 

1) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ 

ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʦ ʪʨʝʙʫʝʪʩʷ 

ʧʦʩʪʦʙʨʘʙʦʪʢʘ ʠʣʠ ʜʘʞʝ ʧʦʚʪʦʨʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʩʣʫʯʘʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ (ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʠʥʪʝʨʴʝʨʦʚ); 

2) ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʜʘʝʪ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʯʝʤ 

ʜʨʫʛʠʝ ʤʝʪʦʜʳ, ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ, 

ʥʦ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ 

ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ, ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʦʙʣʝʤʳ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ; 

3) ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʛʨʦʤʥʳ ð ʵʪʦ 

ʤʝʥʴʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʘʨʘʤʝʪʨʘʤ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʩʢʘʥʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʠʝ ʩʥʠʞʝʥʠʷ ʰʫʤʘ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʧʝʨʘʪʦʨ ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʝʛʤʝʥʪʘʮʠʠ ʙʝʟ 

ʥʘʣʠʯʠʷ ʥʘʯʘʣʴʥʳʭ ʟʥʘʥʠʡ ʦʙ ʦʙʲʝʢʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
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ɿʘʢʣʶʯʝʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʢʦʥʯʝʥʥʫʶ ʥʘʫʯʥʦ-ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʫʶ 

ʨʘʙʦʪʫ, ʚ ʢʦʪʦʨʦʡ ʥʘ ʙʘʟʝ ʥʘʫʯʥʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʠ ʣʦʛʠʯʝʩʢʠʭ ʨʘʩʩʫʞʜʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʰʝʥʘ ʥʘʫʯʥʘʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ  ʚ ʮʝʣʷʭ 3D-ʢʘʜʘʩʪʨʘ, ʠʤʝʶʱʘʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʘʜʘʩʪʨʦʚʳʭ ʩʠʩʪʝʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʜʚʫʭʤʝʨʥʦʡ 

ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ ʢ ʪʨʸʭʤʝʨʥʦʡ, ʚʢʣʶʯʘʶʱʘʷ ʤʝʪʦʜʠʢʫ ʩʝʛʤʝʥʪʘʮʠʠ ʜʘʥʥʳʭ 

ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʱʘʪʴ ʚʨʝʤʷ ʢʘʤʝʨʘʣʴʥʳʭ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʨʘʙʦʪ ʠ ʤʝʪʦʜʠʢʫ ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʦʪ ʵʬʬʝʢʪʘ ʪʝʥʝʡ. 

ɺʥʝʜʨʝʥʠʝ ʵʪʠʭ ʤʝʪʦʜʠʢ ʚʥʝʩʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʢʘʜʘʩʪʨʦʚʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʨʘʥʳ. ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʜʝʣʘʥʳ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʠ 

ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1) ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʢʘʜʘʩʪʨʦʚʦʛʦ ʫʯʝʪʘ ʚ ʈʦʩʩʠʠ ʠ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ, ʚʳʷʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʧʝʨʝʭʦʜʘ ʦʪ ʜʚʫʭʤʝʨʥʦʡ ʩʠʩʪʝʤʳ 

ʢʘʜʘʩʪʨʘ ʢ ʪʨʸʭʤʝʨʥʦʡ ʠ ʧʦʪʨʝʙʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʙʳʩʪʨʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʪʨʝʭʤʝʨʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʢʪʘʭ ʥʝʜʚʠʞʠʤʦʩʪʠ;   

2) ʠʟʫʯʝʥʳ ʧʨʦʙʣʝʤʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʜʘʥʥʳʭ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ; 

3) ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʝʛʤʝʥʪʘʮʠʠ ʜʘʥʥʳʭ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʘʷ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʝʥʥʳʝ ʠ ʪʨʫʜʦʚʳʝ ʨʝʩʫʨʩʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʦʧʦʛʨʘʬʦ-

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʥʝʩʤʦʪʨʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ 

ʢʦʪʦʨʘʷ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʠʟʤʝʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʨʝʥʠʷ (ʵʢʦʥʦʤʠʷ 

ʚʨʝʤʝʥʠ ʥʘ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʙʦʪʢʠ 50% - 55%); 

4) ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʪʝʥʝʡ ʥʘ ʤʦʜʝʣʷʭ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʨʘʚʣʷʪʴ ʠʭ ʚʣʠʷʥʠʝ, ʙʝʟ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ ʪʦʧʦʛʨʘʬʦ-
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ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʭʝʤʳ ʪʝʥʝʡ ʫʩʣʦʞʥʷʶʪʩʷ ʚʥʫʪʨʠ 

ʧʦʤʝʱʝʥʠʡ ʠ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʨʫʯʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ; 

5) ʚ ʮʝʣʷʭ 3D-ʢʘʜʘʩʪʨʘ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʤʝʨʝʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʙʠʨʘʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʤʝʪʦʜ 

ʦʙʨʘʙʦʪʢʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʥʦʩʪʠ ʢʘʜʘʩʪʨʦʚʳʭ ʨʘʙʦʪ; 

6) ʚ ʮʝʣʷʭ 3D-ʢʘʜʘʩʪʨʘ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚʳʙʦʨ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʩʣʦʞʥʦʩʪʠ ʬʦʨʤʳ, ʪʝʢʩʪʫʨʳ ʦʙʲʝʢʪʘ 

ʥʝʜʚʠʞʠʤʦʩʪʠ, ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʝʪʘʣʠʟʘʮʠʠ ʝʛʦ ʤʝʣʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʟʥʘʯʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʦʟʚʦʣʠʪ ʥʘ ʧʨʝʜʧʨʦʝʢʪʥʦʡ ʩʪʘʜʠʠ 

ʚʥʝʜʨʷʪʴ ʥʦʚʳʡ ʩʧʦʩʦʙ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʨʝʥʠʡ 

ʧʨʠ ʢʘʜʘʩʪʨʦʚʳʭ ʨʘʙʦʪʘʭ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʙʨʘʙʦʪʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ (1,4-3,3 ʩʤ), ʘ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʦʙʲʝʢʪʦʚ (1.8-4.2 ʩʤ). 

7) ʜʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ 

ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʘʩʪʦ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʙʨʘʙʦʪʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʪʦʯʥʦʩʪʠ ʢʘʜʘʩʪʨʦʚʳʭ ʨʘʙʦʪ. 

8) ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʧʦʩʦʙʫ ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʮʠʢʣʘ ʨʘʙʦʪ.  

9) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʟʝʤʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʟ ʥʘʙʦʨʘ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʝ ʚʩʝʛʜʘ ʨʝʰʘʝʪ ʚʩʝ ʟʘʜʘʯʠ 

ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ. ɺʳʙʦʨ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʦʣʞʝʥ 

ʧʨʠʥʠʤʘʪʴʩʷ ʩ ʫʯʠʪʝʣʝʤ ʥʫʞʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠ ʩʨʦʢʦʚ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. 

ʇʝʨʩʧʝʢʪʠʚʘ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʤʳ ʩʚʷʟʘʥʘ ʩ ʪʝʭʥʠʢʦʡ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʦʙʣʘʢʝ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʩʪʘʥʜʘʨʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʊʘʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʮʚʝʪʝ, ʢʦʪʦʨʦʡ ʯʘʩʪʦ ʧʨʝʥʝʙʨʝʛʘʶʪ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʢʘʥʝʨʳ 

ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʮʚʝʪʘ. 
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ʇʨʠʣʦʞʝʥʠʝ ɸ 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠʙʦʨʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʇʆ 

ʃʘʟʝʨʥʳʡ ʩʢʘʥʝʨ Leica ScanStation C10 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ ɸ1. [98]:         

ʊʘʙʣʠʮʘ ɸ1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʘʥʝʨʘ Leica ScanStation C10 

ʊʠʧ ʠʥʩʪʨʫʤʝʥʪʘ ʀʤʧʫʣʴʩʥʳʡ ʩʦ ʚʩʪʨʦʝʥʥʳʤ 

ʜʚʫʭʦʩʝʚʳʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʥʘʢʣʦʥʘ 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ 

6 ʤʤ ʥʘ 50 ʤ 

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʷ 

4 ʤʤ ʥʘ 50 ʤ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 300 ʤ 

ʋʛʣʦʚʘʷ ʪʦʯʥʦʩʪʴ (ʧʦ 

ʚʝʨʪʠʢʘʣʠ/ʛʦʨʠʟʦʥʪʘʣʠ) 

60 ʤʢʨʘʜ, 60 ʤʢʨʘʜ 

ʈʘʟʤʝʨ ʧʷʪʥʘ ʣʘʟʝʨʘ ʜʦ 6 ʤʤ ʥʘ 50 ʤ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 300 ʤ ʧʨʠ ʦʪʨʘʞʝʥʠʠ 90% 

ʏʘʩʪʦʪʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦ 50000 ʪʦʯʝʢ ʚ ʩʝʢʫʥʜʫ 

ʇʦʣʝ ʟʨʝʥʠʷ ʧʦ 

ʚʝʨʪʠʢʘʣʠ/ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 

270° / 360° 

ɺʠʜʦʠʩʢʘʪʝʣʴ ʚʩʪʨʦʝʥʥʘʷ ʮʠʬʨʦʚʘʷ ʚʠʜʝʦʢʘʤʝʨʘ 

ʆʪʨʘʞʘʶʱʠʝ ʤʘʨʢʠ 

ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʘʨʢʠ ʚ ʚʠʜʝ ʜʠʩʢʦʚ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ (ʨʠʩ. ɸ1). 

 

ʈʠʩʫʥʦʢ ɸ1 ï ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʨʢʠ 

ʎʠʬʨʦʚʘʷ ʢʘʤʝʨʘ CanonEOS_600D 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ CanonEOS_600D  

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ ɸ2. [69] 
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ʊʘʙʣʠʮʘ ɸ2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʤʝʨʳ CanonEOS_600D 

ɼɸʊʏʀʂ ʀɿʆɹʈɸɾɽʅʀʗ 

ʊʠʧ 22,3 x 14,9 ʤʤ CMOS 

ʕʬʬʝʢʪʠʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʇʨʠʙʣ. 18,0 ʤʣʥ. ʧʠʢʩʝʣʝʡ 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʇʨʠʙʣ. 18,7 ʤʝʛʘʧʠʢʩʝʣʝʡ 

ʆɹʒɽʂʊʀɺ 

ʂʨʝʧʣʝʥʠʝ ʦʙʲʝʢʪʠʚʘ ʆʙʲʝʢʪʠʚʳ EF/EF-S 

ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 1,6x ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʙʲʝʢʪʠʚʘ 

 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ Cyclone, ʘ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʝ 

ʧʨʦʛʨʘʤʤʳ ï ʵʪʦ 3D Max ʠ Photomod. 

ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ 

ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ ɸ3. 

ʊʘʙʣʠʮʘ ɸ3 ï ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʕʪʘʧ ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ 

ʇʦʣʝʚʳʝ ʨʘʙʦʪʳ ʩ ʣʘʟʝʨʥʳʤ ʩʢʘʥʝʨʦʤ 3 ʯʘʩʘ 

ʂʘʤʝʨʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 
50 ʯʘʩʦʚ 35 ʤʠʥʫʪ 

ʇʦʣʝʚʳʝ ʨʘʙʦʪʳ ʩ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ 1,5 ʯʘʩʘ 

ʂʘʤʝʨʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ 
34 ʯʘʩʘ 45 ʤʠʥʫʪ 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʥʘ ʧʘʤʷʪʥʠʢʝ  

ʇʦʩʢʦʣʴʢʫ ʨʫʯʥʦʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʤʝʪʦʜʦʤ 

(ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩʚʷʟʘʥʘ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ: ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʣʠʥʝʡʢʫ ʩ ʪʦʯʥʦʩʪʴʶ 1,5-2 ʤʤ), ʧʨʠʤʝʤ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʛʦ 

ʤʝʪʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ ɸ4.     
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ʊʘʙʣʠʮʘ ɸ4 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʂʘʤʝʥʴ  ̄  
ʈʘʟʤʝʨ ʩʪʦʨʦʥ ʢʘʤʥʷ ʚ ʩʤ 

S1 S2 S3 S4 S5 S6 S7 S8 

1.ʥ.ʣ.ʩ 46,39 46,61 46,95 46,41 29,10 29,39 28,63 29,20 

1.ʬʦʪʦ. 42,95 42,52 42,22 42,58 28,55 29,92 29,56 30,88 

1.ʵʪʘʣʦʥ 46,75 47,20 47,20 47,25 28,40 28,40 28,30 28,50 

2.ʥ.ʣ.ʩ 46,21 46,61 46,39 46,61 29,19 29,19 29,48 29,10 

2.ʬʦʪʦ. 45,95 45,56 45,85 44,52 29,55 29,22 29,54 29,35 

2.ʵʪʘʣʦʥ 46,40 47,20 46,50 46,10 28,40 28,50 28,30 28,20 

3.ʥ.ʣ.ʩ 47,34 46,61 46,31 46,61 29,89 29,99 29,98 29,69 

3.ʬʦʪʦ. 44,04 45,12 44,07 45,15 30,26 31,30 30,12 30,35 

3. ʵʪʘʣʦʥ 47,20 47,10 46,90 47,30 28,80 28,60 28,20 28,10 

4.ʥ.ʣ.ʩ 46,34 46,61 46,31 46,61 28,19 28,19 29,13 29,66 

4.ʬʦʪʦ. 45,33 45,59 45,40 45,57 28,96 33,30 29,15 33,92 

4.ʵʪʘʣʦʥ 45,70 47,20 46,20 46,50 28,50 28,50 28,20 28,40 

5.ʥ.ʣ.ʩ 46,33 46,61 46,31 47,61 29,86 29,79 29,76 29,76 

5.ʬʦʪʦ. 45,25 45,50 45,25 45,55 30,59 32,66 30,60 33,72 

5.ʵʪʘʣʦʥ 46,20 46,80 46,90 48,00 28,20 28,10 28,10 28,20 

6.ʥ.ʣ.ʩ 46,34 46,25 46,26 46,61 29,83 29,76 29,76 29,01 

6.ʬʦʪʦ. 44,05 44,22 45,25 44,25 33,01 32,29 30,90 31,36 

6.ʵʪʘʣʦʥ 46,40 48,00 46,90 46,90 28,20 28,40 28,30 28,40 

7.ʥ.ʣ.ʩ 46,31 46,61 46,79 46,61 29,76 29,85 29,69 29,88 

7.ʬʦʪʦ. 44,56 44,15 45,52 43,25 31,80 33,80 30,75 33,86 

7.ʵʪʘʣʦʥ 46,00 46,90 46,00 46,90 28,50 28,50 28,40 28,60 

8.ʥ.ʣ.ʩ 46,85 46,61 46,31 46,61 29,12 29,12 28,69 28,88 

8.ʬʦʪʦ. 43,41 46,25 45,50 46,35 31,15 28,75 31,30 29,21 

8.ʵʪʘʣʦʥ 46,30 47,50 46,40 47,40 28,30 28,40 28,20 28,30 

ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʠʟʤʝʨʝʥʠʷʤʠ (ʨʘʩʭʦʞʜʝʥʠʷ) ʚʳʯʠʩʣʷʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

ЎὛ Ὓ  ̉ Ȣ̈ Ὓ  ̞ Ȣ̓ 

ά
ЎὛ

ὲ
  

 ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ ɸ5.  

ʊʘʙʣʠʮʘ ɸ5 ï ʧʦʣʫʯʝʥʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. 

 
ʅʘʟʝʤʥʦʝ ʣʘʟʝʨʥʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ 

ʩʲʸʤʢʘ 

ʉʂʇ (ʤʤ) 8,9 25,6 
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ʇʨʠʣʦʞʝʥʠʝ ɹ 

ʆʙʟʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʠʟ 

ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘ ʨʳʥʢʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ 

ʧʘʢʝʪʦʚ, ʨʝʰʘʶʱʠʭ ʟʘʜʘʯʫ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʦʙʣʘʢʘ ʪʦʯʝʢ). 

ɺʳʩʦʢʘʷ ʮʝʥʘ ʠ ʩʧʝʮʠʬʠʢʘʮʠʷ ʢʘʞʜʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʟʘʜʘʯʫ 

ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʧʦʩʪʘʚʣʝʥʥʳʤ ʮʝʣʷʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʨʦʛʨʘʤʤʳ. ʂʘʞʜʳʡ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. 

 ʉʨʝʜʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʘ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ: 

1. ʇʣʘʪʥʳʝ ʧʨʦʛʨʘʤʤʳ: 

¶ Cyclone;  

¶ RealWorks Survey;  

¶ RapidForm; 

2. ɹʝʩʧʣʘʪʥʳʝ ʧʨʦʛʨʘʤʤʳ (ʩʪʫʜʝʥʯʝʩʢʠʝ ʚʝʨʩʠʠ): 

¶ Autodesk ReCap;  

¶ Revit;  

¶ AutoCAD Civil 3D. 

3. ɸʙʩʦʣʶʪʥʦ ʙʝʩʧʣʘʪʥʳʝ ʧʨʦʛʨʘʤʤʳ: 

¶ MeshLab;  

¶ CloudCompre. 

4. ʗʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʇʣʘʪʥʳʝ): 

¶ MATLAB . 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ, ʘ ʠʤʝʥʥʦ Cyclone, Autodesk ReCap ,Revit, MeshLab ʠ CloudCompre. 

ɸ ʧʨʦʛʨʘʤʤʫ MATLAB  ʥʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʜʘʥʥʦʤ ʦʙʟʦʨʝ, ʪʘʢ ʢʘʢ ʩ 

ʧʦʤʦʱʴʶ ʝʸ ʤʦʞʥʦ ʨʝʰʘʪʴ ʣʶʙʫʶ ʟʘʜʘʯʫ, ʥʘʧʠʩʘʚ ʢʦʜ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.   

ɺʳʜʝʣʠʤ ʨʷʜ ʢʨʠʪʝʨʠʝʚ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʵʪʦ ʇʆ: 

1. ʨʝʛʠʩʪʨʘʮʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ; 

2. ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʪʦʯʝʯʥʳʭ ʩʢʘʥʦʚ (ʦʙʣʘʢʘ ʪʦʯʝʢ); 
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3. ʩʧʦʩʦʙʳ ʠ ʨʝʞʠʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ ʵʢʨʘʥʝ; 

4. ʩʦʟʜʘʥʠʝ ʩʝʯʝʥʠʡ ʧʦ ʦʙʣʘʢʫ ʪʦʯʝʢ; 

5. ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮʳ ʠ ʧʦʩʪʨʦʝʥʠʝ ʧʣʘʥʦʚ; 

6. ʩʝʛʤʝʥʪʘʮʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ; 

7. ʩʦʟʜʘʥʠʝ ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʠʪʠʚʦʚ; 

8. ʜʦʙʘʚʣʝʥʠʝ ʪʝʢʩʪʫʨʳ; 

9. ʩʪʦʠʤʦʩʪʴ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʦʙʣʘʢʦ ʪʦʯʝʢ 

ʆʙʳʯʥʦ ʠʟʫʯʘʝʤʳʡ ʦʙʲʝʢʪ ʩʢʘʥʠʨʫʝʪʩʷ ʩ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʥʮʠʡ ʩʪʦʷʥʠʷ 

ʩʢʘʥʝʨʘ, ʧʦʵʪʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʤ ʥʝʩʢʦʣʴʢʦ ʩʢʘʥʦʚ (ʦʙʣʘʢʦ 

ʪʦʯʝʢ). ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʝʨʚʳʡ ʵʪʘʧ ʦʙʨʘʙʦʪʢʠ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ð ɻ ʪʦ ʨʝʛʠʩʪʨʘʮʠʷ 

ʦʙʣʘʢʘ ʪʦʯʝʢ (ʪ.ʝ. ʦʙʲʝʜʠʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʩʢʘʥʦʚ ʚ ʦʙʱʠʡ ʩʢʘʥ ʥʘ ʦʩʥʦʚʝ 

ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ʠʣʠ ʦʧʦʨʥʳʭ ʪʦʯʝʢ). ɼʘʥʥʳʡ ʵʪʘʧ, ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʚʦ 

ʚʩʝʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʛʨʘʤʤʘʭ ʢʨʦʤʝ Revit, ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʨʦʛʨʘʤʤʝ Revit ʦʪʩʫʪʩʪʚʫʶʪ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʦʙʣʘʢʘ ʪʦʯʝʢ, ʚ ʧʨʦʛʨʘʤʤʝ Revit, ʥʝʦʙʭʦʜʠʤʦ, ʩʥʘʯʘʣʘ ʚʳʧʦʣʥʠʪʴ ʨʝʛʠʩʪʨʘʮʠʶ ʚ 

ʜʨʫʛʠʭ ʧʨʦʛʨʘʤʤʘʭ.  

ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʪʦʯʝʯʥʳʭ ʩʢʘʥʦʚ (ʦʙʣʘʢʘ ʪʦʯʝʢ) 

ɺʩʝ ʧʨʦʛʨʘʤʤʳ ʢʨʦʤʝ Revit ʩʯʠʪʘʶʪ ʢʘʞʜʫʶ ʪʦʯʢʫ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ ʢʘʢ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʵʣʝʤʝʥʪ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʢʘʞʜʫʶ ʪʦʯʢʫ ʠʣʠ 

ʥʘʙʦʨ ʪʦʯʝʢ ʦʪʜʝʣʴʥʦ (ʫʜʘʣʠʪʴ, ʧʝʨʝʤʝʱʘʪʴ ʠ ʪ.ʜ.) (ʨʠʩ. ɹ1- ʨʠʩ. ɹ2). 

 

ʈʠʩʫʥʦʢ ɹ1 ï ʆʯʠʩʪʢʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ Cyclone 
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ʈʠʩʫʥʦʢ ɹ2 ï ɺʳʜʝʣʝʥʠʝ ʪʦʯʝʢ ʚ MeshLab 

ɸ ʚ Revit ʚʩʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʵʣʝʤʝʥʪ, ʵʪʦ ʧʨʦʚʦʜʠʪ ʢ 

ʩʣʦʞʥʦʩʪʷʤ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ (ʫʜʘʣʝʥʠʝ ʪʦʯʢʠ ʠʣʠ ʯʘʩʪʠ ʦʙʲʝʢʪʘ ʥʝʚʦʟʤʦʞʥʦ).  

ʉʧʦʩʦʙʳ ʠ ʨʝʞʠʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ ʵʢʨʘʥʝ 

ʃʘʟʝʨʥʳʡ ʩʢʘʥʝʨ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʫʶ ʢʘʤʝʨʫ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʢʨʘʰʠʚʘʪʴ ʦʙʣʘʢʦ ʪʦʯʝʢ ʚ ʨʝʘʣʴʥʳʝ ʮʚʝʪʘ (ʨʠʩ.ɹ3.ʘ, ʨʠʩ.ɹ4.ʘ) [51]. 

ʈʝʞʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʢʨʘʰʠʚʘʝʪ ʦʙʣʘʢʦ ʪʦʯʝʢ ʧʦ ʩʠʣʝ ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʠ 

ʢʘʞʜʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʝʝʪ ʩʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʧʨʦʛʨʘʤʤʘ ʨʘʩʢʨʘʰʠʚʘʝʪ ʦʙʣʘʢʦ ʪʦʯʝʢ (ʨʠʩ.ɹ3.ʙ, ʨʠʩ.ɹ4.ʙ). ʇʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ 

ʵʪʠʤʠ ʨʝʞʠʤʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʨʦʩʪʦ ʦʜʥʠʤ ʱʝʣʯʢʦʤ ʤʳʰʠ. ɽʩʪʴ ʝʱʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʞʠʤʳ ʦʪʦʙʨʘʞʝʥʠʷ. ʀʟ ʥʠʭ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʝʞʠʤʳ çʦʪʤʝʪʢʘè 

ʠ çʥʦʨʤʘʣʴè. ɺ ʨʝʞʠʤʝ çʦʪʤʝʪʢʘè ʦʙʣʘʢʦ ʪʦʯʝʢ ʨʘʩʢʨʘʰʠʚʘʝʪʩʷ ʧʦ ʚʳʩʦʪʝ 

(ʨʠʩ.ɹ3.ʚ, ʨʠʩ.ɹ4ʚ), ʘ ʚ ʨʝʞʠʤʝ çʥʦʨʤʘʣʴè ʢʘʞʜʘʷ ʧʣʦʩʢʦʩʪʴ ʚ ʦʙʣʘʢʝ ʪʦʯʝʢ ʠʤʝʝʪ 

ʩʚʦʡ ʮʚʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʥʦʨʤʘʣʝʡ ʪʦʯʝʢ ʚ ʥʝʤ (ʨʠʩ.ɹ3.ʛ, ʨʠʩ.ɹ4ʛ). 

ɺʳʰʝʦʧʠʩʘʥʥʳʝ ʨʝʞʠʤʳ ʩʫʱʝʩʪʚʫʶʪ ʚʦ ʚʩʝʭ ʧʨʦʛʨʘʤʤʘʭ ʢʨʦʤʝ Revit. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʨʝʞʠʤʳ ʚ ʧʨʦʛʨʘʤʤʝ Revit ʩʫʱʝʩʪʚʫʝʪ, ʥʦ ʪʦʣʴʢʦ 

ʯʝʨʝʟ ʧʣʘʛʠʥ Leica cloudworx, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʚ ʩʨʝʜʝ Revit. 


