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ɺ ʤʦʥʦʛʨʘʬʠʠ ʠʟʣʘʛʘʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʩʦʟʜʘʥʠʷ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʨʝʜʣʦʞʝ-

ʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʧʦ ʜʘʥʥʳʤ ʎʄʄ, ʩʬʦʨʤʠʨʦ-

ʚʘʥʥʳʤ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ. ʇʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʩʦʟʜʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʩ ʫʯʝ-

ʪʦʤ ʟʘʜʘʥʥʳʭ ʤʝʪʨʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ; ʨʘʟʨʘʙʦʪʘʥʳ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʠ-

ʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ, ʩʦʟʜʘʥʥʳʭ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ.  

ʄʦʥʦʛʨʘʬʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʟʘʥʠʤʘʶʱʠʤʩʷ ʦʙʨʘ-

ʙʦʪʢʦʡ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ 

ʚʠʜʝʦʩʮʝʥ, ʘ ʪʘʢʞʝ ʘʩʧʠʨʘʥʪʘʤ ʠ ʩʪʫʜʝʥʪʘʤ. 
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ʇʈɽɼʀʉʃʆɺʀɽ 
 

ɺ ʪʝʯʝʥʠʝ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ, ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʪʝʨʨʠʪʦʨʠʠ ʚ ʚʠʜʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ  

ʚ ʘʥʘʣʦʛʦʚʦʤ ʠ ʮʠʬʨʦʚʦʤ ʚʠʜʘʭ, ʧʦʚ̫ʠʣʠʩʴ ʥʦʚʳʝ ʮʠʬʨʦʚʳʝ 

ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʦʜʫʢʪʳ, ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ 3D-

ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʳʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʪʝʨʨʠʪʦʨʠʠ. 

ɺ ʤʦʥʦʛʨʘʬʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝ-

ʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʥʦʩʪʠ ʧʦ ʤʘʪʝʨʠʘʣʘʤ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ. 

ɺ ʨʘʟʜʝʣʝ 1 ʧʨʠʚʦʜʠʪʩʷ ʠʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ ʦ ʨʘʟʚʠʪʠʠ ʩʧʦ-

ʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʩʪʥʦʩʪʠ, 

ʥʘʯʠʥʘʷ ʦʪ ʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʭ ʚ ʧʣʘʥ, ʜʦ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʲ-

ʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ ʩʨʝʜʩʪʚʘʤʠ ʥʘʙʣʶʜʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʩʪʝʨʝʦʤʦ-

ʜʝʣʝʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʜʚʫʤ ʧʝʨʝʢʨʳʚʘʶʱʠʤʩʷ ʠʟʦʙʨʘʞʝʥʠʷʤ 

ʩʥʠʤʢʦʚ.  

ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭ-

ʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʧʦ ʜʘʥʥʳʤ ʎʄʄ ʠ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝ-

ʩʢʠʭ ʠ ʥʘʟʝʤʥʳʭ ʩʲʝʤʦʢ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚ ʨʘʟʜʝʣʝ 2. 

ɺ ʨʘʟʜʝʣʝ 3 ʜʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝh ʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ 

ʎʄʄ ʠ ʜʨʫʛʦʡ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʩʪʨʦʝ-

ʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦ-

ʢʦʩʤʠʯʝʩʢʠʭ ʩʲeʤʦʢ. 

ɺ ʨʘʟʜʝʣʝ 4 ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʠ-

ʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ. ʄʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʪʦʯʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ ʠ ʤʦʜʝʣʝʡ ʦʙʲʝʢ-

ʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʩʨʝʜʘʭ 3D ɻʀʉ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʤʘʪʝʨʠ-

ʘʣʘʤ, ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʟʜʝʣʝ 5.  
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ʈʘʟʜʝʣ 6 ʧʦʩʚʷʱʝʥ ʤʝʪʦʜʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ ʦʮʝʥʢʠ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ 

ʚʠʜʝʦʩʮʝʥ.   

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʤʦʥʦʛʨʘʬʠʠ ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦ-

ʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠ-

ʟʦʚʘʥʳ ʚ ʨʘʤʢʘʭ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʚʝʜʦʤʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ çʈʘʟ-

ʚʠʪʠʝ ʚʫʟʦʚʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʳʩʰʝʡ ʰʢʦʣʳ ʈʦʩʩʠʠ ʥʘ 2009ï

2012 ʛʛ.è ʧʦ ʧʣʘʥʫ ʅʀʈ ʌɻɹʆʋ ɺʇʆ çʉɻɻɸè. 

ʀʥʠʮʠʘʪʦʨʦʤ ʧʦʜʛʦʪʦʚʢʠ ʤʦʥʦʛʨʘʬʠʠ ʷʚʣʷʝʪʩʷ ʊ.ɸ. ʍʣʝʙʥʠ-

ʢʦʚʘ. ɺ ʦʪʜʝʣʴʥʳʭ ʨʘʟʜʝʣʘʭ ʤʦʥʦʛʨʘʬʠʠ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʊ.ɸ. ʍʣʝʙʥʠʢʦʚʦʡ ʚ ʫʩʧʝʰ-

ʥʦ ʟʘʱʠʱʝʥʥʦʡ ʚ 2012 ʛ. ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʩʦʚʤʝʩʪʥʦ ʣʠʙʦ ʩʦ ʩʚʦʠʤ ʥʘʫʯʥʳʤ 

ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʧʦ ʜʠʩʩʝʨʪʘʮʠʠ ʀ.ɻ. ɾʫʨʢʠʥʳʤ [54, 55], ʣʠʙʦ  

ʩ ʀ.ʊ. ɸʥʪʠʧʦʚʳʤ [6, 7, 9].  

ɸʚʪʦʨʩʢʠʡ ʢʦʣʣʝʢʪʠʚ ʚʳʨʘʞʘʝʪ ʩʚʦʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʨʫʢʦ-

ʚʦʜʩʪʚʫ ʉɻɻɸ: ʧʨʦʬʝʩʩʦʨʫ, ʜʦʢʪʦʨʫ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ɸ.ʇ. ʂʘʨ-

ʧʠʢʫ, ʧʨʦʬʝʩʩʦʨʫ ɺ.ɸ. ʉʝʨʝʜʦʚʠʯʫ ʟʘ ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ ʚ ʧʦʜ-

ʛʦʪʦʚʢʝ ʤʦʥʦʛʨʘʬʠʠ. 

ɸʚʪʦʨ rʙʣʘʛʦʜʘʨʥ rʪʘʢʞʝ ʢʦʣʣʝʛʘʤ ʧʦ ʢʘʬʝʜʨʝ ʠʥʞʝʥʝʨʥʦʡ 

ʛʝʦʜʝʟʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʉɻɻɸ, ʧʦ ʢʘʬʝʜʨʝ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʠ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʉɻɻɸ, ʧʦ ʢʘʬʝʜ-

ʨʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʄʀʀɻɸʠʂ ʟʘ ʧʦʤʦʱʴ ʠ ʜʨʫʞʝ-

ʩʢʫʶ ʧʦʜʜʝʨʞʢʫ.  
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ɺɺɽɼɽʅʀɽ 
 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʚʝʜʝʥʠʷʭ ʦ ʤʝʩʪʥʦʩʪʠ ʫʞʝ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʚ ʘʥʘʣʦʛʦʚʦʤ ʠ ʮʠʬ-

ʨʦʚʦʤ ʚʠʜʘʭ. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʢʘʨʪʳ, ʦʪʩʫʪʩʪʚʠʝ 

ʫ ʨʘʙʦʪʥʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʚʝʜʦʤʩʪʚ, ʥʝ ʠʤʝʶʱʠʭ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʫʤʝʥʠʷ ʯʠʪʘʪʴ ʢʘʨʪʫ ʟʘʪʨʫʜʥʷʶʪ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, 

ʘ ʚ ʨʷʜʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʝʝ 

ʧʨʠʤʝʥʝʥʠʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ, ʚʢʣʶʯʘʶʱʠʭ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʡʦʥʘʭ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʨʝʙʫʝʪʩʷ ʜʝʪʘʣʥɹʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʚʳʩʦʪʘʭ ʦʙʲʝʢʪʦʚ ʪʝʨʨʠʪʦʨʠʠ 

ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ. 

ʇʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʮʠʬʨʦʚʳʝ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʦʜʫʢʪʳ, 

ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ 3D-ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʪʨʝʭʤʝʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʪʝʨ-

ʨʠʪʦʨʠʠ. ʇʦʣʫʯʝʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʘʢʠʭ ʥʦʚʳʭ ʚʠʜʦʚ ʮʠʬ-

ʨʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʘ-

ʰʠʥʥʦʡ ʛʨʘʬʠʢʠ ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʝʩʪʥʦ-

ʩʪʠ ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ɺ ʥʘʫʯʥʦʡ ʠ ʪʝʭʥʠʯʝ-

ʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʦʙʦʟʥʘʯʝ-

ʥʠʷ, ʥʘʧʨʠʤʝʨ: ʪʨʝʭʤʝʨʥʳʝ ʚʠʨʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ ʠʣʠ 

3D-(3-Dimentional) ʚʠʟʫʘʣʠʟʘʮʠʠ, ʪʨʝʭʤʝʨʥʳʝ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ, 

3D-ʩʮʝʥʳ, ʪʨʝʭʤʝʨʥʳʝ ʩʮʝʥʳ.  

ʉʨʘʚʥʠʚʘʷ ʧʝʨʠʦʜʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʨʪ  

ʠ ʧʣʘʥʦʚ ʚ ʘʥʘʣʦʛʦʚʦʤ ʠ ʮʠʬʨʦʚʦʤ ʚʠʜʘʭ ʠ 3D-ʧʨʦʜʫʢʪʦʚ, ʧʦ-

ʩʣʝʜʥʠʝ ʧʨʘʚʦʤʝʨʥʦ ʦʧʨʝʜʝʣʷʪʴ ʢʘʢ ʥʦʚʳʝ. ʆʜʥʘʢʦ, ʩ ʥʘʯʘʣʘ ʧʦ-

ʷʚʣʝʥʠʷ, ʨʘʟʚʠʪʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʧʨʦʰʣʦ ʙʦʣʝʝ ʜʚʫʭ ʜʝʩʷʪ-

ʢʦʚ ʣʝʪ. ʇʦʵʪʦʤʫ ʧʦʜ ʦʧʨʝʜʝʣʝʥʠʝʤ çʥʦʚʳʝè ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʜ-

ʨʘʟʫʤʝʚʘʝʪʩʷ çʘʢʪʫʘʣʴʥʳʝ, ʩʦʚʨʝʤʝʥʥʳʝè. 
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ʇʝʨʝʯʝʥʴ 3D-ʧʨʦʜʫʢʪʦʚ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ. ɺ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚʠʟʫʘʣʴʥʳʝ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ 

ʛʦʨʦʜʦʚ. ɺʦ ʤʥʦʛʠʭ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʤʠʨʘ ʪʨʝʭʤʝʨʥʘʷ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʪʘʢʠʭ ʟʘʜʘʯ, 

ʢʘʢ ʛʦʨʦʜʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʦʤ, ʟʘʱʠʪʘ ʦʪ 

ʰʫʤʘ ʠ ʜʨ. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʪʨʝʭʤʝʨʥʳʝ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ 

ʥʘʯʠʥʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʦʤʫ ʩʣʫʞʠʪ ʧʦʷʚʣʝʥʠʝ ʮʠʬʨʦʚʳʭ 3D-

ʤʦʜʝʣʝʡ ʨʦʩʩʠʡʩʢʠʭ ʛʦʨʦʜʦʚ, ʨʝʛʫʣʷʨʥʦ ʚʳʩʪʘʚʣʷʝʤʳʭ ʥʘ ʩʘʡʪʘʭ 

ʚ ʩʝʪʠ Internet, ʘ ʪʘʢʞʝ ʧʫʙʣʠʢʘʮʠʠ ʥʘ ʵʪʫ ʪʝʤʫ. ʊʨʝʭʤʝʨʥʳʝ ʤʦ-

ʜʝʣʠ ʜʘʶʪ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʨʨʠʪʦʨʠʠ ʠ ʩʧʦʩʦʙʩʪʚʫ-

ʶʪ ʥʘʠʣʫʯh ʝʤʫ ʨʝʰʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʠ ʜʝʪʘʣʝʡ ʢʦʥʢʨʝʪʥʦʛʦ ʝʝ ʫʯʘʩʪʢʘ.  

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʮʝʥʢʠ ʚʳʙʨʘʥʥʦʛʦ ʚʘʨʠ-

ʘʥʪʘ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠ ʜʦʩʪʠʛʥʫʪʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʦ ʧʣʘʥʦ-

ʚʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʚʳʩʦʪʝ ʦʙʲʝʢʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʫʪʝʤ ʚʳʜʝʣʝʥʠʷ 

ʪʦʯʝʢ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ, ʥʦ ʠ ʦ ʪʦʯʥʦʩʪʠ ʵʪʠʭ 

ʜʘʥʥʳʭ. ʀʥʬʦʨʤʘʮʠʶ ʪʘʢʦʛʦ ʨʦʜʘ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʤʘʪʝʨʠʘʣʳ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʜʠʩʪʘʥ-

ʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦ-

ʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʘʨʪ ʠ ʧʣʘʥʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʤʝʪʠʣʩʷ ʧʝʨʝʭʦʜ ʦʪ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝ-

ʥʠʡ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʣʝʥʦʯʥʳʤʠ ʢʘʤʝʨʘʤʠ ʢ ʧʦʣʫʯʝʥʠʶ ʮʠʬʨʦ-

ʚʳʭ ʩʥʠʤʢʦʚ ʚ ʧʦʣʝʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʘʵʨʦʬʦʪʦʪʦ-

ʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʤʝʨ. 

ɿʘʨʫʙʝʞʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʩʦʟʜʘʶʪʩʷ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ 

ʤʥʦʛʠʭ ʛʦʨʦʜʦʚ. ɺ ʈʦʩʩʠʠ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʨʘʟʣʠʯʥʳʭ ʚʝʜʦʤʩʪʚ 

ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪ rʧʦ ʩʦʟʜʘʥʠʶ 3D-ʤʦʜʝʣʝʡ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʣʫ-

ʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʩʤʠʯʝʩʢʠʝ 

ʩʥʠʤʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ, ʧʣʘʥʳ 

(ʮʠʬʨʦʚʳʝ ʠʣʠ ʘʥʘʣʦʛʦʚʳʝ), ʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ 

ʨʝʣʴʝʬʘ ï ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʝʣʴʝʬʝ ʩ ʮʠʬʨʦʚʳʭ ʠʣʠ ʘʥʘʣʦʛʦʚʳʭ 
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ʢʘʨʪ (ʧʣʘʥʦʚ). ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ 

ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʣʘʟʝʨʥʦ-ʣʦʢʘʮʠʦʥ- 

ʥʳʭ ʜʘʥʥʳʭ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʤʥʦʛʠʭ ʛʦʨʦʜʦʚ ʠʤʝʶʪʩʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ 

ʧʣʘʥʳ (ʮʠʬʨʦʚʳʝ, ʘʥʘʣʦʛʦʚʳʝ), ʩʦʟʜʘʥʥʳʝ ʠ ʦʙʥʦʚʣʷʝʤʳʝ ʧʦ ʤʘ-

ʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʩʨʝʜʩʪʚʘʤʠ ʠʟʚʝʩʪʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠ-

ʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʝ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ, ʢʘʜʘʩʪʨʘ ʠ ʢʘʨʪʦʛʨʘʬʠʠ (ʈʆʉʈɽɽʉʊʈ) 

(ʨʘʥʝʝ ʈʆʉʂɸʈʊʆɻʈɸʌʀʗ). ʊʘʢʘʷ ʮʠʬʨʦʚʘʷ ʠʣʠ ʘʥʘʣʦʛʦʚʘʷ 

ʧʨʦʜʫʢʮʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʘ, ʪʘʢ ʢʘʢ ʧʦ-

ʣʫʯʝʥʘ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ɼʘʥ-

ʥʳʝ ʮʠʬʨʦʚʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ  ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ ʠ ʦʙʲʝʢʪʦʚ ï ʠʩ-

ʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʈʆ-

ʉʈɽɽʉʊʈ ʠ ʠʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦ-

ʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʠʬʨʦʚʳʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝ-

ʩʢʠʝ ʩʠʩʪʝʤʳ (ʎʌʉ) ʟʘʨʫʙʝʞʥʦʛʦ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ. ʕʪʠ ʩʠʩʪʝʤʳ ʩʣʫʞʘʪ ʠ ʜʣʷ ʩʙʦʨʘ ʪʨʝʭʤʝʨʥʦʡ ʮʠʬʨʦʚʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦ ʪʝʨʨʠʪʦʨʠʠ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʠ ʚ ʛʝʦʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɻʀʉ), ʦʙʣʘʜʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʤ̫ʠ ʨʘ-

ʙʦʪʘʪʴ ʩ ʪʨʝʭʤʝʨʥʳʤʠ ʚʠʜʝʦʩʮʝʥʘʤʠ (3D ɻʀʉ). ɺ ʧʦʩʣʝʜʥʠʝ ʛʦ-

ʜʳ ʚ ʥʝʢʦʪʦʨʳʭ ʎʌʉ ʨʝʘʣʠʟʦʚʘʥ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʠʥʩʪʨʫ-

ʤʝʥʪʘʨʠʡ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʛʦ ʩʙʦʨʘ ʚʝʢʪʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʦʪ-

ʨʘʙʦʪʘʥʥʦʡ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ. ɺʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ, ʧʨʘʚʠʣʘʤʠ ʩʙʦʨʘ, ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʜʣʷ ʧʦʣʫ-

ʯʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ, ʥʝ ʨʝʰʝʥʳ. ɺʦʧʨʦʩʳ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ 

ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʨʘʞʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʠ ʨʝ-

ʰʝʥʠʷ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʨʝʭ-

ʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ï ʧʦʣʫ-

ʯʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʦʛʦ ʮʠʬʨʦʚʦʛʦ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ ï ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ. 

ʀʤʝʥʥʦ ʵʪʦʤʫ ʠ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ ʤʦʥʦʛʨʘʬʠʷ. 
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1. ʉʆɺʈɽʄɽʅʅʓɽ ʉʇʆʉʆɹʓ ʉʆɿɼɸʅʀʗ  
ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ ʀʅʌʆʈʄɸʎʀʀ  

ʆ ʄɽʉʊʅʆʉʊʀ 
 

1.1. ʀʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ ʦ ʨʘʟʚʠʪʠʠ  
ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ  

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʩʪʥʦʩʪʠ 
 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ ʫ ʣʶ-

ʜʝʡ ʩʫʱʝʩʪʚʦʚʘʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʦʪʦʙʨʘʞʘʪʴ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ ʜʦ-

ʩʪʫʧʥʳʤʠ ʩʧʦʩʦʙʘʤʠ (ʥʘʩʢʘʣʴʥʳʝ ʨʠʩʫʥʢʠ ʞʠʚʦʪʥʳʭ, ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʩʮʝʥ ʥʘ ʧʘʧʠʨʫʩʘʭ, ʛʣʠʥʷʥʳʝ ʠ ʜʝʨʝʚʷʥʥʳʝ ʠʟʜʝʣʠʷ ʠ ʜʨ.). 

ʄʥʦʛʦʚʝʢʦʚʦʡ ʧʝʨʠʦʜ ʜʦ ʧʦʷʚʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ  

ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʤʦʞʥʦ ʦʭʘʨʘʢ-

ʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʵʪʘʧ ʟʘʨʦʞʜʝʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʛʨʘʬʠʯʝ-

ʩʢʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʦʚ 

ʤʝʩʪʥʦʩʪʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʭ ʚ ʧʣʘʥ. ɿʘ 350 ʣʝʪ ʜʦ ʥ. ʵ. ɸʨʠ-

ʩʪʦʪʝʣʴ ʚ ʩʚʦʠʭ ʪʨʫʜʘʭ ʧʠʩʘʣ ʦ ʩʚʦʡʩʪʚʝ ʦʧʪʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩʪʨʦ-

ʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʠʭ ʧʫʪʠ, ʧʦ-

ʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʧʨʦʰʣʠ ʯʝʨʝʟ ʥʝʙʦʣʴʰʦʝ ʦʪʚʝʨʩʪʠʝ. ʕʪʦ ʩʚʦʡ-

ʩʪʚʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʢʘʤʝʨʝ-ʦʙʩʢʫʨʝ. ʃʝʦʥʘʨʜʦ ʜʘ ɺʠʥʯʠ 

ʩ 1492 ʛ. ʥʘʯʘʣ ʨʘʙʦʪʘʪʴ ʩ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʦʝʢʮʠʷʤʠ ʠ ʧʦʟʞʝ 

ʦʧʠʩʘʣ ʫʩʪʨʦʡʩʪʚʦ ʢʘʤʝʨʳ-ʦʙʩʢʫʨʳ [76]. 

ɺ 1611 ʛ. ʥʝʤʝʮʢʠʡ ʘʩʪʨʦʥʦʤ ʠ ʤʘʪʝʤʘʪʠʢ ʀ. ʂʝʧʣʝʨ ʜʘʣ 

ʦʙʦʩʥʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢʘʤʝʨʳ-ʦʙʩʢʫʨʳ. ʅʘ ʦʩʥʦ-

ʚʘʥʠʠ ʦʧʳʪʘ ʨʘʙʦʪʳ ʩ ʢʘʤʝʨʦʡ-ʦʙʩʢʫʨʦʡ ʚ 1679 ʛ. ʘʥʛʣʠʡʩʢʠʡ ʝʩʪʝ-

ʩʪʚʦʠʩʧʳʪʘʪʝʣʴ ʈ. ɻʫʢ ʨʘʟʨʘʙʦʪʘʣ ʝʝ ʚʘʨʠʘʥʪ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʢʘ-

ʤʝʨʘ-ʢʣʘʨʘ. ʆʜʥʘʢʦ, ʨʘʙʦʪʘ ʩ ʥʘʟʚʘʥʥʳʤʠ ʢʘʤʝʨʘʤʠ ʙʳʣʘ ʪʨʫʜʦ-

ʝʤʢʦʡ, ʘ ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘ-

ʞʝʥʠʡ ʥʠʟʢʠʤʠ. ʇʦʵʪʦʤʫ ʧʦʠʩʢʠ ʩʧʦʩʦʙʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʙrʩʪʨʫʶ ʠ ʪʦʯʥʫʶ ʬʠʢʩʘʮʠʶ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʭʨʘʥʝʥʠʝ, 

ʧʨʦʜʦʣʞʘʣʠʩʴ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʩʪʘʣʘ ʬʦʪʦʛʨʘʬʠʷ, ʠʟʦʙʨʝʪʝʥʥʘʷ ʚ 

ʢʦʥʮʝ 30-ʭ ʛʛ. XIX  ʚ. ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʟʚʘʥʥʘʷ ʜʘʛʝʨʦʪʠʧʠʝʡ [76]. 
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ɼʦ ʧʦʷʚʣʝʥʠʷ ʬʦʪʦʛʨʘʬʠʠ, ʚ 1832 ʛ. ʘʥʛʣʠʡʩʢʠʡ ʬʠʟʠʢ 
ʏʘʨʣʟ ʋʠʪʩʦʥ (Ch. Wheatstone) ʩʜʝʣʘʣ ʦʪʢʨʳʪʠʷ ʚ ʦʙʣʘʩʪʠ ʩʪʝ-
ʨʝʦʩʢʦʧʠʠ. ʆʥ ʥʝ ʪʦʣʴʢʦ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʯʝʣʦʚʝʢ ʚʠʜʠʪ 
ʦʙʲʝʤʥʳʡ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ ʙʣʘʛʦʜʘʨʷ ʥʝʙʦʣʴʰʠʤ ʨʘʟʣʠʯʠʷʤ 
(ʜʠʩʧʘʨʘʪʥʦʩʪʠ) ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʩʝʪʯʘʪʢʘʭ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʛʣʘ-
ʟʘ, ʥʦ ʠ ʦʪʢʨʳʣ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, 
ʚʩʣʝʜʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʤʳ ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʧʨʠʥʠʤʘʪʴ 
ʦʙʲʝʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ (ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʫʶ ʤʦʜʝʣʴ) ʧʦ ʜʚʫʤ 
ʧʣʦʩʢʠʤ ʩʪʝʨʝʦʛʨʘʤʤʘʤ. ʏʘʨʣʟ ʋʠʪʩʦʥ ʪʘʢʞʝ ʠʟʦʙʨʝʣ ʧʨʠʙʦʨ 
ʜʣʷ ʪʘʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ï ʟʝʨʢʘʣʴʥʳʡ ʩʪʝʨʝʦʩʢʦʧ, ʢʦʪʦʨʳʡ ʧʦʟʚʦ-
ʣʷʣ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʙʲʝʤʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦ-
ʪʦʚʣʝʥʥʳʤ ʨʠʩʫʥʢʘʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦ 
ʚʨʝʤʝʥʠ ʧʦ̫ ʚʣʝʥʠʷ ʬʦʪʦʛʨʘʬʠʠ ʥʘʯʠʥʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʙʦʨʦʚ 
ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʲʝʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ [59].  
ʈʘʟʚʠʪʠʝ ʩʲʝʤʦʯʥʳʭ ʩʠʩʪʝʤ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦ-

ʨʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʲʝʤʦʢ ʚʦ ʚʩʝ ʧʝʨʠʦʜʳ ʙʳʣʦ ʚʟʘ-
ʠʤʦʩʚʷʟʘʥʦ. 
ɺ 1852 ʛ. ʠʥʞʝʥʝʨ-ʤʘʡʦʨ ʬʨʘʥʮʫʟʩʢʦʡ ʘʨʤʠʠ ʕʤʤʝ ʃʦʩʩʝʜʘ 

ʧʝʨʚʳʤ ʠʩʧʦʣʴʟʦʚʘʣ ʬʦʪʦʢʘʤʝʨʫ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʪʦʧʦʛʨʘʬʠʯʝ-
ʩʢʠʭ ʧʣʘʥʦʚ ʤʝʩʪʥʦʩʪʠ. 
ɺ ʩʝʨʝʜʠʥʝ XIX  ʚ. ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʧʘʨʝ ʬʦʪʦʩʥʠʤʢʦʚ ʩ ʧʦʤʦʱʴʶ ʘʥʘʛʣʠʬʠʯʝʩʢʦ-
ʛʦ  
ʠ ʦʙʪʶʨʘʪʦʨʥʦʛʦ ʩʧʦʩʦʙʦʚ. ʇʦʟʞʝ, ʚ 1858ï1859 ʛʛ., ʕʤʤʝ ʃʦʩʩʝ-
ʜʘ ʨʘʟʨʘʙʦʪʘʣ ʢʦʥʩʪʨʫʢʮʠʶ ʧʝʨʚʦʛʦ ʚ ʤʠʨʝ ʬʦʪʦʪʝʦʜʦʣʠʪʘ, ʦʩ-
ʥʦʚʥʦʡ ʯʘʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʣʘʩʴ ʬʦʪʦʢʘʤʝʨʘ. ʕʪʦ ʚʨʝʤʷ ʩʯʠʪʘ-
ʝʪʩʷ ʥʘʯʘʣʦʤ ʟʘʨʦʞʜʝʥʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ. 
ʕʪʘʧ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʦʪ ʩʝʨʝʜʠʥʳ 

XV ʚ. ʜʦ 1854 ʛ. ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʨʦʞʜʝʥʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 
ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʟʝʤʥʳʤ 
ʩʲʝʤʢʘʤ. ʇʝʨʠʦʜ ʦʪ 1854 ʛ. ʜʦ 1880-ʭ ʛʛ. ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʘʣʴ-
ʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʪʦʧʦʛʨʘʬʠ-
ʯʝʩʢʠʭ ʥʘʟʝʤʥʳʭ ʩʲʝʤʦʢ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʧʦ-
ʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʤʝʩʪʥʦʩʪʠ [2]. 
ʇʦʟʞʝ, ʢʘʢ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ ʨʘʟʚʠʚʘʶʪʩʷ  

ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦ-
ʩʪʨʘʥʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ ʩʨʝʜʩʪʚʘʤʠ 
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ʥʘʙʣʶʜʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʩʪʝʨʝʦʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ 
ʧʦ ʜʚʫʤ ʧʝʨʝʢʨʳʚʘʶʱʠʤʩʷ ʬʦʪʦʩʥʠʤʢʘʤ. ɼʚʘ ʬʦʪʦʩʥʠʤʢʘ ʦʜʥʦ-
ʛʦ ʠ ʪʦʛʦ ʞʝ ʫʯʘʩʪʢʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʨʘʟʥʳʭ ʪʦʯʝʢ, ʠʤʝʶʪ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʠʤ ʬʦʪʦʩʥʠʤʢʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝ-
ʩʪʚʦ: ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ ʤʝʩʪʥʦ-
ʩʪʠ. ʇʦ ʩʪʝʨʝʦʧʘʨʝ ʩʥʠʤʢʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʧʣʘʥʦ-
ʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʦʙʲʝʢʪʦʚ, ʥʦ ʠ ʠʭ ʚʳʩʦʪʳ, ʪ. ʝ. ʪʨʝʭʤʝʨʥʳʝ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ [81, 82, 83, 113]. 

ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʩʧʦʩʦʙʦʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʬʦʪʦʩʲʝʤʢʠ ʚʥʝʩʣʠ ʠʟʚʝʩʪ-

ʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʫʯʝʥʳʝ: ɸ.ʉ. ʉʢʠʨʠʜʦʚ, ʅ.ɸ. ʋʨʤʘʝʚ, ɸ.ʅ. ʃʦ-

ʙʘʥʦʚ, ʅ.ʗ. ɹʦʙʠʨ, ʌ.ɺ. ɼʨʦʙʳʰʝʚ, ʄ.ɼ. ʂʦʥʰʠʥ, ɺ.ɹ. ɼʫʙʠ-

ʥʦʚʩʢʠʡ, ʀ.ʊ. ɸʥʪʠʧʦʚ, ʌ.ʌ. ʃʳʩʝʥʢʦ, ɸ.ʇ. ɻʫʢ ʠ ʜʨ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʧʦʩʪʨʦʝʥʠʝ 

ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦ ʬʦʪʦʩʥʠʤʢʘʤ, ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʤ 

ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʙʦʨʘʭ (ʘʥʘʣʦʛʦʚʳʝ ʬʦ-

ʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ) [81].  

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ ʚ ʉʉʉʈ 

(ʧʨʝʝʤʥʠʢ ï ʈʦʩʩʠʷ) ʧʦʣʫʯʠʣʠ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʩ ʢʦʥʮʘ ʧʷʪʠʜʝʩʷ-

ʪʳʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʘʥʘʣʠʪʠʯʝʩʢʦ-

ʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʟʘʠʤʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʪʝʨʝʦʧʘʨʳ ʠ ʚʥʝh-

ʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ, ʦʪʢʨʳʚʰʠʝ ʜʦʨʦʛʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʵʣʝʢʪʨʦʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ (ʕɺʄ), ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʅ.ɸ. ʋʨʤʘʝʚʳʤ, ɸ.ʅ. ʃʦʙʘʥʦʚʳʤ [78]. ʈʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʜʘʥʥʳʭ ʨʝʰʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʬʦʪʦʪʨʠʘʥʛʫʣʠʨʦʚʘʥʠʷ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ 

ʠ ʧʨʦʜʦʣʞʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʢ ʚ ʈʦʩʩʠʠ, 

ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ. 

ʈʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʧʦʩʣʝʜʥʝʡ ʯʝʪʚʝʨʪʠ 

XX ʚ. ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠ-

ʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʩ ʮʠʬʨʦʚʳʤ ʚʳʭʦʜʦʤ ï ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʫʥʠʚʝʨ-

ʩʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʘʥʘʣʦʛʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʩʦʯʝʪʘʣʠʩʴ 

ʩ ʮʠʬʨʦʚʳʤʠ ʚʯrʠʩʣʝʥʠʷʤʠ [83]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʧʨʝʜʝʣʷʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʫʯʠʣʘ ʮʠʬ-

ʨʦʚʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ. çɺʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʬʦ-

ʪʦʛʨʘʤʤʝʪʨʠʶ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʦʯʝʨʝʜʥʦʡ 

ʵʪʘʧ ʚ ʝʝ ʨʘʟʚʠʪʠʠ, ʥʦ ʠ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʘʜʘʧʪʘʮʠʠ  
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ʢ ʛʣʦʙʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʥɹʦ, 

ʩʦʭʨʘʥʝʥʠʷ ʝʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʢʘʢ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʜʠʩ-

ʮʠʧʣʠʥʳè [59, ʩ. 76]. ʎʠʬʨʦʚʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʮʠʬʨʦʚʳʭ ʛʝʦʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ [59, 73]. 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʥʘʟʝʤʥʳʭ, ʚʦʟʜʫʰʥʳʭ ʠ ʢʦʩ-

ʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʣʘʥʦʚʦʝ ʠ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ. ʕʪʘ 

ʠʥʬʦʨʤʘʮʠʷ ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʦʙʨʘʞʘʣʘʩʴ ʚ ʚʠʜʝ ʙʫʤʘʞʥʳʭ ʢʘʨʪ  

ʠ ʧʣʘʥʦʚ, ʘ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ï ʚ ʚʠʜʝ ʮʠʬʨʦʚʳʭ ʪʦʧʦʛʨʘ-

ʬʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʧʣʘʥʦʚ, ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ ʢʘʢ ʩʦʚʦ-

ʢʫʧʥʦʩʪʠ ʪʦʯʝʢ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʍ, Y, Z ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʦʧʠʩʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʦʩʪʦʠʥʩʪʚʘ ʢʘʨʪ ʠ ʧʣʘʥʦʚ ï ʚʳʩʦʢʘʷ ʘʙ-

ʩʪʨʘʢʪʥʦʩʪʴ, ʩʠʥʪʝʪʠʯʥʦʩʪʴ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ, ʥʘʛʣʷʜʥʦʩʪʴ, 

ʦʭʚʘʪ ʣʶʙʦʛʦ ʚʳʙʨʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʝʜʦʩʪʘʪʢʠ ʢʘʨʪʦʛʨʘʬʠ-

ʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ï ʩʪʘʪʠʯʥʦʩʪʴ, ʩʣʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʨʝʪʴ-

ʝʛʦ ʠʟʤʝʨʝʥʠʷ ʦʙʲʝʢʪʦʚ [12]. 

ʉ ʥʘʯʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʕɺʄ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʵʪʠʭ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʩʠʤʚʦʣʴ-

ʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ: ʛʨʘʬʠʢʠ, ʜʠʘʛʨʘʤʤʳ, ʫʩʣʦʚʥʳʝ ʩʭʝʤʳ, ʧʣʘʥʳ 

ʠ ʪ. ʧ. ɺʳʚʦʜ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦ ʯʝʨʝʟ ʘʣʬʘʚʠʪʥʦ-ʮʠʬʨʦʚʦʝ ʧʝʯʘʪʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. 

ɹ ʩrʪʨʦʝ ʨʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʦʪʢʨʳʣʦ ʜʦʨʦʛʫ 

ʤʝʪʦʜʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʚʠʟʫʘ-

ʣʠʟʘʮʠʠ ʥʘ ʵʢʨʘʥʝ ʢʦʤʧʴʶʪʝʨʘ [121, 122, 137]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟ-

ʥʠʢʣʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʤʘʰʠʥʥʘʷ ʛʨʘʬʠʢʘ ï ʥʘʫʢʘ ʦ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ʠ ʦʙʣʠʢʘ ʦʙʲʝʢ-

ʪʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʘʭ ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʉʪʨʝʤʣʝʥʠʝ ʢ ʚʠʟʫʘʣʠʟʘ-

ʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ. ɺ [121, 122] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 50 % ʥʝʡʨʦʥʦʚ ʤʦʟʛʘ ʯʝ-

ʣʦʚʝʢʘ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʙʦʪʢʦʡ ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʤʘʰʠʥʥʘʷ ʛʨʘʬʠʢʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʥʘʣʘ ʩʚʷʟʠ ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ ʠ ʕɺʄ [121, 122].  

ʉʪʘʥʦʚʣʝʥʠʝ ʤʘʰʠʥʥʦʡ ʛʨʘʬʠʢʠ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʯʘʣʫ 1960-ʭ ʛʛ. 

ɺ ʵʪʦ ʚʨʝʤʷ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʠʥʮʠʧʳ ʨʠʩʦʚʘʥʠʷ ʦʪʨʝʟ-
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ʢʘʤʠ, ʫʜʘʣʝʥʠʷ ʥʝʚʠʜʠʤʳʭ ʣʠʥʠʡ, ʤʝʪʦʜʳ ʦʪʦʙʨʘʞʝʥʠʷ ʩʣʦʞʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʥʝʡ, ʫʯʝʪʘ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʩʶʞʝʪʘ. ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʙʳʣʠ ʚ ʦʩʥʦʚʥʦʤ ʥʘʧʨʘʚ-

ʣʝʥʳ ʥʘ ʨʘʟʚʠʪʠʝ ʚʝʢʪʦʨʥʦʡ ʛʨʘʬʠʢʠ. ʀʟ ʧʝʨʚʳʭ ʨʘʙʦʪ ʵʪʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʚʝʢʪʦʨʥʦʡ ʛʨʘʬʠ-

ʢʠ ʦʢʘʟʘʣʠ ʘʣʛʦʨʠʪʤʳ ɹʨʝʟʝʥʭʝʤʘ [153]. ʉʘʟʝʨʣʝʥʜʦʤ ʙʳʣ ʩʦʟʜʘʥ 

ʧʝʨʚʳʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʘʰʠʥʥʦʡ ʛʨʘʬʠʢʠ.  

ɺ 1970-ʝ ʛʛ. ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʬʦʨʤ ʠ ʦʙʲʝʢʪʦʚ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʪʨʝʭʤʝʨ-

ʥʳʭ ʩʮʝʥ, ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ (ʪʨʝʭʤʝʨʥʦʡ ʤʘʰʠʥʥʦʡ ʛʨʘʬʠʢʠ) 

[49, 148]. ɺ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʷʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʩʪʥʦʩʪʠ ʠʣʠ 

ʦʙʲʝʢʪʘ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʝʡ ʪʨʝʭ ʢʦʦʨʜʠʥʘʪ (ʍ, Y, H). çɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʫʩʪʨʘʥʷʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʠ ʢʘʞʜʦʡ ʪʦʯʢʝ ʤʦʜʝʣʠ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʥʘʙʦʨ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʣʴʢʦ ʦʜʥʦ-

ʛʦ ʦʙʲʝʢʪʘè [85, ʩ. 39]. ʉʦʟʜʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʤʦʜʝʣʝʡ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʦʙʝ̡ʤʦʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ [85, 74]. ʄʝʪʦʜʳ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫ-

ʯʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ, 

ʦʮʝʥʠʪʴ ʦʙʣʠʢ ʦʙʲʝʢʪʘ ʠʟ ʥʝʜʦʩʪʫʧʥʦʡ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʧʦʟʠʮʠʠ 

ʠ ʨʝʰʠʪʴ ʨʷʜ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʟʘʜʘʯ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʩʮʝʥ (ʩʶʞʝʪʦʚ) ʪʨʝ-

ʙʫʝʪ ʫʯʝʪʘ ʪʨʝʭʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʝʜʤʝʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʚ ʥʝʤ ʠʩʪʦʯʥʠʢʦʚ ʦʩʚʝʱʝʥʠʷ ʠ ʥʘʙʣʶʜʘʪʝʣʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʚʠʪʠʝ 

ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʩʣʦʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʪʝʢʩʪʫʨ, ʨʝʣʴʝʬʘ, ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷ-

ʣʦʩʴ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʠʭ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ, ʩʛʣʘʞʠʚʘʥʠʶ ʧʦʛʨʝʰʥʦ-

ʩʪʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʨʝʘʣʴ-

ʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ 

[115, 57, 80]. 

ɺ 1980-ʝ ʛʛ., ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʤʦʱʥʦʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʶ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʨʠʥ-
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ʮʠʧʳ ʠ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʘʣʠʩʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ.  

ɺ 90-ʝ ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚʦʟʥʠʢʘʝʪ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ 

ʤʫʣʴʪʠʤʝʜʠʘ, ʟʘʪʝʤ ï ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

ʈʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʨʘʩʰʠʨʝʥʠʝ ʠʭ ʚʦʟʤʦʞʥʦ-

ʩʪʝʡ ʦʙʝʩʧʝʯʠʣʦ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʤʧʴʶʪʝʨ-

ʥʦʛʦ ʩʠʥʪʝʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ï ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʦʙʲʝʜʠʥʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʪʦʨʦʥ ʦʙʲʝʢʪʘ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ [13].  

ʀʥʪʝʨʝʩ ʢ ʩʠʥʪʝʟʫ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʦʡ ʠʥʬʦʨ-

ʤʘʪʠʚʥʦʩʪʴʶ ʧʦʩʣʝʜʥʠʭ. ʀʥʬʦʨʤʘʮʠʷ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʠʟʦʙʨʘ-

ʞʝʥʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʥʘʠʙʦʣʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ, ʠ ʵʪʘ 

ʠʥʬʦʨʤʘʮʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʜʦʩʪʫʧʥʘ ʜʣʷ ʘʥʘʣʠʟʘ: ʜʣʷ ʝʝ 

ʚʦʩʧʨʠʷʪʠʷ ʧʦʣʫʯʘʪʝʣʶ ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴ-

ʰʦʡ ʦʙʲʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ. 

ɺ [115] ʨʘʩʩʤʦʪʨʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝʧʨʝ-

ʨʳʚʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʠʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʜʠʩ-

ʢʨʝʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ɺ ʵʪʦ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ [138], ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʩʪʨʦʚʦʡ ʛʨʘ-

ʬʠʢʠ. ɼʦʩʪʠʞʝʥʠʷ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ ʦʙʝʩʧʝʯʠʣʠ ʧʨʦʛʨʝʩʩ 

ʨʘʩʪʨʦʚʦʡ ʛʨʘʬʠʢʠ [138]. ʈʘʩʰʠʨʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʘʰʠʥʥʦʡ 

ʛʨʘʬʠʢʠ ï ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʨʝʘʣʠʩʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ [149, 150, 112]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʩʪʠʞʝʥʠʡ ʪʨʝʭʤʝʨʥʦʡ 

ʤʘʰʠʥʥʦʡ ʛʨʘʬʠʢʠ ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʝʩʪ-

ʥʦʩʪʠ ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʚʘʪʴ 

ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʥʦʚʳʝ ʚʠʜʳ ʮʠʬʨʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʠʥʬʦʨ-

ʤʘʮʠʝʡ ʦ ʤʝʩʪʥʦʩʪʠ ï ʪʨʝʭʤʝʨʥʳʝ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ [50]. ʊʨʝʭ-

ʤʝʨʥʳʝ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʪʨʝʭʤʝʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʘʥʘʣʦʛʠ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʤʝʩʪ-

ʥʦʩʪʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʬʨʦʚʳʤʠ ʢʘʨʪʘʤʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʦʙ-

ʨʘʙʦʪʢʘ ʪʨʝʭʤʝʨʥʳʭ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʙʦʣʝʝ ʨʘʟʚʠʪʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʕʪʦ ʩʜʝʨʞʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦ-

ʚʳʭ ʤʦʜʝʣʝʡ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ɻʀʉ. 

ʆʙʨʘʙʦʪʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʚʠʜʘ ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʤʦʞʥʳ 
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ʩ ʧʦʤʦʱʴʶ ʤʦʱʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ), ʥʘʧʨʠʤʝʨ 

Erdas Imagine (ERDAS).  

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʝ ʪʨʝʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ, ʧʨʘʢʪʠʯʝʩʢʠ ʙʳʣʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚr ʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ [70, 89]. ʕʪʦ ʦʙʲʷʩʥʣ̫ʦʩʴ ʚʳʩʦʢʦʡ ʮʝʥʦʡ ʢʘʢ ʇʆ, 

ʪʘʢ ʠ ʩʨʝʜʩʪʚ ʩʙʦʨʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʪʨʝʭʤʝʨʥʳʝ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʥʘʯʠʥʘʶʪ ʘʢ-

ʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʥʘ ʪʨʘʥʩ-

ʧʦʨʪʝ (ʥʘʟʝʤʥʦʤ, ʤʦʨʩʢʦʤ, ʚʦʟʜʫʰʥʦʤ), ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʚʠʛʘʮʠ-

ʦʥʥʳʭ ʟʘʜʘʯ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʵʢʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, 

ʚ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʝ, ʚ ʩʠʩʪʝʤʝ ʄɺɼ ʠ ʄʏʉ, ʧʨʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʠ ʠ ʧʨʦʢʣʘʜʢʝ ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʧʨʦʝʢʪʥʦ-ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʠ ʘʨʭʠʪʝʢ-

ʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪʘʭ ʠ ʪ. ʜ. ʇʝʨʝʯʝʥʴ ʘʢʪʫʘʣʴʥʳʭ 3D-

ʧʨʦʜʫʢʪʦʚ ʨʘʩʰʠʨʷʝʪʩʷ. ʉʝʡʯʘʩ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚʠʟʫʘʣʴ-

ʥʳʝ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʛʦʨʦʜʦʚ (ʎʄɻ) [108, 109, 88, 1, 3, 10, 32, 74]. 

ʊʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʫʧʨʦʱʘʶʪ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʯʝʣʦʚʝʢʘ ʢʘʢ 

ʥʘ ʥʝʦʩʚʦʝʥʥʦʡ, ʪʘʢ ʠ ʥʘ ʟʘʩʪʨʦʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʟʚʦʣʷʶʪ 

ʨʝʰʘʪʴ ʤʥʦʛʠʝ ʟʘʜʘʯʠ ʜʣʷ ʩʦʮʠʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ (ʧʦʞʘʨʥʘʷ 

ʩʣʫʞʙʘ, ʩʢʦʨʘʷ ʧʦʤʦʱʴ, ʤʠʣʠʮʠʷ, ʄʏʉ), ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦ-

ʣʝʝ ʧʦʣʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʲʝʢ-

ʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʦʙʩʪʘʥʦʚʢʝ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ 

ʤʝʩʪʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʦʙ-

ʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʙʲʝʢʪʦʚ ʥʘ ʥʝʡ ʚ ʧʝʨʩʧʝʢ-

ʪʠʚʥʦʡ ʧʨʦʝʢʮʠʠ (ʧʩʝʚʜʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ), ʪ. ʝ. ʪʘʢ, ʢʘʢ 

ʚʠʜʝʣ ʙʳ ʝʝ ʥʘʙʣʶʜʘʪʝʣʴ ʠʟ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

(ʩ ʚʳʩʦʪʳ çʧʪʠʯʴʝʛʦ ʧʦʣʝʪʘè, ʠʟ ʦʢʥʘ ʠʣʠ ʩ ʢʨʳʰʠ ʜʦʤʘ, ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʩ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ). ʅʘ ʨʠʩ. 1.1 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ 

ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʩʨʝʜʩʪʚʘʤʠ SiteBuilder 3D ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʢʘʨʪʳ ʚ ArcView GIS 3.2. ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʵʢʨʘʥʘ 

ʧʦʢʘʟʘʥʘ ʜʚʫʤʝʨʥʘʷ ʢʘʨʪʘ, ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʪʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʥʘʙʣʶʜʘʝʤʦʝ ʠʟ ʪʦʯʢʠ ʥʘ ʟʝʤʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ [125]. ʅʘ ʨʠʩ. 1.2 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʧʦʩʪʨʦʝʥʥʦʡ ʩ ʧʦʤʦ-

ʱʴ ʁ ArcGIS [1] ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ, ʠʟʦʙʨʘʞʘʶʱʝʡ ʧʘʥʦʨʘʤʫ 
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ʩʫʝɦʩʪʚʫʶʱʝʡ ʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʟʘʩʪʨʦʡʢʠ ʧʨʠ ʚʟʛʣʷʜʝ ʥʘ ʥʝʝ  

ʩ ʚʳʩʦʪʳ çʧʪʠʯʴʝʛʦ ʧʦʣʝʪʘè.  
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1 ī ʫʯʘʩʪʦʢ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʢʘʨʪʝ; 2 ī ʫʯʘʩʪʦʢ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʝ 

ʈʠʩ. 1.1. ʀʟʦʙʨʘʞʝʥʠʷ ʫʯʘʩʪʢʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʢʘʨʪʝ ʠ ʪʨʝʭʤʝʨʥʦʡ  

ʚʠʜʝʦʩʮʝʥʝ, ʧʦʩʪʨʦʝʥʥʳʝ ʩʨʝʜʩʪʚʘʤʠ SiteBuilder 3D ʚ ʩʨʝʜʝ 

ArcView GIS 3.2 
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ʈʠʩ. 1.2. ʀʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʪʝʨʨʠʪʦʨʠʠ ʚ ʩʨʝʜʝ ArcGIS  

ʊʘʢ ʢʘʢ 3D-ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʜʝʪʘʣʴʥʦ ʧʨʦʩʤʘʪʨʠ-

ʚʘʪʴ ʦʙʲʝʢʪʳ ʥʘ ʟʘʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʥʦ ʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʦʨʜʠʥʘʪʥʫʶ ʧʨʠʚʷʟʢʫ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʥʝʡ, 

ʪʦ ʜʘʥʥʳʝ ʦ 3D-ʤʦʜʝʣʷʭ ʤʦʛʫʪ ʩʪʘʪʴ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʦʙ-

ʱʝʡ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʜʦʨʦʞʥʳʭ 

ʩʣʫʞʙ ʛʦʨʦʜʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ [52]. 

ʇʨʠ ʪʨʝʭʤʝʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʘʥʘʣʠʟʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʦ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭʤʝʨʥʳʭ 

ʢʘʨʪ ʠ ʧʣʘʥʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʠʭ 

ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʜʣʷ ʦʨʛʘʥʦʚ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚ ʮʝʣʦʤ ʧʨʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ [63, 93]. 
 

1.2. ʉʫʱʥʦʩʪʴ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ  
ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ 

 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʪʦʧʦʛʨʘʬʠʠ ʙʳʣʦ ʠ ʦʩʪʘʝʪʩʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʨʨʠʪʦʨʠʠ. ʊʦʧʦʛʨʘʬʠʯʝʩʢʘʷ 

ʢʘʨʪʘ, ʛʜʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʫʯʘʩʪʢʘ ʪʝʨʨʠ-

ʪʦʨʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʘʣʴʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦ-

ʞʝʥʠʷ (ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʘ) ʠ ʫʩʣʦʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʦ ʚʳʩʦʪʝ, 

ʙʳʣʘ ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʪʝʨ-

ʨʠʪʦʨʠʠ ʜʦ ʢʦʥʮʘ ʧʨʦʰʣʦʛʦ ʚʝʢʘ.  

ʆʜʥʘʢʦ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʨʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʥʦʩʪʠ, ʢʘʢ ʧʦ ʚʠʜʫ, 

ʪʘʢ ʠ ʧʦ ʦʙʲʝʤʫ ʩʦʜʝʨʞʘʱʠʭʩʷ ʩʚʝʜʝʥʠʡ, ʫʞʝ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ-

ʩ ̫ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʝʢʪʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʫʶ ʦʩʥʦʚʫ, ʪʨʝʙʫʝʪʩʷ 

ʮʠʬʨʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʝʨʨʠʪʦʨʠʠ, ʦʙʣʘʜʘʶʱʘʷ ʩʣʝʜʫʶʱʠʤʠ 

ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: 
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ï ʨʝʘʣʠʩʪʠʯʥʦʩʪʴʶ ʦʪʦʙʨʘʞʝʥʠʷ ʤʝʩʪʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʫʯʝʪ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʩʦʣʥʮʝʤ ʚ ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ; 

ï ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ ʚ ʪʨʝʭ-

ʤʝʨʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ; 

ï ʦʙʝʩʧʝʯʝʥʠʝʤ ʵʬʬʝʢʪʘ ʧʨʠʩʫʪʩʪʚʠʷ ʥʘʙʣʶʜʘʪʝʣʷ ʥʘ ʤʝʩʪʥʦ-

ʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ ʩ ʧʨʦʠʟ-

ʚʦʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ; 

ï ʦʪʦʙʨʘʞʝʥʠʝʤ ʨʝʘʣʴʥʦʛʦ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʦʙʲʝʢʪʘ; 

ï ʦʙʝʩʧʝʯʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʚʠʛʘʮʠʠ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʠʥʭʨʦʥʥʳʤ ʦʪʦʙʨʘʞʝʥʠʝʤ 

ʚʠʜʘ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ ʧʦ ʧʨʦʠʟʚʦʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʪ 

ʪʦʯʢʠ ʩʪʦʷʥʠʷ; 

ï ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʢ ʘʙʩʦʣʶʪʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʦʪʜʝʣʴ-

ʥʳʭ ʦʙʲʝʢʪʦʚ, ʠ ʚʟʘʠʤʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʠʭ.  

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʪʨʝʙʫʝʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʪʨʦʝʥʠʷ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ ʠʣʠ ʦʙʲʝʢʪʦʚ, ʩʢʨʳʪʳʭ ʧʦʜ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʨʠʚʝʜʝʥʥʳʤ ʧʝʨʝʯʥʝʤ ʩʚʦʡʩʪʚ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ 

ʦʙʲʝʤʝ ʦʙʣʘʜʘʶʪ ʥʦʚʳʝ ʮʠʬʨʦʚʳʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ, 

ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ 3D-ʤʦʜʝʣʝʡ. ʇʦʣʫʯʝʥʠʶ ʪʘʢʠʭ ʥʦʚʳʭ ʚʠ-

ʜʦʚ ʮʠʬʨʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʩʪʠ-

ʞʝʥʠʡ ʪʨʝʭʤʝʨʥʦʡ ʤʘʰʠʥʥʦʡ ʛʨʘʬʠʢʠ ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʝʩʪʥʦʩʪʠ ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

[47, 40]. 

ʇʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʯʪʦ ʪʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʚ ʙʫ-

ʜʫʱʝʤ ʩʪʘʥʝʪ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ, ʘ ʩʦʟʜʘʥʠʝ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʙʫʜʝʪ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʢʘʨ-

ʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʊʨʝʭʤʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʦʩʚʷʱʝʥʦ ʤʥʦʛʦ ʨʘʙʦʪ ʟʘʨʫʙʝʞ-

ʥʳʭ ʫʯʝʥʳʭ (ɼʞ. ʌʦʣʠ, ʋ. ʇʨʵʪʪ, F. Leberl, W. Gruber, ʉ.ɺ. ʆʣʝʡ-

ʥʠʢ ʠ ʜʨ.). ʇʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ ʨʘʙʦʪʘʶʪ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʫʯʝʥʳʝ 

(ɼ.ʌ. ʌʫʢ, ʈ.ɻ. ʉʘʬʠʥ, ʉ.ʉ. ʅʝʭʠʥ, ɺ.ɼ. ɸʚʨʫʪʠʥ, ɸ.ɺ. ɻʨʝʯʠ-

ʱʝʚ, ɺ.ʅ. ʌʠʣʘʪʦʚ, ʉ.ʇ. ʇʨʠʩʷʞʥʶʢ, ʆ.ʈ. ʄʫʩʠʥ, ʈ.ɺ. ʂʦʚʠʥ, 

ʅ.ɻ. ʄʘʨʢʦʚ ʠ ʜʨ.). ɺʦʧʨʦʩʘʤ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʥʘ ʧʦʩʣʝʜʥʠʭ ʢʦʥʛʨʝʩʩʘʭ ʄʝʞʜʫ-

ʥʘʨʦʜʥʦʛʦ ʦʙʱʝʩʪʚʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠ-
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ʨʦʚʘʥʠʷ (ʄʆʌɼɿ). ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ 

ʢʦʤʠʩʩʠʠ III  ʄʆʌɼɿ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ: 

ī ʨʘʟʚʠʪʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

3D-ʦʙʲʝʢʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 2,5D-ʠʟʤʝʨʝʥʠʡ ʙʝʟ ʠʥʪʝʨʘʢʪʠʚʥʦʡ 

ʜʦʨʘʙʦʪʢʠ; 

ī ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʣʷ 

ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʩʪʨʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ [101, 103, 

154, 155,157, 158]. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʨʝʭʤʝʨʥʳʝ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʘʥʘʣʦʛʠ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 

ʤʝʩʪʥʦʩʪʠ. ɺ ʥʘʫʯʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʦʜʷʪʩʷ ʨʘʟ-

ʣʠʯʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʦʙʦʟʥʘʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ: ʪʨʝʭʤʝʨʥʳʝ ʚʠʨ-

ʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ ʠʣʠ 3D-(3-Dimentional) ʚʠʟʫʘʣʠʟʘ-

ʮʠʠ [63, 14, 15, 17, 24], ʚʠʨʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ [24, 52, 

132], ʮʠʬʨʦʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ [117], ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ [47, 40, 133], ʪʨʝʭʤʝʨʥʳʝ ʮʠʬ-

ʨʦʚʳʝ ʤʦʜʝʣʠ [94], 3D-ʤʦʜʝʣʠ, 3D-ʎʄʄ, 3D-ʩʮʝʥʳ [108, 52, 

111], ʪʨʝʭʤʝʨʥʳʝ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʨʝʘʣʠʩʪʠʯʝʩʢʦʛʦ 

ʚʠʜʘ [90]. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʜʚʫʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ 2D, ʪʨʝʭʤʝʨʥʦʝ ï 

3D, ʪʦ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ, ʩʦʚʤʝʱʝʥʥʘʷ ʩ ʬʦ-

ʪʦʩʥʠʤʢʦʤ, ʧʦʣʫʯʠʣʘ ʦʙʦʟʥʘʯʝʥʠʝ 2,5D [33]. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦ-

ʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʠʷ. 

ɺ [24, ʩ. 322] ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ çʚʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʤʝʩʪʥʦʩʪʠ 

(ɺʄʄ) ï ʵʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʝʩʪʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʘʷ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʣʴʝʬʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʝʝ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʷʨʢʦʩʪʷʭ ʠ ʦʙʲʝʢʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʦʙʣʘʜʘʶɦ ʘʷ 

ʵʬʬʝʢʪʦʤ ʧʨʠʩʫʪʩʪʚʠʷ ʥʘ ʤʝʩʪʥʦʩʪʠè. 

ʅʊɼ ɻʆʉʊ ʈ 52055ï2003 [40] ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʩʣʝʜʫʶʱʝʝ 

ʦʧʨʝʜʝʣʝʥʠʝ: çʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʤʝʩʪʥʦʩʪʠ ï ʥʘʛʣʷʜʥʦʝ ʠ 

ʠʟʤʝʨʠʤʦʝ ʪʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚʘʭ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʚʦʩʧʨʦʠʟʚʝ-

ʜʝʥʥʦʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘʙʣʶʜʝʥʠʷ (ʦʙ-

ʟʦʨʘ) ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʥʦʩʪʠ (ʵʣʝʢʪʨʦʥ-

ʥʳʭ ʢʘʨʪ, ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʤʝʩʪʥʦʩʪʠ), ʧʦʣʫʯʝʥʥʦʡ ʩ ʛʝʦʛʨʘ-
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ʬʠʯʝʩʢʠʭ ʢʘʨʪ, ʢʘʜʘʩʪʨʦʚʳʭ ʧʣʘʥʦʚ ʠ ʢʦʩʤʦʘʵʨʦʬʦʪʦʛʨʘʬʠʯʝ-

ʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʝʣʴʝʬʥʳʭ ʢʘʨʪ ʠ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʡè. 

ɺ ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʦʤ ʩʣʦʚʘʨʝ ɸ.ʄ. ɹʝʨʣʷʥʪʘ [13] ʜʘʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʠʷ.  

çɺʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ï ʤʥʦʛʦʤʝʨʥʘʷ ʤʦʜʝʣʴ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢ-

ʪʦʚ ʠʣʠ ʧʨʦʮʝʩʩʦʚ, ʚʦ ʤʥʦʛʠʭ ʦʪʥʦʰʝʥʠʷʭ ʥʝʦʪʣʠʯʠʤʘʷ ʦʪ ʥʠʭ, 

ʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʚ ʧʨʦ-

ʛʨʘʤʤʥʦ-ʫʧʨʘʚʣʷʝʤʦʡ ʩʨʝʜʝè.  

çɺʠʨʪʫʘʣʴʥʘʷ ʩʮʝʥʘ ï ʣʶʙʦʝ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʝ ʩʦʩʪʦʷʥʠʝ (ʚʨʝ-

ʤʝʥʥʦʡ ʩʨʝʟ) ʚʠʨʪʫʘʣʥɹʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠʣʠ ʤʦʜʝʣʠè. 

çʊʨʝʭʤʝʨʥʦʝ ʛʝʦʠʟʦʙʨʘʞʝʥʠʝ ï ʛʝʦʠʟʦʙʨʘʞʝʥʠʝ, ʜʘʶʱʝʝ ʟʨʠ-

ʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʦʙʲʝʤʥʦʩʪʠ, ʧʝʨʩʧʝʢʪʠʚʳ, ʛʣʫʙʠʥʳ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘè [13]. 

ɺ [95] ʧʦʜ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʴʶ ʤʝʩʪʥʦʩʪʠ ʧʦʥʠʤʘʝʪʩʷ 

ʪʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʝʩʪʥʦʩʪʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʡ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ 

ʩʲʝʤʦʢ ʠʣʠ ʨʝʣʴʝʬʥʳʭ ʢʘʨʪ ʥʘ ʵʢʨʘʥʝ ʩʠʩʪʝʤʳ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘʙʣʶʜʝʥʠʷ (ʦʙʟʦʨʘ). 

ʈʘʩʩʤʦʪʨʠʤ ʙʘʟʦʚʳʝ ʧʦʥʷʪʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ [13, 27, 147]: 

ʜʘʥʥʳʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ, ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥ-

ʥʳʝ, ʤʝʩʪʥʦʩʪʴ, ʪʝʨʨʠʪʦʨʠʷ. 

ɼʘʥʥʳʝ ï ʠʟʤʝʨʝʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʨʝʟʫʣʴʪʘʪʳ ʩʲʝʤʢʠ, ʥʘʙʣʁ-

ʜʝʥʥʳʝ ʬʘʢʪʳ, ʣʶʙʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʩʚʝʜʝʥʠʷ ʠ ʦʧʠʩʘʥʠʷ ʦʙʝ̡ʢʪʦʚ 

ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤ ʚʠʜʝ, 

ʧʨʠʛʦʜʥʦʤ ʜʣʷ ʬʠʢʩʘʮʠʠ, ʭʨʘʥʝʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʯʝʣʦ-

ʚʝʢʦʤ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ. ɼʘʥʥʳʝ, ʠʩʧʦʣʟɹʫʝʤʳʝ 

ʚ ʢʘʨʪʦʛʨʘʬʠʠ ʠ ʛʝʦʠʥʬʦʨʤʘʪʠʢʝ, ʩʫʱʝʩʪʚʫʶʪ ʚ ʘʥʘʣʦʛʦʚʦʡ ʛʨʘ-

ʬʠʯʝʩʢʦʡ, ʮʠʬʨʦʚʦʡ, ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʡ, ʘʣʬʘʚʠʪʥʦ-ʮʠʬʨʦʚʦʡ 

ʬʦʨʤʘʭ. ʈʘʟʣʠʯʘʶʪ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʚʚʦʜʠʤʳʝ ʚ ʩʠʩʪʝʤʫ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʠʣʠ ʭʨʘʥʝʥʠʷ, ʠ ʚʳʭʦʜʥʳʝ, ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʫʩʪʨʦʡ-

ʩʪʚʦ ʚʳʚʦʜʘ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ [13]. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʛʝʦʜʘʥ-

ʥʳʝ, ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ï ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ ʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ, ʚʢʣʶʯʘʶʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʠʭ ʤʝʩʪʦʧʦ-
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ʣʦʞʝʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʥʝʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʘʪʨʠʙʫʪʘʭ [27]. 

ɻʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ (ʛʝʦʜʘʥʥʳʝ) ï ʜʘʥʥʳʝ ʦ ʛʝʦʩʠ-

ʩʪʝʤʘʭ ʠʣʠ ʠʭ ʢʦʤʧʦʥʝʥʪʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʛʨʘʬʠʯʝʩʢʦʡ, 

ʮʠʬʨʦʚʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʝ, ʫʜʦʙʥʦʡ ʜʣʷ ʬʠʢʩʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ 

ʯʝʣʦʚʝʢʦʤ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʆʙʳʯʥʦ ʩʦʜʝʨʞʘʪ 

ʩʚʝʜʝʥʠʷ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʩʚʦʡʩʪʚʘʭ (ʘʪʨʠʙʫʪʘʭ) 

[13]. 

ʄʝʩʪʥʦʩʪʴ ï 1. ʏʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʰʠ ʩʦ ʚʩʝʤʠ ʧʨʠʨʦʜʥʳ-

ʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʠ ʩʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ. 2. ʆʙʲʝʢʪ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ, ʫʯʘʩʪʦʢ, ʥʘ ʢʦʪʦ-

ʨʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʲʝʤʢʘ. 3. ʂʨʫʧʥʘʷ (ʨʝʛʠʦʥʘʣʴʥʘʷ) ʪʘʢʩʦʥʦʤʠ-

ʯʝʩʢʘʷ ʝʜʠʥʠʮʘ ʣʘʥʜʰʘʬʪʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʙʲʝʜʠʥʷʶʱʘʷ 

ʛʨʫʧʧʫ ʫʨʦʯʠʱ [13]. 

ʊʝʨʨʠʪʦʨʠʷ ï ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʡ ʩʫʰʠ ʩʦ ʚʩʝʤʠ ʝʝ 

ʧʨʠʨʦʜʥʳʤʠ, ʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʥʘʩʝʣʝʥʠʝʤ ʠ ʨʝʩʫʨʩʘ-

ʤʠ. ʊʝʨʨʠʪʦʨʠʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ, 

ʨʘʟʤʝʨʳ, ʩʪʨʫʢʪʫʨʘ, ʜʨʫʛʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ (ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ) 

ʧʦʢʘʟʘʪʝʣʠ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ (ʣʘʥʜʰʘʬʪʥʳʝ) ʦʩʦʙʝʥʥʦʩʪʠ [13]. 

ɺ [48, ʩ. 398] ʜʘʥʦ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʮʝʥʳ: çʉʮʝʥʘ 

(scene). ɺ ʩʠʩʪʝʤʝ ʧʘʩʩʠʚʥʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʵʪʦ 

ʚʩʝ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʣʠ ʚʦ ʚʨʝʤʝʥʠ ʧʝʨʝʜ ʜʘʪʯʠ-

ʢʦʤ, ʚʢʣʶʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ, ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ʠ ʘʪʤʦʩʬʝʨʫ, 

ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʨʦʭʦʜʠʪ ʵʥʝʨʛʠʷ ʦʪ ʩʚʦʝʛʦ ʠʩʪʦʯʥʠʢʘ ʢ ɿʝʤʣʝ 

ʠ ʦʪ ɿʝʤʣʠ ʢ ʜʘʪʯʠʢʫè. 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʦʧʨʝʜʝʣʝʥʠʝ ʮʠʬʨʦʚʦʛʦ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ ʠ ʙʫʜʝʤ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʝʛʦ ʚ ʜʘʥʥʦʡ ʤʦʥʦʛʨʘʬʠʠ. 

ʊʨʝʭʤʝʨʥʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʚʠʜʝʦʩʮʝʥʘ ï ʪʨʝʭʤʝʨʥʘʷ ʮʠʬʨʦ-

ʚʘʷ ʤʦʜʝʣʴ ʫʯʘʩʪʢʘ ʪʝʨʨʠʪʦʨʠʠ (3D ʎʄʊ), ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ 

ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʠ ʤʦʜʝʣʴ (ʤʦʜʝʣʠ) ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʛʨʘʥʠʮʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʨʝʞʠʤʘʭ ʠ ʨʘʩʯʝʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 3D ʎʄʊ ʩʨʝʜʩʪʚʘʤʠ 

ɻʀʉ ʩʣʫʞʘʪ ʨʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʮʠʬ-
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ʨʦʚʳʝ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ (ʎʄʄ), ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʮʠʬʨʦʚʫʶ 

ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ (ʎʄʈ) ʠ ʪʨʝʭʤʝʨʥʫʶ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʦʙʲʝʢ-

ʪʦʚ ʤʝʩʪʥʦʩʪʠ (ʎʄʆ) [85, 24].  

ʊʝʨʤʠʥʳ ʎʄʄ ʠ ʎʄʆ, ʚʚʝʜʝʥʥʳʝ ʙʦʣʝʝ ʪʨʝʭ ʜʝʩʷʪʠʣʝʪʠʡ 

ʥʘʟʘʜ, ʚʢʣʶʯʘʣʠ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʚ ʦʩʥʦʚʥʦʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʦʙʲ-

ʝʢʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʪʝʨʤʠʥʳ ʩʯʠʪʘʶʪʩʷ ʫʩʪʦʷʚʰʠʤʠʩʷ, 

ʦʜʥʘʢʦ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ ʙʦʣʝʝ ʰʠʨʦʢ ʠ ʩʦʜʝʨʞʠʪ ʥʝ ʪʦʣʴʢʦ ʪʦ-

ʧʦʛʨʘʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʥʦ ʠ ʧʨʦʮʝʩʩʳ, ʷʚʣʝʥʠʷ ʧʨʠʨʦʜʳ (ʦʙ-

ʣʘʯʥʦʩʪʴ, ʪʫʤʘʥ, ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ), ʦʙʲʝʢʪʳ ʚʠʨʪʫʘʣʴʥʳʝ (ʛʨʘ-

ʥʠʮʘ), ʪʨʘʥʩʧʦʨʪ, ʧʦʜʧʠʩʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʛʨʘʥʠʮʘʭ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʉʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʠʝ çʠʟ-

ʤʝʨʠʪʝʣʴʥʘʷè ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʝ ʦʟʥʘʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʝ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʩʯʝʪʥʦ-ʠʟʤʝʨʠ- 

ʪʝʣʴʥʳʭ ʟʘʜʘʯ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʚʳʩʦʪʘʤ ʩ ʫʯʝʪʦʤ ʟʘʜʘʥʥʳʭ 

ʤʝʪʨʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʇʨʦʮʝʩʩ çʠʟʤʝʨʝʥʠʷè ʩʚʦʜʠʪʩʷ ʢ ʩʦʚ-

ʤʝʱʝʥʠʶ ʢʫʨʩʦʨʘ ʥʘ ʵʢʨʘʥʝ ʇʕɺʄ ʩ ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʦʡ ʪʨʝʭ-

ʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʠʟʤʝʨʝʥʠʝ ʢʦʦʨʜʠ-

ʥʘʪ ʪʦʯʢʠ, ʘ ʩʯʠʪʳʚʘʥʠʝ ʟʥʘʯʝʥʠʡ X, Y, Z ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ. ɿʜʝʩʴ 

ʠ ʜʘʣʝʝ ʪʝʨʤʠʥ çʠʟʤʝʨʝʥʠʝè ʩʣʝʜʫʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʩ ʫʯʝʪʦʤ ʵʪʦ-

ʛʦ ʧʦʷʩʥʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʭʤʝʨʥʳʝ ʚʠʜʝʦʩʮʝʥʳ ʚʢʣʶʯʘʶʪ ʤʦʜʝʣʴ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʦʜʝʣʠ ʥʘʟʝʤʥʳʭ (ʧʦʜʟʝʤʥʳʭ) ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʟʜʘʥʥʳʭ ʯʝʣʦʚʝʢʦʤ, ʘ ʪʘʢʞʝ 

ʧʨʦʮʝʩʩʦʚ, ʷʚʣʝʥʠʡ ʧʨʠʨʦʜʳ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʚʠʜʝʦʩʮʝʥʳ ʨʝʰʘʝʪ-

ʩʷ ʜʚʝ ʟʘʜʘʯʠ: ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʠ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʝ 

ʤʦʜʝʣʠ [33, 24]. ɼʣʷ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʩʢʘʥʠʨʦʚʘʥʥʳʝ 

ʢʘʨʪʳ ʠʣʠ ʩʥʠʤʢʠ).  

ʊʨʝʭʤʝʨʥʳʝ ʚʠʜʝʦʩʮʝʥʳ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʚ ʨʘʟʥʳʭ ʬʦʨ-

ʤʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʝʶʱʠʭʩʷ ʠʩʭʦʜʥʳʭ ʎʄʄ ʠ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʮʝʥ.  

ɺʦʟʤʦʞʥʦʩʪʠ 3D ɻʀʉ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʟʚʦʣʷʶʪ ʦʩʫ-

ʝɦʩʪʚʣʷʪʴ ʪʦʣʴʢʦ ʨʘʟʜʝʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʚʠ-

ʜʝʦʩʮʝʥʳ, ʪ. ʝ. ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʪʝʤ 
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çʥʘʩʘʜʢʫè ʥʘ ʥʝʝ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʘ (ʧʦʜ) ʥʝʡ ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ (ʜʝʨʝʚʴʷ, ʧʦʩʪʨʦʡʢʠ, ʦʛʨʘʞʜʝʥʠʷ ʠ ʪ. ʜ.).  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʥʘʙʣʶʜʝʥʠʷ (ʦʙʟʦʨʘ) ʩʦʟʜʘʥʥʳʭ 

ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʩʣʝʜʥʠʝ ʜʝʣʷʪʩʷ ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ (ʪʨʝʭ-

ʤʝʨʥʳʝ ʩʮʝʥʳ) ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ [94, 95]. 

ʉʪʘʪʠʯʝʩʢʠʝ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʩʤʦʪʨ 

ʤʝʩʪʥʦʩʪʠ ʩ ʨʘʟʥʳʭ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ, ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʩʚʝʱʝʥʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ ʧʦ ʟʘ-

ʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʪʨʝʭ-

ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʩʫʱʝʩʪʚʣʷʪʁʩʷ ʜʠʩʢʨʝʪʥʦ.  

ɺʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ:  

ī ʚʟʛʣʷʜ ʠʟ ʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʝʥʥʦʡ ʪʦʯʢʠ, ʢʦʛʜʘ ʟʘʜʘʝʪʩʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʪʦʯʢʫ ʚʟʛʣʷʜʘ (ʧʘʨʘʣʣʝʣʴʥʘʷ ʧʨʦ-

ʝʢʮʠʷ); 

ī ʚʟʛʣʷʜ ʠʟ ʪʦʯʢʠ ʩ ʟʘʜʘʥʥʳʤʠ ʧʣʘʥʦʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠ ʚʳ-

ʩʦʪʦʡ (ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʧʨʦʝʢʮʠʷ). 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ çʧʨʦʣʝʪʝʪʴè ʥʘʜ ʤʝʩʪʥʦ-

ʩʪʴʶ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ (ʠʣʠ ʙʣʠʟʢʦʛʦ ʢ ʨʝʘʣʴʥʦʤʫ) ʚʨʝʤʝʥʠ, 

ʧʦ ʟʘʜʘʥʥʦʡ ʠʣʠ ʧʨʦʠʟʚʦʣʥɹʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʠ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʪ. ʝ. ʜʣʷ ʵʪʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʢʠ ʥʘʙʣʶʜʝ-

ʥʠʷ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʪʨʝʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʣʘʚʥʦ. 

ʇʦʥʷʪʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʛʝʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʫ ʢʦʪʦʨʳʭ ʥʝʧʨʝʨʳʚʥʦ ʚʦ ʚʨʝʤʝʥʠ ʠʟʤʝ-

ʥʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ. ʕʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʦʙʲʝʢʪʦʚ ʚ ʛʝʦʣʦʛʠʠ, ʦʢʝʘ-

ʥʦʣʦʛʠʠ, ʛʠʜʨʦʣʦʛʠʠ, ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʪ. ʜ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʜʠʥʘʤʠ-

ʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ: 

ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʩʪʘʪʠʯʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʤʦ-

ʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʩʦʩʪʦʷʥʠʝ ʥʘ ʟʘʜʘʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝ-

ʤʝʥʠ. ʆʪʦʙʨʘʞʝʥʠʝ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʥʪʝʨ-

ʚʘʣʳ ʚʨʝʤʝʥʠ ʩʦʟʜʘʝʪ ʠʣʣʶʟʠʶ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʚʦ 

ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʜʝh ʠʬʨʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʪ. ʝ. ʠʟʤʝʨʠʪʝʣʴ-

ʥʳʭ ʮʝʣʝʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʠ ʦʙʲʝʢʪʦʚ 
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ʤʝʩʪʥʦʩʪʠ. ʀʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ 

ʩʣʫʞʘʪ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ [52, 111]: 

ī ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʤʘʪʝʨʠʘʣʳ ʘʵʨʦʢʦʩʤʠʯʝ-

ʩʢʠʭ ʩʲʝʤʦʢ, ʣʘʟʝʨʥʦʡ ʣʦʢʘʮʠʠ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʪʝʨʬʝʨʦ-

ʤʝʪʨʠʠ); 

ī ʘʨʭʠʚʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʙʫʤʘʞʥʳʭ ʥʦ-

ʩʠʪʝʣʷʭ; 

ī ʮʠʬʨʦʚʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʧʣʘʥʦʚ; 

ī ʛʝʦʜʝʟʠʠ ʠ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ;  

ī ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʘʪʨʠʙʫʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

ī ʥʘʟʝʤʥʳʭ ʬʦʪʦʛʨʘʬʠʡ ʟʜʘʥʠʡ (ʬʦʪʦʪʝʢʩʪʫʨʳ); 

ī ʙʠʙʣʠʦʪʝʢ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚʳʭ ʦʙʲʝʢʪʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝ-

ʣʴʝʬʘ ʠ ʦʙʲʝʢʪʦʚ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥ-

ʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. ʊʘʢ ʥʘʟʳʚʘʝʤʳʡ 

çʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩ ʜʘʥʥʳʭè, ʬʦʨʤʠʨʫʝʤʳʡ ʝʜʠʥʦʚʨʝʤʝʥʥʦ, ʦʙʣʘ-

ʜʘʝʪ ʥʘʠʙʦʣʴh ʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʮʝʥʥʦʩʪʴʶ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʪʨʠ ʚʠʜʘ ʜʘʥʥʳʭ [90]: 

ī ʣʘʟʝʨʥʦ-ʣʦʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ (ʦʙʣʘʢʘ ʣʘʟʝʨʥʳʭ ʪʦʯʝʢ); 

ī ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʜʘʥʥʳʝ (ʮʠʬʨʦʚʳʝ ʘʵʨʦʬʦʪʦʩʥʠʤʢʠ); 

ī ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ (ʜʘʥʥʳʝ GPS, ɻʃʆʅɸʉʉ ʠ ʠʥʝʨʮʠ-

ʘʣʴʥʦʡ ʩʠʩʪʝʤʳ). 
 

1.3. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  
ʜʣ ̫ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪʩʷ ɻʀʉ, 

ʦʧʝʨʠʨʫʶʱʠʝ ʩ ʪʨʝʭʤʝʨʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦʙʲʝʢʪʦʚ ʫʯʘʩʪʢʦʚ 

ʪʝʨʨʠʪʦʨʠʡ. ɺ ʈʦʩʩʠʠ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʨʘʟʣʠʯʥʳʭ ʚʝʜʦʤʩʪʚ ʚr -

ʧʦʣʥʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʪʨʝʭʤʝʨʥʳʭ ʚʠ-

ʜʝʦʩʮʝʥ, ʭʦʪʷ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʠ ʧʝʨʝ-

ʜʘʯʝʡ ʜʘʥʥʳʭ, ʥʝ ʨʝʰʝʥʳ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʥʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʘʨʠʘʥʪʳ 
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ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʩʦʟʜʘʥʠʝ ʎʄʄ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʠʩʧʦʣʟɹʫʶʪʩʷ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʎʄʄ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ: 

ʘ) ʘʨʭʠʚʥʳʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʚ ʘʥʘʣʦʛʦʚʦʤ ʚʠʜʝ 

ʠʣʠ ʮʠʬʨʦʚʳʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ ʠ ʧʣʘʥʳ; 

ʙ) ʘʵʨʦʬʦʪʦʩʥʠʤʢʠ ʠ ʢʦʩʤʠʯʝʩʢʠʝ ʩʥʠʤʢʠ; 

ʚ) ʜʘʥʥʳʝ ʣʘʟʝʨʥʦʡ ʣʦʢʘʮʠʠ ʠ ʮʠʬʨʦʚʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ;  

ʛ) ʤʘʪʝʨʠʘʣʳ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ; 

ʜ) ʜʘʥʥʳʝ ʧʦʣʝʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʲʝʤʦʢ.  

ʇʝʨʚʳʡ ʚʠʜ ʪʝʭʥʦʣʦʛʠʡ ʦʩʥʦʚʘʥ ʥʘ ʩʢʘʥʠʨʦʚʘʥʠʠ ʜʠʘʧʦʟʠʪʠ-

ʚʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠʣʠ ʪʠʨʘʞʥʳʭ ʦʪʪʠʩʢʦʚ ʪʦʧʦʛʨʘʬʠʯʝ-

ʩʢʠʭ ʢʘʨʪ, ʧʣʘʥʦʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʠʬʨʦʚʢʝ, ʪ. ʝ. ʧʦʜʛʦʪʦʚʢʝ 

ʮʠʬʨʦʚʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ, ʧʣʘʥʦʚ (ʎʊʂ, ʎʊʇ) ï ʜʚʫʭ-

ʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʎʊʂ ʠʣʠ ʎʊʇ ʠʩʧʦʣʟɹʫʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʝʢʪʦʨʠʟʘʮʠʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʬʘʡʣʦʚ ʨʘʩʪʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʨʝʜ-

ʩʪʚʘʤʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [55, 48]. ʇʨʠ-

ʤʝʨʦʤ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʝʭʥʦʣʦʛʠʠ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ɻʀʉ ʇʘʥʦʨʘʤʘ, ɻʀʉ ʅʝʚʘ ʠ ʪ. ʜ. [22, 28, 29, 

68, 116]. 

ʎʊʂ ʠ ʎʊʇ ʧʦʣʫʯʘʶʪ ʥʝ ʪʦʣʴʢʦ ʨʫʯʥʦʡ ʦʮʠʬʨʦʚʢʦʡ, ʥʦ ʠ ʩʨʝʜ-

ʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʛʝʥʝʨʘʣʠʟʘʮʠʠ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ  

ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʊʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʁ ʪ ʧʦ ʎʊʂ ʠ ʎʊʇ 

ʠʩʭʦʜʥʳʭ ʤʘʩʰʪʘʙʦʚ ʧʦʣʫʯʘʪʴ ʮʠʬʨʦʚʳʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨ-

ʪʳ ʠ ʧʣʘʥʳ ʧʨʦʠʟʚʦʜʥʳʭ ʤʘʩʰʪʘʙʦʚ. ʇʨʦʮʝʩʩ ʛʝʥʝʨʘʣʠʟʘʮʠʠ ʩʦ-

ʩʪʦʠʪ ʚ ʦʪʙʦʨʝ ʵʣʝʤʝʥʪʦʚ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʪʳ ʥʘ ʠʩʭʦʜʥʦʤ ʤʘʪʝ-

ʨʠʘʣʝ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʦʨʤʘʤ ʠ ʮʝʥʟʘʤ ʠ ʦʙʦʙʱʝʥʠʠ ʠʭ ʠʟʦʙ-

ʨʘʞʝʥʠʷ ʥʘ ʩʦʩʪʘʚʣʷʝʤʦʡ ʢʘʨʪʝ. ʇʨʠ ʵʪʦʤ ʠʩʢʣʶʯʘʶʪʩʷ ʧʨʦʮʝʩ-

ʩʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʮʠʬʨʦʚʘʥʠʷ ʢʘʨʪ ʪʨʝʙʫʝʤʳʭ ʤʘʩʰʪʘʙʦʚ 

ʧʫʪʝʤ ʟʘʤʝʥʳ ʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʩʦʩʪʘʚʣʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ 

ʠʤʝʶʱʠʭʩʷ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʤʘʩʰʪʘʙʘ. ʂʩʪʘʪʠ 

ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʨʷʜʝ ʦʨʛʘʥʠʟʘʮʠʡ ʈʆʉʈɽɽʉʊʈ ʫʩʧʝʰʥʦ ʘʧʨʦʙʠ-

ʨʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʛʝʥʝʨʘʣʠʟʘʮʠʠ ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʢʘʨʪ ʠ ʧʣʘʥʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʦʜ ʨʫʢʦʚʦʜ-

ʩʪʚʦʤ ʠ ʧʨʠ ʫʯʘʩʪʠʠ ʊ.ɸ. ʍʣʝʙʥʠʢʦʚʦʡ [67, 86, 87]. 
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ʇʨʠ ʥʘʣʠʯʠʠ ʎʊʂ ʠʣʠ ʎʊʇ ʠʥʬʦʨʤʘʮʠʷ ʜʦʧʦʣʥʷʝʪʩʷ ʢʘʜʘʩʪ-

ʨʦʚʳʤʠ ʜʘʥʥʳʤʠ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʟʥʘʯʝʥʠʷʤʠ ʚʳʩʦʪ ʦʙʲʝʢʪʦʚ), 

ʤʘʪʝʨʠʘʣʘʤʠ ʬʦʪʦʩʲʝʤʢʠ (ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʢʩʪʫʨʳ ʬʘʩʘʜʦʚ ʩʪʨʦʝ-

ʥʠʡ) ʠ ʜʨʫʛʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʦʙʲʝʢʪʘʭ ʤʝʩʪʥʦ-

ʩʪʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤ-

ʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ɻʀʉ ʠʣʠ ʉɸʇʈ ï 3D ɻʀʉ. 

ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʪʝʭ-

ʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʩʦʛʣʘʩʦʚʘʥʦ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʤʝʩʪʥʦʩʪʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʨʭʠʚʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ 

ʮʠʬʨʦʚʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʧʣʘʥʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1.3. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʦʛʦʚʳʭ ʠʣʠ ʮʠʬʨʦʚʳʭ  

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʧʣʘʥʦʚ 
 

 

ʇʨʠʤʝʨʘʤʠ ʧʨʦʜʫʢʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʪʝʭʥʦʣʦʛʠ̫ ʤ, 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʛʦʨʦʜʦʚ, ʝʞʝʛʦʜʥʦ ʧʨʝʜʩʪʘʚ-

ʂʘʨʪʘ (ʧʣʘʥ) 

ʥʘ ʪʚʝʨʜʦʡ 

ʦʩʥʦʚʝ 

ʉʢʘʥʠʨʦʚʘʥʠʝ 

ɺʝʢʪʦʨʠʟʘʮʠʷ 

ʉɸʇʈ ʠʣʠ 

3D ɻʀʉ 

ʉʦʟʜʘʥʠʝ 

ʎʄʈ 

ʉʦʛʣʘʩʦʚʘʥʠʝ 

ʎʄʈ ʠ ʎʄʆ 

ʉʦʟʜʘʥʠʝ 

3D ʎʄʊ 

ʎʠʬʨʦʚʘʷ 

ʚʝʢʪʦʨʥʘʷ 

ʢʘʨʪʘ (ʧʣʘʥ) 

ɼʦʧʦʣʥʠʪʝʣʥɹʘʷ 

ʠʥʬʦʨʤʘʮʠʷ, 
ʚʳʩʦʪʳ, ʪʝʢʩʪʫʨʳ 

ʉʦʟʜʘʥʠʝ 

ʎʄʆ 
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ʣʷʚʰʠʝʩʷ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʛʨʝʩʩʘʭ çɻɽʆ-ʉʠʙʠʨʴè (ʛ. ʅʦʚʦʩʠ-

ʙʠʨʩʢ), ʧʨʦʭʦʜʠʚʰʠʭ ʚ 2005ï2012 ʛʛ., ʠ ʧʫʙʣʠʢʦʚʘʚʰʠʝʩʷ ʥʘ 

ʩʘʡʪʘʭ ʩʝʪʠ Internet.  

ɼʦʩʪʦʠʥʩʪʚʘ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ï ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʪʨʝʭʤʝʨʥʦʡ ʮʠʬʨʦʚʦʡ ʚʠʜʝʦʩʮʝʥʳ ʧʨʠ ʥʘʣʠʯʠʠ ʪʦʣʴʢʦ ʢʘʨʪʤʘ-

ʪʝʨʠʘʣʦʚ. ʅʝʜʦʩʪʘʪʢʠ ī ʙʦʣʴʰʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙ-

ʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʦʡ, ʝʩʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʩʦʚ-

ʤʝʱʘʶʪ ʚ ʝʜʠʥʦʤ ʢʦʤʧʣʝʢʩʝ ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝ-

ʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʧʦʣʥʷʪʴ ʦʙʨʘʙʦʪʢʫ ʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʢʘʜʘʩʪ-

ʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʦʟʜʘʥʠʝ ʎʊʂ (ʎʊʇ), ʪʨʝʭ-

ʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ, ʪʝʢʩʪʫʨ, ʪʨʝʭʤʝʨʥʦʡ ʚʠ-

ʜʝʦʩʮʝʥʳ [1, 22, 28, 29]. ʇʨʠʤʝʨ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ ʧʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ ʤʘʪʝ-

ʨʠʘʣʘʤ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʡ ʢʘʨʪʳ 

ʩʨʝʜʩʪʚʘʤʠ ɻʀʉ ʅʝʚʘ 

ʉʙʦʨ ʠʥʬʦʨʤʘʮʠʠ  

ʥʘ ʦʙʲʝʢʪʳ ʥʝʜʚʠʞʠʤʦʩʪʠ 
ʌʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʬʘʩʘʜʦʚ 

ʉʦʟʜʘʥʠʝ ʙʘʟ ʪʝʤʘʪʠʯʝʩʢʠʭ  

ʜʘʥʥʳʭ, ʪʝʢʩʪʫʨ 

ɹʘʟʘ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ɹʘʟʘ ʜʘʥʥʳʭ ʬʘʩʘʜʦʚ 

ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ  

ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ 

ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ 

ʎʄʈ ʠ ʪʝʢʩʪʫʨʳ 

              ʤʝʩʪʥʦʩʪʠ 

ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ 

ʩ ʦʙʲʝʢʪʘʤʠ ʥʝʜʚʠʞʠʤʦʩʪʠ 
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ʈʠʩ. 1.4. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ  

ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɻʀʉ ʅʝʚʘ 

 

 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʧʨʠʚʣʝʢʘʪʴʩʷ 

ʤʘʪʝʨʠʘʣʳ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʮʠʬʨʦʚʦʡ ʩʲʝʤʢʠ ʠ ʜʘʥʥʳʝ ʧʦʣʝʚʦʛʦ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʤʢʘʭ 

ʝʝ ʥʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʦʙ-

ʨʘʙʦʪʢʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩʨʝʜʩʪʚʘʤʠ ʜʨʫʛʠʭ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʨʝʙʫʝʪʩʷ ʢʦʥʚʝʨ-

ʪʠʨʦʚʘʥʠʝ. 

ʊʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ ʧʦ ʤʘʪʝʨʠʘ-

ʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʜʚʫʭ ʩʭʝʤ ʥʘ 

ʨʠʩ. 1.5, 1.6. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʦ-

ʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʷʜʨʦʤ ʪʝʭʥʦʣʦ-

ʛʠʡ ʩʦʟʜʘʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʎʊʂ, ʎʊʇ, ʮʠʬʨʦʚʳʭ ʦʨʪʦʬʦʪʦʧʣʘ-

ʥʦʚ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʣʘʥʦʚ, ʎʄʄ.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1.5. ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ  

ʤʝʩʪʥʦʩʪʠ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ 

 

ʉʦʩʪʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘ 

ʄʘʪʝʨʠʘʣʳ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ 
ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ 

ʉʢʘʥʠʨʦʚʘʥʠʝ  

ʬʦʪʦʩʥʠʤʢʦʚ 

ʇʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ  

ʧʦʜʛʦʪʦʚʢʘ  

ʬʦʪʦʩʥʠʤʢʦʚ  

ʇʦʜʛʦʪʦʚʢʘ  

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʎʊʂ (ʎʊʇ), ʎʄʄ 

ʕʢʩʧʦʨʪ ʎʄʄ ʚ ʚʳʭʦʜʥʳʝ ʬʦʨʤʘʪʳ, 

ʩʦʚʤʝʩʪʠʤʳʝ ʩ 3D ɻʀʉ 
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ʆʩʥʦʚʥʳʤʠ ʵʪʘʧʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ: 

ï ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʥʘ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠ-

ʯʝʩʢʠʝ ʨʘʙʦʪʳ; 

ï ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ (ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʲʝʤʢʠ); 

ï ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ; 

ï ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ (ʢʦʩʤʠʯʝ-

ʩʢʠʭ ʩʥʠʤʢʦʚ); 

ï ʩʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʥʠʤʢʦʚ ʥʘ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʘʭ (ɸʌʇ) ʠʣʠ ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪ-

ʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ; 

ï ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ ʧʦ ʢʦʥʪʨʦʣʶ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʢʘʤʝʨʘʣʴʥʦ-

ʛʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʠ ʩʪʝʨʝʦʨʠʩʦʚʢʝ, ʜʦʩʲʝʤʢʘ ʥʝʠʟʦʙʨʘʟʠʚʰʠʭ-

ʩʷ ʢʦʥʪʫʨʦʚ ʠ ʩʙʦʨ ʩʚʝʜʝʥʠʡ ʦʙ ʦʙʲʝʢʪʘʭ ʤʝʩʪʥʦʩʪʠ; 

ï ʜʦʧʦʣʥʝʥʠʝ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʙʦʨʘ ʮʠʬʨʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ;  

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʎʄʆ ʠ ʎʄʈ ʚ ʟʘʜʘʥʥʳʭ ʬʦʨʤʘʪʘʭ ʵʢʩʧʦʨʪʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1.6. ʉʭʝʤʘ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʚ 3D ɻʀʉ 
 

 

ʎʄʆ ʎʄʈ 

ʂʦʥʚʝʨʪʘʮʠʷ ʎʄʄ  

ʚ 3D ɻʀʉ 

 

ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ  

ʚ ʩʨʝʜʝ 3D ɻʀʉ 

 

ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʟʝʤʥʦʡ  

ʧʦʚʝʨʭʥʦʩʪʠ 

ʊʝʢʩʪʫʨʠʨʦ-

ʚʘʥʠʝ 

ʦʙʲʝʢʪʦʚ 

ʉʦʚʤʝʱʝʥʠʝ  

ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ  

ʩ ʤʦʜʝʣʴʶ ʟʝʤʥʦʡ 

 ʧʦʚʝʨʭʥʦʩʪʠ 

ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ  

ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ  

ʟʝʤʥʦʡ  

ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʨʝʜʩʪʚʘʤʠ  

3D ɻʀʉ 

ʊʝʢʩʪʫʨʠʨʦʚʘʥʠʝ 

ʤʦʜʝʣʠ ʟʝʤʥʦʡ 

 ʧʦʚʝʨʭʥʦʩʪʠ 
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ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʚ 3D ɻʀʉ ʚʢʣʶʯʘʝʪ ʚ ʩʝ-

ʙʷ ʩʣʝʜʫʶɦ ʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ (ʩʤ. ʨʠʩ. 1.6). 

ï ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʝ ʎʄʈ ʠ ʎʄʆ ʚ 3D ɻʀʉ; 

ï ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

ï ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ. 

ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʍʍ ʚ. ʧʨʦʛʨʝʩʩ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʠʥʪʝʛʨʘʮʠʠ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ ʩ ʤʝʪʦʜʘʤʠ ʦʙʨʘʙʦʪ-

ʢʠ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɿɿ). ɼʦʧʦʣʥʠ-

ʪʝʣʴʥʦʡ ʦʩʥʦʚʦʡ ʪʘʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʧʦʩʣʫʞʠʣʦ: 

ï ʨʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

ï ʧʦʷʚʣʝʥʠʝ ʘʥʠʤʘʮʠʦʥʥʳʭ ʠ 3D-ʧʨʦʛʨʘʤʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

ï ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʨʷʜʦʚʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʦʣʦʞʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʪʩʷ ʥʝʜʘʚʥʠʤ ʩʥʷʪʠʝʤ ʨʝʞʠʤʦʚ ʩʝʢʨʝʪʥʦʩʪʠ ʩ ʤʥʦʛʠʭ ʜʘʥ-

ʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʕʪʦ 

ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʦ ɿʝʤʣʝ ʩʪʘʣʦ 

ʜʦʩʪʫʧʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ. 

ɺ ʩʝʨʝʜʠʥʝ 1990-ʭ ʛʛ. ʧʦʷʚʠʣʠʩʴ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʥ-

ʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ɻʀʉ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ɼɿɿ (ʬʠʨʤʳ ERDAS, ER Mapping, PCI ʠ ʜʨ.) 

[24, 156, 166]. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʝʜʠʥʳʡ ʢʦʤ-

ʧʣʝʢʩ ʨʷʜʘ ʧʨʠʣʦʞʝʥʠʡ, ʚʳʧʦʣʥʷʶʱʠʭ ʩʦʟʜʘʥʠʝ ʎʊʂ (ʎʊʇ), 

ʎʄʄ, ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʠ ʨʝʰʝʥʠʝ ʨʷʜʘ ʜʨʫʛʠʭ ʟʘʜʘʯ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ. 

ɺ ʈʦʩʩʠʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʨʷʜʦʤ ʢʦʤ-

ʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʘ ʪʘʢʞʝ ʚ ʈʆʉʈɽɽʉʊʈ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʈʦʩʩʠʠ ʜʣʷ ʩʙʦʨʘ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʤʝʩʪʥʦ-

ʩʪʠ ʠ ʠʥʞʝʥʝʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʪʘʣʠ ʚʥʝʜʨʷʪʴʩʷ ʪʝʭʥʦʣʦʛʠʠ 

ʥʘʟʝʤʥʦʡ ʠ ʚʦʟʜʫʰʥʦʡ ʣʘʟʝʨʥʦʡ ʣʦʢʘʮʠʠ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʠʩ-

ʧʦʣɹʟʫʶʪ ʣʘʟʝʨʥʳʝ ʣʦʢʘʪʦʨʳ ʠʣʠ ʣʠʜʘʨʳ, ʮʠʬʨʦʚʳʝ ʘʵʨʦʬʦʪʦ-

ʘʧʧʘʨʘʪʳ, ʩʠʩʪʝʤʳ ʧʨʷʤʦʛʦ ʛʝʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ [90, 91, 99].  

ɺ [90] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʣʘʟʝʨʥʦ-ʣʦʢʘʮʠʦʥʥʳʡ 

ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʣʘʟʝʨʥʳʭ ʣʦʢʘʪʦ-

ʨʦʚ, ʥʦ ʠ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʩʙʦʨʘ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. 
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ʊʘʢ ʥʘʟʳʚʘʝʤʳʡ çʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩ ʜʘʥʥʳʭè ʬʦʨʤʠʨʫʝʪʩʷ ʝʜʠ-

ʥʦʚʨʝʤʝʥʥʦ, ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʮʝʥʥʦʩʪʴʶ 

ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʚʠʜʘ ʜʘʥʥʳʭ: 

ī ʩʦʙʩʪʚʝʥʥʦ ʣʘʟʝʨʥʦ-ʣʦʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ (ʦʙʣʘʢʘ ʣʘʟʝʨʥʳʭ 

ʪʦʯʝʢ); 

ī ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʜʘʥʥʳʝ (ʮʠʬʨʦʚʳʝ ʘʵʨʦʬʦʪʦʩʥʠʤʢʠ); 

ī ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ (ʜʘʥʥʳʝ GPS, GALILEO, ɻʃʆʅɸʉʉ 

ʠ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ). 

ʃʘʟʝʨʥʳʝ ʜʘʥʥʳʝ ʠ ʘʵʨʦʬʦʪʦʩʥʠʤʢʠ, ʧʦʜʚʝʨʛʥʫʪʳʝ ʩʪʝʨʝʦ-

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʷʚʣʷʶʪʩʷ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʚʟʘʠʤʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʡ ʧʨʠʚʷʟʢʠ. ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦ-

ʮʝʩʩʳ, ʢʘʢ ʚʳʜʝʣʝʥʠʝ ʦʧʦʟʥʘʢʦʚ ʧʦ ʣʘʟʝʨʥʳʤ ʜʘʥʥʳʤ, ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʦʜʠʥʦʯʥʦʛʦ ʩʥʠʤʢʘ ʠ ʙʣʦʢʦʚ, ʫʨʘʚʥʠ-

ʚʘʥʠʝ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʭ ʩʝʪʝʡ. 

ʎʠʬʨʦʚʳʝ ʘʵʨʦʬʦʪʦʩʥʠʤʢʠ çʧʦ ʩʚʦʝʤʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʠ ʤʝʪʦʜʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʘʣʦ ʦʪ-

ʣʠʯʘʶʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʧʦ-

ʤʦʱʴʶ ʧʣʝʥʦʯʥʳʭ ʢʘʤʝʨè [90]. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬ-

ʨʦʚʦʡ ʢʘʤʝʨʳ ʠʩʢʣʶʯʘʝʪ ʬʦʪʦʭʠʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʩʢʘʥʠ-

ʨʦʚʘʥʠʝ ʬʦʪʦʩʥʠʤʢʦʚ. ɹʦʣʴʰʠʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʮʠʬʨʦʚʦʡ ʘʵʨʦ-

ʬʦʪʦʩʲʝʤʢʠ ʩʣʫʞʠʪ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʝʨʝʜʘʯʫ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤʫ ʢʘʥʘʣʫ, ʯʪʦ ʧʦʟʚʦʣʷ-

ʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʮʠʬʨʦʚʳʝ ʢʘʤʝʨʳ ʥʘ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʘʭ ʠ ʥʘʙʣʶʜʘʪʴ ʟʘ ʪʝʨʨʠʪʦʨʠʝʡ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 

ʚʨʝʤʝʥʠ. 

ʇʨʠʥʮʠʧ ʪʨʝʭʤʝʨʥʦʡ ʥʘʟʝʤʥʦʡ ʣʘʟʝʨʥʦʡ ʣʦʢʘʮʠʠ ʠ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ [91]. ʃʘʟʝʨ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʩʪʦ-

ʨʦʥʫ ʦʙʲʝʢʪʘ, ʚʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʳʚʦʜʠʪ ʥʘ 

ʢɻʨʘʥ ʢʦʤʧʴʶʪʝʨʘ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʧʝʨʘʪʦʨʫ ʢʦʥ-

ʪʨʦʣʠʨʦʚʘʪʴ ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʆʧʝʨʘʪʦʨ ʟʘʧʫʩʢʘʝʪ ʧʨʦʮʝʩʩ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʨʠʙʦʨ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʢʘʥʠʨʫʝʪ ʚʳʙʨʘʥʥʫʶ ʦʙ-

ʣʘʩʪʴ ʧʨʠ ʧʦʤʦʱʠ ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʙʳʩʪʨʦ ʧʨʦʚʦ-

ʜʷʱʠʭ ʧʫʣʴʩʠʨʫʶʱʠʤ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ ʩʢʘʥʝʨʘ ʧʦ ʠʟʤʝʨʷʝʤʦʡ 

ʦʙʣʘʩʪʠ. ʊʨʝʭʤʝʨʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʥʠʤʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝ-
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ʛʠʩʪʨʠʨʫʝʪʩʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʳʚʦʜʦʤ ʥʘ ʜʠʩʧʣʝʡ ʚ ʚʠʜʝ ʤʘʩ-

ʩʠʚʘ ʪʦʯʝʢ, ʠʤʝʶʱʠʭ ʪʨʠ ʢʦʦʨʜʠʥʘʪʳ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʢʘʟʘʪʝʣʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʠʷ ʠ/ʠʣʠ ʠʩʪʠʥʥʦʛʦ ʮʚʝʪʘ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʦʯʝʥʴ ʙʳʩʪʨʦ (ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʜʦ ʤʠʥʫʪ) ʩʦʟʜʘʝʪʩʷ 

ʪʨʝʭʤʝʨʥʘʷ ʨʘʩʪʨʦʚʘʷ ʤʦʜʝʣʴ ʩʥʠʤʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʇʝʨʚʠʯʥʳʝ ʣʘʟʝʨʥʦ-ʣʦʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʠʣʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʤʝ-

ʪʦʜʦʚ ʧʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʠʟʥʘʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ʚʩʝ ʤʥʦʞʝʩʪʚʦ ʣʘʟʝʨʥʳʭ ʪʦʯʝʢ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʢʘʪʝʛʦʨʠʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤʫ ʢʦʤʧʦʥʝʥ-

ʪʫ: ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʟʜʘʥʠʷ, ʣʠʥʠʠ ʵʣʝʢʪʨʦ-

ʧʝʨʝʜʘʯʠ ʠ ʜʨʫʛʠʝ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʦʙʣʘʢʘ ʣʘʟʝʨʥʳʭ ʪʦʯʝʢ ʢ ʮʠʬʨʦʚʳʤ ʤʦʜʝʣʷʤ ʨʝ-

ʣʴʝʬʘ ʠʣʠ ʮʠʬʨʦʚʳʤ ʤʦʜʝʣʷʤ ʤʝʩʪʥʦʩʪʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʘʞʥʝʡ-

ʰʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʢʦʥʪʫʨʦʚ. ʇʨʠ ʵʪʦʤ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʩɹʷ 

ʢʘʢ ʚʝʢʪʦʨʥʳʝ, ʪʘʢ ʠ ʨʘʩʪʨʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎʄʈ ʠ ʎʄʄ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʣʘʟʝʨʥʦ-ʣʦʢʘ- 

ʮʠʦʥʥʳʤ ʜʘʥʥʳʤ, ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʛʝʦʧʦʟʠʮʠʨʦʚʘ-

ʥʠʝ ʠ ʦʨʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʵʨʦʬʦʪʦʘʧʧʘʨʘʪʘ [90]. ɿʘʪʝʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʚʠ-

ʜʝʦʩʮʝʥʳ ʩʨʝʜʩʪʚʘʤʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʇʆ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʤʦʛʫʪ çʩʰʠʚʘʪʴ-

ʩʷè ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ ʩ ʧʦ-

ʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʤʦʜʝʣʴ, ʚʨʘʱʘʪʴ ʠ ʧʝʨʝʤʝʱʘʪʴ ʦʙʝ̡ʢʪ, 

çʟʘʛʣʷʜʳʚʘʪʴè ʚʥʫʪʨʴ ʦʙʲʝʢʪʘ, çʛʫʣʷʪʴè ʧʦ ʦʪʩʥʷʪʦʤʫ ʦʙʝ̡ʢʪʫ. 

ʂʘʞʜʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʪʦʯʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʢʨʘʰʝʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʠʛʥʘʣʘ, ʠʩʪʠʥʥʦʛʦ 

ʮʚʝʪʘ ʠʣʠ ʠʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʝʚʦʡ ʩʲʝʤʢʠ ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ 

ʩʥʠʤʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠʣʠ ʫʯʘʩʪʢʘ ʪʝʨʨʠʪʦʨʠʠ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ 

ʪʦʯʝʢ ʚ ʩʝʪʴ (ʥʝʨʝʛʫʣʷʨʥʘʷ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʘʷ ʩʝʪʴ) ʠ ʧʦʣʫʯʝʥʠʝ 

ʪʨʝʭʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. 
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ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʧʦʣʫʯʘʝʤʘʷ ʚ ʧʨʦʮʝʩʩʝ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʥʦʡ, ʥʦ ʧʦ ʥʝʡ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʡ ʪʦʯʝʯʥʳʡ ʤʘʩʩʠʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʚʝʢ-

ʪʦʨʥʫʶ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ. 

 

 

ʅʝʜʦʩʪʘʪʢʠ ʪʨʝʭʤʝʨʥʦʡ ʨʘʩʪʨʦʚʦʡ ʤʦʜʝʣʠ:  

ī ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʟʘʥʠʤʘʝʤʦʡ ʧʘʤʷʪʠ (ʜʦ 18 ʄʙʘʡʪ ʥʘ ʦʜʠʥ 

ʤʘʩʩʠʚ, ʧʦʣʫʯʘʝʤʳʡ ʩ ʦʜʥʦʡ ʪʦʯʢʠ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʨʠ ʧʦʣʝ ʟʨʝ-

ʥʠʷ 360 Ĭ 180Ü ʠ ʫʛʣʦʚʦʤ ʨʘʟʨʝʰʝʥʠʠ 0,1Ü); 

ī ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʝ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ. 

ɼʦʩʪʦʠʥʩʪʚʘ:  

ī ʙʦʣʝʝ ʜʝʰʝʚʘʷ, ʯʝʤ ʚʝʢʪʦʨʥʘʷ ʤʦʜʝʣʴ; 

ī ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʘʝʪʩʷ ʩʨʘʟʫ ʧʦʩʣʝ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʥʘʟʝʤʥʦʡ ʣʘʟʝʨʥʦʡ ʩʲʝʤʢʠ ʧʝʨʝʜ ʜʨʫʛʠʤʠ 

ʥʘʟʝʤʥʳʤʠ ʚʠʜʘʤʠ ʩʲʝʤʢʠ ʷʚʣʷʶʪʩʷ: 

ī ʤʛʥʦʚʝʥʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ; 

ī ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ; 

ī ʥʝʩʨʘʚʥʠʤʦ ʙʦʣʝʝ ʧʦʣʥʳʝ ʨʝʟʫʣʴʪʘʪʳ; 

ī ʙʳʩʪʨʳʡ ʩʙʦʨ ʜʘʥʥʳʭ; 

ī ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʩʲʝʤʢʝ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠ ʥʝ-

ʙʝʟʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʊʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʧʨʠ 

ʥʘʟʝʤʥʦʤ ʣʘʟʝʨʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ ʜʦʣʝʡ 

ʤʠʣʣʠʤʝʪʨʘ ʜʦ 5 ʩʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʝʪ-

ʨʦʚ ʜʦ 2,5 ʢʤ ʟʘ ʚʨʝʤʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʜʦ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ. 

ʃʘʟʝʨ ʠʤʝʝʪ ʧʦʣʝ ʟʨʝʥʠʷ ʦʪ 40 Ĭ 40Ü ʜʦ 360 Ĭ 180Ü ʠ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʩʲʝʤʢʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʩʪʥʦʩʪʠ ʠ ʠʥʞʝʥʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʉʪʦʠʤʦʩʪʴ ʢʦʤʧʣʝʢʪʘ ʥʘʟʝʤʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʢʦʤʧʘʥʠʠ RIEGL 

LMS, ʧʦ ʜʘʥʥʳʤ [91], ï ʦʪ 150 ʪʳʩ. USD. 

ʅʘʟʝʤʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʴʥʳʭ ʧʣʘʥʦʚ ʠ ʪʨʝʭʤʝʨʥʳʭ 

ʤʦʜʝʣʝʡ ʥʘ ʣʦʢʘʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʠ (ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʛʝʢʪʘʨʦʚ), 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʦʟʜʫʰʥʦʡ ʩʲʝʤʢʠ, ʛʜʝ ʨʝʯʴ ʠʜʝʪ ʦ ʩʦʪʥʷʭ ʢʚʘʜʨʘʪ-

ʥʳʭ ʢʠʣʦʤʝʪʨʦʚ ʚ ʜʝʥʴ. ɽʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʝ ʩ 
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ʚʦʟʜʫʰʥʳʤ ʣʘʟʝʨʦʤ, ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ ʧʦʩʪʨʦʝʥʠʠ ʧʦʣʥʦʤʘʩʰʪʘʙ-

ʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʪʝʭʥʦʛʝʥʥʦʛʦ (ʠ ʥʝ ʪʦʣʴʢʦ) ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ʂʨʦʤʝ ʪʦʛʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨ-

ʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʩʲʝʤʢʫ ʚʥʫʪʨʠ ʠʥʞʝʥʝʨ-

ʥʳʭ ʩʦʦʨʫʞʝʥʠʡ (ʮʝʭʦʚ ʠ ʪ. ʧ.), ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʝʩʴʤʘ ʟʘ-

ʪʨʫʜʥʠʪʝʣʴʥʦ ʣʠʙʦ ʥʝʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦ-

ʜʘʤʠ. ʅʘʟʝʤʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦ-

ʣʝʝ ʜʝʪʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʦ ʩʦʩʪʦʷʥʠʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ, ʚʳʷʚʠʪʴ ʠʭ ʜʝʬʦʨʤʘʮʠʶ, ʦʧʨʝʜʝʣʠʪʴ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝ-

ʨʳ ʠ ʬʦʨʤʳ ʦʙʲʝʢʪʦʚ, ʦʩʦʙʝʥʥʦ ʬʦʨʤʳ, ʠʤʝʶʱʠʝ ʩʣʦʞʥʳʝ 

ʩʧʣʘʡʥʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ, ʠʩʧʦʣʴʟʫʷ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʧʨʠ ʪʨʝʭʤʝʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦ-

ʩʪʨʦʠʪʴ ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʥʦ. ʊʦʯʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ ʠ ʪʦʯʥʦʩʪʴ ʠʭ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʪʦʯʥʦʩʪʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ. 

ɺ [90] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʣʘʟʝʨʥʦ-

ʣʦʢʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʧʣʘʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʥʘʟʝʤʥʳʭ ʢʦʥʪʫʨʥʳʭ ʠ ʪʦʯʝʯʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʘ ʪʘʢʞʝ ʢʦʦʨʜʠʥʘʪ ʧʦ ʚʳʩʦʪʝ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10 ʜʦ 20 ʩʤ. ɺ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʥʘ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʜʣʷ ʤʘʩʰʪʘʙʦʚ 1 : 2 000ï1 : 10 000. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʥʦ-

ʣʦʢʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʙʦʣʝʝ ʤʝʣʢʠʭ ʤʘʩʰʪʘʙʦʚ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʜʫʰʥʦʛʦ ʣʘʟʝʨ-

ʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʢʦʤʧʘʥʠʝʡ çɻʝʦʃʀɼɸʈè, ʷʚʣʷʶʱʝʡʩʷ ʜʠʩ-

ʪʨʠʙʴʶʪʦʨʦʤ ʬʠʨʤʳ Optech Inc., ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʠ-

ʩʪʝʤʳ [78, 79, 130, 131]: 

ʘ) ʚʦʟʜʫʰʥʳʝ ʩʢʘʥʝʨʳ ALTM (ALTM 30/70, ALTM 3100); 

ʙ) ʚʦʟʜʫʰʥʘʷ ʣʘʟʝʨʥʘʷ ʙʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ SHOALS 

1000T. 

ɺʦʟʜʫʰʥʳʝ ʩʢʘʥʝʨʳ ALTM ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʚ ʪʝʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʨʠʤʝʥʝʥʠʝ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʥʝʚʦʟʤʦʞʥʦ ʠʣʠ ʦʛʨʘʥʠʯʝʥʦ ʩʝʟʦʥʥʳʤʠ ʬʘʢʪʦ-

ʨʘʤʠ (ʦʪʩʫʪʩʪʚʠʝ ʦʨʠʝʥʪʠʨʦʚ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʩʧʣʦʰʥʘʷ ʣʠʩʪʚʘ, 

ʦʯʝʥʴ çʧʣʦʩʢʠʡè ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪ. ʜ.). 
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ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ ALTM: 

ʥʝʬʪʝʛʘʟʦʚʘʷ ʠ ʛʦʨʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʢʘʨ-

ʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʛʦʨʦʜʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ, ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ, ʜʦʨʦʞʥʦʝ, ʣʝʩʥʦʝ ʭʦʟʷʡʩʪʚʘ. ɺ ʵʪʦʤ ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʦʤ ʧʝ-

ʨʝʯʥʝ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ ʩʦʟʜʘ-

ʶʪʩʷ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ: 

ī ʥʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ; 

ī ʃʕʇ ʠ ʜʨʫʛʠʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʧʦʣʦʩʝ ʦʪʯʫʞ-

ʜʝʥʠʷ;  

ī ʟʘʩʪʨʦʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʚʢʣʶʯʘʷ ʎʄʈ, ʤʦʜʝʣʠ ʟʜʘʥʠʡ ʠ ʩʦ-

ʦʨʫʞʝʥʠʡ;  

ī ʦʙʲʝʢʪʦʚ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ; 

ī ʧʘʤʷʪʥʠʢʦʚ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ; 

ī ʦʙʲʝʢʪʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʡ; 

ī ʦʙʲʝʢʪʦʚ ʜʣ̫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʚʦʜʥʝʥʠʡ.  

ʉʠʩʪʝʤʘ SHOALS ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʘʨʪʦʛʨʘ-

ʬʠʨʦʚʘʥʠʷ ʤʝʣʢʦʚʦʜʴʷ, ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʨʝʣʴʝʬʘ ʥʘ ʩʫʰʝ, ʠʥ-

ʪʝʛʨʠʨʫʷ ʧʦʜʚʦʜʥʳʝ ʠ ʥʘʟʝʤʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚ ʦʜʥʦʤ ʥʘʙʦʨʝ ʜʘʥ-

ʥʳʭ. ʊʘʢ ʢʘʢ ʩʲʝʤʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʚʦʟʜʫʭʘ, ʪʦ ʫʜʘʝʪʩʷ ʠʟʙʝʞʘʪʴ 

ʧʨʦʙʣʝʤ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʜʦʩʪʫʧʦʤ, ʯʪʦ ʩʦʧʫʪʩʪʚʫʝʪ ʜʨʫʛʠʤ ʤʝʪʦ-

ʜʘʤ ʩʲʝʤʢʠ. SHOALS ʤʦʞʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦʜʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ ʨʘʟʤʝʨʦʤ 2 Ĭ 2 Ĭ 2 ʤ, ʣʝʞʘʱʠʝ ʥʘ ʜʥʝ ʦʢʝʘʥʘ ʚ ʟʦʥʝ 

ʤʝʣʢʦʚʦʜʴʷ.  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʦʟʜʫʰʥʦʡ ʣʘʟʝʨʥʦʡ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝ-

ʤ  rSHOALS:   

ī ʚʳʩʦʢʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʩʲʝʤʢʝ ʥʘ ʤʝʣ-

ʢʦʚʦʜʴʝ;  

ī ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʩʠʩʪʝʤʘ SHOALS ʩʢʘʥʠʨʫʝʪ 

ʥʘ ʩʢʦʨʦʩʪʠ ʩʘʤʦʣʝʪʘ ʠʣʠ ʚʝʨʪʦʣʝʪʘ, ʧʦʢʨʳʚʘʷ ʜʦ 70 ʢʤ
2
 / ʯ); 

ī ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʛʣʫʙʠʥʳ ʜʥʘ ʠ ʧʦʣʦʞʝʥʠʷ 

ʜʣʷ ʪʦʯʢʠ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʟʦʥʜʠʨʦʚʘʥʠʷ. 

ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʥʘʟʝʤʥʦʛʦ ʠ ʚʦʟ-

ʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʦʩʣʝʜʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʜʦʩʪʫʧʥʳ ʣʠʰʴ ʢʨʫʧʥʳʤ ʬʠʨʤʘʤ ʠ ʢʦʤʧʘʥʠʷʤ, ʦʙʣʘʜʘʶʱʠʤ ʜʦ-
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ʩʪʘʪʦʯʥʳʤʠ ʬʠʥʘʥʩʦʚʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʊʝʭʥʦʣʦʛʠʷ ʥʘʟʝʤʥʦʛʦ ʠ ʚʦʟʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘ-

ʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʘʨɻʦʬʦʪʦʩʲʝʤʢʠ [21, 99, 100]: 

ī ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ 

ʠ ʚʩʝʭ ʥʘʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʦ 

ʥʠʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ; 

ī ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʠʣʠʡ ʜʦʙʠʚʘʪʴʩʷ ʩʢʦʣʴ 

ʫʛʦʜʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʜʝʪʘʣʴʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ 

ʩʮʝʥ ʧʫʪʝʤ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʞʠʤʦʚ ʧʦʣʝʪʘ ʠ ʩʲʝʤʢʠ 

(ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʳʩʦʪʳ ʠ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ, ʘ ʪʘʢʞʝ ʰʠʨʠʥʳ ʧʦʣʦ-

ʩʳ ʟʘʭʚʘʪʘ); 

ī ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ 

ʥʘʟʝʤʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ; 

ī ʤʦʙʠʣʴʥʦʩʪʴ ʚʩʝʛʦ ʘʵʨʦʩʲʝʤʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʩʨʝʜʩʪʚ. 

ʅʘ ʦʩʥʦʚʝ ʠʤʝʶʱʝʛʦʩʷ ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʟʝʨʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ ʚ ʨʝʘʣʠʟʘʮʠʠ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ ʢʦʤʧʘʥʠʷ çɻʝʦ-

ʢʦʩʤʦʩè ʧʨʠʰʣʘ ʢ ʚʳʚʦʜʫ [91], ʯʪʦ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʧʦ 

ʩʙʦʨʫ ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʦʙʲʝʢʪʦʚ ʤʝʪʦʜʘʤʠ ʪʨʝʭʤʝʨʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʘʭ ʠ ʦʙʲʝʢʪʘʭ ʩʦ-

ʧʦʩʪʘʚʠʤʳ ʩ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦ-

ʜʘʭ ʩʲʝʤʢʠ, ʘ ʥʘ ʫʯʘʩʪʢʘʭ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʠʣʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ 

ï ʥʠʞʝ ʪʘʢʠʭ ʟʘʪʨʘʪ. ɼʘʞʝ ʧʨʠ ʩʦʧʦʩʪʘʚʠʤʳʭ ʨʘʩʭʦʜʘʭ ʥʘ ʩʲʝʤ-

ʢʫ, ʧʦʣʥʦʪʘ ʠ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʟ-

ʚʦʣʷʶʪ ʠʟʙʝʞʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ. ɺʨʝʤʝʥʥʳʝ ʟʘ-

ʪʨʘʪʳ ï ʥʘ ʧʦʨʷʜʢʠ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʝʭʥʦ-

ʣʦʛʠʷʤʠ. 

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʣʘʟʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ī 

ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʥʘʟʝʤʥʦʛʦ ʠ ʚʦʟʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦ-

ʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʎʄʈ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʨʘ-

ʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ [63, 11, 105]. 

ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ (ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʘʷ 

ʨʘʜʠʦʣʦʢʘʮʠʷ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ (ʈʉɸ)) ï ʩʧʦʩʦʙ 
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ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʬʠʟʠ-

ʯʝʩʢʦʤ ʷʚʣʝʥʠʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʨʘʜʠʦʚʦʣʥ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʙʳʪʴ ʢʦʛʝʨʝʥʪʥʳʤʠ. ʆʜʥʦ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ 

ʈʉɸ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʪʦʛʜʘ ʢʘʢ ʜʚʘ ʩʥʠʤʢʘ ʈʉɸ (ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʧʘʨʘ), ʧʦʣʫʯʝʥ-

ʥʳʝ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʦʞʝʪ ʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʣʘʥʜh ʘʬʪʘ. 

ʀʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʢʦʤʙʠʥʠʨʫʝʪ ʢʦʤʧʣʝʢʩʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʘʥʪʝʥʥʘʤʠ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʥʘʙʣʶʜʝ-

ʥʠʷ ʠʣʠ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʩʥʠʤʢʦʚ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʫʯʘʩʪʢʘ ʤʝʩʪʥʦʩʪʠ ʧʦʣʫʯʘʶʪ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʫ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʩʝʪʴ ʮʚʝʪʥʳʭ ʧʦʣʦʩ, ʰʠʨʠʥʘ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʥʦʩʪʠ ʬʘʟ ʧʦ ʦʙʦʠʤ ʵʢʩʧʦʟʠʮʠʷʤ. ɺʩʝ ʜʘʥʥʳʝ 

ʩʲʝʤʦʢ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʲ-

ʝʢʪʠʚʥʦʩʪʴ ʠ ʦʜʥʦʟʥʘʯʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

ɺ [63, ʩ. 209] ʧʨʠʚʝʜʝʥʦ ʩʣʝʜʫʶʱʝʝ ʦʧʠʩʘʥʠʝ ʧʨʠʥʮʠʧʘ ʨʘ-

ʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ: çʇʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʜʠʦʣʦ-

ʢʘʮʠʦʥʥʳʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʦʛʦ ʨʘʜʠʦʣʦʢʘʪʦ-

ʨʘ ʜʦʣʞʝʥ ʠʤʝʪʴ ʥʝ ʦʜʥʫ, ʘ ʜʚʝ ʘʥʪʝʥʥʳ, ʨʘʟʥʝʩʝʥʥʳʝ ʥʘ ʙʘʟʠʩ-

ʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ɺè (ʨʠʩ. 1.7).  

çʇʨʠ ʩʲʝʤʢʝ ʤʝʩʪʥʦʩʪʴ ʦʩʚʝʱʘʝʪʩʷ ʨʘʜʠʦʚʦʣʥʘʤʠ, ʧʦʩʳʣʘʝ-

ʤʳʤʠ ʦʜʥʦʡ ʘʥʪʝʥʥʦʡ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʦʪʨʘʞʝʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ 

ʦʙʝʠʤʠ ʘʥʪʝʥʥʘʤʠ. ʀʟ ʧʨʠʥʷʪʳʭ ʵʭʦ-ʩʠʛʥʘʣʦʚ ʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ 

ʠʭ ʩʣʦʞʝʥʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ. ɽʩʣʠ ʨʘʟʥʦʩʪʴ ʨʘʩʩʪʦʷʥʠʡ 

D, ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʨʘʜʠʦʚʦʣʥʳ, ʧʨʠʥʠʤʘʝʤʳʝ ʨʘʟʥʳʤʠ ʘʥʪʝʥ-

ʥʘʤʠ, ʩʦʩʪʘʚʣʷʶʪ ʮʝʣʫʶ ʜʣʠʥʫ ʚʦʣʥʳ ʨʘʜʠʦʣʦʢʘʪʦʨʘ (ʨʘʟʥʦʩʪʴ 

ʬʘʟ ʧʨʠʥʷʪʳʭ ʨʘʜʠʦʚʦʣʥ 2ˊ ʨʘʜʠʘʥ), ʪʦ ʨʝʟʫʣʴʪʠʨʫʶɦ ʠʡ ʩʠʛʥʘʣ 

ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʠʣʠʚʘʝʪʩʷ, ʝʩʣʠ ʞʝ ʧʦʣʦʚʠʥʫ ʜʣʠʥʳ ʚʦʣʥʳ (ʨʘʟ-

ʥʦʩʪʴ ʬʘʟ ˊ ʨʘʜʠʘʥ), ʪʦ ʩʠʛʥʘʣ ʧʦʣʥʦʩʪʴʶ ʛʘʩʠʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʲʝʤʢʠ ʧʦʣʫʯʘʶʪ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʘʨʘʣʣʝʣʴ-

ʥʳʭ ʩʚʝʪʣʳʭ ʠ ʪʝʤʥʳʭ ʧʦʣʦʩ, ʛʫʩʪʦʪʘ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦ-

ʤʝʪʨʠʠ ʩʲʝʤʢʠ (ʚʝʣʠʯʠʥʳ ʙʘʟʠʩʘ ɺ, ʚʳʩʦʪʳ ʩʲʝʤʢʠ ʅ, ʫʛʣʘ ʚʠʟʠ-

ʨʦʚʘʥʠʷ ɓ, ʜʣʠʥʳ ʨʘʜʠʦʚʦʣʥʳ ɚ). ʏʝʤ ʜʣʠʥʥʝʝ ʙʘʟʠʩ, ʪʝʤ ʨʝʞʝ 

ʩʣʝʜʫʶʪ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʧʦʣʦʩʳ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʧʦ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʝ. ʇʨʠ ʩʲʝʤʢʝ ʧʣʦʩʢʦʡ ʛʦʨʠʟʦʥ-
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ʪʘʣʴʥʦʡ ʤʝʩʪʥʦʩʪʠ ʧʦʣʦʩʳ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ ʧʨʷʤʦʣʠʥʝʡʥʳ. 

ɽʩʣʠ ʥʘ ʧʣʦʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʠʤʝʝʪʩʷ ʥʝʨʦʚʥʦʩʪʴ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʳʩʦʪʦʡ h, ʪʦ ʨʘʟʥʦʩʪʴ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʨʘʟʥʳʭ ʘʥʪʝʥʥ ʜʦ ʨʘʟʥʦʚʳ-

ʩʦʪʥʳʭ ʪʦʯʝʢ ʠʟʤʝʥʠʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ŭɚ, ʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ 

ʧʦʣʦʩʳ ʧʦʣʫʯʘʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʩʢʨʠʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʥʮʠ-

ʧʠʘʣʴʥʦ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴè. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

        
  

ʈʠʩ. 1.7. ɻʝʦʤʝʪʨʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ:  

ɸ
ǋ
, ɸ
ǋǋ
 ī ʘʥʪʝʥʥʳ; I, Io ī ʟʥʘʯʝʥʠʷ ʚʳʩʦʪ ʦʙʲʝʢʪʘ 

 

 

ʇʨʠʥʮʠʧ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʧʦ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʝ ʧʦʷʩʥʷʝʪʩʷ ʫʧʨʦʱʝʥʥʳʤʠ ʬʦʨʤʫʣʘʤʠ, ʢʦʪʦ-

ʨʳʝ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʦʩʪʨʦʝʥʠʷʤʠ, ʧʨʠʚʝ-

ʜʝʥʥʳʤʠ ʥʘ ʨʠʩ. 1.7 [63]: 
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ʛʜʝ B ī ʙʘʟʠʩ ʩʲʝʤʢʠ; 

D ī ʨʘʩʩʪʦʷʥʠʷ, ʧʨʦʭʦʜʠʤʳʝ ʨʘʜʠʦʚʦʣʥʘʤʠ; 

ʅ ī ʚʳʩʦʪʘ; 

ɓ ī ʫʛʦʣ ʚʠʟʠʨʦʚʘʥʠʷ; 

ɚ ī ʜʣʠʥʘ ʨʘʜʠʦʚʦʣʥʳ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʎʄʈ ʚ ʧʨʠʥʷʪʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ 

ʥʝʦʙʭʦʜʠʤʳ ʦʧʦʨʥʳʝ ʪʦʯʢʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʠʩʧʦʣʴʟʫʶʪʩ ̫

ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ. 

ɼʦʩʪʦʠʥʩʪʚʘ: ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳ-

ʩʦʪʳ ʧʦʣʝʪʘ (ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʫʶ 

ʜʘʣʴʥʦʩʪʴ ʧʨʠʙʦʨʘ); ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʩʲʝʤʢʠ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ 

ʠ ʚʨʝʤʝʥʠ ʩʫʪʦʢ. 

ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʩʯʠʪʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠ-

ʚʦʡ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʪʝʨʝʦʬʦʪʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʎʊʂ, ʎʄʈ [164].  

ʅʝʜʦʩʪʘʪʢʠ: ʩʣʦʞʥʳʡ ʠ ʥʝ ʚʩʝʛʜʘ ʩʪʘʙʠʣʴʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝ-

ʥʠʷ ʜʘʥʥʳʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥ ʥʝ ʤʦʞʝʪ ʟʘʤʝʥʠʪʴ ʩʪʝʨʝʦʬʦ-

ʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ. 

ʇʨʠʤʝʨʦʤ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʲʝʤʦʯʥʦʡ ʩʠ-

ʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ɸʣʤʘʟ-1, ʧʨʠʤʝʨ ʟʘʨʫʙʝʞʥʦʡ ʩʠʩʪʝʤ ʵʪʦʛʦ ʪʠʧʘ ī 

Radarsat (ʂʘʥʘʜʘ), RapidEye (ɻʝʨʤʘʥʠʷ).  

ʄʘʪʝʨʠʘʣʳ ʛʝʦʜʝʟʠʠ ʧʦʣʫʯʘʶʪ ʥʘ ʦʩʥʦʚʝ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ 

(ʩʲʝʤʦʢ) ʠʣʠ ʩʨʝʜʩʪʚʘʤʠ ʩʠʩʪʝʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (GPS, GALI-

LEO, ɻʃʆʅɸʉʉ). 

ʇʦʣʝʚʘʷ ʩʲʝʤʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʧʨʝʜʝʣʷʝʪ 

ʠʩʪʠʥʥʦʝ ʛʦʨʠʟʦʥʪʘʣʥɹʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ. 

ʇʨʠ ʵʪʦʤ ʩʧʦʩʦʙʝ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʠʟʤʝʨʝʥʠʷ 

ʫʛʣʦʚ ʠ ʨʘʩʩʪʦʷʥʠʡ. ɼʣʷ ʩʲʝʤʢʠ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʛʝʦʜʝ-

ʟʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ (ʪʝʦʜʦʣʠʪʳ, ʥʠʚʝʣʠʨʳ ʠ ʜʨ.). ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʬʠʢʩʠʨʫʶʪʩʷ ʣʠʙʦ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʣʝʚʳʭ ʞʫʨ-

ʥʘʣʘʭ, ʣʠʙʦ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ. ʊʘ-

ʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʪʨʝʙʫʝʪ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʫʥʠʬʠʢʘʮʠʠ [26].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʵʣʝʢ-

ʪʨʦʥʥʳʝ ʪʘʭʝʦʤʝʪʨʳ ʠ ʩʧʫʪʥʠʢʦʚʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨ-
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ʜʠʥʘʪ. ʉʧʫʪʥʠʢʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʘʜʠ-

ʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ GPS (ʉʐɸ) ʠ ɻʃʆʅɸʉʉ (ʈʦʩʩʠʷ). 

ʅʘʟʚʘʥʠʝ ʩʠʩʪʝʤʳ Global Positioning System (GPS) ʧʝʨʝʚʦʜʠʪʩʷ 

ʢʘʢ çʛʣʦʙʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ (ʧʦʟʠʮʠ-

ʦʥʠʨʦʚʘʥʠʷ)è. ʕʪʘ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ 

ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ. ʇʦʣʦʞʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʠʛʥʘʣʘʤ, ʧʦʩʪʫʧʘʶʱʠʤ ʩ ʩʝ-

ʨʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ɿʝʤʣʠ.  

ɼʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʚ ʚʠʜʝ ʧʝʨʝʯʥʷ ʢʦʦʨʜʠʥʘʪ (X, Y, Z) ʪʦʯʝʢ 

ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤ-

ʥʳʝ ʧʨʦʜʫʢʪʳ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʆʜʥʦ-

ʚʨʝʤʝʥʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ.  

GPS ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʟʘʜʘʯ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʩʲʝʤʦʢ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʝʥʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʈʝʰʝ-

ʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ GPS. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ GPS-ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʘ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ, ʟʘʣʝ-

ʩʝʥʥʳʭ ʠ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʜʦ-

ʨʦʛʦʚʠʟʥʘ ʧʦʣʝʚʳʭ ʨʘʙʦʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦ-

ʛʠʠ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʜʚʘ ʚʠʜʘ: 

ī ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʨʝʜ-

ʩʪʚʘʤʠ 3D ɻʀʉ ʧʦ ʠʩʭʦʜʥʳʤ ʎʄʈ ʠ ʎʄʆ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ 

ʨʘʟʣʠʯʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ, ʣʘʟʝʨʥʦʡ ʣʦ-

ʢʘʮʠʠ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ, ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟ-

ʤʝʨʝʥʠʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥ-

ʚʝʨʪʠʨʦʚʘʪʴ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʚ ʩʨʝʜʫ 3D ɻʀʉ; 

ī ʪʨʝʭʤʝʨʥʳʝ ʚʠʜʝʦʩʮʝʥʳ ʩʪʨʦʷʪ ʚ ʝʜʠʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ï ʦʪ ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʧʦʣʫʯʝʥʠʷ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 
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2. ʂʆʅʎɽʇʎʀʗ ʌʆʈʄʀʈʆɺɸʅʀʗ  
ʀɿʄɽʈʀʊɽʃʔʅʓʍ ʊʈɽʍʄɽʈʅʓʍ ɺʀɼɽʆʉʎɽʅ  

ʇʆ ɼɸʅʅʓʄ ʎʄʄ ʀ ʄɸʊɽʈʀɸʃɸʄ ɸʕʈʆʂʆʉʄʀʏɽ-
ʉʂʀʍ ʀ ʅɸɿɽʄʅʓʍ ʉʒɽʄʆʂ 

 

2.1. ʆʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ  
ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ  

ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ 
 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʩʙʦʨʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 3D ʎʄʊ ʷʚʣʷʶʪʩʷ ʢʘʨʪʳ, 

ʧʣʘʥʳ, ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠ-

ʨʦʚʘʥʠʷ, ʜʦʢʫʤʝʥʪʘʣʴʥʳʝ ʘʨʭʠʚʳ, ʀʥʪʝʨʥʝʪ, ʠ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ 

[51]. ʆʙʦʙʱʝʥʠʷ ʧʦ ʤʘʩʰʪʘʙʘʤ, ʦʭʚʘʪʫ ʪʝʨʨʠʪʦʨʠʡ ʜʘʥʥʳʤʠ ʜʠ-

ʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ, ʧʨʠʚʝʜʝʥʳ ɸ.ʄ. ɹʝʨʣʷʥʪʦʤ 

[18]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʲʝʤʦʢ, ʤʘʪʝʨʠʘʣʳ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʨʘʟʥʳʭ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ (ʫʨʦʚʥʝʡ), ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 2.1. ɺ ʪʘʙ-

ʣʠʮʝ ʧʦʢʘʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʫʨʦʚʥʝʡ ʠ ʤʘʩ-

ʰʪʘʙʦʚ ʩʥʠʤʢʦʚ. ɺ ʦʩʥʦʚʫ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʦʞʝʥʘ ʨʘʙʦʪʘ 

[15], ʥʦ ʩ ʜʦʧʦʣʥʠʪʝʣʥɹʳʤ ʫʯʝʪʦʤ ʩʚʝʜʝʥʠʡ ʠʟ [51].  

 

ʊʘʙʣʠʮʘ 2.1 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʲʝʤʦʢ ī ʠʩʪʦʯʥʠʢʦʚ ʎʄʄ 

ʄʘʩʰʪʘʙ ʩʲʝʤʢʠ  
ʊʦʯʥʦʩʪʴ ʚ ʧʣʘʥʝ,  

ʧʦ ʚʳʩʦʪʝ, ʤ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʫʨʦʚʝʥʴ 

1 : 10
 
000 000 ī 1 : 500 000

 1 000 ʤ, 

ʦʪ 100 ʜʦ 50 ʤ 
ɻʣʦʙʘʣʴʥʳʡ 

1 : 500 000 ï 1 : 100 000 
ʦʪ 500 ʜʦ 50 ʤ, 

10 ʤ 
ʈʝʛʠʦʥʘʣʴʥʳʡ 

1 : 200 000 ï 1 : 50 000 ʜʦ 5 ʤ, ʃʦʢʘʣʴʥʳʡ 
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ʦʪ 5 ʤ ʠ ʚʳʰʝ 

ɻʣʦʙʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʩ-

ʤʠʯʝʩʢʠʤʠ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ɿʝʤʣʠ ʠ ʘʪʤʦʩʬʝʨʳ. ʆʩʥʦʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʪɹʘʪʦʚ 

ʩʲʝʤʦʢ ʪʘʢʦʛʦ ʢʣʘʩʩʘ ʩʦʩʪʦʠʪ ʚ ʠʟʫʯʝʥʠʠ ʢʣʠʤʘʪʘ ʧʣʘʥʝʪʳ, ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʥʝʡ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ, ʛʣʦʙʘʣʴʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ 

ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʘʪʤʦʩʬʝʨʳ. 

ʈʝʛʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ. ʄʘʩʰʪʘʙ ʩʲʝʤʦʢ ʧʨʠ ʵʪʦʤ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 1 : 500 000 ʜʦ 1 : 50 000, ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʩʥʠʤʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʚ ʧʣʘʥʝ ʦʪ ʥʝ-

ʩʢʦʣʢɹʠʭ ʩʦʪ ʜʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ, ʘ ʧʦ ʚʳʩʦʪʝ ī ʦʢʦʣʦ ʜʝʩʷʪʢʘ 

ʤʝʪʨʦʚ. ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟ-

ʤʝʥʯʠʚʦʩʪʠ ʠʟʤʝʨʷʝʤʳʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʪʴʩʷ 

ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʫʧʦʤʠʥʘʥʠʷ ʠ ʦ ʜʨʫʛʠʭ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʫʨʦʚʥʷʭ ʩʙʦʨʘ, ʥʘʧʨʠʤʝʨ, ʦ ʩʫʙ-

ʨʝʛʠʦʥʘʣʴʥʦʤ [134]. ʇʘʨʘʤʝʪʨʳ ʧʦʩʣʝʜʥʝʛʦ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʫʨʦʚʥʝʡ. 

ʉʣʝʜʫʶʱʠʡ ʫʨʦʚʝʥʴ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ī ʣʦʢʘʣʴʥʳʡ, ʢʦʪʦ-

ʨʳʡ ʚ [51, ʩ. 47] ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ: çɼʠʘʧʘʟʦʥ ʤʘʩ-

ʰʪʘʙʘ ʩʲʝʤʦʢ ʜʣʷ ʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ: ʦʪ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʦʪ ʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ ʥʘ ʦʜʠʥ 

ʩʘʥʪʠʤʝʪʨ ʢʘʨʪʳ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ 

ʩʲʝʤʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʣʘʥʝ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ, ʘ ʧʦ 

ʚʳʩʦʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʩʦʩʪʘʚʣʷʪʴ ʦʪ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚè. ʉʦʛʣʘʩʥʦ [51], ʜʣʷ 

ʣʦʢʘʣʴʥʦʛʦ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʥʘʟʝʤʥʳʝ ʛʝʦ-

ʜʝʟʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ, ʪʘʢ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʩʨʝʜʩʪʚ ʜʠʩʪʘʥ-

ʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʘʚʠʘʮʠʦʥʥʘʷ ʪʝʭʥʠʢʘ 

(ʚʝʨʪʦʣʝʪʳ, ʤʘʣʘʷ ʘʚʠʘʮʠʷ, ʚʦʟʜʫʰʥʳʝ ʰʘʨʳ ī ʟʦʥʜʳ, ʘʵʨʦʩʪʘʪʳ 

ʠ ʪ. ʜ.) ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʥʝʡ ʩʢʘʥʠʨʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʩʙʦ-

ʨʘ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 
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ɼʘʥʥʳʝ ʪʘʙʣ. 2.1 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴ-

ʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʵʨʦ-

ʬʦʪʦʩʥʠʤʢʦʚ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʪʦʣʴʢʦ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝ-

ʥʠʷ, ʥʘʯʠʥʘʷ ʩ ʣʦʢʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. 

ɺ ʪʘʙʣ. 2.2 ʧʦʢʘʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʠʘʧʘ-

ʟʦʥʦʚ ʠ ʤʘʩʰʪʘʙʦʚ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ. 
 

ʊʘʙʣʠʮʘ 2.2 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ ī ʠʩʪʦʯʥʠʢʦʚ ʎʄʄ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ ʄʘʩʰʪʘʙʳ ʩʥʠʤʢʦʚ 

ʈʝʛʠʦʥʘʣʴʥʳʡ 1 : 100 000ï1 : 20 000 

ʉʫʙʨʝʛʠʦʥʘʣʴʥʳʡ 1 : 50 000ï1 : 5 000 

ʃʦʢʘʣʴʥʳʡ 1 : 10 000ï1 : 1 000 

 

ɸʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʦʧʝʨʘʪʠʚ-

ʥʳʝ ʠ ʜʦʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʦʩʫ-

ʝɦʩʪʚʣʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝ-

ʥʠʷ: ʚʠʜʠʤʦʤ ī ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʤ, ʠʥʬʨʘʢʨʘʩʥʦʤ ʙʣʠʞʥʝʤ ʠ 

ʜʘʣʴʥʝʤ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤ ʠ ʜʨʫʛʠʭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝ-

ʤʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝ ʠʣʠ ʠʥʳʝ ʩʲʝʤʦʯʥʳʝ ʩʠʩʪʝʤʳ. ʇʦ-

ʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʲʝʤʦʯʥʳʭ ʩʠʩʪʝʤ 

ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝ-

ʥʠʝ ʥʦʚʳʭ ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʢʪʘʭ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [134].  

ʊʝʥʜʝʥʮʠʷ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ī ʧʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-

ʥʠʝ ʩʲʝʤʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʝʥʠʝ ʠʥʬʦʨ-

ʤʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʩʪʝʧʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ 

ʮʠʬʨʦʚʳʭ ʩʲʝʤʦʯʥʳʭ ʢʘʤʝʨ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʵʨʦʬʦʪʦʩʲʝʤʦʢ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʤʦʪʦʜʝʣʴʪʦʧʣʘʥʦʚ ʠ ʣʝʛʢʦʤʦʪʦʨʥʳʭ ʩʘʤʦʣʝʪʦʚ, ʯʪʦ ʚ ʮʝ-

ʣʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʘʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʢʨʫʧʥʦ-

ʤʘʩʰʪʘʙʥʦʡ ʩʲʝʤʢʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ 

ʚʠʜʝʦʩʮʝʥ [134]. 

ʄʘʪʝʨʠʘʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʦʪʚʦʜʠʪʩʷ ʧʨʠʦʨʠʪʝʪʥʘʷ 

ʨʦʣʴ ʚ ʟʘʜʘʯʝ ʩʦʟʜʘʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʈʌ. ɺʘʞʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ ʵʪʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʦʪʚʝʜʝʥʘ ʮʠʬʨʦʚʳʤ ʤʦʜʝʣʷʤ ʨʝʣʴʝʬʘ, ʢʦʪʦʨʳʝ ʚʩʝ ʯʘʱʝ ʧʦʣʫ-

ʯʘʶʪ ʧʦ ʩʪʝʨʝʦʧʘʨʘʤ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ, ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ [20]. 
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ʆʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʨʝʜʩʪʚʘʤʠ ʎʌʉ ʧʦ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ. ɼʦʩʪʦ-

ʠʥʩʪʚʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ī ʚʳʩʦʢʘʷ ʠʥʬʦʨʤʘ-

ʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʤʝʩʪ-

ʥʦʩʪʠ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ 

ʩʪʝʧʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠ-

ʙʦʨʦʚ ī ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʌʦʪʦʛʨʘʤʤʝʪ-

ʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʤ-

ʤʘʥʝʥʪʥʦʩʪʠ ʦʙʲʝʢʪʫ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʨʘʞʘʶʱʝʡʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʝ-

ʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʫʶʪʩʷ ʧʦ ʠʭ ʘʜʝʢʚʘʪʥʳʤ ʤʦʜʝʣʷʤ [37, 134]. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ, ʢʨʦʤʝ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦ-

ʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ, ʥʝʦʙʭʦʜʠʤʳ ʠ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ī ʥʘʟʝʤʥʳʝ 

ʠʟʤʝʨʝʥʠʷ, ʘʨʭʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ (ʨʠʩ. 2.1). ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ 

ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʮʠʠ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝ-

ʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʙʣʘʜʘʶ-

ʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʨʘʙʦʪʘʪʴ ʩ ʪʨʝʭʤʝʨʥʳʤʠ ʚʠʜʝʦʩʮʝʥʘʤʠ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥ-

ʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʤʠ ʦʙʨʘʙʦʪʢʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʮʝʧʮʠʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʦʙʲʝʢʪʠʚʥʫʶ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʦʟʜʘʥʠʝ ʠʟʤʝ-

ʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʘʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʚʦʟ-

ʤʦʞʥʦʩʪʷʤʠ ʨʘʙʦʪʘʪʴ ʩ ʪʨʝʭʤʝʨʥʳʤʠ ʚʠʜʝʦʩʮʝʥʘʤʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʙʘʟʠʨʫʝʪʩʷ: 

ī ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʥʷʪʠʷ, ʩʦʩʪʘʚʘ ʥʦʚʦʛʦ ʮʠʬʨʦʚʦʛʦ ʛʝʦʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ ī ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʨʝʭʤʝʨʥʦʡ 

ʚʠʜʝʦʩʮʝʥʳ; 

ī ʥʘ ʦʙʦʩʥʦʚʘʥʠʠ ʤʝʪʦʜʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʦʧʪʠʤʠʟʘ-

ʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ, ʚ ʪʦʤ ʯʠʩʣʝ: 
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ʈʠʩ. 2.1. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ  

ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʧʦ ʨʘʟʣʠʯʥʳʤ ʜʘʥʥʳʤ 

 

 

ʘ) ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝ-

ʩʢʠʭ ʩʲʝʤʦʢ ī ʠʩʪʦʯʥʠʢʘʤ ʧʦʣʫʯʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨ-

ʥʳʭ ʚʠʜʝʦʩʮʝʥ; 

ʀ ʩ ʪ ʦ ʯ ʥ ʠ ʢ ʠ   ʜ ʘ ʥ ʥ ʳ ʭ 

ɼʠʩʪʘʥʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ 

ʂʦʩʤʠʯʝʩʢʘʷ 

ʩʲʝʤʢʘ. 

ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ. 

ʃʘʟʝʨʥʘʷ ʣʦʢʘʮʠʷ 

ʅʘʟʝʤʥʳʝ 

ʠʟʤʝʨʝʥʠʷ 

ʅʘʟʝʤʥʘʷ 

ʧʦʣʝʚʘʷ 

ʩʲʝʤʢʘ. 

ʃʘʟʝʨʥʘʷ 

ʣʦʢʘʮʠʷ. 

ʌʦʪʦʛʨʘʬʠʠ 

ʬʘʩʘʜʦʚ 

ʩʪʨʦʝʥʠʡ 

 

 

 

ɸʨʭʠʚʥʳʝ 

ʤʘʪʝʨʠʘʣʳ 

ʎʠʬʨʦʚʳʝ 

ʢʘʨʪʳ ʠ ʧʣʘʥʳ.  

 ɹʠʙʣʠʦʪʝʢʠ 

ʪʨʝʭʤʝʨʥʳʭ 

ʫʩʣʦʚʥʳʭ ʟʥʘʢʦʚ. 

ɼʦʧʦʣʥʠʪʝʣʥɹʘʷ 

ʩʝʤʘʥʪʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ 

ʆ ʙ ʨ ʘ ʙ ʦ ʪ ʢ ʘ   ʜ  ʘ ʥ ʥ  ʳ ʭ 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ 

 

         ʪʝʭʥʦʣʦʛʠʠ 

ʊʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ 

ʥʘʟʝʤʥʳʭ ʩʲʝʤʦʢ 
ʊʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ  

 ʘʨʭʠʚʥʳʭ ʢʘʨʪ 

ʎʄʄ, ʎʄʈ, ʎʄʆ, ʦʨʪʦʬʦʪʦʧʣʘʥʳ, ʬʦʪʦʪʝʢʩʪʫʨʳ, ʩʧʝʮʵʬʬʝʢʪʳ 

ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ, ʦʙʨʘʙʦʪʢʘ ʚ 3D ɻʀʉ 

3D ʎʄʊ 

ɹʘʟʘ  ʜʘʥʥʳʭ 

3D ʎʄʊ 
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ʙ) ʧʦ ʧʨʘʚʠʣʘʤ ʩʙʦʨʘ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʤʝʩʪʥʦʩʪʠ ʥʘ ʎʌʉ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʣʫʯʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ; 

ʚ) ʧʦ ʚʳʙʦʨʫ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ; 

ī ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ;  

ī ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʪʨʝʭʤʝʨʥʳʭ  ʚʠʜʝʦʩʮʝʥ. 
 

2.2. ʎʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ ï  
ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ  

ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ 
 

ɺʦʟʤʦʞʥʦʩʪʠ 3D ɻʀʉ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʟʚʦʣʷʶʪ ʪʦʣʴʢʦ 

ʨʘʟʜʝʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ, ʪ. ʝ. ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʪʝʤ çʥʘʩʘʜʢʫè ʥʘ ʥʝʝ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢ-

ʪʦʚ ʥʘ (ʧʦʜ) ʥʝʡ ʨʘʩʧʦʣʦʞʝʥʥʳʭ (ʧʦʩʪʨʦʡʢʠ, ʦʛʨʘʞʜʝʥʠʷ, ʜʝʨʝ-

ʚʴʷ ʠ ʪ. ʜ.). 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʧʦʜʨʘʟʜʝʣʝ 1.2, ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʩʨʝʜʩʪʚʘʤʠ 3D ɻʀʉ 

ʩʣʫʞʘʪ ʎʄʄ, ʚʢʣʶʯʘʶɦ ʠʝ ʚ ʩʝʙʷ ʎʄʈ ʠ ʎʄʆ.  

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʎʄʄ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶɦ ʠʝ 

ʤʦʜʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ [38]: 

ï ʚʝʢʪʦʨʥʘʷ ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ; 

ï ʚʝʢʪʦʨʥʘʷ ʥʝʪʦʧʦʣʦʛʠʯʝʩʢʘʷ; 

ï ʨʘʩʪʨʦʚʘʷ; 

ï ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʢʪʦʨʥʳʝ ʠ ʨʘʩʪʨʦʚʳʝ 

ʜʘʥʥʳʝ. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʎʄʄ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʝʜʧʦʣʘʛʘ-

ʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʰʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʨʘʩʯʝʪʥʳʭ ʟʘʜʘʯ, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʥʘʷ ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʩ ʪʨʝʭʤʝʨʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʜʘʥʥʳʭ. ɺ ʤʘʰʠʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʝʢ-

ʪʦʨʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʜʘʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʢʪʦʨʥʳʡ ʬʦʨʤʘʪ. 

ʇʦʜ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʴʶ ʨʝʣʴʝʬʘ ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ ʮʠʬʨʦʚʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ 
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ʦʧʠʩʳʚʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʚʳʩʦʪʫ) ʠ ʩʪʨʫʢʪʫ-

ʨʫ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʘʞʜʫʶ ʪʦʯʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʥʝ-

ʚʦʟʤʦʞʥʦ ʧʝʨʝʜʘʪʴ ʚ ʤʦʜʝʣʴ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʠʬʨʦʚʳʝ 

ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪ ʦʪʜʝʣʴʥʳʝ ʪʦʯʢʠ. ʅʘʙʦʨʳ 

ʵʪʠʭ ʪʦʯʝʢ ʧʦʟʚʦʣʷʶʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʩʨʝʜʩʪʚʘʤʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [24, 26, 96]. ɺ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝ-

ʨʘʪʫʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʪʝʨʤʠʥ digital elevation model 

(DEM). ɺ [107] ʧʦʜ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʴʶ ʨʝʣʴʝʬʘ ʧʦʥʠʤʘʝʪʩʷ ʫʧʦ-

ʨʷʜʦʯʝʥʥʳʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʠʩʣʝʥʥʳʡ ʥʘʙʦʨ ʜʠʩʢʨʝʪʥʳʭ ʚʳ-

ʩʦʪʥʳʭ ʪʦʯʝʢ. ɺ [13] ʪʝʨʤʠʥ çʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘè ʪʨʘʢʪʫ-

ʝʪʩʷ ʢʘʢ çʪʨʝʭʤʝʨʥʘʷ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ, ʩʦʜʝʨʞʘʱʘʷ ʠʥʬʦʨʤʘ-

ʮʠʶ ʦ ʢʦʦʨʜʠʥʘʪʘʭ ʠ ʚʳʩʦʪʘʭ (ʛʣʫʙʠʥʘʭ) ʟʝʤʥʦʛʦ ʨʝʣʝɹʬʘ ʠʣʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʨʫʛʠʭ ʥʝʙʝʩʥʳʭ ʪʝʣ. ʄʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʦʪʤʝʪʢʘʤʠ ʚʳʩʦʪ ʚ ʫʟʣʘʭ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʠ (ʤʘʪʨʠʮʘ ʚʳʩʦʪ), ʥʝʨʝ-

ʛʫʣʷʨʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʠʣʠ ʢʘʢ ʟʘʧʠʩʴ ʚʳʩʦʪ ʠʟʦʣʠʥʠʡ 

(ʛʦʨʠʟʦʥʪʘʣʝʡ, ʠʟʦʙʘʪ)è. 

ʉʧʦʩʦʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʝʛʦ ʭʘʨʘʢʪʝʨʘ, ʤʘʩʰʪʘʙʘ ʤʦʜʝʣʠ, ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʷ ʨʝʣʴʝʬʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʫʜʫʪ ʨʝʰʘʪʴʩʷ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ. 

ʇʦʩʢʦʣʴʢʫ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ 3D ʎʄʊ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʜʨʦʙʥʝʝ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʘʭ ʮʠʬʨʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʨʝʣʴʝʬʘ ʚ ʚʠʜʝ:  

ī ʚʝʢʪʦʨʥʳʭ ʣʠʥʠʡ (ʛʦʨʠʟʦʥʪʘʣʝʡ ʠʣʠ ʠʥʳʭ ʠʟʦʣʠʥʠʡ ʩ ʨʘʚ-

ʥʳʤ ʠʣʠ ʥʝʨʘʚʥʳʤ ʰʘʛʦʤ); 

ī ʨʝʛʫʣʷʨʥʦʡ ʤʘʪʨʠʮʳ (ʨʝʛʫʣʷʨʥʘʷ ʠʣʠ ʤʘʪʨʠʯʥʘʷ ʤʦʜʝʣʴ) 

ʚʳʩʦʪ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʝ 

ʢʚʘʜʨʘʪʦʚ, ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʠʣʠ ʪʨʝʫʛʦʣʥɹʠʢʦʚ, ʢʦʛʜʘ ʚ ʝʝ ʫʟʣʘʭ 

ʟʘʜʘʥʳ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ); ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ʜʣʷ ʵʪʦʛʦ ʚʠʜʘ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʥʘʠʤʝʥʦʚʘʥʠʷ çʨʝʛʫʣʷʨʥʘʷ ʤʘʪʨʠʮʘ ʚʳʩʦʪ ʠʣʠ ʨʝʛʫʣʷʨ-

ʥʘʷ ʤʦʜʝʣʴè. 

ɺ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ ʨʝʛʫʣʷʨʥʘʷ ʩʝʪʢʘ ʢʚʘʜʨʘʪʦʚ ʥʘʟʳʚʘʝʪʩʷ 

GRID, ʧʦʵʪʦʤʫ ʚ ʠ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʵʪʦʪ ʩʧʦʩʦʙ ʯʘʩʪʦ 

ʥʘʟʳʚʘʶʪ çʛʨʠʜè. 

ʇʦ ʩʧʦʩʦʙʫ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ ʧʦʣʷ ʤʝʞʜʫ ʫʟʣʘʤʠ 

ʩʝʪʢʠ ʨʘʟʣʠʯʘʶʪ ʨʝʰʝʪʦʯʥʳʝ ʠ ʷʯʝʠʩʪʳʝ ʩʝʪʢʠ. ɺ ʧʝʨʚʦʡ ʠʟ ʥʠʭ 
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ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʨʧʦʣʠʨʫʶʪʩʷ ʧʦ ʟʥʘʯʝʥʠʷʤ ʚʳʩʦʪ ʚ ʩʦʩʝʜʥʠʭ 

ʪʦʯʢʘʭ, ʚʪʦʨʘʷ ʤʦʜʝʣʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʪʦʯʢʠ ʢʘʢ ʮʝʥʪʨʳ ʷʯʝʝʢ ʩ ʧʦ-

ʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʦʪʤʝʪʢʠ ʚʳʩʦʪʳ [51, 72, 83]; 

ī ʥʝʨʝʛʫʣʷʨʥʦʡ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ TIN-ʤʦʜʝʣʠ (TIN ï Triangu- 

lated Irregular Network), ʚʢʣʶʯʘʶʱʝʡ ʥʝʢʦʪʦʨʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʪʦʯʝʢ ʩ ʚʳʩʦʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʚʝʜʝʥʘ ʪʨʠʘʥʛʫ-

ʣʷʮʠʷ ʩ ʫʯʝʪʦʤ ʣʠʥʠʡ ʨʘʟʨʳʚʘ ʥʝʧʨʝʨʳʚʥʦʩʪʠ; ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ 

ʵʪʦʪ ʚʠʜ ʠʤʝʥʫʝʪʩʷ ʢʘʢ ʥʝʨʝʛʫʣʷʨʥʘʷ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʘʷ ʩʝʪʴ. 

ɺʘʞʥʝʡʰʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʣʴʝʬʘ ʚ ʚʠʜʝ ʨʝʛʫ-

ʣʷʨʥʦʡ ʤʘʪʨʠʮʳ ʷʚʣʷʝʪʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ 

(ʪʦʯʝʢ ʤʘʪʨʠʮʳ) ʩʪʨʫʢʪʫʨʝ ʨʝʣʴʝʬʘ. ɿʜʝʩʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʦ-

ʟʥʘʯʥʦʩʪʴ ʚʩʝʭ ʪʦʯʝʢ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ (ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʨʝʜʧʦ-

ʣʘʛʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʠ ʧʣʘʚʥʦʩʪʴ ʨʝʣʴʝʬʘ) ʠ ʜʦʧʫʩʢʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʛʥʦʨʠʨʦʚʘʪʴ ʦʩʦʙʳʝ, ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʪʦʯʢʠ 

ʨʝʣʴʝʬʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʣʠʥʠʷʭ ʪʘʣʴʚʝʛʦʚ ʠ ʚʦʜʦʨʘʟʜʝʣʦʚ, ʧʝʨʝ-

ʛʠʙʘʭ ʩʢʘʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʰʘʛʘ ʩʝʪʢʠ, ʪʘʢ ʢʘʢ ʩ ʝʛʦ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʪʫʪ ʧʦʛʨʝʰʥʦʩʪʠ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ, ʘ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ ʦʙʝ̡ʤʳ 

ʜʘʥʥʳʭ. 

ʇʦ ʩʭʝʤʘʤ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʎʄʈ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ [83]: 

ī ʤʦʜʝʣʠ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʚ ʫʟʣʘʭ ʨʝʛʫʣʷʨ-

ʥʳʭ ʩʝʪʦʢ (ʧʦ ʢʚʘʜʨʘʪʘʤ, ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤ, ʨʘʚʥʦʩʪʦʨʦʥʥʠʤ 

ʪʨʝʫʛʦʣʴʥʠʢʘʤ (ʨʠʩ. 2.2, ʘ, ʙ, ʚ); 

ī ʧʦʣʫʨʝʛʫʣʷʨʥʳʝ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʩʠʩʪʝʤ ʚʟʘʠʤʥʦʧʘʨʘʣʣʝʣʴ-

ʥʳʭ ʧʨʦʬʠʣʝʡ; 

ī ʤʦʜʝʣʠ ʩ ʦʧʦʨʥʳʤʠ ʪʦʯʢʘʤʠ ʧʦ ʧʦʧʝʨʝʯʥʠʢʘʤ ʢ ʟʘʜʘʥʥʳʤ 

ʣʠʥʠʷʤ; 

ī ʤʦʜʝʣʠ ʩ ʥʘʙʦʨʦʤ ʪʦʯʝʢ ʧʦ ʛʦʨʠʟʦʥʪʘʣʷʤ ʩ ʨʘʚʥʳʤ ʰʘʛʦʤ 

(ʨʠʩ. 2.2, ʛ); 

ī ʤʦʜʝʣʠ ʩʦ ʩʣʫʯʘʡʥʳʤ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʨʘʩʧʦʣʦ-

ʞʝʥʠʝʤ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʥʘ ʭʘʨʘʢʪʝʨʥʳʭ ʧʝʨʝʛʠʙʘʭ ʨʝʣʴʝʬʘ ʠ ʵʢʩ-

ʪʨʝʤʘʣʴʥʳʭ ʤʝʩʪʘʭ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʝʛʫʣʷʨʥʳʝ ʩʝʪʢʠ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʠʭ ʦʙʨʘʙʦʪʢʝ ʧʨʦʩʪʳʝ ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ 
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ʧʨʦʩʪʦʪʫ ʛʝʥʝʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʝʣʴʝʬʘ ʚ ʚʠʜʝ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʦʠʟʚʦʜ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʥʘʧʨʠʤʝʨ, ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ). 

 

          
ʘ)                                                   ʙ) 

 

      
ʚ)                                                   ʛ) 

ʈʠʩ. 2.2. ʉʭʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʎʄʈ 

 

 

ʄʦʜʝʣʴ ʚ ʚʠʜʝ ʥʝʨʝʛʫʣʷʨʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʜʘʝʪ 

ʣʫʯʰʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʣʴʝʬʘ ʚ ʩʣʫʯʘʝ ʩʠʣʴʥʦʧʝʨʝʩʝʯʝʥʥʦʡ 

ʤʝʩʪʥʦʩʪʠ, ʥʦ ʵʪʫ ʤʦʜʝʣʴ ʪʨʫʜʥʦ ʦʙʥʦʚʣʷʪʴ. ʂʘʞʜʦʝ ʠʟʤʝʥʝʥʠʝ 

ʨʝʣʴʝʬʘ ʤʦʜʝʣʠʨʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʙʳʯʥʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʥʦʚʦ ʨʘʟʚʠʚʘʪʴ ʚʩʶ ʩʝʪʴ. ɼʨʫʛʦʡ ʥʝʜʦʩʪʘʪʦʢ 

ʥʝʨʝʛʫʣʷʨʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ï ʯʨʝʟʤʝʨʥʘʷ ʩʣʦʞʥʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʫʨʦʚʥʝʡ ʜʝʪʘʣʠʟʘʮʠʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʚʠʟʫʘʣʠʟʘʮʠʷ 
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ʎʄʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʦʩʥʦʚʝ ʥʝʨʝʛʫʣʷʨʥʦʡ ʪʨʠ-

ʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʟʘʪʨʫʜʥʝʥʘ. 

ʇʨʠ ʥʝʨʝʛʫʣʷʨʥʦʤ ʩʧʦʩʦʙʝ ʟʘʜʘʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʝɹʬʘ 

ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ x, y, ʠ ʧʝʨʝʩʯʝʪʘ ʚ ʨʝ-

ʛʫʣʷʨʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʝʪʦʜʘʤʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʚ ɻʀʉ  

ʠ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ ʛʝʦʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ [94]: 

ï ʠʥʪʝʨʧʦʣʷʮʠʷ ʥʘ ʦʩʥʦʚʝ ʪʨʠʘʥʛʫʣʷʮʠʠ ɼʝʣʦʥʝ; 

ï ʢʨʠʛʠʥʛ; 

ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ (ʩʨʝʜʥʝʛʘʨʤʦʥʠʯʝʩʢʘʷ) ʠʥʪʝʨʧʦʣʷʮʠʷ ï 

ʤʝʪʦʜ ʐʝʧʘʨʜʘ; 

ï ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʠ ʢʫʩʦʯʥʦ-ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ. 

ʄʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʨʠʘʥʛʫʣʷʮʠʠ ʩʦʩʪʦʠʪ ʚ ʩʣʝ-

ʜʫʶʱʝʤ: ʚ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʪʨʦʷʪʩʷ ʥʝ ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʜʨʫʛ 

ʜʨʫʛʘ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʚʝʨʰʠʥʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʦʧʦʨʥʳʝ ʪʦʯ-

ʢʠ. ɺ ʢʘʞʜʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʣʠʥʦ-

ʤʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʩ ʢʦʬɻʬʠʮʠʝʥʪʘʤʠ ʣʠʙʦ ʧʝʨʚʦʡ, ʣʠʙʦ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ. ʊʘʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʟʥʘ-

ʯʝʥʠʷʤ ʠ ʯʘʩʪʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ ʚ ʚʝʨʰʠʥʘʭ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʇʦ-

ʚʳʰʘʷ ʩʪʝʧʝʥʴ ʧʦʣʠʥʦʤʦʚ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʟʘʜʘʥʥʦʡ ʩʪʝʧʝʥʠ 

ʛʣʘʜʢʦʩʪʠ ʢʫʩʦʯʥʦ-ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʧʦʜʘʚʣʷʶ-

ʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʥʦʩʠʪ 

ʥʘʟʚʘʥʠʝ ʪʨʠʘʥʛʫʣʷʮʠʠ ɼʝʣʦʥʝ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʎʄʈ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʨʝʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʥʝʨʝʛʫʣʷʨʥʦʡ, ʪ. ʝ. ʠʤʝʝʪ ʨʘʟ-

ʨʳʚʳ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʠʩʳʚʘʶʪ ʛʣʘʜ-

ʢʫʶ, ʨʝʛʫʣʷʨʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʯʘʩʪʦ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ 

ʨʝʣʴʝʬʘ ʩʪʨʦʷʪ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʨʘʟʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝ-

ʣʝʡ, ʩʪʳʢʫʶʱʠʭʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʦʯʢʘʭ. ʆʜʥʘ ʠʟ ʧʨʦʙʣʝʤ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ ī ʥʘʭʦʞʜʝʥʠʝ ʩʧʦʩʦʙʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʣ 

ʙʳ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʪʦʯʝʢ ʤʦʜʝʣʠ ʤʘʢʩʠʤʘʣʴʥʦ ʠʥ-

ʬʦʨʤʘʪʠʚʥʦ ʦʪʦʙʨʘʞʘʪʴ ʠʩʭʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 
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ʇʦʜʭʦʜ, ʜʘʶʱʠʡ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, ï ʤʝʪʦʜ ɼʝʣʦʥʝ. 

ʄʝʪʦʜ ʫʧʨʦʱʝʥʥʦ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʥʘʭʦʞʜʝʥʠʶ ʩʠʩʪʝʤʳ ʜʠʩ-

ʢʨʝʪʥʳʭ ʪʦʯʝʢ, ʟʘʧʦʣʥʷʶʱʠʭ ʥʝʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ.  

ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʜʘʥʥʦʝ ʚ [94], ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʪʨʠʘʥʛʫʣʷʮʠʠ ɼʝʣʦʥʝ ʷʚʣʷʝʪʩʷ ʩʘ-

ʤʳʤ ʙʳʩʪʨʳʤ. ʇʨʠ ʵʪʦʤ ʝʱʝ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʩʦʟʜʘ-

ʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʦʪʢʨʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʦʙʥʘʨʫ-

ʞʠʚʘʪʴ ʦʰʠʙʢʠ ʚ ʜʘʥʥʳʭ. 

ʄʝʪʦʜ ʢʨʠʛʠʥʛʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʘʝʪ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴ-

ʪʘʪʳ, ʜʘʞʝ ʢʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʥʝʚʝʣʠʢʘ. ʆʜʥʘʢʦ ʧʨʠ 

ʥʝʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʚ ʥʠʭ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʦʩʮʠʣʣʷ-

ʮʠʡ (ʨʝʟʢʠʝ ʧʠʢʠ ʠʣʠ ʚʧʘʜʠʥʳ). ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʤʦʞʥʦ ʠʩʧʨʘ-

ʚʠʪʴ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʥʝ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ, ʘ çʩʛʣʘʞʠʚʘʶʱʝ-

ʛʦè ʢʨʠʛʠʥʛʘ. 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʤʝʪʦʜʘ ʦʙʦʙʱʝʥʥʦʡ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʡ ʠʥ-

ʪʝʨʧʦʣʷʮʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʳʤ, ʪ. ʝ. 

ʥʘ ʟʥʘʯʝʥʠʷ ʤʦʜʝʣʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʣʶʙʦʡ 

ʪʦʯʢʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʟʥʘʯʝʥʠʷ ʚ ʦʧʦʨʥʳʭ 

ʪʦʯʢʘʭ, ʜʘʣʝʢʦ ʦʪʩʪʦʷʱʠʭ ʦʪ ʥʝʝ. ʕʪʦʪ ʤʝʪʦʜ ʭʦʨʦʰʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ, ʢʦʛʜʘ ʦʧʦʨʥʳʝ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʦ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʷʷ ʚʝʩʦʚʫʶ ʬʫʥʢʮʠʶ ʠ ʩʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ, 

ʤʦʞʥʦ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʧʦʜʙʠʨʘʪʴ ʤʦʜʝʣʴʥʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ, ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʫʶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʘ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʠʩʭʦʜʥʳʡ ʨʝʣʴʝʬ ʯʘʩʪʦ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʠʟʦʣʠ-

ʥʠʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ ʘʥʘʣʠʟ ʨʝʣʴʝʬʘ. ʇʦʵʪʦʤʫ ʚ ɻʀʉ, 

ʨʘʙʦʪʘʶʱʠʭ ʩ ʪʨʝʭʤʝʨʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʫʱʝ-

ʩʪʚʫʶʪ ʧʨʠʣʦʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʣʠʥʠʡ 

ʚ ʨʝʛʫʣʷʨʥʫʶ ʩʝʪʢʫ ʠʣʠ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʫʶ ʩʝʪʴ. ʅʘ ʧʝʨʚʦʤ ʵʪʘ-

ʧʝ ʠʟʦʣʠʥʠʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʥʝʨʝʛʫʣʷʨʥʫʶ ʩʝʪʴ ʪʦʯʝʢ, ʟʥʘʯʝʥʠʷ 

ʦʪʤʝʪʦʢ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʩʦʪʘʤ ʠʩʭʦʜʥʳʭ ʠʟʦʣʠʥʠʡ, 

ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʟʣʦʚ ʠʟʦʣʠʥʠʡ ʚ ʪʦʯʝʯʥʳʝ 

ʦʙʲʝʢʪʳ ʠʣʠ ʧʫʪʝʤ ʚʳʷʚʣʝʥʠʷ ʧʝʨʝʩʝʯʝʥʠʡ ʠʟʦʣʠʥʠʡ ʩ ʢʚʘʜʨʘʪ-

ʥʦʡ ʩʝʪʢʦʡ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝ-

ʛʫʣʷʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʥʝʨʝʛʫʣʷʨʥʳʤ ʜʘʥʥʳʤ [72]. 
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ʇʦʜ ʎʄʆ ʧʦʥʠʤʘʝʪʩʷ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ, 

ʩʦʜʝʨʞʘʱʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʣʘʥʦʚʦʤ (ʢʦʦʨʜʠʥʘʪʳ X, Y) ʠ ʚʳ-

ʩʦʪʥʦʤ (ʧʦ ʦʩʠ Z) ʧʦʣʦʞʝʥʠʠ, ʘ ʪʘʢʞʝ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʭ ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʲʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʚ ʪʦʤ 

ʯʠʩʣʝ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʢʨʦʤʝ ʨʝʣʴʝʬʘ [41]. 

ʉʦʟʜʘʥʠʝ ʎʄʆ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ, ʢʘʢ ʤʠʥʠʤʫʤ, ʜʚʫʭ ʢʦʤʧʦ-

ʥʝʥʪ: ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʤʥʦʡ ʬʦʨʤʝ ʦʙʲʝʢʪʘ ʠ ʪʝʢʩʪʫʨʝ ʦʙʲʝʢʪʘ. 

ʎʠʬʨʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʤʥʦʡ (ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ) ʚ ʚʠ-

ʜʝ ʛʨʘʥʠʮ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ (ʩʨʝʜ-

ʩʪʚʘʤʠ ʩʪʝʨʝʦʬʦʪʦʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ, ʛʝʦʜʝʟʠʯʝʩʢʦʡ, ʣʘʟʝʨʥʦ-

ʣʦʢʘʮʠʦʥʥʦʡ ʩʲʝʤʦʢ, ʜʠʛʠʪʘʣʠʟʘʮʠʠ ʢʘʨʪʤʘʪʝʨʠʘʣʦʚ ʠ ʪ. ʜ.). 

ʎʠʬʨʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʨʘʥʠʮʘʭ ʦʙʲʝʢʪʘ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʧʝʨʘʮʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʦʨʪʦʛʦʥʘʣʠʟʘʮʠʷ, ʨʘʟʨʝʞʝʥʠʝ, ʩʛʣʘʞʠʚʘʥʠʝ). 

ʊʝʢʩʪʫʨʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʘʣʠʩʪʠ-

ʯʝʩʢʦʛʦ ʚʠʜʘ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ. 
 

2.3. ʇʨʦʛʨʘʤʤʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ  
ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʤʝʩʪʥʦʩʪʠ  
ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʚʝʨʰʝʥ ʧʝʨʝʭʦʜ ʦʪ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʫʥʠ-

ʚʝʨʩʘʣʴʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʢ ʮʠʬʨʦʚʳʤ. ʎʠʬ-

ʨʦʚʳʝ ʤʝʪʦʜʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ, 

ʢʘʜʘʩʪʨʦʚʳʭ ʩʲʝʤʢʘʭ, ʦʙʥʦʚʣʝʥʠʠ ʢʘʨʪ. ɿʘʨʫʙʝʞʥʳʤʠ ʬʠʨʤʘʤʠ 

ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦ-

ʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʩʨʝʜʩʪʚʘʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʪʝʭʥʠʢʠ [63, 24, 25]. 

ɺ ʈʦʩʩʠʠ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʘʯʘʣʠʩʴ ʚ 80-ʝ ʛʛ. 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʠʣʠʩʴ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʎʌʉ, ʚʦ 

ʤʥʦʛʦʤ ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʩ ʟʘʨʫʙʝʞʥʳʤʠ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ 

ʜʝʰʝʚʣʝ ʧʦ ʩʪʦʠʤʦʩʪʠ [5, 98, 102, 139, 146]. 

ʎʠʬʨʦʚʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ī ʢʦʤʧʴʶʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʝ 
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ʠʟʤʝʨʝʥʠʷ, ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ, ʪʨʘʩʩʠʨʦʚʘʥʠʝ 

ʛʦʨʠʟʦʥʪʘʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʦʨʠ-

ʛʠʥʘʣʦʚ ʢʘʨʪ [13]. 

ʎʠʬʨʦʚʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʤʧʣʝʢʩ ʘʧʧʘʨʘʪʥʳʭ, ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠ-

ʨʦʚʘʥʠʷ. ʎʌʉ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʚ ʩʪʝʨʝʦʨʝʞʠʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ: ʙʠʥʦʢʫʣʷʨʦʚ, ʘʥʘʛʣʠʬʠ-

ʯʝʩʢʠʭ, ʧʨʠʟʤʝʥʥʳʭ, ʩʚʝʪʦʟʘʪʚʦʨʥʳʭ ʦʯʢʦʚ, ʟʝʨʢʘʣʴʥʳʭ ʩʪʝʨʝʦ-

ʜʠʩʧʣʝʝʚ ʠ ʜʨ. ɺ ʠʪʦʛʝ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ ʥʘ ʎʌʉ ʧʦʣʫʯʘʶʪ 

ʮʠʬʨʦʚʫʶ ʧʨʦʜʫʢʮʠʶ (ʎʊʂ, ʎʊʇ, ʦʨʪʦʬʦʪʦʧʣʘʥʳ, ʎʄʈ, ʎʄʄ) 

ʠ ʪʚʝʨʜʳʝ ʢʦʧʠʠ ʥʘ ʙʫʤʘʛʝ, ʧʣʘʩʪʠʢʝ [5, 98, 102, 107].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ ʯʠʩʣʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ 

ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʠ ʠʤʝʶʪ ʩʚʦʡʩʪʚʘ ʮʠʬʨʦʚʦʡ ʧʦʣʥʦʬʫʥʢʮʠʦ-

ʥʘʣɹʥʦʡ ʩʠʩʪʝʤʳ ʩʣʝʜʫʶʱʠʝ: 

ī ʎʌʉ PHOTOMOD (ʛ. ʄʦʩʢʚʘ, ʢʦʤʧʘʥʠʷ ʈʘʢʫʨʩ); 

ī ʎʌʉ ʎʅʀʀɻɸʠʂ (ɼʝʣʴʪʘ) (ʛ. ʄʦʩʢʚʘ, ʎʅʀʀɻɸʠʂ, ʛ. ɺʠʥ-

ʥʠʮʘ ʅʇʇ çɻʝʦʩʠʩʪʝʤʘè); ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥ-

ʢʝ ʢʘʢ ʎʌʉ ʎʅʀʀɻɸʠʂ, ʚ ʋʢʨʘʠʥʝ ʠ ʚ ʩʪʨʘʥʘʭ ʉʅɻ ī ʢʘʢ ʎʌʉ 

ɼʝʣʴʪʘ; ʜʘʣʝʝ ï ʎʌʉ 

ʎʅʀʀɻɸʠʂ (ʨʠʩ. 2.3); 

ī ʎʌʉ-ʊʘʣʢʘ (ʛ. 

ʄʦʩʢʚʘ, ʆʆʆ ʅʇʌ 

çʊɸʃʂɸ-ʊɼɺè).  
ɺʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʎʌʉ ʩʭʦʞʠ, ʯʪʦ ʧʨʦʜʠʢ-

ʪʦʚʘʥʦ ʦʙʱʠʤʠ ʟʘʜʘʯʘʤʠ 

ʠ ʩʧʦʩʦʙʘʤʠ ʠʭ ʨʝʰʝʥʠʷ 

[98, 107]. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ ʈʆʉʈɽɽʉʊʈ ʠ 

ʜʨʫʛʠʭ ʚʝʜʦʤʩʪʚ ʈʦʩʩʠʠ, 

ʩʪʨʘʥʘʭ ʉʅɻ ʚ ʨʘʟʥʦʡ ʤʝ-

ʨʝ ʠʩʧʦʣʴʟʫʁ ʪʩʷ ʚʩʝ ʠʟ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ. ʆʜʥʘʢʦ, 

ʩʘʤʦʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦ-
ʈʠʩ. 2.3. ʎʠʬʨʦʚʘʷ ʬʦʪʦʛʨʘʤʤʝʪ-

ʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʎʅʀʀɻɸʠʂ 
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ʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʎʌʉ PHOTOMOD ʠ ʎʌʉ ʎʅʀʀɻɸʠʂ 

[98, 102, 139].  

ʂʨʦʤʝ ʥʘʟʚʘʥʥʳʭ ʎʌʉ, ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʝ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ SOCET SET, IMAGINE OrthoBase 

ʬʠʨʤr ERDAS, ɻʀʉ-ʂʦʥʩʪʨʫʢʪʦʨ çʆʨʪʦʬʦʪʦʧʣʘʥè (ʈʦʩʩʠʷ), 

RealisticMap (ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ), ʎʠʬʨʦʚʦʡ ʩʪʝʨʝʦʧʣʦʪʪʝʨ 

SDS (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) ʠ ʜʨ. [98]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʎʌʉ, ʠʤʝʶʱʠʭ ʥʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʉʅɻ [98, 107], ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʚ ʪʘʙʣ. 2.3.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʇʆ ʎʌʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʘ: ʤʦʜʫʣʴʥʳʡ (ʨʝʘʣʠʟʦʚʘʥ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʎʌʉ) ʠ ʠʥʪʝʛʨʘʣʴʥʳʡ, ʢʦʛʜʘ ʚʩʝ ʬʫʥʢʮʠʠ ʧʨʦʛʨʘʤʤʳ ʨʝʘʣʠʟʦ-

ʚʘʥʳ ʚ ʦʜʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʝ (ʎʌʉ-ʊʘʣʢʘ). ʂʘʞʜʳʡ ʠʟ ʧʦʜ-

ʭʦʜʦʚ ʠʤʝʝʪ ʢʘʢ ʜʦʩʪʦʠʥʩʪʚʘ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʇʨʠ ʤʦʜʫʣʴʥʦʤ ʧʦʜʭʦʜʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ 

ʝʤʫ ʧʨʦʛʨʘʤʤʳ, ʯʪʦ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʴʥʦ-

ʛʦ ʧʦʜʭʦʜʘ ʜʘʝʪ ʪʘʢʞʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠ ʦʙʥʦʚʣʝʥʠʠ ʦʪʜʝʣʥɹʳʭ 

ʙʣʦʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʝʜʠʥʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ ʛʘʨʘʥʪʠʨʫʝʪ ʢʘʯʝ-

ʩʪʚʝʥʥʫʶ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʦʜʥʦʛʦ ʤʦʜʫʣʷ ʢ ʜʨʫʛʦʤʫ [107]. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʜʚʫʭ ʠʟ ʎʌʉ. 

ʎʌʉ PHOTOMOD ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʘʥʠʝʡ ʈʘʢʫʨʩ ʚ ʩʦʜʨʫʞʝ-

ʩʪʚʝ ʩ ʚʝʜʫʱʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʈʦʩʩʠʠ.  

PHOTOMOD ï ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩ ʙʦʣʴʰʠʤ ʧʝ-

ʨʝʯʥʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʦʨʠʛʠʥʘʣʴʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡ-

ʩʦʤ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘ-

ʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘʟʝʤʥʳʝ ʠ ʚʦʟʜʫʰʥʳʝ ʩʥʠʤʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʟʘʢʦʥʘʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʦ ʠ ʩʢʘʥʝʨʥʳʝ, ʨʘʜʠʦ-

ʣʦʢʘʮʠʦʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʥʠʤʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʝʤʝʪ-

ʨʠʯʝʩʢʠʤʠ ʢʘʤʝʨʘʤʠ [98]. 

ʎʌʉ PHOTOMOD ʠʤʝʝʪ ʛʠʙʢʫʶ ʤʦʜʫʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʘ-

ʜʘʯʘʤ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʣʦʢʘʣʥɹʦʡ ʩʝʪʠ ʠ ʤʦʞʝʪ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ.  
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ʆʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜʫ-

ʶ ʝɦʤʫ: 

ï ʦʨʠʛʠʥʘʣʴʥʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ ʠ ʜʦʩʪʫʧʥʳʡ ʠʥʪʝʨʬʝʡʩ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʢʘʥʝʨʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝ-

ʥʠʡ, ʚʢʣʶʯʘʷ ʩʥʠʤʢʠ SPOT, TERRA, EROS, LANDSAT, ICONOS, 

IRS, ASTER, QuickBird; 

ï ʥʘʣʠʯʠʝ ʠʥʪʝʨʬʝʡʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʠ-

ʩʪʝʤʳ ʚ ʩʨʝʜʘʭ ʜʨʫʛʠʭ ɻʀʉ: MicroStation (ʤʦʜʫʣʴ StereoLink), 

ɻʀʉ ʇʘʥʦʨʘʤʘ (ʂɹ çʇʘʥʦʨʘʤʘè) ī ɻʀʉ ʂɸʈʊɸ 2011, ʵʢʩʧʦʨʪʘ 

ʜʘʥʥʳʭ ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠ ʫʨʘʚʥʠʚʘʥʠʠ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ ʠ ʜʘʥʥʳʭ GPS-ʠʟʤʝʨʝʥʠʡ; 

ï ʥʘʣʠʯʠʝ ʥʘʩʪʨʘʠʚʘʝʤʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ; 

ï ʥʘʣʠʯʠʝ ʩʨʝʜʩʪʚ ʢʘʣʠʙʨʦʚʢʠ ʧʣʘʥʰʝʪʥʳʭ ʧʦʣʠʛʨʘʬʠʯʝʩʢʠʭ 

ʩʢʘʥʝʨʦʚ; 

ï ʥʘʣʠʯʠʝ ʩʨʝʜʩʪʚ ʚʝʢʪʦʨʠʟʘʮʠʠ ʚ ʤʦʥʦʢʫʣʷʨʥʦʤ ʠ ʩʪʝʨʝʦ-

ʩʢʦʧʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʚʝʢʪʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʄʈ ʚ ʚʠʜʝ ʨʝʛʫʣʷʨʥʦʡ ʤʘʪʨʠ-

ʮʳ ʚʳʩʦʪ ʩ ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʝ ʧʨʠ 

ʦʨʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʠ; 

ï ʜʠʘʛʥʦʩʪʠʢʘ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ. 

ɺ ʚʝʨʩʠʠ 4.4 ʩʠʩʪʝʤʳ PHOTOMOD ʨʝʘʣʠʟʦʚʘʥʳ ʬʫʥʢʮʠʠ ʧʦ-

ʩʪʨʦʝʥʠʷ 3D-ʤʦʜʝʣʝʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫ-

ʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʨʝʜʝ AutoCAD. ʕʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʧʦʣ-

ʥʷʶʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʬʫʥʢʮʠʠ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩ-

ʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ PHOTOMOD, ɻʀʉ ʂɸʈʊɸ 2011. 

ʉʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 40 ʩʪʨʘʥʘʭ ʤʠʨʘ, ʘ ʪʘʢʞʝ ʚ ʚʝ-

ʜʫʱʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ. 

ʉʠʩʪʝʤʘ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ (ʚ ʛʦʜ ʧʦʷʚʣʷʝʪʩʷ ʦʪ 

2 ʜʦ 3 ʥʦʚʳʭ ʚʝʨʩʠʡ), ʧʦʧʦʣʥʷʝʪʩʷ ʥʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 



ʊʘʙʣʠʮʘ 2.3 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʎʠʬʨʦʚʳʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʎʌʉ ʎʅʀʀɻɸʠʂ, 

ɼʝʣʴʪʘ 
ʎʌʉ-ʊʘʣʢʘ MapEdit Pro PHOTOMOD ImageStation 

1 2 3 4 5 6 

ʉʪʨʘʥʘ, 

ʨʘʟʨʘʙʦʪʯʠʢ 

ʋʢʨʘʠʥʘ, 

ɻʅʇʇ çɻʝʦʩʠʩʪʝʤʘè. 

ʈʦʩʩʠʷ, ʎʅʀʀɻɸʠʂ. 

ʈʦʩʩʠʷ, 

ʆʆʆ ʅʇʌ 

çʊɸʃʂɸīʊɼɺè 

ʈʦʩʩʠʷ, 

çʈʝʟʠʜʝʥʪè 

ʈʦʩʩʠʷ, 

ʈʘʢʫʨʩ 

ɻʝʨʤʘʥʠʷ ī ʉʐɸ,  

Intergraph Corp. 

ʇʨʠʥʮʠʧ 

ʧʦʩʪʨʦʝʥʠʷ 
ʄʦʜʫʣʴʥʳʡ ʀʥʪʝʛʨʘʣʴʥʳʡ ʄʦʜʫʣʴʥʳʡ ʄʦʜʫʣʴʥʳʡ ʄʦʜʫʣʴʥʳʡ 

ʈʝʘʣʠʟʘʮʠʷ 3D ʉʪʝʨʝʦʩʢʦʧ, 

ʉʪʝʨʝʦʦʯʢʠ 

ʉʪʝʨʝʦʢʦʤʧʣʝʢʪ, 

ʩʪʝʨʝʦʦʯʢʠ 

ī ʉʪʝʨʝʦʦʯʢʠ, 

ʟʝʨʢʘʣʴʥʳʝ 

ʩʪʝʨʝʦʜʠʩʧʣʝʠ 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ 

ʦʯʢʠ ʩ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ 

ʀʩʧʦʣʴʟʫʝʤʳʝ  

ʩʥʠʤʢʠ 

ɸʵʨʦ- ʠ ʢʦʩʤʠʯʝʩʢʠʝ 

ʬʦʪʦʩʥʠʤʢʠ 

ɸʵʨʦ- ʠ ʢʦʩʤʠʯʝ-

ʩʢʠʝ ʬʦʪʦʩʥʠʤʢʠ; 

ʜʘʥʥʳʝ ʮʠʬʨʦʚʦʡ 

ʢʘʤʝʨʳ; ʤʘʪʝʨʠʘʣʳ 

ʬʦʪʦʪʝʦʜʦʣʠʪʥʦʡ 

ʩʲʝʤʢʠ 

ɸʵʨʦ- 

ʠ ʢʦʩʤʠʯʝʩʢʠʝ 

ʬʦʪʦʩʥʠʤʢʠ 

ɸʵʨʦ- ʠ ʢʦʩʤʠʯʝʩʢʠʝ 

ʬʦʪʦʩʥʠʤʢʠ;  

ʢʦʩʤʠʯʝʩʢʠʝ ʩʢʘʥʝʨ-

ʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ; 

ʜʘʥʥʳʝ ʨʘʜʘʨʦʚ ʩ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʦʡ 

ɸʵʨʦ- ʠ ʢʦʩʤʠʯʝʩʢʠʝ 

ʬʦʪʦʩʥʠʤʢʠ; ʜʣʷ ʢʦʩ-

ʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʢʘʞ-

ʜʦʤ ʪʠʧʝ ʩʲʝʤʦʯʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʙʣʦʢ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʷ 
ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ ʜʨʫʛʠʤʠ 

ʧʨʦʛʨʘʤʤʘʤʠ 

ʉʚʷʟʴ ʚ ʨʝʞʠʤʝ 

on-line ʧʦ TCP / IP 

ʠʣʠ ʯʝʨʝʟ Com-ʧʦʨʪ 

ʇʨʝʜʫʩʤʦʪʨʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩ-

ʧʦʨʪʘ ʚ ʜʨʫʛʠʝ 

ʧʨʦʛʨʘʤʤʳ 

ʇʝʨʝʯʝʥʴ 

ʦʙʤʝʥʥʳʭ 

ʬʦʨʤʘʪʦʚ 

ʐʠʨʦʢʠʡ ʥʘʙʦʨ 

ʦʙʤʝʥʥʳʭ 

ʬʦʨʤʘʪʦʚ 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʤʧʦʨʪʘ 

ʚ ʜʨʫʛʠʝ ʬʦʨʤʘʪʳ 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 2.3 

1 2 3 4 5 6 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʧʦʩʪʨʦʝʥʠʝ 

ʨʝʣʴʝʬʘ 

ɽʩʪʴ 

(ʚʭʦʜʠʪ ʚ ʙʘʟʦʚʳʡ 

ʢʦʤʧʣʝʢʪ) 

ɽʩʪʴ 

(ʚʭʦʜʠʪ ʚ 

ʢʦʤʧʣʝʢʪ) 

ɽʩʪʴ ɽʩʪʴ 

(ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʤʦʜʫʣʴ) 

ɽʩʪʴ 

(ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʤʦʜʫʣʴ) 

 

ɺʝʢʪʦʨʠʟʘʮʠʷ 

ɽʩʪʴ 

(ʚʭʦʜʠʪ ʚ ʙʘʟʦʚʳʡ 

ʢʦʤʧʣʝʢʪ) 

ɽʩʪʴ 

(ʚʭʦʜʠʪ ʚ 

ʢʦʤʧʣʝʢʪ) 

ɽʩʪʴ ɽʩʪʴ 

(ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʤʦʜʫʣʴ) 

ɽʩʪʴ 

(ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʤʦʜʫʣʴ) 

ʉʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ 

ʢʘʨʪ, ʧʦʜʛʦʪʦʚʢʘ ʠʭ  

ʢ ʠʟʜʘʥʠʶ 

ɽʩʪʴ 

(ʚʭʦʜʠʪ ʚ ʙʘʟʦʚʳʡ 

ʢʦʤʧʣʝʢʪ) 

ɽʩʪʴ 

(ʚʭʦʜʠʪ ʚ 

ʢʦʤʧʣʝʢʪ) 

ī ɽʩʪʴ 

(ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʤʦʜʫʣʴ) 

ɽʩʪʴ 

(ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʤʦʜʫʣʴ) 

ʕʪʘʣʦʥʠʨʦʚʘʥʠʝ 

ʩʢʘʥʝʨʘ 
ɽʩʪʴ ɽʩʪʴ ī ɽʩʪʴ ɽʩʪɹ 

 

 

5
6
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ʎʌʉ ʎʅʀʀɻɸʠʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ-

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ (ʩʤ. ʨʠʩ. 2.3), ʚʢʣʶʯʘʶʱʠʡ ʧʝʨʩʦʥʘʣʴ-

ʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʩʪʝʨʝʦʧʨʠʩʪʘʚʢʫ ʠ ʩʧʝʮʠʘʣʴʥʳʡ ʩʪʦʣ, ʘʥʘʣʦʛʠʯ-

ʥʳʡ ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʚ ɸʌʇ çʉʪʝʨʝʦʘʥʘʛʨʘʬè. ʉʪʦʣ ʩʥʘʙʞʝʥ 

ʰʪʫʨʚʘʣʘʤʠ ʜʣʷ ʥʘʚʝʜʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʤʘʨʢʠ ʥʘ ʥʘʙʣʶʜʘʝ-

ʤʫʶ ʪʦʯʢʫ ʚ ʧʣʘʥʝ ʠ ʧʦ ʚʳʩʦʪʝ, ʘ ʪʘʢʞʝ ʙʣʦʢʦʤ ʧʝʜʘʣʝʡ ʜʣʷ ʨʝ-

ʛʠʩʪʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʩʪʦʣʘ ʜʣʷ ʥʘʚʝʜʝʥʠʷ ʤʘʨʢʠ ʥʘ ʪʦʯʢʠ ʩʥʠʤʢʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘ-

ʥʠʧʫʣʷʪʦʨ çʤʳʰʴè ʠʣʠ ʢʣʘʚʠʘʪʫʨʘ ʢʦʤʧʴʪʁʝʨʘ. 

ɺ ʩʦʩʪʘʚ ʎʌʉ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ: 

ī Models ī ʫʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʦʡ ʩʠʩʪʝʤʳ, ʚʚʦʜ ʜʘʥʥʳʭ ʦʙ 

ɸʌɸ, ʪʦʯʢʘʭ ʦʧʦʨʳ ʠ GPS-ʠʟʤʝʨʝʥʠʷʭ, ʠʟʤʝʨʝʥʠʝ ʩʥʠʤʢʦʚ, ʦʙ-

ʨʘʙʦʪʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, ʧʦʩʪʨʦʝʥʠʝ ʦʜʠʥʦʯʥʦʡ ʤʦʜʝʣʠ; 

ī TrianPr ī ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʣʦʢʘ ʠ ʚʚʦʜ ʦʙʱʝʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʥʝʤ; 

ī Triada ī ʠʟʤʝʨʝʥʠʝ ʩʥʠʤʢʦʚ ʚ ʨʫʯʥʦʤ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʤ ʨʝʞʠʤʝ, ʢʦʥʪʨʦʣʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʳ ʩʤʝʞ-

ʥʳʭ ʤʦʜʝʣʝʡ; 

ī Ged ī ʧʦʩʪʨʦʝʥʠʝ ʎʄʈ, ʦʨʪʦʠʟʦʙʨʘʞʝʥʠʷ, ʚʝʢʪʦʨʠʟʘʮʠʷ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ, ʩʦʟʜʘʥʠʝ ʢʘʨʪʳ, ʧʣʘʥʘ ʚ ʟʘ-

ʜʘʥʥʦʡ ʧʨʦʝʢʮʠʠ, ʨʝʰʝʥʠʝ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʢʘʜʘʩʪʨʦʚʳʭ 

ʟʘʜʘʯ, ʚʳʚʦʜ ʢʘʨʪ, ʧʣʘʥʦʚ ʥʘ ʧʝʯʘʪʴ ʠ ʜʨ.; 

ī Geodesy ī ʫʨʘʚʥʠʚʘʥʠʝ ʩʲʝʤʦʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ, ʦʙʨʘʙʦʪʢʘ 

ʤʘʪʝʨʠʘʣʦʚ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ; 

ī PhotoCom ʠʣʠ BlockMSG ī ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦ-

ʩʪʨʦʝʥʠʷ ʠ ʫʨʘʚʥʠʚʘʥʠʷ ʩʝʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷ-

ʮʠʠ ʩ ʚʳʚʦʜʦʤ ʢʘʪʘʣʦʛʦʚ ʢʦʦʨʜʠʥʘʪ ʠ ʜʨ. (ʪʚʦʨʝʥʠʷ ʜʦʢʪʦʨʦʚ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʥʘʫʢ ʀ.ʊ. ɸʥʪʠʧʦʚʘ ʠ ʉ.ɻ. ʄʦʛʠʣʴʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʤʦʜʫʣʝʡ, ʠʭ ʥʘʩʪʨʦʡʢʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʣʶʯʘ ʟʘʱʠʪʳ ʤʦʞʥʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʜʚʘ ʧʘʢʝʪʘ [98]: 

ï ɼʝʣʴʪʘ ï ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʫʨʘʚʥʠʚʘʥʠʷ ʬʦʪʦʛʨʘʤ-

ʤʝʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʦʨʪʦʠʟʦʙʨʘʞʝʥʠʷ; 

ï Digitals ï ʩʠʩʪʝʤʘ ʩʦʟʜʘʥʠʷ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʦʙʥʦʚʣʝʥʠʷ 

ʮʠʬʨʦʚʳʭ ʢʘʨʪ, ʨʝʰʝʥʠʷ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʠ ʜʨ. 
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ʇʦ ʜʘʥʥʳʤ [102, ʩ. 72], ʚ ʎʌʉ ʎʅʀʀɻɸʠʂ (ɼʝʣʴʪʘ) ʨʝʘʣʠʟʦ-
ʚʘʥ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʛʦ 
ʩʙʦʨʘ ʚʝʢʪʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ. 
çʀʥʩʪʨʫʤʝʥʪʘʨʠʡ ʩʙʦʨʘ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʪʨʝʭʤʝʨʥʳʭ 
ʩʮʝʥ ʠ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ ʢʦʥ-
ʬʠʛʫʨʘʮʠʠ ʥʘ ʎʌʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʩʪʝʨʝʦʩʢʦʧʠʯʝ-
ʩʢʦʛʦ ʦʙʤʝʨʘ ʟʜʘʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤ ʚʠʜʦʤ ʢʨʳʰ: ʧʣʦʩʢʘʷ ʧʨʦʩʪʘʷ 
ʠ ʩʣʦʞʥʘʷ; ʦʜʥʦʩʢʘʪʥʘʷ; ʢʦʥʴʢʦʚʘʷ ʜʚʫʭʩʢʘʪʥʘʷ, ʪʨʝʭʩʢʘʪʥʘʷ, 
ʯʝʪʳʨʝʭʩʢʘʪʥʘʷ; ʢʦʥʴʢʦʚʘʷ ʩ ʦʜʥʠʤ ʠ ʜʚʫʤʷ ʠʟʣʦʤʘʤʠ; ʰʘʪʨʦʚʘʷ 
ʯʝʪʳʨʝʭʩʢʘʪʥʘʷ, ʤʥʦʛʦʩʢʘʪʥʘʷ; ʤʘʥʩʘʨʜʥʘʷ; ʫʩʝʯʝʥʥʘʷ ʯʝʪʳʨʝʭ-
ʩʢʘʪʥʘʷ; ʙʘʰʝʥʥʘʷ; ʢʦʥʫʩʦʦʙʨʘʟʥʘʷ; ʙʦʯʢʦʦʙʨʘʟʥʘʷ; ʢʫʧʦʣʦʦʙ-
ʨʘʟʥʘʷ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠè.  
ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʎʌʉ ʚʢʣʯʁʘʝʪ 

ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʮʝʜʫʨʳ: 
ʧʦʩʪʨʦʝʥʠʝ ʎʄʈ; ʩʦʟʜʘʥʠʝ ʦʨʪʦʠʟʦʙʨʘʞʝʥʠʷ; ʩʙʦʨ ʜʘʥʥʳʭ ʦ ʟʜʘ-
ʥʠʷʭ ʧʦ ʰʘʙʣʦʥʘʤ ʜʣʷ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ; ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʥʝʡ 
ʩʪʝʥ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʳʰ; ʫʩʪʨʘʥʝʥʠʝ ʤʝʨʮʘʥʠʷ ʥʘʢʣʘʜʳʚʘʶ-
ʱʠʭʩʷ ʛʨʘʥʝʡ; ʛʝʥʝʨʘʮʠʷ ʪʝʢʩʪʫʨ ʩʪʝʥ. 
ɼʣʷ ʘʵʨʦʩʲʝʤʢʠ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʢʘʥʝʨʥʘʷ ʘʵʨʦʩʲʝʤʦʯʥʘʷ ʩʠʩʪʝʤʘ 3-ʆʉ-1 (ʅʇʇ çɻʝʦʩʠʩʪʝʤʘè, 
ʛ. ɺʠʥʥʠʮʘ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʢʣʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʪʝʥ ʟʜʘʥʠʡ. 
ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʝʢʩʪʫʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʟʜʘʥʠʡ ʩʦ 
ʚʩʝʭ ʩʪʦʨʦʥ, ʘʵʨʦʩʲʝʤʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚʦ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫ-
ʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 
ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʎʌʉ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʵʢʩʧʦʨʪ/ 

ʠʤʧʦʨʪ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʩ ʫʨʦʚʥʷʤʠ ʜʝʪʘʣʠʟʘʮʠʠ ʚ ʬʦʨʤʘʪʝ 
KMZ/KLM  Google Earth. ʕʢʩʧʦʨʪ ʩ ʫʨʦʚʥʷʤʠ ʜʝʪʘʣʠʟʘʮʠʠ ʜʘʝʪ 
ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʥʘ 
ʪʝʨʨʠʪʦʨʠʷʭ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ. 

 

2.4. ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʦʩʪʘʚʫ  
ʠ ʪʦʯʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭ-
ʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʩʭʦʜ-
ʥʳʤ ʜʘʥʥʳʤ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʩʪʘʚʫ ʠ ʪʦʯʥʦʩʪʠ ʠʪʦʛʦʚʦʡ ʧʨʦ-
ʜʫʢʮʠʠ, ʪ. ʝ. ʢ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʝ. 
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ʉʬʦʨʤʫʣʠʨʫʝʤ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʫʯʝʥʳ 

ʎʄʄ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʟʜʘʥʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ: 

ʘ) ʎʄʄ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ, ʪ. ʝ. ʚʢʣʶʯʘʪʴ ʮʠʬ-

ʨʦʚʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʠ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʦʙʲʝʢʪʦʚ ʪʝʨʨʠʪʦʨʠʠ, 

ʠʤʝʶʱʠʭ ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ɺ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʪʝʨʨʠʪʦʨʠʠ, ʎʄʈ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʠʢʝʪʘʤʠ ʚ ʚʠʜʝ: 

1) ʨʝʛʫʣʷʨʥʦʡ ʤʘʪʨʠʮʳ ʚʳʩʦʪ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ ʩʦ ʩʛʣʘʞʝʥʥʳʤ 

ʨʝʣʴʝʬʦʤ; 

2) ʥʝʨʝʛʫʣʷʨʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ ʩ ʩʠʣʴ-

ʥʦ ʚʳʨʘʞʝʥʥʳʤ ʨʝʣʴʝʬʦʤ. 

ɺ ʩʣʫʯʘʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʨʥʦʡ ʤʘʪʨʠʮʳ ʚʳʩʦʪ ʚʝʣʠʯʠʥʘ 

ʰʘʛʘ ʩʝʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʫʝʤʦʛʦ ʤʘʩʰʪʘʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʨ-

ʨʠʪʦʨʠʠ. 

ʎʄʆ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ ʦʙ 

ʦʙʲʝʢʪʘʭ ʪʝʨʨʠʪʦʨʠʠ, ʚ ʢʦʪʦʨʳʭ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʳʩʦʪʥʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʦʙʲʝʢʪʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʘʙʩʦʣʶʪʥʦʛʦ 

ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʦʪʨʘʞʝʥʘ ʚ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʢ ʦʙʲʝʢʪʫ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʢ ʦʙʲʝʢʪʘʤ ʜʦʣʞʥʘ 

ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʚʝʜʝʥʠʷ ʦ ʤʘʪʝʨʠʘʣʝ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, 

ʦʪʨʘʞʘʶʱʠʭ ʚʥʝʰʥʠʡ ʚʠʜ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚ ʧʦʩʣʝʜʫʶ-

ʱʝʤ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʚ 3D ɻʀʉ ʦʙʝʩʧʝʯʠʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲ-

ʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʙʠʙʣʠʦʪʝʢ ʪʝʢʩʪʫʨ, ʥʝ ʧʨʠ-

ʙʝʛʘʷ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʠ ʟʘʪʨʘʪʥʦʤʫ ʢʘʢ ʧʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʧʦ 

ʩʨʝʜʩʪʚʘʤ ʧʨʦʮʝʩʩʫ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʴʥʳʭ ʬʦʪʦʪʝʢʩʪʫʨ ʜʣʷ ʢʘʞ-

ʜʦʛʦ ʦʙʲʝʢʪʘ ʠʣʠ ʛʨʫʧʧʳ ʪʠʧʦʚʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʟʘʜʘʥʥʫʶ ʪʝʨʨʠ-

ʪʦʨʠʶ, ʝʩʣʠ ʧʦʩʣʝʜʥʝʝ ʥʝ ʜʠʢʪʫʝʪʩʷ ʩʧʝʮʠʬʠʢʦʡ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ 

(ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʫʥʠʢʘʣʴʥʳʭ, ʠʩʪʦʨʠ-

ʯʝʩʢʠʭ, ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪ. ʧ. ʧʘʤʷʪʥʠʢʦʚ); 

ʙ) ʧʘʨʘʤʝʪʨʳ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ī 

ʤʘʩʰʪʘʙ ʟʘʣʝʪʘ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʨʘʟʨʝʰʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʥʠʤʢʦʚ ï ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʦʟʜʘʥʠʝ ʎʄʄ ʚ ʜʠʘʧʘʟʦʥʝ ʥʝ 

ʤʝʣɹʯʝ 1 : 10 000; 
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ʚ) ʪʝʢʩʪʫʨʘ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʠ ʥʘʟʝʤʥʳʭ ʩʲʝʤʦʢ; 

ʛ) ʪʦʯʥʦʩʪʴ ʎʄʈ ʠ ʦʙʲʝʢʪʦʚ ʎʄʆ ī ʥʝ ʥʠʞʝ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦ-

ʩʪʠ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʢʦʥʪʫʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʪʨʝʭ-

ʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ. ɿʘʜʘʥʥʘʷ (ʥʦʨʤʠʨʫʝʤʘʷ) ʪʦʯʥʦʩʪʴ ʚʳʨʘʞʘʝʪ-

ʩʷ ʩʨʝʜʥʠʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ: 

1) ʚ ʧʣʘʥʦʚʦʤ ʧʦʣʦʞʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʠ ʢʦʥ-

ʪʫʨʦʚ ʪʝʨʨʠʪʦʨʠʠ ʩ ʯʝʪʢʠʤʠ ʦʯʝʨʪʘʥʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠ-

ʞʘʡhʠʭ ʧʫʥʢʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ; 

2) ʚʳʩʦʪ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʦʚ ʠ ʢʦʥʪʫʨʦʚ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢ-

ʞʝ ʧʦʜʧʠʩʳʚʘʝʤʳʭ ʚʳʩʦʪ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʪʝʨʨʠʪʦʨʠʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʙʣʠʞʘʡʰʠʭ ʧʫʥʢʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ. 

ʆʪʜʝʣʴʥʳʝ ʚʠʜʳ ʦʙʲʝʢʪʦʚ ʠ ʢʦʥʪʫʨʦʚ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʩ ʪʦʯ-

ʢʠ ʟʨʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʠʣʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʤ 

ʜʣʷ ʧʨʠʚʷʟʢʠ çʩʚʦʠʭè ʥʝʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʤʦʛʫʪ ʦʪʦʙ-

ʨʘʞʘʪʴʩʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʝʤ ʦʩʥʦʚʥʦʡ 

ʧʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ ʠ ʢʦʥʪʫʨʦʚ ʩ ʯʝʪʢʠʤʠ ʦʯʝʨʪʘʥʠʤ̫ʠ; 

ʜ) ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚ ʎʄʄ (ʧʦ ʩʦʜʝʨʞʘʥʠʶ) ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʠʣʠ ʙʣʠʟʦʢ ʢ ʢʘʨʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʩʰʪʘʙʘ. ɺ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ ʥʘʛʨʫʟʢʘ ʵʣʝʤʝʥ-

ʪʦʚ ʩʦʜʝʨʞʘʥʠʷ ʠ ʦʙʲʝʢʪʦʚ ʙʫʜʝʪ ʨʘʟʣʠʯʥʦʡ. 
 

2.5. ʇʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ  
ʧʦʩʪʨʦʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ 
 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʩʣʦʞʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʎʄʈ ʠ ʎʄʆ ʩʨʝʜʩʪʚʘʤʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 3D ɻʀʉ ʚʦʟʥʠ-

ʢʘʝʪ ʟʘʜʘʯʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ 

ʫʨʦʚʥʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʩʦʟʜʘʚʘʝʤʳʭ ʥʘ ʎʌʉ, 

ʠ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʦʩʫ-

ʝɦʩʪʚʣʷʝʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʩʪʨʫʢʪʫʨʘʭ 3D ɻʀʉ ʥʘ ʦʩʥʦʚʝ ʚʭʦʜ-

ʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʵʢʩʧʦʨʪʦʤ ʠʟ ʎʌʉ. 

ʇʦʤʠʤʦ ʥʘʣʠʯʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ, ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ: 
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ʘ) ʨʘʟʨʘʙʦʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ: 

1) ʢ ʧʦʜʛʦʪʦʚʢʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ; 

2) ʢ ʧʨʘʚʠʣʘʤ ʩʙʦʨʘ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʣʴʝʬʝ ʠ ʦʙʲ-

ʝʢʪʘʭ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʎʌʉ; 

ʙ) ʧʨʦʚʝʨʢʠ ʩʪʝʧʝʥʠ ʠʜʝʥʪʠʯʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝ-

ʬʘ ʠ ʦʙʲʝʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʎʌʉ, ʠ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ ʠ ʦʙʲʝʢ-

ʪʦʚ, ʩʦʟʜʘʥʥʳʭ ʚ ʩʨʝʜʝ 3D ɻʀʉ, ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʪʦʛʦʚʦʡ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ.  

ʇʦʣʫʯʝʥʠʝ ʎʄʈ ʠ ʎʄʆ ʥʘ ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʢʦʩʤʠʯʝ-

ʩʢʠʭ ʩʲʝʤʦʢ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʜʝ-

ʣʝʡ, ʩʦʟʜʘʥʥʳʭ ʧʦ ʩʪʝʨʝʦʧʘʨʘʤ ʮʠʬʨʦʚʳʭ ʩʥʠʤʢʦʚ. ʆʩʦʙʝʥʥʦ-

ʩʪʷʤʠ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ:  

ī ʚʳʧʦʣʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʥʘ ʜʠʩʧʣʝʝ, ʘ ʥʝ ʥʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠ-

ʯʝʩʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʚ ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʣʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʘʭ; 

ī ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ï ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʝ ʚʠʟʠʨʦʚʘʥʠʝ 

ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤ, ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʤʘʨʢʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ 

ʢɻʨʘʥʫ ʜʠʩʧʣʝʷ ʩ ʰʘʛʦʤ, ʨʘʚʥʳʤ ʧʠʢʩʝʣʶ ʵʢʨʘʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʥʘ ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʘʭ ʥʘʠʙʦ-

ʣʝʝ ʧʦʣʥʦ ʦʩʚʝʱʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚ ʨʘʙʦʪʘʭ ʖ.ʌ. ʂʥʠʞʥʠʢʦʚʘ, 

ʈ.ʅ. ɻʝʣʴʤʘʥʘ ʠ ʜʨ. [59, 60, 61, 62, 64, 65, 66, 34, 35, 23].  

ɺʦʧʨʦʩʳ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʥʝ ʦʪʨʘʞʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ, ʦʯʝʚʠʜʥʦ, ʩʦ-

ʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʘʩʩʦʚʦʛʦ, ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʝ 

ʚʠʜʝʦʩʮʝʥʳ ʧʦʢʘ ʥʝ ʥʘʰʣʠ [24].  

ɸʥʘʣʠʟ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʷʜ ʠʟ ʥʠʭ ʥʝ ʠʤʝ-

ʝʪ ʬʫʥʢʮʠʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʚʠʜʝʦʩʮʝʥʳ (ʥʝʪ 

ʰʢʘʣʳ ʢʦʦʨʜʠʥʘʪ ʠʣʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʤʘʨʢʠ). ɺʧʦʣʥʝ ʦʯʝʚʠʜʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʙʫʜʝʪ ʭʘ-

ʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʩʦʚʤʝʩʪʥʳʤ ʚʣʠʷʥʠʝʤ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʩʭʦʜʥʳʭ 

ʎʄʈ ʠ ʎʄʆ ʠ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʧʨʠʚʥʦʩʠʤʳʭ ʚʳʙʨʘʥʥʳʤ ʘʣʛʦʨʠʪ-

ʤʦʤ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʛʨʝʰʥʦ-

ʩʪʝʡ ʚʳʙʨʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 
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ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʪʦ ʝʩʪʴ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʫʯʝʪʘ ʠʩʪʦʯʥʠʢʦʚ ʧʦʛʨʝʰʥʦʩʪʝʡ ʪʨʝʭʤʝʨ-

ʥʳʭ ʚʠʜʝʦʩʮʝʥ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ī ʧʦ ʘʥʘʣʠʟʫ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʝʨʦʷʪʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʢʦʦʨ-

ʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʫʨʘʚʥʠʚʘʥʠʠ 

ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ, ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝ-

ʪʘ ʠʭ ʧʨʠ ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʙʦʨʘ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʤʝʩʪʥʦʩʪʠ ʥʘ ʎʌʉ; 

ī ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʬʦʨʤʫʣ ʜʣʷ ʧʨʝʜʨʘʩʯʝʪʘ ʦʞʠʜʘʝʤʦʡ ʪʦʯʥʦʩʪʠ 

ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥr , 

ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ.  

ʊʦʯʥʦʝ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʪʦʙʨʘʞʝʥʠʝ ʤʝʩʪʥʦʩʪʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠ ʚʝʨʪʠ-

ʢʘʣʴʥʦʤ ʤʘʩʰʪʘʙʘʭ ʠʟʦʙʨʘʞʝʥʠʷ. ʆʜʥʘʢʦ ʜʣʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʤʝʩʪʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʜʦʧʫʩʢʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʚʝʨʪʠ-

ʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ. ɺʳʙʦʨ 

ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʤʦʜʝʣʠ ʤʝʩʪʥʦ-

ʩʪʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʨʘʟʤʝʨʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʭʘʨʘʢ-

ʪʝʨʘ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ. ɺ ʅʊɼ ɻʆʉʊ ʈ 52055ï2003 [40] ʜʘʥʳ 

ʟʥʘʯʝʥʠʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʷʜʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʚʳʙʦʨʘ ʚʝʨʪʠ-

ʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʤʝʩʪʥʦʩʪʠ ʩ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʳʤ ʤʘʩʰʪʘʙʦʤ 1 : 50 000 ʠ ʢʨʫʧʥʝʝ ʜʣʷ ʪʨʝʭ ʪʠʧʦʚ ʨʝʣʴ-

ʝʬʘ ʤʝʩʪʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʠ ʫʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʧʨʠʚʥʦʩʠʤʳʭ 

ʪʘʢʦʡ ʨʘʟʥʦʤʘʩʰʪʘʙʥʦʩʪʴʶ. 
 

2.6. ʇʨʦʛʨʘʤʤʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ  
ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ 

 

2.6.1. ʆʙʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʛʨʘʤʤʥʳʭ  
ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ɻʀʉ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ. ʆʜʥʠ ʠʟ ʥʠʭ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʪʁʝʨʘʭ 
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(ʇʂ), ʜʨʫʛʠʝ ï ʥʘ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʷʭ. ʈʘʙʦʯʠʝ ʩʪʘʥʮʠʠ (Work sta-

tion) ï ʵʪʦ ʢʦʤʧʴʶʪʝʨ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜ-

ʢʣʶʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʇʂ, ʠʤʝʶʱʠʭ ʤʝʥʴʰʫʶ ʤʦʥɦʦʩʪʴ. ɹʘʟʦʚʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʇʂ: ʧʨʦʮʝʩʩʦʨ, ʚʠʜʝʦʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʥʳʡ 

ʠʥʪʝʨʬʝʡʩ [69, 63]. 

ʈʳʥʦʢ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʨʝʜʣʘʛʘʝʪ 

ʙʦʣʴʰʦʡ ʚʳʙʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʚʘʪʴ 

ʪʨʝʭʤʝʨʥʳʝ ʩʮʝʥʳ ʪʝʨʨʠʪʦʨʠʠ, ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠʭ, ʧʨʦʚʦʜʠʪʴ 

ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ, ʨʝʰʘʪʴ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʂʘʞʜʳʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʧʘʢʝʪ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʨʝʭʤʝʨʥʦʡ ʛʨʘ-

ʬʠʢʦʡ ʠʤʝʝʪ ʩʚʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ, ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʦʡ ʚʳʙʦʨ 

ʩʣʝʜʫʝʪ, ʪʦʣʴʢʦ ʠʩʭʦʜʷ ʠʟ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. ʆʜʥʘ ʧʨʦʛʨʘʤʤʘ 

ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʜʨʫʛʘʷ ī ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. 

ɺ ʨʷʜʝ ʦʨʛʘʥʠʟʘʮʠʡ ʈʦʩʩʠʠ ʥʘʢʦʧʣʝʥ ʦʧʳʪ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʠ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭ-

ʤʝʨʥʳʭ ʩʮʝʥ, ʥʘʧʨʠʤʝʨ, ʚ ʀʥʩʪʠʪʫʪʝ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ 

ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ, ɿɸʆ çʀʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡè, 

ɻʦʩʅʀʀɸʉ, ʂɹ ʇʘʥʦʨʘʤʘ, ʆʆʆ ʅʇʌ çʊɸʃʂɸ-ʊɼɺè ʠ ʜʨ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʮʝʥʢʠ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʜʣʷ ʮʝʣʠ ʧʦʩʪʨʦʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʩʫ-

ʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʪʨʠ ʪʠʧʘ [63, 24]: 

ī CAD-ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʯʝʨʯʝʥʠʷ ʠʣʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ (ʥʝ ʜʣʷ ʢʘʨʪʦʛʨʘʬʠʠ), ʩʦʜʝʨʞʘʱʠʝ ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢ-

ʮʠʠ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ; 

ī ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 3D-ʛʨʘʬʠʢʠ ʠ ʚʠʜʝʦʵʬʬʝʢʪʦʚ; 

ī ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʠʣʠ ɻʀʉ ʩ ʬʫʥʢʮʠʷʤʠ 3D-ʤʦ- 

ʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ [104] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʙʦʣʝʝ ʫʟʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ: 

ī ʧʨʦʛʨʘʤʤʳ-ʤʦʜʝʣʣʝʨʳ ʪʠʧʘ 3D Studio ʠʣʠ Softimage, ʢʦʪʦ-

ʨʳʝ ʷʚʣʷʶʪʩʷ ʨʘʟʚʠʪʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʉɸʇʈ; 

ī ʧʨʦʛʨʘʤʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠ-

ʨʦʚʘʥʠʷ ʠ ʤʝʪʦʜʳ ʮʠʬʨʦʚʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ. 
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ɺ [24, ʩ. 322ī323] ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʧʝʨʚʦʛʦ ʪʠʧʘ ʦʮʝʥʠ-

ʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çCAD-ʧʘʢʝʪʳ (ʥʘʧʨʠʤʝʨ, AutoCAD, 

MICROSTATION), ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʧʦʣʥʦ-

ʮʝʥʥʳʝ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʧʨʦʩʪʦ ʥʝ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʳ ʜʣʷ ʵʪʦʛʦ; ʦʜʥʘʢʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʥʠʭ ʚʦʟʤʦʞʥʦ 

ʩʦʟʜʘʪʴ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ, ʜʨʘʧʠʨʦʚʘʥʥʫʶ ʪʝʢʩʪʫʨʦʡ, 

ʘ ʪʘʢʞʝ ʜʦʙʘʚʠʪʴ ʚ ʤʦʜʝʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ (ʜʦʤʘ, ʩʦ-

ʦʨʫʞʝʥʠʷ ʠ ʧʨ.). ʇʘʢʝʪʳ ʧʦʟʚʦʣʷʶʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʤʦʜʝʣʴ  

ʩ ʣʶʙʦʛʦ ʨʘʢʫʨʩʘ ʣʠʙʦ ʚʨʘʱʘʪʴ ʝʝ ʧʝʨʝʜ ʥʘʙʣʶʜʘʪʝʣʝʤè. ʅʝʜʦ-

ʩʪʘʪʢʘʤʠ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʵʪʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʯʠʪʘʶʪ-

ʩʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʩʣʦʞʥʦʩʪʠ ʩ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʨʘʩʪʨʦʚ  

ʠ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʩʫʨʩʘʤ ʠʩʧʦʣʴ-

ʟʫʝʤʦʛʦ ʢʦʤʧʴʪʁʝʨʘ. 

ɺ ʧʨʦʛʨʘʤʤʘʭ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ 

3D-ʛʨʘʬʠʢʠ ʠ ʚʠʜʝʦʵʬʬʝʢʪʦʚ (ʪʘʢʠʭ, ʢʘʢ 3D Studio MAX), ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʦʟʜʘʥʠʷ ʩʮʝʥʳ ʪʝʨʨʠʪʦʨʠʠ, ʦʯʝʥʴ ʙʣʠʟʢʦʡ ʢ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʂʘʯʝʩʪʚʦ ʛʨʘʬʠʢʠ ʦʯʝʥʴ ʚʳʩʦʢʦʝ. ʆʜʥʘʢʦ, ʚ ʥʠʭ 

ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ (ʧʨʠʚʷʟʢʘ ʨʘʩʪ-

ʨʦʚ, ʧʨʦʝʢʮʠʠ, ʧʦʩʣʦʡʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ, ʙʘʟʳ ʜʘʥʥʳʭ ʠ 

ʧʨ.). ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʵʪʠʭ ʧʘʢʝʪʦʚ ʦʪʥʦʩʠʪʩʷ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ 

ʬʫʥʢʮʠʠ ʦʙʣʝʪʘ ʪʝʨʨʠʪʦʨʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ.  

ʂ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʧʘʢʝʪʘʤ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʦʪʥʦʩʷʪʩʷ 3D Studio MAX , Maya, Rhinoceros, TrueSpace, Lightwave, 

Google SketchUp ʠ ʜʨ. 

ʂ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ (ʪʨʝʪʠʡ ʪʠʧ) ʧʨʦʛʨʘʤʤʘʤ, ʠʤʝʶʱʠʤ 

ʩʨʝʜʩʪʚʘ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ, ʦʪʥʦʩʷʪ [63, 24]:  

ī ERDAS IMAGINE (Leica Geosystems& GIS Mapping) ī 

Virtual GIS;  

ī ArcGIS (ESRI) ī 3D Analist;  

ī SiteBuilder 3D (Multigen ī ʈʘradigm, Inc).  

ʀʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʚ ʩʧʠʩʦʢ ʧʘʢʝʪʦʚ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʤʦʞʥʦ 

ʜʦʙʘʚʠʪʴ ɻʀʉ ʇʘʥʦʨʘʤʘ (ʂɹ çʇʘʥʦʨʘʤʘè, ʛ. ʄʦʩʢʚʘ) ī ɻʀʉ 

ʂɸʈʊɸ 2011. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʭ ʵʪʠʭ ʧʨʦʛʨʘʤʤ 

ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣ. 1. 
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2.6.2. CAD-ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ  
ʜʣʷ ʯʝʨʯʝʥʠʷ ʠʣʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

 

CAD-ʩʠʩʪʝʤʳ ī ʵʪʦ ʩʠʩʪʝʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ) ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʤʘʰʠʥʥʦʡ ʛʨʘʬʠʢʠ. ʀʟ-

ʥʘʯʘʣʴʥʦ ʪʘʢʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʥʘʟʥʘʯʘ-

ʣʠʩʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

[69, 55]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʨʳʥʦʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ-

ʩʪʫʧʠʣʠ ʥʦʚʳʝ ʚʝʨʩʠʠ ʠʟʚʝʩʪʥʳʭ CAD-ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʝ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥ ʨʷʜ ʬʫʥʢʮʠʡ ɻʀʉ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʫʥʢʮʠʠ ʜʣʷ ʚʠʟʫʘʣʠʟʘ-

ʮʠʠ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʚʘʪʴ ʪʨʝʭʤʝʨʥʳʝ 

ʩʮʝʥʳ ʪʝʨʨʠʪʦʨʠʠ ʠ ʨʘʟʤʝʱʘʪʴ ʥʘ ʥʝʡ ʧʨʦʝʢʪʠʨʫʝʤʳʝ ʦʙʲʝʢʪʳ. 

ʆʜʥʘʢʦ, ʦʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʵʪʠʭ ʩʠʩʪʝʤ ʦʩʪʘʣʦʩʴ ʧʨʝʞʥʠʤ ī 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʘʰʠʥ, ʤʝʭʘʥʠʟʤʦʚ, ʩʦʦʨʫ-

ʞʝʥʠʡ ʠ ʜʨ. [58, 24]. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ CAD-ʩʠʩʪʝʤʘʭ ʩʦʜʝʨʞʘʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ [128]: 

ī ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʧʘʢʝʪ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʣʦʩʢʠʭ 

(ʜʚʫʭʤʝʨʥʳʭ) ʯʝʨʪʝʞʝʡ, ʦʙʲʝʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠ-

ʟʘʮʠʠ; 

ī ʦʪʢʨʳʪʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ; 

ī ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ ʠ ʛʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ ʧʨʠʣʦʞʝʥʠʷ; 

ī ʦʪʢʨʳʪʘʷ ʩʨʝʜʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; 

ī ʉɸʇʈ ʜʣʷ ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʦʚ (ʜʦʤʘʰʥʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ). 

ʆʜʥʦʡ ʠʟ ʢʨʫʧʥʳʭ ʬʠʨʤ ī ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʉɸʇʈ ʷʚʣʷʝʪʩʷ 

Autodesk Inc. (ʉʐɸ), ʧʨʝʜʣʘʛʘʶʱʘʷ ʮʝʣʳʡ ʨʷʜ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲ-

ʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʤʘʰʠʥʥʦʡ ʛʨʘʬʠʢʠ. ʅʘʠʙʦʣʝʝ ʧʦʧʫ-

ʣʷʨʥʳʤʠ ʠʟ ʵʪʦʛʦ ʨʷʜʘ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: AutoCAD, Sur-

vCAD, ArhiCAD, Revit 2009.  

ʆʩʥʦʚʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʵʪʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷ-

ʶʪʩʷ: 

ī ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ GPS; 
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ī ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʘʙʨʠʩʦʚ ʠʣʠ ʩ ʠʩʧʦʣʟɹʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʧʦʣʝʚʳʭ ʢʦʜʦʚ; 

ī ʧʨʠʤʝʥʝʥʠʝ ʙʠʙʣʠʦʪʝʢʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʣʦʚʥʳʭ ʟʥʘʢʦʚ, ʝʝ ʜʦʧʦʣʥʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ; 

ī ʚʳʧʦʣʥʝʥʠʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʧʦ-

ʩʪʨʦʝʥʠʡ; 

ī ʫʜʦʙʥʘʷ ʩʚʷʟʴ ʩ ʧʝʯʘʪʘʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʚʦʟʤʦʞʥʦʩʪʠ ʉɸD-ʧʨʦʜʫʢʪʘ ʥʘ ʫʨʦʚʥʝ ʫʥʠ-

ʚʝʨʩʘʣʴʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ ʧʨʠʤʝʨʝ 

AutoCAD 2000 (ʠʣʠ 2010) ï ʧʦʧʫʣʷʨʥʦʛʦ ʚ ʈʦʩʩʠʠ ʯʝʨʪʝʞʥʦʛʦ 

ʧʘʢʝʪʘ. ʆʩʥʦʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʩʣʝʜʥʠʭ ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷ-

ʶʪʩʷ ʩʣʝʜʫʶʱʠʝ [128]: 

ī ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʡʣʘʤʠ ʯʝʨʪʝʞʝʡ ʚ ʦʜ-

ʥʦʤ ʦʢʥʝ ʙʝʟ ʧʦʪʝʨʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; 

ī ʥʘʣʠʯʠʝ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʜʘʢʪʠʨʦ-

ʚʘʪʴ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ ʥʘ ʫʨʦʚʥʝ ʨʝʙʝʨ ʠ ʛʨʘʥʝʡ; 

ī ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʱʝʥʠʷ ʢ ʩʚʦʡʩʪʚʘʤ ʦʙʲʝʢʪʦʚ; 

ī ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ, ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʬʠʣʴʪʨʘʮʠʠ ʦʙʲʝʢʪʦʚ 

ʧʦ ʪʠʧʘʤ ʠ ʩʚʦʡʩʪʚʘʤ; 

ī ʥʘʣʠʯʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʙʣʦʢʦʚ; 

ī ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʘʚʢʠ ʚ ʯʝʨʪʝʞ ʛʠʧʝʨʩʩʳʣʦʢ; 

ī ʥʘʣʠʯʠʝ ʩʨʝʜʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʚʠʜʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ; 

ī ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʨʝʞʠʤʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʪ ʧʨʦʚʦʣʦʯʥʦ-

ʛʦ ʢʘʨʢʘʩʘ ʜʦ ʟʘʢʨʘʩʢʠ; 

ī ʥʘʣʠʯʠʝ ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʚʚʦʜʘ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ; 

ī ʨʘʙʦʪʘ ʩ ʚʥʝʰʥʠʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ; 

ī ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʚʝʨʩʠʡ (ʚ ʬʦʨʤʘʪʘʭ DWG AutoCAD R14, 

R13 ʠ ʬʦʨʤʘʪʘʭ DXF AutoCAD R14, R13, R12). 

ʇʦ ʦʮʝʥʢʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ, AutoCAD 2000 ʷʚʣʷʝʪʩʷ ʵʬʬʝʢ-

ʪʠʚʥʳʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 2D/3D (ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ) 

ʛʨʘʬʠʯʝʩʢʠʤ ʧʘʢʝʪʦʤ ʩʨʝʜʥʝʡ ʮʝʥʦʚʦʡ ʢʘʪʝʛʦʨʠʠ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʠʤ ʦʜʥʫ ʠʟ ʧʨʦʛʨʘʤʤ ʵʪʦʛʦ ʪʠʧʘ ī 

AutoDesk Map 3D. 

ʇʨʦʛʨʘʤʤʘ AutoDesk Map 3D (ʢʦʤʧʘʥʠʷ Autodesk, Inc(ʉʐɸ)) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ, ʦʙʥʦʚʣʝʥʠʷ ʠ ʧʝʯʘʪʠ ʮʠʬʨʦʚʳʭ ʪʦʧʦ-
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ʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ, ʧʣʘʥʦʚ ʠ ʪʨʝʭʤʝʨʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝ-

ʬʘ (ʠʣʠ ʜʨʫʛʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ) ʤʝʪʦʜʦʤ ʪʨʠʘʥʛʫʣʷʮʠʠ ʚ ʩʨʝʜʝ 

AutoCAD. ʇʨʦʛʨʘʤʤʘ ʚʢʣʶʯʘʝʪ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ AutoCAD ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʨʝʜʩʪʚʘ ʧʦ-

ʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ, ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʛʦ-

ʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ [25]. 

ʀʤʝʝʪʩʷ ʨʘʟʚʠʪʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ɻʀʉ-ʜʘʥ- 

ʥʳʭ ʠ ʚʳʧʦʣʥʝʥʠʷ ʪʝʤʘʪʠʯʝʩʢʦʛʦ 3D ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ʆʙʨʘ-

ʙʦʪʢʘ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʬʦʨʤʘʪʘʭ, ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʈʝʘʣʠʟʦʚʘʥʘ ʩʚʷʟʴ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ ODBC, 

ʚʢʣʶʯʘʷ Microsoft Access, Excel, Oracle, dBase, FoxPro, Paradox  

ʠ SQL Server. 

ʀʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: ʘʥʘʣʠʟ ʜʘʥʥʳʭ; ʩʦʟʜʘʥʠʝ 

ʢʘʨʪʳ; ʠʟʚʣʝʯʝʥʠʝ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʨʠʩʫʥʢʦʚ, ʩʦʭʨʘʥʝʥʥʳʭ ʚ ʙʘʟʘʭ 

ʜʘʥʥʳʭ Oracle Spatial, ʚ ʩʨʝʜʝ Autodesk Map; ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ 

ʦʙʲʝʢʪʦʚ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʜʫʨʳ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʟʘ-

ʧʨʦʩ; ʩʦʭʨʘʥʝʥʠʝ ʧʦʩʪʦʷʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʘʧʨʦʩʦʚ ʜʣʷ ʜʘʣʴ-

ʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʘʨʪ ʠʤʝʝʪʩʷ ʧʦʣʥʘʷ ʧʘʣʠʪʨʘ 

ʮʚʝʪʦʚ ʠ ʛʨʘʜʠʝʥʪʥʘʷ ʟʘʣʠʚʢʘ. 

ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʤʝʪʦʢ ʚ ʬʘʡ-

ʣʘʭ ʬʦʨʤʘʪʘ DWF. ɺʦʟʤʦʞʥʦʩʪʠ ʧʦ ʩʦʚʤʝʩʪʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʜʘʥʥʳʭ ʧʨʦʝʢʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ ʨʠʩʢ ʦʰʠʙʦʢ ʠ ʩʚʟ̫ʘʥʥʳʝ 

ʩ ʵʪʠʤ ʨʘʩʭʦʜʳ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʧʨʦʛʨʘʤʤʳ AutoDesk Map 3D: ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʨʘʩʭʦʜʦʚ; ʚ ʬʦʨʤʘʪʝ DWF ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʦʜʜʝʨʞʢʘ 3D ʩʮʝʥ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʮʝʣʠʢʦʤ. 
 

2.6.3. ʇʨʦʛʨʘʤʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ  
3D-ʛʨʘʬʠʢʠ ʠ ʚʠʜʝʦʵʬʬʝʢʪʦʚ 

 

ʇʨʦʛʨʘʤʤʘ 3D Studio MAX. 

3ds Max (3D Studio MAX ) ī ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ 

ʩʠʩʪʝʤʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʨʝʭʤʝʨʥʦʡ ʛʨʘʬʠʢʦʡ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤ-

ʧʘʥʠʝʡ Autodesk, Inc(ʉʐɸ). 
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ɼʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʪʨʝʭ-

ʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘʥʠʤʘʮʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʠʛʨ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʥʦ ʥʘʯʠʥʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ 

ʪʝʣʝʚʠʜʝʥʠʠ ʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʣʴʤʦʚ [160, 161]. 

ɺ 3D Studio MAX  ʨʝʘʣʠʟʦʚʘʥʳ ʪʨʝʭʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʦʪʦʙʨʘ-

ʞʝʥʠʷ ʠ ʠʤʠʪʘʮʠʷ ʜʝʡʩʪʚʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʦ ʥʝʢʦʪʦʨʦʡ ʩʪʝ-

ʧʝʥʠ ʨʝʘʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʥ ʚʠʜʠʤʦʩʪʠ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʠʟʤʝʥʝ-

ʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ. 

ʀʥʪʝʨʬʝʡʩ ʫʜʦʙʥʳʡ ʠ ʣʝʛʢʦ ʥʘʩʪʨʘʠʚʘʝʤʳʡ, ʘʨʭʠʪʝʢʪʫʨʘ ʦʪ-

ʢʨʳʪʘʷ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʛʨʫʞʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦ-

ʜʫʣʠ, ʨʘʩʰʠʨʷʶʱʠʝ ʪʝ ʠʣʠ ʠʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʇʨʦʛʨʘʤʤʘ ʠʤʝʝʪ 

ʚʩʪʨʦʝʥʥʳʡ ʷʟʳʢ ʩʮʝʥʘʨʠʝʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʠʥ-

ʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʯʠʢʘ MAX SDK ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ 

ʟʘʜʘʯ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʆʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 3D Studio MAX  ʰʠʨʦʢʘ ï ʦʪ ʜʠʟʘʡʥʘ 

ʜʦ ʪʝʣʝʚʠʜʝʥʠʷ. 

ɼʦʩʪʦʠʥʩʪʚʘ: 3D Studio MAX  ʧʨʦʩʪ ʚ ʠʟʫʯʝʥʠʠ, ʠʤʝʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʜʘʯʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ 3D Studio MAX  ʦʪʥʦʩʷʪʩʷ [161]: 

ʘ) ʩʣʘʙʳʡ ʨʝʥʜʝʨʠʥʛ ʠ ʪʨʫʜʥʦʩʪʴ ʜʦʙʠʪʴʩʷ ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʦʩʪʠ; 

ʙ) ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʚ ʨʷʜʝ ʩʠ-

ʪʫʘʮʠʡ ʨʘʙʦʪʘʝʪ ʥʝʚʝʨʥʦ; 

ʚ) ʢʨʠʚʳʝ ʚ 3D Studio MAX  ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ: CV-  

ʠ EP-curves, ʪ. ʝ. ʩʦʟʜʘʚʘʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʢʨʠʚʫʶ ʤʦʞʥʦ ʣʠʙʦ 

ʪʦʣʴʢʦ ʧʦ ʦʧʦʨʥʳʤ, ʣʠʙʦ ʪʦʣʴʢʦ ʧʦ ʢʦʥʪʨʦʣʴʥʳʤ ʪʦʯʢʘʤ; ʧʨʠ 

ʢʦʥʚʝʨʪʘʮʠʠ ʢʨʠʚʦʡ ʠʟ ʦʜʥʦʛʦ ʪʠʧʘ ʚ ʜʨʫʛʦʡ ʦʥʘ ʥʝʩʢʦʣʴʢʦ ʤʝ-

ʥʷʝʪ ʩʚʦʶ ʬʦʨʤʫ; 

ʛ) ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

NURBS ʚʢʣʶʯʘʝʪ ʚʩʝ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ, ʥʦ ʜʣʷ ʧʦʠʩʢʘ ʢ ʚʠ-

ʟʫʘʣʠʟʘʮʠʠ ʥʘ ʵʢʨʘʥʝ ʪʨʝʙʫʝʪʩʷ ʩʣʦʞʥʳʡ ʧʝʨʝʯʝʥʴ ʤʘʥʠʧʫʣʷʮʠʡ. 

ʅʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʦʙʨʝʟʘʪʴ ʦʜʥʫ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʜʨʫʛʦʡ, ʥʫʞʥʦ 

ʩʥʘʯʘʣʘ ʧʦʩʪʨʦʠʪʴ ʣʠʥʠʶ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ (Surf x Surf), 

ʘ ʟʘʪʝʤ ʚ ʧʘʨʘʤʝʪʨʘʭ ʣʠʥʠʠ ʫʢʘʟʘʪʴ ʦʧʮʠʶ Trim. 
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ʇʨʦʛʨʘʤʤʘ Maya.  

Maya (Maya Complete) ī ʨʝʜʘʢʪʦʨ ʪʨʝʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ, ʢʦʪʦ-

ʨʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʠʥʦ ʠ ʥʘ ʪʝʣʝʚʠʜʝʥʠʠ. 

Maya ʠʤʝʝʪ ʧʨʦʩʪʦʡ ʠʥʪʝʨʬʝʡʩ ʠ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʜʣʷ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ [152]. ʅʠʞʝ ʥʘʟʚʘʥʳ ʪʨʠ ʠʟ ʪʘʢʠʭ ʬʫʥʢʮʠʡ. 

ɸʥʠʤʘʮʠʷ: ʧʝʨʝʯʝʥʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘ-

ʥʠʷ ʤʫʣʴʪʠʧʣʠʢʘʮʠʠ, ʧʘʨʘʤʝʪʨʦʚ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʘʥ-

ʥʳʭ ʤʫʣʴʪʠʧʣʠʢʘʮʠʠ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʠʟʫʘʣʴʥʳʝ ʵʬʬʝʢʪʳ: ʙʳʩʪʨʦʝ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʪʚʝʨʜʳʭ ʠ ʤʷʛʢʠʭ ʪʝʣ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦ ʟʘʢʦʥʘʤ ʬʠʟʠʢʠ. ʀʥ-

ʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʚʠʟʫʘʣʴʥʳʝ ʵʬʬʝʢ-

ʪ.r 

ʊʝʭʥʦʣʦʛʠʷ Brush-Based: Maya Artisan, Maya Paint Effects  

ʠ 3D Paint ʧʨʝʜʣʘʛʘʶʪ ʥʘʙʦʨ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʷ ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ, ʨʠʩʫʥ-

ʢʦʚ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʝ̡ʢʪʘʭ. 

 

ʇʨʦʛʨʘʤʤʘ SketchUp.  
Google SketchUp ī ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʙʳʩʪʨʦʛʦ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢ-

ʪʠʨʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ [77, 162]. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʤʥʦʛʠʤʠ ʧʦʧʫʣʷʨʥʳʤʠ ʧʘʢʝʪʘʤʠ, Google 

SketchUp ʦʙʣʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʟʘʢʣʶʯʘʶʱʠʤʩʷ ʚ ʤʠʥʠ-

ʤʘʣʴʥʦʤ ʯʠʩʣʝ ʦʢʦʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʥʘʩʪʨʦʝʢ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ ʟʘʜʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʦʩʪʨʦʝʥʠʷ ʩ ʢʣʘ-

ʚʠʘʪʫʨʳ. ɿʥʘʯʝʥʠʷ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʘʥʝʣʠ. 

ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʩʪʨʘʠʚʘʪʴ 

ʢʘʞʜʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʝʨʝʜ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝʤ, ʘ ʟʘʪʝʤ ʨʝʜʘʢʪʠʨʦ-

ʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʵʪʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʝ-

ʜʦʩʪʘʪʦʢ, ʢʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʟʤʝʥʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʦʟʜʘʥʥʳʭ ʦʙʝ̡ʢʪʦʚ.  

SketchUp ʧʦʜʜʝʨʞʠʚʘʝʪ ʵʢʩʧʦʨʪ ʚ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʪʳ ʪʨʝʭ-

ʤʝʨʥʦʡ ʛʨʘʬʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ 3DS, DWG, OBJ. ɼʦʩʪʫʧʝʥ ʪʘʢʞʝ 

ʠʤʧʦʨʪ/ʵʢʩʧʦʨʪ ʨʘʩʪʨʦʚʳʭ ʬʦʨʤʘʪʦʚ. ʌʫʥʢʮʠʷ ʠʤʧʦʨʪʘ ʠʤʝʝʪ 

ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʦʩʪʝʡ: ʚʩʪʘʚʢʘ ʦʙʨʘʟʘ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʦʛʦ 

ʦʙʲʝʢʪʘ, ʚ ʢʘʯʝʩʪʚʝ ʪʝʢʩʪʫʨʳ ʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚ-
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ʣʝʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʬʦʪʦʛʨʘʬʠʠ. ʕʢʩʧʦʨʪ ʚ ʬʦʨʤʘʪʝ 

JPG ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʥʠʤʢʘ ʩ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʦʢʥʘ 

ʧʨʠʣʦʞʝʥʠʷ. 

ɺ ʧʨʦʛʨʘʤʤʝ ʝʩʪʴ ʙʠʙʣʠʦʪʝʢʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʧʦʧʦʣʥʷʪʴ ʩʚʦʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʠ ʙʠʙʣʠʦʪʝʢʘ ʤʘʪʝʨʠʘʣʦʚ. ɽʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʪʝʥʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ 

ʰʠʨʦʪʦʡ ʠ ʜʦʣʛʦʪʦʡ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʝʤ ʩʫʪʦʢ. 

ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʩʦʟʜʘʥʠʝ ʤʘʢʨʦʩʦʚ ʜʣʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʦʧʝ-

ʨʘʮʠʡ ʥʘ ʷʟʳʢʝ Ruby ʠ ʜʦʙʘʚʣʝʥʠʝ ʜʣʷ ʥʠʭ ʚ ʤʝʥʶ ʥʦʚʳʭ ʧʫʥʢ-

ʪʦʚ. ʄʦʞʥʦ ʟʘʛʨʫʞʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʦʪʦʚʳʝ 

ʩʢʨʠʧʪʳ ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
 

2.6.4. ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ 
 

ʇʨʦʛʨʘʤʤʘ ArcGIS 3D Analyst. 

ArcGIS 3D Analyst ī ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ArcGIS ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ [1, 24, 25].  

ArcGIS ī ʩʝʨʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʬʠʨʤʦʡ ESRI, Inc. (ʉʐɸ). ArcGIS ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ ʯʝʪʳʨʝʭʩʦʪ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ, ʢʦʥʚʝʨʪʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ 

ʜʘʥʥʳʤʠ, ʛʝʦʢʦʜʠʨʦʚʘʥʠʷ, ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ, ʢʘʨʪʦ-

ʛʨʘʬʠʠ, ʨʘʙʦʪʳ ʩ ʨʘʩʪʨʘʤʠ. ʇʨʝʜʫʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʠʥʪʝʨʧʦʣʮ̫ʠʠ 

ʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ, ʟʦʥʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʤʥʦʛʦʬʘʢʪʦʨ-

ʥʦʛʦ ʘʥʘʣʠʟʘ, ʨʘʩʪʨʦʚʦʡ ʘʣʛʝʙʨʳ, ʧʦʩʪʨʦʝʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʪʦʧʦʣʦ-

ʛʠʠ, ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʜʨ. 

ʇʦʤʠʤʦ ArcGIS 3D Analyst, ʚ ʩʦʩʪʘʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦ-

ʜʫʢʪʦʚ ArcGIS ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʤʦʜʫʣʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘ-

ʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ:   

ī ArcMap ī ʦʪʦʙʨʘʞʝʥʠʝ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʩʦ-

ʟʜʘʥʠʝ ʢʘʨʪ; 

ī ArcCatalog ī ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʠ ʫʧʨʘʚʣʝʥʠʝ ʠʤʠ; 

ī ArcToolbox ī ʠʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʮʠʷʤʠ ʠ ʢʦʥ-

ʚʝʨʪʘʮʠʷ ʜʘʥʥʳʭ; 
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ī ArcGeostatistical Analyst ī ʠʥʪʝʨʧʦʣʷʮʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ 

ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥ-

ʥʳʭ ʜʘʥʥʳʭ.  

ArcGIS ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ, ʚʢʣʶʯʘʷ ArcGIS 3D Analyst, 

ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ 

ʩʮʝʥ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ [1].  

ArcGIS 3D Analyst ʠʤʝʝʪ ʤʦʱʥʳʝ ʩʨʝʜʩʪʚʘ ʩʦʟʜʘʥʠʷ, ʚʠʟʫʘ-

ʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʚʠʜʝ ʨʝʛʫʣʷʨʥʳʭ ʠ ʥʝʨʝʛʫʣʷʨ-

ʥʳʭ (ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʭ) ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʤʦʜʫʣʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʦʣʴʰʠʥʩʪʚʫ 

ʜʨʫʛʠʭ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʛʦ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʜʦʩʪʫʧʥʳ ʥʝ ʚ ʧʨʠ-

ʣʦʞʝʥʠʠ ArcMap, ʘ ʚ ʜʨʫʛʦʤ ï ArcScene, ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʦʤ ʜʣʷ ʪʨʝʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ ʠ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʷʚʣʝʥʠʡ (ʨʠʩ. 2.4). ArcScene 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʝʘʣʠʩʪʠʯʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʩ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ. ʇʦʤʠʤʦ ʥʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ArcScene, ʵʪʦʪ ʤʦʜʫʣʴ ʨʘʩʰʠʨʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʠʣʦʞʝ-

ʥʠʡ ArcMap ʠ ArcCatalog, ʧʦʟʚʦʣʷʷ ʩʦʟʜʘʚʘʪʴ ʚ ʥʠʭ ʠ ʚʠʟʫʘʣʠʟʠ-

ʨʦʚʘʪʴ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʨʘʩʪʨʦʚʳʝ ʠ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʝ). 

4 

 
1                                                       2 

 

3 

3 
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ʈʠʩ. 2.4. ʇʨʠʤʝʨ ʚʠʜʝʦʩʮʝʥʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʩʨʝʜʩʪʚʘʤʠ  
ArcScene ɻʀʉ ArcGIS 9.0: 

1 ī ʎʄʈ ʚ ʚʠʜʝ ʥʝʨʝʛʫʣʷʨʥʦʡ ʩʝʪʠ; 2 ī ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʫʪʠ;  
3 ī ʵʣʝʤʝʥʪʳ ʛʠʜʨʦʛʨʘʬʠʠ; 4 ī ʠʥʞʝʥʝʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

ʈʘʩʪʨʦʚʳʝ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʨʦʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 

çʀʥʪʝʨʧʦʣʷʮʠʷ ʨʘʩʪʨʘè, ʪʘʢʦʡ ʞʝ, ʢʘʢ ʚ ʤʦʜʫʣʝ ArcGIS Spatial 

Analyst. ʊʨʠʘʥʛʫʣʷʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʟʜʘʶʪʩʷ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʥʘʙʦʨʘʤ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚ-

ʥʦʤ ʪʦʣʴʢʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʤʝʩʪʥʦʩʪʠ. 

ʄʦʜʫʣʴ ArcGIS Spatial Analyst ʩʦʜʝʨʞʠʪ ʧʝʨʝʯʝʥʴ ʩʪʘʥʜʘʨʪ-

ʥʳʭ ʩʨʝʜʩʪʚ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʩʪʨʦʝʥʠʝ ʠʟʦ-

ʣʠʥʠʡ, ʠʟʦʢʣʠʥ, ʨʘʩʯʝʪ ʫʢʣʦʥʦʚ ʠ ʵʢʩʧʦʟʠʮʠʡ ʩʢʣʦʥʦʚ, ʘʥʘʣʠʟ 

ʚʠʜʠʤʦʩʪʠ ʠ ʧʨ. ɺ ʧʨʠʣʦʞʝʥʠʠ ArcScene ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʪʘʢʠʝ 

ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ ʩʮʝʥʳ, ʢʘʢ ʦʩʚʝʱʝʥʥʦʩʪʴ, ʬʦʥ, ʚʝʨʪʠʢʘʣʴʥʦʝ 

ʨʘʩʪʷʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʝʨʝʤʝʱʘʪʴ ʠ ʚʨʘʱʘʪʴ ʩʮʝʥʫ, ʟʘʜʘʚʘʪʴ ʢʦʦʨ-

ʜʠʥʘʪʳ ʥʘʙʣʶʜʘʪʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʠʤʘʮʠʠ 

ʪʨʝʭʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʣʝʪʘ ʥʘʜ ʩʮʝʥʦʡ. 

ʉʮʝʥʘ ʚ ArcScene ʩʦʩʪʦʠʪ ʠʟ ʤʦʜʝʣʝʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  

ʠ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ, ʜʠʥʘʤʠʯʝʩʢʠ ʩʦʟʜʘʚʘʝʤʳʭ ʥʘ 

ʦʩʥʦʚʝ ʜʚʫʤʝʨʥʳʭ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʦʙʳʯʥʳʡ ʜʚʫʤʝʨʥʳʡ ʩʣʦʡ 

ʟʜʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ArcScene ʢʘʢ ʥʘʙʦʨ ʪʨʝʭʤʝʨ-

ʥʳʭ ʬʠʛʫʨ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʟʘ ʩʯʝʪ çʚʳʜʘʚʣʠʚʘʥʠʷè ʤʥʦʛʦ-

ʫʛʦʣʴʥʠʢʦʚ ʚʚʝʨʭ ʥʘ ʥʝʢʦʪʦʨʫʶ ʚʳʩʦʪʫ, ʟʘʜʘʚʘʝʤʫʶ ʚ ʘʪʨʠʙʫʪʝ 

ʚʳʩʦʪʳ ʟʜʘʥʠʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ 

ʥʠʭ çʥʘʢʣʘʜʳʚʘʶʪè ʨʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʦʨʪʦʬʦʪʦ-

ʧʣʘʥʳ ʤʝʩʪʥʦʩʪʠ ʠʣʠ ʨʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʢʘʥʠʨʦʚʘʥʥʳʭ ʢʘʨʪ. 

ʄʦʜʫʣʴ ArcGIS 3D Analyst ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʬʫʥʢʮʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʧʨʠ-

ʣʦʞʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʪʨʝʭʤʝʨʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʤʦʜʝʣʝʡ ʪʝʨ-

ʨʠʪʦʨʠʠ ʢʘʢ ʣʦʢʘʣʴʥʦʛʦ (ʧʨʠʣʦʞʝʥʠʝ ArcScene), ʪʘʢ ʠ ʛʣʦʙʘʣʴ-

ʥʦʛʦ (ʧʨʠʣʦʞʝʥʠʝ ArcGlobe) ʤʘʩʰʪʘʙʘ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʨʝʣʴʝʬʝ 

ʠ ʜʚʫʭʤʝʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʫ 

ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ, ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʳ ʨʝʘʣʠ-

ʩʪʠʯʥʳʤʠ ʤʦʜʝʣʷʤʠ ʦʙʲʝʢʪʦʚ, ʥʘʜʧʠʩʤ̫ʠ ʠ ʘʥʠʤʘʮʠʝʡ.  

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ArcGIS 3D Analyst 

ʩʣʝʜʫʶʱʠʝ: 
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ī ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʠʭ ʘʥʘʣʠʟ; 

ī ʩʦʟʜʘʥʠʝ 3D (ʪʨʝʭʤʝʨʥʳʭ) ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ;  

ī 3D ʚʠʟʫʘʣʠʟʘʮʠʷ; 

ī ʘʥʘʣʠʟ ʚʠʜʠʤʦʩʪʠ; 

ī ʧʝʨʝʢʣʘʩʩʠʬʠʢʘʮʠʷ; 

ī ʟʘʧʨʦʩʳ ʢ ʪʨʝʭʤʝʨʥʳʤ ʜʘʥʥʳʤ; 

ī ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʜʨʦʙʥʝʝ. 

ArcGIS 3D Analyst ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʨʝʘʣʴʥʳʤʠ ʠʣʠ ʛʠʧʦ-

ʪʝʪʠʯʝʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʠʩʧʦʣʴʟʫʷ ʜʚʘ ʪʠʧʘ ʤʦʜʝʣʝʡ: ʨʝʛʫ-

ʣʷʨʥʳʝ (ʨʘʩʪʨʳ) ʠ ʥʝʨʝʛʫʣʷʨʥʳʝ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʝ ʩʝʪʠ. ʀʤʝʝʪ-

ʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʪʦʚʳʝ ʤʦʜʝʣʠ ʠʣʠ ʩʦʟʜʘʪʴ ʥʦʚʳʝ 

ʠʟ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʝʡ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʦʣʷ-

ʮʠʠ: ʩʧʣʘʡʥ, ʢʨʠʛʠʥʛ, ʤʝʪʦʜ ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʥ̫ʠʡ, 

ʤʝʪʦʜ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʢʨʝʩʪʥʦʩʪʠ. ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ ʨʝʛʫʣʷʨʥʦʡ ʤʦʜʝʣʠ ʚ ʥʝʨʝʛʫʣʷʨʥʫʶ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʫʶ 

ʩʝʪʴ ʠ ʥʘʦʙʦʨʦʪ. 

ʉʦʟʜʘʥʠʝ 3D ʦʙʲʝʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ çʚʳʪʷʛʠʚʘʥʠʝʤè ʧʦ 

ʚʳʩʦʪʝ ʦʙʲʝʢʪʦʚ ʠʟ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʪ-

ʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʘʜʘʚʘʝʤʦʡ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ: ʧʦʣʫʯʝʥʠʝ 

ʚʳʩʦʪ ʦʙʲʝʢʪʦʚ ʠʟ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʪʳ ʠʟ ʘʪʨʠʙʫʪʘ 

ʦʙʲʝʢʪʘ, ʟʘʜʘʥʠʝʤ ʢʦʥʩʪʘʥʪʳ. 
ArcGIS 3D Analist ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʠʟʦʣʠʥʠʡ, ʫʢʣʦʥʘ, ʟʦʥ ʚʠʜʠʤʦʩʪʠ 

ʠʣʠ ʵʢʩʧʦʟʠʮʠʠ ʩʢʣʦʥʦʚ, ʧʣʦʘɦʜʠ ʠʣʠ ʦʙʲʝʤʘ, ʧʨʦʬʠʣʷ.  

ArcGIS 3D Analyst ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʠʥʪʝʨ-

ʘʢʪʠʚʥʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʨʦʩʤʦʪʨʘ, ʚʢʣʶʯʘʷ ʧʝʨʝʤʝʱʝʥʠʝ 

ʜʘʥʥʳʭ, ʠʭ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʧʦʚʦʨʦʪ, ʥʘʢʣʦʥ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪ 

çʧʨʦʣʝʪʘè ʥʘʜ ʦʙʲʝʢʪʘʤʠ. ʊʨʝʭʤʝʨʥʳʝ ʩʮʝʥʳ ʧʨʝʦʙʨʘʟʫʶʪʩʷ  

ʚ ʘʥʠʤʘʮʠʦʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʇʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚ 3D ʦʪʦʙʨʘʞʘʶʪʩʷ ʩʪʨʫʢʪʫʨʳ, ʢʦ-

ʪʦʨʳʝ ʩʢʨʳʪʳ ʠʣʠ ʥʝʦʯʝʚʠʜʥʳ ʧʨʠ ʧʣʦʩʢʦʤ ʦʪʦʙʨʘʞʝʥʠʠ. ʆʪʦʙ-

ʨʘʞʝʥʠʝ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ ʜʨʫʛʠʭ ʜʘʥʥʳʭ, ʥʝ ʠʤʝʶʱʠʭ ʦʪʥʦ-
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ʰʝʥʠʷ ʢ ʨʝʣʴʝʬʫ, ʥʘʧʨʠʤʝʨ, ʜʘʥʥʳʭ ʦ ʥʘʩʝʣʝʥʠʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ, ʯʝʤ ʵʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ 2D ʦʪʦʙʨʘʞʝʥʠʠ. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ArcScene ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘ-

ʚʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʟʦʨʥʳʝ ʩʮʝʥʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝ-

ʥʠʷ ʦʪʦʙʨʘʞʝʥʠʝʤ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʘʥʥʳʤʠ ɻʀʉ. ʀʤʝʶʪʩʷ 

ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ, ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ, ʪʝʥʴʶ, ʜʦ-

ʙʘʚʣʝʥʠʷ ʪʝʢʩʪʫʨ.   

ArcGIS 3D Analyst ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʘʥʘʣʠʟ ʚʠʜʠʤʦʩʪʠ 

ʩ ʫʯʝʪʦʤ ʨʝʣʴʝʬʘ ʦʪ ʦʜʥʦʡ ʪʦʯʢʠ ʜʦ ʜʨʫʛʦʡ ʚʜʦʣʴ ʟʘʜʘʥʥʦʡ ʣʠ-

ʥʠʠ ʚʟʛʣʷʜʘ ʠʣʠ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʟʦʥ ʚʠʜʠʤʦʩʪʠ. 

ʌʫʥʢʮʠʷ ʧʝʨʝʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ArcGIS 3D Analyst ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʦʙʝ̡ʢʪʘ ʠʣʠ ʷʚʣʝʥʠʷ, ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʨʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʝʨʝʯʥʷ ʚʘʞʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʝʨʝʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʨʘʩʪʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʠʩʚʘʠʚʘʪʴ ʷʯʝʡʢʘʤ ʨʘʩʪʨʘ ʟʥʘ-

ʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ. ʕʪʦ ʤʦʞʝʪ ʚʳʧʦʣ-

ʥʷʪʴʩʷ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʪʨʘ ʠʣʠ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʨʘʩʪʨʦʚ ʩ ʮʝ-

ʣʴʶ ʩʦʟʜʘʥʠʷ ʦʙʱʝʡ ʰʢʘʣʳ ʟʥʘʯʝʥʠʡ. 

ArcGIS 3D Analyst ʧʦʟʚʦʣʷʝʪ ʧʦ ʟʘʧʨʦʩʘʤ ʥʘ ʢʘʨʪʝ ʠʣʠ ʚ ʪʨʝʭ-

ʤʝʨʥʦʡ ʩʮʝʥʝ ʧʦʣʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ. ɽʩʣʠ ʤʦʜʝʣʴ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʥʝʨʝʛʫʣʷʨʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʦʥ-

ʥʦʡ ʩʝʪʠ, ʪʦ ʘʢʪʠʚʠʟʘʮʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʪʦʯʢʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ-

ʣʫʯʠʪʴ ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ, ʫʢʣʦʥʘ ʠ ʵʢʩʧʦʟʠʮʠʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʨʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʝ ʚʳ-

ʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʝʝ ʚʳʩʦʪʳ. ʇʨʠ ʘʢʪʠʚʠʟʘʮʠʠ ʦʙʲʝʢʪʘ ʙʫʜʫʪ ʧʦ-

ʢʘʟʘʥʳ ʚʩʝ ʘʪʨʠʙʫʪʳ ʵʪʦʛʦ ʦʙʝ̡ʢʪʘ. 

ArcGIS 3D Analyst ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʚʤʝʩʪʝ ʚʝʢʪʦʨ-

ʥʳʝ ʜʘʥʥʳʝ, ʮʠʬʨʦʚʳʝ ʬʦʪʦʩʥʠʤʢʠ, ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʠ ʜʘʥʥʳʝ 

ʉɸʇʈ. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʠʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ 

ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ, ʜʘʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʘʪʴ ʟʘʜʘʯʫ, ʠʩʧʦʣʴʟʫʷ 

ʚʩʝ ʜʦʩʪʫʧʥʳʝ ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ ʚ ʝʜʠʥʦʡ ʩʨʝʜʝ. 

ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ArcGIS 3D Analyst: ʢʘʨʪʦʛʨʘʬʠʷ, ʛʝʦʣʦ-

ʛʠʷ, ʤʝʪʝʦʨʦʣʦʛʠʷ, ʛʠʜʨʦʣʦʛʠʷ, ʘʨʭʝʦʣʦʛʠʷ, ʣʝʩʥʦʝ ʭʦʟʷʡʩʪʚʦ, 

ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʛʦʨʥʦʝ ʜʝʣʦ, ʨʳʥʦʢ ʥʝʜʚʠ-

ʞʠʤʦʩʪʠ, ʤʫʥʠʮʠʧʘʣʠʪʝʪʳ, ʫʧʨʘʚʣʝʥʠʝ ʩʝʪʷʤʠ ʤʘʛʘʟʠʥʦʚ ʠ ʪ. ʜ.  
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ERDAS IMAGINE ī Virtual GIS.  

Virtual GIS ī ʧʨʠʢʣʘʜʥʦʡ ʤʦʜʫʣʴ ʩʠʩʪʝʤʳ Erdas Imagine (ER-

DAS). 

ERDAS IMAGINE (Earth Resources Data Analysis System) ï 

cʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʩʪʨʦʚʳʭ ʬʦʨʤʘʪʘʭ. Cʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ Windows NT, Windows 2000 ʠ ʥʘ RISC/UNIX ʧʣʘʪ-

ʬʦʨʤʘʭ (SUN, SGI, HP, DEC, IBM). ʉʠʩʪʝʤʘ ʤʦʜʫʣʴʥʘʷ, ʯʠʩʣʦ ʤʦ-

ʜʫʣʝʡ ʨʘʟʣʠʯʥʦ ʥʘ ʨʘʟʥʳʭ ʧʣʘʪʬʦʨʤʘʭ (ʥʘʠʙʦʣʴʰʝʝ ʥʘ SUN ʠ SGI). 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʩʪʘ-

ʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʥʜʘʨʪʥʦʡ ʩʨʝʜʦʡ ʨʘʟʨʘʙʦʪʯʠʢʘ ʜʣʷ ʥʘʧʠʩʘʥʠʷ 

ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘ-

ʣʦʚ ɼɿɿ ï ʤʥʦʛʠʝ ʬʠʨʤʳ (ʥʝ ʪʦʣʴʢʦ ʘʤʝʨʠʢʘʥʩʢʠʝ) ʦʬʦʨʤʣʷʶʪ 

ʩʚʦʠ ʨʘʟʨʘʙʦʪʢʠ ʢʘʢ ʤʦʜʫʣʠ ʨʘʩʰʠʨʝʥʠʷ ʩʠʩʪʝʤʳ Erdas Imag-

ine [24, 25, 132].  

çʗʜʨʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ERDAS IMAGINE ʷʚʣ̫-

ʝʪʩʷ ʦʜʠʥ ʠʟ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʙʘʟʦʚʳʭ ʧʘʢʝʪʦʚ: IMAGINE Essen-

tials, IMAGINE Advantage ʠ IMAGINE Professional. ʂʘʞʜʳʡ ʧʦ-

ʩʣʝʜʫʶʱʠʡ ʧʘʢʝʪ ʚʢʣʶʯʘʝʪ ʧʨʝʜʳʜʫʱʠʡ ʠ ʨʘʩʰʠʨʷʝʪ ʝʛʦ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ ʨʘʩʰʠʨʝʥʠʷ:  

ī ʦʙʨʘʙʦʪʢʠ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ (Vector);  

ī ʦʨʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ, ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʩʪʝʨʝʦ-

ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʥʠʤʢʦʚ (Radar Mapping Suite);  

ī ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʨʨʝʢʮʠʠ (ATCOR); 

ī ʪʨʝʭʤʝʨʥʦʡ ɻʀʉ (Virtual GIS);  

ī ʩʫʙʧʠʢʩʝʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (Subpixel Classifier); 

ī ʙʣʦʯʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝ-

ʬʘ ʠ ʦʨʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʠ ʥʘʟʝʤʥʳʭ 

ʩʥʠʤʢʦʚ, ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪ-

ʢʠ (LPS); 

ī ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ (Developerôs ToolKit);  

ī ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʩʥʠʤʢʦʚ 

ʩ "ʈʝʩʫʨʩ-ʆ", ʣʠʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ LESSAè [25, ʩ. 319]. 

ERDAS IMAGINE ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʚʝʢʪʦʨʥʳʭ ʬʦʨʤʘ-

ʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʝʢʪʦʨʥʦ-ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ. ɺʩʝ ʚʝʢʪʦʨʥʳʝ ʬʦʨʤʘʪʳ 

ʧʝʨʝʭʦʜʷʪ ʜʨʫʛ ʚ ʜʨʫʛʘ ʙʝʟ ʧʨʦʮʝʜʫʨʳ ʠʤʧʦʨʪʘ-ʵʢʩʧʦʨʪʘ. 
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ʄʦʜʫʣʴ Virtual GIS ʜʦʩʪʫʧʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʣʶʙʳʤ ʠʟ 

ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʙʘʟʦʚʳʭ ʧʘʢʝʪʦʚ ERDAS IMAGINE.  

ɸʚʪʦʨʘʤʠ [25, ʩ. 320] ʜʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

ʤʦʜʫʣʷ Virtual GIS ʠ ʝʛʦ ʚʩrʦʢʘʷ ʦʮʝʥʢʘ: çʄʦʜʫʣʴ Virtual GIS 

(ʚʠʨʪʫʘʣʴʥʘʷ ɻʀʉ) ʧʨʝʜʩʪʘʚʣʝ̫ʪ ʩʦʙʦʡ ʧʝʨʝʜʦʚʦʡ ʢʨʘʡ ʨʘʟʚʠʪʠʷ 

ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ɼɿɿ. ʀʜʝʷ ʧʨʦʩʪʘ: ʦʙʨʘʙʘʪʳʚʘʷ  

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʩ ʥʘʣʦʞʝʥʥʳʤ ʥʘ 

ʥʝʝ ʨʘʩʪʨʦʚʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ (ʩʥʠʤʢʦʤ, ʢʘʨʪʦʡ), ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʤʦʞʝʪ "ʧʨʦʣʝʪʘʪʴ" ʥʘʜ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ, ʥʦ ʚʧʦʣʥʝ ʨʝʘʣʠʩʪʠʯ-

ʥʳʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʤʝʩʪʥʦʩʪʠ, ʤʝʥʷʷ ʠʥʪʝʨʘʢ-

ʪʠʚʥʦ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʝʪʘ, ʠ ʝʛʦ ʩʢʦʨʦʩʪʴ, ʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʟʛʣʷʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨʝʣʴʝʬ ʤʦʞʥʦ ʥʘʣʦʞʠʪʴ ʠ ʚʝʢʪʦʨʥʳʝ 

ʢʘʨʪʳ ʚ ʬʦʨʤʘʪʝ ARC/INFO. ʅʘ ʪʨʝʭʤʝʨʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʩ ʧʦ-

ʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʫʨʩʦʨʘ ʜʦʩʪʫʧʥʳ ʢʘʢ ʟʥʘʯʝʥʠʷ ʧʠʢʩʝʣʝʡ 

ʨʘʩʪʨʘ, ʪʘʢ ʠ ʘʪʨʠʙʫʪʳ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ ARC/INFO. ʇʦʩʢʦʣʴʢʫ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʟʛʣʷʜʘ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚʧʣʦʪʴ ʜʦ ʥʘʜʠʨʥʦʛʦ, ʬʘʢ-

ʪʠʯʝʩʢʠ ʠʩʯʝʟʘʝʪ ʦʪʣʠʯʠʝ ʤʝʞʜʫ ʧʣʘʥʦʚʳʤ (ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ) 

ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʠ ʥʘ ʧʝʨʩʧʝʢʪʠʚ-

ʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʨʘʩʪʘ 

ʠ ʜʨʫʛʫʶ ʦʙʨʘʙʦʪʢʫè. 

 

ʇʨʦʛʨʘʤʤʘ SiteBuilder 3D.  

ʇʘʢʝʪ SiteBuilder 3D ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ ʨʘʟʨʘʙʦ-

ʪʦʢ ʢʦʤʧʘʥʠʠ MultiGen ī Paradigm, Inc. (ʉʐɸ) ī ʣʠʜʝʨʘ ʚ ʦʙʣʘ-

ʩʪʠ ʪʨʝʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʕʪʦʪ ʧʨʦʜʫʢʪ ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʧʨʦ-

ʛʨʘʤʤʥʘʷ ʥʘʜʩʪʨʦʡʢʘ ʜʣʷ ArcView GIS 3.2 ʠ ʜʣʷ ArcGIS 8.x/9.x 

[125, 119].   

ʇʨʦʛʨʘʤʤʘ ArcView ʨʘʟʨʘʙʦʪʘʥʘ ʬʠʨʤʦʡ ESRI, Inc. (ʉʐɸ) 

ʠ ʚʭʦʜʠʪ ʚ ʩʝʤʝʡʩʪʚʦ ʧʨʦʛʨʘʤʤ ArcGIS. ArcView ï ʤʦʱʥʦʝ ʩʨʝʜ-

ʩʪʚʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ, ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʥʘʩʪʦʣʴʥʳʡ 

ɻʀʉ-ʧʘʢʝʪ, ʘ ʪʘʢʞʝ ʢʘʢ ʢʣʠʝʥʪʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚ ʩʠʩʪʝʤʝ 

ArcGIS. 

ArcView ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʙʘʟʦʚʳʭ ʤʦʜʫʣʝʡ: ArcMap ï ʦʪʦʙʨʘ-

ʞʝʥʠʝ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʩʦʟʜʘʥʠʝ ʢʘʨʪ; 



77 

ArcCatalog ï ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʠ ʫʧʨʘʚʣʝʥʠʝ ʠʤʠ; ArcToolbox ï 

ʠʥʩʪʨʫʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʮʠʷʤʠ ʠ ʢʦʥʚʝʨʪʘʮʠʠ ʜʘʥʥʳʭ. 

ɺʩʝ ʧʨʦʜʫʢʪʳ ArcGIS ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʤʦʜʫʣʠ ʜʣʷ ʨʝʰʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʦʛʦ ʘʥʘʣʠʟʘ: ArcGIS Spatial Analyst, ArcGIS 3D Analyst ʠ ʜʨ. 

ɼʦʩʪʫʧ ʢ ʠʥʩʪʨʫʤʝʥʪʘʤ SiteBuilder 3D ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʥʶ ArcView. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʜʚʫʤʝʨʥʳʝ ʜʘʥʥʳʝ ʠʟ ʩʣʦʝʚ ArcView ʠ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʘʷ 3D ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʠʣʠ ʫʞʝ ʩʦʜʝʨʞʠʪʩʷ ʚ ʜʘʥʥʳʭ 

ArcView, ʠʣʠ ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʮʠʬʨʦʚʳʭ ʢʘʨʪ, ʤʘʪʨʠʮ ʚʳʩʦʪ ʠ ʪ. ʜ. 

SiteBuilder 3D ʩʦʟʜʘʝʪ ʪʨʝʭʤʝʨʥʫʶ ʧʦʜʣʦʞʢʫ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ 

ʤʝʩʪʥʦʩʪʴ, ʘ ʟʘʪʝʤ çʜʨʘʧʠʨʫʝʪè ʢʦʥʪʫʨʳ ʤʝʩʪʥʦʩʪʠ ʥʘʣʦʞʝʥʠʝʤ 

ʢʘʨʪʳ ʧʦʚʝʨʭ ʥʝʝ, ʩʦʟʜʘʚʘʷ ʪʝʤ ʩʘʤʳʤ ʥʦʚʫʶ ʪʨʝʭʤʝʨʥʫʶ ʩʮʝʥʫ. 

ɿʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʙʠʙʣʠʦʪʝʢ (SiteBuilder's 3D Features 

Libraries) ʚʳʙʠʨʘʶʪʩʷ ʪʨʝʭʤʝʨʥʳʝ ʰʘʙʣʦʥʳ ʜʣʷ ʜʦʨʦʛ, ʟʜʘʥʠʡ, 

ʜʝʨʝʚʴʝʚ, ʨʝʢ, ʦʟʝʨ ʠ ʪ. ʧ. ɺʳʙʨʘʥʥʳʝ ʰʘʙʣʦʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʪʨʝʭʤʝʨʥʫʶ ʩʮʝʥʫ. ʊʨʝʭʤʝʨʥʫʶ ʩʮʝʥʫ ʤʦʞʥʦ 

ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚ ʧʦʣʥʦʵʢʨʘʥʥʦʤ ʨʝʞʠʤʝ, ʪʘʢ ʠ ʚʤʝʩʪʝ ʩ ʜʚʫ-

ʤʝʨʥʦʡ ʢʘʨʪʦʡ ʚ ʦʢʥʝ ArcView. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʧʨʦʜʚʠʞʝʥʠʝ ʧʦ 

ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʝ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʦ ʩ ʧʨʦʜʚʠʞʝʥʠʝʤ ʧʦ ʜʚʫ-

ʤʝʨʥʦʡ ʢʘʨʪʝ.  

SiteBuilder 3D ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʪʨʝʭʤʝʨʥʳʝ ʩʮʝʥʳ ʩ 

ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʟʘ-

ʮʠʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʫʞʥʦʛʦ ʫʨʦʚʥʷ ʜʝʪʘʣʠʟʘʮʠʠ ʙʝʟ ʫʤʝʥʴʰʝ-

ʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʦʩʯʝʪʘ, ʚ SiteBuilder 3D ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʠʢʘ 

ʚʠʨʪʫʘʣʴʥʳʭ ʪʝʢʩʪʫʨ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜʜʝʨʞʢʫ ʘʪʤʦ-

ʩʬʝʨʥʳʭ ʷʚʣʝʥʠʡ (ʦʙʣʘʢʘ, ʪʫʤʘʥ, ʩʤʝʥʘ ʚʨʝʤʝʥʠ ʩʫʪʦʢ). 

ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʢ-

ʩʪʫʨʳ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠʣʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʲʝʤʢʠ 

ʣʠʙʦ ʠʟ ʦʪʦʙʨʘʞʝʥʠʷ ʢʘʨʪʳ ʚ ʦʢʥʝ ArcView. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

SiteBuilder 3D ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʥʚʝʨʪʠʨʫʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʠʣʠ 

ʢʘʨʪʫ ʚ ʚʠʨʪʫʘʣʴʥʫʶ ʪʝʢʩʪʫʨʫ ʠ ʥʘʢʣʘʜʳʚʘʝʪ ʝʝ ʥʘ ʤʦʜʝʣʴ ʨʝʣʴ-

ʝʬʘ. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ 3D ʩʠʤʚʦʣʦʚ (ʤʦʜʝʣʝʡ, 
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ʮʚʝʪʦʚ, ʪʝʢʩʪʫʨ ʠ ʪ. ʧ.) ʢ ʜʚʫʤʝʨʥʳʤ ʜʘʥʥʳʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʨʝ-

ʘʣʠʩʪʠʯʥʦʩʪʠ ʩʦʟʜʘʚʘʝʤʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ.  

ʅʘ ʨʠʩ. 2.5 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ ʩ ʚʳʩʦʪʳ çʧʪʠ-

ʯʴʝʛʦ ʧʦʣʝʪʘè, ʧʦʩʪʨʦʝʥʥʦʡ ʩʨʝʜʩʪʚʘʤʠ SiteBuilder 3D ʥʘ ʦʩʥʦʚʝ 

ʢʘʨʪʳ ʚ ArcView GIS 3.2. 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.5. ʇʨʠʤʝʨ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ,  

ʧʦʩʪʨʦʝʥʥʦʡ ʩ ʧʦʤʦɦ ʴʶ SiteBuilder 3D  

 

 

ʇʨʦʛʨʘʤʤʘ ɻʀʉ ʂɸʈʊɸ 2011 ī ɻʀʉ ʇʘʥʦʨʘʤʘ. 

ʇʨʦʝʢʪ çʇʘʥʦʨʘʤʘè ï ʵʪʦ ʥʘʙʦʨ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ɻʀʉ ʂɸʈʊɸ 2011, 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʚʝʢʪʦʨʠʟʘʪʦʨ ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʨʪ ʇʘʥʦʨʘʤʘ ï ʈʝ-

ʜʘʢʪʦʨ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ɻʀʉ ʧʨʠʣʦʞʝ-
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ʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤ GIS ToolKit, ʩʠʩʪʝʤʫ ʫʯʝʪʘ ʠ ʨʝʛʠ-

ʩʪʨʘʮʠʠ ʟʝʤʣʝʚʣʘʜʝʥʠʡ ɿʝʤʣʷ ʠ ʇʨʘʚʦ, ʢʦʥʚʝʨʪʦʨʳ ʜʣʷ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʩ ʜʨʫʛʠʤʠ ɻʀʉ [28, 29]. ʇʨʦʝʢʪ çʇʘʥʦʨʘʤʘè ʨʘʟʨʘʙʦʪʘʥ 

ʚ ɿɸʆ çʂɹ ʇʘʥʦʨʘʤʘè (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ). ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʥʘʟʚʘʥʠʝ ɻʀʉ ʂɸʈʊɸ 2011, ʩʦʛʣʘʩʥʦ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ 

2011 ʛ. ʈʘʥʝʝ ʙʳʣʠ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ ʩ ʥʘʟʚʘʥʠʷʤʠ ʂɸʈʊɸ 2005, 

ʂɸʈʊɸ 2008, ʂɸʈʊɸ 2010. 

ɻʀʉ ʂɸʈʊɸ 2011 ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠ-

ʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ [28, 29, 

30, 31, 51]: 

ï ʩʦʟʜʘʥʠʝ ʠ ʦʙʥʦʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʨʪ ʤʝʩʪʥʦʩʪʠ ʧʦ ʤʘ-

ʪʝʨʠʘʣʘʤ ʢʦʩʤʠʯʝʩʢʦʡ ʠʣʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʦʪʩʢʘʥʠʨʦʚʘʥʥʳʤ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʧʦʣʝʚʳʤ ʠʟʤʝʨʝʥʠʷʤ, ʥʘʚʠʛʘʮʠ-

ʦʥʥʳʤ ʠ ʜʨʫʛʠʤ ʜʘʥʥʳʤ. ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʙʦʣʝʝ 100 ʨʝʞʠʤʦʚ ʨʝ-

ʜʘʢʪʠʨʦʚʘʥʠʷ ʚʝʢʪʦʨʥʦʡ ʢʘʨʪʳ; 

ï ʧʦʩʪʨʦʝʥʠʝ ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʩʥʠʤʢʘʤ (ʱʝ-

ʣʝʚʳʤ, ʧʘʥʦʨʘʤʥʳʤ, ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ), ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʤ, 

ʤʘʪʨʠʮʘʤ ʚʳʩʦʪ ʠ ʢʘʪʘʣʦʛʘʤ ʦʧʦʨʥʳʭ ʪʦʯʝʢ; 

ï ʚʳʧʦʣʥʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʧʦʩʪʨʦʝʥʠʡ, ʥʘʥʝʩʝ-

ʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʢʘʨʪʫ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʥʳʭ ʚʝʜʦʤʦʩʪʝʡ 

ʠ ʤʝʞʝʚʳʭ ʜʝʣ; 

ï ʦʪʦʙʨʘʞʝʥʠʝ ʠ ʧʝʯʘʪʴ ʢʘʨʪ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʥʳʭ ʟʥʘʢʘʭ, 

ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʟʥʘʢʦʚ ʚ ʨʘʩʪʨʦʚʦʤ (ɺʄʈ) ʠʣʠ ʚʝʢʪʦʨʥʦʤ 

(True Type) ʚʠʜʝ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʩʪʠʣʝʡ, ʥʘʥʝʩʝʥʠʝ 

OLE-ʦʙʲʝʢʪʦʚ; 

ï ʧʦʜʜʝʨʞʢʘ ʚʥʝʰʥʠʭ ʙʘʟ ʜʘʥʥʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʦʨʤʘʪʦʚ, 

ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʩʚʷʟʠ ʦʙʲʝʢʪʦʚ ʢʘʨʪ ʩ ʟʘʧʠʩʷʤʠ ʙʘʟ ʜʘʥʥʳʭ, 

ʢʦʥʩʪʨʫʢʪʦʨ ʬʦʨʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ 

ʧʦʩʨʝʜʩʪʚʦʤ Microsoft Office, ʛʝʦʢʦʜʠʨʦʚʘʥʠʝ, ʟʘʧʨʦʩʳ ʢ ʜʘʥʥʳʤ; 

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʤʘʪʠʯʝʩʢʠʭ ʢʘʨʪ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʠ-

ʢʣʘʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʙʘʟ ʜʘʥʥʳʭ, ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠʙʦʨʦʚ 

ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ; 

ï ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ, ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʤʝʩʪʥʦʩʪʠ, 

ʧʦʩʪʨʦʝʥʠʝ ʟʦʥ ʚʠʜʠʤʦʩʪʠ, ʩʦʟʜʘʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʤʘʪʨʠʮ ʧʦ 

ʪʦʯʝʯʥʳʤ ʠʟʤʝʨʝʥʠʷʤ; 
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ï ʚʳʧʦʣʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʧʦ ʢʘʨʪʝ, ʦʚʝʨʣʝʡʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ 

ʚʳʙʨʘʥʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ; 

ï ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʬʦʨʤʘʪʘʭ ï SXF, DXF/DBF, 

MIF/MID, Shape, S57/S52, GRD, TIFF, PCX, BMP ʠ ʜʨ.; 

ï ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʥʘ ʷʟʳʢʘʭ ʉ, ʉ++, Pascal; ʠʩ-

ʭʦʜʥʳʝ ʪʝʢʩʪʳ ʧʨʠʤʝʨʦʚ, ʜʦʢʫʤʝʥʪʘʮʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʘ; 

ï ʧʦʜʜʝʨʞʢʘ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʚ ʩʝʪʠ ʩ ʦʜʥʠʤ 

ʵʢʟʝʤʧʣʷʨʦʤ ʢʘʨʪ, ʚʝʜʝʥʠʝ ʞʫʨʥʘʣʘ ʪʨʘʥʟʘʢʮʠʡ; 

ï ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ (ʪʦʧʦʣʦʛʠʷ, ʘʪʨʠʙʫʪʳ, ʩʚʦʜʢʘ ʣʠ-

ʩʪʦʚ ʠ ʪ. ʜ.). ɹʦʣʝʝ 50 ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʨʦʣʷ ʢʘʨʪ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʧʝʨʝʯʝʥʴ ʚ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ ʜʘʥ ʚ ʩʦʢʨʘʱʝʥ-

ʥʦʤ ʚʠʜʝ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ 

ʙʘʟʝ ʧʨʠʣʦʞʝʥʠʡ, ʚʭʦʜʷɦ ʠʭ ʚ ʩʦʩʪʘʚ ɻʀʉ ʂɸʈʊɸ 2011. ʂ ʪʘʢʠʤ 

ʧʨʠʣʦʞʝʥʠʷʤ ʦʪʥʦʩʷʪʩʷ: ʈʝʜʘʢʪʦʨ ʢʘʨʪʳ, ʈʝʜʘʢʪʦʨ ʢʣʘʩʩʠʬʠʢʘ-

ʪʦʨʘ, ʈʝʜʘʢʪʦʨ ʙʠʙʣʠʦʪʝʢʠ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʦʚ ʦʙʲʝʢʪʦʚ, ʇʦʩʪʨʦʝ-

ʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ, ʈʝʜʘʢʪʦʨ ʪʨʝʭʤʝʨʥʦʡ ʢʘʨʪʳ, ʀʟʤʝʨʝʥʠʷ 

ʧʦ ʪʨʝʭʤʝʨʥʦʡ ʢʘʨʪʝ, ʇʝʯʘʪʴ ʠ ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʟʝʥʪʘʮʠʡ.  

ʊʝʭʥʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʜʝʪʘʣʠʟʘʮʠʠ  

ʠ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʇʦ ʩʪʝʧʝʥʠ ʜʝʪʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ 

ʜʝʣʷʪʩʷ ʥʘ ʪʠʧʦʚʳʝ, ʜʝʪʘʣʴʥʳʝ, ʤʦʜʝʣʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʤʝʱʝʥʠʡ  

ʠ ʪʝʤʘʪʠʯʝʩʢʠʝ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʪʝʨʨʠʪʦ-

ʨʠʠ, ʤʦʜʝʣʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʘʥʩʘʤʙʣʝʡ, ʠʥʪʝʨʴʝʨʘ ʚʥʫʪʨʝʥʥʠʭ 

ʧʦʤʝʱʝʥʠʡ, ʥʘʜʟʝʤʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʪʝʨʨʠʪʦʨʠʠ ʠʩʧʦʣʴʟʫʶʪ-

ʩʷ ʜʘʥʥʳʝ ʚʝʢʪʦʨʥʦʡ ʢʘʨʪʳ, ʤʘʪʨʠʮʳ ʚʳʩʦʪ, ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ, ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʢʘʨʪʳ, ʙʠʙʣʠʦʪʝʢʘ ʪʨʝʭʤʝʨʥʳʭ 

ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ, ʮʠʬʨʦʚʳʝ ʬʦʪʦʩʥʠʤʢʠ ʤʝʩʪʥʦʩʪʠ ʠ ʮʠʬʨʦʚʳʝ 

ʬʦʪʦʛʨʘʬʠʠ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ. ʆʪʦʙʨʘʞʝʥʠʝ ʨʝʣʴʝʬʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ɻʀʉ ʂɸʈʊɸ 2011 ʚʳʧʦʣʥʷʝʪʩʷ ʣʠʙʦ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʨʝʛʫʣʷʨʥʦʡ ʤʘʪʨʠʮʳ ʚʳʩʦʪ, ʩʦʜʝʨʞʘʱʝʡ ʵʣʝʤʝʥʪʳ, ʟʥʘ-

ʯʝʥʠʷ ʢʦʪʦʨʳʭ ï ʘʙʩʦʣʶʪʥʳʝ ʚʳʩʦʪʳ ʧʠʢʝʪʦʚ ʤʝʩʪʥʦʩʪʠ, ʣʠʙʦ 

ʥʘʙʦʨʘ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʦʢ ʚ ʫʟʣʘʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ï ʥʝʨʝʛʫʣʷʨʥʦʡ 

ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ. ʄʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʩʦ-
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ʟʜʘʥʳ ʧʦ ʜʘʥʥʳʤ ʚʝʢʪʦʨʥʦʡ ʢʘʨʪʳ, ʧʦ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʪʘʙʣʠʮ ʙʘ-

ʟ rʜʘʥʥʳʭ ʠʣʠ ʟʘʛʨʫʞʝʥʳ ʠʟ ʚʥʝʰʥʠʭ ʬʦʨʤʘʪʦʚ. 

ɺ ʂɸʈʊɸ 2011 ī ɻʀʉ ʇʘʥʦʨʘʤʘ ʨʝʘʣʠʟʦʚʘʥ ʚ ʪʦʤ ʯʠʩʣʝ ʦʨʠ-

ʛʠʥʘʣʴʥʳʡ ʩʪʠʣʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ, ʢʦʪʦʨʳʡ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʠʠ ʩʮʝʥʳ ʧʨʠ ʟʘʧʫʩʢʝ ʚʴʶʚʝʨʘ (ʅʘʚʠ-

ʛʘʪʦʨ 3D) ʠʟ ʮʠʬʨʦʚʦʡ ʢʘʨʪʳ (ʧʣʘʥʘ), ʩʦʜʝʨʞʘʱʝʡ ʤʝʪʨʠʯʝʩʢʫʶ 

ʠ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʢʪʘʭ. ʊʨʝʭʤʝʨʥʳʝ ʚʠʜʳ 

ʦʙʲʝʢʪʦʚ ʩʦʟʜʘʶʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʢʦʥʩʪʨʫʢʪʦʨʘ ʠʟ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʠʤʠʪʠʚʦʚ. ʂʦʥʩʪʨʫʢʪʦʨ ʚʠʜʦʚ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚʳʭ 

ʚʠʜʦʚ ʦʙʲʝʢʪʦʚ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʥʦ-

ʚʳʝ ʚʠʜʳ [3]. 

ʇʨʦʛʨʘʤʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ (ʨʠʩ. 2.6) ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʘ ʜʣʷ ʦʮʝʥʢʠ ʨʝʣʴʝʬʘ ʚʳʙʨʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʪʝʨʨʠʪʦʨʠʠ ʠ ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʭ ʥʘ ʥʝʤ ʦʙʝ̡ʢʪʦʚ.  

 

 
1                                                                                        2 

ʈʠʩʫʥʦʢ 2.6 ī ʇʨʠʤʝʨ ʦʪʦʙʨʘʞʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ  

ʚ ɻʀʉ ʂɸʈʊɸ 2011:  
1 ī ʦʪʦʙʨʘʞʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ; 2 ī ʦʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ 
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ʇʨʦʛʨʘʤʤʘ ʩʦʟʜʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝ-

ʢʠ OpenGl ʠ ʧʦʟʚʦʣʷʝʪ:  

ī ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʫʶ ʨʘʙʦʪʫ ʩ ʜʚʫʭʤʝʨʥʦʡ 

ʢʘʨʪʦʡ ʠ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʦʡ: ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʥʠʤ ʚʳʧʦʣʥʷʶʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ; 

 

ī ʫʧʨʘʚʣʷʪʴ ʦʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʤʦʜʝʣʠ ʦʪʦʙʨʘʞʝ-

ʥʠʷ: ʧʦʣʦʞʝʥʠʝʤ ʥʘʙʣʶʜʘʪʝʣʷ, ʠʟʦʙʨʘʞʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʥʘʙʣʶʜʘʝʤʳʤ ʦʙʲʝʢʪʦʤ, ʧʨʦʝʢʮʠʝʡ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʠʩʪʦʯʥʠʢʦʤ ʦʩʚʝʱʝʥʠʷ;  

ī ʫʧʨʘʚʣʷʪʴ ʦʨʠʝʥʪʘʮʠʝʡ ʤʦʜʝʣʠ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘʢʣʦʥʳ  

ʠ ʚʨʘʱʝʥʠʝ;  

ī ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʤʠʪʘʮʠʶ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʪʫ-

ʤʘʥ ʠ ʜʦʞʜʴ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʪʴ ʠ ʫʤʝʥʴʰʘʪʴ ʚʠʜʠʤʦʩʪʴ ʚʦ 

ʚʨʝʤʷ ʜʦʞʜʷ ʠ ʪʫʤʘʥʘ;  

ī ʚʢʣʶʯʘʪʴ ʠʣʠ ʚʳʢʣʶʯʘʪʴ ʨʝʞʠʤ çɸʚʪʦʧʠʣʦʪè, ʧʨʠ ʚʢʣʶʯʝ-

ʥʠʠ ʢʦʪʦʨʦʛʦ ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʬʠʢ-

ʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ; 

ī ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʦʩʚʝʱʝʥʠʷ: ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʩʫʪʦʢ, 

ʧʦʣʦʞʝʥʠʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʫʨʦʚʝʥʴ ʟʝʨʢʘʣʴ-

ʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ; 

ī ʚʳʙʠʨʘʪʴ ʪʠʧ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ (ʢʘʨʢʘʩʥʘʷ, ʦʜʥʦ-

ʪʦʥʥʘʷ, ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʣʠ ʦʪʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩ ʥʘʣʦʞʝʥʠʝʤ ʪʝʢʩʪʫʨʳ, ʢʦʧʠʨʫʝʤʦʡ ʩ ʧʣʦʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 

ʚʳʙʨʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʤʝʩʪʥʦʩʪʠ). ʇʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʤʦʜʝʣʠ ʚʦʟ-

ʤʦʞʥʦ ʚʢʣʶʯʘʪʴ ʠʣʠ ʚʳʢʣʶʯʘʪʴ ʦʪʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʥʘʜ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ. 

ʀʟʤʝʨʝʥʠʷ ʥʘ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʦ 

ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪʦʙʨʘʞʘʝʤʦʡ ʥʘ ʜʚʫʤʝʨʥʦʡ ʢʘʨʪʝ.  

ɻʀʉ ʇʘʥʦʨʘʤʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚʢʣʶʯʘʷ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚ-

ʣʝʥʠʝ ʥʘ ʛʦʨʦʜʩʢʦʤ, ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʬʝʜʝʨʘʣʴʥʦʤ ʫʨʦʚʥʷʭ, ʢʦʤ-

ʧʣʝʢʩʥʦʝ ʤʥʦʛʦʘʩʧʝʢʪʥʦʝ ʠʟʫʯʝʥʠʝ ʧʨʠʨʦʜʥʦ- ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʨʝʛʠʦʥʦʚ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘ-
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ʮʠʶ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʤʦʥʠʪʦʨʠʥʛ. 

 

ʇʨʦʛʨʘʤʤʘ GeoniCS ʈʝʣʴʝʬ. 

GeoniCS ʈʝʣʴʝʬ ī ʵʪʦ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʢʦʤʧʘʥʠʠ 

Consistent Software ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ 

(ʠʣʠ ʜʨʫʛʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ) ʤʝʪʦʜʦʤ ʪʨʠʘʥʛʫʣʷʮʠʠ ʚ ʩʨʝʜʝ 

AutoCAD [159]. 

GeoniCS ʈɽʃʔɽʌ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʫʯʝʪʦʤ 

ʩʪʨʫʢʪʫʨʥʳʭ ʣʠʥʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ (ʦʪʢʦʩʳ, ʪʘʣʴʚʝʛʠ, ʭʨʝʙʪʳ, 

ʦʟʝʨʘ, ʦʩʪʨʦʚʘ, ʨʝʢʠ, ʜʦʨʦʛʠ, ʢʘʥʘʚʳ, ʛʨʘʥʠʮʳ ʧʝʨʝʧʣʘʥʠʨʦʚʢʠ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʪ. ʜ.). ɺ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʥʳʭ ʣʠʥʠʡ ʤʦʛʫʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ī ʪʨʝʭʤʝʨʥʳʝ ʧʦʣʠʣʠʥʠʠ ʩ ʜʫʛʘ-

ʤʠ, ʘ ʪʘʢʞʝ ʛʦʨʠʟʦʥʪʘʣʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʥʘ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʩʦʟʜʘ-

ʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʨʫʯʥʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʫʤʫ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ 

ʨʝʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ: 

ī ʨʘʩʢʨʘʩʢʘ ʤʦʜʝʣʠ ʜʣʷ ʥʘʛʣʷʜʥʦʡ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ 

ʝʝ ʚʳʩʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ;  

ī ʨʘʩʯʝʪ ʮʚʝʪʥʳʭ ʢʘʨʪʦʛʨʘʤʤ, ʧʦʩʪʨʦʝʥʠʝ ʯʝʨʪʝʞʝʡ ʧʨʦʬʠʣʷ 

ʧʦ ʟʘʜʘʥʥʦʡ ʣʦʤʘʥʦʡ ʦʩʠ ʪʨʘʩʩʳ; 

ī çʧʦʜʥʷʪʠʝè ʧʣʦʩʢʠʭ 2D-ʣʠʥʠʡ ʠ ʪʦʯʝʯʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʪʨʝʭ-

ʤʝʨʥʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʭ ʨʝʘʣʴʥʳʭ 3D-ʘʥʘ- 

ʣʦʛʦʚ, ʥʘʧʨʠʤʝʨ, ʧʦʣʫʯʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʘ ʠʣʠ 

ʪʨʝʭʤʝʨʥʳʭ ʛʨʘʥʠʮ ʛʨʫʥʪʦʚʦʡ ʜʦʨʦʛʠ, ʢʦʛʜʘ ʥʝʠʟʚʝʩʪʥʳ ʦʪʤʝʪʢʠ 

ʥʘ ʝʝ ʢʨʘʷʭ, ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʦʪʢʦʩʦʚ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʝ-

ʘʣʴʥʦʡ ʣʠʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʦʪʢʦʩʘ ʠ ʫʢʘʟʘʥʥʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ;  

ī ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʩʪʦʢʘ ʠ ʦʙʣʘʩʪʝʡ ʥʘʢʦʧʣʝʥʠʷ ʞʠʜ-

ʢʦʩʪʠ ʥʘ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʚʝʜʝʪʩʷ ʩ ʫʯʝʪʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʧʠʪʳʚʘʥʠʷ ʚ ʛʨʫʥʪ. ʕʪʘ ʬʫʥʢʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʘʚʘʨʠʡ ʥʘ ʥʝʬʪʝʧʨʦʚʦʜʘʭ; 

ī ʧʨʦʩʤʦʪʨ ʧʨʦʬʠʣʷ ʧʦ ʫʢʘʟʘʥʥʦʡ ʣʠʥʠʠ ʚ ʦʪʜʝʣʴʥʦʤ ʦʢʥʝ 

ʠ ʚʩʪʘʚʢʘ ʝʛʦ ʚ ʯʝʨʪʝʞ;  
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ī ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʇʨʦʛʨʘʤʤʘ GeoniCS ʈɽʃʔɽʌ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʪʨʝʭʤʝʨʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʳ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʘʣʛʦʨʠʪʤ 

ʪʨʠʘʥʛʫʣʷʮʠʠ ɼʝʣʦʥʝ ī ʩʦʝʜʠʥʝʥʠʷ ʪʦʯʝʢ ʚ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʧʦ ʨʝ-

ʙʨʘʤ ʢʦʪʦʨʦʡ ʜʦʧʫʩʪʠʤʦ ʜʝʣʘʪʴ ʣʠʥʝʡʥʫʶ ʠʥʪʝʨʧʦʣʷʮʠʶ. ɼʦʩʪʦ-

ʠʥʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ ī ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ, ʦʪʩʫʪʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʠʡ 

ʥʘ ʦʙʲʝʤ (ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ), ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʨʘʩʯʝʪʘ ʪʨʠʘʥʛʫ-

ʣʷʮʠʠ, ʧʦʩʪʨʦʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʝʡ ʠ ʨʝʰʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʪʨʠʘʥʛʫʣʷ-

ʮʠʠ ʩʣʫʞʘʪ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ (ʪʝʢʩʪʦʚʳʝ ʬʘʡʣʳ, ʛʦʨʠʟʦʥʪʘʣʠ). 

ʇʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʯʠʩʣʦ ʧʠʢʝʪʦʚ. ʀʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʀʤʝʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʛʦ-

ʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʥʘ ʪʨʝʭʤʝʨʥʦʤ ʨʝʣʴʝʬʝ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

çʧʦʩʘʜʢʦʡè ʟʜʘʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʦʪʦʙʨʘʞʝʥʠʝʤ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʚʳʩʦʪʳ; ʜʦʧʦʣʥʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʩʠʪʫʘʮʠʠ ʤʦ-

ʜʝʣʷʤʠ ʨʝʣʴʝʬʘ, ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʝʡ ʠ ʢʘʨʪʦʛʨʘʤʤ, ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʧʫʪʝʡ ʩʪʦʢʘ ʞʠʜʢʦʩʪʝʡ, ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʪ. 

ʜ.  

ʆʪʢʨʳʪʦʩʪʴ GeoniCS ʈʝʣʴʝʬ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʩ ʜʨʫ-

ʛʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ Autodesk Land 

Desktop, Eagle Point ʠ CREDO. ʇʨʠ ʵʪʦʤ ʤʦʜʝʣʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ, ʤʦʞʥʦ ʧʝʨʝʥʦʩʠʪʴ 

ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ. ɽʩʪʴ ʬʫʥʢʮʠʠ ʵʢʩʧʦʨʪʘ. 

 

ʇʨʦʛʨʘʤʤʘ Surfer. 

ʇʨʦʛʨʘʤʤʘ Surfer (ʂʦʤʧʘʥʠʷ Golden Software, ʉʐɸ) ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ; ʚʳʧʦʣ-

ʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʩ ʮʠʬʨʦʚʳʤʠ ʤʦʜʝʣʷʤʠ ʧʦʚʝʨʭʥʦʩʪʠ; ʚʠʟʫʘʣʠ-

ʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ [166]. 

ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ, ʪʘʢʠʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʦʙʲʝʤʦʚ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ, ʦʙʲʝʤʦʚ ʟʦʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ, ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʚʪʦ-

ʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʥʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦ-
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ʜʦʚ, ʧʦʠʩʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ. 

Surfer ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʚʳʩʦʪ ʚ ʫʟʣʘʭ ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʡ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ ʧʦ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚ ʫʟʣʘʭ ʥʝʨʝ-

ʛʫʣʷʨʥʦʡ ʩʝʪʢʠ (ʥʘ ʧʨʦʠʟʚʦʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʪʦʯʢʘʭ) ʠʣʠ ʧʦ 

ʟʘʜʘʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʬʫʥʢʮʠʠ. ʇʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ 

ʥʝʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʨʧʦʣʷʮʠʠ. ɿʘʪʝʤ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ ʚ ʫʟʣʘʭ ʨʝ-

ʛʫʣʷʨʥʦʡ ʩʝʪʢʠ ʧʨʦʛʨʘʤʤʘ Surfer ʤʦʞʝʪ ʧʦʩʪʨʦʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚ ʚʠʜʝ ʠʟʦʣʠʥʠʡ  ʠʣʠ ʪʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʚʳʚʝʩʪʠ ʣʠʙʦ ʥʘ ʵʢʨʘʥ, ʣʠʙʦ ʥʘ ʚʥʝʰʥʝʝ ʫʩʪʨʦʡʩʪʚʦ.  

ɺ ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʦʚʘʥ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ: 

ī ʚʳʯʠʩʣʝʥʠʝ ʦʙʲʝʤʘ ʟʝʤʣʠ, ʟʘʢʣʶʯʝʥʥʦʛʦ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦ-

ʚʝʨʭʥʦʩʪʷʤʠ;  

ī ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʡ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ ʢ ʜʨʫʛʦʡ;  

ī ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩ ʤʘʪʨʠʮʘʤʠ;  

ī ʨʘʩʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ;  

ī ʚʳʯʠʩʣʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ; 

ī ʩʛʣʘʞʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʯʥʳʭ ʠʣʠ 

ʩʧʣʘʡʥ-ʤʝʪʦʜʦʚ; 

ī ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʬʦʨʤʘʪʦʚ ʬʘʡʣʦʚ.  

ɼʦʩʪʦʠʥʩʪʚʦ: ʥʝʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʘʤ. 

ʅʝʜʦʩʪʘʪʢʠ. ʇʨʠ ʚʚʦʜʝ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʝʝ ʩʝʤʠ ʟʥʘ-

ʯʘʱʠʭ ʮʠʬʨ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʢʨʫʛʣʝʥʠʝ ʵʪʠʭ ʜʘʥʥʳʭ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʭ ʚ ʵʪʦʤ ʞʝ ʬʘʡʣʝ ʪʦʯʥʦʩʪʴ ʠʩʭʦʜʥʦ-

ʛʦ ʤʥʦʞʝʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʪʝʨʷʥʘ. 

 

ʇʨʦʛʨʘʤʤʘ ScanEx Image Processor.  

ʇʨʦʛʨʘʤʤʘ ScanEx Image Processor ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʠ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦ- ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ɿʝʤʣʠ; ʧʦʣʫʯʝ-

ʥʠʷ ʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ; ʩʦʟʜʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʨʝʭʤʝʨʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ [163]. 
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ʇʨʦʛʨʘʤʤʘ ʚʢʣʶʯʘʝʪ ʤʦʜʫʣʴ Image Fusion, ʘ ʪʘʢʞʝ ʨʷʜ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʚʳʯʠʩʣʝʥʠʡ: ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʢʦʨʨʝʢʮʠʠ, ʩʦʟʜʘʥʠʷ ʪʦʥʘʣʴʥʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʤʦʟʘʠʢ, ʘʥʘʣʠ-

ʟʘ ʠʟʤʝʥʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚʦ ʚʨʝʤʝʥʠ, ʚʝʢʪʦʨʥʦ-

ʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʨʘʩʯʝʪʘ ʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʜʘʥʥʳʭ 

MODIS, ʩʦʟʜʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʨʝʭʤʝʨʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, 

ʦʬʦʨʤʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʣʴʝʬʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʢʪʦʨʥʳʝ ʜʘʥʥʳʝ, ʤʦʜʝʣʠʨʦʚʘʪʴ ʦʙʣʘʯʥʦʩʪʴ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʘʥʠʤʠʨʦʚʘʥʥʫʶ. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʫʪʠ çʧʨʦ-

ʣʝʪʘè ʠ ʝʛʦ ʟʘʧʠʩʠ ʚ ʚʠʜʝʦʢʣʠʧ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʋʧʨʘʚʣʝʥʠʝ 

ʚʦ ʚʨʝʤʷ ʦʙʣʝʪʦʚ ʪʨʝʭʤʝʨʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʩ ʧʦʤʦʱʴʶ ʢʣʘʚʠʘʪʫʨʳ, ʤʳʰʠ ʠʣʠ ʜʞʦʡʩʪʠʢʘ. 

ʈʝʘʣʠʟʦʚʘʥʦ ʜʚʘ ʤʝʪʦʜʘ ʚʳʧʦʣʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʨʨʝʢ-

ʮʠʠ ʧʦ ʦʧʦʨʥʳʤ ʪʦʯʢʘʤ: ʛʣʦʙʘʣʴʥʦʡ ʠ ʣʦʢʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ.  

ʈʝʘʣʠʟʦʚʘʥʳ ʪʨʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʘ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʚʝʨʭʪʦʯʥʳʭ ʬʠʣʴʪʨʦʚ (ʙʘʟʠʩʦʚ): 

ʧʨʷʤʦʫʛʦʣʴʥʳʡ, ʪʨʝʫʛʦʣʴʥʳʡ ʠ ʙʘʟʠʩ ʢʫʙʠʯʝʩʢʠʭ ʵʨʤʠʪʦʚʳʭ 

ʩʧʣʘʡʥʦʚ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʚ ʢʘʯʝ-

ʩʪʚʝ ʤʦʜʝʣʠ ʧʦʩʣʝ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ ʟʘ ʩʯʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʠʥ-

ʪʝʨʧʦʣʷʮʠʠ ʷʨʢʦʩʪʝʡ ʧʦ ʚʩʝʤʫ ʧʦʣʶ ʩʥʠʤʢʘ. 

ʈʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʮʚʝʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʈʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ɼɿɿ ʨʘʟʥʦ-

ʦʙʨʘʟʥʳʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʜʦʧʦʣʥʠʪʝʣʥɹʳʭ 

ʫʨʦʚʥʝʡ ʦʙʨʘʙʦʪʢʠ (ʥʘʧʨʠʤʝʨ, ʩʠʥʪʝʟ çʩʠʥʝʛʦè ʢʘʥʘʣʘ, ʨʘʩʯʝʪ 

ʠʥʜʝʢʩʘ ʚʝʛʝʪʘʮʠʠ NDVI ʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ ʠ ʜʨ.).  

ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʣʠʥʝʡʥʦʡ ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʦʡ ʨʝʛʨʝʩʩʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ. 

ʈʝʘʣʠʟʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ ʠʟʤʝ-

ʥʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʦʜʠʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ (ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠʟʦʙʨʘʞʝʥʠʡ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʨʷʜʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠ ʣʠʪʝʨʘʪʫʨ-

ʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʧʨʝʜʝʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʇʆ, ʩʨʝʜʩʪʚʘʤʠ ʢʦʪʦ-
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ʨʦʛʦ ʙʫʜʫʪ ʩʦʟʜʘʚʘʪʴʩʷ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʚʠʜʝʦʩʮʝʥʳ. 

ʊʘʢʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ: 

ʘ) ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ, ʚʢʣʶʯʘʶʱʝʡ ʤʦʜʝʣʴ 

ʨʝʣʴʝʬʘ ʠ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ ʩ ʘʪʨʠʙʫʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ 

ʪʝʤʘʪʠʯʝʩʢʠʤ ʩʣʦʷʤ; 

ʙ) ʚʠʟʫʘʣʠʟʘʮʠʶ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ ʠ ʠʟʤʝʨʝʥʠʝ ʢʦʦʨ-

ʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʝʬʘ ʠ ʦʙʲʝʢʪʘʭ ʪʝʨʨʠ-

ʪʦʨʠʠ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ; 

ʚ) çʥʘʣʦʞʝʥʠʝè ʨʘʩʪʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʪʨʝʭʤʝʨʥʫʶ ʚʠ-

ʜʝʦʩʮʝʥʫ; 

ʛ) ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ; 

ʜ) ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ. 

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ StereoSCAN3D. 

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ StereoSCAN3D ʬʠʨʤʳ Globatek.3D 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʦʟʜʘʥʠʷ, ʧʨʦʩʤʦʪʨʘ ʠ ʠʟʤʝʨʝ-

ʥʠʷ 3D-ʤʦʜʝʣʝʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʙʣʠʞʥʝʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ [165]. 

ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʟʘʧʘʪʝʥʪʦ-

ʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʠ ʜʚʫʭ ʮʠʬʨʦʚʳʭ ʢʘʤʝʨ, ʘʩ-

ʩʠʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʧʨʦʝʢʪʦʨʘ. ʀʟʤʝʨʝ-

ʥʠʝ ʦʙʲʝʢʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ. ɹʣʘʛʦʜʘ-

ʨʷ ʫʥʠʢʘʣʴʥʦʤʫ ï ʘʩʩʠʤʝʪʨʠʯʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʢʘʤʝʨ ʚ ʩʠʩʪʝ-

ʤʫ ʟʘʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ (10, 20 ʠ 30Á). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʩʢʘʥʠʨʦʚʘʪʴ ʪʝ ʦʙʣʘʩʪʠ, ʜʦʩʪʫʧ 

ʢ ʢʦʪʦʨʳʤ ʨʘʥʝʝ ʙʳʣ ʟʘʪʨʫʜʥʝʥ.  

ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʩʤʝʥʘ ʦʙʲʝʢʪʠʚʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʦʠʪʴʩʷ 

ʥʘ ʨʘʟʣʠʯʥʳʝ ʟʦʥʳ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʄʦʜʫʣʠ ʢʘʤʝʨ ʟʘʢʨʝʧʣʷʶʪʩʷ 

ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ ʚ ʦʙʣʘʩʪʠ ʩʝʥʩʦʨʥʦʡ ʙʘʟʳ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʩ ʥʝʙʦʣʴʰʠʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʟoʥʘʤʠ ʙʝʟ ʟʘ-

ʤʝʥʳ ʩʝʥʩoʨʥʦʡ ʙʘʟʳ. ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩoʢʘʷ ʨʘʟʨʝʰʘʶɦ ʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʨʝʮʠʟʠʦʥʥʘʷ ʪʦʯʥʦʩʪʴ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦ ʦʙʨʘʙʦʪʘʪʴ ʜʘʥʥʳʝ ʩ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʢʦʨʦʪʢʦʤʫ ʚʨʝʤʝʥʠ 

ʩʲʝʤʢʠ (ʩʝʢʫʥʜʳ), ʚʣʠʷʥʠʝ ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʤʠʥʠʤʘʣʴʥʳ. ʈʝʟʫʣʴʪʘʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʦʙʨʘʙʦʪʢʠ ʜʦʩʪʫʧʥʳ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʬʦʨʤʘʪʘʭ (STL, PLY, VRML). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʨʳʥʦʢ ʧʨʦ-

ʛʨʘʤʤʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʨʝʜʣʘʛʘʝʪ ʙʦʣʴʰʦʡ ʧʝʨʝʯʝʥʴ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʷʜʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠ ʣʠ-

ʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʧʘʢʝʪʘʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʠʧʦʚ, ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʥʝ-

ʢʦʪʦʨʳʝ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʘʢʝʪʦʚ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʥʝʦʙʭʦʜʠ-

ʤʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʦʟʜʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴ-

ʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ.  

ʀʩʭʦʜʷ ʠʟ ʧʦʩʪʘʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʇʆ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʥʷʪʳ:  

ʘ) ɻʀʉ ArcGIS (ESRI) ʠ ʝʝ ʧʨʠʣʦʞʝʥʠʝ 3D Analyst, ʧʦʩʢʦʣʴʢʫ 

ʚ ʥʝʡ ʠʤʝʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʘʧʧʘʨʘʪ 3D ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʘ-

ʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʝʡ;  

ʙ) ERDAS IMAGINE ī Virtual GIS, ʚ ʢʦʪʦʨʳʭ ʦʙʲʝʜʠʥʝʥʳ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʧʦ 

ʜʘʥʥʳʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ; 

ʚ) ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɻʀʉ 

ʂɸʈʊɸ 2011, ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ɻʀʉ ʇʘʥʦʨʘʤʘ, ʫʯʠʪʳʚʘʷ ʰʠʨʦ-

ʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʘʥʥʦʡ ɻʀʉ ʚ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ ï ʈʆʉʈɽɽʉʊʈ. 
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3. ʊɽʍʅʆʃʆɻʀʗ ʇʆʉʊʈʆɽʅʀʗ ʀɿʄɽʈʀʊɽʃʔʅʓʍ 
ʊʈɽʍʄɽʈʅʓʍ ɺʀɼɽʆʉʎɽʅ ʇʆ ʄɸʊɽʈʀɸʃɸʄ ɸʕʈʆ-

ʂʆʉʄʀʏɽʉʂʀʍ ʉʒɽʄʆʂ 
 

3.1. ʆʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ  
ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ 

 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʜʥʠʤʠ ʪʦʣʢɹʦ 

ʪʨʝʭʤʝʨʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʤʦʜʝʣʷʤʠ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʷʚʣʷʶʪʩʷ 

ʥʝʜʦʩʪʘʪʢʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ [16]. ʂʦʤʧʣʝʢʩ-

ʥʦʝ, ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ, 

ʧʣʘʥʦʚ ʪʨʝʭʤʝʨʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʚʠʜʝʦʩʮʝʥ ʧʦʟʚʦʣʠʪ ʧʦ 

ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʦʧʦʟʥʘʚʘʝʤʳʤ ʦʙʲʝʢʪʘʤ ʥʘ ʪʨʝʭʤʝʨʥʦʡ ʚʠ-

ʜʝʦʩʮʝʥʝ ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʠʥʪʝʨʝ-

ʩʫʶʱʝʛʦ ʦʙʲʝʢʪʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʮʠʬʨʦʚʦʡ ʢʘʨʪʝ ʩ ʪʦʯʥʦʩʪʴʶ, 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʡ ʜʣʷ ʤʘʩʰʪʘʙʘ ʜʘʥʥʦʡ ʢʘʨʪʳ (ʨʠʩ. 3.1). 

ɺ ʩʚʷʟʠ ʩʦ ʩʢʘʟʘʥʥʳʤ ʚ ʪʝʭʥʦʣʦʛʠʶ ʧʦʩʪʨʦʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴ-

ʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ [143, 54, 55] ʚʢʣʶʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ:  

ʘ) ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ ʠ ʦʙʲʝʢʪʦʚ, ʮʠʬʨʦ-

ʚʳʭ ʢʘʨʪ (ʧʣʘʥʦʚ), ʦʨʪʦʬʦʪʦʢʘʨʪ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

ʠ/ʠʣʠ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʠʟʚʝʩʪʥʳʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʭʝʤʘʤ;  

ʙ) ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʠ ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʭ ʥʘ ʥʝʡ ʦʙʲʝʢʪʦʚ, ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʭ ʩʨʝʜʩʪʚʘʤʠ 3D ɻʀʉ; 

ʚ) ʩʦʟʜʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ ʩʨʝʜ-

ʩʪʚʘʤʠ 3D ɻʀʉ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʪʘʧʘʭ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴ-

ʩʷ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʤʫ ʚ ʨʘʟʜʝʣʝ 2.4, 

ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʚʠʜʝʦʩʮʝʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʦʡ, ʪ. ʝ. ʚʢʣʶʯʘʪʴ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʠ ʮʠʬʨʦʚʫʶ 

ʤʦʜʝʣʴ ʦʙʲʝʢʪʦʚ ʪʝʨʨʠʪʦʨʠʠ, ʠʤʝʶʱʠʭ ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 
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ʈʠʩ. 3.1. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ  

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ 

 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʦ-

ʟʜʘʥʠʝ ʠ ʦʙʥʦʚʣʝʥʠʝ ʎʊʂ, ʎʊʇ, ʎʄʄ ʮʠʬʨʦʚʳʭ ʦʨʪʦʬʦʪʦʧʣʘ-

ʥʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʣʘʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʬʦ-

ʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ [42]. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʫʶ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ, ʥʦ ʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ 

ʧʨʠʙʦʨʘʭ ī ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʂʨʦʤʝ ʪʦ-

ʛʦ, ʤʘʪʝʨʠʘʣʳ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʆʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʘ  

ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʪʨʝʭʤʝʨʥʦʡ 

ʚʠʜʝʦʩʮʝʥʝ 

ʊʦʯʥʦʝ    

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ  

(X, Y, Z) ʥʘ ʢʘʨʪʝ 

ʎʊʂ 3D ʎʄʊ 

ʎʄʈ, ʎʄʆ, ʎʊʂ, ʦʨʪʦʬʦʪʦʧʣʘʥʳ 

ʆʙʨʘʙʦʪʢʘ ʥʘ ʮʠʬʨʦʚʳʭ  

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ɸʵʨʦʬʦʪʦʩʥʠʤʢʠ, ʢʦʩʤʠʯʝʩʢʠʝ ʩʥʠʤʢʠ 

ʉʦʟʜʘʥʠʝ 3D ʎʄʊ ʚ 3D ɻʀʉ 
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ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʫʯʘʩʪʢʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ ʚʠ-

ʟʫʘʣʠʟʘʮʠʠ ʪʝʨʨʠʪʦʨʠʠ [24, 33, 52, 145]. 

ʊʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʤʝʩʪʥʦʩʪʠ ʧʦ ʤʘʪʝ-

ʨʠʘʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʠʟʚʝʩʪʥʘ [42], ʧʦʵʪʦʤʫ ʜʘʣʝʝ 

ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʣʴʢʦ ʝʝ ʩʭʝʤʘ ʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʢʘʩʘʶʱʠʝʩʷ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʎʄʈ 

ʠ ʎʄʆ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʟʜʘʥʠʷ 3D ʎʄʊ. ɸʚʪʦʨʳ ʤʦʥʦʛʨʘʬʠʠ 

ʠʤʝʣʠ ʦʪʥʦʰʝʥʠʝ ʢ ʧʦʜʛʦʪʦʚʢʝ çʀʥʩʪʨʫʢʮʠʠ ʧʦ ʬʦʪʦʛʨʘʤʤʝʪʨʠ-

ʯʝʩʢʠʤ ʨʘʙʦʪʘʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʮʠʬʨʦʚʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ 

ʠ ʧʣʘʥʦʚè [42]. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ [24, 33, 52], ʘ ʪʘʢʞʝ 

ʠʟʣʦʞʝʥʥʳʝ [141], ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʚ 3D ɻʀʉ 

ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ  ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ: 

ʘ) ʢʦʥʚʝʨʪʘʮʠʷ ʎʄʈ ʠ ʎʄʆ ʚ 3D ɻʀʉ; 

ʙ) ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ; 

ʚ) ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʪʝʨʨʠʪʦʨʠʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʥʷʪʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʤʘʩʰʪʘʙʳ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʪʝʨʨʠʪʦʨʠʠ 

ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʘʩʰʪʘʙʥʦʤʫ ʨʷʜʫ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ 

ʢʘʨʪ ʠ ʧʣʘʥʦʚ. ɹʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʨʝʭʤʝʨʥʦʡ ʚʠ-

ʜʝʦʩʮʝʥʳ ʎʄʈ ʠ ʎʄʆ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʠʣʠ ʙʣʠʟʢʠ ʢ ʢʘʨʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʩʰʪʘʙʘ, ʧʦ ʪʦʯ-

ʥʦʩʪʠ ʯʝʪʢʠʭ ʢʦʥʪʫʨʦʚ ī ʥʝ ʥʠʞʝ ʪʦʯʥʦʩʪʠ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʡ 

ʜʣʷ ʢʘʨʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʩʰʪʘʙʘ.  

ʅʊɼ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʈʆʉʈɽɽʉʊʈ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʧʝʨʝʯʝʥʴ 

ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʛʨʘʬʠʯʝʩʢʠʭ ʠ ʮʠʬʨʦʚʳʭ ʦʨʠʛʠʥʘʣʦʚ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ, ʧʣʘʥʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʠʭ ʩʦʟʜʘʥʠʝ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ 

ʮʠʬʨʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʦʪʣʠʯʥʳʭ ʦʪ 

ʤʘʩʰʪʘʙʥʦʛʦ ʨʷʜʘ (ʮʠʬʨʦʚʳʝ ʢʘʨʪʳ ʛʘʟʦ- ʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ, ʜʦ-

ʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ). ɿʘʢʘʟʯʠʢʘʤ ʥʝʦʙʭʦʜʠʤ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ [94]. 

ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ ʢʨʠʪʝ-

ʨʠʝʚ ʦʮʝʥʢʠ ʠʩʭʦʜʥʳʭ ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ɺʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʥʷʪʠʷ: ʪʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ ʪʨʝʭʤʝʨ-

ʥʦʡ ʚʠʜʝʦʩʮʝʥʳ, ʪʦʯʥʦʩʪʴ ʠ ʜʝʰʠʬʨʠʨʫʝʤʦʩʪʴ ʘʵʨʦʬʦʪʦʩʥʠʤ-

ʢʦʚ, ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ,  ʪʦʯʥʦʩʪʴ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʦʧʦʨ-

ʥʳʭ ʪʦʯʝʢ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʙʫʜʝʤ ʦʧʝʨʠʨʦʚʘʪʴ ʩ ʧʦʥʷʪʠʝʤ ʪʨʝʭ-

ʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʢʨʫʧʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʪ. ʝ. ʥʝ 

ʤʝʣʴʯʝ 1 : 10 000.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʜʝʥʠʷ ʧʦʥʷʪʠʷ çʪʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ ʪʨʝʭ-

ʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳè ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ. ɼʝʡʩʪʚʫʶɦ ʠʤʠ 

ʅʊɼ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʘ ʪʦʯʥʦʩʪʴ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʣʘʥʘ ʧʦ-

ʛʨʝʰʥʦʩʪʴʶ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʯʝʪʢʠʭ ʢʦʥʪʫʨʦʚ ʚ ʤʘʩʰʪʘʙʝ 

ʧʣʘʥʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦʧʫʩʢʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʨʷʜʘ ʦʧʝʨʘʮʠʡ ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʚ ʤʠʣʣʠʤʝʪʨʘʭ  

ʚ ʤʘʩʰʪʘʙʝ ʧʣʘʥʘ. ʎʠʬʨʦʚʦʡ ʧʣʘʥ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʛʨʘʬʠʯʝʩʢʠʡ, 

ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʤʘʩʰʪʘʙʦʤ, ʢ ʢʦʪʦʨʦʤʫ ʦʜʥʦʟʥʘʯʥʦ 

ʧʨʠʚʷʟʘʥʳ ʪʦʯʥʦʩʪʴ ʠ ʩʦʜʝʨʞʘʥʠʝ. ʊʘʢʘʷ ʧʨʠʚʷʟʢʘ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʘ ʜʣʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ. ʊʨʝʭʤʝʨʥʳʝ ʚʠʜʝʦʩʮʝʥʳ ʪʝʨʨʠ-

ʪʦʨʠʠ, ʢʘʢ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʮʠʬʨʦʚʳʝ ʧʣʘʥʳ, ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦ-

ʚʘʪʴʩʷ ʪʦʯʥʦʩʪʴʶ ʠ ʩʦʜʝʨʞʘʥʠʝʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʥʳʤʠ ʦʪ 

ʧʨʠʚʳʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʘʩʰʪʘʙʦʚ ʪʦʧʦʛʨʘ-

ʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʦʙʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʨʝʙʫʝʤʘʷ (ʟʘʜʘʥʥʘʷ) ʪʦʯʥʦʩʪʴ  ʪʨʝʭʤʝʨʥʦʡ ʚʠ-

ʜʝʦʩʮʝʥʳ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦ-

ʞʝʥʠʷ ʥʘ ʤʝʩʪʥʦʩʪʠ. 

ʊʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʩʨʝʜʥʠʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ 

(ʚ ʤʝʪʨʘʭ): 

ī ʚ ʧʣʘʥʦʚʦʤ ʧʦʣʦʞʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʪʦʯʝʢ ʦʙʲʝʢʪʦʚ ʤʝʩʪ-

ʥʦʩʪʠ ʩ ʯʝʪʢʠʤʠ ʦʯʝʨʪʘʥʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʞʘʡʰʠʭ ʧʫʥʢʪʦʚ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ (v S_ʎ); 

ī ʚʳʩʦʪ ʠʟʦʙʨʘʞʝʥʠʡ ʪʦʯʝʢ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʜ-

ʧʠʩʳʚʘʝʤʳʭ ʚʳʩʦʪ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʣʠʞʘʡʰʠʭ ʧʫʥʢʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ (vH_ʎ). 

ʊʦʯʥʦʩʪʴ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʜʝʡʩʪʚʫʶʱʠʤʠ ʅʊɼ ʨʝʛʣʘʤʝʥʪʠʨʦ-

ʚʘʥʘ ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʝ ʙʦʣʝʝ 0,1 ʤʤ ʠ ʧʦ 

ʚʳʩʦʪʝ ī ʥʝ ʙʦʣʝʝ ʦʜʥʦʡ ʜʝʩʷʪʦʡ ʦʪ ʦʩʥʦʚʥʦʡ ʚʳʩʦʪʳ ʩʝʯʝʥʠʷ 

ʨʝʣʴʝʬʘ. ʉʪʘʥʜʘʨʪʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʬʦʪʦʛʨʘʤ-

ʤʝʪʨʠʯʝʩʢʦʝ ʩʛʫʱʝʥʠʝ ʩ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 
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ʥʝ ʙʦʣʝʝ 0,30 ʤʤ ʠ ʧʦ ʚʳʩʦʪʝ ī ʦʪ 0,20 ʜʦ 0,35 ʦʩʥʦʚʥʦʡ ʚʳʩʦʪʳ 

ʩʝʯʝʥʠʷ ʨʝʣʴʝʬʘ. 

ʆʪʜʝʣʴʥʳʝ ʚʠʜʳ ʦʙʲʝʢʪʦʚ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʷ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ ʠʣʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʤ ʜʣʷ 

ʧʨʠʚʷʟʢʠ çʩʚʦʠʭè ʥʝʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʤʦʛʫʪ ʦʪʦʙʨʘʞʘʪʴ-

ʩ ̫ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʝʤ ʦʩʥʦʚʥʘʷ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʠ ʢʦʥʪʫʨʦʚ ʩ ʯʝʪʢʠʤʠ ʦʯʝʨʪʘʥʠʷʤʠ. ʊʦʯʥʦʩʪʴ ʠʟʦʙ-

ʨʘʞʝʥʠʡ ʦʙʲʝʢʪʦʚ ʩ ʥʝʯʝʪʢʠʤʠ ʦʯʝʨʪʘʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯ-

ʥʦʩʪʠ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʥʘ ʤʝʩʪʥʦʩʪʠ ʠʣʠ ʩʥʠʤʢʘʭ.  

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʤʘʩʰʪʘʙ ʠ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ) 

ʩʥʠʤʢʦʚ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʪʝʭʥʠʯʝʩʢʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʘ 

ʦʩʥʦʚʝ ʪʨʝʙʫʝʤʦʡ (ʟʘʜʘʥʥʦʡ) ʪʦʯʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ 

ʚʠʜʝʦʩʮʝʥʳ, ʦʞʠʜʘʝʤʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠ ʜʝʰʠʬʨʠʨʫʝʤʦ-

ʩʪʠ ʩʥʠʤʢʦʚ. 

ʆʞʠʜʘʝʤʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠ ʜʝʰʠʬʨʠʨʦʚʦʯʥʳʭ 

ʩʚʦʡʩʪʚ ʩʥʠʤʢʦʚ ʚʳʨʘʞʘʝʪʩʷ ʩʨʝʜʥʠʤʠ ʢʚʘʜʨʘʪʠʯʝʩʢʠʤʠ ʧʦ-

ʛʨʝʰʥʦʩʪʷʤʠ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ (mxy) ʠ ʧʘʨʘʣʣʘʢʩʦʚ (mpq)  

ʚ ʤʠʣʣʠʤʝʪʨʘʭ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʨʝʘʣʴʥʳʭ ʩʥʠʤʢʦʚ ʧʦʣʫʯʘ-

ʶʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʠʩʧʦʣʴʟʫʝʤʳʝ ʘʧʧʘʨʘʪʳ ʠ ʧʨʠʙʦʨʳ, ʤʘʪʝʨʠʘʣʳ, ʪʝʭʥʦʣʦʛʠʷ). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʜʝʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʦ ʪʦʯʝʢ, ʧʦ ʢʦʪʦʨʳʤ 

ʚʳʧʦʣʥʷʶʪ ʵʪʠ ʠʟʤʝʨʝʥʠʷ, ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 30 ʠ ʚʙrʠʨʘʪʴ 

ʠʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘ ʥʘʠʙʦʣʝʝ ʯʝʪʢʠʭ ʢʦʥʪʫʨʘʭ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʵʬʬʝʢʪʘ ʟʘʧʦʤʠʥʘʥʠʷ ʚʪʦʨʦʡ ʧʨʠʝʤ ʠʟʤʝʨʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʝʨʚʦʛʦ ʜʦʣʞʝʥ ʙʳʪʴ ʩʜʚʠʥʫʪ ʚʦ ʚʨʝʤʝʥʠ ʦʪ 2 ʜʦ 3 ʯ. ʇʦʣʫʯʝʥ-

ʥʳʝ ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥ 

mxy, mpq ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʥʘ ʨʝʘʣʴʥʳʭ ʩʥʠʤʢʘʭ 

ʠ ʠʭ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ [34]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [43, 45], ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʩʥʠʤʢʦʚ, ʦʮʝʥʠ-

ʚʘʝʤʘʷ ʟʥʘʯʝʥʠʷʤʠ mxy = 15 ʤʢʤ ʠ mpq = 10 ʤʢʤ, ʜʦʩʪʠʞʠʤʘ: 

ī ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤʠ ʘʵʨʦ-

ʬʦʪʦʘʧʧʘʨʘʪʘʤʠ ʩ ʢʦʤʧʝʥʩʘʮʠʝʡ ʩʜʚʠʛʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠʣʠ ʪʠʧʘ 

ʊʕʉ ʩ ʟʘʜʘʥʥʳʤ ʨʘʩʯʝʪʥʳʤ ʣʠʥʝʡʥʳʤ ʩʜʚʠʛʦʤ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝ 

ʙʦʣʝʝ 0,01 ʤʤ; 
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ī ʧʨʠ ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷʭ ʥʝʫʩʪʨʘʥʝʥʥʳʭ 

(ʦʩʪʘʪʦʯʥʳʭ) ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʠʩʢʘʞʝʥʠʡ ʥʝ 

ʙʦʣʝʝ 10 ʤʢʤ; 

ī ʧʨʠ ʭʦʨʦʰʝʤ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʤ ʢʘʯʝʩʪʚʝ ʧʦ ʛʨʘʜʘʮʠʦʥʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ʉʨʝʜʥʷʷ ʪʦʯʥʦʩʪʴ ʩʥʠʤʢʦʚ, ʦʮʝʥʠʚʘʝʤʘʷ ʟʥʘʯʝʥʠʷʤʠ mxy = 

= 25 ʤʢʤ ʠ mpq = 15 ʤʢʤ, ʜʦʩʪʠʞʠʤʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʵʨʦʬʦʪʦ-

ʩʲʝʤʢʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤʠ ʘʵʨʦʬʦʪʦʘʧʧʘʨʘʪʘʤʠ ʪʠʧʘ ʊʕʉ ʩ ʟʘ-

ʜʘʥʥʳʤ ʣʠʥʝʡʥʳʤ ʩʜʚʠʛʦʤ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝ ʙʦʣʝʝ 0,025 ʤʤ  

ʠ ʩʨʝʜʥʠʤʠ ʢʚʘʜʨʘʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʝʚʳʨʘʚʥʠʚʘʥʠʷ ʘʵʨʦ-

ʬʦʪʦʧʣʝʥʢʠ ʥʝ ʙʦʣʝʝ 10 ʤʢʤ ʧʨʠ ʭʦʨʦʰʝʤ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʤ ʢʘ-

ʯʝʩʪʚʝ ʧʦ ʛʨʘʜʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ.  

ʇʦʥʠʞʝʥʥʘʷ ʪʦʯʥʦʩʪʴ ʩʥʠʤʢʦʚ, ʦʮʝʥʠʚʘʝʤʘʷ ʟʥʘʯʝʥʠʷʤʠ 

mxy = 40 ʤʢʤ ʠ mpq = 20 ʤʢʤ, ʭʘʨʘʢʪʝʨʥʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʵʨʦ-

ʬʦʪʦʩʲʝʤʢʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤʠ  ʘʵʨʦʬʦʪʦʘʧʧʘʨʘʪʘʤʠ ʩ ʟʘʜʘʥʥʳʤ 

ʣʠʥʝʡʥʳʤ ʩʜʚʠʛʦʤ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝ ʙʦʣʝʝ 0,05 ʤʤ ʧʨʠ ʫʜʦʚʣʝ-

ʪʚʦʨʠʪʝʣʴʥʦʤ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʤ ʢʘʯʝʩʪʚʝ ʧʦ ʛʨʘʜʘʮʠʦʥʥʳʤ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤ.  

ɺʳʩʦʢʘʷ, ʩʨʝʜʥʷʷ, ʧʦʥʠʞʝʥʥʘʷ ʪʦʯʥʦʩʪʴ ï ʫʩʣʦʚʥʳʝ ʪʨʘʜʠ-

ʮʠʠ, ʧʨʠʥʷʪʳʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʈʆʉʈɽɽʉʊʈ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʘʨɻʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʢʦʩ-

ʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʉʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʦʟʜʘ-

ʚʘʝʤʳʭ ʧʦ ʩʪʝʨʝʦʧʘʨʘʤ ʮʠʬʨʦʚʳʭ ʩʥʠʤʢʦʚ. ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʝ-

ʨʝʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʷʚʣʷʶʪʩʷ [34, 62, 60, 64, 35]:  

ï ʚʳʧʦʣʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʥʘ ʜʠʩʧʣʝʝ, ʘ ʥʝ ʥʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠ-

ʯʝʩʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ, ʢʘʢ ʵʪʦ ʙʣrʦ ʚ ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʣʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʘʭ; 

ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ï ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʝ ʚʠʟʠʨʦʚʘʥʠʝ 

ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤ, ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʤʘʨʢʘ-ʢʫʨʩʦʨ ʧʝʨʝʤʝʱʘʝʪ-

ʩʷ ʧʦ ʵʢʨʘʥʫ ʜʠʩʧʣʝʷ ʜʠʩʢʨʝʪʥʦ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʰʘʛʦʤ ʚ ʦʜʠʥ 

ʧʠʢʩʝʣʴ; 
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ï ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʪʝʨʝʦʧʨʠʙʦʨʦʚ, ʫʚʝʣʠʯʝʥʠʝ 

ʥʘʙʣʶʜʘʝʤʦʡ ʥʘ ʵʢʨʘʥʝ ʜʠʩʧʣʝʷ ʩʪʝʨʝʦʤʦʜʝʣʠ ʠ ʪʦʯʥʦʩʪʴ ʦʪʩʯʝ-

ʪʘ ʢʦʦʨʜʠʥʘʪ ʠ ʧʘʨʘʣʣʘʢʩʦʚ ʚʟʘʠʤʦʩʚʷʟʘʥʳ; 

ï ʨʘʟʣʠʯʠʷ ʪʨʝʙʦʚʘʥʠʡ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʦʚʳʤʠ ʩʥʠʤ-

ʢʘʤʠ) ʢ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʪʦʯʝʢ ʥʘʚʝʜʝʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʫʞʥʦʡ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ; 

ï ʫʩʣʦʚʠʷ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʜʠʩʧʣʝʝ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʧʦʢʘ ʭʫʞʝ, ʯʝʤ ʧʨʠ ʨʘʩʩʤʘʪʨʠʚʘʥʠʠ ʘʥʘʣʦ-

ʛʦʚʳʭ ʩʥʠʤʢʦʚ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʢʘʩʩʝʪʘʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʪʝʨʝʦ-

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ; 

ï ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʟʤʝʨʝʥʠʡ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʷʚʣʷʝʪʩʷ ʘʙʩʦ-

ʣʶʪʥʘʷ ʥʝʠʟʤʝʥʥʦʩʪʴ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʥʠʤʢʦʚ ʩʪʝʨʝʦʧʘʨʳ 

ʠ ʤʘʨʦʢ-ʢʫʨʩʦʨʦʚ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʳʭ ʧʝʨʝʨʳʚʘʭ ʚ ʨʘʙʦʪʝ ʠʣʠ ʧʦ-

ʚʪʦʨʝʥʠʠ ʢʘʢʠʭ-ʪʦ ʦʧʝʨʘʮʠʡ; 

ï ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʵʢʨʘʥʝ ʜʠʩ-

ʧʣʝʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʭ ʨʘʟʜʝʣʴʥʦʝ ʧʦʧʘʜʘʥʠʝ ʩʦʧʨʷʞʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʩʪʝʨʝʦʧʘʨʳ ʥʘ ʩʝʪʯʘʪʢʫ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʛʣʘʟʘ. ɺʦʟʤʦʞʥʦ ʢʘʢ 

ʥʝʚʦʦʨʫʞʝʥʥʦʝ ʟʨʝʥʠʝ, ʪ. ʝ. ʙʝʟ ʦʯʢʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʟʝʨʢʘʣʥɹʦʛʦ 

ʩʪʝʨʝʦʩʢʦʧʘ (ʙʠʥʦʢʫʣʷʨʘ) ʠ ʩʪʝʨʝʦʜʠʩʧʣʝʷ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʦʯʢʦʚ 

ï ʘʥʘʛʣʠʬʠʯʝʩʢʠʭ ʠʣʠ ʩʚʝʪʦʟʘʪʚʦʨʥʳʭ. ɼʣʷ ʧʦʩʣʝʜʥʠʭ ʨʝʘʣʠʟʫ-

ʝʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ ʩʝʧʘʨʘʮʠʠ ʩʥʠʤʢʦʚ ï ʩʪʨʦʯʥʳʡ ʠ ʢʘʜʨʦʚʳʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʚʳʧʦʣʥʣ̫ʠʩʴ 

ʚ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʠʟʣʦʞʝʥʳ ʚ ʨʷʜʝ ʨʘʙʦʪ [64, 61, 57, 75]. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ  

ʚ ʥʘʩʪʦʷʱʝʡ ʤʦʥʦʛʨʘʬʠʠ ʪʝʭʥʦʣʦʛʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʯʠʪʳʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʠʟ ʥʠʭ: 

ʘ) ʩʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ  

ʠ ʩʪʘʥʮʠʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʚʠʟʫ-

ʘʣʴʥʳʝ, ʪʘʢ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ. 

ʂʘʞʜʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʡ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪ-

ʢʠ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʦʞʥʳʭ ʩʠʪʫʘʮʠʷʭ ʪʦʣʴʢʦ ʦʧʝʨʘʪʦʨ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʩʪʝʨʝʦʠʟʤʝʨʝʥʠʡ; ʚ ʪʠʧʦʚʳʭ ʩʣʫʯʘʷʭ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʤʝʝʪ ʢʦʤʧʴʶʪʝʨ, ʢʦʪʦʨʳʡ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʝʪ 

ʙʳʩʪʨʝʝ. ʆʧʳʪ ʨʘʙʦʪ ʥʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʦʪ 20 ʜʦ 30 % ʪʦʯʝʢ ʠʟʤʝʨʷʶʪ ʨʫʯʥʳʤ ʩʧʦʩʦʙʦʤ. 
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ʇʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʜʚʫʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʪʦʯʝʢ 

ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ, ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʩʦʭʨʘʥʠʪʩʷ ʠ ʚ ʙʫʜʫɦ ʝʤ; 

ʙ) cʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʝʨʝʦʤʦʜʝʣʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʪʝʨʝʦʠʟʤʝʨʝʥʠʡ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʦʩʦʙʳ ʩʪʝʨʝʦʥʘʙʣʶʜʝʥʠʷ, 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʯʠʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦ-

ʮʝʥʥʳʤʠ. ʆʜʥʘʢʦ, ʧʨʠ ʵʪʠʭ ʚʳʚʦʜʘʭ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʪʘʢʠʝ ʧʦʢʘ-

ʟʘʪʝʣʠ, ʢʘʢ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʟʨʝʥʠʷ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ, ʢʦʤʬʦʨʪʥʦʩʪʴ; 

ʚ) ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʝʨʝʦʚʦʩʧʨʠʷʪʠʝ ʦʢʘʟʳʚʘʶʪ ʨʘʟ-

ʤʝʨ ʧʠʢʩʝʣʷ ʠ ʧʦʣʦʞʝʥʠʝ ʦʪʦʙʨʘʞʘʝʤʳʭ ʥʘ ʩʥʠʤʢʘʭ ʦʙʲʝʢʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʪʨʠʮʳ ʧʠʢʩʝʣʝʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʢʘʤʝ-

ʨʳ ʠ ʩʢʘʥʝʨʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʨʘʟʤʝʨʦʤ ʧʠʢ-

ʩʝʣʷ ʤʝʥʝʝ 0,1 ʤʤ. ʅʘ ʧʨʘʢʪʠʢʝ ʘʧʝʨʪʫʨʘ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʜʠʘʧʘʟʦʥ 

ʨʘʟʤʝʨʘ ʧʠʢʩʝʣʷ) ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5 ʜʦ 50 ʤʢʤ. ʆʰʠʙʢʘ 

ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʛʦ ʚʠʟʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʫʶ ʥʝ ʚʭʦʜʷʪ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʧʠʢʩʝʣʷ. ɿʘ-

ʚʠʩʠʤʦʩʪʴ ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ. ʆʜʥʘʢʦ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ 

ʧʠʢʩʝʣʷ ʚʦʟʨʘʩʪʘʝʪ ʪʨʝʙʫʝʤʳʡ ʦʙʲʝʤ ʧʘʤʷʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʟʦʙ-

ʨʘʞʝʥʠʷ. 

ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʧʠʢʩʝʣʷ ʮʠʬʨʦʚʦʛʦ ʩʥʠʤʢʘ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʧʦʚʳʰʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʩʪʝʨʝʦʤʦʜʝʣʝʡ ʩ ʢʨʫʧʥʦʨʘʟ-

ʤʝʨʥʳʤʠ ʧʠʢʩʝʣʷʤʠ, ʘ ʠʟʤʝʨʝʥʠʷ ʩʪʝʨʝʦʤʦʜʝʣʠ ʩ ʨʘʟʤʝʨʦʤ ʧʠʢ-

ʩʝʣʷ 5 ʤʢʤ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝ ʪʦʯʥʝʝ, ʯʝʤ ʩʪʝʨʝʦʤʦʜʝʣʠ ʩ ʨʘʟʤʝ-

ʨʦʤ ʧʠʢʩʝʣʷ 10 ʤʢʤ. ʄʘʩʰʪʘʙʠʨʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ, ʨʘʚʥʦʝ ʜʚʫʤ, 

ʢʦʪʦʨʦʝ ʫʤʝʥʴʰʘʝʪ ʦʰʠʙʢʫ ʦʪʩʯʝʪʘ, ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʩʪʝʨʝʦʤʦʜʝʣʝʡ ʩ ʢʨʫʧʥʦʨʘʟʤʝʨʥʳʤʠ ʧʠʢʩʝʣʤ̫ʠ; 

ʛ) ʜʣʷ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ ʩʨʝʜʥʝʛʦ ʢʘʯʝʩʪʚʘ ʦʮʠʬʨʦʚʢʘ ʠʟʦʙ-

ʨʘʞʝʥʠʡ ʩ ʨʘʟʤʝʨʦʤ ʧʠʢʩʝʣʷ ʤʝʥʝʝ 20 ʤʢʤ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ. ɼʣʷ 

ʬʦʪʦʪʝʦʜʦʣʠʪʥʳʭ ʩʥʠʤʢʦʚ ʵʪʦʪ ʧʦʨʦʛ ʙʫʜʝʪ 10 ʤʢʤ; 

ʜ) ʪʦʯʥʦʩʪʴ ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʪʝʨʝʦʠʟʤʝʨʝʥʠʡ ʥʘ 

ʜʠʩʧʣʝʷʭ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʠ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʪʠʧʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ. ʇʨʠ ʵʪʦʤ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʩʪʝ-

ʨʝʦʤʦʜʝʣʝʡ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʝʪʩʷ; 

ʝ) ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʜʠʩʧʣʝʷ (ʩ ʜʠʘʛʦʥʘʣʴʶ 20", ʨʘʟʨʝʰʝʥʠʝ 1 400 Ĭ 1 050 ʪʦʯʝʢ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʝ ʨʘʟʤʝʨʫ ʧʠʢʩʝʣʷ ʜʠʩʧʣʝʷ 0,29 ʤʤ) ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 
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ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʚʠʟʫʘʣʴʥʳʭ ʩʪʝʨʝʦʥʘʙʣʶʜʝʥʠʡ. 

ʊʦʯʥʦʩʪʴ ʚʠʟʫʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʚʳʰʘʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʨʘʟ-

ʨʝʰʝʥʠʷ (ʦʧʪʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʜʣʷ ʧʠʢʩʝʣʷ ʜʠʩʧʣʝʷ ʩ ʜʠʘʛʦʥʘ-

ʣʴʶ 20" ʨʝʢʦʤʝʥʜʫʝʪʩʷ 0,40 ʤʤ) [60].  

ɼʝʰʠʬʨʠʨʫʝʤʦʩʪʴ ʩʥʠʤʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʝ-

ʰʠʬʨʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʤʝʣʢʠʭ ʠ ʤʘʣʦʢʦʥʪʨʘʩʪʥʳʭ ʦʙʲʝʢʪʦʚ 

ʠ ʢʦʥʪʫʨʦʚ ʤʝʩʪʥʦʩʪʠ, ʚʢʣʶʯʘʝʤʳʭ ʚ ʩʦʜʝʨʞʘʥʠʝ ʩʮʝʥʳ.  

ɼʝʰʠʬʨʠʨʫʝʤʦʩʪʴ ʩʥʠʤʢʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʦʧʫʩʪʠʤʳʡ ʧʨʝʜʝʣ 

ʥʘʠʙʦʣʝʝ ʤʝʣʢʦʛʦ ʤʘʩʰʪʘʙʘ ʟʘʣʝʪʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʘʥʘʣʦʛʠʯʥʳʭ ʨʘʙʦʪ ʠʣʠ ʢʦʥʪʨʦʣʴʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

ʅʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʦʨʳ ʵʣʝʢʪʨʦʣʠʥʠʡ 

ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʟʘʢʘʟʯʠ-

ʢʘ ʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ 

ʚʠʜʝʦʩʮʝʥʳ, ʫʚʝʨʝʥʥʦ ʜʝʰʠʬʨʠʨʫʶʪʩʷ ʥʘ ʩʥʠʤʢʘʭ ʤʘʩʰʪʘʙʘ ʥʝ 

ʤʝʣɹʯʝ 1 : 17 000. 

ʇʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʥʠʤʢʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʦʯ-

ʥʦʩʪʴʶ ʠ ʧʣʦʪʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʩʭʝʤʦʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʳʭ 

ʪʦʯʝʢ. 

ʇʦ ʢʨʠʪʝʨʠʶ ʪʦʯʥʦʩʪʠ ʦʧʦʨʥʳʝ ʪʦʯʢʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʩʣʝʜʫʶʱʠʝ: 

ī ʙʦʣʝʝ ʪʦʯʥʳʝ; 

ī ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʝ; 

ī ʧʦʥʠʞʝʥʥʦʡ ʪʦʯʥʦʩʪʠ. 

ɺ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʪʦʯʢʠ ʩ ʪʦʯʥʦʩʪʴʶ ʚ ʪʨʠ ï ʧʷʪʴ ʨʘʟ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ, ʯʝʤ ʟʘʜʘʥʥʘʷ ʪʦʯʥʦʩʪʴ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ. 

ʇʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʦʙʳʯʥʦ ʨʘʚʥʘ ʠʣʠ ʧʨʝʚʳʰʘʝʪ 

ʪʦʯʥʦʩʪʴ ʩʥʠʤʢʦʚ ʧʨʠʤʝʨʥʦ ʥʘ 30 %. ɼʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʝ ʠʤʝʶʪ 

ʪʦʯʥʦʩʪʴ ʦʪ ʧʦʣʫʪʦʨʘ ʜʦ ʜʚʫʭ ʨʘʟ ʙʦʣʝʝ ʚʳʩʦʢʫʶ, ʘ ʧʦʥʠʞʝʥʥʦʡ 

ʪʦʯʥʦʩʪʠ ï ʨʘʚʥʫʶ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ.  

ʇʦ ʧʣʦʪʥʦʩʪʠ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʚʳʜʝʣʷʶʪʩʷ ʩʧʣʦʰʥʘʷ ʠ ʨʘʟʨʝ-

ʞʝʥʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʥʠʤʢʦʚ. ʇʨʠ ʩʧʣʦʰʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʩʥʠʤʢʦʚ 

ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʦʯʥʳʭ ʠʣʠ ʧʦʥʠʞʝʥʥʦʡ ʪʦʯʥʦʩʪʠ 

ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʘʞʜʘʷ ʩʪʝʨʝʦʧʘʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʦ ʫʛʣʘʤ ʝʝ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʠ. ʈʘʟʨʝʞʝʥʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪʩʷ ʚʳʩʦʢʦʪʦʯʥʳʤʠ ʠʣʠ ʪʦʯʥʳʤʠ ʦʧʦʨʥʳʤʠ ʪʦʯʢʘʤʠ, ʢʦʪʦ-

ʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʠ ʫʨʘʚʥʠʚʘʥʠʷ 
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ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. ʇʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʦʧʦʨʥʳʝ ʪʦʯʢʠ ʨʘʟʤʝʱʘʶʪʩʷ ʧʘʨʘʤʠ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ʦʩʠ 

ʤʘʨʰʨʫʪʘ. ʉʪʝʧʝʥʴ ʨʘʟʨʝʞʝʥʠʷ ʧʨʠ ʧʦʤʘʨʰʨʫʪʥʦʡ ʧʦʜʛʦʪʦʚʢʝ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʙʘʟʠʩʦʚ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʤʝʞʜʫ 

ʦʧʦʨʥʳʤʠ ʪʦʯʢʘʤʠ ʚʜʦʣʴ ʤʘʨʰʨʫʪʘ, ʘ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʙʣʦʢʘ ʠʣʠ 

ʥʝ ʢʘʞʜʦʛʦ ʤʘʨʰʨʫʪʘ ʧʣʦʪʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʩʨʝʜʥʠʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʦʧʦʨʥʳʭ ʪʦʯʝʢ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʥʫ ʩʪʝʨʝʦʧʘʨʫ. ɺ ʣʶ-

ʙʦʤ ʩʣʫʯʘʝ ʢʨʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʧʦʨʥʳʤʠ ʪʦʯʢʘʤʠ. ʉʪʝʧʝʥʴ ʨʘʟʨʝʞʝʥʠʷ ʦʧʨʝ-

ʜʝʣ̫ʝʪʩʷ (ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ), ʠʩʭʦʜʷ ʠʟ ʪʦʯʥʦʩʪʠ ʩʥʠʤʢʦʚ, ʟʘʜʘʥ-

ʥʦʡ ʪʦʯʥʦʩʪʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʛʫʱʝʥʠʷ ʠ ʦʩʥʦʚʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʩʥʠʤʢʦʚ. ɼʣʷ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ (ʙʝʟ ʫʨʘʚʥʠʚʘ-

ʥʠʷ) ʤʘʣʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ (ʙʣʦʢ ʜʦ ʪʨʝʭ ʤʘʨʰʨʫ-

ʪʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʦʪ ʯʝʪʳʨʝʭ ʜʦ ʰʝʩʪʠ ʙʘʟʠʩʦʚ) ʤʦʛʫʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪɹʩʷ ʦʧʦʨʥʳʝ ʪʦʯʢʠ ʧʦʥʠʞʝʥʥʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠ ʠʭ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ (ʦʪ ʪʨʝʭ ʜʦ ʯʝʪʳʨʝʭ ʥʘ ʩʪʝʨʝʦʧʘʨʫ). 

ʆʧʦʨʥʳʝ ʠ ʦʙʱʠʝ ʪʦʯʢʠ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʤʘʨʰʨʫʪʦʚ ʚʳʙʠ-

ʨʘʶʪʩʷ ʥʘ ʯʝʪʢʠʭ, ʦʜʥʦʟʥʘʯʥʦ ʦʧʦʟʥʘʚʘʝʤʳʭ ʧʦ ʦʧʠʩʘʥʠʶ ʠʣʠ 

ʘʙʨʠʩʫ ʢʦʥʪʫʨʘʭ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ ʠ ʧʦʛʨʝʰʥʦʩʪʠ 

ʘʵʨʦʬʦʪʦʛʨʘʬʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ (ʩʥʠʤʢʦʚ) ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ 

ʟʥʘʯʝʥʠʷʭ ʙʦʣʝʝ 5 ʤʢʤ. 

ʅʝʢʦʤʧʝʥʩʠʨʫʝʤʘʷ ʨʘʜʠʘʣʴʥʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʜʠʩʪʦʨ-

ʩʠʷ ʫʯʠʪʳʚʘʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʠʚʦʜʠʤʳʭ ʚ ʚʳʧʠʩʢʝ ʠʟ ʬʦʨʤʫʣʷʨʘ ʘʵʨʦʬʦʪʦʘʧʧʘʨʘʪʘ.  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʘʵʨʦ-

ʬʠʣʴʤʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʭ ʤʝʪʦʢ, ʠʤʝʶʱʠʭʩʷ ʥʘ 

ʧʨʠʢʣʘʜʥʦʡ ʨʘʤʢʝ ʠ ʠʟʦʙʨʘʟʠʚh ʠʭʩʷ ʥʘ ʩʥʠʤʢʘʭ. 

çʕʬʬʝʢʪʠʚʥʳʡ ʧʫʪʴ ʙʦʨʴʙʳ ʧʨʦʪʠʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʢʘ-

ʞʝʥʠʡ ʩʥʠʤʢʦʚ ï ʢʘʣʠʙʨʦʚʢʘ ʘʵʨʦʬʦʪʦʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʧʦ ʩʥʠʤʢʘʤ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʧʦʣʠʛʦʥʘ ʠ ʫʯʝʪ ʝʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʪʨʫʜʥʦʩʪʝʡ ʦʨʛʘ-

ʥʠʟʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʵʪʦʪ ʧʫʪʴ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʨʝʜʢʦ. ʏʘʱʝ ʧʨʠ ʚʳʩʦʢʦʪʦʯʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʧʨʠʥʮʠʧ ʩʘʤʦʢʘʣʠʙʨʦʚʢʠè [5, ʩ. 211]. ʉʪʨʦʛʦʝ ʫʨʘʚʥʠʚʘ-

ʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʠ ʫʯʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ, ʚʳʟʳʚʘʝʤʳʭ ʜʝʬʦʨʤʘʮʠʝʡ 
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ʬʦʪʦʤʘʪʝʨʠʘʣʘ, ʘʪʤʦʩʬʝʨʥʦʡ ʨʝʬʨʘʢʮʠʝʡ, ʜʠʩʪʦʨʩʠʝʡ ʦʙʲʝʢʪʠʚʘ 

ʠ ʪ. ʧ. ʊʘʢʦʝ ʫʨʘʚʥʠʚʘʥʠʝ ʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʫʨʘʚʥʠʚʘʥʠʝʤ ʩ ʩʘʤʦʢʘʣʠʙʨʦʚʢʦʡ. 

çɼʣʷ ʥʘʜʝʞʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ 

ʠʩʢʘʞʝʥʠʡ ʩʥʠʤʢʦʚ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʡ 

ʙʣʦʢ ʙʳʣ ʭʦʨʦʰʦ ʦʙʝʩʧʝʯʝʥ ʦʧʦʨʥʳʤʠ ʪʦʯʢʘʤʠ. ʇʦʩʣʝʜʥʠʝ 

ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢʘʢ ʧʦ ʛʨʘʥʠʮʘʤ ʙʣʦʢʘ, ʪʘʢ ʠ ʨʘʚʥʦʤʝʨʥʦ 

ʚʥʫʪʨʠ ʝʛʦ. ʏʝʤ ʙʦʣʴʰʝ ʚ ʩʝʪʠ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʠ ʯʝʤ ʣʫʯʰʝ ʦʥʠ 

ʨʘʟʤʝʱʝʥʳ, ʪʝʤ ʧʨʘʚʠʣʴʥʝʝ ʠʩʢʣʶʯʘʶʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩ-

ʢʘʞʝʥʠʷ ʠʟ ʠʟʤʝʨʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʩʥʠʤʢʦʚè [118, ʩ. 48]. 
 

3.2. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ 
 

3.2.1. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ 
 

ʂʘʢ ʫʞʝ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠ-

ʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʦʩ-

ʥʦʚʥʦʡ ʯʘʩʪʴʶ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʎʊʂ, ʎʊʇ, 

ʮʠʬʨʦʚʳʭ ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʣʘʥʦʚ, ʎʄʄ. 

ʊʘʢʠʝ ʨʘʙʦʪʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʢʦʩ-

ʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʤʝʪʦʜʘʤʠ ʬʦʪʦʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʠʣʠ ʩʪʝʨʝʦʪʦ-

ʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʦʢ [42]. 

ʌʦʪʦʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ï ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠ-

ʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʭ ʦʙʨʘʙʦʪʢʠ [42]. 

ʊʝʨʤʠʥ çʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʡ ʩʥʠʤʦʢè (ʜʘʣʝʝ ï ʩʥʠʤʦʢ) 

ʦʭʚʘʪʳʚʘʝʪ ʪʘʢʠʝ ʧʦʥʷʪʠʷ, ʢʘʢ çʩʥʠʤʦʢè, çʬʦʪʦʩʥʠʤʦʢè, çʘʵʨʦ-

ʬʦʪʦʩʥʠʤʦʢè, çʢʦʩʤʦʩʥʠʤʦʢè, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦ-

ʪʝ. 

ʉʪʝʨʝʦʬʦʪʦʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ï ʬʦʪʦʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ 

ʩʲʝʤʢʘ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ ʩʪʝʨʝʦʤʦʜʝʣʝʡ ʤʝʩʪʥʦʩʪʠ, ʩʦ-

ʟʜʘʥʥʳʭ ʧʦ ʩʥʠʤʢʘʤ ʥʘ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ 

ʧʨʠʙʦʨʘʭ (ʘʥʘʣʦʛʦʚʳʭ, ʘʥʘʣʠʪʠʯʝʩʢʠʭ, ʮʠʬʨʦʚʳʭ) [42]. 

ʊʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦ-

ʩʪʠ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʙʣʦʢ-ʩʭʝʤʳ ʥʘ ʨʠʩ. 3.2.  
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ʈʠʩ. 3.2. ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʮʠʬʨʦʚʦʡ  

ʤʦʜʝʣʠ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ 

ʌʦʨʤʠʨʦʚʘʥʠʝ  ʎʊʂ (ʎʊʇ),  ʎʄʄ 

ʉʦʩʪʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘ 

ʄʘʪʝʨʠʘʣʳ  ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, 

ʢʦʩʤʠʯʝʩʢʦʡ  ʩʲʝʤʢʠ 
ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ 

ʉʢʘʥʠʨʦʚʘʥʠʝ  

ʬʦʪʦʩʥʠʤʢʦʚ 

ʇʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ  

ʧʦʜʛʦʪʦʚʢʘ  

ʬʦʪʦʩʥʠʤʢʦʚ  

ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʝ  

ʩʛʫɦ ʝʥʠʝ ʦʧʦʨʥʦʡ ʩʝʪʠ 

ʉʙʦʨ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ  

ʦ ʨʝʣʴʝʬʝ, ʦʙʲʝʢʪʘʭ ʤʝʩʪʥʦʩʪʠ, 

ʚʢʣʁʯʘʷ ʩʝʤʘʥʪʠʢʫ ʢ ʦʙʲʝʢʪʘʤ 

ʇʦʜʛʦʪʦʚʢʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ  

ʦʙʝʩʧʝʯʝʥʠʷ 

ʇʦʜʛʦʪʦʚʢʘ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ  

ʠ ʙʠʙʣʠʦʪʝʢʠ ʫʩʣʦʚʥʳʭ  

ʟʥʘʢʦʚ 

ʇʦʜʛʦʪʦʚʢʘ ʨʝʜʘʢʮʠʦʥʥʳʭ 

ʫʢʘʟʘʥʠʡ 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʎʄʈ  

ʕʢʩʧʦʨʪ ʎʄʄ ʚ ʚʳʭʦʜʥʳʝ ʬʦʨʤʘʪʳ,  

ʩʦʚʤʝʩʪʠʤʳʝ ʩ 3D ɻʀʉ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʎʄʆ 

ʈʝʛʫʣʷʨʥʘʷ ʤʦʜʝʣʴ 

ʊʨʠʘʥʛʫʣʷʮʠʦʥʥʘʷ  

ʤʦʜʝʣʴ 

 

ʇʦʣʝʚʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ 

ɼʦʩʲʝʤʢʘ ʦʙʲʝʢʪʦʚ 
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ʆʩʥʦʚʥʳʤʠ ʵʪʘʧʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ: 

ī ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʥʘ ʦʙʲʝʢʪ ʪʝʨʨʠʪʦʨʠʠ; 

ī ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ, ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ; 

ī ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ;  

ī ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ; 

ī ʩʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʥʠʤʢʦʚ ʥʘ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʘʭ ʩ ʮʠʬʨʦʚʳʤ ʚʳʭʦʜʦʤ ï ʮʠʬʨʦʚʳʭ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʠʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʦʪʦʛʨʘʤ-

ʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʘʭ; 

ī ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ ʧʦ ʢʦʥʪʨʦʣʶ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʢʘʤʝʨʘʣʴʥʦ-

ʛʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʠ ʩʪʝʨʝʦʨʠʩʦʚʢʝ, ʜʦʩʲʝʤʢʘ ʥʝʠʟʦʙʨʘʟʠʚʰʠʭ-

ʩʷ ʦʙʲʝʢʪʦʚ ʠ ʩʙʦʨ ʩʚʝʜʝʥʠʡ ʦʙ ʦʙʲʝʢʪʘʭ ʪʝʨʨʠʪʦʨʠʠ; 

ī ʬʦʨʤʠʨʦʚʘʥʠʝ ʎʄʈ ʠ ʎʄʆ ʚ ʟʘʜʘʥʥʳʭ ʬʦʨʤʘʪʘʭ ʵʢʩʧʦʨʪʘ; 

ī ʵʢʩʧʦʨʪ ʎʄʈ ʠ ʎʄʆ ʚ ʚʳʭʦʜʥʳʝ ʬʦʨʤʘʪʳ. 

ʇʦʜʨʦʙʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʧʨʠʚʝʜʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʥʝʦʜʠʥʘʢʦʚʘ, ʧʦʩʢʦʣʴʢʫ ʟʜʝʩʴ ʥʝ ʩʪʘʚʠʪʩʷ 

ʮʝʣʴʶ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʬʦʪʦ-

ʩʲʝʤʢʠ, ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. ʉ ʙʦʣʴʰʝʡ ʜʝʪʘʣʴʥʦʩʪʴʶ ʠʟʣʦʞʝʥ  r

ʧʨʦʮʝʩʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʩʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʥʠʤʢʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʎʄʈ ʠ ʎʄʆ ʥʘ ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪ-

ʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 
 

3.2.2. ʊʝʭʥʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ.  
ʈʝʢʦʤʝʥʜʘʮʠʠ ʢ ʪʝʭʥʠʯʝʩʢʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

 

ɿʘʜʘʯʝʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʨʘʮʠʦ-

ʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʟʜʘʥʠʝ ʠʟʤʝʨʠ-

ʪʝʣʴʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʚ ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʥʳʝ ʧʣʘʥʦʤ ʩʨʦʢʠ ʠ ʩ ʤʠʥʠʤʘʣʥɹʳʤʠ ʟʘʪʨʘʪʘʤʠ. 

ʆʪʧʨʘʚʥʳʤʠ ʪʦʯʢʘʤʠ ʜʣʷ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ: 

ī ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘʤʠ ʦʩʥʦʚʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

(ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʭ) ʘʵʨʦʬʦʪʦʩʲʝʤʦʢ ʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʭ 

ʢʘʯʝʩʪʚʘ; 
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ī ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤʠ (ʮʠʬ-

ʨʦʚʳʤʠ ʠ ʛʨʘʬʠʯʝʩʢʠʤʠ) ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʭ 

ʢʘʯʝʩʪʚʘ; 

ī ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʠʭ ʢʘʯʝʩʪʚʘ; 

ī ʥʘʣʠʯʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ī ʢʚʘʣʠʬʠʢʘʮʠʷ ʠ ʩʪʝʧʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʠʩʧʦʣʥʠʪʝʣʝʡ ʢ ʢʦʥ-

ʢʨʝʪʥʳʤ ʚʠʜʘʤ ʨʘʙʦʪ. 

ʇʨʠ ʪʝʭʥʠʯʝʩʢʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʵʨʦʬʦʪʦʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ 

ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʎʄʈ ʠ ʎʄʆ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ (ʤʘʩʰʪʘʙ ʠ ʬʦʢʫʩʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʢʨʠʪʝʨʠʶ ʪʦʯʥʦʩʪʠ, ʠʩʭʦʜʷ ʠʟ 

ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʎʄʈ ʠ ʎʄʆ ʠ ʦʞʠʜʘʝʤʦʡ ʪʦʯʥʦʩʪʠ ʘʵʨʦ-

ʩʥʠʤʢʦʚ ʩ ʫʯʝʪʦʤ ʨʷʜʘ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʫʩʣʦʚʠʡ: 

ī ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʵʨʦʬʦʪʦʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘ-

ʙʦʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʘʩʰʪʘʙʦʚ; 

ī ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʢʨʠʪʝʨʠʶ ʪʦʯʥʦʩʪʠ ʤʘʩʰʪʘʙ ʥʝ ʜʦʣʞʝʥ 

ʙʳʪʴ ʤʝʣʴʯʝ ʧʨʝʜʝʣʴʥʦ ʤʝʣʢʦʛʦ ʤʘʩʰʪʘʙʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʪʨʝ-

ʙʦʚʘʥʠʝʤ ʧʦ ʜʝʰʠʬʨʠʨʫʝʤʦʩʪʠ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ; 

ī ʚʳʩʦʪʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʧʨʘʢʪʠʯʝ-

ʩʢʠʡ ʧʦʪʦʣʦʢ ʥʦʩʠʪʝʣʷ ʘʵʨʦʬʦʪʦʘʧʧʘʨʘʪʘ; 

ī ʤʠʥʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠ-

ʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ; 

ī ʚʳʙʦʨ ʘʵʨʦʬʦʪʦʘʧʧʘʨʘʪʘ ʩ ʢʦʥʢʨʝʪʥʳʤ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷ-

ʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʯʠʩʣʘ ʠʤʝʶʱʠʭʩʷ, ʥʦ ʩ ʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤʠ. 

ʇʨʝʜʝʣʴʥʦ ʤʝʣʢʠʝ ʤʘʩʰʪʘʙʳ ʧʦ ʢʨʠʪʝʨʠʶ ʜʝʰʠʬʨʠʨʫʝʤʦʩʪʠ 

ʟʘʜʘʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʎʊʂ, ʎʊʇ, ʎʄʈ ʠ ʎʄʆ ʧʨʠʚʝʜʝʥʳ  

ʚ ʪʘʙʣ. 3.1. 

ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʜʣʷ ʧʣʘʥʠʨʫʝʤʦʡ ʩʪʝʨʝʦ-

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʳʙʦʨʘ ʚʳʩʦʪʳ ʬʦʪʦʛʨʘ-

ʬʠʨʦʚʘʥʠʷ. 

 

ʎʄʆ ʎʄʈ 

ʂʦʥʚʝʨʪʘʮʠʷ  ʎʄʄ ʚ  3D ɻʀʉ 

 

ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʚ ʩʨʝʜʝ 3D ɻʀʉ 

 

ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ 

 

ʊʝʢʩʪʫʨʠʨʦ-

ʚʘʥʠʝ  ʪʨʝʭ-

ʤʝʨʥʳʭ ʦʙʲʝʢ-

ʪʦʚ 

 

ʉʦʚʤʝʱʝʥʠʝ  

ʢʦʥʪʫʨʦʚ ʦʙʲ-

ʝʢʪʦʚ ʩ ʤʦʜʝ-

ʣʴʶ ʟʝʤʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ 

 

ʇʦʣʫʯʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦ-

ʜʝʣʝʡ  ʦʙʲʝʢʪʦʚ ʧʦ ʟʥʘʯʝ-

ʥʠʶ ʚʳʩʦʪʥʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ ʠʟ ʩʚʷʟʘʥʥʳʭ ʪʘʙʣʠʮ 

ʩʝʤʘʥʪʠʢʠ ʠʣʠ ʟʥʘʯʝʥʠʶ 

ʢʦʦʨʜʠʥʘʪʳ Z  ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 3D  

ɻʀʉ 

 

 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʪʘʥʜʘʨʪʥʳʭ ʙʠʙ-

ʣʠʦʪʝʢ ʪʝʢʩʪʫʨ 3D 

ɻʀʉ 

ʉʦʟʜʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʙʠʙʣʠʦʪʝʢ ʬʦ-

ʪʦʨʝʘʣʠʩʪʠʯʥʳʭ ʪʝʢʩʪʫʨ ʦʙʲ-

ʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ 

ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ 

ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʧʦ-

ʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩ-

ʧʦʣʴʟʫʝʤʦʡ 3D ɻʀʉ 

 
ʊʝʢʩʪʫʨʠʨʦʚʘʥʠʝ ʟʝʤ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʈʘʩʢʨʘʩʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ 

ʫʨʦʚʥʷʤ ʚʳʩʦʪ ʠʥʩʪʨʫ-

ʅʘʪʷʛʠʚʘʥʠʝ ʦʨʪʦʬʦʪʦ-

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʦ-

ʛʦ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦ-
ʢʦʩʤʦʩʲʝʤʢʠ 
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ʊʘʙʣʠʮʘ 3.1 

ɿʥʘʯʝʥʠʷ ʤʘʩʰʪʘʙʦʚ 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʯʠʩʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʚʩrʦʪʘ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ (ʅ). ʇʨʠ ʩʧʣʦʰʥʦʡ ʚʳʩʦʪʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʩʥʠʤ-

ʢʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʬʦʨʤʫʣʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ɺ.ʖ. ʄʠʥʴʢʦ [92]: 

 2

H_ʎm = 1,31 2 2 2/pqH m b +0,25 2

Hm ,                  (3.1) 

ʛʜʝ mH_ʎ ï ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ (ʉʂʇ) ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʚʳʩʦʪ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ ʧʦ ʩʪʝʨʝʦʧʘʨʝ ʩʥʠʤʢʦʚ; 

mpq ï ʉʂʇ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʣʣʘʢʩʦʚ; 

b ï ʙʘʟʠʩ ʩʪʝʨʝʦʧʘʨʳ; 

mH ï ʉʂʇ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʦʧʦʨʥʳʭ ʪʦʯʝʢ. 

ʇʝʨʝʡʜʷ ʦʪ ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ (mH) ʢ ʩʨʝʜ-

ʥʠʤ (vH) ʠ ʧʨʠʥʷʚ vH < 0,5 vH_ʎ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠ ʧʦʣʝʚʦʡ ʧʨʠ-

ʚʷʟʢʝ ʠʣʠ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʤ ʩʛʫʱʝʥʠʠ, ʧʦʣʫ-

ʯʠʤ ʚʳʨʘʞʝʥʠʝ: 

H = 1,05
pqH

mbv / .                              (3.2) 

ʇʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʦʙʲʝʢʪʦʚ ʥʘ 

ʤʝʩʪʥʦʩʪʠ (mS_ʎ) ʚ ʧʨʝʜʝʣʘʭ ʩʪʝʨʝʦʧʘʨʳ ʤʘʩʰʪʘʙʘ 1 : 
c

m ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝ-

ʣʠ (m'S) ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʚʳʨʘʞʘʶʪʩʷ ʬʦʨʤʫʣʦʡ: 

ʄʘʩʰʪʘʙ ʎʄʆ, ʎʄʈ ʇʨʝʜʝʣʴʥʦ ʤʝʣʢʠʡ ʤʘʩʰʪʘʙ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

1 : 10 000 

1 : 5 000 

1 : 2 000 

1 : 1 000 

1 : 500 

1 : 20 000 

1 : 20 000 

1 : 12 000 

1 : 10 000 

1 : 6 000 
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mS_ʎ = m'S Ā cm .                                (3.3) 

ɺʣʠʷʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʳʭ ʪʦʯʝʢ (ms) ʫʯʪʝʤ 

ʪʘʢ ʞʝ, ʢʘʢ ʵʪʦ ʧʨʝʜʣʦʞʝʥʦ ʚ ʩʧʨʘʚʦʯʥʠʢʝ [92] ʜʣʷ ʚʳʩʦʪʥʳʭ 

ʪʦʯʝʢ. ʊʦʛʜʘ  

2

_S ʎm =( 2

Sm¡ 2

cm ) + 0,25 2

Sm .                    (3.4) 

ʋʯʪʷ, ʯʪʦ _S ʎm = 1,25 _S ʎv ; 
Sm¡=1,41 xym ; mS = 0,5 _S ʎm ,  

ʧʦʣʫʯʠʤ 

_S ʎv  = 1,17 mxy Ā 
2

cm ;                          (3.5) 

cm = 0,85 _S ʎv  / mxy.                        (3.6) 

ʀʩʧʦʣʴʟʫʷ ʟʘʚʠʩʠʤʦʩʪʴ  

H = fk cm ,                                 (3.7) 

ʛʜʝ fk ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʘʵʨʦʬʦʪʦʘʧʧʘʨʘʪʘ; 

cm  ï ʟʥʘʤʝʥʘʪʝʣʴ ʤʘʩʰʪʘʙʘ ʩʥʠʤʢʦʚ ʩʪʝʨʝʦʧʘʨʳ,   

ʚr ʙʠʨʘʝʤ fk ʠʟ ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʨʘʩʩʯʠʪʳʚʘ-

ʝʤ m, ʫʯʠʪʚrʘʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʚʳʩʦʪʝ ʧʦʣʝʪʘ. 

ʄʘʩʰʪʘʙ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʚʳʙʠʨʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ, ʥʦ ʥʝ 

ʤʝʣʴʯʝ, ʯʝʤ ʧʨʝʜʝʣʴʥʦ ʤʝʣʢʠʡ ʧʦ ʫʩʣʦʚʠʶ ʜʝʰʠʬʨʠʨʫʝʤʦʩʪʠ. 

ʇʘʨʘʤʝʪʨʳ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʨʘʟʜʝʣʴʥʦ ʜʣʷ 

ʩʙʦʨʘ ʨʝʣʴʝʬʘ ʠ ʛʨʘʥʠʮ ʢʦʥʪʫʨʦʚ ʦʙʲʝʢʪʦʚ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦ-

ʛʣʘʩʫʶʪʩʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʠʝʤʘ ʪʨʫʜʥʘ ʧʦ ʧʨʠʯʠʥʝ ʝʛʦ ʜʦʨʦʛʦʚʠʟʥʳ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʧʦ ʚʳʰʝʧʨʠʚʝʜʝʥ-

ʥʳʤ ʬʦʨʤʫʣʘʤ ʥʫʞʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʯʥʦʩʪʠ ʩʥʠʤʢʦʚ. ʇʦʩʣʝʜ-

ʥʷʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪ, ʚʳ-

ʧʦʣʥʝʥʥʳʭ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: 

mxy = 0,85 _S ʎv  / cm ,                          (3.8) 
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mpq = 1,05 _H ʎv Āb / (
cm  fk).                       (3.9) 

ʇʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʜʦʣʞʥʘ ʛʘʨʘʥʪʠʨʦʚʘʥ-

ʥʦ ʙʳʪʴ ʚ ʜʚʘ-ʪʨʠ ʨʘʟʘ ʚʳʰʝ ʦʞʠʜʘʝʤʦʡ ʪʦʯʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ  

ʠ ʧʘʨʘʣʣʘʢʩʦʚ ʩʥʠʤʢʦʚ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʛʫʩʪʦʪʳ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫʶʪ ʬʦʨʤʫʣʳ 

ʧʨʝʜʨʘʩʯʝʪʘ ʪʦʯʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʘʤʠ ʀ.ʊ. ɸʥʪʠʧʦʚʘ [5]. ɺ [5] ʧʨʠʚʝʜʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʯʥʦʩʪʠ  ʚ ʧʣʘʥʝ mS ʠ ʧʦ ʚʳ-

ʩʦʪʝ mH ʚ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦʤ ʤʝʩʪʝ ʫʨʘʚʥʝʥʥʦʡ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ 

ʠʟ ʜʚʫʭ ʩʝʢʮʠʡ: 

mS = 0,125 (H / fk ) mpq 
3 120 180n n+ + ;           (3.10) 

mH = 0,125 (H / b) mpq 
3 40 400n n+ + ,           (3.11) 

ʛʜʝ mS, mH ī ʉʂʇ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ. ʇʨʦʯʠʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʜʘʥʳ ʚʳʰʝ. 

ʌʦʨʤʫʣʳ (3.10), (3.11) ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦ-

ʚʠʡ [5]: 

ï ʚ ʩʪʝʨʝʦʧʘʨʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʪ 20 ʜʦ 25 ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʭ ʪʦ-

ʯʝʢ, ʠʟ ʢʦʪʦʨʳʭ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ ʧʘʨʳ ʦʪ 5 ʜʦ 6 ʩʚʷʟʫʶʱʠʭ; 

ï ʧʨʦʜʦʣʴʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʩʥʠʤʢʦʚ 60 %, ʟʥʘʯʝʥʠʝ ʩʪʘʥʜʘʨʪ-

ʥʦʡ ʦʨʜʠʥʘʪʳ y = b; 

ï ʯʠʩʣʦ ʙʘʟʠʩʦʚ n ʚ ʩʝʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 5 ʜʦ 30; 

ï ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʪʦʯʢʠ ʢ ʦʧʦʟʥʘʢʫ ʧʦʛʨʝʰʥʦʩʪʴ ʝʝ 

ʩʥʠʞʘʝʪʩʷ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʜʣʷ ʮʝ-

ʣʝʡ ʩʦʟʜʘʥʠʷ ʎʊʂ, ʎʊʇ, ʎʄʄ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʜʝʡʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʢʮʠʡ, ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʳʝ ʦʧʦʟʥʘʢʠ ʨʘʩʧʦʣʘ-

ʛʘʶʪ ʨʷʜʘʤʠ ʧʦʧʝʨʝʢ ʤʘʨʰʨʫʪʦʚ ʪʘʢ, ʯʪʦʙʳ ʥʘ ʢʘʞʜʦʤ ʤʘʨʰʨʫʪʝ 

ʙʳʣʦ ʧʦ ʦʜʥʦʤʫ ʦʧʦʟʥʘʢʫ ʢʘʞʜʦʛʦ ʨʷʜʘ. ɺʳʩʦʪʥʳʝ ʦʧʦʟʥʘʢʠ 

ʜʦʣʞʥʳ ʨʘʟʤʝʱʘʪʴʩʷ ʧʦ ʪʘʢʦʡ ʞʝ ʩʭʝʤʝ, ʥʦ ʚ ʜʚʘ ʨʘʟʘ ʛʫʱʝ.  

ɽʩʣʠ ʧʘʨʘʤʝʪʨʳ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠʣʠ ʪʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ ʬʦ-

ʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʝʢʦʤʝʥʜʫʝʤʳʭ 
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ʠʥʩʪʨʫʢʮʠʝʡ, ʪʦ ʨʘʩʯʝʪ ʛʫʩʪʦʪʳ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʚʳʧʦʣʥʷʶʪ ʧʦ 

ʬʦʨʤʫʣʘʤ (3.10), (3.11). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʦʧʦʨʥʳʭ 

ʪʦʯʝʢ ʚʳʧʦʣʥʷʶʪ ʚ ʦʩʥʦʚʥʦʤ ʩʨʝʜʩʪʚʘʤʠ ʩʠʩʪʝʤ GPS, ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʯʠʩʣʦ 

ʦʧʦʨʥʳʭ. ɽʩʣʠ ʨʘʟʤʝʩʪʠʪʴ ʦʧʦʨʥʳʝ ʪʦʯʢʠ ʛʫʱʝ ʨʘʩʯʝʪʥʦʛʦ  

ʚ 2ï4 ʨʘʟʘ, ʪʦ ʪʦʯʥʦʩʪʴ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʛʫʱʝʥʠʷ ʦʢʘ-

ʞʝʪʩʷ ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ ʪʦʯʥʦʩʪʴʶ ʦʧʦʨʥʳʭ ʪʦʯʝʢ [98]. 
 

3.3. ʇʨʦʠʟʚʦʜʩʪʚʦ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʧʦʣʫʯʝʥʠʝ  
ʤʘʪʝʨʠʘʣʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ 

 

3.3.1. ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ 
 

ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʜʠ-

ʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦ-

ʙʦʚ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ, ʦʙʥʦʚʣʝʥʠʷ ʎʊʂ, ʎʊʇ, 

ʎʄʄ.  

ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳ-

ʤʠ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʧʨʦʝʢʪʝ, ʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ çʆʩʥʦʚ-

ʥʳʭ ʧʦʣʦʞʝʥʠʡ ʧʦ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ, ʚʳʧʦʣʥʷʝʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ  

ʠ ʦʙʥʦʚʣʝʥʠʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʧʣʘʥʦʚè [43].  

ɼʦʧʦʣʥʷʷ [43], ʫʢʘʞʝʤ, ʯʪʦ ʩʣʝʜʫʝʪ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʪʨʝʙʦ-

ʚʘʥʠʝʤ ʧʦʣʫʯʝʥʠʷ ʘʵʨʦʥʝʛʘʪʠʚʦʚ ʩ ʣʠʥʝʡʥʳʤ ʩʜʚʠʛʦʤ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʥʝ ʙʦʣʝʝ 0,01 ʤʤ. ʈʘʩʯʝʪ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [124]:  

S = 278 W Ā t / cm ,                            (3.12) 

ʛʜʝ S ï ʨʘʩʯʝʪʥʳʡ ʣʠʥʝʡʥʳʡ ʩʜʚʠʛ ʠʟʦʙʨʘʞʝʥʠʷ, ʤʤ; 

W ï ʩʢʦʨʦʩʪʴ ʥʦʩʠʪʝʣʷ ʘʵʨʦʬʦʪʦʘʧʧʘʨʘʪʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʝʩʪʥʦʩʪʠ, ʢʤ/ʯ; 

t ï ʚʳʜʝʨʞʢʘ ʬʦʪʦʟʘʪʚʦʨʘ, ʩ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʩʥʠʤʢʦʚ ʥʝʦʙʭʦʜʠʤʦ: 

ï ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʘʵʨʦʬʦʪʦʘʧʧʘʨʘʪʳ ʩ ʢʦʤ-

ʧʝʥʩʘʮʠʝʡ ʩʜʚʠʛʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠʣʠ ʪʠʧʘ ʊʕʉ ʩʦ ʩʨʝʜʥʠʤʠ ʢʚʘʜ-
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ʨʘʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʝʫʩʪʨʘʥʝʥʥʳʭ (ʦʩʪʘʪʦʯʥʳʭ) ʩʠʩʪʝʤʘ-

ʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʠʩʢʘʞʝʥʠʡ ʥʝ ʙʦʣʝʝ 10 ʤʢʤ; 

ï ʧʨʦʚʦʜʠʪʴ ʩʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʩʚʝʪʦʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʘʵʨʦʬʦʪʦʧʣʝʥʦʢ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʜʝʰʠʬʨʠʨʫʝʤʦʩʪʠ ʩʥʠʤʢʦʚ ʥʝʦʙ-

ʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʘʵʨʦʬʦʪʦʩʲʝʤʢʫ: 

ï ʚ ʤʘʩʰʪʘʙʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʫʚʝʨʝʥʥʦʝ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ 

ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʎʄʈ ʠ ʎʄʆ; 

ï ʥʘ ʟʘʩʪʨʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʣʠʥʥʦʬʦʢʫʩ-

ʥʦʛʦ ʘʵʨʦʬʦʪʦʘʧʧʘʨʘʪʘ (350 ʠʣʠ 305 ʤʤ); 

ï ʚ ʧʝʨʠʦʜ ʦʪʩʫʪʩʪʚʠʷ ʣʠʩʪʚʳ ʥʘ ʜʝʨʝʚʴʷʭ; 

ï ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʨʦʟʨʘʯʥʳʭ ʪʝʥʝʡ. 

ʇʦʢʘʟʘʥʠʷ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʠʭ ʪʦʯʥʦʩʪʴ ʚʜʚʦʝ ʧʨʝʚʳʰʘʝʪ 

ʟʘʜʘʥʥʫʶ ʪʦʯʥʦʩʪʴ ʎʄʈ ʠ ʎʄʆ. 
 

3.3.2. ʄʘʪʝʨʠʘʣʳ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ 
 

ɺʠʜʳ ʢʦʩʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʳ. ʂʦʩʤʠ-

ʯʝʩʢʠʝ ʩʲʝʤʢʠ ʚʳʧʦʣʥʷʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʙʦ ʬʦʪʦʛʨʘʬʠʯʝ-

ʩʢʠʭ, ʣʠʙʦ ʩʢʘʥʝʨʥʳʭ ʩʠʩʪʝʤ [24]. ʆʙʟʦʨʳ ʩʚʝʜʝʥʠʡ ʦ ʤʘʪʝʨʠʘʣʘʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʧʨʠʚʝʜʝʥʳ ʚʦ ʤʥʦʛʠʭ ʫʯʝʙʥʠʢʘʭ, ʢʥʠʛʘʭ, 

ʩʪʘʪʴʷʭ ʞʫʨʥʘʣʦʚ.  

ʌʦʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʲʝʤʢʠ ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝ-

ʥʠʡ. ʈʝʛʫʣʷʨʥʦʝ ʧʦʢʨʳʪʠʝ ʪʝʨʨʠʪʦʨʠʠ ʪʘʢʠʤ ʚʠʜʦʤ ʩʲʝʤʢʠ ʧʦʢʘ 

ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦ ʧʨʠʯʠʥʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʦʙʣʘʯʥʦʩʪʴʶ, ʠ ʜʨ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʩʥʠʤʢʠ ʜʨʫ-

ʛʠʭ ʪʠʧʦʚ ï ʪʝʣʝʚʠʟʠʦʥʥʳʝ ʠ ʩʢʘʥʝʨʥʳʝ [21]. ʆʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʳʙʦʨ ʚʠʜʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, ï 

ʨʘʟʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʤʝʨʦʤ (ʥʘ ʤʝʩʪʥʦʩʪʠ) 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʠ ï ʧʠʢʩʝʣʷ. ɼʠʘʧʘʟʦʥ ʨʘʟʨʝʰʝʥʠʷ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʜʦʣʝʡ ʤʝʪʨʘ ʜʦ ʢʠ-

ʣʦʤʝʪʨʦʚ. ɼʣʷ ʮʝʣʝʡ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʛʦ-

ʨʦʜʦʚ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʦʟʜʘʥʠʷ ʎʄʆ ʠʩʧʦʣʴʟʫʶʪ 

ʩʥʠʤʢʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 1 ʤ ʠ ʤʝʥʝʝ. ʉʚʝʨʭʚʳʩʦʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʲʝʤʦʯʥʳʝ ʩʠʩʪʝʤʳ ʩʣʝʜʫʶʱʠʭ ʩʧʫʪ-
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ʥʠʢʦʚ: GeoEye-1 (0,4 ʤ), Quick Bird (0,6 ʤ), EROS B(0,7 ʤ), Iko-

nos (0,8 ʤ), TEZ (1 ʤ) [24, 75]. 

ʇʨʘʢʪʠʯʝʩʢʠ ʩ ʣʶʙʦʛʦ ʩʧʫʪʥʠʢʘ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʢʘ-

ʟʘʪʴ ʤʘʪʝʨʠʘʣʳ ʢʘʢ ʘʨʭʠʚʥʳʝ, ʪʘʢ ʠ ʥʦʚʦʡ ʩʲʝʤʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʪʝʨʝʦʧʘʨʳ. ʉʲʝʤʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 20ï60 ʜʥʝʡ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʩʫʱʝʩʪʚʫʶʪ ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʬʠʨʤ, 

ʥʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʦʩʥʦʚʝ ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʢʦʩ-

ʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʧʦ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʳʤ ʮʝʥʘʤ. 
 

3.3.3. ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ 
 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩʥʠʤʢʦʚ ʧʨʝʜʰʝʩʪʚʫʶʪ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ: 

ï ʩʙʦʨ, ʠʟʫʯʝʥʠʝ ʠ ʦʮʝʥʢʫ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʢʦʩʤʠ-

ʯʝʩʢʠʭ ʩʲʝʤʦʢ, ʢʘʨʪʤʘʪʝʨʠʘʣʦʚ, ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʝʚʳʭ ʪʦʧʦʛʨʘʬʦ-

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ; 

ï ʨʘʙʦʯʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʙʨʘʙʦʪʢʠ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ, ʢʦʩ-

ʤʦʩʥʠʤʢʦʚ; 

ï ʧʦʜʛʦʪʦʚʢʫ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ; 

ï ʧʦʜʛʦʪʦʚʢʫ ʨʝʜʘʢʮʠʦʥʥʳʭ ʫʢʘʟʘʥʠʡ; 

ï ʧʦʜʛʦʪʦʚʢʫ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʠʩʧʦʣʥʠ-

ʪʝʣʝʡ. 

ʇʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʠʟʛʦʪʦʚ-

ʣʝʥʠʠ, ʧʨʦʚʝʨʢʝ ʢʦʤʧʣʝʢʪʥʦʩʪʠ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʩʣʫʞʘʪ 

ʤʘʪʝʨʠʘʣʳ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʠ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʡ ʧʦʜʛʦ-

ʪʦʚʢʠ ʩʥʠʤʢʦʚ. 

ɼʣʷ ʩʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ ʥʘ ʎʌʉ 

ʠʩʧʦʣʴʟʫʶʪʩʷ  ʨʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʛʘʪʠʚʦʚ ʠʣʠ ʜʠʘʧʦʟʠ-

ʪʠʚʦʚ ï ʮʠʬʨʦʚʳʝ ʩʥʠʤʢʠ. 

ʈʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʢʘʢ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠʣʠ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ 

ʮʠʬʨʦʚʳʤʠ ʢʘʤʝʨʘʤʠ, ʪʘʢ ʠ ʧʫʪʝʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʘʵʨʦʬʦʪʦʘʧʧʘʨʘʪʘʤʠ (ɸʌɸ). 
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ʇʨʠ ʨʘʙʦʯʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʠ ʦʮʝʥʢʠ 

ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʙʦʨ ʚʘʨʠʘʥʪʘ ʩʪʝʨʝʦʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ. 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʭʘʨʘʢʪʝʨ ʪʝʨʨʠʪʦʨʠʠ ʠ ʟʘ-

ʩʪʨʦʡʢʠ, ʢʘʯʝʩʪʚʦ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʧʣʦʪʥʦʩʪʴ ʠ ʨʘʟʤʝʱʝʥʠʝ 

ʧʫʥʢʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʩʲʝʤʦʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ, ʦʩʥʘ-

ʱʝʥʥʦʩʪʴ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ ʠ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ. ʇʨʠ ʨʘʙʦʯʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʣʷʶʪ ʩʭʝʤʫ 

ʨʘʙʦʪ ʧʦ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʤʫ ʩʛʫʱʝʥʠʶ ʦʧʦʨʥʦʡ ʩʝʪʠ ʠ ʩʭʝ-

ʤʫ ʨʘʙʦʪ ʧʦ ʩʙʦʨʫ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʎʄʈ ʠ ʎʄʆ. 

ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʚʳʙʦʨ ʚʘʨʠʘʥʪʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʩʥʠʤʢʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʠ ʢʘʯʝʩʪʚʘ ʧʣʘʥʦʚʦ-

ʚʳʩʦʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʢʘʤʝʨʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴʩʷ: 

ï ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʝ ʩʛʫʱʝʥʠʝ ʩʲʝʤʦʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ 

(ʧʨʠ ʨʘʟʨʝʞʝʥʥʦʡ ʧʦʣʝʚʦʡ ʧʦʜʛʦʪʦʚʢʝ ʩʥʠʤʢʦʚ) ʠ ʧʦʩʣʝʜʫʶʱʠʡ 

ʩʙʦʨ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʩʪʝʨʝʦʧʘʨʘʤ, ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʥʳʤ ʧʦ ʜʘʥʥʳʤ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʛʫʱʝʥʠʷ; 

ï ʦʙʨʘʙʦʪʢʘ ʩʪʝʨʝʦʧʘʨ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ 

ʪʦʯʢʘʤ ʧʦʣʝʚʦʡ ʧʦʜʛʦʪʦʚʢʠ (ʧʨʠ ʩʧʣʦʰʥʦʡ ʧʨʠʚʷʟʢʝ ʩʥʠʤʢʦʚ) 

ʠʣʠ ʧʦ ʢʦʥʪʫʨʥʳʤ ʪʦʯʢʘʤ, ʦʧʦʟʥʘʥʥʳʤ ʥʘ ʠʤʝʶʱʠʭʩʷ ʩʥʠʤʢʘʭ 

ʧʨʝʞʥʠʭ ʣʝʪ ʠʣʠ ʥʘ ʧʣʘʥʘʭ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʤʘʩʰʪʘʙʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʎʌʉ ʪʦʯʢʠ ʚʳʙʠʨʘʶʪʩʷ ʠ ʦʙʦʟʥʘʯʘʶʪʩʷ 

ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ʧʦ ʮʠʬʨʦʚʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ʩʥʠʤʢʦʚ. 

ʉʢʘʥʠʨʦʚʘʥʠʝ ʬʦʪʦʩʥʠʤʢʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠ-

ʯʝʩʢʠʭ ʩʢʘʥʝʨʘʭ, ʠʤʝʶʱʠʭ ʩʪʘʙʠʣʴʥʳʡ ʵʣʝʤʝʥʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʦʪ 5 ʜʦ 15 ʤʢʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ ʧʦʛʨʝʥhʦʩʪʴ ʦʪ 

3 ʜʦ 5 ʤʢʤ [42, 45]. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʳʧʦʣʥʷʝʪʩʷ ʩʢʘʥʠʨʦʚʘʥʠʝ ʜʠʘ-

ʧʦʟʠʪʠʚʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʬʦʪʦʧʣʝʥʢʝ ʠʣʠ ʩʪʝʢʣʷʥʥʦʡ ʬʦʪʦ-

ʧʣʘʩʪʠʥʝ, ʜʦʧʫʩʢʘʝʪʩʷ ʪʘʢʞʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʠʟʦʙʨʘ-

ʞʝʥʠʷ ʚ ʚʠʜʝ ʨʘʟʨʝʟʘʥʥʦʛʦ ʢʘʜʨʘ ʬʠʣʴʤʘ. 

ɸʧʝʨʪʫʨʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʥʠʤʢʘ, ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʢʘʥʝʨʘ, ʨʘʟʤʝ-

ʨʦʚ ʜʠʩʢʦʚʦʡ ʧʘʤʷʪʠ ʇʕɺʄ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʝʤʳʭ ʧʦʣʥʦʪʳ ʠ ʪʦʯ-

ʥʦʩʪʠ ʎʄʈ ʠ ʎʄʆ. 
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ʈʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝ-

ʥʠʷ ʈ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ [42, ʩ. 95], ʩ ʫʯʝʪʦʤ: ʪʨʝʙʫʝʤʦʡ 

ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ _S ʎv  ʠ ʚʳʩʦʪ _H ʎv  

ʪʦʯʝʢ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ; ʧʝʨʝʜʘʯʠ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠʩʭʦʜʥʦʛʦ ʩʥʠʤʢʘ R; ʟʥʘʯʝʥʠʷ ʤʘʩʰʪʘʙʘ ʢʘʨʪʳ (ʧʣʘʥʘ) MK; ʟʥʘ-

ʯʝʥʠʷ ʤʘʩʰʪʘʙʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʩʥʠʤʢʦʚ mc; ʚʝʣʠʯʠʥʳ ʬʦʢʫʩʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʢʘʤʝʨʳ fk; ʙʘʟʠʩʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʘ ʩʥʠʤʢʝ b. 

ɺʝʣʠʯʠʥʘ ʵʣʝʤʝʥʪʘ ʨʘʟʨʝʰʝʥʠʷ Ps ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʩʦʩʪʘʚʠʪ:  

Ps = KM  / 2 cm  _S ʎv .                         (3.13) 

ɺʝʣʠʯʠʥʘ ʵʣʝʤʝʥʪʘ ʨʘʟʨʝʰʝʥʠʷ Pz ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʩʦʩʪʘʚʠʪ:   

Pz = fk / 2 b cm  _H ʎv .                       (3.14) 

ɺʝʣʠʯʠʥʘ ʵʣʝʤʝʥʪʘ ʨʘʟʨʝʰʝʥʠʷ PR ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʨʝhʘ-

ʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʥʠʤʢʘ ʩʦʩʪʘʚʠʪ:  

PR = 0,4 / R.                                (3.15) 

ɺ ʬʦʨʤʫʣʘʭ (3.13)ï(3.14) ʮʠʬʨʘ 2 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶ-

ʱʠʡ ʧʦʪʝʨʶ ʪʦʯʥʦʩʪʠ ʠʟ-ʟʘ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ: ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʦʧʦʟʥʦʚʘʥʠʷ, ʩʪʝʨʝʦʥʘʚʝʜʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʪʦʯʝʢ. ɿʘ ʦʢʦʥʯʘ-

ʪʝʣʴʥʦʝ ʠʟ ʟʥʘʯʝʥʠʡ Ps, Pz, PR ʙʝʨʝʪʩʷ ʠʭ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʠʩ-

ʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʣʷʶʪʩʷ ʨʝʜʘʢʮʠʦʥʥʳʝ ʫʢʘʟʘʥʠʷ. ɺ ʨʝ-

ʜʘʢʮʠʦʥʥʳʭ ʫʢʘʟʘʥʠʷʭ ʜʘʶʪʩʷ ʧʨʝʜʧʠʩʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʎʄʈ 

ʠ ʎʄʆ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʢʘʯʝʩʪʚʘ 

ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʥʠ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʫʢʘʟʘʥʠʷ:   

ï ʧʦ ʧʨʠʥʷʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪ; 

ï ʧʦ ʤʝʪʦʜʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ, ʢʘʨʪʦʛʨʘʬʠʯʝ-

ʩʢʠʭ, ʩʲʝʤʦʯʥʳʭ, ʣʠʪʝʨʘʪʫʨʥʦ-ʩʧʨʘʚʦʯʥʳʭ ʠ ʜʨʫʛʠʭ ʠʩʭʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ; 



111 

ï ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʎʄʈ ʠ ʎʄʆ, ʢʨʠʪʝʨʠʷʤ ʧʝʨʝʜʘʯʠ ʪʦʧʦʛʨʘ-

ʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʦʩʥʦʚʥʳʤʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʙʦʟʥʘʯʝʥʠ-

ʷʤʠ ʠ ʥʘʜʧʠʩʷʤʠ; 

ï ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʩʣʦʚʥʳʭ ʟʥʘʢʦʚ ʠʤʝʶʱʠʭʩʷ ʙʠʙʣʠʦʪʝʢ 

ʫʩʣʦʚʥʳʭ ʟʥʘʢʦʚ, ʠʭ ʜʦʧʦʣʥʝʥʠʶ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ; 

ï ʧʦ ʦʪʦʙʨʘʞʝʥʠʶ ʦʙʲʝʢʪʦʚ ʪʝʨʨʠʪʦʨʠʠ ʠ ʵʣʝʤʝʥʪʦʚ ʨʝʣʝɹʬʘ 

ʩ ʫʯʝʪʦʤ ʣʘʥʜʰʘʬʪʘ ʪʝʨʨʠʪʦʨʠʠ, ʛʝʥʝʨʘʣʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʦʙʨʘʟʮʦʚ ʥʘ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʝ 

ʧʦ ʦʙʲʝʢʪʦʚʦʡ ʥʘʛʨʫʟʢʝ ʫʯʘʩʪʢʠ, ʧʦ ʧʦʣʝʚʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ 

ʤʝʩʪʥʦʩʪʠ. ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʝʦʙʭʦ-

ʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʂʘʪʘʣʦʛ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ [39] ʠ ʜʦʧʦʣʥʠ-

ʪʝʣɹʥʦ [44, 46]; 

ï ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʧʦ ʩʣʦʷʤ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʮʠʬʨʦʚʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ; 

ï ʧʦ ʩʙʦʨʫ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʧʝʨʝʯʝʥʴ ʦʙʷʟʘʪʝʣʴ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢ ʢʦʥʢʨʝʪʥʳʤ ʦʙʲʝʢʪʘʤ); 

ï ʧʦ ʢʦʥʚʝʨʪʘʮʠʠ ʎʄʈ ʠ ʎʄʆ ʚ ʬʦʨʤʘʪ ʜʘʥʥʳʭ, ʚʦʩʧʨʠʥʠ-

ʤʘʝʤʳʡ ʛʨʘʬʠʯʝʩʢʠʤ ʧʘʢʝʪʦʤ 3D ɻʀʉ; 

ï ʧʦ ʩʦʩʪʘʚʫ ʠ ʦʬʦʨʤʣʝʥʠʶ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ 

ʟʘʢʘʟʯʠʢʫ. 
 

3.3.4. ʇʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ ʧʦʜʛʦʪʦʚʢʘ  
ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ, ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʎʄʈ ʠ ʎʄʆ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ ʧʦʜʛʦʪʦʚʢʘ 

ʩʥʠʤʢʦʚ ʷʚʣʷʝʪʩʷ  ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʇʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʡ 

ʦʩʥʦʚʦʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʫʥʢʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʩʝʪʠ, ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩʛʫʱʝʥʠʷ ʠ ʪʦʯʢʠ ʩʲʝʤʦʯʥʦʡ ʛʝʦʜʝʟʠ-

ʯʝʩʢʦʡ ʩʝʪʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠ ʧʦʣʝʚʦʡ ʧʦʜʛʦʪʦʚʢʝ ʩʥʠʤʢʦʚ. 

ʊʦʯʢʠ ʩʲʝʤʦʯʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʛʫʱʝʥʠʷ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʨʝʜʥʶʶ ʧʦʛʨʝʰ-

ʥʦʩʪʴ ʚ ʧʣʘʥʝ, ʥʝ ʧʨʝʚʳʰʘʶʱʫʶ 0,1 ʤʤ ʚ ʧʨʠʥʷʪʦʤ ʤʘʩʰʪʘʙʝ 

ʎʄʈ ʠ ʎʄʆ, ʘ ʧʦ ʚʳʩʦʪʝ ï ʦʜʥʫ ʜʝʩʷʪʫʶ ʯʘʩʪʴ ʧʨʠʥʷʪʦʡ ʚʳʩʦʪʳ 

ʩʝʯʝʥʠʷ ʨʝʣʴʝʬʘ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʞʘʡʰʠʭ ʧʫʥʢʪʦʚ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩʛʫʱʝʥʠʷ).  
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ʈʝʢʦʤʝʥʜʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʨʝʞʝʥʥʘʷ ʠʭ ʧʦʜʛʦʪʦʚʢʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʞʜʦʛʦ ʩʥʠʤʢʘ ʠʣʠ ʩʪʝʨʝʦʧʘʨʳ ʥʝʦʙʭʦ-

ʜʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʘʥʜʘʨʪʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʧʦʨʥʳʭ ʪʦʯʝʢ 

ʚʳʧʦʣʥʷʝʪʩʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʝ ʩʛʫʱʝʥʠʝ ʦʧʦʨʥʦʡ ʩʝʪʠ. ʇʨʠ 

ʩʧʣʦʰʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ ʠʣʠ ʢʦʩʤʦʩʥʠʤʢʦʚ ʬʦ-

ʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʝ ʩʛʫʱʝʥʠʝ ʚʳʧʦʣʥʷʪʴ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚ ʧʦʣʝʪʝ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʥʠʤʢʦʚ ʢʦʣʠʯʝʩʪʚʦ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʱʝʥʦ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʦʚ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠ-

ʛʘʮʠʠ GPS, GALILEO, ɻʃʆʅɸʉʉ.  

ʀʥʪʝʛʨʘʣʴʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʠʧʘ IMU ʧʦʟʚʦ-

ʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʰʝʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

(ʣʠʥʝʡʥʳʝ ʠ ʫʛʣʦʚʳʝ) ʢʘʞʜʦʛʦ ʘʨɻʦʬʦʪʦʩʥʠʤʢʘ. 

ʆʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

ʩʥʠʤʢʦʚ ʚʳʷʚʠʣ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʅʘʧʨʠʤʝʨ, 

ʚ [135] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʨʘʚʥʦʪʦʯʥʳʤʠ, ʚʩʣʝʜ-

ʩʪʚʠʝ ʛʝʦʤʝʪʨʠʠ ʥʘʙʣʶʜʝʥʠʡ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʇʦʵʪʦʤʫ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʮʝʣʝʡ ʩʦʟʜʘ-

ʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʤʘʩʰʪʘʙʘ ʢʨʫʧʥʝʝ 

1 : 2 000 ʘʚʪʦʨʘʤʠ [135] ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. 
 

3.4. ʉʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ  
ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ, ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ 

 

3.4.1. ʇʨʦʮʝʩʩʳ ʩʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ  
ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ 

 

ʉʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʥʠʤʢʦʚ ʧʨʠ ʩʦʟʜʘ-

ʥʠʠ ʎʄʈ ʠ ʎʄʆ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ: 

ī ʧʦʜʛʦʪʦʚʢʫ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

ī ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʝ ʩʛʫʱʝʥʠʝ ʦʧʦʨʥʦʡ ʩʝʪʠ (ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʠ ʫʨʘʚʥʠʚʘʥʠʝ ʤʘʨʰʨʫʪʦʚ, ʙʣʦʢʦʚ); 

ī ʩʙʦʨ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʎʄʈ ʠ ʎʄʆ. 
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʥʪʘ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, 

ʦʙʨʘʙʦʪʢʘ ʩʥʠʤʢʦʚ ʚʳʧʦʣʥʝ̫ʪʩʷ: 

ʘ) ʧʨʠ ʨʘʟʨʝʞʝʥʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʚ ʜʚʘ ʵʪʘʧʘ: 

ï ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʝ ʩʛʫʱʝʥʠʝ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʩʝʪʠ ʩʨʝʜʩʪʚʘʤʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 

ï ʧʦʩʪʨʦʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʦ ʜʘʥʥʳʤ ʬʦʪʦʛʨʘʤ-

ʤʝʪʨʠʯʝʩʢʦʛʦ ʩʛʫʱʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠʭ ʪʦʯʝʢ; 

ʙ) ʧʨʠ ʩʧʣʦʰʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʠ ʚʥʝʰʥʝʛʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʤʝʨʝʥʠʝʤ 

ʢʦʦʨʜʠʥʘʪ ʠʭ ʪʦʯʝʢ.  

ʇʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ: 

ï ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʠʘʧʦʟʠʪʠʚʦʚ, ʢʦʥʪʘʢʪʥʳʭ ʦʪʧʝʯʘʪʢʦʚ ʥʘ ʬʦ-

ʪʦʙʫʤʘʛʝ, ʫʚʝʣʠʯʝʥʥʳʭ ʜʦ ʤʘʩʰʪʘʙʘ ʧʣʘʥʘ (ʜʣʷ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ); 

ï ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʩʧʫʪʥʠʢʦʚʳʭ ʠʣʠ ʜʨʫʛʠʭ ʙʦʨʪʦʚʳʭ 

ʦʧʨʝʜʝʣʝʥʠʡ; 

ï ʩʢʘʥʠʨʦʚʘʥʠʝ ʩʥʠʤʢʦʚ; 

ï ʧʝʨʝʥʦʩ ʮʠʬʨʦʚʦʡ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʧʘʩʧʦʨʪʥʳʝ ʜʘʥ-

ʥʳʝ ʩʲʝʤʦʯʥʳʭ ʢʘʤʝʨ, ʢʘʪʘʣʦʛʠ ʢʦʦʨʜʠʥʘʪ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʪʦʯʝʢ, 

ʮʠʬʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ) ʥʘ ʤʘʰʠʥʥʳʝ ʥʦʩʠʪʝʣʠ ʠ ʨʘʟʤʝʝɦʥʠʝ 

ʠʭ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ ʢʦʤʧʴʶʪʝʨʘ ʩ ʧʦʤʦʱʴʶ ʠ ʧʦ ʧʨʘʚʠʣʘʤ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʥʘʤʝʯʝʥʥʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʩʥʠʤʢʦʚ [42]. 
 

3.4.2. ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʝ ʩʛʫʱʝʥʠʝ   
ʦʧʦʨʥʦʡ ʩʝʪʠ 

 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʝ ʩʛʫʱʝʥʠʝ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʛʦ ʩʲʝʤʦʯ-

ʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʙʣʦʯʥʳʭ ʠʣʠ 

ʤʘʨʰʨʫʪʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. ʇʨʠ ʤʥʦʛʦʤʘʨʰʨʫʪ-

ʥʦʡ, ʧʣʦʱʘʜʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʬʦʨʤʠʨʫʶʪʩʷ ʠ ʫʨʘʚʥʠʚʘʶʪʩʷ 

ʙʣʦʯʥʳʝ ʩʝʪʠ. ʅʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʦʩʪʨʦʝʥʠʷ ʠ ʫʨʘʚʥʠʚʘʥʠʷ ʩʝʪʠ 

ʜʦʣʞʥʳ ʩʦʙʣʶʜʘʪʴʩʷ ʪʨʝʙʦʚʘʥʠʷ ʠ ʜʦʧʫʩʢʠ ʀʥʩʪʨʫʢʮʠʠ ʧʦ ʬʦ-

ʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤ ʨʘʙʦʪʘʤ [42]. 

ʌʠʟʠʯʝʩʢʦʝ ʤʘʨʢʠʨʦʚʘʥʠʝ ʪʦʯʝʢ ʩʥʠʤʢʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʥʝ ʪʨʝʙʫʝʪʩʷ. ɼʣʷ ʠʟ-

ʤʝʨʝʥʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʪʦʯʝʢ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ 
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ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʪʦʯʝʢ ʥʘ ʩʤʝʞʥʳʭ ʩʥʠʤʢʘʭ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʪʦʞʜʝʩʪʚʣʝʥʠʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʜʣʷ ʜʚʫʭ, ʪʨʝʭ 

ʠ ʙʦʣʝʝ ʩʥʠʤʢʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʘʝʪʩʷ ʠʟʤʝʨʷʝʤʘʷ ʪʦʯʢʘ. 

ʋʨʘʚʥʠʚʘʥʠʝ ʩʝʪʠ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʣʠʙʦ ʫʩʣʦ-

ʚʠʡ ʢʦʤʧʣʘʥʘʨʥʦʩʪʠ ʠ ʤʘʩʰʪʘʙʘ, ʣʠʙʦ ʫʩʣʦʚʠʡ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ 

ʧʨʦʝʢʪʠʨʫʶʱʠʭ ʣʫʯʝʡ ʩʚʷʟʦʢ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʘ ʚʠʜʘ ʫʨʘʚʥʠʚʘʥʠʷ ʧʨʠʚʦʜʷʪ  

ʢ ʦʜʠʥʘʢʦʚʳʤ ʨʝʟʫʣʴʪʘʪʘʤ [42]. 

ɺ ʨʝʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʝ ʩʝʪʠ ʩʦʟʜʘ-

ʶʪʩ̫ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

ï ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʫʨʘʚʥʠʚʘʥʠʷ ʧʦʣʥʦʡ ʩʦʚʦʢʫʧʥʦ-

ʩʪʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʚʩʶ ʩʝʪʴ; 

ï ʧʫʪʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʩʝ-

ʪʠ (ʦʜʠʥʦʯʥʳʭ ʤʦʜʝʣʝʡ, ʪʨʠʧʣʝʪʦʚ, ʤʘʨʰʨʫʪʥʳʭ ʩʝʪʝʡ) ʠ ʧʦʩʣʝ-

ʜʫʶʱʝʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʪʘʢʠʭ ʯʘʩʪʝʡ ʚ ʙʦʣʝʝ ʢʨʫʧʥʦʝ ʧʦʩʪʨʦʝʥʠʝ. 

çʊʝʦʨʝʪʠʯʝʩʢʠ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠ ʦʥ ʨʝʢʦ-

ʤʝʥʜʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ. ʅʘ ʧʨʘʢʪʠʢʝ, ʦʜʥʘʢʦ, ʥʘ ʪʦʯʥʦʩʪʴ 

ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʣʠʷʶʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʛʨʝʰ-

ʥʦʩʪʠ ʩʲʝʤʦʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʩʪʝʨʝʦʠʟʤʝʨʝʥʠʡ, ʥʝʞʝʣʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʘʣʛʦʨʠʪʤʳ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤ. 

ʇʦʵʪʦʤʫ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʩʣʝʜʫʝʪ ʜʦʙʠʚʘʪʴʩʷ,  

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡè 

[42, ʩ. 32]. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʬʦʪʦʪʨʠʘʥʛʫʣʠʨʦʚʘʥʠʷ ʧʦ ʝʛʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʬʦʨʤʠʨʫʶʪ ʢʘʪʘʣʦʛʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʬʦʪʦʛʨʘʤʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʩʛʫʱʝʥʠʷ, ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤ-

ʢʦʚ ʠ ʩʪʝʨʝʦʧʘʨ, ʧʨʦʚʦʜʷʪ ʦʮʝʥʢʫ ʠʭ ʪʦʯʥʦʩʪʠ. ʂ ʢʘʪʘʣʦʛʫ ʧʨʠ-

ʣʘʛʘʝʪʩʷ ʢʦʤʧʣʝʢʪ ʬʦʪʦʘʙʨʠʩʦʚ ʪʦʯʝʢ ʩʝʪʠ. 
 

3.4.3. ʉʙʦʨ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ  
ʦ ʨʝʣʴʝʬʝ ʠ ʦʙʲʝʢʪʘʭ ʪʝʨʨʠʪʦʨʠʠ 

 

ʇʨʦʮʝʩʩ ʩʙʦʨʘ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʎʄʈ 

ʠ ʎʄʆ ʥʘ ʎʌʉ ʚʢʣʶʯʘʝʪ:  
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ï ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ;  

ï ʧʦʩʪʨʦʝʥʠʝ ʩʪʝʨʝʦʤʦʜʝʣʠ ʠʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʦʜʠʥʦʯʥʦʛʦ 

ʩʥʠʤʢʘ;  

ï ʩʙʦʨ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʣʴʝʬʝ ʠ ʦʙʲʝʢʪʘʭ ʤʝʩʪʥʦʩʪʠ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʎʄʈ ʠ ʎʄʆ ʩʨʝʜʩʪʚʘʤʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 3D ɻʀʉ ʚʦʟʥʠ-

ʢʘʝʪ ʟʘʜʘʯʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ 

ʫʨʦʚʥʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʩʦʟʜʘʚʘʝʤʳʭ ʥʘ ʎʌʉ, 

ʠ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʦʩʫ-

ʝɦʩʪʚʣʷʝʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʩʪʨʫʢʪʫʨʘʭ 3D ɻʀʉ ʥʘ ʦʩʥʦʚʝ ʚʭʦʜ-

ʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʵʢʩʧʦʨʪʦʤ ʠʟ ʎʌʉ. 

ʈʝh ʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʝʙʦ-

ʚʘʥʠʡ ʢ ʧʦʜʛʦʪʦʚʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: 

ï ʢ ʧʦʜʛʦʪʦʚʢʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ; 

ï ʢ ʧʨʘʚʠʣʘʤ ʩʙʦʨʘ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʣʴʝʬʝ ʠ ʦʙʲʝʢ-

ʪʘʭ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʎʌʉ. 

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʦʛʣʘʩʦʚʘʥʠʠ ʠʩ-

ʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʝʜʠʥʦʛʦ ʧʨʦʝʢʪʘ, ʧʦʜʛʦʪʦʚʢʝ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʧʝʨʝʯʝʥʴ ʦʙʷʟʘʪʝʣʴʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ, ʙʠʙʣʠʦʪʝʢʘ ʫʩʣʦʚʥʳʭ ʟʥʘʢʦʚ, 

ʧʨʘʚʠʣʘ ʩʙʦʨʘ). 

ʂ ʢʣʘʩʩʠʬʠʢʘʪʦʨʫ ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶ-

ʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

ï ʚ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʜʦʣʞʥʳ ʙʳʪʴ ʚʥʝʩʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʩʣʦʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʲʝʤʥʦʛʦ ʚʠʜʘ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʦʨʫʞʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʦʩʥʦʚʘʥʠʝ ʢʨʳʰʠ, ʢʦʥʝʢ 

ʢʨʳʰʠ, ʙʦʢʦʚʘʷ ʩʪʦʨʦʥʘ ʢʨʳʰʠ, ʥʘʚʝʩ (ʢʦʥʴʢʠ ʢʨʳʰ ʠ ʛʨʘʥʠ 

ʢʨʦʚʣʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʦʩʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʢʨʳʰ 

ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ); 

ï ʪʨʝʙʫʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʭ ʧʝʨʝʜʘʯʫ ʚʳʩʦʪʳ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘ-

ʯʝʥʠʷ; 

ï ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʢ ʦʙʲʝʢʪʘʤ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ 

ʚ ʩʝʙʷ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʩʚʝʜʝʥʠʷ ʦ ʤʘʪʝʨʠʘʣʝ ʠ ʜʨʫʛʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʦʪʨʘʞʘʶʱʠʭ ʚʥʝʰʥʠʡ ʚʠʜ ʦʙʲʝʢʪʦʚ (ʢʦʣʠʯʝ-
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ʩʪʚʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ, ʧʦʨʦʜʘ, ʪʠʧ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪ. ʧ.). 

ʕʪʦ ʧʦʟʚʦʣʠʪ ʚ ʧʦʩʣʝʜʫʶʱʝʤ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʨʝʭʤʝʨʥʳʭ 

ʩʮʝʥ ʚ 3D ɻʀʉ, ʦʙʝʩʧʝʯʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʦʝ 

ʦʪʦʙʨʘʞʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪ-

ʥʳʭ ʙʠʙʣʠʦʪʝʢ ʪʝʢʩʪʫʨ. ʊʝʤ ʩʘʤʳʤ, ʠʩʯʝʟʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʠʙʝʛʘʪʴ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʠ ʟʘʪʨʘʪʥʦʤʫ ʢʘʢ ʧʦ ʚʨʝʤʝʥʠ, ʪʘʢ 

ʠ ʧʦ ʩʨʝʜʩʪʚʘʤ ʧʨʦʮʝʩʩʫ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʴʥʳʭ ʬʦʪʦʪʝʢʩʪʫʨ ʜʣʷ 

ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʠʣʠ ʛʨʫʧʧʳ ʪʠʧʦʚʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʟʘʜʘʥʥʫʶ ʪʝʨ-

ʨʠʪʦʨʠʶ, ʝʩʣʠ ʧʦʩʣʝʜʥʝʝ ʥʝ ʜʠʢʪʫʝʪʩʷ ʩʧʝʮʠʬʠʢʦʡ ʨʝʰʘʝʤʦʡ 

ʟʘʜʘʯʠ (ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʫʥʠʢʘʣʴʥʳʭ, 

ʠʩʪʦʨʠʯʝʩʢʠʭ, ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪ. ʧ. ʧʘʤʷʪʥʠʢʦʚ).  

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʟʜʘʥʠʡ, ʩʪʨʦʝʥʠʡ ʠ ʠʭ ʥʘʟʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʚʘʪʴ ʘʙʩʦʣʶʪʥʫʶ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʳʩʦʪʫ, 

ʵʪʘʞʥʦʩʪʴ, ʤʘʪʝʨʠʘʣ, ʭʘʨʘʢʪʝʨ ʦʛʥʝʩʪʦʡʢʦʩʪʠ. 

ɽʩʣʠ ʟʜʘʥʠʝ, ʩʪʨʦʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʩʤʝʰʘʥʥʳʭ, ʢʘʞʜʘʷ 

ʯʘʩʪʴ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʧʦ ʤʘʪʝʨʠʘʣʫ, ʬʠʢʩʠʨʫʝʪʩʷ ʦʪʜʝʣʴʥʦ, ʠ ʜʣʷ 

ʥʝʝ ʟʘʜʘʶʪʩʷ ʩʚʦʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ī ʜʣʷ ʩʦʦʨʫʞʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ī ʘʙʩʦʣʶʪʥʘʷ ʚʳ-

ʩʦʪʘ, ʤʘʪʝʨʠʘʣ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ;  

ī ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʡ, ʩʪʨʦʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘʜ ʧʦʚʝʨʭ-

ʥʦʩʪʴʶ ɿʝʤʣʠ (ʥʘʚʝʩʳ, ʧʝʨʝʢʨʳʪʠʷ, ʛʘʣʝʨʝʠ ʠ ʪ. ʧ.) ī ʚʳʩʦʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʘʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ, ʤʘʪʝʨʠʘʣ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ.  

ɽʩʣʠ ʢʨʳʰʘ ʠʤʝʝʪ ʚʠʜ ʧʨʠʟʤʳ, ʜʣʷ ʩʣʦʷ çʂʨʳʰʘ ʟʜʘʥʠʷ, ʩʦ-

ʦʨʫʞʝʥʠʷè ʟʘʜʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ ʦʩʥʦʚʘʥʠʷ ʢʨʳʰʠ ʠ ʚʳʩʦ-

ʪʳ ʢʦʥʴʢʘ ʦʪ ʦʩʥʦʚʘʥʠʷ ʢʨʳh ʠ. 

ɼʣʷ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʡ, ʩʪʨʦʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʧʦʚʝʨʭʥʦ-

ʩʪʴʶ ɿʝʤʣʠ (ʧʦʜʟʝʤʥʳʝ ʧʝʨʝʭʦʜʳ, ʭʨʘʥʠʣʠʱʘ ʠ ʜʨ.), ʫʢʘʟʳʚʘʝʪʩʷ 

ʛʣʫʙʠʥʘ ʥʠʟʘ ʦʪʥʦʩʠʪʝʣʥɹʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

ɼʣʷ ʦʛʨʘʞʜʝʥʠʡ ʫʢʘʟʳʚʘʶʪʩʷ ʚʳʩʦʪʘ ʦʛʨʘʞʜʝʥʠʷ, ʤʘʪʝʨʠʘʣ 

ʦʛʨʘʞʜʝʥʠʷ, ʝʩʣʠ ʦʥ ʥʝ ʦʪʨʘʞʝʥ ʚ ʥʘʠʤʝʥʦʚʘʥʠʠ ʢʣʘʩʩʘ (ʩʣʦʷ) 

ʦʙʲʝʢʪʦʚ. 

ɼʣʷ ʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘʜ/ʧʦʜ ʧʦʚʝʨʭʥʦ-

ʩʪʴʶ ɿʝʤʣʠ/ʚʦʜʳ (ʃʕʇ, ʃʉ, ʵʣʝʢʪʨʦʢʘʙʝʣʠ, ʪʨʫʙʦʧʨʦʚʦʜʳ), ʟʘ-

ʜʘʶʪʩʷ ʛʣʫʙʠʥʘ ʟʘʣʦʞʝʥʠʷ (ʢʘʙʝʣʝʡ, ʪʨʫʙ ʠ ʪ. ʧ.), ʚʳʩʦʪʘ ʧʨʦʚʠʩʘ 
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(ʧʨʦʚʦʜʦʚ, ʢʘʙʝʣʝʡ ʠ ʪ. ʧ.), ʢʦʣʠʯʝʩʪʚʦ (ʪʨʫʙ, ʧʨʦʚʦʜʦʚ, ʧʨʦʢʣʘ-

ʜʦʢ), ʜʠʘʤʝʪʨ, ʤʘʪʝʨʠʘʣ (ʪʨʫʙʦʧʨʦʚʦʜʘ). 

ɼʣʷ ʜʦʨʦʛ ʠ ʜʦʨʦʞʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʫʢʘʟr-

ʚʘʶʪʩʷ ʰʠʨʠʥʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʤʘʪʝʨʠʘʣ (ʧʦʢʨʳʪʠʷ, ʧʦʣʦʪʥʘ 

ʠ ʪ. ʧ.), ʢʦʣʠʯʝʩʪʚʦ (ʧʨʦʝʟʞʠʭ ʯʘʩʪʝʡ, ʧʫʪʝʡ ʠ ʪ. ʜ.). 

ɼʣʷ ʦʙʲʝʢʪʦʚ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʠʤʝʶʱʠʭ ʚʳʩʦʪʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʣʝʩ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ, ʣʝʩʦʧʦʩʘʜʢʠ, ʧʠʪʦʤʥʠʢʠ, 

ʧʦʣʦʩʳ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʝ ʜʝʨʝʚʴʷ 

ʠ ʪ. ʧ.), ʫʢʘʟʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʜʝʨʝʚʴʝʚ 

(ʜʝʨʝʚʘ), ʥʘʟʚʘʥʠʝ ʧʦʨʦʜʳ (ʜʝʨʝʚʘ, ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʜʨ.), ʩʨʝʜʥʝʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʝʨʝʚʴʷʤʠ (ʜʣʷ ʤʘʩʩʠʚʦʚ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦ-

ʩʪʠ), ʯʠʩʣʦ ʨʷʜʦʚ ʜʝʨʝʚʴʝʚ (ʜʣʷ ʧʦʣʦʩ ʜʨʝʚʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ). 

ʇʦʩʪʨʦʝʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʣʠʙʦ ʧʦ ʜʘʥʥʳʤ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʛʫʱʝʥʠʷ, ʣʠʙʦ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ, ʚʟʘʠʤʥʦʛʦ ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ, ʘ ʟʘʪʝʤ ï ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʢʦʥ-

ʪʨʦʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʀʥʩʪʨʫʢʮʠʠ 

ʧʦ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤ ʨʘʙʦʪʘʤ [42]. 

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʷʪ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʣɹ -

ʝʬʝ ʠ/ʠʣʠ ʦʙʲʝʢʪʘʭ ʪʝʨʨʠʪʦʨʠʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʦʧʨʝʜʝʣ̫ -

ʝʤʦʡ ʭʘʨʘʢʪʝʨʦʤ ʦʙʲʝʢʪʘ ʨʘʙʦʪ. 

ʉʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʣʴʝʬʝ ʧʨʠ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʡ ʨʠʩʦʚʢʝ 

ʥʘ ʮʠʬʨʦʚʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ 

ʚ ʨʫʯʥʦʤ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ, ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʠʣʠ ʚ ʠʭ 

ʩʦʯʝʪʘʥʠʷʭ. ʇʨʠ ʚʳʙʦʨʝ ʣʶʙʦʛʦ ʨʝʞʠʤʘ ʩʙʦʨ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʀʥʩʪʨʫʢʮʠʠ ʧʦ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝ-

ʩʢʠʤ ʨʘʙʦʪʘʤ [42]. 

ɺ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩʥʘʯʘʣʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʪʨʦʠʪʩʷ 

ʣʠʙʦ ʎʄʈ ʜʣʷ ʫʟʣʦʚ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ (ʩ ʟʘʜʘʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ) 

ʠ ʧʠʢʝʪʦʚ (ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ), ʣʠʙʦ ʎʄʈ ʚ ʚʠʜʝ ʥʝʨʝʛʫʣʷʨʥʦʡ 

ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ. ɿʘʪʝʤ ʚʳʩʦʪʳ ʫʟʣʦʚ ʎʄʈ, ʢʦʪʦʨʳʝ ʥʝ 

çʣʝʞʘʪè ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʨʝʜʘʢʪʠ-

ʨʫʶʪ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʧʦʣʥʷʶʪ ʧʦʩʪʨʦʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʝʡ.  
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ɺ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʝʡ ʘʥʘʣʦʛʠ-

ʯʝʥ ʪʦʤʫ, ʢʘʢ ʦʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʘʥʘʣʦʛʦʚʳʭ ʠʣʠ ʘʥʘʣʠʪʠʯʝ-

ʩʢʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʘʭ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʘʚʠʣʘʤ ʩʙʦʨʘ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʣʴ-

ʝʬʝ, ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʩʦʟʜʘʥʠʷ 3D ʎʄʊ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝ-

ʜʫʶʱʝʤ: 

ʘ) ʜʣʷ ʨʘʚʥʠʥʥʦʡ ʠ ʩʣʘʙʦ ʚʩʭʦʣʤʣʝʥʥʦʡ ʦʪʢʨʳʪʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʧʦʣʥʷʪʴ ʩʙʦʨ ʧʠʢʝʪʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʎʄʈ ʧʦ ʫʟ-

ʣʘʤ ʩʝʪʢʠ ʥʝ ʧʣʦʪʥʝʝ, ʯʝʤ 20 Ĭ 20 ʤ;  

ʙ) ʜʣʷ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʙʦʨ ʧʠʢʝʪʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʎʄʈ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʧʦ ʫʟʣʘʤ ʩʝʪʢʠ ʩ ʨʘʟʤʝʨʦʤ ʚ ʧʨʝʜʝ-

ʣʘʭ ʦʪ 5 Ĭ 5 ʤ ʜʦ 1 Ĭ 1 ʤ; 

ʚ) ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 3D ʎʄʊ, ʧʦʣʫʯʘʝʤʦʡ ʧʦ ʎʄʈ 

ʢʘʢ ʚ ʚʠʜʝ ʛʦʨʠʟʦʥʪʘʣʝʡ, ʪʘʢ ʠ ʚʠʜʝ ʫʟʣʦʚ ʩʝʪʢʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʚʳʩʦʪ ʪʦʯʝʢ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʭ ʧʦ ʧʝʨʠʤʝʪʨʫ ʧʣʦʱʘʜʦʢ ʩʪʨʦʝʥʠʡ ʧʦʩʣʝ ʧʣʘʥʠʨʦʚʢʠ 

ʨʝʣʴʝʬʘ. ʊʘʢʠʝ ʪʦʯʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʛʣʘʭ ʩʪʨʦʝʥʠʡ ʠʣʠ ʧʣʦʱʘʜ-

ʢʘʭ, ʚʳʨʦʚʥʝʥʥʳʭ ʧʦʜ ʩʪʨʦʝʥʠʝ, ʧʨʦʤʧʣʦʱʘʜʢʘʭ. 

ʎʠʬʨʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʢʪʘʭ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʩʚʝʜʝ-

ʥʠʷ ʦʙ ʦʙʲʝʤʥʦʡ ʬʦʨʤʝ ʠʭ ʚ ʚʠʜʝ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʛʨʘ-

ʥʠʮ ʦʙʲʝʢʪʦʚ.  

ʎʠʬʨʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʢʪʘʭ ʩʦʙʠʨʘʝʪʩʷ ʧʦ ʩʣʦʷʤ. ʆʜʥʦ-

ʚʨʝʤʝʥʥʦ ʩ ʧʦʣʫʯʝʥʠʝʤ ʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦʣʞʥʦ ʚʳʧʦʣ-

ʥʷʪʴʩʷ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʠ ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʦʙʝ̡ʢʪʦʚ.  

ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʢ ʦʙʲʝʢʪʘʤ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʩʚʝʜʝʥʠʷ ʦ ʤʘʪʝʨʠʘʣʝ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʭ (ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʢʣʘʩʩʠʬʠʢʘʪʦʨʝ), ʦʪʨʘʞʘʶʱʠʭ ʚʥʝʰ-

ʥʠʡ ʚʠʜ ʦʙʲʝʢʪʦʚ.  

ʉʦʙʨʘʥʥʘʷ ʮʠʬʨʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʭʨʘʥʠʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʧʦ 

ʩʣʦʷʤ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʝʡ ʠ ʚʥʫʪʨʝʥʥʠʝ ʬʦʨʤʘʪʳ ʙʘʟʳ ʜʘʥʥʳʭ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʘʚʠʣʘʤ ʩʙʦʨʘ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲ-

ʝʢʪʘʭ ʤʝʩʪʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʩʦʟʜʘʥʠʷ 3D ʎʄʊ, ʦʙʦʙ-

ʱʝʥʥʳʝ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶɦ ʝʤ: 
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ʘ) ʜʣʷ ʦʙʲʝʢʪʦʚ ʩʣʦʷ çɿʜʘʥʠʷ, ʩʪʨʦʝʥʠʷè ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʦʙ-

ʨʘʞʝʥʳ ʛʨʘʥʠʮʳ ʢʦʥʪʫʨʦʚ ʦʩʥʦʚʘʥʠʡ, ʛʨʘʥʠʮʳ ʢʦʥʪʫʨʘ ʢʨʳʰ, 

ʢʦʥʪʫʨʳ ʚʩʝʭ ʧʨʠʩʪʨʦʝʢ (ʩ ʪʠʧʦʤ ʣʦʢʘʣʠʟʘʮʠʠ ï ʧʣʦʱʘʜʥʦʡ), ʢʦ-

ʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʢʘʟʘʥʳ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʧʨʦʝʢʪʘ; 

ʦʧʨʝʜʝʣʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʳʩʦʪʳ ʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʘ ʚ 3D ɻʀʉ; 

ʙ) ʜʣʷ ʢʨʳʰ ʩʪʨʦʝʥʠʡ ʩʣʝʜʫʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʢʦʥʪʫʨ ʦʩʥʦʚʘʥʠʷ 

ʢʨʳʰʠ, ʦʧʨʝʜʝʣʠʪʴ ʠ ʚʥʝʩʪʠ ʚ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʪ-

ʥʦʩʠʪʝʣʴʥʫʶ ʚʳʩʦʪʫ ʦʩʥʦʚʘʥʠʷ ʢʨʳʰʠ ʠ ʚʳʩʦʪʫ ʢʦʥʴʢʘ ʦʪ ʦʩʥʦ-

ʚʘʥʠʷ ʢʨʳʰʠ, ʝʩʣʠ ʢʨʳʰʘ ʠʤʝʝʪ ʚʠʜ ʧʨʠʟʤʳ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʢʨʳʰʘ ʠʤʝʝʪ ʠʥʫʶ ʬʦʨʤʫ, ʦʪʦʙʨʘʟʠʪʴ ʢʦʥʪʫʨ ʦʩʥʦʚʘʥʠʷ ʢʨʳʰʠ, 

ʩʦʙʨʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʪʨʘʧʝʮʠʷʤʠ (ʠʣʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ) 

ʙʦʢʦʚʳʝ ʩʪʦʨʦʥʳ; 
ʚ) ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʩʪʝʥ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʚʠʜʥʳ 

ʥʘ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʥʘʟʝʤʥʳʝ ʬʦ-

ʪʦʩʥʠʤʢʠ. ʊʘʢ ʢʘʢ ʵʪʠ ʬʦʪʦʩʥʠʤʢʠ ʙʫʜʫʪ ʩʣʫʞʠʪʴ  

ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʮʠʬʨʦʚʦʡ ʪʝʢʩʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ. ʇʨʠʤʝʥʝʥʠʝ 

ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ ʠʩʢʣʶʯʠʪ ʬʦʪʦʭʠʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ  

ʠ ʩʢʘʥʠʨʦʚʘʥʠʝ ʬʦʪʦʩʥʠʤʢʦʚ. ʌʦʪʦʩʥʠʤʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘ-

ʪʝ ʥʘʟʝʤʥʦʡ ʩʲʝʤʢʠ, ʥʘʧʨʠʤʝʨ, ʬʦʪʦʪʝʦʜʦʣʠʪʦʤ, ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʫʪʦʯʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʤʦʜʝʣʠ-

ʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ; 

ʛ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʦʙʲʝʢʪʦʚ, ʟʘʢʨʳ-

ʪʳʭ ʥʘ ʜʘʥʥʦʡ ʩʪʝʨʝʦʤʦʜʝʣʠ ʪʝʥʴʶ, ʠʟʦʙʨʘʞʝʥʠʝʤ ʜʨʫʛʠʭ ʦʙʲ-

ʝʢʪʦʚ (ʢʨʦʥʘ ʜʝʨʝʚʴʝʚ, ʟʘʙʦʨ ʠ ʪ. ʜ.), ʚ ʩʨʝʜʝ ʎʌʉ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʬʫʥʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ 

ʠ ʚʳʩʦʪʳ ʵʪʠʭ ʪʦʯʝʢ ʠʣʠ ʠʩʧʦʣʟɹʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ; 
ʜ) ʜʣʷ ʩʪʨʦʝʥʠʡ, ʫ ʢʦʪʦʨʳʭ ʥʝ ʚʠʜʥʳ ʦʩʥʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ ʠʟ-ʟʘ ʩʚʝʩʦʚ ʢʨʳʰʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʥʦʩʠʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʚ 

ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʫʛʣʘ ʢʨʳʰʠ ʩʨʝʜʩʪʚʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʫʥʢ-

ʮʠʠ. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʪʘʢʦʡ ʬʫʥʢʮʠʠ ī ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʤʝʱʘʪʴ 

ʪʦʯʢʫ ʢʨʳʰʠ ʩʪʨʦʝʥʠʷ ʥʘ ʩʦʟʜʘʚʘʝʤʦʡ ʤʦʜʝʣʠ ʥʘ ʥʫʞʥʦʝ ʨʘʩʩʪʦʷ-

ʥʠʝ. ɼʣʷ ʩʪʨʦʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʢʣʦʥʘʭ, ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʳ-

ʩʦʪʫ (ʥʘʟʝʤʥʫʶ ʯʘʩʪʴ) ʩʪʨʦʝʥʠʷ ʥʫʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʛʨʘʥʠʯʥʳʤ 

ʪʦʯʢʘʤ ʦʩʥʦʚʘʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʤʝʥʴʰʝʡ ʚʩrʦʪʝ; 
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ʝ) ʤʘʩʩʠʚʳ ʜʝʨʝʚʴʝʚ, ʢʫʩʪʘʨʥʠʢʦʚ ʚʝʢʪʦʨʠʟʫʶʪʩʷ, ʢʘʢ ʧʣʦ-

ʱʘʜʥʳʝ ʦʙʲʝʢʪʳ;  

ʞ) ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʝ ʜʝʨʝʚʴʷ, ʩʪʦʣʙʳ, ʰʧʠʣʠ, ʙʘʰʥʠ ʚʝʢʪʦ-

ʨʠʟʫʶʪʩʷ, ʢʘʢ ʪʦʯʝʯʥʳʝ ʦʙʲʝʢʪʳ;  

ʟ) ʧʣʦʱʘʜʠ, ʪʨʦʪʫʘʨʳ, ʛʘʟʦʥʳ, ʧʨʦʝʟʞʠʝ ʯʘʩʪʠ ʘʚʪʦʤʦʙʠʣʴ-

ʥʳʭ ʜʦʨʦʛ ʚʝʢʪʦʨʠʟʫʶʪʩʷ, ʢʘʢ ʧʣʦʱʘʜʥʳʝ ʦʙʲʝʢʪʳ. ʅʘ ʧʝʨʝ-

ʢʨʝʩʪʢʘʭ ʜʦʨʦʛʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ, ʝʩʣʠ ʩʝʤʘʥʪʠʢʘ ʠʭ ʨʘʟ-

ʣʠʯʥʘ;  

ʠ) ʢʘʞʜʳʡ ʧʫʪʴ ʪʨʘʤʚʘʡʥʦʡ ʣʠʥʠʠ ʚʝʢʪʦʨʠʟʫʝʪʩʷ ʦʪʜʝʣʥɹʳʤ 

ʣʠʥʝʡʥʳʤ ʦʙʲʝʢʪʦʤ [3]; 

ʢ) ʧʨʠ ʚʝʢʪʦʨʠʟʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʯʘʩʪʝʡ ʟʜʘʥʠʡ ʠ ʧʦʜʟʝʤʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʚʘ ʧʦʜʭʦʜʘ [3]:  

1) ʫʩʣʦʚʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʜʣʠʥʘ 

ʠ ʰʠʨʠʥʘ ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʶʪʩʷ ʨʘʚʥʳʤʠ ʨʘʟʤʝʨʘʤ ʦʩʥʦʚʘʥʠʷ 

ʟʜʘʥʠʷ, ʘ ʛʣʫʙʠʥʘ ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ, ʧʨʝʚʳʰʘʶʱʠʤ ʤʘʢʩʠ-

ʤʘʣʴʥʫʶ ʛʣʫʙʠʥʫ ʟʘʣʝʛʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʯʘʩʪʝʡ ʟʜʘʥʠʡ; 

2) ʧʦʜʟʝʤʥʳʝ ʯʘʩʪʠ ʟʜʘʥʠʡ ʥʝ ʤʦʜʝʣʠʨʫʶʪʩʷ, ʘ ʧʦʜʟʝʤʥʳʝ 

ʪʨʫʙʳ ʢʦʤʤʫʥʠʢʘʮʠʡ ʧʦʜʚʦʜʷʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦ ʢ ʥʘʟʝʤʥʦʡ ʯʘʩʪʠ. 

ʊʘʢʠʝ ʧʦʜʭʦʜʳ ʚʳʟʚʘʥʳ ʦʪʩʫʪʩʪʚʠʝʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ ʦ ʨʘʟʤʝʨʘʭ ʧʦʜʚʘʣʴʥʳʭ ʯʘʩʪʝʡ ʟʜʘʥʠʡ. 

ɺ ʧʨʦʮʝʩʩʝ ʩʙʦʨʘ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ 

ʬʠʢʩʘʮʠʷ ʦʙʲʝʢʪʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʩʦʤʥʝʥʠʷ ʧʨʠ ʠʭ ʜʝʰʠʬʨʠʨʦ-

ʚʘʥʠʠ ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʪʘʢ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʊʘ-

ʢʠʝ ʦʙʲʝʢʪʳ ʬʠʢʩʠʨʫʶʪʩʷ ʣʠʙʦ ʥʘ ʪʚʝʨʜʳʭ ʢʦʧʠʷʭ ʫʚʝʣʠʯʝʥʥʳʭ 

ʩʥʠʤʢʦʚ, ʣʠʙʦ ʥʘ ʜʨʫʛʦʤ ʥʦʩʠʪʝʣʝ. ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʩʦʩʪʘʚʣʷʝʪʩʷ 

ʟʘʜʘʥʠʝ ʥʘ ʧʦʣʝʚʫʶ ʜʦʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʣʘʩʩʠʬʠʢʘʪʦʨʫ ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ, ʢ ʧʨʘʚʠʣʘʤ 

ʩʙʦʨʘ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʘʭ ʪʝʨʨʠʪʦʨʠʠ ʩ ʫʯʝʪʦʤ 

ʩʧʝʮʠʬʠʢʠ ʩʦʟʜʘʥʠʷ 3D ʎʄʄ ʧʨʝʜʣʦʞʝʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ  

ʚ 2006 ʛ. ʠ 2010 ʛ. ʚ [145, 55]. 
 

3.4.4. ʇʦʣʝʚʘʷ ʜʦʨʘʙʦʪʢʘ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ  
ʨʝʟʫʣʴʪʘʪʦʚ ʩʙʦʨʘ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ 

 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʦʙʨʘʪʴ ʮʠʬʨʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ 
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ʎʄʈ ʠ ʎʄʆ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. ɼʦʩʲʝʤʢʘ ʦʙʲʝʢʪʦʚ, ʥʝ ʠʟʦʙʨʘ-

ʟʠʚʰʠʭʩʷ ʥʘ ʩʥʠʤʢʘʭ, ʚʳʧʦʣʥʷʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʧʨʠʙʦʨʦʚ ʥʘʟʝʤ-

ʥʦʡ ʩʲʝʤʢʠ. ʆʙʲʝʤ ʜʦʩʲʝʤʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʪʝʨʨʠʪʦ-

ʨʠʠ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝ ʠʟʦʙʨʘʟʠʚʰʠʭʩʷ ʦʙʲʝʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʝʚʦʡ ʥʘʟʝʤʥʦʡ ʩʲʝʤʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʦʡ ʢʦʨʨʝʢʪʫʨʳ, ʜʦʩʲʝʤʢʠ ʠ ʩʙʦʨʘ ʩʚʝʜʝʥʠʡ 

ʦʙ ʦʙʲʝʢʪʘʭ ʪʝʨʨʠʪʦʨʠʠ ʩʣʫʞʘʪ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ, ʜʦʧʦʣʥʝʥʠʷ 

ʠ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʎʄʈ ʠ ʎʄʆ. 
 

3.5. ʉʦʟʜʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ  
ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ ʚ 3D ɻʀʉ 

 

3.5.1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʎʄʈ ʠ ʎʄʆ, ʵʢʩʧʦʨʪ  
ʚ ʚʳʭʦʜʥʳʝ ʬʦʨʤʘʪʳ, ʩʦʚʤʝʩʪʠʤʳʝ ʩ 3D ɻʀʉ 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʎʄʈ ʥʘ ʎʌʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʠʢʝʪʘʤ ʚ ʚʠʜʝ: 

ʘ) ʨʝʛʫʣʷʨʥʦʡ ʤʘʪʨʠʮʳ ʚʳʩʦʪ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ ʩʦ ʩʛʣʘʞʝʥʥʳʤ 

ʨʝʣʴʝʬʦʤ; 

ʙ) ʥʝʨʝʛʫʣʷʨʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ ʩ ʩʠʣʴ-

ʥʦ ʚʳʨʘʞʝʥʥʳʤ ʨʝʣʴʝʬʦʤ; 

ʚ) ʚ ʚʠʜʝ ʛʦʨʠʟʦʥʪʘʣʝʡ ʩ ʟʘʜʘʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ. 

ʎʄʆ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʦ ʧʣʘʥʦʚʦʤ 

ʧʦʣʦʞʝʥʠʠ ʪʦʯʝʢ ʥʘ ʛʨʘʥʠʮʘʭ ʠʣʠ ʢʦʥʪʫʨʘʭ ʦʙʲʝʢʪʦʚ, ʚʳʩʦʪʘʭ 

ʪʦʯʝʢ, ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʲʝʢʪʦʚ. ɺʳʩʦʪʳ ʜʦʣʞ-

ʥʳ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʛʨʘʥʠʯ-

ʥʳʭ ʪʦʯʝʢ ʦʙʲʝʢʪʦʚ ʠʣʠ ʦʪʨʘʞʝʥʳ ʚ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʢ ʦʙʲʝʢʪʫ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʎʄʈ ʠ ʎʄʆ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʘʡʣʳ ʚʦ ʚʥʫʪʨʠʤʘʰʠʥʥʦʤ 

ʬʦʨʤʘʪʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʎʌʉ, ʘ ʪʘʢʞʝ ʚ ʬʦʨʤʘʪʘʭ 

ʵʢʩʧʦʨʪʘ, ʚʢʣʶʯʘʷ ʬʘʡʣ-ʢʣʘʩʩʠʬʠʢʘʪʦʨ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʳʭʦʜ-

ʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʧʨʦʪʦʢʦʣʳ ʚʳʧʦʣʥʝʥʠʷ ʦʩʥʦʚ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʥʠʷ ʎʄʈ ʠ ʎʄʆ, ʚʢʣʯʁʘʶʱʠʝ: 

ī ʨʝʟʫʣʴʪʘʪʳ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ ʩʪʝʨʝʦʧʘʨʳ; 

ī ʢʘʪʘʣʦʛʠ ʢʦʦʨʜʠʥʘʪ ʦʧʦʨʥʳʭ ʪʦʯʝʢ. 
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ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦʬʦʨʤʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠ-

ʷʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʠʣʠ ʫʩʣʦʚʠʡ ʧʨʦʝʢʪʘ.  

ɸʥʘʣʠʟ ʧʝʨʝʯʥʷ ʦʙʤʝʥʥʳʭ ʬʦʨʤʘʪʦʚ, ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʘʛʘʁ ʪ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʧʦʟʚʦ-

ʣʠʣ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʬʦʨʤʘʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʩɹ̫  

ʚ 3D ɻʀʉ.  

ʌʦʨʤʘʪ MIF/MID. 

ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪʝ MIF/MID, ʧʦʣʫʯʝʥ-

ʥʳʭ ʥʘ ʎʌʉ PHOTOMOD, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʢʦʥʚʝʨʪʠʨʦʚʘ-

ʥʠʷ PHOTOMOD ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʟʘʧʠʩʴ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ ʧʨʠ 

ʵʢʩʧʦʨʪʝ ʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ MIF/MID. ɺ ʩʧʝʮʠʘʣʴʥʦ 

ʟʘʜʘʥʥʦʤ ʨʝʞʠʤʝ ʚʦʟʤʦʞʥʘ ʟʘʧʠʩʴ ʦʜʥʦʡ ʚʳʩʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʜʣʷ ʚʩʝʛʦ ʦʙʲʝʢʪʘ, ʥʦ ʥʝ ʜʣʷ ʢʘʞʜʦʡ ʝʛʦ ʪʦʯʢʠ. 

ʌʦʨʤʘʪ SHP. 

ʉʨʝʜʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʪʠʧʦʚ ʦʙʲʝʢʪʦʚ ʬʦʨʤʘʪʘ SHP ʩʣʝʜʫʶ-

ʱʠʝ ʪʨʠ ʪʠʧʘ ʠʤʝʶʪ ʘʥʘʣʦʛʠ ʚ ʬʦʨʤʘʪʝ ʎʌʉ PHOTOMOD ʠ ʤʦ-

ʛʫʪ ʙʳʪʴ ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ ʠʟ ʵʪʦʛʦ ʬʦʨʤʘʪʘ: 

ī ʪʦʯʝʯʥʳʝ ʦʙʲʝʢʪʳ ʵʢʩʧʦʨʪʠʨʫʶʪʩʷ ʢʘʢ ʬʦʨʤʳ ʪʠʧʘ Point; 

ī ʣʠʥʝʡʥʳʝ ʦʙʲʝʢʪʳ ʵʢʩʧʦʨʪʠʨʫʶʪʩʷ ʢʘʢ ʬʦʨʤʳ ʪʠʧʘ PolyLine; 

ī ʧʣʦʱʘʜʥʳʝ ʦʙʲʝʢʪʳ ʵʢʩʧʦʨʪʠʨʫʶʪʩʷ ʢʘʢ ʬʦʨʤʳ ʪʠʧʘ Polygon. 

ʌʦʨʤʘʪ DXF. 

ʌʦʨʤʘʪ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ CAD ʜʣʷ ʦʙʤʝʥʘ ʯʝʨʪʝʞʘʤʠ. 

ʌʦʨʤʘʪ DXF ʥʝ ʥʝʩʝʪ ʚ ʩʝʙʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲ-

ʝʢʪʘʭ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʠʤʝʶʱʠʭʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʚʷʟʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʚʥʝʰʥʝʡ ʪʘʙʣʠʮʝʡ, ʥʘʧʨʠʤʝʨ 

DBF. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʚʥʝʰʥʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʪʘʢʠʤʠ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʇʆ 

ʩʝʤʝʡʩʪʚʘ AutoCAD. 

ʌʦʨʤʘʪ Vector. 
Vector ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʪʦʤ ʵʢʩʧʦʨʪʘ ʜʘʥʥʳʭ ʠʟ ʎʌʉ PHOTO-

MOD ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʬʦʨʤʘʪ ʩʧʝʮʠʘʣʴʥʳʭ ʚʝʢʪʦʨʥʳʭ ʢʘʨʪ ɻʀʉ 

ʇɸʅʆʈɸʄɸ ī ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʢʘʨʪ.  

ʕʢʩʧʦʨʪʠʨʫʝʤʳʝ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʠʟ ʥʝʩʢʦʣʴ-

ʢʠʭ ʬʘʡʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʢʩʧʦʨʪʠʨʫʝ-

ʤʳʭ ʦʙʲʝʢʪʘʭ. ɼʘʥʥʳʝ ʦ ʣʠʩʪʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʢʘʨʪʳ ʭʨʘʥʷʪʩʷ ʚ 

ʩʣʝʜʫʶʱʠʭ ʪʠʧʘʭ ʬʘʡʣʘʭ: 
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ī SDA ī ʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʳʩʦʪʳ) 

ʦʙʲʝʢʪʦʚ; 

ī SSE ī ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʠ ʘʪʨʠʙʫʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢ-

ʪʦʚ; 

ī SHD ī ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ ʠ ʠʥʜʝʢʩʥʳʝ ʟʘʧʠʩʠ; 

ī SGR ī ʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʩʣʦʚʥʳʝ ʟʥʘʢʠ ʛʨʘ-

ʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ; 

ī SIT ī ʥʘ ʣʠʩʪ ʢʘʞʜʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʢʘʨʪʳ ʩʦʟʜʘʝʪʩʷ ʦʜʠʥ 

ʬʘʡʣ-ʧʘʩʧʦʨʪ; 

ī RSC ī ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʨʘʥʝʝ ʬʘʡʣ-ʢʣʘʩʩʠʬʠʢʘʪʦʨ. 

ʌʦʨʤʘʪ SXF. 

SXF (Storage and Exchange Format) ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʳʤ ʪʝʢʩʪʦ-

ʚʳʤ ʬʦʨʤʘʪʦʤ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʤʝʥʘ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝ-

ʣʴʝʬʝ ʠ ʛʨʘʥʠʮʘʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 

ʤʝʞʜʫ ɻʀʉ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʨʘʟʥʳʭ ʘʧʧʘ-

ʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʧʣʘʪʬʦʨʤʘʭ. ɼʘʥʥʳʡ ʬʦʨʤʘʪ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠ-

ʘʣʠʩʪʘʤʠ ʊʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ɺʉ ʈʌ [29, 51]. 
 

3.5.2. ʉʦʟʜʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ  
ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ ʚ 3D ɻʀʉ 

 

ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʚ 3D ɻʀʉ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ (ʨʠʩ. 3.3): 

ï ʢʦʥʚʝʨʪʘʮʠʷ ʎʄʈ ʠ ʎʄʆ ʚ 3D ɻʀʉ; 

ï ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

ï ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʪʝʨʨʠʪʦʨʠʠ. 

ʂʦʥʚʝʨʪʘʮʠʷ ʬʘʡʣʦʚ ʎʄʈ ʠ ʎʄʆ, ʩʦʟʜʘʚʘʝʤʳʭ ʥʘ ʎʌʉ  

ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʦ ʚʥʝʰʥʠʭ ʦʙʤʝʥʥʳʭ ʬʦʨʤʘʪʘʭ, ʚʦ ʚʥʫʪʨʝʥʥʠʡ 

ʬʦʨʤʘʪ 3D ɻʀʉ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜ-

ʩʪʚʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 3D ɻʀʉ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʙʦʨʘ ʠʟ ʎʌʉ  

ʚ 3D ɻʀʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʨʷʜʦʤ ʩʣʦʞʥʦʩʪʝʡ. ʀʥʬʦʨʤʘʮʠʷ ʤʝʪʨʠ-

ʢʠ ʦʙʲʝʢʪʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʝʨʝʜʘʝʪʩʷ ʢʦʨʨʝʢʪʥʦ. ɼʣʷ ʢʦʨ-

ʨʝʢʪʥʦʛʦ ʠʤʧʦʨʪʘ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʢʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʫʧʥʳ. ɺ 

ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʣʠʙʦ ʥʘʩʪʨʘʠʚʘʶʪ ʢʣʘʩʩʠʬʠʢʘʪʦʨ: ʢʘʞʜʦʤʫ ʦʙʲʝʢʪʫ 

ʦʜʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʙʲʝʢʪ ʜʨʫʛʦʛʦ 
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ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʣʠʙʦ ʚʳʧʦʣʥʷʶʪ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʝ ʯʝʨʝʟ ʧʨʦʤʝʞʫ-

ʪʦʯʥʳʡ ʬʦʨʤʘʪ, ʥʘʧʨʠʤʝʨ, MID / MIF. 
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ʎʄʆ ʎʄʈ 

ʂʦʥʚʝʨʪʘʮʠʷ ʎʄʄ ʚ 3D ɻʀʉ 

ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʚ ʩʨʝʜʝ 3D ɻʀʉ 

 

ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ  

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʊʝʢʩʪʫʨʠ- 

ʨʦʚʘʥʠʝ 

ʪʨʝʭʤʝʨʥʳʭ 

ʦʙʲʝʢʪʦʚ 

ʉʦʚʤʝʱʝʥʠʝ  

ʢʦʥʪʫʨʦʚ  

ʦʙʲʝʢʪʦʚ  

ʩ ʤʦʜʝʣʴʶ  

ɿʝʤʥʦʡ  

ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʇʦʣʫʯʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ 

ʤʦʜʝʣʝʡ  ʦʙʲʝʢʪʦʚ ʧʦ 

ʟʥʘʯʝʥʠʶ ʚʳʩʦʪ rʠʟ 

ʪʘʙʣʠʮ ʩʝʤʘʥʪʠʢʠ ʠʣʠ 

ʟʥʘʯʝʥʠʶ ʢʦʦʨʜʠʥʘʪʳ 

Z  ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ 3D ɻʀʉ 

ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝ-

ʣʝʡ ʦʙʲʝʢʪʦʚ ʪʝʨʨʠʪʦʨʠʠ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʧʦ-

ʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩ-

ʧʦʣʴʟʫʝʤʦʡ 3D ɻʀʉ 

ʊʝʢʩʪʫʨʠʨʦʚʘʥʠʝ  

ʤʦʜʝʣʠ ɿʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ 

 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʪʘʥʜʘʨʪʥʳʭ ʙʠʙ-

ʣʠʦʪʝʢ ʪʝʢʩʪʫʨ  

3D ɻʀʉ 

ʉʦʟʜʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ  

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʠʙʣʠʦʪʝʢ 

ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʳʭ ʪʝʢʩʪʫʨ  

ʦʙ̡ʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ 

 

ʈʘʩʢʨʘʩʢʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʧʦ ʫʨʦʚʥʷʤ ʚʳ-

ʩʦʪ ʠʥʩʪʨʫʤʝʥʪʘʣʴ-

ʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 3D 

ɻʀʉ 

 

ʅʘʣʦʞʝʥʠʝ 

ʦʨʪʦʬʦʪʦʠʟʦʙʨʘʞʝ-

ʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦ-

ʢʦʩʤʠʯʝʩʢʠʭ 

ʩ̡ʝʤʦʢ 
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ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 3D ɻʀʉ ʦʩʫʱʝʩʪʚʣʷ-
ʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʎʄʈ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʨʝʣʴʝʬʘ 
(ʩʛʣʘʞʝʥʥʳʡ, ʚʩʭʦʣʤʣʝʥʥʳʡ) ʩʦʟʜʘʝʪʩʷ ʨʝʛʫʣʷʨʥʘʷ ʤʘʪʨʠʮʘ ʚʳ-
ʩʦʪ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʥʝʨʝʛʫʣʷʨʥʘʷ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʘʷ 
ʩʝʪʴ, ʚʢʣʶʯʘʶʱʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʦʯʝʢ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʦʢ, ʧʦ ʢʦ-
ʪʦʨʳʤ ʧʨʦʚʝʜʝʥʘ ʪʨʠʘʥʛʫʣʷʮʠʷ. 
ʈʘʟʤʝʨ ʵʣʝʤʝʥʪʘ ʤʘʪʨʠʮʳ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʝʛʫʣʷʨʥʦʡ ʤʦʜʝʣʠ 

ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʘʜʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,5 ʜʦ 20,0 ʤ.  
ʈʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ [33], ʧʦʢʘʟʳ-

ʚʘʶʪ, ʯʪʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ ʪʝʨʨʠʪʦʨʠʠ ʛʦ-
ʨʦʜʘ ʚ ʢʨʫʧʥʦʤ ʤʘʩʰʪʘʙʝ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʜʘʥʥʳʝ ʜʣʷ ʎʄʈ 
ʚ ʚʠʜʝ ʨʝʛʫʣʷʨʥʦʡ ʤʘʪʨʠʮʳ ʩ ʨʘʟʤʝʨʦʤ ʵʣʝʤʝʥʪʘ ʦʪ 0,5 ʜʦ 1,0 ʤ. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ 3D ɻʀʉ, ʨʝʘʣʠʟʫʶʱʠʤʠ ʠʣʠ ʤʝʪʦʜʳ ʠʥʪʝʨʧʦʣʷʮʠʠ, 
ʠʣʠ ʤʝʪʦʜʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 
ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʚ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʝʝ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʩʦ-
ʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ, ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ çʥʘʣʦʞʝʥʠʝʤè 
ʦʨʪʦʬʦʪʦʠʟʦʙʨʘʞʝʥʠʷ ʤʝʩʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʤʘʪʝʨʠʘʣʘʤ 
ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʣʠ ʨʘʩʢʨʘʩʢʦʡ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʧʦ ʫʨʦʚʥʷʤ ʚʳʩʦʪ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 3D ɻʀʉ. 
ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʪʝʨʨʠʪʦʨʠʠ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʎʄʆ ʧʫʪʝʤ ʢʦʥʚʝʨʪʘʮʠʠ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶɦ ʝʡ ʠʥʬʦʨʤʘʮʠʠ (ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠ ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚ-
ʣʷʁɦ ʠʝ) ʠʟ ʚʥʝʰʥʠʭ ʦʙʤʝʥʥʳʭ ʬʦʨʤʘʪʦʚ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʬʦʨʤʘʪ 
3D ɻʀʉ ʠʣʠ ʠʤʧʦʨʪʘ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ, ʩʦʟʜʘʥʥʳʭ ʚ ʜʨʫʛʠʭ 3D 
ɻʀʉ. 
ʇʨʠ ʢʦʥʚʝʨʪʘʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʲʝʢʪʦʚ 

ʤʝʩʪʥʦʩʪʠ ʚ 3D ɻʀʉ ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʢ ʢʦʥʪʫʨʳ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʪʘʢ ʠ ʢʦʥʪʫʨʳ ʦʪʜʝʣʴʥʳʭ ʠʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ 
ʜʝʪʘʣʝʡ (ʢʦʥʪʫʨʳ ʢʨʳʰ, ʧʨʠʩʪʨʦʝʢ ʠ ʪ. ʧ.). 
ʉʦʚʤʝʱʝʥʠʝ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʩ ʤʦʜʝʣʴʶ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʣʠʙʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʘʤʦʡ  
3D ɻʀʉ, ʣʠʙʦ ʪʨʝʙʫʝʪ ʦʪ ʩʦʟʜʘʪʝʣʷ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ ʨʘʟʨʘʙʦʪ-
ʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ. 
ʇʦʣʫʯʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʟʥʘʯʝʥʠʶ ʚʳʩʦʪʳ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʘʙʣʠʮ ʩʝʤʘʥʪʠʢʠ ʠʣʠ 
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ʟʥʘʯʝʥʠʶ ʢʦʦʨʜʠʥʘʪʳ Z ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 3D ɻʀʉ. 
ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ çʚʳʜʘʚʣʠʚʘʥʠʷè ʦʙʲʝʢʪʘ ʥʘ 
ʚʳʩʦʪʫ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʪʘʙʣʠʮ ʩʝʤʘʥʪʠʢʠ, ʠʣʠ 
ʧʨʠʩʚʘʠʚʘʥʠʝ ʦʙʲʝʢʪʫ ʫʩʣʦʚʥʦʛʦ ʟʥʘʢʘ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʝʤʘʥʪʠʢʠ ʢ ʦʙʲʝʢʪʫ. ʄʝʪʦʜ ʚʳʜʘʚʣʠʚʘʥʠʷ ʨʝʘ-
ʣʠʟʦʚʘʥ ʚ Virtual GIS ī Erdas Imagine, 3D Analist ī ArcGIS. 
ɺ ɻʀʉ ʇʘʥʦʨʘʤʘ ī ʂɸʈʊɸ 2011 ʨʝʘʣʠʟʦʚʘʥ ʠ ʠʥʦʡ ʩʪʠʣʴ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʥʪʝʟʠ-
ʨʦʚʘʥʠʠ ʩʮʝʥʳ ʠʟ ʮʠʬʨʦʚʦʡ ʢʘʨʪʳ (ʧʣʘʥʘ), ʩʦʜʝʨʞʘʱʝʡ ʤʝʪʨʠ-
ʯʝʩʢʫʶ ʠ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙʲʝʢʪʦʚ, ʧʨʠ ʟʘʧʫʩʢʝ 
ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʴʶʚʝʨʘ. ʊʨʝʭʤʝʨʥʳʝ ʚʠʜʳ ʦʙʲʝʢʪʦʚ ʩʦʟʜʘʶʪʩʷ ʧʦ 
ʧʨʠʥʮʠʧʫ ʢʦʥʩʪʨʫʢʪʦʨʘ ʠʟ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ. ʂʦʥʩʪʨʫʢ-
ʪʦʨ ʚʠʜʦʚ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚʳʭ ʚʠʜʦʚ ʦʙʲʝʢʪʦʚ. ʇʦʣʴʟʦ-
ʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʚʠʜʳ [3]. 
ʊʝʢʩʪʫʨʠʨʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʙʠʙʣʠʦʪʝʢ ʪʝʢʩʪʫʨ 3D ɻʀʉ, 
ʣʠʙʦ ʩʦʟʜʘʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʠʙʣʠʦʪʝʢ ʬʦ-
ʪʦʨʝʘʣʠʩʪʠʯʥʳʭ ʪʝʢʩʪʫʨ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ 
ʧʫʪʝʤ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʥʘʟʝʤʥʳʤ ʬʦʪʦʛʨʘʬʠʨʦ-
ʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʠ ʜʝʪʘʣʝʡ, ʩʨʝʜʩʪʚʘʤʠ ʩʧʝʮʠʘʣʴʥʳʭ ʘʵʨʦʩʲʝ-
ʤʦʯʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩʪʝʥ ʩʪʨʦʝʥʠʡ [102]. 

 

3.5.3. ʉʦʟʜʘʥʠʝ ʬʦʪʦʪʝʢʩʪʫʨ ʜʣʷ 3D ɻʀʉ 
 

ɺ ʨʘʙʦʪʝ [57, ʩ. 35] ʧʦʢʘʟʘʥʦ, ʯʪʦ çʧʦʜ ʪʝʢʩʪʫʨʦʡ ʧʦʥʠʤʘʶʪ 
ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʦʥʘ (ʮʚʝʪʘ) ʚ ʠʟʦʙʨʘʞʝʥʠʠ ʦʙʲʝʢʪʘ 
ʠʣʠ ʝʛʦ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʠ. ʂ ʪʝʢʩʪʫʨʝ ʦʪʥʦʩʷʪ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʥʘ 
ʠʟʦʙʨʘʞʝʥʠʠ ʭʘʨʘʢʪʝʨʥʳʭ ʣʠʥʠʡè. çʊʝʢʩʪʫʨʘ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚ-
ʣʷʪʴ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʦʥʘ ʚ ʚʠʜʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʨʘ-
ʚʠʣʴʥʳʭ ʠʣʠ ʧʦʯʪʠ ʧʨʘʚʠʣʴʥʳʭ ʨʠʩʫʥʢʦʚ. ʇʦʜʦʙʥʫʶ ʪʝʢʩʪʫʨʫ 
ʠʤʝʁʪ, ʥʘʧʨʠʤʝʨ, ʢʠʨʧʠʯʥʘʷ ʢʣʘʜʢʘ, ʢʘʬʝʣʴʥʘʷ ʦʙʣʠʮʦʚʢʘ, ʩʧʝ-
ʮʠʘʣʴʥʦ ʨʘʩʢʨʘʰʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ: ʰʘʭʤʘʪʥʘʷ ʜʦʩʢʘ, ʧʝʰʝ-
ʭʦʜʥʳʡ ʧʝʨʝʭʦʜ ʠ ʪ. ʜ. ɼʨʫʛʦʡ ʪʠʧ ī ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʪʝʢʩʪʫʨʘ. 
ʆʥʘ ʧʨʠʩʫʱʘ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʲʝʢʪʘʤ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ 
ʩʣʝʜʩʪʚʠʝʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚè. 
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ɺ ʧʨʘʢʪʠʢʝ ʩʦʟʜʘʥʠʷ 3D ʎʄʊ ʪʝʢʩʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʝʡ ʦʙʲʝʢʪʘ. ʌʦʨʤʠʨʦ-
ʚʘʥʠʝ ʪʝʢʩʪʫʨ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʮʠʬʨʦʚʳʤ ʬʦʪʦʛʨʘʬʠʷʤ [30].   
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʳʭ ʪʝʢʩʪʫʨ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʤʦʤʝʥʪʦʤ ʧʨʠ ʩʦʟʜʘʥʠʠ 3D ʎʄʊ, ʪʘʢ ʢʘʢ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʩʦʟʜʘʪʴ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʝ ʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪʦʙʨʘʞʝʥʠʝ ʤʦ-
ʜʝʣʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ ʪʝʨʨʠʪʦʨʠʠ.  
ʆʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʦʪʦʪʝʢʩʪʫʨ ʷʚʣʷʶʪʩʷ ʬʦʪʦʛʨʘʬʠʠ ʬʘ-

ʩʘʜʦʚ, ʩʪʝʥ, ʙʘʣʢʦʥʦʚ, ʢʨʳʰ ʟʜʘʥʠʡ (ʨʠʩ. 3.4). 
 

     

    

ʈʠʩ. 3.4. ʌʦʪʦʩʥʠʤʢʠ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʪʝʢʩʪʫʨ 
 

 

ʉʲʝʤʢʫ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 
ʚʳʧʦʣʥʷʪʴ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ 
ʠʩʢʣʶʯʠʪ ʬʦʪʦʭʠʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʩʢʘʥʠʨʦʚʘʥʠʝ ʬʦʪʦ-
ʩʥʠʤʢʦʚ. 
ʉʲʝʤʢʫ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚr -

ʧʦʣʥʷʪʴ ʥʝ ʪʦʣʴʢʦ ʩ ʫʨʦʚʥʷ ʫʣʠʮʳ, ʥʦ ʠ ʩ ʚʦʟʚʳʰʘʶʱʠʭʩʷ ʦʙʲʝʢ-
ʪʦʚ: ʚʳʰʝʢ, ʢʨʳʰ ʜʦʤʦʚ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɼʣʷ ʧʨʦʩʪʳʭ 
ʦʙʲʝʢʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʦʪ ʜʚʫʭ ʜʦ ʯʝʪʳʨʝʭ ʩʥʠʤʢʦʚ, ʜʣʷ ʩʣʦʞʥʳʭ 
ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʦʪʨʝʙʫʝʪʩʷ ʦʪ 15 ʜʦ 20 ʩʥʠʤʢʦʚ [33]. 
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ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʩʲʝʤʢʝ ʬʦʪʦʛʨʘʬʠʷʤ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʡ 
ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʘʟʤʝʨʦʚ ʬʦʨʤʠʨʫʁ ʪʩʷ ʠʟʦʙʨʘʞʝʥʠʷ ʬʦʪʦʪʝʢʩʪʫʨ 
(ʨʠʩ. 3.5, 3.6). 

     
 

1                                                                 2 

ʈʠʩ. 3.5. ʌʦʪʦʩʥʠʤʦʢ ʛʘʨʘʞʘ ʠ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʬʦʪʦʪʝʢʩʪʫʨʘ:  
1 ī ʠʟʦʙʨʘʞʝʥʠʷ ʛʘʨʘʞʘ ʥʘ ʬʦʪʦʩʥʠʤʢʝ; 2 ī ʠʟʦʙʨʘʞʝʥʠʷ ʬʦʪʦʪʝʢʩʪʫʨʳ ʛʘʨʘʞʘ 

 

 

       

1                                                                 2  

ʈʠʩ. 3.6. ʌʦʪʦʩʥʠʤʦʢ ʦʛʨʘʞʜʝʥʠʷ ʠ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʬʦʪʦʪʝʢʩʪʫʨʘ:  

1 ī ʠʟʦʙʨʘʞʝʥʠʷ ʬʦʪʦʩʥʠʤʢʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʦʪʦʪʝʢʩʪʫʨʳ; 

2 ī ʠʟʦʙʨʘʞʝʥʠʷ ʬʦʪʦʪʝʢʩʪʫʨʳ ʦʛʨʘʞʜʝʥʠʷ 

 

 

ɺ ʣʶʙʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʬʦʪʦʪʝʢ-

ʩʪʫʨʳ ʚ ʧʨʠʥʮʠʧʝ ʦʜʠʥʘʢʦʚ. ʉʥʘʯʘʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʨʨʝʢʮʠʷ ʬʦ-
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ʪʦʛʨʘʬʠʠ (ʮʚʝʪʦʚʘʷ, ʷʨʢʦʩʪʥʘʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ), ʟʘʪʝʤ ʚʳʨʝʟʘʝʪ-

ʩʷ ʭʘʨʘʢʪʝʨʥʳʡ ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʵʣʝʤʝʥʪ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʤ ʬʦʨʤʘʪʝ (ʥʘʧʨʠʤʝʨ, ʚ BMP). ʇʝʨʝʜ ʩʦʭʨʘʥʝʥʠʝʤ 

ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ ʨʘʟʤʝʨʳ ʬʨʘʛʤʝʥʪʘ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʫʜʦʚʣʝʪʚʦ-

ʨʷʣʠ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 3D ɻʀʉ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʙʠʙʣʠʦʪʝʢʠ ʪʨʝʭʤʝʨʥʳʭ ʫʩʣʦʚʥʳʭ ʟʥʘʢʦʚ ɻʀʉ ʂɸʈʊɸ 2011 ʪʨʝ-

ʙʫʝʪʩʷ, ʯʪʦʙʳ ʨʘʟʤʝʨʳ ʩʪʦʨʦʥ ʬʨʘʛʤʝʥʪʘ (ʚ ʧʠʢʩʝʣʷʭ) ʙʳʣʠ ʨʘʚ-

ʥʳ ʩʪʝʧʝʥʠ ʯʠʩʣʘ 2 ʠ ʥʘʭʦʜʠʣʠʩʴ ʚ ʛʨʘʥʠʮʘʭ ʦʪ 8 ʜʦ 512 [3]. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʬʦʪʦʩʲʝʤʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʢʩʪʫʨ:  

ï ʩʲʝʤʢʘ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴʩʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʥʘʢʣʦʥʦʤ 

(ʚʧʝʨʝʜ-ʥʘʟʘʜ); 

ï ʢʘʜʨ ʜʦʣʞʝʥ ʙʳʪʴ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʟʚʦʨʦʪʦʤ; 

ï ʩʲʝʤʢʫ ʚ ʛʦʨʦʜʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʧʨʦʚʦʜʠʪʴ ʚ ʧʘʩʤʫʨʥʫʶ 

ʧʦʛʦʜʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ ʨʘʙʦʪ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʬʦ-

ʪʦʪʝʢʩʪʫʨ; 

ï ʜʣʷ ʧʨʦʩʪʳʭ ʦʙʲʝʢʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʦʪ ʜʚʫʭ ʜʦ ʯʝʪʳʨʝʭ ʩʥʠʤ-

ʢʦʚ, ʜʣʷ ʩʣʦʞʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʦʪ 15 ʜʦ  

20 ʩʥʠʤʢʦʚ; 

ï ʜʝʨʝʚʴʷ, ʢʫʩʪʘʨʥʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʤʘʪʴ ʚ ʨʝʞʠʤʝ çʤʘʢʨʦ-

ʩʲʝʤʢʠè ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʦʚʥʦʡ ʪʝʢʩʪʫʨʳ; 

ï ʧʨʠ ʩʲʝʤʢʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʪʘʪʠʚ ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʦʪʦʘʧʧʘʨʘʪʘ.  

ʇʦʜʚʦʜʷ ʠʪʦʛ ʩʢʘʟʘʥʥʦʤʫ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ, ʧʦʜʯʝʨʢʥʝʤ, 

ʯʪʦ ʟʜʝʩʴ, ʧʦ ʩʫʪʠ, ʦʙʦʙʱʝʥʳ ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʩʚʝʜʝʥʠʷ, ʦʪʥʦʩʷ-

ʱʠʝʩʷ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʦʩʪʨʦʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭ-

ʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ 

ʩʨʝʜʩʪʚʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʩ ʬʫʥʢʮʠʷʤʠ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʋʢʘʟʘʥʳ ʧʫʪʠ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʵʪʘʧʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʨʘʟʥʳʭ ʪʠʧʦʚ. ʇʝʨʝʯʠʩʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ, ʩʦʙʣʶʜʝʥʠʝ ʢʦʪʦʨʳʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʟʜʝʩʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʙʳʣʠ ʧʦʣʦʞʝʥʳ  

ʚ ʦʩʥʦʚʫ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ, ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʠʟ-

ʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ. ʅʘʟʚʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 
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ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʥʠʞʝ ʚ ʨʘʟʜʝʣʝ 5; ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʧʦʣʥʦʩʪʴʶ 

ʧʦʜʪʚʝʨʜʠʣʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʤʦʥʦʛʨʘʬʠʠ ʚʳʚʦ-

ʜʦʚ, ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʧʨʝʜʣʦʞʝʥʠʡ. 
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4. ʆʎɽʅʂɸ ʊʆʏʅʆʉʊʀ ʀɿʄɽʈʀʊɽʃʔʅʓʍ 
ʊʈɽʍʄɽʈʅʓʍ ɺʀɼɽʆʉʎɽʅ 

 

4.1. ʆʞʠʜʘʝʤʘʷ ʪʦʯʥʦʩʪʴ  
ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ 

 

ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ʚ ʧʦʜʨʘʟʜʝʣʝ 1.2, ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʝʝ ʩʦʟʜʘ-

ʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʠ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ 

ʦʙ̡ʝʢʪʦʚ ʪʝʨʨʠʪʦʨʠʠ. ʇʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʦʙʲʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʝʩʪʝʩʪʚʝʥʥʳʤʠ, ʪʘʢ ʠ ʠʩʢʫʩʩʪʚʝʥʥʤrʠ, ʩʦʟʜʘʥʥʳʤʠ ʯʝʣʦʚʝʢʦʤ, 

ʧʨʠʯʝʤ ʥʘʟʝʤʥʳʤʠ ʠʣʠ ʧʦʜʟʝʤʥʳʤʠ. ʂ ʦʙʲʝʢʪʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝ-

ʩʪʠ ʠ ʷʚʣʝʥʠʷ ʧʨʠʨʦʜʳ (ʦʙʣʘʯʥʦʩʪʴ, ʪʫʤʘʥ, ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ  

ʠ ʜʨ.). ɻʨʫʧʧʫ ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʩʦʩʪʘʚʷʪ ʛʨʘʥʠʮʳ ʠ ʧʦʜʧʠ-

ʩʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʎʄʈ ʠ ʎʄʆ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʨʘʟʣʠʯʥʳʝ ʜʘʥʥʳʝ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʄʈ ʠ ʎʄʆ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝ-

ʤʦʢ, ʦʙʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ [42]. ʆʙʦʙʱʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʚʠʜʝʦʩʮʝʥ, 

ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.1, ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧ:r 

1) ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ ʠ ʦʙʲʝʢʪʦʚ, ʮʠʬʨʦ-

ʚʳʭ ʢʘʨʪ (ʧʣʘʥʦʚ), ʦʨʪʦʬʦʪʦʢʘʨʪ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʮʠʬʨʦʚʳʭ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ; 

2) ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʠ ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʭ ʥʘ ʥʝʡ ʦʙʲʝʢʪʦʚ, ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʭ ʩʨʝʜʩʪʚʘʤʠ 3D ɻʀʉ; 

3) ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ ʩʨʝʜʩʪʚʘʤʠ 3D ɻʀʉ. 

ʂʘʞʜʳʡ ʵʪʘʧ ʧʦʩʪʨʦʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʚʠ-

ʜʝʦʩʮʝʥʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤʠ ʧʦ-

ʛʨʝʰʥʦʩʪʷʤʠ. 
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ɽʩʪʝʩʪʚʝʥʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʪʨʝʭʤʝʨʥʳʭ ʚʠ-
ʜʝʦʩʮʝʥ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʩʦʚʤʝʩʪʥʳʤ ʚʣʠʷʥʠʝʤ ʧʦʛʨʝʰ-
ʥʦʩʪʝʡ ʎʄʈ ʠ ʎʄʆ, ʧʦʛʨʝʰʥʦʩʪʝʡ, ʧʨʠʚʥʦʩʠʤʳʭ ʚʳʙʨʘʥʥʳʤʠ 
ʘʣʛʦʨʠʪʤʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ, ʘ ʪʘʢʞʝ ʧʘʨʘ-
ʤʝʪʨʘʤʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ (ʨʘʟʨʝh ʝʥʠʝ 
ʵʢʨʘʥʘ, ʨʘʟʤʝʨ ʢʫʨʩʦʨʘ ʠ ʪ. ʜ.). 
ɺ ʦʙʱʝʤ ʚʠʜʝ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʦʙʲʝʢʪʘ ʪʨʝʭ-

ʤʝʨʥʦʡ ʚʠʜʝʦʩʮʝʥʳ ʚ ʧʣʘʥʝ ʠ ʧʦ ʚʳʩʦʪʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʞʘʡ-
ʰʠʭ ʧʫʥʢʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʬʦʨʤʫʣʘʤʠ: 

2 2 2

3 _DS S ʎ T ɸʃm m m m= + + ;                        (4.1) 

2 2 2 2

3 _DH H ʎ T ɸʃʎʄʈ ɸʃm m m m m= + + + ,                 (4.2) 

ʛʜʝ S_ʎm  ï ʉʂʇ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʪʚʝʨʜʦʛʦ (ʯʝʪʢʦʛʦ) 

ʦʙʲʝʢʪʘ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʮʠʬʨʦʚʳʤ 
ʬʦʪʦʩʥʠʤʢʘʤ; 

H_ʎm  ï ʉʂʇ ʧʦ ʚʳʩʦʪʝ ʪʦʯʢʠ ʪʚʝʨʜʦʛʦ (ʯʝʪʢʦʛʦ) ʦʙʲʝʢʪʘ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʮʠʬʨʦʚʳʤ ʬʦʪʦ-
ʩʥʠʤʢʘʤ; 

Tm  ï ʉʂʇ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʪʦʯʥʦʩʪʴ ʚʳʙʨʘʥʥʳʭ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʨʝʜʩʪʚ; 

ɸʃʎʄʈm  ï ʉʂʇ, ʧʨʠʚʥʦʩʠʤʘʷ ʚʳʙʨʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʩʦʟʜʘ-

ʥʠʷ ʎʄʈ; 

ɸʃm  ï ʉʂʇ, ʧʨʠʚʥʦʩʠʤʘʷ ʚʳʙʨʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʧʦʩʪʨʦʝ-

ʥʠʷ 3D ʎʄʊ.  
ʇʨʠʤʝʤ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʠ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ 

ʬʦʨʤʫʣ (4.1), (4.2), ʠʤʝʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʟ̫ʠ. 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ S_ʎm , H_ʎm  ʪʦʯʝʢ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʬʦʪʦʛʨʘʤʤʝʪ-
ʨʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʚ ʦʜʠʥʦʯʥʦʡ 
ʩʪʝʨʝʦʤʦʜʝʣʠ. ʉʫʤʤʘʨʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 
ʠ ʚʳʩʦʪ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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2 2

_ ;S_ʎ S S ʦʩʪm m m= +                           (4.3) 

2 2

_ _H ʎ H H ʦʩʪm m m= + ,                         (4.4) 

ʛʜʝ Sm , Hm  ï ʧʦʛʨʝʰʥʦʩʪʠ ʠʟ-ʟʘ ʦʰʠʙʦʢ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʭ ʪʦ-

ʯʝʢ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʛʫʱʝʥʠʷ ʩʝʪʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʪʦʯʝʢ; 

_S ʦʩʪm , _H ʦʩʪm  ï ʧʦʛʨʝʰʥʦʩʪʠ ʠʟ-ʟʘ ʦʰʠʙʦʢ ʚʦʩʩʦʟʜʘʥʠʷ ʩʪʝ-

ʨʝʦʤʦʜʝʣʠ ʠ ʝʝ ʠʟʤʝʨʝʥʠʡ.  

ʎʄʈ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ ʧʦ ʤʘ-

ʪʝʨʠʘʣʘʤ ʘʵʨʦʩʲʝʤʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʣʠʙʦ ʚ ʚʠʜʝ ʛʦʨʠʟʦʥʪʘʣʝʡ, 

ʣʠʙʦ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʦʢ ʚ ʫʟʣʘʭ ʨʝʛʫʣʷʨʥʦʡ ʠʣʠ 

ʥʝʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘʣʝʡ, ʟʘʨʠʩʦʚʘʥʥʳʭ ʥʘ ʩʪʝʨʝʦʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʦʤ ʧʨʠʙʦʨʝ, ʦʧʨʝʜʝʣʝ̫ʪʩʷ ʩʣʝʜʫʶʱʠʤ ʠʟʚʝʩʪʥʳʤ 

ʚʳʨʘʞʝʥʠʝʤ [129]: 

2 2 2 2

H tg [(0,035 / ) 0,027 ],
ʛʦʨh k Km m H f M= + a +          (4.5) 

ʛʜʝ mH ï ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ 

ʪʦʯʝʢ;
 

Ŭ ï ʫʢʣʦʥ ʤʝʩʪʥʦʩʪʠ; 

KM  ï ʟʥʘʤʝʥʘʪʝʣʴ ʤʘʩʰʪʘʙʘ ʧʣʘʥʘ; 

H ï ʚʳʩʦʪʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ; 

fk ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʬʦʪʦʢʘʤʝʨʳ. 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʵʪʦʡ ʬʦʨʤʫʣʦʡ, ʚʳʨʘʟʠʤ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʧʦ-

ʣʦʞʝʥʠʠ ʛʦʨʠʟʦʥʪʘʣʝʡ ʧʦ ʚʳʩʦʪʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʞʘʡʰʠʭ ʪʦ-

ʯʝʢ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʥʘ ʠʩʭʦʜʥʦʡ ʎʄʈ, ʢʘʢ  

2 2 2 2 2 2tg         ,
ʛʦʨh H_ʎ K T ɸʃʎʄʈ ɸʃm m M m m m= + a + + +                (4.6) 

ʛʜʝ H_ʎm  ï ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝ-

ʩʢʠʭ ʪʦʯʝʢ ʎʄʈ, ʘ Ŭ ʠ KM  ʪʦ ʞʝ, ʯʪʦ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʬʦʨʤʫʣʝ. 
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ʉʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠ-

ʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ ʧʦ ʤʘʪʝʨʠʘʣʘʤ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ S_ʎm , H_ʎm  ʟʘʚʠʩʷʪ ʦʪ ʧʦʛʨʝʰʥʦʩʪʠ 

ʦʧʦʨʥʳʭ ʪʦʯʝʢ, ʩʥʠʤʢʦʚ, ʠʟʤʝʨʝʥʠʡ, ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʠ ʪ. ʜ. 

ʉʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʥʠʤʢʦʚ ʧʨʠ ʩʦʟʜʘ-

ʥʠʠ ʎʄʈ ʠ ʎʄʆ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʥʪʘ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʦʣʥʷʝʪʩʷ [81, 82, 83, 5]: 

ʘ) ʧʨʠ ʨʘʟʨʷʞʝʥʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʚ ʜʚʘ ʵʪʘʧʘ: 

ï ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʝ ʩʛʫʱʝʥʠʝ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝ-

ʪʠ ʩʨʝʜʩʪʚʘʤʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 

ï ʧʦʩʪʨʦʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʦ ʜʘʥʥʳʤ ʬʦʪʦʛʨʘʤʤʝʪʨʠ-

ʯʝʩʢʦʛʦ ʩʛʫʱʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠʭ ʪʦʯʝʢ; 

ʙ) ʧʨʠ ʩʧʣʦʰʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ï ʚ ʦʜʠʥ ʵʪʘʧ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ, 

ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʪʜʝʣʴ-

ʥʳʭ ʤʦʜʝʣʝʡ. 

ʀ ʚ ʪʦʤ, ʠ ʚ ʜʨʫʛʦʤ ʚʘʨʠʘʥʪʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʎʄʈ ʠ ʎʄʆ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʦʜʠʥʦʯʥʦʡ ʤʦʜʝʣʠ ʧʦ ʦʧʦʨ-

ʥʳʤ ʜʘʥʥʳʤ. ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʳʭ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʪʦʯʢʠ,  ʧʦʣʫʯʝʥ-

ʥʳʝ ʚ ʠʪʦʛʝ ʩʛʫʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. ʊʦʯʥʦʩʪʴ ʦʨʠʝʥʪʠ-

ʨʦʚʦʯʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʪʦʯʝʢ ʟʘʚʠʩʠʪ ʦʪ ʥʘʜʝʞʥʦʩʪʠ  

ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʶ ʪʦʯʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʧʦʩʚʷɦ ʝʥʳ ʨʘʙʦʪʳ ʄ.ɼ. ʂʦʥʰʠʥʘ, 

ɻ.ɺ. ʈʦʤʘʥʦʚʩʢʦʛʦ, ɸ.ʅ. ʃʦʙʘʥʦʚʘ, ʈ.ʇ. ʆʚʩʷʥʥʠʢʦʚʘ, ɺ.ʀ. ʇʘʚ-

ʣʦʚʘ, ʀ.ʊ. ɸʥʪʠʧʦʚʘ, ɺ.ɺ. ɺʘʡʥʘʫʩʢʘʩʘ ʠ ʜʨ. 

ɺ [82, ʩ. 123] ʫʢʘʟʘʥʦ, ʯʪʦ çʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʙʫ-

ʩʣʘʚʣʠʚʘʶʱʠʤʠ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʠ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦ-

ʞʝʥʠʷ ʪʦʯʝʢ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʷʚʣʷʶʪʩʷ ʦʰʠʙʢʠ ʧʘ-

ʨʘʣʣʘʢʩʦʚ, ʯʠʩʣʦ ʩʪʝʨʝʦʧʘʨ ʤʝʞʜʫ ʦʧʦʨʥʳʤʠ ʪʦʯʢʘʤʠ, ʬʦʨʤʘʪ 

ʩʥʠʤʢʦʚ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʬʦʪʦ-

ʛʨʘʬʠʨʦʚʘʥʠʷ, ʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʪʦʯʝʢ ʩʝʪʠ ï ʦʪ ʤʘʩʰʪʘʙʘ ʩʥʠʤʢʦʚè. 
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ʅʝ ʧʦʚʪʦʨʷʷ ʟʜʝʩʴ ʩʣʦʞʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʚ ʨʘʙʦʪʘʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, ʧʨʠʚʝʜʝʤ  

ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʠʜʝ ʬʦʨʤʫʣʳ ʦʰʠʙʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʦ-

ʩʪʨʦʝʥʠʠ ʦʜʠʥʦʯʥʦʡ ʤʦʜʝʣʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʦ ʪʦʯʢʘʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʚ ʧʦʣʝʪʝ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʦʷʱʝʡ ʠʟ  

n ʩʪʝʨʝʦʧʘʨ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʧʦ ʦʧʦʨʥʳʤ ʪʦʯʢʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʢʦʥʮʘʭ ʤʘʨʰʨʫʪʘ.  

ɺ ʠʟʚʝʩʪʥʦʤ ʫʯʝʙʥʠʢʝ [81] ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨ-

ʜʠʥʘʪ ʠ ʚʳʩʦʪ ʜʣʷ ʙʦʢʦʚʦʡ ʪʦʯʢʠ ʦʜʠʥʦʯʥʦʡ ʤʦʜʝʣʠ ʩʦ ʩʪʘʥ-

ʜʘʨʪʥʳʤ ʥʦʤʝʨʦʤ 4, ʥʝ ʣʝʞʘʱʝʡ ʥʘ ʦʩʠ ʤʘʨʰʨʫʪʘ (ʨʠʩ. 4.1), 

ʚʳʨʘʞʝʥʳ ʬʦʨʤʫʣʘʤʠ: 

mX = mY =  2,5 cm  mq;                           (4.7) 

mZ = 2,3 
c

m   fk  / b mq.                          (4.8) 

ʇʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʜʣʷ ʪʦʯʢʠ ʦʜʠ-

ʥʦʯʥʦʡ ʤʦʜʝʣʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʥʦʤʝʨʦʤ 2, ʣʝʞʘʱʝʡ ʥʘ ʦʩʠ 

ʤʘʨʰʨʫʪʘ (ʩʤ. ʨʠʩ. 4.1), ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʫʣʘʤʠ: 

mX =  1,9 cm  mq;                               (4.9) 

mY = cm   mq;                                (4.10) 

mZ = 1,6 cm  fk / b mq,                        (4.11) 

ʛʜʝ mX, mY, mZ  ï ʉʂʇ ʦʧʨʝʜʝʣʝʥʠʷ ʍ, Y, Z; 

fk ï ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʬʦʪʦʢʘʤʝʨʳ; 

b ï ʙʘʟʠʩ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʚ ʤʘʩʰʪʘʙʝ ʩʥʠʤʢʘ; 

mq ï ʉʂʇ ʠʟʤʝʨʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ; 

cm  ï ʟʥʘʤʝʥʘʪʝʣʴ ʤʘʩʰʪʘʙʘ ʩʲʝʤʢʠ. 

ʇʨʠ ʵʪʦʤ  
2 2

S X Ym m m= + ,  H Zm m= .                           (4.12) 
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ʈʠʩ. 4.1. ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʪʦʯʝʢ ʚ ʦʜʠʥʦʯʥʦʡ ʤʦʜʝʣʠ 

 

 

ɽʩʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʝʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʧʦ ʦʧʦʨʥʳʤ ʪʦʯ-

ʢʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʢʦʥʮʘʭ ʤʘʨʰʨʫʪʘ, ʪʦ ʥʘʠʙʦʣʴʰʠʝ ʧʦ-

ʛʨʝʰʥʦʩʪʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʩʝʪʠ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶ-

ʱʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ [81]: 

mxc = 0,27 cm  mq n
3/2

;                          (4.13) 

myc = 0,14 cm  mq n
3/2

;                           (4.14) 

mzc = 0,23 cm  fk / b mq n
3/2

.                        (4.15) 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʠ ʜʨʫʛʠʝ ʬʦʨʤʫʣʳ, ʥʝʩʢʦʣʢɹʦ 

ʦʪʣʠʯʥʳʝ ʦʪ ʧʨʠʚʝʜʝʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ ʈ.ʅ. ɻʝʣʴʤʘʥʘ 

[36] ʬʦʨʤʫʣʘ, ʪʦʞʜʝʩʪʚʝʥʥʘʷ (4.8), ʠʤʝʝʪ ʚʠʜ: 

mZ = 1,12 cm  fk / b mq.                             (4.16) 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʪʦʧʦ-

ʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʣʫʞʙ ʈʦʩʩʠʠ ʠ ʨʷʜʝ ʛʦʩʫʜʘʨʩʪʚ ʉʅɻ  

ƺ ƺ 

ƺ ƺ 

Ǐ Ǐ 

y1 y2 

a 

b x1 x2 

P1 
P2 

3 4 

5 

2 

6 

1 
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ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʛʫ-

ʱʝʥʠʷ ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʨʝʰʝʥʠʷ ʨʷʜʘ ʩʦʧʫʪʩʪʚʫ-

ʶʱʠʭ ʟʘʜʘʯ. ʊʘʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʭʦ-

ʜʷʪ ʚ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪ-

ʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʧʦʜʨʘʟʜʝʣʝ 2.2, ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠ-

ʣʝʪʠʝ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʠ ʠʤʝʶʪ ʩʚʦʡʩʪʚʘ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʡ ʮʠʬʨʦʚʦʡ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʩʣʝʜʫʶʱʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʩʠ-

ʩʪʝʤʳ: 

ï ʎʌʉ ʎʅʀʀɻɸʠʂ;  

ï ʎʌʉ PHOTOMOD; 

ï ʎʌʉ-ʊʘʣʢʘ. 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʆʉʈɽɽʉʊʈ 

ʚ ʨʘʟʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ. ʆʜʥʘʢʦ, ʜʦ 

ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʩʘʤʦʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʣʠ ʎʌʉ 

ʎʅʀʀɻɸʠʂ ï ʦʢʦʣʦ 1 000 ʨʘʙʦʯʠʭ ʤʝʩʪ. 

ɺ ʨʘʙʦʪʝ [82, ʩ. 248], ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, 

ʢʦʥʩʪʘʪʠʨʦʚʘʣʦʩʴ: çʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʢʦʤʧʣʝʢʩ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ-ʨʘ ʪʝʭʥ. ʥʘʫʢ 

ʀ.ʊ. ɸʥʪʠʧʦʚʘ, ʠ ʢʦʤʧʣʝʢʩ "ʎ-ɹʣʦʢ", ʩʦʟʜʘʥʥʳʡ ʧʦʜ ʨʫʢʦʚʦʜ-

ʩʪʚʦʤ ʢʘʥʜʠʜʘʪʦʚ ʪʝʭʥ. ʥʘʫʢ ɺ.ɸ. ʇʦʣʷʢʦʚʦʡ ʠ ʄ.ʊ. ʈʫʜʳʢʘè. 

ɿʘ ʚʨʝʤʷ, ʧʨʦʰʝʜʰʝʝ ʧʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ [82], ʢʦʤʧʣʝʢʩ ʧʨʦ-

ʛʨʘʤʤ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ-ʨʘ ʪʝʭʥ. ʥʘʫʢ 

ʀ.ʊ. ɸʥʪʠʧʦʚʘ, ʧʨʦʜʦʣʞʘʣ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ  ʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʚʦ ʤʥʦʛʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʝʦ-

ʜʝʟʠʯʝʩʢʠʭ ʩʣʫʞʙ ʈʦʩʩʠʠ ʠ ʜʨʫʛʠʭ ʚʝʜʦʤʩʪʚ, ʘ ʪʘʢʞʝ ʚ ʨʷʜʝ ʩʪʨʘʥ 

ʉʅɻ ʧʦʜ ʠʤʝʥʘʤʠ ʌʆʊʆʂʆʄ ʠ ʌʆʊʆʂʆʄ-32 [5]. ʉ 2002 ʛ.  

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤ-

ʧʦʥʝʥʪ PHOTOCOM ʜʣʷ ʎʌʉ ʎʅʀʀɻɸʠʂ [5, 98, 102, 139]. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝ-

ʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʌʆʊʆʂʆʄ, ʌʆʊʆʂʆʄ-32  

ʠ ʢʦʤʧʦʥʝʥʪʘ PHOTOCOM ʠʟʣʦʞʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ [5]. ʇʨʠ 

ʵʪʦʤ ʘʚʪʦʨ ʤʦʥʦʛʨʘʬʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʝʝ çéʢʘʢ ʜʦʧʦʣʥʝʥʠʝ  
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ʠ ʨʘʩʰʠʨʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʢʥʠʛʘʭ ɸ.ʅ. ʃʦʙʘʥʦʚʘ, 

ʘ ʥʝ ʢʘʢ ʧʦʜʤʝʥʫ ʝʛʦè [5, ʩ. 6].  

ɺ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʩʫʞʜʝʥʠʷʭ ʙʫʜʝʤ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʜʚʫʤʷ 

ʦʙʩʪʦʷʪʝʣʩɹʪʚʘʤʠ.  

ɺʦ-ʧʝʨʚʳʭ, ʩ ʢʦʥʮʘ 80-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʦʪʨʘʙʦʪʘʥʳ ʠ ʨʝʘ-

ʣʠʟʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʧʨʠʥʮʠʧʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʦʛʦ ʬʦʪʦʪʨʠʘʥʛʫʣʠʨʦʚʘʥʠʷ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʩʪʨʦʛʦʤ ʫʨʘʚʥʠ-

ʚʘʥʠʠ ʧʦ ʫʩʣʦʚʠʷʤ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ çʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʠ ʦʙʱʝʧʨʠʟʥʘʥʥʳʭ ʬʦʨʤʫʣ ʜʣʷ ʧʨʝʜʨʘʩʯʝʪʘ ʪʦʯʥʦʩʪʠ ʬʦʪʦʪʨʠ-

ʘʥʛʫʣʷʮʠʦʥʥʦʛʦ ʙʣʦʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʚʤʝʩʪʥʳʤ ʛʝʦʜʝʟʠʯʝʩʢʠʤ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʝʤ ʧʝʨʝʢʨʚrʘʶʱʠʭʩʷ ʤʘʨʰʨʫʪʦʚ, ʥʝʪè [5, ʩ. 185]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦ-

ʩʪʠ ʪʦʯʢʠ ʯʝʪʢʦʛʦ ʦʙʲʝʢʪʘ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ, ʧʦʣʫ-

ʯʝʥʥʦʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʚ ʧʣʘʥʝ (mS) ʠ ʧʦ 

ʚʳʩʦʪʝ (mH), ʧʨʠʜʝʪʩʷ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʘʤʠ ʨʘʩʯʝʪʘ ʠʭ 

ʚ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦʤ ʤʝʩʪʝ ʫʨʘʚʥʝʥʥʦʡ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ.  

ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʚʳʚʦʜʝ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʬʦʨʤʫʣ ʪʘʢʦʛʦ ʪʠʧʘ, 

ʘʚʪʦʨʳ ʠʭ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ ʦʙʱʠʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʥʘʢʦʧ-

ʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʷʭ, ʩʬʦʨʤʫʣʠ-

ʨʦʚʘʥʥʳʤʠ ɻ.ɺ. ʈʦʤʘʥʦʚʩʢʠʤ ʝʱʝ ʚʦ ʚʨʝʤʝʥʘ, ʥʘ ʤʥʦʛʠʝ ʛʦʜʳ 

ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʠʝ ʧʦʷʚʣʝʥʠʶ ʢʦʤʧʴʶʪʝʨʦʚ [123]. ʇʦɻ ʪʦʤʫ ʚʩʝ 

ʪʘʢʠʝ ʬʦʨʤʫʣʳ ʧʦʜʩʦʟʥʘʪʝʣʴʥʦ ʦʪʥʦʩʠʣʠʩʴ ʢ ʚʘʨʠʘʥʪʘʤ ʫʨʘʚʥʠ-

ʚʘʥʠʷ ʩʝʪʠ ʧʦ ʧʦʣʠʥʦʤʘʤ (ʨʠʩ. 4.2). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝ-

ʜʝʤ ʬʦʨʤʫʣʳ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʠʟ [5]: 

mS = 0,125(H / fk ) mpq 
3 120 180n n+ + ;           (4.17) 

mH = 0,125 (H / b) mpq 
3 40 400n n+ + ,            (4.18) 

ʛʜʝ mpq ï ʉʂʇ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʣʣʘʢʩʦʚ; 

n ï ʯʠʩʣʦ ʩʪʝʨʝʦʧʘʨ ʚ ʩʝʢʮʠʠ, ʘ ʧʨʦʯʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʜʘʥʳ 

ʚʳʰʝ. 

ɺ [5] ʧʨʠʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʬʦʨʤʫʣʳ 

(4.17), (4.18) ʩʧʨʘʚʝʜʣʠʚʳ: 

ï ʚ ʩʪʝʨʝʦʧʘʨʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʪ 20 ʜʦ 25 ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʭ ʪʦ-

ʯʝʢ, ʠʟ ʢʦʪʦʨʳʭ ʦʪ 5 ʜʦ 6 ʩʚʟ̫ʫʶʱʠʭ; 
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ï ʧʨʦʜʦʣʴʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʩʥʠʤʢʦʚ 60 %, ʟʥʘʯʝʥʠʝ ʩʪʘʥʜʘʨʪ-

ʥʦʡ ʦʨʜʠʥʘʪʳ y = b; 

ï ʯʠʩʣʦ ʙʘʟʠʩʦʚ n ʚ ʩʝʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 5 ʜʦ 30; 

ï ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʪʦʯʢʠ ʢ ʦʧʦʟʥʘʢʫ ʧʦʛʨʝʰʥʦʩʪʴ ʝʝ 

ʩʥʠʞʘʝʪʩʷ. 

 

 

 

 

 

 

 

 

ʈʠʩ. 4.2. ʊʠʧʦʚʳʝ ʩʭʝʤʳ ʤʘʨʰʨʫʪʦʚ  

ʧʨʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʤ ʫʨʘʚʥʠʚʘʥʠʠ 

 

ɼʣʷ ʜʣʠʥʥʳʭ ʩʝʪʝʡ ʚ [5] ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʬʦʨ-

ʤʫʣʳ: 

mS = 0,125 (H / fk ) mpq  
3 2 ;n n+              (4.19) 

mH = 0,125 (H / b) mpq   
3 2 ,n n+              (4.20) 

ʛʜʝ mpq ï ʉʂʇ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʣʣʘʢʩʦʚ; 

n ï ʯʠʩʣʦ ʩʪʝʨʝʦʧʘʨ ʚ ʩʝʢʮʠʠ, ʘ ʧʨʦʯʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʜʘʥʳ ʚʳʰʝ. 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʩʪʨʦʛʦʝ ʫʨʘʚʥʠʚʘ-

ʥʠʝ ʧʦ ʫʩʣʦʚʠʷʤ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ ʩ ʩʘʤʦʢʘʣʠʙʨʦʚʢʦʡ ʧʦʚʳʰʘʝʪ 

ʪʦʯʥʦʩʪʴ ʩʝʪʠ ʥʘ 10 ʠʣʠ ʙʦʣʝʝ ʧʨʦʮʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʥʘ ʩʝʪʴ ʥʝ 

ʥʘʣʘʛʘʶʪʩʷ ʥʠʢʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʢʦʣʠʯʝʩʪʚʫ 

ʩʝʢʮʠʡ. ʅʦ ʨʘʟʫʤʝʝʪʩʷ, ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʥʦʨʦʜ-

ʥr ʤʠ ʧʦ ʪʦʯʥʦʩʪʠ ʚʦ ʚʩʝʭ ʯʘʩʪʷʭ ʙʣʦʢʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ mS, mH, ʦʙʫʩʣʦʚ-

ʣʝʥʥʳʭ ʚʣʠʷʥʠʝʤ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʭ ʪʦʯʝʢ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʛʫʱʝʥʠʷ ʩʝʪʠ ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʪʦʯʝʢ, ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʬʦʨʤʫʣʳ (4.17), (4.18) ʠʣʠ (4.19), (4.20).  

| 
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ɺʝʣʠʯʠʥʫ ʧʦʛʨʝʰʥʦʩʪʠ mS_ʦʩʪ ʚ ʬʦʨʤʫʣʝ (4.3) ʤʦʞʥʦ ʧʨʠʥʷʪʴ 
ʨʘʚʥʦʡ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,3 ʜʦ 0,5 ʟʥʘʯʝʥʠʷ mS, ʘ ʚʝʣʠʯʠʥʫ mH_ʦʩʪ  
ʚ ʬʦʨʤʫʣʝ (4,4) ï ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,3 ʜʦ 0,5 ʟʥʘʯʝʥʠʷ mH ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ. 

ʉʫʤʤʘʨʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ _S ʎm , _H ʎm  ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳh ʘʪʴ 

ʚʝʣʠʯʠʥ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʟ ʚʨrʘʞʝʥʠʡ: 

               _S ʎm = (H / fk ) mxy;                    (4.21) 

                _H ʎm = (H/ b) mpq,                     (4.22) 

ʛʜʝ mxy ï ʉʂʇ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ; 
m pq ï ʉʂʇ ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ. 
ʆʩʪʘʣʴʥʳʝ ʩʣʘʛʘʝʤʳʝ ʧʦʜʢʦʨʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʬʦʨʤʫʣ (4.1), 

(4.2) ʤʦʞʥʦ ʘʧʨʠʦʨʥʦ ʧʨʠʥʷʪʴ ʢʘʢ ʩʫʤʤʳ, ʨʘʚʥʳʝ ʚʝʣʠʯʠʥʘʤ, ʥʝ 

ʧʨʝʚʦʩʭʦʜʷʱʠʤ 0,5 ʟʥʘʯʝʥʠʡ _S ʎm  ʠ 2 /3 ʟʥʘʯʝʥʠʡ _H ʎm  ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ.  
ʊʦʛʜʘ ʦʙʱʠʡ ʚʠʜ ʬʦʨʤʫʣ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʧʣʘʥʦʚʦʤ ʧʦʣʦʞʝ-

ʥʠʠ, ʧʦʛʨʝʰʥʦʩʪʠ ʧʦ ʚʳʩʦʪʝ ʪʦʯʢʠ ʦʙʲʝʢʪʘ ʪʨʝʭʤʝʨʥʦʡ ʚʠ-
ʜʝʦʩʮʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʞʘʡh ʠʭ ʧʫʥʢʪʦʚ ʠ ʪʦʯʝʢ ʛʝʦʜʝʟʠʯʝ-
ʩʢʦʡ ʦʩʥʦʚʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ: 

3DSm = [ 2

Sm + ( / 2Sm )
2
+(1/2)( 2 2 / 4S Sm m+ )] 1/2 ;      (4.23) 

3DHm  = [ 2

Hm +( / 2Hm )
2
+(2/3)( 2 2 / 4H Hm m+ ]

2/1
.     (4.24) 

ʇʦʩʣʝ ʥʝʩʣʦʞʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʚʳ-
ʨʘʞʝʥʠʷ: 

3 1,32DS Sm m= ;  3 1,38DH Hm m= ;                (4.25) 

3 _1,12DS S ʎm m= ;  3 _1,20DH H ʎm m= .             (4.26) 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣ (4.25), (4.26) ʷʚʣʷʝʪʩʷ 
ʧʨʦʩʪʦʪʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʙʦʪ ʧʦ ʩʦ-
ʟʜʘʥʠʶ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʚʠʜʝʦʩʮʝʥ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ  
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ʩ ʥʝʢʦʪʦʨʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʧʣʘʥʦʚʦʤ ʧʦʣʦʞʝʥʠʠ 
ʠ ʧʦ ʚʳʩʦʪʝ ʪʦʯʝʢ ʦʙʲʝʢʪʦʚ, ʧʣʘʥʠʨʫʝʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨ-
ʥʦʡ ʚʠʜʝʦʩʮʝʥʳ. 

ʇʨʦʚʝʨʢʫ ʠ ʫʪʦʯʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʩʫɦ ʝʩʪʚʠʪʴ ʜʚʫʤʷ ʧʫʪʷʤʠ: 

ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʪʦʯʥʦʩʪʠ ʪʨʝʭʤʝʨʥʦʡ 

ʚʠʜʝʦʩʮʝʥʳ ʧʦ ʨʘʩʭʦʞʜʝʥʠʷʤ ʠʟʤʝʨʝʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ (ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʠʣʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ) ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ; 

ï ʫʪʦʯʥʝʥʠʝʤ ʚʝʣʠʯʠʥ ʧʦʥʠʞʘʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʨʠʥʷ-

ʪʳʭ ʟʜʝʩʴ ʜʣʷ ʧʦʛʨʝʰʥʦʩʪʝʡ mS_ʦʩʪ, mH_ʦʩʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,3 ʜʦ 

0,5 ʟʥʘʯʝʥʠʷ mS ʠ mH ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʬʦʨʤʫʣʘʭ (4.3), (4.4). ɼʣʷ 

ʵʪʦʛʦ ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳ-

ʩʦʪ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʪʦʯʝʢ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʨʘʚʥʠʚʘʥʠʷ 

ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʠ ʠʟʤʝʨʝʥʥʳʭ ʧʦ ʩʪʝʨʝʦʤʦʜʝʣʠ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʚʳʧʦʣʥʝʥʥʦʛʦ ʩʛʫɦ ʝʥʠʷ.  

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʠ ʢʦʤʧʦʥʝʥʪʘ PHO-

TOCOM ʜʣʷ ʎʌʉ ʎʅʀʀɻɸʠʂ. ɺ ʧʦʩʣʝʜʥʝʤ (ʨʝʞʠʤ off-line) ʠʤʝ-

ʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʙʦʙʱʝʥʥʳʭ ʦʮʝʥʦʢ ʦʞʠʜʘʝʤʦʡ 

ʪʦʯʥʦʩʪʠ ʩʦʚʤʝʱʝʥʠʷ ʩʪʝʨʝʦʤʦʜʝʣʠ ʩ ʪʦʯʢʘʤʠ ʬʦʪʦʪʨʠʘʥʛʫʣʷ-

ʮʠʦʥʥʦʡ ʩʝʪʠ. 
 

4.2. ʆ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʥʦʡ  
ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ  
ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʮ̫ʠʠ 

 

ʉʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʥʠʤʢʦʚ ʧʨʠ ʩʦʟʜʘ-

ʥʠʠ ʎʄʈ ʠ ʎʄʆ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ [42]: 

ï ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʝ ʩʛʫʱʝʥʠʝ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ; 

ï ʧʦʩʪʨʦʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʩʪʝʨʝʦʤʦʜʝʣʝʡ ʧʦ ʜʘʥʥʳʤ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʛʫʱʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠʭ ʪʦʯʝʢ. 

ʆʪʩʶʜʘ ʷʩʥʦ, ʯʪʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʩʫʞʜʝʥʠʷ ʦ ʪʦʯʥʦʩʪʠ ʛʦʪʦʚʦʡ 

ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʞʝʣʘʪʝʣʴʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʥʘʜʝʞʥʳʤʠ ʩʚʝʜʝʥʠʷ-

ʤʠ ʦ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʜʘʥʥʳʭ, ʧʦ ʢʦʪʦ-

ʨʳʤ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʪʝʨʝʦʧʘʨʳ ʩʥʠʤʢʦʚ.  
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ʊʨʘʜʠʮʠʦʥʥʦ ʦ ʪʦʯʥʦʩʪʠ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʩʫʜʷʪ ʧʦ ʦʩʪʘ-

ʪʦʯʥʳʤ ʨʘʩʭʦʞʜʝʥʠʷʤ ʢʦʦʨʜʠʥʘʪ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠ ʫʨʘʚ-

ʥʠʚʘʥʠʠ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʧʦʨʥʳʭ ʪʦʯʢʘʭ, ʘ ʪʘʢʞʝ ʧʦ ʜʨʫʛʠʤ ʧʦ-

ʢʘʟʘʪʝʣʷʤ, ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʤʳʤ ʚ ʧʨʦʪʦʢʦʣʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʚʳʧʦʣʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ. ʆʜʥʘʢʦ ʪʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʣʠʰʴ ʧʨʠʙʣʠʞʝʥ-

ʥʳʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʚ ʮʝʣʦʤ, ʥʦ 

ʥʝ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ ʠʣʠ ʩʪʝʨʝʦʧʘʨ.  

ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʦʜʨʘʟʜʝʣʝ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝ-

ʩʪʚʦ ʬʦʨʤʫʣ ʜʣʷ ʧʦʜʩʯʝʪʘ ʘʧʨʠʦʨʥʦʡ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʬʦʪʦʪʨʠ-

ʘʥʛʫʣʷʮʠʠ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ, ʠʩʭʦʜʷ ʠʟ ʦʙʱʠʭ ʟʘ-

ʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʘʢʦʧʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʝ-

ʪʷʭ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ɻ.ɺ. ʈʦʤʘʥʦʚʩʢʠʤ ʙʦʣʝʝ 40 ʣʝʪ ʥʘʟʘʜ. ʊʘʢʠʝ 

ʬʦʨʤʫʣʳ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʧʦʚʪʦʨʷʶʪ ʩʪʘʚʰʫʶ ʠʩʪʦʨʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʫ ɻ.ʇ. ɾʫʢʦʚʘ. ʅʦ ʠ ʦʥʠ ʜʘʶʪ ʣʠʰʴ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦʙ ʦʞʠʜʘʝʤʦʡ ʪʦʯʥʦʩʪʠ ʚ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦʤ ʤʝʩʪʝ ʤʘʨʰʨʫʪʥʦʡ 

ʩʝʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʩʝʢʮʠʡ. ɺ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʣʠʪʝʨʘ-

ʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʠ ʬʦʨʤʫʣʳ ʜʣʷ ʘʧʨʠʦʨʥʦʡ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ 

ʙʣʦʯʥʦʡ ʩʝʪʠ, ʥʦ ʧʨʠʤʝʥʷʪʴ ʠʭ ʩʣʝʜʫʝʪ ʩ ʙʦʣʴʰʦʡ ʤʝʨʦʡ ʦʩʪʦ-

ʨʦʞʥʦʩʪʠ, ʧʨʠʯʝʤ ʪʦʣʴʢʦ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʪʠʧʦʚʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʠʭ ʥʠʢʘʢ ʥʝ ʦʪʨʘʞʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʦʥʢʨʝʪʥʦʡ ʩʝʪʠ.  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʫʧʦʤʷʥʫʪʦʛʦ ʚʳʰʝ ʢʦʤʧʦʥʝʥʪʘ 

PHOTOCOM ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʩʦʩʪʘʚʣʝʥ ʩ ʫʯʝʪʦʤ ʦʙʱʝʛʦ ʧʨʘʚʠ-

ʣʘ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʮʝʩʩ ʫʨʘʚʥʠ-

ʚʘʥʠʷ ʜʦʣʞʝʥ ʨʝʰʠʪʴ ʜʚʝ ʟʘʜʘʯʠ, ʘ ʠʤʝʥʥʦ ī ʧʦʜʩʯʠʪʘʪʴ ʠʩʢʦʤʳʝ 

ʥʝʠʟʚʝʩʪʥʳʝ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʝʡʰʠʝ ʠʭ ʧʦʛʨʝʰʥʦʩʪʠ. 

ʇʝʨʚʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʩʪʨʦʛʦʛʦ ʫʨʘʚʥʠʚʘʥʠʷ ʩʝʪʠ ʧʦ 

ʫʩʣʦʚʠʷʤ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ ʩ ʩʘʤʦʢʘʣʠʙʨʦʚʢʦʡ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʦ ʦʙʨʘʱʝʥʠʝ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʘʢ ʢʣʝʪʦʢ (Qʵʚʦ)6.6 ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʚʩʝʭ ʩʥʠʤʢʦʚ ʩʝʪʠ, ʪʘʢ ʠ ʢʣʝ-

ʪʦʢ (Qxyz)3.3 ʜʣʷ ʢʘʞʜʦʡ ʝʝ ʪʦʯʢʠ [5]. ʇʦʜʩʯʠʪʳʚʘʝʪʩʷ ʪʘʢʞʝ ʩʨʝʜʥʷ̫  

ʢʚʘʜʨʘʪʠʯʝʩʢʘ ̫ʧʦʛʨʝʰʥʦʩʪʴ ʝʜʠʥʠʮʳ ʚʝʩʘ m, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ 

ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʫʶ ʪʦʯʥʦʩʪʴ ʚʩʝʭ ʫʨʘʚʥʝʥʥʳʭ ʚʝʣʠʯʠʥ, ʢʘʢ  
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M Q=m ,                                     (4.27) 

ʛʜʝ M ï ʉʂʇ ʫʨʘʚʥʝʥʥʦʡ ʚʝʣʠʯʠʥʳ; 

Q ï ʚʝʩʦʚʘʷ ʤʘʪʨʠʮʘ ʫʨʘʚʥʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʟʘ ʤʥʦʛʠʝ ʛʦʜʳ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦ-

ʥʝʥʪʘ PHOTOCOM ʥʝ ʩʣʦʞʠʣʦʩʴ ʦʙʱʝʝ, ʝʜʠʥʦʝ ʤʥʝʥʠʝ ʧʦʣʴʟʦ-

ʚʘʪʝʣʝʡ ʦ ʧʦʣʴʟʝ ʪʘʢʦʡ ʚʝʨʦʷʪʥʝʡʰʝʡ ʦʮʝʥʢʠ ʩʝʪʠ. ɺ ʜʘʥʥʦʤ 

ʨʘʟʜʝʣʝ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʩʦʧʦʩʪʘʚʠʪʴ ʚʝʨʦʷʪʥʝʡʰʠʝ ʧʦʛʨʝʰʥʦ-

ʩʪʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ, ʧʦʜʩʯʠʪʘʥʥʳʝ ʧʨʠ ʫʨʘʚʥʠʚʘʥʠʠ ʯʝʨʝʟ ʚʝʩʦ-

ʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʩ ʠʩʪʠʥʥʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ, ʠ, ʪʝʤ ʩʘʤʳʤ, 

ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ, ʚʳʪʝʢʘʶʱʠʡ ʠʟ ʥʘʟʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʘ [6].  

ʆʙʲʝʤʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʦʧʝʨʘʮʠʠ ʩ ʠʩ-

ʪʠʥʥʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ, ʨʝʘʣʴʥʦ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʦ ʤʘʢʝʪʘʤ 

ʩʥʠʤʢʦʚ. ʇʨʦʛʨʘʤʤʳ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʤʘʢʝʪʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʷʪ ʚ ʢʦʤʧʦʥʝʥʪ PHOTO-

COM. ʆʙʱʘʷ ʩʭʝʤʘ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.3. 

ɿʘʜʘʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʛʨʘʥʠʮ: 0,2; 0,4; 0,6; 0,8; 1,0; 

1,2; 1,4; 1,6; 1,8; 2,0; 2,5; 3,0; 3,5. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʤʘʪʨʠʮʝ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʩʧʝʮʠ-

ʬʠʯʥʦʡ ʬʦʨʤʝ ʦʪʨʘʞʘʶʪʩʷ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠ-

ʦʥʥʦʡ ʩʝʪʠ, ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʛʝʦʤʝʪʨʠʷ ʩʝʪʠ, ʚʢʣʶʯʘʷ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʩʥʠʤʢʘʤʠ ʠ ʤʘʨʰʨʫ-

ʪʘʤʠ, ʚʠʜ ʦʧʦʨʥʳʭ ʜʘʥʥʳʭ ʠ ʩʭʝʤʫ ʠʭ ʨʘʟʤʝʱʝʥʠʷ. ʉʨʝʜʥʷʷ 

ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʝʜʠʥʠʮʳ ʚʝʩʘ ʦʪʨʘʞʘʝʪ ʠʟʤʝʨʠ-

ʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʅʝʚʦʟʤʦʞʥʦ ʚ ʦʜʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʭʚʘʪʠʪʴ ʚʩʝ ʤʥʦʛʦʦʙʨʘ-

ʟʠʝ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʭ ʩʝʪʝʡ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜ-

ʥʳʭ ʜʘʥʥʳʭ, ʪʦ ʚ ʚʳʧʦʣʥʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠʥʷʪʦ, ʯʪʦ ʪʦʯ-

ʥʦʩʪʴ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʭʦʨʦʰʝʡ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʯʪʦ ʛʨʫʙʳʝ ʧʨʦʤʘʭʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ ʩʠʩʪʝʤʘ-

ʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʩʢʣʶʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

ɺ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʣʶʙʦʡ ʩʝʪʠ ʚʝʨʦʷʪʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ 

ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ ʩ ʠʩʪʠʥʥʳʤʠ, ʘ ʦʪʥʦʰʝʥʠʷ ʠʩʪʠʥʥʳʭ ʧʦʛʨʝʰ-

ʥʦʩʪʝʡ ʢ ʚʝʨʦʷʪʥʳʤ ʜʦʣʞʥʳ ʨʘʚʥʷʪʴʩʷ ʝʜʠʥʠʮʘʤ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʞʝʩʪʢʦ ʢʦʧʠʨʦʚʘʪʴ ʫʩʪʦʷʚʰʠʝ-

ʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʝʪʠ. ɻʦʨʘʟʜʦ 
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ʚʘʞʥʝʝ ʚʳʷʚʠʪʴ ʦʙʱʠʝ ʪʝʥʜʝʥʮʠʠ, ʢʦʪʦʨʳʤ ʧʦʜʯʠʥʷʝʪʩʷ ʩʚʷʟʴ 

ʤʝʞʜʫ ʜʚʫʤʷ ʪʠʧʘʤʠ ʧʦʛʨʝʰʥʦʩʪʝʡ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4.3. ʆʙʱʘʷ ʩʭʝʤʘ ʚʳʯʠʩʣʝʥʠʡ ʤʘʢʝʪʦʚ ʠ ʘʥʘʣʠʟʘ ʠʭ ʦʙʨʘʙʦʪʢʠ 

 

 

ʀʩʭʦʜʥʳʡ ʤʘʢʝʪ ʩʦʩʪʘʚʣʝʥ ʜʣʷ ʙʣʦʢʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʝʥʘ-

ʜʮʘʪʠ ʤʘʨʰʨʫʪʦʚ ʧʦ ʪʨʠʥʘʜʮʘʪʴ ʩʥʠʤʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʢʘʤʝʨʦʡ  

ʩ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 222 ʤʤ ʠ ʩʪʦʨʦʥʦʡ ʢʘʜʨʘ 230 ʤʤ. ʊʦʯʢʠ 

ʥʘ ʢʘʞʜʦʡ ʩʪʝʨʝʦʧʘʨʝ ʨʘʟʤʝʱʝʥʳ ʛʨʫʧʧʘʤʠ ʧʦ ʜʚʝ ʚ 15 ʩʪʘʥ-

ʜʘʨʪʥʳʭ ʟʦʥʘʭ, ʧʨʠʯʝʤ ʧʦ ʧʷʪʴ ʟʦʥ ʩ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʩʪʦʨʦʥ ʧʘʨʳ 

ʷʚʣʷʶʪʩʷ ʩʚʷʟʫʶʱʠʤʠ. ɺʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʨʷʜʳ ʩʪʘʥʜʘʨʪʥʳʭ ʟʦʥ 

ʚʭʦʜʷʪ ʚ ʧʦʣʦʩʳ ʤʝʞʤʘʨh ʨʫʪʥʳʭ ʧʝʨʝʢʨʳʪʠʡ.  

ɺ ʚʘʨʠʘʥʪʝ 1 ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʨʘʙʦʯʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ 

ʦʙʝʩʧʝʯʝʥ ʢʘʞʜʳʡ ʤʘʨʰʨʫʪ, ʧʨʠʯʝʤ ʦʧʦʨʥʳʝ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝ-

ʥʳ ʧʘʨʘʤʠ ʯʝʨʝʟ n ʙʘʟʠʩʦʚ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʯʝʪ 

ʚʳʧʦʣʥʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʣʷ ʚʝʣʠʯʠʥʳ n, ʨʘʚʥʦʡ 2, 3, 4, 6 ʠ 12. 

ʈʝʟʫʣʴʪʘʪʳ ʩʯʝʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4.1. 

ʉʦʩʪʘʚʣʝʥʠʝ ʟʘʜʘʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʩʪʥʦʩʪʠ ʠ ʩʥʠʤʢʦʚ 

ʉʦʩʪʘʚʣʝʥʠʝ ʟʘʜʘʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʩʪʥʦʩʪʠ ʠ ʩʥʠʤʢʦʚ 

ʈʘʩʯʝʪ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ ʠ ʤʘʢʝʪʦʚ ʩʥʠʤʢʦʚ,  

ʧʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ 

ʇʦʩʪʨʦʝʥʠʝ ʠ ʫʨʘʚʥʠʚʘʥʠʝ ʩʝʪʠ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʩ ʚʝʨʦʷʪʥʦʡ  

ʦʮʝʥʢʦʡ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʫʨʘʚʥʝʥʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʩ ʠʩʭʦʜʥʤrʠ 

ʤʘʢʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʪʠʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʉʨʘʚʥʝʥʠʝ ʠʩʪʠʥʥʳʭ ʠ ʚʝʨʦʷʪʥʳʭ ʦʮʝʥʦʢ ʪʦʯʥʦʩʪʠ ʜʣʷ ʪʦʯʝʢ ʩʝʪʠ  

ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʠ ʧʦʜʩʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ  

ʪʘʢʠʭ ʦʪʥʦh ʝʥʠʡ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ ʟʘʜʘʥʥʳʭ ʛʨʘʥʠʮ 



ʊʘʙʣʠʮʘ 4.1 

ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚ ʧʨʦʮʝʥʪʘʭ ʩ ʦʪʥʦʰʝʥʠʷʤʠ ʠʩʪʠʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ  

ʢ ʚʝʨʦʷʪʥʳʤ ʚ ʧʨʝʜʝʣʘʭ ʚʝʨʭʥʠʭ ʛʨʘʥʠʮ 

 

ʀʥʜʝʢʩ 

ʙʣʦʢʘ 

ʇʦ ʦʩʠ X  

(ʯʠʩʣʦ ʪʦʯʝʢ ʚ ʧʨʦʮʝʥʪʘʭ) 

ʇʦ ʦʩʠ Y  

(ʯʠʩʣʦ ʪʦʯʝʢ ʚ ʧʨʦʮʝʥʪʘʭ) 

ʇʦ ʦʩʠ Z  

(ʯʠʩʣʦ ʪʦʯʝʢ ʚ ʧʨʦʮʝʥʪʘʭ) 

ɿʥʘʯʝʥʠʷ ʚʝʨʭʥʠʭ ʛʨʘʥʠʮ ʦʪʥʦʰʝʥʠʡ 

1,0 1,2 1,4 1,6 1,8 2,0 1,0 1,2 1,4 1,6 1,8 2,0 1,0 1,2 1,4 1,6 1,8 2,0 

  ɺʘʨʠʘʥʪ 1  

n2 57,7 65,1 71,5 77,9 84,0 87,6 60,4 68,8 75,7 81,6 85,9 88,9 79,2 86,1 90,6 94,0 95,6 96,8 

n3 47,2 55,3 61,4 68,0 73,9 78,4 51,5 59,2 65,8 71,9 78,1 82,8 65,1 74,6 80,5 85,7 89,2 92,5 

n4 45,4 53,1 60,2 66,9 71,9 77,7 49,7 56,9 64,0 69,5 74,5 79,7 62,4 69,9 76,9 82,1 86,6 90,3 

n6 44,3 51,7 58,4 64,5 71,0 75,7 47,1 54,6 60,5 65,6 71,0 76,8 60,1 68,2 75,8 80,6 85,8 89,6 

n12 44,5 52,2 59,7 66,3 71,9 77,6 49,1 57,2 64,8 71,0 77,3 82,1 62,9 71,5 78,6 83,9 89,3 92,4 

n18 38,1 45,2 52,7 59,2 65,4 71,2 40,1 46,8 54,8 61,1 67,3 72,3 70,9 81,7 88,7 93,1 95,8 96,8 

  ɺʘʨʠʘʥʪ 2  

bc2 45,6 52,7 59,8 66,5 72,6 77,8 50,2 57,8 64,5 71,3 76,9 82,0 65,4 74,0 80,6 85,5 89,2 91,8 

bc3 43,6 50,4 57,6 64,1 69,0 74,8 47,9 54,6 61,9 68,3 74,6 80,1 59,3 67,5 75,0 80,7 86,2 89,7 

bc4 43,7 50,5 57,1 62,8 68,8 73,5 46,3 53,9 61,3 67,8 74,0 78,8 63,0 71,7 77,9 82,8 87,0 91,0 

bc6 44,2 51,3 58,6 64,4 70,2 75,1 47,9 54,7 62,1 68,1 73,8 79,1 60,5 69,0 75,6 81,8 86,6 90,0 

  ɺʘʨʠʘʥʪ 3  

gp1 54,3 63,4 70,1 75,9 80,9 85,1 54,6 62,4 70,3 76,7 82,5 87,7 66,9 74,8 82,0 87,0 90,5 93,1 

gp2 51,4 59,0 66,,5 73,4 79,2 83,5 46,5 55,2 61,4 68,0 74,7 78,9 58,7 67,2 75,2 81,0 85,9 90,1 
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