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ʀ. ʕ. ɸʣʝʥʠʥ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʡ ʢʦʣʣʝʜʞ (ʅʉʄʂ) 

 

ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʄʆɼɽʃʔ ɿɼɸʅʀʗ ʂɸʂ ʆʉʅʆɺɸ ɼʃʗ ʀʉʇʆʃʔɿʆɺɸʅʀʗ 
ʕʅɽʈɻʆʉɹɽʈɽɻɸʖʑʀʍ ʊɽʍʅʆʃʆɻʀʁ ʇʈʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ 

 

ʗʚʣʷʷʩʴ ʩʪʫʜʝʥʪʦʤ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʦʛʦ ʢʦʣʣʝʜʞʘ 

ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè, ʷ ʟʘ-

ʠʥʪʝʨʝʩʦʚʘʣʩʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʤʘ-

ʪʝʨʠʘʣʘʤʠ ʜʣʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠ-

ʷʤ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ. 

ʎʝʣʴ ʤʦʝʛʦ ʧʨʦʝʢʪʘ ï ʥʘʡʪʠ ʘʣʴʪʝʨʥʘʪʠʚʫ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʜʦʤʦʩʪʨʦʝʥʠʠ. 

ʆʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʠ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʤʠ ʷ ʧʦʣʴʟʦʚʘʣʩʷ ï ʧʦʠʩʢʦʚʘʷ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ (ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ), ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʜʘʥʠʷ. 

ʈʫʙʝʞ ʢʦʥʮʘ XX ï ʥʘʯʘʣʘ XXI ʚ., ʩʚʷʟʘʥʥʳʡ ʩ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʟʥʘʤʝʥʦʚʘʣʩʷ ʧʦʷʚʣʝʥʠʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ 

ʧʦʜʭʦʜʘ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʟʘʢʣʶʯʘʶʱʝʤʩʷ ʚ ʩʦ-

ʟʜʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʥʦʚʦʛʦ ʟʜʘʥʠʷ, ʥʝʩʫʱʝʡ ʚ ʩʝʙʝ ʚʩʝ ʩʚʝʜʝʥʠʷ ʦ ʙʫ-

ʜʫʱʝʤ ʦʙʲʝʢʪʝ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʜʘʥʠʷ (Building Information Modeling) ï 

ʵʪʦ ʧʦʜʭʦʜ ʢ ʚʦʟʚʝʜʝʥʠʶ, ʦʩʥʘʱʝʥʠʶ, ʦʙʝʩʧʝʯʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʫ 

ʟʜʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʙʦʨ ʠ ʢʦʤʧʣʝʢʩʥʫʶ ʦʙʨʘʙʦʪʢʫ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʚʩʝʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ, ʬʠʥʘʥʩʦ-

ʚʦʡ ʠ ʠʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʜʘʥʠʠ ʩʦ ʚʩʝʤʠ ʝʝ ʚʟʘʠʤʦʩʚʷʟʷʤʠ ʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ. 

ʇʝʨʝʭʦʜ ʧʨʦʝʢʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ ʥʘ ʪʝʭʥʦʣʦʛʠʶ BIM ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʥʘʯʘʣʩʷ ʩ ʧʨʠʢʘʟʘ ʄʠʥ-

ʩʪʨʦʷ ʈʦʩʩʠʠ ˉ 926 ʦʪ 29.12.2014. ɼʘʣʴʥʝʡʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʦʜʯʝʨʢʥʫʣ ʇʨʝʟʠʜʝʥʪ ʈʦʩʩʠʠ ɺ. ɺ. ʇʫʪʠʥ ʚ ʇʦʨʫʯʝʥʠʷʭ ʇʨʝʟʠʜʝʥʪʘ ʧʦ ʠʪʦʛʘʤ 

ʟʘʩʝʜʘʥʠʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʦʚʝʪʘ ʦʪ 11.06.2016.  

ɺʥʝʜʨʝʥʠʝ BIM ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʟʘʤʝʥʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʧʝʨʝʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʵʪʦ ʩʤʝʥʘ ʩʘʤʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʧʨʦʝʢʪ-

ʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʘʜʠʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʤʳʰʣʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʩʪʨʦʡʧʣʦʱʘʜʢʝ. ʇʦʩʣʝʜʥʝʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʠʩʢ ʥʦʚʳʭ ʬʦʨʤ 

ʦʙʫʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʠʢ ʩʘʤʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ. 

ɺ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʜʘʥʠʝ ʠ ʚʩʝ, ʯʪʦ ʠʤʝʝʪ ʢ ʥʝʤʫ ʦʪʥʦ-

ʰʝʥʠʝ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʝʜʠʥʳʡ ʦʙʲʝʢʪ.  

BIM ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʚʩʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʠʩʪʝʤʳ ʠʥʞʝʥʝʨʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʩ ʫʯʝʪʦʤ ʢʦʣʣʠʟʠʡ, ʬʦʨʤʠʨʦʚʘʪʴ ʚʝʩʴ ʘʣʴʙʦʤ ʜʦʢʫʤʝʥʪʘʮʠʠ, 

ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʰʠʙʦʢ, ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʳʭ ʠ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʘʥʠʷ ʧʦ ʝʛʦ ʤʦʜʝʣʠ. 
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BIM ï ʵʪʦ ʦʙʱʘʷ ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʩʪʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ: 

ï ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ;  

ï ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ ʯʝʨʪʝʞʝʡ;  

ï ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʦʙʲʝʢʪʦʚ:  

ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʲʝʢʪʘʤ ʙʘʟʳ ʜʘʥʥʳʭ;  

ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦ ʚʨʝʤʝʥʥʳʤ ʵʪʘʧʘʤ.  

ʊʝʭʥʦʣʦʛʠʷ BIM ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʰʠʙʢʠ, ʧʨʠʩʫʱʠʝ ʪʨʘʜʠʮʠʦʥʥʦʤʫ 

2D-ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʚʩʧʣʳʚʘʶʪ ʫʞʝ ʥʘ ʩʪʨʦʡʧʣʦʱʘʜʢʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺIʄ-ʪʝʭʥʦʣʦʛʠʡ:  

ï ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; 

ï ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ;  

ï ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ;  

ï ʧʦʚʳʰʝʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ;  

ï ʜʦʩʪʫʧʥʦʩʪʴ ʢʦʥʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʜʣʷ ʦʮʝʥʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʪʝʥʜʝʨʘ.  

ʈʝʟʫʣʴʪʘʪʦʤ BIM-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʢʦʤʧʴʶ-

ʪʝʨʥʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʢʘʢ ʩʘʤ ʦʙʲʝʢʪ, ʪʘʢ ʠ ʧʨʦʮʝʩʩ ʝʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ BIM ʦʙʲʝʜʠʥʷʝʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʣʶʙʦʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦʣʫʯʘʪʴ ʘʢʪʫʘʣʴʥʫʶ ʧʨʦʝʢʪʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʠ ʚʠʟʫʘʣʠʟʘ-

ʮʠʠ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ.  

ʊʝʭʥʦʣʦʛʠʷ BIM ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦ-

ʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʟʥʘʯʠ-

ʪʝʣʴʥʫʶ ʵʢʦʥʦʤʠʶ ʩʨʝʜʩʪʚ.  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʛʦ ʜʚʫʭʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ. ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʤʦʜʝʣʠ ï ʚʩʝ ʵʣʝʤʝʥ-

ʪʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʘʢʝʪʘ, ʩʦʜʝʨʞʘʪ ʝʱʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʭ ʤʘʪʝʨʠʘʣʘ (ʧʨʦʯʥʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʩʪʴ 

ʠ ʪ. ʧ.), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ ʠ ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʩʥʘʱʝʥʠʷ ʠ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʠ ʨʦʩʪ ʮʝʥ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʩʪʠʤʫʣʠʨʫʝʪ ʢ ʧʦ-

ʠʩʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ.  

ʆʜʥʦʡ ʠʟ ʥʠʭ ʩʪʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʬʪʦʨʧʦʣʠʤʝʨʥʳʭ 

ʧʣʝʥʦʢ ʜʣʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʟʜʘʥʠʷ. 

ʏʪʦ ʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʥʢʠ ʠʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʬʪʦʨʧʦʣʠʤʝʨʦʚ? 

ɼʦʩʪʦʠʥʩʪʚʘ ʬʪʦʨʧʦʣʠʤʝʨʦʚ: 

ï ʰʠʨʦʢʠʡ ʠʥʪʝʨʚʘʣ ʵʢʩʧʣʫʘʪʘʮʠʠ ï ʦʪ ï200 ʜʦ +250 Áʉ; 

ï ʦʪʣʠʯʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ; 

ï ʚʳʩʦʢʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘʥʪʠʘʜʛʝʟʠʦʥʥʳʝ ʠ ʘʥʪʠʬʨʠʢ-

ʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʘʪʤʦʩʬʝʨʦʩʪʦʡʢʦʩʪʴ ʠ ʥʝʛʦʨʶʯʝʩʪʴ; 

ï ʧʨʦʟʨʘʯʥʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʚ ʚʠʜʠʤʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ 

ʜʦ 90ï97 %; 
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ï ʤʘʣʘʷ ʤʘʩʩʘ ʧʨʠ ʙʦʣʴʰʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï ʦʧʨʝʜʝʣʷʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ; 

ï ʩʚʘʨʠʚʘʝʤʦʩʪʴ ʧʣʝʥʦʢ ʧʦʟʚʦʣʷʷ ʩʦʟʜʘʚʘʪʴ ʚʩʝʚʦʟʤʦʞʥʳʝ ʠʟʜʝʣʠʷ ʨʘʟʣʠʯ-

ʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ; 

ï ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʩʳʨʴʷ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ. 

ʐʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʙʨʘʪʴ ʧʣʝʥʢʫ ʩ ʥʝʦʙʭʦʜʠʤʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ, ʦʧʨʝʜʝʣʷʶʪ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʵʢʩʪʨʫʟʠʦʥʥʳʭ ʧʣʝʥʦʢ 

ʤʘʨʢʠ ETFE (Ethylene tetrafluoroethylene) ð ʵʪʦ ʘʥʘʣʦʛ ʧʦʣʠʤʝʨʘ ʪʝʪʨʘʬʪʦʨʵʪʠ-

ʣʝʥʘ, ʪʦʯʥʝʝ ʛʦʚʦʨʷ, ʝʛʦ ʩʦʧʦʣʠʤʝʨ ʩ ʵʪʠʣʝʥʦʤ. ʆʥ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʩʦʝʜʠʥʝ-

ʥʠʡ ʩ ʦʙʱʠʤ ʥʘʟʚʘʥʠʝʤ ʬʪʦʨʦʧʣʘʩʪʳ. ETFE ʥʘʟʳʚʘʶʪ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʬʦʣʴʛʦʡ, 

ʭʦʪʷ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʵʪʦ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʣʘʩʪʤʘʩʩʳ. 

ʉʚʦʡʩʪʚʘ ʠ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʧʣʝʥʢʠ ETFE: 

ï ʠʩʧʦʣʴʟʫʶʪ ʚʤʝʩʪʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʩʪʝʢʣʘ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʘ ʚʜʚʦʝ ʜʝʰʝʚ-

ʣʝ ʠ ʥʘʤʥʦʛʦ ʣʝʛʯʝ; 

ï ʠʤʝʝʪ ʧʨʝʢʨʘʩʥʳʝ ʪʝʨʤʦʠʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʦʧʫʩʢʘʝʪ ʛʦʨʘʟʜʦ 

ʙʦʣʴʰʝ ʫʣʴʪʨʘʬʠʦʣʝʪʘ, ʯʝʤ ʦʙʳʯʥʦʝ ʩʪʝʢʣʦ;  

ï ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʵʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʩʠʣʴʥʳʤ ʪʝʤ-

ʧʝʨʘʪʫʨʥʳʤ ʧʝʨʝʧʘʜʘʤ; 

ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʤʦʦʯʠʱʘʶʱʠʡʩʷ ʤʘʪʝʨʠʘʣ, ʝʛʦ ʦʯʝʥʴ ʫʜʦʙʥʦ ʧʨʠ-

ʤʝʥʷʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʪʝʢʣʷʥʥʳʭ ʢʨʳʰ ʠ ʘʪʨʠʫʤʦʚ; 

ï ʥʠʟʢʘʷ ʩʤʘʯʠʚʘʝʤʦʩʪʴ, ʪʨʝʥʠʝ, ʘʜʛʝʟʠʷ (ʪʦ ʝʩʪʴ ʩʣʠʧʘʥʠʝʤ ʩ ʧʦʚʝʨʭʥʦ-

ʩʪʴʶ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʚʦʡʩʪʚʘʤ ʚʝʱʝʩʪʚ), ʥʝ ʛʦʨʶʯʠ, ʵʣʘʩʪʠʯʥʳ, ʦʧʪʠʯʝʩʢʠ ʧʨʦ-

ʟʨʘʯʥʳ.  

ʉʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ï 25 ʣʝʪ; ʝʛʦ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʦʚʪʦʨʥʦ.  

ʂʦʥʩʪʨʫʢʮʠʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʟʜʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʦʜʝʟʠʯʝʩʢʠʡ 

ʢʫʧʦʣ, ʢʘʨʢʘʩ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ ʩʪʘʣʴʥʳʭ ʪʨʫʙ, ʦʙʨʘʟʫʶʱʠʭ ʪʨʝʫʛʦʣʴʥʳʝ 

ʨʘʤʳ ʩ ʥʘʨʫʞʥʳʤʠ ʧʘʥʝʣʷʤʠ ʠʟ ʪʝʨʤʦʧʣʘʩʪʠʢʘ ETFE. ʉʪʘʣʴʥʳʝ ʪʨʫʙʢʠ, ʠʟ ʢʦ-

ʪʦʨʳʭ ʩʦʩʪʦʠʪ ʢʘʨʢʘʩ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʠʣʠʛʨʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʨʦʜʥʠ ʧʘʫ-

ʯʴʝʡ ʩʝʪʠ. ʅʘʨʫʞʥʳʝ ʧʘʥʝʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʣʝʥʢʠ (ʧʨʦʟʨʘʯʥʦʡ 

ʬʦʣʴʛʠ) ETFE, ʧʨʦʧʫʩʢʘʶʱʝʡ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʣʫʯʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʝʢ-

ʣʦʤ ETFE ʩʪʦʠʪ ʚʜʚʦʝ ʤʝʥʴʰʝ, ʠʤʝʝʪ ʣʫʯʰʠʝ ʢʘʯʝʩʪʚʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠʟʦʣʷʮʠʠ 

ʠ ʧʨʦʧʫʩʢʘʝʪ ʙʦʣʴʰʝ ʫʣʴʪʨʘʬʠʦʣʝʪʘ. ʇʘʥʝʣʠ ʩʢʨʝʧʣʝʥʳ ʧʦ ʧʝʨʠʤʝʪʨʫ 

ʠ ʥʘʧʦʣʥʝʥʳ ʚʦʟʜʫʭʦʤ, ʦʙʨʘʟʫʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʙʦʣʴʰʫʶ ʚʦʟʜʫʰʥʫʶ ʧʦʜʫʰʢʫ, 

ʧʨʝʜʦʭʨʘʥʷʶʱʫʶ ʟʜʘʥʠʝ ʦʪ ʧʦʪʝʨʠ ʪʝʧʣʘ.  

ʅʝʜʦʩʪʘʪʢʦʤ ʧʣʝʥʢʠ ʷʚʣʷʝʪʩʷ ʚʝʩ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 1 % ʦʪ ʚʝʩʘ ʩʪʝʢʣʘ, 

ʜʝʣʘʷ ʚʩʶ ʩʪʨʫʢʪʫʨʫ ʣʝʛʯʝ, ʯʝʤ ʚʦʟʜʫʭ, ʚ ʥʝʡ ʩʦʜʝʨʞʘʱʠʡʩʷ: ʝʩʣʠ ʚʝʪʝʨ ʧʦʜʫʝʪ 

ʚ ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʠ ʝʩʣʠ ʥʝ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʨʝʧʝʞʘ, ʟʜʘʥʠʝ ʧʨʦʩʪʦ 

ʫʥʝʩʝʪ. 

ɼʨʫʛʦʡ ʥʝʜʦʩʪʘʪʦʢ ʚ ʪʦʤ, ʯʪʦ ʩʨʦʢ ʩʣʫʞʙʳ ʧʣʝʥʢʠ ï 25 ʣʝʪ.  

ʄʘʪʝʨʠʘʣ ETFE ʫʩʪʦʡʯʠʚ ʢ ʙʦʣʴʰʠʥʩʪʚʫ ʟʘʛʨʷʟʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʩʪʦ 

ʩʤʳʚʘʶʪʩʷ ʜʦʞʜʝʤ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʳʪʴʝ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ 

ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʦ ʧʨʠ ʧʦʤʦʱʠ ʘʣʴʧʠʥʠʩʪʦʚ. 

ʆʪʭʦʜʳ ʧʣʝʥʦʢ ʠʟ ʊʇʌʇ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ 

ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ-
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ʦʪʭʦʜʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʳʧʫʩʢʦʤ ʧʣʝʥʢʠ ʥʝʦʪʚʝʪʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʩʣʝʜʦʚʘʣʦ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʮʝʣʝʡ. 

1. ʇʦʩʪʨʦʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʥʦʩʠʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʭʘʨʘʢ-

ʪʝʨ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʷ, ʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʫʨʦʚʥʶ 

ʢʦʤʬʦʨʪʘ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ. 

2. ʇʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ 

ʚʘʞʥʦ ʢʘʢ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ BIM ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʪʘʢ ʠ ʜʣʷ ʧʦʜʛʦʪʦʚ-

ʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

3. ʉʦʟʜʘʥʦ ʥʘʛʣʷʜʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʨʘʟʥʳʭ ʫʨʦʚ-

ʥʝʡ ʥʘʚʳʢʦʚ ʦʙʨʘʱʝʥʠʷ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ, ʯʪʦ ʠʤ ʧʨʠʛʦʜʠʪʩʷ 

ʚ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

4. ʆʩʫʱʝʩʪʚʣʝʥʘ ʧʝʨʚʘʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʦʧʳʪʢʘ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʟʜʘʥʠʡ ʛʨʫʧʧʳ ʩʪʫʜʝʥʪʦʚ ʢʦʣʣʝʜʞʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʷʣʘ 

ʠʟ ʦʙʫʯʝʥʠʷ ʨʘʙʦʪʝ ʩ ʧʨʦʛʨʘʤʤʦʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘ-

ʜʘʥʠʷ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʤʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʣʝʥʦʢ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʟʘʪʨʘʪ 

ʥʘ ʦʪʦʧʣʝʥʠʝ ʟʜʘʥʠʷ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʜʦʤʘ ʩʧʦʩʦʙʥʳ ʩʵʢʦʥʦʤʠʪʴ ʦʛʨʦʤʥʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ ʠ ʵʥʝʨʛʠʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʞʠʣʠʱʘ. 

ɿʜʝʩʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʩʪʘʝʪʩʷ ʤʝʩʪʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʨʦʷʚʣʝʥʠʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʪʚʦʨʯʝʩʢʦʡ ʤʳʩʣʠ.  

ʆʧʠʩʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʚʦʜʠʣʘʩʴ 

ʚ ʨʘʤʢʘʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʎʝʥʪʨʘ ʪʝʭʥʦʣʦʛʠʠ BIM ʥʘ ʙʘʟʝ ʅʦʚʦʩʠ-

ʙʠʨʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʦʛʦ ʢʦʣʣʝʜʞʘ ʠ ʥʝ ʪʦʣʴʢʦ ʧʦʢʘʟʘʣʘ ʩʚʦʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ ʜʘʣʘ ʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ. 

 

 

ʈʠʩ. 1. ʄʘʢʝʪ ʜʦʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʬʪʦʨʧʦʣʠʤʝʨʥʳʭ  

ʧʣʝʥʦʢ ʜʣʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 
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ʋɼʂ 528 

 

ɹ. ʅ. ɸʭʤʝʜʦʚ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʦʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʉɻʋɻʠʊ) 

 

ʇʆʉʊʈʆɽʅʀɽ ʎʀʌʈʆɺʓʍ ʊʈɽʍʄɽʈʅʓʍ ʄʆɼɽʃɽʁ ɻɽʆʇʈʆʉʊʈɸʅʉʊɺɸ 
 

ɻʝʦʧʨʦʩʪʨʘʥʩʪʚʦ ï ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ, ʧʦʜʣʝʞʘʱʘʷ ʠʟʫʯʝ-

ʥʠʶ, ʦʪʦʙʨʘʞʝʥʠʶ, ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚ ʧʨʝʜʝʣʘʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʝ-

ʨʠʦʜʘ ʚʨʝʤʝʥʠ, ʦʙʲʝʢʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʧʝʨʝʯʥʷ ʠ ʩʪʝʧʝʥʠ ʧʦʜʨʦʙʥʦʩʪʠ ʝʛʦ 

ʩʚʦʡʩʪʚ, ʫʢʘʟʘʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʤ ʛʝʦʠʥʬʦʨʤʘʮʠʠ [1]. ʄʦʜʝʣʴ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʘ 

ʩʦʜʝʨʞʠʪ ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʦʚ ʠ ʠʭ ʦʪʥʦʰʝʥʠʡ ʠʣʠ, ʧʦ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʪʝʨʤʠʥʦ-

ʣʦʛʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʙʲʝʢ-

ʪ  rï ʵʪʦ ʤʦʜʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʨʝʜʤʝʪʦʚ. ʈʝʣʴʝʬ ï ʵʪʦ ʪʦʞʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʡ ʧʨʝʜʤʝʪ [2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʩʬʝʨʝ ʫʧʨʘʚʣʝʥʠʷ ʥʘʨʦʜʥʳʤʠ ʭʦʟʷʡʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʦʙʲʝʢʪʦʚ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʨʝʘʣʠʩʪʠʯʥʦʤ ʦʪʦʙʨʘʞʝʥʠʠ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ 

ʫʚʝʣʠʯʠʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʦ ʠʟʤʝ-

ʥʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʠ ʧʨʘʢʪʠʢʫ ʫʧʨʘʚʣʝʥʠʷ ʥʘʨʦʜʥʳʤ ʭʦʟʷʡʩʪʚʦʤ. ʎʠʬʨʦʚʘʷ 

ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʘ (ʎʊʄɻ) ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʮʝʣʦʛʦ ʨʷʜʘ 

ʵʣʝʤʝʥʪʦʚ: ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʦʜʝʣʴ ʥʘʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ 

(ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ), ʤʦʜʝʣʴ ʥʝʜʨ (ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ) ʠ ʪ. ʜ.  

ʎʠʬʨʦʚʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʘ (ʎʊʄɻ), ʧʦʩʪʨʦʝʥʥʘʷ 

ʥʘ ʦʩʥʦʚʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʝʨʝ-

ʚʴʝʚ, ʟʜʘʥʠʡ ʠ ʜʨ. ʎʊʄɻ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʬʦʨʤʘʪʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʨʝ-

ʰʘʪʴ ʟʘʜʘʯʠ ʪʦʧʦʛʨʘʬʠʠ, ʚʝʩʪʠ ʧʦʜʩʯʝʪ ʦʙʲʝʤʦʚ, ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʦʦʨʫʞʝʥʠʷ ʥʘ 

ʣʘʥʜʰʘʬʪʘʭ, ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʦʝʢʪʳ ʧʣʘʥʠʨʦʚʢʠ ʪʝʨʨʠʪʦʨʠʠ, ʩʦʟʜʘʪʴ ʧʨʦʝʢʪ-

ʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ: ʩʠʪʫʘʮʠʦʥʥʳʡ ʧʣʘʥ ʤʝʩʪʥʦʩʪʠ, ʧʨʦʬʠʣʴ ʤʝʩʪʥʦʩʪʠ, ʵʢʩ-

ʧʣʠʢʘʮʠʠ, ʩʧʝʮʠʬʠʢʘʮʠʠ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʧʨ..  

ʉʦʟʜʘʥʠʝ ʎʊʄɻ ʤʝʪʦʜʦʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪ ʠʣʠ ʣʘʟʝʨʥʳʭ 

ʩʢʘʥʝʨʦʚ) ʥʘ ʟʘʩʪʨʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʧʣʦʪʥʦʡ ʨʘʩʪʠ-

ʪʝʣʴʥʦʩʪʠ ʠ ʪʝʭ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʦʙʨʘʟʫʶʪʩʷ ʪʝʥʝʚʳʝ ʤʝʩʪʘ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʩʧʝ-

ʮʠʘʣʠʩʪʘʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʘʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʦ-

ʣʝʚʦʝ ʠʟʤʝʨʝʥʠʝ ʢʘʞʜʳʭ ʦʪʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘ-

ʭʝʦʤʝʪʨʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 93 % ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʩʦʩʪʦʠʪ ʠʟ 

ʛʦʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʨʥʳʭ ʤʝʩʪʥʦʩʪʝʡ ʩʪʘʣʦ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʟʝʤʣʝʧʦʣʴ-

ʟʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʥʝ 

ʪʦʣʴʢʦ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʥʦ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʫʥʠʢʘʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʣʝʯʝʙʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʝ ʧʫʥʢʪʳ, ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʙʘʟʳ, ʢʨʫʧʥʳʝ ʨʳʥʢʠ, 

ʩʧʦʨʪʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʘʨʢʠ ʠ ʜʨ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʥʠʢʘʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʩʣʦʞʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 
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ʫʩʣʦʚʠʷʭ ʪʨʝʙʫʝʪʩʷ ʜʝʪʘʣʴʥʘʷ ʠ ʜʦʩʪʦʚʝʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʝ 

ʤʝʩʪʥʦʩʪʠ ʚ ʪʨʝʭʤʝʨʥʦʤ ʚʠʜʝ. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʧʨʠʷʪʠʷʤ, ʟʘʥʠʤʘʶ-

ʱʠʤʩʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴ,ʁ ʧʨʠʭʦʜʠʪʩʷ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʪʨʝʙʠʪʝ-

ʣʝʡ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʝʡ ʚ ʚʠʜʝ ʮʠʬʨʦʚʳʭ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝ-

ʣʝʡ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʘ (ʎʊʄɻ).  

ɺ ʢʘʯʝʩʪʚʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʥʘ ʙʘʟʝ ʧʨʠʣʦʞʝʥʠʡ 

ɻʀʉ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ArchiCAD ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʲʝʢʪʦʚ ʤʝʩʪ-

ʥʦʩʪʠ ʚ ʪʨʝʭʤʝʨʥʦʤ ʚʠʜʝ. 

ArchiCAD ï ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ, ʠʥ-

ʞʝʥʝʨʦʚ ʩʪʨʦʠʪʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ (Building Information Modeling ï BIM), ʩʦʟʜʘʥʥʳʡ ʬʠʨʤʦʡ Graphisoft [4]. 

ʇʨʦʛʨʘʤʤʘ ArchiCAD ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʇʨʠ ʨʘʙʦʪʝ ʚ ʧʘʢʝʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʮʝʧʮʠʷ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʉʫʪʴ ʝʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʝʢʪ ArchiCAD ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʚʠʨʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʚʠʜʘ ʤʝʩʪʥʦʩʪʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʳʭ 

ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ, ʠʥʞʝ-

ʥʝʨ-ʪʦʧʦʛʨʘʬ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ ʩ ʩʦʟʜʘʥʠʝʤ ʎʊʄɻ ʚʠʟʫʘʣʠʟʠʨʫʝʪ ʚʩʝ 

ʦʙʲʝʢʪʳ ʤʝʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ ʠʥʩʪʨʫʤʝʥʪʳ, ʠʤʝʶʱʠʝ ʩʚʦʠ ʧʦʣʥʳʝ 

ʘʥʘʣʦʛʠ ʚ ʨʝʘʣʴʥʦʩʪʠ: ʩʪʝʥʳ, ʧʝʨʝʢʨʳʪʠʷ, ʣʝʩʪʥʠʮʳ, ʠʥʩʪʨʫʤʝʥʪʳ ʨʠʩʦʚʘʥʠʷ, 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʙʲʝʢʪʳ ʠ ʪ. ʜ. ʇʨʦʛʨʘʤʤʘ ArchiCAD ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʪʨʝʭ-

ʤʝʨʥʳʝ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ, ʤʦʜʝʣʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʘʥʩʘʤʙʣʝʡ, ʠʥʪʝʨʴʝʨʘ ʚʥʫʪ-

ʨʝʥʥʠʭ ʧʦʤʝʱʝʥʠʡ, ʥʘʜʟʝʤʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ 

ʨʘʙʦʪ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʩʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʳʭ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʝʩʪʥʦʩʪʠ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ. 

 

ʅʦʤʝʨ  

ʭʘʨʘʢʪʝʨ-

ʥʦʡ ʪʦʯʢʠ 

ʅʘʟʚʘʥʠʝ ʦʙʲʝʢʪʘ 

ʈʘʟʤʝʨʳ ʦʙʲʝʢʪʘ, ʤ 
ʇʨʠʤʝ-

ʯʘʥʠʝ ʚr ʩʦʪʘ ʠhʨʠʥʘ 
ʜʠʘʤʝʪʨ, 

ʜʣʠʥʘ  

24 
ɼʝʨʝʚʦ  

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʝ 
h = 9,60 b = 4,20 d = 0,65  

ʂʣʝʥ  

(d ï ʩʪʚʦʣ 

ʜʝʨʝʚʘ) 

41 ɼʝʨʝʚʦ ʭʚʦʡʥʦʝ h = 7,40 b = 3,30 d = 0,56 

ɽʣʴ  

(d ï ʩʪʚʦʣ 

ʜʝʨʝʚʘ) 

46ï51 ɹʝʩʝʜʢʘ h = 3,10 ï ï 
6-ʫʛʦʣʴ-

ʥʘʷ ʬʦʨʤʘ 

52ï57 2ʂʅ 

Hʮʦʢʦʣʷ = 0,6 

ʅɻ ʪʘʞʘ = 3,0 

ʅʢʨʦʚʣʠ = 2,8 

ï ï 

ʇʦʚʝʨʭ. 

ʮʚʝʪ ʙʝ-

ʣʳʡ 
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ʇʨʠʤʝʨʦʤ ʧʦʩʪʨʦʝʥʥʦʡ ʎʊʄɻ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤ AUTODESK CIVIL 3D 

ʠ BIM ʧʨʦʛʨʘʤʤ ArchiCAD, ʷʚʣʷʝʪʩʷ çʆʟʜʦʨʦʚʠʪʝʣʴʥʳʡ ʣʘʛʝʨʴ ï ʈʫʯʴʷè ʥʘ 

ʈʦʤʠʪʩʢʦʤ ʫʱʝʣʴʝ ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʘʜʞʠʢʠʩʪʘʥ. ʅʘ ʦʙʲʝʢʪʝ ʚʳʧʦʣʥʝʥʘ ʠʥʞʝ-

ʥʝʨʥʦ-ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʤʘʩʰʪʘʙʘ 1 : 500 ʩ ʩʝʯʝʥʠʝʤ ʨʝʣʴʝʬʘ ʛʦʨʠʟʦʥ-

ʪʘʣʷʤʠ ʯʝʨʝʟ 0,50 ʤ, ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 3,5 ʛʘ. ʉʲʝʤʢʘ ʪʚʝʨʜʳʭ ʢʦʥʪʫʨʦʚ ʧʨʦʠʟ-

ʚʝʜʝʥʘ ʧʦʣʷʨʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʨʝʝʯʥʳʭ ʪʦʯʝʢ ʣʘ-

ʟʝʨʥʳʤ ʪʘʭʝʦʤʝʪʨʦʤ Sokkia Set RX 650. ʂʘʤʝʨʘʣʴʥʳʝ ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝ-

ʥʳ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤ AUTODESK CIVIL 3D. ɿʥʘʯʝʥʠʷ ʚʳʩʦʪ ï ʦʪ 913,35 ʜʦ 

929,50 ʤ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʪʫʘʮʠʷ ʤʝʩʪʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʙʘʟʝ BIM 

ʧʨʦʛʨʘʤʤ, ʧʫʪʝʤ ʵʢʩʧʦʨʪʘ ʩʦʟʜʘʥʥʦʡ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʠʟ CIVIL 3D 

ʚ ArchiCAD.  

ʎʠʬʨʦʚʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ArchiCAD ʩʦʟʜʘʝʪʩʷ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʷʤ. ʆʜʥʘʢʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʨʝʣʴʝʬʘ ʧʦ ʜʘʥʥʳʤ ʛʝʦʜʝʟʠ-

ʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʆʙʨʘʙʦʪʢʘ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʵʢʩʧʦʨʪʠʨʦʚʘʣʘʩʴ ʚ ʬʦʨʤʘʪ DXF. 

ɺ ArchiCAD ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʦʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠʤʝʝʪʩʷ ʜʦ-

ʩʪʘʪʦʯʥʦ ʥʘʙʦʨʦʚ ʙʠʙʣʠʦʪʝʢ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʟʘʜʘʪʴ ʥʫʞʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʨʘʟʤʝʨʳ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʦʞʥʦ ʫʯʠ-

ʪʳʚʘʪʴ ʵʣʝʤʝʥʪʥʦ-ʩʤʝʪʥʳʝ ʥʦʨʤʳ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ, ʠ ʚ ʠʪʦʛʝ ʧʨʦʛʨʘʤʤʘ 

ʩʬʦʨʤʠʨʫʝʪ ʩʦʩʪʘʚʠʪ ʩʤʝʪʫ ʨʘʩʭʦʜʦʚ (ʧʦʜʩʯʠʪʘʝʪ ʦʙʲʝʤ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʠ ʚʳ-

ʜʘʩʪ ʧʦʣʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ). 

 

 

 

ʈʠʩ. 1. ʇʦʩʪʨʦʝʥʥʘʷ ʮʠʬʨʦʚʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʘ  

ʧʦ ʦʙʣʘʢʘʤ ʪʦʯʝʢ ʚ Civil  3D 
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ʈʠʩ. 2. ʇʦʩʪʨʦʝʥʥʘʷ ʮʠʬʨʦʚʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʘ  

ʧʦ ʛʦʨʠʟʦʥʪʘʣʷʤ ʚ ArchiCAD 

 

 

 

 

ʈʠʩ. 3. ʆʙʨʘʙʦʪʘʥʥʳʡ ʩʠʪʫʘʮʠʦʥʥʳʡ ʧʣʘʥ ʚ Civil 3D 
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ʈʠʩ. 4. ʉʦʟʜʘʥʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ArchiCAD 
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ɸ. ɺ. ɹʘʡʳʨ-ʦʦʣ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʦʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʉɻʋɻʠʊ) 

 

ʉʆɿɼɸʅʀɽ ʇʃɸʅɸ ɺʅʋʊʈʀʍʆɿʗʁʉʊɺɽʅʅʆɻʆ ɿɽʄʃɽʋʉʊʈʆʁʉʊɺɸ  
ɺ ʉʈɽɼɽ AUTO CAD 
 

ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʦʝ ʯʝʨʯʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʛʨʘʬʠʢʠ ʠ ʮʚʝʪʘ. 

ɿʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʦʝ ʯʝʨʯʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʯʝʨʯʝʥʠʷ ʩʚʦ-

ʠʤʠ ʟʘʜʘʯʘʤʠ, ʫʩʣʦʚʥʳʤʠ ʟʥʘʢʘʤʠ ʠ ʤʝʪʦʜʘʤʠ ʦʬʦʨʤʣʝʥʠʷ ʯʝʨʪʝʞʝʡ.  
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ɺ ʧʨʦʮʝʩʩʝ ʚʥʫʪʨʠʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟ-

ʨʘʙʘʪʳʚʘʶʪʩʷ ʧʨʦʝʢʪʳ ʚʥʫʪʨʠʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ (ɺʍɿ). ʇʨʦʝʢʪ 

ʚʥʫʪʨʠʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘ-

ʚʦʚʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ (ʪʝʢʩʪʦʚʳʭ, ʨʘʩʯʝʪʥʳʭ, ʛʨʘ-

ʬʠʯʝʩʢʠʭ) ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʝ ʟʝʤʝʣʴ. ʆʥ 

ʦʧʨʝʜʝʣʷʝʪ ʥʦʚʫʶ ʬʦʨʤʫ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʩʧʦʩʦʙʩʪʚʦ-

ʚʘʪʴ ʨʦʩʪʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɽʛʦ ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʥʝʩʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʛʨʘ-

ʥʠʮ ʚʩʝʭ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʠ ʩʝʚʦʦʙʦʨʦʪʦʚ ʥʘ ʧʣʘʥʝ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ (ʪʦʧʦ-

ʛʨʘʬʠʯʝʩʢʦʤ ʧʣʘʥʝ) [1ï3]. 

ʅʘ ʧʝʨʚʳʭ ʧʦʨʘʭ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʦʚ ʚʥʫʪʨʠʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʝʤʣʝʫʩʪʨʦʡ-

ʩʪʚʘ ʚ ʦʩʥʦʚʥʦʤ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʚʳʜʝʣʝʥʠʠ ʧʘʭʦʪʥʳʭ ʤʘʩʩʠʚʦʚ ʧʦʜ ʩʝʚʦʦʙʦʨʦʪʳ 

ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʣʝʡ ʠ ʙʨʠʛʘʜʥʳʭ ʫʯʘʩʪʢʦʚ, ʥʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʦʝʢʪʳ ʚʥʫʪ-

ʨʠʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʩʪʘʣʠ ʦʭʚʘʪʳʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ʪʝʨʨʠʪʦ-

ʨʠʶ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʝʢʪʦʚ ʚʥʫʪʨʠʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʱʝ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʝʜʫʧʨʝʞʜʝ-

ʥʠʷ ʦʧʘʩʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʣʠ. 

ʉʦʩʪʘʚ ʠ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʝʢʪʘ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʥʳʭ ʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʬʦʨʤ ʟʝʤʣʝʚʣʘʜʝʥʠʷ ʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʩʧʝʮʠʘʣʠʟʘ-

ʮʠʠ ʭʦʟʷʡʩʪʚʘ, ʩʦʩʪʘʚʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʦʪʨʘʩʣʝʡ, ʫʩʣʦʚʠʡ ʨʘʩʩʝʣʝʥʠʷ, ʨʘʟʚʠʪʠʷ 

ʵʣʝʤʝʥʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʇʨʦʝʢʪ ɺʍɿ ʩʦʩʪʦʠʪ ʠʟ ʩʝʤʠ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ: 

1. ʈʘʟʤʝʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʮʝʥʪʨʦʚ. 

2. ʈʘʟʤʝʱʝʥʠʝ ɺʍ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʜʦʨʦʛ, ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʜʨʫʛʠʭ ʠʥ-

ʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʦʙʲʝʢʪʦʚ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ɿ. ʆʨʛʘʥʠʟʘʮʠʷ ʫʛʦʜʠʡ ʠ ʩʝʚʦʦʙʦʨʦʪʦʚ. ʕʪʘ ʯʘʩʪʴ ʧʨʦʝʢʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩ ʫʯʝʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ (ʧʣʦʜʦʨʦʜʠʷ, ʵʨʦʜʠʨʦʚʘʥʥʦʩʪʠ, ʦʢʫʣʴʪʫʨʝʥʥʦʩʪʴ) 

ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʟʝʤʣʠ. ʆʨʛʘʥʠʟʘʮʠʷ ʩʝʚʦʦʙʦʨʦʪʦʚ ʚʩʝʛʜʘ ʩʯʠʪʘʣʦʩʴ 

ʦʩʥʦʚʦʡ ɺʍɿ. ʪʘʢ ʢʘʢ ʧʘʰʥʷ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʮʝʥʥʳʤ ʫʛʦʜʴʝʤ. 

4. ʋʩʪʨʦʡʩʪʚʦ ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʦʦʙʦʨʦʪʦʚ: ʨʘʟʤʝʱʝʥʠʝ ʧʦʣʝʡ, ʣʝʩʦʧʦʣʦʩ, 

ʜʦʨʦʛ, ʧʦʣʝʚʳʭ ʩʪʘʥʦʚ, ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

5. ʋʩʪʨʦʡʩʪʚʦ ʪʝʨʨʠʪʦʨʠʠ ʧʣʦʜʦʚʦ-ʷʛʦʜʥʳʭ ʥʘʩʘʞʜʝʥʠʡ, ʨʘʟʤʝʱʝʥʠʝ ʧʦʨʦʜ, 

ʩʦʨʪʦʚ, ʢʚʘʨʪʘʣʦʚ, ʙʨʠʛʘʜʥʳʭ ʫʯʘʩʪʢʦʚ, ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʮʝʥʪʨʦʚ, ʣʝʩʦʧʦʣʦʩ ʠ ʪ. ʜ. 

6. ʋʩʪʨʦʡʩʪʚʦ ʪʝʨʨʠʪʦʨʠʠ ʧʘʩʪʙʠʱ, ʟʘʢʨʝʧʣʝʥʠʝ ʧʘʩʪʙʠʱ ʟʘ ʞʠʚʦʪʥʦʚʦʜ-

ʯʝʩʢʠʤʠ ʬʝʨʤʘʤʠ, ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʨʘʟʤʝʱʝʥʠʝ ʧʘʩʪʙʠʱʝʦʙʦʨʦʪʦʚ, ʛʫʨʪʦʚʳʭ 

(ʦʪʘʨʥʳʭ) ʫʯʘʩʪʦʢ, ʟʘʛʦʥʦʚ, ʦʯʝʨʝʜʥʦʩʪʠ ʩʪʨʘʚʣʠʚʘʥʠʷ, ʣʝʪʥʠʭ ʣʘʛʝʨʝʡ, ʚʦʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʩʢʦʪʦʧʨʦʛʦʥʦʚ. 

7. ʋʩʪʨʦʡʩʪʚʦ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʩʝʥʦʢʦʩʦʦʙʦʨʦʪʦʚ, ʙʨʠʛʘʜʥʳʭ 

ʫʯʘʩʪʢʦʚ, ʨʘʟʤʝʱʝʥʠʝ ʧʦʣʝʚʳʭ ʩʪʘʥʦʚ, ʜʦʨʦʛ, ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʆʬʦʨʤʣʝʥʠʝ ʧʨʦʝʢʪʘ ï ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʬʦʨʤʣʝʥʠʝ ʧʣʘʥʘ ʟʝʤʣʝʧʦʣʴʟʦ-

ʚʘʥʠʷ. ʇʨʦʝʢʪ ʚʥʫʪʨʠʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ ʥʘ ʢʘʯʝ-

ʩʪʚʝʥʥʦʤ ʧʣʘʥʦʚʦ-ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʨʝʣʴʝʬʘ ʤʝʩʪ-

ʥʦʩʪʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ, ʜʘʥ-

ʥʳʭ ʚʥʫʪʨʠʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʟʝʤʝʣʴ, ʧʦʯʚʝʥʥʦʛʦ, ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʛʦ, ʘʛʨʦ-
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ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʦʙʩʣʝʜʦʚʘʥʠʡ ʠ ʠʟʳʩʢʘʥʠʡ. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ 

ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘ ʧʨʦʚʦʜʷʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʩʣʝʜʦ-

ʚʘʥʠʷ ʠ ʠʟʳʩʢʘʥʠʷ ʠʣʠ ʢʦʨʨʝʢʪʠʨʫʶʪ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ. 

ʀʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʨʝʜʧʨʦʝʢʪʥʳʭ ʧʨʦʨʘʙʦʪʦʢ (ʩʭʝʤʳ ʟʝʤʣʝ-

ʫʩʪʨʦʡʩʪʚʘ ʨʘʡʦʥʦʚ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʝʣʴ, ʨʘʟʤʝʱʝʥʠʷ ʜʦʨʦʞʥʦʡ ʩʝʪʠ, 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʳ ʠ ʜʨ.), ʧʨʦʝʢʪʳ ʤʝʞʭʦʟʷʡʩʪʚʝʥ-

ʥʦʛʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ, ʤʝʣʠʦʨʘʮʠʠ, ʘʛʨʦʣʝʩʦʤʝʣʠʦʨʘʮʠʠ, ʧʣʘʥʠʨʦʚʢʠ ʠ ʟʘ-

ʩʪʨʦʡʢʠ ʩʝʣʴʩʢʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʤʘʪʝʨʠʘʣʳ ʧʦ ʧʝʨʝʜʘʯʝ ʟʝʤʣʠ ʚ ʚʝʜʝʥʠʝ 

ʩʝʣʴʩʢʦʡ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʠ ʜʨ. 

ʄʘʩʰʪʘʙ ʧʣʘʥʦʚʦ-ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʚ 

ʚʥʫʪʨʠʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʟʝʤʣʝʚʣʘʜʝʥʠʷ 

ʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʢʦʥʬʠʛʫʨʘʮʠʠ, ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ ʠ ʨʘʟʦʙʱʝʥʥʦʩʪʠ ʫʛʦʜʠʡ, 

ʢʦʥʪʫʨʥʦʩʪʠ, ʩʣʦʞʥʦʩʪʠ ʨʝʣʴʝʬʘ, ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʝʤʝʣʴ ʠ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦ ʟʦʥʘʤ ʩʪʨʘʥʳ ʠʩʧʦʣʴʟʫʶʪ ʧʣʘʥʳ ʨʘʟʣʠʯʥʳʭ 

ʤʘʩʰʪʘʙʦʚ ï ʦʪ 1 : 5 000 ʜʦ 1 : 100 000. 

ɺ ʨʘʡʦʥʘʭ ʧʦʣʠʚʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʘʜʦʚʦʜʩʪʚʘ ʠ ʚʠʥʦʛʨʘʜʘʨ-

ʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʧʣʘʥʳ ʢʨʫʧʥʳʭ ʤʘʩʰʪʘʙʦʚ ï 1 : 5 000 ʠ 1 : 10 000; ʚ ʫʩʣʦʚʠʷʭ 

ʤʝʣʢʦʢʦʥʪʫʨʥʦʩʪʠ ʫʛʦʜʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ï 1 : 10 000; ʚ ʩʪʝʧʥʦʡ ʟʦʥʝ ʩ ʙʦʣʴʰʠʤʠ 

ʤʘʩʩʠʚʘʤʠ ʧʘʰʥʠ ʠ ʢʦʣʣʝʢʪʠʚʥʳʤʠ ʭʦʟʷʡʩʪʚʘʤʠ ï 1: 25 000; ʚ ʧʫʩʪʳʥʥʳʭ ʠ ʧʦʣʫ-

ʧʫʩʪʳʥʥʳʭ ʨʘʡʦʥʘʭ ï 1 : 50 000; ʚ ʨʘʡʦʥʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ï 1 : 100 000. ɼʣʷ 

ʢʨʝʩʪʴʷʥʩʢʠʭ (ʬʝʨʤʝʨʩʢʠʭ) ʭʦʟʷʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʱʘʜʠ ʯʘʱʝ ʚʩʝʛʦ ʠʩ-

ʧʦʣʴʟʫʶʪ ʧʣʘʥʳ ʤʘʩʰʪʘʙʘ 1 : 5 000. 

ʆʬʦʨʤʣʝʥʠʝ ʢʘʨʪ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦ-

ʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʘʙʦʪʘʪʴ ʩ ʚʝʢʪʦʨʥʦʡ ʛʨʘʬʠʢʦʡ 

[4]. ʄʥʦʡ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ AutoCAD 2013.  

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʯʠʭ ʩʣʦʝʚ 

ʧʨʦʝʢʪʘ. ɺ ʵʪʫ ʢʘʪʝʛʦʨʠʶ ʚʦʰʣʠ ʩʣʝʜʫʶʱʠʝ ʩʣʦʠ:  

1. ʈʘʩʪʨ; 

2. ʃʝʛʝʥʜʘ; 

3. ʋʯʘʩʪʢʠ ʭʦʟʷʡʩʪʚ; 

4. ʅʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ; 

5. ʋʯʨʝʞʜʝʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

6. ɼʦʨʦʛʠ; 

7. ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠ ʛʨʫʥʪʳ; 

8. ɻʨʘʥʠʮʳ ʭʦʟʷʡʩʪʚ; 

9. ʂʚʘʨʪʘʣʳ; 

10. ʌʝʨʤʳ; 

11. ʊʝʨʨʠʪʦʨʠʠ ʭʦʟʷʡʩʪʚ; 

12. ʅʘʜʧʠʩʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʤʳ ʩʦʟʜʘʣʠ ʩʣʦʡ çʈʘʩʪʨè ï ʙʳʣʘ ʧʦʜʛʨʫʞʝʥʘ ʨʘʩʪ-

ʨʦʚʘʷ ʦʩʥʦʚʘ (ʬʨʘʛʤʝʥʪ ʧʨʦʝʢʪʥʦʛʦ ʧʣʘʥʘ ʤʘʩʰʪʘʙʘ 1 : 10 000). ɼʘʣʝʝ ï ʩʣʦʡ 

çʃʝʛʝʥʜʘè. 

ɼʘʣʝʝ ʚʳʧʦʣʥʝʥ ʩʣʦʡ çʋʯʘʩʪʢʠ ʭʦʟʷʡʩʪʚè: ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ 

ʢʘʞʜʦʛʦ ʭʦʟʷʡʩʪʚʘ ʦʢʨʘʰʝʥʘ, ʘ ʛʨʘʥʠʮʳ ʦʪʪʝʥʝʥʳ. ʊʝʨʨʠʪʦʨʠʠ ʦʢʨʘʰʝʥʳ ʚ ʩʣʝ-
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ʜʫʶʱʠʝ ʮʚʝʪʘ: ʟʝʣʝʥʳʡ, ʛʦʣʫʙʦʡ, ʞʝʣʪʳʡ, ʨʦʟʦʚʳʡ, ʢʨʘʩʥʳʡ ʠ ʩʝʨʦ-ʢʦʨʠʯʥʝʚʳʡ. 

ʎʚʝʪʘ ʧʦʜʦʙʨʘʥʳ ʜʣʷ ʙʦʣʝʝ ʯʝʪʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʚʦʩʧʨʠʷʪʠʷ ʧʣʘʥʘ.  

ʉʣʦʡ çʅʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳè: ʩ ʧʦʤʦʱʴʶ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʚʳʜʝʣʝʥʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠ ʥʝʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ: ʩʝʣʴʩʢʠʡ ʥʘʩʝʣʝʥʥʳʡ 

ʧʫʥʢʪ, ʩʦʭʨʘʥʷʝʤʳʡ ʥʘ ʨʘʩʯʝʪʥʳʡ ʩʨʦʢ (ʦʙʦʟʥʘʯʝʥʳ ʦʢʨʫʞʥʦʩʪʷʤʠ ʩʠʥʝʛʦ ʮʚʝ-

ʪʘ) ʠ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, ʧʦʜʣʝʞʘʱʠʝ ʩʩʝʣʝʥʠʶ ʥʝʤʝʜʣʝʥʥʦ (ʦʢʨʫʞʥʦʩʪʠ ʩʠ-

ʥʝʛʦ ʮʚʝʪʘ ʩ ʧʝʨʝʢʨʝʩʪʴʝʤ). 

ʉʣʦʡ çʋʯʨʝʞʜʝʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷè: ʧʦʢʘʟʘʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʫʯʨʝʞʜʝʥʠʷ, 

ʦʙʩʣʫʞʠʚʘʶʱʠʝ ʥʘʩʝʣʝʥʠʝ ʭʦʟʷʡʩʪʚ. ʂʨʘʩʥʳʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʦʪʤʝʯʝʥʳ 

ʫʯʨʝʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʩʣʫʞʠʚʘʶʪ ʚʩʝ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ. ʂʨʘʩʥʳʤ ʢʨʫʛʦʤ 

ʦʪʤʝʯʝʥʳ ʪʝ ʫʯʨʝʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʩʣʫʞʠʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʯʘʩʪʦʢ. 

ʉʣʦʡ çɼʦʨʦʛʠè: ʥʘ ʧʣʘʥʝ ʥʘʥʝʩʝʥʘ ʜʦʨʦʞʥʘʷ ʩʝʪʴ: ʧʨʷʤʳʤʠ ʢʨʘʩʥʳʤʠ ʣʠ-

ʥʠʷʤʠ ï ʧʨʦʝʢʪʠʨʫʝʤʳʝ ʜʦʨʦʛʠ, ʯʝʨʥʳʤʠ ï ʩʫʱʝʩʪʚʫʶʱʠʝ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʳ 

ʛʨʫʥʪʦʚʳʝ ʧʨʦʩʝʣʦʯʥʳʝ ʜʦʨʦʛʠ, ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʦʚ.  

ʉʣʦʡ çʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠ ʛʨʫʥʪʳè: ʩʪʘʥʜʘʨʪʥʳʤʠ ʫʩʣʦʚʥʳʤʠ ʟʥʘʢʘʤʠ ʧʦʢʘ-

ʟʘʥʳ ʩʘʜʳ ʠ ʚʠʥʦʛʨʘʜʥʠʢʠ, ʘ ʪʘʢʞʝ ʟʘʣʝʞʠ.  

ʉʣʦʡ çɻʨʘʥʠʮʳè: ʛʨʘʥʠʮʳ ʨʘʡʦʥʦʚ ʥʘ ʬʨʘʛʤʝʥʪʝ ʦʬʦʨʤʣʝʥʳ ʢʦʤʙʠʥʘʮʠʷ-

ʤʠ ʣʠʥʝʡʥʦʛʦ ʧʫʥʢʪʠʨʘ ʠ ʪʦʯʝʢ, ʦʢʨʘʰʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʘʤʠ. ʕʪʠ ʛʨʘʥʠ-

ʮʳ ʧʦʢʘʟʳʚʘʶʪ, ʛʜʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʦʜʠʥ ʫʯʘʩʪʦʢ, ʠ ʥʘʯʠʥʘʝʪʩʷ ʜʨʫʛʦʡ. ʕʣʝʤʝʥ-

ʪʳ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʡʦʥʦʚ ʥʘʥʝʩʝʥʳ ʪʦʥʢʠʤʠ ʣʠʥʠʷʤʠ, ʘ ʧʨʦʝʢʪ-

ʥʦʝ ʨʝʰʝʥʠʝ ï ʙʦʣʝʝ ʪʦʣʩʪʳʤʠ. 

ʉʣʦʡ çʂʚʘʨʪʘʣʳè: ʢʚʘʨʪʘʣʳ ʧʦʢʘʟʘʥʳ ʥʘ ʧʣʘʥʝ ʧʦʣʠʛʦʥʘʤʠ ʩʦ ʰʪʨʠʭʦʚʢʦʡ 

ʯʝʨʥʦʛʦ ʮʚʝʪʘ. 

ʉʣʦʡ çʌʝʨʤʳè: ʟʥʘʯʢʘʤʠ ʧʦʢʘʟʘʥʳ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʝ ʠ ʧʪʠʮʝʚʦʜʯʝʩʢʠʝ 

ʬʝʨʤʳ. 

ʉʣʦʡ çʊʝʨʨʠʪʦʨʠʠ ʭʦʟʷʡʩʪʚè: ʥʘ ʜʘʥʥʦʤ ʩʣʦʝ ʙʳʣʘ ʥʘʥʝʩʝʥʘ ʟʘʧʨʦʝʢʪʠʨʦ-

ʚʘʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ. ʊʝʨʨʠʪʦʨʠʷ ʠʟʤʝʥʝʥʠʷ ʛʨʘʥʠʮ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʘʰʪʨʠ-

ʭʦʚʘʥʘ ʢʨʘʩʥʦʡ ʣʠʥʠʝʡ. 

ʉʣʦʡ çʅʘʜʧʠʩʠè: ʚ ʵʪʦʤ ʩʣʦʝ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘʟʚʘʥʠʷ ʭʦʟʷʡʩʪʚ ʠ ʥʘʩʝʣʝʥ-

ʥʳʭ ʧʫʥʢʪʦʚ. ʊʘʢʞʝ ʢʨʘʩʥʳʤʠ ʨʠʤʩʢʠʤʠ ʮʠʬʨʘʤʠ ʧʨʦʥʫʤʝʨʦʚʘʥʳ ʪʝʨʨʠʪʦʨʠʠ 

ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʭʦʟʷʡʩʪʚ. 

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ï ʧʣʘʥ ʚʥʫʪʨʠʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ. ʆʥ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʦ ʧʨʝʜʤʝʪʫ çʂʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘè. 
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ʕ. ʉ. ɹʦʥʜʘʨʝʚ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ (ʉɻʋʇʉ) 

 

ʀʄʀʊɸʎʀʆʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺ ʇʈʆɻʈɸʄʄɽ SOLIDWORKS 
 

ʀʥʞʝʥʝʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʪʨʘʞʘʝʪ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʫʯʥʦ-ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ ʩʚʷʟʳʚʘʝʪ ʥʘʫʯʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʟʘ-

ʜʘʯʘʤʠ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʣʶʙʳʭ ʦʙʲʝʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʟʘʜʘʥʠʶ ʧʨʘʚʠ-

ʪʝʣʴʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʙʠʟʥʝʩ-ʧʣʘʥʦʚ. ʂ ʪʘʢʠʤ 

ʦʙʲʝʢʪʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʚ ʢʦʥʩʪʨʫʢʪʦʨʩʢʫʶ 

ʜʦʢʫʤʝʥʪʘʮʠʶ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʨʘʙʦʯʠʝ ʯʝʨʪʝʞʠ, ʩʧʝʮʠʬʠʢʘʮʠʠ, ʥʦ 

ʠ ʧʨʦʝʢʪʥʦ-ʩʤʝʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ. 

ʅʘ ʟʘʥʷʪʠʷʭ ʧʦ ʠʥʞʝʥʝʨʥʦʡ ʛʨʘʬʠʢʝ ʤʳ ʧʦʟʥʘʢʦʤʠʣʠʩʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠ-

ʜʘʤʠ ʧʝʨʝʜʘʯ ʠ ʟʘʮʝʧʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ SolidWorks. 

ɼʘʥʥʳʡ ʉɸʇʈ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʞʝʥʝʨʘʤʠ ʥʘ ʵʪʘʧʘʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʢʘʢ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦ-

ʚʘʪʴ ʣʶʙʳʝ ʜʝʪʘʣʠ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʘʣʦ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʟʘʜʘʯ. ʋʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɸʇʈ 

Solidworks. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʝʨʝʜʘʯ ʠ ʟʘʮʝʧʣʝʥʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʥʝʢʦʪʦʨʳʝ 

ʠʟ ʥʠʭ. 

ʂʦʥʠʯʝʩʢʦʝ ʟʫʙʯʘʪʦʝ ʟʘʮʝʧʣʝʥʠʝ. ʂʦʥʠʯʝʩʢʦʝ ʟʫʙʯʘʪʦʝ ʟʘʮʝʧʣʝʥʠʝ 

(ʨʠʩ. 1) ʧʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʘʪʴ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʦʪ 

ʚʝʜʫʱʝʛʦ ʚʘʣʘ ʢ ʚʝʜʦʤʦʤʫ. ɺʘʣʳ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ, ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʯʘʱʝ ʚʩʝʛʦ ʧʦʜ ʫʛʣʦʤ 90Á. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʳʡ ʤʦʜʫʣʴ ʟʫʙʮʘ ʧʦ ʜʣʠʥʝ [1]. 

 

 

ʈʠʩ. 1. ʂʦʥʠʯʝʩʢʦʝ ʟʫʙʯʘʪʦʝ ʟʘʮʝʧʣʝʥʠʝ 
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ʇʨʷʤʦʟʫʙʦʝ ʟʫʙʯʘʪʦʝ ʟʘʮʝʧʣʝʥʠʝ. ɼʘʥʥʳʡ ʚʠʜ ʟʘʮʝʧʣʝʥʠʷ (ʨʠʩ. 2) ʷʚʣʷ-

ʝʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ. ɺ ʥʝʤ ʦʩʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʧʘʨʘʣʣʝʣʴʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ. ʇʨʷʤʦʟʫʙʦʝ ʟʫʙʯʘʪʦʝ ʟʘʮʝʧʣʝʥʠʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʚʩʝʚʦʟʤʦʞʥʳʭ 

ʤʝʭʘʥʠʟʤʘʭ, ʘ ʦʩʦʙʝʥʥʦ ʚ ʰʝʩʪʝʨʝʥʥʳʭ ʛʠʜʨʦʤʘʰʠʥʘʭ [1]. 

 

 

ʈʠʩ. 2. ʇʨʷʤʦʟʫʙʦʝ ʟʫʙʯʘʪʦʝ ʟʘʮʝʧʣʝʥʠʝ 
 

 

ʂʦʩʦʟʫʙʦʝ ʟʫʙʯʘʪʦʝ ʟʘʮʝʧʣʝʥʠʝ. ɺ ʢʦʩʦʟʫʙʦʤ ʟʫʙʯʘʪʦʤ ʟʘʮʝʧʣʝʥʠʠ 

(ʨʠʩ. 3) ʚ ʟʘʮʝʧʣʝʥʠʠ ʥʘʭʦʜʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʟʫʙʴʝʚ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ 

ʧʝʨʝʜʘʚʘʝʤʘʷ ʥʘʛʨʫʟʢʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʧʣʘʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʧʝʨʝʜʘʯʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʰʫʤʘ [1]. ɼʘʥʥʳʡ ʪʠʧ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʝʭʘʥʠʟʤʘʭ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʜʘʪʴ ʙʦʣʴʰʦʡ ʢʨʫʪʷʱʠʡ 

ʤʦʤʝʥʪ. 

 

 

ʈʠʩ. 3. ʂʦʩʦʟʫʙʦʝ ʟʫʙʯʘʪʦʝ ʟʘʮʝʧʣʝʥʠʝ 
 

 

ʎʝʧʥʘʷ ʧʝʨʝʜʘʯʘ. ʎʝʧʥʳʝ ʧʝʨʝʜʘʯʠ (ʨʠʩ. 4) ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʦʩʪʳʤ ʠ ʵʢʦ-

ʥʦʤʠʯʥʳʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʝʨʝʜʘʯʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʜʘʥʥʦʤ ʪʠʧʝ ʧʝ-

ʨʝʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʣʦʡ ʟʘʮʝʧʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʮʝʧʠ. ʎʝʧʥʳʝ ʧʝʨʝʜʘʯʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʩʪʫʶ ʢʦʤʧʦʥʦʚʢʫ ʠ ʙʦʣʴʰʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚʘʣʦʚ ʜʨʫʛ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ɼʘʥʥʳʡ ʚʠʜ ʧʝʨʝʜʘʯʠ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʰʫʤ-

ʥʳʡ [2]. 
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ʈʠʩ. 4. ʎʝʧʥʘʷ ʧʝʨʝʜʘʯʘ 

 

 

ʏʝʨʚʷʯʥʘʷ ʧʝʨʝʜʘʯʘ. ʏʝʨʚʷʯʥʳʝ ʧʝʨʝʜʘʯʠ (ʨʠʩ. 5) ʝʱʝ ʥʘʟʳʚʘʶʪ ʟʫʙʯʘʪʦ-

ʚʠʥʪʦʚʳʤʠ. ʆʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʝʨʝʜʘʯʘʤ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʟʘʮʝʧ-

ʣʝʥʠʝ ʯʝʨʚʷʢʘ ʩ ʩʦʧʨʷʞʝʥʥʳʤ ʩ ʥʠʤ ʯʝʨʚʷʯʥʳʤ ʢʦʣʝʩʦʤ. ɼʘʥʥʳʝ ʧʝʨʝʜʘʯʠ ʠʩ-

ʧʦʣʴʟʫʶʪ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʘʪʴ ʜʚʠʞʝʥʠʝ ʧʝʨʝʢʨʝʱʠʚʘʶʱʠʤʩʷ ʚʘʣʘʤ. 

ɺʨʘʱʘʷʩʴ, ʯʝʨʚʷʢ ʚʭʦʜʠʪ ʚ ʟʘʮʝʧʣʝʥʠʝ ʩ ʟʫʙʯʘʪʳʤ ʢʦʣʝʩʦʤ, ʠ ʧʨʠʚʦʜʠʪ ʝʛʦ ʚʦ 

ʚʨʘʱʝʥʠʝ. ɻʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʝʨʝʜʘʯʠ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʙʦʣʴʰʠʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʝʣ [3]. ʏʝʨʚʷʯʥʳʝ ʧʝʨʝʜʘʯʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʜʲʝʤʥʳʭ ʤʝʭʘʥʠʟʤʘʭ.  

 

 

ʈʠʩ. 5. ʏʝʨʚʷʯʥʘʷ ʧʝʨʝʜʘʯʘ 

 

 

ʇʨʦʛʨʘʤʤʘ SolidWorks ʧʦʟʚʦʣʷʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʚʳʰʝʧʝʨʝʯʠʩ-

ʣʝʥʥʳʭ ʧʝʨʝʜʘʯ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʨʝʜʫʢʪʦʨʦʚ [4]. ʈʘʩʩʤʦʪ-

ʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʝʜʫʢʪʦʨ. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʝʜʫʢʪʦʨ (ʨʠʩ. 6) ʧʨʠʤʝʥʷ-

ʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʨʘʱʝʥʠʷ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʘʣʘʤʠ 
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ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ, ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʦʙʱʠʡ ʢʦʨʧʫʩ [4].  

ʎʠʣʠʥʜʨʠʯʝʩʢʠʝ ʨʝʜʫʢʪʦʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 

ʠ ʚ ʚʦʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

 

 

ʈʠʩ. 6. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʝʜʫʢʪʦʨ 

 

 

ʂʦʥʠʯʝʩʢʠʡ ʨʝʜʫʢʪʦʨ (ʨʠʩ. 7). ʂʦʥʠʯʝʩʢʠʡ ʨʝʜʫʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʨʝʜʫʢʪʦʨ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʢʦʥʠʯʝʩʢʫʶ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 

ʧʝʨʝʜʘʯʠ. ɺ ʢʦʥʠʯʝʩʢʦʤ ʨʝʜʫʢʪʦʨʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʢʦʣʝʩʘ ʠʤʝʶʪ ʬʦʨʤʫ ʫʩʝ-

ʯʝʥʥʦʛʦ ʢʦʥʫʩʘ. ʆʩʠ ʚʘʣʦʚ ʜʘʥʥʦʛʦ ʟʘʮʝʧʣʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʫʛʣʦʤ [5]. 

ʂʦʥʠʯʝʩʢʠʝ ʨʝʜʫʢʪʦʨʳ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʠʚʦʜʘʭ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʤʘʰʠʥ 

ʠ ʩʪʘʥʢʘʭ. 

 

 

ʈʠʩ. 7. ʂʦʥʠʯʝʩʢʠʡ ʨʝʜʫʢʪʦʨ 
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ɿʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʠ ʟʫʙʯʘʪʳʝ ʟʘʮʝʧʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʚʠ-

ʞʝʥʠʷ ʠ ʤʦʱʥʦʩʪʠ ʩ ʦʜʥʦʛʦ ʚʘʣʘ ʤʘʰʠʥʳ ʥʘ ʜʨʫʛʦʡ. ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ 

SolidWorks ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʠʤʠʪʘʮʠʠ ʜʚʠʞʝʥʠʷ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʚʟʛʣʷʥʫʪʴ ʥʘ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʠʟʜʝʣʠʡ.  
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ɼ. ɸ. ɹʦʨʠʩʦʚ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʦʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʉɻʋɻʠʊ) 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆɻʆ ʇʆʃʆɾɽʅʀʗ ʊɽʍʅʆɻɽʅʅʓʍ  
ʆɹʒɽʂʊʆɺ ʇʆ ɻɽʆɼɽɿʀʏɽʉʂʀʄ ɼɸʅʅʓʄ 
 

ʉʣʦʞʥʦʩʪʴ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ (ʊʆ) ʥʝʩʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ ʜʣʷ 

ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦ-

ʚʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

(ʇɺʉ) [1ï5]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʩʙʦʨʘ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʪʘʢʠʭ, ʥʘʧʨʠ-

ʤʝʨ, ʢʘʢ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʢʪʝ ʚ ʚʠʜʝ 

ʤʘʩʩʠʚʘ (ʦʙʣʘʢʘ) ʪʦʯʝʢ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ X, Y, Z. ʅʝʠʟʙʝʞʥʦʝ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʊʆ, ʚʳ-

ʷʚʠʪʴ ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʦ ʧʨʠʨʘʱʝʥʠʷʤ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʣʘʢʘ, ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʥʘ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t ʧʨʠ ʩʤʝʱʝʥʠʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠ-

ʞʝʥʠʝ ʦʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʤʥʦʞʝʩʪʚʦ X(t), Y(t), Z(t). 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʪʘʢʠʝ ʢʘʢ Autocad Civil 3d, Cyclone 

MODEL ʠ ʪ. ʜ., ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʩʤʝʱʝʥʠʝ ʦʙʲʝʢʪʘ ʧʫʪʝʤ ʥʘʣʦʞʝʥʠʷ ʩʪʘ-

ʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ti ʠ ti+1 

(ʛʜʝ i = 1, 2 é n), ʠ ʚʳʷʚʠʪʴ ʟʦʥʳ ʜʝʬʦʨʤʘʮʠʠ. ʀʟʤʝʥʝʥʠʝ ʇɺʉ ʦʙʲʝʢʪʘ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ, ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ-

ʛʦ ʜʚʠʞʝʥʠʷ (ʜʝʬʦʨʤʘʮʠʠ). ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʦʙʣʘʢʘ ʤʦʞʝʪ ʠʟʤʝʨʷʪʴʩʷ ʜʝʩʷʪ-

ʢʘʤʠ ʪʳʩʷʯ, ʠ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʤʦʞʝʪ ʠʤʝʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝ-

ʥʠʷ ʠ ʨʘʟʥʫʶ ʩʢʦʨʦʩʪʴ. ɺʳʷʚʠʪʴ ʟʦʥʳ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʤʝʱʝ-
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ʥʠʶ ʪʦʯʝʢ ʦʙʣʘʢʘ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʞʥʦ, ʦʜʥʘʢʦ ʦʧʨʝʜʝʣʠʪʴ ʮʝ-

ʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʇɺʉ (ʚʨʘʱʝʥʠʝ, ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝ-

ʥʠʝ) ʚʦʟʤʦʞʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ [6ï8]. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʬʠʛʫʨʘʤʠ. ɼʚʠʞʝʥʠʝ ʦʙʣʘʢʘ ʠ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʧ-

ʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʠʛʫʨʳ ʢʘʢ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ. ʊʘʢ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ 

ʦʙʲʝʢʪʘ ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʝʝ ʩʬʝʨʦʡ, ʮʠʣʠʥʜʨʦʤ, ʪʝʪʨʘʵʜʨʦʤ ʠ ʪ. ʜ. 

ʌʦʨʤʫ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ (ʩʚʝʯʝʢ), ʤʦʩʪʦʚ, ʪʦʥʥʝʣʝʡ, ʛʘʟʦ- ʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ 

ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʮʠʣʠʥʜʨʫ. ʀʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʮʠʣʠʥʜʨʘ, ʝʛʦ ʚʨʘʱʝʥʠʝ 

ʠʣʠ ʩʤʝʱʝʥʠʝ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢ-

ʪʘ ʠ ʝʛʦ ʦʨʠʝʥʪʘʮʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ [9].  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʜʫʨʫ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʦʙʣʘʢʘ ʮʠʣʠʥʜʨʦʤ ʥʘ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ t1 ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʨʠʩ. 1). ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʳʯʠʩʣʝʥʠʡ 

ʠ ʥʘʛʣʷʜʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ ʘʚʪʦʨʦʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʢʦ-

ʪʦʨʘʷ ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʦʙʣʘʢʘ ʩ ʢʦʦʨ-

ʜʠʥʘʪʘʤʠ X(t), Y(t), Z(t), ʧʦʟʚʦʣʷʝʪ: 

ï ʚʳʧʦʣʥʠʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʦʙʣʘʢʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʠʛʫʨʦʡ; 

ï ʦʧʨʝʜʝʣʠʪʴ ʦʨʠʝʥʪʘʮʠʶ ʬʠʛʫʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʣʦʚʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨ-
ʜʠʥʘʪ; 

ï ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʠʛʫʨʳ ʢʘʢ ʬʫʥʢ-
ʮʠʡ ʚʨʝʤʝʥʠ. 

 

 

ʈʠʩ. 1. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ʮʠʣʠʥʜʨʦʤ 

 

 

 

Yô 

Zô 

Xô 
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ɽʩʣʠ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʩʦʚʤʝʩʪʠʪʴ ʩ ʪʦʯʢʦʡ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʣʘʢʘ, ʪʦ ʦʨʠʝʥʪʘʮʠʶ ʵʪʦ-

ʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ ʫʛʣʳ ʕʡʣʝʨʘ (ʨʠʩ. 2).  

 

 

ʈʠʩ. 2. ʆʨʠʝʥʪʘʮʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʝʨʝʟ ʫʛʣʳ ʕʡʣʝʨʘ 

 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʦʙʲʝʢʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʳʣʘ ʚʳ-

ʧʦʣʥʝʥʘ ʠʤʠʪʘʮʠʷ ʧʦʚʦʨʦʪʘ. ʅʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t2 ʙʳʣʦ ʠʩʢʫʩʩʪʚʝʥʥʦ ʟʘʜʘʥʦ 

ʩʤʝʱʝʥʠʝ ʪʦʯʝʢ ʦʙʣʘʢʘ. 

 

 

ʈʠʩ. 3. ɺʨʘʱʝʥʠʝ ʮʠʣʠʥʜʨʘ 

ʊʦʯʢʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 

X, Y, Z 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ ʫʛʦʣ ʧʨʝʮʝʩʩʠʠ ʧʦʣʫʯʠʣʩʷ ʨʘʚʥʳʤ 78Á, ʫʛʦʣ ʥʫ-

ʪʘʮʠʠ = ï126Á, ʘ ʫʛʦʣ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ = ï42Á. 

ʀʤʝʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ X(ti), Y(ti), Z(ti), ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠ-

ʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʮʝʣʦʤ. ɽʩʣʠ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʥʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ 

ʦʙʲʝʢʪʘ (ʜʝʬʦʨʤʘʮʠʷ), ʪʦ ʜʣʷ ʢʘʞʜʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʯʘʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩʨʘʚʥʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ ʯʘʩʪʝʡ ʦʙʲʝʢʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. 

ʇʨʦʮʝʩʩ ʜʝʢʦʤʧʦʟʠʮʠʠ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʦʨ-

ʤʘʣʴʥʳʭ ʠ ʥʝʬʦʨʤʘʣʴʥʳʭ ʜʝʡʩʪʚʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʝʜʩʪʘʚʠʪʴ ʠʩʭʦʜʥʳʡ ʦʙʲ-

ʝʢʪ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʯʘʩʪʝʡ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʮʠʢʣʠʯʝ-

ʩʢʠʡ ʭʘʨʘʢʪʝʨ ï ʦʥ ʤʦʞʝʪ ʧʦʚʪʦʨʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʜʝʢʦʤʧʦʟʠʮʠʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʝʢʦʤʧʦʟʠʮʠʷ, ʢʘʢ ʧʨʦʮʝʩʩ ʨʘʩʯʣʝʥʝʥʠʷ, 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʶʙʫʶ ʠʩʩʣʝʜʫʝʤʫʶ ʩʠʩʪʝʤʫ ʢʘʢ ʩʣʦʞʥʫʶ, ʩʦʩʪʦʷ-

ʱʫʶ ʠʟ ʦʪʜʝʣʴʥʳʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢ-

ʞʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʯʣʝʥʝʥʳ ʥʘ ʯʘʩʪʠ. ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ, ʧʨʝʜʲʷʚʣʷʝʤʦʝ ʢ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʩʦʩʪʦʠʪ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʠʩʪʝʤʳ ʠʩʯʝʨʧʳʚʘʶʱʝ ʧʦ-

ʜʨʦʙʥʦ ʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʜʩʠʩʪʝʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʦʧʠʩʘʥʠʝ ʠʩʭʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ ʫʧʨʦʱʘʝʪʩʷ, ʠ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʠ ʦʙʣʝʛʯʘʝʪʩʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʦʣʫʯʘʶʪ ʥʘʙʦʨ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ ʩʪʘʥʦʚʷʪʩʷ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉ ʪʘʢʠʤʠ ʙʣʦʢʘʤʠ ʧʨʦʱʝ ʨʘʙʦʪʘʪʴ: 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʦʧʨʝʜʝʣʷʪʴ ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 4). 

 

 

ʈʠʩ. 4. ɼʝʢʦʤʧʦʟʠʮʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ ʙʣʦʢʠ 

 

 

ʊʘʢʞʝ ʚ ʛʝʦʠʥʬʦʨʤʘʪʠʢʝ ʧʨʠʤʝʥʷʝʪʩʷ ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʜʣʷ 

ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʠʩʘʥʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

(ʨʠʩ. 5). 
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ʈʠʩ. 5. ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ 

 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʤʝʪʦʜʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʪʘʢʠʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʙʣʦʢʠ, ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʇɺʉ ʢʘʞʜʦʛʦ ʠʭ ʥʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʣʦʛʦ ʦʙʲʝʢʪʘ ʥʝʨʘʚʥʦʟʥʘʯʥʦ. ʊʦ ʝʩʪʴ 

ʢʘʞʜʳʡ ʙʣʦʢ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʥʫʶ ʚʝʣʠʯʠʥʫ ʥʘʢʣʦʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʨʘʟʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʨʘʟʥʳʝ ʜʚʠʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ 

(ʨʠʩ. 6). 

 

 

ʈʠʩ. 6. ɼʝʢʦʤʧʦʟʠʮʠʷ ʦʙʲʝʢʪʘ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʙʣʦʢʠ 

 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʠʩʧʦʣʴʟʫʝʤ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʪʝʭʥʦʛʝʥ-

ʥʳʡ ʦʙʲʝʢʪ ï ʜʳʤʦʚʫʶ ʪʨʫʙʫ ʊʕʎ. ʊʘʢʠʝ ʪʨʫʙʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʦʩʪʦʷʥʥʦʤʫ 

ʚʣʠʷʥʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʝ ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦ-

ʩʪʝʧʝʥʥʦ ʨʘʟʨʫʰʘʶʪʩʷ ʠʟʥʫʪʨʠ ʠ ʩʥʘʨʫʞʠ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʜʘʥʥʳʭ ʦʙ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ ï ʤʘʩʩʠʚʦʚ ʪʦʯʝʢ X(t), Y(t), 

Z(t) ʧʦʣʫʯʠʤ ʩʪʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʘ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. ʀʟʤʝʥʝʥʠʝ 

ʬʦʨʤʳ, ʨʘʟʤʝʨʦʚ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʨʠʝʥʪʘʮʠʠ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʘ 

ʙʫʜʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠ/ʠʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʜʝʬʦʨʤʘʮʠʡ, ʘ ʪʘʢʞʝ ʦ ʚʨʘʱʘʪʝʣʴʥʦʤ ʠ/ʠʣʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʦʙ ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

 

 

ɼʝʢʦʤʧʦʟʠʮʠʷ 
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ʈʠʩ. 7. ʆʙʣʘʢʦ ʪʦʯʝʢ ʜʳʤʦʚʦʡ ʪʨʫʙʳ 

 

ɼʘʣʝʝ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤ ʦʙʣʘʢʦ ʪʦʯʝʢ ʮʠʣʠʥʜʨʦʤ ʠ ʜʝʢʦʤʧʦʟʠʨʫʝʤ ʜʘʥʥʫʶ 

ʤʦʜʝʣʴ ʥʘ ʜʚʘ ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʘ (ʨʠʩ. 8). ʉ ʜʘʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʤʦʞʥʦ ʧʨʦʚʦ-

ʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʠ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ. 

 

 

ʈʠʩ. 8. ɼʚʘ ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʘ ʮʠʣʠʥʜʨʘ 

 

ɼʣʷ ʧʨʠʤʝʨʘ ʩʦʟʜʘʜʠʤ ʠʤʠʪʘʮʠʶ ʢʨʝʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ. ɼʣʷ ʵʪʦʛʦ 

ʙʳʣʠ ʩʦʟʜʘʥʳ ʦʙʣʘʢʘ ʪʦʯʝʢ ʜʣʷ ʯʝʪʳʨʝʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʠʟʤʝʨʝʥʳ ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʦʩʝʡ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʢʘʞʜʦʛʦ 

ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ (ʨʠʩ. 9). 
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ʈʠʩ. 9. ʆʪʢʣʦʥʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʦʜʥʦʛʦ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʩʪʝʧʝʥʠ ʥʘʢʣʦʥʘ ʨʘʟʥʳʭ ʩʪʨʫʢ-

ʪʫʨʥʳʭ ʙʣʦʢʦʚ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ. 

 

ʄʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ 

ʋʛʦʣ ʥʘʢʣʦʥʘ ʧʨʦʜʦʣʴʥʦʡ  

ʦʩʠ 1 ʩʪʨʫʢʪʫʨʥʦʛʦ ʙʣʦʢʘ 

ʋʛʦʣ ʥʘʢʣʦʥʘ ʧʨʦʜʦʣʴʥʦʡ  

ʦʩʠ 2 ʩʪʨʫʢʪʫʨʥʦʛʦ ʙʣʦʢʘ 

t1 0,115Á 0,124Á 

t2 0,104Á 0,126Á 

t3 0,100Á 0,130Á 

t4 0,98Á 0,142Á 

 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʢʘʟʘʪʴ ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʯʘʩʪʝʡ ʦʙʲʝʢʪʘ ʠ ʪʝʤ ʩʘʤʳʤ ʚʳʷʚʠʪʴ ʝʛʦ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʘʭ ʠʣʠ ʪʦʯʢʘʭ. ʀʟʤʝʥʝʥʠʝ ʇɺʉ ʚʩʝʛʦ ʦʙʲʝʢʪʘ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ 

ʛʦʚʦʨʠʪʴ ʦ ʥʘʣʠʯʠʠ ʜʝʬʦʨʤʘʮʠʡ ʢʘʢʦʛʦ-ʣʠʙʦ ʨʦʜʘ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʩʢʘ-

ʟʘʪʴ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ ʥʘ ʨʘʟʥʫʶ ʚʝʣʠʯʠʥʫ. ʊʘʢʞʝ 

ʪʘʢʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʯʣʝʥʷʷ ʫʞʝ ʠʩʩʣʝ-

ʜʦʚʘʥʥʳʝ ʙʣʦʢʠ ʥʘ ʧʦʜʙʣʦʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʦʞʥʦʩʪʠ ʦʙʲʝʢʪʘ.  

ɼʘʣʝʝ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠ ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʧʦ-

ʣʦʞʝʥʠʷ ʮʝʥʪʨʘ C ʙʫʜʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʣʠʙʦ ʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ 

ʦʙʲʝʢʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʧʨʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʤʥʦʞʝ-

ʩʪʚʘ), ʣʠʙʦ ʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʷʭ. ʆʜʥʘʢʦ, ʝʩʣʠ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ 

C ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʪʦ ʵʪʦ ʥʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʝʪ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. 
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ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʤʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʨʘʜʠʫʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʢʨʫʞʥʦʩʪʝʡ. ʀʟʤʝʥʝʥʠʝ ʨʘʜʠʫʩʘ ʙʫʜʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʜʝʬʦʨʤʘʮʠʠ ʪʨʫʙʳ (ʩʞʘʪʠʷʭ ʠ ʨʘʩʪʷʞʝʥʠʷʭ). 

ʇʨʠʚʝʜʝʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʲʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʦ ʠ ʜʣʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ.  
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ɸ. ɸ. ɺʘʭʨʫʰʝʚʘ  

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʦʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʉɻʋɻʠʊ) 

 

ʊʈɽʍʄɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺ ʅɸɿɽʄʅʆʁ ʅɸɺʀɻɸʎʀʀ 
 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʘʢ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʨʝʜʦ-

ʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ, ʥʘʭʦʜʷ ʧʨʠʤʝʥʝ-

ʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʎʝʥʥʦʩʪʴ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ, 

ʥʦ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʝ ʦʙʲʝʢʪʳ. ʍʦʪʝʣʦʩʴ ʙʳ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʪʝʭ ʦʙʣʘʩʪʷʭ ʧʨʠ-

ʤʝʥʝʥʠʷ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʩʚʝʪʝ ʩʧʝʮʠʬʠ-

ʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʜʘʯ. 

ɸʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʛʦʨʦʜʦʚ ʚʝʜʝʪʩʷ ʢʘʢ 

ʟʘ ʨʫʙʝʞʦʤ, ʪʘʢ ʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. ʅʝʣʴʟʷ ʥʝ ʧʨʠʟʥʘʪʴ ʚ ʵʪʦʡ ʩʚʷʟʠ, ʯʪʦ ʣʠʜʝʨʦʤ 

ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ ʉʐɸ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʩʪʨʦʝʥʳ ʪʨʝʭʤʝʨʥʳʝ 

ʤʦʜʝʣʠ ʙʦʣʴʰʠʥʩʪʚʘ ʢʨʫʧʥʝʡʰʠʭ ʛʦʨʦʜʦʚ ʵʪʦʡ ʩʪʨʘʥʳ, ʠ ʥʘʯʘʣʠʩʴ ʨʘʙʦʪʳ ʧʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʦʤʝʱʝʥʠʡ ʚʥʫʪʨʠ ʟʜʘʥʠʡ. ʆʪʩʪʘʚʘʥʠʝ ʈʦʩʩʠʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʟʥʘʥʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ, ʧʦʩʢʦʣʴʢʫ, ʧʨʠ ʥʘʣʠʯʠʠ ʚʩʝʭ ʥʝʦʙʭʦ-

ʜʠʤʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʳʩʦʢʦʢʣʘʩʩʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʙʦ-

ʪʳ ʧʦ ʪʨʝʭʤʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʘʥʘʣʠʟʫ ʤʦʜʝʣʝʡ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʛʦ-

ʨʦʜʦʚ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʠʥʪʝʨʝʩʘʭ 

ʠʥʦʩʪʨʘʥʥʳʭ ʧʘʨʪʥʝʨʦʚ. ʆʜʥʘʢʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʠʝ ʧʦʥʠʤʘʥʠʷ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫ-

ʨʦʡ ʛʦʨʦʜʘ, ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦ-

ʨʦʥʳ, ʨʘʟʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʩʧʝʮʠ-

ʘʣʴʥʳʭ ʩʣʫʞʙ ʟʥʘʯʠʪʝʣʴʥʦ ʪʦʨʤʦʟʠʪ ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ [1, 2]. 

ʆʜʥʠʤ ʠʟ ʟʥʘʯʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷ-

ʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟ-

ʚʦʣʷʝʪ ʦʧʨʦʙʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ, ʯʪʦ ʨʘʜʠʢʘʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘ-

ʝʪ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ ʚ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʫʶ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʝʪ ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ ʦʨʪʦʬʦʪʦʠʟʦʙʨʘʞʝʥʠʷ ʠʣʠ ʪʝʢ-

ʩʪʫʨʠʨʫʝʤʦʡ ʠʤ ʎʄʈ, ʠ ʜʦʙʘʚʣʝʥʠʝ ʢ ʧʦʣʫʯʘʝʤʦʡ 2,5D-ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ ʨʘʟ-

ʣʠʯʥʦʡ ʘʪʨʠʙʫʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʪʠʧ ʦʙʲʝʢʪʘ, ʥʘʟʚʘʥʠʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠ ʪ. ʧ.), ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ, ʥʘʧʨʠʤʝʨ, ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ ɻʀʉ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʜʘʥʥʳʭ (ʫʩʣʦʚʥʳʝ ʟʥʘʢʠ, ʘʥʥʦʪʘʮʠʠ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʤʦʜʝʣʠ ʦʢʨʫ-

ʞʘʶʱʠʭ ʜʚʠʞʠʤʳʭ ʠʣʠ ʥʝʜʚʠʞʠʤʳʭ ʦʙʲʝʢʪʦʚ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʠʤʠʪʘʮʠʶ ʨʝʘʣʴʥʦʩʪʠ, ʥʦ ʠ ʭʦʨʦʰʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʠʣʠ ʧʫʙʣʠʢʘʮʠʠ 

ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʦ ʩʫʪʠ, ʤʳ ʧʦ-

ʣʫʯʘʝʤ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʪʨʝʭʤʝʨʥʦʤ ʚʠʜʝ (3D ɻʀʉ), ʠʣʠ ʚʠʨ-

ʪʫʘʣʴʥʫʶ ʨʝʘʣʴʥʦʩʪʴ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʜʘʥʥʳʭ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 
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ʌʦʪʦʨʝʘʣʠʩʪʠʯʥʘʷ 3D-ʩʮʝʥʘ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ: ʘʵʨʦ- ʠ ʢʦʩʤʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʤʝʩʪ-

ʥʦʩʪʠ, ʬʦʪʦ- ʠ ʚʠʜʝʦʩʲʝʤʢʘ ʦʙʲʝʢʪʦʚ, ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʧʦʣʝʚʳʝ ʦʙ-

ʩʣʝʜʦʚʘʥʠʷ, ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠ-

ʘʣʳ ʠ ɻʀʉ-ʜʘʥʥʳʝ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ 

ʚʠʜʝ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ 

ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ, ʫʪʦʯʥʝʥʠʷ ʘʪʨʠʙʫʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʭʨʘʥʷʝʤʦʡ ʚ ɻʀʉ 

ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ [3]. 

ʊʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜ-

ʜʝʨʞʢʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʠʤʝʝʪ ʜʚʘ ʵʪʘʧʘ: ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ (ʧʦʜʛʦʪʦʚʢʠ 

ʜʘʥʥʳʭ) ʠ ʨʘʩʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ. ʇʝʨʚʳʡ ʚʦ ʤʥʦʛʦʤ ʩʭʦʞ ʩ ʘʥʘʣʦʛʠʯʥʳʤ 

ʵʪʘʧʦʤ ʜʚʫʭʤʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʦ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʪʨʝʙʫʝʪ ʥʘʣʠ-

ʯʠʷ ʜʘʥʥʳʭ ʘʵʨʦʩʲʝʤʢʠ ʠʣʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ɺʪʦ-

ʨʦʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʳʯʠʩʣʝʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʧʘʨʘʤʝʪʨʦʚ ʧʦ 3D-ʤʦʜʝʣʷʤ (ʥʘʧʨʠ-

ʤʝʨ, ʦʧʨʝʜʝʣʝʥʠʝ ʟʦʥ ʟʘʪʦʧʣʝʥʠʷ, ʟʦʥ ʧʦʢʨʳʪʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʣʝʜʦʚʦʡ ʦʙ-

ʩʪʘʥʦʚʢʠ). 

ʆʩʦʙʝʥʥʦʩʪʴ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʯ ʩʦʩʪʦʠʪ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʝʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʨʝʘʣʠʟʦʚʘʪʴ. ʂʦʥʪʨʦʣʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʝʥʥʦ ʥʘ 

ʵʪʦʤ ʵʪʘʧʝ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʝʟ ʟʘʤʝʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʘ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ 

ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʟʘʪʨʘʪ ʥʘ ʚʥʝʩʝʥʠʝ 

ʠʟʤʝʥʝʥʠʡ ʚ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʡ ʦʙʲʝʢʪ. ɺʠʨʪʫʘʣʴʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʧʦʟ-

ʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʩ 

ʫʯʝʪʦʤ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ, ʜʝʥʜʨʦʧʣʘʥʘ, ʠʤʝʶʱʝʡʩʷ ʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ. 3D-ʧʨʦʝʢʪʳ, ʩʦʚʤʝʱʝʥʥʳʝ ʩ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʴʶ ʪʝʨʨʠʪʦʨʠʠ, ʜʘʶʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʢʘʢ ʚʦʟʚʦʜʠʤʳʝ ʦʙʲʝʢʪʳ ʚʧʠʰʫʪʩʷ ʚ ʣʘʥʜʰʘʬʪ [4]. 

ʃʦʛʠʯʝʩʢʠʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʷʚ-

ʣʷʶʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʳʝ (ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ) ʩʠʩʪʝʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʭʤʝʨ-

ʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ . 

ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʠʜʝ 3D-ʤʦʜʝʣʝʡ ʧʨʝ-

ʧʦʜʥʦʩʠʪ ʠʥʬʦʨʤʘʮʠʶ ʚ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʤ ʠ ʝʩʪʝʩʪʚʝʥʥʦʤ ʜʣʷ ʯʝʣʦʚʝʢʘ ʚʠʜʝ, 

ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʧʨʠʥʷ-

ʪʠʷ ʨʝʰʝʥʠʡ. ʕʪʦ ʩʚʦʡʩʪʚʦ 3D-ʤʦʜʝʣʝʡ ʤʦʞʝʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʩʦ-

ʟʜʘʥʠʠ ʩʠʪʫʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʷʤʠ (ʮʝʥʪʨʳ ʢʨʠʟʠʩʥʳʭ 

ʩʠʪʫʘʮʠʡ, ʦʧʝʨʘʪʠʚʥʳʝ ʩʣʫʞʙʳ, ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʦ ʦʪʩʣʝʞʠʚʘʥʠʶ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʙʠʦʨʝʩʫʨʩʦʚ, ʧʦ ʫʯʝʪʫ ʠ ʢʦʥʪʨʦʣʶ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʪ. ʜ.) [5]. 

ʂʦʥʮʝʧʮʠʷ. ɺ ʨʘʤʢʘʭ ʩʚʦʝʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ, ʪʨʝʭʤʝʨ-

ʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜ-

ʜʝʨʞʢʠ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʝʪʠ.  

ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʝʪʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʚʳʧʦʣʥʝ-

ʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʷʭ ʪʝʨʨʠʪʦʨʠʠ. 
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ɻʦʨʦʜʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʴʶ ʚʩʝʭ ʦʙʲ-

ʝʢʪʦʚ. ʅʝʣʴʟʷ ʠʟʤʝʥʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, 

ʥʝ ʫʯʠʪʳʚʘʷ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʜʨʫʛʠʭ. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʦʢʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʝʡ 

ʥʘʙʦʨ RFID-ʤʝʪʦʢ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʫʧʨʦʱʝʥʥʫʶ ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʫʯʘʩʪʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢ ʞʝ ʧʨʠʤʝʥʠʪʴ ʜʣʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ: 

- ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ 
ʢʦʥʩʪʨʫʢʪʠʚʘ ʨʘʟʚʷʟʢʠ, ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʘʣʴʥʦʛʦ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʩʣʦʷ (ʠʥ-

ʞʝʥʝʨʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʬʦʥʘʨʥʳʝ ʩʪʦʣʙʳ, ʦʧʦʨʳ ʤʦʩʪʦʚ, ʨʝʢʣʘʤʥʳʝ ʱʠʪʳ 

ʠ ʪ. ʜ.), ʪ. ʝ. ʧʨʦʠʟʚʦʜʠʪʴ ʦʮʝʥʢʫ ʟʦʥʳ ʚʠʜʠʤʦʩʪʠ ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʡ ʧʨʠ ʝʛʦ 

ʧʨʦʝʢʪʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʩ ʫʯʝʪʦʤ ʠʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʱʘʪʴ ʝʛʦ ʤʦʜʝʣʴ ʚ ʟʦʥʫ ʣʫʯʰʝʡ ʚʠʜʠʤʦʩʪʠ 

ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ 
ʨʘʟʚʷʟʢʠ, ʝʝ ʩʦʦʨʫʞʝʥʠʡ, ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʂʦʤʧʣʝʢʩʥʦʝ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʝ ʧʦʟʚʦʣʠʪ ʢʦʥʩʦʣʠʜʠʨʦʚʘʪʴ ʚʩʝ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʠ ʫʩʪʨʘʥʠʪʴ ʥʝʚʷʟʢʠ 

ʩ ʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʢʣʶʯʝʥʠʷ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʥʘʩʪʦʷʪʝʣʴʥʘʷ ʨʝʢʦʤʝʥʜʘʮʠʷ 

ʚʥʝʜʨʝʥʠʷ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʀʉ) 

ʚ ʧʨʘʢʪʠʢʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʟʤʝʱʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʩʦʟʜʘʥʠʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 
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ɸ. ɸ. ɻʦʨʙʘʯʝʚʘ  

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʦʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʉɻʋɻʠʊ)  

 

ʉʆɿɼɸʅʀɽ 3D-ʄʆɼɽʃɽʁ ʆɹʒɽʂʊʆɺ ʂɸʇʀʊɸʃʔʅʆɻʆ ʉʊʈʆʀʊɽʃʔʉʊɺɸ  
ɼʃʗ ʎɽʃɽʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɻʆ ʂɸɼɸʉʊʈɸ ʅɽɼɺʀɾʀʄʆʉʊʀ 
 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʘ ʅʦʚʦʩʠʙʠʨʩʢʘ ʧʣʦʱʘʜʴ ʞʠʣʦʡ ʟʘ-

ʩʪʨʦʡʢʠ ʩʦʩʪʘʚʣʷʝʪ 18,2 % ʦʪ ʚʩʝʡ ʧʣʦʱʘʜʠ, ʥʘ ʜʦʣʶ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ 

ʧʨʠʭʦʜʠʪʩʷ 5760 ʛʘ, ʘ ʤʘʣʦʵʪʘʞʥʘʷ ʟʘʩʪʨʦʡʢʘ ʟʘʥʠʤʘʝʪ ʪʝʨʨʠʪʦʨʠʶ 3230 ʛʘ 

(ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2015 ʛ.).  

ʂ 2030 ʛ. ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜʘ ʅʦʚʦʩʠʙʠʨʩʢʘ ʩʦ-

ʩʪʘʚʠʪ 1 700 ʪʳʩ. ʯʝʣʦʚʝʢ. ʕʪʦʪ ʬʘʢʪ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʦʙʝʩʧʝʯʝʥʥʦ-

ʩʪʠ ʞʠʣʦʡ ʧʣʦʱʘʜʴʶ (30 ʤ2 ʥʘ ʯʝʣʦʚʝʢʘ) ʪʨʝʙʫʝʪ ʨʦʩʪʘ ʞʠʣʠʱʥʦʛʦ ʬʦʥʜʘ. ɻʝ-

ʥʝʨʘʣʴʥʳʤ ʧʣʘʥʦʤ ʛʦʨʦʜʘ ʅʦʚʦʩʠʙʠʨʩʢʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʞʠʣʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʜʦ 23 % ʦʪ ʦʙʱʝʡ (14 650 ʛʘ), ʧʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘ-

ʩʪʨʦʡʢʠ ʩʦʩʪʘʚʠʪ 10 300 ʛʘ, ʘ ʤʘʣʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ ï 4 350 ʛʘ [1]. 

ɼʦʣʷ ʧʨʦʜʘʞ ʤʘʣʦʵʪʘʞʥʦʛʦ ʞʠʣʴʷ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʨʳʥʢʘ ʥʝʜʚʠʞʠʤʦʩʪʠ 

ʚ ʈʦʩʩʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʫʚʝʣʠʯʠʣʘʩʴ. ʇʦ ʜʘʥʥʳʤ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʟʘ ʧʝʨʚʦʝ ʧʦʣʫʛʦʜʠʝ 2016 ʛ. ʦʙʲʝʤ ʚʚʦ-

ʜʘ ʤʘʣʦʵʪʘʞʥʦʛʦ ʞʠʣʴʷ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 267,0 ʪʳʩ. ʢʚ. ʤ [4]. 

ʈʘʟʚʠʪʠʝ ʤʘʣʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʬʦʨʤ 

ʨʝʰʝʥʠʷ ʚʘʞʥʦʡ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʩʝʣʝʥʠʷ 

ʵʢʦʣʦʛʠʯʥʳʤ, ʢʦʤʬʦʨʪʥʳʤ ʠ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʜʦʩʪʫʧʥʳʤ ʞʠʣʴʝʤ [2]. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʧʦʣʴʟʫʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠ ʤʥʦʛʦʩʝʢʮʠʦʥʥʳʝ ʜʦ-

ʤʘ. ɺ ʦʙʱʝʤ ʦʙʲʝʤʝ ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʈʦʩʩʠʠ ʥʘ ʤʘʣʦʵʪʘʞʥʫʶ ʟʘʩʪʨʦʡ-

ʢʫ ʧʨʠʭʦʜʠʪʩʷ 52 % [3]. ʊʘʢʦʡ ʚʠʜ ʟʘʩʪʨʦʡʢʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʢʘʧʠʪʘʣʴʥʦ-

ʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʟʝʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʲʝʢʪʘʤ ʥʝʜʚʠʞʠʤʦʩʪʠ [5]. 

ɼʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʝʡ, ʢʦʨʨʝʢʪʥʦʛʦ ʥʘʣʦʛʦʦʙʣʦʞʝ-

ʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʘʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʦʙʲʝʢʪʳ ʥʝʜʚʠʞʠʤʦʩʪʠ ʧʦʜʣʝʞʘʪ ʫʯʝʪʫ 

ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʘʚ. ɺ ʈʦʩʩʠʠ ʵʪʠ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʶʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʘ-

ʜʘʩʪʨ ʥʝʜʚʠʞʠʤʦʩʪʠ (ɻʂʅ) ʠ ɽʜʠʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʧʨʘʚ (ɽɻʈʇ). 

ʅʝʦʙʭʦʜʠʤʳʤ ʜʦʢʫʤʝʥʪʦʤ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʘʜʘʩʪʨʦʚʳʡ 

ʫʯʝʪ ʟʜʘʥʠʷ, ʩʦʦʨʫʞʝʥʠʷ, ʧʦʤʝʱʝʥʠʷ, ʦʙʲʝʢʪʘ ʥʝʟʘʚʝʨʰʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʡ ʧʣʘʥ [5]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʛʝʦʜʝʟʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʜʘʩʪʨʘ ʥʝʜʚʠʞʠʤʦʩʪʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʧʣʦʩʢʠʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ [6]. ʈʘʩʧʦʣʦʞʝʥʠʝ 

ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʧʦʜ ʠ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʧʨʝʜʝʣʝʥ-

ʥʦʩʪʠ ʠ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʜʚʫʤʝʨʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦ ʠʭ 2D-ʧʨʦʝʢʮʠʠ ʥʘ ʟʝ-

ʤʝʣʴʥʳʡ ʫʯʘʩʪʦʢ ʢʘʢ ʚ ʛʨʘʥʠʮʘʭ ʛʦʨʦʜʦʚ, ʪʘʢ ʠ ʥʘ ʟʝʤʣʷʭ ʚʥʝ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢ-

ʪʦʚ. ɺ ʠʪʦʛʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʦʨʦʜʩʢʫʶ ʪʝʨʨʠʪʦʨʠʶ 

ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ [7]. 

ʉ ʤʘʷ 2010 ʛ. ʧʦ ʠʶʥʴ 2012 ʛ. ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʦʚʦʜʠʣʩʷ ʨʦʩʩʠʡ-

ʩʢʦ-ʛʦʣʣʘʥʜʩʢʠʡ ʧʨʦʝʢʪ çʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʜʘʩʪʨʘ ʦʙʲʝʢʪʦʚ ʥʝ-
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ʜʚʠʞʠʤʦʩʪʠ ʚ ʈʦʩʩʠʠè ʥʘ ʙʘʟʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʠʣʦʪʥʦʛʦ ʨʝʛʠʦʥʘ ï ʅʠʞʝʛʦʨʦʜ-

ʩʢʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʧʨʦʝʢʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʪʠʧʠʯʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ: ʟʜʘʥʠʝ ʊʝʣʝʜʦʤʘ, ʞʠʣʦʡ ʢʦʤʧʣʝʢʩ ʠ ʧʦʜʟʝʤ-

ʥʳʡ ʛʘʟʦʧʨʦʚʦʜ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʪʦʪʠʧ ʩʪʘʣ ʪʨʝʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʪʨʝʭ ʧʠʣʦʪʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʣ ʠʟ ʩʝʙʷ ʨʘʟʙʦʨʥʫʶ ʤʦʜʝʣʴ ʟʜʘʥʠʷ ʚ 3D-ʧʨʝʜʩʪʘʚʣʝʥʠʠ. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʤʦʜʝʣʴʶ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʪʜʝʣʴʥʳʡ ʵʪʘʞ ʠʣʠ ʧʦʤʝʱʝʥʠʝ, ʚʳ-

ʙʨʘʪʴ ʧʦʤʝʱʝʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʨʠʪʝʨʠʶ, ʫʚʠʜʝʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ 

ʨʷʜʦʤ ʜʨʫʛ ʩ ʜʨʫʛʦʤ [8]. ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦ-

ʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ SketchUP. 

ɺʦʟʤʦʞʥʦʩʪʠ SketchUp: 

- ʩʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʝʡ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, ʤʝʙʝʣʠ, ʠʥʪʝʨʴʝʨʦʚ ʠ ʪ. ʜ.; 

- ʠʤʧʦʨʪ/ʵʢʩʧʦʨʪ ʬʘʡʣʦʚ 3D-ʚʠʟʫʘʣʠʟʘʮʠʠ; 

-  ʧʦʩʪʨʦʝʥʠʝ 3D-ʤʦʜʝʣʝʡ ʚ ʤʘʩʰʪʘʙʝ 1 : 1; 

- ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʧʨʠʚʷʟʢʘ ʢ ʤʝʩʪʥʦʩʪʠ; 

- ʠʥʪʝʛʨʘʮʠʷ ʩ Google Earth [9]. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʨʝʰʝʥʠʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 3D-ʩʠʪʫʘʮʠʡ: ʧʦʣʥʳʡ  

3D-ʢʘʜʘʩʪʨ, ʛʠʙʨʠʜʥʳʡ ʢʘʜʘʩʪʨ ʠ 3D-ʧʨʠʟʥʘʢʠ ʚ ʜʝʡʩʪʚʫʶʱʝʡ ʢʘʜʘʩʪʨʦʚʦʡ ʩʠ-

ʩʪʝʤʝ ʨʝʛʠʩʪʨʘʮʠʠ.  

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʥʦʛʦ 3D-ʢʘʜʘʩʪʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʚʦʜ ʧʦʥʷʪʠʷ ʧʨʘʚʘ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʪʘʢʘʷ ʪʝʭʥʦʣʦ-

ʛʠʷ ʤʘʣʦ ʨʝʘʣʠʟʫʝʤʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚʘʨʠʘʥʪʦʤ 

ʚ ʧʨʘʢʪʠʢʝ ʤʠʨʦʚʳʭ ʢʘʜʘʩʪʨʦʚʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʛʠʙʨʠʜʥʳʡ ʢʘʜʘʩʪʨ.  

ɻʠʙʨʠʜʥʳʡ ʢʘʜʘʩʪʨ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ 2D-ʢʘʜʘʩʪʨʘ ʠ ʨʝʛʠʩʪʨʘ-

ʮʠʶ ʩʠʪʫʘʮʠʠ ʚ ʪʨʝʪʴʝʤ ʠʟʤʝʨʝʥʠʠ ʩ ʬʠʢʩʠʨʦʚʘʥʠʝʤ ʧʨʠ ʵʪʦʤ ʪʨʝʭʤʝʨʥʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ʜʚʫʤʝʨʥʳʭ ʛʨʘʥʠʮʘʭ 2D-ʢʘʜʘʩʪʨʘ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ ʛʠʙʨʠʜʥʦʤʫ ʦʙʲ-

ʝʜʠʥʝʥʠʶ 2D-ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʪʨʝʭʤʝʨʥʳʭ ʬʘʢʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ.  

3D-ʧʨʠʟʥʘʢʠ ʚ ʜʝʡʩʪʚʫʶʱʝʡ ʢʘʜʘʩʪʨʦʚʦʡ ʩʠʩʪʝʤʝ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʝʜʫʩʤʘʪ-

ʨʠʚʘʶʪ ʩʦʭʨʘʥʝʥʠʝ 2D-ʢʘʜʘʩʪʨʘ, ʥʦ ʩ ʚʥʝʰʥʠʤʠ ʩʩʳʣʢʘʤʠ ʥʘ ʮʠʬʨʦʚʳʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʠʪʫʘʮʠʡ [10].  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʞʝ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʚ ʩʢʦʨʦʤ 

ʚʨʝʤʝʥʠ ʧʝʨʝʡʪʠ ʢ ʩʦʟʜʘʥʠʶ 3D-ʢʘʜʘʩʪʨʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ 

ʫʨʦʚʥʝ ʚʧʝʨʚʳʝ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ç3D-ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠè: ʤʦʜʝʣʴ 

ʪʘʢʦʛʦ ʟʜʘʥʠʷ, ʩʦʦʨʫʞʝʥʠʷ, ʦʙʲʝʢʪʘ ʥʝʟʘʚʝʨʰʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʦʜʝʨʞʘ-

ʱʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩ ʫʯʝʪʦʤ ʚʳʩʦʪʳ ʠʣʠ ʛʣʫʙʠʥʳ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʚʠʜʝ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʚ ʦʜʥʦʤ ʠʟ ʬʦʨʤʘʪʦʚ: DXF, RVT, PLN, SKP [11]. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, 3D-ʤʦʜʝʣʴ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʚ ʧʨʦʛʨʘʤʤʘʭ AutoCAD, Autodesk Revit, 

ArchiCAD ʠ SketchUp. ʇʦʩʣʝʜʥʷʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʦʡ ʜʣʷ 

ʙʳʩʪʨʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʊʘʢʞʝ, ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʧʝʨʝʭʦʜʘ ʢ ʪʨʝʭʤʝʨʥʦʤʫ ʢʘʜʘʩʪʨʫ ʷʚʣʷʝʪʩʷ ʧʝ-

ʨʝʭʦʜ ʢ ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ɻʉʂ-2011 [12] ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʘʜʘʩʪʨʦ-

ʚʦʡ ʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʨʘʟʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ 

ʩ ʥʘʣʦʞʝʥʠʝʤ ʩʤʝʞʥʳʭ ʦʙʲʝʢʪʦʚ ʩ 1 ʷʥʚʘʨʷ 2017 ʛ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʠʙʦ-

ʣʝʝ ʚʝʨʦʷʪʥʳʤ ʚʘʨʠʘʥʪʦʤ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʜʘʩʪʨʘ ʥʝʜʚʠʞʠʤʦ-

ʩʪʠ ʷʚʣʷʝʪʩʷ 3D-ʢʘʜʘʩʪʨ ʩ ʚʥʝʰʥʠʤʠ ʩʩʳʣʢʘʤʠ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʥʘʤʠ ʙʳʣʘ ʩʦʟʜʘʥʘ 3D-ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦ-

ʛʨʘʤʤʳ SketchUp Pro 2016.  

 

 

ʈʠʩ. 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʥʘ ʢʘʜʘʩʪʨʦʚʦʡ ʢʘʨʪʝ 

 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʠ ʙʳʣ ʚʳʙʨʘʥ ʨʝʘʣʴʥʦ ʩʫʱʝ-

ʩʪʚʫʶʱʠʡ ʜʦʤ ʚ ʧʦʩʝʣʢʝ ɹʝʨʝʟʦʚʳʡ (ʅʦʚʦʣʫʛʦʚʦʝ, ʅʦʚʦʩʠʙʠʨʩʢ). ʅʘ ʨʠʩ. 1 

ʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʦʙʲʝʢʪ ʥʝʜʚʠʞʠʤʦʩʪʠ ʧʦʩʪʘʚʣʝʥ ʥʘ ʢʘʜʘʩʪʨʦʚʳʡ ʫʯʝʪ ʠ ʠʤʝ-

ʝʪ ʪʨʝʭʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʜʥʘʢʦ ʥʝ ʩʦʜʝʨʞʠʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʚʝʜʝʥʠʡ. ʇʦ-

ʜʦʙʥʳʝ ʦʙʲʝʢʪʳ ʥʝʜʚʠʞʠʤʦʩʪʠ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʞʠʟʥʝʦʙʝʩʧʝ-

ʯʝʥʠʷ (ʚʦʜʦʧʨʦʚʦʜ, ʪʝʧʣʦʪʨʘʩʩʘ, ʢʘʥʘʣʠʟʘʮʠʷ ʠ ʧʨ.,), ʥʘʭʦʜʷʱʠʤʠʩʷ ʧʦʜ ʟʝʤʣʝʡ 

ʠ ʧʝʨʝʩʝʢʘʶʱʠʤʠ ʛʨʘʥʠʮʳ ʢʦʥʪʫʨʘ ʦʙʲʝʢʪʘ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨ-

ʨʝʢʪʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʨʠ ʜʝʡʩʪʚʫʶʱʝʡ ʩʭʝʤʝ ʚʝʜʝʥʠʷ ɻʂʅ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʝʢʪʘ ʧʣʘʥʠʨʦʚʢʠ 1-ʛʦ ʠ 2-ʛʦ ʵʪʘʞʝʡ ʙʳʣʠ ʚʳʯʝʨʯʝʥʳ ʧʣʘʥʳ 

ʵʪʘʞʝʡ, ʧʦʩʣʝ ʯʝʛʦ ʵʪʘʞʠ ʙʳʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʪʨʝʭʤʝʨʥʳʡ ʚʠʜ.  

 

 

ʈʠʩ. 2. ʆʙʲʝʢʪ ʥʝʜʚʠʞʠʤʦʩʪʠ ʥʘ ʤʝʩʪʥʦʩʪʠ ʠ ʚ ʧʨʦʝʢʪʝ  
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ʊʘʢʘʷ ʤʦʜʝʣʴ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ [11], ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʧʦʣʥʝʥʘ ʜʘʥʥʳʤʠ ʦ ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʷʭ ʥʘ ʦʩʥʦʚʝ ʪʦʧʦʩʲʝʤʢʠ, ʨʘʟ-

ʣʠʯʥʳʤʠ ʮʚʝʪʘʤʠ ʠ ʩʧʝʮʠʬʠʢʘʮʠʷʤʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʢʘʟʘʥʦ ʨʘʟʜʝʣʝʥʠʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʩʦʙʩʪʚʝʥʥʠʢʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʦʙʥʘʷ ʤʦʜʝʣʴ ʤʦ-

ʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʦʪʦʪʠʧʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 3D-ʢʘʜʘʩʪʨʘ ʩ ʚʥʝʰʥʠʤʠ 

ʩʩʳʣʢʘʤʠ.  
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24.11.2016 ̄ 1240. ï ɼʦʩʪʫʧ ʠʟ ʩʧʨʘʚ.-ʧʨʘʚʦʚʦʡ ʩʠʩʪʝʤʳ çʂʦʥʩʫʣʴʪʘʥʪʇʣʶʩè. ï ʈʝʞʠʤ ʜʦ-

ʩʪʫʧʘ: http://www.consultant.ru. 

 
É ɸ. ɸ. ɻʦʨʙʘʯʝʚʘ, 2017 
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ʋɼʂ 528.42;004.356.2 

 

ɼ. ɺ. ɻʨʠʱʝʥʢʦ, ɼ. ɼ. ɼʘʡʙʦʚʘ  

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʦʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʉɻʋɻʠʊ) 

 

ʆɹʈɸɹʆʊʂɸ ʄɸʊɽʈʀɸʃʆɺ ʈɸɼɸʈʅʆʁ ʊʆʇʆɻʈɸʌʀʏɽʉʂʆʁ ʉʒɽʄʂʀ  

ɼʃʗ ʇɽʏɸʊʀ ʋʏɸʉʊʂʆɺ ʈɽʃʔɽʌɸ ʄɽʉʊʅʆʉʊʀ ʅɸ 3D ʇʈʀʅʊɽʈɽ 

 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʣʴʝʬʘ ʦʯʝʥʴ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ SRTM. ɼʘʥʥʳʝ 

SRTM ʩʫʱʝʩʪʚʫʶʪ ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʝʨʩʠʷʭ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ (ʚʝʨʩʠʷ 1, 2003 ʛ.) 

ʠ ʦʢʦʥʯʘʪʝʣʴʥʘʷ (ʚʝʨʩʠʷ 2, ʬʝʚʨʘʣʴ 2005 ʛ.).  

ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʚʝʨʩʠʷ ʧʨʦʰʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʚʳʜʝʣʝʥʠʝ ʙʝ-

ʨʝʛʦʚʳʭ ʣʠʥʠʡ ʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʬʠʣʴʪʨʘʮʠʶ ʦʰʠʙʦʯʥʳʭ ʟʥʘʯʝʥʠʡ. ɼʘʥʥʳʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʘʭ ï ʩʝʪʢʘ ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʡʢʠ 1 ʫʛʣʦʚʘʷ 

ʩʝʢʫʥʜʘ ʠ 3 ʫʛʣʦʚʳʝ ʩʝʢʫʥʜʳ. ɹʦʣʝʝ ʪʦʯʥʳʝ ʦʜʥʦʩʝʢʫʥʜʥʳʝ ʜʘʥʥʳʝ (SRTM1) 

ʜʦʩʪʫʧʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʉʐɸ, ʥʘ ʦʩʪʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ ʜʦʩʪʫʧʥʳ 

ʪʦʣʴʢʦ ʪʨʝʭʩʝʢʫʥʜʥʳʝ ʜʘʥʥʳʝ (SRTM3).  

ʌʘʡʣʳ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʨʠʮʫ ʠʟ 1201Ë1201 (ʠʣʠ 

3601Ë3601 ʜʣʷ ʦʜʥʦʩʝʢʫʥʜʥʦʡ ʚʝʨʩʠʠ) ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʤʧʦʨ-

ʪʠʨʦʚʘʥʘ ʚ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠ-

ʩʪʝʤʳ [1].  

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʩʠʷ 3, ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʘʷ ʚ ʚʠʜʝ ʬʘʡʣʦʚ ARC 

GRID, ʘ ʪʘʢʞʝ ARC ASCII ʠ ʚ ʬʦʨʤʘʪʝ Geotiff, ʢʚʘʜʨʘʪʘʤʠ 5Ë5 ʩʝʢʫʥʜ ʚ ʜʘʪʫʤʝ 

WGS84. ʕʪʠ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʦʨʛʘʥʠʟʘʮʠʝʡ CIAT ʠʟ ʦʨʠʛʠʥʘʣʴʥʳʭ ʚʳʩʦʪʥʳʭ 

ʜʘʥʥʳʭ USGS/NASA ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʣʘ ʧʦʣʫʯʝʥʠʝ ʛʣʘʜʢʠʭ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʧʦʣʷʮʠʶ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʦʪ-

ʩʫʪʩʪʚʦʚʘʣʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ [2]. 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦ ʨʝʣʴʝʬʝ ʷʚʣʷʝʪʩʷ ʧʝʯʘʪʴ ʤʦ-

ʜʝʣʠ ʥʘ ʪʨʝʭʤʝʨʥʦʤ ʧʨʠʥʪʝʨʝ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ.  

ʇʨʦʮʝʩʩ ʩʦʩʪʦʠʪ ʠʟ ʧʦʜʙʦʨʘ ʜʘʥʥʳʭ, ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠ ʦʢʦʥ-

ʯʘʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʤʦʜʝʣʠ ʜʣʷ 3D ʧʝʯʘʪʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ɻʀʉ QGIS ʩ ʤʦʜʫʣʷ-

ʤʠ SAGA ʠ GRASS ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʳʩʦʪʥʳʭ ʜʘʥʥʳʭ. 

ʉʥʘʯʘʣʘ ʠʤʧʦʨʪʠʨʫʶʪʩʷ ʜʘʥʥʳʝ SRTM ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʧʨʦʝʮʠʨʦʚʘʥʠʝ 

(ʨʠʩ. 1). 

ʅʝʦʙʭʦʜʠʤʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʠʣʴʪʨʳ ʠ ʬʫʥʢʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʜʢʣʶʯʘʝʤʳʭ ʧʘʥʝʣʷʭ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʨʠʩ. 2). 

ɿʘʪʝʤ ʧʨʠʤʝʥʷʶʪʩʷ ʬʠʣʴʪʨʳ SAGA rastr filter ʠ simple filter ʜʣʷ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʠ ʛʝʥʝʨʘʣʠʟʘʮʠʠ ʤʘʩʩʠʚʘ ʤʘʪʨʠʮ ʚʳʩʦʪ (ʨʠʩ. 3). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʙʨʘʙʦʪʢʝ ʚʳʩʦʪʥʳʭ ʜʘʥʥʳʭ ʘʚʪʦʨʘʤʠ ʙʳʣ 

ʚʳʙʨʘʥ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʝʡ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʭ-

ʤʝʨʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʝʯʘʪʠ ʢʘʢ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʝ ʠ ʤʝʥʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʡ ʢ ʘʧ-

ʧʘʨʘʪʥʳʤ ʨʝʩʫʨʩʘʤ (ʨʠʩ. 4). 
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ʈʠʩ. 1. ʆʧʝʨʘʮʠʷ ʧʝʨʝʧʨʦʝʮʠʨʦʚʘʥʠʷ 

 

 

 

 

ʈʠʩ. 2. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʠʣʴʪʨʳ ʠ ʬʫʥʢʮʠʠ  

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 
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ʈʠʩ. 3. ʆʧʪʠʤʠʟʘʮʠʷ ʠ ʛʝʥʝʨʘʣʠʟʘʮʠʷ ʤʘʩʩʠʚʘ ʤʘʪʨʠʮ ʚʳʩʦʪ 

 

 

 

 

ʈʠʩ. 4. ʇʦʩʪʨʦʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ  

ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʝʯʘʪʠ 
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ʇʦʩʪʨʦʝʥʥʳʝ ʛʦʨʠʟʦʥʪʘʣʠ ʪʘʢʞʝ ʛʝʥʝʨʘʣʠʟʠʨʫʶʪʩʷ (ʨʠʩ. 5). 

 

 

ʈʠʩ. 5. ɻʝʥʝʨʘʣʠʟʘʮʠʷ ʧʦʩʪʨʦʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʝʡ 

 

 

ʇʦʣʫʯʝʥʥʳʝ ʚʝʢʪʦʨʥʳʝ ʜʘʥʥʳʝ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʬʦʨʤʘʪ DFX ʩ ʧʦʤʦʱʴʶ 

ʫʪʠʣʠʪʳ ogr2ogr. 

ʅʘʧʨʠʤʝʨ, ogr2ogr -f "DXF" contours-out.dxf contours.shp -zfield ELEV. 

ɼʘʣʝʝ ʠʤʧʦʨʪʠʨʫʝʤ ʧʦʣʫʯʠʚʰʠʡʩʷ dxf ʬʘʡʣ ʚ 3Ds MAX (ʨʠʩ. 6). 

 

 

ʈʠʩ. 6. ʀʤʧʦʨʪ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ 
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ʀ ʧʦʩʣʝʜʥʠʤ ʰʘʛʦʤ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ ʠʥ-

ʩʪʨʫʤʝʥʪʳ Terrain (ʨʠʩ. 7). 

 

 

ʈʠʩ. 7. ʇʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ 
 

 

ʀʪʦʛʦʚʘʷ ʤʦʜʝʣʴ ʟʘʪʝʤ ʵʢʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʬʦʨʤʘʪ, ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ 3D ʧʝ-

ʯʘʪʠ, ʥʘʧʨʠʤʝʨ, STL [3]. 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

1. ʏʪʦ ʪʘʢʦʝ SRTM? ɼʘʥʥʳʝ SRTM [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://mapgroup.com.ua/articles/dzz/109-dannye-srtm-sposoby-polucheniya-dannykh. 

2, ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪʘʣ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.vevivi.ru/best/Vysotnye-dannye-SRTM-protiv-topograficheskoi-semki-ref12356.html. 

3. ɼʦʢʫʤʝʥʪʘʮʠʷ QGIS [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://docs.qgis.org/2.0/ru/docs/user_manual/processing/3rdParty.html. 

 

É ɼ. ɺ. ɻʨʠʱʝʥʢʦ, ɼ. ɼ. ɼʘʡʙʦʚʘ, 2017 

 

 

ʋɼʂ 528.42;004.356.2 

 

ɼ. ɺ. ɻʨʠʱʝʥʢʦ, ɸ. ɺ. ʂʦʙʝʮʢʘʷ  

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʦʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʉɻʋɻʠʊ) 

 

ʊʈɽʍʄɽʈʅɸʗ ʂɸʈʊʆɻʈɸʌʀʗ: ʇʈɽʀʄʋʑɽʉʊɺɸ, ʉʇʆʉʆɹʓ, ʀʅʉʊʈʋʄɽʅʊʓ 
 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʩʪʦʣʝʪʠʡ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩʦʟʜʘʚʘʣʘʩʴ ʠ ʧʨʝʜ-

ʩʪʘʚʣʷʣʘʩʴ ʚ ʬʦʨʤʝ ʜʚʫʭʤʝʨʥʳʭ ʢʘʨʪ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ï 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʘʨʪʳ ʯʝʨʪʠʣʠ ʩʥʘʯʘʣʘ ʥʘ ʟʝʤʣʝ, ʥʘ ʰʢʫʨʘʭ ʞʠʚʦʪʥʳʭ, ʥʘ ʩʪʝʥʘʭ 
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ʧʝʱʝʨ, ʟʘʪʝʤ ʥʘ ʧʝʨʛʘʤʝʥʪʝ, ʥʘ ʙʫʤʘʛʝ ʠ, ʥʘʢʦʥʝʮ, ʥʘ ʵʢʨʘʥʘʭ ʢʦʤʧʴʶʪʝʨʦʚ. 

ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʩʠʪʝʣʷ, ʵʪʠ ʢʘʨʪʳ ʥʝʠʟʤʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʣʠ ʤʠʨ ʥʘ ʧʣʦʩ-

ʢʦʩʪʠ. ɼʚʫʭʤʝʨʥʳʝ ʢʘʨʪʳ ʩʣʫʞʠʣʠ (ʠ ʜʦ ʩʠʭ ʧʦʨ ʩʣʫʞʘʪ) ʤʥʦʞʝʩʪʚʫ ʮʝʣʝʡ, 

ʥʘʧʨʠʤʝʨ, ʥʘʡʪʠ ʜʦʨʦʛʫ ʚ ʥʝʟʥʘʢʦʤʦʤ ʛʦʨʦʜʝ ʠʣʠ ʦʙʦʟʥʘʯʠʪʴ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʘ, 

ʥʦ ʦʥʠ ʥʝʠʟʤʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʥʘʰʝ ʚʦʩʧʨʠʷʪʠʝ ʤʠʨʘ ʜʦ ʜʚʫʭ ʠʟʤʝʨʝʥʠʡ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ çʥʘʪʷʥʫʪʳè ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦʜʦʙʥʦ 

ʵʣʘʩʪʠʯʥʦʡ ʧʣʝʥʢʝ. ɼʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʢʣʶʯʘʶʪ ʟʥʘʯʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ x, y ʠ z ʜʣʷ ʣʶʙʦʡ ʪʦʯʢʠ. ʊʨʝʭʤʝʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʝʪ ʨʝʘʣʴʥʦ 

ʩʫʱʝʩʪʚʦʚʘʪʴ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʛʦʨʥʳʡ ʤʘʩʩʠʚ, ʠʣʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʢʘ ʪʦʣʴʢʦ ʚ ʚʠʨ-

ʪʫʘʣʴʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʧʨʦʝʢʪ ʙʫʜʫʱʝʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʚʳ-

ʩʦʪʥʳʤʠ ʟʜʘʥʠʷʤʠ. ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʜʘʞʝ ʧʦʢʘʟʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ï ʢ ʧʨʠʤʝʨʫ, ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ. 

ɺ 3D ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʪʦʯʥʦʩʪʠ, ʦʪ ʚʳʩʦʢʦʪʦʯʥʳʭ, 

ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʚ 1 ʩʤ, ʜʦ ʙʦʣʝʝ ʛʨʫʙʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩ ʨʘʟʨʝʰʝʥʠʝʤ 90 ʤ. 

ʇʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʣʶʙʦʡ ʩʮʝʥʳ, ʪʘʢ ʢʘʢ ʥʘ ʩʬʦʨʤʠʨʦ-

ʚʘʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʝ ʚʳ ʤʦʞʝʪʝ ʜʨʘʧʠʨʦʚʘʪʴ ʣʶʙʳʝ 

ʥʫʞʥʳʝ ʚʘʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʫʞʘʪ ʠʩʪʦʯʥʠ-

ʢʦʤ ʙʘʟʦʚʳʭ ʚʳʩʦʪ ʜʣʷ ʚʝʢʪʦʨʥʳʭ ʩʠʤʚʦʣʦʚ ʚ 3D, ʪʘʢʠʭ ʢʘʢ ʜʝʨʝʚʴʷ, ʟʜʘʥʠʷ, 

ʧʦʞʘʨʥʳʝ ʛʠʜʨʘʥʪʳ ʠ ʪ. ʜ., ʜʣʷ ʢʦʪʦʨʳʭ ʚʥʝ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ ʥʠʢʘʢʦʡ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ. 

ʇʦ ʩʪʝʧʝʥʠ ʜʝʪʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʙʳʚʘʶʪ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ: ʪʠʧʦʚʳʝ ʪʨʝʭ-

ʤʝʨʥʳʝ ʤʦʜʝʣʠ, ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʜʝʪʘʣʴʥʦʛʦ ʚʠʜʘ, ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ 

ʚʥʫʪʨʝʥʥʠʭ ʧʦʤʝʱʝʥʠʡ, ʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. 

ʊʠʧʦʚʳʝ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʩʦʟʜʘʶʪʩʷ ʧʦ ʧʣʘʥʘʤ ʛʦʨʦʜʦʚ, ʪʦʧʦʛʨʘʬʠʯʝ-

ʩʢʠʤ ʢʘʨʪʘʤ ʠʣʠ ʦʙʟʦʨʥʳʤ ʢʘʨʪʘʤ. ʊʠʧʦʚʳʝ ʤʦʜʝʣʠ ʩʦʜʝʨʞʘʪ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝ-

ʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ, ʩʪʨʦʝʥʠʷ, ʦʙʲʝʢʪʳ ʜʦʨʦʞʥʦʡ ʩʝʪʠ, ʪʨʫʙʦʧʨʦʚʦʜʳ, ʢʦʣʦʜʮʳ, 

ʩʚʝʪʦʬʦʨʳ, ʦʙʲʝʢʪʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʛʠʜʨʦʛʨʘʬʠʠ ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʧʨʦʩʪʦʡ 

ʬʦʨʤʳ (ʨʠʩ. 1 ʠ 2). 

 

  

ʈʠʩ. 1. ʇʣʘʥ ʛʦʨʦʜʘ ʈʠʩ. 2. ʊʠʧʦʚʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʛʦʨʦʜʘ 

 

 

ʇʦʩʪʨʦʝʥʠʝ ʪʠʧʦʚʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʙʳʩʪʨʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ. ʊʠʧʦʚʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʧʨʠʤʝ-

ʥʷʪʴʩʷ ʜʣʷ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʩ ʫʯʝʪʦʤ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʨʝʣʴʝʬʘ ʠ ʠʭ ʚʳʩʦʪʳ, ʘʥʘʣʠʟʘ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʙʝʣʝʡ 

ʵʣʝʢʪʨʦʩʝʪʝʡ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʨʘʟʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʨʠʩ. 3 ʠ 4). 
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ʈʠʩ. 3. ʇʣʘʥ ʛʦʨʦʜʘ 

 

ʈʠʩ. 4. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ  

ʪʨʫʙʦʧʨʦʚʦʜʦʚ (ʚʠʜ ʩʥʠʟʫ) 

 

 

ʊʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʜʝʪʘʣʴʥʦʛʦ ʚʠʜʘ ʦʧʠʩʳʚʘʶʪ ʤʝʩʪʥʦʩʪʴ ʩ ʦʙʲʝʢʪʘʤʠ, 

ʚʠʜ ʢʦʪʦʨʳʭ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʠ ʩʦʟʜʘʶʪʩʷ ʧʦ ʧʣʘʥʘʤ ʛʦʨʦʜʦʚ. 

ʄʦʜʝʣʠ ʜʝʪʘʣʴʥʦʛʦ ʚʠʜʘ ʩʦʜʝʨʞʘʪ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ, ʪʠʧʦʚʳʝ 

ʦʙʲʝʢʪʳ ʠ ʦʙʲʝʢʪʳ, ʦʙʲʝʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʠʭ ʨʝʘʣʴ-

ʥʦʤʫ ʚʠʜʫ ʥʘ ʤʝʩʪʥʦʩʪʠ (ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʩʪʨʦʝʥʠʷ ʩ ʧʦʜʲʝʟʜʘʤʠ, ʪʨʫʙʘʤʠ, ʣʠʬ-

ʪʦʚʳʤʠ ʙʘʰʝʥʢʘʤʠ, ʵʣʝʤʝʥʪʘʤʠ ʦʬʦʨʤʣʝʥʠʷ ʠ ʜʨ.) (ʨʠʩ. 5 ʠ 6). 

 

  

ʈʠʩ. 5. ʇʣʘʥ ʛʦʨʦʜʘ 

 

ʈʠʩ. 6. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʤʝʩʪʥʦʩʪʠ  

ʜʝʪʘʣʴʥʦʛʦ ʚʠʜʘ 

 

 

ʊʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʤʝʱʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʳʚʘʪʴ ʦʙʲʝʤ-

ʥʳʡ ʚʠʜ ʠʥʪʝʨʴʝʨʘ ʠ ʩʦʟʜʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʦʵʪʘʞʥʳʭ ʧʣʘʥʦʚ (ʨʠʩʫʥʦʢ 7,8). 

 

  

ʈʠʩ. 7. ʇʦʵʪʘʞʥʳʡ ʧʣʘʥ ʈʠʩ. 8. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʢʫʭʥʠ 
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ʊʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʦʟʜʘʶʪʩʷ ʧʦ ʪʝʤʘʪʠʯʝʩʢʠʤ ʢʘʨʪʘʤ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ 

ʤʦʜʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʛʦʨʦʜʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʨʠʩ. 9 ʠ 10). 

 

  

ʈʠʩ. 9. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ  

ʢʦʪʪʝʜʞʘ 

ʈʠʩ. 10. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ  

ʫʣʠʮʳ 

 

 

ɺ 3D ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʭ ʨʝ-

ʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʚʠʨʪʫʘʣʴʥʫʶ ʩʮʝʥʫ ʩʦ ʟʜʘʥʠʷʤʠ, ʩʪʦʣʙʘʤʠ ʛʦ-

ʨʦʜʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ ʠ ʵʣʝʤʝʥʪʘʤʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʤʳ ʦʞʠʜʘʝʤ, ʯʪʦ ʠʭ ʨʘʟʤʝ-

ʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʭ ʨʝʘʣʴʥʳʤ ʨʘʟʤʝʨʘʤ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ. ɼʘʞʝ ʪʝʤʘʪʠʯʝʩʢʠʝ 

ʩʠʤʚʦʣʳ, ʥʘʧʨʠʤʝʨ, ʩʬʝʨʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʦʩʚʝʱʝʥʥʳʝ ʫʯʘʩʪʢʠ ʚʦʢʨʫʛ ʢʘʞʜʦ-

ʛʦ ʬʦʥʘʨʥʦʛʦ ʩʪʦʣʙʘ, ʙʫʜʫʪ ʦʯʝʥʴ ʧʦʣʝʟʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʛʦʨʦʜ-

ʩʢʠʭ ʫʣʠʮ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ, ʝʩʣʠ ʨʘʟʤʝʨʳ ʵʪʠʭ ʩʬʝʨ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝ-

ʘʣʴʥʦʩʪʠ. 

ʅʦ ʪʘʢʞʝ ʚ ʩʮʝʥʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʤʚʦʣʳ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʩʦʦʪʥʦʩʷʪʩʷ 

ʩ ʨʘʟʤʝʨʦʤ ʵʢʨʘʥʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʩʮʝʥʝ, ʪʘʢ ʠ ʧʨʠ ʫʜʘ-

ʣʝʥʠʠ ʦʪ ʥʝʝ, ʨʘʟʤʝʨ ʩʠʤʚʦʣʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʇʦʜʦʙʥʫʶ ʢʘʨʪʠʥʫ ʤʦʞʥʦ ʥʘʙʣʶ-

ʜʘʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʚʫʭʤʝʨʥʳʤʠ ʢʘʨʪʘʤʠ, ʢʦʛʜʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʣʠ ʫʤʝʥʴʰʝ-

ʥʠʠ ʤʘʩʰʪʘʙʘ ʨʘʟʤʝʨ ʩʠʤʚʦʣʦʚ ʚʩʝʛʜʘ ʧʦʩʪʦʷʥʝʥ. 

ɺ 3D ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʚʠʜʳ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢ-

ʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʢʩʪʫʨʳ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʛʨʘʬʠʡ ʵʪʠʭ 

ʦʙʲʝʢʪʦʚ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ 

ʩʮʝʥ, ʩʦʟʜʘʥʠʝ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʬʬʝʢʪʘ 

ʧʨʠʩʫʪʩʪʚʠʷ ï ʩʮʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʝʘʣʴʥʦʩʪʠ.  

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʩʦʟʜʘʥʠʷ 3D ʤʦʜʝʣʝʡ ʛʦʨʦʜʦʚ. 

ʈʫʯʥʦʝ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ ʚ ʧʨʦʛʨʘʤʤʘʭ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʉʘʤʳʡ ʪʨʫʜʦʝʤʢʠʡ ʩʧʦʩʦʙ. ʄʦʜʝʣʠ ʟʜʘʥʠʡ ʩʦʟʜʘʶʪʩʷ ʚ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤʘʭ 

ʢʘʢ AutoCAD, ArchiCAD, ArcGIS+3DAnalyst, 3ds Max ʠʣʠ Google SketchUp. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʠ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʷʪʩʷ ʚʨʫʯʥʫʶ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʝ ʚʳʜʝʣʷʶʪʩʷ ʥʘʙʦʨʳ ʪʠʧʦʚʳʭ 

ʩʪʨʦʝʥʠʡ. ʄʦʜʝʣʠ ʩʦʟʜʘʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʩʪʨʦʝʥʠʡ ʠ ʟʘʪʝʤ ʤʥʦʞʘʪʩʷ 

http://favorit-gk.ru/wp-content/uploads/2010/12/%D0%B4%D0%BE%D0%BC1.jpg
http://favorit-gk.ru/wp-content/uploads/2010/12/%D1%83%D0%BB%D0%B8%D1%86%D0%B01.jpg
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ʥʫʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʥʘ ʢʘʨʪʝ. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʪʨʝʭʤʝʨʥʳʝ ʦʙʲʝʢʪʳ ʯʘʩʪʦ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ ʚʳʜʘʚʣʠʚʘʥʠʷ ʟʜʘʥʠʡ ʧʦ ʠʭ ʦʪ-

ʧʝʯʘʪʢʘʤ ʥʘ ʧʣʘʥʝ ʛʦʨʦʜʘ. ɺʳʩʦʪʫ, ʥʘ ʢʦʪʦʨʫʶ ʚʳʜʘʚʣʠʚʘʝʪʩʷ ʢʘʞʜʦʝ ʟʜʘʥʠʝ, 

ʧʦʣʫʯʘʶʪ ʠʟ ʘʪʨʠʙʫʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʯʠʩʣʦ ʵʪʘʞʝʡ. ʊʝʢʩʪʫʨʠʨʦʚʘʥʠʝ ʦʙʳʯʥʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʥʘʟʝʤʥʳʤʠ ʬʦʪʦʩʥʠʤʢʘʤʠ ʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʠʟ ʙʠʙʣʠʦʪʝʢ ʪʝʢ-

ʩʪʫʨ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ 3D ʤʦʜʝʣʝʡ ʛʦʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʩʪʘʨʳʤ ʠ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤ (ʨʠʩ. 11). 

 

 

ʈʠʩ. 11. ʇʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ 3D ʤʦʜʝʣʝʡ 

 

 

ʉʘʤʘʷ ʤʦʣʦʜʘʷ ʠ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. ʀʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤʳ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʦʙʲʝʢʪʦʚ ʧʦ ʠʭ ʩʪʝʨʝʦʠʟʦʙʨʘʞʝʥʠʷʤ. ʉʪʝ-

ʨʝʦʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʘʶʪ ʩ ʩʘʤʦʣʝʪʘ, ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʥʘʢʣʦʥʥʳʝ ʮʠʬʨʦ-

ʚʳʝ ʢʘʤʝʨʳ, ʪʠʧʘ Pictometry ʠʣʠ Geosystem 3-OC-1. ʕʪʠ ʞʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢ ʪʝʢʩʪʫʨ ʬʘʩʘʜʦʚ ʟʜʘʥʠʡ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ 

ʟʜʘʥʠʡ ʠ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʦʟʜʫʰʥʳʡ ʣʘʟʝʨ-

ʥʳʡ ʩʢʘʥʝʨ. 

ɺʝʩʴ ʧʨʦʮʝʩʩ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ. ʇʦʠʩʢ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʪʦʯʝʢ ʥʘ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʩʥʠʤʢʘʭ ʬʦʨʤʠʨʫʝʪ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʦʧʠʩʳʚʘʶʱʝʝ ʟʝʤʥʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʠ ʚʦʟʚʳʰʘʶʱʠʝʩʷ ʥʘʜ ʥʝʡ ʦʙʲʝʢʪʳ. ɿʘʪʝʤ ʦʙʣʘʢʦ ʪʦʯʝʢ ʪʨʠʘʥʛʫʣʠ-

ʨʫʝʪʩʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʧʦʣʫʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪ-

ʩʷ ʧʦʠʩʢ ʧʣʦʩʢʦʩʪʝʡ ʜʣʷ ʣʫʯʰʝʡ ʧʝʨʝʜʘʯʠ ʩʪʝʥ ʠ ʢʨʳʰ ʟʜʘʥʠʡ. ʂʦʥʝʯʥʳʤ ʧʨʦ-

ʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʤʝʩʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʟʘʮʠʠ ʠ ʜʦʩʪʫʧʥʘʷ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʦʥʣʘʡʥ. 

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʪʝʭʥʦʣʦʛʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ 

ʤʦʜʝʣʝʡ ʬʘʩʘʜʦʚ ʟʜʘʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ɹʝʨʢʣʠ, ʉʐɸ. ɿʜʝʩʴ 

ʘʵʨʦʩʲʝʤʢʘ ʠ ʜʘʥʥʳʝ ʚʦʟʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʷʶʪʩʷ ʬʦʪʦ-

ʩʥʠʤʢʘʤʠ ʠ ʦʙʣʘʢʦʤ ʪʦʯʝʢ ʩ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ (ʨʠʩ. 12).  
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ʈʠʩ. 12. ʇʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʟʜʘʥʠʝ 3D ʤʦʜʝʣʝʡ 

 

 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʩʢʣʶʯʘʝʪ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʤʦʜʝʣʝʡ ʛʦʨʦʜʦʚ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʟʜʘʥʠʡ ʟʜʝʩʴ ʩʦ-

ʟʜʘʶʪʩʷ ʦʧʝʨʘʪʦʨʘʤʠ ʧʦ ʘʵʨʦʩʥʠʤʢʘʤ. ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʟʜʘʥʠʷ ʩʦ-

ʩʪʦʠʪ ʠʟ ʠʟʤʝʨʝʥʠʷ ʦʧʝʨʘʪʦʨʦʤ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʢʦʥʪʫʨʘ ʢʨʳʰʠ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʷʪʩʷ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʠʤʝʥʷʶʪʩʷ 

ʰʘʙʣʦʥʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʢʨʳʰ. ʉʣʦʞʥʳʝ ʬʦʨʤʳ ʦʙʨʘʟʫ-

ʶʪʩʷ ʧʫʪʝʤ ʢʦʤʙʠʥʘʮʠʠ ʧʨʦʩʪʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ. ɺʳʩʦʪʘ ʩʪʝʥ ʟʜʘʥʠʡ ʥʝ 

ʠʟʤʝʨʷʝʪʩʷ. ʉʪʝʥʳ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʝʮʠʨʦʚʘʥʠʝʤ ʪʦʯʝʢ ʦʩʥʦʚʘʥʠʷ ʢʨʳʰʠ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʨʝʣʴʝʬʘ. 

ʆʧʠʩʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ ʟʜʘʥʠʡ ʙʳʩʪʨʦ ʠ ʢʘʯʝ-

ʩʪʚʝʥʥʦ. ʅʘ ʦʜʥʦ ʟʜʘʥʠʝ ʦʧʳʪʥʳʡ ʦʧʝʨʘʪʦʨ (ʥʘʧʨʠʤʝʨ, ʚ Delta/Digitals) ʪʨʘʪʠʪ 

ʦʪ 10 ʩʝʢʫʥʜ ʜʦ ʦʜʥʦʡ ʤʠʥʫʪʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʩʣʦʞʥʦʩʪʠ. ʊʦʯʥʦʩʪʴ ʠʟ-

ʤʝʨʝʥʠʡ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠʩʭʦʜʥʳʭ ʘʵʨʦʩʥʠʤʢʦʚ.

 ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ ʟʜʘʥʠʡ ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʨʫʯʥʦʡ ʧʨʦʮʝʩʩ ʧʨʠ ʛʝʥʝʨʘʮʠʠ 

ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʛʦʨʦʜʘ. ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʩʦʟʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʠʟ-

ʚʦʜʠʪʩʷ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʊʝʢʩʪʫʨʳ ʬʘʩʘʜʦʚ ʠ ʢʨʳʰ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ 

ʪʝʭ ʞʝ ʩʥʠʤʢʦʚ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʝʦʤʝʪʨʠʠ (ʨʠʩ. 13).  

 

 

 ʈʠʩ. 13. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʛʦʨʦʜʘ 
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ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʨʠʥʥʳʭ ʢʘʨʪ, ʩʪʠʣʠʟʦʚʘʥʥʳʭ ʧʦʜ ʪʨʝʭʤʝʨʥʳʝ 

ʣʘʥʜʰʘʬʪʳ, ʚʠʜʠʤʳʝ ʩ ʚʳʩʦʪʳ ʧʪʠʯʴʝʛʦ ʧʦʣʝʪʘ, ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʣʶʜʷʤ 

ʦʯʝʥʴ ʥʫʞʥʦ ʪʨʝʪʴʝ ʠʟʤʝʨʝʥʠʝ ʚ ʢʘʨʪʘʭ, ʜʘʞʝ ʝʩʣʠ ʫ ʥʠʭ ʥʝʪ ʛʦʪʦʚʳʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ. ʅʦ ʩʝʛʦʜʥʷ ʢʘʞʜʳʡ ʤʦʞʝʪ ʚʦʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʵʪʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. 3D-ʢʘʨʪʦʛʨʘʬʳ ʧʦʣʫʯʠʣʠ ʚ ʨʘʩʧʦʨʷʞʝʥʠʝ ʝʱʝ 

ʦʜʥʦ, ʪʨʝʪʴʝ ʠʟʤʝʨʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʦʟʜʘʚʘʪʴ ʢʘʨʪʳ ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʛʦ 

ʫʨʦʚʥʷ. 
 

É ɼ. ɺ. ɻʨʠʱʝʥʢʦ, ɸ. ɺ. ʂʦʙʝʮʢʘʷ, 2017 
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ɼ. ɸ. ɿʦʣʦʪʘʨʸʚʘ, ʂ. ɽ. ʂʨʘʚʮʦʚʘ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ (ʉɻʋʇʉ) 

 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʀʏɽʉʂʀʍ ʈɽʂʆʄɽʅɼɸʎʀʁ  

ʇʆ ʄʆɼɽʃʀʈʆɺɸʅʀʖ ʇɸʈɸɹʆʃʆʀɼɸ ʀ ɻʀʇɽʈɹʆʃʆʀɼɸ  

ʉʈɽɼʉʊɺɸʄʀ ʇʈʆɻʈɸʄʄʓ ʂʆʄʇɸʉ-3D V16 
 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘ-

ʮʠʡ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʛʠʧʝʨʙʦʣʦʠʜʘ ʠ ʧʘʨʘʙʦʣʦʠʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥ-

ʜʘʨʪʥʳʡ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɸʉʂʆʅ ʂʦʤʧʘʩ-3D. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʥʦʛʦʛʨʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʝʣʘ ʚʨʘʱʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʝʦʤʝʪʨʠʠ ʠʥʞʝʥʝʨʥʳʭ ʩʠ-

ʩʪʝʤ, ʤʝʭʘʥʠʟʤʦʚ ʠ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ. ʕʪʠ ʞʝ ʦʙʲʝʢʪʳ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʫʶ 

ʤʘʩʩʫ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ, ʠʟʫʯʘʝʤʳʭ ʚ ʢʫʨʩʘʭ çʅʘʯʝʨʪʘʪʝʣʴʥʘʷ ʛʝʦʤʝʪ-

ʨʠʷè ʠ çʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè. ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʠ ʩʪʫʜʝʥʪʳ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ 

ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʪʠʭ ʦʙʲʝʢ-

ʪʦʚ ʩʨʝʜʩʪʚʘʤʠ ʧʦʧʫʣʷʨʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʝʡ ʪʘ-

ʢʠʭ ʦʙʲʝʢʪʦʚ ʢʘʢ ʧʨʠʟʤʘ, ʧʠʨʘʤʠʜʘ, ʩʬʝʨʘ, ʢʦʥʫʩ ʠʣʠ ʵʣʣʠʧʩʦʠʜ ʚʨʘʱʝʥʠʷ ʷʚ-

ʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʥʝ ʚʦʟʥʠʢʘʝʪ. ʆʜʥʘʢʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʠʧʘ 

çʛʠʧʝʨʙʦʣʦʠʜ ʚʨʘʱʝʥʠʷè ʠʣʠ çʧʘʨʘʙʦʣʦʠʜ ʚʨʘʱʝʥʠʷè ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʩʣʦʞ-

ʥʦʩʪʠ [1, 2].  

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 1) ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʫʯʝʙʥʳʭ ʟʘʜʘʯ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʩʪʫʜʝʥʪʫ ʥʘ ʧʝʨʚʦʤ ʢʫʨʩʝ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥ çʀʥ-

ʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè ʠ çʅʘʯʝʨʪʘʪʝʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷè; 2) ʘʥʘʣʠʟ ʫʩʣʦʚʠʷ ʟʘʜʘʯ, 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʷʚʥʦʡ ʠʣʠ ʥʝʷʚʥʦʡ ʬʦʨʤʝ ʵʣʝʤʝʥʪʳ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʠ ʧʘʨʘʙʦ-

ʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; 3) ʠʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʠ ʧʨʠʝʤʦʚ ʧʨʠʤʝʥʷʝ-

ʤʳʭ ʧʨʠ ʪʨʝʭʤʝʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʘʨʘʙʦʣʦʠʜʦʚ ʠ ʛʠʧʝʨʙʦʣʦʠʜʦʚ; 4) ʚr ʙʦʨ 

ʥʘʠʤʝʥʝʝ ʪʨʫʜʦʝʤʢʦʛʦ ʩʧʦʩʦʙʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠ ʨʘʙʦʪʝ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʂʦʤʧʘʩ-3D. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʟʘʜʘʥʠʡ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʧʝʨʙʦʣʦʠʜʘ 

ʠ ʧʘʨʘʙʦʣʦʠʜʘ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʢʫʨʩʝ ʥʘʯʝʨʪʘʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʠ 
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ʠʟʫʯʝʥʠʠ ʨʘʟʜʝʣʦʚ çʇʦʚʝʨʭʥʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘè, çʇʝʨʝʩʝʯʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʦʙʨʘʟʦʚè, çʇʣʦʩʢʠʝ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡè ʠ çʆʩʦʙʳʝ ʩʣʫʯʘʠ ʧʝʨʝʩʝʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡè, ʘ ʪʘʢʞʝ ʚ ʢʫʨʩʝ çʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʜʝʣʘ 

çʄʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʝ ʯʝʨʯʝʥʠʝè ʠ çʉʪʨʦʠʪʝʣʴʥʦʝ ʯʝʨʯʝʥʠʝè, 

ʇʨʠ ʚʳʙʦʨʝ ʤʝʪʦʜʠʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʳ ʧʨʠʥʠʤʘʣʠ ʚʦ ʚʥʠʤʘʥʠʝ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʫʯʘʝʤʳʭ ʜʠʩʮʠʧʣʠʥ, ʜʦʩʪʫʧʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʠ ʩʦʜʝʨʞʘʥʠʝ ʚʳʧʦʣʥʷʝʤʳʭ ʟʘʜʘʥʠʡ. ʄʳ ʩʦʟʥʘʪʝʣʴʥʦ ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʘʥʘʣʠʪʠ-

ʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʟʘʜʘʥʠʷ ʵʪʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʦʩʢʦʣʴʢʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʟʘʜʘ-

ʥʠʡ ʫʩʣʦʚʠʷʤʠ ʷʚʣʷʣʠʩʴ ʦʯʝʨʢʠ ʜʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʥʝ ʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʦʧʨʝʜʝʣʠʪʝʣʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ ʯʪʦ ʥʘʠʙʦ-

ʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʜʠʩʮʠʧʣʠʥ ʛʨʘʬʠʯʝʩʢʦʛʦ ʮʠʢʣʷ ʷʚʣʷʝʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ 

ʩʧʦʩʦʙ ʟʘʜʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪ. ʝ. ʩʧʦʩʦʙ ʧʨʠ ʢʦʪʦʨʦʤ ʛʠʧʝʨʙʦʣʦʠʜ ʠ ʧʘʨʘʙʦ-

ʣʦʠʜ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʨʘʱʝʥʠʷ ʛʠʧʝʨʙʦʣʳ ʠ ʧʘʨʘʙʦʣʳ ʚʦʢʨʫʛ ʠʭ ʦʩʝʡ.  

ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʫʜʥʦʩʪʠ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʣʠʩʴ ʥʘʰʠ 

ʩʦʢʫʨʩʥʠʢʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʵʪʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʆʩʥʦʚʥʘʷ ʟʘʛʚʦʟʜʢʘ ʩʦʩʪʦʷ-

ʣʘ ʚ ʪʦʤ, ʯʪʦ ʧʘʨʘʙʦʣʳ ʠ ʛʠʧʝʨʙʦʣʳ ʥʝʪ ʩʨʝʜʠ ʩʪʘʥʜʘʨʪʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʨʠʤʠʪʠʚʦʚ ʧʨʦʛʨʘʤʤʳ ʂʦʤʧʘʩ-3D V16.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣ ʧʨʠʥʷʪ ʩʣʝʜʫʶʱʠʡ ʧʣʘʥ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ: 1) ʥʘʡʪʠ 

ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʫʶ ʤʝʪʦʜʠʢʫ ʥʝʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʘʙʦʣʳ, ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʝʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʥʳ ʛʨʘʬʠʯʝʩʢʠ (ʥʘ ʯʝʨʪʝʞʝ); 2) ʦʧʨʝ-

ʜʝʣʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʛʠʧʝʨʙʦʣʦʠʜʘ ʠ ʧʘʨʘ-

ʙʦʣʦʠʜʘ; 3) ʦʧʠʩʘʪʴ ʤʝʪʦʜʠʢʫ ʧʦʩʪʨʦʝʥʠʷ.  

ʄʳ ʨʝʰʠʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʪʦʛʦ, ʯʪʦ ʧʘʨʘʙʦʣʘ ʠ ʛʠʧʝʨʙʦʣʘ ʷʚʣʷʶʪʩʷ ʢʦʥʠʢʘ-

ʤʠ ï ʪ. ʝ. ʢʨʠʚʳʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʧʨʠ ʨʘʩʩʝʯʝʥʠʠ ʢʦʥʫʩʘ ʧʣʦʩʢʦʩʪʴʶ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʩʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʯʝʪʳʨʝʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʰʘʛʦʚ: 

1) ʧʦʩʪʨʦʠʪʴ ʦʩʴ ʚʨʘʱʝʥʠʷ ʠ ʦʙʨʘʟʫʶʱʫʶ ʢʦʥʫʩʘ (ʧʝʨʝʩʝʢʘʶʱʝʶʩʷ ʚ ʥʝʡ ʧʨʷ-

ʤʫʶ), ʧʨʠʤʝʥʠʪʴ ʦʧʝʨʘʮʠʶ ʚʨʘʱʝʥʠʝ ï ʧʦʣʫʯʠʪʴ ʢʦʥʫʩ; 2) ʨʘʩʩʝʯʴ ʢʦʥʫʩ ʧʣʦʩ-

ʢʦʩʪʴʶ ʧʦ ʧʘʨʘʙʦʣʝ ʠʣʠ ʧʦ ʛʠʧʝʨʙʦʣʝ; 3) ʩʢʦʧʠʨʦʚʘʪʴ ʢʨʠʚʫʶ, ʥʘʯʝʨʪʠʪʴ ʦʩʴ 

ʠ ʚʳʧʦʣʥʠʪʴ ʦʧʝʨʘʮʠʶ ʚʨʘʱʝʥʠʷ. 

ʄʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʘʙʦʣʦʠʜʘ ʩʨʝʜʩʪʚʘʤʠ ʂʦʤʧʘʩ-3D V16 ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʉʦʟʜʘʝʤ ʥʦʚʳʡ ʜʦʢʫʤʝʥʪ çɼʝʪʘʣʴè.  

2. ɺʳʙʠʨʘʝʤ ʨʘʙʦʯʫʶ ʧʣʦʩʢʦʩʪʴ, ʯʝʨʪʠʤ ʦʧʨʝʜʝʣʠʪʝʣʠ ʢʦʥʫʩʘ: ʦʩʴ ʚʨʘʱʝ-

ʥʠʷ ʠ ʦʙʨʘʟʫʶʱʫʶ (ʧʨʷʤʫʶ, ʧʝʨʝʩʝʢʘʶʱʫʶ ʦʩʴ). ɺʳʭʦʜʠʤ ʠʟ ʨʝʞʠʤʘ çʕʩʢʠʟè. 

3. ʇʨʠʤʝʥʷʝʤ ʦʧʝʨʘʮʠʶ çɺʨʘʱʝʥʠʝè (ʨʠʩ. 1).  

4. ɺʚʦʜʠʤ ʜʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ: ʧʝʨʚʘʷ ï ʢʘʩʘʪʝʣʴʥʘʷ ʢ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʢʦʥʫʩʘ (ʦʧʝʨʘʮʠʷ çʇʣʦʩʢʦʩʪʴ/ʂʘʩʘʪʝʣʴʥʘʷè), ʚʪʦʨʘʷ ï ʧʘʨʘʣʣʝʣʴʥʘʷ ʧʝʨ-

ʚʦʡ (ʦʧʝʨʘʮʠʷ ï çʇʣʦʩʢʦʩʪʴ/ʉʤʝʱʝʥʥʘʷè).  

5. ʇʝʨʝʩʝʢʘʝʤ ʚʪʦʨʫʶ ʧʣʦʩʢʦʩʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʥʫʩʘ. ɼʣʷ ʵʪʦʛʦ ʚʳʟʳ-

ʚʘʝʤ ʦʧʝʨʘʮʠʶ çʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʨʠʚʳʝ / ʂʨʠʚʘʷ ʧʝʨʝʩʝʯʝʥʠʷè. ʋʢʘʟʳʚʘʝʤ 

ʢʦʥʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ï ʧʦʣʫʯʘʝʤ ʠʩʢʦʤʫʶ 

ʧʘʨʘʙʦʣʫ (ʨʠʩ. 2).  
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ʈʠʩ. 1. ʕʩʢʠʟ ʦʧʨʝʜʝʣʠʪʝʣʝʡ ʢʦʥʫʩʘ ʠ ʨʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʠʠ çɺʨʘʱʝʥʠʝè 

 

 

6. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʚʚʦʜʠʤ ʪʨʝʪʴʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʠ ʩʧʨʦʝʮʠ-

ʨʫʝʤ ʥʘ ʥʝʝ ʧʦʣʫʯʝʥʥʫʶ ʧʘʨʘʙʦʣʫ.  

7. ɺʢʣʶʯʘʝʤ ʨʝʞʠʤ ʵʩʢʠʟʘ, ʚʳʯʝʨʯʠʚʘʝʤ ʦʩʴ ʧʘʨʘʙʦʣʳ, ʫʜʘʣʷʝʤ ʦʜʥʫ ʚʝʪʚʴ 

(çʈʝʜʘʢʪʦʨ / ʋʜʘʣʠʪʴ / ʏʘʩʪʴ ʢʨʠʚʦʡè). ɺʳʟʳʚʘʝʤ ʦʧʝʨʘʮʠʶ çɺʨʘʱʝʥʠʝè ʠ ʧʦ-

ʣʫʯʘʝʤ ʠʩʢʦʤʳʡ ʧʘʨʘʙʦʣʦʠʜ (ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ʇʦʩʪʨʦʝʥʠʝ ʧʘʨʘʙʦʣʦʠʜʘ ʚʨʘʱʝʥʠʷ 

 

 

ʄʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʛʠʧʝʨʙʦʣʦʠʜʘ ʘʥʘʣʦʛʠʯʥʘ. ʊʦʣʴʢʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʛʠʧʝʨʙʦʣʳ ʥʘʤ ʥʫʞʥʘ ʧʣʦʩʢʦʩʪʴ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʜʚʫʤ ʦʙʨʘʟʫʶʱʠʤ ʢʦʥʫʩʘ 

(ʨʠʩ. 3).  

ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦ-

ʤʝʥʜʘʮʠʡ ʠ ʨʘʟʤʝʱʝʥʳ ʚ ʩʠʩʪʝʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʪʫʜʝʥʪʘʤ ʜʦʩʪʫʧʝʥ ʚʠʜʝʦʫʨʦʢ, ʩ ʧʦʜʨʦʙʥʳʤʠ ʠʥʩʪʨʫʢʮʠʷʤʠ.  
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ʈʠʩ. 3. ʇʦʩʪʨʦʝʥʠʝ ʛʠʧʝʨʙʦʣʦʠʜʘ ʚʨʘʱʝʥʠʷ 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʨʝʰʝʥʘ, ʮʝʣʴ ʜʦʩʪʠʛʥʫʪʘ. ʄʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʧʘ-

ʨʘʙʦʣʦʠʜʘ ʠ ʛʠʧʝʨʙʦʣʦʠʜʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʪʫʜʝʥʪʘʤʠ 

ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʦ ʥʘʯʝʨʪʘʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʠʡ ʧʦ 

ʠʥʞʝʥʝʨʥʦʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʝ. 
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ʋ. ɸ. ʂʘʨʢʘʚʠʥʘ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʉʀɹʉʊʈʀʅ) 

 

ʆʊɽʏɽʉʊɺɽʅʅʓɽ CAD-ʉʀʉʊɽʄʓ ʀ ʀʍ ʇʈʀʄɽʅɽʅʀɽ  
ɺ ʀʅɾɽʅɽʈʅʆʁ ɻʈɸʌʀʂɽ 
 

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ) ï ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʚʳʧʦʣʥʝʥʠʷ 

ʬʫʥʢʮʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʦʩʪʦ-

ʷʱʫʶ ʠʟ ʧʝʨʩʦʥʘʣʘ ʠ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ, ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ [1]. 
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ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʝʨʚʘʷ ʉɸʇʈ ʧʦʷʚʠʣʘʩʴ ʚ ʢʦʥʮʝ 1980-ʭ ʛʛ. ʕʪʦ ʧʨʠʰʣʦʩʴ 

ʥʘ ʨʘʩʧʘʜ ʉʉʉʈ. ɺ ʦʜʥʦʡ ʠʟ ʚʝʨʩʠʡ ʧʦʷʚʣʝʥʠʷ ʉɸʇʈ ʚ ʈʦʩʩʠʠ ʛʦʚʦʨʠʪʩʷ ʦ ʪʦʤ, 

ʯʪʦ ʨʦʩʩʠʡʩʢʠʤ ʠʥʞʝʥʝʨʘʤ ʩʪʘʣʠ ʧʨʦʜʘʚʘʪʴ AutoCAD, ʥʦ ʵʪʦ ʷʚʣʷʝʪʩʷ ʣʦʞʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ, ʦʙʫʩʣʦʚʠʚʰʝʡ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʷʚʠʣʘʩʴ ʥʠʟʢʘʷ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ ʠʥʞʝʥʝʨʥʦʛʦ ʪʨʫʜʘ ʚ ʩʬʝʨʝ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʪʨʫʜʘ ʨʘʙʦʯʠʭ ʚ ʤʘʪʝʨʠʘʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʉʠʩʪʝʤʳ 

ʙʳʣʠ, ʥʦ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ. ʌʫʥʜʘʤʝʥʪʦʤ 

ʷʚʣʷʣʠʩʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʨʘʩʯʝʪʳ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʟʘʤʝʪʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ 

ʉɸʇʈ, ʢʦʪʦʨʳʡ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʪʝʥʮʠʘʣ ʨʦʩʩʠʡʩʢʠʭ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʙʳʣ Dassault Systemes (DS). ɺ 1996 ʛ. DS ʥʘʯʘʣ ʨʘʙʦʪʘʪʴ ʩ ʈʦʩ-

ʩʠʡʩʢʠʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ,  

ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠ ʩ ʢʦʤʧʘʥʠʝʡ çʃʝʜʘʩè, ʯʘʩʪʴʶ ʠ ʣʘʙʦʨʘʪʦʨʠʝʡ ʀʥʩʪʠʪʫʪʘ ʀʩ-

ʢʫʩʩʪʚʝʥʥʦʛʦ ʀʥʪʝʣʣʝʢʪʘ ʠ ʀʥʩʪʠʪʫʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʅʦʚʦʩʠʙʠʨ-

ʩʢʝ. DS ʠ çʃʝʜʘʩè ʫʩʧʝʰʥʦ ʧʨʦʨʘʙʦʪʘʣʠ ʚʤʝʩʪʝ ʜʦ 2011 ʛʦʜʘ ʠ ʟʘʢʣʶʯʠʣʠ 11 

ʢʨʫʧʥʳʭ ʢʦʥʪʨʘʢʪʦʚ. ʀʜʝʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ çʃʝʜʘʩè ʚ ʭʦʜʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʳ DS ʢʘʢ CATIA V5 ʠ V6, ʠ, ʧʦ ʩʣʦʚʘʤ DS, 

ʦʢʘʟʘʣʠʩʴ ʦʯʝʥʴ ʥʘʜʝʞʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 

ʚ ʧʦʣʥʦʤ ʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʥʪʝʢʩʪʝ [2]. DS ʙʳʣʠ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ, ʥʦ ʥʝ ʝʜʠʥ-

ʩʪʚʝʥʥʳʤ ʧʦʩʪʘʚʱʠʢʦʤ ʉɸʇʈ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚ ʈʦʩʩʠʠ. ʂ ʢʦʥʮʫ 1990-ʭ ʛʛ. ʈʦʩ-

ʩʠʷ ʙʳʣʘ ʥʘ ʧʫʪʠ ʢ ʣʠʜʠʨʫʶʱʝʤʫ ʧʦʣʦʞʝʥʠʶ ʩʨʝʜʠ ʩʪʨʘʥ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

ʠ ʨʘʟʚʠʪʠʶ ʉɸʇʈ. ʍʦʪʷ ʧʦʣʥʦʛʦ ʩʧʠʩʢʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʈʦʩʩʠʠ ʉɸʇʈ ʥʝʪ, 

ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦ ʥʘʡʪʠ ʠʭ ʧʨʠʤʝʨʳ. FlowEFD ʦʪ Mentor Graphics ʠ FlowVision 

ʦʪ Capvidia ï ʜʚʝ ʚʳʩʦʢʦʨʘʟʚʠʪʳʝ ʧʨʦʛʨʘʤʤʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

(CFD), ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʈʦʩʩʠʠ (ʨʘʟʥʳʤʠ ʣʶʜʴʤʠ, ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ, ʟʥʘʶʪ ʜʨʫʛ 

ʜʨʫʛʘ). TurboCAD ʦʪ IMSI, BricsCAD ʦʪ Bricsys ʠ IntelliCAD ʦʪ IntelliCAD 

Technology Consortium ï ʚʩʝ ʵʪʠ ʧʨʦʛʨʘʤʤʳ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʈʦʩʩʠʠ, ʢʘʢ ʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʙʠʙʣʠʦʪʝʢ Teigha ʦʪ Open Design Alliance, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʦʪʥʷʤʠ ʧʦʩʪʘʚʱʠʢʦʚ ʉɸʇʈ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʉʝʛʦʜʥʷ ʚʳ ʩ ʪʨʫʜʦʤ ʥʘʡʜʝʪʝ 

ʉɸʇʈ, ʢʦʪʦʨʳʡ ʥʝ ʚʢʣʶʯʘʣ ʙʳ ʚ ʩʝʙʷ ʢʦʤʧʦʥʝʥʪʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʈʦʩʩʠʠ. 

ɺ ʥʘʯʘʣʝ 1980-ʭ ʛʛ. ʠ ʚʥʦʚʴ ʚ ʂʦʣʦʤʥʝ (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ.) ʚ çʂʦʥʩʪʨʫʢʪʦʨ-

ʩʢʦʤ ʙʶʨʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè ʥʘʯʘʣʠ ʩʚʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʧʫʪʴ ɸʣʝʢʩʘʥʜʨ 

ɻʦʣʠʢʦʚ ʠ ʊʘʪʴʷʥʘ ʗʥʢʠʥʘ. ʕʪʠ ʣʶʜʠ ʦʩʥʦʚʘʣʠ ʢʦʤʧʘʥʠʶ ɸʉʂʆʅ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʵʪʦ ʨʦʩʩʠʡʩʢʘʷ ʢʦʤʧʘʥʠʷ, ʨʘʟʨʘʙʦʪʯʠʢ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 

ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʀʭ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ:  

¶ ʂʆʄʇɸʉ-3D ï ʩʠʩʪʝʤʘ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ 

ʩʦʙʩʪʚʝʥʥʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʷʜʨʝ; 

¶ ʂʆʄʇɸʉ-ɻʨʘʬʠʢ ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ; 

¶ ʃʆʎʄɸʅ: ʇɻʉ ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʳʤʠ ʜʘʥʥʳʤʠ; 

¶ ʃʆʎʄɸʅ: PLM ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠʥʞʝʥʝʨʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʞʠʟ-

ʥʝʥʥʳʤ ʮʠʢʣʦʤ ʠʟʜʝʣʠʷ; 
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¶ ɺɽʈʊʀʂɸʃʔ ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; 

¶ ɻʆʃʔʌʉʊʈʀʄ ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦʤ [3].  

ʉʘʤʳʤ ʠʟʚʝʩʪʥʳʤ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠʟ ʧʨʦʜʫʢʪʦʚ ʷʚ-

ʣʷʝʪʩʷ ʂʦʤʧʘʩ. ʕʪʦ ʩʠʩʪʝʤʘ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʪʘʚʰʘʷ ʩʪʘʥʜʘʨʪʦʤ 

ʜʣʷ ʪʳʩʷʯ ʧʨʝʜʧʨʠʷʪʠʡ, ʙʣʘʛʦʜʘʨʷ ʫʜʘʯʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʧʨʦʩʪʦʪʳ ʦʩʚʦʝʥʠʷ 

ʠ ʣʝʛʢʦʩʪʠ ʨʘʙʦʪʳ ʩ ʤʦʱʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʪʚʝʨʜʦʪʝʣʴ-

ʥʦʛʦ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʂʆʄʇɸʉ-3D ʚʩʝ ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʙʦʪʝ 

ʩ ʵʩʢʠʟʘʤʠ ï ʜʚʫʤʝʨʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʣʦʩ-

ʢʦʩʪʷʭ ʠ ʦʙʣʘʜʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʪʨʝʙʦ-

ʚʘʥʠʷʤʠ ʢ ʵʩʢʠʟʘʤ. ʅʘ ʦʩʥʦʚʝ ʵʩʢʠʟʦʚ ʩʦʟʜʘʶʪʩʷ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ ʧʫʪʝʤ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʝʪʘʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʠʞʝ 

ʥʘ ʨʠʩʫʥʢʝ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʩʢʠʟ, ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʳʜʘʚʣʠʚʘʣʩʷ ʥʘ ʟʘʜʘʥ-

ʥʫʶ ʚʳʩʦʪʫ, ʘ ʧʦʟʜʥʝʝ ʙʳʣʦ ʚʳʨʝʟʘʥʦ ʦʪʚʝʨʩʪʠʝ, ʚʳʧʦʣʥʝʥʘ ʬʘʩʢʘ. ʊʦʧʦʣʦʛʠʷ 

ʦʧʝʨʘʮʠʡ ʭʨʘʥʠʪʩʷ ʚ ʜʝʨʝʚʝ ʧʦʩʪʨʦʝʥʠʡ. ɺ ʜʝʨʝʚʝ ʧʦʩʪʨʦʝʥʠʡ ʤʦʞʥʦ ʨʝʜʘʢʪʠʨʦ-

ʚʘʪʴ ʦʧʝʨʘʮʠʠ ʠ ʠʟʤʝʥʠʪʴ ʟʘʜʘʚʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʵʩʢʠʟʦʚ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʩʦʟʜʘ-

ʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʪʝʣ ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʚʘʪʴ ʩʙʦʨʦʯʥʳʝ ʦʙʲʝʢʪʳ, ʠʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʫ ʩʦʧʨʷʞʝʥʠʡ. ʉʪʨʦʠʪʝʣʴʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʂʦʤʧʘʩ ʧʦʟʚʦʣʷʝʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ ʦʙʲʝʢʪʦʚ ʦʬʦʨʤ-

ʣʷʪʴ ʧʨʦʝʢʪʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʪʝʭʥʦʣʦʛʠʷ MiD (model 

in draving ï ʤʦʜʝʣʴ ʚ ʯʝʨʪʝʞʝ) ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʩʧʨʦʝʢʪʠʨʦ-

ʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʯʪʦ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʵʪʦ ʚʘʞʥʦ 

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʚʫʟʝ [4].  

 

 

ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʚ ʂʦʤʧʘʩ 
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ʅʝ ʤʝʥʝʝ ʤʦʱʥʳʡ ʉɸʇʈ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʵʪʦ T-FLEX. ʉʠʩʪʝ-

ʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʙʣʘʜʘʶʱʘʷ ʚʩʝʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. ʇʨʦʛʨʘʤʤʘ ʦʙʲʝʜʠʥʷʝʪ 

ʤʦʱʥʳʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦ ʩʨʝʜ-

ʩʪʚʘʤʠ ʩʦʟʜʘʥʠʷ ʠ ʦʬʦʨʤʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʇʦʜʭʦʜʠʪ ʜʣʷ 

ʨʝʰʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʟʘʜʘʯ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ ʠ ʤʘʩʰʪʘʙʘ: ʦʪ ʶʚʝʣʠʨʥʳʭ 

ʫʢʨʘʰʝʥʠʡ ʠ ʜʝʪʩʢʠʭ ʠʛʨʫʰʝʢ ʜʦ ʢʦʩʤʠʯʝʩʢʠʭ ʨʘʢʝʪ ʠ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥ-

ʮʠʡ. ʉʠʩʪʝʤʘ ʠʜʝʘʣʴʥʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʝʪʘʣʝʡ, ʩʦʟʜʘʥʠʷ ʥʝʩʣʦʞʥʳʭ ʩʙʦ-

ʨʦʢ. ʍʦʨʦʰʦ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘ-

ʮʠʠ. ʅʘʣʠʯʠʝ ʙʠʙʣʠʦʪʝʢ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ɻʆʉʊ ʵʣʝʤʝʥʪʦʚ. ʉʠʩʪʝʤʘ 

ʦʪʝʯʝʩʪʚʝʥʥʘʷ, ʧʦʵʪʦʤʫ ʧʨʦʙʣʝʤ ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ ʥʝʪ. ʋʜʦʙʥʘʷ ʠ ʧʦʣʥʘʷ ʩʧʨʘʚ-

ʢʘ, ʬʘʢʪʠʯʝʩʢʠ ʫʯʝʙʥʠʢ ʧʦ T-Flex. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ. ʃʝʛʢʦ 

ʜʦʩʪʘʪʴ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʙʝʩʧʣʘʪʥʘʷ ʫʯʝʙʥʘʷ ʚʝʨʩʠʷ. ʆʙʫʯʝʥʠʝ ʥʝʩʣʦʞʥʦ ʜʘ-

ʞʝ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʥʠʢʦʛʜʘ ʥʝ ʨʘʙʦʪʘʚʰʝʛʦ ʩ CAD. ʉʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʠ-

ʯʝʩʢʦʡ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ 2D ʠ 3D ʯʝʨʯʝʥʠʝ. ʀʩʢʣʶʯʠʪʝʣʴʥʦ ʫʜʦʙʝʥ ʤʦʜʫʣʴ 2D 

ʯʝʨʯʝʥʠʷ, ʠʤʝʝʪʩʷ ʩʠʩʪʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʝʪʘʣʝʡ, ʛʥʫʪʳʭ ʠʟ ʣʠʩʪʦʚʦʛʦ ʤʝ-

ʪʘʣʣʘ, ʚʦʟʤʦʞʝʥ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ, ʨʘʩʯʝʪ ʫʧʨʫʛʠʭ ʜʝʪʘʣʝʡ 

ʠ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ. ʇʨʦʩʪʦʡ ʠ ʥʝʩʣʦʞʥʳʡ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠʥʪʝʨʬʝʡʩ. ʅʦ ʦʛʨʘ-

ʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʯʝʪʘ: ʥʝʪ ʘʵʨʦ- ʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʵʨʛʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ. ʉʣʘʙʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʩ ʬʦʪʦʨʝʘ-

ʣʠʩʪʠʯʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʠʩʪʝʤʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʘʙʦʚʘʪʘ, 

ʦʪʩʫʪʩʪʚʫʶʪ ʠʥʩʪʨʫʤʝʥʪʳ ʪʨʘʩʩʠʨʦʚʢʠ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʦʙʲʝʤʦʚ. ɺʦʟʤʦʞʥʦ-

ʩʪʠ ʩʠʩʪʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʚʳʩʦʢʠ. ʀʩʧʦʣʴʟʫ-

ʝʪʩʷ ʥʝʫʜʦʙʥʳʡ ʠ ʩʣʦʞʥʳʡ ʚ ʦʙʫʯʝʥʠʠ ʚʥʝʰʥʠʡ ʨʝʥʜʝʨ POV-ray. ʇʨʦʙʣʝʤʳ 

ʩ ʤʦʜʠʬʠʢʘʮʠʝʡ ʠʤʧʦʨʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ. ʅʝʪ ʭʦʨʦʰʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ 

ʧʨʦʚʝʨʢʠ ʦʰʠʙʦʢ ʧʦʩʪʨʦʝʥʠʷ [5].  

ʉʣʝʜʫʶʱʫʶ ʉɸʇʈ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʫʶ ʭʦʪʝʣʦʩʴ ʙʳ 

ʨʘʩʩʤʦʪʨʝʪʴ ʵʪʦ nanoCAD. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʛʨʘʤʤʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ 

ʚʳʰʝ, ʵʪʘ ʩʠʩʪʝʤʘ ʜʦʚʦʣʴʥʦ-ʪʘʢʠ ʤʦʣʦʜʘʷ ï ʧʦʷʚʠʣʘʩʴ ʚ 2008 ʛ. ʂ ʝʝ ʜʦʩʪʦʠʥ-

ʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ ʙʝʩʧʣʘʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ, ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʩ nanoCAD ʘʥʘʣʦʛʠʯʥʳ ʧʨʠʥʮʠʧʘʤ ʨʘʙʦʪʳ ʚ AutoCAD, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʤʝʥʠʪʴ ʧʣʘʪʬʦʨʤʫ ʙʝʟ ʩʝʨʴʝʟʥʦʛʦ ʧʝʨʝʦʙʫʯʝʥʠʷ, 

ʯʝʨʪʝʞʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ nanoCAD, ʤʦʞʥʦ ʦʪʢʨʳʪʴ ʚ ʩʨʝʜʝ AutoCAD ʙʝʟ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ; ʠ ʥʘʦʙʦʨʦʪ, ʯʝʨʪʝʞʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʩʨʝʜʝ 

AutoCAD, ʦʪʢʨʳʚʘʶʪʩʷ ʚ ʩʨʝʜʝ nanoCAD. ʂʘʢʠʭ-ʪʦ ʚʳʨʘʞʝʥʥʳʭ ʤʠʥʫʩʦʚ ʥʝʪ, 

ʣʠʰʴ ʥʝʙʦʣʴʰʠʝ ʥʝʜʦʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʧʨʦʛʨʘʤʤʘ ʤʦʣʦʜʘʷ. ʊʘʢ ʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʝʭʤʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘʯʠʥʘʶʪ ʧʦʷʚʣʷʪʴʩʷ ʪʦʣʴʢʦ ʚ ʧʦʩʣʝʜʥʠʭ ʚʝʨʩʠʷʭ 

ʧʨʦʜʫʢʪʘ. 

ʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʦʚʨʝʤʝʥ-

ʥʳʤ ʤʝʪʦʜʘʤ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ. 
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ʄʳ ʧʦʠʥʪʝʨʝʩʦʚʘʣʠʩʴ, ʢʘʢʠʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠʥʞʝ-

ʥʝʨʥʦʡ ʛʨʘʬʠʢʝ ʚ ʥʝʢʦʪʦʨʳʭ ʚʫʟʘʭ ʅʦʚʦʩʠʙʠʨʩʢʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʦʡ 

ʠʥʞʝʥʝʨʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʩʪʫʜʝʥʪʦʚ ʠʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠ-

ʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʂʦʤʧʘʩ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥ ʢʦʥʢʫʨʠʨʫʝʪ ʚ ʦʩʥʦʚʥʦʤ ʩ AutoCAD. 

ʏʪʦ ʪʨʝʙʫʝʪ ʥʝʢʦʪʦʨʦʛʦ ʩʨʘʚʥʝʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤ.  

AutoCAD ï ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʠ ʯʝʨʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ Autodesk. ʇʝʨʚʘʷ ʚʝʨʩʠʷ ʩʠʩʪʝʤʳ 

ʙʳʣʘ ʚʳʧʫʱʝʥʘ ʚ 1982 ʛ. AutoCAD ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘʨʭʠ-

ʪʝʢʪʫʨʝ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [6].  

ʉʪʦʠʤʦʩʪʴ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʘ ʂʦʤʧʘʩ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʩʪʦʠʤʦʩʪʠ 

AutoCAD. ɺ ʦʙʝʠʭ ʉɸʇʈ ʝʩʪʴ ʙʝʩʧʣʘʪʥʘʷ ʫʯʝʙʥʘʷ ʚʝʨʩʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ. ʍʦʪʝ-

ʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʂʦʤʧʘʩʝ ʭʦʪʴ ʠ ʣʝʛʯʝ ʯʝʨʪʠʪʴ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʉɸʇʈ ʚ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʡ ʠ 

ʪʨʝʙʦʚʘʥʠʷ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʦ ʧʝʨʝʚʦʜʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʦʪʨʘʩʣʝʡ ʥʘ ʨʦʩʩʠʡʩʢʠʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʨʘʩʪʝʪ, ʧʦʵʪʦʤʫ ʨʘʩʪʝʪ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʚ ʠʥʞʝʥʝʨʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ. 
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ʄ. ɺ. ʂʘʨʤʘʥʦʚʘ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʦʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʉɻʋɻʠʊ) 

 

ʉʆɿɼɸʅʀɽ ʊʈɽʍʄɽʈʅʓʍ ʄʆɼɽʃɽʁ ʂʈʀʉʊɸʃʃʆɺ ʀ ʈɸɿʈɸɹʆʊʂɸ  
ʄɽʊʆɼʀʏɽʉʂʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ʋʏɽɹʅʆɻʆ ʂɸɹʀʅɽʊɸ  
ɼʃʗ ɿɸʅʗʊʀʁ ɼɽʊʉʂʆ-ʖʅʆʐɽʉʂʆɻʆ ʂʈʋɾʂɸ çʖʅʓʁ ɻɽʆʃʆɻè  
ʇʈʀ ʄʀʅɽʈɸʃʆɻʀʏɽʉʂʆʄ ʄʋɿɽɽ çʄʀʈ ʂɸʄʅʗè, ɸʃʊɸʁʉʂʀʁ ʂʈɸʁ, ɹɸʈʅɸʋʃ 
 

ʋʞʝ ʤʥʦʛʦ ʣʝʪ ʚ ɹʘʨʥʘʫʣʝ ʧʦʜ ʵʛʠʜʦʡ ɸʜʤʠʥʠʩʪʨʘʮʠʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ 

ʩʫʱʝʩʪʚʫʝʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ çʄʠʨ ʢʘʤʥʷè. ɺʩʝ ʵʢʩʧʦʥʘʪʳ, ʙʦ-

ʣʝʝ ʪʨʝʭ ʪʳʩʷʯ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʧʨʠʥʘʜʣʝʞʘʪ ʯʘʩʪʥʦʡ ʢʦʣʣʝʢʮʠʠ ʜʠ-

ʨʝʢʪʦʨʘ ʤʫʟʝʷ ʉʝʨʛʝʷ ʀʦʩʠʬʦʚʠʯʘ ɹʝʨʛʝʨʘ. ʆʩʥʦʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʤʫ-

ʟʝʷ ï ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʥʘʫʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʣʦʛʠʠ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʫʟʝʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʮʝʣʝʥʘ ʥʘ ʜʝʪʝʡ 

ʤʣʘʜʰʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʫʯʝʙʥʦʛʦ ʛʦʜʘ ʧʨʠ 

ʤʫʟʝʝ ʜʝʡʩʪʚʫʝʪ ʢʨʫʞʦʢ çʖʥʳʡ ʛʝʦʣʦʛè ʜʣʷ ʜʝʪʝʡ, ʫʚʣʝʢʘʶʱʠʭʩʷ ʛʝʦʣʦʛʠʝʡ. 

ʀʟʫʯʘʷ ʵʢʩʧʦʥʘʪʳ ʤʫʟʝʷ, ʫʯʘʩʪʥʠʢʠ ʢʨʫʞʢʘ ʫʯʘʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʤʠʥʝʨʘʣʳ, ʫʟʥʘ-

ʶʪ ʠʭ ʬʦʨʤʫʣʳ ʠ ʩʪʨʫʢʪʫʨʫ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʧʨʠʨʦʜʝ. 

ʖʥʳʡ ʚʦʟʨʘʩʪ ʢʨʫʞʢʦʚʮʝʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʩʪʳʭ ʠ ʜʦʩʪʫʧʥʳʭ 

ʩʧʦʩʦʙʦʚ ʦʧʠʩʘʥʠʷ ʩʣʦʞʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ɹʦʣʴʰʠʝ ʫʩʧʝʭʠ ʚ ʦʙʫ-

ʯʝʥʠʠ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʢʘʢ ʚʠʟʫʘʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ, ʪʘʢ ʠ ʤʘʢʝʪʦʚ ʠʟ ʙʫʤʘʛʠ ʠʣʠ ʧʣʘʩʪʠʢʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʘʢ ʥʘʛʣʷʜʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʙʫʯʝʥʠʷ, ʚʧʝʨʚʳʝ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʧʝʜʘʛʦʛʘʤʠ ʠ ʧʩʠʭʦʣʦʛʘʤʠ ɼ. ɹ. ʕʣʴʢʦʥʠʥʳʤ, ʃ. ɸ. ɺʝʥʛʝʨʦʤ, 

ʅ. ɸ. ɺʝʪʣʫʛʠʥʦʡ, ʅ. ʅ. ʇʦʜʜʴʷʢʦʚʳʤ. ʄʳʰʣʝʥʠʝ ʨʝʙʝʥʢʘ ʨʘʟʚʠʚʘʶʪ ʩ ʧʦʤʦ-

ʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʩʭʝʤ, ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʚ ʥʘʛʣʷʜʥʦʡ ʠ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʥʝʛʦ 

ʬʦʨʤʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʩʢʨʳʪʳʝ ʩʚʦʡʩʪʚʘ ʠ ʩʚʷʟʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʦʙʲʝʢʪʘ [1]. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʢʨʠʩʪʘʣʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʲʝʤʥʳʝ ʬʠʛʫʨʳ (ʨʠʩ. 1, ʘ), 

ʯʪʦ ʩʠʣʴʥʦ ʙʳ ʦʙʣʝʛʯʠʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʜʥʘʢʦ ʚ ʧʨʠʨʦʜʝ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʢʨʠʩʪʘʣʣʳ ʠʜʝʘʣʴʥʦʡ ʬʦʨʤʳ. ʅʘʧʨʠʤʝʨ, ʧʝʥʪʘʛʦʥʜʦʜʝʢʘʵʜʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʧʠʨʠʪʘ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʣʘʪʦʥʦʚʩʢʦʛʦ ʧʝʥʪʘʛʦʥʜʦʜʝʢʘʵʜʨʘ, ʪʘʢ ʢʘʢ 

ʝʛʦ ʛʨʘʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ ʧʨʘʚʠʣʴʥʳʝ ʧʝʥʪʘʛʦʥʳ ʩ ʨʘʚʥʳʤʠ ʩʪʦʨʦʥʘʤʠ, 

ʘ ʧʷʪʠʫʛʦʣʴʥʠʢʠ ʩ ʯʝʪʳʨʴʤʷ ʨʘʚʥʳʤʠ ʠ ʦʜʥʦʡ ʦʪʣʠʯʥʦʡ ʧʦ ʜʣʠʥʝ ʩʪʦʨʦʥʦʡ, 

ʠ ʠʤʝʝʪ ʥʝ ʠʢʦʩʘʵʜʨʠʯʝʩʢʫʶ, ʘ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʩʠʤʤʝʪʨʠʶ (ʨʠʩ. 1, ʙ). ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʝʛʦ ʛʝʢʩʘʵʜʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʠʟ-ʟʘ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʛʨʘʥʝʡ ʨʝʜʢʦ ʬʦʨ-

ʤʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʢʫʙʘ ʩ ʨʘʚʥʳʤʠ ʩʪʦʨʦʥʘʤʠ, ʥʘʧʦʤʠʥʘʷ, ʩʢʦʨʝʝ, ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ. 
 

 

ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʬʦʨʤ ʢʨʠʩʪʘʣʣʦʚ 
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ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ 

ʥʘʠʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʢʨʠʩʪʘʣʣʦʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʩʪʘʣʘ ʧʦʣʥʦʮʝʥʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʙʫʜʝʪ ʨʘʩʧʝ-

ʯʘʪʘʪʴ ʥʘ 3D-ʧʨʠʥʪʝʨʝ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʦʙʫʯʘʶʱʠʭ ʬʠʣʴʤʘʭ ʠʣʠ ʧʨʝʟʝʥʪʘʮʠʷʭ, 

ʘ ʩʘʤ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʥʘʛʣʷʜʥʦ ʙʳ ʠʣʣʶʩʪʨʠʨʦʚʘʣ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʳ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ 3D-ʤʦʜʝʣʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʧʨʠʤʝʥʝʥʠʷ 

 

 

ʂʨʠʩʪʘʣʣʳ ʧʦʩʪʨʦʝʥʳ ʠʟ ʤʘʪʝʨʠʘʣʴʥʳʭ ʯʘʩʪʠʮ ï ʠʦʥʦʚ, ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝ-

ʢʫʣ, ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʝʜʩʪʘʚʠʚ ʠʭ 

ʚ ʚʠʜʝ ʪʦʯʝʢ, ʟʘʢʦʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʫʶ, ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ, ʨʝʰʝʪʢʫ, ʢʘʢ ʙʝʩʢʦʥʝʯʥʦʝ ʪʨʝʭʤʝʨʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ. ɽʩʪʝʩʪʚʝʥʥʳʝ ʬʦʨʤʘ ʠ ʦʛʨʘʥʢʘ ʢʨʠʩʪʘʣʣʦʚ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʩʪʨʫʢʪʫ-

ʨʳ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ. ʂʘʞʜʘʷ ʛʨʘʥʴ ʦʪʚʝʯʘʝʪ ʧʣʦʩʢʦʡ ʩʝʪʢʝ, ʘ ʚʥʝʰʥʷʷ 

ʩʠʤʤʝʪʨʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʤʤʝʪʨʠʠ ʠʭ ʩʪʨʫʢʪʫʨʳ [2]. 

ʍʘʨʘʢʪʝʨʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʨʫʢʦ-

ʚʦʜʩʪʚʦʚʘʪʴʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ: 

ï ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ð ʦʜʠʥʘʢʦʚʦʩʪʴ ʫʟʦʨʘ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʘʪʦʤʦʚ ʚʦ ʚʩʝʭ ʯʘʩʪʷʭ ʝʛʦ ʦʙʲʝʤʘ; 

ï ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ð ʟʘʢʦʥʦʤʝʨʥʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʨʝʜ-

ʤʝʪʦʚ ʠʣʠ ʠʭ ʯʘʩʪʝʡ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠʣʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʊʦ ʝʩʪʴ, ʟʥʘʷ ʭʠʤʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ʤʠʥʝʨʘʣʘ, ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʦʥʦʚ, ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ ʚ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ, ʠʭ ʨʘʟʤʝʨ ʠ ʨʘʩʩʪʦ-

ʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ, ʪʦ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʷʯʝʡʢʫ ʨʝʰʝʪʢʠ. ʈʘʩ-

ʧʨʦʩʪʨʘʥʠʚ ʧʦʣʫʯʝʥʥʫʶ ʷʯʝʡʢʫ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʨʘʟ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ, ʧʨʝʜʩʪʘʚʠʚ ʝʝ ʤʥʦʞʝʩʪʚʦʤ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʨʦʩʪʘ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʘ. 

ʆ. ɹʨʘʚʵ ʜʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ 14 ʪʠʧʦʚ ʧʦʣʠʵʜʨʦʚ ʠʟ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ çʩʦʙʨʘʪʴè ʣʶʙʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʨʝʰʝʪʢʫ. ɺʩʝ ʵʪʦ ʜʘʝʪ ʙʝʩʢʦʥʝʯʥʦʝ 

ʯʠʩʣʦ ʨʝʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʤʠʥʝʨʘʣʦʚ [3]. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʚʠʜʦʚ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ.  
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ʈʠʩ. 3. ɺʠʜʳ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ 

 

 

ɻʨʘʥʠ ʢʨʠʩʪʘʣʣʦʚ ʩʦʚʧʘʜʘʶʪ ʩ ʧʣʦʩʢʠʤʠ ʩʝʪʢʘʤʠ ð ʧʣʦʩʢʦʩʪʷʤʠ, ʧʨʦʭʦ-

ʜʷʱʠʤʠ ʯʝʨʝʟ ʣʶʙʳʝ ʪʨʠ ʫʟʣʘ (ʘʪʦʤʘ). ʏʪʦʙʳ ʦʙʦʟʥʘʯʠʪʴ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠ, 

ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʩʠʤʚʦʣʘ ʩʠʥʛʦʥʠʠ (ʨʠʩ. 4). 

 

 

ʈʠʩ. 4. ʇʨʠʥʮʠʧ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʤʚʦʣʘ ʛʨʘʥʠ ʚ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ 

 

 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʨʘʥʝʡ ʧʦʜʯʠʥʷʝʪʩʷ ʧʨʘʚʠʣʘʤ ʩʠʤʤʝʪʨʠʠ. ʏʠʩʣʦ ʩʦʚʤʝʱʝ-

ʥʠʡ ʧʨʠ ʚʨʘʱʝʥʠʠ ʢʨʠʩʪʘʣʣʘ ʥʘ 360Á ʚʦʢʨʫʛ ʦʩʠ ʥʘʟʳʚʘʶʪ ʧʦʨʷʜʢʦʤ ʦʩʠ ʩʠʤ-

ʤʝʪʨʠʠ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ ʦʩʠ ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ, 

ʯʝʪʚʝʨʪʦʛʦ ʠ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʦʚ (ʨʠʩ. 5). 

 

 

ʈʠʩ. 5. ʄʥʦʛʦʛʨʘʥʥʠʢʠ ʩ ʦʩʷʤʠ ʩʠʤʤʝʪʨʠʠ ʚʪʦʨʦʛʦ (ʘ), ʪʨʝʪʴʝʛʦ (ʙ),  

ʯʝʪʚʝʨʪʦʛʦ (ʚ) ʠ ʰʝʩʪʦʛʦ (ʛ) ʧʦʨʷʜʢʦʚ 
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ʋʯʠʪʳʚʘʷ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʩʚʦʡʩʪʚʘ, ʣʶʙʦʡ ʢʨʠʩʪʘʣʣ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʚ ʚʠʜʝ ʧʣʦʩʢʠʭ ʩʝʪʦʢ (ʢʦʪʦʨʳʝ ʩʦʚʧʘʜʘʶʪ ʩ ʛʨʘʥʷʤʠ ʢʨʠʩʪʘʣʣʘ), ʧʨʦʭʦʜʷʱʠʭ 

ʯʝʨʝʟ ʫʟʣʳ (ʘʪʦʤʳ, ʠʦʥʳ, ʤʦʣʝʢʫʣʳ) ʨʝʰʝʪʢʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ 

ʧʨʠʥʮʠʧʫ (ʩʠʥʛʦʥʠʠ). ʊʦ ʝʩʪʴ ʣʶʙʦʡ ʢʨʠʩʪʘʣʣ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʪʨʝʭ-

ʤʝʨʥʳʡ ʦʙʲʝʢʪ, ʯʴʠ ʬʦʨʤʘ ʠ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪ-

ʨʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʝ ʥʫʞʥʳ ʩʣʦʞʥʳʝ ʠ ʜʦʨʦʛʠʝ ʧʨʦ-

ʛʨʘʤʤʳ. ʆʧʪʠʤʘʣʴʥʦ ʧʦʜʦʡʜʝʪ ʜʘʞʝ ʙʝʩʧʣʘʪʥʘʷ ʚʝʨʩʠʷ ʧʨʦʛʨʘʤʤʳ SketchUp. 

ʆʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʪʦʤ, ʯʪʦ, ʝʩʣʠ ʩʦʚʤʝʩʪʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʝʨʝʩʝ-

ʢʘʶʱʠʭʩʷ ʧʣʦʩʢʦʩʪʝʡ, ʪʦ ʥʘ ʤʝʩʪʝ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʦʛʨʘʤʤʘ ʩʦʟʜʘʩʪ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʳʡ ʦʙʲʝʢʪ. ʇʦʩʣʝ ʯʝʛʦ ʥʫʞʥʦ ʙʫʜʝʪ ʪʦʣʴʢʦ ʫʜʘʣʠʪʴ ʫʯʘʩʪʢʠ, ʥʝ ʧʨʠʥʘʜʣʝ-

ʞʘʱʠʝ ʬʠʛʫʨʝ (ʨʠʩ. 6). 

 

 

ʈʠʩ. 6. ʉʦʟʜʘʥʠʝ ʦʙʲʝʢʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ SketchUpPro 2017 ʤʝʪʦʜʦʤ ʧʝʨʝʩʝʯʝʥʠʷ 

ʧʣʦʩʢʦʩʪʝʡ (ʘ), ʫʜʘʣʝʥʠʝ ʣʠʰʥʠʭ ʵʣʝʤʝʥʪʦʚ (ʙ) 
 

 

ʉʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʠ ʢʨʠʩʪʘʣʣʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʟʫʯʝʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ: ʭʠ-

ʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʳ, ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʇʦʢʘʞʝʤ ʩʫʪʴ ʤʝʪʦʜʘ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʥʘ ʧʨʠʤʝʨʝ ʢʨʠʩʪʘʣʣʘ ʩʘʤʦʨʦʜʥʦʡ 

ʤʝʜʠ. ʀʟ-ʟʘ ʝʝ ʤʷʛʢʦʩʪʠ ʠ ʢʦʚʢʦʩʪʠ, ʧʦʜʦʙʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʝʜʢʦ ʩʦʭʨʘʥʷʶʪʩʷ 

ʚ ʧʨʠʨʦʜʝ ʚ ʧʝʨʚʦʟʜʘʥʥʦʤ ʚʠʜʝ. ʅʝʦʙʭʦʜʠʤʦ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʭʠʤʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ʤʠʥʝʨʘʣʘ (Cu), ʨʘʜʠʫʩʳ ʘʪʦʤʦʚ (1,28 ¡). 

2. ʆʧʨʝʜʝʣʠʪʴ ʩʠʥʛʦʥʠʶ ʢʨʠʩʪʘʣʣʘ (ʢʫʙʠʯʝʩʢʘʷ), ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦ-

ʤʘʤʠ (3,6077 ¡) ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ (ʛʨʘʥʝʮʝʥʪʨʠ-

ʨʦʚʘʥʥʘʷ), ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ (90Á) (ʨʠʩ. 7). 

 

 

ʈʠʩ. 7. ʄʦʜʝʣʠ ʨʝʰʝʪʦʢ ɹʨʘʚʵ: ʘ) ʢʫʙʠʯʝʩʢʘʷ, ʙ) ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ,  

ʚ) ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ, ʛ) ʤʦʥʦʢʣʠʥʥʘʷ 
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3. ʉʦʟʜʘʪʴ ʚ ʧʨʦʛʨʘʤʤʝ ʦʩʥʦʚʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦ-

ʟʠʮʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ (ʨʠʩ. 8). 

 

 

ʈʠʩ. 8. ʉʦʟʜʘʥʠʝ ʦʩʥʦʚʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ 

 

 

4. ʆʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʣʦʩʢʠʭ ʩʝʪʦʢ (ʨʠʩ. 9). 

 

 

 

ʈʠʩ. 9. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʣʦʩʢʠʭ ʩʝʪʦʢ 

 

 

5. ʆʧʨʝʜʝʣʠʪʴ ʩʠʤʤʝʪʨʠʶ 
4 3 2

63 4 6 9L L L PC. 

6. ʉ ʧʦʤʦʱʴʶ ʧʣʦʩʢʠʭ ʩʝʪʦʢ ʥʘʨʠʩʦʚʘʪʴ ʢʨʠʩʪʘʣʣ ʠ ʫʜʘʣʠʪʴ ʣʠʰʥʠʝ ʵʣʝ-

ʤʝʥʪʳ (ʨʠʩ. 10). 

 

 

ʈʠʩ. 10. ʄʦʜʝʣʴ ʢʨʠʩʪʘʣʣʘ ʠ ʩʨʦʩʪʦʢ ʢʨʠʩʪʘʣʣʦʚ ʩʘʤʦʨʦʜʥʦʡ ʤʝʜʠ 
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ʂʦʥʝʯʥʦ, ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ ʟʘ ʚʝʢʪʦʨʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʥʘʭʦʜʠʪʴ ʠʭ ʤʝʩʪʦ ʧʦʣʦʞʝʥʠʝ, ʥʦ ʪʦʛʜʘ ʪʝʨʷʝʪʩʷ ʩʚʷʟʴ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʢʨʠʩʪʘʣʣʘ 

ʠ ʧʨʦʧʘʜʘʝʪ ʥʘʛʣʷʜʥʦʩʪʴ. 

ʊʘʢ ʢʘʢ ʩʦʟʜʘʥʥʳʡ ʢʨʠʩʪʘʣʣ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʦʙʲʝʢʪʦʤ, ʪʦ ʤʦʞ-

ʥʦ ʩʦʟʜʘʪʴ ʝʛʦ ʢʦʧʠʶ, ʨʘʟʚʝʨʥʫʪʴ ʝʝ ʧʦʜ ʥʝʦʙʭʦʜʠʤʳʤ ʫʛʣʦʤ ʠ ʩʦʚʤʝʩʪʠʪʴ 

ʩ ʥʫʞʥʦʡ ʛʨʘʥʴʶ, ʪʘʢ ʤʳ ʧʦʣʫʯʠʤ ʤʦʜʝʣʴ ʜʚʦʡʥʠʢʘ ï ʟʘʢʦʥʦʤʝʨʥʦʛʦ ʩʨʘʩʪʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩ. 11). 

 

 

ʈʠʩ. 11. ʄʦʜʝʣʠ ʜʚʦʡʥʠʢʦʚ ʩʪʘʚʨʦʣʠʪʘ, ʛʠʧʩʘ (ʛʘʣʣʴʩʢʠʡ ʜʚʦʡʥʠʢ  

ʠʣʠ çʣʘʩʪʦʯʢʠʥ ʭʚʦʩʪè), ʬʣʶʦʨʠʪʘ (ʧʦ ʰʧʠʥʝʣʝʚʦʤʫ ʟʘʢʦʥʫ)  

ʠ ʬʦʪʦʛʨʘʬʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ 

 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʜʝʪʠ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʘ ʩ ʫʜʦʚʦʣʴʩʪʚʠʝʤ ʚʢʣʶʯʘʶʪ-

ʩʷ ʚ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʜʣʷ ʯʝʛʦ ʠʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʙʨʘʪʴ ʨʘʟʚʝʨʩʪʢʠ ʤʦ-

ʜʝʣʝʡ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʙʫʤʘʛʝ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʨʘʟʚʝʨʩʪʦʢ ʪʘʢʞʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʛʨʘʤʤʝ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝ-

ʨʳ ʜʝʪʘʣʝʡ, ʠʭ ʧʦʣʦʞʝʥʠʝ, ʫʛʣʳ ʤʝʞʜʫ ʥʠʤʠ (ʨʠʩ. 12). ʕʪʦ ʟʘʤʝʪʥʦ ʫʧʨʦʱʘʝʪ 

ʩʦʟʜʘʥʠʝ ʨʘʟʚʝʨʩʪʦʢ ʢʨʠʩʪʘʣʣʦʚ, ʯʴʷ ʬʦʨʤʘ ʛʦʨʘʟʜʦ ʩʣʦʞʥʝʝ ʦʢʪʘʵʜʨʘ. 

 

 

ʈʠʩ. 12. ʋʧʨʦʱʝʥʥʘʷ ʤʦʜʝʣʴ ʢʨʠʩʪʘʣʣʘ ʬʣʶʦʨʠʪʘ ʚ ʬʦʨʤʝ ʦʢʪʘʵʜʨʘ 
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ʈʠʩ. 13. ʇʨʝʟʝʥʪʘʮʠʷ ʙʫʤʘʞʥʦʡ ʤʦʜʝʣʠ ʩ ʥʘʥʝʩʝʥʥʦʡ ʪʝʢʩʪʫʨʦʡ,  

ʠʤʠʪʠʨʫʶʱʝʡ ʨʘʩʮʚʝʪʢʫ ʬʣʶʦʨʠʪʘ, ʠ ʝʝ ʨʘʟʚʝʨʩʪʢʘ  
 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʷʷ ʦʧʠʩʘʥʥʳʡ ʚ ʩʪʘʪʴʝ ʤʝʪʦʜ ʨʘʟʨʘʙʦʪʢʠ ʪʨʝʭʤʝʨ-

ʥʳʭ ʤʦʜʝʣʝʡ ʢʨʠʩʪʘʣʣʦʚ, ʤʦʞʥʦ ʚ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʩʦʟʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʫʶ 

ʙʘʟʫ 3D-ʤʦʜʝʣʝʡ ʤʠʥʝʨʘʣʦʚ. 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
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ʀ. ɸ. ʂʥʦʣʴ  

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʦʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʉɻʋɻʠʊ) 

 

ɺʀɿʋɸʃʀɿɸʎʀʗ ʇʈʆɻʅʆɿʅʆʁ 3D-ʄʆɼɽʃʀ ʊɽʍʅʆɻɽʅʅʆɻʆ ʆɹʒɽʂʊɸ  
ɺ WEB-ʇʈʀʃʆɾɽʅʀʀ 
 

ʇʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʚ ʈʦʩʩʠʠ ʧʨʦʞʠʚʘʝʪ ʙʦʣʝʝ 72 ʤʣʥ. ʯʝʣʦʚʝʢ 

ʚ ʟʦʥʘʭ, ʛʜʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʫʛʨʦʟʘ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ 

ʚʩʣʝʜʩʪʚʠʝ ʘʚʘʨʠʡ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʠ ʩʠʩʪʝʤʘʭ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ɺʇʉ) ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ (ʊʆ). 

ʊʝʭʥʦʛʝʥʥʘʷ ʩʠʩʪʝʤʘ ï ʵʪʦ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʦ-

ʚʦʢʫʧʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. ʆʥʘ ʩʫʱʝʩʪʚʫʝʪ 

ʠ ʫʧʨʘʚʣʷʝʪʩʷ ʯʝʣʦʚʝʢʦʤ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʨʘʩʧʨʝʜʝʣʝ-
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ʥʠʷ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʝʶʱʠʭʩʷ, ʧʦʩʪʫʧʘʶʱʠʭ ʠʟʚʥʝ ʠ ʧʨʦʜʫʮʠʨʫʝʤʳʭ 

ʵʪʦʡ ʩʠʩʪʝʤʦʡ ʚʝʱʝʩʪʚ, ʵʥʝʨʛʠʠ ʠ ʠʥʬʦʨʤʘʮʠʠ [1ï3]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ɺʇʉ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʊʆ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ: ʣʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ, ʠʥʢʣʠʥʦʤʝʪʨʳ, ʪʘʭʝʦʤʝʪʨʳ, ʬʦʪʦʛʨʘ-

ʬʠʯʝʩʢʠʝ ʢʘʤʝʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʩʦʥʘʨʳ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʘʪʯʠʢʠ, ʜʘʪ-

ʯʠʢʠ ʚʠʙʨʘʮʠʠ ʠ ʠʟʣʫʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ 

ʥʝʠʟʤʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʇɺʉ, ʯʪʦ ʥʝʛʘ-

ʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʢʦʨʦʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʩʚʦʝʚʨʝ-

ʤʝʥʥʦʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʀʜʝʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʙʳʣʦ 

ʙʳ ʠʩʢʣʶʯʝʥʠʝ ʠʣʠ ʭʦʪʷ ʙʳ ʤʠʥʠʤʠʟʘʮʠʷ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʧʦ-

ʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦ ʮʝʣʦʩʪʥʦʡ 

ʢʘʨʪʠʥʳ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʝʭʥʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ 

ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ, 

ʭʨʘʥʝʥʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʕʪʦ ʜʦʩʪʠʞʠʤʦ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘ-

ʙʦʪʢʠ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʇɺʉ ʊʆ [3, 4]. 

ʄʫʣʴʪʠʘʛʝʥʪʥʘʷ ʩʠʩʪʝʤʘ ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʛʝʥʪʦʚ (ʙʣʦʢʦʚ ï çʨʝʰʘʪʝ-

ʣʝʡè ʟʘʜʘʯ) ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʝʢʦʪʦʨʦʡ ʩʨʝʜʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʳ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʩʧʦʩʦʙʝʥ ʢ ʛʠʙʢʠʤ, ʘʚʪʦʥʦʤʥʳʤ ʠ ʩʦʮʠʘʣʴʥʦ ʦʨ-

ʛʘʥʠʟʦʚʘʥʥʳʤ ʜʝʡʩʪʚʠʷʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʝ ʮʝʣʠ [5, 6]. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʥʘ 

ʦʩʥʦʚʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʙʣʦʢʦʚ: ʙʣʦʢ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʙʣʦʢ ʘʥʘ-

ʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʙʣʦʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ (ʯʝʣʦʚʝʢʦʤ).  

ʕʪʘʧ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʧʦʣʥʦʡ (ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ) ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʭʥʦʛʝʥʥʦʤ ʦʙʲʝʢʪʝ ʚ ʙʣʦʢ ʘʥʘʣʠʪʠʢʠ ʠ ʧʘ-

ʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʚ ʙʣʦʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʆʪ ʩʪʝʧʝʥʠ ʧʦʣʥʦʪʳ 

ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʢʪʝ ʟʘʚʠʩʠʪ ʩʪʝʧʝʥʴ ʧʦʣʝʟʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʵʪʠʭ ʜʘʥʥʳʭ ʚ ʙʣʦʢʝ 

ʘʥʘʣʠʟʘ. 

ʅʘ ʵʪʘʧʝ ʘʥʘʣʠʪʠʢʠ ʧʨʦʠʩʭʦʜʠʪ ʤʥʦʛʦʧʘʨʘʤʝʪʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʨʘʟʥʦʨʦʜ-

ʥʳʭ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʠ ʤʝʪʦʜʦʚ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ ʩʠʩʪʝʤʫ ʘʥʘʣʠʪʠʢʠ, ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʨʦʛʥʦʟ ʦ ʩʦ-

ʩʪʦʷʥʠʠ ʦʙʲʝʢʪʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠ-

ʩʪʝʤʳ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʙʳʪʴ ʦʩʚʝʜʦʤʣʝʥ 

ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʟʝʤʥʦʛʦ ʰʘʨʘ ʦ ʇɺʉ ʊʆ ʩʨʝʜʩʪʚʘʤʠ ʧʨʠʣʦʞʝʥʠʷ, ʦʩʥʘʱʝʥʥʦʛʦ 

ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʠ ʧʘʥʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝ-

ʩʫʨʩʘʤʠ. ɺʳʧʦʣʥʝʥʠʝ ʜʘʥʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʢʦʤʧʣʝʢʩ ʨʘʟʨʘʙʦ-

ʪʦʢ web-ʧʨʠʣʦʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʝʪʴ Internet ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ [7, 8]. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠʣʦʞʝʥʠʷ ʚ web-ʙʨʘʫʟʝʨʘʭ, ʧʨʦʩʪʦʛʦ ʠ ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʝʤʢʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ ʤʝʪʦʜʦʚ ʠ ʧʦʜʧʨʦʛʨʘʤʤ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ 

ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʇɺʉ ʊʆ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
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ʚʘʨʠʘʥʪ ʧʨʠʤʝʥʝʥʠʷ web-ʨʝʩʫʨʩʦʚ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʛʝʥʪʘ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʎʝʣʴ: ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʛʥʦʟʥʫʶ 3D-ʤʦʜʝʣʴ ʪʝʭʥʦʛʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʚ web-

ʧʨʠʣʦʞʝʥʠʠ ʩʨʝʜʩʪʚʘʤʠ WebGL.  

ɿʘʜʘʯʠ:  

ï ʧʦʣʫʯʠʪʴ ʦʙʣʘʢʦ ʪʦʯʝʢ; 

ï ʦʙʨʘʙʦʪʘʪʴ ʦʙʣʘʢʦ ʪʦʯʝʢ; 

ï ʚʳʷʚʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʨʘʱʝʥʠʷ; 

ï ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 3D-ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠʨʘʱʝʥʠʷ. 

ʆʙʣʘʢʦ ʪʦʯʝʢ ʤʦʞʥʦ ʣʠʙʦ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʣʠʙʦ ʧʦʣʫʯʠʪʴ 

ʨʝʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʅʘ ʙʘʟʝ ʮʝʥʪʨʘ ʠʥʞʠʥʠʨʠʥʛʘ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʉɻʋɻʠʊ ʙʳʣ ʩʦʟʜʘʥ ʨʦʙʦ-

ʪʦʪʝʭʥʠʯʝʩʢʠʡ ʩʪʝʥʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʭ-

ʥʦʛʝʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʘ ʪʦʯʥʝʝ, ʝʛʦ ʤʘʢʝʪʘ. 

ʉʪʝʥʜ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ ʙʘʟʝ ʫʩʪʨʦʡʩʪʚʘ Arduino UNO ʠ ʯʝʪʳʨʝʭ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʳʭ ʜʘʪʯʠʢʦʚ ʧʨʠʙʣʠʞʝʥʠʷ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʩʤʝʱʝʥʠʷ ʤʘʢʝʪʘ ʪʝʭʥʦʛʝʥʥʦ-

ʛʦ ʦʙʲʝʢʪʘ, ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʝʛʦ ʪʝʢʫʱʝʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚ ʣʦʢʘʣʴʥʦʡ ʩʠ-

ʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʪʝʥʜʘ. ʊʦʯʢʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʚʨʝʤʝʥʥʳʤ ʵʧʦʭʘʤ ʙʳʣʠ ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʥʳ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʨʘʱʝʥʠʷ. ɼʘʣʝʝ 

ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠʨʘʱʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦ-

ʦʨʜʠʥʘʪ ʩʪʝʥʦʢ ʤʘʢʝʪʘ. 

ʉ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ WebGL ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʙʨʘʫʟʝʨʝ 

ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. ɹʳʣ ʥʘʧʠʩʘʥ ʢʦʜ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʦʙʨʘʙʦʪʢʫ ʪʦ-

ʯʝʢ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʛʥʦʟʥʦʡ 3D-ʤʦʜʝʣʠ ʤʘʢʝʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʦʙʲʝʢʪʘ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʪʝʥʜʘ ʠ ʜʦʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʫʯʝʥʠʷ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʘ ʠʤʝʥʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʢʘʥʠʨʦʚʘ-

ʥʠʝ ʦʙʲʝʢʪʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʩʪʝʥʜ ʠ ʧʦʣʫʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʚʳʩʦʪ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. 
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ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʦʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʉɻʋɻʠʊ) 

 

ʇʈʆɽʂʊ ʂɸʈʊʓ çʂʋʃʔʊʋʈʅʆ-ʀʉʊʆʈʀʏɽʉʂʆɽ ʅɸʉʃɽɼʀɽ  
ʈɽʉʇʋɹʃʀʂʀ ɸʃʊɸʁè 
 

ɻʦʨʥʳʡ ɸʣʪʘʡ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ ʚʝʣʠʯʘʡʰʠʭ ʢʫʣʴʪʫʨʥʳʭ ʠ ʵʪʥʠʯʝʩʢʠʭ ʢʦʥ-

ʪʘʢʪʦʚ ʤʝʞʜʫ ɺʦʩʪʦʢʦʤ ʠ ɿʘʧʘʜʦʤ. 

ɸʣʪʘʡ ï ʵʪʦ ʛʦʨʥʘʷ ʩʪʨʘʥʘ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʚʟʘʠʤʦʩʚʷʟʴ ʩʘʤʦʙʳʪʥʦʡ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʢʫʣʴʪʫʨʳ. ɸʣʪʘʡ ʨʘʟʥʦʦʙʨʘʟʝʥ ʧʨʠ-

ʨʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʞʠʚʦʪʥʳʤ ʤʠʨʦʤ ʠ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, 

ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʥʝʦʙʳʯʘʡʥʦ ʠʥʪʝʨʝʩʥʳʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʦʛʜʘ ʤʳ ʩʣʳʰʠʤ ʩʣʦʚʦ çɸʣʪʘʡè ʚʩʝʤ ʥʘʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʠʭʦʜʷʪ 

ʚ ʛʦʣʦʚʫ ʩʢʘʟʦʯʥʳʝ ʧʝʡʟʘʞʠ ʵʪʦʛʦ ʨʝʛʠʦʥʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠʨʦʜʘ ɸʣʪʘʷ ʟʘ-

ʚʦʨʘʞʠʚʘʝʪ ʩʚʦʝʡ ʢʨʘʩʦʪʦʡ. ʅʦ ʤʳ ʨʝʰʠʣʠ ʚʳʙʨʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʟʫʯʝ-

ʥʠʷ ï ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʝ ʥʘʩʣʝʜʠʝ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ. ɸ ʢʘʨʪʦʛʨʘʬʠʯʝ-

ʩʢʠʡ ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʧʨʦʜʫʢʪʠʚʝʥ. 

ʀʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʘʤʷʪʥʠʢʦʚ ʠʩʪʦʨʠʠ ʠ ʢʫʣʴʪʫʨʳ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ 

ʧʦʩʪʘʚʣʝʥʦ ʥʘ ʫʯʝʪ ʚ ɸʂʀʅ (çɸʛʝʥʪʩʪʚʦ ʧʦ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʤʫ ʥʘʩʣʝ-

ʜʠʶ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡè) ʙʦʣʝʝ 2 000 ʦʙʲʝʢʪʦʚ. ɺ ʇʝʨʝʯʥʝ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦ-

ʛʦ ʥʘʩʣʝʜʠʷ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ 

ɸʣʪʘʡ, ʟʥʘʯʘʪʩʷ 97 ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ. [1] 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ, 

ʩʦʭʨʘʥʝʥʠʝ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʢʦʨʝʥʥʳʭ ʥʘʨʦ-

ʜʦʚ ʈʦʩʩʠʠ.  

ʎʝʣʴʶ ʥʘʰʝʛʦ ʧʨʦʝʢʪʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʢʘʨʪʳ çʂʫʣʴʪʫʨʥʦ-

ʠʩʪʦʨʠʯʝʩʢʦʝ ʥʘʩʣʝʜʠʝ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡè. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ: 

 ʠʟʫʯʝʥʠʝ ʧʦʥʷʪʠʷ çʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝè, ʝʛʦ ʩʫʱʥʦʩʪʠ ʠ ʩʦ-

ʜʝʨʞʘʥʠʷ; 

 ʩʙʦʨ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʙʲʝʢʪʘʤ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʛʦ 

ʥʘʩʣʝʜʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ; 

 ʩʦʟʜʘʥʠʝ ʢʘʨʪʳ. 
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ʉʦʛʣʘʩʥʦ ʩʪ. 1, ʛʣ. 1 ɿʘʢʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ ʦʪ 29 ʠʶʥʷ 1994 ʛ. ˉ4ï2 

çʆʙ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʤ ʥʘʩʣʝʜʠʠ ʥʘʨʦʜʦʚ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡè ʧʦʜ ʠʩʪʦʨʠʢʦ-

ʢʫʣʴʪʫʨʥʳʤ ʥʘʩʣʝʜʠʝʤ ʧʦʥʠʤʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʤʘʪʝʨʠʘʣʴʥʳʝ, ʜʫʭʦʚʥʳʝ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ, ʠʩʪʦʨʠʢʦ-ʘʨʭʝʦ-

ʣʦʛʠʯʝʩʢʠʝ, ʥʘʫʯʥʳʝ ʠ ʠʥʳʝ ʢʫʣʴʪʫʨʥʳʝ ʮʝʥʥʦʩʪʠ.[2] 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪʳ ʙʳʣ ʩʙʦʨ ʜʘʥʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʨʪʦʛʨʘ-

ʬʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʊʫʨʠʩʪʩʢʘʷ ʢʘʨʪʘ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ ʤʘʩʰʪʘ-

ʙʘ 1 : 1 000 000. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘ-

ʮʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʂʘʨʪʘ ʢʘʤʝʥʥʳʭ ʠʟʚʘʷʥʠʡ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ ʤʘʩʰʪʘʙʘ 

1 : 50 000 000, ʂʘʨʪʘ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ 

ʤʘʩʰʪʘʙʘ 1 : 1 000 000, ʂʘʨʪʘ çɿʦʣʦʪʦʝ ʢʦʣʴʮʦ ɸʣʪʘʷè ʤʘʩʰʪʘʙʘ 1 : 1 000 000. 

ɺ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʳʣʠ ʥʘʡʜʝʥʳ, ʠʟʫʯʝʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʳ ʨʘʟʣʠʯʥʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥ-

ʬʦʨʤʘʮʠʷ ʩ ʦʬʠʮʠʘʣʴʥʳʭ ʩʘʡʪʦʚ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ. 

ɺʪʦʨʳʤ ʵʪʘʧʦʤ ʙʳʣ ʚʳʙʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʢʘʨʪʳ. ʊʘʢ ʢʘʢ ʚ ʢʘʯʝ-

ʩʪʚʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʊʫʨʠʩʪʩʢʘʷ ʢʘʨʪʘ ʈʝʩʧʫʙʣʠʢʠ 

ɸʣʪʘʡ ʤʘʩʰʪʘʙʘ 1 : 1 000 000, ʢʦʪʦʨʘʷ ʩʦʟʜʘʥʘ ʚ ʧʦʧʝʨʝʯʥʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʨʦʝʢʮʠʠ ʄʝʨʢʘʪʦʨʘ, ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʥʥʦ ʵʪʫ ʧʨʦʝʢʮʠʶ ʠ ʜʣʷ 

ʥʘʰʝʡ ʢʘʨʪʳ. ɼʘʥʥʘʷ ʧʨʦʝʢʮʠʷ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʜʦʚʦʣʴʥʦ ʧʨʠʤʠʪʠʚ-

ʥʦʡ, ʥʦ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʥʘʤʠ ʟʘʜʘʯ ʦʥʘ ʚʧʦʣʥʝ ʧʨʠʛʦʜʥʘ.  

ɼʘʣʝʝ ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʙʦʣʝʝ ʫʜʦʙʥʳʡ ʜʣʷ ʥʘʩ ʤʘʩʰʪʘʙ ï 1 : 1 000 000. 

ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʤʘʩʰʪʘʙʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʙʦʣʝʝ ʢʨʫʧʥʳʡ ʤʘʩʰʪʘʙ ʧʨʠʚʝʣ 

ʙʳ ʢ ʙʦʣʝʝ ʢʨʫʧʥʦʤʫ ʬʦʨʤʘʪʫ ʢʘʨʪʳ, ʘ ʙʦʣʝʝ ʤʝʣʢʠʡ ʢ ʩʣʠʷʥʠʶ ʫʩʣʦʚʥʳʭ ʟʥʘ-

ʢʦʚ ʠ ʧʣʦʭʦʤʫ ʯʪʝʥʠʶ ʠʭ ʥʘ ʢʘʨʪʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʙʨʘʥʥʳʡ ʤʘʩʰʪʘʙ ʙʦʣʝʝ 

ʫʜʦʙʝʥ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʬʦʨʤʣʝʥʠʷ ʢʘʨʪʳ, ʢʘʨʪʘ ʚ ʜʘʥʥʦʤ ʤʘʩʰʪʘʙʝ ʠʤʝʝʪ 

ʦʧʪʠʤʘʣʴʥʳʡ ʜʣʷ ʥʘʩ ʨʘʟʤʝʨ ʠ ʭʦʨʦʰʫʶ ʯʠʪʘʝʤʦʩʪʴ ʠ ʥʘʛʣʷʜʥʦʩʪʴ ʫʩʣʦʚʥʳʭ 

ʟʥʘʢʦʚ. 

ʊʨʝʪʴʠʤ ʵʪʘʧʦʤ ʙʳʣʘ ʛʝʥʝʨʘʣʠʟʘʮʠʷ ʦʩʥʦʚʳ ï ʦʙʱʝʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨ-

ʪʳ. ɹʳʣʠ ʚʳʙʨʘʥʳ ʦʙʲʝʢʪʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʥʘʥʝʩʝʥʠʷ ʥʘ ʢʘʨʪʫ. ʈʝʢʠ ʥʘ ʢʘʨ-

ʪʝ ʦʪʨʘʞʝʥʳ ʩ 1 ʩʤ ʚ ʤʘʩʰʪʘʙʝ ʢʘʨʪʳ, ʘ ʦʟʝʨʘ ʩ 0,5 ʩʤĮ, ʪʘʢʦʝ ʧʦʜʨʦʙʥʦʝ ʦʪʦʙ-

ʨʘʞʝʥʠʝ ʛʠʜʨʦʛʨʘʬʠʠ ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ ʧʦʤʦʞʝʪ ʣʫʯʰʝ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ 

ʤʝʩʪʥʦʩʪʠ. ʀʟ ʦʙʲʝʢʪʦʚ ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʘʚʪʦ-

ʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ. ʅʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʥʘ ʥʘʰʝʡ ʢʘʨʪʝ ʥʘʥʝʩʝʥʳ ʧʦ ʧʨʠʥʮʠʧʫ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʜʝʣʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʮʝʥʪʨʳ ʩʫʙʲʝʢʪʦʚ ʈʌ, 

ʮʝʥʪʨʳ ʨʘʡʦʥʦʚ ʨʝʛʠʦʥʘ, ʘ ʪʘʢ ʞʝ ʧʨʦʯʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʨʫʧʥʳʝ ʥʘʩʝʣʝʥʥʳʝ 

ʧʫʥʢʪʳ. ɻʨʘʥʠʮʳ ʥʘ ʢʘʨʪʝ ʜʘʥʳ ʪʝʭ ʞʝ ʢʘʪʝʛʦʨʠʡ ʯʪʦ ʠ ʥʘ ʦʙʱʝʛʝʦʛʨʘʬʠʯʝ-

ʩʢʦʡ ʦʩʥʦʚʝ, ʘ ʠʤʝʥʥʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʛʨʘʥʠʮʳ ʈʌ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʛʨʘʥʠ-

ʮʳ ʜʨʫʛʠʭ ʛʦʩʫʜʘʨʩʪʚ, ʛʨʘʥʠʮʳ ʩʫʙʲʝʢʪʦʚ ʈʌ ʠ ʛʨʘʥʠʮʳ ʨʘʡʦʥʦʚ ʨʝʩʧʫʙʣʠʢʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʩʦʩʪʘʚʣʝʥʠʷ ʦʙʱʝʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʳʝ ʦ 

ʥʠʭ ʫʪʦʯʥʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝ-

ʩʢʠʭ ʩʝʨʚʠʩʦʚ. 

ʏʝʪʚʝʨʪʳʡ ʵʪʘʧ ʟʘʢʣʶʯʘʣʩʷ ʚ ʚʳʙʦʨʝ ʦʙʲʝʢʪʦʚ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘ-

ʥʠʷ ï ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʙʳʣʠ ʥʘʥʝ-

ʩʝʥʳ ʥʘ ʢʘʨʪʫ. ʅʘ ʢʘʨʪʫ ʙʳʣʠ ʥʘʥʝʩʝʥʳ: 
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 ʢʘʤʝʥʥʳʝ ʠʟʚʘʷʥʠʷ; 

 ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘʤʷʪʥʠʢʠ (ʢʫʨʛʘʥʳ, ʢʘʧʠʱʘ, ʤʦʛʠʣʴʥʠʢʠ, ʩʪʦʷʥʢʠ 

ʜʨʝʚʥʝʛʦ ʯʝʣʦʚʝʢʘ); 

 ʥʘʩʢʘʣʴʥʳʝ ʨʠʩʫʥʢʠ; 

 ʧʘʤʷʪʥʠʢʠ ʧʨʠʨʦʜʳ (ʛʦʨʥʳʝ ʚʝʨʰʠʥʳ ʠ ʧʝʨʝʚʘʣʳ, ʧʝʱʝʨʳ ʠ ʚʦʜʦʧʘʜʳ); 

 ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʝ ʧʨʠʨʦʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ (ʟʘʧʦʚʝʜʥʠʢʠ, ʥʘʮʠʦʥʘʣʴʥʳʝ 

ʧʘʨʢʠ, ʧʨʠʨʦʜʥʳʝ ʧʘʨʢʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʟʘʢʘʟʥʠʢʠ);  

 ʧʦʧʫʣʷʨʥʳʝ ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʤʘʨʰʨʫʪʳ çɿʦʣʦʪʦʝ ʢʦʣʴʮʦ ɸʣʪʘʷè (ɹʦʣʴʰʦʝ, 

ʉʨʝʜʥʝʝ ʠ ʄʘʣʦʝ); 

 ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʠ ʨʝʣʠʛʠʦʟʥʳʝ ʤʝʩʪʘ. 

ɺʩʝ ʵʪʠ ʦʙʲʝʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʩʦʢʫʶ ʢʫʣʴʪʫʨʥʫʶ ʠ ʠʩʪʦʨʠʯʝ-

ʩʢʫʶ ʮʝʥʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʦʨʝʥʥʳʭ ʘʣʪʘʡʮʝʚ, ʥʦ ʠ ʜʣʷ ʚʩʝʭ ʞʠʪʝʣʝʡ ʥʘʰʝʡ 

ʧʣʘʥʝʪʳ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʩʣʦʚʥʳʭ ʟʥʘʢʦʚ ʤʳ ʠʩʭʦʜʠʣʠ ʠʟ ʟʘʢʦʥʦʚ ʥʘʫʢʠ ʩʝʤʠʦʪʠ-

ʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ ʫʩʣʦʚʥʳʝ ʟʥʘʢʠ, ʢʦʪʦʨʳʝ ʧʨʠ-

ʚʝʜʝʥʳ ʚ ʣʝʛʝʥʜʝ ʢʘʨʪʳ. ʇʨʠ ʠʭ ʨʘʟʨʘʙʦʪʢʝ ʙʳʣʠ ʫʯʪʝʥʳ ʫʩʣʦʚʥʳʝ ʟʥʘʢʠ ʩ ʢʘʨʪ 

ʙʣʠʟʢʦʡ ʪʝʤʘʪʠʢʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ. ɿʘʪʝʤ ʙʳʣʘ ʧʨʦʜʝʣʘ-

ʥʘ ʨʘʙʦʪʘ ʧʦ ʦʬʦʨʤʣʝʥʠʶ ʠ ʩʦʩʪʘʚʣʝʥʠʶ ʣʝʛʝʥʜʳ ʢʘʨʪʳ. 

ʇʷʪʳʤ ʵʪʘʧʦʤ ʙʳʣʦ ʦʬʦʨʤʣʝʥʠʝ ʢʘʨʪʳ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʠʭ ʨʝʜʘʢʪʦ-

ʨʦʚ CorelDraw ʠ Adobe Photoshop. ʌʦʥʦʤ ʢʘʨʪʳ ʧʦʩʣʫʞʠʣ ʬʦʪʦʩʥʠʤʦʢ ɸʣʪʘʡ-

ʩʢʠʭ ʛʦʨ. 

 

 

ɺʥʝʰʥʠʡ ʚʠʜ ʛʦʪʦʚʦʡ ʢʘʨʪʳ 



66 

ʉʦʟʜʘʥʥʘʷ ʢʘʨʪʘ ʧʦʣʫʯʠʣʘʩʴ ʥʘʛʣʷʜʥʦʡ, ʣʝʛʢʦ ʯʠʪʘʝʤʦʡ ʠ ʩʦʚʨʝʤʝʥʥʦʡ. 

ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʠʩʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ, ʝʝ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ, ʢʘʢ ʫʯʘʱʠʤʠʩʷ ʰʢʦʣ, ʪʘʢ ʠ ʰʠʨʦʢʠʤ ʢʨʫʛʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʧʦʟʥʘʚʘ-

ʪʝʣʴʥʳʭ ʮʝʣʷʭ ʠ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʝʨʠʠ ʢʘʨʪ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʥʘ ʨʘʟ-

ʥʳʝ ʨʝʛʠʦʥʳ ʥʘʰʝʡ ʩʪʨʘʥʳ. 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

1. ʉʭʝʤʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ. ʇʦʣʦʞʝʥʠʷ ʦ ʪʝʨʨʠʪʦʨʠ-

ʘʣʴʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ : ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ ʦʪ 21 ʥʦʷʙʨʷ 2012 ʛ. 

ˉ 290 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://docviewer.yandex.ru/?url=http% 

3A%2F%2Faltairepublic.ru%2Fupload%2Fiblock%2F623%2Fgov_decree_290_2012.pdf&name 

=gov_decree_290_2012.pdf&lang=ru&c=584d40471d23&page=1. 

2. ʆʙ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʤ ʥʘʩʣʝʜʠʠ ʥʘʨʦʜʦʚ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ : ɿʘʢʦʥ ʈʝʩʧʫʙʣʠʢʠ 

ɸʣʪʘʡ ʦʪ 29 ʠʶʥʷ 1994 ʛ. ˉ4ï2 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://zakon.scli.ru/ru/legal_texts/legislation_RF/index.php?do4=document&id4=de2a1dbc-c641-

462a-a95b-9b2773ea7bc8. 

 

É ɸ. ʆ. ʃʝʙʟʘʢ, ɽ. ɺ. ʃʝʙʟʘʢ, 2017 
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ʉ. ɺ. ʄʦʩʦʣʦʚ, ʗ. ʄ. ʄʘʪʳʝʚʘ, ɸ. ɸ. ʏʘʧʪʳʢʦʚʘ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʦʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʉɻʋɻʠʊ) 

 

ʇʆʉʊʈʆɽʅʀɽ ʈɸɿɺɽʈʊʆʂ ɻɽʆʄɽʊʈʀʏɽʉʂʀʍ ʊɽʃ  
ɺ ɻʈɸʌʀʏɽʉʂʆʄ ʈɽɼɸʂʊʆʈɽ AUTOCAD 
 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʝʪʦ-

ʜʳ, ʨʘʥʝʝ ʩʯʠʪʘʶʱʠʝʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ, ʩʝʛʦʜʥʷ ʥʝ ʚʳʜʝʨʞʠʚʘʶʪ ʥʘʨʘʩʪʘʶ-

ʱʝʛʦ ʜʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʦʵʪʦʤʫ, ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ 

ʟʘʜʘʯʘ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʠ ʟʘʤʝʥʳ ʩʪʘʨʳʭ ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ, ʥʦʚʳʤʠ. ʕʪʫ 

ʩʚʷʟʴ (ʩʪʘʨʦʛʦ ʠ ʥʦʚʦʛʦ) ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ ʧʨʠʤʝʨʘʭ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʚʝʨʪʦʢ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝʢʦʪʦʨʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ 

AutoCAD. 

ʈʘʟʚʝʨʪʢʦʡ ʥʘʟʳʚʘʶʪ ʬʠʛʫʨʫ, ʧʦʣʫʯʝʥʥʫʶ ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ ʨʘʟʚʝʨʪʳʚʘʶ-

ʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʣʦʩʢʦʩʪʴʶ ʙʝʟ ʨʘʟʨʳʚʦʚ ʠ ʩʢʣʘʜʦʢ. ɺ ʥʘʯʝʨʪʘʪʝʣʴʥʦʡ 

ʛʝʦʤʝʪʨʠʠ ʨʘʟʣʠʯʘʶʪ ʨʘʟʚʝʨʪʢʠ ʪʦʯʥʳʝ, ʧʨʠʙʣʠʞʝʥʥʳʝ ʠ ʫʩʣʦʚʥʳʝ. ʊʦʯʥʳʝ 

ʨʘʟʚʝʨʪʢʠ ʩʪʨʦʷʪ ʜʣʷ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ, ʧʨʠʙʣʠʞʝʥʥʳʝ ʠ ʫʩʣʦʚʥʳʝ ï ʜʣʷ ʦʩʪʘʣʴ-

ʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʈʘʟʚʝʨʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʳʢʨʦʝʢ ʠʟʜʝ-

ʣʠʡ ʠʟ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʤ ʧʫʪʝʤ ʩʚʝʨʪʳʚʘʥʠʷ ʠ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦ-

ʤʦʱʴʶ ʩʚʘʨʠʚʘʥʠʷ, ʧʘʡʢʠ, ʩʢʣʝʠʚʘʥʠʷ, ʚʘʣʴʮʝʚʘʥʠʷ, ʩʰʠʚʘʥʠʷ ʠ ʪ. ʧ. ʧʨʠʜʘʝʪʩʷ 

ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ. ʊʘʢ ʧʦʣʫʯʘʶʪ ʨʘʟʣʠʯʥʳʝ ʠʟʜʝʣʠʷ: ʦʙʫʚʴ, ʦʜʝʞʜʫ, 

ʪʘʨʫ, ʪʨʫʙʦʧʨʦʚʦʜʳ, ʢʫʧʦʣʘ, ʢʦʞʫʭʠ, ʨʝʟʝʨʚʫʘʨʳ ʠ ʪ. ʜ. ʏʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ 
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ʦʰʠʙʦʢ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʯʝʨʪʝʞʝʡ ʨʘʟʚʝʨʪʦʢ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʬʦʨʤʝ ʵʣʝʤʝʥʪʦʚ, ʚʳʷʩʥʷʝʪʩʷ ʪʦʣʱʠʥʘ ʤʝʪʘʣʣʘ, ʠʟ 

ʢʦʪʦʨʳʭ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ.  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʚʝʨʪʦʢ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ AutoCAD ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʧʨʠʝʤʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʢʦʤʘʥʜ ʢʘʢ çʂʦʧʠʨʦʚʘʥʠʝ ʛʨʘʥʝʡè, 

ç3ʄ ʧʦʚʦʨʦʪè, çɺʳʨʦʚʥʷʪʴè ʠ ʜʨ.  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʦʯʥʦʡ ʨʘʟʚʝʨʪʢʠ ʤʥʦʛʦʛʨʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʫʞʥʦ ʩʦʚ-

ʤʝʩʪʠʪʴ ʚʩʝ ʛʨʘʥʠ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʪʘʢ, ʯʪʦʙʳ ʦʙʨʘʟʦʚʘ-

ʣʘʩʴ ʧʣʦʩʢʘʷ ʬʠʛʫʨʘ. ʇʨʠ ʵʪʦʤ ʩʤʝʞʥʳʤʠ ʙʫʜʫʪ ʜʚʝ ʛʨʘʥʠ, ʠʤʝʶʱʠʝ ʦʙʱʝʝ 

ʨʝʙʨʦ. ɼʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʜ ʝʝ ʨʘʟʚʝʨʪʢʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯ-

ʥʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʙʨʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʨʘʥʝʡ ʥʘ 

ʨʘʟʚʝʨʪʢʝ. ɺʩʝ ʛʨʘʥʠ ʥʘ ʨʘʟʚʝʨʪʢʝ ʠʟʦʙʨʘʞʘʶʪʩʷ ʚ ʥʘʪʫʨʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ, ʧʦ-

ʵʪʦʤʫ ʝʝ ʧʦʩʪʨʦʝʥʠʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʥʘʪʫʨʘʣʴʥʳʭ ʚʝ-

ʣʠʯʠʥ ʦʪʜʝʣʴʥʳʭ ʛʨʘʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʩʪʨʦʝʥʠʝ ʪʦʯʥʳʭ ʨʘʟʚʝʨʪʦʢ ʛʨʘʥʥr ʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʫʪʝʤ ʩʥʷʪʠʷ ʨʘʟʤʝʨʦʚ ʦʪʜʝʣʴʥʳʭ ʛʨʘʥʝʡ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʟʚʝʨʪʢʠ ʥʘ ʧʣʦʩʢʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʢʦʧʠʠ ʛʨʘʥʝʡ ʧʦʤʝʩʪʠʪʴ ʚ ʝʜʠ-

ʥʫʶ ʧʣʦʩʢʦʩʪʴ ʯʝʨʪʝʞʘ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʦʩʢʦʩʪʴ 

ʣʠʩʪʘ. ɿʘʪʝʤ ʢʦʧʠʠ ʛʨʘʥʝʡ ʩʦʚʤʝʩʪʠʪʴ ʧʦ ʦʙʱʠʤ ʨʝʙʨʘʤ. ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝ-

ʥʠʡ ʩʣʝʜʫʶʱʠʡ: ɺʳʙʨʘʪʴ ʤʝʥʶ çʈʝʜʘʢʪʠʨʦʚʘʪʴè, çʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʪʝʣʘè, 

çʂʦʧʠʨʦʚʘʪʴ ʛʨʘʥʴè. ɼʘʣʝʝ ʚʳʙʨʘʪʴ ʛʨʘʥʴ, ʩ ʫʢʘʟʘʥʠʝʤ ʙʘʟʦʚʦʡ ʪʦʯʢʠ ʜʣʷ ʢʦ-

ʧʠʨʦʚʘʥʠʷ ʠ ʚʪʦʨʦʡ ʪʦʯʢʠ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ. ʂʦʧʠʠ ʛʨʘʥʝʡ ʧʦʤʝʩʪʠʪʴ ʚ ʝʜʠ-

ʥʫʶ ʧʣʦʩʢʦʩʪʴ ʯʝʨʪʝʞʘ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʦʩʢʦʩʪʴ 

ʣʠʩʪʘ. ɿʘʪʝʤ ʢʦʧʠʠ ʛʨʘʥʝʡ ʩʦʚʤʝʩʪʠʪʴ ʧʦ ʦʙʱʠʤ ʨʝʙʨʘʤ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ 

çɺʳʨʦʚʥʷʪʴè. ʈʘʟʚʝʨʪʢʘ ʢʫʙʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʤʝʪʦʜʦʤ ʢʦʧʠʨʦʚʘʥʠʷ ʛʨʘʥʝʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 

ʈʠʩ. 1. ʈʘʟʚʝʨʪʢʘ ʢʫʙʘ 
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ʈʘʟʚʝʨʪʢʫ ʧʨʷʤʦʡ ʧʨʠʟʤʳ ʫʜʦʙʥʦ ʧʦʩʪʨʦʠʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ ç3ʄ ʧʦ-

ʚʦʨʦʪè. ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʡ ʩʣʝʜʫʶʱʠʡ: ʚʳʜʝʣʷʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʦʙʲʝʢʪ 

ʠ ʨʘʟʙʠʚʘʝʤ ʝʛʦ ʥʘ ʦʪʜʝʣʴʥʳʝ ʛʨʘʥʠ ʢʦʤʘʥʜʦʡ çʈʘʩʯʣʝʥʠʪʴè. ɿʘʪʝʤ ʢʦʤʘʥʜʦʡ 

ç3ʄ ʧʦʚʦʨʦʪè ʩʦʚʤʝʱʘʝʤ ʛʨʘʥʠ ʧʨʠʟʤʳ ʩ ʧʣʦʩʢʦʩʪʴʶ ʥʠʞʥʝʛʦ ʦʩʥʦʚʘʥʠʷ. ʋʛʦʣ 

ʧʦʚʦʨʦʪʘ ʨʘʚʝʥ 90 ʛʨʘʜʫʩʦʚ. ʈʘʟʚʝʨʪʢʫ ʩʪʨʦʠʤ ʚ ʤʠʨʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

(ʄʉʂ). ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʚʝʨʪʢʠ ʧʨʷʤʦʡ ʧʨʠʟʤʳ ʩʦ ʩʢʚʦʟʥʳʤ ʦʪʚʝʨʩʪʠʝʤ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 2.  

 

 

ʈʠʩ. 2. ʈʘʟʚʝʨʪʢʘ ʧʨʷʤʦʡ ʧʨʠʟʤʳ ʩʦ ʩʢʚʦʟʥʳʤ ʦʪʚʝʨʩʪʠʝʤ 

 

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʚʝʨʪʢʠ ʜʚʝʥʘʜʮʘʪʠʛʨʘʥʥʦʡ ʫʩʝʯʝʥʥʦʡ ʧʠʨʘʤʠʜʳ ʥʝʦʙ-

ʭʦʜʠʤʦ: ʨʘʟʜʝʣʠʪʴ ʧʠʨʘʤʠʜʫ ʥʘ ʛʨʘʥʠ ʢʦʤʘʥʜʦʡ çʈʘʩʯʣʝʥʠʪʴè. ʕʪʘ ʢʦʤʘʥʜʘ ʟʘ-

ʤʝʥʷʝʪ ʦʜʠʥ ʦʙʲʝʢʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʙʲʝʢʪʦʚ. ɺʳʩʪʘʚʠʪʴ ʧʦʣʦʞʝʥʠʝ ʇʉʂ, ʧʦʚʝʨ-

ʥʫʪʴ ʦʜʥʫ ʠʟ ʛʨʘʥʝʡ ʚʦʢʨʫʛ ʦʩʠ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʨʝʙʨʦʤ ʜʦ ʩʦʚʤʝʱʝʥʠʷ ʩ ʧʣʦʩ-

ʢʦʩʪʴʶ ʦʩʥʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ çɺʳʨʦʚʥʷʪʴè (ʈʝʜʘʢʪʠʨʦʚʘʪʴ ï 3D ʦʧʝ-

ʨʘʮʠʠ ï ɺʳʨʦʚʥʷʪʴ). ɼʘʣʝʝ ʧʦʚʝʨʥʫʪʴ ʠ ʧʨʠʩʦʝʜʠʥʠʪʴ ʢ ʫʞʝ ʧʦʚʝʨʥʫʪʦʡ ʛʨʘʥʠ 

ʜʨʫʛʫʶ ʩʤʝʞʥʫʶ ʛʨʘʥʴ ʢʦʤʘʥʜʦʡ çɺʳʨʦʚʥʷʪʴè, ʧʦʚʝʨʥʫʪʴ ʪʨʝʪʴʶ ʛʨʘʥʴ ʠ ʧʨʠ-

ʩʦʝʜʠʥʠʪʴ ʝʝ ʢ ʫʞʝ ʧʦʚʝʨʥʫʪʦʡ ʚʪʦʨʦʡ ʛʨʘʥʠ. ɸʥʘʣʦʛʠʯʥʦ ʩʣʝʜʫʝʪ ʧʦʩʪʫʧʠʪʴ 

ʩ ʦʩʪʘʣʴʥʳʤʠ ʛʨʘʥʷʤʠ. ʇʦʨʷʜʦʢ ʧʦʩʪʨʦʝʥʠʷ ʪʦʯʥʦʡ ʨʘʟʚʝʨʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʩʝʯʝʥʥʦʡ ʧʠʨʘʤʠʜʳ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3. 

 

 

ʈʠʩ. 3. ʇʦʨʷʜʦʢ ʧʦʩʪʨʦʝʥʠʷ ʪʦʯʥʦʡ ʨʘʟʚʝʨʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʝʯʝʥʥʦʡ ʧʠʨʘʤʠʜʳ 
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ɼʣʷ ʥʝʨʘʟʚʝʨʪʳʚʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʩʪʨʦʝʥʠʝ ʨʘʟʚʝʨʪʢʠ ʩʚʦʜʠʪʩʷ 

ʢ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʣʦʞʥʦʩʦʩʪʘʚʥʦʡ ʬʠʛʫʨʳ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʛʨʘʥʥʳʤʠ ʬʠʛʫʨʘ-

ʤʠ (ʧʠʨʘʤʠʜ, ʫʩʝʯʝʥʥʳʭ ʧʠʨʘʤʠʜ ʠ ʪ. ʜ.) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʚʦʨʦʪʘ ʦʪʜʝʣʴʥʳʭ 

ʛʨʘʥʝʡ ʚ ʝʜʠʥʫʶ ʧʣʦʩʢʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʢʦʤʘʥʜ ʨʝʜʘʢʪʦʨʘ 

AutoCAD.  

ʂ ʥʝʨʘʟʚʝʨʪʳʚʘʝʤʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʦʪʥʦʩʠʪʩʷ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʩʬʝʨʳ, ʢʦʪʦ-

ʨʘʷ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʙʳʪʫ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʘʨʭʠʪʝʢʪʫʨʝ. 

ʊʝʥʥʠʩʥʳʝ ʤʷʯʠ, ʥʘʧʨʠʤʝʨ, ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʜʚʫʭ ʧʣʦʩʢʠʭ ʚʳʢʨʦʝʢ. ɺ ʘʨʭʠ-

ʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʥʝʨʘʟʚʝʨʪʳʚʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʦ ʩʬʝʨʠʯʝ-

ʩʢʠʝ ʢʫʧʦʣʘ ʧʦʢʨʳʪʠʡ, ʨʝʟʝʨʚʫʘʨʳ ʠ ʜʨ. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ-

ʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʠʙʣʠʞʝʥʥʦʡ ʨʘʟʚʝʨʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ. 

ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦʡ ʨʘʟʚʝʨʪʢʠ ʩʬʝʨʳ, ʥʘ ʦʩʥʦʚʝ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʧʠʩʘʥʥʳʤʠ ʫʩʝʯʝʥʥʳʤʠ ʧʠʨʘʤʠʜʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝ-

ʜʫʶʱʝʤ: 

- ʚʧʠʩʘʪʴ ʚ ʩʬʝʨʫ ʢʨʫʛ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ İ R ʨʘʜʠʫʩʘ ʩʬʝʨʳ ʚʳʰʝ ʦʪ 

ʮʝʥʪʨʘ ʩʘʤʦʡ ʩʬʝʨʳ, r ʨʘʜʠʫʩ ʢʨʫʛʘ ʚʳʯʠʩʣʠʪʴ ʧʦ ʪʝʦʨʝʤʝ ʇʠʬʘʛʦʨʘ:  

2 21
( )
2

r R R= + ; 

- ʚʧʠʩʘʪʴ ʩʬʝʨʫ ʚ ʜʚʝʥʘʜʮʘʪʠʛʨʘʥʥʫʶ ʫʩʝʯʝʥʥʫʶ ʧʠʨʘʤʠʜʫ, ʫ ʢʦʪʦʨʦʡ 
ʨʝʙʨʘ ʦʩʥʦʚʘʥʠʡ ʜʦʣʞʥʳ ʢʘʩʘʪʴʩʷ ʵʢʚʘʪʦʨʘ ʠ ʧʦʩʪʨʦʝʥʥʦʛʦ ʨʘʥʝʝ ʢʨʫʛʘ; 

- ʚʧʠʩʘʪʴ ʩʬʝʨʫ ʚ ʩʣʝʜʫʶʱʫʶ ʜʚʝʥʘʜʮʘʪʠʛʨʘʥʥʫʶ ʧʠʨʘʤʠʜʫ, ʨʝʙʨʘ 

ʦʩʥʦʚʘʥʠʡ ʝʝ ʜʦʣʞʥʳ ʢʘʩʘʪʴʩʷ ʢʨʫʛʘ, ʘ ʚʝʨʰʠʥʘ ʩʦʚʧʘʜʘʪʴ ʩ ʚʝʨʭʥʠʤ ʧʦʣʶ-

ʩʦʤ ʩʬʝʨʳ; 

- ʨʘʟʜʝʣʠʪʴ ʧʠʨʘʤʠʜʳ ʥʘ ʛʨʘʥʠ ʢʦʤʘʥʜʦʡ çʈʘʩʯʣʝʥʠʪʴè. ʕʪʘ ʢʦʤʘʥʜʘ 
ʟʘʤʝʥʷʝʪ ʦʜʠʥ ʦʙʲʝʢʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʙʲʝʢʪʦʚ; 

- ʚʳʩʪʘʚʠʪʴ ʧʦʣʦʞʝʥʠʝ ʇʉʂ; 

- ʨʘʟʚʝʨʥʫʪʴ ʦʜʥʫ ʠʟ ʛʨʘʥʝʡ ʚʦʢʨʫʛ ʦʩʠ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʨʝʙʨʦʤ ʜʦ 

ʩʦʚʤʝʱʝʥʠʷ ʩ ʧʣʦʩʢʦʩʪʴʶ ʦʩʥʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ çɺʳʨʦʚʥʷʪʴè ʥʘ 

ʚʢʣʘʜʢʝ çʈʝʜʘʢʪʠʨʦʚʘʪʴè (ʛʨʘʥʠ ʥʝʫʩʝʯʝʥʥʦʡ ʧʠʨʘʤʠʜʳ ʨʘʟʚʝʨʪʳʚʘʶʪʩʷ ʚʦ-

ʢʨʫʛ ʦʩʠ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʨʝʙʨʦʤ ʤʝʥʴʰʝʛʦ ʦʩʥʦʚʘʥʠʷ ʫʩʝʯʝʥʥʦʡ ʧʠʨʘʤʠʜʳ); 

- ʨʘʟʚʝʨʥʫʪʴ ʠ ʧʨʠʩʦʝʜʠʥʠʪʴ ʢ ʫʞʝ ʨʘʟʚʝʨʥʫʪʳʤ ʛʨʘʥʷʤ ʜʨʫʛʠʝ ʩʤʝʞ-

ʥʳʝ ʛʨʘʥʠ ʢʦʤʘʥʜʦʡ çɺʳʨʦʚʥʷʪʴè, ʘʥʘʣʦʛʠʯʥʦ ʨʘʟʚʝʨʥʫʪʴ ʠ ʧʨʠʩʦʝʜʠʥʠʪʴ 

ʦʩʪʘʣʴʥʳʝ ʛʨʘʥʠ ʧʠʨʘʤʠʜ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʤ ʧʦʣʦʚʠʥʫ ʨʘʟʚʝʨʪʢʠ 

ʩʬʝʨʳ; 

- ʧʦʣʫʯʝʥʥʫʶ ʨʘʟʚʝʨʪʢʫ ʚʳʩʪʨʦʠʪʴ ʥʘ ʧʨʷʤʦʡ ʪʘʢ ʞʝ ʩ ʧʦʤʦʱʴʶ ʢʦ-
ʤʘʥʜʳ çɺʳʨʦʚʥʷʪʴè, ʢʦʤʘʥʜʦʡ çɿʝʨʢʘʣʦè ʠʟ ʚʢʣʘʜʢʠ çʈʝʜʘʢʪʠʨʦʚʘʪʴè ʦʪʨʘ-

ʟʠʪʴ ʧʦʣʫʯʝʥʥʫʶ ʨʘʟʚʝʨʪʢʫ ʠ ʧʦʣʫʯʠʪʴ ʧʨʠʙʣʠʞʝʥʥʫʶ ʨʘʟʚʝʨʪʢʫ ʩʬʝʨʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʩʪʨʦʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4.  

ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʧʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʚʝʨʪʢʠ ʩʬʝʨʳ 

ʩʦ ʩʢʚʦʟʥʳʤ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤ ʦʪʚʝʨʩʪʠʝʤ.  
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ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʧʦʩʪʨʦʝʥʠʡ ʨʘʟʚʝʨʪʢʠ ʩʬʝʨʳ 
 

 

 

ʈʠʩ. 5. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʚʝʨʪʢʠ ʩʬʝʨʳ ʩʦ ʩʢʚʦʟʥʳʤ  

ʧʨʠʟʤʘʪʠʯʝʩʢʠʤ ʦʪʚʝʨʩʪʠʝʤ 
 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʠʝ ʨʘʟʚʝʨʪʦʢ ʚ ʩʨʝʜʝ AutoCAD ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ 

ʚʨʝʤʷ ʠ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʦʛʠʯʥʦʡ ʨʘʙʦʪʳ ʚ ʨʫʯʥʦʤ 

ʚʘʨʠʘʥʪʝ ʢ ʤʠʥʠʤʫʤʫ.  
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ʋɼʂ 681.7 

 

ɺ. ɸ. ʅʠʢʦʣʘʝʚ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʦʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʉɻʋɻʠʊ) 

 

ɺʆɿʄʆɾʅʆʉʊʀ ʊʈɽʍʄɽʈʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʇʈʀ ʉʆɿɼɸʅʀʀ  
ʄʆɼɽʃʀ ʉʅɸʁʇɽʈʉʂʆɻʆ ʇʈʀʎɽʃɸ (ʇʉʆ) 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʨʝʤʷʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʨʝʭʤʝʨʥʳʝ CAD-ʩʠʩʪʝʤʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʨʦʝʢ-

ʪʠʨʦʚʱʠʢʫ ʙʦʣʴʰʦʡ ʧʨʦʩʪʦʨ ʜʣʷ ʪʚʦʨʯʝʩʪʚʘ ʠ ʧʨʠ ʵʪʦʤ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʚʳʧʫʩʢʘ ʧʨʦʝʢʪʥʦ-ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʅʘʨʷʜʫ ʩʦ ʩʢʦʨʦ-

ʩʪʴʶ, ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʦʱʝ ʦʪʩʣʝʜʠʪʴ ʩʧʦʨʥʳʝ ʤʦʤʝʥʪʳ ʚ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʂʆʄʇɸʉ-3D, ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʥʘʭʦʜʠʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʦʧʪʠ-

ʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ [1ï3]. 

ɺʩʝ ʨʘʟʨʘʙʦʪʢʠ ʦʧʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʦʩʦʙʝʥʥʦ ʚʦʦʨʫʞʝʥʠʝ, ʷʚʣʷʶʪʩʷ ʟʘ-

ʢʨʳʪʳʤʠ, ʠ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʡʪʠ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʙʳʣ ʩʤʦʜʝʣʠʨʦʚʘʥ ʧʨʠʮʝʣ ʩʥʘʡʧʝʨʩʢʠʡ ʦʧʪʠʯʝʩʢʠʡ ʇʉʆ-1.  

ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʫʩʪʨʦʡʩʪʚʝ ʇʉʆ-1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʧʣʘʢʘʪʦʚ, ʩʭʝʤ, 

ʩ ʢʦʪʦʨʳʭ ʠ ʩʥʠʤʘʣʠʩʴ ʨʘʟʤʝʨʳ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷ-

ʶʱʝʛʦ ʚ ʫʯʝʙʥʳʭ ʮʝʣʷʭ ʧʦʣʫʯʠʪʴ ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʤʦʜʝʣʴ ʧʨʠʙʦʨʘ.  

ʋʩʪʨʦʡʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʨʠʮʝʣʘ ʇʉʆ-1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. 

 

 

ʈʠʩ. 1. ʄʝʭʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʧʨʠʮʝʣʘ ʩʥʘʡʧʝʨʩʢʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʇʉʆ-1 [4] 

1 ï ʚʳʜʚʠʞʥʘʷ ʙʣʝʥʜʘ; 2 ï ʤʘʭʦʚʠʯʦʢ; 3 ï ʢʦʨʧʫʩ; 4 ï ʨʝʟʠʥʦʚʳʡ ʥʘʛʣʘʟʥʠʢ;  

5 ï ʢʦʣʧʘʯʦʢ ʩ ʫʧʦʨʦʤ; 6 ï ʢʦʨʧʫʩ ʜʣʷ ʵʣʝʤʝʥʪʘ ʧʠʪʘʥʠʷ (ʙʘʪʘʨʝʡʢʠ);  

7 ï ʢʨʦʥʰʪʝʡʥ; 8 ï ʵʣʝʢʪʨʦʣʘʤʧʦʯʢʘ; 9 ï ʪʫʤʙʣʝʨ; 10 ï ʢʦʣʧʘʯʦʢ ʦʙʲʝʢʪʠʚʘ;  

11 ï ʫʢʘʟʘʪʝʣʴ (ʠʥʜʝʢʩ); 12 ï ʩʪʦʧʦʨʥʳʡ ʚʠʥʪ; 13 ï ʤʘʭʦʚʠʯʦʢ; 14 ï ʫʧʦʨ;  

15 ï ʜʚʠʞʦʢ ʩ ʧʨʫʞʠʥʦʡ;16 ï ʟʘʞʠʤʥʦʡ ʚʠʥʪ 
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ɺʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʠʮʝʣʘ ʩʥʘʡʧʝʨʩʢʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʇʉʆ-1 ʧʨʝʜ-

ʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩ. 2. ɺʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ ʇʉʆ-1 [5] 

1 ï ʦʙʲʝʢʪʠʚʥʘʷ ʪʨʫʙʢʘ; 2 ï ʨʝʟʴʙʦʚʦʝ ʢʦʣʴʮʦ; 3 ï ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʢʦʣʴʮʦ; 4 ï 

ʦʧʨʘʚʘ ʵʢʨʘʥʘ; 5 ï ʦʩʴ; 6 ï ʬʠʢʩʘʪʦʨ; 7 ï ʧʨʫʞʠʥʘ; 8 ï ʦʧʨʘʚʘ ʩʝʪʢʠ; 9 ï ʢʘʨʝʪʢʘ;  

10 ï ʧʦʣʟʫʥʢʠ; 11 ï ʚʠʥʪ; 12 ï ʧʨʫʞʠʥʳ; 13 ï ʥʘʧʨʘʚʣʷʶʱʘʷ; 14 ï ʘhʨʠʢʠ; 15 ï 

ʧʨʫʞʠʥʘ; 16 ï ʦʧʨʘʚʘ; 17 ï ʨʝʟʴʙʦʚʦʝ ʢʦʣʴʮʦ; 18 ï ʧʨʦʢʣʘʜʥʦʝ ʢʦʣʴʮʦ; 19 ï ʦʢʫ-

ʣʷʨʥʘʷ ʪʨʫʙʢʘ; 20 ï ʨʝʟʴʙʦʚʦʝ ʢʦʣʴʮʦ; 21 ï ʩʝʢʮʠʷ 2ʈʎ63; 22 ï ʤʠʢʨʦʪʫʤʙʣʝʨ; 

23 ï ʚʪʫʣʢʘ; 24 ï ʧʨʫʞʠʥʘ; 25 ï ʚʠʥʪ; 26 ï ʣʘʤʧʘ; 27 ï ʢʦʣʧʘʯʦʢ; 28 ï ʰʢʘʣʘ;  

29 ï ʚʠʥʪ; 30 ï ʰʢʘʣʘ; 31 ï ʢʦʨʧʫʩ; 32 ï ʦʧʨʘʚʘ ʩʚʝʪʦʬʠʣʴʪʨʘ; 33 ï ʩʚʝʪʦʬʠʣʴʪʨ; 

34 ï ʙʣʝʥʜʘ; 35 ï ʚʠʥʪ; 36 ï ʛʘʡʢʘ; 37 ï ʚʠʥʪ; 38 ï ʣʠʥʟʳ ʦʙʲʝʢʪʠʚʘ; 39 ï ʢʦʣʴʮʦ; 

40 ï ʰʧʠʣʴʢʘ; 41 ï ʰʘʡʙʘ; 42 ï ʢʦʥʪʘʢʪ; 43 ï ʧʨʦʚʦʜ; 44 ï ʛʘʡʢʘ 
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ʅʘ ʨʠʩ. 3ï7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʮʝʣʘ ʩʥʘʡʧʝʨʩʢʦ-

ʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʇʉʆ-1 [1ï5]. 

 

 

ʈʠʩ. 3. ʉʦʟʜʘʥʠʝ ʵʩʢʠʟʘ 

 

 

 

ʈʠʩ. 4. ʇʦʣʫʯʝʥʠʝ ʤʦʜʝʣʠ ʧʫʪʝʤ ʚʨʘʱʝʥʠʷ 
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ʈʠʩ. 5. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʇʉʆ-1 (ʨʘʟʨʝʟ ʜʝʪʘʣʠ) 

 

 

 

 

ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʇʉʆ-1 (ʨʘʟʨʝʟ ʜʝʪʘʣʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ) 

 


