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ʅʆʈʄɸʊʀɺʅʓɽ ʉʉʓʃʂʀ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʩʳʣʢʠ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʩʪʘʥʜʘʨʪʳ: 

ï ɿʘʢʦʥ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʦʪ 18 ʬʝʚʨʘʣʷ 2011 ʛʦʜʘ ˉ 407-IV çʆ 

ʥʘʫʢʝè 

ï ʆʪʯʝʪ ʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ. ʉʪʨʫʢʪʫʨʘ ʠ ʧʨʘʚʠʣʘ 

jʬʦʨʤʣʝʥʠʷ. ɻʆʉʊ 7.1-2003. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʘʷ ʟʘʧʠʩʴ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʧʨʘʚʠʣʘ ʩʦʩʪʘʚʣʝʥʠʷ. 

ï ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ çʎʠʬʨʦʚʦʡ ʂʘʟʘʭʩʪʘʥè. 

ï ɿʘʢʦʥ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʣʘʥʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʚʥʝʜʨʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (BIM-ʪʝʭʥʦʣʦʛʠʡ).  
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ʆʇʈɽɼɽʃɽʅʀʗ 
 

 ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʝʨʤʠʥʳ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ: 

 - ʎʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ï ʢʦʤʧʣʝʢʩ ʩʦʮʠʘʣʴʥʳʭ, ʢʫʣʴʪʫʨʥʳʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʠʥʪʝʛʨʘʮʠʝʡ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʧʨʘʢʪʠʢʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. 

 - ɸʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ï ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʬʦʨʤʳ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʵʩʪʝʪʠʯʝʩʢʠʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

 - ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ï ʠʥʩʪʨʫʤʝʥʪʳ, ʤʝʪʦʜʳ ʠ 

ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ CAD (Computer-Aided Design), BIM (Building 

Information Modeling), VR (Virtual Reality) ʠ ʜʨʫʛʠʝ.  

 - ʎʠʬʨʦʚʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ï ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʠ 

ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʜʠʟʘʡʥʘ.  

 - BIM ʪʝʭʥʦʣʦʛʠʷ ï ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʟʜʘʥʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʟʜʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʘʙʦʪʘʪʴ ʥʘʜ ʧʨʦʝʢʪʦʤ ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

 - VR-ʪʝʭʥʦʣʦʛʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 

ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʪʨʝʭʤʝʨʥʳʤʠ ʤʦʜʝʣʷʤʠ ʝʱʝ ʜʦ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. 

 - ʀʥʜʫʩʪʨʠʷ 4.0 ʚ ʘʨʭʠʪʝʢʪʫʨʝ ï ʠʥʪʝʛʨʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʶ, ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

 - ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ï ʪʝʭʥʦʣʦʛʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʠʤʠʪʠʨʦʚʘʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʠʥʪʝʣʣʝʢʪ ʠ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʚ 

ʘʚʪʦʥʦʤʥʦʤ ʧʦʨʷʜʢʝ. 

 - ʅʝʡʨʦʩʝʪʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ  

ʩʝʪʝʡ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. 

 - Revit ï ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

ʟʜʘʥʠʡ (Building Information Modeling, BIM). ʅʘʟʚʘʥʠʝ ʦʙʲʝʜʠʥʷʝʪ ʩʣʦʚʦ çrevè, 

ʦʟʥʘʯʘʶʱʝʝ çrevolutionè (ʘʥʛʣ. çʨʝʚʦʣʶʮʠʷè), ʯʪʦ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ 

çʦʙʦʨʦʪè, ʠ ʘʙʙʨʝʚʠʘʪʫʨʫ çITè (ʘʥʛʣ. çInformation Technologyè ð 

çʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè), ʧʦʜʨʘʟʫʤʝʚʘʷ ʨʝʚʦʣʶʮʠʶ ʠ ʦʙʦʨʦʪ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 
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 - ʎʠʬʨʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ï ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʨʘʙʦʪʢʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ. 
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ʆɹʆɿʅɸʏɽʅʀʗ ʀ ʉʆʂʈɸʑɽʅʀʗ 

 

ʈʂ   ï ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

ʄʆʅ   ï ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

ʂʆʂʉʆʅ ï ʂʦʤʠʪʝʪ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚ ʩʬʝʨʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

ʅʊɼ   ï ʅʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ 

CATIA   ï Computer Aided Three-dimensional Interactive 

Application 

BIM    ï Building Information Modeling 

ʊʀʄʉʆ  ï ʊʝʭʥʦʣʦʛʠʷ ʀʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʄʦʜʝʣʠʨʦʚʘʥʠʷ 

ʉʪʨʦʠʪʝʣʴʥʳʭ ʆʙʲʝʢʪʦʚ 

LEED   ï Leadership in Energy and Environmental Design 

BREEAM   ï Building Research Establishment Environmental 

Assessment Method  

ʀʀ  ï ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

VR   ï ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ   
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ɺɺɽɼɽʅʀɽ 

  

 ʎʠʬʨʦʚʠʟʘʮʠʷ ʩʝʛʦʜʥʷ ʩʪʘʣʘ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʘʰʝʡ ʞʠʟʥʠ, ʤʳ 

ʠʩʧʦʣʴʟʫʝʤ ʦʮʠʬʨʦʚʢʫ ʠ ʚʥʝʜʨʝʥʥʫʶ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʪʝʭʥʠʢʫ ʚʦ 

ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʱʝʩʪʚʘ. ɹʝʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʛʘʜʞʝʪʦʚ ʠ 

ʧʨʠʣʦʞʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ ʦʙʦʡʪʠʩʴ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʩʦʮʠʘʣʴʥʦʡ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ. ʌʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʢʫʣʴʪʫʨʳ ʠ çʣʠʮʦʤè ʛʦʨʦʜʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʭʫʜʦʞʝʩʪʚʝʥʥʫʶ ʦʙʨʘʟʥʦʩʪʴ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʙʫʜʫʯʠ ʧʝʨʝʦʩʤʳʩʣʝʥʥʦʡ ʚ 

ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʪ, ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ɻʣʘʚʥʘʷ ʨʦʣʴ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ - ʚʦʧʣʦʪʠʪʴ ʠʜʝʠ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʩʞʘʪʳʝ 

ʩʨʦʢʠ, ʠ ʥʝ ʠʜʷ ʥʘ ʧʦʚʦʜʫ ʩʦʙʩʪʚʝʥʥʦ çʤʘʰʠʥʥʦʛʦè ʜʘʚʣʝʥʠʷ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʟʥʘʯʠʤʦʩʪʴ ʚʢʣʘʜʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ.  

 ɺ ʨʝʘʣʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʚʧʦʣʥʝ ʟʘʢʦʥʦʤʝʨʝʥ ʚʦʧʨʦʩ: çʧʦʯʝʤʫ 

ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʶʪ çʩʪʨʘʥʥʳʝè (ʢʨʠʚʦʣʠʥʝʡʥʳʝ) ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʟʘʚʦʨʘʞʠʚʘʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʠ ʢʘʢʦʝ ʤʝʩʪʦ ʦʥʠ ʜʦʣʞʥʳ ʟʘʥʠʤʘʪʴ 

ʚ ʥʘʰʝʤ ʤʠʨʝ?è. ʇʝʨʚʦʡ ʧʨʠʯʠʥʦʡ ʠʥʪʝʨʝʩʘ ʢ ʧʦʥʷʪʠʶ çʮʠʬʨʦʚʘʷ 

ʥʝʣʠʥʝʡʥʦʩʪʴè ̫ ʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʙʦʣʝʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʩ ʧʨʠʨʦʜʦʡ ʙʠʦʣʦʛʠʠ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʦʡ, 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʠʜʝʷʤʠ ʠ ʠʭ ʨʘʟʚʠʪʠʝʤ, ʦʙʨʘʟʫʷ ʝʜʠʥʦʝ ʠ ʥʝʨʘʟʨʳʚʥʦʝ ʮʝʣʦʝ. 

ɺʪʦʨʘʷ ʧʨʠʯʠʥʘ - ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ, ʧʦʩʢʦʣʴʢʫ ʩʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʧʨʝʜʣʘʛʘʷ ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʳ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ 

ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠ ʜʨʫʛʠʝ ʠʥʥʦʚʘʮʠʠ. ʊʨʝʪʴʷ ʧʨʠʯʠʥʘ ï ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʧʦʥʠʤʘʥʠʠ ʪʦʛʦ, ʢʘʢ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʠʥʮʠʧʳ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ 

ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʥʘʣʠʟʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʝʥʦʤʝʥʘ 

ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, ʧʨʝʜʦʧʨʝʜʝʣʠʣʠ ʠ ʦʙʫʩʣʦʚʠʣʠ 

ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʠ ʭʘʨʘʢʪʝʨʘ ʝʝ ʚʣʠʷʥʠʷ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

 ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ 

ʧʝʨʝʭʦʜʘ ʥʘ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʩʦʛʣʘʩʥʦ ʧʨʦʛʨʘʤʤʝ çʎʠʬʨʦʚʦʡ 

ʂʘʟʘʭʩʪʘʥè ʠ ʥʘʩʪʦʷʪʝʣʴʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʠ ʩʪʨʦʠʪʝʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ [1-4].  

 ʇʨʦʙʣʝʤʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ 

ʟʘʜʘʯ ʚ ʟʥʘʢʦʚʦ-ʩʠʤʚʦʣʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʨʦʞʜʝʥʠʝʤ 

ʬʦʨʤʳ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʠʥʪʝʥʩʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʤ ʩ 

ʚʠʨʪʫʘʣʴʥʳʤʠ ʦʙʨʘʟʘʤʠ, ʣʶʙʳʝ ʩʜʚʠʛʠ, ʦʩʦʙʝʥʥʦ ʪʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʳ ʮʠʬʨʦʚʦʡ 

ʩʧʝʮʠʬʠʢʦʡ, ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʤʝʥʷʶʪ ʥʝ ʪʦʣʴʢʦ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ, ʥʦ ʠ 

ʩʘʤʦ ʯʝʣʦʚʝʯʝʩʢʦʝ ʩʦʟʥʘʥʠʝ. 
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 ɺ ʢʦʥʪʝʢʩʪʝ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ çʎʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘè 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʠ ʤʝʪʦʜʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ 

ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʦʧʦʣʥʝʥʥʘʷ 

ʨʝʘʣʴʥʦʩʪʴ, ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, 3D-ʧʝʯʘʪʴ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ [5]. 

 ʎʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ - ʪʝʨʤʠʥ, ʦʙʦʟʥʘʯʘʶʱʠʡ ʥʦʚʳʝ ʬʦʨʤʳ ʢʫʣʴʪʫʨʳ ʠ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʦʟʥʠʢʰʠʝ ʥʘ ʬʦʥʝ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʪʝʨʥʝʪʘ. ʕʪʦʪ ʬʝʥʦʤʝʥ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʦʙʱʝʩʪʚʝ ʠ ʢʫʣʴʪʫʨʝ, ʟʘʪʨʘʛʠʚʘʷ ʦʙʨʘʟ ʞʠʟʥʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʘʩʧʝʢʪʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ: ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʦʥʦʤʠʢʠ ʜʦ ʠʩʢʫʩʩʪʚʘ ʠ 

ʥʘʫʢʠ. ɼʠʥʘʤʠʯʥʳʡ ʠ ʧʦʩʪʦʷʥʥʦ ʘʜʘʧʪʠʨʫʶʱʠʡʩʷ ʢ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʤ ʨʝʘʣʠʷʤ, ʜʘʥʥʳʡ ʬʝʥʦʤʝʥ ʩʪʘʥʦʚʠʪʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ 

ʮʠʬʨʦʚʠʟʘʮʠʠ, ʠʥʪʝʛʨʠʨʫʷ ʪʝʭʥʦʣʦʛʠʠ ʚ ʢʫʣʴʪʫʨʥʳʝ, ʪʨʫʜʦʚʳʝ ʠ ʙʳʪʦʚʳʝ 

ʧʨʦʮʝʩʩʳ. ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʦʥʘ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ, ʩʪʠʤʫʣʠʨʫʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʮʠʬʨʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʘʨʭʠʪʝʢʪʫʨʥʦʤʫ 

ʪʚʦʨʯʝʩʪʚʫ, ʪʝʤ ʩʘʤʳʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʷ ʥʘ ʧʨʘʢʪʠʢʫ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʨʘʩʰʠʨʷʷ 

ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʠʥʥʦʚʘʮʠʡ ʠ ʢʨʝʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʧʨʦʩʪʨʘʥʩʪʚ.  

 ɺ ʮʝʣʦʤ, ʠʩʩʣʝʜʫʝʤʘʷ ʪʝʤʘ ʘʢʪʫʘʣʴʥʘ ʠ ʟʥʘʯʠʤʘ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʥʘʫʢʠ 

ʠ ʧʨʘʢʪʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʦʪʨʘʞʘʝʪ ʧʝʨʝʭʦʜ ʢ ʥʦʚʦʤʫ ʧʦʥʠʤʘʥʠʶ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʬʦʨʤʳ ʚ ʵʧʦʭʫ ʮʠʬʨʦʚʠʟʘʮʠʠ. ʎʠʬʨʦʚʘʷ 

ʢʫʣʴʪʫʨʘ ʥʝ ʧʨʦʩʪʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʥʘʰʠ ʞʠʟʥʠ, ʥʦ ʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʬʠʟʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʢʨʫʛ ʥʘʩ, ʚʢʣʶʯʘʷ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʛʦʨʦʜʩʢʫʶ ʩʨʝʜʫ. 

ʆʥʘ ʧʨʝʜʣʘʛʘʝʪ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʥʠʶ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʯʪʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʤʫ, ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʠ ʫʩʪʦʡʯʠʚʦʤʫ ʦʙʣʠʢʫ ʥʘʰʠʭ ʛʦʨʦʜʦʚ. ɹʦʣʝʝ 

ʪʦʛʦ, ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʩʪʘʚʠʪ ʚʦʧʨʦʩʳ ʦ ʨʦʣʠ ʘʨʭʠʪʝʢʪʦʨʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʦʙʱʝʩʪʚʝ, ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʣʶʜʴʤʠ ʠ ʟʜʘʥʠʷʤʠ, ʦ ʩʦʮʠʘʣʴʥʦʡ ʠ 

ʢʫʣʴʪʫʨʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʘʨʭʠʪʝʢʪʦʨʘʤ ʣʫʯʰʝ ʧʦʥʷʪʴ ʠ ʦʪʚʝʪʠʪʴ ʥʘ ʚʳʟʦʚʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʮʠʬʨʦʚʦʡ ʵʧʦʭʠ [6]. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʝʥʦʤʝʥʘ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ 

ʨʘʤʢʘʭ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʝʣʘʷ ʝʛʦ ʘʢʪʫʘʣʴʥʳʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ. ɺ ʵʪʦʤ ʩʦʩʪʦʠʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ çʌʝʥʦʤʝʥ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠè, ʛʜʝ ʝʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʦʪʨʘʞʘʪʴ 

ʧʨʦʜʚʠʞʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʥʘʫʢʠ, ʧʨʘʢʪʠʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʱʝʩʪʚʝ. 

 ʂʣʶʯʝʚʳʤʠ ʧʦʥʷʪʠʷʤʠ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʦʥʷʪʠʷ, ʦʙʦʟʥʘʯʘʝʤʳʝ 

ʪʝʨʤʠʥʘʤʠ çʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘè ʠ çʮʠʬʨʦʚʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝè ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʪʚʦʨʯʝʩʪʚʝ. ɸʚʪʦʨ ʘʥʘʣʠʟʠʨʫʝʪ ʵʪʠ ʘʩʧʝʢʪʳ, ʚ ʧʣʘʥʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ. 
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 ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ. 

 ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʠ ʚʟʘʠʤʦʚʣʠʷʥʠʝ 

ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʠ 

ʦʮʝʥʢʘ ʨʘʟʣʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʚʠʨʪʫʘʣʴʥʘʷ ʠ ʜʦʧʦʣʥʝʥʥʘʷ 

ʨʝʘʣʴʥʦʩʪʴ, ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. 

 ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʂʘʟʘʭʩʪʘʥʘ. 

 ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

- ʠʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʵʚʦʣʶʮʠʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ  

ʦʧʨʝʜʝʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʘʩʧʝʢʪʦʚ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ; 

- ʚr ʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʬʘʢʪʦʨʦʚ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ  

ʪʝʭʥʦʣʦʛʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ 

- ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʨʦʚʳʭ ʪʝʥʜʝʥʮʠʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʠʬʨʦʚʦʡ  

ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ. 

- ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ  

ʦʩʥʦʚʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠ.̫ 

- ʘʥʘʣʠʟ ʧʝʨʩʧʝʢʪʠʚ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ  

ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʂʘʟʘʭʩʪʘʥʝ. 

- ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  

ʤʝʞʜʫ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʦʡ. 

 ʉʪʝʧʝʥʴ ʠʟʫʯʝʥʥʦʩʪʠ. ɺ ʢʦʥʪʝʢʩʪʝ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘʨʭʠʪʝʢʪʫʨʘ 

ʪʘʢʞʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʝʚʦʣʶʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʮʠʬʨʦʚʦʤʫ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʶ ʚ ʵʪʦʡ ʩʬʝʨʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʝʸ ʘʢʪʫʘʣʴʥʦʩʪʴ. ɼʣʷ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʵʪʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ:  

ʀʩʪʦʨʠʯʝʩʢʠʡ ʦʙʟʦʨ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ï ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʢʫʱʠʭ ʪʝʥʜʝʥʮʠʡ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʱʝʩʪʚʘ, ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʠʩʪʦʢʠ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʄʘʥʫʵʣʝʤ ʂʘʩʪʝʣʴʩʦʤ [7] ʨʘʟʨʘʙʦʪʘʣ 

ʢʦʥʮʝʧʮʠʠ çʉʝʪʝʚʦʛʦ ʦʙʱʝʩʪʚʘè, ʨʘʩʢʨʳʚ ʥʦʚʦʝ ʧʦʥʠʤʘʥʠʝ ʜʠʥʘʤʠʢʠ 

ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʙʱʝʩʪʚʝ. ɽʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʰʠʨʥʳ ʠ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʥʦʞʝʩʪʚʦ ʜʠʩʮʠʧʣʠʥ. 

ɾʘʥ ɹʦʜʨʠʡʷʨ [8] ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʧʦ ʛʠʧʝʨʨʝʘʣʴʥʦʩʪʠ ʠ ʩʠʤʫʣʷʮʠʷʤ ʜʘʣ 

ʥʦʚʦʝ ʧʦʥʠʤʘʥʠʝ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʨʝʘʣʴʥʦʩʪʴʶ, ʩʠʤʚʦʣʘʤʠ ʠ ʦʙʱʝʩʪʚʦʤ ʚ 

ʵʧʦʭʫ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʃʝʚ ʄʘʥʦʚʠʯ [9], ʚ çʗʟʳʢʝ ʥʦʚʳʭ ʤʝʜʠʘè, ʠʩʩʣʝʜʦʚʘʣ ʧʨʠʥʮʠʧʳ ʠ ʬʦʨʤʳ 

ʮʠʬʨʦʚʦʛʦ ʢʫʣʴʪʫʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʢʘʢ ʪʝʭʥʦʣʦʛʠʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ 

ʚʠʟʫʘʣʴʥʳʝ ʤʝʜʠʘ. 
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ʖʚʘʣ ʅʦʘ ʍʘʨʘʨʠ [10] ʧʨʦʩʣʝʜʠʣ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ 

ʙʫʜʫʱʝʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ, ʵʢʦʥʦʤʠʢʫ ʠ ʩʦʮʠʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʩʚʦʠʭ 

ʧʨʦʥʠʮʘʪʝʣʴʥʳʭ ʨʘʙʦʪʘʭ. 

ɼʦʥʥʘ ʍʘʨʘʫʵʡ [11] ʚ çʄʘʥʠʬʝʩʪʝ ʢʠʙʦʨʛʘè ʨʘʟʤʳʰʣʷʣʘ ʦ ʩʣʠʷʥʠʠ 

ʯʝʣʦʚʝʢʘ ʠ ʤʘʰʠʥʳ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʥʦʚʳʡ ʚʟʛʣʷʜ ʥʘ ʛʝʥʜʝʨ, ʠʜʝʥʪʠʯʥʦʩʪʴ ʠ 

ʪʝʭʥʦʣʦʛʠʠ. 

ʅʠʢʦʣʘʩ ʅʝʛʨʦʧʦʥʪʝ [12], ʚʳʜʚʠʥʫʚʰʠʡ ʠʜʝʶ ʧʝʨʝʭʦʜʘ ʦʪ ʘʪʦʤʦʚ ʢ ʙʠʪʘʤ, 

ʩʪʘʣ ʜʚʠʛʘʪʝʣʝʤ ʠʥʥʦʚʘʮʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ MIT Media Lab. 

ʇʴʝʨ ʃʝʚʠ [13] ʨʘʩʩʤʘʪʨʠʚʘʣ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʳ 

ʢʦʣʣʝʢʪʠʚʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʛʥʦʟʠʨʫʷ ʥʦʚʫʶ ʵʨʫ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʦʙʫʯʝʥʠʷ. 

ʐʝʨʨʠ ʊʸʨʢʣʴ [14] ʛʣʫʙʦʢʦ ʘʥʘʣʠʟʠʨʦʚʘʣʘ, ʢʘʢ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʚʣʠʷʶʪ ʥʘ ʣʠʯʥʳʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ 

ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʩʚʷʟʝʡ. 

ɽʣʴʢʠʥʘ ɽ.ɽ. [15] ʧʨʦʥʠʢʥʦʚʝʥʥʦ ʠʩʩʣʝʜʦʚʘʣʘ ʚʣʠʷʥʠʝ ʩʦʮʠʘʣʴʥʳʭ ʤʝʜʠʘ 

ʥʘ ʧʦʚʝʜʝʥʠʝ ʤʦʣʦʜʝʞʠ, ʚʳʷʚʣʷʷ ʥʦʚʳʝ ʬʦʨʤʳ ʦʙʱʝʥʠʷ ʠ ʩʦʮʠʘʣʠʟʘʮʠʠ. 

Gere Ch [16] ʩʦʩʨʝʜʦʪʦʯʠʣʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʮʠʬʨʦʚʦʛʦ ʠʩʢʫʩʩʪʚʘ ʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʠʩʩʣʝʜʫʷ, ʢʘʢ ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʩʰʠʨʷʶʪ ʛʨʘʥʠʮʳ 

ʪʚʦʨʯʝʩʪʚʘ. 

ʀʥʪʝʛʨʘʮʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʦʝʢʪʳ ï ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʚʣʠʷʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʪʨʫʜʳ ʘʚʪʦʨʦʚ, 

ʯʴʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʷʤʫʶ ʧʦʚʣʠʷʣʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʝ ʘʨʭʠʪʝʢʪʫʨʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ: Charles M. Eastman [17, 18], ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜʦʣʦʛʠʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ 

ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʧʨʦʮʝʩʩ. 

ʇʘʪʨʠʢ ʐʫʤʘʭʝʨ [19], ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʪʝʦʨʝʪʠʢʦʚ ʠ ʧʨʘʢʪʠʢʦʚ, 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʠ ʧʨʠʤʝʥʷʝʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʜʠʟʘʡʥ, ʧʦʟʚʦʣʷʷ ʩʦʟʜʘʚʘʪʴ 

ʩʣʦʞʥʳʝ ʠ ʘʜʘʧʪʠʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ. 

Kas Oosterhuis [20, 21], ʠʩʩʣʝʜʦʚʘʣ çʞʠʚʫʶè ʘʨʭʠʪʝʢʪʫʨʫ, ʩʦʟʜʘʚʘʷ 

ʜʠʥʘʤʠʯʥʳʝ ʟʜʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩ 

ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ. ɺ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʮʠʬʨʦʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʘʢʮʝʥʪʠʨʦʚʘʣ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʜʠʥʘʤʠʯʥʳʭ, ʘʜʘʧʪʠʨʫʝʤʳʭ ʟʜʘʥʠʡ. ɺ ʩʚʦʝʡ ʟʥʘʢʦʚʦʡ ʧʫʙʣʠʢʘʮʠʠ 

çHyperbodies: Towards an E-motive Architectureè, ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʥʮʝʧʮʠʶ çe-

motive architectureè, ʦʙʦʟʥʘʯʘʷ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʙʲʝʢʪʳ, ʩʧʦʩʦʙʥʳʝ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʥʝʰʥʠʝ ʩʪʠʤʫʣʳ, ʩʦʟʜʘʚʘʷ ʪʝʤ 

ʩʘʤʳʤ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʠ çʞʠʚʦʝè ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

Mark Burry [22], ʧʨʦʜʚʠʛʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʟʚʦʣʷʷ ʘʨʭʠʪʝʢʪʦʨʘʤ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʟʜʘʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʤʦʞʥʦ ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ ʚʦʧʣʦʪʠʪʴ ʚ ʨʝʘʣʴʥʦʩʪʠ. ʆʥ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ 

ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʧʝʨʝʦʩʤʳʩʣʠʪʴ ʩʣʦʞʥʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʠʭ ʚ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʆʥ 

ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʣ ʵʪʦʪ ʧʦʜʭʦʜ ʚ ʨʘʙʦʪʝ ʥʘʜ ʧʨʦʝʢʪʦʤ ʉʘʛʨʘʜʘ ʌʘʤʠʣʠʷ, ʛʜʝ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʠʜʝʡ ɸʥʪʦʥʠ 

ɻʘʫʜʠ. 
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Mario Carpo [23], ʦʙʩʫʞʜʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʨʫʯʥʦʛʦ ʢ ʢʦʤʧʴʶʪʝʨʥʦʤʫ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʘʥʘʣʠʟʠʨʫʷ, ʢʘʢ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʝʥʷʶʪ ʩʘʤʫ ʩʫʪʴ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʀʩʩʣʝʜʦʚʘʪʝʣʴ ʧʦʜʯʝʨʢʠʚʘʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪ, ʢʘʢ ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʧʦʚʣʠʷʣʠ ʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʦʩʥʦʚʳ ʜʠʟʘʡʥʘ ʠ ʚʥʝʩʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʘʢʪʠʢʫ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʪʚʦʨʯʝʩʪʚʘ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ, Carpo ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʢ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʘʣʠʷʤ, 

ʛʜʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʣʠʷʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʥʳ ʠ ʮʠʬʨʦʚʳʭ ʠʥʥʦʚʘʮʠʡ. 

Greg Lynn [24, 25] ʧʨʠʤʝʥʷʣ ʠʥʩʪʨʫʤʝʥʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʝʣʠʥʝʡʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʨʤ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ɸʨʭʠʪʝʢʪʦʨ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʟʥʘʯʝʥʠʝ çʧʣʘʚʥʳʭè ʠ çʥʝʧʨʝʨʳʚʥʳʭè ʬʦʨʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʜʦʩʪʠʛʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ çʨʝʟʢʠʭè ʠ çʣʦʤʘʥʳʭè ʬʦʨʤ ʧʨʦʰʣʳʭ ʵʧʦʭ. ʆʥ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ 

ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʥʝ ʧʨʦʩʪʦ ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʜʠʟʘʡʥʘ, ʥʦ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʚʦʩʧʨʠʷʪʠʷ ʬʦʨʤʳ, ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʤʘʪʝʨʠʘʣʘ. ɺ ʝʛʦ ʬʠʣʦʩʦʬʠʠ ʣʝʞʠʪ ʫʙʝʞʜʝʥʠʝ - ʚ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ - 

ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. 

ɸʭʠʤ ʄʝʥʛʝʩ [26], ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜʳ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʚ 

ʜʠʛʠʪʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʦʟʜʘʚʘʷ ʘʜʘʧʪʠʚʥʳʝ ʠ ʫʩʪʦʡʯʠʚʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ 

ʨʝʰʝʥʠʷ. ʋʯyʥʥʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪ, ʢʘʢ ʢʦʤʧʴʶʪʝʨʳ ʠ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʧʨʠʨʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʘʚʠʣʘʤʠ. ʇʦ ʝʛʦ 

ʤʥʝʥʠʶ, ʪʘʢʦʡ ʢʘʣʘʙʘʨʘʪʠʚʳʡ ʧʦʜʭʦʜ ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʚʘʪʴ ʟʜʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʭʦʨʦʰʦ ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

Sina Mostafavi [27], ʠʩʩʣʝʜʫʝʪ ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʘʚʪʦʤʘʪʠʟʠʨʫʷ ʠ ʦʧʪʠʤʠʟʠʨʫʷ ʧʨʦʮʝʩʩ 

ʩʦʟʜʘʥʠʷ.  

ʃ. ʅ. ɸʚʜʦʪʴʠʥ ʩʦʚʝʨʰʠʣ ʧʨʦʨʳʚ, ʧʨʝʜʣʦʞʠʚ ʧʝʨʚʳʡ ʚ ʩʚʦʝʤ ʨʦʜʝ 

ʫʯʝʙʥʠʢ, ʢʦʪʦʨʳʡ ʦʩʚʝʱʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ɺ ʵʪʦʡ ʢʥʠʛʝ ʦʥ ʦʙʦʙʱʘʝʪ 

ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʫʝʪ ʟʥʘʥʠʷ ʠ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʕɺʄ, ʨʘʥʝʝ ʨʘʟʨʦʟʥʝʥʥʦ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʧʨʘʢʪʠʢʝ ʚʝʜʫʱʠʭ ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʪʝʤ ʩʘʤʳʤ 

ʧʦʜʯʝʨʢʠʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ɸʚʪʦʨ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʟʥʘʯʠʤʦʩʪʠ 

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʢʦʥʪʝʢʩʪʝ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʧʦʜʥʠʤʘʷ ʪʝʤʫ 

ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʕɺʄ ʚ ʜʘʥʥʫʶ ʦʙʣʘʩʪʴ. 

ʆʥ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʵʪʠʭ ʠʥʥʦʚʘʮʠʡ ʥʝʦʙʭʦʜʠʤʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʭʦʪʷ ʠ ʩʦʭʨʘʥʷʝʪ ʟʘ ʘʨʭʠʪʝʢʪʦʨʦʤ ʝʛʦ ʪʚʦʨʯʝʩʢʫʶ ʫʥʠʢʘʣʴʥʦʩʪʴ ʠ 

ʠʥʪʫʠʪʠʚʥʦʝ ʚʠʜʝʥʠʝ. ʊʘʢʞʝ, ʧʦ ʝʛʦ ʢʦʥʮʝʧʮʠʷʤ ʤʦʞʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʚʢʣʶʯʝʥʠʝ 

ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʣʣʶʩʪʨʘʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʤʦʞʝʪ ʣʫʯʰʝ ʜʦʥʝʩʪʠ ʜʦ 

ʩʪʫʜʝʥʪʦʚ ʮʝʥʥʦʩʪʴ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ [28]. 
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ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚ ʂʘʟʘʭʩʪʘʥʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʨʪʘʣʳ ʚ ʀʥʪʝʨʥʝʪʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʝʝ 

ʦʙʲʝʢʪʠʚʥʫʶ ʢʘʨʪʠʥʫ [1, 2].  

ʀʩʭʦʜʷ ʠʟ ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ - ʨʘʟʚʠʪʠʝ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʠ 

ʧʨʝʜʤʝʪʦʤ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʘʢʦ, ʢʘʢ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʩ ʙʦʣʝʝ ʰʠʨʦʢʠʤʠ ʘʩʧʝʢʪʘʤʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ, ʪʘʢʠʤʠ, ʢʘʢ ʦʪʢʨʳʪʦʩʪʴ, 

ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʩʪʴ ʠ ʩʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ - ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʞʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʤʝʥʷʶʱʠʤʩʷ 

ʧʦʪʨʝʙʥʦʩʪʷʤ ʠ ʦʞʠʜʘʥʠʷʤ ʮʠʬʨʦʚʦʛʦ ʦʙʱʝʩʪʚʘ, ʠ ʢʘʢ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʘ ʪʘʢʞʝ ʥʘʨʷʜʫ ʩ ʦʙʨʘʪʥʦʡ 

ʩʪʦʨʦʥʦʡ ʧʨʦʙʣʝʤʳ - ʟʘʚʠʩʠʤʦʩʪʴʶ ʘʨʭʠʪʝʢʪʫʨʳ ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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 ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʩʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʳʝ 

ʘʩʧʝʢʪʳ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ, ʛʜʝ ʤʦʜʝʣʠ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ.    

 ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ ʘʥʘʣʠʟʦʤ, ʛʨʘʬʠʯʝʩʢʦʡ ʧʨʝʟʝʥʪʘʮʠʝʡ ʠ ʥʘʫʯʥʦ-

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʘʪʠʟʘʮʠʝʡ ʩʦʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʮʠʬʨʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ.  

 ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ: 

- ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʩʪʦʨʠʯʝʩʢʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʤʝʨʦʚ  

ʘʨʭʠʪʝʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʚʳʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ; 

- ʩʠʥʪʝʟ ʪʝʦʨʠʡ ʵʚʦʣʶʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ  

ʢʦʥʪʝʢʩʪʘ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ; 

- ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʚʣʠʷʥʠʶ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ  

ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ; 

- ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ  

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ; 

- ʧʨʦʚʝʜʝʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʤʝʪʦʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʛʣʫʙʣʝʥʥʦʛʦ  

ʩʦʮʦʧʨʦʩʘ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʪʝʦʨʝʪʠʢʦʚ, ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʵʢʩʧʝʨʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ; 

- ʦʩʤʳʩʣʝʥʠʝ ʪʦʛʦ, ʢʘʢ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʤʝʥʷʝʪ ʧʦʜʭʦʜʳ ʢ  

ʘʨʭʠʪʝʢʪʫʨʥʦʤʫ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʶ ʠ ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʙʫʜʫʱʝʝ 

ʘʨʭʠʪʝʢʪʫʨʳ. 

 ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʭʦʜʦʚ. ʉʥʘʯʘʣʘ ʧʨʦʚʦʜʠʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʠʤʝʨʦʚ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ, ʛʜʝ ʧʨʠʤʝʥʷʶʪʩʷ ʵʣʝʤʝʥʪʳ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ, ʯʪʦʙʳ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʜʝʠ ʠ ʜʘʪʴ ʫʛʣʫʙʣʝʥʥʦʝ 

ʧʦʥʠʤʘʥʠʝ ʚʦʧʨʦʩʘ. ɿʘʪʝʤ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ 

ʫʯʠʪʳʚʘʝʪ ʤʝʪʦʜʦʣʦʛʠʶ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʟʥʘʥʠʡ, ʚʢʣʶʯʘʷ   

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘʨʭʠʪʝʢʪʫʨʫ ʠ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʚʳʷʚʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʮʠʬʨʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʅʘʢʦʥʝʮ, ʧʨʦʚʦʜʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʜʝʡ, ʧʦʜʭʦʜʦʚ ʠ ʪʝʥʜʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʠ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦʙʳ ʧʨʝʜʣʦʞʠʪʴ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠ 

ʧʦʜʭʦʜʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ.  

 ɻʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ 

ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʨʠʚʦʜʷ ʢ ʜʘʣʴʥʝʡʰʝʡ ʝʛʦ ʵʚʦʣʶʮʠʠ, ʧʨʠ ʵʪʦʤ ʥʝ ʠʩʢʣʶʯʘʷ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ, ʯʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʠ 

ʩʪʨʫʢʪʫʨ. ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʙʳʪʴ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʦ ʯʝʨʝʟ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʪʝʥʜʝʥʮʠʡ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʥʮʠʧʘʭ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ. 
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 ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʨʘʟʚʠʪʠʠ ʥʦʚʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ 

ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʥʘʫʢʠ ʚ ʨʘʤʢʘʭ ʮʠʬʨʦʚʠʟʘʮʠʠ. 

 ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʠ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠ 

ʧʦʜʭʦʜʳ ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʝʝ ʚʣʠʷʥʠʝ 

ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʧʦʟʚʦʣʷʶʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʢ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʦʡ; ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠ ʦʙʫʯʘʶʱʠʤʩʷ ʨʘʟʚʝʨʥʫʪʦʝ 

ʧʦʥʠʤʘʥʠʝ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ; ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʛʣʫʙʣʝʥʠʶ ʧʦʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʩʦʮʠʘʣʴʥʳʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʘʩʧʝʢʪʘʭ, ʘ 

ʪʘʢʞʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝʤ. ɺʩʝ ʵʪʦ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʘʨʭʠʪʝʢʪʫʨʳ, ʢʦʪʦʨʘʷ 

ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʙʫʜʝʪ ʦʪʚʝʯʘʪʴ ʥʫʞʜʘʤ ʠ ʮʝʥʥʦʩʪʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. 

 ʇʦʣʦʞʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

- ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʵʚʦʣʶʮʠʶ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ  

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ; 

- ʨʦʣʴ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʘʭ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ  

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; 

- ʤʠʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʠ  

ʘʨʭʠʪʝʢʪʫʨʳ; 

- ʚʢʣʘʜ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ  

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ; 

- ʧʝʨʩʧʝʢʪʠʚʳ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʩʦʟʜʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ  

ʘʨʭʠʪʝʢʪʫʨʳ ʂʘʟʘʭʩʪʘʥʘ.  

 ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʜʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ 

ʨʘʟʜʝʣʦʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ï 318 ʥʘʠʤʝʥʦʚʘʥʠʷ 

ʠ 5 ʧʨʠʣʦʞʝʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 193 ʩʪʨʘʥʠʮʳ, ʦʩʥʦʚʦʡ ʪʝʢʩʪ 148 

ʩʪʨʘʥʠʮ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ, ʮʠʬʨʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʮʠʬʨʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, BIM ʪʝʭʥʦʣʦʛʠʷ, 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʜʭʦʜ, ʮʠʬʨʦʚʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ, ʮʠʬʨʦʚʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʂʘʟʘʭʩʪʘʥʘ. 

 ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʪʘʪʴʷʭ "Interaction of Architecture with the Culture 

of Digital Civilization", "Virtual Reconstruction of Historical Architectural 

Monuments: Methods and Technologies" ʠ ʜʨʫʛʠʭ ʠʟʜʘʥʠʷʭ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "Problems of formation of a comfortable object-

spatial environment of cities. Issues of architecture, construction, design". (ʇʨʘʛʘ, 

2022ʛ.) ʅʝʢʦʪʦʨʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ ʚʥʝʜʨʝʥʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʦ ʜʠʩʮʠʧʣʠʥʝ "ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ III".  

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥ r7 ʩʪʘʪʝʡ: 
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1 ʕɺʆʃʖʎʀʗ ʎʀʌʈʆɺʆʁ ʂʋʃʔʊʋʈʓ ɺ ɸʈʍʀʊɽʂʊʋʈɽ  

 ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʵʚʦʣʶʮʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ. ʇʝʨʚʳʡ ʧʦʜʨʘʟʜʝʣ ʦʙʰʠʨʥʦ ʠʟʫʯʘʝʪ ʠʩʪʦʢʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ, 

ʥʘʯʠʥʘʷ ʩ ʜʨʝʚʥʠʭ ʚʨʝʤʸʥ, ʠ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʩʝʨʝʜʠʥʫ XX ʚʝʢʘ, ʢʦʛʜʘ 

ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʧʝʨʚʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺʪʦʨʦʡ ʧʦʜʨʘʟʜʝʣ ʦʩʚʝʱʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʠ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ 

ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʧʨʦʛʨʘʤʤ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʚʳʷʚʣʷʷ ʠʭ ʨʦʣʴ ʚ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʢʦʥʮʝʧʮʠʡ. 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʙʣʦʢ ʨʘʟʜʝʣʘ ʩʫʤʤʠʨʫʝʪ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʜʯʝʨʢʠʚʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʠʥʥʦʚʘʮʠʡ ʚ ʩʬʝʨʝ 

ʘʨʭʠʪʝʢʪʫʨʳ. 

 

1.1 ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʆʪ ʨʠʩʫʥʢʦʚ ʠ ʯʝʨʪʝʞʝʡ ʢ ʮʠʬʨʦʚʠʟʘʮʠʠ - ɻ ʚʦʣʶʮʠʷ ʤʝʪʦʜʦʚ, ʧʦʚʣʠʷʚʰʠʭ 

ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ. ʇʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʨʠʪʠʢʦʡ ʠ ʦʪʨʠʮʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʤʝʪʦʜʘ ʩʦʟʜʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʪʜʘʣʝʥʠʝ ʦʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʧʦʣʴʟʫ ʮʠʬʨʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʕʚʦʣʶʮʠʷ 

ʜʚʠʞʝʪʩʷ ʧʦ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (BIM-

ʪʝʭʥʦʣʦʛʠʠ ʠ ʪ.ʜ.), ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʩʦʟʠʜʘʪʝʣʴʥʦʤ ʚʢʣʘʜʝ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ 

ʧʨʦʮʝʩʩʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ: ʘʨʭʠʪʝʢʪʦʨʦʚ, ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʠʥʞʝʥʝʨʦʚ, ʪʝʭʥʦʣʦʛʦʚ. 

ʉ ʥʘʯʘʣʦʤ ʧʝʨʠʦʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʤʠʨʝ ʥʝʤʘʣʦ ʚʦʟʥʠʢʣʦ çʠʢʦʥè 

ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʆʯʝʚʠʜʥʦ, ʝʩʣʠ ʙʳ ʥʝ ʙʳʣʦ ʩʘʤʳʭ ʧʝʨʝʜʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚʨʷʜ ʣʠ ʙʳʣʠ ʙʳ ʚʦʟʤʦʞʥʳ ʎʝʥʪʨ 

ɻʝʡʜʘʨʘ ɸʣʠʝʚʘ ʚ ɹʘʢʫ, ʢʦʥʮʝʨʪʥʳʡ ʟʘʣ ʋʦʣʪʘ ɼʠʩʥʝʷ ʚ ʅʴʶ-ʁʦʨʢʝ ʠʣʠ ʤʫʟʝʡ 

ʬʦʥʜʘ ʃʫʠ ɺʠʪʪʦʥʘ ʚ ʇʘʨʠʞʝ ʪʘʢʠʤʠ, ʢʘʢʠʝ ʦʥʠ ʝʩʪʴ [47, ʩ. 43-50].  

ʊʝʨʤʠʥ çʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘè (digital culture) ʦʧʠʩʳʚʘʝʪ ʢʫʣʴʪʫʨʥʳʝ, 

ʩʦʮʠʘʣʴʥʳʝ ʠ ʵʩʪʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʱʝʩʪʚʝ. ʀʩʪʦʢʠ 

ʪʝʨʤʠʥʘ çʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘè (digital culture), ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ ʪʨʫʜʘ ʈ. ɻʠʨʘ, ʃ. 

ʄʘʥʦʚʠʯ, ʧʨʝʜʣʦʞʠʚʰʠʭ ʧʦʥʷʪʠʝ çʢʫʣʴʪʫʨʥʳʡ ʩʦʬʪè [16, p. 7-8].  

ʇʦʥʷʪʠʝ çʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘè ʩʪʘʣʦ ʧʦʧʫʣʷʨʥʳʤ ʚ ʢʦʥʮʝ XX - ʥʘʯʘʣʝ XXI  

ʚʝʢʘ, ʥʦ ʢʦʨʥʠ ʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʫʭʦʜʷʪ ʛʣʫʙʞʝ, ʢʦʛʜʘ ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʪʴʩʷ ʧʝʨʚʳʝ ʢʦʤʧʴʶʪʝʨʳ ʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʳ ʢʠʙʝʨʥʝʪʠʢʠ, 

ʤʥʦʛʠʝ ʫʯʝʥʳʝ ʠ ʬʠʣʦʩʦʬʳ ʥʘʯʘʣʠ ʨʘʟʤʳʰʣʷʪʴ ʦ ʧʦʩʣʝʜʩʪʚʠʷʭ ʚʥʝʜʨʝʥʠʷ ʵʪʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʱʝʩʪʚʦ [40, ʩ. 7]. ʕʪʠ ʨʘʥʥʠʝ ʜʠʩʢʫʩʩʠʠ ʟʘʣʦʞʠʣʠ ʬʫʥʜʘʤʝʥʪ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʥʷʪʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ. ɺ 1990-ʭ ʛʦʜʘʭ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʠʥʪʝʨʥʝʪʘ ʪʝʨʤʠʥ ʥʘʯʘʣ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʦʚʳʭ ʬʦʨʤ 

ʩʦʮʠʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠ ʢʫʣʴʪʫʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʦʟʥʠʢʰʠʭ ʙʣʘʛʦʜʘʨʷ ɺʩʝʤʠʨʥʦʡ ʧʘʫʪʠʥʝ [47, ʩ. 45-49]. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʏʘʨʣʠ ɻʠʨ, ʃʝʚ ʄʘʥʦʚʠʯ ʠ ʜʨʫʛʠʝ, ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ 

ʠʟʫʯʘʪʴ ʮʠʬʨʦʚʫʶ ʢʫʣʴʪʫʨʫ, ʧʳʪʘʷʩʴ ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʚʳʟʦʚʳ. ʉ ʨʘʟʚʠʪʠʝʤ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʠ ʜʨʫʛʠʭ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ ʧʦʥʷʪʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʩʪʘʣʦ ʯʘʩʪʴʶ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʜʠʩʢʫʨʩʘ, ʦʭʚʘʪʳʚʘʷ ʚʩʝ ʘʩʧʝʢʪʳ ʞʠʟʥʠ ʦʪ ʠʩʢʫʩʩʪʚʘ ʠ 
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ʨʘʟʚʣʝʯʝʥʠʡ ʜʦ ʧʦʣʠʪʠʢʠ ʠ ʩʦʮʠʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ. ɺ ʮʝʣʦʤ, ʪʝʨʤʠʥ çʮʠʬʨʦʚʘʷ 

ʢʫʣʴʪʫʨʘè ʥʝ ʠʤʝʝʪ ʦʜʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʘʚʪʦʨʘ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʩʠʣʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʥʠʤʘʥʠʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ, ʚʳʟʚʘʥʥʳʭ ʚʥʝʜʨʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʥʘʰʫ ʞʠʟʥʴ, 

ʢʘʢ ʦʪʨʘʞʝʥʠʝ ʠʜʝʡ ʦ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʢʦʥʝʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʢʫʣʴʪʫʨʳ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ, ʧʦ ʩʫʪʠ, ʩʪʘʥʦʚʠʪʩʷ ʩʠʥʦʥʠʤʦʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʢʫʣʴʪʫʨʳ [9, ʩ. 45; 16, p. 9-10; 63, ʩ. 381]. 

ʉʝʪʝʚʦʝ ʦʙʱʝʩʪʚʦ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʫʟʣʳ, 

ʧʝʨʝʦʧʨʝʜʝʣʷʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʨʦʥʠʢʘʝʪ ʠ ʚ ʘʨʭʠʪʝʢʪʫʨʫ, ʛʜʝ ʦʙʲʝʢʪʳ ʥʘʯʠʥʘʶʪ ʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʘʭ, ʘ ʥʝ ʪʦʣʴʢʦ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʝ. ɺ ʨʘʤʢʘʭ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʠʜʝʠ ʩʦʮʠʦʣʦʛʘ ʂʘʩʪʝʣʴʩʘ ʧʦʤʦʛʘʶʪ 

ʦʩʤʳʩʣʠʪʴ ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ [7, ʩ. 37]. 

ɽʣʴʢʠʥʘ ɽ.ɽ. ʩʪʨʝʤʠʪʩʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʦʩʚʝʪʠʪʴ ʬʝʥʦʤʝʥ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʧʦʛʣʦʱʘʶʱʝʛʦ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʚ ʢʦʥʮʝ XX - ʥʘʯʘʣʝ XXI 

ʚʝʢʦʚ. ʆʥʘ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʷʭ ʠ 

ʧʨʘʢʪʠʢʘʭ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʨʦʷʚʣʝʥʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʪʘʢʠʭ 

ʦʙʣʘʩʪʷʭ ʢʘʢ ʢʫʣʴʪʫʨʘ, ʵʢʦʥʦʤʠʢʘ, ʧʦʣʠʪʠʢʘ, ʥʘʫʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ, ʜʝʣʘʷ ʘʢʮʝʥʪ 

ʥʘ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʝʛʦ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʘʭ [15]. 

ʂʘʞʜʘʷ ʵʧʦʭʘ ʨʘʟʚʠʪʠʷ ʮʠʚʠʣʠʟʘʮʠʠ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʥʜʠʚʠʜʦʚ ʠ ʦʙʱʝʩʪʚʘ. ɺ ʧʘʣʝʦʣʠʪʠʯʝʩʢʫʶ ʵʧʦʭʫ, 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʫʶ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʫʣʴʪʫʨʳ ʙʳʪʘ, ʫʞʝ ʧʨʦʠʩʭʦʜʠʣʦ 

ʟʘʨʦʞʜʝʥʠʝ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʦʞʠʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʤʠʪʠʚʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʝʨʚʳʭ ʞʠʣʠʱ ʠ ʜʨʫʛʠʭ ʩʪʨʦʠʪʝʣʴʩʪʚ.  

ʉ ʨʘʟʚʠʪʠʝʤ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʟʦʜʯʝʩʪʚʘ ʚ ʜʦʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʨʠʦʜ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʨʝʚʥʠʭ ʦʙʱʝʩʪʚ, ʧʨʦʷʚʠʣʠʩʴ ʵʣʝʤʝʥʪʳ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʢʫʣʴʪʦʚʳʭ ʘʥʩʘʤʙʣʝʡ ʠ ʩʚʷʪʠʣʠʱ [155, ʩ. 64]. ʕʪʦʪ ʧʝʨʠʦʜ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʥʘʯʘʣʦʤ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʩʝʥʩʫʩʘ 

ʩʨʝʜʠ ʫʯʝʥʳʭ ʦ ʪʦʤ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠ ʜʨʝʚʥʠʝ ʩʪʨʦʠʪʝʣʠ ʯʝʨʪʝʞʠ, ʥʘʣʠʯʠʝ 

ʩʣʦʞʥʳʭ ʧʣʘʥʦʚ, ʢʘʢ ʫ ʬʘʨʘʦʥʘ ʍʘʬʨʘ, ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ 

ʦʙʭʦʜʠʣʠʩʴ ʙʝʟ ʥʠʭ [154]. ʊʨʫʜʳ ɺʠʪʨʫʚʠʷ ʠʟ ɼʨʝʚʥʝʛʦ ʈʠʤʘ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʳʚʘʶʪ ʢʫʣʴʪʫʨʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚʢʣʶʯʘʷ ʩʣʦʞʥʳʝ ʯʝʨʪʝʞʠ ʠ ʤʦʜʝʣʠ. ʕʪʠ 

ʯʝʨʪʝʞʠ, ʵʩʢʠʟʳ ʠ ʨʠʩʫʥʢʠ ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʛʨʘʬʠʢʠ 

[93].  

ʉ ʜʨʝʚʥʠʭ ʚʨʝʤʝʥ, ʘʨʭʠʪʝʢʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʦʩʪʫʧʥʳʝ ʠʤ ʠʥʩʪʨʫʤʝʥʪʳ 

ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʜʝʡ ʠ ʟʥʘʥʠʡ. ɺ ʵʧʦʭʫ ʘʥʪʠʯʥʦʩʪʠ, ʟʦʜʯʠʝ ʠʟ 

ɼʨʝʚʥʝʡ ɻʨʝʮʠʠ, ʥʘʧʨʠʤʝʨ, ʦʙʭʦʜʠʣʠʩʴ ʧʨʠʤʠʪʠʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚʨʦʜʝ 

ʥʝʧʦʜʚʠʞʥʳʭ ʢʦʤʧʘʩʦʚ. ʊʝʤ ʚʨʝʤʝʥʝʤ ʨʠʤʩʢʠʝ ʩʪʨʦʠʪʝʣʠ ʫʞʝ ʧʨʠʤʝʥʷʣʠ ʙʦʣʝʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʚʢʣʶʯʘʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʦʤʧʘʩʦʚ, ʣʠʥʝʝʢ, 

ʫʛʦʣʴʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʥʠʪʠ, ʩʭʦʞʠʝ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʨʫʣʝʪʢʘʤʠ, ʠ 

ʧʝʨʴʷ ʜʣʷ ʯʝʨʯʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ ʠ ʬʦʨʤʳ. ʀʭ ʵʩʢʠʟʳ ʠ ʯʝʨʪʝʞʠ ʯʘʩʪʦ 

ʩʦʟʜʘʚʘʣʠʩʴ ʥʘ ʧʝʨʛʘʤʝʥʪʝ ʠʣʠ, ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʥʘ ʪʦʥʢʠʭ ʰʢʫʨʘʭ 

[154]. ɼʨʝʚʥʠʝ ʠ ʩʨʝʜʥʝʚʝʢʦʚʳʝ ʘʨʭʠʪʝʢʪʦʨʳ ʙʳʣʠ ʠ ʭʫʜʦʞʥʠʢʘʤʠ, ʠ 
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ʠʥʞʝʥʝʨʘʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʉʝʛʦʜʥʷ ʮʠʬʨʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʲʝʜʠʥʷʝʪ ʵʪʠ ʜʚʘ 

ʵʣʝʤʝʥʪʘ ʚʦʝʜʠʥʦ, ʧʦʟʚʦʣʷʷ ʘʨʭʠʪʝʢʪʦʨʘʤ ʩʦʟʜʘʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ ʠʩʢʫʩʩʪʚʘ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʰʝʜʝʚʨʘʤʠ. 

ʂʦʛʜʘ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʧʨʦʬʝʩʩʠʷ ʩʪʘʣʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʪʴʩʷ ʚ ʢʦʥʮʝ XV 

ʚʝʢʘ, ʤʝʪʦʜʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʯʝʨʯʝʥʠʷ ʪʘʢʞʝ ʩʪʘʣʠ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤʠ. ʕʪʦ 

ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʪʨʦʠʪʝʣʴ ʤʦʛ ʪʦʯʥʦ ʩʣʝʜʦʚʘʪʴ ʯʝʨʪʝʞʘʤ ʠ 

ʩʪʨʦʠʪʴ ʟʜʘʥʠʷ ʩʦʛʣʘʩʥʦ ʥʘʤʝʨʝʥʠʷʤ ʘʨʭʠʪʝʢʪʦʨʘ. 

ʉʦʟʜʘʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʯʝʣʦʚʝʢʦʤ ʦʪʥʦʩʠʪʩʷ ʢ ʩʘʤʳʤ ʨʘʥʥʠʤ 

ʵʪʘʧʘʤ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ. ʆʯʝʥʴ ʜʘʚʥʠʝ ʨʠʩʫʥʢʠ, ʥʘʩʪʝʥʥʘʷ ʞʠʚʦʧʠʩʴ ʠ 

ʧʘʧʠʨʫʩʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʨʝʚʥʠʝ ʮʠʚʠʣʠʟʘʮʠʠ ʦʙʣʘʜʘʣʠ 

ʥʝʢʦʪʦʨʳʤʠ ʥʘʚʳʢʘʤʠ ʚ ʦʙʣʘʩʪʠ ʯʝʨʪʝʞʘ [70, ʩ. 191]. ʀʟ ʩʪʘʪʴʠ ʘʚʪʦʨʦʚ ʇʦʤʦʨʦʚ 

ʉ.ɹ., ʇʨʦʭʦʨʦʚ ʉ.ɸ., ʐʘʜʫʨʠʥ ɸ.ɺ. çɼʠʟʘʡʥ: ʦʪ ʥʘʙʨʦʩʢʘ ʜʦ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʪʝʭʥʠʢʘ ʚ ʜʠʩʮʠʧʣʠʥʝ "ɾʠʚʦʧʠʩʴ"è ʤʦʞʥʦ ʧʦʥʷʪʴ, 

ʯʪʦ ʩʦʚʨʝʤʝʥʥʦʝ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʚʠʚʘʝʪʩʷ ʦʪ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʪ ʠʥʪʝʛʨʘʮʠʠ ʠʩʢʫʩʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʧʨʦʮʝʩʩ 

ʠʟʫʯʝʥʠʷ ʠ ʧʦʥʠʤʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʵʪʦʤ ʞʞʠʚʦʧʠʩʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ 

ʩʨʝʜʩʪʚʦ ʧʦʟʥʘʥʠʷ ʤʠʨʘ ʠ ʢʘʢ ʢʣʶʯ ʢ ʨʘʟʚʠʪʠʶ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠ ʪʚʦʨʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʘʨʭʠʪʝʢʪʫʨʝ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʫʢ ʠ ʠʩʢʫʩʩʪʚ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʨʘʟʚʠʪʠʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʫ ʙʫʜʫʱʠʭ ʘʨʭʠʪʝʢʪʦʨʦʚ [163, ʩ. 58].  

ɺ ʩʘʤʦʤ ʥʘʯʘʣʝ ʠʩʪʦʨʠʯʝʩʢʦʡ ʵʧʦʭʠ, ʚ ʘʨʭʠʪʝʢʪʫʨʝ ɼʨʝʚʥʝʛʦ ɽʛʠʧʪʘ, 

ʥʘʯʠʥʘʷ ʩ 2500 ʛʦʜʘ ʜʦ ʥ.ʵ., ʧʨʦʠʟʦʰʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʣʦʥʥ, ʘʥʪʠʯʥʦʛʦ ʦʨʜʝʨʘ ʠ ʘʨʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʕʪʦ ʙʳʣʠ ʨʘʥʥʠʝ ʧʨʠʤʝʨʳ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠʥʥʦʚʘʮʠʡ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʣʠʩʴ ʚ ʯʝʨʪʝʞʘʭ ʠ ʟʘʧʠʩʷʭ, ʩʦʟʜʘʥʥʳʭ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ɺ ʵʧʦʭʫ ʈʠʤʩʢʦʡ ʀʤʧʝʨʠʠ (ʩ 27 ʛʦʜʘ ʜʦ ʥ.ʵ. ʜʦ 476 

ʛʦʜʘ ʥ.ʵ.), ʘʨʭʠʪʝʢʪʦʨʳ ʩʪʘʣʠ ʫʜʝʣʷʪʴ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʧʣʘʥʠʨʦʚʘʥʠʶ ʛʦʨʦʜʦʚ 

ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ ʦʪʦʧʣʝʥʠʷ, ʯʪʦ ʪʘʢʞʝ ʦʪʨʘʞʘʣʦʩʴ ʚ ʠʭ ʧʨʦʝʢʪʘʭ ʠ 

ʯʝʨʪʝʞʘʭ [93]. ʊʝʨʤʠʥ çʘʨʭʠʪʝʢʪʫʨʥʘʷ ʛʨʘʬʠʢʘè ʧʦʷʚʠʣʩʷ ʚ XVIII - XIX  ʚʝʢʘʭ ʠ 

ʩʚʷʟʘʥ ʩ ʘʢʘʜʝʤʠʯʝʩʢʠʤʠ ʰʢʦʣʘʤʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʛʜʝ ʤʘʩʪʝʨʘ ʠ ʦʙʫʯʘʶʱʠʝʩʷ 

ʩʦʟʜʘʚʘʣʠ ʯʝʨʪʝʞʠ ʠ ʨʠʩʫʥʢʠ [56, 154]. ʕʪʠ ʧʨʠʤʝʨʳ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʛʨʘʬʠʢʠ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʘʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʠ 

ʠʥʞʝʥʝʨʠʠ, ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʘʥʦʚʠʣʠʩʴ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʠ 

ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʈʦʩʩʠʠ ʯʝʨʪʝʞʠ ʟʘʯʘʩʪʫʶ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ 

ʤʘʩʰʪʘʙʥʳʤʠ ʧʣʘʥʘʤʠ ʙʝʟ ʫʢʘʟʘʥʥʳʭ ʥʘ ʥʠʭ ʨʘʟʤʝʨʦʚ, ʧʦʢʘ ʇʸʪʨ I ʥʝ ʚʚʸʣ 

ʧʨʘʢʪʠʢʫ ʩʦʟʜʘʥʠʷ ʯʝʨʪʝʞʝʡ ʚ ʤʘʩʰʪʘʙʝ. ʉ ʩʝʨʝʜʠʥ rXVIII ʚʝʢʘ ʘʨʭʠʪʝʢʪʦʨʳ ʄ. 

ɿʝʤʮʝʚ ʠ ʌ. ɸʨʛʫʥʦʚ ʥʘʯʘʣʠ ʚʢʣʶʯʘʪʴ ʚ ʩʚʦʠ ʯʝʨʪʝʞʠ ʧʣʘʥʳ, ʬʘʩʘʜʳ ʠ ʦʙʱʠʝ 

ʚʠʜ,r ʧʨʝʜʩʪʘʚʣʷʷ ʙʦʣʝʝ ʧʦʣʥʦʝ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʩʪʨʦʝʥʠʷʭ [154]. 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʰʢʦʣʳ ʩ XVI -ʛʦ ʚʝʢʘ ʥʘʯʘʣʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʧʦʜʛʦʪʘʚʣʠʚʘʪʴ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʚʥʝʜʨʷʷ ʥʦʚʳʝ ʤʝʪʦʜʳ ʯʝʨʪʝʞʘ. ɽʚʨʦʧʝʡʩʢʠʝ 

ʘʢʘʜʝʤʠʠ ʨʘʟʨʘʙʦʪʘʣʠ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠʢʠ, ʚʢʣʶʯʘʷ ʪʫʰʝʚʫʶ ʦʪʤʳʚʢʫ ʠ 

ʰʪʨʠʭʦʚʦʡ ʨʠʩʫʥʦʢ. ɺ 1795 ʛʦʜʫ ʚʦ ʌʨʘʥʮʠʠ ʚʳʰʣʘ ʧʝʨʚʘʷ ʢʥʠʛʘ ʧʦ 

ʥʘʯʝʨʪʘʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʯʪʦ ʧʦʚʣʠʷʣʦ ʥʘ ʩʪʘʥʜʘʨʪʳ ʯʝʨʪʝʞʝʡ. ʄʘʪʝʤʘʪʠʢ 

ɻʘʩʧʘʨ ʄʦʥʞ ʦʩʦʙʝʥʥʦ ʩʳʛʨʘʣ ʨʦʣʴ, ʨʘʟʚʠʚ ʪʝʦʨʠʶ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʨʦʝʢʮʠʡ ʚ 
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XIX  ʚʝʢʝ [154]. ʉʦʚʨʝʤʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʛʨʘʬʠʢʘ ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʦʪ ʨʘʧʠʜʦʛʨʘʬʦʚ ʜʦ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ. ʆʜʥʘʢʦ ʢʣʶʯʝʚʳʤʠ 

ʦʩʪʘʶʪʩʷ ʪʝʭʥʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʘʷ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ [55, 154].  

ɺ ʩʝʨʝʜʠʥʝ XIX ʚʝʢʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʯʝʨʯʝʥʠʝ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚʤʝʩʪʝ 

ʩ ʨʘʟʚʠʪʠʝʤ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʇʦʷʚʣʷʶʪʩʷ ʧʝʨʚʳʝ ʫʯʝʙʥʠʢʠ ʧʦ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʛʨʘʬʠʢʝ, ʥʘʯʠʥʘʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʫʯʝʥʠʝ ʵʪʦʡ ʜʠʩʮʠʧʣʠʥʝ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʚʫʟʘʭ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʩʦʙʳʪʠʝʤ ʩʪʘʥʦʚʠʪʩʷ ʩʦʟʜʘʥʠʝ ʚ 1810 

ʛʦʜʫ ʚ ʇʘʨʠʞʝ ʧʝʨʚʦʡ ʚ ʤʠʨʝ ʰʢʦʣʳ ʯʝʨʯʝʥʠʷ - ʕʢʦʣʴ ʜʝ ɾʘʥʩʦʥʘ (çʐʢʦʣʘ 

ɾʘʥʩʦʥʘè). 

ɺ XX ʚʝʢʝ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʠʢʠ ʠ ʥʘʫʢʠ ʧʦʷʚʣʷʶʪʩʷ ʚʩʝ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʯʝʨʯʝʥʠʷ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʯʝʨʯʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ: ʦʪ ʪʫʰʠ, ʛʨʘʬʠʪʦʚʦʛʦ ʢʘʨʘʥʜʘʰʘ, ʧʝʨʘ ʜʦ ʢʘʨʘʥʜʘʰʘ ʥʘ ʤʘʩʣʷʥʦʡ 

ʦʩʥʦʚʝ. ɿʘʪʝʤ ʧʦʷʚʣʷʝʪʩʷ ʯʝʨʯʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʦʝ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʘʨʭʠʪʝʢʪʦʨʘ ʠ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʨʘʙʦʪʘʪʴ ʥʘʜ 

ʧʨʦʝʢʪʘʤʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʠ ʩʣʦʞʥʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʦʤʝʥʪʦʚ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʙʳʣ ʤʘʥʠʬʝʩʪ çʇʷʪʴ 

ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʘʨʭʠʪʝʢʪʫʨʳè (1926 ʛʦʜ), ʦʧʫʙʣʠʢʦʚʘʥʥʳʡ ʃʝ ʂʦʨʙʶʟʴʝ. 

ʕʪʠ ʧʨʠʥʮʠʧʳ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ: ʧʦʜʜʝʨʞʢʫ ʟʜʘʥʠʡ ʥʘ çʥʦʞʢʘʭè ʠʣʠ ʩʪʦʣʙʘʭ, 

ʩʚʦʙʦʜʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʩʚʦʙʦʜʥʳʝ ʬʘʩʘʜʳ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʦʢʥʘ ʠ ʢʨʳʰʫ-

ʪʝʨʨʘʩʫ. ʕʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʤʦʛʣʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʳʡ ʧʦʜʭʦʜ 

ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʯʝʨʯʝʥʠʶ, ʦʪʨʘʞʘʶʱʠʡ ʠʜʝʘʣʳ ʤʦʜʝʨʥʠʟʤʘ. ɺ ʵʪʦʪ ʞʝ 

ʧʝʨʠʦʜ ʧʨʦʠʩʭʦʜʠʣʦ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʬʦʨʤ ʠ ʩʪʠʣʝʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ɺʝʩʴ ʵʪʦʪ 

ʧʝʨʠʦʜ ʤʦʞʥʦ ʥʘʟʚʘʪʴ çʟʦʣʦʪʳʤ ʚʝʢʦʤè ʘʨʭʠʪʝʢʪʫʨʳ, ʪʘʢ ʢʘʢ ʦʥ ʙʳʣ ʦʪʤʝʯʝʥ 

ʚʳʩʦʯʘʡʰʠʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ ʢʫʣʴʪʫʨʝ, ʥʘʫʢʝ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ [111 p. 8-9]. ʕʪʦ ʚʨʝʤʷ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʥʝʛʦ ʠ ʩʝʛʦʜʥʷ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʯʝʨʯʝʥʠʝ 

ʟʜʘʥʠʡ ʩʪʘʣʠ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʠ ʧʨʦʜʚʠʥʫʪʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʥʝ 

ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, ʥʦ ʠ ʢʨʝʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ [52, ʩ. 68]. 

 ʈʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʦʷʚʣʝʥʠʝ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʩʝʨʝʜʠʥʝ 

1950-ʭ ʛʦʜʦʚ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ) ʠ ʯʝʨʪʝʞʥʳʭ ʧʨʦʛʨʘʤʤ, ʪʘʢʠʭ ʢʘʢ Sketchpad. 

ʇʦʩʣʝʜʦʚʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ Calma Cad, Pro 

E, Gehry Technologies, AutoCAD ʠ ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ ʧʨʦʥʠʢʘʶʪ ʚ 

ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʦʚʝʨʰʝʥʩʪʚʫʶʪ ʝʛʦ ʠ ʟʘʤʝʥʷʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ. ʂ ʢʦʥʮʫ XX-ʛʦ ʚʝʢʘ ʨʘʟʚʠʚʘʶʪʩʷ ʦʩʥʦʚʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ (BIM), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ. 

 ʕʪʘʧʳ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ - ʤʝʭʘʥʠʯʝʩʢʠʡ ʠ ʵʣʝʢʪʨʦʥʥʳʡ. ʅʘʯʘʣʴʥʳʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʝʤʝʱʝʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʚʢʣʶʯʘʷ ʧʨʦʩʪʳʝ ʨʫʯʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʧʘʣʦʯʢʠ ʠ 

ʛʣʠʥʷʥʳʝ ʧʣʘʩʪʠʥʢʠ ʩ ʞʝʣʦʙʘʤʠ ʠ ʜʨ. ʉʣʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʙʳʣʘ 
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ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʜʝʩʷʪʠʯʥʫʶ ʩʠʩʪʝʤʫ ʩʯʠʩʣʝʥʠʷ. ɺ XVII ʚʝʢʝ ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʧʝʨʚʳʝ ʘʨʠʬʤʦʤʝʪʨʳ ʨʘʟʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʟʘʪʝʤ ʧʦʷʚʠʣʠʩʴ ʉ 1945 ʧʦ 1955 

ʛʦʜʳ ʕɺʄ ʨʘʙʦʪʘʣʠ ʥʘ ʵʣʝʢʪʨʦʚʘʢʫʫʤʥʳʭ ʣʘʤʧʘʭ, ʟʘʪʝʤ ʜʦ 1965 ʛʦʜʘ ʧʝʨʝʰʣʠ 

ʥʘ ʪʨʘʥʟʠʩʪʦʨʳ. ʉ 1965 ʧʦ 1970 ʛʦʜʳ ʚʥʝʜʨʷʣʠʩʴ ʤʠʢʨʦʩʭʝʤʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ 

ʧʨʦʛʨʘʤʤʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ. ʉ 1970 ʛʦʜʘ ʥʘʯʘʣʘʩʴ ʵʨʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, 

ʢʦʪʦʨʘʷ ʧʨʠʚʝʣʘ ʢ ʧʦʷʚʣʝʥʠʶ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. ʇʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʴʰʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʠ ʨʘʟʚʠʪʠʝʤ 

ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ. ʕʪʠ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʠʣʠ ʥʘʤ ʣʫʯʰʝ ʧʦʥʷʪʴ, ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʝ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʩʪʘʣʠ ʚʦʟʤʦʞʥʳʤʠ ʠ ʢʘʢ ʦʥʠ ʧʨʦʜʦʣʞʘʶʪ 

ʨʘʟʚʠʚʘʪʴʩʷ [52, ʩ. 70].  

 ɺʝʩʴ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʥʝʧʨʝʨʳʚʥʦʝ ʜʚʠʞʝʥʠʝ ʦʪ ʧʨʦʩʪʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʢʦʥʮʝʧʮʠʡ ʢ ʩʣʦʞʥʳʤ ʬʠʣʦʩʦʬʩʢʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠʜʝʷʤ. ʀʟʥʘʯʘʣʴʥʦ 

ʘʨʭʠʪʝʢʪʫʨʘ, ʦʧʠʨʘʷʩʴ ʥʘ ʤʘʪʝʤʘʪʠʢʫ ʠ ʛʝʦʤʝʪʨʠʶ, ʟʘʣʦʞʠʣʘ ʦʩʥʦʚʫ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʛʘʨʤʦʥʠʯʥʳʭ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʣʠ ʝʸ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʟʘʜʘʯʘʤ. ʆʜʥʘʢʦ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʠ ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩ ʨʘʟʚʠʪʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘʨʭʠʪʝʢʪʫʨʘ ʩʪʘʣʘ ʚʩʝ ʙʦʣʝʝ 

ʜʠʥʘʤʠʯʥʦʡ ʠ ʤʥʦʛʦʩʣʦʡʥʦʡ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ, ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ 

ʜʠʥʘʤʠʯʥʳʭ ʬʦʨʤ, ʚ ʢʦʪʦʨʳʭ ʠʥʞʝʥʝʨʥʳʝ ʠ ʵʩʪʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʩʣʠʚʘʶʪʩʷ ʚ 

ʝʜʠʥʦʝ ʮʝʣʦʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʘʨʭʠʪʝʢʪʫʨʘ ʫʞʝ ʥʝ ʪʦʣʴʢʦ ʠʩʢʫʩʩʪʚʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʦ ʠ ʬʦʨʤʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʜʘʥʠʷ ʢʘʢ çʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳè, ʧʦʜʚʝʨʞʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷʤ ʠ 

ʩʧʦʩʦʙʥʳʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʩʣʦʞʥʳʤ ʫʩʣʦʚʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʕʪʠ ʟʥʘʥʠʷ 

ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʊʝʧʝʨʴ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʧʨʦʛʨʘʤʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʣʦʞʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʧʦʟʚʦʣʷʶʪ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʩʯʝʪʳ, ʢʦʪʦʨʳʝ 

ʧʨʝʚʳʰʘʶʪ ʚʦ ʚʩʝʭ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯʘʭ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʙʳ ʩʜʝʣʘʪʴ 

ʚʨʫʯʥʫʶ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʪʦʨʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʪʫʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ. çʆʪ ʨʠʩʫʥʢʦʚ, ʯʝʨʪʝʞʝʡ, 

ʢʫʣʴʤʘʥʘ ʢ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝè. ʐʢʘʣʘ, ʦʪʨʘʞʘʶʱʘʷ ʵʚʦʣʶʮʠʶ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʤʝʪʦʜʠʢ ʠ ʪʝʭʥʦʣʦʛʠʡ: ʥʘʯʠʥʘʷ ʩ ʚʨʝʤʝʥ ʜʦʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʜʨʝʚʥʠʭ ʦʙʱʝʩʪʚ, ʯʝʨʝʟ ʨʘʟʚʠʪʠʝ ʜʨʝʚʥʠʭ ʢʫʣʴʪʫʨ, ʩʨʝʜʥʝʚʝʢʦʚʴʝ ʠ 

ɺʦʟʨʦʞʜʝʥʠʝ, ʧʝʨʠʦʜ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʚʦʣʶʮʠʠ ʠ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ XVIII -XX 

ʚʝʢʦʚ, ʵʧʦʭʫ ʫʨʙʘʥʠʟʘʮʠʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʜʦ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

BIM ʠ ʧʨʠʥʮʠʧʦʚ ʫʩʪʦʡʯʠʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʂʦʤʧʦʥʦʚʢʘ ʠʣʣʶʩʪʨʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʦʙʟʦʨ ʧʨʦʛʨʝʩʩʘ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚ ʦʙʣʘʩʪʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʪʨʘʞʘʶʱʠʡ ʠʥʥʦʚʘʮʠʠ ʚ ʠʥʩʪʨʫʤʝʥʪʘʭ ʠ 

ʤʝʪʦʜʘʭ ð ʦʪ ʧʨʠʤʠʪʠʚʥʳʭ ʦʨʫʜʠʡ ʪʨʫʜʘ ʜʦ ʩʣʦʞʥʳʭ ʯʝʨʪʝʞʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʇʦʣʦʩʘ ʵʚʦʣʶʮʠʠ, ʧʨʦʩʪʠʨʘʶʱʘʷʩʷ ʩʣʝʚʘ ʥʘʧʨʘʚʦ, 

ʦʪʦʙʨʘʞʘʝʪ ʚʨʝʤʝʥʥʫʶ ʰʢʘʣʫ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ 

ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʩʪʠʣʷʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ, ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ 
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ʢʘʞʜʦʤʫ ʵʪʘʧʫ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʚʠʟʫʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʥʦ ʠ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʳ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʚʣʠʷʣʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʠʩʪʦʨʠʠ. ʀʣʣʶʩʪʨʘʮʠʷ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʢʘʢ ʨʘʟʚʠʪʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʚʣʠʷʣʦ ʥʘ ʬʦʨʤʳ ʠ ʬʫʥʢʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ. ɻʜʝ 

ʧʦʥʠʤʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠʥʥʦʚʘʮʠʷʤʠ ʠ 

ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʬʦʨʤʘʤʠ ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ, ʢʘʢ ʢʘʞʜʳʡ ʥʦʚʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʝʣ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʘʭ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ð ʥʝ ʪʦʣʴʢʦ 

ʠʩʢʫʩʩʪʚʦ ʠʣʠ ʥʘʫʢʘ ʦ ʟʜʘʥʠʷʭ, ʥʦ ʠ ʦʪʨʘʞʝʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʝʢʩʪʘ ʵʧʦʭʠ [165-208] (ʨʠʩʫʥʦʢ ɸ.1, ʇʨʠʣʦʞʝʥʠʝ ɸ). 

  

1.2 ʇʨʝʜʧʦʩʳʣʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʧʨʦʛʨʘʤʤ ʚ ʧʨʦʮʝʩʩʝ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  

ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʧʨʦʛʨʘʤʤ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʝʩʥʦ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʩ ʪʨʫʜʘʤʠ ʇʠʬʘʛʦʨʘ. ʕʪʦ ʯʠʩʣʘ ï ʮʠʬʨʳ. çʏʠʩʣʘ ʧʨʘʚʷʪ ʤʠʨʦʤè 

ʪʘʢʞʝ ʠʟ ʚʝʨʩʠʠ çʏʠʩʣʘ ï ʦʩʥʦʚʘ ʠ ʥʘʯʘʣʦ ʚʩʷʢʦʡ ʚʝʱʠè, ʚ ʵʪʦʤ ʩʫʪʴ ʢʘʞʜʦʛʦ 

ʷʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʮʠʬʨʦʚʦʤ ʨʷʜʝ [42, 209]. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʇʠʬʘʛʦʨʘ ʠ ʝʛʦ ʰʢʦʣʘ ʩʜʝʣʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʤʘʪʝʤʘʪʠʢʠ, ʚʢʣʶʯʘʷ ʠʜʝʶ ʦ ʪʦʤ, ʯʪʦ ʯʠʩʣʘ ʠ ʠʭ ʦʪʥʦʰʝʥʠʷ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. ʇʠʬʘʛʦʨʝʡʮʳ ʚʧʝʨʚʳʝ 

ʚʳʜʚʠʥʫʣʠ ʚʦʧʨʦʩ ʠ ʯʠʩʣʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʟʜʘʥʠʷ ʤʠʨʘ. ʈʘʟʚʠʪʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʣʦʛʠʢʠ ʩ ʪʝʭ ʧʦʨ ʩʣʫʞʠʣʦ ʦʩʥʦʚʦʡ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʙʳʣ ʚʘʞʥʳʡ ʰʘʛ ʥʘ 

ʧʫʪʠ ʢ ʩʦʟʜʘʥʠʶ ʬʦʨʤʘʣʴʥʦʡ ʣʦʛʠʢʠ ʠ ʠʩʯʠʩʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ 

ʮʠʬʨʦʚʳʭ ʧʨʦʛʨʘʤʤ. ʆʪʩʶʜʘ ʢʦʨʥʝʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʯʠʩʣʘ, ʥʳʥʝ 

ʧʝʨʝʨʦʩʣʦ ʚ ʢʦʜʠʥʛ. ʂʦʜʠʥʛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʛʦ 

ʢʦʜʘ ʠʣʠ ʩʢʨʠʧʪʘ ʩ ʮʝʣʴʶ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ [210]. ʇʠʬʘʛʦʨ 

ʠʤʝʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʤʘʪʝʤʘʪʠʢʝ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʮʠʬʨʦʚʠʟʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʇʠʬʘʛʦʨʝʡʩʢʠʡ 

ʪʨʝʫʛʦʣʴʥʠʢ ʠ ʪʝʦʨʝʤʘ ʇʠʬʘʛʦʨʘ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʢʦʤʧʴʶʪʝʨʥʫʶ ʥʘʫʢʫ ʠ ʪʝʭʥʦʣʦʛʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʇʠʬʘʛʦʨ 

ʩʳʛʨʘʣ ʚʘʞʥʫʶ ʨʦʣʴ ʢʘʢ ʧʨʝʜʪʝʯʘ ʚ ʨʘʟʚʠʪʠʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʝʩʩʘ. ɺ ʵʪʦʤ ʧʠʬʘʛʦʨʝʡʩʢʘʷ ʧʨʦʛʨʘʤʤʘ, ʷʚʣʷʷʩʴ ʢʘʢ ʦʩʥʦʚʘ ʨʘʟʚʠʪʠʷ 

ʤʘʪʝʤʘʪʠʢʠ, ʩʦʝʜʠʥʷʝʪ ʩʝʛʦʜʥʷʰʥʠʡ ʤʠʨ ʩ ʧʨʦʰʣʳʤ [42, 211]. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʠʟ ʢʣʶʯʝʚʳʭ ʫʨʦʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʜʨʝʚʥʠʭ ʮʠʚʠʣʠʟʘʮʠʡ ɽʛʠʧʪʘ ʠ ʈʠʤʘ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʮʝʥʥʦʩʪʠ ʤʘʪʝʤʘʪʠʢʠ ʠ ʛʝʦʤʝʪʨʠʠ [212], ʣʝʞʘʱʝʝ ʚ ʦʩʥʦʚʝ 

ʮʠʬʨʦʚʠʟʘʮʠʠ, ʥʘʭʦʜʷʪ ʢʦʨʥʠ ʚ ʨʘʙʦʪʘʭ ʇʠʬʘʛʦʨʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʠʬʘʛʦʨʝʡʩʢʦ-ʧʣʘʪʦʥʦʚʩʢʦʡ ʠ ʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ. ʕʪʦ ʧʦʚʣʠʷʣʦ ʥʘ ʨʘʟʚʠʪʠʝ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʘʨʭʠʪʝʢʪʫʨʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ, ʧʨʠʚʥʦʩʷʪ ʥʦʚʳʝ ʬʦʨʤʳ ʠ ʩʪʨʫʢʪʫʨʳ, 

ʦʪʭʦʜʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ [152, p. 132]. 

ʆʩʥʦʚʦʧʦʣʦʞʥʠʢ ʩʠʩʪʝʤʳ ʬʦʨʤʘʣʴʥʦʡ ʣʦʛʠʢʠ ɸʨʠʩʪʦʪʝʣʴ, ʧʨʦʣʦʞʠʣ 

ʩʫʱʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʩʪʘʣʦ ʚʘʞʥʦʡ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ 
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ʥʘ ʪʦ, ʯʪʦ ʘʥʪʠʯʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʘʥʪʠʢʠʪʝʨʩʢʘʷ 

ʤʝʭʘʥʠʢʘ, ʙʳʣʠ ʜʘʣʝʢʠ ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʨʘʩʯʝʪʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ. ʕʪʦ ʩʘʤʳʡ ʜʨʝʚʥʠʡ ʦʙʨʘʟʝʮ ʘʥʘʣʦʛʦʚʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʝʨʚʦʡ ʤʦʜʝʣʴʶ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʣʘʥʝʪʘʨʠʝʤ ʠ ʟʚʝʟʜʥʳʤʠ 

ʯʘʩʘʤʠ. ʇʨʠʙʦʨ ʩʣʫʞʠʪ ʥʝ ʪʦʣʴʢʦ ʢʘʣʝʥʜʘʨʝʤ, ʥʦ ʠ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʘʩʪʨʦʥʦʤʠʠ, ʤʝʪʝʦʨʦʣʦʛʠʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʘʨʪʦʛʨʘʬʠʠ [134, p. 189-190].  

ɺ ʪʝʯʝʥʠʝ ʩʨʝʜʥʝʚʝʢʦʚʴʷ ʠ ʅʦʚʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʣʦ ʥʝʧʨʝʨʳʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʤʘʪʝʤʘʪʠʢʠ ʚ ʥʝʜʨʘʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʢʣʘʜʳ 

ʪʘʢʠʭ ʫʯʝʥʳʭ, ʢʘʢ ʀʩʘʘʢ ʅʴʶʪʦʥ ʠ ɻʦʪʬʨʠʜ ʃʝʡʙʥʠʮ, ʚ ʨʘʟʚʠʪʠʠ ʠʩʯʠʩʣʝʥʠʷ, 

ʙʳʣʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ 

ʧʨʦʛʨʘʤʤ. 

ʀʟʦʙʨʝʪʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ, ʧʦʟʜʥʝʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʚʦ ʚʨʝʤʷ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʚʦʣʶʮʠʠ ʦʪʢʨʳʣʦ ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʧʝʨʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʤʘʰʠʥ. ɺ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ ʙʳʣʠ ʩʦʟʜʘʥʳ ʧʝʨʚʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʮʠʬʨʦʚʳʝ 

ʢʦʤʧʴʶʪʝʨʳ, ʯʪʦ ʩʪʘʣʦ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʧʨʦʛʨʘʤʤ [72, 

ʩ. 72-74]. 

ʉ ʮʝʣʴʶ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʣʝʜʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ, 

ʧʨʠʚʝʜʰʠʝ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʮʠʬʨʦʚʳʭ ʧʨʦʛʨʘʤʤ ʚ ʧʨʦʮʝʩʩʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʨʳʚʳ, 

ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʤʝʩʪʦ ʚ ʧʦʩʣʝʜ 

ʈʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ 

ʠ ʟʘʢʘʥʯʠʚʘʷ ʤʦʱʥʳʤʠ ʨʘʙʦʪʘʶʱʠʤʠ ʚ ʦʙʣʘʢʝ ʩʝʨʚʝʨʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ, ʩʪʘʣʦ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʠ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʧʨʦʛʨʘʤʤ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ʂ ʢʦʥʮʫ XX ʚʝʢʘ, ʩ ʧʦʷʚʣʝʥʠʝʤ 

AutoCAD ʠ ʜʨʫʛʠʭ ʚʝʢʪʦʨʥʳʭ ʧʨʦʛʨʘʤʤ [213], ʚʦʟʤʦʞʥʦʩʪʠ ʘʨʭʠʪʝʢʪʦʨʦʚ ʩʪʘʣʠ 

ʝʱʝ ʙʦʣʝʝ ʦʙʰʠʨʥʳʤʠ. ɺʝʢʪʦʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ 

ʪʦʯʥʳʝ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʯʝʨʪʝʞʠ, ʫʧʨʦʱʘʷ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʧʦʚʳʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʊʘʢʠʝ ʧʨʦʛʨʘʤʤʳ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʦʙʥʦʚʣʷʪʴ ʚʩʝ ʩʚʷʟʘʥʥʳʝ ʯʝʨʪʝʞʠ ʧʨʠ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʝʢʪ, ʯʪʦ ʝʱʝ 

ʙʦʣʴʰʝ ʫʩʢʦʨʷʝʪ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ. 

ʇʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ CAD 

(Computer-Aided Design) ʩ ʧʦʷʚʣʝʥʠʝʤ CATIA (ʘʥʛʣ. Computer Aided Three-

dimensional Interactive Application) ʦʪ Dassault Systemes ʧʨʠʚʝʣ ʢ ʪʦʤʫ, ʯʪʦ 

ʘʨʭʠʪʝʢʪʦʨʳ ʩʤʦʛʣʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʪ ʣʠʥʝʡʥʦʛʦ ʢ ʥʝʣʠʥʝʡʥʳʤ ʩʠʩʪʝʤʘʤ [214]. 

ɺ 1970-ʭ ʛʦʜʘʭ ʤʘʪʝʤʘʪʠʢ ɹʝʥʫʘ ʄʘʥʜʝʣʴʙʨʦʪ ʚʥʝʩ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ 

ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʧʨʝʜʣʦʞʠʚ ʢʦʥʮʝʧʮʠʶ ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ. 

ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ çʌʨʘʢʪʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʧʨʠʨʦʜʳè ʦʥ ʧʨʠʚʦʜʠʪ ʧʨʠʤʝʨʳ 

ʬʨʘʢʪʘʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ɺʧʦʩʣʝʜʩʪʚʠʠ, ʵʪʠ 

ʠʜʝʠ ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʧʦʟʚʦʣʠʚ 
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ʘʨʭʠʪʝʢʪʦʨʘʤ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʬʦʨʤʳ, ʯʪʦ ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ɺ.ʕ. ɺʦʣʳʥʩʢʦʛʦ çʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠè ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʘʜʘʧʪʘʮʠʶ ʘʨʭʠʪʝʢʪʫʨʳ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠ ʩʦʮʠʘʣʴʥʳʤ ʪʨʝʥʜʘʤ. ɸʚʪʦʨ 

ʦʪʤʝʯʘʝʪ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʩ 1970-ʭ ʛʦʜʦʚ, ʢʦʛʜʘ ʥʘʯʘʣʦʩʴ ʘʢʪʠʚʥʦʝ 

ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʨʘʟʚʠʚʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʟʜʘʥʠʡ ð ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʩʫʞʜʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ ʩ ʫʯʝʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʫʯʝʙʥʳʝ ʧʨʦʛʨʘʤʤʳ, 

ʯʪʦ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ, ʦʪʚʝʯʘʶʱʠʭ 

ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʙʫʜʫʱʠʤ ʧʦʪʨʝʙʥʦʩʪʷʤ [156, c. 23-25].  

ʉ ʨʘʟʚʠʪʠʝʤ ʕɺʄ ʚ ʩʝʨʝʜʠʥʝ ʠ ʢʦʥʮʝ XX ʚʝʢʘ [215, 216], ʧʦʷʚʠʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. 

ʀʥʞʝʥʝʨʳ ʠ ʘʨʭʠʪʝʢʪʦʨʳ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʦʯʥʳʭ 

ʯʝʨʪʝʞʝʡ ʠ ʜʠʟʘʡʥʦʚ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʣʦ ʧʨʦʮʝʩʩ ʠ 

ʧʦʟʚʦʣʠʣʦ ʘʨʭʠʪʝʢʪʦʨʘʤ ʙʳʩʪʨʦ ʜʝʣʘʪʴ ʠʟʤʝʥʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʨʠʩʦʚʳʚʘʪʴ ʚʝʩʴ ʧʨʦʝʢʪ ʚʨʫʯʥʫʶ. 

ʉʦʮʠʘʣʴʥʳʝ ʠ ʢʫʣʴʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʘʢʞʝ ʩʳʛʨʘʣʠ ʩʚʦʶ ʨʦʣʴ. ʈʦʩʪ 

ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʫʩʢʦʨʝʥʠʝ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʧʦʟʚʦʣʷʷ ʘʨʭʠʪʝʢʪʦʨʘʤ ʠʟ ʨʘʟʥʳʭ ʫʛʦʣʢʦʚ 

ʤʠʨʘ ʦʙʤʝʥʠʚʘʪʴʩʷ ʠʜʝʷʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʯʘʪʴ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʪʦʞʝ ʩʪʘʣʠ ʚʘʞʥʳʤʠ 

ʧʨʝʜʧʦʩʳʣʢʘʤʠ. ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ, 

ʘʚʪʦʤʘʪʠʟʠʨʫʷ ʨʷʜ ʧʨʦʮʝʩʩʦʚ ʠ ʫʣʫʯʰʘʷ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʟʘʪʨʘʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, 

ʩʦʮʠʘʣʴʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʙʫʩʣʦʚʠʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʧʨʦʛʨʘʤʤ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʆʜʥʘʢʦ 

ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʠ ʥʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʠʥʥʦʚʘʮʠʠ 

ʧʨʦʜʦʣʞʘʶʪ ʧʦʷʚʣʷʪʴʩʷ, ʥʝʠʟʤʝʥʥʦ ʦʢʘʟʳʚʘʷ ʚʣʠʷʥʠʝ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʩʨʝʜʫ. 

ʇʦʥʷʪʠʝ ʥʝʣʠʥʝʡʥʦʩʪʠ ʦʭʚʘʪʳʚʘʝʪ ʬʝʥʦʤʝʥʳ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʦʧʠʩʘʪʴ ʠʣʠ 

ʦʙʲʷʩʥʠʪʴ ʣʠʥʝʡʥʳʤʠ ʤʝʪʦʜʘʤʠ [48, ʩ. 165-167]. ʕʪʦ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ 

ʩʚʦʡʩʪʚʦʤ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪ ʩʚʦʝ ʚʦʧʣʦʱʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʪʠʣʷʭ ʠ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, 

ʢʦʥʩʪʨʫʢʪʠʚʠʟʤ, ʙʣʦʙʠʪʝʢʪʫʨʘ ʠ ʜʨ. ʇʦʩʣʝʜʥʠʡ ʚʘʞʥʳʡ ʵʪʘʧ ʚ ʨʘʟʚʠʪʠʠ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ - ʧʝʨʝʭʦʜ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʣʦʞʥʳʭ 3D-

ʤʦʜʝʣʝʡ. ʇʨʦʛʨʘʤʤʳ, ʪʘʢʠʝ ʢʘʢ SketchUp, Revit ʠ Rhino [217], ʧʦʟʚʦʣʷʶʪ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʩʚʦʠʭ ʧʨʦʝʢʪʦʚ. 

ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʦʥʝʯʥʦʤ ʧʨʦʝʢʪʝ, 

ʥʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʜʠʟʘʡʥʘ, ʪʘʢʠʝ ʢʘʢ ʦʩʚʝʱʝʥʠʝ, 

ʚʝʥʪʠʣʷʮʠʷ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʝʱʝ ʜʦ ʥʘʯʘʣʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 
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ɺʦ ʚʨʝʤʝʥʘ ʯʝʪʚʸʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ, ʩ 1970-ʭ ʜʦ ʥʘʯʘʣʘ 90-ʭ, 

ʧʝʨʠʦʜ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʵʨʘ çʂʦʤʧʴʶʪʝʨʥʦʛʦ ʜʠʟʘʡʥʘè, ʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʜʝʢʦʥʩʪʨʫʢʪʠʚʠʟʤʘ. ɺʘʞʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʪʦʛʦ ʚʨʝʤʝʥʠ 

ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ ʇʠʪʝʨʘ ɸʡʟʝʥʤʘʥʘ, ʧʨʦʝʢʪʳ ʩʪʫʜʠʠ Coop Himmelb(l)au, ʨʘʥʥʠʝ 

ʨʘʙʦʪʳ ɿʘʭʠ ʍʘʜʠʜ, ʩʝʨʠʠ ʧʨʦʝʢʪʦʚ ʌʨʵʥʢʘ ɻʵʨʠ ʠ ɼʘʥʠʵʣʷ ʃʠʙʝʩʢʠʥʜʘ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʪʘʢʠʝ ʤʘʩʪʝʨʘ, ʢʘʢ ʌʨʘʡ ʆʪʪʦ, ʊʦʡʦ ʀʪʦ, ɻʨʝʛ ʃʠʥʥ, ʄʘʡʢʣ ʍʘʥʩʤʘʡʝʨ ʠ 

ʜʨʫʛʠʝ, ʩʪʘʚʰʠʝ ʮʠʬʨʦʚʳʤʠ ʥʦʚʘʪʦʨʘʤʠ, ʚʥʝʩʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʦʜʥʷʪʠʝ 

ʮʠʬʨʦʚʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. 

ɺ ʪʝʦʨʠʠ ʠ ʬʠʣʦʩʦʬʠʠ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʢʣʶʯʝʚʳʝ ʚʢʣʘʜʳ ʚʥʝʩʣʠ 

ʏʘʨʣʴʟ ɼʞʝʥʢʩ, ɼʞʝʬʬʨʠ ʂʠʧʥʠʩ, ʇʘʪʨʠʢ ʐʫʤʘʭʝʨ, ʀ.ɸ. ɼʦʙʨʠʮʠʥʘ ʠ ʜʨʫʛʠʝ. 

ʀʭ ʧʦʜʭʦʜʳ ʢ ʘʥʘʣʠʟʫ ʥʝʣʠʥʝʡʥʦʩʪʠ ʠ ʧʘʨʘʤʝʪʨʠʟʤʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʧʦʥʠʤʘʥʠʷ ʵʪʠʭ ʢʦʥʮʝʧʮʠʡ. ɺʩʝ ʵʪʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʘʟʚʠʚʘʣʠ 

ʤʳʰʣʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʢʦʥʪʝʢʩʪʝ ʙʳʩʪʨʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʢʫʣʴʪʫʨʳ, ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʩʪʘʚʷ ʧʦʜ ʚʦʧʨʦʩ ʢʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʳ ʮʠʬʨʦʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ. 

ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʟʚʠʪʠʠ ʧʦʥʷʪʠʷ çʥʝʣʠʥʝʡʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘè ʧʨʠʚʝʣʦ ʢ 

ʧʦʷʚʣʝʥʠʶ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ, ʩʦʝʜʠʥʷʶʱʝʛʦ ʚ ʩʝʙʝ ʨʘʟʣʠʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ ʧʘʨʘʤʝʪʨʦʤ1, ʚʠʨʪʫʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʮʠʬʨʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ organitec ʠ 

ʜʨʫʛʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʣʠ ʥʦʚʳʝ ʩʪʠʣʠʩʪʠʢʠ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʤʝʪʘʙʦʣʠʟʤ, ʭʘʡ-ʪʝʢ, ʙʠʦʥʠʢʘ, ʩʪʨʫʢʪʫʨʘʣʠʟʤ, 

ʦʨʛʘʥʠʯʝʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ [76]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ɸ.ɸʣʝʢʩʘʥʜʨʘ ʧʦʩʚʷʱʝʥʦ ɻʠʙʨʠʜʥʦʡ ʩʨʝʜʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ɻʉɸʇ), ʢʦʪʦʨʘʷ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ 

ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

ɻʉɸʇ ʨʘʩʰʠʨʷʝʪ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʠʥʪʝʛʨʠʨʫʷ ʮʠʬʨʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʦʟʜʘʚʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʜʝʡ. ʆʥʘ ʫʯʠʪʳʚʘʝʪ 

ʥʝ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʦ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʘʩʧʝʢʪʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʝʞʜʫ 

ʨʝʘʣʴʥʳʤ ʠ ʮʠʬʨʦʚʳʤ ʤʠʨʘʤʠ. ɻʉɸʇ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʠʙʢʦʩʪʴʶ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʝʢʪʘʭ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ 

ʠ ʧʦʥʠʤʘʥʠʝ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ. ʂʦʤʧʴʶʪʝʨʳ ʚ ʵʪʦʡ ʩʨʝʜʝ ʧʦʤʦʛʘʶʪ ʫʣʫʯʰʠʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʪʚʦʨʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʆʜʥʘʢʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʦʩʪʦ ʪʝʭʥʦʣʦʛʠʠ; ʪʨʝʙʫʝʪʩʷ ʠʭ 

ʠʥʪʝʛʨʘʮʠʷ ʚ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʨʘʤʢʘʭ ɻʉɸʇ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʳʝ ʠ ʛʣʫʙʦʢʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʦʝʢʪʳ [160, ʩ. 41-42]. 

 
1 ʂʘʢ ʦʧʠʩʘʣ ʦʜʠʥ ʠʟ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ ʠ ʪʝʦʨʝʪʠʢʦʚ ʩʪʠʣʷ, ʇʘʪʨʠʢ ʐʫʤʘʭʝʨ: ʧʘʨʘʤʝʪʨʠʟʤ ï ʵʪʦ ʩʪʠʣʴ ʥʘʰʝʡ 

ʵʧʦʭʠ. ɺ ʥʝʤ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʘʨʭʠʪʝʢʪʫʨʳ ʩʪʘʥʦʚʠʪʩʷ ʤʷʛʢʠʤ, ʧʣʘʩʪʠʯʥʳʤ, ʧʦʜʘʪʣʠʚʳʤ ʠ ʘʜʘʧʪʠʨʫʝʤʳʤ ʢ 

ʤʥʦʞʝʩʪʚʫ ʨʘʟʣʠʯʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʥʘʰ ʤʠʨ. ɺ ʥʝʤ ʤʳ ʧʨʠʤʝʥʷʝʤ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, 3D-ʧʝʯʘʪʴ ʠ ʪ.ʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʦʪʚʝʯʘʝʤ ʤʠʨʫ ʥʘ ʝʛʦ ʪʨʝʙʦʚʘʥʠʝ ʥʦʚʳʭ 

ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʬʦʨʤ. ɹʳʩʪʨʘʷ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʥʘʤ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʪʦʣʴʢʦ ʤʘʰʠʥʳ, ï 

ʚʦʪ ʥʘ ʯʝʤ ʦʩʥʦʚʘʥ ʵʪʦʪ ʩʪʠʣʴ.  ARTARCH ʀʅʊɽʈɺʔʖ ʅʆɺʆʉʊʀ. (2021).  ʇʘʪʨʠʢ ʐʫʤʘʭʝʨ: çʇʨʦʛʨʝʩʩ 

ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤʠ, ʢʪʦ ʠʜʝʪ ʥʘ ʨʠʩʢè.  https://mperspektiva.ru/topics/patrik-shumakher-progress-dostigaetsya-temi-kto-

idet-na-risk/ 17.10.2023. 

https://mperspektiva.ru/topics/patrik-shumakher-progress-dostigaetsya-temi-kto-idet-na-risk/
https://mperspektiva.ru/topics/patrik-shumakher-progress-dostigaetsya-temi-kto-idet-na-risk/
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ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʎʠʬʨʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʥʪʝʛʨʠʨʦʚʘʣʘʩʴ ʚ ʘʨʭʠʪʝʢʪʫʨʫ, ʧʨʠʚʥʦʩʷ 

ʚ ʥʝʸ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʝʣʠʥʝʡʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʠ ʘʜʘʧʪʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʷʚʣʝʥʠʝʤ ʚ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ [48, ʩ. 

382]. 

 ʉ ʧʦʷʚʣʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ 

ʘʨʭʠʪʝʢʪʦʨʳ ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠ 

ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʝʢʪʳ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ. ʎʠʬʨʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʣʠ ʥʘ ʩʪʠʣʠ ʠ ʬʦʨʤʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ʇʦʩʢʦʣʴʢʫ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩʚʦʠ ʧʨʦʝʢʪʳ ʩ ʙʦʣʴʰʝʡ ʜʝʪʘʣʠʟʘʮʠʝʡ ʠ ʪʦʯʥʦʩʪʴʶ, ʦʥʠ ʩʤʦʛʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʠ ʜʠʥʘʤʠʯʥʳʤʠ ʬʦʨʤʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ 

ʙʳʣʠ ʥʝʜʦʩʪʠʞʠʤʳʤʠ [65, ʩ. 194]. 

ʊʝʦʨʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʟʚʠʚʘʣʠʩʴ ʚ ʨʘʙʦʪʝ ʪʘʢʠʭ ʫʯʝʥʳʭ, 

ʢʘʢ ɸʣʘʥ ʊʴʶʨʠʥʛ ʠ ɼʞʦʥ ʬʦʥ ʅʝʡʤ, ʷʚʣʷʷʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʦʙʣʘʩʪʴʶ 

ʠʥʬʦʨʤʘʪʠʢʠ, ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʘʰʠʥ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ ʠ ʚʳʧʦʣʥʷʪʴ ʚʳʯʠʩʣʝʥʠʷ. ɺ 1936 ʛʦʜʫ ɸʣʘʥ 

ʊʴʶʨʠʥʛ ʦʧʫʙʣʠʢʦʚʘʣ ʩʪʘʪʴʶ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʠʣ ʢʦʥʮʝʧʮʠʶ ʤʘʰʠʥʳ 

ʊʴʶʨʠʥʛʘ - ʘʙʩʪʨʘʢʪʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʣʦʛʠʢʫ ʣʶʙʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʄʘʰʠʥʘ ʊʴʶʨʠʥʛʘ ʩʪʘʣʘ ʦʩʥʦʚʦʡ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. 

 ʇʦ ʢʣʘʩʩʘʤ ʩʣʦʞʥʦʩʪʠ ʠ çʇʨʦʙʣʝʤʘ ʦʩʪʘʥʦʚʢʠè, ʊʴʶʨʠʥʛ ʪʘʢʞʝ ʜʦʢʘʟʘʣ, 

ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʥʠ ʦʜʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ, ʠ ʚʚʝʣ ʧʦʥʷʪʠʝ ʢʣʘʩʩʦʚ ʩʣʦʞʥʦʩʪʠ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʦʡ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʩʣʦʞʥʦʩʪʠ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʫʢʝ. ɺ 1948 ʛʦʜʫ ʂʣʦʜ ʐʝʥʥʦʥ 

ʦʧʫʙʣʠʢʦʚʘʣ ʩʪʘʪʴʶ çʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʩʚʷʟʠè, ʛʜʝ ʚʚʝʣ ʧʦʥʷʪʠʝ çʙʠʪʘè 

ʢʘʢ ʦʩʥʦʚʥʦʡ ʝʜʠʥʠʮʳ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʘʣ ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ 

1950-ʝ ʠ 1960-ʝ ʛʦʜʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʘʚʪʦʤʘʪʦʚ, 

ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʧʨʦʛʨʘʤʤ. ɺ 1970-ʝ ʛʦʜʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʩʣʦʞʥʦʩʪʠ, ʪʘʢʠʝ 

ʢʘʢ P (ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʝʥʳ ʥʘ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʤʘʰʠʥʝ ʊʴʶʨʠʥʛʘ) ʠ NP (ʧʨʦʙʣʝʤʳ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʦ ʟʘ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʚʨʝʤʷ). ʆʪʢʨʳʪʳʡ ʚʦʧʨʦʩ ʦ ʪʦʤ, 

ʨʘʚʥʳ ʣʠ P ʠ NP, ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʥʝʨʝʰʝʥʥʳʭ ʧʨʦʙʣʝʤ ʚ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʪʠʢʝ [20].  

ʂʣʶʯʝʚʳʝ ʧʦʥʷʪʠʷ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʩʪʠʣʠ ʠ ʬʦʨʤʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ɼʝʢʦʥʩʪʨʫʢʪʠʚʠʟʤ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʜʠʟʘʡʥ. ʕʪʠ 

ʜʚʘ ʩʪʠʣʷ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʚ ʢʦʥʮʝ XX ʠ ʥʘʯʘʣʝ XXI  ʚʝʢʦʚ, ʚʦ ʤʥʦʛʦʤ ʩʪʘʣʠ 

ʚʦʟʤʦʞʥʳʤʠ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɼʝʢʦʥʩʪʨʫʢʪʠʚʠʟʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʣʠʥʝʡʥʦʩʪʴʶ, ʩʣʦʞʥʦʩʪʴʶ ʠ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴʶ ʬʦʨʤ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʚʦʟʤʦʞʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤʳ 
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ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ, ʯʘʩʪʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʨʤ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʳʣʠ 

ʥʝʚʦʟʤʦʞʥʳ. ɺʝʜʴ ʮʠʬʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʮʠʬʨʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢʠʭ ʢʘʢ 3D-ʧʝʯʘʪʴ ʠ ʢʦʤʧʴʶʪʝʨʥʦ-ʯʠʩʣʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ (CNC), 

ʘʨʭʠʪʝʢʪʦʨʳ ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʣʦʞʥʳʝ ʜʠʟʘʡʥʳ, ʢʦʪʦʨʳʝ 

ʨʘʥʝʝ ʙʳʣʠ ʥʝʨʝʘʣʠʟʫʝʤʳ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʥʝʦʙʳʯʥʳʝ 

ʬʦʨʤʳ, ʦʪʨʘʞʘʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʠ ʢʨʝʘʪʠʚʥʦʩʪʴ ʘʨʭʠʪʝʢʪʦʨʘ. ʇʦʜʭʦʜʳ 

çɺʠʨʪʫʘʣʴʥʘʷ ʠ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴè ʧʨʝʜʦʩʪʘʚʠʣʠ ʘʨʭʠʪʝʢʪʦʨʘʤ ʥʦʚʳʝ 

ʩʧʦʩʦʙʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʚʦʠʭ ʧʨʦʝʢʪʦʚ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ 

ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʧʦʛʨʫʞʘʶʱʠʝ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʧʨʝʟʝʥʪʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʟʨʠʪʝʣʷʤ ʧʦʣʥʝʝ ʦʱʫʪʠʪʴ ʤʘʩʰʪʘʙʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʚ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʨʦʝʢʪʘʭ. ʇʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ çɹʠʦʤʠʤʝʪʠʢʘ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʘè, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʣʦ ʘʨʭʠʪʝʢʪʦʨʘʤ ʠʩʩʣʝʜʦʚʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ, 

ʚʜʦʭʥʦʚʣʝʥʥʳʝ ʧʨʠʨʦʜʦʡ. ʊʘʢʞʝ, ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʠʣʴʥʦ ʧʦʚʣʠʷʣʠ ʥʘ 

ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʝ ʘʩʧʝʢʪʳ ʘʨʭʠʪʝʢʪʫʨʳ, ʚʢʣʶʯʘʷ ʜʦʧʦʣʥʝʥʥʫʶ ʠ ʚʠʨʪʫʘʣʴʥʫʶ 

ʨʝʘʣʴʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʤʝʥʷʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʶʜʝʡ ʩ ʘʨʭʠʪʝʢʪʫʨʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʅʘʧʨʠʤʝʨ, ʚʠʨʪʫʘʣʴʥʳʝ ʪʫʨʳ ʧʦ ʟʜʘʥʠʷʤ ʠʣʠ ʛʦʨʦʜʘʤ 

ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ, ʘ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ 

ʜʦʙʘʚʠʪʴ ʮʠʬʨʦʚʦʡ ʢʦʥʪʝʥʪ ʚ ʨʝʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʫʛʣʫʙʣʷʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʠ ʧʝʨʝʞʠʚʘʥʠʷ. ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʪʘʢʞʝ ʧʦʚʳʰʘʶʪ ʜʦʩʪʫʧʥʦʩʪʴ 

ʘʨʭʠʪʝʢʪʫʨʳ. ʉ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʡ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʣʶʜʠ, ʢʦʪʦʨʳʝ 

ʬʠʟʠʯʝʩʢʠ ʥʝ ʤʦʛʫʪ ʧʦʩʝʪʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʩʪʘ, ʤʦʛʫʪ ʚʠʨʪʫʘʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʵʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ [51, ʩ. 2-4]. ʂʨʦʤʝ ʪʦʛʦ, ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʣʝʛʯʘʶʪ ʫʯʘʩʪʠʝ ʩʦʦʙʱʝʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʣʶʜʠ 

ʤʦʛʫʪ ʣʝʛʢʦ ʧʦʜʝʣʠʪʴʩʷ ʩʚʦʠʤʠ ʠʜʝʷʤʠ ʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʯʝʨʝʟ ʦʥʣʘʡʥ-

ʧʣʘʪʬʦʨʤʳ. ʊʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʬʦʨʤʳ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ 

[110]. ʅʘʧʨʠʤʝʨ, 3D-ʩʢʘʥʠʨʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʜʘʥʠʡ ʠ ʤʝʩʪ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʜ ʫʛʨʦʟʦʡ ʨʘʟʨʫʰʝʥʠʷ. ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʣʫʯʰʝ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʧʦʥʠʤʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʟʜʘʥʠʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʚʢʣʶʯʘʷ 

ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʠʥʠʮʠʘʪʦʨʦʤ ʛʣʦʙʘʣʠʟʘʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʠ ʥʝ 

ʪʦʣʴʢʦ, ʧʦʩʢʦʣʴʢʫ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʥʘ ʫʨʦʚʥʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʤʠʨ ʦʙʤʝʥʠʚʘʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʝʡ, ʦʪʩʶʜʘ ʘʩʩʠʤʠʣʠʨʫʶʪʩʷ ʮʝʥʥʦʩʪʠ ʠ ʢʫʣʴʪʫʨʳ. ɺ ʵʪʦʤ 

ʮʠʬʨʦʚʠʟʘʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʘ ʢʫʣʴʪʫʨʫ ʪʨʫʜʘ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʛʜʝ ʦʪʨʘʞʝʥʠʝʤ ʚʳʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ 

ʚʣʠʷʥʠʷ. ʊʝʭʥʦʣʦʛʠʠ VR ʠ AR ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʝʢʪʳ ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʚʠʨʪʫʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʉ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ VR ʠ AR ʧʨʦʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʟʘʚʝʨʰʝʥʠʶ 

ʩ ʦʙʲʝʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠ ʥʝʜʦʩʪʫʧʥʳ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʠʨʪʫʘʣʴʥʳʭ ʪʫʨʦʚ 

ʧʦ ʵʪʠʤ ʟʜʘʥʠʷʤ, ʛʦʨʦʜʘʤ ʠʣʠ ʠʩʪʦʨʠʯʝʩʢʠʤ ʤʝʩʪʘʤ ʩʪʘʥʦʚʠʪʩʷ ʠʥʪʝʨʝʩʥʳʤ 

ʨʘʟʚʣʝʯʝʥʠʝʤ. AR ʧʦʟʚʦʣʷʝʪ ʨʘʟʤʝʱʘʪʴ ʧʨʦʝʢʪʠʨʫʝʤʳʝ ʦʙʲʝʢʪʳ ʚ ʯʝʪʢʦ 

ʩʧʣʘʥʠʨʦʚʘʥʥʦʤ ʤʝʩʪʝ, ʨʘʩʰʠʨʷʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ [49, ʩ. 33].  
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ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʙʫʜʫʱʝʤ - ʫʤʥʳʝ ʛʦʨʦʜʘ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʥʘ ʮʠʬʨʦʚʦʤ 

ʫʨʦʚʥʝ. ɹʫʢʚʘʣʴʥʦ ʢʘʢ çʫʤʥʘʷ ʪʝʭʥʦʣʦʛʠʷè ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠʛʨʘʝʪ ʨʦʣʴ ʥʘ ʛʦʨʦʜʩʢʦʤ ʫʨʦʚʥʝ. ɹʫʜʫʯʠ ʫʤʥʳʤ ʛʦʨʦʜʦʤ 

ʯʝʣʦʚʝʯʝʩʪʚʘ, ʧʝʨʝʩʪʫʧʘʝʪ ʥʘ ʜʨʫʛʦʡ ʫʨʦʚʝʥʴ ʦʙʨʘʟʘ ʞʠʟʥʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʨʠʪʝʨʠʷʤ ʫʩʪʦʡʯʠʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʛʜʝ ʪʝʭʥʦʣʦʛʠʠ ʜʝʡʩʪʚʫʶʪ 

ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʨʝʩʫʨʩʦʚ.   

ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʠʩʢʫʩʩʪʚʦ ʠ ʠʥʩʪʘʣʣʷʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʟʚʫʢʦʚʳʝ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ 

ʜʨʫʛʠʝ ʮʠʬʨʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ ʚ ʠʩʢʫʩʩʪʚʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. ʕʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʝ ʪʠʧʳ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʌʘʢʪʠʯʝʩʢʠ, ʵʪʦʪ ʵʪʘʧ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʯʝʚʠʜʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʮʠʬʨʦʚʢʦʡ, ʢʦʛʜʘ ʨʘʟʣʠʯʥʳʝ 

ʛʘʜʞʝʪʳ ʠ ʧʨʠʣʦʞʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʬʦʨʤʘʤʠ ʠ ʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ ʥʝ ʪʦʣʴʢʦ ʥʘ ʪʝʭʥʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʥʦ ʠ ʥʘ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʤ 

ʫʨʦʚʥʝ [72, ʩ. 73].  

ɺ ʵʪʦʤ, ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʨʘʩʰʠʨʠʪʝʣʴ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʚʳʟʦʚʦʚ, ʦʪ ʢʦʪʦʨʳʭ ʦʥʘ ʪʝʭʥʠʯʝʩʢʠ ʟʘʚʠʩʠʪ. ɺ ʵʪʦʤ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʠʤ ʠʟ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɸʜʘʧʪʘʮʠʷ ʢ ʪʝʭʥʦʣʦʛʠʠ BIM ʠ 3D-ʧʝʯʘʪʠ ʨʝʚʦʣʶʮʠʦʥʠʟʠʨʫʝʪ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʜʝʣʘʷ ʝʛʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʫʩʪʦʡʯʠʚʳʤ ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʪʘʢʞʝ ʤʦʛʫʪ ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʰʠʨʦʢʦʡ ʧʫʙʣʠʢʠ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʧʣʘʪʬʦʨʤʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʛʨʝʩʩ, ʦʥʠ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʩʪʘʣʢʠʚʘʥʠʝ ʩ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴʶ 

ʜʘʥʥʳʭ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʚ ʢʦʥʪʝʢʩʪʝ ʫʤʥʳʭ ʟʜʘʥʠʡ ʠ ʛʦʨʦʜʦʚ [72, ʩ. 75]. ʆʪʩʶʜʘ 

ʤʦʞʝʪ ʚʳʪʝʢʘʪʴ ʥʝʨʘʚʝʥʩʪʚʦ ʚ ʜʦʩʪʫʧʝ ʢ ʪʝʭʥʦʣʦʛʠʷʤ. ʍʦʪʷ ʮʠʬʨʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʦʙʣʝʛʯʠʪʴ ʫʯʘʩʪʠʝ, ʥʦ ʦʥʠ ʪʘʢʞʝ ʤʦʛʫʪ ʫʩʠʣʠʪʴ ʥʝʨʘʚʝʥʩʪʚʦ, 

ʝʩʣʠ ʜʦʩʪʫʧ ʢ ʥʠʤ ʦʛʨʘʥʠʯʝʥ ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʫ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ, ʚ ʩʚʷʟʠ ʩ ʩʣʦʞʥʦʩʪʷʤʠ ʠ ʩʪʦʠʤʦʩʪʴʶ ʥʝ ʚʩʝ ʘʨʭʠʪʝʢʪʦʨʳ ʠʣʠ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʩʣʝʜʥʠʝ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʙʘʨʴʝʨʦʤ ʜʣʷ ʠʭ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɺʝʜʴ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʠ ʧʦʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ 

ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʢ ʥʠʤ ʩʦ ʩʪʦʨʦʥʳ ʘʨʭʠʪʝʢʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʚʳʟʦʚ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ 

ʠ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ. 

ʎʝʥʪʨʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʘʨʭʠʪʝʢʪʫʨʝ ʙʳʣʠ 

ʥʘ ʨʝʤʝʩʣʝʥʥʦʤ ʫʨʦʚʥʝ ʜʦ ʥʘʯʘʣʘ 2000-ʭ. ɺ ʧʦʷʚʠʚʰʠʭʩʷ BIM-ʧʨʦʛʨʘʤʤʘʭ, 

ʘʢʮʝʥʪ ʚ ʮʝʥʥʦʩʪʠ ʧʨʦʝʢʪʘ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʥʘ çʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴè ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʵʩʪʝʪʠʢʝ ʬʦʨʤʳ. ɺ ʵʪʦʤ ʧʝʨʝʠʟʙʳʪʦʢ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ çʚʳʪʝʩʥʷʶʪè ʩʘʤʠ ʩʝʙʷ, ʟʘʤʝʥʷʷ ʩʝʙʷ ʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʮʝʥʥʦʩʪʷʤʠ. ʂʦʥʝʯʥʦ, ʛʣʘʚʝʥʩʪʚʫʶʱʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠʛʨʘʝʪ 

ʛʣʦʙʘʣʠʟʘʮʠʷ, ʥʘ ʯʴʶ çʤʝʣʴʥʠʮʫè, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠ ʣʴʝʪʩʷ ʚʦʜʘ.  

ɺ ʧʝʨʠʦʜ ʩ ʢʦʥʮʘ 1950-ʭ ʜʦ ʥʘʯʘʣʘ 1960-ʭ ʛʦʜʦʚ, ʧʨʦʮʝʩʩ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʥʘʨʫʞʠʚʘʣ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʈʘʟʨʘʙʦʪʢʘ 

ʯʝʨʪʝʞʝʡ ʧʨʦʠʩʭʦʜʠʣʘ ʚʨʫʯʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʘʥʜʘʰʘ ʥʘ ʣʠʩʪʝ ʚʘʪʤʘʥʘ. 
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ɺʩʝ ʵʣʝʤʝʥʪʳ, ʚʢʣʶʯʘʷ ʘʥʥʦʪʘʮʠʠ, ʦʙʲʷʩʥʠʪʝʣʴʥʳʝ ʟʘʧʠʩʢʠ, ʨʘʤʢʫ ʠ ʧʝʯʘʪʴ, 

ʧʨʦʩʪʘʚʣʷʣʠʩʴ ʘʨʭʠʪʝʢʪʦʨʦʤ. ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ, 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʯʝʨʪʝʞʥʫʶ ʜʦʩʢʫ, ʥʘʧʨʘʚʣʷʶʱʠʝ ʩ ʨʦʣʠʢʘʤʠ, ʥʘʪʷʥʫʪʳʝ ʥʘ 

ʜʚʫʭ ʥʠʪʷʭ, ʫʛʦʣʴʥʠʢʠ ʧʦʜ ʫʛʣʘʤʠ 45 ʠ 60 ʛʨʘʜʫʩʦʚ, ʘ ʪʘʢʞʝ ʨʷʜ ʦʩʪʨʦ 

ʟʘʪʦʯʝʥʥʳʭ ʢʘʨʘʥʜʘʰʝʡ ʨʘʟʣʠʯʥʦʡ ʪʚʝʨʜʦʩʪʠ (ʄ, ʊʄ, ʊ), ʠ ʣʘʩʪʠʢ. ɼʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʯʠʩʪʦʪʳ ʣʠʩʪʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʷʛʢʘʷ ʱʝʪʢʘ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʯʝʛʦ ʵʪʘʧʘ, ʯʝʨʪʝʞ ʧʦʜʚʝʨʛʘʣʩʷ ʢʦʥʪʨʦʣʶ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣ 

ʦʪʧʨʘʚʣʝʥ ʚ ʢʦʧʠʨʦʚʘʣʴʥʦʝ ʙʶʨʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʝʧʣʠʢ. ʂʦʧʠʨʦʚʘʣʴʥʳʝ ʙʶʨʦ 

ʙʳʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʧʨʦʝʢʪʥʳʭ ʠʥʩʪʠʪʫʪʦʚ, ʛʜʝ 

ʨʘʙʦʪʘʣʠ ʢʦʧʠʨʦʚʱʠʮʳ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʯʝʨʪʝʞʘ, ʦʥʠ 

ʥʘʢʣʘʜʳʚʘʣʠ ʥʘ ʥʝʛʦ ʢʘʣʴʢʫ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʫʰʠ ʠ ʨʝʡʩʬʝʜʝʨʘ ʩʦʟʜʘʚʘʣʠ 

ʪʦʯʥʫʶ ʢʦʧʠʶ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʪʨʝʙʦʚʘʣ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ 

ʣʶʙʳʝ ʦʰʠʙʢʠ ʠʣʠ ʧʦʧʨʘʚʢʠ ʙʳʣʠ ʟʘʤʝʪʥʳ ʥʘ ʢʘʣʴʢʝ. ʇʦʣʫʯʝʥʥʘʷ ʢʦʧʠʷ 

ʩʯʠʪʘʣʘʩʴ ʦʬʠʮʠʘʣʴʥʳʤ ʜʦʢʫʤʝʥʪʦʤ, ʧʦʜʧʠʩʳʚʘʣʘʩʴ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ 

ʧʨʦʝʢʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʘʨʭʠʚʠʨʦʚʘʣʘʩʴ. ʂʘʢ ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ, ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʞʝʥʱʠʥ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʚʘʣʠ ʢʦʧʠʠ ʚʩʝʭ 

ʯʝʨʪʝʞʝʡ ʥʘ ʢʘʣʴʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʫʰʠ ʠ ʨʝʡʩʬʝʜʝʨʘ.  

ɺ ʦʪʜʝʣʝ ʩʚʝʪʦʢʦʧʠʨʦʚʘʥʠʷ ʢʘʣʴʢʦʚʳʝ ʢʦʧʠʠ ʯʝʨʪʝʞʝʡ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʚʝʪʦʢʦʧʠʨʦʚʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣ ʨʫʣʦʥ, ʘʥʘʣʦʛʠʯʥʳʡ ʨʫʣʦʥʫ ʦʙʦʝʚ, ʢʦʪʦʨʳʡ 

ʟʘʪʝʤ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʙʘʨʘʙʘʥʝ ʫ ʢʨʘʷ ʙʦʣʴʰʦʛʦ ʩʪʦʣʘ ʠ ʚʨʫʯʥʫʶ ʨʘʟʨʝʟʘʣʩʷ 

ʥʘ ʦʪʜʝʣʴʥʳʝ ʯʝʨʪʝʞʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʥʦʞʥʠʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʙʳʣ ʩʦʟʜʘʥ ʜʦʢʫʤʝʥʪ, ʦʙʳʯʥʦ ʠʤʝʶʱʠʡ ʩʠʥʝʚʘʪʳʡ ʠʣʠ ʠʥʦʛʜʘ ʬʠʦʣʝʪʦʚʳʡ 

ʦʪʪʝʥʦʢ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ çʩʠʥʴʢʘè. ʉʠʥʴʢʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ 

ʨʝʜʢʦʩʪʴʶ ʠ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʭʨʘʥʷʪʩʷ ʚ ʘʨʭʠʚʘʭ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʘʨʭʠʚʘʭ ʟʘʢʘʟʯʠʢʦʚ ʪʦʛʦ ʚʨʝʤʝʥʠ. ʏʝʨʪʝʞʠ 1940-1950-ʭ ʛʦʜʦʚ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʚʝʣʠʢʦʣʝʧʥʳʝ ʦʙʨʘʟʮʳ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʨʝʰʝʥʠʷ, ʪʘʢ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʧʦʣʥʝʥʠʷ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʙʳʣʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʢʫʩʩʪʚʘ. 

ɺ ʢʦʥʮʝ 1960-ʭ - ʥʘʯʘʣʝ 1970-ʭ ʛʦʜʦʚ ʥʘʯʘʣʩʷ ʧʝʨʝʭʦʜ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

çʢʘʨʘʥʜʘʰʥʦʡ ʢʘʣʴʢʠè - ʙʦʣʝʝ ʪʦʣʩʪʦʛʦ ʠ ʧʣʦʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʣ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʟʜʘʚʘʪʴ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ - ʢʘʣʴʢʫ, ʢʦʪʦʨʘʷ 

ʟʘʪʝʤ ʭʨʘʥʠʣʘʩʴ ʚ ʘʨʭʠʚʝ. ʕʪʦ ʥʦʚʦʚʚʝʜʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʯʝʥʴ 

ʪʚʝʨʜʳʭ ʢʘʨʘʥʜʘʰʝʡ, ʪʘʢʠʭ ʢʘʢ ʊ ʠʣʠ 2ʊ. ʉ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʩʪʘʣʘ ʚʨʝʤʝʥʝʤ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʙʳʣʠ ʚʚʝʜʝʥʳ ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʤʥʦʞʝʥʠʷ ʯʝʨʪʝʞʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʙʳʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʣʠ ʥʘ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ 

ʘʨʭʠʪʝʢʪʦʨʘ. ɺ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʥʘʯʘʣʠʩʴ ʤʘʩʩʦʚʳʝ ʚʥʝʜʨʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʧʨʦʠʟʚʦʜʠʪʴ ʯʝʨʥʦ-ʙʝʣʳʝ ʢʦʧʠʠ ʧʨʷʤʦ ʩ 

ʚʘʪʤʘʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʧʠʠ ʥʘ ʙʝʣʦʡ ʙʫʤʘʛʝ ʠʣʠ ʢʘʣʴʢʝ ʩʪʘʣʠ 

ʠʟʚʝʩʪʥʳ ʢʘʢ çʈʕʄ-ʢʦʧʠʠè. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ 

ʘʨʭʠʪʝʢʪʦʨʘ ʩʪʘʣ ʯʝʨʥʦ-ʙʝʣʳʡ ʯʝʨʪʝʞ. 

ʕʪʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʢʘʯʦʢ ʧʨʝʜʦʩʪʘʚʠʣ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʯʝʨʪʝʞʝʡ. ʅʝʢʦʪʦʨʳʝ ʘʨʭʠʪʝʢʪʦʨʳ ʜʘʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʘʙʣʦʥʳ ʜʣʷ ʪʠʩʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʥʘʜʧʠʩʝʡ ʠ ʟʘʛʦʣʦʚʢʦʚ, ʚʧʝʨʚʳʝ 
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ʧʦʟʚʦʣʷʷ ʯʝʨʪʝʞʘʤ ʦʪʨʘʞʘʪʴ çʘʚʪʦʨʩʢʠʡ ʧʦʯʝʨʢè ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ 

ʩʦʟʜʘʪʝʣʷ. ʉ ʮʝʣʴʶ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʫʧʨʦʱʝʥʠʷ ʜʣʠʥʥʳʭ ʨʫʢʦʧʠʩʥʳʭ 

ʦʙʲʷʩʥʝʥʠʡ, ʪʝʢʩʪʳ ʥʘʯʘʣʠ ʧʝʯʘʪʘʪʴ ʥʘ ʧʠʰʫʱʝʡ ʤʘʰʠʥʢʝ ʠ ʧʨʠʢʨʝʧʣʷʪʴ ʢ 

ʯʝʨʪʝʞʫ. ʇʦʟʞʝ ʪʘʢʦʡ ʧʦʜʭʦʜ ʩʪʘʣ ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʜʣʷ ʰʪʘʤʧʦʚ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʧʝʯʘʪʘʣʠʩʴ ʦʪʜʝʣʴʥʦ ʠ ʧʨʠʢʣʝʠʚʘʣʠʩʴ ʢ ʯʝʨʪʝʞʫ. 

ɺ ʮʝʣʦʤ, ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʦʩʪʘʚʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ, ʦ ʢʦʪʦʨʳʭ ʨʘʥʴʰʝ 

ʪʦʣʴʢʦ ʤʝʯʪʘʣʠ ʘʨʭʠʪʝʢʪʦʨʳ. ɿʘʚʝʨʰʝʥʥʳʡ ʯʝʨʪʝʞ ʥʘ ʚʘʪʤʘʥʘʭ ʩʪʘʣ ʦʩʥʦʚʦʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʈʕʄ-ʢʘʣʴʢʠ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʧʦʜʧʠʩʳʚʘʣʘʩʴ ʠ ʦʪʧʨʘʚʣʷʣʘʩʴ ʚ ʘʨʭʠʚ. 

ʆʜʥʘʢʦ, ʵʪʦʪ ʵʪʘʧ ʩʪʘʣ ʧʦʩʪʝʧʝʥʥʦ ʩʭʦʜʠʪʴ ʥʘ ʥʝʪ ʩ ʧʦʷʚʣʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʦʚ ʚ 

ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ. 

ʊʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʤʝʥʪʘ ʦʢʦʥʯʘʥʠʷ çɻ ʪʘʧʘ ʯʝʨʪʝʞʝʡè ʠ ʥʘʯʘʣʘ 

çʢʦʤʧʴʶʪʝʨʥʦʡ ʵʨʳè ʟʘʪʨʫʜʥʝʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʣ ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʠ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʨʫʢʦʧʠʩʥʳʝ ʯʝʨʪʝʞʠ ʠ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ ʩʦʩʫʱʝʩʪʚʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ. 

ʇʝʨʝʭʦʜ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʤʧʴʶʪʝʨʦʚ ʥʝ ʧʨʦʠʟʦʰʝʣ ʙʳʩʪʨʦ ʠ 

ʙʝʩʧʨʦʙʣʝʤʥʦ, ʢʘʢ ʤʥʦʛʠʝ ʤʦʛʫʪ ʧʨʝʜʧʦʣʦʞʠʪʴ. ɺʥʝʜʨʝʥʠʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʙʳʣʦ ʜʦʣʛʠʤ ʠ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ. ʀʟʥʘʯʘʣʴʥʦ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʙʳʚʘʚʰʠʝ ʚ ʧʨʦʝʢʪʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʫʪʚʝʨʞʜʘʣʠ, ʯʪʦ ʢʦʤʧʴʶʪʝʨʳ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʚʘʪʴ ʚʩʝ ʧʨʦʝʢʪʳ, 

ʧʨʝʚʦʩʭʦʜʷ ʚ ʵʪʦʤ ʯʝʣʦʚʝʢʘ. ʆʜʥʘʢʦ ʚʩʢʦʨʝ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʯʝʨʪʝʞʠ ʚʩʝ ʨʘʚʥʦ 

ʪʨʝʙʫʶʪ ʚʥʠʤʘʪʝʣʴʥʦʛʦ ʨʫʯʥʦʛʦ ʩʦʟʜʘʥʠʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʥʦ ʫʞʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʚʚʦʜʘ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

çʤʳʰʢʠè. ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʨʝʙʦʚʘʣ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʨʫʜʦʟʘʪʨʘʪ ʠ ʟʘʥʠʤʘʣ ʙʦʣʴʰʝ 

ʚʨʝʤʝʥʠ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʦʝ ʨʠʩʦʚʘʥʠʝ [90]. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʩʦʪʨʫʜʥʠʢʘʤ ʪʨʝʙʦʚʘʣʦʩʴ 

ʦʙʫʯʝʥʠʝ. ʀʪʘʢ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 1990 ʛʦʜ ʦʪʤʝʯʘʝʪ ʥʘʯʘʣʦ ʧʝʨʝʭʦʜʘ ʢ 

ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʭʦʪʷ ʵʪʘ ʜʘʪʘ ʦʩʪʘʝʪʩʷ ʫʩʣʦʚʥʦʡ. ɺʝʜʴ 

ʩʫʱʝʩʪʚʦʚʘʣʠ ʧʨʦʝʢʪʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʛʜʝ ʫʞʝ ʚ 1990 ʛʦʜʫ ʚʩʝ ʩʦʪʨʫʜʥʠʢʠ 

ʨʘʙʦʪʘʣʠ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʜʘʞʝ ʚ 2000 ʛʦʜʫ 

ʥʘ ʜʝʩʷʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʠʭʦʜʠʣʩʷ ʣʠʰʴ ʦʜʠʥ ʢʦʤʧʴʶʪʝʨ. ɽʩʣʠ ʤʳ ʛʦʚʦʨʠʤ ʦ 

ʢʦʥʢʨʝʪʥʦʡ ʜʘʪʝ ʥʘʯʘʣʘ ʵʪʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʵʪʘʧʘ, ʪʦ ʧʝʨʠʦʜ ʘʜʘʧʪʘʮʠʠ ʟʘʥʷʣ 

ʧʨʠʤʝʨʥʦ ʜʝʩʷʪʴ ʣʝʪ, ʩ 1990 ʧʦ 2000 ʛʦʜ. ʉ ʥʘʯʘʣʘ 2000-ʭ ʛʦʜʦʚ, ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʘʣʦ ʜʦʤʠʥʠʨʫʶʱʠʤ ʚ ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʛʜʝ 95% 

ʩʦʪʨʫʜʥʠʢʦʚ ʚʢʣʶʯʘʣʠʩʴ ʚ ʨʘʙʦʪʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʜʥʘʢʦ, ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʣʠ ʘʨʭʠʪʝʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʚʩʶ 

ʞʠʟʥʴ ʨʘʙʦʪʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʚʥʝʟʘʧʥʦ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʝʨʝʭʦʜʘ ʢ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʜʠʟʘʡʥʫ. 

ɼʘʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʪʨʝʙʦʚʘʣʘ ʥʝ ʪʦʣʴʢʦ ʦʩʚʦʝʥʠʷ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ, ʥʦ ʠ ʧʝʨʝʩʪʨʦʡʢʠ ʤʳʰʣʝʥʠʷ ʧʦʜ ʩʪʘʥʜʘʨʪʳ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʤʥʦʛʠʝ 

ʧʨʦʝʢʪʥʳʝ ʢʦʤʧʘʥʠʠ ʧʨʦʜʦʣʞʘʶʪ ʨʘʙʦʪʘʪʴ ʧʦ ʩʪʘʨʦʡ ʩʭʝʤʝ: ʦʧʳʪʥʳʝ 

ʘʨʭʠʪʝʢʪʦʨʳ ʩʦʟʜʘʶʪ ʵʩʢʠʟʳ ʠ ʧʨʦʨʘʙʘʪʳʚʘʶʪ ʦʩʥʦʚʫ ʙʫʜʫʱʝʛʦ ʟʜʘʥʠʷ ʥʘ 

ʚʘʪʤʘʥʝ, ʧʦʩʣʝ ʯʝʛʦ ʤʦʣʦʜʳʝ ʧʦʤʦʱʥʠʢʠ, ʦʩʥʘʱʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʘʤʠ, 

ʧʨʝʦʙʨʘʟʫʶʪ ʵʪʠ ʢʦʥʮʝʧʮʠʠ ʚ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʯʝʨʪʝʞʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ. ɺʘʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʠʩʪʦʨʠʠ ʠ ʧʨʝʜʧʦʩʳʣʦʢ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʧʨʦʛʨʘʤʤ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʦʮʝʥʝʥʘ. 

ʕʪʦ ʧʦʤʦʛʘʝʪ ʥʘʤ ʣʫʯʰʝ ʧʦʥʷʪʴ ʪʝʢʫʱʫʶ ʩʠʪʫʘʮʠʶ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʩʢʘʟʘʪʴ ʚʦʟʤʦʞʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʝʸ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʧʨʦʛʨʘʤʤ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʝʛʦʜʥʷ 

ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʣʝʛʯʘʶʪ 

ʚʠʟʫʘʣʠʟʘʮʠʶ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʩʣʦʞʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʦʰʣʠ ʚ ʧʨʦʝʢʪʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ, ʙʦʣʴʰʠʝ ʢʦʤʧʘʥʠʠ ʨʘʩʩʳʧʘʣʠʩʴ, ʫʩʪʫʧʠʚ ʤʝʩʪʦ ʤʥʦʞʝʩʪʚʫ 

ʤʝʣʢʠʭ ʧʨʦʝʢʪʥʳʭ ʬʠʨʤ. ʄʦʣʦʜʳʝ ʘʨʭʠʪʝʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʩ ʜʝʪʩʪʚʘ 

ʚʦʩʧʠʪʳʚʘʣʠʩʴ ʚ ʵʧʦʭʫ ʢʦʤʧʴʶʪʝʨʦʚ, ʚʳʨʦʩʣʠ ʠ ʟʘʥʷʣʠ ʩʚʦʝ ʤʝʩʪʦ ʚ ʦʪʨʘʩʣʠ. ʅʦ, 

ʥʝ ʠʩʢʣʶʯʝʥʠʝ ʝʩʣʠ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʘʜʮʘʪʴ ʧʨʦʝʢʪʦʚ, ʚʩʝ ʠʟ ʢʦʪʦʨʳʭ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʦʜʥʦʛʦ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʦʚ. ʆʜʠʥ 

ʧʨʦʝʢʪ, ʚʳʧʦʣʥʝʥʥʳʡ ʚʨʫʯʥʫʶ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʛʨʘʬʠʢʠ, ʚʳʜʝʣʷʣʩʷ ʥʘ ʬʦʥʝ ʩʝʨʦʡ ʤʘʩʩʳ ʙʝʟʜʫʰʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʯʝʨʪʝʞʝʡ ʩʚʦʝʡ ʛʨʘʬʠʯʝʩʢʦʡ ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʴʶ [90]. 

ʉʦʚʨʝʤʝʥʥʦʝ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʩʝ ʙʦʣʴʰʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʦʜ çʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʦʡè ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʧʦʥʠʤʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʟʜʘʥʠʡ. ʕʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʪʨʝʭ ʢʣʶʯʝʚʳʭ ʧʨʝʜʧʦʩʳʣʢʘʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ. ɺʦ-ʧʝʨʚʳʭ, ʮʠʬʨʦʚʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʯʪʦ ʚʝʜʝʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʨʫʯʥʦʛʦ 

ʪʨʫʜʘ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʦʢ. ɺʦ-ʚʪʦʨʳʭ, ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ, 

ʫʧʨʦʱʘʷ ʚʦʩʧʨʠʷʪʠʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠʜʝʡ. ɺ-ʪʨʝʪʴʠʭ, 

ʮʠʬʨʦʚʳʝ ʧʨʦʛʨʘʤʤʳ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ 

ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʧʨʦʛʨʘʤʤ ʪʨʝʙʫʝʪ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ 

ʧʨʝʜʧʦʩʳʣʢʦʡ ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʨʭʠʪʝʢʪʫʨʘ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʘ ʦʪ ʧʨʦʩʪʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʩʠʤʤʝʪʨʠʠ ʠ ʧʨʦʧʦʨʮʠʡ ʢ ʩʣʦʞʥʳʤ, ʜʠʥʘʤʠʯʥʳʤ 

ʬʦʨʤʘʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʆʪ çʟʦʣʦʪʦʛʦ ʩʝʯʝʥʠʷè 

ʇʠʬʘʛʦʨʘ ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ, ʢʘʞʜʳʡ ʵʪʘʧ 

ʨʘʟʚʠʪʠʷ ʦʪʨʘʞʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʜʝʠ ʠ ʠʥʞʝʥʝʨʥʳʭ ʠʥʥʦʚʘʮʠʡ 

ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʪʚʦʨʯʝʩʪʚʦ. ʇʦʜʳʪʦʞʠʚʘ ̫ʜʘʥʥʳʡ ʨʘʟʜʝʣ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ, 

ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠʤʝʝʪ ʧʨʷʤʳʝ ʦʪʩʳʣʢʠ ʢ ʠʩʪʦʨʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚʥʝʜʨʷʷ ʧʨʠʥʮʠʧʳ, ʫʩʚʦʝʥʥʳʝ ʠʟ ʜʨʝʚʥʠʭ 

ʮʠʚʠʣʠʟʘʮʠʡ ʠ ʵʧʦʭʠ ʉʨʝʜʥʝʚʝʢʦʚʴʷ. ɹʣʘʛʦʜʘʨʷ ʯʝʤʫ, ʚ ʚʝʢ ʮʠʬʨʦʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʤʳ ʚʩʝ ʝʱʸ ʠʟʚʣʝʢʘʝʤ ʫʨʦʢʠ ʠʟ ʧʨʦʰʣʳʭ ʵʧʦʭ ʠ ʮʠʚʠʣʠʟʘʮʠʡ. 

ɺʤʝʩʪʝ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʦʙʱʫʶ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʮʠʚʠʣʠʟʘʮʠʶ ʯʝʣʦʚʝʯʝʩʪʚʘ, 

ʢʦʪʦʨʘʷ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʪʴ. ɺ ʵʪʦʤ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ ʠʤʝʝʪ ʨʷʜ ʧʨʝʜʧʦʩʳʣʦʢ: 

VI ʚ. ʜʦ ʥ.ʵ. - ʨʘʙʦʪʳ ʇʠʬʘʛʦʨʘ ʩʦʩʨʝʜʦʪʦʯʠʚʘʶʪʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʠ ʩʠʤʤʝʪʨʠʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʤʘʥʠʶ ʪʘʢʠʭ ʬʝʥʦʤʝʥʦʚ, ʢʘʢ 
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çʟʦʣʦʪʦʝ ʩʝʯʝʥʠʝè, ʢʦʪʦʨʦʝ ʜʦʣʛʦʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʛʘʨʤʦʥʠʯʥʳʭ ʧʨʦʧʦʨʮʠʡ; 

VI ʚ. ʜʦ ʥ.ʵ. ï ʠʜʝʦʣʦʛʠʷ ʇʠʬʘʛʦʨʘ ʨʘʟʚʠʚʘʝʪ ʢʦʥʮʝʧʮʠʠ ʧʨʘʚʠʣʴʥʳʭ 

ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ; 

III ʚ. ʜʦ ʥ.ʵ. - ɽʚʢʣʠʜʦʚʘ ʛʝʦʤʝʪʨʠʷ ʩʦʭʨʘʥʷʝʪ ʠ ʨʘʟʚʠʚʘʝʪ ʵʪʠ ʢʦʥʮʝʧʮʠʠ, 

ʧʨʠʤʝʥʷʷ ʠʭ ʥʝ ʪʦʣʴʢʦ ʚ ʢʫʣʴʪʦʚʦʡ, ʥʦ ʠ ʚ ʩʚʝʪʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʝ [155, ʩ. 66], 

ʥʘʧʨʠʤʝʨ, ʚ ʨʘʟʚʠʪʠʠ ʚʦʛʥʫʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚ; 

XVII ʚ. ʥ.ʵ. - ʠʥʪʝʨʝʩ ʢ ʧʠʬʘʛʦʨʝʡʩʢʠʤ ʠʜʝʷʤ ʫʛʘʩʘʝʪ, ʥʦ ʛʝʦʤʝʪʨʠʷ 

ɽʚʢʣʠʜʘ ʦʩʪʘʝʪʩʷ ʚʣʠʷʪʝʣʴʥʦʡ. ʕʪʦ ʚʝʜʝʪ ʢ ʩʣʦʞʥʳʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʬʦʨʤʘʤ ʠ 

ʠʥʥʦʚʘʮʠʷʤ ʚ ʩʦʯʝʪʘʥʠʠ ʠʥʞʝʥʝʨʠʠ ʠ ʘʨʭʠʪʝʢʪʫʨʳ; 

ʂʦʥʝʮ XX ʚ. ʥ.ʵ. - ʧʦʷʚʣʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʦʟʚʦʣʷʝʪ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʠ ʠʥʞʝʥʝʨʘʤ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʬʫʪʫʨʠʩʪʠʯʝʩʢʠʝ ʬʦʨʤʳ, 

ʩʦʯʝʪʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʢʦʥʩʪʨʫʢʪʠʚ ʠ ʵʩʪʝʪʠʢʫ. ʕʪʦ ʵʨʘ ʥʘʯʘʣʘ ʮʠʬʨʦʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ; 

XXI ʚ. ʥ.ʵ. - ʥʝʣʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʨʘʟʚʠʚʘʝʪ ʵʪʠ ʠʜʝʠ ʝʱʝ 

ʜʘʣʴʰʝ, ʧʨʠʤʝʥʷʷ ʢʦʥʮʝʧʮʠʠ, ʪʘʢʠʝ ʢʘʢ çʪʝʦʨʠʷ ʩʢʣʘʜʦʢè, çʪʝʦʨʠʷ ʧʦʪʦʢʦʚè ʠ 

çʘʤʦʨʬʥʦʩʪʴ ʬʦʨʤè, ʯʪʦʙʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʜʘʥʠʷ ʢʘʢ çʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳè, 

ʧʦʜʚʝʨʞʝʥʥʳʝ ʧʦʩʪʦʷʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ [209-214] (ʨʠʩʫʥʦʢ ɸ.2, ʇʨʠʣʦʞʝʥʠʝ ɸ). 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ, ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʠ ʘʩʧʝʢʪʘʤʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚ ʚʠʜʝ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ AutoCAD, Rhino ʠ Revit, ʧʦʟʚʦʣʷʝʪ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʨʘʩʯʝʪʳ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʠʥʪʝʨʥʝʪ ʠ ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ ʠ 

ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʪʦʞʝ ʠʛʨʘʶʪ 

ʩʚʦʶ ʨʦʣʴ: ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʪʴ ʠ ʫʜʝʰʝʚʠʪʴ 

ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ. ʉʦʮʠʘʣʴʥʳʝ ʠ ʢʫʣʴʪʫʨʥʳʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ 

ʠʟʤʝʥʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʚʢʫʩʦʚ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʘʩʧʝʢʪ, ʪʦʞʝ ʚʣʠʷʶʪ 

ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʞʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʨʘʚʦʚʳʝ ʬʘʢʪʦʨʳ 

ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʚʩʝ ʙʦʣʝʝ ʟʥʘʯʠʤʫʶ ʨʦʣʴ, ʧʦʩʢʦʣʴʢʫ ʩʪʨʘʥʳ ʚʚʦʜʷʪ ʟʘʢʦʥʳ, 

ʦʙʷʟʳʚʘʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʠ ʵʢʦʣʦʛʠʯʥʳʭ ʟʜʘʥʠʡ [215-226] (ʨʠʩʫʥʦʢ ɸ.3, ʇʨʠʣʦʞʝʥʠʝ 

ɸ).  

ɺʳʚʦʜʳ ʧʦ ʧʝʨʚʦʤʫ ʨʘʟʜʝʣʫ 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʵʚʦʣʶʮʠʷ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ  

ʩʦʟʜʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʨʘʟʘ ʚ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. ʅʘ ʚʨʝʤʝʥʥʦʡ 

ʰʢʘʣʝ ʦʪʯʝʪʣʠʚʦ ʚʠʜʝʥ ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʩʪʝʡʰʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʢ ʩʦʚʨʝʤʝʥʥʦʤʫ 

ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʪʚʦʨʯʝʩʪʚʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʵʪʘʧ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚʣʠʷʣ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ, ʚ ʵʪʦʤ ʦʪʨʘʞʘʣʠʩʴ, ʧʦʤʠʤʦ ʧʨʦʯʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʵʧʦʭʠ. 

2. ʆʧʨʝʜʝʣʝʥʦ ʧʦʥʷʪʠʝ çʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳè ʚ ʢʦʥʪʝʢʩʪʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ  

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʝʜʧʦʩʳʣʢʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʙʳʣʠ 

ʧʨʦʩʣʝʞʝʥ,r ʥʘʯʠʥʘʷ ʦʪ ʚʨʝʤʝʥ ʇʠʬʘʛʦʨʘ ʜʦ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. ʆʙʦʟʥʘʯʝʥʳ 
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ʢʣʶʯʝʚʳʝ ʤʦʤʝʥʪʳ ʥʘʯʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʨʦʞʜʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

(CAD). ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚʣʠʷʝʪ ʥʘ ʵʪʫ ʦʙʣʘʩʪʴ ʠ ʢʘʢ 

ʘʨʭʠʪʝʢʪʫʨʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʥʘ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ. 

3. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʝʜʧʦʩʳʣʢʠ ʠ ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʦʚʘʚʰʠʝ  

ʠʥʪʝʛʨʘʮʠʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ. ʆʪʤʝʯʝʥʳ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚ ʢʦʥʪʝʢʩʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ, 

ʦʩʦʙʝʥʥʦ ʚ ʘʩʧʝʢʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ. 
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2 ʄɽʍɸʅʀɿʄʓ ʀ ʌɸʂʊʆʈʓ ɸʈʍʀʊɽʂʊʋʈʅʆɻʆ 

ʌʆʈʄʆʆɹʈɸɿʆɺɸʅʀʗ ɺ ʎʀʌʈʆɺʓʍ ʊɽʍʅʆʃʆɻʀʗʍ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʠʤʝʥʝʥʠʷ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʦʜʨʘʟʜʝʣ 2.1 ʦʩʚʝʱʘʝʪ ʧʨʦʮʝʩʩ ʠʥʪʝʛʨʘʮʠʠ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʚʳʷʚʣʷʷ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ çʚʩʪʨʘʠʚʘʥʠʷè. ʇʦʜʨʘʟʜʝʣ 2.2 ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ ʚʥʝʰʥʠʭ 

ʚʣʠʷʥʠʷʭ ʠ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʮʠʬʨʦʚʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʚʢʣʶʯʘʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʠ ʢʫʣʴʪʫʨʥʳʝ ʘʩʧʝʢʪʳ. 

ʇʦʜʨʘʟʜʝʣ 2.3 ʜʝʣʘʝʪ ʫʧʦʨ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʤʝʪʦʜʳ ʠ 

ʧʨʦʮʝʩʩʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʚʢʣʶʯʘʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, BIM ʠ ʜʨʫʛʠʝ. ɺʳʚʦʜʳ ʧʦ 

ʨʘʟʜʝʣʫ ʩʫʤʤʠʨʫʶʪ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʪ ʚʝʢʪʦʨʳ 

ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ. 

 

2.1 çɺʩʪʨʘʠʚʘʥʠʝè ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʫ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʪʝʢʘʝʪ ʩ ʦʛʨʦʤʥʦʡ 

ʩʢʦʨʦʩʪʴʶ. ʀʟʤʝʥʝʥʠʷ ʥʝ ʦʙʭʦʜʷʪ ʩʪʦʨʦʥʦʡ ʠ ʧʨʦʮʝʩʩʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʉʪʨʝʤʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʩʬʝʨʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚʥʦʩʷʱʠʭ 

ʥʦʚʦʝ ʩʣʦʚʦ ʚ ʧʨʦʮʝʩʩʳ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ɻʣʦʙʘʣʴʥʘʷ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʷ 

ʧʨʠʚʥʦʩʠʪ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʥʦʚʫʶ ʤʝʪʦʜʦʣʦʛʠʶ, ʙʘʟʠʨʫʶʱʫʶʩʷ ʥʘ ʠʥʞʝʥʝʨʥʦʤ ʧʦʜʭʦʜʝ. ʇʦʷʚʣʷʝʪʩʷ ʚʩʝ 

ʙʦʣʴʰʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʩʢʦʨʠʪʴ ʠ 

ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʝʥʷʶʪʩʷ ʵʩʪʝʪʠʯʝʩʢʠʝ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʨʭʠʪʝʢʪʫʨʝ.  

ʇʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠʤʝʝʪ ʢʘʢ ʬʠʣʦʩʦʬʩʢʠʝ, 

ʪʘʢ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ʌʠʣʦʩʦʬʩʢʠʡ ʘʩʧʝʢʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʣʠʷʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʜʠʟʘʡʥ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʪʘʢʞʝ ʝʸ 

ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʝ ʟʥʘʯʝʥʠʝ. ʉ ʪʝʭʥʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ, ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʶ, ʪʘʢʦʤʫ ʢʘʢ ʢʦʥʪʨʦʣʣʝʨʳ ʠ ʇʆ. ʋʤʥʳʝ ʜʦʤʘ, 

ʦʩʥʘʱʝʥʥʳʝ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʪʝʨʥʝʪ-ʧʦʜʢʣʶʯʝʥʠʝʤ, 

ʩʣʫʞʘʪ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ʐʝʨʨʠ ʊʸʨʢʣʴ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʛʣʫʙʦʢʠʭ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʩʦʮʠʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ, ʚʳʟʚʘʥʥʳʭ ʥʘʰʝʡ ʠʥʪʝʥʩʠʚʥʦʡ ʚʟʘʠʤʦʩʚʷʟʴʶ ʩ 

ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ɽʸ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦ-

ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʦʩʚʝʱʘʶʪ, ʢʘʢ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʣʠʷʶʪ ʥʘ 

ʣʠʯʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʩʘʤʦʧʦʥʠʤʘʥʠʝ ʯʝʣʦʚʝʢʘ. ɺ ʢʦʥʪʝʢʩʪʝ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʝʸ ʧʦʜʭʦʜ ʤʦʞʝʪ ʦʩʚʝʪʠʪʴ, ʢʘʢ ʮʠʬʨʦʚʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʬʠʟʠʯʝʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʧʣʝʪʝʥʳ, ʯʪʦʙʳ 

ʦʪʨʘʞʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʬʦʨʤʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 

ʩʦʮʠʘʣʴʥʦʛʦ ʦʧʳʪʘ [14, ʩ. 83].   

ʌʨʵʥʢ ɻʝʨʠ ʠʩʧʦʣʴʟʦʚʘʣ ʧʨʦʛʨʘʤʤʫ CATIA ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʟʜʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʄʫʟʝʡ ɻʫʛʛʝʥʭʘʡʤʘ ʚ ɹʠʣʴʙʘʦ. ʕʪʦ ʧʨʠʚʣʝʢʣʦ 
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ʰʠʨʦʢʦʝ ʚʥʠʤʘʥʠʝ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʢʫʣʴʪʫʨʥʦʤʫ ʧʨʝʦʙʨʘʞʝʥʠʶ ɹʠʣʴʙʘʦ. 

ɺʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʧʦʟʚʦʣʠʣʦ ɻʝʨʠ ʦʪʢʨʳʪʴ ʥʦʚʫʶ 

ʵʨʫ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʠʟʤʝʥʠʪʴ ʚʦʩʧʨʠʷʪʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ [44, ʩ. 10]. 

ʅʝʣʠʥʝʡʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ 

ʚʳʯʠʩʣʝʥʴʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʦʪʨʘʞʘʪʴ ʧʨʠʨʦʜʥʳʝ ʬʦʨʤʳ. ʕʪʘ ʧʘʨʘʜʠʛʤʘ 

ʦʪʭʦʜʠʪ ʦʪ ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʙʣʠʞʝ ʢ ʪʨʘʜʠʮʠʦʥʥʦʤʫ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ. ʂʦʤʧʴʶʪʝʨʠʟʘʮʠʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ. ʂʘʢ 

ʧʦʜʦʙʣʘʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʦʩʥʦʚʘʥʘ ʥʘ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʷʭ ʠ 

ʚʝʜʝʪ ʢ ʩʦʟʜʘʥʠʶ ʥʝʩʪʘʥʜʘʨʪʥʳʭ, ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ [39]. ʂʦʣʠʯʝʩʪʚʦ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ, ʩʦʟʜʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʝʪ. ʅʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʤʦʛʫʪ ʨʝʰʘʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʧʦʣʥʷʝʤʳʭ ʠʤʠ ʬʫʥʢʮʠʡ. ʅʘ ʨʠʩʫʥʢʝ ɹ.1 ʩʭʝʤʘʪʠʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʳʭ ʧʨʦʛʨʘʤʤ ʥʘ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʘʨʭʠʪʝʢʪʫʨʳ. 

ɺ ʩʚʦʠʭ ʪʨʫʜʘʭ Charles M. Eastman ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʚʳʜʝʣʷʷ ʠʭ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʥ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʢʘʢ ʢʦʤʧʴʶʪʝʨʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʤʦʛʫʪ ʨʘʩʰʠʨʠʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʧʨʝʜʣʘʛʘʷ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʩʪʨʫʢʪʫʨ [18, p. 11-12]. ɺ ʦʩʥʦʚʝ ʝʛʦ ʬʠʣʦʩʦʬʠʠ ʣʝʞʠʪ ʫʙʝʞʜʝʥʠʝ ʚ ʪʦʤ, ʯʪʦ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʧʨʦʩʪʦ ʠʥʩʪʨʫʤʝʥʪʳ, ʥʦ ʠ ʤʦʱʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʙʦʣʝʝ 

ʘʜʘʧʪʠʚʥʳʝ, ʜʠʥʘʤʠʯʥʳʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɽʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʧʦʜʯʝʨʢʠʚʘʶʪ ʟʥʘʯʝʥʠʝ ʢʦʣʣʘʙʦʨʘʮʠʠ ʤʝʞʜʫ ʜʠʟʘʡʥʝʨʘʤʠ, 

ʠʥʞʝʥʝʨʘʤʠ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʦʙʣʘʩʪʠ IT, ʯʪʦʙʳ ʩʦʚʤʝʩʪʥʦ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ [22, p.136].  

ʇʨʦʰʣʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʜʦʩʪʠʞʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʨʘʙʦʪʳ ʃʝ ʂʦʨʙʶʟʴʝ ʠ 

ʂʠʩʣʝʨʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʦʣʛʫʶ ʠʩʪʦʨʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʥʝʩʪʘʥʜʘʨʪʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʝʟʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ. ʍʦʪʷ ʵʪʠ ʤʝʪʦʜʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʜʦʣʛʦ ʜʦ 

ʧʦʷʚʣʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʥʠ ʧʦʢʘʟʳʚʘʶʪ ʥʝʧʨʝʨʳʚʥʦʝ ʞʝʣʘʥʠʝ 

ʘʨʭʠʪʝʢʪʦʨʦʚ ʠʩʢʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʜʠʟʘʡʥʫ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʫ, ʯʪʦ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ. ɺ 

ʵʪʦʤ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʥʦʚʝʡʰʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʣʦʞʥʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ ʜʠʟʘʡʥʦʚ. ɺʥʝʜʨʝʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʠʟʘʡʥʘ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʤʦʟʘʠʯʥʳʭ ʧʨʦʝʢʪʦʚ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʕʪʠ ʠʥʥʦʚʘʮʠʠ ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ 

ʧʦʩʪʦʷʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʥʦʚʳʭ ʫʨʦʚʥʝʡ ʩʣʦʞʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ [126, p. 8].  

ʉʧʝʮʠʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʘʥʘʣʠʟʘ ʚ ʩʬʝʨʝ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʰʘʝʪ ʨʷʜ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ [76; 86, ʩ. 31-45]: 

1) ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ  

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ 

ʚʦʩʩʦʟʜʘʪʴ ʝʛʦ ʚʥʝʰʥʠʡ ʚʠʜ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ; 

2) ʫʯʝʪ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʤʦʜʝʣʝʡ ʠʟʫʯʘʝʤʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʧʨʠ ʧʦʤʦʱʠ  

ʦʪʙʦʨʘ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʟ ʨʷʜʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ; 

3) ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʷ ʠ ʜʦʧʦʣʥʝʥʠʷ ʩʦʟʜʘʥʥʦʡ  

ʤʦʜʝʣʠ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʥʦʚʳʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ; 

4) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʘ ʘʥʠʤʘʮʠʠ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʝʤʦʥʩʪʨʘʮʠʠ  

ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ ʠ ʦʙʲʝʤʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ 

5) ʨʘʟʤʝʱʝʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʚ ʠʤʠʪʘʮʠʦʥʥʦʡ ʠʣʠ ʨʝʘʣʴʥʦʡ ʩʨʝʜʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʚʠʨʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʦʙʣʘʜʘʶʪ ʥʝʦʩʧʦʨʠʤʦʡ ʤʫʟʝʡʥʦʡ 

ʮʝʥʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. ʊʘʢʠʝ 

ʪʨʝʭʤʝʨʥʳʝ ʦʙʲʝʢʪʳ ʜʘʶʪ ʦʙʫʯʘʶʱʠʤʩʷ ʙʦʣʝʝ ʧʦʣʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʠʟʫʯʘʝʤʳʭ 

ʠʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʪʝʢʫʱʠʭ ʧʨʦʝʢʪʘʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʛʣʷʜʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʚʠʨʪʫʘʣʴʥʳʤʠ 

ʤʦʜʝʣʷʤʠ ʧʦʤʦʛʘʝʪ ʩʪʫʜʝʥʪʘʤ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ ʟʘʢʦʥʳ ʨʘʟʚʠʪʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʠ 

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ [61, ʩ. 112-113]. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʘʢʞʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ. ɸʨʭʠʪʝʢʪʦʨ ʆ. ɸʨʙʝʣʴ ʥʘ ʩʚʦʝʡ ʚʳʩʪʘʚʢʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʬʦʨʤ ʧʨʝʜʩʪʘʚʠʣ ʥʝʩʢʦʣʴʢʦ ʧʨʦʝʢʪʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʣʠ 

ʚʠʜʝʦʤʘʪʝʨʠʘʣʳ ʠ ʩʢʫʣʴʧʪʫʨʥʳʝ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʷʚʠʚʰʠʝʩʷ ʠʟ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʢʘʞʜʦʛʦ ʧʨʦʝʢʪʘ [68]. ɺ 

ʢʦʥʪʝʢʩʪʝ ʜʘʥʥʦʡ ʚʳʩʪʘʚʢʠ ʪʘʢʞʝ ʙʳʣʦ ʩʦʟʜʘʥʘ ʚʠʨʪʫʘʣʴʥʘʷ ʢʦʧʠʷ ʧʦʤʝʱʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʜʠ, ʞʝʣʘʶʱʠʝ ʧʦʩʝʪʠʪʴ ʤʝʨʦʧʨʠʷʪʠʝ, ʥʦ ʥʝ ʠʤʝʶʱʠʝ ʪʘʢʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ ʦʧʳʪ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ. ɼʘʥʥʳʡ ʧʨʠʤʝʨ 

ʜʠʛʠʪʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʥʦʞʝʩʪʚʘ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ 

ʚʠʨʪʫʘʣʴʥʳʡ ʦʙʲʝʢʪ ʩʘʤ ʧʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʦʙʲʝʢʪʦʤ, 

ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʨʝʘʣʴʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʠ ʦʙʨʝʪʘʶʪ ʩʦʙʩʪʚʝʥʥʫʶ ʢʫʣʴʪʫʨʥʫʶ 

ʮʝʥʥʦʩʪʴ [109, p. 39]. 

ɺ ʩʚʦʝʡ ʢʥʠʛʝ çʅʦʚʘʷ ʧʘʨʘʜʠʛʤʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝè, ʏ. ɼʞʝʥʢʩ ʦʙʩʫʞʜʘʝʪ 

ʧʝʨʝʭʦʜ ʦʪ ʤʦʜʝʨʥʠʟʤʘ ʢ ʧʦʩʪʤʦʜʝʨʥʠʟʤʫ, ʧʦʜʯʝʨʢʠʚʘʷ ʫʭʦʜ ʦʪ ʫʥʠʚʝʨʩʘʣʠʟʤʘ 

ʢ ʨʘʟʥʦʦʙʨʘʟʠʶ. ʆʥ ʟʘʤʝʯʘʝʪ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʠ ʨʘʜʠʢʘʣʴʥʦ ʠʟʤʝʥʷʶʪ 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʘʢʪʠʢʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʠ ʠʥʥʦʚʘʮʠʡ. ɼʞʝʥʢʩ ʩʯʠʪʘʝʪ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ʜʦʣʞʥʘ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʵʪʦʤʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʛʨʝʩʩʫ, ʯʪʦʙʳ ʦʩʪʘʚʘʪʴʩʷ ʩʦʮʠʘʣʴʥʦ ʠ ʢʫʣʴʪʫʨʥʦ 

ʨʝʣʝʚʘʥʪʥʦʡ. [46]. ʈʦʯʝʛʦʚʘ ʅ.ɸ. ʠ ɹʘʨʯʫʛʦʚʘ ɽ.ɺ. ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ 

ʵʤʝʨʜʞʝʥʪʥʦʩʪʠ ʧʦʥʷʪʠʷ çʮʠʬʨʦʚʦʡ ʧʨʠʨʦʜʳè ʚ ʢʦʥʪʝʢʩʪʝ ʩʣʠʷʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ ʜʫʭʦʚʥʳʭ ʘʩʧʝʢʪʦʚ ʯʝʣʦʚʝʯʝʩʪʚʘ. ɼʣʷ ʥʠʭ, 

ʮʠʬʨʦʚʘʷ ʧʨʠʨʦʜʘ ʩʪʦʠʪ ʥʘ ʩʪʳʢʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʠ ʨʝʘʣʴʥʦʛʦ, ʚʳʩʪʫʧʘʷ ʤʦʩʪʦʤ 

ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʴʥʦʡ ʠ ʜʫʭʦʚʥʦʡ ʩʬʝʨʘʤʠ ʞʠʟʥʠ. ʆʥʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʮʠʬʨʦʚʘʷ 
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ʩʨʝʜʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ ʛʘʨʤʦʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʨʫʢʦʪʚʦʨʥʳʤ ʠ ʜʫʭʦʚʥʳʤ, ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʭʨʘʥʝʥʠʷ ʠ ʫʛʣʫʙʣʝʥʠʷ ʢʫʣʴʪʫʨʥʳʭ ʠ 

ʤʦʨʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ ʚ ʥʘʰʝʤ ʙʳʪʠʠ. [82].  

Jon Arteta Grisalena ʨʘʟʣʠʯʘʝʪ ʚʳʯʠʩʣʝʥʠʝ ʠ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʶ, ʫʢʘʟʳʚʘʷ 

ʯʪʦ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝʜʥʝʝ. ʆʥ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʘʨʭʠʪʝʢʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪ ʢʦʤʧʴʶʪʝʨʳ ʧʨʦʩʪʦ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʥʝ ʟʘʜʝʡʩʪʚʫʷ ʠʭ ʧʦʣʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʠʥʥʦʚʘʮʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ [127, p. 4-5]. ʎʠʬʨʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʩʧʦʣʴʟʫʝʪ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʢ ʨʝʘʣʴʥʳʭ, ʪʘʢ ʠ 

ʚʠʨʪʫʘʣʴʥʳʭ ʬʦʨʤ. ʆʥʘ ʨʘʩʰʠʨʷʝʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʚʦʩʧʨʠʷʪʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʜʦʙʘʚʣʷʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʪʘʢʠʝ 

ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ ʠ ʛʦʣʦʛʨʘʤʤʳ. ʕʪʦ ʩʤʝʰʠʚʘʝʪ ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʦ ʩ 

ʬʠʟʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

[35, ʩ. 47; 71, ʩ. 10; 78].  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʧʦʟʚʦʣʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʨʘʩʰʠʨʠʪʴ 

ʤʝʪʦʜʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ʌʦʨʤʠʨʫʝʤʳʝ 

ʧʨʦʝʢʪʦʨʦʤ ʚʠʟʫʘʣʴʥʳʝ ʵʬʬʝʢʪʳ ʩʧʦʩʦʙʥʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʪʴ ʥʘ 

ʚʦʩʧʨʠʷʪʠʝ ʯʝʣʦʚʝʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʥʘʭʦʜʠʪʩʷ. ʇʨʝʜʩʪʘʶʱʘʷ 

ʧʝʨʝʜ ʥʠʤ ʢʘʨʪʠʥʘ ʥʝʦʙʳʯʥʘ ʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʚʳʯʥʦʤʫ ʚʠʜʫ ʦʢʨʫʞʝʥʠʷ, 

ʤʦʞʝʪ ʣʦʤʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʘʢʦʥʘʭ ʣʦʛʠʢʠ, ʘ ʧʦʵʪʦʤʫ 

ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʢʘʢ ʥʝʯʪʦ ʥʝ ʧʦʭʦʞʝʝ ʥʘ ʪʦ, ʯʪʦ ʯʝʣʦʚʝʢ ʚʠʜʝʣ ʨʘʥʝʝ. ʅʝʢʦʪʦʨʳʝ 

ʩʦʟʜʘʚʘʝʤʳʝ ʦʧʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʩʧʦʩʦʙʥʳ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʚ ʤʦʟʛʝ ʯʝʣʦʚʝʢʘ 

ʦʱʫʱʝʥʠʝ ʠʩʢʘʞʝʥʥʦʛʦ, ʠʟʤʝʥʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘ ʩʯʝʪ ʠʛʨʳ ʩ ʛʣʫʙʠʥʦʡ, 

ʦʙʲʝʤʦʤ ʠʣʠ ʮʚʝʪʦʤ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʉʚʝʪʦʚʳʝ ʧʨʦʝʢʮʠʠ ʤʦʛʫʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʥʘ ʙʝʣʦʤ ʧʦʣʦʪʥʝ ʬʘʩʘʜʘ ʢʘʢ ʩʪʘʪʠʯʥʳʝ, ʪʘʢ ʠ ʜʠʥʘʤʠʯʥʳʝ 

ʢʨʘʩʦʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʨʘʞʘʶʱʠʝ ʚʦʦʙʨʘʞʝʥʠʝ ʠ ʩʧʦʩʦʙʥʳʝ ʚʳʟʳʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʵʤʦʮʠʠ ʫ ʥʘʙʣʶʜʘʪʝʣʷ. ʉʝʛʦʜʥʷ ʢʨʘʡʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʚʩʝ ʯʘʱʝ ʠ ʯʘʱʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʛʦʣʦʛʨʘʤʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʛʦʨʦʜʩʢʦʤ ʧʝʡʟʘʞʝ. 

ɺ ʮʝʣʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʚʠʟʫʘʣʴʥʦʡ ʧʘʨʘʜʠʛʤʳ, 

ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʝʡ ʯʝʣʦʚʝʯʝʩʢʦʝ ʚʦʩʧʨʠʷʪʠʝ ʠ ʤʳʰʣʝʥʠʝ. ʇʨʦʚʦʜʷʪʩʷ 

ʠʥʪʝʨʝʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʙʲʝʢʪʠʚʥʳʭ ʦʩʥʦʚʘʥʠʡ ʩʨʝʜʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ 

ʢʦʥʪʝʢʩʪʝ ʧʩʠʭʦʜʝʣʠʯʝʩʢʠʭ ʬʦʨʤ ʠ ʜʠʟʘʡʥʝʨʩʢʠʭ ʨʝʰʝʥʠʡ [60, ʩ. 103]. ɿʥʘʯʠʤʘʷ 

ʨʦʣʴ ʚ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʪʚʦʜʠʪʩʷ ʮʠʬʨʦʚʳʤ ʩʨʝʜʩʪʚʘʤ ʧʝʨʝʜʘʯʠ, ʘʥʘʣʠʟʘ ʠ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʤʥʦʞʝʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʜʝʡ ʚʳʰʣʠ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. ɺ ʨʘʤʢʘʭ ʧʩʠʭʦʜʝʣʠʯʝʩʢʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʱʝ ʨʘʟʚʠʚʘʪʴ ʥʦʚʳʝ ʠʜʝʠ ʠ ʤʝʪʦʜʳ, ʘ ʪʘʢʞʝ 

ʧʨʦʠʟʚʦʜʠʪʴ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʧʣʘʩʪʠʢʦʡ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʩʪʝʧʝʥʴ ʠʭ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʘʨʭʠʪʝʢʪʫʨʘ ʥʝ ʩʧʦʩʦʙʥʘ ʤʝʥʷʪʴʩʷ ʪʘʢ ʙʳʩʪʨʦ, ʢʘʢ ʧʨʦʠʩʭʦʜʷʪ ʩʪʨʫʢʪʫʨʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʘʤʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʦʙʲʝʢʪʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʤʥʦʛʠʝ 

ʘʨʭʠʪʝʢʪʦʨʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʠʭ ʧʨʦʝʢʪʦʚ. ʅʘ 
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ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʪ ʦʙʱʝʛʦ ʤʥʝʥʠʷ ʢʘʢʠʤ ʜʦʣʞʝʥ ʚʳʛʣʷʜʝʪʴ ʩʦʚʨʝʤʝʥʥʳʡ ʛʦʨʦʜ 

ʠ ʢʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʣʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʨʝʦʜʦʣʝʥʠʷ 

ʧʨʦʙʣʝʤ ʮʠʬʨʦʚʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʤʝʪʠʪʴ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ [67] 

ʙʫʜʫʱʝʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ, ʷʚʣʷʷʩʴ ʧʨʦʛʨʝʩʩʦʤ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʷʚʣʝʥʠʝ ʤʦʱʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʟʚʦʣʠʣ ʘʨʭʠʪʝʢʪʦʨʘʤ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʠ ʪʦʯʥʦ ʩʦʟʜʘʚʘʪʴ ʩʚʦʠ ʧʨʦʝʢʪʳ [227].  

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʦʛʦ ʧʦʜʨʘʟʜʝʣʘ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠʤʝʝʪ ʨʷʜ 

ʤʝʭʘʥʠʟʤʦʚ ʠ ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ çɺʩʪʨʘʠʚʘʥʠʝè ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʧʝʨʝʭʦʜ ʪʘʢʦʡ ʚʦʟʨʦʞʜʝʥʠʝ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʤʝʪʘʬʦʨʦʡ ʩ ʠʢʦʥʢʦʡ 

ʥʘ ʦʩʥʦʚʝ ʢʘʨʪʠʥʳ ʄʠʢʝʣʘʥʜʞʝʣʦ ɹ. çʉʦʪʚʦʨʝʥʠʝ ɸʜʘʤʘè [228].      

BIM (Building Information Modeling) ʩʣʝʜʫʶʱʠʡ ʰʘʛ ʧʦʩʣʝ CAD. 

ʇʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʝ ʧʨʦʩʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʥʦ ʠ ʤʦʜʝʣʠ ʩ ʧʦʣʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʤʘʪʝʨʠʘʣʘʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠ ʜʨʫʛʠʭ ʘʩʧʝʢʪʘʭ 

ʟʜʘʥʠʷ [230]. 

CAD (Computer-Aided Design) - ʧʦʷʚʣʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʠʟʤʝʥʠʣʠ ʤʝʪʦʜ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʷ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ 

ʩʣʦʞʥʳʝ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ [230].  

3D-ʧʝʯʘʪʴ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʣʦʞʥʳʝ 

ʬʦʨʤʳ ʠ ʫʤʝʥʴʰʘʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ [231]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ [232, 233], ʛʝʥʝʨʘʪʠʚʥʦʝ ʠ ʪ.ʜ. - ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʦʨʳ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʝʢʪʳ, 

ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʘʭ ʠ ʧʝʨʝʤʝʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ [234]. 

ɺʠʨʪʫʘʣʴʥʘʷ ʠ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ - ʪʝʭʥʦʣʦʛʠʠ VR ʠ AR 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʨʭʠʪʝʢʪʦʨʦʚ ʩ ʠʭ ʧʨʦʝʢʪʘʤʠ ʠ 

ʢʣʠʝʥʪʘʤʠ, ʧʦʟʚʦʣʷʷ çʧʦʛʨʫʟʠʪʴʩʷè ʚ ʙʫʜʫʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʝʱʝ ʜʦ ʝʛʦ 

ʨʝʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [235]. 

ʄʠʨʦʚʘʷ ʠʥʪʝʛʨʘʮʠʷ ʠ ʦʙʤʝʥ ʜʘʥʥʳʤʠ - ʠʥʪʝʨʥʝʪ ʩʜʝʣʘʣ ʚʦʟʤʦʞʥʳʤ 

ʦʙʤʝʥ ʦʧʳʪʦʤ ʠ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʘʨʭʠʪʝʢʪʦʨʘʤʠ ʚʩʝʛʦ ʤʠʨʘ, ʯʪʦ ʩʪʠʤʫʣʠʨʫʝʪ 

ʙʳʩʪʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʦʚʳʭ ʠʜʝʡ ʠ ʪʝʭʥʦʣʦʛʠʡ.  ɺ ʪʦʤ ʯʠʩʣʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʠ ʧʣʘʪʬʦʨʤʳ Big Data, Autodesk 360, ʬʦʨʤʘʪ IFC ʠ ʜʨ. [236].  

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʠ ʫʩʪʦʡʯʠʚʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ - ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʟʚʦʣʷʶʪ ʣʫʯʰʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʟʜʘʥʠʡ, ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʜʨʫʛʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ [237]. ɺ ʮʝʣʦʤ, 

ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʧʦʥʷʪʠʡ, ʩʦʯʝʪʘʝʪ 

ʚ ʩʝʙʝ ʢʫʣʴʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʙʱʝʩʪʚʘ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʚ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʧʦʜʭʦʜʝ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ, ʫʩʪʦʡʯʠʚʳʝ ʠ ʢʨʝʘʪʠʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʙʲʝʢʪʳ (ʨʠʩʫʥʦʢ 

ɹ.2, ʇʨʠʣʦʞʝʥʠʝ ɹ). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, çɺʩʪʨʘʠʚʘʥʠʝè ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʫ 

ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʴʰʫʶ 

ʛʠʙʢʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʬʦʨʤʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. 

ʎʠʬʨʦʚʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʧʨʝʜʣʘʛʘʝʪ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠ 

ʩʣʦʞʥʳʝ ʬʦʨʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

 

2.2 ʄʝʭʘʥʠʟʤʳ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ 

ʎʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ. ɺ 

ʮʝʣʦʤ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʢʘʢ ʙʦʣʴʰʘʷ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʚʩʝʛʦ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ, ʛʜʝ ʚʩʸ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚʟʘʠʤʦʩʚʷʟʘʥʳ. ʕʪʠʤ ʜʝʣʘʝʪ ʨʘʙʦʪʫ ʙʦʣʝʝ 

ʟʘʚʠʩʠʤʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

ʇʦʜ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʦʨʛʘʥʠʟʘʮʠʶ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʝʛʦ ʟʥʘʯʠʤʳʭ ʢʘʯʝʩʪʚ. 

ɼʘʥʥʦʝ ʧʦʥʷʪʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʣʳʤ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ. ʊʘʢ, ʩʦʟʜʘʥʠʝ 

ʬʦʨʤʳ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ, ʦʛʨʘʥʠʯʝʥʠʡ, ʫʩʪʦʡʯʠʚʳʭ 

ʩʚʷʟʝʡ ʠ ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʥʦʩʪʝʡ [89, ʩ. 192]. 

ɸʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʦʙʲʝʢʪʳ ʥʘ ʦʩʥʦʚʝ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʭ ʩʚʦʡʩʪʚʘʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ. ʉʚʷʟʘʥʥʳʝ ʤʝʞʜʫ 

ʩʦʙʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʨʤʳ ʠ ʩʪʨʫʢʪʫʨʳ ʵʣʝʤʝʥʪʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ 

ʦʙʨʘʟʦʚʳʚʘʶʪ ʩʦʙʦʡ ʮʝʣʦʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʢʦʨʨʝʢʪʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʩʦʦʨʫʞʝʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʬʦʨʤʳ ʷʚʣʷʶʪʩʷ ʝʝ ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʧʝʮʠʬʠʢʘ ʨʘʙʦʪʳ ʥʝʩʫʱʠʭ ʯʘʩʪʝʡ, ʘ ʪʘʢʞʝ 

ʦʨʛʘʥʠʟʘʮʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʂ.ʀ. ʉʘʤʦʡʣʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʦʚʨʝʤʝʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʥʝ ʧʨʦʩʪʦ ʢʘʢ ʚʳʧʦʣʥʷʶʱʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʜʘʯʠ, ʥʦ ʠ ʢʘʢ ʩʪʨʝʤʷʱʫʶʩʷ ʢ ʩʦʟʜʘʥʠʶ ʩʤʳʩʣʦʚʦʛʦ ʠ 

ʢʫʣʴʪʫʨʥʦʛʦ ʢʦʥʪʝʢʩʪʘ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʠ ʩʣʦʞʥʦʩʪʴ ʦʙʲʝʜʠʥʷʶʪ 

ʚ ʩʝʙʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʪʝʨʠʘʣʳ - ʭʘʡ-ʪʝʢ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ 

ʛʣʫʙʠʥʫ, ʘ ʪʘʢʞʝ ʦʪʨʘʞʘʶʪ ʠ ʧʝʨʝʦʩʤʳʩʣʠʚʘʶʪ ʧʨʝʜʳʜʫʱʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ 

ʩʪʠʣʠ - ɼʝʢʦʥʩʪʨʫʢʪʠʚʠʟʤ ʠ ʂʦʥʩʪʨʫʢʪʠʚʠʟʤ [86, ʩ. 7-48]. 

ʆʜʥʠʤ ʠʟ ʧʨʦʮʝʩʩʦʚ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʩʣʫʞʠʪ 

ʢʦʤʧʦʟʠʮʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʬʦʨʤʦʡ ʠ ʧʦʜʯʠʥʷʶʱʘʷʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ ʪʝʢʪʦʥʠʢʠ. 

ʉʦʛʣʘʩʥʦ ɸ. ɸ. ɺʝʩʥʠʥʫ, ʧʦʜ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʪʝʢʪʦʥʠʢʦʡ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ [36, ʩ. 38]. ʉʪʦʠʪ ʪʘʢʞʝ ʦʙʦʟʥʘʯʠʪʴ 

ʚʳʪʝʢʘʶʱʝʝ ʠʟ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʧʦʥʷʪʠʝ ʘʨʭʠʪʝʢʪʦʥʠʢʠ ʢʘʢ ʦʧʠʩʘʥʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʟʜʘʥʠʷ [62].  

ʇʦʜ ʮʠʬʨʦʚʳʤ ʤʦʨʬʦʛʝʥʝʟʦʤ ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ [130, p. 124]. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʷʜʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʨʝʜʩʪʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʬʦʨʤʳ ʦʙʲʝʢʪʘ. ɺ ʨʘʤʢʘʭ ʜʠʛʠʪʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 
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ʮʠʬʨʦʚʘʷ ʪʝʢʪʦʥʠʢʘ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʘʥʘʣʦʛʦʤ ʪʨʘʜʠʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʪʝʢʪʦʥʠʢʠ. ʆʜʥʘʢʦ, ʵʪʦ ʥʦʚʦʝ ʧʦʥʷʪʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʣʘʩʪʠ 

ʮʠʬʨʦʚʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʤʠʪʘʮʠʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ, ʤʦʨʬʦʛʝʥʝʟ. ʎʠʬʨʦʚʘʷ ʪʝʢʪʦʥʠʢʘ ʩʝʛʦʜʥʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʜʠʟʘʡʥʘ 

ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʬʝʥʦʤʝʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʞʜʝ ʙʳʣʠ 

ʥʝʜʦʩʪʫʧʥʳ ʚ ʩʚʷʟʠ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʚʠʪʦʩʪʴʶ ʮʠʚʠʣʠʟʘʮʠʠ. 

ɺ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʷʟʳʢʝ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʦʚʘʣ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʨʳʚ ʤʝʞʜʫ 

ʧʦʥʷʪʠʷʤʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ. ʀ ʝʩʣʠ ʚ ʤʝʭʘʥʠʯʝʩʢʦʤ ʤʠʨʝ ʜʝʡʩʪʚʠʷ 

ʥʝ ʩʦʚʧʘʜʘʶʪ ʚʦ ʚʨʝʤʝʥʠ, ʠʩʭʦʜʳ ʥʝ ʧʨʝʜʦʧʨʝʜʝʣʝʥʳ, ʘ ʨʝʘʢʮʠʷ ʦʪʩʪʘʝʪ ʦʪ 

ʩʪʠʤʫʣʘ, ʪʦ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʨʝ ʜʝʡʩʪʚʠʝ ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʦʜʥʦʚʨʝʤʝʥʥʳ, 

ʵʬʬʝʢʪʳ ʦʧʨʝʜʝʣʝʥʳ ʩʨʘʟʫ, ʘ ʚʨʝʤʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʮʠʬʨʦʚʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʚʳʜʝʣʷʝʪʩʷ ʢʘʢ 

ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʵʪʘʧ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʪʘʣʦ ʯʘʩʪʴʶ ʦʙʱʝʛʦ ʪʨʝʥʜʘ 

ʚ ʦʪʨʘʩʣʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʩʦʙʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʢʘʢ ʩʨʝʜʩʪʚʦ ʫʩʢʦʨʝʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʥʠʞʝʥʠʷ 

ʟʘʪʨʘʪ. ɺ ʵʪʦʤ ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʩʰʠʨʷʶʪ ʢʨʝʘʪʠʚʥʳʝ ʛʨʘʥʠʮʳ ʜʣʷ 

ʘʨʭʠʪʝʢʪʦʨʦʚ, ʧʦʟʚʦʣʷʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ 

ʩʯʠʪʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʝʘʣʠʟʫʝʤʳʤʠ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʩʦʟʜʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʚʠʟʫʘʣʴʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ, ʥʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʫʩʪʦʡʯʠʚʳʝ ʦʙʲʝʢʪʳ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʮʠʬʨʦʚʳʝ ʤʝʪʦʜʳ ʦʙʣʝʛʯʘʶʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʠʥʪʝʛʨʠʨʫʷ ʧʦʜʭʦʜʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʠ ʪʚʦʨʯʝʩʢʠʭ 

ʦʙʣʘʩʪʝʡ ð ʦʪ ʠʥʞʝʥʝʨʠʠ ʜʦ ʠʩʢʫʩʩʪʚʘ. ʕʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʫʣʴʪʫʨʥʳʭ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʪʨʘʜʠʮʠʡ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʪʚʝʯʘʶʱʠʝ ʧʦʪʨʝʙʥʦʩʪʷʤ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʬʝʥʦʤʝʥ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʩʚʷʟʠ, 

ʦʙʲʝʜʠʥʷʷ ʟʥʘʥʠʷ ʠʟ ʨʘʟʥʳʭ ʩʬʝʨ ð ʦʪ ʠʥʞʝʥʝʨʠʠ ʜʦ ʠʩʢʫʩʩʪʚʘ ʠ ʩʦʮʠʦʣʦʛʠʠ. 

ʥʝ ʧʨʦʩʪʦ ʤʝʥʷʝʪ ʤʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʠ ʚʦʩʧʨʠʷʪʠʷ ʧʨʦʩʪʨʘʥʩʪʚ, ʥʦ ʠ ʧʨʠʥʦʩʠʪ 

ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʛʠʙʢʦʩʪʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʩʪʠ ʚ ʘʨʭʠʪʝʢʪʫʨʫ, ʜʝʣʘʷ ʝʸ ʙʦʣʝʝ 

ʦʪʟʳʚʯʠʚʦʡ ʢ ʪʝʢʫʱʠʤ ʩʦʮʠʘʣʴʥʳʤ ʠ ʢʫʣʴʪʫʨʥʳʤ ʟʘʧʨʦʩʘʤ. 

ʎʠʬʨʦʚʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʨʘʩʰʠʨʠʣʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠ ʥʘʧʨʘʚʠʣʦ ʚʝʢʪʦʨ 

ʨʘʟʚʠʪʠʷ ʚ ʩʪʦʨʦʥʫ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʊʘʢ, ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʚʩʝʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʠ 

ʩʬʝʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ, ʘ ʪʘʢʞʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ [91, ʩ. 136]. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʟʜʘʥʠʝ ʘʚʪʦʚʦʢʟʘʣʘ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʤ 

ʘʵʨʦʧʦʨʪʫ ʠʤʝʥʠ ɼʞʦʥʘ ʂʝʥʥʝʜʠ ʚ ʅʴʶ-ʁʦʨʢʝ. ʌʦʨʤʘ ʜʘʥʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 

ʩʦʩʪʦʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ, ʧʦʜʯʠʥʝʥʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ. 
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ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ [125, p. 29], ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʚʘʞʥʝʡʰʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʠʤʝʥʝʥʠʷ ʕɺʄ ʚ ʧʨʦʮʝʩʩʘʭ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ: 

- ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ,  

ʨʘʙʦʪʘ ʩ ʢʦʪʦʨʳʤʠ ʚʳʟʳʚʘʝʪ ʫ ʯʝʣʦʚʝʢʘ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ; 

- ʩʦʭʨʘʥʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʠʜʝʠ ʘʨʭʠʪʝʢʪʦʨʘ, ʦ ʪʦʤ ʢʘʢʠʤ ʜʦʣʞʝʥ  

ʚʳʛʣʷʜʝʪʴ ʧʨʦʝʢʪ; 

- ʧʨʦʩʪʦʪʘ ʩʦʟʜʘʥʠʷ ʬʦʨʤʳ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʮʠʬʨʦʚʳʭ ʵʩʢʠʟʦʚ ʠ  

ʧʨʦʪʦʪʠʧʦʚ; 

- ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʮʠʡ ʧʨʦʝʢʪʘ ʚ ʢʦʨʦʪʢʠʡ  

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ; 

- ʫʣʫʯʰʝʥʥʦʝ ʧʦʥʠʤʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

- ʫʧʨʦʱʝʥʠʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʯʣʝʥʘʤʠ ʢʦʤʘʥʜʳ ʨʘʟʨʘʙʦʪʢʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʦʰʠʙʦʢ ʧʨʦʝʢʪʘ ʥʘ ʨʘʥʥʠʭ  

ʵʪʘʧʘʭ; 

- ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʫʛʘʜʳʚʘʪʴ ʙʫʜʫʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʝʢʪʘ. 

ʂʣʘʩʩʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʤʝʞʜʫ ʧʘʩʩʠʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, 

ʦʙʣʝʛʯʘʶʱʠʤʠ ʪʚʦʨʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʠ ʘʨʭʠʪʝʢʪʦʨʦʤ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʩʪʘʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ. ʊʝʧʝʨʴ, ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʳ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ, ʟʘʥʠʤʘʶʪ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʤ ʧʨʦʮʝʩʩʝ ʠ 

ʧʦʨʦʡ ʩʪʘʥʦʚʷʪʩʷ ʝʛʦ ʦʩʥʦʚʦʡ. ʂʨʝʘʪʠʚʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʨʘʙʦʪʢʫ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʧʨʦʝʢʪʘ ʪʝʧʝʨʴ ʧʨʠʚʥʦʩʠʪʩʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʠ ʯʝʣʦʚʝʢʦʤ, ʠ 

ʢʦʤʧʴʶʪʝʨʦʤ. ʉʪʘʪʫʩ ʩʘʤʦʛʦ ʧʨʦʝʢʪʘ ʪʘʢʞʝ ʤʝʥʷʝʪʩʷ ʠ ʪʝʧʝʨʴ, ʧʨʠʦʨʠʪʝʪ 

ʘʨʭʠʪʝʢʪʫʨʳ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʚ ʠʥʪʫʠʮʠʠ ʬʦʨʤʳ, ʩʢʦʣʴʢʦ ʚ ʚʳʙʦʨʝ 

ʥʫʞʥʦʛʦ ʚʘʨʠʘʥʪʘ ʠʟ ʨʷʜʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʩʪʨʫʢʪʫʨ. ɼ. ʕʥʛʝʣʴʙʘʨʪ ʚ ʩʚʦʝʡ ʩʪʘʪʴʝ 1962 ʛʦʜʘ [119, p. 21] ʦʧʨʝʜʝʣʠʣ ʧʨʦʮʝʩʩ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʢʘʢ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʯʝʣʦʚʝʢʘ, ʟʘʜʘʶʱʝʛʦ 

ʚʝʢʪʦʨʳ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʠ ʟʘʜʘʥʠʡ, ʠ ʢʦʤʧʴʶʪʝʨʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ 

ʠʩʧʦʣʥʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ. ʇʦʵʪʦʤʫ, ʢʦʤʧʴʶʪʝʨ, ʥʝ ʧʦʥʠʤʘʷ ʵʩʪʝʪʠʢʠ ʚʚʠʜʫ 

ʦʪʩʫʪʩʪʚʠʷ ʫ ʥʝʛʦ ʨʝʘʣʴʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʬʫʥʢʮʠʡ, ʘ ʪʘʢʞʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʘ ʢʘʞʜʦʡ ʠʟ ʩʪʘʜʠʡ ʨʘʙʦʪʳ. ʊʘʢ, ʚ ʪʘʥʜʝʤʝ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʘʨʭʠʪʝʢʪʦʨ ʩʧʦʩʦʙʝʥ ʧʨʦʠʟʚʦʜʠʪʴ ʙʦʣʝʝ ʙʳʩʪʨʳʝ ʠ ʪʦʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʨʘʪʠʪʴ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʢ ʵʩʪʝʪʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʝʢʪʘ. ʇʨʠ ʧʦʤʦʱʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʝʢʪʳ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ. ʂʦʪʦʨʳʝ ʨʘʥʝʝ, ʚʚʠʜʫ ʙʦʣʴʰʦʛʦ 

ʦʙʲʝʤʘ ʨʘʙʦʪʳ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʠʣʠ ʠʭ ʩʣʦʞʥʦʩʪʠ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ 

ʚʦʟʤʦʞʥʳʤ ʚʳʧʦʣʥʠʪʴ.  

ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʦʟʥʘʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʘʚʠʣ. ʕʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʠ ʩʪʨʫʢʪʫʨʳ ʧʨʦʝʢʪʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʥʘʣʠʟʘ ʪʦʛʦ, ʢʘʢ ʵʪʠ 

ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʝʢʪʘ, ʥʘʧʨʠʤʝʨ, ʥʘ 

ʦʩʚʝʱʝʥʠʝ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʣʠ ʚʝʥʪʠʣʷʮʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 
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ʧʨʝʜʦʩʪʘʚʣʷʷ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʨʘʟʥʳʝ 

ʢʦʥʮʝʧʮʠʠ ʬʦʨʤ. ɺ ʵʪʦʤ ʘʨʭʠʪʝʢʪʫʨʘ ʇ. ʐʫʤʘʭʝʨʘ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʦʡ, ʩʧʦʩʦʙʥʘʷ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʝʣʠʥʝʡʥʳʤ ʚʠʜʘʤ ʠ ʩʣʦʞʥʳʤ ʛʦʨʦʜʩʢʠʤ 

ʣʘʥʜʰʘʬʪʘʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʦʥ ʩʯʠʪʘʝʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʡ 

ʜʠʟʘʡʥ ʜʦʣʞʝʥ ʠʤʝʪʴ ʜʠʥʘʤʠʯʥʳʡ ʚʠʜ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. ɽʛʦ 

ʢʦʥʮʝʧʮʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʠʥʥʦʚʘʮʠʷʭ ʢʘʢ ʩʨʝʜʩʪʚʝ ʩʦʮʠʘʣʴʥʦʛʦ ʠ 

ʢʫʣʴʪʫʨʥʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʠ ʚʣʠʷʪʝʣʴʥʦʡ ʠ ʯʘʩʪʦ ʦʙʩʫʞʜʘʝʤʦʡ 

ʬʠʛʫʨʦʡ ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ [19].  

ʆʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʥʦʚʳʭ ʩʪʠʣʝʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʧʦʩʣʝ ʧʦʩʪʤʦʜʝʨʥʠʟʤʘ 

ʧʨʝʜʩʪʘʝʪ ʧʘʨʘʤʝʪʨʠʟʤ, ʧʦʷʚʠʚʰʠʡʩʷ ʧʦʩʣʝ ʩʝʨʝʜʠʥʳ XX ʚʝʢʘ ʠ 

ʦʟʥʘʤʝʥʦʚʘʚʰʠʡ ʧʨʠʭʦʜ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʚʦʣʶʮʠʠ. ʇʘʨʘʤʝʪʨʠʟʤ 

ʧʦʷʚʠʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʧʳʪʦʢ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʡ ʤʝʪʦʜ, 

ʠʩʢʣʶʯʘʶʱʠʡ ʨʷʜ ʧʨʦʙʣʝʤ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʝʤʫ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʪʠʣʝʡ. ʊʘʢ, 

ʤʦʜʝʨʥʠʟʤ ʩ ʧʨʠʩʫʱʠʤʠ ʝʤʫ ʧʨʠʥʮʠʧʘʤʠ ʨʘʟʦʙʱʝʥʠʷ ʬʫʥʢʮʠʡ ʵʣʝʤʝʥʪʦʚ 

ʛʦʨʦʜʘ ʠ ʢʦʧʠʨʦʚʘʥʠʷ ʪʠʧʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʢʘʟʘʣʩʷ ʥʝ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʤʝʥʷʶʱʝʛʦʩʷ ʛʦʨʦʜʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʧʨʠʰʝʜʰʠʝ ʥʘ ʩʤʝʥʫ ʤʦʜʝʨʥʠʟʤʫ ʜʝʢʦʥʩʪʨʫʢʪʠʚʠʟʤ ʠ ʧʦʩʪʤʦʜʝʨʥʠʟʤ ʭʦʪʴ ʠ 

ʦʪʭʦʜʠʣʠ ʦʪ ʜʘʥʥʳʭ ʧʨʠʥʮʠʧʦʚ, ʥʦ ʚʩʝ ʞʝ ʥʝ ʩʦʟʜʘʚʘʣʠ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʤʝʪʦʜʳ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʯʘʣʦ 

ʚʠʜʦʠʟʤʝʥʷʪʴʩʷ ʦʙʱʝʩʪʚʝʥʥʦʝ ʩʦʟʥʘʥʠʝ, ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʠ ʤʝʪʦʜʳ ʝʝ 

ʧʦʟʥʘʥʠʷ [73]. ʂʦʥʮʝʧʮʠʷ ʧʘʨʘʤʝʪʨʠʟʤʘ, ʠʤʝʶʱʘʷ ʩʚʦʠ ʫʥʠʢʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ, 

ʦʙʨʝʣʘ ʨʘʜʠʢʘʣʴʥʦ ʥʦʚʳʝ ʮʝʥʥʦʩʪʠ ʠ ʮʝʣʠ. ʉʧʝʮʠʘʣʠʩʪ, ʨʘʙʦʪʘʶʱʠʡ ʩ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʧʝʨʝʭʦʜʠʪ ʚ ʥʦʚʫʶ ʢʘʪʝʛʦʨʠʶ ʢʦʤʧʝʪʝʥʮʠʡ 

ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʩʪʘʥʦʚʷʩʴ ʧʨʦʛʨʘʤʤʠʩʪʦʤ, ʨʘʙʦʪʘʶʱʠʤ ʩ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʜʣʷ ʟʘʜʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. 

ɼʠʛʠʪʘʣʴʥʘʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʝʥʷʝʪ ʧʨʠʚʳʯʥʫʶ ʤʦʜʝʣʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʦʨʜʠʟʤʘ, ʩʦʟʜʘʶʱʫʶ ʙʝʟʛʨʘʥʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʜʝʥʪʠʯʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʥʘ ʥʦʚʫʶ ʤʦʜʝʣʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʝʟʛʨʘʥʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʥʳʭ 

ʦʙʲʝʢʪʦʚ.  ʇʦʷʚʣʝʥʠʝ ʠ ʜʘʣʴʥʝʡʰʘʷ ʵʚʦʣʶʮʠʷ ʤʝʪʦʜʦʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʫʜʠʣʠ ʘʨʭʠʪʝʢʪʦʨʦʚ ʧʝʨʝʦʩʤʳʩʣʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʧʦʜʭʦʜʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʪʨʫʢʪʫʨ, ʧʝʨʝʥʝʩʣʠ ʥʦʚʳʡ ʚʟʛʣʷʜ ʥʘ 

ʩʚʷʟʠ ʤʝʞʜʫ ʬʫʥʢʮʠʝʡ ʠ ʬʦʨʤʦʡ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʠʣʠ ʧʦʥʷʪʠʷ ʪʝʢʪʦʥʠʢʠ ʠ 

ʤʘʩʰʪʘʙʥʦʩʪʠ. ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʜʘʥʥʦʛʦ ʩʪʠʣʷ ʟʘʢʣʶʯʘʣʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʠ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʣʘʚʥʦʩʪʠ, ʦʙʪʝʢʘʝʤʦʩʪʠ ʬʦʨʤ.  ʊʘʢ, 

ʧʨʠʤʝʨʦʤ ʧʨʦʝʢʪʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʫʨʙʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʘʨʭʠʪʝʢʪʦʨʘ 

ɿʘʭʠ ʍʘʜʠʜ. ɻʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥ ʂʘʨʪʘʣ-ʇʝʥʜʨʠʢ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʣʘʚʥʦʩʪʴ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠʩʫʱʠʝ ʧʘʨʘʤʝʪʨʠʟʤʫ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʣʦʞʥʳʝ ʩʝʪʯʘʪʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʧʣʘʡʥʳ ʠ 

ʧʦʜʲʦʪʜʝʣʝʥʠʷ, ʟʘʤʝʥʷʷ ʧʨʦʩʪʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʠʛʫʨʳ. ʇʨʠʤʝʯʘʪʝʣʝʥ ʧʨʦʝʢʪ 

ʅʦʨʤʘʥʘ ʌʦʩʪʝʨʘ ï ʟʜʘʥʠʝ ɹʦʣʴʰʦʛʦ ʜʚʦʨʘ ɹʨʠʪʘʥʩʢʦʛʦ ʤʫʟʝʷ ʚ ʃʦʥʜʦʥʝ. 

ɺʥʫʪʨʝʥʥʠʡ ʜʚʦʨ ʩʦʦʨʫʞʝʥʠʷ ʧʝʨʝʢʨʳʚʘʝʪ ʧʦʣʫʧʨʦʟʨʘʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʩʪʝʢʣʷʥʥʳʭ ʧʘʥʝʣʝʡ, ʩʦʝʜʠʥʝʥʥʳʭ ʩʝʪʯʘʪʳʤ ʩʪʘʣʴʥʳʤ 

ʢʘʨʢʘʩʦʤ. ʀʤʝʥʥʦ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʨʦʛʨʘʤʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʜʠʟʘʡʥʝʨʩʢʦʡ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 
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ʧʦʩʢʦʣʴʢʫ ʨʘʥʥʝʝ ʪʘʢʠʝ ʧʨʦʝʢʪʳ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʨʝʘʣʠʟʦʚʘʪʴ 

ʚʨʫʯʥʫʶ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʥʝʢʦʪʦʨʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ. ʉʣʦʞʥʦʩʪʴ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʦʯʥʦʩʪʴ 

ʧʦʣʫʯʘʝʤʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʥʢʨʝʪʥʫʶ ʬʠʛʫʨʫ.  ɺ ʨʘʤʢʘʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʠʩʪʝʤʘ 

ʧʝʨʝʤʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ. ɿʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʠ ʨʘʟʤʝʨ ʧʦʣʫʯʘʝʤʦʡ ʪʨʝʭʤʝʨʥʦʡ ʬʠʛʫʨʳ, ʘ ʧʫʪʝʤ 

ʥʘʨʘʱʠʚʘʥʠʷ ʯʠʩʣʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʥʘʠʣʫʯʰʫʶ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʬʦʨʤʫ ʩʦʦʨʫʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ ʦʙʣʝʛʯʝʥʠʶ ʨʘʙʦʪʳ ʩ ʦʙʲʝʢʪʘʤʠ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʜʦʙʠʚʘʪʴʩʷ ʚʳʩʦʢʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʝʢʪʘ. 

ʀʥʩʪʨʫʤʝʥʪʳ ʮʠʬʨʦʚʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʛʦʨʦʜʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʦʣʝʝ ʮʝʣʴʥʦ ʠ ʦʙʲʝʤʥʦ, ʩʦʙʠʨʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ, ʩ ʫʯʝʪʦʤ ʢʦʪʦʨʦʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʥʦ ʨʝʰʘʪʴ 

ʨʷʜ ʧʨʦʙʣʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʉʝʛʦʜʥʷ, ʩʫʱʝʩʪʚʫʝʪ ʩʪʨʝʤʣʝʥʠʝ ʬʦʨʤʠʨʦʚʘʪʴ 

ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʠ ʥʝʧʨʝʨʳʚʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʫʶʩʷ ʛʦʨʦʜʩʢʫʶ ʩʨʝʜʫ, ʜʝʣʘʷ 

ʦʢʨʫʞʝʥʠʝ ʜʠʥʘʤʠʯʥʝʝ ʠ ʙʦʣʝʝ ʦʪʟʳʚʯʠʚʦ ʢ ʩʦʩʪʦʷʥʠʶ ʠ ʜʝʡʩʪʚʠʷʤ ʥʘʩʝʣʝʥʠʷ. 

ʎʠʬʨʦʚʳʝ ʤʝʪʦʜʳ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʟʚʘʥʳ ʫʚʝʣʠʯʠʪʴ ʘʜʘʧʪʠʚʥʦʩʪʴ 

ʛʦʨʦʜʦʚ, ʩʦʟʜʘʚʘʷ ʢʦʤʬʦʨʪʥʫʶ ʜʣʷ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʩʨʝʜʫ [31]. 

ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʨʘʤʢʘʭ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʜʣʷ ʯʝʣʦʚʝʢʘ ʙʳʣʦ ʧʨʦʱʝ ʩʘʤʦʤʫ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʩʪʘʪʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʬʦʨʤʝ, ʦʜʥʘʢʦ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʢ 

ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʠ ʛʫʤʘʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʥʠʪʴ 

ʩʣʦʞʠʚʰʫʶʩʷ ʩʠʪʫʘʮʠʶ. ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʘʧʨʦʩ ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ ʬʦʨʤ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʛʜʘ ʥʝʧʨʝʨʳʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʢʪʘ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʚʠʜʦʚ 

ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ [88, ʩ. 11-12]. ʀʟʤʝʥʷʶʱʘʷʩʷ ʬʦʨʤʘ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ 

ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ, ʙʫʜʫʯʠ 

ʩʧʨʦʚʦʮʠʨʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʘʜʘʧʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ ʢ ʧʝʨʝʤʝʥʥʳʤ 

ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʧʦʥʷʪʠʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ.  

ʂʠʥʝʪʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʧʦʷʚʠʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʧʨʦʩʘ ʥʘ ʘʜʘʧʪʠʚʥʦʩʪʴ. ʀʩʧʦʣʴʟʫʷ 

ʜʘʥʥʳʡ ʤʝʪʦʜ, ʟʜʘʥʠʷ ʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʪʘʢ, ʯʪʦ ʠʭ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʩʧʦʩʦʙʥʳ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʥʝ ʥʘʨʫʰʘʷ ʧʨʠ ʵʪʦʤ ʮʝʣʦʩʪʥʦʩʪʴ 

ʩʪʨʫʢʪʫʨʳ ʩʦʦʨʫʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʩʦʟʜʘʚʘʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʘʜʘʧʪʠʚʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʙʲʝʤʳ, ʩʧʦʩʦʙʥʳʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʠʟʤʝʥʷʶʱʠʝʩʷ ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ.  ʈʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ɻʝʨʤʘʥʠʠ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʪʘʜʠʦʥ çʌʝʣʴʪʠʩ-ɸʨʝʥʘè ʧʨʠʤʝʯʘʪʝʣʝʥ ʩʚʦʠʤ 

ʚʳʜʚʠʞʥʳʤ ʧʦʣʝʤ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ, ʧʨʦʭʦʜʷ ʧʦʜ ʪʨʠʙʫʥʦʡ 

ʘʨʝʥʳ. ɿʜʘʥʠʝ ʞʝ ʀʥʩʪʠʪʫʪʘ ʘʨʘʙʩʢʦʛʦ ʤʠʨʘ ʠʤʝʝʪ ʦʩʦʙʫʶ ʢʦʥʩʪʨʫʢʮʠʶ 

ʬʘʩʘʜʥʳʭ ʞʘʣʶʟʠ, ʩʧʦʩʦʙʥʳʭ ʤʝʥʷʪʴ ʩʚʦʶ ʩʚʝʪʦʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʣʥʮʘ. ʈʝʘʣʠʟʘʮʠʷ ʧʦʜʦʙʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʙʳʣʘ ʙʳ ʥʝʚʦʟʤʦʞʥʦʡ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʚʠʥʫʪʳʭ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʢʠʥʝʪʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʩʯʝʪʦʚ ʥʘʛʨʫʟʦʢ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʠ ʪʨʘʝʢʪʦʨʠʠ ʠʭ ʜʚʠʞʝʥʠʷ, ʚʳʧʦʣʥʷʝʤʳʭ 

ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʧʨʦʛʨʘʤʤʘʭ. 

ʀʥʪʝʨʘʢʪʠʚʥʦʝ ʤʦʜʝʣʠʨʫʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʥʘʭʦʜʷʱʠʤʩʷ ʚʥʫʪʨʠ ʥʝʛʦ ʯʝʣʦʚʝʢʦʤ ʧʦʜʦʙʥʦ ʞʠʚʦʤʫ ʦʨʛʘʥʠʟʤʫ, 

ʨʝʘʛʠʨʫʶʱʝʤʫ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʤʝʥʷʶʱʠʝʩʷ ʚʥʝʰʥʠʝ 

ʫʩʣʦʚʠʷ ʠ ʚʦʟʙʫʞʜʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ɺʦʩʧʨʠʥʠʤʘʝʤʳʝ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ 

ʢʦʤʧʴʶʪʝʨʦʤ ʠʤʧʫʣʴʩʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʝ: ʟʚʫʢʦʚʦʡ, 

ʚʠʟʫʘʣʴʥʦʡ ʠʣʠ ʬʠʟʠʯʝʩʢʦʡ. ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʩʣʝ ʨʷʜʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʤʦʞʝʪ ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʢʦʪʦʨʦʛʦ 

ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ, ʠ ʜʘʣʝʝ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʦʪʚʝʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʢʦʪʦʨʦʡ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʬʦʨʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ 

ʩʚʷʟʘʥʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʨʘʤʢʘʭ ʜʠʛʠʪʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʦʝʢʪʳ, ʩʧʦʩʦʙʥʳʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʚʘʪʴ ʫ ʧʨʝʙʳʚʘʶʱʝʛʦ ʚ ʜʘʥʥʦʤ 

ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʝʣʦʚʝʢʘ ʦʱʫʱʝʥʠʝ ʞʠʚʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ. ʊʘʢʠʝ 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʙʲʝʢʪʳ ʩʧʦʩʦʙʥʳ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʠʩʪʝʤʳ, ʚʳʧʦʣʥʷʷ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʜʘʯʫ, ʥʦ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʫ ʥʘʙʣʶʜʘʪʝʣʷ ʪʦ ʠʣʠ ʠʥʦʝ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ.     

ʆʨʥʘʤʝʥʪʘʣʴʥʳʝ ʨʠʩʫʥʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʧʨʠʤʝʥʷʣʠʩʴ ʝʱʝ ʚ ʜʨʝʚʥʦʩʪʠ ʚ 

ʨʘʤʢʘʭ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʢʫʣʴʪʫʨʳ ʠ ʚʳʩʪʫʧʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʩʨʝʜʥʠʢʘ ʤʝʞʜʫ 

ʦʙʲʝʢʪʦʤ ʠ ʯʝʣʦʚʝʢʦʤ, ʪʨʘʥʩʣʠʨʫʷ ʦʩʦʟʥʘʚʘʝʤʦʝ ʠʣʠ ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ 

ʙʝʩʩʦʟʥʘʪʝʣʴʥʦ ʩʦʦʙʱʝʥʠʝ. ʊʘʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʛʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʠʤʚʦʣʳ ʠ ʟʥʘʢʠ, ʠʤʝʚʰʠʝ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʤʳʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʫʣʴʪʫʨʝ. ʉʝʛʦʜʥʷ ʚʥʦʚʴ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʨʠʤʝʥʝʥʠʝ 

ʦʨʥʘʤʝʥʪʠʢʠ ʚ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʩʪʨʦʡʢʘʭ. ʉʦʟʜʘʥʥʳʡ ʧʨʠ ʧʦʤʦʱʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʮʠʬʨʦʚʦʡ ʦʨʥʘʤʝʥʪ ʤʦʞʝʪ ʦʙʲʝʜʠʥʷʪʴ ʚ ʩʝʙʝ ʦʙʦʣʦʯʢʫ 

ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʫʟʦʨ [25, p. 21]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʮʠʬʨʦʚʦʡ ʦʨʥʘʤʝʥʪ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʯʘʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʠ ʦʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʙʦʣʦʯʢʠ. ʌ. ʄʫʩʘʚʠ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [140, p. 135] ʧʨʠʚʦʜʠʪ 

ʩʣʝʜʫʶʱʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʦʨʥʘʤʝʥʪʘ ʧʦ ʝʛʦ ʟʥʘʯʝʥʠʶ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ 

ʦʙʲʝʢʪʝ: ʧʦʚʝʨʭʥʦʩʪʴ, ʩʪʨʫʢʪʫʨʘ, ʬʦʨʤʘ ʠ ʰʠʨʤʘ. ɺʩʝ ʯʘʱʝ ʦʨʥʘʤʝʥʪ ʚʳʩʪʫʧʘʝʪ 

ʥʝ ʚ ʢʘʯʝʩʪʚʝ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ, ʘ ʚʘʞʥʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

ʩʪʨʦʝʥʠʷ. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʫʝʪʩʷ ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘ ʩ ʦʙʲʝʢʪʘʤʠ, 

ʦʪʨʘʞʘʶʱʠʤʠ ʩʦʮʠʘʣʴʥʳʝ ʠ ʦʙʱʝʩʪʚʝʥʥʳʝ ʮʝʥʥʦʩʪʠ ʠ ʪʨʝʙʦʚʘʥʠʷ ʟʘʢʘʟʯʠʢʘ, ʠ 

ʪʝʤ ʩʘʤʳʤ, ʧʦʜʦʙʥʦ ʜʨʝʚʥʠʤ ʦʨʥʘʤʝʥʪʘʤ, ʚʦʟʥʠʢʘʝʪ ʷʟʳʢ ʢʦʤʤʫʥʠʢʘʮʠʠ ʣʶʜʝʡ, 

ʢʫʣʴʪʫʨʳ ʠ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ [37, ʩ. 92]. ʇʨʠʤʝʨʦʤ ʧʨʠʤʝʥʝʥʠʷ 

ʦʨʥʘʤʝʥʪʘ ʚ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʩʣʫʞʠʪ ʟʜʘʥʠʝ ʈʝʡʚʝʥʩʙʦʨʥʩʢʦʛʦ ʢʦʣʣʝʜʞʘ 

ʜʠʟʘʡʥʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʚʦʟʚʝʜʝʥʥʦʝ ʚ 2010 ʛʦʜʫ ʚ ʃʦʥʜʦʥʝ. ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ 

ʦʨʥʘʤʝʥʪʘʣʴʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʬʘʩʘʜʘ ʩʦʚʝʨʰʝʥʥʦ ʤʝʥʷʝʪ ʚʦʩʧʨʠʷʪʠʝ ʯʝʣʦʚʝʢʦʤ 

ʟʜʘʥʠʷ. ʄʥʦʞʝʩʪʚʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʵʬʬʝʢʪʥʦ 

ʚʳʜʝʣʷʝʪ ʩʦʦʨʫʞʝʥʠʝ ʠ ʩʦʟʜʘʝʪ ʦʱʫʱʝʥʠʝ ʯʝʛʦ-ʪʦ ʥʦʚʦʛʦ, ʢʘʢ ʙʫʜʪʦ ʦʙʦʣʦʯʢʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʢʘʢʦʛʦ-ʪʦ ʥʝʚʠʜʘʥʥʦʛʦ ʨʘʥʥʝʝ, ʧʨʠʯʫʜʣʠʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʦʨʥʘʤʝʥʪʳ ʦʪʨʘʞʘʶʪ 
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ʩʪʨʝʤʠʪʝʣʴʥʫʶ ʚʠʨʪʫʘʣʠʟʘʮʠʶ ʦʙʱʝʩʪʚʘ, ʧʨʠʚʥʦʩʷ ʚ ʨʝʘʣʴʥʦʩʪʴ ʥʝʨʝʘʣʴʥʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʫʟʦʨʳ ʠ ʩʪʘʥʦʚʷʩʴ ʠʭ ʯʘʩʪʴʶ. ʆʨʥʘʤʝʥʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʙʘʣʘʥʩʠʨʫʶʪ ʤʝʞʜʫ ʮʠʬʨʦʚʳʤ ʠ ʨʝʘʣʴʥʳʤ ʤʠʨʘʤʠ, ʧʦʜʦʙʥʦ ʩʦʚʨʝʤʝʥʥʦʤʫ 

ʯʝʣʦʚʝʢʫ. ʆʥʠ ʧʨʝʜʩʪʘʶʪ ʵʣʝʤʝʥʪʦʤ ʩʘʤʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʝʣʦʚʝʢʘ, ʫʢʘʟʳʚʘʷ ʥʘ 

ʛʣʦʙʘʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʟʥʘʯʠʤʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʙʱʝʩʪʚʘ 

[67].  

ʊʝʭʥʦʣʦʛʠʠ ʀʀ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝʡ ʨʘʟʨʘʙʦʪʢʦʡ ʚ 

ʯʝʨʝʜʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʨʝʪʰʠʭ ʢʦʣʦʩʩʘʣʴʥʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʀʀ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʦʪʢʨʳʚʘʝʪ ʢʦʣʦʩʩʘʣʴʥʳʡ ʦʙʲʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʚʳʟʚʦʣʷʷ ʜʦʧʦʣʥʠʪʴ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʵʪʘʧʦʚ. 

ʇʦʜʨʦʙʥʳʡ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 5 ʛʣʘʚʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʠʥʪʝʨʝʩ ʢ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʚʦʟʦʙʥʦʚʠʣʩʷ, ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʜʝʷʪʝʣʴʥʦʩʪʠ SpaceX. ʊʝʩʪʦʚʳʝ ʟʘʧʫʩʢʠ ʠ 

ʤʥʦʛʦʨʘʟʦʚʳʝ ʢʦʨʘʙʣʠ ʜʝʣʘʶʪ ʧʫʪʝʰʝʩʪʚʠʷ ʥʘ ʜʨʫʛʠʝ ʧʣʘʥʝʪʳ ʙʣʠʟʢʠʤʠ ʢ 

ʨʝʘʣʴʥʦʩʪʠ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ 3D-ʧʝʯʘʪʴ ʟʜʘʥʠʡ ʤʦʞʝʪ ʩʪʘʪʴ ʢʣʶʯʝʚʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʢʦʩʤʦʩʝ, ʠʟ-ʟʘ ʝʸ 

ʘʚʪʦʥʦʤʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [133, p. 175-176]. 

ʉʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʦʯʝʚʠʜʝʥ ʟʘʧʨʦʩ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʦʞʘʣʫʡ, ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʷʚʣʷʝʪʩʷ 

ʩʪʨʦʠʪʝʣʴʥʘʷ 3D-ʧʝʯʘʪʴ. ʂʦʤʧʘʥʠʷ çApis Corè ʟʘʥʠʤʘʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ 

ʟʜʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʡ [107]. ɺ ʢʘʨʪʨʠʜʞʘʭ ʤʦʙʠʣʴʥʳʭ 3D-

ʧʨʠʥʪʝʨʦʚ ʥʘʭʦʜʠʪʩʷ ʮʝʤʝʥʪʥʘʷ ʩʤʝʩʴ, ʢʦʪʦʨʘʷ ʤʝʪʦʜʦʤ ʥʘʩʣʘʠʚʘʥʠʷ ʩʦʟʜʘʝʪ 

ʢʘʨʢʘʩ ʩʦʦʨʫʞʝʥʠʷ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʨʫʯʥʦʡ ʢʣʘʜʢʦʡ ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʚʦʟʚʝʜʝʥʠʷ ʩʪʝʥ ʦʢʘʟʳʚʘʝʪʩʷ ʙʳʩʪʨʝʝ ʚ ʜʝʩʷʪʢʠ ʨʘʟ. ʇʝʯʘʪʥʳʡ ʩʧʦʩʦʙ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʠʟʚʘʥ ʟʘʤʝʥʠʪʴ ʩʦʙʦʡ ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʪʦʥʥʳʭ ʙʣʦʢʦʚ 

ʠ ʨʘʙʦʪʫ ʙʨʠʛʘʜʳ ʩʪʨʦʠʪʝʣʝʡ [99]. ʆʩʥʦʚʘʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʪʨʦʠʪʝʣʴʥʦʡ 3D-

ʧʝʯʘʪʠ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠ ʨʦʚʥʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʪʨʘʜʠʮʠʦʥʥʦ 

ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʣʦʞʥʦ ʠʣʠ ʚʦʚʩʝ ʥʝʚʦʟʤʦʞʥʦ.  

ɹʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʨʠʥʪʝʨʦʚ ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʡ ʨʝʘʣʠʟʘʮʠʷ ʩʘʤʳʭ 

ʥʝʦʙʳʯʥʳʭ ʬʦʨʤ, ʧʦʟʚʦʣʷʷ ʘʨʭʠʪʝʢʪʦʨʘʤ ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴ ʩʚʦʶ ʬʘʥʪʘʟʠʶ ʠ ʝʱʝ 

ʙʦʣʴʰʝ ʩʙʣʠʞʘʝʪ ʠʩʢʫʩʩʪʚʦ ʠ ʘʨʭʠʪʝʢʪʫʨʫ.  ʊʘʢ, ʚ 2017 ʛʦʜʫ ʥʘ çʂʦʥʢʫʨʩʝ 

ʥʝʙʦʩʢʨʝʙʦʚè ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʠʟʜʘʥʠʷ çeVoloè ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʝʢʪ ʚʳʩʦʪʥʦʡ 

ʙʘʰʥʠ, ʬʦʨʤʘ ʢʦʪʦʨʦʡ ʧʦʣʥʦʩʪʴʶ ʚʳʙʠʚʘʣʘʩʴ ʠʟ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦ ʥʝʙʦʩʢʨʝʙʝ [104, p. 5]. ʉʦʟʜʘʪʝʣʠ ʧʨʦʝʢʪʘ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ 3D-

ʧʝʯʘʪʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʬʦʨʤ ʙʘʰʥʠ ʚ ʩʢʦʨʦʤ ʙʫʜʫʱʝʤ ʧʦʷʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʙʲʝʢʪʳ ʪʘʢʦʡ ʩʣʦʞʥʦʩʪʠ. 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ ʩʪʘʣʦ ʧʨʠʦʙʨʝʪʘʪʴ ʥʦʚʫʶ ʬʦʨʤʫ. ʇʦʷʚʣʷʶʪʩʷ ʚʩʝ ʙʦʣʝʝ 
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ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʢʦʥʮʝʧʮʠʠ ʠ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʚʠʜ ʜʠʛʠʪʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʟʳʢʠ ʠ ʟʚʫʢʘ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʨʘʙʦʪʳ ʢʦʤʧʦʟʠʪʦʨʘ ʠ ʘʨʭʠʪʝʢʪʦʨʘ ʗ. ʂʩʝʥʘʢʠʩʘ, ʚ ʢʦʪʦʨʳʭ 

ʦʥ ʩʦʟʜʘʣ ʩʦʦʨʫʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʭ ʞʝ ʘʣʛʦʨʠʪʤʦʚ, ʯʪʦ ʠ ʩʦʙʩʪʚʝʥʥʫʶ ʤʫʟʳʢʫ 

[83, ʩ. 7]. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʦʟʜʘʥʠʶ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʬʦʨʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʝʪʦʯʥʳʭ ʘʚʪʦʤʘʪʦʚ. ɼʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʢʣʝʪʦʯʥʳʭ ʘʚʪʦʤʘʪʦʚ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʪʨʝʭʤʝʨʥʳʝ ʧʘʪʪʝʨʥʳ, ʧʨʠ ʛʨʫʧʧʠʨʦʚʢʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ 

ʬʦʨʤʫ ʩʦʦʨʫʞʝʥʠʡ. ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʢʣʝʪʦʯʥʳʭ 

ʘʚʪʦʤʘʪʦʚ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʩʝʛʦʜʥʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʷʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʛʝʥʝʨʘʮʠʠ 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʩʚʦʙʦʜʥʦʤ ʚʳʙʦʨʝ [149].   

 

2.3 ʌʘʢʪʦʨʳ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ  

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʭ ʤʘʩʩʦʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨʦʤ 

ʨʘʟʣʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʟʥʳʭ ʩʬʝʨʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ʕʪʠ 

ʠʟʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝ ʧʨʦʩʪʦ ʧʨʦʜʫʢʪʦʤ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʪʝʥʜʝʥʮʠʡ, ʘ ʯʘʩʪʦ 

ʚʳʪʝʢʘʶʪ ʠʟ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʣʘʥʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʘʨʭʠʪʝʢʪʫʨʳ ʦʙʣʘʩʪʴ ʠʥʥʦʚʘʮʠʡ ʨʘʩʰʠʨʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʟʘ ʚʨʝʤʷ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʝʪʝʨʧʝʣʘ ʤʥʦʞʝʩʪʚʦ 

ʠʟʤʝʥʝʥʠʡ ʠ ʢʦʥʝʯʥʦ, ʢʘʢ ʠ ʞʠʟʥʴ, ʜʘʣʴʰʝ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ ʤʝʥʷʶʱʠʭʩʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʠ ʧʘʨʘʜʠʛʤ, ʚ 

ʢʦʪʦʨʳʭ ʦʥʘ ʥʘʭʦʜʠʪʩʷ.  ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʤʝʪʘʤʦʨʬʦʟʳ ʦʩʥʦʚʥʳʝ 

ʧʨʠʥʮʠʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʠʤʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʢ ʩʦʚʨʝʤʝʥʥʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʧʨʦʜʦʣʞʘʶʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʨʭʠʪʝʢʪʦʨʘʤʠ 

ʠ ʥʝ ʪʝʨʷʶʪ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ. ʀʩʪʦʨʠʯʝʩʢʠ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʥʮʠʧʘʤ ʘʥʘʣʠʟʘ ʠ ʧʦʜʨʘʞʘʥʠʷ ʧʨʠʨʦʜʝ, ʦʙʦʙʱʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʬʦʨʤ.  ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʠʥʮʠʧʦʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧ ʩʚʷʟʘʥʥʦʩʪʠ ʠʣʠ ʮʠʢʣʠʯʥʦʩʪʠ [101, ʩ. 6-7]. ɼʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʦʩʧʨʠʷʪʠʝ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʢʘʢ ʥʘʙʦʨʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʚʥʫʪʨʝʥʥʠʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʚʥʫʪʨʠ ʦʙʲʝʢʪʘ ʠ 

ʩʚʷʟʷʤʠ ʩ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʧʨʠʨʦʜʝ ʬʦʨʤʘ ʠ ʬʫʥʢʮʠʷ ʦʙʲʝʢʪʘ 

ʠʤʝʶʪ ʪʝʩʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʞʠʚʦʡ 

ʧʨʠʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʠ ʘʨʭʠʪʝʢʪʦʨʦʚ ʟʘ ʩʯʝʪ 

ʛʘʨʤʦʥʠʯʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠʭ ʬʦʨʤ. ʉʣʝʜʫʷ ʧʨʠʥʮʠʧʫ 

ʩʚʷʟʘʥʥʦʩʪʠ, ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʥʘʭʦʜʷʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʘʥʘʣʦʛʠʯʥʳʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʘʪʪʝʨʥʘʤ. ʀʤʝʥʥʦ ʚ ʨʘʤʢʘʭ ʜʠʛʠʪʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʚʩʝʚʦʟʤʦʞʥʳʝ ʧʨʠʨʦʜʥʳʝ ʘʥʘʣʦʛʠʠ ʥʘʭʦʜʷʪ ʥʘʠʙʦʣʝʝ ʷʨʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʢʦʛʜʘ 

ʩʦʟʜʘʝʪʩʷ ʥʝʢʦʝ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʢ ʢʦʤʙʠʥʘʮʠʷ ʛʝʥʝʨʠʨʫʝʤʳʭ ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʘ ʵʬʬʝʢʪʦʚ ʠ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
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ɺ ʭʦʜʝ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʰʣʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʵʪʘʧʦʚ: ʤʦʜʫʣʴʥʦʩʪʴ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ (ʉɸʇʈ), ʧʘʨʘʤʝʪʨʠʟʤ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ (ʀʀ). ʉʧʣʝʪʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʠ ʤʝʪʦʜʦʚ ʜʘʥʥʳʭ ʧʨʘʢʪʠʢ ʩʦʩʪʘʚʣʷʝʪ 

ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ʉ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ, ʥʝʣʠʥʝʡʥʦʩʪʴ ʠ ʝʸ ʬʝʥʦʤʝʥʳ ʙʳʣʠ ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʤʥʦʛʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʊʘʢʞʝ ʩ 1960-ʭ ʛʦʜʦʚ ʥʘʯʘʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (CAD) ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʬʦʨʤʳ. 

ʊʝʦʨʠʷ ʩʣʦʞʥʦʩʪʠ ʀʣʴʠ ʇʨʠʛʦʞʠʥʘ, ʪʝʦʨʠʷ ʢʘʪʘʩʪʨʦʬ ʈʝʥʝ ʊʦʤʘ ʠ ʪʝʦʨʠʷ ʭʘʦʩʘ 

ʕʜʚʘʨʜʘ ʃʦʨʝʥʮʘ ʩʳʛʨʘʣʠ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʜʭʦʜʦʚ ʢ ʮʠʬʨʦʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ (ʨʠʩʫʥʦʢ ɹ.3, ʇʨʠʣʦʞʝʥʠʝ ɹ).     

ʊʝʥʜʝʥʮʠʷ ʢ ʫʧʨʦʱʝʥʠʶ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʠʚʝʣʘ ʢ ʨʘʟʚʠʪʠʶ ʤʦʜʫʣʴʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʛʜʝ ʟʜʘʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʙʨʘʥʥʳʭ ʯʘʩʪʝʡ. ʕʪʦʪ 

ʧʦʜʭʦʜ ʫʩʢʦʨʷʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʠ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʙʦʣʝʝ 

ʧʨʝʜʩʢʘʟʫʝʤʳʤ. ʆʜʥʘʢʦ, ʦʥ ʪʘʢʞʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʪʚʦʨʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, 

ʧʨʠʚʦʜʷ ʢ ʦʜʥʦʦʙʨʘʟʥʳʤ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʤ ʧʦʩʪʨʦʡʢʘʤ. ʇʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʦʪʢʨʳʣʦ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʳ ʥʦʚʫʶ ʧʘʨʘʜʠʛʤʫ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʦʮʝʩʩʳ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ: ʥʘʯʠʥʘʷ ʩ ʨʘʟʨʘʙʦʪʢʠ ʠ ʟʘʢʘʥʯʠʚʘʷ ʤʦʤʝʥʪʦʤ ʩʜʘʯʠ ʦʙʲʝʢʪʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʉɸʇʈ ʤʦʞʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʰʠʙʦʢ ʚ ʧʨʦʝʢʪʝ.   

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʦʩʦʙʝʥʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʤʦʱʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʳʛʨʘʣʠ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʕʪʠ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʦʩʪʘʚʠʣʠ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʪʦʯʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʷ ʧʝʨʝʦʩʤʳʩʣʠʪʴ ʠ ʨʘʩʰʠʨʠʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʘʨʭʠʪʝʢʪʫʨʥʦʤʫ ʜʠʟʘʡʥʫ. ʇʨʦʛʨʘʤʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʜʠʟʘʡʥʘ (CAD) 

ʨʘʜʠʢʘʣʴʥʦ ʠʟʤʝʥʠʣʠ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʜʘʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ 

ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʤʦʜʝʣʠ. ʊʝʭʥʦʣʦʛʠʷ BIM 

(Building Information Modeling) ʫʛʣʫʙʠʣʘ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʧʦʟʚʦʣʷʷ ʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʘʪʝʨʠʘʣʘʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʟʜʘʥʠʡ ʚ 

ʤʦʜʝʣʠ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʝʢʪʦʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʠ ʛʝʥʝʨʘʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʦʪʢʨʳʚʘʶʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ɺ ʮʝʣʦʤ, ʵʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ ʥʝ ʪʦʣʴʢʦ 

ʨʘʩʰʠʨʷʶʪ ʛʨʘʥʠʮʳ ʪʚʦʨʯʝʩʢʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʥʦ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ, ʯʪʦ 
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ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʙʦʣʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, ʫʩʪʦʡʯʠʚʳʭ ʠ ʢʨʝʘʪʠʚʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʚʩʪʨʘʠʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʫ, ʠʜʝʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʣʠʯʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʠ 

ʘʜʘʧʪʠʚʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʢ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʨʘʥʩʬʦʨʤʠʨʫʝʤʳʝ 

ʟʜʘʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ ʂʘʣʘʪʨʘʚʳ ʠ ʍʦʙʝʨʤʘʥʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʦʧʣʦʱʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʩʦʙʝʥʥʦ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʩʪʘʜʠʦʥ 

ʄʝʨʩʝʜʝʩ-ɹʝʥʮ ʚ ɸʪʣʘʥʪʝ, ʛʜʝ ʫʥʠʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʨʳʰʠ, 

ʚʜʦʭʥʦʚʣʝʥʥʘʷ ʩʦʢʦʣʠʥʳʤ ʢʨʳʣʦʤ, ʠ ʚʳʜʚʠʞʥʳʝ ʩʠʜʝʥʠʷ, ʦʢʨʫʞʘʶʱʠʝ ʧʦʣʝ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʠʥʥʦʚʘʮʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʜʘʧʪʠʨʫʝʤʦʛʦ 

ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ [97]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ 3D-ʧʝʯʘʪʠ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ 

ʨʘʜʠʢʘʣʴʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʠ ʚʦʧʣʦʱʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʧʨʦʝʢʪʦʚ. 3D-ʧʝʯʘʪʴ ʧʦʟʚʦʣʷʝʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʠ ʠʥʞʝʥʝʨʘʤ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʪʦʯʥʦʩʪʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʠ ʩʣʦʞʥʳʝ ʬʦʨʤʳ, ʥʝʜʦʩʪʠʞʠʤʳʝ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʦʟʚʦʣʷʷ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʬʦʨʤʦʡ ʠ 

ʬʫʥʢʮʠʝʡ, ʠ ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʪʭʦʜʳ ʙʣʘʛʦʜʘʨʷ ʪʦʯʥʦʩʪʠ ʧʝʯʘʪʠ. 

ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʧʦʣʥʷʝʪ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʩʨʝʜʩʪʚʘ 

ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ. ʈʦʙʦʪʳ 

ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʩ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʠ ʩʢʦʨʦʩʪʴʶ, ʩʥʠʞʘʷ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʰʠʙʦʢ. ɺʤʝʩʪʝ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʪʦʣʴʢʦ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʦʚʘʪʦʨʩʢʠʡ ʧʦʜʭʦʜ ʢ ʘʨʭʠʪʝʢʪʫʨʥʦʤʫ ʜʠʟʘʡʥʫ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʫ, 

ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʫʩʪʦʡʯʠʚʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʘʢʪʠʢ. ʆʥʠ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʪʚʦʨʯʝʩʪʚʘ, ʧʦʟʚʦʣʷʷ ʩʦʟʜʘʚʘʪʴ ʟʜʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʳ 

ʥʝʚʦʟʤʦʞʥʳ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʝʤ ʩʘʤʳʤ 

ʨʘʩʰʠʨʷʷ ʛʨʘʥʠʮʳ ʚʦʟʤʦʞʥʦʛʦ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. 

ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʮʠʬʨʦʚʘʷ ʵʢʦʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʙʘʟʦʡ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʠʤʝʷ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ. ʕʪʦʪ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʧʦʤʦʛʘʝʪ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʠ ʩʪʨʦʠʪʝʣʷʤ ʣʫʯʰʝ ʧʦʥʷʪʴ, ʢʘʢ ʟʜʘʥʠʝ ʚʳʛʣʷʜʠʪ ʠ ʨʘʙʦʪʘʝʪ ʜʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ [34, ʩ. 25]. ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʦʮʠʬʨʦʚʢʠ ʤʦʞʥʦ ʩʦʟʜʘʪʴ 

çʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘè, ʪʦ ʝʩʪʴ ʟʜʘʥʠʷ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʮʝʣʷʭ. ʕʪʦ ʧʦʤʦʞʝʪ ʝʱʝ ʣʫʯʰʝ 

ʠʟʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ, ʥʘʧʨʠʤʝʨ, ʧʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʬʘʢʪʠʯʝʩʢʦʤʫ 

ʩʪʨʦʠʪʝʣʴʩʪʚʫ, ʚʦʟʤʦʞʥʦ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʣʠ ʦʩʚʝʱʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ.  

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʠ ʫʩʪʦʡʯʠʚʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʦʛʦ ʬʘʢʪʦʨʘ 

ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʘʨʭʠʪʝʢʪʫʨʥʦʤ 

ʜʠʟʘʡʥʝ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʜʦʚʳʭ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ BIM (Building Information Modeling), ʵʪʦʪ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʩʚʦʠ 
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ʨʘʙʦʪʳ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʘʩʧʝʢʪ ʟʜʘʥʠʷ, ʙʫʜʴ ʪʦ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʥʘ 

ʤʠʢʨʦʢʣʠʤʘʪ, ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʠ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʟʜʘʥʠʡ, ʢʦʪʦʨʳʝ 

ʙʦʣʝʝ çʟʝʣʝʥʳè ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʚʳʛʦʜʫ 

ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʮʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʮʠʬʨʦʚʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʦʪʨʘʞʘʝʪ 

ʧʝʨʝʭʦʜ ʢ ʙʦʣʝʝ ʦʩʦʟʥʘʥʥʦʤʫ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʤʫ ʧʦʜʭʦʜʫ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʛʜʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʜʦʣʛʦʩʨʦʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʦʙʱʝʩʪʚʦ. 

ɸʚʪʦʨ ʉ. ʕ. ʄʘʤʝʜʦʚ ʚ ʩʪʘʪʴʝ çʕʢʦʣʦʛʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʞʠʣʦʛʦ ʢʦʤʧʣʝʢʩʘ "ʃʠʜʦʥ ʉʠʥʛʘʧʫʨ"è ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʠ ʘʥʘʣʠʟʠʨʫʝʪ 

ʞʠʣʦʡ ʢʦʤʧʣʝʢʩ çʃʠʜʦʥ ʉʠʥʛʘʧʫʨè, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɿ. ʍʘʜʠʜ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ 

ʢʦʤʧʣʝʢʩʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʩʦʙʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʝʛʦ 

ʙʦʣʝʝ ʟʝʣʝʥʳʤ ʠ ʢʦʤʬʦʨʪʥʳʤ ʜʣʷ ʞʠʟʥʠ, ʟʜʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʢ, ʯʪʦʙʳ ʙʳʣʦ 

ʙʦʣʴʰʝ ʩʦʣʥʮʘ ʠ ʟʝʣʝʥʠ, ʘ ʢʚʘʨʪʠʨʳ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʚ ʥʠʭ ʙʳʣʦ 

ʤʥʦʛʦ ʩʚʝʪʘ ʠ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ. ɼʣʷ ʞʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʤ [164, 

ʩ. 58-61]. 

ɸʥʘʣʠʪʠʢʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ, ʢʘʢ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʜʘʥʠʝ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʥʝʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʦʤʦʛʘʝʪ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʧʨʠʥʠʤʘʪʴ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʫ 

ʘʨʭʠʪʝʢʪʦʨʦʚ ʙʫʜʝʪ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ çʧʦʤʝʨʠʪʴ ʩʝʤʴ ʨʘʟ, ʧʨʝʞʜʝ 

ʯʝʤ ʨʝʟʘʪʴè. ɺʥʝʜʨʠʚ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʟʥʘʪʴ, ʢʘʢ ʧʦʪʦʢʠ ʣʶʜʝʡ 

ʙʫʜʫʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʟʜʘʥʠʶ, ʢʘʢʦʝ ʦʩʚʝʱʝʥʠʝ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʪʘʢ 

ʜʘʣʝʝ.   

ʇʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʚʘʞʥʳʭ ʰʘʛʦʚ. ʇʝʨʚʳʤ, ʩʦʟʜʘʝʪ ʚʠʨʪʫʘʣʴʥʳʝ ʢʦʧʠʠ ʩʚʦʠʭ ʟʜʘʥʠʡ ʠ ʤʘʰʠʥ, 

ʯʪʦʙʳ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ, ʢʘʢ ʚʩʝ ʨʘʙʦʪʘʝʪ. ɺʪʦʨʳʤ, ʠʩʧʦʣʴʟʫʝʪ ʩʧʫʪʥʠʢʠ ʜʣʷ 

ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʛʜʝ ʚʩʝ ʦʙʲʝʢʪʳ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ. ʂʦʤʧʴʶʪʝʨʳ 

ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦ ʦʪʩʣʝʜʠʪʴ ʟʘ ʚʩʝʤʠ ʦʙʲʝʢʪʘʤʠ, ʧʨʠ ʫʢʣʦʥʝʥʠʠ 

ʬʫʥʢʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʠʛʥʘʣ ʩʙʦʷ. ɺ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ [108, p. 54-55]. 

ʄʠʨʦʚʘʷ ʠʥʪʝʛʨʘʮʠʷ ʠ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʘʩʧʝʢʪʘʤʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɻʣʦʙʘʣʠʟʘʮʠʷ ʠ ʨʘʩʰʠʨʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʀʥʪʝʨʥʝʪʫ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʪ ʦʙʤʝʥ ʦʧʳʪʦʤ ʠ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʘʨʭʠʪʝʢʪʦʨʘʤʠ ʩʦ 

ʚʩʝʛʦ ʤʠʨʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʥʦʚʘʪʦʨʩʢʠʭ ʠʜʝʡ ʠ 

ʧʨʘʢʪʠʢ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʩʦʦʙʱʝʩʪʚʝ. ʀʥʩʪʨʫʤʝʥʪʳ ʠ ʧʣʘʪʬʦʨʤʳ, ʪʘʢʠʝ ʢʘʢ Big 

Data ʠ Autodesk 360, ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʜʦʩʪʫʧ ʢ ʙʦʣʴʰʠʤ ʦʙʲʝʤʘʤ ʜʘʥʥʳʭ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʡ 

ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʠ 

ʫʩʣʦʚʠʡ ʧʨʦʝʢʪʘ. ʕʪʘ ʛʣʦʙʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʝʪʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ 

ʪʦʣʴʢʦ ʦʙʤʝʥʫ ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʥʦ ʠ ʦʙʦʛʘʱʘʝʪ ʘʨʭʠʪʝʢʪʫʨʥʫʶ 
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ʢʫʣʴʪʫʨʫ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʘʨʭʠʪʝʢʪʦʨʘʤ ʜʦʩʪʫʧ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʩʪʠʣʷʤ, 

ʪʨʘʜʠʮʠʷʤ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ. ɺ ʮʝʣʦʤ, ʤʠʨʦʚʘʷ ʠʥʪʝʛʨʘʮʠʷ ʠ ʦʙʤʝʥ 

ʜʘʥʥʳʤʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʦʪʢʨʳʪʦʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʠ ʵʩʪʝʪʠʯʝʩʢʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ ʦʙʥʘʨʫʞʠʚʘʝʪ 

ʪʝʥʜʝʥʮʠʶ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʘʪʦʨʩʢʠʭ ʬʦʨʤ, ʦʪʨʘʞʘʶʱʠʭ ʜʠʥʘʤʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ. ʆʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʚʜʦʭʥʦʚʝʥʠʷ ʷʚʣʷʝʪʩʷ çʬʨʘʢʪʘʣʴʥʘʷ 

ʛʝʦʤʝʪʨʠʷè, ʢʦʪʦʨʘʷ ʨʘʩʢʨʳʚʘʝʪ ʘʩʧʝʢʪʳ ʩʣʦʞʥʦʡ ʧʨʦʙʣʝʤʳ ʩʠʥʪʝʟʘ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ [77, ʩ. 84] (ʨʠʩʫʥʦʢ ɹ.4, ʇʨʠʣʦʞʝʥʠʝ ɹ). ʕʪʠ 

ʢʦʤʧʣʝʢʩʥʳʝ ʬʦʨʤʳ, ʦʨʛʘʥʠʯʥʦ ʩʦʯʝʪʘʶʱʠʝʩʷ ʩ ʧʨʠʨʦʜʥʳʤʠ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ, ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʨʘʙʦʪʢʝ ʫʥʠʢʘʣʴʥʳʭ ʠ ʛʘʨʤʦʥʠʯʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ 

ʪʝʦʨʠʠ ʭʘʦʩʘ ʯʝʨʝʟ ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ 

ʛʘʨʤʦʥʠʯʥʦʛʦ ʩʣʠʷʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʦʢʨʫʞʘʶʱʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʜʘʥʠʡ. 

ɺ ʮʝʣʦʤ, ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʦʙʲʝʜʠʥʷʝʪ 

ʢʫʣʴʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ, ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ 

ʠʟʤʝʥʷʶʱʠʝʩʷ ʧʦʪʨʝʙʥʦʩʪʠ ʦʙʱʝʩʪʚʘ. ʕʪʠ ʬʘʢʪʦʨʳ ʚʤʝʩʪʝ ʦʙʨʘʟʫʶʪ ʦʩʥʦʚʫ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, ʫʩʪʦʡʯʠʚʳʭ ʠ ʢʨʝʘʪʠʚʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʦʙʦʛʘʱʘʷ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʧʨʘʢʪʠʢʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

ʇʨʦʛʨʘʤʤʘ çʀʥʪʝʛʨʘ 4D-ʇʣʘʥʝʪʘ ɿʝʤʣʷè ʧʦʤʦʛʘʝʪ ʩʜʝʣʘʪʴ ʟʘʛʨʫʞʝʥʥʳʝ 

ʜʘʥʥʳʝ ʦʙʲʝʢʪʦʚ ʮʠʬʨʦʚʳʤʠ. ʕʪʠ ʤʦʜʝʣʠ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʪʦʯʥʳʭ ʟʘʤʝʨʦʚ 

ʤʝʩʪʥʦʩʪʠ, ʠ ʚʩʝ ʵʪʦ ʨʘʙʦʪʘʝʪ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʚʨʝʤʝʥʠ ʠ ʢʦʦʨʜʠʥʘʪ. ʊʦ ʝʩʪʴ, ʝʩʣʠ 

ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥʘʭ ʯʪʦ-ʪʦ ʩʣʦʤʘʝʪʩʷ ʠʣʠ ʥʫʞʥʦ ʯʪʦ-ʪʦ ʫʣʫʯʰʠʪʴ, ʤʦʞʥʦ 

ʩʥʘʯʘʣʘ ʧʦ ʨʘʙʦʪʘʪʴ ʥʘ ʫʨʦʚʥʝ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʧʦʥʷʪʴ, ʢʘʢ ʚʩʸ ʫʩʪʨʦʝʥʦ ʠ 

ʢʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʙʫʜʫʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʥʘʩʪʦʷʱʝʛʦ ʟʘʚʦʜʘ ʪʝ ʠʣʠ ʠʥʳʝ ʜʝʡʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ, 

ʥʝ ʨʠʩʢʫʷ ʨʝʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʊʘʢʞʝ, ʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤ rʤʦʞʥʦ 

ʩʤʦʪʨʝʪʴ, ʢʘʢ ʦʙʲʝʢʪʳ ʚʳʛʣʷʜʷʪ ʠ ʛʜʝ ʦʥʠ ʥʘʭʦʜʷʪʩʷ, ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ. ɽʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʠʜʝʪʴ, ʢʘʢ ʦʙʲʝʢʪʳ ʚʳʛʣʷʜʝʣʠ ʚ ʧʨʦʰʣʦʤ, ʢʘʢ ʦʥʠ ʩʝʡʯʘʩ 

ʚʳʛʣʷʜʷʪ ʠ ʢʘʢ ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ ʚ ʙʫʜʫʱʝʤ. ɸ ʪʘʢʞʝ, ʧʨʦʛʨʘʤʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ 

AR ʠ VR ʪʝʭʥʦʣʦʛʠʠ [79].  

ʋʯʠʪʳʚʘʷ ʪʝʯʝʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ, ʮʠʬʨʦʚʘʷ 

ʢʫʣʴʪʫʨʘ ʧʨʝʜʣʘʛʘʝʪ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʥʘʯʠʥʘʷ ʦʪ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʛʜʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ ʩʦʟʜʘʶʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ, ʜʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʟʤʝʥʷʪʴ ʜʠʟʘʡʥ ʯʝʨʝʟ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

ɻʝʥʝʨʘʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ, ʘʚʪʦʤʘʪʠʟʠʨʫʷ ʛʝʥʝʨʘʮʠʶ 

ʜʠʟʘʡʥʝʨʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʫʩʠʣʠʚʘʶʪ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʘʥʘʣʠʟ ʠ 

ʦʧʪʠʤʠʟʘʮʠʶ ʜʠʟʘʡʥʘ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʥʦʩʠʪ ʨʘʮʠʦʥʘʣʴʥʳʡ 

ʧʦʜʭʦʜ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʨʝʰʝʥʠʡ. ʉʝʪʝʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʜʠʟʘʡʥʘ ʠ ʩʝʪʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚ ʢʦʣʣʘʙʦʨʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ 
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ʬʨʘʢʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʪʘʢʞʝ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ 

ʜʠʟʘʡʥʝ, ʜʦʙʘʚʣʷʷ ʩʣʦʞʥʦʩʪʴ ʠ ʵʩʪʝʪʠʯʝʩʢʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʚ ʧʨʦʝʢʪʳ 

(ʨʠʩʫʥʦʢ ɹ.6 [238-246], ʨʠʩʫʥʦʢ ɹ.5 [247], ʇʨʠʣʦʞʝʥʠʝ ɹ).  

ʊʨʘʥʩʬʦʨʤʠʨʫʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʝʪʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʠʟ ʢʦʪʦʨʳʭ ʦʥʘ 

ʩʦʩʪʦʠʪ. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʘʨʭʠʪʝʢʪʦʨʘʤ ʢʨʘʡʥʝ ʚʘʞʥʦ ʦʩʦʟʥʘʚʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʘʢʪʫʘʣʴʥʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 

ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʨʫʜʥʦʩʪʝʡ ʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʧʫʪʝʡ ʠʭ ʨʝʰʝʥʠʷ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʳʝ 

ʧʨʦʮʝʩʩʳ ʥʝ ʪʦʣʴʢʦ ʦʙʣʝʛʯʠʣʦ ʨʘʙʦʪʫ ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʥʦ ʠ ʧʨʝʚʳʩʠʣʦ ʥʦʚʳʝ 

ʟʘʜʘʯʠ, ʩ ʢʦʪʦʨʳʤʠ ʥʘʫʯʥʦʤʫ ʩʦʦʙʱʝʩʪʚʫ ʧʨʠʰʣʦʩʴ ʩʪʦʣʢʥʫʪʴʩʷ ʚʧʝʨʚʳʝ. ʌʘʢʪ 

ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʬʝʥʦʤʝʥʦʤ, ʦʟʥʘʤʝʥʦʚʳʚʘʝʪ 

ʥʘʩʪʫʧʣʝʥʠʝ ʥʝʢʦʝʛʦ ʢʨʠʟʠʩʥʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʠʟʤʝʥʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʘʨʘʜʠʛʤʳ. ʆʩʪʘʝʪʩʷ ʣʠʰʴ 

ʥʘʙʣʶʜʘʪʴ ʟʘ ʭʦʜʦʤ ʠʩʪʦʨʠʠ ʠ ʟʘ ʪʝʤ, ʢʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʤʝʪ ʚ 

ʙʫʜʫʱʝʤ. ʆʜʥʦ ʷʩʥʦ ʪʦʯʥʦ: ʜʘʥʥʘʷ ʜʠʩʮʠʧʣʠʥʘ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ 

ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʥʷʶʱʝʛʦʩʷ ʦʙʱʝʩʪʚʘ ʠ ʝʛʦ 

ʧʦʪʨʝʙʥʦʩʪʝʡ, ʘ ʚ ʦʪʚʝʪ ʪʘʢʞʝ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʦʱʫʱʝʥʠʷ ʦʪ 

ʧʨʝʙʳʚʘʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʦʨʦʜʘ. 

ɺʳʚʦʜʳ ʧʦ ʚʪʦʨʦʤʫ ʨʘʟʜʝʣʫ 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʢʣʶʯʝʚʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ  

ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʛʨʘʮʠʶ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʣʦʩʴ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ, ʢʫʣʴʪʫʨʥʳʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʘʩʧʝʢʪʘʤ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ, ʢʘʢ ʠʤʝʥʥʦ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʠʟʤʝʥʝʥʠʷ ʚ 

ʦʙʱʝʩʪʚʝʥʥʦʤ ʚʦʩʧʨʠʷʪʠʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʩʦʜʝʡʩʪʚʫʶʪ ʧʨʠʥʷʪʠʶ ʠ 

ʘʜʘʧʪʘʮʠʠ ʮʠʬʨʦʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. 

2. ʀʟʫʯʠʚ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠʝ  

ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ, ʵʬʬʝʢʪʠʚʥʦ ʦʧʠʩʳʚʘʶʪ ʤʝʭʘʥʠʟʤʳ 

ʮʠʬʨʦʚʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ʕʪʠ ʤʦʜʝʣʠ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʘʭ, ʪʘʢʠʭ ʢʘʢ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʠ 

ʛʝʥʝʨʘʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠ ʧʦʤʦʛʘʶʪ ʧʦʥʷʪʴ, ʢʘʢ ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ 

ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʬʦʨʤ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ  

ʚʦʟʤʦʞʥʦʩʪʠ, ʤʝʪʦʜʳ ʠ ʧʨʦʮʝʩʩʳ ʚ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʣʘʥʜʰʘʬʪʘ. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ BIM, 

ʧʦʟʚʦʣʷʝʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʨʘʙʦʪʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʩʦʟʜʘʚʘʷ ʧʨʦʝʢʪʳ ʥʘ 

ʢʘʯʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʩʪʠ. 
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3 ɸʈʍʀʊɽʂʊʋʈɸ ʀ ʎʀʌʈʆɺɸʗ ʂʋʃʔʊʋʈɸ: ɼʀɸʃɽʂʊʀʂɸ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ 

ɺ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʠ 

ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ, ʘ ʪʘʢʞʝ ʜʠʘʣʝʢʪʠʢʘ ʠʭ ʩʦʯʝʪʘʥʠʷ. ʇʦʜʨʘʟʜʝʣ 3.1 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʳʷʚʣʷʷ ʥʦʚʘʪʦʨʩʢʠʝ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ. 

ʇʦʜʨʘʟʜʝʣ 3.2 ʦʩʚʝʪʣʝʥʦ ʧʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʧʨʦʮʝʩʩʳ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʷ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʠ ʝʛʦ 

ʨʝʟʫʣʴʪʘʪʳ. ʇʦʜʨʘʟʜʝʣ 3.3 ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʦʞʥʦʩʪʷʭ ʠ ʧʨʦʙʣʝʤʘʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʦʙʦʟʥʘʯʘʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʠ ʚʳʟʦʚʳ. ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ ʧʦʜʚʦʜʷʪ ʠʪʦʛʠ 

ʘʥʘʣʠʟʘ, ʦʧʨʝʜʝʣʷʷ ʚʝʢʪʦʨʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

 

3.1 ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ɸʨʭʠʪʝʢʪʫʨʘ ʍʍ-ʍʍI ʚʝʢʦʚ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʧʨʦʩʪʦ ʬʠʟʠʯʝʩʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʠ ʚ ʩʚʝʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ ʮʠʬʨʦʚʦʡ ʨʝʚʦʣʶʮʠʠ, 

ʦʥʘ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ, ʦʙʨʝʪʘʷ ʥʦʚʦʝ ʠʟʤʝʨʝʥʠʝ ʚ ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʦʪʦʨʦʝ ʚʦʩʩʦʟʜʘʝʪ ʠ ʜʦʧʦʣʥʷʝʪ ʨʝʘʣʴʥʦʩʪʴ, ʩʪʘʥʦʚʷʩʴ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʠ ʤʘʪʝʤʘʪʠʢʘ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʦʡ ʠʩʢʫʩʩʪʚʘ ʠ ʥʘʫʢ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʨʘʟʫʶʪ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ɺ 

ʧʨʦʰʣʦʤ, ʵʪʠ ʜʠʩʮʠʧʣʠʥʳ ʫʞʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʚʦʶ ʩʦʚʤʝʩʪʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʉʦʚʨʝʤʝʥʥʘʷ ʵʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʰʠʨʷʝʪ ʵʪʫ 

ʩʠʥʝʨʛʠʶ, ʧʨʝʜʣʘʛʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʨʘʩʪʫʱʝʛʦ ʚʣʠʷʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʠ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʟʥʘʯʠʤʦʩʪʴ 

ʠʥʪʫʠʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʭʫʜʦʞʝʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ. 

ʇʨʠ ʫʩʣʦʚʠʠ ʩʦʙʣʶʜʝʥʠʷ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʛʫʤʘʥʠʪʘʨʥʳʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʘʩʧʝʢʪʘʤʠ, ʙʫʜʫʱʝʝ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚʳʛʣʷʜʠʪ ʦʙʝʱʘʶʱʠʤ [81, ʩ. 3-7].  

ɺ ʵʧʦʭʫ ʮʠʬʨʦʚʦʛʦ çʚʟʨʳʚʘè ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʦʚʳʭ ʤʝʪʦʜʘʭ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʠ ʤʝʪʦʜʳ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʩʣʦʞʥʳʝ 

ʚʟʘʠʤʦʩʚʷʟʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʮʠʬʨʦʚʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʠʨʘ, 

ʠ ʙʳʪʴ ʦʩʥʦʚʘʥʳ ʥʘ ʩʠʩʪʝʤʝ ʥʘʫʯʥʳʭ ʧʦʟʥʘʥʠʡ. ʈʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʬʦʨʤʳ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ, ʘ 

ʠʭ ʚʠʨʪʫʘʣʴʥʳʝ çʪʝʥʠè ʩʪʘʥʦʚʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʪʣʠʯʠʤʳ ʦʪ ʨʝʘʣʴʥʦʩʪʠ. ʕʪʦ 

ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤ ʠ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʪʨʝʙʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ [105, p. 

17-19]. 

ʅʠʢʦʣʘʩ ʅʝʛʨʦʧʦʥʪʝ, ʚʝʜʫʱʠʡ ʧʠʦʥʝʨ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʦʩʥʦʚʘʪʝʣʴ MIT Media Lab, ʚʳʜʚʠʥʫʣ ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʠʜʝʠ ʦ ʪʦʤ, ʢʘʢ ʮʠʬʨʦʚʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʨʘʜʠʢʘʣʴʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʧʨʘʢʪʠʢʫ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴ ʧʨʝʜʣʘʛʘʝʪ ʧʝʨʝʩʤʦʪʨʝʪʴ ʪʦ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʟʜʘʥʠʷ ʪʘʤ, ʛʜʝ ʤʳ 

ʞʠʚʝʤ ʠʣʠ ʨʘʙʦʪʘʝʤ, ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʢʠʨʧʠʯʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ ʠʣʠ 

ʩʪʝʢʣʷʥʥʳʝ ʠ ʙʝʪʦʥʥʳʝ ʩʪʝʥʳ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʫʤʥʳʤ ʠ ʘʜʘʧʪʠʚʥʳʤ, ʪʦ ʝʩʪʴ 
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ʩʧʦʩʦʙʥʳʤ ʠʟʤʝʥʷʪʴ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʨʦʠʩʭʦʜʷʱʝʝ ʚʦʢʨʫʛ. ʅʘʧʨʠʤʝʨ, ʚʳʩʦʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʥʘʨʫʞʠ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʠ ʟʜʘʥʠʷ. ʀʣʠ, ʝʩʣʠ ʚ 

ʧʦʤʝʱʝʥʠʠ ʤʥʦʛʦ ʣʶʜʝʡ, ʵʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʣʫʯʰʠʪ ʚʝʥʪʠʣʷʮʠʶ. ʊʘʢʦʝ ʟʜʘʥʠʝ 

ʙʫʜʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʣʶʜʴʤʠ, ʢʘʢ ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ. 

ʕʪʦ ʙʫʜʫʱʝʝ, ʚ ʢʦʪʦʨʦʤ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʲʝʜʠʥʷʶʪʩʷ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ 

ʥʘʰʫ ʞʠʟʥʴ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ [12, ʩ. 136-138].2 

ɸ.ʅ. ʅʦʚʠʢʦʚʘ ʠʩʩʣʝʜʫʝʪ, ʢʘʢ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʘʢʪʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘʣʠʩʴ ʠʟ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʤʘʩʪʝʨʩʢʠʭ ʚ ʩʦʚʨʝʤʝʥʥʳʝ ʩʝʪʝʚʳʝ ʦʨʛʘʥʠʟʘʮʠʠ. ʆʥʘ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʠ ʚʘʞʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʚ ʵʪʠʭ ʩʝʪʝʚʳʭ 

ʩʪʨʫʢʪʫʨʘʭ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʜʘʣʝʥʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʘʨʭʠʪʝʢʪʦʨʳ ʩʪʘʥʦʚʷʪʩʷ ʢʦʦʨʜʠʥʘʪʦʨʘʤʠ, ʦʙʲʝʜʠʥʷʶʱʠʤʠ 

ʨʘʟʥʳʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ 50 

ʬʠʨʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʯʘʩʪʠʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʵʣʝʤʝʥʪʳ ʩʝʪʝʚʦʡ 

ʨʘʙʦʪʳ, ʥʦ ʧʦʣʥʦʩʪʴʶ ʩʝʪʝʚʳʤʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʣʠʰʴ ʪʨʝʪʴ. ʅʦʚʠʢʦʚʘ ʪʘʢʞʝ 

ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʮʠʢʣʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʩʦʯʝʪʘʶʪʩʷ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʣʠʥʝʡʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʣʫʯʰʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ɺʘʞʥʦʩʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʤʘʥʜʥʘʷ ʨʘʙʦʪʘ, 

ʘʥʘʣʠʪʠʢʘ, ʚʣʘʜʝʥʠʝ ʮʠʬʨʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ ʚ ʩʝʪʝʚʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʯʪʦ 

ʟʘʢʣʶʯʘʝʪ ʘʚʪʦʨ, ʛʠʙʢʠʝ ʠ ʜʠʥʘʤʠʯʥʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʘʞʥʳ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʠ ʘʨʭʠʪʝʢʪʦʨʳ ʜʦʣʞʥʳ ʨʘʟʚʠʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʥʘʚʳʢʠ ʜʣʷ ʨʘʙʦʪʳ ʚ ʪʘʢʦʡ ʩʨʝʜʝ [157, ʩ. 20-23]. 

ɸʨʭʠʪʝʢʪʦʨʳ ʌ. ɻʝʨʨʠ, ɿ. ʍʘʜʠʜ, ʇ. ʐʫʤʘʭʝʨ, ʌ. ʆʪʪʦ, ʊ. ʀʪʦ, ɻ. ʃʠʥʥ ʠ 

ʜʨ., ʷʚʣʷʶʪʩʷ ʧʠʦʥʝʨʘʤʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʀʭ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚʩʸ ʯʪʦ ʥʘ ʩʝʛʦʜʥʷ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ Rhino, Grasshopper, 

ArchiCAD, SketchUp ʠ ʜʨʫʛʠʝ. ʂʦʥʝʯʥʦ, ʚʧʝʨʚʳʝ ʙʳʣʠ Catia ʠ Gehry 

Technologies, ʥʘ ʯʸʤ ʌ. ɻʝʨʨʠ ʩʦʟʜʘʚʘʣ ʠʟʚʝʩʪʥʳʝ ʩʚʦʠ ʩʦʦʨʫʞʝʥʠʷ. ɺʩʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʠ ʫʥʠʢʘʣʴʥʳʝ ʬʦʨʤʳ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʯʝʩʪʴ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʢʘʟʘʣʩʷ ʥʝ ʧʨʦʩʪʦ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʘ 

ʧʨʠʜʘʣ ʩʪʠʣʴ ʦʩʪʘʚʘʷʩʴ ʥʘ ʧʝʨʝʜʦʚʦʤ ʩʧʨʦʩʝ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʧʨʘʢʪʠʢʝ. ʉʦʙʩʪʚʝʥʥʦ, ʚ ʵʪʦʤ, ʩʦʚʨʝʤʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʝʨʠʦʜ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʨʝʞʜʝ ʚʩʝʛʦ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ, BIM, VR ʠ AR 

ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 3D-ʧʝʯʘʪʴ, ʮʠʬʨʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʜʨʫʛʠʝ ï ʚʩʝ 

ʵʪʠ ʧʦʜʭʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʤʝʶʪ ʚʩʝ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ, ʛʝʥʝʨʘʪʠʚʥʳʡ ʠ ʜʨʫʛʠʝ ʧʦʜʭʦʜʳ 

ʩʪʘʣʠ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʣʦʞʥʳʝ ʠ ʘʜʘʧʪʠʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʫʪʝʤ 

 
2 ʇʦ ʤʥʝʥʠʶ ʅʠʢʦʣʘʩʘ ʅʝʛʨʦʧʦʥʪʝ: çʎʠʬʨʦʚʘʷ ʞʠʟʥʴ ʙʫʜʝʪ ʚʩʝ ʤʝʥʴʰʝ ʠ ʤʝʥʴʰʝ ʟʘʚʠʩʝʪʴ ʦʪ ʧʨʝʙʳʚʘʥʠʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʝʩʪʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ, ʠ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʦʡ ʧʝʨʝʜʘʯʘ ʩʘʤʦʛʦ ʤʝʩʪʘè.  ʅʠʢʦʣʘʩ ʅʝʛʨʦʧʦʥʪʝ, 

ʜʘʪʘ ʥʝʠʟʚʝʩʪʥʘ. ʎʠʪʘʪʘ ʅʠʢʦʣʘʩ ʅʝʛʨʦʧʦʥʪʝ. https://list-quotes.com/ru/ʢʘʚʳʯʢʠ/ʥʠʢʦʣʘʩ-ʥʝʛʨʦʧʦʥʪʝ-1437996/ 

27.08.22. 
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ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʠ ʤʝʪʦʜʳ 

ʦʩʥʦʚʘʥʳ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣʘʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ, 

ʛʠʙʢʠʝ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʢʘʞʜʳʡ ʧʘʨʘʤʝʪʨ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʨʫʛʠʤʠ. ʊʘʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʬʦʨʤʳ, 

ʥʦ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʩ ʫʯʝʪʦʤ ʨʘʟʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪʨʝʙʦʚʘʥʠʡ. 

ʊʝʭʥʦʣʦʛʠʠ VR ʠ AR ʧʦʛʨʫʞʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʝʱʸ ʛʣʫʙʞʝ ʚ ʚʠʨʪʫʘʣʴʥʳʡ 

ʤʠʨ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʦʙʫʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ, ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ ʧʨʦʝʢʪʦʤ - ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ. ʆʜʥʘʢʦ ʝʩʪʴ ʠ çʦʙʨʘʪʥʘʷ ʩʪʦʨʦʥʘ ʤʝʜʘʣʠè - 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ, ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʠʥʪʝʟʘ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʞʠʜʘʥʥʳʤ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʅʦ, ʢʘʢ ʣʶʙʦʡ ʪʨʝʥʜ, 

ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʦʪʚʝʯʘʶʪ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʢʘʢ ʠ ʧʨʦʰʣʳʝ 

ʠʥʥʦʚʘʮʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʧʨʦʩ ʥʘ ʪʝʭʥʦʣʦʛʠʶ 3D-ʧʝʯʘʪʠ ʪʘʢʞʝ ʥʘʭʦʜʷʪ ʩʚʦʠʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʚʣʝʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩ 

ʣʝʛʢʦʩʪʴʶ ʚʦʧʣʦʪʠʪʴ ʚ ʞʠʟʥʴ ʩʘʤʳʝ ʩʣʦʞʥʳʝ ʠ ʥʝʦʙʳʯʥʳʝ ʠʜʝʠ [143, p. 285-

287]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ çʌʝʥʦʤʝʥ "ʚʠʨʪʫʘʣʴʥʦʩʪʠ" ʚ ʘʨʭʠʪʝʢʪʫʨʝè ʉʘʚʝʣʴʝʚʘ ʃ.ɺ. 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʣʦʛʨʘʬʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʧʝʨʝʭʦʜʷ ʦʪ 

ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ. ʆʥʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʧʦʣʥʦʩʪʴʶ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ ʠʟ-ʟʘ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʙʘʨʴʝʨʦʚ, ʧʨʠʤʝʨʦʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʫʟʝʷ ʨʫʩʩʢʦʛʦ 

ʘʚʘʥʛʘʨʜʘ ʚ ʄʦʩʢʚʝ ʦʪ ʤʘʩʪʝʨʩʢʦʡ ɸʩʘʜʦʚʘ. ʉʘʚʝʣʴʝʚʘ ʧʦʜʯʝʨʢʠʚʘʝʪ ʨʠʩʢʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʝʨʝʛʨʫʟʘ ʦʪ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʣʦʛʨʘʬʠʠ ʚ 

ʛʦʨʦʜʘʭ ʠ ʠʟʤʝʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʪʝʥʜʝʥʮʠʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʩʤʝʱʘʶʱʠʭ ʬʦʢʫʩ ʥʘ ʩʦʟʜʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʠ ʜʠʥʘʤʠʯʥʳʭ ʦʙʨʘʟʦʚ. 

ɸʚʪʦʨ ʧʨʠʟʳʚʘʝʪ ʢ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤʫ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʵʪʠʭ ʠʥʥʦʚʘʮʠʡ, 

ʚʦʚʣʝʢʘʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ [85, ʩ. 202-204]. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ ʦʪʢʨʳʣʦ 

ʧʝʨʝʜ ʘʨʭʠʪʝʢʪʦʨʘʤʠ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʠ ʧʨʠʚʣʸʢ ʩʦʙʦʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ 

ʢ ʘʨʭʠʪʝʢʪʫʨʥʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ. ɺ ʮʝʥʪʨʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ - ʚʩʪʨʦʝʥʳ ʩʦʟʜʘʥʠʝ 

ʘʜʘʧʪʠʨʫʝʤʳʭ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʢʘʞʜʳʡ ʧʘʨʘʤʝʪʨ 

ʚʟʘʠʤʦʩʚʷʟʘʥ ʩ ʜʨʫʛʠʤʠ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʳʩʪʨʦʝʥʳ ʥʝ ʪʦʣʴʢʦ ʚ 

ʩʣʫʯʘʡʥʦʤ ʬʦʨʤʘʣʠʟʘʮʠʠ - ʦʥʦ ʤʦʞʝʪ ʦʧʨʝʜʝʣʝʥʦ ʯʝʨʝʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʬʦʨʤʫʣʳ ʠ ʘʣʛʦʨʠʪʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʚ ʪʦʯʥʦʩʪʠ ʩʦʟʜʘʚʘʪʴ 

ʩʣʦʞʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʠ ʫʥʠʢʘʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʕʪʦ ʛʠʙʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʘʝʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʥʝʚʠʜʘʥʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ ʩ ʬʦʨʤʘʤʠ ʠ ʘʜʘʧʪʘʮʠʠ ʧʨʦʝʢʪʦʚ ʢ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʠ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʙʳʩʪʨʦʝ ʩʦʟʜʘʥʠʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʝʢʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ 

ʚʳʯʠʩʣʝʥʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ, ʥʦ ʠ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ, ʜʝʣʘʷ ʠʭ ʙʦʣʝʝ ʪʦʯʥʳʤʠ, ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʤʠ ʢ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʪʨʘʛʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʪʦʨʦʥʫ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʢʦʥʪʝʢʩʪʝ 

ʦʭʚʘʪʳʚʘʝʪ ʛʣʦʙʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʙʠʟʥʝʩ-ʤʦʜʝʣʷʭ ʠ ʤʝʪʦʜʘʭ ʫʧʨʘʚʣʝʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʝʡ, ʚʳʟʚʘʥʥʳʝ ʚʥʝʜʨʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦʪ ʧʨʦʮʝʩʩ 
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ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʧʨʷʤʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʦ ʠ 

ʧʝʨʝʦʩʤʳʩʣʝʥʠʝ, ʘʜʘʧʪʘʮʠʶ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʮʠʬʨʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ, ʫʣʫʯʰʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʠ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʷʚʣʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʨʝʥʜʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʧʨʦʛʨʝʩʩ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʜʨʫʛʠʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ [69, ʩ. 

165-166]. 

ʇʘʨʘʤʝʪʨʠʟʤ ʩʪʘʣ ʢʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʥʘʯʘʣʘ XXI 

ʚʝʢʘ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʝʜʫʱʠʭ 

ʤʠʨʦʚʳʭ ʘʨʭʠʪʝʢʪʦʨʦʚ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʦʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʇʘʪʨʠʢʦʤ ʐʫʤʘʭʝʨʦʤ, ʠ 

ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʚʟʘʠʤʦʩʚʷʟʷʭ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʬʦʨʤʳ ʠ ʬʫʥʢʮʠʠ ʚ 

ʢʦʥʪʝʢʩʪʝ ʧʦʩʪʬʦʨʜʠʟʤʘ - ɻ ʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʦʚʨʝʤʝʥʥʳʝ 

ʟʘʧʨʦʩʳ ʦʙʱʝʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʘʨʘʤʝʪʨʠʟʤ ʧʨʝʜʣʘʛʘʝʪ ʥʦʚʳʡ ʚʟʛʣʷʜ ʥʘ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʢʘʪʝʛʦʨʠʠ, ʪʘʢʠʝ ʢʘʢ ʤʘʩʰʪʘʙʥʦʩʪʴ ʠ ʪʝʢʪʦʥʠʢʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʢʨʠʪʠʢʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʞʝʩʪʢʦʩʪʴʶ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʘʜʘʧʪʘʮʠʶ ʘʨʭʠʪʝʢʪʫʨʳ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʦʙʱʝʩʪʚʝʥʥʳʤ 

ʫʩʣʦʚʠʷʤ, ʠʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [33, ʩ. 2-9]. 

ɿʘʭʘ ʍʘʜʠʜ ʠ ʝʝ ʙʶʨʦ Zaha Hadid Architects ʩʪʘʣʠ ʠʟʚʝʩʪʥʳʤʠ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʠ 

ʫʥʠʢʘʣʴʥʳʭ ʬʦʨʤ. ɺʧʝʨʚʳʝ ʵʪʦʪ ʧʦʜʭʦʜ ʧʨʠʤʝʥʸʥ ʚ ʎʝʥʪʨʝ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʠʩʢʫʩʩʪʚʘ ʈʦʟʝʥʪʘʣ ʚ ʉʐɸ, ʥʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʨʘʩʢʨʳʪ ʚ ʧʨʦʝʢʪʝ ʤʫʟʝʷ 

çMAXXIè ʚ ʈʠʤʝ. ɺ ʵʪʦʤ ʣʘʫʨʝʘʪ ʇʨʝʤʠʠ ʇʨʠʮʢʝʨʘ, ʩʜʝʣʘʣʘ ʧʨʦʨʳʚʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʩʜʝʣʘʚ ʩʚʦʠ ʩʦʦʨʫʞʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦ ʚʳʨʘʟʠʪʝʣʴʥʳʤʠ. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʜʠʟʘʡʥ 

ʦʪʢʨʳʣ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʶʨʦ Zaha Hadid Architects ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ 

ʩʦʟʜʘʥʠʠ ʫʥʠʢʘʣʴʥʳʭ, ʩʣʦʞʥʳʭ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʬʦʨʤ. ʆʥʠ 

ʫʩʧʝʰʥʦ ʚʥʝʜʨʷʶʪ ʵʪʫ ʪʝʭʥʠʢʫ ʚʦ ʤʥʦʛʠʭ ʩʚʦʠʭ ʧʨʦʝʢʪʘʭ, ʧʨʦʜʦʣʞʘʷ 

ʚʜʦʭʥʦʚʣʷʪʴ ʠ ʠʟʤʝʥʷʪʴ ʧʦʥʠʤʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʉʦʟʜʘʥʠʝ ʬʦʨʤʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʠʚʣʝʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʦʙʩʫʞʜʝʥʠʡ ʠ 

ʜʠʩʢʫʩʩʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʛʦ, ʢʘʢ ʧʨʘʚʠʣʴʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, 

ʩʦʯʝʪʘʷ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʬʫʥʢʮʠʷ, ʬʦʨʤʘ, ʵʩʪʝʪʠʢʘ, ʩʪʦʠʤʦʩʪʴ ʠ ʧʦʪʨʝʙʥʦʩʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺʥʝʜʨʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʠʢ, ʪʘʢʠʭ ʢʘʢ 

ʛʝʥʝʨʘʪʠʚʥʳʡ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʜʠʟʘʡʥ, ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʝʪ ʧʦʜʭʦʜ ʢ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʧʝʨʝʦʨʠʝʥʪʠʨʫʷ ʫʩʠʣʠʷ ʩ ʧʨʷʤʦʛʦ ʩʦʟʜʘʥʠʷ ʬʦʨʤʳ ʢ ʝʸ ʧʦʠʩʢʫ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʠʥʥʦʚʘʮʠʦʥʥʦʩʪʴ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʦʥʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʢʨʠʪʠʢʦʡ ʟʘ ʠʭ 

ʚʦʟʤʦʞʥʦʝ ʦʪʜʘʣʝʥʠʝ ʦʪ ʨʝʘʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʢʦʥʪʝʢʩʪʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʠʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ çʥʦʚʳʭè ʤʝʪʦʜʦʚ ʠʤʝʶʪ 

ʢʦʨʥʠ ʚ ʧʨʦʰʣʦʤ. ʕʪʦ ʧʦʜʥʠʤʘʝʪ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʘʭ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʦʚʦ ʠ ʢʘʢʦʚʘ ʩʫʪʴ ʢʨʠʪʠʢʠ çʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳè [103, p. 15-

19]. ɺ ʵʪʦʤ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʤʝʪʦʜʦʣʦʛʠʶ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ, ʘʜʘʧʪʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. ɺ ʢʦʥʪʝʢʩʪʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʫʥʠʢʘʣʴʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʨʝʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʨʘʟʨʘʙʦʪʢʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 
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ʠ ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʘʚʠʣʘʭ ʠ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ. ʕʪʠ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʳ, ʛʜʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ [132, p. 1-3].  

ɸʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ð ɻ ʪʦ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʬʦʨʤ ʠ ʩʪʨʫʢʪʫʨ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʶʪ ʠ 

ʦʧʪʠʤʠʟʠʨʫʶʪ ʜʠʟʘʡʥ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʉʫʪʴ ʵʪʦʛʦ ʧʦʜʭʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ, 

ʢʘʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʟʘʜʘʚʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘʣʛʦʨʠʪʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʤʝʥʷʝʪ ʜʠʟʘʡʥʘ. 

ʆʧʪʠʤʠʟʘʮʠʷ, ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʝʢʪʳ, 

ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʮʝʣʝʡ, ʙʫʜʴ ʪʦ ʵʢʦʥʦʤʠʷ ʤʘʪʝʨʠʘʣʦʚ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʣʠ ʩʪʨʫʢʪʫʨʥʘʷ ʧʨʦʯʥʦʩʪʴ.  

ʉʣʦʞʥʳʝ ʬʦʨʤʳ: - ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ 

ʩʣʦʞʥʳʝ ʠ ʦʨʛʘʥʠʯʥʳʝ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʨʘʥʴʰʝ ʙʳʣʠ ʪʨʫʜʥʦ ʜʦʩʪʠʞʠʤʳ ʠʣʠ 

ʜʘʞʝ ʥʝʚʦʟʤʦʞʥʳ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʦʠʩʭʦʞʜʝʥʠʝ 

ʪʝʨʤʠʥʘ çʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝè ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʉ ʨʘʟʚʠʪʠʝʤ CAD-

ʩʠʩʪʝʤ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʪʘʢʠʭ ʢʘʢ Grasshopper ʜʣʷ Rhino, 

ʘʨʭʠʪʝʢʪʦʨʳ ʩʪʘʣʠ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʚ ʩʚʦʝʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ɺ ʢʦʥʪʝʢʩʪʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʵʪʦʪ ʧʦʜʭʦʜ ʩʪʘʣ ʧʦʧʫʣʷʨʝʥ ʚ ʥʘʯʘʣʝ 

2000-ʭ, ʢʦʛʜʘ ʘʨʭʠʪʝʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ɻʨʝʛ ʃʠʥʥ, ʥʘʯʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʴʶʪʝʨʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʥʦ 

ʠ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʠʷ ʚ ʧʨʦʮʝʩʩʝ ʜʠʟʘʡʥʘ3. 

ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʵʪʘʧʳ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ. ʅʘ ʩʪʘʜʠʠ ʧʨʝʜʧʨʦʝʢʪʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠʩʩʣʝʜʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʜʠʟʘʡʥʘ, ʧʨʦʚʦʜʷ ʙʳʩʪʨʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʩʧʨʝʮʝʜʝʥʪʥʫʶ ʪʦʯʥʦʩʪʴ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ, ʦʧʪʠʤʠʟʠʨʫʷ 

ʧʨʦʮʝʩʩʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʙʦʨʢʠ. ʅʘʢʦʥʝʮ, ʥʘ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʦʙʲʝʢʪʘ ʠ ʘʜʘʧʪʘʮʠʠ ʝʛʦ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʩʢʨʳʚʘʶʪʩʷ ʚ ʜʚʫʭ 

ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʘʭ. ɺʦ-ʧʝʨʚʳʭ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʨʘʩʰʠʨʷʝʪ ʪʚʦʨʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʟʘʡʥʝʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʬʝʩʩʠʦʥʘʣʘʤ ʦʮʝʥʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʠʩʭʦʜʷ ʠʟ ʤʥʦʞʝʩʪʚʘ 

 
3 ɻʨʝʛ ʃʠʥʥ ʧʦʜʯʝʨʢʠʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʵʪʦʛʦ ʧʦʜʭʦʜʘ, ʟʘʷʚʣʷʷ: çɹʝʟ ʢʦʤʧʴʶʪʝʨʘ ʢʘʞʜʘʷ ʪʦʯʢʘ ʢʦʥʩʪʨʫʢʮʠʠ 

ʜʦʣʞʥʘ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʛʦ ʦʩʪʘʣʴʥʦʛʦ. ʅʦ ʩ ʧʦʤʦʱʴʶ ʇʂ ʷ ʤʦʛʫ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʢʨʠʚʳʝ ʙʝʟ 

ʨʘʜʠʫʩʦʚ ʠ ʮʝʥʪʨʦʚè.  ɻʨʝʛ ʃʠʥʥ, ʜʘʪʘ ʥʝʠʟʚʝʩʪʥʘ. ʎʠʪʘʪʘ ɻʨʝʛʘ ʃʠʥʥʘ. https://list-quotes.com/ru/ʢʘʚʳʯʢʠ/ʛʨʝʛ-
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ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʵʩʪʝʪʠʯʝʩʢʠʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ. ɺʦ-ʚʪʦʨʳʭ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʩʢʦʨʷʝʪ ʠ 

ʦʧʪʠʤʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʡ, ʧʦʟʚʦʣʷʷ ʘʨʭʠʪʝʢʪʦʨʘʤ ʠ ʜʠʟʘʡʥʝʨʘʤ 

ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʠ ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ. ʅʘʢʦʥʝʮ, ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦʪ ʧʦʜʭʦʜ ʘʢʪʠʚʥʦ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʘʢʪʠʢʫ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʪʫʜʠʡ, ʥʦ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ 

ʠʩʢʫʩʩʪʚʘ ʠ ʜʠʟʘʡʥʘ, ʛʜʝ ʦʥ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ. 

ɹʦʣʝʝ ʪʦʛʦ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʥʠʞʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʫʯʥʦʤ ʚʚʦʜʝ ʜʘʥʥʳʭ ʠ 

ʧʦʚʳʰʘʷ ʪʦʯʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʆʥʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʝʢʪʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʚʩʶ 

ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʦʪ ʦʙʱʠʭ ʧʣʘʥʦʚ ʠ ʵʩʢʠʟʦʚ ʜʦ ʩʧʝʮʠʬʠʢʘʮʠʡ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʩʯʝʪʦʚ ʩʪʦʠʤʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʦʚʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ 

ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ 

ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʥʦʚʰʝʩʪʚʦ, ʥʦ ʠ ʥʦʚʫʶ ʬʠʣʦʩʦʬʠʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʛʜʝ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤʠ ʧʘʨʪʥʝʨʘʤʠ 

ʘʨʭʠʪʝʢʪʦʨʘ [30]. 

ʇʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʘʨʭʠʪʝʢʪʦʨʘ ʧʦ ʨʝʰʝʥʠʶ ʪʚʦʨʯʝʩʢʠʭ ʟʘʜʘʯ. ʀʟʫʯʝʥʠʝ ʚʦʧʨʦʩʦʚ ʘʨʭʠʪʝʢʪʫʨʳ ʚ 

ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʝ ʩʪʘʥʦʚʠʪʩʷ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʳʤ ʚ ʩʚʷʟʠ ʩ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ. ɼʘʥʥʘʷ ʪʝʤʘ ʧʝʨʝʩʝʢʘʝʪ ʦʙʣʘʩʪʠ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʛʜʝ ʤʝʥʷʶʱʠʝʩʷ ʵʩʪʝʪʠʯʝʩʢʠʝ ʦʙʨʘʟʳ 

ʬʦʨʤʠʨʫʶʪ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʠ ʢ ʤʘʪʝʨʠʘʣʴʥʦʡ, ʠ ʢ ʜʫʭʦʚʥʦʡ 

ʢʫʣʴʪʫʨʝ ʚ ʮʝʣʦʤ. ɺ ʩʦʟʜʘʥʠʠ ʢʫʣʴʪʫʨʥʦ-ʵʩʪʝʪʠʯʝʩʢʠʝ ʩʨʝʜʳ, ʦʪʚʝʯʘʶʱʝʡ ʵʪʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʩʪʠʣʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʚ ʨʘʤʢʘʭ ʧʨʦʙʣʝʤʘʪʠʢʠ 

ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ [118, p. 157-159].  

ʉʪʨʝʤʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʩʬʝʨʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʛʣʦʙʘʣʴʥʦʝ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ 

ʧʨʦʮʝʩʩʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ɻʣʦʙʘʣʴʥʘʷ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʷ 

ʧʨʠʚʥʦʩʠʪ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʥʦʚʫʶ ʤʝʪʦʜʦʣʦʛʠʶ, ʙʘʟʠʨʫʶʱʫʶʩʷ ʥʘ ʠʥʞʝʥʝʨʥʦʤ ʧʦʜʭʦʜʝ. ʇʦʷʚʣʷʝʪʩʷ ʚʩʝ 

ʙʦʣʴʰʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʩʢʦʨʠʪʴ ʠ 

ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ. ʄʝʥʷʶʪʩʷ ʵʩʪʝʪʠʯʝʩʢʠʝ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʨʭʠʪʝʢʪʫʨʝ. ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʰʘʶʪ ʨʷʜ ʧʨʦʙʣʝʤ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦ 

ʤʝʨʝ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʨʝʜʩʪʚ ʘʨʭʠʪʝʢʪʦʨʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʥʦʚʳʤʠ ʚʳʟʦʚʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤʥʳʭ 

ʘʩʧʝʢʪʦʚ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʩʨʝʜʩʪʚ ʚ ʧʨʦʮʝʩʩʘʭ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʝʥ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʦʠʟʚʝʜʝʥ 
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ʘʥʘʣʠʟ ʧʨʦʝʢʪʦʚ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ. 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʧʨʦʝʢʪʦʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʜʘʥʥʦʛʦ ʩʪʠʣʷ. 

ʈʘʩʢʨʳʪʳ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʙʣʝʤ ʮʠʬʨʦʚʦʛʦ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ʎʠʬʨʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʣʠʥʝʡʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʦʧʨʝʜʝʣʝʥʥʦ 

ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ, ʯʪʦ ʩʪʘʥʦʚʠʪʩʷ ʨʝʚʦʣʶʮʠʦʥʥʳʤ ʬʫʥʜʘʤʝʥʪʦʤ ʥʦʚʝʡʰʝʡ 

ʠʥʜʫʩʪʨʠʠ ʜʠʟʘʡʥʘ, ʥʦ ʧʘʨʘʣʣʝʣʴʥʦ ʚʦʟʥʠʢʘʝʪ ʫʛʨʦʟʘ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ. çʇʨʦʝʢʪʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʣʝʛʢʦ ʧʨʠʚʝʩʪʠ ʢ ʨʷʜʫ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʟʘʤʝʥʳ ʧʘʨʘʤʝʪʨʦʚè.  ɺ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʨʘʤʢʘʭ 

ʮʠʬʨʦʚʳʭ ʤʝʪʦʜʦʚ ʨʘʩʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʘʰʝʡ ʮʠʚʠʣʠʟʘʮʠʠ [151, p. 34-35]. ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ 

ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʰʠʨʠʣʦʩʴ. ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʚʝʱʝʡ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʥʷʝʪ ʠ ʧʨʦʜʚʠʛʘʝʪ ʚʦʩʧʨʠʷʪʠʝ ʯʝʣʦʚʝʢʦʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɺʤʝʩʪʝ ʩ ʚʦʟʨʘʩʪʘʶʱʠʤ ʫʨʦʚʥʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʘʨʘʤʝʪʨʠʟʤʘ ʠ ʛʝʥʝʨʘʪʠʚʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʨʘʜʠʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʜʠʟʘʡʥʘ 

ʦʩʦʙʝʥʥʦ ʚ ʠʭ ʪʚʦʨʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʇʨʦʙʣʝʤʘ ʧʦʣʥʦʛʦ ʚʥʝʜʨʝʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʚ ʧʨʦʮʝʩʩʳ ʩʠʥʪʝʟʘ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʧʦʥʠʤʘʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ ʩʧʝʮʠʬʠʯʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʥʶʘʥʩʦʚ ʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʫ ʥʠʭ ʤʳʰʣʝʥʠʷ ʢʘʢ ʪʘʢʦʚʦʛʦ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʨʫʧʥʳʝ, ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʧʨʦʝʢʪʥʳʝ ʟʘʜʘʯʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʳ ʙʝʟ ʧʨʷʤʦʛʦ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ, ʝʛʦ ʪʚʦʨʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, 

ʥʝʧʨʝʨʳʚʥʦʡ ʵʩʪʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ. ʆʙʳʯʥʦ, 

ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʦʟʜʘʥʠʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʬʦʨʤ, ʘ ʨʝʰʘʝʤʳʝ ʜʘʥʥʳʤ ʧʦʜʭʦʜʦʤ ʟʘʜʘʯʠ 

ʩʪʨʦʛʦ ʦʛʨʘʥʠʯʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʧʨʘʚʠʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʝʨʝʜ ʘʨʭʠʪʝʢʪʦʨʘʤʠ ʩʪʦʠʪ ʛʣʦʙʘʣʴʥʘʷ ʟʘʜʘʯʘ: ʧʦʠʩʢ ʥʦʚʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʠ ʤʝʪʦʜʦʚ ʠʭ ʨʝʘʣʠʟʘʮʠʠ, ʧʨʠʤʝʥʷʷ ʠ ʘʜʘʧʪʠʨʫʷ 

ʥʝʧʨʝʨʳʚʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʩʤʦʪʨʘ ʧʨʠʚʳʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʦʨʤʝ. 

ʉʠʥʪʝʟ ʘʨʭʠʪʝʢʪʫʨʳ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʦʙʨʘʟ ʠ ʫʥʠʢʘʣʴʥʦʩʪʴ 

ʢʦʤʧʦʟʠʮʠʠ. ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʨʘʩʰʠʨʝʥʠʶ ʠ ʩʪʨʝʤʠʪʝʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ 

ʛʦʨʦʜʦʚ ʚʝʜʝʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʩʦʟʜʘʚʘʝʤʳʭ ʬʦʨʤ. ʋʣʫʯʰʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʜʝʣʘʣʦ ʚʦʟʤʦʞʥʳʤ ʩʦʟʜʘʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ, ʦʪʭʦʜʷʱʠʭ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ɼʠʟʘʡʥ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʛʠʙʢʠʤ, ʩʪʨʝʤʷʱʠʤʩʷ ʢ ʥʝʧʨʝʨʳʚʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʦʙʣʠʢʘ. 

ɺʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ IT-ʪʝʭʥʦʣʦʛʠʡ ʩʝʛʦʜʥʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʩʘʤʳʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʠʜʘʭ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ: ʮʠʬʨʦʚʦʝ ʠʩʢʫʩʩʪʚʦ, ʤʝʜʠʘ-ʘʨʪ, 

ʩʚʝʪʦʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʠ ʜʨ. [136, p. 2-5]. ʊʘʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʩʦʟʜʘʶʱʠʭ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʬʦʨʤʫ, ʚʝʜʝʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʧʨʝʜʤʝʪʥʦʛʦ ʨʷʜʘ 

ʦʙʲʝʢʪʦʚ ʛʦʨʦʜʩʢʦʛʦ ʜʠʟʘʡʥʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʚʟʛʣʷʜʝ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʬʘʩʘʜ, ʝʛʦ ʩʪʠʣʠʩʪʠʢʝ ʠ 
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ʢʦʤʧʦʟʠʮʠʠ. ɺʩʝ ʵʪʦ ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʩʤʦʪʨʘ ʧʨʠʚʳʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʘʪʝʨʠʘʣʴʥʦʡ ʢʦʥʮʝʧʮʠʠ ʬʦʨʤʳ [58]. 

ʀʟʤʝʥʝʥʠʝ ʤʝʩʪʘ ʨʫʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʦʟʜʘʥʠʠ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʬʦʨʤʳ. ʅʝʩʦʤʥʝʥʥʦ, ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʝʡʰʠʭ ʮʠʬʨʦʚʳʭ ʤʝʪʦʜʦʚ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʝ ʨʫʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʘʣʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚʩʝ 

ʨʝʞʝ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʮʠʬʨʦʚʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ ʠ 

ʫʜʦʙʩʪʚʦ ʨʘʙʦʪʳ ʩʦ ʩʣʦʞʥʳʤʠ ʤʥʦʛʦʩʣʦʡʥʳʤʠ ʤʦʜʝʣʷʤʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʮʠʬʨʦʚʘʷ ʛʨʘʬʠʢʘ ʩʧʦʩʦʙʥʘ ʪʦʯʥʝʝ ʪʨʘʥʩʣʠʨʦʚʘʪʴ ʥʘʩʪʨʦʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʦʙʲʝʢʪʘ ʠ ʠʤʠʪʠʨʦʚʘʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘʙʣʶʜʘʪʝʣʷ, ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʦʩʩʦʟʜʘʚʘʪʴ ʦʢʨʫʞʝʥʠʝ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʦʩʚʝʱʝʥʠʷ. ʉʦʟʜʘʥʠʝ 

ʤʦʜʝʣʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ ʧʨʝʩʣʝʜʫʝʪ ʮʝʣʴ ʧʦʛʨʫʞʝʥʠʷ ʘʨʭʠʪʝʢʪʦʨʘ ʠʣʠ 

ʟʘʢʘʟʯʠʢʘ ʚ ʚʦʟʤʦʞʥʳʡ ʩʮʝʥʘʨʠʡ ʨʝʘʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʦʙʲʝʢʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʠ ʨʫʯʥʦʝ ʠ ʮʠʬʨʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪ ʦʜʠʥʘʢʦʚʫʶ ʟʘʜʘʯʫ 

ʚʦʧʣʦʱʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ, ʩʦʟʜʘʚʘʝʤʳʝ ʩ ʠʭ ʧʦʤʦʱʴʶ ʦʙʲʝʢʪʳ ʠʤʝʶʪ 

ʩʫɦʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʦʩʦʙʥʳ ʩʦʚʝʨʰʝʥʥʦ 

ʧʦ-ʨʘʟʥʦʤʫ ʨʘʩʢʨʳʚʘʪʴ ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ ʢʘʯʝʩʪʚʦ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʬʦʨʤʳ. ʊʘʢʞʝ, 

ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʦʜʥʠʤ ʠʟ ʦʧʠʩʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʘʨʭʠʪʝʢʪʦʨ 

ʧʝʨʝʞʠʚʘʝʪ ʨʘʟʣʠʯʥʳʡ ʦʧʳʪ. ɺ ʧʨʦʮʝʩʩʝ ʨʫʯʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʦʠʩʢʦʚʦʛʦ ʤʘʢʝʪʘ 

ʘʚʪʦʨ ʠʩʧʳʪʳʚʘʝʪ ʧʦʤʠʤʦ ʟʨʠʪʝʣʴʥʦʛʦ ʝʱʝ ʠ ʪʝʣʝʩʥʳʡ ʦʧʳʪ, ʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʠ ʥʘʨʘʱʠʚʘʥʠʝ ʬʦʨʤʳ ʩʪʘʥʦʚʷʪʩʷ ʧʦʜʦʙʥʳʤʠ ʨʦʩʪʫ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

[25, p. 63-67]. ɺ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʨʫʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʦʣʘʛʘʝʪ ʘʚʪʦʨʘ ʢ 

ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʠʤʧʨʦʚʠʟʘʮʠʠ ʠ ʚʠʜʦʠʟʤʝʥʝʥʠʶ ʥʘʯʘʣʴʥʦʡ ʠʜʝʠ.  

ɽʱʝ ʦʜʥʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʜʦʤ ʨʫʯʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʵʩʢʠʟʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʥʝʟʘʤʝʥʠʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ 

ʩ ʧʨʠʦʨʠʪʝʪʦʤ ʬʦʨʤʳ ʥʘʜ ʬʫʥʢʮʠʝʡ ʠ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʚʷʟʢʝ ʩ 

ʢʦʤʧʴʶʪʝʨʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʙʣʘʜʘʝʪ ʦʯʝʚʠʜʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ. ʉʦʟʜʘʥʥʘʷ ʚʨʫʯʥʫʶ ʤʦʜʝʣʴ ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʠʤʧʨʦʚʠʟʘʮʠʠ ʠ ʙʳʩʪʨʦ ʧʨʝʟʝʥʪʫʝʪ ʤʦʜʝʣʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʨʦʙʥʫʶ ʠ ʪʦʯʥʫʶ ʨʝʧʨʝʟʝʥʪʘʮʠʶ 

ʬʦʨʤʳ. 

ɻʣʘʚʥʳʤ ʤʠʥʫʩʦʤ ʨʫʯʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʤʘʢʝʪʦʚ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ, ʧʦʵʪʦʤʫ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʢʦʤʧʘʥʠʡ ʤʠʨʘ ʧʨʠʤʝʥʷʶʪ ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (BIM). 

ʉʣʝʜʫʶʱʠʤ ʣʦʛʠʯʥʳʤ ʵʪʘʧʦʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠ ʷʚʣʷʝʪʩʷ 3D-

ʧʝʯʘʪʴ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʤʘʢʝʪʦʚ, ʦʙʣʘʜʘʶʱʝʡ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʣʫʯʰʘʷ 

ʧʨʝʟʝʥʪʘʮʠʷ ʧʨʦʝʢʪʘ ʚ ʧʦʥʷʪʥʦʡ ʜʣʷ ʟʘʢʘʟʯʠʢʘ ʬʦʨʤʝ, ʠʩʢʣʶʯʝʥʠʝ ʨʠʩʢʘ ʦʰʠʙʦʢ 

ʠ ʥʝʚʝʨʥʦʛʦ ʠʩʪʦʣʢʦʚʘʥʠʠ ʟʘʢʘʟʯʠʢʦʤ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʬʦʨʤʳ, ʵʢʦʥʦʤʠʷ, 

ʩʢʦʨʦʩʪʴ, ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʩʝʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ [137, p.129].  

ʅʘ ʨʠʩʫʥʢʝ ɺ.1 ʥʘ ʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʠʜʳ ʨʫʯʥʦʡ ʠ ʮʠʬʨʦʚʦʡ ʧʨʝʟʝʥʪʘʮʠʠ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʬʦʨʤʳ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʤʝʪʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʧʨʦʝʢʪʦʚ ʧʦʷʚʠʣʩʷ ʨʷʜ ʚʦʧʨʦʩʦʚ ʢʘʩʘʝʤʳʭ ʤʝʩʪʘ ʨʫʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʂʘʢ ʙʫʜʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ 

ʨʫʯʥʦʝ ʠ ʮʠʬʨʦʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ? ʉʪʘʥʫʪ ʣʠ ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʪʴʩʷ 
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ʢʦʤʙʠʥʠʨʦʚʘʥʥʦ ʠʣʠ ʞʝ ʮʠʬʨʦʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 3D-ʧʝʯʘʪʴ ʧʦʣʥʦʩʪʴʶ 

ʟʘʤʝʥʠʪ ʨʫʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ? ʀ ʥʘʢʦʥʝʮ, ʢʘʢ ʵʪʦ ʧʦʚʣʠʷʝʪ ʥʘ ʪʚʦʨʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤʳ. 

ʇʝʨʝʦʩʤʳʩʣʝʥʠʝ ʨʦʣʠ ʘʨʭʠʪʝʢʪʦʨʘ. 

ɺ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ ʨʦʣʴ ʘʨʭʠʪʝʢʪʦʨʘ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʢʦʥʮʝʧʮʠʠ ʩʧʝʮʠʘʣʠʩʪ ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʚʦʩʧʨʠʥʠʤʘʣʩʷ 

ʣʠʙʦ ʢʘʢ ʛʫʤʘʥʠʩʪ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʣʠʙʦ ʢʘʢ ʦʧʳʪʥʳʡ ʩʪʨʦʠʪʝʣʴ ʩ 

ʵʩʪʝʪʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ [59]. ʇʨʘʢʪʠʯʝʩʢʠ ʪʘʢʦʝ ʞʝ ʚʦʩʧʨʠʷʪʠʝ ʘʨʭʠʪʝʢʪʦʨʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʧʦ ʩʝʡ ʜʝʥʴ, ʦʜʥʘʢʦ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʥʳʥʝʰʥʝʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠ ʩʪʝʧʝʥʠ 

ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʩʦʮʠʘʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ. ʆʪʩʶʜʘ ʚʦʟʥʠʢʘʝʪ ʨʝʟʢʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʩʤʦʪʨʝʪʴ ʨʦʣʴ 

ʘʨʭʠʪʝʢʪʦʨʘ ʚ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ, ʚʤʝʩʪʝ 

ʩ ʵʪʠʤ, ʦʙʦʟʥʘʯʠʪʴ ʥʦʚʳʝ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʠʤʝʥʠʪʴ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʢʣʘʜ ʫʤʘ ʠ ʢʦʤʧʝʪʝʥʮʠʠ ʘʨʭʠʪʝʢʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʪʘʝʪ 

ʟʘʜʘʯʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʝʨʝʦʮʝʥʢʠ ʦʩʥʦʚ ʧʨʦʬʝʩʩʠʠ ʘʨʭʠʪʝʢʪʦʨʘ. ʅʝʦʙʭʦʜʠʤʘ 

ʧʝʨʝʦʮʝʥʢʘ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʚʠʜʠʤʦʡ, ʩʦʟʜʘʥʥʦʡ ʪʚʦʨʯʝʩʢʠ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʬʦʨʤʦʡ ʠ ʝʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ. 

ɺ ʮʝʣʦʤ, ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʧʨʘʢʪʠʢʝ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʷ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʠ ʩʣʦʞʥʳʝ ʬʦʨʤʳ. ʎʠʬʨʦʚʳʝ ʤʝʪʦʜʳ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʩʦʟʜʘʥʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʧʦʚʳʰʘʝʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʚ ʢʦʥʪʝʢʩʪʝ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʛʦʨʦʜʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʃʠʜʠʨʫʶʱʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ 

ʩʪʫʜʠʠ, ʪʘʢʠʝ ʢʘʢ Zaha Hadid Studio, NBBJ, Kokkugia, Arup, UNStudio ʠ Nervous 

System, ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʤ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ. 

ʇʨʦʙʣʝʤʘ ʦʪʩʫʪʩʪʚʠʷ ʭʦʣʠʟʤʘ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ. 

ɺ ʨʘʤʢʘʭ ʫʧʦʤʷʥʫʪʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʧʣʝʪʝʥʠʝ 

ʠʩʢʫʩʩʪʚʘ ʩ ʨʷʜʦʤ ʩʦʮʠʘʣʴʥʳʭ, ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʪʦʯʥʳʭ ʥʘʫʢ. 

ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ - ʥʦʚʳʡ ʵʚʦʣʶʮʠʦʥʥʳʡ ʵʪʘʧ ʘʨʭʠʪʝʢʪʫʨʳ, ʢʦʪʦʨʘʷ 

ʩʝʛʦʜʥʷ ʚʝʜʦʤʘ ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ ʠ ʥʝ ʧʦʜʯʠʥʷʝʪʩʷ ʦʜʥʠʤ ʣʠʰʴ ʚʝʷʥʠʷʤ ʚ 

ʠʩʢʫʩʩʪʚʝ.  ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʚʥʝʜʨʝʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ï ʚʩʝ ʵʪʦ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠʟʚʘʥʦ ʜʣʷ ʨʝʰʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʟʘʜʘʯʠ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ, ʧʦʧʳʪʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʝʣʘ ʢ ʧʦʷʚʣʝʥʠʶ ʨʷʜʘ ʪʨʫʜʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʨʘʙʦʪʝ 

ʘʨʭʠʪʝʢʪʦʨʘ ʩ ʥʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ [141, p. 3198]. 

ʉʦʟʜʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʬʦʨʤʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ 

ʧʨʦʮʝʩʩʦʚ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʜʘʥʠʷ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʟʘʜʘʥʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʬʦʨʤʝ ʩʪʨʫʢʪʫʨʫ ʠ, ʥʘʢʦʥʝʮ, ʩʠʥʪʝʟ ʢʦʥʝʯʥʦʛʦ 

ʦʙʲʝʢʪʘ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ 
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ʥʝʦʙʭʦʜʠʤʳʭ ʷʟʳʢʦʚ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʦʩʢʦʣʴʢʫ ʥʦʚʝʡʰʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʪ ʘʨʭʠʪʝʢʪʦʨʘ, ʧʦʤʠʤʦ ʧʦʥʠʤʘʥʠʷ 

ʘʣʛʦʨʠʪʤʘ ʜʝʡʩʪʚʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʪʨʝʙʫʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʨʦʚʝʥʴ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʦʧʳʪʘ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʜʭʦʜʦʚ 

ʤʦʞʝʪ ʚʥʝʩʪʠ ʥʝʢʦʪʦʨʫʶ ʧʫʪʘʥʠʮʫ ʚ ʧʦʥʠʤʘʥʠʠ ʘʨʭʠʪʝʢʪʦʨʦʤ ʧʦʨʷʜʢʘ ʝʛʦ 

ʜʝʡʩʪʚʠʡ ʠ ʫʩʣʦʞʥʠʪʴ ʭʦʜ ʝʛʦ ʨʘʙʦʪʳ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʮʝʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʙʳ ʦʙʲʝʜʠʥʷʣ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʤʝʪʦʜʠʢʠ ʚ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ. ʊʘʢʘʷ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʩʣʦʞʥʦʡ ʠ ʝʝ 

ʝʱʝ ʪʦʣʴʢʦ ʧʨʝʜʩʪʦʠʪ ʨʝʰʠʪʴ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʙʫʜʫʱʝʤ. 

ʇʨʦʙʣʝʤʘ ʦʪʩʫʪʩʪʚʠʷ ʠʜʝʥʪʠʯʥʦʩʪʠ ʛʦʨʦʜʦʚ. 

ɸʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ ʚ ʠʩʪʦʨʠʠ ʠʩʢʫʩʩʪʚʘ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʥʝʯʪʦ 

ʤʘʩʰʪʘʙʥʦʝ, ʮʝʣʦʩʪʥʦʝ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʚʩʝʤʝʩʪʥʦʝ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʢʦʚ, 

ʘ ʪʦ ʠ ʩʦʪʝʥ ʣʝʪ, ʩʪʠʣʴ ʧʨʦʰʣʦʛʦ ʤʦʛ ʧʨʝʦʙʣʘʜʘʪʴ ʚ ʬʦʨʤʘʭ ʛʦʨʦʜʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ ʵʚʦʣʶʮʠʦʥʠʨʫʷ. ɺʟʛʣʷʥʫʚ ʥʘ ʩʦʭʨʘʥʠʚʰʠʝʩʷ 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʧʨʦʰʝʜʰʠʭ ʚʝʢʦʚ, ʤʦʞʥʦ ʦʪʩʣʝʜʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ 

ʧʨʠʟʥʘʢʠ ʠ ʯʝʨʪʳ, ʧʨʠʩʫʱʠʝ ʦʙʱʝʩʪʚʫ ʚ ʢʦʥʢʨʝʪʥʦʝ ʚʨʝʤʷ ʠ ʤʝʩʪʦ. ʂʦʥʝʯʥʦ, 

ʠʩʪʦʨʠʯʝʩʢʠ ʥʝ ʚʩʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʩʪʠʣʠ ʨʘʟʚʠʚʘʣʠʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʝʢʦʪʦʨʳʝ, ʢ ʧʨʠʤʝʨʫ ʙʘʨʦʢʢʦ ʠ ʢʣʘʩʩʠʮʠʟʤ, ʚʩʝ ʞʝ ʩʦʩʫʱʝʩʪʚʦʚʘʣʠ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʤʝʞʜʫ ʩʦʙʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ [43, c. 3-8]. ʆʜʥʘʢʦ, ʥʠ ʚ ʦʜʥʫ 

ʵʧʦʭʫ ʧʨʦʰʣʦʛʦ ʦʙʱʝʩʪʚʦ ʥʝ ʩʪʘʣʢʠʚʘʣʦʩʴ ʩ ʪʘʢʠʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʩʦʚʝʨʰʝʥʥʦ 

ʥʝ ʩʭʦʞʠʭ ʩʦʦʨʫʞʝʥʠʡ.  

ʇʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʨʘʩʰʠʨʷʝʪ ʜʠʘʧʘʟʦʥ ʜʦʩʪʫʧʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʠ ʤʘʪʝʨʠʘʣʦʚ. ɺʩʝ ʵʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʢʦʦʨʜʠʥʘʪʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʟʜʘʥʠʡ, ʪʦʛʦ, ʢʘʢ ʦʥʠ 

ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʢʘʢʦʝ ʚʧʝʯʘʪʣʝʥʠʝ ʩʦʟʜʘʶʪ ʫ ʯʝʣʦʚʝʢʘ. ɺ 

ʩʚʷʟʠ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʚʨʝʤʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʧʦʩʦʙʥʘ ʙʦʣʝʝ 

ʪʦʯʥʦ ʦʪʨʘʟʠʪʴ ʩʦʩʪʦʷʥʠʝ ʦʙʱʝʩʪʚʘ ʠ ʧʦʚʣʠʷʪʴ ʥʘ ʩʦʮʠʘʣʴʥʦʝ ʤʳʰʣʝʥʠʝ ʠ 

ʢʫʣʴʪʫʨʫ. ɼʠʛʠʪʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʪʨʝʤʠʪʩʷ ʢ ʨʘʟʥʦʦʙʨʘʟʠʶ ʩʦʦʨʫʞʝʥʠʡ, ʠʭ 

ʥʝʦʙʳʯʥʦʩʪʠ ʠ ʥʝʧʦʭʦʞʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʨʷʜʘ ʢʦʥʩʝʨʚʘʪʦʨʩʢʠʭ ʚʟʛʣʷʜʦʚ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʵʩʪʝʪʠʢʫ ʬʦʨʤʳ. ʇʨʠʤʝʯʘʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʦʚʝʡʰʝʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʝʝ ʯʨʝʟʤʝʨʥʘʷ ʤʥʦʛʦʣʠʢʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʨʘʟʚʠʪʠʝʤ ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ʉ ʪʘʢʠʤ ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʠʣʝʡ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʝ 

ʦʱʫʱʝʥʠʝ ʧʦʪʝʨʷʥʥʦʩʪʠ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ɹʦʣʴʰʦʡ ʦʙʲʝʤ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʜʠʟʘʡʥʝʨʩʢʠʭ ʨʝʰʝʥʠʡ ʤʦʞʝʪ ʧʦʨʦʜʠʪʴ ʨʘʟʚʠʪʠʝ ʫ ʣʶʜʝʡ 

ʦʪʣʠʯʥʳʭ ʜʨʫʛʘ ʦʪ ʜʨʫʛʘ ʚʢʫʩʦʚʳʭ ʠ ʵʩʪʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʦʯʪʝʥʠʡ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʥʝʢʦʪʦʨʦʡ ʨʘʟʦʙʱʝʥʥʦʩʪʠ ʦʙʱʝʩʪʚʘ.   

ʆʧʠʩʘʥʥʦʝ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʧʨʦʙʣʝʤʫ ʧʦʠʩʢʘ ʤʝʭʘʥʠʟʤʦʚ ʠ ʩʨʝʜʩʪʚ, 

ʥʘʜʝʣʷʶʱʠʭ ʛʦʨʦʜʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʜʝʥʪʠʯʥʦʩʪʴʶ, ʧʨʝʜʘʶʱʝʡ ʝʤʫ ʥʝʢʠʡ 

ʩʤʳʩʣ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʝʡʰʠʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʭʘʫʩʘ, ʚ ʩʦʯʝʪʘʥʠʠ ʩʪʘʨʦʛʦ ʠ ʥʦʚʦʛʦ.  
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ɺ ʧʨʦʰʣʦʤ, ʘʨʭʠʪʝʢʪʫʨʘ ʚʳʨʘʞʘʣʘ ʙʦʣʴʰʝ ʮʝʥʥʦʩʪʠ ʠ ʠʜʝʥʪʠʯʥʦʩʪʴ 

ʞʠʪʝʣʝʡ ʯʝʨʝʟ ʩʠʤʚʦʣʳ ʠ ʤʦʥʫʤʝʥʪʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʛʦʨʦʜʘ, ʥʘʦʙʦʨʦʪ, ʯʘʩʪʦ 

ʣʠʰʝʥʳ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʠ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʜʝʣʘʷ ʠʭ ʦʙʝʟʣʠʯʝʥʥʳʤʠ ʠ 

ʭʘʦʪʠʯʥʳʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʠʢʫʣʴʪʫʨʥʦʩʪʴ ʮʠʬʨʦʚʦʡ ʵʧʦʭʠ, ʩʦʚʨʝʤʝʥʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʨʝʜʢʦ ʦʪʨʘʞʘʝʪ ʠʜʝʥʪʠʯʥʦʩʪʴ ʨʝʛʠʦʥʘ. ɺʤʝʩʪʦ ʵʪʦʛʦ, ʘʢʮʝʥʪ 

ʜʝʣʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʜʝʢʦʨʘʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʥʝ ʤʝʥʷʷ ʧʨʠ ʵʪʦʤ 

ʦʩʥʦʚʥʫʶ ʬʦʨʤʫ ʟʜʘʥʠʡ [142, p. 36]. 

ʂʘʢ ʜʦʣʞʝʥ ʚʳʛʣʷʜʝʪʴ ʩʦʚʨʝʤʝʥʥʳʡ ʛʦʨʦʜ. 

ʉʦʚʨʝʤʝʥʥʳʝ IT-ʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʛʦʨʦʜʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʉʝʛʦʜʥʷ ʣʶʙʦʡ ʢʨʫʧʥʳʡ ʛʦʨʦʜ ʦʙʣʘʜʘʝʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʠ 

ʚʣʠʷʥʠʷ ʥʘ ʩʦʮʠʘʣʴʥʦ-ʦʙʝɦʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. ɺʤʝʩʪʝ ʩ ʵʚʦʣʶʮʠʝʡ ʛʦʨʦʜʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʧʨʝʨʳʚʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʝʨʝʦʩʤʳʩʣʝʥʠʠ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʦʥʮʝʧʮʠʠ ʛʦʨʦʜʘ. ɻʦʨʦʜʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʨʘʥʝʝ 

ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʧʨʦʩʪʦ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʙʠʪʘʥʠʷ ʠʣʠ ʞʝ ʢʘʢ ʥʝʢʘʷ ʜʝʢʦʨʘʮʠʷ, 

ʩʝʛʦʜʥʷ ʦʙʨʝʪʘʝʪ ʙʦʣʝʝ ʦʜʫʰʝʚʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ɻʦʨʦʜ ʩʪʘʥʦʚʠʪʩʷ ʛʠʙʢʠʤ, 

ʥʘʯʠʥʘʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ, ʘ ʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʫʧʦʜʦʙʣʷʶʪʩʷ ʧʨʦʮʝʩʩʘʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʦʚʨʝʤʝʥʥʦʤ ʤʝʛʘʧʦʣʠʩʝ ʚʩʝ ʯʘʱʝ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ 

ʪʝʨʤʠʥʦʤ çsmart cityè, ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʤ ʛʦʨʦʜʩʢʫʶ ʩʨʝʜʫ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ 

ʥʘ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: ʜʦʩʪʠʞʝʥʠʝ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʩʫʨʩʦʚ, ʩʥʠʞʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʪʨʘʪ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʞʠʟʥʠ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [120, c. 13-17]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʳʭ ʮʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʦʨʦʜʘ ʦʜʥʦʟʥʘʯʥʦ ʪʨʘʥʩʣʠʨʫʝʪ ʦʙʱʠʝ ʮʝʥʥʦʩʪʠ ʠ ʩʪʨʝʤʣʝʥʠʷ 

ʦʙʱʝʩʪʚʘ, ʯʪʦ ʤʦʞʝʪ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʥʘʜʝʣʷʪʴ ʛʦʨʦʜ ʩʦʙʩʪʚʝʥʥʦʡ 

ʠʜʝʥʪʠʯʥʦʩʪʴʶ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʨʷʜ ʘʚʪʦʨʦʚ ʦʪʤʝʯʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʩʠʩʪʝʤʳ ʫʩʪʨʦʡʩʪʚʘ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ʆʜʥʘʢʦ, ʥʘ ʧʫʪʠ ʚʥʝʜʨʝʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ çsmart-ʩʠʩʪʝʤʳè ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʩʪʘʣʢʠʚʘʶʪʩʷ 

ʩ ʩʝʨʴʝʟʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ɻʣʘʚʥʦʡ ʠʟ ʥʠʭ ʚʠʜʠʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ, 

ʢʘʢʦʡ ʠʟ ʩʮʝʥʘʨʠʝʚ ʧʦʷʚʣʝʥʠʷ çʫʤʥʦʛʦè ʛʦʨʦʜʘ (ʨʠʩʫʥʦʢ ɺ.1, ʇʨʠʣʦʞʝʥʠʝ ɹ) 

ʦʢʘʞʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ: ʚʥʝʜʨʝʥʠʝ IT-ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʨʫʢʪʫʨʫ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʦʨʦʜʦʚ ʠʣʠ ʞʝ ʚʦʟʚʝʜʝʥʠʝ çʫʤʥʦʛʦè ʛʦʨʦʜʘ ʩ ʥʫʣʷ. ɺ ʨʠʩʫʥʢʝ 

ɺ.1 ʥʘ ʙ) ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ çʫʤʥʦʛʦè 

ʛʦʨʦʜʘ [141, p. 3203]. 

ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʚʥʝʜʨʝʥʠʝ IT-ʪʝʭʥʦʣʦʛʠʡ, ʦʙʦʩʥʦʚʘʥʥʦʝ ʥʘʠʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʇʣʦʪʥʘʷ ʚʳʩʦʢʘʷ ʟʘʩʪʨʦʡʢʘ ʩ ʦʟʝʣʝʥʝʥʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʦʨʦʜʘ 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʤʝʪʦʜʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ çʫʤʥʦʛʦè ʛʦʨʦʜʘ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʥʘʠʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʩʣʦʞʥʳʭ ʜʘʥʥʳʭ. ʕʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʣʦʞʥʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʜʦʙʥʳʝ 

ʛʦʨʦʜʘ-ʵʢʩʧʝʨʠʤʝʥʪʳ ʚʚʠʜʫ ʤʦʣʦʜʦʩʪʠ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ, ʧʦʣʫʯʠʚʰʝʡ 



63 

ʨʘʟʚʠʪʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʦʟʥʠʢʘʝʪ ʨʷʜ 

ʜʨʫʛʠʭ ʚʦʧʨʦʩʦʚ. ʂʘʢ ʧʦʚʣʠʷʝʪ ʚʥʝʜʨʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʫʩʣʦʚʠʷ ʞʠʟʥʠ? ʂʘʢʠʝ ʢʦʤʙʠʥʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ? ʀ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ 

ʚʦʧʨʦʩʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʚʝʪʠʪʴ ʥʘ ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʪʴʩʷ ʪʦʣʴʢʦ ʚ ʙʫʜʫʱʝʤ. 

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, BIM, 3D-ʧʝʯʘʪʴ, ʚʠʨʪʫʘʣʴʥʘʷ ʠ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʚʩʝ 

ʙʦʣʴʰʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʟʘʜʘʯ, ʩʦʟʜʘʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʬʦʨʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ [74, c. 7]. 

ʉʢʦʨʦʩʪʴ ʠ ʤʘʩʰʪʘʙ ʵʪʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʞʠʜʘʶʪʩʷ ʪʦʣʴʢʦ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʙʦʣʝʝ 

ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʇʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʪ ʧʨʦʜʦʣʞʘʪʴ 

ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ, ʘʨʭʠʪʝʢʪʫʨʘ, ʚʝʨʦʷʪʥʦ, ʩʪʦʣʢʥʝʪʩʷ ʩ 

ʝʱʝ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʴʶ ʠʥʪʝʛʨʘʮʠʠ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ.  

ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʬʦʨʤʫ, ʬʫʥʢʮʠʶ ʠ ʵʩʪʝʪʠʢʫ ʟʜʘʥʠʡ, 

ʥʘ ʪʦ, ʢʘʢ ʦʥʠ ʧʨʦʝʢʪʠʨʫʶʪʩʷ, ʩʪʨʦʷʪʩʷ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ 

ʫʣʫʯʰʘʪ ʢʘʯʝʩʪʚʦ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ, ʥʦ ʠ ʦʙʝʩʧʝʯʘʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʥʦʚʳʭ, ʝʱʝ ʥʝʠʟʚʝʜʘʥʥʳʭ ʬʦʨʤ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʚʳʨʘʞʝʥʠʷ.  

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ çɹʘʟʳ ʜʘʥʥʳʭ ʘʥʘʣʠʟʘ ʧʨʠʤʝʨʦʚ ʟʜʘʥʠʡ, ʢʦʪʦʨʳʝ 

ʦʪʨʘʞʘʶʪ ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʦʡ ʪʝʭʥʦʣʦʛʠʡè, ʤʳ ʫʛʣʫʙʠʣʠʩʴ ʚ ʠʟʫʯʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʜʦʩʪʠʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʣʠʷʥʠʝ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʨʦʮʝʩʩ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɼʘʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ 38 ʟʥʘʯʠʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʚʝʜʫʱʠʤʠ ʤʠʨʦʚʳʤʠ 

ʘʨʭʠʪʝʢʪʦʨʘʤʠ. ʕʪʠ ʟʜʘʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʠʤʚʦʣʘʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʜʦʩʪʠʞʝʥʠʡ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʦʪʨʘʞʘʶʪ ʛʣʫʙʦʢʦʝ ʚʣʠʷʥʠʝ ʚʳʩʦʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ. ʅʘʧʨʠʤʝʨ, ʄʫʟʝʡ ɻʫʛʛʝʥʭʘʡʤʘ ʚ ɹʠʣʴʙʘʦ [248], ʩʦʟʜʘʥʥʳʡ 

ʌʨʵʥʢʦʤ ɻʝʨʠ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʟ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ; ʆʣʠʤʧʠʡʩʢʠʡ ʩʪʘʜʠʦʥ ʚ ʇʝʢʠʥʝ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ 

çʇʪʠʯʴʝ ʛʥʝʟʜʦè [249], ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ, 

ʩʦʟʜʘʥʥʳʝ ʙʣʘʛʦʜʘʨʷ ʢʦʤʧʴʶʪʝʨʥʦʤʫ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʶ. ʎʝʥʪʨ ɻʝʡʜʘʨʘ 

ɸʣʠʝʚʘ ʚ ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ɿʘʭʦʡ ʍʘʜʠʜ4, ʠʩʧʦʣʴʟʦʚʘʣ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʦʝʡ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʠ ʧʦʪʦʢʦʚʦʡ 

ʬʦʨʤʳ. ʊʘʢʞʝ, ʪʘʢʠʝ ʦʙʲʝʢʪʳ, ʢʘʢ çThe Edgeè ʚ ɸʤʩʪʝʨʜʘʤʝ [250], 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ PLP Architecture, ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʫʤʥʳʭ ʟʜʘʥʠʡ 

ʚ ʤʠʨʝ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝʜʦʚʳʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ; Chicago Aqua 

Tower ʚ ʏʠʢʘʛʦ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ Studio Gang Architects [251], ʧʨʠʤʝʯʘʪʝʣʴʥʳʡ 

ʩʚʦʝʡ ʚʦʣʥʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʦʡ; Talan Towers ʚ ɸʩʪʘʥʝ ʠ Park View Office 
 

4ʂʘʢ ʦʧʠʩʘʣʘ ʘʨʭʠʪʝʢʪʦʨ ɿʘʭʘ ʍʘʜʠʜ: çéʦ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʧʨʝʜʤʝʪʳ ʚ ʝʜʠʥʠʯʥʦʤ 

ʵʢʟʝʤʧʣʷʨʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. ɿʜʘʥʠʷ ʪʘʢ ʜʝʣʘʪʴ ʥʝʣʴʟʷ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʪʨʝʙʫʶʪ ʠʥʞʝʥʝʨʥʦʡ 

ʧʨʦʝʢʪʠʨʦʚʢʠ ð ʥʦ ʜʫʤʘʶ, ʵʪʦ ʪʦʞʝ ʚʦʧʨʦʩ ʚʨʝʤʝʥʠ. ʋʞʝ ʩʝʡʯʘʩ ʥʠʢʪʦ ʥʝ ʨʘʩʧʝʯʘʪʳʚʘʝʪ ʯʝʨʪʝʞ, ʚʩʝ ʜʝʣʘʝʪʩʷ 

ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʦʰʠʙʢʠ, ʥʝʠʟʙʝʞʥʳʝ ʧʨʠ ʨʘʙʦʪʝ ʚʨʫʯʥʫʶ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ 

ʵʢʚʠʚʘʣʝʥʪʥʘ ʪʝʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʘʚʪʦʤʦʙʠʣʝ- ʠ ʘʚʠʘʩʪʨʦʝʥʠʠè.  ʅʘʦʤʠ. (2013). ʀʥʪʝʨʚʴʶ ʩ ʛʝʥʠʘʣʴʥʦʡ 

ʘʨʭʠʪʝʢʪʦʨʰʝʡ ɿʘʭʦʡ ʍʘʜʠʜ. https://arbatovagidepar.livejournal.com/988314.html   

https://arbatovagidepar.livejournal.com/988314.html
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Tower ʚ ɸʣʤʘʪʳ, ʦʙʘ ʧʨʦʝʢʪʘ Skidmore, Owings & Merrill, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ 

ʫʩʪʦʡʯʠʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ; ʠ One Central Park ʚ ʉʠʜʥʝʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ Ateliers Jean Nouvel, ʠʟʚʝʩʪʥʳʡ ʩʚʦʠʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʘʜʘʤʠ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʙʦʪʘʤ ɿʘʭʠ ʍʘʜʠʜ, ʪʘʢʠʤ ʢʘʢ ʃʦʥʜʦʥʩʢʠʡ 

ɸʢʚʘʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʠ ʎʝʥʪʨ ɻʝʡʜʘʨʘ ɸʣʠʝʚʘ ʚ ɹʘʢʫ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ 

ʫʥʠʢʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʦʣʥʦʧʦʜʦʙʥʳʭ ʠ ʧʦʪʦʢʦʚʳʭ ʬʦʨʤ. 

ʕʪʦ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʘʤʠ ʟʜʘʥʠʡ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʇʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʠʟʫʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʜʘʥʠʷ, ʚ 

ʧʨʠʣʘʛʘʝʤʦʡ ʪʘʙʣʠʮʝ (ʪʘʙʣʠʮʘ ɺ.1, [252-285]; ʇʨʠʣʦʞʝʥʠʝ ɺ), ʢʦʪʦʨʘʷ ʜʝʪʘʣʴʥʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʫʥʠʢʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʧʨʦʝʢʪʘ ʠ ʠʭ ʚʢʣʘʜ ʚ 

ʨʘʟʚʠʪʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʠʩʢʫʩʩʪʚʘ. 

ʇʦʜʳʪʦʞʠʚ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʠ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʠʭ ʚʣʠʷʥʠʝ 

ʙʫʜʝʪ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʙʫʜʫʱʝʤ. ʆʥʠ ʧʨʝʦʙʨʘʟʫʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʧʦʜʭʦʜʳ, ʫʚʝʣʠʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʠʡ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʨʦʮʝʩʩʦʤ ʠ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʪʚʦʨʯʝʩʢʦʛʦ 

ʚʳʨʘʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ ʧʦʨʦʞʜʘʝʪ ʥʦʚʳʝ ʚʝʨʰʠʥʳ ʠ ʚʳʟʦʚʳ, ʜʝʣʘʷ 

ʘʨʭʠʪʝʢʪʫʨʫ ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʠ ʫʩʪʦʡʯʠʚʳʤ.  

 

3.2 ɺʣʠʷʥʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ 

ɺ ʵʧʦʭʫ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ ʠ ʠʥʪʝʨʥʝʪʘ ʤʝʥʷʝʪʩʷ ʠ ʘʨʭʠʪʝʢʪʫʨʘ. ʊʝʧʝʨʴ 

ʚʘʞʥʦ, ʯʪʦʙʳ ʟʜʘʥʠʝ ʙʳʣʦ ʥʝ ʪʦʣʴʢʦ ʢʨʘʩʠʚʳʤ ʠ ʫʜʦʙʥʳʤ, ʥʦ, ʠ ʯʪʦʙʳ ʦʥʦ 

ʭʦʨʦʰʦ ʨʘʙʦʪʘʣʦ ʩ ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʕʪʦ ʜʦʙʘʚʣʷʝʪ ʥʦʚʳʝ ʟʘʜʘʯʠ 

ʘʨʭʠʪʝʢʪʦʨʘʤ, ʪʘʢʠʝ ʢʘʢ ʩʦʟʜʘʥʠʝ ʟʜʘʥʠʷ, ʢʦʪʦʨʦʝ ʣʝʛʢʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ 

ʠʟʤʝʥʝʥʠʷʤ. ɺʩʝ ʵʪʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʢʦʤʧʴʶʪʝʨʘʤ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ, ʥʦ ʠ ʠʟʤʝʥʝʥʠʡ 

ʚ ʢʫʣʴʪʫʨʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʪʘʢʠʭ ʢʘʢ ʛʠʙʢʦʩʪʴ, ʠʥʥʦʚʘʮʠʦʥʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʡʩʷ ʩʨʝʜʝ. ʆʥʘ ʪʘʢʞʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʘʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ, ʘʥʘʣʠʪʠʢʠ ʜʘʥʥʳʭ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʠ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʢʦʤʤʫʥʠʢʘʮʠʠ [50, ʩ. 831-

382]. 

ɺ ʮʝʣʦʤ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʤ, 

ʯʪʦ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʠ ʛʣʫʙʦʢʠʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʠʟʤʝʥʝʥʠʝ ʙʠʟʥʝʩ-ʤʦʜʝʣʝʡ, ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʨʘʢʪʠʢ ʠ ʢʫʣʴʪʫʨʳ 

ʦʨʛʘʥʠʟʘʮʠʠ. 

ʄʠʨ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʥʦʩʠʪ ʩʚʦʶ ʣʝʧʪʫ ʚ ʨʘʟʚʠʪʠʝ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʩʦʟʜʘʚʘʷ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʯʝʣʦʚʝʢʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʨʘʟʣʠʯʥʳʝ ʧʨʠʣʦʞʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. 
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ɾʘʥ ɹʦʜʨʠʡʷʨ ʠʩʩʣʝʜʦʚʘʣ ʢʦʥʮʝʧʮʠʠ ʩʠʤʫʣʷʮʠʠ ʠ ʛʠʧʝʨʨʝʘʣʴʥʦʩʪʠ, 

ʧʦʜʯʝʨʢʠʚʘʷ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʤʦʜʝʣʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ 

ʚʠʨʪʫʘʣʴʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʛʫʪ ʩʪʘʪʴ çʨʝʘʣʴʥʝʝè, ʯʝʤ ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ. 

ʆʥ ʫʪʚʝʨʞʜʘʣ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʜʠʘ ʩʦʟʜʘʶʪ ʦʢʨʫʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʛʨʘʥʠʮʳ 

ʤʝʞʜʫ ʨʝʘʣʴʥʦʩʪʴʶ ʠ ʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʩʪʘʥʦʚʷʪʩʷ ʨʘʟʤʳʪʳʤʠ. ʕʪʘ ʠʜʝʷ ʧʨʷʤʦ 

ʦʪʥʦʩʠʪʩʷ ʢ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʛʜʝ ʚʠʨʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʠ ʩʠʤʫʣʷʮʠʠ 

ʩʪʘʥʦʚʷʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ 

ʚʦʩʧʨʠʷʪʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʝʘʣʴʥʳʤ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ [8, ʩ. 

163-171]. 

ʇʴʝʨ ʃʝʚʠ ʧʦʜʥʠʤʘʝʪ ʢʦʥʮʝʧʮʠʶ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʩʧʦʩʦʙʳ, ʢʦʪʦʨʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʰʠʨʷʶʪ ʠ 

ʫʩʠʣʠʚʘʶʪ ʯʝʣʦʚʝʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʥʘ ʢʦʣʣʝʢʪʠʚʥʦʤ ʫʨʦʚʥʝ. ʆʥ ʪʘʢʞʝ 

ʠʩʩʣʝʜʫʝʪ ʚʠʨʪʫʘʣʴʥʳʝ ʤʠʨʳ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʩʦʚʤʝʩʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʦʙʤʝʥʘ ʟʥʘʥʠʷʤʠ. ɺ ʢʦʥʪʝʢʩʪʝ ʵʚʦʣʶʮʠʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, 

ʠʜʝʠ ʃʝʚʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʪʝʥʮʠʘʣ ʩʦʟʜʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, 

ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʵʪʦʪ ʢʦʣʣʝʢʪʠʚʥʳʡ ʦʙʤʝʥ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ 

ʚʠʨʪʫʘʣʴʥʦʤ ʢʦʥʪʝʢʩʪʝ [13, p. 44-46]. 

ɺ ʵʧʦʭʫ ʮʠʬʨʦʚʦʡ ʤʦʙʠʣʴʥʦʩʪʠ ʠ ʛʣʦʙʘʣʴʥʦʡ ʩʚʷʟʘʥʥʦʩʪʠ, ʢʦʥʮʝʧʮʠʷ 

ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ 

ʘʜʘʧʪʠʨʫʝʪʩʷ ʠ ʨʝʘʛʠʨʫʝʪ ʥʘ ʜʝʡʩʪʚʠʷ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʝʥʩʦʨʳ, 

ʘʣʛʦʨʠʪʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʠʥʘʤʠʯʥʦʝ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ. 

ʄʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ. 

ʆʥʠ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʜʘʥʠʠ, ʚʢʣʶʯʘʷ 

ʠʩʪʦʨʠʶ ʝʛʦ ʩʦʟʜʘʥʠʷ, ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʬʫʥʢʮʠʠ ʠ ʫʩʣʫʛʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʤʦʛʫʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʘʢʪʠʚʥʦʤʫ 

ʫʯʘʩʪʠʶ ʚ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠʛʨʘʭ, ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʝʢʪʘʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʙʢʠʭ, ʘʜʘʧʪʠʚʥʳʭ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚ, ʢʦʪʦʨʳʝ ʦʙʦʛʘʱʘʶʪ ʞʠʟʥʝʥʥʳʡ ʦʧʳʪ ʠ ʧʦʚʳʰʘʶʪ ʢʘʯʝʩʪʚʦ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʂʘʨʣʦʩ ʃ. ʄʘʨʢʦʩ ʠʩʩʣʝʜʫʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʤʝʪʦʜʦʚ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʆʥ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʤʥʦʛʠʝ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠʛʥʦʨʠʨʫʷ ʠʭ ʧʦʪʝʥʮʠʘʣ ʦʪʢʨʳʚʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʜʠʟʘʡʥʫ. 

ʄʘʨʢʦʩ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʨʦʩʪʝ ʩʣʦʞʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʧʨʦʝʢʪʦʚ, 

ʚʦʟʤʦʞʥʦʩʪʷʭ ʦʪʢʨʳʪʳʭ ʬʦʨʤ, ʪʘʢʠʭ ʢʘʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠ 

ʨʦʣʠ ʢʦʤʧʴʶʪʝʨʦʚ ʢʘʢ ʘʢʪʠʚʥʳʭ ʧʘʨʪʥʝʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʚʦʨʯʝʩʪʚʘ. ʆʥ ʟʘʚʝʨʰʘʝʪ 

ʘʥʘʣʠʟ ʜʠʘʣʦʛʦʤ ʤʝʞʜʫ ʩʣʦʞʥʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ. 

ʅʘʩʪʫʧʣʝʥʠʝ ʮʠʬʨʦʚʦʡ ʵʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʜʠʟʘʡʥʝ ʧʨʠʚʥʝʩʣʦ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʷ ʚ ʩʘʤʦʤ ʷʟʳʢʝ ʘʨʭʠʪʝʢʪʫʨʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 
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ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʤʧʴʶʪʝʨʘ ʦʱʫʱʘʣʦʩʴ ʣʠʰʴ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʪʝʤʠ, ʢʪʦ ʦʩʦʟʥʘʣ 

ʨʝʚʦʣʶʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʮʠʬʨʦʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ 

ʚ ʪʚʦʨʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʇʦ ʵʪʦʡ ʣʠʥʠʠ, ʄʠʪʯʝʣʣ ʦʪʥʝʩ ʢ ʨʘʟʥʳʤ ʢʘʪʝʛʦʨʠʷʤ 

ʘʨʭʠʪʝʢʪʦʨʦʚ ʥʘ ʪʝʭ, ʢʪʦ ʠʩʧʦʣʴʟʫʝʪ ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʦʝʡ ʨʘʙʦʪʳ, ʠ ʪʝʭ, ʢʪʦ ʦʩʦʟʥʘʝʪ ʠ ʧʨʠʤʝʥʷʝʪ ʫʥʠʢʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʩʚʦʝʛʦ ʧʦʜʭʦʜʘ ʢ ʜʠʟʘʡʥʫ. 

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʶʪ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʦʙʣʘʩʪʠ 

ʘʨʭʠʪʝʢʪʫʨʳ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʪʨʫʜʦʝʤʢʠʝ ʧʨʦʝʢʪʳ, 

ʦʧʪʠʤʠʟʠʨʫʶʪ ʩʘʤ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʠʥʦʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʨʘʩʭʦʜʦʚʘʥʠʠ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʠʥʥʦʚʘʮʠʡ ʚʦʟʥʠʢʘʶʪ 

ʥʦʚʳʝ ʩʪʠʣʠ ʠ ʬʦʨʤʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ 

ʠ ʩʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʳʝ ʬʘʢʪʦʨʳ ʪʦʞʝ ʚʣʠ̫ ʝʪ, ʩʧʦʩʦʙʩʪʚʫʷ ʠʥʪʝʛʨʘʮʠʠ 

ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʜʨʫʛʠʤʠ ʦʙʣʘʩʪʷʤʠ ʟʥʘʥʠʡ. 

ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩʚʦʠ ʠʜʝʠ ʚ ʚʳʩʦʢʦʤ ʢʘʯʝʩʪʚʝ, ʜʝʣʘʷ 

ʠʭ ʙʦʣʝʝ ʧʦʥʷʪʥʳʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʟʘʢʘʟʯʠʢʦʚ ʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

ʇʨʦʛʨʘʤʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʪʘʣʠ ʚʘʞʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʧʨʘʢʪʠʢʝ. ʆʥʠ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ, ʘʥʘʣʠʟʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠʜʝʡ. ʉʨʝʜʠ 

ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʠʩʪʝʤʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʬʦʨʤʳ, ʫʧʨʘʚʣʷʪʴ ʨʘʟʣʠʯʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʝʢʪʘ ʠ ʚʳʧʦʣʥʷʪʴ ʪʦʯʥʳʝ ʨʘʩʯʝʪʳ. 

ʊʘʢʠʝ ʧʨʦʛʨʘʤʤʳ ʪʘʢʞʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʧʨʠʥʠʤʘʪʴ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʠ ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʥʘ 

ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʣʫʯʰʝ ʧʨʝʜʩʪʘʚʠʪʴ ʩʚʦʠ 

ʠʜʝʠ ʟʘʢʘʟʯʠʢʘʤ ʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. ʆʥʠ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʶ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʝʢʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʠ ʧʨʠʥʠʤʘʪʴ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʝʱʝ ʜʦ ʥʘʯʘʣʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʦʭʚʘʪʳʚʘʶʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʫʨʦʚʥʝʡ ʠ 

ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʣʫʯʰʝʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʝʞʜʫ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʝʝ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ. 

ɼʦʥʥʘ ʍʘʨʘʫʵʡ, ʠʟʚʝʩʪʥʘʷ ʩʚʦʝʡ ʢʦʥʮʝʧʮʠʝʡ ʢʠʙʦʨʛʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʚʟʛʣʷʜ ʥʘ ʛʠʙʨʠʜʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʠ ʤʘʰʠʥʳ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ. ɽʸ ʠʜʝʠ 
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ʧʦʜʯʝʨʢʠʚʘʶʪ ʨʘʟʤʳʚʘʥʠʝ ʛʨʘʥʠʮ ʤʝʞʜʫ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤ, 

ʧʨʝʜʣʘʛʘʷ ʥʦʚʳʝ ʧʫʪʠ ʧʦʥʠʤʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩ ʪʝʭʥʦʣʦʛʠʝʡ. ɺ 

ʢʦʥʪʝʢʩʪʝ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ, ʵʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʦʚʳʝ 

ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚ, ʛʜʝ ʯʝʣʦʚʝʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʘʛʝʥʪʳ ʩʦʩʫʱʝʩʪʚʫʶʪ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʥʘ ʨʘʚʥʳʭ [11, ʩ. 8-9]. 

ʇʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʤʦʜʝʣʝʡ 

ʠ ʧʣʘʥʦʚ ʟʜʘʥʠʡ. ʆʥʠ ʪʘʢʞʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʣʝʛʯʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ. 

ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʠʨʪʫʘʣʴʥʳʭ ʪʫʨʦʚ ʧʦ ʟʜʘʥʠʷʤ, 

ʦʙʫʯʘʶʱʠʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ [147, p. 35-38]. 

ʊʘʣʣʠʥʥʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʙʠʝʥʥʘʣʝ ʷʚʣʷʝʪʩʷ ʧʣʘʪʬʦʨʤʦʡ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʜʠʩʢʫʩʩʠʠ ʦ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʛʦʨʦʜʝ. ʕʪʦ 

ʤʝʨʦʧʨʠʷʪʠʝ ʧʨʦʚʦʜʠʪʩʷ ʨʘʟ ʚ ʜʚʘ ʛʦʜʘ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʣʦʜʳʤ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʠ ʜʠʟʘʡʥʝʨʘʤ ʨʘʟʨʘʙʦʪʘʪʴ ʧʘʚʠʣʴʦʥ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʥʦʚʳʝ 

ʠʥʥʦʚʘʮʠʠ ʚ ʦʪʨʘʩʣʠ. ɺ 2019 ʛʦʜʫ ʧʘʚʠʣʴʦʥ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʩʦʚʤʝʩʪʥʦʡ 

ʢʦʤʘʥʜʦʡ, ʚʢʣʶʯʘʶʱʝʡ ɻʚʠʣʣʠʤʘ ʗʥʘ, ʂʵʤʝʨʦʥʘ ʅʴʶʥʭʵʤʘ (ʛʦʣʦʛʨʘʤʤʘ), 

Soomeen Hahm Design ʠ ʀʛʦʨʷ ʇʘʥʪʠʯʘ, ʩ ʪʝʩʥʳʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦʤ ʩ 

ʠʥʞʝʥʝʨʘʤʠ ʬʦʨʤʘʪʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʘʚʠʣʴʦʥʘ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʯʝʨʪʝʞʠ ʠʣʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʯʠʩʣʦʚʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ (ʏʇʋ). ɺʤʝʩʪʦ ʵʪʦʛʦ ʢʦʤʘʥʜʘ ʧʨʠʤʝʥʠʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ, ʧʦʣʥʦʩʪʴʶ ʨʫʯʥʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʠʩʧʦʣʴʟʫʷ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʠʟʘʡʥʝ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʫʶ ʯʝʨʝʟ ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ ʧʣʘʪʬʦʨʤʫ 

Fologram ʚ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʕʪʦ ʪʨʝʙʦʚʘʣʦ ʪʝʩʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

ʤʝʞʜʫ ʚʩʝʤʠ ʯʣʝʥʘʤʠ ʢʦʤʘʥʜʳ. ʀʥʞʝʥʝʨʳ ʠ ʜʠʟʘʡʥʝʨʳ ʚʤʝʩʪʝ ʨʘʙʦʪʘʣʠ ʥʘʜ 

ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʛʝʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʙʦʨʢʠ ʧʘʚʠʣʴʦʥʘ. ʇʘʚʠʣʴʦʥ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʠʟ ʜʝʨʝʚʷʥʥʳʭ 

ʧʣʘʥʦʢ, ʬʦʨʤʦʚʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʨʦʚʦʡ ʛʠʙʢʠ ʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʘʟʨʘʙʦʪʢʦʡ ʟʘʥʠʤʘʣʘʩʴ ʢʦʤʘʥʜʘ ʤʘʩʪʝʨʦʚ Sean Guy, 

Xavier Madden, Nick van den Berg ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ [150]. 

ɸʨʭʠʪʝʢʪʫʨʥʘʷ ʙʠʝʥʥʘʣʝ ʚ ʊʘʣʣʠʥʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ 

ʜʠʩʢʫʩʩʠʠ ʧʨʦʙʣʝʤ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʛʦʨʦʜʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʕʪʦ ʜʚʫʭʛʦʜʠʯʥʦʝ 

ʩʦʙʳʪʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʣʦʜʳʤ ʘʨʭʠʪʝʢʪʦʨʘʤ ʠ ʜʠʟʘʡʥʝʨʘʤ ʩʦʟʜʘʪʴ 

ʧʘʚʠʣʴʦʥ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ʇʘʚʠʣʴʦʥ, 

ʩʦʟʜʘʥʥʳʡ ʚ 2019 ʛʦʜʫ, ʙʳʣ ʨʝʟʫʣʴʪʘʪʦʤ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ɻʚʠʣʣʠʤʘ ɼʞʘʥʘ, 

ʂʵʤʝʨʦʥʘ ʅʴʶʥʵʤʘ (Fologram), Soomeen Hahm Design ʠ ʀʛʦʨʷ ʇʘʥʪʠʢʘ ʚ ʪʝʩʥʦʡ 

ʢʦʦʧʝʨʘʮʠʠ ʩ Format Engineers. ɺ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʧʨʠʚʳʯʥʳʭ ʯʝʨʪʝʞʝʡ ʠʣʠ ʏʇʋ-ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʅʘʧʨʦʪʠʚ, 

ʢʦʤʘʥʜʘ ʠʩʧʦʣʴʟʦʚʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ, ʧʦʣʥʦʩʪʴʶ ʨʫʯʥʦʛʦ 

ʠʩʧʦʣʥʝʥʠʷ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʯʝʨʝʟ ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ ʧʣʘʪʬʦʨʤʫ Fologram.  

ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʝʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʚʩʝʤʠ 

ʯʣʝʥʘʤʠ ʢʦʤʘʥʜʳ. ʀʥʞʝʥʝʨʳ ʠʟ Format Engineers ʩʦʪʨʫʜʥʠʯʘʣʠ ʩ ʜʠʟʘʡʥʝʨʘʤʠ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ, ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 
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ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʙʦʨʢʠ ʫʩʪʘʥʦʚʢʠ. ʇʘʚʠʣʴʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ 

ʢʦʤʧʣʝʢʩ ʩʢʨʫʯʝʥʥʳʭ ʜʝʨʝʚʷʥʥʳʭ ʧʦʣʦʩ, ʢʦʪʦʨʳʝ ʩʦʯʝʪʘʶʪʩʷ ʚ ʜʠʥʘʤʠʯʥʦʤ 

ʜʚʠʞʝʥʠʠ, ʠʩʩʣʝʜʫʷ ʠʜʝʠ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʦʙʲʝʤʘ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʪʦʣʴʢʦ 

ʩʪʘʥʜʘʨʪʥʳʝ ʜʦʩʢʠ ʨʘʟʤʝʨʦʤ 100x10 ʤʤ. ɼʝʨʝʚʷʥʥʳʝ ʧʦʣʦʩʳ ʙʳʣʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʬʦʨʤʠʨʫʝʤʳ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘ- ʠ ʘʜʘʧʪʠʚʥʳʭ ʬʦʨʤ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. ʉʢʨʫʯʠʚʘʥʠʝ ʜʝʨʝʚʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʞʘʪʠʶ ʚ ʵʪʦʡ ʢʦʤʧʦʟʠʪʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʜʝʨʝʚʘ ʠ ʩʪʘʣʠ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʠ ʢʦʤʤʫʥʠʢʘʮʠʷ - ʚ ʮʠʬʨʦʚʦʡ ʵʧʦʭʝ ʘʨʭʠʪʝʢʪʦʨʘʤ ʠ 

ʢʣʠʝʥʪʘʤ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠ ʨʝʘʣʠʩʪʠʯʥʳʝ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʦʚ. 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʠ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ 

ʧʦʟʚʦʣʷʶʪ ʣʫʯʰʝ ʧʨʝʜʩʪʘʚʠʪʴ ʠ ʦʮʝʥʠʪʴ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ 

ʧʨʦʝʢʪʘ [154]. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʠ 

ʛʝʥʝʨʘʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʮʠʬʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ (3D-ʧʝʯʘʪʴ, CNC) ʠ 

ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT) ʤʦʛʫʪ ʠʥʘʯʝ ʚʣʠʷʪʴ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. 

ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʥʝ ʪʦʣʴʢʦ ʨʘʜʠʢʘʣʴʥʦ ʠʟʤʝʥʷʝʪ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʜʦʩʪʫʧʥʳʡ ʘʨʭʠʪʝʢʪʦʨʘʤ, ʥʦ ʠ ʨʘʩʰʠʨʷʝʪ ʬʠʣʦʩʦʬʩʢʠʝ ʨʘʤʢʠ, 

ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʨʘʙʦʪʘʶʪ, ʚʥʦʩʷ ʵʣʝʤʝʥʪʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ.  

ɺ ʢʦʥʪʝʢʩʪʝ ʠʟʫʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʫ, ʤʳ ʤʦʞʝʤ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟʤʳʰʣʝʥʠʷ ʠʟʚʝʩʪʥʦʛʦ ʘʨʭʠʪʝʢʪʦʨʘ ɿʘʭʠ 

ʍʘʜʠʜ.5 ɺ ʦʜʥʦʤ ʠʟ ʩʚʦʠʭ ʠʥʪʝʨʚʴʶ ʦʥʘ ʩʨʘʚʥʠʚʘʝʪ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʫ ʩ ʨʝʚʦʣʶʮʠʦʥʥʳʤʠ ʠʜʝʷʤʠ ʩʫʧʨʝʤʘʪʠʟʤʘ, ʧʦʜʯʝʨʢʠʚʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ, ʚʳʟʚʘʥʥʫʶ ʢʦʤʧʴʶʪʝʨʥʳʤ ʧʨʦʛʨʝʩʩʦʤ. ʆʥʘ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʨʝʚʦʣʶʮʠʷ ʢʦʩʥʫʣʘʩʴ ʚʩʝʭ ʘʩʧʝʢʪʦʚ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʩʦʙʝʥʥʦ 

ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʚʢʠ, ʜʝʣʘʷ ʝʛʦ ʙʝʩʰʦʚʥʳʤ ʠ ʫʩʪʨʘʥʷʷ ʣʶʙʳʝ ʧʨʝʧʷʪʩʪʚʠʷ ʤʝʞʜʫ 

ʢʦʥʮʝʧʮʠʝʡ ʠ ʝʸ ʨʝʘʣʠʟʘʮʠʝʡ. ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʍʘʜʠʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ 

ʢʦʥʪʝʢʩʪʝ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ ʂʘʟʘʭʩʪʘʥʘ. ʇʨʦʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʦʧʠʩʘʥʥʳʡ ʝʶ ʧʨʦʝʢʪ ʚ ɹʘʢʫ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʢʘʢ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʮʝʣʦʩʪʥʦʩʪʴ ʠ 

ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʦʙʘʣʴʥʳʤ ʪʝʥʜʝʥʮʠʷʤ, 

ʥʦ ʪʘʢʞʝ ʦʪʢʨʳʚʘʝʪ ʜʠʩʢʫʩʩʠʶ ʦ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ɺ 

ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʠ ʤʳ ʘʥʘʣʠʟʠʨʫʝʤ, ʢʘʢ ʪʘʢʠʝ ʧʦʜʭʦʜʳ ʤʦʞʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʧʨʘʢʪʠʢʫ ʂʘʟʘʭʩʪʘʥʘ, ʫʯʠʪʳʚʘʷ ʤʝʩʪʥʳʝ 

 
5 ʂʘʢ ʦʪʤʝʯʘʣʘ ʚʳʜʘʶʱʘʷʩʷ ʘʨʭʠʪʝʢʪʦʨ ɿʘʭʘ ʍʘʜʠʜ: ç...ʢʦʛʜʘ ʷ ʪʦʣʴʢʦ ʥʘʯʠʥʘʣʘ ʨʘʙʦʪʘʪʴ, ʪʦ ʧʦʥʠʤʘʣʘ, ʯʪʦ ʛʨʷʜʝʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʨʝʚʦʣʶʮʠʷ, ʥʦ ʥʝ ʟʥʘʣʘ, ʛʜʝ ʠʤʝʥʥʦ ʦʥʘ ʩʣʫʯʠʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʴʶʪʝʨʥʳʡ ʧʨʦʛʨʝʩʩ 

ʧʦʤʝʥʷʣ ʚʩʝ ʚʦʢʨʫʛ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʠ ʘʨʭʠʪʝʢʪʫʨʳ ð ʦʩʦʙʝʥʥʦ ʬʦʨʤʦʚʢʠ, ʢʦʪʦʨʘʷ ʩʪʘʣʘ ʩʦʚʝʨʰʝʥʥʦ ʙʝʩʰʦʚʥʦʡ. 

ʗ ʠʤʝʶ ʚ ʚʠʜʫ ʥʝ ʪʦʣʴʢʦ ʪʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʦʝ ʟʜʘʥʠʝ ʙʫʢʚʘʣʴʥʦ ʩʣʠʚʘʝʪʩʷ ʩ ʟʝʤʣʝʡ, ʥʦ ʠ ʪʦ, ʯʪʦ ʦʪʩʫʪʩʪʚʫʝʪ 

ʚʩʷʢʠʡ ʟʘʟʦʨ ʤʝʞʜʫ ʠʜʝʝʡ ʠ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʚʦʧʣʦʱʝʥʠʝʤ. ʅʘʧʨʠʤʝʨ, ʩʝʡʯʘʩ ʤʳ ʜʝʣʘʝʤ ʧʦʪʨʷʩʘʶʱʠʡ 

ʧʨʦʝʢʪ ʚ ɹʘʢʫ, ʛʜʝ ʢʘʢ ʨʘʟ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʮʝʣʦʩʪʥʦʩʪʠ. ɺʩʝ ʩʪʘʣʦ ʛʦʨʘʟʜʦ 

ʧʨʦʱʝ. ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʠʟʚʦʜʠʪʴ ʩʪʫʣʴʷ ʚ ʃʦʥʜʦʥʝ ʠ ʧʦʪʦʤ ʧʝʨʝʧʨʘʚʣʷʪʴ ʠʭ ʚ ɸʤʝʨʠʢʫ, ʤʦʞʥʦ ʧʨʦʩʪʦ 

ʜʦʩʪʘʚʠʪʴ ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʚ ʥʫʞʥʦʝ ʤʝʩʪʦè.  ʅʘʦʤʠ. (2013). ʀʥʪʝʨʚʴʶ ʩ ʛʝʥʠʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʦʨʰʝʡ ɿʘʭʦʡ ʍʘʜʠʜ.  
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ʢʫʣʴʪʫʨʥʳʝ, ʩʦʮʠʘʣʴʥʳʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʫ ʜʣʷ 

ʦʙʩʫʞʜʝʥʠʷ ʚ ʨʘʟʜʝʣʝ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʷʭ, ʛʜʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ 

ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʘ ʧʨʦʮʝʩʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʥʘ ʦʪʢʨʳʚʘʝʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʠ 

ʘʜʘʧʪʠʨʫʝʤʳʭ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ. 

ɺ ʵʪʦʤ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ, ʦʙʦʛʘʱʘʷ ʝʛʦ ʥʦʚʳʤʠ ʬʦʨʤʘʤʠ ʠ ʠʜʝʷʤʠ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʫʣʫʯʰʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ ʢʦʣʣʘʙʦʨʘʮʠʶ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [47, ʩ. 43-44]. 

ʅʘʧʨʠʤʝʨ, 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʜʠʢʘʣʴʥʦ ʤʝʥʷʝʪ ʧʦʜʭʦʜʳ ʢ ʜʠʟʘʡʥʫ, 

ʧʦʟʚʦʣʷʷ ʘʨʭʠʪʝʢʪʦʨʘʤ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʢʦʥʮʝʧʮʠʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʬʦʨʤʘʤʠ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʪʚʦʨʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʝʜʦʩʪʫʧʥʳ ʧʨʠ ʨʘʙʦʪʝ ʪʦʣʴʢʦ 

ʩ ʜʚʫʤʝʨʥʳʤʠ ʧʣʘʥʘʤʠ. 

ɸʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʠʣʠ ʛʝʥʝʨʘʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʨʠʚʥʦʩʷʱʝʝ ʚ 

ʘʨʭʠʪʝʢʪʫʨʫ ʩʠʣʫ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʩʦʟʜʘʥʠʶ ʫʥʠʢʘʣʴʥʳʭ ʬʦʨʤ ʠ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʳ ʥʝʚʦʟʤʦʞʥʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʕʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʥʥʦʚʘʮʠʡ ʠ ʜʘʝʪ ʘʨʭʠʪʝʢʪʦʨʘʤ 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʘʤʳʭ ʩʤʝʣʳʭ ʠʜʝʡ. 

ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ (VR) ʜʦʙʘʚʣʷʝʪ ʝʱʝ ʦʜʠʥ ʫʨʦʚʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʧʨʦʝʢʪʘʤʠ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʠ ʢʣʠʝʥʪʘʤ 

ʧʦʛʨʫʞʘʪʴʩʷ ʚ ʩʦʟʜʘʚʘʝʤʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʝʜʣʘʛʘʷ ʙʦʣʝʝ ʧʦʣʥʦʝ ʠ ʦʙʲʝʤʥʦʝ 

ʚʦʩʧʨʠʷʪʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʠ ʢʦʥʮʝʧʮʠʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʚʟʛʣʷʜʘ ʯʝʨʝʟ ʜʚʫʭʤʝʨʥʳʝ ʯʝʨʪʝʞʠ. 

ʊʝʭʥʦʣʦʛʠʠ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ 3D-ʧʝʯʘʪʴ ʠ CNC-

ʬʨʝʟʝʨʦʚʘʥʠʝ, ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʩʦʟʜʘʥʠʠ ʩʣʦʞʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʜʝʪʘʣʝʡ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʤʘʪʝʨʠʘʣʠʟʦʚʘʪʴ ʩʣʦʞʥʳʝ ʧʨʦʝʢʪʳ 

ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʜʝʪʘʣʠʟʘʮʠʝʡ, ʯʪʦ ʨʘʥʴʰʝ ʙʳʣʦ ʪʨʫʜʥʦ ʜʦʩʪʠʞʠʤʦ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʨʠʥʦʩʷʪ ʚ ʘʨʭʠʪʝʢʪʫʨʫ 

ʵʣʝʤʝʥʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ. ʆʥʠ ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ 

ʦʙʲʝʤʳ ʜʘʥʥʳʭ, ʧʦʤʦʛʘʷ ʘʨʭʠʪʝʢʪʦʨʘʤ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʩʣʦʞʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT) ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʜʝʣʘʷ 

ʠʭ ʙʦʣʝʝ ʘʜʘʧʪʠʚʥʳʤʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ. ɺʥʝʜʨʝʥʠʝ ʜʘʪʯʠʢʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʩʝʪʠ, ʧʦʟʚʦʣʷʝʪ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʠ ʫʧʨʘʚʣʷʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ 

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʜʝʣʘʝʪ ʘʨʭʠʪʝʢʪʫʨʫ ʙʦʣʝʝ ʦʪʟʳʚʯʠʚʦʡ ʢ ʧʦʪʨʝʙʥʦʩʪʷʤ ʠ 

ʧʦʚʝʜʝʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʨʠʩʫʥʢʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʡ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʤʝʭʘʥʠʟʤʘʤʠ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ɺ ʝʝ ʦʩʥʦʚʫ ʣʝʛʣʠ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʘ ʪʘʢʞʝ 
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ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ ʠ ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʛʨʘʝʪ ʩʚʦʶ ʨʦʣʴ ʚ 

ʵʪʦʤ ʧʨʦʮʝʩʩʝ. 

ɸʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʣʫʞʘʪ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠ ʨʝʘʣʠʟʘʮʠʠ ʮʠʬʨʦʚʳʭ ʧʨʦʝʢʪʦʚ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʝʦʙʭʦʜʠʤʫʶ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʠ ʧʦʤʦʛʘʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʚʦʧʣʦʱʘʪʴ ʚ ʞʠʟʥʴ 

ʩʣʦʞʥʳʝ ʜʠʟʘʡʥʝʨʩʢʠʝ ʠʜʝʠ. ʀʥʪʝʛʨʘʮʠʷ ʵʪʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʜʨʫʛʠʤʠ 

ʦʙʣʘʩʪʷʤʠ ʟʥʘʥʠʡ, ʪʘʢʠʤʠ ʢʘʢ ʠʥʞʝʥʝʨʠʷ ʠ ʵʢʦʣʦʛʠʷ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʧʨʦʝʢʪʦʚ. 

ɹʦʣʴʰʠʝ ʜʘʥʥʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʘʨʭʠʪʝʢʪʦʨʘʤ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɸʥʘʣʠʟ ʵʪʠʭ 

ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʝʢʪʳ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ 

ʧʦʚʝʜʝʥʠʷ. ʆʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʦʚʤʝʩʪʥʫʶ 

ʨʘʙʦʪʫ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʫʧ ʢ ʧʨʦʝʢʪʥʳʤ ʜʘʥʥʳʤ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʜʣʷ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ ʢʦʦʨʜʠʥʘʮʠʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʩʦʮʠʘʣʴʥʳʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʥʠ 

ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ, ʧʦʜʯʝʨʢʠʚʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʯʠʪʳʚʘʪʴ ʦʙʱʝʩʪʚʝʥʥʳʝ ʮʝʥʥʦʩʪʠ, ʠʩʪʦʨʠʶ ʠ ʢʫʣʴʪʫʨʥʳʡ ʢʦʥʪʝʢʩʪ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʇʝʨʝʩʝʯʝʥʠʝ ʚʩʝʭ ʵʪʠʭ ʘʩʧʝʢʪʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʜʝʣʠ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʜʝʣʘʷ ʧʨʦʮʝʩʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʦʣʝʝ ʘʜʘʧʪʠʚʥʳʤʠ ʢ ʧʦʪʨʝʙʥʦʩʪʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ 

(ʨʠʩʫʥʦʢ ɺ.2, ʇʨʠʣʦʞʝʥʠʝ ɺ).  

ʕʪʘ ʜʠʘʣʝʢʪʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʠʪ ʢ ʢʘʨʜʠʥʘʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʧʨʠʥʮʠʧʦʚ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʘʢʮʝʥʪʠʨʫʷ ʚʥʠʤʘʥʠʝ ʥʘ ʪʘʢʠʭ 

ʬʘʢʪʦʨʘʭ ʢʘʢ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ, ʘʜʘʧʪʠʚʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ. ʎʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ ʧʦʨʦʞʜʘʝʪ ʥʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʚʢʣʶʯʘʷ ʘʣʛʦʨʠʪʤʳ 

ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʦʙʣʘʩʪʷʤʠ ʟʥʘʥʠʡ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʦʩʦʙʦʝ ʤʝʩʪʦ 

ʟʘʥʠʤʘʶʪ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʩʦʮʠʘʣʴʥʳʝ ʠ ʢʫʣʴʪʫʨʥʳʝ 

ʬʘʢʪʦʨʳ. ʀʟʫʯʝʥʠʝ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ʀʟʫʯʘʷ 

ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʬʦʨʤʳ (ʨʠʩʫʥʦʢ ɺ.3, 

ʇʨʠʣʦʞʝʥʠʝ ɺ). 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʦʰʝʥʳ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ. ʋʯʘʩʪʥʠʢʠ ʦʧʨʦʩʘ ʧʦʜʝʣʠʣʠʩʴ ʩʚʦʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ 

ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʝ, ʧʨʠʤʝʥʝʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʦ ʪʦʤ, 

ʢʘʢ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʦʨʤ, ʚʦʧʨʦʩʳ ʦ ʨʦʣʠ 

çʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳè ʚ ʬʠʣʦʩʦʬʠʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʝʸ ʚʣʠʷʥʠʠ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʦ ʚʣʠʷʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʥʘʚʳʢʘʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʨʭʠʪʝʢʪʦʨʘ, 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʢʦʤʧʣʝʢʩʥʦʝ ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʧʨʘʢʪʠʢʫ. 

ʈʝʩʧʦʥʜʝʥʪʳ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʢʘʢ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʫ, 
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ʬʫʥʢʮʠʶ, ʵʩʪʝʪʠʢʫ ʟʜʘʥʠʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʶʜʝʡ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ, ʧʦʜʯʝʨʢʠʚʘʷ 

ʨʦʣʴ ʩʝʪʝʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʨʘʟʤʳʚʘʥʠʝ ʛʨʘʥʠʮ ʠ ʠʥʪʝʛʨʘʮʠʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ɸʢʮʝʥʪʠʨʫʝʪʩʷ 

ʟʥʘʯʠʤʦʩʪʴ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʩʦʟʜʘʥʠʠ ʩʣʦʞʥʳʭ ʬʦʨʤ ʠ ʦʙʦʛʘʱʝʥʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʦʝʢʪʘʤʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ, ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʣʘʜʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʧʦʥʠʤʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʢʫʣʴʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʧʨʠʥʮʠʧʦʚ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢʞʝ ʮʝʥʥʦʩʪʴ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʳ. ʕʪʠ ʦʪʚʝʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ 

ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʦʝ ʥʦʚʰʝʩʪʚʦ, ʥʦ ʠ 

ʛʣʫʙʦʢʦʝ ʬʠʣʦʩʦʬʩʢʦʝ ʠ ʢʫʣʴʪʫʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʥʫʶ 

ʧʨʘʢʪʠʢʫ ʠ ʦʙʨʘʟʦʚʘʥʠʝ. ʊʘʢʞʝ, ʚʳʷʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʮʠʬʨʦʚʠʟʘʮʠʠ, ʚʢʣʶʯʘʷ ʦʙʫʯʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʫʯʘʩʪʥʠʢʠ ʚʳʨʘʟʠʣʠ ʩʚʦʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʠ ʧʨʦʛʥʦʟʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʫʜʫʱʝʛʦ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʢʦʥʪʝʢʩʪʝ ʚʩʝʦʙʱʝʡ ʮʠʬʨʦʚʠʟʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʟʚʝʨʥʫʪʦʛʦ ʠʥʪʝʨʥʝʪ-ʦʧʨʦʩʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʦ ʚʣʠʷʥʠʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʫ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ ɺ.3, ʩ I ʧʦ VI ʨʘʟʜʝʣʘ).  

ɺ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʢʘʩʘʝʪʩʷ ʦʩʤʳʩʣʝʥʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ, 

ʨʝʩʧʦʥʜʝʥʪʳ ʚʳʨʘʟʠʣʠ ʩʚʦʠ ʚʟʛʣʷʜʳ ʥʘ ʚʩʝ ʫʚʝʣʠʯʠʚʘʶʱʫʶʩʷ ʨʦʣʴ ʵʪʦʛʦ 

ʷʚʣʝʥʠʷ ʚ ʥʘʰʝʡ ʞʠʟʥʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ (ʪʘʙʣʠʮʘ ɺ.3; 1-ʳʡ 

ʨʘʟʜʝʣ ʦʧʨʦʩʘ ˉ1-5).  

ɺ ʨʘʟʜʝʣʝ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʝʯʴ ʰʣʘ ʦ ʪʦʤ, ʢʘʢ ʵʪʠ 

ʪʝʭʥʦʣʦʛʠʠ ʚʣʠʷʶʪ ʥʘ ʩʦʟʜʘʥʠʝ ʟʜʘʥʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʪʦʤʫ, ʢʘʢ 

3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʢʦʤʧʴʶʪʝʨʥʳʡ ʜʠʟʘʡʥ ʤʝʥʷʶʪ ʩʧʦʩʦʙʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

(ʪʘʙʣʠʮʘ 3.5; 2-ʦʡ ʨʘʟʜʝʣ ʦʧʨʦʩʘ ˉ1-6). 

ɺ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ʆʙʩʫʞʜʘʣʠʩʴ ʪʝʤʳ, ʧʦ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʧʨʦʝʢʪʦʚ, ʜʦʩʪʫʧ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʧʨʦʙʣʝʤʳ ʥʝʨʘʚʝʥʩʪʚʘ ʚ ʜʦʩʪʫʧʝ ʢ ʮʠʬʨʦʚʳʤ 

ʨʝʩʫʨʩʘʤ. ʊʘʢʞʝ ʧʦʜʥʠʤʘʣʩʷ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʠʝ ʥʘʚʳʢʠ ʠ ʫʤʝʥʠʷ ʥʫʞʥʳ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʥʦʚʳʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ (ʪʘʙʣʠʮʘ ɺ.3; 3-ʡ ʨʘʟʜʝʣ ʦʧʨʦʩʘ 

ˉ1-8).   

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʈʝʟʫʣʴʪʘʪʳ ʨʘʟʚʝʨʥʫʪʦʛʦ ʠʥʪʝʨʥʝʪ-ʦʧʨʦʩʘ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʦ 

ʚʣʠʷʥʠʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ ʜʘʣʠ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʦʬʝʩʩʠʷ ʘʨʭʠʪʝʢʪʦʨʘ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʚʳʭʦʜʠʪ ʜʨʫʛʦʡ ʫʨʦʚʝʥʴ.  ɺ 

ʙʫʜʫʱʝʤ, ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ʙʫʜʝʪ ʪʝʩʥʦ 

ʩʚʷʟʘʥʘ ʩ IT ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ, ʧʦʷʚʷʪʩʷ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠ ʤʘʪʝʨʠʘʣʳ 

ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [64]. ʆʜʥʘʢʦ ʫ ʚʩʝʛʦ ʝʩʪʴ ʧʦʩʣʝʜʩʪʚʠʷ, ʠ ʟʘ ʚʩʝʤʠ 

ʨʝʘʣʠʟʦʚʘʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʣʝʜʫʶʪ ʥʦʚʳʝ ʚʳʟʦʚʳ. ɿʜʝʩʴ ʧʦʷʚʣʷʝʪʩʷ 

ʧʨʦʙʣʝʤʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʥʘʚʳʢʦʚ, ʚʦʧʨʦʩʳ 



72 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʢ ʥʦʚʳʤ 

ʨʦʣʷʤ ʠ ʧʨʦʮʝʩʩʘʤ ʚ ʩʚʷʟʠ ʩ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʴ 

ʘʨʭʠʪʝʢʪʫʨʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢ ʧʨʠʤʝʨʫ, ʚ ʩʣʫʯʘʝ 

ʩʦʟʜʘʥʠʷ çʫʤʥʳʭè ʟʜʘʥʠʡ ʠ ʛʦʨʦʜʦʚ, ʫ ʚʣʘʜʝʣʴʮʝʚ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʥʦʚʳʝ ʨʠʩʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ɿʜʝʩʴ ʪʘʢʞʝ ʧʦʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʪʨʘʪʝʛʠʡ ʠ 

ʤʝʭʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʱʠʪʫ ʜʘʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʠ. ʊʨʝʪʠʡ 

ʚʳʟʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʘʜʘʧʪʘʮʠʶ ʢ ʥʦʚʳʤ ʧʨʦʮʝʩʩʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ 

ʧʨʦʬʝʩʩʠʷ ʘʨʭʠʪʝʢʪʦʨʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʘʨʭʠʪʝʢʪʦʨʳ ʙʫʜʫʪ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʥʦʚʳʤʠ ʟʘʜʘʯʘʤʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʷʤʠ, ʵʪʦ 

ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʧʨʦʮʝʩʩʦʚ ʨʘʙʦʪʳ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʶʪ ʘʨʭʠʪʝʢʪʫʨʫ 

ʚʦ ʤʥʦʛʠʭ ʘʩʧʝʢʪʘʭ, ʥʘʯʠʥʘʷ ʦʪ ʢʦʥʮʝʧʮʠʠ ʠ ʠʜʝʦʣʦʛʠʠ ʟʜʘʥʠʷ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʠ 

ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʦʙʱʝʩʪʚʦ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʥʴ 

ʚʘʞʥʦʡ. ʆʥʠ ʧʦʤʦʛʫʪ ʥʘʤ ʧʦʥʷʪʴ, ʢʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ, ʢʦʛʜʘ ʵʪʠ ʜʚʝ ʦʙʣʘʩʪʠ ʥʘʯʠʥʘʶʪ ʧʝʨʝʧʣʝʪʘʪʴʩʷ, ʯʪʦʙʳ ʤʳ ʤʦʛʣʠ 

ʣʫʯʰʝ ʧʣʘʥʠʨʦʚʘʪʴ ʠ ʩʪʨʦʠʪʴ ʙʫʜʫʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʄʦʜʝʣʴ çɺʣʠʷʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʩʪʠʣʠ ʠ ʧʨʦʮʝʩʩ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝè ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʝʨʝʩʝʯʝʥʠʝ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʩʦʮʠʘʣʴʥʳʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʜʠʟʘʡʥʝ. ʆʥʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʪʨʝʭ ʘʩʧʝʢʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ 

ʬʦʨʤ ʠ ʩʪʠʣʝʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʘ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. 

1. ʉʦʮʠʘʣʴʥʳʝ ʠ ʢʫʣʴʪʫʨʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʘʨʭʠʪʝʢʪʫʨʫ, 

ʚʣʠʷʷ ʥʘ ʩʦʟʜʘʥʠʝ ʜʠʟʘʡʥʘ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʪʝʢʫʱʠʝ ʪʨʝʥʜʳ, ʦʙʱʝʩʪʚʝʥʥʳʝ 

ʮʝʥʥʦʩʪʠ ʠ ʢʫʣʴʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

2. ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʚʦʧʣʦʱʘʪʴ ʚ ʞʠʟʥʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʠʜʝʠ, ʦʪʚʝʯʘʶʱʠʝ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

3. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ 

ʦʙʲʝʜʠʥʷʝʪ ʩʦʮʠʘʣʴʥʳʝ ʠ ʢʫʣʴʪʫʨʥʳʝ ʘʩʧʝʢʪʳ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤʠ ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʠ ʧʨʦʩʪʨʘʥʩʪʚ. 

ʇʝʨʝʩʝʯʝʥʠʝ ʚʩʝʭ ʪʨʝʭ ʩʬʝʨ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʥʦʚʳʝ ʬʦʨʤʳ ʠ ʩʪʠʣʠ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ ʚʦʟʥʠʢʘʶʪ ʥʘ ʩʪʳʢʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʭ 

ʪʨʝʥʜʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʤ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ, ʪʨʝʙʫʶʱʠʤ ʫʯʝʪʘ ʢʘʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ, ʪʘʢ ʠ ʩʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʟʥʘʯʠʤʦʡ ʠ ʨʝʣʝʚʘʥʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ (ʨʠʩʫʥʦʢ ɺ.4, ʇʨʠʣʦʞʝʥʠʝ ɺ).  

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʪʝʨʥʝʪ-ʦʧʨʦʩʘ ʚ ʬʦʨʤʘʪʝ ʛʫʛʣ-ʬʦʨʤʳ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʩʧʦʥʜʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ 73,3%, ʩʯʠʪʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʪʠʣʝʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 16,7% ʥʝ ʩʦʛʣʘʩʥʳ ʩ ʵʪʠʤ 
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ʫʪʚʝʨʞʜʝʥʠʝʤ, ʠ 10% ʚʦʟʜʝʨʞʘʣʠʩʴ ʦʪ ʦʪʚʝʪʘ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʫʯʘʩʪʥʠʢʦʚ ʦʧʨʦʩʘ, 

86,7%, ʫʙʝʞʜʝʥʘ, ʯʪʦ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʦʢʘʟʳʚʘʝʪ ʘʢʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʚʨʝʤʝʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʩʝʛʦ 3,2% ʥʝ ʩʯʠʪʘʶʪ ʵʪʦ ʟʥʘʯʠʤʳʤ, 

ʠ 10% ʥʝ ʚʳʩʢʘʟʘʣʠ ʩʚʦʝʛʦ ʤʥʝʥʠʷ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʥʘ ʢʘʯʝʩʪʚʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʤʥʝʥʠʷ ʨʝʩʧʦʥʜʝʥʪʦʚ ʥʝʦʜʥʦʟʥʘʯʥʳ: 

32,1% ʩʯʠʪʘʶʪ, ʯʪʦ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʫʭʫʜʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 46,4% ʥʝ ʩʦʛʣʘʩʥʳ ʩ ʵʪʠʤ ʠ ʩʯʠʪʘʶʪ, 

ʯʪʦ ʦʥʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ, ʘ 21,4% ʚʦʟʜʝʨʞʘʣʠʩʴ ʦʪ ʦʪʚʝʪʘ. ʅʘ 

ʨʠʩʫʥʢʝ ɺ.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʧʦ ʚʦʧʨʦʩʘʤ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ. 

 

3.3 ʇʨʦʙʣʝʤʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʉʪʨʝʤʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʩʬʝʨʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʛʣʦʙʘʣʴʥʦʝ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ 

ʧʨʦʮʝʩʩʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ɻʣʦʙʘʣʴʥʘʷ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʷ 

ʧʨʠʚʥʦʩʠʪ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʥʦʚʫʶ ʤʝʪʦʜʦʣʦʛʠʶ, ʙʘʟʠʨʫʶʱʫʶʩʷ ʥʘ ʠʥʞʝʥʝʨʥʦʤ ʧʦʜʭʦʜʝ. ʇʦʷʚʣʷʝʪʩʷ ʚʩʝ 

ʙʦʣʴʰʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʩʢʦʨʠʪʴ ʠ 

ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʄʝʥʷʶʪʩʷ ʵʩʪʝʪʠʯʝʩʢʠʝ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʨʭʠʪʝʢʪʫʨʝ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʮʠʬʨʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʨʝʰʘʶʪ ʨʷʜ ʧʨʦʙʣʝʤ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦ ʤʝʨʝ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʘʨʭʠʪʝʢʪʦʨʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʦʚʳʤʠ ʚʳʟʦʚʘʤʠ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. 

ʉʦʟʜʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʬʦʨʤʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʩʩʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʜʘʥʠʷ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚ 

ʘʥʘʣʦʛʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ çʚʳʭʦʜʥʦʛʦ ʷʟʳʢʘè, ʠ, ʥʘʢʦʥʝʮ, ʩʠʥʪʝʟ ʢʦʥʝʯʥʦʛʦ 

ʦʙʲʝʢʪʘ ʧʦ ʟʘʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʳʭ ʷʟʳʢʦʚ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʦʩʢʦʣʴʢʫ ʥʦʚʝʡʰʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʪ ʘʨʭʠʪʝʢʪʦʨʘ, 

ʧʦʤʠʤʦ ʧʦʥʠʤʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʜʝʡʩʪʚʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, 

ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʨʦʚʝʥʴ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʦʧʳʪʘ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ.  

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʫʩʢʦʨʝʥʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʘʨʭʠʪʝʢʪʦʨʳ ʚʩʝ ʯʘʱʝ ʨʘʙʦʪʘʶʪ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʭ 

ʢʦʥʪʝʢʩʪʘʭ, ʯʪʦ ʪʨʝʙʫʝʪ ʦʪ ʥʠʭ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ, ʥʦ ʠ 

ʛʠʙʢʦʩʪʠ, ʘʜʘʧʪʠʚʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʙʳʩʪʨʦʤʫ ʦʙʫʯʝʥʠʶ. ʉʝʛʦʜʥʷ 

ʘʨʭʠʪʝʢʪʦʨʫ ʧʨʠʭʦʜʷʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʤʝʥʷʪʴ ʦʪʥʦʰʝʥʠʝ ʢ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʷʤ. ʊʨʝʙʫʝʪʩʷ ʛʣʦʙʘʣʴʥʦʝ ʧʝʨʝʦʩʤʳʩʣʝʥʠʝ ʨʦʣʠ 

ʯʝʣʦʚʝʢʘ-ʘʨʭʠʪʝʢʪʦʨʘ ʚ ʧʨʦʮʝʩʩʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. ʎʠʬʨʦʚʦʝ ʩʦʟʥʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʧʨʦʝʢʪʠʨʦʚʦʯʥʘʷ ʩʪʨʘʪʝʛʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʘʨʭʠʪʝʢʪʦʨ ʠʣʠ ʜʠʟʘʡʥʝʨ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʢʦʤʧʴʶʪʝʨ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ, ʥʦ ʠ ʢʘʢ ʫʯʘʩʪʥʠʢʘ 

ʢʦʤʘʥʜʳ. ɺʦʧʨʦʩ ʩʣʦʞʥʦʩʪʠ ʙʳʣ ʚ ʮʝʥʪʨʝ ʦʙʩʫʞʜʝʥʠʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ 
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ʠʩʪʦʨʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ʄʠʪʯʝʣʣ ʧʨʠʚʣʝʢʘʣ 

ʚʥʠʤʘʥʠʝ ʢ ʧʦʥʷʪʠʶ ʩʣʦʞʥʦʩʪʠ ʢʘʢ ʢʦʣʠʯʝʩʪʚʫ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʚ ʢʦʥʪʝʢʩʪʝ 

ʦʙʱʝʛʦ ʤʘʩʰʪʘʙʘ ʧʨʦʝʢʪʘ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ, ʯʝʤ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʪʝʤ ʚʳʰʝ ʝʝ 

ʩʣʦʞʥʦʩʪʴ. ʊʘʢʞʝ, ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʩʣʦʞʥʦʩʪʴ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ 

ʩʣʦʞʥʦʛʦ ʜʠʟʘʡʥʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ C_Wall ʦʪ MATSYS, ʢʦʪʦʨʳʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʩrʦʢʠʡ ʫʨʦʚʝʥʴ ʜʠʟʘʡʥʝʨʩʢʦʛʦ ʢʦʥʪʝʥʪʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ 

ʩʪʨʦʠʪʝʣʴʥʦʤ ʦʙʲʝʤʝ [113, p. 81-86]. 

ʇʨʦʙʣʝʤʳ ʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʫʞʝ ʙʦʣʝʝ ʜʝʩʷʪʠʣʝʪʠʷ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʝʪʩʷ 

ʚ ʨʘʤʢʘʭ ʘʚʘʥʛʘʨʜʥʦʛʦ ʜʠʟʘʡʥʘ, ʦʜʥʘʢʦ ʪʦʣʴʢʦ ʩ ʥʝʜʘʚʥʠʭ ʧʦʨ ʜʘʥʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʩʪʘʣʦ ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ ʨʦʣʴ ʚʝʜʫʱʝʛʦ ʩʪʠʣʷ çʮʠʬʨʦʚʦʡè ʵʧʦʭʠ [73, 

ʩ. 54]. ʗʚʣʷʶʱʠʡʩʷ ʦʪʚʝʪʦʤ ʥʘ ʟʘʪʷʥʫʚʰʠʡʩʷ ʢʨʠʟʠʩ ʤʦʜʝʨʥʠʟʤʘ ʧʘʨʘʤʝʪʨʠʟʤ 

ʩʦʟʜʘʝʪ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ, ʥʝʧʨʝʨʳʚʥʦ ʠ ʧʣʘʚʥʦ ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʛʦʨʦʜʩʢʫʶ 

ʩʨʝʜʫ.  

ʆʜʥʘʢʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʙʝʟʛʨʘʥʠʯʥʳʡ ʧʦʪʝʥʮʠʘʣ ʤʦʞʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ 

ʧʨʦʙʣʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ. ɺ 

ʦʪʥʦʰʝʥʠʠ ʜʘʥʥʦʛʦ ʩʪʠʣʷ ʩʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʷʚʥʘʷ ʧʨʦʙʣʝʤʘ ʚʟʘʠʤʦʩʚʷʟʠ 

ʬʫʥʢʮʠʠ, ʬʦʨʤʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʝʥʠʝʤ [152, p. 135]. ɿʘʯʘʩʪʫʶ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʧʨʦʝʢʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʛʣʘʚʝʥʩʪʚʦʤ ʬʦʨʤʳ ʥʘʜ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʩʦʦʨʫʞʝʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʟʜʘʥʠʡ ʥʘʧʦʤʠʥʘʶʪ 

ʘʙʩʪʨʘʢʪʥʳʡ ʘʨʪ-ʦʙʲʝʢʪ, ʚ ʥʠʭ ʥʝ ʦʱʫʱʘʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʥʘ ʯʝʣʦʚʝʢʘ, ʥʘ 

ʝʛʦ ʬʠʟʠʯʝʩʢʠʡ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʬʦʨʪ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʷʚʣʷʷʩʴ ʚ ʥʝʢʦʪʦʨʦʤ 

ʨʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʩ ʬʦʨʤʦʡ ʟʜʘʥʠʷ ʚ ʩʪʠʣʝ ʧʘʨʘʤʝʪʨʠʟʤ ʟʘʯʘʩʪʫʶ 

ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʩ ʧʨʝʥʝʙʨʝʞʝʥʠʝʤ ʵʨʛʦʥʦʤʠʯʝʩʢʠʤʠ ʥʦʨʤʘʪʠʚʘʤʠ, ʘ ʪʘʢʞʝ 

ʥʝʨʘʮʠʦʥʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʤʘʪʝʨʠʘʣʦʚ.  ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʩʢʫʜʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢʦʥʩʪʨʫʢʮʠʶ 

ʄʝʪʨʦʧʦʣʷ ʇʘʨʘʩʪʦʣʷ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʧʝʨʝʨʘʩʭʦʜʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʦʪʦʨʦʛʦ 

ʷʚʠʣʠʩʴ ʧʨʝʜʤʝʪʦʤ ʦʙʱʝʩʪʚʝʥʥʦʡ ʢʨʠʪʠʢʠ. ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ 

ʥʝʙʦʩʢʨʝʙ Sunrise Tower ʚ ʂʫʘʣʘ-ʃʫʤʧʫʨ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʦʛʦ ʞʝʨʪʚʫʝʪ 

ʯʘʩʪʴʶ ʧʣʦʱʘʜʝʡ ʧ ʧʦʣʴʟʫ ʩʢʫʣʴʧʪʫʨʥʦʡ ʬʦʨʤʳ. ʊʘʢʞʝ, ʯʘʱʝ ʚʩʝʛʦ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʟʜʘʥʠʷ ʥʝ ʢʘʞʫʪʩʷ ʧʨʠʚʷʟʘʥʥʳʤʠ ʢ ʦʢʨʫʞʝʥʠʶ ʠ ʝʛʦ ʢʦʥʪʝʢʩʪʫ. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ ʦʙʣʘʜʘʶʪ ʥʝʢʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʴʶ, 

ʧʨʠʪʷʛʠʚʘʷ ʚʩʝ ʚʥʠʤʘʥʠʝ ʥʘ ʩʝʙʷ ʠ ʥʝ ʷʚʣʷʷʩʴ ʯʘʩʪʴʶ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ.  

ʀʪʦʛʠ ʘʥʘʣʠʟʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʜʠʥʘʤʠʯʥʦʝ ʨʘʟʚʠʪʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʪʝʦʨʠʠ, 

ʦʧʝʨʝʞʘʶʱʝʝ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠʥʩʪʠʪʫʪʦʚ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʨʘʢʪʠʢʠ. ʇʨʦʙʣʝʤʘʪʠʢʘ ʟʘʪʨʘʛʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʬʝʨʫ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʥʦ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʘʩʧʝʢʪʳ ʘʨʭʠʪʝʢʪʫʨʳ ʢʘʢ ʥʘʫʯʥʦʡ 

ʜʠʩʮʠʧʣʠʥʳ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ ʪʝʦʨʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ʅʘʙʣʶʜʘʝʪʩʷ ʜʠʩʩʦʥʘʥʩ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʦʪʨʘʩʣʠ ʢ 

ʘʜʘʧʪʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʟʚʝʨʥʫʪʦʛʦ ʠʥʪʝʨʥʝʪ-ʦʧʨʦʩʘ ʠ ʘʥʘʣʠʟʘ ʪʝʢʫʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 
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ʮʝʣʳʤ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʢʫʣʴʪʫʨʥʳʝ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ. ʉʶʜʘ ʚʭʦʜʷʪ ʪʨʫʜʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ, ʦʪʩʫʪʩʪʚʠʝ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʝʭʚʘʪʢʘ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ 

ʜʘʥʥʳʭ.  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʘʨʭʠʪʝʢʪʫʨʳ ʫʯʝʥʳʝ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʠʨʪʫʘʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʙʦʨʝ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʜʣʷ ʪʦʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʥʦʛʜʘ ʫʜʘʝʪʩʷ 

ʦʙʣʝʛʯʠʪʴ ʵʪʫ ʟʘʜʘʯʫ, ʧʨʝʦʙʨʘʟʫʷ ʜʘʥʥʳʝ ʚ ʬʦʨʤʘʪ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʥʦ ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʥʘʜ ʤʦʜʝʣʴʶ. ʊʘʢʞʝ ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʕʪʦʪ ʚʳʙʦʨ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ 

ʤʦʜʝʣʠ ʠ ʩʢʦʨʦʩʪʴ ʝʸ ʩʦʟʜʘʥʠʷ. ɽʱʝ ʦʜʠʥ ʘʩʧʝʢʪ ï ʵʪʦ ʧʨʦʚʝʨʢʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʤʦʜʝʣʝʡ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʪʦʯʥʦʩʪʠ ʚʦʩʩʦʟʜʘʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ɸʚʪʦʨ ʅ.ɸ. ʈʦʯʝʛʦʚʘ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʛʣʦʙʘʣʴʥʫʶ ʩʤʝʥʫ 

ʧʘʨʘʜʠʛʤʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʚʦʟʨʘʩʪʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʝʢʪʘʭ ʦʱʫʱʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʛʣʫʙʦʢʠʭ ʧʨʝʜʧʨʦʝʢʪʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʥʚʝʩʪʠʮʠʠ ʚ ʥʘʯʘʣʴʥʳʝ 

ʵʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʘʨʘʜʦʢʩʫ: ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʚʠʪʠʝ 

ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʤʥʦʛʠʝ ʧʨʦʝʢʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ [81, ʩ. 1-10]. 

ʅʘʙʠʨʘʶʱʘʷ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʷ ʀʀ ʪʘʢʞʝ ʩʚʷʟʘʥʘ 

ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʧʫʪʠ ʝʝ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʳ ʮʠʬʨʦʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ. ɿʜʝʩʴ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʚ ʨʝʘʣʠʷʭ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʚʦʧʨʦʩʳ ʦ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʠ 

ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ. ʊʘʢʞʝ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʝʜʝʪʩʷ ʩʝʨʴʝʟʥʦʝ 

ʦʙʩʫʞʜʝʥʠʝ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʛʣʫʙʦʢʦ ʀʀ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ ʠ ʢʘʢ 

ʠʤʝʥʥʦ ʙʫʜʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʠʤ ʚ ʙʫʜʫʱʝʤ. ɽʱʝ ʦʜʥʘ ʛʨʫʧʧʘ ʧʨʦʙʣʝʤ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ, ʩʚʷʟʘʥʘ ʩ ʟʘʧʨʦʩʦʤ ʢ ʠʟʤʝʥʝʥʠʶ ʩʘʤʦʛʦ 

ʦʙʲʝʢʪʘ ʘʨʭʠʪʝʢʪʫʨʳ, ʘ ʠʤʝʥʥʦ, ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʦʨʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʦʙʠʪʘʝʪ ʯʝʣʦʚʝʢ. 

ʉʧʝʮʠʘʣʠʩʪʫ-ʘʨʭʠʪʝʢʪʦʨʫ ʧʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ ʫʢʨʝʧʣʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʨʝʘʣʴʥʳʤ ʠ ʚʠʨʪʫʘʣʴʥʳʤ ʤʠʨʘʤʠ, ʚ ʫʩʣʦʚʠʷʭ ʢʦʪʦʨʦʛʦ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ 

ʙʳʩʪʨʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʦʙʲʝʢʪʦʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʤʥʦʞʝʩʪʚʦ ʤʦʣʦʜʳʭ ʘʨʭʠʪʝʢʪʦʨʦʚ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʪʨʫʜʥʦʩʪʷʤʠ ʥʘ ʧʫʪʠ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʠʭ ʧʨʦʝʢʪʦʚ. ɸʢʘʜʝʤʠʯʝʩʢʠʡ ʩʪʠʣʴ ʚ 

ʚʳʩʰʠʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʢʨʫʛʘʭ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʵʪʘʣʦʥʦʤ, ʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʥʠʮʠʘʪʠʚʳ ʟʘʯʘʩʪʫʶ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʠ ʤʦʛʫʪ ʥʝ ʧʨʦʡʪʠ ʵʪʘʧʳ 

ʩʦʛʣʘʩʦʚʘʥʠʷ. ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʩʜʝʨʞʠʚʘʝʪ ʝʩʪʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʜʠʩʮʠʧʣʠʥʳ 

ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʩʪʨʝʤʷʱʠʭʩʷ ʚʳʭʦʜʠʪʴ ʟʘ 

ʨʘʤʢʠ ʧʨʠʚʳʯʥʳʭ ʧʦʜʭʦʜʦʚ [43, ʩ. 2]. ʉ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʨʷʜʘ ʧʨʦʙʣʝʤ, 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʛʦʜʥʷ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʩʦʦʙʱʝʩʪʚʝ, ʚ ɽʚʨʦʧʝ ʧʦ ʠʥʠʮʠʘʪʠʚʝ 

ʍʝʣʝʥ ʜʝ ʄʘʥʜʨʦ ʙʳʣ ʩʦʟʜʘʥ çʄʝʞʜʫʥʘʨʦʜʥʳʡ ʂʦʥʛʨʝʩʩ ʉʦʚʨʝʤʝʥʥʦʡ 

ɸʨʭʠʪʝʢʪʫʨʳè. ʉʚʦʠʤʠ ʟʘʜʘʯʘʤʠ ʫʯʘʩʪʥʠʢʠ ʢʦʥʛʨʝʩʩʘ ʩʪʘʚʷʪ ʜʦʩʪʠʞʝʥʠʝ 
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ʩʚʦʙʦʜʳ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʢʦʥʮʝʧʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ 

ʘʨʭʠʪʝʢʪʦʨʦʚ ʨʘʟʥʳʭ ʩʪʨʘʥ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʤ ʥʝʢʦʡ ʠʜʝʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʫʞʜʝʥʠʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʦʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ 

ʩʜʝʨʞʠʚʘʶʱʝʛʦ ʬʘʢʪʦʨʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ï ʢʦʤʧʣʝʢʩʥʦʝ 

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʠ ʛʦʨʦʜʘ ʢʘʢ 

ʝʜʠʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦ ʩʚʦʠʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ.  ʇʦʟʜʥʝʝ 

ʢʦʥʛʨʝʩʩʦʤ ʙʳʣ ʩʦʟʜʘʥ çʄʝʞʜʫʥʘʨʦʜʥʳʡ ʂʦʤʠʪʝʪ ʧʦ ʨʝʰʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʙʣʝʤè, ʩʪʘʚʷʱʠʡ ʧʝʨʝʜ ʩʦʙʦʡ ʩʣʝʜʫʶʱʠʝ ʧʦʜʣʝʞʘʱʠʝ ʢ 

ʚʳʧʦʣʥʝʥʠʶ ʟʘʜʘʯʠ: 

ï ʩʦʟʜʘʥʠʝ ʥʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʧʨʦʛʨʘʤʤʳ; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʠʜʝʠ; 

ï ʚʚʝʜʝʥʠʝ ʜʘʥʥʦʡ ʠʜʝʠ ʚ ʪʝʭʥʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʦʙʣʘʩʪʠ; 

ï ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʨʝʰʝʥʠʡ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʙʣʝʤ. 

ʉʦʟʜʘʥʠʝ ʤʠʨʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʘʜʨʝʩʫʶʱʝʡ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʚʜʦʭʥʦʚʣʷʶʱʠʤ ʧʨʠʤʝʨʦʤ ʠ ʧʦʟʚʦʣʠʪ ʚ ʙʫʜʫʱʝʤ 

ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʥʦʚʳʤʠ ʚʳʟʦʚʘʤʠ ʙʳʩʪʨʝʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ ʙʣʘʛʦʜʘʨʷ ʦʙʲʝʜʠʥʝʥʠʶ 

ʦʧʳʪʘ ʘʨʭʠʪʝʢʪʦʨʦʚ ʨʘʟʥʳʭ ʩʪʨʘʥ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʦʩʪʘʚʣʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ 

ʦʪʨʘʞʘʝʪ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʥʪʝʛʨʘʮʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ. ʄʦʜʝʣʴ ʜʠʬʬʝʨʝʥʮʠʨʫʝʪ ʵʪʠ ʧʨʦʙʣʝʤʳ ʥʘ 

ʢʫʣʴʪʫʨʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. 

ʂʫʣʴʪʫʨʥʳʡ ʘʩʧʝʢʪ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʥʠʬʠʢʘʮʠʠ ʢʫʣʴʪʫʨʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʪʝʭʥʦʣʦʛʠʠ 

ʤʦʛʫʪ ʘʩʩʠʤʠʣʠʨʦʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʩʪʠʣʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ʕʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʢʫʣʴʪʫʨʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʠʜʝʥʪʠʯʥʦʩʪʠ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʤ ʚʳʟʦʚʦʤ. 

ʉ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ, ʤʦʜʝʣʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʙʦʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʣʘʪʬʦʨʤ ʠ 

ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʢʣʠʝʥʪʘ ʚ ʫʱʝʨʙ ʧʨʦʝʢʪʫ. ʊʘʢʞʝ ʧʦʜʥʠʤʘʝʪʩʷ ʚʦʧʨʦʩ ʦ 

ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʚʦʟʤʦʞʥʦʡ ʫʥʠʬʠʢʘʮʠʠ ʧʨʦʝʢʪʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʉʨʝʜʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʤʦʜʝʣʴ ʚʳʜʝʣʷʝʪ ʩʣʦʞʥʦʩʪʴ 

ʠʥʪʝʛʨʘʮʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʜʘʧʪʘʮʠʠ ʢ ʪʝʢʫʱʠʤ 

ʧʨʦʮʝʩʩʘʤ, ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʩʦʟʜʘʶʱʝʝ ʧʨʦʙʣʝʤʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ, ʚʢʣʶʯʘʷ ʧʨʦʛʨʘʤʤʳ, 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʥʝʭʚʘʪʢʫ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ 

ʧʦʚʳʰʝʥʥʳʡ ʨʠʩʢ ʢʨʘʞʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙʣʝʤʳ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ ʚʳʷʚʠʣʦ ʚ ʜʚʫʭ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺ ʵʪʦʤ ʤʦʜʝʣʴ 

ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʠʥʪʝʛʨʘʮʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, 

ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʟʛʣʷʜʘ ʥʘ ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ 

ʠ ʠʭ ʨʝʰʝʥʠʷ (ʨʠʩʫʥʦʢ ɺ.6, ʇʨʠʣʦʞʝʥʠʝ ɺ).  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʧʦʚʣʠʷʣʘ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʧʦʜʭʦʜʦʚ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ 

ʧʨʠʥʮʠʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʮʝʣʦʤ, ʪʨʝʪʠʡ ʨʘʟʜʝʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʧʦʜʯʝʨʢʠʚʘʷ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʦʩʚʝʱʘʝʪ ʜʠʘʣʝʢʪʠʯʝʩʢʠʝ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʦʡ, ʧʦʜʯʝʨʢʠʚʘʷ 

ʚʟʘʠʤʥʦʝ çʩʨʘʱʠʚʘʥʠʝè, ʦʙʤʝʥ ʠ ʦʙʦʛʘʱʝʥʠʝ ʤʝʞʜʫ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

çʧʨʝʜʤʝʪʘʤʠè ʵʪʠʭ ʦʙʣʘʩʪʝʡ. 

ɺʳʚʦʜʳ ʧʦ ʪʨʝʪʴʝʤʫ ʨʘʟʜʝʣʫ  

1. ʇʨʦʚʝʜʝʥʥʳʡ ʨʘʟʚʝʨʥʫʪʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ, ʚʢʣʶʯʘʷ 

ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʦʚ ʟʜʘʥʠʡ, ʧʦʢʘʟʘʣ, ʯʪʦ ʮʠʬʨʦʚʠʟʘʮʠʷ 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʜʠʟʘʡʥʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʘʨʩʝʥʘʣʘ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʬʦʨʤʳ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʦʛʘʱʘʝʪ ʘʨʭʠʪʝʢʪʫʨʥʳʡ 

ʣʘʥʜʰʘʬʪ. 

2. ʀʩʭʦʜʷ ʠʟ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʧʦʜʯʝʨʢʠʚʘʶʪ ʟʥʘʯʠʤʦʩʪʴ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʠ 

ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʕʪʠ ʧʦʜʭʦʜʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʟʜʘʥʠʶ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ, ʯʪʦ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʨʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʟʜʘʥʠʡ ʩ ʫʥʠʢʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʬʘʢʪʦʨʳ ʠ ʤʝʭʘʥʠʟʤʳ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʢʦʥʪʝʢʩʪʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʵʬʬʝʢʪʠʚʥʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠʥʥʦʚʘʮʠʷʤʠ ʠ ʵʚʦʣʶʮʠʝʡ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. ʕʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʦ, ʢʘʢ ʠʥʪʝʛʨʘʮʠʷ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʜʘʧʪʘʮʠʠ ʠ ʨʦʩʪʫ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʠʩʢʫʩʩʪʚʘ. 

4. ʉʦʟʜʘʥʥʘʷ ʤʦʜʝʣʴ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʩʪʠʣʠʩʪʠʯʝʩʢʠʝ ʠ ʬʦʨʤʘʣʴʥʳʝ ʘʩʧʝʢʪʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʝʭʦʜ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʢ ʥʦʚʘʪʦʨʩʢʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʦʜʭʦʜʘʤ. ʆʥʘ 

ʦʪʨʘʞʘʝʪ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʥʦʚʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʪʠʣʝʡ ʠ 

ʬʦʨʤ, ʦʙʦʛʘʱʘʷ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʣʘʥʜʰʘʬʪ ʠ ʧʨʝʜʣʘʛʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

5. ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙʣʝʤ ʠ ʥʝʛʘʪʠʚʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, 

ʚʳʷʚʣʷʝʪ ʚʘʞʥʳʝ ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʵʪʠʢʦʡ ʠ ʜʦʩʪʫʧʥʦʩʪʴʶ 

ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʠʥʥʦʚʘʮʠʷʤʠ ʠ 

ʩʦʭʨʘʥʝʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʘʢʮʝʥʪʠʨʫʝʪ 

ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʘʭ ʠ ʩʣʦʞʥʦʩʪʷʭ, ʩ ʢʦʪʦʨʳʤʠ ʤʦʞʝʪ 

ʩʪʦʣʢʥʫʪʴʩʷ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʩʬʝʨʘ. 
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 4 ʉʆɺʈɽʄɽʅʅʓɽ ʄɽʊʆɼʓ ɸʈʍʀʊɽʂʊʋʈʅʆɻʆ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ   

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʩʚʝʱʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʤʝʪʦʜʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʵʧʦʭʫ ʮʠʬʨʦʚʠʟʘʮʠʠ. ʇʦʜʨʘʟʜʝʣ 4.1 ʧʦʩʚʷʱʝʥ ʦʙʟʦʨʫ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʠ ʠʭ ʨʦʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʣʠʢʘ. ʇʦʜʨʘʟʜʝʣ 4.2 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʧʝʮʠʬʠʢʫ ʧʨʠʤʝʥʝʥʠʷ BIM-ʪʝʭʥʦʣʦʛʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʝʸ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʥʝʡ. ʇʦʜʨʘʟʜʝʣ 4.3 ʫʜʝʣʸʥ VR-

ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʠʭ ʚʢʣʘʜʫ ʚ ʧʨʦʮʝʩʩ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʷʤ, ʢʦʪʦʨʳʝ ʦʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤ. ɺʳʚʦʜʳ ʧʦ 

ʨʘʟʜʝʣʫ ʠʥʪʝʛʨʠʨʫʶʪ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ, ʧʦʜʯʝʨʢʠʚʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. 

 

4.1 ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʮʠʬʨʦʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʘʣʦ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʟʜʘʥʠʡ. ʈʘʟʣʠʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ 

ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʤʦʛʘʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʝʢʪʳ. CAD-ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʩʦʟʜʘʚʘʪʴ 

ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʜʚʫʭʤʝʨʥʳʝ ʠ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʟʜʘʥʠʡ. ʆʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʠʩʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʥʘʩʪʨʦʡʢʠ 

ʨʘʟʤʝʨʦʚ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ. CAD-ʧʨʦʛʨʘʤʤʳ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʤʧʦʨʪʘ ʠ ʵʢʩʧʦʨʪʘ ʜʘʥʥʳʭ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʩ 

ʜʨʫʛʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠ ʠʥʞʝʥʝʨʘʤʠ. 

ʇʨʦʛʨʝʩʩ ʚ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʘʨʭʠʪʝʢʪʦʨʘʤ ʫʥʠʢʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʩ ʙʦʣʴʰʠʤʠ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʤʘʩʩʝ 

ʢʦʥʩʦʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɸʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʘʢʮʝʥʪ 

ʩʜʝʣʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʩʦʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʟʚʦʣʷʝʪ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, 

ʯʪʦ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʜʘʥʠʡ, ʧʨʝʥʝʙʨʝʛʘʶʱʠʭ ʩʪʘʪʠʯʝʩʢʠʤʠ 

ʧʨʠʥʮʠʧʘʤʠ, ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʚ ʦʙʲʝʤʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʊʘʢʦʝ ʦʙʲʝʤʥʦ-

ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʠʩʢ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʘʪʦʨʩʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʠʜʝʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʢʦʥʮʝʧʮʠʡ ʩʚʷʟʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʝʢʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ çʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦè 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʧʝʨʝʜʦʚʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʪʘʢʠʝ ʢʘʢ Rhino ʠ 

Grasshopper. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʣʦʞʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʷ [53, ʩ. 7-14]. 

ʅʘʜ ʢʦʥʮʝʧʮʠʝʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʠʨʘ ʯʝʣʦʚʝʯʝʩʪʚʦ 

ʨʘʟʤʳʰʣʷʣʦ ʫʞʝ ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ.  ʂ ʨʘʥʥʝʡ ʘʥʘʣʦʛʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʧʘʥʦʨʘʤʥʫʶ ʞʠʚʦʧʠʩʴ, ʚ ʢʦʪʦʨʦʡ ʟʘʯʘʩʪʫʶ ʠʟʦʙʨʘʞʘʣʠʩʴ ʧʝʡʟʘʞʠ ʠʣʠ 
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ʟʥʘʤʝʥʘʪʝʣʴʥʳʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ. ɼʘʥʥʳʡ ʬʦʨʤʘʪ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʛʦ 

ʠʩʢʫʩʩʪʚʘ ʙʳʣ ʢʨʘʡʥʝ ʧʦʧʫʣʷʨʝʥ ʝʱʝ ʚ XIX  ʚʝʢʝ ʚ ɽʚʨʦʧʝ ʠ ʉʐɸ, ʘ ʚ ʂʠʪʘʝ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʚʝʢʦʚ ʚʳʧʦʣʥʷʣ ʢʣʶʯʝʚʫʶ ʢʫʣʴʪʫʨʥʫʶ ʨʦʣʴ ʠ ʚʩʪʨʝʯʘʣʩʷ 

ʧʦʚʩʝʤʝʩʪʥʦ ʚ ʬʦʨʤʘʪʝ ʜʨʝʚʥʠʭ ʩʚʠʪʢʦʚ. ʊʘʢʦʝ ʰʠʨʦʢʦʬʦʨʤʘʪʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ 

ʩʶʞʝʪʦʚ ʥʘ ʧʦʣʦʪʥʘʭ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʝʣʶ ʥʝ ʪʦʣʴʢʦ ʧʦʛʨʫʟʠʪʴʩʷ ʚ 

ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʩʶʞʝʪʘ, ʥʦ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʛʣʷʥʫʪʴ ʥʘ 

ʠʟʦʙʨʘʞʝʥʥʳʝ ʩʦʙʳʪʠʷ ʪʘʢ, ʢʘʢ ʙʫʜʪʦ ʦʥ ʚʛʣʷʜʳʚʘʝʪʩʷ ʚ ʦʢʨʫʞʘʶʱʝʝ, ʧʣʘʚʥʦ 

ʚʝʜʷ ʬʦʢʫʩ ʩʚʦʝʛʦ ʚʟʛʣʷʜʘ ʧʦ ʚʩʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʚʠʜʠʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʕʪʦ 

ʜʘʝʪ ʯʝʣʦʚʝʢʫ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʝʤʫ ʪʘʢʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ, ʯʫʚʩʪʚʦ ʥʝʢʦʝʛʦ 

ʧʦʛʨʫʞʝʥʠʷ ʚ ʤʠʨ, ʦʧʠʩʘʥʥʳʡ ʥʘ ʧʦʣʦʪʥʝ.   

ʉʣʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʧʦ ʬʦʨʤʝ ʟʜʘʥʠʡ ʩʚʷʟʘʥʘ ʩʦ 

ʤʥʦʞʝʩʪʚʦʤ ʘʩʧʝʢʪʦʚ. ɿʜʘʥʠʷ ʚ ʚʠʜʝ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ ʤʦʛʫʪ 

ʪʨʝʙʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʩʦʙʳʭ ʧʦ ʩʚʦʡʩʪʚʘʤ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚ ʮʝʣʦʤ ʙʳʪʴ ʪʨʫʜʥʦ 

ʨʝʘʣʠʟʫʝʤʳʤʠ ʚʚʠʜʫ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʛʦ 

ʚʦʧʨʦʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

3D-ʧʝʯʘʪʴ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʚʥʝʜʨʠʚ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʛʠʙʢʠʝ ʤʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʜʝʪʘʣʝʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʤʘʪʝʨʠʘʣ ʥʘʥʦʩʠʪʩʷ ʩʣʦʡ ʟʘ ʩʣʦʝʤ ʧʦ ʜʘʥʥʳʤ ʠʟ 

ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʬʦʨʤʘʪʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʣʝʛʢʠʝ ʠ ʧʨʦʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

[137, p.130]. 

ɺ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ ʨʦʣʴ ʘʨʭʠʪʝʢʪʦʨʘ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʢʦʥʮʝʧʮʠʠ ʩʧʝʮʠʘʣʠʩʪ ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʚʦʩʧʨʠʥʠʤʘʣʩʷ 

ʣʠʙʦ ʢʘʢ ʛʫʤʘʥʠʩʪ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʣʠʙʦ ʢʘʢ ʦʧʳʪʥʳʡ ʩʪʨʦʠʪʝʣʴ ʩ 

ʵʩʪʝʪʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ [152, p. 231]. ʇʨʘʢʪʠʯʝʩʢʠ ʪʘʢʦʝ ʞʝ ʚʦʩʧʨʠʷʪʠʝ 

ʘʨʭʠʪʝʢʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʧʦ ʩʝʡ ʜʝʥʴ, ʦʜʥʘʢʦ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʥʳʥʝʰʥʝʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʩʦʮʠʘʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ. ʆʪʩʶʜʘ ʚʦʟʥʠʢʘʝʪ ʨʝʟʢʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʩʤʦʪʨʝʪʴ ʨʦʣʴ 

ʘʨʭʠʪʝʢʪʦʨʘ ʚ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ, ʚʤʝʩʪʝ 

ʩ ʵʪʠʤ, ʦʙʦʟʥʘʯʠʪʴ ʥʦʚʳʝ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʠʤʝʥʠʪʴ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʢʣʘʜ ʫʤʘ ʠ ʢʦʤʧʝʪʝʥʮʠʠ ʘʨʭʠʪʝʢʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʪʘʝʪ 

ʟʘʜʘʯʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʝʨʝʦʮʝʥʢʠ ʬʠʣʦʩʦʬʩʢʠʭ ʠ ʘʥʪʨʦʧʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʧʨʦʬʝʩʩʠʠ ʘʨʭʠʪʝʢʪʦʨʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʙʫʜʝʪ ʨʝʰʝʥ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʠ ʢʘʢ ʠʤʝʥʥʦ ʚʳʩʪʨʦʷʪʩʷ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʚʠʜʠʤʦʡ, ʩʦʟʜʘʥʥʦʡ ʪʚʦʨʯʝʩʢʠ ʬʦʨʤʦʡ ʠ ʝʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ. 

ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʢʘʨʜʠʥʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʟʛʣʷʜʘ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʥʘ ʝʛʦ ʪʚʦʨʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ. ʇʨʦʙʣʝʤʘ ʧʦʣʥʦʛʦ ʚʥʝʜʨʝʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʚ ʧʨʦʮʝʩʩʳ ʩʠʥʪʝʟʘ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʧʦʥʠʤʘʥʠʠ ʠʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʥʶʘʥʩʦʚ, 

ʦʪʩʫʪʩʪʚʠʠ ʤʳʰʣʝʥʠʷ ʢʘʢ ʪʘʢʦʚʦʛʦ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʤʘʰʠʥʘ ʥʝ ʤʦʞʝʪ ʚ ʧʦʣʥʦʡ 
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ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʪ ʦʙʰʠʨʥʳʡ ʦʙʲʝʤ ʟʥʘʥʠʡ ʠʟ ʩʤʝʞʥʳʭ ʛʫʤʘʥʠʪʘʨʥʳʭ 

ʜʠʩʮʠʧʣʠʥ, ʧʦʣʫʯʘʝʤʳʭ ʦʙʫʯʘʶʱʠʤʩʷ ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʪʚʦʨʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ, ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʝʨʝʜ 

ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʧʦʷʚʣʷʶʱʠʭʩʷ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʨʫʢʪʫʨʫ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʉʪʨʝʤʠʪʝʣʴʥʘʷ 

ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʷ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʷʚʣʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʩʧʦʩʦʙʥʦ ʪʘʢʞʝ 

ʙʳʩʪʨʦ ʧʨʠʩʧʦʩʦʙʠʪʴʩʷ ʢ ʨʝʟʢʦʡ ʩʤʝʥʝ ʧʨʠʚʳʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʚ. 

ʃʦʛʠʯʥʦ ʠ ʪʦ, ʯʪʦ ʘʨʭʠʪʝʢʪʦʨʳ ʩ ʫʞʝ ʠʤʝʶʱʠʤʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʤʥʦʞʝʩʪʚʦʤ ʪʨʫʜʥʦʩʪʝʡ ʥʘ ʧʫʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʩʚʦʝʡ ʨʘʙʦʪʝ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʪʝʭʥʠʢ. ɸ ʧʦʩʢʦʣʴʢʫ, 

ʧʨʝʞʥʷʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʢʫʣʴʪʫʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ 

ʧʦʷʚʠʚʰʠʝʩʷ ʬʦʨʤʘʪʳ, ʦʧʳʪʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʩʪʘʨʦʡ ʰʢʦʣʳ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʜʦʣʞʥʳ ʠʟʤʝʥʠʪʴ ʩʚʦʡ ʧʦʜʭʦʜ ʢʦ ʤʥʦʞʝʩʪʚʫ ʚʦʧʨʦʩʦʚ, ʢʘʩʘʶʱʠʭʩʷ ʩʦʟʜʘʥʠʷ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ 

ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʪʨʝʤʠʪʝʣʴʥʦʡ, 

ʯʝʤ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʥ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʩʪʨʫʢʪʫʨʘ 

ʠ ʤʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʧʨʦʮʝʩʩʘʭ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʳ ʦʪʚʝʯʘʪʴ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʚʝʷʥʠʷʤ ʣʠʰʴ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʪʝʧʝʥʠ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʜʦʣʞʥʦ ʬʦʢʫʩʠʨʦʚʘʪʴʩʷ 

ʚʦʢʨʫʛ ʦʩʥʦʚʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʮʝʣʠ ï ʘʜʘʧʪʘʮʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢ 

ʪʝʢʫʱʝʤʫ ʩʦʩʪʦʷʥʠʶ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ 

ʧʨʝʜʣʘʛʘʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ, ʩʫʪʴ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʫʩʠʣʝʥʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʢʦʨʨʝʢʪʠʨʦʚʢʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩ ʬʦʢʫʩʦʤ ʥʘ ʪʚʦʨʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ, ʧʦ 

ʤʥʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʙʫʜʫʪ ʠʤʝʪʴ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʙʫʜʫʱʝʤ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʧʦʥʷʪʠʝ çʩʨʝʜʘè, ʢʦʪʦʨʦʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ c 

ʧʦʷʚʣʝʥʠʝʤ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʦʩʴ [76]. ʊʘʢʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚʝʱʝʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʥʷʝʪ ʠ ʧʨʦʜʚʠʛʘʝʪ ʚʦʩʧʨʠʷʪʠʝ 

ʯʝʣʦʚʝʢʦʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʚʦʟʨʦʩʰʠʤ 

ʠʥʪʝʨʝʩʦʤ ʢ ʙʝʪʦʥʥʦʡ ʧʝʯʘʪʠ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʦʪʩʫʪʩʪʚʠʷ ʫʜʦʙʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʬʦʨʤ. ɻʣʘʚʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʧʝʯʘʪʠ ʛʝʦʤʝʪʨʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʥʦʚʳʡ ʩʣʦʡ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʝʥ ʢʦʨʨʝʢʪʥʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʦʯʝʪʘʪʴʩʷ ʩ ʧʨʝʜʳʜʫʱʠʤ. Bhooshan ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʚ 2018 ʛʦʜʫ ʨʘʩʩʤʦʪʨʝʣʠ ʵʪʦʪ 

ʘʩʧʝʢʪ, ʧʨʝʜʣʦʞʠʚ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʣʷ ʜʠʟʘʡʥʘ 

ʬʦʨʤ. ɺ ʜʘʥʥʦʡ ʧʫʙʣʠʢʘʮʠʠ ʘʚʪʦʨ ʜʦʧʦʣʥʷʝʪ ʧʨʝʜʳʜʫʱʠʝ ʥʘʨʘʙʦʪʢʠ, ʧʨʝʜʣʘʛʘʷ 

ʥʦʚʳʝ ʤʝʪʦʜʳ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʬʦʨʤ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʠ ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʭ ʩʪʨʫʢʪʫʨ ʚ 3D-ʧʝʯʘʪʠ ʙʝʪʦʥʘ [112, p. 81-87]. Michael 

Hansmeyer, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʱʠʡ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʣʦʞʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. ɽʛʦ ʧʦʜʭʦʜ ʢ ʘʨʭʠʪʝʢʪʫʨʝ ʮʝʥʪʨʠʨʫʝʪʩʷ ʚʦʢʨʫʛ 

ʧʨʠʤʝʥʝʥʠʷ ʠʪʝʨʘʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʳʭ, ʩʣʦʞʥʳʭ 

ʤʦʨʬʦʣʦʛʠʡ. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ çComputational Architectureè Hansmeyer 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʚʦʠ ʠʥʥʦʚʘʮʠʠ, ʩʦʟʜʘʚʘʷ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʦʣʦʥʥʳ, ʯʪʦ 

ʦʪʨʘʞʘʝʪ ʝʛʦ ʩʪʨʝʤʣʝʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʪʨʘʜʠʮʠʦʥʥʳʝ 
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ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ. ɽʛʦ ʨʘʙʦʪʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʥʘʫʢʫ, ʜʠʟʘʡʥ ʠ ʠʩʢʫʩʩʪʚʦ, 

ʧʨʠʟʥʘʥʳ ʚ ʤʠʨʦʚʦʤ ʤʘʩʰʪʘʙʝ [124, p. 70-71].  

ɺ ʵʪʦʤ Sina Mostafavi ʠʩʩʣʝʜʫʝʪ ʜʠʥʘʤʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ. ʆʥ 

ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝ ʜʦʣʞʥʦ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʭ ʚʥʝʰʥʠʤ ʚʠʜʦʤ, ʥʦ ʠ ʪʝʤ, ʢʘʢ ʦʥʠ ʦʪʚʝʯʘʶʪ ʥʘ ʧʦʪʨʝʙʥʦʩʪʠ ʠ 

ʦʞʠʜʘʥʠʷ ʣʶʜʝʡ. Mostafavi ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʟʥʘʯʠʤʦʩʪʠ ʘʜʘʧʪʠʚʥʳʭ ʠ 

ʫʩʪʦʡʯʠʚʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʘʢʪʠʢ, ʧʦʜʯʝʨʢʠʚʘʷ, ʯʪʦ ʜʠʟʘʡʥ ʜʦʣʞʝʥ ʙʳʪʴ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʫʯʝʪ ʠʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʚʦʚʣʝʯʝʥʠʝ ʠʭ ʚ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ [27, p. 81-87]. 

ɺ ʩʚʦʝʡ ʢʥʠʛʝ çThe Diagrams of Architectureè, ʄʘʨʢ ɻʘʨʩʠʷ ʧʠʰʝʪ ʦ ʪʦʤ, 

ʢʘʢ ʩʭʝʤʳ ʩʪʘʣʠ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ ʩ 1980-ʭ ʛʦʜʦʚ. ʆʥ 

ʩʯʠʪʘʝʪ, ʯʪʦ ʵʪʠ ʩʭʝʤʳ ʥʝ ʧʨʦʩʪʦ ʢʨʘʩʠʚʳʝ ʢʘʨʪʠʥʢʠ, ʘ ʮʝʥʥʳʡ ʤʝʪʦʜ ʜʣʷ 

ʨʘʟʤʳʰʣʝʥʠʷ, ʦʙʲʷʩʥʝʥʠʷ ʠ ʧʦʢʘʟʘ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠʜʝʡ. ɺ ʢʥʠʛʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʘʟʥʳʝ ʧʨʠʤʝʨʳ ʩʭʝʤ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ï ʦʪ ʩʪʘʨʠʥʥʳʭ ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ, ʚʢʣʶʯʘʷ 

ʨʘʙʦʪʳ ʠʟʚʝʩʪʥʳʭ ʵʢʩʧʝʨʪʦʚ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʨʘʟʥʦʦʙʨʘʟʥʳ ʠ ʧʦʣʝʟʥʳ ʤʦʛʫʪ 

ʙʳʪʴ ʵʪʠ ʩʭʝʤʳ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ [122, p. 9]. 

Philippe Morel, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʱʠʡ ʧʨʠʥʮʠʧʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʘʪʝʤʘʪʠʢʠ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʚ ʩʚʦʝʡ ʧʨʘʢʪʠʢʝ. ɽʛʦ ʧʦʜʭʦʜ ʢ 

ʘʨʭʠʪʝʢʪʫʨʝ ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʪʘʢʠʭ ʢʘʢ 3D-ʧʝʯʘʪʴ, ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ, ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʬʦʨʤ ʠ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʳʣʠ ʥʝʜʦʩʪʠʞʠʤʳ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʜʠʟʘʡʥʘ 

[138, p. 14]. ɺ ʵʪʦʤ ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜ 

ʧʦʠʩʢʘ ʬʦʨʤʳ, ʮʝʥʪʨʘʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʜʝʷ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʧʨʫʛʦ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʪʨʫʢʪʫʨ ʙʝʟ ʧʦʪʝʨʠ ʠʭ ʦʩʥʦʚʥʳʭ 

ʢʘʯʝʩʪʚ. ʀʩʩʣʝʜʫʷ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʩʪʦʡʢʠʤʠ ʢ ʠʟʤʝʥʝʥʠʷʤ, ʪʘʢʠʤ ʢʘʢ 

ʨʘʩʪʷʞʝʥʠʝ ʠʣʠ ʩʢʨʫʯʠʚʘʥʠʝ, ʵʪʦʪ ʧʦʜʭʦʜ ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʦʟʜʘʥʠʝ ʩʣʦʞʥʳʭ ʠ 

ʛʠʙʢʠʭ ʩʪʨʫʢʪʫʨ. ʕʩʩʝ ɻʨʝʛʘ ʃʠʥʥʘ ʚʳʜʝʣʠʣʦ ʵʪʫ ʢʦʥʮʝʧʮʠʶ, ʧʨʝʜʣʦʞʠʚ 

ʧʝʨʝʭʦʜ ʦʪ ʜʝʢʦʥʩʪʨʫʢʪʠʚʠʟʤʘ ʢ ʙʦʣʝʝ ʥʝʧʨʝʨʳʚʥʳʤ ʠ ʩʚʷʟʘʥʥʳʤ ʬʦʨʤʘʤ. 

ʀʥʩʪʨʫʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ NURBS, ʧʦʟʚʦʣʷʶʪ ʜʠʟʘʡʥʝʨʘʤ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʠ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʵʪʠ ʬʦʨʤʳ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʢʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʠ ʜʨʫʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʦʪʢʨʳʚʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʫʥʠʢʘʣʴʥʳʭ 

ʜʠʟʘʡʥʦʚ. ɺʠʟʫʘʣʴʥʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʙʘʟʦʚʦʡ 

ʬʦʨʤʳ, ʥʘʧʨʠʤʝʨ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʚ ʩʣʦʞʥʳʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ [144, 

p. 3-11].  

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʠ ʩʠʤʫʣʷʮʠʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ. ʆʥʠ 

ʧʦʟʚʦʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʧʨʦʚʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʘʥʘʣʠʟʳ ʠ ʩʠʤʫʣʷʮʠʠ, ʯʪʦʙʳ 

ʦʮʝʥʠʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʟʜʘʥʠʷ. ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʢʦʜʠʨʦʚʘʥʠʝ ʚʦʚʣʝʢʣʠʩʴ ʚ ʮʝʥʪʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʜʠʟʘʡʥʘ, 

ʚʜʦʭʥʦʚʣʷʷʩʴ ʧʨʠʨʦʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʧʦʚʝʜʝʥʠʝʤ, ʪʘʢʠʤʠ ʢʘʢ ʩʪʘʷ ʧʪʠʮ ʠʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʥʠʢʘʣʴʥʳʭ ʫʟʦʨʦʚ ʚ ʧʨʠʨʦʜʝ. ɸʨʭʠʪʝʢʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʵʪʠ 

ʧʨʠʥʮʠʧʳ, ʠʟʫʯʘʷ ʛʝʥʝʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʠʤʝʥʷʷ ʠʭ ʜʣʷ ʩʦʟʜʘʥʠʷ 
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ʥʦʚʘʪʦʨʩʢʠʭ ʜʠʟʘʡʥʝʨʩʢʠʭ ʨʝʰʝʥʠʡ. ʇʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʠʢ, ʪʘʢʠʭ ʢʘʢ 

çʩʢʨʠʧʪʠʥʛè, ʩʦʟʜʘʝʪʩʷ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʦʧʠʨʘʶʪʩʷ ʥʘ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʥʘ ʠʥʩʪʨʫʤʝʥʪ ʯʝʨʯʝʥʠʷ, ʥʦ ʠ ʢʘʢ ʥʘ 

ʘʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʜʠʟʘʡʥʘ. ʍʦʪʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʨʦʝʢʪʳ ʮʠʬʨʦʚʳʭ ʙʘʰʝʥ ʠ 

ʦʩʪʘʶʪʩʷ ʥʘ ʙʫʤʘʛʝ, ʦʥʠ ʦʪʨʘʞʘʶʪ ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʤʝʪʦʜʠʢ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʧʨʘʢʪʠʢʝ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ 

ʮʠʬʨʦʚʦʛʦ ʜʠʟʘʡʥʘ ʠʟ ʥʠʰʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʩʥʦʚʥʦʝ ʪʝʯʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʬʦʨʤʠʨʫʷ ʥʦʚʳʡ ʷʟʳʢ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ [141, p. 3204]. 

ʊʘʢʦʝ ʫʛʣʫʙʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʢʨʳʚʘʝʪ ʧʝʨʝʜ ʥʘʤʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʜʠʩʮʠʧʣʠʥʳ ï çʪʝʦʨʠʠ ʮʠʬʨʦʚʦʛʦ ʜʠʟʘʡʥʘè. ʕʪʘ ʪʝʦʨʠʷ 

ʧʨʝʜʣʦʞʠʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʜʠʟʘʡʥʦʤ ʠ ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʨʘʩʢʨʳʚʘʷ ʥʦʚʳʝ 

ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʠʥʥʦʚʘʮʠʡ. ʏʪʦʙʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʥʷʪʴ ʛʣʫʙʠʥʫ ʵʪʦʡ 

ʚʟʘʠʤʦʩʚʷʟʠ, ʥʘʤ ʥʫʞʥʦ ʟʘʛʣʷʥʫʪʴ ʚʥʫʪʨʴ ʤʘʰʠʥʳ, ʧʦʥʠʤʘʷ ʥʝ ʪʦʣʴʢʦ ʝʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʦ ʠ ʪʦ, ʢʘʢ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʩʘʤʳʭ ʦʩʥʦʚ ʜʠʟʘʡʥʘ. ʄʥʦʛʠʝ ʘʚʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʂʦʩʪʘʩ 

ʊʝʨʟʠʜʠʩ ʠ ʈʠʚʢʘ ʆʢʩʤʘʥ, ʫʞʝ ʧʦʛʨʫʟʠʣʠʩʴ ʚ ʵʪʫ ʦʙʣʘʩʪʴ, ʜʘʚʘʷ ʮʝʥʥʳʝ 

ʥʘʨʘʙʦʪʢʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʰʘ ʮʝʣʴ ï ʩʦʙʨʘʪʴ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʠ ʜʦʧʦʣʥʷʪʴ ʵʪʠ ʟʥʘʥʠʷ, ʬʦʨʤʠʨʫʷ ʢʘʨʪʫ ʥʦʚʳʭ ʮʠʬʨʦʚʳʭ ʩʪʨʘʪʝʛʠʡ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ. ʕʪʠ ʩʪʨʘʪʝʛʠʠ ʩʪʘʥʫʪ ʢʣʶʯʦʤ ʢ ʧʦʥʠʤʘʥʠʶ, ʢʘʢ ʮʠʬʨʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʠ ʨʘʩʰʠʨʠʪʴ ʥʘʰ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚ 

[127, p. 14]. 

 ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʜʘʥʠʷ, ʨʘʩʩʯʠʪʘʪʴ ʝʛʦ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. ʊʘʢʠʝ 

ʧʨʦʛʨʘʤʤʳ ʧʨʦʚʦʜʷʪ ʩʠʤʫʣʷʮʠʠ ʨʘʙʦʪʳ ʟʜʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʉʠʤʫʣʷʮʠʦʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʦʩʚʝʱʝʥʠʝ ʚʥʫʪʨʠ ʠ ʚʦʢʨʫʛ ʟʜʘʥʠʷ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʢʦʥ ʠ ʧʨʦʩʯʠʪʳʚʘʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʝʪʘ ʚ ʧʦʤʝʱʝʥʠʠ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʜʦʩʪʠʯʴ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʦʤʬʦʨʪʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ.  

 ʇʨʦʛʨʘʤʤʳ ʜʣʷ ʘʥʘʣʠʟʘ ʷʚʣʷʷʩʴ ʠʟ ʧʦʩʣʝʜʥʠʭ ʪʨʝʥʜʦʚ ʤʦʛʫʪ ʧʨʦʚʝʨʠʪʴ, 

ʢʘʢ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʚ ʟʜʘʥʠʠ. ʆʥʠ ʫʯʠʪʳʚʘʶʪ ʤʥʦʛʦ ʨʘʟʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, ʛʜʝ ʠ ʢʘʢ ʨʘʩʧʦʣʦʞʝʥʳ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʪʨʫʙʳ, ʩʢʦʣʴʢʦ 

ʚʦʟʜʫʭʘ ʦʥʠ ʧʨʦʧʫʩʢʘʶʪ ʠ ʢʘʢ ʭʦʨʦʰʦ ʚʦʟʜʫʭ ʦʯʠʱʘʝʪʩʷ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʩʜʝʣʘʪʴ 

ʚʦʟʜʫʭ ʚ ʟʜʘʥʠʠ ʟʜʦʨʦʚʳʤ ʠ ʢʦʤʬʦʨʪʥʳʤ ʜʣʷ ʣʶʜʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʧʨʦʛʨʘʤʤʳ 

ʧʦʤʦʛʘʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʧʦʥʷʪʴ, ʥʘʩʢʦʣʴʢʦ ʧʨʦʯʥʳʤ ʧʦʣʫʯʠʪʩʷ ʟʜʘʥʠʝ, ʢʘʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʢʘʢ ʩʜʝʣʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʟʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʫʩʣʦʚʠʷʭ ʩʫʨʦʚʦʛʦ ʘʨʢʪʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʪʨʝʙʫʝʪ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʟʜʘʥʠʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ ʚ ʈʦʩʩʠʠ, ʢʦʪʦʨʳʡ 

ʪʨʝʙʫʝʪ ʫʥʠʢʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʵʢʩʪʨʝʤʘʣʴʥʳʤ 



83 

ʫʩʣʦʚʠʷʤ. ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʢʣʶʯʘʷ 3D-ʧʝʯʘʪʴ, ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʪʘʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠ ʩʣʦʞʥʳʭ ʨʝʛʠʦʥʦʚ. ʕʪʠ 

ʥʘʨʘʙʦʪʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʦʚ ʂʘʟʘʭʩʪʘʥʘ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʩʝʚʝʨʝ ʠ ʚʦʩʪʦʢʝ ʨʝʩʧʫʙʣʠʢʠ. ʊʘʢ, ʚ ʧʦʩ. ʆʨʣʦʚʢʘ ʚ ɺʦʩʪʦʯʥʦʤ 

ʂʘʟʘʭʩʪʘʥʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʫʩʢʘʝʪʩʷ ʜʦ ï 55 ʛʨʘʜʫʩʦʚ ʉ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʵʪʠ ʤʝʩʪʘ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʪʫʨʠʩʪʠʯʝʩʢʠʤ (ʦʟ. ʄʘʨʢʘʢʦʣʴ) ʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʤ (ʟʦʣʦʪʦ, 

ʞʝʣʝʟʥʘʷ ʨʫʜʘ ʚ ʤʝʩʪʥʦʩʪʠ ʊʘʩʢʘʡʥʘʪ ï çʢʠʧʷʱʠʡ ʢʘʤʝʥʴè) ʧʦʪʝʥʮʠʘʣʦʤ.  

ʊʘʢʞʝ, ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʤʦʛʫʪ ʩʜʝʣʘʪʴ ʟʜʘʥʠʷ ʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʳʤʠ ʚ ʵʢʩʧʣʫʘʪʠʨʦʚʘʥʠʠ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ ʦʥʠ ʤʦʛʫʪ ʧʨʦʚʝʨʠʪʴ, 

ʢʘʢ ʤʥʦʛʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʫʜʝʪ ʧʦʪʨʝʙʣʷʪʴ ʟʜʘʥʠʝ, ʠ ʩʥʠʟʠʪʴ ʝʸ ʧʦʪʨʝʙʥʦʩʪʴ. 

ʕʪʦ ʢʘʩʘʝʪʩʷ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʠ ʜʘʞʝ ʦʩʚʝʱʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʧʦʩʯʠʪʘʪʴ ʠʟ ʢʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʣʫʯʰʝ ʧʦʩʪʨʦʠʪʴ ʟʜʘʥʠʝ, 

ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʜ ʜʣʷ ʧʨʠʨʦʜʳ. ʆʥʠ ʩʤʦʪʨʷʪ, ʢʘʢ ʵʪʠ ʤʘʪʝʨʠʘʣʳ 

ʧʨʦʠʟʚʦʜʷʪʩʷ, ʩʢʦʣʴʢʦ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʵʪʦʤ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʠ ʤʦʞʥʦ ʣʠ ʠʭ 

ʧʦʪʦʤ ʧʝʨʝʨʘʙʦʪʘʪʴ. ʊʘʢʞʝ ʚʘʞʥʦ ʧʦʥʷʪʴ, ʢʘʢ ʟʜʘʥʠʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʜʫ. ɺ 

ʵʪʦʤ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʠʩʪʝʤʫ ʩʙʦʨʘ ʜʦʞʜʝʚʦʡ ʚʦʜʳ, ʩʠʩʪʝʤʳ ʧʦʣʠʚʘ ʠ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʩʜʝʣʘʪʴ ʟʜʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʢʦʤʬʦʨʪʥʳʤ ʜʣʷ 

ʞʠʣʴʷ, ʥʦ ʠ ʧʦʣʝʟʥʳʤ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

 ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʜʘʥʠʡ 

ʥʫʞʥʳ, ʯʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢ ʩʦʦʨʫʞʝʥʠʝ ʙʫʜʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʨʘʟʥʳʝ 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʩʠʪʫʘʮʠʠ, ʢ ʧʨʠʤʝʨʫ, ʚʦ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʪʘʢʠʝ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ ʯʘʩʪʦ ʩʣʫʯʘʶʪʩʷ. ɺ ʵʪʦʤ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʟʜʘʥʠʷ, ʩʜʝʣʘʚ 

ʝʛʦ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʢ ʧʦʜʦʙʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ɻʜʝ ʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ 3D-

ʤʦʜʝʣʠ ʩʠʤʫʣʠʨʦʚʘʪʴ, ʢʘʢ ʟʜʘʥʠʝ ʙʫʜʝʪ ʚʝʩʪʠ ʩʝʙʷ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʠ. ʕʪʦ 

ʧʦʤʦʛʘʝʪ ʚʳʷʚʠʪʴ ʩʣʘʙʳʝ ʪʦʯʢʠ ʚ ʟʜʘʥʠʠ ʠ ʠʩʧʨʘʚʠʪʴ ʠʭ ʝʱʝ ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʆʥʠ ʪʘʢʞʝ ʧʨʦʚʦʜʷʪ ʨʘʟʥʳʝ ʨʘʩʯʝʪʳ, ʯʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢʠʝ 

ʥʘʛʨʫʟʢʠ ʤʦʞʝʪ ʚʳʜʝʨʞʘʪʴ ʟʜʘʥʠʝ ʠ ʢʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ, 

ʯʪʦʙʳ ʟʜʘʥʠʝ ʣʫʯʰʝ ʩʦʧʨʦʪʠʚʣʷʣʦʩʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ. ɽʩʣʠ ʩʪʘʨʳʝ ʟʜʘʥʠʷ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʚʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚ ʵʪʦʤ ʤʦʞʝʪ ʧʦʤʦʯʴ 

çʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢè ʟʜʘʥʠʷ, ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʟʜʘʥʠʷ, 

ʧʨʦʚʝʨʢʘ ʥʘ ʜʝʬʝʢʪʳ, ʦʙʥʦʚʣʝʥʠʷ ʠ ʫʢʨʝʧʣʝʥʠʷ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ.   

ʀʩʭʦʜʷ ʠʟ ʘʢʪʫʘʣʴʥʦʩʪʠ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, ʩʨʝʜʠ ʘʨʭʠʪʝʢʪʦʨʦʚ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʨʦʚʝʜʝʥ ʠʥʪʝʨʥʝʪ-ʦʧʨʦʩ. ʅʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʅʘ ʚʝʨʰʠʥʝ ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ AutoCAD 2D ʩ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʨʠʤʝʨʥʦ 61,3% ʦʧʨʦʰʝʥʥʳʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʰʠʨʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʙʘʟʦʚʳʭ ʟʘʜʘʯ ʯʝʨʯʝʥʠʷ. ɿʘ ʥʠʤ ʩʣʝʜʫʝʪ 3ds Max, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʶʪ 67,7% ʫʯʘʩʪʥʠʢʦʚ ʦʧʨʦʩʘ ʠ ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʠʟʙʨʘʥʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ 

SketchUp, ʢʦʪʦʨʳʤ ʧʦʣʴʟʫʶʪʩʷ 48,4% ʫʯʘʩʪʥʠʢʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʫʜʦʙʩʪʚʝ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ. 
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ʇʨʦʛʨʘʤʤʳ ʚʨʦʜʝ Revit Architecture ʠ Lumion ʪʘʢʞʝ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʙʘʟʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ð 41,9% ʠ 54,8% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʠʭ 

ʚʘʞʥʦʩʪʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʀʥʪʝʨʝʩʥʦ, 

ʯʪʦ ʪʘʢʞʝ ʝʩʪʴ ʢʘʪʝʛʦʨʠʷ çʜʨʫʛʠʝ ʧʨʦʛʨʘʤʤʳ/ʪʝʭʥʦʣʦʛʠʠè, ʚʳʙʨʘʥʥʘʷ 19,4% 

ʦʧʨʦʰʝʥʥʳʭ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʣʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ. 

ʄʝʥʝʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʦʛʨʘʤʤʳ, ʥʦ ʚʩʝ ʞʝ ʚʘʞʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʟʘʜʘʯ ʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʢʣʶʯʘʶʪ Tekla Structures ʠ ʩʦʯʝʪʘʥʠʝ Rhinoceros 3D ʩ 

Grasshopper, ʢʘʞʜʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʦʣʦ 9,7%. ʀʟ ʨʠʩʫʥʢʘ ʷʩʥʦ, ʯʪʦ, ʭʦʪʷ 

ʩʫʱʝʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʦʪʨʘʩʣʠ, ʘʨʭʠʪʝʢʪʦʨʳ ʠ 

ʜʠʟʘʡʥʝʨʳ ʪʘʢʞʝ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʢʦʥʢʨʝʪʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʨʦʝʢʪʦʚ (ʨʠʩʫʥʦʢ ɻ.1, ʇʨʠʣʦʞʝʥʠʝ ɻ).   

ʉʪʘʪʠʩʪʠʢʘ ʠʟ ʦʧʨʦʩʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʧʦʢʘʟʳʚʘʝʪ ʧʨʝʜʧʦʯʪʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʚʳʙʦʨʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʝ, ʩʘʤʦʡ ʧʦʧʫʣʷʨʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʷʚʣʷʝʪʩʷ 3ds Max, ʝʝ 

ʠʩʧʦʣʴʟʫʶʪ 58,1% ʨʝʩʧʦʥʜʝʥʪʦʚ. ʕʪʦ ʤʦʱʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʘʥʠʤʘʮʠʠ ʠ ʨʝʥʜʝʨʠʥʛʘ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʠʟʫʘʣʠʟʘʮʠʡ ʠ ʩʣʦʞʥʳʭ ʬʦʨʤ. 

SketchUp, ʩ 38,7% ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʘʢʞʝ ʧʦʧʫʣʷʨʝʥ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʡ ʤʦʜʝʣʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ 

ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ 3D-ʤʦʜʝʣʠ. Rhinoceros 3D ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

Grasshopper, ʠʩʧʦʣʴʟʫʝʤʳʝ 35,5% ʨʝʩʧʦʥʜʝʥʪʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʛʠʙʢʠʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ. 

Revit Architecture, ʚʳʙʨʘʥʥʳʡ 32,3% ʫʯʘʩʪʥʠʢʦʚ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ BIM-ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʦʙʣʝʛʯʘʷ ʩʦʟʜʘʥʠʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʠ ʠʭ ʫʧʨʘʚʣʝʥʠʝ. ɼʨʫʛʠʝ ʫʧʦʤʷʥʫʪʳʝ ʧʨʦʛʨʘʤʤʳ 

ʚʢʣʶʯʘʶʪ Blender ʠ Cinema 4D, ʢʘʞʜʘʷ ʩ 6,5% ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʠʭ 

ʚʘʞʥʦʩʪʴ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʠʤʘʮʠʠ. 

ʅʘʣʠʯʠʝ ʢʘʪʝʛʦʨʠʠ çʜʨʫʛʠʝ ʧʨʦʛʨʘʤʤʳ/ʪʝʭʥʦʣʦʛʠʠè, ʚʳʙʨʘʥʥʦʡ 3,2% 

ʫʯʘʩʪʥʠʢʦʚ, ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʘʨʭʠʪʝʢʪʦʨʳ ʠ ʜʠʟʘʡʥʝʨʳ ʠʱʫʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʥʠʢʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠʭ ʧʨʦʝʢʪʦʚ. 

ʕʪʠ ʜʘʥʥʳʝ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʢʘʢʠʝ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʩʨʝʜʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʠ ʧʦʜʯʝʨʢʠʚʘʶʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʦʩʪʫʧʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʚʦʨʯʝʩʢʫʶ ʩʚʦʙʦʜʫ ʠ ʪʝʭʥʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ (ʨʠʩʫʥʦʢ ɻ.2, ʇʨʠʣʦʞʝʥʠʝ ɻ).   

 ɻʠʙʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠ ʠʟʦʣʠʨʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ ʟʜʘʥʠʷ, ʧʦʟʚʦʣʷʷ ʠʤ ʜʚʠʛʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚʦ 

ʚʨʝʤʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʛʠʙʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʩʪʝʥʘʤʠ 

ʠ ʧʝʨʝʢʨʳʪʠʷʤʠ, ʛʠʙʢʠʝ ʰʚʳ ʚ ʩʪʝʥʘʭ ʠ ʬʫʥʜʘʤʝʥʪʝ, ʘ ʪʘʢʞʝ ʛʠʙʢʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʛʣʦʱʘʶʪ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʝʨʝʢʦʩʳ. 

ɸʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʘʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʝʜʝʥʠʝʤ ʟʜʘʥʠʷ ʚ ʨʝʞʠʤʝ. 

ʉʦʬʪʢʫʣʴʪʫʨʘ ʧʦ ʘʨʭʠʪʝʢʪʫʨʝ ʪʘʢʠʝ ʢʘʢ CAD, ʠ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʪʘʣʠ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʦʯʥʦʩʪʴ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʰʠʨʥʫʶ ʩʬʝʨʫ ʩ ʤʥʦʞʝʩʪʚʦʤ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʩʣʫʞʠʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʮʝʣʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ ɻ.3, 

ʇʨʠʣʦʞʝʥʠʝ ɻ). 

ʆʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʘʨʭʠʪʝʢʪʫʨʳ ð ɻ ʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʇʨʦʛʨʘʤʤʳ, 

ʪʘʢʠʝ ʢʘʢ LIRAsoft ʠ Dlubal, ʚʳʧʦʣʥʷʶʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʟʜʘʥʠʡ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʠ ʠʥʞʝʥʝʨʘʤ 

ʧʨʦʚʝʨʷʪʴ ʥʘʛʨʫʟʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʨʠʩʢʠ ʠ ʩʪʦʠʤʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʊʝʭʥʦʣʦʛʠʠ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʠʥʜʫʩʪʨʠʶ. ʇʨʦʛʨʘʤʤʳ, ʢʘʢ Tekla Structures ʠ Autodesk Revit ʠ ʜʨ., ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʴʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʟʜʘʥʠʡ, ʯʪʦ ʩʪʘʣʦ ʩʪʘʥʜʘʨʪʦʤ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʕʪʠ ʤʦʜʝʣʠ ʥʝ ʪʦʣʴʢʦ ʦʙʣʝʛʯʘʶʪ 

ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ ʧʦʥʠʤʘʥʠʝ ʧʨʦʝʢʪʘ ʚʩʝʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ, ʥʦ ʠ 

ʫʧʨʦʱʘʶʪ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʜʨʷʜʯʠʢʘʤʠ ʠ ʩʪʨʦʠʪʝʣʷʤʠ (ʨʠʩʫʥʦʢ ɻ.4, 

ʇʨʠʣʦʞʝʥʠʝ ɻ). 

ʉʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʷ Unity ʠ Unreal 

Engine, ʧʦʟʚʦʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʧʨʝʚʨʘʱʘʪʴ ʩʪʘʪʠʯʝʩʢʠʝ ʧʨʦʝʢʪʳ ʚ ʜʠʥʘʤʠʯʥʳʝ 

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʛʘʝʪ ʢʣʠʝʥʪʘʤ ʣʫʯʰʝ 

ʧʦʥʷʪʴ ʧʨʝʜʣʦʞʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʦ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ 

ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ, ʚʥʦʩʷ ʢʦʨʨʝʢʪʠʚʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʪʘʢʠʝ ʢʘʢ Grasshopper ʠ Autodesk 

Navisworks, ʫʩʠʣʠʚʘʶʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʠʥʪʝʛʨʘʮʠʶ 

ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʧʨʦʝʢʪʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʙʦʣʴʰʠʭ ʠ ʩʣʦʞʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʘʭ. ʆʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʪʝʩʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ 

ʘʨʭʠʪʝʢʪʦʨʘʤʠ, ʠʥʞʝʥʝʨʘʤʠ, ʩʪʨʦʠʪʝʣʷʤʠ ʠ ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ. 

ʗʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʘʢ Python, ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʨʝʰʝʥʠʡ. ʉ ʠʭ 

ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʣʘʛʠʥʳ ʠ ʩʢʨʠʧʪʳ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠ ʜʦʧʦʣʥʷʪʴ 

ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. 

ɺ ʮʝʣʦʤ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʦʩʪʫʧʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʘʨʭʠʪʝʢʪʦʨʦʚ ʠ ʠʥʞʝʥʝʨʦʚ, ʧʦʟʚʦʣʷʷ ʠʤ ʚʳʙʠʨʘʪʴ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʭ ʪʚʦʨʯʝʩʢʠʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʤʳʩʣʦʚ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʧʨʝʨʳʚʥʳʤ ʠʥʥʦʚʘʮʠʷʤ ʠ 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Autodesk Revit, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʦʚʘʣʠ ʩʪʫʜʝʥʪʳ. 
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ʎʝʣʴʶ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʨʦʛʨʘʤʤʳ ʥʘ ʧʨʠʤʝʨʝ ʩʦʟʜʘʥʠʷ ʘʥʘʣʦʛʦʚ ʥʝʩʢʦʣʴʢʠʭ ʠʟʚʝʩʪʥʳʭ ʟʜʘʥʠʡ: ʐʪʘʙ-

ʢʚʘʨʪʠʨʳ ʎʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ ʂʠʪʘʷ, ʊʦʨʥʘʜʦ-ʊʘʫʵʨʘ, çʍʘʥ ʐʘʪʳʨè ʠ 

çʕʂʉʇʆ-2017è ʚ ʂʘʟʘʭʩʪʘʥʝ, ʦʪʝʣʷ çʐʝʨʘʪʦʥè ʚ ʍʫʯʞʦʫ, ʟʜʘʥʠʷ ʚ ʬʦʨʤʝ ʨʦʟʳ 

çROSEè, çɹʫʨʜʞ-ʵʣʴ-ɸʨʘʙè, ʠ ʜʨʫʛʠʭ [286-297]. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʩʣʦʞʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʚ Revit ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ, ʦʩʦʙʝʥʥʦ ʙʝʟ ʧʨʷʤʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʛʠʥʘ Dynamo ʜʣʷ 

ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʚʳʧʦʣʥʝʥʠʷ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʄʥʦʛʠʝ 

ʩʣʦʞʥʳʝ ʬʦʨʤʳ ʦʢʘʟʘʣʠʩʴ ʪʨʫʜʥʦʨʝʘʣʠʟʫʝʤʳʤʠ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʘʤʦʡ ʧʨʦʛʨʘʤʤʳ Revit. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʛʠʥʘ Dynamo ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʟʘʜʘʯʫ ʩʦʟʜʘʥʠʷ 

ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʠ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ, ʦʙʣʝʛʯʘʷ ʧʨʦʮʝʩʩ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʨʷʷ ʪʚʦʨʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʘʨʭʠʪʝʢʪʦʨʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʛʨʘʤʤʳ ʈʝʚʠʪ (ʪʘʙʣʠʮʘ ɻ.1 ʩʦʩʪʘʚʣʝʥʘ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʜʝʣʘʥʥʳʭ ʩʪʫʜʝʥʪʘʤʠ ʠʟ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄʆʂ, ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ). 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ, 

ʦʭʚʘʪʳʚʘʶʱʝʛʦ ʧʷʪʴ ʢʣʶʯʝʚʳʭ ʨʘʟʜʝʣʦʚ. ɼʘʥʥʳʡ ʢʦʥʮʝʧʪ, ʚʜʦʭʥʦʚʣʝʥʥʳʡ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦʬʪʘ çSketchUpè, çFormItè, çRevitè, ç3Ds Maxè, çLumionè ʠ ʜʨ. 

ʧʨʦʛʨʘʤʤ, ʧʨʝʜʣʘʛʘʝʪ ʫʥʠʢʘʣʴʥʳʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʮʠʬʨʦʚʫʶ ʵʧʦʭʫ (ʨʠʩʫʥʦʢ ɻ.5, [298-311]; ʇʨʠʣʦʞʝʥʠʷ ɻ). 

ʆʩʥʦʚʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣ çʌʘʡʣè, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʜʜʝʨʞʢʫ 

ʤʥʦʞʝʩʪʚʘ ʬʦʨʤʘʪʦʚ, ʚʢʣʶʯʘʷ IFC, RVT, DWG, ʠ ʠʥʪʝʛʨʘʮʠʶ ʩ ʦʙʣʘʯʥʳʤʠ 

ʭʨʘʥʠʣʠʱʘʤʠ, ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ ʥʘʩʪʨʦʡʢʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʝʢʪʦʚ. 

ɺ ʨʘʟʜʝʣʝ çʈʝʜʘʢʪʠʨʦʚʘʥʠʝè ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʛʨʫʧʧʠʨʦʚʢʘ ʦʙʲʝʢʪʦʚ ʠ ʠʩʪʦʨʠʷ 

ʠʟʤʝʥʝʥʠʡ ʜʣʷ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ. ʈʘʟʜʝʣ çɺʠʜè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʧʨʦʝʢʮʠʦʥʥʳʝ ʚʠʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʟʨʝʟʦʚ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

çʀʥʩʪʨʫʤʝʥʪʳè ʦʙʣʝʛʯʘʶʪ ʩʦʟʜʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ, ʚʢʣʶʯʘʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʩʤʘʨʪ-ʣʠʥʝʡʢʠ.  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ çʌʦʨʤʦʦʙʨʘʟʦʚʘʥʠʶè, ʛʜʝ ʘʢʮʝʥʪʠʨʦʚʘʥʳ 

ʬʫʥʢʮʠʠ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʜʠʟʘʡʥʘ ʠ ʬʨʘʢʪʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ 

ʩʪʠʣʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʧʘʪʪʝʨʥʦʚ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʬʦʨʤʳ, ʘ ʩʠʤʫʣʷʮʠʷ ʘʛʝʥʪʦʚ ʠ ʩʢʨʠʧʪʠʥʛ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ 

ʟʘʜʘʯʠ. ʈʘʟʜʝʣ çʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪè ʥʘʧʨʘʚʣʝʥ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʘʥʘʣʠʟ ʧʨʦʧʦʨʮʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ çʄʦʜʠʬʠʢʘʪʦʨʳè ʧʨʝʜʣʘʛʘʶʪ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʣʦʠ ʜʣʷ ʛʠʙʢʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

çɸʥʘʣʠʟè ʚʢʣʶʯʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʮʝʥʢʫ, ʘʥʘʣʠʟ ʟʘʪʨʘʪ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ çɺʠʟʫʘʣʠʟʘʮʠʠè ʘʢʮʝʥʪ ʥʘ 3D-ʨʝʥʜʝʨʠʥʛ, ʤʘʪʝʨʠʘʣʳ ʠ 

ʥʘʩʪʨʦʡʢʠ ʢʘʤʝʨʳ. ʈʘʟʜʝʣ çɼʦʢʫʤʝʥʪʘʮʠʷè ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʩʦʟʜʘʥʠʝ ʯʝʨʪʝʞʝʡ ʠ 

ʩʧʝʮʠʬʠʢʘʮʠʡ. ʀʀ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʠ VR ʠ AR. 

çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʯʝʨʪʝʞʝʡè - ʙʳʩʪʨʦʝ ʩʦʟʜʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ. 
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ʉʧʝʮʠʬʠʢʘʮʠʠ ï ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʝʨʝʯʝʥʴ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʟʤʝʨʦʚ ʠ ʜʨʫʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʢʫʣʴʪʫʨʘ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʤʝʥʷʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʨʭʠʪʝʢʪʦʨʘʤ, ʜʝʣʘʷ ʥʝʦʙʭʦʜʠʤʳʤ ʟʥʘʥʠʝ ʦʪ 2D CAD ʜʦ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʪʠʣʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ. ʆʞʠʜʘʝʪʩʷ, 

ʯʪʦ ʘʨʭʠʪʝʢʪʦʨʳ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ ʫʞʝ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʙʫʜʫʪ ʰʠʨʦʢʦ 

ʚʥʝʜʨʷʪʴ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʝʢʪʦʚ, ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʅʘʚʳʢʠ ʚ ʨʘʙʦʪʝ 

ʩ ʥʦʚʳʤʠ ʤʝʪʦʜʘʤʠ ʪʨʝʙʫʶʪ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ, ʯʪʦʙʳ ʧʦʥʠʤʘʪʴ ʠʭ ʚʣʠʷʥʠʝ 

ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ɻʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʝʢʪʘʭ.  

 

4.2 BIM ʪʝʭʥʦʣʦʛʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʇʨʝʜʧʦʩʳʣʢʠ ʧʦʷʚʣʝʥʠʷ BIM ʪʝʭʥʦʣʦʛʠʠ  

BIM-ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʚ ʢʦʪʦʨʦʤ ʚʩʝ ʜʘʥʥʳʝ ʠ ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʜʘʥʠʠ ʩʦʙʨʘʥʳ ʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʝʜʠʥʫʶ ʤʦʜʝʣʴ. BIM-ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ 

ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʟʜʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ, ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʜʨʫʛʠʝ 

ʘʩʧʝʢʪʳ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʦʤ, ʦʙʤʝʥ 

ʜʘʥʥʳʭ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʠ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʟʜʘʥʠʷ. 

 ʉʝʛʦʜʥʷ ʚʩʝ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʩʦʛʣʘʰʘʝʪʩʷ ʩ ʪʝʤ, ʯʪʦ 

ʧʨʠʚʳʯʥʳʝ CAD ʠʥʩʪʨʫʤʝʥʪʳ ʜʦʩʪʠʛʣʠ ʧʨʝʜʝʣʘ ʩʚʦʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʊʘʢʠʝ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʨʝʜʩʪʚʘ ʙʦʣʴʰʝ ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʚʳʟʦʚʘʤʠ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠ, ʧʦʵʪʦʤʫ, ʧʦʷʚʣʷʝʪʩʷ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʦʣʞʥʳ 

ʚʦʧʣʦʱʘʪʴ ʚ ʩʝʙʝ ʥʦʚʳʝ ʦʨʠʛʠʥʘʣʴʥʳʝ ʧʦʜʭʦʜʳ, ʨʝʰʘʷ ʨʷʜ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ [94, 

ʩ. 211]:  

ï ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʠ; 

ï ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʩʞʘʪʳʝ ʩʨʦʢʠ; 

ï ʙʳʩʪʨʘʷ ʠ ʢʘʯʝʩʪʚʝʥʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ; 

ï ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʟʘʜʘʯ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʧʨʘʢʪʠʢʝ ʩʫʱʝʩʪʚʫʝʪ 

ʧʨʦʙʣʝʤʘ ʧʦʪʝʨʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ.  

ʅʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʦ ʩʦʦʨʫʞʝʥʠʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʘʟʥʳʭ ʥʦʩʠʪʝʣʷʭ ʠ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʬʦʨʤʘʪʘʭ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʨʘʙʦʪʫ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ.  

ʇʦʥʷʪʠʝ BIM ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

BIM ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʦʡ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ CAD ʩʠʩʪʝʤʦʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʜʘʥʠʡ. ɺ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʜ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ BIM ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʥʠʤʘʝʪʩʷ ʧʦʜʭʦʜ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʜʘʥʠʡ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʝʪʩʷ 

ʪʨʝʭʤʝʨʥʘʷ ʚʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ. ɺ ʩʦʩʪʘʚ ʪʘʢʦʡ ʤʦʜʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʭʦʜʷʪ ʚʩʝ 
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ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʝ, ʧʨʠʯʝʤ ʵʪʠ ʜʘʥʥʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʟʚʣʝʯʝʥʳ ʥʘ ʣʶʙʦʤ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ʟʜʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ BIM-

ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʜʚʫʭʤʝʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘ ʢ 

ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʤʫ ʠ ʧʦʥʷʪʥʦʤʫ ʜʣʷ ʯʝʣʦʚʝʢʘ ʪʨʝʭʤʝʨʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ, 

ʟʘʤʝʥʷʷ ʧʨʠʚʳʯʥʳʡ ʤʘʢʝʪ ʟʜʘʥʠʷ ʥʘ ʝʛʦ ʮʠʬʨʦʚʦʡ ʘʥʘʣʦʛ. 

ʂʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ BIM-ʠʥʩʪʨʫʤʝʥʪʦʚ 

ɼʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʙʝʨʝʪ ʥʘʯʘʣʦ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩ 70-ʭ ʛʦʜʦʚ XX ʚʝʢʘ. 

ʇʝʨʚʳʤ BIM ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʯʠʪʘʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ArchiCAD [84], ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʚʝʥʛʝʨʩʢʦʡ ʬʠʨʤʦʡ Graphisoft ʠ ʨʘʟʤʝʱʘʝʤʘʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ. 

ɼʘʣʝʝ ʚ 2000 ʛʦʜʫ ʢʝʤʙʨʠʜʞʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Charles River Software ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ çRevitè, ʢʦʪʦʨʦʝ ʠʤʝʣʦ ʧʦʚʳʰʝʥʥʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʥʘ ʪʦʪ ʤʦʤʝʥʪ BIM-

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʩʪʘʣʦ ʧʨʦʜʫʢʪʦʤ ʧʨʦʨʳʚʘ. ɺ ʵʪʦʤ Revit ʩʪʘʣ ʧʝʨʚʳʤ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʨʝʤʝʥʠ ʢʘʢ ʯʝʪʚʝʨʪʦʛʦ ʠʟʤʝʨʝʥʠʷ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʨʘʩʰʠʨʷʷ 

ʚʦʟʤʦʞʥʦʩʪʠ BIM. ʅʘ ʩʝʛʦʜʥʷ Revit, Infraworks, Civil 3D ʠ Navisworks ʠ ʜʨ. 

ʧʦʟʚʦʣʷʁʪ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʜʠʥʘʤʠʯʥʳʝ ʠ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʝ ʤʦʜʝʣʠ 

ʟʜʘʥʠʡ, ʥʦ ʠ ʪʦʯʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʵʪʘʧʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [94, ʩ. 174].  

ɺʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʮʝʥʪʨʘʣʴʥʳʤ 

ʩʦʝʜʠʥʷʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪ ʩ ʘʙʙʨʝʚʠʘʪʫʨʦʡ çBIMè - Building 

Information Modeling ("ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ"). ɺʦʢʨʫʛ BIM 

ʨʘʟʤʝʱʝʥʳ ʣʦʛʦʪʠʧʳ ʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤ ʩ ʩʦʝʜʠʥʠʪʝʣʴʥʳʤʠ ʣʠʥʠʷʤʠ, 

ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘ ʠʭ ʩʚʷʟʴ ʩ BIM. ɺ ʩʭʝʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʟʚʝʩʪʥʳʝ ʧʨʦʛʨʘʤʤʳ, 

ʪʘʢʠʝ ʢʘʢ Microsoft Word, Excel, Adobe Acrobat, 3DS Max, AutoCAD ʠ ʤʥʦʛʠʝ 

ʜʨʫʛʠʝ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʟʥʳʭ ʘʩʧʝʢʪʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʘʨʭʠʪʝʢʪʫʨʝ. ʂʘʞʜʘʷ 

ʧʨʦʛʨʘʤʤʘ ʩʦʝʜʠʥʝʥʘ ʣʠʥʠʷʤʠ ʩ ʜʨʫʛʠʤʠ, ʫʢʘʟʳʚʘʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʠ ʠʥʪʝʛʨʘʮʠʶ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. 

ʂʨʘʩʥʳʝ ʩʪʨʝʣʢʠ ʤʝʞʜʫ ʣʦʛʦʪʠʧʘʤʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʜʘʥʥʳʭ 

ʠʣʠ ʠʥʪʝʛʨʘʮʠʠ ʤʝʞʜʫ ʧʨʠʣʦʞʝʥʠʷʤʠ. ʊʘʢʘʷ ʩʭʝʤʘ ʧʦʣʝʟʥʘ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, 

ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʳ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʚ ʨʘʤʢʘʭ BIM-ʧʨʦʮʝʩʩʦʚ. 

ʎʝʥʪʨʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ 

BIM. ɺʩʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʦ ʧʨʦʝʢʪʝ ʩʦʙʠʨʘʶʪʩʷ ʚ ʦʜʥʦʡ ʮʠʬʨʦʚʦʡ 

ʤʦʜʝʣʠ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʠʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʘʩʧʝʢʪʳ. ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʠ 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʨʝʞʠʤ ʪʘʢʞʝ ʚʘʞʥʳ ʚ ʧʨʦʮʝʩʩʝ BIM. ɺ ʤʦʜʝʣʠ ʤʦʛʫʪ 

ʨʘʙʦʪʘʪʴ ʨʘʟʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ, ʚʢʣʶʯʘʷ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʠʥʞʝʥʝʨʦʚ, ʟʘʢʘʟʯʠʢʦʚ ʠ 

ʧʦʜʨʷʜʯʠʢʦʚ. ʀʟʤʝʥʝʥʠʷ, ʩʜʝʣʘʥʥʳʝ ʦʜʥʠʤ ʫʯʘʩʪʥʠʢʦʤ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʢʦʦʨʜʠʥʘʮʠʶ. BIM ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʨʝʭʤʝʨʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʪʘʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʚʨʝʤʷ (4D), ʩʪʦʠʤʦʩʪʴ (5D) ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʣʠ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ 

(6D). ʕʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʨʦʝʢʪ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ. ɸʥʘʣʠʟ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʩʪʘʥʦʚʷʪʩʷ ʥʘʤʥʦʛʦ ʧʨʦʱʝ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ BIM. ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʧʨʦʚʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ 

ʘʥʘʣʠʟʳ, ʦʪ ʨʘʩʯʝʪʘ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʜʦ ʦʮʝʥʢʠ ʩʪʦʠʤʦʩʪʠ ʠ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʘʭ. ɻʝʥʝʨʘʮʠʷ ʜʦʢʫʤʝʥʪʘʮʠʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʧʨʝʠʤʫʱʝʩʪʚ BIM. ʀʟ ʤʦʜʝʣʠ ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʚʘʪʴ ʨʘʙʦʯʫʶ 

ʜʦʢʫʤʝʥʪʘʮʠʶ, ʪʘʢʫʶ ʢʘʢ ʧʣʘʥʳ, ʨʘʟʨʝʟʳ ʠ ʩʧʝʮʠʬʠʢʘʮʠʠ. ɺ ʦʙʣʘʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ BIM, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʯʘʩʪʦ ʣʝʞʠʪ ʥʘ BIM-ʤʝʥʝʜʞʝʨʝ ʠʣʠ BIM-

ʢʦʦʨʜʠʥʘʪʦʨʝ. ʕʪʠ ʩʧʝʮʠʘʣʠʩʪʳ ʩʣʝʜʷʪ ʟʘ ʪʝʤ, ʯʪʦʙʳ ʚʩʝ ʠʟʤʝʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, ʠ ʯʪʦʙʳ ʠʥʬʦʨʤʘʮʠʷ ʙʳʣʘ 

ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ. ʈʘʩʪʫʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʡ 

ʠʥʪʝʛʨʠʨʫʝʪ ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʚʦʠ ʨʘʙʦʯʠʝ 

ʧʨʦʮʝʩʩʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʧʨʦʩʘ ʥʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ BIM. ʅʘ ʜʠʘʛʨʘʤʤʝ BIM ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ, ʢ ʥʝʤʫ 

ʥʘʧʨʘʚʣʝʥʳ ʢʨʘʩʥʳʝ ʩʪʨʝʣʢʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʘʨʭʠʪʝʢʪʫʨʳ, ʠʥʞʝʥʝʨʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂ ʵʪʠʤ ʠʥʩʪʨʫʤʝʥʪʘʤ ʦʪʥʦʩʷʪʩʷ Rhino, Grasshopper, Tekla, Revit, 

Allplan, ArchiCAD, 3DS Max, Civil 3D, Navisworks ʠ Solibri, ʩʨʝʜʠ ʧʨʦʯʠʭ. 

ʂʘʞʜʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʤʝʝʪ ʩʚʦʝ ʢʦʥʢʨʝʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ, 

ʥʘʧʨʠʤʝʨ, Rhino ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʣʦʞʥʦʛʦ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ, Revit ð ʜʣʷ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, Tekla ð ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ 

ʨʘʩʯʝʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʪ.ʜ. 

ʉʪʨʝʣʢʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʦʪʦʢ ʜʘʥʥʳʭ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ BIM ʠ 

ʵʪʠʤʠ ʜʨʫʛʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʫʢʘʟʳʚʘʷ ʥʘ ʪʦ, ʯʪʦ BIM 

ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʮʝʥʪʨʘʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʛʜʝ ʩʦʙʠʨʘʝʪʩʷ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʷ. ʊʘʢʘʷ ʠʥʪʝʛʨʘʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʷ ʚ ʦʜʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʦʚʣʝʥʳ ʚ BIM-ʤʦʜʝʣʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʫʧ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʢ ʩʘʤʦʡ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʨʠʩʫʥʦʢ ɻ.6, ʇʨʠʣʦʞʝʥʠʝ ɻ). 

ʆʩʦʙʝʥʥʦʩʪʠ BIM ʪʝʭʥʦʣʦʛʠʠ. 

ʇʨʝʞʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʙʘʟʝ ʛʝʦʤʝʪʨʠʠ ʩʤʝʥʷʶʪʩʷ ʙʦʣʝʝ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʠ ʩʣʦʞʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʜʚʫʭ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʨʘʟʣʠʯʘʝʪʩʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʤʘʩʰʪʘʙʥʳʭ ʧʝʨʝʤʝʥʘʭ ʚ ʧʨʦʮʝʩʩʘʭ ʠ ʩʪʨʫʢʪʫʨʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʞʥʝʝ ʫʩʪʨʦʡʩʪʚʦ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʘʙʦ ʧʨʠʤʝʥʠʤʳʤ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʢʦʤʧʴʶʪʝʨʥʳʤ ʩʨʝʜʩʪʚʘʤ. ʆʜʥʦ 

ʠʟ ʛʣʘʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʭʦʜʝ ʦʪ ʜʚʫʭʤʝʨʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 

ʚʥʝʰʥʝʛʦ ʦʙʣʠʢʘ ʙʫʜʫʱʝʛʦ ʟʜʘʥʠʷ, ʢ ʧʦʜʨʦʙʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʡ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʣʶʙʳʝ ʜʚʫʭʤʝʨʥʳʝ ʚʠʜʳ ʠ 

ʨʘʟʨʝʟʳ ʩʦʦʨʫʞʝʥʠʷ ʥʘ ʧʣʦʩʢʦʩʪʠ. ʆʧʠʩʘʥʠʝ ʦʙʲʝʢʪʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʛʨʘʬʠʯʝʩʢʦʡ 

ʘʙʩʪʨʘʢʮʠʠ ʩʤʝʥʷʝʪʩʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʴʶ, ʚʢʣʶʯʘʶʱʫʶ ʥʝ ʪʦʣʴʢʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʦ ʠ ʘʪʨʠʙʫʪʳ ʜʘʥʥʳʭ [121, p. 75-76]. ʊʘʢʠʝ 

ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʥʝʩʫʪ ʚ ʩʝʙʝ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ 

ʟʜʘʥʠʷ ʠ ʤʘʪʝʨʠʘʣʘʭ, ʠʟ ʢʦʪʦʨʳʭ ʦʥʠ ʠʟʛʦʪʦʚʣʝʥʳ (ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 
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ʩʪʦʠʤʦʩʪʴ ʠ ʜʨʫʛʠʝ ʨʝʣʝʚʘʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʘʨʘʤʝʪʨʘʤʠ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʩʚʷʟʴ ʩ 

ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʩʦʦʨʫʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʪʦʯʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʤʘʩʩʠʚʦʤ 

ʥʝʦʙʭʦʜʠʤʳʭ ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʠʟʚʣʝʯʴ ʥʘ ʣʶʙʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʥʘʜ 

ʧʨʦʝʢʪʦʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ 

ʥʘ ʧʦʩʪʩʪʨʦʠʪʝʣʴʥʦʤ ʵʪʘʧʝ, ʩʧʦʩʦʙʩʪʚʫʷ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʦʨʫʞʝʥʠʝʤ.   ɼʘʥʥʳʝ ʢʘʩʘʪʝʣʴʥʦ ʧʣʘʥʦʚʦʛʦ 

ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʙʫʜʫʱʝʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʪ ʨʘʙʦʪʫ ʧʦʜʨʷʜʯʠʢʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʮʝʥʠʪʴ ʩʪʦʠʤʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʝʢʪʳ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ BIM-

ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʧʦ ʪʠʧʫ ʜʘʥʥʳʝ: 

- ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʯʝʨʪʝʞʠ (ʚ ʪ.ʯ. ʧʣʘʥʳ, ʚʠʜʳ, ʨʘʟʨʝʟʳ); 

- ʤʦʜʝʣʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʠʤʘʮʠʦʥʥʳʝ ʬʘʡʣʳ; 

- ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ; 

- ʪʦʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ; 

- ʢʦʣʠʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʙʦʣʝʝ ʨʘʥʥʝʡ ʟʘʛʦʪʦʚʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠʟ 

ʧʨʦʜʫʢʪʘ ʧʦʩʪʘʚʱʠʢʠ ʠ ʩʫʙʧʦʜʨʷʜʯʠʢʠ; 

- ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ ʪʦʯʥʳʭ ʚʝʜʦʤʦʩʪʝʡ ʦʙʲʝʤʦʚ ʨʘʙʦʪ ʜʣʷ ʩʤʝʪʳ 

ʟʘʪʨʘʪ; 

- ʜʘʥʥʳʝ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

BIM (Building Information Modeling), ʠʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʟʜʘʥʠʡ, ʤʝʥʷʝʪ ʩʪʨʦʠʪʝʣʴʥʫʶ ʦʪʨʘʩʣʴ ʯʝʨʝʟ ʯʝʪʳʨʝ ʫʨʦʚʥʷ ʟʨʝʣʦʩʪʠ. ʅʘ ʋʨʦʚʥʝ 

0 - ʯʝʨʪʝʞʠ ʠʟ ʧʨʠʤʠʪʠʚʦʚ ʠ ʪʝʢʩʪʳ, ʠʩʧʦʣʴʟʫʶʪʩʷ 2D ʯʝʨʪʝʞʠ ʙʝʟ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ. ʋʨʦʚʝʥʴ 1 - ʤʦʜʝʣʠ, ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ - 

ʚʚʦʜʠʪ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʥʦ ʫʯʘʩʪʥʠʢʠ ʨʘʙʦʪʘʶʪ ʦʪʜʝʣʴʥʦ. ʋʨʦʚʝʥʴ 2 - ʤʦʜʝʣʠ, 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ - ʨʘʟʚʠʚʘʝʪ BIMôs ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʝʪ 

ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ 3D ʤʦʜʝʣʠ. ʅʘ ʋʨʦʚʥʝ 3 ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʠ 

ʜʦʩʪʫʧʥʳʝ ʜʘʥʥʳʝ, ʚʢʣʶʯʘ ̫ʩʝʙʝ iBIM, IFC, ISO, BIM ʠ ʜʨʫʛʠʝ ʫʯʘʩʪʥʠʢʠ 

ʧʨʦʝʢʪʘ ʩʦʚʤʝʩʪʥʦ ʨʘʙʦʪʘʶʪ ʥʘʜ ʝʜʠʥʦʡ ʤʦʜʝʣʴʶ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʨʠʩʫʥʦʢ ɻ.7, 

ʇʨʠʣʦʞʝʥʠʝ ɻ). 

ɺ ʈʦʩʩʠʠ ʩʠʩʪʝʤʳ çʊʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

(Tʀʄ)è ʠ ʚ ʂʘʟʘʭʩʪʘʥʝ çʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, 

(Tʀʄʉʆ)è ʥʘʙʠʨʘʶʪ ʦʙʦʨʦʪʳ. ɽʩʣʠ ʦʧʠʩʘʪʴ ʚʨʝʤʝʥʥʫʶ ʰʢʘʣʫ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ 

ʨʘʟʚʠʪʠʷ BIM ʚ ʂʘʟʘʭʩʪʘʥʝ, ʪʦ ʥʘʯʠʥʘʷ ʩ 2015 ʛʦʜʘ ʠʥʠʮʠʘʪʠʚʫ ʧʨʦʷʚʣʷʝʪ 

ʂʘʟʅʀʀʉɸ (ʂʘʟʘʭʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠ ʧʨʦʝʢʪʥʳʡ ʠʥʩʪʠʪʫʪ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ)  ʦ ʧʝʨʝʭʦʜʝ ʦʪʨʘʩʣʠ ʥʘ BIM, ʜʘʣʝʝ ʩʣʝʜʫʝʪ 

ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʧʨʠʤʝʥʝʥʠʷ BIM ʚ 2016 ʛʦʜʫ, ʧʠʣʦʪʥʳʡ ʧʨʦʝʢʪ ʚ Autodesk 
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Revit ʚ 2017 ʛʦʜʫ, ʠ ʜʘʣʝʝ ʨʘʟʣʠʯʥʳʝ ʵʪʘʧʳ ʚʥʝʜʨʝʥʠʷ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʨʘʙʦʪʳ 

ʩ BIM, ʚʢʣʶʯʘʷ ʪʨʝʙʦʚʘʥʠʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 2022 ʛʦʜʫ ʠ ʪʨʝʙʦʚʘʥʠʝ ʦ ʧʝʨʝʜʘʯʝ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 2023 ʛʦʜʫ (ʨʠʩʫʥʦʢ ɻ.8, ɻ.9, 

ʇʨʠʣʦʞʝʥʠʝ ɻ).  

ɿʘʤʝʯʘʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʣʫʯʰʝʥʠʷ ʚ ʧʨʦʪʝʢʘʥʠʠ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʥʦʞʝʩʪʚʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʯʘʩʪʥʳʭ ʢʦʤʧʘʥʠʡ ʩʪʨʝʤʷʪʩʷ 

ʟʘʜʝʡʩʪʚʦʚʘʪʴ BIM-ʠʥʩʪʨʫʤʝʥʪʳ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ, ʠ ʪʝʤ ʩʘʤʳʤ ʫʣʫʯʰʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʦʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʥʥʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 

ʉɸʇʈ ʧʨʦʮʝʩʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ, 

ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ ʨʘʙʦʪʳ ʘʨʭʠʪʝʢʪʦʨʘ ʥʘ ʨʝʰʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʟʘʜʘʯ. ʆʜʥʘʢʦ, 

ʧʦʩʢʦʣʴʢʫ ʪʝʭʥʦʣʦʛʠʷ ʝʱʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʘ, ʘ ʙʳʩʪʨʳʡ ʧʝʨʝʭʦʜ ʢ 

ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʠʥʩʪʨʫʤʝʥʪʘʨʠʶ ʥʝ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, 

ʩʝʛʦʜʥʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʚʥʝʜʨʷʝʪʩʷ ʨʷʜ ʧʨʦʛʨʘʤʤ, ʩʧʦʩʦʙʥʳʭ ʦʙʲʝʜʠʥʷʪʴ ʚ 

ʩʝʙʝ ʬʫʥʢʮʠʠ AD ʠ BIM [146]. ɼʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ 

ʘʙʙʨʝʚʠʘʪʫʨʦʡ A-BIM.  ʊʘʢʦʡ ʤʝʪʦʜ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ BIM ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʦʢʘ ʪʦʣʴʢʦ 

ʥʘʙʠʨʘʝʪ ʩʚʦʶ ʧʦʧʫʣʷʨʥʦʩʪʴ [4].  

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ A-BIM ʥʫʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʡ 

ʧʦʜʭʦʜ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʨʷʜ ʫʯʝʥʳʭ ʩʝʛʦʜʥʷ ʨʘʙʦʪʘʶʪ ʥʘʜ 

ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʟʘʜʘʯʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [45, ʩ. 105] ʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʩʚʦʶ 

ʤʝʪʦʜʦʣʦʛʠʶ ʪʝʭʥʦʣʦʛʠʠ A-BIM, ʘʜʘʧʪʠʨʦʚʘʥʥʫʶ ʧʦʜ ʧʘʨʘʜʠʛʤʫ ʤʝʪʦʜʘ BIM, ʘ 

ʪʘʢʞʝ ʚʢʣʶʯʘʶʱʫʶ ʵʣʝʤʝʥʪʳ ʧʨʝʞʥʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʉɸʇʈ. ɺ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʧʨʦʝʢʪ Absolute World ï ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʜʚʫʭ ʥʝʙʦʩʢʨʝʙʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ BIM-ʪʝʭʥʦʣʦʛʠʠ 

BIM ʧʦʜʭʦʜ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʨʝʥʪʘʙʝʣʴʥʳʤ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʘʢʪʠʢʫʝʪʩʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ʆʜʥʘʢʦ, ʧʨʦʙʣʝʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʤʝʞʜʫ ʬʘʡʣʘʤʠ BIM ʠ AutoCAD ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ. 

ʆʩʥʦʚʥʘʷ ʚʳʛʦʜʘ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ BIM ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʫʣʫʯʰʝʥʠʠ ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤʠ. ʅʝʜʦʩʪʘʪʦʢ 

ʢʦʦʨʜʠʥʘʮʠʠ ʬʘʡʣʦʚ ʚ ʪʝʢʫʱʠʭ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷʤ 

ʚ ʧʨʦʝʢʪʘʭ ʠ ʧʦʪʝʨʝ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ BIM ʦʙʘ ʪʠʧʘ 

ʘʨʭʠʪʝʢʪʦʨʦʚ ʧʦʣʫʯʘʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ, ʯʪʦ 

ʫʩʢʦʨʠʪ ʧʨʦʮʝʩʩʳ ʠ ʩʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ ʛʠʙʢʠʤʠ, ʤʠʥʠʤʠʟʠʨʫʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʧʦʩʣʝʜʫʶʱʠʭ ʢʦʨʨʝʢʪʠʨʦʚʢʘʭ [45, ʩ. 106-107].  

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʩʪʨʝʤʣʝʥʠʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʝʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʳʣʦ ʞʝʣʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʠʪʤʫ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤ ʦʙʱʝʩʪʚʘ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʥʘ ʚʦʟʚʦʜʠʪ ʩʦʦʨʫʞʝʥʠʷ ʠ ʦʙʫʩʪʨʘʠʚʘʝʪ ʦʢʨʫʞʘʶʱʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. ʆʜʥʘʢʦ, ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʘʜʘʧʪʠʚʥʦʩʪʠ 

ʘʨʭʠʪʝʢʪʫʨʳ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʚʚʠʜʫ ʤʥʦʞʝʩʪʚʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʀʟʤʝʥʝʥʠʝ ʛʦʪʦʚʳʭ ʧʨʦʝʢʪʦʚ, ʨʦʚʥʦ, ʢʘʢ ʠ 
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ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʪʨʝʙʫʝʪ ʢʨʫʧʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʚʣʦʞʝʥʠʡ ʠ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʳ ʞʠʚʝʤ ʚ ʵʧʦʭʫ ʩʪʨʝʤʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ, 

ʢʦʛʜʘ ʠʥʬʦʨʤʘʮʠʷ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʩ ʦʜʥʦʛʦ ʢʦʥʮʘ ʧʣʘʥʝʪʳ ʚ 

ʜʨʫʛʦʡ ʟʘ ʜʦʣʠ ʩʝʢʫʥʜʳ, ʘ ʟʘʧʨʦʩʳ ʠ ʚʢʫʩʦʚʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʯʝʣʦʚʝʢʘ ʤʝʥʷʶʪʩʷ 

ʝʞʝʜʥʝʚʥʦ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʢʘʞʝʪʩʷ ʦʯʝʚʠʜʥʳʤ ʛʣʦʙʘʣʴʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʠʥʝʨʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʤʝʥʷʶʱʠʭʩʷ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ. ʉʝʛʦʜʥʷ, ʚ ʧʦʧʳʪʢʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʵʪʠʤ ʠʟʤʝʥʝʥʠʷʤ 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʜʥʘʢʦ, ʥʠ ʥʦʚʝʡʰʠʝ ʤʝʪʦʜʳ 

ʮʠʬʨʦʚʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʠ ʫʣʫʯʰʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʚʦʟʜʚʠʞʝʥʠʷ ʩʦʦʨʫʞʝʥʠʡ ʥʝ ʤʦʛʫʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʜʦʙʠʪʴʩʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʢʦʨʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʙʣʠʟʠʣʘʩʴ. ʢ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʢʦʥʪʝʢʩʪʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ.  

ɺʩʝ ʵʪʠ ʧʦʜʭʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʫʞʝ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʚʨʝʤʝʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʠ, ʙʝʟʫʩʣʦʚʥʦ, ʩʪʦʠʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ 

ʚʩʝʛʜʘ ʠʛʨʘʣʘ ʠ ʙʫʜʝʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ, ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ 

ʚ ʨʘʟʚʠʪʠʠ ʮʠʚʠʣʠʟʘʮʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʢʦʥʮʝʧʮʠʶ çʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè, ʧʨʝʜʣʘʛʘʶʱʫʶ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠ 

ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʝʛʤʝʥʪʦʚ BIM-

ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢ ʢʘʢ BIM ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʧʨʦʝʢʪʘʤʠ ʚ ʮʝʣʦʤ. 

BIM ʷʚʣʷʝʪʩʷ ʧʨʦʨʳʚʦʤ ʚ ʧʦʜʭʦʜʝ çʧʘʨʘʣʣʝʣʴʥʦʩʪʠè. ʇʦʩʪʨʦʠʚ ʦʜʠʥ 

ʦʙʲʝʢʪ, ʤʳ ʤʦʞʝʤ ʚʠʜʝʪʴ ʠʟ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ ʯʝʨʪʝʞʝʡ, ʚʠʜʳ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ 

ʠʥʬʦʨʤʘʮʠʶ ʧʦʣʫʯʠʪʴ, ʥʘʯʠʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʩ ʘʥʘʣʠʟʦʤ ʝʛʦ ʩʨʦʢ 

ʧʨʠʛʦʜʥʦʩʪʠ, ʠ ʵʪʦ ʚʧʦʣʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʤʢʘʭ ʤʦʜʫʣʴʥʦʛʦ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʛʜʝ ʥʫʞʥʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ ʨʘʩʢʨʦʝʤ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʭʦʜʝ, BIM ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʚʷʟʫʶʱʠʤ 

ʟʚʝʥʦʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʝʩʰʦʚʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ. ʕʪʦ 

ʧʦʤʦʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʚ ʚʦʧʨʦʩʘʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ ʚ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʙʦʯʝʡ ʩʠʣʳ, ʦʧʨʝʜʝʣʝʥʠʠ ʚʨʝʤʝʥʠ ʩʙʦʨʢʠ ʠ ʚʳʷʚʣʝʥʠʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʝʱʝ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʆʜʥʘʢʦ, ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʩʝʡʯʘʩ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʵʬʬʝʢʪʠʚʥʫʶ ʠʥʪʝʛʨʘʮʠʶ BIM ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ɺʦ-ʧʝʨʚʳʭ, ʯʘʩʪʦ ʦʪʤʝʯʘʝʪʩʷ 

ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ BIM ʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ 

ʢʦʥʚʝʨʪʘʮʠʠ ʜʘʥʥʳʭ. ɺʦ-ʚʪʦʨʳʭ, ʦʪʩʫʪʩʪʚʠʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ 

ʧʨʦʪʦʢʦʣʦʚ ʤʦʞʝʪ ʟʘʪʨʫʜʥʠʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ. ɺ-ʪʨʝʪʴʠʭ, ʧʝʨʝʭʦʜ ʥʘ BIM-

ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, ʥʦ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʤʘʥʜ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʛʜʝ ʚ ʩʦʩʪʘʚ ʪʘʢʦʡ 

ʢʦʤʘʥʜʳ ʚʭʦʜʷʪ: ɹʠʤ-ʤʝʥʝʜʞʝʨ ʧʨʦʝʢʪʘ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʱʝʝ ʫʧʨʘʚʣʝʥʠʝ 

BIM-ʧʨʦʮʝʩʩʦʤ, ʢʦʦʨʜʠʥʘʮʠʶ ʨʘʙʦʪʳ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ ʠ ʩʦʙʣʶʜʝʥʠʝ 

BIM-ʩʪʘʥʜʘʨʪʦʚ (ʨʠʩʫʥʦʢ ɻ.10, ʇʨʠʣʦʞʝʥʠʝ ɻ). ʀʥʞʝʥʝʨʳ ʇʊʆ (ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʨʘʙʦʪ), ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʚ ʤʦʜʝʣʴ ʘʢʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʭʦʜʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʢʦʥʪʨʦʣʠʨʫʶʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʧʨʦʝʢʪʫ. ɻʣʘʚʥʳʡ ʠʥʞʝʥʝʨ, 

ʠʛʨʘʶʱʠʡ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ ʠ ʠʥʪʝʛʨʘʮʠʠ ʚʩʝʭ ʘʩʧʝʢʪʦʚ 
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ʧʨʦʝʢʪʘ ʚ ʝʜʠʥʫʶ BIM-ʤʦʜʝʣʴ. ʇʦʜʨʷʜʯʠʢʠ ʩ ʫʟʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ, ʪʘʢʠʝ ʢʘʢ 

ɹʀʄ-ʘʚʪʦʨʳ ʧʦ ʨʘʟʜʝʣʘʤ ʄʝʭʘʥʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʩʘʥʪʝʭʥʠʯʝʩʢʠʝ 

ʨʘʙʦʪʳ (MEP) - ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʠʥʪʝʛʨʘʮʠʶ ʚ ʤʦʜʝʣʴ ʚʩʝʭ 

ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʰʪʘʪʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʢʦʤʧʘʥʠʠ. ʊʨʝʙʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘʡʪʠ 

ʜʦʩʪʦʡʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʘʚʳʢʘʤʠ ʠ ʦʧʳʪʦʤ, ʥʦ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʧʦʩʪʦʷʥʥʦʝ ʧʝʨʝʦʙʫʯʝʥʠʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʭ 

ʟʥʘʥʠʡ ʚ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʡʩʷ ʦʙʣʘʩʪʠ BIM-ʪʝʭʥʦʣʦʛʠʡ. ɺ ʵʪʦʤ ʠʥʚʝʩʪʠʮʠʠ ʚ 

BIM ð ʵʪʦ ʚʣʦʞʝʥʠʷ ʚ ʙʫʜʫʱʝʝ, ʫʤʝʥʴʰʘʶʱʠʝ ʨʘʩʭʦʜʳ ʠ ʦʰʠʙʢʠ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʆʜʥʘʢʦ ʵʪʠ ʟʘʪʨʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʩʦʚʩʝʤ ʥʝʚʳʛʦʜʥʳ ʜʣʷ ʤʘʣʳʭ ʠ 

ʩʨʝʜʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʧʝʨʝʭʦʜ ʥʘ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʝʪ 

ʧʦʪʨʝʙʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʥʘʯʘʣʴʥʳʭ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʚ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʂʫʣʴʪʫʨʥʳʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʪʘʢʠʝ 

ʢʘʢ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤ ʩʦ ʩʪʦʨʦʥʳ ʩʦʪʨʫʜʥʠʢʦʚ, ʧʨʠʚʳʢʰʠʭ ʢ ʩʪʘʨʳʤ 

ʤʝʪʦʜʘʤ ʠ ʧʦʜʭʦʜʘʤ, ʤʦʛʫʪ ʟʘʤʝʜʣʠʪʴ ʠʣʠ ʜʘʞʝ ʦʩʪʘʥʦʚʠʪʴ ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ 

BIM ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʧʨʦʙʣʝʤʳ, ʤʥʦʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʘʢʪʠʚʥʦ 

ʠʱʫʪ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ ʜʣʷ ʫʩʧʝʰʥʦʡ ʠʥʪʝʛʨʘʮʠʠ BIM ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, BIM-ʪʝʭʥʦʣʦʛʠ ̫ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ 

ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʜʘʥʥʳʭ ʠ 

ʠʥʪʝʛʨʘʮʠʶ ʚʩʝʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʘ. ʅʦ ʥʘʨʷʜʫ ʩ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʝʥʠʝ ʠ ʥʝʢʦʪʦʨʳʭ ʚʦʧʨʦʩʦʚ    ɺʳʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʳ ʠ ʚʳʟʦʚʳ, ʩ 

ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʠʥʜʫʩʪʨʠʷ ʚ ʧʨʦʮʝʩʩʝ ʚʥʝʜʨʝʥʠʷ BIM (Building 

Information Modeling). 

 

4.3 VR- ʪʝʭʥʦʣʦʛʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ ʪʝʨʤʠʥʘ ɺʈ. 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʪʘʢʦʡ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʝʱʝ ʥʝʪ ʯʝʪʢʠʭ ʧʨʠʥʮʠʧʦʚ ʠ ʛʨʘʥʠʮ ʝʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʘʚʪʦʨ ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ-ʩʚʦʝʤʫ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʘʥʥʦʝ ʧʦʥʷʪʠʝ. ɺ ʪʝʢʫʱʝʡ ʨʘʙʦʪʝ ʧʦʜ ʪʝʨʤʠʥʦʤ ɺʈ ʙʫʜʝʪ 

ʧʦʥʠʤʘʪʴʩʷ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ, ʨʝʘʣʠʟʫʝʤʘʷ ʧʨʠ ʧʦʤʦʱʠ 

ʨʘʟʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʨʠʟʚʘʥʥʘʷ ʟʘʤʝʥʠʪʴ ʧʨʠʚʳʯʥʦʝ 

ʚʦʩʧʨʠʷʪʠʝ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʥʬʦʨʤʘʮʠʝʡ [96, ʩ. 12-14]. ʉʘʤʦ 

ʩʣʦʚʦʩʦʯʝʪʘʥʠʝ çʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴè, ʩʝʤʘʥʪʠʯʝʩʢʠ ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ 

ʜʚʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʦʥʷʪʠʷ, ʥʘʚʦʜʠʪ ʥʘ ʤʳʩʣʠ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʦʧʠʩʳʚʘʝʤʦʛʦ ʷʚʣʝʥʠʷ, ʦ ʯʝʤ-ʪʦ, ʯʝʛʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʥʝʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʘʭʦʜʷʱʝʝʩʷ ʚʥʝ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʤʠʨʘ ʠ ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʥʝ ʠʟ ʨʝʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʘ ʠʟ 

ʦʛʨʦʤʥʦʛʦ ʦʙʲʝʤʘ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚʥʫʪʨʠ ʵʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʘʥʥʳʭ. 

ʉʫʱʝʩʪʚʫʶʱʠʡ ʨʘʟʨʳʚ ʩʣʠʰʢʦʤ ʚʝʣʠʢ, ʠ ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤ ʥʦʚʳʡ 

ʢʘʨʜʠʥʘʣʴʥʦ ʥʦʚʳʡ ʚʟʛʣʷʜ ʥʘ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. ʀʤʝʥʥʦ ʜʣʷ ʵʪʦʛʦ 

ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʣʘʛʘʶʪ ʩʬʦʢʫʩʠʨʦʚʘʪʴ ʩʚʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (ɺʈ). ʊʝʭʥʦʣʦʛʠʷ ɺʈ, ʥʘʭʦʜʷʩʴ ʚ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ, ʥʝ 

ʠʤʝʝʪ ʩʪʨʦʛʠʭ ʩʪʘʥʜʘʨʪʦʚ, ʥʦ ʢʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʠʤʤʝʨʩʠʚʥʦʩʪʴ 

ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʞʥʳ ʚ ʵʧʦʭʫ ʧʦʩʪʤʝʜʠʘʣʴʥʦʩʪʠ, ʢʦʛʜʘ 
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ʚ ʠʩʢʫʩʩʪʚʝ ʠ ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʷʥʠʝ ʩʪʠʣʝʡ ʠ ʞʘʥʨʦʚ. ʕʪʦ ʜʝʣʘʝʪ 

ʘʢʪʫʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʥʷʪʠʡ ʠʤʤʝʨʩʠʚʥʦʩʪʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ [102, ʩ. 251-257; 6, ʩ. 10-12].  

ʋʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʟʜʥʝʝ, ʧʨʝʩʣʝʜʫʷ ʪʫ ʞʝ ʮʝʣʴ, ʥʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ 

ʨʘʟʣʠʯʥʳʝ ʚʠʟʫʘʣʴʥʳʝ ʠʣʣʶʟʠʠ. ɺ 1838 ʛ. ʬʠʟʠʢ ʉʵʨ ʏʘʨʣʴʟ ɺʠʥʩʪʦʥ ʦʧʠʩʘʣ 

ʩʪʝʨʝʦʩʢʦʧ ï ʦʧʪʠʯʝʩʢʠʡ ʧʨʠʙʦʨ ʜʣʷ ʦʙʲʝʤʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ʠʟʦʙʨʘʞʝʥʠʡ. ɼʘʣʝʝ, 

ʩ ʧʨʠʭʦʜʦʤ ʥʦʚʳʭ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʪʨʝʭʤʝʨʥʳʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʢʦʥʮʝʧʮʠʷ 

ʢʨʫʛʦʨʘʤʥʦʛʦ ʢʠʥʦ. ʕʪʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʧʨʠʤʝʨʳ ʚʠʟʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʦʰʣʦʛʦ ʛʦʚʦʨʷʪ ʦ ʩʫʱʝʩʪʚʦʚʘʚʰʝʡ ʝʱʝ ʪʦʛʜʘ ʧʦʪʨʝʙʥʦʩʪʠ ʦʙʱʝʩʪʚʘ ʚ 

ʪʝʭʥʦʣʦʛʠʷʭ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʧʦʩʦʙʥʳ ʤʝʥʷʪʴ 

ʯʝʣʦʚʝʯʝʩʢʦʝ ʚʦʩʧʨʠʷʪʠʝ.   

ʀʤʤʝʨʩʠʚʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ VR ̫ ʚʣʷʶʪʩʷ ʧʦʧʳʪʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʨʝʘʣʴʥʦʛʦ 

ʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʠʨʦʚ, ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʙʝʜʠʪʝʣʴʥʳʭ 

ʚʠʟʫʘʣʴʥʳʭ ʠ ʩʝʥʩʦʨʥʳʭ ʦʱʫʱʝʥʠʡ. ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʥʝ ʥʦʚʘ ʠ ʥʘʭʦʜʠʪ ʩʚʦʠ 

ʢʦʨʥʠ ʚ ʠʩʢʫʩʩʪʚʝ, ʣʠʪʝʨʘʪʫʨʝ ʠ ʤʫʟʳʢʝ, ʛʜʝ ʛʣʫʙʠʥʘ ʚʦʩʧʨʠʷʪʠʷ ʚʩʝʛʜʘ 

ʮʝʥʠʣʘʩʴ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʚʢʣʶʯʘʶʪ ʢʠʥʦ, ʪʝʘʪʨ ʠ ʚʠʨʪʫʘʣʴʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ. ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʚ ʦʮʝʥʢʝ ʠ ʨʘʟʨʘʙʦʪʢʝ ʠʤʤʝʨʩʠʚʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʯʝʪʢʠʭ ʛʨʘʥʠʮʘʭ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʠʨʪʫʘʣʴʥʳʤ ʦʢʨʫʞʝʥʠʝʤ. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ, ʪʘʢʠʭ ʢʘʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʦʟʥʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʨʝʜ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ ɻ.11, ʘ), ʙ) [312, 313]. 

ʀʥʪʝʨʘʢʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʪʘʢʞʝ ʩʦʟʜʘʝʪ ʫ ʯʝʣʦʚʝʢʘ ʦʱʫʱʝʥʠʝ 

ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʠ ʩʦʙʳʪʠʷʭ, ʢʦʪʦʨʳʭ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʝʘʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ, ʧʦʜ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴʶ ʦʙʳʯʥʦ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʪʘʢʦʡ ʧʨʠʥʮʠʧ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʮʝʣʴ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ [129, 

p. 168]. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʩʨʝʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ 

ʩʪʦʣʴʢʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʛʨʫʞʝʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩʢʦʣʴʢʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʦʙʲʝʢʪʦʚ ʩʠʩʪʝʤʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʯʝʣʦʚʝʢʦʤ. 

ʊʘʢʘʷ ʩʨʝʜʘ ʩʧʦʩʦʙʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦ 

ʚʥʫʪʨʝʥʥʠʤ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʤ ʩʮʝʥʘʨʠʷʤ, ʥʦ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ.  

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʜʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ï ʦʪʦʙʨʘʞʘʪʴ ʪʘʢ, 

ʯʪʦʙʳ ʯʝʣʦʚʝʢ ʚʦʩʧʨʠʥʠʤʘʣ ʧʨʦʝʮʠʨʫʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʢ 

ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʨʝʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʧʦʤʦʱʠ ʤʥʦʞʝʩʪʚʘ ʘʩʧʝʢʪʦʚ: 

- ʩʚʦʙʦʜʥʦʝ ʜʚʠʞʝʥʠʝ ʢʘʤʝʨʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ  

ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʥʫʪʨʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; 

- ʨʝʘʢʮʠʷ ʮʠʬʨʦʚʦʛʦ ʦʢʨʫʞʝʥʠʷ ʥʘ ʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ; 

- ʜʦʧʦʣʥʝʥʠʝ ʩʠʤʫʣʷʮʠʠ ʟʚʫʢʦʚʳʤ ʩʦʧʨʦʚʦʞʜʝʥʠʝʤ; 

- ʧʦʚʳʰʝʥʠʝ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ  

ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 
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ʏʘʱʝ ʚʩʝʛʦ ʘʨʭʠʪʝʢʪʫʨʘ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʫʝʪ ʥʦʚʳʝ ʥʘʫʯʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦʜ ʩʚʦʠ ʥʫʞʜʳ, ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʪʝʭʥʦʣʦʛʠʷ ʥʝ 

ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. ʇʦʜ ʚʠʨʪʫʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʧʦʥʠʤʘʝʪʩʷ ʜʠʩʮʠʧʣʠʥʘ, 

ʦʙʨʘʟʫʝʤʘʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʮʠʬʨʦʚʦʛʦ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʧʝʨʠʨʫʶʱʘʷ ʧʦʥʷʪʠʷʤʠ ʠʥʬʦʨʤʘʮʠʠ 

ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ [49, ʩ. 32-35]. ʉʦʚʨʝʤʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʙʣʘʛʦʜʘʨʷ 

ʚʥʝʜʨʝʥʠʶ ʚʠʨʪʫʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʙʨʝʪʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʫʶ ʬʦʨʤʫ 

ʥʦʩʠʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ. ɻʣʘʚʥʘʷ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ ʚʠʨʪʫʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʚʦʙʦʜʝ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʙʦʣʴʰʝ ʥʝ ʩʚʷʟʘʥʳ ʧʦʥʷʪʠʷʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ. ʆʥʦ ʤʦʞʝʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠ ʧʝʨʝʤʝʱʘʪʴʩʷ 

ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʯʝʣʦʚʝʢʦʤ.  

 ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʢʨʫʧʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʧʦʨʪʘʣʘ çStatistaè ʦʙʲʝʤ ʨʳʥʢʘ ʫʩʪʨʦʡʩʪʚ ʚʠʨʪʫʘʣʴʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ ʟʘ ʧʝʨʠʦʜ ʩ 2018 ʧʦ 2019 ʛʦʜ ʚʢʣʶʯʠʪʝʣʴʥʦ ʩʦʩʪʘʚʠʣ 22,6 ʤʠʣʣʠʘʨʜʘ 

ʜʦʣʣʘʨʦʚ [110]. 

 ɺʩʝ ʯʘʱʝ ʦʪʤʝʯʘʝʪʩʷ ʧʦʣʴʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʨʥʠʪʫʨʳ ɺʈ ʜʣʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩ ʧʨʦʝʢʪʘʤʠ. ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, 

ʚʳʧʦʣʥʷʝʤʳʤʠ ʩʝʛʦʜʥʷ ɺʈ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʷʚʣʷʶʪʩʷ: 

 - ʧʨʝʟʝʥʪʘʮʠʷ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ; 

 - ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; 

 - ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʩʩʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ; 

 - ʦʙʫʯʝʥʠʝ ʠ ʪʨʝʥʠʨʦʚʢʠ. 

ʅʘ ʨʠʩʫʥʢʝ ɻ.12 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʮʝʥʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ɺʈ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ [110].  

ʇʦʤʠʤʦ ʛʘʨʥʠʪʫʨʥʦʛʦ ʬʦʨʤʘʪʘ, ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ɺʈ ʚ 

ʚʠʜʝ ʧʨʦʝʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʢʦʤʥʘʪ ɺʈ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʤʝʪʦʜ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʢʝʪʘ, ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ 

ʧʨʝʟʝʥʪʘʮʠʶ ʧʨʦʝʢʪʘ ʠ ʧʦʜʛʦʪʦʚʢʫ ʢ ʥʝʡ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʢʦʤʧʘʢʪʥʦʩʪʠ, 

ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʣʝʛʢʦ ʚʠʜʦʠʟʤʝʥʷʪʴʩʷ. 

ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʝʢʨʘʩʥʦ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʬʦʨʤʘʪ ʚʳʩʪʘʚʦʢ ʠ 

ʧʦʜʭʦʜʠʪ ʢʘʢ ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ 

ʟʘʢʘʟʯʠʢʫ. ɹʳʩʪʨʦʝ ʩʦʟʜʘʥʠʝ ʙʫʜʫʱʠʭ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ɺʈ ʚʦʟʤʦʞʥʦ 

ʙʣʘʛʦʜʘʨʷ ʧʨʦʛʨʘʤʤʘʤ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ. ʎʠʬʨʦʚʳʝ ʢʦʧʠʠ ʚ ʵʪʦʤ ʤʝʪʦʜʝ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʫ ʬʦʪʦʛʨʘʬʠʡ ʠ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʯʪʦ ʢʘʨʜʠʥʘʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʧʦʚʳʰʘʝʪ ʠʭ ʪʦʯʥʦʩʪʴ.  

ʊʝʭʥʦʣʦʛʠʠ ɺʈ ʫʩʠʣʠʚʘʶʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʠ ʢʫʣʴʪʫʨʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʤʫʟʝʝʚ, ʜʝʣʘʷ ʠʥʬʦʨʤʘʮʠʶ ʥʘʛʣʷʜʥʝʝ ʠ ʜʦʩʪʫʧʥʝʝ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʵʢʩʧʦʥʘʪʳ, ʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʠ 

ʩʦʟʜʘʶʪ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʦʧʳʪʳ ʜʣʷ ʧʦʩʝʪʠʪʝʣʝʡ. ʆʩʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʝʸ ʧʣʶʩʳ ʠ ʢʦʤʤʝʨʯʝʩʢʠʡ ʠʥʪʝʨʝʩ 

ʜʝʣʘʶʪ ɺʈ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʤʫʟʝʝʚ [148, p. 1-5; 61, ʩ. 115]. ɺ ʮʝʣʷʭ 

ʢʫʣʴʪʫʨʥʦʛʦ ʧʨʦʩʚʝʱʝʥʠʷ ɺʈ ʧʦʟʚʦʣʷʝʪ ʫʯʝʥʳʤ ʧʨʠʚʣʝʯʴ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʢ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʚʦʝʡ ʨʘʙʦʪʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [135, p. 7-8]. ʊʝʭʥʦʣʦʛʠʠ ɺʈ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʫʥʠʢʘʣʴʥʫʶ 
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ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʤʫʟʝʝʚ, ʧʦʟʚʦʣʷʷ ʧʦʩʝʪʠʪʝʣʷʤ ʥʝ ʪʦʣʴʢʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 

ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʤʠ ʥʘʭʦʜʢʘʤʠ, ʥʦ ʠ ʧʦʛʨʫʟʠʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʇʨʠʤʝʨʦʤ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ɺʈ ʷʚʣʷʝʪʩʷ ʛʨʝʯʝʩʢʠʡ çʌʦʥʜ ʵʣʣʠʥʩʢʦʛʦ 

ʤʠʨʘè, ʛʜʝ ʦʙʲʝʜʠʥʝʥʳ ʫʩʠʣʠʷ ʘʨʭʝʦʣʦʛʦʚ, ʠʩʪʦʨʠʢʦʚ ʠ IT-ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʢʩʧʦʥʘʪʦʚ. ʉ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ɺʈ-ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʩʝʪʠʪʝʣʠ 

ʤʦʛʫʪ ʩʚʦʙʦʜʥʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʚʠʨʪʫʘʣʴʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʫʯʘʩʪʠʝ ʚ ʤʫʟʝʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ 

ʠ ʧʦʟʥʘʚʘʪʝʣʴʥʳʤ. 

ʌʦʨʤʘʪ ʚʠʨʪʫʘʣʴʥʳʭ ʚʳʩʪʘʚʦʢ ʪʘʢʞʝ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʝʥ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʟʥʘʥʠʷ ʠ ʦʧʳʪ ʚ ʚʠʨʪʫʘʣʴʥʦʤ 

ʬʦʨʤʘʪʝ. ɺʠʨʪʫʘʣʴʥʳʝ ʚʳʩʪʘʚʢʠ ʩʧʦʩʦʙʥʳ ʧʦʛʨʫʟʠʪʴ ʯʝʣʦʚʝʢʘ ʚ ʢʦʥʢʨʝʪʥʳʡ 

ʢʦʥʪʝʢʩʪ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʝʱʝʥʠʷ ʠʤʠ ʚʳʩʪʘʚʦʯʥʦʛʦ ʧʦʤʝʱʝʥʠʷ. ʊʘʢ, ʚ 

2020 ʛʦʜʫ ʚ ʩʚʷʟʠ ʩ ʪʷʞʝʣʦʡ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ ʚ ʤʠʨʝ ʧʦʩʪʦʷʥʥʘʷ 

ʚʳʩʪʘʚʢʘ çʀʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳè ʚ ʇʘʨʠʞʝ ʙʳʣʘ 

ʧʝʨʝʚʝʜʝʥʘ ʚ ʦʥʣʘʡʥ-ʬʦʨʤʘʪ ʚʠʨʪʫʘʣʴʥʦʡ ʵʢʩʢʫʨʩʠʠ [108, p. 76].  

 ɸʚʪʦʨ ʨʘʙʦʪʳ ʩʯʠʪʘʝʪ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʦʩʥʦʚʥʳʤ ʘʩʧʝʢʪʦʤ ʘʨʭʠʪʝʢʪʫʨʳ 

ʩʪʘʥʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʵʣʝʢʪʨʦʥʥʦ-ʙʠʦʤʦʨʬʥʦʝè ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʦʚʤʝʱʘʶʱʝʝ ʚ 

ʩʝʙʝ ʨʝʘʣʴʥʦʝ ʠ ʚ ʚʠʨʪʫʘʣʴʥʦʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʟʜʘʥʠʷ, ʢʘʢ ʠ ʚʩʷ ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘ 

ʚ ʮʝʣʦʤ, ʧʝʨʝʚʦʧʣʦʪʷʪʩʷ ʚ ʥʝʢʠʝ ʘʥʘʣʦʛʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʧʦʩʪʦʷʥʥʦ 

ʠʟʤʝʥʷʶʱʠʭʩʷ, ʧʨʠʩʧʦʩʘʙʣʠʚʘʶʱʠʭʩʷ ʢ ʦʢʨʫʞʝʥʠʶ ʠ ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʫʞʝ ʚ 

ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʪʝʭʥʦʣʦʛʠʠ ɺʈ ʙʫʜʫʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʧʦʚʩʝʤʝʩʪʥʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʦʮʝʥʢʠ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʡ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʱʘʶʪ ʧʨʝʦʙʨʘʟʠʪʴ ʨʘʟʣʠʯʥʳʝ ʠʥʜʫʩʪʨʠʠ, ʦʪ 

ʨʠʪʝʡʣʘ ʜʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʧʨʝʜʣʘʛʘʷ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʘʥʥʳʤʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦʤ [116, p. 179]. VR ʠ AR ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʟʚʦʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʠ ʢʣʠʝʥʪʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʦʜʝʣʷʤʠ ʟʜʘʥʠʡ ʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʨʦʡʪʠʩʴ ʧʦ ʟʜʘʥʠʶ, 

ʨʘʩʩʤʦʪʨʝʪʴ ʜʝʪʘʣʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʦʩʚʝʱʝʥʠʝ ʠ ʘʪʤʦʩʬʝʨʫ ʝʱʝ 

ʜʦ ʥʘʯʘʣʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. VR ʠ AR ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʚʠʟʫʘʣʠʟʘʮʠʶ 

ʨʘʟʣʠʯʥʳʭ ʜʠʟʘʡʥʝʨʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʠ ʩʨʘʚʥʠʚʘʪʴ ʠʭ ʵʬʬʝʢʪʳ [38]. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʬʝʥʦʤʝʥ çʚʠʨʪʫʘʣʴʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠè ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ ʘʩʧʝʢʪʦʤ 

ʨʘʟʚʠʪʠʷ. ʈʘʟʚʠʪʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʨʦʜʦʣʞʘʝʪ ʥʘʙʠʨʘʪʴ ʦʙʦʨʦʪʳ, ʠ ʝʛʦ 

ʧʝʨʩʧʝʢʪʠʚʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʘ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʚʩʝ ʙʦʣʴʰʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥʘ ʙʫʜʝʪ ʠʤʝʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, 

ʚʠʨʪʫʘʣʴʥʦʝ ʤʘʢʝʪʠʨʦʚʘʥʠʝ ʠ ʜʨʫʛʠʝ ʦʙʣʘʩʪʠ [41, ʩ. 162-163].  

ɸʨʭʠʪʝʢʪʫʨʘ, ʤʝʥʷʷʩʴ ʧʦʜ ʚʣʠʷʥʠʝʤ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ (ɺʈ) ʩʦʟʜʘʝʪ ʙʦʣʝʝ ʠʥʪʫʠʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠ çɻ ʬʬʝʢʪ 

ʧʦʛʨʫʞʝʥʠʷè, ʜʝʣʘʷ ʚʠʨʪʫʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʯʪʠ ʪʘʢʠʤ ʞʝ ʨʝʘʣʴʥʳʤ, ʢʘʢ ʠ 

ʬʠʟʠʯʝʩʢʦʝ [66, ʩ. 34]. ʇʦ ʩʣʦʚʘʤ ɹʨʘʩʣʘʚʩʢʦʛʦ ʇ. ʀ. ʠʟ ʝʛʦ ʥʘʫʯʥʦʛʦ ʪʨʫʜʘ, ʮʝʣʴ 
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ʨʘʟʨʘʙʦʪʯʠʢʦʚ ɺʈ ï ʩʦʟʜʘʪʴ ʠʥʪʝʨʬʝʡʩ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʡ ʢ 

ʝʩʪʝʩʪʚʝʥʥʦʤʫ, ʠ ʫʙʨʘʪʴ çʨʘʟʨʳʚè ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ ʠ ʢʦʤʧʴʶʪʝʨʦʤ, ʩ ʧʦʤʦʱʴʶ 

ʩʠʤʫʣʷʮʠʠ ʯʫʚʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʫʶʱʠʭ çʚʠʨʪʫʘʣʴʥʳʡ, ʥʦ ʢʘʞʫʱʠʡʩʷ 

ʨʝʘʣʴʥʳʤè ʦʧʳʪ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʦʙʨʘʟʠʝ ɺʈ-ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʱʠʤ 

ʜʣʷ ʚʩʝʭ ʷʚʣʷʝʪʩʷ çʵʬʬʝʢʪ ʧʦʛʨʫʞʝʥʠʷè (ʘʥʛʣ. çimmersion effectè), ʢʦʛʜʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ çʚʥʝʰʥʠʤ ʥʘʙʣʶʜʘʪʝʣʝʤè ʠ ʥʘʯʠʥʘʝʪ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʦʢʨʫʞʝʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʠʨʘ ʢʘʢ ʨʝʘʣʴʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ 

ʩʪʠʤʫʣʷʮʠʠ ʯʫʚʩʪʚʝʥʥʳʭ ʦʱʫʱʝʥʠʡ. 

ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʫʯʝʥʠʝ ʦʧʳʪʘ ʧʦʛʨʫʞʝʥʠʷ ʠ 

ʧʨʦʞʠʚʘʥʠʷ ʦʧʳʪʘ çʦʪ ʧʝʨʚʦʛʦ ʣʠʮʘè, ʧʦʤʝʱʘʷ ʯʝʣʦʚʝʢʘ ʚ ʠʥʪʝʨʘʢʪʠʚʥʫʶ 

ʚʠʨʪʫʘʣʴʥʫʶ ʩʨʝʜʫ. ʊʘʢʦʝ ʟʥʘʢʦʤʩʪʚʦ ʩ ʦʙʲʝʢʪʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʜʠʟʘʡʥʘ, ʚʠʟʫʘʣʠʟʘʮʠʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʩʦʟʜʘʚʘʝʤʘʷ 

ʚʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʭʦʪʴ ʠ ʘʙʩʪʨʘʢʪʥʘʷ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʦʭʦʞʘ ʥʘ ʨʝʘʣʴʥʳʡ ʤʠʨ 

[95, ʩ. 74]. ʀʚʘʥ ʉʘʟʝʨʣʝʥʜ, ʦʜʠʥ ʠʟ ʧʠʦʥʝʨʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʫʞʝ ʚ 1965 ʛʦʜʫ 

ʧʦʜʯʝʨʢʠʚʘʣ ʤʥʦʛʦʯʫʚʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ VR, ʚʢʣʶʯʘʷ ʟʨʝʥʠʝ, ʩʣʫʭ ʠ ʜʨʫʛʠʝ 

ʦʱʫʱʝʥʠʷ [96, ʩ. 13]. ɺʦʩʧʨʠʷʪʠʝ ʯʝʣʦʚʝʯʝʩʢʠʤ ʤʦʟʛʦʤ ʘʥʘʣʦʛʠʯʥʦ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ: ʦʙʘ ʧʨʦʮʝʩʩʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʚʦʩʧʨʠʷʪʠʝ, 

ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʝʘʢʮʠʶ ʥʘ ʥʝʸ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʢʦʥʪʝʢʩʪʝ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ ɻ.11, ʚ), 

ʛ) [314, 315]. ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʛʫʤʘʥʦʠʜʥʳʡ ʤʦʟʛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʠ ʧʝʨʮʝʧʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʩʝʥʩʦʨʥʳʭ ʢʘʥʘʣʘʭ. ʕʪʠ ʢʘʥʘʣʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʠʟʫʘʣʴʥʦʝ, ʩʣʫʭʦʚʦʝ, 

ʦʣʴʬʘʢʪʦʨʥʦʝ ʠ ʪʘʢʪʠʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ ʠʣʠ ʠʛʨʦʚʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠʛʨʦʚʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʘʢʪʠʚʥʳ ʪʦʣʴʢʦ ʜʚʘ ʩʝʥʩʦʨʥʳʭ 

ʢʘʥʘʣʘ - ʚʠʟʫʘʣʴʥʳʡ ʠ ʘʫʜʠʦʚʠʟʫʘʣʴʥʳʡ. ʆʜʥʘʢʦ ʧʨʠʣʦʞʝʥʠʷ ʠ ʠʛʨʳ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʫʶ ʠʤʤʝʨʩʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʠʤʤʝʨʩʠʚʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ 

ʘʢʪʠʚʠʨʫʶʪʩʷ ʠ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚʦʩʧʨʠʷʪʠʷ, ʪʘʢʠʝ ʢʘʢ ʚʝʩʪʠʙʫʣʷʨʥʳʝ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʧʝʨʮʝʧʮʠʶ ʫʩʢʦʨʝʥʠʷ, ʠ ʧʨʦʧʨʠʦʮʝʧʪʠʚʥʳʝ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʮʝʥʠʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʪʝʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʫʩʠʣʠʷ ʠʥʞʝʥʝʨʦʚ ʚ ʦʙʣʘʩʪʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, 

ʚʦʩʧʨʠʷʪʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʥʝ ʧʦʣʥʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʯʝʣʦʚʝʯʝʩʢʦʝ 

ʚʦʩʧʨʠʷʪʠʝ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʡ ʠʤʠʪʘʮʠʠ 

ʨʝʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʪʦ, ʷʚʣʷʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʚʦʩʧʨʠʷʪʠʝ 

ʨʘʟʤʝʨʦʚ ʦʙʲʝʢʪʦʚ, ʜʠʩʪʘʥʮʠʠ ʜʦ ʥʠʭ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʧʨʦʯʝʝ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 

ʧʨʠʟʥʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʚʦʩʧʨʠʷʪʠʠ ʨʘʩʩʪʦʷʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ ʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʩʠʤʫʣʷʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʣʴʥʳʤ ʦʧʳʪʦʤ. ʉʫʱʝʩʪʚʫʶʪ 

ʥʝʩʢʦʣʴʢʦ ʛʠʧʦʪʝʟ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʣʦʛʠʯʝʩʢʠ ʦʙʲʷʩʥʠʪʴ ʵʪʦʪ ʬʝʥʦʤʝʥ [75]. 
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ʉʧʦʩʦʙʥʦʩʪʴ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ 

ʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʠʨʘ. ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʥʘʚʳʢʠ ʫʣʫʯʰʘʶʪʩʷ, ʝʩʣʠ ʩʫʙʲʝʢʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʩʩʣʝʜʫʝʪ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ. ʀʤʤʝʨʩʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʜʘʪʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, 

ʢʘʢ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ [29, ʩ. 46]. 

ʂʦʤʧʴʶʪʝʨ, ʩʦʟʜʘʥʥʳʡ ʯʝʣʦʚʝʢʦʤ, ʩʣʫʞʠʪ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʥʝ ʧʨʝʚʨʘʱʘʝʪ 

ʯʝʣʦʚʝʢʘ ʚ ʤʘʰʠʥʫ. ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʴʶʪʝʨʥʦ-

ʩʦʟʜʘʥʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʚʠʟʫʘʣʴʥʳʤʠ ʠ ʘʫʜʠʘʣʴʥʳʤʠ ʩʪʠʤʫʣʘʤʠ. ʕʪʦ ʦʢʨʫʞʝʥʠʝ ʥʝ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʩʪʠ ʠ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʤʠʨʦʚʦʟʟʨʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʢʦʧʣʝʥʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ ʦʧʳʪ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʚʦʩʧʨʠʷʪʠʝ ʨʝʘʣʴʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʘʢ ʢʘʢ ʚʠʨʪʫʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝ 

ʚʩʝʛʜʘ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʳʡ ʤʠʨ. ʇʨʠ ʵʪʦʤ ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ 

ʤʦʞʝʪ ʩʪʘʪʴ ʩʪʦʣʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʠ ʠʥʦʛʜʘ ʧʨʝʜʧʦʯʠʪʘʶʪ ʝʝ 

ʨʝʘʣʴʥʳʤ ʩʦʮʠʘʣʴʥʳʤ ʢʦʥʪʘʢʪʘʤ. ɺʘʞʥʦ ʦʩʦʟʥʘʚʘʪʴ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʵʪʠʤʠ 

ʜʚʫʤʷ ʤʠʨʘʤʠ ʠ ʥʝ ʧʦʟʚʦʣʷʪʴ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʜʦʤʠʥʠʨʦʚʘʪʴ ʥʘʜ 

ʨʝʘʣʴʥʦʡ ʞʠʟʥʴʶ [100, ʩ. 67-69].  

ʊʝʭʥʦʣʦʛʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (VR) ʧʝʨʝʜ ʘʨʭʠʪʝʢʪʦʨʘʤʠ ʠ 

ʜʠʟʘʡʥʝʨʘʤʠ ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ, ʢʘʢ ʠ ʣʶʙʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʠʤʝʝʪ ʩʚʦʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʚʳʟʦʚʳ. ʂ ʧʨʠʤʝʨʫ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʚʳʩʦʢʠʝ ʩʠʩʪʝʤʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʧʨʦʙʣʝʤʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʘʨʭʠʪʝʢʪʫʨʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʯʪʦ ʤʦʞʝʪ ʟʘʪʨʫʜʥʠʪʴ ʠʥʪʝʛʨʘʮʠʶ VR ʚ ʪʝʢʫʱʠʝ 

ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ, 

ʦʩʦʙʝʥʥʦ ʜʣʷ ʤʘʣʳʭ ʬʠʨʤ, ʧʦʩʢʦʣʴʢʫ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ VR ʯʘʩʪʦ 

ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. ʆʛʨʘʥʠʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ VR ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ, ʪʘʢ ʢʘʢ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʦʟʜʘʪʴ 

ʦʱʫʱʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʉʦʮʠʘʣʴʥʳʝ ʠ ʵʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚʢʣʶʯʘʶʪ ʨʠʩʢ ʩʦʮʠʘʣʴʥʦʡ 

ʠʟʦʣʷʮʠʠ ʧʨʠ ʯʨʝʟʤʝʨʥʦʤ ʧʦʛʨʫʞʝʥʠʠ ʚ ʚʠʨʪʫʘʣʴʥʳʝ ʤʠʨʳ ʠ ʧʨʦʙʣʝʤʳ 

ʜʦʩʪʫʧʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ (ʨʠʩʫʥʦʢ ɻ.13, 

ʇʨʠʣʦʞʝʥʠʝ ɻ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, VR ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʨʝʚʦʣʶʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʥʦ ʪʘʢʞʝ ʠʤʝʝʪ ʨʷʜ ʚʳʰʝʦʧʠʩʘʥʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ.  

ɺʳʚʦʜʳ ʧʦ ʯʝʪʚʝʨʪʦʤʫ ʨʘʟʜʝʣʫ  

1. ɺʳʷʚʣʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚʘʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʧʨʦʛʨʘʤʤ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. ʇʨʦʛʨʘʤʤʳ ʪʘʢʠʝ ʢʘʢ Autodesk Revit, Rhino ʠ SketchUp, 

ʧʦʟʚʦʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʥʝʩʪʘʥʜʘʨʪʥʳʤʠ ʬʦʨʤʘʤʠ ʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʜʠʟʘʡʥʝ. 

 2. ʅʘ ʙʘʟʝ ʘʥʘʣʠʟʘ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠʭʦʜʠʪʩʷ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʦʙʦʛʘʱʘʶʪ ʧʨʘʢʪʠʢʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʥʦʚʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʪʝʭʥʠʢʘʤʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤʫ ʠ 
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ʛʝʥʝʨʘʪʠʚʥʦʤʫ ʜʠʟʘʡʥʫ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʙʲʝʢʪʳ. 

 3. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ 

ʦʪʨʘʞʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʧʨʘʢʪʠʢʠ. ʕʪʦʪ 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʧʨʝʜʣʘʛʘʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʟʘʢʘʟʯʠʢʘʤʠ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ. 

 4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʧʨʦʙʣʝʤʘʪʠʢʫ ʚʥʝʜʨʝʥʠʷ BIM-ʪʝʭʥʦʣʦʛʠʠ ʚ ʠʥʜʫʩʪʨʠʠ, ʧʦʜʯʝʨʢʠʚʘʝʪ ʢʘʢ ʝʸ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʪʘʢ ʠ ʚʳʟʦʚʳ. BIM-ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʣʫʯʰʝʥʥʦʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʳʟʦʚʳ ʚ ʚʠʜʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʫʯʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ. 

 5. ʉʦʟʜʘʥʥʘʷ ʤʦʜʝʣʴ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ VR-

ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʨʘʩʢʨʳʚʘʝʪ ʠʭ ʨʦʣʴ ʚ ʫʣʫʯʰʝʥʠʠ 

ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ. VR-ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ 

ʠ ʢʣʠʝʥʪʘʤ ʛʣʫʙʞʝ ʧʦʥʠʤʘʪʴ ʠ ʦʮʝʥʠʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʦʝʢʪʳ, ʧʨʝʜʦʩʪʘʚʣʷʷ 

ʠʤʤʝʨʩʠʚʥʳʡ ʦʧʳʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʠʨʪʫʘʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. 

 6. ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ 

ʚʳʷʚʣʷʝʪ ʢʣʶʯʝʚʳʝ ʪʨʫʜʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (VR). ʕʪʠ ʩʣʦʞʥʦʩʪʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʠ ʨʝʩʫʨʩʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʚ ʦʙʣʘʩʪʠ VR. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʷʚʣʝʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʚʦʩʧʨʠʷʪʠʝʤ 

ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʳ, ʯʪʦ ʤʦʞʝʪ ʟʘʪʨʫʜʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

 7. ʇʨʦʚʝʜʝʥʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

Autodesk Revit ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʨʘʙʦʪʫ ʩʦ 

ʩʪʫʜʝʥʪʘʤʠ ʥʘ ʧʨʠʤʝʨʝ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʍʘʥ-ʐʘʪʳʨ ʠ ʕʂʉʇʆ-2017, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʘʨʭʠʪʝʢʪʫʨʳ. ʕʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʢʘʢ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʫʜʝʥʪʘʤ ʮʝʥʥʳʡ ʦʧʳʪ ʨʘʙʦʪʳ 

ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. 
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 5 ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʆʈʄʆʆɹʈɸɿʆɺɸʅʀʗ 

ʎʀʌʈʆɺʆʁ ɸʈʍʀʊɽʂʊʋʈʓ 

ɺ ʧʷʪʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʢʦʥʪʝʢʩʪʝ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʇʦʜʨʘʟʜʝʣ 5.1 ʧʦʩʚʷʱʝʥ ʚʣʠʷʥʠʶ ʢʦʥʮʝʧʮʠʠ 

ʀʥʜʫʩʪʨʠʠ 4.0 ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʧʨʘʢʪʠʢʫ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʥʘ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʣʷ ʙʫʜʫʱʝʛʦ 

ʜʠʟʘʡʥʘ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʦʜʨʘʟʜʝʣ 5.2 ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʡʨʦʩʝʪʷʭ, 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʠʭ ʢʘʢ ʧʝʨʝʜʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʪʴ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʟʜʘʥʠʡ. ʇʦʜʨʘʟʜʝʣ 

5.3 ʦʩʚʝʱʘʝʪ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʂʘʟʘʭʩʪʘʥʘ, ʘʢʮʝʥʪʠʨʫʷ ʚʥʠʤʘʥʠʝ ʥʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʘʭ ʠ ʤʝʪʦʜʘʭ. 

ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ ʦʙʦʙʱʘʶʪ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ, ʧʦʜʯʝʨʢʠʚʘʷ ʠʭ 

ʚʘʞʥʦʩʪʴ ʜʣʷ ʙʫʜʫʱʝʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

 

5.1 ʀʥʜʫʩʪʨʠʷ 4.0 ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʝʸ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʎʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥʘ ʩ ʨʘʟʚʠʪʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ, ʠ ʀʥʜʫʩʪʨʠʷ 4.0, ʤʦʞʝʪ ʩʪʘʪʴ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʚ ʨʘʟʚʠʪʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʜʨʫʛʦʡ ʫʨʦʚʝʥʴ. ʀʥʜʫʩʪʨʠʷ 4.0, ʠʟʚʝʩʪʥʘʷ ʢʘʢ ʏʝʪʚʝʨʪʘʷ 

ʧʨʦʤʳʰʣʝʥʥʘʷ ʨʝʚʦʣʶʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʛʨʘʮʠʶ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʝ ʦʪʨʘʩʣʠ, ʚʢʣʶʯʘʷ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ɺ 

ʘʨʭʠʪʝʢʪʫʨʝ ʦʥʘ ʧʨʝʜʣʘʛʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ. ʀʥʜʫʩʪʨʠʷ 4.0 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʢʣʶʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʙʦʪʦʚ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʀʥʜʫʩʪʨʠʠ 4.0 ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ (internet of things, IoT), 

ʢʦʥʮʝʧʮʠʝʡ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ (çʚʝʱʘʤʠè), 

ʦʩʥʘʱʸʥʥʳʤʠ ʚʩʪʨʦʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠʣʠ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. ɼʘʥʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʩʝʪʠ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʩʥʘʙʞʝʥʳ ʩʝʥʩʦʨʘʤʠ, 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ ʧʨʦʯʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʩ 

ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʨʥʝʪʘ.  

ʅʘ ʠʥʬʦʛʨʘʬʠʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ ɼ.1, ʘ) [316], 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʦʙʨʘʞʝʥʳ ʯʝʪʳʨʝ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʦʪʨʘʞʘʶʱʠʝ ʵʚʦʣʶʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪ XVIII ʚʝʢʘ ʜʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ.  

ʅʘʯʠʥʘʷ ʩ XVIII  ʚʝʢʘ, ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ 1.0 ʩʠʤʚʦʣʠʟʠʨʫʝʪ ʟʘʨʦʞʜʝʥʠʝ 

ʤʝʭʘʥʠʟʘʮʠʠ, ʛʜʝ ʦʩʥʦʚʥʳʤʠ ʜʚʠʞʫʱʠʤʠ ʩʠʣʘʤʠ ʩʪʘʣʠ ʚʦʜʘ ʠ ʧʘʨ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʝʨʝʭʦʜʫ ʦʪ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʢ ʤʘʰʠʥʥʦʤʫ. ɺ 20 ʚʝʢʝ 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʣʘʥʜʰʘʬʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ 2.0 ʩ 

ʤʘʩʩʦʚʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʵʣʝʢʪʨʠʯʝʩʪʚʝ ʠ ʨʘʟʜʝʣʝʥʠʠ ʪʨʫʜʘ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɿʘʪʝʤ, ʚ 

1970-ʭ ʛʦʜʘʭ, ʥʘʩʪʫʧʘʝʪ ʵʨʘ ʇʨʦʤʳʰʣʝʥʥʦʩʪʠ 3.0, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʥʘʯʘʣʦʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʚʢʣʶʯʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ ʝʱʸ ʙʦʣʴʰʝ ʫʩʢʦʨʠʣʦ ʠ ʫʧʨʦʩʪʠʣʦ 
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ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺ ʥʘʰʠ ʜʥʠ, ʚ ʨʘʤʢʘʭ ʇʨʦʤʳʰʣʝʥʥʦʩʪʠ 4.0, ʤʳ ʥʘʙʣʶʜʘʝʤ 

ʨʝʚʦʣʶʮʠʶ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʠʥʪʝʛʨʠʨʫʶʪ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʥʝʪʘ 

ʚʝʱʝʡ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʠ ʨʘʩʰʠʨʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʯʪʦ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʤʥʳʭ ʠ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʢ ʩʘʤʦʦʧʪʠʤʠʟʘʮʠʠ ʠ ʘʜʘʧʪʘʮʠʠ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʠʩʫʥʢʝ ɼ.1, ʙ) [317], ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʦʙʨʘʞʝʥʠʝ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʨʫʢʠ, ʪʷʥʫʱʝʡʩʷ ʢ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʨʫʢʝ, ʯʪʦ ʥʘʧʦʤʠʥʘʝʪ 

ʟʥʘʤʝʥʠʪʳʡ ʦʙʨʘʟ ʠʟ çʉʦʪʚʦʨʝʥʠʷ ɸʜʘʤʘè ʄʠʢʝʣʘʥʜʞʝʣʦ ʥʘ ʧʦʪʦʣʢʝ 

ʉʠʢʩʪʠʥʩʢʦʡ ʢʘʧʝʣʣʳ. ɺ ʜʘʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʫʢʘ ɸʜʘʤʘ ʟʘʤʝʥʝʥʘ ʥʘ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʫʶ, ʯʪʦ ʩʠʤʚʦʣʠʟʠʨʫʝʪ ʩʪʳʢ ʯʝʣʦʚʝʯʝʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʯʘʩʪʦ ʚʳʟʳʚʘʝʪ ʘʩʩʦʮʠʘʮʠʠ ʩ ʪʝʤʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʙʫʜʫʱʝʛʦ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʠ ʨʦʙʦʪʘ, ʘ ʪʘʢʞʝ 

ʬʠʣʦʩʦʬʩʢʠʝ ʚʦʧʨʦʩʳ ʦ ʪʦʤ, ʯʪʦ ʟʥʘʯʠʪ ʙʳʪʴ ʞʠʚʳʤ ʠʣʠ ʦʙʣʘʜʘʪʴ ʩʦʟʥʘʥʠʝʤ. 

ʊʘʢʞʝ ʵʪʦ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʡ ʚʟʛʣʷʜ ʥʘ ʤʦʪʠʚ ʩʦʟʜʘʥʠʷ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʚʦʟʨʦʞʜʝʥʠʝ ʥʦʚʫʶ ʵʧʦʭʫ, ʚ ʢʦʪʦʨʦʡ ʣʶʜʠ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʩʦʟʜʘʥʠʝʤ, ʥʦ ʠ ʩʦʟʜʘʪʝʣʷʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ, 

ʢʦʪʦʨʳʝ ʦʜʥʘʞʜʳ ʤʦʛʫʪ ʜʦʩʪʠʯʴ ʠʣʠ ʧʨʝʚʟʦʡʪʠ ʯʝʣʦʚʝʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ. 

ɺʳʩʪʘʚʢʘ çʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʘʨʭʠʪʝʢʪʫʨʘè, ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʘʨʭʠʪʝʢʪʦʨʦʤ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʉʪʘʥʠʩʣʘʩʦʤ ʐʘʡʶ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʳʝ 

ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʥʘʯʠʥʘʷ ʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʤʦʜʫʣʴʥʦʩʪʠ, 

ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ (CAD), ʧʘʨʘʤʝʪʨʠʢʝ ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ. ɺʳʩʪʘʚʢʘ ʠʩʩʣʝʜʫʝʪ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʀʀ ʚ ʨʘʟʥʳʭ ʘʩʧʝʢʪʘʭ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʪ ʧʣʘʥʠʨʦʚʦʢ ʜʦ ʩʪʨʫʢʪʫʨ, ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʭ 

ʣʘʙʦʨʘʪʦʨʠʡ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʯʪʦʙʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʣʠʷʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʜʠʩʮʠʧʣʠʥʳ ʚ ʵʪʦʡ ʩʬʝʨʝ [114]. ɺ ʩʬʝʨʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʵʪʦ ʚʣʠʷʥʠʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʯʝʨʝʟ ʪʘʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʘʢ ʩʦʟʜʘʥʠʝ ʫʤʥʳʭ ʟʜʘʥʠʡ ʠ ʘʜʘʧʪʠʚʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʥʘʧʨʘʚʣʷʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʯʝʨʝʟ ʜʠʥʘʤʠʯʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʘʛʝʥʪʳ, ʪʨʝʙʫʝʪ ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ, 

ʧʝʨʝʩʤʦʪʨʘ ʠ ʧʝʨʝʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʚʳʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʪʨʫʢʪʫʨ. ʕʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʥʷʪʠʷ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʠʜʫʱʠʡ ʟʘ ʨʘʤʢʠ ʦʙʦʞʘʝʤʦʛʦ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, 

ʢʦʪʦʨʳʡ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʙʦʣʴʰʝ, ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʥʝʞʝʣʠ 

ʢʫʣʴʪʫʨʥʳʡ ʬʝʥʦʤʝʥ ʘʨʭʠʪʝʢʪʫʨʳ. çCYBERNETICS FEEDBACK NETGRAFTè 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʝʜʣʘʛʘʷ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʧʝʨʝʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʢʫʣʴʪʫʨʳ. ɸʚʪʦʨ ʦʙʨʘʱʘʝʪʩʷ ʢ ʟʘʢʦʥʫ ʈʦʩʩʘ ʕʰʙʠ ʦ 

ʥʝʦʙʭʦʜʠʤʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʠ ʠʜʝʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʜʣʘʛʘʷ ʢʨʠʪʠʢʫ ʙʠʦ-ʮʠʬʨʦʚʦʛʦ ʠ ʯʨʝʟʤʝʨʥʦ ʬʘʥʪʘʩʪʠʯʝʩʢʦʛʦ. 

ʊʝʢʩʪ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ çʘʨʭʠʪʝʢʪʫʨʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠè, ʦʩʥʦʚʘʥʥʦʡ 

ʥʘ ʩʠʩʪʝʤʥʦʤ ʧʦʜʭʦʜʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʝʦʞʠʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʧʦʜʢʨʝʧʣʝʥʥʦʡ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʤʦʛʫʪ 

ʥʘʧʨʘʚʣʷʪʴ ʠ ʦʙʨʘʪʥʦ ʚʣʠʷʪʴ ʥʘ ʧʨʘʢʪʠʢʫ ʠ ʠʩʢʫʩʩʪʚʦ ʘʨʭʠʪʝʢʪʫʨʳ [153, p. 58]. 
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ɺ ʵʧʦʭʫ ʮʠʬʨʦʚʠʟʘʮʠʠ ʨʦʣʴ ʘʨʭʠʪʝʢʪʦʨʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʘʤʝʪʥʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʪʨʘʥʩʬʦʨʤʠʨʫʷ ʧʨʦʬʝʩʩʠʦʥʘʣʘ ʠʟ ʧʨʝʞʥʝʛʦ ʭʫʜʦʞʥʠʢʘ-ʠʥʞʝʥʝʨʘ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʜʠʟʘʡʥʝʨʘ ʤʝʥʝʜʞʝʨʘ, ʦʨʛʘʥʠʟʘʪʦʨʘ ʠʣʠ ʠʥʪʝʛʨʘʪʦʨʘ 

ʤʥʦʞʝʩʪʚʘ ʜʠʩʮʠʧʣʠʥ. ɺ ʢʠʙʝʨʬʠʟʠʯʝʩʢʦʤ ʧʨʦʩʪʘʥʩʪʪʚʝ ʢʘʢ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ 

ʘʨʭʠʪʝʢʪʦʨʳ, ʢʘʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʙʫʜʝʪ, ʩʚʠʜʝʪʝʣʤ ʙʫʜʝʪ ʪʝʭʥʦʣʦʛʠʷ.    

ʋʤʥʳʝ ʟʜʘʥʠʷ ʠʥʪʝʛʨʠʨʫʶʪ ʚ ʩʝʙʷ ʩʝʥʩʦʨʳ ʠ ʫʩʪʨʦʡʩʪʚʘ IoT ʜʣʷ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʦ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ - ʪʝʤʧʝʨʘʪʫʨʘ, ʦʩʚʝʱʝʥʥʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ, 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʜʨ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʦʣʝʝ ʛʠʙʢʠʡ ʠ 

ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʨʘʙʦʪʦʡ ʟʜʘʥʠʷ, ʨʝʘʛʠʨʫʷ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʡ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ. ɸʜʘʧʪʠʚʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʩʧʦʣʴʟʫʝʪ IoT ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʧʦʩʦʙʥʦʩʪʠ ʟʜʘʥʠʷ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʤʬʦʨʪ ʠ ʫʜʦʙʩʪʚʦ. ɺ ʵʪʦʤ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʜʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʦʩʚʝʱʸʥʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ. ɺ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʜʘʪʯʠʢʠ ʩʦʙʠʨʘʶʪ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʙʱʝʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤ 

ʟʜʘʥʠʷ. ɺ ʢʦʥʪʝʢʩʪʝ çʀʥʜʫʩʪʨʠʠ 4.0è, ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʠʟʠʨʫʶʪ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʟʜʘʥʠʷ, ʥʦ ʠ ʚʥʦʩʷʪ ʵʣʝʤʝʥʪʳ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʫʚʝʣʠʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ çʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡè (IoT) ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ 

ʩʠʥʭʨʦʥʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ ʟʜʘʥʠʷʤʠ. ʉʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʟʜʘʥʠʡ ʝʱʸ ʥʘ ʵʪʘʧʝ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʧʝʮʠʘʣʠʩʪʘʤ ʟʘʨʘʥʝʝ ʧʦʥʷʪʴ, ʢʘʢ ʩʜʝʣʘʪʴ ʟʜʘʥʠʝ ʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ, 

ʫʜʦʙʥʳʤ ʜʣʷ ʣʶʜʝʡ ʠ ʙʝʟʦʧʘʩʥʳʤ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʝʭʥʦʣʦʛʠʷ 

ʧʦʩʪʨʦʝʥʘ, ʯʪʦʙʳ ʩʦʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʪʩʣʝʞʠʚʘʪʴ ʚʩʸ - ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʜʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ. ʕʪʠ 

ʜʘʥʥʳʝ ʤʦʛʫʪ ʧʦʤʦʯʴ ʘʨʭʠʪʝʢʪʦʨʘʤ ʩʦʟʜʘʪʴ ʟʜʘʥʠʷ, ʢʦʪʦʨʳʝ ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʜʝʣʘʷ ʠʭ ʥʝ ʪʦʣʴʢʦ ʢʦʤʬʦʨʪʥʳʤʠ, ʥʦ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤʠ. 

ʀʥʜʫʩʪʨʠʷ 4.0 ʧʨʠʚʥʦʩʠʪ ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ - ʘʥʘʣʠʟ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʤʦʛʘʶʪ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʛʨʦʤʥʳʝ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʩʝʥʩʦʨʦʚ ʠ çʫʤʥʳʭè 

ʫʩʪʨʦʡʩʪʚ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʧʦʤʦʯʴ, ʥʘʧʨʠʤʝʨ, ʫʣʫʯʰʠʪʴ ʧʣʘʥʠʨʦʚʢʫ 

ʟʜʘʥʠʷ ʠʣʠ ʩʜʝʣʘʪʴ ʝʛʦ ʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ ʠ ʪ.ʜ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ 

ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʫʪʠʥʥʳʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ 

ʘʥʘʣʠʟʦʤ ʟʜʘʥʠʡ. ʕʪʦ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʠ ʧʦʟʚʦʣʷʝʪ ʩʧʝʮʠʘʣʠʩʪʘʤ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʘʩʧʝʢʪʘʭ ʨʘʙʦʪʳ. ʊʘʢʞʝ, ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʨʫʛʠʝ ʨʘʩʯʝʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʕʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ ʝʱʝ ʜʦ ʥʘʯʘʣʘ ʩʪʨʦʡʢʠ ʠ ʚʥʝʩʪʠ 

ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʨʨʝʢʪʠʚʳ [128, p. 983-991]. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ, ʀʥʜʫʩʪʨʠʷ 4.0 

ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʚʘʞʥʳʡ ʘʩʧʝʢʪ ʠʟʫʯʝʥʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT), ʤʘʰʠʥʥʦʝ 
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ʦʙʫʯʝʥʠʝ, ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʠ ʜʨʫʛʠʝ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ 

ʠʤʝʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, 

ʧʨʝʦʙʨʘʟʫʷ ʩʧʦʩʦʙʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ. 

ʈʦʙʦʪʳ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʷʪʩʷ ʢʣʶʯʝʚʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʜʦʧʦʣʥʷʷ ʠ ʠʥʦʛʜʘ 

ʟʘʤʝʥʷʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʪʨʫʜ ʚ ʨʷʜʝ ʦʧʝʨʘʮʠʡ. ʆʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪ 

ʩʢʦʨʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʵʢʦʥʦʤʠʶ ʨʝʩʫʨʩʦʚ. ʆʥʠ 

ʫʯʘʩʪʚʫʶʪ ʚ ʚʩʸʤ: ʦʪ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʪʠʧʦʚ ʠ ʢʘʩʪʦʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʳʧʦʣʥʷʷ 

ʟʘʜʘʯʠ ʧʦ ʨʝʟʢʝ ʠ ʩʚʘʨʢʝ, ʜʦ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʛʜʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʬʘʩʘʜʦʚ, ʫʢʣʘʜʢʠ ʢʠʨʧʠʯʝʡ ʠ ʜʨʫʛʠʭ ʤʦʥʪʘʞʥʳʭ 

ʨʘʙʦʪ. ɼʘʞʝ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʨʦʙʦʪʳ ʦʩʪʘʶʪʩʷ ʘʢʪʠʚʥʳʤʠ, 

ʫʧʨʘʚʣʷʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʟʜʘʥʠʡ ʠ ʚʳʧʦʣʥʷʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʙʩʣʫʞʠʚʘʶʱʠʝ 

ʬʫʥʢʮʠʠ, ʚʢʣʶʯʘʷ ʫʙʦʨʢʫ, ʤʦʥʠʪʦʨʠʥʛ ʩʠʩʪʝʤ ʠ ʜʘʞʝ ʚʥʫʪʨʝʥʥʶʶ ʣʦʛʠʩʪʠʢʫ, 

ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʫʪʠʥʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʙʦʪʦʚ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʩʪʨʦʡʢʝ ʠ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʟʜʘʥʠʷʤʠ ʜʝʣʘʝʪ ʨʘʙʦʪʫ ʙʳʩʪʨʝʝ ʠ ʪʦʯʥʝʝ. ʉʪʨʦʠʪʴ, ʢʣʘʩʪʴ ʢʠʨʧʠʯʠ, 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʬʘʩʘʜʳ, ʩʦʙʠʨʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʟʥʳʝ ʯʘʩʪʠ 

ʟʜʘʥʠʷ ʠ ʟʘʥʠʤʘʪʴʩʷ ʝʛʦ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʫʩʢʦʨʷʝʪ 

ʨʘʙʦʪʫ, ʥʦ ʠ ʩʦʢʨʘʱʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʨʘʙʦʯʫʶ ʩʠʣʫ, ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʥʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʬʦʨʤʘʤʠ. ʊʘʢʞʝ ʤʦʛʫʪ 

ʧʨʦʩʣʫʞʠʪʴ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʵʢʩʧʣʫʘʪʠʨʦʚʘʥʠʠ ʟʜʘʥʠʷ. ʕʪʦ ʜʝʣʘʝʪ ʟʜʘʥʠʝ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʫʤʝʥʴʰʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʫʯʥʦʡ ʨʘʙʦʪʝ. ɺ ʵʪʦʤ IoT 

ʪʝʩʥʦ ʩʚʷʟʘʥ ʥʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʦʤ, ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʝʪ ʟʜʘʥʠʝ.   

ʀʥʜʫʩʪʨʠʷ 4.0 ʚʟʘʠʤʦʩʚʷʟʘʥʘ ʩ ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʥʝ ʪʦʣʴʢʦ. ʅʘʛʨʫʟʢʠ ʢʘʢ ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʟʘʱʠʪʘ ʚ ʠʥʪʝʨʥʝʪʝ, ʠʥʪʝʨʥʝʪ-

ʩʦʝʜʠʥʝʥʠʝ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚ, 3D-ʧʝʯʘʪʴ ʠ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʦʙʦʪʦʚ. ɺʩʸ ʵʪʦ ʤʦʞʝʪ ʧʦʤʦʯʴ ʜʝʣʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʜʘʥʠʡ ʙʦʣʝʝ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ. ʊʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʣʫʯʰʝ ʟʘʱʠʱʘʪʴ ʜʘʥʥʳʝ ʠ 

ʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʝʟʦʧʘʩʥʝʝ. ʆʜʥʘʢʦ, ʨʦʩʪ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʶʱʠʤʠ ʨʠʩʢʘʤʠ ʚ ʦʙʣʘʩʪʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʢʘʢ 

ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʫʷʟʚʠʤʳʤʠ ʜʣʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, 

ʭʠʱʝʥʠʷ ʜʘʥʥʳʭ ʠ ʜʨʫʛʠʭ ʬʦʨʤ ʢʠʙʝʨʧʨʝʩʪʫʧʣʝʥʠʡ. ʕʪʠ ʫʛʨʦʟʳ ʦʩʦʙʝʥʥʦ 

ʢʨʠʪʠʯʥʳ ʜʣʷ ʩʠʩʪʝʤ, ʫʧʨʘʚʣʷʶʱʠʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʟʜʘʥʠʡ, ʦʪ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʜʦ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠ ʪʨʝʙʫʶʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʷ 

ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ ʟʘʱʠʪʳ, ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ ʠ ʩʦʟʜʘʥʠʷ 

ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʛʦ ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʠʩʫʥʢʝ ɼ.2, [318], ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʢʣʶʯʝʚʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʮʝʧʮʠʝʡ ʇʨʦʤʳʰʣʝʥʥʦʩʪʠ 4.0, 

ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ ʠʥʪʝʛʨʘʮʠʠ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʦʩʥʦʚʝ 

ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʣʝʞʠʪ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʟʘʱʠʪʫ 
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ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʦʪ ʮʠʬʨʦʚʳʭ ʫʛʨʦʟ, 

ʠ ʘʥʘʣʠʪʠʢʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʦʛʨʦʤʥʳʭ ʤʘʩʩʠʚʦʚ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʝʥʩʦʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʩʘʤʦʤ ʩʝʨʜʮʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʙʦʨ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 3D-ʧʝʯʘʪʴ ʠ 

ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʚʦʣʶʮʠʦʥʠʟʠʨʫʶʪ ʩʦʟʜʘʥʠʝ ʧʨʦʜʫʢʪʦʚ, ʧʦʟʚʦʣʷʷ 

ʙʳʩʪʨʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʩʣʦʞʥʳʝ ʜʝʪʘʣʠ ʠ ʠʟʜʝʣʠʷ. 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʣʘʛʘʶʪ ʫʣʫʯʰʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʪʝʤ ʩʘʤʳʤ ʨʘʩʰʠʨʷʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʜʫʢʮʠʠ. 

ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʠ ʘʚʪʦʥʦʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʛʨʘʶʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʚʝʪʨʘ, ʩʦʣʥʝʯʥʘʷ ʠ ʛʝʦʪʝʨʤʘʣʴʥʘʷ 

ʵʥʝʨʛʝʪʠʢʘ, ʦʪʨʘʞʘʶʪ ʩʪʨʝʤʣʝʥʠʝ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʝʩʫʨʩʦʚ. ɺ ʢʦʥʪʝʢʩʪʝ ʣʦʛʠʩʪʠʢʠ 4.0 ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʧʦʣʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʠ 

ʢʦʦʨʜʠʥʘʮʠʷ ʮʝʧʦʯʝʢ ʧʦʩʪʘʚʦʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʮʝʧʮʠʷ ʤʘʩʩʦʚʦʡ 

ʢʘʩʪʦʤʠʟʘʮʠʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʥʘʩʪʨʘʠʚʘʝʤʦʝ ʧʦʜ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʢʘʞʜʦʛʦ ʢʣʠʝʥʪʘ, ʯʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʛʠʙʢʦʩʪʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. ʕʪʘ ʜʠʘʛʨʘʤʤʘ ʧʦʜʳʪʦʞʠʚʘʝʪ ʩʠʥʝʨʛʠʶ 

ʤʝʞʜʫ ʧʨʦʜʚʠʥʫʪʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʢʦʤʧʣʝʢʩʥʳʡ ʦʙʟʦʨ ʵʣʝʤʝʥʪʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ɺ ʵʧʦʭʫ ʀʥʜʫʩʪʨʠʠ 4.0, IFC ʢʘʢ ʦʩʥʦʚʥʦʡ ʩʝʪʝʚʦʡ ʬʦʨʤʘʪ ʚ BIM ʤʦʞʝʪ 

ʩʳʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ, ʫʧʨʦʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʷ ʨʘʙʦʪʫ ʘʨʭʠʪʝʢʪʦʨʦʚ ʠ ʩʪʨʦʠʪʝʣʝʡ. ʉʧʦʩʦʙʥʦʩʪʴ ʢ 

ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʟʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʠ ʫʩʪʨʦʡʩʪʚʘʤ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʚʤʝʩʪʝ, ʤʠʥʠʤʠʟʠʨʫʝʪ ʩʙʦʠ ʠ 

ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ, ʜʝʣʘʷ ʧʨʦʮʝʩʩ ʙʦʣʝʝ ʙʝʩʰʦʚʥʳʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʦʩʪʴ ʚ ʨʘʙʦʪʝ ʠ ʫʣʫʯʰʘʝʪ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ɹʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʨʦʮʝʩʩʳ 

ʤʦʛʫʪ ʙʳʪʴ ʦʪʩʣʝʞʝʥʳ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʥʳ ʥʝʧʨʝʨʳʚʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʚʥʦʩʠʪʴ ʢʦʨʨʝʢʪʠʚʳ ʚ ʧʨʦʝʢʪʥʳʝ ʥʘʩʪʨʦʡʢʠ. 

ʕʪʦ ʦʩʦʙʝʥʥʦ ʮʝʥʥʦ ʚ ʜʠʥʘʤʠʯʥʦʡ ʠ ʠʟʤʝʥʯʠʚʦʡ ʩʨʝʜʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʆʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʘʚʣʷʶʪ ʝʱʝ ʦʜʠʥ ʫʨʦʚʝʥʴ ʫʜʦʙʩʪʚʘ, ʦʙʣʝʛʯʘʷ 

ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʠ ʧʨʝʜʦʩʪʘʚʣʷʷ ʜʦʩʪʫʧ ʢ ʧʨʦʝʢʪʥʳʤ ʜʘʥʥʳʤ ʚ ʣʶʙʦʝ ʚʨʝʤʷ 

ʠ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʤʠʨʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʤʘʥʜʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʨʘʟʣʠʯʥʳʭ 

ʤʝʩʪʘʭ, ʨʘʙʦʪʘʪʴ ʚʤʝʩʪʝ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ. 

ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʤʝʪʦʜʦʚ ʚ ʨʘʤʢʘʭ IFC ʠ BIM ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʥʠʬʠʢʘʮʠʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʜʫʨ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʠ 

ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ. ɺ ʵʪʦʤ, IFC ʚ BIM ʷʚʣʷʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ, ʬʦʨʤʘʪʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʪʢʨʳʚʘʶʪ ʧʫʪʴ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʥʦ ʩʪʦʠʪ 
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ʧʦʜʯʝʨʢʥʫʪʴ, ʪʘʤ, ʛʜʝ ʥʦʚʘʷ ʠʟʦʙʨʝʪʝʥʠʷ ʝʩʪʴ ʠ ʥʦʚʳʝ ʚʳʟʦʚʳ (ʨʠʩʫʥʦʢ ɼ.3, 

ʇʨʠʣʦʞʝʥʠʝ ɼ) 

 

5.2 ʅʝʡʨʦʩʝʪʠ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ  

ʎʠʬʨʦʚʠʟʘʮʠʷ ʥʘʯʘʣʘʩʴ ʚ ʵʧʦʭʫ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ ʠ ʧʦʩʪʝʧʝʥʥʦ 

ʧʝʨʝʨʘʩʪʘʝʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, 

ʦʜʥʘʢʦ ʝʛʦ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʢʘ ʥʝ ʨʝʘʣʠʟʦʚʘʥʦ. ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʦʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʥʳ ʧʨʦʠʟʚʝʩʪʠ ʨʝʚʦʣʶʮʠʶ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʫʯʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʨʝʜʳʜʫʱʠʭ ʧʨʦʝʢʪʦʚ ʠ ʧʨʝʜʣʘʛʘʶʪ 

ʨʝʰʝʥʠʷ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʩʪʦʠʤʦʩʪʠ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʥʝ ʪʦʣʴʢʦ ʦʙʣʝʛʯʘʶʪ ʩʦʟʜʘʥʠʝ 

ʥʦʚʳʭ ʬʦʨʤ ʟʜʘʥʠʡ, ʥʦ ʠ ʫʣʫʯʰʘʶʪ ʧʨʦʮʝʩʩ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʘʨʭʠʪʝʢʪʦʨʘʤ ʤʦʱʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʆʙʫʯʝʥʥʳʝ ʘʥʘʣʠʟʫ ʜʚʠʞʝʥʠʷ ʣʶʜʝʡ ʠ ʪʨʘʥʩʧʦʨʪʘ, ʦʥʠ ʤʦʛʫʪ 

ʧʦʤʦʯʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʨʝʩʫʨʩʦʚ ʚ ʛʦʨʦʜʩʢʦʡ 

ʩʨʝʜʝ. ʕʪʦ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʠʪʴ ʧʦʜʭʦʜ ʢ ʘʨʭʠʪʝʢʪʫʨʥʦʤʫ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦʤʫ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʜʠʟʘʡʥʫ.

 ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʥʝʡʨʦʩʝʪʠ ʦʪʢʨʳʚʘʶʪ ʦʙʰʠʨʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʥʘʯʠʥʘʷ ʦʪ ʜʝʤʦʢʨʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʜʝʣʘʝʪ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʦʩʪʫʧʥʳʤʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʨʫʧʥʳʭ 

ʢʦʨʧʦʨʘʮʠʡ, ʥʦ ʠ ʜʣʷ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʕʪʘ ʪʝʥʜʝʥʮʠʷ ʩʪʠʤʫʣʠʨʫʝʪ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʜʝʣʘʷ ʘʨʭʠʪʝʢʪʫʨʫ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦʡ. 

ʀʥʪʝʛʨʘʮʠʷ ʥʝʡʨʦʩʝʪʝʡ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ çʫʤʥʳʭè ʟʜʘʥʠʡ ʠ ʛʦʨʦʜʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʢʦʪʦʨʳʝ 

ʘʜʘʧʪʠʨʫʶʪʩʷ ʢ ʧʦʪʨʝʙʥʦʩʪʷʤ ʯʝʣʦʚʝʢʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʪʘʢʞʝ ʧʦʜʥʠʤʘʝʪ ʨʷʜ ʵʪʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ 

ʚʦʧʨʦʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʦʩʪʫʧʥʦʩʪʠ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʚʩʝʭ ʩʣʦʸʚ 

ʥʘʩʝʣʝʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʝʢʪʦʚ ʜʝʣʘʶʪ ʥʝʡʨʦʩʝʪʠ ʚʝʩʴʤʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʦʥʠ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʨʝʰʝʥʠʡ ʠ ʪʨʝʙʫʶʪ ʧʝʨʝʩʤʦʪʨʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʯʪʦʙʳ ʧʦʜʛʦʪʦʚʠʪʴ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʟʜʘʥʠʝʤ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʕʪʠ 

ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʦʪʦʧʣʝʥʠʝ, ʚʝʥʪʠʣʷʮʠʷ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʟʜʫʭʘ 

(HVAC), ʦʩʚʝʱʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʰʫʤʘ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʢʦʤʬʦʨʪ ʣʶʜʝʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʤʦʞʥʦ ʦʙʫʯʠʪʴ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʘʭ, ʪʘʢʠʭ ʢʘʢ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ, ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʦʩʚʝʱʝʥʠʝ ʠ ʧʦʛʦʜʘ. 

ʉʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ, ʤʦʛʫʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ 

ʟʜʘʥʠʝʤ ʢ ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺʳ ʤʦʞʝʪʝ 
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ʫʯʠʪʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʫʨʦʚʝʥʴ ʰʫʤʘ 

ʠ ʩʚʝʪʘ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʩʪʨʦʡʢʫ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʚʦʟʜʫʭʘ ʜʣʷ ʢʘʞʜʦʡ ʢʦʤʥʘʪʳ, ʥʘʩʪʨʦʡʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʠ ʮʚʝʪʦʚʦʡ 

ʛʘʤʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʧʦʛʦʜʳ, ʘ ʪʘʢʞʝ 

ʤʦʥʠʪʦʨʠʥʛ ʫʨʦʚʥʷ ʰʫʤʘ ʩ ʧʦʤʦʱʴʶ ʟʚʫʢʦʚʳʭ ʩʠʩʪʝʤ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʪʘʢʞʝ ʚʢʣʶʯʘʶʪ ʠʥʪʝʛʨʘʮʠʶ ʩ 

ʫʩʪʨʦʡʩʪʚʘʤʠ çʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡè ʠ ʨʘʟʣʠʯʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʜʣʷ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʟʜʘʥʠʝʤ [117, p.81].  

 ɺ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ, ʚʩʣʝʜ ʟʘ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ (ʕɺʄ), ʨʷʜ ʫʯʝʥʳʭ ʩʬʦʢʫʩʠʨʦʚʘʣ ʩʚʦʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʚʦʧʨʦʩʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʚʝʜʝʥʠʷ ʬʫʥʢʮʠʡ ʠ ʧʨʠʥʮʠʧʦʚ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʢ ʩʠʤʚʦʣʴʥʳʤ ʦʧʝʨʘʮʠʷʤ. ʂʦʥʮʝʧʮʠʷ ʀʀ ʙʝʨʝʪ ʩʚʦʝ 

ʥʘʯʘʣʦ ʚ 1956 ʛ., ʢʦʛʜʘ ʘʤʝʨʠʢʘʥʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ɼʞʦʥ ʄʘʢʢʘʨʪʠ ʚʧʝʨʚʳʝ 

ʧʨʠʤʝʥʷʝʪ ʟʥʘʥʠʷ ʦ ʩʪʨʫʢʪʫʨʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʤʦʟʛʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʥʘʣʦʛʠʯʥʦʡ 

ʤʦʜʝʣʠ ʥʘ ʙʘʟʝ ʤʘʰʠʥʥʦʡ ʣʦʛʠʢʠ. ɺ ʥʘʯʘʣʝ XXI  ʚʝʢʘ ʨʝʰʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ ʦʙʣʘʩʪʠ ʀʀ, ʥʘʯʘʣʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʥʘʫʯʥʳʭ ʩʬʝʨʘʭ. ɿʘʪʝʤ, ʚʤʝʩʪʝ ʩ ʫʩʢʦʨʝʥʠʝʤ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʕɺʄ 

ʥʘʯʘʣʠ ʫʣʫʯʰʘʪʴʩʷ ʠ ʘʣʛʦʨʠʪʤʳ ʀʀ. ʉʤʝʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʮʝʜʫʨʥʳʭ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʣʦʛʠʯʝʩʢʠʝ ʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʦʪʢʨʳʣʘ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʩʦʟʜʘʥʠʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʀʀ, ʦʜʥʘʢʦ ʧʦʚʣʝʢʣʘ ʟʘ ʩʦʙʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʳʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʕɺʄ [32].  

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʧʦʟʚʦʣʷʝʪ ʩʧʝʮʠʘʣʠʩʪʘʤ ʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ ʪʚʦʨʯʝʩʢʠʭ ʟʘʜʘʯʘʭ [123, p. 276]. 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʪ ʤʝʪʦʜʦʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʭʦʜʝ ʦʪ ʧʨʠʚʳʯʥʦʡ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʜʣʷ 

ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʘ ʧʝʨʝʤʝʥʥʳʭ, ʧʨʘʚʠʣ ʠ ʦʛʨʘʥʠʯʝʥʠʡ. ɺʤʝʩʪʦ ʵʪʦʛʦ, ʧʦ 

ʟʘʚʝʨʰʝʥʠʠ ʵʪʘʧʘ ʦʙʫʯʝʥʠʷ ʛʝʥʝʨʠʨʫʶʪʩʷ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʦʩʪʦ ʦʪʚʝʯʘʶʪ 

ʥʘʙʦʨʫ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʩʦʟʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ, ʠʤʠʪʠʨʫʶʱʠʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʜʘʥʥʳʭ. ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ, ʩ ʧʨʠʭʦʜʦʤ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʢʦʤʧʴʶʪʝʨ ʦʙʨʝʪʘʝʪ ʯʘʩʪʠʯʥʫʶ 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘ ʩʯʝʪ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ 

ʧʦʥʠʤʘʥʠʶ ʧʨʦʙʣʝʤʳ ʙʣʘʛʦʜʘʨʷ ʘʥʘʣʠʟʫ ʦʛʨʦʤʥʦʛʦ ʥʘʙʦʨʘ ʦʙʫʯʘʶʱʠʭ 

ʧʨʠʤʝʨʦʚ. ɸ ʧʦʩʢʦʣʴʢʫ ʥʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʥʝ ʚʩʝ ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ, ʢʦʤʧʴʶʪʝʨ ʤʦʞʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʜʣʷ ʩʝʙʷ ʥʝʢʦʪʦʨʳʝ ʙʘʟʦʚʳʝ ʷʚʣʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʨʦʝʢʪʦʚ ʠ 

ʧʦʧʳʪʘʪʴʩʷ ʠʤʠʪʠʨʦʚʘʪʴ ʠʭ. ʊʘʢʠ ʦʙʨʘʟʦʤ, ʀʀ ʚʳʟʚʘʣ ʩʢʘʯʦʢ ʠʟ ʤʠʨʘ ʵʚʨʠʩʪʠʢʠ, 

ʚ ʢʦʪʦʨʦʤ ʨʝʰʝʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʘʚʠʣ, ʚ ʤʠʨ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʟʚʘʥ ʧʨʝʦʜʦʣʝʪʴ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʥʘʩʪʫʧʣʝʥʠʶ ʥʦʚʦʡ ʵʨʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʜʠʟʘʡʥʘ. 

ʇʨʦʬʝʩʩʠʷ ʘʨʭʠʪʝʢʪʦʨʘ ʫʞʝ ʜʘʚʥʦ ʧʨʝʪʝʨʧʝʚʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ: ʩʥʘʯʘʣʘ ʧʦʩʪʝʧʝʥʥʦ ʚʥʝʜʨʷʣʠʩʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʟʘʪʝʤ 
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ʩʪʘʣʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʥʦʚʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ, ʥʘʢʦʥʝʮ, ʧʨʦʠʟʦʰʣʦ 

ʚʥʝʜʨʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ 

ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʠ ʩʠʩʪʝʤʘʤʠ ʀʀ.  ʍʦʪʷ ʤʝʪʦʜʳ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʠ ʥʝ ʧʨʠʚʥʦʩʷʪ ʚ ʧʨʦʮʝʩʩʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʫʶ ʧʘʨʘʜʠʛʤʫ, ʚʩʝ ʞʝ, ʦʥʠ ʚʦʧʣʦʱʘʶʪ ʩʦʙʦʡ ʩʣʝʜʫʶʱʫʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʚʦʣʥʫ, ʜʦʧʦʣʥʷʷ ʧʨʠʚʳʯʥʫʶ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʧʨʘʢʪʠʢʫ [138].  

ʉʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʙʘʟʝ ʀʀ, ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʤʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʠʥʬʦʨʤʘʪʠʢʠ. ʈʘʟʚʠʪʠʝ 

ʪʝʦʨʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʘ ʪʘʢʞʝ ʠʭ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʟʚʦʣʠʣʦ ʫʯʝʥʳʤ ʚ ʩʬʝʨʝ ʜʠʟʘʡʥʘ ʨʘʟʨʘʙʦʪʘʪʴ ʙʦʛʘʪʳʡ ʥʘʙʦʨ ʨʘʙʦʯʠʭ 

ʢʦʥʮʝʧʮʠʡ. ɸʚʪʦʨ ʨʘʙʦʪʳ [123, p. 278] ɼʞʦʥ ɼʞʝʨʦ ʦʪʤʝʯʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʝ ʨʦʣʠ 

ʀʀ ʚ ʩʬʝʨʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʜʠʟʘʡʥʘ: 

1) ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʙʘʟʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʜʝʡ ʜʠʟʘʡʥʘ; 

2) ʦʧʨʝʜʝʣʝʥʠʝ ʩʭʝʤʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʡʩʪʚʠʡ ʯʝʣʦʚʝʢʘ ʚʦ ʚʨʝʤʷ  

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; 

3) ʨʘʟʚʠʪʠʝ ʠ ʫʣʫʯʰʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ  

(ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ). 

ʀʀ ʩʝʛʦʜʥʷ ʩʠʣʴʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʤʥʦʛʠʝ ʩʬʝʨʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ ʠ ʟʘʢʦʥʦʤʝʨʥʳʤ ʚʠʜʠʪʩʷ ʚʥʝʜʨʝʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʮʝʩʩʳ 

ʛʨʘʜʦʩʪʨʦʝʥʠʷ. ʊʝʭʥʦʣʦʛʠʠ ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʤʦʛʫʪ ʚʥʦʩʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʢʨʫʞʘʶʱʝʛʦ ʯʝʣʦʚʝʢʘ, ʩʦʟʜʘʚʘʷ 

ʠ ʧʨʝʦʙʨʘʟʫʷ ʬʘʩʘʜʳ, ʧʣʘʥʳ, ʩʪʨʫʢʪʫʨʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʛʦʨʦʜʘ., ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ 

ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʝʥ ʨʝʰʠʪʴ ʜʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʛʦʨʦʜ ʢʘʢ 

ʝʜʠʥʳʡ ʧʨʦʝʢʪ, ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʧʦʜʩʠʩʪʝʤ, ʤʳ ʦʩʦʟʥʘʝʤ ʝʛʦ ʢʘʢ 

ʥʝʢʠʡ ʧʨʦʝʢʪʠʨʫʝʤʳʡ ʧʨʦʜʫʢʪ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʵʪʘʧʦʚ: ʜʠʟʘʡʥ, ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʘ ʥʘ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʠ ʧʦʩʣʝʜʫʶʱʘʷ 

ʧʦʜʜʝʨʞʢʘ. ɺ ʧʦʧʳʪʢʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʛʦʨʦʜʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʦʮʝʥʢʠ 

ʦʛʨʦʤʥʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʪʠʧʘ. ʅʘ ʜʘʥʥʦʝ ʵʪʘʧʝ ʤʦʞʝʪ ʧʦʤʦʯʴ 

ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ. ɼʘʣʝʝ, ʵʪʦʪ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʧʦ ʩʫʪʠ, ʩʦʙʨʘʥʥʘʷ ʠ 

ʧʨʦʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʦʙʱʝʩʪʚʝʥʥʳʭ, ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʭ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʦʝʢʪʳ 

ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʰʘʙʣʦʥʥʳʝ ʠ ʥʝʩʪʘʥʜʘʨʪʥʳʝ, ʧʦʩʣʝʜʥʠʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʢʨʝʘʪʠʚʥʳʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʜʝʣʝʥʠʷ 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʢʘʢʦʚʳ ʚʦʟʤʦʞʥʦʩʪʠ ʀʀ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʩʧʦʩʦʙʥʘ ʣʠ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʥʘ ʩʦʟʜʘʥʠʝ ʥʝʰʘʙʣʦʥʥʳʭ ʩʪʨʫʢʪʫʨ? ʋʞʝ ʩʪʘʥʦʚʠʪʩʷ 

ʧʦʥʷʪʥʳʤ, ʯʪʦ ʩ ʟʘʜʘʯʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʢʦʧʠʨʦʚʘʥʠʝʤ ʠ ʘʜʘʧʪʘʮʠʝʡ ʧʨʦʝʢʪʦʚ, 

ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʀʀ ʩʧʨʘʚʣʷʝʪʩʷ ʦʪʣʠʯʥʦ. ʈʝʰʘʷ ʨʫʪʠʥʥʳʝ 

ʟʘʜʘʯʠ, ʀʀ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʤʦʥʦʪʦʥʥʳʝ ʜʝʡʩʪʚʠʷ, ʥʘʭʦʜʠʪʴ 

ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ, ʩʧʨʘʚʣʷʷʩʴ ʩ ʵʪʠʤ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ ʠ 

ʟʘʯʘʩʪʫʶ ʢʘʯʝʩʪʚʝʥʥʝʝ ʯʝʣʦʚʝʢʘ. ʋʯʘʩʪʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʦʜʥʦʪʠʧʥʳʭ ʧʨʦʝʢʪʦʚ ʢʨʘʡʥʝ ʧʦʣʝʟʥʦ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʪʠʧʦʚʳʝ 

ʧʨʦʝʢʪʳ ʦʪʥʶʜʴ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʳʤ ʚ ʠʩʧʦʣʥʝʥʠʠ. ɿʘʯʘʩʪʫʶ, 
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ʤʦʥʦʪʦʥʥʳʝ ʟʘʜʘʯʠ ʙʳʚʘʶʪ ʢʨʘʡʥʝ ʦʙʲʝʤʥʳʤʠ ʠ ʫʪʦʤʣʷʶʱʠʤʠ ʜʣʷ ʯʝʣʦʚʝʢʘ, 

ʧʦʵʪʦʤʫ, ʦʯʝʥʴ ʚʘʞʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʪʘʢʠʭ ʟʘʜʘʯ. ɼʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʩʧʦʩʦʙʥʘ ʦʩʚʦʙʦʜʠʪʴ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʦʪ ʨʷʜʘ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ, 

ʧʦʟʚʦʣʷʷ ʝʤʫ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʪʚʦʨʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʀʀ ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ 

ʬʘʢʪʦʨʦʤ ʧʫʪʝʤ ʯʘʩʪʠʯʥʦʛʦ ʠʣʠ ʧʦʣʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʯʝʣʦʚʝʢʘ ʠʟ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʚʦʟʤʦʞʝʥ ʧʨʠ ʫʩʣʦʚʠʠ, ʢʦʛʜʘ 

ʠʟʚʝʩʪʥʳ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʜʘʥʥʳʝ: ʧʝʨʝʤʝʥʥʳʝ ʚʝʣʠʯʠʥʳ, 

ʫʨʘʚʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʦʟʜʘʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ 

ʤʝʪʦʜʳ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʚʝʣʠʯʠʥ.  ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʢʦʥʪʝʢʩʪʝ ʧʨʠʤʝʯʘʪʝʣʴʥʘ ʨʘʙʦʪʘ ʄ. ʈʦʭʤʘʥʠʡʢʦ ʚ ʨʘʤʢʘʭ çʆʪʢʨʳʪʦʛʦ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʥʢʫʨʩʘ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʞʠʣʴʷè, ʚ ʢʦʪʦʨʦʡ ʠʤ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʛʝʥʝʨʠʨʫʶʱʘʷ ʚʘʨʠʘʥʪʳ ʪʠʧʦʚʳʭ 

ʟʜʘʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʧʝʮʠʬʠʢʦʡ ʢʦʥʢʨʝʪʥʦʛʦ ʫʯʘʩʪʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʫʯʠʪʳʚʘʷ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʩʦʟʜʘʚʘʣʩʷ ʚʠʜ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʟʜʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʧʪʠʤʠʟʠʨʦʚʘʣʘʩʴ ʢʦʥʬʠʛʫʨʘʮʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʩʝ ʵʪʦ 

ʦʙʝʩʧʝʯʠʚʘʣʦ ʨʘʟʫʤʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʳʩʦʢʫʶ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʘ.  

ʄ.ʉ. ʉʘʣʝʭ ʚ ʩʚʦʝʡ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʩʣʝʜʦʚʘʣʘ ʪʦ, ʢʘʢ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʟʜʘʥʠʶ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʛʝʥʝʨʘʪʠʚʥʦʤʫ ʜʠʟʘʡʥʫ, ʛʜʝ ʬʦʨʤʳ ʟʜʘʥʠʡ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʩ ʫʯʸʪʦʤ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʘʚʠʣ ʠ ʦʛʨʘʥʠʯʝʥʠʡ. ʈʘʙʦʪʘ ʪʘʢʞʝ 

ʟʘʪʨʘʛʠʚʘʝʪ ʪʝʤʫ ʩʦʟʜʘʥʠʷ ʛʠʙʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʢ ʠʟʤʝʥʝʥʠʶ ʠ 

ʘʜʘʧʪʘʮʠʠ ʩʦ ʚʨʝʤʝʥʝʤ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʯʠʪʳʚʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʬʘʢʪʦʨʳ, ʚʢʣʶʯʘʷ ʩʦʮʠʘʣʴʥʳʝ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʝ, ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ 

ʠʩʪʦʨʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ɻʝʥʝʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʠ ʧʨʘʚʠʣʘʭ, ʨʝʘʣʠʟʫʶʪʩʷ ʯʝʨʝʟ ʢʦʤʧʴʶʪʝʨʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʟʜʘʥʠʷ ʩ ʥʫʣʷ. ɸʚʪʦʨ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʜʚʫʭ ʦʩʥʦʚʥʳʭ 

ʧʦʜʭʦʜʘʭ: ʩʦʟʜʘʥʠʝ ʬʦʨʤ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʦʧʨʝʜʝʣʸʥʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʥʘʧʨʠʤʝʨ, ʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʘʢʫʩʪʠʢʝ. ʆʧʠʩʘʥʘ 

ʨʦʣʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʳʡ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʦʤʦʛʘʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʬʦʨʤʳ ʠ ʷʟʳʢʠ ʜʠʟʘʡʥʘ, ʦʪʣʠʯʥʳʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʵʩʢʠʟʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʫʥʠʢʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʥʦ-ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ 

ʬʦʨʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʢʨʝʘʪʠʚʥʦʡ ʯʘʩʪʠ 

ʧʨʦʮʝʩʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚʩʸ ʨʘʚʥʦ ʦʩʪʘʶʪʩʷ ʟʘ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʥʝʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʱʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ, ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʧʨʦʜʦʣʞʘʝʪ ʠʛʨʘʪʴ ʘʨʭʠʪʝʢʪʦʨ, ʥʘʧʨʘʚʣʷʶʱʠʡ ʵʪʦʪ ʧʨʦʮʝʩʩ ʠ 

ʧʨʠʤʝʥʷʶʱʠʡ ʩʚʦʡ ʦʧʳʪ, ʠ ʢʨʝʘʪʠʚʥʦʩʪʴ [159, c. 9-18]. 

ʀʀ ʪʦʣʴʢʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʩʪʘʣ ʧʨʠʤʝʥʷʪʴ ʛʝʥʝʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ, 

ʢʦʛʜʘ ʦʥ ʥʝ ʧʨʦʩʪʦ ʘʥʘʣʠʟʠʨʫʝʪ ʠʤʝʶʱʠʝʩʷ ʬʦʨʤʳ, ʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʟʜʘʝʪ 

ʠʭ. ɻʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʳʝ ʩʝʪʠ (ɻʉʉ) ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʩʪʘʚʣʷʶʪ 
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ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʷʚʣʝʥʠʷ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʩʨʝʜʠ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʠʤ 

ʜʘʥʥʳʭ (ʨʠʩʫʥʦʢ ɼ.4, ʇʨʠʣʦʞʝʥʠʷ ɼ). ʉʠʩʪʝʤʘ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʛʝʥʝʨʘʪʦʨ ʠ 

ʜʠʩʢʨʠʤʠʥʘʪʦʨ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʘʥʘʣʦʛʠʯʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʧʨʠʤʝʥʷʝʤʦʤʫ ʚ 

ʤʦʜʝʣʠ ʦʙʩʫʞʜʝʥʠʷ ʩ ʫʯʠʪʝʣʝʤ. ʊʘʢ, ʛʝʥʝʨʘʪʦʨ ʩʦʟʜʘʝʪ ʚʠʟʫʘʣʴʥʳʝ ʦʙʨʘʟʳ, ʘ 

ʜʠʩʢʨʠʤʠʥʘʪʦʨ ʚ ʢʘʞʜʫʶ ʠʪʝʨʘʮʠʶ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʠʚʘʝʪ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʧʨʝʜʤʝʪ ʩʭʦʜʩʪʚʘ ʩ ʦʙʫʯʘʶʱʠʤ ʥʘʙʦʨʦʤ. ɸʜʘʧʪʠʚʥʦʩʪʴ ʪʘʢʦʡ 

ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ ʢ 

ʛʝʥʝʨʘʪʦʨʫ, ɻʉʉ ʤʦʜʝʣʴ ʦʙʫʯʘʝʪʩʷ ʥʘʭʦʜʠʪʴ ʷʚʣʝʥʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʧʨʠʩʫʱʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤ ʝʡ ʦʙʨʘʟʘʤ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʥʝʜʘʚʥʠʡ ʧʨʦʝʢʪ 

ʚʳʧʫʩʢʥʠʢʘ ɻʘʨʚʘʨʜʩʢʦʡ ʚʳʩʰʝʡ ʰʢʦʣʳ ʜʠʟʘʡʥʘ, ʚ ʢʦʪʦʨʦʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʦʜʝʣʴ ɻʉʉ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʣʘʥʠʨʦʚʢʠ ʧʦʤʝʱʝʥʠʡ [144, p. 6].  ʇʦ 

ʟʘʚʝʨʰʝʥʠʠ ʨʷʜʘ ʠʪʝʨʘʮʠʡ ʧʨʦʛʨʘʤʤʘ ʫʯʠʪʴʩʷ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʧʣʘʥʳ ʟʘʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʨʘʟʤʝʨʝ, ʬʦʨʤʝ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʢʦʥ ʠ 

ʜʚʝʨʝʡ. ʊʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪ ʩʠʥʪʝʟʘ ʬʦʨʤʳ ʢʘʢ ɻʉʉ ʥʝʦʙʭʦʜʠʤʦ ʦʙʫʯʘʪʴ, 

ʧʦʩʪʘʚʣʷʷ ʀʀ ʦʪʦʙʨʘʥʥʫʶ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʮʝʣʠ ʠʥʬʦʨʤʘʮʠʶ. ʕʪʦʪ ʬʘʢʪ ʛʦʚʦʨʠʪ 

ʦ ʪʦʤ, ʯʪʦ ʨʦʣʴ ʘʨʭʠʪʝʢʪʦʨʘ ʢʘʢ ʨʫʢʦʚʦʜʠʪʝʣʷ ʠʣʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʙʫʜʝʪ ʝʱʝ 

ʜʦʣʛʦʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʘ, ʧʦʩʢʦʣʴʢʫ ʤʦʜʝʣʴ ɻʉʉ ʥʝ ʙʫʜʝʪ ʜʘʚʘʪʴ ʞʝʣʘʝʤʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʙʝʟ ʝʝ ʢʦʨʨʝʢʪʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʘ 

ʯʝʣʦʚʝʢʦʤ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʀʀ ʫʞʝ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʞʝʥʝʨʘʤʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʧʝʮʠʬʠʯʥʳʭ ʟʘʜʘʯ ʚʦ ʤʥʦʞʝʩʪʚʝ ʦʙʣʘʩʪʝʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʇʦʩʢʦʣʴʢʫ, ʧʨʦʮʝʩʩʳ 

ʰʘʙʣʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳ ʠ ʧʦʥʷʪʥʳ, ʥʘ ʧʨʘʢʪʠʢʝ ʦʥʠ 

ʦʭʚʘʪʳʚʘʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʨʫʧʥʳʝ, ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʧʨʦʝʢʪʥʳʝ ʟʘʜʘʯʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʳ ʙʝʟ ʧʨʷʤʦʛʦ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ, ʝʛʦ ʪʚʦʨʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, 

ʥʝʧʨʝʨʳʚʥʦʡ ʵʩʪʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ. ʆʙʳʯʥʦ, 

ʧʨʠʤʝʥʝʥʠʝ ʀʀ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʭ ʬʦʨʤ, ʘ ʨʝʰʘʝʤʳʝ ʜʘʥʥʳʤ ʧʦʜʭʦʜʦʤ ʟʘʜʘʯʠ ʩʪʨʦʛʦ ʦʛʨʘʥʠʯʝʥʳ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʧʨʘʚʠʣ. ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʚʦʟʤʦʞʥʦ ʚʦʧʣʦʪʠʪʴ ʚ 

ʞʠʟʥʴ ʣʠʰʴ ʧʨʠ ʫʩʣʦʚʠʠ ʚʳʭʦʜʘ ʟʘ ʧʨʝʜʝʣʳ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʧʝʨʝʤʝʥʥʳʭ ʚʝʣʠʯʠʥ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘ 

ʤʝʥʷʝʪʩʷ, ʭʦʪʷ ʠ ʩʦʭʨʘʥʷʝʪ ʧʨʠʚʳʯʥʳʡ ʬʦʨʤʘʪ ʠ ʙʫʜʝʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʪʦʤʫ ʞʝ 

ʢʣʘʩʩʫ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ ʠ ʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʭʘʨʘʢʪʝʨʥʳʤ 

ʵʬʬʝʢʪʦʤ: ʥʝʧʨʝʜʚʠʜʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ, ʚʳʭʦʜʷʱʠʭ ʟʘ ʧʨʝʜʝʣʳ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʦʧʠʩʘʪʴ ʫʩʣʦʚʠʷ 

ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ. ʂʨʝʘʪʠʚʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʜʦʙʘʚʣʝʥʠʷ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʥʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ. ɺ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʦʧʠʩʘʥʥʳʭ ʟʘʧʨʦʩʦʚ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ, ʚʦʟʥʠʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʚʦʧʨʦʩʦʚ, 
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ʢʘʩʘʝʤʳʭ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʜʣʷ ʧʦʠʩʢʘ ʥʝʪʠʧʦʚʳʭ 

ʨʝʰʝʥʠʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʦʚʦʜʷʪʩʷ ʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʦʤ 

ʢʦʪʦʨʳʭ ʜʦʣʞʥʘ ʩʪʘʪʴ ʩʠʩʪʝʤʘ ʀʀ, ʩʧʦʩʦʙʥʘʷ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʝʩʪʘʥʜʘʨʪʥʳʝ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. 

ɺʧʝʨʚʳʝ ʘʣʛʦʨʠʪʤʳ ʀʀ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʬʦʨʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʘʤʝʨʠʢʘʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʋʥʠʚʝʨʩʠʪʝʪʘ ʂʘʨʥʝʛʠ ï ʄʝʣʣʦʥʘ ʚ ʇʠʪʪʩʙʫʨʛʝ [144, p. 7-8]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʫʯʝʥʳʝ ʨʘʟʨʘʙʦʪʘʣʠ ʩʠʩʪʝʤʫ, ʘʥʘʣʠʟʠʨʫʶʱʫʶ ʜʝʡʩʪʚʠʷ ʘʨʭʠʪʝʢʪʦʨʦʚ ʠ 

ʦʙʫʯʝʥʥʫʶ ʧʦʚʪʦʨʷʪʴ ʠʭ, ʩʦʟʜʘʚʘʷ ʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʩʥʦʚʥʘʷ 

ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚ ʰʘʙʣʦʥʥʦʤ ʧʦʚʪʦʨʝʥʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ, ʘ ʥʘʧʨʦʪʠʚ, ʚ ʦʙʫʯʝʥʠʠ ʀʀ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʨʝʰʝʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʜʘʯ ʥʘ ʙʘʟʝ ʘʣʛʦʨʠʪʤʦʚ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʧʦʟʚʦʣʠʣʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʫʥʠʢʘʣʴʥʳʡ ʧʨʦʝʢʪ 

ʜʠʟʘʡʥʘ ʤʦʩʪʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʫʯʝʥʥʳʭ ʝʶ ʨʘʥʥʝʝ ʠʟʦʙʨʘʞʝʥʠʡ 

ʨʝʘʣʴʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʆʧʠʩʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚʳʩʪʫʧʘʶʱʝʝ 

ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʧʨʠʤʝʥʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʚ ʢʘʯʝʩʪʚʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʩʦʟʜʘʪʝʣʝʡ ʩʦʦʨʫʞʝʥʠʡ, ʧʦʙʫʞʜʘʝʪ ʘʨʭʠʪʝʢʪʫʨʥʦʝ 

ʩʦʦʙʱʝʩʪʚʦ ʢ ʝʱʝ ʙʦʣʝʝ ʚʥʠʤʘʪʝʣʴʥʦʤʫ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʧʨʦʩʦʚ ʦ ʙʫʜʫʱʝʡ ʨʦʣʠ 

ʀʀ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ, ʝʛʦ ʟʥʘʯʝʥʠʠ ʠ ʚʦʟʤʦʞʥʳʭ ʧʫʪʷʭ 

ʨʘʟʚʠʪʠʷ. 

ʉʝʛʦʜʥʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʦ ʠ ʚ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʷʜ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʀʀ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʜʠʟʘʡʥʘ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʩʦ ʚʩʪʨʦʝʥʥʳʤ 

ʫʧʨʘʚʣʷʝʤʳʤ ʦʙʫʯʝʥʠʝʤ. ɸʚʪʦʨʳ ʨʘʙʦʪ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʢʘʢ ʩʨʝʜʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʦʥʢʨʝʪʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʦʝʢʪʘ ʠʣʠ ʠʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʟʘʧʨʦʩʘʤʠ [117, p. 82]. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʞʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʝʢʪʘʤʠ, ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ, ʦʮʝʥʢʠ ʩʪʦʠʤʦʩʪʠ ʨʘʙʦʪ, ʧʦʚʳʰʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʙʲʝʢʪʘʭ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʣʦʛʠʩʪʠʢʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ 

ʜʨʦʥʦʚ ʠ ʀʀ ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʷʚʣʷʪʴ ʜʝʬʝʢʪʳ ʥʘ ʩʦʦʨʫʞʝʥʠʷʭ, ʘ 

ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʀʀ ʧʦʤʦʛʘʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʨʦʢʠ ʠ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʝʢʪʳ. 

ɸʚʪʦʥʦʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ï ʜʨʦʥʳ, ʨʘʥʝʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ 

ʩʲʝʤʢʠ, ʩʝʡʯʘʩ ʩʧʦʩʦʙʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʙʦʨ ʜʘʥʥʳʭ, ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʢʦʪʦʨʳʤʠ 

ʛʘʨʘʥʪʠʨʫʝʪ ʪʱʘʪʝʣʴʥʦʝ ʠʥʩʧʝʢʪʠʨʦʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ɺ ʈʦʩʩʠʠ 

ʩʪʨʦʠʪʝʣʠ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʀʀ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ ʠ 

ʨʘʩʯʝʪʘ ʟʘʪʨʘʪ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʦʪʟʳʚʳ, ʥʝʷʩʥʦ, ʩʤʦʞʝʪ ʣʠ ʦʥ 

ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʧʳʪ ʠ ʵʢʩʧʝʨʪʠʟʫ [54]. 

ɺ ʨʘʤʢʘʭ ʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 3D-ʧʝʯʘʪʠ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀ. ɼʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʦʙʲʝʜʠʥʷʝʪ ʨʦʣʠ ʩʪʨʦʠʪʝʣʷ ʠ ʘʨʭʠʪʝʢʪʦʨʘ, ʧʦʟʚʦʣʷʷ ʩʦʟʜʘʚʘʪʴ 

ʩʦʦʨʫʞʝʥʠʷ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. ʊʘʢ, ʚ 2016 ʛʦʜʫ ʥʘ ʚʳʩʪʘʚʢʝ ʧʝʨʝʜʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ɸʤʩʪʝʨʜʘʤʝ ʘʚʪʦʨʳ ʩʪʘʨʪʘʧʘ AI Build ʧʨʝʜʩʪʘʚʠʣʠ ʧʨʦʝʢʪ, ʚ 
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ʢʦʪʦʨʦʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ ʜʣʷ ʟʘʧʫʩʢʘ ʢʦʤʙʠʥʘʮʠʠ 

ʘʣʛʦʨʠʪʤʦʚ, ʧʦʚʳʰʘʶʱʠʭ ʩʢʦʨʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ 3D-ʧʝʯʘʪʠ 

[115].  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʷʜʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʚ ʙʫʜʫʱʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʙʫʜʝʪ 

ʧʦʚʩʝʤʝʩʪʥʳʤ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʮʠʬʨʦʚʳʝ ʤʝʪʦʜʳ ʙʫʜʫʪ ʫʣʫʯʰʝʥʳ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ ʙʣʘʛʦʜʘʨʷ ʥʝʡʨʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʥʘ ʦʩʥʦʚʝ ʘʜʘʧʪʠʚʥʳʭ ʤʝʪʦʜʠʢ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʝʛʦ ʦʧʪʠʤʠʟʘʮʠʠ. ʕʪʠ ʩʝʪʠ ʩʧʦʩʦʙʥʳ ʧʨʝʜʣʘʛʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʤʝʙʝʣʠ, ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʟʦʥ, ʠʣʠ ʜʘʞʝ 

ʤʦʛʫʪ ʤʦʜʫʣʠʨʦʚʘʪʴ ʨʘʟʤʝʱʝʥʠʝ ʧʝʨʝʛʦʨʦʜʦʢ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʢʦʤʬʦʨʪʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʝʡʨʦʩʝʪʠ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʤʦʛʫʪ ʨʝʚʦʣʶʮʠʦʥʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʛʣʫʙʦʢʦʝ 

ʦʙʫʯʝʥʠʝ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʟʜʘʥʠʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʜʠʟʘʡʥʝʨʩʢʠʭ ʨʝʰʝʥʠʡ. 

ɺ ʵʪʦʤ ʩʝʛʦʜʥʷ ʥʘʰʘ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʧʦʩʪʦʷʥʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ, ʠ 

ʤʥʦʛʠʝ ʝʝ ʢʦʤʧʦʥʝʥʪʳ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʦ ʩʫʪʠ, 

ʤʳ ʞʠʚʝʤ ʚ ʤʠʨʝ, ʛʜʝ ʤʥʦʛʠʝ ʚʝʱʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʳ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ. ʕʪʦʪ 

ʤʠʨ ʬʦʨʤʠʨʦʚʘʣʩʷ ʪʳʩʷʯʝʣʝʪʠʷʤʠ ʨʫʯʥʳʤ ʪʨʫʜʦʤ, ʘ ʟʘʪʝʤ ʙʳʣ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ 

ʩ ʧʦʤʦʱʴʶ ʤʘʰʠʥ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʜʣʷ çʨʦʙʦʪʠʟʘʮʠʠè ʦʟʥʘʯʘʶʱʝʝ 

ʤʘʰʠʥʫ ʠʣʠ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʠ 

ʜʝʡʩʪʚʫʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʘ ʨʝʘʣʴʥʦʩʪʴ - ʵʪʦ ʩʨʝʜʘ, ʛʜʝ 

ʣʶʜʠ ʠ ʨʦʙʦʪʳ ʪʝʩʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ, ʠ ʛʜʝ ʣʶʜʠ ʩʪʘʥʦʚʷʪʩʷ ʯʘʩʪʴʶ ʚʩʝ ʙʦʣʝʝ 

ʩʚʷʟʘʥʥʦʡ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ [20]. 

ʀʀ ʥʘ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʦʤ ʧʫʪʠ ʚ ʢʠʙʝʨʥʠʪʝʟʘʮʠʶ. ʇʨʠʤʝʥʝʥʠʝ 

ʥʝʡʨʦʩʝʪʝʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʪʴ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʅʝʡʨʦʩʝʪʠ ʩʧʦʩʦʙʥʳ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʷʪʴ ʚ ʥʠʭ ʩʣʦʞʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʠʣʠ 

ʧʨʝʜʣʦʞʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʡ ʩʫʱʝʩʪʚʫʶʱʠʤ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʠ ʪʦʯʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʥʠʞʘʝʪ ʨʠʩʢ ʦʰʠʙʦʢ ʠ ʧʦʟʚʦʣʷʝʪ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʪʚʦʨʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ ʨʘʙʦʪʳ. ʅʝʡʨʦʩʝʪʠ 

ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʟʜʘʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʛʦ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʜʦʙʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʞʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʚʦʚʣʝʢʘʷ ʚ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ ʩʤʝʞʥʳʭ 

ʦʙʣʘʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʵʢʦʣʦʛʠʷ, ʩʦʮʠʦʣʦʛʠʷ ʠ ʠʩʢʫʩʩʪʚʦ. ʆʜʥʘʢʦ, ʧʨʠʤʝʥʝʥʠʝ 

ʥʝʡʨʦʩʝʪʝʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʝ ʣʠʰʝʥʦ ʨʠʩʢʦʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʆʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʚʦʧʨʦʩʦʚ ʢʘʩʘʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ. ʅʝʡʨʦʩʝʪʠ ʪʨʝʙʫʶʪ 

ʜʦʩʪʫʧʘ ʢ ʙʦʣʴʰʠʤ ʦʙʲʸʤʘʤ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʫʷʟʚʠʤʳʤ ʤʝʩʪʦʤ ʚ 

ʩʣʫʯʘʝ ʥʝʜʦʩʪʘʪʦʯʥʳʭ ʤʝʨ ʧʦ ʟʘʱʠʪʝ ʜʘʥʥʳʭ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʯʠʭ ʤʝʩʪ ʜʣʷ 
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ʘʨʭʠʪʝʢʪʦʨʦʚ ʠ ʠʥʞʝʥʝʨʦʚ ʠʣʠ ʢ ʦʩʣʘʙʣʝʥʠʶ ʨʦʣʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ 

ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ɽʩʪʴ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʚʝʜʴ 

ʥʝʡʨʦʩʝʪʠ ʤʦʛʫʪ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʥʝʦʧʪʠʤʘʣʴʥʳʝ ʠʣʠ ʥʝʨʝʘʣʠʟʫʝʤʳʝ ʨʝʰʝʥʠʷ, 

ʝʩʣʠ ʦʥʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʙʫʯʝʥʳ ʠʣʠ ʝʩʣʠ ʠʭ ʘʣʛʦʨʠʪʤʳ ʥʝ ʫʯʠʪʳʚʘʶʪ 

ʚʩʝʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʦʝʢʪʘ. ʊʘʢʞʝ, ʝʩʪʴ ʚʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʝʡʨʦʩʝʪʷʤʠ ʤʦʛʫʪ ʙʳʪʴ ʚʝʩʴʤʘ ʚʳʩʦʢʠʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ ʪʨʝʙʫʝʪ ʦʩʤʦʪʨʠʪʝʣʴʥʦʛʦ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʅʘ ʨʠʩʫʥʢʘʭ ɼ.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʦʟʜʘʥʠʶ ʧʣʘʥʘ 

ʜʦʤʘ ʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʶ: ʘ) ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ, ʙ) ʧʣʘʥʠʨʦʚʢʘ ʚ ʘʢʩʦʥʦʤʝʪʨʠʠ, 

ʚ) ʧʣʘʥʠʨʦʚʢʠ ʧʦʤʝʱʝʥʠʷ. ɺ ʵʪʠʭ ʥʝʡʨʦʩʝʪʷʭ çStable difussionè ʠ çDalle-2è ʥʘ 

ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʥʝʧʣʦʭʦ ʩʧʨʘʚʠʣʠʩʴ ʩ ʟʘʜʘʯʘʤʠ, ʦʧʷʪʴ ʞʝ, ʝʩʣʠ ʵʪʦ ʚʦʩʧʨʠʥʠʤʘʪʴ 

ʢʘʢ ʵʩʢʠʟʳ ʩ ʥʝʷʩʥʳʤʠ ʜʝʪʘʣʷʤʠ. ʅʘ ʧʣʘʥʘʭ ʤʝʙʝʣʴ ʦʪ ʩʪʝʥʳ ʨʘʟʣʠʯʠʤʘ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʘʢʩʦʥʦʤʝʪʨʠʠ, ʩʢʣʘʜʳʚʘʝʪʩʷ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ 

ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ. 

ʌʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ, ʜʦʩʪʠʛʥʫʪʦʝ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʮʠʠ ʥʝʡʨʦʩʝʪʴʶ, ʪʘʢʞʝ 

ʧʨʦʠʟʚʦʜʠʪ ʚʧʝʯʘʪʣʷʶʱʠʡ ʵʬʬʝʢʪ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʝ 

ʙʝʩʧʣʘʪʥʳʭ ʪʘʨʠʬʦʚ, ʠ ʵʪʦ ʚʠʜʥʦ, ʯʪʦ ʧʦʨʪʘʣ ʝʱʝ ʥʝ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʮʝʣʝʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʪʘʢ ʢʘʢ, ʦʪʩʫʪʩʪʚʫʶʪ ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʪʦʯʥʦʡ 

ʛʝʥʝʨʘʮʠʠ ʬʦʨʤ ʠʣʠ ʧʣʘʥʦʚ ʠʜʝʡ. ʋʯʠʪʳʚʘʷ ʵʪʦ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʧʨʘʚʠʣʴʥʦ ʦʙʫʯʝʥʥʘʷ ʥʝʡʨʦʩʝʪʴ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʧʨʦʝʢʪʳ, 

ʩʦʚʤʝʩʪʠʤʳʝ ʩ CAD-ʛʝʦʤʝʪʨʠʝʡ. ʆʜʥʘʢʦ ʚʩʝ ʵʪʦ ʧʦʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠ, ʚʝʨʦʷʪʥʦ, ʙʫʜʝʪ ʜʦʩʪʫʧʥʦ ʪʦʣʴʢʦ ʩ ʧʦʜʧʠʩʢʦʡ ʥʘ 

ʧʣʘʪʥʦʡ ʦʩʥʦʚʝ. 

ʀʥʪʝʛʨʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ CAD ʩʠʩʪʝʤʳ ʫʩʢʦʨʷʝʪ ʠ 

ʦʧʪʠʤʠʟʠʨʫʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ʀʀ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʨʫʪʠʥʥʳʝ ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ 

ʩʦʟʜʘʥʠʝ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ, ʠ ʘʥʘʣʠʟʠʨʫʝʪ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʳʭ ʜʠʟʘʡʥʝʨʩʢʠʭ ʨʝʰʝʥʠʡ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʥʦ ʠ ʜʝʣʘʝʪ ʝʛʦ ʙʦʣʝʝ ʪʦʯʥʳʤ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʧʨʦʚʝʩʪʠ ʩʠʤʫʣʷʮʠʠ, ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʚʝʜʝʥʠʝ 

ʜʠʟʘʡʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʦʮʝʥʠʪʴ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʊʘʢʘʷ ʠʥʪʝʛʨʘʮʠʷ 

ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʣʝʝ ʢʦʣʣʘʙʦʨʘʪʠʚʥʳʤ ʠ ʫʯʠʪʳʚʘʝʪ ʵʪʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ. 

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʨʘʟʜʝʣʘ, ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪ ʜʘʪy ʚʝʩʴʤʘ ʦʙʥʘʜʝʞʠʚʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʤʝʥʝʥʠʝ 

ʥʝʡʨʦʩʝʪʝʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʨʘʩʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʠʥʥʦʚʘʮʠʡ, ʦʜʥʘʢʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ. ʅʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ 

ʜʦʩʪʫʧʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ ʠ ʪʨʫʜʥʦʩʪʠ ʚ ʪʦʣʢʦʚʘʥʠʠ ʠʭ 

ʚʳʚʦʜʦʚ ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ. ʕʢʦʥʦʤʠʯʝʩʢʠ, ʚʳʩʦʢʠʝ ʠʟʜʝʨʞʢʠ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʦʙʫʯʝʥʠʠ ʧʝʨʩʦʥʘʣʘ ʩʪʘʚʷʪ ʧʦʜ 

ʩʦʤʥʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʪʘʢʠʭ ʠʥʚʝʩʪʠʮʠʡ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ 

ʙʠʟʥʝʩʘ. ʕʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ, ʚʦʟʤʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʧʨʦʙʣʝʤʳ ʩ ʜʦʩʪʫʧʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʡ ʠ ʟʘʱʠʪʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 
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ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ʂʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʚʥʝʜʨʝʥʠʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʡ, ʪʦʛʜʘ ʢʘʢ ʤʝʥʴʰʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʙʘʨʴʝʨʘʤʠ ʩ ʬʠʥʘʥʩʦʚʦʡ ʩʪʦʨʦʥʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʯʪʦ 

ʫʩʠʣʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʦʪʨʘʩʣʠ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ, 

ʢʣʶʯʝʚʳʤ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ ʠ ʦʩʦʟʥʘʥʥʦʤ ʚʥʝʜʨʝʥʠʠ ʀʀ. 

ʕʪʦ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʥʦ ʠ ʚʳʟʦʚʦʚ, 

ʢʦʪʦʨʳʝ ʀʀ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ ʠ ʥʝ ʪʦʣʴʢʦ (ʨʠʩʫʥʦʢ ɼ.6, 

ʇʨʠʣʦʞʝʥʠʷ ɼ). 

 

5.3 ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʩʦʟʜʘʥʠʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʂʘʟʘʭʩʪʘʥʘ   

 ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʉʪʨʘʪʝʛʠʷ çʂʘʟʘʭʩʪʘʥ-2050. çʋʤʥʳʝè ʛʦʨʦʜʘ, 

ʢʦʪʦʨʘʷ ʙʳʣʘ ʫʪʚʝʨʞʜʝʥʘ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 

ʦʪ 12 ʜʝʢʘʙʨʷ 2017 ʛʦʜʘ ˉ 827, ʜʘʣʝʝ ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʦʛʨʘʤʤʳ çʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʥʦʚʣʝʥʠʝ ʠ ʮʠʬʨʦʚʠʟʘʮʠʷè ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ 

ʨʘʤʢʘʭ ʩʪʨʘʪʝʛʠʠ çʂʘʟʘʭʩʪʘʥ-2050è [1]. ʎʝʣʴ ʇʨʦʛʨʘʤʤʳ ʥʘʮʝʣʝʥʘ ʥʘ ʫʩʢʦʨʝʥʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʂʘʟʘʭʩʪʘʥʘ ʠ ʫʣʫʯʰʝʥʠʝ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʝʛʦ ʛʨʘʞʜʘʥ ʩ 

ʧʦʤʦʱʴʶ ʠʥʪʝʥʩʠʚʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʠ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʯʸʤ ʢʣʶʯʝʚʳʤ ʧʨʠʦʨʠʪʝʪʦʤ ʚʳʩʪʫʧʘʝʪ ʢʦʥʮʝʧʮʠʷ çʫʤʥʳʭè 

ʛʦʨʦʜʦʚ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʫʜʝʣʷʝʪʩʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʡ ʯʝʨʝʟ ʮʠʬʨʦʚʠʟʘʮʠʶ, ʯʪʦ ʚʝʜʸʪ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʝʥʥʳʭ ʫʩʣʫʛ ʜʣʷ 

ʥʘʩʝʣʝʥʠʷ. ɺʟʛʣʷʜ ʚ ʙʫʜʫʱʝʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʝʨʝʭʦʜ ʵʢʦʥʦʤʠʢʠ ʂʘʟʘʭʩʪʘʥʘ ʢ 

ʥʦʚʦʡ ʧʘʨʘʜʠʛʤʝ - ʢ ʠʥʥʦʚʘʮʠʦʥʥʦʡ, ʫʩʪʦʡʯʠʚʦʡ ʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ 

ʛʦʨʦʜʦʚ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʩʦʟʜʘʥʠʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʫʣʫʯʰʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ɺʥʝʜʨʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 

ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʧʦʟʚʦʣʠʪ ʢʘʟʘʭʩʪʘʥʩʢʠʤ ʘʨʭʠʪʝʢʪʦʨʘʤ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʠ ʪʦʯʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ. ʕʪʦ 

ʧʦʤʦʞʝʪ ʩʦʟʜʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʜʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤ. ɺʥʝʜʨʝʥʠʝ 3D-ʧʝʯʘʪʠ, 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʦʟʚʦʣʠʪ ʨʝʘʣʠʟʦʚʘʪʴ ʩʣʦʞʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʢʨʘʪʠʪʴ 

ʩʨʦʢʠ ʠ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʕʪʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʨʝʰʝʥʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʂʘʟʘʭʩʪʘʥʘ.

 ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʚ ʨʘʟʚʠʪʠʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʂʘʟʘʭʩʪʘʥʘ ʷʚʣʷʝʪʩʷ ʝʝ ʤʥʦʛʦʘʩʧʝʢʪʥʦʩʪʴ, ʦʪʨʘʞʘʶʱʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʥʪʝʛʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ, 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʷ, ʢʫʣʴʪʫʨʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ. ʊʘʢʘʷ 

ʤʥʦʛʦʛʨʘʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʚʘʞʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 
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ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʠ ʧʨʦʜʫʢʪʠʚʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʨʝʜʳ. 

ɺ XXI ʚʝʢʝ çʟʝʣʝʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘè ʠ ʮʠʬʨʦʚʠʟʘʮʠʷ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʦʩʦʙʝʥʥʦ ʚ ʤʘʣʳʭ ʧʦʩʝʣʝʥʠʷʭ. ʕʪʠ 

ʠʟʤʝʥʝʥʠʷ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʩʫʨʩʦʚ 

ʠ ʚʣʠʷʶʪ ʥʘ ʪʠʧʦʣʦʛʠʶ ʟʜʘʥʠʡ, ʠʥʪʝʛʨʠʨʫʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [57, c. 51]. ɸʚʪʦʨʳ ɸʙʜʨʘʩʠʣʦʚʘ ɻ.ʉ., 

ʊʫʷʢʘʝʚʘ ɸ.ʂ. ʠ ʂʦʟʙʘʛʘʨʦʚʘ ʅ.ɾ. ʦʙʩʫʞʜʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʚ ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ ʂʘʟʘʭʩʪʘʥʘ6, 

ʧʦʜʯʝʨʢʠʚʘʷ ʠʭ ʚʘʞʥʦʩʪʴ ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ. ɸʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʠ 

ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ 

ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʫʩʣʦʚʠʡ, ʠ ʧʨʝʜʣʘʛʘʶʪ ʥʦʚʳʝ ʪʠʧʳ ʘʛʨʘʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʮʝʣʝʡ. ɺ ʵʪʦʤ ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʘʢ ɻʀʉ-

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, CAD ʠ BIM ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, Python ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ BMS ï ( (ʘʥʛʣ. çBuilding Management Systemè ð 

çʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʟʜʘʥʠʝʤè) ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʟʜʘʥʠʷʤʠ, ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʘʛʨʘʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʂʘʟʘʭʩʪʘʥʝ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʥʜʘʤ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ [98]. 

ʈʘʟʚʠʪʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʂʘʟʘʭʩʪʘʥʘ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʠ ʢʦʤʬʦʨʪʥʦʡ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ, ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʠ ʩʝʪʝʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʘʜʘʧʪʠʚʥʳʭ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʟʜʘʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ. 

ʎʠʬʨʦʚʘʷ ʵʚʦʣʶʮʠʷ, ʦʪ ʢʦʤʧʴʶʪʝʨʦʚ ʜʦ ʀʀ ʠ 3D-ʪʝʭʥʦʣʦʛʠʡ, ʥʘʣʘʞʠʚʘʝʪ 

ʩʚʦʠ ʢʦʨʥʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʜʠʩʮʠʧʣʠʥʘʭ. ʕʪʦ ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʱʫʱʘʝʪʩʷ ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ, ʭʦʪʷ ʟʜʝʩʴ ʠʥʪʝʛʨʘʮʠʷ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʥʝ 

ʚʩʝʛʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘ, ʯʪʦ ʤʦʞʝʪ ʩʜʚʠʛʘʪʴ ʬʦʢʫʩ ʩ ʢʨʝʘʪʠʚʥʦʩʪʠ ʥʘ 

ʪʝʭʥʠʯʝʩʢʠʝ ʜʝʪʘʣʠ. ɺ ʨʘʙʦʯʝʡ ʧʨʘʢʪʠʢʝ, ʮʠʬʨʦʚʳʝ ʤʝʪʦʜʳ ʦʙʝʱʘʶʪ ʜʝʣʘʪʴ 

ʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤʠ, ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʢʣʠʤʘʪʘ ʠ 

ʦʪʟʳʚʯʠʚʳʤʠ ʢ ʧʦʪʨʝʙʥʦʩʪʷʤ ʣʶʜʝʡ. ʆʥʠ ʪʘʢʞʝ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʩʧʦʩʦʙʳ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʦʙʣʝʛʯʘʷ ʧʨʦʮʝʩʩ 

 
6 ʇʦ ʩʣʦʚʘʤ ɸʙʜʨʘʩʠʣʦʚʦʡ ɻ.ʉ., ʊʫʷʢʘʝʚʦʡ ɸ.ʂ., ʠ ʂʦʟʙʘʛʘʨʦʚʦʡ ʅ.ɾ.: çɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ 

ʘʛʨʘʨʥʳʤ ʭʦʟʷʡʩʪʚʦʤ ʂʘʟʘʭʩʪʘʥʘ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʩʦʚʨʝʤʝʥʥʫʶ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʙʘʟʫ, 

ʦʪʚʝʯʘʶʱʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʞʠʪʝʣʝʡ ʢʦʤʬʦʨʪʘ ʠ ʫʩʣʦʚʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ.è, çɺ ʵʧʦʭʫ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʘʛʨʘʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʝʟ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʟʜʘʥʠʷ ʠ ʧʦʤʝʱʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ ʚ 

ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʪʦʚʦʡ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʧʨʦʜʫʢʮʠʠ. ʊʠʧʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ ʫʩʣʦʚʠʡ ʂʘʟʘʭʩʪʘʥʘ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʦʙʲʝʢʪʳ (ʩʝʷʥʮʳ, ʪʝʧʣʠʮʳ, 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʬʝʨʤʳ ʠ ʪ.ʜ.), ʥʦ ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʘʛʨʦʙʘʟʳ - ʢʦʤʧʣʝʢʩʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʚ ʩʝʙʝ ʫʢʣʘʜʢʫ, 

ʧʝʨʝʨʘʙʦʪʢʫ, ʚʥʝʜʨʝʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʜʫʢʮʠʠ.è - ʧʝʨʝʚʦʜ ʩ ʢʘʟʘʭʩʢʦʛʦ ʷʟʳʢʘ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ.  ɸʙʜʨʘʩʠʣʦʚʘ 

ɻ.ʉ., ʊʫʷʢʘʝʚʘ ɸ.ʂ., ʂʦʟʙʘʛʘʨʦʚʘ ʅ.ɾ. ʇʨʦʙʣʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʂʘʟʘʭʩʪʘʥʝ 

// ɺʝʩʪʥʠʢ ɽʚʨʘʟʠʡʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʃ.ʅ. ɻʫʤʠʣʝʚʘ. ʉʝʨʠʷ ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ. ï 2020. - ˉ4 (133) - ʉ. 92-99. https://doi.org/10.32523/2616-68-36-2020-133-4-92-99. 
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ʩʦʟʜʘʥʠʷ ʟʜʘʥʠʡ ʠ ʫʣʫʯʰʘʷ ʛʦʨʦʜʩʢʫʶ ʞʠʟʥʴ. ʕʪʦʪ ʧʝʨʝʭʦʜ ʠʜʝʪ ʧʘʨʘʣʣʝʣʴʥʦ ʩ 

ʙʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʥʘʰʝ ʦʙʱʝʝ 

ʚʦʩʧʨʠʷʪʠʝ ʨʝʘʣʴʥʦʩʪʠ [80, c. 22-24]. 

 ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʜʝʪ ʩ ʪʘʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʩʣʦʞʥʦ ʩʢʘʟʘʪʴ, ʢʘʢ ʵʪʦ 

ʩʢʘʞʝʪʩʷ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ. ʇʝʨʝʧʣʝʪʝʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʠ 

ʨʝʘʣʴʥʦʛʦ ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʩ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʦʙʣʘʩʪʠ, ʠ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ, ʪʘʢ ʠ ʥʝ ʦʯʝʥʴ. ʊʘʢ, 

ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʘʨʭʠʪʝʢʪʦʨʘʤ ʫʥʠʢʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ. ʆʜʥʘʢʦ ʝʩʪʴ ʠ ʨʠʩʢ, ʯʪʦ 

ʪʚʦʨʯʝʩʢʠʡ ʠ ʢʫʣʴʪʫʨʥʳʡ ʘʩʧʝʢʪʳ ʤʦʛʫʪ ʦʩʪʘʪʴʩʷ ʥʘ ʚʪʦʨʦʤ ʧʣʘʥʝ, ʫʩʪʫʧʠʚ 

ʤʝʩʪʦ ʪʝʭʥʠʯʝʩʢʠʤ ʥʦʚʰʝʩʪʚʘʤ. ɺ ʠʪʦʛʝ, ʵʪʠ ʢʘʨʜʠʥʘʣʴʥʳʝ ʩʜʚʠʛʠ ʙʫʜʫʪ ʠʤʝʪʴ 

ʜʦʣʛʦʩʨʦʯʥʳʡ ʵʬʬʝʢʪ ʥʘ ʧʨʦʬʝʩʩʠʶ ʠ ʧʦʪʨʝʙʫʶʪ ʪʱʘʪʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

 ɺ ʢʦʥʪʝʢʩʪʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʨ ʨʘʙʦʪʳ [106, p. 153-156] ʚʳʜʚʠʛʘʝʪ ʪʨʠ 

ʚʦʟʤʦʞʥʳʭ ʢʨʠʟʠʩʥʳʭ ʩʶʞʝʪʘ, ʢʦʪʦʨʳʝ ʚ ʙʫʜʫʱʝʤ ʧʨʠʚʝʜʫʪ ʢ ʛʣʦʙʘʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ: 

1) ʩʣʫʯʘʡʥʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʬʦʨʤʳ; 

2) ʛʣʦʙʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʘ ʘʨʭʠʪʝʢʪʫʨʳ; 

3) ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ;  

4) ʠʟʤʝʥʝʥʠʝ ʵʩʪʝʪʠʯʝʩʢʠʭ ʚʦʟʟʨʝʥʠʡ; 

5) ʫʩʢʦʨʝʥʠʝ ʪʝʤʧʦʚ ʚʦʟʚʝʜʝʥʠʷ ʩʦʦʨʫʞʝʥʠʡ. 

ʇʝʨʚʳʡ ʘʩʧʝʢʪ ʙʫʜʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ, ʩ ʢʦʪʦʨʳʤ ʩʧʝʮʠʘʣʠʩʪʘʤ 

ʚʦʟʤʦʞʥʦ ʧʨʠʜʝʪʩʷ ʩʪʦʣʢʥʫʪʴʩʷ ʫʞʝ ʩʦʚʩʝʤ ʩʢʦʨʦ, ʢʘʩʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʷ 

ʩʣʫʯʘʡʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʬʦʨʤ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʦʨʘ ʠʟ ʨʷʜʘ 

ʛʝʥʝʨʠʨʫʝʤʳʭ ʚʘʨʠʘʮʠʡ. ʌʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ ʪʘʢʦʤ ʩʮʝʥʘʨʠʠ ʙʫʜʝʪ 

ʩʪʨʦʠʪʴʩʷ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʚʩʪʫʧʘʷ ʚ ʢʦʥʬʣʠʢʪ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʭʫʜʦʞʝʩʪʚʝʥʥʳʤ ʟʘʤʳʩʣʦʤ ʘʨʭʠʪʝʢʪʦʨʘ. ɼʘʣʝʝ ʧʨʠʚʦʜʠʪʩʷ ʩʮʝʥʘʨʠʡ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʠʟʦʡʜʝʪ ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʘ ʠ ʬʦʨʤʳ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ɼʘʥʥʳʡ ʧʨʦʛʥʦʟ ʧʦʷʚʠʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʢʨʫʧʥʳʭ ʤʝʛʘʧʦʣʠʩʘʭ, ʛʜʝ ʟʜʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ 

ʙʦʣʝʝ ʚʳʩʦʪʥʳʤʠ ʠ ʘʙʩʪʨʘʢʪʥʳʤʠ.  ɺ ʢʘʯʝʩʪʚʝ ʷʨʢʦʛʦ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʙʣʦʙ-ʬʦʨʤʳè, ʩʦʟʜʘʚʘʝʤʦʡ ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʥʝʦʙʳʯʥʳʝ, ʠʥʦʛʜʘ 

ʙʝʩʬʦʨʤʝʥʥʳʝ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʠʛʫʨʳ. ɿʜʘʥʠʝʤ-ʙʣʦʙ ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʨʦʝʥʥʳʡ 

ʘʨʭʠʪʝʢʪʦʨʘʤʠ ʉʧʘʡʙʨʫʢʦʤ ʃ. ʀ ʆʩʪʝʨʭʝʡʩʦʤ ʂ. ɺʦʜʥʳʡ ʇʘʚʠʣʴʦʥ, ʢʦʪʦʨʳʡ, 

ʧʦʤʠʤʦ ʥʘʣʠʯʠʷ ʥʝʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʳ, ʧʨʠʤʝʯʘʪʝʣʝʥ ʩʚʦʝʡ ʵʣʝʢʪʨʦʥʥʦ-

ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʦʡ. ʈʘʜʠʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʢʦʪʦʨʦʤʫ ʦʪʯʫʞʜʝʥʠʶ ʘʨʭʠʪʝʢʪʫʨʳ ʦʪ ʦʙʱʝʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ 

ʩʫʱʝʩʪʚʫʝʪ ʩʣʦʞʥʦʩʪʴ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʦʤ ʩʦʦʨʫʞʝʥʠʡ ʥʝʧʨʠʚʳʯʥʦʡ ʠ 

ʥʝʣʦʛʠʯʥʦʡ ʬʦʨʤʳ. ʊʝʢʪʦʥʠʯʝʩʢʠʡ ʩʮʝʥʘʨʠʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʚ ʭʦʜʝ 

ʜʘʣʴʥʝʡʰʝʛʦ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʠʟʤʝʥʠʪʩʷ ʧʨʠʚʳʯʥʘʷ ʠʝʨʘʨʭʠʷ 

ʯʘʩʪʝʡ ʩʦʦʨʫʞʝʥʠʷ ʠ ʠʭ ʟʥʘʯʝʥʠʷ. ʋʞʝ ʩʝʡʯʘʩ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʥʝʧʨʝʨʳʚʥʳʭ ʩʪʨʫʢʪʫʨ, ʚ ʢʦʪʦʨʳʭ ʥʝʩʢʦʣʴʢʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʬʫʥʢʮʠʠ 

ʚʳʨʘʞʝʥʦ ʦʜʥʠʤ ʵʣʝʤʝʥʪʦʤ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʧʦʧʫʣʷʨʥʦ ʤʦʥʦʣʠʪʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʢʘʢ ʪʠʧʦʚʳʭ ʟʘʩʪʨʦʝʢ, ʪʘʢ ʠ 
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ʦʨʠʛʠʥʘʣʴʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ. ʉʧʦʩʦʙ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʣʠʪʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʘ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʦʨʤ ʠ ʩʦʟʜʘʝʪ ʮʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠʭʦʜʷʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʚʦʟʤʦʞʥʦ 

ʢʘʨʜʠʥʘʣʴʥʦʝ ʧʝʨʝʦʩʤʳʩʣʝʥʠʝ ʩʘʤʦʛʦ ʧʨʠʥʮʠʧʘ ʪʝʢʪʦʥʠʢʠ, ʠʣʠ ʞʝ ʚʦʚʩʝ 

ʟʘʤʝʱʝʥʠʝ ʝʛʦ ʥʝʢʠʤ ʥʦʚʳʤ ʧʦʥʷʪʠʝʤ. ʊʘʢʞʝ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʝʪʦʜʘ ʚ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʣʝʪ ʙʫʜʝʪ 

ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʩʥʠʤʘʷ ʤʥʦʞʝʩʪʚʦ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʊʘʢʘʷ ʩʚʦʙʦʜʘ ʚ ʩʦʟʜʘʥʠʠ ʬʦʨʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʳʩʪʨʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʵʩʪʝʪʠʯʝʩʢʠʭ ʚʦʟʟʨʝʥʠʷʭ ʘʨʭʠʪʝʢʪʦʨʘ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʳʭ 

ʧʦʩʣʫʞʠʪ ʧʦʷʚʣʝʥʠʝ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ, ʙʳʩʪʨʦʤʝʥʷʶʱʠʭʩʷ ʩʪʠʣʝʡ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʝʩʪʴ ʩʝʨʴʝʟʥʳʝ ʦʧʘʩʝʥʠʷ ʢʘʩʘʝʤʦ 

ʫʢʨʝʧʣʷʶʱʝʡʩʷ ʪʝʥʜʝʥʮʠʠ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʉʝʛʦʜʥʷ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʤʘʥʜ: ʙʦʣʴʰʠʥʩʪʚʦ ʚʠʜʦʚ ʨʘʙʦʪ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʢʘʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ, ʟʘʩʪʨʦʡʢʘ ʥʝ ʪʨʝʙʫʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ, ʚ ʧʦʜʘʚʣʷʶʱʝʤ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʭʦʞʠʤ ʧʣʘʥʘʤ ʩ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʨʘʟʣʠʯʠʷʤʠ ʚ ʜʠʟʘʡʥʝ. ʂʨʘʡʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʪʦʣʢʥʸʪʩʷ 

ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʢʨʠʟʠʩʦʤ ʫʥʠʢʘʣʴʥʳʭ ʛʦʨʦʜʦʤ, ʢʦʛʜʘ ʚ ʦʢʨʫʞʘʶʱʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʫʜʫʪ ʧʨʝʦʙʣʘʜʘʪʴ ʪʠʧʦʚʳʝ ʙʝʟʣʠʢʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

 ʇʨʝʜʣʦʞʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ ʥʝʦʙʭʦʜʠʤʦ ʛʣʫʙʦʢʦ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʫʯʠʪʳʚʘʪʴ ʚ ʟʘʜʘʥʠʠ ʚʝʢʪʦʨʘ ʨʘʟʚʠʪʠʷ ʘʨʭʠʪʝʢʪʫʨʳ. ʊʘʢʞʝ, 

ʟʥʘʥʠʝ ʠ ʧʦʥʠʤʘʥʠʝ ʙʫʜʫʱʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʧʦʤʦʱʴ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ ʜʘʥʥʳʤ 

ʧʝʨʝʣʦʤʥʳʤ ʪʦʯʢʘʤ ʠ ʧʨʠ ʠʭ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʦʩʪʘʨʘʪʴʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʩʝʨʴʝʟʥʦ ʦʙʝʩʧʦʢʦʝʥʦ ʪʝʢʫʱʝʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʘʛʫʙʥʳʤ ʚʣʠʷʥʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ. ɺʦ ʚʩʝʭ ʩʬʝʨʘʭ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʪʨʝʤʷʪʩʷ 

ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʙʝʟʦʧʘʩʥʳʭ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦʜʫʢʪʦʚ, ʜʘʙʳ ʩʥʠʟʠʪʴ 

ʩʢʦʨʦʩʪʴ ʧʨʦʠʩʭʦʜʷʱʠʭ ʩʝʛʦʜʥʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʪʘʢʞʝ ʫʞʝ ʜʘʚʥʦ ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʩʦʦʨʫʞʝʥʠʡ ʩ 

ʤʠʥʠʤʠʟʘʮʠʝʡ ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʧʨʠʨʦʜʫ, ʫʤʝʨʝʥʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʘʪʝʨʠʘʣʦʚ, ʵʥʝʨʛʠʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ 

ʵʢʦ-ʘʨʭʠʪʝʢʪʫʨʘ, ʢʦʪʦʨʦʝ ʩ ʧʨʠʭʦʜʦʤ ʥʦʚʳʭ ʮʠʬʨʦʚʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʠʣʦ 

ʤʥʦʞʝʩʪʚʦ ʧʦʣʝʟʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʜʝʠ ʵʢʦʣʦʛʠʯʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [129, p. 171] ʧʨʝʜʣʘʛʘʶʪ ʜʦʚʦʣʴʥʦ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʡ ʪʘʥʜʝʤ ʵʢʦ-ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʉɸʇʈ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʨʷʜ ʫʧʨʦʱʘʶʱʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʥʳʭ ʦʙʲʝʢʪʦʚ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʜʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʩʪʘʥʝʪ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚ ʚʦʧʨʦʩʘʭ, ʢʘʩʘʝʤʳʭ ʦʢʘʟʳʚʘʝʤʦʛʦ ʠʤ ʚʣʠʷʥʠʷ ʥʘ 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʣʘʥʝʪʳ.  

 ʇʨʦʬ. ɽ.ɻ. ʃʘʧʰʠʥʘ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ 

ʩʦʭʨʘʥʝʥʠʠ ʫʥʠʢʘʣʴʥʦʩʪʠ ʚ ʥʦʚʳʭ ʛʦʨʦʜʘʭ ʠ ʚʦʩʧʨʠʷʪʠʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʢ ʞʠʚʦʛʦ ʧʦʣʷ, ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ çʅʦʚʳʡ ʛʦʨʦʜ: ɸʨʭʠʪʝʢʪʫʨʥʳʡ ʦʙʨʘʟ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 
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ʩʠʤʚʦʣ ʠ ʤʠʬè ʦʥʘ ʧʦʜʯʝʨʢʠʚʘʝʪ ʨʦʣʴ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʚ 

ʩʦʭʨʘʥʝʥʠʠ ʠʩʪʦʨʠʯʝʩʢʦʡ ʩʚʷʟʠ ʛʦʨʦʜʦʚ, ʧʨʝʜʣʘʛʘʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʥʝ ʧʨʦʩʪʦ 

ʢʘʢ ʢʦʧʠʠ, ʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʦʜ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ. ɺ çɸʨʭʠʪʝʢʪʫʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ: ʥʦʚʳʡ ʚʟʛʣʷʜè ɽ.ɻ. ʃʘʧʰʠʥʘ ʠʩʩʣʝʜʫʝʪ ʪʦ, ʢʘʢ ʘʨʭʠʪʝʢʪʫʨʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʚ ʦʪʚʝʪ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʶʜʝʡ, ʠʭ ʜʚʠʞʝʥʠʷ, 

ʯʫʚʩʪʚʘ ʠ ʤʳʩʣʠ, ʯʪʦ, ʧʦ ʝʸ ʤʥʝʥʠʶ, ʧʨʠʩʫʱʝ  ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ [158]. 

 ʊʝʭʥʦʢʨʘʪʠʯʝʩʢʠʡ ʤʠʨ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʝʩʪʚʦ.  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʕɺʄ/CAD-ʩʠʩʪʝʤʳ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʧʦʜʭʦʜ, ʚ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʪʝʭʥʦʣʦʛʠʷ ʚʳʭʦʜʠʪ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʛʦʨʦʜʩʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ɺʠʨʪʫʘʣʴʥʘʷ ʠ ʜʦʧʦʣʥʝʥʥʘʷ 

ʨʝʘʣʴʥʦʩʪʠ, ʷʚʣʷʷʩʴ ʝʱʸ ʦʜʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʨʘʩʰʠʨʷʶʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʠ 

ʩʦʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʂʦʥʮʝʧʮʠʷ ʩʤʘʨʪ-ʛʦʨʦʜʘ ʩ çʫʤʥʦʡè ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ 

ʠʩʧʦʣʴʟʫʶʪ ʜʘʥʥʳʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʛʦʨʦʜʩʢʠʭ ʫʩʣʫʛ ʠ ʫʣʫʯʰʝʥʠʷ ʞʠʟʥʠ 

ʞʠʪʝʣʝʡ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʘʜʘʧʪʠʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ 

ʨʝʰʝʥʠʷ.  ɺ ʵʪʦʤ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʧʦʜʭʦʜ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʘʨʭʠʪʝʢʪʫʨʳ 

ʂʘʟʘʭʩʪʘʥʘ, ʜʝʣʘʷ ʝʸ ʙʦʣʝʝ ʛʘʨʤʦʥʠʯʥʦʡ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩ 

ʤʝʩʪʥʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʪʨʘʜʠʮʠʷʤʠ. ʇʦ ʩʣʦʚʘʤ ʇʘʪʨʠʢʘ ʐʫʤʘʭʝʨʘ7, ʙʫʜʫʱʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʙʫʜʝʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ, ʩʦʟʜʘʚʘʷ ʝʜʠʥʫʶ 

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʪʨʘʞʘʶʱʫʶ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʴ. ɺ ʂʘʟʘʭʩʪʘʥʝ, ʛʜʝ ʩʦʯʝʪʘʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʪʝʥʜʝʥʮʠʡ ʠ 

ʤʝʩʪʥʦʛʦ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ, ʧʘʨʘʤʝʪʨʠʟʤ ʤʦʞʝʪ 

ʩʪʘʪʴ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ, ʢʦʪʦʨʳʝ ʥʝ 

ʪʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦ ʟʘʨʷʞʝʥʳ, ʥʦ ʠ ʛʘʨʤʦʥʠʯʥʦ 

ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʨʝʛʠʦʥʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʦʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʟʚʦʣʠʪ ʘʨʭʠʪʝʢʪʫʨʝ ʂʘʟʘʭʩʪʘʥʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʨʘʞʘʪʴ 

ʫʥʠʢʘʣʴʥʦʩʪʴ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠʜʝʥʪʠʯʥʦʩʪʠ. 

ɹʫʜʫʱʠʝ ʧʝʨʩʧʝʢʪʠʚʳ - ʘʨʭʠʪʝʢʪʫʨʘ ʚ ʢʦʥʪʝʢʩʪʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʤʥʦʛʠʝ ʠʟʤʝʥʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʠ ʙʦʣʝʝ ʪʝʩʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ IT, ʚʦʟʤʦʞʥʦʩʪʠ 3D-ʧʝʯʘʪʠ ʠ ʜʨʫʛʠʭ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʚ ʠʥʪʝʛʨʘʮʠʠ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ 

ʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ çʫʤʥʳʭè ʟʜʘʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʚ 

 
7 ʂʘʢ ʦʪʤʝʯʘʣ ʠʟʚʝʩʪʥʳʡ ʘʨʭʠʪʝʢʪʦʨ ʇʘʪʨʠʢ ʐʫʤʘʭʝʨ: çʗ ʫʙʝʞʜʝʥ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʚʩʷ ʘʨʭʠʪʝʢʪʫʨʘ ʙʫʜʝʪ ʠʤʝʪʴ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʢʦʛʜʘ ʦʜʥʘ ʬʦʨʤʘ ʙʫʜʝʪ ʧʣʘʚʥʦ ʧʝʨʝʪʝʢʘʪʴ ʚ ʜʨʫʛʫʶ ʠ ʩʦʟʜʘʚʘʪʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʜʠʥʳʡ 

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʘʥʩʘʤʙʣʴ (ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʦʨʛʘʥʠʟʤ). ʇʘʨʘʤʝʪʨʠʟʤ ʚ ʵʪʦʤ ʧʣʘʥʝ 

ʩʣʫʞʠʪ ʦʯʝʥʴ ʜʝʡʩʪʚʝʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ð ʠʤʝʥʥʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ. ɺʩʝ ʵʪʦ ʙʣʘʛʦʜʘʨʷ ʪʦʯʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʀʤʝʥʥʦ ʢʦʤʧʴʶʪʝʨ ʩʧʦʩʦʙʝʥ 

ʩʦʟʜʘʪʴ ʧʨʘʚʠʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʙʫʜʫʱʝʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʬʦʨʤʳè.  The Architect. (2016) ʕʢʩʢʣʶʟʠʚʥʦʝ 

ʠʥʪʝʨʚʴʶ ʩ ʇʘʪʨʠʢʦʤ ʐʫʤʘʭʝʨʦʤ. https://thearchitect.pro/ru/news/6103-

Ekskluzivnoe_interview_s_Patrikom_Shumaherom   

https://thearchitect.pro/ru/news/6103-Ekskluzivnoe_interview_s_Patrikom_Shumaherom
https://thearchitect.pro/ru/news/6103-Ekskluzivnoe_interview_s_Patrikom_Shumaherom
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ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʞʝʪ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʙʫʜʫʱʠʝ ʛʦʨʦʜʘ ʠ 

ʟʜʘʥʠʷ. 

ɺʳʟʦʚʳ - ʢʫʣʴʪʫʨʘ ʪʝʭʥʦʢʨʘʪʠʠ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʘʨʭʠʪʝʢʪʫʨʳ, 

ʚʦʟʨʦʞʜʘʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ, ʵʪʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝʩʫʪ ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʟʦʚʳ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʨʭʠʪʝʢʪʦʨʘʤ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʦʙʫʯʝʥʠʝ 

ʠ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʥʘʚʳʢʦʚ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʪʨʝʙʫʶʱʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʙʨʘʙʦʪʢʝ ʠ ʭʨʘʥʝʥʠʶ 

ʜʘʥʥʳʭ. 

ʇʨʦʬ. ʕ.ʄ. ɹʘʡʪʝʥʦʚ ʚ ʩʪʘʪʴʝ "ɺʳʟʦʚʳ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʠ ʢʦʥʪʫʨʳ 

ʘʨʭʠʪʝʢʪʫʨʳ ʙʫʜʫʱʝʛʦ" ʦʧʠʩʳʚʘʝʪ ʵʚʦʣʶʮʠʶ ʘʨʭʠʪʝʢʪʫʨʳ, ʘʢʮʝʥʪʠʨʫʷ 

ʚʥʠʤʘʥʠʝ ʥʘ ʝʸ ʘʜʘʧʪʘʮʠʠ ʢ ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʠ ʫʤʝʥʴʰʝʥʠʠ ʘʢʮʝʥʪʘ ʥʘ 

ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ ʦʪʢʨʳʪʠʷ. ɸʚʪʦʨ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʙʫʜʫʱʝʝ ʨʘʟʚʠʪʠʝ 

ʘʨʭʠʪʝʢʪʫʨʳ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʥʝ ʩʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʭʫʜʦʞʝʩʪʚʝʥʥʳʤʠ ʠʥʥʦʚʘʮʠʷʤʠ, ʩʢʦʣʴʢʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʵʬʬʝʢʪʠʚʥʦʡ 

ʘʜʘʧʪʘʮʠʠ ʢ ʥʦʚʳʤ ʚʳʟʦʚʘʤ. ʕʪʦ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʯʝʨʝʟ ʤʘʣʳʝ, ʥʦ ʟʥʘʯʠʤʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʠʜʝʶ 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʦʡ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʙʫʜʫʱʠʝ ʪʨʝʥʜʳ ʠ 

ʧʦʪʨʝʙʥʦʩʪʠ. ʊʘʢʞʝ ʧʨʠʚʦʜʠʪ ʘʥʘʣʦʛʠʠ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʝʡ, ʦʙʩʫʞʜʘʷ 

"ʧʨʦʨʦʯʝʩʢʫʶ ʬʘʟʫ" ʢʘʢ ʤʝʪʘʬʦʨʫ ʜʣʷ ʧʨʝʜʚʦʩʭʠʱʝʥʠʷ ʙʫʜʫʱʠʭ ʪʨʝʥʜʦʚ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ. ɺ ʮʝʣʦʤ, ʨʘʙʦʪʘ ʧʨʝʜʣʘʛʘʝʪ ʧʝʨʝʦʩʤʳʩʣʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʢʘʢ 

ʜʠʥʘʤʠʯʥʦʡ, ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʦʡ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ ʠ ʦʪʚʝʯʘʪʴ ʥʘ 

ʛʣʦʙʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʝʨʝʭʦʜ ʢ ʥʦʚʦʡ ʵʩʪʝʪʠʢʝ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʦʪʚʝʪ ʥʘ ʚʳʟʦʚʳ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ [162, c. 17-24]. 

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʮʠʬʨʦʚʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʳ ʂʘʟʘʭʩʪʘʥʘ ʘʢʮʝʥʪʠʨʫʝʪ 

ʚʥʠʤʘʥʠʝ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ, ʧʝʨʝʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ, 

ʘ ʪʘʢʞʝ ʥʘ ʩʦʭʨʘʥʝʥʠʠ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. ʕʪʠ ʘʩʧʝʢʪʳ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ 

ʘʥʘʣʠʟʘ ʦʪʨʘʩʣʝʚʦʛʦ ʨʘʟʚʠʪʠʷ. ʅʘ ʦʩʥʦʚʝ ʨʘʟʜʝʣʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʚʝʨʥʫʪʦʛʦ ʠʥʪʝʨʥʝʪ-ʦʧʨʦʩʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʦ ʚʣʠʷʥʠʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʫ, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʚʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʪʨʫʜʘʭ 

ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ, ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʟʥʘʯʠʤʦʩʪʴ ʮʠʬʨʦʚʠʟʘʮʠʠ ʢʘʢ ʢʣʶʯʝʚʦʛʦ 

ʬʘʢʪʦʨʘ ʚ ʨʘʟʚʠʪʠʠ ʩʪʨʘʥʳ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʙʫʜʫʱʝʛʦ ʘʨʭʠʪʝʢʪʫʨʳ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʠʥʪʝʛʨʠʨʫʶʱʠʝ ʚʳʷʚʣʝʥʥʳʝ ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʦʟʜʘʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʫʯʠʪʳʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʵʩʪʝʪʠʯʝʩʢʠʝ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʘʩʧʝʢʪʳ, ʥʦ ʠ ʩʪʨʝʤʣʝʥʠʝ ʢ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 
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ʵʢʦʣʦʛʠʯʥʦʩʪʠ. ʂʘʢ ʦʪʤʝʯʘʝʪ ʘʨʭʠʪʝʢʪʦʨ ʂ.ʀ. ʉʘʤʦʡʣʦʚ, ʵʬʬʝʢʪʠʚʥʦʝ ʩʥʠʞʝʥʠʝ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʞʠʣʳʭ ʩʝʢʪʦʨʘʭ ʚʦʟʤʦʞʥʦ ʧʨʠ ʩʪʨʦʛʦʤ ʢʦʥʪʨʦʣʝ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʯʝʪʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ8. ɺ ʵʪʦʤ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ 

ʪʦʣʴʢʦ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʥʦ ʠ ʥʦʚʳʡ ʚʟʛʣʷʜ ʥʘ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ [87].  

ʀʟ ʩʪʘʪʴʠ ʧʨʦʬ. ɻ.ʉ. ɸʙʜʨʘʩʠʣʦʚʘ çʋʩʪʦʡʯʠʚʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ 

ʧʫʩʪʳʥʥʳʭ ʨʘʡʦʥʦʚ: ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠè ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ 

ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʢʘʢ ʚ ʧʫʩʪʳʥʷʭ ʂʘʟʘʭʩʪʘʥʘ, ʜʦʣʞʥʘ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʧʨʠʨʦʜʝ ʠ ʢʣʠʤʘʪʫ, ʠʩʧʦʣʴʟʫʷ ʩʦʯʝʪʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʤʝʩʪʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʢ ʢʦʣʝʙʘʥʠʷʤ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʢ ʠʥʪʝʛʨʘʮʠʠ ʟʜʘʥʠʡ ʚ ʫʩʣʦʚʠʷ ʧʫʩʪʳʥ.ɹ ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʢʦʤʬʦʨʪʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʜʘʥʠʡ ʚ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [161, c. 16-18]. 

ʅʘ ʨʠʩʫʥʢʝ ɼ.5, ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ ʂʘʟʘʭʩʪʘʥʘ, ʫʯʠʪʳʚʘ ̫ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʦʪʨʘʩʣʠ ʠ ʩʪʨʝʤʣʝʥʠʝ ʢ 

ʩʦʟʜʘʥʠʶ ʫʩʪʦʡʯʠʚʦʡ, ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʠ ʢʫʣʴʪʫʨʥʦ ʟʥʘʯʠʤʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʩʨʝʜʳ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʘʩʧʝʢʪʘʭ, ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʜʭʦʜ ʢ ʨʘʟʚʠʪʠʶ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʪʚʝʯʘʪʴ ʢʘʢ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ, ʪʘʢ ʠ ʜʦʣʛʦʩʨʦʯʥʳʤ ʮʝʣʷʤ ʩʪʨʘʥʳ ʚ ʦʙʣʘʩʪʠ ʫʨʙʘʥʠʟʘʮʠʠ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ: 

- ʠʥʪʝʛʨʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʶʱʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ BIM, VR, AI ʠ 

ʥʝʡʨʦʩʝʪʝʡ, ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʳʩʦʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ; 

- ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʘ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʘʜʘʧʪʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʢ ʪʝʢʫʱʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʨʳʥʢʘ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʩ 

ʥʦʚʝʡʰʠʤʠ ʮʠʬʨʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ; 

 
8 ʂʘʢ ʦʧʠʩʳʚʘʝʪ ʘʨʭʠʪʝʢʪʦʨ ʂ.ʀ. ʉʘʤʦʡʣʦʚ: çʉʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʞʠʣʳʭ ʩʝʢʪʦʨʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʩʪʨʦʛʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʚ ʟʜʘʥʠʷʭ. 

ʇʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʜʦʣʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ; ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʫʩʣʦʚʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ï ʵʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʦʧʪʠʤʠʟʘʮʠʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, 

ʤʠʢʨʦʢʣʠʤʘʪ ʚ ʟʜʘʥʠʷʭ, ʫʧʨʘʚʣʝʥʠʝ ʦʪʭʦʜʘʤʠ ʠ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 

ɻʣʘʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʧʝʨʝʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʞʠʣʴʷ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ: ʨʘʟʨʘʙʦʪʢʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʳ ʠ ʦʨʠʝʥʪʘʮʠʠ ʟʜʘʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ; ʫʯʝʪ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʥʢʨʝʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʝʩʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʭʝʤʳ ʘʜʘʧʪʘʮʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʩʝʛʜʘ ʤʦʛʫʪ ʦʙʥʦʚʣʷʪʴʩʷ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴʩʷ 

ʧʦʜ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷè.  ʅʫʨʢʝʝʚ ɾ. ɻ., ʂʫʩʧʘʥʛʘʣʠʝʚ ɹ. ʋ., ʉʘʤʦʡʣʦʚ ʂ.ʀ.: ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ 

ʞʠʣʴʷ ʚ ʶʞʥʳʭ ʨʝʛʠʦʥʘʭ ʂʘʟʘʭʩʪʘʥʘ // ʅʘʫʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʝʛʦʜʥʷ. ï 2022. ï ˉ 5 (74). ï ʉ. 77-81. 
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- ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʨʦʣʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ 

ʜʣʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ, ʯʪʦ ʤʦʞʝʪ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʥʷʪʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. 

- ʢʫʣʴʪʫʨʥʳʡ ʘʩʧʝʢʪ ʚʘʞʝʥ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʫʥʠʢʘʣʴʥʦʛʦ ʢʫʣʴʪʫʨʥʦʛʦ 

ʥʘʩʣʝʜʠʷ ʂʘʟʘʭʩʪʘʥʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʨʦʜʚʠʞʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʘʢʪʠʢ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʜʣʷ 

ʟʘʱʠʪʳ ʠ ʧʦʚʳʰʝʥʠʷ ʮʝʥʥʦʩʪʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ; 

- ʜʦʩʪʫʧʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ 

ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʝʤʦʢʨʘʪʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʚʠʪʠʶ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ ʂʘʟʘʭʩʪʘʥʘ, ʚʢʣʶʯʘʶʱʠʡ ʵʪʠ ʘʩʧʝʢʪʳ, ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʛʘʨʤʦʥʠʯʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʥʦʚʝʡʰʠʭ ʧʨʘʢʪʠʢ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʩʦʟʜʘʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʠ ʵʩʪʝʪʠʯʝʩʢʠ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʧʦʪʨʝʙʥʦʩʪʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ 

ʠ ʩʦʭʨʘʥʷʶʱʠʭ ʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ ʥʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ çʄʘʪʨʠʮʘ ʚʣʠʷʥʠʷ - ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʜʭʦʜ ʚ ʘʥʘʣʠʟʝ 

ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡè (ʨʠʩʫʥʦʢ ɼ.6, ʇʨʠʣʦʞʝʥʠʝ ɼ) - ʦʪʨʘʞʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʘʩʧʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʮʠʬʨʦʚʠʟʘʮʠʷ ʚʥʦʩʠʪ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʨʘʢʪʠʢʫ. ʉʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʟʣʦʞʠʪʴ ʧʦ 

ʧʦʣʦʯʢʘʤ, ʢʘʢ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʝʥʷʶʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʘʨʭʠʪʝʢʪʦʨʦʚ ʠ ʦʙʱʝʩʪʚʝʥʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʈʘʟʚʝʨʥʫʪʳʡ ʠʥʪʝʨʥʝʪ-ʦʧʨʦʩ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʦ ʚʣʠʷʥʠʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ 

ʧʦ ʨʘʟʜʝʣʘʤ ʚʳʷʚʠʣʠ ʢʣʶʯʝʚʳʝ ʪʝʤʳ: 

- ʦʩʦʟʥʘʥʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ð ʨʝʩʧʦʥʜʝʥʪʳ ʚʳʨʘʟʠʣʠ ʚʘʞʥʦʩʪʴ 

ʧʦʥʠʤʘʥʠʷ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʚ, ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʧʨʘʢʪʠʢʠ; 

- ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ð ʙʳʣʘ ʧʦʜʯʝʨʢʥʫʪʘ ʠʭ ʨʦʣʴ ʚ 

ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʬʦʨʤ ʠ ʫʩʢʦʨʝʥʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ 

ʚʣʠʷʥʠʠ ʥʘ ʩʪʦʠʤʦʩʪʴ ʠ ʮʝʥʥʦʩʪʴ ʪʨʫʜʘ ʘʨʭʠʪʝʢʪʦʨʦʚ; 

- ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ð ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʠʥʥʦʚʘʮʠʠ ʚʥʦʩʷʪ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʘʤʫ ʩʫʪʴ ʩʦʟʜʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚ; 

- ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ð ʦʙʩʫʞʜʘʶʪʩʷ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ, ʚʢʣʶʯʘʷ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʷʭ; 

- ʦʙʫʯʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ ð ʧʦʜʥʠʤʘʝʪʩʷ ʚʦʧʨʦʩ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʙʫʯʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʢ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ɺʦʟʤʦʞʥʳʝ ʚʳʟʦʚʳ: 

- ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʬʦʨʤ, 

ʥʦ ʠ ʩʦʟʜʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; 

- ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʦʙʝʩʮʝʥʠʚʘʥʠʶ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʪʨʫʜʘ; 
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- ʨʦʣʴ ʘʨʭʠʪʝʢʪʦʨʘ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ, ʧʨʦʬʝʩʩʠʦʥʘʣʘʤ ʥʫʞʥʳ ʥʦʚʳʝ 

ʥʘʚʳʢʠ, ʧʨʝʚʳʰʘʶʱʠʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʨʝʜʝʣʳ ʧʨʦʬʝʩʩʠʠ. 

ɺʳʚʦʜʳ ʦʪʨʘʞʘʶʪ ʰʠʨʦʢʠʝ ʦʙʱʝʩʪʚʝʥʥʳʝ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ: 

- ʤʥʦʛʦʦʙʨʘʟʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʠʥʥʦʚʘʮʠʡ; 

- ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʠ ʪʨʫʜʘ ʙʣʘʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʦʪʚʝʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʚʳʟʦʚʳ; 

- ʩʦʮʠʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʶʜʝʡ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ. 

 ɺ ʵʪʦʤ ʜʘʥʥʘʷ çʤʘʪʨʠʮʘè ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʩʬʝʨʘ ʚ 

ʂʘʟʘʭʩʪʘʥʝ ʥʘ ʧʦʨʦʛʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʚʥʝʜʨʝʥʠʝʤ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʨʘʟʚʝʨʥʫʪʦʛʦ ʠʥʪʝʨʥʝʪ-ʦʧʨʦʩʘ, 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʦ 

ʚʣʠʷʥʠʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʩʪʨʘʪʝʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʘʜʘʧʪʘʮʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʢ ʥʦʚʳʤ 

ʨʝʘʣʠʷʤ ʠ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʮʠʬʨʦʚʠʟʘʮʠʠ ʜʣʷ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʨʭʠʪʝʢʪʫʨʳ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ çɹʫʜʫʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʂʘʟʘʭʩʪʘʥʘè (ʨʠʩʫʥʦʢ 

ɼ.5, ʇʨʠʣʦʞʝʥʠʝ ɼ) ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ɺʳʩʦʢʠʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʥʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ 

ʜʘʥʥʳʭ ʦ ʢʣʠʤʘʪʝ ʠ ʥʘʩʝʣʝʥʠʠ, ʯʪʦʙʳ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʝʢʪʳ. 

BIM ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʧʨʦʙʣʝʤʳ ʜʦ ʥʘʯʘʣʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʧʣʘʥʠʨʦʚʘʪʴ 

ʨʘʙʦʪʳ, ʵʢʦʥʦʤʷ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ. 3D ʧʝʯʘʪʴ ʠ VR/AR ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʬʦʨʤʘʤʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ, ʧʨʝʜʣʘʛʘʷ ʙʦʣʝʝ ʜʠʥʘʤʠʯʥʳʝ 

ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʤʦʜʝʣʠ. ʕʪʠ ʨʝʩʫʨʩʳ, ʙʫʜʫʯʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʟʝʣʝʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ. ɿʝʣʝʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʨʝʛʠʦʥʘ. ʅʘʧʨʠʤʝʨ, 

ʚ ʨʝʛʠʦʥʘʭ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ, ʚ ʚʝʪʨʝʥʳʭ ʨʘʡʦʥʘʭ ð ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ 

(ʚʝʨʪʠʢʘʣʴʥʦʦʩʝʚʳʝ ʠ ʪ.ʜ.). ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʘʶʪ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʜʘʥʠʡ, ʥʦ ʠ ʚʣʠʷʶʪ ʥʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. 

ʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠʛʨʘʶʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʪʘʢ ʢʘʢ ʟʜʘʥʠʷ ʜʦʣʞʥʳ ʥʝ ʪʦʣʴʢʦ ʦʪʚʝʯʘʪʴ 

ʧʦʪʨʝʙʥʦʩʪʷʤ ʦʙʱʝʩʪʚʘ, ʥʦ ʠ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʚ ʩʚʦʝʤ ʭʫʜʦʞʝʩʪʚʝʥʥʦʤ ʦʙʨʘʟʝ 

ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ. ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʧʦʤʦʯʴ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʨʝʛʠʦʥʘʣʴʥʫʶ ʩʪʠʣʠʩʪʠʢʫ ʚ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʨʦʝʢʪʳ, ʜʝʣʘʷ ʠʭ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʚ ʨʘʤʢʘʭ ʥʘʮʠʦʥʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ. 

ʇʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʠ ʪʝʭʥʦʣʦʛʠʠ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʝʩʪʘ. ʎʠʬʨʦʚʳʝ 
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ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʤʦʛʘʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʟʜʘʥʠʡ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭ ʢ ʤʝʩʪʥʳʤ 

ʣʘʥʜʰʘʬʪʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. ɺʩʝ ʵʪʠ ʵʣʝʤʝʥʪʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ 

ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ, ʛʜʝ ʮʠʬʨʦʚʳʝ ʠʥʥʦʚʘʮʠʠ ʦʙʣʝʛʯʘʶʪ ʘʜʘʧʪʘʮʠʶ ʘʨʭʠʪʝʢʪʫʨʳ ʢ 

ʣʦʢʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʦ ʧʦʪʦʢʘʭ ʣʶʜʝʡ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʟʜʘʥʠʡ ʩ ʫʣʫʯʰʝʥʥʦʡ ʣʦʛʠʩʪʠʢʦʡ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʟʜʘʥʠʡ, ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʵʢʦʥʦʤʠʢʫ ʨʝʛʠʦʥʦʚ ʂʘʟʘʭʩʪʘʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʚʠʜʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʩʪʥʳʭ ʨʝʩʫʨʩʦʚ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

(ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʭr ʨʝʩʫʨʩʦʚ, ʦʩʦʙʝʥʥʦ ʤʘʣʳʭ ʨʝʢ, ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, 

ʵʥʝʨʛʠʠ ʙʠʦʤʘʩʩʳ, ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ), ʫʯʠʪʳʚʘʶʱʠʝ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ  ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʨʝʛʠʦʥʘ 

ʂʘʟʘʭʩʪʘʥʘ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʯʝʨʝʟ "ʧʨʠʟʤʫ" ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʦʯʝʚʠʜʥʦ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʙʫʜʫʱʝʡ ʘʨʭʠʪʝʢʪʫʨʳ ʂʘʟʘʭʩʪʘʥʘ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʦʤʧʣʝʢʩʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʫʯʠʪʳʚʘʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ, 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ʆʥʘ ʧʦʢʘʟʳʚʘʝʪ, 

ʢʘʢ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʛʘʨʤʦʥʠʯʥʦ ʚʧʠʩʳʚʘʶʱʝʡʩʷ ʚ ʞʠʟʥʴ ʦʙʱʝʩʪʚʘ, ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʠ ʢʫʣʴʪʫʨʥʳʡ ʣʘʥʜʰʘʬʪ ʂʘʟʘʭʩʪʘʥʘ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, çɹʫʜʫʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʂʘʟʘʭʩʪʘʥʘè ʙʫʜʝʪ ʨʝʟʫʣʴʪʘʪʦʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʣʠʷʥʠʷ ʚʩʝʭ ʵʪʠʭ ʬʘʢʪʦʨʦʚ. ɺʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʠ ʟʝʣʝʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʫʯʝʪ ʫʥʠʢʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʢʫʣʴʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʢʘʞʜʦʛʦ ʨʝʛʠʦʥʘ, ʘ ʪʘʢʞʝ ʫʯʝʪ ʛʣʦʙʘʣʴʥʳʭ ʠ ʤʝʩʪʥʳʭ 

ʪʨʝʥʜʦʚ ʧʦʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʝ ʠ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʜʣʷ ʞʠʟʥʠ 

ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. çʎʠʬʨʦʚʘʷ ʩʬʝʨʘè ʂʘʟʘʭʩʪʘʥʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʨʘʟʚʝʨʥʫʪʘ ʢ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʧʨʦʙʣʝʤʘʤ. ʇʦʤʠʤʦ ʪʘʢʠʭ 

ʛʣʦʙʘʣʴʥʳʭ ʪʝʤ ʢʘʢ ʵʢʦʣʦʛʠʷ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʜʦʣʞʥʳ ʩʠʥʝʨʛʠʯʥʦ ʨʘʙʦʪʘʪʴ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʝʱʝ ʠ ʚ ʧʣʘʥʝ 

ʢʦʥʪʝʢʩʪʘ ʨʝʛʠʦʥʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʚʝʩʴ ʵʪʦʪ ʘʨʩʝʥʘʣ 

ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥ ʚ ʚʝʢʪʦʨʝ, ʧʨʦʜʦʣʞʘʶʱʝʤ ʚʩʝ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʊʦʣʴʢʦ ʧʨʦʧʫʱʝʥʥʳʝ ʯʝʨʝʟ ʧʨʠʟʤʫ ʵʪʠʭ ʬʘʢʪʦʨʦʚ, ʚʩʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʩʤʦʛʫʪ ʘʜʝʢʚʘʪʥʦ 

ʬʦʨʤʠʨʦʚʘʪʴ ʙʫʜʫʱʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʂʘʟʘʭʩʪʘʥʘ. 

ɺʳʚʦʜʳ ʧʦ ʧʷʪʦʤʫ ʨʘʟʜʝʣʫ 

1. ʉʦʟʜʘʥʘ ʤʦʜʝʣʴ ʚʦʟʤʦʞʥʦʩʪʝʡ ʀʥʜʫʩʪʨʠʠ 4.0 ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʢʦʪʦʨʘʷ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʠʭ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʮʠʬʨʦʚʠʟʘʮʠʶ ʠ ʦʧʪʠʤʠʟʘʮʠʶ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʕʪʘ ʤʦʜʝʣʴ ʠʣʣʶʩʪʨʠʨʫʝʪ ʢʘʢ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ 

ʢʘʢ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʠ ʫʤʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʫʣʫʯʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. 
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2. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʠʟʘ, ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʦ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʦʡ ʩʝʪʠ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʝʝ ʧʦʪʝʥʮʠʘʣ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʕʪʘ ʩʭʝʤʘ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʠ ʩʪʨʫʢʪʫʨ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʠ ʧʣʘʥʠʨʦʚʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʩʝʪʝʡ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʩʦʟʜʘʥʠʠ ʜʠʟʘʡʥʘ. ʕʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʟʚʦʣʠʣʠ ʫʚʠʜʝʪʴ, ʢʘʢ ʥʝʡʨʦʩʝʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ. 

4. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʙʣʝʤʳ ʠ ʚʳʟʦʚʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʩʝʪʝʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʟʚʝʰʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʥʪʝʛʨʘʮʠʠ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʆʩʥʦʚʥʳʝ 

ʪʨʫʜʥʦʩʪʠ ʚʢʣʶʯʘʶʪ ʩʣʦʞʥʦʩʪʠ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ 

ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʫʛʨʦʟʫ 

ʩʦʢʨʘʱʝʥʠʷ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ ʦʪʨʘʩʣʠ. 

5. ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʂʘʟʘʭʩʪʘʥʘ ʚʳʷʚʠʣ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʩʪʘʥʜʘʨʪʳ. 

6. ʉʦʟʜʘʥʥʘʷ ʤʦʜʝʣʴ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ 

ʂʘʟʘʭʩʪʘʥʘ ʚ ʙʫʜʫʱʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʜʭʦʜ ʚ ʦʮʝʥʢʝ ʠʭ ʵʬʬʝʢʪʘ. 

ʄʦʜʝʣʴ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʢʘʢ ʮʠʬʨʦʚʠʟʘʮʠʷ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ 

ʫʤʥʳʭ, ʫʩʪʦʡʯʠʚʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ, ʦʪʚʝʯʘʶʱʠʭ 

ʧʦʪʨʝʙʥʦʩʪʷʤ ʙʫʜʫʱʝʛʦ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʂʘʟʘʭʩʪʘʥʘ. 

7. ʄʦʜʝʣʴ çɹʫʜʫʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʂʘʟʘʭʩʪʘʥʘè ʨʘʩʢʨʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʷ   

ʠʥʪʝʛʨʘʮʠʠ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩ ʫʯʝʪʦʤ 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʨʝʛʠʦʥʘʭ ʂʘʟʘʭʩʪʘʥʘ.   

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʦʜʚʠʞʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ 

ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʆʥʠ ʪʘʢʞʝ ʧʦʤʦʛʫʪ ʘʨʭʠʪʝʢʪʦʨʘʤ-ʧʨʘʢʪʠʢʘʤ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠ ʩʪʫʜʝʥʪʘʤ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʤʝʥʷʶʱʠʤʩʷ ʮʠʬʨʦʚʳʤ ʤʝʪʦʜʘʤ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʬʦʨʤʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʂʘʟʘʭʩʪʘʥʘ.   
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ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ 

ʬʝʥʦʤʝʥʘ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ.  

ʇʝʨʚʳʡ ʨʘʟʜʝʣ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʚʩʝʩʪʦʨʦʥʥʝʤ 

ʠʟʫʯʝʥʠʠ ʬʝʥʦʤʝʥʘ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʢʦʥʪʝʢʩʪʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʩʪʦʨʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ 

ʵʚʦʣʶʮʠʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ɸʚʪʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʦʮʝʩʩ 

ʨʘʟʚʠʪʠʷ ʦʪ ʧʝʨʚʳʭ ʰʘʛʦʚ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʕʪʦʪ ʨʘʟʜʝʣ 

ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʩʦ ʚʨʝʤʝʥʝʤ, ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʩʸ ʛʣʫʙʞʝ ʠʥʪʝʛʨʠʨʦʚʘʣʠʩʴ 

ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʪʚʦʨʯʝʩʪʚʦ, ʦʢʘʟʳʚʘʷ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʘʥʘʣʠʟ ʢʣʶʯʝʚʳʭ ʤʦʤʝʥʪʦʚ ʚ ʠʩʪʦʨʠʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʢʦʛʜʘ ʮʠʬʨʦʚʳʝ ʠʥʥʦʚʘʮʠʠ 

ʥʘʯʘʣʠ ʤʝʥʷʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʘʙʦʪʳ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʝʜʧʦʩʳʣʢʠ 

ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʥʘʯʠʥʘʷ ʩʦ ʚʨʝʤʸʥ ʇʠʬʘʛʦʨʘ ʜʦ 

ʩʦʚʨʝʤʝʥʥʦʩʪʠ, ʯʪʦ ʧʨʦʩʣʝʞʝʥʦ ʦʪ ʨʠʩʫʥʢʦʚ ʠ ʯʝʨʪʝʞʝʡ, ʜʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ CAD-ʩʠʩʪʝʤ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʵʪʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʝ ʪʦʣʴʢʦ ʚʥʝʩʣʘ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 

ʨʝʘʣʠʟʘʮʠʶ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʠ ʢʦʥʮʝʧʮʠʡ. 

ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʩʫʱʝʩʪʚʣʝʥ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ ʠ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʥʪʝʛʨʘʮʠʶ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ɸʢʮʝʥʪʠʨʦʚʘʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʦʮʝʩʩʝ 

çʚʩʪʨʘʠʚʘʥʠʷè ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʫ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɸʚʪʦʨ 

ʠʩʩʣʝʜʫʝʪ, ʢʘʢ ʵʪʦ ʚʩʪʨʘʠʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʚ ʜʠʘʣʝʢʪʠʢʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʦʡ, ʧʦʜʯʝʨʢʠʚʘʷ, ʯʪʦ 

ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʧʨʦʩʪʦ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ ʠ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, 

ʬʦʨʤʠʨʫʷ ʥʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ. ʕʪʦ 

ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʤʝʭʘʥʠʟʤʳ 

ʮʠʬʨʦʚʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʠ ʤʦʜʝʣʠ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ, 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʠ ʛʝʥʝʨʘʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ ʚʢʣʘʜʦʤ ʚ 

ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʮʠʬʨʦʚʠʟʘʮʠʷ ʚʣʠʷʝʪ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʠʩʢʫʩʩʪʚʦ. ʆʥʠ 

ʧʦʤʦʛʘʶʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʦʙʲʷʩʥʠʪʴ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʨʦʮʝʩʩʘʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʝʨʝʜʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠ  ʁ

ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠʥʥʦʚʘʮʠʷʤʠ ʠ ʤʝʪʦʜʘʤʠ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚʳʷʚʠʚʰʝʤʫ ʨʘʩʪʫʱʫʶ ʨʦʣʴ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. 
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ɺ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʚʝʜʝʥ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ. ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʦʚ ʟʜʘʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, 

ʦʪʨʘʞʘʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʠ ʤʝʭʘʥʠʟʤʳ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʢʦʥʪʝʢʩʪʝ ʘʨʭʠʪʝʢʪʫʨʳ, 

ʯʪʦ ʧʦʤʦʛʘʝʪ ʧʦʥʷʪʴ, ʢʘʢ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʣʠʷʶʪ ʥʘ ʩʪʠʣʠʩʪʠʯʝʩʢʠʝ ʠ 

ʬʦʨʤʘʣʴʥʳʝ ʘʩʧʝʢʪʳ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ. ʇʦʤʠʤʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʘʩʧʝʢʪʦʚ ʠʥʪʝʛʨʘʮʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʫ, ʧʦʜʯʝʨʢʠʚʘʶʪʩ ̫

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʠʩʢʠ ʠ ʩʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩ,̫ ʢʘʢ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʧʦʚʣʠʷʣʘ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʦʜʭʦʜʘʭ ʢ ʘʨʭʠʪʝʢʪʫʨʥʦʤʫ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʶ, ʚʢʣʶʯʘʷ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ 

ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʘ 

ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ɺ ʮʝʣʦʤ, ʪʨʝʪʠʡ 

ʨʘʟʜʝʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʚʝʨʥʫʪʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ, ʧʦʜʯʝʨʢʠʚʘʷ ʜʠʘʣʝʢʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʜʝʤʦʥʩʪʨʠʨʫʷ, ʢʘʢ ʵʪʠ ʜʚʝ ʩʬʝʨʳ 

ʚʟʘʠʤʥʦ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ. 

ɺ ʯʝʪʚʝʨʪʦʤ ʨʘʟʜʝʣʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʟʥʘʯʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʣʦʞʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ɸʚʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʦʜʝʣʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʠ, ʪʘʢ ʠ ʩʣʦʞʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʚʥʝʜʨʝʥʠʝʤ BIM-ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʠʥʜʫʩʪʨʠʶ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʧʦʥʠʤʘʥʠʶ ʜʠʥʘʤʠʢʠ ʠ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʉʦʟʜʘʥʘ ʜʠʘʛʨʘʤʤʘ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʟʚʝʨʥʫʪʦʛʦ ʠʥʪʝʨʥʝʪ-ʦʧʨʦʩʘ ʩʨʝʜʠ ʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ ʠʭ ʚʢʣʘʜ ʚ ʩʦʟʜʘʥʠʝ ʩʣʦʞʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. ʏʝʨʝʟ ʧʨʘʢʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚ ʧʨʦʛʨʘʤʤʝ Autodesk Revit, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʘʩʪʠʝʤ ʩʪʫʜʝʥʪʦʚ ʥʘ ʧʨʠʤʝʨʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ, ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʚʘʞʥʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʧʨʘʢʪʠʢʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, 

ʨʘʟʜʝʣ ʦʩʚʝʱʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ VR-ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʘʥʘʣʠʟʠʨʫʷ ʠʭ 

ʨʦʣʴ ʚ ʫʣʫʯʰʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ, ʘ ʪʘʢʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʧʨʠʤʝʥʝʥʠʷ VR, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʩʝʩʪʦʨʦʥʥʠʡ ʦʙʟʦʨ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʮʝʣʦʤ, ʯʝʪʚʝʨʪʳʡ ʨʘʟʜʝʣ 

ʠʟʫʯʘʝʪ ʚʢʣʘʜ ʧʝʨʝʜʦʚʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʫ, ʧʦʜʯʝʨʢʠʚʘʷ ʢʘʢ 

ʠʭ ʟʥʘʯʠʤʦʩʪʴ ʚ ʨʘʟʚʠʪʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʘʢʪʠʢ, ʪʘʢ ʠ ʚʳʟʦʚʳ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʘʨʭʠʪʝʢʪʦʨʳ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 
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ʇʷʪʳʡ ʨʘʟʜʝʣ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʠ ʢʦʥʮʝʧʮʠʡ ʚ 

ʨʘʤʢʘʭ ʀʥʜʫʩʪʨʠʠ 4.0, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʨʘʟʚʠʪʠʷ ʫʩʪʦʡʯʠʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʂʘʟʘʭʩʪʘʥʘ ʚ ʢʦʥʪʝʢʩʪʝ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʦʙʲʝʜʠʥʷʶʱʠʭ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʠʜʝʠ ʩ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ. ɺ ʥʝʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ, 

ʘʢʮʝʥʪʠʨʫʶʱʘʷ ʚʢʣʘʜ ʪʝʥʜʝʥʮʠʡ ʀʥʜʫʩʪʨʠʠ 4.0 ʚ ʮʠʬʨʦʚʠʟʘʮʠʶ ʠ 

ʦʧʪʠʤʠʟʘʮʠʶ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ɸʚʪʦʨ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʣ ʩʭʝʤʫ ʨʘʙʦʪʳ 

ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʳʭ ʩʝʪʝʡ, ʘʥʘʣʠʟʠʨʫʷ ʠʭ ʧʦʪʝʥʮʠʘʣ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʦʟʜʘʥʠʶ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʠ ʧʣʘʥʠʨʦʚʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʩʝʪʝʡ, ʧʦʜʯʝʨʢʠʚʘʷ 

ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʥʮʝʧʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʦʪʨʘʞʘʶʱʘʷ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʧʨʘʢʪʠʢʠ. 

ɺ ʨʘʟʜʝʣʝ ʪʘʢʞʝ ʦʙʩʫʞʜʘʶʪʩʷ ʚʳʟʦʚʳ ʠ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʩʝʪʝʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ 

ʧʦʥʠʤʘʥʠʶ ʵʪʠʭ ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʂʘʟʘʭʩʪʘʥʘ, ʚʳʷʚʣʷʷ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʝʝ ʚʣʠʷʥʠʷ. ʉʦʟʜʘʥʘ ʤʦʜʝʣʴ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʙʫʜʫʱʝʡ ʘʨʭʠʪʝʢʪʫʨʳ ʂʘʟʘʭʩʪʘʥʘ, ʦʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʥʪʝʛʨʘʣʴʥʦʤ ʧʦʜʭʦʜʝ, 

ʫʯʠʪʳʚʘʶʱʝʤ ʚʝʩʴ ʩʧʝʢʪʨ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭʩʷ 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʠ ʢʫʣʴʪʫʨʥʦ-

ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʄʦʜʝʣʴ çɹʫʜʫʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʂʘʟʘʭʩʪʘʥʘè ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʵʪʦʡ 

ʩʬʝʨʝ.   ɺʳʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʤʦʜʝʣʠ ʦʙʦʩʥʦʚʳʚʘʶʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʯʠʤʦʩʪʴ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʠ ʨʘʟʚʠʪʠʷ ʫʩʪʦʡʯʠʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʂʘʟʘʭʩʪʘʥʘ. ʀʥʪʝʛʨʘʣʴʥʳʡ 

ʧʦʜʭʦʜ ʬʦʨʤʠʨʫʝʪ ʙʘʟʫ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ʇʨʠ ʵʪʦʤ, ʥʘʨʷʜʫ ʩ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʠ ʩʪʠʣʝʡ, ʦʪʤʝʯʘʶʪʩʷ ʠ 

ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ.                                                                                                    

 ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ çʎʠʬʨʦʚʦʡ ʂʘʟʘʭʩʪʘʥè ʚ ʦʙʣʘʩʪʠ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʜʦʣʞʥʘ ʨʘʟʚʠʚʘʪʴʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ ʚʝʩʴ ʩʧʝʢʪʨ 

ʠʟʣʦʞʝʥʥʳʭ ʚʳʰʝ ʬʘʢʪʦʨʦʤ, ʛʠʙʢʦ ʨʝʘʛʠʨʫʷ ʥʘ ʠʭ ʜʠʥʘʤʠʢʫ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʢʘʢ ʦʙʱʝʤʠʨʦʚʳʝ ʧʨʦʙʣʝʤʳ (ʵʢʦʣʦʛʠʷ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ ʪ.ʜ.), ʪʘʢ ʠ ʧʨʦʙʣʝʤʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʩʧʝʮʠʬʠʢʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ. ʊʦʣʴʢʦ ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ, ʧʦʨʦʞʜʝʥʠʝ 

ʛʣʦʙʘʣʠʟʘʮʠʠ - ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ, ʩʤʦʞʝʪ ʩʙʘʣʘʥʩʠʨʦʚʘʥʦ ʠ ʘʜʝʢʚʘʪʥʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘʥʠʶ ʙʫʜʫʱʝʡ ʘʨʭʠʪʝʢʪʫʨʳ ʂʘʟʘʭʩʪʘʥʘ. 

ɺ ʮʝʣʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʷʪʦʛʦ ʨʘʟʜʝʣʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʦʜʚʠʞʝʥʠʶ ʠ 

ʨʘʟʚʠʪʠʶ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʦʤʦʛʘʷ ʘʨʭʠʪʝʢʪʦʨʘʤ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠ 

ʩʪʫʜʝʥʪʘʤ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ ʮʠʬʨʦʚʳʤ ʤʝʪʦʜʘʤ ʠ ʪʝʭʥʦʣʦʛʠʷʤ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʦʚʘʪʦʨʩʢʠʝ ʬʦʨʤʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʂʘʟʘʭʩʪʘʥʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʬʝʥʦʤʝʥʘ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ    

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʬʝʥʦʤʝʥ çʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳè ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʵʪʘʧʳ 

ʝʛʦ ʨʘʟʚʠʪʠʷ.  ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʯʠʥʳ ʠ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʝ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʜʭʦʜʘʭ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʤʘʪʝʨʠʘʣʘʤ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ 

ʦʢʨʫʞʝʥʠʝʤ. 

2. ʆʧʨʝʜʝʣʝʥʳ ʛʣʘʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʟʜʘʥʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ, ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʩʦʟʜʘʥʘ 

ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʧʨʦʮʝʩʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ʀʩʩʣʝʜʦʚʘʥʳ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʦʡ ʠ ʘʨʭʠʪʝʢʪʫʨʦʡ, ʠʩʭʦʜʷ ʠʟ ʠʭ ʩʧʝʮʠʬʠʢʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʢʘʢ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʣʠʷʶʪ ʥʘ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʥʷʶʪ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ. ʉʦʟʜʘʥʘ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʧʨʦʮʝʩʩʦʤ ʩʦʟʜʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. ʀʩʩʣʝʜʦʚʘʥʳ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʠʥʮʠʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚ ʧʦʜʭʦʜʘʭ ʢ ʩʦʟʜʘʥʠʶ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʬʦʨʤʳ. 

3. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʦʙʨʘʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʨʘʟʚʠʪʠʝ 

ʮʠʬʨʦʚʳʭ ʧʨʘʢʪʠʢ, ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʨʦʚʝʜʝʥʳ   

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʘʨʭʠʪʝʢʪʫʨʥʦʤʫ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʧʨʠʤʝʨʝ ʠʟʚʝʩʪʥʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ Revit. 
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ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʩʦʟʜʘʥʘ ʜʠʘʛʨʘʤʤʘ 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʠʭ ʧʨʦʛʨʘʤʤ ʚ ʩʦʟʜʘʥʠʠ ʩʣʦʞʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʤʠ ʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʧʨʦʛʨʘʤʤʝ 

Autodesk Revit, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʘʩʪʠʝʤ ʩʪʫʜʝʥʪʦʚ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʧʨʘʢʪʠʢʠ. 

5. ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʮʠʬʨʦʚʦʛʦ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʤ 

ʦʧʨʦʩʝ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʪʥʦʰʝʥʠʝ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʨʝʜʝ ʢ ʚʣʠʷʥʠʶ 

ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ 

ʚʣʠʷʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʫʜʫʱʝʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʂʘʟʘʭʩʪʘʥʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʨʝʛʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺʳʚʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ 

ʩʪʫʜʝʥʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʬʝʨʝ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 
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.x1 ˮͫͻͦ͒Ύ͙͒͘ ͎͔͊ͤͤͦͦͨͦ͒ͪ͊͒͊͘͡- ͼ͙ͺ͍ͪͦ͊Ύͯ͟͡Έ͍ͭͯͪ͊
͊ͪͻ͙͔͔͙͔͔ͭͭͯͪͣͭͪ͟Ύ͙͒ ͔͎ͤͭͪ͊ͼ͙͙ͼ͙ͺ͍ͪͦ·ͻ͔ͭͻ͎͙͚͍ͤͦͦ͡
͊ͪͻ͙͔ͭͭͯͪͯ͟

́˩̆˹˻˶˻˥ˮ̉˩˿˴ˮ˩ ˮ˹˹˻ˤˢ̇ˮˮ
˽͎͔͍͙͙ͪͦͪͫͫͦ͋͊ͫͭͤ͡ͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ͔ͭͻ͎͙͚ͤͦͦ͡ΣͨͦΎ͍͔͙͔ͤ͡
ͣͦ΅ͤ·ͻ͔ͨ ͪͫͦͤ͊͡Έͤ·ͻͦͣͨ͟ΈΌ͔͍͙ͭͪͦ ͔ͫͨͼ͙͙͙͍͎͊ͪͦ͊ͤͤͦͦ͘͡
͎͎͔͔ͨͪͦͪ͊ͣͣͤͦͦͦ͋ͫͨ;͔͙ͤΎΣ͍͙ͨͦͦ͊ͪ͘͡͡ͻ͙͔͔͔ͭͭͦͪ͊ͣ͋ͦ͟͡
Ήͺͺ͔͙͍͙ͭͤͦͭ͟ ͦ;͍ͤͦͫͦ͒͊͊ͭ͘Έ͍͙͔ͫͦͨͪͦͭ͟·.

CAD (COMPUTER-AIDED DESIGN) 
˽ͦΎ͍͔͙͔ͤͦͣͨ͟͡ΈΌ͔ͭͪͤ·ͻ͙͔͍͙͔͙͙ͤͫͭͪͯͣͤͭͦͣͤ͘͡ ͔ͣͭͦ͒
͊ͪͻ͙͔͎͔͙͍͙ͭͭͯͪͤͦͦͨͪͦͭͪͦ͊ͤ͟͟ΎΣ͍ͨͦͦ͘͡ΎΎ͍ͫͦ͒͊͊ͭ͘Έ͔͔͋ͦ͡
ͫͦ͗ͤ͡·͔͙͒ ͔͙͙͍ͭ͊ͪͦ͊ͤͤ͘͡·͔͔͙ͣͦ͒͡.

BIM (BUILDING INFORMATION MODELING)
BIM ͫ͡ ͔͒ͯΌ΅͙͚΄͎͔͊ͨͦͫ͡CAD. ˽ͦ ͍ͦ͘͡Ύ͔͍ͭͫͦ͒͊͊ͭ͘Έ͔ͤͨ ͪͦͫͭͦ
͎͔͔͙ͦͣͭͪ;͔͙͔͔͙ͫͣͦ͒͟͡Σ͙ͤͦ ͔͙ͣͦ͒ͫͨ͡ ͚͙ͦͤͦͤ͡ͺͦͪͣ͊ͼ͙͔͚ͦ
͔͙ͣ͊ͭͪ͊͊͡ͻΣ͔ͭͻ͙ͤ;͔͙ͫ͟ͻͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ͻ͙ ͎͙͒ͪͯͻ͔͊ͫͨͭ͊͟ͻ
͙͒͊ͤ͘Ύ.

3D-˽˩̉ˢ́̎ ˮ ˾˻ˣ˻́ˮ˭ˮ˾˻ˤˢ˹˹˻˩ ˿́˾˻ˮ́˩˶̎˿́ˤ˻
˽͙͔͔͙͔ͪͣͤͤΉ͙ͭͻ͔ͭ ͻ͎͙͚͍ͤͦͦ͊ͪ͡ͻ͙͔͔͙͙͔ͭͭͯͪͫͭͪͦͭ͟͡Έ͍͔ͫͭ
͍ͨͦͦ͘͡Ύ͔͔͙͍ͭͪ͊ͦ͘͡·͍͊ͭΈͫͦ͗ͤ͡·͔ͺͦͪͣ·͙ ͔ͯͣͤΈ΄͊ͭΈ
;͔͍͔ͦ͡;͔͙͚ͫ͟ͺ͙͊ͭͦͪͨͪͫͭ͟ ͙͔ͪͦͭ͡Έ͍͔ͫͭ.

˿˻ˤ˾˩˸˩˹˹̍˩ ̇ˮ̅˾˻ˤ̍˩ ˸˩́˻˨̍ ˽˾˻˩˴́ˮ˾˻ˤˢ˹ˮ̒Υ 
ˢ˶˥˻˾ˮ́˸ˮ̉˩˿˴˻˩Σ ˽ˢ˾ˢ˸˩́˾ˮ̉˩˿˴˻˩Σ 

˥˩˹˩˾ˢ́ˮˤ˹˻˩ ˮ ́Φ˨Φ
˿ ͙ͫͨͦ͡Έ͍͙͔͎͙͍͙ͦ͊ͤͣͨͪͦͪ͊ͣͣͪͦ͊ͤ͘Ύ͊ͪͻ͙͔ͭͭͦͪ͟·͎ͣͦͯͭ
͍ͫͦ͒͊͊ͭ͘Έ͙͚͒͊ͤ͘·Σ͙͋͊ͪͯ͘Ό΅͙͔ͫΎ͔͔͔ͤ͊ͦͨͪ͒ͤͤ͡·ͻ͎͙͊ͦͪͭͣ͊͡ͻ͙
͔͔͔ͨͪͣͤͤ·ͻΣ;͍ͭͦͨͦͦ͘͡Ύ͔͍ͭͫͦ͒͊͊ͭ͘Έ͙ͯͤ͊͟͡Έͤ·͔͙
͙͙͙͍ͦͨͭͣͪͦ͊ͤͤ͘·͔͍ͨͪͦͫͭͪ͊ͤͫͭ͊.

ˤˮ˾́̂ˢ˶̎˹ˢ̒ ˮ ˨˻˽˻˶˹˩˹˹ˢ̒ ˾˩ˢ˶̎˹˻˿́̎
͔́ͻ͎͙͙ͤͦͦ͡VR ͙ AR ͔͍ͨͪ͒ͦͫͭ͊͡ΎΌ͍ͭͤͦ·͔ͫͨͦͫͦ͋·
͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ͊ͪͻ͙͔͍͙ͭͭͦͪͦͫ͟ͻͨ ͔͙͙͙͔͙ͪͦͭ͊ͣͤͭ͊ͣ͟͟͡Σ
͍ͨͦͦ͘͡ΎΎϦ͎͙ͨͦͪͯͭ͘ΈͫΎϦ͍͋ͯ͒ͯ΅͔͔͍͔ͨͪͦͫͭͪ͊ͤͫͭͦ΅͔͒ ͔ͦ ͎ͦ
͔ͪ͊͡Έ͎͙͔ͤͦͦͫͭͪͦͭ͡Έ͍ͫͭ͊.

˸ˮ˾˻ˤˢ̒ ˮ˹́˩˥˾ˢ̇ˮ̒ ˮ ˻ˣ˸˩˹ ˨ˢ˹˹̍˸ˮ
ˮ͔͔͔͍ͤͭͪͤͭͫ͒͊ͦͣͦ͗ͤ͘͡͡·͔ͣͦ͋ͣͤͦͨ·͙ͭͦͣ͒͊ͤͤ·͙͔ͣͣ͗͒ͯ
͊ͪͻ͙͔͙͍͔͎͙ͭͭͦͪ͊ͣͫͦͣ͟ ͪ͊Σ;ͭͦͫ ͙͙͔ͭͣͯͪͯͭ͋͡·͔ͫͭͪͦ
͔͙͔͍ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦ·ͻ͙͒ ͔͚͙ ͔ͭͻ͎͙͚ͤͦͦ͡. ˤ ͭͦ ;͙͔ͣͫ͡
͙͔ͤͫͭͪͯͣͤͭ·͙ͨ ͊ͭ͡ͺͦͪͣ·BigData, Autodesk360,ͺͦͪͣ͊ͭIFC͙ ͒ .ͪ

̏˴˻˶˻˥ˮ̉˩˿˴˻˩ ˮ ̂˿́˻˯̉ˮˤ˻˩ ˿́˾˻ˮ́˩˶̎˿́ˤ˻
͙̇ͺ͍ͪͦ·͔͔ͭͻ͎͙͙͍ͤͦͦͨͦͦ͘͡͡ΎΌͭͯ͡;΄͔͊ͤ ͙͙͍͊ͪͦ͊ͭ͘͡Έ͙
͙͙͙͍ͦͨͭͣͪͦ͊ͭ͘ΈΉ͔͎ͤͪͦΉͺͺ͔͙͍ͭͤͦͫͭ͟Έ͙͚͒͊ͤ͘Σ͍͔͔͙͔͙ͦ͒ͦͨͦͭͪ͋ͤ͡
͎͙͔͒ͪͯΉ͎͙ͦͦ͟͡;͔͙͔͔ͫ͊ͫͨͭ͟͟·

ˤͼ͔ͦͣ͡Σ͍͙͙͔ͪ͊ͭ͘ͼ͙ͺ͍͚ͪͦͦͯ͟͡Έͭͯͪ·͍͊ͪͻ͙͔͔ͭͭͯͪ͟Ύ͍͡ΎΎͫΈ
͙͙ͦ͒ͤͣͨ͘ ͦͤΎ͙͚ͭΣͫͦ;͔͔͍͔͔ͭ͊ͭͫ͋ͯ͟ ͡Έͭͯͪͤͦ-͔ͭͻ͎͙ͤͦͦ͡;͔͎ͫͦͦ͟
͎͔ͨͪͦͪͫͫ͊Σ͍ͤͦ·ͻͨͦ͒ͻ͍͔͙͍͙ͦ͒ͦͨͪͦͭͪͦ͊ͤ͟͟Ό͙͙͔ͣͤ͘ΎΌ΅͙ͻͫΎ
͔͔͚ͨͦͭͪ͋ͤͦͫͭͦ͋΅͔͍ͫͭ͊. ͙̏ͭ ͙͔͔͙ͣͤͤ͘Ύ͍ͨͦͦ͘͡ΎΌͭ
͍͙͔͚͍͍͊ͣͦ͒ͫͭͦ͊ͭ͘Έ͍͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤͦͣͨͦ͒͡ͻ͔͍ͦ͒ͫͦ͒͊͊ͭ͘Έ
͔͔͋ͦ͡ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔Σ͚ͯͫͭͦ;͙͍·͔͙͟ ͔͙͍ͪ͊ͭͤ·͔͊ͪͻ͙͔ͭͭͯͪͤ͟·͔
ͦ͋Ά͔ͭ͟·.

[227]

[228]

[229]

[230]

[231] [232]

[234]

[233]

[235]

[236]

[237]

 

ʈʠʩʫʥʦʢ ɹ.2 ï ʀʥʪʝʛʨʘʮʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ [227-237] 
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ʈʠʩʫʥʦʢ ɹ.3 - ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 
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 ̄

ʧ/

ʧ 

ʌʨʘʢʪʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʠʤʝʨʳ 

 

1 
 

 

ʉʘʣʬʝʪʢʘ ʉʝʨʧʠʥʩʢʦʛʦ [3] 

 

TPAC ï ʊʘʡʙʵʡ ʎʝʥʪʨ 

ʠʩʧʦʣʥʠʪʝʣʴʩʢʦʛʦ ʠʩʢʫʩʩʪʚʘ 

ʀʟʦʙʨʘʞʝʥʠʝ NL ʘʨʭʠʪʝʢʪʦʨʦʚ 

[14] 

 

2 
 

 

ʉʘʣʬʝʪʢʘ ʉʝʨʧʠʥʩʢʦʛʦ [2] 

 

ɿʜʘʥʠʝ ʰʪʘʙ-ʢʚʘʨʪʠʨʳ Fuji TV ʥʘ 

ʦʩʪʨʦʚʝ ʆʜʘʡʙʘ, ʘʨʭ. ʂʝʥʜʟʦ ʊʘʥʛʝ, 

ʗʧʦʥʠʷ [2] 

 

3 
 

   

ʅʝʣʠʥʝʡʥʳʝ ʦʩʠ 

ʚ ʧʨʠʨʦʜʥʳʭ ʬʨʘʢʪʘʣʘʭ 

 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

ʂʦʨʦʣʴ ɸʙʜʘʣʣʘ [5] 

 

4 

 
ɼʠʥʘʤʠʯʝʩʢʠʡ ʭʘʦʩ 

 
 

 
ʎʝʥʪʨ ʄʝʣʙʦʫʨʥʝ [5] 

 
5 

 

 
ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʬʠʣʣʦʪʘʢʩʠʩʘ 

ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ [6] 

 
ʅʝʙʦʩʢʨʸʙ ʛʣʘʚʥʦʛʦ ʦʬʠʩʘ ʰʚʝʡ- 

ʮʘʨʩʢʦʡ ʩʪʨʘʭʦʚʦʡ ʢʦʤʧʘʥʠʠ, ʘʨʭ. 
ʅʦʨʤʘʥ ʌʦʩʪʝʨ, ʃʦʥʜʦʥ [2] 

 
6 

 

 
ʇʨʠʤʝʨ ʧʨʠʨʦʜʥʦʛʦ ʬʨʘʢʪʘʣʘ [7] 

 
ɾʠʣʦʡ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʡ ʜʦʤ, ʧʨʦ- 

ʝʢʪ ɼʘʥʠʵʣʷ ʃʠʙʝʩʢʠʥʜʘ, ʉʘʢʨʘ- 
ʤʝʥʪʦ, ʉʐɸ [2] 

 

7 

 

 

ʊʨʝʫʛʦʣʴʥʠʢ ʉʝʨʧʠʥʩʢʦʛʦ [3] 
 

ʍʸʨʩʪ-ʪʘʫʵʨ (Hearst Tower) ï ʟʜʘ- 

ʥʠʝ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʝ ʅʦʨʤʘʥʦʤ 

ʌʦʩʪʝʨʦʤ [2] 

 
 

ʈʠʩʫʥʦʢ ɹ.4 - ʌʨʘʢʪʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ [77, ʩ. 84] 
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ȲɋɛɆɓɎɍɒɡ ɆɖɛɎɘɋɐɘəɖɓɔɉɔ ɚɔɖɒɔɔɇɖɆɍɔɈɆɓɎɥ Ɉ 

ɜɎɚɖɔɈɡɛ ɘɋɛɓɔɑɔɉɎɥɛ

ȦɑɉɔɖɎɘɒɎɝɋɗɐɔɋ 

ɕɖɔɋɐɘɎɖɔɈɆɓɎɋ

ȵɆɖɆɒɋɘɖɎɝɋɗɐɔɋ 

ɒɔɊɋɑɎɖɔɈɆɓɎɋ

ȩɋɓɋɖɆɘɎɈɓɔɋ 

ɕɖɔɋɐɘɎɖɔɈɆɓɎɋ

ȮɗɐəɗɗɘɈɋɓɓɡɏ 

Ɏɓɘɋɑɑɋɐɘ Ɏ 
ɒɆɞɎɓɓɔɋ ɔɇəɝɋɓɎɋ

ȷɋɘɋɈɔɋ 

ɕɖɔɋɐɘɎɖɔɈɆɓɎɋ

ȦɓɆɑɎɘɎɝɋɗɐɔɋ 

ɕɖɔɋɐɘɎɖɔɈɆɓɎɋ

ȪɎɍɆɏɓ, 

Ɏɍɒɋɓɥɋɒɡɏ ɝɋɖɋɍ 

ɕɖɋɊəɗɘɆɓɔɈɑɋɓɓɡɋ 

ɕɆɖɆɒɋɘɖɡ.

ȦɈɘɔɒɆɘɎɍɎɖɔɈɆɓɓɆ

ɥ ɉɋɓɋɖɆɜɎɥ 

ɊɎɍɆɏɓ-ɔɕɜɎɏ ɓɆ 

ɔɗɓɔɈɋ ɍɆɊɆɓɓɡɛ 

ɐɖɎɘɋɖɎɋɈ.

ȦɓɆɑɎɍ Ɏ 

ɔɕɘɎɒɎɍɆɜɎɥ 

ɊɎɍɆɏɓɆ ɗ ɕɔɒɔɟɢɤ 

ȮȮ Ɏ ɆɑɉɔɖɎɘɒɔɈ 

ɒɆɞɎɓɓɔɉɔ 

ɔɇəɝɋɓɎɥ.

ȮɓɘɋɉɖɆɜɎɥ 

ɊɎɍɆɏɓɆ Ɏ ɗɋɘɋɈɡɛ 

ɘɋɛɓɔɑɔɉɎɏ Ɋɑɥ 

ɐɔɑɑɆɇɔɖɆɘɎɈɓɔɏ

ɖɆɇɔɘɡ.

ȵɖɔɋɐɘɎɖɔɈɆɓɎɋ ɓɆ 

ɔɗɓɔɈɋ ɆɓɆɑɎɍɆ 

ɊɆɓɓɡɛ Ɋɑɥ 

ɔɇɔɗɓɔɈɆɓɓɡɛ 

ɆɖɛɎɘɋɐɘəɖɓɡɛ 

ɖɋɞɋɓɎɏ.

ȦɈɘɔɒɆɘɎɝɋɗɐɔɋ 

ɗɔɍɊɆɓɎɋ 

ɆɖɛɎɘɋɐɘəɖɓɡɛ 

ɚɔɖɒ ɗ ɕɔɒɔɟɢɤ 

ɆɑɉɔɖɎɘɒɔɈ.

ȵɖɎɒɋɓɋɓɎɋ 

ɚɖɆɐɘɆɑɢɓɡɛ ɗɘɖəɐɘəɖ

͊ύ ͔͔͍͚ͭͤͦ ͙͊ͤ͊͘͡

[238]

[240]

[239]

[241] [240]

[243]

[242]

[244]

[245]

[246] [246]͊ύ ͙͊ͤ͊͘͡ ͍͙͙͎͒ͣͦͦ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊

 

 

ʈʠʩʫʥʦʢ ɹ.5 - ʄʝʭʘʥʠʟʤʳ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ [238-246] 
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ʈʠʩʫʥʦʢ ɹ.6 ï ʉʝʪʝʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ [2477] 
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ʇʈʀʃʆɾɽʅʀɽ ɺ  

 

ɼʠʘʣʝʢʪʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ 

 

 

 

ʘ)                                                                   ʙ) 

ʘ) ʚʠʜʳ ʨʫʯʥʦʡ ʠ ʮʠʬʨʦʚʦʡ ʧʨʝʟʝʥʪʘʮʠʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʬʦʨʤʳ; ʙ) ʩʨʘʚʥʝʥʠʝ 

ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ çʫʤʥʦʛʦè ʛʦʨʦʜʘ  

ʈʠʩʫʥʦʢ ɺ.1 ï ɺʠʜr ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [141] 

  

 

 

 

 

 

 

 

 

 

 

 

 ʈʫʯʥʦʝ ʎʠʬʨʦʚʦʝ 

ʕ
ʩ
ʢ
ʠ
ʟ

 

 

ʈʫʯʥʦʡ ʵʩʢʠʟ 

 

ʎʠʬʨʦʚʦʡ ʵʩʢʠʟ 

ʄ
ʦ
ʜ
ʝ
ʣ
ʴ

 

 

 

ʈʫʯʥʦʡ ʤʘʢʝʪ 

ɺ
ʠ
ʨ
ʪ
ʫ
ʘ
ʣ
ʴ
ʥ
ʦ
ʝ

 

 

BIM-ʤʦʜʝʣʴ 

ʌ
ʠ
ʟ
ʠ
ʯ
ʝ
ʩ
ʢ
ʦ
ʝ

 

 

3D-ʧʝʯʘʪʴ 

 

 ʊʨʘʜʠʮʠʦʥʥʳʡ 

ʛʦʨʦʜ 

çʋʤʥʳʡè ʛʦʨʦʜ ʥʘ ʙʘʟʝ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

çʋʤʥʳʡè ʛʦʨʦʜ ʩ ʥʫʣʷ 

ʆ
ʩ
ʦ
ʙ
ʝ
ʥ
ʥ
ʦ
ʩ
ʪ
ʠ

 ʃʦʢʘʣʴʥʦʝ ʠ 

ʭʘʦʪʠʯʥʦʝ ʚʥʝʜʨʝʥʠʝ 

IT-ʪʝʭʥʦʣʦʛʠʡ 

 

 

ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʚʥʝʜʨʝʥʠʝ IT-

ʪʝʭʥʦʣʦʛʠʡ, ʦʙʦʩʥʦʚʘʥʥʦʝ 

ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʇʣʦʪʥʘʷ ʚʳʩʦʢʘʷ ʟʘʩʪʨʦʡʢʘ ʩ 

ʦʟʝʣʝʥʝʥʥʳʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʛʦʨʦʜʘ 

ʉ
ʭ
ʝ
ʤ
ʘ
ʪ
ʠ
ʯ
ʥ
ʘ
ʷ
 

ʠ
ʣ
ʣ
ʶ
ʩ
ʪ
ʨ
ʘ
ʮ
ʠ
ʷ

 

   

ʇ
ʨ
ʠ
ʤ
ʝ
ʨ
ʳ
 
ʛ
ʦ
ʨ
ʦ
ʜ
ʦ
ʚ

 

 

ʉʘʥ-ʇʘʫʣʦ, ɹʨʘʟʠʣʠʷ 

 

ʉʠʥʛʘʧʫʨ 

 

ʉʦʥʛʜʦ, ʖʞʥʘʷ ʂʦʨʝʷ 

 



158 

ʊʘʙʣʠʮʘ ɺ.1 - ɹʘʟʳ ʜʘʥʥʳʭ ʘʥʘʣʠʟʘ ʧʨʠʤʝʨʦʚ ʟʜʘʥʠʡ ʠ ʧʨʦʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʦʪʨʘʞʘʶʪ ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ [248-285] 

 ̄ ʅʘʟʚʘʥ

ʠʝ 

ʧʨʦʝʢʪ

ʘ 

ɸʨʭʠ

ʪʝʢʪʦ

ʨ 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ / 

ʬʦʪʦʛʨʘʬʠʠ 

ʆʩʦʙʝʥʥʦʩʪʠ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ 

ʉʩʳʣʢʘ 

ʠʩʪʦʯʥʠʢ 

1 çGugge

nheim 

Museu

m 

Bilbaoè 

Frank 

Gehry 

  
Bilbao, ʀʩʧʘʥʠʷ 

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʤʫʟʝʡ 

ʠʩʢʫʩʩʪʚʘ. ʇʨʠʤʝʥʝʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʣʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʄʫʟʝʡ 

ɻʫʛʛʝʥʭʘʡʤʘ 

ʚ ɹʠʣʴʙʘʦ 

(archi.ru) 

[248] 

 

2 çBeijin

g 

Nationa

l 

Stadiu

mè 

(Bird's 

Nest) 

Herzo

g & de 

Meur

on 

 
ʇʝʢʠʥ, ʂʠʪʘʡ 

ʆʣʠʤʧʠʡʩʢʠʡ ʩʪʘʜʠʦʥ. 

ʉʣʦʞʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʬʦʨʤʳ, ʩʦʟʜʘʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ 3D-

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʝʛʦ ʫʥʠʢʘʣʴʥʦʡ 

çʧʪʠʯʴʝʡ ʛʥʝʟʜʦè 

ʩʪʨʫʢʪʫʨʳ. 

https://www.

herzogdemeu

ron.com/proj

ects/226-

national-

stadium/ 

[249] 

 

3 çThe 

Edgeè 

PLP 

Archit

ecture 

ɸʤʩʪʝʨʜʘʤ, 

ʅʠʜʝʨʣʘʥʜʳ 

ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʫʤʥʳʭ 

ʟʜʘʥʠʡ ʚ ʤʠʨʝ, ʠʟʚʝʩʪʥʳʡ 

ʢʘʢ çʩʘʤʦʝ ʫʤʥʦʝ ʟʜʘʥʠʝ ʚ 

ʤʠʨʝè, çThe Edgeè . 

ʀʩʧʦʣʴʟʫʝʪ ʧʝʨʝʜʦʚʳʝ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʤʘʢʩʠʤʠʟʘʮʠʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʨʠʤʝʥʷʷ 

IoT ʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʘʜʘʧʪʠʚʥʦʡ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ ʩʨʝʜʳ.  

ʆʬʠʩʥʦʝ 

ʟʜʘʥʠʝ The 

Edge 

(archi.ru) 

[250] 

 

4 çChica

go 

Aqua 

Towerè 

Studio 

Gang 

Archit

ects, 

Loew

enber

g + 

Assoc

iates  
ʏʠʢʘʛʦ, ʉʐɸ 

ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʥʝʙʦʩʢʨʸʙ ʩ ʥʝʦʙʳʯʥʳʤ 

ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʧʣʘʥʦʤ ʠ 

ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʬʘʩʘʜʦʤ, 

ʥʘʧʦʤʠʥʘʶʱʠʤ ʩʢʣʘʜʢʠ 

ʪʢʘʥʠ ʠ ɹʦʣʴʰʠʭ ʆʟʝʨ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ 

çʟʝʣʝʥʘʷ ʢʨʳʰʘè. ɼʣʷ 

ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʦʡ ʙʘʰʥʠ 

ʩ ʪʝʨʨʘʩʘʤʠ, 

ʠʤʠʪʠʨʫʶʱʠʤʠ ʚʦʜʥʳʝ 

ʚʦʣʥʳ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʤʫʣʷʮʠʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʦʡ 

ʚʦʣʥʠʩʪʦʡ ʬʘʩʘʜʥʦʡ 

ʩʠʩʪʝʤʳ. 

ɿʝʣʝʥʳʝ 

ʥʝʙʦʩʢʨʝʙʳ. 

ʆʜʦʙʨʝʥʦ 

ʧʪʠʮʘʤʠ 

(livejournal.c

om) 

[251] 

 

 

https://archi.ru/projects/world/4860/muzei-guggenkhaima-v-bilbao
https://archi.ru/projects/world/4860/muzei-guggenkhaima-v-bilbao
https://archi.ru/projects/world/4860/muzei-guggenkhaima-v-bilbao
https://archi.ru/projects/world/4860/muzei-guggenkhaima-v-bilbao
https://archi.ru/projects/world/9650/ofisnoe-zdanie-the-edge
https://archi.ru/projects/world/9650/ofisnoe-zdanie-the-edge
https://archi.ru/projects/world/9650/ofisnoe-zdanie-the-edge
https://archi.ru/projects/world/9650/ofisnoe-zdanie-the-edge
https://lakhtacenter.livejournal.com/344105.html
https://lakhtacenter.livejournal.com/344105.html
https://lakhtacenter.livejournal.com/344105.html
https://lakhtacenter.livejournal.com/344105.html
https://lakhtacenter.livejournal.com/344105.html
https://lakhtacenter.livejournal.com/344105.html
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮ rɺ.1  

 ̄ ʅʘʟʚʘ

ʥʠʝ 

ʧʨʦʝʢ

ʪʘ 

ɸʨʭʠ

ʪʝʢʪʦ

ʨ 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ / 

ʬʦʪʦʛʨʘʬʠʠ 

ʆʩʦʙʝʥʥʦʩʪʠ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ 

ʉʩʳʣʢʘ 

ʠʩʪʦʯʥʠʢ 

5 çThe 

Digita

l 

Grote

sque 

Projec

tè 

Micha

el 

Hans

meyer 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʧʨʦʝʢʪ. ʇʦʣʥʦʩʪʴʶ 3D-

ʧʝʯʘʪʥʳʡ ʧʘʚʠʣʴʦʥ, 

ʩʦʟʜʘʥʥʳʡ ʩ ʧʦʤʦʱʴʶ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

https://www.

michael-

hansmeyer.co

m/digital-

grotesque-I 

[252] 

6 çThe 

One 

Airpo

rt 

Squar

eè 

Mario 

Cucin

ella 

Archit

ects 

ɸʢʢʨʘ, ɻʘʥʘ 

ɿʜʘʥʠʝ ʦʬʠʩʥʦʛʦ ʪʠʧʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʥʠ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʂʦʤʧʣʝʢʩ 

One Airport 

Square 

(archi.ru) 

[253] 

7 çThe 

Institu

te of 

Arab 

World

è 

Jean 

Nouv

el 

ʇʘʨʠʞ, ʌʨʘʥʮʠʷ 

ʂʫʣʴʪʫʨʥʳʡ ʮʝʥʪʨ. 

ʀʥʪʝʛʨʘʮʠʷ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʣʷ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʚʝʪʘ ʠ ʪʝʥʠ 

Arab World 

Institute | 

Architecture-

Studio | 

Archello 

[254] 

 

8 çThe J 

Mayer 

Hôs 

Metro

pol 

Paras

olè 

J. 

Mayer 

H. 

ʉʝʚʠʣʴʷ, ʀʩʧʘʥʠʷ 

ʉʪʨʫʢʪʫʨʘ ʛʦʨʦʜʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʜʠʟʘʡʥʘ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʣʦʞʥʦʡ ʜʝʨʝʚʷʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ 

Metropol 

Parasol by J 

Mayer H | 

Dezeen  

[255] 

9 Bjark

e 

Ingels' 

Via 57 

West 

Bjark

e 

Ingels 

Group 

(BIG) 
 

ʅʴ-ʁʁʦʨʢ, ʉʐɸ 

ʂʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʚʝʪʘ, ʚʠʜʘ ʠ ʵʥʝʨʛʠʠ. 

ʈʝʟʠʜʝʥʮʠʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

VIA West57 | 

Bjarke Ingels 

Group (BIG) 

- RTF | 

Rethinking 

The Future 

(re-

thinkingthefu

ture.com) 

[256] 

10 Danci

ng 

House 

(çFre

d and 

Ginge

rè) 

ʌʨʵʥ

ʢ 

ɻʝʨʠ 

ʠ 

ɺʣʘʜʦ 

ʄʠʣʫ

ʥʠʯ 

  
ʇʨʘʛʘ, ʏʝʭʠʷ 

ɼʦʤ ʩʪʘʣ ʧʨʠʤʝʨʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. 

ʊʘʥʮʫʶʱʠʡ 

ʜʦʤ 

ʘʨʭʠʪʝʢʪʦʨ - 

61 ʬʦʪʦ 

(colodu.club) 

[257] 

 

https://www.michael-hansmeyer.com/digital-grotesque-I
https://www.michael-hansmeyer.com/digital-grotesque-I
https://www.michael-hansmeyer.com/digital-grotesque-I
https://www.michael-hansmeyer.com/digital-grotesque-I
https://www.michael-hansmeyer.com/digital-grotesque-I
https://archi.ru/projects/world/9288/kompleks-one-airport-square
https://archi.ru/projects/world/9288/kompleks-one-airport-square
https://archi.ru/projects/world/9288/kompleks-one-airport-square
https://archi.ru/projects/world/9288/kompleks-one-airport-square
https://archello.com/project/arab-world-institute
https://archello.com/project/arab-world-institute
https://archello.com/project/arab-world-institute
https://archello.com/project/arab-world-institute
https://archello.com/project/arab-world-institute
https://www.dezeen.com/2011/04/26/metropol-parasol-by-j-mayer-h/
https://www.dezeen.com/2011/04/26/metropol-parasol-by-j-mayer-h/
https://www.dezeen.com/2011/04/26/metropol-parasol-by-j-mayer-h/
https://www.dezeen.com/2011/04/26/metropol-parasol-by-j-mayer-h/
https://www.re-thinkingthefuture.com/skyscraper/via-west57-bjarke-ingels-group-big/
https://www.re-thinkingthefuture.com/skyscraper/via-west57-bjarke-ingels-group-big/
https://www.re-thinkingthefuture.com/skyscraper/via-west57-bjarke-ingels-group-big/
https://www.re-thinkingthefuture.com/skyscraper/via-west57-bjarke-ingels-group-big/
https://www.re-thinkingthefuture.com/skyscraper/via-west57-bjarke-ingels-group-big/
https://www.re-thinkingthefuture.com/skyscraper/via-west57-bjarke-ingels-group-big/
https://www.re-thinkingthefuture.com/skyscraper/via-west57-bjarke-ingels-group-big/
https://www.re-thinkingthefuture.com/skyscraper/via-west57-bjarke-ingels-group-big/
https://www.re-thinkingthefuture.com/skyscraper/via-west57-bjarke-ingels-group-big/
https://colodu.club/46241-tancujuschij-dom-arhitektor.html
https://colodu.club/46241-tancujuschij-dom-arhitektor.html
https://colodu.club/46241-tancujuschij-dom-arhitektor.html
https://colodu.club/46241-tancujuschij-dom-arhitektor.html
https://colodu.club/46241-tancujuschij-dom-arhitektor.html
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮ rɺ.1 

 ̄ ʅʘʟʚʘ

ʥʠʝ 

ʧʨʦʝʢ

ʪʘ 

ɸʨʭʠ

ʪʝʢʪʦ

ʨ 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ / 

ʬʦʪʦʛʨʘʬʠʠ 

ʆʩʦʙʝʥʥʦʩʪʠ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ 

ʉʩʳʣʢʘ 

ʠʩʪʦʯʥʠʢ 

11 çSagr

ada 

Famili

aè 

ɸʥʪʦ

ʥʠʦ 

ɻʘʫʜʠ 

 
ɹʘʨʩʝʣʦʥʘ, ʀʩʧʘʥʠʷ 

ʍʦʪʷ ʧʨʦʝʢʪ ʥʘʯʘʣʩʷ 

ʟʘʜʦʣʛʦ ʜʦ ʵʧʦʭʠ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ, ʩʝʛʦʜʥʷ ʜʣʷ ʝʛʦ 

ʟʘʚʝʨʰʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʚʢʣʶʯʘʷ 3D-ʧʝʯʘʪʴ. 

ʉʘʛʨʘʜʘ 

ʛʣʘʚʥʳʡ 

ʭʨʘʤ 

ɹʘʨʩʝʣʦʥʳ. 

(espanarusa.c

om) [258]  

12 çThe 

High 

Lineè 

Diller 

Scofid

io + 

Renfr

o 

ʅʴ-ʁʁʦʨʢ, ʉʐɸ 

ɻʦʨʦʜʩʢʦʡ ʧʘʨʢ, ʩʦʟʜʘʥʥʳʡ 

ʥʘ ʟʘʙʨʦʰʝʥʥʦʡ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ, 

ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʣʷ ʘʥʘʣʠʟʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʣʘʥʜʰʘʬʪʘ. 

ʍʘʡ-ʃʘʡʥ  - 

ʧʘʨʢ ʚ 

ʄʘʥʭʵʪʪʝʥʝ 

ʥʘ ʚʳʩʦʪʝ 10 

(mirkrasiv.ru

) 

[259] 

13 çCity

Life 

Milan

o 

Resid

ential 

Comp

lexè 

Zaha 

Hadid

,  

ʄʠʣʘʥ, ʀʪʘʣʠʷ 

ʇʨʦʝʢʪ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ ʝʛʦ 

ʫʥʠʢʘʣʴʥʳʝ ʢʨʠʚʦʣʠʥʝʡʥʳʝ 

ʬʦʨʤʳ. 

Citylife 

Apartments / 

Zaha Hadid 

Architects | 

ArchDaily  

[260] 

14 çBurj 

Khalif

aè 

Skidm

ore, 

Owin

gs & 

Merril

l, 

ɼʫʙʘ

ʡ ʆɸʕ 

ɿʜʘʥʠʝ - ʧʨʠʤʝʨ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʳʯʘʡʥʦʡ 

ʚʳʩʦʪʳ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʅʝʙʦʩʢʨʸʙ 

ɹʫʨʜʞ-ʍʘʣʠ

ʬʘ Skidmore, 

Owings and 

Merrill 

ɼʫʙʘʡ | 

ʉʪʨʫʢʪʫʨʘ 

(sk-

struktura.ru)  

[261] 

15 çLouv

re 

Abu 

Dhabi

è 

ɾʘʥ 

ʅʫʚʝʣ

 ɹ

ɸʙʫ-ɼʘʙʠ, ʆɸʕ 

ʇʨʦʝʢʪ ʠʩʧʦʣʴʟʦʚʘʣ 

ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʦʛʦ ʢʫʧʦʣʘ 

ʠʟ ʟʚʝʟʜ. 

ɾʘʥ ʅʫʚʝʣʴ: 

çʂʦʥʪʝʢʩʪʫʘ

ʣʠʟʤè | 

ʇʨʦ|ʩʪʨʘʥʩʪ

ʚʦ(prostranst

vo.media) 

[262] 

16 çLink

ed 

Hybri

dè 

Steve

n Holl 

Archit

ects 

ʇʝʢʠʥ, ʂʠʪʘʡ 

ɾʠʣʦʤ ʢʦʤʧʣʝʢʩʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

çʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʛʦʨʦʜʘè ʩ 

ʩʠʩʪʝʤʘʤʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʚʦʜʳ, ʛʝʦʪʝʨʤʘʣʴʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ. 

Beijingôs 

Linked 

Hybrid: 

(wordpress.c

om) 

[263]  

https://espanarusa.com/ru/pedia/article/2746
https://espanarusa.com/ru/pedia/article/2746
https://espanarusa.com/ru/pedia/article/2746
https://espanarusa.com/ru/pedia/article/2746
https://espanarusa.com/ru/pedia/article/2746
https://espanarusa.com/ru/pedia/article/2746
http://www.mirkrasiv.ru/articles/hai-lain-the-high-line-vysokaja-linija-park-v-manhyetene-na-vysote-10-metrov-nyu-iork-ssha.html
http://www.mirkrasiv.ru/articles/hai-lain-the-high-line-vysokaja-linija-park-v-manhyetene-na-vysote-10-metrov-nyu-iork-ssha.html
http://www.mirkrasiv.ru/articles/hai-lain-the-high-line-vysokaja-linija-park-v-manhyetene-na-vysote-10-metrov-nyu-iork-ssha.html
http://www.mirkrasiv.ru/articles/hai-lain-the-high-line-vysokaja-linija-park-v-manhyetene-na-vysote-10-metrov-nyu-iork-ssha.html
http://www.mirkrasiv.ru/articles/hai-lain-the-high-line-vysokaja-linija-park-v-manhyetene-na-vysote-10-metrov-nyu-iork-ssha.html
http://www.mirkrasiv.ru/articles/hai-lain-the-high-line-vysokaja-linija-park-v-manhyetene-na-vysote-10-metrov-nyu-iork-ssha.html
https://www.archdaily.com/785120/citylife-apartments-zaha-hadid-architects
https://www.archdaily.com/785120/citylife-apartments-zaha-hadid-architects
https://www.archdaily.com/785120/citylife-apartments-zaha-hadid-architects
https://www.archdaily.com/785120/citylife-apartments-zaha-hadid-architects
https://www.archdaily.com/785120/citylife-apartments-zaha-hadid-architects
https://sk-struktura.ru/projects/neboskryob-burdzh%E2%80%91xalifa-skidmore-owings-and-merrill-dubaj/
https://sk-struktura.ru/projects/neboskryob-burdzh%E2%80%91xalifa-skidmore-owings-and-merrill-dubaj/
https://sk-struktura.ru/projects/neboskryob-burdzh%E2%80%91xalifa-skidmore-owings-and-merrill-dubaj/
https://sk-struktura.ru/projects/neboskryob-burdzh%E2%80%91xalifa-skidmore-owings-and-merrill-dubaj/
https://sk-struktura.ru/projects/neboskryob-burdzh%E2%80%91xalifa-skidmore-owings-and-merrill-dubaj/
https://sk-struktura.ru/projects/neboskryob-burdzh%E2%80%91xalifa-skidmore-owings-and-merrill-dubaj/
https://sk-struktura.ru/projects/neboskryob-burdzh%E2%80%91xalifa-skidmore-owings-and-merrill-dubaj/
https://sk-struktura.ru/projects/neboskryob-burdzh%E2%80%91xalifa-skidmore-owings-and-merrill-dubaj/
https://sk-struktura.ru/projects/neboskryob-burdzh%E2%80%91xalifa-skidmore-owings-and-merrill-dubaj/
https://www.prostranstvo.media/zhan-nuvel-kontekstualizm-moya-samaya-bolshaya-ambicziya/
https://www.prostranstvo.media/zhan-nuvel-kontekstualizm-moya-samaya-bolshaya-ambicziya/
https://www.prostranstvo.media/zhan-nuvel-kontekstualizm-moya-samaya-bolshaya-ambicziya/
https://www.prostranstvo.media/zhan-nuvel-kontekstualizm-moya-samaya-bolshaya-ambicziya/
https://www.prostranstvo.media/zhan-nuvel-kontekstualizm-moya-samaya-bolshaya-ambicziya/
https://www.prostranstvo.media/zhan-nuvel-kontekstualizm-moya-samaya-bolshaya-ambicziya/
https://robertacucchiaro.wordpress.com/2011/12/22/beijing-linked-hybrid/
https://robertacucchiaro.wordpress.com/2011/12/22/beijing-linked-hybrid/
https://robertacucchiaro.wordpress.com/2011/12/22/beijing-linked-hybrid/
https://robertacucchiaro.wordpress.com/2011/12/22/beijing-linked-hybrid/
https://robertacucchiaro.wordpress.com/2011/12/22/beijing-linked-hybrid/
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮ rɺ.1 

 ̄ ʅʘʟʚʘ

ʥʠʝ 

ʧʨʦʝʢ

ʪʘ 

ɸʨʭʠ

ʪʝʢʪʦ

ʨ 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ / 

ʬʦʪʦʛʨʘʬʠʠ 

ʆʩʦʙʝʥʥʦʩʪʠ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ 

ʉʩʳʣʢʘ 

ʠʩʪʦʯʥʠʢ 

17 çGua

ngzho

u 

Opera 

House

è 

Zaha 

Hadid 

ɻʫʘʥʯʞʦʫ, ʂʠʪʘʡ 

ʆʧʝʨʥʳʡ ʜʦʤ ʙʳʣ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʳʭ 

ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʬʦʨʤ 

ʆʧʝʨʥʳʡ 

ʪʝʘʪʨ 

ɻʫʘʥʯʞʦʫ 

ʇʨʦʝʢʪʳ - 

LG Hausys 

(hi-macs.ru) 

[264] 

18 çGala

xy 

Sohoè 

Zaha 

Hadid 

 
ʇʝʢʠʥ, ʂʠʪʘʡ 

ʂʦʤʤʝʨʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ʠʩʧʦʣʴʟʫʝʪ ʮʠʬʨʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʝʩʰʦʚʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠ 

ʩʣʦʞʥʳʭ ʢʨʠʚʦʣʠʥʝʡʥʳʭ 

ʬʦʨʤ 

ʈɸʉʐʀʈʗʗ 

ʇʈʆʉʊʈɸʅ

ʉʊɺʆ 

(mostmag.ru) 

[265] 

19 çAbso

lute 

Tower

sè 

MAD 

Archit

ects,  

ʄʠʩʩʠʩʩʦʛʘ, 

ʂʘʥʘʜʘ 

ɹʘʰʥʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʦʡ 

ʚʦʣʥʠʩʪʦʡ ʬʦʨʤʳ. 

Absolute 

World - 

Wikipedia 

[266] 

20 çLear

ning 

Hubè 

Thom

as 

Heath

erwic

k 
 

ʉʠʥʛʘʧʫʨ, ʅʘʥʴʷʥʩʢʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ 

ʋʯʝʙʥʳʡ ʭʘʙ ʠʩʧʦʣʴʟʫʝʪ 

ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ 

ʦʙʫʯʝʥʠʷ 

ɼʚʝʥʘʜʮʘʪʴ 

ʙʘʰʝʥ 

(archi.ru)  

[267] 

21 çThe 

Interla

ceè 

OMA 

/ Ole 

Schee

ren,  

ʉʠʥʛʘʧʫʨ 

ʈʝʟʠʜʝʥʮʠʘʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ ʠʩʧʦʣʴʟʫʝʪ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʦʜʭʦʜʳ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. 

The Interlace 

in Singapore 

by Ole 

Scheeren - 

archEstudy  

[268] 

22 çThe 

Porsc

he 

Desig

n 

Tower

è 

Porsc

he 

Desig

n & 

Dezer 

Devel

opme

nt 
 

ʄʘʡʘʤʠ, ʉʐɸ. 

ɹʘʰʥʷ ʠʩʧʦʣʴʟʫʝʪ 

ʨʝʚʦʣʶʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ 

ʣʠʬʪʦʚ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʚʣʘʜʝʣʴʮʘʤ ʢʚʘʨʪʠʨ 

ʧʘʨʢʦʚʘʪʴ ʩʚʦʠ 

ʘʚʪʦʤʦʙʠʣʠ ʧʨʷʤʦ ʨʷʜʦʤ ʩ 

ʠʭ ʝʜʠʥʠʮʘʤʠ. 

https://www.

archdaily.co

m.br/br/7954

10/porsche-

design-tower-

de-miami-

um-pequeno-

monumento-

da-

arrogancia-

para-com-a-

catastrofe-

climatica  

[269] 

https://hi-macs.ru/projects/detail-23-opernyi-tyeatr-guanchzhou
https://hi-macs.ru/projects/detail-23-opernyi-tyeatr-guanchzhou
https://hi-macs.ru/projects/detail-23-opernyi-tyeatr-guanchzhou
https://hi-macs.ru/projects/detail-23-opernyi-tyeatr-guanchzhou
https://hi-macs.ru/projects/detail-23-opernyi-tyeatr-guanchzhou
https://hi-macs.ru/projects/detail-23-opernyi-tyeatr-guanchzhou
https://mostmag.ru/rasshirjaja-prostranstvo-chto-nuzhno-znat-o-zahe-hadid/
https://mostmag.ru/rasshirjaja-prostranstvo-chto-nuzhno-znat-o-zahe-hadid/
https://mostmag.ru/rasshirjaja-prostranstvo-chto-nuzhno-znat-o-zahe-hadid/
https://mostmag.ru/rasshirjaja-prostranstvo-chto-nuzhno-znat-o-zahe-hadid/
https://en.wikipedia.org/wiki/Absolute_World
https://en.wikipedia.org/wiki/Absolute_World
https://en.wikipedia.org/wiki/Absolute_World
https://archi.ru/world/60812/dvenadcat-bashen
https://archi.ru/world/60812/dvenadcat-bashen
https://archi.ru/world/60812/dvenadcat-bashen
https://archestudy.com/the-interlace-by-ole-scheeren-2/
https://archestudy.com/the-interlace-by-ole-scheeren-2/
https://archestudy.com/the-interlace-by-ole-scheeren-2/
https://archestudy.com/the-interlace-by-ole-scheeren-2/
https://archestudy.com/the-interlace-by-ole-scheeren-2/
https://www.archdaily.com.br/br/795410/porsche-design-tower-de-miami-um-pequeno-monumento-da-arrogancia-para-com-a-catastrofe-climatica
https://www.archdaily.com.br/br/795410/porsche-design-tower-de-miami-um-pequeno-monumento-da-arrogancia-para-com-a-catastrofe-climatica
https://www.archdaily.com.br/br/795410/porsche-design-tower-de-miami-um-pequeno-monumento-da-arrogancia-para-com-a-catastrofe-climatica
https://www.archdaily.com.br/br/795410/porsche-design-tower-de-miami-um-pequeno-monumento-da-arrogancia-para-com-a-catastrofe-climatica
https://www.archdaily.com.br/br/795410/porsche-design-tower-de-miami-um-pequeno-monumento-da-arrogancia-para-com-a-catastrofe-climatica
https://www.archdaily.com.br/br/795410/porsche-design-tower-de-miami-um-pequeno-monumento-da-arrogancia-para-com-a-catastrofe-climatica
https://www.archdaily.com.br/br/795410/porsche-design-tower-de-miami-um-pequeno-monumento-da-arrogancia-para-com-a-catastrofe-climatica
https://www.archdaily.com.br/br/795410/porsche-design-tower-de-miami-um-pequeno-monumento-da-arrogancia-para-com-a-catastrofe-climatica
https://www.archdaily.com.br/br/795410/porsche-design-tower-de-miami-um-pequeno-monumento-da-arrogancia-para-com-a-catastrofe-climatica
https://www.archdaily.com.br/br/795410/porsche-design-tower-de-miami-um-pequeno-monumento-da-arrogancia-para-com-a-catastrofe-climatica
https://www.archdaily.com.br/br/795410/porsche-design-tower-de-miami-um-pequeno-monumento-da-arrogancia-para-com-a-catastrofe-climatica
https://www.archdaily.com.br/br/795410/porsche-design-tower-de-miami-um-pequeno-monumento-da-arrogancia-para-com-a-catastrofe-climatica
https://www.archdaily.com.br/br/795410/porsche-design-tower-de-miami-um-pequeno-monumento-da-arrogancia-para-com-a-catastrofe-climatica


162 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮ rɺ.1 

 ̄ ʅʘʟʚʘ

ʥʠʝ 

ʧʨʦʝʢ

ʪʘ 

ɸʨʭʠ

ʪʝʢʪʦ

ʨ 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ / 

ʬʦʪʦʛʨʘʬʠʠ 

ʆʩʦʙʝʥʥʦʩʪʠ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ 

ʉʩʳʣʢʘ 

ʠʩʪʦʯʥʠʢ 

23 çBM

W 

Weltè 

Coop 

Himm

elb(l)a

u,  

ʄʶʥʭʝʥ, ɻʝʨʤʘʥʠʷ 

ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʮʝʥʪʨ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ 

ʢʦʥʮʝʨʥʘ BMW ʙʳʣ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʤʫʣʷʮʠʡ 

ʠ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

çʅʝʙʝʩʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ

è: ʧʨʦʝʢʪʳ 

ʙʶʨʦ Coop 

Himmelb(l)a

u | myDecor  

[270] 

24 The 

Diller 

Scofid

io + 

Renfr

o 

Broad 

Muse

um 

Diller 

Scofid

io + 

Renfr

o 

ʃʦʩ-ɸʥʜʞʝʣʝʩ, ʉʐɸ 

ʄʫʟʝʡ ʠʩʧʦʣʴʟʫʝʪ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʩʚʦʝʡ 

ʫʥʠʢʘʣʴʥʦʡ ʤʝʜʦʚʦʡ 

ʬʘʩʘʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

The Broad 

Museum / 

Diller 

Scofidio + 

Renfro | 

ArchDaily  

[271] 

25 The 

Walt 

Disne

y 

Conce

rt Hall 

ʌʨʵʥ

ʢ 

ɻʝʨʠ,  

ʃʦʩ-ɸʥʜʞʝʣʝʩ, ʉʐɸ 

ʉʦʟʜʘʥʠʷ ʟʥʘʤʝʥʠʪʦʛʦ 

ʟʜʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 3D-

ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʛʦ 

ʫʥʠʢʘʣʴʥʳʭ 

ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʬʦʨʤ. 

ɹʦʣʝʝ 700 

ʨʘʙʦʪ ʥʘ 

ʪʝʤʫ 

ʩʪʦʢʦʚʳʝ 

ʬʦʪʦ, 

ʢʘʨʪʠʥʢʠ ʠ 

royalty-free - 

iStock 

(istockphoto.

com) 

[272]  

26 The 

Shard 

ʈʝʥʮʦ 

ʇʠʘʥ

ʦ 

ʃʦʥʜʦʥ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

ʅʝʙʦʩʢʨʸʙ ʙʳʣ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʝʛʦ ʫʥʠʢʘʣʴʥʦʡ 

ʩʪʝʢʣʷʥʥʦʡ ʬʦʨʤʳ 

The Shard ð 

ɺʠʢʠʧʝʜʠʷ 

(wikipedia.or

g) 

[273]  

27 The 

CCT

V 

Headq

uarter

s 

OMA  

ʇʝʢʠʥ, ʂʠʪʘʡ 

ʊʝʣʝʚʠʟʠʦʥʥʳʡ ʮʝʥʪʨ 

ʠʩʧʦʣʴʟʫʝʪ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʩʚʦʝʛʦ 

ʫʥʠʢʘʣʴʥʦʛʦ 

ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʛʦ ʢʦʥʪʫʨʘ 

CCTV 

Headquarters 

- Alchetron, 

The Free 

Social 

Encyclopedia  

[274] 

 

https://mydecor.ru/heroes/architects/nebesnaya-arkhitektura-proekty-byuro-coop-himmelb-l-au/
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https://mydecor.ru/heroes/architects/nebesnaya-arkhitektura-proekty-byuro-coop-himmelb-l-au/
https://www.archdaily.com/772778/the-broad-diller-scofidio-plus-renfro
https://www.archdaily.com/772778/the-broad-diller-scofidio-plus-renfro
https://www.archdaily.com/772778/the-broad-diller-scofidio-plus-renfro
https://www.archdaily.com/772778/the-broad-diller-scofidio-plus-renfro
https://www.archdaily.com/772778/the-broad-diller-scofidio-plus-renfro
https://www.archdaily.com/772778/the-broad-diller-scofidio-plus-renfro
https://www.istockphoto.com/ru/%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%B8/%D0%BA%D0%BE%D0%BD%D1%86%D0%B5%D1%80%D1%82%D0%BD%D1%8B%D0%B9-%D0%B7%D0%B0%D0%BB-%D0%B8%D0%BC%D0%B5%D0%BD%D0%B8-%D1%83%D0%BE%D0%BB%D1%82%D0%B0-%D0%B4%D0%B8%D1%81%D0%BD%D0%B5%D1%8F
https://www.istockphoto.com/ru/%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%B8/%D0%BA%D0%BE%D0%BD%D1%86%D0%B5%D1%80%D1%82%D0%BD%D1%8B%D0%B9-%D0%B7%D0%B0%D0%BB-%D0%B8%D0%BC%D0%B5%D0%BD%D0%B8-%D1%83%D0%BE%D0%BB%D1%82%D0%B0-%D0%B4%D0%B8%D1%81%D0%BD%D0%B5%D1%8F
https://www.istockphoto.com/ru/%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%B8/%D0%BA%D0%BE%D0%BD%D1%86%D0%B5%D1%80%D1%82%D0%BD%D1%8B%D0%B9-%D0%B7%D0%B0%D0%BB-%D0%B8%D0%BC%D0%B5%D0%BD%D0%B8-%D1%83%D0%BE%D0%BB%D1%82%D0%B0-%D0%B4%D0%B8%D1%81%D0%BD%D0%B5%D1%8F
https://www.istockphoto.com/ru/%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%B8/%D0%BA%D0%BE%D0%BD%D1%86%D0%B5%D1%80%D1%82%D0%BD%D1%8B%D0%B9-%D0%B7%D0%B0%D0%BB-%D0%B8%D0%BC%D0%B5%D0%BD%D0%B8-%D1%83%D0%BE%D0%BB%D1%82%D0%B0-%D0%B4%D0%B8%D1%81%D0%BD%D0%B5%D1%8F
https://www.istockphoto.com/ru/%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%B8/%D0%BA%D0%BE%D0%BD%D1%86%D0%B5%D1%80%D1%82%D0%BD%D1%8B%D0%B9-%D0%B7%D0%B0%D0%BB-%D0%B8%D0%BC%D0%B5%D0%BD%D0%B8-%D1%83%D0%BE%D0%BB%D1%82%D0%B0-%D0%B4%D0%B8%D1%81%D0%BD%D0%B5%D1%8F
https://www.istockphoto.com/ru/%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%B8/%D0%BA%D0%BE%D0%BD%D1%86%D0%B5%D1%80%D1%82%D0%BD%D1%8B%D0%B9-%D0%B7%D0%B0%D0%BB-%D0%B8%D0%BC%D0%B5%D0%BD%D0%B8-%D1%83%D0%BE%D0%BB%D1%82%D0%B0-%D0%B4%D0%B8%D1%81%D0%BD%D0%B5%D1%8F
https://www.istockphoto.com/ru/%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%B8/%D0%BA%D0%BE%D0%BD%D1%86%D0%B5%D1%80%D1%82%D0%BD%D1%8B%D0%B9-%D0%B7%D0%B0%D0%BB-%D0%B8%D0%BC%D0%B5%D0%BD%D0%B8-%D1%83%D0%BE%D0%BB%D1%82%D0%B0-%D0%B4%D0%B8%D1%81%D0%BD%D0%B5%D1%8F
https://www.istockphoto.com/ru/%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%B8/%D0%BA%D0%BE%D0%BD%D1%86%D0%B5%D1%80%D1%82%D0%BD%D1%8B%D0%B9-%D0%B7%D0%B0%D0%BB-%D0%B8%D0%BC%D0%B5%D0%BD%D0%B8-%D1%83%D0%BE%D0%BB%D1%82%D0%B0-%D0%B4%D0%B8%D1%81%D0%BD%D0%B5%D1%8F
https://www.istockphoto.com/ru/%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%B8/%D0%BA%D0%BE%D0%BD%D1%86%D0%B5%D1%80%D1%82%D0%BD%D1%8B%D0%B9-%D0%B7%D0%B0%D0%BB-%D0%B8%D0%BC%D0%B5%D0%BD%D0%B8-%D1%83%D0%BE%D0%BB%D1%82%D0%B0-%D0%B4%D0%B8%D1%81%D0%BD%D0%B5%D1%8F
https://www.istockphoto.com/ru/%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%B8/%D0%BA%D0%BE%D0%BD%D1%86%D0%B5%D1%80%D1%82%D0%BD%D1%8B%D0%B9-%D0%B7%D0%B0%D0%BB-%D0%B8%D0%BC%D0%B5%D0%BD%D0%B8-%D1%83%D0%BE%D0%BB%D1%82%D0%B0-%D0%B4%D0%B8%D1%81%D0%BD%D0%B5%D1%8F
https://ru.wikipedia.org/wiki/The_Shard
https://ru.wikipedia.org/wiki/The_Shard
https://ru.wikipedia.org/wiki/The_Shard
https://ru.wikipedia.org/wiki/The_Shard
https://alchetron.com/CCTV-Headquarters
https://alchetron.com/CCTV-Headquarters
https://alchetron.com/CCTV-Headquarters
https://alchetron.com/CCTV-Headquarters
https://alchetron.com/CCTV-Headquarters
https://alchetron.com/CCTV-Headquarters
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮ rɺ.1 

 ̄ ʅʘʟʚʘ

ʥʠʝ 

ʧʨʦʝʢ

ʪʘ 

ɸʨʭʠ

ʪʝʢʪʦ

ʨ 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ / 

ʬʦʪʦʛʨʘʬʠʠ 

ʆʩʦʙʝʥʥʦʩʪʠ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ 

ʉʩʳʣʢʘ 

ʠʩʪʦʯʥʠʢ 

28 The 

Rolex 

Learni

ng 

Cente

r 

SAN

AA 

ʃʦʟʘʥʥʘ, ʐʚʝʡʮʘʨʠʷ 

ʋʯʝʙʥʳʡ ʮʝʥʪʨ ʠʩʧʦʣʴʟʦʚʘʣ 

ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʩʚʦʝʛʦ ʚʦʣʥʦʚʦʛʦ 

ʧʣʘʥʘ. 

Rolex 

Learning 

Center / 

SANAA | 

ArchDaily  

[275] 

29 Tence

nt 

Seafro

nt 

Tower

s 

NBBJ  

 
ʐʵʥʴʯʞʵʥʴ, ʂʠʪʘʡ. 

ʆʬʠʩʥʳʡ ʢʦʤʧʣʝʢʩ 

ʢʠʪʘʡʩʢʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʛʠʛʘʥʪʘ 

Tencent ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ 

ʩ ʧʦʤʦʱʴʶ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ, 

ʯʪʦʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʠ 

ʚʠʜʳ ʥʘ ʤʦʨʝ. 

Tencent 

headquarters: 

making social 

networking a 

reality 

(archidust.co

m)  

[276] 

30 Harpa Henni

ng 

Larse

n 

Archit

ects  
ʈʝʡʢʴʷʚʠʢ, 

ʀʩʣʘʥʜʠʷ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʦʡ 

ʩʪʝʢʣʷʥʥʦʡ ʬʘʩʘʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʟʜʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ. 

ʂʦʥʮʝʨʪʥʳʡ 

ʟʘʣ ʍʘʨʧʘ, 

ʈʝʡʢʴʷʚʠʢ 

(lifeglobe.net

) [277] 

31 One 

Centr

al 

Park 

Atelie

rs 

Jean 

Nouv

el 

ʉʠʜʥʝʡ, ɸʚʩʪʨʘʣʠʷ 

ɾʠʣʦʡ ʢʦʤʧʣʝʢʩ 

ʠʩʧʦʣʴʟʫʝʪ ʧʝʨʝʜʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʚʢʣʶʯʝʥʠʷ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʘʜʦʚ ʠ 

ʩʠʩʪʝʤʳ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. 

One Central 

Park / 

Ateliers Jean 

Nouvel | 

ArchDaily 

[278] 

32 The 

Londo

n 

Aquat

ics 

Centr

e 

Zaha 

Hadid 

ʃʦʥʜʦʥ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

ʉʦʦʨʫʞʝʥʠʷ ʜʣʷ 

ʆʣʠʤʧʠʡʩʢʠʭ ʠʛʨ 2012 ʛʦʜʘ, 

ʠʩʧʦʣʴʟʫʝʪ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʩʚʦʠʭ 

ʧʦʪʨʷʩʘʶʱʠʭ 

ʚʦʣʥʦʦʙʨʘʟʥʳʭ ʬʦʨʤ. 

London 

Aquatics 

Centre ï Zaha 

Hadid 

Architects 

(zaha-

hadid.com)  

[279] 

33 The 

Gherk

in (30 

St 

Mary 

Axe) 

Foster 

+ 

Partne

rs,  

 
ʃʦʥʜʦʥ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

ʅʝʙʦʩʢʨʝʙ ʠʩʧʦʣʴʟʫʝʪ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʦʝʛʦ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ 

ʜʠʟʘʡʥʘ 

ʍʤʘʨʦʯʦʩ-

ʦʛʽʨʦʢ 

çʉʝʥʪ-ʄʝʨʽ 

ɽʢʩ 30è 

(factum-

info.net)  

[280] 

 

 

https://www.archdaily.com/53536/rolex-learning-center-sanaa-by-iwan-baan
https://www.archdaily.com/53536/rolex-learning-center-sanaa-by-iwan-baan
https://www.archdaily.com/53536/rolex-learning-center-sanaa-by-iwan-baan
https://www.archdaily.com/53536/rolex-learning-center-sanaa-by-iwan-baan
https://www.archdaily.com/53536/rolex-learning-center-sanaa-by-iwan-baan
https://www.archidust.com/project-details/Tencent-headquarters-making-social-networking-a-reality-806
https://www.archidust.com/project-details/Tencent-headquarters-making-social-networking-a-reality-806
https://www.archidust.com/project-details/Tencent-headquarters-making-social-networking-a-reality-806
https://www.archidust.com/project-details/Tencent-headquarters-making-social-networking-a-reality-806
https://www.archidust.com/project-details/Tencent-headquarters-making-social-networking-a-reality-806
https://www.archidust.com/project-details/Tencent-headquarters-making-social-networking-a-reality-806
https://www.archidust.com/project-details/Tencent-headquarters-making-social-networking-a-reality-806
https://lifeglobe.net/entry/10051
https://lifeglobe.net/entry/10051
https://lifeglobe.net/entry/10051
https://lifeglobe.net/entry/10051
https://lifeglobe.net/entry/10051
https://www.archdaily.com/551329/one-central-park-jean-nouvel-patrick-blanc
https://www.archdaily.com/551329/one-central-park-jean-nouvel-patrick-blanc
https://www.archdaily.com/551329/one-central-park-jean-nouvel-patrick-blanc
https://www.archdaily.com/551329/one-central-park-jean-nouvel-patrick-blanc
https://www.archdaily.com/551329/one-central-park-jean-nouvel-patrick-blanc
https://www.zaha-hadid.com/architecture/london-aquatics-centre/
https://www.zaha-hadid.com/architecture/london-aquatics-centre/
https://www.zaha-hadid.com/architecture/london-aquatics-centre/
https://www.zaha-hadid.com/architecture/london-aquatics-centre/
https://www.zaha-hadid.com/architecture/london-aquatics-centre/
https://www.zaha-hadid.com/architecture/london-aquatics-centre/
https://www.zaha-hadid.com/architecture/london-aquatics-centre/
https://factum-info.net/uk/interesnoe/puteshestviya/1100-sent-meri-eks-30-unikal-nyj-neboskrjob-v-londone
https://factum-info.net/uk/interesnoe/puteshestviya/1100-sent-meri-eks-30-unikal-nyj-neboskrjob-v-londone
https://factum-info.net/uk/interesnoe/puteshestviya/1100-sent-meri-eks-30-unikal-nyj-neboskrjob-v-londone
https://factum-info.net/uk/interesnoe/puteshestviya/1100-sent-meri-eks-30-unikal-nyj-neboskrjob-v-londone
https://factum-info.net/uk/interesnoe/puteshestviya/1100-sent-meri-eks-30-unikal-nyj-neboskrjob-v-londone
https://factum-info.net/uk/interesnoe/puteshestviya/1100-sent-meri-eks-30-unikal-nyj-neboskrjob-v-londone
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮ rɺ.1 

 ̄ ʅʘʟʚʘ

ʥʠʝ 

ʧʨʦʝʢ

ʪʘ 

ɸʨʭʠ

ʪʝʢʪʦ

ʨ 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ / 

ʬʦʪʦʛʨʘʬʠʠ 

ʆʩʦʙʝʥʥʦʩʪʠ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ 

ʉʩʳʣʢʘ 

ʠʩʪʦʯʥʠʢ 

34 SUTD UNSt

udio ʠ 

DP 

Archit

ects ʉʠʥʛʘʧʫʨ 

ʋʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʢʘʤʧʫʩ 

ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʩʠʤʫʣʷʮʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 

Singapore 

University of 

Technology 

and Design - 

UNStudio  

[281] 

35 Jocke

y Club 

Innov

ation 

Tower 

Zaha 

Hadid 

Archit

ects,  

ɻʦʥʢʦʥʛ, ʂʠʪʘʡ 

ɹʘʰʥʷ, ʩʣʫʞʘʱʘʷ ʰʢʦʣʦʡ 

ʜʠʟʘʡʥʘ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʫʥʠʢʘʣʴʥʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʟʜʘʥʠʷ. 

Jockey Club 

Innovation 

Tower - 

Wikipedia  

[282] 

36 The 

Heyda

r 

Aliye

v 

Centr

e 

Zaha 

Hadid 

Archit

ects 

ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 

ʂʫʣʴʪʫʨʥʳʡ ʮʝʥʪʨ 

ʠʩʧʦʣʴʟʫʝʪ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʚʦʝʡ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʠ 

ʧʦʪʦʢʦʚʦʡ ʬʦʨʤʳ. 

Heydar 

Aliyev 

Center | Zaha 

Hadid 

Architects, 

Barrisol - 

Normalu Sas, 

Bolidt | 

Archello 

[283] 

37 Garde

ns by 

the 

Bay 

Grant 

Assoc

iates ʠ 

Wilki

nson 

Eyre 

Archit

ects 
ʉʠʥʛʘʧʫʨ 

ʉʘʜ ʠʩʧʦʣʴʟʫʝʪ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʳʭ 

ʩʫʧʝʨʜʝʨʝʚʴʝʚ ʠ ʪʝʧʣʠʯʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. 

Gardens by 

the Bay, 

Singapore - 

Garden of the 

Future 

(holidify.com

)  

[284] 

38 Villa 

NM 

UNSt

udio  

ɺʝʨʭʥʠʡ New York, 

USA 

ʕʪʘ ʨʝʟʠʜʝʥʮʠʷ ʙʳʣʘ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʦʡ 

ʩʝʨʝʙʨʠʩʪʦʡ ʩʪʝʢʣʷʥʥʦʡ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

VilLA NM - 

UNStudio  

[285] 

 

 

 

https://www.unstudio.com/en/page/12103/singapore-university-of-technology-and-design
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Ѕ ͔͔̏ͣͤͭ͡

ͼ͙ͺ͍ͪͦͦ

ͯ͟͡Έͭͯͪ·

˻͙͙͔ͨͫ͊ͤ ˤ͙͡Ύ͙͔ͤ ͤ͊ ͊ͪͻ͙͔͔ͭͭͯͪͤͦ͟ 

ͺ͍͙͔ͦͪͣͦͦ͋ͪ͊ͦ͊ͤ͘

1

3D-

͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡

3D-͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͍ͨͦͦ͘͡Ύ͔ͭ 

͊ͪͻ͙͔ͭͭͦͪ͊ͣ͟ ͍͙͙͙͍ͯ͊ͪͦ͊ͭ͘͘͡Έ 

͍͙ͫͦ ͔ͨͪͦͭ͟· ͍ ͔ͭͪͻ ͙͔͔͙ͣͪͤ͘Ύͻ 

ͫ ͨͦͣͦ΅ΈΌ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ 

͎ͨͪͦͪ͊ͣͣΦ

͔ͣͦ͗ͭ ͙͔͙ͣͤͭ͘Έ ͨͪͦͼ͔ͫͫ 

ͺ͍͙ͦͪͣͦͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͨͦͫͦ͟͡Έͯ͟ ͍ͨͦͦ͘͡Ύ͔ͭ 

͊ͪͻ͙͔ͭͭͦͪ͊ͣ͟ Ή͔͙͔͙͍ͫͨͪͣͤͭͪͦ͊ͭ͟Έ ͫ 

ͺ͙ͦͪͣ͊ͣ ͙ ͙ͫͭͪͯͭͯͪ͊ͣ͟Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ 

͋·ͭΈ ͭͪͯ͒ͤͦ ͔͍͙ͨͪ͒ͫͭ͊ͭΈ ͍ ͍͒ͯͻ ͙͔͔͙ͣͪͤ͘ΎͻΦ
2

ˢ͎͙͙ͦͪͭͣ͡;͔͔ͫͦ͟ 

κ ˥͔͔͙͍͔ͤͪ͊ͭͤͦ 

͔͙͍͙͔ͨͪͦͭͪͦ͊ͤ͟

˥͔͔͙͍͔ͤͪ͊ͭͤͦ ͔͙͍͙͔ͨͪͦͭͪͦ͊ͤ͟ 

͙ͫͨͦ͡Έ͔ͯͭ͘ ͎͙͊ͦͪͭͣ͡· ͒͡Ύ 

͙ͫͦ͒͊ͤ͘Ύ ͙ ͙͙ͦͨͭͣ͊͘ͼ͙͙ 

͙͚͔͙͒͊ͤͪͫ͘͟ͻ ͔ͪ΄͔͙͚ͤΦ

͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͙ͫͦ͒͊ͤ͘Ό ͍ͤͦ·ͻΣ 

͙ͯͤ͊͟͡Έͤ·ͻ ͺͦͪͣ ͙ ͫͭͪͯͭͯͪ͟Σ ͦͭͦͪ͟·͔ ͔ͤ 

͎͙ͣͦ͡ ͋· ͋·ͭΈ ͫͦ͒͊ͤ͘· ͫ ͨͦͣͦ΅ΈΌ 

͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͔͍ͣͭͦ͒ͦΦ
3

ˤ͙ͪͭͯ͊͡Έͤ͊Ύ 

͔ͪ͊͡ΈͤͦͫͭΈ ό±wύ

±w ͍ͨͦͦ͘͡Ύ͔ͭ ͊ͪͻ͙͔ͭͭͦͪ͊ͣ͟ ͙ 

͙͔ͤͭ͊ͣ͟͡ ͎͙ͨͦͪͯͭ͘ΈͫΎ ͍ 

͍͙ͪͭͯ͊͡Έ͔ͤͦ ͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͙ 

ͦͼ͔͙ͤͭΈ ͔ͨͪͦͭ͟· ͍ ͨͦͤͦͣ͡ 

ͦ͋Ά͔͔ͣ ͙ ͣ͊ͫ΄͔ͭ͊͋Φ

±w ͔ͣͦ͗ͭ ͍͙͡ΎͭΈ ͤ͊ ͍͙ͦͫͨͪΎ͙͔ͭ 

͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͺͦͪͣ ͙ ͍ͨͪͦͫͭͪ͊ͤͫͭΣ 

͍ͨͦͦ͘͡ΎΎ ͨͦ͡Έ͍͔ͦ͊ͭ͘͡Ύͣ ͦͼ͔͙ͤͭΈ ͙ͻ ͍ ͔͔͋ͦ͡ 

͔͙͙ͪ͊ͫͭ͡;ͤͦͣ ͔͔ͦͤͭͫͭ͟͟Σ ;͔ͣ н5-

͙͔͙ͦ͋ͪ͊͗ͤ͘ΎΦ
4

͙̇ͺ͍͔ͪͦͦ 

͙͍͍ͨͪͦͦ͒ͫͭͦ͘ 

(3D-͔ͨ;͊ͭΈΣ /b/ύ

͙̇ͺ͍ͪͦ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ 

͙͍͍ͨͪͦͦ͒ͫͭ͊͘Σ ͙͔ͭ͊͟ ͊͟͟ о5-

͔ͨ;͊ͭΈ ͙ /b/Σ ͍ͨͦͦ͘͡ΎΌͭ 

͍ͫͦ͒͊͊ͭ͘Έ ͫͦ͗ͤ͡·͔ 

͊ͪͻ͙͔ͭͭͯͪͤ͟·͔ ͺͦͪͣ· ͙ ͔͙͒ͭ͊͡Φ

͔ͭͻ͎͙͙ͤͦͦ͡ ͎ͣͦͯͭ ͍͙͡ΎͭΈ ͤ͊ 

ͺ͍͙͔ͦͪͣͦͦ͋ͪ͊ͦ͊ͤ͘Σ ͔͎ͨͪ͒͊͊͡Ύ ͍ͤͦ·͔ 

͍͙ͦͣͦ͗ͤͦͫͭ͘ ͒͡Ύ ͔͙ͪ͊͊͘͡ͼ͙͙ ͫͦ͗ͤ͡·ͻ ͙ 

͔͙͙͍͒ͭ͊ͪͦ͊ͤͤ͘͡·ͻ ͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͺͦͪͣΦ

5 ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ 

͙͔͔ͤͭͭ͟͡͡ ͙ 

ͣ͊΄͙͔ͤͤͦ 

ͦ͋ͯ;͔͙͔ͤ

˿͙͔ͫͭͣ·Σ ͫͨͦͫͦ͋ͤ·͔ ͟ ͦ͋ͯ;͔͙ͤΌ 

͙ ͙ͨͪͤΎ͙ͭΌ ͔ͪ΄͔͙͚ͤ ͔͋͘ Ύ͍͎ͤͦͦ 

͎͙͍͙ͨͪͦͪ͊ͣͣͪͦ͊ͤΎΦ

ˮͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͙͙ ͙ 

͙͙ͦͨͭͣ͊͘ͼ͙͙ ͔ͤͦͭͦͪ͟·ͻ ͔͍͊ͫͨͭͦ͟ 

͊ͪͻ͙͔͎ͭͭͯͪͤͦͦ͟ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟ΎΣ ͙͔ͤ͊ͨͪͣͪΣ 

͒͡Ύ ͙͊ͤ͊͊͘͡ ͔͍ͨ͊ͭͭͪͤͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͨͪͦͫͭ
6

ˮ͔͔ͤͭͪͤͭ ͍͔΅͔͚ 

(IoT)

IoT͍͟͡Ό;͔͊ͭ ͍ ͔ͫ͋Ύ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͨͦ͒͟͡Ό;͔ͤͤ·ͻ ͟ 

͔͙ͫͭ ͚͍ͯͫͭͪͦͫͭ ͙ ͒͊ͭ;͙͍ͦ͟ ͒͡Ύ 

ͫ͋ͦͪ͊ ͒͊ͤͤ·ͻ ͙ ͍͔͙ͯͨͪ͊ͤ͡Ύ 

͊ͪͻ͙͔ͭͭͯͪͤ͟·͙ͣ ͨͪ ͍͙ͦͫͭͪ͊ͤͫͭ͊ͣ.

IoT͔ͣͦ͗ͭ ͍͙͡ΎͭΈ ͤ͊ ͺ͍͙͔ͦͪͣͦͦ͋ͪ͊ͦ͊ͤ͘ 

͔ͨͯͭͣ ͙͔͎ͤͭͪ͊ͼ͙͙ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ 

͔͍ͦͣͨͦͤͤͭͦ͟ ͍ ͊ͪͻ͙͔ͭͭͯͪͤ͟·͔ ͺͦͪͣ· ͙ 

͍ͨͦͦ͘͡ΎͭΈ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ͣ ͙͍͊͒͊ͨͭͪͦ͊ͭΈͫΎ ͟ 

ͤͯ͗͒͊ͣ ͙ ͍͔͔͙ͨͦ͒ͤΌ ͨͦ͡Έ͍͔͔͚ͦ͊ͭ͘͡Φ
 

 

ʈʠʩʫʥʦʢ ɺ.2 ï ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟ 

ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 
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ʊʘʙʣʠʮʘ ɺ.2 - ʈʝʟʫʣʴʪʘʪʳ ʨʘʟʚʝʨʥʫʪʦʛʦ ʠʥʪʝʨʥʝʪ-ʦʧʨʦʩʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʦ ʚʣʠʷʥʠʠ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ 

 ɺʦʧʨʦʩ ɺʘʨʠʘʥʪʳ ʦʪʚʝʪʘ % 

ɼʘ ʅʝʪ ɺʦʟʜʝʨʞʫʩʴ 

1 ʕɺʆʃʖʎʀʗ ʎʀʌʈʆɺʆʁ ʂʋʃʔʊʋʈʓ ɺ ɸʈʍʀʊɽʂʊʋʈɽ 

ʈʘʟʜʝʣ 1. ʆʩʦʟʥʘʥʠʝ ʠ ʧʦʥʠʤʘʥʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ 

ɺʳ ʟʥʘʢʦʤʳ ʩ ʧʦʥʷʪʠʝʤ çʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘè? 88,6 % 5,7% 5,7% 

ʉʯʠʪʘʝʪʝ ʣʠ ɺʳ, ʯʪʦ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʘʢʪʠʚʥʦ 

ʚʣʠʷʝʪ ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ? 

88,6% 2,9% 8,6% 

ʉʯʠʪʘʝʪʝ ʣʠ ɺʳ, ʯʪʦ ʧʦʥʠʤʘʥʠʝ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ ʚʘʞʥʦ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʨʭʠʪʝʢʪʦʨʘ? 

91,4% 2,9% 5,7% 

ʊʝʢʩʪʦʚʳʡ ʦʪʚʝʪ 

ʂʘʢ ʚʳ ʦʧʨʝʜʝʣʷʝʪʝ çʮʠʬʨʦʚʫʶ ʢʫʣʴʪʫʨʫè ʠ ʢʘʢʠʝ ʢʣʶʯʝʚʳʝ ʢʦʥʮʝʧʮʠʠ ʠ ʠʜʝʠ ʦʥʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʣʦʩʦʬʠʠ ʘʨʭʠʪʝʢʪʫʨʳ? 

- ʌʠʣʦʩʦʬʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʫʶ 
ʧʨʘʢʪʠʢʫ ʠ ʚʦʩʧʨʠʷʪʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʥʘ ʠʩʩʣʝʜʫʝʪ, ʢʘʢ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʣʠʷʶʪ 

ʥʘ ʬʦʨʤʫ, ʬʫʥʢʮʠʶ ʠ ʵʩʪʝʪʠʢʫ ʟʜʘʥʠʡ, ʘ ʪʘʢʞʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʶʜʝʡ ʩ 

ʘʨʭʠʪʝʢʪʫʨʦʡ, ʥʘ ʦʙʨʘʟ ʞʠʟʥʠ. ʅʘ ʠʟʤʝʥʝʥʠʝ ʚʦʩʧʨʠʷʪʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

- ɺʩʝ ʥʘʤʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʦʛʨʘʤʤʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦ ʤʦʝʤʫ ʤʥʝʥʠʶ ʷʚʣʷʝʪʩʷ 
ʯʘʩʪʠʯʢʘʤʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ. ʀ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʦʙʣʝʛʯʘʝʪ ʥʘʰʠ ʟʘʜʘʯʠ ʚ ʩʚʦʝʡ 

ʦʪʨʘʩʣʠ. 

- ʎʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʤʝʥʳ ʧʘʨʘʜʠʛʤʳ - ʩʤʝʥʳ ʤʠʨʦʚʦʟʟʨʝʥʠʷ 

ʦʙʠʪʘʪʝʣʝʡ ʧʣʘʥʝʪʳ ɿʝʤʣʷ. ʇʨʠʥʮʠʧ ʩʝʪʝʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʩʣʫʞʠʣ ʨʘʟʤʳʚʘʥʠʶ 

ʛʨʘʥʠʮ ʬʠʟʠʯʝʩʢʠʭ ʠ ʢʫʣʴʪʫʨʥʳʭ, ʦʜʥʘʢʦ ʠʤʝʥʥʦ ʦʥ ʦʙʦʩʪʨʠʣ ʠ ʩʜʝʣʘʣ ʘʢʪʫʘʣʴʥʳʤ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʤʝʩʪʘ, ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʠʩʢʫʩʩʪʚʘ, ʠ ʨʘʟʚʠʪʠʝ ʪʚʦʨʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʣʠʯʥʦʩʪʠ ʚ ʛʨʫʧʧʦʚʳʭ ʩʦʮʠʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. 

- ʉʣʠʰʢʦʤ ʩʣʦʞʥʳʡ ʚʦʧʨʦʩ 

- ʥʦʚʘʷ ʤʦʨʬʦʣʦʛʠʷ ʩʪʨʦʝʥʠʡ ʠ ʦʩʦʙʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 
ʦʙʲʝʢʪʦʚ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʥʦʚʦʡ ʩʨʝʜʳ 

- ɺʠʨʪʫʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʠʥʥʦʚʘʮʠʠ 

- ʇʦʥʠʤʘʥʠʝ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʚʠʨʪʫʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ 

ʧʦʥʠʤʘʥʠʷ ʠ ʚʣʘʜʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚ ʙʳʪʦʚʳʭ ʥʫʞʜʘʭ. 

- ʗ ʩʯʠʪʘʶ, ʯʪʦ ʵʪʦ ʚʠʟʫʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʩʦʮ. ʩʝʪʠ, ʚʩʝ ʯʪʦ ʚʭʦʜʠʪ ʚ ʮʠʬʨʦʚʫʶ 
ʩʬʝʨʫ ʠ ʦʙʨʘʟʫʝʪ ʥʝʢʫʶ ʢʘʨʪʠʥʫ ʮʝʣʦʩʪʥʳʡ ʦʙʨʘʟ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ 

- ʇʦʥʠʤʘʥʠʝ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ 

ʠ ʥʦʚʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʦʛʨʘʤʤ, ʚ ʪ.ʯ. ʀʀ (ʝʩʣʠ ʢʨʘʪʢʦ) 

- ɽʜʠʥʫʶ ʮʠʬʨʦʚʫʶ ʩʨʝʜʫ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

- ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʠʥʪʝʨʝʩʥʳʝ 
ʚʠʟʫʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʠ ʥʦʚʳʝ ʢʦʥʮʝʧʮʠʠ 

- ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʪʦʨʳʡ ʘʚʪʦʤʘʪʠʟʠʨʫʶ ʠ ʫʧʨʦʱʘʝʪ 

ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ 

- I would define çdigital cultureè as a new media and new technologies that are emerging 
extremely fast in the recent years that can have a huge impact on the way we design 

buildings, think about architecture in general and the way we present our ideas and express 

our creativity. I think the key idea here is that we should be aware of the future that's coming 

and the way people would interact with reality (or non-reality), augmented reality and 

consider that idea when designing new spaces for people BIM 
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ʂʘʢ ʚʳ ʦʧʨʝʜʝʣʷʝʪʝ çʮʠʬʨʦʚʫʶ ʢʫʣʴʪʫʨʫè ʠ ʢʘʢʠʝ ʢʣʶʯʝʚʳʝ ʢʦʥʮʝʧʮʠʠ ʠ ʠʜʝʠ ʦʥʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʣʦʩʦʬʠʠ ʘʨʭʠʪʝʢʪʫʨʳ? 

- ɺ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʦʧʨʝʜʝʣʷʶ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ. ʂʣʶʯʝʚʳʤ ʥʘ ʤʦʡ 

ʚʟʛʣʷʜ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ - ʢʦʤʧʴʶʪʝʨʘ, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠʣʠ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʦʙʱʝʩʪʚʦʤ 

- ʇʨʦʛʨʘʤʤʳ, ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʨʘʙʦʪʳ 

- ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʣʦʩʦʬʠʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʥʳʤ ʰʘʛʦʤ 
ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʧʦʥʷʪʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʱʝʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʤʳʩʣʠ. 

- ʀʥʪʝʛʨʘʮʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʫʣʴʪʫʨʫ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɺʥʝʜʨʝʥʠʝ 
ʥʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ɼʦʩʪʠʞʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ - ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ, ʵʩʪʝʪʠʢʘ, ʤʠʥʠʤʘʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩ ʫʯʸʪʦʤ ʢʦʤʬʦʨʪʘ ʠ ʧʦʣʴʟʳ ʜʣʷ ʥʘʩʝʣʝʥʠʷ. 

- ʕʣʝʢʪʨʦʥʥʦʝ ʚʟʘʠʤʦʦʙʨʘʱʝʥʠʝ ʚ ʦʙʱʝʩʪʚʝ ʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ 

- ʚʦʟʜʝʨʞʫʩʴ 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʩʦʟʜʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʣʠʢʘ ʦʙʲʝʢʪʘ 

- ɺʠʟʫʘʣʠʟʘʮʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʠʥʥʦʚʘʮʠʷ 

- ɺʦʧʨʦʩ ʜʣʷ ʮʝʣʦʡ ʩʪʘʪʴʠ. ɽʩʣʠ ʛʨʫʙʦ ʎʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ - ʪʘ ʝʝ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ 

ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʮʠʬʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ, ʯʪʦ ʚʠʨʪʫʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦ ʚʦʟʤʦʞʥʦʩʪʷʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʯʝʣʦʚʝʢʦʤ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʨʝʘʣʴʥʦʤʫ. 

- BIG DATA ʠ ʩʝʥʩʦʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ = ʮʠʬʨʦʚʠʟʘʮʠʷ ʘʨʭʠʪʝʢʪʫʨʳ 

2 ʄɽʍɸʅʀɿʄʓ ʀ ʌɸʂʊʆʈʓ ɸʈʍʀʊɽʂʊʋʈʅʆɻʆ ʌʆʈʄʆʆɹʈɸɿʆɺɸʅʀʗ ɺ 

ʎʀʌʈʆɺʓʍ ʊɽʍʅʆʃʆɻʀʗʍ 

ʈʘʟʜʝʣ 2. ʇʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ɺʦʧʨʦʩ ɼʘ ʅʝʪ ɺʦʟʜʝʨʞʫʩʴ 

ɺʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʠʨʪʫʘʣʴʥʫʶ ʠʣʠ 

ʜʦʧʦʣʥʝʥʥʫʶ ʨʝʘʣʴʥʦʩʪʴ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʩʚʦʠʭ ʧʨʦʝʢʪʦʚ? 

54,3% 45,7%  

ʉʯʠʪʘʝʪʝ ʣʠ ɺʳ, ʯʪʦ ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ 

ʧʦʣʝʟʥʘ ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʧʨʦʝʢʪʦʚ? 

88,6% 5,7% 5,7% 

ʀʩʧʦʣʴʟʫʝʪʝ ʣʠ ɺʳ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʣʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ɺʘʰʠʭ ʧʨʦʝʢʪʦʚ? 

60% 40%  

ɹʳʣ ʣʠ ʫ ɺʘʩ ʣʠ ʦʧʳʪ, ʢʦʛʜʘ ʮʠʬʨʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʠʣʠ ɺʘʤ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʠʣʠ ʩʣʦʞʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ 

ʬʦʨʤʳ? 

62,9% 37,1%  

ʊʝʢʩʪʦʚʳʡ ʦʪʚʝʪ 

ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ ʠ ʘʩʧʝʢʪʳ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤʳ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ? 

- ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʦʣʴʰʝʧʨʦʣʝʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʙʦʣʦʯʝʢ, ʬʘʩʘʜʥʳʭ ʵʣʝʤʝʥʪʦʚ 
(ʢʘʨʢʘʩ) 

- ɸʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʚʠʟʫʘʣʠʟʘʮʠʷ. 

- 3ʜ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʦʩʦʙʝʥʥʦ ʫʧʨʦʱʘʝʪ ʠ ʧʦʤʦʛʘʝʪ ʧʨʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷʭ. 
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- ʇʨʦʩʪʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʬʦʨʤ 

- ʟʘʪʨʫʜʥʷʶʩʴ ʩ ʦʪʚʝʪʦʤ 

- ʊʠʤ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 
ʬʘʢʪʠʯʝʩʢʠʤ ʜʚʦʡʥʠʢʦʤ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ. ʕʪʦ ʙʝʩʮʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʢʪʝ ʢʘʢ 

ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʜʝʡʩʪʚʠʷ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʩʤʝʞʥʠʢʦʤ ʠ 

ʩʪʨʦʠʪʝʣʝʡ ʩʦʛʣʘʩʦʚʘʥʳ, ʪʘʢ ʠ ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʟʜʘʥʠʷ. 

- ɺʘʞʥʝʡʰʠʤ ʘʩʧʝʢʪʘʤʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʷʚʣʷʝʪʩʷ ʧʦʥʠʤʘʥʠʝ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ 
ʧʨʠʥʮʠʧʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʳʰʣʝʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ. 

- ʇʨʦʛʨʘʤʤʳ ʜʣʷ ʚʳʯʝʨʯʠʚʘʥʠʷ, 3ʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

- ʋʣʫʯʰʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʧʨʦʛʨʘʤʤ, ʜʣʷ ʙʦʣʝʝ ʧʨʦʩʪʦʛʦ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʛʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

- 3ʜ ʚʠʟʫʘʣʠʟʘʮʠʷ 

- ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

- I think the ability to interact with the objects and ability to çseeè in real 1:1 scale how your 

project is going to look like, having that sensory experience is just something that previous 

generations of architects didn't have and I think it's a very important factor when designing 

today 

- ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ; 

- ʇʝʨʝʭʦʜ ʦʪ ʤʦʥʠʪʦʨʘ ʢ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ; 

- ʕʨʛʦʥʦʤʠʯʥʳʝ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ. 

- ʤʠʬʳ 

- AI ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

- ʉʠʩʪʝʤʘ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ 

- ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʠʟʫʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 

- ʋʯʝʪ ʚʝʥʪʠʣʷʮʠʠ ʠ ʠʥʩʦʣʷʮʠʠ ʛʦʨʦʜʘ ʚ ʮʝʣʦʤ, ʢʦʨʠʜʦʨʦʚ ʵʚʘʢʫʘʮʠʠ ʧʨʠ ʏʉ ʠ ʟʦʥʳ 
ʦʙʨʫʰʝʥʠʷ ʟʜʘʥʠʡ. ʋʯʝʪ ʟʦʥʳ ʧʦʜʪʦʧʣʝʥʠʷ ʩʝʣʷʤʠ ʠ ʧʦʣʦʚʦʜʴʝʤ. ʋʯʝʪ ʟʦʥʳ 

ʦʙʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ. ʋʯʝʪ ʟʦʥ ʦʧʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʘʟʤʝʱʝʥʠʝ 

ʙʦʤʙʦʫʙʝʞʠʱ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʩʢʣʘʜʦʚ, ʘ ʪʘʢʞʝ ʩʢʣʘʜʦʚ ʦʨʫʞʠʷ ʠ ʤʝʜʠʢʘʤʝʥʪʦʚ. 

ʉʦʟʜʘʥʠʝ ʦʧʦʨʥʳʭ ʧʫʥʢʪʦʚ ʜʣʷ ʨʘʟʤʝʱʝʥʠʝ ʧʨʦʪʠʚʦʨʘʢʝʪʥʦʛʦ ʚʦʦʨʫʞʝʥʠʷ. ɺʳʚʦʜ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ ʟʘ ʧʨʝʜʝʣʳ ʛʦʨʦʜʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʂʦʥʪʨʦʣʴ 

ʦʭʨʘʥʥʳʭ ʟʦʥ ʤʘʛʠʩʪʨʘʣʝʡ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʢʘʥʘʣʠʟʘʮʠʠ, ʛʘʟʦʩʥʘʙʞʝʥʠʷ, 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

- ɺʦʟʜʝʨʞʫʩʴ 

- ɺ ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝ ʩʪʘʣʦ ʣʝʛʯʝ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʬʦʨʤʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʠʭ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʘʩʯʝʪ ʩʣʦʞʥʳʭ ʬʦʨʤ. ɺʦʟʨʦʩʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʪʴ 

- ʬʘʥʪʘʟʠʠ ʠ ʪʚʦʨʯʝʩʢʠʝ ʠʟʳʩʢʠ ʘʨʭʠʪʝʢʪʦʨʦʚ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ. 

- ɺʠʟʫʘʣʠʟʘʮʠʷ,3ʜ ʤʦʜʝʣʴ 

- 3ʜ ʚʠʟʫʘʣʠʟʘʮʠʷ 

- ʈʘʟʥʦʦʙʨʘʟʠʝ. ɺʦʟʤʦʞʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʛʦ ʩʦʟʜʘʥʠʷ ʨʝʰʝʥʠʡ ʠ ʦʙʤʝʥʘ ʠʤʠ 
ʯʝʨʝʟ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʣʘʪʬʦʨʤʳ ʧʨʠʚʦʜʠʪ ʢ ʧʦʨʘʟʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʚʘʨʠʘʪʠʚʥʦʩʪʠ. 

- ʈʘʙʦʪʘ ʚ ʢʦʤʘʥʜʝ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʩ ʫʯʝʪʦʤ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

3 ɸʈʍʀʊɽʂʊʋʈɸ ʀ ʎʀʌʈʆɺɸʗ ʂʋʃʔʊʋʈɸ: ɼʀɸʃɽʂʊʀʂɸ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ 

ʈʘʟʜʝʣ 3. ɺʣʠʷʥʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ 

ɺʦʧʨʦʩ ɼʘ ʅʝʪ ɺʦʟʜʝʨʞʫʩʴ 

ʂʘʢ ɺʳ ʩʯʠʪʘʝʪʝ, ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʠʣʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʟʜʘʥʠʷ? 

80% 11,4% 8,6% 
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ʉʯʠʪʘʝʪʝ ʣʠ ɺʳ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʪʠʣʝʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ? 

71,4% 20% 8,6% 

ʊʝʢʩʪʦʚʳʡ ʦʪʚʝʪ 

ʂʘʢ, ʧʦ ɺʘʰʝʤʫ ʤʥʝʥʠʶ, ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʚʣʠʷʶʪ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʶʜʝʡ ʩ ʟʜʘʥʠʷʤʠ ʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʦʡ? 

- ɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʢʣʶʯʝʚʦʡ ʬʘʢʪʦʨ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʩ 
ʟʘʢʘʟʯʠʢʦʤ, ʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʦʙʣʝʛʯʘʝʪ ʟʘʜʘʯʫ ʘʨʭʠʪʝʢʪʦʨʘ. 

- ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʤʦʛʘʶʪ ʣʶʜʷʤ ʧʨʝʜʩʪʘʚʠʪʴ ʠ ʧʦʢʘʟʘʪʴ ʙʫʜʫʱʠʝ ʧʨʦʝʢʪʳ, 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʫʞʝ ʜʘʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʰʝʤ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʜʣʷ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʚʟʷʪʴ ʟʜʘʥʠʝ ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʦʩʪʦʯʥʦʡ 

ʦʙʲʝʟʜʥʦʡ ʜʦʨʦʛʝ, ʛʜʝ ʧʨʠ ʥʘʚʝʜʝʥʠʠ ʢʘʤʝʨʳ ʪʝʣʝʬʦʥʘ ʥʘ ʟʜʘʥʠʝ ʤʳ ʤʦʞʝʤ ʫʚʠʜʝʪʴ 

ʠʥʪʝʨʝʩʥʫʶ ʘʥʠʤʘʮʠʶ, ʵʪʘ ʘʥʠʤʘʮʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʩʪʨʠʪ-ʘʨʪʦʤ 

ʯʪʦ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʫ ʣʶʜʝʡ ʠ ʩʦʟʜʘʝʪ ʥʝʢʫʶ ʨʝʢʣʘʤʫ. 

- ʇʦʚʳʰʘʶʪ ʢʦʤʬʦʨʪ 

- ʦʪʚʝʪ ʜʘʝʪ ʄʘʢʣʶʵʥ ʚ ʢʥʠʛʝ ʧʨʦ ʤʝʜʠʘ, ʦʥ ʥʘʟʳʚʘʝʪ ʤʝʜʠʘ ʚʪʦʨʦʡ ʢʦʞʝʡ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʯʝʣʦʚʝʢʫ. ɺ ʩʚʦʝʡ ʤʘʛ. ʜʠʩʩʝʨʪʘʮʠʠ ʷ ʦʧʠʩʳʚʘʣʘ ʩʦʚʨʝʤʝʥʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ, ʢʘʢ ʙʦʣʝʝ ʨʘʩʰʠʨʝʥʥʫʶ ʢʦʞʫ (ʪʝʣʦ) ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʤ ʯʝʣʦʚʝʢ 

ʫʧʨʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʞʝ, ʢʘʢ ʠ ʩʦʙʩʪʚʝʥʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʪʝʣʦʤ 

- ʉʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʛʨʘʮʠʠ 

- ʉʯʠʪʘʶ, ʯʪʦ ʨʦʣʴ ʘʨʭʠʪʝʢʪʦʨʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʝʡ ʚ 
ʩʦʟʜʘʥʠʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʣʠʰʴ 

ʠʥʩʪʨʫʤʝʥʪ ʚ ʨʫʢʘʭ ʧʨʦʬʝʩʩʠʦʥʘʣʘ. ʇʦʵʪʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʶʜʝʡ ʩʦ ʟʜʘʥʠʝʤ ʠ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʦʱʫʱʝʥʠʷʤʠ ʚ ʵʪʠʭ ʩʨʝʜʘʭ, ʘ ʦʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʬʘʢʪʦʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʳ ʚʦʩʧʨʠʷʪʠʷ: - ʟʨʝʥʠʝ, ʦʩʷʟʘʥʠʝ, ʩʣʫʭ, ʦʙʦʥʷʥʠʝ, ʪʦ, 

ʯʪʦ ʧʨʠʩʫʱʝ ʯʝʣʦʚʝʢʫ, ʘ ʥʝ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ. ʇʦʵʪʦʤʫ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʷ ʙʳ 

ʧʨʠʦʨʠʪʝʪ ʦʪʜʘʣ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʠʥʪʝʣʣʝʢʪʫ ʩ ʝʛʦ ʠʨʨʘʮʠʦʥʘʣʴʥʳʤ (ʩʫʙʲʝʢʪʠʚʥʳʤ) 

ʵʢʟʠʩʪʝʥʮʠʦʥʘʣʴʥʳʤ ʚʦʩʧʨʠʷʪʠʝʤ. 

- Yes, this is one of the points I mentioned earlier. People are different today, the use of 

technology has brought our interaction with the environment way down. We use phones non-

stop, were addicted to those machines. Interaction with the environment has become çtoo 

roboticè, it seems like we can't connect as much as we use to before. Technology is both our 

freind and enemy at the same time. We need to understand how to use it and 

- ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʯʝʛʦ ʠ ʩʚʦʙʦʜʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʧʝʨʩʦʥʘʣʴʥʳʭ ʛʘʜʞʝʪʘʭ ʠ 

ʩʤʘʨʪʬʦʥʘʭ, ʧʦʟʚʦʣʷʝʪ ʯʝʣʦʚʝʢʫ ʥʘʭʦʜʠʪʩʷ ʧʦʯʪʠ, ʛʜʝ ʫʛʦʜʥʘ ʚʥʝ ʢʦʥʪʝʢʩʪʘ ʛʦʨʦʜʘ ʠʣʠ 

ʘʨʭʠʪʝʢʪʫʨʳ. 

- ʋʜʦʙʩʪʚʦ. ʊʝʭʥʦʣʦʛʠʠ ʫʤʥʦʛʦ ʛʦʨʦʜʘ ʫʧʨʦʱʘʶʪ ʞʠʟʥʴ. ɹʣʘʛʦʜʘʨʷ ʪʝʣʝʤʝʪʨʠʠ ʠ 
ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʧʦʨʷʜʦʯʠʪʴ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʣʶʜʝʡ, ʘ ʪʘʢʞʝ 

ʨʝʰʠʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʙʣʝʤ. 

- ʅʝʪ. 

- ʚʦʟʜʝʨʞʫʩʴ 

- ʇʦʣʦʞʠʪʝʣʴʥʦ 

- ʋʣʫʯʰʘʝʪʩʷ ʚʦʩʧʨʠʷʪʠʷ ʟʜʘʥʠʝ ʝʱʸ ʥʘ ʤʦʤʝʥʪʝ ʝʛʦ ʩʦʟʜʘʥʠʷ 

- ʇʦʢʘ ʢʦʩʚʝʥʥʦ. ɺ ʦʩʥʦʚʥʦʤ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩʳ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʅʘʠʙʦʣʝʝ 
ʟʥʘʯʠʤʳʤ ʩʝʛʦʜʥʷ ʢʘʞʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɻʀʉ ʩʠʩʪʝʤ 

- ʏʝʣʦʚʝʢ ʚ ʢʦʥʪʝʢʩʪʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʥʦ ʛʦʨʦʜ ʜʣʷ ʯʝʣʦʚʝʢʘ. ɿʝʣʝʥʘʷ ʩʨʝʜʘ 

- ɹʝʟʫʩʣʦʚʥʦ. ʋʤʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʫʤʥʳʡ ʛʦʨʦʜ - ʫʤʥʘʷ ʩʨʝʜʘ ʦʙʠʪʘʥʠʷ. 

-  
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ʉʯʠʪʘʝʪʝ ʣʠ ɺʳ, ʯʪʦ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʢʘʯʝʩʪʚʦ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ? 

43,8% 25,7% 31,3% 

 ʊʝʢʩʪʦʚʳʡ ʦʪʚʝʪ 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʫʧʨʦʱʘʝʪ ʩʘʤ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ 

ʧʨʦʝʢʪʘ, ʘʨʭʠʪʝʢʪʦʨ ʫʞʝ ʥʝ ʧʦʣʘʛʘʝʪʩʷ ʥʘ ʨʫʯʥʦʡ ʪʨʫʜ ʠ ʙʝʨʝʪ ʠʥʬʦʨʤʘʮʠʶ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʠʥʪʝʨʥʝʪ ʨʝʩʫʨʩʦʚ,ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʙʱʝʡ ʢʦʥʮʝʧʮʠʠ ʧʨʦʝʢʪʘ ʠ 

ʝʛʦ ʚʥʝʰʥʝʛʦ ʚʠʜʘ, ʪʦ ʝʩʪʴ ʠʟ-ʟʘ ʫʧʨʦʱʝʥʠʷ ʩʪʨʘʜʘʝʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʬʘʥʪʘʟʠʷ 

ʘʨʭʠʪʝʢʪʦʨʘ, ʪʘʢʞʝ ʫʧʨʦʱʝʥʠʝ ʚʩʝʛʜʘ ʚʝʜʝʪ ʢ ʢʦʤʤʝʨʮʠʠ ʠ ʧʨʦʝʢʪʳ ʤʦʛʫʪ ʩʪʘʪʴ ʥʝ 

ʠʥʪʝʨʝʩʥʳ ʦʙʱʝʩʪʚʫ ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʢʦʤʤʝʨʯʝʩʢʫʶ ʘʨʭʠʪʝʢʪʫʨʫ (ʢʦʪʦʨʘʷ 

ʥʘʮʝʣʝʥʘ ʥʘ ʧʨʠʙʳʣʴ). 

- ɽʩʣʠ ʘʚʪʦʨ ʠʤʝʝʪ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯʘʭ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʦʟʜʘʥʠʷ çʪʨʘʜʠʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳè ʙʝʟ 

ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʷ ʮʠʬʨʦʚʳʭ ʤʝʪʦʜʦʚ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʪʦ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʧʘʩʝʥʠʡ ʥʝ ʚʠʞʫ. 

- I don't think digital technologies can reduce the quality of traditional architecture. On the 

contrary, I think it can greatly benefit it, but again the person using this should be aware of 

both and should make the best out of the both worlds. An architect should know how to 

sketch and draw even though he/she may never use this in the practice. I don't think analog 

way of designing is wrong, I just think that, as architects, we should consider and embrace 

new technology because that technology is going to only continue to grow. It's never going to 

go back, so if you want to stay up to date and on the edge of what's happening, you should be 

curious and you should learn about it. It's a process and it will only continue to grow, 

especially now with the recent growth of artifical inteligence. 

- ʗ ʩʯʠʪʘʶ ʯʪʦ ʤʦʞʥʦ ʩʦʚʤʝʱʘʪʴ ʠʩʪʦʨʠʯʝʩʢʠʝ ʟʜʘʥʠʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʦʩʪʨʦʡʢʘʤʠ ʚ 
ʬʫʪʫʨʠʩʪʠʯʝʩʢʦʤ ʩʪʠʣʝ ʧʨʠ ʫʩʣʦʚʠʠ ʯʪʦ ʧʦʩʪʨʦʠʢʠ ʚʳʧʦʣʥʷʣʠʩʴ ʤʝʪʦʜʦʤ ʛʦʣʦʩʦʚʘʥʠʷ 

ʞʠʪʝʣʝʡ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʢʦʪʦʨʦʤ ʭʦʪʷʪ ʧʦʩʪʨʦʠʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʦʙʴʝʢʪ. 

- ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʘʤʥʦʛʦ ʧʨʝʜʚʦʩʭʠʪʠʣʠ ʧʦʷʚʣʝʥʠʝ ʮʠʬʨʦʚʦʡ 
ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʜʘʞʝ ʨʘʟʚʠʪʠʷ ʯʝʨʪʝʞʘ. ʎʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʢʘʢ ʠ ʯʝʨʪʝʞ ʷʚʣʷʝʪʩʷ ʚʩʝʛʦ 

ʣʠʰʴ ʩʨʝʜʩʪʚʦʤ. 

- Å ʌʦʨʤʘʣʴʥʦʝ, ʥʝ ʪʚʦʨʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʩʧʦʩʦʙʥʦ ʥʘʥʦʩʠʪʴ 
ʫʱʝʨʙ ʘʨʭʠʪʝʢʪʫʨʝ. ʈʘʟʫʤʥʳʡ ʪʚʦʨʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʜʝʣʘʝʪ ʠʭ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

4 ʉʆɺʈɽʄɽʅʅʓɽ ʄɽʊʆɼʓ ɸʈʍʀʊɽʂʊʋʈʅʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 

ʈʘʟʜʝʣ 4. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ɺʦʧʨʦʩ ɼʘ ʅʝʪ ɺʦʟʜʝʨʞʫʩʴ 

ʉʯʠʪʘʝʪʝ ʣʠ ɺʳ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʝʚʳʰʘʶʪ ʠʭ ʥʝʜʦʩʪʘʪʢʠ? 

62,9% 20% 17,1% 

ɺʳ ʩʪʘʣʢʠʚʘʣʠʩʴ ʩ ʧʨʦʙʣʝʤʘʤʠ ʠʣʠ 

ʪʨʫʜʥʦʩʪʷʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʚʦʝʡ ʧʨʘʢʪʠʢʝ? 

62,9% 25,7% 11,4% 

ʉʯʠʪʘʝʪʝ ʣʠ ɺʳ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʠ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ 

ʵʬʬʝʢʪʠʚʥʳʤ? 

91,4% 5,7% 2,9% 

ʂʘʢ ɺʳ ʜʫʤʘʝʪʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʧʨʦʝʢʪʦʚ? 

60% 25,7% 14,3% 
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ʗʚʣʷʶʪʩʷ ʣʠ BIM-ʪʝʭʥʦʣʦʛʠʠ, ʧʦ ɺʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʧʨʘʢʪʠʢʝ? 

88,6% 8,6% 2,9% 

ʊʝʢʩʪʦʚʳʡ ʦʪʚʝʪ 

ʂʘʢ ʚʳ ʦʮʝʥʠʚʘʝʪʝ ʟʥʘʯʝʥʠʝ ʠ ʚʣʠʷʥʠʝ BIM-ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʥʫʶ 

ʧʨʘʢʪʠʢʫ? 

- ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʣʘʜʝʥʠʝ ʜʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʢʦʤʧʘʥʠʷʭ 

- ʉʦʢʨʘʱʘʝʤ ʚʨʝʤʷ ʨʘʙʦʪʳ. ʀʤʝʝʪ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ, ʫʯʠʪʳʚʘʷ ʥʳʥʝʰʥʠʝ ʨʝʘʣʠʠ ʪʝʤʧʘ 
ʞʠʟʥʠ. 

- ʋʩʢʦʨʷʝʪ ʠ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

- ɺʣʠʷʥʠʝ ʠ ʟʥʘʯʝʥʠʝ bim-ʪʝʭʥʦʣʦʛʠʡ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʝʢʪʦʚ ʥʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʝʟ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʦʟʜʘʥʠʝ ʧʣʘʥʦʚ ʟʜʘʥʠʡ, 

ʚʥʝʰʥʠʡ ʚʠʜ, ʬʘʩʘʜʥʘʷ ʯʘʩʪʴ ʠ ʚʥʝʜʨʝʥʠʝ çʟʝʣʝʥʳʭè ʪʝʭʥʦʣʦʛʠʡ, ʚʩʝ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ 

ʥʘʤʥʦʛʦ ʧʨʦʱʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

- ʊʝʥʜʝʥʮʠʷ ʚʦʟʚʝʜʝʥʠʷ çʢʦʨʦʙʦʢè ʚ çʥʝ ʟʨʝʣʳʭè ʨʫʢʘʭ 

- ʚʣʠʷʥʠʝ ʦʛʨʦʤʥʦʝ 

- ɺʘʞʥʦʝ 

- ɺʣʠʷʝʪ ʥʘ ʵʢʦʥʦʤʠʯʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʨʦʝʢʪʘ 

- Huge time-saver and money saver at the same time, considerable efficiency boost in the 

workflow and the final output 

- ʇʦʣʦʞʠʪʝʣʴʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʚʩʝʭ ʨʘʟʜʝʣʦʚ ʧʨʦʝʢʪʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

- ʋʜʦʙʩʪʚʦ ʥʝ ʪʦʣʴʢʦ ʚ ʧʣʘʥʝ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʦʙʨʘʟʘ ʦʙʲʝʢʪʘ, ʥʦ ʠ ʚ ʧʣʘʥʝ 
ʛʘʨʤʦʥʠʯʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʝ 

- ʕʪʦ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʦ 

- ʅʝ ʜʦ ʢʦʥʮʘ ʜʦʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʥʦ ʩ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ 

- ʇʦʤʦʛʘʶʪ ʙʦʣʝʝ ʪʦʯʥʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʟʜʘʥʠʷ ʠ ʩʜʝʣʘʪʴ ʝʛʦ 
ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ 

- ʧʦʣʦʞʠʪʝʣʴʥʦ 

- ɺ 2001 ʛʦʜʫ ʤʥʝ ʭʚʘʪʠʣʦ 15 ʤʠʥʫʪ ʯʪʦʙ ʧʦʥʷʪʴ, ʯʪʦ ʟʘ BIM-ʪʝʭʥʦʣʦʛʠʷʤʠ ʙʫʜʫʱʝʝ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʥʦ ʵʪʦ ʙʫʜʫʱʝʝ ʫ ʥʘʩ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʥʘʩʪʫʧʠʣʦ. ɺʣʠʷʥʠʝ BIM-ʪʝʭʥʦʣʦʛʠʠ 

ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʯʝʥʴ ʩʣʘʙʦʝ. 

- BIM-ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʩʫʞʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʘʨʭʠʪʝʢʪʦʨʘ, ʟʘʩʪʘʚʣʷʷ ʨʘʙʦʪʘʪʴ ʥʝ ʪʚʦʨʯʝʩʢʠ, ʘ ʣʠʰʴ ʧʦ ʰʘʙʣʦʥʫ 

ʧʨʦʛʨʘʤʤʳ. ɺʳʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʦʛʨʘʤʤ ʠ ʬʠʨʤ ʩʦʟʜʘʶʱʠʭ ʵʪʠ ʧʨʦʛʨʘʤʤʳ, 

ʪ.ʢ. ʩʦʚʨʝʤʝʥʥʳʝ ʨʳʥʦʯʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʜʠʢʪʫʝʪʩʷ ʠ 

ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʧʨʘʚʠʪʝʣʴʩʪʚʘʤʠ 

- 10 ʠʟ 10 

- ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ BIM ʤʦʜʝʣʴ ʩʪʘʥʦʚʠʪʩʷ ʫʩʪʘʨʝʚʰʝʡ ʩʨʘʟʫ ʧʦʩʣʝ ʝʝ ʩʦʟʜʘʥʠʷ, ʪʘʢ ʢʘʢ ʚ 
ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʥʝʥʠʡ. ʇʦ ʩʘʤʳʤ 

ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʚʩʝʛʜʘ ʦʪʩʪʘʝʪ ʚʦ ʚʨʝʤʝʥʠ ʦʪ 

ʨʝʘʣʴʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʥʘ ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʠ ʚʩʝʡ ʩʚʦʝʡ ʩʣʦʞʥʦʩʪʠ. 

- ʇʦʚʳʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʇʉɼ. ʕʢʦʥʦʤʠʷ ʨʝʩʫʨʩʦʚ, ʙʣʘʛʦʜʘʨʷ ʪʦʯʥʳʤ ʨʘʩʯʸʪʘʤ ʧʦ 
ʤʘʪʝʨʠʘʣʘʤ. ʉʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʘ ʩʯʸʪ ʪʦʯʥʦʤʫ ʛʨʘʬʠʢʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

4D. ɺʳʩʦʢʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʦʝʢʪʦʚ, ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʢʦʨʨʫʧʮʠʠ. 

ɺʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ 

ʦʙʲʝʢʪʘ. 
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- BIM-ʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʣʠʢʘ 

ʛʦʨʦʜʦʚ, ʧʦʚʳʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʨʘʟʨʘʙʦʪʢʠ ʨʘʙʦʯʠʭ ʧʨʦʝʢʪʦʚ, ʧʦʣʫʯʝʥʠʠ ʪʦʯʥʦʡ 

ʜʝʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʝʢʪʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʞʜʦʝ ʟʜʘʥʠʝ ʚ BIM ʵʪʦ ʞʠʚʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʠʥʞʝʥʝʨʥʳʡ ʦʨʛʘʥʠʟʤ, ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʫʧʨʘʚʣʷʪʴ ʯʝʣʦʚʝʢ. 

- BIM-ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʪʦ ʙʫʜʫʱʝʝ 

- ʍʦʨʦʰʦ 

- ʕʪʦ ʦʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʟʜʘʥʠʷ 

- ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʰʝʥʠʡ ʘʨʭʠʪʝʢʪʦʨʘ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʦʝʢʪʥʦʡ ʠ ʩʪʨʦʠʪʝʣʴʥʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ 

- ʊʠʤ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 
ʬʘʢʪʠʯʝʩʢʠʤ ʜʚʦʡʥʠʢʦʤ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ. ʕʪʦ ʙʝʩʮʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʢʪʝ ʢʘʢ 

ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʜʝʡʩʪʚʠʷ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʩʤʝʞʥʠʢʦʤ ʠ 

ʩʪʨʦʠʪʝʣʝʡ ʩʦʛʣʘʩʦʚʘʥʳ, ʪʘʢ ʠ ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʟʜʘʥʠʷ. 

5 ʎʀʌʈʆɺɸʗ ɸʈʍʀʊɽʂʊʋʈɸ: ʇɽʈʉʇɽʂʊʀɺʓ ʀ ɺʆɿʄʆɾʅʆʉʊʀ 

ʈʘʟʜʝʣ 5. ʆʙʫʯʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ 

ɺʦʧʨʦʩ ɼʘ ʅʝʪ ɺʦʟʜʝʨʞʫʩʴ 

ʉʯʠʪʘʝʪʝ ʣʠ ɺʳ, ʯʪʦ ʮʠʬʨʦʚʳʝ ʥʘʚʳʢʠ ʩʪʘʣʠ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʦʨʘ? 

91,4% 5.7% 2,9% 

ʂʘʢ ɺʳ ʩʯʠʪʘʝʪʝ, ʙʫʜʝʪ ʣʠ ʘʢʪʫʘʣʴʥʳʤ ʦʪʢʨʳʪʠʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʮʠʬʨʦʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ? 

74,3% 11,4% 14,3% 

ʊʝʢʩʪʦʚʳʡ ʦʪʚʝʪ 

ʂʘʢʠʤʠ ʥʘʚʳʢʘʤʠ ʠ ʟʥʘʥʠʷʤʠ, ʥʘ ʚʘʰ ʚʟʛʣʷʜ, ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʦʚʨʝʤʝʥʥʳʡ 

ʘʨʭʠʪʝʢʪʦʨ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ? 

- ɿʥʘʥʠʝ ʧʨʦʛʨʘʤʤ ʠ ʫʤʝʥʠʝ ʠʤʠ çʧʨʘʚʠʣʴʥʦè ʧʦʣʴʟʦʚʘʪʴʩʷ (ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʨʠʸʤʳ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ) 

- ɿʥʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷʭ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʛʨʘʤʤ ʠ ʧʦʦʯʝʨʝʜʥʘʷ ʜʝʣʝʛʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʠ ʩʨʝʜʠ ʵʪʠʭ ʩʘʤʳʭ ʧʨʦʛʨʘʤʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʨʭʠʪʝʢʪʦʨʫ ʵʬʬʝʢʪʠʚʥʫʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ. 

- ʅʘʚʳʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʜʣʷ 3ʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʥʦ ʧʨʠ ʵʪʦʤ 
ʥʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ, ʛʜʝ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥ ʧʨʦʝʢʪ, ʟʥʘʥʠʷ ʢʫʣʴʪʫʨʳ ʥʘʨʦʜʘ ʠ ʤʝʩʪʥʦʩʪʠ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʘʢʞʝ ʥʝʤʘʣʦʚʘʞʥʳʡ ʚʦʧʨʦʩ ʩʦʩʪʦʠʪ ʚʦ ʚʥʝʜʨʝʥʠʠ ʪʘʢ ʩʢʘʟʘʪʴ 

çʟʝʣʝʥʳʭè ʪʝʭʥʦʣʦʛʠʡ. 

- ɿʥʘʥʠʝ ʙʦʣʴʰʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ 

- ʦʙʷʟʘʪʝʣʴʥʦ ʙʘʟʦʚʳʤʠ (ʢʣʘʩʩʠʯʝʩʢʠʤʠ: ʢʦʤʧʦʟʠʮʠʷ, ʦʩʥʦʚʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘʨʭ. 
ʜʝʪʘʣʠ, ʘʨʭ. ʢʦʥʩʪʨʫʢʮʠʠ, ʨʫʯʥʳʝ ʪʝʭʥʠʢʠ), ʧʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʘʪʴ ʢ ʮʠʬʨʦʚʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ 

- ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʘʨʭʠʪʝʢʪʦʨʘ 

- Software skills like Rhino/Grasshopper, Revit, Unreal Engine, understanding of AI, 

understanding of VR/AR in architecture, digital fabrication and 3D printing 

- ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʧʝʮʠʘʣʠʩʪ ʘʨʭʠʪʝʢʪʦʨ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʙʘʟʦʚʳʤʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʥʘʚʳʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʨʠ ʦʪʙʦʨʝ ʥʘ ʦʙʫʯʝʥʠʝ - 

ʫʤʝʥʠʝ ʨʠʩʦʚʘʪʴ, ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʤʳʰʣʝʥʠʝ ʚ ʦʙʲʝʤʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ, ʮʚʝʪʦʚʦʤ 

ʠ ʛʨʘʬʠʯʝʩʢʦʤ ʧʦʩʪʨʦʝʥʠʠ ʦʙʲʝʢʪʘ (ʨʠʩʫʥʢʘ, ʞʠʚʦʧʠʩʠ, ʩʢʫʣʴʧʪʫʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠ 

ʪ.ʜ.), ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺʩʝ ʵʪʠ ʥʘʚʳʢʠ ʚ ʢʦʥʪʝʢʩʪʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʤʦʛʫʪ ʜʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 
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ʂʘʢʠʤʠ ʥʘʚʳʢʘʤʠ ʠ ʟʥʘʥʠʷʤʠ, ʥʘ ʚʘʰ ʚʟʛʣʷʜ, ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʦʚʨʝʤʝʥʥʳʡ 

ʘʨʭʠʪʝʢʪʦʨ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ? 

- ʅʫʞʥʦ ʦʙʣʘʜʘʪʴ ʭʦʪʷ ʙʳ ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʥʠʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ BIM ʪʝʭʥʦʣʦʛʠʡ ʚ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʪʘʢ ʢʘʢ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʝʡ. ʅʫ ʠ 

ʢʦʥʝʯʥʦ ʦʙʣʘʜʘʪʴ ʟʥʘʥʠʷʤʠ ʧʦ ʨʘʙʦʪʝ ʩ 2D ʯʝʨʪʝʞʘʤʠ ʚ ʧʨʦʛʨʘʤʤʝ AutoCAD ʪʘʢ ʢʘʢ 

ʧʦʣʥʦʩʪʴʶ ʥʘ BIM ʤʳ ʧʝʨʝʡʜʝʤ ʥʝ ʩʢʦʨʦ. 

- ɸʨʭʠʪʝʢʪʫʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, 3ʜ ʚʠʟʫʘʣʠʟʘʮʠʷ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʪʠʧʫ 
ʈʝʚʠʪ ʠ ɸʚʪʦʢʘʜ, ʩʢʫʣʴʧʪʫʨʘ ʠ ʞʠʚʦʧʠʩʴ 

- ʧʨʦʛʨʘʤʤʳ ʢʘʞʜʳʡ ʨʘʟ ʦʙʥʦʚʣʷʶʪʩʷ, ʥʫʞʥʦ ʙʳʪʴ ʚ ʪʨʝʥʜʝ ʠ ʧʦʩʪʦʷʥʥʦ ʦʙʫʯʘʪʴʩʷ 

- ʅʝ ʪʦʣʴʢʦ ʘʨʭʠʪʝʢʪʦʨʫ, ʥʦ ʠ ʣʶʙʦʤʫ ʩʤʝʞʥʦʤʫ ʩʧʝʮʠʘʣʠʩʪʫ ʥʝʦʙʭʦʜʠʤʳ ʥʘʚʳʢʠ 
ʨʘʙʦʪʳ ʩ 3D (ʩʦʟʜʘʚʘʪʴ, ʜʦʧʦʣʥʷʪʴ, ʚʥʦʩʠʪʴ/ʠʟʚʣʝʢʘʪʴ ʜʘʥʥʳʝ ʠ ʪ.ʜ.) 

- ʣʦʛʠʢʦʡ 

- ɺʣʘʜʝʪʴ BIM 

- ʉʠʩʪʝʤʘ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ, ʠ ʩʘʤʳʝ ʙʘʟʦʚʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʦʥʷʪʠʷ. 

- ɺʣʘʜʝʥʠʝ ʮʠʬʨʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. ʅʘʣʠʯʠʝ ʙʘʟʦʚʳʭ ʟʥʘʥʠʡ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. 
ʇʦʥʠʤʘʥʠʝ ʢʦʥʮʝʧʮʠʠ BIM. 

- ɿʥʘʪʴ ʮʠʢʣ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʛʦʨʦʜʘ ʠ ʧʨʦʙʣʝʤ ʧʨʠ ʝʝ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʩ 
ʠʥʞʝʥʝʨʥʳʤʠ ʤʘʛʠʩʪʨʘʣʷʤʠ ʠ ʧʫʪʷʤʠ ʵʚʘʢʫʘʮʠʠ ʠ ʩʥʘʙʞʝʥʠʷ. 

- ʫʤʝʥʠʝ ʜʘʪʴ ʪʦʣʢʦʚʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʤʦʜʝʨʘʪʦʨʫ ʧʨʦʮʝʩʩʘ 

- ɿʥʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʟʥʘʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʠ ʩʪʘʥʜʘʨʪʦʚ, 
ʪʚʦʨʯʝʩʢʦʤʫ ʤʳʰʣʝʥʠʶ ʚ ʨʘʙʦʪʝ ʥʘʜ ʧʨʦʝʢʪʘʤʠ, ʰʠʨʦʢʠʡ ʢʨʫʛʦʟʦʨ. 

- ɿʥʘʝʤ ʧʨʦʛʨʘʤʤ, ʠʭ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʠ ʦʧʳʪ 

- ɿʥʘʥʠʝ 3ʜ ʧʨʦʛʨʘʤʤ 

- ʇʨʝʞʜʝ ʚʩʝʛʦ ʭʦʨʦʰʠʤ ʢʨʫʛʦʟʦʨʦʤ ʚ ʚʦʟʤʦʞʥʦʩʪʷʭ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʟʘʪʝʤ 
ʥʘʚʳʢʘʤʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʫʞʥʳʭ ʝʤʫ. 

- ʅʘ ʬʦʥʝ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʘʨʭʠʪʝʢʪʦʨ ʜʦʣʞʝʥ ʦʩʪʘʚʘʪʴʩʷ ʢʦʤʧʦʟʠʪʦʨʦʤ ʠ 
ʛʫʤʘʥʠʩʪʦʤ - ʟʥʘʪʴ ʠʩʪʦʨʠʶ ʘʨʭʠʪʝʢʪʫʨʳ, ʟʘʢʦʥʳ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʙʳʪʴ 

ʩʧʦʩʦʙʥʳʤ ʢ ʪʚʦʨʯʝʩʢʦʤʫ ʧʦʠʩʢʫ. 

- ʉʯʠʪʘʶ ʥʝʦʙʭʦʜʠʤʳʤʠ. 

- ɿʥʘʥʠʝ ʠ ʫʤʝʥʠʝ ʨʘʙʦʪʘʪʴ (ʩʙʦʨ ʠ ʘʥʘʣʠʟ) ʩ ɻʀʉʘʤʠ ʠ ɹʦʣʴʰʠʤʠ ʜʘʥʥʳʤʠ. 

- ɿʥʘʥʠʝ ʧʨʘʚʠʣ ʩʦʟʜʘʥʠʷ ʇʨʦʛʨʘʤʤʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʧʨʝʞʜʝ, ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʟʘʜʘʥʠʷ). 

- ɿʥʘʥʠʝ ʥʦʨʤ ʠ ʧʨʘʚʠʣ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

- ɿʥʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʠ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ, 
ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʠ ʛʝʥʝʨʘʪʠʚʥʦʛʦ). 

- ɿʥʘʥʠʝ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʛʨʘʤʤ 3d ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

- ʅʘʚʳʢʦʤ ʨʘʙʦʪʘʪʴ ʚ ʢʦʤʘʥʜʝ ʩ ʠʥʞʝʥʝʨʘʤʠ, ʩʤʝʞʥʠʢʘʤʠ, ʩʪʨʦʠʪʝʣʷʤʠ ʠ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʣʫʞʙʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʟʜʘʥʠʷ. 

- ɿʥʘʥʠʝ ʧʨʦʛʨʘʤʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʧʨʝʟʝʥʪʘʮʠʠ ʧʨʦʝʢʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ. 

- ɺʣʘʜʝʪʴ ʥʘʚʳʢʘʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʟʘʱʠʪʳ ʩʚʦʝʛʦ ʧʨʦʝʢʪʘ. 

5 ʎʀʌʈʆɺɸʗ ɸʈʍʀʊɽʂʊʋʈɸ: ʇɽʈʉʇɽʂʊʀɺʓ ʀ ɺʆɿʄʆɾʅʆʉʊʀ 

ʈʘʟʜʝʣ 6. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʙʫʜʫʱʝʛʦ ʚ ʢʦʥʪʝʢʩʪʝ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ɺʦʧʨʦʩ ɼʘ ʅʝʪ ɺʦʟʜʝʨʞʫʩʴ 

ʉʯʠʪʘʝʪʝ ʣʠ ɺʳ, ʯʪʦ ʚʘʞʥʦʩʪʴ ʮʠʬʨʦʚʳʭ 

ʥʘʚʳʢʦʚ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ 

ʚ ʙʫʜʫʱʝʤ? 

88,6% 11,4%  
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ɺʦʧʨʦʩ ɼʘ ʅʝʪ ɺʦʟʜʝʨʞʫʩʴ 

ɺʳ ʦʞʠʜʘʝʪʝ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʧʦʷʚʷʪʩʷ ʥʦʚʳʝ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʪ ʘʨʭʠʪʝʢʪʫʨʫ? 

83,9% 6,5% 9,7% 

ʉʯʠʪʘʝʪʝ ʣʠ ɺʳ, ʯʪʦ ʮʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʙʫʜʝʪ 

ʠʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʘʨʭʠʪʝʢʪʫʨʳ ʚ 

ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ? 

65,7% 14,3% 20% 

 ʂʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ: 36 

 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʚʦʜʦʚ ʦʧʨʦʩʘ ɺʣʠʷʥʠʠ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ. 

 

ɺʳʚʦʜʳ ɼʝʪʘʣʠ ʚʣʠʷʥʠʠ 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʎʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʝ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ, ʨʘʩʰʠʨʷʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʘʨʭʠʪʝʢʪʦʨʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʷ ʥʦʚʳʝ 

ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. 

ʄʥʦʛʦʦʙʨʘʟʠʝ ʬʦʨʤ 

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʳʣʠ ʪʨʫʜʥʦ 

ʚʦʧʣʦʱʘʝʤʳ. 

ʉʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʎʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʛʫʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʙʣʝʛʯʘʷ ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʈʦʣʴ ʘʨʭʠʪʝʢʪʦʨʘ ʤʝʥʷʝʪʩʷ ʩ ʨʘʟʚʠʪʠʝʤ 

ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ. ʇʨʦʬʝʩʩʠʦʥʘʣʘʤ 

ʪʨʝʙʫʝʪʩʷ ʥʦʚʳʝ ʥʘʚʳʢʠ ʠ ʟʥʘʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʆʙʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʎʠʬʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʠ ʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʫ ʠʤʝʶʪ ʦʙʱʝʩʪʚʝʥʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ, ʚʢʣʶʯʘʷ ʠʟʤʝʥʝʥʠʝ ʩʧʦʩʦʙʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʶʜʝʡ ʩ ʟʜʘʥʠʷʤʠ ʠ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʦʡ. 

ɹʫʜʫʱʠʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʇʝʨʩʧʝʢʪʠʚʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʮʠʬʨʦʚʦʡ 

ʢʫʣʴʪʫʨʳ ʚʢʣʶʯʘʶʪ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʪʝʩʥʫʶ 

ʠʥʪʝʛʨʘʮʠʶ ʩ ʜʨʫʛʠʤʠ ʦʙʣʘʩʪʷʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. 

ɺʳʟʦʚʳ 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʟʦʚʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʚʢʣʶʯʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ 

ʥʘʚʳʢʦʚ, ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʢ ʥʦʚʳʤ ʨʦʣʷʤ ʠ 

ʧʨʦʮʝʩʩʘʤ. 
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ʈʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ ʦ ʪʦʤ, ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʬʨʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʦʜʭʦʜʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʬʦʨʤ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ 

ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʠʣʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ʜʠʟʘʡʥ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʠ 

ʫʥʠʢʘʣʴʥʳʝ ʬʦʨʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʦʜʝʣʝʡ. 

ʉʦʟʜʘʥʠʝ ʦʪʢʨʳʪʳʭ ʠ ʛʠʙʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ 

ʉ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʙʦʣʝʝ ʛʠʙʢʠʭ ʠ 

ʘʜʘʧʪʠʚʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʩʪʨʦ ʠʟʤʝʥʷʪʴʩʷ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʨʘʟʣʠʯʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʠ ʫʩʣʦʚʠʷʤ. 

 

ʋʯʝʪ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ 

ʚʦʧʨʦʩʘʭ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʟʚʦʣʷʷ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʣʫʯʰʝ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʠʭ 

ʧʨʦʝʢʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʠʩʢʘʪʴ 

ʩʧʦʩʦʙʳ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. 

ʈʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ, ʘʨʭʠʪʝʢʪʦʨʘʤ 

ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʦʩʚʦʝʥʠʝ ʥʝʢʦʪʦʨʳʭ 

ʘʩʧʝʢʪʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ 

ʩʢʨʠʧʪʠʥʛ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʠʣʠ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʡ. 

ʉʠʤʫʣʷʮʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʦʜʠʪʴ ʩʠʤʫʣʷʮʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʧʦʤʦʛʘʝʪ 

ʧʨʝʜʚʠʜʝʪʴ ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʚʥʝʩʪʠ 

ʢʦʨʨʝʢʪʠʚʳ ʚ ʜʠʟʘʡʥ ʜʦ ʥʘʯʘʣʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʎʠʬʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʮʠʬʨʦʚʦʡ 

ʬʘʙʨʠʢʘʮʠʠ, ʪʘʢʠʭ ʢʘʢ 3D-ʧʝʯʘʪʴ ʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʘʨʭʠʪʝʢʪʦʨʘʤ ʚʦʧʣʦʱʘʪʴ ʩʣʦʞʥʳʝ 

ʜʠʟʘʡʥʝʨʩʢʠʝ ʠʜʝʠ ʠ ʩʦʢʨʘʱʘʪʴ ʚʨʝʤʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʂʦʣʣʘʙʦʨʘʮʠʷ ʠ ʦʙʤʝʥ ʜʘʥʥʳʤʠ 

ʎʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ 

ʤʦʛʫʪ ʦʙʣʝʛʯʠʪʴ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʠ 

ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ, ʚʢʣʶʯʘʷ 

ʘʨʭʠʪʝʢʪʦʨʦʚ, ʠʥʞʝʥʝʨʦʚ, ʩʪʨʦʠʪʝʣʝʡ ʠ 

ʢʣʠʝʥʪʦʚ. 
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ʈʠʩʫʥʦʢ ɺ.3 - ʄʦʜʝʣʴ ʬʘʢʪʦʨʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

 

 

 

ʈʠʩʫʥʦʢ ɺ.4 - ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʣʠʷʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʩʪʠʣʠ ʠ 

ʧʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 
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ʈʠʩʫʥʦʢ ɺ.5 - ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟ ʨʘʟʜʝʣʦʚ ʪʘʙʣʠʮʳ ɺ.5, 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʦʩʦʟʥʘʥʠʝ ʠ ʧʦʥʠʤʘʥʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ 
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- ɈɓɋɊɖɋɓɎɋɓɔɈɡɛɘɋɛɓɔɑɔɉɎɏ

ɍɆɘɖəɊɓɋɓɔ Ɏɍ-ɍɆ

ɓɋɔɇɛɔɊɎɒɔɗɘɎɆɊɆɕɘɆɜɎɎɐ

ɘɋɐəɟɎɒɕɖɔɜɋɗɗɆɒ.

- ɔɘɗəɘɗɘɈɎɋɔɇɟɎɛɗɘɆɓɊɆɖɘɔɈ

ɗɔɍɊɆɋɘ ɕɖɔɇɑɋɒɡ

ɗɔɈɒɋɗɘɎɒɔɗɘɎ Ɏ

ɗɔɘɖəɊɓɎɝɋɗɘɈɆ.

- ɈɡɗɔɐɎɋɍɆɘɖɆɘɡɓɆ

ɕɖɔɉɖɆɒɒɡ,ɔɇɔɖəɊɔɈɆɓɎɋɎ

ɔɇəɝɋɓɎɋ.

- ɓɋɛɈɆɘɐɆɐɈɆɑɎɚɎɜɎɖɔɈɆɓɓɡɛ

ɑɤɊɋɏɊɑɥɖɆɇɔɘɡɗɓɔɈɡɒɎ

ɎɓɗɘɖəɒɋɓɘɆɒɎ.

- əɈɋɑɎɝɎɈɆɋɘɗɥɖɎɗɐɐɖɆɌɎ

ɎɓɘɋɑɑɋɐɘəɆɑɢɓɔɏ

ɗɔɇɗɘɈɋɓɓɔɗɘɎ.

ȸɆɐɎɒɔɇɖɆɍɔɒ,ɊɆɓɓɡɋɓɆɇɑɤɊɋɓɎɥɕɔɊɝɋɖɐɎɈɆɤɘɓɋɔɇɛɔɊɎɒɔɗɘɢɇɔɑɋɋ

ɉɑəɇɔɐɔɉɔɎɐɖɎɘɎɝɋɗɐɔɉɔɕɔɊɛɔɊɆɐɎɓɘɋɉɖɆɜɎɎɜɎɚɖɔɈɡɛɘɋɛɓɔɑɔɉɎɏɈ

ɆɖɛɎɘɋɐɘəɖɓɔɋɚɔɖɒɔɔɇɖɆɍɔɈɆɓɎɋ.

ˤͦͣͦ͗ͤ͘·͔ ͙͙ͪͫ͟

ȷɑɔɌɓɔɗɘɢ ɎɓɘɋɉɖɆɜɎɎ 

ȳɋɊɔɗɘɆɘɔɐ 

ɗɘɆɓɊɆɖɘɎɍɆɜɎɎ

ȷɘɔɎɒɔɗɘɢ ɈɓɋɊɖɋɓɎɥ 

ȳɋɊɔɗɘɆɘɔɐ ɗɕɋɜɎɆɑɎɗɘɔɈ

ȧɋɍɔɕɆɗɓɔɗɘɢ

ȶɋɍəɑɢɘɆɘɡɎɗɗɑɋɊɔɈɆɓɎɋ ɕɖɔɇɑɋɒɡ ɜɎɚɖɔɈɔɏ ɐəɑɢɘəɖɡ Ɉ ɆɖɛɎɘɋɐɘəɖɓɔɒ 

ɚɔɖɒɔɔɇɖɆɍɔɈɆɓɎɎ ɈɡɥɈɎɑɔ Ɉ ɊɈəɛ ɐɑɤɝɋɈɡɛ ɓɆɕɖɆɈɑɋɓɎɥɛ.

- ɎɓɘɋɉɖɆɜɎɥɜɎɚɖɔɈɡɛ

ɘɋɛɓɔɑɔɉɎɏɕɖɎɈɔɊɎɘɐ

ɐəɑɢɘəɖɓɔɏɐɔɓɈɋɖɉɋɓɜɎɎ,

ɐɔɘɔɖɆɥ ɆɗɗɎɒɎɑɎɖəɋɘ

əɓɎɐɆɑɢɓɡɋɖɋɉɎɔɓɆɑɢɓɡɋ

ɗɘɎɑɎɈ ɆɖɛɎɘɋɐɘəɖɋ. Ƀɘɔ

ɈɡɍɡɈɆɋɘ ɔɕɆɗɋɓɎɥ

ɔɘɓɔɗɎɘɋɑɢɓɔɕɔɘɋɖɎ

ɐəɑɢɘəɖɓɔɉɔɖɆɍɓɔɔɇɖɆɍɎɥɎ

ɎɊɋɓɘɎɝɓɔɗɘɎ.

ȰəɑɢɘəɖɓɆɥɗɘɔɖɔɓɆ

ȸɋɛɓɔɑɔɉɎɝɋɗɐɆɥɗɘɔɖɔɓɆ

- ɗɇɔɎɈɘɋɛɓɔɑɔɉɎɥɛɒɔɉəɘ

ɕɖɎɈɋɗɘɎɐ əɥɍɈɎɒɔɗɘɥɒɈ

ɕɖɔɋɐɘɋ,ɈɐɑɤɝɆɥɍɆɈɎɗɎɒɔɗɘɢ

ɔɘɘɋɛɓɔɑɔɉɎɝɋɗɐɎɛɕɑɆɘɚɔɖɒ,

ɔɖɎɋɓɘɆɜɎɤɓɆɐɑɎɋɓɘɆɈəɟɋɖɇ

ɆɖɛɎɘɋɐɘəɖɓɔɏɎɓɘɋɉɖɎɘɋɘə, Ɏ

ɐɔɓɐəɖɋɓɜɎɤ,ɐɔɘɔɖɆɥɒɔɌɋɘ

ɕɖɎɈɋɗɘɎɐ əɓɎɚɎɐɆɜɎɎ

ɕɖɔɋɐɘɎɖɔɈɆɓɎɥ.

 

ʈʠʩʫʥʦʢ ɺ.6 - ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 
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ʇʈʀʃʆɾɽʅʀɽ ɻ  

 

ʀʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩʫʥʦʢ ɻ.1 ï ʇʦʢʘʟʘʪʝʣʴ ʧʨʦʛʨʘʤʤʳ ʠʟ ʩʦʮʦʧʨʦʩʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʛʨʘʤʤ. 

 

 

ʈʠʩʫʥʦʢ ɻ.2 ï ʇʦʢʘʟʘʪʝʣʴ ʧʨʦʛʨʘʤʤʳ ʠʟ ʩʦʮʦʧʨʦʩʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ 
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ʈʠʩʫʥʦʢ ɻ.3 ï ʉʦʬʪʢʫʣʴʪʫʨʘ ʧʦ ʘʨʭʠʪʝʢʪʫʨʝ [286] 

 

 

ʈʠʩʫʥʦʢ ɻ.4 - ʇʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ BIM-ʧʨʦʛʨʘʤʤʳ [311] 
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ʊʘʙʣʠʮʘ ɻ.1 - ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʛʨʘʤʤʳ Revit. (ʪʘʙʣʠʮʘ ʩʦʩʪʘʚʣʝʥʘ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʜʝʣʘʥʥʳʭ ʩʪʫʜʝʥʪʘʤʠ ʠʟ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄʆʂ, ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ) [287-297] 
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