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ʩʣʫʛʫʻ ʽʥʩʪʨʫʤʝʥʪʦʤ ʤʽʞʥʘʨʦʜʥʦʛʦ ʦʙʤʽʥʫ ʟʥʘʥʥʷʤʠ, ʥʘʚʯʘʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ 

ʜʦʩʚʽʜʦʤ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʧʨʦʻʢʪʫ. ʇʘʨʘʣʝʣʴʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʘʨʪʥʝʨʩʴʢʘ ʤʝʨʝʞʘ 

çʫʥʽʚʝʨʩʠʪʝʪïʧʨʦʤʠʩʣʦʚʽʩʪʴè, ʧʦʢʣʠʢʘʥʘ ʽʥʪʝʛʨʫʚʘʪʠ ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩ ʽʟ ʨʝʘʣʴʥʠʤʠ 

ʧʦʪʨʝʙʘʤʠ ʝʢʦʥʦʤʽʢʠ, ʩʧʨʠʷʶʯʠ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʶ ʚʠʧʫʩʢʥʠʢʽʚ. ʊʘʢʦʞ ʨʦʟʨʦʙʣʝʥʦ 

ʩʪʨʘʪʝʛʽʶ ʧʦʰʠʨʝʥʥʷ ʪʘ ʩʪʘʣʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ (Dissemination & Sustainability Plan), 

ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʜʦʚʛʦʪʨʠʚʘʣʠʡ ʚʧʣʠʚ ʧʨʦʻʢʪʫ ʥʘ ʩʠʩʪʝʤʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ. 

ʈʝʘʣʽʟʘʮʽʷ The BRIDGE ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʚʩʽ ʨʽʚʥʽ ʦʩʚʽʪʥʴʦʾ ʝʢʦʩʠʩʪʝʤʠ. 

ɼʣʷ ʩʪʫʜʝʥʪʽʚ ʮʝ ʤʦʞʣʠʚʽʩʪʴ ʟʜʦʙʫʪʠ ʩʫʯʘʩʥʽ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʫ ʩʬʝʨʽ BIM-

ʪʝʭʥʦʣʦʛʽʡ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɼʣʷ ʚʠʢʣʘʜʘʯʽʚ ð ʰʣʷʭ ʜʦ 

ʧʨʦʬʝʩʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʜʦʩʪʫʧʫ ʜʦ ʧʝʨʝʜʦʚʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʝʪʦʜʠʢ ʽ ʨʦʟʰʠʨʝʥʥʷ 

ʘʢʘʜʝʤʽʯʥʦʾ ʤʦʙʽʣʴʥʦʩʪʽ. ɼʣʷ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ð ʮʝ ʤʦʜʝʨʥʽʟʘʮʽʷ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ, 

ʧʽʜʚʠʱʝʥʥʷ ʤʽʞʥʘʨʦʜʥʦʾ ʚʠʜʠʤʦʩʪʽ ʪʘ ʟʤʽʮʥʝʥʥʷ ʧʦʟʠʮʽʡ ʫ ʩʚʽʪʦʚʠʭ ʨʝʡʪʠʥʛʘʭ. ɼʣʷ 

ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ ð ʧʽʜʛʦʪʦʚʢʘ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʬʘʭʽʚʮʽʚ, ʟʜʘʪʥʠʭ ʧʨʘʮʶʚʘʪʠ ʚ 

ʫʤʦʚʘʭ çʟʝʣʝʥʦʾè ʝʢʦʥʦʤʽʢʠ ʪʘ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. ɼʣʷ ʩʫʩʧʽʣʴʩʪʚʘ ð 

ʩʪʚʦʨʝʥʥʷ ʧʝʨʝʜʫʤʦʚ ʜʣʷ ʩʪʘʣʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʤʽʩʪ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ 

ʥʘʩʝʣʝʥʥʷ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʢʨʘʾʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʻʢʪ The BRIDGE ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʪʨʘʪʝʛʽʾ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʟ ʧʽʜʪʨʠʤʢʠ ʋʢʨʘʾʥʠ ʚ ʧʝʨʽʦʜ ʧʽʩʣʷʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʁʦʛʦ ʨʝʘʣʽʟʘʮʽʷ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʥʦʚʦʾ ʢʫʣʴʪʫʨʠ ʽʥʞʝʥʝʨʥʦʾ ʦʩʚʽʪʠ, ʟʘʩʥʦʚʘʥʦʾ 

ʥʘ ʧʨʠʥʮʠʧʘʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʽʥʥʦʚʘʮʽʡʥʦʩʪʽ ʪʘ ʧʘʨʪʥʝʨʩʪʚʘ ʤʽʞ ʘʢʘʜʝʤʽʯʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʙʽʟʥʝʩʦʤ. The BRIDGE ð ʮʝ ʥʝ ʣʠʰʝ ʦʩʚʽʪʥʷ ʽʥʽʮʽʘʪʠʚʘ, ʘ ʽʥʚʝʩʪʠʮʽʷ 

ʫ ʣʶʜʩʴʢʠʡ ʢʘʧʽʪʘʣ, ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʤʘʡʙʫʪʥʻ ʋʢʨʘʾʥʠ, ʱʦ ʧʦʻʜʥʫʻ ʻʚʨʦʧʝʡʩʴʢʽ 

ʮʽʥʥʦʩʪʽ ʟ ʧʨʘʛʥʝʥʥʷʤ ʜʦ ʤʦʜʝʨʥʽʟʘʮʽʾ, ʚʽʜʨʦʜʞʝʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʥʘʰʦʾ ʜʝʨʞʘʚʠ ʜʦ 

ʻʜʠʥʦʛʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʧʨʦʩʪʦʨʫ. 

 

ʖʣʽʷ ɹʫʣʛʘʢʦʚʘ, ʢʦʦʨʜʠʥʘʪʦʨʢʘ ʧʨʦʻʢʪʫ 

ʅʘʪʘʣʽʷ ʏʝʨʥʦʚʘ, ʤʝʥʝʜʞʝʨʢʘ ʧʨʦʻʢʪʫ 
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ʦʙôʻʢʪʘ, ʷʢʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ mesh-ʤʦʜʝʣʴ ʘʙʦ BIM-ʦʙôʻʢʪ. 

BIM ʫ ʢʦʥʪʝʢʩʪʽ ʽʩʪʦʨʠʯʥʠʭ ʙʫʜʽʚʝʣʴ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʘʨʭʽʚʥʽ ʜʞʝʨʝʣʘ (ʧʣʘʥʠ, 

ʢʨʝʩʣʝʥʥʷ, ʬʦʪʦ), ʩʧʨʠʷʻ ʢʦʦʨʜʠʥʘʮʽʾ ʤʽʞ ʘʨʭʽʪʝʢʪʦʨʘʤʠ, ʨʝʩʪʘʚʨʘʪʦʨʘʤʠ, ʽʥʞʝʥʝʨʘʤʠ, ʤʦʞʝ 

ʤʽʩʪʠʪʠ ʚʝʨʩʽʾ ʦʙôʻʢʪʘ ʚ ʨʽʟʥʽ ʽʩʪʦʨʠʯʥʽ ʧʝʨʽʦʜʠ ʪʘ ʧʽʜʪʨʠʤʫʻ ʮʠʬʨʦʚʫ ʜʦʢʫʤʝʥʪʘʮʽʶ 

ʟʤʽʥ (ʨʝʩʪʘʚʨʘʮʽʡ, ʚʪʨʘʪ, ʨʝʢʦʥʩʪʨʫʢʮʽʡ). 

 

ʄɽʊɸ ɯ ɿɸɺɼɸʅʅʗ ʈʆɹʆʊʀ 

 

ʄʝʪʘ ʨʦʙʦʪʠ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ ʥʘʚʠʯʦʢ ʟʜʦʙʫʚʘʯʽʚ ʫ ʚʠʨʽʰʝʥʥʽ ʙʘʛʘʪʦʘʩʧʝʢʪʥʠʭ 

ʽʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʠʭ ʪʘ ʙʫʜʽʚʝʣʴʥʦ-ʨʝʩʪʘʚʨʘʮʽʡʥʠʭ ʧʠʪʘʥʴ, ʟʚôʷʟʘʥʠʭ ʟ ʮʠʬʨʦʚʽʟʘʮʽʻʶ ʽʩʪʦʨʠʯʥʦʛʦ 

ʥʘʜʙʘʥʥʷ. 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʨʦʪʦʪʠʧʫ ʽʩʪʦʨʠʯʥʦʾ 

ʙʫʜʽʚʣʽ ʥʘ ʦʩʥʦʚʽ ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ, ʜʦʩʪʫʧʥʠʭ ʘʨʭʽʚʥʠʭ ʜʞʝʨʝʣ ʪʘ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 3D-

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʘʥʘʣʽʟʦʤ ʾʾ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʽʩʪʦʨʠʯʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʪʘ 

ʩʪʘʥʫ ʟʙʝʨʝʞʝʥʥʷ. 

ʂʦʥʢʨʝʪʠʟʦʚʘʥʽ ʮʽʣʽ ʨʦʙʦʪʠ: 

1. ʦʧʘʥʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʨʦʙʦʪʠ ʟ ʭʤʘʨʘʤʠ ʪʦʯʦʢ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʣʽʜʘʨʥʦʛʦ 

ʩʢʘʥʫʚʘʥʥʷ; 

2. ʽʥʪʝʛʨʘʮʽʷ ʘʨʭʽʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʬʦʪʦʛʨʘʬʽʡ, ʢʨʝʩʣʝʥʴ, ʦʧʠʩʽʚ) ʫ ʧʨʦʮʝʩ 

ʤʦʜʝʣʶʚʘʥʥʷ; 

3. ʧʦʙʫʜʦʚʘ 3D-ʤʦʜʝʣʽ ʦʙôʻʢʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʪʦʨʠʯʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. 

4. ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʛʝʦʜʘʥʠʭ ʪʘ ʩʪʚʦʨʝʥʥʷ BIM- 

ʘʙʦ mesh-ʤʦʜʝʣʝʡ; 

5. ʘʥʘʣʽʟ ʟʤʽʥ ʫ ʩʪʨʫʢʪʫʨʽ ʪʘ ʚʠʛʣʷʜʽ ʦʙôʻʢʪʘ ʚ ʨʽʟʥʽ ʽʩʪʦʨʠʯʥʽ ʧʝʨʽʦʜʠ; 

6. ʧʽʜʛʦʪʦʚʢʘ ʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟʚʽʪʫ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ; 

7. ʧʦʛʣʠʙʣʝʥʥʷ ʥʘʚʠʯʦʢ ʨʦʙʦʪʠ ʚ ʢʦʤʘʥʜʽ, ʪʘ ʧʨʠʡʥʷʪʪʷ ʢʦʣʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ. 

ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʧʨʦʪʦʪʠʧʫ ʽʩʪʦʨʠʯʥʦʾ ʙʫʜʽʚʣʽ ʚʘʞʣʠʚʦ ʥʝ ʣʠʰʝ ʚʽʟʫʘʣʽʟʫʚʘʪʠ 

ʦʙôʻʢʪ, ʘ ʡ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʡʦʛʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʦʯʥʦʩʪʽ, ʽʩʪʦʨʠʯʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʟʤʽʥ ʫ ʯʘʩʽ (ʈʠʩʫʥʦʢ 2). 

ʆʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʘʥʝʨʘ ʪʠʧʫ FJD 

Trion P1 LiDAR ð ʮʝ ʧʦʪʫʞʥʠʡ, ʧʦʨʪʘʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 3D-ʩʢʘʥʫʚʘʥʥʷ, ʷʢʠʡ ʽʜʝʘʣʴʥʦ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʽʩʪʦʨʠʯʥʠʭ ʙʫʜʽʚʝʣʴ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʪʝʭʥʽʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʽ 

ʧʨʦʩʪʦʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ: 

¶ ʪʦʯʥʽʩʪʴ: ʜʦ 2 ʩʤ ʧʨʠ ʩʢʘʥʫʚʘʥʥʽ ʥʘ ʚʽʜʩʪʘʥʽ ʜʦ 40 ʤ; 

¶ ʧʦʣʝ ʦʛʣʷʜʫ: 360ÁĬ59Á; 

¶ ʰʚʠʜʢʽʩʪʴ ʩʢʘʥʫʚʘʥʥʷ: 200000 ʪʦʯʦʢ/ʩʝʢ; 

¶ ʧʦʨʪʘʪʠʚʥʽʩʪʴ: ʚʘʛʘ ʙʣʠʟʴʢʦ 1 ʢʛ. 
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ʈʠʩ. 1.2. ɺʠʜʠ ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʮʠʬʨʦʚʦʛʦ ʧʨʦʪʦʪʠʧʫ 

 

ɿʘ ʪʝʭʥʽʯʥʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʩʢʘʥʝʨʠ ʽʥʰʠʭ ʚʠʨʦʙʥʠʢʽʚ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ. 

ˤ͙͙͒ ͊ͤ͊ͯ͘͜͡ Ύͦͫͭ͟͜ ͼ͙ͺ͍͎ͪͦͦͦ 
͙ͨͪͦͭͦͭͨͯ

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ

ʄʝʪʘ: ʚʠʷʚʣʝʥʥʷʟʤʽʥʫʯʘʩʽʘʙʦ
ʤʽʞʨʽʟʥʠʤʠʚʝʨʩʽʷʤʠʤʦʜʝʣʽ

ʄʝʪʦʜʠ:

ʇʦʨʽʚʥʷʥʥʷʤʦʜʝʣʝʡʨʽʟʥʠʭ
ʧʝʨʽʦʜʽʚ(ʥʘʧʨʠʢʣʘʜ,ʜʦ̔ ʧʽʩʣʷ
ʨʫʡʥʫʚʘʥʥʷ).

ɺʽʟʫʘʣʽʟʘʮʽʷ ʟʤʽʥ: ʢʦʣʴʦʨʦʚʝ 
ʚʠʜʽʣʝʥʥʷ ʥʦʚʠʭ/ʚʪʨʘʯʝʥʠʭ 
ʝʣʝʤʝʥʪʽʚ.

ɸʥʘʣʽʟ ʚʪʨʘʪ: ʱʦ ʩʘʤʝ ʙʫʣʦ 
ʟʥʠʱʝʥʦ, ʱʦ ʟʙʝʨʝʛʣʦʩʷ

ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʘʥʘʣʽʟ (BIM)

˸͔ͭ͊Υ͔͔͍ͨͪͪ͊͜͟ ͍͔ͤ͊ͨͦͤͤͤΎ 
͔ͣͦ͒͜͡ ͔͙͙ͣͭ͊͒͊ͤͣ

ʄʝʪʦʜʠ:

ɸʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ
ʚʣʘʩʪʠʚʦʩʪʝʡʦʙôʻʢʪʽʚ:
ʤʘʪʝʨʽʘʣʠ,ʜʘʪʘʧʦʙʫʜʦʚʠ,ʩʪʘʥ
ʟʙʝʨʝʞʝʥʥʷ.

ʉʪʨʫʢʪʫʨʥʘ ʧʝʨʝʚʽʨʢʘ: ʯʠ 
ʧʨʘʚʠʣʴʥʦ ʦʨʛʘʥʽʟʦʚʘʥʽ 
ʝʣʝʤʝʥʪʠ (ʩʪʽʥʠ, ʧʝʨʝʢʨʠʪʪʷ, 
ʚʽʢʥʘ).

ʉʮʝʥʘʨʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ: 
ʩʠʤʫʣʷʮʽʷ ʨʝʩʪʘʚʨʘʮʽʡʥʠʭ 
ʚʪʨʫʯʘʥʴ, ʘʥʘʣʽʟ 
ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʦʱʦ.

ɯʥʩʪʨʫʤʝʥʪʠ: AutodeskRevit

ɺʽʟʫʘʣʴʥʠʡ ʘʥʘʣʽʟ

˸͔ͭ͊Υͦͼͤ͊͜͟ Ύͦͫͭ͟͜ ͍ͯ͊͊͘͘͜͜͡ͼ͜͝Σ 
͔͍ͭͫͭͯͪͯ͊ͤͤ͟ΎΣ ͍͔ͦͫͭͤͤ͜͡Ύ

ʄʝʪʦʜʠ:

ʈʝʥʜʝʨʠʥʛʟ ʨʽʟʥʠʭʨʘʢʫʨʩʽʚ:
ʧʝʨʝʚʽʨʢʘʮʽʣʽʩʥʦʩʪʽʤʦʜʝʣʽ.

ʊʝʩʪʫʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ 
VR/AR: ʚʠʷʚʣʝʥʥʷ ʚʽʟʫʘʣʴʥʠʭ 
ʧʦʤʠʣʦʢ.

˽͍ͦͪͤ͜ΎͤͤΎ ͘ ͔ͪ͊͡Έ͙͙ͤͣ ͺͦͭͦΥ 
͔͔͍ͨͪͪ͊͜͟ ͦ͟͡ΈͦͪͯΣ ͺ͙͊ͭͯͪ͟Σ 

ͣ͊ͫ΄ͭ͊͋ͯ

˱͔͙ͤͫͭͪͯͣͤͭΥBlender, Lumion, 
Twinmotion

ɯʩʪʦʨʠʢʦ-ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʘʥʘʣʽʟ

ʄʝʪʘ: ʦʮʽʥʢʘʚʽʜʧʦʚʽʜʥʦʩʪʽ
ʤʦʜʝʣʽ̔ʩʪʦʨʠʯʥʦʤʫʚʠʛʣʷʜʫ
ʦʙôʻʢʪʘ

ʄʝʪʦʜʠ:

ʇʦʨʽʚʥʷʥʥʷʟ ʘʨʭʽʚʥʠʤʠ
ʜʞʝʨʝʣʘʤʠ: ʬʦʪʦ,ʢʨʝʩʣʝʥʥʷ,
ʦʧʠʩʠ.

ɺʠʟʥʘʯʝʥʥʷ ʝʪʘʧʽʚ ʟʤʽʥ: 
ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʚʠʛʣʷʜʫ ʚ ʨʽʟʥʽ 
ʧʝʨʽʦʜʠ.

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʩʪʠʣʽʩʪʠʯʥʠʭ 
ʝʣʝʤʝʥʪʽʚ: ʘʥʘʣʽʟ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ 
ʩʪʠʣʶ, ʜʝʢʦʨʘʪʠʚʥʠʭ ʜʝʪʘʣʝʡ.

ɻʝʦʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ

˸͔ͭ͊Υ͔͔͍ͨͪͪ͊͜͟ ͭͦ;ͤͦͫͭ͜ ͔ͣͦ͒͜͡Σ
͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͔ͪ͊͡Έ͙ͤͣ 
ͪͦͣͪ͊ͣ͘͜ ͭ͊ ͨͪͦͨͦͪͼ͜Ύͣ

ʄʝʪʦʜʠ: ʥʘʢʣʘʜʘʥʥʷʤʦʜʝʣʽʥʘ
ʚʠʭʽʜʥʽʣʽʜʘʨʥʽʜʘʥ ʜ̔ʣʷ
ʚʠʷʚʣʝʥʥʷʚʽʜʭʠʣʝʥʴ.
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ʇʽʜʛʦʪʦʚʢʘ ʜʦ ʩʢʘʥʫʚʘʥʥʷ 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʨʦʙʦʪʠ ʟʽ ʩʢʘʥʝʨʦʤ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʩʚʽʜʯʠʪʠʩʴ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

¶ ʜʦʩʪʘʪʥʽʡ ʚʽʜʩʦʪʦʢ ʟʘʨʷʜʫ ʘʢʫʤʫʣʷʪʦʨʘ; 

¶ ʥʘʜʽʡʥʝ ʟʘʢʨʽʧʣʝʥʥʷ ʘʢʫʤʫʣʷʪʦʨʘ ʜʦ ʙʣʦʢʫ ʩʢʘʥʝʨʘ; 

¶ ʥʘʜʽʡʥʝ ʟʘʢʨʽʧʣʝʥʥʷ ʢʘʤʝʨʠ ʜʦ ʙʣʦʢʫ ʩʢʘʥʝʨʘ; 

¶ ʯʠʩʪʦʪʘ ʢʘʤʝʨʠ LiDAR; 

¶ ʩʪʘʙʽʣʴʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʢʝʨʫʶʯʦʛʦ ʩʤʘʨʪʬʦʥʫ. 

 

ɿʘʧʫʩʢ ʧʨʠʩʪʨʦʶ (ʨʠʩ. 4): 

1. ʧʦʢʣʘʜʽʪʴ P1 ʥʘ ʨʽʚʥʫ ʧʦʚʝʨʭʥʶ; 

2. ʥʘʪʠʩʥʽʪʴ ʽ ʫʪʨʠʤʫʡʪʝ ʢʥʦʧʢʫ ʞʠʚʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 1-2 ʩʝʢʫʥʜ, ʱʦʙ ʫʚʽʤʢʥʫʪʠ P1. 

ɯʥʜʠʢʘʪʦʨ ʩʪʘʥʫ ʧʦʚʽʣʴʥʦ ʙʣʠʤʘʪʠʤʝ ʟʝʣʝʥʠʤ; 

3. ʟʘʯʝʢʘʡʪʝ ʧʨʠʙʣʠʟʥʦ 15 ʩʝʢʫʥʜ, ʧʦʢʠ ʽʥʜʠʢʘʪʦʨ ʩʪʘʥʫ ʥʝ ʧʦʯʥʝ ʧʦʩʪʽʡʥʦ ʩʚʽʪʠʪʠʩʷ 

ʟʝʣʝʥʠʤ. ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʟʘʚʝʨʰʝʥʘ, ʽ P1 ʧʝʨʝʡʜʝ ʚ ʨʝʞʠʤ ʦʯʽʢʫʚʘʥʥʷ. 

 
ʈʠʩʫʥʦʢ 1.4 ïFJD Trion P1. ɺʽʟʫʘʣʴʥʠʡ ʩʫʧʨʦʚʽʜ 

 

ʇʽʜʢʣʶʯʝʥʥʷ ʜʦ Wi-Fi: 

1. ɺʠʤʢʥʽʪʴ ʧʦʩʣʫʛʫ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʥʘ ʪʝʣʝʬʦʥʽ, ʫʚʽʤʢʥʽʪʴ Wi-Fi, ʘ ʧʦʪʽʤ ʟʥʘʡʜʽʪʴ 

ʤʝʨʝʞʫ Wi-Fi ʟ ʥʘʟʚʦʶ ʩʝʨʽʡʥʦʛʦ ʥʦʤʝʨʘ ʧʨʠʩʪʨʦʶ, ʷʢʫ ʤʦʞʥʘ ʟʥʘʡʪʠ ʥʘ ʟʘʜʥʽʡ ʧʘʥʝʣʽ P1. 

2. ɺʚʝʜʽʪʴ ʧʘʨʦʣʴ "*******" ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ. 

3. ɺʽʜʢʨʠʡʪʝ ʙʨʘʫʟʝʨ ʥʘ ʪʝʣʝʬʦʥʽ ʪʘ ʚʚʝʜʽʪʴ ****** ʚ ʘʜʨʝʩʥʠʡ ʨʷʜʦʢ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ 

ʜʦ Trio Scan (ʨʠʩ. 5). 



13 
 

 
ʈʠʩʫʥʦʢ 1.5 ï ɻʦʣʦʚʥʝ ʚʽʢʥʦ ʟʘʩʪʦʩʫʥʢʫ FJD Trion Scan 

 

ɿʙʽʨ ʜʘʥʠʭ: 1. ʅʘʪʠʩʥʽʪʴ çʉʢʘʥʫʚʘʪʠè ʚ Trion Scan, ʚʚʝʜʽʪʴ ʥʘʟʚʫ ʧʨʦʝʢʪʫ, ʘ ʧʦʪʽʤ ʥʘʪʠʩʥʽʪʴ 

çʆʂè. ʈʦʟʧʦʯʥʝʪʴʩʷ ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʩʢʘʥʫʚʘʥʥʷ, ʘ ʽʥʜʠʢʘʪʦʨ ʩʪʘʥʫ ʢʥʦʧʢʠ ʞʠʚʣʝʥʥʷ ʙʣʠʤʘʪʠʤʝ 

ʩʠʥʽʤ ʢʦʣʴʦʨʦʤ. P1 ʤʘʻ ʟʘʣʠʰʘʪʠʩʷ ʥʝʨʫʭʦʤʠʤ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ (ʨʠʩ. 6). 

 
ʈʠʩʫʥʦʢ 1.6 ï ʇʦʯʘʪʦʢ ʩʢʘʥʫʚʘʥʥʷ FJD Trion Scan 

 

ɿʘʯʝʢʘʡʪʝ ʧʨʠʙʣʠʟʥʦ 15 ʩʝʢʫʥʜ, ʧʦʢʠ ʽʥʜʠʢʘʪʦʨ ʩʪʘʥʫ ʢʥʦʧʢʠ ʞʠʚʣʝʥʥʷ ʥʝ ʧʦʯʥʝ ʙʣʠʤʘʪʠ 

ʯʝʨʚʦʥʠʤ. P1 ʛʦʪʦʚʠʡ ʜʦ ʩʢʘʥʫʚʘʥʥʷ, ʽ ʚʠ ʤʦʞʝʪʝ ʨʦʟʧʦʯʘʪʠ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʧʝʨʝʛʣʷʜʘʪʠ ʜʘʥʽ ʭʤʘʨʠ 

ʪʦʯʦʢ ʫ Trion Scan (ʨʠʩ. 7). 

 
ʈʠʩʫʥʦʢ 1.7 ï ʇʨʦʮʝʩ ʩʢʘʥʫʚʘʥʥʷ FJD Trion Scan 
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ʅʘʪʠʩʥʽʪʴ çɿʘʚʝʨʰʠʪʠè, ʘ ʧʦʪʽʤ çʆʂè, ʱʦʙ ʟʙʝʨʝʛʪʠ ʜʘʥʽ. ɯʥʜʠʢʘʪʦʨ ʩʪʘʥʫ ʢʥʦʧʢʠ ʞʠʚʣʝʥʥʷ 

ʙʣʠʤʘʻ ʩʠʥʽʤ ʜʚʽʯʽ. 

 

ʇʨʦʚʝʜʝʥʥʷ ʩʢʘʥʫʚʘʥʥʷ 

ʄʘʨʰʨʫʪ ʧʦʚʠʥʝʥ ʧʝʨʝʜʙʘʯʘʪʠ ʟʘʭʦʧʣʝʥʥʷ ʫʩʽʭ ʤʝʨʪʚʠʭ ʟʦʥ ʦʙôʻʢʪʫ, ʢʽʣʴʢʽʩʪʴ ʧʨʦʭʦʜʽʚ 

ʚʟʜʦʚʞ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʜʽʣʷʥʢʠ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʘʜʞʝ ʮʝ ʥʽʷʢʠʤ ʯʠʥʦʤ ʥʝʛʘʪʠʚʥʦ ʥʝ ʚʧʣʠʥʝ ʥʘ 

ʷʢʽʩʪʴ ʩʢʘʥʫʚʘʥʥʷ. ɼʣʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʭʦʧʣʝʥʥʷ ʪʦʯʦʢ ʜʘʥʠʭ ʦʙôʻʢʪʫ ʤʘʨʰʨʫʪ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʧʨʦʢʣʘʩʪʠ ʷʢ ʢʽʣʴʮʷ ʥʘʚʢʦʣʦ ʦʙôʻʢʪʫ ʟ ʧʦʩʪʫʧʦʚʦʶ ʚʽʜʜʘʣʝʥʽʩʪʶ ʧʦ ʟʘʢʽʥʯʝʥʥʶ ʢʦʞʥʦʛʦ ʢʽʣʴʮʷ. 

ʄʘʨʰʨʫʪ ʥʝ ʧʦʚʠʥʝʥ ʤʘʪʠ ʨʽʟʢʽ ʧʝʨʝʧʘʜʠ ʟʘ ʚʠʩʦʪʦʶ , ʙʘʞʘʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʥʘʭʦʜʞʝʥʥʷ ʣʶʜʝʡ ʫ 

ʟʦʥʽ ʩʢʘʥʫʚʘʥʥʷ. 

ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʧʽʜ ʯʘʩ ʩʢʘʥʫʚʘʥʥʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʰʚʠʜʰʝ ʟʚʠʯʘʡʥʦʛʦ 

ʧʨʦʛʫʣʷʥʢʦʚʦʛʦ ʢʨʦʢʫ. ʏʠʤ ʜʦʚʰʝ ʩʢʘʥʝʨ ʧʝʨʝʙʫʚʘʻ ʫ ʪʦʯʮʽ ʤʘʨʰʨʫʪʫ ʪʠʤ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ ʚʽʥ 

ʟʘʬʽʢʩʫʻ (ʟʫʧʠʥʷʪʠʩʷ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʢʫʯʥʦʩʪʽ ʪʦʯʦʢ ʥʝ ʧʦʪʨʽʙʥʦ). 

ʇʽʜ ʯʘʩ ʩʢʘʥʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʦʙʫʜʦʚʠ ʭʤʘʨʠ ʪʦʯʦʢ ʯʝʨʝʟ 

ʽʥʪʝʨʬʝʡʩ ʜʦʜʘʪʢʫ ʪʘ ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʘʢʣʘʜʝʥʴ, ʚʪʨʘʪʠ ʦʨʽʻʥʪʘʮʽʾ ʫ ʧʨʦʩʪʦʨʽ, ʚʽʜʢʣʶʯʝʥʥʷ ʩʢʘʥʝʨʫ 

ʚʽʜ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʽʥʰʠʭ ʧʨʠʯʠʥ ʥʝʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʩʢʘʥʝʨʫ ʧʦʪʨʽʙʥʦ ʟʘʚʝʨʰʠʪʠ ʧʨʦʮʝʩ 

ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʧʦʯʘʪʠ ʚʩʝ ʩʧʦʯʘʪʢʫ. 

 

ɿʘʚʝʨʰʝʥʥʷ ʪʘ ʝʢʩʧʦʨʪ ʩʢʘʥʫʚʘʥʥʷ 

ʇʨʠ ʥʘʙʣʠʞʝʥʥʽ ʢʽʥʮʷ ʤʘʨʰʨʫʪʫ ʩʢʘʥʫʚʘʥʥʷ, ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ ʟʘʤʠʢʘʥʥʷ ʰʣʷʭʫ, ʪʦʙʪʦ 

ʧʦʚʪʦʨʠʪʠ ʤʘʨʰʨʫʪ ʥʘ 5-10 ʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʥʘʢʣʘʜʘʥʥʷ ʢʽʥʮʽʚ ʭʤʘʨʠ ʪʦʯʦʢ ʦʜʥʠʥ ʥʘ ʦʜʥʦʛʦ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʩʢʘʥʫʚʘʥʥʷ ʩʢʘʥʝʨ ʨʦʟʙʠʨʘʻʤʦ ʪʘ ʭʦʚʘʻʤʦ ʫ ʢʝʡʩ. 

ɼʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʬʘʡʣʽʚ ʟ ʭʤʘʨʦʶ ʪʦʯʦʢ ʧʽʜʢʣʶʯʘʻʤʦ ʩʢʘʥʝʨ ʯʝʨʝʟ WiFi ʜʦ ʇʂ/ʥʦʫʪʙʫʢʫ ʟ 

ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ çFJD Trion modelè. 

ɼʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʥʘʪʠʩʥʽʪʴ çɼʘʥʽè ʚʥʠʟʫ, ʥʘʪʠʩʥʽʪʴ çɿʘʚʘʥʪʘʞʠʪʠè ʜʣʷ ʧʦʪʨʽʙʥʠʭ 

ʜʘʥʠʭ, ʚʠʙʝʨʽʪʴ ʬʦʨʤʘʪ ʫ ʩʧʣʠʚʘʶʯʦʤʫ ʚʽʢʥʽ, ʘ ʧʦʪʽʤ ʥʘʪʠʩʥʽʪʴ çɿʘʚʘʥʪʘʞʠʪʠè (ʨʠʩ. 8). 

ɺʠʚʘʥʪʘʞʫʻʤʦ ʬʘʡʣʠ ʨʦʟʰʠʨʝʥʥʷ .fjdslam ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʭʤʘʨʠ ʫ çFJD Trion modelè, .las ʜʣʷ 

ʦʧʨʘʮʶʚʘʥʥʷ ʭʤʘʨʠ ʫ çAvtodesk ReCapè, ʪʘ ʬʘʡʣʠ .insv ʜʣʷ ʥʘʢʣʘʜʘʥʥʷ ʢʦʣʴʦʨʫ ʥʘ ʪʝʢʩʪʫʨʠ (ʚʽʜʝʦ 

ʬʘʡʣ ʟ ʢʘʤʝʨʠ). 

 

ʈʠʩʫʥʦʢ 1.8 ï ɿʘʚʘʥʪʘʞʝʥʥʷ ʬʘʡʣʽʚ ʟ ʟʘʩʪʦʩʫʥʢʫ  

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʨʝʻʩʪʨʘʮʽʾ ʭʤʘʨʠ ʪʦʯʦʢ ʫ FJD Trion Model ʦʪʨʠʤʫʻʤʦ ʧʦʧʝʨʝʜʥʶ 

ʩʪʨʫʢʪʫʨʫ ʭʤʘʨʠ ʪʦʯʦʢ ʩʢʘʥʦʚʘʥʦʛʦ ʦʙôʻʢʪʫ ʟ ʚʠʙʫʜʦʚʘʥʦʾ ʛʝʦʤʝʪʨʽʻʶ ʪʘ ʥʘʢʣʘʜʝʥʠʤʠ ʪʝʢʩʪʫʨʘʤʠ 

(ʨʠʩ. 9). 
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ʈʠʩʫʥʦʢ 1.9 ï ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʬʘʡʣʫ ʩʢʘʥʫʚʘʥʥʷ ʫ FJD Trion Model 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʨʝʻʩʪʨʘʮʽʾ ʭʤʘʨʠ ʪʦʯʦʢ ʫ FJD Trion Model ʝʢʩʧʦʨʪʫʻʤʦ ʬʘʡʣ ʟ 

ʧʨʦʛʨʘʤʠ ʫ ʬʦʨʤʘʪ .e57 ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʬʘʡʣʫ ʫ ʇɿ çAutodesk ReCapè. 

 

ɼʦʜʘʚʘʥʥʷ ʭʤʘʨʠ ʪʦʯʦʢ ʚ BIM  ʧʨʦʝʢʪ Revit 

ɼʣʷ ʦʙʨʦʙʢʠ ʭʤʘʨʠ ʪʦʯʦʢ ʫ Revit, ʩʧʦʯʘʪʢʫ ʧʨʠʚ'ʷʞʽʪʴ ʬʘʡʣ ʭʤʘʨʠ ʪʦʯʦʢ ʜʦ ʚʘʰʦʛʦ ʧʨʦʝʢʪʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʢʣʘʜʢʠ "Insert" Ÿ "Link" Ÿ çPoint Cloudè (ʨʠʩ. 10).  

ʌʦʨʤʘʪ ʬʘʡʣʫ .rcp ʻ ʬʘʡʣʦʤ ʧʨʦʝʢʪʫ, ʜʝ ʛʨʫʧʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʢʽʣʴʢʘ ʬʘʡʣʽʚ ʩʢʘʥʫʚʘʥʥʷ .rcs. 

ʈʝʟʫʣʴʪʘʪʦʤ ʽʥʜʝʢʩʘʮʽʾ ʬʘʡʣʫ ʚʠʭʽʜʥʦʛʦ ʬʦʨʤʘʪʫ ʻ ʬʘʡʣ .rcp ʪʘ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ ʬʘʡʣʽʚ .rcs. 

ʋ ʧʦʣʽ "ɯʤ'ʷ ʬʘʡʣʫ" ʚʠʙʝʨʽʪʴ ʬʘʡʣ ʘʙʦ ʚʢʘʞʽʪʴ ʽʤ'ʷ ʬʘʡʣʫ. 
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ʈʠʩʫʥʦʢ 1.10 ï ɼʦʜʘʚʘʥʥʷ ʭʤʘʨʠ ʪʦʯʦʢ ʚ BIM ʧʨʦʝʢʪ Revit 

 

ɼʣʷ ʧʘʨʘʤʝʪʨʘ "Positioning" ʚʠʙʝʨʽʪʴ (ʨʠʩ. 11): 

 ̧ ɸʚʪʦ - ʧʦʻʜʥʘʥʥʷ ʮʝʥʪʨʽʚ. ʇʨʦʛʨʘʤʘ Revit ʨʦʟʤʽʱʫʻ ʮʝʥʪʨ ʦʙʤʝʞʫʶʯʦʾ ʨʘʤʢʠ ʭʤʘʨʠ 

ʪʦʯʦʢ ʫ ʮʝʥʪʨʽ ʦʙʤʝʞʫʶʯʦʾ ʨʘʤʢʠ ʤʦʜʝʣʽ. ʗʢʱʦ ʤʦʜʝʣʴ ʥʝ ʚʤʽʱʫʻʪʴʩʷ ʚ ʛʨʘʬʽʯʥʽʡ ʦʙʣʘʩʪʽ, ʾʾ ʮʝʥʪʨ 

ʤʦʞʝ ʥʝ ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʥʘ ʧʦʪʦʯʥʦʤʫ ʚʠʛʣʷʜʽ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʣʽʜ ʟʫʤʫʚʘʪʠ ʤʦʜʝʣʴ ʜʦ ʨʦʟʤʽʨʽʚ 

ʚʽʢʥʘ. ʇʨʠ ʮʴʦʤʫ ʤʦʜʝʣʴ Revit ʚʽʜʮʝʥʪʨʦʚʘʥʘ ʫ ʚʽʢʥʽ. 

 ̧ ɸʚʪʦ - ʧʦʻʜʥʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʪʦʯʦʢ. Revit ʨʦʟʤʽʱʫʻ ʧʦʯʘʪʦʢ ʭʤʘʨʠ ʪʦʯʦʢ, ʥʘʧʨʠʢʣʘʜ 

ʪʦʯʢʫ (0,0,0) ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʝʢʪʫ Revit, ʷʢʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʙʘʟʦʚʫ ʪʦʯʢʫ ʧʨʦʝʢʪʫ ʥʘ ʧʣʘʥʽ 

ʤʘʡʜʘʥʯʠʢʘ. ʇʨʠ ʦʙʝʨʪʘʥʥʽ "ʋʤʦʚʥʦʾ ʧʽʚʥʦʯʽ" Revit ʦʙʝʨʪʘʻ ʭʤʘʨʫ ʪʦʯʦʢ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʥʘʧʨʷʤ ʥʘ ʧʽʚʥʽʯ ʭʤʘʨʠ ʪʦʯʦʢ (0,1,0) ʚʽʜʧʦʚʽʜʘʚ ʧʦʪʦʯʥʽʡ "ʋʤʦʚʥʽʡ ʧʽʚʥʦʯʽ". ɼʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʧʘʨʘʤʝʪʨ, ʷʢʱʦ ʭʤʘʨʘ ʪʦʯʦʢ ʚʠʙʨʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʦʤʦʾ ʪʦʯʢʠ ʪʘ 

ʚʽʜʦʤʦʛʦ ʥʘʧʨʷʤʢʫ ʫ ʤʦʜʝʣʽ, ʘʙʦ ʥʘ ʤʘʡʜʘʥʯʠʢʫ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʘʨʘʤʝʪʨʘ "ʇʦʻʜʥʘʥʥʷ ʧʦʯʘʪʢʽʚ" ʜʣʷ ʚʩʪʘʚʢʠ ʭʤʘʨʠ ʪʦʯʦʢ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʛʝʦʛʨʘʬʽʯʥʦʾ/ʛʝʦʜʝʟʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʚʝʣʠʢʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʭʤʘʨʘ ʙʫʜʝ 

ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʥʘʜʪʦ ʜʘʣʝʢʦ ʚʽʜ ʨʝʰʪʠ ʤʦʜʝʣʽ. 

 ̧ ɸʚʪʦ - ʟʘ ʟʘʛʘʣʴʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. Revit ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʢʦʦʨʜʠʥʘʪʠ ʫ ʬʘʡʣʽ ʭʤʘʨʠ 

ʪʦʯʦʢ ʚʢʘʟʘʥʽ ʫ ʟʘʛʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʱʦ ʫ ʤʦʜʝʣʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʯʘʪʦʢ ʭʤʘʨʠ ʪʦʯʦʢ 

ʨʦʟʤʽʱʫʚʘʪʠʤʝʪʴʩʷ ʚ ʪʦʯʮʽ ʚʽʜʣʽʢʫ ʟʘʛʘʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪ, ʜʦ ʷʢʦʾ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʘʟʦʚʦʾ ʪʦʯʢʠ ʟʡʦʤʢʠ. ʍʤʘʨʘ ʪʦʯʦʢ ʙʫʜʝ ʦʨʽʻʥʪʦʚʘʥʘ ʪʘʢ, ʱʦʙ ʥʘʧʨʷʤʦʢ ʥʘ ʧʽʚʥʽʯ ʫ 

ʬʘʡʣʽ ʭʤʘʨʠ (0,1,0) ʚʽʜʧʦʚʽʜʘʣʦ ʩʧʨʘʚʞʥʽʡ ʧʽʚʥʦʯʽ ʤʦʜʝʣʽ Revit. 

 ̧ ɸʚʪʦ - ʧʦʻʜʥʘʥʥʷ ʧʦʯʘʪʢʫ ʟ ʦʩʪʘʥʥʽʤ ʨʦʟʤʽʱʝʥʠʤ. Revit ʧʦʻʜʥʫʻ ʥʘʩʪʫʧʥʫ 

ʽʤʧʦʨʪʦʚʘʥʫ ʭʤʘʨʫ ʪʦʯʦʢ ʽʟ ʭʤʘʨʦʶ ʪʦʯʦʢ, ʽʤʧʦʨʪʦʚʘʥʦʶ ʨʘʥʽʰʝ. ʎʝʡ ʧʘʨʘʤʝʪʨ ʩʪʘʻ ʘʢʪʠʚʥʠʤ 

ʧʽʩʣʷ ʚʩʪʘʚʢʠ ʦʜʥʽʻʾ ʭʤʘʨʠ ʪʦʯʦʢ. ʄʦʞʥʘ ʧʝʨʝʤʽʩʪʠʪʠ ʧʝʨʰʫ ʭʤʘʨʫ, ʥʘʧʨʠʢʣʘʜ, ʱʦʙ ʚʠʨʽʚʥʷʪʠ ʾʾ ʟ 

ʝʣʝʤʝʥʪʘʤʠ ʤʦʜʝʣʽ. ʗʢʱʦ ʻ ʜʦʜʘʪʢʦʚʽ ʭʤʘʨʠ ʪʦʯʦʢ, ʩʪʚʦʨʝʥʽ ʥʘ ʦʜʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʪʘ ʚ ʦʜʥʽʡ 

ʩʠʩʪʝʤʽ ʟ ʧʝʨʰʦʶ ʭʤʘʨʦʶ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʚʩʪʘʚʢʠ ʜʦʜʘʪʢʦʚʠʭ 

ʭʤʘʨ ʪʦʯʦʢ. ʅʦʚʽ ʭʤʘʨʠ ʪʦʯʦʢ ʙʫʜʫʪʴ ʢʦʨʝʢʪʥʦ ʨʦʟʤʽʱʫʚʘʪʠʩʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʝʨʰʦʾ. 
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ʈʠʩʫʥʦʢ 1.11 ï ɺʘʨʽʘʥʪʠ ʧʦʟʠʮʽʶʚʘʥʥʷ ʭʤʘʨʠ ʪʦʯʦʢ 

 

ʇʽʩʣʷ ʧʨʠʚ'ʷʟʢʠ ʚʠ ʤʦʞʝʪʝ ʫʧʨʘʚʣʷʪʠ ʚʠʜʠʤʽʩʪʶ ʭʤʘʨʠ ʪʦʯʦʢ ʯʝʨʝʟ ʜʽʘʣʦʛʦʚʝ ʚʽʢʥʦ 

çVisibility/Graphics Overridesè, ʘ ʪʘʢʦʞ ʩʪʚʦʨʶʚʘʪʠ ʛʝʦʤʝʪʨʽʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʫʥʢʮʽʶ ʧʨʠʚ'ʷʟʢʠ 

ʜʦ ʧʣʦʱʠʥ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʪʦʯʦʢ ʭʤʘʨʠ.  

ʋ ʮʴʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʚʠ ʤʦʞʝʪʝ ʚʤʠʢʘʪʠ ʘʙʦ ʚʠʤʠʢʘʪʠ ʚʠʜʠʤʽʩʪʴ ʭʤʘʨʠ ʪʦʯʦʢ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ, ʘ ʪʘʢʦʞ ʟʤʽʥʶʚʘʪʠ ʢʦʣʴʦʨʦʚʠʡ ʨʝʞʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʦʯʦʢ. 

 

ʉʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʥʘ ʦʩʥʦʚʽ ʭʤʘʨʠ ʪʦʯʦʢ 

ɺʠʢʦʨʠʩʪʦʚʫʡʪʝ ʽʥʩʪʨʫʤʝʥʪʠ Revit ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʽʾ (ʥʘʧʨʠʢʣʘʜ, Wall, Line, Grid). 

ʌʫʥʢʮʽʷ ʧʨʠʚʷʟʢʠ ʜʦʟʚʦʣʷʻ ʩʧʨʦʱʫʚʘʪʠ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʜʘʥʽ ʭʤʘʨʠ ʪʦʯʦʢ. 

ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʝ ʚʠʷʚʣʝʥʥʷ ʥʝʷʚʥʠʭ ʧʣʦʩʢʠʭ 

ʧʦʚʝʨʭʦʥʴ ʚ ʭʤʘʨʽ ʪʦʯʦʢ ʽ ʜʦʟʚʦʣʷʪʠ ʧʨʠʚ'ʷʟʫʚʘʪʠʩʷ ʜʦ ʥʠʭ. 

ʗʢʱʦ ʚʘʤ ʧʦʪʨʽʙʥʦ ʧʨʠʚ'ʷʟʘʪʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʪʦʯʢʠ ʚ ʭʤʘʨʽ, ʥʘʪʠʩʢʘʡʪʝ ʢʣʘʚʽʰʫ Tab, 

ʱʦʙ ʧʝʨʝʙʠʨʘʪʠ ʚʘʨʽʘʥʪʠ ʧʨʠʚ'ʷʟʢʠ, ʷʢʱʦ ʩʧʦʯʘʪʢʫ ʘʢʪʠʚʫʻʪʴʩʷ ʧʨʠʚ'ʷʟʢʘ ʜʦ ʧʣʦʱʠʥʠ.  

 

ʇʦʨʷʜʦʢ ʦʧʠʩʫ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʠʨʘʻʪʴʩʷ ʩʪʫʜʝʥʪʦʤ ʩʘʤʦʩʪʽʡʥʦ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣ ʽ ʟʘʪʚʝʨʜʞʫʻʪʴʩʷ ʚʠʢʣʘʜʘʯʝʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʧʨʦʚʦʜʠʪʠʩʷ ʛʨʫʧʘʤʠ ʧʦ 2-3 ʩʪʫʜʝʥʪʠ. 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʩʢʘʥʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʨʝʪʝʣʴʥʘ ʬʦʪʦ-ʬʽʢʩʘʮʽʷ ʩʪʘʥʫ ʟʙʝʨʝʞʝʥʥʷ ʦʙ'ʻʢʪʫ, 

ʧʦʪʽʤ ʚʠʤʽʨʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʬʘʩʘʜʽʚ. 

ɿʚʽʪ ʟ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ (ɼʦʜʘʪʦʢ 1) ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ ʢʦʨʦʪʢʫ ʽʩʪʦʨʠʯʥʫ ʜʦʚʽʜʢʫ, ʦʧʠʩ 

ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʟ ʬʦʪʦʛʨʘʬʽʷʤʠ ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʦʯʥʦʩʪʽ, ʽʩʪʦʨʠʯʥʦʾ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʟʤʽʥ ʫ ʯʘʩʽ.  

ʂʨʝʩʣʝʥʥʷ ʦʙ'ʻʢʪʫ ʩʢʘʥʫʚʘʥʥʷ ʧʦʚʠʥʥʽ ʤʽʩʪʠʪʠ: 

1. ʬʘʩʘʜʠ ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʭʤʘʨʠ ʪʦʯʦʢ ʚ ʧʨʦʛʨʘʤʽ Revit (ʟʨʘʟʦʢ ʥʘʧʦʚʥʝʥʥʷ ʚ 

ɼʦʜʘʪʢʫ 2), ʬʦʨʤʘʪ ɸ4 1-2 ʘʨʢʫʰʠ. 

2. ʘʢʩʦʥʦʤʝʪʨʽʷ ʪʘ ʭʘʨʘʢʪʝʨʥʽ ʬʨʘʛʤʝʥʪʠ ʦʟʜʦʙʣʝʥʥʷ ʬʘʩʘʜʽʚ, ʚʽʢʦʥ, ʜʚʝʨʝʡ ʽ ʪʘʢ ʜʘʣʽ, 

ʬʦʨʤʘʪ ɸ4 1 ʘʨʢʫʰ (ɼʦʜʘʪʦʢ 3). 

3. ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʤʘʶʪʴ ʧʣʘʥʠ ʪʘ ʨʦʟʨʽʟʠ 

ʚʽʜʤʽʥʥʽ ʚʽʜ ʽʩʥʫʶʯʦʛʦ ʩʪʘʥʫ ʦʙ'ʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʽʙʨʘʥʽ ʥʘ ʜʦʜʘʪʢʦʚʦʤʫ 

ʢʨʝʩʣʝʥʥʽ ʟ ʟʘʟʥʘʯʝʥʥʷʤ ʘʚʪʦʨʽʚ ʪʘ ʨʦʢʫ ʜʦʩʣʽʜʞʝʥʥʷ (ɼʦʜʘʪʦʢ 4). 
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2. ʆʎɯʅʂɸ ʊɽʈʄʆɽʌɽʂʊʀɺʅʆʉʊɯ ɽʂʆ-ʆʈɭʅʊʆɺɸʅʀʍ ʄʆɼʋʃʔʅʀʍ ɹʋɼʀʅʂɯɺ 

ʄ.ɻ. ɹʦʣʦʪʦʚ  

ʄ.ʄ. ʈʫʜʝʥʢʦ  

ɸʅʆʊɸʎɯʗ 

 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʛʣʠʙʰʝ ʨʦʟʫʤʽʥʥʷ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʢʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʟʙʽʨʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʞʠʪʣʘ ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʦʛʦ ʧʨʠʢʣʘʜʫ 

ʢʘʨʢʘʩʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʦʜʥʦʩʽʤʝʡʥʦʛʦ ʙʫʜʠʥʢʫ çQHome-26è, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ ʦʢʦʣʠʮʽ ʤʽʩʪʘ 

ʏʝʨʥʽʛʽʚ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʪʝʨʤʦʛʨʘʬʽʾ, ʷʢ ʧʝʨʰʠʡ ʽ ʢʦʨʠʩʥʠʡ ʢʨʦʢ ʜʣʷ ʷʢʽʩʥʦʛʦ 

ʝʥʝʨʛʦʘʫʜʠʪʫ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʥʽʪʦʨʠʥʛ ʥʘʷʚʥʠʭ çʤʽʩʪʢʽʚ ʭʦʣʦʜʫè ʪʘ ʦʩʥʦʚʥʠʭ ʪʝʧʣʦʚʪʨʘʪ ʫ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʙʫʜʽʚʣʽ. ɼʣʷ ʛʣʠʙʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʨʝʪʝʣʴʥʠʡ ʪʝʧʣʦʪʝʭʥʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʩʪʘʣʦ ʟʘʧʨʦʧʦʥʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʧʝʨʝʧʣʘʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ 

ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʣʘʩʫ ʙʫʜʽʚʣʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʘʣʽʩʪʴ, ʤʦʜʫʣʴʥʽ ʙʫʜʽʚʣʽ, ʝʢʦʙʫʜʽʚʥʠʮʪʚʦ, ʪʝʧʣʦʚʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

 

ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʝʢʦʦʨʽʻʥʪʦʚʘʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʯʝʨʝʟ ʟʘʛʦʩʪʨʝʥʥʷ 

ʞʠʪʣʦʚʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʦʻʥʥʠʤʠ ʜʽʷʤʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ʄʦʜʫʣʴʥʝ 

ʙʫʜʽʚʥʠʮʪʚʦ ʘʙʦ ʟʙʽʨʥʽ ʤʦʜʫʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʩʴʦʛʦ ʙʫʜʠʥʢʫ ʘʙʦ ʡʦʛʦ 

ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʤʝʞʘʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ï ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʟʘʚʦʜʩʴʢʠʭ ʫʤʦʚʘʭ ʽʟ 

ʧʦʜʘʣʴʰʠʤ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ ʽ ʤʦʥʪʘʞʝʤ ʥʘ ʤʽʩʮʽ ʩʧʦʨʫʜʞʝʥʥʷ [2]. 

ʇʨʘʛʥʝʥʥʷ ʜʦ ʝʢʦʣʦʛʽʟʘʮʽʾ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʚʠʤʘʛʘʻ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʙʫʜʽʚʥʠʮʪʚʘ ʜʦ ʙʽʣʴʰ ʩʪʘʣʠʭ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʧʨʘʢʪʠʢ [1]. ʋ ʮʴʦʤʫ 

ʢʦʥʪʝʢʩʪʽ ʤʦʜʫʣʴʥʽʩʪʴ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʩʪʘʻ ʦʜʥʠʤ ʽʟ ʧʨʦʚʽʜʥʠʭ ʩʫʯʘʩʥʠʭ ʪʨʝʥʜʽʚ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʥʘʩʘʤʧʝʨʝʜ ʪʠʤ, ʱʦ ʤʦʜʫʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ ʝʢʦʣʦʛʽʯʥʽ ʪʘ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʧʽʜʭʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʩʢʦʨʦʪʠʪʠ 

ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʽ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʦʙʩʷʛ ʙʫʜʽʚʝʣʴʥʠʭ ʚʽʜʭʦʜʽʚ. 

 

2 ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʜʥʦʩʽʤʝʡʥʠʡ ʤʦʜʫʣʴʥʠʡ ʙʫʜʠʥʦʢ çQHome-26è [3], ʷʢʠʡ ʙʫʚ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʧʦʟʘ ʤʝʞʘʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʫ 2023 ʨʦʮʽ ʫʢʨʘʾʥʩʴʢʦʶ ʢʦʤʧʘʥʽʻʶ 

çQHomeè ʟʘ ʧʽʜʪʨʠʤʢʠ ɸʛʝʥʪʩʪʚʘ ʆʆʅ ʫ ʩʧʨʘʚʘʭ ʙʽʞʝʥʮʽʚ (UNHCR) ʪʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʦʙʣʠʟʫ 

ʤʽʩʪʘ ʏʝʨʥʽʛʽʚ, ʫ ʩʝʣʽ ʅʦʚʦʩʝʣʽʚʢʘ. 

ʗʢ ʬʫʥʜʘʤʝʥʪ ʙʫʜʽʚʣʽ ʚʠʢʦʨʠʩʪʘʥʦ ʬʫʥʜʘʤʝʥʪʥʽ ʙʣʦʢʠ ʪʠʧʫ ʌɹʉ. ʅʘ ʨʠʩʫʥʢʘʭ 1-4 ʥʘʚʝʜʝʥʦ 

ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʙʫʜʠʥʢʫ, ʧʨʦʮʝʩ ʡʦʛʦ ʤʦʥʪʘʞʫ, 3D-ʤʦʜʝʣʴ ʜʝʨʝʚôʷʥʦʛʦ ʢʘʨʢʘʩʘ, ʘ ʪʘʢʦʞ ʧʣʘʥ 

ʧʨʠʤʽʱʝʥʴ ʽʟ ʧʦʷʩʥʝʥʥʷʤʠ. 

 

ʈʠʩʫʥʦʢ 2.1 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʦʜʫʣʴʥʦʛʦ ʙʫʜʠʥʢʫ 
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ʈʠʩʫʥʦʢ 2.2 ï ʇʨʦʮʝʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʜʫʣʴʥʦʛʦ ʙʫʜʠʥʢʫ 

 

 
ʈʠʩʫʥʦʢ 2.3 ï 3D ʤʦʜʝʣʴ ʢʘʨʢʘʩʫ 

 

 
ʈʠʩʫʥʦʢ 2.4 ï ʇʣʘʥ ʧʨʠʤʽʱʝʥʴ 

 

ʆʩʥʦʚʦʶ ʙʫʜʠʥʢʫ ʻ ʜʝʨʝʚôʷʥʠʡ ʢʘʨʢʘʩ ʟ ʨʦʟʤʽʨʘʤʠ ʚ ʧʣʘʥʽ 9400Ĭ3450 ʤʤ ʪʘ ʪʦʚʱʠʥʦʶ ʩʪʽʥ, 

ʜʘʭʫ ʪʘ ʧʽʜʣʦʛʠ ʜʦ 300 ʤʤ. ɹʫʜʽʚʣʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʨʠʤʽʱʝʥʴ: ʧʦʻʜʥʘʥʦʾ ʚʽʪʘʣʴʥʽ ʟ ʢʫʭʥʝʶ 

ʧʣʦʱʝʶ 21,75 ʤĮ ʪʘ ʩʘʥʚʫʟʣʘ ʧʣʦʱʝʶ 3,88 ʤĮ. ʊʘʢʠʤ ʯʠʥʦʤ, ʞʠʪʣʦʚʘ ʧʣʦʱʘ ʩʪʘʥʦʚʠʪʴ 25,63 ʤĮ, ʘ 

ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʙʫʜʽʚʣʽ ð 31,96 ʤĮ. 

ʗʢ ʚʽʜʦʤʦ, ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʽʛʨʘʶʪʴ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʤʦʜʫʣʴʥʠʭ ʩʧʦʨʫʜ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ 

ʦʩʥʦʚʦʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʘʣʦʩʪʽ ʙʫʜʠʥʢʫ ʻ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. 
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ʋ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʷʢ ʫʪʝʧʣʶʚʘʯ ʚʠʢʦʨʠʩʪʘʥʦ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʫ ʙʘʟʘʣʴʪʦʚʫ ʚʘʪʫ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʪʝʧʣʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʚʜʷʢʠ ʥʠʟʴʢʦʤʫ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ï 

ʙʣʠʟʴʢʦ 0,038 ɺʪ/ʤĿʂ. ʆʢʨʽʤ ʮʴʦʛʦ, ʙʘʟʘʣʴʪʦʚʘ ʚʘʪʘ ʚʽʜʦʤʘ ʩʚʦʻʶ ʥʝʛʦʨʶʯʽʩʪʶ, ʧʘʨʦʧʨʦʥʠʢʥʽʩʪʶ 

ʪʘ ʟʚʫʢʦʽʟʦʣʷʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʆʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʢʦʥʘʥʽ ʫ ʚʠʛʣʷʜʽ çʩʝʥʜʚʽʯ-ʧʘʥʝʣʝʡè, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ: 

ʜʝʨʝʚôʷʥʠʡ ʢʘʨʢʘʩ, ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʘ ʤʝʤʙʨʘʥʘ, OSB-ʧʣʠʪʠ, ʫʪʝʧʣʶʚʘʯ, ʧʘʨʦʽʟʦʣʷʮʽʡʥʘ ʧʣʽʚʢʘ ʪʘ 

ʚʥʫʪʨʽʰʥʻ ʜʝʢʦʨʘʪʠʚʥʝ ʦʟʜʦʙʣʝʥʥʷ ʟ ʜʝʨʝʚʠʥʠ. 

ʇʦʢʨʽʚʣʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʰʘʨʽʚ ʨʫʙʝʨʦʡʜʫ, OSB-ʧʣʠʪ, ʜʝʨʝʚôʷʥʠʭ ʦʙʨʝʰʽʪʦʢ, 

ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʦʾ ʤʝʤʙʨʘʥʠ, ʫʪʝʧʣʝʥʠʭ ʜʝʨʝʚôʷʥʠʭ ʢʨʦʢʚ, ʧʘʨʦʽʟʦʣʷʮʽʾ, ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʝʰʽʪʢʠ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʝʨʝʚôʷʥʦʛʦ ʦʟʜʦʙʣʝʥʥʷ. 

ʇʽʜʣʦʛʘ ʧʽʜʥʷʪʘ ʥʘʜ ʨʽʚʥʝʤ ˇʨʫʥʪʫ ʥʘ 250 ʤʤ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʨʝʚôʷʥʠʭ ʦʙʨʝʰʽʪʦʢ, ʜʚʦʭ ʰʘʨʽʚ 

ʨʫʙʝʨʦʡʜʫ, OSB-ʧʣʠʪ, ʜʝʨʝʚôʷʥʠʭ ʙʘʣʦʢ, ʰʘʨʫ ʫʪʝʧʣʶʚʘʯʘ, OSB-ʧʣʠʪʠ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʇɺʍ-

ʧʦʢʨʠʪʪʷ. 

ʇʦʩʠʣʝʥʠʡ ʜʝʨʝʚôʷʥʠʡ ʢʘʨʢʘʩ ʙʫʜʽʚʣʽ ʚʠʛʦʪʦʚʣʝʥʠʡ ʽʟ ʩʫʭʦʾ ʢʘʣʽʙʨʦʚʘʥʦʾ ʜʝʨʝʚʠʥʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ OSB-3 ʧʣʠʪ, ʙʽʪʫʤʥʦʛʦ ʧʨʘʡʤʝʨʘ, ʧʘʨʦ- ʪʘ ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ 

ʧʦʢʨʽʚʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʠʧʫ ʨʫʙʝʨʦʡʜ ɽʇʇ 2.5 ʽ ɽʇʇ 4.0. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʩʪʽʥ, ʧʽʜʣʦʛʠ ʪʘ ʧʦʢʨʽʚʣʽ) ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 5. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʦʚʱʠʥʘ ʩʪʽʥ ʽ ʧʦʢʨʽʚʣʽ ʩʪʘʥʦʚʠʪʴ 250 ʤʤ, ʘ ʪʦʚʱʠʥʘ ʧʽʜʣʦʛʠ ï 300 

ʤʤ. 

 

 
ʈʠʩʫʥʦʢ 2.5 ï ɼʝʪʘʣʽʟʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʜʫʣʴʥʦʛʦ ʙʫʜʠʥʢʫ 

 

ʅʘ ʧʽʚʜʝʥʥʦʤʫ ʬʘʩʘʜʽ ʚʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʚʽʢʥʘ ʨʦʟʤʽʨʘʤʠ 1,2Ĭ1,2ʤ ʟ ʧʦʪʨʽʡʥʠʤ ʩʢʣʦʧʘʢʝʪʦʤ ʪʠʧʫ 

4-10-4-10-4 ʫ ʧʨʦʬʽʣʴʥʽʡ ʩʠʩʪʝʤʽ ʟ ʪʨʴʦʤʘ ʢʘʤʝʨʘʤʠ, ʟʘʧʦʚʥʝʥʠʤʠ ʧʦʚʽʪʨʷʤ. 

ʆʧʘʣʝʥʥʷ ʙʫʜʠʥʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʚʝʨʜʦʧʘʣʠʚʥʠʤ ʢʦʪʣʦʤ ʧʦʪʫʞʥʽʩʪʶ 7 ʢɺʪ, ʱʦ ʣʝʛʢʦ ʜʦʟʚʦʣʷʻ 

ʦʙʽʛʨʽʚʘʪʠ ʙʫʜʽʚʣʶ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ ʜʦ 100 ʤĮ. 
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ʇʝʨʝʜ ʦʮʽʥʶʚʘʥʥʷʤ ʪʝʧʣʦʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʙʫʜʽʚʣʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʽʥʬʨʘʯʝʨʚʦʥʫ 

ʪʝʨʤʦʛʨʘʬʽʯʥʫ ʽʥʩʧʝʢʮʽʶ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʘʷʚʥʽ ʪʝʧʣʦʚʽ ʤʦʩʪʠ ʪʘ ʦʩʥʦʚʥʽ 

ʚʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʣʽ. 

 

3 ɯʥʬʨʘʯʝʨʚʦʥʝ ʪʝʨʤʦʛʨʘʬʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ 

 

ʆʙʩʪʝʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 12 ʣʶʪʦʛʦ 2025 ʨʦʢʫ ʧʨʠʙʣʠʟʥʦ ʟ 10:00 ʜʦ 11:00 ʛʦʜ, ʢʦʣʠ ʧʦʛʦʜʘ 

ʙʫʣʘ ʧʦʭʤʫʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ -16 ÁC, ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ 

ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 3 ʤ/ʩ, ʘ ʨʽʚʝʥʴ ʚʦʣʦʛʦʩʪʽ ʩʪʘʥʦʚʠʚ 60 %. ʁʤʦʚʽʨʥʽʩʪʴ ʦʧʘʜʽʚ ʙʫʣʘ ʙʣʠʟʴʢʦ 10 %. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʥʘ ʤʦʤʝʥʪ ʦʙʩʪʝʞʝʥʥʷ ʧʽʜʪʨʠʤʫʚʘʣʘʩʷ 

ʥʘ ʨʽʚʥʽ 21 ÁC ʧʨʦʪʷʛʦʤ ʧʦʥʘʜ 12 ʛʦʜʠʥ. 

ʆʙʩʪʝʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʤʦʩʪʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʽʟʽʡʥʦʾ ʢʘʤʝʨʠ HTi. 

ʄʝʪʦʜʦʣʦʛʽʷ ʦʙʩʪʝʞʝʥʥʷ ʚʢʣʶʯʘʣʘ ʪʘʢʽ ʝʪʘʧʠ: 

1. ʇʝʨʝʚʽʨʢʘ ʟʘʛʘʣʴʥʠʭ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ ʩʪʽʥʠ, ʚʽʢʥʘ ʪʘ ʜʘʭ. 

2. ʇʦʰʫʢ ʜʽʣʷʥʦʢ ʽʟ ʧʽʜʚʠʱʝʥʠʤʠ ʪʝʧʣʦʚʪʨʘʪʘʤʠ ʫ ʪʠʧʦʚʠʭ ʧʨʦʙʣʝʤʥʠʭ ʟʦʥʘʭ. 

3. ɸʥʘʣʽʟ ʪʝʧʣʦʚʽʜʜʘʯʽ ʯʝʨʝʟ ʱʽʣʠʥʠ ʫ ʚʽʢʦʥʥʠʭ ʩʪʫʣʢʘʭ ʽ ʜʚʝʨʥʠʭ ʧʨʦʨʽʟʘʭ. 

4. ʆʮʽʥʶʚʘʥʥʷ ʚʪʨʘʪ ʪʝʧʣʘ ʯʝʨʝʟ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ (ʷʢʱʦ ʚʦʥʠ 
ʥʘʷʚʥʽ). 

ʈʝʟʫʣʴʪʘʪʠ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʪʝʨʤʦʛʨʘʬʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 6. 

 

 
a)                                     b)                                      c) 

 

 
d)                                  e)                                       f) 

 

ʈʠʩʫʥʦʢ 2.6 ï ʊʝʨʤʦʛʨʘʬʽʷ ʧʽʚʜʝʥʥʦʛʦ ʬʘʩʘʜʫ (a), ʚʽʢʥʘ (b), ʬʫʥʜʘʤʝʥʪʫ (c), ʩʭʽʜʥʦʛʦ ʬʘʩʘʜʫ 

(d), ʟʘʭʽʜʥʦʛʦ ʬʘʩʘʜʫ (e) ʪʘ ʧʽʚʥʽʯʥʦʛʦ ʬʘʩʘʜʫ (f) ʤʦʜʫʣʴʥʦʛʦ ʙʫʜʠʥʢʫ 

 

ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʪʝʨʤʦʟʦʙʨʘʞʝʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʙʫʜʽʚʣʽ ʤʦʞʥʘ 

ʧʦʤʽʪʠʪʠ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʩʣʘʙʢʠʤʠ ʤʽʩʮʷʤʠ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʧʣʦʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʻ ʚʽʢʥʘ. 

ʊʝʧʣʦʚʽ ʤʦʩʪʠ ʟʦʩʝʨʝʜʞʝʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʟʜʦʚʞ ʢʦʥʪʫʨʫ ʚʽʢʦʥʥʦʾ ʨʘʤʠ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʷʢ 

ʧʨʦ ʥʠʟʴʢʫ ʷʢʽʩʪʴ ʤʦʥʪʘʞʫ, ʪʘʢ ʽ ʧʨʦ ʥʝʜʦʩʪʘʪʥʶ ʷʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʘʤʦʾ ʨʘʤʠ ʘʙʦ ʩʢʣʦʧʘʢʝʪʫ. 
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ɺʠʜʥʦ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʦʜʥʦʛʦ ʟ ʚʽʢʦʥ ʪʝʤʧʝʨʘʪʫʨʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ï11 ʜʦ ï5 ÁC ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʦʯʢʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʽʢʥʦ, ʘ 

ʪʘʢʦʞ ʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʷʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʟʘʚʦʜʩʴʢʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʢʣʶʯʘʻ ʚʠʨʦʙʥʠʯʽ 

ʧʦʤʠʣʢʠ ʟʘʚʜʷʢʠ ʨʝʪʝʣʴʥʦʤʫ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɯʥʰʠʤ ʩʫʪʪʻʚʠʤ ʯʠʥʥʠʢʦʤ ʪʝʧʣʦʚʪʨʘʪ, ʷʢʠʡ ʟʥʠʞʫʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʙʫʜʽʚʣʽ, 

ʻ ʬʫʥʜʘʤʝʥʪ. 

ʅʘʛʘʜʘʻʤʦ, ʱʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʜʘʤʝʥʪ ʚʠʢʦʥʘʥʠʡ ʽʟ ʙʣʦʢʽʚ ʌɹʉ ʙʝʟ ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ. 

ʂʨʽʤ ʪʦʛʦ, ʞʦʜʥʠʭ ʚʠʪʦʢʽʚ ʪʝʧʣʘ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʘʙʦ ʩʠʩʪʝʤʫ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʪʠʧʫ ñsplitò 

ʚʠʷʚʣʝʥʦ ʥʝ ʙʫʣʦ. 

 

4 ʈʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

 

ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʝʜʝʥʦ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʬʘʢʪʠʯʥʦʛʦ ʩʪʘʥʫ ʪʝʧʣʦʽʟʦʣʷʮʽʾ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ. ɿʘʟʚʠʯʘʡ ʚʽʥ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʜʽʚʣʽ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʩʪʽʥ, ʧʽʜʣʦʛʠ ʪʘ ʧʦʢʨʽʚʣʽ ʥʘʚʝʜʝʥʦ ʫ ʟʚʝʜʝʥʽʡ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 2.1  ʊʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ˉ 

ʰʘʨ

ʫ 

ʄʘʪʝʨʽʘʣ  
ʊʦʚʱʠʥʘ 

ʊʝʧʣʦʧʨʦʚʽʜ

ʥʽʩʪʴ ʇʦʩʠʣʘʥʥʷ 

ʊʝʧʣʦʚʠʡ 

ʦʧʽʨ 

ŭ, ʤ ɚ, ɺʪ/(ʤĿK) ʤ2ĿK/ɺʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʽʥʠ 

1 ʅʘʩʪʽʥʥʘ ʚʘʛʦʥʢʘ 0.016 0.18 [4] 0.089 

2 ʇʦʚʽʪʨʷʥʠʡ 

ʧʨʦʰʘʨʦʢ 

0.025  [4] 0.155 

3 ʇʘʨʦʽʟʦʣʷʮʽʡʥʘ 

ʧʣʽʚʢʘ 

0,002 0,3 [4] 0.0066 

4 ɹʘʟʘʣʴʪʦʚʘ ʚʘʪʘ 0.15 0.038 [4] 3.947 

5 OSB 0.01 0.13 [4] 0.077 

6 ʉʫʧʝʨʜʠʬʫʟʽʡʥʘ 

ʤʝʤʙʨʘʥʘ 

0.002 0.23 [4] 0.0087 

7 ʇʦʚʽʪʨʷʥʠʡ 

ʧʨʦʰʘʨʦʢ 

0.025  [4] 0.155 

8 ʌʘʩʘʜʥʘ ʨʝʡʢʘ 0.02 0.18 [4] 0.111 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜʣʦʛʠ 

1 ʃʽʥʦʣʝʫʤ (ʦʩʥʦʚʘ 

ʇɺʍ) 

0.003 0.33 [4] 0.009 

2 OSB 0.010 0.13 [4] 0.077 

3 ʇʦʚʽʪʨʷʥʠʡ 

ʧʨʦʰʘʨʦʢ 

0.03  [4] 0.155 

4 ʇʘʨʦʽʟʦʣʷʮʽʡʥʘ 

ʧʣʽʚʢʘ 

0,002 0,3 [4] 0.006 

5 ʄʽʥʝʨʘʣʴʥʘ ʚʘʪʘ 0.2 0.044 [4] 4.762 

6 OSB 0.01 0.13 [4] 0.077 

7 ʇʦʚʽʪʨʷʥʠʡ 

ʧʨʦʰʘʨʦʢ 

0.02  [4] 0.155 

8 ɼʝʨʝʚôʷʥʘ ʨʝʡʢʘ 0.03 0.18 [4] 0.167 

9 ʈʫʙʝʨʦʾʜ  0.005 0.17 [4] 0.029 
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ʊʘʙʣʠʮʷ 2.1  ʊʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ˉ 

ʰʘʨ

ʫ 

ʄʘʪʝʨʽʘʣ  
ʊʦʚʱʠʥʘ 

ʊʝʧʣʦʧʨʦʚʽʜ

ʥʽʩʪʴ ʇʦʩʠʣʘʥʥʷ 

ʊʝʧʣʦʚʠʡ 

ʦʧʽʨ 

ŭ, ʤ ɚ, ɺʪ/(ʤĿK) ʤ2ĿK/ɺʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʽʚʣʽ 

1 Timber lining (pine) 0.012 0.18 [4] 0.067 

2 ʇʦʚʽʪʨʷʥʠʡ 

ʧʨʦʰʘʨʦʢ 

0.02  [4] 0.155 

3 ʇʘʨʦʽʟʦʣʷʮʽʡʥʘ 

ʧʣʽʚʢʘ 

0,001 0,3 [4] 0,003 

4 ɹʘʟʘʣʴʪʦʚʘ ʚʘʪʘ 0.15 0.038 [4] 3.947 

5 ɼʠʬʫʟʽʡʥʘ ʤʝʤʙʨʘʥʘ 0.002 0.23 [4] 0,0086 

6 ɼʝʨʝʚôʷʥʘ ʦʙʨʝʰʽʪʢʘ 0.03 0.18 [4] 0.167 

7 ʇʦʚʽʪʨʷʥʠʡ 

ʧʨʦʰʘʨʦʢ 

0.02  [4] 0.155 

8 OSB 0.01 0.13 [4] 0.077 

9 ʈʫʙʝʨʦʾʜ 0.005 0.17 [4] 0.029 

 

ʈʦʟʨʘʭʫʥʦʢ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʝʡ, ʥʘʚʝʜʝʥʠʭ ʥʘ 

ʨʠʩ. 7. 

ʊʝʨʤʽʯʥʠʡ ʦʧʽʨ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʰʘʨʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ 1, 

ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: [5]: 

 

;i
i

i

R
d

l
=                                                                   (1) 

 

ʜʝ Ri ï ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ i-ʛʦ ʰʘʨʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, (ʤĮĿK/ɺʪ); ŭi ï ʪʦʚʱʠʥʘ i-ʛʦ ʰʘʨʫ; ɚi 

ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ i-ʛʦ ʰʘʨʫ. 

ʊʝʨʤʽʯʥʠʡ ʦʧʽʨ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ (R0) ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʟʘ 

ʬʦʨʤʫʣʦʶ [5]: 

 

                                 
0 int int

1 1

;

n n
i

ext exti
ii i

R R R R R R
l= =

µ
= + + = + +ä ä                                          (2) 

 

ʜʝ Rint ʪʘ Rext ï ʻ ʦʧʦʨʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʪʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʷʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ (ʤ2ĿK)/ɺʪ; ɆRi ï ʻ ʩʫʤʦʶ ʪʝʨʤʽʯʥʠʭ ʦʧʦʨʽʚ ʦʢʨʝʤʠʭ ʰʘʨʽʚ, (ʤ2ĿK)/ɺʪ. 

 

ɺʝʣʠʯʠʥʫ Rint ʪʘ Rext ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ [8]: 

 

                                                      
int

int

1 1
; ;ext

ext

R R
a a
= =                                                       (3) 

 

ʜʝ Ŭint, Ŭext ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʦʙʤʽʥʫ ʙʽʣʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʘ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʦʥʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [6], Ŭint,= 8.7 ʪʘ Ŭext = 23. 

ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʬʦʨʤʫʣʘʤʠ (1) ʪʘ (3) ʫ ʬʦʨʤʫʣʫ (2), 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙʣʠʮʽ 2. 

ʅʦʨʤʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʽʩʥʫʶʯʠʭ ʪʠʧʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [6]. 
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ʈʠʩʫʥʦʢ 2.7 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ ʦʛʦʨʦʜʞʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ: a) ʩʪʽʥʠ; b) ʧʽʜʣʦʛʘ; c) ʜʘʭ 
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ʊʘʙʣʠʮʷ 2.2  ʇʦʨʽʚʥʷʣʴʥʘ ʪʘʙʣʠʮʷ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ 

ʊʠʧ ʢʦʥʩʪʨʫʢʮʽʾ 

ʊʝʧʣʦʚʠʡ ʦʧʽʨ, ʤ2ĿK/ɺʪ 

ʌʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ 

ʉʪʘʥʜʘʨʪʥʝ 

ʟʥʘʯʝʥʥʷ 

ɿʦʚʥʽʰʥʽ ʩʪʽʥʠ 4.817 Ó 4 

ʇʽʜʣʦʛʘ 5.596 Ó5 

ɺʽʢʥʘ 0.48 Ó 0.9 

ʉʫʤʽʱʝʥʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ, 

ʱʦ ʤʝʞʫʻ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʦʚʽʪʨʷʤ 

4.76 Ó7 

 

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʽʢʥʘ ʪʠʧʫ 4-10-4-10-4 ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ. ʎʝ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʪʝʨʤʦʛʨʘʬʽʾ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʢʦʥ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʩʣʽʜ ʚʩʪʘʥʦʚʠʪʠ ʚʽʢʥʘ 

ʪʠʧʫ 4i-10Ar-4-14Ar-4i ʟ ʧʨʦʬʽʣʴʥʦʶ ʩʠʩʪʝʤʦʶ, ʱʦ ʤʘʻ ʧôʷʪʴ ʧʦʚʽʪʨʷʥʠʭ ʢʘʤʝʨ, ʘʙʦ ʢʨʘʱʽ 

ʘʥʘʣʦʛʠ. ɿʛʽʜʥʦ ʟ ʧʨʦʚʝʜʝʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʪʘʢʘ ʚʽʢʦʥʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʥʘ 

ʨʽʚʥʽ 0,95 (ʤĮĿK)/ɺʪ ʧʨʠ ʚʪʨʘʪʘʭ ʝʥʝʨʛʽʾ ʙʣʠʟʴʢʦ 0,178 ʢɺʪ. ʂʨʽʤ ʪʦʛʦ, ʪʦʚʱʠʥʘ ʪʝʧʣʦʽʟʦʣʷʮʽʾ 

ʧʦʢʨʽʚʣʽ 150 ʤʤ ʻ ʥʝʜʦʩʪʘʪʥʴʦʶ. ʇʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʫ ʧʦʢʨʽʚʝʣʴʥʦʛʦ ʫʪʝʧʣʶʚʘʯʘ ʩʣʽʜ ʟʙʽʣʴʰʠʪʠ ʜʦ 250 ʤʤ. 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʯʝʨʝʟ ʰʘʨʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʪʘʢʦʶ 

ʬʦʨʤʫʣʦʶ [7]: 
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ʜʝ tin ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, tint =  22 ; text ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ, (ʚʽʜʧʦʚʽʜʥʦ ʜʦ [6], text = -23 ); R0 ï ʟʘʛʘʣʴʥʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ; R1, R2, R3, Rn ï ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ 1ʛʦ, 2ʛʦ, 3ʦʛʦ ʪʘ n ʰʘʨʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʽʜʧʦʚʽʜʥʦ. 

 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʩʝʨʝʜ ʰʘʨʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 8. 
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ʈʠʩʫʥʦʢ 2.8 ï ʈʦʟʨʘʭʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʾ: 

a) ʩʪʽʥʠ; b) ʧʽʜʣʦʛʘ; c) ʜʘʭ 

 

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʤʽʞ ʩʪʽʥʘʤʠ ʪʘ 

ʰʘʨʘʤʠ ʜʘʭʫ ʤʘʻ ʩʭʦʞʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʯʝʨʝʟ ʧʦʜʽʙʥʽʩʪʴ ʾʭʥʴʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʉʝʨʝʜʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ ʚ ʧʝʨʽʦʜ ʥʘʡʭʦʣʦʜʥʽʰʦʛʦ ʤʽʩʷʮʷ ʨʦʢʫ 

ʢʦʣʠʚʘʶʪʴʩʷ ʙʽʣʷ ʧʦʟʠʪʠʚʥʠʭ ʟʥʘʯʝʥʴ, ʟʦʢʨʝʤʘ +3,67 ÁC ʜʣʷ ʩʪʽʥ, +1,95 ÁC ʜʣʷ ʧʽʜʣʦʛʠ ʪʘ +5,4 ÁC 

ʜʣʷ ʜʘʭʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʣʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʟʠʪʠʚʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʩʝʨʝʜʠʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʝʟ ʩʫʪʪʻʚʠʭ ʚʽʜʭʠʣʝʥʴ, ʥʘʚʽʪʴ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʽ 

ʜʦʙʦʚʽ ʪʘ ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. ʊʝʦʨʝʪʠʯʥʦ ʮʝ ʧʦʚʠʥʥʦ ʚʠʢʣʶʯʘʪʠ 

ʡʤʦʚʽʨʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚʠʪʢʫ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ. 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʟʥʘʯʘʣʠʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [7]: 

 

   ( ) ( )
0

1 ;
en in ext

F
Q t t n

R
b= - Ö Ö +ä                                                      (4) 

 

ʜʝ F ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʧʣʦʱʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʤ2; R0 ï ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ, (ʤ2ĿK)/ɺʪ; tin, text ï ʚʥʫʪʨʽʰʥʷ ʪʘ ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ; n ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʟʘʣʝʞʥʽʩʪʴ ʧʦʣʦʞʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʦʛʦʨʦʞʽ ʚʽʜʥʦʩʥʦ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, (n = 

1) [7]; Ɇɓ ï ʩʫʤʘ ʜʦʜʘʪʢʦʚʠʭ ʚʪʨʘʪ ʪʝʧʣʘ ʷʢ ʯʘʩʪʢʘ ʦʩʥʦʚʥʠʭ ʚʪʨʘʪ, (Ɇɓ = 1) [7]. 

 

ʇʣʦʱʘ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ, ʘ ʪʘʢʦʞ ʾʭ ʧʨʦʩʪʦʨʦʚʘ ʦʨʽʻʥʪʘʮʽʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3. 
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ʊʘʙʣʠʮʷ 2.3  ʇʣʦʱʘ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ 

ʊʝʧʣʦʚʽ ʚʪʨʘʪʠ ʥʘ ʥʘʛʨʽʚ ʧʦʚʽʪʨʷ ʧʨʠ ʚʝʥʪʠʣʷʮʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [8]: 

 

                                               ( )0.28 ;va in extQ L c t tr= Ö Ö Ö Ö -                                              (5) 

 

ʜʝ L ï ʦʙôʻʤ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʤ3/ʛʦʜ. (ʜʣʷ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʧʠʪʦʤʘ ʥʦʨʤʘʣʽʟʦʚʘʥʘ ʚʠʪʨʘʪʘ ʤʦʞʝ 

ʙʫʪʠ ʧʨʠʡʥʷʪʘ ʷʢ 3 ʤ3/ʛʦʜ ʜʣʷ 1 ʤ2 ʞʠʪʣʦʚʦʾ ʧʣʦʱʽ); ɟ ï ʱʽʣʴʥʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʙʫʜʠʥʢʫ, ʢʛ/ʤ3; c ï 

ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ, c = 1.005 ʢɼʞ/(ʢʛ ĿÁʉ) [8]. 
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;
273 int

r=
Ö

                                                                 (6) 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ (4) ʪʘ (5) ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.  

 

ʊʘʙʣʠʮʷ 2.4  ʈʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʯʝʨʝʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʜʣʷ ʧʽʜʽʛʨʽʚʫ 

ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ 

ʊʠʧ 

ʦʛʦʨʦʜʞʝ

ʥʥʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʮʾ 
ʊʝʧʣʦʚʽ 

ʚʪʨʘʪʠ, ʢɺʪ 

%, ʚʽʜ 

ʟʘʛʘʣʴʥʠʭ 

ʚʪʨʘʪ 
ʆʨʽʻʥʪʘʮʽʷ 

ʈʦʟʤʽʨʠ ʇʣʦʱʘ F, 

ʤ2 a, ʤ b, ʤ 

ʉʪʽʥʠ 

ʇʽʚʜʝʥʴ 8.62 3.7 31.9 0.582 13 

ɿʘʭʽʜ 3.45 3.7 12.76 0.238 5 

ʇʽʚʥʽʯ 9.4 3.7 34.78 0.649 14.6 

ʉʭʽʜ 3.45 3.65 12.6 0.235 5.3 

ʈʘʟʦʤ: 24.92 14.75 91.32 1.3 31.9 

ʇʽʜʣʦʛʘ ī 8.99 3.04 27.3 0.404 9.9 

ɼʘʭ ī 8.99 3.04 27.3 0.515 12.6 

ɺʽʢʥʘ 
ʃʽʚʝ 1.2 1.2 1.44 0.343 7.245 

ʇʨʘʚʝ 1.2 1.2 1.44 0.343 7.245 

ʈʘʟʦʤ: 1.44 1.44 2.88 0.686 16.8 

ɿʘʛʘʣʴʥʽ ʚʪʨʘʪʠ ʯʝʨʝʟ 

ʦʛʦʨʦʜʞʝʥʥʷ: 

  148.8 2.9 71.3 

ʊʝʧʣʦʚʽ ʚʪʨʘʪʠ ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ: 1.165 26.3 

ɿʘʛʘʣʴʥʽ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ: 4.43  

 

ɺʀʉʅʆɺʂʀ 
 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʪʽʥʠ ʻ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʚʪʨʘʪ, ʥʘ ʷʢʽ ʧʨʠʧʘʜʘʻ ʟʘʛʘʣʴʥʠʡ 

ʙʘʣʘʥʩ 31,9% ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʪʝʧʣʦʚʪʨʘʪ ʙʫʜʽʚʣʽ. ɿʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʫʪʝʧʣʝʥʥʷ ʩʪʽʥʠ ʜʦ 200 ʤʤ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʽʜʩʦʪʢʘ ʪʝʧʣʦʚʪʨʘʪ ʜʦ 27% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ.  

ɺʪʨʘʪʠ ʪʝʧʣʘ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ ʻ ʜʨʫʛʠʤ ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʚʪʨʘʪ ʙʫʜʽʚʣʽ, ʱʦ 

ʩʪʘʥʦʚʠʪʴ 28,6% ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʪʝʧʣʦʚʪʨʘʪ. 

ɿʘ ʽʩʥʫʶʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʪʝʨʤʽʯʥʠʤ ʦʧʦʨʦʤ ʫ ʤʝʞʘʭ 0,48ï0,52 

((ʤ2ÖK)/ɺʪ), ʚʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʚʽʢʥʘ ʩʪʘʥʦʚʣʷʪʴ 16,8%. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʽʢʥʘ ʪʠʧʫ 4-10-4-10-4 

ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʤʽʥʝʥʽ ʥʘ ʙʽʣʴʰ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ. ʆʪʞʝ, 

ʱʦʙ ʚʽʜʧʦʚʽʜʘʪʠ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʱʦʜʦ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʽʢʥʘ ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʢʦʥʩʪʨʫʢʮʽʶ ʱʦʥʘʡʤʝʥʰʝ 4i-10Ar-4-10Ar-4i, ʪʦʙʪʦ ʚʦʥʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʤôʷʢʝ ʩʝʣʝʢʪʠʚʥʝ ʧʦʢʨʠʪʪʷ 

ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ ʪʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʩʢʣʽ, ʘ ʧʦʚʽʪʨʷʥʽ ʟʘʟʦʨʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʧʦʚʥʝʥʽ ʽʥʝʨʪʥʠʤ ʛʘʟʦʤ, 

ʟʦʢʨʝʤʘ ʘʨʛʦʥʦʤ. ɼʦʚʝʜʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʚʽʢʦʥ ʜʦ ʩʪʘʥʜʘʨʪʥʠʭ ʟʥʘʯʝʥʴ 0,95 ((ʤ2ÖK)/ɺʪ) 

ʟʤʝʥʰʫʻ ʚʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʚʽʢʥʘ ʜʦ 4,39%. 

ʇʽʜʣʦʛʘ ʪʘ ʩʪʝʣʷ ʤʘʶʪʴ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʪʨʘʪ ʪʝʧʣʘ ï 9,9% ʪʘ 12,6% ʚʽʜʧʦʚʽʜʥʦ. 
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3. ɺɯɼʂʈʀʊɽ BIM-ʆʈɯɭʅʊʆɺɸʅɽ ʂʆ-ʄʆɼɽʃʖɺɸʅʅʗ ɼʃʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ 

ɹʋɼɯɺɽʃʔ ʊɸ ʆʎɯʅʂʀ ɾʀʊʊɭɺʆɻʆ ʎʀʂʃʋ (LCA): ɼɺɸ ɹʋɼʀʅʂʀ ʋ ɺɽʃʀʂɯʁ 

ɹʈʀʊɸʅɯɰ ʊɸ ʃʖʂʉɽʄɹʋʈɿɯ 

ʈ.ʖ. ʊʠʪʘʨʝʥʢʦ  

ʈ.ɭ. ʍʤʽʣʴ  

ʆ.ʈ. ʇʦʟʥʷʢ  

 

ɸʅʆʊɸʎɯʗ 

ɿ ʦʛʣʷʜʫ ʥʘ ʩʢʣʘʜʥʽʩʪʴ ʽ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʬʘʢʪʦʨʽʚ ʚ ʦʮʽʥʶʚʘʥʥʽ ʙʫʜʽʚʝʣʴ, ʦʩʥʦʚʥʠʤ ʚʠʢʣʠʢʦʤ 

ʻ ʽʥʪʝʛʨʘʮʽʷ ʢʽʣʴʢʦʭ ʧʨʝʜʤʝʪʥʠʭ ʤʦʜʝʣʝʡ (ʥʘʧʨʠʢʣʘʜ, ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ, ʷʢʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʢʦʤʬʦʨʪʫ ʢʦʨʠʩʪʫʚʘʯʽʚ) ʜʣʷ ʢʨʘʱʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʡ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ. ʃʠʰʝ ʦʜʥʝ ʧʦʧʝʨʝʜʥʻ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʤʘʛʘʣʦʩʷ ʧʦʻʜʥʘʪʠ ʝʥʝʨʛʝʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʽʟ ʦʮʽʥʢʦʶ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (LCA); ʞʦʜʥʝ ʟ ʥʠʭ ʥʝ ʟʜʽʡʩʥʶʚʘʣʦʩʷ 

ʜʠʥʘʤʽʯʥʦ. 

ɼʠʥʘʤʽʯʥʘ ʚʽʜʢʨʠʪʘ BIM-ʦʨʽʻʥʪʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʪʽʩʥʫ 

ʽʥʪʝʛʨʘʮʽʶ EnergyPlus ʪʘ Brightway2 ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʚʨʠʩʪʠʯʥʠʭ ʘʙʦ ʩʧʨʦʱʝʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ɺʦʥʘ ʥʘʜʘʻ ʨʝʟʫʣʴʪʘʪʠ, ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʟʘ ʯʘʩʦʤ, ʽ ʧʦʚʥʽʩʪʶ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʚʽʜʢʨʠʪʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʙʫʣʘ ʘʧʨʦʙʦʚʘʥʘ ʥʘ ʜʚʦʭ ʥʝʞʠʪʣʦʚʠʭ ʙʫʜʽʚʣʷʭ ʫ ɺʝʣʠʢʽʡ ɹʨʠʪʘʥʽʾ ʪʘ 

ʃʶʢʩʝʤʙʫʨʟʽ, ʱʦ ʧʽʜʪʚʝʨʜʠʣʦ ʾʾ ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ ʬʘʟ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. 

ɼʠʥʘʤʽʯʥʝ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʪʘ ʞʠʪʪʻʚʦ-ʮʠʢʣʦʚʽʡ ʜʦʤʝʥʘʭ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʙʽʣʴʰ ʮʽʣʽʩʥʠʡ ʽ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ. 

1. ɺʉʊʋʇ 
ɺʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʽ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ, ʽʥʪʝʛʨʘʮʽʷ 

ʢʽʣʴʢʦʭ ʧʨʝʜʤʝʪʥʠʭ ʤʦʜʝʣʝʡ (ʥʘʧʨʠʢʣʘʜ, ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ, ʷʢʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʢʫʩʪʠʢʠ, ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʤʬʦʨʪʫ, ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʩʣʽʧʣʝʥʥʶ, ʝʩʪʝʪʠʢʠ) ʻ 

ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʚʩʝʙʽʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ. ʂʦ-ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʝ ʧʦʻʜʥʫʻ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʩʠʤʫʣʷʮʽʾ ʚ 

ʻʜʠʥʫ ʤʦʜʝʣʴ, ʧʨʦʧʦʥʫʻ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʧʽʜʭʽʜ. ʍʦʯʘ ʦʮʽʥʢʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (LCA) ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ, ʙʽʣʴʰʽʩʪʴ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʽʪ 

ʨʦʟʛʣʷʜʘʶʪʴ ʝʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ (BES) ʪʘ LCA ʦʢʨʝʤʦ, ʥʝ ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. 

ɺʽʜʢʨʠʪʘ BIM-ʦʨʽʻʥʪʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʪʽʩʥʫ ʽʥʪʝʛʨʘʮʽʶ BES ʪʘ 

LCA, ʧʽʜʪʨʠʤʫʶʯʠ ʜʠʥʘʤʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʟʘ ʯʘʩʦʤ. ɹʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʜʚʽ 

ʥʝʞʠʪʣʦʚʽ ʙʫʜʽʚʣʽ ʫ ɺʝʣʠʢʽʡ ɹʨʠʪʘʥʽʾ ʪʘ ʃʶʢʩʝʤʙʫʨʟʽ ʧʨʦʪʷʛʦʤ ʬʘʟ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʨʦʟʛʣʷʥʫʚʰʠ ʧʦ ʪʨʠ ʩʮʝʥʘʨʽʾ ʜʣʷ ʢʦʞʥʦʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʽʜʚʠʱʫʻ ʨʦʟʫʤʽʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ, 

ʨʦʟʚôʷʟʫʻ ʧʨʦʙʣʝʤʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʽʥʩʪʨʫʤʝʥʪʘʤʠ BIM, BES ʽ LCA ʪʘ ʧʨʦʧʦʥʫʻ ʚʽʜʪʚʦʨʶʚʘʥʫ 

ʤʝʪʦʜʦʣʦʛʽʶ ʜʣʷ ʬʘʭʽʚʮʽʚ. 

ɺʽʥ ʦʧʪʠʤʽʟʫʻ ʧʨʦʮʝʩ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ, ʩʧʨʠʷʻ ʘʥʘʣʽʟʫ ʩʮʝʥʘʨʽʾʚ ʽ ʧʽʜʪʨʠʤʫʻ ʜʦʩʷʛʥʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʮʽʣʝʡ, ʟʘʣʠʰʘʶʯʠʩʴ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʧʨʦʻʢʪʘʥʪʽʚ, ʤʝʥʝʜʞʝʨʽʚ, ʜʦʩʣʽʜʥʠʢʽʚ ʽ 

ʨʦʟʨʦʙʥʠʢʽʚ ʧʦʣʽʪʠʢʠ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ. 

2. ʇɽʈɽɼʋʄʆɺʀ 

ʅʠʞʯʝ ʧʦʜʘʥʦ ʦʛʣʷʜ ʦʩʥʦʚʥʠʭ ʧʦʥʷʪʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ BES, BIM-ʩʫʤʽʩʥʽʩʪʶ ʪʘ LCA. 

ɽʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ (BES) ʧʽʜʪʨʠʤʫʻ ʧʨʦʻʢʪʫʚʘʣʴʥʠʢʽʚ ʽ ʟʘʙʝʟʧʝʯʫʻ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ, ʦʜʥʘʢ ʪʘʢʽ ʩʠʤʫʣʷʮʽʾ ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʶʪʴʩʷ ʧʦʟʘ 

ʤʝʞʘʤʠ BIM-ʩʝʨʝʜʦʚʠʱʘ. 

ɯʥʪʝʛʨʘʮʽʷ BES ʽʟ BIM ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʯʠʩʣʝʥʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʩʫʤʽʩʥʦʩʪʽ 

(ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ). 

ʋ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ ʦʮʽʥʢʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (LCA) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʥʘ 

ʜʦʚʢʽʣʣʷ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ʎʽ ʢʦʥʮʝʧʮʽʾ ʻ ʜʦʙʨʝ ʚʽʜʦʤʠʤʠ ʪʘ ʥʝ ʚʢʣʶʯʝʥʽ ʜʦ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʦʛʣʷʜʫ, ʥʘʚʝʜʝʥʥʦʛʦ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ [15]. 

2.1. ɽʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ (BES) 

ɽʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ (BES), ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ 

(BEM), ʪʝʧʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ï ʫʩʽ ʮʽ ʧʽʜʭʦʜʠ 
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ʧʝʨʝʜʙʘʯʘʶʪʴ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʪʘ ʾʾ ʩʠʤʫʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ BES ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʱʝ ʟ 1960-ʭ ʨʦʢʽʚ, ʚʦʥʦ 

ʜʦʩʽ ʩʣʘʙʦ ʽʥʪʝʛʨʦʚʘʥʝ ʫ ʨʘʥʥʽ ʝʪʘʧʠ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʱʦ ʯʘʩʪʦ ʦʙʤʝʞʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ. 

ʈʫʯʥʝ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ ʧʨʦ ʙʫʜʽʚʣʶ ʻ ʪʨʫʜʦʤʽʩʪʢʠʤ ʧʨʦʮʝʩʦʤ, ʪʦʤʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʧʽʜʭʦʜʠ BIM-to-BEM, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ. 

ʉʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʻ ʥʘʡʙʽʣʴʰ ʟʘʪʨʘʪʥʠʤ ʟʘ ʯʘʩʦʤ ʝʪʘʧʦʤ, ʧʽʩʣʷ ʷʢʦʛʦ ʡʜʫʪʴ ʧʨʠʟʥʘʯʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʚʥʫʪʨʽʰʥʽʭ ʪʝʧʣʦʚʠʭ ʥʘʜʭʦʜʞʝʥʴ ʪʘ ʛʨʘʬʽʢʽʚ ʨʦʙʦʪʠ. ɯʥʩʪʨʫʤʝʥʪʠ BIM-to-BEM 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʨʽʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʟʙʝʨʝʞʝʥʥʷʤ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ, ʦʜʥʘʢ ʞʦʜʝʥ ʟ ʧʽʜʭʦʜʽʚ ʧʦʢʠ 

ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʘ ʙʝʟʚʪʨʘʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʅʘʧʽʚʘʚʪʦʤʘʪʠʟʦʚʘʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ, ʪʘʢʽ ʷʢ ʪʽ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ OôDonnell ʪʘ ʽʥ. [9], ʩʢʦʨʦʯʫʶʪʴ ʯʘʩ ʽ ʚʠʪʨʘʪʠ, ʜʦʟʚʦʣʷʶʪʴ 

ʰʚʠʜʢʦ ʛʝʥʝʨʫʚʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʧʨʦʻʢʪʥʽ ʨʽʰʝʥʥʷ, ʧʽʜʚʠʱʫʶʪʴ ʪʦʯʥʽʩʪʴ ʩʠʤʫʣʷʮʽʡ ʽ ʩʪʚʦʨʶʶʪʴ 

ʤʦʜʝʣʽ ʟ ʤʝʥʰʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ. ʎʽ ʧʝʨʝʚʘʛʠ ʤʦʞʥʘ ʟʛʨʫʧʫʚʘʪʠ ʫ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʪʝʭʥʽʯʥʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. 

ʆʜʥʘʢ ʧʨʦʙʣʝʤʘ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ ʩʫʪʪʻʚʠʤ ʚʠʢʣʠʢʦʤ. ɼʦʩʣʽʜʞʝʥʥʷ 

Alsharif [1] ʪʘ Elagiry [5] ʚʠʦʢʨʝʤʣʶʶʪʴ ʜʚʽ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ: 

1) ʛʝʥʝʨʘʮʽʷ ʛʝʦʤʝʪʨʽʾ IFC, ʷʢʘ ʯʘʩʪʦ ʧʦʪʨʝʙʫʻ ʨʫʯʥʦʛʦ ʚʠʧʨʘʚʣʝʥʥʷ; 

2) ʟʙʘʛʘʯʝʥʥʷ ʜʘʥʠʭ, ʢʦʣʠ ʢʣʶʯʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʜʽʣʷʥʢʫ, ʛʝʦʤʝʪʨʽʶ, ʤʘʪʝʨʽʘʣʠ, 

ʽʥʞʝʥʝʨʥʽ ʩʠʩʪʝʤʠ, ʚʥʫʪʨʽʰʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʙʫʜʽʚʣʽ ʻ ʥʝʧʦʚʥʦʶ, ʚʽʜʩʫʪʥʴʦʶ ʘʙʦ 

ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʘʥʘ. 

ɽʬʝʢʪʠʚʥʘ BIM-ʦʨʽʻʥʪʦʚʘʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ BEM ʚʚʘʞʘʻʪʴʩʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʧʨʘʢʪʠʢ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ. 

2.2. ɯʥʬʦʨʤʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ (BIM) 

ɯʥʬʦʨʤʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ (BIM) ʧʨʝʜʩʪʘʚʣʷʻ ʙʫʜʽʚʣʽ ʫ ʚʠʛʣʷʜʽ 3D ʛʨʘʬʽʯʥʠʭ 

ʤʦʜʝʣʝʡ, ʱʦ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʛʝʦʤʝʪʨʽʶ, ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʟʚʠ ʪʘ ʬʫʥʢʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ. 

ɹʫʜʽʚʝʣʴʥʘ ʛʘʣʫʟʴ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʭʦʜʠʪʴ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ 2D ʢʨʝʩʣʝʥʴ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ BIM. BIM 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʦʩʥʦʚʘ ʜʣʷ ʧʽʜʭʦʜʽʚ ñBIM-to-BEMò ʪʘ ʜʣʷ ʦʮʽʥʢʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

(LCA), ʧʨʠ ʮʴʦʤʫ IFC ʯʘʩʪʦ ʢʦʥʚʝʨʪʫʶʪʴ ʫ gbXML ʜʣʷ ʥʘʧʽʚʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ. 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʟʘʪʚʝʨʜʞʝʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ TAS, 

ApacheSim, EnergyPlus (E+) ʪʘ SBEM. SBEM ʻ ʩʧʨʦʱʝʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʪʦʜʽ ʷʢ ʽʥʰʽ ï ʜʠʥʘʤʽʯʥʽ 

ʤʦʜʝʣʽ ʩʠʤʫʣʷʮʽʡ. ʃʠʰʝ EnergyPlus ʻ ʙʝʟʢʦʰʪʦʚʥʠʤ ʽ ʚʽʜʢʨʠʪʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʱʦ 

ʨʦʙʠʪʴ ʡʦʛʦ ʥʘʡʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. E+ ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʦʨʤʘʪ ʬʘʡʣʽʚ .idf, ʘ 

ʩʪʘʥʜʘʨʪʥʠʤ ʛʨʘʬʽʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʻ OpenStudio Application (OSA), ʷʢʘ ʧʨʘʮʶʻ ʟ ʬʘʡʣʘʤʠ .osm, 

ʱʦ ʢʦʥʚʝʨʪʫʶʪʴʩʷ ʫ .idf ʧʽʜ ʯʘʩ ʩʠʤʫʣʷʮʽʾ. 

2.3. ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (LCA) 

ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (LCA) ʻ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʥʦʶ 

ʤʝʪʦʜʦʣʦʛʽʻʶ ʜʣʷ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʨʦʜʫʢʪʽʚ, ʧʦʩʣʫʛ ʽ 

ʧʨʦʮʝʩʽʚ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʾʭʥʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʢʝʨʫʶʯʠʩʴ ʩʪʘʥʜʘʨʪʘʤʠ ISO 14 000. ɺʘʞʣʠʚʠʤ 

ʘʩʧʝʢʪʦʤ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʦʜʠʥʠʮʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʟʤʽʩʪʦʚʥʝ ʧʦʨʽʚʥʷʥʥʷ ʤʽʞ 

ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʦʜʥʫ ʡ ʪʫ ʩʘʤʫ ʬʫʥʢʮʽʶ. LCA ʨʦʟʛʣʷʜʘʻ ʚʝʩʴ ʞʠʪʪʻʚʠʡ ʮʠʢʣ, 

ʟʘʧʦʙʽʛʘʶʯʠ ʧʝʨʝʤʽʱʝʥʥʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʫʶʯʠ ʘʥʘʣʽʟ ʢʦʤʧʨʦʤʽʩʽʚ. 

ʋ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ LCA ʻ ʜʦʙʨʝ ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʨʘʢʪʠʢʦʶ ʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʽʜ ʦʢʨʝʤʠʭ 

ʙʫʜʽʚʝʣʴ ʜʦ ʮʽʣʠʭ ʨʘʡʦʥʽʚ. ɺʦʥʘ ʤʦʞʝ ʽʥʬʦʨʤʫʚʘʪʠ ʧʨʦʻʢʪʥʽ ʨʽʰʝʥʥʷ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʽ ʚʠʟʥʘʯʘʪʠ 

ʩʪʨʘʪʝʛʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʉʪʘʥʜʘʨʪʥʠʤʠ ʧʨʦʬʝʩʽʡʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ LCA ʻ SimaPro, openLCA, 

GaBi ʪʘ Umberto, ʘ ʜʣʷ ʧʨʦʩʫʥʫʪʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ Brightway2 (BW2). 

ɺʠʩʦʢʦʷʢʽʩʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʟʘʟʚʠʯʘʡ ʽʟ ʙʘʟ ʜʘʥʠʭ ʥʘ ʢʰʪʘʣʪ ecoinvent, ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ. 

ʄʘʡʙʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʢʨʝʩʣʶʶʪʴ ʧʦʪʝʥʮʽʘʣ BIM ʪʘ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʜʣʷ ʥʘʜʘʥʥʷ 

ʪʦʯʥʠʭ ʽ ʜʝʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ LCA. ʋ ʧʦʻʜʥʘʥʥʽ ʟ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷʤ ʪʘ ʜʘʥʠʤʠ ʟ ʩʝʥʩʦʨʽʚ ʮʝ 

ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʤʦʜʝʣʶʚʘʪʠ ʚʟʘʻʤʦʜʽʶ ʙʫʜʽʚʣʽ ʪʘ ʾʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʽʥʪʝʛʨʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʫ ʨʘʤʢʠ 

LCA. 

3. ʉʋʏɸʉʅɯ ɼʆʉʗɻʅɽʅʅʗ ʋ ʂʆ-ʄʆɼɽʃʖɺɸʅʅɯ ɼʃʗ ɹʋɼɯɺɽʃʔʅʆɰ ɻɸʃʋɿɯ 

ɼʦʩʣʽʜʞʝʥʥʷ Yeung ʪʘ ʽʥ. [15] ʧʨʝʜʩʪʘʚʣʷʻ ʢʦʥʮʝʧʮʽʶ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ. ʋ ʥʴʦʤʫ ʥʘʜʘʥʦ 

ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʦʛʣʷʜ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʝʥʴ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ, ʚʠʜʽʣʝʥʦ ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ 

ʪʘ ʾʭʥʽʡ ʚʥʝʩʦʢ. ʆʛʣʷʜ ʚʠʢʦʥʘʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʫ PRISMA [10], ʦʭʦʧʣʶʶʯʠ ʧʫʙʣʽʢʘʮʽʾ ʟ 
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ʙʝʨʝʟʥʷ 2017 ʜʦ ʩʽʯʥʷ 2023 ʨʦʢʫ. ɾʫʨʥʘʣʴʥʽ ʪʘ ʦʛʣʷʜʦʚʽ ʩʪʘʪʪʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʯʝʨʝʟ Semantic 

Scholar ʟʘ ʧʦʰʫʢʦʚʠʤ ʟʘʧʠʪʦʤ: (ALL=(co-simulation)) AND ALL=(buildings). 

ʇʦʯʘʪʢʦʚʠʡ ʧʦʰʫʢ ʧʦʚʝʨʥʫʚ 392 ʟʘʧʠʩʠ. ʇʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʥʝʨʝʮʝʥʟʦʚʘʥʠʭ ʩʪʘʪʝʡ, 

ʜʫʙʣʽʢʘʪʽʚ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʨʠʪʝʨʽʾʚ ʚʽʜʙʦʨʫ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʨʽʟʥʽ 

ʧʨʝʜʤʝʪʥʽ ʤʦʜʝʣʽ ʙʫʜʽʚʝʣʴ ʜʣʷ ʦʧʠʩʫ ʚʟʘʻʤʦʜʽʡ ʧʽʜʩʠʩʪʝʤ, ʜʦ ʬʽʥʘʣʴʥʦʛʦ ʦʛʣʷʜʫ ʫʚʽʡʰʣʦ 21 

ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʧôʷʪʴ ʢʨʠʪʝʨʽʾʚ ʚʠʢʣʶʯʝʥʥʷ: 

1) ʚʽʜʩʫʪʥʽʩʪʴ ʤʽʞʜʦʤʝʥʥʦʛʦ ʧʦʻʜʥʘʥʥʷ; 

2) ʚʽʜʩʫʪʥʽʩʪʴ ʧʽʜʭʦʜʫ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ; 

3) ʚʽʜʩʫʪʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʝʥʴ; 

4) ʜʫʙʣʽʢʘʪʠ ʘʙʦ ʜʫʞʝ ʩʭʦʞʽ ʨʦʙʦʪʠ; 

5) ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʣʠʰʝ ʧʦʨʽʚʥʶʶʪʴ ʨʘʥʽʰʝ ʨʦʟʨʦʙʣʝʥʽ ʧʽʜʭʦʜʠ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʦʛʣʷʜʫ (ʟʛʽʜʥʦ ʟ [15], ʥʘ ʦʩʥʦʚʽ PRISMA 2020 ʪʘ ʜʽʘʛʨʘʤʠ 

ʧʦʪʦʢʫ) ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.1. 

ʂʦ-ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ, ʪʘʢʠʭ ʷʢ ʘʚʪʦʤʦʙʽʣʴʥʘ, ʝʥʝʨʛʝʪʠʯʥʘ, 

HVAC, ʽʥʪʝʛʨʘʣʴʥʽ ʩʭʝʤʠ, ʤʦʨʩʴʢʘ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʢʘ [6], ʜʦʟʚʦʣʷʶʯʠ ʽʥʪʝʛʨʫʚʘʪʠ ʥʝʟʘʣʝʞʥʦ 

ʨʦʟʨʦʙʣʝʥʽ ʯʘʩʪʢʦʚʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʩʢʣʘʜʥʦ ʧʦʻʜʥʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʥʦʣʽʪʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ [13]. 

ɺʦʥʦ ʟʘʙʝʟʧʝʯʫʻ ʦʜʥʦʯʘʩʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʩʠʩʪʝʤ ʯʝʨʝʟ ʦʢʨʝʤʽ ʩʠʤʫʣʷʪʦʨʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʷʢ 

çʯʦʨʥʽ ʩʢʨʠʥʴʢʠè. ʇʝʨʝʚʘʛʠ ʚʢʣʶʯʘʶʪʴ ʛʥʫʯʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʰʚʠʜʢʝ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʨʦʟʧʦʜʽʣʝʥʫ ʢʦʤʘʥʜʥʫ ʨʦʙʦʪʫ ʪʘ ʙʘʛʘʪʦʤʘʩʰʪʘʙʥʠʡ ʘʥʘʣʽʟ [14]. 

ʋ ʙʫʜʽʚʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʻʜʥʫʻ ʧʽʜʤʦʜʝʣʽ (ʪʝʧʣʦʚʫ, ʧʦʚʽʪʨʷʥʠʡ 

ʧʦʪʽʢ, ʜʝʥʥʝ ʦʩʚʽʪʣʝʥʥʷ ʪʦʱʦ) ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʟʘʻʤʦʜʽʡ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ [13]. ʉʪʨʘʪʝʛʽʾ 

ʧʦʻʜʥʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʩʣʽʜʦʚʥʠʤʠ ʘʙʦ ʜʚʦʥʘʧʨʘʚʣʝʥʠʤʠ, ʽʟ ʩʣʘʙʢʠʤ ʘʙʦ ʩʠʣʴʥʠʤ ʟʚʦʨʦʪʥʠʤ 

ʟʚôʷʟʢʦʤ, ʪʦʜʽ ʷʢ ʪʝʭʥʽʢʠ ʚʢʣʶʯʘʶʪʴ ʟʚôʷʟʢʠ ʦʜʠʥ-ʜʦ-ʦʜʥʦʛʦ, middleware (ʥʘʧʨʠʢʣʘʜ, BCVTB, 

RabbitMQ) ʘʙʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʽʥʪʝʨʬʝʡʩʠ, ʪʘʢʽ ʷʢ FMI [2; 8]. ɯʩʥʫʻ ʪʘʢʦʞ ʧʦʜʽʣ ʥʘ ʚʥʫʪʨʽʰʥʻ ʪʘ 

ʟʦʚʥʽʰʥʻ ʧʦʻʜʥʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, CFD ʚʩʝʨʝʜʠʥʽ BES ʧʨʦʪʠ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʽʩʥʫʶʯʠʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ). 

ɹʫʜʽʚʣʽ ʦʪʨʠʤʫʶʪʴ ʪʘʢʽ ʧʝʨʝʚʘʛʠ, ʷʢ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʦʮʽʥʢʘ 

ʢʦʤʧʨʦʤʽʩʽʚ ʧʽʜʩʠʩʪʝʤ ʽ ʩʠʤʫʣʷʮʽʾ ʦʙʦʣʦʥʢʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʘ ʜʦʧʦʤʦʛʦʶ E+ ʘʙʦ TRNSYS. 

ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʪʘʢʦʞ ʽʥʪʝʛʨʫʶʪʴ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ [7; 12; 16]. 

ʇʨʦʪʝ ʟʘʣʠʰʘʶʪʴʩʷ ʚʠʢʣʠʢʠ: ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʪʘ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʤʽʞ BES-

ʽʥʩʪʨʫʤʝʥʪʘʤʠ, ʘ ʪʘʢʦʞ ʧʦʪʨʝʙʘ ʫ ʧʨʦʩʫʥʫʪʦʤʫ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʪʘ ʟʥʘʥʥʷʭ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ [13]. 

ɼʝʷʢʽ BES-ʽʥʩʪʨʫʤʝʥʪʠ ʧʽʜʪʨʠʤʫʶʪʴ ʽʥʪʝʛʨʘʮʽʶ ʟ BIM ʯʝʨʝʟ IFC, ʪʦʜʽ ʷʢ ʧʘʨʘʤʝʪʨʠʯʥʽ 

ʧʣʘʪʬʦʨʤʠ, ʪʘʢʽ ʷʢ Grasshopper ʽ Ladybug Tools, ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʩʣʘʙʦ ʟʚôʷʟʘʥʽ ʢʦ-

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ [3]. ʊʘʢʽ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ ʜʦʜʘʪʢʦʚʦ 

ʤʦʞʫʪʴ ʧʦʚôʷʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʟ ʚʠʪʨʘʪʘʤʠ ʪʘ ʚʠʢʠʜʘʤʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʙʫʜʽʚʣʽ [11]. 
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ʈʠʩ. 3.1. ʄʝʪʦʜʦʣʦʛʽʷ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʦʛʣʷʜʫ 

(ʟʛʽʜʥʦ ʟ [15], ʥʘ ʦʩʥʦʚʽ ʜʽʘʛʨʘʤʠ ʧʦʪʦʢʫ PRISMA 2020) 

ʂʦʨʦʪʢʠʡ ʦʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ, ʟʛʨʫʧʦʚʘʥʠʭ ʟʘ ʪʠʧʦʤ ʧʦʻʜʥʘʥʥʷ ʜʦʤʝʥʽʚ, ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 

3.1. 

ʊʘʙʣʠʮʷ 3.1. 

ɽʥʝʨʛʽʷ ʪʘ ʢʣʽʤʘʪ 

ɿ 2017 ʨʦʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʻʜʥʫʶʪʴ ʤʦʜʝʣʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ 

ʟ ʜʦʤʝʥʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʣʽʤʘʪʫ, ʤʽʩʴʢʦʛʦ ʢʣʽʤʘʪʫ ʪʘ ʚʝʥʪʠʣʷʮʽʾ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ TRNSYS, COMSOL, E+, ENVI-met, FLUENT ʪʘ 

CONTAM. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʯʝʨʝʟ ʩʪʽʥʠ, ʟʝʣʝʥʽ 

ʜʘʭʠ ʪʘ ʬʘʩʘʜʠ, ʢʝʨʫʚʘʥʥʷ ʚʝʥʪʠʣʷʮʽʻʶ, ʘʥʘʣʽʟ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʜʝʥʥʝ 

ʦʩʚʽʪʣʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ ʧʝʨʝʚʘʛʠ ʫ ʟʤʝʥʰʝʥʥʽ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʧʦʢʨʘʱʝʥʥʽ ʪʝʧʣʦʚʠʭ ʫʤʦʚ ʪʘ ʟʜʦʨʦʚôʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɽʥʝʨʛʽʷ ʪʘ 

ʧʦʚʝʜʽʥʢʘ/ʟʜʦʨʦʚôʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʄʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʘʛʝʥʪʽʚ, ʧʦʻʜʥʘʥʽ ʟ E+ ʪʘ Radiance, ʦʮʽʥʶʚʘʣʠ ʚʧʣʠʚ 

ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʂʽʣʴʢʘ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ 

ʧʨʠʩʚʷʯʝʥʽ COVID-19, ʧʦʢʘʟʘʚʰʠ, ʱʦ ʦʧʪʠʤʘʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ ʧʨʦʩʪʦʨʫ 

ʪʘ ʩʪʨʘʪʝʛʽʾ ʚʝʥʪʠʣʷʮʽʾ ʟʥʠʞʫʶʪʴ ʨʠʟʠʢ ʽʥʬʝʢʮʽʡ ʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ɽʥʝʨʛʽʷ ʪʘ 

ʘʢʫʩʪʠʢʘ 

ʋ 2021 ʨʦʮʽ ʙʫʣʦ ʽʥʪʝʛʨʦʚʘʥʦ ʟʚʫʢʦʽʟʦʣʷʮʽʶ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ʜʣʷ ʤʘʡʞʝ ʥʫʣʴʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʫʜʠʥʢʽʚ. 

ɽʥʝʨʛʽʷ ʪʘ 

ʞʠʪʪʻʚʠʡ ʮʠʢʣ 

Cellura ʪʘ ʽʥ. [4] ʨʦʟʨʦʙʠʣʠ ʽʥʩʪʨʫʤʝʥʪ LCA, ʧʦʚôʷʟʘʥʠʡ ʽʟ TRNSYS, 

ʷʢʠʡ ʙʫʣʦ ʚʝʨʠʬʽʢʦʚʘʥʦ ʥʘ ʧʨʠʢʣʘʜʽ ʞʠʪʣʦʚʦʾ ʙʫʜʽʚʣʽ ʚ ɯʪʘʣʽʾ. ʇʨʠ 

ʮʴʦʤʫ ʚʽʜʟʥʘʯʘʣʦʩʷ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʚʥʦʾ ʽʥʪʝʛʨʘʮʽʾ BESïLCA. 

ʇʦʚʝʜʽʥʢʘ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ 

ʋ 2021 ʨʦʮʽ BIM-ʦʨʽʻʥʪʦʚʘʥʝ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʻʜʥʘʣʦ ʧʦʞʝʞʥʫ 

ʜʠʥʘʤʽʢʫ ʟ ʤʦʜʝʣʣʶ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʘʛʝʥʪʽʚ. 
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ʧʦʞʝʞʥʘ ʙʝʟʧʝʢʘ ɿʘʩʪʦʩʦʚʘʥʦ ʜʦ ʰʢʦʣʠ ʚ ʄʦʥʨʝʘʣʽ ʜʣʷ ʦʮʽʥʢʠ ʧʣʘʥʽʚ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ ʝʚʘʢʫʘʮʽʾ, ʚʠʪʨʘʪ ʪʘ ʛʨʘʬʽʢʽʚ. 

 

ʎʝʡ ʦʛʣʷʜ ʧʽʜʢʨʝʩʣʶʻ, ʱʦ ʭʦʯʘ ʽʥʪʝʛʨʘʮʽʷ ʨʽʟʥʠʭ ʜʦʤʝʥʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʙʫʜʽʚʣʽ ʻ ʢʨʠʪʠʯʥʦʶ ʜʣʷ ʨʦʟʚʠʪʢʫ ʜʦʩʣʽʜʞʝʥʴ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ, 

ʙʨʘʢʫʻ ʨʦʙʽʪ, ʷʢʽ ʙ ʧʦʚʥʽʩʪʶ ʧʦʻʜʥʫʚʘʣʠ BES ʪʘ LCA, ʦʩʦʙʣʠʚʦ ʟ ʜʠʥʘʤʽʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. 

ɹʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʛʣʷʜʘʶʪʴ ʮʽ ʧʽʜʭʦʜʠ ʷʢ ʦʢʨʝʤʽ ʤʝʪʦʜʦʣʦʛʽʾ, ʽ ʣʠʰʝ ʦʜʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʤʘʛʘʣʦʩʷ ʾʭ ʽʥʪʝʛʨʫʚʘʪʠ, ʧʨʦʪʝ ʞʦʜʥʝ ʥʝ ʨʝʘʣʽʟʦʚʫʚʘʣʦ ʮʝ ʜʠʥʘʤʽʯʥʦ [4]. 

ʉʚʦʻʶ ʯʝʨʛʦʶ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ [15] ʧʨʝʜʩʪʘʚʣʷʻ ʚʽʜʢʨʠʪʫ BIM-ʦʨʽʻʥʪʦʚʘʥʫ 

ʘʨʭʽʪʝʢʪʫʨʫ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʤʦʞʣʠʚʽʩʪʶ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʟʘ ʯʘʩʦʤ, 

ʜʣʷ ʟʘʧʦʚʥʝʥʥʷ ʮʽʻʾ ʧʨʦʛʘʣʠʥʠ. ʎʝ ʧʝʨʰʘ ʘʨʭʽʪʝʢʪʫʨʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʪʽʩʥʫ ʽʥʪʝʛʨʘʮʽʶ E+ ʪʘ 

Brightway2 ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʚʨʠʩʪʠʯʥʠʭ ʘʙʦ ʩʧʨʦʱʝʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʧʝʨʰʠʡ 

ʬʨʝʡʤʚʦʨʢ BESïLCA ʜʣʷ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʠʡ ʥʘʜʘʻ ʜʠʥʘʤʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ LCA ʪʘ ʨʝʘʣʽʟʦʚʘʥʠʡ 

ʧʦʚʥʽʩʪʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʢʨʠʪʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (E+ ʪʘ BW2). 

4. ʌʈɽʁʄɺʆʈʂ ʂʆ-ʄʆɼɽʃʖɺɸʅʅʗ 

ʅʠʞʯʝ ʦʧʠʩʘʥʦ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʚʽʜʢʨʠʪʦʾ BIM-ʦʨʽʻʥʪʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ, 

ʨʦʟʨʦʙʣʝʥʦʾ ʫ ʜʦʩʣʽʜʞʝʥʥʽ Yeung ʪʘ ʽʥ. [15]. 

ʈʠʩ. 3.2 ʜʝʤʦʥʩʪʨʫʻ ʜʽʘʛʨʘʤʫ ʚʘʨʽʘʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʱʦ ʧʦʢʘʟʫʻ, ʷʢ ʧʨʦʻʢʪʘʥʪʠ ʪʘ 

ʤʝʥʝʜʞʝʨʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʮʶ ʘʨʭʽʪʝʢʪʫʨʫ, ʪʦʜʽ ʷʢ ʨʠʩ. 3.3 ʽʣʶʩʪʨʫʻ ʾʾ ʟʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ. 

ʋ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ ʩʪʨʽʣʢʠ ʥʘ ʨʠʩ. 3.3 ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ ʧʨʦʮʝʩʠ. 

 
ʈʠʩ. 3.2. ɼʽʘʛʨʘʤʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ 

4.1. ʂʦʤʧʦʥʝʥʪ 0: ɯʥʩʪʨʫʤʝʥʪʠ ʩʪʚʦʨʝʥʥʷ BIM-ʤʦʜʝʣʝʡ 

ʂʦʤʧʦʥʝʥʪ 0 (ʜʠʚ. ʨʠʩ. 3.3) ʦʭʦʧʣʶʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʬʦʨʤʘʪ IFC ʪʘ ʟʙʘʛʘʯʝʥʥʷ BIM-ʤʦʜʝʣʽ 

(ʧʨʦʮʝʩ 0.1). ʍʦʯʘ ʮʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʦʜʠʥ ʧʨʦʮʝʩ, ʥʘ ʩʭʝʤʽ ʡʦʛʦ ʧʦʜʘʥʦ ʫ ʜʚʘ ʝʪʘʧʠ, ʱʦʙ 

ʧʽʜʢʨʝʩʣʠʪʠ ʩʫʤʽʩʥʽʩʪʴ ʽʟ ʨʽʟʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʩʪʚʦʨʝʥʥʷ BIM-ʤʦʜʝʣʝʡ (ʥʘʧʨʠʢʣʘʜ, Revit, 

ArchiCAD ʘʙʦ ʙʫʜʴ-ʷʢʠʤ ʽʥʰʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʝʢʩʧʦʨʪ ʫ ʬʦʨʤʘʪ 

IFC*). 

(*ʧʦʧʝʨʝʜʥʴʦʶ ʫʤʦʚʦʶ ʻ ʥʘʷʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴʥʦʾ ʤʦʜʝʣʽ ʫ ʬʦʨʤʘʪʽ IFC). 

ɸʨʭʽʪʝʢʪʫʨʘ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʶʻ ʩʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʜʘʥʠʭ BIM. ʆʩʢʽʣʴʢʠ BIM-

ʤʦʜʝʣʽ ʟʘʟʚʠʯʘʡ ʩʪʚʦʨʶʶʪʴʩʷ ʜʣʷ ʮʽʣʝʡ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ BES, ʧʦʪʨʽʙʥʘ ʜʦʜʘʪʢʦʚʘ ʜʝʪʘʣʽʟʘʮʽʷ: 

1) ʫʩʽ ʧʨʠʤʽʱʝʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʷʢ çʧʨʦʩʪʦʨʠè (spaces) ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʾʭʥʽʭ ʪʠʧʽʚ 
(ʢʦʨʠʜʦʨ, ʦʬʽʩ, ʪʝʭʥʽʯʥʝ ʧʨʠʤʽʱʝʥʥʷ, ʩʘʥʚʫʟʦʣ ʪʦʱʦ); 

2) ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʪʝʧʣʦʚʽ ʟʦʥʠ ʜʣʷ ʦʢʨʝʤʠʭ ʧʨʠʤʽʱʝʥʴ ʘʙʦ ʛʨʫʧ; 

3) ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʤʘʪʝʨʽʘʣʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʂʨʦʢʠ 1 ʪʘ 2 ʻ ʪʠʧʦʚʠʤʠ ʜʣʷ ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʠʭ BIM-ʤʦʜʝʣʝʡ, ʪʦʜʽ ʷʢ ʢʨʦʢ 3 ʯʘʩʪʦ ʚʠʤʘʛʘʻ 

ʜʦʜʘʪʢʦʚʦʛʦ ʟʙʘʛʘʯʝʥʥʷ. ʅʘʚʽʪʴ ʷʢʱʦ ʝʢʩʧʦʨʪ IFC ʥʝ ʧʦʚʥʽʩʪʶ ʚʽʜʦʙʨʘʞʘʻ ʛʝʦʤʝʪʨʽʶ, ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʦʩʪʦʨʽʚ (spaces) ʚʠʨʽʰʫʻ ʮʶ ʧʨʦʙʣʝʤʫ. 

ɸʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʮʽ ʚʠʤʦʛʠ ʷʢ ʧʝʨʝʜʫʤʦʚʠ, ʦʩʢʽʣʴʢʠ BIM-ʤʦʜʝʣʽ ʟʘʟʚʠʯʘʡ ʫʞʝ ʤʽʩʪʷʪʴ 

ʧʨʦʩʪʦʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʤʦʜʝʣʶʚʘʥʥʷ BES, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 

ʜʫʙʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʥʘ ʧʦʜʘʣʴʰʠʭ ʝʪʘʧʘʭ. 
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ʈʠʩ. 3.3. ɺʽʜʢʨʠʪʘ BIM-ʦʨʽʻʥʪʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ 

 

4.2. ʂʦʤʧʦʥʝʥʪ 1: ʆʙʨʦʙʢʘ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ 

BIM ʜʦ BEM. ɿʙʘʛʘʯʝʥʘ BIM-ʤʦʜʝʣʴ ʫ ʬʦʨʤʘʪʽ IFC ʝʢʩʧʦʨʪʫʻʪʴʩʷ ʫ ʩʭʝʤʫ ʤʦʜʝʣʽ, ʷʢʘ ʤʦʞʝ 

ʙʫʪʠ ʽʤʧʦʨʪʦʚʘʥʘ ʚ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʧʝʨʝʢʣʘʜʫ, ʷʢʠʡ ʢʦʥʚʝʨʪʫʻ ʬʘʡʣ IFC ʫ ʬʦʨʤʘʪ Green Building XML 

(gbXML) ʘʙʦ HBjson (ʧʨʦʮʝʩ 1.2). 

ɿʙʘʛʘʯʝʥʥʷ BEM. ʌʘʡʣ gbXML ʘʙʦ HBjson ʽʤʧʦʨʪʫʻʪʴʩʷ (ʧʨʦʮʝʩ 1.2) ʫ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ 

ʽʥʪʝʨʬʝʡʩ. ʉʧʝʨʰʫ ʟ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʫ ʦʪʨʠʤʫʻʪʴʩʷ ʬʘʡʣ ʧʦʛʦʜʠ ʽ ʧʦʚôʷʟʫʻʪʴʩʷ ʟ ʽʤʧʦʨʪʦʚʘʥʦʶ 

ʤʦʜʝʣʣʶ gbXML/HBjson. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʙʘʛʘʯʝʥʥʷ BEM ʯʝʨʝʟ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ 

ʽʥʪʝʨʬʝʡʩ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 4.4, ʜʝ ʚʚʦʜʷʪʴʩʷ ʽʥʞʝʥʝʨʥʽ ʩʠʩʪʝʤʠ ʙʫʜʽʚʣʽ ʪʘ ʚʥʫʪʨʽʰʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

4.3. ʂʦʤʧʦʥʝʥʪ 3: ʆʮʽʥʢʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (LCA) 

ɿʙʘʛʘʯʝʥʘ BIM-ʤʦʜʝʣʴ ʫ ʬʦʨʤʘʪʽ IFC ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ LCA (ʧʨʦʮʝʩ 

1.1). ɯʥʩʪʨʫʤʝʥʪ BIM2LCA ʘʥʘʣʽʟʫʻ ʬʘʡʣ IFC ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʜʘʥʠʭ ʧʨʦ ʤʘʪʝʨʽʘʣʠ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʽʜʪʨʠʤʫʻ ʟʚôʷʟʢʠ ʤʽʞ ʘʢʪʠʚʥʦʩʪʷʤʠ (ʥʘʧʨʠʢʣʘʜ, ʟʘʤʽʰʫʚʘʥʥʷ ʙʝʪʦʥʫ) ʫ ʧʨʦʝʢʪʽ 

BW2 ʪʘ ʥʘʟʚʘʤʠ ʤʘʪʝʨʽʘʣʽʚ. ʄʘʪʝʨʽʘʣʠ ʦʪʨʠʤʫʶʪʴʩʷ ʟ ecoinvent 3.8, ʘ BIM2LCA ʚʢʣʶʯʘʻ 

ʩʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ ʟ Environmental Footprint 3.0 ï ʚʽʜʦʤʦʾ ʨʘʤʢʠ, ʧʽʜʪʨʠʤʫʚʘʥʦʾ ɭʚʨʦʧʝʡʩʴʢʠʤ 

ʩʧʽʣʴʥʠʤ ʜʦʩʣʽʜʥʠʮʴʢʠʤ ʮʝʥʪʨʦʤ (JRC) ʟ 2007 ʨʦʢʫ (ʫʟʘʛʘʣʴʥʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.2). ʎʝ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʘʥʜʘʨʪʥʠʡ ʥʘʙʽʨ ʢʘʪʝʛʦʨʽʡ ʚʧʣʠʚʫ ʪʘ ʽʥʜʠʢʘʪʦʨʽʚ, ʭʦʯʘ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʥʘʣʘʰʪʦʚʫʚʘʪʠ 

ʤʝʪʦʜʠ ʪʘ ʟʚôʷʟʢʠ. 

BW2 ʚʠʢʦʥʫʻ ʨʦʟʨʘʭʫʥʢʠ LCA ʥʘ ʦʩʥʦʚʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ BES (ʧʨʦʮʝʩ 2.2). ʅʘʧʨʠʢʣʘʜ, 

CTUh ʦʮʽʥʶʻ ʚʧʣʠʚ ʥʘ ʪʦʢʩʠʯʥʽʩʪʴ ʜʣʷ ʣʶʜʠʥʠ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʚʠʨʘʞʘʻʪʴʩʷ ʚ çWorld eq. 

deprivedè ʟʘ ʤʝʪʦʜʦʤ AWARE, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʦʜʫ, ʜʦʩʪʫʧʥʫ ʧʽʩʣʷ ʧʦʪʨʝʙ ʣʶʜʠʥʠ ʪʘ ʝʢʦʩʠʩʪʝʤʠ. 

ʂʦʨʠʩʪʫʚʘʯʽ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷʤ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʥʘʜʘʻ ʜʦʩʪʫʧ ʜʦ 

ʨʝʟʫʣʴʪʘʪʽʚ ʩʠʤʫʣʷʮʽʾ, ʜʦʟʚʦʣʷʻ ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʪʘ ʟʘʧʫʩʢʘʪʠ ʥʦʚʽ ʩʠʤʫʣʷʮʽʾ ʫ E+ ʘʙʦ ʚʠʢʦʥʫʚʘʪʠ 

LCA ʯʝʨʝʟ BW2. 
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ʈʠʩ. 3.4. ɯʥʪʝʨʬʝʡʩ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ 

4.4. ɺʠʢʦʥʘʥʥʷ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʉʠʤʫʣʷʮʽʷ ʛʝʥʝʨʫʻ ʬʘʡʣ .idf, ʷʢʠʡ ʥʘʜʩʠʣʘʻʪʴʩʷ ʫ ʩʝʤʘʥʪʠʯʥʝ ʩʭʦʚʠʱʝ ʜʘʥʠʭ CUSP (ʧʨʦʮʝʩ 

1.2) ʨʘʟʦʤ ʽʟ ʜʘʥʠʤʠ ʧʨʦ ʝʥʝʨʛʝʪʠʯʥʠʡ ʤʽʢʩ. ɼʘʣʽ BIM2LCA ʚʠʢʦʥʫʻ ʦʧʝʨʘʮʽʡʥʫ LCA ʪʘ ʟʙʝʨʽʛʘʻ 

ʨʝʟʫʣʴʪʘʪʠ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ ʚ CUSP. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʬʘʟ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʫ. 

ɯʥʪʝʛʨʫʶʯʠ BES ʚʩʴʦʛʦ ʙʫʜʠʥʢʫ ʪʘ LCA, ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʟʘ 

ʯʘʩʦʤ ʜʘʥʽ ʧʨʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʠʥʘʤʽʯʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʬʘʟʫ 

ʙʫʜʽʚʣʽ. ʅʘʩʪʫʧʥʽ ʨʦʟʜʽʣʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʘʣʽʜʘʮʽʶ ʢʝʡʩ-ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʽʣʶʩʪʨʫʻ ʮʽ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʟʘ ʯʘʩʦʤ ʨʝʟʫʣʴʪʘʪʠ. 

ʊʘʙʣʠʮʷ 3.2. 

ʂʘʪʝʛʦʨʽʷ ʚʧʣʠʚʫ ɯʥʜʠʢʘʪʦʨ ʆʜʠʥʠʮʷ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʇʦʪʝʥʮʽʘʣ ʦʙʤʝʞʝʥʥʷ ʚʦʜʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ 
ʤ3 world eq. 

deprived 

ʌʦʪʦʭʽʤʽʯʥʝ ʫʪʚʦʨʝʥʥʷ 

ʦʢʠʩʥʠʢʽʚ: ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ 
ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʦʟʦʥʫ ʢʛ NMVOC eq 

ʋʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ɺʧʣʠʚ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʯʝʨʝʟ PM2.5 
ɺʠʧʘʜʢʠ 

ʟʘʭʚʦʨʶʚʘʥʴ 

ʄʘʪʝʨʽʘʣʴʥʽ ʨʝʩʫʨʩʠ: 

ʤʝʪʘʣʠ/ʤʽʥʝʨʘʣʠ 
ɺʠʯʝʨʧʘʥʥʷ ʘʙʽʦʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʢʛ Sb eq 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ɯʥʜʝʢʩ ʷʢʦʩʪʽ ˇʨʫʥʪʫ ɹʝʟʨʦʟʤʽʨʥʠʡ 

ʊʦʢʩʠʯʥʽʩʪʴ ʜʣʷ ʣʶʜʠʥʠ: 

ʥʝʢʘʥʮʝʨʦʛʝʥʥʘ 

ʇʦʨʽʚʥʷʣʴʥʘ ʪʦʢʩʠʯʥʘ ʦʜʠʥʠʮʷ ʜʣʷ ʣʶʜʠʥʠ 

(CTUh) 
CTUh 

ʊʦʢʩʠʯʥʽʩʪʴ ʜʣʷ ʣʶʜʠʥʠ: 

ʢʘʥʮʝʨʦʛʝʥʥʘ 

ʇʦʨʽʚʥʷʣʴʥʘ ʪʦʢʩʠʯʥʘ ʦʜʠʥʠʮʷ ʜʣʷ ʣʶʜʠʥʠ 

(CTUh) 
CTUh 

ɽʚʪʨʦʬʽʢʘʮʽʷ: ʥʘʟʝʤʥʘ ʂʫʤʫʣʷʪʠʚʥʝ ʧʝʨʝʚʠʱʝʥʥʷ (AE) ʤʦʣ N eq 

ɽʚʪʨʦʬʽʢʘʮʽʷ: ʧʨʽʩʥʘ ʚʦʜʘ ʂʫʤʫʣʷʪʠʚʥʝ ʧʝʨʝʚʠʱʝʥʥʷ (AE) ʢʛ P eq 

ɽʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ: 

ʥʝʚʽʜʥʦʚʣʶʚʘʥʽ 

ɺʠʯʝʨʧʘʥʥʷ ʘʙʽʦʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ï ʚʠʢʦʧʥʝ 

ʧʘʣʠʚʦ (ADP-fossil) 
ʄɼʞ 
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ʂʘʪʝʛʦʨʽʷ ʚʧʣʠʚʫ ɯʥʜʠʢʘʪʦʨ ʆʜʠʥʠʮʷ 

ɿʤʽʥʘ ʢʣʽʤʘʪʫ 
ʈʘʜʽʘʮʽʡʥʝ ʬʦʨʩʫʚʘʥʥʷ ʷʢ ʛʣʦʙʘʣʴʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʧʦʪʝʧʣʽʥʥʷ (GWP100) 
ʢʛ CO2 eq 

5. ɺɸʃɯɼɸʎɯʗ ʇʈʀʂʃɸɼɯɺ 

ʌʨʝʡʤʚʦʨʢ ʜʣʷ ʢʦ-ʩʠʤʫʣʷʮʽʾ, ʦʧʠʩʘʥʠʡ ʚʠʱʝ [15], ʙʫʚ ʚʘʣʽʜʦʚʘʥʠʡ ʥʘ ʜʚʦʭ ʙʫʜʽʚʣʷʭ: 

ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʽʡ ʫ ʂʘʨʜʽʬʬʽ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ (3 ʧʦʚʝʨʭʠ, 3 728 ʤĮ) ʪʘ ʦʬʽʩʥʽʡ ʫ ʃʶʢʩʝʤʙʫʨʟʽ (5 

ʧʦʚʝʨʭʽʚ, 9 231 ʤĮ). ʄʦʜʝʣʴ ʫʥʽʚʝʨʩʠʪʝʪʫ ʩʪʚʦʨʶʚʘʣʘʩʷ ʚ Revit, ʦʬʽʩʫ ï ʚ ArchiCAD, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʩʫʤʽʩʥʽʩʪʴ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʟ ʦʙʦʤʘ ʬʦʨʤʘʪʘʤʠ. 

ʈʠʩ. 6.1 ʽ 6.2 ʧʦʢʘʟʫʶʪʴ IFC-ʤʦʜʝʣʽ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʽʤʧʦʨʪʦʚʘʥʽ ʧʨʠʤʽʱʝʥʥʷ ʚ OSA. 

ɼʣʷ ʢʦʞʥʦʾ ʙʫʜʽʚʣʽ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʪʨʠ ʨʽʯʥʽ ʩʮʝʥʘʨʽʾ: 

1) Building_Base ï ʪʠʧʦʚʘ ʟʘʡʥʷʪʽʩʪʴ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ; 

2) Building_reduced ï ʟʘʡʥʷʪʽʩʪʴ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʥʘ ʨʽʚʥʽ 2020 ʨʦʢʫ, ʚʧʣʠʚ COVID-19; 

3) Building_reduced 0 ht ï ʷʢ ʩʮʝʥʘʨʽʡ 2, ʘʣʝ ʟ ʟʤʝʥʰʝʥʠʤ ʦʧʘʣʝʥʥʷʤ ʫ ʥʝʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ. 

ʎʽ ʩʮʝʥʘʨʽʾ ʜʦʟʚʦʣʠʣʠ ʧʦʨʽʚʥʷʪʠ ʧʝʨʝʚʘʛʠ ʯʘʩʦʚʦ-ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʾ LCA ʟʽ ʩʪʘʪʠʯʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʽʜʢʨʝʩʣʶʶʯʠ ʚʧʣʠʚ ʟʤʽʥ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ. ʉʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʘ ʤʦʜʝʣʶʚʘʣʦʩʷ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ CUSP ʟ BW2, ʽʥʪʝʛʨʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ LCA ʫ 

BES ʽ ʧʦʚʝʨʪʘʶʯʠ ʟʤʽʥʠ ʥʘʟʘʜ ʫ BIM, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʰʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. 

 
ʈʠʩ. 6.1. IFC-ʤʦʜʝʣʴ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʾ ʙʫʜʽʚʣʽ (ʟʣʽʚʘ) ʪʘ ʽʤʧʦʨʪʦʚʘʥʽ ʧʨʠʤʽʱʝʥʥʷ ʚ OSA (ʩʧʨʘʚʘ) 

 
ʈʠʩ. 6.2. IFC-ʤʦʜʝʣʴ ʦʬʽʩʥʦʾ ʙʫʜʽʚʣʽ (ʟʣʽʚʘ) ʪʘ ʽʤʧʦʨʪʦʚʘʥʽ ʧʨʠʤʽʱʝʥʥʷ ʚ OSA (ʩʧʨʘʚʘ) 

5.1. ʇʨʠʢʣʘʜ 1: ʋʥʽʚʝʨʩʠʪʝʪʩʴʢʘ ʙʫʜʽʚʣʷ, ʂʘʨʜʽʬʬ 

ʈʠʩ. 6.3 ʧʦʢʘʟʫʻ ʨʝʟʫʣʴʪʘʪʠ LCA ʜʣʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʩʣʽʜʫ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʾ ʙʫʜʽʚʣʽ, ʚʠʭʦʜʷʯʠ ʟ 50-ʨʽʯʥʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ. ʇʦʪʨʝʙʘ ʚ ʤʘʪʝʨʽʘʣʘʭ ʜʦʤʽʥʫʻ ʫ 

ʙʽʣʴʰʦʩʪʽ ʢʘʪʝʛʦʨʽʡ ʚʧʣʠʚʫ, ʚʢʣʶʯʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʝʤʝʣʴ, ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʚʧʣʠʚʦʤ ʥʘ 

ʟʜʦʨʦʚôʷ ʣʶʜʝʡ ʽ ʝʢʦʩʠʩʪʝʤʠ, ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʦʜʥʦʯʘʩ 

ʩʧʦʞʠʚʘʥʥʷ ʦʧʘʣʝʥʥʷ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ ʟʥʘʯʫʱʠʤ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʤʽʥ ʢʣʽʤʘʪʫ, 

ʜʝʤʦʥʩʪʨʫʶʯʠ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʶ ʝʥʝʨʛʽʻʶ. 

ʈʠʩ. 6.4 ʜʝʪʘʣʽʟʫʻ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʟʘ ʪʠʧʦʤ ʤʘʪʝʨʽʘʣʫ. ɹʝʪʦʥ ʤʘʻ ʥʘʡʙʽʣʴʰʠʡ ʚʥʝʩʦʢ (43ï

92 %) ʯʝʨʝʟ ʚʠʩʦʢʠʡ ʩʣʽʜ ʪʘ ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ BIM. ɻʽʧʩ ʜʦʤʽʥʫʻ ʫ ʚʧʣʠʚʽ ʥʘ 

ʨʝʩʫʨʩʠ ʤʘʪʝʨʽʘʣʽʚ (50 %), ʪʦʜʽ ʷʢ ʩʪʘʣʴ ʟʘʙʝʟʧʝʯʫʻ 14ï36 % ʚʥʝʩʢʫ ʫ ʢʘʥʮʝʨʦʛʝʥʥʽ ʝʬʝʢʪʠ. 
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ʈʠʩ. 6.5 ʧʦʢʘʟʫʻ ʚʧʣʠʚ ʟʤʽʥ ʢʣʽʤʘʪʫ ʟʘ ʪʨʴʦʤʘ ʩʮʝʥʘʨʽʷʤʠ: Base, Reduced ʪʘ Reduced_0 ht. 

ɿʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʡʥʷʪʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʢʦʨʦʪʠʣʦ ʟʘʛʘʣʴʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʥʘ 56 %, ʱʦ 

ʟʨʦʩʣʦ ʜʦ 61 % ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʧʦʪʨʝʙʠ ʚ ʦʧʘʣʝʥʥʽ. ʏʝʨʝʟ ʣʽʥʽʡʥʫ ʩʪʨʫʢʪʫʨʫ LCA ʧʦʜʽʙʥʝ 

ʟʥʠʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʩʽʭ ʢʘʪʝʛʦʨʽʷʭ ʚʧʣʠʚʫ. 

ɻʨʘʬʽʢʠ GWP ʥʘ ʨʠʩ. 6.5 ʽ 6.9 ʩʧʨʦʱʝʥʽ ʜʦ ʱʦʤʽʩʷʯʥʠʭ ʟʥʘʯʝʥʴ, ʪʦʜʽ ʷʢ ʧʦʚʥʽ ʜʘʥʽ ʟ 10-

ʭʚʠʣʠʥʥʠʤ ʢʨʦʢʦʤ ʜʦʩʪʫʧʥʽ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ. 

 
ʈʠʩ. 6.3. ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʾ ʙʫʜʽʚʣʽ, ʱʦ ʧʦʢʘʟʫʶʪʴ 

ʚʥʝʩʦʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʦʧʘʣʝʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʪʷʛʦʤ ʦʮʽʥʶʚʘʥʦʛʦ ʧʝʨʽʦʜʫ (ʨʝʟʫʣʴʪʘʪʠ 

ʥʦʨʤʘʣʽʟʦʚʘʥʦ ʚʽʜʥʦʩʥʦ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʢʦʞʥʽʡ ʢʘʪʝʛʦʨʽʾ ʚʧʣʠʚʫ) 

ʇʦʨʽʚʥʷʥʥʷ ʨʠʩ. 6.3ï6.4 (ʩʪʘʪʠʯʥʘ LCA) ʟ ʨʠʩ. 6.5ï6.6 (ʯʘʩʦʚʘ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ LCA) 

ʧʽʜʢʨʝʩʣʶʻ ʧʝʨʝʚʘʛʫ ʦʩʪʘʥʥʴʦʾ: ʧʨʦʻʢʪʫʚʘʣʴʥʠʢʠ ʤʦʞʫʪʴ ʙʘʯʠʪʠ, ʷʢʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ 

ʚʧʣʠʚ ʽ ʢʦʣʠ ʩʘʤʝ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʮʽʣʴʦʚʽ ʚʪʨʫʯʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʟʤʽʥʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʤʘʣʠ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ GWP ʫ ʪʨʘʚʥʽ, ʘʣʝ ʤʽʥʽʤʘʣʴʥʠʡ ʝʬʝʢʪ ʫ ʛʨʫʜʥʽ. 

ʌʨʝʡʤʚʦʨʢ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʧʦʧʠʪ ʥʘ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʩʮʝʥʘʨʽʾʚ ʯʝʨʝʟ 

ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ (ʜʠʚ. ʨʠʩ. 4.4), ʭʦʯʘ ʮʝ ʚʠʭʦʜʠʣʦ ʟʘ ʤʝʞʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʞʝ ʧʦʙʫʜʦʚʘʥʦʾ 

ʙʫʜʽʚʣʽ. ʊʘʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʥʘʡʙʽʣʴʰ ʜʦʨʝʯʥʘ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʦʙôʻʢʪʽʚ. 

 
ʈʠʩ. 6.4. ɸʥʘʣʽʟ ʚʥʝʩʢʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʘʪʝʨʽʘʣʽʚ ʫ ʟʘʛʘʣʴʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ, ʧʦʚôʷʟʘʥʠʡ ʽʟ 

ʧʦʪʨʝʙʦʶ ʚ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ 
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ʈʠʩ. 6.5. ʈʽʯʥʽ ʯʘʩʦʚʽ ʨʷʜʠ ʨʝʟʫʣʴʪʘʪʽʚ LCA ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ 

ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʾ ʙʫʜʽʚʣʽ (ʢʛ CO2-ʝʢʚ.) ʫ ʪʨʴʦʭ ʨʦʟʛʣʷʥʫʪʠʭ ʩʮʝʥʘʨʽʷʭ 

 
ʈʠʩ. 6.6. ʑʦʛʦʜʠʥʥʠʡ ʚʧʣʠʚ ʟʤʽʥ ʢʣʽʤʘʪʫ ʥʘ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʫ ʙʫʜʽʚʣʶ ʚ ʂʘʨʜʽʬʬʽ ʧʨʦʪʷʛʦʤ ʪʨʘʚʥʷ 

5.2. ʇʨʠʢʣʘʜ 2: ʆʬʽʩʥʘ ʙʫʜʽʚʣʷ, ɹʝʣʚʘʣʴ 

ʈʠʩ. 6.7 ʧʦʢʘʟʫʻ ʨʝʟʫʣʴʪʘʪʠ LCA ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʽ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʙʫʜʽʚʣʽ. ʗʢ ʽ ʚ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʨʠʢʣʘʜʽ, ʤʘʪʝʨʽʘʣʠ ʜʦʤʽʥʫʶʪʴ ʫ ʙʽʣʴʰʦʩʪʽ ʢʘʪʝʛʦʨʽʡ ʚʧʣʠʚʫ, ʪʦʜʽ ʷʢ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʻ ʙʽʣʴʰ ʟʥʘʯʫʱʠʤ ʜʣʷ ʟʤʽʥ ʢʣʽʤʘʪʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. 

 
ʈʠʩ. 6.7. ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʦʬʽʩʥʦʾ ʙʫʜʽʚʣʽ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʚʥʝʩʦʢ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʦʧʘʣʝʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʪʷʛʦʤ ʦʮʽʥʶʚʘʥʦʛʦ ʧʝʨʽʦʜʫ (ʨʝʟʫʣʴʪʘʪʠ ʥʦʨʤʘʣʽʟʦʚʘʥʦ 

ʚʽʜʥʦʩʥʦ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʢʦʞʥʽʡ ʢʘʪʝʛʦʨʽʾ ʚʧʣʠʚʫ) 

ɹʽʣʴʰʝ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʘ ʟʘ ʜʘʥʠʤʠ BES ʧʽʜʚʠʱʫʻ ʾʭʥʽʡ ʚʥʝʩʦʢ ʫ 

ʙʽʣʴʰʽʩʪʴ ʢʘʪʝʛʦʨʽʡ, ʟʦʢʨʝʤʘ ʫ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ. ɼʦʜʘʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 
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ʤʘʪʝʨʽʘʣʽʚ ʫ BIM, ʥʘʧʨʠʢʣʘʜ ʬʘʥʝʨʠ (ʜʠʚ. ʨʠʩ. 6.8), ʪʘʢʦʞ ʟʙʽʣʴʰʫʻ ʚʧʣʠʚ ʤʘʪʝʨʽʘʣʽʚ ʫ ʪʘʢʠʭ 

ʢʘʪʝʛʦʨʽʷʭ, ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

 
ʈʠʩ. 6.8. ɸʥʘʣʽʟ ʚʥʝʩʢʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʘʪʝʨʽʘʣʽʚ ʫ ʟʘʛʘʣʴʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ, ʧʦʚôʷʟʘʥʠʡ ʽʟ 

ʧʦʪʨʝʙʦʶ ʚ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʧʘʜʢʫ ʟ ʂʘʨʜʽʬʬʦʤ, ʩʪʘʣʴ ʚʽʜʩʫʪʥʷ, ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʟʘʣʝʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʽʜ ʷʢʦʩʪʽ BIM-ʤʦʜʝʣʽ. 

ʈʠʩ. 6.9 ʜʝʤʦʥʩʪʨʫʻ ʚʧʣʠʚ ʟʤʽʥ ʢʣʽʤʘʪʫ ʟʘ ʪʨʴʦʤʘ ʩʮʝʥʘʨʽʷʤʠ. ɿʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʡʥʷʪʦʩʪʽ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʩʮʝʥʘʨʽʾ çReducedè ʟʥʠʟʠʣʦ ʟʘʛʘʣʴʥʠʡ ʝʬʝʢʪ ʥʘ 72 %, ʘ ʚ ʩʮʝʥʘʨʽʾ çReduced_0 htè 

ï ʜʦ 74 % ʟʘʚʜʷʢʠ ʤʝʥʰʦʤʫ ʧʦʧʠʪʫ ʥʘ ʦʧʘʣʝʥʥʷ. 

 
ʈʠʩ. 6.9. ʈʽʯʥʽ ʯʘʩʦʚʽ ʨʷʜʠ ʨʝʟʫʣʴʪʘʪʽʚ LCA ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʦʬʽʩʥʦʾ ʙʫʜʽʚʣʽ 

(ʢʛ CO2-ʝʢʚ.) ʫ ʪʨʴʦʭ ʨʦʟʛʣʷʥʫʪʠʭ ʩʮʝʥʘʨʽʷʭ 

 

ʈʝʟʫʣʴʪʘʪʠ ʟ ʯʘʩʦʚʦʶ ʜʠʬʝʨʝʥʮʽʘʮʽʻʶ (ʜʠʚ. ʨʠʩ. 6.9, 6.10) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʪʨʫʯʘʥʥʷ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʶʪʴ ʫ ʧʝʨʽʦʜ ʟ ʣʶʪʦʛʦ ʧʦ ʪʨʘʚʝʥʴ, ʤʝʥʰʦʶ ʤʽʨʦʶ ï ʫ ʯʝʨʚʥʽ ʪʘ ʣʠʩʪʦʧʘʜʽ, ʪʦʜʽ ʷʢ ʜʝʷʢʽ 

ʱʦʜʝʥʥʽ ʟʤʽʥʠ ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʠʡ ʝʬʝʢʪ. 

ʏʘʩʦʚʘ ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʚ LCA (ʦʮʽʥʮʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ) ʜʘʻ ʟʤʦʛʫ ʪʦʯʥʽʰʝ ʦʮʽʥʶʚʘʪʠ 

ʝʢʦʣʦʛʽʯʥʽ ʚʧʣʠʚʠ ʚ ʜʠʥʘʤʽʮʽ, ʚʠʟʥʘʯʘʪʠ ʧʝʨʽʦʜʠ, ʢʦʣʠ ʟôʷʚʣʷʶʪʴʩʷ ʧʝʨʝʚʘʛʠ, ʪʘ ʜʦʧʦʤʘʛʘʻ 

ʧʨʦʻʢʪʫʚʘʣʴʥʠʢʘʤ ʽ ʤʝʥʝʜʞʝʨʘʤ ʝʬʝʢʪʠʚʥʽʰʝ ʩʧʨʷʤʦʚʫʚʘʪʠ ʟʘʭʦʜʠ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. 
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ʈʠʩ. 6.10. ʑʦʛʦʜʠʥʥʠʡ ʚʧʣʠʚ ʟʤʽʥ ʢʣʽʤʘʪʫ ʥʘ ʦʬʽʩʥʫ ʙʫʜʽʚʣʶ ʚ ɹʝʣʚʘʣʽ ʧʨʦʪʷʛʦʤ ʪʨʘʚʥʷ 

6. ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ 

Yeung ʪʘ ʽʥ. [15] ʨʦʟʨʦʙʠʣʠ ʪʘ ʚʝʨʠʬʽʢʫʚʘʣʠ ʚʽʜʢʨʠʪʫ BIM-ʦʨʽʻʥʪʦʚʘʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʢʦ-

ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʽʥʪʝʛʨʫʻ ʝʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ (BES, EnergyPlus ï E+) ʪʘ ʦʮʽʥʢʫ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (LCA, Brightway2 ï BW2) ʜʣʷ ʧʦʚʥʠʭ ʙʫʜʽʚʝʣʴ ʥʘ ʝʪʘʧʘʭ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ ʧʝʨʰʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʪʽʩʥʫ ʽʥʪʝʛʨʘʮʽʶ ʮʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʚʢʣʶʯʥʦ ʟ 

ʥʘʮʽʦʥʘʣʴʥʦ ʩʭʚʘʣʝʥʠʤ ʇɿ ʜʣʷ BES ʫ ɺʝʣʠʢʽʡ ɹʨʠʪʘʥʽʾ, ʜʦʟʚʦʣʷʶʯʠ ʩʪʚʦʨʶʚʘʪʠ ʜʠʥʘʤʽʯʥʠʡ 

ʽʥʚʝʥʪʘʨ ʜʣʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʦʧʘʣʝʥʥʷ ʪʘ ʚʦʜʠ. ʊʘʢʘ ʽʥʪʝʛʨʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʯʘʩʦʚʫ ʜʠʬʝʨʝʥʮʽʘʮʽʶ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʧʽʜʚʠʱʫʶʯʠ ʾʭʥʶ ʪʦʯʥʽʩʪʴ ʽ ʜʝʪʘʣʽʟʘʮʽʶ ʚ ʢʦʥʢʨʝʪʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʝʪʘʧʫ ʩʪʚʦʨʝʥʥʷ BIM-ʤʦʜʝʣʽ ʟʤʝʥʰʫʻ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ, ʯʘʩ ʽ 

ʚʠʪʨʘʪʠ, ʦʩʢʽʣʴʢʠ ʫʩʫʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʚ ʨʽʟʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ. ɺʽʜʢʨʠʪʘ BIM-ʧʨʠʨʦʜʘ ʘʨʭʽʪʝʢʪʫʨʠ ʟʥʠʞʫʻ ʙʘʨôʻʨʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʨʦʙʣʷʯʠ ʢʦ-

ʤʦʜʝʣʶʚʘʥʥʷ BESïLCA ʜʦʩʪʫʧʥʠʤ ʜʣʷ ʦʢʨʝʤʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʤʘʣʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʘ ʪʘʢʦʞ 

ʩʪʠʤʫʣʶʻ ʰʠʨʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ BIM. ʅʘʡʙʽʣʴʰ ʪʨʫʜʦʤʽʩʪʢʽ ʟʘʚʜʘʥʥʷ ï ʩʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʽʾ, 

ʚʚʝʜʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʨʦʟʢʣʘʜʽʚ ï ʦʧʪʠʤʽʟʫʶʪʴʩʷ ʟʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ 

ʧʝʨʝʪʚʦʨʝʥʥʶ ʪʘ ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʢʦʨʠʩʪʫʚʘʮʴʢʦʤʫ ʽʥʪʝʨʬʝʡʩʫ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʧʨʦʪʝʩʪʦʚʘʥʦ ʪʨʠ ʩʮʝʥʘʨʽʾ, ʱʦ ʚʽʜʦʙʨʘʞʘʣʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʽʚʝʣʴ ʧʽʜ 

ʯʘʩ COVID-19, ʽ ʧʽʜʪʚʝʨʜʞʝʥʦ ʪʘʢʽ ʧʝʨʝʚʘʛʠ, ʷʢ ʰʚʠʜʢʝ ʪʝʩʪʫʚʘʥʥʷ, ʧʘʨʘʣʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʽʜʩʠʩʪʝʤ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. ɿʘʛʘʣʦʤ, ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʪʦʨʶʚʘʥʠʡ ʽ 

ʧʨʘʢʪʠʯʥʠʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʜʠʥʘʤʽʯʥʦʾ LCA ʥʘ ʦʩʥʦʚʽ BIM, ʟʤʝʥʰʫʶʯʠ ʯʘʩ ʽ ʚʠʪʨʘʪʠ, 

ʧʽʜʪʨʠʤʫʶʯʠ ʘʥʘʣʽʟ ʩʮʝʥʘʨʽʾʚ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʮʽʣʝʡ ʥʘ ʛʣʦʙʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʣʷ 

ʜʦʩʣʽʜʥʠʢʽʚ, ʧʨʦʻʢʪʘʥʪʽʚ, ʤʝʥʝʜʞʝʨʽʚ ʽ ʧʦʣʽʪʠʢʽʚ. 

7. ʆɹʄɽɾɽʅʅʗ 

ɸʚʪʦʨʠ ʟʛʘʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʦʙʤʝʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʢʦ-

ʤʦʜʝʣʶʚʘʥʥʷ. ʍʦʯʘ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ çʚʽʜʢʨʠʪʠʡè ʧʽʜʭʽʜ, ʚʽʥ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʦ BIM-ʤʦʜʝʣʝʡ, 

ʩʪʚʦʨʝʥʠʭ ʫ ʧʨʦʧʨʽʻʪʘʨʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ. ɻʝʦʤʝʪʨʠʯʥʽ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʫʩʫʚʘʣʠʩʷ ʰʣʷʭʦʤ 

ʟʙʘʛʘʯʝʥʥʷ ʤʦʜʝʣʝʡ ʧʨʦʩʪʦʨʘʤʠ, ʱʦ ʙʫʣʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʢʦʥʪʝʢʩʪʫ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʪʦʯʥʘ 

ʚʽʟʫʘʣʴʥʘ ʛʝʦʤʝʪʨʽʷ ʥʝ ʙʫʣʘ ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɯʥʰʽ ʟʘʚʜʘʥʥʷ ʟʙʘʛʘʯʝʥʥʷ ʚʢʣʶʯʘʣʠ ʜʘʥʽ ʧʨʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʽʣʷʥʢʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ, ʪʦʜʽ ʷʢ ʚʥʫʪʨʽʰʥʽ ʪʝʧʣʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʠʩʪʝʤʠ ʪʘ ʛʨʘʬʽʢʠ 

ʜʦʜʘʚʘʣʠʩʴ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ OSM. ɯʥʪʝʛʨʘʮʽʷ EnergyPlus (E+) ʪʘ Brightway2 (BW2) ʧʽʜʪʨʠʤʫʚʘʣʘ 

ʜʠʥʘʤʽʯʥʠʡ ʽʥʚʝʥʪʘʨ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʢʠ, ʦʧʘʣʝʥʥʷ ʪʘ ʚʦʜʠ, ʧʨʦʪʝ ʬʦʥʦʚʘ ʦʙʨʦʙʢʘ ʩʧʠʨʘʣʘʩʷ 

ʥʘ ʩʪʘʪʠʯʥʽ ʜʘʥʽ ʟ ecoinvent. 

ɼʚʘ ʢʝʡʩ-ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʥʝʜʦʤʘʰʥʽʭ ʙʫʜʽʚʝʣʴ ʧʦʢʘʟʘʣʠ ʟʘʣʝʞʥʽʩʪʴ ʧʽʜʭʦʜʫ ʚʽʜ ʷʢʦʩʪʽ 

BIM, ʧʽʜʢʨʝʩʣʶʶʯʠ ʧʦʪʨʝʙʫ ʚ ʢʝʨʽʚʥʠʮʪʚʽ ʱʦʜʦ ʤʽʥʽʤʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. ʅʘ ʧʨʘʢʪʠʮʽ ʙʽʣʴʰʽʩʪʴ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʪʚʦʨʶʶʪʴ ʫ ʧʨʦʧʨʽʻʪʘʨʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ, ʪʘʢʠʭ ʷʢ IES, ʯʝʨʝʟ ʧʽʜʪʨʠʤʢʫ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘ, ʪʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʘʨʭʽʪʝʢʪʫʨʠ ʚʠʤʘʛʘʻ, ʱʦʙ ʢʦʥʩʘʣʪʠʥʛʦʚʽ ʢʦʤʧʘʥʽʾ ʤʘʣʠ 

ʜʦʩʪʘʪʥʽʡ ʚʥʫʪʨʽʰʥʽʡ ʜʦʩʚʽʜ, ʱʦ ʥʝ ʟʘʚʞʜʠ ʜʦʩʪʫʧʥʦ. 
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8. ɺʀʉʅʆɺʂʀ 

1. ʂʣʶʯʦʚʘ ʧʨʦʛʘʣʠʥʘ ʧʦʣʷʛʘʻ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʪʽʩʥʦ ʽʥʪʝʛʨʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ, 

ʱʦ ʧʦʻʜʥʫʶʪʴ ʝʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ (BES) ʪʘ ʦʮʽʥʢʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (LCA). ʆʛʣʷʜ 

ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʣʠʰʝ ʦʜʥʘ ʧʦʧʝʨʝʜʥʷ ʩʧʨʦʙʘ ʪʘʢʦʾ ʽʥʪʝʛʨʘʮʽʾ ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ, 

ʧʽʜʢʨʝʩʣʶʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. ʎʝʥʪʨʘʣʴʥʝ ʧʠʪʘʥʥʷ ʟʚʫʯʘʣʦ ʪʘʢ: ʷʢ ʪʽʩʥʘ 

ʽʥʪʝʛʨʘʮʽʷ BES ʽ LCA ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʽʚʣʷʤʠ? 

2. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʚʽʜʢʨʠʪʘ BIM-ʦʨʽʻʥʪʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʢʦ-

ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʧʦʻʜʥʫʻ EnergyPlus (E+) ʪʘ Brightway2 (BW2), ʽ ʾʾ ʙʫʣʦ ʚʝʨʠʬʽʢʦʚʘʥʦ ʥʘ ʜʚʦʭ 

ʢʝʡʩ-ʜʦʩʣʽʜʞʝʥʥʷʭ ʫ ɺʝʣʠʢʽʡ ɹʨʠʪʘʥʽʾ ʪʘ ʃʶʢʩʝʤʙʫʨʟʽ. ʂʦʞʥʘ ʙʫʜʽʚʣʷ ʦʮʽʥʶʚʘʣʘʩʴ ʫ ʪʨʴʦʭ 

ʩʮʝʥʘʨʽʷʭ, ʦʭʦʧʣʶʶʯʠ ʷʢ ʢʦʥʩʪʨʫʢʪʠʚʥʫ, ʪʘʢ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʬʘʟʫ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ 

ʧʝʨʝʚʘʛʠ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʾ ʟʘ ʯʘʩʦʤ LCA ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʪʘʪʠʯʥʠʤʠ ʦʮʽʥʢʘʤʠ: ʝʢʦʣʦʛʽʯʥʽ ʚʧʣʠʚʠ 

ʤʦʞʥʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʜʠʥʘʤʽʯʥʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʪʦʯʥʫ ʪʘ ʜʝʪʘʣʽʟʦʚʘʥʫ ʦʮʽʥʢʫ. ʎʝ ʜʘʻ 

ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ, ʢʦʣʠ ʽ ʜʝ ʚʪʨʫʯʘʥʥʷ ʜʘʻ ʥʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ. 

3. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʢʦ-ʤʦʜʝʣʶʚʘʥʥʷ BESïLCA ʧʨʦʩʫʚʘʻ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʥʘʫʢʠ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʦʯʥʠʡ ʪʘ ʧʦʚʪʦʨʶʚʘʥʠʡ ʧʨʦʮʝʩ. ɼʣʷ ʧʨʘʢʪʠʢʠ ʚʦʥʘ ʩʣʫʞʠʪʴ ʧʨʘʢʪʠʯʥʠʤ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ LCA ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ BIM, ʩʢʦʨʦʯʫʶʯʠ ʯʘʩ ʽ 

ʚʠʪʨʘʪʠ ʪʘ ʧʽʜʪʨʠʤʫʶʯʠ ʜʦʩʷʛʥʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʮʽʣʝʡ. ɸʨʭʽʪʝʢʪʫʨʘ, ʚʝʨʠʬʽʢʦʚʘʥʘ ʥʘ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʝʡʩ-ʜʦʩʣʽʜʞʝʥʥʷʭ, ʤʘʻ ʛʣʦʙʘʣʴʥʫ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʜʦʩʣʽʜʥʠʢʘʤʠ, ʧʨʘʢʪʠʢʘʤʠ ʪʘ ʧʦʣʽʪʠʢʘʤʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʪʠʯʥʦʾ LCA, ʷʢʘ ʣʠʰʝ ʚʠʟʥʘʯʘʻ, ʷʢʽ 

ʚʧʣʠʚʠ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʮʝʡ ʧʽʜʭʽʜ ʧʦʢʘʟʫʻ ʪʘʢʦʞ ʢʦʣʠ ʚʦʥʠ ʻ ʥʘʡʟʥʘʯʥʽʰʠʤʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰ 

ʧʦʚʥʝ ʪʘ ʮʽʣʽʩʥʝ ʨʦʟʫʤʽʥʥʷ ʧʦʚʝʜʽʥʢʠ ʙʫʜʽʚʣʽ. 
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4. ʈʆɿʈʆɹʂɸ 3D-ʄʆɼɽʃɯ ʉʀʉʊɽʄ ʌʆʈʄʋɺɸʅʅʗ ʄɯʂʈʆʂʃɯʄɸʊʋ 

ɻʈʆʄɸɼʉʔʂʀʍ ɹʋɼɯɺɽʃʔ ɿɸ ɼʆʇʆʄʆɻʆʖ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ 

LINEAR  

 

ʉ. ɻ. ʈʠʙʘʯʦʚ  

ɸ.ʉ. ʄʦʩʢʚʽʪʽʥʘ  

 

1. ʈʦʟʨʦʙʢʘ BIM ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ. 

 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʙʫʜʽʚʣʽ ʩʢʣʘʜʥʠʡ, ʪʨʫʜʦʤʽʩʪʢʠʡ ʽ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʧʨʦʮʝʩ ʚ ʷʢʦʤʫ ʟʘʜʽʷʥʦ 

ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ. 

 

 
ʈʠʩ. 4.1 ï ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ BIM-ʧʨʦʝʢʪʫ 

 

ʂʦʞʝʥ, ʭʪʦ ʙʝʨʝ ʫʯʘʩʪʴ, ʧʦʚʠʥʝʥ ʯʽʪʢʦ ʫʷʚʣʷʪʠ ʩʚʦʶ ʟʘʜʘʯʫ ʽ ʦʙʦʚôʷʟʢʠ ʚ ʦʨʛʘʥʽʟʘʮʽʾ. ʅʘʟʚʠ 

ʧʦʩʘʜ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʪʦʤʫ ʤʦʞʫʪʴ ʪʨʘʧʣʷʪʠʩʷ ʽ ʚʽʜʤʽʥʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ IT-ʽʥʜʫʩʪʨʽʾ ʨʦʟʚʠʪʦʢ ʩʧʝʮʽʘʣʽʩʪʘ ʚʽʜ ʧʦʯʘʪʢʽʚʮʷ ʜʦ ʩʪʘʨʰʦʛʦ ʩʧʝʮʽʘʣʽʩʪʘ ʚʢʣʶʯʘʻ 

ʢʽʣʴʢʘ ʝʪʘʧʽʚ: trainee (ʩʪʘʞʠʩʪ) - ʦʪʨʠʤʘʥʥʷ ʙʘʟʦʚʠʭ ʟʥʘʥʴ ʪʘ ʥʘʚʠʯʦʢ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ 

ʜʦʩʚʽʜʯʝʥʠʭ ʢʦʣʝʛ; junior ʩʧʝʮʽʘʣʽʩʪ - ʚʠʢʦʥʘʥʥʷ ʧʨʦʩʪʠʭ ʟʘʚʜʘʥʴ ʩʘʤʦʩʪʽʡʥʦ, ʧʦʩʪʫʧʦʚʝ ʥʘʙʫʪʪʷ 

ʜʦʩʚʽʜʫ; middle ʩʧʝʮʽʘʣʽʩʪ - cʘʤʦʩʪʽʡʥʝ ʚʠʢʦʥʘʥʥʷ ʩʢʣʘʜʥʽʰʠʭ ʟʘʚʜʘʥʴ, ʧʦʯʘʪʦʢ ʫʯʘʩʪʽ ʫ ʚʝʣʠʢʠʭ 

ʧʨʦʻʢʪʘʭ; senior - ʧʦʚʥʘ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʚʝʣʠʢʽ ʧʨʦʻʢʪʠ, ʥʘʩʪʘʚʥʠʮʪʚʦ ʤʦʣʦʜʰʠʭ ʢʦʣʝʛ, 

ʧʨʠʡʥʷʪʪʷ ʩʪʨʘʪʝʛʽʯʥʠʭ ʨʽʰʝʥʴ. 

ʉʧʽʚʨʦʙʽʪʥʠʢʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦʝʢʪʥʽ ʨʦʙʦʪʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʥʘʟʠʚʘʪʠʩʷ ʧʦ-

ʨʽʟʥʦʤʫ, ʧʨʦʪʝ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʰʠʬʨʠ ʨʦʟʜʽʣʽʚ ʜʦʢʫʤʝʥʪʘʮʽʾ ʷʢ ʩʫʬʽʢʩ ʜʦ ʧʦʩʘʜʠ 

ʽʥʞʝʥʝʨʘ ʷʢ ʪʦ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢ ʆɺ, ɺʂ ʯʠ ɸʈ ʘʙʦ ʞ ʥʘ ʘʥʛʣʽʡʩʴʢʽʡ ʤʦʚʽ HVAC, WSS, AR ʪʦʱʦ.  

 

1.1 ɽʪʘʧʠ ʨʦʟʨʦʙʢʠ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ (BIM) 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʢʠ ʨʦʟʜʽʣʫ ʆɺ ʘʙʦ ʞ HVAC. ʉʣʽʜ 

ʨʦʟʛʣʷʥʫʪʠ ʪʘʢʽ ʚʘʞʣʠʚʽ ʝʪʘʧʠ ʚʩʴʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ, ʚʠʭʦʜʷʯʠ ʟ ʧʨʠʢʣʘʜʫ ʧʨʦʝʢʪʫ (ʨʠʩ. 4.2). 

ɸʨʭʽʪʝʢʪʦʨ ʦʪʨʠʤʫʻ ʪʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ, ʩʪʚʦʨʶʻ ʙʘʟʦʚʫ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ, ʚʠʢʦʥʫʻ ʧʦʧʝʨʝʜʥʶ 

ʧʝʨʝʚʽʨʢʫ ʩʚʦʛʦ ʨʦʟʜʽʣʫ ʥʘ ʛʨʫʙʽ ʧʦʤʠʣʢʠ. ʇʦʪʽʤ ʤʦʜʝʣʴ ʧʝʨʝʜʘʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʽ ʚʽʜʜʽʣʠ: 

ʘʨʭʽʪʝʢʪʫʨʥʦ-ʙʫʜʽʚʝʣʴʥʠʡ, ʩʘʥʪʝʭʥʽʯʥʠʡ ʽ ʪ.ʜ. ɯʥʞʝʥʝʨʠ -ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʠ ʨʦʟʨʦʙʣʷʶʪʴ ʩʚʦʾ 

ʨʦʟʜʽʣʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘ ʦʩʥʦʚʫ ʙʘʟʦʚʫ ʤʦʜʝʣʴ ʩʧʦʨʫʜʠ, ʘ ʪʘʢʦʞ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʧʦʚʥʝʥʥʷ 

ʩʧʦʨʫʜʠ ʩʚʦʾʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʦʚʦʜʷʪʴ ʧʝʨʝʚʽʨʢʫ. 
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ʈʠʩ. 4.2 ï ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʨʦʙʦʪʠ ʥʘʜ ʧʨʦʝʢʪʦʤ 

 

ɺʘʣʽʜʘʮʽʷ ʤʦʜʝʣʽ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʨʷʜ ʧʝʨʝʚʘʛʠ ʜʣʷ 

ʨʦʟʨʦʙʥʠʢʽʚ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ: 

- ʚʠʢʦʥʘʥʥʷ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ ʻʜʠʥʠʡ ʧʨʦʝʢʪ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟʘʛʘʣʴʥʠʭ 

ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʥʘʚʽʪʴ ʧʨʠ ʚʽʜʜʘʣʝʥʦʤʫ ʜʦʩʪʫʧʽ; 

- ʤʦʞʣʠʚʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʝʣʝʤʝʥʪʽʚ ʩʫʤʽʞʥʠʭ ʨʦʟʜʽʣʽʚ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ 

ʚʥʝʩʝʥʽ ʚ ʥʠʭ ʟʤʽʥʠ; 

- ʥʘʷʚʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʤʘʨʢʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʦʙ'ʻʢʪʽʚ; 

- ʘʚʪʦʤʘʪʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʮʠʬʽʢʘʮʽʡ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ. 

ɿʚʝʜʝʥʘ ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ - ʮʝ ʮʠʬʨʦʚʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʦʙ'ʻʢʪʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʦʢʨʝʤʠʭ ʮʠʬʨʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʤʽʩʮʝʚʦʩʪʽ 

(ʥʘʧʨʠʢʣʘʜ, ʟ ʨʽʟʥʠʭ ʨʦʟʜʽʣʽʚ ʘʙʦ ʯʘʩʪʠʥ ʦʙ'ʻʢʪʘ ʙʫʜʽʚʥʠʮʪʚʘ), ʦʙ'ʻʜʥʘʥʠʭ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ 

ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʦʜʥʽʻʾ ʤʦʜʝʣʽ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʚ ʽʥʰʠʭ. ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʟʚʝʜʝʥʦʾ 

ʤʦʜʝʣʽ ï ʧʽʜʪʨʠʤʢʘ ʧʨʦʮʝʩʽʚ ʫʟʛʦʜʞʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘ ʚʠʷʚʣʝʥʥʷ ʢʦʣʽʟʽʡ. 

ʇʽʩʣʷ ʩʢʣʘʜʘʥʥʷ ʟʚʝʜʝʥʦʾ ʤʦʜʝʣʽ ʟ ʨʦʟʨʦʙʣʝʥʠʭ ʚʝʨʩʽʡ ʨʦʟʜʽʣʽʚ ʥʝʦʙʭʽʜʥʦ ʟʥʦʚʫ ʧʨʦʚʝʩʪʠ 

ʧʝʨʝʚʽʨʢʫ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʬʦʨʤʫʻʪʴʩʷ ʟʚʽʪ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʫʩʽʭ ʟʘʫʚʘʞʝʥʴ ʪʘ ʧʦʨʫʰʝʥʴ. ɺʥʝʩʝʥʥʷ 

ʚʠʧʨʘʚʣʝʥʴ ʪʘ ʟʤʽʥ ʫ ʚʠʟʥʘʯʝʥʽ ʪʝʨʤʽʥʠ ʜʦʨʫʯʘʻʪʴʩʷ ʽʥʞʝʥʝʨʘʤ ʽʟ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʜʽʣʫ, ʽ ʣʠʰʝ 

ʢʦʣʠ ʚʩʽ ʥʝʜʦʣʽʢʠ ʫʟʛʦʜʞʝʥʽ ʪʘ ʚʠʧʨʘʚʣʝʥʽ ʚʠʢʦʥʫʶʪʴ ʦʬʦʨʤʣʝʥʥʷ ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʧʝʨʝʜʘʯʫ ʾʾ ʥʘ 

ʤʘʡʜʘʥʯʠʢ. 

ʋ ʦʨʛʘʥʽʟʘʮʽʷʭ ʽʟ ʚʝʣʠʢʠʤ ʰʪʘʪʦʤ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʠ ʨʽʟʥʠʭ ʚʽʜʜʽʣʽʚ ʤʦʞʫʪʴ 

ʢʦʥʪʘʢʪʫʚʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʨʫʛ ʟ ʦʜʥʠʤ, ʘ ʩʧʦʣʫʯʥʦʶ ʣʘʥʢʦʶ ʻ ɺIʄ-ʢʦʦʨʜʠʥʘʪʦʨ (ɺIʄ 

ʢʦʦʨʜʠʥʘʪʦʨ). ɺ ʩʪʘʥʜʘʨʪʽ ɼʉʊʋ ISO/TS 12911:2020 ʧʨʦʧʠʩʘʥʽ ʡʦʛʦ ʧʨʦʬʝʩʽʡʥʽ ʜʽʾ (ʨʠʩ. 4.3). 
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ʈʠʩ. 4.3 ï ʆʙʦʚ'ʷʟʢʠ ɺIʄ ʢʦʦʨʜʠʥʘʪʦʨʘ 

 

ʊʝʨʤʽʥ çʢʦʣʽʟʽʷè, ʟʘʧʦʟʠʯʝʥʠʡ ʟ ʽʥʦʟʝʤʥʠʭ ʤʦʚ, ʤʘʻ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ. 

ʋ ʢʦʥʪʝʢʩʪʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʥ ʦʟʥʘʯʘʻ ʧʦʤʠʣʢʫ, ʷʢʘ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʘʙʦ ʟʘʷʚʢʫ ʤʽʞ ʩʫʤʽʞʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʦʜʥʦʛʦ ʧʨʦʝʢʪʫ, ʘ ʪʘʢʦʞ ʫʥʘʩʣʽʜʦʢ ʧʝʨʝʪʠʥʫ ʤʝʞ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʦʙôʻʢʪʽʚ. 

ɺʠʷʚʣʝʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ ʪʘʢʠʭ ʢʦʣʽʟʽʡ ʱʝ ʥʘ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʫ ʟʘ ʫʤʦʚ ʥʘʣʝʞʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʦʙʩʷʛ ʧʦʜʘʣʴʰʠʭ ʜʦʦʧʨʘʮʶʚʘʥʴ ʽ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ. 

ʆʜʥʽʻʶ ʟ ʮʠʭ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ ʟ ʷʢʠʭ ʟôʷʚʣʷʶʪʴʩʷ ʢʦʣʽʟʽʾ ʫ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʝ 

ʟʘʣʫʯʝʥʥʷ ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʝʡ ʩʧʝʮʽʘʣʽʩʪʽʚ, ʱʦ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʘʮʶʶʪʴ ʦʢʨʝʤʦ ʘʙʦ ʜʠʩʪʘʥʮʽʡʥʦ. ʎʝ 

ʚʢʣʶʯʘʻ ʢʦʦʨʜʠʥʘʮʽʶ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʪʘ ʥʘ ʦʩʥʦʚʽ ʪʦʛʦ, ʱʦ ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʽ ʧʝʨʝʚʽʨʢʫ ʤʦʜʝʣʽ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʙʽʣʴʰʝ ʯʘʩʫ, ʥʽʞ ʥʘ ʩʘʤʦʤʫ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʣʫʯʝʥʠʭ 

ʬʘʭʽʚʮʽʚ ʪʘʢʦʞ ʜʦʩʷʛʘʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʥʝʪʦʯʥʦʩʪʝʡ ʪʘ ʧʦʤʠʣʦʢ ʫ ʧʨʦʝʢʪʽ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʧʨʘʢʪʠʢʠ ʚʠʜʽʣʷʶʪʴ ʪʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʢʦʣʽʟʽʡ: 

- ʞʦʨʩʪʢʽ ï ʬʽʟʠʯʥʠʡ ʧʝʨʝʪʠʥ ʝʣʝʤʝʥʪʽʚ ʚ ʤʦʜʝʣʽ; 

- ʤ'ʷʢʽ - ʝʣʝʤʝʥʪʠ ʛʝʦʤʝʪʨʽʾ ʤʦʜʝʣʽ ʦʜʠʥ ʟ ʦʜʥʠʤ ʥʝ ʟ'ʻʜʥʘʥʽ ʧʨʦʪʝ ʥʘʚʢʦʣʠʰʥʽʡ ʧʨʦʩʪʽʨ ʽ 

ʟʦʥʠ ʥʦʨʤʦʚʘʥʠʭ ʚʝʣʠʯʠʥ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʝʨʝʪʠʥʘʶʪʴʩʷ; 

- ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽ - ʧʝʨʝʪʠʥ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʦʨʫ ʯʘʩʫ, ʱʦ ʦʮʽʥʶʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʢʘʣʝʥʜʘʨʥʦʛʦ ʯʠ ʩʽʪʴʦʚʦʛʦ ʛʨʘʬʽʢʽʚ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʫ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ Autodesk Revit, ʷʢʠʡ ʥʘ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʻ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤ ʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʡ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʧʝʨʝʚʽʨʢʠ ʥʘ ʧʝʨʝʪʠʥʠ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʬʽʟʠʯʥʝ ʧʝʨʝʪʠʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʦʞʥʘ 

ʧʨʦʢʦʥʪʨʦʣʶʚʘʪʠ ʚʙʫʜʦʚʘʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ Autodesk Revit 
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ʈʠʩ 4.4 - ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʚʽʨʢʠ ʧʝʨʝʪʠʥʽʚ ʟʘʩʦʙʘʤʠ Autodesk Revit 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʚʽʨʢʠ ʙʫʜʝ ʜʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʽʟ ʧʦʚʽʜʦʤʣʝʥʥʷʤ. ʋ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ 

ʚʦʥʠ ʙʫʜʫʪʴ ʧʝʨʝʨʘʭʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʘʢʪʠʚʥʦʛʦ ʩʧʠʩʢʫ, ʚ ʷʢʦʤʫ ʤʦʞʥʘ ʟʥʘʡʪʠ ʪʘ ʧʝʨʝʛʣʷʥʫʪʠ 

ʢʦʞʥʫ ʩʠʪʫʘʮʽʶ (ʨʠʩ 4.5). 

 
ʈʠʩ 4.5 ï ɿʚʽʪ ʧʨʦ ʧʝʨʝʚʽʨʢʫ 

 

ʇʨʦʪʝ ʪʘʢʠʡ ʚʘʨʽʘʥʪ ʥʝ ʟʘʚʞʜʠ ʟʨʫʯʥʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. ʂʦʣʠ ʧʦʪʨʽʙʥʦ ʧʝʨʝʚʽʨʷʪʠ ʟʚʝʜʝʥʫ 

ʤʦʜʝʣʴ, ʥʘʡʯʘʩʪʽʰʝ ʧʝʨʝʚʽʨʷʶʪʴ ʚ ʽʥʰʽʡ ʧʨʦʛʨʘʤʽ. ʅʘʧʨʠʢʣʘʜ, ʚ Autodesk Naviworks,, ʚ ʷʢʽʡ ʽ 

ʚʠʢʦʥʫʶʪʴ ʟʙʽʨʢʫ ʤʦʜʝʣʽ. 

 

1.2 ʅʘʙʽʨ ʜʣʷ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ 

ʈʦʙʦʯʠʡ ʧʨʦʮʝʩ, ʚ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʧʨʦʝʢʪʫ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʩʧʽʣʴʥʦʶ ʨʦʙʦʪʦʶ. ʎʝʡ ʧʽʜʭʽʜ ʤʦʞʝ ʚʠʨʽʰʠʪʠ ʟʘʛʘʣʴʥʫ ʧʨʦʙʣʝʤʫ ʘʙʦ ʨʦʙʦʪʫ ʦʜʥʦʛʦ ʬʘʭʽʚʮʷ, ʷʢʠʡ 

ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʨʦʙʦʪʽ ʽʥʰʦʛʦ. 
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ʇʨʠ ʩʧʽʣʴʥʽʡ ʨʦʙʦʪʽ ʚʘʞʣʠʚʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘʷʚʥʽʩʪʴ ʧʦʚ'ʷʟʘʥʠʭ ʤʝʨʝʞ ʚ ʨʦʙʦʯʦʤʫ ʬʘʡʣʽ 

ʜʣʷ ʦʜʥʦʨʘʟʦʚʦʾ ʟʙʽʨʢʠ ʟ ʚʞʝ ʨʦʟʤʽʱʝʥʠʤʠ ʚ ʧʨʦʝʢʪʽ ʝʣʝʤʝʥʪʘʤʠ. ɼʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʬʘʡʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʡʪʝ ʽʥʩʪʨʫʤʝʥʪ çʄʝʥʝʜʞʝʨ ʧʦʩʠʣʘʥʴè ʥʘ ʚʢʣʘʜʮʽ çʋʧʨʘʚʣʽʥʥʷè (ʨʠʩ. 4.6). 

 
ʈʠʩ.4.6 ï ɯʥʩʪʨʫʤʝʥʪ ɼʠʩʧʝʪʯʝʨ ʟʚ'ʷʟʢʽʚ 

 

ʋ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʙʫʜʫʪʴ ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʚʞʝ ʧʨʠʻʜʥʘʥʽ ʬʘʡʣʠ, ʧʽʜʢʣʶʯʝʥʥʷ ʜʦʢʫʤʝʥʪʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʥʦʧʢʠ ɼʦʜʘʪʠ (ʨʠʩ. 4.7). 

 
ʈʠʩ. 4.7 ï ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ɼʠʩʧʝʪʯʝʨ ʟʚ'ʷʟʢʽʚ 

 

ʇʦʪʽʤ ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʬʘʡʣʫ ʟ ʩʫʤʽʞʥʠʤ ʨʦʟʜʽʣʦʤ, ʧʝʨʝʡʰʦʚʰʠ ʫ 

ʚʽʜʧʦʚʽʜʥʫ ʧʘʧʢʫ. ʇʽʩʣʷ ʚʠʙʦʨʫ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʠʢʦʥʘʪʠ ʧʦʧʝʨʝʜʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʽʜʚʘʥʪʘʞʝʥʥʷ, 

ʚʩʪʘʥʦʚʠʚʰʠ ʧʘʨʘʤʝʪʨ ʈʦʟʤʽʱʝʥʥʷ ʟʥʘʯʝʥʥʷ ɸʚʪʦ - ɿʘ ʟʘʛʘʣʴʥʠʤ ʢʦʦʨʜʠʥʘʪʘʤ (ʨʠʩ. 4.8). 

ʇʨʠ ʚʠʙʦʨʽ ʦʧʮʽʾ ɿʘʜʘʪʠ ʧʝʨʝʜ ʧʽʜʚʘʥʪʘʞʝʥʥʷʤ ʬʘʡʣʫ ʟ'ʷʚʠʪʴʩʷ ʜʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʟʽ ʩʧʠʩʢʦʤ 

ʨʦʙʦʯʠʭ ʥʘʙʦʨʽʚ, ʷʢʽ ʤʦʞʥʘ ʟʘʢʨʠʪʠ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʾʭ ʟʘʚʘʥʪʘʞʝʥʥʶ ʚ ʧʨʦʝʢʪ. ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʟʘʢʨʠʚʘʪʠ ʨʦʙʦʯʠʡ ʥʘʙʽʨ ɿʘʛʘʣʴʥʽ ʨʽʚʥʽ ʪʘ ʩʽʪʢʠ (ʨʠʩ. 4.9). 
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ʈʠʩ. 4.8 - ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʚ'ʷʟʢʫ 

 

ɼʣʷ ʧʦʯʘʪʢʫ ʝʪʘʧʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʙʫʣʦ ʧʽʜʛʦʪʦʚʣʝʥʦ ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ 

ʙʫʜʽʚʣʽ (ʨʠʩ. 4.10). 

 

 
ʈʠʩ. 4.9 ï ɺʽʜ'ʻʜʥʘʥʥʷ ʈʦʙʦʯʦʛʦ ʥʘʙʦʨʫ 
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ʈʠʩ. 4.10 - ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ 

 

2. ʇʈʆɽʂʊʋɺɸʅʅʗ ʈʆɿɼɯʃʋ ʆɺ ɿɸ ɼʆʇʆʄʆɻʆʖ AUTODESK REVIT 

 

ʂʦʤʧʘʥʽʷ Autodesk ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʻ ʰʘʙʣʦʥʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʽʚ, ʮʝ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʚʠʧʫʩʢʦʤ ʥʦʚʠʭ ʚʝʨʩʽʡ ʧʨʦʛʨʘʤ, ʨʦʟʚʠʪʢʦʤ ʬʫʥʢʮʽʦʥʘʣʫ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʛʨʘʤ ɸ08ʂ-ʰʘʙʣʦʥʠ 

ʜʣʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟ 2016 ʨʦʢʫ, ʱʦ ʚʞʝ ʤʦʞʥʘ ʚʠʟʥʘʪʠ ʛʘʣʫʟʝʚʠʤ ʩʪʘʥʜʘʨʪʦʤ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ EN, DIN, ɼʉʊʋ. 

ʐʘʙʣʦʥ - ʟʘʟʜʘʣʝʛʽʜʴ ʥʘʣʘʰʪʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʨʦʝʢʪʫ ʟ ʥʘʙʦʨʦʤ ʝʣʝʤʝʥʪʽʚ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʰʨʠʬʪʽʚ, ʘʥʦʪʘʮʽʡ, ʥʘʩʪʨʦʻʥʠʤʠ ʩʧʝʮʠʬʽʢʘʮʽʷʤʠ ʪʘ ʽʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [20]. 

ɿʘ ʜʘʥʠʤʠ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʚʽʜ 60 ʜʦ 80% ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʨʦʙʦʪʽ ADSK -

:ʰʘʙʣʦʥʠ ʘʙʦ ADSK -ʧʘʨʘʤʝʪʨʠ. ʐʘʙʣʦʥ ʤʦʞʥʘ ʟʘʚʘʥʪʘʞʠʪʠ ʽʟ ʩʘʡʪʫ ʢʦʤʧʘʥʽʾ ɺ1ʄ2ɺ [21], 

ʝʢʩʧʝʨʪʠ ʷʢʦʾ ʙʨʘʣʠ ʫʯʘʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʰʘʙʣʦʥʽʚ ʪʘ ʩʪʘʥʜʘʨʪʽʚ. 

ʋ ʢʦʤʧʣʝʢʪʽ ʟ ADSK -ʰʘʙʣʦʥʘʤʠ ʜʣʷ ʚʝʨʩʽʾ 2021 ʻ ʧʣʘʛʽʥ ɺɯʄ2ɺ Templates Tools ʚʽʜ ʮʽʻʾ 

ʢʦʤʧʘʥʽʾ. ʎʝʡ ʜʦʜʘʪʦʢ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʜʽʾ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʽʚ. ʋʥʽʢʘʣʴʥʽʩʪʶ ʮʽʻʾ ʚʝʨʩʽʾ 

ʧʣʘʛʽʥʘ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʜʦʧʦʚʥʝʥʥʷ ʚʩʽʤ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʜʽʣʽʚ [21]. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʪʨʘʩʫʚʘʥʥʷ 

ʇʝʨʰ ʥʽʞ ʧʨʠʩʪʫʧʘʪʠ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʦʟʜʽʣʫ ʆɺ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʪʘ ʚʽʜʢʦʨʠʛʫʚʘʪʠ 

ʟʘ ʧʦʪʨʝʙʠ ʟʘʜʘʥʽ ʧʘʨʘʤʝʪʨʠ ʪʨʘʩʫʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʥʝ ʟʤʽʥʶʚʘʪʠ ʧʦʚʥʽʩʪʶ ʤʘʪʝʨʽʘʣʠ ʪʨʫʙ ʧʦ 

ʩʠʩʪʝʤʘʭ, ʪʠʤ ʙʽʣʴʰʝ, ʱʦ ʨʝʜʘʛʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʚʞʝ ʥʝ ʤʦʞʥʘ. ɼʣʷ 

ʧʝʨʝʚʽʨʢʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʥʘʯʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪ ʅʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʆɺʽʂ ʥʘ 

ʚʢʣʘʜʮʽ ʂʝʨʫʚʘʥʥʷ (ʨʠʩ. 4.11). 

ʋ ʤʝʥʶ ʤʦʞʥʘ ʧʝʨʝʛʣʷʥʫʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʦʟʥʘʯʝʥʴ ʪʨʘʩ, ʾʭ ʪʠʧʦʨʦʟʤʽʨʠ (ʛʘʙʘʨʠʪʠ, 

ʪʦʚʱʠʥʠ ʽ ʪ.ʜ.), ʫʭʠʣʠ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ. 
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ʈʠʩ. 4.11 - ɯʥʩʪʨʫʤʝʥʪ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʩʫʚʘʥʥʷ 

 

ʇʨʠ ʚʠʙʦʨʽ ʧʫʥʢʪʫ ʊʠʧʦʨʦʟʤʽʨʠ (ʨʠʩ. 4.12) ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ ʨʦʟʤʽʨʠ ʟʘʜʘʥʠʭ ʤʝʨʝʞ. 

 

 
ʈʠʩ. 4.12 - ʇʫʥʢʪ ʊʠʧʦʨʦʟʤʽʨʠ 

 

ɼʦʩʪʫʧʥʽ ʦʧʝʨʘʮʽʾ ʨʝʜʘʛʫʚʘʥʥʷ ʜʘʥʠʭ (ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʣʠʰʝ ʪʝʢʩʪʦʚʦʾ ʯʘʩʪʠʥʠ), ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʘʙʦ ʚʠʜʘʣʝʥʥʷ ʟʘʡʚʠʭ ʟʥʘʯʝʥʴ. ʈʝʜʘʛʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʨʦʟʤʽʨʽʚ ʫ ʢʘʪʘʣʦʟʽ ʨʦʟʤʽʨʽʚ 

ʥʝʤʦʞʣʠʚʝ (ʨʠʩ 4.13). ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʝʨʝʚʽʨʠʪʠ, ʯʠ ʻ ʫ ʩʧʠʩʢʫ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʨʦʟʤʽʨʠ. ʋ ʨʘʟʽ 

ʥʝʩʪʘʯʽ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʦ ʩʢʣʘʩʪʠ ʪʘ ʧʝʨʝʜʘʪʠ ʟʘʚʜʘʥʥʷ Bɯʄ-ʢʦʦʨʜʠʥʘʪʦʨʫ. 
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ʈʠʩ. 4.13 - ʂʘʪʘʣʦʛ ʨʦʟʤʽʨʽʚ 

 

2.1 ʆʩʦʙʣʠʚʦʩʪʽ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʨʦʙʦʪʠ ʟ ʧʣʘʥʘʤʠ 
 

ɼʦ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʧʣʘʥʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʚʝʨʭʽʚ. ʇʣʘʥ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ ɺʠʜʠ ʫ ʧʣʘʥʽ ʥʘ ʚʢʣʘʜʮʽ ɺʠʜ (ʨʠʩ. 4.14). 

 

 
ʈʠʩ. 4.14 - ɯʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʣʘʥʫ ʧʦʚʝʨʭʫ 

 

ʋ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʟ'ʷʚʠʣʦʩʷ, ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʢʘʪʝʛʦʨʽʶ ʧʣʘʥʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʮʴʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʠʩʦʢ ʚʽʜʬʽʣʴʪʨʫʻʪʴʩʷ ʽ ʩʭʦʚʘʶʪʴʩʷ ʟʘʡʚʽ ʝʣʝʤʝʥʪʠ (ʨʠʩ. 4.15). ɿʥʷʚʰʠ 

ʘʢʪʠʚʘʮʽʶ ʟ ʦʧʮʽʾ ʅʝ ʢʦʧʽʶʚʘʪʠ ʽʩʥʫʶʯʽ ʚʠʜʠ ʤʦʞʥʘ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʰʚʠʜʢʦ ʩʪʚʦʨʶʚʘʪʠ ʢʽʣʴʢʘ 

ʧʣʘʥʽʚ ʦʜʥʦʛʦ ʧʦʚʝʨʭʫ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʧʽʶʚʘʥʥʷ. 
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ʈʠʩ. 4.15 - ɺʠʙʽʨ ʢʘʪʝʛʦʨʽʾ ʥʦʚʦʛʦ ʧʣʘʥʫ ʧʦʚʝʨʭʫ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ. 

 

ʋ ʢʘʪʝʛʦʨʽʾ ʧʣʘʥʽʚ ʧʨʠʡʥʷʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʝʬʽʢʩʠ: ɺ, ɿʘʚʜʘʥʥʷ, ʆ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʦʙʨʘʥʦʾ ʢʘʪʝʛʦʨʽʾ ʧʣʘʥʠ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʨʦʟʧʦʜʽʣʷʪʠʩʷ ʫ ɼʠʩʧʝʪʯʝʨʽ ʧʨʦʝʢʪʫ ʟʘ 

ʛʨʫʧʘʤʠ: ɼʦʧʦʤʽʞʥʽ ʚʠʜʠ, ɿʘʚʜʘʥʥʷ ʪʘ ʆʬʦʨʤʣʝʥʽ ʚʠʜʠ. 

ʇʨʠʟʥʘʯʝʥʥʷ ʧʨʝʬʽʢʩʽʚ: 

ɺ - ʮʝ ʜʦʧʦʤʽʞʥʽ ʧʣʘʥʠ, ʥʠʤʠ ʤʦʞʥʘ ʚʚʽʤʢʥʫʪʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʰʠʭ ʤʝʨʝʞ, ʥʘʣʘʰʪʫʚʘʪʠ 

ʜʽʘʧʘʟʦʥ ʽ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ. ʎʝ ʛʥʫʯʢʦ ʥʘʣʘʰʪʦʚʘʥʘ ʢʘʪʝʛʦʨʽʷ ʧʣʘʥʽʚ ʫ ʧʨʦʝʢʪʽ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ 

ʟʨʦʙʠʪʠ ʚʠʛʣʷʜ ʙʽʣʴʰ ʟʨʫʯʥʠʤ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ ʫ ʩʚʦʻʤʫ ʨʦʟʜʽʣʽ. ʋ ɼʠʩʧʝʪʯʝʨʽ 

ʧʨʦʝʢʪʫ ʫʩʽ ʩʪʚʦʨʝʥʽ ʧʣʘʥʠ ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʢʘʪʝʛʦʨʽʾ ɼʦʧʦʤʽʞʥʽ ʚʠʜʠ (ʨʠʩ. 4.16). 

 

 
ʈʠʩ. 4.16 - ʂʘʪʝʛʦʨʽʷ ɼʦʧʦʤʽʞʥʽ ʚʠʜʠ ʫ ɼʠʩʧʝʪʯʝʨʽ ʧʨʦʝʢʪʫ 
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ɿʘʚʜʘʥʥʷ - ʜʘʥʘ ʢʘʪʝʛʦʨʽʷ ʧʣʘʥʽʚ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʬʦʨʤʣʝʥʥʷ ʟʘʚʜʘʥʴ ʜʣʷ ʨʦʟʜʽʣʫ ʝʣʝʢʪʨʠʢʠ 

ʘʙʦ ʟʘʚʜʘʥʥʷ ʥʘ ʦʪʚʦʨʠ (ʟʘʣʝʞʥʦ ʚʽʜ ʦʙʨʘʥʦʾ ʢʘʪʝʛʦʨʽʾ). 

ʆ - ʮʝ ʦʬʦʨʤʣʝʥʽ ʚʠʜʠ, ʷʢʽ ʥʘʜʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʥʝʩʝʥʥʷ ʜʘʥʠʭ ʥʘ ʣʠʩʪʦʢ ʣʠʰʝ 

ʤʝʨʝʞ ʜʣʷ ʚʠʜʘʯʽ. 

ʅʦʚʠʡ ʩʪʚʦʨʝʥʠʡ ʚʠʜ ʧʣʘʥʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʝʨʝʡʤʝʥʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʘʪʝʛʦʨʽʾ, 

ʦʩʢʽʣʴʢʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʫ ʽʤʝʥʽ ʚʠʜʫ ʥʝʤʘʻ ʧʨʝʬʽʢʩʘ. ɺʢʘʟʽʚʢʘ ʚʽʜʧʦʚʽʜʥʦʾ ʢʘʪʝʛʦʨʽʾ ʩʫʪʪʻʚʦ 

ʩʧʨʦʩʪʠʪʴ ʦʨʽʻʥʪʫʚʘʥʥʷ ʫ ɼʠʩʧʝʪʯʝʨʽ ʧʨʦʝʢʪʽʚ (ʨʠʩ. 4.17). 

 
ʈʠʩ. 4.17 - ʇʝʨʝʡʤʝʥʫʚʘʥʥʷ ʧʣʘʥʫ 

 

ʂʘʪʝʛʦʨʽʶ ʧʣʘʥʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʤʽʥʠʪʠ ʧʨʠ ʧʝʚʥʠʭ ʦʙʩʪʘʚʠʥʘʭ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ʜʦʧʦʤʽʞʥʠʡ ʧʣʘʥ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʥʝʩʝʥʥʷ ʥʘ ʣʠʩʪ, ʡʦʛʦ ʤʦʞʥʘ ʧʝʨʝʥʝʩʪʠ ʚ ʢʘʪʝʛʦʨʽʶ ʆʬʦʨʤʣʝʥʽ 

ʚʠʜʠ. 

ʉʦʨʪʫʚʘʥʥʷ ʚʠʜʽʚ ʫ ɼʠʩʧʝʪʯʝʨʽ ʧʨʦʝʢʪʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʘʧʦʚʥʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

ADSK_ʇʨʠʟʥʘʯʝʥʥʷ ʚʠʜʫ (ʚʘʨʽʘʥʪʠ ʟʥʘʯʝʥʴ: ɼʦʧʦʤʽʞʥʽ ʚʠʜʠ, ʆʬʦʨʤʣʝʥʽ ʚʠʜʠ, ɿʘʚʜʘʥʥʷ 

ʪʦʱʦ) ʪʘ ADSK_ʐʪʘʤʧ ʈʦʟʜʽʣ ʧʨʦʝʢʪʫ (ʚʘʨʽʘʥʪʠ ʟʥʘʯʝʥʴ: ɺʝʥʪʠʣʷʮʽʷ, ʆʧʘʣʝʥʥʷ ʪʦʱʦ) (ʈʠʩ. 

4.18). 

 

 
ʈʠʩ. 4.18 - ʇʘʨʘʤʝʪʨʠ ʚʠʜʫ ʥʘ ʧʘʥʝʣʽ ɺʣʘʩʪʠʚʦʩʪʽ 

 

ɺʠʜʠ ʧʣʘʥʽʚ ʤʦʞʥʘ ʢʦʧʽʶʚʘʪʠ ʚ ɼʠʩʧʝʪʯʝʨʽ ʧʨʦʝʢʪʫ ʯʝʨʝʟ ʢʦʥʪʝʢʩʪʥʝ ʤʝʥʶ, ʚʠʙʨʘʚʰʠ 

ʦʜʠʥ ʽʟ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ (ʨʠʩ. 4.19): 

1) ʂʦʧʽʶʚʘʪʠ - ʙʝʟ ʤʘʨʢʫʚʘʥʴ, ʨʦʟʤʽʨʽʚ ʪʘ ʽʥʰʠʭ ʘʥʦʪʘʮʽʡʥʠʭ ʧʦʟʥʘʯʝʥʴ. 

2) ʂʦʧʽʶʚʘʪʠ ʟ ʜʝʪʘʣʽʟʘʮʽʻʶ ï ʧʦʚʥʦʮʽʥʥʘ ʢʦʧʽʷ ʧʣʘʥʫ ʟ ʤʘʨʢʘʤʠ, ʨʦʟʤʽʨʘʤʠ. 

ʂʦʧʽʷ ʚʠʜʫ ʟ'ʷʚʠʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʚ ʄʝʥʝʜʞʝʨʽ ʧʨʦʝʢʪʫ, ʜʦ ʽʤʝʥʽ ʚʠʭʽʜʥʦʾ ʥʘʟʚʠ ʚ ʢʽʥʮʽ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʙʫʜʝ ʜʦʜʘʥʦ ʮʠʬʨʫ, ʪʦʤʫ ʚʘʞʣʠʚʦ ʚʽʜʨʘʟʫ ʟʤʽʥʠʪʠ ʽʤ'ʷ ʩʪʚʦʨʝʥʦʾ ʢʦʧʽʾ. 
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ʈʠʩ. 4.19 - ʂʦʧʽʶʚʘʥʥʷ ʚʠʜʫ ʫ ɼʠʩʧʝʪʯʝʨʽ ʧʨʦʝʢʪʫ 

 

2.2 ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ 

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʻ: ʪʨʫʙʠ, ʘʨʤʘʪʫʨʘ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, 

ʫʩʪʘʪʢʫʚʘʥʥʷ, ʽʟʦʣʷʮʽʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʮʠʭ ʝʣʝʤʝʥʪʽʚ. 

3.2.1 ʈʝʢʦʤʝʥʜʘʮʽʾ ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʝʨʝʞ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

ʇʝʨʝʜ ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʧʽʜʛʦʪʦʚʯʽ ʜʽʾ: 

1) ʉʪʚʦʨʠʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʧʣʘʥ ʦʧʘʣʝʥʥʷ. 

2) ʅʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ. 

ɼʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʚ ɼʠʩʧʝʪʯʝʨʽ ʧʨʦʝʢʪʫ ʚ ʧʘʧʮʽ ʉʽʤʝʡʩʪʚʘ 

ʟʥʘʡʪʠ ʢʘʪʝʛʦʨʽʶ ʊʨʫʙʦʧʨʦʚʽʜʥʽ ʩʠʩʪʝʤʠ 

(ʨʠʩ. 4.20). 

ʎʷ ʧʘʧʢʘ ʤʽʩʪʠʪʴ ʢʘʪʝʛʦʨʽʾ ʩʠʩʪʝʤ, ʷʢʽ ʻ ʚ ʧʨʦʝʢʪʽ (ʨʠʩ. 4.21). ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʰʘʙʣʦʥ, ʱʦ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ, ʥʝʦʙʭʽʜʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʩʠʩʪʝʤʘʤʠ ʟ ʧʨʠʩʪʘʚʢʦʶ ADSK. 

ʇʨʠ ʘʢʪʠʚʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʊʨʫʙʘ ʥʘ ʚʢʣʘʜʮʽ ʉʠʩʪʝʤʠ (ʨʠʩ. 4.22) ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʜʘʥʽ 

ʩʠʩʪʝʤʠ ʥʘ ʧʘʥʝʣʽ ɺʣʘʩʪʠʚʦʩʪʽ (ʨʠʩ. 4.23). 

 
ʈʠʩ. 4.20 - ʇʘʧʢʘ ʊʨʫʙʦʧʨʦʚʽʜʥʽ ʩʠʩʪʝʤʠ ʚ ɼʠʩʧʝʪʯʝʨʽ ʧʨʦʝʢʪʫ 
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