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1. ʆɹʑʀɽ ʉɺɽɼɽʅʀʗ 

ʅʘʩʪʦʷʱʠʡ ʦʪʯʝʪ ʧʦʜʛʦʪʦʚʣʝʥ … ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ: ʈʘʩʯʝʪ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʜʝʨʝʚʷʥʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʟʜʘʥʠʷ … . 

ʉʦʜʝʨʞʘʥʠʝ ʠ ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʝʥʳ ʪʝʭʥʠʯʝʩʢʠʤ 

ʟʘʜʘʥʠʝʤ ɿʘʢʘʟʯʠʢʘ. 

ʀʩʧʦʣʥʠʪʝʣʴ ʥʝ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʧʦʣʥʦʪʫ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ɿʘʢʘʟʯʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʣʝʥʠʠ ʦʪʯʝʪʘ, ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʢʨʳʪʠʷ ʥʘʩʪʦʷʱʠʡ ʦʪʯʝʪ ʧʦʜʣʝʞʠʪ ʧʝʨʝʨʘʙʦʪʢʝ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʜʛʦʪʦʚʢʝ ʥʘʩʪʦʷʱʝʛʦ ʦʪʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʢʪʫʘʣʴʥʳʝ 

ʥʘ ʜʘʪʫ ʧʨʦʚʝʜʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʢ ʦʙʷʟʘʪʝʣʴʥʳʝ, ʪʘʢ 

ʠ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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2. ʉɺɽɼɽʅʀʗ ʆɹ ʀʉʇʆʃʅʀʊɽʃʗʍ 

ɸʢʫʣʦʚ ɸʨʪʝʤ ʖʨʴʝʚʠʯ – ʢ.ʪ.ʥ. ʥʘʯʘʣʴʥʠʢ ʘʜʲʶʥʢʪʫʨʳ ʌɻɹʆʋ ɺʆ 

ʋʨʘʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ. 

ʉʫʙʘʯʝʚ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ – ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʫʧʨʘʚʣʝʥʠʷ 

ʚ ʢʨʠʟʠʩʥʳʭ ʩʠʪʫʘʮʠʷʭ ʌɻɹʆʋ ɺʆ ʋʨʘʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ. 

3. ɸʅʅʆʊɸʎʀʗ 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʠ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʛʨʝʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʷ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ 

ʧʦʞʘʨʝ. 

4. ʎɽʃʀ ʀ ɿɸɼɸʏʀ 

ʎʝʣʴ ʨʘʙʦʪʳ – ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʘ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [3, 4] ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɿʘʜʘʯʠ: 

- ʦʧʠʩʘʥʠʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ; 

- ʧʦʩʪʨʦʝʥʠʝ ʪʦʧʦʣʦʛʠʠ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʷ, ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ; 

- ʧʦʩʪʨʦʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʧʝʯʠ, ʨʝʘʣʠʟʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʨʝʞʠʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʪʘʥʜʘʨʪʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʫ ʧʦʞʘʨʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [3]; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʛʨʝʚʘ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʷ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ, 

ʧʦʣʫʯʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʦʙʫʛʣʠʚʘʥʠʷ ʙʘʣʦʢ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʪʝʢʣʦʤʘʛʥʠʝʚʦʛʦ ʣʠʩʪʘ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʘ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʷ. 
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5. ʈɸʉʏɽʊʅɸʗ ʄʆɼɽʃʔ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʧʨʦʛʨʘʤʤʝ FDS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ PyroSim. 

FDS (Fire Dynamic Simulation) ʨʝʘʣʠʟʫʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ (CFD) ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʧʨʠ ʛʦʨʝʥʠʠ. FDS 

ʯʠʩʣʝʥʥʦ ʨʝʰʘʝʪ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʜʣʷ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʟʘʚʠʩʠʤʳʭ ʧʦʪʦʢʦʚ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʜʳʤʘ ʠ 

ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʧʨʠ ʧʦʞʘʨʝ. ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʚ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʚʢʣʶʯʘʶʱʫʶ ʫʨʘʚʥʝʥʠʝ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʤʦʤʝʥʪʘ ʠ 

ʵʥʝʨʛʠʠ, ʠ ʨʝʰʘʝʪʩʷ ʥʘ ʪʨʝʭʤʝʨʥʦʡ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʝ. ʊʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ ʥʘ ʵʪʦʡ ʞʝ ʩʝʪʢʝ. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʜʳʤʘ, ʩʧʨʠʥʢʣʝʨʦʚ ʠ ʨʘʩʧʳʣʘ ʪʦʧʣʠʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʣʘʛʨʘʥʞʝʚʳ ʯʘʩʪʠʮʳ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦʣʦʚʠʥʘ ʧʨʠʣʦʞʝʥʠʡ ʤʦʜʝʣʠ 

ʩʣʫʞʠʪ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʳʤʦʤ ʠ ʠʟʫʯʝʥʠʷ ʘʢʪʠʚʘʮʠʠ 

ʩʧʨʠʥʢʣʝʨʦʚ ʠ ʜʝʪʝʢʪʦʨʦʚ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʩʣʫʞʠʪ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʨʪʠʥʳ 

ʧʦʞʘʨʘ ʚ ʞʠʣʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ FDS ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʙʳʣʦ ʨʝʰʝʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ 

ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʠ, ʚ ʪʦʞʝ ʚʨʝʤʷ, ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʦʞʘʨʝ. 

ʇʨʦʛʨʘʤʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʣʘʙʦʨʘʪʦʨʠʝʡ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʧʦʞʘʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (BFRL) ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʉʐɸ. 

ɺʢʣʘʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʝ ʤʦʜʝʣʠ ʚʥʝʩʣʠ ʩʦʪʨʫʜʥʠʢʠ ʢʦʤʠʩʩʠʠ ʧʦ 

ʷʜʝʨʥʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʉʐɸ (NRC), ʮʝʥʪʨʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʌʠʥʣʷʥʜʠʠ (VTT), ʦʙʱʝʩʪʚʘ ʠʥʞʝʥʝʨʦʚ ʧʦ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ (SFPE) ʠ ʜʨ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ FDS ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʝʡ ʛʘʟʦʚʦʡ 

http://www.mars-pb.ru/
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ʩʨʝʜʳ ʚ ʧʦʤʝʱʝʥʠʠ, ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ ʩʨʝʜʳ (ʢʠʩʣʦʨʦʜʘ, 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʠ ʪ.ʜ.), ʜʘʚʣʝʥʠʡ ʠ ʧʣʦʪʥʦʩʪʝʡ. 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ: 

 
ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ: 

 
ʛʜʝ ʪʝʥʟʦʨ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ: 

 
ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ: 

 
ʛʜʝ ʪʝʧʣʦʧʝʨʝʥʦʩ 

 
ʘ ʵʥʝʨʛʠʷ ʨʘʩʩʝʷʥʠʷ 

 
ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ: 

 
ʕʪʠ ʰʝʩʪʴ ʫʨʘʚʥʝʥʠʡ ʠʤʝʶʪ ʰʝʩʪʴ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ: ʪʨʠ 

ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ, ʧʣʦʪʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ. 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ: 

 
ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ  FDS ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ LES (Large 

Eddy Simulation) – ʤʘʩʰʪʘʙʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʠʭʨʝʡ. LES ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʚʷʟʢʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʜʠʬʬʫʟʠʚʥʦʩʪʴ), ʤʘʩʰʪʘʙʳ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ ʨʘʟʤʝʨʦʚ ʷʚʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʯʠʩʣʝʥʥʦʡ ʩʝʪʢʠ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ m , k, D ʚ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ 

http://www.mars-pb.ru/
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ʫʨʘʚʥʝʥʠʷʭ ʥʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʧʨʷʤʫʶ ʠ ʟʘʤʝʥʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ, 

ʤʦʜʝʣʠʨʫʶʱʠʤʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ  

 

 
ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ LES ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʩʛʦʨʘʥʠʷ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʦʜʝʣʴ ʜʦʣʠ ʚ ʩʤʝʩʠ (mixture fraction). «ɼʦʣʷ ʚ ʩʤʝʩʠ» ʚ ʜʘʥʥʦʤ ʩʤʳʩʣʝ – 

ʩʢʘʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʦʜʥʦʛʦ ʠʣʠ ʙʦʣʝʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʘ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʦʪʦʢʘ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʚʘ 

ʢʦʤʧʦʥʝʥʪʘ ʩʤʝʩʠ: ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʥʝʩʛʦʨʝʚʰʝʛʦ ʪʦʧʣʠʚʘ ʠ ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

ʩʛʦʨʝʚʰʝʛʦ ʪʦʧʣʠʚʘ (ʪ.ʝ. ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ). 

ʃʫʯʠʩʪʳʡ ʪʝʧʣʦʦʙʤʝʥ ʚʢʣʶʯʝʥ ʚ ʤʦʜʝʣʴ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʧʝʨʝʥʦʩʘ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʩʝʨʦʛʦ ʛʘʟʘ ʠ, ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʩʣʫʯʘʝʚ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʜʠʘʧʘʟʦʥʥʦʡ ʤʦʜʝʣʠ. ʋʨʘʚʥʝʥʠʝ ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ, ʘʥʘʣʦʛʠʯʥʦʛʦ ʤʝʪʦʜʫ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ ʜʣʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʩʶʜʘ ʠ ʥʘʟʚʘʥʠʝ «ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ» (FVM). ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 100 ʜʠʩʢʨʝʪʥʳʭ ʫʛʣʦʚ ʚʳʯʠʩʣʝʥʠʷ ʣʫʯʠʩʪʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʟʘʥʠʤʘʝʪ ʧʨʠʤʝʨʥʦ 20 % ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʟʘʛʨʫʟʢʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ, ʥʝʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʟʘʜʘʥ ʫʨʦʚʥʝʤ ʩʣʦʞʥʦʩʪʠ ʣʫʯʠʩʪʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ.  

ʇʦʜʨʦʙʥʝʝ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ FDS ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ [1]. 

ʄʦʜʝʣʴ FDS ʧʦʜʚʝʨʛʣʘʩʴ ʧʦʜʨʦʙʥʳʤ ʦʮʝʥʦʯʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, 

ʧʨʦʚʦʜʠʤʳʤ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʉʐɸ (NIST) ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʇʦʜʨʦʙʥʝʝ ʨʝʟʫʣʴʪʘʪʳ ʚʘʣʠʜʘʮʠʠ FDS 

ʧʨʠʚʝʜʝʥʳ ʚ ʜʦʢʫʤʝʥʪʝ [2]. 
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6. ʆʇʀʉɸʅʀɽ ʄʆɼɽʃɽʁ ʇʃʀʊ ʇɽʈɽʂʈʓʊʀʗ 

6.1. ʇʣʠʪʘ ʤʝʞʜʫʵʪʘʞʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ 

6.1.1. ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ 

ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʧʣʠʪʳ ʤʝʞʜʫʵʪʘʞʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʧʨʠʚʝʜʝʥʦ 

ʚ ʧʨʠʣʦʞʝʥʠʠ 1. 

ʇʣʠʪʘ ʤʝʞʜʫʵʪʘʞʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʠʤʝʝʪ ʨʘʟʤʝʨʳ 4000×3000 ʤʤ (ʨʠʩ. 1). 

ɹʘʣʢʠ ʧʣʠʪʳ ʩʝʯʝʥʠʝʤ 80×200 ʤʤ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩ ʰʘʛʦʤ 780 ʤʤ. 

ʇʦ ʙʘʣʢʘʤ ʧʨʦʣʦʞʝʥʳ ʣʘʛʠ ʩʝʯʝʥʠʝʤ 100×65 ʤʤ, ʩ ʰʘʛʦʤ 700 ʤʤ. 

ʇʦ ʣʘʛʘʤ ʧʨʦʣʦʞʝʥʳ ʜʦʩʢʠ ʪʦʣʱʠʥʦʡ 40 ʤʤ. 

ʇʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʙʘʣʢʘʤʠ ʟʘʧʦʣʥʝʥʦ ʙʘʟʘʣʴʪʦʚʦʡ ʠʟʦʣʷʮʠʝʡ 

çʊʝʭʥʦʚʝʥʪ ʦʧʪʠʤʘ», ʢʦʪʦʨʘʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʦʣʦʩʳ ʩʪʝʢʣʦʤʘʛʥʠʝʚʦʛʦ ʣʠʩʪʘ 

«Tehstrong Firestop L» ʪʦʣʱʠʥʦʡ 10 ʤʤ, ʰʠʨʠʥʦʡ 280 ʤʤ (ʦʪʩʪʫʧʘʶʱʠʝ ʦʪ ʙʘʣʦʢ 

ʥʘ 100 ʤʤ ʚ ʢʘʞʜʫʶ ʩʪʦʨʦʥʫ). 

ʉʥʠʟʫ ʧʣʠʪʘ ʧʦʜʰʠʪʘ ʩʪʝʢʣʦʤʘʛʥʠʝʚʳʤʠ ʣʠʩʪʘʤʠ «Tehstrong Firestop L» 

ʪʦʣʱʠʥʦʡ 10 ʤʤ. 

 

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʤʝʞʜʫʵʪʘʞʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ 

 

6.1.2. ʊʝʧʣʦʪʝʭʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
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ʀʩʭʦʜʷ ʠʟ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʠʪʳ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʟʥʘʯʠʪʴ 6 ʧʦʜʤʦʜʝʣʝʡ 

ʥʘʛʨʝʚʘ ʧʣʠʪʳ (6 ʪʠʧʦʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʦʚ) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʥʘʙʦʨʘʤʠ ʩʣʦʝʚ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ. 2): 

– ʪʠʧ 1: ʉʄʃ 20 ʤʤ; ʙʘʣʢʘ 200 ʤʤ; ʣʘʛʘ 65 ʤʤ; ʜʦʩʢʘ 40 ʤʤ; 

– ʪʠʧ 2: ʉʄʃ 20 ʤʤ; ʙʘʣʢʘ 200 ʤʤ; ʚʦʟʜʫʰʥʘʷ ʧʨʦʩʣʦʡʢʘ 65 ʤʤ; 

ʜʦʩʢʘ 40 ʤʤ; 

–  ʪʠʧ 3: ʉʄʃ 10 ʤʤ; ʪʝʨʤʦʠʟʦʣʷʮʠʷ 210 ʤʤ; ʣʘʛʘ 65 ʤʤ; ʜʦʩʢʘ 40 ʤʤ; 

–  ʪʠʧ 3*: ʉʄʃ 20 ʤʤ; ʪʝʨʤʦʠʟʦʣʷʮʠʷ 200 ʤʤ; ʣʘʛʘ 65 ʤʤ; ʜʦʩʢʘ 40 ʤʤ; 

– ʪʠʧ 4: ʉʄʃ 10 ʤʤ; ʪʝʨʤʦʠʟʦʣʷʮʠʷ 210 ʤʤ; ʚʦʟʜʫʰʥʘʷ ʧʨʦʩʣʦʡʢʘ 65 ʤʤ; 

ʜʦʩʢʘ 40 ʤʤ; 

– ʪʠʧ 4*: ʉʄʃ 20 ʤʤ; ʪʝʨʤʦʠʟʦʣʷʮʠʷ 200 ʤʤ; ʚʦʟʜʫʰʥʘʷ ʧʨʦʩʣʦʡʢʘ 65 ʤʤ; 

ʜʦʩʢʘ 40 ʤʤ. 

 

 
ʈʠʩ. 2. ʍʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ 6 ʪʠʧʦʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʦʚ 

ʧʣʠʪʳ ʧʝʨʝʢʨʳʪʠʷ 
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ʊʘʙʣʠʮʘ 1 
ʊʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ1 

ʕʣʝʤʝʥʪ ʄʘʪʝʨʠʘʣ ʇʣʦʪʥʦʩʪʴ, 
ʢʛ/ʤ3 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 
ɺʪ/(ʤĀʂ) 

ʊʝʧʣʦʝʤʢʦʩʪʴ, 
ʢɼʞ/(ʢʛĀʂ) 

ɹʘʣʢʠ, ʣʘʛʠ, 
ʜʦʩʢʠ 

ʉʦʩʥʘ ʠ ʝʣʴ ʧʦʧʝʨʝʢ 
ʚʦʣʦʢʦʥ (ɻʆʉʊ 8486-
66**, ɻʆʉʊ 9463-72*) 

500 0,18 2,3 

ʊʝʨʤʦʠʟʦʣʷʮʠʷ ɹʘʟʘʣʴʪʦʚʘʷ ʠʟʦʣʷʮʠʷ çʊʝʭʥʦʚʝʥʪ ʦʧʪʠʤʘ» 90 0,04 0,92 

ʉʄʃ ʉʄʃ 956 0,23 1,43 

ɺʦʟʜʫʰʥʘʷ 
ʧʨʦʩʣʦʡʢʘ 
(65 ʤʤ) 

ɺʦʟʜʫʭ (ʧʘʨʘʤʝʪʨʳ 
ʠʟʤʝʥʷʶʪʩʷ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ) 

ʧʦ ʪʘʙʣ. 2  ʧʦ ʪʘʙʣ. 2  ʧʦ ʪʘʙʣ. 2  

 
ʊʘʙʣʠʮʘ 2 

ʊʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʚʦʟʜʫʭʘ2 
ʊʝʤʧʝʨʘʪʫʨʘ, 

ºC 
ʇʣʦʪʥʦʩʪʴ, 
ʢʛ/ʤ3 

ʊʝʧʣʦʝʤʢʦʩʪʴ, 
ʢɼʞ/(ʢʛĀʂ) 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 
ɺʪ/(ʤĀʂ) 

20 1,205 1,005 0,0259 
30 1,165 1,005 0,0267 
40 1,128 1,005 0,0276 
50 1,093 1,005 0,0283 
60 1,060 1,005 0,029 
70 1,029 1,009 0,0296 
80 1,000 1,009 0,0305 
90 0,972 1,009 0,0313 
100 0,946 1,009 0,0321 
120 0,898 1,009 0,0334 
140 0,854 1,013 0,0349 
160 0,815 1,017 0,0364 
180 0,779 1,022 0,0378 
200 0,746 1,026 0,0393 
250 0,674 1,038 0,0427 
300 0,615 1,047 0,046 
350 0,566 1,059 0,0491 
400 0,524 1,068 0,0521 
500 0,456 1,093 0,0574 
600 0,404 1,114 0,0622 
700 0,362 1,135 0,0671 
800 0,329 1,156 0,0718 
900 0,301 1,172 0,0763 

1000 0,277 1,185 0,0807 
1100 0,257 1,197 0,085 
1200 0,239 1,210 0,0915 

 

                                         
1 ͤ͊͘;͔͙ͤΎ ͙͍͔͔ͨͪ͒ͤ· ͨͦ ͙ͤͺͦͪͣ͊ͼ͙͙ ˭͊͊͘͟;͙͊͟ 
2 ͤ͊͘;͔͙ͤΎ ͙͍͔͔ͨͪ͒ͤ· ͨͦ ͙ͤͺͦͪͣ͊ͼ͙͙ ˭͊͊͘͟;͙͊͟ 
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6.1.3. ʀʩʭʦʜʥʳʡ ʪʝʢʩʪ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ ʧʣʠʪʳ ʚ ʬʦʨʤʘʪʝ FDS 
&MATL ID='ȯȪȩ', 
      SPECIFIC_HEAT=1.43, 
      CONDUCTIVITY=0.21, 
      DENSITY=956.0, 
      EMISSIVITY=0.0/ 
&MATL ID='ȟɒɝɜɒ', 
      SPECIFIC_HEAT=2.3, 
      CONDUCTIVITY=0.18, 
      DENSITY=700.0, 
      EMISSIVITY=0.0/ 
&MATL ID='ȩɒɕɒ', 
      SPECIFIC_HEAT=2.3, 
      CONDUCTIVITY=0.18, 
      DENSITY=500.0, 
      EMISSIVITY=0.0/ 
&MATL ID='Ȣɠɣɜɒ', 
      SPECIFIC_HEAT=2.3, 
      CONDUCTIVITY=0.18, 
      DENSITY=500.0, 
      EMISSIVITY=0.0/ 
&MATL ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ', 
      SPECIFIC_HEAT_RAMP='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', 
      CONDUCTIVITY_RAMP='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', 
      DENSITY=1.205, 
      EMISSIVITY=0.0/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=20.0, F=1.005/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=30.0, F=0.972/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=40.0, F=0.941/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=50.0, F=0.912/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=60.0, F=0.884/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=70.0, F=0.858/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=80.0, F=0.834/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=90.0, F=0.811/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=100.0, F=0.789/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=120.0, F=0.749/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=140.0, F=0.712/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=160.0, F=0.68/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=180.0, F=0.65/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=200.0, F=0.622/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=250.0, F=0.562/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=300.0, F=0.513/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=350.0, F=0.472/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=400.0, F=0.437/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=500.0, F=0.38/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=600.0, F=0.337/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=700.0, F=0.302/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=800.0, F=0.274/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=900.0, F=0.251/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=1000.0, F=0.231/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=1100.0, F=0.214/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_SPECIFIC_HEAT_RAMP', T=1200.0, F=0.199/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=20.0, F=0.0259/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=30.0, F=0.0267/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=40.0, F=0.0276/ 
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&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=50.0, F=0.0283/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=60.0, F=0.029/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=70.0, F=0.0296/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=80.0, F=0.0305/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=90.0, F=0.0313/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=100.0, F=0.0321/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=120.0, F=0.0334/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=140.0, F=0.0349/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=160.0, F=0.0364/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=180.0, F=0.0378/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=200.0, F=0.0393/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=250.0, F=0.0427/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=300.0, F=0.046/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=350.0, F=0.0491/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=400.0, F=0.0521/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=500.0, F=0.0574/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=600.0, F=0.0622/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=700.0, F=0.0671/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=800.0, F=0.0718/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=900.0, F=0.0763/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=1000.0, F=0.0807/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=1100.0, F=0.085/ 
&RAMP ID='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ_CONDUCTIVITY_RAMP', T=1200.0, F=0.0915/ 
&MATL ID='Ƞɒɤɒ', 
      SPECIFIC_HEAT=0.84, 
      CONDUCTIVITY=0.04, 
      DENSITY=90.0, 
      EMISSIVITY=0.0/ 
&SURF ID='1 ɤɚɡ', 
      RGB=59.0,71.0,127.0, 
      EMISSIVITY=0.0, 
      MATL_ID(1,1)='ȯȪȩ', 
      MATL_ID(2,1)='ȟɒɝɜɒ', 
      MATL_ID(3,1)='ȩɒɕɒ', 
      MATL_ID(4,1)='Ȣɠɣɜɒ', 
      MATL_MASS_FRACTION(1,1)=1.0, 
      MATL_MASS_FRACTION(2,1)=1.0, 
      MATL_MASS_FRACTION(3,1)=1.0, 
      MATL_MASS_FRACTION(4,1)=1.0, 
      THICKNESS(1:4)=0.02,0.2,0.065,0.04/ 
&SURF ID='2 ɤɚɡ', 
      RGB=51.0,106.0,198.0, 
      EMISSIVITY=0.0, 
      MATL_ID(1,1)='ȯȪȩ', 
      MATL_ID(2,1)='ȟɒɝɜɒ', 
      MATL_ID(3,1)='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ', 
      MATL_ID(4,1)='Ȣɠɣɜɒ', 
      MATL_MASS_FRACTION(1,1)=1.0, 
      MATL_MASS_FRACTION(2,1)=1.0, 
      MATL_MASS_FRACTION(3,1)=1.0, 
      MATL_MASS_FRACTION(4,1)=1.0, 
      THICKNESS(1:4)=0.02,0.2,0.065,0.04/ 
&SURF ID='3 ɤɚɡ', 
      RGB=0.0,204.0,102.0, 
      EMISSIVITY=0.0, 
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      MATL_ID(1,1)='ȯȪȩ', 
      MATL_ID(2,1)='Ƞɒɤɒ', 
      MATL_ID(3,1)='ȩɒɕɒ', 
      MATL_ID(4,1)='Ȣɠɣɜɒ', 
      MATL_MASS_FRACTION(1,1)=1.0, 
      MATL_MASS_FRACTION(2,1)=1.0, 
      MATL_MASS_FRACTION(3,1)=1.0, 
      MATL_MASS_FRACTION(4,1)=1.0, 
      THICKNESS(1:4)=0.01,0.21,0.065,0.04/ 
&SURF ID='3* ɤɚɡ', 
      RGB=0.0,152.0,132.0, 
      EMISSIVITY=0.0, 
      MATL_ID(1,1)='ȯȪȩ', 
      MATL_ID(2,1)='Ƞɒɤɒ', 
      MATL_ID(3,1)='ȩɒɕɒ', 
      MATL_ID(4,1)='Ȣɠɣɜɒ', 
      MATL_MASS_FRACTION(1,1)=1.0, 
      MATL_MASS_FRACTION(2,1)=1.0, 
      MATL_MASS_FRACTION(3,1)=1.0, 
      MATL_MASS_FRACTION(4,1)=1.0, 
      THICKNESS(1:4)=0.02,0.2,0.065,0.04/ 
&SURF ID='4 ɤɚɡ', 
      RGB=255.0,153.0,102.0, 
      EMISSIVITY=0.0, 
      MATL_ID(1,1)='ȯȪȩ', 
      MATL_ID(2,1)='Ƞɒɤɒ', 
      MATL_ID(3,1)='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ', 
      MATL_ID(4,1)='Ȣɠɣɜɒ', 
      MATL_MASS_FRACTION(1,1)=1.0, 
      MATL_MASS_FRACTION(2,1)=1.0, 
      MATL_MASS_FRACTION(3,1)=1.0, 
      MATL_MASS_FRACTION(4,1)=1.0, 
      THICKNESS(1:4)=0.01,0.21,0.065,0.04/ 
&SURF ID='4* ɤɚɡ', 
      RGB=255.0,153.0,170.0, 
      EMISSIVITY=0.0, 
      MATL_ID(1,1)='ȯȪȩ', 
      MATL_ID(2,1)='Ƞɒɤɒ', 
      MATL_ID(3,1)='Ƞɠəɖɥɪɟɒɱ ɡɢɠɣɝɠɛɜɒ', 
      MATL_ID(4,1)='Ȣɠɣɜɒ', 
      MATL_MASS_FRACTION(1,1)=1.0, 
      MATL_MASS_FRACTION(2,1)=1.0, 
      MATL_MASS_FRACTION(3,1)=1.0, 
      MATL_MASS_FRACTION(4,1)=1.0, 
      THICKNESS(1:4)=0.02,0.2,0.065,0.04/ 
 

6.2. ʇʣʠʪʘ ʯʝʨʜʘʯʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ 

6.2.1. ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ 

ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʯʝʨʜʘʯʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʧʨʠʚʝʜʝʥʦ ʚ 

ʧʨʠʣʦʞʝʥʠʠ 2. 

ʇʣʠʪʘ ʯʝʨʜʘʯʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʠʤʝʝʪ ʨʘʟʤʝʨʳ 4000×3000 ʤʤ (ʨʠʩ. 3). 
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ɹʘʣʢʠ ʧʣʠʪʳ ʩʝʯʝʥʠʝʤ 100×150 ʤʤ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩ ʰʘʛʦʤ 600 ʤʤ. 

ʇʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʙʘʣʢʘʤʠ ʟʘʧʦʣʥʝʥʦ ʙʘʟʘʣʴʪʦʚʦʡ ʠʟʦʣʷʮʠʝʡ 

çʊʝʭʥʦʚʝʥʪ ʦʧʪʠʤʘ», ʢʦʪʦʨʘʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʦʣʦʩʳ ʩʪʝʢʣʦʤʘʛʥʠʝʚʦʛʦ ʣʠʩʪʘ 

«Tehstrong Firestop L» ʪʦʣʱʠʥʦʡ 10 ʤʤ, ʰʠʨʠʥʦʡ 300 ʤʤ (ʦʪʩʪʫʧʘʶʱʠʝ ʦʪ ʙʘʣʦʢ 

ʥʘ 100 ʤʤ ʚ ʢʘʞʜʫʶ ʩʪʦʨʦʥʫ). 

ʉʥʠʟʫ ʧʣʠʪʘ ʧʦʜʰʠʪʘ ʩʪʝʢʣʦʤʘʛʥʠʝʚʳʤʠ ʣʠʩʪʘʤʠ «Tehstrong Firestop L» 

ʪʦʣʱʠʥʦʡ 10 ʤʤ. 

 
ʈʠʩ. 3. ʇʣʠʪʘ ʯʝʨʜʘʯʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ 

6.2.2. ʊʝʧʣʦʪʝʭʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʀʩʭʦʜʷ ʠʟ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʠʪʳ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʟʥʘʯʠʪʴ 3 ʧʦʜʤʦʜʝʣʠ 

ʥʘʛʨʝʚʘ ʧʣʠʪʳ (3 ʪʠʧʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʦʚ) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʥʘʙʦʨʘʤʠ ʩʣʦʝʚ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ. 4): 

– ʪʠʧ 1: ʉʄʃ 20 ʤʤ; ʙʘʣʢʘ 150 ʤʤ; 

–  ʪʠʧ 2: ʉʄʃ 10 ʤʤ; ʪʝʨʤʦʠʟʦʣʷʮʠʷ 160; 

–  ʪʠʧ 2*: ʉʄʃ 20 ʤʤ; ʪʝʨʤʦʠʟʦʣʷʮʠʷ 150. 

http://www.mars-pb.ru/


 
�ƒ�w�‡�ˆ-�†�x �º�(�����#���,�(�����&�����U�����&���#�����U���,���-�8���/���-���-�/���%���*�(�����,�&�(����������(�*���-�&�(�-�/�� 

�«�!���/���,���&��1�,�� 
(343) 319-12-62 
www.mars-pb.ru  

  

15 
 

 
ʈʠʩ. 4. ʍʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ 3 ʪʠʧʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʦʚ 

ʧʣʠʪʳ ʯʝʨʜʘʯʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ 
 

ʊʘʙʣʠʮʘ 3 
ʊʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ3 

ʕʣʝʤʝʥʪ ʄʘʪʝʨʠʘʣ ʇʣʦʪʥʦʩʪʴ, 
ʢʛ/ʤ3 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 
ɺʪ/(ʤĀʂ) 

ʊʝʧʣʦʝʤʢʦʩʪʴ, 
ʢɼʞ/(ʢʛĀʂ) 

ɹʘʣʢʠ 
ʉʦʩʥʘ ʠ ʝʣʴ ʧʦʧʝʨʝʢ 
ʚʦʣʦʢʦʥ (ɻʆʉʊ 8486-
66**, ɻʆʉʊ 9463-72*) 

500 0,18 2,3 

ʊʝʨʤʦʠʟʦʣʷʮʠʷ ɹʘʟʘʣʴʪʦʚʘʷ ʠʟʦʣʷʮʠʷ çʊʝʭʥʦʚʝʥʪ ʦʧʪʠʤʘ» 90 0,04 0,92 

ʉʄʃ ʉʄʃ 956 0,23 1,43 
 

6.2.3. ʀʩʭʦʜʥʳʡ ʪʝʢʩʪ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ ʧʣʠʪʳ ʚ ʬʦʨʤʘʪʝ FDS 
&MATL ID='ȯȪȩ', 
      SPECIFIC_HEAT=1.43, 
      CONDUCTIVITY=0.21, 
      DENSITY=956.0, 
      EMISSIVITY=0.0/ 
&MATL ID='ȟɒɝɜɒ', 
      SPECIFIC_HEAT=2.3, 
      CONDUCTIVITY=0.18, 
      DENSITY=700.0, 
      EMISSIVITY=0.0/ 
&MATL ID='Ƞɒɤɒ', 
      SPECIFIC_HEAT=0.84, 
      CONDUCTIVITY=0.04, 
      DENSITY=90.0, 

                                         
3 ͪ͊ͫ;͔ͭͤ·͔ ͤ͊͘;͔͙ͤΎ ͨͦ ͙ͤͺͦͪͣ͊ͼ͙͙ ˭͊͊͘͟;͙͊͟ 
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      EMISSIVITY=0.0/ 
&SURF ID='1 ɤɚɡ', 
      RGB=51.0,106.0,198.0, 
      EMISSIVITY=0.0, 
      MATL_ID(1,1)='ȯȪȩ', 
      MATL_ID(2,1)='ȟɒɝɜɒ', 
      MATL_MASS_FRACTION(1,1)=1.0, 
      MATL_MASS_FRACTION(2,1)=1.0, 
      THICKNESS(1:2)=0.02,0.15/ 
&SURF ID='2 ɤɚɡ', 
      RGB=255.0,153.0,102.0, 
      EMISSIVITY=0.0, 
      MATL_ID(1,1)='ȯȪȩ', 
      MATL_ID(2,1)='Ƞɒɤɒ', 
      MATL_MASS_FRACTION(1,1)=1.0, 
      MATL_MASS_FRACTION(2,1)=1.0, 
      THICKNESS(1:2)=0.01,0.16/ 
&SURF ID='2* ɤɚɡ', 
      RGB=255.0,153.0,170.0, 
      EMISSIVITY=0.0, 
      MATL_ID(1,1)='ȯȪȩ', 
      MATL_ID(2,1)='Ƞɒɤɒ', 
      MATL_MASS_FRACTION(1,1)=1.0, 
      MATL_MASS_FRACTION(2,1)=1.0, 
      THICKNESS(1:2)=0.02,0.15/ 
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7. ʄʆɼɽʃʔ ʇɽʏʀ 

ʄʦʜʝʣʴ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʧʝʯʠ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

[3]. ʈʘʟʤʝʨʳ ʧʝʯʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʝʢʪʥʳʤ ʨʘʟʤʝʨʘʤ ʠʩʧʳʪʫʝʤʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʚ ʧʝʯʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ [3]. ɺ ʧʨʦʮʝʩʩʝ 

ʠʩʧʳʪʘʥʠʷ ʚ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʧʝʯʠ ʩʦʟʜʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

Ὕ = Ὕ + 345 Ͻ lg(8ὸ + 1), 

ʛʜʝ Ὕ – ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʯʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʨʝʤʝʥʠ ὸ, °ʉ; 

Ὕ  – ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʯʠ ʜʦ ʥʘʯʘʣʘ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʧʨʠʥʠʤʘʝʪʩʷ 

ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ), °ʉ; 

ὸ – ʚʨʝʤʷ, ʠʩʯʠʩʣʷʝʤʦʝ ʦʪ ʥʘʯʘʣʘ ʠʩʧʳʪʘʥʠʷ, ʤʠʥ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ʚ ʦʛʥʝʚʦʡ ʢʘʤʝʨʝ ʧʝʯʠ ʠʟʤʝʨʷʝʪʩʷ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʚ ʧʷʪʠ 

ʤʝʩʪʘʭ. ʇʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʳʝ 1,5 ʢʚ. ʤ ʧʨʦʝʤʘ ʧʝʯʠ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝ ʤʝʥʝʝ ʦʜʥʦʛʦ 

ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ (ʚʩʝʛʦ 8 ʰʪ.). 

ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 100 ʤʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʘ. 

ʇʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʩʝʭ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʩʪʝʥʦʢ ʧʝʯʠ ʥʝ 

ʤʝʥʝʝ 200 ʤʤ. 

ʆʪʢʣʦʥʝʥʠʝ ʩʨʝʜʥʝʡ ʠʟʤʝʨʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʝʯʠ ʦʪ ʟʥʘʯʝʥʠʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʫ ʥʝ ʧʨʝʚʳʰʘʶʪ 

ʟʥʘʯʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ [3] (ʨʠʩ. 5, ʨʠʩ. 6).  
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ʈʠʩ. 5. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʯʠ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ ʧʣʠʪʳ ʤʝʞʜʫʵʪʘʞʥʦʛʦ 

ʧʝʨʝʢʨʳʪʠʷ 
 
 

 
ʈʠʩ. 6. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʯʠ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ ʧʣʠʪʳ ʯʝʨʜʘʯʥʦʛʦ 

ʧʝʨʝʢʨʳʪʠʷ 
 

ʉʦʛʣʘʩʥʦ [3] ʦʙʨʘʟʮʳ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʷ ʠʩʧʳʪʳʚʘʣʠʩʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʪʝʧʣʘ ʩʥʠʟʫ. 
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8. ʀɿʄɽʈɽʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʇʆɺɽʈʍʅʆʉʊʀ ʆɹʈɸɿʎʆɺ 

ʈʘʩʩʪʘʥʦʚʢʘ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ [4]. 

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʷ ʥʘ ʥʝʦʙʦʛʨʝʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʧʦʢʘʟʘʥʠʡ ʧʷʪʠ ʜʘʪʯʠʢʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʦʜʠʥ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ, ʘ 

ʦʩʪʘʣʴʥʳʝ – ʚ ʩʝʨʝʜʠʥʝ ʧʨʷʤʳʭ, ʩʦʝʜʠʥʷʶʱʠʭ ʮʝʥʪʨ ʠ ʫʛʣʳ ʧʨʦʝʤʘ ʧʝʯʠ  

(ʨʠʩ. 7). 

 

 
ʈʠʩ. 7. ʈʘʩʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʦʙʦʛʨʝʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʪʝʧʣʦʧʨʦʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʚ 

5 ʪʦʯʢʘʭ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ 12 ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʨʠʩ. 8, ʨʠʩ. 9, ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʣʦʚʥʦ ʧʦʢʘʟʘʥʳ ʨʘʟʣʠʯʥʳʤʠ 

ʮʚʝʪʘʤʠ). 
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ʈʠʩ. 8. ʈʘʩʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʦʚ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʦʙʦʛʨʝʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪʳ ʤʝʞʜʫʵʪʘʞʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ 
 

 
ʈʠʩ. 9. ʈʘʩʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʦʚ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʦʙʦʛʨʝʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪʳ ʯʝʨʜʘʯʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ 
 

ɼʘʪʯʠʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʥʝʦʙʦʛʨʝʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝ ʙʣʠʞʝ 100 ʤʤ ʦʪ ʢʨʘʷ ʧʨʦʝʤʘ ʧʝʯʠ. 
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