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ˏ˞˟ˠ˜ 
 

ɼʠʩʮʠʧʣʽʥʘ «ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 
ʧʽʜʧʨʠ̒ ʤʩʪʚ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫè ʻ ʩʢʣʘʜʦʚʦʶ ʦʩʚʽʪʥʴʦ-
ʧʨʦʬʝʩʽʡʥʦʾ ʧʨʦʛʨʘʤʠ ʧʽʜʛʦʪʦʚʢʠ ʟʜʦʙʫʚʘʯʽʚ ʧʝʨʰʦʛʦ (ʙʘʢʘʣʘʚʨʩʴʢʦʛʦ) 
ʨʚ̔ʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 274 çɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ». ɺʦʥʘ 
ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʚʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʪʘ ʧʦʣʦʞʝʥʴ 
ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣ ʚʁʘʥʥ̫  ʚʫʟʣʽʚ  ̔ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ 
ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʤʠʩʣʝʥʥʷ ʱʦʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 
ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʝʬʝʢʪʠʚʥʠʭ ʤʦʜʝʣʝʡ 
ʩʢʣʘʜʥʠʭ ʦʙ'ʻʢʪʽʚ.  

ʆʙʩʷʛ ʜʠʩʮʠʧʣʽʥʠ ï 5 ʢʨʝʜʠʪʽʚ ɭʂʊʉ, ʚʢʣʶʯʘʻ ʪʝʦʨʝʪʠʯʥʠʡ 
ʢʫʨʩ, ʣʘʙʦʨʘʪʦʨʥʠʡ ʧʨʘʢʪʠʢʫʤ ʽ ʚʠʢʦʥʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ.  

ʄʝʪʦʶ ʜʠʩʮʠʧʣʽʥʠ ʻ ʬʦʨʤʫʚʘʥʥʷ ʫ ʬʘʭʽʚʮʷ ʩʫʯʘʩʥʠʭ ʫʷʚʣʝʥ ɹ
ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ 
ʧʨʦ̒ʢʪʫʚʘʥʥʷ ʜʝʪʘʣʝʡ, ʚʫʟʣʽʚ ʪʘ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟ 
ʥʘʩʪʫʧʥʦʶ ʽʤʽʪʘʮʽʻʶ ʾʭ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 
ʩʝʨʝʜʦʚʠʱʘʭ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ). 

ɿʘʚʜʘʥʥʷʤʠ ʜʠʩʮʠʧʣʽʥʠ ʻ ʟʘʩʚʦʻʥʥʷ ʤʝʪʦʜʠʢ: 
ï ʢʦʤʧôʶʪʝʨʥʦʾ ʽʤʽʪʘʮʽʾ ʨʝʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʜʝʪʘʣʝʡ, ʚʫʟʣʽʚ 

ʪʘ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʪʫʨʥʠʤ ʫʤʦʚʘʤ 
ʝʢʩʧʣʫʘʪʘʮʽʾ, ʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʄʉɽ;  

ï ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʬʦʨʤʫʚʘʥʥʷʤ 
ʚʠʩʥʦʚʢʽʚ ʱʦʜʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʢʦʥʘʥʥʷʤ ʟʘʭʦʜʽʚ ʟ 
ʦʧʪʠʤʽʟʘʮʽʾ. 

ʄʝʪʦʶ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ ʻ ʥʘʙʫʪʪʷ ʧʨʘʢʪʠʯʥʠʭ 
ʥʘʚʠʯʦʢ ʟ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʥʘʚʘʥʪʘʞʝʥʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʘ 
ʪʘʢʦʞ ʾʭ ʩʢʣʘʜʦʚʠʭ, ʟ ʘʥʘʣʽʟʦʤ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, 
ʪʝʨʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʘʝʨʦʜʠʥʘʤʽʢʠ, ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʢʦʥʚʝʢʮʽʾ, ʪʝʨʪʷ 
ʪʦʱʦ. ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 
ʩʪʘʥʫ ʢʘʨʢʘʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʫ ʫ ʩʝʨʝʜʦʚʠʱʽ Ansys Workbench. 

ʋ ʨʝʢʦʤʝʥʜʘʮʽʷʭ ʚʠʢʣʘʜʝʥ ̔ ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ, 
ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʚʘʨʽʘʥʪʠ ʟʘʚʜʘʥɹ ʪʘ ʢʦʥʪʨʦʣʴʥʽ 
ʧʠʪʘʥʥʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʨʽʚʥʷ ʟʘʩʚʦʻʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʥʴ. 

ʇʨʠ ʚʠʢʦʥʘʥʥ ̔ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ ʟʜʦʙʫʚʘʯʽ ʧʦʚʠʥʥʽ: 
ï ʜʦʩʣʽʜʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʽʤʽʪʘʮʽʾ 

ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ 
ʩʝʨʝʜʦʚʠʱʽ Ansys (ʧʨʠʢʣʘʜʘʥʥʷ ʚôʷʟʝʡ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 
ʪʦʱʦ); 

ï ʥʘʙʫʪʠ ʜʦʩʚʽʜʫ ʨʦʙʦʪʠ ʟ ʛʽʙʨʠʜʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ 
ʩʪʨʠʞʥʝʚʠʤʠ (beam) ʪʘ ʦʙʦʣʦʥʢʦʚʠʤʠ (shell) ʝʣʝʤʝʥʪʘʤʠ, 



 4 

ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʪʠ ʟ ʬʫʥʢʮʽʦʥʘʣʦʤ Ansys Workbench ʧʨʠ ʾʭ ʽʤʧʦʨʪʽ ʪʘ 
ʦʙʨʦʙʣʝʥʥʽ; 

ï ʦʪʨʠʤʘʪʠ ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʟ ʬʦʨʤʫʚʘʥʥʷ ʩʽʪʢʠ ʩʢʽʥʯʝʥʥʠʭ 
ʝʣʝʤʝʥʪʽʚ (ʉɽ), ʜʦʩʣʽʜʞʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʙʠʪʪʷ ʤʦʜʝʣʽ; 

ï ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʧʨʫʞʝʥʴ, ʜʝʬʦʨʤʘʮʽʡ, 
ʧʝʨʝʤʽʱʝʥʴ, ʩʠʣ ʪʘ ʤʦʤʝʥʪʽʚ, ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ ʪʦʱʦ, ʚʩʪʘʥʦʚʠʪʠ 
ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ; ʧʨʠʯʠʥʠ ʚʠʭʦʜʫ ʟ ʣʘʜʫ 
ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ 
ʨʦʟʨʦʙʣʷʪʠ ʧʨʦʛʨʝʩʠʚʥ ̔ ʪʝʭʥʦʣʦʛʽ ʾ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʝʤʦʥʪʫ, 
ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʟ ʤʝʪʦʶ ʧʦʜʦʚʞʝʥʥʷ 
ʨʝʩʫʨʩʫ ʨʦʙʦʪʠ. 

ɺʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ ʽ ʚʠʢʦʥʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ 
ʩʧʨʠʷʻ ʧʦʛʣʠʙʣʝʥʥ ʁʽ ʨʦʟʰʠʨʝʥʥʶ ʬʘʭʦʚʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ, ʟʦʢʨʝʤʘ 
ʪʘʢʠʭ ʟʜʘʪʥʦʩʪʝʡ ʷʢ:  

ï ʩʢʣʘʜʘʪʠ, ʦʬʦʨʤʣʶʚʘʪʠ ʡ ʦʧʝʨʫʚʘʪʠ ʪʝʭʥʽʯʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽ̒  ʁ
ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ; 

ï ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʟ-
ʚôʷʟʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʘʜʘʯ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ɸʊ);  

ï ʚʠʟʥʘʯʘʪʠ ʦʩʥʦʚʥʽ ʤʝʭʘʥʽʟʤʠ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʪʘ 
ʘʛʨʝʛʘʪʽʚ ʩʠʩʪʝʤ ʘʚʪʦʤʦʙʽʣʷ, ʨʦʟʨʦʙʣʷʪʠ ʽʥʞʝʥʝʨʥʽ ʟʘʭʦʜʠ ʟ 
ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʟʥʦʰʫʚʘʥʥʷ; 

ï ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʦʮʽʥʢʫ 
ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ 
ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʽʣʷ. 

ʉʬʦʨʤʫʚʘʪʠ ʽ ʜʦʧʦʚʥʠʪʠ ʪʘʢʽ ʧʨʦʛʨʘʤʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ: 
ï ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʽʥ-

ʬʦʨʤʘʮʽʡʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 
ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ ʽ ʧʨʦʮʝʩʽʚ ɸʊ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 
ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʟʜʽʡʩʥʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʽ ʪʝʭʥʽʢʦ-
ʝʢʦʥʦʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʩʪʚʦʨʝʥʥʷ ʧʨʦʻʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ 
ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʽʥʰʠʭ ʟʘʜʘʯ ɸʊ;  

ï ʚ̔ ʜʰʫʢʦʚʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽ-
ʪʝʨʘʪʫʨʽ, ʙʘʟʘʭ ʜʘʥʠʭ ʪʘ ʽʥʰʠʭ ʜʞʝʨʝʣʘʭ;  

ï ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʦʮʽʥʶʚʘʪʠ ʮʶ ʽʥʬʦʨʤʘʮʽʶ;  
ï ʧʨʠʡʤʘʪʠ ʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ, ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʧʦʨʽʚʥʶʚʘʪʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʣʝʡ ʪʘ ʦʙʤʝʞʝʥʴ, ʧʠʪʘʥʴ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʪʝʭʥʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ, ʟʘʢʦʥʦʜʘʚʯʠʭ ʪʘ 
ʽʥʰʠʭ ʘʩʧʝʢʪʽʚ; ʘʥʘʣʽʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʦʪʨʠʤʘʥʫ ʚ ʨʝʟʫʣʴʪʘʪʽ 
ʜʦʩʣʜ̔ʞʝʥʴ, ʫʟʘʛʘʣʴʥʶʚʘʪʠ, ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ ʫ 
ʧʨʦʬʝʩʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ; ʨʦʟʨʦʙʣʷʪʠ ʪʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ 
ʧʨʦʮʝʩʠ, ʪʝʭʥʦʣʦʛʽʯʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʩʥʘʱʝʥʥʷ, ʟʘʩʦʙʠ 
ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʤʝʭʘʥʽʟʘʮʽʾ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʠ ʨʝʤʦʥʪʽ ʪʘ 
ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʦʙôʻʢʪʽʚ ɸʊ, ʾʭ ʩʠʩʪʝʤ ʪʘ ʝʣʝʤʝʥʪʽʚ;  
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ï ʘʥʘʣʽʟʫʚʘʪʠ ʪʝʭʥʽʢʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ 
ʧʦʢʘʟʥʠʢʠ ɸʊ ʟʘʩʦʙʽʚ, ʾʭ ʩʠʩʪʝʤ ʪʘ ʝʣʝʤʝʥʪʽʚ; ʟʘʩʪʦʩʦʚʫʚʘʪʠ 
ʤʘʪʝʤʘʪʠʯʥʽ ʪʘ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʽ ʜʦʩʣʽʜʞʝʥʥʷ 
ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ ʽ ʧʨʦʮʝʩʽʚ ɸʊ, ʨʦʟʨʘʭʫʥʢʫ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 
ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʽʥʰʠʭ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ɸʊ;  

ï ʧʨʝʟʝʥʪʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 
ʬʘʭʽʚʮʷʤ ʽ ʥʝʬʘʭʽʚʮʷʤ, ʘʨʛʫʤʝʥʪʫʚʘʪʠ ʩʚʦʶ ʧʦʟʠʮʽʶ. 

ɿʘʛʘʣʴʥʽ ʧʦʨʘʜʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʘ ʚʘʨʽʘʥʪʠ ʟʘʚʜʘʥ ɹ 

 

ɺʠʚʯʝʥʥʷ ʟʜʦʙʫʚʘʯʝʤ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʥʘʧʨʘʮʶʚʘʥʥ ̫

ʜʦʩʚʽʜʫ ʚ ʽʥʪʝʨʬʝʡʩʽ Ansys ʻ ʛʦʣʦʚʥʠʤʠ ʧʝʨʝʜʫʤʦʚʘʤʠ ʫʩʧʽʰʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ. ˆʨʫʥʪʦʚʥʦ ʦʧʘʥʫʚʘʚʰʠ 

ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ ʟ ʪʝʤʠ ʨʦʙʦʪʠ, ʚʽʥ ʟʤʦʞʝ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ, 

ʟʨʦʟʫʤʽʪʠ ʪʘ ʧʦʷʩʥʠʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟʚʽʪ, ʷʢʠʡ ʤʘʻ 

ʤʽʩʪʠʪʠ: ʥʘʟʚʫ ʪʘ ʤʝʪʫ ʟʘʚʜʘʥʥʷ, ʚʠʭʽʜʥʽ ʜʘʥʽ, ʜʝʪʘʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ 

ʥʝʦʙʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ. ɿʜʦʙʫʚʘʯ ʙʝʟ ʥʘʷʚʥʦʩʪʽ 

ʟʚʽʪʫ ʜʦ ʟʘʭʠʩʪʫ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ. 
1. ʇʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʟʛʠʥʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʢʦʝʬʽʮʽʻʥʪ 

ʜʠʥʘʤʽʯʥʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʘʰʦʤʫ ʚʘʨʽʘʥʪʫ ʘʙʦ ʥʦʤʝʨʫ ʟʘ ʩʧʠʩʢʦʤ 

ʛʨʫʧʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: aʨʝʟ = g Ö kɼ = g Ö (1 + 0,1 Ö n), 

ʜʝ n ï ʥʦʤʝʨ ʚʘʨʽʘʥʪʘ ʟʘ ʩʧʠʩʢʦʤ. 
 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 17-ʛʦ ʚʘʨʽʘʥʪʘ ʦʪʨʠʤʘʻʤʦ: 
 

aʨʝʟ = g Ö (1 + 0,1 Ö 17) = 9806,6 Ö 2,7 = 26477,82 ʤʤ/ʩ2, 
 

ʜʝ aʨʝʟ = 2.7 ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʩʪʽ ʜʣʷ 17-ʛʦ ʚʘʨʽʘʥʪʫ. 

2. ʇʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʢʨʫʯʝʥʥʷ ʟ ʚʠʚʽʰʫʚʘʥʥʷʤ ʣʽʚʦʛʦ 
ʧʝʨʝʜʥʴʦʛʦ ʢʦʣʝʩʘ, ʘ ʧʦʪʽʤ ʧʨʘʚʦʛʦ. ʇʦʨʽʚʥʷʪʠ ʨʝʟʫʣʴʪʘʪʠ. 

3. ʆʬʦʨʤʠʪʠ ʟʚʽʪ ʧʦ ʢʦʞʥʦʤʫ ʨʝʞʠʤʫ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 
ʧʨʠʢʣʘʜʦʤ ʨʦʟʜʽʣʫ 3 çʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫè ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʥʘʡʙʽʣʴʰ 
ʥʘʚʘʥʪʘʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʘ ʢʫʟʦʚʘ ʪʘ ʚʝʣʠʯʠʥʦʶ ʦʪʨʠʤʘʥʠʭ 
ʧʦʢʘʟʥʠʢʽʚ. 

4. ʈʦʟʨʘʭʫʚʘʪʠ ʞʦʨʩʪʢʽʩʪʴ ʥʘ ʟʛʠʥʘʥʥʷ ʪʘ ʢʨʫʯʝʥʥʷ ʟʘ 
ʬʦʨʤʫʣʘʤʠ (3.1) ʽ (3.2). 

ʆʮʽʥʶʚʘʥʥʷ ʨʦʙʽʪ ʟʜʽʡʩʥʶʁʪʴ ʟʘ ʯʦʪʠʨʠʙʘʣʴʥʦʶ ʰʢʘʣʦʶ. 

ʆʮʥ̔ʢʠ ʚʠʩʪʘʚʣʷʶʪʴʩʷ ʚʠʢʣʘʜʘʯʝʤ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʞʫʨʥʘʣʽ ʛʨʫʧʠ ʚ 

ʝʣʝʢʪʨʦʥʥʽʡ ʤʝʨʝʞʽ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʆʮʽʥʢʘ ʻ ʩʢʣʘʜʦʚʦʶ ʧʽʜʩʫʤʢʦʚʦ ʾ

ʩʝʤʝʩʪʨʦʚʦʾ ʦʮʽʥʢʠ ʟʜʦʙʫʚʘʯʘ. 

ʆʮʽʥʢʘ çʚʽʜʤʽʥʥʦè ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʛʨʘʤʦʪʥʽ, ʣʦʛʽʯʥʽ ʪʘ ʧʦʚʥʽ 

ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʠʪʘʥʥʷ ʚʠʢʣʘʜʘʯʘ ʪʘ ʷʢʽʩʥʝ ʦʬʦʨʤʣʝʥʥʷ ʨʦʙʦʪʠ 

(ʩʢʨʽʥh ʦʪʠ, ʪʘʙʣʠʮʽ). 
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ʆʮʽʥʢʘ çʜʦʙʨʝè ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʧʦʚʥʽ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʠʪʘʥʥʷ ʟ 

ʜʝ̫ ʢʠʤʠ ʥʝʪʦʯʥʦʩʪʷʤʠ ʘʙʦ ʧʦʭʠʙʢʘʤʠ ʪʘ ʷʢʽʩʥʝ ʦʬʦʨʤʣʝʥʥʷ ʨʦʙʦʪʠ 

(ʩʢʨʽʥʰʦʪʠ, ʪʘʙʣʠʮʽ). 

ʆʮʽʥʢʘ çʟʘʜʦʚʽʣʴʥʦè ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʥʝʧʦʚʥʽ ʚʽʜʧʦʚʽʜʽ ʥʘ 

ʧʠʪʘʥʥʷ ʟ ʥʝʪʦʯʥʦʩʪʷʤʠ, ʧʦʭʠʙʢʘʤʠ ʪʘ ʷʢʽʩʥʝ ʦʬʦʨʤʣʝʥʥʷ ʨʦʙʦʪʠ 

(ʩʢʨʥ̔h ʦʪʠ, ʪʘʙʣʠʮʽ). 

ʆʮ̔ ʥʢʘ çʥʝʟʘʜʦʚʽʣʴʥʦè ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʘʚʠʣʴʥʽ 

ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʠʪʘʥʥʷ ʪʘ ʥʝʷʢʽʩʥʝ ʦʬʦʨʤʣʝʥʥʷ ʨʦʙʦʪʠ (ʩʢʨʽʥʰʦʪʠ, ʪʘʙʣʠʮʽ). 
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ρȢ ˜˴ˑː˛˟˛ˏ˗ˍ ˑ˛ ˏ˕˗˛˚ˍ˚˚ˬ ˔ˍˏˑˍ˚˚ˬ 
 

ʄʝʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ çʄʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʘʨʢʘʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ 

ʩʝʨʝʜʦʚʠʱʽ Ansys Workbenchè: ʟʘʩʚʦʻʥʥʷ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ 

ʢʘʨʢʘʩʘ ʢʫʟʦʚʘ ʤʽʩʴʢʦʛʦ ʘʚʪʦʙʫʩʘ ʧʨʠ ʩʪʘʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʫ 

ʨʝʞʠʤʽ çʟʛʠʥʘʥʥʷè ʪʘ çʢʨʫʯʝʥʥʷè ʟʘ ʜʦʧʦʤʦʛʦʶ Ansys Workbench. 

Ansys Student ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʙʝʟʢʦʰʪʦʚʥʠʤ 

ʜʦʩʪʫʧʦʤ ʜʦ ʧʘʢʝʪʘ ʥʘ ʦʩʥʦʚʽ Ansys Workbench. ʎʝʡ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʻ 

Ansys Mechanical, Ansys CFD, Ansys Discovery, Ansys SPEOS, Ansys 

Autodyn, Ansys DesignXplorer ʽ Ansys SpaceClaim. Ansys Student, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʜʦʙʫʚʘʯʘʤʠ ʟ ʫʩʴʦʛʦ ʩʚʽʪʫ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʥʘʚʠʯʦʢ ʫ ʛʘʣʫʟʽ ʨʦʟʨʘʭʫʥʢʽʚ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʟʜʦʙʫʪʪʷ ʬʘʭʫ ʽʥʞʝʥʝʨʘ-ʘʥʘʣʽʪʠʢʘ ʽʟ ʩʫʯʘʩʥʠʤ ʨʽʚʥʝʤ ʟʥʘʥʴ. 

ʇʦʩʠʣʘʥʥʷ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ Ansys Student: https://www.ansys.com/ 

academic/students/ ansys-student 

ʆʙʝʨʽʪʴ ʦʩʪʘʥʥʶ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʚʝʨʩʽʶ. ʅʘ ʤʦʤʝʥʪ ʧʽʜʛʦʪʦʚʢʠ 

ʤʘʪʝʨʽʘʣʫ ï Ansys Student 2023 R1 (ʨʠʩ. 1.1). 
 

 
 

ʈʠʩ. 1.1 ï ʉʘʡʪ «Ansys» ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ Ansys Student 
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ςȢ ˟˒˛˝˒˟˕ˤ˚ˍ ˤˍ˞˟˕˚ˍ 
 

2.1. ɺʩʪʫʧ ʫ ʪʠʧʠ ʢʫʟʦʚʽʚ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ 

 

ʊʝʥʜʝʥʮʽʷ ʨʦʟʚʠʪʢʫ ʚʽʪʯʠʟʥʷʥʦʛʦ ʘʚʪʦʙʫʩʦʙʫʜʫʚʘʥʥʷ 

ʧʨʦʜʠʢʪʦʚʘʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʶ ʚʞʝ ʜʽʶʯʠʤ ʚ ʢʨʘʾʥʘʭ ɭʉ ʥʦʨʤʘʪʠʚʥʠʤ 

ʚʠʤʦʛʘʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʚʝʟʝʥʥʷ ʫ ʤʽʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʧʘʩʘʞʠʨʽʚ ʟ 

ʦʙʤʝʞʝʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. ɿʛʽʜʥʦ ʜʦ «ʇʨʘʚʠʣ ˉ 107 ɭɽʂ 

ʆʆʅ», ʨʽʚʝʥʴ ʧʽʜʣʦʛʠ ʩʫʯʘʩʥʠʭ ʤʽʩʴʢʠʭ ʪʘ ʧʨʠʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ ʤʘʻ 

ʚʽʜʧʦʚʜ̔ʘʪʠ ʚʠʩʦʪʽ ʪʨʦʪʫʘʨʫ ʪʘ ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʤʝʞʘʭ 340ï360 ʤʤ, 

ʟʘʙʝʟʧʝʯʫʯʁʠ ʧʨʦʭʽʜ ʫ ʩʘʣʦʥ ʙʝʟ ʩʭʦʜʠʥʦʢ ʧʨʠʥʘʡʤʥʽ ʚ ʧʝʨʝʜʥʽʡ ʪʘ 

ʤʽʞʦʩʴʦʚʽʡ ʯʘʩʪʠʥʽ ʢʫʟʦʚʘ. ʇʥʝʚʤʘʪʠʯʥʘ ʧʽʜʚʽʩʢʘ ʘʚʪʦʙʫʩʘ ʤʦʞʝ ʙʫʪʠ 

ʜʦʧʦʚʥʝʥʘ ʩʠʩʪʝʤʦʶ ʧʽʜʡʦʤʫ ʪʘ ʦʧʫʩʢʘʥʥʷ ʢʫʟʦʚʘ (kneeling), ʷʢʘ 

ʩʧʨʠʷʻ ʟʨʫʯʥʦʩʪʽ ʚʭʦʜʫ ʚ ʩʘʣʦʥ ʪʘ ʚʠʭʦʜʫ ʥʘ ʪʨʦʪʫʘʨ. ʇʨʠ ʮʴʦʤʫ, ʪʠʧ 

ʢʫʟʦʚʘ ʽʟ ʨʽʚʥʦʤʽʨʥʦ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʧʽʜʣʦʛʠ ʧʦ ʚʩʽʡ ʡʦʛʦ ʜʦʚʞʠʥʽ, 

ʥʘʷʚʥʽʩʪʶ ʜʚʝʨʥʠʭ ʧʨʦʭʦʜʽʚ ʙʝʟ ʩʭʦʜʠʥʦʢ ʤʘʻ ʥʘʟʚʫ Low-floor ʪʘ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʢʣʘʩʽ maxi ʽʟ ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ 12 ʤ 

(ʨʠʩ. 2.1). 
 

 
ʈʠʩ. 2.1 ï ʄʽʩʴʢʠʡ ʘʚʪʦʙʫʩ ʪʠʧʫ Low-floor ʢʣʘʩʫ maxi 

(ɺɸʊ ʋʢʨʘʚʪʦʙʫʩʧʨʦʤ ï 5289) 

 

ʄʽʩʴʢʽ ʚʘʨʽʘʥʪʠ Low-floor ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʰʠʨʦʢʠʭ ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʭ ʧʣʦʱʘʜʦʢ, ʪʨʘʧʦʤ ʜʣʷ ʽʥʚʘʣʽʜʥʦʾ ʢʦʣʷʩʢʠ 

ʪʘ ʩʧʝʮʽʘʣʴʥʦ ʦʩʥʘʱʝʥʠʤʠ ʜʣʷ ʥʝʾ ʤʽʩʮʷʤʠ ʫ ʩʘʣʦʥʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʢʣʘʩʠʯʥʦʾ ʢʦʤʧʦʥʦʚʢʠ (ʥʘ ʙʘʟʽ ʨʘʤʠ) ʽʟ ʨʽʚʥʝʤ ʧʽʜʣʦʛʠ 610ï730 ʤʤ, ʷʢʘ 

ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʦʩʥʦʚʥʦʾ ʩʠʣʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʩʪʽʚ (ʚʽʜ ʚʘʥʪʘʞʽʚʢʠ), ʘʚʪʦʙʫʩʠ ʪʠʧʫ Low-floor 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʦʙʦʚôʷʟʢʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʨʪʘʣʴʥʠʭ ʤʦʩʪʽʚ ʪʘ 

ʧʦʪʫʞʥʦʾ ʬʝʨʤʠ ʜʘʭʫ, ʱʦ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʥʝʩʽʚʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 2.2). 

ʂʘʨʢʘʩ ʜʘʭʫ Low-floor ʤʘʻ ʪʨʘʜʠʮʽʡʥʦ ʩʢʣʘʜʥʫ ʙʘʛʘʪʦʨʽʚʥʝʚʫ 

ʩʪʨʫʢʪʫʨʫ, ʩʬʦʨʤʦʚʘʥʫ ʟ: 

ï ʧʦʟʜʦʚʞʥʽʭ ʥʝʩ̔ʚʥʠʭ ʪʨʫʙ 100³40³2 ʤʤ ʘʙʦ 100³40³3 ʤʤ, ʷʢʽ 

ʚʠʩʪʫʧʘʶʪʴ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʠʭ ʣʦʥʞʝʨʦʥʽʚ; 
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ï ʜʦʜʘʪʢʦʚʠʭ ʧʦʩʠʣʶʶʯʠʭ ʪʨʫʙ 40³28³2 ʤʤ, 40³28³3 ʤʤ ʘʙʦ 

40³40³2 ʤʤ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʧʘʨʘʣʝʣʴʥʦ ʣʦʥʞʝʨʦʥʘʤ ʫʟʜʦʚʞ ʨʝʙʝʨ 

ʩʭʦʜʞʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʙʦʢʦʚʠʥ ʽ ʜʘʭʫ; 

ï ʧʦʧʝʨʝʯʥʠʭ ʰʧʘʥʛʦʫʪʽʚ 40³3 ʘʙʦ 40³2,5, ʷʢʽ ʧʨʦʜʦʚʞʫʶʪʴ 

ʚʽʢʦʥʥʽ ʩʪʽʡʢʠ ʙʦʢʦʚʠʥ, ʟʘʤʠʢʘʶʯʠ ʩʠʣʦʚʽ ʢʦʥʪʫʨʠ ʩʝʢʮʽʡ ʘʚʪʦʙʫʩʘ. 
 

 
 

ʈʠʩ. 2.2 ï ʉʪʨʫʢʪʫʨʘ ʙʦʢʦʚʠʥʠ ʪʘ ʜʘʭʫ ʘʚʪʦʙʫʩʘ ʪʠʧʫ Low-floor  

 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʝʨʝʜʘʯʽ ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜ ʦʩʥʦʚʠ ʪʘ ʙʦʢʦʚʠʥ 

ʘʚʪʦʙʫʩʘ ʜʦ ʥʝʩ̔ʚʥʦ ʾ ʬʝʨʤʠ ʜʘʭʫ ʜʦʮʽʣʴʥʦ ʧʽʜʩʠʣʶʚʘʪʠ ʨʘʜʽʘʣʴʥʽ 

ʧʝʨʝʭʦʜʠ ʰʧʘʥʛʦʫʪʽʚ ʚʽʜ ʚʽʢʦʥʥʠʭ ʩʪʽʡʦʢ ʜʦ ʣʦʥʞʝʨʦʥʽʚ ʜʘʭʫ ʟ 

ʜʦʜʘʪʢʦʚʠʤʠ ʪʨʠʢʫʪʥʠʤʠ ʩʪʷʞʢʘʤʠ ʟ ʧʨʦʬʽʣʝʤ 40³2 ʤʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʦʪʨʠʤʘʥʦʾ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʦʾ ʪʘ ʦʙôʻʤʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʘʨʢʘʩʘ ʜʘʭʫ 

ʚʠʨʦʙʥʠʢʠ Low-floor ʯʘʩʪʦ ʧʝʨʝʥʦʩʷʪʴ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤ ʧʥʝʚʤʘʪʠʢʠ ʪʘ 

ʢʦʥʜʠʮʽʚʁʘʥʥʷ ʫ ʚʝʨʭʥʶ ʟʚʽʣʴʥʝʥʫ ʯʘʩʪʠʥʫ ʘʚʪʦʙʫʩʘ. 

ʉʪʚʦʨʝʥʥʷ ʘʚʪʦʙʫʩʽʚ Low-floor ʢʣʘʩʫ maxi ʻ ʝʢʦʥʦʤʽʯʥʦ 

ʚʠʛʽʜʥʠʤ ʧʨʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚ ʦʩʥʦʚʥʦʤʫ ʦʨʽʻʥʪʦʚʘʥʦ 

ʥʘ ʬʽʥʘʥʩʦʚʦ ʟʘʙʝʟʧʝʯʝʥʽ ʤʫʥʽʮʠʧʘʣʴʥʽ ʘʚʪʦʧʘʨʢʠ. ʇʨʦʪʝ ʚ ʩʫʯʘʩʥʠʭ 

ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ ʦʩʥʦʚʥʘ ʯʘʩʪʢʘ ʧʘʩʘʞʠʨʦʧʝʨʝʚʝʟʝʥʴ ʟʘʙʝʟʧʝʯʝʥʘ 

ʧʨʠʚʘʪʥʠʤʠ ʧʝʨʝʚʽʟʥʠʢʘʤʠ, ʩʝʨʝʜ ʢʦʪʨʠʭ ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ 

ʥʘʙʫʚʘʻ ʩʝʨʝʜʥʽʡ ʢʣʘʩ ʘʚʪʦʙʫʩʽʚ ʪʘʢ ʟʚʘʥʦʛʦ ʪʠʧʫ Low-entry, ʜʝ ʙʽʣʴʰʝ 

60 % ʜʦʚʞʠʥʠ ʩʘʣʦʥʫ ʨʽʚʝʥʴ ʧʽʜʣʦʛʠ ʩʢʣʘʜʘʻ 340ï360 ʤʤ (ʚʭʽʜ ʙʝʟ 

ʩʭʦʜʠʥʦʢ), ʘ ʟʦʥʘ ʚʝʜʫʯʦʛʦ ʤʦʩʪʘ ʥʝʧʦʨʪʘʣʴʥʦʛʦ ʪʠʧʫ ʪʘ ʟʘʜʥʽʡ ʟʚʠʩ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʨʝʭʦʜʦʤ ʥʘ 1ï2 ʩʭʦʜʠʥʢʠ ʟ ʧʽʜʡʦʤʦʤ ʧʽʜʣʦʛʠ ʥʘ  

250ï400 ʤʤ ʪʘ ʬʦʨʤʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʾ ʥʝʩ̔ʚʥʦ ʾʬʝʨʤʠ. 
ʉʦʙʽʚʘʨʪʽʩʪʴ ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʩʪʽʚ, ʟʘʧʦʟʠʯʝʥʠʭ ʟ ʤʘʩʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʘʥʪʘʞʽʚʦʢ, ʻ ʙʽʣʴʰ ʥʽʞ ʚʜʚʽʯʽ ʥʠʞʯʦʶ ʚʽʜ ʚʘʨʪʦʩʪʽ 
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ʧʦʨʪʘʣʴʥʠʭ ʤʦʩʪʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʣʠʰʝ ʧʽʜ ʝʢʩʢʣʶʟʠʚʥʽ 
ʟʘʤʦʚʣʝʥʥʷ ʜʨʙ̔ʥʠʭ ʩʝʨʽʡ ʥʠʟʴʢʦʧʽʜʣʦʛʦʚʠʭ ʘʚʪʦʙʫʩʽʚ ʢʣʘʩʫ midi. ʂʨʽʤ 
ʪʦʛʦ, ʧʨʠ ʟʘʛʘʣʴʥʽʡ ʜʦʚʞʠʥʽ ʘʚʪʦʙʫʩʘ ʙʣʠʟʴʢʦ 9 ʤ ʪʘ ʢʽʣʴʢʦʩʪʽ ʧʘʩʘʞʠʨʽʚ 
ʤʝʥʰʝ 70, ʟʘ ʜʽʶʯʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʜʥʽʭ 
ʜʚʝʨʝʡ ʥʝ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ 
ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʢʽʥʮʝʚʫ ʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʪʫ. 

ʊʘʢʘ ʥʦʚʘ ʜʣʷ ʚʽʪʯʠʟʥʷʥʦʛʦ ʘʚʪʦʙʫʩʦʙʫʜʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʘ 
ʢʘʨʢʘʩʘ Low-entry ʻ ʧʨʦʤʽʞʥʦʶ ʤʽʞ ʧʦʚʥʽʩʪʶ ʥʠʟʴʢʦʧʽʜʣʦʛʦʚʠʤʠ 
ʢʦʥʩʪʨʫʢʮʽʷʤʠ Low-floor ʚʝʣʠʢʠʭ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ ʪʘ ʢʣʘʩʠʯʥʠʤʠ 
ʢʘʨʢʘʩʘʤʠ ʘʚʪʦʙʫʩʽʚ ʤʽʩʮʝʚʦʛʦ ʽ ʧʨʠʤʽʩʴʢʦʛʦ ʩʧʦʣʫʯʝʥʥʷ (ʟ 
ʜʦʤʽʥʫʶʯʦʶ ʥʠʞʥʴʦʶ ʥʝʩ̔ʚʥʦ  ʁ ʬʝʨʤʦʶ ʢʫʟʦʚʘ ʪʘ ʨʘʤʦʶ) ʽ 
ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʻʶ ʩʪʨʫʢʪʫʨʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʠʤʙʽʦʟʫ 
ʟʘʟʥʘʯʝʥʠʭ ʥʠʟʴʢʦʧʽʜʣʦʛʦʚʦʾ ʪʘ ʢʣʘʩʠʯʥʦʾ ʢʦʥʮʝʧʮʽʾ ʘʚʪʦʙʫʩʽʚ (ʨʠʩ. 
2.3), ʘ ʪʦʤʫ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʧʦʥʦʚʢʠ ʪʘ 
ʦʮʽʥʢʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ 
ʨʽʚʥʦʤʽʮʥʦʩʪʽ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʚʘʛʠ, ʱʦ ʽ ʻ ʦʙôʻʢʪʦʤ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

 
 

ʈʠʩ. 2.3 ï ʉʪʨʫʢʪʫʨʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʢʫʟʦʚʘ ʪʠʧʫ Low-entry  

 
ɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʘʨʢʘʩʘ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ ʚʠʢʦʥʫʪʁɹ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ), ʢʦʪʨʠʡ 
ʚʚʘʞʘ̒ ʪʴʩʷ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʚ ʫʤʦʚʘʭ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʽʤʪ̔ʘʮʽʾ 
ʥʘʪʫʨʥʦʾ ʧʦʚʝʜʽʥʢʠ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ 
ʥʘʚʘʥʪʘʞʝʥʴ. 

ɺ̔ ʜʦʤʦ, ʱʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʢʦʨʦʯʝʥʥʷ ʤʘʩʠ, ʥʝʩʽʚʥʠʡ ʢʫʟʦʚ 
ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʜʦʮʽʣʴʥʽʰʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʧʽʚʥʝʩʽʚʥʠʤ, ʫ ʷʢʦʤʫ 
ʧʨʠʩʫʪʥʷ ʢʣʘʩʠʯʥʘ ʨʘʤʘ ʟ ʧʨʠʙʣʠʟʥʦʶ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ 30 % ʚʽʜ 
ʫʩʴʦʛʦ ʢʫʟʦʚʘ. ɺʦʜʥʦʯʘʩ, ʟʘʟʥʘʯʝʥʘ ʪʨʝʪʠʥʥʘ ʨʽʟʥʠʮʷ ʧʦʚʠʥʥʘ ʙʫʪʠ 
ʢʦʤʧʝʥʩʦʚʘʥʘ ʽʥʰʠʤʠ ʧʦʩʠʣʝʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʢʘʨʢʘʩʘ ʧʨʠ 
ʜʦʪʨʠʤʘʥʥʽ ʫʤʦʚʠ ʡʦʛʦ ʦʩʪʘʪʦʯʥʦʾ ʨʽʚʥʦʤʽʮʥʦʩʪʽ. 

ɿ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʢʘʨʢʘʩ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ  ̒ʪʚʝʨʜʠʤ 
ʪʽʣʦʤ, ʷʢʝ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʘʡʙʽʣʴʰ ʩʪʨʦʛʦ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʷʢ 
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ʩʫʢʫʧʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʦ ʧʦʜʽʙʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ 
ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʦʥʠ ʫʪʚʦʨʶʚʘʣʠ ʩʪʨʫʢʪʫʨʫ, ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʫ 
ʟʘ ʬʦʨʤʦʶ ʜʦ ʨʝʘʣʴʥʦʛʦ ʢʫʟʦʚʘ. ʊʘʢʠʡ ʧʨʠʡʦʤ ʩʪʘʥʦʚʠʪʴ ʦʩʥʦʚʫ ʄʉɽ. 
ʇʨʠ ʮʴʦʤʫ, ʚʠʢʦʥʘʥʥʷ ʄʉɽ-ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʜʙʘʯʘʻ 
ʜʝʷʢʽ ʜʦʧʫʱʝʥʥʷ. 

1. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʩʪʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʘʪʝʨʽʘʣ 

ʧʨʝʜʩʪʘʚʣʷ̒ ʪʴʩʷ ʷʢ ʦʜʥʦʨʽʜʥʝ ʩʫʮʽʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʚʦʣʦʜʽʻ 

ʽʟʦʪʨʦʧʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɯʟʦʪʨʦʧʽʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʧʫʩʢʘʻ 

ʥʝʟʤʽʥʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʧʦ ʙʫʜʴ-ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ 

ʚʩʝʨʝʜʠʥʽ ʥʴʦʛʦ. ɺ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʤʦʜʝʣʽ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: 

ï ʙʨʫʩ ï ʪʚʝʨʜʝ ʪʽʣʦ, ʩʬʦʨʤʦʚʘʥʝ ʧʘʨʘʣʝʣʴʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ 

ʧʣʦʩʢʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ (ʧʨʦʬʽʣʷ) ʚʟʜʦʚʞ ʦʜʥʽʻʾ ʟ ʦʩʝʡ, ʧʨʠʯʦʤʫ 

ʦʜʠʥ ʟ ʡʦʛʦ ʨʦʟʤʽʨʽʚ (ʜʦʚʞʠʥʘ) ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʟʘ ʜʚʘ ʽʥʰʠʭ (ʰʠʨʠʥʘ 

ʪʘ ʚʠʩʦʪʘ); 

ï ʩʪʨʠʞʝʥɹ ï ʙʨʫʩ, ʷʢʠʡ ʥʘʚʘʥʪʘʞʫʻʪʴʩʷ ʩʠʣʘʤʠ ʨʦʟʪʷʛʫ ʘʙʦ 

ʩʪʠʩʢʫ (ʥʘ ʧʨʘʢʪʠʮʽ ʚ ʫʤʦʚʘʭ ʜʽʷʣʴʥʦʩʪʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʙʶʨʦ ʪʝʨʤʽʥ 

çʩʪʨʠʞʝʥʴè ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʙʽʣʴʰ ʰʠʨʦʢʦʤʫ ʟʥʘʯʝʥʥʽ ʙʝʟ ʧʨʠ-

ʚôʷʟʢʠ ʜʦ ʧʦʥʷʪʴ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ï ʩʪʨʠʞʥʝʤ ʥʘʟʠʚʘʶʪʴ ʣʘʥʢʫ 

(ʝʣʝʤʝʥʪ ʤʦʜʝʣʽ), ʷʢʘ ʩʧʦʣʫʯʘʻ ʜʚʘ ʚʫʟʣʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʾʾ ʢʽʥʮʷʭ; 

ʚʫʟʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʣʴʥʠʤʠ ʘʙʦ ʩʧʦʣʫʯʘʪʠʩʷ ʟ ʽʥʰʠʤʠ ʣʘʥʢʘʤʠ; ʩʘʤʝ 

ʫ ʪʘʢʦʤʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʤʠ ʙʫʜʝʤʦ ʦʧʝʨʫʚʘʪʠ ʪʝʨʤʽʥʦʤ 

çʩʪʨʠʞʝʥʴè ʥʘʜʘʣʽ); 

ï ʩʪʨʠʞʥʝʚʘ ʩʠʩʪʝʤʘ ï ʢʦʥʩʪʨʫʢʮʽ,̫ ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʽ 

ʙʽʣʴʰʝ ʩʪʨʠʞʥʽʚ, ʟ'ʻʜʥʘʥʠʭ ʰʘʨʥʽʨʥʦ; 

ï ʙʘʣʢʘ ï ʥʘʧʨʫʞʝʥʠʡ ʙʨʫʩ, ʷʢʠʡ ʫ ʧʨʦʮʝʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʝʨʝʚʘʞʥʦ ʧʽʜʜʘʻʪʴʩʷ ʟʛʠʥʘʥʥʶ; 

ï ʦʙʦʣʦʥʢʘ ï ʪʽʣʦ, ʫʪʚʦʨʝʥʝ ʜʚʦʤʘ ʛʝʦʤʝʪʨʠʯʥʦ ʧʦʜʽʙʥʠʤʠ ʡ 

ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʧʨʠʯʦʤʫ, ʷʢʱʦ ʦʩʪʘʥʥʽ  ̒ʧʘʨʘʣʝʣ-ɹ

ʥʠʤʠ ʧʣʦʱʠʥʘʤʠ, ʪʦ ʤʠ ʤʘʻʤʦ ʩʧʨʘʚʫ ʽʟ ʧʣʘʩʪʠʥʦʶ; 

ï ʨʝʘʢʮʽʾ ʦʧʦʨ ï ʩʠʣʠ, ʟ ʷʢʠʤʠ ʦʧʦʨʠ ʜʽʶʪʴ ʥʘ ʙʘʣʢʫ/ʩʪʨʠʞʝʥʴ. 

ʌʦʨʤʘʣʴʥʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʘʚʪʦʙʫʩʘ ʻ ʩʫʢʫʧʥʽʩʪʶ ʫʩʽʭ 

ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʠʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʦʜʥʦʯʘʩʥʦ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʫ 

ʧʨʦʮʝʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʰʠʭ ʘʙʦ 

ʦʙôʻʜʥʫʚʘʪʠ ʦʜʨʘʟʫ ʜʝʢʽʣʴʢʘ ʫ ʩʦʙʽ. ɺʽʜʪʘʢ, ʚ ʫʤʦʚʘʭ ʩʢʣʘʜʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʩʪʘʥʫ ʩʫʢʫʧʥʽʩʪʴ ʫʩʽʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʘ 

ʢʫʟʦʚʘ ʥʘʟʠʚʘʪʁ ɹʡʦʛʦ ʩʪʨʫʢʪʫʨʦʶ. 

2. ɺʧʣʠʚ ʟʦʚʥʽʰʥʴʦʛʦ ʦʙʣʠʮʶʚʘʥʥʷ ʥʽʚʝʣʶʻʪʴʩʷ ʚ ʨʘʤʢʘʭ 

ʜʘʥʦʛʦ ʦʙʩʷʛʫ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʩʢʽʣʴʢʠ ʦʩʪʘʪʦʯʥʦʶ ʤʝʪʦʶ 

ʚʠʢʦʥʘʥʥʷ ʜʽʡʩʥʦʛʦ ʤʽʮʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʧʝʨʝʚʽʨʢʘ ʢʘʨʢʘʩʘ ʢʫʟʦʚʘ ʟʘ 

ʜʦʧʫʩʪʠʤʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷʤʠ, ʨʘʬʽʥʦʚʘʥʦ ʚʽʜ ʚʧʣʠʚʫ 

ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. 
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ʗʢ ʚʽʜʦʤʦ, ʢʦʞʥʠʡ ʢʫʟʦʚ ʘʙʦ ʰʘʩʽ, ʱʦ ʬʦʨʤʫʻ ʟ ʢʘʨʢʘʩʦʤ ʻʜʠʥʝ 

ʮʽʣʝ, ʧʽʜʜʘʶʪʴʩʷ ʜʝʬʦʨʤʘʮʽʷʤ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ: 

ï çʟʛʠʥʘʥʥèʁ, ʚʠʥʠʢʘʶʯʦʤʫ ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʚʣʘʩʥʦʾ ʚʘʛʠ ʪʘ 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʚʘʥʪʘʞʫ (ʩʠʤʝʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ); 

ï çʢʨʫʯʝʥʥʶè, ʚʠʢʣʠʢʘʥʦʤʫ ʥʝʨʽʚʥʦʩʪʷʤʠ ʜʦʨʦʛʠ, ʧʦ ʢʦʪʨʽʡ 

ʨʫʭʘʻʪʴʩʷ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ (ʢʦʩʦʩʠʤʝʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ). 

2.2. ʂʨʘʡʦʚʽ ʫʤʦʚʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʨʝʞʠʤ ʟʛʠʥʘʥʥʷ 

 

ʊʠʧʦʚʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʩʪʘʪʠʯʥʫ 

ʤʮ̔ʥʽʩʪʴ ʧʨʠ ʟʛʠʥʘʥʥʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ: 

ï ʚʘʛʘ ʧʽʜʨʝʩʦʨʝʥʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦʙʫʩʘ (ʜʦ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ Ma 

ʥʘʣʝʞʠʪʴ ʤʘʩʘ ʘʚʪʦʙʫʩʘ ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʧʽʜʚʽʩʢʠ, ʤʦʩʪʽʚ ʡ ʢʦʣʽʩ, ʪʦʙʪʦ 

ʪʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʤʽʞ ʢʫʟʦʚʦʤ ʽ ʜʦʨʦʛʦʶ ï ʨʠʩ. 2.4); 

ï ʚʘʛʘ ʚʫʟʣʽʚ, ʘʛʨʝʛʘʪʽʚ  ̔ʢʫʟʦʚʘ; 

ï ʚʘʛʘ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
 

 
 

ʈʠʩ. 2.4 ï ʇʣʦʩʢʘ ʦʜʥʦʤʘʩʦʚʘ ʤʦʜʝʣʴ ʘʚʪʦʙʫʩʘ ʟ ʧʽʜʚʽʩʢʦʶ ʪʘ ʢʦʣʝʩʘʤʠ 

 

ʇʨʠ ʘʥʘʣʽʟʽ ʩʪʘʪʠʯʥʦʾ ʤʽʮʥʦʩʪʽ ʩʣʽʜ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʥʘʩʪʫʧʥʦʛʦ 

ʧʨʘʚʠʣʘ: ʩʫʤʘʨʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʝʣʝʤʝʥʪ ̔ʢʫʟʦʚʘ ʥʝ 

ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʦʧʫʩʪʠʤʠʭ ʟ ʫʤʦʚ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʚʦʜʠʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ 

ʜʠʥʘʤʽʯʥʦʩʪʽ (ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ): 

max

,ʊ
ɼk
s

=
s

 ʧʨʠʯʦʤʫ max ,ʊ

ɼk

s
s ¢                      (2.1) 
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ʜʝ ůʊ ï ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ, ʄʇʘ; ůmax ï ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ, ʄʇʘ; kɼ ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʩʪʽ (ʙʝʟʨʦʟʤʽʨʥʘ ʚʝʣʠʯʠʥʘ); 

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʩʪʽ kɼ ʙʘʟʫʻʪʩɹʷ 
ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʤʽʨʘʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʨʠʰʚʠʜʰʝʥʴ ʫ ʨʽʟʥʠʭ 

ʪʦʯʢʘʭ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ (ʘʙʦ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʫʩʠʣʴ, ʜʽʶʯʠʭ ʟʽ ʩʪʦʨʦʥʠ 

ʝʣʝʤʝʥʪʽʚ ʧʽʜʚʽʩʢʠ). ʊʘʢ, ʜʣʷ ʽʤʽʪʘʮʽʾ ʚʽʪʯʠʟʥʷʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʜʝ 

ʘʤʧʣʽʪʫʜʘ ʜʦʨʦʞʥʴʦʛʦ ʧʦʣʦʪʥʘ (ʧʝʨʝʧʘʜʠ ʚʠʩʦʪʠ ʘʩʬʘʣʴʪʫ) ʻ ʙʽʣʴʰʦʶ 

ʚ 2ï5 ʨʘʟʠ ʚʽʜʥʦʩʥʦ ʘʚʪʦʰʣʷʭʽʚ ɭʚʨʦʧʠ, ʟʥʘʯʝʥʥʷ kɼ ʜʦʮʽʣʴʥʦ ʧʨʠʡ-

ʤʘʪʠ ʫ ʜʽʘʧʘʟʦʥʽ 1,5ï2,0. ɺ ʝʢʩʪʨʝʥʠʭ ʚʠʧʘʜʢʘʭ ʜʦʧʫʩʢʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ  

kɼ = 2.5 (ʮʝ ʻ ʪʠʧʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʧʦʨʪʠʚʥʠʭ, ʧʦʟʘʰʣʷʭʦʚʠʭ ʘʚʪʦ ʪʘ 

ʩʧʝʮʪʝʭʥʽʢʠ). ɿ ʬʽʟʠʢʠ ʚʽʜʦʤʝ ʨʽʚʥʷʥʥʷ: 
 

2

2
,ʢ

S
ʘ

t
=                                             (2.2) 

 

ʜʝ ʢʘ , ʤ/ʩ2 ï ʣʽʥʽʡʥʝ ʧʨʠʰʚʠʜʰʝʥʥʷ ʢʦʣʝʩʘ ʫ ʚʝʨʪʠʢʘʣʥɹʦʤʫ 

ʥʘʧʨʷʤ;̔ S, ʤ ï ʰʣʷʭ (ʘʤʧʣʽʪʫʜʘ ʜʦʨʦʞʥʴʦʛʦ ʧʦʣʦʪʥʘ; t, c ï ʯʘʩ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʫʪʴ ʮʦɹʛʦ ʨʽʚʥʷʥʥʷ: ʚ ʫʤʦʚʘʭ ʘʙʩʦʣʶʪʥʦ ʨʽʚʥʦʾ 

ʜʦʨʦʛʠ ʟʥʘʯʝʥʥʷ S (ʚʝʨʪʠʢʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʠʩʪʫʧʦʤ 

ʪʘ ʚʧʘʜʠʥʦʶ ʥʘ ʜʦʨʦʟʽ) ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 0, ʪʦʙʪʦ ʘʢ = 0. ʆʪʞʝ, ʥʘ 

ʘʙʩʦʣʶʪʥʦ ʨʽʚʥʽʡ ʜʦʨʦʟʽ ʢʦʣʝʩʦ ʥʝ ʟʘʟʥʘʻ ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʘ ʥʝ 

ʧʝʨʝʜʘʻ ʧʨʠʰʚʠʜʰʝʥʴ ʥʘ ʢʫʟʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ɿʘ ʫʤʦʚʠ ʨʫʭʫ ʟ 

ʪʽʻʶ ʞ ʰʚʠʜʢʽʩʪʶ, ʘʣʝ ʧʦ ʜʦʨʦʟʽ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ, ʟʘ ʪʦʡ ʩʘʤʠʡ 

ʚʽʜʚʝʜʝʥʠʡ ʯʘʩ t, ʢʦʣʝʩʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚʠʢʦʥʫʻ ʚʝʨʪʠʢʘʣʴʥʠʡ 

ʭʽʜ S (ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʚʜʷʢʠ ʧʦʜʘʪʣʠʚʦʩʪʽ ʧʽʜʚʽʩʢʠ), ʢʦʪʨʠʡ ʩʪʚʦʨʶʻ 

ʢʦʥʢʨʝʪʥʝ ʧʨʠhʚʠʜʰʝʥʥʷ. ʅʘ ʪʘʢʦʤʫ ʧʨʠʢʣʘʜʽ ʤʠ ʨʦʟʫʤʽʻʤʦ ʚʧʣʠʚ 

ʥʝʨʽʚʥʦʩʪʝʡ ʜʦʨʦʛʠ ʥʘ ʨʝʘʢʮʽʾ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʢʫʟʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ. 

ʇʨʘʢʪʠʯʥʦ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ kɼ = 2,0 ʦʟʥʘʯʘʻ, ʱʦ ʢʘʨʢʘʩ 

ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʧʦʚʠʥʝʥ ʚʠʪʨʠʤʘʪʠ ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʝʞʘʭ ʪʝʢʫʯʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʡʦʛʦ ʧʦʚʥʦʾ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ 

ʫ 2 ʨʘʟʠ.  
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ʈʠʩ. 2.5 ï ʉʪʨʠʞʥʝʚʘ ʤʦʜʝʣʴ ʢʘʨʢʘʩʘ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʪʠʧʫ Low-entry  

ʉʫʤʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʛʠʥʘʥʥʷ: 
 

äPa = kɼ mʧ g,                                       (2.3) 
 

ʜʝ äPa, ʅ ï ʩʫʤʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʙʫʩʘ ʚʽʜ ʧʽʜʨʝʩʦʨʝʥʦʾ 

ʤʘʩʠ; mʧ, ʢʛ ï ʧʽʜʨʝʩʦʨʝʥʘ ʤʘʩʘ. 

ɼʣʷ ʬʽʢʩʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʢʘʨʢʘʩʘ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ (ʜʠʚ. ʨʠʩ. 2.5) ʜʦ ʥʝʾ ʧʦʪʨʽʙʥʦ ʧʨʠʢʣʘʩʪʠ ʦʙʤʝʞʝʥʥʷ 

ʧʝʨʝʤɦ̔ʝʥʴ, ʪʦʙʪʦ ʚôʷʟʽ. ɺôʷʟʽ ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʜʦ ʬʣʘʥʮʽʚ 

ʧʥʝʚʤʦʙʘʣʦʥʽʚ ʧʽʜʚʩ̔ʢʠ, ʱʦ ʟôʻʜʥʫʶʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʚʘʨʥʠʤʠ 

ʬʝʨʤʘʤʠ ʢʘʨʢʘʩʘ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʧʨʠʡʤʘʪʠ 

ʚʝʨʪʠʢʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʦʙʤʝʞʠʪʠ ʧʝʨʝʤʽʱʝʥʥʷ ʢʫʟʦʚʘ ʷʢ 

ʻʜʠʥʦʛʦ ʮʽʣʦʛʦ ʚʽʜʥʦʩʥʦ ʽʥʰʠʭ ʦʩʝʡ.  

ʗʢ ʚʠʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ (ʨʠʩ. 2.6): 
 

 
 

ʈʠʩ. 2.6 ï ʉʭʝʤʘ ʧʨʠʢʣʘʜʘʥʥʷ ʚôʷʟʝʡ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʨʝʞʠʤ ʟʛʠʥʘʥʥʷ 



 15 

 

ï ʧʝʨʝʜʥʻ ʪʘ ʟʘʜʥʻ ʣʽʚʽ ʢʦʣʝʩʘ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ 

ʧʦ ʚʝʨʪʠʢʘʣʽ (ʚʽʩʴ Z) ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʦʾ ʣʘʥʢʠ ʟʘʜʘʥʦʾ ʞʦʨʩʪʢʦʩʪʽ; 

ï ʧʝʨʝʜʥʻ ʧʨʘʚʝ ʢʦʣʝʩʦ ʦʙʤʝʞʝʥʝ ʧʦ ʧʝʨʝʤʽʱʝʥʥʷʭ ʚʩʽʭ ʪʨʴʦʭ 

ʦʩʝʡ X, Y, Z; 

ï ʟʘʜʥʻ ʧʨʘʚʝ ʢʦʣʝʩʦ ʤʘʻ ʦʙʤʝʞʝʥʥʷ ʧʦ ʥʘʧʨʷʤʢʫ ʦʩʝʡ Y, Z, 

ʧʨʠʯʦʤʫ, ʚʝʨʪʠʢʘʣʴʥʘ ʣʘʥʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʽʡ ʞʦʨʩʪʢʦʩʪʽ. 

ʂʨʫʯʝʥʥʷ ʻ ʜʨʫʛʠʤ ʚʠʜʦʤ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʽ ʧʦʣʷʛʘʻ ʚ 

ʽʤʽʪʘʮʽʾ ʧʦʚʥʦʾ ʟʫʧʠʥʢʠ ʘʚʪʦʙʫʩʘ ʘʙʦ ʡʦʛʦ ʨʫʭʫ ʟ ʤʘʣʦʶ ʰʚʠʜʢʽʩʪʶ ʧʨʠ 

ʧʝʨʝʾʟʜʽ ʯʝʨʝʟ ʥʝʨʽʚʥʦʩʪʽ ʜʦʨʦʛʠ (ʛʦʨʙʠ, ʚʠʙʦʾʥʠ, ʙʦʨʜʶʨʠ, ʷʤʠ ʪʦʱʦ), 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʜʥʝ ʟ ʢʦʣʽʩ ʘʚʪʦʙʫʩʘ ʚʪʨʘʯʘʻ ʢʦʥʪʘʢʪ ʽʟ ʧʦʚʝʨʭʥʝʶ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʩʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʙʫʩʘ ʩʧʨʠʡʤʘʶʪʴ ʪʽʣʴʢʠ 3 ʢʦ-

ʣʝʩʘ, ʚ ʪʨʠʢʫʪʥʠʢʫ, ʩʬʦʨʤʦʚʘʥʦʤʫ ʧʣʷʤʘʤʠ ʢʦʥʪʘʢʪʽʚ ʢʦʪʨʠʭ, 

ʨʦʟʤʽɦ ʝʥʠʡ ʟʚʝʜʝʥʠʡ ʮʝʥʪʨ ʚʘʛʠ ʘʚʪʦʙʫʩʘ. ʆʩʢʽʣʴʢʠ ʥʘʡʙʽʣʴʰ 

ʟʘʚʘʥʪʘʞʝʥʦʶ ̒ ʟʘʜʥʷ ʯʘʩʪʠʥʘ ʘʚʪʦʙʫʩʘ ʪʠʧʫ Low-entry, ʱʦ ʪʘʢʦʞ 

ʧʽʜʪʚʝʨʜʞʫʻ ʦʩʴʦʚʝ ʟʚʘʞʫʚʘʥʥʷ, ʪʦ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʪʠʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ ʚʠʚʽh ʝʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʣʠʰʝ ʢʦʣʝʩʘ ʧʝʨʝʜʥʴʦʾ ʦʩʽ (ʧʨʘʚʝ 

ʯʠ ʣʽʚʝ). ɺʠʧʘʜʦʢ ʟ ʚʠʚʽʰʫʚʘʥʥʷʤ ʦʜʥʦʛʦ ʟ ʢʦʣʽʩ ʟʘʜʥʴʦʾ ʦʩʽ ʻ 

ʤʦʞʣʠʚʠʤ ʜʣʷ ʧʝʨʝʜʥʴʦʤʦʪʦʨʥʠʭ ʢʦʤʧʦʥʦʚʦʢ ʘʚʪʦʙʫʩʘ ʘʙʦ 

ʨʦʟʤʽʱʝʥʥʷʤ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʫ ʚ ʙʘʟʽ. 

ʆʩʢʽʣʴʢʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʙʫʩʘ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʚʽʜʙʫʚʘʁ ʪʴʩʷ ʧʨʠ ʜʫʞʝ ʤʘʣʽʡ ʰʚʠʜʢʦʩʪʽ ʘʙʦ ʧʦʚʥʽʡ ʾʾ ʚʽʜʩʫʪʥʦʩʪʽ, ʪʦ 

ʢʘʨʢʘʩ ʢʫʟʦʚʘ ʧʨʠ ʮʴʦʤʫ ʩʧʨʠʡʤʘʻ ʣʠʰʝ ʥʦʤʽʥʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʨʘʢʪʠʯʥʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʫʤʘʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʩʪʽ kɼ = 1. 

ʉʫʤʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʨʫʯʝʥʥʷ: 
 

äPa = mʧ g, ʦʩʢʽʣʴʢʠ kɼ = 1.                              (2.4) 
 

ʌʘʢʪʠʯʥʦ ʮʝ ʦʟʥʘʯʘʻ ʥʦʤʽʥʘʣʴʥʫ ʚʘʛʫ ʧʽʜʨʝʩʦʨʝʥʠʭ ʤʘʩ 

ʘʚʪʦʙʫʩʘ (g = 9.81 ʤ/ʩ2). 

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʘʥʘʣʽʟʫ ʨʝʞʠʤʫ ʟʛʠʥʘʥʥʷ, ʧʨʠʢʣʘʜʘʥʥʷ ʚôʷʟʝʡ 

ʚʠʢʦʥʫʻʪʴʩʷ ʜʦ ʬʣʘʥʮʽʚ ʧʥʝʚʤʦʙʘʣʦʥʽʚ ʧʽʜʚʽʩʢʠ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ 

ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ: 

1) ʧʨʠ ʚʠʚʽʰʫʚʘʥʥʽ ʣʽʚʦʛʦ ʧʝʨʝʜʥʴʦʛʦ ʢʦʣʝʩʘ (ʨʠʩ. 2.7): 
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ʈʠʩ. 2.7 ï ʉʭʝʤʘ ʧʨʠʢʣʘʜʘʥʥʷ ʚôʷʟʝʡ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ  

ʥʘ ʨʝʞʠʤ ʢʨʫʯʝʥʥʷ (ʚʠʚʽʰʫʚʘʥʥʷ ʣʽʚʦʛʦ ʧʝʨʝʜʥʴʦʛʦ ʢʦʣʝʩʘ) 

 

ï ʫʩʫʥʝʥʽ ʚʩʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʣʽʚʦʛʦ ʧʝʨʝʜʥʴʦʛʦ 

ʢʦʣʝʩʘ; 

ï ʧʝʨʝʜʥʻ ʧʨʘʚʝ ʢʦʣʝʩʦ ʦʙʤʝʞʝʥʝ ʟʘ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʚʽʜʥʦʩʥʦ 

X, Y, Z; 

ï ʟʘʜʥʻ ʧʨʘʚʝ ʢʦʣʝʩʦ ʤʘʻ ʦʙʤʝʞʝʥʥʷ ʟʘ ʥʘʧʨʷʤʦʤ ʦʩʝʡ Y, Z, 

ʧʨʠʯʦʤʫ, ʚʝʨʪʠʢʘʣʴʥʘ ʣʘʥʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʽʡ ʞʦʨʩʪʢʦʩʪʽ; 

ï ʟʘʜʥʻ ʣʽʚʝ ʢʦʣʝʩʦ ʦʙʤʝʞʝʥʦ ʧʦ ʚʝʨʪʠʢʘʣʽ (ʚʽʩʴ Z) ʟʘ ʨʘʭʫʥʦʢ 

ʚʚʝʜʝʥʦʾ ʣʘʥʢʠ ʟʘʜʘʥʦʾ ʞʦʨʩʪʢʦʩʪʽ; 

2) ʧʨʠ ʚʠʚʽʰʫʚʘʥʥʽ ʣʽʚʦʛʦ ʟʘʜʥʴʦʛʦ ʢʦʣʝʩʘ (ʨʠʩ. 2.8): 

 
 

ʈʠʩ. 2.8 ïʉʭʝʤʘ ʧʨʠʢʣʘʜʘʥʥʷ ʚôʷʟʝʡ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʨʝʞʠʤ ʢʨʫʯʝʥʥʷ 

(ʚʠʚʽʰʫʚʘʥʥʷ ʣʽʚʦʛʦ ʟʘʜʥʴʦʛʦ ʢʦʣʝʩʘ) 

 

ï ʧʝʨʝʜʥʻ ʣʽʚʝ ʢʦʣʝʩʦ ʦʙʤʝʞʝʥʦ ʧʦ ʚʝʨʪʠʢʘʣʽ (ʚʽʩʴ Z) ʟʘ 

ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʦʾ ʣʘʥʢʠ ʟʘʜʘʥʦʾ ʞʦʨʩʪʢʦʩʪʽ; 

ï ʧʝʨʝʜʥʻ ʧʨʘʚʝ ʢʦʣʝʩʦ ʦʙʤʝʞʝʥʝ ʧʦ ʦʩʷʭ X, Y, Z; 

ï ʟʘʜʥʻ ʧʨʘʚʝ ʢʦʣʝʩʦ ʤʘʻ ʦʙʤʝʞʝʥʥʷ ʧʦ ʥʘʧʨʷʤʢʫ ʦʩʝʡ Y, Z, 

ʧʨʠʯʦʤʫ, ʚʝʨʪʠʢʘʣʴʥʘ ʣʘʥʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʽʡ ʞʦʨʩʪʢʦʩʪʽ; 
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ï ʫʩʫʥʝʥʽ ʚʩʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʣʽʚʦʛʦ ʟʘʜʥʴʦʛʦ ʢʦʣʝʩʘ. 

3) ʢʦʩʦ-ʜʽʘʛʦʥʘʣʴʥʝ ʚʠʚʽʰʫʚʘʥʥʷ ʧʨʠ ʦʧʦʨʽ ʥʘ ʜʚʘ ʢʦʣʝʩʘ (ʨʠʩ. 2.9): 
 

 
 

ʈʠʩ. 2.9 ï ʉʭʝʤʘ ʧʨʠʢʣʘʜʘʥʥʷ ʚôʷʟʝʡ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʨʝʞʠʤ ʢʨʫʯʝʥʥʷ 

(ʢʦʩʦ-ʜʽʘʛʦʥʘʣʴʥʝ ʚʠʚʽʰʫʚʘʥʥʷ) 

 

ï ʧʝʨʝʜʥʻ ʣʽʚʝ ʢʦʣʝʩʦ ʦʙʤʝʞʝʥʝ ʫ ʧʝʨʝʤʽʱʝʥʥʽ ʧʦ ʦʩʷʭ Y, Z ʟ 

ʚʽʜʧʦʚʽʜʥʦʶ ʞʦʨʩʪʢʽʩʪʶ ʚʝʨʪʠʢʘʣʴʥʦʾ ʣʘʥʢʠ; 

ï ʫʩʫʥʝʥʽ ʚʩʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʘʚʦʛʦ ʧʝʨʝʜʥʴʦʛʦ 

ʪʘ ʣʽʚʦʛʦ ʟʘʜʥʴʦʛʦ ʢʦʣʽʩ; 

ï ʟʘʜʥʻ ʧʨʘʚʝ ʢʦʣʝʩʦ ʦʙʤʝʞʝʥʝ ʧʦ ʦʩʷʭ X, Y, Z; 

ʂʦʩʦ-ʜʽʘʛʦʥʘʣʴʥʝ ʚʠʚʽʰʫʚʘʥʥʷ ʻ ʯʘʩʪʢʦʚʠʤ ʚʠʧʘʜʢʦʤ 

ʚʠʚʽʰʫʚʘʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʢʦʣʽʩ ʦʜʥʦʯʘʩʥʦ, ʢʦʣʠ ʙʝʟ ʦʧʦʨʠ 

ʟʘʣʠh ʘʁʪʴʩʷ ʡʦʛʦ ʚʽʜʧʦʚʽʜʥʽ ʤʘʪʦʯʠʥʠ, ʘ ʩʘʤ ʘʚʪʦʙʫʩ ʫ ʧʝʚʥʠʡ ʤʦʤʝʥʪ 

ʚʠʚʽʰʫʻʪʴʩʷ ʥʘ ʜʚʦʭ ʜʽʘʛʦʥʘʣʴʥʦ ʨʦʟʤʽʱʝʥʠʭ ʢʦʣʝʩʘʭ. ʗʢ ʽ ʩʣʽʜ 

ʦʯʽʢʫʚʘʪʠ, ʧʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ ʘʚʪʦʙʫʩʘ ʷʢ 

ʞʦʨʩʪʢʦʛʦ ʮʽʣʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʝʚʨʽʚʥʦʚʘʞʝʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʪʠʭ 

ʧʽʨ, ʜʦʢʠ ʚʽʜʩʪʘʥʴ ʧʥʝʚʤʦʙʘʣʦʥʫ ʦʜʥʦʛʦ ʟ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ ʥʝ 

ʟʨʽʚʥʦʚʘʞʠʪʴ ʤʦʤʝʥʪ ʧʝʨʝʢʠʜʘʥʥʷ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʩʽ ʪʨʠ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ 

ʢʨʫʯʝʥʥʷ ʤʘʶʪʴ ʢʦʞʝʥ ʧʦ ʜʚʘ ʚʠʧʘʜʢʠ ʚʠʚʽʰʫʚʘʥʴ. ʅʘʧʨʠʢʣʘʜ, ʥʘ 

ʨʠʩ. 2.8 ʣʽʚʝ ʧʝʨʝʜʥʻ ʢʦʣʝʩʦ ʟʚʽʣʴʥʝʥʝ ʚʽʜ ʫʩʽʭ ʚôʷʟʝʡ, ʧʨʦʪʝ ʤʦʞʣʠʚʠʤ 

ʻ ʪʘʢʦʞ ʚʠʚʽʰʫʚʘʥʥʷ ʧʨʦʪʠʣʝʞʥʦʛʦ ʧʨʘʚʦʛʦ ʧʝʨʝʜʥʴʦʛʦ ʢʦʣʝʩʘ, ʱʦ, ʜʦ 

ʨʝʯʽ, ʻ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʙôʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ 

ʘʚʪʦʙʫʩʘ ʪʠʧʫ Low-entry, ʦʩʢʽʣʴʢʠ ʧʨʘʚʘ ʙʦʢʦʚʠʥʘ ʟʥʘʯʥʦ ʧʦʩʪʫʧʘʻʪʴʩʷ 

ʩʚʦʻʶ ʞʦʨʩʪʢʽʩʪʶ ʣʽʚʽʡ ʚ ʩʠʣʫ ʥʘʷʚʥʠʭ ʜʚʝʨʥʠʭ ʧʨʦʡʤ. 

 

2.3. ɼʽʘʛʨʘʤʘ ʥʘʧʨʫʞʝʥʴ 

 

ʋ ʨʽʚʥʷʥʥʽ (2.1) ʤʠ ʟʚʝʨʥʫʣʠʩʷ ʜʦ ʧʘʨʘʤʝʪʨʫ sʊ (ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ). 

ʏʦʤʫ ʩʘʤʝ ʮʝʡ ʧʘʨʘʤʝʪʨ ʧʨʠʡʥʷʪʦ ʟʘ ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ? ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʩʣʽʜ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʜʽʘʛʨʘʤʠ ʥʘʧʨʫʞʝʥʴ, ʱʦ 
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ʧʦʢʘʟʫʻ ʦʩʥʦʚʥʽ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ (ʚ ʦʩʥʦʚʥʦʤʫ ʤʝ-

ʪʘʣʽʚ), ʪʘʢʽ ʷʢ ʤʝʞʘ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʪʝʢʫʯʦʩʪʽ, ʤʽʮʥʦʩʪʽ ʽ ʪ. ʜ. (ʨʠʩ. 2.10). 
 

 
 

ʈʠʩ. 2.10 ï ɼʽʘʛʨʘʤʘ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʤʘʣʦʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʜʽʘʛʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʨʘʟʦʢ, ʱʦ 

ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ ʥʘ ʨʦʟʪʷʛ ʪʘ ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʤʘʪʝʨʽʘʣʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʷʢʦʛʦ ʧʦʪʨʽʙʥʦ ʜʦʩʣʽʜʠʪʠ. ʇʽʩʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʨʦʟʪʷʛ ʥʘ ʦʪʨʠʤʘʥʽʡ ʜʽʘʛʨʘʤʽ F ï Dl ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʢʽʣʴʢʘ ʭʘʨʘʢʪʝʨʥʠʭ 

ʪʦʯʦʢ, ʚ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʩʠʣ ʨʦʟʪʷʛʫ F ʽ ʚʽʜʧʦʚʽʜʥʽ ʾʤ 

ʘʙʩʦʣʶʪʥʽ ʜʝʬʦʨʤʘʮʽʾ Dl. 
ɼʣʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʪʦʯʦʢ ʜʽʘʛʨʘʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ 

ʾʤ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ: 

0

,i
i

F

A
s =                                              (2.5) 

 

ʜʝ Fi, ʅ ï ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʨʦʟʪʷʛʫ ʚ ʭʘʨʘʢʪʝʨʥʽʡ ʪʦʯʮʽ ʜʽʘʛʨʘʤʠ; 

A0, ʤ2 ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʟʨʘʟʢʘ. 

ʊʘʢʦʞ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʥʦʩʥʽ ʜʝʬʦʨʤʘʮʽʾ e: 
 

0

,i

l

l

D
e =                                               (2.6) 

 

ʜʝ Dl, ʤ ï ʧʦʯʘʪʢʦʚʘ ʜʦʚʞʠʥʘ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʚʠʧʨʦʙʫʚʘʥʦʛʦ 
ʟʨʘʟʢʘ. 

ʇʦʪʽʤ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʫ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ sïe 
ʙʫʜʫ̒ ʪʴʩʷ ʜʽʘʛʨʘʤʘ ʥʘʧʨʫʞʝʥʴ (ʜʠʚ. ʨʠʩ. 2.10). 

ʄʝʞʘ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ sʧʮ (ʄʇʘ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʢʨʘʡʥʷ 

ʚʝʨʭʥʷ ʪʦʯʢʘ ʧʦʯʘʪʢʦʚʦʾ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ ʜʽʘʛʨʘʤʠ: 
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0

,
ʧʮ

ʧʮ

F

A
s =                                             (2.7) 

 

ʜʝ Fʧʮ, ʅ ï ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʨʦʟʪʷʛʫ ʚ ʤʝʞʘʭ ʟʦʥʠ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ 

ʜʽʘʛʨʘʤʠ. 

ʄʝʞʘ ʪʝʢʫʯʦʩʪʽ sʊ (ʄʇʘ) ï ʮʝ ʪʦʯʢʘ, ʧʽʩʣʷ ʷʢʦʾ ʣʽʥʽʷ ʜʽʘʛʨʘʤʠ 

ʜʝʷʢʠʡ ʯʘʩ ʨʫʭʘʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʦʩʽ ʜʝʬʦʨʤʘʮʽʡ (ʜʠʚ. ʨʠʩ. 2.10). 

ʇʨʘʢʪʠʯʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʜʽʣʷʥʢʘ ʜʽʘʛʨʘʤʠ, ʱʦ ʡʜʝ ʟʘ ʤʝʞʝʶ ʪʝʢʫʯʦʩʪʽ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʣʦʱʘʜʢʦʶ ʪʝʢʫʯʦʩʪʽ: ʪʽʣʦ ʜʝʬʦʨʤʫʻʪʴʩʷ, ʭʦʯʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʴʦʛʦ ʥʝ ʟʨʦʩʪʘʶʪʴ ï ʮʝ ʽ ʻ ʷʚʠʱʝ ʧʣʘʩʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ. 
 

0

,ʊʊ

F

A
s =                                             (2.8) 

 

ʜʝ FT, ʅ ï ʟʥʘʯʝʥʥʷ ʨʦʟʪʷʛʫʶʯʦʾ ʩʠʣʠ ʚ ʤʝʞʘʭ ʟʦʥʠ ʪʝʢʫʯʦʩʪʽ 

ʜʽʘʛʨʘʤʠ. 

ʄʝʞʘ ʤʽʮʥʦʩʪʽ sM (ʄʇʘ) ï ʚʠʱʘ ʪʦʯʢʘ ʫʤʦʚʥʦʾ ʜʽʘʛʨʘʤʠ: 
 

max

0

,ʄ

F

A
s =                                            (2.9) 

 

ʜʝ Fmax, ʅ ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʠʣʠ, ʟʘ ʷʢʦʶ ʩʣʽʜʫʻ ʟʦʥʘ 

ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʜʽʘʛʨʘʤʠ. 

ʋ ʢ̔ʥʮʝʚʽʡ ʪʦʯʮ ̔ʜʽʘʛʨʘʤʠ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʨʠʚ ʟʨʘʟʢʘ, 

ʚʠʟʥʘʯʘʶʪʴ: 

ï ʫʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʦʤʝʥʪ ʨʦʟʨʠʚʫ: 
 

0

,
ʨY

p

F

ɸ
s =                                              (2.10) 

 

ï ʩʧʨʘʚʞʥʻ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʽ: 
 

,
ʨC

p

ʐ

F

ɸ
s =                                            (2.11) 

 

ʜʝ ɸʐ, ʤ2 ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚ ʦʙʣʘʩʪʽ çʰʠʡʢʠè 

ʟʨʘʟʢʘ. 

ʅʘ ʨʠʩ. 2.10 ʰʪʨʠʭʦʚʦʶ ʣʽʥʽʻʶ ʧʦʢʘʟʘʥʠʡ ʬʨʘʛʤʝʥʪ 

ʩʧʨʘʚʞʥʴʦʾ ʜʽʘʛʨʘʤʠ ʥʘʧʨʫʞʝʥʴ. ɿʨʦʩʪʘʥʥʷ ʥʘʧʨʫʞʝʥʴ ʧʽʩʣʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ ʮʝʡ ʤʦʤʝʥʪ ʫ 
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ʨʦʙʦʯʽʡ ʯʘʩʪʠʥʽ ʟʨʘʟʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʣʦʢʘʣʴʥʝ ʚʠʪʦʥʯʝʥʥʷ (çʰʠʡʢʘè), 

ʱʦ ʟʤʝʥʰʫʻ ʡʦʛʦ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ɸʐ, ʘ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʝʣʠʯʠʥʠ ʩʠʣʠ ʨʦʟʪʷʛʫ. 

ʂʨʽʤ ʪʦʛʦ, ʟʘ ʜʽʘʛʨʘʤʦʶ ʥʘʧʨʫʞʝʥʴ ʤʦʞʥʘ ʧʨʠʙʣʠʟʥʦ ʚʠʟʥʘʯʠʪʠ 

ʚʝʣʠʯʠʥʫ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ I ʨʦʜʫ ʤʘʪʝʨʽʘʣʫ ʟʨʘʟʢʘ (ʄʦʜʫʣʴ ʖʥʛʘ): 
 

tg .ɽ
s
= = a
e

                                      (2.12) 

 

ɺʽʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʽ ʚʽʜʥʦʩʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ, ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʜʽʘʛʨʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʚʽʜ ʾʾ ʧʦʯʘʪʢʫ 

ʜʦ ʤʝʞʽ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʘʙʦ ʷʢ ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʧʦʯʘʪʢʦʚʦʾ ʜʽʣʷʥʢʠ 

ʜʽʘʛʨʘʤʠ ʜʦ ʦʩʽ e. 

ʌʘʢʪʠʯʥʦ ʨʽʚʥʷʥʥʷ (2.12) ʽ ʻ ʟʘʧʠʩʦʤ ʟʘʢʦʥʫ ɻʫʢʘ. ʋ ʪʝʭʥʽʯʥʽʡ 

ʤʝʭʘʥʽʮʽ ʪʘ ʦʧʦʨʽ ʤʘʪʝʨʽʘʣʽʚ ʟʦʢʨʝʤʘ ʟʘʢʦʥ ɻʫʢʘ ʛʦʚʦʨʠʪʴ: çɼʦ ʧʝʚʥʦʛʦ 

ʤʦʤʝʥʪʫ, ʟʚʘʥʦʛʦ ʤʝʞʝʶ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʽ ʥʘʧʨʫʞʝʥʥʷʤè: 
 

.
l

E E
l

D
s= Öe= Ö                                 (2.13) 

 

ʇʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ ʪʘ ʩʪʠʩʢʘʥʥʽ, ʟʘʢʦʥ ɻʫʢʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʧʦʚʝʨʥʫʚʰʠ ʚ ʡʦʛʦ ʢʘʥʦʥʽʯʥʠʡ ʚʠʛʣʷʜ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʨʠʞʥʷ 

(ʜʦʚʞʠʥʫ ʽ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ) ʽ ʟʘʧʠʩʘʚʰʠ ʚʠʨʘʟ ʱʦʜʦ 

ʣ̔ʥʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʾ (ʚʽʜʥʦʩʥʘ ʬʦʨʤʘ ʟʘʧʠʩʫ ʟʘʢʦʥʫ ɻʫʢʘ): 

,
Fl

l
EA

D =                                             (2.14) 

 

ʜʝ Dl, ʤ ï ʘʙʩʦʣʶʪʥʘ ʜʝʬʦʨʤʘʮʽʷ ʩʪʨʠʞʥʷ; F, ʅ ï ʧʦʟʜʦʚʞʥʷ 

ʩʠʣʘ; l, ʤ ï ʜʦʚʞʠʥʘ ʩʪʨʠʞʥʷ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ; E, ʇʘ ï ʤʦʜʫʣʴ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ (ʄʦʜʫʣʴ ʖʥʛʘ); A, ʤ2 ï ʧʣʦʱʘ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʨʠʞʥʷ. 

ʇʨʠ ʟʛʠʥʘʥʥʽ ʟʘʢʦʥ ʚʩʪʘʥʦʚʣʶʻ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʨʠʚʠʟʥʦʶ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʦʩʽ ʪʘ ʚʝʣʠʯʠʥʦʶ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ 

ʧʝʨʝʨʽʟʽ ʙʘʣʢʠ. 

1

x

M

EI
=
r

                                          (2.15) 

 

ʜʝ r, ʤ ï ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʙʘʣʢʠ ʫ ʮʴʦʤʫ 

ʧʝʨʝʨʽʟʽ; M, ʅʤ ï ʚʥʫʪʨʽʰʥʽʡ ʤʦʤʝʥʪ ʟʛʠʥʘʥʥʷ; Ix, ʤ4  ï ʦʩʴʦʚʠʡ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʙʘʣʢʠ. 
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ʄʝʞʝʶ ʧʨʫʞʥʦʩʪʽ ʥʘʟʠʚʘʶʪʴ ʤʝʭʘʥʽʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʦʢʘʟʫʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʥ,̫ ʧʨʠ ʷʢʦʤʫ ʚ 

ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝʤʘʻ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ (ʪʦʙʪʦ ʤʘʶʪʴ 

ʤʩ̔ʮʝ ʪʽʣʴʢʠ ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ). ʅʘʩʧʨʘʚʜʽ, ʟʘ ʥʝʾ ʧʨʠʡʤʘʶʪʴ ʚʝʣʠʯʠʥʫ 

ʥʘʧʨʫʞʝʥʴ, ʫ ʷʢʠʭ ʟʘʣʠʰʢʦʚʽ ʜʝʬʦʨʤʘʮʽʾ ʚʢʣʘʜʘʶʪʴʩʷ ʫ 0,05 %. 

ʇʦʟʥʘʯʘʻʪʴʩʷ: sʫ ʘʙʦ s0,05 (ʨʠʩ. 2.11). 
 

 
 

ʈʠʩ. 2.11 ï ɺʠʟʥʘʯʝʥʥʷ ʤʝʞʽ ʧʨʫʞʥʦʩʪʽ 

 
ʅʘ ʜʽʘʛʨʘʤʽ ʥʘʧʨʫʞʝʥʴ ʤʝʞʘ ʧʨʫʞʥʦʩʪʽ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʙʣʠʟʢɹʦ 

ʜʦ ʤʝʞʽ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʽ ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʰʪʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʚʠʟʥʘʯʘ̒ ʪʴʩʷ ʧʨʠ ʪʦʯʥʽʠhʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ. ɼʣʷ ʾʾ ʚʠʟʥʘʯʝʥʥʷ ʫʟʜʦʚʞ 
ʦʩʽ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ, ʨʽʚʥʝ 0,05 %, ʟʚʽʜʢʠ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʦʤʽʥʴ, 
ʧʘʨʘʣʝʣʴʥʠʡ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ ʜʽʘʛʨʘʤʠ ʥʘʧʨʫʞʝʥʴ. ʊʦʯʢʘ ʡʦʛʦ 
ʧʝʨʝʪʠʥʫ ʟ ʣʽʥʽʻʶ ʜʽʘʛʨʘʤʠ ʻ ʤʝʞʝʶ ʧʨʫʞʥʦʩʪʽ ʮʦɹʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɺ ʨʝʘʣʽʷʭ ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʙʶʨʦ ʽʥʞʝʥʝʨʠ-ʧʨʦʻʢ-
ʪʘʥʪʠ ʯʘʩʪʦ ʦʙôʻʜʥʫʶʪʴ ʤʝʞʫ ʧʨʫʞʥʦʩʪʽ, ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʪʘ ʪʝʢʫʯʦʩʪʽ ʚ 
ʻʜʠʥʠʡ ʪʝʨʤʽʥ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ, ʘʜʞʝ ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʠʭ 
ʟʥʘʭʦʜʷʪʴʩʷ ʜʫʞʝ ʙʣʠʟʴʢʦ ʥʘ ʜʽʘʛʨʘʤʽ ʥʘʧʨʫʞʝʥʴ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʢʘʨʢʘʩ ʢʫʟʦʚʘ, ʷʢʠʡ 
ʩʢʣʘʜʘ̒ ʪʴʩʷ ʟʽ ʩʪʨʠʞʥʽʚ, ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʢʣʘʜʥʦʤʫ ʥʘʧʨʫʞʝʥʦ-
ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ, ʜʝ ʧʨʠʩʫʪʥʽ ʦʜʥʦʯʘʩʥʦ ʨʦʟʪʷʛ, ʩʪʠʩʢ, 
ʟʘʢʨʫʯʫʚʘʥʥʷ ʪʘ ʟʛʠʥʘʥʥʷ, ʩʧʨʘʚʝʜʣʠʚʠʤ ʪʘ ʤʽʞʥʘʨʦʜʥʦ ʧʨʠʡʥʷʪʠʤ 
ʦʨʽʻʥʪʠʨʦʤ ʜʣʷ ʦʮʽʥʢʠ ʥʘʧʨʫʞʝʥʴ ʢʦʥʩʪʨʫʢʮʽʾ ʚ Ansys Workbench 
ʩʣʫʛʫʚʘʪʠʤʝ ʪʝʦʨʽʷ ʄʽʟʝʟ-ʍʝʥʢʠ (Mises-Hencky), ʪʘʢʦʞ ʚʽʜʦʤʘ ʷʢ 
ʪʝʦʨʽʷ ʝʥʝʨʛʽʾ ʬʦʨʤʦʟʤʽʥʠ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʝʨʤʽʥ 
«ʥʘʧʨʫʞʝʥʥ ̫ʟʘ ʄʽʟʝʩʦʤ». 

ɿ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʡ ʦʙôʻʤ ʤʘʪʝʨʽʘʣʫ ʚ ʜʦʚʣ̔-ɹ
ʥʽʡ ʪʦʯʮʽ ʥʘ ʪʚʝʨʜʦʤʫ ʪʽʣʽ (ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʢʽʥʯʝʥʥʠʡ 
ʝʣʝʤʝʥʪ) ʘʙʦ ʚʩʝʨʝʜʠʥʽ ʥʴʦʛʦ ʤʦʞʥʘ ʦʙʝʨʪʘʪʠ ʪʘʢ, ʱʦ ʟʘʣʠʰʘʶʪʴʩʷ 
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ʣʠʰʝ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʘ ʚʩʽ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʜʦʨʽʚʥʶʶʪʴ 
ʥʫʣʶ. ʊʨʠ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ, ʥʘʟʠʚʘʶʪʴʩʷ 

ʛʦʣʦʚʥʠʤʠ: s1 ï ʤʘʢʩʠʤʘʣʴʥʝ, s2 ï ʩʝʨʝʜʥʻ, s3 ï ʤʽʥʽʤʘʣʴʥʝ. ʇʨʠ 

ʮʴʦʤʫ, ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʫʤʦʚʘ: s1 > s2 > s3. ɼʣʷ ʛʦʣʦʚʥʠʭ 

ʥʘʧʨʫʞʝʥʴ s1, s2, s3 ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʄʽʟʝʩʦʤ ʚʠʨʘʞʘʻʪʴʩʷ ʪʘʢ: 
 

[
1

2 2 2 2
1 2 2 3 1 3

2

( ) ( ) ( ) ]
.vonMises

+ë ûs -s s -s + s -sî î
s =ì ü

î îí ý

   (2.16) 

 

ʊʝʦʨʽʷ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʧʣʘʩʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦʯʠʥʘʻ 
ʧʦʰʢʦʜʞʫʚʘʪʠʩʷ ʫ ʤʽʩʮʷʭ, ʜʝ ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʄʽʟʝʩʦʤ ʩʪʘʶʪʴ ʨʽʚʥʠʤʠ 
ʛʨʘʥʠʯʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ 
ʚʠʢʦʨʠʩʪʦʚʫ̒ ʪʴʩʷ, ʷʢ ʛʨʘʥʠʯʥ ̔ʥʘʧʨʫʞʝʥʥʷ: 

svonMises ¢ sʊ.                                        (2.17) 
 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʜʘʣʽ ʢʨʠʪʝʨʽʻʤ ʦʮʽʥʢʠ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʙʫʜʝ 
ʫʤʦʚʘ (2.17): ʟʘʬʽʢʩʦʚʘʥʽ ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʦ ʄʽʟʝʩʫ ʫ ʢʘʨʢʘʩʽ 
ʘʚʪʦʙʫʩʘ ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ ʤʝʞʫ ʪʝʢʫʯʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ 

ʩʪʘʣ̔ 10 sʊ = 205 ʄʇʘ, ʘ ʜʣʷ ʩʪʘʣ̔ 20 sʊ  = 245 ʄʇʘ. ʉʘʤʝ ʮʽ ʜʚʘ 

ʤʘʪʝʨʽʘʣʠ ʻ ʥʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤʠ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʧʨʠ 
ʚʠʛʦʪʦʚʣʝʥʥ ̔ʢʘʨʢʘʩʽʚ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ. 

 
2.4. ʇʦʨʷʜʦʢ ʽ ʤʝʪʦʜʠʯʥʽ ʧʦʨʘʜʠ ʧʨʠ ʚʠʢʦʥʘʥʥ ̔ʨʦʙʦʪʠ 

 
1. ɿʘʧʫʩʢʘʻʤʦ ʩʝʨʝʜʦʚʠʱʝ Ansys Workbench 2023 R1 (ʨʠʩ. 2.12). 

 
 

ʈʠʩ. 2.12 ï Ansys Workbench 2023 R1 
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2. ʇʝʨʝʪʷʛʫʻʤʦ ʤʦʜʫʣʴ Geometry ʫ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ ʧʨʦʻʢʪʫ 

(ʨʠʩ. 2.13). 
 

 
 

ʈʠʩ. 2.13 ï ɼʦʜʘʚʘʥʥʷ ʤʦʜʫʣʷ Geometry ʫ ʧʨʦʻʢʪ 

 

3. ʅʘ ʙʫʜʴ-ʷʢʦʤʫ ʝʪʘʧʽ ʜʦʮʽʣʴʥʦ ʟʙʝʨʝʛʪʠ ʩʚʽʡ ʧʨʦʻʢʪ. ʊʫʪ ʻ ʜʚʽ 

ʦʧʮʽʾ: 

ʘ) Save As ï ʦʩʥʦʚʥʠʡ ʨʦʙʦʯʠʡ ʩʧʦʩʽʙ ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʻʢʪʫ 

(ʨʠʩ. 2.14, ʘ); 

ʙ) Archive ï ʬʦʨʤʫʻ ʘʨʭʽʚ ʬʦʨʤʘʪʫ Ansys ʨʘʟʦʤ ʟ ʬʘʡʣʦʤ 

ʤʦʜʝʣʽ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʨʦʻʢʪʫ ʽʥʰʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ 

(ʨʠʩ. 2.14, ʙ). 

    
 

ʘ                                                            ʙ 
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ʈʠʩ. 2.14 ï ɿʙʝʨʝʞʝʥʥʷ ʧʨʦʻʢʪʫ Ansys Workbench: 

ʘ ï Save As; ʙ ï Archive 

 

ʊʘʢʦʞ ʧʨʦʢ̒ʪ ʤʦʞʥʘ ʟʘʚʞʜʠ ʟʙʝʨʝʛʪʠ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʤʦʜʫʣʷ, 

ʷʢʠʡ ʚʽʜʢʨʠʪʠʡ ʥʘ ʤʦʤʝʥʪ ʨʦʙʦʪʠ (ʨʠʩ. 2.15). 
 

 
 

ʈʠʩ. 2.15 ï ɿʙʝʨʝʞʝʥʥʷ ʧʨʦʻʢʪʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʤʦʜʫʣʷ 

 

ʅʝ ʟʘʙʫʚʘʻʤʦ ʡ ʧʨʦ ʛʘʨʷʯʽ ʢʦʤʙʽʥʘʮʽʾ ʢʣʘʚʽʰ ï CTRL+S ʧʨʘʮʶʻ 

ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʢ̒ʪʫ ʪʘʢʦʞ. 

4. ʇʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʚʠʢʣʠʢʘʻʤʦ ʢʦʥʪʝʢʩʪʥʝ ʤʝʥʶ Import 

Geometry ʪʘ ʦʙʠʨʘʻʤʦ ʬʘʡʣ ʟʘʟʜʘʣʝʛʽʜʴ ʧʽʜʛʦʪʦʚʣʝʥʦʾ ʩʪʨʠʞʥʝʚʦʾ 

ʤʦʜʝʣʽ ʢʘʨʢʘʩʘ ʘʚʪʦʙʫʩʘ body.agdb (ʨʠʩ. 2.16). 
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ʈʠʩ. 2.16 ï ɯʤʧʦʨʪ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ 

 

5. ʇʝʨʝʪʷʛʫʻʤʦ ʤʦʜʫʣʴ Static Structural ʫ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ ʧʨʦʢ̒ʪʫ 

(ʨʠʩ. 2.17). 
 

 
 

ʈʠʩ. 2.17 ï ɼʦʜʘʚʘʥʥʷ ʤʦʜʫʣʷ Static Structural ʫ ʧʨʦʻʢʪ 

6. ʇʝʨʝʜʘʻʤʦ ʽʤʧʦʨʪʦʚʘʥʫ ʤʦʜʝʣʴ ʟ ʤʦʜʫʣʷ Geometry ʫ ʤʦʜʫʣʴ 

Static Structural (ʧʝʨʝʪʷʛʫʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʠʰʽ Geometry ʫ Static 

Structural ï ʨʠʩ. 2.18). 
 



 26 

 
 

ʈʠʩ. 2.18 ï ɿʚôʷʟʦʢ ʤʦʜʝʣʽ ʟ ʤʦʜʫʣʝʤ Static Structural 

 

ʌʘʢʪʠʯʥʦ ʤʦʜʝʣʴ ʤʦʞʥʘ ʙʫʣʦ ʽʤʧʦʨʪʫʚʘʪʠ, ʥʝ ʩʪʚʦʨʶʶʯʠ 

ʤʦʜʫʣʴ Geometry ʥʘ ʢʨʦʮʽ ˉ 2, ʘ ʽʤʧʦʨʪʫʚʘʪʠ ʾʾ ʦʜʨʘʟʫ ʫ Static 

Structural (ʨʠʩ. 2.19). 
 

 
 

ʈʠʩ. 2.19 ï ɯʤʧʦʨʪ ʤʦʜʝʣʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʤʦʜʫʣʴ Static Structural 

ʇʨʠ ʮʴʦʤʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʢʦʨʝʢʪʥʦʛʦ ʧʽʜ-

ʭʦʜʫ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʢʦʞʝʥ ʝʢʟʝʤʧʣʷʨ ʤʦʜʫʣʷ Static Structural ʙʫʜʝ 
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ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʩʚʽʡ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʚʠʧʘʜʦʢ (ʟʛʠʥ ʪʘ ʢʨʫʯʝʥʥʷ) ï 

ʨʠʩ. 2.20. 
 

 
 

ʈʠʩ. 2.20 ï ɿʚôʷʟʦʢ ʤʦʜʝʣʽ ʟ ʤʦʜʫʣʷʤʠ Static Structural 

 

ʗʢ ʚʠʜʥʦ, ʥʘʜʘʥʦ ʽʤʝʥʘ ʤʦʜʝʣʷʤ Static Structural ʯʝʨʝʟ 

ʢʦʥʪʝʢʩʪʥʝ ʤʝʥʶ (ʧʦʜʚʽʡʥʠʡ ʢʣʽʢ ʧʦ ʥʘʟʚʽ). 

7. ʇʦʜʚʽʡʥʠʡ ʢʣʽʢ ʧʦ Setup ʚʽʜʢʨʠʻ ʤʦʜʫʣʴ Static Structural 

(ʨʠʩ. 2.21). 
 

 
 

ʈʠʩ. 2.21 ï ɿʘʧʫʩʢ ʤʦʜʫʣʷ Static Structural 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʢʨʠʻʪʴʩʷ ʤʦʜʫʣʴ Static Structural ʟ 

ʜʦʩʣʽʜʞʫʚʘʥʦ ʁʩʪʨʠʞʥʝʚʦʶ ʤʦʜʝʣʣʶ (ʨʠʩ. 2.22). 
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ʈʠʩ. 2.22 ï ɯʥʪʝʨʬʝʡʩ ʤʦʜʫʣʷ Static Structural 

 

8. ʎʝʥʪʨʫʻʤʦ ʪʘ ʨʦʟʤʽʱʫʻʤʦ ʜʦʩʣʽʜʞʫʚʘʥʫ ʤʦʜʝʣʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʫ ʝʣʝʤʝʥʪʽʚ ʢʝʨʫʚʘʥʥʷ (ʨʠʩ. 2.23). 
 

 
 

ʈʠʩ. 2.23 ï ʇʦʟʠʮʽʦʥʫʚʘʥʥʷ ʤʦʜʝʣʽ ʫ Static Structural 

 

9. ʆʧʨʘʮʶʻʤʦ ʥʝʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ, ʢʦʪʨʽ ʦʯʽʢʫʻ Static Structural 

(ʧʦʟʥʘʯʝʥʽ ʧʠʪʘʥʥʷʤ ʫ ʜʝʨʝʚʽ Model > Geometry ï ʨʠʩ. 2.24). 
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ʈʠʩ. 2.24 ï ʆʧʨʘʮʶʚʘʥʥʷ ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʢʘʨʢʘʩʘ ʢʫʟʦʚʘ 

 

ʂʣʽʢʘʻʤʦ ʧʦ + ʟʣʽʚʘ ʚʽʜ Geometry ʪʘ ʙʘʯʠʤʦ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʽ 

(ʚʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʪʨʠʞʥʽʚ ʪʘ ʧʦʚʝʨʭʦʥʴ) ï ʨʠʩ. 2.25, ʘ. ʉʢʨʦʣʠʤʦ, 

ʜʦʢʠ ʥʝ ʧʦʙʘʯʠʤʦ ʧʦʚʝʨʭʥʽ, ʧʦʟʥʘʯʝʥʽ ʟʥʘʢʦʤ ʧʠʪʘʥʥʷ (ʨʠʩ. 2.25, ʙ). 
 

  
 

ʘ 
 

 

ʙ 
 

ʈʠʩ. 2.25 ï ɼʝʨʝʚʦ ʤʦʜʝʣʽ: ʘ ï ʩʪʨʠʞʥʽ; ʙ ï ʧʣʦʱʠʥʠ 

 

ʗʢ ʙʘʯʠʤʦ, ʩʪʨʠʞʥʽ ʤʘʶʪʴ ʩʪʘʪʫʩ V, ʪʦʙʪʦ ʚʦʥʠ ʚʞʝ ʤʘʶʪʴ 

ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʽ ʧʨʦʬʽʣʽ (ʩʦʨʪʘʤʝʥʪʠ) ʪʨʫʙ ʪʘ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʫʚʘʛʠ. 

ʇʨʦʪʝ, ʧʣʦʱʠʥʠ ʚʠʤʘʛʘʶʪʴ ʚʢʘʟʽʚʢʠ ʾʭ ʪʦʚʱʠʥʠ, ʪʦʤʫ ʚʠʜʽʣʷʻʤʦ ʾʭ ʫʩʽ 

(ʢʣʽʢʘʻʤʦ ʧʦ ʧʝʨʰʽʡ ʧʣʦʱʠʥʽ ʟʘ ʩʧʠʩʢʦʤ, ʥʘʪʠʩʢʘʻʤʦ SHIFT, ʢʣʽʢʘ̒ ʤʦ 
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ʦʩʪʘʥʥ ʁʧʣʦʱʠʥʫ ʟʘ ʩʧʠʩʢʦʤ) ʪʘ ʚʢʘʟʫʻʤʦ ʪʦʚʱʠʥʫ, ʷʢʫ ʙʫʜʝ ʤʘʩʦʚʦ 

ʧʨʠʩʚʦʻʥʦ (ʨʠʩ. 2.26). 
 

 
 

ʈʠʩ. 2.26 ï ʇʨʠʩʚʦʻʥʥʷ ʪʦʚʱʠʥʠ ʧʣʦʱʠʥʘʤ ʧʽʜʣʦʛʠ ʘʚʪʦʙʫʩʘ 

 

ɺʢʘʟʫʻʤʦ ʟʥʘʯʝʥʥʷ «5 ʤʤ» ʪʘ ʥʘʪʠʩʢʘʻʤʦ ENTER (ʦʜʠʥʠʮʽ 

ʨʦʟʤʽʨʥʦʩʪʽ ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʫ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʝʨʝʟ ʥʘʩʪʫʧʥʝ ʤʝʥʶ ï 

ʨʠʩ. 2.27). 
 

 
 

ʈʠʩ. 2.27 ï ɿʤʽʥʘ ʨʦʟʤʽʨʥʦʩʪʽ ʫ Static Structural 

 

ʊʘʢʦʞ ʤʦʞʣʠʚʘ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʧʨʠ ʽʤʧʦʨʪʽ ʤʦʜʝʣʽ ʩʠʩʪʝʤʘ 

ʚʠʤʘʛʘʪʠʤʝ ʚʢʘʟʘʪʠ ʧʦʪʨʽʙʥʠʡ ʤʘʪʝʨʽʘʣ (Assignment ʥʘ ʨʠʩ. 2.28, ʘ). 
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ʂʣ̔ʢʘʻʤʦ ʧʦ ʞʦʚʪʦʤʫ ʧʦʣʶ Assignment ʪʘ ʦʙʠʨʘʻʤʦ ʧʦʪʨʽʙʥʠʡ 

ʤʘʪʝʨʽʘʣ ʟ ʙʽʙʣʽʦʪʝʢʠ ï ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʚʠʧʘʜʢʫ Structural Steel (ʨʠʩ. 

2.28, ʙ). 
 

  

ʘ ʙ 

 

ʚ 

ʈʠʩ. 2.28 ï ɺʠʙʽʨ ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʦʛʦ ʪʠʧʫ 

 

ɿʘʚʜʷʢʠ ʥʘʙʦʨʫ ʥʘʩʪʫʧʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʦʞʥʘ ʦʙʠʨʘʪʠ ʝʣʝʤʝʥʪʠ 

ʨʽʟʥʦʛʦ ʪʠʧʫ: ʚʫʟʣʠ, ʩʪʨʠʞʥʽ ʪʘ ʧʦʚʝʨʭʥʽ. ʅʘ ʧʨʠʢʣʘʜʽ ʥʠʞʯʝ ʦʙʨʘʥʦ 

ʩʪʨʠʞʝʥʴ, ʱʦ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʜʽʣʷʻʪʴʩʷ ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ (ʨʠʩ. 2.28, ʚ). 
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ʏʝʨʝʟ ʢʦʥʪʝʢʩʪʥʝ ʤʝʥʶ (ʚʠʢʣʠʢʘʻʪʴʩʷ ʧʨʘʚʦ ʁʢʥʦʧʢʦʶ ʤʠʰʽ) 

ʤʦʞʥʘ ʧʦʜʠʚʠʪʠʩʷ ʚʣʘʩʪʠʚʦʩʪʽ ʮʴʦʛʦ ʩʪʨʠʞʥʷ (ʨʠʩ. 2.29). 

 

ʘ 

 

ʙ 

ʈʠʩ. 2.29 ï ʇʝʨʝʛʣʷʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʨʠʞʥʷ: 

ʘ ï ʚʠʙʽʨ ʩʪʨʠʞʥʷ; ʙ ï ʧʝʨʝʨʽʟ ʩʪʨʠʞʥ ̫

 

ɼʣʷ ʤʘʩʦʚʦʛʦ ʚʠʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ (ʚʫʟʣʽʚ/ʩʪʨʠʞʥʽʚ/ʧʦʚʝʨ-

ʭʦʥʴ) ʽʩʥʫʻ ʜʚʘ ʩʧʦʩʦʙʠ: 

1) ʚʠʜʽʣʝʥʥʷ ʧʦʪʨʽʙʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʨʫʯʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ CTRL; 

2) ʚʠʜʽʣʝʥʥʷ ʦʙʣʘʩʪʶ Box Select (ʨʠʩ. 2.30). 
 

 
 

ʈʠʩ. 2.30 ï ɺʠʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʩʪʶ Box Select 
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ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʫʟʣʽʚ ʤʦʜʝʣʽ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʥʘʩʪʫʧʥʠʤ 

ʥ̔ʩʪʨʫʤʝʥʪʦʤ (Show Vertices) ï ʨʠʩ. 2.31. 

 
 

ʈʠʩ. 2.31 ï ʈʝʞʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʫʟʣʽʚ ʤʦʜʝʣʽ 

 

ʆʙʨʘʥʽ ʝʣʝʤʝʥʪʠ ʤʦʞʥʘ ʦʙôʻʜʥʫʚʘʪʠ ʫ ʽʤʝʥʦʚʘʥʦʾ ʦʙʣʘʩʪʽ 

(Named Selection), ʦʙʨʘʚʰʠ ʧʦʪʨʽʙʥʽ ʽ ʚʠʢʣʠʢʘʚʰʠ ʢʦʥʪʝʢʩʪʥʝ ʤʝʥʶ 

ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ (ʨʠʩ. 2.32). 
 

 
 

ʘ ʙ 
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ʈʠʩ. 2.32 ï ɿʙʝʨʝʞʝʥʥʷ ʦʙʨʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʽʤʝʥʦʚʘʥʽʡ ʦʙʣʘʩʪʽ: 

ʘ ï ʢʦʥʪʝʢʩʪʥʝ ʤʝʥʶ; ʙ ï ʚʢʘʟʽʚʢʘ ʥʘʟʚʠ 

10. ʅʘʚʯʠʤʦʩʴ ʧʨʠʭʦʚʫʚʘʪʠ/ʚʽʜʦʙʨʘʞʘʪʠ ʦʙʨʘʥʽ ʝʣʝʤʝʥʪʠ: 

ï ʧʨʠ ʢʣʽʢʫ ʧʦ ʦʩ,̔ ʤʦʜʝʣʴ ʦʪʨʠʤʘʻ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʝ ʜʦ ʥʝʾ 

ʧʦʣʦʞʝʥʥʷ (ʨʠʩ. 2.33): 
 

 

ʘ 

 

ʙ 

ʈʠʩ. 2.33 ï ʆʨʽʻʥʪʘʮʽʷ ʤʦʜʝʣʽ ʫ ʧʨʦʩʪʦʨʽ: 

ʘ ï ʚʠʙʽʨ ʦʩʽ; ʙ ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʜʝʣʽ 

 

ï ʚʠʜʽʣʠʤʦ ʩʪʨʠʞʥʽ ʽʥʩʪʨʫʤʝʥʪʦʤ Box Select (ʨʠʩ. 2.34): 
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ʈʠʩ. 2.34 ï ɺʠʜʽʣʝʥʥʷ ʩʪʨʠʞʥʽʚ ʤʦʜʝʣʽ ʽʥʩʪʨʫʤʝʥʪʦʤ Box Select 

ʏʝʨʝʟ ʢʦʥʪʝʢʩʪʥʝ ʤʝʥʶ (ʧʨʘʚʘ ʢʥʦʧʢʘ ʤʠʰʽ) ʧʨʠʭʦʚʫʻʤʦ 

ʦʙʨʘʥʽ ʝʣʝʤʝʥʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ Hide Body (ʨʠʩ. 2.35); 
 

 
 

ʈʠʩ. 2.35 ï ʇʨʠʭʦʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʽ ʽʥʩʪʨʫʤʝʥʪʦʤ Hide Body 

 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʽ ʩʣʫʛʫʻ ʽʥʩʪʨʫʤʝʥʪ 

Show All Bodies (ʨʠʩ. 2.36). 
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ʈʠʩ. 2.36 ï ɺʽʜʦʙʨʘʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʽ ʽʥʩʪʨʫʤʝʥʪʦʤ Show All Bodies 

 

11. ʉʪʚʦʨʠʤʦ ʽʤʝʥʦʚʘʥʽ ʦʙʣʘʩʪʽ ʤʦʜʝʣʽ: 

ï Powertrain (ʩʠʣʦʚʘ ʫʩʪʘʥʦʚʢʘ), ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ̔ʩʪʨʠʞʥʽʚ ʫ 

ʟʘʜʥʽʡ ʯʘʩʪʠʥʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ (ʧʦʚʟʜʦʚʞʥʽ ʣʦʥʞʝʨʦʥʠ, ʧʽʜʩʚʽʯʝʥʽ 

ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ ʪʘ ʜʦʜʘʪʢʦʚʦ ʧʨʦʤʘʨʢʦʚʘʥʽ ʯʝʨʚʦʥʠʤʠ ʩʪʨʽʣʢʘʤʠ) ï 

ʨʠʩ. 2.37; ʮ ̔ ʣʦʢʘʮʽʾ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʩʮʷʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʜʫʰʦʢ 

ʜʚʠʛʫʥʘ  ̔ ʂʇʇ ʟ ʥʘʚʽʩʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ (ʜʘʣʽ ʫ ʪʘʙʣʠʮʽ 2.1 ʙʫʜʝ 

ʥʘʚʝʜʝʥʦ ʧʝʨʝʣʽʢ ʢʦʥʢʨʝʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʘʩʘʤʠ ʚʫʟʣʽʚ 

ʪʘ ʘʛʨʝʛʘʪʽʚ ʧʦ ʢʦʞʥʽʡ ʽʤʝʥʦʚʘʥʽʡ ʦʙʣʘʩʪʽ); 

 

ʘ 
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ʙ ʚ 
 

ʈʠʩ. 2.37 ï ʌʦʨʤʫʚʘʥʥʷ ʽʤʝʥʦʚʘʥʦʾ ʦʙʣʘʩʪʽ Powertrain: 

ʘ ï ʚʠʙʽʨ ʚʫʟʣʽʚ; ʙ ï ʩʪʚʦʨʝʥʥʷ ʽʤʝʥʦʚʘʥʦʾ ʦʙʣʘʩʪʽ; ʚ ï ʥʘʜʘʥʥʷ ʥʘʟʚʠ 
 

ï Front, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ̔ʩʪʨʠʞʥʽʚ ʫ ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ (ʨʠʩ. 2.38); 
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ʈʠʩ. 2.38 ï ʌʦʨʤʫʚʘʥʥʷ ʽʤʝʥʦʚʘʥʦʾ ʦʙʣʘʩʪʽ Front 

 

ï Standing passengers (ʧʦʚʝʨʭʥʷ ʧʽʜʣʦʛʠ ʜʣʷ ʩʪʦʷʯʠʭ ʧʘʩʘʞʠʨʽʚ ï 

ʧʣʦʱʘʜʢʠ ʬʣʘʥʮʽʚ ʧʥʝʚʤʦʙʘʣʦʥʽʚ ʧʽʜʚʽʩʢʠ ʚʠʢʣʶʯʝʥʽ ʟ ʚʠʙʽʨʢʠ), ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ʧʦʚʝʨʭʦʥʴ (ʨʠʩ. 2.39); 
 

 
 

ʈʠʩ. 2.39 ï ʌʦʨʤʫʚʘʥʥʷ ʽʤʝʥʦʚʘʥʦʾ ʦʙʣʘʩʪʽ Standing passengers 

 

ï Driver (ʪʦʯʢʠ ʢʨʽʧʣʝʥʥʷ ʤʽʩʮʷ ʚʦʜʽʷ ï ʨʠʩ. 2.40); 
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ʈʠʩ. 2.40 ï ʌʦʨʤʫʚʘʥʥʷ ʽʤʝʥʦʚʘʥʦʾ ʦʙʣʘʩʪʽ Driver 

 

ï Seated passengers (ʩʪʨʠʞʥʽ ʢʨʽʧʣʝʥʥʷ ʢʨʽʩʝʣ ʜʣʷ ʩʠʜʷʯʠʭ 

ʧʘʩʘʞʠʨʽʚ); ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʚʠʙʦʨʫ ʩʪʨʠʞʥʽʚ ʜʦʮʽʣʴʥʦ ʧʨʠʭʦʚʘʪʠ ʚʝʨʭʥʶ 

ʯʘʩʪʠʥʫ ʢʫʟʦʚʘ ʚʠʱʝ ʧʽʜʚʽʢʦʥʥʦʛʦ ʙʨʫʩʘ, ʘ ʜʣʷ ʤʘʩʦʚʦʛʦ ʚʠʜʽʣʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʟʘʪʠʩʢʘʻʤʦ ʢʥʦʧʢʫ SHIFT (ʨʠʩ. 2.41, 2.42); 
 

 

ʘ 

 

ʙ 

ʈʠʩ. 2.41 ï ʇʨʠʭʦʚʘʥʥʷ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʢʫʟʦʚʘ:  

ʘ ï ʚʠʙʽʨ ʩʪʨʠʞʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ Box select;  

ʙ ï ʧʨʠʭʦʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Hide Body 
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ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

ʈʠʩ. 2.42 ï ʌʦʨʤʫʚʘʥʥʷ ʽʤʝʥʦʚʘʥʦʾ ʦʙʣʘʩʪʽ Seated passengers:  

ʘ ï ʟʘʜʥʷ ʯʘʩʪʠʥʘ ʩʘʣʦʥʫ; ʙ ï ʟʦʥʘ ʟʘʜʥʴʦʾ ʦʩʽ;  

ʚ ï ʟʦʥʘ ʧʝʨʝʜʥʴʦʾ ʦʩʽ ʪʘ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʧʣʦʱʘʜʢʠ;  

ʛ ï ʟʘʛʘʣʴʥʠʡ ʚʠʜ (101 ʩʪʨʠʞʝʥʴ) 
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ï Rest ï ʨʝʰʪʘ ʝʣʝʤʝʥʪʽʚ ʦʙʰʠʚʢʠ ʢʫʟʦʚʘ (ʙʦʢʦʚʠʥʠ ʪʘ ʜʘʭ). ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʜʽʣʷʻʤʦ ʫʩʽ ʩʪʨʠʞʥʽ ʘʚʪʦʙʫʩʘ ʽ ʦʙôʻʜʥʫʻʤʦ ʾʭ ʫ 

ʽʤʝʥʦʚʘʥʫ ʦʙʣʘʩʪʴ Rest (ʨʠʩ. 2.43). 
 

 
 

ʈʠʩ. 2.43 ï ʌʦʨʤʫʚʘʥʥʷ ʽʤʝʥʦʚʘʥʦʾ ʦʙʣʘʩʪʽ Rest 

 

12. ʇʨʠʢʣʘʜʘʥʥʷ ʤʘʩ ʜʦ ʽʤʝʥʦʚʘʥʠʭ ʦʙʣʘʩʪʝʡ ʙʫʜʝʤʦ 

ʚʠʢʦʥʫʚʘʪʠ ʟʛʽʜʥʦ ʟ ʪʘʙʣʠʮʝʶ ʜʘʥʠʭ ʧʦ ʚʫʟʣʘʭ, ʘʛʨʝʛʘʪʘʭ, 

ʦʙʣʠʮʶʚʘʥʥʶ ʘʚʪʦʙʫʩʘ ʪʦʱʦ (ʪʘʙʣ. 2.1). 

 
ʊʘʙʣʠʮʷ 2.1 ï ʈʦʟʧʦʜʽʣ ʤʘʩ ʝʣʝʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʤʝʥʦʚʘʥʠʭ ʦʙʣʘʩʪʝʡ 

 ̄ʟ/ʧ ʄʘʩʘ ʚʫʟʣʽʚ, ʘʛʨʝʛʘʪʽʚ ʪʘ ʩʠʩʪʝʤ ʰʘʩʽ ʢʛ 

Powertrain 

1 ɼʚʠʛʫʥ ʟ ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ ʢʨʽʧʣʝʥʥʷʤ Deutz BF4M1013FC 510 

2 ʇʦʚʽʪʨʷʥʠʡ ʬʽʣʴʪʨ ʟ ʢʨʽʧʣʝʥʥʷʤ 15 

3 ʇʘʣʠʚʥʠʡ ʙʘʢ ʟ ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʪʘ ʢʨʽʧʣʝʥʥʷʤ 90 

4 ʇʨʠʚʽʜ ʧʘʣʠʚʥʦʛʦ ʥʘʩʦʩʘ 10 

5 ɻʣʫʰʥʠʢ ʟ ʪʨʫʙʘʤʠ, ʢʨʽʧʣʝʥʥʷʤ ʪʘ ʝʢʨʘʥʦʤ 35 

6 
ʈʘʜʽʘʪʦʨ ʟ ʚʝʥʪʠʣʷʪʦʨʦʤ, ʥʘʧʨʷʤʥʠʤ ʧʨʠʩʪʨʦʻʤ ʪʘ 

ʢʨʧ̔ʣʝʥʥʷʤ 
110 

7 ʈʽʜʠʥʥʠʡ ʧʽʜʽʛʨʽʚʘʯ ʟ ʢʨʽʧʣʝʥʥʷʤ 40 

8 ʊʨʫʙʦʧʨʦʚʽʜ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʦʧʘʣʝʥʥʷ 40 

9 ʆʧʘʣʶʚʘʯʽ ʟ ʘʨʤʘʪʫʨʦʶ ʪʘ ʢʨʽʧʣʝʥʥʷʤ 50 

10 ɸʚʪʦʤʘʪʠʯʥʘ ʛʽʜʨʦʤʝʭʘʥʽʯʥʘ ʢʦʨʦʙʢʘ Alison ʊ270 310 

11 ʊʝʧʣʦʦʙʤʽʥʥʠʢ ʪʨʫʙʯʘʪʠʡ 40 

12 ʂʘʨʜʘʥʥʘ ʧʝʨʝʜʘʯʘ 30 

13 ɿʘʜʥʽ ʛʘʣʴʤʽʚʥʽ ʢʘʤʝʨʠ ʟ ʝʥʝʨʛʦʘʢʫʤʫʣʷʪʦʨʘʤʠ ʪʘ ʚʘʞʝʣʷʤʠ 35 

Total Powertrain 1315 

Front  

14. 
ʈʫʣʴʦʚʝ ʫʧʨʘʚʣʽʥʥʷ (ʟ ʛʽʜʨʦʧʽʜʩʠʣʶʚʘʯʝʤ, ʨʫʣʴʦʚʦʶ ʪʷʛʦʶ 

ʪʘ ʩʦʰʢʦʶ) 
115 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 2.1  

ˉ ʟ/ʧ ʄʘʩʘ ʚʫʟʣʽʚ, ʘʛʨʝʛʘʪʽʚ ʪʘ ʩʠʩʪʝʤ ʰʘʩʽ ʢʛ 

15 ʊʨʫʙʦʧʨʦʚʦʜʠ ʪʘ ʛʽʜʨʦʥʘʩʦʩ ʨʫʣʴʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 15 

16 ʈʫʣʴʦʚʘ ʪʷʛʘ ʪʘ ʪʨʘʧʝʮʽʷ 90 

Total Front 220 

Driver  

17 ɺʦʜʽʡ 75 

Total Driver 75 

Standing passengers 

18 ʉʪʦʷʯʽ ʧʘʩʘʞʠʨʠ ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ ʤʽʩʪʢʦʩʪʽ 3808 

Total Standing passengers* 3808 

Seated passengers 

19 ʉʠʜʷʯʽ ʧʘʩʘʞʠʨʠ 1972 

 Total Seated passengers**  1972 

Rest 

20 ʄʦʥʪʘʞʥʘ ʩʭʝʤʘ ʧʥʝʚʤʦʩʠʩʪʝʤʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʚʝʨʠʤʘ 90 

21 ʈʝʩʠʚʝʨʠ ʟ ʢʨʽʧʣʝʥʥʷʤ 80 

22 ɸʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ ʟ ʢʨʽʧʣʝʥʥʷʤ 170 

23 ɽʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ 150 

24 ʇʽʜʣʦʛʘ ʟ ʤ'ʷʢʠʤ ʥʘʩʪʠʣʦʤ, ʢʦʞʫʭʘʤʠ, ʧʽʜʥʽʞʢʘʤʠ 380 

25 ɿʘʩʢʣʝʥʥʷ ʟ ʢʨʽʧʣʝʥʥʷʤ 370 

26 ɿʦʚʥʽʰʥʻ ʦʙʣʠʮʶʚʘʥʥʷ ʟ ʜʚʝʨʠʤʘ ʪʘ ʣʶʢʘʤʠ 410 

27 ʆʙʣʠʮʶʚʘʥʥʷ ʟ ʢʨʽʧʣʝʥʥʷʤ 90 

28 ʆʙʣʠʮʶʚʘʥʥʷ ʪʘ ʪʝʨʤʦʽʟʦʣʷʮʽʷ ʤʦʪʦʚʽʜʩʽʢʫ ʟ ʣʶʢʘʤʠ 80 

29 ɸʨʤʘʪʫʨʥʠʡ ʱʠʪʦʢ ʪʘ ʱʠʪʦʢ ʧʨʠʣʘʜʽʚ 25 

30 ʃʶʢʠ ʜʘʭʫ 55 

31 ɼʚʝʨʽ ʧʘʩʘʞʠʨʩʴʢʽ ʟ ʧʨʠʚʦʜʦʤ (ʙʝʟ ʫʧʨʘʚʣʽʥʥʷ) 180 

32 ʉʠʜʽʥʥʷ ʚʦʜʽʷ ʟ ʢʨʽʧʣʝʥʥʷʤ 30 

33 ʉʠʜʽʥʥʷ ʧʘʩʘʞʠʨʩʴʢʽ ʟ ʢʨʽʧʣʝʥʥʷʤ 300 

34 ʆʙʣʠʮʶʚʘʥʥʷ ʟ ʙʘʤʧʝʨʘʤʠ (ʟʘʜʥʻ) 75 

35 ɼʦʜʘʪʢʦʚʽ ʝʣʝʤʝʥʪʠ ʢʫʟʦʚʘ (ʜʟʝʨʢʘʣʘ, ʩʫʤʢʘ ʚʦʜʽʷ ʪʦʱʦ) 40 

36 ʆʙʣʠʮʶʚʘʥʥʷ ʟ ʙʘʤʧʝʨʘʤʠ (ʧʝʨʝʜʥʻ) 120 

37 ɿʘʧʘʩʥʝ ʢʦʣʝʩʦ ʪʘ ʽʥʰʝ ʜʦʜʘʪʢʦʚʝ ʩʧʦʨʷʜʞʝʥʥʷ 80 

38 ʄʘʩʘ ʤʘʩʪʠʣ ʪʘ ʽʥʰʠʭ ʨʦʙʦʯʠʭ ʨʽʜʠʥ 80 

39 ʄʘʩʘ ʧʘʣʴʥʦʛʦ 170 

40 ɺʝʥʪʠʣʷʮʽʷ 60 

41 ʉʢʣʦʦʯʠʩʥʠʢʠ ʟʽ ʩʢʣʦʦʤʠʚʘʯʘʤʠ ʪʘ ʧʨʠʣʘʜʘʤʠ 20 

Total Rest 3055 
 

ʇʨʠʤʽʪʢʠ. 1. *3808 ʢʛ ʤʘʩʠ ʚʽʜʧʦʚʽʜʘʻ 56 ʩʪʦʷʯʠʤ ʧʘʩʘʞʠʨʘʤ, 

ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʥʦʨʤʘʪʠʚʥʦ ʚʠʟʥʘʯʝʥʦ «ʇʨʘʚʠʣʘʤʠ ˉ107 ɭɽʂ ʆʆʅ» 

ʤʘʩʦʶ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʛʦ ʪʠʧʦʚʦʛʦ ʧʘʩʘʞʠʨʘ, ʧʨʠʡʥʷʪʦ 68 ʢʛ.  

2. ** 1972 ʢʛ ʤʘʩʠ ʚʽʜʧʦʚʽʜʘʻ 29 ʩʠʜʷʯʠʤ ʧʘʩʘʞʠʨʘʤ. 



 43 

ʇʨʠʢʣʘʜʘʥʥʷ ʤʘʩʠ Powertrain ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤ 
ʘʣʛʦʨʠʪʤʦʤ (ʨʠʩ. 2.44, ʘïʜ): 

 

  
ʘ ʙ 

  
ʚ ʛ 

 
ʜ 

 

ʈʠʩ. 2.44 ï ʇʨʠʢʣʘʜʘʥʥʷ ʤʘʩʠ Powertrain:  

ʘ ï Geometry > Point mass; ʙ ï ʦʙʠʨʘʻʤʦ Named Selection;  

ʚ ï ʦʙʠʨʘ̒ ʤʦ ʽʤʝʥʥʫ ʦʙʣʘʩʪʴ Powertrain; ʛ ï ʚʢʘʟʫʻʤʦ ʤʘʩʫ 1315 ʢʛ; 

ʜ ï ʚʢʘʟʫʻʤʦ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʤʘʩ 
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ʇʨʠʢʣʘʜʝʥʘ ʤʘʩʘ ʩʪʘʥʦʚʠʪʴ 1315 ʢʛ, ʘ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʤʘʩ 

ʧʦ ʦʩʷʭ X, Y, Z ʩʪʘʥʦʚʣʷʪʴ ʚʽʜʧʦʚʽʜʥʦ: 0 ʤʤ, ï8200 ʤʤ, 400 ʤʤ. ʊʠʧ 

ʧʨʠʢʣʘʜʝʥʦʾ ʤʘʩʠ ï Point Mass. 

ʇʨʠʢʣʘʜʘʥʥʷ ʤʘʩʠ Front ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʫʤʦʚʘʤʠ 

(ʨʠʩ. 2.45). 

 
 

ʈʠʩ. 2.45 ï ʇʨʠʢʣʘʜʘʥʥʷ ʤʘʩʠ Front 
 

ʇʨʠʢʣʘʜʝʥʘ ʤʘʩʘ ʩʪʘʥʦʚʠʪʴ 220 ʢʛ, ʘ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʤʘʩ ʧʦ 

ʦʩʷʭ X, Y, Z ʩʪʘʥʦʚʣʷʪʴ ʚʽʜʧʦʚʽʜʥʦ: ï640 ʤʤ, ï250 ʤʤ, 100 ʤʤ. ʊʠʧ 

ʧʨʠʢʣʘʜʝʥʦʾ ʤʘʩʠ ï Point Mass. 

ʇʨʠʢʣʘʜʘʥʥʷ ʤʘʩʠ Driver ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʫʤʦʚʘʤʠ 

(ʨʠʩ. 2.46). 

 
 

ʈʠʩ. 2.46 ï ʇʨʠʢʣʘʜʘʥʥʷ ʤʘʩʠ Driver 

 

ʇʨʠʢʣʘʜʝʥʘ ʤʘʩʘ ʩʪʘʥʦʚʠʪʴ 75 ʢʛ, ʘ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʤʘʩ ʧʦ 

ʦʩʷʭ X, Y, Z ʩʪʘʥʦʚʣʷʪʴ ʚʽʜʧʦʚʽʜʥʦ: ï700 ʤʤ, ï800 ʤʤ, 600 ʤʤ. ʊʠʧ 

ʧʨʠʢʣʘʜʝʥʦʾ ʤʘʩʠ ï Point Mass. 

ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʢʦʥʪʨʦʣʶ ʟʘ ʚʞʝ ʜʦʜʘʥʠʤʠ ʤʘʩʘʤʠ ʜʦʮʽʣʴʥʦ 

ʾʭ ʥʘʟʚʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʙʣʠʮʽ 2.1. ɺʠʢʦʥʫʻʪʴʩʷ ʮʝ ʯʝʨʝʟ ʢʦʥʪʝʢʩʪʥʝ 

ʤʝʥʶ (ʧʨʘʚʘ ʢʥʦʧʢʘ ʤʠʰʽ) ï Rename, ʜʝ ʚʢʘʟʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʥʘʟʚʘ 

ʤʘʩʠ (ʨʠʩ. 2.47). 
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ʈʠʩ. 2.47 ï ʇʝʨʝʡʤʝʥʫʚʘʥʥʷ ʤʘʩ 

 

ʇʨʠʢʣʘʜʘʥʥʷ ʤʘʩʠ Standing passengers ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʘʣʛʦʨʠʪ-

ʤʦʤ, ʥʘʚʝʜʝʥʠʤ ʥʘ ʨʠʩ. 2.48 (ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʚʞʝ ʥʝ 

Point Mass ʟ ʚʢʘʟʽʚʢʦʶ ʢʦʦʨʜʠʥʘʪ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ, ʘ ʽʥʰʠʡ ʪʠʧ ï 

Distributed mass, ʪʦʙʪʦ ʨʦʟʧʦʜʽʣʝʥʘ ʤʘʩʘ). 
 

  

ʘ ʙ 

 
ʚ 

 

ʈʠʩ. 2.48 ï ʇʨʠʢʣʘʜʘʥʥʷ ʤʘʩʠ Standing passengers:  

ʘ ï Geometry > Distributed Mass; ʙ ï ʦʙʠʨʘʻʤʦ Named Selection;  

ʚ ï ʦʙʠʨʘʻʤʦ ʽʤʝʥʥʫ ʦʙʣʘʩʪʴ Standing passengers ʪʘ ʚʢʘʟʫʻʤʦ ʤʘʩʫ 3808 ʢʛ 
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ʈʝʢʦʤʝʥʜʫʻʤʦ ʦʜʨʘʟʫ ʧʝʨʝʡʤʝʥʫʚʘʪʠ ʩʪʚʦʨʝʥʫ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥ̫ ʤ Distributed Mass ʥʘ Standing passengers. 

Ghbrkflfyyz vfcb Seated passengers (ʨʠʩ. 2.49). 
 

 
 

ʈʠʩ. 2.49 ï ʇʨʠʢʣʘʜʘʥʥʷ ʤʘʩʠ Seated passengers 

 

ʇʽʜʭʽʜ ʚʞʝ ʟʥʘʡʦʤʠʡ: Geometry > Point mass; ʦʙʠʨʘʻʤʦ Named 

Selection ʽʤʝʥʥʫ ʦʙʣʘʩʪʴ Seated passengers; ʚʢʘʟʫʻʤʦ ʤʘʩʫ 1972 ʢʛ. 

ʂʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʤʘʩ ʥʝ ʚʢʘʟʫʻʤʦ ï ʩʠʩʪʝʤʘ ʩʘʤʦʩʪʽʡʥʦ ʾʭ 

ʚʠʟʥʘʯʠʣʘ, ʱʦ ʚʣʘʰʪʦʚʫʻ ʥʘʩ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ. ɿʚʽʩʥʦ, ʜʣʷ ʚʠʱʦʾ 

ʪʦʯʥʦʩʪʽ ʽʤʽʪʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʙʫʩʘ ʧʽʜ ʜʽʻʶ ʩʠʜʷʯʠʭ ʧʘʩʘʞʠʨʽʚ 

ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʨʠʢʣʘʜʘʪʠ ʦʢʨʝʤʦ ʫʩʽ 29 ʪʦʯʢʦʚʠʭ ʤʘʩ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʽʣʴʢʦʩʪʽ ʩʠʜʷʯʠʭ ʧʘʩʘʞʠʨʽʚ) ʧʦ 68 ʢʛ ʢʦʞʥʘ, ʧʨʦʪʝ ʜʣʷ ʩʧʨʦʱʝʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʤʠ ʟʘʤʽʥʠʤʦ ʾʭ ʦʜʥʽʻʶ ʦʙôʻʜʥʘʥʦʶ ʤʘʩʦʶ 

Seated passengers. 

ʇʨʠʢʣʘʜʘʥʥʷ ʤʘʩʠ Rest ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.50. 
 

 
 

ʈʠʩ. 2.50 ï ʇʝʨʝʡʤʝʥʫʚʘʥʥʷ ʤʘʩ Rest 
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ɸʣʛʦʨʠʪʤ ʪʠʧʦʚʠʡ: Geometry > Distributed Mass; ʦʙʠʨʘʻʤʦ 

Named Selection  ʽʤʝʥʥʫ ʦʙʣʘʩʪʴ Rest ʪʘ ʚʢʘʟʫʻʤʦ ʤʘʩʫ 3055 ʢʛ. 

2.5. ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʨʝʞʠʤ ʟʛʠʥʘʥʥʷ 
 

1. ʇʨʠʢʣʘʜʝʤʦ ʚôʷʟʽ ʜʦ ʧʣʦʱʘʜʦʢ ʢʨʽʧʣʝʥʥʷ ʬʣʘʥʮʽʚ 

ʧʥʝʚʤʦʙʘʣʦʥʽʚ ʧʽʜʚʽʩʢʠ ʟʘ ʩʭʝʤʦ  ʁ (ʜʠʚ. ʨʠʩ. 2.6). ɼʣʷ ʮʴʦʛʦ 

ʦʟʥʘʡʦʤʠʤʦʩʴ ʟ ʽʥʪʝʨʬʝʡʩʦʤ. 

ɺôʷʟʽ ʧʝʨʝʜʥʴʦʛʦ ʣʽʚʦʛʦ ʢʦʣʝʩʘ. ʂʣʽʢʘʻʤʦ Static Structural > 

ʧʝʨʝʭʦʜʠʤʦ ʫ ʚʢʣʘʜʢʫ Environment > ʢʣʽʢʘʻʤʦ Displacement (ʨʠʩ. 2.51). 
 

 
 

ʈʠʩ. 2.51 ï ʇʨʠʢʣʘʜʘʥʥʷ ʚôʷʟʝʡ ʪʠʧʫ Displacement 

 

ʇʨʦʮʝʩ ʧʨʠʢʣʘʜʘʥʥʷ ʚôʷʟʽ ʜʦ ʧʣʦʱʘʜʢʠ ʢʨʽʧʣʝʥʥʷ ʬʣʘʥʮ ̫

ʧʥʝʚʤʦʙʘʣʦʥʘ ʧʽʜʚʽʩʢʠ (ʧʝʨʝʜʥʻ ʣʽʚʝ ʢʦʣʝʩʦ) ʤʘʻ ʪʘʢ̔ ʝʪʘʧʠ (ʨʠʩ. 2.52). 
 

 
ʘ 

 
ʙ 
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ʈʠʩ. 2.52 ï ʇʨʠʢʣʘʜʘʥʥʷ ʚôʷʟʝʡ ʪʠʧʫ Displacement  

ʜʦ ʧʣʦʱʘʜʢʠ ʢʨʽʧʣʝʥʥʷ ʬʣʘʥʮʷ ʧʥʝʚʤʦʙʘʣʦʥʘ ʧʽʜʚʽʩʢʠ (ʧʝʨʝʜʥʻ ʣʽʚʝ ʢʦʣʝʩʦ) 

 
ʚ 

 
ʛ 
 

ʈʠʩ. 2.52 ï ʇʨʠʢʣʘʜʘʥʥʷ ʚôʷʟʝʡ ʪʠʧʫ Displacement ʜʦ ʧʣʦʱʘʜʢʠ 

ʢʨʽʧʣʝʥʥʷ ʬʣʘʥʮʷ ʧʥʝʚʤʦʙʘʣʦʥʘ ʧʽʜʚʽʩʢʠ (ʧʝʨʝʜʥʻ ʣʽʚʝ ʢʦʣʝʩʦ). ʇʨʦʜʦʚʞʝʥʥ ̫

 

ɺʠʜʽʣʷʻʤʦ ʧʦʪʨʽʙʥʫ ʥʘʤ ʧʣʦʱʘʜʢʫ (ʨʠʩ. 2.52, ʘ) ʢʣʽʢʘʻʤʦ ʧʦ 

No Selection ʜʣʷ ʦʙʨʘʥʥʷ ʮʽʻʾ ʧʣʦʱʘʜʢʠ, ʪʘ ʥʘʪʠʩʢʘʻʤʦ ʥʘ Apply ʜʣʷ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʠʙʦʨʫ > ʦʙʤʝʞʫʻʤʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʦʩʽ Z (ʚʢʘʟʫʻʤʦ 

ʟʥʘʯʝʥʥʷ 0). ʊʘʢʠʤ ʯʠʥʦʤ, ʣʽʚʝ ʧʝʨʝʜʥʻ ʢʦʣʝʩʦ ʧʦʟʙʘʚʣʝʥʝ ʨʫʭʫ 

ʚʠʢʣʶʯʥʦ ʧʦ ʚʝʨʪʠʢʘʣʽ, ʧʨʦʪʝ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʣʴʥʠʤ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʠɦʥʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʭʝʤʽ ʟʘʢʨʽʧʣʝʥʥʷ (ʜʠʚ. ʨʠʩ. 2.6). 

ɺôʷʟʽ ʧʝʨʝʜʥʴʦʛʦ ʧʨʘʚʦʛʦ ʢʦʣʝʩʘ. ɿʘ ʩʭʝʤʦ  ʁ ʟʘʢʨʽʧʣʝʥʥʷ 

ʤʦʜʝʣʽ (ʜʠʚ. ʨʠʩ. 2.6) ʧʨʠʢʣʘʜʘʻʤʦ ʚôʷʟʴ ʪʠʧʫ Fixed support (ʢʦʥʩʦʣʴʥʝ 

ʟʘʱʝʤʣʝʥʥʷ ʟ ʦʙʤʝʞʝʥʥʷʤ ʧʝʨʝʤʽʱʝʥʴ ʪʘ ʦʙʝʨʪʘʥʴ ʟʘ ʚʩʤ̔ʘ ʦʩʤ̫ʠ) ï 

ʨʠʩ. 2.53. ʎʝʡ ʪʠʧ ʚôʷʟʽ ʙʫʢʚʘʣʴʥʦ ʦʟʥʘʯʘʻ ʟʘʱʝʤʣʝʥʥʷ ʦʙʨʘʥʦʾ ʧʣʦ-

ʘɦʜʢʠ, ʷʢʘ ʻ ʻʜʠʥʦʶ ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʩʭʝʤʽ, ʱʦ ʦʙʤʝʞʫʻ ʧʝʨʝʤʽʱʝʥʥʷ 

ʘʚʪʦʙʫʩʘ ʚʟʜʦʚʞ ʡʦʛʦ ʨʫʭʫ (ʚʽʩʴ Y). ʗʢʱʦ ʤʠ ʜʦʜʘʪʢʦʚʦ ʦʙʤʝʞʠʣʠ ʙʫʜʴ-

ʷʢʝ ʟ ʢʦʣʽʩ ʟʘʜʥʴʦʾ ʦʩʽ ʚʟʜʦʚʞ Y, ʮʝ ʩʧʨʠʯʠʥʠʣʦ ʙʠ ʚʠʢʨʠʚʣʝʥʥʷ ʽʤʽʪʘʮʽʾ 

ʥʘʪʫʨʥʦʾ ʧʦʚʝʜʽʥʢʠ ʘʚʪʦʙʫʩʘ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ: ʨʘʤʘ 
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ʨʝʘʣʴʥʦʛʦ ʘʚʪʦʙʫʩʘ ʤʦʞʝ ʨʦʟʪʷʛʫʚʘʪʠʩʷ ʪʘ ʧʨʦʛʠʥʘʪʠʩʷ ʚ ʙʘʟʽ ʧʽʜ ʜʽʻʶ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (ʮʝ ʜʫʞʝ ʚʘʞʣʠʚʠʡ ʤʦʤʝʥʪ ʫ ʧʦʩʪʘʥʦʚʮʽ ʢʨʘʡʦʚʠʭ ʫʤʦʚ). 

 
 

ʈʠʩ. 2.53 ï ʇʨʠʢʣʘʜʘʥʥʷ ʚôʷʟʽ ʪʠʧʫ Fixed support  

ʜʦ ʧʣʦʱʘʜʢʠ ʢʨʽʧʣʝʥʥʷ ʬʣʘʥʮ ̫ʧʥʝʚʤʦʙʘʣʦʥʘ ʧʽʜʚʽʩʢʠ (ʧʝʨʝʜʥʻ ʧʨʘʚʝ ʢʦʣʝʩʦ) 

 

ʊʘʢʦʞ ʩʣʽʜ ʜʦʜʘʪʠ, ʱʦ ʟʘʤʽʩʪʴ ʦʜʥʦʛʦ ʟ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʾ ʦʩʽ 

ʤʦʞʥʘ ʧʨʠʢʣʘʩʪʠ Fixed support ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʢʦʣʝʩʘ ʟʘʜʥʴʦʾ ʦʩʽ. ʊʦʜʽ 

ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʘʚʪʦʙʫʩʘ, ʚ ʙʘʟʽ ʨʦʟʪʷʛ ʨʘʤʠ, ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʫ 

ʥʘʧʨʷʤ ̔ʚʽʜ ʟʘʜʥʴʦʾ ʡʦʛʦ ʯʘʩʪʠʥʠ ʜʦ ʧʝʨʝʜʥʴʦʾ. ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʮʝ 

ʤʦʞʝ ʚʽʜʽʛʨʘʚʘʪʠ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ, 

ʜʝ ʙʦʡʦʚʽ ʟʘʨʷʜʠ ʤʘʶʪʴ ʙʫʪʠ ʟʘʭʠʱʝʥʽ ʪʘ ʨʦʟʪʘʰʦʚʘʥʽ ʩʪʨʦʛʦ ʟʘ ʊʋ 

ʚʠʨʦʙʥʠʢʘ ʙʝʟ ʜʝʬʦʨʤʘʮʽʡ ʨʘʤʠ). 

ɺôʷʟʽ ʟʘʜʥʴʦʛʦ ʣʽʚʦʛʦ ʢʦʣʝʩʘ. ʇʨʠʢʣʘʜʘʥʥʷ ʚôʷʟʝʡ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʧʝʨʝʜʥʴʦʛʦ ʣʚ̔ʦʛʦ ʢʦʣʝʩʘ (ʦʙʤʝʞʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʧʦ ʦʩʽ Z), 

ʘʣʝ ʦʙʠʨʘʻʤʦ ʦʙʠʜʚʽ ʧʣʦʱʘʜʢʠ ʢʨʽʧʣʝʥʥʷ ʬʣʘʥʮʽʚ ʧʥʝʚʤʦʙʘʣʦʥʽʚ 

ʧʜ̔ʚʽʩʢʠ (ʨʠʩ. 2.54). 
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ʈʠʩ. 2.54 ï ʇʨʠʢʣʘʜʘʥʥʷ ʚôʷʟʽ ʪʠʧʫ Displacement  

ʜʦ ʧʣʦʱʘʜʦʢ ʢʨʽʧʣʝʥʥʷ ʬʣʘʥʮ ̫ʧʥʝʚʤʦʙʘʣʦʥʽʚ ʧʽʜʚʽʩʢʠ (ʟʘʜʥʻ ʣʽʚʝ ʢʦʣʝʩʦ) 

ɺôʷʟʽ ʟʘʜʥʴʦʛʦ ʧʨʘʚʦʛʦ ʢʦʣʝʩʘ. ɿʘ ʩʭʝʤʦ  ʁʟʘʢʨʽʧʣʝʥʥʷ ʤʦʜʝʣʽ 

(ʜʠʚ. ʨʠʩ. 2.6) ʧʨʠʢʣʘʜʘʻʤʦ ʚôʷʟʴ ʪʠʧʫ Displacement ʟ ʦʙʤʝʞʝʥʥʷʤ 

ʧʝʨʝʤʽʱʝʥʴ ʧʦ ʦʩʷʭ X ʪʘ Z (ʨʠʩ. 2.55). 
 

 
 

ʈʠʩ. 2.55 ï ʇʨʠʢʣʘʜʘʥʥʷ ʚôʷʟʽ ʪʠʧʫ Displacement  

ʜʦ ʧʣʦʱʘʜʦʢ ʢʨʽʧʣʝʥʥʷ ʬʣʘʥʮ ̫ʧʥʝʚʤʦʙʘʣʦʥʽʚ ʧʽʜʚʽʩʢʠ (ʟʘʜʥʻ ʧʨʘʚʝ ʢʦʣʝʩʦ) 

 

2. ʇʨʠʢʣʘʜʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʠʰʚʠʜʰʝʥʥʷ ʜʦ ʤʦʜʝʣʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʩʪʽ kɼ (ʜʠʚ. ʨʠʩ. 2.56). 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʢʨʦʢʽʚ ʥʘʩʪʫʧʥʘ: ʫ ʚʢʣʘʜʮʽ Environment ʦʙʠʨʘʻʤʦ 

ʽʥʩʪʨʫʤʝʥʪ Inertial > Acceleration (ʨʠʩ. 2.56, ʘ) ʽ ʚ ʡʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷʭ 

ʦʙʠʨʘʻʤʦ Components (ʨʠʩ. 2.56, ʙ). ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʟʘʜʘʻʤʦ 

ʧʨʠh ʚʠʜʰʝʥʥʷ ʫʟʜʦʚʞ ʦʩʽ Z (ʨʠʩ. 2.56, ʚ) ï ʫ ʥʘʚʝʜʝʥʦʤʫ ʧʨʠʢʣʘʜʽ 

ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ g = 9806,6 ʤʤ/ʩ2 (ʧʨʠʰʚʠʜʰʝʥʥʷ ʚʽʣʴʥʦʛʦ 

ʧʘʜʽʥʥʷ), ʪʦʙʪʦ ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʩʪʽ ʩʢʣʘʜʘʻ 1.0. ɿʛʽʜʥʦ ʟ 

ʨʽʚʥʷʥʥʷʤ (2.3) ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʠʤ, 

ʥʘʧʨʠʢʣʘʜ, 2.0. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʢʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠʰʚʠʜʰʝʥʥʷ 

ʩʢʣʘʜʘʪʠʤʝ: 
 

ʘʨʝʟ = kɼ Ö g = 2 Ö 9806,6 = 19613,2 ʤʤ/ʩ2.                 (2.18) 
 

ɼʣʷ ʫʨʽʟʥʦʤʘʥʽʪʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜ ʟʜʦʙʫʚʘʯʽʚ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʝʨʩʦʥʘʣʽʟʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʘʨʝʟ ʟʘʣʝʞʥʦ ʚʽʜ ʚʘʨʽʘʥʪʘ ʘʙʦ 
ʥʦʤʝʨʘ ʟʘ ʩʧʠʩʢʦʤ ʛʨʫʧʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

ʘʨʝʟ = g Ö kɼ = g Ö (1 + 0,1 Ö n),                        (2.19) 
 

ʜʝ n ï ʥʦʤʝʨ ʚʘʨʽʘʥʪʘ ʟʘ ʩʧʠʩʢʦʤ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 17-ʛʦ ʚʘʨʽʘʥʪʘ ʦʪʨʠʤʘʻʤʦ: 
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ʘʨʝʟ = g Ö 1 +0,1 Ö 17 = 9806,6 Ö 2,7 = 26477,82 ʤʤ/ʩ2,       (2.20) 
 

ʜʝ ʘʨʝʟ = 2.7 ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʩʪʽ ʜʣʷ 17-ʛʦ ʚʘʨʽʘʥʪʫ. 

 
ʘ 
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ʙ ʚ 

 

ʈʠʩ. 2.56 ï ʇʨʠʢʣʘʜʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʜʦ ʤʦʜʝʣʽ 

3. ɻʝʥʝʨʘʮʽʷ ʩʽʪʢʠ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʠʩ. 2.57. 
 

 
ʘ 
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ʙ 
 

ʈʠʩ. 2.57 ï ɻʝʥʝʨʘʮʽʷ ʩʽʪʢʠ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

 

ɯʩʥʫʶʪʴ ʜʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʽ ʛʝʥʝʨʫʚʘʪʠ ʩʽʪʢʫ ʉɽ 

(ʨʠʩ. 2.57, ʘ): 

ï ʚʢʣʘʜʢʘ Mesh > Generate; 

ï ʢʣʽʢ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʧʫʥʢʪʫ Mesh ʫ ʜʝʨʝʚʽ > 

Generate Mesh ʫ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ. 
 

ʋʚʘʛʘ! ɺʝʨʩʽʷ Ansys Student ʤʘʻ ʦʙʤʝʞʝʥʥʷ ʟʘ ʢʽʣʴʢʩ̔ʪʁ ʉɽ 

ʤʦʜʝʣʽ. ʊʦʤʫ ʟʜʦʙʫʚʘʯʘʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʙʽʣʴʰʠʪʠ ʨʦʟʤʽʨ ʉɽ ʜʦ 50 ʤʤ 

(Element Size ʥʘ ʨʠʩ. 2.57, ʙ), ʱʦʙ ʚʢʣʘʩʪʠʩʷ ʫ ʣʽʤʽʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʪʫʪ 

ʨʝʟʫʣʪɹʘʪʠ ʤʘʶʪʴ ʜʝʱʦ ʚʠʱʫ ʪʦʯʥʽʩʪʴ (ʧʨʠʙʣʠʟʥʦ ʥʘ 2ï3 %), ʦʩʢʽʣʴʢʠ 

ʚʠʢʦʥʘʥʽ ʥʘ ʢʦʤʝʨʮʽʡʥʽʡ ʚʝʨʩʽʾ Ansys ʙʝʟ ʣʽʤʽʪʫ ʟʘ ʉɽ. 
 

4. ʌʦʨʤʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ. 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʩʪʨʠʞʥʝʚʦʾ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ Yes ʜʣʷ ʦʧʮʽʾ Beam Section 

Results ʫ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʧʫʥʢʪʫ Solution (ʨʠʩ. 2.58). 
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ʈʠʩ. 2.58 ï ɺʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ  

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʪʨʠʞʥʝʚʦʾ ʤʦʜʝʣʽ 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʫ ʚʢʣʘʜʮʽ Solution ʦʙʠʨʘʻʤʦ ʚʠʜʠ ʨʦʟʨʘʭʫʥʢʫ, 

ʷʢʽ ʥʘʩ ʮʽʢʘʚʣʷʪʴ (ʨʠʩ. 2.59): 
 

 
 

ʈʠʩ. 2.59 ï ʇʘʥʝʣʴ ʚʠʙʦʨʫ ʚʠʜʽʚ ʨʦʟʨʘʭʫʥʢʫ 

 

ï Deformation > Total ï ʜʝʬʦʨʤʘʮʽʾ (ʧʝʨʝʤʽʱʝʥʥʷ); 

ï Stress > Equivalent (von-Mises) ï ʥʘʧʨʫʞʝʥʥʷ ʧʦ ʄʽʟʝʩʫ; 

ï Energy > Strain Energy ï ʝʥʝʨʛʽʷ ʜʝʬʦʨʤʘʮʽʾ; 

ï Beam Results > Axial Force ï ʦʩʴʦʚʘ ʩʠʣʘ; 

ï Beam Results > Bending Moment ï ʤʦʤʝʥʪ ʟʛʠʥʘʥʥʷ; 

ï Beam Results > Torsional Moment ï ʤʦʤʝʥʪ ʢʨʫʯʝʥʥʷ; 

ï Toolbox > Stress Tool (Safety factor) ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ 

ʤʮ̔ʥʦʩʪʽ; 

ï Probe > Force Reaction ï ʨʝʘʢʮʽʾ ʚ ʦʧʦʨʘʭ. 

ɼʣʷ ʟʘʧʫʩʢʫ ʨʦʟʨʘʭʫʥʢʫ ʢʣʽʢʘʻʤʦ Solve (ʨʠʩ. 2.60). 
 

 
 

ʈʠʩ. 2.60 ï ɿʘʧʫʩʢ ʨʦʟʨʘʭʫʥʢʫ 
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ɺʽʟʫʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʭʦʜʦʤ ʨʦʟʨʘʭʫʥʢʫ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʝʩ-ʙʘʨʫ ʫ ʥʠʞʥʴʦʤʫ ʣʽʚʦʤʫ ʢʫʪʽ (ʨʠʩ. 2.61). 
 

 
 

ʈʠʩ. 2.61 ï ʉʪʘʪʫʩ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ 

 

ʇ̔ ʩʣʷ ʟʘʢʽʥʯʝʥʥ ̫ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʫʩ Ready ʙʫʜʝ ʚʽʜʦʙʨʘʞʝʥʦ ʫ 

ʥʠʞʥʴʦʤʫ ʣʽʚʦʤʫ ʢʫʪʽ, ʘ ʦʙʨʘʥʽ ʧʦʧʝʨʝʜʥʴʦ ʚʠʜʠ ʨʦʟʨʘʭʫʥʢʫ 

ʦʪʨʠʤʘʁ ʪʴ ʽʥʜʠʢʘʪʦʨ ʫ ʚʠʛʣʷʜʽ ʟʝʣʝʥʦʾ ʛʘʣʦʯʢʠ (ʨʠʩ. 2.62). 
 

 
 

ʈʠʩ. 2.62 ï ʇʽʜʪʚʝʨʜʞʝʥʥʷ ʟʘʢʽʥʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʫʪʴ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʫ ʨʦʟʜʽʣʽ 

«ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ». 

 

2.6. ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʨʝʞʠʤ ʢʨʫʯʝʥʥʷ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʨʝʞʠʤ ʢʨʫʯʝʥʥʷ ʢʦʧʽʶʻʤʦ 

ʤʦʜʫʣʴ çʟʛʠʥʘʥʥʷè ʯʝʨʝʟ ʢʦʥʪʝʢʩʪʥʝ ʤʝʥʶ ʧʨʠ ʢʣʽʢʫ ʥʘ ʩʪʨʽʣʢʫ ʪʘ 

ʢʦʤʘʥʜʫ Duplicate ʪʘ ʧʝʨʝʡʤʝʥʦʚʫʻʤʦ ʫ çʂʨʫʯʝʥʥʷè. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʥʘʮʽʣʝʥʠʡ ʥʘ ʝʢʦʥʦʤʽʶ ʯʘʩʫ ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ, ʪʘ ʟʨʫʯʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ 

ʨʦʟʨʘʭʫʥʢʽʚ ï ʟ ʽʥʰʦʾ: ʧʨʠ ʚʥʝʩʝʥʥʽ ʟʤʽʥ ʫ ʤʦʜʝʣʴ Geometry 

(ʥʘʧʨʠʢʣʘʜ, ʟʤʽʥʘ ʧʝʨʝʨʟ̔ʽʚ ʩʪʨʠʞʥʽʚ ʘʚʪʦʙʫʩʘ) ʦʙʠʜʚʘ ʤʦʜʫʣʽ Static 

Structural (ʟʛʠʥʘʥʥʷ ʪʘ ʢʨʫʯʝʥʥʷ) ʦʪʨʠʤʘʶʪʴ ʦʥʦʚʣʝʥʥʷ ʛʝʦʤʝʪʨʽʾ 

ʤʦʜʝʣʽ (ʨʠʩ. 2.63). 
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ʈʠʩ. 2.63 ï ʉʪʚʦʨʝʥʥʷ ʢʦʧʽʾ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʟʛʠʥ 
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ʚ 
 

ʈʠʩ. 2.63 ï ʉʪʚʦʨʝʥʥʷ ʢʦʧʽʾ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʟʛʠʥ (ʧʨʦʜʦʚʞʝʥʥʷ) 

 

ʇʦʜʚ̔ʡʥʠʤ ʢʣʽʢʦʤ ʥʘ Setup ʚʽʜʢʨʠʚʘʻʤʦ ʩʪʚʦʨʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ 

ʥʘ ʢʨʫʯʝʥʥʷ (ʨʠʩ. 2.64). 
 

 
 

ʈʠʩ. 2.64 ï ʄʦʜʫʣʴ Static Structural ï ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʢʨʫʯʝʥʥʷ 

 

ʗʢ ʙʘʯʠʤʦ, ʮʝ ʻ ʪʦʯʥʘ ʢʦʧʽʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʟʛʠʥʘʥʥʷ ʚʽʜʥʦʩʥʦ 

ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʤʦʜʝʣʽ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʚʠʛʣʷʜʽ ʤʘʩ, ʚôʷʟʝʡ, 

ʧʨʠʰʚʠʜh ʝʥʥʷ ʪʘ ʧʝʨʝʣʽʢʫ ʚʠʜʽʚ ʨʦʟʨʘʭʫʥʢʫ. 

ʌʘʢʪʠʯʥʦ ʚʽʜ ʥʘʩ ʚʠʤʘʛʘʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʜʚʘ ʢʨʦʢʠ: 

1. ʇʨʠʢʣʘʩʪʠ ʧʨʠʰʚʠʜʰʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ g ʟʘʤʽʩʪʴ ʘʨʝʟ, 
ʥʘʚʝʜʝʥʦʛʦ ʫ (2.18) ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʟʛʠʥʘʥʥ.̫ 

ɼʣʷ ʮʴʦʛʦ ʧʨʘʚʦʶ ʢʥʦʧʢʦ ʁʤʠʰʽ ʢʣʽʢʘʻʤʦ ʧʦ Acceleration, ʚʠʢʣʠʢʘʻʤʦ 

ʢʦʥʪʝʢʩʪʥʝ ʤʝʥʶ (ʨʠʩ. 2.65, ʘ) ʪʘ ʦʙʠʨʘʻʤʦ Delete (ʨʠʩ. 2.65, ʙ). ʂʨʘʡʦʚʘ 

ʫʤʦʚʘ Acceleration ʙʫʜʝ ʚʠʜʘʣʝʥʘ. ʅʘʪʦʤʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʢʣʘʜʢʠ 

Environment ʜʦʜʘʻʤʦ ʧʨʠʰʚʠʜʰʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ Standard Earth 
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Gravity (ʨʠʩ. 2.64, ʚ), ʟʥʘʯʝʥʥʷ ʢʦʪʨʦʛʦ ʻ ʬʽʢʩʦʚʘʥʠʤ (ï9806.6 mm/s²) ʽ 

ʚʽʜʦʙʨʘʞʝʥʝ ʫ ʥʘʣʘʰʪʫʚʘʥʥʷʭ (ʨʠʩ. 2.65, ʛ). 
 

  
ʘ ʙ 

 
ʚ 

 
ʛ 
 

ʈʠʩ. 2.65 ï ʂʝʨʫʚʘʥʥʷ ʧʨʠʩʢʦʨʝʥʥʤ̫ʠ: ʘ ï ʚʠʜʽʣʝʥʥʷ Acceleration;  

ʙ ï ʚʠʜʘʣʝʥʥʷ; ʚ ï ʜʦʜʘʚʘʥʥʷ Standard Earth Gravity; ʛ ï ʧʝʨʝʚʽʨʢʘ ʟʥʘʯʝʥʥʷ 
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2. ʇʨʠʢʣʘʜʘʥʥʷ ʚôʷʟʝʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ (ʨʠʩ. 2.7) ʟ 

ʚʠʚʽʰʫʚʘʥʥʷʤ ʣʽʚʦʛʦ ʧʝʨʝʜʥʴʦʛʦ ʢʦʣʝʩʘ. ɼʣʷ ʮʴʦʛʦ ʜʦʩʪʘʪʥʴʦ 

ʚʠʜʘʣʠʪʠ ʚôʷʟʴ Displacement ʟ ʣʽʚʦʛʦ ʧʝʨʝʜʥʴʦʛʦ ʢʦʣʝʩʘ, ʱʦ ʙʫʜʝ 

ʦʟʥʘʯʘʪʠ ʩʧʠʨʘʥʥʷ ʘʚʪʦʙʫʩʘ ʥʘ ʽʥʰʽ ʪʨʠ ʢʦʣʝʩʘ. ʆʪʞʝ, ʚʠʜʽʣʷʻʤʦ 

ʧʦʪʨʽʙʥʫ ʥʘʤ ʚôʷʟʴ (ʜʠʚ. ʨʠʩ. 2.65, ʘ) ʪʘ ʚʠʜʘʣʷʻʤʦ ʾʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

Delete (ʨʠʩ. 2.66). 
 

 
ʘ 

 
ʙ 
 

ʈʠʩ. 2.66 ï ʂʝʨʫʚʘʥʥʷ ʚôʷʟʷʤʠ:  

ʘ ï ʚʠʜʽʣʝʥʥʷ Displacement; ʙ ï ʚʠʜʘʣʝʥʥʷ 
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ɿʘʧʫʩʢʘʻʤʦ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ Solve (ʜʠʚ. ʨʠʩ. 2.60). 

σȢ ˝˒˔ˠ˘˩˟ˍ˟˕ ̋ ˛˔˝ˍˢˠ˚˗ˠ 
 

3.1. ʈʝʞʠʤ ʟʛʠʥʘʥʥʷ 
 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʩʣʽʜʦʚʥʦ ʨʝʟʫʣʴʪʘʪʠ ʢʦʞʥʦʛʦ ʚʠʜʫ ʨʦʟʨʘʭʫʥʢʫ, 

ʚʨʘʭʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ ʟʘʢʣʘʜʝʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʩʪʽ 2.0. 

ʇʨʠʢʣʘʜʝʥʝ ʧʨʠʰʚʠʜʰʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʬʦʨʤʫʣʦʶ (2.19) ʪʘ 

ʩʢʣʘʜʘʣʦ ʘʨʝʟ = 19613,2 ʤʤ/ʩ2. 

Total Deformation. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʢʣʘʣʦ 19,8 ʤʤ ʪʘ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʟʘʜʥʴʦʤʫ ʟʚʠʩʽ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʪʝʛ max, ʱʦ 

ʚʠʢʣʠʢʘʻʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʦʤ max ʫ ʩʝʢʮʽʾ Result (ʨʠʩ. 3.1). 
 

 
 

ʈʠʩ. 3.1 ï ʂʘʨʪʘ ʜʝʬʦʨʤʘʮʽʡ ʤʦʜʝʣʽ 

 

ʗʢ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ? ɼʣʷ 

ʩʧʨʘʚʝʜʣʠʚʦʾ ʦʮʽʥʢʠ ʪʨʝʙʘ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʝʣʝʤʝʥʪʥʦ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʧʨʦʡʤʠ ʣʦʙʦʚʦʛʦ ʩʢʣʘ. ɹʫʜʫʯʠ ʢʣʝʻʥʠʤ, ʩʢʣʦ ʚʠʪʨʠʤʫʻ ʣʶʬʪ ʡʦʛʦ 

ʨʘʤʠ ʚ ʤʝʞʘʭ 5ï8 ʤʤ. ʊʦʤʫ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʨʠʟʠʢ ʥʝʜʦʧʫʩ-

ʪʠʤʦʩʪʽ ʫʤʦʚ ʡʦʛʦ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʙʘʯʠʪʠ 

ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ, ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩ ɹ ʽʥʩʪʨʫʤʝʥʪʦʤ 

Probe ʽ ʥʘʚʝʩʪʠ ʥʘ ʙʫʜʴ-ʷʢʫ ʯʘʩʪʠʥʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʦʜʝʣʽ (7,85 ʤʤ ʥʘ 

ʧʨʠʢʣʘʜʽ) ï ʨʠʩ. 3.2. 
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ʈʠʩ. 3.2 ï ɯʥʩʪʨʫʤʝʥʪ Probe ʜʣʷ ʟʘʤʽʨʫ ʜʝʬʦʨʤʘʮʽʾ 

ʊʘʢʦʞ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʝʩʪʠ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʙʫʜʴ-ʷʢʦʛʦ 

ʽʥʰʦʛʦ ʚʠʜʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ (ʥʘʧʨʠʢʣʘʜ, ʥʘʧʨʫʞʝʥʴ) ʜʣʷ 

ʦʙʨʘʥʦʛʦ ʩʪʨʠʞʥʷ ʯʠ ʧʣʦʱʠʥʠ. ɼʣʷ ʮʴʦʛʦ ʦʙʠʨʘʻʤʦ ʧʦʪʨʽʙʥʠʡ ʥʘʤ 

ʩʪʨʠʞʝʥʴ (ʧʽʜʚʽʢʦʥʥʠʡ ʙʨʫʩ ʙʽʯʥʦʛʦ ʚʽʢʥʘ ʟʽ ʩʪʦʨʦʥʠ ʚʦʜʽʷ) ʪʘ ʢʣʽʢʘʻʤʦ 

ʧʦ ʚʽʜʦʤʦʤʫ ʽʥʩʪʨʫʤʝʥʪʫ Deformation > Total (ʨʠʩ. 3.3, ʘ). ʗʢ ʙʘʯʠʤʦ, 

ʮʝʡ ʩʪʨʠʞʝʥʴ ʚʞʝ ʦʙʨʘʥʦ ʫ Geometry (ʨʠʩ. 3.3, ʙ). 
 

 
ʘ 

 
ʙ 
 

ʈʠʩ. 3.3 ï ʌʦʨʤʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ Deformation ʜʣʷ ʦʙʨʘʥʦʛʦ ʝʣʝʤʝʥʪʫ:  

ʘ ï ʦʙʠʨʘʻʤʦ ʩʪʨʠʞʝʥʴ; ʙ ï ʡʦʛʦ ʦʙʨʘʥʦ ʫ ʤʝʥʶ Geometry 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʟʘʧʫʩʢʘʻʤʦ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ 

Solve, ʦʙʠʨʘʻʤʦ ʬʦʨʤʘʪ ʚʠʚʦʜʫ ʜʘʥʠʭ ʩʪʨʠʞʥʷ ʫ ʩʢʣʘʜʽ ʤʦʜʝʣʽ (All 

bodies) ʽ ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ (ʜʠʚ. ʨʠʩ. 3.4). 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʤʽʥ ʦʙʠʨʘʻʤʦ ʬʦʨʤʘʪ ʚʠʚʦʜʫ 

Scoped bodies (ʩʧʘʜʥʝ ʤʝʥʶ ʥʘ ʨʠʩ. 3.4) ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ 

ʩʪʘʥʫ ʮʴʦʛʦ ʩʪʨʠʞʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Show Underformed WireFrame (ʜʠʚ. 
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ʨʠʩ. 3.5, ʘ), ʘ ʪʘʢʦʞ ʘʢʪʠʚʫʻʤʦ ʛʨʘʜʽʻʥʪʥʝ ʟʘʙʘʨʚʣʝʥʥʷ Smooth Contours 

(ʜʠʚ. ʨʠʩ. 3.5, ʙ). 

 
 

ʈʠʩ. 3.4 ï ʈʝʟʫʣʴʪʘʪ Deformation ʜʣʷ ʦʙʨʘʥʦʛʦ ʩʪʨʠʞʥ ̫

 

 
ʘ 

 
ʙ 
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ʈʠʩ. 3.5 ï ʈʝʟʫʣʴʪʘʪ ʚʽʜʦʙʨʘʞʝʥʥʷ Deformation ʩʪʨʠʞʥʷ ʟ ʦʙʨʘʥʠʤʠ ʦʧʮʽʤ̫ʠ:  

ʘ ï ʘʢʪʠʚʘʮʽʷ Show Underformed WireFrame; ʙ ï ʘʢʪʠʚʘʮʽʷ Smooth Contours 

ʄʘʢʩʠʤʘʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ ʩʢʣʘʣʘ 7,97 ʤʤ ʡ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ 

ʩʪʠʢ ʮʴʦʛʦ ʩʪʨʠʞʥʷ ʟ ʧʽʜʚʽʢʦʥʥʠʤ ʙʨʫʩʦʤ ʣʦʙʦʚʦʛʦ ʩʢʣʘ (ʨʠʩ. 3.6). 

ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʢʨʠʪʠʯʥʽʡ ʟʦʥʽ ʡ ʚʠʤʘʛʘʻ ʧʽʜʩʠʣʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʽ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʨʘʤʠ ʘʚʪʦʙʫʩʘ, ʱʦ ʻ ʧʨʝʜʤʝʪʦʤ 

ʥʘʩʪʫʧʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʤʽʮʥʦʩʪʽ. 
 

 
 

ʈʠʩ. 3.6 ï ʇʦʟʥʘʯʝʥʥʷ ʟʦʥʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʪʨʠʞʥ ̫

 

ɿʘʛʘʣʦʤ, ʨʝʞʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʝʟʜʝʬʦʨʤʦʚʘʥʦʾ ʨʘʤʠ ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʚʩʽʻʾ ʤʦʜʝʣʽ (ʨʠʩ. 3.7). 
 

 
 

ʈʠʩ. 3.7 ï ɺʽʜʦʙʨʘʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ  

ʟ ʨʝʞʠʤʦʤ Show Undeformed WireFrame 

 

ʊʘʢʦʞ ʢʦʨʠʩʥʦʶ ʦʧʮʽʻʶ ʧʦʜʘʯʽ ʨʝʟʫʣʴʪʘʪʽʚ (ʩʪʦʩʫʻʪʴʩʷ ʙʫʜʴ-

ʷʢʦʛʦ ʚʠʜʫ ʨʦʟʨʘʭʫʥʢʽʚ) ʚʠʩʪʫʧʘʻ ʘʥʽʤʘʮʽʷ, ʜʝ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʜʘʪʠ 


