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1 ʀʉʊʆʈʀʗ ʉʆɿɼɸʅʀʗ 

DYNAMICS  R4.* - ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʘʥʘʣʠʟʘ ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʶʱʠʭʩʷ ʤʘʰʠʥ.  

 

ɺʝʨʩʠʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʤʥʦʛʠʭ ʣʝʪ ʫʯʝʥʳʤʠ ʠ ʠʥʞʝʥʝʨʘʤʠ, ʨʘʙʦʪʘʚʰʠʤʠ ʚ ʨʘʟʣʠʯʥʦʝ ʚʨʝʤʷ ʚ 

ʄʦʩʢʦʚʩʢʦʤ ʘʚʠʘʮʠʦʥʥʦʤ ʠʥʩʪʠʪʫʪʝ, ʘ ʪʘʢʞʝ ʚ ʨʷʜʝ ʜʨʫʛʠʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ï ʩ 1963 ʛʦʜʘ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

.  

ʇʝʨʚʘʷ ʚʝʨʩʠʷ ʧʨʦʛʨʘʤʤʳ  ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ 1969 ʛʦʜʫ ʜʣʷ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʤʥʦʛʦʚʘʣʴʥʳʭ ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤ ʛʘʟʦʪʫʨʙʠʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʩ ʫʯʝʪʦʤ ʢʦʨʧʫʩʘ ʠ ʧʦʜʚʝʩʢʠ. (ʍʨʦʥʠʥ ɼ.ɺ. ʧʨʦʬʝʩʩʦʨ ʄɸʀ, 

ʀʚʘʥʦʚ ɸ.ɺ. ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʄɸʀ). ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ï ʤʘʰʠʥʥʳʡ 

ʢʦʜ. 

 

ɺʪʦʨʘʷ ʚʝʨʩʠʷ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ 

ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ 1974 ʛʦʜʫ. ɽʝ ʥʘʟʥʘʯʝʥʠʝ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʘʥʠʟʦʪʨʦʧʥʳʭ  ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤ ʛʘʟʦʪʫʨʙʠʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ (ʍʨʦʥʠʥ ɼ.ɺ., ʀʚʘʥʦʚ ɸ.ɺ., ʃʝʦʥʪʴʝʚ ʄ.ʂ. ʧʨʦʬʝʩʩʦʨ ʄɸʀ, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ). ʇʦʟʞʝ ʵʪʘ ʧʨʦʛʨʘʤʤʘ ʙʳʣʘ ʨʘʟʚʠʪʘ ʜʣʷ 

ʘʥʘʣʠʟʘ ʥʝʣʠʥʝʡʥʳʭ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤ (ʃʝʦʥʪʴʝʚ 

ʄ.ʂ.). ʇʨʦʛʨʘʤʤʘ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ  ʠ ʚ ʪʝʯʝʥʠʝ 20 

ʧʦʩʣʝʜʫʶʱʠʭ ʣʝʪ ʙʳʣʘ ʦʩʥʦʚʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʦʡ ʜʣʷ 

ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʳʭ ʂɹ  ʉʉʉʈ. ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ  - Fortran-

4. 

 

ɺ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ ʚʪʦʨʘʷ ʚʝʨʩʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʙʳʣʘ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʘ ʜʣʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
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ʪʝʭʥʠʢʠ (PC ʢʦʤʧʴʶʪʝʨʳ) ʠ ʥʘʟʚʘʥʘ DYNAMICS  (ʃʝʦʥʪʴʝʚ ʄ.ʂ.). 

ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ï Ms DOS-Fortran. ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ - 

DOS. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ  DYNAMICS  R3.0È ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʘʥʠʝʡ ɸʣʴʬʘ-ʊʨʘʥʟʠʪ (ʈʦʩʩʠʷ) ï ʃʝʦʥʪʴʝʚ ʄ.ʂ., ʀʚʘʥʦʚ 

ɸ.ɺ., ɼʝʛʪʷʨʝʚ ɸ.ɸ. ʢ.ʪ.ʥ., ʠʥʞʝʥʝʨ. ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ - C++ ʜʣʷ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ WindowsÈ 95/98/2000/NT. 

 

ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʘʷ ʚ ʈʦʩʩʠʠ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ  DYNAMICS  

R3.1. È  ʙʳʣʘ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʘ ʚ 2001 ʛʦʜʫ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ  ʨʷʜʦʤ ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʈʦʩʩʠʠ. 

 

DYNAMICS  R4.*È - ʥʦʚʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ 

ʆʆʆòɸʣʴʬʘ-ʊʨʘʥʟʠʪò. ʇʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ  (ʝʝ ʨʘʟʣʠʯʥʳʝ ʚʝʨʩʠʠ) 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʣʠʥʝʡʥʳʭ ʠ 

ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ.  ʇʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʫʨʙʦʤʘʰʠʥ, ʥʦ ʠ ʥʘ ʵʪʘʧʘʭ ʠʭ 

ʜʦʚʦʜʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʚʨʘʱʘʶʱʠʭʩʷ ʤʘʰʠʥ. 

 

 
 

ʇʨʝʜʤʝʪʦʤ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

DYNAMICS R4È ʷʚʣʷʶʪʩʷ ʘʚʠʘʮʠʦʥʥʳʝ ʠ ʩʫʜʦʚʳʝ ʛʘʟʦʪʫʨʙʠʥʥʳʝ 

ʜʚʠʛʘʪʝʣʠ, ʪʫʨʙʦʥʘʩʦʩʥʳʝ ʘʛʨʝʛʘʪʳ, ʩʪʘʮʠʦʥʘʨʥʳʝ ʪʫʨʙʠʥʳ ʜʣʷ 

ʵʥʝʨʛʝʪʠʢʠ, ʢʦʤʧʨʝʩʩʦʨʳ, ʥʘʛʥʝʪʘʪʝʣʠ, ʩʪʘʨʪʝʨʳ, ʪʫʨʙʦʜʝʪʘʥʜʝʨʳ, 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʠʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ, ʨʝʜʫʢʪʦʨʳ ʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʳ ʠ 

ʪ.ʜ. 

ROTORDYNAMICS OF TURBOMACHINERY

Alfa-Tranzit Co., Ltd offers the
newDYNAMICS R4.2

programpackagefor analysis
anddesignof rotor systemsof

high complexity
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ʆɹʑʀɽ ʉɺɽɼɽʅʀʗ 

 

DYNAMICS R4 ï ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʤʘʰʠʥ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʫʭʫʜʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʧʦʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚ ʮʝʣʷʭ ʩʦʟʜʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

1.1 ʆʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

¶ ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʶʱʠʭʩʷ ʤʘʰʠʥ 

¶ ɸʥʘʣʠʟ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤ 

¶ ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʯʝʪʦʚ 

¶ ɸʜʘʧʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʘʥʘʣʠʟʝ 

¶ ʄʦʜʫʣʴʥʘʷ ʦʪʢʨʳʪʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʚʝʩʪʠ ʝʝ ʧʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʩʦʟʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʤʦʜʝʣʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʚʢʣʶʯʝʥʠʷ ʠʭ ʚ ʙʠʙʣʠʦʪʝʢʫ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

¶ ʈʘʟʚʠʪʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʩʧʨʘʚʦʯʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ, ʩʦʦʙʱʝʥʠʷ ʦʙ ʦʰʠʙʢʘʭ  

¶ ʇʨʠʤʝʨʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ, ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ, ʫʧʨʘʞʥʝʥʠʷʤʠ ʠ ʢʦʤʤʝʥʪʘʨʠʷʤʠ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʨʘʙʦʪʝ ʩ ʧʨʦʛʨʘʤʤʦʡ 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ 

ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤ 

¶ ɼʨʫʞʝʩʪʚʝʥʥʳʡ ʨʫʩʩʢʦʷʟʳʯʥʳʡ ʠ ʘʥʛʣʦʷʟʳʯʥʳʡ ʠʥʪʝʨʬʝʡʩ 

 

1.2 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʥʦʛʦʚʘʣʴʥʳʭ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʨʦʪʦʨʥʳʭ 

ʩʠʩʪʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʢʦʨʧʫʩʘʤʠ ʠ ʧʦʜʚʝʩʢʦʡ 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ 

ʦʩʝʡ ʨʦʪʦʨʦʚ (ʩʦʦʩʥʳʭ, ʨʘʟʥʝʩʝʥʥʳʭ, ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ) 

¶ ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʧʦʨʥʳʭ ʫʟʣʦʚ ʨʦʪʦʨʦʚ 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʤʝʨʥʦʛʦ ʠ ʜʚʫʭʤʝʨʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ (ʚʘʨʴʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ - ʩʢʦʨʦʩʪʴ, 

ʨʘʟʤʝʨʳ, ʧʦʣʦʞʝʥʠʝ, ʞʝʩʪʢʦʩʪʴ, ʜʝʤʧʬʠʨʦʚʘʥʠʝ, ʥʘʛʨʫʟʢʘ) 

¶ ʃʶʙʳʝ ʮʠʢʣʦʛʨʘʤʤʳ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚʨʘʱʘʶʱʠʭʩʷ ʤʘʰʠʥ 

¶ ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʥʘʛʨʫʟʦʢ  
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¶ ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʤʥʦʛʦʚʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ 

ʰʝʩʪʝʨʝʥʯʘʪʳʭ ʧʝʨʝʜʘʯ 

1.3 ɿʘʜʘʯʠ ʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ 

¶ ʈʘʩʯʝʪ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝʚʨʘʱʘʶʱʠʭʩʷ  ʠ 

ʥʝʜʝʤʧʬʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

¶ ɼʝʤʧʬʠʨʦʚʘʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʚʨʘʱʘʶʱʠʭʩʷ 

ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤ 

¶ ʂʘʨʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ  

¶ ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ 

ʧʦ ʵʣʝʤʝʥʪʘʤ ʤʦʜʝʣʠ ʜʣʷ ʢʘʞʜʦʡ ʬʦʨʤʳ 

¶ ʈʘʩʯʝʪ ʢʨʠʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ 

¶ ʂʘʨʪʳ ʢʨʠʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ 

¶ ɼʠʩʙʘʣʘʥʩʥʦʝ ʧʦʚʝʜʝʥʠʝ 

¶ ʂʘʨʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 

¶ ʉʪʘʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʝʘʢʮʠʠ ʚ ʦʧʦʨʘʭ 

1.4 ɿʘʜʘʯʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ 

¶ ʈʘʩʯʝʪ ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ 

¶ ʈʘʩʯʝʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʪ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʥʘʛʨʫʟʦʢ 

¶ ʈʘʩʯʝʪ ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʦʧʦʨʘʤʠ ʠ ʫʧʣʦʪʥʝʥʠʷʤʠ 

ʦʙʱʝʛʦ ʚʠʜʘ 

¶ ʈʘʩʯʝʪ ʩʠʩʪʝʤ ʩ ʟʘʟʦʨʘʤʠ ʠ ʢʘʩʘʥʠʷʤʠ 

¶ ʈʘʩʯʝʪ ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʧʦʜʰʠʧʥʠʢʦʚ 

ʩʢʦʣʴʞʝʥʠʷ 

¶ ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʫʩʪʦʡʯʠʚʦʩʪʠ 

¶ ʈʘʩʯʝʪ ʩ ʫʧʨʫʛʦ-ʜʝʤʧʬʝʨʥʳʤʠ ʦʧʦʨʘʤʠ 

¶ ʈʘʩʯʝʪ ʩ ʰʘʨʠʢʦʚʳʤʠ ʠ ʨʦʣʠʢʦʚʳʤʠ ʧʦʜʰʠʧʥʠʢʘʤʠ 

1.5 ʀʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ 

¶ ʊʝʢʩʪʦʚʳʡ ʠ ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ 

ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

¶ ɹʠʙʣʠʦʪʝʢʘ ʩʪʘʥʜʘʨʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʦʪʦʨʥʳʭ 

ʩʠʩʪʝʤ 

¶ ɹʘʟʘ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

¶ 2D ʠ  3D ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ  
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¶ ɺʟʘʠʤʦʟʘʤʝʥʷʝʤʳʝ ʠ ʫʜʘʣʷʝʤʳʝ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʚʘʨʠʘʥʪʥʳʭ ʨʘʩʯʝʪʦʚ  

¶ ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʠʣʠ ʩʝʯʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʪʘʙʣʠʮ, 2D ʠ  3D ʛʨʘʬʠʢʦʚ 

¶ ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʚʳʚʦʜʘ ï ʧʝʨʝʤʝʱʝʥʠʷ, ʩʢʦʨʦʩʪʠ, ʫʩʢʦʨʝʥʠʷ, 

ʜʝʬʦʨʤʘʮʠʠ, ʩʠʣʳ, ʨʝʘʢʮʠʠ, ʤʦʤʝʥʪʳ ʠ ʪ.ʜ. 

¶ ʇʦʩʪʧʨʦʮʝʩʩʦʨ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʘʥʘʣʠʟʝ 

¶ ɸʥʠʤʘʮʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʬʦʨʤʳ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʧʨʦʪʦʢʦʣʦʚ ʜʣʷ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

 

ɿɸʄɽʏɸʅʀɽ: ʇʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ DYNAMICS  R4 ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʦʩʪʦʷʥʥʦʤ ʨʘʟʚʠʪʠʠ. ʉʦʟʜʘʶʪʩʷ ʥʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʙʣʦʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʵʪʘ ʚʝʨʩʠʷ ʨʫʢʦʚʦʜʩʪʚʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ ʩ ʧʨʦʛʨʘʤʤʥʳʤ 

ʧʨʦʜʫʢʪʦʤ.  

 

 

 

ɿɸʄɽʏɸʅʀɽ: ʇʦʩʪʘʚʦʯʥʘʷ ʚʝʨʩʠʷ ʧʨʦʛʨʘʤʤʳ ʤʦʞʝʪ ʥʝ ʩʦʜʝʨʞʘʪʴ 

ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪʩʷ ʚ ʜʘʥʥʦʤ 

ʨʫʢʦʚʦʜʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ 
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2 ʈɸɿɺʀʊʀɽ ʇʈʆɻʈɸʄʄʅʆʁ ʉʀʉʊɽʄʓ 

ʇʨʠ ʚʳʧʫʩʢʝ ʥʦʚʳʭ  ʚʝʨʩʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʨʘʩʩʳʣʘʶʪʩʷ ʫʚʝʜʦʤʣʝʥʠʷ 

ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʢʘʯʠʚʘʥʠʷ ʥʦʚʦʡ ʚʝʨʩʠʠ. ɺ ʫʚʝʜʦʤʣʝʥʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʥʦʚʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʠʩʧʨʘʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ. 

ʊʘʢʞʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩʦ ʩʧʠʩʢʦʤ ʠʟʤʝʥʝʥʠʡ ʥʘ 

ʥʘʰʝʤ ʩʘʡʪʝ ʧʦ ʘʜʨʝʩʫ:  

http://www.rotordynamics.ru/dynamics4_new.shtml. 

 

 
ʈʠʩ. 2.1 

ʊʘʢʞʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʩʪʦʨʠʝʡ ʠʟʤʝʥʝʥʠʡ ʚ 

ʩʧʨʘʚʦʯʥʦʡ ʩʠʩʪʝʤʝ (ʈʠʩ. 2.1). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ 
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ʤʦʞʝʪ ʙʳʩʪʨʦ ʥʘʡʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʩʜʝʣʘʥʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʧʝʨʝʡʜʷ ʧʦ ʛʠʧʝʨʩʩʳʣʢʝ. ɺ ʧʫʥʢʪʝ "ʀʟʤʝʥʝʥʠʷ ʚ 

ʩʧʨʘʚʦʯʥʦʡ ʩʠʩʪʝʤʝ" ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʩʳʣʢʠ ʥʘ ʧʝʨʝʯʝʥʴ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʧʨʘʚʦʯʥʦʡ ʩʠʩʪʝʤʝ (ʈʠʩ. 2.2).  

 

 
ʈʠʩ. 2.2 
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3 ʋʉʊɸʅʆɺʂɸ DYNAMICS R4 

ʋʩʪʘʥʦʚʢʘ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ DYNAMICS  R4 ʧʨʦʚʦʜʠʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ɺʩʪʘʚʴʪʝ ʫʩʪʘʥʦʚʦʯʥʳʡ CD ʚ ʫʩʪʨʦʡʩʪʚʦ ʩʯʠʪʳʚʘʥʠʷ. 

 

ɿʘʧʫʩʪʠʪʝ ʬʘʡʣ setup_x64.exe.  ʅʘ ʤʘʰʠʥʝ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʥʝʝ ʥʝ 

ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ DYNAMICS R4, ʥʝ ʩʣʝʜʫʝʪ ʟʘʧʫʩʢʘʪʴ ʥʘ ʫʩʪʘʥʦʚʢʫ 

ʬʘʡʣ dynamics_r4_x64.msi.  

 

ɼʘʣʝʝ ʩʣʝʜʫʡʪʝ ʠʥʩʪʨʫʢʮʠʷʤ, ʧʦʷʚʣʷʶʱʠʤʩʷ ʥʘ ʵʢʨʘʥʝ ʚ ʧʨʦʮʝʩʩʝ 

ʫʩʪʘʥʦʚʢʠ.  ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʫʩʪʘʥʦʚʢʠ ʚ ʚʳʙʨʘʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʜʠʨʝʢʪʦʨʠʠ ʙʫʜʝʪ ʩʦʟʜʘʥʘ ʥʦʚʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʛʨʫʧʧʘ DYNAMICS  R4 ʩ 

ʠʢʦʥʢʦʡ ʥʘ ʨʘʙʦʯʝʤ ʩʪʦʣʝ.  

 

ʇʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ɺʘʰʝʤ 

ʢʦʤʧʴʶʪʝʨʝ ʢʣʶʯʘ ʵʣʝʢʪʨʦʥʥʦʡ ʟʘʱʠʪʳ. ɼʣʷ ʧʨʦʜʦʣʞʝʥʠʷ 

ʫʩʪʘʥʦʚʢʠ ʚʩʪʘʚʴʪʝ ʟʘʱʠʪʥʦʝ ʵʣʝʢʪʨʦʥʥʦʡ ʫʩʪʨʦʡʩʪʚʦ ʚ USB ʧʦʨʪ. 

Windows  ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʠʪ ʥʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ.  

 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʧʨʦʛʨʘʤʤʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʨʦʩʤʦʪʨʝʪʴ 

ʥʝʢʦʪʦʨʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʛʨʘʤʤʝ, ʚʳʧʦʣʥʠʚ ʢʦʤʘʥʜʫ  [About 

DYNAMICS  R4 ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʈʠʩ. 3.1: 

 

¶ ʥʦʤʝʨ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʢʦʤʧʴʶʪʝʨ 

(ʧʦʞʘʣʫʡʩʪʘ, ʠʩʧʦʣʴʟʫʡʪʝ ʵʪʦʪ ʥʦʤʝʨ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʚ 

ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ) 

¶ ʥʘʠʤʝʥʦʚʘʥʠʝ ʃʠʮʝʥʟʠʘʪʘ 
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¶ ʪʝʢʩʪ ʣʠʮʝʥʟʠʠ 

¶ ʥʝʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʚʝʨʩʠʠ ʃʠʮʝʥʟʠʘʪʘ ʦʧʮʠʠ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʠʩʪʝʤʳ DYNAMICS  R4 

¶ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʝ 

 

3.1 ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʨʘʙʦʪʝ ʩ DYNAMICS  R4 (ʧʣʘʚʘʶʱʘʷ 

ʣʠʮʝʥʟʠʷ) 

ʉʝʨʚʝʨ -  ʢʦʤʧʴʶʪʝʨ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʢʣʶʯʦʤ Guardant Net ʠ ʇʆ  

ʉʝʨʚʝʨ Guardant Net. 

ʂʣʠʝʥʪ ï ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ DYNAMICS R4. (ʩʝʨʚʝʨ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʫʱʝʥ ʠ ʥʘ ʢʣʠʝʥʪʩʢʦʡ ʤʘʰʠʥʝ) 

ʇʦʜʨʦʙʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʥʘʩʪʨʦʡʢʝ ʇʆ ʩʦʜʝʨʞʠʪʩʷ ʚ çʈʫʢʦʚʦʜʩʪʚʝ 

ʩʠʩʪʝʤʥʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ Guardant Netè (ʬʘʡʣ admins_manual.pdf) 

 

  

 
ʈʠʩ. 3.1 
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1. ʅʘʩʪʨʦʡʢʠ ʥʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ 

1.1 ʋʩʪʘʥʦʚʠʪʴ ʩ ʫʩʪʘʥʦʚʦʯʥʦʛʦ ʜʠʩʢʘ ʜʨʘʡʚʝʨʳ ʢʣʶʯʘ . (ʪʘʢʞʝ ʤʦʞʝʪ 

ʙʳʪʴ ʩʢʘʯʘʥʦ ʩ ʩʘʡʪʘ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʢʣʶʯʝʡ Guardant - 

http://www.guardant.ru/support/download/drivers/) 

1.2 ʉʢʦʧʠʨʦʚʘʪʴ ʚ ʣʶʙʫʶ ʧʘʧʢʫ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʥʳʤ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ) ʩ ʫʩʪʘʥʦʚʦʯʥʦʛʦ ʜʠʩʢʘ  ʇʆ ʉʝʨʚʝʨ Guardant Net. 

(ʠʣʠ ʩ ʩʘʡʪʘ- http://www.guardant.ru/support/download/drivers/) 

1.3 ɺ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ ʩʝʨʚʝʨʘ Guardant Net ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ 

ʬʘʡʣʳ: 

¶ GrdSrv.exe ð ʩʝʨʚʝʨ Guardant Net; 

¶ GrdSrv.ini  ð ʬʘʡʣ ʥʘʩʪʨʦʝʢ ʩʝʨʚʝʨʘ Guardant Net. ɼʦʣʞʝʥ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʢʘʪʘʣʦʛʝ ʩ GrdSrv.exe; 

¶ GnClient.ini  ð ʬʘʡʣ ʥʘʩʪʨʦʝʢ ʢʣʠʝʥʪʘ Guardant Net. ɼʦʣʞʝʥ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʢʘʪʘʣʦʛʝ ʩ ʬʘʡʣʦʤ Dynamics_x64.exe ; 

¶ GrdMon.exe ð ʩʝʪʝʚʦʡ ʤʦʥʠʪʦʨ Guardant Net. ʉʣʫʞʠʪ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʩʝʨʚʝʨʘ ʢʣʶʯʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʤʝʩʪʝ ʩ 

DYNAMICS R4 (ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʣʴʢʦ ʚ ʃɺʉ); 

¶ Admins_Manual.pdf ð ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʥʘʩʪʨʦʡʢʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʨʚʝʨʘ Guardant Net ʚ pdf-ʬʦʨʤʘʪʝ. 

 

1.4 ɼʣʷ ʨʘʙʦʪʳ DYNAMICS  R4 ʥʘ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʩʪʨʦʠʪʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢʣʠʝʥʪʩʢʦʡ 

ʤʘʰʠʥʳ ʢ ʩʝʨʚʝʨʫ ʧʦ ʧʨʦʪʦʢʦʣʫ TCP/IP  (ʧʦʨʪʳ TCP 3182, UDP 

3183, UDP 3184; ʜʣʷ ʜʦʩʪʫʧʘ ʧʦ http 3185) 

1.5 ɿʘʧʫʩʪʠʪʴ ʩʝʨʚʝʨ ʢʣʶʯʝʡ (ʇʫʩʢ\ɺʩʝ ʧʨʦʛʨʘʤʤʳ\Dynamics 

R4\ʉʝʨʚʝʨ ʢʣʶʯʘ ʧʣʘʚʘʶʱʝʡ ʣʠʮʝʥʟʠʠ) 

ɼʣʷ ʨʘʙʦʪʳ GrdSrv.exe ʚ ʢʘʯʝʩʪʚʝ ʩʝʨʚʠʩʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʫʩʪʠʪʴ ʚ 

ʨʝʞʠʤʝ ʢʦʥʩʦʣʠ (cmd.exe) ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʦʧʮʠʷʤʠ GrdSrv.exe /s [q]  

(ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ ʉʝʨʚʠʩ Windows 

Vista/2003/XP/2000  - admins_manual.pdf) 

  

http://www.guardant.ru/support/download/drivers/
http://www.guardant.ru/support/download/drivers/
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2. ʅʘʩʪʨʦʡʢʠ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ 

2.1 ʋʩʪʘʥʦʚʠʪʴ ʩ ʫʩʪʘʥʦʚʦʯʥʦʛʦ ʜʠʩʢʘ DYNAMICS R4 

2) ʆʪʨʝʜʘʢʪʠʨʦʚʘʪʴ ʚ ʧʘʧʢʝ ʫʩʪʘʥʦʚʢʠ ʬʘʡʣ  gnclient.ini (ʚ ʪʝʢʩʪʦʚʦʤ 

ʨʝʜʘʢʪʦʨʝ) 

ʅʘʧʨʠʤʝʨ" c:\Program Files (x86)\Alfatran\DynamicsR4\Bin\ gnclient.ini" 

 

 

ɺ IP_NAME ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʜʨʝʩ ʢʦʤʧʴʶʪʝʨʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʩʝʪʝʚʳʤ ʢʣʶʯʦʤ ʠ ʟʘʧʫʱʝʥʥʳʤ ʩʝʨʚʝʨʦʤ. 

ɽʩʣʠ ʥʘʩʪʨʦʡʢʘ ʩʝʪʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʞʠʤʫ "ʏʘʩʪʥʘʷ" ʠʣʠ 

"ʈʘʙʦʯʘʷ", ʘ ʫʩʪʘʥʦʚʣʝʥʘ "ʆʙʱʝʜʦʩʪʫʧʥʘʷ", ʪʦ ʩʣʝʜʫʝʪ ʥʘʩʪʨʦʠʪʴ 

ʧʨʘʚʠʣʘ ʜʣʷ Windows Firewall ʨʘʟʨʝʰʘʶʱʠʝ ʢʦʤʧʴʶʪʝʨʫ ʢʣʠʝʥʪʘ 

ʦʪʧʨʘʚʣʷʪʴ ʟʘʧʨʦʩʳ 

 

  

BC_ADDR=255.255.255.0 

IP_NAME=192.168.0.144 
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4 ɿɸʇʋʉʂ ʇʈʆɻʈɸʄʄʅʆʁ ʉʀʉʊɽʄʓ 

4.1 ɿʘʧʫʩʢ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʇʨʠ ʩʪʘʨʪʝ ʦʪʢʨʳʚʘʝʪʩʷ ʛʣʘʚʥʦʝ ʨʘʙʦʯʝʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ  ʈʠʩ. 4.1. 

 

 
ʈʠʩ. 4.1 

 

ʉʪʘʨʪʦʚʦʝ ʦʢʥʦ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʢʦʥ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʨʘʟʤʝʨʳ 

ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ: 
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¶ ʎʝʥʪʨʘʣʴʥʦʝ ʦʢʥʦ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ, ʝʝ 

ʦʪʦʙʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

¶ ʇʘʥʝʣʴ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʜʚʝ ʟʘʢʣʘʜʢʠ - [Elements] ʠ [Log],  

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʵʢʨʘʥʘ 

 

ʇʘʥʝʣʴ [Elements] ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʨʦʝʢʪʘ ʠ ʤʦʜʝʣʝʡ - ʙʠʙʣʠʦʪʝʢʫ 

ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ 

ʤʦʜʝʣʝʡ, ʙʘʟʫ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʈʠʩ. 

4.2. 

 

ʇʘʥʝʣʴ [Log] ʦʪʦʙʨʘʞʘʝʪ ʪʝʢʫʱʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ, ʩʦʦʙʱʝʥʠʷ ʦʙ 

ʦʰʠʙʢʘʭ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ. 

 

ʃʝʚʦʝ  ʚʝʨʭʥʝʝ ʧʦʣʝ ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦ ʧʨʦʝʢʪʝ ï ʚʩʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʝʜʠʥʠʮʳ, ʵʣʝʤʝʥʪʳ, ʘʣʛʦʨʠʪʤʳ, ʚʢʣʶʯʝʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʣʷ 

ʘʥʘʣʠʟʘ ʤʦʜʝʣʝʡ, ʤʘʪʝʨʠʘʣʳ  ʠ.ʪ.ʜ. 

 

ʃʝʚʦʝ ʥʠʞʥʝʝ ʧʦʣʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʠʣʠ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʪʨʦʡʢʠ ʘʣʛʦʨʠʪʤʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ. 

 

 

ɿɸʄɽʏɸʅʀɽ:  ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʨʘʟʤʝʨʳ ʚʩʝʭ ʧʦʣʝʡ ʠʣʠ 

ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʩ ʧʦʤʦʱʴʶ ʢʫʨʩʦʨʘ, ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ñDrag &  Dropò. ʊʝʢʩʪʦʚʘʷ ʠʣʠ ʛʨʘʬʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʠʟʤʝʥʝʥʘ ʦʙʳʯʥʳʤ ʧʫʪʝʤ  

 

 

ɺ ʚʝʨʭʥʝʤ ʧʨʘʚʦʤ ʫʛʣʫ ʧʨʦʛʨʘʤʤʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ  

ʩʪʨʦʯʢʘʤʠ  Windows ʧʨʦʛʨʘʤʤ - ʤʝʥʶ ʠ ʧʘʥʝʣʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʈʠʩ. 

4.3.  

  
ʈʠʩ. 4.3 

 

ʈʠʩ. 4.2 
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ʂʦʤʘʥʜʘ [File] ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ, ʧʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʤʘʥʜ, ʢʦʤʘʥʜʫ 

[Reload subsystems]. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʦʙʥʦʚʣʷʪʴ ʤʦʜʝʣʴ ʚʩʝʡ ʩʠʩʪʝʤʳ 

ʧʦʩʣʝ   ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʫʙʤʦʜʝʣʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʥʝʝ, ʙʝʟ ʧʝʨʝʟʘʛʨʫʟʢʠ. 

ʂʦʤʘʥʜʘ [Tools] ʦʪʢʨʳʚʘʝʪ ʢʦʤʘʥʜʳ[Options] ʠ [Edit  Materials DB]. 

 

ʂʦʤʘʥʜʘ [Options] ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʥʘʩʪʨʦʡʢʫ  

ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʧʮʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʈʠʩ. 4.4.   

 

 
ʈʠʩ. 4.4 

ʉʨʝʜʠ ʵʪʠʭ ʦʧʮʠʡ: 

 

¶ ɿʘʛʨʫʟʢʘ ʧʦʩʣʝʜʥʝʛʦ ʧʨʦʝʢʪʘ, ʩ ʢʦʪʦʨʳʤ ʨʘʙʦʪʘʣ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʧʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ 

¶ ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʦʩʥʦʚʥʦʛʦ ʦʢʥʘ 

ʧʨʦʛʨʘʤʤʳ ʧʨʠ ʝʝ ʟʘʧʫʩʢʝ 

¶ ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ  ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʦʢʥʘ ʧʨʦʝʢʪʘ  ʧʨʠ 

ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ 

¶ ʏʠʩʣʦ ʟʘʧʦʤʠʥʘʝʤʳʭ ʠʤʝʥ ʬʘʡʣʦʚ ʚ ʠʩʪʦʨʠʠ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʠʩʪʝʤʳ 

¶ ɺʳʙʦʨ ʷʟʳʢʘ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʛʨʘʤʤʳ ï ʘʥʛʣʠʡʩʢʠʡ ʠʣʠ ʨʫʩʩʢʠʡ 

¶ ʅʘʩʪʨʦʡʢʘ ʟʚʫʢʦʚʳʭ ʫʚʝʜʦʤʣʝʥʠʡ ʧʦ ʦʢʦʥʯʘʥʠʠ ʨʘʩʯʝʪʘ.  

¶ ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʘʚʪʦcʦʭʨʘʥʝʥʠʷ ʤʦʜʝʣʠ 
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¶ ʅʘʩʪʨʦʡʢʘ ʟʘʧʫʩʢʘ ʢʦʥʩʦʣʴʥʦʛʦ ʨʝʰʘʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʨʘʥʝʝ ʜʣʷ ʩʠʩʪʝʤ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʝʯʝʥʠʡ (>700-800, 

ʨʘʩʯʝʪ ʙʘʟʠʩʘ). ʅʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ DYNAMICS R4.14 ʠʥʪʝʨʬʝʡʩ 

ʧʨʦʛʨʘʤʤʳ  64ʙʠʪʥʳʡ. 

 

ɺ ʩʪʨʦʯʢʝ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʢʥʦʧʢʠ: 

 

 -  ʫʧʨʘʚʣʷʝʪ ʦʪʦʙʨʘʞʝʥʠʝʤ ʧʘʥʝʣʝʡ [Elements] ʠ [Log] 

 - ʢʥʦʧʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʳʚʦʜʘ ʧʨʦʪʦʢʦʣʘ ʧʨʦʝʢʪʘ ï ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠ ʪ.ʜ. 

 - ʦʪʤʝʥʘ ʧʦʩʣʝʜʥʝʛʦ ʜʝʡʩʪʚʠʷ 

  - ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʪʤʝʥʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ 

 - ʦʢʥʦ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦʪ ʪʝʢʫʱʝʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ ʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʦʜʫʣʷʭ 

4.2 ɿʘʧʫʩʢ ʚ ʨʝʞʠʤʝ ʢʦʤʤʘʥʜʥʦʡ ʩʪʨʦʢʠ 

ʇʨʦʛʨʘʤʤʘ DYNAMICSR4 ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʫʱʝʥʘ ʚ ʨʝʞʠʤʝ ʢʦʤʘʥʜʥʦʡ 

ʩʪʨʦʢʠ. ɼʣʷ ʵʪʦʛʦ ʚ ʢʦʤʥʘʜʥʦʡ ʩʪʨʦʢʝ Windows ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʫʩʪʠʪʴ 

ʬʘʡʣ DynConsole.exe. ʇʨʦʛʨʘʤʤʘ DynConsole.exe ʧʨʠʥʠʤʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʘʨʛʫʤʝʥʪʳ: [model file name ] [ - option1] [ -option2] 

...  , ʛʜʝ [ model  file  name ]  ï ʠʤʷ ʬʘʡʣʘ ʧʨʦʝʢʪʘ *.rdm. ʇʨʠ ʟʘʧʫʩʢʝ 

ʙʝʟ ʦʧʮʠʡ ʧʨʦʠʟʦʡʜʝʪ ʟʘʧʫʩʢ ʥʘʙʦʨʘ ʘʣʛʦʨʠʪʤʦʚ, ʚʳʙʨʘʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʦʭʨʘʥʸʥʥʳʭ ʚ *.rdm 

ʬʘʡʣʝ (ʧʦʜʨʦʙʥʝʝ ʦ ʩʪʨʫʢʪʫʨʝ ʧʨʦʝʢʪʘ ʩʤʦʪʨʠ ʧ. 6.1). ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʨʘʩʯʝʪʘ ʟʘʧʫʩʪʠʪʩʷ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʚʳʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ 

ʚʳʚʦʜʘ ʚ ʧʨʦʪʦʢʦʣ. ɿʘʧʫʩʢ DynConsole.exe ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʦʧʮʠʷʤʠ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʵʪʦ ʧʦʚʝʜʝʥʠʝ, ʩʧʠʩʦʢ ʜʦʩʪʫʧʥʳʭ ʦʧʮʠʡ: 

 

¶ [ - script] ï ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʩʯʝʪʘ ʜʠʘʣʦʛ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʪʦʢʦʣʘ ʚʳʟʚʘʥ ʥʝ ʙʫʜʝʪ 

¶ [ - script  [ - result _file  output _file _name ]]  ï ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʨʘʩʯʝʪʘ ʙʫʜʝʪ ʩʛʝʥʝʨʠʨʦʚʘʥ ʧʨʦʪʦʢʦʣ ʠ ʩʦʭʨʘʥʝʥ ʚ 

ʬʘʡʣ ʩ ʠʤʝʥʝʤ output_file_name, ʧʨʠʯʝʤ ʬʘʡʣ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ 

ʨʘʩʰʠʨʝʥʠʝ txt. 

¶ [ - script  [ - result _file  output _file _name ] [ -

result _file _extension  output _file _extension ]] - ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʨʘʩʯʝʪʘ ʙʫʜʝʪ ʩʛʝʥʝʨʠʨʦʚʘʥ ʧʨʦʪʦʢʦʣ ʠ ʩʦʭʨʘʥʝʥ ʚ 
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ʬʘʡʣ ʩ ʠʤʝʥʝʤ output_file_name, ʧʨʠʯʝʤ ʬʘʡʣʫ ʙʫʜʝʪ 

ʧʨʠʩʚʦʝʥʦ ʨʘʩʰʠʨʝʥʠʝ output_file_extension. 

¶ [ - run _script   [ script  file  name ]] ï ʧʨʦʛʨʘʤʤʘ ʧʨʠʤʝʥʠʪ 

ʩʢʨʠʧʪ ʥʘ ʷʟʳʢʝ Python, ʠʩʧʦʣʴʟʫʶʱʠʡ ʢʦʤʤʘʥʜʥʳʡ 

ʠʥʪʝʨʬʝʡʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩʤ ʧ.ʧ. 21), ʢ ʤʦʜʝʣʠ [ model  file  

name ] , ʟʘʪʝʤ ʟʘʧʫʩʪʠʪ ʨʘʩʯʝʪ. 

 

ɼʣʷ ʧʝʯʘʪʠ ʩʧʨʘʚʢʠ ʧʦ ʦʧʮʠʷʤ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ ʥʫʞʥʦ ʟʘʧʫʩʪʠʪʴ 

ʢʦʤʘʥʜʫ DynConsole.exe [ -? | -help] .  

ɼʣʷ ʧʝʯʘʪʠ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ DynConsole.exe [ -V]  
ʇʨʠʤʝʨʳ: 

DynConsole .exe  ïV 

DynConsole.exe test_cfg.rdm  

DynConsole.exe test_cfg.rdm ïscript  

DynConsole.exe test_cfg.rdm -script - result_file 

test.txt  

DynConsole.exe test_cfg.rdm -script - result_file 

testOutput - result_file_extension log  
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5 ɿɸɻʈʋɿʂɸ ʀ ʉʆʍʈɸʅɽʅʀɽ ʄʆɼɽʃɽʁ 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʚ ʨʘʙʦʪʝ ʩ ʧʨʦʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʨʦʝʢʪʘ, ʣʠʙʦ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ:  

 

1. ɿʘʛʨʫʟʢʘ ʩʪʘʨʦʛʦ ʧʨʦʝʢʪʘ.  ʃʶʙʦʡ ʩʫʱʝʩʪʚʫʶʱʠʡ ʧʨʦʝʢʪ 

ʟʘʛʨʫʞʘʝʪʩʷ ʢʦʤʘʥʜʦʡ [File] [Open]. 

 

2. ʉʦʟʜʘʥʠʝ  ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ.  ʅʦʚʳʡ ʧʨʦʝʢʪ ʩʦʟʜʘʝʪʩʷ ʢʦʤʘʥʜʦʡ  

[File] [New]. 

 

3. ʅʦʚʳʡ ʠʣʠ ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʥʳʡ ʧʨʦʝʢʪ ʩʦʭʨʘʥʷʝʪʩʷ ʢʦʤʘʥʜʦʡ 

[File] [Save]  ʠʣʠ  [File]   [Save asé] ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ. 

 

 

 ɿɸʄɽʏɸʅʀɽ:  ɽʩʣʠ ʚʢʣʶʯʠʪʴ ʦʧʮʠʶ [Reload last project] ʚ ʦʢʥʝ 

[Options],  ʪʦ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʛʨʫʞʘʪʴʩʷ ʧʦʩʣʝʜʥʠʡ ʧʨʦʝʢʪ, ʩ 

ʢʦʪʦʨʳʤ ʨʘʙʦʪʘʣ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʝʨʝʜ ʟʘʢʨʳʪʠʝʤ ʧʨʦʛʨʘʤʤʳ 

 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʟʘʛʨʫʟʠʪʴ ʤʦʜʝʣʴ, ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʚ ʧʨʝʜʳʜʫʱʝʡ ʚʝʨʩʠʠ 

ʧʨʦʛʨʘʤʤʳ Dynamics R3.1, ʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝʩʪʠ ʚ ʬʦʨʤʘʪ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ DYNAMICS  R4. ɼʣʷ ʵʪʦʛʦ ʤʦʜʝʣʴ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʭʨʘʥʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʢʦʥʚʝʨʪʝʨʝ (ʧʦʩʪʘʚʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

Dynamics R3.1). 
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6 ʇʈʆɽʂʊ 

6.1 ɼʘʥʥʳʝ ʧʨʦʝʢʪʘ 

ʇʨʦʝʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʪʨʫʢʪʫʨʘ, 

ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ. ʇʨʦʝʢʪ 

ʚʢʣʶʯʘʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ - 

ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦ ʤʦʜʝʣʠ ʠ ʥʘʙʦʨ 

ʘʣʛʦʨʠʪʤʦʚ, ʚʳʙʨʘʥʥʳʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  ʊʘʢʞʝ ʚ ʥʝʤ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ - ʙʘʟʘ ʜʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ  ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʚʘʨʠʘʥʪʥʳʭ ʨʘʩʯʝʪʦʚ.  

 

ɺʝʩʴ ʧʨʦʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʠʝʨʘʨʭʠʠ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʝʜʠʥʠʮ (ʜʝʨʝʚʦ ʧʨʦʝʢʪʘ), ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʩʪʦʠʪ ʤʦʜʝʣʴ, ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ, 

ʵʣʝʤʝʥʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʪ 

ʩʪʨʫʢʪʫʨʥʳʝ ʝʜʠʥʠʮʳ, ʥʘʛʨʫʟʦʢ, 

ʥʘʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʝʨʝʤʝʥʥʳʭ, 

ʩʧʠʩʢʘ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʘʥʘʣʠʟʘ 

ʤʦʜʝʣʠ ʠ ʪ.ʜ. 

ʇʨʠʤʝʨ ʜʝʨʝʚʘ ʧʨʦʝʢʪʘ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʈʠʩ. 6.1. 

 
 

ʈʠʩ. 6.1 
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ɼʝʨʝʚʦ ʧʨʦʝʢʪʘ ʦʪʢʨʳʚʘʝʪʩʷ ʧʦʩʣʝ ʟʘʛʨʫʟʢʠ ʬʘʡʣʘ c ʨʘʩʰʠʨʝʥʠʝʤ 

*.rdm, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʵʪʦʤʫ ʧʨʦʝʢʪʫ. 

 

ʆʙʱʠʝ ʜʘʥʥʳʝ ʧʨʦʝʢʪʘ ʤʦʛʫʪ ʙʳʪʴ ʦʪʢʨʳʪʳ ʚʳʜʝʣʝʥʠʝʤ ʧʝʨʚʦʡ 

ʩʪʨʦʯʢʠ ʤʝʥʶ ʧʨʦʝʢʪʘ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʦʙʦʟʥʘʯʝʥʠʝ ʧʨʦʝʢʪʘ [System].  

 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʵʪʦ ʦʙʦʟʥʘʯʝʥʠʝ ʥʘ ʣʶʙʦʝ ʜʨʫʛʦʝ. ʇʦʩʣʝ 

ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ ʚ ʥʠʞʥʝʤ ʣʝʚʦʤ ʦʢʥʝ ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ ʩ ʦʙʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʝʢʪʘ ʠ ʧʦʣʦʞʝʥʠʷ ʤʦʜʝʣʠ,   ʈʠʩ. 6.2.   

 

 
 

 

ʂ ʜʘʥʥʳʤ ʧʨʦʝʢʪʘ ʦʪʥʦʩʷʪʩʷ: 

 

¶ ʆʙʦʟʥʘʯʝʥʠʝ ʧʨʦʝʢʪʘ [Des].ʆʙʦʟʥʘʯʝʥʠʝ ʚʩʝʛʜʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ 

ʧʝʨʚʦʡ ʩʪʨʦʯʢʝ ʜʝʨʝʚʘ ʧʨʦʝʢʪʘ 

¶ ʉʠʩʪʝʤʘ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʚʳʙʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

[def_units] 

¶ ʀʤʷ ʧʨʦʝʢʪʘ  [title ] ï  ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʢʨʘʪʢʦʛʦ 

ʦʧʠʩʘʥʠʷ  ʤʦʜʝʣʠ 

¶ ʆʧʠʩʘʥʠʝ ʧʨʦʝʢʪʘ [description] ï ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʨʘʟʚʝʨʥʫʪʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʝʢʪʘ 

¶ ʀʤʷ  ʘʚʪʦʨʘ ʤʦʜʝʣʠ [name] 

¶ ɼʘʪʘ ʧʦʩʣʝʜʥʝʛʦ ʠʟʤʝʥʝʥʠʷ  [modified]  

¶ ɿʥʘʯʝʥʠʷ ʣʠʥʝʡʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʦʣʦʞʝʥʠʷ ʤʦʜʝʣʠ [x,y,z] 

¶ ɿʥʘʯʝʥʠʷ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ [eps_x, eps_y, eps_z] 

 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʣʠʥʝʡʥʳʝ ʠ ʫʛʣʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʧʦʣʦʞʝʥʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʨʘʚʥʳ 0.  

 

 

 

ʈʠʩ. 6.2 
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ɿɸʄɽʏɸʅʀɽ: ɺʩʝ ʧʨʦʝʢʪʥʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʪʦʢʦʣʘʭ 

ʚʳʚʦʜʘ ʜʘʥʥʳʭ ʤʦʜʝʣʠ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ 

 

6.2 ʉʠʩʪʝʤʳ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʡ 

ʉʠʩʪʝʤʘ ʝʜʠʥʠʮ ʚʳʙʠʨʘʝʪʩʷ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʄʝʞʜʫʥʘʨʦʜʥʫʶ ʩʠʩʪʝʤʫ ʝʜʠʥʠʮ (ʉʀ) 

ʠʣʠ ɸʥʛʣʠʡʩʢʫʶ ʩʠʩʪʝʤʫ ʝʜʠʥʠʮ.  ʊʘʢʞʝ ʜʣʷ ʉʀ ʩʠʩʪʝʤʳ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʤʦʞʝʪ ʧʨʦʠʟʚʝʩʪʠ ʟʘʤʝʥʫ ʦʩʥʦʚʥʦʡ ʝʜʠʥʠʮʳ ʜʣʠʥʳ ʤ ʥʘ ʤʤ.  

 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʝʜʠʥʠʮ ʉʀ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ 

ʩʠʩʪʝʤʦʡ ʥʝʢʦʪʦʨʳʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ 

ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʡ, ʊʘʙʣʠʮʘ 6.1: 

ʊʘʙʣʠʮʘ 6.1 

ʜʣʠʥʘ (ʜʠʘʤʝʪʨ) ʤʤ ʜʘʚʣʝʥʠʝ ʇʘ 

ʟʘʟʦʨ ʤʤ ʧʣʦʪʥʦʩʪʴ ʢʛ/ʤ3 

ʤʘʩʩʘ ʢʛ ʫʛʦʣ ʨʘʜ (ʛʨʘʜ) 

ʩʠʣʘ ʅ ʯʘʩʪʦʪʘ ʦʙ/ʤʠʥ(ɻʮ)  

ʤʦʤʝʥʪ ʅʤ ʧʝʨʝʤʝʱʝʥʠʝ ʤʤ 

ʞʝʩʪʢʦʩʪʴé ʅ/ʤ ʠ ʪ.ʜ ʩʢʦʨʦʩʪʴ ʤʤ/ʩʝʢ 

ʧʦʜʘʪʣʠʚʦʩʪʴé ʤ/ʅ ʠ ʪ.ʜ. ʫʩʢʦʨʝʥʠʝ ʤʤ/ʩʝʢ2 

ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʅʩʝʢ/ʤ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʢʛʤ2 

ʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʢʛʤ   

 

 

ɿɸʄɽʏɸʅʀɽ: ʇʨʠ ʩʤʝʥʝ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʚ ʩʚʦʡʩʪʚʘʭ ʚʳʜʝʣʝʥʥʦʛʦ 

ʦʙʲʝʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʝʨʝʩʯʝʪ ʟʥʘʯʝʥʠʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʤʝʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ 

 

6.3 ʇʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʦʰʠʙʢʠ 

ɺ DYNAMICS  R4 ʨʘʙʦʪʘʝʪ ʨʘʟʚʠʪʘʷ ʩʠʩʪʝʤʘ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ 

ʚʚʝʜʝʥʥʳʭ ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʘʥʥʳʭ.  

 

ʇʨʠʤʝʨ ʩʦʦʙʱʝʥʠʷ ʦʙ ʦʰʠʙʢʝ ʧʦʢʘʟʘʥ ʥʘ  ʈʠʩ. 6.3. 
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ʈʠʩ. 6.3 

ʇʨʝʜʫʧʨʝʞʜʝʥʠʷ ʥʦʩʷʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʧʨʝʧʷʪʩʪʚʫʶʪ 

ʧʨʦʚʝʜʝʥʠʶ ʨʘʩʯʝʪʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʰʠʙʦʢ. ʇʨʠʤʝʨ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ  

ʧʦʢʘʟʘʥ ʥʘ  ʈʠʩ. 6.4. 

 

 
ʈʠʩ. 6.4 

 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʦʰʠʙʢʘʭ ʚʳʩʚʝʯʠʚʘʝʪʩʷ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ,  

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ï ʟʝʣʝʥʳʤ. 

 

ɺ ʨʝʞʠʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʘʢʪʠʚʥʦ ʦʢʥʦ 2D) ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ 

ʦʪ ʦʰʠʙʦʢ ʚʳʜʘʚʘʝʤʳʭ ʩʠʩʪʝʤʦʡ ʚʘʣʠʜʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʢ 

ʧʨʦʙʣʝʤʥʳʤ ʵʣʝʤʝʥʪʘʤ. ɼʣʷ ʧʝʨʝʭʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʢʫʨʩʦʨ 

ʥʘ ʩʪʨʦʯʢʫ ʩ ʦʰʠʙʢʦʡ ʠʣʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝʤ ʠ ʥʘʞʘʪʴ ʢʥʦʧʢʫ 

[ʇʝʨʝʡʪʠ], ʈʠʩ. 6.5. 

 

 
ʈʠʩ. 6.5 

ʊʘʢʞʝ ʧʨʦʚʝʨʠʪʴ ʤʦʜʝʣʴ ʤʦʞʥʦ ʧʦ ʢʦʤʘʥʜʝ "ɺʘʣʠʜʘʮʠʷ" ʢʦʥʪʝʢʩʪʥʦʤ 

ʤʝʥʶ ʜʝʨʝʚʘ ʤʦʜʝʣʠ ʠʣʠ ʤʝʥʶ ʧʨʦʛʨʘʤʤʳ [ʉʝʨʚʠʩ]\[ɺʘʣʠʜʘʮʠʷ], ʈʠʩ. 

6.6. 
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ʈʠʩ. 6.6 
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7 ɸʈʍʀʊɽʂʊʋʈɸ ʄʆɼɽʃʀ 

7.1 ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʝʜʠʥʠʮʳ 

ɺ ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʝʜʠʥʠʮʳ, ʈʠʩ. 7.1. 

ʉʫʙʤʦʜʝʣʠ [Submodel], ʉʙʦʨʢʠ [Assembly], 

ʇʦʜʩʠʩʪʝʤʳ [Subsystem] ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ 

ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʳ DYNAMICS  R4. 

ʉʙʦʨʢʠ [Assembly], ʧʦʜʩʠʩʪʝʤʳ 

[Subsystem] ʧʨʠʥʘʜʣʝʞʘʪ ʤʦʜʝʣʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [System], 

ʬʦʨʤʠʨʫʝʤʦʡ ʚ  ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʳ DYNAMICS  R4. 

 

ʉʫʙʤʦʜʝʣʠ [Submodel] ʭʨʘʥʷʪʩʷ ʚʦ ʚʥʝʰʥʠʭ ʬʘʡʣʘʭ ʠ ʟʘʛʨʫʞʘʶʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʨʠ ʝʝ ʦʪʢʨʳʪʠʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ 

ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ ʵʪʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ, ʥʝ ʟʘʛʨʫʞʘʷ ʚʩʶ 

ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [System]. 

 

ɺʩʝ ʩʪʨʫʢʪʫʨʥʳʝ ʝʜʠʥʠʮʳ ʚ ʧʦʣʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ  ʩʚʷʟʷʤʠ [Link ]. ʉʦʝʜʠʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ 

ʯʝʨʝʟ ʪʦʯʢʠ ʩʚʷʟʠ [Connection point], ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʫʢʘʟʘʥʠʝʤ ʢʦʦʨʜʠʥʘʪ ʛʨʘʥʠʯʥʳʭ ʩʝʯʝʥʠʡ ʩʚʷʟʝʡ. 

 

ʅʘ ʩʣʝʜʫʶʱʠʭ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ ʩʦʯʝʪʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʝʜʠʥʠʮ ʚʥʫʪʨʠ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ.  

 
 

ʈʠʩ. 7.1 
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ɺ ʩʠʩʪʝʤʫ [System] ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʩʫʙʤʦʜʝʣʠ [Submodel], ʧʦʜʩʠʩʪʝʤʳ, 

ʩʙʦʨʢʠ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʈʠʩ. 7.2. 

 
ʈʠʩ. 7.2 

ɺ ʩʙʦʨʢʫ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʩʫʙʤʦʜʝʣʠ [Submodel], ʧʦʜʩʠʩʪʝʤʳ 

[Subsystem], ʜʨʫʛʠʝ ʩʙʦʨʢʠ [Assembly] ʠ ʩʚʷʟʠ [Link ]ʤʝʞʜʫ ʥʠʤʠ, ʈʠʩ. 

7.3. 

 
ʈʠʩ. 7.3 

ʇʦʜʩʠʩʪʝʤʘ [Subsystem] ʩʪʨʦʠʪʩʷ ʠʟ ʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʛʨʫʟʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʣʦʞʝʥʳ ʪʦʣʴʢʦ ʢ ʧʦʜʩʠʩʪʝʤʘʤ,   

ʈʠʩ. 7.4. 

 

 
 

ʈʠʩ. 7.4 

System

Submodels Assemblies Subsystems Links

Assembly

Submodels Assemblies Subsystems Link

Subsystem

Linear 
elements

Loads
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ʉʠʩʪʝʤʘ ʩ ʫʥʠʢʘʣʴʥʳʤ ʠʤʝʥʝʤ ʭʨʘʥʠʪʩʷ ʚ ʦʪʜʝʣʴʥʦʤ ʬʘʡʣʝ.   

 

 

ɿɸʄɽʏɸʅʀɽ: ʃʶʙʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʠʤʝʪʴ ʫʥʠʢʘʣʴʥʦʝ 

ʠʤʷ, ʟʘʜʘʥʥʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

 

7.2 ʕʣʝʤʝʥʪ ʉʙʦʨʢʘ [Assembly] 

ʕʣʝʤʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʫʙʤʦʜʝʣʝʡ, 

ʧʦʜʩʠʩʪʝʤ ʠ ʪ.ʜ. ʚ ʩʙʦʨʢʫ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʚʭʦʜʠʪ  ʚ ʧʦʣʥʫʶ ʤʦʜʝʣʴ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ.  

ʉʙʦʨʢʘ ʤʦʞʝʪ ʨʝʜʘʢʪʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʩʦʩʪʘʚʝ ʧʦʣʥʦʡ ʤʦʜʝʣʠ. 

ɿʘʜʘʝʪʩʷ ʠʤʝʥʝʤ ʠ ʧʦʣʦʞʝʥʠʝʤ ʝʝ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ 

ʛʣʦʙʘʣʴʥʦʡ, ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʚʩʝʡ ʤʦʜʝʣʠ, ʈʠʩ. 7.5. 

 

ʈʠʩ. 7.5 

ʇʘʨʘʤʝʪʨ [link scope] ʦʧʨʝʜʝʣʷʝʪ ʦʙʣʘʩʪʴ ʚʠʜʠʤʦʩʪʠ  ʪʦʯʝʢ ʩʚʷʟʝʡ ʚ 

ʨʘʩʢʨʳʚʘʶʱʠʭʩʷ ʩʧʠʩʢʘʭ ʚ ʩʚʦʡʩʪʚʘʭ ʩʚʷʟʝʡ (ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ). 

ɺʦʟʤʦʞʝʥ ʚʳʙʦʨ: local - ʧʦ ʫʤʦʣʯʘʥʠʶ, ʩʪʘʥʜʘʨʪʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʢʘʢ ʠ ʚ 

ʩʪʘʨʳʭ ʚʝʨʩʠʷʭ ʧʨʦʛʨʘʤʤʳ. ɺʳʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʪʦʯʢʠ ʩʚʷʟʠ ʚ ʪʝʢʫʱʝʡ ʠ 

ʚʣʦʞʝʥʥʳʭ ʩʙʦʨʢʘʭ. parent - ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʠʜʥʳ ʪʦʯʢʠ ʩʚʷʟʝʡ ʠʟ 

ʩʙʦʨʢʠ ʥʘ ʫʨʦʚʝʥʴ ʚʳʰʝ,  global - ʚʠʜʥʳ ʚʩʝ ʪʦʯʢʠ ʩʚʷʟʝʡ ʚ ʤʦʜʝʣʠ. 

 

ʇʦʨʷʜʦʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ [ʉʙʦʨʢʘ] ʠ [ʉʫʙʤʦʜʝʣʴ] ʤʦʞʝʪ 

ʙʳʪʴ  ʠʟʤʝʥʝʥ ʚ ʜʝʨʝʚʝ ʤʦʜʝʣʠ. ɼʣʷ ʵʪʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʢʦʤʘʥʜʳ  ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ñMove Upò,  ñMove Downò, ʈʠʩ. 7.6 

ʉʠʤʚʦʣʳ 

ʤʝʥʶ 

ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 
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ʈʠʩ. 7.6 

ʀʟʤʝʥʝʥʠʝ ʧʦʨʷʜʢʘ ʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʜʝʨʝʚʝ ʤʦʜʝʣʠ 

ʩʣʫʞʠʪ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʠ ʨʘʟʥʝʩʝʥʠʠ ʧʦ ʩʙʦʨʢʘʤ. 

  

7.3 ʕʣʝʤʝʥʪ ʉʫʙʤʦʜʝʣʴ [Submodel] 

ʕʣʝʤʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʙʦʨʦʢ ʠ/ʠʣʠ 

ʧʦʜʩʠʩʪʝʤ ʚ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʙʦʣʝʝ ʧʦʣʥʦʡ ʤʦʜʝʣʠ. 

ɿʘʜʘʝʪʩʷ ʠʤʝʥʝʤ, ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʝʝ 

ʧʦʣʦʞʝʥʠʝ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʦʣʥʦʡ ʤʦʜʝʣʠ, ʈʠʩ. 7.7. 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 

 

 
 

ʈʠʩ. 7.7 

 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʫʙʤʦʜʝʣʠ ʚ ʤʦʜʝʣʴ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʝʝ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚʦ ʚʥʝʰʥʝʡ ʬʘʡʣʦʚʦʡ ʩʪʨʫʢʪʫʨʝ, ʈʠʩ. 7.8. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ: 
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¶ ʚʳʜʝʣʠʪʴ ʩʫʙʤʦʜʝʣʴ ʚ 

ʜʝʨʝʚʝ ʦʩʥʦʚʥʦʛʦ 

ʧʨʦʝʢʪʘ; 

¶ ʫʢʘʟʘʪʴ ʚ ʧʦʟʠʮʠʠ [file 

name] ʧʫʪʴ ʢ ʩʫʙʤʦʜʝʣʠ. 

 

ɼʠʘʣʦʛ ʦʪʢʨʳʪʠʷ ʬʘʡʣʘ 

ʚʳʟʳʚʘʝʪʩʷ ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ 

ʧʘʨʘʤʝʪʨʘ ʢʦʤʘʥʜʦʡ [Extended 

properties].ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʢʫʨʩʦʨʦʤ 

ʧʦʣʝ ʚʚʦʜʘ ʠ ʥʘʞʘʪʴ ʧʨʘʚʫʶ 

ʢʥʦʧʢʫ ʤʳʰʠ. ɼʘʣʝʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʜʝʡʩʪʚʠʷʤʠ  ʥʘʭʦʜʠʪ ʪʨʝʙʫʝʤʳʡ 

ʬʘʡʣ, ʈʠʩ. 7.9. 

 

ɼʘʥʥʫʶ ʧʨʦʮʝʜʫʨʫ ʪʨʝʙʫʝʪʩʷ ʧʦʚʪʦʨʠʪʴ ʜʣʷ ʚʩʝʭ ʩʫʙʤʦʜʝʣʝʡ. ɺ ʩʣʫʯʘʝ 

ʠʟʤʝʥʝʥʠʷ ʧʫʪʠ ʢ ʩʫʙʤʦʜʝʣʷʤ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʢʦʤʘʥʜʫ  [File], [Reload 

submodels]. ʄʦʜʝʣʴ ʧʨʦʝʢʪʘ ʙʫʜʝʪ ʦʙʥʦʚʣʝʥʘ ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʥʳʤʠ 

ʩʫʙʤʦʜʝʣʷʤʠ. ʊʘʢʞʝ ʤʦʞʥʦ ʦʙʥʦʚʠʪʴ ʪʝʢʫʱʫʶ ʩʫʙʤʦʜʝʣʴ, ʚʳʙʨʘʚ ʚ 

ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʵʣʝʤʝʥʪʘ ʢʦʤʘʥʜʫ "ʇʝʨʝʟʘʛʨʫʟʠʪʴ ʩʫʙʤʦʜʝʣʴ" 

 

 

 

 

ʈʠʩ. 7.8 

 
ʈʠʩ. 7.9 
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ɿɸʄɽʏɸʅʀɽ:  ɽʩʣʠ ʧʫʪʴ ʢ ʩʫʙʤʦʜʝʣʠ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʠʤʷ ʬʘʡʣʘ, ʪʦ 

ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʧʳʪʘʪʴʩʷ ʦʪʢʨʳʪʴ ʩʫʙʤʦʜʝʣʴ ʠʟ ʢʘʪʘʣʦʛʘ,  ʚ ʢʦʪʦʨʦʤ 

ʥʘʭʦʜʠʪʩʷ ʛʣʘʚʥʘʷ ʤʦʜʝʣʴ  

 

 

 

ɿɸʄɽʏɸʅʀɽ: ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ ʩʫʙʤʦʜʝʣʝʡ ʚ ʩʙʦʨʦʯʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʘʙʣʦʢʠʨʦʚʘʥʦ 

 

 

7.4 [Shaft] ʵʣʝʤʝʥʪ 

ʇʦʜʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʧʦʩʪʨʦʝʥʥʳʤ ʠʟ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʙʘʣʦʢ, ʦʙʦʣʦʯʝʢ, ʜʠʩʢʦʚ ʠ ʪ.ʜ. ɽʝ ʧʦʣʦʞʝʥʠʝ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʝʪʩʷ ʥʘʙʦʨʦʤ ʣʠʥʝʡʥʳʭ ʠ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ, ʈʠʩ. 

7.10. 

 

ʈʠʩ. 7.10 

ʄʘʪʝʨʠʘʣ ʧʦʜʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʣʠʙʦ ʚʳʙʨʘʥ 

ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ.  ʇʦ ʫʤʦʣʯʘʥʠʶ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ, ʚʭʦʜʷʱʠʤ ʚ 

ʧʦʜʩʠʩʪʝʤʫ, ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʤʘʪʝʨʠʘʣ ʧʦʜʩʠʩʪʝʤʳ. 

 

ʇʘʨʘʤʝʪʨ  [cs] ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʝʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʧʨʦʛʨʘʤʤʳ. ɽʛʦ 

ʥʘʟʥʘʯʝʥʠʝ ï ʨʘʟʙʠʝʥʠʝ ʜʣʠʥʥʳʭ ʙʘʣʦʢ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ ʥʘ 

ʢʦʨʦʪʢʠʝ ʩʝʛʤʝʥʪʳ (ʙʘʣʢʠ/ʦʙʦʣʦʯʢʠ). ʕʪʦʪ ʧʨʦʮʝʩʩ ʫʣʫʯʰʘʝʪ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʘʣʴʥʳʭ ʩʪʝʨʞʥʝʚʳʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʪʦʯʥʦʛʦ 

ʫʯʝʪʘ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʜʠʩʢʨʝʪʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ.  

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 
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ʈʘʟʙʠʝʥʠʝ ʙʘʣʦʢ ʥʘ ʫʯʘʩʪʢʠ ʧʦʩʣʝ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʘ  [cs] ʧʨʦʠʩʭʦʜʠʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ɽʛʦ ʚʝʣʠʯʠʥʘ ʟʘʜʘʝʪʩʷ ʚ ʤʠʣʣʠʤʝʪʨʘʭ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʜʣʠʥʫ ʫʯʘʩʪʢʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʟʙʠʚʘʶʪʩʷ ʜʣʠʥʥʳʝ ʙʘʣʢʠ.  

 

 

ɿɸʄɽʏɸʅʀɽ: ɹʘʣʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʦʣʦʯʢʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʟʙʠʚʘʶʪʩʷ ʚ ʤʝʩʪʘʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʚʷʟʝʡ ʠ ʫʩʪʘʥʦʚʢʠ 

ʪʦʯʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

 

ʏʪʦʙʳ ʜʦʙʘʚʠʪʴ ʧʦʜʩʠʩʪʝʤʫ, ʧʦʣʴʟʦʚʘʪʝʣʴ, ʧʨʠʤʝʥʷʷ ʪʝʭʥʦʣʦʛʠʶ  

ñdrag and dropò, ʧʝʨʝʥʦʩʠʪ ʵʣʝʤʝʥʪ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʮʝʥʪʨʘʣʴʥʦʝ ʦʢʥʦ. ʂʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʠ ʵʣʝʤʝʥʪ [ɹʘʣʢʘ] ʧʦʷʚʣʷʶʪʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ ʦʢʥʝ. 
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8 ʊʀʇʆɺʓɽ ʕʃɽʄɽʅʊʓ ʀ ʀʍ ʇɸʈɸʄɽʊʈʓ 

ʇʦʜʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʦʣʥʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʩʠʩʪʝʤʳ). 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʜʚʫʭʚʘʣʴʥʦʛʦ ɻʊɼ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ 

ʧʦʜʩʠʩʪʝʤ ï ʨʦʪʦʨ ʥʠʟʢʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʨʦʪʦʨ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʢʦʨʧʫʩ ʚʥʫʪʨʝʥʥʠʡ, ʢʦʨʧʫʩ 

ʥʘʨʫʞʥʳʡ  ʠ ʪ.ʜ.  

 

ɺʩʝ ʧʦʜʩʠʩʪʝʤʳ ʩʦʝʜʠʥʷʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ ʩʚʷʟʷʤʠ, ʢʦʪʦʨʳʝ 

ʦʧʠʩʳʚʘʶʪ ʩʚʦʡʩʪʚʘ ʦʧʦʨʥʳʭ ʫʟʣʦʚ, ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ,  ʧʦʜʚʝʩʢʠ ʠ 

ʪ.ʜ. ɺ ʙʠʙʣʠʦʪʝʢʝ  ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʤʠ ʧʦʟʠʮʠʷʤʠ ʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ, ʈʠʩ. 8.1 

8.1 ʆʙʱʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʧʘʨʘʤʝʪʨʳ 

ʂʘʞʜʳʡ ʪʠʧʦʚʦʡ ʵʣʝʤʝʥʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨʦʤ ʧʝʨʝʤʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʚ ʧʦʜʩʠʩʪʝʤʝ, ʛʝʦʤʝʪʨʠʶ, 

ʤʘʪʝʨʠʘʣ ʠ ʪ.ʜ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʊʘʙʣʠʮʘ 8.1 

ʊʘʙʣʠʮʘ 8.1 

ʇʘʨʘʤʝʪʨ ʆʧʠʩʘʥʠʝ 

Des ʇʦ ʫʤʦʣʯʘʥʠʶ ʧʝʨʝʤʝʥʥʘʷ  ʠʤʝʝʪ ʪʝʢʩʪʦʚʦʝ ʟʥʘʯʝʥʠʝ 
[ʅʘʟʚʘʥʠʝ ʵʣʝʤʝʥʪʘ_ʅʦʤʝʨ].  ʏʠʩʣʦ ʫʢʘʟʳʚʘʝʪ ʧʦʨʷʜʢʦʚʳʡ 

ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ ʚ ʤʦʜʝʣʠ.  ʅʘʧʨʠʤʝʨ, [ɹʘʣʢʘ 12]. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʪʝʢʩʪ  ʥʘ ʣʶʙʦʡ ʜʨʫʛʦʡ 

 
 

ʈʠʩ. 8.1 
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Material  ʇʝʨʝʤʝʥʥʘʷ ʦʧʨʝʜʝʣʷʝʪ ʩʧʦʩʦʙ ʟʘʜʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʵʣʝʤʝʥʪʘ: 
ʄʘʪʝʨʠʘʣ ʟʘʜʘʝʪʩʷ ʪʨʝʤʷ ʧʫʪʷʤʠ: 

- ʚʳʙʠʨʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ; 

- ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʘ ʨʝʜʘʢʪʠʨʫʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ; 
- ʝʩʣʠ ʧʦʜʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʪʠʧ ʤʘʪʝʨʠʘʣʘ, ʪʦ 

ʚʳʙʠʨʘʝʪʩʷ ʤʘʪʝʨʠʘʣ ʧʦʜʩʠʩʪʝʤʳ 

segRef ʇʝʨʝʤʝʥʥʘʷ ʫʢʘʟʳʚʘʝʪ ʩʧʦʩʦʙ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʟʘʜʘʥʠʷ 

ʛʝʦʤʝʪʨʠʠ ʵʣʝʤʝʥʪʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʜʣʠʥʦʡ.  
ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʪʳ 

ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʵʣʝʤʝʥʪʘ [z1] ʠ [z2]. ʕʪʠ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ʤʦʛʫʪ 

ʨʝʜʘʢʪʠʨʦʚʘʪʴʩʷ.  
ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʜʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʠʥʫ 

ʵʣʝʤʝʥʪʘ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ [ls]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʘʨʘʤʝʪʨʳ  [z1] ʠ 

[z2] ʥʝ ʨʝʜʘʢʪʠʨʫʶʪʩʷ 

ls ɼʣʠʥʘ ʵʣʝʤʝʥʪʘ. ɺʝʣʠʯʠʥʘ [ls] ʤʦʞʝʪ ʨʝʜʘʢʪʠʨʦʚʘʪʴʩʷ, ʝʩʣʠ 

ʧʘʨʘʤʝʪʨ [segRef] ʟʘʜʘʥ ʢʘʢ [length]  

z1 ʂʦʦʨʜʠʥʘʪʘ ʧʦʟʠʮʠʦʥʠʨʫʝʪ ʥʘʯʘʣʴʥʦʝ ʣʝʚʦʝ ʩʝʯʝʥʠʝ ʵʣʝʤʝʥʪʘ  

z2 ʂʦʦʨʜʠʥʘʪʘ ʧʦʟʠʮʠʦʥʠʨʫʝʪ ʢʦʥʝʯʥʦʝ ʧʨʘʚʦʝ ʩʝʯʝʥʠʝ ʵʣʝʤʝʥʪʘ  

Type ʇʝʨʝʤʝʥʥʘʷ ʥʘʟʥʘʯʘʝʪ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʪʠʧʦʚʳʤ ʵʣʝʤʝʥʪʘʤ, 
ʥʘʧʨʠʤʝʨ: 

¶ ʜʣʷ ʙʘʣʦʢ ʠ ʦʙʦʣʦʯʝʢ ï ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʠʣʠ  

ʢʦʥʠʯʝʩʢʘʷ  

¶ ʜʣʷ  ʘʙʩʪʨʘʢʪʥʦʛʦ ʵʣʝʤʝʥʪʘ -  ʠʟʦʪʨʦʧʥʳʡ ʠʣʠ 

ʦʨʪʦʪʨʦʧʥʳʡ 

¶ ʜʣʷ ʩʚʷʟʠ ï ʠʟʦʪʨʦʧʥʘʷ ʠʣʠ ʧʦʣʥʘʷ ʠ ʪ.ʜ.  

Conn_type ʇʝʨʝʤʝʥʥʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʩʚʷʟʴ 
ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʧʦʜʩʠʩʪʝʤʝ. ɺʦʟʤʦʞʥʦ ʜʚʘ ʚʘʨʠʘʥʪʘ:  

 [via body] ï ʩʚʷʟʴ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʧʦʜʩʠʩʪʝʤʝ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʊʦʯʢʘ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʤʝʥʝʤ 
ʧʦʜʩʠʩʪʝʤʳ ʠ ʢʦʦʨʜʠʥʘʪʦʡ z;  

 [via connection point] ï ʩʚʷʟʴ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʟʘʨʘʥʝʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʪʦʯʢʝ ʩ ʟʘʜʘʥʥʳʤ ʠʤʝʥʝʤ. ʊʦʯʢʘ ʟʘʜʘʝʪʩʷ 
ʠʤʝʥʝʤ ʧʦʜʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʦʥʘ ʥʘʭʦʜʠʪʩʷ, ʠ ʢʦʦʨʜʠʥʘʪʦʡ z 

(ʚ ʣʦʢʘʣʴʥʦʡ ʜʣʷ ʜʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ). ʕʪʦʪ 

ʪʠʧ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʚʷʟʠ ʙʦʣʝʝ ʫʜʦʙʝʥ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ 
ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʥʝʩʦʦʩʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ 

side1_subs ʇʝʨʝʤʝʥʥʘʷ ʫʢʘʟʳʚʘʝʪ ʧʦʜʩʠʩʪʝʤʫ, ʢ ʢʦʪʦʨʦʡ ʧʦʜʩʦʝʜʠʥʷʝʪʩʷ 
ʛʨʘʥʠʯʥʦʝ ʩʝʯʝʥʠʝ 1 ʩʚʷʟʠ.  ʇʦ ʫʤʦʣʯʘʥʠʶ ʚʳʙʨʘʥʥʦʡ 

ʧʦʜʩʠʩʪʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʫʣʝʚʘʷ ʧʦʜʩʠʩʪʝʤʘ (ʞʝʩʪʢʦʝ ʦʩʥʦʚʘʥʠʝ) 

side2_subs ʇʝʨʝʤʝʥʥʘʷ ʫʢʘʟʳʚʘʝʪ ʧʦʜʩʠʩʪʝʤʫ, ʢ ʢʦʪʦʨʦʡ ʧʦʜʩʦʝʜʠʥʷʝʪʩʷ 

ʛʨʘʥʠʯʥʦʝ ʩʝʯʝʥʠʝ 2 ʩʚʷʟʠ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʚʳʙʨʘʥʥʦʡ 
ʧʦʜʩʠʩʪʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʫʣʝʚʘʷ ʧʦʜʩʠʩʪʝʤʘ (ʞʝʩʪʢʦʝ ʦʩʥʦʚʘʥʠʝ) 

UT_x ʇʝʨʝʤʝʱʝʥʠʝ ʚʜʦʣʴ ʦʩʠ X 

UT_y ʇʝʨʝʤʝʱʝʥʠʝ ʚʜʦʣʴ ʦʩʠ Y 

UT_z ʇʝʨʝʤʝʱʝʥʠʝ ʚʜʦʣʴ ʦʩʠ Z 

UR_x ʇʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ X 

UR_y ʇʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ Y 

UR_z ʇʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ Z 
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d* ʉʚʷʟʴ ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʫʞʠʥʦʡ ʩ 
ʚʥʫʪʨʝʥʥʠʤ, ʥʘʨʫʞʥʳʤ ʨʘʟʤʝʨʘʤʠ ʠ ʰʠʨʠʥʦʡ. ɼʘʥʥʘʷ 

ʧʝʨʝʤʝʥʥʘʷ ʦʧʨʝʜʝʣʷʝʪ ʚʥʫʪʨʝʥʥʠʡ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʘ ʚ ʤʦʜʝʣʠ 

D* ʇʝʨʝʤʝʥʥʘʷ ʦʧʨʝʜʝʣʷʝʪ ʥʘʨʫʞʥʳʡ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʘ ʚ ʤʦʜʝʣʠ 

B* ʇʝʨʝʤʝʥʥʘʷ ʦʧʨʝʜʝʣʷʝʪ ʰʠʨʠʥʫ ʩʚʷʟʠ ʚ ʤʦʜʝʣʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ 
ʪʦʣʴʢʦ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʚʷʟʠ ʚ ʤʦʜʝʣʠ 

t_st_type ʇʝʨʝʤʝʥʥʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʧʦʩʦʙ ʟʘʜʘʥʠʷ ʤʦʤʝʥʪʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʟʘʜʘʯʘʭ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʘʥʘʣʠʟʘ - ʚ 

ʘʙʩʦʣʶʪʥʳʭ  ʟʥʘʯʝʥʠʷʭ [real] ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ [relative] : 
[relative] - ʠʩʧʦʣʴʟʫʝʪ ʚʨʝʤʝʥʥʦʡ ʧʘʨʘʤʝʪʨ ʠʟ ʵʣʝʤʝʥʪʘ 

[Kinematic joint ] 

[real] - ʠʩʧʦʣʴʟʫʝʪ ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ 
ʧʨʦʮʝʩʩʘ, ʟʘʜʘʚʘʝʤʦʝ ʚ ʘʣʛʦʨʠʪʤʝ [Transient response]  

t_st_rel ɿʥʘʯʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʜʣʷ [realative]) 

t_st_real ɿʥʘʯʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ [real] 

E ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 1-ʛʦʨʦʜʘ 

Nue ʂʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ 

Rho ʇʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

Ln_dec ʃʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʜʝʢʨʝʤʝʥʪ 

 

 

ɿɸʄɽʏɸʅʀɽ: ɺ ʩʣʫʯʘʝ ʥʝʩʦʚʧʘʜʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʩʝʯʝʥʠʡ ʩʚʷʟʠ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ ʟʘʜʝʣʢʠ 

ʚʪʦʨʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʩʝʯʝʥʠʷ side2 ʩʚʷʟʠ ʠ ʥʘʛʨʫʞʝʥʠʷ ʧʝʨʚʦʛʦ ʩʝʯʝʥʠʷ 

side1 

 

 

 

ɿɸʄɽʏɸʅʀɽ: ʄʘʪʨʠʮʘ ʧʦʜʘʪʣʠʚʦʩʪʠ ʚ ʧʨʦʪʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʟʘʜʝʣʢʠ ʣʝʚʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʩʝʯʝʥʠʷ 1 ʵʣʝʤʝʥʪʘ 

ʠ ʥʘʛʨʫʞʝʥʠʷ ʧʨʘʚʦʛʦ ʩʝʯʝʥʠʷ 2 

 

 

 

ɿɸʄɽʏɸʅʀɽ: ɺʩʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ ʟʘʜʘʶʪʩʷ ʚ 

ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʢʦʥʢʨʝʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ 

 

 

ɼʣʷ ʵʣʝʤʝʥʪʦʚ  [ɹʘʣʢʘ],  [ʆʙʦʣʦʯʢʘ], [ʆʙʦʣʦʯʢʘ ʩ ʬʣʘʥʮʝʤ] ʥʘʯʠʥʘʷ ʩ 

ʚʝʨʩʠʠ DYNAMICS R4.11 ʜʦʩʪʫʧʝʥ ʚʳʚʦʜ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘ (ʤʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʤʘʪʨʠʮʳ 

ʧʦʜʘʪʣʠʚʦʩʪʠ) ʚ ʜʠʘʣʦʛʝ [El. Results]. ʈʘʥʝʝ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ 

ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʝ ʚʳʚʦʜʘ [ʇʨʦʪʦʢʦʣʘ]. 
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ʈʠʩ. 8.2 

 

ʇʨʠ ʜʚʦʡʥʦʤ ʢʣʠʢʝ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʥʘ ʧʦʣʝ ʩ ʥʘʟʚʘʥʠʝʤ 

ʧʘʨʘʤʝʪʨʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʝʥʘ ʧʝʨʝʤʝʥʥʘʷ ʙʫʜʝʪ ʘʢʪʠʚʠʨʦʚʘʥʦ 

ʦʢʥʦ ʩʚʦʡʩʪʚ ʩʚʷʟʘʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ.  

 
ʈʠʩ. 8.3 

ʇʨʠ ʜʚʦʡʥʦʤ ʢʣʠʢʝ ʥʘ ʥʘʟʚʘʥʠʠ ʧʦʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʩʚʷʟʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʭʦʜ ʢ ʪʦʯʢʝ ʩʚʷʟʠ ʠʣʠ ʙʣʠʞʘʡʰʝʤʫ ʵʣʝʤʝʥʪʫ ʚ ʧʦʜʩʠʩʪʝʤʝ. 

 

 

ɿɸʄɽʏɸʅʀɽ: ʇʝʨʝʢʣʶʯʠʪʴʩʷ ʥʘ ʧʨʝʜʳʜʫʱʠʡ ʘʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ 

ʤʦʞʥʦ ʥʘʞʘʪʠʝʤ ʢʦʤʙʠʥʘʮʠʠ ʢʣʘʚʠʰ ctrl+shift+z. ʅʘ ʩʣʝʜʫʶʱʠʡ  

ctrl+shift+y. 
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ʀʥʦʛʜʘ ʚ ʤʦʜʝʣʴ ʪʨʝʙʫʝʪʩʷ ʜʦʙʘʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʝʯʝʥʠʝ, ʥʝ 

ʧʨʠʙʝʛʘʷ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʘʚʪʦʨʘʟʙʠʝʥʠʷ ʙʘʣʦʯʥʳʭ ʠ ʦʙʦʣʦʯʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʃʠʙʦ ʪʨʝʙʫʝʪʩʷ ʨʘʟʙʠʪʴ ʵʣʝʤʝʥʪʳ ʥʝ ʧʦʜʜʘʶʱʠʝʩʷ 

ʘʚʪʦʨʘʟʙʠʝʥʠʶ. ɼʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʵʪʦ ʤʦʞʥʦ ʙʳʣʦ 

ʩʜʝʣʘʪʴ ʠ ʨʘʥʝʝ ʯʝʨʝʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʢʦʧʠʨʦʚʘʥʠʷ-ʚʩʪʘʚʢʠ 

ʵʣʝʤʝʥʪʦʚ. 

ʊʝʧʝʨʴ ʞʝ ʧʨʠ ʜʚʦʡʥʦʤ ʢʣʠʢʝ ʤʳʰʢʦʡ ʧʦʷʚʣʷʝʪʩʷ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ 

(ʈʠʩ. 8.4), ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ ʢʦʦʨʜʠʥʘʪʫ ʚʩʪʘʚʢʠ 

ʵʣʝʤʝʥʪʘ ʣʠʙʦ ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʉʂ), ʣʠʙʦ ʚ ʛʣʦʙʘʣʴʥʦʡ. 

ɺʩʪʘʚʢʘ ʩʝʯʝʥʠʷ ʚ ʛʣʦʙʘʣʴʥʦʡ ʉʂ ʤʦʞʝʪ ʧʨʠʛʦʜʠʪʴʩʷ ʧʨʠ ʫʩʪʘʥʦʚʢʝ 

ʩʝʯʝʥʠʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʩʚʷʟʠ ʚ ʨʝʞʠʤʝ [via body], ʚ ʢʦʪʦʨʦʤ 

ʢʦʦʨʜʠʥʘʪʳ ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʛʣʦʙʘʣʴʥʦʡ ʉʂ ʤʦʜʝʣʠ. 

ʊʘʢʞʝ ʵʪʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚ ʤʦʜʝʣʠ. 

 

 
ʈʠʩ. 8.4 

 

 

ɿɸʄɽʏɸʅʀɽ: ʇʘʨʘʤʝʪʨʳ ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʛʝʦʤʝʪʨʠʠ ʧʨʦʪʷʞʝʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʙʫʜʫʪ ʧʨʦʜʫʙʣʠʨʦʚʘʥʳ. 

 

 

ɿɸʄɽʏɸʅʀɽ: ʇʨʠ ʘʢʪʠʚʥʦʡ ʷʯʝʡʢʝ ʧʘʨʘʤʝʪʨʘ ʚ ʪʘʙʣʠʮʝ ʩʚʦʡʩʪʚ 

ʵʣʝʤʝʥʪʘ ʥʘʞʘʪʠʝ ctrl+2 ʠʣʠ ctrl+4 ʧʨʠʚʦʜʠʪ ʢ ʫʤʥʦʞʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʥʘ 

2 ʠʣʠ 4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʥʘʞʘʪʠʝ ctrl+shift+2 ʠʣʠ 

ctrl+shift+4 ʧʨʠʚʦʜʠʪ ʢ ʜʝʣʝʥʠʶ ʥʘ 2 ʠʣʠ ʥʘ 4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʣʠʙʦ ʜʣʷ ʚʚʦʜʘ ʩ ʯʝʨʪʝʞʘ ʨʘʜʠʫʩʘ, 

ʣʠʙʦ ʜʣʷ ʫʯʝʪʘ ʤʘʩʰʪʘʙʘ ʥʘ ʯʝʨʪʝʞʝ. ʊʘʢʞʝ ʵʪʦ ʨʘʙʦʪʘʝʪ ʜʣʷ 

ʥʝʩʢʦʣʴʢʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʜʝʣʝʥʥʳʭ ʷʯʝʝʢ. ʗʯʝʡʢʠ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʜʝʣʝʥʳ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʩ ʟʘʞʘʪʳʤ Ctrl. 
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8.2 ʊʠʧʦʚʦʡ ʵʣʝʤʝʥʪ [Kinematic joint ] 

ʕʣʝʤʝʥʪ ʦʧʨʝʜʝʣʷʝʪ ʜʣʷ ʧʦʜʩʠʩʪʝʤʳ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʚ ʟʘʜʘʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ.  ʀʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʚʨʘʱʘʶʱʠʭʩʷ ʧʦʜʩʠʩʪʝʤ, ʪʘʢ ʠ ʥʝʧʦʜʚʠʞʥʳʭ, ʈʠʩ. 8.5. ɽʩʣʠ ʜʣʷ 

ʧʦʜʩʠʩʪʝʤʳ ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ ʥʝ ʟʘʜʘʥ, ʪʦ ʧʦ ʫʤʦʣʯʘʥʠʶ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʩʠʩʪʝʤʳ ʨʘʚʥʘ 0.  

 

ɿʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ:  

 

¶ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʦ ʚʩʝʤ ʚʨʝʤʝʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ 

ʧʨʦʚʝʩʪʠ ʣʶʙʳʝ ʨʘʩʯʝʪʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʠʭ 

ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ; 

 

¶ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʤʝʥʷʝʪʩʷ ʚ ʥʝʢʦʪʦʨʦʤ  ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

- ʥʘʧʨʠʤʝʨ, ʦʪ 0 ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʘʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

 

 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 

 

 

 
 

 

ʈʠʩ. 8.5 

ɺʚʦʜ ʜʘʥʥʳʭ ʜʣʷ ʵʣʝʤʝʥʪʘ ʧʨʦʚʦʜʠʪʩʷ ʯʝʨʝʟ ʢʦʤʘʥʜʫ  [Variables] ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʵʪʘʧʘʤʠ. 

 

1. ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʙʘʚʣʷʝʪ ʵʣʝʤʝʥʪ [Kinematic joint ] ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʦʜʩʠʩʪʝʤʫ. ʇʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʘ ʥʝ ʚʣʠʷʝʪ 

ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʦʜʩʠʩʪʝʤʳ ʠ ʝʝ ʵʣʝʤʝʥʪʦʚ.   
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ɿɸʄɽʏɸʅʀɽ: ɼʣʷ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ ʤʝʩʪʦ 

(ʢʦʦʨʜʠʥʘʪʘ z) ʫʩʪʘʥʦʚʢʠ ʚʥʫʪʨʠ ʧʦʜʩʠʩʪʝʤʳ 

 

 

2. ʇʦʣʴʟʦʚʘʪʝʣʴ ʩʦʟʜʘʝʪ ʥʦʚʫʶ ʧʝʨʝʤʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʘʥʜ[Variable], [Value variable]. ɺ ʣʝʚʦʤ ʥʠʞʥʝʤ ʦʢʥʝ 

ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ ʜʣʷ ʚʚʦʜʘ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʦʡ [Value 

variable], ʈʠʩ. 8.6. 

 
 

ʈʠʩ. 8.6 

3. ʂʣʠʢʦʤ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʚ 
ʧʦʣʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ [value] 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʪʢʨʳʚʘʝʪ ʩʧʠʩʦʢ 

ʩʣʝʜʫʶʱʠʭ ʢʦʤʘʥʜ, ʈʠʩ. 8.7. 

 

4. ʀʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ[ʈʘʩʰʠʨʝʥʥʳʝ 

ʩʚʦʡʩʪʚʘ], ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʦʪʢʨʳʪʴ ʦʢʥʦ [Value variable]  ʜʣʷ 

ʚʚʦʜʘ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʦʡ, ʈʠʩ. 

8.8. 

 

 

ɿɸʄɽʏɸʅʀɽ: ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʚʩʝʤ ʧʝʨʝʤʝʥʥʳʤ [Value variable] 

ʥʘʟʥʘʯʘʪʴ ʠʤʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʤʝʥʝʤ ʚʘʨʴʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ 

 

 
ʈʠʩ. 8.7 
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ʈʠʩ. 8.8 

 

5. ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʙʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ [Value variable], ʈʠʩ. 8.9. 

 

ɿɸʄɽʏɸʅʀɽ: [time parameter] (ʚ ʥʘʩʪʨʦʡʢʘʭ ʘʣʛʦʨʠʪʤʦʚ ʬʠʛʫʨʠʨʫʝʪ 

ʢʘʢ t_pr) ʷʚʣʷʝʪʩʷ ʘʙʩʪʨʘʢʪʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʠʚʝʩʪʠ ʢ 

ʝʜʠʥʦʤʫ ʟʥʘʤʝʥʘʪʝʣʶ ʠʟʤʝʥʝʥʠʝ ʨʘʟʥʳʭ ʧʦ ʬʠʟʠʢʝ ʧʘʨʘʤʝʪʨʦʚ.  

 

 

ɺ ʪʘʙʣʠʮʝ 8.2 ʧʨʠʚʝʜʝʥʳ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʟʘʜʘʥʠʷ ʟʘʢʦʥʘ 

ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. ɺʩʝ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʛʦʥ ʦʪ 0 ʜʦ 

10000 ʦʙ/ʤʠʥ. ɺ (1) ʩʣʫʯʘʝ ʧʘʨʘʤʝʪʨʫ t_pr ʟʘʜʘʝʪʩʷ ʩʤʳʩʣ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ.  ɺʦ (2) ʚʘʨʠʘʥʪʝ ʧʨʠʜʘʝʪʩʷ ʩʤʳʩʣ  ʧʨʦʮʝʥʪʦʚ ʧʦ ʨʝʞʠʤʫ. 

ɺ (3)  - ʧʨʠʚʝʜʝʥʥʳʝ ʦʙʦʨʦʪʳ.   ɽʩʣʠ  ʧʨʠ ʟʘʧʫʩʢʝ ʨʘʟʛʦʥ ʨʦʪʦʨʘ ʜʦ 

10000 ʦʙʦʨʦʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ 12 ʩʝʢ, ʪʦ (4) ʚʘʨʠʘʥʪ  ʧʦʟʚʦʣʷʝʪ 

ʧʘʨʘʤʝʪʨʠʟʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʦ ʚʨʝʤʝʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʤʦʞʝʪ ʙʳʪʴ 

ʫʜʦʙʥʦ ʚ ʘʣʛʦʨʠʪʤʝ [ʅʝʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ]). 

 

ʊʘʙʣʠʮʘ 8.2 

1 2 3 4 

t_pr ɿʥʘʯ. t_pr ɿʥʘʯ. t_pr ɿʥʘʯ. t_pr ɿʥʘʯ. 

0 0 0 0 0 0 0 0 

10000 10000 100 10000 1 10000 12 10000 
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ʈʠʩ. 8.9 

ʂʥʦʧʢʠ ʦʢʥʘ ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʚʚʦʜʘ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. 

ʇʦʣʷ ʧʦʜ ʛʨʘʬʠʢʦʤ ʧʦʟʚʦʣʷʶʪ ʫʟʥʘʪʴ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʬʫʥʢʮʠʠ ʠʣʠ ʘʨʛʫʤʝʥʪʘ. 

 

6. ʇʦʩʣʝʜʥʠʡ ʵʪʘʧ ï ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

[Value variable] ʢ ʚʘʨʴʠʨʫʝʤʦʤʫ ʧʘʨʘʤʝʪʨʫ.  ʇʦʣʴʟʦʚʘʪʝʣʴ 

ʢʣʠʢʦʤ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʚ ʧʦʣʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ 

[omega_z] ʦʪʢʨʳʚʘʝʪ ʩʧʠʩʦʢ ʢʦʤʘʥʜ ʠ ʚʳʧʦʣʥʷʝʪ 

ʢʦʤʘʥʜʫ[ʇʨʠʩʦʝʜʠʥʠʪʴ ʧʝʨʝʤʝʥʥʫʶ], ʈʠʩ. 8.10. 

 

ɿʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʨʫʛʠʭ ʧʦʜʩʠʩʪʝʤ, 

ʠʤʝʶʱʠʭ ʪʦʪ ʞʝ ʟʘʢʦʥ 

ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ  

 

 

 

 

ɿɸʄɽʏɸʅʀɽ: ɽʩʣʠ ʜʣʷ ʧʦʜʩʠʩʪʝʤʳ ʥʝ ʟʘʜʘʥ ʵʣʝʤʝʥʪ [Kinematic 

joint ], ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ 0. ʇʨʠ ʨʘʩʯʝʪʝ 

ʚʳʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ. 

 

 

 

ɿɸʄɽʏɸʅʀɽ: ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʧʦʩʪʦʷʥʥʘ, ʪʦ ʟʥʘʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ ʚ ʧʦʣʝ ʧʘʨʘʤʝʪʨʘ omega_z. 

 

 
ʈʠʩ. 8.10 
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8.3 ʊʠʧʦʚʦʡ ʵʣʝʤʝʥʪ [Beam] 

ʕʣʝʤʝʥʪ [Beam] - ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʡ (ʠʟʦʪʨʦʧʥʳʡ) ʵʣʝʤʝʥʪ, ʈʠʩ. 8.11. 

ʆʩʴ ʩʠʤʤʝʪʨʠʠ ï Z. ʄʦʞʝʪ ʙʳʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʙʘʣʢʦʡ, ʣʠʙʦ 

ʢʦʥʠʯʝʩʢʦʡ. ʄʦʞʝʪ ʙʳʪʴ ʢʘʢ ʩ ʦʪʚʝʨʩʪʠʝʤ, ʪʘʢ ʠ ʙʝʟ ʦʪʚʝʨʩʪʠʷ.  

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʤʝʥʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. ʉ 

ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʘ [cs] ʢʦʤʘʥʜʳ [Options] ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʦ 

ʝʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʟʙʠʝʥʠʝ ʥʘ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʫʯʘʩʪʢʠ. 

 

 

 

 

 

ʈʠʩ. 8.11 

ɼʣʷ ʢʘʞʜʦʛʦ ʙʘʣʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʝʛʦ ʫʧʨʫʛʠʝ ʠ ʠʥʝʨʮʠʦʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʠ ʚʳʚʝʜʝʥʳ ʚ ʧʨʦʪʦʢʦʣʝ. 

 

ʇʨʘʚʠʣʦ ʟʥʘʢʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʩʠʣ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 

8.12. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʣ ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʧʝʨʝʤʝʱʝʥʠʡ. 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 
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ʈʠʩ. 8.12 

 

 

 

ɿɸʄɽʏɸʅʀɽ: ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʥʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʤʝʥʪ [Shell] 

 

 

 

ɿɸʄɽʏɸʅʀɽ: ɺʩʝ ʙʘʣʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʫʯʝʪʦʤ 

ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ 

 

 

ɺ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʙʘʣʦʢ ʠ ʦʙʦʣʦʯʝʢ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʤʘʥʜʳ 

ʢʦʥʚʝʨʪʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʠʟ ʦʜʥʦʛʦ ʪʠʧʘ ʚ ʜʨʫʛʦʡ, ʈʠʩ. 8.13. 

ʊʦʥʢʦʩʪʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʨʧʫʩʦʚ, ʮʘʧʬ ʩʣʝʜʫʝʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʦʙʦʣʦʯʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɽʩʣʠ ʞʝ ʥʘ ʵʪʘʧʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʥʠ ʙʳʣʠ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥʳ ʙʘʣʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʪʦ 

ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜ ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ 

ʟʘʤʝʥʫ. 

 

  
ʈʠʩ. 8.13 

8.4 ʊʠʧʦʚʦʡ ʵʣʝʤʝʥʪ [Beam Bimetal] 

ʕʣʝʤʝʥʪ [ɹʘʣʢʘ ʙʠʤʝʪ.] - ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʡ (ʠʟʦʪʨʦʧʥʳʡ) ʵʣʝʤʝʥʪ, 

ʈʠʩ. 8.14. ʆʩʴ ʩʠʤʤʝʪʨʠʠ ï Z. ʇʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
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ʈʠʩ. 8.14 

ʄʦʞʝʪ ʙʳʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʙʘʣʢʦʡ, ʣʠʙʦ ʢʦʥʠʯʝʩʢʦʡ. ʄʦʞʝʪ ʙʳʪʴ ʢʘʢ 

ʩ ʦʪʚʝʨʩʪʠʝʤ, ʪʘʢ ʠ ʙʝʟ ʦʪʚʝʨʩʪʠʷ.  ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʤʝʥʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. ʉ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʘ [cs] ʢʦʤʘʥʜʳ 

[Options] ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʦ ʝʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʟʙʠʝʥʠʝ ʥʘ 

ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʫʯʘʩʪʢʠ. 

ɿʘʜʘʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʜʠʘʣʦʛʝ (ʈʠʩ. 8.15) 

ʚʳʟʳʚʘʝʤʦʤ ʜʚʦʡʥʳʤ ʢʣʠʢʦʤ ʥʘ ʧʘʨʘʤʝʪʨʝ [material] ʠʣʠ ʠʟ 

ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʧʘʨʘʤʝʪʨʘ 

 

 
ʈʠʩ. 8.15 

ʇʦʤʠʤʦ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ (ʥʘʧʨʠʤʝʨ, ʢʦʣʝʩʘ ʟʫʙʯʘʪʳʭ 

ʧʝʨʝʜʘʯ), ʵʣʝʤʝʥʪ ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʘʩʩʳ 

ʥʝ ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʦʩʥʦʚʥʦʡ ʞʝʩʪʢʦʩʪʠ  ʚʘʣʘ ʠʣʠ ʢʦʨʧʫʩʘ. ʅʘʧʨʠʤʝʨ, ʚ 

ʛʝʥʝʨʘʪʦʨʘʭ  ʠ ʵʣʝʢʪʨʦʤʦʪʦʨʘʭ. ʇʦʜʭʦʜʠʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʘʩʘʜʥʳʭ ʜʝʪʘʣʝʡ ʠʟ ʨʘʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʧʨʷʛʘʝʤʳʭ ʩ ʥʘʪʷʛʦʤ.  

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 
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8.5 ʊʠʧʦʚʦʡ ʵʣʝʤʝʥʪ [Beam MKD] 

ʕʣʝʤʝʥʪ [ɹʘʣʢʘ MKD ] - ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʡ (ʠʟʦʪʨʦʧʥʳʡ) ʵʣʝʤʝʥʪ, ʈʠʩ. 

8.16.  ʆʩʴ ʩʠʤʤʝʪʨʠʠ ï Z. ʇʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʜʠʘʤʝʪʨʳ ʜʣʷ 

ʞʝʩʪʢʦʩʪʥʳʭ ʠ ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʄʦʞʝʪ ʙʳʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʙʘʣʢʦʡ, ʣʠʙʦ ʢʦʥʠʯʝʩʢʦʡ. ʄʦʞʝʪ ʙʳʪʴ ʢʘʢ 

ʩ ʦʪʚʝʨʩʪʠʝʤ, ʪʘʢ ʠ ʙʝʟ ʦʪʚʝʨʩʪʠʷ.  ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʤʝʥʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. ʉ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʘ [cs] ʢʦʤʘʥʜʳ 

[Options] ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʦ ʝʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʟʙʠʝʥʠʝ ʥʘ 

ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʫʯʘʩʪʢʠ. 

ʄʘʩʩʦʚʳʝ ʜʠʘʤʝʪʨʳ ʟʘʜʘʶʪʩʷ ʙʦʣʴʰʠʤʠ ʠʣʠ ʨʘʚʥʳʤʠ ʞʝʩʪʢʦʩʪʥʳʤ. 

ʅʦ ʨʘʩʯʝʪ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʩʷ ʢʦʨʨʝʢʪʥʦ ʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʜʠʘʤʝʪʨʦʚ.  

 

 

 

 

ʈʠʩ. 8.16 

ʕʣʝʤʝʥʪ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʩʪʘʥʜʘʨʪʘ API (ʈʠʩ. 

8.17). 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 
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ʈʠʩ. 8.17 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʵʣʝʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʪʜʝʣʴʥʦ ʥʘʩʪʨʦʝʥʘ ʜʣʷ ʤʘʩʩʦʚʦ-

ʠʥʝʨʮʠʦʥʥʦʡ  ʠ ʞʝʩʪʢʦʩʪʥʦʡ ʯʘʩʪʝʡ (ʈʠʩ. 8.18). 

 
ʈʠʩ. 8.18 
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8.6 ʊʠʧʦʚʦʡ ʵʣʝʤʝʥʪ [Shell] 

ʆʩʝʩʠʤʤʝʪʨʠʯʥʳʡ (ʠʟʦʪʨʦʧʥʳʡ) ʵʣʝʤʝʥʪ,ʈʠʩ. 8.19. ʆʩʴ ʩʠʤʤʝʪʨʠʠ ï 

Z. ʄʦʞʝʪ ʙʳʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʣʠʙʦ ʢʦʥʠʯʝʩʢʦʡ. ʇʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʤʝʥʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. ɻʝʦʤʝʪʨʠʷ 

ʟʘʜʘʝʪʩʷ ʜʣʠʥʦʡ, ʩʨʝʜʠʥʥʳʤ ʜʠʘʤʝʪʨʦʤ ʠ ʪʦʣʱʠʥʦʡ ʦʙʦʣʦʯʢʠ ʚ 

ʥʘʯʘʣʴʥʦʤ ʠ ʢʦʥʝʯʥʦʤ ʩʝʯʝʥʠʠ. 

 

ʅʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ 4.8.8 ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʦʣʦʯʢʠ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʨʘʟʙʠʚʘʪʴʩʷ ʥʘ ʧʦʜʫʯʘʩʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʩʪʨʦʝʢ ʧʘʨʘʤʝʪʨʘ [shell 

autosplit] ʚ ʢʦʨʥʝʚʦʤ ʵʣʝʤʝʥʪʝ [ʉʠʩʪʝʤʘ]  ʜʝʨʝʚʘ ʤʦʜʝʣʠ (ʈʠʩ. 8.20 

). ʇʘʨʘʤʝʪʨ [ʙʝʟ cs] -  ʨʘʟʙʠʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʤʝʩʪʘʭ ʫʩʪʘʥʦʚʢʠ 

ʩʚʷʟʝʡ ʠ ʪʦʯʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʚʳʙʦʨʝ [ʚʩʝʛʜʘ]  - ʙʫʜʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʧʘʨʘʤʝʪʨ [cs] ʘʚʪʦʨʘʟʙʠʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʧʦʜʩʠʩʪʝʤʳ.   

ʕʣʝʤʝʥʪ ʦʙʦʣʦʯʢʘ ʢʦʨʨʝʢʪʥʦ ʤʦʜʝʣʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ ʢʦʥʠʯʝʩʢʠʭ 

ʦʙʦʣʦʯʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ  ʦʪ ʬʣʘʥʮʘ ʜʦ ʬʣʘʥʮʘ (ʤʝʞʜʫ 

ʞʝʩʪʢʠʤʠ ʩʝʯʝʥʠʷʤʠ). ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʨʘʟʙʠʝʥʠʝ 

ʢʦʥʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ  ʤʝʞʜʫ ʬʣʘʥʮʘʤʠ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʚʘʣʠʜʘʮʠʠ ʚ 

ʄʂʕ. 

 

ʈʠʩ. 8.19 

 

 
ʈʠʩ. 8.20 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 
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ɿɸʄɽʏɸʅʀɽ: ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʥʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʤʝʥʪ [Shell] 

 

8.7 ʊʠʧʦʚʦʡ ʵʣʝʤʝʥʪ [Shell with  flange] 

ʕʣʝʤʝʥʪ [Shell with  flange] ̫ ʚʣʷʝʪʩʷ ʦʨʪʦʪʨʦʧʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʈʠʩ. 8.21. 

ʄʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʟʲʝʤʥʳʭ ʢʦʨʧʫʩʦʚ ʢʦʤʧʨʝʩʩʦʨʦʚ ʠ ʥʘʛʥʝʪʘʪʝʣʝʡ ʩ ʧʨʦʜʦʣʴʥʳʤʠ 

ʬʣʘʥʮʘʤʠ. 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 

 

 

ʈʠʩ. 8.21 

8.8 ʊʠʧʦʚʦʡ ʵʣʝʤʝʥʪ [Squirrell Cage (Full matrix) ] 

[ɹʝʣʠʯʴʝ ʢʦʣʝʩʦ] ï ʩʧʝʮʠʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʚ DYNAMICS R4 ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʜʠʘʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʫʧʨʫʛʦʡ ʦʧʦʨʳ ʪʠʧʘ çɹʝʣʠʯʴʝ 

ʢʦʣʝʩʦè. ʗʚʣʷʝʪʩʷ ʧʨʦʪʷʞʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʦʜʩʠʩʪʝʤʳ. ɿʘʜʘʚʘʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʧʦʣʥʫʶ ʤʘʪʨʠʮʫ ʧʦʜʘʪʣʠʚʦʩʪʠ. ʊʘʢ ʞʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʦʜʘʪʣʠʚʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [10]. ʇʨʠ ʵʪʦʤ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʝ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ. 

ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʙʝʣʠʯʴʝʛʦ ʢʦʣʝʩʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʟʳ ʙʫʜʝʪ ʜʘʚʘʪʴ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ ʦʪʚʝʨʩʪʠʷ ʠ 

ʪʨʘʧʝʮʠʝʚʠʜʥʦʝ ʩʝʯʝʥʠʝ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʰʠʨʠʥʘ 

ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʟʘʜʘʝʪʩʷ ʧʦ ʩʨʝʜʥʝʤʫ ʜʠʘʤʝʪʨʫ ʙʝʣʠʯʴʝʛʦ ʢʦʣʝʩʘ. 
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ʃʠʙʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʟʘʜʘʥʠʠ ʰʠʨʠʥʳ ʦʪʚʝʨʩʪʠʷ 

[b_hole]. 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

  

 
 

 
 

 

 
ʈʠʩ. 8.22 

ʇʝʨʝʢʣʶʯʘʪʝʣʴ [ɼʘ/ʅʝʪ] ʧʘʨʘʤʝʪʨʘ [add output] ʧʦʟʚʦʣʷʝʪ ʧʦʢʘʟʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ çʙʝʣʠʯʴʝʛʦ ʢʦʣʝʩʘè, ʈʠʩ. 

9.22. 

 
ʈʠʩ. 8.23 

ʇʨʠ ʜʚʦʡʥʦʤ ʢʣʠʢʝ ʥʘ [ʉʚ-ʚʘ ʕʣ.]  ʠʣʠ ʧʦ ʢʦʤʘʥʜʝ ʚ ʢʦʥʪʝʢʩʪʥʦʤ 

ʤʝʥʶ ʥʘ ʧʦʣʝ [é] ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʧʦʣʫʯʝʥʥʫʶ ʤʘʪʨʠʮʫ 

ʧʦʜʘʪʣʠʚʦʩʪʠ ʙʝʣʠʯʴʝʛʦ ʢʦʣʝʩʘ. 

ʇʘʨʘʤʝʪʨ [Kr] ʷʚʣʷʝʪʩʷ ʨʘʜʠʘʣʴʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʙʝʣʠʯʴʝʛʦ ʢʦʣʝʩʘ ʜʣʷ 

ʩʣʫʯʘʷ ʧʨʠʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʧʦ ʨʘʜʠʘʣʴʥʳʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʚ ʩʚʷʟʷʭ ʩ 

ʥʫʣʝʚʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʫʟʣʘʤʠ ʧʦʜʢʣʶʯʝʥʠʷ.  ʉʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʙʨʘʪʥʦʡ ʚʝʣʠʯʠʥʝ ʨʘʜʠʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʘʪʣʠʚʦʩʪʠ.  ʇʦʣʥʘ ̫

ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʜʣʷ ʩʚʷʟʠ ʩ ʥʝʥʫʣʝʚʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʫʟʣʘʤʠ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʥʚʝʨʪʠʨʦʚʘʥʠʝʤ ʤʘʪʨʠʮʳ ʧʦʜʘʪʣʠʚʦʩʪʠ. 
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ʈʠʩ. 8.24 

 
ʈʠʩ. 8.25 

 

8.9 ʊʠʧʦʚʦʡ ʵʣʝʤʝʥʪ [Disk] 

ʕʣʝʤʝʥʪ (ʈʠʩ. 8.26) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʢʦʣʝʩ 

ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʪʫʨʙʠʥ ʠ ʪ.ʜ. ɿʘʜʘʝʪʩʷ ʠʥʝʨʮʠʦʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ï ʤʘʩʩʦʡ, ʜʠʘʤʝʪʨʘʣʴʥʳʤ ʠ ʦʩʝʚʳʤ ʤʦʤʝʥʪʘʤʠ ʠʥʝʨʮʠʠ, ʘ 

ʪʘʢʞʝ ʰʠʨʠʥʦʡ ʤʝʞʜʫ ʜʚʫʤʷ ʙʦʢʦʚʳʤʠ ʪʦʨʮʘʤʠ, ʢ ʢʦʪʦʨʳʤ 

ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʬʦʨʤʫ ʜʠʩʢʘ (ʪʦʣʴʢʦ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʤʦʜʝʣʠ) ʧʦʩʨʝʜʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ d*, D* .  
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ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 

 

 
ʈʠʩ. 8.26 

8.10 ʊʠʧʦʚʦʡ ʵʣʝʤʝʥʪ [Mass] 

ʕʣʝʤʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʩʩʦʚʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʛʦ ʚ ʪʦʯʢʝ, ʈʠʩ. 8.27. ɿʘʜʘʝʪʩʷ ʠʥʝʨʮʠʦʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʅʝ ʠʤʝʝʪ ʜʣʠʥʳ. 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 

 

 

ʈʠʩ. 8.27 

8.11 ʊʠʧʦʚʦʡ ʵʣʝʤʝʥʪ [Mass pedestal] 

ʕʣʝʤʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʩʩʦʚʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʛʦ ʚ ʪʦʯʢʝ, ʈʠʩ. 8.28. ɿʘʜʘʝʪʩʷ ʠʥʝʨʮʠʦʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʅʝ ʠʤʝʝʪ ʜʣʠʥʳ. ɺʦʟʤʦʞʥʦ, ʟʘʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ 

ʤʘʩʩʳ ʧʦ ʨʘʜʠʘʣʴʥʳʤ ʠ ʦʩʝʚʦʤʫ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʦʩʥʦʚʘʥʠʷ(ʧʦʜʚʝʩʢʠ) ʚ 

ʨʝʜʫʮʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ. 
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ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 

 

 

ʈʠʩ. 8.28 

 

8.12 ʊʠʧʦʚʦʡ ʵʣʝʤʝʥʪ [Generalized element] 

ʕʣʝʤʝʥʪ (ʈʠʩ. 8.29) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʠʟʦʪʨʦʧʥʳʡ ʠʣʠ 

ʦʨʪʦʪʨʦʧʥʳʡ. ɿʘʜʘʶʪʩʷ ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ, ʝʛʦ ʤʘʩʩʘ, ʛʣʘʚʥʳʝ ʤʦʤʝʥʪʳ 

ʠʥʝʨʮʠʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʘʪʣʠʚʦʩʪʠ. ʎʝʥʪʨ ʤʘʩʩʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʣʝʚʦʛʦ ʢʨʘʷ ʵʣʝʤʝʥʪʘ.  

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 

 
ʈʠʩ. 8.29 

 

ʄʘʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʘ ʚ ʩʚʦʝʤ ʮʝʥʪʨʝ ʪʷʞʝʩʪʠ, ʣʠʙʦ ʨʘʟʥʝʩʝʥʘ ʧʦ 

ʢʨʘʷʤ ʵʣʝʤʝʥʪʘ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʜʣʷ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʤʘʩʩʳ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ. ɼʣʷ ʦʨʪʦʪʨʦʧʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʟʘʜʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʘʪʣʠʚʦʩʪʠ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ. 

ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʜʫʮʠʨʦʚʘʪʴ ʵʣʝʤʝʥʪ ʜʦ ʙʝʟʥrʝʨʮʠʦʥʥʦʛʦ ʠʣʠ 

ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʛʦ. ʆʧʠʩʘʥʠʝ ʟʥʘʯʝʥʠʡ ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʊʘʙʣʠʮʝ 8.3. 

ʋʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʝʡ 

ʧʦʜʘʪʣʠʚʦʩʪʠ (ʠʟʦʪʨʦʧʥʦʡ ʠʣʠ ʦʨʪʦʪʨʦʧʥʦʡ),  ʈʠʩ. 8.30. ʅʘ ʨʠʩʫʥʢʝ 

ʚʳʜʝʣʝʥʳ ʵʣʝʤʝʥʪʳ, ʫʯʠʪʳʚʘʝʤʳʝ ʚ ʨʘʩʯʝʪʝ. ʆʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʠʛʥʦʨʠʨʫʶʪʩʷ. 

ʅʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ DYNAMICS R4.11 ʠʩʧʨʘʚʣʝʥʦ ʦʙʦʟʥʘʯʝʥʠʝ ʩʪʨʦʢ ʠ 

ʩʪʦʣʙʮʦʚ ʚ ʤʘʪʨʠʮʝ ʧʦʜʘʪʣʠʚʦʩʪʠ. ʆʙʦʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʩʪʨʦʢʘʤ, ʥʘʛʨʫʟʦʢ ʧʦ ʩʪʦʣʙʮʘʤ. ʇʦʨʷʜʦʢ ʟʘʜʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʪʨʠʮʝ ʧʦʜʘʪʣʠʚʦʩʪʠ ʥʝ ʠʟʤʝʥʠʣʩʷ. 

 

 

 

 

 
ʈʠʩ. 8.30 

ɺʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʘʪʣʠʚʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʘʚʠʣʦʤ ʟʥʘʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʈʠʩ. 8.12. 
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ɿɸʄɽʏɸʅʀɽ: ʧʨʠ ʟʘʜʘʥʠʠ ʧʦʣʥʦʡ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʦʜʘʪʣʠʚʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʠʝ ʝʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ 

(ʪ.ʝ. ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʦʣʞʥʳ ʦʪʨʘʞʘʪʴ ʨʝʘʣʴʥʳʝ ʞʝʩʪʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʵʪʠʤ ʵʣʝʤʝʥʪʦʤ) 

 

 

 

ɿɸʄɽʏɸʅʀɽ: ɺ ʩʣʫʯʘʝ ʟʘʜʘʥʠʷ ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʮʝʥʪʨʝ 

ʤʘʩʩʳ ʦʙʦʙʱʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʭʝʤʘ, ʢʦʛʜʘ ʤʘʩʩʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʦʜʷʪʩʷ ʢ ʣʝʚʦʤʫ ʩʝʯʝʥʠʶ ʦʙʦʙʱʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʵʪʦ ʩʝʯʝʥʠʝ ʠʤʝʝʪ ʞʝʩʪʢʫʶ ʟʘʜʝʣʢʫ, ʤʘʩʩʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʙʫʜʫʪ ʫʯʪʝʥʳ ʚ ʨʘʩʯʝʪʝ 

 

 

ʊʘʙʣʠʮʘ 8.3ʆʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘ 

ʆʙʦʟʥʘʯʝʥʠʝ ʆʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 

Type 

 

General, 

Massless 

Rigid 

ʇʝʨʝʤʝʥʥʘʷ ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ  ʵʣʝʤʝʥʪʘ. ɺʦʟʤʦʞʥʳ ʪʨʠ 
ʚʘʨʠʘʥʪʘ: 

ʵʣʝʤʝʥʪ ʦʙʱʝʛʦ ʚʠʜʘ; 

ʵʣʝʤʝʥʪ ʙʝʟʳʥʝʨʮʠʦʥʥʳʡ; 
ʵʣʝʤʝʥʪ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʡ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʢʣʶʯʝʥʥʦʛʦ ʪʠʧʘ, ʚ ʪʘʙʣʠʮʝ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʦʩʪʫʧʥʳ ʣʠʰʴ ʪʝ, ʢʦʪʦʨʳʝ 
ʦʪʥʦʩʷʪʩ̫ ʢ ʥʝʤʫ 

Type 

 

 Isotropic, 

Orthotropic  

 

ʇʝʨʝʤʝʥʥʘʷ ʦʧʨʝʜʝʣʷʝʪ ʩʠʤʤʝʪʨʠʶ  ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʘ: 

-ʠʟʦʪʨʦʧʥʳʡ (ʦʙʣʘʜʘʶʱʠʡ ʢʨʫʛʦʚʦʡ ʩʠʤʤʝʪʨʠʝʡ 
ʦʪʥʦʩʠʪʝʣʴʥʦ  ʦʩʠ Z; ʧʘʨʘʤʝʪʨʳ ʩ ʠʥʜʝʢʩʦʤ ñyò 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʥʠʮʠʘʣʠʟʠʨʫʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʩ 

ʠʥʜʝʢʩʦʤ ñxò ʠ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʥʝʜʦʩʪʫʧʥʳ); 
-ʦʨʪʦʪʨʦʧʥʳʡ (ʦʙʣʘʜʘʶʱʠʡ ʜʚʫʤʷ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ 

ʧʣʦʩʢʦʩʪʷʤʠ ʩʠʤʤʝʪʨʠʠ; ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘ ʟʘʜʘʶʪʩʷ 

ʦʪʜʝʣʴʥʦ  ʚ ʧʣʦʩʢʦʩʪʷʭ YOZ  ʠ XOZ  ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ ʠ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ) 

inertia_cos 

 

Boundary, 

Center of mass 

ʇʝʨʝʤʝʥʥʘʷ ʦʧʨʝʜʝʣʷʝʪ ʩʧʦʩʦʙ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ. ɺʦʟʤʦʞʥʳ 

ʚʘʨʠʘʥʪʳ: 
 ʚʩʝ ʠʥʝʨʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʮʝʥʪʨʝ  ʤʘʩʩʳ 

ʵʣʝʤʝʥʪʘ; 

 ʠʥʝʨʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʢʦʥʮʘʤ. 
ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

m ʄʘʩʩʘ ʵʣʝʤʝʥʪʘ 

LG ʂʦʦʨʜʠʥʘʪʘ ʧʦ ʦʩʠ Z, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩʳ 

ʵʣʝʤʝʥʪʘ. ʆʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʣʝʚʦʛʦ ʢʦʥʮʘ (ʩʝʯʝʥʠʷ) ʵʣʝʤʝʥʪʘ 
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Jx ʄʘʩʩʦʚʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ ʦʩʠ X 

Jy ʄʘʩʩʦʚʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ ʦʩʠ Y 

Jz ʄʘʩʩʦʚʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ ʦʩʠ  Z 

m1 ʄʘʩʩʘ ʥʘ ʣʝʚʦʤ ʢʦʥʮʝ ʵʣʝʤʝʥʪʘ 

Jx1 ʀʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʣʝʚʦʡ ʯʘʩʪʠ ʪʠʧʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ 

ʦʩʠ X ʛʣʘʚʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ X,Y,Z, ʧʨʦʭʦʜʷʱʝʡ ʚ ʣʝʚʦʤ  
ʩʝʯʝʥʠʠ ʵʣʝʤʝʥʪʘ 

Jy1 ʀʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʣʝʚʦʡ ʯʘʩʪʠ ʪʠʧʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ 

ʦʩʠY ʛʣʘʚʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ X,Y,Z, ʧʨʦʭʦʜʷʱʝʡ ʚ ʣʝʚʦʤ  

ʩʝʯʝʥʠʠ ʵʣʝʤʝʥʪʘ 

Jz1 ʀʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʣʝʚʦʡ ʯʘʩʪʠ ʪʠʧʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ 

ʦʩʠ Z ʛʣʘʚʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪX,Y,Z, ʧʨʦʭʦʜʷʱʝʡ ʚ ʣʝʚʦʤ  

ʩʝʯʝʥʠʠ ʵʣʝʤʝʥʪʘ 

S1 ʉʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʣʝʚʦʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ ʛʣʘʚʥʳʭ 
ʦʩʝʡ  X, Y, Z , ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʣʝʚʦʝ ʩʝʯʝʥʠʝ ʵʣʝʤʝʥʪʘ 

m2 ʄʘʩʩʘ ʥʘ ʧʨʘʚʦʤ ʢʦʥʮʝ ʵʣʝʤʝʥʪʘ 

Jx2 ʀʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʧʨʘʚʦʡ ʯʘʩʪʠ ʪʠʧʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ 

ʦʩʠ X ʛʣʘʚʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ X,Y,Z, ʧʨʦʭʦʜʷʱʝʡ ʚ 
ʧʨʘʚʦʤ  ʩʝʯʝʥʠʠ ʵʣʝʤʝʥʪʘ 

Jy2 ʀʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʧʨʘʚʦʡ ʯʘʩʪʠ ʪʠʧʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ 

ʦʩʠ Y ʛʣʘʚʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ X,Y,Z, ʧʨʦʭʦʜʷʱʝʡ ʚ 
ʧʨʘʚʦʤ  ʩʝʯʝʥʠʠ ʵʣʝʤʝʥʪʘ 

Jz2 ʀʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʧʨʘʚʦʡ ʯʘʩʪʠ ʪʠʧʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ 

ʦʩʠZ ʛʣʘʚʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ X,Y,Z, ʧʨʦʭʦʜʷʱʝʡ ʚ ʧʨʘʚʦʤ  

ʩʝʯʝʥʠʠ ʵʣʝʤʝʥʪʘ 

S2 ʉʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʧʨʘʚʦʡ ʯʘʩʪʠ ʪʠʧʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ 

ʛʣʘʚʥʳʭ ʦʩʝʡ  X,Y,Z, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʧʨʘʚʦʤ ʩʝʯʝʥʠʠ ʵʣʝʤʝʥʪʘ 

dUTx/dFx ʇʨʷʤʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʘʪʣʠʚʦʩʪʠ. ʉʚʷʟʳʚʘʝʪ ʣʠʥʝʡʥʦʝ 
ʧʝʨʝʤʝʱʝʥʠʝ ʧʦ ʦʩʠ X ʧʨʘʚʦʛʦ ʩʝʯʝʥʠʷ ʫʯʘʩʪʢʘ ʩ 

ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʥʝʤʫ ʩʠʣʦʡ  ʧʦ ʦʩʠ X  ʧʨʠ ʫʩʣʦʚʠʠ  ʟʘʜʝʣʢʠ  

ʣʝʚʦʛʦ ʩʝʯʝʥʠʷ 

dUTx/dMx  ʇʝʨʝʢʨʝʩʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʘʪʣʠʚʦʩʪʠ. ʉʚʷʟʳʚʘʝʪ 
ʧʝʨʝʤʝʱʝʥʠʝ ʧʦ ʦʩʠ X ʧʨʘʚʦʛʦ ʩʝʯʝʥʠʷ ʫʯʘʩʪʢʘ ʩ 

ʧʨʠʣʦʞʝʥʥʳʤ ʢ ʥʝʤʫ ʤʦʤʝʥʪʦʤ   ʚʦʢʨʫʛ ʦʩʠ X  ʧʨʠ ʫʩʣʦʚʠʠ  

ʟʘʜʝʣʢʠ  ʣʝʚʦʛʦ ʩʝʯʝʥʠʷ 

dURx/dMx ʇʨʷʤʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʤʝʥʪʥʦʡ ʧʦʜʘʪʣʠʚʦʩʪʠ. ʉʚʷʟʳʚʘʝʪ 

ʫʛʣʦʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʦʢʨʫʛ  ʦʩʠ ʍ ʧʨʘʚʦʛʦ ʩʝʯʝʥʠʷ ʫʯʘʩʪʢʘ ʩ 

ʧʨʠʣʦʞʝʥʥʳʤ ʢ ʥʝʤʫ ʤʦʤʝʥʪʦʤ  ʚʦʢʨʫʛ ʦʩʠ ʍ  ʧʨʠ ʫʩʣʦʚʠʠ  
ʟʘʜʝʣʢʠ  ʣʝʚʦʛʦ ʩʝʯʝʥʠʷ 

dUTy/dFy ʇʨʷʤʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʣʦʚʦʡ ʧʦʜʘʪʣʠʚʦʩʪʠ. ʉʚʷʟʳʚʘʝʪ 

ʣʠʥʝʡʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦ ʦʩʠ Y ʧʨʘʚʦʛʦ ʩʝʯʝʥʠʷ ʫʯʘʩʪʢʘ ʩ 

ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʥʝʤʫ ʩʠʣʦʡ  ʧʦ ʦʩʠ Y ʧʨʠ ʫʩʣʦʚʠʠ  ʟʘʜʝʣʢʠ  
ʣʝʚʦʛʦ ʩʝʯʝʥʠʷ 

dUTy/dMy  ʇʝʨʝʢʨʝʩʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʘʪʣʠʚʦʩʪʠ. ʉʚʷʟʳʚʘʝʪ 

ʣʠʥʝʡʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʦʢʨʫʛ  ʦʩʠ Y ʧʨʘʚʦʛʦ ʩʝʯʝʥʠʷ ʫʯʘʩʪʢʘ 
ʩ ʧʨʠʣʦʞʝʥʥʳʤ ʢ ʥʝʤʫ ʤʦʤʝʥʪʦʤ ʚʦʢʨʫʛ ʦʩʠ Y  ʧʨʠ ʫʩʣʦʚʠʠ  

ʟʘʜʝʣʢʠ  ʣʝʚʦʛʦ ʩʝʯʝʥʠʷ 

dURy/dMy ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʜʘʪʣʠʚʦʩʪʠ. ʉʚʷʟʳʚʘʝʪ ʫʛʣʦʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 

ʚʦʢʨʫʛ  ʦʩʠ Y ʧʨʘʚʦʛʦ ʩʝʯʝʥʠʷ ʫʯʘʩʪʢʘ ʩ ʧʨʠʣʦʞʝʥʥʳʤ ʢ ʥʝʤʫ 
ʤʦʤʝʥʪʦʤ  ʚʦʢʨʫʛ ʦʩʠ Y  ʧʨʠ ʫʩʣʦʚʠʠ  ʟʘʜʝʣʢʠ  ʣʝʚʦʛʦ ʩʝʯʝʥʠʷ 
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dUTz/dFz ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʜʘʪʣʠʚʦʩʪʠ. ʉʚʷʟʳʚʘʝʪ ʣʠʥʝʡʥʦʝ 
ʧʝʨʝʤʝʱʝʥʠʝ ʧʦ ʦʩʠ Z ʧʨʘʚʦʛʦ ʩʝʯʝʥʠʷ ʫʯʘʩʪʢʘ ʩ 

ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʥʝʤʫ ʩʠʣʦʡ  ʧʦ ʦʩʠ Z  ʧʨʠ ʫʩʣʦʚʠʠ  ʟʘʜʝʣʢʠ  

ʣʝʚʦʛʦ ʩʝʯʝʥʠʷ 

 

dURz/dMz 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʜʘʪʣʠʚʦʩʪʠ. ʉʚʷʟʳʚʘʝʪ ʫʛʣʦʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 
ʚʦʢʨʫʛ  ʦʩʠ Z ʧʨʘʚʦʛʦ ʩʝʯʝʥʠʷ ʫʯʘʩʪʢʘ ʩ ʧʨʠʣʦʞʝʥʥʳʤ ʢ ʥʝʤʫ 

ʤʦʤʝʥʪʦʤ  ʚʦʢʨʫʛ ʦʩʠ Z  ʧʨʠ ʫʩʣʦʚʠʠ  ʟʘʜʝʣʢʠ  ʣʝʚʦʛʦ ʩʝʯʝʥʠʷ 

D* ʇʝʨʝʤʝʥʥʘʷ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʨʘʟʤʝʨ ʘʙʩʪʨʘʢʪʥʦʛʦ ʵʣʝʤʝʥʪʘ 
(ʜʠʘʤʝʪʨ) ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ 

8.13 ɺʠʟʫʘʣʠʟʘʮʠ ̫ʵʣʝʤʝʥʪʦʚ [Disk], [Mass],  [Generalized 

element] 

ʅʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ 4.6.5, ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʥʦʡ 

ʥʘʩʪʨʦʡʢʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ [ɼʠʩʢ], [ʄʘʩʩʘ], [ʆʙʦʙʱʝʥʥʳʡ 

ʵʣʝʤʝʥʪ]. ʇʦʤʠʤʦ ʦʪʦʙʨʘʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʚʘʨʠʘʥʪʝ "ʧʦ ʫʤʦʣʯʘʥʠʶ" 

- [ʩʪʘʥʜʘʨʪ], ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʚ ʨʝʞʠʤʘʭ 

[ʜʠʩʢ] ʠ [ʬʘʡʣ]. 

 

ɼʣʷ ʵʣʝʤʝʥʪʘ [ɼʠʩʢ] ʯʘʱʝ ʚʩʝʛʦ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʝʞʠʤʳ 

[ʩʪʘʥʜʘʨʪ] ʠ [ʜʠʩʢ]. ʈʝʞʠʤ [ʜʠʩʢ] ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʨʘʟʤʝʨʳ ʜʠʘʤʝʪʨʦʚ 

ʩʪʫʧʠʮʳ, ʦʙʦʜʘ, ʚʳʩʦʪʫ ʣʦʧʘʪʦʢ. ʇʨʝʦʙʣʘʜʘʶʱʠʡ ʚʘʨʠʘʥʪ ʥʘʩʪʨʦʝʢ ʜʣʷ 

ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ - ʨʝʞʠʤ [ʮʝʣʠʢʦʤ]. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʠ 

ʧʘʨʘʤʝʪʨʳ 2D ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʦʪʦʙʨʘʞʝʥʠʝ 3D ʤʦʜʝʣʠ ʠʟ ʬʘʡʣʘ ʚ 

ʬʦʨʤʘʪʝ VRML. ɽʩʣʠ ʧʫʪʴ ʧʫʩʪʦʡ, ʪʦ 3D ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʪʨʦʠʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʦʚ ʜʠʩʢʘ.  

 

ɼʣʷ ʵʣʝʤʝʥʪʦʚ [ʄʘʩʩʘ] ʠ [ʆʙʦʙʱʝʥʥʳʡ ʵʣʝʤʝʥʪ] ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ 

ʨʝʞʠʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ [ʜʠʩʢ] ʠ [ʬʘʡʣ]. ɺ ʨʝʞʠʤʝ [ʬʘʡʣ] ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʵʣʝʤʝʥʪʘ ʚ 3D ʨʝʞʠʤʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ ʦʪʦʙʨʘʞʝʥʠʝʤ 

ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ, ʟʘʛʨʫʞʝʥʥʦʡ ʠʟ ʬʘʡʣʘ ʚ ʬʦʨʤʘʪʝ VRML. 2D 

ʦʪʦʙʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʟʘʜʘʥʥʳʭ 

ʛʘʙʘʨʠʪʦʚ. ʇʨʠ ʟʘʛʨʫʟʢʝ ʠʟ ʬʘʡʣʘ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʫʩʪʘʥʦʚʢʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 3D ʤʦʜʝʣʠ ([to_m_factor] - 

ʢʦɻ ʬʬʠʮʠʝʥʪ ʧʝʨʝʚʦʜʘ ʝʜʠʥʠʮ ʤʦʜʝʣʠ ʚ ʤʝʪʨʳ). ʀʟ ʬʘʡʣʘ ʤʦʛʫʪ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴʩʷ ʩʣʦʞʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʝʥʷʶʱʠʝ 

ʭʘʨʘʢʪʝʨʥʳʡ ʦʙʣʠʢ ʠʟʜʝʣʠʷ. ʅʘʧʨʠʤʝʨ, ʜʠʩʢ ʚʝʥʪʠʣʷʪʦʨʘ, ʩʣʦʞʥʳʝ 

ʵʣʝʤʝʥʪʳ ʦʧʦʨ. ɺ ʩʣʫʯʘʝ ʫʪʦʯʥʝʥʠʷ ʤʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʭ ʠ ʫʧʨʫʛʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʚʚʦʜʦʤ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ 

[ʆʙʦʙʱʝʥʥʳʡ ʵʣʝʤʝʥʪ] ʠʤʝʝʪ ʩʤʳʩʣ ʟʘʛʨʫʞʘʪʴ ʚʠʟʫʘʣʠʟʘʮʠʶ ʪʘʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠʟ ʬʘʡʣʘ. 
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ʕʣʝʤʝʥʪ [ʄʘʩʩʘ] ʤʦʞʝʪ ʙʳʪʴ ʫʜʘʯʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʟʘʜʘʥʠʷ ʤʘʩʩʦʚʦ-

ʠʥʝʨʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʩʢʦʚ ʠ ʠʭ ʨʘʩʰʠʨʝʥʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʈʝʞʠʤʳ [ʙʝʟ ʦʙʦʜʘ], [ʙʝʟ ʩʪʫʧʠʮʳ], [ʣʦʧʘʪʢʠ] ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʙʘʣʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʅʘʧʨʠʤʝʨ, ʦʙʦʜ 

(ʝʩʣʠ ʦʥ ʚʭʦʜʠʪ ʚ ʩʠʣʦʚʦʡ ʢʦʥʪʫʨ) ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥ 

ʙʘʣʦʯʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩ ʥʫʣʝʚʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ. ʈʝʞʠʤ [ʣʦʧʘʪʢʠ] ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ 

ʧʦʣʦʪʥʘ ʠ ʩʪʫʧʠʮʳ ʜʠʩʢʘ (ʥʘʧʨʠʤʝʨ, ʣʦʧʘʪʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʙʘʨʘʙʘʥʝ 

ʢʦʤʧʨʝʩʩʦʨʘ). 

 

ʅʘ ʨʠʩʫʥʢʝ (ʈʠʩ. 8.31)  ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ:  

1. ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʘʩʩʳ ʢʘʢ ʜʠʩʢʘ ʚ ʨʝʞʠʤʝ [ʮʝʣʠʢʦʤ] 

2. ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʘʩʩʳ ʢʘʢ ʜʠʩʢʘ ʚ ʨʝʞʠʤʝ [ʣʦʧʘʪʢʠ]. ʋʯʘʩʪʦʢ 

ʙʘʨʘʙʘʥʘ ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥ ʙʘʣʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

3. ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʠʩʢʘ ʚ ʨʝʞʠʤʝ [ʩʪʘʥʜʘʨʪ] 

4. ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʘʩʩʳ ʢʘʢ ʜʠʩʢʘ ʚ ʨʝʞʠʤʝ [ʙʝʟ ʦʙʦʜʘ]. ʆʙʦʜ 

ʧʨʦʤʦʜʝʣʠʨʦʚʘʥ ʙʘʣʦʯʥʳʤ ʵʣʝʤʝʥʪʦʤ 

5. ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʘʩʩʳ ʢʘʢ ʜʠʩʢʘ ʚ ʨʝʞʠʤʝ [ʙʝʟ ʩʪʫʧʠʮʳ]. 

ʉʪʫʧʠʮʘ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥʘ ʙʘʣʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

6. ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʠʩʢʘ ʚ ʨʝʞʠʤʝ [ʬʘʡʣ] ʩ 3ɼ ʦʪʦʙʨʘʞʝʥʠʝʤ 

ʤʦʜʝʣʠ ʚʝʥʪʠʣʷʪʦʨʘ 

7. ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʨʝʞʠʤʝ [ʬʘʡʣ] ʩ 

ʦʪʦʙʨʘʞʝʥʠʝʤ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʨʧʫʩʘ 

 

 
ʈʠʩ. 8.31 
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8.14 ʊʠʧʦʚʦʡ ʵʣʝʤʝʥʪ [Coupling] 

ʆʙʱʠʡ ʩʣʫʯʘʡ  

 
ʆʩʝʩʠʤʤʝʪʨʠʯʥʳʡ (ʠʟʦʪʨʦʧʥʳʡ) ʣʠʙʦ ʦʨʪʦʪʨʦʧʥʳʡ ʵʣʝʤʝʥʪ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʚʚʦʜʠʪʴ ʫʛʣʦʚʳʝ ʠ ʢʨʫʪʠʣʴʥʫʶ ʧʦʜʘʪʣʠʚʦʩʪʠ, 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʚ ʪʦʯʢʝ ʈʠʩ. 8.32. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʣʦʢʘʣʴʥʳʝ ʧʦʜʘʪʣʠʚʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʠʟʛʠʙʥʫʶ ʧʦʜʘʪʣʠʚʦʩʪʴ ʬʣʘʥʮʝʚʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ.  

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 

 

 
ʈʠʩ. 8.32 

 

ɿɸʄɽʏɸʅʀɽ: ʅʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʨʪʦʪʨʦʧʥʳʝ ʤʦʤʝʥʪʥʳʝ 

ʧʦʜʘʪʣʠʚʦʩʪʠ ʥʘ ʚʨʘʱʘʶʱʝʤʩʷ ʨʦʪʦʨʝ.  

 

ʈʠʩʫʥʦʢ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʠʟʫʘʣʠʟʘʮʠʠ ʰʘʨʥʠʨʘ ʤʝʞʜʫ ʜʚʫʤʷ 

ʜʚʫʭʦʧʦʨʥʳʤʠ ʨʦʪʦʨʘʤʠ ʚ 2D ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ, ʈʠʩ. 8.33. 

 

 
ʈʠʩ. 8.33 

ʇʣʘʩʪʠʥʘ 

 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʣʠʥʘ ʙʘʣʢʠ ʤʥʦʛʦ ʤʝʥʴʰʝ ʝʛʦ ʜʠʘʤʝʪʨʘ, ʪʘʢʦʡ ʵʣʝʤʝʥʪ 

ʷʚʣʷʝʪʩʷ ʧʣʘʩʪʠʥʦʡ. ʇʣʘʩʪʠʥʘ ʦʙʣʘʜʘʝʪ ʤʘʣʦʡ ʨʘʜʠʘʣʴʥʦʡ 
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ʧʦʜʘʪʣʠʚʦʩʪʴʶ, ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʠ ʚʳʩʦʢʦʡ ʫʛʣʦʚʦʡ 

ʧʦʜʘʪʣʠʚʦʩʪʴʶ. 

ɻʝʦʤʝʪʨʠʷ ʧʣʘʩʪʠʥʳ ʦʧʠʩʳʚʘʝʪʩʷ ʙʘʣʦʯʥʳʤ ʵʣʝʤʝʥʪʦʤ. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʤʝʥʪʥʦʡ ʧʦʜʘʪʣʠʚʦʩʪʠ ʧʣʘʩʪʠʥʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʠʧʦʚʦʡ ʵʣʝʤʝʥʪ  [Trunnion  coupling], ʈʠʩ. 8.34. 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 

 

 

 

ʈʠʩ. 8.34 

ɿʥʘʯʝʥʠʝ ʧʦʜʘʪʣʠʚʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʚ [ʇʨʦʪʦʢʦʣʝ]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʤʝʥʪʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʩʦʙʣʶʜʘʪʴ ʫʩʣʦʚʠʷ   

a-b>>t    ʠ  a>>b. 

 

ʉʪʫʧʝʥʯʘʪʳʡ ʚʘʣ 

 

ʕʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʘʨʥʠʨ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʢʨʫʪʠʣʴʥʫʶ ʧʦʜʘʪʣʠʚʦʩʪʴ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʝʟʢʦʤ 

ʩʪʫʧʝʥʯʘʪʦʤ ʠʟʤʝʥʝʥʠʠ ʜʠʘʤʝʪʨʘ ʚʘʣʘ. ɼʘʥʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʦʟʥʠʢʘʝʪ ʧʦ ʧʨʠʯʠʥʝ ʵʬʬʝʢʪʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ (Shaft Stepping) ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʜʠʘʤʝʪʨʦʚ >1.5.,  

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 

 

 

 

ʈʠʩ. 8.35 
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9 ʃʀʅɽʁʅʓɽʉɺʗɿʀ ʄɽɾɼʋ ʇʆɼʉʀʉʊɽʄɸʄʀ 

ʂ ʣʠʥʝʡʥʳʤ ʩʚʷʟʷʤ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ ʦʪʥʦʩʷʪʩʷ: 

¶ ʋʧʨʫʛʦ-ʜʝʤʧʬʝʨʥʘʷ ʩʚʷʟʴ ʦʙʱʝʛʦ ʚʠʜʘ  [Link ] 

¶ ɸʙʩʦʣʶʪʥʦ-ʞʝʩʪʢʘʷ ʩʚʷʟʴ ʦʙʱʝʛʦ ʚʠʜʘ [Rigid link ] 

¶ ʋʧʨʫʛʦ-ʜʝʤʧʬʝʨʥʘʷ ʩʚʷʟʴ, ʦʧʠʩʳʚʘʝʤʘʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ 

ʤʘʪʨʠʮʝʡ ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ [Elastic nonsymmetric 

link ] 

¶ ʐʝʩʪʝʨʝʥʯʘʪʘʷ ʩʚʷʟʴ ʦʙʱʝʛʦ ʚʠʜʘ 

[Gear set] 

¶ ʕʣʝʤʝʥʪ [Connection point] 

 

ɺ ʙʠʙʣʠʦʪʝʢʝ ʵʣʝʤʝʥʪʦʚ ʵʪʠ ʵʣʝʤʝʥʪʳ 

ʠʤʝʶʪ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʈʠʩ. 9.1. 

 

ɺ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʣʶʙʦʡ ʩʚʷʟʠ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʧʠʨʦʚʘʥʠʷ ʚ 

ʙʫʬʝʨ ʦʙʤʝʥʘ ʩʚʦʡʩʪʚ ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʥʘʩʪʨʦʝʢ ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʢʪʠʚʥʦʡ 

ʩʚʷʟʠ, ʈʠʩ. 9.2 

 
ʈʠʩ. 9.2 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʥʘʩʪʨʦʡʢʠ ʩʢʦʧʠʨʦʚʘʥʳ ʢʦʤʘʥʜʦʡ [ʂʦʧʠʨʦʚʘʪʴ 

ʥʘʩʪʨʦʡʢʠ ʩʚʷʟʝʡ] ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʘʢʪʠʚʥʦʡ ʜʨʫʛʫʶ ʩʚʷʟʴ (ʥʘʧʨʠʤʝʨ, 

ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ) ʠ ʚʩʪʘʚʠʪʴ ʠʟ ʙʫʬʝʨʘ ʦʙʤʝʥʘ ʥʘʩʪʨʦʡʢʠ 

ʧʦʜʢʣʶʯʝʥʠʷ ([ɺʩʪʘʚʠʪʴ ʧʦʜʢʣʶʯʝʥʠʝ ʩʚʷʟʠ]) ʠʣʠ ʧʘʨʘʤʝʪʨʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʚʷʟʠ [ɺʩʪʘʚʠʪʴ ʛʝʦʤʝʪʨʠʶ ʩʚʷʟʠ]. ɼʘʥʥʳʝ ʢʦʤʘʥʜʳ 

ʈʠʩ. 9.1 
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ʫʩʢʦʨʷʶʪ ʨʘʙʦʪʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʦ ʩʣʦʞʥʳʤʠ ʤʦʜʝʣʷʤʠ ʠ ʧʦʟʚʦʣʷʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʨʠʩʢ ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʢ ʪʠʧʘ çʯʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨè ʧʨʠ ʟʘʤʝʥʝ ʩʚʷʟʝʡ ʦʜʥʦʛʦ ʪʠʧʘ ʥʘ ʜʨʫʛʦʡ ʠʣʠ ʫʩʪʘʥʦʚʢʝ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʚʷʟʝʡ. 

 

ʏʪʦʙʳ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʨʘʙʦʪʫ ʧʦ ʧʦʜʢʣʶʯʝʥʠʶ ʩʚʷʟʝʡ ʚ ʩʣʦʞʥʳʭ 

ʤʦʜʝʣʷʭ ʩʣʝʜʫʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʢʦʤʘʥʜʘʤʠ ʢʦʥʪʝʢʩʪʥʦʛʦ 

ʤʝʥʶ. ɺ ʤʝʥʶ ʪʦʯʝʢ ʩʚʷʟʝʡ ʢʦʤʘʥʜʘ [ʀʩʧʦʣʴʟʦʚʘʪʴ ʪʦʯʢʫ ʩʚʷʟʠ] 

ʧʦʟʚʦʣʷʝʪ ʩʢʦʧʠʨʦʚʘʪʴ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʥʪʝʨʝʩʫʝʤʦʡ 

ʪʦʯʢʠ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ. ʇʦʩʣʝ ʯʝʛʦ ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʩʚʷʟʝʡ 

ʚʦʟʤʦʞʥʦ ʧʦʜʢʣʶʯʝʥʠʝ ʟʘʧʦʤʥʝʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ ʢ ʧʝʨʚʦʡ (Side1) ʠʣʠ 

ʚʪʦʨʦʡ (Side2) ʩʪʦʨʦʥʘʤ ʩʚʷʟʠ, ʈʠʩ. 9.3. 

 

  

ʈʠʩ. 9.3 

9.1 ʋʧʨʫʛʦ-ʜʝʤʧʬʝʨʥʘʷ ʩʚʷʟʴ ʦʙʱʝʛʦ ʚʠʜʘ [Link ] 

ʕʣʝʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʩʦʝʜʠʥʠʪʴ ʜʚʝ ʧʦʜʩʠʩʪʝʤʳ ʣʠʥʝʡʥʦʡ ʫʧʨʫʛʦ-

ʜʝʤʧʬʝʨʥʦʡ ʩʚʷʟʴʶ ʜʚʫʭ ʪʠʧʦʚ ï ʠʟʦʪʨʦʧʥʦʡ ʠʣʠ ʩʚʷʟʴʶ ʦʙʱʝʛʦ ʚʠʜʘ, 

ʟʘʜʘʚʘʝʤʦʡ ʧʦʣʥʦʡ ʤʘʪʨʠʮʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʠ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʈʠʩ. 9.4. 

ʈʘʟʤʝʨʥʦʩʪʴ ʤʘʪʨʠʮ 6ʭ6. ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ ʟʘʜʝʣʢʠ ʩʝʯʝʥʠʷ side2 ʠ ʥʘʛʨʫʞʝʥʠʷ side1.  

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 
 

ʈʠʩ. 9.4 
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ʋʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʪʨʠʮʝʡ ʞʝʩʪʢʦʩʪʠ. ʆʢʥʦ ʜʣʷ ʚʚʦʜʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 9.5.  

ʅʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ DYNAMICS R4.11 ʠʩʧʨʘʚʣʝʥʦ ʦʙʦʟʥʘʯʝʥʠʝ ʩʪʨʦʢ ʠ 

ʩʪʦʣʙʮʦʚ ʚ ʤʘʪʨʠʮʝ ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. ʆʙʦʟʥʘʯʝʥʠʷ 

ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʩʪʦʣʙʮʘʤ, ʥʘʛʨʫʟʦʢ ʧʦ 

ʩʪʨʦʢʘʤ. ʇʦʨʷʜʦʢ ʟʘʜʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʪʨʠʮʝ ʞʝʩʪʢʦʩʪʠ ʠ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʥʝ ʠʟʤʝʥʠʣʩʷ. 

ʇʦʨʷʜʦʢ ʫʩʪʘʥʦʚʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʤʘʪʨʠʮʝ ʞʝʩʪʢʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʯʘʩʪʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʊʘʙʣʠʮʝ 9.1. ɼʣʷ ʤʘʪʨʠʮʳ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʨʘʩʩʪʘʥʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʘʥʘʣʦʛʠʯʥʘ. 

 

 
ʈʠʩ. 9.5 

 

ʆʢʥʦ ʜʣʷ ʚʚʦʜʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ  ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 

9.6. 

 

 
ʈʠʩ. 9.6 

ɼʠʘʣʦʛ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʳʚʦʜʦʤ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʠ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʜʦʩʪʫʧʝʥ ʧʦ ʜʚʦʡʥʦʤʫ ʢʣʠʢʫ ʥʘ ʥʘʟʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 

([stiff_matrix] ʠʣʠ [damp_matrix]) ʠʣʠ ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʵʣʝʤʝʥʪʘ, 

ʈʠʩ. 9.7. 
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ʈʠʩ. 9.7 

ʉʚʷʟʴ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʘ ʠʟʦʪʨʦʧʥʦʡ ʠʣʠ ʦʨʪʦʪʨʦʧʥʦʡ. ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ X 

ʠ Y ʟʘʜʘʶʪʩʷ ʦʜʥʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘʜʘʪʴ ʧʦʣʥʳʡ ʥʘʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 
ʊʘʙʣʠʮʘ 9.1 

 Ut_x[m] Ut_y[m] Ut_z[m] Ur_x[rad] Ur_y[rad] Ur_z[rad] 

Fx[N] ὑ
‬Ὂ

‬ὼ
 ὑ

‬Ὂ

‬ώ
 

‬Ὂ

‬ᾀ
 

‬Ὂ

‬ὶͅὼ
 

‬Ὂ

‬ὶͅώ
 

‬Ὂ

‬ὶͅᾀ
 

Fy[N] ὑ
‬Ὂ

‬ὼ
 ὑ

‬Ὂ

‬ώ
 

‬Ὂ

‬ᾀ
 

‬Ὂ

‬ὶͅὼ
 

‬Ὂ

‬ὶͅώ
 

‬Ὂ

‬ὶͅᾀ
 

Fz[N]  
‬Ὂ

‬ὼ
 

‬Ὂ

‬ώ
 

‬Ὂ

‬ᾀ
 

‬Ὂ

‬ὶͅὼ
 

‬Ὂ

‬ὶͅώ
 

‬Ὂ

‬ὶͅᾀ
 

Mx 
[N-m] 

‬ὓ

‬ὼ
 

‬ὓ

‬ώ
 

‬ὓ

‬ᾀ
 

‬ὓ

‬ὶͅὼ
 

‬ὓ

‬ὶͅώ
 

‬ὓ

‬ὶͅᾀ
 

My 
[N-m] 

‬ὓ

‬ὼ
 

‬ὓ

‬ώ
 

‬ὓ

‬ᾀ
 

‬ὓ

‬ὶͅὼ
 

‬ὓ

‬ὶͅώ
 

‬ὓ

‬ὶͅᾀ
 

Mz 
[N-m] 

‬ὓ

‬ὼ
 

‬ὓ

‬ώ
 

‬ὓ

‬ᾀ
 

‬ὓ

‬ὶͅὼ
 

‬ὓ

‬ὶͅώ
 

‬ὓ

‬ὶͅᾀ
 

 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮ ʞʝʩʪʢʦʩʪʠ ʠ ʧʦʜʘʪʣʠʚʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ 

ʧʝʨʝʤʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʦ ʚʩʝʤ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

ʚʨʘʱʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʉʦʙʩʪʚʝʥʥʳʝ 

ʯʘʩʪʦʪʳ ʠ ʂʘʨʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ.  

 

ɿɸʄɽʏɸʅʀɽ: ʇʦʜʢʣʶʯʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʚ 

ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ ʉʠ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʚʳʙʦʨʘ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʚ 

ʜʠʘʣʦʛʝ. 
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ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ (ʧʦʜʩʠʩʪʝʤʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ ʪʦʣʴʢʦ ʥʝʣʠʥʝʡʥʳʤʠ ʩʚʷʟʷʤʠ) ʨʘʩʯʝʪ ʙʘʟʠʩʘ ʜʦʣʞʝʥ ʚʝʩʪʠʩʴ ʩ 

ʫʯʝʪʦʤ ʩʚʷʟʘʥʥʦʩʪʠ ʵʪʠʭ ʧʦʜʩʠʩʪʝʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʪʦʯʢʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʩʚʷʟʝʡ ʚʢʣʶʯʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʩʚʷʟʴ.  ɺ 

ʧʨʦʮʝʩʩʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʥʘ ʫʜʘʣʷʝʪʩʷ. ʋʜʘʣʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ  [trns_exclude]  ʟʘʜʘʥʠʝʤ ʟʥʘʯʝʥʠʷ 

[yes]. 
 

ɿɸʄɽʏɸʅʀɽ: ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʠʩʢʣʶʯʝʥʠʝ ʩʚʷʟʠ ʧʨʠʚʦʜʠʪ 

ʪʦʣʴʢʦ ʢ ʫʜʘʣʝʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʘʥʘʣʠʟʘ ʞʝʩʪʢʦʩʪʥʦʡ 

ʯʘʩʪʠ ʩʚʷʟʠ. ɼʝʤʧʬʠʨʦʚʘʥʠʝ ʥʝ ʠʩʢʣʶʯʘʝʪʩʷ 

9.2 ɸʙʩʦʣʶʪʥʦ-ʞʝʩʪʢʘʷ ʩʚʷʟʴ ʦʙʱʝʛʦ ʚʠʜʘ [Rigid link ] 

ʉʚʷʟʴ ʧʦʟʚʦʣʷʝʪ ʩʦʝʜʠʥʠʪʴ ʧʦʜʩʠʩʪʝʤʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʫʩʪʘʥʦʚʠʪʴ 

ʩʚʦʡʩʪʚʘ ʩʚʷʟʠ (ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ) ʧʦ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ï ʣʠʙʦ 

ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʘʷ ʩʚʷʟʴ, ʣʠʙʦ ʩʚʦʙʦʜʥʘ ʦʪ ʟʘʢʨʝʧʣʝʥʠʷ, ʈʠʩ. 9.8. 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 

 
ʈʠʩ. 9.8 

ʊʘʙʣʠʮʘ 9.2 ʇʘʨʘʤʝʪʨʳ 

UTx ʇʝʨʝʤʝʥʥʘʷ ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʡʩʪʚʘ ʩʚʷʟʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ X ïʧʝʨʝʤʝʱʝʥʠʝ 

ʧʦʣʥʦʩʪʴʶ ʟʘʧʨʝʱʝʥʦ ʠʣʠ  ʥʝ ʟʘʧʨʝʱʝʥʦ 

URx ʇʝʨʝʤʝʥʥʘʷ ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʡʩʪʚʘ ʩʚʷʟʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ 

ʦʩʠ X ï  ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʟʘʧʨʝʱʝʥʦ ʠʣʠ  ʥʝ ʟʘʧʨʝʱʝʥʦ 

UTy ʇʝʨʝʤʝʥʥʘʷ ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʡʩʪʚʘ ʩʚʷʟʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ X ï  
ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʟʘʧʨʝʱʝʥʦ ʠʣʠ  ʥʝ ʟʘʧʨʝʱʝʥʦ 

URy ʇʝʨʝʤʝʥʥʘʷ ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʡʩʪʚʘ ʩʚʷʟʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ 

ʦʩʠ Y ï  ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʟʘʧʨʝʱʝʥʦ ʠʣʠ  ʥʝ ʟʘʧʨʝʱʝʥʦ 

UTz ʇʝʨʝʤʝʥʥʘʷ ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʡʩʪʚʘ ʩʚʷʟʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ X ï  
ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʟʘʧʨʝʱʝʥʦ ʠʣʠ  ʥʝ ʟʘʧʨʝʱʝʥʦ 

URz ʇʝʨʝʤʝʥʥʘʷ ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʡʩʪʚʘ ʩʚʷʟʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ 

ʦʩʠ Zï  ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʟʘʧʨʝʱʝʥʦ ʠʣʠ  ʥʝ ʟʘʧʨʝʱʝʥʦ 
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9.3 Cʚʷʟʴ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʝʡ ʞʝʩʪʢʦʩʪʠ ʠ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ [Elastic nonsymmetric link ] 

ʕʣʝʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʩʦʝʜʠʥʠʪʴ ʜʚʝ ʧʦʜʩʠʩʪʝʤʳ (ʚʢʣʶʯʘʷ ʥʫʣʝʚʫʶ) 

ʣʠʥʝʡʥʦʡ ʫʧʨʫʛʦ-ʜʝʤʧʬʝʨʥʦʡ ʩʚʷʟʴʶ, ʦʧʠʩʳʚʘʝʤʦʡ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤʠ 

ʤʘʪʨʠʮʘʤʠ ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʈʠʩ. 9.9. 

 

ʕʣʝʤʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʣʠʥʝʡʥʳʭ ʨʘʩʯʝʪʘʭ ʩʠʩʪʝʤ 

ʩ ʦʧʦʨʥʳʤʠ ʫʟʣʘʤʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ ʢʦʪʦʨʳʭ ʤʝʥʷʶʪʩʷ ʧʦ 

ʥʝʢʦʪʦʨʦʤʫ ʟʘʢʦʥʫ ʧʦ ʚʨʝʤʝʥʠ ʠʣʠ ʧʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ. ɼʘʥʥʘʷ ʩʚʷʟʴ 

ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʙʘʟʠʩʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʵʣʝʤʝʥʪʦʤ, ʤʦʜʝʣʠʨʫʶʱʠʤ ʦʩʥʦʚʥʫʶ ʫʧʨʫʛʦ-ʜʝʤʧʬʝʨʥʫʶ ʩʚʷʟʴ 

ʦʙʱʝʛʦ ʚʠʜʘ [ʉʚʷʟʴ]. 

 

ʕʪʦʪ ʪʠʧ ʩʚʷʟʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʥʝʣʠʥʝʡʥʳʭ ʦʧʦʨʥʳʭ ʫʟʣʦʚ ʨʦʪʦʨʘ, ʢʦʛʜʘ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʧʦ ʠʭ 

ʞʝʩʪʢʦʩʪʥʳʤ ʠ ʜʝʤʧʬʠʨʫʶʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʣʠʙʦ ʦʪ ʠʟʛʦʪʦʚʠʪʝʣʷ ʦʧʦʨʥʳʭ ʫʟʣʦʚ, 

ʣʠʙʦ ʢʘʢʠʤ-ʪʦ ʜʨʫʛʠʤ ʧʫʪʝʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮ 

ʞʝʩʪʢʦʩʪʠ ʠ ʧʦʜʘʪʣʠʚʦʩʪʠ ʟʘʜʘʶʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʦ ʚʩʝʤ 

ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ.  

 

ʈʘʟʤʝʨʥʦʩʪʴ ʤʘʪʨʠʮ 6x6. ʂʦʵʬʬʠʮʠʝʥʪʘʤʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʳ 

ʞʝʩʪʢʦʩʪʠ ʷʚʣʷʶʪʩʷ ʜʦʙʘʚʢʠ ʢ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʞʝʩʪʢʦʩʪʠ ʦʩʥʦʚʥʦʡ 

ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʟʘʜʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʝʡ ʞʝʩʪʢʦʩʪʠ (ʚ ʯʘʩʪʥʦʤ 

ʩʣʫʯʘʝ ʜʠʘʛʦʥʘʣʴʥʦʡ) ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʙʘʟʠʩʘ ʩʠʩʪʝʤʳ.  

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 

 

ʈʠʩ. 9.9 
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ʆʢʥʦ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʩʚʷʟʠ ʘʥʘʣʦʛʠʯʥʦ ʦʢʥʫ ʚʚʦʜʘ ʫʧʨʫʛʦ-

ʜʝʤʧʬʝʨʥʦʡ ʩʚʷʟʠ ʦʙʱʝʛʦ ʚʠʜʘ, ʈʠʩ. 9.10. ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʧʨʫʛʦ-

ʜʝʤʧʬʝʨʥʦʡ ʩʚʷʟʠ ʦʙʱʝʛʦ ʚʠʜʘ, ʟʘʧʦʣʥʷʶʪʩʷ ʚʩʝ ʩʪʨʦʯʢʠ ʤʘʪʨʠʮʳ. 

 

 
ʈʠʩ. 9.10 

ɼʝʤʧʬʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʣʥʦʡ ʤʘʪʨʠʮʝʡ, ʈʠʩ. 

9.11. 

 

 
ʈʠʩ. 9.11 

ɽʩʣʠ ʢ ʩʚʷʟʠ ʧʦʜʢʣʶʯʝʥʳ ʧʝʨʝʤʝʥʥʳʝ, ʪʦ ʧʨʠ ʜʚʦʡʥʦʤ ʢʣʠʢʝ ʃʂʄ ʥʘ 

ʩʚʷʟʠ ʠʣʠ ʥʘʟʚʘʥʠʠ ʧʘʨʘʤʝʪʨʘ stiff_matrix ʠʣʠ damp_matrix 

ʧʦʢʘʟʳʚʘʝʪʩʷ ʜʠʘʣʦʛ ʀʤʧʦʨʪ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ ʚ ʦʧʦʨʳ. 

 

 
ʈʠʩ. 9.12 
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ɿɸʄɽʏɸʅʀɽ: ʅʝʩʠʤʤʝʪʨʠʯʥʘʷ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ 

ʨʘʩʯʝʪʝ ʙʘʟʠʩʘ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʫʯʝʪʘ ʪʘʢʦʡ ʩʚʷʟʠ ʚ ʨʘʩʯʝʪʝ, 

ʞʝʣʘʪʝʣʴʥʦ ʥʘʣʠʯʠʝ ʚ ʩʧʝʢʪʨʝ ʯʘʩʪʦʪ ʘʣʛʦʨʠʪʤʘ çɹʘʟʠʩè ʪʚʝʨʜʦʪʝʣʴʥʳʭ 

ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ. ɺ ʩʣʫʯʘʝ ʜʚʫʭʦʧʦʨʥʦʛʦ ʨʦʪʦʨʘ ʚ ʤʦʜʝʣʴ ʜʦʣʞʥʳ ʙʳʪʴ 

ʜʦʙʘʚʣʝʥʳ ʩʚʷʟʠ ʪʠʧʘ [Link] ʩ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʞʝʩʪʢʦʩʪʠ (ʥʘʧʨʠʤʝʨ, 1000 [ʅ/ʤ] ) ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 

 

ʀʥʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʯʠʪʘʪʴ/ʧʨʦʚʝʨʠʪʴ ʩʠʩʪʝʤʫ ʙʝʟ 

ʤʦʜʘʣʴʥʦʡ ʩʚʷʟʠ. ʋʯʝʩʪʴ ʞʝʩʪʢʦʩʪʠ ʦʧʦʨʳ ʚ ʙʘʟʠʩʝ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʤʘʥʜʘ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ çʇʨʝʦʙʨʘʟʦʚʘʪʴ ʚ 

ʩʠʤʤʝʪʨʠʯʥʫʶ ʩʚʷʟʴè ʩ ʫʢʘʟʘʥʠʝʤ ʨʝʞʠʤʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʚʟʷʪʳ 

ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʠ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʪʘʨʘʷ ʩʚʷʟʴ ʙʫʜʝʪ ʫʜʘʣʝʥʘ ʠ ʟʘʤʝʥʝʥʘ ʥʘ 

ʵʣʝʤʝʥʪ ʪʠʧʘ [ʉʚʷʟʴ]. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʠʪʴ ʩʪʘʨʫʶ ʩʚʷʟʴ, ʪʦ 

ʧʦʩʣʝ ʢʦʥʚʝʨʪʘʮʠʠ ʩʣʝʜʫʝʪ ʩʢʦʧʠʨʦʚʘʪʴ ʥʦʚʫʶ ʩʚʷʟʴ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ 

(Ctrl+ʉ) ʠ ʦʪʤʝʥʠʪʴ ʢʦʥʚʝʨʪʘʮʠʶ ʤʦʜʘʣʴʥʦʡ ʩʚʷʟʠ (Ctrl+Z). ɺʩʪʘʚʠʪʴ 

ʩʚʷʟʴ ʠʟ ʙʫʬʝʨʘ ʦʙʤʝʥʘ. (Ctrl+V). 

 

 

 

 

 

ʈʠʩ. 9.13 

 

ʇʘʨʘʤʝʪʨ [Type] ʦʧʨʝʜʝʣʷʝʪ ʨʝʞʠʤ ʚ ʢʦʪʦʨʦʤ ʨʘʙʦʪʘʝʪ ʩʚʷʟʴ ï 

çʤʦʜʘʣʴʥʘʷè ʠʣʠ çʥʝʣʠʥʝʡʥʘʷè. ʈʝʞʠʤ çʤʦʜʘʣʴʥʘʷè ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʠʚʳʯʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʵʣʝʤʝʥʪʘ ʚ ʩʠʩʪʝʤʝ. ʉʚʷʟʴ ʚ ʵʪʦʤ ʨʝʞʠʤʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʤʦʜʘʣʴʥʳʡ ʜʦʙʘʚʦʢ ʚ ʩʠʩʪʝʤʝ ʤʦʜʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʚ 

ʣʝʚʦʡ ʝʛʦ ʯʘʩʪʠ). ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʚ ʧʨʦʛʨʘʤʤʝ ʥʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʢʮʠʠ ʚ ʩʠʩʪʝʤʝ ʜʣʷ ʪʘʢʦʡ ʦʧʦʨʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʝʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʤʥʦʞʝʥʠʝ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʠ 
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ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʥʘ ʩʪʦʣʙʮʳ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʢʠ ʨʘʩʯʝʪʘ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʩʚʷʟʴ ʫʯʠʪʳʚʘʝʪʩʷ ʚʦ 

ʚʩʝʭ ʘʣʛʦʨʠʪʤʘʭ ʢʨʦʤʝ [ɹʘʟʠʩʘ]. 

 

[K]*{u}+[C]*{v}={R} 
 

ɺ ʨʝʞʠʤʝ çʥʝʣʠʥʝʡʥʘʷè ʩʚʷʟʴ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ 

ʢʘʢ ʨʝʘʢʮʠʠ ʚ ʩʠʩʪʝʤʝ. ʇʨʠ ʵʪʦʤ ʦʥʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʚ ʘʣʛʦʨʠʪʤʝ 

[ʅʝʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ].  ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʚ ʨʝʘʢʮʠʠ ʚ ʩʚʷʟʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʦ ʚʩʝʤ ʦʩʪʘʣʴʥʳʤ ʥʝʣʠʥʝʡʥʳʤ ʩʚʷʟʷʤ. 

ʅʘ ʈʠʩ. 9.14 ʧʦʢʘʟʘʥʳ ʦʧʮʠʠ ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʯʝʪ ʚ 

çʥʝʣʠʥʝʡʥʦʤè ʨʝʞʠʤʝ. ʆʧʮʠʷ ç6x6è ʚʢʣʶʯʘʝʪ ʚ ʨʘʩʯʝʪ ʧʦʣʥʫʶ 

ʤʘʪʨʠʮʫ ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 6ʭ6. ʆʧʮʠʷ ç2ʭ2è ʚʢʣʶʯʘʝʪ 

ʨʘʩʯʝʪ ʪʦʣʴʢʦ 2ʭ2 ʢʫʩʦʢ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. 

ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʦʨ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, 

ʥʘʧʨʠʤʝʨ ʧʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʫʯʠʪʳʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʢʦʵʬʬʠʮʠʝʥʪʳ Kxx, Kxy, Kyx, Kyy, Cxx, Cxy, Cyx, Cyy. ʆʧʮʠʷ 

çUtxUtyUtzè ʚʢʣʶʯʘʝʪ ʚ ʨʘʩʯʝʪ ʪʦʣʴʢʦ ʪʨʠ ʜʠʘʛʦʥʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʘʞʜʦʡ ʤʘʪʨʠʮʳ (Kxx, Kyy, Kzz, Cxx, Cyy, Czz). 

 

 
ʈʠʩ. 9.14 

ʆʧʮʠʷ [misalignment switch] (ʈʠʩ. 9.15) ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʩʪʘʪʠʯʝʩʢʦʝ 

ʧʨʝʜʥʘʛʨʫʞʝʥʠʝ ʦʧʦʨʳ ʟʘ ʩʯʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʩʪʘʪʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ 

ʢʦʨʧʫʩʘ ʧʦʜʰʠʧʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ ʮʝʥʪʨʦʚ ʦʧʦʨ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʜʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʨʧʫʩʦʚ ʦʧʦʨ ʚ ʪʷʞʝʣʳʭ ʨʦʪʦʨʘʭ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʠʥʠʝʡ ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʇʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʦʪʦʨʘʭ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʦʨ ʙʦʣʴʰʝ ʜʚʫʭ. 

ʃʠʙʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʫʞʠʥʥʦʛʦ ʧʨʝʜʥʘʛʨʫʞʝʥʠʷ.  
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ʈʠʩ. 9.15 

9.4 ʐʝʩʪʝʨʝʥʯʘʪʘʷ ʩʚʷʟʴ ʦʙʱʝʛʦ ʚʠʜʘ [Gear set] 

ʉʚʷʟʴ ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʰʝʩʪʝʨʝʥʯʘʪʳʭ ʧʝʨʝʜʘʯ. ɾʝʩʪʢʦʩʪʴ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʥʪʘʢʪʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʚ ʟʫʙʯʘʪʦʤ ʟʘʮʝʧʣʝʥʠʠ (ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʣʦʢʘʣʴʥʘʷ ʧʦʜʘʪʣʠʚʦʩʪʴ ʟʫʙʴʝʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʘʮʝʧʣʝʥʠʠ, ʠ ʟʫʙʯʘʪʦʛʦ 

ʚʝʥʮʘ).  

 

ɺʠʜ ʧʝʨʝʜʘʯʠ ï ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ, ʢʦʥʠʯʝʩʢʘʷ ʠʣʠ ʛʠʧʦʠʜʥʘʷ - 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʧʦʜʩʠʩʪʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʨʝʙʫʝʪʩʷ 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦʜʩʠʩʪʝʤ ʩ ʦʙʱʝʡ ʪʦʯʢʦʡ ʥʘ ʜʝʣʠʪʝʣʴʥʳʭ 

ʦʢʨʫʞʥʦʩʪʷʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʠʩʘʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʳʙʨʘʪʴ ʪʠʧ 

ʟʘʮʝʧʣʝʥʠʷ. 

 

ʊʠʧ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ [helical]  ʠʣʠ  [bevel]. 

 

ɼʣʷ ʧʨʷʤʦʟʫʙʦʡ ʠʣʠ ʢʦʩʦʟʫʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʘʨʳ ʚʳʙʠʨʘʝʪʩʷ 

ʧʘʨʘʤʝʪʨ [helical] ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʜʘʥʥʳʤʠ, ʈʠʩ. 9.16: 
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ʈʠʩ. 9.16 

¶ ʪʦʯʢʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʢ ʚʘʣʘʤ. ʉʦʝʜʠʥʝʥʠʝ 

ʚʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʫʟʣʦʚʳʝ ʪʦʯʢʠ [Side1 c_point]  

ʠ [Side2 c_point].ʇʦʣʴʟʦʚʘʪʝʣʴ ʟʘʨʘʥʝʝ ʬʦʨʤʠʨʫʝʪ ʵʪʠ 

ʪʦʯʢʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘ [Connection point] ʠ ʟʘʪʝʤ  

ʚʳʙʠʨʘʝʪ ʵʪʠ ʪʦʯʢʠ ʠʟ ʦʙʱʝʛʦ ʩʧʠʩʢʘ 

¶ ʪʠʧ ʟʘʮʝʧʣʝʥʠʷ ï ʥʘʨʫʞʥʦʝ ʠʣʠ ʚʥʫʪʨʝʥʥʝʝ (ʪʦʣʴʢʦ ʚ 

ʩʣʫʯʘʝ [helical]) 

¶ ʢʦʣʠʯʝʩʪʚʦ ʟʫʙʴʝʚ ʥʘ ʚʝʜʫʱʝʤ [z1] ʠ ʚʝʜʦʤʦʤ [z2] ʢʦʣʝʩʘʭ 

¶ ʤʦʜʫʣʴ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ[module] 

¶ ʫʛʦʣ ʢʦʥʪʘʢʪʘ[alpha_wn] 

¶ ʫʛʦʣ ʥʘʢʣʦʥʘ ʟʫʙʴʝʚ [beta_w1] 

¶ ʢʦʥʪʘʢʪʥʘʷ ʞʝʩʪʢʦʩʪʴ [Kc]. ʆʙʳʯʥʦ ʟʥʘʯʝʥʠʝ ʢʦʥʪʘʢʪʥʦʡ 

ʞʝʩʪʢʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ1é2e10 N/m2 

¶ ʜʣʠʥʘ ʢʦʥʪʘʢʪʘ [b]  

 

ɼʣʷ ʢʦʥʠʯʝʩʢʦʡ ʧʘʨʳ ʚʳʙʠʨʘʝʪʩʷ ʧʘʨʘʤʝʪʨ [bevel] ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʈʠʩ. 9.17 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 
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¶ ʫʛʦʣ ʥʘʢʣʦʥʘ ʟʫʙʴʝʚ ʧʝʨʚʦʛʦ ʢʦʣʝʩʘ [beta_w1] 

¶ ʫʛʦʣ ʥʘʢʣʦʥʘ ʟʫʙʴʝʚ ʚʪʦʨʦʛʦ ʢʦʣʝʩʘ [beta_w1] 

¶ ʫʛʦʣ ʥʘʯʘʣʴʥʦʛʦ ʢʦʥʫʩʘ ʧʝʨʚʦʛʦ ʢʦʣʝʩʘ [delta1] 

¶ ʫʛʦʣ ʥʘʯʘʣʴʥʦʛʦ ʢʦʥʫʩʘ ʚʪʦʨʦʛʦ ʢʦʣʝʩʘ [delta2] 

 

 

ɿɸʄɽʏɸʅʀɽ: ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʠʥʝʨʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʰʝʩʪʝʨʝʥʯʘʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʜʝʣʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʪʝʨʞʥʝʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ï [Beam] ʠʣʠ [Generalized element] 

 

ɿɸʄɽʏɸʅʀɽ:  ʇʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʟʘʜʘʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʰʝʩʪʝʨʝʥʯʘʪʦʡ ʧʘʨʳ ʚʦʟʤʦʞʥʦ ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣʴʥʦʩʪʠ ʦʪʦʙʨʘʞʝʥʠʷ 

ʟʘʮʝʧʣʝʥʠʷ. ʕʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ 

 

 

ɿɸʄɽʏɸʅʀɽ: ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʝʜʦʤʦʛʦ ʚʘʣʘ ʠʣʠ ʚʝʜʫʱʝʛʦ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʪʴ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩ 

ʫʯʝʪʦʤ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʵʣʝʤʝʥʪ [Kinematic joint ] 

 

ʇʨʠʤʝʨ ʤʦʜʝʣʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʜʚʫʤʷ ʩʪʫʧʝʥʷʤʠ 

ʰʝʩʪʝʨʝʥʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ. 9.18. 

 

 
 

ʈʠʩ. 9.17 
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ʈʠʩ. 9.18 

9.5 ʋʧʨʫʛʦʜʝʤʧʬʝʨʥʘʷ ʩʚʷʟʴ [ɹʝʣʠʯʴʝ ʢʦʣʝʩʦ] 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

  

 
 

 
 

 

 
ʈʠʩ. 9.19 

[ɹʝʣʠʯʴʝ ʢʦʣʝʩʦ] ï ʩʧʝʮʠʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʚ DYNAMICS R4 ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʜʠʘʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʫʧʨʫʛʦʡ ʦʧʦʨʳ ʪʠʧʘ çɹʝʣʠʯʴʝ 

ʢʦʣʝʩʦè. ʕʪʦʪ ʵʣʝʤʝʥʪ ʧʦʟʚʦʣʷʪ ʧʘʨʘʤʝʪʨʠʟʦʚʘʪʴ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʚ 
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ʟʘʜʘʯʘʭ ʧʦʩʪʨʦʝʥʠʷ ʂʘʨʪʳ ʢʨʠʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʠ ʢʘʨʪʳ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ, ʈʠʩ. 9.19 . ʊʘʢ ʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

 

ʉʚʷʟʴ ʤʦʞʝʪ ʙʳʪʴ ʜʚʫʭ ʪʠʧʦʚ ï [ʦʜʠʥʘʨʥʘʷ] ʩʚʷʟʴ ʠ ʩʚʷʟʴ ʦʙʱʝʛʦ ʚʠʜʘ 

[ʜʚʦʡʥʘʷ]. ʋʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʩʚʷʟʠ ʟʘʜʘʶʪʩʷ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ X ʠ Y.  

 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʢʦʬɻʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ Damper R3.1. ʅʘ ʈʠʩ. 9.20 

ʧʨʠʚʝʜʝʥʘ ʯʘʩʪʴ ç3.3.2 ɸʥʘʣʠʟ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚè ʠʟ ʜʦʢʫʤʝʥʪʘ 

çɼʝʤʧʬʝʨʥʳʝ ʦʧʦʨʳè ʩ ʦʧʠʩʘʥʠʝʤ ʬʦʨʤʫʣʳ. 

 

 
ʈʠʩ. 9.20 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʠʧʘ [ʜʚʦʡʥʘʷ] ʚ ʩʚʷʟʠ [ɹʝʣʠʯʴʝ ʢʦʣʝʩʦ] ʧʦʣʥʘʷ 

ʞʝʩʪʢʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

Kr=Ksc1*Ksc2/(Ksc1+Ksc2), ʛʜʝ Ksc1 ʠ Ksc2 ʞʝʩʪʢʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ çʙʝʣʠʯʴʝʛʦ ʢʦʣʝʩʘè.  
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʤʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʢʘʞʜʦʡ ʯʘʩʪʠ ʜʚʦʡʥʦʛʦ ʙʝʣʠʯʴʝʛʦ 

ʢʦʣʝʩʘ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʝʨʝʢʣʶʯʘʪʝʣʝʤ [part#], ʈʠʩ. 9.21.  

 

 
 

 
ʈʠʩ. 9.21 

ʇʝʨʝʢʣʶʯʘʪʝʣʴ [ɼʘ/ʅʝʪ] ʧʘʨʘʤʝʪʨʘ [add output] ʧʦʟʚʦʣʷʝʪ ʧʦʢʘʟʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ çʙʝʣʠʯʴʝʛʦ ʢʦʣʝʩʘè, ʈʠʩ. 

9.22. 

 
ʈʠʩ. 9.22 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ çʙʝʣʠʯʴʝʛʦ ʢʦʣʝʩʘè 

ʜʦʩʪʫʧʥʳ ʯʝʨʝʟ ʨʘʩʰʠʨʝʥʥʳʡ ʜʠʘʣʦʛ [Squirrel cage extended]. ʕʪʦʪ 

ʜʠʘʣʦʛ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʫʱʝʥ ʜʚʦʡʥʳʤ ʢʣʠʢʦʤ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʩʚʦʡʩʪʚʝ (ʩʤ. ʈʠʩ. 9.23) ʠʣʠ ʯʝʨʝʟ ʢʦʤʘʥʜʫ [Extended properties] ʚ 

ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ. 
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ʈʠʩ. 9.23 

ɼʠʘʣʦʛ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʈʠʩ. 9.24 ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ ʚʣʠʷʥʠʝ 

ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʝ ʢʘʢ: ʞʝʩʪʢʦʩʪʴ, 

ʥʘʧʨʷʞʝʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ, ʜʝʬʦʨʤʘʮʠʠ. ʀʟʤʝʥʝʥʠʝ ʦʜʥʦʛʦ 

ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʮʝʥʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ, ʚʟʷʪʳʤ 

ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʨʘʩʥʳʝ 

ʣʠʥʠʠ ʧʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʤʫ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

 
ʈʠʩ. 9.24 

 

ɿɸʄɽʏɸʅʀɽ: ʇʘʨʘʤʝʪʨ [trns_exclude] ʠʩʢʣʶʯʘʝʪ ʪʦʣʴʢʦ 

ʞʝʩʪʢʦʩʪʴ ʠʟ ʥʝʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʥʝ ʠʩʢʣʶʯʘʝʪʩʷ 
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9.6 ʕʣʝʤʝʥʪ [Connection point] 

ʕʣʝʤʝʥʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʜʣʷ ʧʦʜʩʠʩʪʝʤʳ ʪʦʯʢʫ, ʢ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʛʨʘʥʠʯʥʦʝ ʩʝʯʝʥʠʝ ʣʶʙʦʡ ʩʚʷʟʠ ʠʟ ʤʝʥʶ ʧʨʦʛʨʘʤʤʳ, 

ʈʠʩ. 9.25. 

.   

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 

 

 

 

ʈʠʩ. 9.25 

 

ɽʝ ʧʦʣʦʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʪʦʡ Z ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʢʦʥʢʨʝʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ. 
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10 ʉʊɸʊʀʏɽʉʂʀɽ ʀ ɼʀʅɸʄʀʏɽʉʂʀɽ ʅɸɻʈʋɿʂʀ 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʥʘʛʨʫʞʝʥʠʷ ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 

 

¶ ɼʠʩʙʘʣʘʥʩʥʘʷ ʥʘʛʨʫʟʢʘ [Unbalance load] 

¶ ʆʩʝʚʘʷ ʩʪʘʪʠʯʝʩʢʘʷ ʩʠʣʘ [Axial  force] 

¶ ɺʥʝʟʘʧʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʠʩʙʘʣʘʥʩʘ [Blade loss] 

¶ ɼʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʦʙʱʝʛʦ ʚʠʜʘ [Dynamic load] 

 

ɺ ʙʠʙʣʠʦʪʝʢʝ ʵʣʝʤʝʥʪʦʚ ʵʪʠ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʚʠʜ, ʈʠʩ. 10.1 

 
 

ʈʠʩ. 10.1 

 

 

ɿɸʄɽʏɸʅʀɽ: ɺʩʝ ʥʘʛʨʫʟʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʣʦʞʝʥʳ ʚ ʣʶʙʦʡ ʪʦʯʢʝ 

ʤʦʜʝʣʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʯʝʢ ʚʥʫʪʨʠ ʪʚʝʨʜʳʭ ʪʝʣ ï ʜʠʩʢʦʚ, 

ʘʙʩʪʨʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʪʦʣʴʢʦ ʥʘ 

ʛʨʘʥʠʮʘʭ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 
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10.1 ɼʠʩʙʘʣʘʥʩʥʘʷ ʥʘʛʨʫʟʢʘ[Unbalance load] 

ʕʣʝʤʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʟʘʜʘʥʠʷ ʜʠʩʙʘʣʘʥʩʦʚ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ 

ʯʘʩʪʷʭ ʨʦʪʦʨʦʚ, ʈʠʩ. 10.2  
 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 

 

 

 

ʈʠʩ. 10.2 

ʊʘʙʣʠʮʘ 10.1 ʆʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʇʘʨʘʤʝʪʨʳ ʆʙʦʟʥʘʯʝʥʠʝ ʆʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 

Start coordinate z1 ʂʦʦʨʜʠʥʘʪʘ [z1] ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʩʠ Z, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʦʣʦʞʝʥʠʝ 

ʜʠʩʙʘʣʘʥʩʘ ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 
ʢʦʦʨʜʠʥʘʪ XYZ 

Linear unbalance unb F ɺʝʣʠʯʠʥʘ ʣʠʥʝʡʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ 

(ʤʘʩʩʘ* ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ) 

Unbalance phase phase F ʌʘʟʘ ʣʠʥʝʡʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ, 
ʟʘʜʘʝʪ ʫʛʣʦʚʦʝ ʩʤʝʱʝʥʠʝ 

ʜʠʩʙʘʣʘʥʩʦʚ ʤʝʞʜʫ ʩʦʙʦʡ  

Angle unbalance unb M ʋʛʣʦʚʦʡ ʜʠʩʙʘʣʘʥʩ (ʤʘʩʩʦʚʳʡ 

ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ*ʫʛʦʣ ʧʝʨʝʢʦʩʘ) 

Angle unbalance  phase phase M ʌʘʟʘ ʫʛʣʦʚʦʛʦ ʜʠʩʙʘʣʘʥʩʘ, ʟʘʜʘʝʪ 
ʩʤʝʱʝʥʠʝ ʫʛʣʦʚʳʭ ʜʠʩʙʘʣʘʥʩʦʚ 

ʤʝʞʜʫ ʩʦʙʦʡ. 

 

ʅʘ ʈʠʩ. 10.3 ʧʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʩʯʝʪʘ ʬʘʟʦʚʳʭ ʫʛʣʦʚ. 

 

ʈʠʩ. 10.3 
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10.2 ʆʩʝʚʘʷ ʩʪʘʪʠʯʝʩʢʘʷ ʩʠʣʘ [Axial  force] 

ʕʣʝʤʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʨʦʪʦʨʘ ʠʣʠ 

ʢʦʨʧʫʩʘ ʦʩʝʚʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, (ʈʠʩ. 10.4 

), ʜʝʡʩʪʚʫʶʱʝʡ ʧʦ ʦʩʠ Z. ʊʘʢʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ ʙʘʣʦʯʥʳʭ ʠ ʦʙʦʣʦʯʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʩʠʩʪʝʤʳ, ʘ 

ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʞʝʩʪʢʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʦʩʝʚʳʭ 

ʫʩʠʣʠʡ (ʥʘʧʨʠʤʝʨ, ʞʝʩʪʢʦʩʪʴ ʬʣʘʥʮʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ).  

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 

ʊʦʯʝʯʥʘʷ ʥʘʛʨʫʟʢʘ 

 
ʇʦʩʪʦʷʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʚʜʦʣʴ 

ʦʩʠ Z 

 
ʇʝʨʝʤʝʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʚʜʦʣʴ 

ʦʩʠ Z 

 
ʈʠʩ. 10.4 

 

ʊʘʙʣʠʮʘ 10.2 ʆʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʆʙʦʟʥʘʯʝʥʠʝ ʆʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 

z1 ʂʦʦʨʜʠʥʘʪʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʥʘʯʘʣʦ ʜʝʡʩʪʚʠʷ ʦʩʝʚʦʡ ʩʠʣʳ 

z2 ʂʦʦʨʜʠʥʘʪʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʢʦʥʝʮ ʜʝʡʩʪʚʠʷ ʦʩʝʚʦʡ ʩʠʣʳ 

type:  

point 

 

line (const) 

 

line (line) 

 

ʇʘʨʘʤʝʪʨ ʦʧʨʝʜʝʣʷʝʪ ʚʘʨʠʘʥʪʳ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ: 
- ʩʠʣʘ ʚ ʪʦʯʢʝ (ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ) 

- ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʫʯʘʩʪʢʝ (ʵʧʶʨʘ ʩʠʣʳ ʥʘ ʫʯʘʩʪʢʝ 

ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʧʦʩʪʦʷʥʥʘ). ʈʝʞʠʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʶ 
ʦʩʝʚʦʡ ʩʠʣʳ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʣʠʯʠʠ ʩʪʷʞʥʦʛʦ ʙʦʣʪʘ. 

 - ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʫʯʘʩʪʢʝ (ʣʠʥʝʡʥʳʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ 

ʵʧʶʨʳ ʩʠʣʳ ʥʘ ʫʯʘʩʪʢʝ) 

Fz ʆʩʝʚʘʷ ʩʠʣʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ Z. ʈʘʩʪʷʞʝʥʠʝ ʠʣʠ ʩʞʘʪʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʢʦʤ. ç+è - ʨʘʩʪʷʞʝʥʠʝ. 
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ʉʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʩʠʣʘ ʩʦʠʟʤʝʨʠʤʘ ʩ ʩʠʣʦʡ ʕʡʣʝʨʘ ʜʣʷ ʜʘʥʥʦʛʦ ʩʪʝʨʞʥʷ. 

ʇʨʠ ʚʳʚʦʜʝ ʨʘʩʰʠʨʝʥʥʳʭ ʩʚʦʡʩʪʚ ʧʘʨʘʤʝʪʨʘ [Fcr (Euler)], 

ʧʦʢʘʟʳʚʘʝʪʩʷ ʜʠʘʣʦʛ ʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʦʡ ʩʠʣʳ ʕʡʣʝʨ ʧʦʪʝʨʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʨʞʥʷ ʧʨʠ ʩʞʘʪʠʠ.  

 

 
ʈʠʩ. 10.5 

10.3 ɺʥʝʟʘʧʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʠʩʙʘʣʘʥʩʘ  [Blade loss] 

ʕʣʝʤʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʥʝʟʘʧʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʜʠʩʙʘʣʘʥʩʘ (ʥʘʧʨʠʤʝʨ, ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʳʚʘ ʣʦʧʘʪʢʠ ʥʘ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ 

ʢʦʤʧʨʝʩʩʦʨʘ ʠʣʠ ʪʫʨʙʠʥʳ), ʈʠʩ. 10.6. 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 

 

 

 

ʈʠʩ. 10.6 
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ʊʘʙʣʠʮʘ 10.3 

ʆʙʦʟʥʘʯʝʥʠʝ ʆʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 

z1 ʂʦʦʨʜʠʥʘʪʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʤʝʩʪʦ ʚʥʝʟʘʧʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 
ʜʠʩʙʘʣʘʥʩʘ (ʥʘʧʨʠʤʝʨ, ʦʙʨʳʚʘ ʣʦʧʘʪʢʠ) 

F unb ʃʠʥʝʡʥʳʡ ʜʠʩʙʘʣʘʥʩ, ʧʦʷʚʣʷʶʱʠʡʩʷ ʧʦʩʣʝ ʦʙʨʳʚʘ ʣʦʧʘʪʢʠ 

F phase ʌʘʟʘ ʣʠʥʝʡʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ 

 

ʇʨʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʠʭ ʦʙʱʝʤ ʦʧʠʩʘʥʠʠ. 

10.4 ɼʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʦʙʱʝʛʦ ʚʠʜʘ [Dynamic Load] 

ʊʠʧʦʚʦʡ ʵʣʝʤʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʚʥʝʰʥʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʨʦʪʦʨʥʫʶ ʩʠʩʪʝʤʫ, ʈʠʩ. 10.7. 

ɺʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʥʘʛʨʫʟʦʢ: 

 

¶ ʥʘʛʨʫʟʢʘ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʠʜʘ [general] 

¶ ʩʪʫʧʝʥʯʘʪʘʷ ʥʘʛʨʫʟʢʘ[step] 

¶ ʠʤʧʫʣʴʩʥʘʷ ʥʘʛʨʫʟʢʘ[impulse] 

¶ ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ[harmonic]  
 

ʅʘʛʨʫʟʢʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʧʦ ʣʶʙʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ 

ʥʝʩʢʦʣʴʢʠʤʠ ʪʠʧʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 
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ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 

 
 

 
 

¶ general  

 
¶ step 

 

¶ impulse 

 

¶ harmonic 
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¶ unbalance 

 

 
ʈʠʩ. 10.7 

ʉʨʝʜʠ ʧʨʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʶʪʩʷ: 

t_imp - ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ 

Freq - ʯʘʩʪʦʪʘ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʠʣʳ 

Initialphase- ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

 

ɼʣʷ ʚʘʨʠʘʥʪʦʚ ʥʘʛʨʫʟʢʠ General, Impulse, Step ʥʘʛʨʫʟʢʘ ʚʳʚʦʜʠʪʩʷ ʚ 

ʦʢʥʝ 2D ʛʨʘʬʠʢʘ ʚ ʚʠʜʝ ʩʪʨʝʣʢʠ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʩʦʩʪʘʚʣʷʶʱʠʤ ʩʠʣʳ ʠ ʧʦʜʧʠʩʴʶ ʩʦ ʟʥʘʯʝʥʠʝʤ. 

 

ʕʪʦʪ ʵʣʝʤʝʥʪ ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʘʣʛʦʨʠʪʤʝ [ʅʝʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ]. 

10.5 ɼʠʥʘʤʠʯʝʩʢʠʡ  ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ [Torque Load] 

ʕʣʝʤʝʥʪ [ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʥʝʰʥʶʶ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ, ʧʨʠʢʣʘʜʳʚʘʝʤʫʶ ʢ ʩʝʯʝʥʠʶ ʧʦʜʩʠʩʪʝʤʳ. 

ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʢʨʫʪʷʱʝʛʦ 

ʤʦʤʝʥʪʘ. ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʚʦʟʤʫʱʝʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ, ʥʘʧʨʠʤʝʨ, ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥʘʭ ʧʨʠ 2-ʭ ʠ 3-ʭ ʬʘʟʥʦʤ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ. 

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʟʘʜʘʥ ʚ ʚʠʜʝ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʨʷʜʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ, ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ ʠ ʬʘʟ, ʤʦʞʥʦ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ.   

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʨʷʜ 

 

 Ὕ
Ὕ ὝὩ ὝὩ ÓÉÎ‫ὸ • ὝὩ ÓÉÎς‫ὸ • ȟὸ ὸρ

Ὕ ȟὸ ὸρ
. 

 

ʛʜʝ Ὕ , Ὕ, Ὕ, Ὕ, - ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ ʠ ʘʤʧʣʠʪʫʜʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚʘʨʠʘʮʠʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ὥ, ὥ, ὥ ï 
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ʚʨʝʤʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦʮʝʩʩ ʟʘʪʫʭʘʥʠʷ, • , •  

- ʬʘʟʦʚʳʝ ʫʛʣʳ, .ʯʘʩʪʦʪʘ ʩʝʪʠ - ‫  

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 
 

 
 

 

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ Trated ʜʝʡʩʪʚʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʚʩʝʛʦ ʚʨʝʤʝʥʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ.  

ʕʪʦʪ ʵʣʝʤʝʥʪ ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʘʣʛʦʨʠʪʤʝ [ʅʝʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ]. 
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11 ʅɽʃʀʅɽʁʅʓɽ ʉɺʗɿʀ 

ʂ ʵʣʝʤʝʥʪʘʤ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʥʝʣʠʥʝʡʥʳʭ ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤ, ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

 

¶ ʇʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʩʚʷʟʴ [User link ]; 

¶ ʐʘʙʣʦʥ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

[User link ], ʟʘʜʘʥʥʳʡ ʠʤʝʥʝʤ 

[Template Script]; 

¶ ʅʝʣʠʥʝʡʥʘʷ ʦʧʦʨʘ [Non-

linear support]  ; 

¶ ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ 

ʩʢʦʣʴʞʝʥʠʷ [Plain Journal 

Bearing support]; 

¶ ʈʘʜʠʘʣʴʥʦ-ʫʧʦʨʥʳʡ 

ʧʦʜʰʠʧʥʠʢ [Ball Bearing 

support]; 

¶ ʈʦʣʠʢʦʚʳʡ ʧʦʜʰʠʧʥʠʢ [Roll 

Bearing support]; 

¶ ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʜʝʤʧʬʝʨ 

[Damper support]; 

¶ ɿʘʟʦʨ [Clearance]. 

 

ɺ ʙʘʟʝ ʜʘʥʥʳʭ ʵʪʠ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʚʠʜ, ʈʠʩ. 11.1. 

 

 

 

 

 
 

ʈʠʩ. 11.1 
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ɿɸʄɽʏɸʅʀɽ: ʅʝʣʠʥʝʡʥʳʝ ʩʚʷʟʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʣʴʢʦ ʚ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʘʥʘʣʠʟʝ 

 

 

 

ɿɸʄɽʏɸʅʀɽ: ʈʘʩʩʪʦʷʥʠʝ ʠ ʚʟʘʠʤʥʳʝ ʧʦʚʦʨʦʪʳ ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ, ʢ 

ʢʦʪʦʨʳʤ ʧʦʜʢʣʶʯʝʥʘ ʩʚʷʟʴ, ʜʦʣʞʥʳ ʙʳʪʴ ʥʫʣʝʚʳʤʠ. ʊ.ʝ. ʦʙʘ ʩʝʯʝʥʠʷ 

ʩʚʷʟʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʦʜʠʥʘʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ 

 

11.1 ʇʨʦʛʨʘʤʤʠʨʫʝʤʘʷ  ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʩʚʷʟʴ (User link ) 

ʇʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʘ ʙʘʟʝ ʠʤʝʶʱʝʡʩʷ ʫ ʥʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʠʣʠ ʘʣʛʦʨʠʪʤʘ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʥʝʣʠʥʝʡʥʳʡ ʵʣʝʤʝʥʪ 

ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ. ɽʛʦ ʤʦʞʥʦ ʚʢʣʶʯʠʪʴ ʚ ʦʙʱʫʶ ʩʭʝʤʫ 

ʨʘʩʯʝʪʦʚ ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ ʩ ʫʞʝ ʠʤʝʶʱʠʤʠʩʷ 

ʥʘʙʦʨʘʤʠ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʈʠʩ. 11.2.  

 

ʅʘʧʨʠʤʝʨ, ʪʘʢʠʤ ʵʣʝʤʝʥʪʦʤ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʰʠʧʥʠʢ ʩʢʦʣʴʞʝʥʠʷ 

ʜʨʫʛʦʛʦ ʪʠʧʘ, ʤʘʛʥʠʪʥʘʷ ʦʧʦʨʘ, ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ ʠ ʪ.ʜ. 

 

ʉʣʦʞʥʦʩʪʴ ʤʦʜʝʣʠ ʥʝʣʠʥʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʛʨʘʥʠʯʝʥʘ.   

ʉʦʟʜʘʥʠʝ ʵʣʝʤʝʥʪʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʝ ʚʝʜʝʪʩʷ  

ʧʨʠ ʧʦʤʦʱʠ ʚʩʪʨʦʝʥʥʦʛʦ ʩʢʨʠʧʪʦʚʦʛʦ ʷʟʳʢʘ Python (ʚʝʨʩʠʠ 3.x) 

(www.python.org), ʢʦʪʦʨʳʡ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʤʦʞʝʪ ʙʳʪʴ ʦʩʚʦʝʥ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ.  

 

 

ʈʠʩ. 11.2 

ʇʨʠʤʝʨ ʦʢʥʘ ʩ ʟʘʧʠʩʴʶ ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ. 11.3. 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 

 

 

http://www.python.org/


țȾȵȹȭȹȯȼȽȭȹ ȺȹȶɇȲȹȭȫȽȰȶɊ 

  

 11-92 

 
ʈʠʩ. 11.3 

 

 

ɿɸʄɽʏɸʅʀɽ: ʅʦʚʳʡ ʘʣʛʦʨʠʪʤ, ʟʘʧʠʩʘʥʥʳʡ ʥʘ ʷʟʳʢʝ ʠ ʦʪʣʘʞʝʥʥʳʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʝʛʦ ʚ ʦʩʥʦʚʥʫʶ ʙʠʙʣʠʦʪʝʢʫ ʵʣʝʤʝʥʪʦʚ. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʨʠʧʪʦʚʳʤ 

ʵʣʝʤʝʥʪʦʤ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ 

 

 

 

ɿɸʄɽʏɸʅʀɽ: ɸʣʛʦʨʠʪʤʳ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʷʟʳʢʘʭ FORTRAN, 

Visual ʉ++ ʠ ʪ.ʜ., ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʥʫʶ 

ʩʠʩʪʝʤʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʥʪʘʢʪʠʨʫʡʪʝ ʩ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʠʩʪʝʤʳ DYNAMICS  R4 

 

ʊʘʙʣʠʮʘ 11.1 ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʘ 
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ɻʨʘʥʠʯʥʦʝ ʩʝʯʝʥʠʝ ʩʚʷʟʠ 1 ɻʨʘʥʠʯʥʦʝ ʩʝʯʝʥʠʝ ʩʚʷʟʠ 2 

 
ʃʠʥʝʡʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ux1;uy1; uz1 

ʃʠʥʝʡʥʳʝ ʩʢʦʨʦʩʪʠ 

vx1; vy1; vz1 

ʋʛʣʦʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 

tx1; ty1; tz1 
ʋʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ 

vtx1, vty1, vtz1 

 
ʃʠʥʝʡʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ux2; uy2; uz2 

ʃʠʥʝʡʥʳʝ ʩʢʦʨʦʩʪʠ 

vx2; vy2; vz2 

ʋʛʣʦʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 

tx2; ty2; tz2 
ʋʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ 

vtx2, vty2, vtz2 

 

ʅʘ ʚʭʦʜʝ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʁ ʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩʦʝʜʠʥʷʝʤʳʭ  ʩʚʷʟʴʶ 

ʧʦʜʩʠʩʪʝʤ omega1 ʠ omega2. 
 

ʊʘʙʣʠʮʘ 11.2 ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʘ 

 

11.2 ʐʘʙʣʦʥʳ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ  ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 
ʵʣʝʤʝʥʪʘ [User link ] 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʪʦʚʳʡ  ʰʘʙʣʦʥ ʜʣʷ 

ʥʘʧʠʩʘʥʠʷ ʩʢʨʠʧʪʦʚʦʛʦ ʵʣʝʤʝʥʪʘ. ɼʣʷ ʵʪʦʛʦ ʜʚʦʡʥʳʤ ʢʣʠʢʦʤ ʥʘ ʩʪʨʦʯʢʝ 

ʙʠʙʣʠʦʪʝʢʠ ʵʣʝʤʝʥʪʦʚ [Template script] ʦʥ ʚʩʪʘʚʣʷʝʪ ʰʘʙʣʦʥ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʝʩʪʦ ʩʦʟʜʘʚʘʝʤʦʡ ʤʦʜʝʣʠ. ʊʝʢʩʪ ʰʘʙʣʦʥʘ [Template 

script]ʧʦʢʘʟʘʥ ʥʠʞʝ, ʊʘʙʣʠʮʘ11.3.  

 

  

ɻʨʘʥʠʯʥʦʝ ʩʝʯʝʥʠʝ ʩʚʷʟʠ 1            ɻʨʘʥʠʯʥʦʝ ʩʝʯʝʥʠʝ ʩʚʷʟʠ 2 

 

ʃʠʥʝʡʥʳʝ ʩʠʣʳ 

fx1; fy1; fz1 

ʄʦʤʝʥʪʳ ʚʦʢʨʫʛ ʦʩʝʡ 

mx1; my1; mz1 

 

ʃʠʥʝʡʥʳʝ ʩʠʣʳ 

fx2; fy2; fz2 
ʄʦʤʝʥʪʳ ʚʦʢʨʫʛ ʦʩʝʡ 

mx1; my1; mz1 
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ʊʘʙʣʠʮʘ11.3 

From dynlib import *       

from math   import *  

from dynlib import trace 

 

#getting current rotating speed of  a side 1 subsystem 

omega1=exchangeContainer.getDoubleValue('rotating_speed1') 

#getting current rotating speed of  a side 2 subsystem 

omega2=exchangeContainer.getDoubleValue('rotating_speed2') 

 

#--------------------------------------------- 

#getting current integration time of transient analysis 

t=exchangeContainer.getDoubleValue('integration_time') 

 

ux1=exchangeContainer.getDoubleValue('ux1') 

uy1=exchangeContainer.getDoubleValue('uy1') 

uz1=exchangeContainer.getDoubleValue('uz1') 

 

ux2=exchangeContainer.getDoubleValue('ux2') 

uy2=exchangeContainer.getDoubleValue('uy2') 

uz2=exchangeContainer.getDoubleValue('uz2') 

 

vx1=exchangeContainer.getDoubleValue('vx1') 

vy1=exchangeContainer.getDoubleValue('vy1') 

vz1=exchangeContainer.getDoubleValue('vz1') 

vx2=exchangeContainer.getDoubleValue('vx2') 

vy2=exchangeContainer.getDoubleValue('vy2') 

vz2=exchangeContainer.getDoubleValue('vz2') 

 

Tx1=exchangeContainer.getDoubleValue('tx1') 

Ty1=exchangeContainer.getDoubleValue('ty1') 

Tz1=exchangeContainer.getDoubleValue('tz1') 

Tx2=exchangeContainer.getDoubleValue('tx2') 

Ty2=exchangeContainer.getDoubleValue('ty2') 

Tz2=exchangeContainer.getDoubleValue('tz2') 

 

Tx_dot1=exchangeContainer.getDoubleValue('vtx1') 

Ty_dot1=exchangeContainer.getDoubleValue('vty1') 

Tz_dot1=exchangeContainer.getDoubleValue('vtz1') 

Tx_dot2=exchangeContainer.getDoubleValue('vtx2') 

Ty_dot2=exchangeContainer.getDoubleValue('vty2') 

Tz_dot2=exchangeContainer.getDoubleValue('vtz2') 

 

fx1=fx2=fy1=fy2=fz1=fz2=mx1=mx2=my1=my2=mz1=mz2=0 

#-------------------------------------------------- 

#----------Place  your code here----- 
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#-------------------------------------------------- 

 

#-----------------------------------------------------# 

exchangeContainer.setDoubleValue('fx1',fx1) 

exchangeContainer.setDoubleValue('fy1',fy1) 

exchangeContainer.setDoubleValue('fz1',fz1) 

exchangeContainer.setDoubleValue('fx2',fx2) 

exchangeContainer.setDoubleValue('fy2',fy2) 

exchangeContainer.setDoubleValue('fz2',fz2) 

exchangeContainer.setDoubleValue('mx1',mx1) 

exchangeContainer.setDoubleValue('my1',my1) 

exchangeContainer.setDoubleValue('mz1',mz1) 

exchangeContainer.setDoubleValue('mx2',mx2) 

exchangeContainer.setDoubleValue('my2',my2) 

exchangeContainer.setDoubleValue('mz2',mz2) 

 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʦʣʴʟʦʚʘʪʝʣʶ ʤʦʛʫʪ ʧʦʥʘʜʦʙʠʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʙʠʙʣʠʦʪʝʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʚʭʦʜʷʪ ʚ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, NumPy ʠʣʠ LinearAlgebra .  ʕʪʠ ʙʠʙʣʠʦʪʝʢʠ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʪʦʨʦʥʥʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʥʘ ʷʟʳʢʝ Python (ʚʝʨʩʠʠ 3.x). ʇʦʣʴʟʦʚʘʪʝʣʴ 

ʟʘʛʨʫʞʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʝʤʫ ʙʠʙʣʠʦʪʝʢʠ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʠʭ ʩʦʛʣʘʩʥʦ 

ʠʥʩʪʨʫʢʮʠʷʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ.  

 

 

ɿɸʄɽʏɸʅʀɽ: ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʝʨʝʚʝʩʪʠ ʩʢʨʠʧʪʦʚʳʡ ʵʣʝʤʝʥʪ ʚ 

ʙʠʙʣʠʦʪʝʢʫ ʪʠʧʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʵʪʦʛʦ ʚ ʧʘʧʢʝ ʧʨʦʛʨʘʤʤʳ \DynamicsR4\Script\Python\ 

UserElement\ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʥʦʚʫʶ ʜʠʨʝʢʪʦʨʠʶ, ʚ ʢʦʪʦʨʫʶ 

ʪʨʝʙʫʝʪʩʷ ʩʢʦʧʠʨʦʚʘʪʴ ʬʘʡʣʳ ʠʟ ʩʦʩʝʜʥʠʭ ʧʘʧʦʢ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ 

ʩʢʨʠʧʪʦʚʳʝ ʵʣʝʤʝʥʪʳ, ʩ ʮʝʣʴʶ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʷ. 

ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʤʦʞʥʦ ʚʝʩʪʠ ʪʝʢʩʪʦʚʳʤ ʨʝʜʘʢʪʦʨʦʤ, ʥʘʧʨʠʤʝʨ, 

Notepad  ʠʣʠ Notepad ++ 
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11.3 ʅʝʣʠʥʝʡʥʘʷ ʦʧʦʨʘ (Non-linear support) 

ʕʣʝʤʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ 

ʩ ʥʝʣʠʥʝʡʥʦʡ ʨʘʜʠʘʣʴʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʈʠʩ. 11.4.  

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 
 

ʈʠʩ. 11.4 

ʉʚʷʟʴ ʤʦʞʝʪ ʠʤʝʪʴ ʟʘʟʦʨ. ʅʝʣʠʥʝʡʥʘʷ ʞʝʩʪʢʦʩʪʴ ʦʧʦʨʳ, ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ 

ʚʳʙʨʘʥ ʟʘʟʦʨ, ʟʘʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʝʞʜʫ ʜʝʬʦʨʤʘʮʠʝʡ ʠ ʩʠʣʦʡ, 

ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʠʥʦʤʦʤ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ Ax2+Bx=F(x). ʊʘʢʘʷ 

ʩʚʷʟʴ ʤʦʞʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʧʦʜʰʠʧʥʠʢʦʚʫʶ ʦʧʦʨʫ, ʜʣʷ 

ʢʦʪʦʨʦʡ ʧʦʣʫʯʝʥʘ ʪʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ʕʪʦʪ ʞʝ ʵʣʝʤʝʥʪ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ ʪʠʧʦʚ ʦʧʦʨʥʳʭ ʫʟʣʦʚ ʠʣʠ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ ʢʦʨʧʫʩʦʤ, ʨʦʪʦʨʦʤ ʠ ʨʦʪʦʨʦʤ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʧʦ ʨʘʜʠʘʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ. 

11.4 ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ ʩʢʦʣʴʞʝʥʠʷ [Plain journal  

bearing] 

ʄʦʜʝʣʠʨʫʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ, ʈʠʩ. 

11.5. ʇʝʨʚʳʡ ʪʠʧ ï ʢʦʨʦʪʢʠʡ (ʙʝʟ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʢʦʣʝʮ). ɺʪʦʨʦʡ ʪʠʧ - 

ʜʣʠʥʥʳʡ (ʩ ʫʧʣʦʪʥʠʪʝʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ). ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʞʠʜʢʦʩʪʥʦʡ ʧʣʝʥʢʠ ï [-́ʧʣʝʥʢʘ] (ʧʦʣʦʚʠʥʥʳʡ ʦʭʚʘʪ) ʠ [2ˊ-ʧʣʝʥʢʘ] 

(ʧʦʣʥʳʡ ʦʭʚʘʪ).  

 

ʕʣʝʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʣʴʢʦ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʘʥʘʣʠʟʝ ʜʣʷ 

ʣʶʙʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʳʭ, ʪʘʢ ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ. ʋʯʠʪʳʚʘʝʪʩʷ ʜʘʚʣʝʥʠʝ ʧʦʜʘʯʠ ʤʘʩʣʘ.    
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ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 

 

 

ʈʠʩ. 11.5 

11.5 ʐʘʨʠʢʦʧʦʜʰʠʧʥʠʢ [Ball bearing support] 

ʕʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʚʷʟʴʶ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʝʨʞʥʝʚʳʤʠ 

ʧʦʜʩʠʩʪʝʤʘʤʠ ʠ ʤʦʜʝʣʠʨʫʝʪ ʨʘʜʠʘʣʴʥʦ-ʫʧʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ ʢʘʯʝʥʠʷ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ ʩʪʘʪʦʨʦʤ/ʨʦʪʦʨʦʤ, ʈʠʩ. 11.6. 

 

ʈʠʩ. 11.6 

ʋʯʠʪʳʚʘʝʪʩʷ ʟʘʟʦʨ ʧʦʜʰʠʧʥʠʢʘ, ʢʦʣʠʯʝʩʪʚʦ ʪʝʣ ʢʘʯʝʥʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʚ ʟʦʥʝ ʥʘʛʨʫʞʝʥʠʷ ʠ ʧʝʨʝʜʘʶʱʠʭ ʨʘʜʠʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ, ʢʦʥʪʘʢʪʥʘʷ 

ʞʝʩʪʢʦʩʪʴ ʪʝʣ ʢʘʯʝʥʠʷ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʯʝʥʠʷ ʚ ʟʦʥʝ ʥʘʛʨʫʞʝʥʠʷ.  ɺ 

ʨʘʩʯʝʪʝ ʤʦʞʥʦ ʟʘʜʘʪʴ ʪʘʢʞʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʚ ʧʦʜʰʠʧʥʠʢʝ. 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 
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ʂʦʥʪʘʢʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ Kp_input  ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʜʘʥʘ, ʣʠʙʦ ʨʘʩʩʯʠʪʘʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

 

11.6 ʈʘʜʠʘʣʴʥʦ-ʫʧʦʨʥʳʡ ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢ [Angular contact 

ball bearing] 

ʕʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʚʷʟʴʶ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʝʨʞʥʝʚʳʤʠ 

ʧʦʜʩʠʩʪʝʤʘʤʠ ʠ ʤʦʜʝʣʠʨʫʝʪ ʰʘʨʠʢʦʚʳʡ ʧʦʜʰʠʧʥʠʢ. 

ʈʠʩ. 11.7 

ʋʯʠʪʳʚʘʝʪʩʷ ʫʛʦʣ ʢʦʥʪʘʢʪʘ, ʟʘʟʦʨ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʠ ʥʘʨʫʞʥʦʡ ʦʙʦʡʤʘʤ, 

ʨʘʜʠʫʩʳ ʢʨʠʚʠʟʥʳ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʦʙʦʡʤ, ʢʦʣʠʯʝʩʪʚʦ ʪʝʣ 

ʢʘʯʝʥʠʷ, ʠʭ ʠʥʝʨʮʠʷ ʠ ʢʦʥʪʘʢʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʚ ʟʦʥʝ ʥʘʛʨʫʞʝʥʠʷ. 

ʂʦʥʪʘʢʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ Kp_input  ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʜʘʥʘ, ʣʠʙʦ ʨʘʩʩʯʠʪʘʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ɺʦʟʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʠʩʪʝʤʫ ʙʝʟ ʫʯʝʪʘ ʠʥʝʨʮʠʠ ʰʘʨʠʢʦʚ ʠ ʩ ʝʝ 

ʫʯʝʪʦʤ. ɺ ʨʘʩʯʝʪʝ ʤʦʞʥʦ ʪʘʢʞʝ ʟʘʜʘʪʴ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʚ ʧʦʜʰʠʧʥʠʢʝ. 

ʕʣʝʤʝʥʪ ʫʯʠʪʳʚʘʝʪ ʧʷʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚʥʫʪʨʝʥʥʝʡ ʦʙʦʡʤʳ: ʪʨʠ 

ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʠ ʜʚʝ ʚʨʘʱʘʪʝʣʴʥʳʭ. 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 
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ʈʠʩ. 11.8 

 

ʊʘʙʣʠʮʘ 11.4 ʆʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘ 

ʇʘʨʘʤʝʪʨ ʆʧʠʩʘʥʠʝ 

Des ʇʦ ʫʤʦʣʯʘʥʠʶ ʧʝʨʝʤʝʥʥʘʷ ʠʤʝʝʪ ʪʝʢʩʪʦʚʦʝ ʟʥʘʯʝʥʠʝ [ʅʘʟʚʘʥʠʝ 

ʵʣʝʤʝʥʪʘ_ʅʦʤʝʨ].  ʏʠʩʣʦ ʫʢʘʟʳʚʘʝʪ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ 

ʵʣʝʤʝʥʪʘ ʚ ʤʦʜʝʣʠ.  ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʪʝʢʩʪ ʥʘ 
ʣʶʙʦʡ ʜʨʫʛʦʡ (ʥʘʧʨʠʤʝʨ, ʥʘ ʠʤʷ ʧʦʜʩʠʩʪʝʤʳ) 

conn_type ʇʝʨʝʤʝʥʥʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʩʚʷʟʴ 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʧʦʜʩʠʩʪʝʤʝ. ɺʦʟʤʦʞʥʦ ʜʚʘ ʚʘʨʠʘʥʪʘ: 
          [via body] ï ʩʚʷʟʴ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʧʦʜʩʠʩʪʝʤʝ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʊʦʯʢʘ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʤʝʥʝʤ 

ʧʦʜʩʠʩʪʝʤʳ ʠ ʢʦʦʨʜʠʥʘʪʦʡ z; 
          [via connection point] ï ʩʚʷʟʴ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʟʘʨʘʥʝʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʪʦʯʢʝ, ʩ ʟʘʜʘʥʥʳʤ ʠʤʝʥʝʤ. ʊʦʯʢʘ ʟʘʜʘʝʪʩʷ 

ʠʤʝʥʝʤ ʧʦʜʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʠ ʢʦʦʨʜʠʥʘʪʦʡ z 
(ʚ ʣʦʢʘʣʴʥʦʡ ʜʣʷ ʜʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ). ʕʪʦʪ 

ʪʠʧ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʚʷʟʠ ʙʦʣʝʝ ʫʜʦʙʝʥ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ 

ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 
ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʥʝʩʦʦʩʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ 

side1_subs ʇʝʨʝʤʝʥʥʘʷ ʫʢʘʟʳʚʘʝʪ ʧʦʜʩʠʩʪʝʤʫ, ʢ ʢʦʪʦʨʦʡ ʧʦʜʩʦʝʜʠʥʷʝʪʩʷ 

ʛʨʘʥʠʯʥʦʝ ʩʝʯʝʥʠʝ 1 ʩʚʷʟʠ.  ʇʦ ʫʤʦʣʯʘʥʠʶ ʚʳʙʨʘʥʥʦʡ 

ʧʦʜʩʠʩʪʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʫʣʝʚʘʷ ʧʦʜʩʠʩʪʝʤʘ (ʞʝʩʪʢʦʝ ʦʩʥʦʚʘʥʠʝ) 

side1_I ʂʦʦʨʜʠʥʘʪʘ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʯʥʦʛʦ ʩʝʯʝʥʠʷ 1 ʩʚʷʟʠ 

ʚ ʧʦʜʩʠʩʪʝʤʝ 
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side2_subs ʇʝʨʝʤʝʥʥʘʷ ʫʢʘʟʳʚʘʝʪ ʧʦʜʩʠʩʪʝʤʫ, ʢ ʢʦʪʦʨʦʡ ʧʦʜʩʦʝʜʠʥʷʝʪʩʷ 
ʛʨʘʥʠʯʥʦʝ ʩʝʯʝʥʠʝ 2 ʩʚʷʟʠ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʚʳʙʨʘʥʥʦʡ 

ʧʦʜʩʠʩʪʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʫʣʝʚʘʷ ʧʦʜʩʠʩʪʝʤʘ (ʞʝʩʪʢʦʝ ʦʩʥʦʚʘʥʠʝ) 

side2_I ʂʦʦʨʜʠʥʘʪʘ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʯʥʦʛʦ ʩʝʯʝʥʠʷ 2 ʩʚʷʟʠ 

ʚ ʧʦʜʩʠʩʪʝʤʝ 

Dr ɼʠʘʤʝʪʨ ʪʝʣ ʢʘʯʝʥʠʷ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʥʪʘʢʪʥʦʡ 

ʞʝʩʪʢʦʩʪʠ 

z ʏʠʩʣʦ ʪʝʣ ʢʘʯʝʥʠʷ 

Dm ɼʠʘʤʝʪʨ ʮʝʥʪʨʦʚ ʪʝʣ ʢʘʯʝʥʠʷ ʧʦʜʰʠʧʥʠʢʘ ʧʦ ʯʝʨʪʝʞʫ 

deltai ɿʘʟʦʨ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʜʦʨʦʞʢʝ ʢʘʯʝʥʠʷ ʧʦ ʫʛʣʫ ʢʦʥʪʘʢʪʘ. ʕʪʦʪ 
ʧʘʨʘʤʝʪʨ ʜʦʩʪʫʧʝʥ ʚ ʨʝʞʠʤʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ [input]=clearance 

delta0 ɿʘʟʦʨ ʧʦ ʚʥʝʰʥʝʡ ʜʦʨʦʞʢʝ ʢʘʯʝʥʠʷ ʧʦ ʫʛʣʫ ʢʦʥʪʘʢʪʘ. ʕʪʦʪ 

ʧʘʨʘʤʝʪʨ ʜʦʩʪʫʧʝʥ ʚ ʨʝʞʠʤʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ [input]=clearance 

Kp_input  ʊʠʧ ʚʚʦʜʘ ʢʦʥʪʘʢʪʥʦʡ ʞʝʩʪʢʦʩʪʠ. ɺ ʵʣʝʤʝʥʪʝ ʤʦʞʝʪ ʙʳʪʴ 
ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʧʦʜʰʠʧʥʠʢʘ.  

Kpi  ʂʦʥʪʘʢʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʜʦʨʦʞʢʝ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ 

ʜʦʩʪʫʧʝʥ ʚ ʨʝʞʠʤʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ [Kp_input]=ʚʚʦʜ 

Kpe ʂʦʥʪʘʢʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʧʦ ʚʥʝʰʥʝʡ ʜʦʨʦʞʢʝ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ 
ʜʦʩʪʫʧʝʥ ʚ ʨʝʞʠʤʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ [Kp_input]=ʚʚʦʜ 

zp ʆʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʪʝʣ ʢʘʯʝʥʠʷ ʜʦ ʮʝʥʪʨʘ ʢʨʠʚʠʟʥʳ 

ʚʥʫʪʨʝʥʥʝʡ ʜʦʨʦʞʢʠ ʢʘʯʝʥʠʷ.  ɿʥʘʢ ç-è ʦʟʥʘʯʘʝʪ ʧʦʣʦʞʝʥʠʝ 
ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ ʥʘ ʣʝʚʦʡ ʯʘʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʴʮʘ. ʕʪʦʪ 

ʧʘʨʘʤʝʪʨ ʜʦʩʪʫʧʝʥ ʚ ʨʝʞʠʤʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ [input]=coordinates 

zq ʆʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʪʝʣ ʢʘʯʝʥʠʷ ʜʦ ʮʝʥʪʨʘ ʢʨʠʚʠʟʥʳ 

ʚʥʝʰʥʝʡ ʜʦʨʦʞʢʠ ʢʘʯʝʥʠʷ.  ɿʥʘʢ ç-è ʦʟʥʘʯʘʝʪ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ 
ʢʦʥʪʘʢʪʘ ʥʘ ʣʝʚʦʡ ʯʘʩʪʠ ʚʥʝʰʥʝʛʦ ʢʦʣʴʮʘ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ 

ʜʦʩʪʫʧʝʥ ʚ ʨʝʞʠʤʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ [input]=coordinates 

Rp ʈʘʜʠʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʝʚʦʡ ʣʠʥʠʠ ʧʦʜʰʠʧʥʠʢʘ ʜʦ ʮʝʥʪʨʘ 
ʢʨʠʚʠʟʥʳ ʚʥʫʪʨʝʥʥʝʡ ʜʦʨʦʞʢʠ ʢʘʯʝʥʠʷ.  ʕʪʦʪ ʧʘʨʘʤʝʪʨ 

ʜʦʩʪʫʧʝʥ ʚ ʨʝʞʠʤʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ [input]=coordinates 

Rq ʈʘʜʠʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʝʚʦʡ ʣʠʥʠʠ ʧʦʜʰʠʧʥʠʢʘ ʜʦ ʮʝʥʪʨʘ 
ʢʨʠʚʠʟʥʳ ʚʥʫʪʨʝʥʥʝʡ ʜʦʨʦʞʢʠ ʢʘʯʝʥʠʷ.  ʕʪʦʪ ʧʘʨʘʤʝʪʨ 

ʜʦʩʪʫʧʝʥ ʚ ʨʝʞʠʤʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ [input]=coordinates 

Ri ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʚʥʫʪʨʝʥʥʝʡ ʜʦʨʦʞʢʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʨʘʩʯʝʪʝ ʢʦʥʪʘʢʪʥʦʡ ʞʝʩʪʢʦʩʪʠ 

Ro ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʚʥʝʰʥʝʡ ʜʦʨʦʞʢʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ 

ʢʦʥʪʘʢʪʥʦʡ ʞʝʩʪʢʦʩʪʠ 

alfa_i ʅʦʤʠʥʘʣʴʥʳʡ ʫʛʦʣ ʢʦʥʪʘʢʪʘ ʚ ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʝ ʧʦ 

ʚʥʫʪʨʝʥʥʝʤʫ ʢʦʣʴʮʫ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʜʦʩʪʫʧʝʥ ʚ ʨʝʞʠʤʝ 
ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ [input]=clearance 

alfa_o ʅʦʤʠʥʘʣʴʥʳʡ ʫʛʦʣ ʢʦʥʪʘʢʪʘ ʚ ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʝ ʧʦ ʚʥʝʰʥʝʤʫ 

ʢʦʣʴʮʫ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʜʦʩʪʫʧʝʥ ʚ ʨʝʞʠʤʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 
[input]=clearance 

Phi0 ʋʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ 1-ʛʦ ʪʝʣʘ ʢʘʯʝʥʠʷ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʩ ʚʨʘʱʝʥʠʝʤ. ʄʦʞʝʪ ʠʤʝʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʜʰʠʧʥʠʢʘ ʧʨʠ ʨʘʩʯʝʪʝ ʩʦ 
ʩʪʘʪʠʯʝʩʢʠʤ ʨʘʜʠʘʣʴʥʳʤ ʥʘʛʨʫʞʝʥʠʝʤ 
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input_type 

 

ʇʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʟʘʜʘʥʠʷ ʛʝʦʤʝʪʨʠʠ 

ʧʦʜʰʠʧʥʠʢʘ (ʈʠʩ. 11.8). ɺ ʨʝʞʠʤʝ [coordinates] ʟʘʜʘʶʪʩʷ 

ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʢʨʠʚʠʟʥ ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ. ʗʚʣʷʝʪʩʷ 

ʨʝʞʠʤʦʤ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʭʦʜʠʤʦʩʪʠ ʨʘʩʯʝʪʦʚ ʨʝʞʠʤʦʤ. ɺ ʨʝʞʠʤʝ [clearance] ʟʘʜʘʶʪʩʷ  
ʟʘʟʦʨʳ ʧʦ ʫʛʣʫ ʢʦʥʪʘʢʪʘ, ʫʛʣʳ ʢʦʥʪʘʢʪʘ, ʜʠʘʤʝʪʨ ʮʝʥʪʨʦʚ ʪʝʣ 

ʢʘʯʝʥʠʷ. 

inertia ʇʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʨʘʩʯʝʪ ʩ ʫʯʝʪʦʤ ʠʣʠ ʙʝʟ ʫʯʝʪʘ ʠʥʝʨʮʠʦʥʥʳʭ 
ʩʠʣ ʚ ʪʝʣʘʭ ʢʘʯʝʥʠʷ 

Mr  ʄʘʩʩʘ ʰʘʨʠʢʘ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʜʦʩʪʫʧʝʥ ʚ ʨʝʞʠʤʝ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ [inertia]=ʜʘ 

conditions ʇʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʚʘʨʠʘʥʪʳ ʫʯʝʪʘ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʡ 
ʧʦʜʰʠʧʥʠʢʘ.  [none] - ʙʝʟ ʫʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨ ʠ ʤʦʥʪʘʞʥʳʭ 

ʥʘʪʷʛʦʚ ʠ ʟʘʟʦʨʦʚ; [temperature] - ʫʯʝʪ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ; [mounting_fits] - ʫʯʝʪ ʪʦʣʴʢʦ ʤʦʥʪʘʞʥʳʭ ʥʘʪʷʛʦʚ ʠ 
ʟʘʟʦʨʦʚ; [both] - ʫʯʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʪʝʤʧʝʨʘʪʫʨ ʠ ʤʦʥʪʘʞʥʳʭ 

ʥʘʪʷʛʦʚ ʠ ʟʘʟʦʨʦʚ 

ʨʘʩʰ.ʚʳʚʦʜ ɽʩʣʠ ʚʳʙʨʘʥʦ "ʉʪʘʥʜʘʨʪ", ʪʦ ʚʦ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʙʫʜʫʪ ʚʳʚʦʜʠʪʴʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɽʩʣʠ ʚʳʙʨʘʥʦ çʕʢʩʧʝʨʪè, ʪʦ ʙʫʜʫʪ 
ʚʳʯʠʩʣʷʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʚʳʚʦʜʠʪʩɹʷ ʚ 

ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʩʯʝʪʘ ʧʦ ʪʝʢʫʱʝʤʫ ʥʝʣʠʥʝʡʥʦʤʫ ʵʣʝʤʝʥʪʫ. 

ʅʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦ ʤʦʞʝʪ  ʧʨʠʚʝʩʪʠ ʢ ʟʘʤʝʜʣʝʥʠʶ ʨʘʩʯʝʪʘ. ʇʦ 

ʫʤʦʣʯʘʥʠʶ ʟʥʘʯʝʥʠʝ "ʅʝʪ" 

d* ʇʝʨʝʤʝʥʥʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʘ (ʚʥʫʪʨʝʥʥʠʡ 
ʜʠʘʤʝʪʨ) ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ 

D* ʇʝʨʝʤʝʥʥʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʘ (ʥʘʨʫʞʥʳʡ  

ʜʠʘʤʝʪʨ) ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ 

B* ʐʠʨʠʥʘ ʩʚʷʟʠ ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʩʯʝʪʘʭ  

 

11.7 ʈʦʣʠʢʦʚʳʡ ʧʦʜʰʠʧʥʠʢ  [Roll bearing support] 

ʕʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʚʷʟʴʶ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʝʨʞʥʝʚʳʤʠ 

ʧʦʜʩʠʩʪʝʤʘʤʠ ʠ ʤʦʜʝʣʠʨʫʝʪ ʨʦʣʠʢʦʚʳʡ ʧʦʜʰʠʧʥʠʢ ʢʘʯʝʥʠʷ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ ʩʪʘʪʦʨʦʤ (ʨʦʪʦʨʦʤ ʠ ʨʦʪʦʨʦʤ), ʈʠʩ. 

11.9. ʋʯʠʪʳʚʘʝʪʩʷ ʟʘʟʦʨ ʧʦʜʰʠʧʥʠʢʘ, ʢʦʣʠʯʝʩʪʚʦ ʪʝʣ ʢʘʯʝʥʠʷ, 

ʧʝʨʝʜʘʶʱʠʭ ʨʘʜʠʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ, ʢʦʥʪʘʢʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʪʝʣ ʢʘʯʝʥʠʷ ʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʯʝʥʠʷ ʚ ʟʦʥʝ ʥʘʛʨʫʞʝʥʠʷ. ɺ ʨʘʩʯʝʪʝ ʤʦʞʥʦ ʟʘʜʘʪʴ  

ʪʘʢʞʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʚ ʧʦʜʰʠʧʥʠʢʝ. 
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ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 

 

 
 

ʈʠʩ. 11.9 

11.8 ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʝʤʧʬʝʨ [Damper support] 

ʄʦʜʝʣʠʨʫʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʜʝʤʧʬʝʨʦʚ ï ʢʦʨʦʪʢʠʡ (ʙʝʟ 

ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʢʦʣʝʮ) ʠ ʜʣʠʥʥʳʡ (ʩ ʫʧʣʦʪʥʠʪʝʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ ʧʦ 

ʢʨʘʷʤ), ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʙʠʥʘʮʠʠ, ʈʠʩ. 11.10. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʞʠʜʢʦʩʪʥʦʡ ʧʣʝʥʢʠ ï [ -́ʧʣʝʥʢʘ] (ʧʦʣʦʚʠʥʥʳʡ 

ʦʭʚʘʪ) ʠ [2 ˊ-ʧʣʝʥʢʘ] (ʧʦʣʥʳʡ ʦʭʚʘʪ). ʃʘʤʠʥʘʨʥʦʝ ʪʝʯʝʥʠʝ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʘʢ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ, ʪʘʢ ʠ 

ʥʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʘʭ. 

ʈʠʩ. 11.10 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 
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11.9 ɿʘʟʦʨ [Clearance] 

ʕʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʨʫʛʦ-ʜʝʤʧʬʝʨʥʳʡ ʦʛʨʘʥʠʯʠʪʝʣʴ 

ʧʨʦʛʠʙʘ. ʇʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʠʩʪʝʤʳ ʩ ʟʘʟʦʨʘʤʠ, ʨʘʟʣʠʯʥʳʤʠ 

ʚʠʜʘʤʠ ʢʦʥʪʘʢʪʦʚ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʣʦʞʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʦʨʥʳʭ ʫʟʣʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʈʠʩ. 11.11. ɺ ʤʦʜʝʣʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʚʷʟʴʶ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ ʦʙʱʝʛʦ ʚʠʜʘ. 
 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 
 

 

 

 
 

 
ʈʠʩ. 11.11 
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ɿɸʄɽʏɸʅʀɽ: ʇʘʨʘʤʝʪʨ ʵʣʝʤʝʥʪʘ side_1 ʚʩʝʛʜʘ ʜʦʣʞʝʥ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʥʝʰʥʝʡ ʧʦʜʩʠʩʪʝʤʝ, ʘ ʧʘʨʘʤʝʪʨ side_2 ï ʚʥʫʪʨʝʥʥʝʡ. 

 

ɿɸʄɽʏɸʅʀɽ: ʕʣʝʤʝʥʪ ʚʩʝʛʜʘ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʢʨʝʧʣʝʥ ʢ ʜʚʫʤ 

ʧʦʜʩʠʩʪʝʤʘʤ. ʆʪʩʫʪʩʪʚʠʝ ʟʘʢʨʝʧʣʝʥʠʷ ʧʦ ʦʜʥʦʡ ʠʟ ʩʪʦʨʦʥ (side_1 ʠʣʠ 

side_2) ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. 

 

 

ʊʘʙʣʠʮʘ 11.5 

ʆʙʦʟʥʘʯʝʥʠʝ ʆʧʠʩʘʥʠʝ 

L1 ʉʤʝʱʝʥʠʝ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʫʧʨʫʛʦ-

ʜʝʤʧʬʝʨʥʦʛʦ ʧʘʢʝʪʘ 1 ʢ ʧʦʜʩʠʩʪʝʤʝ 

L2 ʉʤʝʱʝʥʠʝ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʫʧʨʫʛʦ-

ʜʝʤʧʬʝʨʥʦʛʦ ʧʘʢʝʪʘ 2 ʢ ʧʦʜʩʠʩʪʝʤʝ 

L3 ʉʤʝʱʝʥʠʝ ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ. ʇʦ ʫʤʦʣʯʘʥʠʶ 

L1=L2=L3=0 

k1 ʂʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʥʘʨʫʞʥʦʛʦ ʫʧʨʫʛʦ-

ʜʝʤʧʬʝʨʥʦʛʦ ʧʘʢʝʪʘ 1 

c1 ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʥʘʨʫʞʥʦʛʦ ʫʧʨʫʛʦ-

ʜʝʤʧʬʝʨʥʦʛʦ ʧʘʢʝʪʘ 1 

k2 ʂʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʫʧʨʫʛʦ-

ʜʝʤʧʬʝʨʥʦʛʦ ʧʘʢʝʪʘ 2 

c2 ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʥʘʨʫʞʥʦʛʦ ʫʧʨʫʛʦ-

ʜʝʤʧʬʝʨʥʦʛʦ ʧʘʢʝʪʘ 2 

R ʅʘʨʫʞʥʳʡ ʨʘʜʠʫʩ ʚʥʫʪʨʝʥʥʝʛʦ ʫʧʨʫʛʦ-ʜʝʤʧʬʝʨʥʦʛʦ 

ʧʘʢʝʪʘ 2 

delta ʈʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ 

e1 ʅʘʯʘʣʴʥʳʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ (ʩʤʝʱʝʥʠʝ ʧʦʜʩʠʩʪʝʤʳ 

ʦʪ ʦʙʱʝʡ ʦʩʠ ʚʨʘʱʝʥʠʷ) ʧʦʜʩʠʩʪʝʤʳ 1 

e2 ʅʘʯʘʣʴʥʳʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ (ʩʤʝʱʝʥʠʝ ʧʦʜʩʠʩʪʝʤʳ 

ʦʪ ʦʙʱʝʡ ʦʩʠ ʚʨʘʱʝʥʠʷ) ʧʦʜʩʠʩʪʝʤʳ 2 

Teta1 ʅʘʯʘʣʴʥʦʝ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʫʧʨʫʛʦ-ʜʝʤʧʬʝʨʥʦʛʦ 

ʧʘʢʝʪʘ 1 

Teta2 ʅʘʯʘʣʴʥʦʝ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʫʧʨʫʛʦ-ʜʝʤʧʬʝʨʥʦʛʦ 

ʧʘʢʝʪʘ 2 

mue ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ 

Vsmin ʄʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ. 

Vsmin=0.001 ʤ/ʩʝʢ 
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11.10 ʇʦʜʰʠʧʥʠʢ ʩʫʭʦʛʦ ʪʨʝʥʠʷ [Dry bush] 

ʕʣʝʤʝʥʪ ʤʦʜʝʣʠʨʫʝʪ ʧʦʜʰʠʧʥʠʢ ʩʫʭʦʛʦ ʪʨʝʥʠʷ. ʄʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ 

ʢʦʥʪʘʢʪ ʚ ʪʦʯʢʝ ʠʣʠ ʧʦ ʣʠʥʠʠ. ɺ ʩʣʫʯʘʝ ʪʦʯʝʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ ʵʣʝʤʝʥʪʘ ɿʘʟʦʨ (ʚʳʰʝ ʩʢʦʨʦʩʪʴ 

ʨʘʩʯʝʪʘ). ʈʠʩ. 11.12. 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 

 

 

ʈʠʩ. 11.12 

 

ʊʘʙʣʠʮʘ 11.6 

ʆʙʦʟʥʘʯʝʥʠʝ ʆʧʠʩʘʥʠʝ 

Type ʊʠʧ ʢʦʥʪʘʢʪʘ ʚ ʦʧʦʨʝ. ʄʦʞʝʪ ʙʳʪʴ ʪʦʯʝʯʥʳʤ ʠʣʠ 

ʣʠʥʝʡʥʳʤ. ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʛʦ ʢʦʥʪʘʢʪʘ ʙʫʜʫʪ 

ʨʘʩʩʯʠʪʘʥʳ ʤʦʤʝʥʪʥʳʝ ʨʝʘʢʮʠʠ. 

L1 ʉʤʝʱʝʥʠʝ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʫʧʨʫʛʦ-

ʜʝʤʧʬʝʨʥʦʛʦ ʧʘʢʝʪʘ  1 ʢ ʧʦʜʩʠʩʪʝʤʝ 
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k1 ʂʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʥʘʨʫʞʥʦʛʦ ʫʧʨʫʛʦ-

ʜʝʤʧʬʝʨʥʦʛʦ ʧʘʢʝʪʘ 1 

c1 ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʥʘʨʫʞʥʦʛʦ ʫʧʨʫʛʦ-

ʜʝʤʧʬʝʨʥʦʛʦ ʧʘʢʝʪʘ 1 

R ʅʘʨʫʞʥʳʡ ʨʘʜʠʫʩ ʚʥʫʪʨʝʥʥʝʛʦ ʫʧʨʫʛʦ-ʜʝʤʧʬʝʨʥʦʛʦ 

ʧʘʢʝʪʘ 2 

delta ʈʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ 

mue ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ 

Vsmin ʄʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ. 

Vsmin=0.001 ʤ/ʩʝʢ 

 

11.11 ɸʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʜʰʠʧʥʠʢ [Active magnetic 

bearing support] 

ʕʣʝʤʝʥʪ ʷʚʣʷʝʪʩʷ ʩʚʷʟʴʶ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʝʨʞʥʝʚʳʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ ʠ 

ʤʦʜʝʣʠʨʫʝʪ ʘʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʜʰʠʧʥʠʢ (ɸʄʇ), ʈʠʩ. 11.15. 

ʄʦʜʝʣʠʨʫʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ɸʄʇ: ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ, ʢʦʥʠʯʝʩʢʠʡ 

ʠ ʦʩʝʚʦʡ. ɺʦʟʤʦʞʥʦ ʜʚʘ ʪʠʧʘ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʰʠʧʥʠʢʘï[standard] 

(ʦʙʳʯʥʳʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ) ʠ [expert]. ʕʢʩʧʝʨʪʥʳʡ ʚʚʦʜ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʣʫʯʘʝʚ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʟʥʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʘʣʛʦʨʠʪʤʘ ʤʘʛʥʠʪʥʦʡ ʦʧʦʨʳ. ɺ ʤʦʜʝʣʠ 

ʫʯʠʪʳʚʘʝʪʩʷ: ʟʘʟʦʨ ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ ʩʪʘʪʦʨʦʤ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʦʢ ʠ 

ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʦʙʤʦʪʢʝ, ʢʦʣ-ʚʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ, ʯʠʩʣʦ 

ʧʦʣʶʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʘʤʝʥʳ ʦʙʤʦʪʢʠ. ʇʦʣʶʩ ʫʧʨʘʚʣʝʥʠʷ - ɻ ʪʦ 

ʦʩʴ, ʩʦʚʧʘʜʘʶʱʘʷ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʜʝʡʩʪʚʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʩʠʣʳ ʦʪ 

ʙʣʠʞʘʡʰʠʭ ʢ ʥʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ, ʪʦʢ 

ʜʣʷ ʵʪʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ 

ʦʩʠ ʧʦʣʶʩʘ ʫʧʨʘʚʣʝʥʠʷ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʳ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʧʦʣʶʩʘʤ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʦʵʪʦʤʫ ʢʦʣ-ʚʦ ʧʦʣʶʩʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ ʚ ʦʧʦʨʝ ʜʦʣʞʥʦ ʙʳʪʴ ʢʨʘʪʥʦ 

ʯʠʩʣʫ ʧʦʣʶʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʈʠʩ. 11.13. ɺʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ï ʩ [PD ï ʨʝʛʫʣʷʪʦʨʦʤ] ʠ [PID ï ʨʝʛʫʣʷʪʦʨʦʤ]. 

 

ʈʠʩ. 11.13 
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ʕʣʝʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʣʴʢʦ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʘʥʘʣʠʟʝ ʜʣʷ 

ʣʶʙʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʳʭ, ʪʘʢ ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ. 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 
 

 
 

 

ʈʠʩ. 11.15 

ʅʘ ʈʠʩ. 11.14 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘ ʩ 

ʝʝ ʦʩʥʦʚʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʪʦʢ ʚ ʦʙʤʦʪʢʝ 

ʷʚʣʷʝʪʩʷ ʪʦʢʦʤ ʥʘʩʳʱʝʥʠʷ. ʄʠʥʠʤʘʣʴʥʦʝ ʢʦʣ-

ʚʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ ʠ ʧʦʣʶʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʚʥʦ 3.  

 

ʇʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʪʦʨʘ ὑȟὑȟὑʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʝʤʫ 

ʚʳʨʘʞʝʥʠʶ: 

Ὅ ὑόὸ ὑ όὸὨὸὑ
Ὠόὸ

Ὠὸ
 

ʛʜʝ: I ï ʪʦʢ, ʧʦʜʘʶʱʠʡʩʷ ʥʘ ʧʦʣʶʩ ʫʧʨʘʚʣʝʥʠʷ,  

u(t) - ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʧʦʣʶʩʘ ʫʧʨʘʚʣʝʥʠʷ, 

 tïʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, +ȟ+ȟ+ - ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ, 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇɼ ï ʨʝʛʫʣʷʪʦʨ ʨʝʘʣʠʟʫʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ 

ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ. 

 

ʈʠʩ. 11.14 
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ʇʀɼ ï ʨʝʛʫʣʷʪʦʨ ʨʝʘʣʠʟʫʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ. 

 

ɿɸʄɽʏɸʅʀɽ: ʆʧʮʠʷ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ (ʠʟʦʪʨʦʧʥʳʡ ʠʣʠ ʧʦʣʥʳʡ) 

ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʥʝ ʨʝʘʣʠʟʦʚʘʥʳ ʚ DYNAMICS R4.8. 

11.12 ʉʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ [Seismic Excitation] 

ʉʚʷʟʴ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʨʘʩʯʝʪʝ ʘʣʛʦʨʠʪʤʘ [ʅʝʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ] 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ  ʦʩʥʦʚʘʥʠʷ ʫʩʪʘʥʦʚʢʠ ʠ 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ. ʆʜʥʠʤ ʠʟ ʯʘʩʪʥʳʭ 

ʩʣʫʯʘʝʚ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʫʩʪʘʥʦʚʢʠ ʚ ʫʩʣʦʚʠʷʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʕʣʝʤʝʥʪ 

ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʦʠʪʴ ʞʝʩʪʢʦʩʪʴ ʩʚʷʟʠ ʦʩʥʦʚʘʥʠʷ ʩ ʫʩʪʘʥʦʚʢʦʡ ʚ ʪʨʝʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʟʘʜʘʪʴ ʩʧʝʢʪʨ ʦʪʢʣʠʢʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ 

ʩʪʦʨʦʥʳ ʦʩʥʦʚʘʥʠʷ.  

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 
 

 

 
 

ʈʠʩ. 11.16 

ɺʦʟʜʝʡʩʪʚʠʝ ʟʘʜʘʝʪʩʷ ʢʘʢ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʜʝʡʩʪʚʫʶʱʠʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʦʜʝʣʝʥ ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʠʘʧʘʟʦʥʦʚ. ɼʠʘʧʘʟʦʥ ʥʘʨʘʩʪʘʶʱʠʭ, ʧʦʩʪʦʷʥʥʳʭ 

ʠ ʟʘʪʫʭʘʶʱʠʭ ʘʤʧʣʠʪʫʜ. 

ɾʝʩʪʢʦʩʪʴ ʩʚʷʟʠ ʤʦʜʝʣʠ ʩ ʦʩʥʦʚʘʥʠʝʤ ʟʘʜʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʞʝʩʪʢʦʩʪʠ  Kxx, Kyy, Kzz.  
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ɿɸʄɽʏɸʅʀɽ: ɼʣʷ ʨʘʩʯʝʪʘ  ʘʣʛʦʨʠʪʤʘ [ɹʘʟʠʩ] ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ 

ʣʠʥʝʡʥʳʭ ʩʚʷʟʝʡ ʫʩʪʘʥʦʚʢʠ ʩ ʦʩʥʦʚʘʥʠʝʤ. ɾʝʩʪʢʦʩʪʠ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ 

ʚ ʪʘʢʦʡ ʩʚʷʟʠ ʟʘʜʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʤʠ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʞʝʩʪʢʦʩʪʴʶ ʚ ʥʝʣʠʥʝʡʥʦʤ ʵʣʝʤʝʥʪʝ). ʉʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʥʘ ʫʛʣʳ 

ʧʦʚʦʨʦʪʘ ʤʦʛʫʪ ʙʳʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʙʦʣʴʰʠʤʠ ʤʦʤʝʥʪʥʳʤʠ 

ʞʝʩʪʢʦʩʪʷʤʠ (1ʝ10-1ʝ11 ʅ/ʤ) 

 

ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠ ̫ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʟʚʘʪʴ ʜʠʘʣʦʛ ʨʘʩʰʠʨʝʥʥʦʡ ʥʘʩʪʨʦʡʢʠ ʜʚʦʡʥʳʤ ʢʣʠʢʦʤ ʥʘ çéè () ʠʣʠ 

ʢʦʤʘʥʜʦʡ ñExtended Propertiesò ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ. 

 

 
ʈʠʩ. 11.17 

ʅʘ ʈʠʩ. 11.17 ʧʦʢʘʟʘʥ ʜʠʘʣʦʛ ʥʘʩʪʨʦʡʢʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʩʥʦʚʘʥʠʝ. ʎʠʬʨʘʤʠ ʦʪʤʝʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ: 

1. ʊʘʙʣʠʮʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘ ʈʠʩ. 11.18 ʧʦʢʘʟʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʩʪʘʜʠʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ï ʟʦʥʳ ʨʦʩʪʘ ʘʤʧʣʠʪʫʜ, 

ʧʦʩʪʦʷʥʥʳʭ ʘʤʧʣʠʪʫʜ ʠ ʟʘʪʫʭʘʶʱʠʭ ʘʤʧʣʠʪʫʜ ʚʭʦʜʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ t_dec 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʢʣʶʯʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʵʪʦ ʟʥʘʯʝʥʠʝ ʟʘ ʧʨʝʜʝʣʘʤʠ ʚʨʝʤʝʥʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

2 
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2. ʊʘʙʣʠʮʘ ʯʘʩʪʦʪ ʠ ʘʤʧʣʠʪʫʜ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʧʝʢʪʨ ʦʪʚʝʪʘ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. 

ʉʣʝʜʫʝʪ ʟʘʜʘʚʘʪʴ ʟʥʘʯʘʱʠʝ ʪʦʯʢʠ ʜʠʘʛʨʘʤʤʳ ʩʧʝʢʪʨʘ ʦʪʚʝʪʘ. ɽʩʣʠ 

ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʘʨʤʦʥʠʢʠ (ʥʘʧʨʠʤʝʨ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʙʩʪʚʝʥʥʳʤ ʯʘʩʪʦʪʘʤ ʢʦʥʩʪʨʫʢʮʠʠ), ʪʦ ʚ ʧʦʣʝ 

ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʯʠʩʣʦ, ʣʠʙʦ 

ʦʩʪʘʚʠʪʴ ʷʯʝʡʢʫ ʧʫʩʪʦʡ. ʊʦʛʜʘ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʜʣʷ ʵʪʠʭ ʯʘʩʪʦʪ 

ʙʫʜʫʪ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʳ ʧʦ ʟʘʜʘʥʥʳʤ ʢʣʶʯʝʚʳʤ ʪʦʯʢʘʤ. ɽʩʣʠ 

ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʝʥʥʦ ʦʪʢʣʶʯʠʪʴ ʢʘʢʫʶ-ʣʠʙʦ ʛʘʨʤʦʥʠʯʝʩʢʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ, ʪʦ ʚ ʷʯʝʡʢʝ ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ 0. 

3. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʪʘʙʣʠʮʘ ʩʧʝʢʪʨʘ ʦʪʚʝʪʘ ʩ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʘʤʧʣʠʪʫʜ. 

4. ɿʘʜʘʥʥʳʡ ʩʧʝʢʪʨ ʦʪʚʝʪʘ ʚ ʚʠʜʝ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

5. ɸʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʜʣʷ ʟʦʥʳ ʧʦʩʪʦʷʥʥʳʭ ʘʤʧʣʠʪʫʜ. 

6. ʂʥʦʧʢʘ çɼʦʙʘʚʠʪʴè ʩʣʫʞʠʪ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʩʧʝʢʪʨ ʦʪʚʝʪʘ ʦʪ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. 

 

 
ʈʠʩ. 11.18 
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11.13 ʆʜʥʦʩʪʦʨʦʥʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʨʠʪʷʞʝʥʠʝ [Unbalanced 

Magnetic Pull] 

ʉʚʷʟʴ, ʤʦʜʝʣʠʨʫʶʱʘʷ ʵʬʬʝʢʪ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʨʠʪʷʞʝʥʠʷ/ʪʷʞʝʥʠʷ (Unbalanced Magnetic Pull -UMP) ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʘʰʠʥʘʭ. ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ 

ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ ʩʪʘʪʦʨʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠʣʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʨʦʪʦʨʘ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʚʳʟʳʚʘʝʪ ʦʜʥʦʩʪʦʨʦʥʥʶʶ ʨʘʜʠʘʣʴʥʫʶ ʩʠʣʫ, ʧʨʠʣʦʞʝʥʥʫʶ ʢ ʮʝʥʪʨʫ 

ʨʦʪʦʨʘ ʠ ʥʘʧʨʘʚʣʝʥʥʫʶ ʚ ʩʪʦʨʦʥʫ ʥʘʠʤʝʥʴʰʝʛʦ ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ. 

UMP ʨʘʙʦʪʘʝʪ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʨʦʪʦʨʘ. ʆʜʥʦʩʪʦʨʦʥʥʝʝ 

ʤʘʛʥʠʪʥʦʝ ʧʨʠʪʷʞʝʥʠʝ ʧʨʠʩʫʱʝ ʛʠʜʨʦʛʝʥʝʨʘʪʦʨʘʤ ʠ ʘʩʠʥʭʨʦʥʥʳʤ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤ 

 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 
 

 

 

 
 

ʈʠʩ. 11.19 

 

ʊʘʙʣʠʮʘ 11.7 

model 

ɺʳʙʦʨ ʪʠʧʘ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ UMP. EM 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʘʰʠʥ. Hydro ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʥʦʛʦʧʦʣʶʩʥʳʭ 

ʤʘʰʠʥ, ʪʘʢʠʭ ʢʘʢ ʛʝʥʝʨʘʪʦʨʳ ʜʣʷ ʛʠʜʨʦʪʫʨʙʠʥ. 

L ɼʣʠʥʘ ʯʘʩʪʠ ʨʦʪʦʨʘ ʩ ʦʙʤʦʪʢʦʡ 

air_gap 

ʅʦʤʠʥʘʣʴʥʳʡ ʚʦʟʜʫʰʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ 

ʩʪʘʪʦʪʨʦʤ 
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Ds ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʩʪʘʪʦʨʘ 

Np ʯʠʩʣʦ ʧʦʣʶʩʦʚ 

Ss ʃʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʦʙʤʦʪʢʝ 

B 

ʅʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚ ʚʦʟʜʫʰʥʦʤ ʟʘʟʦʨʝ 

kc 

ʂʦʵʬʬʠʮʠʝʥʪ ʂʘʨʪʝʨʘ (ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʟʜʫʰʥʦʛʦ 

ʟʘʟʦʨʘ) ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʟʘʟʦʨʝ ʢ 

ʩʨʝʜʥʝʡ. 

 

ʅʘ ʈʠʩ. 11.20 ʧʦʢʘʟʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʜʝʣʝʡ ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʤʦʜʝʣʠ UMP ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

 

 
ʈʠʩ. 11.20 

ɺ ʩʣʫʯʘʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ UMP ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ. ɺ ʩʣʫʯʘʝ ʛʠʜʨʦʛʝʥʝʨʘʪʦʨʘ ʚʪʦʨʦʝ 

ʫʨʘʚʥʝʥʠʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʢʦʪʦʨʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʘʞʜʦʛʦ ʠʟ ʪʠʧʦʚ 

ʤʘʰʠʥ. 
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11.14 ʑʝʣʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ [Annular  seal]] 

ʉʚʷʟʴ ʤʦʜʝʣʠʨʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʦʪʦʨʘ ʠ ʢʦʨʧʫʩʘ ʚ ʫʩʣʦʚʠʠ 

ʧʨʦʪʝʢʘʥʠʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʷʟʢʦʩʪʴʶ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʯʝʨʝʟ ʥʝʙʦʣʴʰʦʡ ʨʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ï ʱʝʣʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ 

(ʈʠʩ. 11.21). ɺ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ, ʦʧʠʩʳʚʘʶʱʠʡ ʦʙʲʝʤʥʦʝ 

ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʩ ʫʯʝʪʦʤ ʮʝʥʪʨʠʨʫʶʱʝʡ ʩʠʣʳ (ʵʬʬʝʢʪʘ ʃʦʤʘʢʠʥʘ), 

ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ ʠ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʚ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʨʝʜʥʝʡ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʪʝʨʘʪʠʚʥʳʡ ʧʨʦʮʝʩʩ. 

ʈʦʪʦʨʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʧʨʝʜʝʣʷʪʁʩʷ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ.  

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

  

 

 

 
 

ʈʠʩ. 11.21 

11.15 ʈʘʩʯʝʪ ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚ ʥʝʣʠʥʝʡʥʳʭ 
ʵʣʝʤʝʥʪʘʭ  

ʋʩʪʘʥʦʚʠʚ ʨʘʩʰʠʨʝʥʥʳʡ ʚʳʙʦʨ [ʵʢʩʧʝʨʪ] ʚ ʧʘʨʘʤʝʪʨʘʭ ʥʝʣʠʥʝʡʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʫʜʫʪ ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮ 

ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜ ʵʪʦʛʦ 

ʵʣʝʤʝʥʪʘ. ʈʘʩʯʝʪ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʯʠʩʣʝʥʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʠʶ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ 

ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ. 
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ɿɸʄɽʏɸʅʀɽ: ɼʣʷ ʵʣʝʤʝʥʪʦʚ [Dry  bush], [Clearance] ʨʘʩʯʝʪ 

ʞʝʩʪʢʦʩʪʝʡ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥ. 

 

 

ʇʨʠʤʝʨ ʚʳʚʦʜʘ ʞʝʩʪʢʦʩʪʥʳʭ ʠ ʜʝʤʧʬʠʨʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ 

ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 11.22. 

 

 
ʈʠʩ. 11.22 

ʅʫʤʝʨʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʫʤʝʨʘʮʠʠ ʷʯʝʝʢ ʚ ʤʘʪʨʠʮʝ 

6x6, ʛʜʝ ʧʝʨʚʦʝ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʦʢʝ, ʘ ʚʪʦʨʦʝ ʩʪʦʣʙʮʫ, 

ʥʘʯʠʥʘʷ ʩ 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʢʨʝʩʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ Kyx ʙʫʜʝʪ 

ʠʤʝʪʴ ʦʙʦʟʥʘʯʝʥʠʝ Kt21, ʘ ʤʦʤʝʥʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʧʦ ʦʩʠ y ʧʨʠ 

ʥʘʛʨʫʞʝʥʠʠ ʧʦ ʦʩʠ x Kt15.  

 

11.16 ʇʣʘʚʘʶʱʠʝ ʢʦʣʴʮʦ [Floating ring] 

ʕʣʝʤʝʥʪ ʷʚʣʷʝʪʩʷ ʩʚʷʟʴʶ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʜʩʠʩʪʝʤʘʤʠ ʠ ʤʦʜʝʣʠʨʫʝʪ 

ʱʝʣʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ c ʧʣʘʚʘʶʱʠʤ ʢʦʣʴʮʦʤ, ʈʠʩ. 11.23. ɺ ʤʦʜʝʣʠ 

ʫʯʠʪʳʚʘʝʪʩʷ: ʦʙʲʝʤʥʦʝ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʩ ʫʯʝʪʦʤ ʮʝʥʪʨʠʨʫʶʱʝʡ ʩʠʣʳ 

(ʵʬʬʝʢʪʘ ʃʦʤʘʢʠʥʘ), ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ ʠ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ, ʠʥʝʨʮʠʷ 

ʢʦʣʴʮʘ (ʚʦʟʤʦʞʥʦ ʝʝ ʦʪʢʣʶʯʝʥʠʝ), ʚʝʣʠʥʠʥʘ ʧʦʜʞʘʪʠʷ ʧʨʫʞʠʥʳ ʠ ʩʠʣʘ 

ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʡ ʥʘ ʢʦʣʴʮʦ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ 

ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʪʝʨʘʪʠʚʥʳʡ ʧʨʦʮʝʩʩ. ʇʨʠ ʚʳʚʦʜʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ: Kxx=Kyy, Kyx=-Kxy, Cxx=Cyy, Cyx=-Cxy. 
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ɿɸʄɽʏɸʅʀɽ: ʂʦʣʴʮʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʜʝʘʣʴʥʳʤ ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ 

ʜʠʬʬʫʟʦʨʥʦʩʪʠ ʠʣʠ ʢʦʥʬʫʟʦʨʥʦʩʪʠ ʝʛʦ ʛʝʦʤʝʪʨʠʠ. ʅʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʟʘʟʦʨʘ ʤʝʞʜʫ ʢʦʣʴʮʦʤ ʠ ʚʘʣʦʤ, ʦʪʢʣʦʥʝʥʠʷ ʬʦʨʤʳ 

ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʅʝ ʫʯʠʪʳʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʢʦʣʴʮʘ ʩ ʢʦʨʧʫʩʦʤ ʚ ʩʣʫʯʘʝ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʣʴʮʘ. 

ʈʦʪʦʨʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʨʦʪʦʨʘ, ʞʠʜʢʦʩʪʴ ʥʝʩʞʠʤʘʝʤʘʷ ʠ ʦʜʥʦʨʦʜʥʦ ʚʷʟʢʘʷ. 

 

 

 

 

ɿɸʄɽʏɸʅʀɽ: ʉʝʯʝʥʠʝ 1 - ʨʦʪʦʨ, ʩʝʯʝʥʠʝ 2 - ʢʦʨʧʫʩ 

 

 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

  

 

 

 
 

ʈʠʩ. 11.23 

ʉʧʠʩʦʢ ʵʢʩʧʝʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 11.8. 
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ʊʘʙʣʠʮʘ 11.8 

ʇʘʨʘʤʝʪʨ ʆʧʠʩʘʥʠʝ 

Delta_Pressure 

ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʧʦ ʨʝʞʠʤʘʤ ʨʘʙʦʪʳ ʫʧʣʦʪʥʝʥʠʷ, 

ʨʘʟʤʝʨʥʦʩʪʴ ʈʘ 

Delta_ux, 

Delta_uy 

ʠʟʤʝʥʝʥʠʝ ʟʘʟʦʨʘ ʤʝʞʜʫ ʢʦʣʴʮʦʤ ʠ ʨʦʪʦʨʦʤ, 

ʨʘʟʤʝʨʥʦʩʪʴ ʤʤ 

Ring_u_x, 

Ring_u_y, 

Rotor_u_x, 

Rotor_u_y 

ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʣʴʮʘ ʠ ʨʦʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʨʧʫʩʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʨʙʠʪ 

ʜʚʠʞʝʥʠʷ, ʨʘʟʤʝʨʥʦʩʪʴ ʤʤ.  

e_ring 

ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ(ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ) 

ʢʦʣʴʮʘ, ʨʘʟʤʝʨʥʦʩʪʴ ʤʤ 

vec_FFriction

Rest, 

vec_FFriction

Slip 

ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʩʠʣʳ ʪʨʝʥʠʷ ʧʦʢʦʷ ʠ ʩʢʦʣʴʞʝʥʠʷ, 

ʨʘʟʤʝʨʥʦʩʪʴ ʅ 

vec_FHudrody

n 

ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ, 

ʨʘʟʤʝʨʥʦʩʪʴ ʅ 

vec_FInertia 

ʜʫʣʴ ʩʠʣʳ ʧʨʠʚʦʜʷʱʝʡ ʢʦʣʴʮʦ ʚ ʜʚʠʞʝʥʠʝ, 

ʨʘʟʤʝʨʥʦʩʪʴ ʅ 

vec_vel_ring ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʢʦʣʴʮʘ, ʨʘʟʤʝʨʥʦʩʪʴ ʤʤ/ʩ 
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11.17 ʊʨʝʱʠʥʘ [Crack] 

ʕʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʝʨʞʥʝʚʳʤʠ 

ʧʦʜʩʠʩʪʝʤʘʤʠ, ʯʘʩʪʷʤʠ ʚʘʣʘ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʪʨʝʱʠʥʦʡ (ʈʠʩ. 11.24). 

ʕʣʝʤʝʥʪ ʤʦʜʝʣʠʨʫʝʪ ʠʟʤʝʥʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʤʦʤʝʥʪʥʦʡ ʞʝʩʪʢʦʩʪʠ ʚ 

ʩʝʯʝʥʠʠ ʪʨʝʱʠʥʳ ʧʦ ʤʝʨʝ ʚʨʘʱʝʥʠʷ ʚʘʣʘ.  

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

   Crack 

  
ʈʠʩ. 11.24 

ʕʣʝʤʝʥʪ çʊʨʝʱʠʥʘè ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʙʘʟʠʩʥʦʡ ʣʠʥʝʡʥʦʡ 

ʩʚʷʟʴʶ, ʤʦʤʝʥʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʢʦʪʦʨʦʡ ʧʦ ʦʩʷʤ X ʠ Y ʨʘʚʥʘ 

ʤʠʥʠʤʘʣʴʥʦʡ ʤʦʤʝʥʪʥʦʡ ʞʝʩʪʢʦʩʪʠ ʦʪʢʨʳʪʦʡ ʪʨʝʱʠʥʳ Ὧ̖̉̒άὭὲὯὶὼ
̖̉̒. 

ʕʣʝʤʝʥʪ çʊʨʝʱʠʥʘè, ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʮʠʢʣʠʯʝʩʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʧʦ ʤʝʨʝ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ Ὧὶὼ
̖̉̒, 

ʧʨʠ ʵʪʦʤ ʨʝʘʢʮʠʠ ʵʣʝʤʝʥʪʘ ʚʳʯʠʩʣʷʶʪʩʷ: 

ὓ
ὓ

Ὧ —ὅ Ὧ —Ὓ Ὧ̉ ̖̒ Ὧ —ὅὛ Ὧ —ὅὛ

Ὧ —ὅὛ Ὧ —ὅὛ Ὧ —ὅ Ὧ —Ὓ Ὧ̉ ̒
Ͻ̖
ό
ό ȟ 

Ὧ —
ςϽὯ̖̉̒

ρ ÃÏÓ —
ȟ 

Ὧ —
ςϽὯ̖̉̒

ρ ÃÏÓ —
ȟ 

 

 

ʛʜʝ 

 Ὧὶ— ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʤʝʥʪʥʦʡ ʞʝʩʪʢʦʩʪʠ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʉʂ, 

 — - ʫʛʦʣ ʤʝʞʜʫ ʬʘʟʦʡ ʧʦʚʦʨʦʪʘ ʚʘʣʘ ʠ ʬʘʟʦʡ ʧʨʝʮʝʩʩʠʠ, 

 Ὧὶ
̖̉̒ ï ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʤʝʥʪʥʦʡ ʞʝʩʪʢʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʢʨʳʪʦʡ ʪʨʝʱʠʥʝ, 
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 όὶ ï ʧʦʚʦʨʦʪ ʩʝʯʝʥʠʷ, 

 ὓ ï ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ.  

 

ʕʣʝʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʩʪʦʷʥʥʦ ʦʪʢʨʳʪʫʶ ʪʨʝʱʠʥʫ, ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʞʝʩʪʢʦʩʪʴ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʩʪʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ. ʀʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʞʝʩʪʢʦʩʪʝʡ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʣʷ ʥʘʙʦʨʘ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʀʩʭʦʜʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʤʝʥʪʥʦʡ ʞʝʩʪʢʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʥʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʨʫʯʥʫʶ. 

 

ʇʨʠ ʚʳʚʦʜʝ ʚ ʨʝʞʠʤʝ çʵʢʩʧʝʨʪè ʧʨʦʠʩʭʦʜʠʪ ʚʳʚʦʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ: 

 

¶ Krx [N*m/rad] ï ʣʦʢʘʣʴʥʘʷ ʤʦʤʝʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʚ ʩʝʯʝʥʠʠ 

ʪʨʝʱʠʥʳ ʚʦʢʨʫʛ ʦʩʠ Xr ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʚʤʝʩʪʝ ʩ ʚʘʣʦʤ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

¶ Kry [N*m/rad] ï ʣʦʢʘʣʴʥʘʷ ʤʦʤʝʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʚ ʩʝʯʝʥʠʠ 

ʪʨʝʱʠʥʳ ʚʦʢʨʫʛ ʦʩʠ Yr ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʚʤʝʩʪʝ ʩ ʚʘʣʦʤ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

¶ Kfx [N*m/rad] ï ʣʦʢʘʣʴʥʘʷ ʤʦʤʝʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʚ ʩʝʯʝʥʠʠ 

ʪʨʝʱʠʥʳ ʧʦ ʦʩʠ X ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

¶ Kfy [N*m/rad] ï ʣʦʢʘʣʴʥʘʷ ʤʦʤʝʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʚ ʩʝʯʝʥʠʠ 

ʪʨʝʱʠʥʳ ʧʦ ʦʩʠ Y ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

¶ Kfxy, Kfyx [N*m/rad] ï ʣʦʢʘʣʴʥʘʷ ʧʝʨʝʢʨʝʩʪʥʘʷ ʤʦʤʝʪʥʘʷ 

ʞʝʩʪʢʦʩʪʴ ʚ ʩʝʯʝʥʠʠ ʪʨʝʱʠʥʳ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 
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ɿɸʄɽʏɸʅʀʗ 
1 ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʙʘʟʠʩʥʦʡ ʩʚʷʟʠ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦ, 

ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʨʝʱʠʥʳ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʩʯʠʪʘʪʴ ʦʜʥʫ ʪʦʯʢʫ ʚ ʥʝʣʠʥʝʡʥʦʤ ʘʥʘʣʠʟʝ ʩʠʩʪʝʤʳ, ʧʨʠ ʵʪʦʤ 

ʙʘʟʠʩʥʘʷ ʩʚʷʟʴ ʠʤʝʝʪ ʥʫʣʝʚʫʶ ʤʘʪʨʠʮʫ ʞʝʩʪʢʦʩʪʠ. ɺ ʦʢʥʝ ʚʳʚʦʜʘ 

ʚʨʝʤʝʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʚʳʚʦʜ ʚʥʫʪʨʝʥʥʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘ çʊʨʝʱʠʥʘè. ɿʘʪʝʤ ʥʫʞʥʦ ʩʢʦʧʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʞʝʩʪʢʦʩʪʠ _Krx ʠʟ ʩʠʛʥʘʣʘ ʠ ʚʩʪʘʚʠʪʴ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʤʝʥʪʥʦʡ ʞʝʩʪʢʦʩʪʠ ʧʦ ʦʩʷʤ X ʠ Y ʚ ʤʘʪʨʠʮʫ 

ʞʝʩʪʢʦʩʪʠ ʙʘʟʠʩʥʦʡ ʩʚʷʟʠ. ɽʩʣʠ ʤʦʤʝʥʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʙʘʟʠʩʥʦʡ ʩʚʷʟʠ 

ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʘ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʵʪʦ ʟʥʘʯʝʥʠʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʣʝ ʠʥʪʝʨʬʝʡʩʘ ʵʣʝʤʝʥʪʘ çʊʨʝʱʠʥʘè 

 

2 ʕʣʝʤʝʥʪ ʚʩʝʛʜʘ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʢʨʝʧʣʝʥ ʢ ʜʚʫʤ ʧʦʜʩʠʩʪʝʤʘʤ. 

ʆʪʩʫʪʩʪʚʠʝ ʟʘʢʨʝʧʣʝʥʠʷ ʧʦ ʦʜʥʦʡ ʠʟ ʩʪʦʨʦʥ (side_1 ʠʣʠ side_2) ʥʝ 

ʜʦʧʫʩʢʘʝʪʩʷ. 

 

3 ɺ ʩʣʫʯʘʝ ʨʫʯʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʦʤʝʥʪʥʦʡ ʞʝʩʪʢʦʩʪʠ ʪʨʝʱʠʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ. 

 

4 ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʪʨʝʱʠʥʳ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʞʝʩʪʢʦʩʪʠ. 

11.18 ʅʝʩʦʦʩʥʦʩʪʴ ʚʘʣʦʚ [Shaft misalignment] 

ʕʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʝʨʞʥʝʚʳʤʠ 

ʧʦʜʩʠʩʪʝʤʘʤʠ, ʯʘʩʪʷʤʠ ʚʘʣʘ, ʩʦʝʜʠʥʝʥʥʳʤʠ ʩ ʧʝʨʝʢʦʩʦʤ (ʥʝʩʦʦʩʥʦ) 

(ʈʠʩ. 11.25). ʕʣʝʤʝʥʪ çʅʝʩʦʦʩʥʦʩʪʴ ʚʘʣʦʚè ʚʦʩʧʨʦʠʟʚʦʜʠʪ 

ʮʠʢʣʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚʘʣʦʚ ʧʦ ʤʝʨʝ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦʡ ʠ 

ʫʛʣʦʚʦʡ ʥʝʩʦʦʩʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 11.9 ʆʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘ 

ʇʘʨʘʤʝʪʨ ʆʧʠʩʘʥʠʝ 

stiff_matrix  ʄʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ 6ʭ6 ʩʦʝʜʠʥʝʥʠʷ, ʙʝʟ ʫʯʝʪʘ ʧʝʨʝʢʦʩʘ. 

ut_x, ut_y ʈʘʜʠʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʫʟʣʘ ñbò ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʣʘ òaò. 

ur_x, ur_y ʇʦʚʦʨʦʪ ʩʝʯʝʥʠʷ òbò ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʯʝʥʠʷ òaò. 
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ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

   Misalignment (Shaft) 

 

 

ʈʠʩ. 11.25 

 

 

ɿɸʄɽʏɸʅʀɽ: ɺ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ DYNAMICS R4 ʣʝʞʠʪ 

ʜʦʧʫʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʫʟʣʳ ʤʦʜʝʣʠ ʥʝ ʚʳʭʦʜʷʪ ʠʟ ʧʣʦʩʢʦʩʪʠ ʩʝʯʝʥʠʡ 

(ʛʠʧʦʪʝʟʘ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʤʝʥʪ çʅʝʩʦʦʩʥʦʩʪʴ 

ʚʘʣʦʚè ʩʧʦʩʦʙʝʥ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʤʘʣʫ  ʁʥʝʩʦʦʩʥʦʩʪʴ ʠ ʥʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. 

 

ɿɸʄɽʏɸʅʀɽ: ʋʟʝʣ ñaò ʵʣʝʤʝʥʪʘ çʅʝʩʦʦʩʥʦʩʪʴ ʚʘʣʦʚè ʚʩʝʛʜʘ ʜʦʣʞʝʥ 

ʙʳʪʴ ʧʦʜʢʣʶʯʝʥ ʪʦʣʴʢʦ ʢ ʣʝʚʦʡ ʧʦʜʩʠʩʪʝʤʝ, ʫʟʝʣ ñbò ʚʩʝʛʜʘ ʪʦʣʴʢʦ ʢ 

ʧʨʘʚʦʡ. ʋʟʣʳ ñaò ʠ òbò ʦʙʷʟʘʥʳ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤ ʩʝʯʝʥʠʠ, ʪʦ ʝʩʪʴ 

ʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ 0. 

 

ɿɸʄɽʏɸʅʀɽ: ɺ ʢʘʞʜʦʡ ʧʦʜʩʠʩʪʝʤʝ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʝʪ ʵʣʝʤʝʥʪ 

çʅʝʩʦʦʩʥʦʩʪʴ ʚʘʣʦʚè ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʜʘʥʘ ʦʜʠʥʘʢʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ. 
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12 ɻʈʋʇʇʓ 

12.1 ɻʨʫʧʧʘ ʵʣʝʤʝʥʪʦʚ [Group]  

ʕʣʝʤʝʥʪ [Group] ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʘʨʠʘʥʪʥʳʭ ʨʘʩʯʝʪʦʚ 

ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʈʠʩ. 

12.1. 

 

 

 

 

 

 

 

 

ʈʠʩ. 12.1 

ɻʨʫʧʧʳ ʧʦʟʚʦʣʷʶʪ ʠʩʢʣʶʯʠʪʴ ʠʟ ʨʘʩʯʸʪʦʚ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠ 

ʧʦ ʞʝʣʘʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʘʢʞʝ ʦʜʥʘ ʛʨʫʧʧʘ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʤʝʥʝʥʘ  ʜʨʫʛʦʡ ʛʨʫʧʧʦʡ ʵʣʝʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʜʚʝ ʫʧʨʫʛʠʝ ʦʧʦʨʳ 

ʧʦʩʪʦʷʥʥʦʡ ʞʝʩʪʢʦʩʪʠ ʟʘʤʝʥʝʥʳ ʜʚʫʤʷ ʥʝʣʠʥʝʡʥʳʤʠ ʦʧʦʨʘʤʠ). ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʟʙʘʚʣʷʝʪʩʷ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ 

ʤʦʜʝʣʝʡ (ʬʘʡʣʦʚ) ʧʨʦʝʢʪʘ ʠʣʠ ʧʨʦʚʦʜʠʪʴ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʙʘʟʦʚʦʛʦ 

ʚʘʨʠʘʥʪʘ. 

 

 

ɿɸʄɽʏɸʅʀɽ: ɺ ʛʨʫʧʧʳ ʤʦʛʫʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ ʚʩʝ ʪʦʯʝʯʥʳʝ 

ʵʣʝʤʝʥʪʳ ʠ ʩʚʷʟʠ. 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʘ ʛʨʫʧʧʳ 

[Group]: 

 

¶ ʦʪʢʨʳʪʴ ʧʨʦʝʢʪ; 

¶ ʜʦʙʘʚʠʪʴ ʚ ʧʨʦʝʢʪ ʥʦʚʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʚʢʣʶʯʝʥʳ ʚ ʛʨʫʧʧʫ 

¶ ʜʚʦʡʥʳʤ ʢʣʠʢʦʤ ʥʘ ʵʣʝʤʝʥʪ [Group] ʚ ʜʝʨʝʚʝ ʵʣʝʤʝʥʪʦʚ 

ʩʦʟʜʘʪʴ ʚ ʧʨʦʝʢʪʝ ʵʣʝʤʝʥʪ [Group]. ʇʨʠ ʵʪʦʤ ʵʣʝʤʝʥʪ 

ʙʫʜʝʪ ʠʤʝʪʴ ʠʤʷ[Group1]. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʧʦʣʫʯʠʪ ʠʤʷ 

[Group 2]ʠ ʪ.ʜ.; 

¶ ʩ ʧʦʤʦʱʴʶ ʢʫʨʩʦʨʘ ʚ ʧʨʦʝʢʪʝ ʚʳʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ 

ʵʣʝʤʝʥʪ ʛʨʫʧʧʳ ʠ ʧʝʨʝʪʘʱʠʪʴ ʝʛʦ ʚ ʧʦʣʝ ʵʣʝʤʝʥʪʘ [Group 

1]ʠʣʠ ʚ ʜʨʫʛʫʶ ʛʨʫʧʧʫ (ʩʤ. ʪʝʭʥʦʣʦʛʠʶ ʨʘʙʦʪʳ ʩ 

ʵʢʨʘʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ Windows ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ   "drag 

& drop"); 

¶ ʫʩʪʘʥʦʚʠʪʴ ʩʪʘʪʫʩ ʜʣʷ ʵʣʝʤʝʥʪʘ [Group é] ï[Enable] ʠʣʠ 

[Disable]. 

 

 

ɿɸʄɽʏɸʅʀɽ: ʇʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʚʳʚʦʜʷʪʩʷ  ʪʦʣʴʢʦ 

ʚʢʣʶʯʝʥʥʳʝ ʚ ʨʘʩʯʝʪ ʵʣʝʤʝʥʪʳ. 

 

ɺ ʥʘʟʚʘʥʠʠ ʛʨʫʧʧʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʙʘʚʣʷʝʪʩʷ [+] ʠʣʠ [-] ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʝʝ ʩʪʘʪʫʩʘ. 

ʇʨʠ ʧʝʨʝʪʘʩʢʠʚʘʥʠʠ ʪʦʯʝʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʣʠ ʩʚʷʟʠ ʚ ʛʨʫʧʧʫ ʧʨʦʠʩʭʦʜʠʪ 
ʦʙʥʦʚʣʝʥʠʝ ʜʝʨʝʚʘ ʤʦʜʝʣʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥʦ ʩʚʦʨʘʯʠʚʘʝʪʩʷ. ʕʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʫʜʦʙʥʦ ʚ ʩʣʫʯʘʝ ʜʦʙʘʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠʣʠ ʩʚʷʟʝʡ ʚ ʦʜʥʫ ʠ ʪʫ ʞʝ ʛʨʫʧʧʫ ʚʦ ʚʣʦʞʝʥʥʳʭ ʩʙʦʨʢʘʭ. ʂʦʤʘʥʜʘ 

[ɼʦʙʘʚʠʪʴ ʚ ʧʦʩʣʝʜʥʶʶ ʛʨʫʧʧʫ] ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʦʩʣʝ ʪʦʛʦ 

ʢʘʢ ʙʫʜʝʪ ʜʦʙʘʚʣʝʥ ʚ ʢʘʢʫʶ-ʣʠʙʦ ʛʨʫʧʧʫ ʵʣʝʤʝʥʪ ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʝʪʘʩʢʠʚʘʥʠʷ, ʈʠʩ. 12.2.  

 
ʈʠʩ. 12.2 
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12.2 ɻʨʫʧʧʘ ʧʝʨʝʤʝʥʥʳʭ[Variables] 

ɺ ʧʨʦʛʨʘʤʤʝ ʝʩʪʴ ʜʚʘ ʪʠʧʘ ʧʝʨʝʤʝʥʥʳʭ: [Value variable], [String 

variable], ʈʠʩ. 12.3. 

 

ʉʠʤʚʦʣʳ ʤʝʥʶ ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ 

 

 
 

 

 

ʈʠʩ. 12.3 

ʇʝʨʝʤʝʥʥʳʝ [Value variable], [String variable] ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʤʦʜʝʣʴ 

ʜʚʦʡʥʳʤ ʢʣʠʢʦʤ ʣʝʚʦʡ ʢʣʘʚʠʰʠ ʤʳʰʠ. 

 

ʇʨʠ ʜʚʦʡʥʦʤ ʢʣʠʢʝ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʥʘ ʧʦʣʝ ʩ ʥʘʟʚʘʥʠʝʤ 

ʧʘʨʘʤʝʪʨʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʝʥʘ ʧʝʨʝʤʝʥʥʘʷ ʙʫʜʝʪ ʘʢʪʠʚʠʨʦʚʘʥʦ 

ʦʢʥʦ ʩʚʦʡʩʪʚ ʩʚʷʟʘʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʈʠʩ. 12.4. ʇʨʠ ʜʚʦʡʥʦʤ ʢʣʠʢʝ ʥʘ 

ʥʘʟʚʘʥʠʠ ʧʦʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʩʚʷʟʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʪʦʯʢʝ ʩʚʷʟʠ 

ʠʣʠ ʙʣʠʞʘʡʰʝʤʫ ʵʣʝʤʝʥʪʫ ʚ ʧʦʜʩʠʩʪʝʤʝ. 

 

ʇʝʨʝʢʣʶʯʠʪʴʩʷ ʥʘ ʧʨʝʜʳʜʫʱʠʡ ʘʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ ʧʦʩʣʝ ʵʪʦʛʦ ʤʦʞʥʦ 

ʥʘʞʘʪʠʝʤ ʢʦʤʙʠʥʘʮʠʠ ʢʣʘʚʠʰ [ctrl+shift+z] . 

 
ʈʠʩ. 12.4 

12.2.1 ʏʠʩʣʝʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ [Value variable] 

ʇʝʨʝʤʝʥʥʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʮʝʣʝʡ: 

 

- ʟʘʜʘʪʴ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ, ʥʝ ʤʝʥʷʶʱʝʡʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥʦ ʦʜʥʦʤʫ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ ʧʘʨʘʤʝʪʨʘʤ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
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ʊʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʞʝʩʪʢʦʩʪʠ ʦʧʦʨʥʳʭ ʫʟʣʦʚ, ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

 

ɺʚʦʜ [ʏʠʩʣʝʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ] ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

 

1. ʀʩʧʦʣʴʟʫʷ ʢʫʨʩʦʨ, ʚʳʜʝʣʠʪʝ [ʏʠʩʣʝʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ]  

ʵʣʝʤʝʥʪ ʚ ʤʝʥʶ ʧʨʦʝʢʪʘ. ʅʘʟʥʘʯʴʪʝ ʠʤʷ ʪʝʢʩʪʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ 

(ʥʘʧʨʠʤʝʨ, [ʉʢʦʨʦʩʪʴ ʅɼ]),ʈʠʩ. 12.5. 

 

2. ʀʩʧʦʣʴʟʫʷ ʢʫʨʩʦʨ ʠ ʧʨʘʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ, ʦʪʢʨʦʡʪʝ ʩʧʠʩʦʢ 

ʩʣʝʜʫʶʱʠʭ ʢʦʤʘʥʜ, ʈʠʩ. 12.6. 

 

3. ʀʩʧʦʣʴʟʫʡʪʝ ʢʦʤʘʥʜʫ 

[ʈʘʩʰʠʨʝʥʥʳʝ ʩʚʦʡʩʪʚʘ] 

ʜʣʷ ʚʚʦʜʘ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ. ɼʣʷ ʵʪʦʛʦ ʜʣʷ 

ʢʘʞʜʦʛʦ ʚʳʙʨʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ 

(ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ) ʟʘʜʘʡʪʝ ʝʛʦ 

ʟʥʘʯʝʥʠʝ, ʈʠʩ. 12.7. ʊʘʢ ʞʝ 

ʜʦʩʪʫʧʥʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʠ 

ʘʨʛʫʤʝʥʪʘ. 

 

 
ʈʠʩ. 12.7 

 

 
 

ʈʠʩ. 12.5 

 

 
 

ʈʠʩ. 12.6 
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ɿɸʄɽʏɸʅʀɽ: ɺ ʦʢʥʝ [Time independed value] ʚʚʦʜʠʪʩʷ 

ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʙʘʟʠʩʘ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʜʣʷ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʘʚʝʥ 0. ɺʩʝ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ 

ʟʥʘʯʝʥʠʝ, ʥʘʟʥʘʯʝʥʥʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʨʠ ʥʘʯʘʣʴʥʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʜʝʣʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʝʛʦ 

ʟʥʘʯʝʥʠʝ ʥʘ ʣʶʙʦʝ ʜʨʫʛʦʝ 

 

 

 

ɿɸʄɽʏɸʅʀɽ: ɺ ʣʶʙʦʤ ʘʣʛʦʨʠʪʤʝ ʧʝʨʝʤʝʥʥʳʝ 

ʵʢʩʪʨʘʧʦʣʠʨʫʶʪʩʷ ʟʘ ʧʨʝʜʝʣʳ ʫʩʪʘʥʦʚʣʝʥʥʳʭ/ ʢʨʘʡʥʠʭ 

ʟʥʘʯʝʥʠʡ. ʊʦʣʴʢʦ ʚ ʣʠʥʝʡʥʳʭ ʘʣʛʦʨʠʪʤʘʭ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʥʝ 

ʵʢʩʪʨʘʧʦʣʠʨʫʝʪʩʷ, ʠ ʨʘʩʯʝʪ ʚʝʜʝʪʩʷ ʜʦ t_pr, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʚ ʧʝʨʝʤʝʥʥʦʡ ʩʢʦʨʦʩʪʠ (ʧʨʦʚʝʨʠʪʴ ʩ 

2ʤʷ ʨʦʪʦʨʘʤʠ) 

 

 

 

4. ʇʦʣʴʟʦʚʘʪʝʣʴ ʟʘʢʨʳʚʘʝʪ ʦʢʥʦ ʢʦʤʘʥʜʦʡ [OK], ʠ ʧʝʨʝʤʝʥʥʘʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʪʘʥʦʚʠʪʩʷ ʚʥʝʰʥʝʡ ʧʝʨʝʤʝʥʥʦʡ ʩ ʠʤʝʥʝʤ 

[ʉʢʦʨʦʩʪʴ ʅɼ]. 

 

5. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʳʜʝʣʷʝʪ ʧʝʨʝʤʝʥʥʳʡ ʧʘʨʘʤʝʪʨ 

(ʥʘʧʨʠʤʝʨ,omega_z) ʈʠʩ. 12.8 ʠ ʥʘʟʥʘʯʘʝʪ ʝʤʫ ʚʥʝʰʥʶʶ 

ʧʝʨʝʤʝʥʥʫʶ ʢʦʤʘʥʜʦʡ [ʇʨʠʩʦʝʜʠʥʠʪʴ ʧʝʨʝʤʝʥʥʫʶ], ʈʠʩ. 

12.9. 

 

 
ʈʠʩ. 12.8 
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ʈʠʩ. 12.9 

12.2.2 ʊʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ [String variable] 

[ʊʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ] ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʢʩʪʦʚʳʭ 

ʧʝʨʝʤʝʥʥʳʭ. ɽʛʦ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ user-

programmable ʵʣʝʤʝʥʪʦʚ. ʅʘʧʨʠʤʝʨ, ʦʜʠʥ ʩʢʨʠʧʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʦ 

ʧʨʠʩʦʝʜʠʥʠʪʴ ʢ ʥʝʩʢʦʣʴʢʠʤ ʦʜʠʥʘʢʦʚʳʤ ʥʝʣʠʥʝʡʥʳʤ ʩʚʷʟʷʤ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʩʢʨʠʧʪʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ 

ʤʝʩʪʝ ʠ ʦʜʠʥ ʨʘʟ. 

 

ʉʦʟʜʘʥʠʝ ʵʣʝʤʝʥʪʘ[ʊʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ] ʧʨʦʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

 

1. ʀʩʧʦʣʴʟʫʷ ʢʫʨʩʦʨ, 

ʚʳʜʝʣʠʪʝ [ʊʝʢʩʪʦʚʘʷ 

ʧʝʨʝʤʝʥʥʘʷ] ʵʣʝʤʝʥʪ ʚ 

ʤʝʥʶ ʧʨʦʝʢʪʘ ʠ ʥʘʟʥʘʯʴʪʝ 

ʠʤʷ ʪʝʢʩʪʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ  

(ʥʘʧʨʠʤʝʨ, [Rolling bearing 

script]), ʈʠʩ. 12.10. 

 

2. ʀʩʧʦʣʴʟʫʡʪʝ ʢʦʤʘʥʜʫ 

[ʈʘʩʰʠʨʝʥʥʳʝ ʩʚʦʡʩʪʚʘ] 

ʜʣʷ ʚʚʦʜʘ ʪʝʢʩʪʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʈʠʩ. 12.11. 

 

3. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ ʜʣʷ ʚʚʦʜʘ 

ʪʝʢʩʪʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʈʠʩ. 12.12. 

 

 
ʈʠʩ. 12.10 

 

 
ʈʠʩ. 12.11 
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ʈʠʩ. 12.12 

4. ɼʘʣʝʝ ʚʚʦʜʠʪʩʷ ʪʝʢʩʪ ʘʣʛʦʨʠʪʤʘ ʥʘ ʷʟʳʢʝ Python, ʈʠʩ. 12.13. 

ʇʦʜʩʚʝʪʢʘ ʩʠʥʪʘʢʩʠʩʘ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʧʨʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ 

ʧʘʨʘʤʝʪʨʘ ʩʢʨʠʧʪ ʵʣʝʤʝʥʪʘ [ʉʢʨʠʧʪ- ʩʚʷʟʴ] 

 

 
ʈʠʩ. 12.13 

5. ʇʦʩʣʝ ʚʚʦʜʘ ʪʝʢʩʪʘ ʢʣʘʚʠʰʝʡ [OK]  ʚ ʩʪʨʦʯʢʝ value ʧʦʷʚʣʷʶʪʩʷ 

ʪʨʠ ʪʦʯʢʠ, ʛʦʚʦʨʷʱʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʝʤʝʥʥʘʷ [PJB script]  

ʧʨʠʦʙʨʝʣʘ ʟʥʘʯʝʥʠʝ, ʈʠʩ. 12.14. 

 

6. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʳʜʝʣʷʝʪ ʚ ʜʝʨʝʚʝ ʤʦʜʝʣʠ ʧʘʨʘʤʝʪʨ, 

ʥʘʧʨʠʤʝʨ,[Ball bearing], ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚʥʝʰʥʷʷ 

ʧʝʨʝʤʝʥʥʘʷ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʵʢʨʘʥʘ ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ ʵʣʝʤʝʥʪʘ 

ʤʦʜʝʣʠ ʜʣʷ ʚʚʦʜʘ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ, ʈʠʩ. 12.15. 
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7. ʇʨʘʚʦʡ ʢʣʘʚʠʰʝʡ ʤʳʰʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʪʢʨʳʚʘʝʪ ʩʧʠʩʦʢ ʢʦʤʘʥʜ 
ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʥʝʰʥʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʈʠʩ. 12.16. 

 

 

8. ɼʘʣʝʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʜʝʣʷʝʪ ʧʝʨʝʤʝʥʥʫʶ ʠ ʚʳʧʦʣʥʷʝʪ ʢʦʤʘʥʜʫ 
[Attach external variable]. ʆʪʢʨʳʚʘʝʪʩʷ ʩʧʠʩʦʢ ʚʥʝʰʥʠʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʭʦʜʷʪʩʷ ʚʩʝ ʚʠʜʳ 

ʧʝʨʝʤʝʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʢʩʪʦʚʳʝ,         ʈʠʩ. 12.17. 

 

 
        ʈʠʩ. 12.17 

 

9. ɺʳʜʝʣʠʚ ʧʝʨʝʤʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ ʢʣʘʚʠʰʠ [OK], ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʥʘʟʥʘʯʘʝʪ ʧʝʨʝʤʝʥʥʦʡ ʝʝ ʟʥʘʯʝʥʠʝ, ʈʠʩ. 12.18 

 

 

 
ʈʠʩ. 12.14 

 

 
ʈʠʩ. 12.15 

 

 
ʈʠʩ. 12.16 
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ʈʠʩ. 12.18 
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13 ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼʀʅɸʄʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ 

13.1 ʋʧʨʘʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʝʤ 

ʕʢʨʘʥ ʩʦ ʚʩʝʤʠ ʦʢʥʘʤʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʪʩʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ. 13.1 

 

 
 

ʈʠʩ. 13.1 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʢʥʘ ʜʣʷ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ   

ʥʘʭʦʜʷʪʩʷ ʢʥʦʧʢʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʝʤ ʤʦʜʝʣʠ, ʈʠʩ. 13.2: 
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ʈʠʩ. 13.2 

ʉʨʝʜʠ ʥʠʭ: 

- ʩʧʠʩʦʢ ʚʳʙʦʨʘ ʪʝʢʫʱʝʡ ʧʦʜʩʠʩʪʝʤʳ; ʘʢʪʠʚʝʥ ʚ 

ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʪʦʣʴʢʦ ʦʜʥʦʡ ʧʦʜʩʠʩʪʝʤʳ.  

 

- ʧʦʢʘʟʳʚʘʝʪ ʥʘʟʚʘʥʠʝ ʩʙʦʨʢʠ ʠʣʠ 

ʩʫʙʤʦʜʝʣʠ, ʚʳʙʨʘʥʥʦʡ ʚ ʜʠʘʣʦʛʝ ʬʠʣʴʪʨʘ ʚʳʚʦʜʘ. 

 

 - ʢʥʦʧʢʘ ʚʳʟʦʚʘ ʜʠʘʣʦʛʘ ʬʠʣʴʪʨʘ ʚʳʚʦʜʘ ʤʦʜʝʣʠ. ʇʦʩʣʝ ʥʘʞʘʪʠʷ 

ʙʫʜʝʪ ʧʦʢʘʟʘʥ ʜʠʘʣʦʛ ʩ ʜʝʨʝʚʦʤ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ. ʇʨʠ ʚʳʙʦʨʝ ʩʙʦʨʢʠ 

ʠʣʠ ʩʫʙʤʦʜʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʩʝʤ ʨʦʪʦʨʘʤ, ʥʘ ʵʢʨʘʥʝ ʙʫʜʫʪ 

ʦʪʦʙʨʘʞʝʥʳ ʧʦʜʩʠʩʪʝʤʳ ʠ ʩʚʷʟʠ, ʚʭʦʜʷʱʠʝ ʪʦʣʴʢʦ ʚ ʚʳʙʨʘʥʥʫʶ ʩʙʦʨʢʫ 

 

 - ʚʢʣʶʯʘʝʪ ʨʝʞʠʤ ʢʫʨʩʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʚʳʜʝʣʠʪʴ ʵʣʝʤʝʥʪʳ ʚ ʤʦʜʝʣʠ (ʢʣʘʚʠʰʘ 'ɸ'/'ʌ'); 

 

 - ʢʥʦʧʢʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʜʝʣʠ. ʂʫʨʩʦʨ ʤʝʥʷʝʪ 

ʩʚʦʡ ʚʠʜ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ ʣʫʧʳ. ʋʚʝʣʠʯʝʥʠʝ ï ʣʝʚʘʷ ʢʥʦʧʢʘ ʤʳʰʠ, 

ʫʤʝʥʴʰʝʥʠʝ ï ʧʨʘʚʘʷ (ʢʣʘʚʠʰʘ 'Z'/'ʗ'). ɿʫʤʤʠʨʦʚʘʥʠʝ ʨʘʙʦʪʘʝʪ ʪʘʢʞʝ 

ʚʨʘʱʝʥʠʝʤ ʢʦʣʝʩʘ ʤʳʰʢʠ; 

 

 - ʢʥʦʧʢʘ ʩʜʚʠʛʘ ʧʝʨʝʤʝʱʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʦʢʥʝ (ʢʣʘʚʠʰʘ 'H'/'ʈ'); 

 

 - ʢʥʦʧʢʘ ʧʨʠʚʝʜʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʨʘʟʤʝʨ ʦʢʥʘ; 

 

 - ʢʥʦʧʢʘ ʫʜʘʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʤʦʜʝʣʠ. ʕʣʝʤʝʥʪ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʣʠʙʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʦʜʝʣʠ, ʣʠʙʦ ʚʳʜʝʣʠʚ ʢʫʨʩʦʨʦʤ ʚ ʤʝʥʶ ʧʨʦʝʢʪʘ; 

 

 -  ʚʳʚʦʜ ʦʙʲʝʤʥʦʡ ʤʦʜʝʣʠ ʧʨʦʝʢʪʘ ʩ ʣʠʥʠʷʤʠ ʛʨʘʥʠʮ ʝʣʝʤʝʥʪʦʚ; 

 

 - ʢʥʦʧʢʘ ʜʣʷ ʚʳʚʦʜʘ ʦʙʲʝʤʥʦʡ ʤʦʜʝʣʠ ʧʨʦʝʢʪʘ; 

 

 - ʢʥʦʧʢʘ ʚʳʚʦʜʘ ʩʢʝʣʝʪʘ ʤʦʜʝʣʠ; 
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 - ʚʦʟʚʨʘʪ ʢ ʠʩʭʦʜʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʤʦʜʝʣʠ; 

 

 - ʢʥʦʧʢʘ ʨʘʟʥʝʩʝʥʠʷ ʧʦʜʩʠʩʪʝʤ; 

 

 - ʢʥʦʧʢʘ ʨʘʟʥʝʩʝʥʠʷ ʩʙʦʨʦʢ ʤʦʜʝʣʠ ʥʘ ʦʜʠʥ ʫʨʦʚʝʥʴ; 

 

 - ʢʥʦʧʢʘ ʩʚʦʨʘʯʠʚʘʥʠʷ ʨʘʟʥʝʩʝʥʥʦʡ ʧʦ ʩʙʦʨʢʘʤ ʤʦʜʝʣʠ ʥʘ ʦʜʠʥ 

ʫʨʦʚʝʥʴ; 

 - ʢʥʦʧʢʘ ʚʳʜʝʣʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʦʣʴʢʦ ʦʜʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʥʘ 

ʵʢʨʘʥʝ.  

 - ʢʥʦʧʢʘ ʚʳʜʝʣʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʦʣʴʢʦ ʪʝʢʫʱʝʡ ʩʙʦʨʢʠ; 

 - ʢʥʦʧʢʘ ʚʳʚʦʜʘ ʚ ʦʢʥʦ 2D ʤʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʝʢʫʱʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʣʝʤʝʥʪʘ 

13.2 ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʠʟ ʦʜʥʦʡ ʧʦʜʩʠʩʪʝʤʳ 

ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʙʤʦʜʝʣʝʡ, ʩʙʦʨʦʢ ʚʥʫʪʨʠ 

ʢʘʞʜʦʡ ʩʫʙʤʦʜʝʣʠ, ʧʦʜʩʠʩʪʝʤ ʚʥʫʪʨʠ ʩʙʦʨʦʢ ʠ ʪ.ʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʟʜʘʝʪʩʷ ʠʝʨʘʨʭʠʷ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ. ʇʨʠʤʝʨ ʪʘʢʦʡ 

ʠʝʨʘʨʭʠʠ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ. 13.4. 

 

 
ʈʠʩ. 13.4 

 
 

ʈʠʩ. 13.3 
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ʂʘʞʜʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʜʥʘ ʠʣʠ 

ʥʝʩʢʦʣʴʢʦ ʧʦʜʩʠʩʪʝʤ. ʉʦʟʜʘʥʠʝ ʧʦʜʩʠʩʪʝʤ ʚʝʜʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. 

 

1. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʦʣʦʛʠʶ ñDrag and 

Dropò, ʧʝʨʝʜʚʠʛʘʝʪ  [Subsystem] ʵʣʝʤʝʥʪ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʵʣʝʤʝʥʪʦʚ 

ʥʘ ʧʦʣʝ ʛʣʘʚʥʦʛʦ ʦʢʥʘ. ɺ ʧʦʣʝ (ʈʠʩ. 13.5) ʧʦʷʚʣʷʝʪʩʷ ʧʝʨʚʳʡ 

ʙʘʣʦʯʥʳʡ ʵʣʝʤʝʥʪ ʧʦʜʩʠʩʪʝʤʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ñʧʦ ʫʤʦʣʯʘʥʠʶò. 

ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ, ʣʠʙʦ 

ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʠʪʴ ʵʪʦʪ ʵʣʝʤʝʥʪ. 

 

 

ʈʠʩ. 13.5 

 

ɿɸʄɽʏɸʅʀɽ:  ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʣʶʙʘʷ ʧʦʜʩʠʩʪʝʤʘ 

ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʜʣʠʥʦʡ. ʇʦʵʪʦʤʫ ʥʝʞʝʣʘʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ 

ʫʜʘʣʝʥʠʝ ʙʘʣʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʝ ʟʘʜʘʚ ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʜʣʠʥʦʡ. 

 

 

2. ʇʦʣʴʟʦʚʘʪʝʣʴ ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ ʧʦʜʩʠʩʪʝʤʳ. ɿʘʜʘʶʪʩʷ: 

¶ ʫʥʠʢʘʣʴʥʦʝ ʠʤʷ 

 

ɿɸʄɽʏɸʅʀɽ:  ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʣʶʙʘʷ ʧʦʜʩʠʩʪʝʤʘ 

ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʫʥʠʢʘʣʴʥʳʤ ʠʤʝʥʝʤ, ʘʩʩʦʮʠʘʪʠʚʥʦ ʩʚʷʟʘʥʥʳʤ ʩ 

ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ.  ʕʪʦ ʧʦʤʦʞʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʚʦʙʦʜʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʩʦʩʪʘʚʣʝʥʥʳʭ 

ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʩʠʩʪʝʤ 
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¶ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʟʘʜʘʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʣʝʚʦʛʦ 

ʢʦʥʮʘ ʧʦʜʩʠʩʪʝʤʳ). ʇʦ ʫʤʦʣʯʘʥʠʶ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ 

ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʩʦʦʩʥʳʤʠ 

¶ ʤʘʪʝʨʠʘʣ ʧʦʜʩʠʩʪʝʤʳ (ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ 

ʧʝʨʝʦʧʨʝʜʝʣʝʥ) 

3. ɼʘʣʝʝ, ʧʝʨʝʪʘʩʢʠʚʘʷ ʤʳʰʴʶ ʵʣʝʤʝʥʪʳ ʠʟ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ, 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʘʙʠʨʘʝʪ ʪʨʝʙʫʝʤʫʶ ʤʦʜʝʣʴ. 

 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʚʦʜʦʤ ʵʣʝʤʝʥʪʘ ʠʣʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʤʦʜʝʣʠ ʤʦʞʥʦ ʚʝʩʪʠ ʚʚʦʜ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ 

ʵʪʦʛʦ ʚ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ ʢʫʨʩʦʨʘ ʠʣʠ ʚ ʤʝʥʶ ʧʨʦʝʢʪʘ ʚʳʜʝʣʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʣʝʤʝʥʪ, ʈʠʩ. 13.6. 

ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʥʠʞʥʝʤ ʧʨʘʚʦʤ ʦʢʥʝ [Element data 

window] ʧʦʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ. ɺʚʦʜ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʢʣʠʢʦʤ ʢʫʨʩʦʨʘ ʚ ʣʶʙʦʡ 

ʪʦʯʢʝ  ʵʢʨʘʥʘ. 

 
ʈʠʩ. 13.6 

 

 

ɿɸʄɽʏɸʅʀɽ: ʏʪʦʙʳ ʚʳʜʝʣʠʪʴ ʵʣʝʤʝʥʪ, ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʝʛʦ 

ʢʫʨʩʦʨʦʤ ʠ ʥʘʞʘʪʴ ʣʝʚʫʶ ʢʣʘʚʠʰʫ ʤʳʰʠ (ʚʳʜʝʣʷʝʤʳʡ ʵʣʝʤʝʥʪ 

ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʠʚʥʳʤ, ʘ ʝʛʦ ʢʦʥʪʫʨʳ ʧʦʜʩʚʝʯʠʚʘʶʪʩʷ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ) 
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ʈʠʩ. 13.7 

ɺʳʜʝʣʠʚ ʵʣʝʤʝʥʪ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʝʛʦ ʚʳʨʝʟʘʪʴ, ʩʢʦʧʠʨʦʚʘʪʴ, 

ʚʩʪʘʚʠʪʴ ʝʛʦ ʚ ʣʶʙʫʶ ʧʦʜʩʠʩʪʝʤʫ. ɼʣʷ ʵʪʦʛʦ ʥʘʞʘʪʠʝʤ ʧʨʘʚʦʡ ʢʥʦʧʢʠ 

ʤʳʰʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʪʢʨʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʙʦʨ ʢʦʤʘʥʜ, ʈʠʩ. 

13.7. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʩʪʘʚʠʪʴ ʣʶʙʦʡ ʵʣʝʤʝʥʪ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʵʣʝʤʝʥʪʦʚ 

ʚ ʤʦʜʝʣʴ ʚ ʣʶʙʦʤ ʤʝʩʪʝ.  

 

 

ɿɸʄɽʏɸʅʀɽ: ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʜʩʠʩʪʝʤʝ ʠʣʠ ʠʭ 

ʥʝʙʦʣʴʰʦʡ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʤʦʛʫʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʣʠʥʠʶ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʪʨʫʜʥʦʩʪʷʤ ʚ ʚʳʜʝʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ 

ʢʫʨʩʦʨʘ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ 

ʚʳʜʝʣʝʥʠʷ ʦʜʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʠ ʜʠʩʢʨʝʪʥʦʡ ʣʫʧʳ 

 

 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʦʜʩʠʩʪʝʤʳ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʷʜ ʵʣʝʤʝʥʪʦʚ 

ʧʦʤʝʩʪʠʪʴ ʥʘ ʫʞʝ ʠʤʝʶʱʠʝʩʷ ʚ ʧʦʜʩʠʩʪʝʤʝ ʙʘʣʢʠ ʠ ʦʙʦʣʦʯʢʠ. ʉʨʝʜʠ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʩʚʷʟʴ, ʰʘʨʥʠʨ, ʤʘʩʩʘ, ʚʩʝ ʚʠʜʳ ʥʘʛʨʫʟʦʢ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʙʘʣʢʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʯʘʩʪʠ ʩʝʯʝʥʠʝʤ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʷʪʩʷ ʫʢʘʟʘʥʥʳʝ 

ʵʣʝʤʝʥʪʳ. 

 

ʀʥʦʛʜʘ ʚ ʤʦʜʝʣʴ ʪʨʝʙʫʝʪʩʷ ʜʦʙʘʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʝʯʝʥʠʝ, ʥʝ 

ʧʨʠʙʝʛʘʷ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʘʚʪʦʨʘʟʙʠʝʥʠʷ ʙʘʣʦʯʥʳʭ ʠ ʦʙʦʣʦʯʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʃʠʙʦ ʪʨʝʙʫʝʪʩʷ ʨʘʟʙʠʪʴ ʵʣʝʤʝʥʪʳ ʥʝ ʧʦʜʜʘʶʱʠʝʩʷ 

ʘʚʪʦʨʘʟʙʠʝʥʠʶ. ɼʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʵʪʦ ʤʦʞʥʦ ʙʳʣʦ 

ʩʜʝʣʘʪʴ ʠ ʨʘʥʝʝ ʯʝʨʝʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʢʦʧʠʨʦʚʘʥʠʷ-ʚʩʪʘʚʢʠ 

ʵʣʝʤʝʥʪʦʚ. 

 

ʊʝʧʝʨʴ ʞʝ ʧʨʠ ʜʚʦʡʥʦʤ ʢʣʠʢʝ ʤʳʰʢʦʡ ʧʦʷʚʣʷʝʪʩʷ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ 

(ʈʠʩ. 13.8), ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ ʢʦʦʨʜʠʥʘʪʫ ʚʩʪʘʚʢʠ 

ʵʣʝʤʝʥʪʘ ʣʠʙʦ ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʉʂ), ʣʠʙʦ ʚ ʛʣʦʙʘʣʴʥʦʡ. 
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ɺʩʪʘʚʢʘ ʩʝʯʝʥʠʷ ʚ ʛʣʦʙʘʣʴʥʦʡ ʉʂ ʤʦʞʝʪ ʧʨʠʛʦʜʠʪʴʩʷ ʧʨʠ ʫʩʪʘʥʦʚʢʝ 

ʩʝʯʝʥʠʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʩʚʷʟʠ ʚ ʨʝʞʠʤʝ [via body], ʚ ʢʦʪʦʨʦʤ 

ʢʦʦʨʜʠʥʘʪʳ ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʛʣʦʙʘʣʴʥʦʡ ʉʂ ʤʦʜʝʣʠ. 

 
ʈʠʩ. 13.8 

ʊʘʢʞʝ ʵʪʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚ ʤʦʜʝʣʠ. 

 

 

ɿɸʄɽʏɸʅʀɽ: ʇʘʨʘʤʝʪʨʳ ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʛʝʦʤʝʪʨʠʠ 

ʧʨʦʪʷʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʙʫʜʫʪ ʧʨʦʜʫʙʣʠʨʦʚʘʥʳ. 

 

 

ʇʨʠ ʧʨʦʚʝʨʢʝ ʤʦʜʝʣʠ ʠʥʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʨʘʟʥʳʤʠ ʫʟʣʘʤʠ ʤʦʜʝʣʠ (ʥʘʧʨʠʤʝʨ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʦʨʘʤʠ). 

ʇʦʩʢʦʣʴʢʫ ʢʦʦʨʜʠʥʘʪʳ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʜʩʠʩʪʝʤʘʭ ʟʘʜʘʶʪʩʷ ʚ ʣʦʢʘʣʴʥʦʡ 

ʉʂ, ʵʪʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʩʣʦʞʥʦʩʪʠ. 

 

ʂʦʤʘʥʜʘ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ [ɻʣʦʙʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʩʝʯʝʥʠʷ] 

ʜʦʩʪʫʧʥʘ ʜʣʷ ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʝʡ, ʧʦʜʩʠʩʪʝʤ, ʩʙʦʨʦʢ, ʈʠʩ. 13.9 

ʉ ʧʦʤʦʱʴʶ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʮʚʝʪʘ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʚʭʦʜʷʱʠʭ ʚ ʧʦʜʩʠʩʪʝʤʫ 

ʠʣʠ ʩʙʦʨʢʫ.  

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʟʚʘʪʴ ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ, ʥʘʧʨʠʤʝʨ, 

ʵʣʝʤʝʥʪʘ ʪʠʧʘ [Cʙʦʨʢʘ] (ʈʠʩ. 13.10). 
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ʈʠʩ. 13.10 

. ɺʳʚʦʜ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʢʥʦ [Log]  ʚ ʬʦʨʤʘʪʝ ç[ʥʘʟʚʘʥʠʝ ʵʣʝʤʝʥʪʘ] x1 

y1 z1 x2 y2 z2è. ɼʣʷ ʧʨʦʪʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʜʩʠʩʪʝʤ, ʩʚʷʟʝʡ 

ʚʳʚʦʜʷʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ. ɼʣʷ ʪʦʯʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢʦʦʨʜʠʥʘʪʳ 1 ʠ 2 ʜʫʙʣʠʨʫʶʪʩʷ. ɼʣʷ ʩʙʦʨʦʢ ʚʳʚʦʜʷʪʩʷ ʢʦʦʨʜʠʥʘʪʳ 

ʪʦʯʢʠ ʦʪʩʯʝʪʘ ʉʂ ʩʙʦʨʢʠ. 

 

 
ʈʠʩ. 13.9 

ʉ ʧʦʤʦʱʴʶ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʮʚʝʪʘ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʚʭʦʜʷʱʠʭ ʚ ʧʦʜʩʠʩʪʝʤʫ 

ʠʣʠ ʩʙʦʨʢʫ.  

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʟʚʘʪʴ ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ, ʥʘʧʨʠʤʝʨ, 

ʵʣʝʤʝʥʪʘ ʪʠʧʘ [Cʙʦʨʢʘ] (ʈʠʩ. 13.10). 
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ʈʠʩ. 13.10 

13.3 ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʩʠʩʪʝʤ 

ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʩʠʩʪʝʤ ʚʝʜʝʪʩʷ ʧʦʵʪʘʧʥʦ, 

ʈʠʩ. 13.11 

  

ʉʦʟʜʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʧʦʜʩʠʩʪʝʤʳ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʜʩʠʩʪʝʤ ʥʝ 

ʦʛʨʘʥʠʯʝʥʦ. 

 

1. ʄʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʚʷʟʠ, ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʤʦʜʝʣʠʨʫʝʪ ʣʠʥʝʡʥʳʡ ʠʣʠ ʥʝʣʠʥʝʡʥʳʡ ʵʣʝʤʝʥʪ 

ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʂʦʣʠʯʝʩʪʚʦ 

ʩʚʷʟʝʡ ʥʝ ʦʛʨʘʥʠʯʝʥʦ.  

 

 

 

 

ɿɸʄɽʏɸʅʀɽ: ʉʚʷʟʴ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʩʦʝʜʠʥʝʥʘ 

ʢ ʧʦʜʩʠʩʪʝʤʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʦʞʝʥʠʝ ʝʝ ʛʨʘʥʠʯʥʦʡ ʪʦʯʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʪʦʡ Z. ʉʚʷʟʴ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ 

ʧʨʠʩʦʝʜʠʥʝʥʘ ʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʩʚʷʟʠ. ɼʣʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʚʘʨʠʘʥʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 
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2. ʋʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʝʡ.  

 

 
 

ʈʠʩ. 13.11 

 

 

ɿɸʄɽʏɸʅʀɽ: ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʚʳʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ ʢʫʨʩʦʨʘ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ ʤʦʜʝʣʠ ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʣʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʦʜʩʠʩʪʝʤʫ ʚ ʤʝʥʶ ʧʨʦʝʢʪʘ 

 

 

 

 

 

ɿɸʄɽʏɸʅʀɽ: ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʚʩʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʩ ʥʫʣʝʚʦʡ ʧʦʜʩʠʩʪʝʤʦʡ, ʠʤʝʣʠ ʫʥʠʢʘʣʴʥʳʝ ʠʤʝʥʘ. ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʪʨʫʜʥʦʩʪʠ ʚ ʚʳʚʦʜʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʚ ʩʣʦʞʥʦʡ ʨʦʪʦʨʥʦʡ (ʜʠʥʘʤʠʯʝʩʢʦʡ) ʩʠʩʪʝʤʝ 
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ʅʘ ʈʠʩ. 13.12 ʧʦʢʘʟʘʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʘʚʣʝʥʥʘʷ ʠʟ ʜʝʚʷʪʠ 

ʧʦʜʩʠʩʪʝʤ, ʨʘʟʥʝʩʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ. ɺʩʝ ʧʦʜʩʠʩʪʝʤʳ ʩʦʝʜʠʥʝʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʫʧʨʫʛʠʤʠ ʠʣʠ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤʠ ʩʚʷʟʷʤʠ. 

 

 
 

ʈʠʩ. 13.12 

ʅʘ ʈʠʩ. 13.13 ʧʦʢʘʟʘʥʦ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʜʝʣʠ. 

 

 
ʈʠʩ. 13.13 
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13.4 ʈʘʟʥʝʩʝʥʠʝ ʧʦ ʩʙʦʨʢʘʤ ʠ ʩʫʙʤʦʜʝʣʷʤ 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʣʦʞʥʦʡ ʤʦʜʝʣʠ ʞʝʣʘʪʝʣʴʥʦ ʛʨʘʤʦʪʥʦ ʝʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ. ʈʘʟʥʝʩʝʥʠʝ ʧʦ ʩʙʦʨʢʘʤ ʠ ʩʫʙʤʦʜʝʣʷʤ ʤʦʞʝʪ ʩʠʣʴʥʦ 

ʧʦʤʦʯʴ ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʥʘʜ ʤʦʜʝʣʴʶ. ʇʦʤʠʤʦ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʚ 

ʧʘʥʝʣʠ ʜʝʨʝʚʘ ʤʦʜʝʣʠ, ʫʣʫʯʰʘʝʪʩʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠ ʨʘʟʥʝʩʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʝʣʠ. 

 

ʅʘ ʈʠʩ. 13.14 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʟʥʝʩʝʥʠʷ 

ʤʦʜʝʣʠ ʧʦ ʩʙʦʨʢʘʤ ʠ ʩʫʙʤʦʜʝʣʷʤ. 

 

 
 

 

 
ʈʠʩ. 13.14 
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ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʚʳʜʝʣʷʪʴ ʚ 

ʦʪʜʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʥʝ ʩʦʛʣʘʩʥʦ ʤʦʜʫʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʜʚʠʛʘʪʝʣʷ, ʘ ʧʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʢʦʨʧʫʩʘʤ ʠ ʨʦʪʦʨʘʤ. 

 

 

ɿɸʄɽʏɸʅʀɽ: ʂʘʞʜʦʝ ʥʘʞʘʪʠʝ ʥʘ ʢʥʦʧʢʫ "ʈʘʟʥʝʩʪʠ ʉʙʦʨʢʠ" ʨʘʟʥʦʩʠʪ 

ʤʦʜʝʣʴ ʥʘ ʦʜʠʥ ʫʨʦʚʝʥʴ ʚʣʦʞʝʥʥʦʩʪʠ. 

 

 

ʇʦʨʷʜʦʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ [ʉʙʦʨʢʘ] ʠ [ʉʫʙʤʦʜʝʣʴ] ʤʦʞʝʪ 

ʙʳʪʴ ʠʟʤʝʥʝʥ ʚ ʜʝʨʝʚʝ ʤʦʜʝʣʠ. ɼʣʷ ʵʪʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʢʦʤʘʥʜʳ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ñMove Upò,  ñMove Downò, ʈʠʩ. 7.6. 

ʀʟʤʝʥʝʥʠʝ ʧʦʨʷʜʢʘ ʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʜʝʨʝʚʝ ʤʦʜʝʣʠ 

ʩʣʫʞʠʪ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʠ ʨʘʟʥʝʩʝʥʠʠ ʧʦ ʩʙʦʨʢʘʤ. 
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13.5 ɼʠʘʣʦʛ ʠʤʧʦʨʪʘ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦ 
ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʶ ʚ ʧʦʜʰʠʧʥʠʢʘʭ 

ʩʢʦʣʴʞʝʥʠʷ 

ʇʘʨʘʤʝʪʨʳ ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʩʢʦʣʴʞʝʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ʅʘ ʈʠʩ. 13.15 

ʧʨʠʚʝʜʝʥʘ ʪʘʙʣʠʮʘ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚ ʧʨʦʛʨʘʤʤʝ 

ʍLPocket  (www.rmt-inc.com)). 

 

 
ʈʠʩ. 13.15 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʷʯʝʝʢ ʚ ʤʘʪʨʠʮʝ ʞʝʩʪʢʦʩʪʠ ʠ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʂʚʘʟʠʣʠʥʝʡʥʦʡ ʩʚʷʟʠ. 

http://www.rmt-inc.com)/
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ʈʠʩ. 13.16 

  

ʕʪʦʪ ʪʠʧ ʩʚʷʟʠ ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʘʣʛʦʨʠʪʤʘʭ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

(ʚʦ ʚʩʝʭ ʢʨʦʤʝ ʘʣʛʦʨʠʪʤʘ ɹʘʟʠʩ). ʊʘʢʞʝ ʜʣʷ ʵʪʦʛʦ ʪʠʧʘ ʩʚʷʟʠ ʚʦʟʤʦʞʥʦ 

ʟʘʜʘʥʠʝ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʤʘʪʨʠʮ ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ, ʈʠʩ. 13.16. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ ʩ ʂʚʘʟʠʣʠʥʝʡʥʦʡ ʩʚʷʟʴʶ ʚ ʤʦʜʝʣʠ ʜʦʣʞʥʘ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʬʠʢʪʠʚʥʘʷ ʩʚʷʟʴ ʜʣʷ ʨʘʩʯʝʪʘ ʙʘʟʠʩʘ ʠ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʬʦʨʤ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʩʧʝʮʠʘʣʴʥʳʡ ʜʠʘʣʦʛ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ ʧʦʜʰʠʧʥʠʢʘ ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ. 

ɼʠʘʣʦʛ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ ʠʟ ʤʝʥʶ çʉʝʨʚʠʩ\ʀʤʧʦʨʪ ʧʦʜʰʠʧʥʠʢʘ ʠʟ 

ʪʘʙʣʠʮʳè, ʈʠʩ. 13.17. 

 

 
ʈʠʩ. 13.17 

ɼʠʘʣʦʛ ʦʙʨʘʙʦʪʢʠ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 13.18 ʥʠʞʝ. 

ɼʠʘʣʦʛ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʚ ʤʦʜʝʣʠ ʥʦʚʳʝ ʩʚʷʟʠ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ 

ʧʦʜʢʣʶʯʝʥʠʝʤ ʧʝʨʝʤʝʥʥʳʭ, ʘ ʪʘʢʞʝ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʤʦʜʝʣʠ ʩʚʷʟʷʭ. 
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ʈʠʩ. 13.18 

ʎʠʬʨʘʤʠ ʥʘ ʨʠʩʫʥʢʝ ʦʙʦʟʥʘʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ: 

1. ʊʘʙʣʠʮʘ ʩ ʜʘʥʥʳʤʠ ʧʦ ʩʢʦʨʦʩʪʷʤ ʚʨʘʱʝʥʠʷ, ʞʝʩʪʢʦʩʪʠ ʠ 
ʜʝʤʧʬʠʨʦʚʘʥʠʶ. ʉʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʨʠ ʚʩʪʘʚʢʝ ʚ ʧʨʦʛʨʘʤʤʫ 

ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ time_proportion (ʧʝʨʚʳʡ ʩʪʦʣʙʝʮ ʚ 

ʧʝʨʝʤʝʥʥʳʭ), ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚ ʝʜʠʥʠʮʘʭ ʉʠ (N/m,  

N*sec/m). 

2. ʆʧʨʝʜʝʣʷʝʪ ʩʙʦʨʢʫ ʚ ʤʦʜʝʣʠ ʜʣʷ ʚʩʪʘʚʢʠ ʥʦʚʦʡ ʢʚʘʟʠʣʠʥʝʡʥʦʡ 

ʩʚʷʟʠ ʠ ʥʘʙʦʨʘ ʧʝʨʝʤʝʥʥʳʭ 

3. ʆʧʨʝʜʝʣʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʢʦʥʚʝʨʪʘʮʠʠ ʪʘʙʣʠʯʥʳʭ 

ʜʘʥʥʳʭ. ʇʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʩʢʦʨʦʩʪʠ ʚ 

time_proportion, ʠ ʧʝʨʝʚʦʜʘ ʟʥʘʯʝʥʠʡ ʞʝʩʪʢʦʩʪʠ ʠ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠʟ ʚʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʉʠ 

4. ʕʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʟʘʜʘʥʠʷ ʧʨʝʬʠʢʩʘ ʠ ʩʫʬʬʠʢʩʘ ʢ 

ʥʘʟʚʘʥʠʶ ʧʝʨʝʤʝʥʥʦʡ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʤʦʜʝʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʰʠʧʥʠʢʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʥʘʟʚʘʥʠʡ 

ʧʝʨʝʤʝʥʥʳʭ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʨʘʟʥʳʤ ʩʚʷʟʷʤ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ 

ʧʦʤʝʯʝʥ ʵʣʝʤʝʥʪ çdiagonalè ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʙʫʜʫʪ ʪʦʣʴʢʦ 

ʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. 

5. ɻʨʫʧʧʘ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʟʘʜʘʥʠʷ ʩʚʦʡʩʪʚ ʩʚʷʟʠ. ʆʧʨʝʜʝʣʝʥʠʝ 
ʥʘʟʚʘʥʠʷ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʦʡ ʩʚʷʟʠ, ʣʠʙʦ ʟʘʛʨʫʟʢʘ ʜʘʥʥʳʭ ʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʤʦʜʝʣʠ ʩʚʷʟʝʡ. ɼʣʷ ʘʢʪʠʚʘʮʠʠ ʵʣʝʤʝʥʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʟʘʛʨʫʟʢʦʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʝʪʠʪʴ ʧʫʥʢʪ ñReplace 

Linkò 

6. ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʞʝʩʪʢʦʩʪʝʡ ʠ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʤʝʪʢʝ çStiffnessè ʚʚrʦʜʷʪʩʷ 

ʪʦʣʴʢʦ ʩʪʦʣʙʮʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʞʝʩʪʢʦʩʪʠ. ʇʨʠ ʚʳʙʦʨʝ 

çCustomè ʚʳʚʦʜʷʪʩʷ ʩʪʦʣʙʮʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʜʝʣʝʥʳ ʧʝʨʚʳʝ 

ʷʯʝʡʢʠ. 

1  2  3  4  

5  6 
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ʊʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʠʤʧʦʨʪ ʜʘʥʥʳʭ ʧʦ ʞʝʩʪʢʦʩʪʠ ʠ 

ʜʝʤʧʬʠʨʦʚʘʥʠʶ ʠʟ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ. ʌʘʡʣ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ 9 

ʩʪʦʣʙʮʦʚ ʩ ʜʘʥʥʳʤʠ ʨʘʟʜʝʣʝʥʥʳʤʠ ʧʨʦʙʝʣʘʤʠ. ʇʝʨʚʳʡ ʩʪʦʣʙʝʮ - 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʦʩʪʘʣʴʥʳʝ 8 ʩʪʦʣʙʮʦʚ -  ʞʝʩʪʢʦʩʪʠ (kxx, 

kxy,kyx,kyy)  ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʝ (ʩʭʭ, cxy, cyx, cyy). ʇʝʨʚʘʷ  ʩʪʨʦʢʘ 

ʠʛʥʦʨʠʨʫʝʪʩʷ. 
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14 ʈɸʉʏɽʊ ʇʆɼʐʀʇʅʀʂʆɺ ʉʂʆʃʔɾɽʅʀʗ 

14.1 ɺʚʝʜʝʥʠʝ 

DynFB ï ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ.  

14.2 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 
ʧʦʜʰʠʧʥʠʢʘ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʧʦʜʰʠʧʥʠʢʘ 

ʩʢʦʣʴʞʝʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʫʨʘʚʥʝʥʠʠ ʈʝʡʥʦʣʴʜʩʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʤʦʜʝʣʴʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʂʦʥʩʪʘʥʪʠʥʝʩʢʫ, ʠ ʫʨʘʚʥʝʥʠʠ 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ. ʋʨʘʚʥʝʥʠʝ 

ʈʝʡʥʦʣʴʜʩʘ ʦʩʥʦʚʘʥʦ ʥʘ ʨʷʜʝ ʜʦʧʫʱʝʥʠʡ: 

¶ ɾʠʜʢʦʩʪʴ ʥʝʩʞʠʤʘʝʤʘ 

¶ ʊʝʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʦʥʢʦʡ ʧʣʝʥʢʝ ╞ρπ  

¶ ʀʥʝʨʮʠʷ ʞʠʜʢʦʩʪʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʋʨʘʚʥʝʥʠʝ ʈʝʡʥʦʣʴʜʩʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʤʘʩʣʷʥʦʡ ʧʣʝʥʢʝ ʠʤʝʝʪ ʚʠʜ: 

‬

Ὑ‬•

Ὤ

ρςὯ‘
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‬

‬ᾀ

Ὤ

ρςὯ‘

‬ὴ

‬ᾀ

‬Ὤ

‬ὸ

ρ

ς
‫
‬Ὤ

‬•
ȟ 

ʛʜʝ Ὑ ï ʨʘʜʠʫʩ ʮʘʧʬʳ ʚʘʣʘ, ‘ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, Ὤ ï 
ʨʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʮʘʧʬʦʡ ʚʘʣʘ ʠ ʢʦʨʧʫʩʦʤ, ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ‫ 

ʚʨʘʱʝʥʠʷ ʮʘʧʬʳ ʚʘʣʘ, •ȟᾀ  ï ʫʛʣʦʚʘʷ ʠ ʦʩʝʚʘʷ ʢʦʦʨʜʠʥʘʪʘ, ὸ ï ʚʨʝʤʷ, 
ὯȟὯ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʨʘʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 
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Ὧ ρ πȢπττρχẗὯὙὩȢ ȟ 
Ὧ ρ πȢπςτχẗὯὙὩȢ ȟ 

Ὧ πȢρςυẗὙὩȢ ȟ 

ʛʜʝ ὙὩ ï ʣʦʢʘʣʴʥʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʚ ʧʦʪʦʢʝ ὙὩ . 

 

ʋʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʜʣʷ ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ ʧʦʣʫʯʝʥʦ ʪʘʢʞʝ 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʦʧʫʱʝʥʠʷʭ ʩʚʦʡʩʪʚʝʥʥʳʭ ʪʝʯʝʥʠʶ ʚ ʪʦʥʢʦʡ ʧʣʝʥʢʝ: 

¶ ʢʦʥʚʝʢʮʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ • ʠ ᾀ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ 

ʜʠʬʬʫʟʠʝʡ 

¶ ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʤʘʩʣʷʥʦʤ ʩʣʦʝ 

ʧʨʠʥʠʤʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ 

¶ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʡ ʧʨʦʮʝʩʩ, ʧʦʵʪʦʤʫ ʧʨʦʠʟʚʦʜʥʳʝ 

ʧʦ ʚʨʝʤʝʥʠ ʨʘʚʥʳ ʥʫʣʶ 

¶ ɺ ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ, ʵʬʬʝʢʪ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʵʬʬʝʢʪʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʬʬʫʟʠʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʩʯʝʪ 

ʚʷʟʢʦʡ ʜʠʩʩʠʧʘʮʠʠ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʠʤʝʝʪ ʚʠʜ: 
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ὗ Ὤ Ὕ Ὕ Ὤ Ὕ Ὕ ȟ 

ʛʜʝ ” ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ὧ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, Ὕ ï 

ʪʝʤʧʝʨʘʪʫʨʘ, Ὗȟὡ ï ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʦʢʨʫʞʥʦʤ ʠ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ὗ ï ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʚ ʩʪʝʥʢʠ ʚʘʣʘ ʠ ʢʦʨʧʫʩʘ, ὬȟὬ ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʪ ʞʠʜʢʦʩʪʠ ʢ ʚʘʣʫ ʠ ʢʦʨʧʫʩʫ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ὝȟὝ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʣʘ ʠ ʢʦʨʧʫʩʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʚʷʟʴ ʫʨʘʚʥʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ ʠ ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʯʝʨʝʟ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ (ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ) ʠ 

ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ (ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʜʘʚʣʝʥʠʷ).  

 

ɿʦʥʘ ʢʘʚʠʪʘʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʉʚʠʬʪʘ ï 

ʐʪʠʙʝʨʘ: 
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ὴ πȟ 
‬ὴ

‬•
πȢ 

ɼʝʡʩʪʚʫʶʱʘʷ ʥʘ ʮʘʧʬʫ ʨʦʪʦʨʘ ʩʠʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʠʥʪʝʛʨʘʣ ʧʦʣʷ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʝ ʈʝʡʥʦʣʴʜʩʘ. 

ʉʪʘʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʨʦʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ ʟʘʜʘʥʥʦʡ 

ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʠ ʦʧʦʨʥʦʡ ʨʝʘʢʮʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʣʝʥʢʠ. ɼʣʷ 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʜʰʠʧʥʠʢʘ. 

14.3 ʆʩʥʦʚʥʳʝ ʜʦʧʫʱʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ 

¶ ɾʠʜʢʦʩʪʴ ʥʝ ʩʞʠʤʘʝʤʘ; 

¶ ɾʠʜʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʅʴʶʪʦʥʦʚʩʢʦʡ; 

¶ ʊʝʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʦʥʢʦʡ ʧʣʝʥʢʝ ╞ρπ Ƞ 

¶ ʀʥʝʨʮʠʷ ʞʠʜʢʦʩʪʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ; 

¶ ʇʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ ʠ ʢʦʨʧʫʩʘ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʝ ʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ; 

¶ ʇʝʨʝʥʦʩ ʪʝʧʣʘ ʞʠʜʢʦʩʪʴʶ ʦʪ ʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ ʢ ʜʨʫʛʦʤʫ 

ʫʯʠʪʳʚʘʝʪʩʷ ʯʝʨʝʟ ʟʘʜʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʥʦʩʘ; 

¶ ʇʝʨʝʢʦʩʳ ʨʦʪʦʨʘ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ; 

14.4 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ 

ɼʣʷ ʨʘʩʯʝʪʘ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʥʘ ʩʪʝʥʢʠ ʚʘʣʘ ʠ ʢʦʨʧʫʩʘ ʧʦʜʰʠʧʥʠʢʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʦʝ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

‬

Ὑ‬•
ὴ
Ὤ

ρς‘

‬ὴ

‬•

‬

‬ᾀ
ὴ
Ὤ

ρς‘

‬ὴ

‬ᾀ

ρ

ς
‫
‬

‬•
ὴὬ

‬

‬ὸ
ὴὬȟ 

ʛʜʝ Ὑ ï ʨʘʜʠʫʩ ʚʘʣʘ, Ὤ - ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʟʦʨʘ, ‘ ï 
ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʛʘʟʘ, ὴ ï ʬʫʥʢʮʠʷ ʜʘʚʣʝʥʠʷ, ï ʫʛʣʦʚʘʷ ‫ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ, •ȟᾀ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, ὸ ï 
ʚʨʝʤʷ. 

ɼʘʚʣʝʥʠʝ ʥʘ ʪʦʨʮʘʭ ʧʦʜʰʠʧʥʠʢʘ ʨʘʚʥʦ ʜʘʚʣʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ὴ•ȟπ ὴ•ȟὒ ὴȟ 
ʛʜʝ ὴ ï ʜʘʚʣʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
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ɽʩʣʠ ʧʦʜʰʠʧʥʠʢ ʠʤʝʝʪ ʦʪʜʝʣʴʥʳʝ ʩʝʛʤʝʥʪʳ ʠʣʠ ʣʝʧʝʩʪʢʠ, ʪʦ 

ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʥʘ ʠʭ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʢʨʦʤʢʘʭ ʷʚʣʷʝʪʩʷ 

ʜʘʚʣʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ὴ•ȟᾀ ὴ•ȟᾀ ὴȢ 
ʈʘʙʦʯʠʡ ʟʘʟʦʨ ʚ ʣʝʧʝʩʪʢʦʚʦʤ ʧʦʜʰʠʧʥʠʢʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʰʠʧʥʠʢʘ ʩ 

ʞʝʩʪʢʠʤʠ ʩʪʝʥʢʘʤʠ, ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ, ʥʦ ʠ ʜʘʚʣʝʥʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʣʝʧʝʩʪʦʢ ʷʚʣʷʝʪʩʷ 

ʧʦʜʘʪʣʠʚʳʤ ʠ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʛʘʟʘ Ὤ
Ὢ•ȟᾀȟὴ. ɿʥʘʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʟʘʟʦʨʘ ʚ ʧʦʜʰʠʧʥʠʢʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʩʷ 

ʜʚʫʤʷ ʩʣʘʛʘʝʤʳʤʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʟʦʨ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʩʤʝʱʝʥʠʝʤ ʚʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ Ὤ ὢȟὣ, ʥʦ ʢʨʦʤʝ ʩʤʝʱʝʥʠʷ 
ʚʘʣʘ ʟʘʟʦʨ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʜʝʬʦʨʤʘʮʠʷ ʣʝʧʝʩʪʢʘ ‏ὴȢ ɺ DynFB ʜʣʷ 

ʫʯʝʪʘ ʜʝʬʦʨʤʘʮʠʠ ʣʝʧʝʩʪʢʘ, ʦʧʠʨʘʶʱʝʛʦʩʷ ʥʘ ʛʦʬʨʠʨʦʚʘʥʥʫʶ 

ʧʦʜʣʦʞʢʫ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʍʝʰʤʘʪʘ (Heshmat) 

Ὤ•ȟᾀ Ὤ ‏ ὧ ὢÃÏÓ• ὣÓÉÎ• ὑ ὴ ὴ ȟ 
ʛʜʝ ὧ ï ʥʘʯʘʣʴʥʳʡ ʩʙʦʨʦʯʥʳʡ ʟʘʟʦʨ, ὑ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʘʪʣʠʚʦʩʪʠ 

ʩʝʛʤʝʥʪʘ. ʂʦʵʬʬʠʮʠʝʥʪ ὑ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ 

ʣʝʧʝʩʪʢʘ ʠ ʛʦʬʨʠʨʦʚʘʥʥʦʡ ʧʦʜʣʦʞʢʠ, ʘ ʪʘʢʞʝ ʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʩʤ. ʨʠʩ. 14.1): 

ὑ
‌ὧ

ὴ
ȟ  

‌
ςίὴὰ

Ὁὸὧ
ρ ’ ȟ 

ʛʜʝ ί ï h ʘʛ ʛʦʬʨʳ, ὰ ï ʧʦʣʦʚʠʥʥʘʷ ʜʣʠʥʘ ʚʳʩʪʫʧʘ ʛʦʬʨʳ, ὸ ï ʪʦʣʱʠʥʘ 

ʣʠʩʪʘ ʛʦʬʨʳ, Ὤ ï ʚʳʩʦʪʘ ʚʳʩʪʫʧʦʚ ʛʦʬʨʳ, Ὁ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʧʝʨʚʦʛʦ ʨʦʜʘ ʤʘʪʝʨʠʘʣʘ ʛʦʬʨʳ, ’ ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʠʘʣʘ 
ʛʦʬʨʳ. ɿʜʝʩʴ ‌ ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʘʪʣʠʚʦʩʪʠ. 

 
ʈʠʩ. 14.1 ï ʇʦʷʩʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʦʬʨʳ. 

 

ʄʦʜʝʣʴ ʍʝʰʤʘʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʨʷʜʝ ʜʦʧʫʱʝʥʠʡ: 

¶ ɾʝʩʪʢʦʩʪʴ ʛʦʬʨʠʨʦʚʘʥʥʦʡ ʧʦʜʣʦʞʢʠ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ 
ʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʩʝʛʤʝʥʪʘ.  



țȾȵȹȭȹȯȼȽȭȹ ȺȹȶɇȲȹȭȫȽȰȶɊ 

  

 14-151 

¶ ʂʦʵʬʬʠʮʠʝʥʪ ‌ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ 

ʜʝʬʦʨʤʘʮʠʠ ʛʦʬʨʳ. 

¶ ʃʝʧʝʩʪʦʢ ʥʝ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʩʘʤ ʧʦ ʩʝʙʝ, ʥʝ ʧʨʦʚʠʩʘʝʪ ʤʝʞʜʫ 
ʚʳʩʪʫʧʘʤʠ ʛʦʬʨʳ, ʘ ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʝʪ ʜʝʬʦʨʤʘʮʠʶ 

ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ. 

¶ ɼʝʬʦʨʤʘʮʠʷ ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ 
ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʣʦʢʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ, ʪʦ ʝʩʪʴ ʪʦʣʴʢʦ ʦʪ ʩʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʪʦʯʢʫ. 

¶ ʊʨʝʥʠʝ ʤʝʞʜʫ ʣʝʧʝʩʪʢʦʤ, ʛʦʬʨʦʡ ʠ ʢʦʨʧʫʩʦʤ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʣʝʧʝʩʪʢʦʚʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʩʘʤʘ ʧʦ ʩʝʙʝ ʥʝ ʜʦʧʫʩʢʘʝʪ 

ʧʦʷʚʣʝʥʠʷ ʟʦʥʳ ʨʘʟʨʷʞʝʥʠʷ. ʊʘʢ ʢʘʢ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʫʩʣʦʚʠʷ ὴ ὴ 

ʣʝʧʝʩʪʦʢ ʙʫʜʝʪ ʦʪʨʳʚʘʪʴʩʷ ʦʪ ʛʦʬʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨʦʛʠʙʘʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʟʘʟʦʨʘ ʧʦʢʘ 

ʜʘʚʣʝʥʠʝ ʥʝ ʚʳʨʦʚʥʷʝʪʩʷ (ʩʤ. ʈʠʩ. 14.2). ʕʪʘ ʟʦʥʘ ʥʝ ʙʫʜʝʪ ʧʨʠʚʥʦʩʠʪʴ 

ʥʠʢʘʢʦʛʦ ʚʢʣʘʜʘ ʚ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʦʧʦʨʥʦʡ ʨʝʘʢʮʠʠ. ʆʜʥʘʢʦ, 

ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʬʠʣʴ ʜʘʚʣʝʥʠʷ ʚ 

ʢʣʠʥʝ. ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ ʍʝʰʤʘʪʘ ʚʳʰʝʦʧʠʩʘʥʥʦʝ ʷʚʣʝʥʠʝ, ʧʦ ʩʫʪʠ, 

ʧʦʭʦʞʝ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʟʦʥʳ ʢʘʚʠʪʘʮʠʠ ʚ ʦʙʳʯʥʳʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʜʰʠʧʥʠʢʘʭ ʩʢʦʣʴʞʝʥʠʷ. ɼʣʷ ʫʯʝʪʘ ʜʘʥʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚ DynFB ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ 

ʥʘʢʣʘʜʳʚʘʝʤʦʝ ʥʘ ʧʨʦʬʠʣʴ ʜʘʚʣʝʥʠʝ: 

ὖ ὴὴϳ ρȟ̄ ̅ ̆ὴ ὴȟ 
ʯʪʦ ʧʦʭʦʞʝ ʥʘ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ɻʶʤʙʝʣʷ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʦʜʰʠʧʥʠʢʘʭ. 

ɺ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʜʰʠʧʥʠʢʘʭ ʩ ʞʝʩʪʢʠʤʠ ʩʪʝʥʢʘʤʠ ʟʦʥʘ 

ʨʘʟʨʷʞʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʠ ʝʸ ʫʯʝʪ ʥʝ ʪʨʝʙʫʝʪ ʥʠ ʢʘʢʠʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

14.5 ʆʩʥʦʚʥʳʝ ʜʦʧʫʱʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ 

¶ ʉʣʦʡ ʞʠʜʢʦʩʪʠ ʪʦʥʢʠʡ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʩʠʣʘʤʠ 

ʠʥʝʨʮʠʠ ʞʠʜʢʦʩʪʠ ʠ ʛʨʘʜʠʝʥʪʦʤ ʜʘʚʣʝʥʠʷ ʧʦ ʪʦʣʱʠʥʝ ʩʣʦʷ 

¶ ʇʦʪʦʢ ʣʘʤʠʥʘʨʥʳʡ 

¶ ʇʦʪʦʢ ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ 

¶ ɾʠʜʢʦʩʪʴ ʚ ʟʘʟʦʨʝ ï çʠʜʝʘʣʴʥʳʡ ʛʘʟè, ʪ.ʝ. ʜʣʷ ʘʜʠʘʙʘʪʥʦʛʦ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʣʦʪʥʦʩʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʜʘʚʣʝʥʠʶ ὴ”ϳ ὅέὲίὸ. 
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ʈʠʩ. 14.2 ï ʇʦʷʩʥʝʥʠʝ ʢ ʧʦʩʪʘʥʦʚʢʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʟʦʥʳ ʨʘʟʨʷʞʝʥʠʷ 

14.6 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ɼʣʷ ʢʘʞʜʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʠ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʦʡ, 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ: 

ʊʘʙʣʠʮʘ 14.1 

ʅʘʟʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ ʂʦʤʤʝʥʪʘʨʠʡ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʞʝʩʪʢʦʩʪʠ [K]  

ʅ/ʤ ʂʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ ʧʦ 

ʜʚʫʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʨʦʪʦʨʘ 

ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ X ʠ Y 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

[C] 

ʅ*ʤ/ʩ ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʧʦ ʜʚʫʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ 

ʨʦʪʦʨʘ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ X ʠ Y 
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ʂʦʦʨʜʠʥʘʪʳ 

ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ 

ʨʦʪʦʨʘ [X/c, Y/c] 

- ʂʦʦʨʜʠʥʘʪʳ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ X, Y 

ʦʪʥʝʩʝʥʥʳʝ ʢ ʚʝʣʠʯʠʥʝ 

ʟʘʜʘʥʥʦʛʦ ʟʘʟʦʨʘ 

ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ 

ʨʦʪʦʨʘ [Epp] 

- ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ ʨʦʪʦʨʘ, 

ʦʪʥʝʩʝʥʥʳʡ ʢ ʚʝʣʠʯʠʥʝ 

ʟʘʜʘʥʥʦʛʦ ʟʘʟʦʨʘ 

ʋʛʦʣ ʦʪʢʣʦʥʝʥʠʷ 

ʨʦʪʦʨʘ [Psi] 

Á ʋʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʨʦʪʦʨʘ ʦʪ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, 

ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʦʩʠ ïY (ʤʠʥʫʩ 

Y). 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ [Pmax] 

ʇʘ ɿʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʧʣʝʥʢʝ 

ʋʛʦʣ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ 

[Pmax_angl] 

Á ʋʛʣʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʧʣʝʥʢʝ 

ʄʠʥʠʤʘʣʴʥʳ 

ʟʘʟʦʨ [Hmin] 

- ɺʝʣʠʯʠʥʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʘʟʦʨʘ 

ʚ ʧʣʝʥʢʝ, ʦʪʥʝʩʝʥʥʳʝ ʢ 

ʚʝʣʠʯʠʥʝ ʟʘʜʘʥʥʦʛʦ ʟʘʟʦʨʘ 

ʋʛʦʣ 

ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʟʘʟʦʨʘ 

[Hmin_angl] 

Á ʋʛʣʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʟʘʟʦʨʦʤ ʚ ʧʣʝʥʢʝ 

ʇʨʝʜʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ 

[ThresSpeed] 

ʦʙ/ʤʠʥ ʇʨʝʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʞʝʩʪʢʠʡ ʨʦʪʦʨ 

ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʥʘ ʧʦʜʰʠʧʥʠʢʝ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʩʠʣʝ ʚʝʩʘ 

ʉʪʘʙʠʣʝʥ ʣʠ 

ʧʦʜʰʠʧʥʠʢ 

[IsStable] 

ɼɸ / ʅɽʊ ʉʪʘʙʠʣʝʥ ʣʠ ʞʝʩʪʢʠʡ ʨʦʪʦʨ ʥʘ 

ʧʦʜʰʠʧʥʠʢʝ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʩʠʣʝ ʚʝʩʘ ʠ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ 

ʇʦʪʝʨʠ 

ʤʦʱʥʦʩʪʠ ʥʘ 

ʪʨʝʥʠʝ [PwrLoss] 

ɺʪ ʇʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʥʘ ʪʨʝʥʠʝ ʚ 

ʧʦʜʰʠʧʥʠʢʝ ʩʢʦʣʴʞʝʥʠʷ 

ʊʦʨʮʝʚʳʝ ʫʪʝʯʢʠ 

[SideFlow] 

ʣ/ʤʠʥ ʋʪʝʯʢʠ ʤʘʩʣʘ ʠʟ ʧʦʜʰʠʧʥʠʢʘ 

ʯʝʨʝʟ ʪʦʨʮʳ. (ʊʦʣʴʢʦ ʜʣʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʦʜʰʠʧʥʠʢʦʚ) 
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ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 

[Tmax] 

Áʉ ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʣʝʥʢʝ 

ʂʨʠʪʠʯʝʩʢʘʷ 

ʤʘʩʩʘ [CritMass] 

ʢʛ ʇʨʝʜʝʣʴʥʘʷ ʤʘʩʩʘ ʞʝʩʪʢʦʛʦ 

ʨʦʪʦʨʘ, ʙʦʣʴʰʝ ʢʦʪʦʨʦʡ ʨʦʪʦʨ 

ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʥʘ ʧʦʜʰʠʧʥʠʢʝ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠ 

ʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʇʝʨʝʤʝʱʝʥʠʷ 

ʩʝʛʤʝʥʪʦʚ 

[ʨʘʜ, ʤ, ʤ] ʇʝʨʝʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʦʚ ʚ 

ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ: ʦʜʠʥ ʧʦʚʦʨʦʪ 

ʠ ʜʚʘ ʩʤʝʱʝʥʠʷ. ɼʘʥʥʳʡ 

ʧʘʨʘʤʝʪʨ ʚʳʯʠʩʣʷʝʪʩʷ ʪʦʣʴʢʦ 

ʜʣʷ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʩ 

ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠʩʷ 

ʩʝʛʤʝʥʪʘʤʠ. 

14.7 ʆʙʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ɤ [ʦʙ/ʤʠʥ], ʩʧʠʩʦʢ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʜʣʷ 

ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʰʠʧʥʠʢʘ 

ʩʢʦʣʴʞʝʥʠʷ. 

 

ɺʥʝʰʥʷʷ ʥʘʛʨʫʟʢʘ Fx, Fy [ʅ], ʢʦʤʧʦʥʝʥʪʳ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ. ʄʦʛʫʪ 

ʙʳʪʴ ʧʦʩʪʦʷʥʥʳʤʠ ʠʣʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʬʫʥʢʮʠʝʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ: 

Ὂ Ὂ Ὂẗ‫ Ὂẗ‫Ȣ 
ʉʚʦʡʩʪʚʘ ʩʤʘʟʳʚʘʶʱʝʡ ʞʠʜʢʦʩʪʠ: 

- ʅʘʟʚʘʥʠʝ ʚ ʙʘʟʝ ʜʘʥʥʳʭ (ʪʦʣʴʢʦ ʜʣʷ ʞʠʜʢʦʩʪʝʡ). ɽʩʣʠ ʥʘʟʚʘʥʠʝ 

ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʜʦʙʘʚʠʪʴ 

ʥʦʚʫʶ ʧʦʟʠʮʠʶ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʩʚʦʡʩʪʚ ʩʤʘʟʳʚʘʶʱʠʭ 

ʞʠʜʢʦʩʪʝʡ ʠ ʟʘʥʝʩʪʠ ʩʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʠ ʚ ʙʘʟʫ 

- ʇʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ/ʛʘʟʘ ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ [ʢʛ/ʤ^3]. 

ʋʯʠʪʳʚʘʝʪʩʷ ʚ ʨʘʩʯʝʪʝ ʝʩʣʠ ʚʢʣʶʯʝʥ ʨʝʞʠʤ ʧʨʷʤʦʛʦ ʟʘʜʘʥʠʷ 

ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ 

ʠʩʢʣʶʯʘʝʪʩʷ ʠʟ ʨʘʩʯʝʪʘ, ʘ ʧʣʦʪʥʦʩʪʠ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ 

ʟʘʜʘʥʥʦʡ ʠ ʧʦʩʪʦʷʥʥʦʡ ʧʦ ʚʩʝʤʫ ʤʘʩʣʷʥʦʤʫ ʩʣʦʶ. 

- ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ [ʇʘ*ʩʝʢ]. ɸʥʘʣʦʛʠʯʥʦ 

ʧʨʝʜʳʜʫʱʝʤʫ ʧʫʥʢʪʫ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʝ ʧʨʷʤʦʛʦ 

ʟʘʜʘʥʠʷ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ. 
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ʉʚʦʡʩʪʚʘ ʧʦʜʘʯʠ ʤʘʩʣʘ ʚ ʧʦʜʰʠʧʥʠʢ (ʪʦʣʴʢʦ ʜʣʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʦʜʰʠʧʥʠʢʦʚ): 

- ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ. ʆʧʨʝʜʝʣʷʝʪ ʢʘʢʘʷ ʯʘʩʪʴ ʪʝʧʣʘ, 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʝʛʤʝʥʪʝ, ʙʫʜʝʪ ʧʝʨʝʥʝʩʝʥʘ 

ʤʘʩʣʦʤ ʚ ʩʣʝʜʫʶʱʠʡ ʩʝʛʤʝʥʪ. ʇʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ [0; 1].  

- ʊʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ ʥʘ ʚʭʦʜʝ ʚ ʧʦʜʰʠʧʥʠʢ [ʛʨʘʜ. ʉ]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʘʩʪʨʦʡʢʠ ʧʦʜʰʠʧʥʠʢ (ʪʦʣʴʢʦ ʜʣʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʜʰʠʧʥʠʢʦʚ): 

- ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʛʨʘʥʠʮʝ ʟʦʥʳ ʢʘʚʠʪʘʮʠʠ. ʋʩʣʦʚʠʷ 

ɻʶʤʙʝʣʷ: 

˒̒̌ ̉ὖ πȟ̓  ̏ὖ π 

ʈʝʡʥʦʣʴʜʩʘ (ʉʚʠʬʪʘ ï ʐʪʠʙʝʨʘ): 

ὴ πȟ   
‬ὴ

‬•
πȢ 

- ʈʝʞʠʤ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ: ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʤʘʩʣʷʥʦʤ ʩʣʦʝ ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʠ ʨʘʚʥʦʡ 

ʟʘʜʘʥʥʦʡ, ʥʝ ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʤʘʩʣʷʥʦʤ ʩʣʦʝ 

ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʦʚʤʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ ʠ ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ. 

- ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ: ʘʜʠʘʙʘʪʥʳʡ ʨʘʩʯʝʪ ï 

ʦʪʩʫʪʩʪʚʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʤʘʩʣʷʥʳʤ ʩʣʦʝʤ ʠ ʩʪʝʥʢʘʤʠ 

ʚʘʣʘ ʠ ʢʦʨʧʫʩʘ ʧʦʜʰʠʧʥʠʢʘ, ʟʘʜʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ ʠ ʢʦʨʧʫʩʘ ï ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ ʠ ʢʦʨʧʫʩʘ 

ʩʯʠʪʘʶʪʩʷ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʠ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʨʘʚʥʫʶ ʟʘʜʘʥʥʦʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ m, n ʚ ʦʢʨʫʞʥʦʤ ʠ ʦʩʝʚʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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14.8 Plain journal  bearing. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ 

ʩʢʦʣʴʞʝʥʠʷ 

  

 
ʈʠʩ. 14.3 

ʊʘʙʣʠʮʘ 14.2 

# ʅʘʟʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ ʆʙʦʟʥʘʯʝʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

ʚ ʠʥʪʝʨʬʝʡʩʝ 

1 ʈʘʜʠʫʩ ʚʘʣʘ ʤ Rs R 

2 ɼʣʠʥʘ ʧʦʜʰʠʧʥʠʢʘ ʤ L L 

3 ʈʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤ Cb=Rb-Rs c 
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14.9 Axial  groove journal  bearing. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ 

ʩ ʦʩʝʚʳʤʠ ʧʨʦʪʦʯʢʘʤʠ 

 
ʈʠʩ. 14.4 

ʊʘʙʣʠʮʘ 14.3 

# ʅʘʟʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩ

ʪ ɹ

ʆʙʦʟʥʘʯʝʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

ʚ ʠʥʪʝʨʬʝʡʩʝ 

1 ʈʘʜʠʫʩ ʚʘʣʘ ʤ Rs R 

2 ɼʣʠʥʘ ʧʦʜʰʠʧʥʠʢʘ ʤ L L 

3 ʈʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤ Cb=Rb-Rs c 

4 ʋʛʦʣ ʩʝʢʪʦʨʘ 

ʩʝʛʤʝʥʪʘ 

Á ὢ Pd_Arc_Ln[] 

5 ʋʛʣʦʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʥʝʡ 

ʣʠʥʠʠ ʧʨʦʪʦʯʢʠ 

Á — groove_Arc_pos[] 

6 ʋʛʦʣ ʩʝʢʪʦʨʘ 

ʧʨʦʪʦʯʢʠ 

Á • Grv_Arc_Ln[] 
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14.10 Offset half journal  bearing. ʇʦʜʰʠʧʥʠʢ ʩʦ ʩʤʝʱʝʥʥʳʤʠ 

ʩʝʛʤʝʥʪʘʤʠ 

 
ʈʠʩ. 14.5 

ʊʘʙʣʠʮʘ 14.4 

# ʅʘʟʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ ʆʙʦʟʥʘʯʝʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

ʚ ʠʥʪʝʨʬʝʡʩʝ 

1 ʈʘʜʠʫʩ ʚʘʣʘ ʤ Rs R 

2 ɼʣʠʥʘ ʧʦʜʰʠʧʥʠʢʘ ʤ L L 

3 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʈʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ 

(ʥʝ ʩʙʦʨʦʯʥʳʡ) 

ʤ Cp=Rp-Rs c 

4 ʋʛʦʣ ʩʝʢʪʦʨʘ 

ʩʝʛʤʝʥʪʘ 

Á ὢ Pd_Arc_Ln[] 

5 ʋʛʣʦʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʥʝʡ 

ʣʠʥʠʠ ʧʨʦʪʦʯʢʠ 

Á — groove_Arc_pos[] 

6 ʋʛʦʣ ʩʝʢʪʦʨʘ 

ʧʨʦʪʦʯʢʠ 

Á • Grv_Arc_Ln[] 

7 ʉʤʝʱʝʥʠʝ 

ʩʝʛʤʝʥʪʦʚ 

ʤ Ὠ Lin_offset 
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14.11 Elliptical  and multylobe journal bearing. ʕʣʣʠʧʪʠʯʝʩʢʠʡ ʠ 

ʤʥʦʛʦʢʣʠʥʦʚʳʡ ʧʦʜʰʠʧʥʠʢ ʩʢʦʣʴʞʝʥʠʷ 

  

 
ʈʠʩ. 14.6 

ʊʘʙʣʠʮʘ 14.5 

# ʅʘʟʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ ʆʙʦʟʥʘʯʝʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

ʚ ʠʥʪʝʨʬʝʡʩʝ 

1 ʈʘʜʠʫʩ ʚʘʣʘ ʤ Rs R 

2 ɼʣʠʥʘ ʧʦʜʰʠʧʥʠʢʘ ʤ L L 

3 ʉʙʦʨʦʯʥʳʡ 

ʨʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ 

ʤ Cb=Rb-Rs c 

4 ʋʛʦʣ ʩʝʢʪʦʨʘ 

ʩʝʛʤʝʥʪʘ 

Á ὢ Pd_Arc_Ln[] 

5 ʋʛʣʦʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʥʝʡ 

ʣʠʥʠʠ ʧʨʦʪʦʯʢʠ 

Á — groove_Arc_Pos[] 

6 ʋʛʦʣ ʩʝʢʪʦʨʘ 

ʧʨʦʪʦʯʢʠ 

Á • Relief_Grv_Len[] 

7 ʂʦʵʬʬʠʮʠʝʥʪ 

ʬʦʨʤʳ 

-- 
mf 

preload[] 

8 ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʤʝʱʝʥʠʝ ʩʝʛʤʝʥʪʘ 

-- 
af 

offset[] 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ï ʦʪʥʦʰʝʥʠʝ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʮʝʥʪʨʦʤ 

ʢʨʠʚʠʟʥʳ ʩʝʛʤʝʥʪʘ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʧʦʜʰʠʧʥʠʢʘ ʢ 

ʨʘʜʠʘʣʴʥʦʤʫ ʟʘʟʦʨʫ: 

άὪ ρ
ὧ

ὧ
Ȣ 
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ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʩʝʛʤʝʥʪʘ ï ʦʪʥʦʰʝʥʠʝ ʩʝʢʪʦʨʘ ʩʭʦʜʷʱʝʡʩʷ 

ʯʘʩʪʠ ʩʝʛʤʝʥʪʘ ʢ ʧʦʣʥʦʤʫ ʩʝʢʪʦʨʫ ʩʝʛʤʝʥʪʘ: 

ὥὪ
—

ὢ
Ȣ 

14.12 Tapered land journal  bearing. ʇʦʜʰʠʧʥʠʢ ʩʢʦʣʴʞʝʥʠʷ ʩ 

ʢʣʠʥʦʚʠʜʥʦʡ ʚʳʙʦʨʢʦʡ ʚ ʩʝʛʤʝʥʪʘʭ 

 
ʈʠʩ. 14.7 

ʊʘʙʣʠʮʘ 14.6 

# ʅʘʟʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ ʆʙʦʟʥʘʯʝʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

ʚ ʠʥʪʝʨʬʝʡʩʝ 

1 ʈʘʜʠʫʩ ʚʘʣʘ ʤ Rs R 

2 ɼʣʠʥʘ 

ʧʦʜʰʠʧʥʠʢʘ 

ʤ L L 

3 ʈʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤ Cb=Rb-Rs c 

4 ʋʛʦʣ ʩʝʢʪʦʨʘ 

ʩʝʛʤʝʥʪʘ 

Á ὢ Pd_Arc_Ln[] 

5 ʋʛʣʦʚʦʝ 

ʧʦʣʦʞʝʥʠʝ 

ʩʨʝʜʥʝʡ ʣʠʥʠʠ 

ʧʨʦʪʦʯʢʠ 

Á — groove_Arc_pos[] 

6 ʋʛʦʣ ʩʝʢʪʦʨʘ 

ʧʨʦʪʦʯʢʠ 

Á • Grv_Arc_Ln[] 
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7 ʋʛʦʣ ʩʝʛʤʝʥʪʘ  

ʢʣʠʥʦʚʦʡ ʚʳʙʦʨʢʠ 

Á —  Taper_Arc_Len[] 

8 ɻʣʫʙʠʥʘ ʚʳʙʦʨʢʠ 

ʥʘ ʧʝʨʝʜʥʝʡ 

ʢʨʦʤʢʝ ʩʝʛʤʝʥʪʘ 

ʤ ό lob_undercut[] 

9 ʆʩʝʚʘʷ ʜʣʠʥʘ 

ʚʳʙʦʨʢʠ 

ʤ ὒ Taper_Ax_Len[] 

 

14.13 Pressure dam journal bearing. ʇʦʜʰʠʧʥʠʢ ʩʢʦʣʴʞʝʥʠʷ ʩ 

ʧʦʨʦʛʦʤ 

 
ʈʠʩ. 14.8 

ʊʘʙʣʠʮʘ 14.7 

# ʅʘʟʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ ʆʙʦʟʥʘʯʝʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

ʚ ʠʥʪʝʨʬʝʡʩʝ 

1 ʈʘʜʠʫʩ ʚʘʣʘ ʤ Rs R 

2 ɼʣʠʥʘ ʧʦʜʰʠʧʥʠʢʘ ʤ L L 

3 ʈʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤ Cb=Rb-Rs c 

4 ʋʛʦʣ ʩʝʢʪʦʨʘ 

ʩʝʛʤʝʥʪʘ 

Á ὢ Pd_Arc_Ln[] 

5 ʋʛʣʦʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʥʝʡ 

ʣʠʥʠʠ ʧʨʦʪʦʯʢʠ 

Á — groove_Arc_pos[] 
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6 ʋʛʦʣ ʩʝʢʪʦʨʘ 

ʧʨʦʪʦʯʢʠ 

Á • Grv_Arc_Ln[] 

7 ʋʛʦʣ ʩʝʢʪʦʨʘ 

ʚʳʙʦʨʢʠ ʤʘʪʝʨʠʘʣʘ 

Á ὢ  Pocket_Arc_Len[] 

8 ɻʣʫʙʠʥʘ ʚʳʙʦʨʢʠ 

ʤʘʪʝʨʠʘʣʘ 

ʤ Ὤ Pocket_Depth[] 

9 ʆʩʝʚʘʷ ʜʣʠʥʘ 

ʚʳʙʦʨʢʠ 

ʤ Ὤ  Pocket_Axl_Len[] 

10 ʐʠʨʠʥʘ ʢʨʫʛʦʚʦʡ 

ʤʘʩʣʦʨʘʩʧʨʝʜʝʣʠʪʝ

ʣʴʥʦʡ ʢʘʥʘʚʢʠ 

ʤ ὒ  Relief_Grv_Len[] 

 

14.14 Tilting  pad journal  bearing. ʇʦʜʰʠʧʥʠʢ ʩ 

ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠʩʷ ʩʝʛʤʝʥʪʘʤʠ 

 
ʈʠʩ. 14.9 

ʊʘʙʣʠʮʘ 14.8 

# ʅʘʟʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ ʆʙʦʟʥʘʯʝʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

ʚ ʠʥʪʝʨʬʝʡʩʝ 

1 ʈʘʜʠʫʩ ʚʘʣʘ ʤ Rs R 

2 ɼʣʠʥʘ ʧʦʜʰʠʧʥʠʢʘ ʤ L L 

3 ʈʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤ Cb=Rb-Rs c 

4 ʋʛʦʣ ʩʝʢʪʦʨʘ 

ʩʝʛʤʝʥʪʘ 

Á ὢ PadArcLen 
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5 ʂʦʵʬʬʠʮʠʝʥʪ 

ʬʦʨʤʳ 

-- mf PadPreload 

6 ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʤʝʱʝʥʠʝ ʧʦʜʚʝʩʘ 

-- af PadPivotOffset 

7 ʅʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ 

ʪʷʞʝʩʪʠ 

-- df GravityForceDirec

tion 

8 ʋʯʝʪ ʠʥʝʨʮʠʠ 

ʩʝʛʤʝʥʪʦʚ 

-- pi PadInertiaInclude 

9 ʋʯʝʪ ʞʝʩʪʢʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦʜʚʝʩʘ 

-- pstfi PivotStiffInclude 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ï ʦʪʥʦʰʝʥʠʝ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʮʝʥʪʨʦʤ 

ʢʨʠʚʠʟʥʳ ʩʝʛʤʝʥʪʘ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʧʦʜʰʠʧʥʠʢʘ ʢ 

ʨʘʜʠʘʣʴʥʦʤʫ ʟʘʟʦʨʫ: 

άὪ ρ
ὧ

ὧ
Ȣ 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʧʦʜʚʝʩʘ ï ʦʪʥʦʰʝʥʠʝ ʫʛʣʦʚʦʛʦ ʩʤʝʱʝʥʠʷ 

ʧʦʜʚʝʩʘ ʦʪ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ ʩʝʛʤʝʥʪʘ ʢ ʫʛʣʫ ʩʝʢʪʦʨʘ ʩʝʛʤʝʥʪʘ: 

ὥὪ
—

ὢ
Ȣ 

ʅʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚʦʟʤʦʞʥʦ ʩʪʨʦʛʦ ʤʝʞʜʫ ʩʝʛʤʝʥʪʘʤʠ ʣʠʙʦ ʧʦ 

ʮʝʥʪʨʫ ʩʝʛʤʝʥʪʘ. ʇʦ ʩʫʪʠ, ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʦʧʨʝʜʝʣʷʝʪ ʦʨʠʝʥʪʘʮʠʶ 

ʩʝʛʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʥʘ ʧʨʘʢʪʠʢʝ 

ʩʝʛʤʝʥʪʳ ʦʨʠʝʥʪʠʨʫʶʪ ʦʙʳʯʥʦ ʚ ʦʜʥʦʤ ʠʟ ʜʚʫʭ ʚʳʰʝ ʦʟʚʫʯʝʥʥʳʭ 

ʧʦʣʦʞʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʣʳ ʪʷʞʝʩʪʠ. 

 

ɺ ʨʘʩʯʝʪʝ ʚʦʟʤʦʞʝʥ ʫʯʝʪ ʠʥʝʨʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʝʛʤʝʥʪʦʚ. ʆʥ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʩʝʛʤʝʥʪʳ ʩʦʚʝʨʰʘʶʪ ʢʦʣʝʙʘʥʠʷ 

ʩ ʯʘʩʪʦʪʦʡ ʧʨʷʤʦʡ ʩʠʥʭʨʦʥʥʦʡ ʧʨʝʮʝʩʩʠʠ ʨʦʪʦʨʘ. ʇʨʠ ʚʢʣʶʯʸʥʥʦʤ 

ʫʯʝʪʝ ʠʥʝʨʮʠʠ ʩʝʛʤʝʥʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʚʚʝʩʪʠ ʨʷʜ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʩʤ. ʈʠʩ. 14.10) : 
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ʊʘʙʣʠʮʘ 14.9 

# ʅʘʟʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ ʆʙʦʟʥʘʯʝʥʠʝ 

1 ʄʘʩʩʘ ʩʝʛʤʝʥʪʘ ʢʛ mp 

2 ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʝʛʤʝʥʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 

ʢʛ*ʤ^2 Ip 

3 ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʦʪ ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʜʦ ʮʝʥʪʨʘ 

ʪʷʞʝʩʪʠ ʩʝʛʤʝʥʪʘ  

ʤ B 

4 ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʜʦ ʮʝʥʪʨʘ 

ʪʷʞʝʩʪʠ ʩʝʛʤʝʥʪʘ  

ʤ C 

 

 
ʈʠʩ. 14.10 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʜʚʝʩʘ ʩʝʛʤʝʥʪʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ 

ʝʛʦ ʚ ʚʠʜʝ ʠʜʝʘʣʴʥʦʛʦ ʰʘʨʥʠʨʘ, ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʝʛʦ ʞʝʩʪʢʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʚ ʨʘʩʯʝʪʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʰʠʧʥʠʢʘ. ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ DynFB ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʧʦʜʚʝʩʘ 

ʩʝʛʤʝʥʪʦʚ: 

ʊʘʙʣʠʮʘ 14.10 

ʀʜʝʘʣʴʥʳʡ ʰʘʨʥʠʨ 

 

ʉʬʝʨʠʯʝʩʢʠʡ ʧʦʜʚʝʩ ï ʰʘʨ 

ʚʥʫʪʨʠ ʩʬʝʨʳ 
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ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʧʦʜʚʝʩ ï 

ʢʦʥʪʘʢʪ ʧʦ ʣʠʥʠʠ 
 

ʉʬʝʨʠʯʝʩʢʠʡ ʧʦʜʚʝʩ ï ʰʘʨ 

ʚʥʫʪʨʠ ʮʠʣʠʥʜʨʘ 

 

ʋʧʨʫʛʠʡ ʧʦʜʚʝʩ 

 
 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʫʯʝʪʘ ʩʬʝʨʠʯʝʩʢʦʛʦ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʧʦʜʚʝʩʦʚ 

ʦʜʥʠ ʠ ʪʝ ʞʝ, ʥʦ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʡ ʩʤʳʩʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ 

ʪʠʧʘ (ʩʤ. ʈʠʩ. 14.11, ʈʠʩ. 14.12): 

ʊʘʙʣʠʮʘ 14.11 

# ʅʘʟʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ ʆʙʦʟʥʘʯʝʥʠʝ 

1 ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʧʦʜʚʝʩʘ 

ʇʘ Ep 

2 ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʢʦʨʧʫʩʘ 

ʇʘ Eh 

3 ʂʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʠʘʣʘ 

ʧʦʜʚʝʩʘ 

-- vp 

4 ʂʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʠʘʣʘ 

ʢʦʨʧʫʩʘ 

-- vh 

5 ɼʠʘʤʝʪʨ ʧʦʜʚʝʩʘ ʤ Dp 

6 ɼʠʘʤʝʪʨ ʢʦʨʧʫʩʘ ʤ Dh 

7 ʕʬʬʝʢʪʠʚʥʘʷ ʰʠʨʠʥʘ 

ʩʝʛʤʝʥʪʘ 

ʤ Leff 
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ʈʠʩ. 14.11 

 
ʈʠʩ. 14.12 

ʋʧʨʫʛʠʡ ʧʦʜʚʝʩ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʦʥʩʦʣʴʥʦ ʟʘʢʨʝʧʣʝʥʥʦʡ ʙʘʣʢʦʡ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ (ʩʤ. ʈʠʩ. 14.13).  

ʊʘʙʣʠʮʘ 14.12 

# ʅʘʟʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ ʆʙʦʟʥʘʯʝʥʠʝ 

1 ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʧʦʜʚʝʩʘ 

ʇʘ Ep 

2 ʕʬʬʝʢʪʠʚʥʘʷ ʜʣʠʥʘ 

ʫʧʨʫʛʦʡ ʯʘʩʪʠ 

ʤ Leff 

3 ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʫʧʨʫʛʦʛʦ 

ʵʣʝʤʝʥʪʘ 

ʤ̂2 A 

4 ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʩʝʯʝʥʠʷ ʫʧʨʫʛʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʛʠʙʘ 

ʤ̂4 I 

 
ʈʠʩ. 14.13 
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14.15 Gas bearing. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ 
ʧʦʜʰʠʧʥʠʢ 

 
ʈʠʩ. 14.14 

ʊʘʙʣʠʮʘ 14.13 

# ʅʘʟʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ ʆʙʦʟʥʘʯʝʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

ʚ ʠʥʪʝʨʬʝʡʩʝ 

1 ʈʘʜʠʫʩ ʚʘʣʘ ʤ Rs R 

2 ɼʣʠʥʘ 

ʧʦʜʰʠʧʥʠʢʘ 

ʤ L L 

3 ʈʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤ Cb=Rb-Rs C 

4 ʆʨʠʝʥʪʘʮʠʦʥʥʳʡ 

ʫʛʦʣ 

Á Ŭ OrientationAngle 



țȾȵȹȭȹȯȼȽȭȹ ȺȹȶɇȲȹȭȫȽȰȶɊ 

  

 14-168 

14.16 Multilobe  gas bearing. ʄʥʦʛʦʢʣʠʥʦʚʳʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʧʦʜʰʠʧʥʠʢ 

 
ʈʠʩ. 14.15 

ʊʘʙʣʠʮʘ 14.14 

# ʅʘʟʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ ʆʙʦʟʥʘʯʝʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

ʚ ʠʥʪʝʨʬʝʡʩʝ 

1 ʈʘʜʠʫʩ ʚʘʣʘ ʤ Rs R 

2 ɼʣʠʥʘ ʧʦʜʰʠʧʥʠʢʘ ʤ L L 

3 ʉʙʦʨʦʯʥʳʡ 

ʨʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ 

ʤ Cb=Rb-Rs c 

4 ʋʛʦʣ ʩʝʢʪʦʨʘ 

ʩʝʛʤʝʥʪʘ 

Á ὢ Pd_Arc_Ln[] 

5 ʋʛʣʦʚʦʝ 

ʧʦʣʦʞʝʥʠʝ 

ʚʭʦʜʥʦʡ ʢʨʦʤʢʠ 

ʧʝʨʚʦʛʦ ʩʝʛʤʝʥʪʘ 

Á •  firstEdgeLocation 

6 ʂʦʵʬʬʠʮʠʝʥʪ 

ʬʦʨʤʳ 

-- 
mf 

preload[] 

7 ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʤʝʱʝʥʠʝ ʩʝʛʤʝʥʪʘ 

-- 
af 

offset[] 
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14.17 Air  foil  bearing. ʃʝʧʝʩʪʢʦʚʳʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʧʦʜʰʠʧʥʠʢ 

 
ʈʠʩ. 14.16 

 

 
ʈʠʩ. 14.17 

ʊʘʙʣʠʮʘ 14.15 

# ʅʘʟʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ ʆʙʦʟʥʘʯʝʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

ʚ ʠʥʪʝʨʬʝʡʩʝ 

1 ʈʘʜʠʫʩ ʚʘʣʘ ʤ Rs R 

2 ɼʣʠʥʘ 

ʧʦʜʰʠʧʥʠʢʘ 

ʤ L L 

3 ʉʙʦʨʦʯʥʳʡ 

ʨʘʜʠʘʣʴʥʳʡ 

ʟʘʟʦʨ 

ʤ Cb=Rb-Rs c 

4 ɺʳʩʦʪʘ ʚʳʩʪʫʧʘ 

ʛʦʬʨʳ 

ʤ h0 BMh 

5 ʇʦʣʦʚʠʥʘ ʜʣʠʥʳ 

ʚʳʩʪʫʧʘ ʛʦʬʨʳ 

ʤ l0 BMl  
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6 ʐʠʨʠʥʘ ʛʦʬʨʳ ʤ w BMw 

7 ʊʦʣʱʠʥʘ ʣʠʩʪʘ 

ʛʦʬʨʳ 

ʤ 
t0 

BMt 

8 ʐʘʛ ʚʳʩʪʫʧʦʚ 

ʛʦʬʨʳ 

ʤ 
s0 

BMs 

9 ʂʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ 

ʤʘʪʝʨʠʘʣʘ ʛʦʬʨʳ 

-- 

’ 
BMnu 

10 ʄʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʛʦʬʨʳ 

ʇʘ 

E 

BME 

11 ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ 

-- 
Fmu 

Fmu 

12 ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʛʣʦʱʝʥʠʷ 

ʵʥʝʨʛʠʠ 

-- 

– 
eta 

13 ʆʨʠʝʥʪʘʮʠʦʥʥʳʡ 

ʫʛʦʣ 

Á 
Ŭ 

OrientationAngle 

 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʠʤʝʥʷʝʪʩʷ, ʧʦ ʩʫʪʠ, 

ʜʚʝ ʦʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʪʨʝʥʠʷ: ʤʦʜʝʣʴ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʠ ʤʦʜʝʣʴ 

ʛʠʩʪʝʨʝʟʠʩʥʦʛʦ ʪʨʝʥʠʷ. 

ὖ ὑ ρ Ὥ–Ὗȟ  

ɻʜʝ ὖ ï ʙʝʟʨʘʟʤʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ὑὦ ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʞʝʩʪʢʦʩʪʠ ʫʧʨʫʛʦʛʦ ʩʣʦʷ, Ὥ ï ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ, – ï ʢʦʵʬʬʠʮʠʝʥʪ 
ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ. ʂʘʢ ʣʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ 

ʛʠʩʪʝʨʝʟʠʩʥʦʛʦ ʪʨʝʥʠʷ, ʜʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʯʠʩʣʦʤ, ʘ 

ʟʥʘʯʠʪ ʢʦʤʧʣʝʢʩʥʳʤʠ ʙʫʜʫʪ ʠ ʩʠʣʳ ʚ ʧʦʜʰʠʧʥʠʢʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʫʨʘʚʥʝʥʠʝ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʜʘʚʣʝʥʠʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ 

(ʤʝʪʦʜ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʦʪʢʣʦʥʝʥʠʡ) ʨʝʰʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʚʠʜʝ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʘʪʨʠʮʫ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ. ɸ ʠʟ ʥʝʸ 

ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʦʜʰʠʧʥʠʢʘ.  

ɺʩʝ ʦʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ DynFB, ʚ ʯʘʩʪʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʦʜʰʠʧʥʠʢʦʚ, ʧʦʩʪʨʦʝʥʳ ʥʘ ʤʦʜʝʣʠ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ. ʆʜʥʘʢʦ, ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʨʦʪʦʨ ʩʦʚʝʨʰʘʝʪ ʢʨʫʛʦʚʫʶ ʧʨʝʮʝʩʩʠʶ, ʤʦʞʥʦ ʙʝʟ ʪʨʫʜʘ 

ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʦʪ ʤʦʜʝʣʠ ʛʠʩʪʝʨʝʟʠʩʥʦʛʦ ʪʨʝʥʠʷ ʢ ʤʦʜʝʣʠ 

ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʠ ʧʦʣʫʯʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʛʦ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ.  

ὅ
–ὑ

‎
ȟ  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʫʯʝʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ – ʚ ʫʞʝ 
ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

14.18 Annular  seal. ʑʝʣʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ (ʞʠʜʢʦʩʪʴ) 

ɼʣʷ ʨʘʩʯʝʪʘ ʱʝʣʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʰʘʙʣʦʥ çt31 

AnnularSealBlack 1200è (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ Black & Jenssen [42]) 

ʠʣʠ çt32 AnnularSealChilds05 37360è (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ Childs 

[43]).  ʐʘʙʣʦʥʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʫʧʣʦʪʥʝʥʠʷ ʥʘ 1200 ʠ 37360 

ʦʙ / ʤʠʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ɼʦʧʫʱʝʥʠʷ: 

1) ʘʥʘʣʠʟ ʢʦʨʦʪʢʦʛʦ ʫʧʣʦʪʥʝʥʠʷ 

2) ɺʠʙʨʘʮʠʠ ʥʝʙʦʣʴʰʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ. 

 
ʈʠʩ. 14.18 

ʊʘʙʣʠʮʘ 14.16 

# ʅʘʟʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ ʆʙʦʟʥʘʯʝʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

ʚ ʠʥʪʝʨʬʝʡʩʝ 

1 ɼʠʘʤʝʪʨ ʚʘʣʘ ʤ 
 

D 

2 ɼʣʠʥʘ ʫʧʣʦʪʥʝʥʠʷ ʤ L L 

3 ʨʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤ Cb=Rb-Rs c 

4 ʇʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ 

ʧʦʩʪʦʷʥʥʘʷ ʯʘʩʪʴ 

Pa  deltaP0 
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5 ʇʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ 

ʣʠʥʝʡʥʘʷ ʯʘʩʪʴ 

P=deltaP1*rpm 

Pa*rpm  deltaP1 

6 ʇʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ 

ʥʝʣʠʥʝʡʥʘʷ ʯʘʩʪʴ 

P=deltaP2*rpm^2 

Pa*rpm^2  deltaP2 

7 ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʦʪʝʨʴ ʥʘ ʚʭʦʜʝ 

-  inlet_loss 

8 ʂʦʵʬʬʠʮʠʝʥʪ 

ʟʘʚʠʭʨʝʥʠʷ ʥʘ 

ʚʭʦʜʝ 

-  Inlet_Swirl_Rati

o 

 

ʇʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ: 

 

ὨὩὰὸὥὖὨὩὰὸὥὖπ ὨὩὰὸὥὖρz ‫ ὨὩὰὸὥὖςz ‫  

14.19 ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ɺ DYNAMICS R4 ʚʩʪʨʦʝʥ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʦʡ DynFB. ɼʠʘʣʦʛ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ ʠʟ ʤʝʥʶ 

çʉʝʨʚʠʩ\ʇʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷè, ʈʠʩ. 14.19. 

 

 
ʈʠʩ. 14.19 

ɼʠʘʣʦʛ ʨʘʙʦʪʳ ʩ DynFB ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 14.20 ʥʠʞʝ. ɼʠʘʣʦʛ 

ʧʦʟʚʦʣʷʝʪ ʧʦʜʛʦʪʘʚʣʠʚʘʪʴ ʨʘʩʯʝʪʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʦʜʰʠʧʥʠʢʘ, 

ʟʘʧʫʩʢʘʪʴ ʨʘʩʯʝʪ, ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ, ʛʝʥʝʨʠʨʦʚʘʪʴ ʚ 

ʤʦʜʝʣʠ ʥʦʚʳʝ ʩʚʷʟʠ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʡ ʧʦ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ ʧʦʜʰʠʧʥʠʢ ʩʢʦʣʴʞʝʥʠʷ. 



țȾȵȹȭȹȯȼȽȭȹ ȺȹȶɇȲȹȭȫȽȰȶɊ 

  

 14-173 

 
ʈʠʩ. 14.20 

ʎʠʬʨʘʤʠ ʥʘ ʨʠʩʫʥʢʝ ʦʙʦʟʥʘʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ: 

1. ʇʫʪʠ ʢ ʬʘʡʣʘʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʠ ʩʧʠʩʢʘ 

ʩʢʦʨʦʩʪʝʡ. ɺʳʟʦʚ ʜʠʘʣʦʛʘ ʩʦʭʨʘʥʝʥʠʷ ʪʝʢʫʱʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ 

ʩʧʠʩʢʘ ʩʢʦʨʦʩʪʝʡ. 

2. ɺʳʙʦʨ ʰʘʙʣʦʥʘ ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ, ʜʦʩʪʫʧʥʳ 

ʩʣʝʜʫʶʱʠʝ ʰʘʙʣʦʥʳ: 

¶ ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ ʩ ʜʚʫʤʷ ʦʩʝʚʳʤʠ 

ʧʨʦʪʦʯʢʘʤʠ ñ t0 Two Axial Groove ò 

¶ ʇʦʜʰʠʧʥʠʢ ʩʦ ʩʤʝʱʝʥʥʳʤʠ ʩʝʛʤʝʥʪʘʤʠ ñ t1 OffsetHalf 

Bearing ò 

¶ ʇʦʜʰʠʧʥʠʢ ʩ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʨʘʩʪʦʯʢʦʡ ñ t2 Elliptical ò 

¶ ʄʥʦʛʦʢʣʠʥʦʚʳʡ ʧʦʜʰʠʧʥʠʢ ñ t2 Multi -Lobe ò 

¶ ʇʦʜʰʠʧʥʠʢ ʩ ʢʣʠʥʦʚʠʜʥʦʡ ʚʳʙʦʨʢʦʡ ñ t3 Taper Land ò 

¶ ʇʦʜʰʠʧʥʠʢ ʩ ʧʦʨʦʛʦʤ ñ t4 Pressure Dam ò 

¶ ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ ñ t5 Plain Journal ò 

¶ ʇʦʜʰʠʧʥʠʢ ʩ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠʩʷ ʩʝʛʤʝʥʪʘʤʠ, 

ʧʦʜʚʝʩ ʩʝʛʤʝʥʪʦʚ ï ʠʜʝʘʣʴʥʳʡ ʰʘʨʥʠʨ ñ Tilting Pad ò 

¶ ʇʦʜʰʠʧʥʠʢ ʩ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠʩʷ ʩʝʛʤʝʥʪʘʤʠ, 

ʧʦʜʚʝʩ ʩʝʛʤʝʥʪʦʚ ï ʩʬʝʨʘ ʚʥʫʪʨʠ ʩʬʝʨʳ ñ Tilting Pad 

Ball Contact ò 

¶ ʇʦʜʰʠʧʥʠʢ ʩ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠʩʷ ʩʝʛʤʝʥʪʘʤʠ, 

ʧʦʜʚʝʩ ʩʝʛʤʝʥʪʦʚ ï ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ñ Tilting Pad Line 

Contact ò 
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¶ ʇʦʜʰʠʧʥʠʢ ʩ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠʩʷ ʩʝʛʤʝʥʪʘʤʠ, 

ʫʧʨʫʛʠʡ ʧʦʜʚʝʩ ʩʝʛʤʝʥʪʦʚ ñ Tilting Pad Web Pivot ò 

¶ ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ 

¶ ʄʥʦʛʦʢʣʠʥʦʚʳʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ 

¶ ʃʝʧʝʩʪʢʦʚʳʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ 

3. ʉʧʠʩʦʢ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʫʜʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ 

4. ʆʩʥʦʚʥʦʝ ʧʦʣʝ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

5. ʇʦʣʝ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ (ʩʤ. ʊʘʙʣʠʮʘ 14.1). 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʫʜʦʙʥʦʡ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ. ɺʦ 

ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʚ ʜʘʥʥʦʝ ʧʦʣʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʚʦʜ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʧʨʦʛʨʘʤʤʳ 

DynFB. ʕʪʠ ʜʘʥʥʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʩʭʦʜʠʤʦʩʪʠ ʨʘʩʯʝʪʘ ʧʦ ʟʥʘʯʝʥʠʷʤ ʚʳʯʠʩʣʝʥʥʳʭ ʦʧʦʨʥʳʭ 

ʨʝʘʢʮʠʡ (Fx, Fy), ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ ʟʘʜʘʥʥʳʤ ʥʘʛʨʫʟʢʘʤ 

ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʥʘʢʦʤ. ʊʘʢʞʝ ʢʦʥʪʨʦʣʴ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦ ʚʳʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʨʠʚʝʜʝʥʥʳʭ (ʢ 

ʟʘʟʦʨʫ) ʧʝʨʝʤʝʱʝʥʠʡ ʨʦʪʦʨʘ. ɽʣʠ ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ 1, ʪʦ ʩʢʦʨʝʝ ʚʩʝʛʦ ʨʘʩʯʝʪ 

ʟʘʚʝʨʰʠʣʩʷ ʥʝ ʢʦʨʨʝʢʪʥʦ ʠ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʨʠʪʴ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ. 

6. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʨʦʩʤʦʪʨʝʪʴ ʚʳʚʦʜ ʧʨʦʛʨʘʤʤʳ DynFB ʠ 

ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʨʘʩʯʝʪʘ, ʥʘʞʘʚ ʢʥʦʧʢʫ L_T (ʩʤ. ʈʠʩ. 14.21). 

7. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʠʣʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ. 

8. ʉʭʝʤʘ ʚʳʙʨʘʥʥʦʛʦ ʪʠʧʘ ʧʦʜʰʠʧʥʠʢʘ. 

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʨʘʩʯʝʪʘ ʚʳʙʨʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʚʢʣʘʜʢʫ ñImport fluid bearing from tableò ʈʠʩ. 14.22, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʜʠʘʣʦʛʦʤ ñImport bearing from tableò (ʩʤ. ʧ.ʧ. 13.5). ʉ 

ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʜʠʘʣʦʛʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʣʝʛʢʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ 

ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʫʶ ʩʚʷʟʴ, ʤʦʜʝʣʠʨʫʶʱʫʶ ʧʦʜʰʠʧʥʠʢ ʩʢʦʣʴʞʝʥʠʷ, ʚ 

ʩʦʩʪʘʚ ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ. 
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ʈʠʩ. 14.21 

 
ʈʠʩ. 14.22 

  



țȾȵȹȭȹȯȼȽȭȹ ȺȹȶɇȲȹȭȫȽȰȶɊ 

  

 15-176 

 

15 ɸʃɻʆʈʀʊʄʓ ʉʊɸʎʀʆʅɸʈʅʆɻʆ ɸʅɸʃʀɿɸ 

ʂ ʘʣʛʦʨʠʪʤʘʤ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʥʦʩʷʪʩʷ: 

 

¶ ɹʘʟʠʩ[Basis] 

¶ ʏʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ [Natural  frequencies] 

¶ ʂʘʨʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ [Natural  frequency map] 

¶ ʂʨʠʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ [Critical  speeds] 

¶ ɼʠʩʙʘʣʘʥʩʥʦʝ ʧʦʚʝʜʝʥʠʝ[Unbalance response] 

¶ ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ[Parameter analysis] 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʩʯʝʪʘ 

ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ. ɸʥʘʣʠʟ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʚʝʜʝʪʩʷ ʚ ʙʣʦʢʝ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʚ ʩʦʟʜʘʥʥʦʡ ʤʦʜʝʣʠ ʥʘʭʦʜʷʪʩʷ ʥʝʣʠʥʝʡʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʦ 

ʘʣʛʦʨʠʪʤʳ ʧʨʠ ʨʘʩʯʝʪʝ ʠʛʥʦʨʠʨʫʶʪ ʠʭ.  ʕʪʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʪʘʢ 

ʢʘʢ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʣʫʯʝʥʥʳʡ ʙʘʟʠʩ ʥʝ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʨʫʰʝʥʘ ʪʦʯʥʦʩʪʴ 

ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʯʝʪʦʚ, ʘ ʧʨʦʯʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʨʦʪʦʨ ʦʧʠʨʘʝʪʩʷ  ʪʦʣʴʢʦ 

ʥʘ ʧʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ, ʪʦ ʙʘʟʠʩ ʠ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʨʦʪʦʨʘ.  

 

ʅʘʙʦʨ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʘʙʦʯʝʛʦ ʧʨʦʝʢʪʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ɹɼ 

ʘʣʛʦʨʠʪʤʦʚ. ɼʣʷ ʧʝʨʝʥʦʩʘ ʘʣʛʦʨʠʪʤʘ ʚ ʧʨʦʝʢʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʜʝʣʠʪʴ ʚ ʤʝʥʶ ɹɼ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʠ ʩʜʝʣʘʪʴ ʜʚʦʡʥʦʡ 

ʢʣʠʢ ʣʝʚʦʡ ʢʣʘʚʠʰʝʡ ʤʳʰʠ. ɸʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʫʜʝʪ ʧʝʨʝʥʝʩʝʥ 

ʚ ɹɼ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʝʢʪʘ, ʈʠʩ. 15.1. 
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ʃʶʙʦʡ ʘʣʛʦʨʠʪʤ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʦʢʥʦʤ ʜʣʷ ʝʛʦ 

ʥʘʩʪʨʦʡʢʠ ʠ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ. 

ɼʣʷ  ʦʪʢʨʳʪʠʷ ʦʢʥʘ ʪʨʝʙʫʝʪʩʷ 

ʧʨʦʩʪʦ ʚʳʜʝʣʠʪʴ ʘʣʛʦʨʠʪʤ ʚ 

ʤʝʥʶ ʧʨʦʝʢʪʘ. ɿʘʧʫʩʢ ʘʣʛʦʨʠʪʤʘ 

ʚ ʨʘʙʦʪʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʢʥʦʧʢʦʡ [Start]. 

 

 

ɿɸʄɽʏɸʅʀɽ: ʇʨʠ ʨʘʙʦʪʝ ʦʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʞʝʣʘʪʝʣʴʥʦ ʥʝ ʟʘʧʫʩʢʘʪʴ 

ʜʨʫʛʠʝ ʘʣʛʦʨʠʪʤʳ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʘʨʘʣʣʝʣʴʥʘʷ 

ʨʘʙʦʪʘ ʘʣʛʦʨʠʪʤʦʚ ʜʦʧʫʩʢʘʝʪʩʷ 

 

15.1 ɹʘʟʠʩ[Basis] 

ʈʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ  ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʨʦʪʦʨʥʦʡ 

ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜʳ ʤʦʜʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʠ ʘʥʘʣʠʟʘ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʙʘʟʦʚʦʛʦ ʥʘʙʦʨʘ ʯʘʩʪʦʪ ʠ 

ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ (ʙʘʟʠʩʘ) ʚ ʥʝʢʦʪʦʨʦʤ ʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʕʪʦʪ ʥʘʙʦʨ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʪʩʫʪʩʪʚʠʷ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ ʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. 

 

ɹʘʟʠʩ ʚʢʣʶʯʘʝʪ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʚʠʙʨʘʮʠʡ ï 

ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ (ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ), 

ʦʩʝʚʳʭ ʠ ʢʨʫʪʠʣʴʥʳʭ. 

 

ʈʘʩʯʝʪ ʙʘʟʠʩʘ ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʦʟʜʘʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʧʫʪʝʤ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ [Start]. ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʚʩʝ 

ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʩʦʨʪʠʨʫʶʪʩʷ ʠ ʧʦʢʘʟʳʚʘʶʪʩʷ ʚ ʩʧʠʩʢʝ 

ʧʦʧʘʨʥʦ. ɼʣʷ ʢʘʞʜʦʡ ʯʘʩʪʦʪʳ ʧʦʩʣʝ ʝʝ ʚʳʜʝʣʝʥʠʷ ʚʳʚʦʜʠʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ. 

 

ʈʠʩ. 15.2 ʧʦʢʘʟʳʚʘʝʪ ʦʢʥʦ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʘʩʪʦʪʳ ʙʘʟʠʩʘ. 

ɺʳʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʦʩʥʦʚʥʦʤ 

ʦʢʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʪʦʡ ʯʘʩʪʦʪʝ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ. 

 

 
 

ʈʠʩ. 15.1 
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ʈʠʩ. 15.2 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʥʦʧʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʟʚʦʣʷʶʪ ʚʳʚʝʩʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʝ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

 

ʇʨʠ ʨʘʩʯʝʪʝ ʙʘʟʠʩʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʘʪʨʠʮʘ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʬʦʨʤ 

ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʟʜʘʥʥʫʶ ʤʦʜʝʣʴ ʠ 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ. ʆʪʢʨʳʚ ʟʘʢʣʘʜʢʫ [Log], ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʫʚʠʜʝʪʴ ʩʪʦʣʙʝʮ ʨʘʩʩʯʠʪʘʥʥʳʭ ʯʘʩʪʦʪ ʙʘʟʠʩʘ ʠ ʤʘʪʨʠʮʫ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ, ʈʠʩ. 15.3. 

 
ʈʠʩ. 15.3 




















































































































































































