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3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

3.1. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ: ʦʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʇʨʦʛʨʘʤʤʘ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘ (UM Input) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ, ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʤʦʜʝʣʝʡ UM, ʘ ʪʘʢʞʝ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʩʠʤʚʦʣʴʥʦʡ ʬʦʨʤʝ ʠ 

ʠʭ ʢʦʤʧʠʣʷʮʠʠ.  

 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ (ʨʠʩ. 3.1) 

¶ ʦʩʥʦʚʥʦʝ ʤʝʥʶ ʢʦʤʘʥʜ, ʧ. 3.3. "ʂʦʤʘʥʜʳ ʛʣʘʚʥʦʛʦ ʤʝʥʶ ʠ ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ", c. 3-18; 

¶ ʧʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʢʥʦʧʢʘʤʠ, ʜʫʙʣʠʨʫʶʱʠʤʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʦ-

ʤʘʥʜʳ ʦʩʥʦʚʥʦʛʦ ʤʝʥʶ; 

¶ ʥʘʙʦʨ ʟʘʢʣʘʜʦʢ ʩ ʪʠʧʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʢʦʤʧʦʥʝʥʪʘʤʠ) ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦ-

ʚʘʥʠʷ ʧʨʦʩʪʳʭ ʦʙʲʝʢʪʦʚ (ʩʤ. ʧ. 3.6. "ʈʘʙʦʪʘ ʩ ʚʠʟʫʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ", c. 3-278); 

¶ ʢʦʥʩʪʨʫʢʪʦʨ ʦʙʲʝʢʪʦʚ ï ʩʨʝʜʩʪʚʦ ʚʚʦʜʘ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠʨʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ, ʧ. 3.4. "ʂʦʥʩʪʨʫʢʪʦʨ ʦʙʲʝʢʪʘ", c. 3-25. 

ʇʨʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʟʘʜʘʯʥʦʡ, ʪʦ ʝʩʪʴ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʢʨʳʚʘʪʴ ʥʝ-

ʩʢʦʣʴʢʦ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʩ ʨʘʟʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ɸʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪ, ʦʢʥʦ ʢʦʥʩʪʨʫʢ-

ʪʦʨʘ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʦ ʧʦʚʝʨʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʦʩʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. 

 

ʈʠʩ. 3.1. ʆʙʱʠʡ ʚʠʜ ʧʨʦʛʨʘʤʤʳ ʚʚʦʜʘ UM Input 

ɼʣʷ ʚʳʙʦʨʘ ʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ ʠʟ ʩʧʠʩʢʘ ʦʪʢʨʳʪʳʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʉʧʠʩʦʢ 

ʦʢʦʥ, ʨʠʩ. 3.2. ɼʣʷ ʚʳʟʦʚʘ ʩʧʠʩʢʘ ʦʢʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ ʤʝʥʶ ʀʥʩʪʨʫʤʝʥʪʳ | ʉʧʠʩʦʢ 

ʦʢʦʥ ʠʣʠ ʩʦʯʝʪʘʥʠʝ ʢʣʘʚʠʰ Alt+0. 

ˢ͙ͤͣ͊ͼ͙͔ͦͤͤͦ 
ͦͤͦ͟ 

˿͙ͨͫͦ͟ ͙͔͙͒ͤͭͺ͙͍͊ͭͦͪͦ͟ 

˿͙ͨͫͦ͟ Ή͔͔͍ͣͤͭͦ͡ 

˻͍͔ͫͤͦͤͦ 
͔ͣͤΌ ˴͙ͤͦͨ͟Σ ͙͒ͯ͋ͪͯ͡Ό΅͙͔ 

͍͔ͦͫͤͦͤͦ ͔ͣͤΌ 
˭͙͊͊͒͟͟͡ ͫ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟ 

ˮ͔ͤͫͨͭͦͪ͟ 
͒͊ͤͤ·ͻ 

˴ͦͤͫͭͪͯͭͦͪ͟ ͦ͋Ά͔ͭ͊͟ 
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3.2. ʅʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʳ ʚʚʦʜʘ 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʥʘʩʪʨʦʝʢ ʧʨʦʛʨʘʤʤʳ ʚʚʦʜʘ: 

¶ ɿʘʧʫʩʪʠʪʝ ʧʨʦʛʨʘʤʤʫ ʚʚʦʜʘ ʜʘʥʥʳʭ UM Input . 

¶ ɺʳʟʦʚʠʪʝ ʦʢʥʦ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʛʨʘʤʤʳ (ʧʫʥʢʪ ʦʩʥʦʚʥʦʛʦ ʤʝʥʶ ʀʥʩʪʨʫ-

ʤʝʥʪʳ | ʅʘʩʪʨʦʡʢʠ). 

ʇʨʠ ʚʳʭʦʜʝ ʧʦ ʢʥʦʧʢʝ ʇʨʠʥʷʪʴ ʜʘʥʥʳʝ, ʚʚʝʜʝʥʥʳʝ ʥʘ ʟʘʢʣʘʜʢʘʭ ʦʢʥʘ, ʟʘʥʦʩʷʪʩʷ ʚ ʨʝ-

ʝʩʪʨ ʣʦʢʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ.  

3.2.1. ʆʙʱʠʝ ʥʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʳ ʚʚʦʜʘ 

ɿʘʢʣʘʜʢʘ ʆʙʱʠʝ (ʨʠʩ. 3.3) ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʥʘʩʪʨʦʡʢʠ: 

 

¶ ʅʫʣʝʚʘʷ ʤʘʩʩʘ ʪʝʣʘ ʷʚʣʷʝʪʩʷ ʦʰʠʙʢʦʡ ʚʚʦʜʘ  

ɽʩʣʠ ʜʘʥʥʘʷ ʥʘʩʪʨʦʡʢʘ ʚʢʣʶʯʝʥʘ, ʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʩʝʤ ʪʝʣʘʤ ʥʝ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʘ ʥʝʥʫʣʝʚʘʷ ʤʘʩʩʘ 

(ʧ. 3.5.9.1.4. "ʇʝʨʝʥʘʟʥʘʯʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʪʝʣʘ ʚ ʧʨʦʛʨʘʤʤʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ", c. 3-160). ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ ʧʦʩʳʣʘʝʪʩʷ ʚ ʧʨʦʪʦʢʦʣ 

(ʧ. 3.8. "ʉʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ", c. 3-289). ɽʩʣʠ ʥʘʩʪʨʦʡʢʘ ʚʳʢʣʶʯʝʥʘ, ʪʦ ʚ ʧʨʦʪʦʢʦʣ 

ʧʦʩʳʣʘʝʪʩʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ. ɺ ʦʙʳʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʩʪʨʦʡʢʘ ʚʳʢʣʶʯʝʥʘ (ʧʨʠ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ ʦʧʮʠʷ ʠʛʥʦʨʠʨʫʝʪʩʷ) ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʪʦʣʴʢʦ 

ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʨʦʞʜʝʥʠʝʤ ʤʘʪ-

ʨʠʮʳ ʤʘʩʩ ʦʙʲʝʢʪʘ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ. 

 
ʈʠʩ. 3.3. ʇʘʨʘʤʝʪʨʳ ʦʙʱʠʭ ʥʘʩʪʨʦʝʢ UM 

¶ ʅʫʣʝʚʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʝʣʘ ʷʚʣʷʝʪʩʷ ʦʰʠʙʢʦʡ ʚʚʦʜʘ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-10 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ɽʩʣʠ ʜʘʥʥʘʷ ʥʘʩʪʨʦʡʢʘ ʚʢʣʶʯʝʥʘ, ʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʩʝʤ ʪʝʣʘʤ ʥʝ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʘ ʥʝʥʫʣʝʚʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ 

(ʧ. 3.5.9.1.4. "ʇʝʨʝʥʘʟʥʘʯʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʪʝʣʘ ʚ ʧʨʦʛʨʘʤʤʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ", c. 3-160). ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ ʧʦʩʳʣʘʝʪʩʷ ʚ ʧʨʦʪʦʢʦʣ 

(ʧ. 3.8. "ʉʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ", c. 3-289) ɽʩʣʠ ʥʘʩʪʨʦʡʢʘ ʚʳʢʣʶʯʝʥʘ, ʪʦ ʚ ʧʨʦʪʦʢʦʣ 

ʧʦʩʳʣʘʝʪʩʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ. (ʩʤ. ʪʘʢʞʝ ʢʦʤʤʝʥʪʘʨʠʠ ʢ ʧʨʝʜʳʜʫʱʝʡ ʥʘʩʪʨʦʡʢʝ ). 

¶ ʗʟʳʢ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ ʧʦ ʫʤʦʣʯʘʥʠʶ 

ʅʘʩʪʨʦʡʢʘ ʫʯʠʪʳʚʘʝʪʩʷ, ʝʩʣʠ ʜʣʷ ʪʝʢʫʱʝʛʦ ʦʙʲʝʢʪʘ ʫʩʪʘʥʦʚʣʝʥ ʩʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʚ 

ʩʠʤʚʦʣʴʥʦʡ ʬʦʨʤʝ, ʧ. 3.8. "ʉʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ", c. 3-289. ɿʜʝʩʴ ʚʳʙʠʨʘʝʪʩʷ ʷʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʘ ʢʦʪʦʨʦʤ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚ ʩʨʝʜʝ UM (ʩʤ. ɻʣʘʚʫ 5). ɺʳʙʦʨ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʤʧʠʣʷʪʦʨʘ (ʩʤ. ʧ. 3.8.2. "ʉʠʤʚʦʣʴʥʳʡ ʤʝʪʦʜ", c. 3-290). 

¶ ʉʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʦʛʦ ʦʙʲʝʢʪʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʠʧ ʩʠʥʪʝʟʘʪʦʨʘ ʫʨʘʚʥʝʥʠʡ: 

ʉʠʤʚʦʣʴʥʳʡ ï ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʦʛʦ ʦʙʲʝʢʪʘ ʫʨʘʚʥʝʥʠʷ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚ ʬʘʡʣʘʭ ʥʘ ʚʳ-

ʙʨʘʥʥʦʤ ʷʟʳʢʝ; 

ʏʠʩʣʝʥʥʦ-ʠʪʝʨʘʮʠʦʥʥʳʡ ï ʫʨʘʚʥʝʥʠʷ ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʯʠʩʣʝʥʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʩʚʦʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ, 

ʧ. 3.4.2.1.1. "ɺʢʣʘʜʢʘ çʆʙʲʝʢʪè", c. 3-35. 

¶ ʆʪʢʘʪ ʧʦʩʣʝ ʩʦʭʨʘʥʝʥʠʷ 

ɽʩʣʠ ʦʧʮʠʷ ʦʪʢʣʶʯʝʥʘ, ʪʦ ʩʧʠʩʦʢ ʧʦʩʣʝʜʥʠʭ ʠʟʤʝʥʝʥʠʡ ʫʜʘʣʷʝʪʩʷ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʦʧʝʨʘʮʠʠ ʩʦʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. 

¶ ʆʪʢʨʳʚʘʪʴ ʧʦʩʣʝʜʥʠʡ ʦʙʲʝʢʪ 

ɺ ʩʣʫʯʘʝ ʚʢʣʶʯʝʥʥʦʡ ʥʘʩʪʨʦʡʢʠ ʧʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ ʚʚʦʜʘ ʜʘʥʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʦʪʢʨʳʚʘʝʪʩʷ ʧʦʩʣʝʜʥʠʡ ʘʢʪʠʚʥʳʡ ʦʙʲʝʢʪ ʧʨʝʜʳʜʫʱʝʡ ʩʝʩʩʠʠ. 

¶ ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʚʘʪʴ ʪʝʣʦ çGroundè 

ʇʨʠ ʚʢʣʶʯʝʥʥʦʡ ʦʧʮʠʠ ʚ ʢʘʞʜʦʤ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʦʤ ʦʙʲʝʢʪʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫ-

ʝʪʩʷ ʪʝʣʦ Ground, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʝ ʩ ʉʂ0, ʧ. 3.5.9.7. "ʊʝʣʦ çGroundè", c. 3-176. 

¶ ʌʘʡʣʳ ʥʘ ʇʘʩʢʘʣʝ ʦʪʢʨʳʚʘʪʴ ʚé 

ʇʦʟʚʦʣʷʝʪ ʚʳʙʠʨʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʦʛʨʘʤʤʫ ʨʝʜʘʢʪʦʨ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ 

ʥʘ ʷʟʳʢʝ ʇʘʩʢʘʣʴ. ʅʘʩʪʨʦʡʢʘ ʫʯʠʪʳʚʘʝʪʩʷ, ʝʩʣʠ ʜʣʷ ʪʝʢʫʱʝʛʦ ʦʙʲʝʢʪʘ ʫʩʪʘʥʦʚʣʝʥ ʩʠʥʪʝʟ 

ʫʨʘʚʥʝʥʠʡ ʚ ʩʠʤʚʦʣʴʥʦʡ ʬʦʨʤʝ, ʧ. 3.8. "ʉʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ", c. 3-289. 

¶ ʌʘʡʣʳ ʥʘ ʉʠ ʦʪʢʨʳʚʘʪʴ ʚé 

ʇʦʟʚʦʣʷʝʪ ʚʳʙʠʨʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʦʛʨʘʤʤʫ ʨʝʜʘʢʪʦʨ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ 

ʥʘ ʷʟʳʢʝ ʉʠ. ʅʘʩʪʨʦʡʢʘ ʫʯʠʪʳʚʘʝʪʩʷ, ʝʩʣʠ ʜʣʷ ʪʝʢʫʱʝʛʦ ʦʙʲʝʢʪʘ ʫʩʪʘʥʦʚʣʝʥ ʩʠʥʪʝʟ ʫʨʘʚ-

ʥʝʥʠʡ ʚ ʩʠʤʚʦʣʴʥʦʡ ʬʦʨʤʝ, ʧ. 3.8. "ʉʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ", c. 3-289. 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-11 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.2.2. ʅʘʩʪʨʦʡʢʘ ʧʨʦʮʝʩʩʘ ʢʦʤʧʠʣʷʮʠʠ 

ʅʘʩʪʨʦʡʢʘ ʫʯʠʪʳʚʘʝʪʩʷ, ʪʦʣʴʢʦ ʝʩʣʠ ʜʣʷ ʪʝʢʫʱʝʛʦ ʦʙʲʝʢʪʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʫʩʪʘʥʦʚʣʝʥ 

ʩʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʚ ʩʠʤʚʦʣʴʥʦʡ ʬʦʨʤʝ, ʧ. 3.8. "ʉʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ", c. 3-289. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʙʘʟʝ ʬʘʡʣʦʚ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʟʜʘʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʙʠʙʣʠʦʪʝʢʘ (UMTask64.dll) ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʠʣʷʮʠʠ ʫʨʘʚʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʰ-

ʥʝʛʦ ʢʦʤʧʠʣʷʪʦʨʘ. ɼʣʷ ʵʪʦʛʦ ʧʝʨʝʜ ʧʝʨʚʦʡ ʢʦʤʧʠʣʷʮʠʝʡ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʦʩʣʝ ʠʥ-

ʩʪʘʣʣʷʮʠʠ UM ʩʣʝʜʫʝʪ ʥʘʩʪʨʦʠʪʴ ʧʫʪʠ ʢ ʬʘʡʣʘʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʢʦʤʧʠʣʷʮʠʠ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʷʟʳʢʘ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʥʘʩʪʨʦʡʪʝ ʧʫʪʠ ʢ 

ʢʦʤʧʠʣʷʪʦʨʫ ʠ ʙʠʙʣʠʦʪʝʯʥʳʤ ʬʘʡʣʘʤ. 

Delphi 

 

ʈʠʩ. 3.4. ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʥʘʩʪʨʦʝʢ ʧʨʦʛʨʘʤʤʳ ʚʚʦʜʘ 

ɽʩʣʠ ʥʘ ʜʘʥʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʫʩʪʘʥʦʚʣʝʥ Embarcadero Delphi XE2 ʠ ʚʳʰʝ, ʪʦ ʜʣʷ 

ʥʘʩʪʨʦʝʢ ʧʫʪʝʡ ʜʦʩʪʘʪʦʯʥʦ ʱʝʣʢʥʫʪʴ ʧʦ ʢʥʦʧʢʝ ʅʘʡʪʠ Delphi (ʨʠʩ. 3.4). ɽʩʣʠ ʥʝʪ, ʥʦ ʚ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʠʤʝʝʪʩʷ ʢʦʤʧʴʶʪʝʨ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ Delphi, ʪʦ ʧʫʪʠ ʩʣʝʜʫʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ñʚʨʫʯʥʫʶò, ʜʣʷ ʯʝʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʥʦʧʦʢ  ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʧʦʣʝʡ, ʫʢʘʟʳʚʘʶʱʠʭ 

ʧʫʪʠ, ʥʘʡʜʠʪʝ: 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-12 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.5. ʉʪʘʥʜʘʨʪʥʦʝ ʦʢʥʦ ʚʳʙʦʨʘ ʬʘʡʣʦʚ 

¶ ʬʘʡʣ ʢʦʤʧʠʣʷʪʦʨʘ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ Delphi: dcc64.exe (ʨʠʩ. 3.5); 

 

ʈʠʩ. 3.6. ʉʪʘʥʜʘʨʪʥʦʝ ʦʢʥʦ ʚʳʙʦʨʘ ʧʘʧʢʠ 

¶ ʢʘʪʘʣʦʛ, ʩʦʜʝʨʞʘʱʠʡ ʙʠʙʣʠʦʪʝʯʥʳʝ ʬʘʡʣʳ Delphi (dcu-ʬʘʡʣʳ, ʨʠʩ. 3.6). 

 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-13 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.2.3. ʅʘʩʪʨʦʡʢʘ ʧʫʪʝʡ ʢ ʚʥʝʰʥʠʤ ʧʦʜʩʠʩʪʝʤʘʤ 

ʇʫʪʠ ʢ ʚʥʝʰʥʠʤ ʧʦʜʩʠʩʪʝʤʘʤ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʪʦʣʴʢʦ ʝʩʣʠ ʚʝʨʩʠʷ UM ʚʢʣʶʯʘʝʪ ʤʦʜʫʣʴ 

UM Subsystems. ʉʧʠʩʦʢ ʧʫʪʝʡ ʚʥʦʩʠʪʩʷ ʥʘ ʚʢʣʘʜʢʫ ʇʫʪʠ | ʇʦʜʩʠʩʪʝʤʳ (ʨʠʩ. 3.7), ʟʘʧʦʤʠ-

ʥʘʝʪʩʷ ʚ ʨʝʝʩʪʨʝ ʢʦʤʧʴʶʪʝʨʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ DLL ʠ ʜʨʫʛʠʭ ʬʘʡʣʦʚ ʚʥʝʰʥʠʭ 

ʧʦʜʩʠʩʪʝʤ, ʧ. 3.5.3. "ɺʚʦʜ ʧʦʜʩʠʩʪʝʤ", c. 3-96. 

ɿʘʤʝʯʘʥʠʝ.  ʉʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʧʫʪʴ ʢ ʢʘʪʘʣʦʛʫ, ʩʦʜʝʨʞʘʱʝʤʫ ʤʦʜʝʣʴ ï ʚʥʝʰʥʶʶ ʧʦʜʩʠ-

ʩʪʝʤʫ, ʪʦ ʝʩʪʴ ʥʝ ʩʣʝʜʫʝʪ ʚʢʣʶʯʘʪʴ ʚ ʧʫʪʴ ʠʤʷ ʩʘʤʦʡ ʧʦʜʩʠʩʪʝʤʳ. 

 

ʈʠʩ. 3.7. ʉʧʠʩʦʢ ʧʫʪʝʡ ʢ ʚʥʝʰʥʠʤ ʧʦʜʩʠʩʪʝʤʘʤ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-14 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.2.4. ʅʘʩʪʨʦʡʢʘ ʧʫʪʝʡ ʢ ʙʠʙʣʠʦʪʝʢʘʤ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʇʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ UM ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʥʘʧʠʩʘʥʥʳʡ ʥʘ ʷʟʳʢʘʭ Object Pascal. ɽʩʣʠ ʵʪʠ ʬʘʡʣʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʜ-

ʢʘʪʘʣʦʛʘʭ Pascal ʠʣʠ C ʦʙʲʝʢʪʘ, ʪʦ ʢʦʤʧʠʣʷʪʦʨ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʡʜʝʪ ʠʭ. ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʧʫʪʠ ʢ ʵʪʠʤ ʬʘʡʣʘʤ, ʠʩʧʦʣʴʟʫʷ ʟʘʢʣʘʜʢʫ ʇʫʪʠ ʜʣʷ ʧʦʠʩʢʘ 

(ʨʠʩ. 3.8), ʠʩʧʦʣʴʟʫʷ ʢʥʦʧʢʫ  ʠ ʧʦʷʚʠʚʰʝʝʩʷ ʩʪʘʥʜʘʨʪʥʦʝ ʦʢʥʦ ʆʙʟʦʨ ʧʘʧʦʢ (ʨʠʩ. 3.6). 

ɼʣʷ ʫʜʘʣʝʥʠʷ ʚʳʜʝʣʝʥʥʦʛʦ ʧʫʪʠ ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ . 

 

ʈʠʩ. 3.8. ʉʧʠʩʦʢ ʧʫʪʝʡ ʢ ʬʘʡʣʘʤ ʧʦʣʴʟʦʚʘʪʝʣʷ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-15 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.2.5. ʅʘʩʪʨʦʡʢʘ ʧʫʪʠ ʢ CADlook 

ʇʨʠ ʢʦʥʚʝʨʪʘʮʠʠ ʜʘʥʥʳʭ ʠʟ CAD ʧʨʦʛʨʘʤʤ ʚ UM ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʢʦʥʚʝʨʪʝʨʘ CAD ʬʦʨʤʘʪʦʚ CADLook ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʘʡʣʦʚ 

ʬʦʨʤʘʪʦʚ STEP (ʢʘʢ AP203, ʪʘʢ ʠ AP214), IGES, X_T (Parasolid), SAT, ʩʤ. ɻʣʘʚʫ 9. 

ɺʦ ʚʢʣʘʜʢʝ CADlook (ʨʠʩ. 3.9. ʇʫʪʴ ʢ ʬʘʡʣʫ CADlook.exe ʨʠʩ. 3.9) ʫʢʘʟʳʚʘʝʪʩʷ ʧʫʪʴ 

ʜʦ ʬʘʡʣʘ CADlook.exe. 

 

ʈʠʩ. 3.9. ʇʫʪʴ ʢ ʬʘʡʣʫ CADlook.exe 

  

09_um_cad_interface.pdf


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-16 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.2.6. ʋʧʨʘʚʣʝʥʠʝ ʙʠʙʣʠʦʪʝʢʘʤʠ ʢʦʤʧʦʥʝʥʪ 

ʀʩʧʦʣʴʟʫʡʪʝ ʚʢʣʘʜʢʫ ɹʠʙʣʠʦʪʝʢʠ (ʨʠʩ. 3.10) ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʠʣʠ ʫʜʘʣʝʥʠʷ ʬʘʡʣʦʚ 

ʙʠʙʣʠʦʪʝʢ ʢʦʤʧʦʥʝʥʪ (ʩʤ. ʧ. 3.6. "ʈʘʙʦʪʘ ʩ ʚʠʟʫʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ", c. 3-278). ɼʣʷ 

ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʡ ʙʠʙʣʠʦʪʝʢʠ ʱʝʣʢʥʠʪʝ ʧʦ ʢʥʦʧʢʝ  ʠ ʚʳʙʝʨʠʪʝ ʥʫʞʥʳʡ ʬʘʡʣ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʢʥʘ ʆʙʟʦʨ ʬʘʡʣʦʚ (ʨʠʩ. 3.5). ɼʣʷ ʫʜʘʣʝʥʠʷ ʚʳʜʝʣʝʥʥʦʡ ʙʠʙʣʠʦ-

ʪʝʢʠ ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ . 

 

ʈʠʩ. 3.10. ʉʧʠʩʦʢ ʙʠʙʣʠʦʪʝʢ ʢʦʤʧʦʥʝʥʪ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-17 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.2.7. ʉʦʟʜʘʥʠʝ ʦʪʯʝʪʘ ʦʙ ʦʰʠʙʢʝ 

ʀʩʧʦʣʴʟʫʡʪʝ ʚʢʣʘʜʢʫ ʆʪʯʝʪʳ ʦʙ ʦʰʠʙʢʘʭ ʜʣʷ ʥʘʩʪʨʦʝʢ ʬʘʡʣʦʚ ʦʪʯʝʪʦʚ ʦʙ ʦʰʠʙʢʘʭ 

(ʈʠʩ. 3.11).  

 

ʈʠʩ. 3.11. ʉʦʟʜʘʥʠʝ ʦʪʯʝʪʘ ʦʙ ʦʰʠʙʢʘʭ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-18 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

3.3. ʂʦʤʘʥʜʳ ʛʣʘʚʥʦʛʦ ʤʝʥʶ ʠ ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ 

3.3.1. ʌʘʡʣ 

¶ ʅʦʚʳʡ ʦʙʲʝʢʪ (Ctrl+N) ï ʦʪʢʨʳʚʘʝʪ ʢʦʥʩʪʨʫʢʪʦʨ ʥʦʚʦʛʦ ʦʙʲʝʢʪʘ ʩ ʠʤʝʥʝʤ ʧʦ ʫʤʦʣ-

ʯʘʥʠʶ UmObj0. 

¶ ʆʪʢʨʳʪʴ ʦʙʲʝʢʪ (Ctrl+O) ï ʚʳʟʳʚʘʝʪ ʦʢʥʦ ʚʳʙʦʨʘ ʦʙʲʝʢʪʘ (ʨʠʩ. 3.12), ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʢʘʪʘʣʦʛ ʩ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʤ ʦʙʲʝʢʪʦʤ. ʆʢʥʦ ʦʪʦʙʨʘʞʘʝʪ ʜʝ-

ʨʝʚʦ ʦʙʲʝʢʪʦʚ ʚ ʚʳʙʨʘʥʥʦʤ ʢʘʪʘʣʦʛʝ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʧʫʪʠ 

ʧʦ ʫʤʦʣʯʘʥʠʶ ʢ ʵʪʦʤʫ ʢʘʪʘʣʦʛʫ ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ  ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʧʦʣʷ ʉʢʘʥʠʨʦ-

ʚʘʪʴ ʧʘʧʢʫ ʜʣʷ ʚʳʙʦʨʘ ʢʘʪʘʣʦʛʘ ʠ ʟʘʪʝʤ ʧʦʷʚʠʚʰʫʶʩʷ ʢʥʦʧʢʫ ʉʦʭʨʘʥʠʪʴ ʚ ʥʘʩʪʨʦʡ-

ʢʠ. 

 

ʈʠʩ. 3.12. ʆʢʥʦ ʚʳʙʦʨʘ ʤʦʜʝʣʠ 

ɼʣʷ ʦʙʥʦʚʣʝʥʠʷ ʜʝʨʝʚʘ ʦʙʲʝʢʪʦʚ ʚ ʦʢʥʝ ʆʪʢʨʳʪʴ ʦʙʲʝʢʪ ʠʩʧʦʣʴʟʫʡʪʝ F5 ʠʣʠ ʚʩʧʣʳ-

ʚʘʶʱʝʝ ʤʝʥʶ. ɺʝʨʭʥʝʝ ʧʦʣʝ ʦʢʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʙʦʨʘ ʪʝʢʫʱʝʛʦ ʢʘʪʘʣʦʛʘ ʧʨʦʩʤʦʪʨʘ 

ʦʙʲʝʢʪʦʚ. 

¶ ʆʪʢʨʳʪʴ *.umd ï ʦʪʢʨʳʪʴ ʬʘʡʣ ʦʙʲʝʢʪʘ, ʠʤʧʦʨʪʠʨʦʚʘʥʥʦʛʦ ʠʟ CAD ʠ ʩʦʭʨʘʥʝʥʥʦʛʦ 

ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʬʦʨʤʘʪʝ umd, ʩʤ. ʧ. 3.9.2. "ʌʦʨʤʘʪ umd ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ, ʠʤʧʦʨ-

ʪʠʨʦʚʘʥʥʦʡ ʠʟ CAD", c. 3-293. 

¶ ʀʤʧʦʨʪ ʠʟ MSC.ADAMS  ï ʯʪʝʥʠʝ ʬʘʡʣʦʚ ADAMS *.cmd ʠ *.adm ʠ ʢʦʥʚʝʨʪʘʮʠʷ ʠʭ ʚ 

ʬʦʨʤʘʪ UM, ʧ. ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.. "ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣ-

ʢʠ ʥʝ ʥʘʡʜʝʥ.", c. ʆʰʠʙʢʘ! ɿʘʢʣʘʜʢʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ.. 

¶ ʆʪʢʨʳʪʴ ʟʘʥʦʚʦ ï ʧʦʟʚʦʣʷʝʪ ʦʪʢʨʳʪʴ ʦʜʠʥ ʠʟ ʩʧʠʩʢʘ ʧʦʩʣʝʜʥʠʭ ʦʙʲʝʢʪʦʚ. 

¶ ʉʦʭʨʘʥʠʪʴ (Ctrl+S) ï ʩʦʭʨʘʥʠʪʴ ʘʢʪʠʚʥʳʡ ʦʙʲʝʢʪ. ʂʦʤʘʥʜʘ ʚʳʧʦʣʥʷʝʪʩʷ, ʝʩʣʠ ʘʢʪʠʚ-

ʥʳʡ ʦʙʲʝʢʪ ʙʳʣ ʩʦʟʜʘʥ ʠ ʥʝ ʩʦʭʨʘʥʷʣʩʷ ʠʣʠ ʙʳʣ ʠʟʤʝʥʝʥ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ. 

¶ ʉʦʭʨʘʥʠʪʴ ʢʘʢé ï ʩʦʭʨʘʥʷʝʪ ʦʙʲʝʢʪ ʧʦʜ ʥʦʚʳʤ ʠʤʝʥʝʤ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʤʘʥʜʳ 

ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ (ʨʠʩ. 3.13). 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-19 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.13. ʆʢʥʦ ʟʘʜʘʥʠʷ ʠʤʝʥʠ ʦʙʲʝʢʪʘ ʠ ʧʫʪʠ ʢ ʢʘʪʘʣʦʛʫ ʤʦʜʝʣʠ 

ʆʙʲʝʢʪ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʢʘʪʘʣʦʛʝ, ʧʦʣʥʳʡ ʧʫʪʴ ʢ ʢʦʪʦʨʦʤʫ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʨʝʜʘʢʪʠʨʫʝʤʦʡ 

ʩʪʨʦʢʝ ʦʢʥʘ. ʀʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ  ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʪʨʦʢʠ ʜʣʷ ʚʳʟʦʚʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʢʥʘ 

ʚʳʙʦʨʘ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʢʘʪʘʣʦʛʘ (ʨʠʩ. 3.6). ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʝʪʩʷ ʮʝʧʦʯʢʘ ʢʘʪʘ-

ʣʦʛʦʚ ʥʘ ʫʢʘʟʘʥʥʦʤ ʧʫʪʠ ʢ ʟʘʜʘʥʥʦʤʫ ʢʘʪʘʣʦʛʫ. ʇʦʩʣʝ ʟʘʧʠʩʠ ʠʤʷ ʦʙʲʝʢʪʘ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʠʤʷ ʢʘʪʘʣʦʛʘ, ʚ ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʦʙʲʝʢʪ. 

ɿʘʤʝʯʘʥʠʝ.  ʅʘʯʠʥʘʷ ʩ UM 6 ʠʤʷ ʦʙʲʝʢʪʘ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʩʣʝʜʥʝʛʦ ʢʘʪʘʣʦʛʘ) ʤʦʞʝʪ 

ʩʦʜʝʨʞʘʪʴ ʣʶʙʳʝ ʩʠʤʚʦʣʳ. 

¶ ʉʦʭʨʘʥʠʪʴ ʢʘʢ ʢʦʤʧʦʥʝʥʪʫ ï ʩʦʭʨʘʥʝʥʠʝ ʚʩʝʡ ʤʦʜʝʣʠ ʚ ʬʦʨʤʘʪʝ UM ʚ ʬʘʡʣ ʩ ʣʶ-

ʙʳʤ ʠʤʝʥʝʤ ʠ ʨʘʩʰʠʨʝʥʠʝʤ ʩ ʮʝʣʴʶ ʚʢʣʶʯʝʥʠʷ ʚ ʩʧʠʩʦʢ ʢʦʤʧʦʥʝʥʪ 

(ʧ. 3.6.5. "ʉʦʟʜʘʥʠʝ ʙʠʙʣʠʦʪʝʢ ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ", c. 3-286), ʣʠʙʦ ʩʣʠʷʥʠʷ ʩ ʜʨʫ-

ʛʦʡ ʤʦʜʝʣʴʶ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ ʇʨʘʚʢʘ | ʇʨʦʯʠʪʘʪʴ ʠʟ ʬʘʡʣʘ, ʧ. 3.5.2.7. "ʉʣʠʷʥʠʝ 

ʤʦʜʝʣʝʡ", c. 3-95.  

¶ ɺʳʡʪʠ (Alt+X) ï ʟʘʢʨʳʚʘʝʪ ʧʨʦʛʨʘʤʤʫ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘ. 
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3.3.2. ʇʨʘʚʢʘ 

ʅʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʇʨʘʚʢʘ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ UM, ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʩ 

ʵʣʝʤʝʥʪʘʤʠ, ʢʘʢ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʤʠ ʚ ʨʘʤʢʘʭ ʪʝʢʫʱʝʡ ʟʘʜʘʯʠ, ʪʘʢ ʠ ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʜʨʫ-

ʛʠʤ ʟʘʜʘʯʘʤ. 

¶ ʂʦʧʠʨʦʚʘʪʴ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ ï ʟʘʧʠʩʳʚʘʝʪ ʧʘʨʘʤʝʪʨʳ ʚʳʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʙʫʬʝʨ 

ʦʙʤʝʥʘ. 

¶ ɺ ʙʫʬʝʨ ʢʘʢ ʢʦʤʧʦʥʝʥʪʫ ï ʟʘʧʠʩʳʚʘʝʪ ʚ ʙʫʬʝʨ ʧʘʨʘʤʝʪʨʳ ʚʳʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ. ɽʩʣʠ ʵʣʝʤʝʥʪʫ ʥʝ ʥʘʟʥʘʯʝʥ ʛʨʘʬʠʯʝʩʢʠʡ 

ʦʙʨʘʟ, ʦʧʮʠʷ ʥʝʜʦʩʪʫʧʥʘ.  

¶ ʂʦʧʠʨʦʚʘʪʴ ʚ ʬʘʡʣé ï ʟʘʧʠʩʳʚʘʝʪ ʧʘʨʘʤʝʪʨʳ ʚʳʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʬʘʡʣ. ʀʤʷ 

ʬʘʡʣʘ ʟʘʜʘʸʪʩʷ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʠʥʪʝʨʬʝʡʩʝ, ʨʠʩ. 3.14. 

 

ʈʠʩ. 3.14. ʉʪʘʥʜʘʨʪʥʦʝ ʦʢʥʦ ʟʘʧʠʩʠ ʬʘʡʣʘ 

¶ ʉʦʭʨʘʥʠʪʴ ʢʘʢ ʢʦʤʧʦʥʝʥʪʫé ï ʩʦʭʨʘʥʷʝʪ ʚ ʬʘʡʣ ʧʘʨʘʤʝʪʨʳ ʚʳʜʝʣʝʥʥʦʛʦ ʪʝʣʘ ʠ 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ. 

¶ ɺʩʪʘʚʠʪʴ ï ʚʩʪʘʚʢʘ ʵʣʝʤʝʥʪʘ/ʢʦʤʧʦʥʝʥʪʳ ʠʟ ʙʫʬʝʨʘ. 

¶ ʇʨʦʯʠʪʘʪʴ ʠʟ ʬʘʡʣʘ ï ʜʦʙʘʚʣʷʝʪ ʚ ʦʙʲʝʢʪ ʚʩʝ ʵʣʝʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʬʘʡʣʝ. ʇʨʠ 

ʩʦʚʧʘʜʝʥʠʠ ʠʤʸʥ ʵʣʝʤʝʥʪʦʚ, ʢ ʠʤʝʥʘʤ ʜʦʙʘʚʣʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʜʦʙʘʚʣʷʝʪʩʷ ʠʥʜʝʢʩ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʘʢʪʠʚʥʳʡ ʦʙʲʝʢʪ ʩʦʜʝʨʞʠʪ ʪʝʣʦ ʩ ʠʤʝʥʝʤ Body. ʇʨʠ ʟʘʛʨʫʟʢʝ ʠʟ ʬʘʡʣʘ 

ʦʙʲʝʢʪʘ, ʪʘʢʞʝ ʩʦʜʝʨʞʘʱʝʛʦ ʥʝʢʦʪʦʨʦʝ ʪʝʣʦ Body, ʦʥʦ ʙʫʜʝʪ ʧʝʨʝʠʤʝʥʦʚʘʥʦ ʚ Body1. 

¶ ʆʪʤʝʥʠʪʴ ʠʟʤʝʥʝʥʠʝ, ɺʝʨʥʫʪʴ ʠʟʤʝʥʝʥʠʝ ï ʢʦʤʘʥʜʳ ʩʠʩʪʝʤʳ ʦʪʢʘʪʘ ʧʦʩʣʝʜʥʠʭ ʠʟ-

ʤʝʥʝʥʠʡ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-21 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.3.3. ʆʙʲʝʢʪ 

¶ ʇʨʦʚʝʨʠʪʴ ʜʘʥʥʳʝ (F7) ï ʧʨʦʚʝʨʢʘ ʧʦʣʥʦʪʳ ʦʧʠʩʘʥʠʷ ʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ. 

¶ ʉʠʥʪʝʟʠʨʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ (F8, ʢʥʦʧʢʘ ). ʂʦʤʘʥʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʩʠʥʪʝ-

ʟʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʩʠʤʚʦʣʴʥʦʡ ʬʦʨʤʝ, ʩʤ. ʧ. 3.4.2.1.1. "ɺʢʣʘʜʢʘ 

çʆʙʲʝʢʪè", c. 3-35, ʧ. 3.8. "ʉʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ", c. 3-289. ʊʨʝʙʫʝʪʩʷ ʚʥʝʰ-

ʥʠʡ ʢʦʤʧʠʣʷʪʦʨ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʤʘʥʜʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʦʙʲʝʢʪ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠ ʩʦʭʨʘʥʷʝʪʩʷ, ʫʜʘʣʷʝʪʩʷ ʩʪʘʨʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ (Umtask64.DLL) ʦʙʲʝʢʪʘ, 

ʧʨʦʚʝʨʷʝʪʩʷ ʧʦʣʥʦʪʘ ʝʛʦ ʦʧʠʩʘʥʠʷ ʠ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʨʢʠ ʚʳʟʳ-

ʚʘʝʪʩʷ ʦʢʥʦ ʩʠʥʪʝʟʘʪʦʨʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ. ʆʧʮʠʦʥʘʣʴʥʦ 

ʢʦʤʧʠʣʠʨʫʶʪʩʷ ʫʨʘʚʥʝʥʠʷ, ʨʠʩ. 3.15.  

 

ʈʠʩ. 3.15. ʅʘʩʪʨʦʡʢʠ ʩʠʥʪʝʟʘʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ʘ), ʙ) 

¶ ʂʦʤʧʠʣʠʨʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ (Ctrl+F9, ʢʥʦʧʢʘ ) ʂʦʤʘʥʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʩʠʥʪʝʟʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʩʠʤʚʦʣʴʥʦʡ ʬʦʨʤʝ, ʩʤ. ʧ. 3.4.2.1.1. "ɺʢʣʘʜʢʘ çʆʙʲ-

ʝʢʪè", c. 3-35, ʧ. 3.8. "ʉʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ", c. 3-289. ʇʨʦʚʝʨʷʝʪ ʬʘʢʪ ʩʠʥʪʝʟʘ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʠʟʤʝʥʝʥʠʷ ʠ 

ʢʦʤʧʠʣʠʨʫʝʪ ʠʭ, ʩʦʟʜʘʚʘʷ ʜʠʥʘʤʠʯʝʩʢʫʶ ʙʠʙʣʠʦʪʝʢʫ ʟʘʜʘʯʠ. 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ (Ctrl+M). ʇʨʦʚʝʨʷʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʤʦʜʝʣʠ. ɽʩʣʠ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʦʙʲ-

ʝʢʪʘ ʥʘʟʥʘʯʝʥ ʩʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʚ ʩʠʤʚʦʣʴʥʦʡ ʬʦʨʤʝ, ʪʦ ʧʨʦʚʝʨʷʝʪ ʥʘʣʠʯʠʝ ʜʠʥʘʤʠ-

ʯʝʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠ ʫʨʘʚʥʝʥʠʡ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʰʠʙʦʢ  ʟʘʧʫʩʢʘʝʪ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʦʪʢʨʳʪʠʝʤ ʦʙʲʝʢʪʘ. ɽʩʣʠ ʘʢʪʠʚʥʳʡ ʦʙʲʝʢʪ ʦʪʩʫʪʩʪʚʫʝʪ 

(ʥʝʪ ʦʪʢʨʳʪʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʦʙʲʝʢʪʦʚ), ʟʘʧʫʩʢʘʝʪ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʝʟ ʘʢ-

ʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ. 
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3.3.4. ɼʦʙʘʚʠʪʴ 

 

ʈʠʩ. 3.16. ʇʨʠʤʝʨ ʜʦʙʘʚʣʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ï ʮʠʣʠʥʜʨʘ 

ʇʦʟʚʦʣʷʝʪ ʜʦʙʘʚʠʪʴ ʢ ʦʙʲʝʢʪʫ ʥʦʚʳʡ ʵʣʝʤʝʥʪ ʩ ʫʢʘʟʘʥʠʝʤ ʝʛʦ ʪʠʧʘ (ʨʠʩ. 3.16), ʪ.ʝ. ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʜʚʝ ʦʧʝʨʘʮʠʠ: ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʥʘʟʥʘʯʝʥʠʝ ʝʛʦ ʪʠʧʘ. ɸʥʘʣʦʛʠʯʥʘʷ 

ʦʧʝʨʘʮʠʷ ʜʦʩʪʫʧʥʘ ʠʟ ʩʧʠʩʢʘ (ʜʝʨʝʚʘ) ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ, ʧ. 3.5.2.4. "ɼʦʙʘʚʣʝʥʠʝ ʦʪʜʝʣʴʥʦ-

ʛʦ ʪʠʧʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ", c. 3-94. 
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3.3.5. ʀʥʩʪʨʫʤʝʥʪʳ 

¶ ʈʝʜʘʢʪʦʨ (Ctrl+E) ï ʚʳʟʳʚʘʝʪ ʚʩʪʨʦʝʥʥʳʡ ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ. 

¶ ʂʘʣʴʢʫʣʷʪʦʨ ʚʳʨʘʞʝʥʠʡ ï ʚʳʟʳʚʘʝʪ ʚʩʪʨʦʝʥʥʳʡ ʩʠʤʚʦʣʴʥʳʡ ʢʘʣʴʢʫʣʷʪʦʨ (ʩʤ. 

ʧ. 5.2.4.2). 

¶ ʀʥʩʧʝʢʪʦʨ (F12) ï ʧʦʤʝʱʘʝʪ ʠʥʩʧʝʢʪʦʨ ʜʘʥʥʳʭ ʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦʚʝʨʭ ʚʩʝʭ ʦʢʦʥ 

(ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʠʥʩʧʝʢʪʦʨ ʙʳʣ ʟʘʢʨʳʪ). 

¶ ʉʧʠʩʦʢ ʵʣʝʤʝʥʪʦʚ (F11) ï ʧʦʤʝʱʘʝʪ ʩʧʠʩʦʢ ʵʣʝʤʝʥʪʦʚ ʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦʚʝʨʭ 

ʚʩʝʭ ʦʢʦʥ (ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʩʧʠʩʦʢ ʩʥʷʪ ʩ ʢʦʥʩʪʨʫʢʪʦʨʘ ʚ ʦʪʜʝʣʴʥʦʝ ʦʢʥʦ ʠʣʠ ʟʘ-

ʢʨʳʪ). 

¶ ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ (Alt+I) ʧʦʤʝʱʘʝʪ ʩʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦ-

ʚʝʨʭ ʚʩʝʭ ʦʢʦʥ (ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʩʧʠʩʦʢ ʩʥʷʪ ʩ ʢʦʥʩʪʨʫʢʪʦʨʘ ʚ ʦʪʜʝʣʴʥʦʝ ʦʢʥʦ ʠʣʠ 

ʟʘʢʨʳʪ). 

¶ ʉʧʠʩʦʢ ʦʢʦʥ (Alt+0) ï ʚʳʟʳʚʘʝʪ ʦʢʥʦ ʩʦ ʩʧʠʩʢʦʤ ʚʩʝʭ ʦʪʢʨʳʪʳʭ ʦʢʦʥ ʠ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʤʝʩʪʠʪʴ ʦʜʥʦ ʠʟ ʥʠʭ ʧʦʚʝʨʭ ʦʩʪʘʣʴʥʳʭ. 

¶ ʌʘʡʣ ʫʧʨʘʚʣʝʥʠʷ (Alt+C) ï ʨʘʟʤʝʱʘʝʪ ʬʘʡʣ ʫʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʨʝʜʘʢ-

ʪʦʨʝ, ʫʢʘʟʘʥʥʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ (ʨʠʩ. 3.3). 

¶ ʌʘʡʣ ʵʣʝʤʝʥʪʦʚ ï ʚʳʟʳʚʘʝʪ ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ ʠ ʚʳʚʦʜʠʪ ʚ ʥʝʛʦ ʬʘʡʣ ʩ ʧʦʣʥʳʤʠ 

ʩʧʠʩʢʘʤʠ ʵʣʝʤʝʥʪʦʚ ʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ (ʪʝʣʘʤʠ, ʰʘʨʥʠʨʘʤʠ ʠ ʪʘʢ ʜʘʣʝʝ).  

¶ ʀʤʧʦʨʪ ʠʟ CAD ï ʢʦʥʚʝʨʪʘʮʠʷ ʜʘʥʥʳʭ ʠʟ CAD ʧʨʦʛʨʘʤʤ ʣʠʙʦ ʯʪʝʥʠʝ ʬʘʡʣʦʚ ʬʦʨ-

ʤʘʪʦʚ ucf, 3ds, stl, vrml, ʧ. 3.9. "ʀʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ CAD ʬʦʨʤʘʪʦʚ", c. 3-293. 

¶ ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ (Alt+T) ʦʪʢʨʳʚʘʝʪ ʦʢʥʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʝʨʝʩʯʠʪʳʚʘʪʴ 

ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʚ ʨʘʟʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʩʤ. ʧ. 3.5.11.4. "ɺʠʟʫʘʣʴʥʦʝ ʥʘʟʥʘʯʝ-

ʥʠʝ ʪʝʣ, ʪʦʯʝʢ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ", c. 3-203). 

¶ ʄʘʩʪʝʨ ʢʦʤʧʦʥʝʥʪ ï ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʙʠʙʣʠʦʪʝʢ UM ʢʦʤʧʦʥʝʥʪ (ʩʤ. 

ʧ. 3.6.3. "ʈʝʞʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʝʞʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʠʟʫʘʣʴ-

ʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ", c. 3-280). 

¶ ʉʧʠʩʦʢ ʢʦʤʧʦʥʝʥʪ ï ʚʳʟʳʚʘʝʪ ʜʠʘʣʦʛ ʩʦ ʩʧʠʩʢʦʤ ʧʦʜʛʨʫʞʝʥʥʳʭ UM ʢʦʤʧʦʥʝʥʪ. 

ɼʫʙʣʠʨʫʝʪ ʟʘʢʣʘʜʢʠ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʩʤ. ʧ. 3.6.2. "ʉʧʠʩʦʢ ʢʦʤʧʦʥʝʥʪ", c. 3-280). 

¶ ɻʆ ʜʣʷ ʢʥʦʧʢʠ ï ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʘʡʣʘ bmp ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʥʘ ʙʘʟʝ ʘʥʠʤʘ-

ʮʠʦʥʥʦʛʦ ʦʢʥʘ; ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ UM ʢʦʤʧʦʥʝʥʪʳ ʢ ʩʧʠʩʢʫ, 

ʧ. 3.6.5.2. "ɻʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʢʥʦʧʢʠ", c. 3-287. 

¶ ʅʘʩʪʨʦʡʢʠ ï ʚʳʟʳʚʘʝʪ ʦʢʥʦ ʩ ʥʘʩʪʨʦʡʢʘʤʠ ʧʨʦʛʨʘʤʤʳ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘ (ʧʫʪʠ ʢ 

ʚʥʝʰʥʠʤ ʢʦʤʧʠʣʷʪʦʨʘʤ, ʚʥʝʰʥʠʤ ʧʦʜʩʠʩʪʝʤʘʤ, ʧʨʦʛʨʘʤʤʥʳʤ ʤʦʜʫʣʷʤ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʠ ʪʘʢ ʜʘʣʝʝ (ʩʤ. ʧ. 3.2. "ʅʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʳ ʚʚʦʜʘ", c. 3-9). 

 

ʉʧʝʮʠʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ (ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ UM ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʦ-

ʜʫʣʷ). 

¶ ʀʤʧʦʨʪ ʧʨʦʬʠʣʷ ʢʦʣʝʩʘ ʠʟ CAD ï ʢʦʥʚʝʨʪʘʮʠʷ ʚ UM ʧʨʦʬʠʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʢʦʣʝʩʘ, ʩʦʟʜʘʥʥʦʛʦ ʚ CAD ʧʨʦʛʨʘʤʤʝ; ʪʨʝʙʫʝʪ ʤʦʜʫʣʷ UM Loco; ʧʦʜʨʦʙʥʝʝ ʦ ʢʦʥʚʝʨ-

ʪʘʮʠʠ ʩʤ. ɻʣʘʚʫ 8, ʧ. ʀʤʧʦʨʪ ʧʨʦʬʠʣʝʡ ʢʦʣʝʩ ʠʟ ʉɸʇʈ. 
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¶ ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʧʦʝʟʜʘ ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʩʦʩʪʘʚʘ ʧʦʝʟʜʘ ʩ ʫʧʨʦʱʝʥʥʳʤʠ 

ʦʜʥʦʤʝʨʥʳʤʠ ʤʦʜʝʣʷʤʠ ʚʘʛʦʥʦʚ; ʪʨʝʙʫʝʪ ʤʦʜʫʣʷ UM Train; ʧʦʜʨʦʙʥʝʝ ʦ ʛʝʥʝʨʘʪʦʨʝ 

ʩʤ. ɻʣʘʚʫ 15, ʧ. ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʧʦʝʟʜʘ. 

¶ ʄʘʩʪʝʨ ʫʧʨʫʛʠʭ ʧʦʜʩʠʩʪʝʤ ï ʠʥʩʪʨʫʤʝʥʪ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʫʧʨʫʛʠʭ ʧʦʜʩʠʩʪʝʤ; 

ʪʨʝʙʫʝʪ ʤʦʜʫʣʷ UM FEM; ʧʦʜʨʦʙʥʝʝ ʩʤ. ɻʣʘʚʫ 11, ʧ. ʄʘʩʪʝʨ ʫʧʨʫʛʠʭ ʧʦʜʩʠʩʪʝʤ. 

3.3.6. ʇʦʤʦʱʴ 

¶ ʆ ʢʦʥʪʝʢʩʪʥʦʡ ʩʧʨʘʚʢʝé ï ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʪʝʢʩʪʥʦʡ ʩʧʨʘʚʦʯʥʦʡ 

ʩʠʩʪʝʤʝ UM, ʩʤ. ʬʘʡʣ UM_Context_Help.pdf. 

¶ ʅʘʯʠʥʘʝʤ ʨʘʙʦʪʘʪʴ ï ʩʧʠʩʦʢ ʢʦʤʘʥʜ ʚʳʟʦʚʘ ʩʧʨʘʚʢʠ ʦʙʫʯʘʶʱʠʭ ʫʨʦʢʦʚ ʜʣʷ ʨʘʟʥʳʭ 

ʤʦʜʫʣʷʭ UM: UM Base, UM Loco, UM Experiments, UM Automotive ʠ ʪ.ʜ. 

¶ ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ï ʩʧʠʩʦʢ ʢʦʤʘʥʜ ʚʳʟʦʚʘ pdf ʬʘʡʣʦʚ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦʣʴʟʦ-

ʚʘʪʝʣʷ UM. 

¶ ʆ ʧʨʦʛʨʘʤʤʝé ï ʩʚʝʜʝʥʠʷ ʦ ʚʝʨʩʠʠ ʠ ʨʘʟʨʘʙʦʪʯʠʢʘʭ UM. 

3.3.7. ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʂʥʦʧʢʠ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʫʙʣʠʨʫʶʪ ʥʝʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʧʦʣʷ ʛʣʘʚʥʦʛʦ ʤʝʥʶ (ʨʠʩ. 3.17). 

 

ʈʠʩ. 3.17. ʂʥʦʧʢʠ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʜʫʙʣʠʨʫʶʱʠʝ ʢʦʤʘʥʜʳ ʛʣʘʚʥʦʛʦ ʤʝʥʶ 
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3.4. ʂʦʥʩʪʨʫʢʪʦʨ ʦʙʲʝʢʪʘ 

3.4.1. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʪʦʨʘ  

ʂʦʥʩʪʨʫʢʪʦʨ ʦʙʲʝʢʪʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʳʚʘʪʴ ʦʙʲʝʢʪ (ʩʠʩʪʝʤʫ ʪʝʣ) ʚ 

ʚʠʜʝ ʥʘʙʦʨʘ ʩʪʘʥʜʘʨʪʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʪʝʣ, ʰʘʨʥʠʨʦʚ, ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʝʨʝʯʠʩʣʠʤ 

ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʪʦʨʘ.  

 

ʈʠʩ. 3.18. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʛʨʘʤʤʳ ʚʚʦʜʘ 

¶ ʀʥʩʧʝʢʪʦʨ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʚʦʜʘ, ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ ʠ ʜʨʫʛʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ (ʩʤ. ʧ. 3.4.2. "ʀʥʩʧʝʢʪʦʨ ʜʘʥʥʳʭ 

ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ", c. 3-35). 

¶ ɸʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ʦʪʦʙʨʘʞʘʝʪ ʦʙʲʝʢʪ ʠ ʝʛʦ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʵʣʝʤʝʥʪʘʤ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘ-

ʥʠʷ ʦʙʲʝʢʪʦʚ (ʩʤ. ʧ. 3.4.1.2. "ɸʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ʢʦʥʩʪʨʫʢʪʦʨʘ", c. 3-29). 

¶ ʉʧʠʩʦʢ (ʜʝʨʝʚʦ) ʵʣʝʤʝʥʪʦʚ ʦʪʦʙʨʘʞʘʝʪ ʩʧʠʩʦʢ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ ʠ ʧʨʝʜʦʩʪʘʚ-

ʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʧʘʨʘʤʝʪʨʘʤ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʥʩʧʝʢʪʦʨʝ (ʩʤ. 

ʧ. 3.4.1.1. "ɼʝʨʝʚʦ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ", c. 3-27). 

¶ ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʩʧʠʩʢʘ ʠʜʝʥ-

ʪʠʬʠʢʘʪʦʨʦʚ ʦʙʲʝʢʪʘ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʦʡ ʧʦʣʥʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ UM ʤʦʜʝʣʝʡ (ʩʤ. 

ʧ. 3.4.2.4.2. "ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ", c. 3-48). 

¶ ɿʘʢʣʘʜʢʠ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʵʣʝʤʝʥʪʘʤ ʢʦʥʩʪʨʫʢʪʦʨʘ, ʧʦʪʦʤʫ 

ʯʪʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʜʦʙʘʚʠʪʴ ʢ ʤʦʜʝʣʠ ʥʝʢʦʪʦʨʳʝ ʧʨʦʩʪʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʣʘ, ʰʘʨʥʠʨʳ 

ʠ ʩʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ (ʟʘʢʣʘʜʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʩʪʘʜʠʠ ʦʙʫʯʝʥʠʷ ʠʣʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦ-

ʮʝʩʩʝ ʜʣʷ ʙʳʩʪʨʦʡ ʩʙʦʨʢʠ ʧʨʦʩʪʝʡʰʠʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʩʤ. 

ʧ. 3.6. "ʈʘʙʦʪʘ ʩ ʚʠʟʫʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ", c. 3-278). 

ˢ͙ͤͣ͊ͼ͙͔ͦͤͤͦ 
ͦͤͦ͟ 

˿͙ͨͫͦ͟ ͙͔͙͒ͤͭͺ͙͍͊ͭͦͪͦ͟ 

˿͙ͨͫͦ͟ Ή͔͔͍ͣͤͭͦ͡ 

˻͍͔ͫͤͦͤͦ 
͔ͣͤΌ ˴͙ͤͦͨ͟Σ ͙͒ͯ͋ͪͯ͡Ό΅͙͔ 

͍͔ͦͫͤͦͤͦ ͔ͣͤΌ 
˭͙͊͊͒͟͟͡ ͫ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟ 

ˮ͔ͤͫͨͭͦͪ͟ 
͒͊ͤͤ·ͻ 

˴ͦͤͫͭͪͯͭͦͪ͟ ͦ͋Ά͔ͭ͊͟ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-26 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ɼʣʷ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ, ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠ ʜʣʷ ʠʥʩʧʝʢʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

drag-and-dock, ʪʦ ʝʩʪʴ ʠʭ ʤʦʞʥʦ ʩʥʷʪʴ ʩ ʦʢʥʘ ʢʦʥʩʪʨʫʢʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ ʠ ʨʘʟʤʝ-

ʩʪʠʪʴ ʚ ʦʪʜʝʣʴʥʳʭ ʦʢʥʘʭ.  

ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʧʠʩʦʢ ʠʣʠ ʠʥʩʧʝʢʪʦʨ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʪʜʝʣʴʥʳʭ ʦʢʥʘʭ, ʠʩʧʦʣʴʟʫʶʪ-

ʩʷ ʢʣʘʚʠʰʠ F11, F12, Alt+I ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʤʝʩʪʠʪʴ ʠʭ ʥʘʜ ʦʢʥʦʤ 

ʢʦʥʩʪʨʫʢʪʦʨʘ ʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ. ʊʘʢ ʞʝ ʥʝʩʣʦʞʥʦ ʧʨʠʩʦʝʜʠʥʠʪʴ ʠʭ ʦʧʷʪʴ ʢ ʢʦʥʩʪʨʫʢʪʦʨʫ, 

ʧʝʨʝʥʦʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʢʥʦ ʢ ʣʝʚʦʤʫ (ʜʣʷ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ ʠ ʩʧʠʩʢʘ ʠʜʝʥʪʠʬʠʢʘʪʦ-

ʨʦʚ) ʠʣʠ ʧʨʘʚʦʤʫ (ʜʣʷ ʠʥʩʧʝʢʪʦʨʘ) ʢʨʘʶ ʢʦʥʩʪʨʫʢʪʦʨʘ. 

ɺʳʥʝʩʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʪʦʨʘ ʚ ʦʪʜʝʣʴʥʳʝ ʦʢʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-27 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.4.1.1. ɼʝʨʝʚʦ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ 

ʆʙʲʝʢʪ ï ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʠʣʠ ʩʠʩʪʝʤʘ ʪʝʣ ï ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚʳʭ ʵʣʝ-

ʤʝʥʪʦʚ, ʜʦʩʪʫʧ ʢ ʧʘʨʘʤʝʪʨʘʤ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ ʠ ʠʥʩʧʝʢ-

ʪʦʨʘ, ʛʦʨʷʯʠʭ ʢʣʶʯʝʡ (3.4.3. "ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ", c. 3-78) ʠʣʠ ʚʠʟʫʘʣʴʥʦ ʱʝʣʯʢʦʤ 

ʤʳʰʠ ʥʘ ʦʙʨʘʟʝ ʠʣʠ ʝʛʦ ʠʢʦʥʢʝ (3.4.1.2. "ɸʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ʢʦʥʩʪʨʫʢʪʦʨʘ", c. 3-29). 

 

ʈʠʩ. 3.19. ɼʝʨʝʚʦ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ 

ʇʦʩʣʝ ʱʝʣʯʢʘ ʥʘ ʧʫʥʢʪʝ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 3.19) ʚ ʠʥʩʧʝʢʪʦʨʝ ʜʘʥʥʳʭ ʦʪʦʙʨʘʞʘ-

ʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʪʝʢʫʱʝʛʦ ʵʣʝʤʝʥʪʘ. ɼʝʨʝʚʦ ʵʣʝʤʝʥʪʦʚ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʧʫʥʢʪʳ 

(ʨʠʩ. 3.19): 

¶ ʆʙʲʝʢʪ ï ʥʘʩʪʨʦʡʢʠ ʨʘʙʦʪʳ ʩ ʦʙʲʝʢʪʦʤ, ʝʛʦ ʪʠʧ, ʩʠʣʳ ʪʷʞʝʩʪʠ, ʮʚʝʪ ʬʦʥʘ ʠ ʪ.ʧ.; ʩʦ-

ʟʜʘʥʠʝ ʩʧʠʩʢʘ ʢʨʠʚʳʭ, ʧʝʨʝʤʝʥʥʳʭ ʠ ʜʘʪʯʠʢʦʚ (ʧ. 3.4.2.1. "ʆʙʱʠʝ ʧʘʨʘʤʝʪʨʳ ʠ 

ʥʘʩʪʨʦʡʢʠ ʦʙʲʝʢʪʘ", c. 3-35). 

¶ ʇʦʜʩʠʩʪʝʤʳ ï ʩʧʠʩʦʢ ʧʦʜʩʠʩʪʝʤ (ʢʦʣʝʩʥʳʝ ʧʘʨʳ, ʧʦʜʚʝʩʢʠ ʘʚʪʦʤʦʙʠʣʝʡ, ʛʫʩʝʥʠʯʥʳʝ 

ʜʚʠʞʠʪʝʣʠ, ʚʢʣʶʯʝʥʠʝ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ ʧʦʜʩʠʩʪʝʤ ʠ 

ʪ.ʜ.), ʪʦʣʴʢʦ ʜʣʷ ʚʝʨʩʠʠ UM, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʤʝʪʦʜ ʧʦʜʩʠʩʪʝʤ (ʩʤ. ʧ. 3.5.3. "ɺʚʦʜ 

ʧʦʜʩʠʩʪʝʤ", c. 3-96). 

¶ ɻʨʘʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ï ʩʧʠʩʦʢ ʦʙʨʘʟʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʮʝʥʳ, ʪʝʣ, 

ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ (ʩʤ. ʧ. 3.5.8.2. "ɺʚʦʜ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ɻʕ)", c. 3-124). 

¶ ʊʝʣʘ ï ʩʧʠʩʦʢ ʪʝʣ ʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʤʘʩʩʳ, ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ, ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ 

ʤʘʩʩ ʠ ʪ.ʜ., ʩʤ. ʧ. 3.5.9. "ɺʚʦʜ ʪʝʣ", c. 3-156). 

¶ ʐʘʨʥʠʨʳ ï ʟʘʜʘʥʠʝ ʰʘʨʥʠʨʦʚ (ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ, ʚʨʘʱʘʪʝʣʴʥʳʭ ʠ ʪ.ʜ.) ʠ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʪʝʣ (ʩʤ. ʧ. 3.5.10. "ɺʚʦʜ ʰʘʨʥʠʨʦʚ", c. 3-181). 

¶ ɹʠʧʦʣʷʨʥʳʝ ʩʠʣʳ ï ʩʧʠʩʦʢ ʙʠʧʦʣʷʨʥʳʭ ʩʠʣ, ʪʦ ʝʩʪʴ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚʜʦʣʴ ʦʩʠ 

ʵʣʝʤʝʥʪʘ, ʩʦʝʜʠʥʷʶʱʝʛʦ ʧʘʨʫ ʪʦʯʝʢ (ʩʤ. ʧ. 3.5.12.1. "ɺʚʦʜ ʩʠʣʳ ʪʷʞʝʩʪʠ", c. 3-206). 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʤʦʨʪʠʟʘʪʦʨʦʚ, ʛʘʩʠʪʝʣʝʡ, ʧʦʚʦʜʢʦʚ ʠ ʪ.ʧ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-28 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

¶ ʉʢʘʣʷʨʥʳʝ ʤʦʤʝʥʪʳ ï ʩʧʠʩʦʢ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʠ ʧʦʚʦʨʦʪʝ ʦʜʥʦʛʦ ʪʝʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ ʚʦʢʨʫʛ ʥʝʢʦʪʦʨʦʡ ʦʩʠ (ʧ. 3.5.12.4. "ɺʚʦʜ ʩʢʘʣʷʨʥʦʛʦ 

ʤʦʤʝʥʪʘ", c. 3-233). 

¶ ʃʠʥʝʡʥʳʝ ʩʠʣʳ ï ʩʧʠʩʦʢ ʦʙʦʙʱʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʟʘʜʘʚʘʝʤʳʭ   

ʤʘʪʨʠʮʘʤʠ ʞʝʩʪʢʦʩʪʠ ʠʣʠ ʜʠʩʩʠʧʘʮʠʠ (ʩʤ. ʧ. 3.5.12.4. "ɺʚʦʜ ʩʢʘʣʷʨʥʦʛʦ 

ʤʦʤʝʥʪʘ", c. 3-233). ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʧʨʫʞʠʥ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʨʝʜʳ ʠ ʪʘʢ ʜʘʣʝʝ. 

¶ ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ ï ʩʧʠʩʦʢ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʪʝʣ (ʩʤ. ʧ. 3.5.12.6. "ɺʚʦʜ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ", c. 3-239). 

¶ T-ʩʠʣʳ ï ʩʧʠʩʦʢ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʧʨʦʝʢʮʠʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʚʨʝʤʝʥʠ  ʠʣʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʩʤ. ʧ. 3.5.12.7. "T-ʩʠʣʳ", c. 3-254). 

¶ ʉʧʝʮʠʘʣʴʥʳʝ ʩʠʣʳ ï ʤʦʜʝʣʠ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʣʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʟʫʙʯʘʪʳʝ ʟʘ-

ʮʝʧʣʝʥʠʷ, ʢʫʣʘʯʢʠ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʪʨʝʥʠʝ, ʧʨʫʞʠʥʘ, ʩʘʡʣʝʥʪ-ʙʣʦʢ ʠ ʪ.ʜ., ʩʤ. 

ʧ. 3.5.12.8. "ɺʚʦʜ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʣ", c. 3-256). 

¶ 3D Contact ï ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʭʤʝʨʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʦ ʜʣʷ ʙʫ-

ʜʫʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦʜʨʦʙʥʝʝ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʭʤʝʨʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩʤ. 

ʧ. 3.5.9.8. "3D ʢʦʥʪʘʢʪ", c. 3-177. 

¶ ɺʥʝʰʥʠʝ ʩʚʷʟʠ ï ʠʥʩʪʨʫʤʝʥʪ ʥʘʟʥʘʯʝʥʠʝ ʪʦʯʝʢ ʧʨʠʢʨʝʧʣʝʥʠʷ ʜʣʷ ʚʥʝʰʥʠʭ ʰʘʨʥʠ-

ʨʦʚ ʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʚʝʨʩʠʠ UM, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʤʝʪʦʜ 

ʧʦʜʩʠʩʪʝʤ (ʩʤ. ʧ. 3.5.3.2. "ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʚ ʧʦʜʩʠʩʪʝʤʫ", c. 3-98). 

¶ ʀʥʜʝʢʩʳ ï ʦʪʦʙʨʘʞʘʝʪ ʚʥʫʪʨʝʥʥʶʶ ʠʥʜʝʢʩʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ, ʧʦ-

ʣʝʟʥʫʶ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ (ʩʤ. ʧ. 3.4.5. "ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʚʠʰ ʙʳʩʪʨʦʛʦ 

ʜʦʩʪʫʧʘ", c. 3-90). 

¶ ʇʨʦʪʦʢʦʣ ï ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʥʦʪʝ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʩʧʠʩʦʢ 

ʦʰʠʙʦʢ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʡ (ʩʤ. ʧ. 3.8. "ʉʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ", c. 3-289). 

¶ ʂʦʦʨʜʠʥʘʪʳ ï ʩʧʠʩʦʢ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʤʦʜʝʣʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟ ʠʟʤʝ-

ʥʝʥʠʷ (ʩʤ.ʧ. 3.4.2.3.4. "ʂʦʦʨʜʠʥʘʪʳ", c. 3-46). 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-29 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.4.1.2. ɸʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ʢʦʥʩʪʨʫʢʪʦʨʘ 

3.4.1.2.1. ɺʠʟʫʘʣʠʟʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ 

ɺ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʣʠʙʦ ʚʝʩʴ ʦʙʲʝʢʪ, ʣʠʙʦ ʦʪʜʝʣʴʥʳʡ ʝʛʦ ʵʣʝʤʝʥʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʦʪʦʙʨʘʞʝʥʠʷ (ʩʤ. ʧ. 3.4.1.2.2. "ʈʝʞʠʤʳ ʘʥʠʤʘʮʠʦʥʥʦʛʦ 

ʦʢʥʘ", c. 3-30). ɼʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

¶ ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʨʘʟʳ (ɻʆ), ʩʦʟʜʘʚʘʝʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʣʷ ʪʝʣ, ʙʠʧʦʣʷʨʥʳʭ 

(ʧ. 3.5.12.1. "ɺʚʦʜ ʩʠʣʳ ʪʷʞʝʩʪʠ", c. 3-206), ʦʙʦʙʱʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥ-

ʪʦʚ (ʧ. 3.5.12.5. "ɺʚʦʜ ʦʙʦʙʱʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ", c. 3-235), ʩʧʝʮʠʘʣʴ-

ʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ ʧʨʫʞʠʥʘ ʠ ʩʘʡʣʝʥʪ-ʙʣʦʢ (ʧ. 3.5.12.8. "ɺʚʦʜ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʠʣ", c. 3-256), ʰʘʨʥʠʨʘ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ ʩʪʝʨʞʥʷ; 

 

ʈʠʩ. 3.20 ʉʧʠʩʦʢ ʢʦʤʘʥʜ ʚʠʟʫʘʣʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ 

¶ ʠʢʦʥʢʠ ï ʜʣʷ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ T-ʩʠʣʘ (ʧ. 3.5.12.7. "T-ʩʠʣʳ", c. 3-254), ʮʝʥʪʨʦʚ 

ʤʘʩʩ, ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ (ʩʤ. ʨʠʩ. 3.20); 

¶ ʪʦʯʢʠ, ʚʝʢʪʦʨʳ, ʣʦʢʘʣʴʥʳʝ ʉʂ (ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʪʦʯʢʠ ʩʚʷʟʠ ʪʦʯʝʢ ʩʚʷʟʠ). 

ʂʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʠʧʦʚ ʠʟʦʙʨʘʞʝʥʠʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʝʢʪʦʨʦʚ, ʵʣʝʤʝʥʪʦʚ 

ʠʤʝʝʪ ʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʘ ʚ ʦʢʥʝ ʩ ʧʦʤʦ-

ʱʴʶ ʤʳʰʠ. 

¶ ɻʆ ï ʘʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʚʝʩʴ ʦʙʨʘʟ; 

¶ ʀʢʦʥʢʘ ʪʝʢʩʪʦʚʦʛʦ ʚʠʜʘ ï ʘʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʤʘʣʘʷ ʦʢʨʝʩʪʥʦʩʪʴ ʣʝʚʦʛʦ ʥʠʞʥʝʛʦ ʫʛʣʘ, 

ʚ ʢʦʪʦʨʫʶ ʫʢʘʟʳʚʘʝʪ ʩʪʨʝʣʢʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʠʢʦʥʢʠ ʦʙʦʙʱʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʩʠʣʳ: 

 

¶ ɿʥʘʯʦʢ ï ʥʘʙʦʨ ʧʨʠʤʠʪʠʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʨʘʟʨʝʰʝʥʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ʀʩʧʦʣʴ-

ʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚʤʝʩʪʝ ʩ ʰʘʨʥʠʨʘʤʠ. ɿʥʘʯʢʠ ʠʟʦʙʨʘʞʘʶʪʩʷ ʪʦʣʴʢʦ ʩ ʚʢʣʶʯʝʥʥʳʤ ʇʦʣ-

ʥʳʡ ʦʙʲʝʢʪ ( ). 
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 ʘ)     ʙ)    ʚ) 

ʈʠʩ. 3.21. ʆʙʦʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚ ʰʘʨʥʠʨʝ: 

ʘ) ʚʨʘʱʘʪʝʣʴʥʘʷ; ʙ) ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ; ʚ) ʪʨʠ ʚʨʘʱʘʪʝʣʴʥʳʝ (ʩʬʝʨʠʯʝʩʢʠʡ ʰʘʨʥʠʨ) 

¶ ʊʦʯʢʘ ï ʘʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʤʘʣʘʷ ʦʢʨʝʩʪʥʦʩʪʴ ʪʦʯʢʠ. 

3.4.1.2.2. ʈʝʞʠʤʳ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ 

ɸʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ʠʤʝʝʪ ʜʚʘ ʨʝʞʠʤʘ ʚʠʟʫʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ, ʧʝʨʝ-

ʢʣʶʯʝʥʠʝ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ  ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʢʥʘ ʠʣʠ ʩ ʧʦ-

ʤʦʱʴʶ ʢʦʤʘʥʜʳ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʈʝʞʠʤ | ʆʙʲʝʢʪ/ʕʣʝʤʝʥʪ. 

 

¶ ʈʝʞʠʤ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʢʪʘ 

ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʱʝʣʯʦʢ ʤʳʰʴʶ ʥʘ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʟʘ ʦʩʥʦʚʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʦʙʲʝʢʪʘ (ʪʝʣʘ, ʰʘʨʥʠʨʘ, ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʤ. 3.4.1.2.1. "ɺʠʟʫʘʣʠʟʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢ-

ʪʘ", c. 3-29) ʚʳʟʳʚʘʝʪ ʧʝʨʝʭʦʜ ʚ ʠʥʩʧʝʢʪʦʨʝ ʢ ʦʢʥʫ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘ. 

¶ ʈʝʞʠʤ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ  

ʆʪʦʙʨʘʞʘʝʪʩʷ ʦʪʜʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʦʙʲʝʢʪʘ: ɻʆ, ʪʝʣʦ, ʰʘʨʥʠʨ ʠʣʠ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ 

ʚʤʝʩʪʝ ʩ ʩʦʝʜʠʥʷʝʤʳʤʠ ʰʘʨʥʠʨʦʤ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʪʝʣʘʤʠ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʪʠ-

ʧʦʚ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʯʫʚʩʪʚʣʝʥʠʝ ʪʦʯʝʢ ʠ ʠʢʦʥʦʢ. 

 

ʇʝʨʝʢʣʶʯʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

 

ʘ)          ʙ) 
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ʚ)          ʛ) 

ʈʠʩ. 3.22 ʈʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ 

 ï ʧʨʦʚʦʣʦʯʥʘʷ ʛʨʘʬʠʢʘ, ʨʠʩ. 3.22ʘ 

 ï ʢʦʥʪʫʨ, ʨʠʩ. 3.22ʙ 

 ï ʧʦʚʝʨʭʥʦʩʪʠ c ʢʦʥʪʫʨʦʤ, ʨʠʩ. 3.22ʚ 

 ï ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʟ ʢʦʥʪʫʨʘ, ʨʠʩ. 3.22ʛ 

 

ʈʝʞʠʤ ʧʝʨʩʧʝʢʪʠʚʳ ʚʢʣʶʯʘʝʪʩʷ/ʚʳʢʣʶʯʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʫʥʢʪʘ ʇʝʨʩʧʝʢʪʠʚʘ ʢʦʥ-

ʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʠʣʠ ʢʥʦʧʢʠ . 

ʇʘʨʘʤʝʪʨʳ ʧʝʨʩʧʝʢʪʠʚʳ ʠʟʤʝʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʫʥʢʪʘ ʇʘʨʘʤʝʪʨʳ ʦʢʥʘ ʢʦʥ-

ʪʝʢʩʪʥʦʛʦ ʤʝʥʶ. 

3.4.1.2.3. ʆʩʠ ʢʦʦʨʜʠʥʘʪ, ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ 

ɺ ʦʢʥʝ ʚʩʝʛʜʘ ʠʟʦʙʨʘʞʝʥʘ ʙʘʟʦʚʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (ʉʂ0), ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʟʘ-

ʜʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʘʟʦʡ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʩʝʡ ʢʦ-

ʦʨʜʠʥʘʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʚʝʪʦʚʦʡ ʧʨʠʥʮʠʧ (RGB): 

¶ ʦʩʴ X ï ʢʨʘʩʥʘʷ (Red); 

¶ ʦʩʴ Y ï ʟʝʣʝʥʘʷ (Green); 

¶ ʦʩʴ Z ï ʛʦʣʫʙʘʷ (Blue). 

ʉ ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʩʚʷʟʳʚʘʝʪʩʷ ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʝʪʢʘ, ʧʦʣʦʞʝʥʠʝ, 

ʰʘʛ ʠ ʨʘʟʤʝʨ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʫʥʢʪʘ ʇʘʨʘʤʝʪʨʳ ʦʢʥʘ ʢʦʥ-

ʪʝʢʩʪʥʦʛʦ ʤʝʥʶ. 

ɼʣʷ ʚʳʟʦʚʘ ʚʩʧʣʳʚʘʶʱʝʛʦ ʤʝʥʶ (ʨʠʩ. 3.23) ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʘʚʘʷ 

ʢʥʦʧʢʘ ʤʳʰʠ.  
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ʈʠʩ. 3.23. ɺʩʧʣʳʚʘʶʱʝʝ ʤʝʥʶ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ 

ʇʫʥʢʪʳ ʤʝʥʶ: 

¶ ʆʨʠʝʥʪʘʮʠʷ ï ʚʳʙʦʨ ʦʜʥʦʛʦ ʠʭ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠʟʦʙʨʘʞʝʥʠʷ; 

¶ ʂʦʦʨʜʠʥʘʪʥʘʷ ʩʝʪʢʘ ï ʚʳʙʦʨ ʦʜʥʦʛʦ ʠʟ ʥʘʙʦʨʘ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʦʦʨ-

ʜʠʥʘʪʥʦʡ ʩʝʪʢʠ ʚ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʣʦʩʢʦʩʪʷʭ; 

¶ ʉʪʠʣʴ ʧʦʚʦʨʦʪʘ ï ʚʳʙʦʨ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʜʝʥʠʷ ʤʳʰʠ ʚ ʨʝʞʠʤʝ ʧʦʚʦʨʦʪʘ: Z-

ʩʪʠʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦ ʫʤʦʣʯʘʥʠʶ (ʠʟ UM 3.0), ʇʦ ʩʬʝʨʝ ï ʩʪʠʣʴ, ʠʩʧʦʣʴʟʫʝʤʳʡ 

ʦʙʳʯʥʦ ʚ CAD ʩʠʩʪʝʤʘʭ. 

¶ ʉʪʠʣʴ ʚʳʜʝʣʝʥʠʷ ï ʪʠʧ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʙʲʝʢʪʘ (ʣʠ-

ʙʦ ʛʘʙʘʨʠʪʥʦʡ ʨʘʤʢʦʡ, ʣʠʙʦ ʦʪʨʠʩʦʚʢʦʡ ʞʠʨʥʳʭ ʢʦʥʪʫʨʥʳʭ ʣʠʥʠʡ); 

¶ ʆʩʠ ʢʦʦʨʜʠʥʘʪ ï ʫʧʨʘʚʣʝʥʠʝ ʚʠʜʠʤʦʩʪʴʶ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʙʘʟʳ; 

¶ ʉʛʣʘʞʠʚʘʥʠʝ ï ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʦʤ ʩʛʣʘʞʠʚʘʥʠʷ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʦʙʲʝʢʪʘ;  

¶ ʇʝʨʩʧʝʢʪʠʚʘ ï ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʦʤ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʦʙʲʝʢʪʘ; 

¶ ʂʦʥʪʫʨʥʳʡ ʨʝʞʠʤ ï ʠʩʧʦʣʴʟʫʷ ʵʪʦʪ ʨʝʞʠʤ, ʧʦʣʫʯʘʝʪʩʷ ʢʦʥʪʨʘʩʪʥʦʝ ʯʝʨʥʦ-ʙʝʣʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʫʜʦʙʥʦʝ ʜʣʷ ʧʝʯʘʪʠ. 

¶ ʇʦʢʘʟʘʪʴ ʠʢʦʥʢʠ ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʠʢʦʥʦʢ 

ʰʘʨʥʠʨʦʚ, ʩʠʣ ʦʙʱʝʛʦ ʪʠʧʘ ʠ ʦʙʦʙʱʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ (ʪʦʣʴʢʦ ʚ 

ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʢʪʘ); 
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¶ ʈʝʞʠʤ ï ʧʝʨʝʢʣʶʯʝʥʠʝ ʨʝʞʠʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ (ʩʤ. ʧ. 3.4.1.2.2. "ʈʝʞʠʤʳ ʘʥʠ-

ʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ", c. 3-30). 

¶ ʎʚʝʪ ʬʦʥʘ ï ʥʘʩʪʨʦʡʢʘ ʮʚʝʪʘ ʬʦʥʘ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ; 

¶ ʇʘʨʘʤʝʪʨʳ ʦʢʥʘ ï ʚʳʟʦʚ ʦʢʥʘ ʥʘʩʪʨʦʡʢʠ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ 

(ʧʘʨʘʤʝʪʨʳ ʧʝʨʩʧʝʢʪʠʚʳ, ʧʘʨʘʤʝʪʨʳ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ); 

¶ ɺʠʜʠʤʘʷ ʩʪʦʨʦʥʘ ASC ï ʨʝʞʠʤ ʨʠʩʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʬʦʨʤʘʪʝ ASC (ʠʤʧʦʨʪʠ-

ʨʦʚʘʥʥʳʝ ʠʟ CAD ʧʨʦʛʨʘʤʤ); ʨʝʞʠʤ ʦʪʨʠʩʦʚʢʠ ʪʦʣʴʢʦ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʙʳʩʪʨʝʝ. 

3.4.1.2.4. ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ 

ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ (ʈʠʩ. 3.24) ʩʦʜʝʨʞʠʪ ʢʥʦʧʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʫʧʨʘʚʣʷʪʴ ʛʨʘʬʠʯʝʩʢʠʤʠ ʦʙʨʘʟʘʤʠ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʢʦʤʘʥʜ: 

ï ʢʦʧʠʨʦʚʘʥʠʝ ʦʢʥʘ ʚ ʬʘʡʣ (bmp) ʠʣʠ ʙʫʬʝʨ ʦʙʤʝʥʘ (clipboard); 

ï ʫʚʝʣʠʯʝʥʠʝ ʚʳʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ; 

ï ʧʦʢʘʟʘʪʴ ʚʩʝ (F9); 

 ï ʫʚʝʣʠʯʝʥʠʝ ʧʦ ʱʝʣʯʢʫ ʤʳʰʠ (Alt+Shift+ʱʝʣʯʦʢ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ); 

 ï ʨʝʞʠʤ ʩʤʝʱʝʥʠʷ (Ctrl+ʧʝʨʝʤʝʱʝʥʠʝ ʤʳʰʠ ʧʨʠ ʥʘʞʘʪʦʡ ʣʝʚʦʡ ʢʥʦʧʢʝ); 

 ï ʨʝʞʠʤ ʠʟʤʝʥʝʥʠʷ ʤʘʩʰʪʘʙʘ (Shift+ʧʝʨʝʤʝʱʝʥʠʝ ʤʳʰʠ ʧʨʠ ʥʘʞʘʪʦʡ ʣʝʚʦʡ ʢʥʦʧʢʝ); 

 ï ʨʝʞʠʤ ʧʦʚʦʨʦʪʘ (ʧʝʨʝʤʝʱʝʥʠʝ ʤʳʰʠ ʧʨʠ ʥʘʞʘʪʦʡ ʣʝʚʦʡ ʢʥʦʧʢʝ); 

 ï ʚʢʣʶʯʝʥʠʝ/ʚʳʢʣʶʯʝʥʠʝ ʨʝʞʠʤʘ ʫʧʨʦʱʝʥʥʦʡ ʦʪʨʠʩʦʚʢʠ ʦʙʲʝʢʪʘ ʧʨʠ ʧʦʚʦʨʦʪʘʭ ʠ 

ʧʝʨʝʥʦʩʘʭ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ (ʧʘʨʘʤʝʪʨ ʫʧʨʦʱʝʥʠʷ ʟʘʜʘʝʪʩʷ ʥʘ ʚʢʣʘʜʢʝ ʠʥʩʧʝʢʪʦʨʘ ʆʙ̡ -

ʝʢʪ | ʅʘʩʪʨʦʡʢʠ | ɸʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ, ʧʘʨʘʤʝʪʨ ʇʦʨʦʛ ʚʠʜʠʤʦʩʪʠ ʧʨʠ ʫʧʨʦʱʝʥʥʦʡ 

ʧʝʨʝʨʠʩʦʚʢʝ, ʧ. 3.4.2.1.2. "ɺʢʣʘʜʢʘ çʅʘʩʪʨʦʡʢʠè", c. 3-37.); 

ï ʚʢʣʶʯʝʥʠʝ/ʚʳʢʣʶʯʝʥʠʝ ʨʝʞʠʤʘ ʚʠʟʫʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ; 

ʨʝʞʠʤ ʩʣʝʜʫʝʪ ʚʳʢʣʶʯʠʪʴ, ʝʩʣʠ ʛʨʘʬʠʯʝʩʢʠʡ ʘʜʘʧʪʝʨ ʩʣʠʰʢʦʤ ʟʘʤʝʜʣʷʝʪ ʦʯʫʚʩʪʚʣʝʥʠʝ 

ʤʳʰʠ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ; 

ï ʚʳʙʦʨ ʩʪʠʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʢʠ (ʧʨʦʚʦʣʦʢʘ/ʩʧʣʦʰʥʦʝ ʪʝʣʦ, ʦʪʨʠʩʦʚʢʘ ʢʦʥʪʫʨʘ, 

ʧ. 3.4.1.2.2. "ʈʝʞʠʤʳ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ", c. 3-30); 

ï ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʦʡ; 

ï ʟʘʜʘʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠʟ ʩʧʠʩʢʘ; 

ï ʧʝʨʝʢʣʶʯʝʥʠʝ ʨʝʞʠʤʘ ʧʦʣʥʳʡ ʦʙʲʝʢʪ/ʵʣʝʤʝʥʪ (ʩʤ. ʧ. 3.4.1.2.2. "ʈʝʞʠʤʳ ʘʥʠʤʘʮʠ-

ʦʥʥʦʛʦ ʦʢʥʘ", c. 3-30); 

 ï ʧʦʢʘʟʘʪʴ ʟʥʘʯʢʠ ʵʣʝʤʝʥʪʦʚ ʚ ʨʝʞʠʤʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʢʪʘ; 

ï ʢʥʦʧʢʘ ʚʳʟʳʚʘʝʪ ʬʫʥʢʮʠʶ ʨʘʩʯʝʪʘ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʝʡ ʜʣʷ ʩʠʩʪʝʤ ʩ ʟʘʤʢʥʫʪʳʤʠ ʢʠʥʝ-

ʤʘʪʠʯʝʩʢʠʤʠ ʮʝʧʷʤʠ (ʩʤ. ɻʣʘʚʫ 2, ʧʧ. ɻʨʘʬ ʩʠʩʪʝʤʳ. ɿʘʤʢʥʫʪʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʮʝʧʠ; 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʩʯʝʪʘ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʠʩʪʝʤ ʩ ʟʘʤʢʥʫʪʳʤʠ ʢʠʥʝʤʘʪʠ-

ʯʝʩʢʠʤʠ ʮʝʧʷʤʠ). 

 

 

ʈʠʩ. 3.24. ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ 
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ʉʤ. ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʳʝ ʢʣʶʯʠ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ (ʩʤ. ʧ. 3.4.5.3. "ɸʥʠʤʘʮʠʦʥʥʦʝ 

ʦʢʥʦ", c. 3-90). 

3.4.1.2.5. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʲʝʢʪʘ ʩ ʧʦʤʦʱʴʶ 

ʤʳʰʠ 

ɺʢʣʶʯʝʥʠʝ ʨʝʞʠʤʦʚ ʦʧʝʨʘʮʠʡ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʦʙʲʝʢʪʘ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʩ ʧʦ-

ʤʦʱʴʶ ʢʥʦʧʦʢ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʧʠʩʘʥʦ ʚ ʧ. 3.4.1.2.4. "ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ", c. 3-33. ɿʜʝʩʴ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʚʠʘʪʫʨʳ. 

ʇʦʚʦʨʦʪʳ: 

¶ ʝʩʣʠ ʢʫʨʩʦʨ ʠʤʝʝʪ ʚʠʜ , ʪʦ ʜʣʷ ʧʦʚʦʨʦʪʘ ʩʣʝʜʫʝʪ ʥʘʞʘʪʴ ʣʝʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ ʠ, ʥʝ 

ʦʪʧʫʩʢʘʷ, ʧʝʨʝʤʝʱʘʪʴ ʝʝ ʧʦ ʦʢʥʫ; 

¶ ʝʩʣʠ ʢʫʨʩʦʨ ʧʦʢʘʟʳʚʘʝʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʙʲʝʢʪ, ʥʘʧʨʠʤʝʨ ʪʝʣʦ, ʪʦ ʜʣʷ ʧʦʚʦʨʦʪʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ ʧʫʥʢʪʦʤ ʥʘʜʦ ʥʘʞʘʪʴ ʥʘ ʩʨʝʜʥʶʶ ʢʥʦʧʢʫ ʤʳʰʠ (ʢʦʣʝʩʦ) 

ʚʤʝʩʪʦ ʣʝʚʦʡ ʢʣʘʚʠʰʠ. 

 

ʇʝʨʝʤʝʱʝʥʠʷ: ʥʘʞʘʪʴ ʥʘ ʢʣʘʚʠʘʪʫʨʝ Ctrl ʠ ʥʝ ʦʪʧʫʩʢʘʪʴ. ɽʩʣʠ ʢʫʨʩʦʨ ʠʤʝʝʪ ʚʠʜ , ʪʦ 

ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʲʝʢʪʘ ʩʣʝʜʫʝʪ ʥʘʞʘʪʴ ʣʝʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ ʠ, ʥʝ ʦʪʧʫʩʢʘʷ, ʜʚʠʛʘʪʴ ʝʝ 

ʧʦ ʦʢʥʫ. ɽʩʣʠ ʞʝ ʢʫʨʩʦʨ ʧʦʢʘʟʳʚʘʝʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʙʲʝʢʪ, ʥʘʧʨʠʤʝʨ ʪʝʣʦ, ʪʦ ʜʣʷ ʧʝ-

ʨʝʤʝʱʝʥʠʷ ʥʘʜʦ ʥʘʞʘʪʴ ʥʘ ʩʨʝʜʥʶʶ ʢʥʦʧʢʫ ʤʳʰʠ (ʢʦʣʝʩʦ) ʚʤʝʩʪʦ ʣʝʚʦʡ ʢʣʘʚʠʰʠ. 

 

ʋʚʝʣʠʯʝʥʠʝ, ʫʤʝʥʴʰʝʥʠʝ: 

¶ ʧʦʚʦʨʦʪ ʢʦʣʝʩʘ ʤʳʰʠ ʚʧʝʨʝʜ/ʥʘʟʘʜ; 

¶ ʥʘʞʘʪʴ ʥʘ ʢʣʘʚʠʘʪʫʨʝ Shift ʠ ʥʝ ʦʪʧʫʩʢʘʪʴ; ʝʩʣʠ ʢʫʨʩʦʨ ʠʤʝʝʪ ʚʠʜ , ʪʦ ʜʣʷ ʠʟʤʝʥʝ-

ʥʠʷ ʩʣʝʜʫʝʪ ʥʘʞʘʪʴ ʣʝʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ ʠ, ʥʝ ʦʪʧʫʩʢʘʷ, ʜʚʠʛʘʪʴ ʝʝ ʢʫʨʩʦʨ ʧʦ ʦʢʥʫ 

ʚʚʝʨʭ ʠʣʠ ʚʥʠʟ; 

¶ ʥʘʞʘʪʴ ʥʘ ʢʣʘʚʠʘʪʫʨʝ Shift+Alt. ʉʜʚʠʥʫʪʴ ʢʫʨʩʦʨ ʤʳʰʠ ʚ ʦʢʥʝ, ʢʫʨʩʦʨ ʧʨʠʤʝʪ ʚʠʜ ; 

ʥʘʚʝʩʪʠ ʢʫʨʩʦʨ ʥʘ ʥʫʞʥʫʶ ʪʦʯʢʫ ʤʦʜʝʣʠ ʠ ʦʜʥʦʢʨʘʪʥʦ ʥʘʞʘʪʴ ʣʝʚʫʶ (ʧʨʠʙʣʠʟʠʪʴ) 

ʠʣʠ ʧʨʘʚʫʶ (ʫʜʘʣʠʪʴ) ʢʥʦʧʢʫ ʤʳʰʠ. 
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3.4.2. ʀʥʩʧʝʢʪʦʨ ʜʘʥʥʳʭ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʦʙʲ-

ʝʢʪʘ 

3.4.2.1. ʆʙʱʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʥʘʩʪʨʦʡʢʠ ʦʙʲʝʢʪʘ 

ʅʘ ʤʥʦʞʝʩʪʚʝ ʚʢʣʘʜʦʢ ʆʙʲʝʢʪ ʢʦʥʩʪʨʫʢʪʦʨʘ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ 

ʩʚʦʡʩʪʚʘ, ʧʨʠʩʫʱʠʝ ʪʦʣʴʢʦ ʜʘʥʥʦʤʫ ʦʙʲʝʢʪʫ ʩʦʟʜʘʪʴ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ, ʢʨʠʚʳʭ, ʜʘʪʯʠ-

ʢʦʚ ʠ ʪ.ʜ. 

3.4.2.1.1. ɺʢʣʘʜʢʘ çʆʙʲʝʢʪè 

 

ʈʠʩ. 3.25. ɺʢʣʘʜʢʠ çʆʙʲʝʢʪè 

ɺʢʣʘʜʢʘ ʆʙʲʝʢʪ ʠʥʩʧʝʢʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, ʨʠʩ. 3.25. 

¶ ʂʥʦʧʢʘ ʇʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʧʦʜʩʠʩʪʝʤʫ ʧʨʝʦʙʨʘʟʫʝʪ ʜʘʥʥʳʡ ʦʙʲʝʢʪ ʚ ʩʦʙʩʪʚʝʥʥʫʶ 

ʚʢʣʶʯʝʥʥʫʶ ʧʦʜʩʠʩʪʝʤʫ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʜʝʨʝʚʘ ʚʢʣʶ-

ʯʝʥʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʥʝʥʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʜʩʠʩʪʝʤ ʧʦʜʚʝʩʦʢ 

ʤʦʜʫʣʷ UM Tracked Vehicle. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʦʙʲʝʢʪ ʩʦʜʝʨʞʠʪ ʝʜʠʥ-

ʩʪʚʝʥʥʫʶ ʧʦʜʩʠʩʪʝʤʫ, ʪʦʞʜʝʩʪʚʝʥʥʫʶ ʦʙʲʝʢʪʫ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ. ɺʩʝ 

ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʫʜʘʣʷʶʪʩʷ. 

¶ ʉʪʨʦʢʘ ʇʫʪʴ ʩʦʜʝʨʞʠʪ ʧʦʣʥʳʡ ʧʫʪʴ ʢ ʢʘʪʘʣʦʛʫ ʤʦʜʝʣʠ. 

¶ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʩʠʥʪʝʟʝ ʫʨʘʚʥʝʥʠʡ ʚ ʩʠʤʚʦʣʴʥʦʡ 

ʬʦʨʤʝ ʠ ʚʢʣʶʯʘʝʪʩʷ ʚ ʠʤʝʥʘ ʬʘʡʣʦʚ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʠ ʚ ʥʘʠʤʝʥʦʚʘʥʠʷ ʩʪʘʥ-

ʜʘʨʪʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʵʪʠʭ ʬʘʡʣʘʭ. ɼʦ UM 6.0 ʚ ʢʘʯʝʩʪʚʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘ-



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-36 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ʣʦʩʴ ʠʤʷ ʦʙʲʝʢʪʘ, ʧʦʵʪʦʤʫ ʚʚʦʜʠʣʠʩʴ ʩʪʨʦʛʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʠʥʪʘʢʩʠʩ ʠʤʝʥʠ. ʉ 

ʚʚʝʜʝʥʠʝʤ ʧʦʥʷʪʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʦʙʲʝʢʪʘ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʤʷ ʩʥʷʪʳ. 

¶ ɻʨʫʧʧʘ ʉʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʣʠʙʦ ʩʠʤʚʦʣʴʥʳʡ, ʣʠʙʦ 

ʯʠʩʣʝʥʥʦ-ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ, ʩʤ. ʧ. 3.8. "ʉʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ", c. 3-289. 

¶ ʅʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʟʘʜʘʝʪʩʷ ʝʜʠʥʠʯʥʳʤ ʚʝʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʚʝʢʪʦʨʘ ʩʠʣ ʪʷʞʝʩʪʠ ʚ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʤʦʛʫʪ ʟʘ-

ʜʘʚʘʪʴʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʩʠʤʚʦʣʴʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ ʠʣʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ (ʩʤ. 

ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51). ɼʣʷ ʦʪʢʣʶʯʝʥʠʷ 

ʩʠʣʳ ʪʷʞʝʩʪʠ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʥʫʣʝʚʦʡ ʚʝʢʪʦʨ. ɽʩʣʠ ʚʝʢʪʦʨ ʠʤʝʝʪ ʥʝ ʝʜʠʥʠʯʥʫʶ ʜʣʠʥʫ, 

ʪʦ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʣʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 

ʜʦʣʷʭ ʦʪ g. 

¶ ʍʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ/ʫʚʝʣʠʯʠʪʴ ʨʘʟʤʝʨʳ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʘʥʠ-

ʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ñʧʦ ʫʤʦʣʯʘʥʠʶò ʧʨʠ ʦʪʢʨʳʪʠʠ ʦʙʲʝʢʪʘ ʚ ʢʦʥʩʪʨʫʢʪʦʨʝ ʠʣʠ ʚ ʧʨʦ-

ʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ. ʅʘ ʚʝʣʠʯʠʥʫ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʥʘʩʪʨʘʠʚʘʶʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʨʘʟʤʝʨʳ ʚʝʢʪʦʨʦʚ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʦʙʲʝʢʪʘ ʠʣʠ ʟʥʘʯʢʠ ʰʘʨ-

ʥʠʨʦʚ. 

¶ ʆʙʨʘʟ ʩʮʝʥʳ ï ʚʳʙʦʨ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʝʧʦʜʚʠʞʥʳʤ ʵʣʝ-

ʤʝʥʪʘʤ ʦʙʲʝʢʪʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

¶ ʆʧʮʠʷ ʈʘʩʩʯʠʪʘʪʴ ʨʝʙʨʘ ʜʣʷ ASC ʚʠʜʥʘ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʦʜʝʣʴ ʚʢʣʶʯʘʝʪ 

ʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʪʠʧʘ ASC, ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʳʝ ʠʟ CAD ʧʨʦʛʨʘʤʤʳ, ʧʨʠʯʝʤ ʧʨʠ 

ʢʦʥʚʝʨʪʘʮʠʠ ʥʝ ʧʝʨʝʜʘʥʳ ʨʝʙʨʘ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɺʢʣʶʯʝʥʠʝ ʦʧʮʠʠ ʧʨʦʠʟʚʦʜʠʪ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʨʝʙʝʨ ʠ ʫʣʫʯʰʘʝʪ ʦʪʦʙʨʘʞʝʥʠʝ ʢʦʥʪʫʨʦʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʚʳʜʝʣʝ-

ʥʠʠ ʦʙʲʝʢʪʘ ʠ ʧʨʠ ʧʨʦʚʦʣʦʯʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ, ʩʤ. ʧ. 3.5.8.2.14. "ɺʠʥʪʦʚʘʷ 

ʣʠʥʠʷ", c. 3-128. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-37 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.4.2.1.2. ɺʢʣʘʜʢʘ çʅʘʩʪʨʦʡʢʠè 

 

ʈʠʩ. 3.26. ɺʢʣʘʜʢʠ ʥʘʩʪʨʦʝʢ ʠʥʩʧʝʢʪʦʨʘ ʠ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ 

ɺʢʣʘʜʢʘ ʅʘʩʪʨʦʡʢʠ | ʀʥʩʧʝʢʪʦʨ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ ʰʘʛʘ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʳʭ ʠ ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʧʦʣʷʭ ʚʚʦʜʘ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʠʥʪʝʨʬʝʡʩʘ (ʫʛʣʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ ʚʚʦʜʘ ʟʘʜʘʶʪʩʷ ʚ ʛʨʘʜʫʩʘʭ), 

ʨʠʩ. 3.26, ʩʣʝʚʘ. 

ɺʢʣʘʜʢʘ ʅʘʩʪʨʦʡʢʠ | ɸʥʠʤʘʮʠʦʥʥʦʡ ʦʢʥʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ (ʨʠʩ. 3.26, ʩʧʨʘʚʘ) 

¶ ʩʪʠʣʴ ʚʳʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ɻʘʙʘʨʠʪʘʤʠ/ʂʦʥʪʫʨʦʤ, 

ʨʠʩ. 3.27 

¶ ʩʪʠʣʴ ʧʦʚʦʨʦʪʘ ʢʘʤʝʨʳ ʚ ʦʢʥʝ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ 

¶ ʮʚʝʪ ʬʦʥʘ ʠ ʩʝʪʢʠ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʱʝʣʢʥʠʪʝ ʤʳʰʢʦʡ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʮʚʝʪʦʚʦʤ ʢʚʘʜʨʘʪʝ ʠ ʚʳʙʝʨʠʪʝ ʥʫʞʥʳʡ ʮʚʝʪ; 

¶ ʧʦʨʦʛ ʚʠʜʠʤʦʩʪʠ ʧʨʠ ʫʧʨʦʱʝʥʥʦʡ ʧʝʨʝʨʠʩʦʚʢʝ ʚ ʧʨʦʮʝʥʪʘʭ.  

  

ʈʠʩ. 3.27. ɺʳʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʢʦʥʪʫʨʦʤ (ʩʣʝʚʘ) ʠ ʛʘʙʘʨʠʪʘʤʠ (ʩʧʨʘʚʘ) 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-38 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.4.2.1.3. ɺʢʣʘʜʢʘ çɼʘʪʯʠʢʠ/ʃʉʂè 

 

ʈʠʩ. 3.28. ɺʢʣʘʜʢʠ ʩʦʟʜʘʥʠʷ ʩʧʠʩʢʘ ʜʘʪʯʠʢʦʚ 

ʅʘ ʚʢʣʘʜʢʝ ɼʘʪʯʠʢʠ/ʃʉʂ | ɼʘʪʯʠʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʩʧʠʩʦʢ ʜʘʪʯʠʢʦʚ, 

ʨʠʩ. 3.28. ɺʢʣʘʜʢʘ ɼʘʪʯʠʢʠ/ʃʉʂ | ʃʦʢʘʣʴʥʳʝ ʉʂ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʘ ʜʣʷ ʙʫʜʫʱʝʛʦ ʧʨʠʤʝ-

ʥʝʥʠʷ ʠ ʚ ʪʝʢʫʱʝʡ ʚʝʨʩʠʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. 

ɼʘʪʯʠʢ ï ʵʪʦ ʪʦʯʢʘ ʩ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʉʂ ʦʜʥʦʛʦ ʠʟ ʪʝʣ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʦʙʲʝʢʪʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦʩʪʨʦ-

ʠʪʴ ʛʨʘʬʠʢʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʣʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʤ: ʢʦʦʨʜʠʥʘʪʳ, 

ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʵʪʦʡ ʪʦʯʢʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʪʯʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ, ʩʦʟʜʘʚʘʝʤʳʤʠ ʩ ʧʦʤʦʱʴʶ ʤʘʩʪʝʨʘ ʧʝʨʝʤʝʥʥʳʭ, ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʘ-

ʨʘʤʝʪʨʠʟʘʮʠʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ, ʩʤ. ɻʣʘʚʫ 4, ʧ. ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ | ɼʘʪʯʠʢʠ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʜʘʪʯʠʢʘ ʩʣʝʜʫʝʪ 

¶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʟʜʘʪʴ ʪʦʯʢʠ ʩʚʷʟʠ ʜʣʷ ʥʫʞʥʳʭ ʪʝʣ, ʧ. 3.5.9.6. "ʊʦʯʢʠ ʩʚʷʟʠ", c. 3-

168; 

¶ ʱʝʣʢʥʫʪʴ ʥʘ ʢʥʦʧʢʝ , ʧʨʠ ʵʪʦʤ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʧʦʷʚʷʪʩʷ ʚʩʝ ʪʦʯʢʠ ʩʚʷʟʠ, 

ʨʠʩ. 3.29; 

 

ʈʠʩ. 3.29. ʆʪʦʙʨʘʞʝʥʠʝ ʪʦʯʢʠ ʩʚʷʟʠ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ 

¶ ʚʳʙʨʘʪʴ ʤʳʰʢʦʡ ʥʫʞʥʫʶ ʪʦʯʢʫ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʚ ʩʧʠʩʦʢ; 

¶ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʠʤʝʥʦʚʘʪʴ ʜʘʪʯʠʢ. 

́ͦ;͊͟ ͍ͫΎ͙͘ 

04_um_simulation_program.pdf


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-39 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ɿʘʤʝʯʘʥʠʝ.  ʉʦʟʜʘʥʠʝ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ 

ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʦʚ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ, ʧ. 3.4.2.4.8. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥ-

ʥʳʭ", c. 3-67. 

ʄʦʜʝʣʴ: {ɼʘʥʥʳʝ ʋʄ} \SAMPLES\LIBRARY\Pendulum 

3.4.2.1.4. ɺʢʣʘʜʢʘ çʇʝʨʝʤʝʥʥʳʝè 

 

ʈʠʩ. 3.30. ʇʨʠʤʝʨ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ 

ɺʢʣʘʜʢʘ ʇʝʨʝʤʝʥʥʳʝ (ʨʠʩ. 3.30) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ, ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʠʣʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʠ ʧʝʨʝʤʝʥʥʳʭ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧ. 3.4.2.4.8. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥ-

ʥʳʭ", c. 3-67. 

  

../SAMPLES/LIBRARY/pendulum/input.dat


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-40 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.4.2.1.5. ɺʢʣʘʜʢʘ çʂʨʠʚʳʝè 

 

ʈʠʩ. 3.31. ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʢʨʠʚʦʡ ʥʘʙʦʨʦʤ ʪʦʯʝʢ ʚ ʧʣʦʩʢʦʩʪʠ 

ɺʢʣʘʜʢʘ ʂʨʠʚʳʝ (ʨʠʩ. 3.31) ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʙʦʨʘ ʢʨʠʚʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʚ ʤʦʜʝʣʠ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʧʘ ʊʦʯʢʘ-ʂʨʠʚʘʷ, ʧ. 3.5.12.6.3. "ʂʦʥʪʘʢʪ 

ʪʦʯʢʘ-ʢʨʠʚʘʷ", c. 3-246. ʄʝʪʦʜʠʢʘ ʩʦʟʜʘʥʠʷ ʢʨʠʚʳʭ ʦʧʠʩʘʥʘ ʚ ʧ. 3.5.7. "ɺʚʦʜ ʢʨʠʚʳʭ", c. 3-

111. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-41 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.4.2.1.6. ɺʢʣʘʜʢʘ çɸʪʨʠʙʫʪʳè 

 

ʈʠʩ. 3.32. ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʨʠʙʫʪʦʚ ʚ ʤʦʜʝʣʠ ʛʫʩʝʥʠʯʥʦʛʦ ʜʚʠʞʠʪʝʣʷ 

ɺʢʣʘʜʢʘ ɸʪʨʠʙʫʪʳ (ʨʠʩ. 3.32) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʣʝʤʝʥʪʦʚ 

ʤʦʜʝʣʠ ʛʫʩʝʥʠʯʥʦʛʦ ʵʢʠʧʘʞʘ ʚ ʤʦʜʫʣʝ UM Tracked Vehicle, ɻʣʘʚʘ 18. 

  

18_um_caterpillar.pdf


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-42 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.4.2.2. ɺʢʣʘʜʢʠ ʩʧʠʩʢʦʚ ʦʜʥʦʪʠʧʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʄʦʜʝʣʠʨʫʝʤʳʡ ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʙʦʨʦʤ ʵʣʝʤʝʥʪʦʚ, ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʦʪʦʨʳʭ ʩʛʨʫʧʧʠʨʦʚʘʥʦ ʚ ʩʧʠʩʢʠ. ɼʦʩʪʫʧ ʢ ʩʧʠʩʢʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʜʝʨʝʚʦ ʵʣʝʤʝʥ-

ʪʦʚ, ʧ. 3.4.1.1. "ɼʝʨʝʚʦ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ", c. 3-27. ʂʘʞʜʳʡ ʩʧʠʩʦʢ ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ 

ʦʜʥʦʛʦ ʪʠʧʘ, ʥʘʧʨʠʤʝʨ, ʩʧʠʩʢʠ ʪʝʣ, ʰʘʨʥʠʨʦʚ, ʙʠʧʦʣʷʨʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʪʘʢ ʜʘ-

ʣʝʝ. ʂʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʩʧʠʩʢʘ ʥʘʟʥʘʯʘʝʪʩʷ ʠʤʷ, ʷʚʣʷʶʱʝʝʩʷ ʧʨʦʠʟʚʦʣʴʥʳʤ ʥʘʙʦʨʦʤ ʩʠʤ-

ʚʦʣʦʚ. ʀʤʷ ʵʣʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʝʛʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʜʦʣʞʥʦ ʙʳʪʴ ʫʥʠʢʘʣʴʥʳʤ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʧʠʩʢʘ, ʪʦ ʝʩʪʴ ʥʝʣʴʟʷ ʥʘʟʳʚʘʪʴ ʜʚʘ ʵʣʝʤʝʥʪʘ ʦʜʥʦʛʦ ʩʧʠʩʢʘ, ʥʘʧʨʠʤʝʨ, 

ʜʚʘ ʪʝʣʘ, ʦʜʠʥʘʢʦʚʳʤʠ ʠʤʝʥʘʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʵʣʝʤʝʥʪʳ ʨʘʟʥʳʭ ʩʧʠʩʢʦʚ ʤʦʛʫʪ ʠʤʝʪʴ 

ʦʜʠʥʘʢʦʚʳʝ ʠʤʝʥʘ (ʥʘʧʨʠʤʝʨ, ʪʝʣʦ ʠ ʥʘʟʥʘʯʘʝʤʳʡ ʝʤʫ ʰʘʨʥʠʨ ʠʣʠ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ). 

ɼʦʩʪʫʧ ʢ ʧʘʨʘʤʝʪʨʘʤ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʧʠʩʢʘ ʚ ʠʥʩʧʝʢʪʦʨʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ, ʧ. 3.4.1.1. "ɼʝʨʝʚʦ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ", c. 3-27. 

ɼʣʷ ʨʘʙʦʪʳ ʩʦ ʩʧʠʩʢʘʤʠ ʩ ʧʦʤʦʱʴʶ ʠʥʩʧʝʢʪʦʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʠʥʪʝʨ-

ʬʝʡʩʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ.  

 

ʘ)     ʙ) 

ʈʠʩ. 3.33. ʇʨʠʤʝʨ ʩʧʠʩʢʘ ʪʝʣ 

ʅʘ ʨʠʩ. 3.33ʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʪʦʙʨʘʞʝʥʠʝ ʧʫʩʪʦʛʦ ʩʧʠʩʢʘ ʚ ʠʥʩʧʝʢʪʦʨʝ, ʥʘ ʨʠʩ. 3.33ʙ ï 

ʩʧʠʩʦʢ, ʩʦʜʝʨʞʘʱʠʡ ʦʧʠʩʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʧʠʩʢʘ ʪʝʣ.  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-43 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʢʣʘʜʢʠ ʨʘʟʤʝʱʝʥʳ: ʧʦʣʝ ʚʚʦʜʘ ʠʤʝʥʠ ʵʣʝʤʝʥʪʘ ʠ ʪʨʠ ʢʥʦʧʢʠ: ʩʦʟʜʘʪʴ 

ʥʦʚʳʡ ʵʣʝʤʝʥʪ ʠ ʜʦʙʘʚʠʪʴ ʢ ʩʧʠʩʢʫ; ʩʦʟʜʘʪʴ ʪʦʯʥʫʶ ʢʦʧʠʶ ʪʝʢʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠ ʜʦʙʘʚʠʪʴ 

ʢ ʩʧʠʩʢʫ; ʫʜʘʣʠʪʴ ʪʝʢʫʱʠʡ ʵʣʝʤʝʥʪ ʩʧʠʩʢʘ. 

ʉʤ. ʪʘʢʞʝ ʧ. 3.4.5.4. "ʉʪʨʘʥʠʮʘ ʠʥʩʧʝʢʪʦʨʘ ʩʦ ʩʧʠʩʢʦʤ", c. 3-90. 

ɿʘʤʝʯʘʥʠʝ.  ʇʦʩʣʝ ʟʘʜʘʥʠʷ ʠʤʝʥʠ ʵʣʝʤʝʥʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʣʝ ʥʘʞʤʠʪʝ ʢʣʘʚʠʰʫ 

Enter ʜʣʷ ʚʚʦʜʘ ʜʘʥʥʳʭ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʪʝʨʷ-

ʥʳ. 

3.4.2.3. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʢʣʘʜʢʠ ʠʥʩʧʝʢʪʦʨʘ 

3.4.2.3.1. ɺʥʝʰʥʠʝ ʩʚʷʟʠ 

 

ʈʠʩ. 3.34. ʇʨʠʤʝʨ ʩʧʠʩʢʘ ʚʥʝʰʥʠʭ ʩʚʷʟʝʡ 

ɺʢʣʘʜʢʘ ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ, ʚʭʦʜʷʱʠʭ ʚ ʧʦʜʩʠʩʪʝʤʳ, 

ʨʠʩ. 3.34. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʟʥʘʯʝʥʠʷ ʚʪʦʨʳʭ ʪʝʣ ʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʚʥʝʰʥʠʤ ʰʘʨʥʠʨʘʤ 

ʠ ʩʠʣʦʚʳʤ ʵʣʝʤʝʥʪʦʤ, ʧ. 3.5.3.3. "ʅʘʩʪʨʦʡʢʘ ʩʚʷʟʝʡ ʩ ʧʦʜʩʠʩʪʝʤʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ", c. 3-99. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-44 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.4.2.3.2. ʀʥʜʝʢʩʳ 

 

ʈʠʩ. 3.35. ʇʨʠʤʝʨ ʠʥʜʝʢʩʦʚ ʵʣʝʤʝʥʪʦʚ 

ɺʢʣʘʜʢʘ ʩʦʜʝʨʞʠʪ ʧʦʣʥʳʝ ʩʧʠʩʢʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʷ ʧʦʜʩʠʩʪʝʤʳ. ʀʥ-

ʜʝʢʩʳ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ UM, ɻʣʘʚʘ 5. 

ʇʨʷʤʘʷ ʩʩʳʣʢʘ ʥʘ ʵʣʝʤʝʥʪ ʧʦ ʠʥʜʝʢʩʫ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʫʩʪʘʨʝʚʰʝʡ ʤʝʪʦ-

ʜʠʢʦʡ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʠʥʜʝʢʩ ʜʠʥʘʤʠʯʝʩʢʠ ʧʦ ʠʤʝʥʠ ʵʣʝʤʝʥʪʘ. 

  

05_um_programming.pdf


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-45 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.4.2.3.3. ʇʨʦʪʦʢʦʣ 

ʇʨʦʪʦʢʦʣ ʦʪʦʙʨʘʞʘʝʪ ʘʥʘʣʠʟ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘ. 

 

ʈʠʩ. 3.36. ʄʦʜʝʣʴ ʥʝ ʩʦʜʝʨʞʠʪ ʦʰʠʙʦʢ ʚʚʦʜʘ 

ʄʦʜʝʣʴ ʩʯʠʪʘʝʪʩʷ ʛʦʪʦʚʦʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʝʩʣʠ ʥʝ ʦʙʥʘʨʫʞʝʥʳ ʦʰʠʙʢʠ, ʨʠʩ. 3.36. 

ʇʨʝʜʫʧʨʝʞʜʝʥʠʷ ʥʝ ʚʣʠʷʶʪ ʥʘ ʩʪʘʪʫʩ ʛʦʪʦʚʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʥʦ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʘʤ 

ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

 

ʈʠʩ. 3.37. ʄʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʦʰʠʙʢʠ ʚʚʦʜʘ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʇʨʠ ʥʘʣʠʯʠʠ ʦʰʠʙʦʢ (ʨʠʩ. 3.37) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʚʦʟʤʦʞʥʦ. ʑʝʣʯʢʦʤ ʥʘ ʩʪʨʦʢʝ ʩʦ-

ʦʙʱʝʥʠʷ ʦʙ ʦʰʠʙʢʝ ʠʣʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʠ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʦʧʠʩʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ. 
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3.4.2.3.4. ʂʦʦʨʜʠʥʘʪʳ 

 

ʈʠʩ. 3.38. ʇʨʠʤʝʨ ʩʧʠʩʢʘ ʢʦʦʨʜʠʥʘʪ 

ɺʢʣʘʜʢʘ ʂʦʦʨʜʠʥʘʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʧʦʣʦʞʝʥʠʡ ʪʝʣ ʤʦʜʝʣʠ, ʨʠʩ. 3.38. ɺʢʣʘʜʢʘ ʩʦʜʝʨʞʠʪ ʚʩʝ ʰʘʨʥʠʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʤʦʜʝʣʠ, ʚʢʣʶʯʘʷ ʧʦʜʩʠʩʪʝʤʳ. 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚ ʘʥʘʣʦʛʠʯʥʦʤ ʠʥʪʝʨʬʝʡʩʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ 

ɻʣʘʚʝ 4, ʧ. ɺʳʙʦʨ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʯʠʩʣʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

 

ʇʨʠ ʘʢʪʠʚʥʦʤ ʩʧʠʩʢʝ ʢʦʦʨʜʠʥʘʪ ʚ ʠʥʩʧʝʢʪʦʨʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʫʧʥʘ ʬʫʥʢʮʠʷ ʚʠʟʫ-

ʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʝʣ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ, ʨʠʩ. 3.39. ɼʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʩʣʝʜʫʝʪ 

¶ ʥʘʚʝʩʪʠ ʢʫʨʩʦʨ ʤʳʰʠ ʥʘ ʥʫʞʥʦʝ ʪʝʣʦ ʜʦ ʠʟʤʝʥʝʥʠʷ ʚʠʜʘ ʢʫʨʩʦʨʘ ʥʘ ; 

¶ ʥʘʞʘʪʴ ʣʝʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ ʠ ʧʝʨʝʤʝʱʘʪʴ ʢʫʨʩʦʨ ʚ ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɿʘʤʝʯʘʥʠʝ.  ʆʙʳʯʥʦ ʜʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʣ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ 

ʜʣʷ ʧʨʦʩʪʳʭ ʤʦʜʝʣʝʡ ʩ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʪʝʣ. ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʦʧʝʨʘʮʠʶ ʚ ʤʦʜʝʣʷʭ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ, ʘʚʪʦʤʦʙʠʣʝʡ, ʛʫʩʝʥʠʯʥʳʭ 

ʤʘʰʠʥ. 

 

04_um_simulation_program.pdf
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3.4.2.4. ʊʠʧʳ ʜʘʥʥʳʭ 

ʆʧʠʩʘʥʠʝ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʦʙʲʝʢʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʧʦʣʷ ʠʥ-

ʩʧʝʢʪʦʨʘ. ɼʣʷ ʚʚʦʜʘ ʜʘʥʥʳʭ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʘʢʪʦʨ ʚʳʨʘʞʝʥʠʡ, 

ʧ. 3.4.2.4.13. "ʈʝʜʘʢʪʦʨ ʚʳʨʘʞʝʥʠʡ", c. 3-76. 

ɺ UM ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʪʘʥʜʘʨʪʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ, ʟʥʘʥʠʝ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠ-

ʤʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʦʡ ʠ ʜʣʷ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʝ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʦʚ ʚ UM ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʜʘʥʥʳʭ, ʪʦ ʝʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʚʳʨʘʞʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʥʝ ʪʦʣʴʢʦ ʯʠʩʣʝʥʥʳʝ ʢʦʥʩʪʘʥʪʳ, ʥʦ ʠʜʝʥʪʠʬʠʢʘ-

ʪʦʨʳ, ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʪʠʧʳ 

ʜʘʥʥʳʭ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ UM. 

3.4.2.4.1. ʏʠʩʣʝʥʥʳʝ ʢʦʥʩʪʘʥʪʳ 

UM ʠʩʧʦʣʴʟʫʝʪ ʩʪʘʥʜʘʨʪʥʳʝ ʬʦʨʤʳ ʟʘʧʠʩʠ ʯʠʩʣʘ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʧʨʠʯʝʤ ʚ ʢʘʯʝ-

ʩʪʚʝ ʜʝʩʷʪʠʯʥʦʛʦ ʨʘʟʜʝʣʠʪʝʣʷ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʯʢʘ. ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠ ʧʨʦʚʝʨʷʝʪʩʷ ʪʝʢʫʱʠʡ ʜʝʩʷʪʠʯʥʳʡ ʨʘʟʜʝʣʠʪʝʣʴ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʪʦʯʢʘ. 

ʇʨʠʤʝʨʳ: 1.23, 0.256e-3 

3.4.2.4.2. ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨ ʩʠʤʚʦʣʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʙʫʢʚʳ ʣʘʪʠʥʩʢʦʛʦ ʘʣʬʘʚʠʪʘ, 

ʮʠʬʨʳ ʠ ʩʠʤʚʦʣ ñ_ò.  

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʥʝ ʤʦʞʝʪ ʥʘʯʠʥʘʪʴʩʷ ʩ ʮʠʬʨʳ ʠ ʩʠʤʚʦʣʘ ñ_ò ï ʧʦʜʯʝʨʢʠʚʘʥʠʝ.  

ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʥʘʯʠʥʘʶʱʠʝʩʷ ʩ ʩʠʤʚʦʣʘ ʧʦʜʯʝʨʢʠʚʘʥʠʝ, ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʳ ʜʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ, ʩʠʥʪʝʟʠʨʫʝʤʳʭ 

ʧʨʦʛʨʘʤʤʦʡ. 

ɿʘʧʨʝʱʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ Pascal ʠ C. 

ʇʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʚʝʨʷʝʪ ʩʠʥʪʘʢʩʠʩ ʚʳʨʘʞʝʥʠʡ, ʚʚʝʜʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʥ ʥʦʚʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʪʦ ʧʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʙʘʚʣʷʝʪ ʝʛʦ ʢ 

ʩʧʠʩʢʫ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʦʙʲʝʢʪʘ (ʩʤ. 3.4.3. "ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ", c. 3-78). 

ʇʨʠʤʝʨʳ ʢʦʨʨʝʢʪʥʦ ʟʘʜʘʥʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ: 

mass_1  length_of_rod  cdiss  cstiff 

ʇʨʠʤʝʨʳ ʦʰʠʙʦʢ: 

2mass ï ʥʘʯʠʥʘʝʪʩʷ ʩ ʮʠʬʨʳ; 

_length ï ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʜʯʝʨʢʠʚʘʥʠʷ; 

mass% ï ʟʘʧʨʝʱʝʥʥʳʡ ʩʠʤʚʦʣ %; 

do, as, while ï ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʷʟʳʢʘ ʇʘʩʢʘʣʴ. 

 

ʀʤʝʶʪʩʷ ʜʚʘ ʪʠʧʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ: 

¶ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ï ʯʠʩʣʦ; 

¶ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ï ʚʳʨʘʞʝʥʠʝ. 
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ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʝʨʚʦʛʦ ʪʠʧʘ ʠʭ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʚ 

ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ. ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʦʠʟ-

ʚʦʣʴʥʳʤ ʚʳʨʘʞʝʥʠʝʤ, ʚ ʢʦʪʦʨʦʝ ʚʭʦʜʷʪ 

¶ ʯʠʩʣʝʥʥʳʝ ʢʦʥʩʪʘʥʪʳ; 

¶ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʠʧʘ; 

¶ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ (ʩʤ. ʧ. 3.4.2.4.3. "ʉʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ ʠ ʢʦʥʩʪʘʥʪʳ", c. 3-

50). 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʥʘʟʥʘʯʘʶʪʩʷ ʚ ʩʧʠʩʢʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

(ʩʤ. ʧ. 3.4.3. "ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ", c. 3-78). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ï 

ʚʳʨʘʞʝʥʠʡ ʤʦʞʥʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʮʝʧʦʯʢʠ ʚʳʯʠʩʣʝʥʠʡ. 

ɿʘʤʝʯʘʥʠʝ.  ɺ ʚʳʨʘʞʝʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʣʴʢʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʝ ʚ ʩʧʠʩʢʝ ʚʳʰʝ ʜʘʥʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʠʥʮʠʧ ʠʩʧʦʣʴʟʫʝʪ ʚʩʪʨʦʝʥʥʳʡ ʢʘʣʴʢʫʣʷʪʦʨ (ʧʫʥʢʪ ʤʝʥʶ 

ʀʥʩʪʨʫʤʝʥʪʳ | ʂʘʣʴʢʫʣʷʪʦʨ ʚʳʨʘʞʝʥʠʡ). 
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3.4.2.4.3. ʉʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ ʠ ʢʦʥʩʪʘʥʪʳ 

ʇʨʠ ʟʘʜʘʥʠʠ ʜʘʥʥʳʭ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ (ʷʚʥʳʝ ʬʫʥʢʮʠʠ, ʧʝʨʝʤʝʥʥʳʝ, ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ-

ʚʳʨʘʞʝʥʠʷ) ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ: 

¶ sin, cos  ï ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʘʨʛʫʤʝʥʪ ʟʘʜʘʝʪʩʷ ʚ ʨʘʜʠʘʥʘʭ; 

¶ arcsin, arccos, arctan ï ʦʙʨʘʪʥʳʝ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ (ʨʘʜ); 

¶ arctan2(x, y) ï ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ‌ȟÔÁÎ‌  ʚ ʨʘʜʠʘʥʘʭ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ -p ʜʦ p; 

ʢʚʘʜʨʘʥʪ, ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʠʪ ʫʛʦʣ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʟʥʘʢʘʤ ʘʨʛʫʤʝʥʪʦʚ x,y ʪʘʢ ʞʝ, 

ʢʘʢ ʝʩʣʠ ʙʳ ὼ ÓÉÎ‌ȟώ ÃÏÓ‌; 

¶ exp ï ʥʘʪʫʨʘʣʴʥʘʷ ʵʢʩʧʦʥʝʥʪʘ; 

¶ ln ï ʥʘʪʫʨʘʣʴʥʳʡ ʣʦʛʘʨʠʬʤ; 

¶ abs ï ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ; 

¶ sign  ï ίὭὫὲὼ
ρȟὼ π
πȟὼ π
ρȟὼ π

 

¶ ^ ï ʦʧʝʨʘʮʠʷ ʚʦʟʚʝʜʝʥʠʷ ʚ ʩʪʝʧʝʥʴ, ʟʘʧʠʩʴ â b ʩʦʦʪʚʝʪʩʪʚʫʝʪ ὥ, ʨʘʟʨʝʰʘʝʪʩʷ ʚʦʟʚʝʜʝ-

ʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʯʠʩʝʣ ʪʦʣʴʢʦ ʚ ʮʝʣʫʶ ʩʪʝʧʝʥʴ; 

¶ sqrt ï ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ; 

¶ sqr ï ʚʦʟʚʝʜʝʥʠʝ ʚ ʢʚʘʜʨʘʪ; 

¶ ὬὩὥὺὭὼ
ρȟὼ π
πȟὼ π

 

¶ ÉÆὧȟὺρȟὺςȟὺσ
ὺρȟὧ π
ὺςȟὧ π
ὺσȟὧ π

 

 

ʈʠʩ. 3.40 ʌʫʥʢʮʠʷ Step 

ÓÔÅÐὼȟὼπȟὬπȟὼρȟὬρ

Ὤȟὼ ὼ

Ὤ Ὤ Ὤ Ὠ σ ςὨȟὨ
ὼ ὼ

ὼ ὼ
Ὤȟὼ ὼ

  

x 

x0 

x1 

h0 

h1 
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ʂʘʢ ʧʨʘʚʠʣʦ, ʬʫʥʢʮʠʷ Step ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʣʘʚʥʦʛʦ, ʥʦ ʙʳʩʪʨʦʛʦ ʧʝʨʝʭʦʜʘ ʬʫʥʢʮʠʠ 

ʦʪ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢ ʜʨʫʛʦʤʫ. ʇʨʠʤʝʨ ʬʫʥʢʮʠʠ step(t , 0.1 , -0.2 , 0.15 , 0.3 ) ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩ. 3.40. 

¶ ʂ ʩʪʘʥʜʘʨʪʥʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʘʢʞʝ ʬʫʥʢʮʠʶ bodyinertia, ʧʦʟʚʦʣʷʶʱʫʶ ʧʦʣʫʯʠʪʴ ʠ 

ʚʢʣʶʯʠʪʴ ʚ ʣʶʙʦʝ ʚʳʨʘʞʝʥʠʝ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʣ, ʩʤ. 

ʧʦʜʨʦʙʥʝʝ ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51. 

 

ʉʪʘʥʜʘʨʪʥʳʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʷʚʣʷʶʪʩʷ  

pi : ʯʠʩʣʦ “ σȢρτρυωςφυσφȣ 

e : ʯʠʩʣʦ e=2.7182818285 

rtod: ʤʥʦʞʠʪʝʣʴ ʧʝʨʝʚʦʜʘ ʨʘʜʠʘʥ ʚ ʛʨʘʜʫʩʳ, ʥʘʧʨʠʤʝʨ, arctan(1)*rtod=45; 

dtor: ʤʥʦʞʠʪʝʣʴ ʧʝʨʝʚʦʜʘ ʛʨʘʜʫʩʳ ʚ ʨʘʜʠʘʥʳ, ʥʘʧʨʠʤʝʨ, 90*dtor=pi/2; 

itom = 0.0254: ʤʥʦʞʠʪʝʣʴ ʧʝʨʝʚʦʜʠʪ ʜʶʡʤʳ ʚ ʤʝʪʨʳ (Inch TO Meter); 

mtoi = 1/itom: ʤʥʦʞʠʪʝʣʴ ʧʝʨʝʚʦʜʠʪ ʤʝʪʨʳ ʚ ʜʶʡʤʳ (Meter TO Inch); 

pton = 453.6/1000*9.81: ʤʥʦʞʠʪʝʣʴ ʧʝʨʝʚʦʜʠʪ ʬʫʥʪʳ ʩʠʣʳ ʚ ʥʴʶʪʦʥʳ (Pound-force TO 

N); 

ntop = 1/pton: ʤʥʦʞʠʪʝʣʴ ʧʝʨʝʚʦʜʠʪ ʥʴʶʪʦʥʳ ʚ ʬʫʥʪʳ ʩʠʣʳ (N TO Pound-force). 

 

ʉʧʠʩʦʢ ʩʪʘʥʜʘʨʪʥʳʭ ʬʫʥʢʮʠʡ ʜʦʩʪʫʧʝʥ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʜʘʢʪʦʨʘ ʚʳ-

ʨʘʞʝʥʠʡ, ʧ. 3.4.2.4.13. "ʈʝʜʘʢʪʦʨ ʚʳʨʘʞʝʥʠʡ", c. 3-76. 

3.4.2.4.4. ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia 

ɼʘʥʥʘʷ ʩʪʘʥʜʘʨʪʥʘʷ ʬʫʥʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠ ʚʢʣʶʯʠʪʴ ʚ ʣʶʙʦʝ ʚʳʨʘʞʝʥʠʝ ʯʠʩ-

ʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʚʳʨʘʞʝʥʠʷʭ ʜʣʷ ʠʜʝʥʪʠʬʠ-

ʢʘʪʦʨʦʚ (ʧ. 3.4.3. "ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ", c. 3-78), ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʣʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʝʨʝʤʝʥʥʳʭ (ʧ. 3.4.2.4.8. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ", c. 3-67). ʉʠʥʪʘʢ-

ʩʠʩ ʬʫʥʢʮʠʠ: 

bodyinertia( _inertia_name , _body_name ) 

ɿʜʝʩʴ 

_inertia_name ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʠʥʝʨʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʝʣʘ, ʢʦʪʦʨʦʝ ʤʦ-

ʞʝʪ ʧʨʠʥʠʤʘʪʴ ʦʜʥʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʡ (ʥʝ ʩʣʝʜʫʝʪ ʧʫʪʘʪʴ ʵʪʦ ʦʙʦʟʥʘʯʝʥʠʝ ʩ ʠʜʝʥ-

ʪʠʬʠʢʘʪʦʨʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ!): 

m ï ʤʘʩʩʘ ʪʝʣʘ; 

ix ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ X; 

iy ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Y; 

iz ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Z; 

ixy, ixz, iyz ï ʮʝʥʪʨʦʙʝʞʥʳʝ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ; 

cx, cy, cz ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʚ ʉʂ ʪʝʣʘ. 

ɺʦʟʚʨʘʱʘʝʤʳʝ ʬʫʥʢʮʠʝʡ ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʥʝʨʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪ-

ʨʘʤ, ʟʘʜʘʚʘʝʤʳʤ ʜʣʷ ʪʝʣʘ, ʩʤ. ʧ. 3.5.9.2. "ʀʥʝʨʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ", c. 3-162. 

_body_name ï ʠʤʷ ʪʝʣʘ. 

ʌʫʥʢʮʠʶ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʥʝʨʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʣ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʛʨʘʬʠʯʝʩʢʦʤʫ ʦʙʨʘʟʫ ʪʝʣʘ. 
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ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʚʳʟʦʚʘ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪ ʩʦʟʜʘʥʠʷ ʚʳʨʘʞʝʥʠʡ, 

ʧ. 3.4.2.4.13. "ʈʝʜʘʢʪʦʨ ʚʳʨʘʞʝʥʠʡ", c. 3-76. 

 

ʇʨʠʤʝʨ: 

sqr(2*pi* f)*bodyinertia(m , "bogie1.body1" ) 

ɺ ʜʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚʭʦʜʠʪ ʤʘʩʩʘ ʪʝʣʘ ʩ ʠʤʝʥʝʤ bogie1.body1. 

bodyinertia(ix , "body" ) 

ʌʫʥʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʝʣʘ ʩ ʠʤʝʥʝʤ bogie1.body1. 

 

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʦʜʝʣʷʭ: 

{ʇʫʪʴ ʢ UM} \Samples\Library\BodyInertia_test 

ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʢʘʟʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʠ bodyinertia ʚ ʩʧʠʩʢʝ ʠʜʝʥʪʠʬʠʢʘʪʦ-

ʨʦʚ, ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʙʠʧʦʣʷʨʥʦʡ ʩʠʣʳ ʠ ʚ ʩʧʠʩʢʝ ʧʝʨʝʤʝʥʥʳʭ. 

3.4.2.4.5. ʇʦʩʪʦʷʥʥʳʝ ʩʠʤʚʦʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ 

ʇʦʩʪʦʷʥʥʦʝ ʩʠʤʚʦʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ, ʩʦʜʝʨʞʘʱʠʤ 

¶ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ;  

¶ ʯʠʩʣʝʥʥʳʝ ʢʦʥʩʪʘʥʪʳ; 

¶ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ, ʚʳʯʠʪʘʥʠʷ, ʜʝʣʝʥʠʷ, ʫʤʥʦʞʝʥʠʷ ʠ ʚʦʟʚʝʜʝʥʠʷ ʚ ʩʪʝʧʝʥʴ. 

¶ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ (ʩʤ. ʧ. 3.4.2.4.3. "ʉʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ ʠ ʢʦʥʩʪʘʥʪʳ", c. 3-

50, ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51). 

 

ʅʝ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ t (ʚʨʝʤʷ). ʇʨʠʤʝʨ ʢʦʨʨʝʢʪʥʦʡ ʟʘʧʠʩʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʩʠʤʚʦʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ: 

sqrt(2)*b1+sqrt(a1+a2)/2 

 

ʇʦʩʪʦʷʥʥʳʝ ʩʠʤʚʦʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʘʨʘ-

ʤʝʪʨʦʚ ʦʙʲʝʢʪʘ, ʧʨʠʥʠʤʘʶʱʠʭ ʧʦʩʪʦʷʥʥʳʝ ʟʥʘʯʝʥʠʷ (ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʦʨʜʠ-

ʥʘʪʳ ʪʦʯʝʢ ʧʨʠʢʨʝʧʣʝʥʠʷ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʧʘʨʘʤʝʪʨʳ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ 

ʠ ʜʠʩʩʠʧʘʮʠʠ, ʵʣʝʤʝʥʪʳ ʦʧʠʩʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʰʘʨʥʠʨʦʚ ʠ ʪʘʢ ʜʘʣʝʝ). 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʣʝ ʚʚʦʜʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʩʪʘʥʜʘʨʪʥʳʡ ʠʥʪʝʨʬʝʡʩ: 

 

ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʙʫʢʚʘ ócô ʚ ʚʝʨʭʥʝʤ ʧʨʘʚʦʤ ʫʛʣʫ (con-

stant). ʇʨʠ ʱʝʣʯʢʝ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʥʘ ʢʚʘʜʨʘʪʠʢʝ, ʩʦʜʝʨʞʘʱʝʤ ʵʪʫ ʙʫʢʚʫ ʠ ʧʨʠ 

ʜʚʦʡʥʦʤ ʱʝʣʯʢʝ ʥʘ ʧʦʣʝ ʚʚʦʜʘ ʤʦʞʥʦ ʚʳʟʚʘʪʴ ʬʦʨʤʫ ï ʠʥʩʪʨʫʤʝʥʪ ʩʦʟʜʘʥʠʷ ʚʳʨʘʞʝʥʠʡ, 

ʧ. 3.4.2.4.13. "ʈʝʜʘʢʪʦʨ ʚʳʨʘʞʝʥʠʡ", c. 3-76. 

3.4.2.4.6. ɺʳʨʘʞʝʥʠʝ ï ʷʚʥʘʷ ʬʫʥʢʮʠʷ 

ɺʳʨʘʞʝʥʠʝ ʜʘʥʥʦʛʦ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʪ 

¶ ʯʠʩʣʝʥʥʳʝ ʢʦʥʩʪʘʥʪʳ; 

¶ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ; 

../Samples/Library/BodyInertia_test/input.dat
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¶ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ; 

¶ ʩʪʘʥʜʘʨʪʥʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʧʝʨʝʤʝʥʥʳʭ (t, x, v, p1, p2, p ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʚʳʨʘʞʝʥʠʷ); 

¶ ʵʣʝʤʝʥʪʳ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ, ʧ. 3.4.2.4.8. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ", c. 3-67. 

ʇʨʠ ʜʚʦʡʥʦʤ ʱʝʣʯʢʝ ʥʘ ʧʦʣʝ ʚʚʦʜʘ, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ 

ʤʦʞʥʦ ʚʳʟʚʘʪʴ ʬʦʨʤʫ ï ʠʥʩʪʨʫʤʝʥʪ ʩʦʟʜʘʥʠʷ ʚʳʨʘʞʝʥʠʡ, ʩʦʜʝʨʞʘʱʘʷ ʩʧʠʩʦʢ ʚʚʝʜʝʥʥʳʭ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʢʥʦʧʢʠ ʩ ʜʦʧʫʩʪʠʤʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʡ ʢʘʣʴʢʫʣʷʪʦʨ, 

ʧ. 3.4.2.4.13. "ʈʝʜʘʢʪʦʨ ʚʳʨʘʞʝʥʠʡ", c. 3-76. 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʠʧʳ ʷʚʥʳʭ ʬʫʥʢʮʠʡ. 

3.4.2.4.6.1. ʌʫʥʢʮʠʷ ʚʨʝʤʝʥʠ  

ʉʪʘʥʜʘʨʪʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ t ï ʚʨʝʤʷ.  ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʧʠʩʘʥʠʠ 

ʰʘʨʥʠʨʦʚ 

¶ ʦʙʦʙʱʝʥʥʦʛʦ ʪʠʧʘ, ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʠʧʦʚ tt, rt 

(ʧ. 3.5.10.7.4. "ʕʣʝʤʝʥʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ tt, rt", c. 3-196); 

¶ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʢʦʦʨʜʠʥʘʪʘ ʷʚʣʷʝʪʩʷ ʷʚʥʦʡ ʬʫʥʢ-

ʮʠʝʡ ʚʨʝʤʝʥʠ (ʧ. 3.5.10.4. "ʉʪʘʪʫʩ ʰʘʨʥʠʨʘ", c. 3-182); 

¶ ʧʨʦʝʢʮʠʠ T-ʩʠʣʳ, ʧ. 3.5.12.7. "T-ʩʠʣʳ", c. 3-254. 

ɼʣʷ ʚʚʦʜʘ ʚʳʨʘʞʝʥʠʷ ʚ ʠʥʩʧʝʢʪʦʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʠʜʘ 

 

ʋʢʘʟʘʥʠʝʤ ʥʘ ʪʦ, ʯʪʦ ʚ ʜʘʥʥʦʝ ʧʦʣʝ ʚʚʦʜʠʪʩʷ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ, ʷʚʣʷʝʪʩʷ ʙʫʢʚʘ ótô ʚ 

ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ.  

3.4.2.4.6.2. ʌʫʥʢʮʠʠ ʦʧʠʩʘʥʠʷ ʩʢʘʣʷʨʥʳʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʪʠʧʘ ɺʳʨʘʞʝʥʠʝ 

ʉʪʘʥʜʘʨʪʥʳʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ: t ï ʚʨʝʤʷ, x, v. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʟʘʜʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʠʣ ʚ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʷʭ: 

¶ ʧʨʠ ʟʘʜʘʥʠʠ ʙʠʧʦʣʷʨʥʦʡ ʩʠʣʳ; x ï ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ, v ï ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʜʣʠʥʳ ʧʦ ʚʨʝ-

ʤʝʥʠ, ʧ. 3.5.12.3. "ɺʚʦʜ ʙʠʧʦʣʷʨʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ", c. 3-232; 

¶ ʧʨʠ ʟʘʜʘʥʠʠ ʩʢʘʣʷʨʥʦʛʦ ʤʦʤʝʥʪʘ; x ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ, v ï ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʫʛʣʘ ʧʦ ʚʨʝ-

ʤʝʥʠ, ʧ. 3.5.12.4. "ɺʚʦʜ ʩʢʘʣʷʨʥʦʛʦ ʤʦʤʝʥʪʘ", c. 3-233; 

¶ ʧʨʠ ʟʘʜʘʥʠʠ ʰʘʨʥʠʨʥʦʡ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʚ ʰʘʨʥʠʨʝ ʦʙʦʙʱʝʥʥʦʛʦ ʪʠʧʘ (ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ rv, tv, ʪʠʧ ʩʠʣʳ ï ʚʳʨʘʞʝʥʠʝ), ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʤ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ 

ʰʘʨʥʠʨʘʭ; x ï ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ, v ï ʝʝ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ; 

¶ ʧʨʠ ʦʧʠʩʘʥʠʠ ʦʩʝʚʦʡ ʩʠʣʳ ʚ ʩʣʫʯʘʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʪʠʧʘ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʦʝ ʪʨʝʥʠʝ, ʧ. 3.5.12.8.3.5. "ɿʘʜʘʥʠʝ ʤʦʜʝʣʠ ʦʩʝʚʦʡ ʩʠʣʳ", c. 3-262; 

¶ ʧʨʠ ʦʧʠʩʘʥʠʠ ʤʦʜʝʣʠ ʩʘʡʣʝʥʪ-ʙʣʦʢʘ ʦʙʦʙʱʝʥʥʦʛʦ ʪʠʧʘ, ʧ. 3.5.12.8.7.2. "ɿʘʜʘʥʠʝ ʧʘ-

ʨʘʤʝʪʨʦʚ ʦʙʦʙʱʝʥʥʦʛʦ ʩʘʡʣʝʥʪ-ʙʣʦʢʘ", c. 3-276. 

 

ɼʣʷ ʚʚʦʜʘ ʚʳʨʘʞʝʥʠʷ ʚ ʠʥʩʧʝʢʪʦʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʠʜʘ, ʨʠʩ. 3.41. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-54 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.41. ʇʦʣʝ ʜʣʷ ʚʚʦʜʘ ʚʳʨʘʞʝʥʠʡ ʦʧʠʩʘʥʠʷ ʩʠʣʳ 

ʋʢʘʟʘʥʠʝʤ ʥʘ ʪʦ, ʯʪʦ ʚ ʜʘʥʥʦʝ ʧʦʣʝ ʚʚʦʜʠʪʩʷ ʬʫʥʢʮʠʷ ʦʧʠʩʘʥʠʷ ʩʠʣʳ, ʷʚʣʷʝʪʩʷ ʙʫʢʚʘ 

ópô (Pascal) ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ. 

3.4.2.4.6.3. ʌʫʥʢʮʠʠ ʦʧʠʩʘʥʠʷ ʢʨʠʚʳʭ 

ʉʪʘʥʜʘʨʪʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʘʷ p, ʧʘʨʘʤʝʪʨʠʟʫʶʱʠʡ ʢʨʠʚʫʶ. 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʷʭ: 

¶ ʟʘʜʘʥʠʝ ʧʨʦʬʠʣʷ ʠʣʠ ʦʩʝʚʦʡ ʣʠʥʠʠ ʧʨʦʬʠʣʴʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʩ ʧʦʤʦʱʴʶ 

ʚʳʨʘʞʝʥʠʡ, ʧ. 3.5.8.2.8. "ʇʨʦʬʠʣʴʥʳʡ", c. 3-136; 

¶ ʟʘʜʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʨʠʚʳʭ ʚʳʨʘʞʝʥʠʝʤ, ʧ. 3.5.7. "ɺʚʦʜ ʢʨʠʚʳʭ", c. 3-111. 

3.4.2.4.6.4. ʌʫʥʢʮʠʠ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

ʉʪʘʥʜʘʨʪʥʳʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ p1, p2, ʧʘʨʘʤʝʪʨʠʟʫʶʱʠʝ ʧʦ-

ʚʝʨʭʥʦʩʪʠ (ʧ. 3.5.8.2.7. "ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ", c. 3-131). 

3.4.2.4.6.5. ɿʘʜʘʥʠʝ Z ïʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ɿʘʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʠʜʘ ᾀ Ὢὼȟώ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʟʘʜʘʥʠʠ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʠʧʦʚ ʊʦʯʢʘ ï Z-ʧʦʚʝʨʭʥʦʩʪʴ, ʆʢʨʫʞʥʦʩʪʴ ï Z-

ʧʦʚʝʨʭʥʦʩʪʴ ʉʬʝʨʘ ï Z-ʧʦʚʝʨʭʥʦʩʪʴ. 

ʉʪʘʥʜʘʨʪʥʳʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ p1 (ʢʦʦʨʜʠʥʘʪʘ x), p2 (ʢʦʦʨ-

ʜʠʥʘʪʘ y), ʧʘʨʘʤʝʪʨʠʟʫʶʱʠʝ Z-ʧʦʚʝʨʭʥʦʩʪʴ. ɼʣʷ ʚʚʦʜʘ ʚʳʨʘʞʝʥʠʷ ʚ ʠʥʩʧʝʢʪʦʨʝ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʧʦʣʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʠʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩ. 3.41. 

3.4.2.4.6.6. ʌʫʥʢʮʠʠ ʦʧʠʩʘʥʠʷ ʧʨʦʬʠʣʴʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ  

ʉʪʘʥʜʘʨʪʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʘʷ p, ʧʘʨʘʤʝʪʨʠʟʫʶʱʘʷ ʧʨʦʬʠʣʴ ʩʝ-

ʯʝʥʠʷ ʠ/ʠʣʠ ʦʩʝʚʫʶ ʣʠʥʠʶ, ʧ. 3.5.8.2.8. "ʇʨʦʬʠʣʴʥʳʡ", c. 3-136. ɼʣʷ ʚʚʦʜʘ ʚʳʨʘʞʝʥʠʷ ʚ 

ʠʥʩʧʝʢʪʦʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʠʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩ. 3.41. 

 

ɼʚʦʡʥʳʤ ʱʝʣʯʢʦʤ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʥʘ ʧʦʣʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʟʳʚʘʝʪ ʨʝʜʘʢʪʦʨ ʚʳ-

ʨʘʞʝʥʠʡ, ʧ. 3.4.2.4.13. "ʈʝʜʘʢʪʦʨ ʚʳʨʘʞʝʥʠʡ", c. 3-76. 
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3.4.2.4.7. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

 

ʈʠʩ. 3.42 ʈʝʜʘʢʪʦʨ ʚʳʨʘʞʝʥʠʡ ʠ ʩʧʠʩʦʢ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʇʨʠ ʟʘʜʘʥʠʠ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ (ʧ. 3.4.2.4.8. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ", c. 3-67), ʘ ʪʘʢʞʝ 

ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʩʠʣ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʟʘʚʠ-

ʩʷʱʠʝ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʜʚʠʞʝʥʠʷ ʪʝʣ, ʚʭʦʜʷʱʠʭ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ.  

ʉʧʠʩʦʢ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ: 

¶ ʩʢʘʣʷʨʥʘʷ ʩʠʣʘ ʪʠʧʘ ɺʳʨʘʞʝʥʠʝ, ʧ. 3.5.12.2.9. "ɺʳʨʘʞʝʥʠʝ", c. 3-222 ʚ ʟʘʜʘʥʠʠ 

ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ 

¶ ʙʠʧʦʣʷʨʥʳʝ ʩʠʣʳ, ʧ. 3.5.12.1. "ɺʚʦʜ ʩʠʣʳ ʪʷʞʝʩʪʠ", c. 3-206,  

¶ ʰʘʨʥʠʨʥʳʝ ʩʠʣʳ, ʧ. 3.5.10.7.3. "ʕʣʝʤʝʥʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ tv, rv", c. 3-195, 

¶ ʩʢʘʣʷʨʥʳʡ ʤʦʤʝʥʪ, ʧ. 3.5.12.4. "ɺʚʦʜ ʩʢʘʣʷʨʥʦʛʦ ʤʦʤʝʥʪʘ", c. 3-233,  

¶ ʦʩʝʚʘʷ ʩʠʣʘ ʚ ʤʦʜʝʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʪʨʝʥʠʷ, ʧ. 3.5.12.8.3.5. "ɿʘʜʘʥʠʝ ʤʦʜʝʣʠ 

ʦʩʝʚʦʡ ʩʠʣʳ", c. 3-262, 

¶ ʢʦʤʧʦʥʝʥʪʳ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʩʘʡʣʝʥʪ-ʙʣʦʢʘ ʦʙʦʙʱʝʥʥʦʛʦ ʪʠʧʘ, 

ʧ. 3.5.12.8.7.2. "ɿʘʜʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʙʱʝʥʥʦʛʦ ʩʘʡʣʝʥʪ-ʙʣʦʢʘ", c. 3-276; 

¶ ʢʦʤʧʦʥʝʥʪʳ T-ʩʠʣʳ ʧʨʠ ʟʘʜʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʠ, ʧ. 3.5.12.7. "T-ʩʠʣʳ", c. 3-

254. 

 

ɼʦʩʪʫʧ ʢ ʧʦʣʥʦʤʫ ʩʧʠʩʢʫ ʬʫʥʢʮʠʡ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʜʘʢʪʦʨʘ 

ʚʳʨʘʞʝʥʠʡ, ʨʠʩ. 3.42, ʩʤ. ʧ. 3.4.2.4.13. "ʈʝʜʘʢʪʦʨ ʚʳʨʘʞʝʥʠʡ", c. 3-76. ʇʦʩʣʝ ʜʚʦʡʥʦʛʦ 

ʱʝʣʯʢʘ ʥʘ ʠʤʝʥʠ ʬʫʥʢʮʠʠ ʚ ʩʧʠʩʢʝ ʢ ʚʳʨʘʞʝʥʠʶ ʚ ʧʦʟʠʮʠʠ ʢʫʨʩʦʨʘ ʜʦʙʘʚʣʷʝʪʩʷ ʰʘʙʣʦʥ 

ʬʫʥʢʮʠʠ, ʚ ʢʦʪʦʨʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʟʘʤʝʥʠʪʴ ʘʨʛʫʤʝʥʪʳ. ʇʨʠʤʝʨ ʰʘʙʣʦʥʘ: 

vx( _to_point , [_from_point] , [_SC_component] , [_SC_deriv] ). 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-56 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ɺ ʰʘʙʣʦʥʘʭ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʢ-

ʩʪʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

_to_point ï ʧʝʨʚʘʷ ʪʦʯʢʘ ʩʚʷʟʠ;  

_from_point ï ʚʪʦʨʘʷ ʪʦʯʢʘ ʩʚʷʟʠ; 

_SC_component ïʣʦʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (ʉʂ), ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʝʢ-

ʮʠʠ ʚʝʢʪʦʨʘ; ʟʘʜʘʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʩʚʷʟʠ; 

_SC_deriv ïʣʦʢʘʣʴʥʘʷ ʉʂ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʚʝʢʪʦʨʘ 

ʧʦ ʚʨʝʤʝʥʠ; ʟʘʜʘʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʩʚʷʟʠ; 

_to_SC ï ʧʝʨʚʘʷ ʣʦʢʘʣʴʥʘʷ ʉʂ; ʟʘʜʘʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʩʚʷʟʠ;  

_from_SC ï ʚʪʦʨʘʷ ʣʦʢʘʣʴʥʘʷ ʉʂ; ʟʘʜʘʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʩʚʷʟʠ.  

 

ʅʝʦʙʷʟʘʪʝʣʴʥʳʝ ʘʨʛʫʤʝʥʪʳ ʫʢʘʟʘʥʳ ʚ ʰʘʙʣʦʥʝ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʨʦʧʫʩʪʠʪʴ ʥʝʦʙʷʟʘʪʝʣʴʥʳʡ ʘʨʛʫʤʝʥʪ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʩʧʠʩʢʝ ʧʝʨʝʜ ʟʘʜʘʚʘʝʤʳʤ ʵʣʝʤʝʥ-

ʪʦʤ, ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʙʝʣ ʧʝʨʝʜ ʟʘʧʷʪʦʡ. ʇʨʠʤʝʨ (ʧʨʦʧʫʱʝʥ ʚʪʦʨʦʡ ʥʝʦʙʷʟʘʪʝʣʴ-

ʥʳʡ ʘʨʛʫʤʝʥʪ): 

dy(ñʊʝʣʝʞʢʘ1.ʈʘʤʘ.ʊʦʯʢʘ 2ò, ,  ñʂʫʟʦʚ.ʃʦʢʘʣʴʥʘʷ ʉʂò) 

3.4.2.4.7.1. ʌʫʥʢʮʠʷ coordinate 

ʌʫʥʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ ʢʦʦʨʜʠʥʘʪʫ ʚ ʰʘʨʥʠʨʝ ʠʣʠ ʝʝ ʧʝʨʚʫʶ/ʚʪʦʨʫʶ ʧʨʦʠʟʚʦʜʥʫʶ. 

ʐʘʙʣʦʥ ʬʫʥʢʮʠʠ 

coordinate( _joint , _index , _type ) 

 

ʊʝʢʩʪʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʰʘʙʣʦʥʝ: 

_joint ï ʠʤʷ ʰʘʨʥʠʨʘ; 

_index ï ʥʦʤʝʨ ʢʦʦʨʜʠʥʘʪʳ ʚ ʰʘʨʥʠʨʝ, ʥʘʯʠʥʘʷ ʩ 1; 

_type ï ʪʠʧ ʧʝʨʝʤʝʥʥʦʡ (0 ï ʢʦʦʨʜʠʥʘʪʘ, 1 ï ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʧʦ 

ʚʨʝʤʝʥʠ, 2 ï ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʚʨʝʤʝʥʠ). 

 

ʇʨʠʤʝʨʳ 

coordinate(ñjʂʫʟʦʚò, 4 , 0) 

ʌʫʥʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ ʟʥʘʯʝʥʠʝ ʯʝʪʚʝʨʪʦʡ ʢʦʦʨʜʠʥʘʪʳ ʰʘʨʥʠʨʘ jʂʫʟʦʚ. 

coordinate(ñʊʝʣʝʞʢʘ1.jʈʘʤʘò, 2, 1) 

ʌʫʥʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ ʟʥʘʯʝʥʠʝ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʚʪʦʨʦʡ ʢʦʦʨʜʠʥʘʪʳ 

ʚ ʰʘʨʥʠʨʝ ʰʘʨʥʠʨ ʊʝʣʝʞʢʘ1.jʈʘʤʘ. 

3.4.2.4.7.2. ʌʫʥʢʮʠʠ dm, dx, dy, dz 

 ʌʫʥʢʮʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʧʨʝʜʝʣʷʶʪ ʜʣʠʥʫ (dm) ʠ ʧʨʦʝʢʮʠʠ (dx, dy, dz) ʚʝʢʪʦʨʘ BA , 

ʩʦʝʜʠʥʷʶʱʝʛʦ ʜʚʝ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʪʦʯʢʠ A, B ʧʘʨʳ ʪʝʣ, ʨʠʩ. 3.43. ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʟʘ-

ʜʘʶʪʩʷ ʚ ʉʂ, ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʩʚʷʟʠ C. 

 

 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-57 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.43. ɺʝʢʪʦʨ, ʩʦʝʜʠʥʷʶʱʠʡ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʪʦʯʢʠ ʪʝʣ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɺʝʢʪʦʨ ὄὃᴆ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ὄὃᴆ Ò Òȟ  

ʛʜʝ ἺȟἺ ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨʳ ʪʦʯʝʢ A, B ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0 

 

ʐʘʙʣʦʥʳ ʬʫʥʢʮʠʡ: 

dm( _to_point , [_from_point] ) 

dx( _to_point , [_from_point] , [_SC_component] ) 

dy( _to_point , [_from_point] , [_SC_component] ) 

dz( _to_point , [_from_point] , [_SC_component] ) 

 

ʊʝʢʩʪʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʰʘʙʣʦʥʘʭ: 

_to_point: ʠʤʷ ʪʦʯʢʠ ʩʚʷʟʠ A; 

_from_point: ʠʤʷ ʪʦʯʢʠ ʩʚʷʟʠ B; 

_SC_component: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ C. 

ʀʤʝʥʘ ʪʦʯʝʢ ʩʚʷʟʝʡ ʚʢʣʶʯʘʶʪ ʜʣʠʥʥʳʝ ʠʤʝʥʘ ʪʝʣ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʢʘ-

ʚʳʯʢʘʭ.  

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʘ ʪʦʯʢʘ B, ʪʦ ʦʥʘ ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʥʘʯʘʣʦʤ ʦʪʩʯʝʪʘ ʉʂ0.  

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʪʦʯʢʘ C, ʪʦ ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʩʴ 

ʉʂ0. 

 

ʇʨʠʤʝʨʳ. 

dx( "ʂʫʟʦʚ.ʎʝʥʪʨ ʤʘʩʩ") 

ʌʫʥʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪ ʢʦʦʨʜʠʥʘʪʫ x ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0 ʪʦʯʢʠ ʪʝʣʘ ʂʫʟʦʚ, ʟʘʜʘʥʥʦʡ ʪʦʯ-

ʢʦʡ ʩʚʷʟʠ ʩ ʠʤʝʥʝʤ ʎʝʥʪʨ ʤʘʩʩ. 

dm( "ʂʫʟʦʚ.ʎʝʥʪʨ ʤʘʩʩ", ñʊʝʣʝʞʢʘ1.ʈʘʤʘ.ʊʦʯʢʘ 2ò) 

ʌʫʥʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʦʡ ʩ ʠʤʝʥʝʤ ʎʝʥʪʨ ʤʘʩʩ ʪʝʣʘ ʂʫʟʦʚ ʠ ʪʦʯ-

ʢʦʡ ʊʦʯʢʘ 2 ʪʝʣʘ ʊʝʣʝʞʢʘ1.ʈʘʤʘ. 

dy(ñʊʝʣʝʞʢʘ1.ʈʘʤʘ.ʊʦʯʢʘ 2ò, "ʂʫʟʦʚ.ʎʝʥʪʨ ʤʘʩʩ",  ñʂʫʟʦʚ.ʃʦʢʘʣʴʥʘʷ ʉʂò) 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-58 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ʌʫʥʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʝʢʮʠʶ ʚʝʢʪʦʨʘ ʥʘ ʦʩʴ y ʣʦʢʘʣʴʥʦʡ ʉʂ ʪʝʣʘ ʂʫʟʦʚ, ʟʘʜʘʥʥʦʡ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʩʚʷʟʠ ʃʦʢʘʣʴʥʘʷ ʉʂ. ɺʝʢʪʦʨ ʩʦʝʜʠʥʷʝʪ ʪʦʯʢʫ ʎʝʥʪʨ ʤʘʩʩ ʪʝʣʘ 

ʂʫʟʦʚ ʩ ʪʦʯʢʦʡ ʊʦʯʢʘ 2 ʪʝʣʘ ʊʝʣʝʞʢʘ1.ʈʘʤʘ.  

3.4.2.4.7.3. ʌʫʥʢʮʠʠ vm, vx, vy, vz, vr 

 ʌʫʥʢʮʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʧʨʝʜʝʣʷʶʪ ʤʦʜʫʣʴ (vm), ʧʨʦʝʢʮʠʠ (vx, vy, vz) ʠ ʙʠʧʦʣʷʨ-

ʥʫʶ (ʨʘʜʠʘʣʴʥʫʶ) ʩʦʩʪʘʚʣʷʶʱʫʶ ʨʘʟʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʪʦʯʝʢ A ʠ B Ἶ  ʧʘʨʳ ʪʝʣ, ʨʠʩ. 3.43. 

ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʟʘʜʘʶʪʩʷ ʚ ʉʂ, ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʩʚʷʟʠ C. ɺʝʢʪʦʨʳ 

ʩʢʦʨʦʩʪʝʡ ʪʦʯʝʢ ʚʳʯʠʩʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʟʘʜʘʚʘʝʤʦʡ  

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʩʚʷʟʠ D (ʉʂD, ʥʘ ʨʠʩʫʥʢʝ ʥʝ ʫʢʘʟʘʥʘ). 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʉʢʦʨʦʩʪʴ Ἶ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

Ἶ Ἶ ἾȢ  

ʛʜʝ ἾȟἾ ï ʩʢʦʨʦʩʪʠ ʪʦʯʝʢ B, A ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂD. ʈʝʟʫʣʴʪʘʪ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʠ ʦʨʠʝʥʪʘʮʠʠ ʪʦʯʢʠ ʩʚʷʟʠ D ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʣʘ, ʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʪʦ-

ʛʦ, ʢʘʢʦʤʫ ʪʝʣʫ ʧʨʠʥʘʜʣʝʞʠʪ ʵʪʘ ʪʦʯʢʘ. 

 

ɹʠʧʦʣʷʨʥʘʷ (ʨʘʜʠʘʣʴʥʘʷ) ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯ-

ʢʘʤʠ A, B ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ 

ὺ ȟ Ἶ Ἶ ϽÅ ȟ  

ʛʜʝ Å  ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʪʦʯʢʠ B ʢ ʪʦʯʢʝ A. ʈʝʟʫʣʴʪʘʪ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʚʳʙʦʨʘ ʉʂD, ʧʦʵʪʦʤʫ ʩʢʦʨʦʩʪʠ ὺȟὺ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0. 

 

ʐʘʙʣʦʥʳ ʬʫʥʢʮʠʡ: 

vm( _to_point , [_from_point], [_SC_deriv] ) 

vx( _to_point , [_from_point] , [_SC_component] , [_SC_deriv] ) 

vy( _to_point , [_from_point] , [_SC_component] , [_SC_deriv] ) 

vz( _to_point , [_from_point] , [_SC_component] , [_SC_deriv] ) 

vr( _to_point , [_from_point] ) 

ʊʝʢʩʪʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʰʘʙʣʦʥʘʭ: 

_to_point: ʠʤʷ ʪʦʯʢʠ ʩʚʷʟʠ A; 

_from_point: ʠʤʷ ʪʦʯʢʠ ʩʚʷʟʠ B; 

_SC_component: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ C. 

_SC_deriv: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ D (ʉʂ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʩʢʦʨʦʩʪʠ). 

ʀʤʝʥʘ ʪʦʯʝʢ ʩʚʷʟʝʡ ʚʢʣʶʯʘʶʪ ʜʣʠʥʥʳʝ ʠʤʝʥʘ ʪʝʣ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʢʘ-

ʚʳʯʢʘʭ.  

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʘ ʪʦʯʢʘ B, ʪʦ ʦʥʘ ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʥʘʯʘʣʦʤ ʦʪʩʯʝʪʘ ʉʂ0.  

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʪʦʯʢʘ C, ʪʦ ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʩʴ 

ʉʂ0. 

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʪʦʯʢʘ D, ʪʦ ʩʢʦʨʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʉʂ0. 
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ʇʨʠʤʝʨʳ. 

vy(ñʊʝʣʝʞʢʘ1.ʈʘʤʘ.ʊʦʯʢʘ 2ò, "ʂʫʟʦʚ. ʃʦʢʘʣʴʥʘʷ ʉʂ", "ʂʫʟʦʚ. ʃʦʢʘʣʴʥʘʷ ʉʂ", "ʂʫʟʦʚ. 

ʃʦʢʘʣʴʥʘʷ ʉʂ") 

ʌʫʥʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʝʢʮʠʶ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʊʦʯʢʘ 2 ʪʝʣʘ ʊʝʣʝʞʢʘ1.ʈʘʤʘ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʪʝʣʘ ʂʫʟʦʚ ʥʘ ʦʩʴ y ʣʦʢʘʣʴʥʦʡ ʉʂ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʣʦʤ ʂʫʟʦʚ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʵʪʦ 

ʩʢʦʨʦʩʪʠ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʠ ʨʘʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʫʟʦʚʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

vm( "ʂʫʟʦʚ.ʎʝʥʪʨ ʤʘʩʩ") 

ʄʦʜʫʣʴ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʎʝʥʪʨ ʤʘʩʩ ʪʝʣʘ ʂʫʟʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0. 

3.4.2.4.7.4. ʌʫʥʢʮʠʠ ax, ay, az 

ʌʫʥʢʮʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʧʨʝʜʝʣʷʶʪ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʉʂɸ ʚʦʢʨʫʛ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʉʂɺ, 

ʨʠʩ. 3.44. ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʦ, ʝʩʣʠ ʫʛʣʳ ʧʦʚʦʨʦ-

ʪʘ ʚʦʢʨʫʛ ʜʚʫʭ ʜʨʫʛʠʭ ʦʩʝʡ ʤʘʣʳ (ʤʝʥʝʝ 10
o
). 

 

ʈʠʩ. 3.44. ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʋʛʣʳ ʧʦʚʪʦʨʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 

ÁØȡ‌ ὥὶὧὸὥὲς ἳ Ͻἲȟἳ Ͻἳ ȟ 

ÁÙȡ‍ ὥὶὧὸὥὲς ἳ Ͻἱȟἳ Ͻἳ ȟ 

ÁÚȡ‎ ὥὶὧὸὥὲςἱϽἲȟἱϽἱȟ 

 

ʛʜʝ ἱȟἲȟἳ ï ʦʨʪʳ ʉʂɸ ʠ ʉʂɺ. 

 

ʐʘʙʣʦʥʳ ʬʫʥʢʮʠʡ: 

ax( _to_SC , [_from_SC] ) 

ay(_to_SC , [_from_SC] ) 

az(_to_SC , [_from_SC] ) 

 

 

ʊʝʢʩʪʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʰʘʙʣʦʥʘʭ: 

_to_SC: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ A; 

_from_SC: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ B. 
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ʀʤʝʥʘ ʪʦʯʝʢ ʩʚʷʟʝʡ ʚʢʣʶʯʘʶʪ ʜʣʠʥʥʳʝ ʠʤʝʥʘ ʪʝʣ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʢʘ-

ʚʳʯʢʘʭ.  

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʘ ʪʦʯʢʘ B, ʪʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʉʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0.  

 

ʇʨʠʤʝʨ. 

az( "ʂʫʟʦʚ.ʃʦʢʘʣʴʥʘʷ ʉʂ") 

ʌʫʥʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʪʝʣʘ ʂʫʟʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Z ʉʂ0. 
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3.4.2.4.7.5. ʌʫʥʢʮʠʷ angle 
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ʈʠʩ. 3.45. ʋʛʣʳ ʕʡʣʝʨʘ (ʩʣʝʚʘ) ʠ ʂʘʨʜʘʥʦ-ʂʨʳʣʦʚʘ (ʩʧʨʘʚʘ) 

ʌʫʥʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ ʦʜʠʥ ʠʟ ʪʨʝʭ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ ʉʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂɺ, 

ʨʠʩ. 3.44. ʇʦʥʷʪʠʝ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ, ʚʚʦʜʠʤʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦ-

ʚʦʨʦʪʘʭ, ʚʚʦʜʷʪʩʷ ʚ ɻʣʘʚʝ 2, ʧ. ʐʘʨʥʠʨ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ʇʨʠʤʝʨʦʤ ʫʛʣʦʚ 

ʦʨʠʝʥʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʫʛʣʳ ʕʡʣʝʨʘ (y, q, j), ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʚʦʨʦʪʦʚ 3,1,3,  

ʊʘʙʣʠʮʘ 1.  

ʊʠʧʳ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ 

ɿʥʘʯʝʥʠʝ _angle_type  ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʦʚʦʨʦʪʦʚ 

ʂʦʤʤʝʥʪʘʨʠʡ 

0 (3,1,3) ʋʛʣʳ ʕʡʣʝʨʘ (ʧʨʝʮʝʩʩʠʠ, ʥʫʪʘʮʠʠ, ʩʦʙ-

ʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ) 

1 (1,2,3) ʋʛʣʳ ʂʘʨʜʘʥʦ-ʂʨʳʣʦʚʘ 

2 (1,3,2)  

3 (3,2,1) ʉʘʤʦʣʝʪʥʳʝ ʫʛʣʳ (ʨʳʩʢʘʥʠʷ, ʪʘʥʛʘʞʘ ʠ 

ʢʨʝʥʘ ï yaw, pitch, roll) 

4 (3,1,2) ʋʛʣʳ ʦʨʠʝʥʪʘʮʠʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ 

5 (2,1,3)  

6 (2,3,1)  

7 (1,2,1)  

8 (1,3,1)  

9 (2,1,2)  

10 (2,3,2)  

11 (3,2,3)  

ʐʘʙʣʦʥ ʬʫʥʢʮʠʠ: 

angle( _to_SC, _angle_type, _index, [_from_SC] ) 
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ʊʝʢʩʪʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʰʘʙʣʦʥʘʭ: 

_to_SC: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ A; 

_angle_type: ʮʝʣʦʝ ʯʠʩʣʦ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʪʠʧ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʦʚʦʨʦʪʦʚ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣ. 1; 

_index: ʥʦʤʝʨ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 1, 2 ʠʣʠ 3; 

_from_SC: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ B. 

 

ʀʤʝʥʘ ʪʦʯʝʢ ʩʚʷʟʝʡ ʚʢʣʶʯʘʶʪ ʜʣʠʥʥʳʝ ʠʤʝʥʘ ʪʝʣ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʢʘ-

ʚʳʯʢʘʭ.  

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʘ ʪʦʯʢʘ B, ʪʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʉʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0.  

 

ʇʨʠʤʝʨ. 

angle( "ʂʫʟʦʚ.ʃʦʢʘʣʴʥʘʷ ʉʂ", 3, 1) 

ʌʫʥʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪ ʫʛʦʣ ʦʨʠʝʥʪʘʮʠʠ ʪʝʣʘ ʂʫʟʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0; ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʧʦʚʦʨʦʪʦʚ 3 (ʪ.ʝ. 3,2,1 ï ʩʘʤʦʣʝʪʥʳʝ ʫʛʣʳ), ʚʦʟʚʨʘʱʘʝʪʩʷ ʧʝʨʚʳʡ ʫʛʦʣ (ʨʳʩʢʘʥʠʷ). 

 

ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʦʜʝʣʷʭ: 

{ɼʘʥʥʳʝ ʋʄ} \SAMPLES\LIBRARY\Variables_and_Kinematic_functions\Yaw_Pitch_Roll 

{ɼʘʥʥʳʝ ʋʄ}\SAMPLES\LIBRARY\Variables_and_Kinematic_functions\Euler_angles 

3.4.2.4.7.6. ʌʫʥʢʮʠʠ yaw, pitch, roll (ʩʘʤʦʣʝʪʥʳʝ ʫʛʣʳ) 

ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʚʦʨʦʪʦʚ 

(3,2,1) ï ʩʘʤʦʣʝʪʥʳʝ ʫʛʣʳ, ʩʤ. ʧ. 3.4.2.4.7.5. "ʌʫʥʢʮʠʷ angle", ʩ. 3-61. 

 

ʐʘʙʣʦʥʳ ʬʫʥʢʮʠʡ: 

yaw( _to_SC, [_from_SC]) 

pitch( _to_SC, [_from_SC]) 

roll( _to_SC, [_from_SC]) 

 

 

ʊʝʢʩʪʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʰʘʙʣʦʥʘʭ: 

_to_SC: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ A, ʨʠʩ. 3.44; 

_from_SC: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ B; 

 

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʘ ʪʦʯʢʘ B, ʪʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʉʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0.  

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʬʫʥʢʮʠʠ angle: 

yaw( _to_SC, [_from_SC]) = angle( _to_SC, 3, 1, [_from_SC]); 

pitch( _to_SC, [_from_SC]) = angle( _to_SC, 3, 2, [_from_SC]); 

roll( _to_SC, [_from_SC]) = angle( _to_SC, 3, 3, [_from_SC]); 

 

 

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʦʜʝʣʷʭ: 

{ɼʘʥʥʳʝ ʋʄ}\SAMPLES\LIBRARY\Variables_and_Kinematic_functions\Yaw_Pitch_Roll 

../SAMPLES/LIBRARY/Variables_and_Kinematic_functions/Yaw_Pitch_Roll/input.dat
../SAMPLES/LIBRARY/Variables_and_Kinematic_functions/Euler_angles/input.dat
../SAMPLES/LIBRARY/Variables_and_Kinematic_functions/Yaw_Pitch_Roll/input.dat
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3.4.2.4.7.7. ʌʫʥʢʮʠʠ psi, theta, phi (ʫʛʣʳ ʕʡʣʝʨʘ) 

ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʚʦʨʦʪʦʚ 

(3,1,3) ïʫʛʣʳ ʕʡʣʝʨʘ, ʩʤ. ʧ. 3.4.2.4.7.5. "ʌʫʥʢʮʠʷ angle", c. 3-61. 

 

ʐʘʙʣʦʥʳ ʬʫʥʢʮʠʡ: 

psi( _to_SC, [_from_SC]) 

theta( _to_SC, [_from_SC]) 

phi( _to_SC, [_from_SC]) 

 

 

ʊʝʢʩʪʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʰʘʙʣʦʥʘʭ: 

_to_SC: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ A, ʨʠʩ. 3.44; 

_from_SC: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ B; 

 

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʘ ʪʦʯʢʘ B, ʪʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʉʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0.  

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʬʫʥʢʮʠʠ angle: 

psi( _to_SC, [_from_SC]) = angle( _to_SC, 0, 1, [_from_SC]); 

theta( _to_SC, [_from_SC]) = angle( _to_SC, 0, 2, [_from_SC]); 

phi( _to_SC, [_from_SC]) = angle( _to_SC, 0, 3, [_from_SC]); 

 

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʦʜʝʣʷʭ: 

{ɼʘʥʥʳʝ ʋʄ}\SAMPLES\LIBRARY\Variables_and_Kinematic_functions\Euler_angles 

 

3.4.2.4.7.8. ʌʫʥʢʮʠʠ wm, wx, wy, wz 

ʌʫʥʢʮʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʧʨʝʜʝʣʷʶʪ ʤʦʜʫʣʴ (wm) ʠ ʧʨʦʝʢʮʠʠ (wx, wy, wz) ʚʝʢʪʦʨʘ ‫ , 

ʨʘʚʥʦʛʦ ʨʘʟʥʦʩʪʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʉʂɸ ʠ ʉʂɺ (ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʠ ʉʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʉʂɺ), ʨʠʩ. 3.44. ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʚʳʯʠʩʣʷʶʪʩʷ ʥʘ ʦʩʠ ʉʂʉ (ʥʘ ʨʠʩʫʥʢʝ ʥʝ ʫʢʘʟʘʥʘ). 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɺʝʢʪʦʨ ‫  ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

‫ ‫ ‫   

ʛʜʝ ‫ȟ‫  ï ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʉʂɸ ʠ ʉʂɺ. 

 

ʐʘʙʣʦʥʳ ʬʫʥʢʮʠʡ: 

wm( _to_SC , [_from_SC] ) 

wx( _to_SC , [_from_SC] , [_SC_component]  ) 

wy(_to_SC , [_from_SC] , [_SC_component]  ) 

wz(_to_SC , [_from_SC] , [_SC_component]  ) 

 

 

ʊʝʢʩʪʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʰʘʙʣʦʥʘʭ: 

../SAMPLES/LIBRARY/Variables_and_Kinematic_functions/Euler_angles/input.dat
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_to_SC: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ A; 

_from_SC: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ B; 

_SC_component: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ C. 

ʀʤʝʥʘ ʪʦʯʝʢ ʩʚʷʟʝʡ ʚʢʣʶʯʘʶʪ ʜʣʠʥʥʳʝ ʠʤʝʥʘ ʪʝʣ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʢʘ-

ʚʳʯʢʘʭ.  

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʘ ʪʦʯʢʘ B, ʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʉʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0.  

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʘ ʪʦʯʢʘ ʉ, ʪʦ ʧʨʦʝʢʮʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʠ ʉʂ0. 

ʇʨʠʤʝʨ. 

wx( "ʂʫʟʦʚ.ʃʦʢʘʣʴʥʘʷ ʉʂ") 

ʌʫʥʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʂʫʟʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ X ʉʂ0. 

wz("ʊʝʣʝʞʢʘ1.ʈʘʤʘ.ʃʦʢʘʣʴʥʘʷ ʉʂ", "ʂʫʟʦʚ.ʃʦʢʘʣʴʥʘʷ ʉʂ", "ʂʫʟʦʚ.ʃʦʢʘʣʴʥʘʷ ʉʂ") 

ʌʫʥʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʊʝʣʝʞʢʘ1.ʈʘʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ ʂʫʟʦʚ ʚ 

ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ Z ʪʝʣʘ ʂʫʟʦʚ. 

3.4.2.4.7.9. ʌʫʥʢʮʠʷ incang 

ʌʫʥʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ ʫʛʦʣ ʤʝʞʜʫ ʜʚʫʤʷ ʚʝʢʪʦʨʘʤʠ ὄὃ ʠ ὄὅ. ʋʛʦʣ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝ-

ʣʘʭ ʦʪ 0 ʜʦ p. ɽʩʣʠ ʦʜʠʥ ʠʟ ʚʝʢʪʦʨʦʚ ʠʤʝʝʪ ʥʫʣʝʚʫʶ ʜʣʠʥʫ, ʬʫʥʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ ʥʫʣʝʚʦʡ 

ʨʝʟʫʣʴʪʘʪ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

‌ ὥὶὧὧέί
ὄὃϽὄὅ

ὄὃὄὅ
Ȣ  

ʐʘʙʣʦʥ ʬʫʥʢʮʠʠ: 

incang( _to_point1 , _from_point , _to_point2 )  

 

ʊʝʢʩʪʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʰʘʙʣʦʥʘʭ: 

_to_point1 : ʠʤʷ ʪʦʯʢʠ ʩʚʷʟʠ A; 

_from_point2 : ʠʤʷ ʪʦʯʢʠ ʩʚʷʟʠ B; 

_to_point2 : ʠʤʷ ʪʦʯʢʠ ʩʚʷʟʠ C; 

 

ʀʤʝʥʘ ʪʦʯʝʢ ʩʚʷʟʝʡ ʚʢʣʶʯʘʶʪ ʜʣʠʥʥʳʝ ʠʤʝʥʘ ʪʝʣ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʢʘ-

ʚʳʯʢʘʭ.  

3.4.2.4.7.10. ʌʫʥʢʮʠʠ accm, accx, accy, accz 

ʌʫʥʢʮʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʧʨʝʜʝʣʷʶʪ ʤʦʜʫʣʴ (accm) ʠ ʧʨʦʝʢʮʠʠ (accx, accy, accz) ʚʝʢʪʦʨʘ 

́ , ʨʘʚʥʦʛʦ ʫʩʢʦʨʝʥʠʶ ʪʦʯʢʠ A ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂɺ, ʨʠʩ. 3.44. ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʚʳʯʠʩ-

ʣʷʶʪʩʷ ʥʘ ʦʩʠ ʉʂʉ (ʥʘ ʨʠʩʫʥʢʝ ʥʝ ʫʢʘʟʘʥʘ). 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɺʝʢʪʦʨ Ἡ  ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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Ἡ Ἡ Ἡ Ἲ Ἲ Ἲ Ἲ ς Ἶ   

ʛʜʝ ἩȟἩ  ï ʫʩʢʦʨʝʥʠʷ ʪʦʯʝʢ A ʠ B, ȟ  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʠ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ 

ʉʂɺ, Ἶ  ï ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ A ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂB. 

 

ʐʘʙʣʦʥʳ ʬʫʥʢʮʠʡ: 

accm(_to_point, [_from_point]) 

accx(_to_point, [_from_point], [_SC_component]) 

accy(_to_point, [_from_point], [_SC_component]) 

accz(_to_point, [_from_point], [_SC_component]) 

 

ʊʝʢʩʪʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʰʘʙʣʦʥʘʭ: 

_to_point: ʠʤʷ ʪʦʯʢʠ ʩʚʷʟʠ A; 

_from_point: ʠʤʷ ʪʦʯʢʠ ʩʚʷʟʠ B; 

_SC_component: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ C. 

ʊʦʯʢʘ B ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʟʘʜʘʥʠʷ ʪʝʣʘ, ʢʦʪʦʨʦʤʫ ʦʥʘ ʧʨʠʥʘʜʣʝʞʠʪ, ʧʨʠ ʵʪʦʤ 

ʉʂɺ ʩʦʚʧʘʜʘʝʪ ʩ ʉʂ ʜʘʥʥʦʛʦ ʪʝʣʘ. 

ʀʤʝʥʘ ʪʦʯʝʢ ʩʚʷʟʝʡ ʚʢʣʶʯʘʶʪ ʜʣʠʥʥʳʝ ʠʤʝʥʘ ʪʝʣ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʢʘ-

ʚʳʯʢʘʭ.  

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʘ ʪʦʯʢʘ B, ʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0.  

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʘ ʪʦʯʢʘ ʉ, ʪʦ ʧʨʦʝʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʠ ʉʂ0. 

ɿʘʤʝʯʘʥʠʝ.  ɼʘʥʥʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʥʝ ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝ-

ʣʠ ʩʠʣ. 

3.4.2.4.7.11. ʌʫʥʢʮʠʠ wdtm, wdtx, wdty, wdtz 

ʌʫʥʢʮʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʧʨʝʜʝʣʷʶʪ ʤʦʜʫʣʴ (wdtm) ʠ ʧʨʦʝʢʮʠʠ (wdtx, wdty, wdtz) ʚʝʢ-

ʪʦʨʘ , ʨʘʚʥʦʛʦ ʫʛʣʦʚʦʤʫ ʫʩʢʦʨʝʥʠʶ ʪʝʣʘ A ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ ɺ. ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ 

ʚʳʯʠʩʣʷʶʪʩʷ ʥʘ ʦʩʠ ʉʂʉ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɺʝʢʪʦʨ  ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

  

ʛʜʝ ‐ȟ‐ ï ʫʛʣʦʚʳʝ ʫʩʢʦʨʝʥʠʷ ʪʝʣ A ʠ B, ȟ  ï ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʪʝʣ. 

 

ʐʘʙʣʦʥʳ ʬʫʥʢʮʠʡ: 

wdtm( _to_SC , [_from_SC] ) 

wdtx(_to_SC , [_from_SC], [_SC_component]  ) 

wdty(_to_SC , [_from_SC], [_SC_component]  ) 

wdtz(_to_SC , [_from_SC], [_SC_component]  ) 

 

ʊʝʢʩʪʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʰʘʙʣʦʥʘʭ: 

_to_SC: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ A; 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-66 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

_from_SC: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ B; 

_SC_component: ʠʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ C. 

 

ʀʤʝʥʘ ʪʦʯʝʢ ʩʚʷʟʝʡ ʚʢʣʶʯʘʶʪ ʜʣʠʥʥʳʝ ʠʤʝʥʘ ʪʝʣ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʢʘ-

ʚʳʯʢʘʭ.  

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʘ ʪʦʯʢʘ B, ʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ ɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0.  

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʘ ʪʦʯʢʘ ʉ, ʪʦ ʧʨʦʝʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʠ ʉʂ0. 

ɿʘʤʝʯʘʥʠʝ.  ɼʘʥʥʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʥʝ ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝ-

ʣʠ ʩʠʣ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-67 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.4.2.4.8. ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ 

 

ʈʠʩ. 3.46. ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ ʚ ʠʥʩʧʝʢʪʦʨʝ ʧʨʦʛʨʘʤʤʳ ʚʚʦʜʘ 

ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ ï ʵʪʦ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʦʧʠʩʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʥʝ-

ʩʪʘʥʜʘʨʪʥʳʭ ʩʠʣʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʩʦʟʜʘʥʠʷ ʩʧʠʩʢʘ 

ʧʝʨʝʤʝʥʥʳʭ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. 

ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʢʦʥʚʝʨʪʘʮʠʠ ʤʦʜʝʣʝʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ 

MSC.ADAMS ʚ ʬʦʨʤʘʪ UM, ʧ. ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.. "ʆʰʠʙʢʘ! ʀʩ-

ʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.", c. ʆʰʠʙʢʘ! ɿʘʢʣʘʜʢʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ.. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʢʣʘʜʢʘ ʆʙʲʝʢʪ | ʇʝ-

ʨʝʤʝʥʥʳʝ ʠʥʩʧʝʢʪʦʨʘ ʚ ʧʨʦʛʨʘʤʤʝ ʚʚʦʜʘ, ʨʠʩ. 3.46. ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʧʝʨʝʤʝʥ-

ʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʥʦʧʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦʙʘʚʠʪʴ ʧʝʨʝʤʝʥʥʫʶ ʚ ʢʦʥʝʮ 

ʩʧʠʩʢʘ; ʫʜʘʣʠʪʴ ʚʳʜʝʣʝʥʥʫʶ ʧʝʨʝʤʝʥʥʫʶ; ʚʩʪʘʚʠʪʴ ʥʦʚʫʶ ʧʝʨʝʤʝʥʥʫʶ ʧʝʨʝʜ ʚʳʜʝʣʝʥ-

ʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʧʠʩʢʘ. 

 

 

ʇʝʨʝʤʝʥʥʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʚʳʨʘʞʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ 

¶ ʯʠʩʣʦʚʳʝ ʢʦʥʩʪʘʥʪʳ, 

¶ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʠʟ ʩʧʠʩʢʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʤʦʜʝʣʠ, ʧ. 3.4.2.4.2. 

"ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ", c. 3-48, ʧ. 3.4.3. "ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ", c. 3-78. 

¶ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚʨʝʤʝʥʠ t, ʘʨʛʫʤʝʥʪʳ ʩʢʘʣʷʨʥʦʡ ʩʠʣʳ x, v, ʧʘʨʘʤʝʪʨ ʢʨʠʚʦʡ p, ʧʘʨʘ-

ʤʝʪʨʳ ʧʦʚʝʨʭʥʦʩʪʠ p1, p2; 

¶ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʧ. 3.4.2.4.7. "ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ", c. 3-55; 

¶ ʧʝʨʝʤʝʥʥʳʝ, ʚʥʝʩʝʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʩʧʠʩʦʢ; 

¶ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ, ʧ. 3.4.2.4.3. "ʉʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢ-

ʮʠʠ ʠ ʢʦʥʩʪʘʥʪʳ", c. 3-50 

¶ ʬʫʥʢʮʠʷ Integral, ʧ. 3.4.2.4.9. "ʌʫʥʢʮʠʷ Integral ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷ", c. 3-68 

 

ʇʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʧʝʨʝʤʝʥʥʦʡ. ɼʦʧʫʩʪʠʤʳʝ 

ʪʠʧʳ: 

¶ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ; 

¶ ʬʫʥʢʮʠʠ x, v, t ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʢʘʣʷʨʥʳʭ ʩʠʣ; 

¶ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ; 
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¶ ʬʫʥʢʮʠʷ ʧʘʨʘʤʝʪʨʘ p ʜʣʷ ʟʘʜʘʥʠʷ ʢʨʠʚʦʡ, 

¶ ʬʫʥʢʮʠʷ ʧʘʨʘʤʝʪʨʦʚ p1, p2 ʜʣʷ ʟʘʜʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

 

ʇʝʨʝʤʝʥʥʳʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʠʧʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʦʧʠʩʘʥʠʠ 

¶ ʩʠʣ, ʩʧʠʩʦʢ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʧ. 3.4.2.4.7. "ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ", c. 3-55; 

¶ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ, ʧ. 3.5.8.2.7. "ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ", c. 3-131, ʧ. 3.5.8.2.8. 

"ʇʨʦʬʠʣʴʥʳʡ", c. 3-136; 

¶ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (Z-ʧʦʚʝʨʭʥʦʩʪʠ, ʧ. 3.5.12.6.8. "ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʦʚʳʝ ʵʣʝ-

ʤʝʥʪʳ ʪʠʧʦʚ ʊʦʯʢʠ / ʉʬʝʨʘ / ʆʢʨʫʞʥʦʩʪʴ ï Z-ʧʦʚʝʨʭʥʦʩʪʴ", c. 3-252) ʠ ʢʨʠʚʳʭ 

(ʧ. 3.5.12.6.3. "ʂʦʥʪʘʢʪ ʪʦʯʢʘ-ʢʨʠʚʘʷ", c. 3-246, ʧ. 3.5.7. "ɺʚʦʜ ʢʨʠʚʳʭ", c. 3-111). 

ɿʘʤʝʯʘʥʠʝ.  ʉʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ ʟʘʮʠʢʣʠʚʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ, ʪʦ ʝʩʪʴ ʨʝʢʫʨʩʠʚʥʳʭ ʩʩʳʣʦʢ 

ʧʝʨʝʤʝʥʥʦʡ ʥʘ ʩʘʤʫ ʩʝʙʷ. 

ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ: 

¶ ʜʣʷ ʦʧʠʩʘʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʤʦʜʝʣʠ ʧʝʨʝʚʝʨʥʫʪʦʛʦ ʤʘʷʪʥʠʢʘ, ʩʤ. 

ʤʦʜʝʣʴ  

{ɼʘʥʥʳʝ ʋʄ}\SAMPLES\LIBRARY\Variables and Kinematic functions\ Inverted pendu-

lum_UM;  

¶ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ, 

ʩʤ. ʤʦʜʝʣʠ 

¶ {ɼʘʥʥʳʝ ʋʄ}\SAMPLES\LIBRARY\Variables_and_Kinematic_functions\Yaw_Pitch_Ro

ll  

¶ {ɼʘʥʥʳʝ ʋʄ}\SAMPLES\LIBRARY\Variables_and_Kinematic_functions\Euler_angles 

3.4.2.4.9. ʌʫʥʢʮʠʷ Integral ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʌʫʥʢʮʠʷ Integral  ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ  ʚʠʜʘ 

Ὠώ

Ὠὸ
Ὢὸȟώȟȣ Ȣ  

ʌʦʨʤʘʪ ʟʘʜʘʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʚ ʩʧʠʩʢʝ ʧʝʨʝʤʝʥʥʳʭ (ʧ. 3.4.2.4.8. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ", 

c. 3-67):  

[ʀʤʷ], Integral(f(t,[ʀʤʷ],é)).  

ɸʨʛʫʤʝʥʪʘʤʠ ʚʳʨʘʞʝʥʠʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʨʝ-

ʤʷ t, ʩʘʤʘ ʧʝʨʝʤʝʥʥʘʷ, ʟʘʜʘʚʘʝʤʘʷ ʠʤʝʥʝʤ, ʘ ʪʘʢʞʝ ʣʶʙʘʷ ʧʝʨʝʤʝʥʥʘʷ ʩʧʠʩʢʘ, ʠʤʝʶʱʘʷ 

ʪʠʧ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠʣʠ ʠʥʪʝʛʨʘʣʘ. ʊʝʤ ʩʘʤʳʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʦʙʘʚʠʪʴ 

ʢʘʢ ʦʪʜʝʣʴʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʪʘʢ ʠ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝ-

ʥʠʡ. 

ɼʦʙʘʚʣʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʫʨʘʚʥʝʥʠʷʤʠ 

ʜʚʠʞʝʥʠʷ ʤʦʜʝʣʠ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦ-

ʛʦ ʧʦʨʷʜʢʘ ʬʦʨʤʘʣʴʥʦ ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚʠʜʘ 

../SAMPLES/LIBRARY/Variables_and_Kinematic_functions/Inverted_pendulum_UM/input.dat
../SAMPLES/LIBRARY/Variables_and_Kinematic_functions/Inverted_pendulum_UM/input.dat
../SAMPLES/LIBRARY/Variables_and_Kinematic_functions/Yaw_Pitch_Roll/input.dat
../SAMPLES/LIBRARY/Variables_and_Kinematic_functions/Yaw_Pitch_Roll/input.dat
../SAMPLES/LIBRARY/Variables_and_Kinematic_functions/Euler_angles/input.dat
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Ὠᾀ

Ὠὸ
Ὢὸȟώȟȣ ȟώ

Ὠᾀ

Ὠὸ
Ȣ  

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ, ʧʨʠʯʝʤ ʥʘʯʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʝ-

ʨʝʤʝʥʥʦʡ y ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʪʘʙʣʠʮʝ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ. 

ʇʨʠʤʝʨʳ. 

1. ʆʙʳʢʥʦʚʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ 

Ὠώ

Ὠὸ
‌ώ  

ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʤʝʥʥʦʡ V1 ʥʘ ʨʠʩ. 3.47. ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʠʤʷ ʧʝʨʝʤʝʥʥʦʡ V1, 

ʧʘʨʘʤʝʪʨ Ŭ ʟʘʜʘʥ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ alpha. 

 

ʈʠʩ. 3.47. ɿʘʜʘʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʚ ʚʠʜʝ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

2. ʇʨʠʤʝʨ ʧʝʨʝʤʝʥʥʦʡ, ʷʚʣʷʶʱʝʡʩʷ ʠʥʪʝʛʨʘʣʦʤ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʚ ʰʘʨʥʠʨʝ, ʧʨʠʚʝʜʝʥ 

ʥʘ ʨʠʩ. 3.46, ʩʤ. ʤʦʜʝʣʴ  

{ɼʘʥʥʳʝ ʋʄ}\SAMPLES\LIBRARY\Variables and Kinematic functions\Inverted pendu-

lum_UM. 

3. ʋʧʨʦʱʝʥʥʘʷ ʤʦʜʝʣʴ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʈʘʩʩʤʦʪʨʠʤ ʫʧʨʦʱʝʥʥʫʶ ʣʠʥʝʡʥʫʶ ʤʦʜʝʣʴ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ὒ
ὨὍ

Ὠὸ
Ὗ ὙὍὅ‫ȟ 

ὓ ὅὍ 

 

ɿʜʝʩʴ L, R ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ, I ï ʪʦʢ ʚ ʷʢʦʨʥʦʡ ʦʙ-

ʤʦʪʢʝ, U ï ʧʨʠʣʦʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, M ï ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ, w ï  ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ, C ï ʧʘʨʘʤʝʪʨ, ʷʚʣʷʶʱʠʡʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚʦʟʙʫʞʜʝ-

ʥʠʷ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʜʚʠʛʘʪʝʣʷ. ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥ-

ʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.48. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʩʦʚ-

ʧʘʜʘʝʪ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʤ ʰʘʨʥʠʨʝ jBody1. ʄʦʤʝʥʪ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʝʨʝʤʝʥʥʦʡ Torque ʠ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʣʦʞʝʥ ʢ ʚʘʣʫ ʚ ʚʠʜʝ ʰʘʨʥʠʨʥʦʛʦ ʤʦʤʝʥʪʘ. 

 

ʈʠʩ. 3.48. ʇʨʦʩʪʝʡʰʘʷ ʤʦʜʝʣʴ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

../Samples/Library/Variables_and_Kinematic_functions/Inverted_pendulum_UM/input.dat
../Samples/Library/Variables_and_Kinematic_functions/Inverted_pendulum_UM/input.dat


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-70 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ɿʘʤʝʯʘʥʠʝ. ʅʝ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʩʪʘʥʜʘʨʪ-

ʥʳʭ ʘʨʛʫʤʝʥʪʦʚ ʩʢʘʣʷʨʥʦʡ ʩʠʣʳ x,v. ɺʤʝʩʪʦ ʥʠʭ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʠ-

ʥʝʤʘʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ, ʧ. 3.4.2.4.7. "ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ", c. 3-55 (ʥʘʧʨʠʤʝʨ, ʢʦ-

ʦʨʜʠʥʘʪʫ ʚ ʰʘʨʥʠʨʝ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʚʨʝʤʝʥʠ). 

3.4.2.4.10. ɺʥʝʰʥʠʝ ʬʫʥʢʮʠʠ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʠʭ ʬʫʥʢʮʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʡʣʘ ʫʧʨʘʚʣʝʥʠʷ, ʩʤ. ɻʣʘʚʫ 5 ʨʫʢʦʚʦʜʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ 

ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʷʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʘ ʷʚ-

ʥʳʭ ʬʫʥʢʮʠʡ ʠʣʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ (ʩʤ. ʧ. 3.4.2.4.6. "ɺʳʨʘʞʝʥʠʝ ï ʷʚʥʘʷ 

ʬʫʥʢʮʠʷ", c. 3-52, ʧ. 3.4.2.4.7. "ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ", c. 3-55).  

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʠʭ ʬʫʥʢʮʠʡ  ʪʨʝʙʫʝʪ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ ʚ ʩʠʤʚʦʣʴʥʦʡ ʬʦʨ-

ʤʝ  ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʝʛʦ ʢʦʤʧʠʣʷʪʦʨʘ. ʧ. 3.8.2. "ʉʠʤʚʦʣʴʥʳʡ ʤʝʪʦʜ", c. 3-290. 

 

ɺʥʝʰʥʠʝ ʬʫʥʢʮʠʠ ʠʤʝʶʪ ʪʨʠ ʪʠʧʘ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʧʠʩʢʘʤ ʘʨʛʫʤʝʥʪʦʚ. 

¶ ʌʫʥʢʮʠʠ ʚʨʝʤʝʥʠ (t) ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʟʘʜʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʰʘʨʥʠʨʥʦʡ ʢʦʦʨʜʠʥʘʪʳ 

ʦʪ ʚʨʝʤʝʥʠ ʚ ʩʣʫʯʘʷʭ ʰʘʨʥʠʨʘ ʦʙʦʙʱʝʥʥʦʛʦ ʪʠʧʘ (ʪʠʧʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʡ rt, tt), ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʰʘʨʥʠʨʘ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʢʦʦʨʜʠ-

ʥʘʪʘ ʷʚʣʷʝʪʩʷ ʷʚʥʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ. 

¶ ʌʫʥʢʮʠʠ ʪʨʝʭ ʧʝʨʝʤʝʥʥʳʭ (x, v, t) ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʟʘʜʘʥʠʠ ʩʢʘʣʷʨʥʳʭ ʩʠʣ ʪʠʧʘ 

çʚʥʝʰʥʷʷ ʬʫʥʢʮʠʷè, ʧ. 3.5.12.2.8. "ɺʥʝʰʥʷʷ ʬʫʥʢʮʠʷ", c. 3-221. 

¶ ʧʨʠ ʟʘʜʘʥʠʠ ʙʠʧʦʣʷʨʥʦʡ ʩʠʣʳ; x ï ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ, v ï ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʜʣʠʥʳ ʧʦ 

ʚʨʝʤʝʥʠ, ʧ. 3.5.12.3. "ɺʚʦʜ ʙʠʧʦʣʷʨʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ", c. 3-232; 

¶ ʧʨʠ ʟʘʜʘʥʠʠ ʩʢʘʣʷʨʥʦʛʦ ʤʦʤʝʥʪʘ; x ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ, v ï ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʫʛʣʘ ʧʦ 

ʚʨʝʤʝʥʠ, ʧ. 3.5.12.4. "ɺʚʦʜ ʩʢʘʣʷʨʥʦʛʦ ʤʦʤʝʥʪʘ", c. 3-233; 

¶ ʧʨʠ ʟʘʜʘʥʠʠ ʰʘʨʥʠʨʥʦʡ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʚ ʰʘʨʥʠʨʝ ʦʙʦʙʱʝʥʥʦʛʦ ʪʠʧʘ (ʵʣʝʤʝʥ-

ʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ rv, tv, ʪʠʧ ʩʠʣʳ ï ʚʳʨʘʞʝʥʠʝ), ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʤ ʠ ʧʦ-

ʩʪʫʧʘʪʝʣʴʥʦʤ ʰʘʨʥʠʨʘʭ; x ï ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ, v ï ʝʝ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ; 

¶ ʧʨʠ ʦʧʠʩʘʥʠʠ ʦʩʝʚʦʡ ʩʠʣʳ ʚ ʩʣʫʯʘʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʪʠʧʘ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʥʦʝ ʪʨʝʥʠʝ, ʧ. 3.5.12.8.3.5. "ɿʘʜʘʥʠʝ ʤʦʜʝʣʠ ʦʩʝʚʦʡ ʩʠʣʳ", c. 3-262; 

¶ ʧʨʠ ʦʧʠʩʘʥʠʠ ʤʦʜʝʣʠ ʩʘʡʣʝʥʪ-ʙʣʦʢʘ ʦʙʦʙʱʝʥʥʦʛʦ ʪʠʧʘ, ʧ. 3.5.12.8.7.2. "ɿʘʜʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʙʱʝʥʥʦʛʦ ʩʘʡʣʝʥʪ-ʙʣʦʢʘ", c. 3-276. 

¶ ʌʫʥʢʮʠʠ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ (p1, p2) ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʟʘʜʘʥʠʠ Z-ʧʦʚʝʨʭʥʦʩʪʝʡ (ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ, ʟʘʜʘʚʘʝʤʳʭ ʚʳʨʘʞʝʥʠʝʤ ʪʠʧʘ z = f(x, y)) ʚ ʩʣʫʯʘʝ ʦʜʥʦʠʤʝʥʥʦʛʦ ʛʨʘ-

ʬʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʧʨʠ ʦʧʠʩʘʥʠʠ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʠʧʦʚ, 

ʧ. 3.5.8.2.9. "Z-ʧʦʚʝʨʭʥʦʩʪʴ", c. 3-140, ʧ. 3.5.12.6.8. "ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ 

ʪʠʧʦʚ ʊʦʯʢʠ / ʉʬʝʨʘ / ʆʢʨʫʞʥʦʩʪʴ ï Z-ʧʦʚʝʨʭʥʦʩʪʴ", c. 3-252. 

 

ɼʣʷ ʚʚʦʜʘ ʚʥʝʰʥʝʡ ʬʫʥʢʮʠʠ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʝʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦ-

ʣʝ ʠʥʩʧʝʢʪʦʨʘ ʙʝʟ ʫʢʘʟʘʥʠʷ ʘʨʛʫʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-71 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʉʠʥʪʘʢʩʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʬʫʥʢʮʠʠ ʩʦʚʧʘʜʘʶʪ ʩ ʧʨʘʚʠʣʘʤʠ, ʦʧʠ-

ʩʘʥʥʳʤʠ ʚ ʨʘʟʜʝʣʝ 3.4.2.4.2. "ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ", c. 3-48. 

ɼʣʷ ʢʘʞʜʦʡ ʚʚʝʜʝʥʥʦʡ ʚʥʝʰʥʝʡ ʬʫʥʢʮʠʠ ʧʨʠ ʩʠʥʪʝʟʝ ʫʨʘʚʥʝʥʠʡ ʚ ʬʘʡʣʝ ʫʧʨʘʚʣʝʥʠʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʰʘʙʣʦʥ, ʪʦ ʝʩʪʴ ʩʦʟʜʘʶʪʩʷ ʬʫʥʢʮʠʷ ʠʣʠ ʧʨʦʮʝʜʫʨʘ ʥʘ ʷʟʳʢʝ Pascal ʠʣʠ ʉ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʘʥʥʦʡ ʚʥʝʰʥʝʡ ʬʫʥʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʧʦʣʘʛʘʝʪʩʷ 

ʨʘʚʥʳʤ ʥʫʣʶ, ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʝʨʝʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʥʫʞʥʳʤ ʝʤʫ ʦʙʨʘ-

ʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʵʣʝʤʝʥʪʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ UM. 

ʈʘʩʩʤʦʪʨʠʤ ʰʘʙʣʦʥ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ. ʇʫʩʪʴ ʜʣʷ ʚʥʝʰʥʝʡ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ ʚʚʝʜʝʥ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ alpha. ʇʨʠ ʩʠʥʪʝʟʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʬʘʡʣ ʫʧʨʘʚʣʝʥʠʷ 

Cl[ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʆʙʲʝʢʪʘ].pas ʙʫʜʝʪ ʜʦʙʘʚʣʝʥʘ ʧʨʦʮʝʜʫʨʘ 

 

procedure alpha( _isubs : integer; _t : real; var _Value, _dValue, _ddValue : 

real_ );  

var   _ : _platfVarPtr;  

begin  

  _ := _PzAll[SubIndx[_isubs]];  

  _Value := 0;  

  _dValue := 0;  

  _ddValue := 0;  

end;  

 

ɺʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʜʫʨʳ ʷʚʣʷʶʪʩʷ 

¶ _isubs ï ʛʣʦʙʘʣʴʥʳʡ ʥʦʤʝʨ ʧʦʜʩʠʩʪʝʤʳ (ʪʦʣʴʢʦ ʜʣʷ ʤʝʪʦʜʘ ʧʦʜʩʠʩʪʝʤ, ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʧʘʨʘʤʝʪʨ _isubs ʚʩʝʛʜʘ ʨʘʚʝʥ ʝʜʠʥʠʮʝ); 

¶ _t ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ. 

ɺ ʧʨʦʮʝʜʫʨʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

¶ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ (ʧʘʨʘʤʝʪʨ _Value), ʝʝ ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʚʨʝʤʝʥʠ 

(_dValue, _ddValue).  

ʆʰʠʙʢʠ ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʚʦʜʷʪ ʢ ʥʝʚʝʨʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ! 

ʈʘʩʩʤʦʪʨʠʤ ʰʘʙʣʦʥ ʬʫʥʢʮʠʠ ʪʨʝʭ ʧʝʨʝʤʝʥʥʳʭ. ʇʫʩʪʴ ʜʣʷ ʚʥʝʰʥʝʡ ʬʫʥʢʮʠʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʙʠʧʦʣʷʨʥʦʡ ʠʣʠ ʰʘʨʥʠʨʥʦʡ ʩʠʣʝ, ʚʚʝʜʝʥ ʠʜʝʥʪʠʬʠʢʘʪʦʨ bforce1. ʇʨʠ ʩʠʥ-

ʪʝʟʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʬʘʡʣ ʫʧʨʘʚʣʝʥʠʷ Cl[ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʆʙʲʝʢʪʘ] ʙʫʜʝʪ ʜʦʙʘʚʣʝʥʘ 

ʬʫʥʢʮʠʷ 

 

functio n bforce1( _isubs : integer; _t, _x, v : real ) : real_;  

var  

  _ : _vehicleVarPtr;  

begin  

  _ := _PzAll[SubIndx[_isubs]];  

  Result := 0;  

end;  

 

ɺʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʜʫʨʳ ʷʚʣʷʶʪʩʷ 

¶ _isubs ï ʛʣʦʙʘʣʴʥʳʡ ʥʦʤʝʨ ʧʦʜʩʠʩʪʝʤʳ (ʪʦʣʴʢʦ ʜʣʷ ʤʝʪʦʜʘ ʧʦʜʩʠʩʪʝʤ, ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʧʘʨʘʤʝʪʨ _isubs ʚʩʝʛʜʘ ʨʘʚʝʥ ʝʜʠʥʠʮʝ); 

¶ _t ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ; 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-72 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

¶ _x, _v (ʩʤ. ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51) ï 

ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ x ʠ v. 

ɺ ʬʫʥʢʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʦʣʞʝʥ ʙʳʪʴ ʥʘʧʠʩʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʨʘʩʯʝʪʘ ʩʠʣʳ ʠ ʧʨʠ-

ʩʚʦʝʥ ʧʝʨʝʤʝʥʥʦʡ Result (ʚ ʰʘʙʣʦʥʝ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ: Result := 0). 

ɿʘʤʝʯʘʥʠʷ: 

1. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʠʭ ʬʫʥʢʮʠʡ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʥʝʨʘʮʠʶ ʫʨʘʚʥʝʥʠʡ ʚ 

ʩʠʤʚʦʣʴʥʦʡ ʬʦʨʤʝ. ɺ ʩʣʫʯʘʝ ʯʠʩʣʝʥʥʦ-ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʚʥʝʰʥʠʭ ʬʫʥʢʮʠʡ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʢʘʢ ʦʰʠʙʢʘ.  

2. ʌʫʥʢʮʠʠ ʦʜʥʦʛʦ ʪʠʧʘ, ʠʤʝʶʱʠʝ ʦʜʠʥʘʢʦʚʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʦʪʦʞʜʝʩʪʚʣʷʶʪʩʷ ʚ 

ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʜʣʷ ʥʠʭ ʬʦʨʤʠʨʫʝʪʩʷ ʦʜʥʘ ʧʨʦʮʝʜʫʨʘ ʚ ʬʘʡʣʝ ʫʧʨʘʚʣʝʥʠʷ. ɿʘʧʨʝʱʝ-

ʥʦ ʚʚʦʜʠʪʴ ʦʜʠʥʘʢʦʚʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʜʣʷ ʚʥʝʰʥʠʭ ʬʫʥʢʮʠʡ ʨʘʟʥʳʭ ʪʠʧʦʚ. 

3. ʇʨʦʛʨʘʤʤʘ ʧʨʦʠʟʚʦʜʠʪ ʚʳʟʦʚ ʚʥʝʰʥʠʭ ʬʫʥʢʮʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

4. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʠʣʠ ʫʜʘʣʝʥʠʠ ʚʥʝʰʥʠʭ ʬʫʥʢʮʠʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʩʘʤ ʩʣʝʜʠʪʴ ʟʘ 

ʢʦʨʨʝʢʪʥʦʩʪʴʶ ʩʦʜʝʨʞʠʤʦʛʦ ʩʪʘʨʦʛʦ ʬʘʡʣʘ ʫʧʨʘʚʣʝʥʠʷ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʳʝ ʩʚʝʜʝʥʠʷ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʟʜʝʣʝ ʨʫʢʦʚʦʜʩʪʚʘ, ʧʦʩʚʷʱʝʥʥʦʤ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʶ ʚ ʩʨʝʜʝ UM, ɻʣʘʚʘ 5 ʨʫʢʦʚʦʜʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-73 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.4.2.4.11. ɿʘʜʘʥʠʝ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ 

ɿʜʝʩʴ ʦʧʠʩʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʛʣʦʚʳʭ ʠʣʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʦʪ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ. ɿʘʚʠʩʠʤʦʩʪʠ ʪʘʢʦʛʦ ʪʠʧʘ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʘʢ ʥʘʪʫʨʥʳʭ, ʪʘʢ ʠ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʂʦʦʨʜʠʥʘʪʳ ʢʘʢ ʟʘʜʘʥʥʳʝ 

ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ ʨʝʘʣʠʟʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ  ʰʘʨʥʠʨʦʚ 

¶ ʦʙʦʙʱʝʥʥʦʛʦ ʪʠʧʘ, ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʠʧʦʚ tt, rt (ʧ. 3.5.10.7.4. 

"ʕʣʝʤʝʥʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ tt, rt", c. 3-196); 

¶ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʢʦʦʨʜʠʥʘʪʘ ʷʚʣʷʝʪʩʷ ʷʚʥʦʡ ʬʫʥʢ-

ʮʠʝʡ ʚʨʝʤʝʥʠ (ʧ. 3.5.10.4. "ʉʪʘʪʫʩ ʰʘʨʥʠʨʘ", c. 3-182). 

 

ʌʦʨʤʘʪ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ 

ʊʝʢʩʪʦʚʳʡ ʬʘʡʣ ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʜʚʘ ʩʪʦʣʙʮʘ, ʨʘʟʜʝʣʝʥ-

ʥʳʭ ʧʨʦʙʝʣʘʤʠ. ɺ ʧʝʨʚʦʤ ʩʪʦʣʙʮʝ ʫʢʘʟʳʚʘʶʪʩʷ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʚ ʩʝʢʫʥʜʘʭ, ʥʘʯʠʥʘʷ ʩ 

ʥʫʣʷ ʠʣʠ ʙʣʠʟʢʦʛʦ ʢ ʥʫʣʶ ʟʥʘʯʝʥʠʷ. ɺʦ ʚʪʦʨʦʤ ʩʪʦʣʙʮʝ ʩʦʜʝʨʞʘʪʩʷ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʚ 

ʤʝʪʨʘʭ ʜʣʷ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʚ ʨʘʜʠʘʥʘʭ ï ʜʣʷ ʫʛʣʦʚʳʭ. 

ʉʪʨʦʢʠ ʩ ʢʦʤʤʝʥʪʘʨʠʷʤʠ ʜʦʣʞʥʳ ʥʘʯʠʥʘʪʴʩʷ ʩ ʩʠʤʚʦʣʘ %. 

ʌʘʡʣ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʨʘʥʝʝ ʩʦʟʜʘʥ ʠ ʧʦʤʝʱʝʥ ʚ ʢʘʪʘʣʦʛ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʝʛʦ. 

ɽʩʣʠ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʘ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪ ʬʘʡʣ, ʪʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

ʥʫʣʝʚʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ. 

 

ʉʦʟʜʘʥʠʝ ʬʘʡʣʦʚ ʩ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɿʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʤʝʥʥʳʭ ʦʪ ʚʨʝʤʝʥʠ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ (ʩʤ. 

ɻʣʘʚʫ 4, ʧ. ʆʢʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ). ʌʦʨʤʘʪ ʬʘʡʣʘ ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʦʧʠʩʘʥʥʳʤ 

ʚʳʰʝ, ʝʩʣʠ ʚ ʥʘʩʪʨʦʡʢʘʤ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʠʪʴ ʩʠʤʚʦʣ % ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʬʠʢʩʘ ʜʣʷ ʢʦʤʤʝʥʪʘʨʠʝʚ (ɻʣʘʚʘ 4, ʧ. ʅʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ), ʠ ʝʩʣʠ ʚ 

ʬʘʡʣ ʟʘʧʠʩʘʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʧʝʨʝʤʝʥʥʘʷ, ʧʨʠʯʝʤ ʧʦ ʘʙʩʮʠʩʩʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʪʣʦʞʝʥʦ ʚʨʝʤʷ. 

ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʬʠʢʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʤʚʦʣ, ʦʪʣʠʯʥʳʡ ʦʪ %, ʜʣʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʣʝ-

ʜʫʝʪ ʫʜʘʣʠʪʴ ʢʦʤʤʝʥʪʘʨʠʡ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʤʳʡ ʧʨʦʛʨʘʤʤʦʡ. 

ʇʨʠʤʝʨ ʬʨʘʛʤʝʥʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʬʘʡʣʘ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʝʨʝʤʝʥ-

ʥʦʡ ʦʪ ʚʨʝʤʝʥʠ ʚ ʩʦʚʤʝʩʪʠʤʦʤ ʬʦʨʤʘʪʝ: 

% 

% 1 - time 

% 2 - dyWheelset4 [Lateral position of Wheelset4] 

% 

2.00000002337219E-7 2.82372854E-15 

1.03125004097819E-2 2.03257468E-6 

2.09375005215406E-2 7.46718570E-6 

3.21874991059303E-2 1.76279409E-5 

4.21875007450581E-2 3.07774899E-5 

 

ʀʥʪʝʨʬʝʡʩ ʜʣʷ ʚʳʙʦʨʘ ʬʘʡʣʘ ʚ ʧʨʦʛʨʘʤʤʝ ʚʚʦʜʘ 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-74 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.49. ɿʘʜʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʬʘʡʣʘ 

ɼʣʷ ʟʘʜʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʦʨʜʠʥʘʪʳ ʦʪ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʬʘʡʣʘ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ 

ʪʠʧ ʟʘʜʘʥʠʷ ʌʘʡʣ ʠ ʚʥʝʩʪʠ ʠʤʷ ʬʘʡʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʣʝ ʠʣʠ ʥʘʡʪʠ ʬʘʡʣ, ʱʝʣʢʥʫʚ 

ʥʘ ʢʥʦʧʢʝ . 

ɿʘʤʝʯʘʥʠʝ 1.  ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʘ ʠʩʧʦʣʴʟʫʝʪ ʩʧʣʘʡʥʦʚʫʶ ʠʥʪʝʨʧʦʣʷʮʠʶ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʯʢʘʭ ʠ ʚʳʯʠʩʣʝʥʠʷ 

ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʠ. 

ɿʘʤʝʯʘʥʠʝ 2. ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʦʟʘʙʦʪʠʪʴʩʷ ʦ ʜʦʩʪʘʪʦʯʥʦʡ ʛʣʘʜʢʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʧʦʣʫʯʘʝʤʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɿʘʤʝʯʘʥʠʝ 3.  ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʥʮʫ ʟʘʜʘʥʠʷ 

ʬʫʥʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʬʘʡʣʘ, ʬʫʥʢʮʠʷ ʧʨʠʥʠʤʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʚ-

ʥʦʝ ʧʦʩʣʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʚ ʬʘʡʣʝ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-75 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.4.2.4.12. ʈʘʩʧʠʩʘʥʠʷ ʢʘʢ ʩʧʦʩʦʙ ʟʘʜʘʥʠʷ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ  

  

ʈʠʩ. 3.50. ɿʘʜʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʨʘʩʧʠʩʘʥʠʷ 

ʈʘʩʧʠʩʘʥʠʝ ʢʘʢ ʩʧʦʩʦʙ ʟʘʜʘʥʠʷ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʟʘʜʘʥʠʷ ʬʫʥʢ-

ʮʠʠ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ. ʈʘʩʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʝʩʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʜʘʝʪʩʷ ʨʘʟʥʳʤʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʥʘ ʨʘʟʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ. 

 

ʅʘʧʨʠʤʝʨ, ʟʘʚʠʩʠʤʦʩʪʴ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ. 3.49, ʟʘʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὢὸ
ὺὸȟὸɴ πȟὸ

ὺὸÃÏÓ‫ὸ ὸ ȟὸɴ ὸȟὸ
  

ɼʣʷ ʚʚʦʜʘ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʘʢʦʛʦ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʨʠʩ. 3.51. 

   

ʈʠʩ. 3.51. ʀʥʪʝʨʬʝʡʩ ʟʘʜʘʥʠʷ ʨʘʩʧʠʩʘʥʠʷ 

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ, ʫʜʘʣʝʥʠʷ ʠ ʚʩʪʘʚʢʠ ʩʪʨʦʢʠ ʚ ʪʘʙʣʠʮʫ ʨʘʩʧʠʩʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦ-

ʤʘʥʜʳ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ. ʂʦʤʘʥʜʘ ʅʘʨʠʩʦʚʘʪʴ ʩʪʨʦʠʪ ʛʨʘʬʠʢ ʚʚʝʜʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʏʠʩʣʦ ʩʪʨʦʢ ʚ ʪʘʙʣʠʮʝ ʨʘʩʧʠʩʘʥʠʷ ʥʝ ʦʛʨʘʥʠʯʝʥʦ. 

ʄʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʚ ʚʠʜʝ ʚʳʨʘʞʝʥʠʝ (ʚ ʧʨʠʤʝʨʝ ʦʥʠ 

ʟʘʜʘʥʳ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ t1, t2). 

ɿʘʤʝʯʘʥʠʝ 1.  ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʩʣʝʜʠʪʴ ʟʘ ʥʝʧʨʝʨʳʚʥʦʩʪʴʶ ʚʚʦʜʠʤʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ 

ʪʦʯʢʘʭ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢ ʜʨʫʛʦʡ  

ɿʘʤʝʯʘʥʠʝ 2.  ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʥʮʫ ʟʘʜʘʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʨʘʩʧʠʩʘʥʠʷ, ʬʫʥʢʮʠʷ ʧʨʠʥʠʤʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ. 
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3.4.2.4.13. ʈʝʜʘʢʪʦʨ ʚʳʨʘʞʝʥʠʡ 

ɼʣʷ ʫʜʦʙʥʦʛʦ ʚʚʦʜʘ ʙʦʣʴʰʠʭ ʚʳʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʨʝʜʘʢʪʦʨ. ɼʣʷ ʚʳ-

ʟʦʚʘ ʨʝʜʘʢʪʦʨʘ ʜʚʘʞʜʳ ʱʝʣʢʥʠʪʝ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʥʘ ʧʦʣʝ, ʚ ʢʦʪʦʨʦʤ ʚʥʦʩʠʪʩʷ ʠʥ-

ʬʦʨʤʘʮʠʷ. ʅʘ ʨʠʩ. 3.52 ʧʦʢʘʟʘʥʦ ʧʦʣʝ ʚʚʦʜʘ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʙʠʧʦʣʷʨʥʦʡ ʩʠʣʳ. ɼʚʘʞʜʳ 

ʱʝʣʢʥʫʚ ʥʘ ʧʦʣʝ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʪʢʨʳʚʘʝʪ ʨʝʜʘʢʪʦʨ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʩʧʨʘʚʘ. 

 

 

ʈʠʩ. 3.52. ʇʦʣʝ ʚʚʦʜʘ ʜʘʥʥʳʭ (ʩʣʝʚʘ) ʠ ʨʝʜʘʢʪʦʨ ʚʳʨʘʞʝʥʠʡ 

 

ʈʠʩ. 3.53. ɺʳʙʦʨ ʪʠʧʘ ʜʘʥʥʳʭ ʠʣʠ ʬʫʥʢʮʠʡ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʨʝʜʘʢʪʦʨʝ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʚʚʦʜʠʪ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʨʝʜʘʢʪʦʨ ʩʦʜʝʨʞʠʪ ʜʦ-

ʩʪʫʧ ʜʘʥʥʳʤ ʠ ʬʫʥʢʮʠʷʤ ʨʘʟʥʦʛʦ ʪʠʧʘ. ɺ ʩʘʤʦʤ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʝʜʘʢʪʦʨʘ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʩʧʠʩʢʠ ʩʣʝʜʫʶʱʠʭ ʜʘʥʥʳʭ ʠ ʬʫʥʢʮʠʡ: 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʦʙʲʝʢʪʘ (ʩʤ. ʧ. 3.4.3. "ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ", c. 3-78). 

ʉʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ 

ʉʧʠʩʦʢ ʩʪʘʥʜʘʨʪʥʳʭ ʬʫʥʢʮʠʡ (ʩʤ. ʧ. 3.4.2.4.3. "ʉʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ ʠ ʢʦʥʩʪʘʥʪʳ", 

c. 3-50, ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51). 

ʊʝʣʘ 

ʉʧʠʩʦʢ ʠʤʝʥ ʪʝʣ ʤʦʜʝʣʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʫʥʢʮʠʠ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʪʝʣ, ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51. 
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ʇʝʨʝʤʝʥʥʳʝ ʬʫʥʢʮʠʠ 

ʉʧʠʩʦʢ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʩʤ. ʧ. 3.4.2.4.7. "ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ", c. 3-55). 

ʇʝʨʝʤʝʥʥʳʝ  

ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ, ʩʦʟʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ (ʧ. 3.4.2.4.7.3. "ʌʫʥʢʮʠʠ vm, vx, vy, vz, 

vr", c. 3-58). 

ʊʦʯʢʠ 

ʉʧʠʩʦʢ ʪʦʯʝʢ ʩʚʷʟʠ, ʚʢʣʶʯʘʶʱʠʡ ʧʨʦʩʪʳʝ ʪʦʯʢʠ, ʚʝʢʪʦʨʳ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʪʦʯʢʠ, 

ʚʚʝʜʝʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʣʷ ʪʝʣ ʦʙʲʝʢʪʘ (ʧ. 3.5.9.6. "ʊʦʯʢʠ ʩʚʷʟʠ", c. 3-168). 

ʆʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʪʦʯʢʠ 

ʉʧʠʩʦʢ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʩʚʷʟʠ, ʚʚʝʜʝʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʣʷ ʪʝʣ ʦʙʲʝʢʪʘ 

(ʧ. 3.5.9.6.2. "ɼʦʙʘʚʣʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʩʚʷʟʠ", c. 3-171). 

ʐʘʨʥʠʨʳ 

ʉʧʠʩʦʢ ʰʘʨʥʠʨʦʚ, ʧ. 3.5.10. "ɺʚʦʜ ʰʘʨʥʠʨʦʚ", c. 3-181. 

 

ʇʨʠ ʜʚʦʡʥʦʤ ʱʝʣʯʢʝ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʵʣʝʤʝʥʪʝ ʩʧʠʩʢʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʡ ʵʣʝʤʝʥʪ ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʚʳʨʘʞʝʥʠʶ ʚ ʪʝʢʫʱʝʤ ʧʦʣʦʞʝʥʠʠ ʢʫʨʩʦʨʘ. 

ɿʘʤʝʯʘʥʠʝ 1.  ɼʣʷ ʵʣʝʤʝʥʪʦʚ ʪʠʧʦʚ ʊʦʯʢʠ, ʆʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʪʦʯʢʠ ʠ ʐʘʨʥʠʨʳ ʩʧʠʩʦʢ 

ʩʦʜʝʨʞʠʪ ʚʩʝ ʵʣʝʤʝʥʪʳ, ʚʢʣʶʯʘʷ ʪʝ, ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʚ ʧʦʜʩʠʩʪʝʤʘʭ. ɼʣʷ 

ʵʣʝʤʝʥʪʦʚ ʪʠʧʦʚ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʠ ʇʝʨʝʤʝʥʥʳʝ ʩʧʠʩʦʢ ʥʝ ʚʢʣʶʯʘʝʪ ʵʣʝ-

ʤʝʥʪʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʧʦʜʩʠʩʪʝʤʘʭ.  

ɿʘʤʝʯʘʥʠʝ 2.  ʀʤʝʥʘ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʩʠʤʚʦʣʳ (ʥʘʧʨʠʤʝʨ, ʧʨʦʙʝ-

ʣʳ), ʜʦʣʞʥʳ ʚʥʦʩʠʪʴʩʷ ʚ ʚʳʨʘʞʝʥʠʝ ʚ ʢʘʚʳʯʢʘʭ. 

ʂʥʦʧʢʘ ʇʨʦʚʝʨʠʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʠʥʪʘʢʩʠʩʘ ʚʳʨʘʞʝʥʠʡ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʥʦʧʢʠ ʆʪʤʝʥʠʪʴ ʨʝʜʘʢʪʦʨ ʟʘʢʨʳʚʘʝʪʩʷ ʙʝʟ ʦʙʥʦʚʣʝʥʠʷ ʚʳʨʘʞʝʥʠʷ. 
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3.4.3. ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

3.4.3.1. ʆʢʥʦ ʩʧʠʩʢʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

 

ʈʠʩ. 3.54. ʆʢʥʦ ʩʧʠʩʢʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ʆʢʥʦ ʩʧʠʩʢʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʦʡ ʠʜʝʥʪʠʬʠ-

ʢʘʪʦʨʦʚ ʠ ʜʣʷ ʫʜʦʙʩʪʚʘ ʜʦʩʪʫʧʘ ʢ ʥʠʤ. 

3.4.3.2. ʋʧʨʘʚʣʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ 

ʋʧʨʘʚʣʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ ʥʘ ʪʝʢʫʱʝʡ ʟʘʢʣʘʜʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʚʳʤʠ ʪʨʝʤʷ 

ʢʥʦʧʢʘʤʠ ʨʷʜʘ: 

 

ʆʪʤʝʪʠʤ ʥʝʢʦʪʦʨʳʝ ʢʦʤʘʥʜʳ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ ʥʘ ʧʘʥʝʣʠ ʣʠʙʦ 

ʥʘʞʘʪʠʝʤ ʢʣʘʚʠʰʠ Insert. 

ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ ʥʘ ʧʘʥʝʣʠ ʣʠʙʦ ʥʘʞʘ-

ʪʠʝʤ ʢʣʘʚʠʰʠ Enter ʠʣʠ ʜʚʦʡʥʳʤ ʱʝʣʯʢʦʤ ʤʳʰʠ ʥʘ ʣʶʙʦʤ ʧʦʣʝ ʠʥʪʝʨʝʩʫʝʤʦʛʦ ʠʜʝʥʪʠ-

ʬʠʢʘʪʦʨʘ. 

ʇʨʠ ʧʦʧʳʪʢʝ ʫʜʘʣʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩʦʟʜʘʝʪʩʷ ʩʧʠʩʦʢ ʵʣʝʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʝ ʚʭʦ-

ʜʠʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ. ɽʩʣʠ ʵʪʦʪ ʩʧʠʩʦʢ ʥʝ ʧʫʩʪʦʡ, ʪʦ ʧʦʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʝʜʫ-

ʧʨʝʞʜʝʥʠʝ, ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʪʤʝʥʠʪʴ ʫʜʘʣʝʥʠʝ. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘ-

ʤʝʥʷʝʪʩʷ ʩʚʦʠʤ ʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚʦ ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ ʦʙʲʝʢʪʘ, ʚ ʢʦʪʦʨʳʝ ʦʥ ʚʭʦʜʠʪ. 

ʇʝʨʝʠʤʝʥʦʚʘʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʚʦʟʤʦʞʥʦ ʚ ʦʢʥʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ,ʈʠʩ. 3.55. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʝʨʝʠʤʝʥʦʚʘʥʠʷ ʥʦʚʦʝ ʠʤʷ ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʚʦ ʚʩʝ ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʝ 

ʚʭʦʜʠʪ ʜʘʥʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ. 
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ʈʠʩ. 3.55. ʆʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʦʜʥʦʠʤʝʥʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʚ ʧʦʜʩʠʩʪʝʤʘʭ 

ɽʩʣʠ ʠʤʝʶʪʩʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʚ ʧʦʜʩʠʩʪʝʤʘʭ, ʠʤʝʶʱʠʝ ʪʦ ʞʝ ʩʘʤʦʝ ʠʤʷ, ʯʪʦ ʠ ʤʦʜʠ-

ʬʠʮʠʨʫʝʤʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ ʩʦ ʩʧʠʩʢʦʤ 

ʦʜʥʦʠʤʝʥʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʥʘʟʥʘʯʠʪʴ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʚʩʝʤ ʠʣʠ ʥʝʢʦʪʦʨʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤ ʚ ʧʦʜʩʠʩʪʝʤʘʭ, ʨʠʩ. 3.56. ɹʫʜʫʪ ʦʙʥʦʚʣʝʥʳ ʟʥʘʯʝ-

ʥʠʷ ʪʦʣʴʢʦ ʪʝʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʤʝʯʝʥʳ ʛʘʣʦʯʢʘʤʠ. ʊʘʢ, ʚ ʧʨʠʤʝʨʝ ʥʘ 

ʨʠʩ. 3.56 ʚʩʝʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤ, ʢʨʦʤʝ ʧʦʩʣʝʜʥʝʛʦ, ʙʫʜʝʤ ʧʨʠʩʚʦʝʥʦ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ 

73000. 

  

ʈʠʩ. 3.56. ʇʨʠʤʝʨ ʩʧʠʩʢʘ ʦʜʥʦʠʤʝʥʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ʉʤ. ʪʘʢʞʝ ʧ. 3.4.3.5. ʂʦʤʘʥʜʳ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ. 

3.4.3.3. ɿʘʢʣʘʜʢʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ɿʘʢʣʘʜʢʘ ï ʵʪʦ ʧʦʠʤʝʥʦʚʘʥʥʳʡ ʥʘʙʦʨ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʣʦʛʠ-

ʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʤʦʜʝʣʠ ʥʘ ʛʨʫʧʧʳ. ʅʘʧʨʠʤʝʨ, ʧʦ ʚʠʜʫ ʦʧʠʩʘʥʠʷ ʤʦ-

ʜʝʣʠ: ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʠʥʝʨʮʠʦʥʥʳʝ ʠ ʪ.ʜ. ʠʣʠ ʧʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢʘʢʦʤʫ-ʣʠʙʦ 

ʦʙʲʝʢʪʫ: ʧʘʨʘʤʝʪʨʳ ʧʝʨʚʦʛʦ ʪʝʣʘ, ʚʪʦʨʦʛʦ ʠ ʪ.ʜ. 

ʋʧʨʘʚʣʝʥʠʝ ʟʘʢʣʘʜʢʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 4ï7 ʢʥʦʧʢʘʤʠ ʨʷʜʘ: 

. 

ʉ ʧʦʤʦʱʴʶ ʢʥʦʧʦʢ ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʟʘʢʣʘʜʢʠ, ʧʝʨʝʠʤʝʥʦʚʳʚʘʪʴ, ʥʘʩʪʨʘʠʚʘʪʴ  

ʠ ʫʜʘʣʷʪʴ ʪʝʢʫʱʠʝ ʟʘʢʣʘʜʢʠ. ʅʘʩʪʨʦʡʢʘ ʪʝʢʫʱʝʡ ʟʘʢʣʘʜʢʠ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʥʦʩʠʪʴ ʠʜʝʥʪʠ-

ʬʠʢʘʪʦʨʳ ʥʘ ʪʝʢʫʱʫʶ ʟʘʢʣʘʜʢʫ ʠ ʥʘʦʙʦʨʦʪ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʢʥʘ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʧʝʨʝʥʦʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʦʡʥʳʤ ʱʝʣʯʢʦʤ ʤʳʰʠ ʥʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʝ ʚ ʵʪʦʤ ʦʢʥʝ. 
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3.4.3.4. ʈʝʞʠʤ ʦʙʥʦʚʣʝʥʠʷ ʦʙʲʝʢʪʘ ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ʇʦʩʣʝʜʥʷʷ ʢʥʦʧʢʘ ʚ ʨʷʜʫ  ʚʢʣʶʯʘʝʪ ʠ ʚʳʢʣʶʯʘʝʪ ʨʝʞʠʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ ʧʦʩʣʝ ʢʘʞʜʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠʜʝʥʪʠʬʠʢʘ-

ʪʦʨʦʚ. ʈʝʞʠʤ ʩʣʝʜʫʝʪ ʚʳʢʣʶʯʠʪʴ, ʝʩʣʠ ʦʙʥʦʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʰʢʦʤ ʤʝʜʣʝʥʥʦ. 

3.4.3.5. ʂʦʤʘʥʜʳ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʩʧʠʩʢʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

  

ʈʠʩ. 3.57. ʂʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʩʧʠʩʢʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ʂʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʧʦʷʚʣʷʝʪʩʷ ʧʦʩʣʝ ʱʝʣʯʢʘ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʥʘ ʩʧʠʩʢʝ ʠʜʝʥʪʠ-

ʬʠʢʘʪʦʨʦʚ, ʨʠʩ. 3.57. ʄʝʥʶ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʢʦʤʘʥʜʳ. 

ʅʦʚʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ï ʦʪʢʨʳʚʘʝʪ ʦʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ (ʨʠʩ. 3.55) 

ʠ ʜʦʙʘʚʣʷʝʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʢ ʢʦʥʮʫ ʩʧʠʩʢʘ. 

ɼʦʙʘʚʠʪʴ ʠʟ ʧʦʜʩʠʩʪʝʤʳ ï ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʦʙʲʝʢʪʝ ʧʦʜʩʠʩʪʝʤ ʦʪʢʨʳʚʘʝʪ ʜʝʨʝʚʦ ʠʜʝʥ-

ʪʠʬʠʢʘʪʦʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʧʦʜʩʠʩʪʝʤʳ (ʨʠʩ. 3.58) ʠ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʠʪʴ ʚ ʪʝʢʫʱʠʡ ʩʧʠʩʦʢ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʠʟ ʵʪʦʛʦ ʩʧʠʩʢʘ ʱʝʣʯʢʘʤʠ ʤʳʰʠ ʥʘ ʥʫʞʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʭ. ʀʩʧʦʣʴ-

ʟʫʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʟʤʝʩʪʠʪʴ ʚ ʩʧʠʩʢʝ ʛʦʣʦʚʥʦʛʦ ʦʙʲʝʢʪʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʧʦʜʩʠ-

ʩʪʝʤ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʯʘʩʪʦ ʠʟʤʝʥʷʪʴʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ʊʝʤ ʩʘʤʳʤ ʫʩʢʦʨʷʝʪ-

ʩʷ ʠ ʫʧʨʦʱʘʝʪʩʷ ʧʨʦʮʝʩʩ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ.  
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ʈʠʩ. 3.58. ʇʨʠʤʝʨ ʜʝʨʝʚʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʦʜʩʠʩʪʝʤ 

ɺʩʪʘʚʠʪʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ï ʚʩʪʘʚʣʷʝʪ ʥʦʚʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚ ʩʪʨʦʢʝ ʩʧʠʩʢʘ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʧʦʣʦʞʝʥʠʶ ʢʫʨʩʦʨʘ ʤʳʰʠ. 

ʈʝʜʘʢʪʠʨʦʚʘʪʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ï ʚʳʟʳʚʘʝʪ ʦʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚ 

ʧʦʣʦʞʝʥʠʠ ʢʫʨʩʦʨʘ ʤʳʰʠ, ʨʠʩ. 3.55. 

ʂʦʧʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʚ ʙʫʬʝʨ ï ʢʦʧʠʨʫʝʪ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚ ʧʦ-

ʣʦʞʝʥʠʠ ʢʫʨʩʦʨʘ ʤʳʰʠ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ. 

ʂʦʧʠʨʦʚʘʪʴ ʪʘʙʣʠʮʫ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ ï ʢʦʧʠʨʫʝʪ ʪʝʢʫʱʫʶ ʟʘʢʣʘʜʢʫ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ ʚ 

ʚʠʜʝ ʪʝʢʩʪʘ. ʂʦʤʘʥʜʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʦʪʯʝʪʦʚ ʠ ʦʧʠʩʘʥʠʠ ʤʦʜʝʣʝʡ. 

ʇʨʠʤʝʨ ʢʦʧʠʠ ʪʘʙʣʠʮʳ: 

ʀʤʷ ; ɺʳʨʘʞʝʥʠʝ ; ɿʥʘʯʝʥʠʝ ; ʂʦʤʤʝʥʪʘʨʠʡ 

m_bus ;  ; 1.5000000E+4 ; ʄʘʩʩʘ 

ixx_bus ;  ; 1.0000000E+4 ; ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ 

izz_bus ;  ; 2.5000000E+5 ; 

ʇʦʢʘʟʘʪʴ ʵʣʝʤʝʥʪʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ï ʦʪʢʨʳʚʘʝʪ ʦʢʥʦ ʩʦ ʩʧʠʩʢʦʤ ʵʣʝʤʝʥʪʦʚ 

ʦʙʲʝʢʪʘ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʠʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚ ʧʦʣʦʞʝʥʠʠ ʢʫʨʩʦʨʘ ʤʳʰʠ, ʨʠʩ. 3.59. ʑʝʣʯ-

ʢʦʤ ʤʳʰʠ ʥʘ ʵʣʝʤʝʥʪʝ ʩʧʠʩʢʘ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʝʛʦ ʦʧʠʩʘʥʠʶ ʚ ʠʥʩʧʝʢʪʦʨʝ. 
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ʈʠʩ. 3.59. ʇʨʠʤʝʨ ʩʧʠʩʢʘ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

¶ ʉʧʠʩʦʢ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ï ʦʪʢʨʳʚʘʝʪ ʦʢʥʦ ʩʦ ʩʧʠʩʢʦʤ ʠʜʝʥʪʠ-

ʬʠʢʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ, 

ʨʠʩ. 3.60. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦʪ ʩʧʠʩʦʢ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘʜʦ ʫʜʘʣʠʪʴ ʥʝʢʦʪʦ-

ʨʳʝ ʠʟ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ: ʜʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʧʦʤʝʪʠʪʴ ʫʜʘʣʷʝʤʳʝ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʛʘʣʦʯʢʘʤʠ ʠ ʚʳʡʪʠ ʠʭ ʦʢʥʘ ʧʦ ʢʥʦʧʢʝ ʋʜʘʣʠʪʴ.  

  

ʈʠʩ. 3.60. ʇʨʠʤʝʨ ʩʧʠʩʢʘ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

¶ ʅʦʚʘʷ ʟʘʢʣʘʜʢʘ, ʇʝʨʝʠʤʝʥʦʚʘʪʴ ʟʘʢʣʘʜʢʫ, ʅʘʩʪʨʦʠʪʴ ʟʘʢʣʘʜʢʫ, ʋʜʘʣʠʪʴ ʟʘ-

ʢʣʘʜʢʫ ï ʦʧʝʨʘʮʠʠ ʩ ʟʘʢʣʘʜʢʘʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʧ. 3.4.3.3. "ɿʘʢʣʘʜʢʠ ʠʜʝʥʪʠʬʠ-

ʢʘʪʦʨʦʚ", c. 3-79. 

¶ ʋʜʘʣʠʪʴ ʩ ʟʘʢʣʘʜʢʠ ï ʫʜʘʣʝʥʠʝ ʩ ʟʘʢʣʘʜʢʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚ ʧʦʣʦʞʝʥʠʠ ʢʫʨʩʦʨʘ 

ʤʳʰʠ. 

¶ ʆʙʥʦʚʠʪʴ ï ʦʙʥʦʚʣʝʥʠʝ ʦʙʲʝʢʪʘ, ʩʤ. ʧ. 3.4.3.4. "ʈʝʞʠʤ ʦʙʥʦʚʣʝʥʠʷ ʦʙʲʝʢʪʘ ʧʦʩʣʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ", c. 3-80. 

3.4.3.6. ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʯʝʨʝʟ ʧʦʣʷ ʚʚʦʜʘ ʜʘʥʥʳʭ 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʚʝʩʪʠ ʥʦʚʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʣʷʭ ʜʘʥʥʳʭ 

ʧʨʠ ʦʧʠʩʘʥʠʠ ʣʶʙʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʥʘʧʨʠʤʝʨ, ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʣ ʠʣʠ ʩʠ-

ʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʠʩ. 3.61.  
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ʈʠʩ. 3.61. ʇʨʠʤʝʨ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʠʣʳ 

ʇʨʠ ʘʥʘʣʠʟʝ ʚʳʨʘʞʝʥʠʷ ʧʨʦʛʨʘʤʤʘ ʦʧʨʝʜʝʣʷʝʪ ʩʧʠʩʦʢ ʥʦʚʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠ 

ʧʨʝʜʣʘʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʥʠʮʠʠʨʦʚʘʪʴ ʠʭ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʠ ʠ ʜʦʙʘʚʠʪʴ ʢʦʤʤʝʥʪʘʨʠʠ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʦʚʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʙʘʚʣʝʥʳ ʥʘ ʦʜʥʫ 

ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʣʠ ʥʘ ʥʦʚʫʶ ʟʘʢʣʘʜʢʫ, ʧ. 3.4.3.3. "ɿʘʢʣʘʜʢʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ", c. 3-

79. ɼʣʷ ʵʪʦʛʦ ʥʘʜʦ ʚʳʙʨʘʪʴ ʟʘʢʣʘʜʢʫ ʠʟ ʩʧʠʩʢʘ çʇʦʤʝʩʪʠʪʴ ʥʘ ʟʘʢʣʘʜʢʫè ʠʣʠ ʚʧʠʩʘʪʴ ʠʤʷ 

ʥʦʚʦʡ ʟʘʢʣʘʜʢʠ ʚ ʵʪʦ ʞʝ ʧʦʣʝ. 

3.4.3.7. ʇʝʨʝʭʦʜ ʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ ʠʟ ʧʦʣʷ ʜʘʥʥʳʭ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʚ ʩʧʠʩʢʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ ʦʧʠʩʘʥʠʠ ʜʘʥʥʳʭ, 

ʩʣʝʜʫʝʪ ʚʳʟʚʘʪʴ ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʱʝʣʯʢʦʤ ʧʨʘʚʦʡ ʢʥʦʧʢʠ ʤʘʰʠ ʥʘ ʧʦʣʝ ʜʘʥʥʳʭ ʠ ʚʳ-

ʧʦʣʥʠʪʴ ʢʦʤʘʥʜʫ ʅʘʡʪʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʨʠʩ. 3.62. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʡ ʩʧʠʩʢʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʙʫʜʝʪ ʚʳʜʝʣʝʥ ʚ ʩʧʠʩʢʝ.  

ʌʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʦʡ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʚ ʩʧʠʩʢʝ.  

 

    

ʈʠʩ. 3.62. ʇʨʠʤʝʨ ʧʝʨʝʭʦʜʘ ʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ ʚ ʩʧʠʩʢʝ 
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3.4.3.8. ʏʪʝʥʠʝ ʠ ʟʘʧʠʩʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

  

  

ʈʠʩ. 3.63. ʂʥʦʧʢʠ ʜʣʷ ʟʘʧʠʩʠ ʠ ʯʪʝʥʠʷ ʬʘʡʣʦʚ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ʂʥʦʧʢʠ  ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʯʪʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ. 

ʑʝʣʯʢʦʤ ʥʘ ʢʥʦʧʢʝ  ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʦʭʨʘʥʷʝʪ ʩʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʚ ʬʘʡʣ *.par. 

ɽʩʣʠ ʤʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʧʦʩʠʩʪʝʤʳ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ, ʢʘʢʦʡ ʪʠʧ ʟʘʧʠʩʠ 

ʧʨʠʤʝʥʠʪʴ, ʨʠʩ. 3.63: 

¶ ʃʦʢʘʣʴʥʳʡ ʩʧʠʩʦʢ: ʩʦʭʨʘʥʷʝʪʩʷ ʩʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʛʦʣʦʚʥʦʛʦ ʦʙʲʝʢʪʘ 

(ʙʝʟ ʧʦʜʩʠʩʪʝʤ); 

¶ ɼʝʨʝʚʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ: ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʣʥʳʡ ʩʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, 

ʚʢʣʶʯʘʷ ʧʦʜʩʠʩʪʝʤʘʤʳ. 

ʌʦʨʤʘʪ ʬʘʡʣʦʚ *.par ʩʣʝʜʫʶʱʠʡ: 

par  

v0 = 20  

d_antiroll  = 70000  

f = 50  

c_balljoint = 4*26600*f*f*pi*pi  

beta_balljoint = 0.05  

c_coupler = 4*53474*f*f*pi*pi  

d_balljoint = 2*beta_balljoint*sqrt(c_balljoint*26600)  

beta_coupler = 0.3  

d_coupler = 2*beta_coupler*sqrt(c_coupler*53474)  

zwind_motorcar = 2.255  

zwind_trailercar = 1.94  

windarea_motorcar = 79  

windarea_trailercar = 55  

windpressure = 500  

Fw_motorcar = windarea_motorcar*windpressure  

WindDirection = 1  

Fw_trailercar = windarea_trailercar*windpressure  

delta_ = 0.05  

PowerCar1.v0 = 20  

PowerCar1.BrakingForc e = 0  

PowerCar1.bogie1_x = 6.055  

PowerCar1.bogie2_x = - 7.945  

PowerCar 1. xc  = - 0.945  
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ɺʘʞʥʦ, ʯʪʦ ʬʘʡʣʳ *.par ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʯʠʪʘʥʳ ʚ ʧʨʦʛʨʘʤʤʝ UM Simulation ʜʣʷ ʫʩʪʘ-

ʥʦʚʣʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʟʥʘʯʝʥʠʡ ʠʟ ʵʪʦʠʭ ʬʘʡʣʦʚ. 

  

ʈʠʩ. 3.64. ʆʢʥʦ ʩʦ ʩʧʠʩʢʘʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠʟ ʬʘʡʣʘ 

ʂʥʦʧʢʘ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʯʪʝʥʠʷ ʩʧʠʩʢʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠʟ ʬʘʡʣʘ. ʈʘʩʩʤʦʪʨʠʤ 

ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʯʪʝʥʠʷ. 

¶ ʏʠʪʘʶʪʩʷ ʬʘʡʣʳ ʪʠʧʦʚ *.par ʠʣʠ *.txt. ʌʦʨʦʤʘʪ ʬʘʡʣʦʚ *.par ʨʘʩʩʤʦʪʨʝʥ ʚʳʰʝ, 

ʬʦʨʤʘʪ ʬʘʡʣʦʚ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ *.txt ʩʣʝʜʫʶʱʠʡ: 

a  1 

b 12.1  

c = a* b 

ʈʘʟʥʠʮʘ ʩ ʬʦʨʤʘʪʦʤ ʬʘʡʣʘ *par ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʟʜʝʩʴ ʤʦʞʥʦ ʦʧʫʩʢʘʪʴ ʟʥʘʢ '=' ʤʝʞ-

ʜʫ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʠ ʝʛʦ ʯʠʩʣʝʥʥʳʤ ʟʜʘʯʝʥʠʝʤ. ɽʩʣʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ ʥʘʟʥʘʯʘʝʪʩʷ ʚr -

ʨʘʞʝʥʠʝ, ʟʥʘʢ '=' ʥʝʦʙʭʦʜʠʤ, ʢʘʢ ʚ ʩʣʫʯʘʝ 'c = a*b'. 

¶ ɺ ʧʨʦʮʝʩʩʝ ʯʪʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʬʘʡʣʘ ʧʨʦʛʨʘʤʤʘ ʩʦʟʜʘʝʪ ʜʚʘ ʩʧʠʩʢʘ. ʇʝʨʚʳʡ ʩʧʠ-

ʩʦʢ ʩʦʜʝʨʞʠʪ ʥʦʚʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʥʝ ʥʘʡʜʝʥʳ ʚ ʤʦʜʝʣʠ, ʨʠʩ. 3.64, ʩʣʝ-

ʚʘ. ɺʪʦʨʦʡ ʩʧʠʩʦʢ ʩʦʜʝʨʞʠʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʥʘʡʜʝʥʥʳʝ ʚ ʤʦʜʝʣʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦ-

ʨʳʭ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚ ʬʘʡʣʝ, ʨʠʩ. 3.64, ʩʧʨʘʚʘ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʚʳʙʨʘʪʴ, ʢʘʢʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʜʦʙʘʚʠʪʴ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ. 

¶ ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ ʠʟ ʧʦʜʩʠʩʪʝʤ ʠʛʥʦʨʠʨʫʶʪʩʷ, ʝʩʣʠ ʜʦʩʠʩʪʝʤʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʠʤʝʥʝʤ ʥʝ ʥʘʡʜʝʥʘ ʚ ʦʙʲʝʢʪʝ. ʅʘʧʨʤʝʨ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ PowerCar1.BrakingForce 

ʙʫʜʝʪ ʧʨʦʠʛʥʦʨʠʨʦʚʘʥ, ʝʩʣʠ ʧʦʜʩʠʩʪʝʤ ʩ ʠʤʝʥʝʤ PowerCar1 ʥʝ ʥʘʡʜʝʥʘ. 
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3.4.4. ʈʝʜʘʢʪʦʨ ʧʣʦʩʢʠʭ ʢʨʠʚʳʭ 

ɼʣʷ ʚʚʦʜʘ ʜʘʥʥʳʭ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʬʦʨʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʳʡ ʈʝʜʘʢʪʦʨ ʢʨʠʚʳʭ. 

ʈʝʜʘʢʪʦʨ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʫʶ, ʬʫʥʢʮʠʶ ʠʣʠ ʥʘʙʦʨ ʢʨʠʚʳʭ ʧʦ ʥʘʙʦʨʫ ʪʦʯʝʢ, ʟʘ-

ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʤʳ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʦʩʥʦʚʥʳʭ ʧʨʘʚʠʣʘʭ ʨʘʙʦʪʳ ʩ 

ʦʢʥʦʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʪʨʝʭʤʝʨʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧ. 3.5.8.6. "ʈʝʜʘʢʪʦʨ ʢʨʠʚʳʭ", c. 3-152. 

 

ʈʠʩ. 3.65. ʈʝʜʘʢʪʦʨ ʢʨʠʚʳʭ ʠ ʝʛʦ ʵʣʝʤʝʥʪʳ 

3.4.4.1. ʈʝʞʠʤʳ ʨʝʜʘʢʪʦʨʘ ʢʨʠʚʳʭ 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʨʝʞʠʤʘ ʨʝʜʘʢʪʦʨʘ ʢʨʠʚʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. 

¶ ʈʝʞʠʤ ʧʦʩʪʨʦʝʥʠʷ ʥʘʙʦʨʘ ʢʨʠʚʳʭ 

¶ ʈʝʞʠʤ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ɺʪʦʨʦʤʫ ʨʝʞʠʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ: 

¶ ʪʦʣʴʢʦ ʦʜʥʘ ʢʨʠʚʘʷ; 

¶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʪʦʯʝʢ ʧʦ ʟʥʘʯʝʥʠʶ ʘʙʩʮʠʩʩʳ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ, ʘ ʪʘʢʞʝ ʢʨʠʚʠʟ-

ʥʳ ʠ ʩʛʣʘʞʝʥʥʦʡ ʢʨʠʚʠʟʥʳ ʚʚʝʜʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

3.4.4.2. ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʝʜʘʢʪʦʨʘ ʢʨʠʚʳʭ ʩʦʜʝʨʞʠʪ ʢʥʦʧʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʧʨʘʚʣʷʪʴ 

ʵʣʝʤʝʥʪʘʤʠ ʢʨʠʚʦʡ ʠ ʠʟʦʙʨʘʞʝʥʠʝʤ.  

 

3.4.4.3. ɼʦʙʘʚʣʝʥʠʝ, ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ ʥʘ ʢʨʠ-

ʚʦʡ 

 

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʪʦʯʢʠ ʢ ʢʨʠʚʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʩʧʦʩʦʙʘ. 

¶ ɼʚʦʡʥʦʡ ʱʝʣʯʦʢ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʚ ʧʦʣʦʞʝʥʠʠ ʜʦʙʘʚʣʷʝʤʦʡ ʪʦʯʢʠ. 

˽͔͊ͤ͡Έ ͙͔͍ͤͫͭͪͯͣͤͭͦ 

˴͙͍ͪ͊Ύ 

˿͙ͨͫͦ͟ ͭͦ;͔͟ 

͙́ͨ ͎͙͍͙ͫ͊͗͊ͤ͡Ύ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-87 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʪʦʯʢʫ ʢʘʢ ʚ ʥʘʯʘʣʝ, ʪʘʢ ʠ ʚ ʢʦʥʮʝ ʥʝʟʘʤʢʥʫ-

ʪʦʡ ʢʨʠʚʦʡ, ʪʘʢ ʠ ʚʥʫʪʨʠ ʟʘʤʢʥʫʪʦʡ ʠʣʠ ʥʝʟʘʤʢʥʫʪʦʡ ʢʨʠʚʦʡ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʪʦʯʢʠ ʚ 

ʥʘʯʘʣʝ ʠʣʠ ʢʦʥʮʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʳʙʨʘʪʴ ʝʝ ʧʦʣʦʞʝʥʠʝ ʚʙʣʠʟʠ ʢʨʘʡʥʝʡ 

ʪʦʯʢʠ, ʘ ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ ʧʝʨʝʤʝʩʪʠʪʴ ʪʦʯʢʫ ʚ ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ.  

¶ ʂʥʦʧʢʘ   ʥʘʜ ʩʧʠʩʢʦʤ ʪʦʯʝʢ.    ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʪʦʯʢʫ ʪʦʣʴʢʦ ʚ ʢʦ-

ʥʝʮ ʩʧʠʩʢʘ, ʪʦ ʝʩʪʴ ʜʦʙʘʚʠʪʴ ʪʦʯʢʫ ʢ ʢʦʥʮʫ ʢʨʠʚʦʡ. 

¶ ʂʥʦʧʢʘ  ʥʘʜ ʩʧʠʩʢʦʤ ʪʦʯʝʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʚʩʪʘʚʠʪʴ ʪʦʯʢʫ ʚ ʣʶʙʦʤ ʤʝʩʪʝ 

ʩʧʠʩʢʘ. 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʦʙʱʠʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʩʠʤʚʦʣʴʥʳʤʠ ʚʳʨʘʞʝʥʠ-

ʷʤʠ (ʩʤ. ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51), ʪʦ ʝʩʪʴ ʤʦ-

ʛʫʪ ʙʳʪʴ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʳ.  

ʇʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʪʦʯʢʠ ʦʟʥʘʯʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʝʝ ʚ ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ. ɼʣʷ ʵʪʦʛʦ 

ʨʝʘʣʠʟʦʚʘʥʳ ʜʚʘ ʩʧʦʩʦʙʘ. 

¶ ɿʘʜʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʩ ʧʦʤʦʱʴʶ ʩʧʠʩʢʘ. 

ʅʘʡʜʠʪʝ ʚ ʩʧʠʩʢʝ ʥʫʞʥʫʶ ʪʦʯʢʫ (ʥʘʧʨʠʤʝʨ, ʱʝʣʢʥʫʚ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʥʘ ʠʟʦʙ-

ʨʘʞʝʥʠʠ ʪʦʯʢʠ) ʠ ʟʘʜʘʡʪʝ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

¶ ʇʝʨʝʥʦʩ ʪʦʯʢʠ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʩʧʦʩʦʙ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʪʦʯʝʢ. ʇʨʠ-

ʙʣʠʟʴʪʝ ʢʫʨʩʦʨ ʤʳʰʠ ʢ ʠʟʦʙʨʘʞʝʥʠʶ ʪʦʯʢʠ, ʢʫʨʩʦʨ ʜʦʣʞʝʥ ʠʟʤʝʥʠʪʴʩʷ ʥʘ . ʅʘʞʤʠʪʝ 

ʣʝʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ ʠ, ʥʝ ʦʪʧʫʩʢʘʷ ʢʥʦʧʢʫ, ʧʝʨʝʤʝʩʪʠʪʝ ʪʦʯʢʫ ʚ ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

 

ɼʣʷ ʫʜʘʣʝʥʠʷ ʪʦʯʢʠ ʣʠʙʦ ʚʳʜʝʣʠʪʝ ʝʝ ʚ ʩʧʠʩʢʝ ʠ ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ , ʣʠʙʦ ʧʦʜʚʝ-

ʜʠʪʝ ʢʫʨʩʦʨ ʤʳʰʠ ʢ ʠʟʦʙʨʘʞʝʥʠʶ ʪʦʯʢʠ (ʢʫʨʩʦʨ ʜʦʣʞʝʥ ʠʟʤʝʥʠʪʴʩʷ ʥʘ ), ʚʳʟʦʚʠʪʝ 

ʚʩʧʣʳʚʘʶʱʝʝ ʤʝʥʶ (ʱʝʣʯʦʢ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ) ʠ ʚʳʧʦʣʥʠʪʝ ʢʦʤʘʥʜʫ ʋʜʘʣʠʪʴ. 

3.4.4.4. ɺʳʜʝʣʝʥʠʝ, ʢʦʧʠʨʦʚʘʥʠʝ, ʫʜʘʣʝʥʠʝ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʠ 

ʢʨʠʚʳʭ 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʢʨʠʚʦʡ ʠʣʠ ʝʝ ʯʘʩʪʠ ʚʳʜʝʣʠʪʝ ʥʫʞʥʫʶ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʦʙʣʘʩʪʴ ʦʢʥʘ 

ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ (ʨʠʩ. 3.66). ʊʘʢʞʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʢʨʠʚʦʡ ʠʣʠ ʝʝ ʯʘʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʣʝʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʜʝʨʞʠʚʘʷ ʢʣʘʚʠʰʫ Ctrl . 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-88 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.66. ɺʳʜʝʣʝʥʠʝ ʯʘʩʪʠ ʢʨʠʚʦʡ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʦʡ ʢʨʠʚʦʡ ʚʳʜʝʣʠʪʝ ʠʤʷ ʢʨʠʚʦʡ ʚ ʩʧʠʩʢʝ ʢʨʠʚʳʭ (ʨʠʩ. 3.67). 

 

ʈʠʩ. 3.67. ɺʳʜʝʣʝʥʠʝ ʦʪʜʝʣʴʥʦʡ ʢʨʠʚʦʡ ʚ ʩʧʠʩʢʝ ʢʨʠʚʳʭ 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʚʩʝʭ ʚʚʝʜʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʳʟʦʚʠʪʝ ʚʩʧʣʳʚʘʶʱʝʝ ʤʝʥʶ (ʱʝʣʯʦʢ 

ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ) ʠ ʚʳʧʦʣʥʠʪʝ ʢʦʤʘʥʜʫ ɺʳʜʝʣʠʪʴ ʚʩʝ. 

 

ɼʣʷ ʩʥʷʪʠʷ ʚʳʜʝʣʝʥʠʷ ʱʝʣʢʥʠʪʝ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʚʥʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʦʛʨʘʥʠ-

ʯʠʚʘʶʱʝʛʦ ʦʙʣʘʩʪʴ ʚʳʜʝʣʝʥʠʷ. 

 

ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʬʨʘʛʤʝʥʪʘ ʢʨʠʚʦʡ ʠʣʠ ʚʩʝʡ ʢʨʠʚʦʡ ʚʳʜʝʣʠʪʝ ʥʫʞʥʦʝ ʤʥʦʞʝʩʪʚʦ 

ʪʦʯʝʢ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ, ʥʘʚʝʜʠʪʝ ʢʫʨʩʦʨ ʤʳʰʠ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʦʙʣʘʩʪʴ ʚʳʜʝʣʝʥʠʷ ʜʦ 

ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʦʙʨʘʟʘ ʥʘ , ʥʘʞʤʠʪʝ ʣʝʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ ʠ, ʥʝ ʦʪʧʫʩʢʘʷ, ʧʝʨʝʤʝʱʘʡʪʝ 

ʬʨʘʛʤʝʥʪ ʚ ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʇʝʨʝʤʝʱʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʟʘʧʨʝʱʝʥʦ ʚ ʨʝʞʠʤʝ ʧʦʩʪʨʦʝ-

ʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

 

ɼʣʷ ʫʜʘʣʝʥʠʷ ʬʨʘʛʤʝʥʪʘ ʚʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʜʝʣʠʪʝ ʝʛʦ ʠ ʥʘʞʤʠʪʝ ʢʣʘʚʠʰʫ Delete. 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʦʧʠʠ ʬʨʘʛʤʝʥʪʘ ʠʣʠ ʢʨʠʚʦʡ ʚʳʜʝʣʠʪʝ ʥʫʞʥʦʝ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʠ 

ʥʘʞʤʠʪʝ ʩʦʯʝʪʘʥʠʝ ʢʣʘʚʠʰ Ctrl+C, ʘ ʟʘʪʝʤ Ctrl+V. ʇʝʨʝʤʝʩʪʠʪʝ ʩʢʦʧʠʨʦʚʘʥʥʳʡ ʬʨʘʛʤʝʥʪ 

ʠʣʠ ʢʨʠʚʫʶ ʚ ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

3.4.4.5. ɿʘʤʳʢʘʥʠʝ ʢʨʠʚʦʡ 

ʄʝʪʦʜʳ ʟʘʤʢʥʫʪʴ ʢʨʠʚʫʶ: 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-89 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

¶ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ ʧʝʨʝʤʝʩʪʠʪʝ ʦʜʥʫ ʠʟ ʢʨʘʡʥʠʭ ʪʦʯʝʢ ʢʨʠʚʦʡ ʚ ʤʘʣʫʶ ʦʢʨʝʩʪʥʦʩʪʴ 

ʜʨʫʛʦʡ ʢʨʘʡʥʝʡ ʪʦʯʢʠ; 

¶ ʠʩʧʦʣʴʟʫʡʪʝ ʢʣʶʯ  ʚ ʦʧʠʩʘʥʠʠ ʧʨʦʬʠʣʴʥʦʛʦ ɻʕ. 

3.4.4.6. ʉʛʣʘʞʠʚʘʥʠʝ 

ɼʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʢʨʠʚʦʡ ʠʣʠ ʝʝ ʬʨʘʛʤʝʥʪʘ ʚʳʜʝʣʠʪʝ ʥʝʦʙʭʦʜʠʤʦʝ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʠ 

ʚʳʙʝʨʠʪʝ ʪʠʧ ʩʛʣʘʞʠʚʘʥʠʷ ʠʟ ʩʧʠʩʢʘ (ʨʠʩ. 3.65) 

3.4.4.7. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʫʬʝʨʘ ʦʙʤʝʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʨʠʚʦʡ 

ʏʝʨʝʟ ʙʫʬʝʨ ʦʙʤʝʥʘ ʧʝʨʝʜʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʢʨʠʚʦʡ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ ʚ ʚʠʜʝ 

ʜʚʫʭ ʢʦʣʦʥʦʢ. ʇʝʨʚʘʷ ʢʦʣʦʥʢʘ ʩʦʜʝʨʞʠʪ ʟʥʘʯʝʥʠʝ ʘʙʩʮʠʩʩʳ, ʚʪʦʨʘʷ ï ʦʨʜʠʥʘʪʳ, ʥʘʧʨʠ-

ʤʝʨ: 

-68.9 11.7 

-66.4 8.88 

-63.9 6.98 

-61.4 6.48 

-58.9 5.99 

éé. 

ɼʣʷ ʚʚʦʜʘ ʜʘʥʥʳʭ ʠʟ ʙʫʬʝʨʘ 

¶ ʩʢʦʧʠʨʫʡʪʝ ʜʘʥʥʳʝ ʚ ʙʫʬʝʨ ʠʟ ʣʶʙʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʨʝʜʘʢʪʦʨʘ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ; 

¶ ʘʢʪʠʚʠʟʠʨʫʡʪʝ ʤʳʰʢʦʡ ʨʝʜʘʢʪʦʨ ʢʨʠʚʳʭ ʠ ʚʩʪʘʚʴʪʝ ʚ ʥʝʛʦ ʜʘʥʥʳʝ (Ctrl+V  ʠʣʠ 

Shift+Insert). 
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3.4.5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʚʠʰ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ 

3.4.5.1. ʂʦʥʩʪʨʫʢʪʦʨ 

¶ Ctrl+Alt+X  ï ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʜʝʨʝʚʦ ʵʣʝʤʝʥʪʦʚ, ʧ. 3.4.1.1. "ɼʝʨʝʚʦ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢ-

ʪʘ", c. 3-27; 

¶ F11 ï ʧʦʤʝʩʪʠʪʴ ʩʧʠʩʦʢ ʵʣʝʤʝʥʪʦʚ ʧʦʚʝʨʭ ʦʩʪʘʣʴʥʳʭ ʦʢʦʥ (ʚ ʨʝʞʠʤʝ ʦʪʜʝʣʴʥʦʛʦ ʦʢ-

ʥʘ); 

¶ F12 ï ʧʦʤʝʩʪʠʪʴ ʠʥʩʧʝʢʪʦʨ ʧʦʚʝʨʭ ʦʩʪʘʣʴʥʳʭ ʦʢʦʥ (ʚ ʨʝʞʠʤʝ ʦʪʜʝʣʴʥʦʛʦ ʦʢʥʘ). 

3.4.5.2. ʀʥʩʧʝʢʪʦʨ 

ʆʪʢʨʳʪʴ ʩʪʨʘʥʠʮʫ ʠʥʩʧʝʢʪʦʨʘ: 

¶ Ctrl+Alt+O ï ʦʙʲʝʢʪ; 

¶ Ctrl+Alt+S ï ʧʦʜʩʠʩʪʝʤʳ; 

¶ Ctrl+Alt+B ï ʪʝʣʘ; 

¶ Ctrl+Alt+G ï ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ; 

¶ Ctrl+Alt+J ï ʰʘʨʥʠʨʳ; 

¶ Ctrl+Alt+F ï ʙʠʧʦʣʷʨʥʳʝ ʩʠʣʳ; 

¶ Ctrl+Alt+M ï ʩʢʘʣʷʨʥʳʝ ʤʦʤʝʥʪʳ; 

¶ Ctrl+Alt+L ï ʣʠʥʝʡʥʳʝ ʩʠʣʳ; 

¶ Ctrl+Alt+C ï ʢʦʥʪʘʢʪʥʳʝ ʩʠʣʳ; 

¶ Ctrl+Alt+T ï T-ʩʠʣʳ; 

¶ Ctrl+Alt+A ï ʩʧʝʮʠʘʣʴʥʳʝ ʩʠʣʳ; 

¶ Ctrl+Alt+Z ï ʚʥʝʰʥʠʝ ʩʚʷʟʠ; 

¶ Ctrl+Alt+I ï ʠʥʜʝʢʩʳ; 

¶ Ctrl+Alt+P ï ʧʨʦʪʦʢʦʣ; 

¶ Ctrl+Alt+R ï ʢʦʦʨʜʠʥʘʪʳ. 

3.4.5.3. ɸʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ 

ʇʨʠ ʚʢʣʶʯʝʥʥʦʤ ʨʝʞʠʤʝ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ (ʢʥʦʧʢʘ , ʧ. 3.4.1.2.4. 

"ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ", c. 3-33) ʧʝʨʝʤʝʱʝʥʠʝ ʤʳʰʠ ʧʦ ʦʙʨʘʟʫ ʪʝʣʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʦʨʜʠʥʘʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʝʢ ʪʝʣʘ ʚ 

ʉʂ0 (ʚ ʩʪʨʦʢʝ ʩʪʘʪʫʩʘ). ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʥʘʞʘʪʠʠ ʢʣʘʚʠʰʠ Shift ʢʦʦʨʜʠʥʘʪʳ ʙʫʜʫʪ ʧʝ-

ʨʝʚʝʜʝʥʳ ʚ ʉʂ ʪʝʣʘ, ʧʨʠ ʥʘʞʘʪʠʠ ʢʣʘʚʠʰʠ Ctrl ʦʪʦʙʨʘʞʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ 

ʉʂ ʪʝʣʘ ʚ ʉʂ0. 

3.4.5.4. ʉʪʨʘʥʠʮʘ ʠʥʩʧʝʢʪʦʨʘ ʩʦ ʩʧʠʩʢʦʤ 

¶ Ctrl+Alt+GrayPlus ï ʜʦʙʘʚʠʪʴ ʥʦʚʳʡ ʵʣʝʤʝʥʪ ʩʧʠʩʢʘ;  

¶ Ctrl+Alt+GrayMinus ï ʫʜʘʣʠʪʴ ʪʝʢʫʱʠʡ ʵʣʝʤʝʥʪ ʩʧʠʩʢʘ; 

¶ Ctrl+Alt+Gray* ï ʩʢʦʧʠʨʦʚʘʪʴ ʪʝʢʫʱʠʡ ʵʣʝʤʝʥʪ ʩʧʠʩʢʘ; 

¶ Ctrl+Alt+N ï ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʤʷ ʵʣʝʤʝʥʪʘ. 
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ʊʦʣʴʢʦ ʜʣʷ ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʧʘʨʫ ʪʝʣ (ʰʘʨʥʠʨʳ, ʩʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ) 

¶ Ctrl+Alt+1 ï ʚʳʙʨʘʪʴ ʧʝʨʚʦʝ ʪʝʣʦ;  

¶ Ctrl+Alt+2 ï ʚʳʙʨʘʪʴ ʚʪʦʨʦʝ ʪʝʣʦ; 

¶ Ctrl+Alt+T ï ʥʘʟʥʘʯʠʪʴ ʪʠʧ ʵʣʝʤʝʥʪʘ. 
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3.5. ɺʚʦʜ ʜʘʥʥʳʭ 

3.5.1. ʇʦʨʷʜʦʢ ʚʚʦʜʘ ʜʘʥʥʳʭ 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʦʙʲʝʢʪʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ ʚʚʦʜʘ ʜʘʥʥʳʭ. 

 

1. ʇʦʜʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʦʙʲʝʢʪʦʤ (ʧʨʠ ʥʘʣʠʯʠʠ ʤʦʜʫʣʷ ʧʦʜʩʠʩʪʝʤ). 

ɼʣʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʩʠʩʪʝʤʳ. ʆʥʠ ʨʘʟʙʠʚʘʶʪ ʟʘʜʘʯʫ ʥʘ 

ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ (ʠ ʜʣʷ ʨʘʩʯʝʪʘ) ʧʦʜʟʘʜʘʯʠ. ɺ ʛʣʘʚʥʦʤ ʦʙʲʝʢʪʝ ʩʦʙʠʨʘʶʪʩʷ 

ʚʤʝʩʪʝ ʚʩʝ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʝ ʧʦʜʩʠʩʪʝʤʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʧʦʜʩʠʩʪʝʤʳ ʠ ʟʘʜʘ-

ʶʪʩʷ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ.  

 

2. ʊʝʣʘ, ʠʭ ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʨʘʟʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʰʘʨʥʠʨʳ  (ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʤʝʭʘʥʠʟʤʘ). 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʪʝʣ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʦʡ. ʉʥʘ-

ʯʘʣʘ ʦʧʠʩʳʚʘʶʪʩʷ ʪʝʣʘ, ʩʦʝʜʠʥʝʥʥʳʝ ʰʘʨʥʠʨʘʤʠ ʩ ʙʘʟʦʡ, ʟʘʪʝʤ ʪʝʣʘ, ʩʦʝʜʠʥʝʥʥʳʝ ʰʘʨ-

ʥʠʨʘʤʠ ʩ ʚʚʝʜʝʥʥʳʤʠ ʪʝʣʘʤʠ ʠ ʪʘʢ ʜʘʣʝʝ. ʇʨʠ ʪʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʢʠʥʝ-

ʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʙʲʝʢʪʘ ʚʩʝ ʝʛʦ ʪʝʣʘ ʙʫʜʫʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʥʝ ʪʦʣʴ-

ʢʦ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʵʣʝʤʝʥʪʘ ʦʙʲʝʢʪʘ, ʥʦ ʠ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʢʪʘ 

(ʩʤ. ʧ. 3.4.1.2.2. "ʈʝʞʠʤʳ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ", c. 3-30). ɺʘʞʥʦ ʧʦʤʥʠʪʴ ʪʦ, ʯʪʦ ʚ ʨʝʞʠʤʝ 

ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʢʪʘ ʪʝʣʦ ʧʦʷʚʣʷʝʪʩʷ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʧʫʪʴ ʦʪ ʜʘʥʥʦʛʦ ʪʝʣʘ ʢ ʙʘʟʝ ʯʝʨʝʟ ʚʚʝʜʝʥʥʳʝ ʰʘʨʥʠʨʳ. 

 

3. ʉʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ ʠ ʠʭ ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʨʘʟʳ 

ʇʨʠ ʚʚʝʜʝʥʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ʦʙʲʝʢʪʘ ʦʪʦʙʨʘʞʝʥʠʝ ʦʙʨʘʟʘ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʢʦʥʩʪʨʫʢʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʵʣʝʤʝʥʪʘ ʦʙʲ-

ʝʢʪʘ, ʪʘʢ ʠ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦ-

ʚʘʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʚʚʝʜʝʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
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3.5.2. ʄʝʪʦʜʳ ʜʦʙʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢ ʤʦʜʝʣʠ 

ʇʨʝʜʫʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʜʦʙʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢ ʤʦʜʝʣʠ. 

3.5.2.1. ʇʨʷʤʦʝ ʩʦʟʜʘʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ  

ʇʨʷʤʦʝ ʩʦʟʜʘʥʠʝ ʵʣʝʤʝʥʪʘ (ʧʦʜʩʠʩʪʝʤʳ, ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ, ʪʝʣʘ, ʰʘʨʥʠʨʘ, ʙʠʧʦ-

ʣʷʨʥʦʡ ʩʠʣʳ ʠ ʪ.ʜ.) ʠ ʟʘʜʘʥʠʝ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩʧʠʩ-

ʢʦʚ ʧʝʨʝʤʝʥʥʳʭ ʦʧʠʩʘʥʦ ʚ ʧ. 3.4.2.2. "ɺʢʣʘʜʢʠ ʩʧʠʩʢʦʚ ʦʜʥʦʪʠʧʥʳʭ ʵʣʝʤʝʥʪʦʚ", c. 3-42. 

3.5.2.2. ɼʦʙʘʚʣʝʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʪʠʧʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʢʦ-

ʤʘʥʜʳ ʦʩʥʦʚʥʦʛʦ ʤʝʥʶ  

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʪʠʧʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʪ.ʝ. ʵʣʝʤʝʥʪʘ ʩ ʥʘʟʥʘʯʝʥʥʳʤ 

ʪʠʧʦʤ) ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʘʥʜʫ ʤʝʥʶ ɼʦʙʘʚʠʪʴ ʠ ʧʦʜʤʝʥʶ ʜʣʷ ʚʳ-

ʙʦʨʘ ʵʣʝʤʝʥʪʘ ʠ ʝʛʦ ʪʠʧʘ, ʨʠʩ. 3.68. 

 

ʈʠʩ. 3.68. ɼʦʙʘʚʣʝʥʠʝ ʪʠʧʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ ʤʝʥʶ 
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3.5.2.3. ɼʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ 

 

ʈʠʩ. 3.69. ɺʢʣʘʜʢʠ ʩʦ ʩʧʠʩʢʘʤʠ ʢʦʤʧʦʥʝʥʪ 

ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʚʠʟʫʘʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʩʧʠʩʦʢ ʢʦʤʧʦ-

ʥʝʥʪ, ʨʠʩ. 3.69. ʄʝʪʦʜʠʢʘ ʦʧʠʩʘʥʘ ʚ ʧ. 3.6. "ʈʘʙʦʪʘ ʩ ʚʠʟʫʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ", c. 3-

278. 

3.5.2.4. ɼʦʙʘʚʣʝʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʪʠʧʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʜʝʨʝ-

ʚʘ ʵʣʝʤʝʥʪʦʚ 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʪʠʧ ʵʣʝʤʝʥʪʘ (ʥʘʧʨʠʤʝʨ, ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʢʪ), ʧʦ 

ʧʨʘʚʦʡ ʢʥʦʧʢʝ ʤʳʰʠ ʚʳʟʚʘʪʴ ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʠ ʚʳʧʦʣʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʦʤʘʥʜʫ, 

ʨʠʩ. 3.70. 

 

ʈʠʩ. 3.70. ɼʦʙʘʚʣʝʥʠʝ ʪʠʧʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ 

ɸʥʘʣʦʛʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʢʦʤʘʥʜʝ ʤʝʥʶ ɼʦʙʘʚʠʪʴ, ʧ. 3.3.4. "ɼʦʙʘʚʠʪʴ", 

c. 3-22. 

3.5.2.5. ɺʩʪʘʚʢʘ ʵʣʝʤʝʥʪʘ ʠʟ ʜʨʫʛʦʡ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ ʙʫʬʝʨʘ ʦʙʤʝʥʘ  

ʉʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

¶ ʦʪʢʨʦʡʪʝ ʤʦʜʝʣʴ, ʠʟ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʢʦʧʠʨʦʚʘʪʴʩʷ ʵʣʝʤʝʥʪʦʚ; 

¶ ʚʳʜʝʣʠʪʝ ʵʣʝʤʝʥʪ ʩ ʧʦʤʦʱʴʶ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ; 

¶ ʩʢʦʧʠʨʫʡʪʝ ʵʣʝʤʝʥʪ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ ʩ ʧʦʤʦʱʴʶ  
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ʘ) ʢʦʤʘʥʜʳ ʤʝʥʶ ʇʨʘʚʢʘ | ʂʦʧʠʨʦʚʘʪʴ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ ʠʣʠ ʢʥʦʧʢʠ  ʥʘ ʧʘʥʝʣʠ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʢʦʧʠʨʦʚʘʥʠʠ ʙʝʟ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ, 

ʙ) ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ ʤʝʥʶ ʇʨʘʚʢʘ | ɺ ʙʫʬʝʨ ʢʘʢ ʢʦʤʧʦʥʝʥʪʫ ʠʣʠ ʢʥʦʧʢʠ  ʥʘ 

ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʢʦʧʠʨʦʚʘʥʠʠ ʚʤʝʩʪʝ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ (ʝʩʣʠ ʵʣʝʤʝʥʪʫ 

ʥʘʟʥʘʯʝʥ ɻʆ); 

¶ ʧʝʨʝʡʜʠʪʝ ʢ ʤʦʜʝʣʠ, ʢ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ ʵʣʝʤʝʥʪ ʠ ʚʳʧʦʣʥʠʪʝ ʢʦʤʘʥʜʫ ʤʝʥʶ 

ʇʨʘʚʢʘ | ɺʩʪʘʚʠʪʴ ʠʣʠ ʱʝʣʢʥʠʪʝ ʥʘ ʢʥʦʧʢʝ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ; 

¶ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʢʦʨʨʝʢʪʠʨʫʡʪʝ ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʜʦʙʘʚʣʷʝʤʳʭ ʚʤʝʩʪʝ 

ʩ ʵʣʝʤʝʥʪʦʤ. 

3.5.2.6. ɺʩʪʘʚʢʘ ʵʣʝʤʝʥʪʘ ʠʟ ʜʨʫʛʦʡ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ ʬʘʡʣʘ  

ʉʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

¶ ʦʪʢʨʦʡʪʝ ʤʦʜʝʣʴ, ʠʟ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʢʦʧʠʨʦʚʘʪʴʩʷ ʵʣʝʤʝʥʪʦʚ; 

¶ ʚʳʜʝʣʠʪʝ ʵʣʝʤʝʥʪ ʩ ʧʦʤʦʱʴʶ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ; 

¶ ʩʢʦʧʠʨʫʡʪʝ ʵʣʝʤʝʥʪ ʚ ʬʘʡʣ ʩ ʧʦʤʦʱʴʶ  

ʘ) ʢʦʤʘʥʜʳ ʤʝʥʶ ʇʨʘʚʢʘ | ʂʦʧʠʨʦʚʘʪʴ ʚ ʬʘʡʣ ʠʣʠ ʢʥʦʧʢʠ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ ʧʨʠ ʢʦʧʠʨʦʚʘʥʠʠ ʙʝʟ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ, 

ʙ) ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ ʤʝʥʶ ʇʨʘʚʢʘ | ʉʦʭʨʘʥʠʪʴ ʢʘʢ ʢʦʤʧʦʥʝʥʪʫ ʠʣʠ ʢʥʦʧʢʠ  ʥʘ 

ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʢʦʧʠʨʦʚʘʥʠʠ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ (ʝʩʣʠ ʵʣʝʤʝʥʪʫ ʥʘʟʥʘʯʝʥʠʠ 

ɻʆ); 

¶ ʦʪʢʨʦʡʪʝ ʤʦʜʝʣʴ, ʢ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ ʵʣʝʤʝʥʪ ʠ ʚʳʧʦʣʥʠʪʝ ʢʦʤʘʥʜʫ ʤʝʥʶ 

ʇʨʘʚʢʘ | ʇʨʦʯʠʪʘʪʴ ʠʟ ʬʘʡʣʘ ʠʣʠ ʢʥʦʧʢʠ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ; 

¶ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʢʦʨʨʝʢʪʠʨʫʡʪʝ ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʜʦʙʘʚʣʷʝʤʳʭ ʚʤʝʩʪʝ 

ʩ ʵʣʝʤʝʥʪʦʤ. 

3.5.2.7. ʉʣʠʷʥʠʝ ʤʦʜʝʣʝʡ 

ʈʘʥʝʝ ʩʦʟʜʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʮʝʣʠʢʦʤ ʚʢʣʶʯʝʥʘ ʚ ʜʨʫʛʫʶ ʤʦʜʝʣʴ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʦʪʢʨʦʡʪʝ ʚʢʣʶʯʘʝʤʫʶ ʤʦʜʝʣʴ ʚ ʧʨʦʛʨʘʤʤʝ ʚʚʦʜʘ ʠ ʩʦʭʨʘʥʠʪʝ ʚ ʬʘʡʣ ʩ ʣʶʙʳʤ ʠʤʝʥʝʤ ʠ 

ʨʘʩʰʠʨʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ ʤʝʥʶ ʌʘʡʣ | ʉʦʭʨʘʥʠʪʴ ʢʘʢ ʢʦʤʧʦʥʝʥʪʫ ʠʣʠ ʢʥʦʧʢʠ 

 ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ.  

ɿʘʪʝʤ ʦʪʢʨʦʡʪʝ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʫʶ ʥʘʜʦ ʚʢʣʶʯʠʪʴ ʧʝʨʚʫʶ ʠ ʧʨʦʯʠʪʘʡʪʝ ʩʦʭʨʘʥʝʥʥʳʡ 

ʬʘʡʣ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ ʤʝʥʶ ʇʨʘʚʢʘ | ʇʨʦʯʠʪʘʪʴ ʠʟ ʬʘʡʣʘ ʠʣʠ ʢʥʦʧʢʠ  ʥʘ ʧʘʥʝʣʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. 
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3.5.3. ɺʚʦʜ ʧʦʜʩʠʩʪʝʤ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʤʦʜʝ-

ʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʨʝʣʴʩʦʚʳʡ ʵʢʠʧʘʞ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʩʦʩʪʘʚ, ʘʚʪʦʧʦʝʟʜ ʠ ʪ.ʜ. (ʩʤ. ɻʣʘʚʫ 2, 

ʧ. ʇʦʜʩʠʩʪʝʤʳ). ʇʦʜʩʠʩʪʝʤʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʫʧʨʫʛʠʝ ʪʝʣʘ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʩʦ-

ʩʪʘʚ ʤʦʜʝʣʠ. ɼʘʥʥʳʡ ʪʠʧ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʳʤ ʚ UM, ʝʩʣʠ ʤʦʜʫʣʴ UM Subsystems ʚʢʣʶʯʝʥ 

ʚ ʢʦʥʬʠʛʫʨʘʮʠʶ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʬʘʢʪ ʚʢʣʶʯʝʥʠʷ ʵʪʦʛʦ ʤʦʜʫʣʷ, ʠʩʧʦʣʴʟʫʡʪʝ 

ʢʦʤʘʥʜʫ ʤʝʥʶ ʇʦʤʦʱʴ | ʆ ʧʨʦʛʨʘʤʤʝ, ʨʠʩ. 3.71. 

  

ʈʠʩ. 3.71. ʇʨʠʟʥʘʢ ʥʘʣʠʯʠʷ ʤʦʜʫʣʷ UM Subsystems ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ 
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3.5.3.1. ʉʦʟʜʘʥʠʝ ʧʦʜʩʠʩʪʝʤʳ 

 

ʈʠʩ. 3.72. ɺʳʙʦʨ ʪʠʧʘ ʧʦʜʩʠʩʪʝʤʳ 

ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʧʦʜʩʠʩʪʝʤʫ ʥʘʞʤʠʪʝ ʥʘ ʢʥʦʧʢʫ . ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʢʦʧʠʶ ʩʫʱʝʩʪʚʫʶ-

ʱʝʡ ʧʦʜʩʠʩʪʝʤʳ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ . ɼʣʷ ʫʜʘʣʝʥʠʷ ʪʝʢʫʱʝʡ ʧʦʜʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʡʪʝ 

ʢʥʦʧʢʫ . ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʧʦʜʩʠʩʪʝʤʳ ʚʳʙʝʨʠʪʝ ʝʝ ʪʠʧ, ʨʠʩ. 3.72. ʇʦʜʩʠʩʪʝʤʳ 

ʙʳʚʘʶʪ ʪʨʝʭ ʪʠʧʦʚ: ʚʢʣʶʯʝʥʥʳʝ, ʚʥʝʰʥʠʝ ʠ ʩʧʝʮʠʘʣʴʥʳʝ. ʉʧʝʮʠʘʣʴʥʳʝ ʧʦʜʩʠʩʪʝʤʳ ï 

ʵʪʦ ʚʢʣʶʯʝʥʥʳʝ ʠʣʠ ʚʥʝʰʥʠʝ ʧʦʜʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʝʡ 

ʣʦʢʦʤʦʪʠʚʦʚ (ʢʦʣʝʩʥʘʷ ʧʘʨʘ), ʛʫʩʝʥʠʯʥʳʭ ʤʘʰʠʥ (ʛʫʩʝʥʠʮʘ), ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ, ʚʢʣʶ-

ʯʘʶʱʠʭ ʫʧʨʫʛʠʝ ʪʝʣʘ ʠ ʪ.ʜ. ʈʘʙʦʪʘ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ 

ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʷʭ ʨʫʢʦʚʦʜʩʪʚʘ, ʧʦʩʚʷʱʝʥʥʳʭ ʢʦʥʢʨʝʪʥʳʤ ʤʦʜʫʣʷʤ UM, ʧʦʵʪʦʤʫ ʜʘʣʝʝ 

ʦʧʠʩʘʥʘ ʨʘʙʦʪʘ ʩ ʧʦʜʩʠʩʪʝʤʘʤʠ ʧʝʨʚʳʭ ʜʚʫʭ ʪʠʧʦʚ (ʚʥʝʰʥʠʝ ʠ ʚʢʣʶʯʝʥʥʳʝ).  

ʇʦʩʣʝ ʚʳʙʦʨʘ ʪʠʧʘ ʧʦʜʩʠʩʪʝʤʳ ʧʦʷʚʣʷʝʪʩʷ ʜʠʘʣʦʛ ʚʳʙʦʨʘ ʧʘʧʢʠ ʟʘʜʘʯʠ, ʢʦʪʦʨʫʶ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʦʙʠʨʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʩʠʩʪʝʤʳ ʚ ʪʝʢʫʱʝʤ ʩʦʩʪʘʚʥʦʤ ʦʙʲ-

ʝʢʪʝ. 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʥʝʰʥʝʡ ʠ ʚʢʣʶʯʝʥʥʦʡ ʧʦʜʩʠʩʪʝʤ ʧʦʯʪʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ: ʧʦʣʦʞʝʥʠʝ ʧʦʜʩʠʩʪʝʤʳ, ʧ. 3.5.4. "ʉʪʘʥʜʘʨʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʟʘʜʘʥʠʷ ʧʦʣʦʞʝ-

ʥʠʷ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ", c. 3-105, ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʦʜʩʠ-

ʩʪʝʤʝ, ʧ. 3.4.3. "ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ", c. 3-78, ʢʦʤʤʝʥʪʘʨʠʡ ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʦʜʩʠ-

ʩʪʝʤʳ, ʠʤʝʥʫʶʱʠʡ ʧʦʜʩʠʩʪʝʤʫ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ (ʨʠʩ. 3.73). ɺʥʝʰʥʷʷ ʧʦʜ-

ʩʠʩʪʝʤʘ, ʢʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪ ʝʱʝ ʦʜʠʥ ʧʘʨʘʤʝʪʨ ï ʵʪʦ ʇʨʝʜʦʢ, ʠʣʠ ʧʫʪʴ ʢ ʧʘʧʢʝ, ʩʦʜʝʨʞʘ-

ʱʝʡ ʧʦʜʩʠʩʪʝʤʫ-ʧʨʝʜʢʘ. ʏʪʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚʥʝʰʥʶʶ ʧʦʜʩʠʩʪʝʤʫ ʚʦ ʚʢʣʶʯʝʥʥʫʶ, 

ʥʫʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʥʦʧʢʦʡ ʥʘ ʟʘʢʣʘʜʢʝ ʆʙʱʠʝ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-98 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.73. ɿʘʢʣʘʜʢʠ ʠʥʩʧʝʢʪʦʨʘ ʜʣʷ ʧʦʜʩʠʩʪʝʤ: ʘ) ʟʘʢʣʘʜʢʘ ʆʙʱʠʝ ʜʣʷ ʚʢʣʶʯʝʥʥʦʡ ʧʦʜʩʠ-

ʩʪʝʤʳ; ʙ) ʟʘʢʣʘʜʢʘ ʆʙʱʠʝ ʜʣʷ ʚʥʝʰʥʝʡ ʧʦʜʩʠʩʪʝʤʳ; ʚ) ʟʘʢʣʘʜʢʘ ʇʦʣʦʞʝʥʠʝ, ʛ) ʟʘʢʣʘʜʢʘ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ. 

3.5.3.2. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʚ ʧʦʜʩʠʩʪʝʤʫ 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʚ ʧʦʜʩʠʩʪʝʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ 

¶ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʜʝʨʝʚʘ ʧʦʜʩʠʩʪʝʤ; 

¶ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʦʥʝʥʪʳ, ʧʦʜʢʣʶʯʘʝʤʦʡ ʢ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʧʦʜʩʠʩʪʝʤʳ (ʧʨʠʤʝʨ: ʧʦʜ-

ʩʠʩʪʝʤʳ ʧʦʜʚʝʩʢʠ ʛʫʩʝʥʠʯʥʦʡ ʤʘʰʠʥʳ, ʩʤ. ɻʣʘʚʫ 18). 

 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ʚ ʩʦʙʩʪʚʝʥʥʫʶ ʧʦʜʩʠʩʪʝʤʫ ʩʣʝʜʫʝʪ ʧʝʨʝʡʪʠ ʥʘ ʚʢʣʘʜʢʫ 

ʆʙʲʝʢʪ ʠʥʩʧʝʢʪʦʨʘ ʠ ʱʝʣʢʥʫʪʴ ʥʘ ʢʥʦʧʢʝ ʇʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʧʦʜʩʠʩʪʝʤʫ, ʨʠʩ. 3.74. ʇʦʩʣʝ 

ʵʪʦʛʦ ʚʩʝ ʵʣʝʤʝʥʪʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʤʦʜʝʣʠ, ʙʫʜʫʪ ʫʜʘʣʝʥʳ ʠʟ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʳ ʚ ʧʦʜʩʠʩʪʝʤʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʝʜʠʥʩʪʚʝʥʥʫʶ ʧʦʜʩʠʩʪʝʤʫ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ ʪʦʞʜʝʩʪʚʝʥʥʦ ʦʧʠʩʘʥʠʶ ʤʦʜʝʣʠ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ. 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-99 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.74. ʂʥʦʧʢʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠ ̫ʤʦʜʝʣʠ ʚ ʧʦʜʩʠʩʪʝʤʫ 

3.5.3.3. ʅʘʩʪʨʦʡʢʘ ʩʚʷʟʝʡ ʩ ʧʦʜʩʠʩʪʝʤʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥ-

ʪʦʚ 

ʉʦʝʜʠʥʠʪʴ ʰʘʨʥʠʨʘʤʠ ʠ/ʠʣʠ ʩʠʣʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʝʣʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʩʠʩʪʝʤ ʤʦʞʥʦ 

ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ:  

1. ʩʦʟʜʘʚʘʷ ʥʫʞʥʳʡ ʵʣʝʤʝʥʪ (ʰʘʨʥʠʨ, ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ) ʚ ʛʦʣʦʚʥʦʤ ʦʙʲʝʢʪʝ ʠ ʥʘʟʥʘʯʠʪʴ 

ʝʤʫ ʦʜʥʦ ʠʣʠ ʦʙʘ ʪʝʣʘ ʠʟ ʧʦʜʩʠʩʪʝʤ;  

2. ʠʩʧʦʣʴʟʫʷ ʚʥʝʰʥʠʝ ʵʣʝʤʝʥʪʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʦʜʩʠʩʪʝʤ (ʩʤ. ʧ. 3.5.11.1. "ʅʘʟʥʘʯʝʥʠʝ 

ʵʣʝʤʝʥʪʫ ʧʘʨʳ ʪʝʣ", c. 3-202).  

3.5.3.3.1. ɺʥʝʰʥʠʝ ʵʣʝʤʝʥʪʳ. ɸʚʪʦʦʧʨʝʜʝʣʝʥʠʝ 

  

ʈʠʩ. 3.75. ʇʨʠʤʝʨ ʚʥʝʰʥʝʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

ɺʥʝʰʥʠʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʰʘʨʥʠʨ ʠʣʠ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ, ʦʧʠʩʘʥʥʳʡ ʚ ʧʦʜʩʠʩʪʝ-

ʤʝ, ʫ ʢʦʪʦʨʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʪʝʣʘ ʥʘʟʥʘʯʝʥ ʧʨʠʟʥʘʢ External (ʚʥʝʰʥʠʡ), ʨʠʩ. 3.75. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʪʦʨʦʝ ʪʝʣʦ ʧʨʠʥʘʜʣʝʞʠʪ ʜʨʫʛʦʡ ʧʦʜʩʠʩʪʝʤʝ ʠʣʠ ʛʦʣʦʚʥʦʤʫ ʦʙʲʝʢʪʫ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-100 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʙʳʩʪʨʦʛʦ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʚ ʚʠʜʝ 

ʜʝʨʝʚʘ ʧʦʜʩʠʩʪʝʤ. 

ɺ ʚʳʰʝʩʪʦʷʱʝʡ ʧʦʜʩʠʩʪʝʤʝ ʠʣʠ ʚ ʛʦʣʦʚʥʦʤ ʦʙʲʝʢʪʝ ʚʪʦʨʦʝ ʪʝʣʦ ʥʘʟʥʘʯʘʝʪʩʷ ʚʥʝʰʥʝ-

ʤʫ ʵʣʝʤʝʥʪʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʯʝʢ ʩʚʷʟʝʡ, ʩʤ. ʧ. 3.5.3.3.2. "ʅʘʟʥʘʯʝʥʠʝ ʚʥʝʰʥʠʤ ʵʣʝ-

ʤʝʥʪʘʤ ʚʪʦʨʦʛʦ ʪʝʣʘ", c. 3-100. 

ɿʘʤʝʯʘʥʠʝ 1. ɺʥʝʰʥʠʝ ʵʣʝʤʝʥʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʥʘʟʥʘʯʝʥʦ ʚʪʦʨʦʝ ʪʝʣʦ, ʠʛʥʦʨʠʨʫʶʪʩʷ, 

ʪʦ ʝʩʪʴ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʦʙʲʝʢʪʘ. 

ɿʘʤʝʯʘʥʠʝ 2. ɺʤʝʩʪʦ ʚʥʝʰʥʠʭ ʰʘʨʥʠʨʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʚʚʝʜʝʥʠʷ 

ʚ ʧʦʜʩʠʩʪʝʤʝ ʬʠʢʪʠʚʥʦʛʦ ʪʝʣʘ, ʧ. 3.5.3.3.3. "ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʢʪʠʚʥʦʛʦ ʪʝ-

ʣʘ ʚʤʝʩʪʦ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ", c. 3-102. 

ʈʝʞʠʤ ʘʚʪʦʦʧʨʝʜʝʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ 

ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʩ ʚʥʝʰʥʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʨʠ ʚʢʣʶʯʝʥʥʦʤ ʨʝʞʠʤʝ (ʨʠʩ. 3.75) ʢʦʦʨʜʠʥʘʪʳ 

ʪʦʯʢʠ ʧʨʠʢʨʝʧʣʝʥʠʷ ʢʦ ʚʪʦʨʦʤʫ ʪʝʣʫ ʟʘʜʘʶʪʩʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʝʨʚʦʛʦ ʪʝʣʘ ʧʨʠ ʥʫ-

ʣʝʚʳʭ ʟʥʘʯʝʥʠʷʭ ʚʩʝʭ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ. ʇʦʵʪʦʤʫ ʢʦʦʨʜʠʥʘʪʳ ʚʪʦʨʦʡ ʪʦʯʢʠ ʤʦʛʫʪ ʟʘ-

ʜʘʚʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʜʩʠʩʪʝʤʝ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʘʥ ʚʥʝʰʥʠʡ ʵʣʝʤʝʥʪ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʛʘʩʠʪʝʣʴ, ʧʨʠʢʨʝʧʣʝʥʥʳʡ ʦʜʥʦʤ ʢʦʥʮʦʤ ʢ ʙʫʢʩʝ ʢʦ-

ʣʝʩʥʦʡ ʧʘʨʳ, ʘ ʜʨʫʛʠʤ ï ʢ ʨʘʤʝ ʪʝʣʝʞʢʠ, ʨʠʩ. 3.76. ɻʘʩʠʪʝʣʴ ʦʧʠʩʘʥ ʚ ʧʦʜʩʠʩʪʝʤʝ, ʢʦʪʦʨʘʷ 

ʥʝ ʩʦʜʝʨʞʠʪ ʨʘʤʫ, ʧʦʵʪʦʤʫ ʚʪʦʨʦʝ ʪʝʣʦ ï ʚʥʝʰʥʝʝ. ʇʦʩʢʦʣʴʢʫ ʚʢʣʶʯʝʥ ʨʝʞʠʤ ʘʚʪʦʦʧʨʝ-

ʜʝʣʝʥʠʷ, ʪʦ ʜʣʷ ʟʘʜʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʚʪʦʨʦʛʦ ʢʦʥʮʘ ʵʣʝʤʝʥʪʘ ʜʦʩʪʘʪʦʯʥʦ ʟʘʜʘʪʴ ʟʘʨʘʥʝʝ ʠʟ-

ʚʝʩʪʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʵʪʦʡ ʪʦʯʢʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʙʫʢʩʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝ ʥʘʜʦ ʟʘʜʘʚʘʪʴ 

ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʨʠʢʨʝʧʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʨʘʤʳ: ʦʥʠ ʙʫʜʫʪ ʨʘʩʩʯʠʪʘʥʳ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʠ. 

      

ʈʠʩ. 3.76. ʇʨʠʤʝʨ ʚʥʝʰʥʝʛʦ ʙʠʧʦʣʷʨʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʚʢʣʶʯʝʥʥʳʤ ʨʝʞʠʤʦʤ ʘʚ-

ʪʦʦʧʨʝʜʝʣʝʥʠʷ 

3.5.3.3.2. ʅʘʟʥʘʯʝʥʠʝ ʚʥʝʰʥʠʤ ʵʣʝʤʝʥʪʘʤ ʚʪʦʨʦʛʦ ʪʝʣʘ 

ɼʣʷ ʟʘʜʘʥʠʷ ʚʪʦʨʦʛʦ ʪʝʣʘ ʚʥʝʰʥʠʤ ʵʣʝʤʝʥʪʘʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʢʣʘʜʢʘ ʠʥʩʧʝʢʪʦʨʘ 

ɺʥʝʰʥʠʝ ʩʚʷʟʠ. ɺʢʣʘʜʢʘ ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʚʩʝʭ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʩʠʩʪʝʤ, ʢʦʪʦʨʳʤ 

ʥʝ ʥʘʟʥʘʯʝʥʳ ʚʪʦʨʳʝ ʪʝʣʘ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-101 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

  

ʈʠʩ. 3.77. ʇʨʠʤʝʨ ʩʧʠʩʢʘ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʥʝʟʘʜʘʥʥʳʤʠ ʚʪʦʨʳʤʠ ʪʝʣʘʤʠ 

ɼʣʷ ʥʘʟʥʘʯʝʥʠʷ ʚʪʦʨʦʛʦ ʪʝʣʘ ʚʥʝʰʥʠʤ ʵʣʝʤʝʥʪʘʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʠʝʤʳ. 

1. ɺʥʝʰʥʠʡ ʵʣʝʤʝʥʪ ʙʝʟ ʘʚʪʦʦʧʨʝʜʝʣʝʥʠʷ. 

¶ ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʟʥʘʯʠʪʴ ʪʦʯʢʫ ʩʚʷʟʠ ʪʝʣʫ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʥʘʟʥʘʯʝʥʦ ʵʣʝʤʝʥʪʫ ʚ ʢʘ-

ʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʪʝʣʘ, ʧ. 3.5.9.6. "ʊʦʯʢʠ ʩʚʷʟʠ", c. 3-168. ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʜʦʣʞʥʳ ʩʦ-

ʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʣʦʞʝʥʠʶ ʧʨʠʢʨʝʧʣʝʥʠʷ ʵʣʝʤʝʥʪʘ.  

¶ ɺʳʜʝʣʠʪʝ ʵʣʝʤʝʥʪ ʚ ʩʧʠʩʢʝ. ɽʩʣʠ ʵʣʝʤʝʥʪʫ ʥʘʟʥʘʯʝʥ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ, ʪʦ ʦʥ ʚʳʜʝ-

ʣʠʪʩʷ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ. ʇʨʠ ʚʠʟʫʘʣʴʥʦʤ ʟʘʜʘʥʠʠ ʪʦʯʢʠ ʩʚʷʟʠ ʱʝʣʢʥʠʪʝ ʤʳʰʢʦʡ 

ʥʘ ʦʙʨʘʟʝ ʵʪʦʡ ʪʦʯʢʠ, ʨʠʩ. 3.78. ʇʨʠ ʚʳʙʦʨʝ ʠʟ ʩʧʠʩʢʘ ʪʦʯʝʢ ʩʚʷʟʠ ʜʚʘʞʜʳ ʱʝʣʢʥʠʪʝ 

ʥʘ ʩʪʨʦʢʝ ʩʧʠʩʢʘ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʚʳʧʦʣʥʠʪʝ ʢʦʤʘʥʜʫ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ 

ʅʘʟʥʘʯʠʪʴ ʪʦʯʢʫ, ʨʠʩ. 3.79. ʉʧʠʩʦʢ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʥʩʧʝʢʪʦʨʝ ʟʘʤʝʥʠʪʩʷ ʥʘ 

ʩʧʠʩʦʢ ʪʦʯʝʢ ʩʚʷʟʝʡ, ʨʠʩ. 3.80. ʑʝʣʯʢʦʤ ʤʳʰʠ ʥʘʟʥʘʯʴʪʝ ʥʫʞʥʫʶ ʪʦʯʢʫ.  

  

ʈʠʩ. 3.78. ɾʝʣʪʳʝ ʪʦʯʢʠ ʦʙʦʟʥʘʯʘʶʪ ʪʦʯʢʠ ʩʚʷʟʠ 

  

ʈʠʩ. 3.79. ʂʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʩʧʠʩʢʘ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-102 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

  

ʈʠʩ. 3.80. ʉʧʠʩʦʢ ʪʦʯʝʢ ʩʚʷʟʝʡ 

2. ɺʥʝʰʥʠʡ ʵʣʝʤʝʥʪ ʩ ʘʚʪʦʦʧʨʝʜʝʣʝʥʠʝʤ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʥʘʟʥʘʯʝʥʠʷ ʪʝʣʘ ʜʣʷ ʚʥʝʰʥʝʛʦ ʵʣʝʤʝʥʪʘ ʩ ʘʚʪʦʦʧʨʝʜʝʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʵʣʝʤʝʥʪʫ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥʘ ʣʶʙʘʷ ʪʦʯʢʘ ʩʚʷʟʠ ʪʝʣʘ, ʧʦʩʢʦʣʴʢʫ ʢʦʦʨʜʠ-

ʥʘʪʳ ʪʦʯʢʠ ʧʨʠʢʨʝʧʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʢʦ ʚʪʦʨʦʤʫ ʪʝʣʫ ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʢʦ-

ʦʨʜʠʥʘʪʘʤ, ʟʘʜʘʥʥʳʤ ʚ ʧʦʜʩʠʩʪʝʤʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʚʥʝʰʥʠʭ 

ʵʣʝʤʝʥʪʦʚ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʪʝʣʫ ʧʦʥʘʜʦʙʠʪʩʷ ʚʩʝʛʦ ʣʠʰʴ ʦʜʥʘ ʪʦʯʢʘ ʩʚʷʟʠ. ʇʨʠ ʵʪʦʤ 

ʜʝʡʩʪʚʠʷ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʚʪʦʨʦʛʦ ʪʝʣʘ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʫʥʢʪʝ. 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʩʝ ʚʥʝʰʥʠʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʢʣʶʯ ʘʚʪʦʦʧʨʝʜʝʣʝʥʠʷ, ʠ ʩʚʷʟʘ-

ʥʳ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʚʪʦʨʳʤ ʪʝʣʦʤ, ʫʜʦʙʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʤʘʥʜʦʡ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ 

ʅʘʟʥʘʯʠʪʴ ʚʩʝʤ, ʨʠʩ. 3.79, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʣʠʚ ʦʜʠʥ (ʣʶʙʦʡ) ʵʣʝʤʝʥʪ ʩʧʠʩʢʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʘʟʥʘʯʝʥʠʝ ʚʩʝʭ ʚʥʝʰʥʠʭ ʩʚʷʟʝʡ ʚʳʧʦʣʥʷʝʪʩʷ ʦʜʥʦʡ ʦʧʝʨʘʮʠʝʡ! 

ɿʘʤʝʯʘʥʠʝ.  ɺʥʝʰʥʠʝ ʵʣʝʤʝʥʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʥʘʟʥʘʯʝʥʦ ʚʪʦʨʦʝ ʪʝʣʦ, ʠʛʥʦʨʠʨʫʶʪʩʷ, 

ʪʦ ʝʩʪʴ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʦʙʲʝʢʪʘ. 

3.5.3.3.3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʢʪʠʚʥʦʛʦ ʪʝʣʘ ʚʤʝʩʪʦ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʣʫʯʘʝ ʚʢʣʶʯʝʥʥʳʭ ʧʦʜʩʠʩʪʝʤ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ 

ʚʚʝʜʝʥʠʝ ʬʠʢʪʠʚʥʦʛʦ ʪʝʣʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʤʝʪʦʜʠʢʘ. 

1. ʂ ʧʦʜʩʠʩʪʝʤʝ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ  ʜʦʙʘʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʪʝʣʦ ʩ ʰʝʩʪʴʶ ʩʪʝ-

ʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʠʩʧʦʣʴʟʫʷ ʚʥʫʪʨʝʥʥʠʡ ʰʘʨʥʠʨ (ʧ. 3.5.9.3. "ɺʥʫʪʨʝʥʥʠʡ (ʩʢʨʳʪʳʡ) 

ʰʘʨʥʠʨ ʪʝʣʘ", c. 3-165), ʨʠʩ. 3.81. ʀʥʝʨʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨʳ ʪʝʣʘ ʦʩʪʘʶʪʩʷ ʥʫʣʝʚʳʤʠ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-103 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

  

ʈʠʩ. 3.81. ɼʦʙʘʚʣʝʥʠʝ ʪʝʣʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʰʘʨʥʠʨʦʤ 

2. ʉ ʵʪʠʤ ʪʝʣʦʤ ʩʦʝʜʠʥʷʶʪʩʷ ʚʩʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʚʥʝʰʥʠʤ ʪʝʣʦʤ, ʥʘʭʦʜʷ-

ʱʠʤʩʷ ʚ ʜʝʨʝʚʝ ʦʙʲʝʢʪʘ ʚʳʰʝ ʜʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ. 

3. ɺ ʧʦʜʩʠʩʪʝʤʝ ʚʥʝʰʥʝʛʦ ʪʝʣʘ ʬʠʢʪʠʚʥʦʝ ʪʝʣʦ ʞʝʩʪʢʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʚʥʝʰʥʠʤ ʪʝʣʦʤ ʩ 

ʧʦʤʦʱʴʶ ʰʘʨʥʠʨʘ ʩ ʥʫʣʝʚʳʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ɼʣʷ ʵʪʦʛʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʘʨʥʠʨ ʦʙʦʙʱʝʥʥʦʛʦ ʪʠʧʘ ʩ ʦʜʥʠʤ ʵʣʝʤʝʥʪʘʨʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʪʠ-

ʧʘ tc (ʧʦʩʪʦʷʥʥʳʡ ʩʜʚʠʛ), ʨʠʩ. 3.82. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʘʢʞʝ ʚʚʦʜʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʡ ʧʦʚʦʨʦʪ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʠʧʘ rc ʠʣʠ rt. ʉʜʚʠʛ ʠ ʧʦʚʦ-

ʨʦʪ ʧʦʟʚʦʣʷʶʪ ʟʘʜʘʪʴ ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʜʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʣʦʚʥʦʛʦ ʦʙʲʝʢ-

ʪʘ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʬʠʢʪʠʚʥʦʝ ʪʝʣʦ ʞʝʩʪʢʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʚʥʝʰʥʠʤ ʪʝʣʦʤ, ʚʥʫʪʨʝʥʥʠʡ 

ʰʘʨʥʠʨ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʛʥʦʨʠʨʫʝʪʩʷ, ʝʩʣʠ ʧʦʜʩʠʩʪʝʤʘ, ʩʦ-

ʜʝʨʞʘʱʘʷ ʬʠʢʪʠʚʥʦʝ ʪʝʣʦ, ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʥʦʡ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-104 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

  

ʈʠʩ. 3.82. ʐʘʨʥʠʨ, ʞʝʩʪʢʦ ʩʚʷʟʳʚʘʶʱʠʡ ʨʘʤʫ ʩ ʬʠʢʪʠʚʥʳʤ ʪʝʣʦʤ, ʟʘʜʘʥʥʳʤ ʚ ʧʦʜʩʠʩʪʝ-

ʤʝ 

ʌʠʢʪʠʚʥʳʝ ʪʝʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʤʦʜʫʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʫʩʝʥʠʯʥʳʭ ʤʘʰʠʥ 

ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʦʜʩʠʩʪʝʤ ʧʦʜʚʝʩʢʠ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-105 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.4. ʉʪʘʥʜʘʨʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʟʘʜʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

 

ʈʠʩ. 3.83 ɿʘʜʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʉʂ 

ʉʪʘʥʜʘʨʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʣʦʢʘʣʴ-

ʥʦʡ ʉʂ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0, ʉʂ ʪʝʣʘ ʠʣʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʢʦʦʨ-

ʜʠʥʘʪ ʩ ʥʘʯʘʣʦʤ ʚ ʪʦʯʢʝ ʆ (ʉʂʆ). ʊʨʝʙʫʝʪʩʷ ʟʘʜʘʪʴ ʧʦʣʦʞʝʥʠʝ ʉʂɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂʆ. 

ɼʣʷ ʵʪʦʛʦ ʚʦʜʠʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʉʂ ʩ ʥʘʯʘʣʦʤ ʚ ʪʦʯʢʝ ɸ (ʉʂɸ), ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʡ 

ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂʆ ʟʘʜʘʝʪʩʷ ʚʝʢʪʦʨʦʤ ʩʜʚʠʛʘ ”, ʘ ʦʨʠʝʥʪʘʮʠʷ ï ʩ 

ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʚʦʨʦʪʦʚ. ɿʘʪʝʤ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂɸ ʟʘ-

ʜʘʝʪʩʷ ʚʝʢʪʦʨʦʤ ”. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʠ ʉʂɸ ʠ ʉʂɺ ʧʘʨʘʣʣʝʣʴʥʳ. ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʢʦ-

ʛʜʘ ” π, ʉʂɺ ʩʦʚʧʘʜʘʝʪ ʩ ʉʂɸ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʜʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʉʂɸ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʠʥʦʛʜʘ ʩʜʚʠʛʠ, ʦʧʨʝ-

ʜʝʣʷʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ɺ, ʫʜʦʙʥʦ ʟʘʜʘʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʞʝ ʨʘʟʚʝʨʥʫʪʳʭ ʦʩʝʡ (ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʉʂɸ). 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-106 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.84 ʀʥʪʝʨʬʝʡʩ ʟʘʜʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʉʂ 

ʉʪʘʥʜʘʨʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʟʘʜʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 3.84. ɼʘʥʥʳʝ ʚʥʦʩʷʪʩʷ 

ʚ ʪʨʠ ʛʨʫʧʧʳ. 

- ʉʜʚʠʛ. ɿʘʜʘʶʪʩʷ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ” ʚ ʉʂʆ, ʪʦ ʝʩʪʴ ʩʜʚʠʛʠ ʪʦʯʢʠ ɸ ʚʜʦʣʴ ʦʩʝʡ 

ʉʂʆ. 

- ʇʦʚʦʨʦʪ. ɿʘʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʦ ʪʨʝʭ ʧʦʚʦʨʦʪʦʚ, ʟʘʜʘʶʱʘʷ ʦʨʠʝʥʪʘʮʠʶ 

ʉʂɸ ʠ ʉʂɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂʆ. ʋʛʣʳ ʧʦʚʦʨʦʪʘ ʟʜʝʩʴ ʠʟʤʝʨʷʶʪʩʷ ʚ ʛʨʘʜʫʩʘʭ. 

- ʉʜʚʠʛ ʧʦʩʣʝ ʧʦʚʦʨʦʪʘ. ɿʘʜʘʶʪʩʷ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ  ” ʚ ʉʂɸ, ʪʦ ʝʩʪʴ ʩʜʚʠʛʠ ʪʦʯʢʠ 

ɺ ʚʜʦʣʴ ʦʩʝʡ ʉʂA. 

ʇʨʠ ʥʘʣʠʯʠʠ ʢʥʦʧʢʠ ɺʠʟʫʘʣʴʥʳʡ ʚʳʙʦʨ ʚʦʟʤʦʞʥʦ ʥʘʟʥʘʯʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʉʂɸ ʩ ʧʦ-

ʤʦʱʴʶ ʚʳʙʦʨʘ ʟʘʨʘʥʝʝ ʥʘʟʥʘʯʝʥʥʦʡ ʦʜʥʦʤʫ ʠʟ ʪʝʣ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ, 

ʧ. 3.5.9.6.2. "ɼʦʙʘʚʣʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʩʚʷʟʠ", c. 3-171. ʇʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ, 

ʯʪʦʙʳ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʙʳʣ ʚʢʣʶʯʝʥ ʨʝʞʠʤ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ, 

ʢʥʦʧʢʘ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ. 

 

ʂʘʢ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʦʚ, ʪʘʢ ʠ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʳ, 

ʪʦ ʝʩʪʴ ʟʘʜʘʥʳ ʩ ʧʦʤʦʱʴʶ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠ ʚʳʨʘʞʝʥʠʡ. 

 

ʀʥʪʝʨʬʝʡʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ ʜʘʥʥʳʭ. 

¶ ɿʘʜʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦʜʩʠʩʪʝʤʳ, ʧ. 3.5.3. "ɺʚʦʜ ʧʦʜʩʠʩʪʝʤ", c. 3-96. 

¶ ɿʘʜʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʉʂ ʢʨʠʚʦʡ, ʧ. 3.5.7. "ɺʚʦʜ ʢʨʠʚʳʭ", c. 3-111. 

¶ ɿʘʜʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ (ɻʆ), ʧ. 3.5.8. "ɺʚʦʜ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢ-

ʪʦʚ", c. 3-122. 

¶ ɿʘʜʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ ɻʆ (ʧ. 3.5.8.4. 

"ʇʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ ɻʕ", c. 3-150). 

¶ ɿʘʜʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʉʂ ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʢʘʣʷʨʥʦʛʦ ʤʦʤʝʥʪʘ, ʧ. 3.5.12.4. "ɺʚʦʜ ʩʢʘʣʷʨʥʦ-

ʛʦ ʤʦʤʝʥʪʘ", c. 3-233. 

¶ ɿʘʜʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʉʂ ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʪʠʧʘ çʩʘʡʣʝʥʪ-

ʙʣʦʢè (ʧ. 3.5.12.8.7. "ʉʘʡʣʝʥʪ-ʙʣʦʢ", c. 3-273). 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-107 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

¶ ɿʘʜʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʉʂ ʧʨʠ ʦʧʠʩʘʥʠʠ ʰʘʨʥʠʨʘ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ 

(ʧ. 3.5.10.6. "ɺʚʦʜ ʰʘʨʥʠʨʘ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ", c. 3-191). 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-108 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.5. ʅʘʟʥʘʯʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʵʣʝʤʝʥʪʫ ʦʙʲʝʢʪʘ 

ɹʦʣʴʰʠʥʩʪʚʫ ʵʣʝʤʝʥʪʦʚ ʚ UM ʤʦʛʫʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʨʘʟʳ (ɻʆ), ʥʘ-

ʧʨʠʤʝʨ, ʩʮʝʥʝ, ʪʝʣʘʤ, ʰʘʨʥʠʨʫ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ ʩʪʝʨʞʥʷ, ʙʠʧʦʣʷʨʥʦʤʫ ʠ ʦʙʦʙʱʝʥʥʦʤʫ 

ʣʠʥʝʡʥʦʤʫ ʩʠʣʦʚʳʤ ʵʣʝʤʝʥʪʘʤ ʠ ʪʘʢ ʜʘʣʝʝ. ʇʦ ʛʨʘʬʠʯʝʩʢʦʤʫ ʦʙʨʘʟʫ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʧʝ-

ʨʝʡʪʠ ʢ ʦʧʠʩʘʥʠʶ ʵʣʝʤʝʥʪʘ ʚ ʠʥʩʧʝʢʪʦʨʝ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ, ʜʣʷ ʯʝʛʦ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ 

ʦʢʥʝ ʢʦʥʩʪʨʫʢʪʦʨʘ ʩʣʝʜʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʨʝʞʠʤ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʢʪʘ (ʩʤ. 

ʧ. 3.4.1.2.2. "ʈʝʞʠʤʳ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ", c. 3-30). 

ɿʘʤʝʯʘʥʠʝ.  ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ ʢ ʦʧʠʩʘʥʠʶ ʵʣʝʤʝʥʪʘ ʪʨʝʙʫʝʪ-

ʩʷ, ʯʪʦʙʳ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʙʳʣ ʚʢʣʶʯʝʥ ʨʝʞʠʤ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʘ ʩ ʧʦ-

ʤʦʱʴʶ ʤʳʰʠ, ʢʥʦʧʢʘ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ. 

ɻʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʥʘʟʥʘʯʘʝʪʩʷ ʵʣʝʤʝʥʪʫ ʠʟ ʟʘʨʘʥʝʝ ʩʦʟʜʘʥʥʦʛʦ ʩʧʠʩʢʘ ɻʆ ʩ ʧʦ-

ʤʦʱʴʶ ʦʪʜʝʣʴʥʦʛʦ ʚʳʧʘʜʘʶʱʝʛʦ ʤʝʥʶ ʚ ʠʥʩʧʝʢʪʦʨʝ, ʦʪʦʙʨʘʞʘʶʱʝʤ ʧʘʨʘʤʝʪʨʳ ʜʘʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ (ʥʘʧʨʠʤʝʨ, ʪʝʣʘ).  

                    

ʈʠʩ. 3.85. ɺʳʙʦʨ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʠʟ ʩʧʠʩʢʘ 

ɺʳʧʘʜʘʶʱʠʡ ʩʧʠʩʦʢ ʩʦʜʝʨʞʠʪ ʠʤʝʥʘ ɻʆ, ʟʘʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʨʘ-

ʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠʣʠ ʥʘʟʥʘʯʝʥʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʨʠʩ. 3.85. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʧʨʦʩʪʠʪʴ 

ʚʳʙʦʨ ɻʆ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘʟʥʘʯʘʪʴ ʠʤ ʩʤʳʩʣʦʚʳʝ ʠʤʝʥʘ. 

ɼʣʷ ʫʜʘʣʝʥʠʷ ʩʩʳʣʢʠ ʵʣʝʤʝʥʪʘ ʥʘ ʥʘʟʥʘʯʝʥʥʳʡ ʝʤʫ ɻʆ ʧʦʤʝʩʪʠʪʝ ʢʫʨʩʦʨ ʚ ʧʦʣʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʳʧʘʜʘʶʱʝʛʦ ʤʝʥʶ ʠ ʥʘʞʤʠʪʝ ʢʣʘʚʠʰʫ Delete. 

ʋʢʘʞʝʤ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʟʥʘʯʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʵʣʝʤʝʥʪʫ ʢʦʥʩʪ-

ʨʫʢʮʠʠ. 

ʂʘʞʜʦʤʫ ʪʝʣʫ ʥʘʟʥʘʯʘʝʪʩʷ ɻʆ, ʧʨʠʯʝʤ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ɻʆ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥ ʥʝ-

ʩʢʦʣʴʢʠʤ ʪʝʣʘʤ (ʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʧʨʠʥʮʠʧʦʤ). ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ ʪʝʣʘ. ɺʩʝ ʵʣʝʤʝʥʪʳ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ, ʥʝʧʦʜʚʠʞʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ (ʥʘʧʨʠʤʝʨ, ʧʣʦʩ-

ʢʦʩʪʴ, ʧʦ ʢʦʪʦʨʦʡ ʢʘʪʠʪʩʷ ʰʘʨ, ʚʤʝʩʪʝ ʩʦ ʚʩʝʤʠ ʥʝʧʦʜʚʠʞʥʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ), ʩʣʝʜʫʝʪ 

ʠʟʦʙʨʘʞʘʪʴ ʦʜʥʠʤ ɻʆ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʯʠʩʣʘ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ (ʛʨʘ-

ʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ), ʠ ʥʘʟʥʘʯʘʪʴ ʝʛʦ ʦʙʨʘʟʫ ʩʮʝʥʳ (ʩʤ. ʚʢʣʘʜʢʫ ʠʥʩʧʝʢʪʦʨʘ ʆʙʲʝʢʪ | 

ʆʙʱʠʝ, ʧʘʨʘʤʝʪʨ ʆʙʨʘʟ ʩʮʝʥʳ) ʠʣʠ ʪʝʣʫ Ground, ʧ. 3.5.9.7. "ʊʝʣʦ çGroundè", c. 3-176. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-109 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.6. ʅʘʟʥʘʯʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʩʠʣʦʚʳʤ ʵʣʝʤʝʥʪʘʤ ʠ 

ʰʘʨʥʠʨʫ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ ʩʪʝʨʞʥʷ 

ʃʠʥʝʡʥʦʤʫ ʠ ʙʠʧʦʣʷʨʥʦʤʫ ʩʠʣʦʚʦʤʫ ʵʣʝʤʝʥʪʫ (ʩʤ. ʧ. 3.5.12.4. "ɺʚʦʜ ʩʢʘʣʷʨʥʦʛʦ ʤʦ-

ʤʝʥʪʘ", c. 3-233, ʧ. 3.5.12.1. "ɺʚʦʜ ʩʠʣʳ ʪʷʞʝʩʪʠ", c. 3-206), ʩʚʷʟʠ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ 

ʩʪʝʨʞʥʷ (ʩʤ. ʧ. 3.5.10.9. "ɺʚʦʜ ʰʘʨʥʠʨʘ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ ʩʪʝʨʞʥʷ", c. 3-198) ʠ ʩʧʝʮʠ-

ʘʣʴʥʦʤʫ ʩʠʣʦʚʦʤʫ ʵʣʝʤʝʥʪʫ ʪʠʧʘ ʇʨʫʞʠʥʘ ʤʦʞʥʦ ʥʘʟʥʘʯʠʪʴ ɻʆ. ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʩʦ-

ʝʜʠʥʷʶʪ ʜʚʝ ʪʦʯʢʠ ʨʘʟʣʠʯʥʳʭ ʪʝʣ. ʇʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʧʠʩʳʚʘʝʪ ʥʘʟʥʘʯʝʥʥʳʡ ɻʆ 

ʤʝʞʜʫ ʵʪʠʤʠ ʪʦʯʢʘʤ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʵʪʦʛʦ ʪʠʧʘ ɻʆ ʦʙʷʟʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ 

ʫʩʣʦʚʠʝ: ɻʆ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʣʠʥʝʡʥʦʤʫ, ʙʠʧʦʣʷʨʥʦʤʫ ʩʠʣʦʚʳʤ ʵʣʝʤʝʥʪʘʤ ʠ ʩʚʷʟʠ ʚ 

ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ ʩʪʨʝʞʥʷ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʜʦʣʴ ʦʩʠ z ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ɻʆ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ɻʆ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʤʝʪʦʜʘ 

ʋʧʨʦʱʝʥʥʳʡ 

ɺ ʩʣʫʯʘʝ ʬʣʘʞʦʢ  ʥʝ ʚʢʣʶʯʝʥ ʠ ʧʨʦʛʨʘʤʤʘ ʩʦʚʤʝʱʘʝʪ ʪʦʯʢʫ (0,0,0) ɻʆ ʩ ʧʝʨʚʦʡ 

ʪʦʯʢʦʡ ʧʨʠʢʨʝʧʣʝʥʠʷ, ʘ ʪʦʯʢʫ (0,0,1) ï ʩʦ ʚʪʦʨʦʡ ʪʦʯʢʦʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ 

ʩʞʠʤʘʝʪ ʠʣʠ ʨʘʩʪʷʛʠʚʘʝʪ ɻʆ, ʨʠʩ. 3.86. 

  

ʈʠʩ. 3.86. ʇʨʠʤʝʨʳ ʫʧʨʦʱʝʥʥʦʛʦ ɻʆ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʫʞʠʥʳ ʠ ʛʘʩʠ-

ʪʝʣʷ ʢʦʣʝʙʘʥʠʡ 

ʋʪʦʯʥʝʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʨʘʩʪʷʞʝʥʠʷ-ʩʞʘʪʠʷ ʥʝʢʦʪʦʨʳʭ ʛʨʘʬʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ɻʆ, ʨʠʩ. 3.87.  

 

ʈʠʩ. 3.87. ʇʨʠʤʝʨ ʫʪʦʯʥʝʥʥʦʛʦ ɻʆ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʘʤʦʨʪʠʟʘʪʦʨʘ ʩ ʧʨʫʞʠʥʦʡ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-110 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʫʞʥʦ ʚʢʣʶʯʠʪʴ ʬʣʘʞʦʢ . ʆʪʨʠʩʦʚʢʘ ʵʣʝʤʝʥʪʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ, ʫʢʘʟʘʥʥʳʭ ʥʘ ʟʘʢʣʘʜʢʝ ɹʠʧʦʣʷʨʥʳʡ ɻʆ ï ɼʣʠʥʘ, ʅʠʟ ʠ ɺʝʨʭ, ʨʠʩ. 3.88. 

   

ʈʠʩ. 3.88. ʇʘʨʘʤʝʪʨʳ ʙʠʧʦʣʷʨʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ 

ʇʨʠ ʚʩʪʘʚʢʝ ɻʆ ʚ ʘʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ʦʙʲʝʢʪʘ ʧʨʦʛʨʘʤʤʘ ʩʦʚʤʝʱʘʝʪ ʪʦʯʢʫ (0,0,ʅʠʟ) 

ɻʆ ʩ ʧʝʨʚʦʡ ʪʦʯʢʦʡ ʧʨʠʢʨʝʧʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʢ ʪʝʣʫ, ʘ (0,0,ɺʝʨʭ) ï ʩʦ ʚʪʦʨʦʡ ʪʦʯʢʦʡ, ʤʝʥʷʷ 

ʧʨʠ ʵʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʜʣʠʥʫ ʠ ʦʨʠʝʥʪʘʮʠʶ ɻʆ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʦʪʷ ɻʆ ʚʳ-

ʪʷʥʫʪ ʚʜʦʣʴ ʦʩʠ z ʚ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʦʠʟʚʦʣʴʥʫʶ ʝʛʦ 

ʦʨʠʝʥʪʘʮʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʣʴʟʫʡʪʝʩʴ ʬʣʘʞʢʦʤ  ʫ ʛʨʘʬʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥ-

ʪʘ ʜʣʷ ʟʘʧʨʝʪʘ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ ɻʕ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʣʴʥʦʡ ʜʣʠʥʳ ʵʣʝʤʝʥʪʘ. ʇʨʠ 

ʵʪʦʤ ʬʣʘʞʢʦʤ  ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ, ʢ ʢʘʢʦʡ ʥʝʠʟʤʝʥʷʝʤʦʡ ʯʘʩʪʠ ʧʨʠʥʘʜʣʝʞʠʪ ɻʕ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-111 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.7. ɺʚʦʜ ʢʨʠʚʳʭ 

ʂʨʠʚʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʣʦʚʦʤ ʢʦʥʪʘʢʪʥʦʤ ʵʣʝʤʝʥʪʝ ʪʠʧʘ ʪʦʯʢʘ-ʢʨʠʚʘʷ, 

ʩʤ. ʧ. 3.5.12.6.3. "ʂʦʥʪʘʢʪ ʪʦʯʢʘ-ʢʨʠʚʘʷ", c. 3-246. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ ʢʨʠʚʦʡ ʚ ʥʝʢʦʪʦʨʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʟʘʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʠ-

ʟʦʚʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʥʘ ʢʨʠʚʦʡ ʦʪ ʩʢʘʣʷʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ p  

” ”ὴȟὴᶰὴ ȟὴ ȟ  

ʛʜʝ ” ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ ʥʘ ʢʨʠʚʦʡ. ʊʘ ʞʝ ʢʨʠʚʘʷ ʚ ʩʢʘʣʷʨʥʦʤ ʚʠʜʝ ʟʘʜʘʝʪʩʷ ʪʨʝʤʷ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

ὼ ὼὴȟώ ώὴȟᾀ ᾀὴȟ 

”ὴ ὼὴȟώὴȟᾀὴ  
 

ɹʫʜʝʤ ʨʘʟʣʠʯʘʪʴ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʢʨʠʚʳʭ: 

¶ ʨʘʟʦʤʢʥʫʪʘʷ ʢʨʠʚʘʷ, ʢʦʥʮʝʚʳʝ ʪʦʯʢʠ ʢʦʪʦʨʦʡ ʨʘʟʣʠʯʥʳ, ”ὴ ”ὴ ; 

¶ ʟʘʤʢʥʫʪʘʷ ʢʨʠʚʘʷ ʩ ʩʦʚʧʘʜʘʶʱʠʤʠ ʢʦʥʮʝʚʳʤʠ ʪʦʯʢʘʤʠ, ”ὴ ”ὴ ; 

¶ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʢʨʠʚʘʷ: ʟʘʤʢʥʫʪʘʷ ʢʨʠʚʘʷ ʩ ʛʣʘʜʢʠʤ ʩʦʧʨʷʞʝʥʠʝʤ ʢʦʥʮʝʚʳʭ ʪʦʯʝʢ 

(ʩʦʚʧʘʜʝʥʠʝ ʢʘʩʘʪʝʣʴʥʳʭ) ”ᴂὴ ”ᴂὴ ; ʟʜʝʩʴ ʰʪʨʠʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʠʟʚʦʜ-

ʥʦʡ ʧʦ ʧʘʨʘʤʝʪʨʫ p. 

 

                                         a     b   c 

ʈʠʩ. 3.89. ʇʨʠʤʝʨʳ ʢʨʠʚʳʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʅʘ ʨʠʩ. 3.89 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʦʤʢʥʫʪʘʷ (a), ʟʘʤʢʥʫʪʘʷ (b) ʠ ʧʝʨʠʦʜʠʯʝʩʢʘʷ (c) ʢʨʠʚʳʝ. 

ɽʩʣʠ ʢʨʠʚʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʥʪʘʢʪʥʦʤ ʵʣʝʤʝʥʪʝ ʪʠʧʘ ʪʦʯʢʘ-ʢʨʠʚʘʷ, ʪʦ ʢʘʞʜʘʷ ʠʟ ʜʚʫʭ 

ʢʦʥʮʝʚʳʭ ʪʦʯʝʢ ʥʝʟʘʤʢʥʫʪʦʡ ʢʨʠʚʦʡ ʤʦʞʝʪ ʙʳʪʴ ʫʜʝʨʞʠʚʘʶʱʝʡ ʠʣʠ ʥʝʫʜʝʨʞʠʚʘʶʱʝʡ. 

ʋʜʝʨʞʠʚʘʶʱʘʷ ʪʦʯʢʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʘʢʪʥʦʡ ʪʦʯʢʝ ʧʦʢʠʥʫʪʴ ʢʨʠʚʫʶ ʯʝʨʝʟ ʵʪʫ ʢʦʥʮʝ-

ʚʫʶ ʪʦʯʢʫ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʥʝʫʜʝʨʞʠʚʘʶʱʫʶ ʢʦʥʮʝʚʫʶ ʪʦʯʢʫ ʢʦʥʪʘʢʪ ʨʘʟʨʳʚʘʝʪʩʷ. 

ɺ UM ʜʣʷ ʟʘʜʘʥʠʷ ʢʨʠʚʳʭ ʚ ʧʨʦʛʨʘʤʤʝ ʚʚʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʠ ʩʧʦʩʦʙʘ: 

¶ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ; ʧʨʠ ʟʘʜʘʥʠʠ ʚʳʨʘʞʝʥʠʷ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝ-

ʤʝʥʪʳ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ, ʧ. 3.4.2.4.8. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ", c. 3-67; 

¶ ʧʣʦʩʢʘʷ (2D) ʢʨʠʚʘʷ, ʟʘʜʘʥʥʘʷ ʧʦʪʦʯʝʯʥʦ, 

¶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ (3D) ʢʨʠʚʘʷ, ʟʘʜʘʥʥʘʷ ʧʦʪʦʯʝʯʥʦ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-112 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.7.1. ʉʦʟʜʘʥʠʝ ʥʦʚʦʡ ʢʨʠʚʦʡ 

 

ʈʠʩ. 3.90. ʉʦʟʜʘʥʠʝ ʥʦʚʦʡ ʢʨʠʚʦʡ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʢʨʠʚʦʡ ʩʣʝʜʫʝʪ ʧʝʨʝʡʪʠ ʢ ʩʧʠʩʢʫ ʢʨʠʚʳʭ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʠʩ-

ʢʘ ʵʣʝʤʝʥʪʦʚ, ʜʦʙʘʚʠʪʴ ʢʨʠʚʫʶ ʢ ʩʧʠʩʢʫ, ʱʝʣʢʥʫʚ ʥʘ ʢʥʦʧʢʝ , ʨʠʩ. 3.90. 

 

ɺʳʙʦʨ ʪʠʧʘ ʢʨʠʚʦʡ 

ɺ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ çʊʠʧè ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʦʜʠʥ ʠʟ ʪʨʝʭ ʪʠʧʦʚ ʟʘʜʘʥʠʷ ʢʨʠʚʦʡ, ʜʦ-

ʩʪʫʧʥʳʭ ʚ UM: 

¶ ɺʳʨʘʞʝʥʠʝ 

¶ ʊʦʯʢʠ 2D 

¶ B-ʩʧʣʘʡʥ 3D 

¶ ʂʫʙʠʯʝʩʢʠʡ ʩʧʣʘʡʥ 

¶ ʀʥʪʝʛʨ. ʧʦ ʜʫʛʝ 

¶ ʆʢʨʫʞʥʦʩʪʠ ʄʉʄ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-113 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.91. ʉʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢʨʠʚʦʡ 

ʆʩʥʦʚʥʘʷ ʠ ʣʦʢʘʣʴʥʘʷ ʉʂ ʢʨʠʚʦʡ 

ʉ ʢʘʞʜʦʡ ʢʨʠʚʦʡ ʩʚʷʟʘʥʳ ʜʚʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʨʠʩ. 3.91: 

- ʦʩʥʦʚʥʘʷ ʉʂ ʢʨʠʚʦʡ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʦʚʤʝʱʝʥʘ ʩ ʉʂ ʪʦʛʦ ʪʝʣʘ, ʩ ʢʦʪʦʨʳʤ ʞʝʩʪʢʦ 

ʩʚʷʟʘʥʘ ʢʨʠʚʘʷ; 

- ʣʦʢʘʣʴʥʘʷ ʉʂ ʢʨʠʚʦʡ ï ʵʪʦ ʉʂ ʚ ʢʦʪʦʨʦʡ ʢʦʦʨʜʠʥʘʪʳ ʢʨʠʚʦʡ ʟʘʜʘʥʳ ʣʠʙʦ ʘʥʘʣʠʪʠ-

ʯʝʩʢʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ, ʣʠʙʦ ʥʘʙʦʨʦʤ ʪʦʯʝʢ. 

ʃʦʢʘʣʴʥʘʷ ʉʂ ʤʦʞʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʦʩʥʦʚʥʦʡ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʢʫʱʝʡ ʢʨʠʚʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʥʦʧʢʘ , ʨʠʩ. 3.90, ʩʧʨʘ-

ʚʘ. ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʦʩʥʦʚʥʘʷ ʉʂ ʨʠʩʫʝʪʩʷ ʞʠʨʥʳʤʠ ʣʠʥʠʷʤʠ, ʘ ʣʦ-

ʢʘʣʴʥʘʷ ï ʪʦʥʢʠʤʠ, ʩʤ. ʨʠʩ. 3.91. 

 

ʈʠʩ. 3.92. ʇʦʣʦʞʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʉʂ 

 

˻͍ͫͤͦͤ͊Ύ ˿˴ ͙͍͚ͪͦ͟ 

˶ͦ͊͟͡Έͤ͊Ύ ˿˴ ͙͍͚ͪͦ͟ 

˴͙͍ͪ͊Ύ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-114 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ɿʘʜʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʉʂ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʩʥʦʚʥʦʡ ʉʂ 

ɼʣʷ ʟʘʜʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʉʂ ʢʨʠʚʦʡ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʦʩʥʦʚʥʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʟʘʜʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʉʂ, 

ʩʤ. ʨʠʩ. 3.92. ʘ ʪʘʢʞʝ ʧ. 3.5.4. "ʉʪʘʥʜʘʨʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʟʘʜʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʣʦʢʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ", c. 3-105. 

 

ʈʠʩ. 3.93. ɿʘʜʘʥʠʝ ʫʜʝʨʞʠʚʘʶʱʠʭ ʪʦʯʝʢ 

ʋʜʝʨʞʠʚʘʶʱʠʝ ʢʦʥʮʝʚʳʝ ʪʦʯʢʠ 

ɼʣʷ ʫʢʘʟʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʣʠ ʢʦʥʮʝʚʘʷ ʪʦʯʢʘ ʥʝʟʘʤʢʥʫʪʦʡ ʢʨʠʚʦʡ ʫʜʝʨʞʠʚʘʶʱʝʡ ʠʣʠ 

ʥʝʫʜʝʨʞʠʚʘʶʱʝʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʤʝʥʪʳ ʛʨʫʧʧʳ çɿʘʙʣʦʢʠʨʦʚʘʥʥʳʝ ʢʦʥʮʳ ʢʨʠʚʦʡè, 

ʨʠʩ. 3.93. ɻʘʣʦʯʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʙʣʦʢʠʨʦʚʘʥʥʦʡ ʪʦʯʢʝ. ʋʜʝʨʞʠʚʘʶʱʠʝ ʪʦʯʢʠ ʚ 

ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʫʢʘʟʳʚʘʶʪʩʷ ʞʠʨʥʳʤʠ ʪʦʯʢʘʤʠ, ʩʤ. ʨʠʩ. 3.91. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-115 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.7.2. ɿʘʜʘʥʠʝ ʢʨʠʚʦʡ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ 

 

ʈʠʩ. 3.94. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʦʢʨʫʞʥʦʩʪʠ 

 

ʈʠʩ. 3.95. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ ʟʘʜʘʥʥʳʤ ʯʠʩʣʦʤ 

ʚʠʪʢʦʚ 

ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʣʦʩʢʠʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʨʠʚʳʭ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ 

ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ p, ʨʠʩ. 3.94, ʨʠʩ. 3.95. 

ɼʣʷ ʟʘʜʘʥʠʷ ʢʨʠʚʦʡ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ 

¶ ʠʥʪʝʨʚʘʣ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ p, 

¶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʦʪ p ʚ ʣʦʢʘʣʴʥʦʡ ʉʂ ʢʨʠʚʦʡ; ʧʨʠ ʟʘʜʘʥʠʠ ʚʳʨʘʞʝʥʠʷ 

ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ, ʧ. 3.4.2.4.8. "ʉʧʠʩʦʢ ʧʝʨʝ-

ʤʝʥʥʳʭ", c. 3-67;  

 

ɼʣʷ ʟʘʜʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʤʦʜʝʣʠ, 

ʪʘʢ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʧ. 3.4.2.4.3. "ʉʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ ʠ ʢʦʥ-

ʩʪʘʥʪʳ", c. 3-50. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-116 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.7.3. ɿʘʜʘʥʠʝ ʢʨʠʚʦʡ ʥʘʙʦʨʦʤ ʪʦʯʝʢ ʚ ʧʣʦʩʢʦʩʪʠ (ʪʦʯʢʠ 2D) 

ɼʘʥʥʳʡ ʪʠʧ ʟʘʜʘʥʠʷ ʢʨʠʚʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʩʝ ʪʦʯʢʠ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʡ ʢʨʠʚʦʡ ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʧʣʦʩʢʦʩʪʴʶ XY ʣʦʢʘʣʴʥʦʡ ʉʂ. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʠʧ ʟʘʜʘʥʠʷ ʢʨʠʚʦʡ çʊʦʯʢʠ 2Dè, ʨʠʩ. 3.96. 

 

ʈʠʩ. 3.96. ɿʘʜʘʥʠʝ ʢʨʠʚʦʡ ʥʘʙʦʨʦʤ ʪʦʯʝʢ ʚ ʧʣʦʩʢʦʩʪʠ 

 

ʈʠʩ. 3.97. ʈʝʜʘʢʪʦʨ ʧʣʦʩʢʠʭ ʢʨʠʚʳʭ 

ɼʣʷ ʟʘʜʘʥʠʷ ʧʣʦʩʢʦʡ ʢʨʠʚʦʡ ʩʣʝʜʫʝʪ ʱʝʣʢʥʫʪʴ ʥʘ ʢʥʦʧʢʝ  ʠ ʚʦʡʪʠ ʚ ʨʝʜʘʢʪʦʨ ʢʨʠ-

ʚʳʭ, ʨʠʩ. 3.97. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ  ʨʘʙʦʪʳ ʚ ʨʝʜʘʢʪʦʨʝ ʩʤ. ʚ ʧ. 3.4.4. "ʈʝʜʘʢʪʦʨ ʧʣʦʩʢʠʭ 

ʢʨʠʚʳʭ", c. 3-86. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-117 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.98. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʧʣʦʩʢʦʡ ʢʨʠʚʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʡ ʉʂ 

ɿʘʤʝʯʘʥʠʝ 1.  ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʳ. 

ɿʘʤʝʯʘʥʠʝ 2.  ɿʘʜʘʚʘʷ ʧʦʣʦʞʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʉʂ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʡ, ʤʦʞʥʦ ʟʘʜʘʪʴ 

ʞʝʣʘʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʣʦʩʢʦʡ ʢʨʠʚʦʡ, ʨʠʩ. 3.98. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-118 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.7.4. ɿʘʜʘʥʠʝ ʢʨʠʚʦʡ ʥʘʙʦʨʦʤ ʪʦʯʝʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (B-ʩʧʣʘʡʥ 3D).  

 

ʈʠʩ. 3.99. ʅʘʙʦʨ ʪʦʯʝʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʨʠʚʦʡ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʦʡ ʧʦ ʥʘʙʦʨʫ ʪʦʯʝʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʩʧʦʣʴʟʫʝʪʩʷ B-ʩʧʣʘʡʥ ʧʦʨʷʜ-

ʢʘ m=2-10. B-ʩʧʣʘʡʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʝʧʝʥʥʳʝ ʬʫʥʢʮʠʠ ʧʦʨʷʜʢʘ (m-1). ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, B-ʩʧʣʘʡʥʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʷʚʣʷʶʪʩʷ ʣʦʤʘʥʳʤʠ ʣʠʥʠʷʤʠ, ʧʨʦʭʦʜʷʱʠʤʠ ʯʝʨʝʟ ʟʘ-

ʜʘʥʥʳʝ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʚʝʨʰʠʥʘʤʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ B-ʩʧʣʘʡʥʳ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʤʝʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʚʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. 

 

ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʩʧʠʩʢʘ ʚʝʨʰʠʥ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʧʠʩʢʘ ʚʝʨʰʠʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʥʦʧʢʠ (), ʧʦʟʚʦ-

ʣʷʶʱʠʝ  ʜʦʙʘʚʠʪʴ ʚʝʨʰʠʥʫ ʩ ʥʫʣʝʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚ ʢʦʥʮʝ ʩʧʠʩʢʘ; ʩʢʦʧʠʨʦʚʘʪʴ ʪʝʢʫ-

ʱʫʶ ʚʝʨʰʠʥʫ ʠ ʜʦʙʘʚʠʪʴ ʝʝ ʚ ʢʦʥʝʮ ʩʧʠʩʢʘ;  ʚʩʪʘʚʠʪʴ ʚʝʨʰʠʥʫ ʩ ʥʫʣʝʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʧʝʨʝʜ ʪʝʢʫʱʝʡ ʪʦʯʢʦʡ;  ʫʜʘʣʠʪʴ ʪʝʢʫʱʫʶ ʚʝʨʰʠʥʫ; ʧʨʦʯʠʪʘʪʴ ʥʘʙʦʨ ʪʦʯʝʢ ʠʟ ʪʝʢʩʪʦʚʦʛʦ 

ʬʘʡʣʘ. ɺ ʬʘʡʣʝ ʢʦʦʨʜʠʥʘʪʳ ʚʝʨʰʠʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʨʠ ʩʪʦʣʙʮʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʠʪʝ-

ʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʙʝʣ, ʥʘʧʨʠʤʝʨ 

1.4733433255E-1   1.3808948848   0.1 

1.5971679659E-1   1.4227401843   0.12 

1.7768028748E-1   1.4645854838   0.12 

2.5001219032E-1   1.5064307834   0.1 

ééé.. 

ʇʘʨʘʤʝʪʨʠʟʘʮʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ 

ʂʦʦʨʜʠʥʘʪʳ ʚʝʨʰʠʥ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʳ, ʪʦ ʝʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʩʪʦʷʥʥʳʤʠ 

ʩʠʤʚʦʣʴʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-119 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

 

ʈʠʩ. 3.100. ʅʝʟʘʤʢʥʫʪʳʝ B-ʩʧʣʘʡʥʳ ʨʘʟʣʠʯʥʦʛʦ ʧʦʨʷʜʢʘ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʤʥʦʞʝʩʪʚʝ ʚʝʨʰʠʥ 

ʇʦʨʷʜʦʢ B-ʩʧʣʘʡʥʘ 

ʇʦʨʷʜʦʢ B-ʩʧʣʘʡʥʘ ʦʪʚʝʯʘʝʪ ʟʘ ʛʣʘʜʢʦʩʪʴ ʢʨʠʚʦʡ, ʧʨʠʯʝʤ, ʯʝʤ ʚʳʰʝ ʧʦʨʷʜʦʢ, ʪʝʤ ʙʦ-

ʣʝʝ ʛʣʘʜʢʘʷ ʢʨʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʦʤʫ ʥʘʙʦʨʫ ʪʦʯʝʢ (ʚʝʨʰʠʥ), ʨʠʩ. 3.100 . ʄʠʥʠʤʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ m=2 (ʣʦʤʘʥʘʷ), ʤʘʢʩʠʤʘʣʴʥʦʝ m=10 (ʦʛʨʘʥʠʯʝʥʠʝ UM). ʂʨʦʤʝ ʪʦʛʦ, ʧʦʨʷʜʦʢ 

ʥʝ ʤʦʞʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʯʠʩʣʦ ʪʦʯʝʢ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ m>2 ʢʨʠʚʘʷ ʥʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʝʨ-

ʰʠʥʳ, ʭʦʪʷ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʩʪʦʡ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʢʨʠʚʦʡ ʧʨʦʡʪʠ ʪʦʯʥʦ ʯʝʨʝʟ ʦʪʜʝʣʴʥʦ 

ʚʟʷʪʫʶ ʚʝʨʰʠʥʫ. 

ʈʝʢʦʤʝʥʜʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʧʦʨʷʜʢʘ: m=4. 

 

ʈʠʩ. 3.101. ɿʘʤʢʥʫʪʳʡ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʡ B-ʩʧʣʘʡʥ, m=4 

ɿʘʤʢʥʫʪʳʡ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʡ B-ʩʧʣʘʡʥ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʟʘʤʢʥʫʪʦʛʦ ʥʝʧʝʨʠʦʜʠʯʝʩʢʦʛʦ B-ʩʧʣʘʡʥʘ ʧʝʨʚʘʷ ʠ ʧʦʩʣʝʜʥʷʷ ʚʝʨʰʠʥʳ ʚ 

ʩʧʠʩʢʝ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ, ʨʠʩ. 3.101. ɺ ʪʦʯʢʝ ʟʘʤʳʢʘʥʠʷ ʢʨʠʚʦʡ ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʯʦʢ 

ʢʘʩʘʪʝʣʴʥʦʡ (ʨʘʟʨʳʚ ʧʨʦʠʟʚʦʜʥʦʡ). 

m=2 

m=3 

m=4 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-120 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.102. ʇʝʨʠʦʜʠʯʝʩʢʠʡ B-ʩʧʣʘʡʥ, m=4 

ʇʝʨʠʦʜʠʯʝʩʢʠʡ B-ʩʧʣʘʡʥ 

ɼʣʷ ʟʘʜʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ B-ʩʧʣʘʡʥʘ ʩʣʝʜʫʝʪ ʚʢʣʶʯʠʪʴ ʬʣʘʞʦʢ çʇʝʨʠʦʜʠʯʝʩʢʘʷè 

(ʢʨʠʚʘʷ). ʇʨʠ ʵʪʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʟʘʤʢʥʫʪʦʛʦ ʥʝʧʝʨʠʦʜʠʯʝʩʢʦʛʦ B-ʩʧʣʘʡʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʝʨʚʘʷ ʠ ʧʦʩʣʝʜʥʠʝ ʚʝʨʰʠʥʳ ʥʝ ʩʦʚʧʘʜʘʶʪ, ʨʠʩ. 3.102. 

 

 

ʈʠʩ. 3.103. ʂʨʠʚʳʝ ʩ ʨʘʟʣʠʯʥʦʡ ʢʨʘʪʥʦʩʪʴʶ k ʚʪʦʨʦʡ ʚʝʨʰʠʥʳ, m=4 (ʩʣʝʚʘ). ʉʧʠʩʦʢ ʚʝʨ-

ʰʠʥ, ʚ ʢʦʪʦʨʦʤ ʚʪʦʨʘʷ ʠʤʝʝʪ ʢʨʘʪʥʦʩʪʴ 3 

ʂʨʘʪʥʳʝ ʚʝʨʰʠʥʳ 

ʂʨʘʪʥʳʝ ʚʝʨʰʠʥʳ, ʪʦ ʝʩʪʴ ʚʝʨʰʠʥʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʩʣʝʜʫʶʱʠʝ ʧʦ ʧʦ-

ʨʷʜʢʫ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ, ʧʨʠʚʦʜʷʪ ʢ ʧʦʥʠʞʝʥʠʶ ʛʣʘʜʢʦʩʪʠ ʢʨʠʚʦʡ ʚʙʣʠʟʠ ʜʘʥʥʦʡ ʚʝʨʰʠʥʳ. 

ʇʨʠ ʢʨʘʪʥʦʩʪʠ m-1 ʢʨʠʚʘʷ ʪʦʯʥʦ ʧʨʦʡʜʝʪ ʯʝʨʝʟ ʟʘʜʘʥʥʫʶ ʚʝʨʰʠʥʫ ʩʦ ʩʢʘʯʢʦʤ ʢʘʩʘʪʝʣʴ-

ʥʦʡ. 

k=1 

k=2 
k=3 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-121 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.104. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʢʨʠʚʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ ʫʯʘʩʪʢʦʚ 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʢʨʠʚʳʭ ʩ ʧʦʤʦʱʴʶ B-ʩʧʣʘʡʥʘ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ B-ʩʧʣʘʡʥ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣ ʟʘʜʘʥʥʫʶ ʢʨʠʚʫʶ, ʩʣʝ-

ʜʫʝʪ ʟʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʚʝʨʰʠʥ, ʣʝʞʘʱʠʭ ʥʘ ʢʨʠʚʦʡ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʨʠʚʦʡ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 3.104 ʠ ʠʤʝʶʱʝʡ ʪʨʠ ʫʯʘʩʪʢʘ, ʜʚʘ ʠʟ ʢʦʪʦ-

ʨʳʭ ï ʧʨʷʤʳʝ, ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʪʦʯʝʢ ʥʘ ʩʢʨʫʛʣʝʥʠʠ ʛʘʨʘʥʪʠʨʫʝʪ ʭʦʨʦʰʫʶ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʶ ʩ ʧʦʤʦʱʴʶ B-ʩʧʣʘʡʥʘ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-122 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.8. ɺʚʦʜ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ɻʆ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʨʝ-

ʜʘʢʪʦʨ, ʧʝʨʝʭʦʜ ʢ ʢʦʪʦʨʦʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʚʢʣʘʜʢʫ ʢʦʥʩʪʨʫʢʪʦʨʘ ɻʨʘʬʠʯʝʩʢʠʝ 

ʦʙʲʝʢʪʳ. ɿʘʤʝʪʠʤ, ʯʪʦ ʦʧʠʩʘʥʠʝ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦʩʣʝ 

ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʝʥ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥ-

ʪʨʦʣʴ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʚʝʜʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ 

ʦʰʠʙʦʢ. 

ɿʘʤʝʯʘʥʠʝ.  ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩʦʟʜʘʝʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʤʧʦʨʪʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʟʜʘʥʥʳʭ ʩʙʦʨʦʢ ʠʟ 

CAD ʧʨʦʛʨʘʤʤ, ʧ. 3.9. "ʀʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ CAD ʬʦʨʤʘʪʦʚ", c. 3-293. ɺʤʝ-

ʩʪʝ ʩ ʪʝʤ, ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʨʘʟʳ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʨʫʞʠʥʘ, ʩʣʝ-

ʜʫʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ UM. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʫʜʦʙʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʛʨʘ-

ʬʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʩʨʝʜʩʪʚʘʤʠ UM. 

3.5.8.1. ʉʧʠʩʢʠ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ɼʣʷ ʧʨʠʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʢʘʢʦʤʫ-ʣʠʙʦ ʵʣʝʤʝʥʪʫ ʩʠʩʪʝʤʳ (ʪʝʣʫ, ʰʘʨʥʠʨʫ, ʩʠ-

ʣʦʚʦʤʫ ʵʣʝʤʝʥʪʫ ʠ ʜʨʫʛʠʤ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʙʫʜʝʤ ʫʧʦʤʠʥʘʪʴ ʪʦʣʴʢʦ ʦ ʪʝʣʘʭ) 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʟʥʘʯʠʪʴ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ï ʥʘʙʦʨ ʠʟ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʯʠʩʣʘ ʛʨʘʬʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (ɻʕ), ʩʦʟʜʘʥʠʝ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝ-

ʜʘʢʪʦʨʘ ʠʣʠ ʵʢʩʧʦʨʪʘ ʜʘʥʥʳʭ ʠʟ CAD ʧʨʦʛʨʘʤʤ. ʆʜʠʥ ʠ ʪʦʪ ʞʝ ɻʆ ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ 

ʨʘʟʥʳʤ (ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʤ) ʪʝʣʘʤ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʟʜʘʥʠʠ ɻʆ ʪʝʣʝʞʢʠ ʩ ʯʝ-

ʪʳʨʴʤʷ ʛʨʘʬʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤʠ ʢʦʣʝʩʘʤʠ (ʜʘʞʝ ʝʩʣʠ ʦʥʠ ʠʤʝʶʪ ʨʘʟʥʫʶ ʤʘʩʩʫ) ʤʦʞʥʦ 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʣʠʰʴ ʜʚʫʤʷ ɻʆ: ʢʫʟʦʚ ʠ ʢʦʣʝʩʦ. ʂʘʞʜʦʤʫ ʠʟ ʢʦʣʝʩ ʥʘʟʥʘʯʘʝʪʩʷ ʦʜʠʥ ʠ ʪʦʪ 

ʞʝ ɻʆ. 

ʇʝʨʝʜ ʚʚʦʜʦʤ ʜʘʥʥʳʭ ʦ ʪʝʣʘʭ, ʰʘʨʥʠʨʘʭ ʠ ʪʘʢ ʜʘʣʝʝ ʞʝʣʘʪʝʣʴʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦ-

ʟʜʘʪʴ ʧʦʣʥʳʡ ʥʘʙʦʨ ɻʆ ʦʙʲʝʢʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʝʥ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʘ-

ʚʠʣʴʥʦʩʪʠ ʚʚʝʜʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʦʰʠʙʦʢ. 

ʇʦʩʣʝ ʥʘʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʫ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ɻʆ ʧʨʦʛʨʘʤʤʘ ʩʚʷʟʳʚʘʝʪ ʉʂ ɻʆ ʩ 

ʵʣʝʤʝʥʪʦʤ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʘʚʠʣʫ, ʦʜʥʘʢʦ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ɻʆ 

ʯʘʩʪʦ ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥʳ ʩ ʠʥʝʨʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʣʘ, ʞʝʩʪʢʦʩʪʴʶ ʧʨʫʞʠʥ ʠ 

ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ ʦʪʜʝʣʴʥʦ. ʀʩʢʣʶʯʝʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʢʣʶʯʝʥ ʨʝʞʠʤ ʨʘʩʯʝʪʘ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʛʨʘʬʠʯʝʩʢʠʤ 

ʦʙʨʘʟʘʤ ʪʝʣ. 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʢ ʦʧʠʩʘʥʠʶ (ʠʣʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ) ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ɻʆ ʠʣʠ GO) 

ʱʝʣʢʥʠʪʝ ʥʘ ʧʫʥʢʪʝ ɻʨʘʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ. ʀʥʩʧʝʢʪʦʨ ʜʘʥʥʳʭ ʧʨʠʥʠ-

ʤʘʝʪ ʚʠʜ ʨʠʩ. 3.105. 

 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-123 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

 

ʈʠʩ. 3.105. ɻʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʚ ʠʥʩʧʝʢʪʦʨʝ ʜʘʥʥʳʭ 

ʂʘʞʜʳʡ ɻʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ (ʩʧʠʩʦʢ) ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ɻʕ 

ʠʣʠ GE). ʉ ʧʦʤʦʱʴʶ ʥʠʞʥʠʭ ʢʥʦʧʦʢ  ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

¶ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ (ʧʫʩʪʦʛʦ) ɻʕ; 

¶ ʢʦʧʠʨʦʚʘʥʠʝ (ʜʫʙʣʠʨʦʚʘʥʠʝ) ʪʝʢʫʱʝʛʦ ɻʕ; 

¶ ʫʜʘʣʝʥʠʝ ʪʝʢʫʱʝʛʦ ɻʕ. 

 

ɼʣʷ ʟʘʜʘʥʠʷ (ʠʟʤʝʥʝʥʠʷ) ʪʠʧʘ ʪʝʢʫʱʝʛʦ ɻʕ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʧʘʜʘʶʱʝʝ ʤʝʥʶ ʩ ʥʘ-

ʟʚʘʥʠʷʤʠ ʩʪʘʥʜʘʨʪʥʳʭ ʪʠʧʦʚ: 

¶ ʧʦʣʠʵʜʨ, ʧ. 3.5.8.2.2. "ʕʣʣʠʧʩ", c. 3-126; 

¶ ʵʣʣʠʧʩ, ʧ. 3.5.8.2.2. "ʕʣʣʠʧʩ", c. 3-126; 

¶ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ, ʧ. 3.5.8.2.3. "ʇʘʨʘʣʣʝʣʝʧʠʧʝʜ", c. 3-127; 

¶ ʚʠʥʪʦʚʘʷ ʣʠʥʠʷ, ʧ. 3.5.8.2.4. "ɺʠʥʪʦʚʘʷ ʣʠʥʠʷ", c. 3-128; 

¶ ʵʣʣʠʧʩʦʠʜ, ʧ. 3.5.8.2.5. "ʕʣʣʠʧʩʦʠʜ", c. 3-129; 

¶ ʢʦʥʫʩ, ʧ. 3.5.8.2.6. "ʂʦʥʫʩ", c. 3-130; 

¶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ, ʧ. 3.5.8.2.7. "ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ", c. 3-131; 

¶ ʧʨʦʬʠʣʴʥʳʡ, ʧ. 3.5.8.2.8. "ʇʨʦʬʠʣʴʥʳʡ", c. 3-136; 

¶ Z-ʧʦʚʝʨʭʥʦʩʪʴ, ʧ. 3.5.8.2.9. "Z-ʧʦʚʝʨʭʥʦʩʪʴ", c. 3-140; 

¶ ʇʨʫʞʠʥʘ, ʧ. 3.5.8.2.10. "ʇʨʫʞʠʥʘ", c. 3-142; 

¶ ɿʚʝʥʦ, ʧ. 3.5.8.2.11. "ɿʚʝʥʦ", c. 3-143; 

¶ ʇʣʘʩʪʠʥʘ, ʧ. 3.5.8.2.12. "ʇʣʘʩʪʠʥʘ", c. 3-144; 

¶ ɻʆ, ʧ. 3.5.8.2.13. "ɻʨʘʬʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʪʠʧʘ çʉʩʳʣʢʘ ʥʘ ɻʆè", c. 3-144. 
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ʇʨʠ ʟʘʜʘʥʠʠ ʧʦʯʪʠ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ɻʕ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʤʚʦʣʴʥʳʭ ʠʜʝʥʪʠ-

ʬʠʢʘʪʦʨʦʚ ʠ ʩʠʤʚʦʣʴʥʳʭ ʚʳʨʘʞʝʥʠʡ.  

ɿʘʤʝʯʘʥʠʝ.  ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʪʠʧʘ ʪʝʢʫʱʝʛʦ ɻʕ ʨʘʥʝʝ ʚʚʝʜʸʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʪʦʤ ɻʕ 

ʧʨʦʧʘʜʘʝʪ! 

3.5.8.2. ɺʚʦʜ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ɻʕ) 

ʋ ʢʘʞʜʦʛʦ ɻʕ ʝʩʪʴ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʙʨʘʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʚʢʣʘʜʢʘʭ: 

¶ ʇʘʨʘʤʝʪʨʳ ï ʥʘ ʵʪʦʡ ʚʢʣʘʜʢʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʝʛʦ 

ʪʠʧʘ (ʩʤ. ʜʘʣʝʝ); 

¶ ʎʚʝʪʘ ï ʥʘ ʥʝʡ ʦʪʦʙʨʘʞʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʮʚʝʪʦʚʦʡ ʨʘʩʢʨʘʩʢʝ ɻʕ; 

¶ ʇʦʣʦʞʝʥʠʝ ï ʧʘʨʘʤʝʪʨʳ, ʟʘʜʘʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʪʝʢʫʱʝʛʦ ɻʕ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʪʝ-

ʢʫʱʝʛʦ ɻʆ; 

¶ ʄʘʪʝʨʠʘʣ ï ʧʘʨʘʤʝʪʨʳ, ʟʘʜʘʶʱʠʝ ʠʥʝʨʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ (ʧʣʦʪʥʦʩʪʴ ʠ 

ʜʨʫʛʠʝ). ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʪʝʣʘ. 
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3.5.8.2.1. ʇʦʣʠʵʜʨ 

ʇʦʣʠʵʜʨ (ʤʥʦʛʦʛʨʘʥʥʠʢ) ʧʦʣʝʟʝʥ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʥʝʩʪʘʥʜʘʨʪʥʳʡ ʵʣʝʤʝʥʪ, ʥʝ 

ʦʧʠʩʳʚʘʝʤʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʬʦʨʤʫʣʘʤʠ. ʇʦʣʠʵʜʨ ʚ UM ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʪʦ-

ʯʝʢ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩʦʝʜʠʥʝʥʥʳʭ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʣʠʛʦʥʘʤʠ (ʣʦʤʘ-

ʥʳʤʠ). ʇʦʣʠʛʦʥʳ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʧʨʦʚʦʣʦʯʥʳʤʠ (ʠʟ ʣʠʥʠʡ), ʪʘʢ ʠ ʟʘʧʦʣʥʝʥʥʳʤʠ. 

ɼʣʷ ʟʘʜʘʥʠʷ ʧʦʣʠʵʜʨʘ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ (ʨʠʩ. 3.106): 

¶ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ-ʚʝʨʰʠʥ ʧʦʣʠʵʜʨʘ. ɽʩʣʠ ʥʘ ʵʪʦʤ ʚʚʦʜ ʜʘʥʥʳʭ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʪʦ ʧʦ-

ʩʣʝ ʚʳʭʦʜʘ ʠʟ ʪʘʙʣʠʮʳ ʠʟʦʙʨʘʞʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʦʚʦʣʦʯʥʳʡ ʧʦʣʠʛʦʥ, ʩʦ-

ʝʜʠʥʷʶʱʠʡ ʚʚʝʜʝʥʥʳʝ ʪʦʯʢʠ ʚ ʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʫʢʘʟʘʥʳ ʚ ʪʘʙ-

ʣʠʮʝ. ʅʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟ ʚʚʝʜʝʥʥʳʭ ʪʦʯʝʢ ʦʙʨʘʟʦʚʘʪʴ ʥʝ ʦʜʠʥ, ʘ ʥʝʩʢʦʣʴʢʦ ʧʦʣʠ-

ʛʦʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʧʣʦʰʥʳʭ, ʪʦ ʝʩʪʴ ʛʨʘʥʝʡ ʦʙʲʸʤʥʦʛʦ ʪʝʣʘ. ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ 

ʟʘʧʦʣʥʠʪʴ ʥʠʞʥʶʶ ʯʘʩʪʴ ʪʘʙʣʠʮʳ, ʫʢʘʟʘʚ 

¶ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʠʛʦʥʘ ï ʥʦʤʝʨʘ ʪʦʯʝʢ ʠʟ ʚʳʰʝ ʚʚʝʜʝʥʥʦʛʦ ʩʧʠʩʢʘ (ʯʝʨʝʟ ʟʘʧʷʪʫʶ) ʠ 

ʫʩʪʘʥʦʚʠʪʴ ʬʣʘʞʦʢ , ʝʩʣʠ ʚʳ ʭʦʪʠʪʝ, ʯʪʦʙʳ ʧʦʣʠʛʦʥ ʠʟʦʙʨʘʞʘʣʩʷ ʟʘʧʦʣʥʝʥʥʳʤ. 

 

 

 

ʈʠʩ. 3.106 ʇʦʣʠʵʜʨ  

ʇʨʠʤʝʨ ï ʪʝʪʨʘʵʜʨ. 

ɿʘʜʘʝʤ 4 ʪʦʯʢʠ-ʚʝʨʰʠʥʳ 

(0,0,0), (1,0,0), (0,1,0), (0,0,1) 

ʠ ʯʝʪʳʨʝ ʧʦʣʠʛʦʥʘ 

(1,2,4), (4,2,3), (1,4,3), (1,3,2). 
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3.5.8.2.2. ʕʣʣʠʧʩ 

 

ʈʠʩ. 3.107. ʇʨʠʤʝʨ ʵʣʣʠʧʩʘ 

ʇʘʨʘʤʝʪʨʳ ʵʣʣʠʧʩʘ, ʨʠʩ. 3.107: 

¶ a, b ï ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʘ; 

¶ ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʫʛʣʳ (ʜʣʷ ʟʘʜʘʥʠʷ ʩʝʢʪʦʨʘ). ɿʥʘʯʝʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ (0,0) ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʪ ʟʘʤʢʥʫʪʦʤʫ ʵʣʣʠʧʩʫ; 

¶ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ï ʯʠʩʣʦ ʪʦʯʝʢ ʥʘ ʜʫʛʝ ʵʣʣʠʧʩʘ; 

¶ ʟʘʣʠʚʢʘ ï ʬʣʘʞʦʢ ʚ ʵʪʦʤ ʧʦʣʝ ʦʧʨʝʜʝʣʷʝʪ ʵʣʣʠʧʩ ʢʘʢ ʧʣʦʩʢʠʡ ʵʣʝʤʝʥʪ (ʩ ʟʘʣʠʚʢʦʡ), ʘ 

ʦʪʩʫʪʩʪʚʠʝ ʝʛʦ ʦʟʥʘʯʘʝʪ ʵʣʣʠʧʩ ʢʘʢ ʜʫʛʫ. 
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3.5.8.2.3. ʇʘʨʘʣʣʝʣʝʧʠʧʝʜ 

ʇʘʨʘʤʝʪʨʳ ʛʨʘʬʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ï ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ (ʨʠʩ. 3.108): 

¶ A, B, C ï ʨʘʟʤʝʨʳ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʚʜʦʣʴ ʦʩʝʡ X, Y ʠ Z, ʨʠʩ. 3.108. 

 

     

ʈʠʩ. 3.108. ʇʨʠʤʝʨ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ 
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3.5.8.2.4. ɺʠʥʪʦʚʘʷ ʣʠʥʠʷ 

ɼʣʷ ʚʚʦʜʘ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ (ʨʠʩ. 3.109): 

¶ ʈʘʜʠʫʩ ʦʩʝʚʦʡ ʣʠʥʠʠ ʚʠʪʢʦʚ ʧʨʫʞʠʥʳ; 

¶ ɺʳʩʦʪʘ (ʜʣʠʥʘ) ʧʨʫʞʠʥʳ; 

¶ ʏʠʩʣʦ ʚʠʪʢʦʚ ʧʨʫʞʠʥʳ; 

¶ ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʚʠʪʢʦʚ ʧʨʫʞʠʥʳ ï ʯʠʩʣʦ ʪʦʯʝʢ ʥʘ ʦʜʠʥ ʚʠʪʦʢ. 

 

    

ʈʠʩ. 3.109. ɺʠʥʪʦʚʘʷ ʣʠʥʠʷ 
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3.5.8.2.5. ʕʣʣʠʧʩʦʠʜ 

ɼʘʥʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʵʣʣʠʧʩʦʠʜʘ, ʚ ʯʘʩʪʥʦʤ 

ʩʣʫʯʘʝ ï ʩʬʝʨʳ (ʨʠʩ. 3.110). 

    

ʈʠʩ. 3.110. ʇʨʠʤʝʨ ʵʣʣʠʧʩʦʠʜʘ 

ʇʘʨʘʤʝʪʨʳ ʵʣʣʠʧʩʦʠʜʘ: 

¶ a, b, c ï ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʦʠʜʘ; 

¶ ʐʠʨʦʪʳ, ʄʝʨʠʜʠʘʥʳ ï ʯʠʩʣʦ ʣʠʥʠʡ ʰʠʨʦʪ ʠ ʤʝʨʠʜʠʘʥʦʚ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʵʣʣʠʧʩʦʠʜʘ. 

ʎʝʥʪʨ ʵʣʣʠʧʩʦʠʜʘ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʥʘʯʘʣʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ɻʕ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-130 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.8.2.6. ʂʦʥʫʩ 

 

ʈʠʩ. 3.111. ʂʦʥʠʯʝʩʢʠʡ ɻʕ 

ʆʢʥʦ ʠʥʩʧʝʢʪʦʨʘ ʜʣʷ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʫʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.111. 

ɼʘʥʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʮʠʣʠʥʜʨʘ, ʢʦʥʫʩʘ ʠ 

ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ, ʘ ʪʘʢʞʝ ʯʘʩʪʠ ʵʪʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʎʠʣʠʥʜʨ ʧʦʤʝʱʘʝʪʩʷ ʚ ʉʂ ɻʕ ʪʘʢ, 

ʯʪʦ ʥʠʞʥʝʝ ʦʩʥʦʚʘʥʠʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ xOy, ʘ ʦʩʴ ʮʠʣʠʥʜʨʘ ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ z.  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʢʦʥʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ: 

¶ R1, R2 ï ʨʘʜʠʫʩʳ ʥʠʞʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʦʩʥʦʚʘʥʠʡ; 

¶ h ï ʚʳʩʦʪʘ ʢʦʥʫʩʘ; 

¶ ʋʛʣʳ ï ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʫʛʣʳ ʚ ʛʨʘʜʫʩʘʭ, ʦʙʨʘʟʫʶʱʠʝ ʧʣʦʩʢʠʡ ʫʛʦʣ ʧʨʠ ʦʩʠ 

Oz, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʧʦʤʝʱʘʝʪʩʷ ʯʘʩʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʦʧʫʩ-

ʢʘʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʠʩʣʘ. ʋʛʣʳ ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʦʪ ʦʩʠ Ox ʧʨʦʪʠʚ ʭʦʜʘ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ. ɽʩʣʠ ʧʦʣʦʞʠʪʴ ʦʙʘ ʫʛʣʘ ʥʫʣʶ, ʪʦ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʦʣʥʳʡ ʮʠʣʠʥʜʨ (ʢʦʥʫʩ); 

¶ ʏʠʩʣʦ ʪʦʯʝʢ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠ ʥʘ ʦʙʨʘʟʫʶʱʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʢʦʥʫʩʘ; 

¶ ɿʘʤʳʢʘʥʠʝ ï ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ (ʅʝʪ), ʉʝʢʪʦʨ, ʉʝʛʤʝʥʪ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʩʧʦʩʦʙ ʜʦʧʦʣʥʝʥʠʷ ʢʦʥʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʟʘʤʢʥʫʪʦʡ. 
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3.5.8.2.7. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ɹʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝ-

ʜʦʩʪʘʚʣʷʝʪ ʦʧʠʩʘʥʠʝ ʝʛʦ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ (ʨʠʩ. 3.112). ɺʦʟʤʦʞʥʦ ʟʘʜʘʥʠʝ ʢʨʠʚʳʭ 

ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʦʧʠʩʘʪʴ ʠʭ ʚ ʚʠʜʝ ʧʨʦʠʟʚʦʣʴʥʳʭ ʬʫʥʢʮʠʡ ʦʜʥʦʛʦ (ʢʨʠ-

ʚʘʷ) ʠʣʠ ʜʚʫʭ (ʧʦʚʝʨʭʥʦʩʪʴ) ʧʘʨʘʤʝʪʨʦʚ. ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ ʧʘʨʘʤʝʪʨʦʚ ï p1 ʠ p2. 

 

 

ʈʠʩ. 3.112. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ɻʕ 

¶ ʉʪʘʥʜʘʨʪʥʳʝ ï ʥʘʙʦʨ ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ:  

ʇʣʦʩʢʦʩʪʴ ʕʣʣʠʧʩʦʠʜ  ʂʦʣʴʮʦ 

ʊʦʨ  ʂʦʥʫʩ   ʇʘʨʘʙʦʣʦʠʜ 

ʇʨʫʞʠʥʘ  ʈʦʛ   ʄʦʣʝʢʫʣʘ (ʨʠʩ. 3.112) 

ʉʬʝʨʦʢʫʙ  ʐʝʩʪʝʨʥʷ  ʕʣʣʠʧʪʠʯʝʩʢʦʝ ʢʦʣʝʩʦ 

¶ ʋʨʘʚʥʝʥʠʝ ï ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʚʳʨʘʞʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨ-

ʜʠʥʘʪ ʪʦʯʝʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ p1 ʠ p2 (ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ), 

p1 ʠʣʠ p2 (ʜʣʷ ʢʨʠʚʦʡ); ʧʨʠ ʟʘʜʘʥʠʠ ʚʳʨʘʞʝʥʠʷ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʤʝʥʪʳ 

ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ, ʧ. 3.4.2.4.8. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ", c. 3-67;  

¶ ʆʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ï ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘʜʘʶʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʯʠʩʣʦ ʪʦʯʝʢ ʚʥʫʪʨʠ ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʜʣʷ ʦʪʨʠ-

ʩʦʚʢʠ ʵʣʝʤʝʥʪʘ; ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʟʘʜʘʪʴ p1 ʦʪ ï1.4 ʜʦ +1.2, p2 ʦʪ ï0.2 ʜʦ 4.8, ʪʦ ʧʦʣʫ-

ʯʠʪʩʷ ʯʘʩʪʴ ʧʦʢʘʟʘʥʥʦʡ ʚʳʰʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 3.113) 
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ʈʠʩ. 3.113. ɺʣʠʷʥʠʝ ʠʥʪʝʨʚʘʣʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ p1, p2 ʥʘ ʚʠʜ ɻʕ 

ɿʘʤʳʢʘʥʠʝ ï ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʧʦʣʥʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦ ʟʘʤʢʥʫʪʦʡ, ʜʦʙʘʚʠʚ ʪʦʨʮʳ 

ʠ/ʠʣʠ ʜʥʦ; ʧʦʩʢʦʣʴʢʫ ʧʘʨʘʤʝʪʨʳ p1 ʠ p2 ʨʘʚʥʦʧʨʘʚʥʳ, ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʦʨʮʘʤʠ ʣʠʙʦ 

ʧʦʚʝʨʭʥʦʩʪʠ p1=const, ʣʠʙʦ p2=const (ʨʠʩ. 3.114), ʜʣʷ ʯʝʛʦ ʠ ʚʚʝʜʸʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝ-

ʨʝʢʣʶʯʘʪʝʣʴ ʨʠʩ. 3.112. 

   

ʈʠʩ. 3.114. ʈʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʟʘʤʳʢʘʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ɻʕ 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: 

1. ʕʣʣʠʧʩ ʚ ʧʣʦʩʢʦʩʪʠ Oxy ï ʧʨʠʤʝʨ ʢʨʠʚʦʡ ʣʠʥʠʠ 

rx=a*cos(p1) 

ry=b*sin(p1) 

rz=0 

2. ɺʠʥʪʦʚʘʷ ʣʠʥʠʷ 

rx=0.5*cos(p1) 

ry=0.5*sin(p1) 

rz=0.1*p1/pi 

3. ʎʠʣʠʥʜʨ ï ʧʦʚʝʨʭʥʦʩʪʴ 

rx=0.5*cos(p1) 

ry=0.5*sin(p1) 

rz=p2 

4. ʉʬʝʨʘ ʨʘʜʠʫʩʘ 0.5 ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ (0.1, 0.2, 0.3) 
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rx=0.1+0.5*cos(p1)*cos(p2) 

ry=0.2+0.5*cos(p1)*sin(p2) 

rz=0.3+sin(p1) 

5. ʊʦʨ 

rx=(r1+r2*cos(p1))*cos(p2) 

ry=(r1+r2*cos(p1))*sin(p2) 

rz=r2*sin(p1) 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʡ ʥʘʙʦʨ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʫʥʢ-

ʮʠʡ ʠ ʦʧʝʨʘʮʠʡ: 

+, -, *, /, ^ (ʚʦʟʚʝʜʝʥʠʝ ʚ ʩʪʝʧʝʥʴ), 

sin, cos, 

sqr (ʢʚʘʜʨʘʪ ʘʨʛʫʤʝʥʪʘ),  

sqrt (ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ),  

abs (ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʘʨʛʫʤʝʥʪʘ),  

ln (ʥʘʪʫʨʘʣʴʥʳʡ ʣʦʛʘʨʠʬʤ),  

exp (ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ),  

sign (ʟʥʘʢ ʯʠʩʣʘ), +1, ʝʩʣʠ x>0; 0, ʝʩʣʠ x=0; -1, ʝʩʣʠ x<0, 

heavi (ʬʫʥʢʮʠʷ ʍʵʚʠʩʘʡʜʘ): 1, ʝʩʣʠ x>0; 0, ʝʩʣʠ xÒ0, 

ʘ ʪʘʢʞʝ ʯʠʩʣʘ pi ʠ ʝ. 

ʉʪʝʧʝʥʥʘʷ ʬʫʥʢʮʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

a^b = exp(b*ln(a)), 

ʧʦʵʪʦʤʫ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʠʣʠ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʦʩʥʦʚʘʥʠʷ a. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʜʦʧʫʩʪʠʤʘ ʟʘʧʠʩʴ ʯʠʩʣʘ ʚ ʚʠʜʝ .1, .103 (ʧʨʘʚʠʣʴʥʦ: 0.1, 0.103). 

ʂʨʦʤʝ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʢʨʠʚʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ 

ʦʙʣʘʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʚ ʥʠʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʟʙʠʚʢʫ ʵʣʝ-

ʤʝʥʪʘ. ʆʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʣʠʯʘʝʪʩʷ ʜʣʷ ʢʨʠʚʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʜʦʣʞʥʦ ʙʳʪʴ 

ʨʘʩʩʤʦʪʨʝʥʦ ʨʘʟʜʝʣʴʥʦ.  

ʂʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʟʙʠʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʶʪ ʯʝʪʳʨʝʭʫʛʦʣʴʥʫʶ ʬʦʨʤʫ. 

 

ɿɸɼɸʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʂʈʀɺʆʁ 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʢʨʠʚʦʡ ʟʘʚʠʩʠʪ ʦʪ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ: ʣʠʙʦ p1, ʣʠʙʦ p2 (ʥʘ 

ʫʩʤʦʪʨʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ). ʇʫʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨ p1. 

ʇʦʩʣʝ ʟʘʜʘʥʠʷ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ: 

- ʛʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ; 

- ʯʠʩʣʦ ʪʦʯʝʢ, ʧʦ ʢʦʪʦʨʳʤ ʩʪʨʦʠʪʩʷ ʢʨʠʚʘʷ. 

ʏʠʩʣʦ ʪʦʯʝʢ ʥʘ ʢʨʠʚʦʡ ʥʝ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʦʯʝʥʴ ʙʦʣʴʰʠʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʵʪʦʤ ʟʘ-

ʤʝʜʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʜʙʠʨʘʪʴ ʝʛʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʦʙʨʘʟʦʤ, ʥʘʯʠʥʘʷ ʩ ʤʘʣʦʛʦ ʠ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷ ʜʦ ʫʜʦʚʣʝʪʚʦʨʠ-

ʪʝʣʴʥʦʛʦ ʚʠʜʘ ʢʨʠʚʦʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ 2 ï ʚʠʥʪʦʚʘʷ ʣʠʥʠʷ. ɿʘʜʘʜʠʤ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

0<p1<62.8. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʠʠ, ʠʤʝʶʱʝʡ 10 ʚʠʪʢʦʚ ʚʳʩʦʪʦʡ 1. ʏʠʩʣʦ ʪʦʯʝʢ ʜʣʷ 

ʧʝʨʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ʫʢʘʞʝʤ 20, ʜʣʷ ʚʪʦʨʦʛʦ ï ʠʛʥʦʨʠʨʫʝʤ. ɺʠʜʠʤ ʥʝ ʩʧʠʨʘʣʴ, ʘ ʧʠʣʫ. ʇʨʠ-

ʯʠʥʘ: ʤʘʣʦ ʪʦʯʝʢ. ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʚʠʜ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ 40, 80 ʪʦʯʢʘʭ. ɺʧʦʣʥʝ ʫʜʦʚ-

ʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʚʠʜ ʩʧʠʨʘʣʴ ʧʦʣʫʯʘʝʪ ʧʨʠ 160 ʪʦʯʢʘʭ. ʄʦʞʥʦ ʠ ʫʚʝʣʠʯʠʚʘʪʴ ʯʠʩʣʦ ʪʦʯʝʢ, 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-134 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ʥʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʚʠʜʘ ʢʨʠʚʦʡ ʤʳ ʥʝ ʧʦʣʫʯʠʤ, ʧʦʵʪʦʤʫ ʚ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʙʦ-

ʣʝʝ ʵʢʦʥʦʤʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʩʣʝʜʫʝʪ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʯʠʩʣʝ 

120. 

ɺ ʧʨʠʤʝʨʝ 1 (ʵʣʣʠʧʩ) ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 0<p1<6.28, ʯʠʩʣʦ ʪʦʯʝʢ ʜʦʩʪʘ-

ʪʦʯʥʦ 20-30. ɽʩʣʠ ʟʘʜʘʪʴ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 1.57<p1<3.14, ʪʦ ʧʦʣʫʯʠʤ ʯʝʪʚʝʨʪʴ 

ʦʢʨʫʞʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦ 5-10 ʪʦʯʝʢ. 

 

ɿɸɼɸʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʇʆɺɽʈʍʅʆʉʊʀ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʟʘʜʘʥʠʷ ʝʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʝʪ ʚʚʝ-

ʩʪʠ: 

- ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ; 

- ʯʠʩʣʦ ʪʦʯʝʢ ʨʘʟʙʠʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ɻʨʘʬʠʯʝʩʢʠʡ ʚʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʢʦʥʪʫʨʥʦʡ ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʪʢʫ ʣʠʥʠʡ 

ʫʨʦʚʥʷ. ɼʣʷ ʢʘʞʜʦʡ ʣʠʥʠʠ ʫʨʦʚʥʷ ʦʜʠʥ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʪʦʷʥʝʥ, ʘ ʜʨʫʛʦʡ ʧʨʦʙʝʛʘʝʪ ʟʥʘ-

ʯʝʥʠʷ ʠʟ ʦʙʣʘʩʪʠ ʠʟʤʝʥʝʥʠʷ. ʊʦ ʝʩʪʴ ʨʠʩʫʝʪʩʷ ʢʨʠʚʦʣʠʥʝʡʥʘʷ ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʝʪʢʘ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ʇʦʷʩʥʠʤ ʥʘ ʧʨʠʤʝʨʝ 3 - ʮʠʣʠʥʜʨ. ɿʘʜʘʜʠʤ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

ʜʣʷ ʧʝʨʚʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ  0<p1<6.28; 

ʯʠʩʣʦ ʪʦʯʝʢ   30; 

ʜʣʷ ʚʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ  0<p2<1; 

ʯʠʩʣʦ ʪʦʯʝʢ   2; 

ʇʦʣʫʯʠʤ ʮʠʣʠʥʜʨ ʚʳʩʦʪʦʡ 1, ʨʘʜʠʫʩʘ 0.5, ʦʙʨʘʟʦʚʘʥʥʳʡ ʜʚʫʤʷ ʦʢʨʫʞʥʦʩʪʷʤʠ ʩ ʪʨʠʜ-

ʮʘʪʴʶ ʪʦʯʢʘʤʠ ʠ ʪʨʠʜʮʘʪʴʶ ʦʪʨʝʟʢʘʤʠ (ʜʚʝ ʢʦʥʮʝʚʳʝ ʪʦʯʢʠ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ). 

ʀʟʤʝʥʠʤ ʠʥʪʝʨʚʘʣ ʠʟʤʝʥʝʥʠʷ ʧʝʨʚʦʛʦ ʧʘʨʘʤʝʪʨʘ  0<p1<3.14  (ʦʜʥʦʚʨʝʤʝʥʥʦ ʞʝʣʘ-

ʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʪʦʯʝʢ ʜʦ ʧʷʪʥʘʜʮʘʪʠ). ʇʦʣʫʯʠʤ ʧʦʣʮʠʣʠʥʜʨʘ. ʀʟʤʝʥʠʤ ʠʥʪʝʨʚʘʣ 

ʠʟʤʝʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʘ 0<p2<0.5. ɺʳʩʦʪʘ ʮʠʣʠʥʜʨʘ ʫʤʝʥʴʰʠʪʩʷ. 

ʉʣʝʜʫʶʱʠʡ ʧʨʠʤʝʨ 5 ï ʪʦʨ: 

ʜʣʷ ʧʝʨʚʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ  0<p1<6.28; 

ʯʠʩʣʦ ʪʦʯʝʢ   30; 

ʜʣʷ ʚʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ   0<p2<6.28; 

ʯʠʩʣʦ ʪʦʯʝʢ   30. 

ʇʦʣʦʚʠʥʫ ʪʦʨʘ ʧʦʣʫʯʠʪʝ, ʝʩʣʠ 0<p2<6.28; ʯʝʪʚʝʨʪʴ ʧʨʠ 0<p2<3.14; 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʦʯʝʥʴ ʩʣʦʞʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ, 

rx=sin(p1)*cos(p2)  ry=cos(p1)*sin(p2)  rz=sin(p1)+sin(p2)  

ʜʣʷ ʧʝʨʚʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ  0<p1<6.28; 

ʯʠʩʣʦ ʪʦʯʝʢ   30; 

ʜʣʷ ʚʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ  0<p2<6.28; 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-135 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ʯʠʩʣʦ ʪʦʯʝʢ   30. 

ɸ ʪʝʧʝʨʴ ʟʘʤʝʥʠʪʝ rz ʥʘ rz=sin(p1)+cos(p2). 

ʇʦʧʨʦʙʫʡʪʝ ʩʘʤʠ ʟʘʜʘʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʘʤʦʛʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʠʜʘ, ʠʩʧʦʣʴʟʫʷ ʚʝʩʴ 

ʥʘʙʦʨ ʬʫʥʢʮʠʡ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-136 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.8.2.8. ʇʨʦʬʠʣʴʥʳʡ 

ʕʪʦ ʛʨʘʬʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʩ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʆʥ ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʦʙʨʘʟʦʚʘʥʥʫʶ ʧʫʪʸʤ ʜʚʠʞʝʥʠʷ ʦʜʥʦʡ ʢʨʠʚʦʡ ʣʠʥʠʠ (ʧʨʦʬʠʣʷ) ʚʜʦʣʴ ʜʨʫʛʦʡ, ʦʩʝʚʦʡ, ʣʠ-

ʥʠʠ, ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳ ʩʘʤʳʝ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʵʪʠʭ ʢʨʠʚʳʭ. 

ʅʘ ʨʠʩ. 3.115 ʠʟʦʙʨʘʞʸʥ ʧʨʠʤʝʨ ʧʨʦʬʠʣʴʥʦʛʦ ɻʕ. 

ʇʘʨʘʤʝʪʨʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʣʝʜʫʶʱʠʝ: 

¶ ɺʠʜ ʩʝʯʝʥʠʷ ï ʚʦʟʤʦʞʥʳ ʟʥʘʯʝʥʠʷ: 

ʆʢʨʫʞʥʦʩʪʴ (ʠʣʠ ʵʣʣʠʧʩ): ʧʦʣʫʦʩʠ ʟʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʄʘʩʰʪʘʙ X, Y; 

ʂʨʠʚʘʷ 2D: ʧʦʪʦʯʝʯʥʦ ʟʘʜʘʥʥʦʝ ʩʝʯʝʥʠʝ, ʚʦʟʤʦʞʥʦ ʩ ʦʪʚʝʨʩʪʠʷʤʠ; 

ʉʧʣʘʡʥ 3D: ʧʦʪʦʯʝʯʥʦ ʟʘʜʘʥʥʳʡ ʥʘʙʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʝʯʝʥʠʡ; 

ʇʦ ʬʦʨʤʫʣʝ: ʩʝʯʝʥʠʝ ʟʘʜʘʸʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʬʦʨʤʫʣʘʤʠ. 

¶ ʄʘʩʰʪʘʙ X, ʄʘʩʰʪʘʙ Y ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʪʷʞʝʥʠʷ ʩʝʯʝʥʠʷ ʧʦ ʦʩʷʤ; 

¶ ʏʠʩʣʦ ʪʦʯʝʢ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʝʯʝʥʠʷ; 

¶ ɿʘʤʢʥʫʪʴ ï ʬʣʘʞʦʢ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʪʦʨʮʦʚ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘ-

ʤʳʢʘʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ʇʘʨʘʤʝʪʨʳ ʦʩʝʚʦʡ ʣʠʥʠʠ: 

¶ ɺʠʜ ʣʠʥʠʠ ï ʚʦʟʤʦʞʥʳ ʟʥʘʯʝʥʠʷ: 

ʇʨʷʤʘʷ; 

ʆʢʨʫʞʥʦʩʪʴ; 

ʂʨʠʚʘʷ 2D: ʧʦʪʦʯʝʯʥʦ ʟʘʜʘʥʥʘʷ ʦʩʝʚʘʷ ʣʠʥʠʷ; 

ʇʦ ʬʦʨʤʫʣʝ: ʦʩʝʚʘʷ ʟʘʜʘʸʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʬʦʨʤʫʣʘʤʠ. 

¶ ɼʣʠʥʘ ï ʜʣʠʥʘ ʦʩʝʚʦʡ ʣʠʥʠʠ (ʜʣʷ ʩʣʫʯʘʷ ʧʨʷʤʦʡ ʦʩʝʚʦʡ ʣʠʥʠʠ); 

¶ ʏʠʩʣʦ ʪʦʯʝʢ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʦʩʝʚʦʡ. 

ʇʫʪʸʤ ʚʩʝʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ çʪʠʧ ʩʝʯʝʥʠʷ ï ʪʠʧ ʦʩʝʚʦʡ ʣʠʥʠʠè ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʵʣʝʤʝʥʪʳ. 

 

ʈʠʩ. 3.115. ʇʨʦʬʠʣʴʥʳʡ ɻʕ: ʮʠʣʠʥʜʨ 
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ʇʨʠʤʝʨʳ ʧʨʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

ʇʨʠ ʚʳʙʦʨʝ ʪʠʧʘ ʩʝʯʝʥʠʷ ʂʨʠʚʘʷ 2D ʠʣʠ ʂʨʠʚʘʷ 2D ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʦʝ ʧʦʣʝ ʆʧʠʩʘ-

ʥʠʝ (ʨʠʩ. 3.116).  

 

ʈʠʩ. 3.116. ʇʨʦʬʠʣʴʥʳʡ ɻʕ: ʩʝʯʝʥʠʝ çʂʨʠʚʘʷ 2Dè 

ʑʸʣʢʥʫʚ ʢʥʦʧʢʦʡ ʤʳʰʠ ʥʘ  ʚ ʵʪʦʤ ʧʦʣʝ, ʤʦʞʥʦ ʚʳʟʚʘʪʴ ʦʢʥʦ ʨʝʜʘʢʪʦʨʘ ʢʨʠʚʳʭ (ʩʤ. 

ʧ. 3.5.8.6. "ʈʝʜʘʢʪʦʨ ʢʨʠʚʳʭ", c. 3-152) ʠ ʚʚʝʩʪʠ ʩʝʯʝʥʠʷ.  

ɽʩʣʠ ʟʘʜʘʥʳ ʥʝʩʢʦʣʴʢʦ ʢʨʠʚʳʭ, ʪʦ ʧʨʠ ʪʠʧʝ ʩʝʯʝʥʠʷ ʂʨʠʚʘʷ 2D ʩʝʯʝʥʠʝ ʙʫʜʝʪ ʤʥʦʛʦ-

ʩʚʷʟʥʳʤ (ʨʠʩ. 3.116).  

ʇʨʠ ʪʠʧʝ ʩʝʯʝʥʠʷ ʉʧʣʘʡʥ 3D ʥʝʩʢʦʣʴʢʦ ʢʨʠʚʳʭ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʥʘʙʦʨ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʝʯʝʥʠʡ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʝʚʦʡ ʣʠʥʠʠ (ʨʠʩ. 3.117). 

 

 

ʈʠʩ. 3.117. ʇʨʦʬʠʣʴʥʳʡ ɻʕ: ʩʝʯʝʥʠʝ çʉʧʣʘʡʥ 3Dè 

ɽʩʣʠ ʚʳʙʨʘʪʴ ʪʠʧ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʇʦ ʬʦʨʤʫʣʝ, ʪʦ ʦʪʢʨʦʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʛʨʫʧʧʘ ʧʦʣʝʡ (ʨʠʩ. 3.118): 

¶ x(p), y(p) ï ʫʨʘʚʥʝʥʠʝ ʣʠʥʠʠ ʩʝʯʝʥʠʷ, ʚʳʨʘʞʝʥʥʳʝ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ p; ʧʨʠ ʟʘʜʘʥʠʠ ʚʳ-

ʨʘʞʝʥʠʷ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ, ʧ. 3.4.2.4.8. "ʉʧʠʩʦʢ 

ʧʝʨʝʤʝʥʥʳʭ", c. 3-67;  

¶ Pmin, Pmax ï ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ p. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-138 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.118. ʇʨʦʬʠʣʴʥʳʡ ɻʕ: ʩʝʯʝʥʠʝ ï ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʦʩʝʚʫʶ ʣʠʥʠʶ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʨʠʚʦʡ, ʟʘʜʘʥʥʦʡ ʧʦʪʦʯʝʯʥʦ 

(ʨʠʩ. 3.119). ɼʣʷ ʵʪʦʛʦ ʥʘʜʦ ʚʳʙʨʘʪʴ ʚʠʜ ʦʩʝʚʦʡ ʣʠʥʠʠ ʂʨʠʚʘʷ 2D. 

 

ʈʠʩ. 3.119. ʇʨʦʬʠʣʴʥʳʡ ɻʕ: ʦʩʝʚʘʷ ʣʠʥʠʷ ï ʧʦʪʦʯʝʯʥʘʷ ʢʨʠʚʘʷ 2D 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʦʙʨʘʟʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʢʦʣʝʩʘ, ʚ ʢʦʪʦʨʦʤ ʢʦʣʝʩʘ 

ʩʦʟʜʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-139 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

  

ʈʠʩ. 3.120. ɻʆ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʢʦʣʝʩʘ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-140 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.8.2.9. Z-ʧʦʚʝʨʭʥʦʩʪʴ 

ɻʕ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʬʘʡʣʝ ʫʧʨʘʚʣʝʥʠʷ ʛʨʘʬʠ-

ʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʜʘʚʘʝʤʦʡ ʚʳʨʘʞʝʥʠʝʤ ʪʠʧʘ 

ᾀ Ὢὼȟώȟ  

ʧʨʠʯʝʤ ʧʘʨʘʤʝʪʨ p1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʦʨʜʠʥʘʪʝ x, ʘ p2 ï ʢʦʦʨʜʠʥʘʪʝ y. 

 

ʈʠʩ. 3.121. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘ Z-ʧʦʚʝʨʭʥʦʩʪʴ 

ʆʧʠʩʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚʢʣʶʯʘʝʪ 

¶ ʀʤʷ ʬʫʥʢʮʠʠ 

¶ ʀʥʪʝʨʚʘʣʳ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʢʘʞʜʦʛʦ 

ʧʘʨʘʤʝʪʨʘ 

 

ʇʨʠ ʩʠʥʪʝʟʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʬʘʡʣ ʫʧʨʘʚʣʝʥʠʷ ʚʩʪʘʚʣʷʝʪʩʷ ʰʘʙʣʦʥ ʬʫʥʢʮʠʠ: 

function ZGraphicElementFunctions(  

  _index, _isubs : integer;  

  _p1, _p2       : real_  

  ): real_;  

begin  

  _ := _PzAll[SubIndx[_isubs]];  

  case _index of  

    0 : begin  

      { Function zSurface }  

      Result  := 0;  

    end ;  

  end;  

end;  

 

ɼʣʷ ʢʘʞʜʦʡ ʚʚʝʜʝʥʥʦʡ ʬʫʥʢʮʠʠ ʪʠʧʘ Z-ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʧʝʨʘʪʦʨʘ case ʚʩʪʘʚ-

ʣʷʝʪʩʷ ʦʧʝʨʘʪʦʨ Result := 0, ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ ʟʘʤʝʥʠʪʴ ʥʘ ʨʘʩʯʝʪ ʬʫʥʢʮʠʠ. 

ɼʘʥʥʳʡ ʪʠʧ ʛʨʘʬʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʜʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʧʦʤʦ-

ʱʴʶ ʩʣʦʞʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʚʠʩʷʱʠʭ ʦʪ ʚʨʝʤʝʥʠ. ʅʘʧʨʠ-



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-141 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ʤʝʨ, Z-ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ñʙʝʛʫʱʝʡò ʚʦʣʥʳ (ʩʤ. ʨʠʩʫʥʦʢ ʚʥʠ-

ʟʫ). 

  

ʈʠʩ. 3.122. ʇʨʦʬʠʣʴʥʳʡ ɻʕ: ʙʝʛʫʱʘʷ ʚʦʣʥʘ 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʜʘʥʥʳʝ ʚʦʧʨʦʩʳ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʫʢʦʚʦʜʩʪʚʝ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʚ 

ʩʨʝʜʝ UM, ɻʣʘʚʘ 5. 

ɿʘʤʝʯʘʥʠʝ 1.  ʇʦʩʢʦʣʴʢʫ ʨʝʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʵʣʝʤʝʥʪʘ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʬʘʡʣʝ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʜʦʩʪʫʧʥʦ ʚ ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʦ ʚ ʧʨʦʛʨʘʤʤʝ ʚʚʦʜʘ ʵʣʝʤʝʥʪ ʦʪʦʙ-

ʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʪʝʨʚʘ-

ʣʘʤʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ p1, p2. 

ɿʘʤʝʯʘʥʠʝ 2.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘ ʪʨʝʙʫʝʪ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʩʠʤʚʦʣʴ-

ʥʦʡ ʬʦʨʤʝ, ʧ. 3.8. "ʉʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ", c. 3-289. 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-142 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.8.2.10. ʇʨʫʞʠʥʘ 

    

ʈʠʩ. 3.123. ʇʨʠʤʝʨ ʧʨʫʞʠʥ  r

ɻʕ ʇʨʫʞʠʥʘ (ʨʠʩ. 3.123) ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʠʭ ʧʨʫʞʠʥ, ʨʠʩ. 3.124. ʉʧʠʩʦʢ ʧʘʨʘʤʝʪʨʦʚ ʘʥʘʣʦʛʠʯʝʥ ʩʧʠʩʢʫ ɻʕ ɺʠʥʪʦʚʘʷ ʣʠʥʠʷ (ʩʤ. 

ʧ. 3.5.8.2.4. "ɺʠʥʪʦʚʘʷ ʣʠʥʠʷ", c. 3-128). ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

¶ ʪʠʧ ʧʨʫʞʠʥʳ ʃʝʚʘʷ/ʇʨʘʚʘʷ, 

¶ ʜʠʘʤʝʪʨʘ ʧʨʫʪʢʘ, 

¶ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʨʫʪʢʘ.  

  

ʈʠʩ. 3.124. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɻʕ çʇʨʫʞʠʥʘè ʚ ʤʦʜʝʣʠ ʪʝʣʝʞʢʠ ʣʦʢʦʤʦʪʠʚʘ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-143 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.8.2.11. ɿʚʝʥʦ 

        

ʈʠʩ. 3.125. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘ çɿʚʝʥʦè 

ʕʣʝʤʝʥʪ ɿʚʝʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʩʦ ʩʢʨʫʛʣʝʥʥʳʤʠ ʢʦʥʮʘ-

ʤʠ, ʨʠʩ. 3.125. ʇʦʣʦʞʝʥʠʝ ʠ ʨʘʟʤʝʨʳ ʧʣʘʩʪʠʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

¶ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʩʢʨʫʛʣʝʥʠʡ ʧʦ ʢʦʥʮʘʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ ɻʕ (ʛʨʫʧʧʘ ʊʦʯʢʠ); 

¶ ʨʘʜʠʫʩ ʩʢʨʫʛʣʝʥʠʷ (ʧʦʣʦʚʠʥʘ ʰʠʨʠʥʳ ʧʣʘʩʪʠʥʳ); 

¶ ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ; 

¶ ʢʣʶʯ ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʚʦʨʦʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʚʦʨʦʪʘ ʟʚʝʥʘ ʥʘ 90 ʛʨʘʜʫʩʦʚ ʚʦ-

ʢʨʫʛ ʝʛʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-144 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.8.2.12. ʇʣʘʩʪʠʥʘ 

        

ʈʠʩ. 3.126. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘ çʇʣʘʩʪʠʥʘè 

ʕʣʝʤʝʥʪ ʇʣʘʩʪʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʫʛʦʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʩʦ ʩʢʨʫʛʣʝʥʥʳʤʠ ʢʦʥ-

ʮʘʤʠ, ʨʠʩ. 3.126. ʇʦʣʦʞʝʥʠʝ ʠ ʨʘʟʤʝʨʳ ʧʣʘʩʪʠʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: 

¶ ʢʦʦʨʜʠʥʘʪʳ ʪʨʝʭ ʮʝʥʪʨʦʚ ʩʢʨʫʛʣʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ ɻʕ (ʛʨʫʧʧʘ ʊʦʯʢʠ); 

¶ ʨʘʜʠʫʩ ʩʢʨʫʛʣʝʥʠʷ; 

¶ ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ. 

3.5.8.2.13. ɻʨʘʬʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʪʠʧʘ çʉʩʳʣʢʘ ʥʘ ɻʆè 

ʕʪʦʪ ʚʠʜ ɻʕ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʷʭ:  

¶ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʦʙʲʝʢʪ ʥʝʩʢʦʣʴʢʦ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʚʠʜʫ ʵʣʝʤʝʥʪʦʚ, 

¶ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʭ ɻʆ ʚ ʦʜʠʥ ʦʙʲʝʢʪ, 

¶ ʧʨʠ ʠʤʧʦʨʪʝ ʜʘʥʥʳʭ ʠʟ CAD, ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʥʝ-

ʩʢʦʣʴʢʠʭ ʜʝʪʘʣʝʡ ʚ ʪʝʣʘ, ɻʣʘʚʘ 9, ʧ. ʆʙʲʝʜʠʥʝʥʠʝ ʜʝʪʘʣʝʡ ʚ ʪʝʣʘ. 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-145 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

  

ʈʠʩ. 3.127. ʇʨʠʤʝʨ ɻʆ, ʩʦʜʝʨʞʘʱʝʛʦ ʥʝʩʢʦʣʴʢʦ ʩʩʳʣʦʢ ʥʘ ʜʨʫʛʠʝ ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ 

ʉʩʳʣʢʘ ʥʘ ɻʆ (ɻʆ-ʧʨʝʜʦʢ) ʚʳʙʠʨʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʩʧʣʳʚʘʶʱʝʛʦ ʩʧʠʩʢʘ ʛʨʘʬʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʕʣʝʤʝʥʪ ï ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʨʠʩ. 3.127. 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʢ ɻʆ, ʥʘ ʢʦʪʦʨʳʡ ʩʩʳʣʘʝʪʩʷ ʵʣʝʤʝʥʪ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʥʦʧʢʘ . 

ɺʤʝʩʪʦ ʩʩʳʣʦʢ, ʚʩʝ ʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʤʦʞʥʦ ʥʘʧʨʷʤʫʶ ʚʢʣʶʯʠʪʴ (ʩʢʦʧʠʨʦʚʘʪʴ) ʚ 

ʪʝʢʫʱʠʡ ɻʆ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ .  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-146 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.8.2.14. ɻʨʘʬʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ASC, ʠʤʧʦʨʪʠʨʦʚʘʥʥʳʡ ʠʟ CAD ʧʨʦʛʨʘʤʤʳ 

ɻʨʘʬʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʪʠʧʘ ASC ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʪʨʠʩʦʚʢʠ ʦʙʨʘʟʦʚ, ʢʦʥʚʝʨʪʠʨʦʚʘʥ-

ʥʳʡ ʠʟ CAD ʧʨʦʛʨʘʤʤ, ʧ. 3.9. "ʀʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ CAD ʬʦʨʤʘʪʦʚ", c. 3-293. ʕʣʝʤʝʥʪ ʩʦ-

ʜʝʨʞʠʪ ʥʘʙʦʨ ʚʝʨʰʠʥ, ʟʘʜʘʥʥʳʭ ʩʚʦʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ,  ʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʨʘʟʙʠʚʢʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʟʘʜʘʥʥʳʭ ʥʦʤʝʨʘʤʠ ʪʨʝʭ ʚʝʨʰʠʥ, ʨʠʩ. 3.128. ʅʠ ʚʝʨʰʠʥʳ, ʥʠ ʪʨʝʫʛʦʣʴʥʠʢʠ ʥʝ 

ʜʦʩʪʫʧʥʳ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ. 

 

ʈʠʩ. 3.128. ʇʨʠʤʝʨ ʵʣʝʤʝʥʪʘ ʪʠʧʘ ASC 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ. 

¶ ʋʛʦʣ ʩʛʣʘʞʠʚʘʥʠʷ ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ; ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʙʱʘʷ ʩʪʦʨʦʥʘ ʤʝʞʜʫ ʜʚʫʤʷ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʷʚ-

ʣʷʝʪʩʷ ʨʝʙʨʦʤ (ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʥʝʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩʛʣʘʞʠʚʘʥʠʝ), ʝʩʣʠ ʫʛʦʣ 

ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʙʦʣʴʰʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ; ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʥʫ-

ʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʩʛʣʘʞʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʦʙʱʝ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʨʠʩ. 3.129.  
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ʈʠʩ. 3.129. ʉʛʣʘʞʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ 

¶ ʂʣʶʯ ɺʝʨʰʠʥʳ ʚʠʜʠʤʳ ʚʢʣʶʯʘʝʪ/ʚʳʢʣʶʯʘʝʪ ʚʠʜʠʤʦʩʪʴ ʚʝʨʰʠʥ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ 

ʦʢʥʝ. ɺʠʜʠʤʦʩʪʴ ʚʝʨʰʠʥ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʝʝ ʢʦʦʨʜʠʥʘʪʳ ʚ 

ʩʧʠʩʢʝ ʧʦʩʣʝ ʱʝʣʯʢʘ ʤʳʰʴʶ ʥʘ ʦʙʨʘʟʝ ʚʝʨʰʠʥʳ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ. 

¶ ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʨʝʙʝʨ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʦʙʨʘʟ ʢʦʥʪʫʨʦʚ ʜʝʪʘʣʠ ʠ ʠʟʦʙ-

ʨʘʞʝʥʠʝ ʜʝʪʘʣʠ ʚ ʧʨʦʚʦʣʦʯʥʦʤ ʨʝʞʠʤʝ, ʝʩʣʠ ʧʨʠ ʢʦʥʚʝʨʪʘʮʠʠ ʜʝʪʘʣʠ ʠʟ CAD ʥʝ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʦʥʚʝʨʪʘʮʠʷ ʨʝʙʝʨ, ʨʠʩ. 3.130. 

 

ʈʠʩ. 3.130. ʈʝʙʨʘ ʜʝʪʘʣʠ ʜʦ ʠ ʧʦʩʣʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ 

ɿʘʤʝʯʘʥʠʝ.  ʇʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʜʝʪʘʣʝʡ ʧʨʦʮʝʩʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ  ʨʝʙʝʨ ʫʜʦʙ-

ʥʝʝ ʚʳʧʦʣʥʷʪʴ ʜʣʷ ʚʩʝʭ ʜʝʪʘʣʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʡ ʢʦʤʘʥʜʳ. 

ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʧʝʨʝʡʪʠ ʥʘ ʚʢʣʘʜʢʫ ʆʙʲʝʢʪ ʠʥʩʧʝʢʪʦʨʘ ʠ ʚʢʣʶʯʠʪʴ ʦʧ-

ʮʠʶ ʈʘʩʩʯʠʪʘʪʴ ʨʝʙʨʘ ʜʣʷ ASC, ʨʠʩ. 3.131. 
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ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ ʪʠʧʘ ASC 
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3.5.8.3. ʈʘʩʢʨʘʩʢʘ ɻʕ 

ʈʘʩʢʨʘʩʢʘ ɻʕ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘ ʚʢʣʘʜʢʝ ʎʚʝʪʘ (ʨʠʩ. 3.132). 

 

ʈʠʩ. 3.132. ʇʘʨʘʤʝʪʨʳ ʮʚʝʪʘ ɻʕ 

¶ ʉʢʨʳʪʴ ʧʦʟʚʦʣʷʝʪ ʦʪʢʣʶʯʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ɻʕ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ. 

¶ ʊʠʧʳ ʮʚʝʪʘ: 

ɼʠʬʬʫʟʥʳʡ (ʩʦʙʩʪʚʝʥʥʦ ʮʚʝʪ ʤʘʪʝʨʠʘʣʘ); 

ʆʪʨʘʞʝʥʥʳʡ (ʮʚʝʪ ʦʪʨʘʞʝʥʥʦʛʦ ʙʣʠʢʘ), ʯʝʨʥʳʡ ʮʚʝʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʶ ʙʣʠ-

ʢʘ; 

ʀʩʧʫʩʢʘʝʤʳʡ (ʦʙʲʝʢʪ ñʩʚʝʪʠʪʩʷò ʟʘʜʘʥʥʳʤ ʮʚʝʪʦʤ); ʩʚʝʯʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʝʩʣʠ ʠʩ-

ʧʫʩʢʘʝʤʳʡ ʮʚʝʪ ï ʯʝʨʥʳʡ; 

ʆʢʨʫʞʘʶʱʠʡ (ʦʙʳʯʥʦ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ). 

ɼʣʷ ʚʳʙʦʨʘ ʮʚʝʪʘ ʢʘʞʜʦʛʦ ʠʟ ʪʠʧʦʚ ʱʝʣʢʥʠʪʝ ʤʳʰʢʦʡ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʮʚʝʪʦʚʦʤ 

ʢʚʘʜʨʘʪʝ. 

¶ ʅʘʟʥʘʯʠʪʴ ʚʩʝʤ ɻʕ: ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʝʢʫʱʫʶ ʮʚʝʪʦʚʫʶ ʧʘʣʠʪʨʫ ʚʩʝʤ ʛʨʘʬʠʯʝʩʢʠʤ 

ʵʣʝʤʝʥʪʘʤ ʜʘʥʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ.  

¶ ʅʘʟʥʘʯʠʪʴ ʮʚʝʪ ʠʟ ʩʧʠʩʢʘ: ʥʘʟʥʘʯʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʮʚʝʪʘ. 

¶ ɹʣʝʩʢ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨʳ ʙʣʠʢʘ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʝʪʘ.  

¶ ɺʠʜʠʤʘʷ ʩʪʦʨʦʥʘ: ʦʪʨʠʩʦʚʢʘ ʩʣʦʞʥʦʛʦ ʵʣʝʤʝʥʪʘ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʙʳʩʪʨʝʝ, ʝʩʣʠ 

ʫʩʪʘʥʦʚʠʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʚʠʜʠʤʫʶ ʩʪʦʨʦʥʫ. 

¶ ʇʨʦʚʦʣʦʯʥʳʡ: ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʦʪʨʠʩʦʚʢʫ ʪʝʢʫʱʝʛʦ ɻʕ ʢʦʥʪʫʨʦʤ, ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʟʘ-

ʜʘʪʴ ʪʦʣʱʠʥʫ ʣʠʥʠʡ ʢʦʥʪʫʨʘ. 
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3.5.8.4. ʇʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ ɻʕ 

  

ʈʠʩ. 3.133. ʇʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ ɻʕ 

ʂʘʞʜʳʡ ɻʕ, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ɻʆ, ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʩʚʦʝʡ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦ-

ʦʨʜʠʥʘʪ ï ʉʂ ɻʕ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʉʂ ɻʆ ï ʧʦ-

ʚʝʨʥʫʪʘ ʚʦʢʨʫʛ ʪʨʝʭ ʦʩʝʡ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ ʥʘ ʥʝʢʦʪʦʨʳʝ ʫʛʣʳ ʠ ʩʜʚʠʥʫʪʘ. ʋʛʣʳ 

ʧʦʚʦʨʦʪʘ ʟʘʜʘʶʪʩʷ ʚ ʛʨʘʜʫʩʘʭ, ʧʨʠ ʵʪʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʙʠʨʘʝʪʩʷ ʦʩʴ ʧʦʚʦʨʦʪʘ, ʢʦʤʧʦ-

ʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʜʚʠʛʘ ʟʘʜʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʩʠʤʚʦʣʴʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ, ʩʤ. ʧ. 3.5.4. 

"ʉʪʘʥʜʘʨʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʟʘʜʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ", c. 3-105. 
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3.5.8.5. ʀʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ɻʕ 

 

ʈʠʩ. 3.134. ʀʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ɻʕ 

ʀʥʝʨʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʣ (ʤʘʩʩʘ, ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ, ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ) ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʛʨʘʬʠʯʝʩʢʦʤʫ ʦʙʨʘʟʫ ʪʝʣʘ (ʩʤ. ʧ. 3.5.9.1.4. 

"ʇʝʨʝʥʘʟʥʘʯʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʪʝʣʘ ʚ ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ", c. 3-160). ʅʝʦʙ-

ʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝ ʜʣʷ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʫʢʘʟʘʥʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʘʞ-

ʜʦʛʦ ʠʟ ʥʫʞʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʥʠʭ). ʅʘ 

ʟʘʢʣʘʜʢʝ ʄʘʪʝʨʠʘʣ (ʨʠʩ. 3.134) ʟʘʜʘʡʪʝ 

¶ ʥʝʥʫʣʝʚʫʶ ʧʣʦʪʥʦʩʪʴ; 

¶ ʪʠʧ ʛʨʘʬʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ (ʩʧʣʦʰʥʦʡ, ʧʦʣʳʡ ï ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ï 

ʪʦʣʱʠʥʫ ʧʦʚʝʨʭʥʦʩʪʠ) ʠʣʠ ʢʘʨʢʘʩʥʳʡ (ʝʩʣʠ ʵʣʝʤʝʥʪ ʧʨʦʚʦʣʦʯʥʳʡ) ʠ ʧʣʦʱʘʜʴ ʩʝʯʝ-

ʥʠʷ. 

 

ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʚʝʨʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʝʩʣʠ ʦʪʜʝʣʴʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʧʝʨʝʩʝʢʘʶʪʩʷ. ɺ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʚʦʡʪʠ ʚ ʠʥʝʨʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʤʘʩʩʳ ʪʝʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ 

ά ά   

ʛʜʝ ά ï ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʤʘʩʩʳ ʦʪʜʝʣʴʥʳʭ ɻʕ ʙʝʟ ʫʯʝʪʘ ʠʭ ʚʦʟʤʦʞʥʦʛʦ 

ʧʝʨʝʩʝʯʝʥʠʷ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-152 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.8.6. ʈʝʜʘʢʪʦʨ ʢʨʠʚʳʭ 

ʆʙʱʠʡ ʚʠʜ ʨʝʜʘʢʪʦʨʘ ʢʨʠʚʳʭ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3.135.  

 

 
ʈʠʩ. 3.135. ʈʝʜʘʢʪʦʨ ʢʨʠʚʳʭ 

ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʤʠʪʠʚʳ ʠ ʵʣʝʤʝʥʪʳ ʨʝʜʘʢʪʦʨʘ: 

¶ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʤʠʪʠʚʳ: 

1 ï ʦʪʨʝʟʢʠ ʧʨʷʤʳʭ ʣʠʥʠʠ; 

2 ï ʢʫʙʠʯʝʩʢʠʝ ʩʧʣʘʡʥʳ; 

3 ï B-ʩʧʣʘʡʥʳ; 

4 ï ʦʢʨʫʞʥʦʩʪʴ (ʜʫʛʘ ʦʢʨʫʞʥʦʩʪʠ); 

¶ ʪʦʯʢʠ (ʚʝʨʰʠʥʳ): 

5 ï ʪʦʯʢʘ ʛʣʘʜʢʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʧʨʠʤʠʪʠʚʦʚ; 

 6 ï ʪʦʯʢʘ ʥʝʛʣʘʜʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʧʨʠʤʠʪʠʚʦʚ 

 

¶ ʥʝʧʨʝʨʳʚʥʳʝ ʢʨʠʚʳʝ (ʢʦʥʪʠʥʫʫʤʳ): 

2, 3 ï ʥʝʟʘʤʢʥʫʪʳʝ ʢʨʠʚʳʝ; 

4, 7 ï ʟʘʤʢʥʫʪʳʝ ʢʨʠʚʳʝ; 

¶ ʜʨʫʛʠʝ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʜʘʢʪʦʨʘ: 

8 ï ʧʦʣʝ ʜʣʷ ʚʳʙʦʨʘ ʪʠʧʘ ʧʨʠʤʠʪʠʚʘ; 

9 ï ʧʘʥʝʣʴ ʢʥʦʧʦʢ ʫʧʨʘʚʣʝʥʠʷ; 

10 ï ʩʧʠʩʦʢ ʚʚʝʜʸʥʥʳʭ ʢʨʠʚʳʭ; 

11 ï ʦʪʢʨʳʪʴ ʩʧʠʩʦʢ ʢʦʦʨʜʠʥʘʪ ʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʢʫʱʝʡ (ʚʳʜʝʣʝʥʥʦʡ) ʢʨʠʚʦʡ. 

 

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʪʦʯʝʢ (ʚʝʨʰʠʥ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʦʡʥʦʡ ʱʝʣʯʦʢ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ. 

ɺʦʟʤʦʞʥʦ ʢʦʧʠʨʦʚʘʥʠʝ ʧʨʠʤʠʪʠʚʦʚ ʧʫʪʸʤ ʠʭ ʚʳʜʝʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʤʳʰʠ, ʧʦ-

ʤʝʱʝʥʠʷ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ Windows ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʚʩʪʘʚʢʠ. ʆʙʤʝʥ ʤʝʞʜʫ ʨʝʜʘʢʪʦʨʦʤ ʠ 

ʙʫʬʝʨʦʤ ʦʙʤʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʢʩʪʦʚʦʤ ʚʠʜʝ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʥʘʙʨʘʪʴ ʚ ʣʶʙʦʤ ʪʝʢʩʪʦ-
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ʚʦʤ ʨʝʜʘʢʪʦʨʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʚ ʚʠʜʝ ʜʚʫʭ ʩʪʦʣʙʮʦʚ ʮʠʬʨ, ʠ ʯʝʨʝʟ ʙʫʬʝʨ ʦʙʤʝʥʘ ʚʩʪʘ-

ʚʠʪʴ ʠʭ ʚ ʨʝʜʘʢʪʦʨ ʢʨʠʚʳʭ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʝʡʩʪʚʠʡ ʩ ʧʨʠʤʠʪʠʚʘʤʠ ʠ ʪʦʯʢʘʤʠ ʢʨʠʚʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʩʧʣʳʚʘʶʱʠʝ ʤʝʥʶ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪʩʷ ʱʝʣʯʢʦʤ ʧʦ ʧʨʘʚʦʡ ʢʥʦʧʢʝ ʤʳʰʠ ʥʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʤ ʵʣʝʤʝʥʪʝ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʱʸʣʢʥʫʪʴ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʥʘ ʩʚʦʙʦʜʥʦʤ ʤʝʩʪʝ ʦʢʥʘ ʨʝʜʘʢʪʦʨʘ, 

ʪʦ ʧʦʷʚʠʪʩʷ ʤʝʥʶ, ʠʟʦʙʨʘʞʸʥʥʦʝ ʥʘ ʨʠʩ. 3.136. 

 

ʈʠʩ. 3.136. ɺʩʧʣʳʚʘʶʱʝʝ ʤʝʥʶ ʨʝʜʘʢʪʦʨʘ ʢʨʠʚʳʭ 

ɺ ʥʸʤ ʠʤʝʶʪʩʷ ʜʚʘ ʧʫʥʢʪʘ: 

¶ ʅʘʯʘʪʴ ʥʦʚʫʶ ʢʨʠʚʫʶ ï ʩʣʝʜʫʶʱʘʷ ʚʚʝʜʸʥʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʦʡ ʥʦʚʦʡ 

ʢʨʠʚʦʡ (ʢʦʥʪʠʥʫʫʤʘ); 

¶ ʉʦʟʜʘʪʴ ʢʦʧʠʶ ʢʨʠʚʦʡ ï ʩʦʟʜʘʥʠʝ ʢʦʧʠʠ ʚʳʜʝʣʝʥʥʦʡ ʢʨʠʚʦʡ; 

¶ ɼʦʙʘʚʠʪʴ ʥʦʚʫʶ ʪʦʯʢʫ ï ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʡ ʪʦʯʢʠ ʚ ʢʦʥʝʮ ʩʧʠʩʢʘ; 

¶ ɺʩʪʘʚʠʪʴ ʥʦʚʫʶ ʪʦʯʢʫ ï ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʡ  ʪʦʯʢʝ ʧʦʩʣʝ ʫʢʘʟʘʥʥʦʡ ʚ ʩʧʠʩʢʝ; 

¶ ʋʜʘʣʠʪʴ ʚʳʜʝʣʝʥʥʳʝ ʪʦʯʢʠ ï ʫʜʘʣʝʥʠʝ ʚʳʜʝʣʝʥʥʳʭ ʪʦʯʝʢ; 

¶ ʇʨʦʯʠʪʘʪʴ ʠʟ ʬʘʡʣʘ ï ʧʨʦʯʠʪʘʪʴ ʠʟ ʬʘʡʣʘ ʢʨʠʚʳʭ (.cvr); 

¶ ɿʘʧʠʩʘʪʴ ʚ ʬʘʡʣ ï  ʟʘʧʠʩʘʪʴ ʚ ʬʘʡʣ ʢʨʠʚʳʭ (.cvr); 

¶ ʂʦʧʠʨʦʚʘʪʴ ʚ ʙʫʬʝʨ ï ʢʦʧʠʨʦʚʘʪʴ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ; 

¶ ɺʩʪʘʚʠʪʴ ʠʟ ʙʫʬʝʨʘ ï ʚʩʪʘʚʠʪʴ ʠʟ ʙʫʬʝʨʘ ʦʙʤʝʥʘ; 

¶ ɺʳʜʝʣʠʪʴ ʚʩʸ ï ʚʳʜʝʣʠʪʴ ʚʩʝ ʧʨʠʤʠʪʠʚʳ ʚ ʦʢʥʝ ʨʝʜʘʢʪʦʨʘ. 

 

ɽʩʣʠ ʥʘʚʝʩʪʠ ʫʢʘʟʘʪʝʣʴ ʤʳʰʠ ʥʘ ʣʶʙʫʶ ʪʦʯʢʫ ʠ ʥʘʞʘʪʴ ʧʨʘʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ, ʪʦ ʧʦ-

ʷʚʠʪʩʷ ʚʩʧʣʳʚʘʶʱʝʝ ʤʝʥʶ ʜʝʡʩʪʚʠʡ ʥʘʜ ʪʦʯʢʘʤʠ (ʨʠʩ. 3.137). 

 

ʈʠʩ. 3.137. ɺʩʧʣʳʚʘʶʱʝʝ ʤʝʥʶ ʜʝʡʩʪʚʠʡ ʥʘʜ ʪʦʯʢʘʤʠ 
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ɺʦʟʤʦʞʥʳʝ ʜʝʡʩʪʚʠʷ ʥʘʜ ʚʳʜʝʣʝʥʥʦʡ ʪʦʯʢʦʡ: 

¶ ʉʚʦʡʩʪʚʘé ï ʚʳʟʚʘʪʴ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʩʚʦʡʩʪʚ ʪʦʯʢʠ; ʚ ʥʸʤ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʢʦʦʨ-

ʜʠʥʘʪʳ ʪʦʯʢʠ, ʟʘʜʘʚ ʠʤ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ; 

¶ ʋʜʘʣʠʪʴ ʪʝʢʫʱʫʶ ʪʦʯʢʫ; 

¶ ɻʣʘʜʢʦʩʪʴ ï ʬʣʘʞʦʢ ʛʣʘʜʢʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ. 

 

ɽʩʣʠ ʥʘʚʝʩʪʠ ʫʢʘʟʘʪʝʣʴ ʤʳʰʠ ʥʘ ʣʶʙʦʡ ʧʨʠʤʠʪʠʚ (ʧʨʷʤʘʷ, ʩʧʣʘʡʥ ʠʣʠ ʦʢʨʫʞʥʦʩʪʴ) ʠ 

ʥʘʞʘʪʴ ʧʨʘʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ, ʪʦ ʧʦʷʚʠʪʩʷ ʚʩʧʣʳʚʘʶʱʝʝ ʤʝʥʶ ʜʝʡʩʪʚʠʡ ʥʘʜ ʧʨʠʤʠʪʠʚʘʤʠ 

(ʨʠʩ. 3.138). 

 

 

ʈʠʩ. 3.138. ɺʩʧʣʳʚʘʶʱʝʝ ʤʝʥʶ ʜʝʡʩʪʚʠʡ ʥʘʜ ʧʨʠʤʠʪʠʚʘʤʠ 

ʅʘʜ ʧʨʠʤʠʪʠʚʘʤʠ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

¶ ʇʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ï ʠʟʤʝʥʠʪʴ ʪʠʧ ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʠʤʠʪʠʚʘ; 

¶ ɺʩʪʘʚʠʪʴ ʪʦʯʢʫ ï ʚʩʪʘʚʠʪʴ ʪʦʯʢʫ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʢʫʱʠʤ ʧʦʣʦ-

ʞʝʥʠʝʤ ʤʳʰʠ (ʵʪʦʪ ʞʝ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʜʚʦʡʥʳʤ ʱʝʣʯʢʦʤ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʚʥʫʪʨʠ 

ʣʶʙʦʛʦ ʧʨʠʤʠʪʠʚʘ); 

¶ ɺʳʜʝʣʠʪʴ ʚʩʶ ʢʨʠʚʫʶ ï ʚʳʜʝʣʷʝʪʩʷ ʚʩʷ ʢʨʠʚʘʷ (ʢʦʥʪʠʥʫʫʤ), ʢʦʪʦʨʦʡ ʧʨʠʥʘʜʣʝʞʠʪ 

ʪʝʢʫʱʠʡ ʧʨʠʤʠʪʠʚ; 

¶ ɿʘʤʢʥʫʪʳʡ ï ʬʣʘʞʦʢ ʟʘʤʢʥʫʪʦʩʪʠ ʢʨʠʚʦʡ; 

¶ ʆʙʨʘʪʠʪʴ ʧʦʨʷʜʦʢ ʪʦʯʝʢ; 

¶ ʇʦʚʝʨʥʫʪʴ ʥʘ 90 ʛʨ. ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʦʨʦʪʫ ʢʨʠʚʦʡ, ʢʦʪʦʨʦʡ ʧʨʠʥʘʜʣʝʞʠʪ ʪʝʢʫʱʠʡ 

ʧʨʠʤʠʪʠʚ, ʥʘ 90 ʛʨʘʜʫʩʦʚ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. 

3.5.8.7. ɼʦʙʘʚʣʝʥʠʝ ʪʝʢʩʪʫʨ ʢ ʤʦʜʝʣʠ 

ʇʨʠʤʝʨ 

¶ ʉʦʟʜʘʡʪʝ ɻʕ ʪʠʧʘ "ʇʦʣʠʵʜʨ" (ʧ. 3.5.8.2.1. "ʇʦʣʠʵʜʨ", c. 3-125) 

¶ ɿʘʜʘʡʪʝ 4 ʚʝʨʰʠʥʳ ʧʦʣʠʛʦʥʘ ʠ ʩʘʤ ʧʦʣʠʛʦʥ 
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¶ ɿʘʜʘʡʪʝ ʬʘʡʣ ʪʝʢʩʪʫʨʳ ʜʘʥʥʦʤʫ ʧʦʣʠʵʜʨʫ  
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3.5.9. ɺʚʦʜ ʪʝʣ 

 

ʈʠʩ. 3.139. ʇʘʨʘʤʝʪʨʳ ʪʝʣʘ 

ɼʣʷ ʩʦʟʜʘʥʠʷ, ʤʦʜʠʬʠʢʘʮʠʠ ʩʧʠʩʢʘ ʪʝʣ ʦʙʲʝʢʪʘ ʠ ʚʚʦʜʘ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʣʝʤʝʥʪ ʊʝʣʘ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʠʜ ʠʥʩʧʝʢʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩ. 3.139. 

3.5.9.1. ɻʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʪʝʣʘ 

3.5.9.1.1. ʅʘʟʥʘʯʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʪʝʣʫ 

ɼʣʷ ʥʘʟʥʘʯʝʥʠʷ ʪʝʣʫ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ (ɻʆ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʧʘʜʘʶʱʠʡ ʩʧʠʩʦʢ 

ɻʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ, ʩʦʜʝʨʞʘʱʠʡ ʟʘʨʘʥʝʝ ʩʦʟʜʘʥʥʳʝ ɻʆ, ʨʠʩ. 3.139.  

ʇʨʠ ʥʘʟʥʘʯʝʥʠʠ ʪʝʣʫ ɻʆ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (ʉʂ) ɻʆ ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʉʂ ʪʝʣʘ, ʧʦʵʪʦʤʫ 

ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʪʝʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʧʝʨʝʤʝʱʘʝʪʩʷ ʝʛʦ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʚ 

ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ. 

3.5.9.1.2. ʈʝʞʠʤʳ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ ʠ ʠʟʦʙʨʘʞʝʥʠʝ ʪʝʣʘ 

ɺ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ (ʩʤ. ʧ. 3.4.1.2.2. 

"ʈʝʞʠʤʳ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ", c. 3-30) ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʪʝʣʘ ʦʪʨʠʩʦʚʳʚʘʝʪʩʷ ʚ ʩʚʷʟʘʥ-

ʥʦʡ ʩ ʪʝʣʦʤ ʉʂ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-157 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

   

    ͊ύ    ͋ύ 

   

    ͍ύ    ͎ύ 

ʈʠʩ. 3.140. ɺʠʟʫʘʣʠʟʘʮʠʷ ʘʢʪʠʚʥʦʛʦ ʪʝʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ 

ʈʠʩ. 3.140 ʧʦʢʘʟʳʚʘʝʪ ʪʝʣʦ ʜʚʠʛʘʪʝʣʴ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ, ʢʦ-

ʪʦʨʳʝ ʟʘʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʦʢ ʥʘ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ: 

¶ ʈʝʞʠʤ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʢʪʘ, ʨʠʩʫʝʪʩʷ ʚʝʩʴ ʦʙʲʝʢʪ, ʚ ʢʦʪʦʨʦʤ ʜʘʥʥʦʝ ʪʝʣʦ 

ʥʘʨʠʩʦʚʘʥʦ ʢʘʢ ʚʳʜʝʣʝʥʥʦʝ (ʞʝʣʪʳʡ ʢʦʥʪʫʨ; ʦʩʠ ʉʂ0 ʠʟʦʙʨʘʞʝʥʳ ʚ ʦʢʥʝ, ʢʥʦʧʢʘ ). 

¶ ʈʝʞʠʤ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ï ʠʟʦʙʨʘʞʘʝʪʩʷ ʪʦʣʴʢʦ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙ-

ʨʘʟ ʪʝʣʘ ʚ ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʣʦʤ ʉʂ, ʦʩʠ ʉʂ0 ʥʝ ʠʟʦʙʨʘʞʘʶʪʩʷ: 

¶ ʧʨʦʚʦʣʦʯʥʘʷ ʛʨʘʬʠʢʘ, ʢʥʦʧʢʘ , 

¶ ʢʦʥʪʫʨʥʘʷ ʛʨʘʬʠʢʘ, ʢʥʦʧʢʘ , 

¶ ʧʦʣʫʪʦʥʦʚʘʷ ʛʨʘʬʠʢʘ ʩ ʢʘʨʢʘʩʦʤ, ʢʥʦʧʢʘ , 

¶ ʧʦʣʫʪʦʥʦʚʘʷ ʛʨʘʬʠʢʘ ʙʝʟ ʢʘʨʢʘʩʘ, ʢʥʦʧʢʘ .  

ɺʘʞʥʦʝ ʟʘʤʝʯʘʥʠʝ. ʊʝʣʦ ʦʪʨʠʩʦʚʳʚʘʝʪʩʷ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʢʪʘ ʪʦʣʴʢʦ 

ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʧʫʪʴ ʦʪ ʜʘʥʥʦʛʦ ʪʝʣʘ ʢ ʉʂ0 ʯʝʨʝʟ ʰʘʨʥʠʨʳ (ʩʤ. ɻʣʘʚʫ 2, 

ʧ. ʉʚʷʟʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʧʦʥʷʪʠʝ ʰʘʨʥʠʨʘ). ʅʘʧʨʠʤʝʨ, ʝʩʣʠ body2 ʩʚʷʟʘʥʦ 

ʩ body1, ʠ body1 ʩʚʷʟʘʥʦ ʩ Base0 ʩ ʧʦʤʦʱʴʶ ʚʨʘʱʘʪʝʣʴʥʳʭ ʰʘʨʥʠʨʦʚ, ʪʦ 

ʦʙʘ ʪʝʣʘ body1 ʠ body2 ʚʠʜʠʤʳ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʢʪʘ. ɽʩ-

ʣʠ ʫʜʘʣʠʪʴ ʰʘʨʥʠʨ ʤʝʞʜʫ body1 ʠ Base0, ʦʙʘ ʪʝʣʘ ʠʩʯʝʟʥʫʪ. ɽʩʣʠ ʫʜʘʣʠʪʴ 

ʰʘʨʥʠʨ ʤʝʞʜʫ body2 ʠ body1, ʪʦ ʠʩʯʝʟʥʝʪ ʪʝʣʦ body2. 
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3.5.9.1.3. ʋʧʨʘʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʝʤ ʪʝʣʘ 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʞʠʤʘ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ ʪʝʣʦ ʤʦʞʥʦ ʚʨʝʤʝʥʥʦ ʩʜʝʣʘʪʴ ʥʝʚʠʜʠʤʳʤ 

ʠʣʠ ʧʨʦʚʦʣʦʯʥʳʤ. 

3.5.9.1.3.1. ʈʝʞʠʤ ʥʝʚʠʜʠʤʦʩʪʠ 

ʈʝʞʠʤ ʥʝʚʠʜʠʤʦʩʪʠ ʪʝʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʜʝʪʘʣʝʡ. ʠʤʧʦʨ-

ʪʠʨʦʚʘʥʥʳʭ ʠʟ CAD, ʚ ʪʝʣʘ, ʩʤ. ɻʣʘʚʫ 9. ɼʣʷ ʚʢʣʶʯʝʥʠʷ ʨʝʞʠʤʘ ʥʝʚʠʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ 

¶ ʢʣʶʯ ɺʠʜʠʤ ʚ ʦʢʥʝ ʠʥʩʧʝʢʪʦʨʘ, ʨʠʩ. 3.139; ʵʪʦʪ ʞʝ ʢʣʶʯ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦ-

ʙʳ ʩʜʝʣʘʪʴ ʪʝʣʦ ʚʠʜʠʤʳʤ; 

¶ ʢʦʤʘʥʜʘ ʉʜʝʣʘʪʴ ʥʝʚʠʜʠʤʳʤ ñʠʤʷ ʪʝʣʘò ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ, 

ʨʠʩ. 3.141; ʜʣʷ ʚʳʟʦʚʘ ʤʝʥʶ ʩʣʝʜʫʝʪ ʥʘʚʝʩʪʠ ʢʫʨʩʦʨ ʥʘ ʦʙʨʘʟ ʪʝʣʘ ʠ ʱʝʣʢʥʫʪʴ ʧʨʘʚʦʡ 

ʢʥʦʧʢʦʡ ʤʳʰʠ; ʜʘʥʥʘʷ ʢʦʤʘʥʜʘ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʝ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʘ ʩ ʧʦʤʦ-

ʱʴʶ ʤʳʰʠ (ʢʥʦʧʢʘ  ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ); 

 

ʈʠʩ. 3.141. ʌʨʘʛʤʝʥʪ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ 

¶ ʢʦʤʘʥʜʘ ʊʝʣʦ çʠʤʷ ʪʝʣʘè ʚʠʜʠʤʦ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ, ʨʠʩ. 3.142; 

ʩʣʝʜʫʝʪ ʥʘʚʝʩʪʠ ʢʫʨʩʦʨ ʤʳʰʠ ʥʘ ʠʤʷ ʪʝʣʘ ʚ ʜʝʨʝʚʝ ʵʣʝʤʝʥʪʦʚ ʠ ʱʝʣʢʥʫʪʴ ʧʨʘʚʦʡ 

ʢʥʦʧʢʦʡ ʤʳʰʠ; ʵʪʘ ʞʝ ʢʦʤʘʥʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʪʝʣʦ ʚʠʜʠʤʳʤ; 

  

ʈʠʩ. 3.142. ʂʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ 

ʅʝʚʠʜʠʤʦʡ ʪʝʣʦ ʧʦʤʝʯʘʝʪʩʷ ʚ ʜʝʨʝʚʝ ʵʣʝʤʝʥʪʦʚ ʠʢʦʥʢʦʡ , ʨʠʩ. 3.143. 

  

ʈʠʩ. 3.143. ʀʢʦʥʢʘ ʥʝʚʠʜʠʤʦʛʦ ʪʝʣʘ 
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ɿʘʤʝʯʘʥʠʝ.  ʈʝʞʠʤ ʥʝʚʠʜʠʤʦʩʪʠ ʪʝʣʘ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʝʞʠʤ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʣʘ ʚ ʧʨʦʛʨʘʤʤʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʦʠ ʩʨʝʜʩʪʚʘ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ ʚʠʜʠ-

ʤʦʩʪʠ. 

3.5.9.1.3.2. ʇʨʦʚʦʣʦʯʥʳʡ ʨʝʞʠʤ 

ɼʣʷ ʚʢʣʶʯʝʥʠʷ ʧʨʦʚʦʣʦʯʥʦʛʦ ʨʝʞʠʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

¶ ʢʦʤʘʥʜʘ ʊʝʣʦ ʧʨʦʚʦʣʦʯʥʦʝ ñʠʤʷ ʪʝʣʘò ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ, 

ʨʠʩ. 3.141; ʜʣʷ ʚʳʟʦʚʘ ʤʝʥʶ ʩʣʝʜʫʝʪ ʥʘʚʝʩʪʠ ʢʫʨʩʦʨ ʥʘ ʦʙʨʘʟ ʪʝʣʘ ʠ ʱʝʣʢʥʫʪʴ ʧʨʘʚʦʡ 

ʢʥʦʧʢʦʡ ʤʳʰʠ; ʜʘʥʥʘʷ ʢʦʤʘʥʜʘ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʝ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʘ ʩ ʧʦʤʦ-

ʱʴʶ ʤʳʰʠ (ʢʥʦʧʢʘ  ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ); 

¶ ʢʦʤʘʥʜʘ ʊʝʣʦ ʧʨʦʚʦʣʦʯʥʦʝ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ, ʨʠʩ. 3.142; ʩʣʝʜʫʝʪ 

ʥʘʚʝʩʪʠ ʢʫʨʩʦʨ ʤʳʰʠ ʥʘ ʠʤʷ ʪʝʣʘ ʚ ʜʝʨʝʚʝ ʵʣʝʤʝʥʪʦʚ ʠ ʱʝʣʢʥʫʪʴ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ 

ʤʳʰʠ; ʵʪʘ ʞʝ ʢʦʤʘʥʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʪʤʝʥʠʪʴ ʨʝʞʠʤ ʧʨʦʚʦʣʦʯʥʦʩʪʠ; 

 

ʅʝʚʠʜʠʤʦʡ ʪʝʣʦ ʧʦʤʝʯʘʝʪʩʷ ʚ ʜʝʨʝʚʝ ʵʣʝʤʝʥʪʦʚ ʠʢʦʥʢʦʡ , ʨʠʩ. 3.144. 

  

ʈʠʩ. 3.144. ʀʢʦʥʢʘ ʧʨʦʚʦʣʦʯʥʦʛʦ ʪʝʣʘ 
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3.5.9.1.4. ʇʝʨʝʥʘʟʥʘʯʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʪʝʣʘ ʚ ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ 

  

ʈʠʩ. 3.145. ʇʝʨʝʥʘʟʥʘʯʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʪʝʣʫ çCar bodyè 

ɺ ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʠ UM Simulation ʪʝʣʫ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʥʘʟʥʘʯʝʥ ʛʨʘʬʠʯʝ-

ʩʢʠʡ ʦʙʨʘʟ ʠʟ ʩʧʠʩʢʘ ɻʆ ʤʦʜʝʣʠ. ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ (ʨʠʩ. 3.145) 

¶ ʥʘʚʝʩʪʠ ʢʫʨʩʦʨ ʤʳʰʠ ʥʘ ʥʫʞʥʦʝ ʪʝʣʦ,  

¶ ʱʝʣʯʢʦʤ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʚʳʟʚʘʪʴ ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ, 

¶ ʚʳʧʦʣʥʠʪʴ ʢʦʤʘʥʜʫ ʅʘʟʥʘʯʠʪʴ ɻʆ [ʠʤʷ ʪʝʣʘ] | [ʠʤʷ ɻʆ], ʨʠʩ. 3.146. 
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3.5.9.2. ʀʥʝʨʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʂ ʠʥʝʨʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʪʝʣʘ ʦʪʥʦʩʷʪʩʷ: 

¶ ʤʘʩʩʘ; 

¶ ʦʩʝʚʳʝ ʠ ʮʝʥʪʨʦʙʝʞʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ;  

¶ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʚ ʉʂ ʪʝʣʘ; 

¶ ʤʘʪʨʠʮʘ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ. 

ʇʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʚ ʉʂ ʪʝʣʘ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦ-

ʤʝʯʘʝʪʩʷ ʤʘʨʢʝʨʦʤ . ɽʩʣʠ ʮʝʥʪʨ ʤʘʩʩ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ, ʧʝʨʝʡʜʠʪʝ 

ʚ ʨʝʞʠʤ ʧʨʦʚʦʣʦʯʥʦʡ ʛʨʘʬʠʢʠ, ʯʪʦʙʳ ʫʚʠʜʝʪʴ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ. 

ɿʘʤʝʯʘʥʠʝ.  ʄʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʠ ʤʘʪʨʠʮʘ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ ʟʘʜʘʶʪʩʷ ʚ ʩʠʩʪʝʤʝ ʢʦ-

ʦʨʜʠʥʘʪ (ʉʂ), ʥʘʯʘʣʦ ʢʦʪʦʨʦʡ ʩʦʚʤʝʱʝʥʦ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ ʪʝʣʘ, ʘ ʦʩʠ ʧʘʨʘʣ-

ʣʝʣʴʥʳ ʦʩʷʤ ʉʂ ʪʝʣʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʨʝʞʠʤʘ ʚʚʦʜʘ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʤʘʩʩʘ, ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʠ 

ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ). ʇʝʨʝʢʣʶʯʝʥʠʝ ʨʝʞʠʤʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷ ɺ -r

ʯʠʩʣʷʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ (ʨʠʩ. 3.139). 

ɺʚʦʜ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʧʦʣʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʩʪʫʧʥʳ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʣʷ ʚʚʦʜʘ ʠ 

ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʩʠʤʚʦʣʴʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ (ʩʤ. ʧ. 3.4.2.4.4. 

"ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51). 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʛʨʘʬʠʯʝʩʢʦʤʫ ʦʙʨʘʟʫ, ʥʘʟʥʘʯʝʥʥʦʤʫ 

ʪʝʣʫ (ʧ. 3.5.8.5. "ʀʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ɻʕ", c. 3-151), ʠ ʷʚʣʷʶʪʩʷ ʯʠʩ-

ʣʝʥʥʳʤʠ ʢʦʥʩʪʘʥʪʘʤʠ. ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʧʦʣʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʶʪʩʷ ʥʝʜʦ-

ʩʪʫʧʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ. 

ɿʘʤʝʯʘʥʠʝ.  ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʦ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠʥʝʨʮʠʦʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʦʯʪʠ ʚʩʝʭ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ; ʦʜʥʘʢʦ, ʚʦʟʤʦʞʥʳ ʧʨʦʙʣʝʤʳ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʠʵʜʨʦʚ (ʧ. 3.5.8.2.1. "ʇʦʣʠʵʜʨ", c. 3-125). ɼʣʷ ʢʦʨ-

ʨʝʢʪʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʨʠ ʫʢʘʟʘʥʠʠ ʛʨʘʥʝʡ (ʧʦʣʠʛʦʥʦʚ) 

ʧʦʨʷʜʦʢ ʚʝʨʰʠʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʠʭ ʦʙʭʦʜʫ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʝʩʣʠ 

ʩʤʦʪʨʝʪʴ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ ʦʙʲʝʢʪʘ. ʀʥʘʯʝ, ʚʳʯʠʩʣʝʥʥʳʝ ʠʥʝʨʮʠʦʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʙʫʜʫʪ ʥʝʢʦʨʨʝʢʪʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʟʘʜʘʥʠʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ 

ʢʘʢ ʫʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.147 ʫʢʘʟʘʥ ʥʝʚʝʨʥʳʡ ʦʙʭʦʜ ʚʝʨʰʠʥ ʜʣʷ 2-ʛʦ (ʚʝʨʰʠʥʳ 

5,6,2,1) ʠ 3-ʛʦ (ʚʝʨʰʠʥʳ 6,7,3,2) ʧʦʣʠʛʦʥʘ ï ʪʘʢʦʡ ʧʦʨʷʜʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʙʭʦʜʫ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ï ʥʘʧʨʠʤʝʨ, ʮʝʥʪʨ ʤʘʩʩ ʚʳʯʠʩʣʝʥ 

ʥʝʚʝʨʥʦ, ʩʤ. ʨʠʩʫʥʦʢ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʦʙʭʦʜʘ ʚʝʨʰʠʥ ʵʪʠʭ ʛʨʘʥʝʡ ʥʘ 1,2,6,5 

ʠ 2,3,7,6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʮʝʥʪʨ ʤʘʩʩ (ʠ ʦʩʪʘʣʴʥʳʝ ʠʥʝʨʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ) 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʨʨʝʢʪʥʦ, ʩʤ. ʨʠʩ. 3.148. 
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ʄʘʪʨʠʮʘ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ 

  

ʈʠʩ. 3.149. ʆʢʥʦ ʚʚʦʜʘ ʤʘʪʨʠʮʳ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ 

ʄʘʪʨʠʮʘ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʜʚʠʞʝʥʠʷ ʪʝʣ ʚ ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ. ʇʫʩʪʴ M ï ʤʘʪʨʠʮʘ 

ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʨʘʟʤʝʨʦʤ 6x6, ʟʘʜʘʥʥʘʷ ʚ ʉʂ ʪʝ-

ʣʘ 

ὓ
άὍ π
π ὐ

ȟ  

ʛʜʝ m ï ʤʘʩʩʘ ʪʝʣʘ; J ï ʤʘʪʨʠʮʘ ʪʝʥʟʦʨʘ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ, ʧʨʠʯʝʤ 

ʦʩʠ ʢʦʦʨʜʠʥʘʪ ʥʘʧʨʘʚʣʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʷʤ ʉʂ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʣʦʤ, Ὅ ï ʝʜʠʥʠʯʥʘʷ σ σ 

ʤʘʪʨʠʮʘ. ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʯʝʨʝʟ A ʤʘʪʨʠʮʫ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ʚʚʦ-

ʜʷʪʩʷ ʚ ʧʦʣʷʭ ʦʢʥʘ ʥʘ ʨʠʩ. 3.149, ʪʦ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ 
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ɿʜʝʩʴ a, e, w ï ʫʩʢʦʨʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ, ʫʛʣʦʚʦʡ ʫʩʢʦʨʝʥʠʝ ʠ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʪʝʣʘ; 

F,T ï ʛʣʘʚʥʳʡ ʚʝʢʪʦʨ ʠ ʛʣʘʚʥʳʡ ʤʦʤʝʥʪ ʘʢʪʠʚʥʳʭ ʩʠʣ ʠ ʩʠʣ ʨʝʘʢʮʠʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʮʝʥ-

ʪʨʫ ʤʘʩʩ. ɺʩʝ ʚʝʢʪʦʨʳ ʚ ʵʪʦʤ ʫʧʨʘʚʣʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʉʂ ʪʝʣʘ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʣʝʟʥʦʡ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʘʷ ʬʫʥʢʮʠʷ bodyinertia, ʢʦʪʦʨʘʷ ʚʦʟ-

ʚʨʘʱʘʝʪ ʠʥʝʨʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʣ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʚʳʨʘʞʝʥʠʷʭ ʣʶʙʦʛʦ 

ʪʠʧʘ, ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51. 

ɿʘʤʝʯʘʥʠʷ. 

1. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʦʩʣʝ ʥʘʟʥʘʯʝʥʠʷ 

ɻʆ ʪʝʣʫ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʭʦʪʷ ʙʳ ʦʜʥʦʤʫ ʛʨʘʬʠʯʝʩʢʦʤʫ ʵʣʝʤʝʥʪʫ ʥʘʟʥʘʯʝʥ ʤʘʪʝʨʠʘʣ 

ʩ ʥʝʥʫʣʝʚʦʡ ʧʣʦʪʥʦʩʪʴʶ. 

2. ʇʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝ-

ʥʷʶʪʩʷ ʧʨʠ ʢʘʞʜʦʤ ʠʟʤʝʥʝʥʠʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʨʠ ʦʧʠʩʘʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ɻʆ.  
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3.5.9.3. ɺʥʫʪʨʝʥʥʠʡ (ʩʢʨʳʪʳʡ) ʰʘʨʥʠʨ ʪʝʣʘ 

ʇʦʣʦʞʝʥʠʝ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0 ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ ʩ ʧʦʤʦʱʴʶ ʚʥʫʪʨʝʥʥʝʛʦ ʠʣʠ 

ʩʢʨʳʪʦʛʦ ʰʘʨʥʠʨʘ ʪʝʣʘ. ʊʠʧ ʰʘʨʥʠʨʘ: ç6 ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳè, ʩʤ. ʧ. 3.5.10.6. "ɺʚʦʜ ʰʘʨ-

ʥʠʨʘ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ", c. 3-191. ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʪʝʣʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʰʘʨʥʠ-

ʨʦʤ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ  

- ʢʥʦʧʢʫ  ʚ ʦʢʥʝ ʠʥʩʧʝʢʪʦʨʘ, ʨʠʩ. 3.162; 

- ʢʦʤʘʥʜʫ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʜʝʨʝʚʘ ʵʣʝʤʝʥʪʦʚ, ʨʠʩ. 3.150. 

  

ʈʠʩ. 3.150. ɼʦʙʘʚʣʝʥʠʝ ʪʝʣʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʰʘʨʥʠʨʦʤ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʜʝʨʝ-

ʚʘ ʵʣʝʤʝʥʪʦʚ 

 

ʈʠʩ. 3.151. ʀʢʦʥʢʘ ʪʝʣʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʰʘʨʥʠʨʦʤ, ʠʤʝʶʱʠʤ ʰʝʩʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 

ʐʘʨʥʠʨ ʥʘʟʳʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ, ʧʦʪʦʤʫ ʯʪʦ ʦʥ ʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʩʧʠʩʢʝ ʰʘʨʥʠʨʦʚ 

ʤʦʜʝʣʠ. ʇʝʨʝʯʠʩʣʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʰʘʨʥʠʨʘ. 

1. ɺʥʫʪʨʝʥʥʠʡ ʰʘʨʥʠʨ ʤʦʞʝʪ ʠʤʝʪʴ ʣʠʙʦ ʰʝʩʪʴ (ʨʠʩ. 3.151), ʣʠʙʦ ʥʦʣʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦ-

ʜʳ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʥ ʟʘʜʘʝʪ ʧʦʣʦʞʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0. ɺʦ 

ʚʪʦʨʦʤ ï ʞʝʩʪʢʦ ʩʚʷʟʳʚʘʝʪ ʪʝʣʦ ʩ ʉʂ0, ʧʨʠʯʝʤ ʉʂ ʪʝʣʘ ʩʦʚʧʘʜʘʝʪ ʩ ʉʂ0. ʏʠʩʣʦ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʟʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʨʠʩ. 3.152. 

  

ʈʠʩ. 3.152. ɿʘʜʘʥʠʝ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚʥʫʪʨʝʥʥʝʛʦ ʰʘʨʥʠʨʘ 

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʰʘʨʥʠʨʘ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ: ʬʠʢʪʠʚʥʦʝ 

ʪʝʣʦ, ʧ. 3.5.3.3.3. "ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʢʪʠʚʥʦʛʦ ʪʝʣʘ ʚʤʝʩʪʦ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ", c. 3-102.  

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʰʘʨʥʠʨʘ ʩ ʥʫʣʝʚʳʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ: ʪʝ-

ʣʦ Ground, ʧ. 3.5.9.7. "ʊʝʣʦ çGroundè", c. 3-176. 

2. ɺ ʩʣʫʯʘʝ ʰʘʨʥʠʨʘ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʚʚʦʜʷʪʩʷ ʰʝʩʪʴ ʢʦʦʨʜʠʥʘʪ, ʟʘʜʘʶʱʠʭ 

ʧʦʣʦʞʝʥʠʝ ʉʂ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0: ʪʨʠ ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ ʟʘʜʘʶʪ ʧʦʣʦʞʝʥʠʝ 
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ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ, ʪʨʠ ʫʛʣʘ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (1,2,3) ʟʘʜʘʶʪ ʦʨʠʝʥʪʘʮʠʶ ʉʂ ʪʝʣʘ. 

ʇʨʠ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʦʨʜʠʥʘʪ ʉʂ ʪʝʣʘ ʩʦʚʧʘʜʘʝʪ ʩ ʉʂ0. 

3. ɺʥʫʪʨʝʥʥʝʤʫ ʰʘʨʥʠʨʫ ʥʘʟʥʘʯʘʝʪʩʷ ʙʦʣʴʰʦʡ ʚʝʩ (ʩʤ. ʧ. 3.5.10.2. "ɺʝʩ ʰʘʨʥʠʨʘ", c. 3-

181). ʇʦʵʪʦʤʫ, ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʚʷʞʝʪ ʝʛʦ ʜʨʫʛʠʤ ʰʘʨʥʠʨʦʤ ʩ ʙʘʟʦʡ ʣʠʙʦ ʥʘʧʨʷ-

ʤʫʶ, ʣʠʙʦ ʯʝʨʝʟ ʮʝʧʦʯʢʫ ʪʝʣ, ʪʦ ʚʥʫʪʨʝʥʥʠʡ ʰʘʨʥʠʨ ʙʫʜʝʪ ʨʘʟʨʝʟʘʥ, ʠ ʝʤʫ ʙʫʜʝʪ ʧʨʠ-

ʩʚʦʝʥ ʩʪʘʪʫʩ ʫʜʘʣʝʥʥʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʨʝʟʘʥʥʳʝ ʰʘʨʥʠʨʳ, ʠʤʝʶʱʠʝ ʰʝʩʪʴ ʩʪʝʧʝ-

ʥʝʡ ʩʚʦʙʦʜʳ ʠʛʥʦʨʠʨʫʶʪʩʷ ʠ ʥʠʢʘʢ ʥʝ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ, 

ʧ. 3.5.10.4.2. ɽʩʣʠ ʰʘʨʥʠʨ, ʩʚʷʟʳʚʘʶʱʠʡ ʪʝʣʦ ʩ ʙʘʟʦʡ, ʫʜʘʣʠʪʴ, ʪʦ ʚʥʫʪʨʝʥʥʠʡ ʰʘʨ-

ʥʠʨ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ.  

4. ɿʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʚʥʫʪʨʝʥʥʝʛʦ ʰʘʨʥʠʨʘ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʤʦʞʥʦ ʟʘʜʘʪʴ 

ʥʘ ʚʢʣʘʜʢʝ ʇʦʣʦʞʝʥʠʝ ʠʥʩʧʝʢʪʦʨʘ, ʧ. 3.5.9.4. "ɺʢʣʘʜʢʘ çʇʦʣʦʞʝʥʠʝè ʪʝʣʘ", c. 3-167, 

ʘ ʪʘʢʞʝ ʥʘ ʚʢʣʘʜʢʝ ʂʦʦʨʜʠʥʘʪʳ, ʧ. 3.4.2.3.4. "ʂʦʦʨʜʠʥʘʪʳ", c. 3-46. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-167 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.9.4. ɺʢʣʘʜʢʘ çʇʦʣʦʞʝʥʠʝè ʪʝʣʘ 

ɺʢʣʘʜʢʘ ʇʦʣʦʞʝʥʠʝ ʦʪʨʘʞʘʝʪ ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʉʂ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0, 

ʨʠʩ. 3.153. ɿʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚ ʧʦʣʷʭ ʦʢʥʘ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʳ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʪʦʣʴʢʦ ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʝʣʦ ʠʤʝʝʪ ʥʝʨʘʟʨʝʟʘʥʥʳʡ ʚʥʫʪʨʝʥʥʠʡ ʰʘʨʥʠʨ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦ-

ʙʦʜʳ, ʧ. 3.5.9.3. "ɺʥʫʪʨʝʥʥʠʡ (ʩʢʨʳʪʳʡ) ʰʘʨʥʠʨ ʪʝʣʘ", c. 3-165. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʥʝ-

ʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʟʘʧʨʝʱʝʥʦ, ʠ ʢʦʦʨʜʠʥʘʪʳ ʠʤʝʶʪ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ. 

  

ʈʠʩ. 3.153. ʇʦʣʦʞʝʥʠʝ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0 

ɿʘʤʝʯʘʥʠʝ.  ʏʪʦʙʳ ʫʚʠʜʝʪʴ ʧʦʣʦʞʝʥʠʝ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0 ʩʣʝʜʫʝʪ ʧʝʨʝʢʣʶʯʠʪʴ ʨʝ-

ʞʠʤ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ ʥʘ çʆʙʲʝʢʪè ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ  ʥʘ ʧʘʥʝʣʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ. 

3.5.9.5. ɹʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʵʣʝʤʝʥʪʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʪʝʣʦʤ 

ʀʩʧʦʣʴʟʫʷ ʢʥʦʧʢʫ  (ʇʝʨʝʡʪʠ ʢ ʵʣʝʤʝʥʪʫ, ʨʠʩ. 3.154), ʤʦʞʥʦ ʙʳʩʪʨʦ ʧʝʨʝʢʣʶʯʠʪʴʩʷ 

ʢ ʛʨʘʬʠʯʝʩʢʦʤʫ ʵʣʝʤʝʥʪʫ ʪʝʣʘ ʠʣʠ ʢ ʣʶʙʦʤʫ ʵʣʝʤʝʥʪʫ, ʢʦʪʦʨʳʡ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʩʩʳʣʘʝʪʩʷ 

ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʪʝʣʦ (ʩʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ, ʰʘʨʥʠʨʳ). 

   

ʈʠʩ. 3.154. ʄʝʥʶ ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʣʦʤ 
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3.5.9.6. ʊʦʯʢʠ ʩʚʷʟʠ 

 

ʈʠʩ. 3.155. ʊʝʣʦ ï ʨʘʤʘ ʩ ʥʘʙʦʨʦʤ ʧʨʦʩʪʳʭ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʩʚʷʟʠ 

ʊʦʯʢʠ ʩʚʷʟʠ ʥʘʟʥʘʯʘʶʪʩʷ ʪʝʣʫ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʧʠʩʘʥʠʠ ʰʘʨʥʠʨʦʚ ʠ ʩʠʣʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʀʤʝʶʪʩʷ ʪʦʯʢʠ ʩʚʷʟʠ ʪʨʝʭ ʪʠʧʦʚ: 

¶ ʦʙʳʯʥʳʝ; 

¶ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ (ʣʦʢʘʣʴʥʳʝ ʉʂ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʣʦʤ); 

¶ ʚʝʢʪʦʨʳ. 

 

ɼʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʩʚʷʟʠ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ: 

¶ ʠʤʷ; ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʟʘʜʘʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʠʤʝʥʘ ʪʦʯʢʘʤ ʩʚʷʟʠ; 

¶ ʢʦʦʨʜʠʥʘʪʳ ʚ ʉʂ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʣʦʤ (ʢʦʦʨʜʠʥʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʳ); 

¶ ʢʦʤʤʝʥʪʘʨʠʡ, ʫʧʨʦʱʘʶʱʠʡ ʜʘʣʴʥʝʡʰʫʶ ʨʘʙʦʪʫ ʩ ʪʦʯʢʦʡ ʩʚʷʟʠ (ʥʝʦʙʷʟʘʪʝʣʴʥʳʡ ʧʘ-

ʨʘʤʝʪʨ); 

¶ c ʢʘʞʜʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʩʚʷʟʘʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ ʪʝʣʘ ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʚʦʨʦʪʦʚ; 

¶ ʜʣʷ ʚʝʢʪʦʨʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʜʘʶʪʩʷ ʝʛʦ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʠ ʉʂ ʪʝʣʘ. 

ʊʦʯʢʘ ʩʚʷʟʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʠʢʦʥʢʦʡ  ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ. ɼʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯ-

ʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʠʩʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʘ ʜʣʷ ʚʝʢʪʦʨʘ ï ʦʪʨʝʟʦʢ, 

ʧʦʢʘʟʳʚʘʶʱʠʡ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ, ʨʠʩ. 3.155. 

ɿʘʤʝʯʘʥʠe 1.  ʂʘʢ ʧʨʘʚʠʣʦ, ʪʦʯʢʘ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʜʘʪʴ ʟʥʘʯʝʥʠʷ 

ʩʚʦʠʭ ʢʦʦʨʜʠʥʘʪ (ʠ ʦʨʠʝʥʪʘʮʠʠ ʚ ʩʣʫʯʘʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ) ʪʦ-

ʤʫ ʵʣʝʤʝʥʪʫ, ʧʨʠ ʦʧʠʩʘʥʠʠ ʢʦʪʦʨʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʫʶ ʪʦʯ-

ʢʫ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʦʛʣʘʩʥʦ ʵʪʠʤ ʜʘʥʥʳʤ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ 

ʩʚʷʟʴ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʢʦʡ. ʇʦʵʪʦʤʫ ʧʦʩʣʝʜʫʶʱʝʝ ʫʜʘʣʝʥʠʝ ʪʦʯʢʠ 

ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʝʝ ʢʦʦʨʜʠʥʘʪ ʥʠʢʘʢ ʥʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʜʘʥʥʳʭ, ʥʘʟʥʘʯʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʯʢʠ. 

ɿʘʤʝʯʘʥʠʝ 2.  ɺʠʟʫʘʣʴʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʪʦʯʝʢ ʩʚʷʟʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʚʢʣʶʯʝʥ ʨʝʞʠʤ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ, ʢʥʦʧʢʘ  ʥʘ ʧʘʥʝʣʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-169 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.9.6.1. ɼʦʙʘʚʣʝʥʠʝ ʦʙʳʯʥʳʭ ʪʦʯʝʢ ʩʚʷʟʠ 

ɿʘʢʣʘʜʢʘ ʊʝʣʦ | ʊʦʯʢʠ ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʦʙʳʯʥʳʭ ʪʦʯʝʢ ʩʚʷʟʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʝʛʦ ʨʝ-

ʜʘʢʪʠʨʦʚʘʥʠʷ, ʨʠʩ. 3.156. 

  

ʈʠʩ. 3.156. ʊʘʙʣʠʮʘ ʟʘʜʘʥʠʷ ʧʨʦʩʪʳʭ ʪʦʯʝʢ ʩʚʷʟʠ 

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʦʙʳʯʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʝʸ ʢʦʦʨʜʠʥʘʪʳ ʚ ʉʂ ʪʝʣʘ. ʕʪʦ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

¶ ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʧʠʩʢʘ ʪʦʯʝʢ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʠʪʴ ʥʦʚʫʶ () ʠʣʠ ʩʦʟʜʘʪʴ ʢʦʧʠʶ 

( ) ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʦʯʢʠ ʩʚʷʟʠ. ɺ ʩʧʠʩʦʢ ʪʦʯʝʢ ʜʦʙʘʚʣʷʝʪʩʷ ʥʦʚʘʷ ʩʪʨʦʢʘ, ʩʦʜʝʨʞʘ-

ʱʘʷ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʠ ʧʫʩʪʦʡ ʢʦʤʤʝʥʪʘʨʠʡ. ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʟʘʜʘʸʪʩʷ ʨʝʜʘʢʪʠʨʦ-

ʚʘʥʠʝʤ ʧʦʣʝʡ ʪʘʙʣʠʮʳ (ʧʦʣʷ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʩʠʤʚʦʣʴʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ, ʩʤ. 

ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51). 

¶ ʅʘʞʘʪʠʝʤ ʥʘ ʢʥʦʧʢʝ ʇʦʣʫʯʠʪʴ ʚʠʟʫʘʣʴʥʦ ʦʪʜʝʣʴʥʫʶ ʪʦʯʢʫ ( ) ʠ ʱʝʣʯʢʦʤ ʣʝʚʦʡ 

ʢʥʦʧʢʠ ʤʳʰʠ ʥʘ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʢʝ ɻʆ ʪʝʣʘ. ʊʦʯʢʘ ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʫʢʘʟʘʥʥʦʝ ʤʝʩʪʦ, 

ʧʦʣʷ ʪʘʙʣʠʮʳ ʟʘʧʦʣʥʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

 

ʇʝʨʚʳʡ 

ʱʝʣʯʦʢ 

ɺʪʦʨʦʡ 

ʱʝʣʯʦʢ 

ʈʝʟʫʣʴʪʘʪ 

ɺʠʟʫʘʣʴʥʳʡ 

ʚʳʙʦʨ ʚʝʨʰʠʥʳ 

 

ʈʠʩ. 3.157. ɼʦʙʘʚʣʝʥʠʝ ʪʦʯʢʠ ʢʘʢ ʩʝʨʝʜʠʥʳ ʦʪʨʝʟʢʘ 

¶ ʅʘʞʘʪʠʝʤ ʥʘ ʢʥʦʧʢʝ ʇʦʣʫʯʠʪʴ ʚʠʟʫʘʣʴʥʦ ʢʘʢ ʩʝʨʝʜʠʥʫ ʦʪʨʝʟʢʘ ( ). ʑʝʣʯʢʦʤ ʣʝ-

ʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʚʳʙʝʨʠʪʝ ʪʦʯʢʠ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʦʪʨʝʟʢʘ, ʨʠʩ. 3.157. ʊʦʯʢʘ 

ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʩʝʨʝʜʠʥʫ ʦʪʨʝʟʢʘ, ʧʦʣʷ ʪʘʙʣʠʮʳ ʟʘʧʦʣʥʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-170 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

¶ ʅʘʞʘʪʠʝʤ ʥʘ ʢʥʦʧʢʝ  (ʧʦʣʫʯʠʪʴ ʢʘʢ ʮʝʥʪʨ ʦʢʨʫʞʥʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʨʠ 

ʪʦʯʢʠ). ʉʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʤʳʰʢʦʡ ʪʨʠ ʪʦʯʢʠ ʥʘ ɻʆ ʪʝʣʘ, ʣʝʞʘʱʠʝ ʥʘ ʦʢʨʫʞʥʦʩʪʠ. 

 

ɼʣʷ ʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʦʙʘʚʣʷʝʤʦʡ ʪʦʯʢʠ ʠʩʧʦʣʴʟʫʡʪʝ ʚʝʨʰʠʥʳ ʛʨʘʬʠʯʝʩʢʦ-

ʛʦ ʦʙʨʘʟʘ ʪʝʣʘ. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʚʝʨʰʠʥʝ ʢʫʨʩʦʨ ʤʝʥʷʝʪʩʷ ʥʘ , ʨʠʩ. 3.157. ʇʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʴ ʰʘʛʦʚ ʚʠʟʫʘʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʦʪʨʘʞʘʝʪʩʷ ʚ ʦʢʥʝ ʧʦʜʩʢʘʟʢʠ. ʇʦʩʣʝ ʜʦʙʘʚʣʝ-

ʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʪʦʯʢʠ (ʚ ʧʦʣʷʭ ʩʧʠʩʢʘ) ʠʣʠ ʫʜʘʣʠʪʴ 

ʝʸ (). 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-171 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.9.6.2. ɼʦʙʘʚʣʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʩʚʷʟʠ 

  

ʈʠʩ. 3.158. ʇʘʨʘʤʝʪʨʳ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʩʚʷʟʠ 

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ (ʠʣʠ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʣʦʤ ï ʃʉʂ) ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʝʸ ʢʦʦʨʜʠʥʘʪʳ ʠ ʧʦʣʦʞʝʥʠʝ ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʉʂ ʪʝʣʘ. ʇʦʣʦʞʝʥʠʝ ʉʂ ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʧʦʚʦʨʦʪʦʚ. ʇʝʨʝʡʜʠʪʝ ʥʘ ʟʘʢʣʘʜʢʫ ʆʨʠʝʥʪ. ʪʦʯʢʠ ʦʢʥʘ ʦʧʠʩʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʣʘ, 

ʨʠʩ. 3.158. ʅʘ ʟʘʢʣʘʜʢʝ ʥʘʭʦʜʷʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʧʠʩʢʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʪʦʯʝʢ, ʘ ʪʘʢʞʝ ʢʥʦʧʢʠ ʚʠʟʫʘʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ. 

ʈʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʜʦʙʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ: 

1. ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʠʪʴ ʥʦʚʫʶ () ʠʣʠ ʩʦʟʜʘʪʴ ʢʦʧʠʶ () ʩʫʱʝ-

ʩʪʚʫʶʱʝʡ ʪʦʯʢʠ ʩʚʷʟʠ. ʅʘ ʟʘʢʣʘʜʢʝ ʆʨʠʝʥʪ. ʪʦʯʢʠ ʧʦʷʚʣʷʝʪʩʷ ʟʘʢʣʘʜʢʘ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʘʷ ʜʦʙʘʚʣʝʥʥʦʡ ʪʦʯʢʝ. ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʟʘʜʘʸʪʩʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝʤ ʧʦʣʝʡ 

ʪʘʙʣʠʮʳ (ʧʦʣʷ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʧʦʩʪʦʷʥʥʳʝ ʩʠʤʚʦʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ). 

 

ɺ ʛʨʫʧʧʝ ʂʦʦʨʜʠʥʘʪʳ ʟʘʜʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ (ʥʘʯʘʣʘ ʦʪʩʯʸʪʘ 

ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ) ʚ ʉʂ ʪʝʣʘ. ɻʨʫʧʧʘ ʆʨʠʝʥʪʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʪʨʠ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʚʦʨʦʪʘ, ʟʘʜʘʶʱʠʭ ʦʨʠʝʥʪʘʮʠʶ ʃʉʂ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ ʪʝʣʘ. ɺʩʧʣʳʚʘ-

ʶʱʠʝ ʤʝʥʶ ʩʣʝʚʘ ʧʦʟʚʦʣʷʶʪ ʚʳʙʨʘʪʴ ʦʩʠ ʧʦʚʦʨʦʪʦʚ, ʘ ʥʘʭʦʜʷʱʠʝʩʷ ʩʧʨʘʚʘ ʧʦʣʷ ï ʫʛʣʳ 

ʧʦʚʦʨʦʪʦʚ ʚ ʛʨʘʜʫʩʘʭ. 

 

2. ɺʠʟʫʘʣʴʥʦʝ ʜʦʙʘʚʣʝʥʠʝ (ʥʝʜʦʩʪʫʧʥʦ ʚ ʨʝʞʠʤʝ ʧʨʦʚʦʣʦʯʥʦʡ ʛʨʘʬʠʢʠ). 

ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʯʝʪʳʨʝ ʨʝʞʠʤʘ ʟʘʜʘʥʠʷ. ʆʧʝʨʘʮʠʷ ʚʳʙʦʨʘ ʪʦʯʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʱʝʣʯʢʦʤ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʦʙʳʯʥʳʝ ʪʦʯʢʠ ʩʚʷ-

ʟʠ, ʪʘʢ ʠ ʧʨʦʠʟʚʦʣʴʥʳʝ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɻʆ ʪʝʣʘ (ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚʨʝʤʝʥʥʦʝ 

ʜʦʙʘʚʣʝʥʠʷ ʪʦʯʝʢ, ʥʝ ʦʪʨʘʞʘʶʱʝʝʩʷ ʚ ʩʧʠʩʢʝ ʪʦʯʝʢ ʪʝʣʘ). 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-172 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.159. ɿʘʜʘʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʩʚʷʟʠ ʧʦ ʥʦʨʤʘʣʠ ʠ ʪʦʯʢʝ ʠ ʧʦ ʦʙʨʘʱʝʥʥʦʡ 

ʥʦʨʤʘʣʠ ʠ ʪʦʯʢʝ 

 ʇʦʣʫʯʠʪʴ ʧʦ ʥʦʨʤʘʣʠ ʠ ʪʦʯʢʝ (ʨʠʩ. 3.159, ʩʣʝʚʘ). ɺ ʧʨʦʛʨʘʤʤʝ UM ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʘʙʦʨʦʤ ʧʣʦʩʢʠʭ ʬʠʛʫʨ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʧʦʣʠʛʦʥʦʚ), ʛʨʘʥʠ ʧʝ-

ʨʝʩʝʯʝʥʠʷ ʢʦʪʦʨʳʭ ʩʛʣʘʞʠʚʘʶʪʩʷ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ (ʧʨʠ ʚʢʣʶʯʝʥʥʦʤ ʨʝʞʠʤʝ ʩʛʣʘʞʠʚʘ-

ʥʠʝ). ɺʳʙʠʨʘʝʪʩʷ ʪʦʯʢʘ (Point1), ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʩʪʨʦʛʦ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴ ɻʆ ʪʝʣʘ. ɺ ʢʘʯʝʩʪʚʝ Point1 ʥʝʣʴʟʷ ʚʳʙʨʘʪʴ ʪʦʯʢʫ ʥʘ ʣʠʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʛʨʘ-

ʥʝʡ. ɼʘʥʥʘʷ ʪʦʯʢʘ ʩʪʘʥʦʚʠʪʩʷ ʥʘʯʘʣʦʤ ʦʪʩʯʸʪʘ ʃʉʂ. ɼʣʷ ʜʘʥʥʦʡ ʪʦʯʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʥʝʥhʷʷ ʥʦʨʤʘʣʴ ʢ ʧʣʦʩʢʦʩʪʠ, ʦʩʴ Z ʃʉʂ ʥʘʧʨʘʚʣʷʝʪʩʷ ʧʦ ʥʝʡ. ɼʘʣʝʝ, ʚʳʙʠʨʘʝʪʩʷ ʚʪʦʨʘʷ 

ʪʦʯʢʘ (Point2). ʊʦʯʢʘ Point2 ʥʝ ʜʦʣʞʥʘ ʣʝʞʘʪʴ ʥʘ ʦʩʠ Z ʃʉʂ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʡ ʫʞʝ 

ʦʧʨʝʜʝʣʝʥʦ. ɺʝʢʪʦʨ (R12), ʩʦʝʜʠʥʷʶʱʠʡ ʪʦʯʢʠ Point1 ʠ Point2, ʧʨʦʝʮʠʨʫʝʪʩʷ ʥʘ ʚʳʙʨʘʥ-

ʥʫʶ ʨʘʥʝʝ ʧʣʦʩʢʦʩʪʴ, ʟʘʜʘʚʘʷ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ X ʃʉʂ. ʆʩʴ Y ʃʉʂ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ ʧʦ ʧʨʘʚʠʣʫ ʧʨʘʚʦʛʦ ʚʠʥʪʘ. 

 

 ʇʦʣʫʯʠʪʴ ʧʦ ʦʙʨʘʱʸʥʥʦʡ ʥʦʨʤʘʣʠ ʠ ʪʦʯʢʝ (ʨʠʩ. 3.159, ʩʧʨʘʚʘ). ɺʳʙʠʨʘʝʪʩʷ ʪʦʯ-

ʢʘ (Point1), ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʩʪʨʦʛʦ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴ ɻʆ ʪʝʣʘ. 

ɺ ʢʘʯʝʩʪʚʝ Point1 ʥʝʣʴʟʷ ʚʳʙʨʘʪʴ ʪʦʯʢʫ ʥʘ ʣʠʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʛʨʘʥʝʡ. ɼʘʥʥʘʷ ʪʦʯʢʘ ʩʪʘ-

ʥʦʚʠʪʩʷ ʥʘʯʘʣʦʤ ʦʪʩʯʸʪʘ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʃʉʂ). ɼʣʷ ʜʘʥʥʦʡ ʪʦʯʢʠ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʦʙʨʘʱʸʥʥʘʷ ʚʥʝʰʥʷʷ ʥʦʨʤʘʣʴ ʢ ʧʣʦʩʢʦʩʪʠ, ʦʩʴ Z ʃʉʂ ʥʘʧʨʘʚʣʷʝʪʩʷ ʧʦ ʥʝʡ. ɼʘʣʝʝ, 

ʚʳʙʠʨʘʝʪʩʷ ʚʪʦʨʘʷ ʪʦʯʢʘ (Point2). ʊʦʯʢʘ Point2 ʥʝ ʜʦʣʞʥʘ ʣʝʞʘʪʴ ʥʘ ʦʩʠ Z ʃʉʂ, ʧʦʣʦʞʝ-

ʥʠʝ ʢʦʪʦʨʦʡ ʫʞʝ ʦʧʨʝʜʝʣʝʥʦ. ɺʝʢʪʦʨ (R12), ʩʦʝʜʠʥʷʶʱʠʡ ʪʦʯʢʠ Point1 ʠ Point2, ʧʨʦʝʮʠ-

ʨʫʝʪʩʷ ʥʘ ʚʳʙʨʘʥʥʫʶ ʨʘʥʝʝ ʧʣʦʩʢʦʩʪʴ, ʟʘʜʘʚʘʷ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ X ʃʉʂ. ʆʩʴ Y ʃʉʂ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʧʨʘʚʠʣʫ ʧʨʘʚʦʛʦ ʚʠʥʪʘ. 
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ʈʠʩ. 3.160. ʉʦʟʜʘʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ ʧʦ ʪʨʝʤ ʠ ʧʦ ʯʝʪʳʨʝʤ ʪʦʯʢʘʤ 

 ʇʦʣʫʯʠʪʴ ʧʦ ʪʨʸʤ ʪʦʯʢʘʤ (ʨʠʩ. 3.160, ʩʣʝʚʘ). ɺʳʙʠʨʘʝʪʩʷ ʧʝʨʚʘʷ ʪʦʯʢʘ (Point1). 

ɼʘʥʥʘʷ ʪʦʯʢʘ ʩʪʘʥʦʚʠʪʩʷ ʥʘʯʘʣʦʤ ʦʪʩʯʸʪʘ ʃʉʂ. ɺʳʙʠʨʘʝʪʩʷ ʚʪʦʨʘʷ ʪʦʯʢʘ (Point2). ɺʝʢʪʦʨ 

(R12), ʩʦʝʜʠʥʷʶʱʠʡ ʪʦʯʢʠ Point1 ʠ Point2, ʟʘʜʘʸʪ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ X ʃʉʂ. ɼʘʣʝʝ ʚʳʙʠʨʘ-

ʝʪʩʷ ʪʨʝʪʴʷ ʪʦʯʢʘ (Point3). ɺʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʘ (R13), ʩʦʝʜʠʥʷʶʱʝʛʦ ʪʦʯʢʠ 

Point1 ʠ Point3, ʥʘ ʚʝʢʪʦʨ R12 (ʦʧʨʝʜʝʣʸʥʥʳʡ ʨʘʥʝʝ), ʜʘʸʪ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ Z ʃʉʂ. ʆʩʴ Y 

ʃʉʂ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʧʨʘʚʠʣʫ ʧʨʘʚʦʛʦ ʚʠʥʪʘ. 

 

 ʇʦʣʫʯʠʪʴ ʧʦ ʯʝʪʳʨʸʤ ʪʦʯʢʘʤ (ʨʠʩ. 3.160, ʩʧʨʘʚʘ). ɺʳʙʠʨʘʝʪʩʷ ʜʚʝ ʪʦʯʢʠ (Point1 

ʠ Point2). ʉʝʨʝʜʠʥʘ ʧʦʣʫʯʝʥʥʦʛʦ ʦʪʨʝʟʢʘ ʟʘʜʘʝʪ ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʃʉʂ, ʘ ʩʝʢʪʦʨ R12, ʩʦʝʜʠ-

ʥʷʶʱʠʡ ʪʦʯʢʠ Point1 ʠ Point2, ʟʘʜʘʸʪ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ X. ɼʘʣʝʝ ʚʳʙʠʨʘʶʪʩʷ ʪʨʝʪʴʷ ʠ ʯʝʪ-

ʚʝʨʪʘʷ ʪʦʯʢʠ (Point3, Point4) ʪʘʢ, ʯʪʦ ʚʝʢʪʦʨ R34 ʥʝ ʧʘʨʘʣʣʝʣʝʥ ʚʝʢʪʦʨʫ R12. ɺʝʢʪʦʨʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ Ὑ Ὑ  ʜʘʸʪ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ Z ʃʉʂ. ʆʩʴ Y ʃʉʂ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠ ʧʦ ʧʨʘʚʠʣʫ ʧʨʘʚʦʛʦ ʚʠʥʪʘ. 

 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʚʦʜʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʨʝʞʠʤʦʚ ʚʠʟʫʘʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʦʪʨʘʞʘʝʪ-

ʩʷ ʚ ʆʢʥʝ ʧʦʜʩʢʘʟʢʠ ʢʦʥʩʪʨʫʢʪʦʨʘ. 
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3.5.9.6.3. ɼʦʙʘʚʣʝʥʠʝ ʚʝʢʪʦʨʦʚ ʢ ʪʝʣʘʤ 

ɺʝʢʪʦʨʳ ʥʘʟʥʘʯʘʶʪʩʷ ʪʝʣʫ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʧʠʩʘʥʠʠ ʰʘʨʥʠʨʦʚ (ʚʨʘʱʘʪʝʣʴʥʦʛʦ, 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ, ʰʘʨʥʠʨʘ ʂʘʨʜʘʥʘ) ʠ ʥʝʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ (ʟʫʙʯʘ-

ʪʦʝ ʟʘʮʝʧʣʝʥʠʝ, ʢʫʣʘʯʦʢ ʠ ʜʨ.). ɿʘʢʣʘʜʢʘ ɺʝʢʪʦʨʳ ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʚʝʢʪʦʨʦʚ ʠ ʠʥʩʪʨʫ-

ʤʝʥʪʳ ʠʭ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʨʠʩ. 3.161. ɿʘʜʘʥʠʝ ʚʝʢʪʦʨʘ ʚʢʣʶʯʘʝʪ ʝʛʦ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʠ ʉʂ 

ʪʝʣʘ ʠ ʢʦʦʨʜʠʥʘʪ ʥʘʯʘʣʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ: 

3. ɿʘʜʘʥʠʝ ʚʝʢʪʦʨʘ ʚʨʫʯʥʫʶ 

ʇʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ ɼʦʙʘʚʠʪʴ ʥʦʚʳʡ ʵʣʝʤʝʥʪ ( ) ʥʘ ʧʘʥʝʣʴ ʜʦʙʘʚʣʷʝʪʩʷ ʟʘʢʣʘʜʢʘ 

(ʨʠʩ. 3.161) 

 

ʈʠʩ. 3.161. ʇʘʨʘʤʝʪʨʳ ʚʝʢʪʦʨʘ  

ʅʘ ʧʘʥʝʣʠ ʊʦʯʢʘ ʟʘʜʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʥʘʯʘʣʘ ʚʝʢʪʦʨʘ ʚ ʉʂ ʪʝʣʘ (ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʩʠʤʚʦʣʴʥʳʭ ʚʳʨʘʞʝʥʠʡ). ʇʘʥʝʣʴ ɺʝʢʪʦʨ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʪʨʠ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ 

ʥʘ ʦʩʠ ʉʂ ʪʝʣʘ (ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʯʠʩʣʦʚʳʭ ʢʦʥʩʪʘʥʪ). ɺʩʧʣʳʚʘʶʱʝʝ 

ʤʝʥʶ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʩʝʡ ʧʦʚʦʨʦʪʘ ʦʩʠ ʉʂ ʪʝʣʘ. 

ʂʦʧʠʨʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʚʝʢʪʦʨʘ ( ) ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʧʘʨʘʤʝʪ-

ʨʦʚ. 

 

4. ɺʠʟʫʘʣʴʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ. ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʯʝʪʳʨʝ ʨʝʞʠʤʘ. ʆʧʝʨʘʮʠʷ ʚʳʙʦʨʘ 

ʪʦʯʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʱʝʣʯʢʦʤ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ. 

 

 ʇʦʣʫʯʠʪʴ ʧʦ ʥʦʨʤʘʣʠ. ɺʳʙʠʨʘʝʪʩʷ ʪʦʯʢʘ, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʩʪʨʦʛʦ ʦʜʥʦʡ ʧʣʦʩʢʦ-

ʩʪʠ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴ ɻʆ ʪʝʣʘ. ʅʝʣʴʟʷ ʚʳʙʨʘʪʴ ʪʦʯʢʫ ʥʘ ʣʠʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ 

ʛʨʘʥʝʡ. ɼʘʥʥʘʷ ʪʦʯʢʘ ʩʪʘʥʦʚʠʪʩʷ ʥʘʯʘʣʦʤ ʚʝʢʪʦʨʘ. ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʧʣʦʩʢʦʩʪʠ ʚ ʪʦʯʢʝ. 

 

 ʇʦʣʫʯʠʪʴ ʧʦ ʜʚʫʤ ʪʦʯʢʘʤ. ɺʳʙʠʨʘʝʪʩʷ ʧʝʨʚʘʷ ʪʦʯʢʘ. ʆʥʘ ʩʪʘʥʦʚʠʪʩʷ ʥʘʯʘʣʦʤ ʚʝʢ-

ʪʦʨʘ. ɺʳʙʠʨʘʝʪʩʷ ʚʪʦʨʘʷ ʪʦʯʢʘ. ɺʝʢʪʦʨ, ʩʦʝʜʠʥʷʶʱʠʡ ʪʦʯʢʠ, ʟʘʜʘʸʪ ʥʘʧʨʘʚʣʝʥʠʝ. 

 

 ʇʦʣʫʯʠʪʴ ʧʦ ʪʨʸʤ ʪʦʯʢʘʤ. ɸʣʛʦʨʠʪʤ ʧʦʚʪʦʨʷʝʪ ʟʘʜʘʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ 

(ʇʦʣʫʯʠʪʴ ʧʦ ʪʨʝʤ ʪʦʯʢʘʤ). ʇʨʠ ʵʪʦʤ ʥʘʯʘʣʦ ʚʝʢʪʦʨʘ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʦʤ ʦʪʩʯʸʪʘ 

ʃʉʂ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ Z ʃʉʂ. 
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 ʇʦʣʫʯʠʪʴ ʧʦ ʯʝʪʳʨʸʤ ʪʦʯʢʘʤ. ɸʣʛʦʨʠʪʤ ʧʦʚʪʦʨʷʝʪ ʟʘʜʘʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʪʦʯʢʠ (ʇʦʣʫʯʠʪʴ ʧʦ ʯʝʪʳʨʸʤ ʪʦʯʢʘʤ). ʇʨʠ ʵʪʦʤ ʥʘʯʘʣʦ ʚʝʢʪʦʨʘ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʦʤ ʦʪ-

ʩʯʸʪʘ ʃʉʂ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ Z ʃʉʂ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʚʦʜʘ ʜʣʷ ʢʘʞʜʦ-

ʛʦ ʠʟ ʨʝʞʠʤʦʚ ʚʠʟʫʘʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʦʪʨʘʞʘʝʪʩʷ ʚ ʆʢʥʝ ʧʦʜʩʢʘʟʢʠ ʢʦʥʩʪʨʫʢʪʦʨʘ.  

 

 ʇʦʣʫʯʠʪʴ ʧʦ ʦʢʨʫʞʥʦʩʪʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʯʝʨʝʟ ʪʨʠ ʪʦʯʢʠ. ʑʝʣʢʥʠʪʝ ʤʳʰʢʦʡ ʥʘ 

ʪʨʝʭ ʪʦʯʢʘʭ, ʣʝʞʘʱʠʭ ʥʘ ʦʢʨʫʞʥʦʩʪʠ. ʅʘʯʘʣʦ ʚʝʢʪʦʨʘ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʮʝʥʪʨʝ ʦʢʨʫʞʥʦʩʪʠ, 

ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʦʢʨʫʞʥʦʩʪʠ ʧʦ ʧʨʘʚʠʣʫ ʧʨʘʚʦʛʦ ʚʠʥʪʘ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʙʦʨʘ ʪʦʯʝʢ. 

ɿʘʤʝʯʘʥʠʝ.  ʂʘʢ ʧʨʘʚʠʣʦ, ʚʝʢʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʜʘʪʴ ʟʥʘʯʝʥʠʷ ʩʚʦʠʭ 

ʧʘʨʘʤʝʪʨʦʚ (ʢʦʦʨʜʠʥʘʪ ʥʘʯʘʣʘ ʠ ʥʘʧʨʘʚʣʝʥʠʷ) ʪʦʤʫ ʵʣʝʤʝʥʪʫ, ʧʨʠ ʦʧʠʩʘʥʠʠ 

ʢʦʪʦʨʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʳʡ ʚʝʢʪʦʨ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʦʛʣʘʩʥʦ 

ʵʪʠʤ ʜʘʥʥʳʤ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʩʚʷʟʴ ʩ ʚʝʢʪʦʨʦʤ. ʇʦʵʪʦʤʫ ʧʦ-

ʩʣʝʜʫʶʱʝʝ ʫʜʘʣʝʥʠʝ ʚʝʢʪʦʨʘ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʥʠʢʘʢ ʥʝ ʦʪʨʘ-

ʞʘʝʪʩʷ ʥʘ ʜʘʥʥʳʭ, ʥʘʟʥʘʯʝʥʥʳʭ ʩ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. 
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3.5.9.7. ʊʝʣʦ çGroundè 

 

ʈʠʩ. 3.162. ʇʘʨʘʤʝʪʨʳ ʪʝʣʘ çGroundè 

Ground ï ʵʪʦ ʪʝʣʦ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʙʘʚʣʷʝʤʦʝ ʢ ʤʦʜʝʣʠ ʧʨʠ ʝʝ ʩʦʟʜʘʥʠʠ, ʝʩʣʠ ʚʢʣʶ-

ʯʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʧʮʠʷ ʥʘʩʪʨʦʝʢ, ʩʤ. ʧ. 3.2.1. "ʆʙʱʠʝ ʥʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʳ ʚʚʦʜʘ", 

c. 3-9. 

ɼʘʥʥʦʝ ʪʝʣʦ ʞʝʩʪʢʦ ʩʚʷʟʘʥʦ ʚʥʫʪʨʝʥʥʠʤ ʰʘʨʥʠʨʦʤ ʩ ʉʂ0 (ʚʥʫʪʨʝʥʥʠʡ ʰʘʨʥʠʨ ʠʤʝʝʪ 0 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʧ. 3.5.9.3. "ɺʥʫʪʨʝʥʥʠʡ (ʩʢʨʳʪʳʡ) ʰʘʨʥʠʨ ʪʝʣʘ", c. 3-165) ʠ ʠʤʝʝʪ ʥʫ-

ʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʉʂ ʪʝʣʘ ʪʦʞʜʝʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʉʂ0. ʌʘʢʪʠ-

ʯʝʩʢʠ, ʧʨʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʦ ʪʝʣʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʉʂ0 ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʩʚʷʟʠ 

ʜʨʫʛʠʭ ʪʝʣ ʩ Ground ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʰʘʨʥʠʨʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦ ʩʚʷʟʳʚʘ-

ʥʠʶ ʩ ʉʂ0. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʉʂ0 ʪʝʣʫ Ground ʤʦʞʥʦ ʥʘʟʥʘʯʠʪʴ ʪʦʯʢʠ ʩʚʷʟʠ (ʧ. 3.5.9.6. "ʊʦʯʢʠ ʩʚʷʟʠ", 

c. 3-168) ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʚʠʟʫʘʣʴʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʢʦʤʧʦʥʝʥʪ ʩʠʣ ʠ ʰʘʨʥʠʨʦʚ, ʩʚʷ-

ʟʳʚʘʶʱʠʭ ʪʝʣʘ ʩ ʠʥʝʨʮʠʘʣʴʥʦʡ ʉʂ0, ʘ ʪʘʢʞʝ ʧʨʠ ʚʠʟʫʘʣʴʥʦʤ ʥʘʟʥʘʯʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ 

ʧʨʠʢʨʝʧʣʝʥʠʷ, ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʉʂ0. ʇʨʠ ʵʪʦʤ ʚʤʝʩʪʦ ʉʂ0 ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʪʝʣʦ Ground ʠ ʝʛʦ ʪʦʯʢʠ ʩʚʷʟʠ. 

ɼʨʫʛʦʡ ʧʨʠʯʠʥʦʡ ʜʦʙʘʚʣʝʥʠʷ ʪʝʣʘ Ground ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʢʦʥʚʝʨʪʘ-

ʮʠʠ ʤʦʜʝʣʝʡ ʠʟ MSC.ADAMS, ʧ. ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.. "ʆʰʠʙʢʘ! ʀʩ-

ʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.", c. ʆʰʠʙʢʘ! ɿʘʢʣʘʜʢʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ.. 
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3.5.9.8. 3D ʢʦʥʪʘʢʪ 

ʉ ʢʘʞʜʳʤ ʪʚʝʨʜʳʤ ʪʝʣʦʤ ʚ ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʪʦ ʠʣʠ ʠʥʦʝ ʢʦʥʪʘʢʪʥʦʝ ʤʥʦ-

ʛʦʦʙʨʘʟʠʝ, ʟʘʜʘʥʥʦʝ ʢʘʢ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ. ɺʩʝ ʪʝʣʘ ʩ ʟʘʜʘʥʥʳʤʠ ʢʦʥʪʘʢʪʥʳʤʠ ʤʥʦʛʦʦʙ-

ʨʘʟʠʷʤʠ ʙʫʜʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʇʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʘʞʜʦʡ ʧʘʨʳ ʪʝʣ, ʪʘʢʞʝ ʢʘʢ ʚʢʣʶʯʝʥʠʝ/ʚʳʢʣʶʯʝʥʠʝ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʧʘʨʘʤʠ ʪʝʣ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ UM Simulation. 

ɺʳʙʨʘʥʥʳʡ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʘʢʪʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʤʦʞʝʪ ʥʝ ʩʦʚʧʘ-

ʜʘʪʴ ʩ ɻʆ ʪʝʣʘ. ʋʧʨʦʱʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʥʪʘʢʪʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʥʠʞʝ-

ʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʙʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʪʘʢʪʥʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ ʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʄʦʜʝʣʴ ʪʨʝʭʤʝʨʥʦʛʦ ʢʦʥʪʘʢʪʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʘʨʘʤʝʪʨʠʟʘʮʠʶ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʥʪʘʢʪʥʳʝ ʤʥʦʛʦʦʙʨʘʟʠʷ. ɺʚʝʜʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʶ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʣʠʯʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦ-

ʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʦʩʪʦ ʠʟʤʝʥʷʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʢʘʢ ʪʘʢʦʚʦʛʦ. ʇʘʨʘʤʝʪʨʠʟʘʮʠʶ ʢʦʥʪʘʢʪʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ 

ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʳ ʬʨʠʢʮʠʦʥʥʦʛʦ 

ʢʣʠʥʘ ʜʣʷ ʪʨʝʭʵʣʝʤʝʥʪʥʦʡ ʪʝʣʝʞʢʠ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ, ʨʠʩ. 3.163 cʥʠʟʫ. 

   

  
 

ʘ) ɻʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ (ɻʆ) ʙ) ʂʦʥʪ. ʤʥʦʛʦʦʙʨʘʟʠʝ (ʂʄ) ʚ) ɻʆ ʠ ʂʄ 

ʈʠʩ. 3.163. ɻʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʠ ʢʦʥʪʘʢʪʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʜʣʷ ʢʫʟʦʚʘ ʨʦʙʦʪʘ ʠ ʬʨʠʢʮʠʦʥ-

ʥʦʛʦ ʢʣʠʥʘ 

ʂʦʥʪʘʢʪʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʜʣʷ ʪʝʣʘ ʚʳʙʠʨʘʝʪʩʷ ʩʨʝʜʠ ʟʘʨʘʥʝʝ ʩʦʟʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʤ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ɻʆ), ʢʦʪʦʨʳʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ɻʨʘʬʠʯʝ-

ʩʢʠʡ ʦʙʲʝʢʪ. ʇʨʠ ʥʘʟʥʘʯʝʥʠʠ ʪʝʣʫ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʘʢʪʥʦʛʦ ʤʥʦʛʦʦʙ-

ʨʘʟʠʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (ʉʂ) ɻʆ ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʉʂ ʪʝʣʘ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʪʝʣʘ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʧʝʨʝʤʝʱʘʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʝʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʤʥʦʛʦʦʙʨʘ-

ʟʠʷ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ. ɺ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ 

ʦʢʥʝ (ʩʤ. ʧ. 3.4.1.2.2. "ʈʝʞʠʤʳ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ", c. 3-30) ʢʦʥʪʘʢʪʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʠʟʦʙʨʘʞʘʝʪʩʷ ʞʝʣʪʳʤʠ ʣʠʥʠʷʤʠ ʚ ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʣʦʤ ʉʂ. 

 

ʊʠʧʳ ʢʦʥʪʘʢʪʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ. 

ʇʦʣʠʵʜʨ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʪʝʣʘʤʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʚʳʙʠʨʘʝʪʩʷ ʪʠʧ ʇʦʣʠʵʜʨ. ɻʨʘʬʠʯʝʩʢʠʝ ʦʙʨʘʟʳ, ʚʳʙʨʘʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʘʢʪʥʦʛʦ ʤʥʦʛʦ-

ʦʙʨʘʟʠʷ, ʜʦʣʞʥʳ ʩʦʩʪʦʷʪʴ ʠʟ ʇʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ, ʘ ʪʘʢʞʝ ʚʳʧʫʢʣʳʭ ʟʘʤʢʥʫʪʳʭ ʦʙʲʝʤʥʳʭ 

ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ ʇʦʣʠʵʜʨ ʠ ASC.  

Z-ʧʦʚʝʨʭʥʦʩʪʴ. ʊʠʧ Z-ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʙʠʨʘʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ çʟʝʤʣʠè ï ʥʝʢʦʪʦʨʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʩ ʢʦʪʦʨʦʡ ʜʦʣʞʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʪʝʣʘ ʩ ʢʦʥʪʘʢʪʥʳʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʪʠʧʘ 

ʇʦʣʠʵʜʨ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʘʢʪʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʪʠʧʘ ʇʦʣʠʵʜʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʠʧʘ 

Z-ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʥʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʦ ʚʳʧʫʢʣʦʩʪʠ, ʟʘ-

ʤʢʥʫʪʦʩʪʠ ʠ ʦʙʲʝʤʥʦʩʪʠ. ɿʘʤʝʯʘʥʠʷ ʧʦ ʦʧʠʩʘʥʠʶ ɻʆ ʜʣʷ ʢʦʥʪʘʢʪʥʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ ʪʠʧʘ 

Z-ʧʦʚʝʨʭʥʦʩʪʴ ʩʤ. ʚ ʧ. 3.5.12.6.8. "ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ ʪʠʧʦʚ ʊʦʯʢʠ / ʉʬʝʨʘ / 

ʆʢʨʫʞʥʦʩʪʴ ï Z-ʧʦʚʝʨʭʥʦʩʪʴ", c. 3-252. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ ʩ ʢʦʥʪʘʢʪʥʳʤʠ ʤʥʦʛʦʦʙʨʘʟʠʷʤʠ ʪʠʧʘ ʇʦʣʠʵʜʨ 

ʠ Z-ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʪʠʧʘ ʊʦʯʢʠ-ʇʣʦʩʢʦʩʪʴ, ʧʦʵʪʦʤʫ 

ʢʦʥʪʘʢʪʥʳʝ ʩʠʣʳ ʚʦʟʥʠʢʘʶʪ ʪʦʣʴʢʦ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʚʝʨʰʠʥ ʧʦʣʠʵʜʨʦʚ (ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʳ 

ʢʦʥʪʘʢʪʥʳʝ ʪʦʯʢʠ) ʚ Z-ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʚ ʩʣʫʯʘʝ, ʧʦʢʘʟʘʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ, ʚʦʟʥʠʢʘʪʴ ʥʝ 

ʙʫʜʫʪ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-179 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʂʦʥʪʘʢʪʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʥʝʣʴʟʷ ʥʘʟʥʘʯʠʪʴ ʪʝʣʫ Base0, ʧʦʵʪʦʤʫ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʧʦ-

ʜʚʠʞʥʦʡ Z-ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʪʝʣʦ ʠ ʩʚʷʟʘʪʴ ʝʛʦ ʩ ʙʘʟʦʡ 

ʰʘʨʥʠʨʦʤ ʩ ʥʫʣʝʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ.  

ʆʪʣʠʯʠʝ ʚ ʦʧʠʩʘʥʠʠ Z-ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʢ ʢʦʥʪʘʢʪʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʦʪ ʦʧʠʩʘʥʠʷ ʢʦʥ-

ʪʘʢʪʥʳʭ ʩʠʣ ʪʠʧʘ ʇʦʣʠʵʜʨ ï Z-ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʩʝ ʪʝʣʘ ʩ 

ʥʘʟʥʘʯʝʥʥʳʤ ʢʦʥʪʘʢʪʥʳʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʙʫʜʫʪ ʧʦ ʫʤʦʣʯʘʥʠʶ ʢʦʥʪʘʢʪʠʨʦʚʘʪʴ ʩ ʟʘʜʘʥʥʦʡ 

Z-ʧʦʚʝʨʭʥʦʩʪʴʶ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʠʩʘʥʠʷ ʦʪʜʝʣʴʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʩʠʣʳ ʪʠʧʘ ʇʦʣʠʵʜʨ ï 

Z-ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʠʵʜʨʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʫʢʘʟʘʥʥʳʝ ʜʚʘ ʩʧʦʩʦʙʘ ʠʜʝʥʪʠʯʥʳ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɿʘʤʝʯʘʥʠʝ 1.  ʇʨʠ ʦʧʠʩʘʥʠʠ ʢʦʥʪʘʢʪʥʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ ʪʠʧʘ ʇʦʣʠʵʜʨ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, 

ʯʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʘʩʯʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʙʣʠʞʥʝʛʦ ʢʦʥʪʘʢ-

ʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʚʘʜʨʘʪʫ ʢʦʣʠʯʝʩʪʚʘ ʨʝʙʝʨ ʠ ʛʨʘʥʝʡ ʫ ʢʦʥʪʘʢʪʥʳʭ 

ʤʥʦʛʦʦʙʨʘʟʠʡ. ʇʦʵʪʦʤʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʨʘʩʯʝʪʦʚ ʥʝ ʩʪʦʠʪ ʫʩʣʦʞ-

ʥʷʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʨʘʟʳ ʢʦʥʪʘʢʪʥʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ ʙʝʟ ʷʚʥʦʡ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ. 

ɿʘʤʝʯʘʥʠʝ 2.  ʂʘʢ ʣʶʙʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ ʪʨʝʭʤʝʨʥʦʛʦ ʢʦʥʪʘʢʪʘ 

ʦʧʠʩʳʚʘʝʪ ʬʠʟʠʯʝʩʢʫʶ ʩʪʦʨʦʥʫ ʧʨʦʮʝʩʩʘ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʪʚʝʨʜʳʭ ʪʝʣ ʣʠʰʴ ʚ 

ʠʟʚʝʩʪʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʄʦʜʝʣʴ, ʙʝʟʫʩʣʦʚʥʦ, ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʦʙʣʘʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʩʣʫʯʘʠ, ʚ ʢʦʪʦʨʳʭ ʦʥʘ ʥʝ-

ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʝʪ ʨʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʠʣʠ ʦʧʠʩʳʚʘʝʪ ʠʭ ʩ ʥʝʜʦʧʫʩʪʠ-

ʤʳʤʠ, ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʢʦʪʦʨʦʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʧʦʛʨʝʰʥʦʩʪʷʤʠ.  

ʄʦʜʝʣʴ ʪʨʝʭʤʝʨʥʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʪʝʣʘʤʠ ʧʦ ʠʭ ʢʦʥʪʘʢʪʥʳʤ ʤʥʦʛʦʦʙʨʘʟʠʷʤ ï ʵʪʦ 

ʤʦʜʝʣʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦʛʦ ʨʘʩʯʝʪʘ ʢʦʥʪʘʢʪʘ ʚ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤ ʪʝʣ. ʇʨʠ ʢʦʨʨʝʢʪʥʦʤ ʚʳʙʦʨʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥ-

ʪʘʢʪʥʦʡ ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʨʝʘʣʠʩʪʠʯʥʦʝ ʜʚʠʞʝʥʠʝ 

ʪʝʣ ʧʨʠ ʢʦʥʪʘʢʪʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʦʜʥʘʢʦ ʦʥʘ ʥʝ ʛʦʜʠʪʩʷ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ ʚ ʪʝʨʤʠʥʘʭ ʤʝʭʘʥʠʢʠ ʪʚʝʨʜʳʭ ʪʝʣ: ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪ-

ʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʫʧʨʫʛʠʭ ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʠʟʥʦʩʘ ʠ ʪ.ʧ. ɼʣʷ ʪʘʢʦʛʦ ʨʦʜʘ ʟʘ-

ʜʘʯ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ.  

ʉʨʘʚʥʝʥʠʝ ʧʦʜʭʦʜʦʚ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʢʦʥʪʘʢʪʘ. 

ʄʦʜʝʣʴ 3D ʢʦʥʪʘʢʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʤʦʜʝʣʠ ʢʦʥʪʘʢʪʥʦʡ ʩʠʣʳ ʪʠʧʘ çʪʦʯʢʘ-ʧʣʦʩʢʦʩʪʴè, ʚ 

ʵʪʦʤ ʩʤʳʩʣʝ ʝʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʘʜʩʪʨʦʡʢʫ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʷ ʚʟʘʠʤʦʧʨʦʥʠʢ-

ʥʦʚʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʪʘʚʣʷʝʪ ʢʦʥʪʘʢʪʥʳʝ ʪʦʯʢʠ ʠ ʦʧʨʝ-

ʜʝʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʢʦʥʪʘʢʪʥʳʝ ʧʣʦʩʢʦʩʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʘʩʯʝʪ ʪʘʢʦʛʦ ʚʟʘʠʤʦ-

Z-͍͔ͨͦͪͻͤͦͫͭΈ 

˽͙ͦ͡Ή͒ͪ 

ˤ͔ͪ΄͙ͤ͊ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-180 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʟʘʪʨʘʪʥʘʷ ʦʧʝʨʘʮʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʢʦʥʪʘʢʪʘʤʠ ʥʝʦʙʭʦʜʠʤʦ 

ʯʝʪʢʦ ʧʦʥʠʤʘʪʴ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʢʦʥʪʘʢʪʦʚ (3D ʢʦʥ-

ʪʘʢʪ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ). ʇʦʜʨʦʙʥʝʝ ʦ ʤʦʜʝʣʷʭ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʩʤ. 

ʧ. 3.5.12.6. "ɺʚʦʜ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ", ʩ. 3-239. 

ʄʦʜʝʣʴ 3D ʢʦʥʪʘʢʪʘ ʜʝʣʘʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʦʣʝʝ ʥʘʛʣʷʜ-

ʥʳʤ, ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʜʣʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʚ ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʠ ʨʘʩ-

ʰʠʨʷʝʪ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʩʣʫʯʘʡ ʚʥʝʜʨʝʥʠʷ ʪʠʧʘ çʨʝʙʨʦ-ʨʝʙʨʦè, ʪʦʛʜʘ ʢʘʢ 

ʤʦʜʝʣʴ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʪʠʧʘ çʪʦʯʢʘ-ʧʣʦʩʢʦʩʪʴè ʵʬʬʝʢʪʠʚʥʦ ʧʦʢʨʳʚʘʝʪ ʪʦʣʴʢʦ ʦʜʥʦʠʤʝʥ-

ʥʳʡ ʩʣʫʯʘʡ ʚʥʝʜʨʝʥʠʷ, ʧʦʜʨʦʙʥʝʝ ʩʤ. ɻʣʘʚʘ 2, ʧ. 3D ʂʦʥʪʘʢʪ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʫʯʘʷ 

ʚʥʝʜʨʝʥʠʷ ʪʠʧʘ çʨʝʙʨʦ-ʨʝʙʨʦè ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʪʠʧʘ çʪʦʯʢʘ-ʧʣʦʩʢʦʩʪʴè ʧʦʥʘ-

ʜʦʙʠʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʪʘʚʠʪʴ ʢʦʥʪʘʢʪʥʳʝ ʪʦʯʢʠ ʥʘ ʚʩʝʭ ʨʝʙʨʘʭ ʩ ʦʯʝʥʴ ʤʝʣʢʠʤ ʰʘ-

ʛʦʤ, ʯʪʦ ʥʝʫʜʦʙʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʧʠʩʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʨʝʟʢʦ ʧʦ-

ʚʳʩʠʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ. 

3D ʢʦʥʪʘʢʪ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʦ 

ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʳʩʪʨʦ-

ʜʝʡʩʪʚʠʷ ʤʦʜʝʣʠ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʪʘʢʪʥʳʝ ʩʠʣʳ ʪʠʧʘ çʪʦʯʢʘ-

ʧʣʦʩʢʦʩʪʴè ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʢʦʥʪʘʢʪʘ ʧʦ ʢʦʥʪʘʢʪʥʳʤ 

ʤʥʦʛʦʦʙʨʘʟʠʷʤ. 

 

ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 3D ʢʦʥʪʘʢʪʘ. 

ʇʨʠʤʝʥʝʥʠʝ 3D ʢʦʥʪʘʢʪʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʘʩʩʤʦʪ-

ʨʝʥʦ ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʠʤʝʨʘʭ: 

¶ {ɼʘʥʥʳʝ ʋʄ}\SAMPLES\Mechanisms\Misc\clockwork; 

¶ {ɼʘʥʥʳʝ ʋʄ}\SAMPLES\Mechanisms\Misc\earthquake; 

¶ {ɼʘʥʥʳʝ ʋʄ}\SAMPLES\Mechanisms\Misc\fallingFigures; 

¶ {ɼʘʥʥʳʝ ʋʄ}\SAMPLES\Rail_Vehicles\wedgetest3Dcontact; 
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3.5.10. ɺʚʦʜ ʰʘʨʥʠʨʦʚ 

3.5.10.1. ɺʠʟʫʘʣʠʟʘʮʠʷ ʰʘʨʥʠʨʦʚ 

ʇʨʠ ʚʚʦʜʝ ʰʘʨʥʠʨʦʚ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ 

ʦʢʥʝ (ʧ. 3.4.1.2.2. "ʈʝʞʠʤʳ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ", c. 3-30) ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʦʣʴʢʦ ʢʠʥʝʤʘʪʠ-

ʯʝʩʢʘʷ ʧʘʨʘ ï ʪʦ ʝʩʪʴ ʧʘʨʘ ʪʝʣ, ʩʦʝʜʠʥʷʝʤʳʭ ʜʘʥʥʳʤ ʰʘʨʥʠʨʦʤ.  

ɻʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʤʦʞʥʦ ʥʘʟʥʘʯʠʪʴ ʪʦʣʴʢʦ ʰʘʨʥʠʨʫ ʪʠʧʘ ʥʝʚʝʩʦʤʳʡ ʩʪʝʨʞʝʥʴ, 

ʧ. 3.5.10.9. "ɺʚʦʜ ʰʘʨʥʠʨʘ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ ʩʪʝʨʞʥʷ", c. 3-198. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʤ-

ʙʠʥʘʮʠʠ ʨʝʞʠʤʦʚ ʦʪʨʠʩʦʚʳʚʘʶʪʩʷ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʰʘʨʥʠʨʦʚ (ʩʤ. ʨʠʩ. 3.21) 

ɺ ʩʣʫʯʘʝ ʨʘʟʨʝʟʘʥʥʦʛʦ ʰʘʨʥʠʨʘ (ʢʨʦʤʝ ʩʪʝʨʞʥʷ, ʩʦʧʨʷʞʝʥʠʷ ʠ ʰʘʨʥʠʨʘ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʠ) ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʦʙʲʝʢʪʝ ʟʘʤʢʥʫʪʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʚʪʦʨʦʝ ʪʝʣʦ ʚ ʧʘʨʝ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʜʚʘʞʜʳ: ʧʝʨʚʳʡ ʨʘʟ ʚ ʧʦʣʦʞʝʥʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʤ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʰʘʨʥʠ-

ʨʦʤ, ʚʪʦʨʦʡ ʨʘʟ (ʚ ʧʨʦʚʦʣʦʯʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ) ï ʚ ʧʦʣʦʞʝʥʠʠ, ʟʘʜʘʥʥʦʤ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʜʘʥʥʦʛʦ ʨʘʟʨʝʟʘʥʥʦʛʦ ʰʘʨʥʠʨʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʦʙʨʘʪʴ ʟʥʘʯʝʥʠʷ ʰʘʨʥʠʨʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠʙʣʠʟʠʪʴ ʦʙʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʟʘʜʘʪʴ ʧʨʠʙʣʠʞʝʥʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʢʦʦʨʜʠʥʘʪ, ʙʣʠʟʢʠʝ ʢ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ. ʊʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚ ʩʣʫʯʘʝ ʟʘʤʢʥʫ-

ʪʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʮʝʧʝʡ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʱʝʣʯʢʝ ʥʘ ʢʥʦʧʢʝ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ, ʣʠʙʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʢʣʘʜʢʠ ʠʥʩʧʝʢʪʦʨʘ ʂʦʦʨʜʠʥʘʪʳ, 

ʧ. 3.4.2.3.4. "ʂʦʦʨʜʠʥʘʪʳ", c. 3-46. 

3.5.10.2. ɺʝʩ ʰʘʨʥʠʨʘ 

 

ʈʠʩ. 3.164. ʅʘʟʥʘʯʝʥʠʝ ʚʝʩʘ ʰʘʨʥʠʨʫ 

ʂʘʞʜʦʤʫ ʰʘʨʥʠʨʫ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʰʘʨʥʠʨʘ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ ʩʪʝʨʞʥʷ, ʤʦʞʥʦ 

ʥʘʟʥʘʯʠʪʴ ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʦʙʲʝʢʪ ʠʤʝʝʪ ʟʘʤʢʥʫʪʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʮʝʧʠ (ɻʣʘʚʘ 2, ʧ. ɻʨʘʬ ʩʠʩʪʝʤʳ. ɿʘʤʢʥʫ-

ʪʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʮʝʧʠ). ɽʩʣʠ ʰʘʨʥʠʨʫ ʚ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ ʥʘʟʥʘʯʠʪʴ ʙʦʣʴʰʦʡ ʚʝʩ 

(ʥʘʧʨʠʤʝʨ, 1000), ʪʦ ʙʫʜʝʪ ʨʘʟʨʝʟʘʥ ʠʤʝʥʥʦ ʵʪʦʪ ʰʘʨʥʠʨ. 

ɼʣʷ ʥʘʟʥʘʯʝʥʠʷ ʚʝʩʘ ʰʘʨʥʠʨʫ ʩʣʝʜʫʝʪ ʨʘʩʢʨʳʪʴ ʧʦʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ  ʠ ʚʥʝʩʪʠ ʟʥʘʯʝʥʠʝ ʚʝʩʘ ʚ ʧʦʣʝ ñɺʝʩò. 
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3.5.10.3. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʠʧʘ ʰʘʨʥʠʨʘ 

¶ ʐʘʨʥʠʨʳ ʪʠʧʦʚ 

¶ ʚʨʘʱʘʪʝʣʴʥʳʡ  

¶ ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ 

6 ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʰʘʨʥʠʨʳ ʪʠʧʘ çʦʙʦʙʱʝʥʥʳʡè. 

ʅʘʧʨʠʤʝʨ, ʰʘʨʥʠʨ ʪʠʧʘ ç6 ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳè ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʦʙʦʙʱʝʥʥʳʡ, 

ʯʪʦʙʳ ʚʚʝʩʪʠ ʰʘʨʥʠʨʥʳʝ ʩʠʣʳ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ɺʨʘʱʘʪʝʣʴʥʳʡ ʠ ʧʦʩʪʫ-

ʧʘʪʝʣʴʥʳʡ ʰʘʨʥʠʨʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʚ ʦʙʦʙʱʝʥʥʳʡ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʥʫʞ-

ʥʦ ʜʦʙʘʚʠʪʴ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʠʣʠ ʧʘʨʘʤʝʪʨʠʟʦʚʘʪʴ ʥʘʢʣʦʥ ʦʩʠ ʰʘʨʥʠʨʘ. 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʠʧʘ ʰʘʨʥʠʨʘ 

¶ ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ  ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʨʠʩ. 3.164. 

¶ ʱʝʣʢʥʠʪʝ ʥʘ ʢʥʦʧʢʝ  ʯʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. 

 

ʇʨʠʤʝʨ. ɻʣʘʚʘ 7, ʧ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʠʧʘ ʰʘʨʥʠʨʘ. ʇʘʨʘʤʝʪʨʠʟʘʮʠʷ ʦʩʠ ʚʨʘʱʘʪʝʣʴʥʦ-

ʛʦ ʰʘʨʥʠʨʘ 

3.5.10.4. ʉʪʘʪʫʩ ʰʘʨʥʠʨʘ 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʰʘʨʥʠʨʘ, ʦʥ ʤʦʞʝʪ ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʪʘʪʫʩ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ 

ʙʳʪʴ ʠʟʚʝʩʪʝʥ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʚʣʘʜʝʥʠʷ ʤʝʪʦʜʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

¶ ʰʘʨʥʠʨ ʚ ʜʝʨʝʚʝ 

¶ ʨʘʟʨʝʟʘʥʥʳʡ 

¶ ʫʜʘʣʝʥʥʳʡ 

¶ ʬʠʢʩʘʮʠʷ 

¶ ʰʘʨʥʠʨ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʧʦʥʷʪʠʡ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʧʦʥʷʪʠʝʤ ʛʨʘʬʘ ʩʠʩʪʝʤʳ, ɻʣʘʚʘ 2, ʧʧ. ʉʚʷʟʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʧʦʥʷʪʠʝ 

ʰʘʨʥʠʨʘ, ɻʨʘʬ ʩʠʩʪʝʤʳ. ɿʘʤʢʥʫʪʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʮʝʧʠ. 

3.5.10.4.1. ʐʘʨʥʠʨ ʚ ʜʝʨʝʚʝ ʠ ʨʘʟʨʝʟʘʥʥʳʡ ʰʘʨʥʠʨ. ɿʘʤʳʢʘʥʠʝ ʨʘʟʨʝʟʘʥʥʳʭ 

ʰʘʨʥʠʨʦʚ 

ʐʘʨʥʠʨʳ, ʚʭʦʜʷʱʠʝ ʚ ʜʝʨʝʚʦ ʦʙʲʝʢʪʘ ʠʤʝʶʪ ʩʪʘʪʫʩ çʚ ʜʝʨʝʚʝè, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʰʘʨʥʠʨ ʷʚʣʷʝʪʩʷ ʨʘʟʨʝʟʘʥʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʝʟʘʥʥʳʡ ʰʘʨʥʠʨ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʘʨʥʠʨʥʳʭ ʢʦʦʨʜʠʥʘʪ, 

ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʧʣʘʥʝ ʨʘʟʨʝʟʘʥʥʳʡ ʰʘʨʥʠʨ ʜʦʙʘʚʣʷʝʪ ʢ ʫʨʘʚʥʝʥʠʷʤ ʜʚʠʞʝʥʠʷ ʘʣʛʝʙʨʘ-

ʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʝʡ.  

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʨʘʟʨʝʟʘʥʥʳʡ ʰʘʨʥʠʨʦʚ. 

1. ʐʘʨʥʠʨʳ ï ʩʚʷʟʠ, ʥʝ ʠʤʝʶʱʝʝ ʰʘʨʥʠʨʥʳʭ ʢʦʦʨʜʠʥʘʪ: 

¶ ʞʝʩʪʢʠʡ ʩʪʝʨʞʝʥʴ (ʧ. 3.5.10.9. "ɺʚʦʜ ʰʘʨʥʠʨʘ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ ʩʪʝʨʞʥʷ", c. 3-198); 

¶ ʩʦʧʨʷʞʝʥʠʝ, ʧ. 3.5.10.10. "ɺʚʦʜ ʩʦʧʨʷʞʝʥʠʡ", 3-199. 
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¶ ʐʈʋʉ, ʧ. 3.5.10.11. "ɺʚʦʜ ʰʘʨʥʠʨʘ ʨʘʚʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ", c. 3-201. 

ʐʘʨʥʠʨʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʛʨʘʥʠʯʠʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʘʨʳ ʪʝʣ ʠ ʚʩʝʛʜʘ ʷʚ-

ʣʷʶʱʠʝʩʷ ʨʘʟʨʝʟʘʥʥʳʤʠ.  

2. ʐʘʨʥʠʨ, ʠʤʝʶʱʠʡ ʥʘʙʦʨ ʣʦʢʘʣʴʥʳʭ ʰʘʨʥʠʨʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʚʭʦʜʷʱʠʡ ʚ ʟʘʤʢʥʫʪʫʶ 

ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʮʝʧʴ ʠ ʨʘʟʨʝʟʘʥʥʳʡ ʧʨʦʛʨʘʤʤʦʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʛʨʘʬʘ ʩʠʩʪʝʤʳ: 

¶ ʚʨʘʱʘʪʝʣʴʥʳʡ; 

¶ ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ; 

¶ ʰʘʨʥʠʨ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ; 

¶ ʦʙʦʙʱʝʥʥʳʡ; 

¶ ʢʚʘʪʝʨʥʠʦʥʥʳʡ; 

¶ ʚʥʫʪʨʝʥʥʠʡ ʰʘʨʥʠʨ ʪʝʣʘ, ʧ. 3.5.9.3. "ɺʥʫʪʨʝʥʥʠʡ (ʩʢʨʳʪʳʡ) ʰʘʨʥʠʨ ʪʝʣʘ", c. 3-165. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʪʦ, ʢʘʢʦʡ ʠʟ ʰʘʨʥʠʨʦʚ ʚ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ ʙʫʜʝʪ ʨʘʟʨʝʟʘʥ, 

ʩ ʧʦʤʦʱʴʶ ʚʝʩʘ ʰʘʨʥʠʨʘ, ʧ. 3.5.10.2. "ɺʝʩ ʰʘʨʥʠʨʘ", c. 3-181. 

 

ʇʨʦʚʝʨʠʪʴ ʩʪʘʪʫʩ ʨʘʟʨʝʟʘʥʥʦʛʦ ʰʘʨʥʠʨʘ ʚʪʦʨʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʤʥʦʛʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

¶ ʠʢʦʥʢʘ ʨʘʟʨʝʟʘʥʥʦʛʦ ʰʘʨʥʠʨʘ ʚ ʜʝʨʝʚʝ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ ʧʝʨʝʯʝʨʢʥʫʪʘ ʣʦʤʘʥʦʡ ʣʠ-

ʥʠʝʡ, ʨʠʩ. 3.165; 

¶ ʩʪʘʪʫʩ ʨʘʟʨʝʟʘʥʥʦʛʦ ʰʘʨʥʠʨʘ ʫʢʘʟʘʥ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʜʦʩʪʫʧʥʳʭ ʚ ʠʥ-

ʩʧʝʢʪʦʨʝ ʧʦʩʣʝ ʨʘʩʢʨʳʪʠʷ ʧʦ ʢʥʦʧʢʝ , ʨʠʩ. 3.166; 

¶ ʥʘ ʚʢʣʘʜʢʝ ʀʥʜʝʢʩʳ ʠʥʩʧʝʢʪʦʨʘ, ʨʠʩ. 3.167; 

¶ ʰʘʨʥʠʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʟʨʝʟʘʥʥʦʛʦ ʰʘʨʥʠʨʘ ʤʘʨʢʠʨʫʶʪʩʷ ʚ ʩʧʠʩʢʝ ʢʦʦʨʜʠʥʘʪ ʧʨʦ-

ʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʠʩ. 3.168. 

 

ʈʠʩ. 3.165. ʀʢʦʥʢʘ ʨʘʟʨʝʟʘʥʥʦʛʦ ʰʘʨʥʠʨʘ ʚ ʜʝʨʝʚʝ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ 

 

ʈʠʩ. 3.166. ʉʪʘʪʫʩ çʈʘʟʨʝʟʘʥè ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʰʘʨʥʠʨʘ 

 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-184 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

  

ʈʠʩ. 3.167. ʉʪʘʪʫʩ çʈʘʟʨʝʟʘʥè ʥʘ ʚʢʣʘʜʢʝ çʀʥʜʝʢʩʳè ʠʥʩʧʝʢʪʦʨʘ 

  

ʈʠʩ. 3.168. ʄʘʨʢʠʨʦʚʢʘ ʢʦʦʨʜʠʥʘʪ ʨʘʟʨʝʟʘʥʥʦʛʦ ʰʘʨʥʠʨʘ ʚ ʩʧʠʩʢʝ ʢʦʦʨʜʠʥʘʪ 

ɿʘʤʳʢʘʥʠʝ ʨʘʟʨʝʟʘʥʥʳʭ ʰʘʨʥʠʨʦʚ 

ɿʘʤʳʢʘʥʠʝʤ ʨʘʟʨʝʟʘʥʥʳʭ ʰʘʨʥʠʨʦʚ ï ʵʪʦ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʛʨʘʤʤʦʡ, ʨʠʩ. 3.169. ɼʣʷ ʟʘʤʳʢʘʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʣʠʙʦ ʢʥʦʧʢʫ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ, ʣʠʙʦ ʢʥʦʧʢʠ  ʥʘ 

ʚʢʣʘʜʢʝ ʂʦʦʨʜʠʥʘʪʳ ʠʥʩʧʝʢʪʦʨʘ.  

  

ʈʠʩ. 3.169. ʂʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʳʡ ʤʝʭʘʥʠʟʤ ʩ ʨʘʟʦʤʢʥʫʪʳʤ  

ʠ ʟʘʤʢʥʫʪʳʤ ʨʘʟʨʝʟʘʥʥʳʤ ʰʘʨʥʠʨʦʤ  
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ɿʘʤʝʯʘʥʠʝ.  ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʝʡ ï ʵʪʦ ʩʣʦʞʥʘʷ ʯʠʩʣʝʥʥʘʷ ʧʨʦʮʝʜʫʨʘ, ʢʦʪʦʨʘʷ ʥʝ 

ʚʩʝʛʜʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʩʧʝʭʫ, ʩʤ. ɻʣʘʚʫ 2, ʧ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʩ-

ʯʝʪʘ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʠʩʪʝʤ ʩ ʟʘʤʢʥʫʪʳʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʮʝʧʷ-

ʤʠ. ɽʩʣʠ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʝʡ ʥʝ ʨʝʰʘʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ ʚʚʦʜʘ, ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʥʝ ʤʦʞʝʪ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʯʠʥʫ ʵʪʦʛʦ, ʩʣʝʜʫʝʪ ʧʦʧʨʦʙʦʚʘʪʴ ʩʜʝʣʘʪʴ ʵʪʦ ʚ ʧʨʦ-

ʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ. 

3.5.10.4.2. ʋʜʘʣʝʥʥʳʡ ʰʘʨʥʠʨ 

ʉʪʘʪʫʩ ʫʜʘʣʝʥʥʦʛʦ ʧʦʣʫʯʘʝʪ ʨʘʟʨʝʟʘʥʥʳʡ ʰʘʨʥʠʨ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʡ ʰʘʨʥʠʨʥʳʭ ʩʠʣ ʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʜʚʠʞʝʥʠʝ ʦʜʥʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʦʛʦ ʠ ʧʦʵʪʦʤʫ ʥʝ ʚʣʠʷʶʱʠʡ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʜʝʣʠ. 

ʌʘʢʪʠʯʝʩʢʠ ʰʘʨʥʠʨ ʥʝ ʫʜʘʣʷʝʪʩʷ, ʘ ʧʨʦʩʪʦ ʠʛʥʦʨʠʨʫʝʪʩʷ ʧʨʦʛʨʘʤʤʦʡ ʧʨʠ ʚʩʝʭ ʨʘʩʯʝʪʘʭ. 

ʇʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʰʘʨʥʠʨʦʚ ʷʚʣʷʝʪʩʷ ʬʠʢʪʠʚʥʦʝ ʪʝʣʦ, ʩʤ. ʧ. 3.5.3.3.3. 

"ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʢʪʠʚʥʦʛʦ ʪʝʣʘ ʚʤʝʩʪʦ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ", c. 3-102. 

ʇʨʦʚʝʨʠʪʴ ʩʪʘʪʫʩ ʫʜʘʣʝʥʥʦʛʦ ʰʘʨʥʠʨʘ, ʥʝ ʷʚʣʷʶʱʝʛʦʩʷ ʚʥʫʪʨʝʥʥʠʤ ʰʘʨʥʠʨʦʤ ʪʝʣʘ, 

ʤʦʞʥʦ ʤʥʦʛʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

¶ ʠʢʦʥʢʘ ʫʜʘʣʝʥʥʦʛʦ ʰʘʨʥʠʨʘ ʚ ʜʝʨʝʚʝ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ ʧʝʨʝʯʝʨʢʥʫʪʘ ʢʨʝʩʪʦʤ, 

ʨʠʩ. 3.170; 

¶ ʩʪʘʪʫʩ ʫʜʘʣʝʥʥʦʛʦ ʰʘʨʥʠʨʘ ʫʢʘʟʘʥ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʜʦʩʪʫʧʥʳʭ ʚ ʠʥ-

ʩʧʝʢʪʦʨʝ ʧʦʩʣʝ ʨʘʩʢʨʳʪʠʷ ʧʦ ʢʥʦʧʢʝ , ʨʠʩ. 3.171; 

¶ ʥʘ ʚʢʣʘʜʢʝ ʀʥʜʝʢʩʳ ʠʥʩʧʝʢʪʦʨʘ, ʨʠʩ. 3.172; 

¶ ʰʘʨʥʠʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʟʨʝʟʘʥʥʦʛʦ ʰʘʨʥʠʨʘ ʥʝ ʚʭʦʜʷʪ ʚ ʩʧʠʩʦʢ ʢʦʦʨʜʠʥʘʪ ʤʦʜʝʣʠ. 

 

ʈʠʩ. 3.170. ʀʢʦʥʢʘ ʫʜʘʣʝʥʥʦʛʦ ʰʘʨʥʠʨʘ ʚ ʜʝʨʝʚʝ ʵʣʝʤʝʥʪʦʚ 

 

ʈʠʩ. 3.171. ʉʪʘʪʫʩ çʋʜʘʣʝʥè ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʰʘʨʥʠʨʘ 
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ʈʠʩ. 3.172. ʉʪʘʪʫʩ çʋʜʘʣʝʥè ʥʘ ʚʢʣʘʜʢʝ çʀʥʜʝʢʩʳè ʠʥʩʧʝʢʪʦʨʘ 

3.5.10.4.3. ʐʘʨʥʠʨ-ʬʠʢʩʘʮʠʷ 

ʐʘʨʥʠʨ-ʬʠʢʩʘʮʠʷ ï ʵʪʦ ʰʘʨʥʠʨ ʩ ʥʫʣʝʚʳʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ 

ʙʘʟʝ ʰʘʨʥʠʨʦʚ 

¶ ʦʙʦʙʱʝʥʥʳʡ, ʩʤ., ʥʘʧʨʠʤʝʨ, ʧ. 3.5.3.3.3. "ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʢʪʠʚʥʦʛʦ ʪʝʣʘ ʚʤʝʩʪʦ 

ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ", c. 3-102; 

¶ 6 ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʩʤ., ʥʘʧʨʠʤʝʨ, ʧ. 3.5.9.3. "ɺʥʫʪʨʝʥʥʠʡ (ʩʢʨʳʪʳʡ) ʰʘʨʥʠʨ ʪʝʣʘ", 

c. 3-165, ʧ. 3.5.9.7. "ʊʝʣʦ çGroundè", c. 3-176. 

  

ʈʠʩ. 3.173. ʀʢʦʥʢʘ ʰʘʨʥʠʨʘ-ʬʠʢʩʘʮʠʠ ʚ ʜʝʨʝʚʝ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ 

ʐʘʨʥʠʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʞʝʩʪʢʦ ʩʚʷʟʘʪʴ ʧʘʨʫ ʪʝʣ. 

3.5.10.4.4. ʐʘʨʥʠʨ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʇʦʥʷʪʠʝ ʰʘʨʥʠʨʘ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʚʷʟʘʥʦ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʣʦʞʝ-

ʥʠʷ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0 ʧʦ ʮʝʧʦʯʢʝ ʰʘʨʥʠʨʦʚ. 

ʇʦʩʣʝ ʨʘʟʨʝʟʘʥʠʷ ʟʘʤʢʥʫʪʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʚʳʧʦʣʥʷʝʤʦʛʦ ʧʨʦʛʨʘʤʤʦʡ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʠ, ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʷʟʥʦʩʪʠ ʤʦʜʝʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʣʘ ʠʤʝʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʫʪʴ 

ʧʦ ʰʘʨʥʠʨʘʤ ʢ ʉʂ0, ʪʦ ʝʩʪʴ ʢ ʪʝʣʫ Base0. ʇʦʩʢʦʣʴʢʫ ʧʦ ʧʨʘʚʠʣʘʤ UM ʢʘʞʜʳʡ ʰʘʨʥʠʨ ʚ 

ʵʪʦʡ ʮʝʧʦʯʢʝ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʚʪʦʨʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ ʚ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʦʡ ʧʘʨʝ, ʪʦ ʰʘʨʥʠʨʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ. 

1. ʐʘʨʥʠʨ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʝʩʣʠ ʚʪʦʨʦʝ ʪʝʣʦ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʧʘʨʝ ʣʝʞʠʪ ʚ ʮʝʧʦʯʢʝ ʜʘʣʴʰʝ ʦʪ ʉʂ0, ʯʝʤ ʧʝʨʚʦʝ. ʅʘʧʨʠʤʝʨ, ʝʩʪʴ ʧʝʨʚʦʝ ʪʝʣʦ ʚ 

ʰʘʨʥʠʨʝ Base0, ʘ ʚʪʦʨʦʝ Body1, ʪʦ ʰʘʨʥʠʨ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. 
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2. ʐʘʨʥʠʨ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʝʩʣʠ ʚʪʦʨʦʝ ʪʝʣʦ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʧʘʨʝ ʣʝʞʠʪ ʚ ʮʝʧʦʯʢʝ ʙʣʠʞʝ ʉʂ0, ʯʝʤ ʧʝʨʚʦʝ. ʅʘʧʨʠʤʝʨ, ʝʩʪʴ ʧʝʨʚʦʝ ʪʝʣʦ ʚ ʰʘʨʥʠʨʝ 

Body1, ʘ ʚʪʦʨʦʝ Base0, ʪʦ ʰʘʨʥʠʨ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. 

ʇʨʠʚʝʜʝʤ ʝʱʝ ʦʜʠʥ ʧʨʠʤʝʨ. ʈʘʩʩʤʦʪʨʠʤ ʮʝʧʦʯʢʫ ʪʝʣ, ʩʚʷʟʘʥʥʳʭ ʰʘʨʥʠʨʘʤʠ, ʚ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʠ Base0, Body1, Body2. ʊʦʛʜʘ ʰʘʨʥʠʨ, ʩʚʷʟʳʚʘʶʱʠʡ ʪʝʣʘ Body1 ʠ Body2 ʙʫ-

ʜʝʪ ʠʤʝʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʪʝʣʘ ʝʤʫ ʥʘʟʥʘʯʝʥʦ ʪʝʣʦ 

Body1 ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ, ʝʩʣʠ Body2. 

ʇʦ ʨʷʜʫ ʧʨʠʯʠʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʥʫʪʨʝʥʥʝʡ ʨʝʘʣʠʟʘʮʠʝʡ ʨʘʩʯʝʪʘ ʢʠʥʝʤʘʪʠʢʠ ʩʠʩʪʝʤ ʪʝʣ, 

ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʚʦʜʠʪʴ ʰʘʨʥʠʨʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ʅʝʣʦʛʠʯʥʦʩʪʴ 

ʪʘʢʦʛʦ ʦʧʠʩʘʥʠʷ ʰʘʨʥʠʨʘ ʷʩʥʘ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʚʨʘʱʘʪʝʣʴʥʳʡ ʰʘʨʥʠʨ, ʩʦʝʜʠʥʷʶʱʠʡ 

ʪʝʣʦ Body1 (ʧʝʨʚʦʝ ʪʝʣʦ) c Base0: ʰʘʨʥʠʨʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘʜʘʝʪ ʧʦʚʦʨʦʪ 

ʉʂ0 ʦʪʥʦʩʠʪʝʣʴʥʦ Body1, ʘ ʣʦʛʠʯʥʳʤ ʙʳʣʦ ʙʳ ʥʘʦʙʦʨʦʪ. 

 

ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʰʘʨʥʠʨʘ ʫʢʘʟʳʚʘʝʪʩʷ ʢʘʢ [-1] ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪ-

ʨʘʭ ʰʘʨʥʠʨʘ, ʜʦʩʪʫʧʥʳʭ ʚ ʠʥʩʧʝʢʪʦʨʝ ʧʦʩʣʝ ʨʘʩʢʨʳʪʠʷ ʧʦ ʢʥʦʧʢʝ , ʠ ʥʘ ʚʢʣʘʜʢʝ ʀʥ-

ʜʝʢʩʳ ʠʥʩʧʝʢʪʦʨʘ, ʨʠʩ. 3.174. 

 

ʄʦʞʥʦ ʠʟʙʝʞʘʪʴ ʧʦʷʚʣʝʥʠʷ ʰʘʨʥʠʨʦʚ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʝʩʣʠ ʨʫʢʦʚʦʜ-

ʩʪʚʦʚʘʪʴʩʷ ʧʨʘʚʠʣʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʚʦʜʝ ʰʘʨʥʠʨʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʧ. 3.5.1. "ʇʦʨʷʜʦʢ 

ʚʚʦʜʘ ʜʘʥʥʳʭ", c. 3-92. 

ɿʘʤʝʯʘʥʠʝ 1.  ɼʣʷ ʨʘʟʨʝʟʘʥʥʳʭ ʰʘʨʥʠʨʦʚ ʧʦʥʷʪʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʝ ʚʚʦʜʠʪʩʷ. 

ɿʘʤʝʯʘʥʠʝ 2.  ʅʘʧʨʘʚʣʝʥʠʝ ʰʘʨʥʠʨʘ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ, ʝʩʣʠ ʧʦʤʝʥʷʪʴ ʤʝʩʪʘʤʠ ʪʝʣʘ ʚ ʢʠ-

ʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʰʘʨ-

ʥʠʨʥʳʭ ʪʦʯʝʢ. 

    

ʈʠʩ. 3.174. ʇʨʠʟʥʘʢ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʰʘʨʥʠʨʘ 
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3.5.10.5. ɺʚʦʜ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʰʘʨʥʠʨʦʚ 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʰʘʨʥʠʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ɻʣʘʚʝ 2, ʧ. ʇʦʩʪʫʧʘʪʝʣʴʥʳʡ ʠ ʚʨʘʱʘʪʝʣʴ-

ʥʳʡ ʰʘʨʥʠʨʳ. 

ʇʨʠ ʟʘʜʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʰʘʨʥʠʨʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʫʢʘʟʘʥʠʶ ʪʝʣ ʠ ʰʘʨʥʠʨʥʳʭ ʪʦʯʝʢ 

(ʩʤ. ʧ. 3.5.11. "ʆʙʱʠʝ ʯʝʨʪʳ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʰʘʨʥʠʨʦʚ ʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ", c. 3-202) 

ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ 

¶ ʧʨʦʝʢʮʠʠ ʰʘʨʥʠʨʥʦʛʦ ʚʝʢʪʦʨʘ ʥʘ ʦʩʠ ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʣʘʤʠ ʉʂ ʥʘ ʚʢʣʘʜʢʝ ɻʝʦʤʝʪʨʠʷ 

(ʨʠʩ. 3.175); ʚʝʢʪʦʨ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝʥʫʣʝʚʳʤ; 

¶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʜʚʠʛ ʠ ʧʦʚʦʨʦʪ ʥʘ ʚʢʣʘʜʢʝ ʆʧʠʩʘʥʠʝ, ʛʨʫʧʧʘ ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʩʜʚʠʛʠ (ʜʝʡʩʪʚʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ). 

ɽʩʣʠ ʪʝʣʘ, ʩʦʝʜʠʥʷʝʤʳʝ ʰʘʨʥʠʨʦʤ, ʚʭʦʜʷʪ ʚ ʜʝʨʝʚʦ ʦʙʲʝʢʪʘ (ʪ.ʝ. ʚʠʜʠʤʳ ʚ ʨʝʞʠʤʝ 

ʧʦʣʥʦʛʦ ʦʙʲʝʢʪʘ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ, ʯʪʦ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ, ʧʝʨʝʚʝʜʷ ʢʥʦʧʢʫ  ʚ ʥʘʞʘ-

ʪʦʝ ʩʦʩʪʦʷʥʠʝ), ʢʥʦʧʢʠ  ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʚʚʦʜʘ ʢʘʢ ʰʘʨʥʠʨ-

ʥʳʭ ʪʦʯʝʢ, ʪʘʢ ʠ ʰʘʨʥʠʨʥʳʭ ʚʝʢʪʦʨʦʚ. ʐʘʨʥʠʨʥʳʡ ʚʝʢʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʪʦʯʝʢ ʩʚʷʟʠ ʚʠʜʘ ʚʝʢʪʦʨ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʪʦʯʢʘ (ʩʤ. ʧ. 3.5.11.4. "ɺʠʟʫʘʣʴʥʦʝ 

ʥʘʟʥʘʯʝʥʠʝ ʪʝʣ, ʪʦʯʝʢ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ", c. 3-203). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʦʜʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ ï ʚʝʢʪʦʨʘ ʠʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʧʦʟʚʦʣʠʪ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʥʘʟʥʘʯʠʪʴ ʪʝʣʦ, ʰʘʨʥʠʨʥʫʶ ʪʦʯʢʫ ʠ ʰʘʨʥʠʨʥʳʡ ʚʝʢʪʦʨ. 

            

ʈʠʩ. 3.175. ʇʘʨʘʤʝʪʨʳ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʰʘʨʥʠʨʦʚ 

ɼʘʣʴʥʝʡʰʝʝ ʦʧʠʩʘʥʠʝ ʰʘʨʥʠʨʘ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʢʦʦʨʜʠʥʘʪʳ: ʷʚʣʷʝʪʩʷ ʦʥʘ ʩʪʝʧʝʥʴʶ 

ʩʚʦʙʦʜʳ ʠʣʠ ʟʘʜʘʥʘ ʚ ʚʠʜʝ ʷʚʥʦʡ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ. 

 

02_um_technical_manual.pdf


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-189 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ʂʦʦʨʜʠʥʘʪʘ ï ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ 

ɺʩʝ ʦʧʠʩʳʚʘʝʤʳʝ ʟʜʝʩʴ ʜʘʥʥʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤʠ: 

¶ ʟʥʘʯʝʥʠʝ ʰʘʨʥʠʨʥʦʡ ʢʦʦʨʜʠʥʘʪʳ: ʧʦʣʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘ-

ʚʠʣʴʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʰʘʨʥʠʨʘ; ʧʦʰʘʛʦʚʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʠʪʴ 

ʧʦʣʦʞʝʥʠʝ ʪʝʣ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʢʘʢ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʪʘʢ ʠ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʢʪʘ; ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ, ʦʜ-

ʥʘʢʦ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʦ ʧʦ ʫʩʤʦʪʨʝʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

¶ ʪʠʧ ʰʘʨʥʠʨʥʦʛʦ ʤʦʤʝʥʪʘ/ʩʠʣʳ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ ʥʘ ʟʘʢʣʘʜʢʝ 

ʐʘʨʥ.ʩʠʣʘ, ʨʠʩ. 3.176. 

  

ʈʠʩ. 3.176 ʉʧʠʩʦʢ ʪʠʧʦʚ ʰʘʨʥʠʨʥʳʭ ʩʠʣ 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʪʠʧʘ ʩʠʣʳ ʧʦʷʚʣʷʶʪʩʷ ʧʦʣʷ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʟʘʜʘʪʴ ʧʘʨʘʤʝʪʨʳ ʰʘʨ-

ʥʠʨʥʦʡ ʩʠʣʳ. ʧ. 3.5.12.1. "ɺʚʦʜ ʩʠʣʳ ʪʷʞʝʩʪʠ", c. 3-206. 

 

ʂʦʦʨʜʠʥʘʪʘ ï ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʢ ʜʘʥʥʦʤʫ ʪʠʧʫ ʰʘʨʥʠʨʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʣʘʞʦʢ 

ɿʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ ʥʘ ʟʘʢʣʘʜʢʝ ʆʧʠʩʘʥʠʝ, ʨʠʩ. 3.175. 

  

  

ʈʠʩ. 3.177 ʊʠʧʳ ʟʘʜʘʥʠʷ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-190 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ɿʘʜʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʦʨʜʠʥʘʪʳ ʦʪ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʠ ʚʦʟʤʦʞʥʦ ʩʣʝ-

ʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

¶ ʚʳʨʘʞʝʥʠʝ (ʩʤ. ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51)  

¶ ʚʥʝʰʥʷʷ ʬʫʥʢʮʠʷ (ʩʤ. ʧ. 3.4.2.4.10. "ɺʥʝʰʥʠʝ ʬʫʥʢʮʠʠ", c. 3-70) 

¶ ʨʘʩʧʠʩʘʥʠʝ (ʩʤ. ʧ.  3.4.2.4.12. "ʈʘʩʧʠʩʘʥʠʷ ʢʘʢ ʩʧʦʩʦʙ ʟʘʜʘʥʠʷ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ", c. 3-

75) 

¶ ʬʘʡʣ (ʩʤ. ʧ. 3.4.2.4.11. "ɿʘʜʘʥʠʝ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ", 

c. 3-73). 

 

ɺʨʘʱʘʪʝʣʴʥʳʡ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ ʰʘʨʥʠʨʳ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʦʙʦʙʱʝʥʥʳʡ, 

ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʥʫʞʥʦ ʜʦʙʘʚʠʪʴ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʠʣʠ ʧʘʨʘʤʝʪʨʠʟʦʚʘʪʴ ʥʘʢʣʦʥ ʦʩʠ ʰʘʨʥʠ-

ʨʘ, ʧ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʠʧʘ ʰʘʨʥʠʨʘ. 

 

ʇʨʠʤʝʨ. ɻʣʘʚʘ 7, ʧ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʠʧʘ ʰʘʨʥʠʨʘ. ʇʘʨʘʤʝʪʨʠʟʘʮʠʷ ʦʩʠ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʰʘʨʥʠʨʘ. 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-191 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.10.6. ɺʚʦʜ ʰʘʨʥʠʨʘ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʰʘʨʥʠʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ɻʣʘʚʝ 2, ʧ. ʐʘʨʥʠʨ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ. 

ʇʨʠ ʟʘʜʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʰʘʨʥʠʨʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʫʢʘʟʘʥʠʶ ʪʝʣ (ʩʤ. ʧ. 3.5.11. 

"ʆʙʱʠʝ ʯʝʨʪʳ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʰʘʨʥʠʨʦʚ ʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ", c. 3-202) ʩʣʝʜʫʝʪ ʫʢʘ-

ʟʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʚʢʣʘʜʢʫ ɻʝʦʤʝʪʨʠʷ ʧʦʣʦʞʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʉʂ1ɸ ʠ 

ʉʂ2ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ1 ʠ ʉʂ2. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘʢʣʘʜʢʠ ʊʝʣʦ1 (ʉʂ1ɸ) ʠ ʊʝʣʦ 2 

(ʉʂ2ɺ). ɼʣʷ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʨʠʩ. 3.178 (ʩʣʝʚʘ) (ʩʤ. ʧ. 3.5.4. "ʉʪʘʥʜʘʨʪʥʳʡ ʠʥ-

ʪʝʨʬʝʡʩ ʟʘʜʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ", c. 3-105). 

ʅʘ ʟʘʢʣʘʜʢʝ ʂʦʦʨʜʠʥʘʪʳ (ʨʠʩ. 3.178) ʟʘʜʘʝʪʩʷ: 

¶ ʪʠʧ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ; 

¶ ñʚʳʢʣʶʯʝʥʥʳʝò ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ (ʬʣʘʞʦʢ ʫ ʢʦʦʨʜʠʥʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʝ ñʚʢʣʶʯʝ-

ʥʠʶò); ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʚʳʝ ʪʨʠ ʩʪʨʦʢʠ 

(ʨʠʩ. 3.178), ʫʛʣʘʤ ʦʨʠʝʥʪʘʮʠʠ ï ʧʦʩʣʝʜʥʠʝ. 

    

ʈʠʩ. 3.178 ʆʧʠʩʘʥʠʝ ʰʘʨʥʠʨʘ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ 

ʀʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʠ ¬® ʚ ʧʦʣʝ ʟʥʘʯʝʥʠʡ ʢʘʞʜʦʡ ʚʢʣʶʯʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʯʪʦʙʳ ʫʩʪʘ-

ʥʦʚʠʪʴ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʰʘʨʥʠʨʘ: 

ʧʦʰʘʛʦʚʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʠʪʴ ʧʦʣʦʞʝʥʠʝ ʪʝʣ ʚ ʧʘʨʝ ʚ ʘʥʠʤʘʮʠ-

ʦʥʥʦʤ ʦʢʥʝ, ʢʘʢ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʪʘʢ ʠ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ 

ʧʦʣʥʦʛʦ ʦʙʲʝʢʪʘ. 

ɿʘʤʝʯʘʥʠʝ 1.  ʐʘʨʥʠʨ ʪʠʧʘ ç6 ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳè ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʦʙʦʙʱʝʥʥʳʡ, 

ʥʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʚʚʝʩʪʠ ʰʘʨʥʠʨʥʳʝ ʩʠʣʳ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, 

ʧ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʠʧʘ ʰʘʨʥʠʨʘ. 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-192 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.179 ʇʨʠʤʝʨ ʰʘʨʥʠʨʘ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ 

ɿʘʤʝʯʘʥʠʝ 2.  ʈʘʟʨʝʟʘʥʥʳʝ ʰʘʨʥʠʨʳ, ʠʤʝʶʱʠʝ ʰʝʩʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ (ʪʦ ʝʩʪʴ ʥʝ ʚʳ-

ʢʣʶʯʝʥʘ ʥʠ ʦʜʥʘ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ), ʠʤʝʶʪ ʩʪʘʪʫʩ ʫʜʘʣʝʥʥʳʭ, ʧ. 3.5.10.4.2. 

"ʋʜʘʣʝʥʥʳʡ ʰʘʨʥʠʨ", c. 3-185. 

ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʰʘʨʥʠʨʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʜʣʷ ʚʚʝʜʝʥʠʷ ʰʝʩʪʠ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʪʝʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩ. 3.178 ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3.179. ʊʝʣʦ ʫʢʘʟʘʥʦ ʚ ʧʦ-

ʣʦʞʝʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʥʫʣʝʚʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʦʨʜʠʥʘʪ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʟʘʜʘʥʠʷ ʰʘʨ-

ʥʠʨʘ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʦʝ ʟʘʜʘʥʠʝ ʢʘʢ ʧʦʣʦʞʝʥʠʷ ʥʘʯʘʣʘ ʉʂɺ (ʩʜʚʠʛ ʚʜʦʣʴ ʦʩʠ X), 

ʪʘʢ ʠ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʦʩʠ X. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘʧʨʠʤʝʨ, ʜʚʝ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʩʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʤʝʱʝʥʠʷʤ ʪʝʣʘ ʚʜʦʣʴ ʥʘʢʣʦʥʥʳʭ ʦʩʝʡ Y ʠ Z. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-193 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.10.7. ɺʚʦʜ ʦʙʦʙʱʝʥʥʦʛʦ ʰʘʨʥʠʨʘ  

ʆʧʠʩʘʥʠʝ ʰʘʨʥʠʨʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʩʧʠʩʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʕʇ), 

ʩʤ. ʧ. 2.3.4. 

 

ʈʠʩ. 3.178. ʇʘʨʘʤʝʪʨʳ ʦʙʦʙʱʝʥʥʦʛʦ ʰʘʨʥʠʨʘ 

ʉʧʠʩʦʢ ʕʇ ʩʦʟʜʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʠʥʪʝʨʬʝʡʩʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ (ʩʤ. 

ʧ. 3.4.2.2. "ɺʢʣʘʜʢʠ ʩʧʠʩʢʦʚ ʦʜʥʦʪʠʧʥʳʭ ʵʣʝʤʝʥʪʦʚ", c. 3-42). ʊʠʧ ʢʘʞʜʦʛʦ ʕʇ ʚʳʙʠʨʘʝʪʩʷ 

ʠʟ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ (ʨʠʩ. 3.178), ʧʦʩʣʝ ʯʝʛʦ ʧʦʷʚʣʷʶʪʩʷ ʧʦʣʷ ʦʧʠʩʘʥʠʷ ʕʇ. ɼʘʣʝʝ ʜʣʷ 

ʕʇ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʣʝʜʫʝʪ ʦʧʠʩʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʟʘʜʘʶʱʠʝ ʵʣʝʤʝʥʪʘʨʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʝ. 

 

ʂʣʶʯ ʚʢʣʶʯʝʥʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʵʣʝʤʝʥʪʘʨʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʩʧʠʩʢʘ. 

 

ɼʣʷ ʚʩʝʭ ʪʠʧʦʚ ʕʇ, ʢʨʦʤʝ tc, ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʚʝʢʪʦʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʯʠʩʣʝʥʥʦʡ 

ʬʦʨʤʝ (ʚʝʢʪʦʨ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʫʣʝʚʳʤ), ʨʠʩ. 3.180. 

  

ʈʠʩ. 3.180 ɻʨʫʧʧʘ ʚʳʙʦʨʘ ʚʝʢʪʦʨʘ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ɼʣʷ ʚʳʙʦʨʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʠʩ-

ʧʦʣʴʟʫʡʪʝ ʚʳʧʘʜʘʶʱʠʡ ʩʧʠʩʦʢ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-194 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ɿʘʤʝʯʘʥʠʝ.  ʈʘʟʨʝʟʘʥʥʳʝ ʰʘʨʥʠʨʳ ʦʙʦʙʱʝʥʥʦʛʦ ʪʠʧʘ, ʠʤʝʶʱʠʝ ʰʝʩʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦ-

ʜʳ, ʠʤʝʶʪ ʩʪʘʪʫʩ ʫʜʘʣʝʥʥʳʭ,  ʧ. 3.5.10.4.2. "ʋʜʘʣʝʥʥʳʡ ʰʘʨʥʠʨ", c. 3-185. 

3.5.10.7.1. ʕʣʝʤʝʥʪʘʨʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ tc 

ɼʣʷ ʕʇ ʪʠʧʘ ʩʜʚʠʛ ʥʘ ʧʦʩʪʦʷʥʥʳʡ ʚʝʢʪʦʨ (tc) ʫʢʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨ ʩʜʚʠʛʘ, ʢʦʤʧʦʥʝʥʪʳ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʩʠʤʚʦʣʴʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ. 

  

ʈʠʩ. 3.181. ɻʨʫʧʧʘ ʟʘʜʘʥʠʷ ʩʜʚʠʛʘ 

3.5.10.7.2. ʕʣʝʤʝʥʪʘʨʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ rc 

ɼʣʷ ʕʇ ʪʠʧʘ ʧʦʚʦʨʦʪ ʥʘ ʧʦʩʪʦʷʥʥʳʡ ʫʛʦʣ (rc) ʩʣʝʜʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʚʝʢʪʦʨʫ ʧʦʚʦ-

ʨʦʪʘ ʟʘʜʘʪʴ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ (ʚ ʛʨʘʜʫʩʘʭ). 

 

ɿʘʤʝʯʘʥʠʝ.  ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʪʠʧʘ ʕʇ ʤʦʞʥʦ ʟʘʜʘʪʴ ʪʦʣʴʢʦ ʧʦʚʦʨʦʪ ʥʘ ʫʛʦʣ, 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʜʘʥʦ ʯʠʩʣʝʥʥʦʡ ʢʦʥʩʪʘʥʪʦʡ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʘʨʘ-

ʤʝʪʨʠʟʘʮʠʠ ʫʛʣʘ (ʪʦ ʝʩʪʴ ʟʘʜʘʥʠʷ ʝʛʦ ʟʥʘʯʝʥʠʷ ʚ ʚʠʜʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠʣʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʩʠʤʚʦʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ) ʠʩʧʦʣʴʟʫʡʪʝ ʪʠʧ ʕʇ rt. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-195 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.10.7.3. ʕʣʝʤʝʥʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ tv, rv 

ɼʣʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʚʚʦʜʷʱʠʭ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʰʘʨʥʠʨʥʫʶ ʢʦʦʨʜʠʥʘʪʫ (tv, rv), ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʚʝʢʪʦʨʫ ʧʦʚʦʨʦʪʘ ʟʘʜʘʪʴ  

¶ ʯʠʩʣʝʥʥʦʝ (ʥʘʯʘʣʴʥʦʝ) ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʥʘ ʟʘʢʣʘʜʢʝ ʂʦʦʨʜʠʥʘʪʘ (ʫʛʦʣ ʧʦʚʦʨʦʪʘ 

ʟʘʜʘʝʪʩʷ ʚ ʛʨʘʜʫʩʘʭ); ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʠ ʧʦʣʷ ʟʘʜʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠ-

ʥʘʪʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʠʟʫʘʣʴʥʦ ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ; 

¶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʰʘʨʥʠʨʥʦʡ ʩʠʣʳ/ʤʦʤʝʥʪʘ ʥʘ ʟʘʢʣʘʜʢʝ ʉʠʣʘ/ʄʦʤʝʥʪ, ʚʳʙʨʘʚ 

ʝʝ ʪʠʧ ʠʟ ʩʧʠʩʢʘ, ʨʠʩ. 3.176 

 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʪʠʧʘ ʧʦʷʚʣʷʶʪʩʷ ʧʦʣʷ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʟʘʜʘʪʴ ʧʘʨʘʤʝʪʨʳ ʰʘʨʥʠʨʥʦʡ 

ʩʠʣʳ, ʧ. 3.5.12.1. "ɺʚʦʜ ʩʠʣʳ ʪʷʞʝʩʪʠ", c. 3-206. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-196 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.10.7.4. ʕʣʝʤʝʥʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ tt, rt 

ɼʣʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʷʚʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʰʘʨʥʠʨʥʦʡ ʢʦ-

ʦʨʜʠʥʘʪʳ ʦʪ ʚʨʝʤʝʥʠ (tt, rt), ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʚʝʢʪʦʨʫ ʧʦʚʦʨʦʪʘ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʢʦʦʨʜʠʥʘʪʳ ʦʪ ʚʨʝʤʝʥʠ (ʦʙʷʟʘʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ) ʚ ʦʜʥʦʤ ʨʝʞʠʤʦʚ:  

ʚʳʨʘʞʝʥʠʝ (ʩʤ. ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51)  

ʚʥʝʰʥʷʷ ʬʫʥʢʮʠʷ (ʩʤ. ʧ. 3.4.2.4.10. "ɺʥʝʰʥʠʝ ʬʫʥʢʮʠʠ", c. 3-70) 

ʨʘʩʧʠʩʘʥʠʝ (ʩʤ. ʧ. 3.4.2.4.12. "ʈʘʩʧʠʩʘʥʠʷ ʢʘʢ ʩʧʦʩʦʙ ʟʘʜʘʥʠʷ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ", c. 3-

75) 

ʬʘʡʣ (ʩʤ. ʧ. 3.4.2.4.11. "ɿʘʜʘʥʠʝ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ", c. 3-

73) 

  

  

ʈʠʩ. 3.182. ʊʠʧʳ ʟʘʜʘʥʠʷ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ 

ɿʘʤʝʯʘʥʠʝ.  ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʧʘ rt ʤʦʞʥʦ ʟʘʜʘʪʴ ʧʦʚʦʨʦʪ ʥʘ ʫʛʦʣ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʧʦʩʪʦʷʥʥʦ ʠ ʟʘʜʘʥʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʠʣʠ ʧʦʩʪʦʷʥʥʳʤ ʩʠʤʚʦʣʴʥʳʤ ʚʳʨʘ-

ʞʝʥʠʝʤ (ʩʤ. ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", 

c. 3-51). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʪʠʧ ʦʧʠʩʘʥʠʷ ɺʳʨʘʞʝʥʠʝ ʠ ʚʥʝʩʪʠ 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʣʝ (ʨʠʩ. 3.182, ʩʣʝʚʘ) ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʫʛʣʘ ʠʣʠ ʚʳʨʘ-

ʞʝʥʠʝ ʜʣʷ ʫʛʣʘ, ʥʝ ʟʘʚʠʩʷʱʝʝ ʦʪ ʚʨʝʤʝʥʠ t. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-197 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.10.8. ɺʚʦʜ ʢʚʘʪʝʨʥʠʦʥʥʦʛʦ ʰʘʨʥʠʨʘ 

ɼʣʷ ʰʘʨʥʠʨʘ ʢʚʘʪʝʨʥʠʦʥʥʦʛʦ ʪʠʧʘ (ʩʤ. ɻʣʘʚʫ 2, ʧ. ʂʚʘʪʝʨʥʠʦʥʥʳʡ ʰʘʨʥʠʨ), ʢʨʦʤʝ ʪʝʣ, 

ʚʭʦʜʷʱʠʭ ʚ ʧʘʨʫ, ʠ ʰʘʨʥʠʨʥʳʭ ʪʦʯʝʢ (ʩʤ. ʧ. 3.5.11. "ʆʙʱʠʝ ʯʝʨʪʳ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ 

ʰʘʨʥʠʨʦʚ ʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ", c. 3-202) ʧʦ ʞʝʣʘʥʠʶ ʤʦʞʥʦ (ʨʠʩ. 3.183): 

¶ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʚʪʦʨʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ ʪʝ-

ʣʘ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʘ ʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ (ʫʛʦʣ ʟʘʜʘʝʪʩʷ ʚ ʛʨʘʜʫʩʘʭ); 

¶ ʚʢʣʶʯʠʪʴ/ʚʳʢʣʶʯʠʪʴ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʩ ʧʦʤʦʱʴʶ ʬʣʘʞʢʘ; 

¶ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʢʣʶʯʝʥʥʳʭ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. 

ɿʘʤʝʯʘʥʠʝ.  ʈʘʟʨʝʟʘʥʥʳʝ ʢʚʘʪʝʨʥʠʦʥʥʳʝ ʰʘʨʥʠʨʳ, ʠʤʝʶʱʠʝ ʰʝʩʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 

(ʪʦ ʝʩʪʴ ʥʝ ʚʳʢʣʶʯʝʥʘ ʥʠ ʦʜʥʘ ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ), ʠʤʝʶʪ 

ʩʪʘʪʫʩ ʫʜʘʣʝʥʥʳʭ,  ʧ. 3.5.10.4.2. "ʋʜʘʣʝʥʥʳʡ ʰʘʨʥʠʨ", c. 3-185. 

  

ʈʠʩ. 3.183. ʇʘʨʘʤʝʪʨʳ ʢʚʘʪʝʨʥʠʦʥʥʦʛʦ ʰʘʨʥʠʨʘ 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-198 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.10.9. ɺʚʦʜ ʰʘʨʥʠʨʘ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ ʩʪʝʨʞʥʷ 

ɼʣʷ ʰʘʨʥʠʨʘ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ ʩʪʝʨʞʥʷ (ɻʣʘʚʘ 2, ʧ. ʉʚʷʟʴ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ ʩʪʝʨʞ-

ʥ)̫, ʢʨʦʤʝ ʪʝʣ, ʚʭʦʜʷʱʠʭ ʚ ʧʘʨʫ, ʠ ʰʘʨʥʠʨʥʳʭ ʪʦʯʝʢ (ʩʤ. ʧ. 3.5.11. "ʆʙʱʠʝ ʯʝʨʪʳ ʚʚʦʜʘ 

ʧʘʨʘʤʝʪʨʦʚ ʰʘʨʥʠʨʦʚ ʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ", c. 3-202) ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʝʛʦ ʜʣʠʥʫ, ʢʦ-

ʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʩʪʦʷʥʥʦʡ, ʪʘʢ ʠ ʟʘʜʘʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ.  

ɼʣʷ ʟʘʜʘʥʠʷ ʜʣʠʥʳ ʩʣʝʜʫʝʪ ʚʚʝʩʪʠ ʟʥʘʯʝʥʠʝ ʚ ʦʜʥʦʤ ʠʟ ʨʝʞʠʤʦʚ: 

¶ ʚʳʨʘʞʝʥʠʝ (ʩʤ. ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51)  

¶ ʚʥʝʰʥʷʷ ʬʫʥʢʮʠʷ (ʩʤ. ʧ. 3.4.2.4.10. "ɺʥʝʰʥʠʝ ʬʫʥʢʮʠʠ", c. 3-70) 

¶ ʨʘʩʧʠʩʘʥʠʝ (ʩʤ. ʧ. 3.4.2.4.12. "ʈʘʩʧʠʩʘʥʠʷ ʢʘʢ ʩʧʦʩʦʙ ʟʘʜʘʥʠʷ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ", c. 3-

75) 

¶ ʬʘʡʣ (ʩʤ. ʧ. 3.4.2.4.11. "ɿʘʜʘʥʠʝ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ", 

c. 3-73) 

  

ʈʠʩ. 3.184. ʇʘʨʘʤʝʪʨʳ ʰʘʨʥʠʨʘ 

ʂʘʢ ʧʨʘʚʠʣʦ, ʩʪʝʨʞʥʶ ʥʘʟʥʘʯʘʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʠʟ ʩʧʠʩʢʘ ɻʆ ʦʙʲʝʢʪʘ. ʆʩʦ-

ʙʝʥʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ɻʆ ʧʦʷʩʥʷʶʪʩʷ ʚ ʨʘʟʜʝʣʝ, ʧʦʩʚʷʱʝʥʥʦʤ ʚʚʦʜʫ ʛʨʘ-

ʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʩʤ. ʧ. 3.5.6. "ʅʘʟʥʘʯʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʩʠʣʦʚʳʤ ʵʣʝʤʝʥʪʘʤ ʠ 

ʰʘʨʥʠʨʫ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ ʩʪʝʨʞʥʷ", c. 3-109). 

ɺ ʧʦʣʝ ʊʝʢʫʱʘʷ ʜʣʠʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʜʣʠʥʘ ʩʪʝʨʞʥʷ ʧʨʠ ʪʝʢʫʱʠʭ ʧʦ-

ʣʦʞʝʥʠʷʭ ʪʝʣ. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʠʩʧʦʣʴʟʫʡʪʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʟʘʜʘʥʠʷ ʜʣʠʥʳ 

ʩʪʝʨʞʥʷ. 

ɿʘʤʝʯʘʥʠʝ.  ʇʦʩʢʦʣʴʢʫ ʩʪʝʨʞʝʥʴ ʷʚʣʷʝʪʩʷ ʩʚʷʟʴʶ, ʪʦ ʝʩʪʴ ʥʝ ʚʚʦʜʠʪ ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʩʝ-

ʛʜʘ ʨʘʟʨʝʟʘʥ (ʧ. 3.5.10.4.1. "ʐʘʨʥʠʨ ʚ ʜʝʨʝʚʝ ʠ ʨʘʟʨʝʟʘʥʥʳʡ ʰʘʨʥʠʨ. ɿʘʤʳ-

ʢʘʥʠʝ ʨʘʟʨʝʟʘʥʥʳʭ ʰʘʨʥʠʨʦʚ", c. 3-182), ʘ ʣʠʰʴ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʟʘʠʤʥʦʝ ʨʘʩ-

ʧʦʣʦʞʝʥʠʝ ʪʝʣ ʚ ʧʘʨʝ, ʪʦ ʨʘʩʯʝʪ ʧʦʣʦʞʝʥʠʡ ʪʝʣ, ʩʚʷʟʘʥʥʳʭ ʩʪʝʨʞʥʝʤ, ʧʨʦ-
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-199 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ʠʟʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘʯʘʣʴ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ ʜʣʠʥʦʡ. ʇʦ ʵʪʦʡ ʧʨʠ-

ʯʠʥʝ ʪʝʢʫʱʘʷ ʜʣʠʥʘ ʩʪʝʨʞʥʷ ʚ ʧʨʦʛʨʘʤʤʝ ʚʚʦʜʘ ʤʦʞʝʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʝʛʦ ʨʝʘʣʴʥʦʡ ʜʣʠʥʝ, ʟʘʜʘʚʘʝʤʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʨʠ ʦʧʠʩʘʥʠʠ ʰʘʨʥʠʨʘ. 

3.5.10.10. ɺʚʦʜ ʩʦʧʨʷʞʝʥʠʡ 

ʆʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʥʷʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʧʨʷʞʝʥʠʷʤʠ, ʜʘʥʳ ʚ ɻʣʘʚʝ 2, 

ʧ. ʉʦʧʨʷʞʝʥʠʷ. 

  

ʈʠʩ. 3.185. ʇʨʠʤʝʨʳ ʩʦʧʨʷʞʝʥʠʡ 

ɼʣʷ ʟʘʜʘʥʠʷ ʩʦʧʨʷʞʝʥʠʷ ʥʘʜʦ ʫʢʘʟʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, ʨʠʩ. 3.185. 

¶ ʊʠʧ ʩʦʧʨʷʞʝʥʠʷ, ʨʠʩ. 3.186. 

  

ʈʠʩ. 3.186. ʊʠʧʳ ʩʦʧʨʷʞʝʥʠʡ 

¶ ʊʠʧʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʡ,  
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-200 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.187. ɿʘʜʘʥʠʝ ʪʠʧʘ ʤʥʦʛʦʦʙʨʘʟʠʡ 

¶ ʂʦʦʨʜʠʥʘʪʳ ʰʘʨʥʠʨʥʳʭ ʪʦʯʝʢ ʜʣʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʝʣʘ ʚ ʉʂ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝ-

ʛʦ ʪʝʣʘ, ʟʘʜʘʶʱʠʝ 

¶ ʢʦʦʨʜʠʥʘʪʳ ʤʥʦʛʦʦʙʨʘʟʠʷ ï ʪʦʯʢʠ; 

¶ ʢʦʦʨʜʠʥʘʪʳ ʥʘʯʘʣʘ ʤʥʦʛʦʦʙʨʘʟʠʷ-ʚʝʢʪʦʨʘ; 

¶ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʜʣʷ ʤʥʦʛʦʦʙʨʘʟʠʷ ï ʧʣʦʩʢʦʩʪʴ. 

¶ ɽʩʣʠ ʤʥʦʛʦʦʙʨʘʟʠʝ ï ʚʝʢʪʦʨ ʠʣʠ ʧʣʦʩʢʦʩʪʴ, ʪʦ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ 

ʠʣʠ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʚ ʛʨʫʧʧʝ ʐʘʨʥʠʨʥʳʝ ʚʝʢʪʦʨʳ. ɼʣʷ ʤʥʦʛʦʦʙʨʘʟʠʷ çʪʦʯʢʘè 

ʰʘʨʥʠʨʥʳʡ ʚʝʢʪʦʨ ʠʛʥʦʨʠʨʫʝʪʩʷ. 

¶ ɼʣʷ ʩʦʧʨʷʞʝʥʠʡ ʪʠʧʘ çʅʘ ʨʘʩʩʪʦʷʥʠʠè ʠ çʇʦʜ ʫʛʣʦʤè ʩʣʝʜʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘ-

ʜʘʪʴ ʟʥʘʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʫʛʣʘ ʤʝʞʜʫ ʤʥʦʛʦʦʙʨʘʟʠʷʤʠ, ʨʠʩ. 3.188. 

 

ʈʠʩ. 3.188. ʇʘʨʘʤʝʪʨʳ ʨʘʩʩʪʦʷʥʠʷ ʠ ʫʛʣʘ 

ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʪʝʣ, ʰʘʨʥʠʨʥʳʭ ʪʦʯʝʢ ʠ ʚʝʢʪʦʨʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʪʘʥʜʘʨʪʥʳʝ ʚʠʟʫʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ Mates, ʨʠʩ. 3.189. ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʦʧʨʷʞʝʥʠʷ ʩʣʝʜʫʝʪ 

- ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʪʴ ʪʦʯʢʠ ʠʣʠ ʚʝʢʪʦʨʳ ʩʚʷʟʝʡ ʜʣʷ ʥʫʞʥʳʭ ʪʝʣ; 

- ʱʝʣʢʥʫʪʴ ʥʘ ʢʥʦʧʢʝ ʩ ʚʠʟʫʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʠ ʩʣʝʜʦʚʘʪʴ ʫʢʘʟʘʥʠʷʤ ʦʢʥʘ ï ʧʦʜ-

ʩʢʘʟʢʠ. 

ɼʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʪʝʣʘ, ʰʘʨʥʠʨʥʦʡ ʪʦʯʢʠ ʠ ʰʘʨʥʠʨʥʦʛʦ ʚʝʢʪʦʨʘ ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʳʙʨʘʪʴ ʪʦʯʢʫ ʩʚʷʟʠ ʪʠʧʘ ʚʝʢʪʦʨ ʠʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʪʦʯʢʫ ʩʚʷʟʠ. 

  

ʈʠʩ. 3.189. ʉʪʘʥʜʘʨʪʥʳʝ ʚʠʟʫʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʦʧʨʷʞʝʥʠʡ 

ɿʘʤʝʯʘʥʠʝ.  ʇʨʠ ʥʘʣʠʯʠʠ ʩʦʧʨʷʞʝʥʠʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ Park Parallel. 

ʇʨʦʩʪʝʡʰʠʝ ʧʨʠʤʝʨʳ ʤʦʜʝʣʝʡ ʩ ʩʦʧʨʷʞʝʥʠʷʤʠ ʥʘʭʦʜʷʪʩʷ ʚ ʢʘʪʘʣʦʛʝ 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Library\Mates. 

  

../SAMPLES/LIBRARY/Mates/


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-201 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.10.11. ɺʚʦʜ ʰʘʨʥʠʨʘ ʨʘʚʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʆʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʥʷʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʰʘʨʥʠʨʦʤ ʜʘʥʥʦʛʦ ʪʠʧʘ, ʜʘʥʳ ʚ ɻʣʘ-

ʚʝ 2, ʧ. ʐʘʨʥʠʨ ʨʘʚʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ (ʐʈʋʉ). 

ɼʣʷ ʟʘʜʘʥʠʷ ʰʘʨʥʠʨʘ ʥʘʜʦ ʫʢʘʟʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, ʨʠʩ. 3.190 

¶ ʂʦʦʨʜʠʥʘʪʳ ʰʘʨʥʠʨʥʳʭ ʪʦʯʝʢ ʚ ʉʂ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʣ. 

¶ ʇʨʦʝʢʮʠʠ ʰʘʨʥʠʨʥʳʭ ʚʝʢʪʦʨʦʚ ʚ ʉʂ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʣ. 

  

ʈʠʩ. 3.190. ʇʨʠʤʝʨ ʐʈʋʉ 

ɿʘʤʝʯʘʥʠʝ.  ɽʩʣʠ ʰʘʨʥʠʨ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʤʦʜʝʣʠ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ Park Parallel. 

ʇʨʠʤʝʨ. ʉʤ. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ɻʣʘʚʘ 7: ʇʨʠʤʝʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧ. ʐʘʨʥʠʨ 

ʨʘʚʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ (ʐʈʋʉ). 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-202 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.11. ʆʙʱʠʝ ʯʝʨʪʳ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʰʘʨʥʠʨʦʚ ʠ ʩʠʣʦʚʳʭ ʵʣʝ-

ʤʝʥʪʦʚ 

ʐʘʨʥʠʨʳ ʠ ʩʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ, ʟʘʜʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦ-

ʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. ʅʘʧʨʠʤʝʨ, ʢʘʞʜʦʤʫ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘʟʥʘʯʘʝʪʩʷ ʧʘʨʘ 

ʪʝʣ, ʜʣʷ ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʪʠʧ ʠ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ, ʘ ʪʘʢʞʝ ʪʦʯʢʠ ʧʨʠ-

ʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ ʚʚʦʜʘ ʵʪʠʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʠʥʪʝʨʬʝʡʩʥʳʝ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʠʥʩʧʝʢʪʦʨʘ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʙʠʧʦʣʷʨʥʦʡ ʩʠʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨ-

ʬʝʡʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.191. 

  

ʊʝʣʦ 1 

ʊʝʣʦ 2 

ɻʨʘʬʠʯʝʩʢʠʡ 

ʦʙʨʘʟ ʵʣʝʤʝʥʪʘ 

ʊʠʧ ʵʣʝʤʝʥʪʘ 

ʊʦʯʢʘ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʢ ʧʝʨʚʦʤʫ ʪʝʣʫ 

ʊʦʯʢʘ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʢʦ ʚʪʦʨʦʤʫ ʪʝʣʫ 

ʇʨʠʟʥʘʢ 

ʘʚʪʦʦʧʨʝʜʝʣʝʥʠʷ 

 

ʈʠʩ. 3.191. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ 

3.5.11.1. ʅʘʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʫ ʧʘʨʳ ʪʝʣ 

ʂʘʞʜʦʤʫ ʰʘʨʥʠʨʫ ʠ ʩʠʣʦʚʦʤʫ ʵʣʝʤʝʥʪʫ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʟʥʘʯʝʥʘ ʧʘʨʘ ʪʝʣ ʠʟ ʩʧʠʩʢʘ ʪʝʣ 

ʦʙʲʝʢʪʘ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʚʦʜ ʜʘʥʥʳʭ ʩʯʠʪʘʝʪʩʷ ʥʝʧʦʣʥʳʤ, ʠ ʧʨʦʛʨʘʤʤʘ ʛʝʥʝʨʠʨʫʝʪ 

ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ. ʆʜʥʦ ʠʟ ʪʝʣ ʩʯʠʪʘʝʪʩʷ ʧʝʨʚʳʤ ï ʊʝʣʦ 1 ʥʘ ʨʠʩ. 3.191), ʘ ʜʨʫʛʦʝ ï 

ʚʪʦʨʳʤ (ʊʝʣʦ 2). ɼʣʷ ʚʳʙʦʨʘ ʪʝʣ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʚʝʨʭʥʠʭ ʚʳʧʘʜʘʶʱʠʭ ʩʧʠʩʢʘ, ʩʦʜʝʨ-

ʞʘʱʠʝ ʠʤʝʥʘ ʪʝʣ, ʥʘʟʥʘʯʝʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʨʠʩ. 3.192. 

  

ʈʠʩ. 3.192. ɺʳʧʘʜʘʶʱʠʡ ʩʧʠʩʦʢ ʩ ʠʤʝʥʘʤʠ ʪʝʣ 

ʂʨʦʤʝ ʪʝʣ, ʚʚʝʜʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʦʙʘ ʩʧʠʩʢʘ ʪʝʣ ʩʦʜʝʨʞʘʪ ʙʘʟʦʚʦʝ ʪʝʣʦ (Base0) 

ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʪʝʣʘ ʢ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʝ (ʢ ʙʘʟʝ), ʘ ʩʧʠʩʦʢ ʜʣʷ ʚʪʦʨʦʛʦ ʪʝʣʘ ï ʜʦʧʦʣ-
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ʥʠʪʝʣʴʥʦ ʚʥʝʰʥʝʝ ʪʝʣʦ (External, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʤʝʪʦʜʝ ʧʦʜʩʠʩʪʝʤ, ʩʤ. 

ʧ. 3.5.3. "ɺʚʦʜ ʧʦʜʩʠʩʪʝʤ", c. 3-96). 

ʕʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʤ ʥʘʟʥʘʯʝʥʦ ʪʝʣʦ External, ʠʤʝʶʪ ʩʪʘʪʫʩ ʚʥʝʰʥʠʭ, 3.5.3.3.1. 

"ɺʥʝʰʥʠʝ ʵʣʝʤʝʥʪʳ. ɸʚʪʦʦʧʨʝʜʝʣʝʥʠʝ", c. 3-99. 

ɿʘʧʨʝʱʝʥʦ ʥʘʟʥʘʯʘʪʴ ʵʣʝʤʝʥʪʫ ʜʚʘ ʦʜʠʥʘʢʦʚʳʭ ʪʝʣʘ. 

3.5.11.2. ɺʳʙʦʨ ʪʠʧʘ ʵʣʝʤʝʥʪʘ 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʠʭ ʪʠʧ ʠʟ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʨʘʥʝʝ ʚʚʝʜʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʵʣʝʤʝʥʪ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʘʟʥʘʯʝʥ-

ʥʳʭ ʪʝʣ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ) ʤʦʞʝʪ ʙʳʪʴ ʫʪʝʨʷʥʘ. 

 

ʈʠʩ. 3.193. ɺʳʧʘʜʘʶʱʠʡ ʩʧʠʩʦʢ ʪʠʧʦʚ ʰʘʨʥʠʨʦʚ 

3.5.11.3. ʅʘʟʥʘʯʝʥʠʝ ʪʦʯʝʢ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ 

ɼʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʵʣʝʤʝʥʪʦʚ ʪʦʯʢʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʚ ʠʥʩʧʝʢʪʦʨʝ ʨʘʟʥʳʝ 

ʥʘʟʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʰʘʨʥʠʨʘ ʦʥʠ ʥʘʟʳʚʘʶʪʩʷ ʰʘʨʥʠʨʥʳʤʠ ʪʦʯʢʘʤʠ, ʘ ʜʣʷ ʙʠʧʦ-

ʣʷʨʥʦʛʦ ʠ ʦʙʦʙʱʝʥʥʦʛʦ ʣʠʥʝʡʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ï ʪʦʯʢʘʤʠ ʧʨʠʢʨʝʧʣʝʥʠʷ. ɺ ʣʶʙʦʤ 

ʩʣʫʯʘʝ ʚʚʦʜʷʪʩʷ ʢʦʦʨʜʠʥʘʪʳ X, Y, Z ʜʚʫʭ ʪʦʯʝʢ, ʦʜʥʘ ʧʨʠʥʘʜʣʝʞʠʪ ʧʝʨʚʦʤʫ ʪʝʣʫ, ʜʨʫʛʘʷ ï 

ʚʪʦʨʦʤʫ. ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʟʘʜʘʶʪʩʷ ʚ ʉʂ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʣʘ (ʪʦ ʝʩʪʴ ʦʩʪʘʶʪʩʷ ʥʝ-

ʠʟʤʝʥʥʳʤʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʝʣ) ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʦʷʥʥʳʭ ʩʠʤʚʦʣʴʥʳʭ ʚʳʨʘʞʝʥʠʡ (ʩʤ. 

ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51). 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʰʘʨʥʠʨʘ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʠ ʩʘʡ-

ʣʝʥʪ-ʙʣʦʢʘ, ʚʤʝʩʪʦ ʪʦʯʝʢ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʜʚʝ ʣʦʢʘʣʴʥʳʝ ʉʂ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʢʘʞʜʳʤ ʠʟ ʪʝʣ. 

3.5.11.4. ɺʠʟʫʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʪʝʣ, ʪʦʯʝʢ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʣʦʢʘʣʴʥʳʭ ʩʠ-

ʩʪʝʤ ʢʦʦʨʜʠʥʘʪ 

  

ʈʠʩ. 3.194. ʐʘʨʥʠʨʥʳʝ ʪʦʯʢʠ 

ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʟʫʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʪʦʯʝʢ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʃʉʂ. ɼʣʷ ʵʪʦ-

ʛʦ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʚʢʣʶʯʝʥ ʨʝʞʠʤ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ 
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(ʢʥʦʧʢʘ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʪʦʯʝʢ 

ʠ ʃʉʂ ʩʣʝʜʫʶʱʘʷ: 

¶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʪʝʣʘʤ ʥʘʟʥʘʯʘʶʪʩʷ ʪʦʯʢʠ ʩʚʷʟʠ, ʧ. 3.5.9.6. "ʊʦʯʢʠ ʩʚʷʟʠ", c. 3-168; 

¶ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʫ ʪʝʣʘ ʠ ʪʦʯʢʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ (ʠʣʠ ʃʉʂ) ʱʝʣʢ-

ʥʠʪʝ ʥʘ ʢʥʦʧʢʝ  ʠʥʩʧʝʢʪʦʨʘ (ʨʠʩ. 3.194) ʠ ʚʳʙʝʨʠʪʝ ʤʳʰʢʦʡ ʪʦʯʢʫ, ʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʫʶ ʪʦʯʢʫ ʠʣʠ ʚʝʢʪʦʨ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ. 

 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʨʝʞʠʤʘ ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʪʦʯʢʠ ʩʚʷʟʠ 

ʘʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʢʪʘ, 

ʧ. 3.4.1.2.2. "ʈʝʞʠʤʳ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ", c. 3-30. 

ɿʘʤʝʯʘʥʠʝ 1.  ʊʠʧ ʚʳʙʠʨʘʝʤʦʡ ʪʦʯʢʠ ʩʚʷʟʠ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʵʣʝʤʝʥʪʘ. ʅʘʧʨʠʤʝʨ, ʦʧʠʩʘʥʠʝ 

ʦʙʦʙʱʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪ ʢʘʢ ʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʳʝ, ʪʘʢ ʠ ʦʙʳʯʥʳʝ ʪʦʯʢʠ ʩʚʷʟʠ. ʆʧʠʩʘʥʠʝ ʙʠʧʦʣʷʨʥʳʭ ʩʠʣ ʠʩʧʦʣʴʟʫʝʪ ʜʚʝ 

ʦʙʳʯʥʳʝ ʪʦʯʢʠ. ʇʨʠ ʦʧʠʩʘʥʠʠ ʰʘʨʥʠʨʦʚ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʣ ʤʦʛʫʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴʩʷ ʚʝʢʪʦʨʳ. 

ɿʘʤʝʯʘʥʠʝ 2.  ɽʩʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʙʦʨʘ ʪʦʯʢʠ ʩʚʷʟʠ, ʪʦ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʙʨʘʥʳ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʪʦʯʢʠ, ʠ ʚʝʢʪʦʨʳ. ʇʨʠ ʵʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʘʷ ʵʪʠʤʠ ʪʦʯʢʘʤʠ ʩʚʷʟʠ, ʠʛʥʦʨʠʨʫʝʪʩʷ. ɽʩʣʠ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʚʝʢʪʦʨ, ʪʦ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʦʡ ʪʦʯʢʠ ʩʚʷʟʠ, ʧʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʚʝʢʪʦʨʘ ʚʳʙʠʨʘʝʪʩʷ ʦʩʴ Z ʃʉʂ. 

3.5.11.5. ɸʚʪʦʦʧʨʝʜʝʣʝʥʠʝ 

ʈʝʞʠʤ ʘʚʪʦʦʧʨʝʜʝʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʪʠʧʦʚ ʩʠʣʦʚʳʭ ʵʣʝ-

ʤʝʥʪʦʚ: ʙʠʧʦʣʷʨʥʳʡ ʵʣʝʤʝʥʪ, ʩʢʘʣʷʨʥʳʡ ʤʦʤʝʥʪ, ʦʙʦʙʱʝʥʥʳʡ ʣʠʥʝʡʥʳʡ ʵʣʝʤʝʥʪ, ʩʘʡ-

ʣʝʥʪ-ʙʣʦʢ, ʢʦʥʪʘʢʪ ʪʦʯʢʠ-ʧʣʦʩʢʦʩʪʴ ʠ ʪ.ʜ. ʇʨʠ ʚʢʣʶʯʝʥʥʦʤ ʨʝʞʠʤʝ ʘʚʪʦʦʧʨʝʜʝʣʝʥʠʷ ʢʦ-

ʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʨʠʢʨʝʧʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʢʦ ʚʪʦʨʦʤʫ ʪʝʣʫ (ʠʣʠ ʃʉʂ ʚʪʦʨʦʛʦ ʪʝʣʘ) ʟʘʜʘʶʪʩʷ 

ʚ ʉʂ ʧʝʨʚʦʛʦ ʪʝʣʘ (ʧʨʠ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʦʨʜʠʥʘʪ!). 

ɺ ʯʘʩʪʥʦʩʪʠ, ʨʝʞʠʤ ʘʚʪʦʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰ-

ʥʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʣʫʯʘʝ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ ʜʝʨʝʚʦʤ ʧʦʜʩʠʩʪʝʤ, ʧ. 3.5.3.3.1. "ɺʥʝʰʥʠʝ ʵʣʝ-

ʤʝʥʪʳ. ɸʚʪʦʦʧʨʝʜʝʣʝʥʠʝ", c. 3-99. 

3.5.11.6. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ 

ʇʦʩʢʦʣʴʢʫ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʧʨʠʢʨʝʧʣʝʥʠʷ ʟʘʜʘʶʪʩʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʪʝʣʘ, ʧʦ-

ʣʝʟʥʳʤ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪ ʧʝʨʝʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʚ ʉʂ ʨʘʟʥʳʭ ʪʝʣ. ɼʣʷ ʚʳʟʦʚʘ ʦʢʥʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚʳʙʝʨʠʪʝ ʢʦʤʘʥʜʫ ʤʝʥʶ ʀʥʩʪʨʫʤʝʥʪʳ | ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ 

ʠʣʠ ʠʩʧʦʣʴʟʫʡʪʝ ʩʦʯʝʪʘʥʠʡ ʢʣʘʚʠʰ Alt+T (ʨʠʩ. 3.195). 

ɺʳʙʝʨʠʪʝ ʪʝʣʘ ʩ ʧʦʤʦʱʴʶ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ ʠ ʟʘʜʘʡʪʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʉʂ ʦʜʥʦʛʦ ʠʟ 

ʪʝʣ (ʪʘʢ, ʛʜʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʠʟʚʝʩʪʥʳ). ʇʦʩʣʝ ʵʪʦʛʦ ʱʝʣʢʥʠʪʝ ʥʘ ʢʥʦʧʢʝ  (ʝʩʣʠ ʢʦ-

ʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʠʟʚʝʩʪʥʳ ʜʣʷ ʧʝʨʚʦʛʦ ʪʝʣʘ) ʠʣʠ ʥʘ ʢʥʦʧʢʝ  (ʝʩʣʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʠʟ-

ʚʝʩʪʥʳ ʜʣʷ ʚʪʦʨʦʛʦ ʪʝʣʘ) ʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʨʘʩʩʯʠʪʘʶʪʩʷ ʚ ʉʂ ʜʨʫʛʦʛʦ ʪʝʣʘ. ɸʥʘʣʦʛʠʯ-

ʥʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʨʦʝʢʮʠʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʝʢʪʦʨʘ ʥʘ ʦʩʠ ʉʂ ʨʘʟʥʳʭ ʪʝʣ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-205 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.195. ʇʨʠʤʝʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʟ ʉʂ0 ʚ ʉʂ ʨʘʤʳ ʪʝʣʝʞʢʠ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-206 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12. ɺʚʦʜ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ 

3.5.12.1. ɺʚʦʜ ʩʠʣʳ ʪʷʞʝʩʪʠ 

ɼʣʷ ʟʘʜʘʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʢʣʘʜʢʘ ʠʥʩʧʝʢʪʦʨʘ ʆʙʲʝʢʪ. ʉʤ. ʧ. 3.4.2.1.1. 

"ɺʢʣʘʜʢʘ çʆʙʲʝʢʪè", c. 3-35 ʜʣʷ ʦʪʢʣʶʯʝʥʠʷ ʪʷʞʝʩʪʠ, ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʣʳ ʪʷʞʝ-

ʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

  

ʈʠʩ. 3.196. ɿʘʜʘʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-207 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.2. ʆʧʠʩʘʥʠʝ ʩʢʘʣʷʨʥʳʭ ʩʠʣ 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʢʘʣʷʨʥʳʭ ʩʠʣ ʦʧʠʩʘʥʳ ʚ ɻʣʘʚʝ 2, ʧ. ʊʠʧʳ ʩʢʘʣʷʨʥʳʭ ʩʠʣ. 

ʉʢʘʣʷʨʥʳʝ ʩʠʣʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʟʘʜʘʥʠʠ ʤʥʦʛʠʭ ʪʠʧʦʚ ʩʠʣʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: 

¶ ʰʘʨʥʠʨʥʘʷ ʩʠʣʘ, ʧ. 3.5.10.7.3. "ʕʣʝʤʝʥʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ tv, rv", c. 3-195, 

¶ ʩʢʘʣʷʨʥʳʡ ʤʦʤʝʥʪ, ʧ. 3.5.12.4. "ɺʚʦʜ ʩʢʘʣʷʨʥʦʛʦ ʤʦʤʝʥʪʘ", c. 3-233, 

¶ ʙʠʧʦʣʷʨʥʳʡ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ, ʧ. 3.5.12.3. "ɺʚʦʜ ʙʠʧʦʣʷʨʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ", c. 3-

232, 

¶ ʦʙʦʙʱʝʥʥʳʡ ʩʘʡʣʝʥʪ-ʙʣʦʢ, ʧ. 3.5.12.8.7.2. "ɿʘʜʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʙʱʝʥʥʦʛʦ ʩʘʡ-

ʣʝʥʪ-ʙʣʦʢʘ", c. 3-276, 

¶ ʦʩʝʚʘʷ ʩʠʣʘ ʜʣʷ ʵʣʝʤʝʥʪʘ - ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʪʨʝʥʠʝ, ʧ. 3.5.12.8.3.5. "ɿʘʜʘʥʠʝ ʤʦʜʝʣʠ 

ʦʩʝʚʦʡ ʩʠʣʳ", c. 3-262.  

 

ʈʠʩ. 3.197. ʉʧʠʩʦʢ ʪʠʧʦʚ ʩʢʘʣʷʨʥʳʭ ʩʠʣ 

ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʦ ʟʘʜʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʢʘʣʷʨʥʳʭ ʩʠʣ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʨʠʩ. 3.197. 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-208 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.2.1. ʃʠʥʝʡʥʳʡ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ 

ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʘʥʥʦʤ ʩʠʣʦʚʦʤ ʵʣʝʤʝʥʪʝ ʩʦʜʝʨʞʠʪʩʷ ʚ ɻʣʘʚʝ 2. ʧ. ʊʠʧʳ ʩʢʘʣʷʨ-

ʥʳʭ ʩʠʣ | ʃʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʩʠʣʳ. 

 

ʈʠʩ. 3.198. ʇʘʨʘʤʝʪʨʳ ʣʠʥʝʡʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ, ʟʘʜʘʶʱʝʛʦ ʫʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʳʡ 

ʵʣʝʤʝʥʪ  

ʇʦʣʷ ʦʢʥʘ ʟʘʜʘʥʠʷ ʵʣʝʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʘʨʘʤʝʪʨʘʤ ʵʣʝʤʝʥʪʘ: 

¶ F0 ï ʧʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ; 

¶ c ï ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ; 

¶ c ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ; 

¶ x0 ï ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠ ʥʫʣʝʚʦʤ ʟʥʘʯʝʥʠʠ ʫʧʨʫʛʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ; 

¶ Q, w, a ï ʘʤʧʣʠʪʫʜʘ, ʯʘʩʪʦʪʘ (ʨʘʜ/ʩ) ʠ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. 

 

ɺʩʝ ʧʘʨʘʤʝʪʨʳ ï ʧʦʩʪʦʷʥʥʳʝ ʩʠʤʚʦʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʩʤ. ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨ-

ʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51. 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-209 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.2.2. ʌʨʠʢʮʠʦʥʥʳʡ ʠ ʫʧʨʫʛʦ-ʬʨʠʢʮʠʦʥʥʳʡ ʵʣʝʤʝʥʪʳ 

ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʙʠʧʦʣʷʨʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʘʭ ʜʘʥʥʳʭ ʪʠʧʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ɻʣʘʚʝ 2. ʧʧ. ɹʠʧʦʣʷʨʥʳʝ ʩʠʣʳ | ʌʨʠʢʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʠʣʳ, ɹʠʧʦʣʷʨʥʳʝ ʩʠʣʳ | ʋʧʨʫʛʦ ï 

ʬʨʠʢʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʠʣʳ. 

 

ʈʠʩ. 3.199. ʇʘʨʘʤʝʪʨʳ ʬʨʠʢʮʠʦʥʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʘ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ 

¶ ɿʥʘʯʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ F; 

¶ ʆʪʥʦʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʦʢʦʷ ʢ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ f0/f; 

¶ ʂʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʚ ʨʝʞʠʤʝ ʩʮʝʧʣʝʥʠʷ cStiff. 

¶ ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ ʚ ʨʝʞʠʤʝ ʩʮʝʧʣʝʥʠʷ cDiss. 

 

ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʦʙʱʠʭ ʧʦʩʪʦʷʥʥʳʭ ʩʠʤʚʦʣʴʥʳʭ ʚʳʨʘʞʝʥʠʡ, ʩʤ. 

ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51. 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-210 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.2.3. ʋʧʨʫʛʦ-ʬʨʠʢʮʠʦʥʥʳʡ ʵʣʝʤʝʥʪ 2 

ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʙʠʧʦʣʷʨʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʘʭ ʜʘʥʥʳʭ ʪʠʧʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ɻʣʘʚʝ 2. ʧ. ɹʠʧʦʣʷʨʥʳʝ ʩʠʣʳ | ʋʧʨʫʛʦ ï ʬʨʠʢʮʠʦʥʥʘʷ ʩʠʣʘ 2. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʘ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ f; 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʦʢʦʷ f0; 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʧʝʨʚʦʡ ʧʨʫʞʠʥʘ c1; 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʚʪʦʨʦʡ ʧʨʫʞʠʥʘ c2; 

¶ ʜʣʠʥʫ ʵʣʝʤʝʥʪʘ ʚ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

 

ʈʠʩ. 3.200. ʇʘʨʘʤʝʪʨʳ ʫʧʨʫʛʦ-ʬʨʠʢʮʠʦʥʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 2 

ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʦʙʱʠʭ ʧʦʩʪʦʷʥʥʳʭ ʩʠʤʚʦʣʴʥʳʭ ʚʳʨʘʞʝʥʠʡ, ʩʤ. 

ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51. 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-211 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.2.4. ʋʧʨʫʛʦ-ʚʷʟʢʠʡ ʵʣʝʤʝʥʪ 

ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʘʭ ʜʘʥʥʳʭ ʪʠʧʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ ɻʣʘʚʝ 2, ʧ. ʊʠʧʳ 

ʩʢʘʣʷʨʥʳʭ ʩʠʣ | ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʷ ʫʧʨʫʛʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ.  

  

ʈʠʩ. 3.201. ʇʘʨʘʤʝʪʨʳ ʫʧʨʫʛʦ ʚʷʟʢʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʘ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʨʫʞʠʥʳ cStiff (ʅ/ʤ), ʥʘ ʨʠʩʫʥʢʝ ï c; 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ cDiss (ʅʩ/ʤ); 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʨʫʞʠʥʳ cStiff1 (ʅ/ʤ), ʥʘ ʨʠʩʫʥʢʝ ï c1 (ʤʦʞʝʪ 

ʧʨʠʥʠʤʘʪʴ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ); 

¶ ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ ʚ ʥʝʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ L0 (ʠʛʥʦʨʠʨʫʝʪʩʷ ʧʨʠ c1=0). 

 

ʇʘʨʘʤʝʪʨʳ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʦʙʱʠʭ ʧʦʩʪʦʷʥʥʳʭ ʩʠʤʚʦʣʴʥʳʭ ʚʳʨʘʞʝʥʠʡ, ʩʤ. 

ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51. 
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3.5.12.2.5. ʅʝʣʠʥʝʡʥʳʡ ʫʧʨʫʛʦ-ʚʷʟʢʠʡ ʵʣʝʤʝʥʪ 

ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʘʭ ʜʘʥʥʳʭ ʪʠʧʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ ɻʣʘʚʝ 2, ʧ. ʊʠʧʳ 

ʩʢʘʣʷʨʥʳʭ ʩʠʣ | ʅʝʣʠʥʝʡʥʳʡ ʫʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʳʡ ʵʣʝʤʝʥʪ.  

 

ʈʠʩ. 3.202. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘ 

ʆʧʠʩʘʥʠʝ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚʢʣʶʯʘʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʚ ʧʨʫʞʠʥʝ ʦʪ ʧʨʦʛʠʙʘ ʠ ʩʠ-

ʣʳ ʚ ʜʝʤʧʬʝʨʝ ʦʪ ʩʢʦʨʦʩʪʠ. ɼʣʷ ʟʘʜʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʣʝʜʫʝʪ ʚ ʨʝʜʘʢʪʦʨʝ ʢʨʠʚʳʭ ʫʢʘʟʘʪʴ 

ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʥʘ ʛʨʘʬʠʢʝ (ʩʤ. ʧ. 3.4.3. "ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ", c. 3-78, ʨʠʩ. 3.203, 

ʨʠʩ. 3.204), ʜʣʷ ʚʳʟʦʚʘ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʥʦʧʢʘ . 

 

ʈʠʩ. 3.203. ʇʘʨʘʤʝʪʨʠʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʣʠʥʝʡʥʦʡ ʧʨʫʞʠʥʳ 
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ʈʠʩ. 3.204. ʇʘʨʘʤʝʪʨʠʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʥʝʣʠʥʝʡʥʦʛʦ ʜʝʤʧʬʝʨʘ 

ʇʨʠ ʟʘʜʘʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʭ ʚʳʨʘʞʝ-

ʥʠʡ. ɼʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʢʨʠʚʳʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʧʣʘʡʥʳ ʠ B-ʩʧʣʘʡʥʳ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-214 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.2.6. ʇʦʪʦʯʝʯʥʦʝ (ʯʠʩʣʘ) ʟʘʜʘʥʠʝ ʩʠʣʳ 

ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʘʭ ʜʘʥʥʳʭ ʪʠʧʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ ɻʣʘʚʝ 2. ʧ. ʊʠʧʳ 

ʩʢʘʣʷʨʥʳʭ ʩʠʣ | ʇʦʪʦʯʝʯʥʘʷ ʤʦʜʝʣʴ ʩʠʣʳ. 

 

ʈʠʩ. 3.205. ʇʘʨʘʤʝʪʨʳ ʧʦʪʦʯʝʯʥʦ ʟʘʜʘʥʥʦʡ ʩʠʣʳ 

ɼʣʷ ʟʘʜʘʥʠʷ ʩʠʣʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ, ʟʘʜʘʥʥʦʛʦ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʝʢ, ʧʨʠʤʝʥʷʝʪʩʷ ʨʝʜʘʢ-

ʪʦʨ ʢʨʠʚʳʭ (ʩʤ. ʧ. 3.4.3. "ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ", c. 3-78, ʨʠʩ. 3.206), ʜʣʷ ʚʳʟʦʚʘ ʢʦʪʦ-

ʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʥʦʧʢʘ . 

ʉʠʣʘ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ  

¶ ʦʪ ʜʣʠʥʳ ʵʣʝʤʝʥʪʘ x,  

¶ ʩʢʦʨʦʩʪʠ ʝʝ ʠʟʤʝʥʝʥʠʷ v, 

¶ ʦʪ ʚʨʝʤʝʥʠ t, 

¶ ʦʪ ʧʝʨʝʤʝʥʥʦʡ, ʩʦʟʜʘʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʧ. 3.4.2.4.8. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ", c. 3-67. 

ɼʣʷ ʚʳʙʦʨʘ ʥʫʞʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʫʧʧʘ ʊʠʧ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʇʘʨʘʤʝʪʨ ʄʥʦʞʠʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʫʤʥʦʞʘʪʴ ʚʝʩʴ ʚʚʝʜʝʥʥʳʡ ʛʨʘʬʠʢ ʥʘ ʯʠʩʣʦ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʳʢʣʶʯʘʪʴ ʩʠʣʳ, ʧʝʨʝʚʦʜʠʪʴ ʩʠʣʳ, ʟʘʜʘʥʥʳʝ ʚ ʢʠʣʦʥʴʶʪʦʥʘʭ ʚ ʥʴʶʪʦʥʳ 

ʠ ʪʘʢ ʜʘʣʝʝ. ʆʙʳʯʥʦ ʜʣʷ ʤʥʦʞʠʪʝʣʷ ʚʚʦʜʠʪʩʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨ. 
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3.5.12.2.6.1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʦʪ x, v, t  

ʂʣʶʯ ʉʞʘʪʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʙʦʨʘ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʘʙʩʮʠʩʩʳ ʥʘ ʛʨʘʬʠʢʝ ʟʘʜʘʥʠʷ ʩʠʣʳ. ʇʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʢʣʶʯʝ (ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ) 

ʘʙʩʮʠʩʩʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ (ʢʦʦʨʜʠʥʘʪʳ), ʧʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʥʘʯʝ-

ʥʠʝ ʩʠʣʳ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʨʦʩʪʝ ʘʙʩʮʠʩʩʳ. ʇʨʠ ʚʢʣʶʯʝʥʥʦʤ ʢʣʶʯʝ, ʥʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʝ-

ʥʠʝ ʜʣʠʥʳ (ʢʦʦʨʜʠʥʘʪʳ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʦʩʪʫ ʘʙʩʮʠʩʩʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʣʘ ʨʘʩʪʝʪ ʧʨʠ ʨʦ-

ʩʪʝ ʘʙʩʮʠʩʩʳ. ʆʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʟʘʢʦʥʫ ʠʟʤʝʥʝʥʠʷ ʩʠʣʳ ʧʨʠ ʚʢʣʶʯʝʥʥʦʤ ʠ ʚʳʢʣʶʯʝʥʥʦʤ 

ʢʣʶʯʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʝʨʢʘʣʴʥʦ ʦʪʨʘʞʝʥʥʳʝ ʛʨʘʬʠʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ ʧʨʠʚʷʟʢʠ ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ. 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 3.206. ʋʧʨʫʛʠʡ ʙʠʧʦʣʷʨʥʳʡ ʵʣʝʤʝʥʪ ʩ ʩʫʤʤʘʨʥʳʤ ʟʘʟʦʨʦʤ 4 ʤʤ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ 

(ʘ) ʠ ʚʢʣʶʯʝʥʥʦʤ (ʙ) ʢʣʶʯʝ çʉʞʘʪʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦè 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-216 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ʇʨʠʚʷʟʢʘ ʛʨʘʬʠʢʘ ʧʦ ʘʙʩʮʠʩʩʝ 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʙʠʧʦʣʷʨʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʦʟʜʘʶʱʝʛʦ ʩʠʣʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʵʣʝ-

ʤʝʥʪʘ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʧʨʠʚʷʟʢʠ ʛʨʘʬʠʢʘ ʧʦ ʘʙʩʮʠʩʩʝ. ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʫʢʘ-

ʟʘʪʴ, ʢʘʢʦʡ ʪʦʯʢʝ ʥʘ ʘʙʩʮʠʩʩʝ ʛʨʘʬʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ, ʟʘʜʘʥʥʘʷ ʚ ʧʦʣʝ L , 

ʨʠʩ. 3.205 (ʢʘʢ ʧʨʘʚʠʣʦ ï ʵʪʦ ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ ʧʨʠ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʦʨʜʠʥʘʪ). ɿʘʜʘʚʘʪʴ 

ʪʦʯʢʫ ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ ʤʦʞʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ, ʧʨʠ ʵʪʦʤ ʩʧʦʩʦʙ ʚʳʙʠʨʘʝʪʩʷ ʚ ʛʨʫʧʧʝ ʊʠʧ 

ʧʨʠʚʷʟʢʠ ʛʨʘʬʠʢʘ, ʨʠʩ. 3.205. ɽʩʣʠ ʚʳʙʨʘʥʦ ʟʥʘʯʝʥʠʝ ʇʦ ʘʙʩʮʠʩʩʝ, ʪʦ ʚ ʧʦʣʝ X(L)/F(L) 

ʥʘʧʨʷʤʫʶ ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ X, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ L (ʯʘʩʪʦ ʵʪʦ ʟʥʘ-

ʯʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ). ɽʩʣʠ ʚʳʙʨʘʥʦ ʟʥʘʯʝʥʠʝ ʇʦ ʩʠʣʝ, ʪʦ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʧʨʠ 

ʜʣʠʥʝ ʵʣʝʤʝʥʪʘ L, ʧʨʠ ʪʦʤ ʧʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝ-

ʥʠʝ X. ɽʩʪʝʩʪʚʝʥʥʦ, ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʝʤ ʠ ʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʨʝʰʝʥʠʷ, ʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ X ʧʦ ʟʥʘ-

ʯʝʥʠʶ ʩʠʣʳ F. 

 

ʈʠʩ. 3.207. ʂ ʧʦʥʷʪʠʶ ʧʨʠʚʷʟʢʠ ʛʨʘʬʠʢʘ ʧʦ ʘʙʩʮʠʩʩʝ. ʆʧʮʠʷ ʉʞʘʪʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʥʝ 

ʚʢʣʶʯʝʥʘ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-217 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.208. ʂ ʧʦʥʷʪʠʶ ʧʨʠʚʷʟʢʠ ʛʨʘʬʠʢʘ ʧʦ ʘʙʩʮʠʩʩʝ. ʆʧʮʠʷ ʉʞʘʪʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʢʣʶʯʝʥʘ. 

ɼʣʷ ʚʥʝʩʝʥʠʷ ʪʝʢʩʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʟʘʜʘʥʥʳʭ ʧʦʪʦʯʝʯʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʫʬʝʨ ʦʙʤʝʥʘ (ʩʤ. ʧ. 3.4.4.7. "ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʫʬʝʨʘ ʦʙʤʝʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʨʠʚʦʡ", c. 3-89). 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-218 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.2.6.2. ɿʘʜʘʥʠʝ ʠʥʜʠʢʘʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤ 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʦʪ ʧʝʨʝʤʝʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʟʘʜʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤ (ʢʣʶʯ ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ), ʚ 

ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʝʪʩʷ ʥʝ ʦʪ ʪʝʢʫʱʝʡ ʢʦʦʨʜʠʥʘʪʳ, ʘ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʜʨʫʛʦʛʦ ʟʚʝʥʘ. 

ʅʘʧʨʠʤʝʨ, x ï ʵʪʦ ʰʘʨʥʠʨʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʩʤʝʱʝʥʠʷ ʧʦʨʰʥʷ, ʘ ʩʠʣʘ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʧʦʚʦ-

ʨʦʪʘ ʢʨʠʚʦʰʠʧʘ, ʨʠʩ. 3.209. 

 

ʈʠʩ. 3.209. ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʠʥʜʠʢʘʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʳ 
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3.5.12.2.7. ʇʦʪʦʯʝʯʥʦʝ (ʚʳʨʘʞʝʥʠʷ) ʟʘʜʘʥʠʝ ʩʠʣʳ 

ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʣʝʤʝʥʪʘʭ ʜʘʥʥʳʭ ʪʠʧʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ ɻʣʘʚʝ 2. ʧ. ʊʠʧʳ ʩʢʘʣʷʨ-

ʥʳʭ ʩʠʣ | ʇʦʪʦʯʝʯʥʘʷ ʤʦʜʝʣʴ ʩʠʣʳ. 

 

ʈʠʩ. 3.210. ʋʧʨʫʛʠʡ ʙʠʧʦʣʷʨʥʳʡ ʵʣʝʤʝʥʪ ʜʣʠʥʦʡ 0.75 ʤ ʩ ʩʫʤʤʘʨʥʳʤ ʟʘʟʦʨʦʤ, ʟʘʜʘʥʥʳʤ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ gap 

ʉʠʣʘ ʘʥʘʣʦʛʠʯʥʘ ʧʨʝʜʳʜʫʱʝʡ, ʦʜʥʘʢʦ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʢʘʢ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ, ʪʘʢ ʠ ʧʦ 

ʦʩʠ ʦʨʜʠʥʘʪ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʩʪʦʷʥʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ.  

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ, ʫʜʘʣʝʥʠʷ ʠ ʢʦʧʠʨʦʚʘʥʠʷ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʥʦʧʢʠ . 

ʂʥʦʧʢʘ  ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʚʚʝʜʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ. 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ ʨʝʘʣʠʟʦʚʘʥʘ ʪʘ ʞʝ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ ʫʧʨʫʛʘʷ ʩʠʣʘ ʩ ʟʘʟʦʨʦʤ, 

ʯʪʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʫʥʢʪʝ, ʦʜʥʘʢʦ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʟʘʟʦʨʘ, ʜʣʠʥʳ ʵʣʝʤʝʥʪʘ ʠ ʢʦʵʬʬʠʮʠʝʥ-

ʪʘ ʞʝʩʪʢʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

 

ʈʠʩ. 3.211. ʅʝʣʠʥʝʡʥʳʡ ʜʠʩʩʠʧʘʪʠʚʥʳʡ ʵʣʝʤʝʥʪ. ʆʧʮʠʷ ʉʞʘʪʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʥʝ ʚʢʣʶ-

ʯʝʥʘ. 
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ʈʠʩ. 3.212. ʅʝʣʠʥʝʡʥʳʡ ʜʠʩʩʠʧʘʪʠʚʥʳʡ ʵʣʝʤʝʥʪ. ʆʧʮʠʷ ʉʞʘʪʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʢʣʶʯʝ-

ʥʘ. 
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3.5.12.2.8. ɺʥʝʰʥʷʷ ʬʫʥʢʮʠʷ 

ʉʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʠʤʷ ʬʫʥʢʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʟʥʘʯʝʥʠʝ ʩʠʣʳ. ʐʘʙ-

ʣʦʥ ʬʫʥʢʮʠʠ ʚʢʣʶʯʘʝʪʩʷ ʚ ʬʘʡʣ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ 

ʨʘʩʯʝʪ ʩʠʣʳ, ʧ. 3.4.2.4.10. "ɺʥʝʰʥʠʝ ʬʫʥʢʮʠʠ", c. 3-70. ʆʜʥʘ ʠ ʪʘ ʞʝ ʚʥʝʰʥʷʷ ʬʫʥʢʮʠʷ ʤʦ-

ʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʟʘʜʘʥʠʠ ʣʶʙʦʛʦ ʯʠʩʣʘ ʩʢʘʣʷʨʥʳʭ ʩʠʣ. 

 

ʈʠʩ. 3.213. ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʚʥʝʰʥʝʡ ʬʫʥʢʮʠʠ 
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3.5.12.2.9. ɺʳʨʘʞʝʥʠʝ 

ʄʦʜʝʣʴ ʩʠʣʳ ʟʘʜʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ, ʚʢʣʶʯʘʶʱʠʤ 

¶ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, 

¶ x, v, t ï ʜʣʠʥʫ ʵʣʝʤʝʥʪʘ, ʰʘʨʥʠʨʥʫʶ ʢʦʦʨʜʠʥʘʪʫ ʠʣʠ ʫʛʦʣ ʧʦʚʦʨʦʪʘ x (ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʠʧʘ ʵʣʝʤʝʥʪʘ), ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ x (v), ʠ ʚʨʝʤʷ t. 

¶ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʦʣʦʞʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ ʪʝʣ, ʧ. 3.4.2.4.7. "ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ", c. 3-55. 

¶ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ, ʧ. 3.4.2.4.3. "ʉʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ ʠ ʢʦʥʩʪʘʥʪʳ", c. 3-50; 

¶ ʵʣʝʤʝʥʪʳ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ, ʧ. 3.4.2.4.8. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ", c. 3-67. 

  

ʈʠʩ. 3.214. ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʩʠʣʳ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ 

ʇʨʠʤʝʨ: ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʣʠʥʝʡʥʘʷ ʫʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʠʣʘ 

-cstiff*(x -x0)-cdiss*v,  

ʛʜʝ cstiff, cdiss ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʡ ʞʝʩʪʢʦʩʪʠ ʠ ʜʠʩʩʠʧʘʮʠʠ, ʟʘʜʘʥʥʳʝ ʠʜʝʥʪʠ-

ʬʠʢʘʪʦʨʘʤʠ, x0 ï ʜʣʠʥʥʘ/ʢʦʦʨʜʠʥʘʪʘ ʚ ʥʝʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʵʣʝʤʝʥʪʘ.  
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3.5.12.2.10. ʉʧʠʩʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʩʠʣʳ ʩʤ. ʚ ɻʣʘʚʝ 2, ʧ. ʊʠʧʳ ʩʢʘʣʷʨʥʳʭ ʩʠʣ | ʉʧʠʩʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʦʨʷʜʦʢ ʚʚʦʜʘ ʜʘʥʥʳʭ: 

¶ ʫʢʘʟʘʪʴ ʪʠʧ ʘʨʛʫʤʝʥʪʘ (ʢʦʦʨʜʠʥʘʪʘ, ʩʢʦʨʦʩʪʴ ʠʣʠ ʚʨʝʤʷ); 

¶ ʱʝʣʯʢʦʤ ʥʘ ʢʥʦʧʢʝ  ʦʪʢʨʳʪʴ ʨʝʜʘʢʪʦʨ ʠ ʩʦʟʜʘʪʴ ʩʧʠʩʦʢ ʢʨʠʚʳʭ; ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʥʘʯʘʪʴ ʥʦʚʫʶ ʢʨʠʚʫʶ ʚ ʨʝʜʘʢʪʦʨʝ ʩʣʝʜʫʝʪ ʜʚʘʞʜʳ ʱʝʣʢʥʫʪʴ ʤʳʰʢʦʡ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ 

ʫʜʘʣʝʥʠʠ ʦʪ ʚʚʝʜʝʥʥʳʭ ʢʨʠʚʳʭ ʠ ʧʦʜʪʚʝʨʜʠʪʴ ʩʦʟʜʘʥʠʝ ʥʦʚʦʡ ʢʨʠʚʦʡ; ʩʣʝʜʫʝʪ ʧʦʤ-

ʥʠʪʴ, ʯʪʦ ʢʨʠʚʳʝ ʥʫʤʝʨʫʶʪʩʷ ʚ ʧʦʨʷʜʢʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʚʦʜʘ; 

¶ ʟʘʜʘʪʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʢʨʠʚʦʡ, ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʟʥʘʯʝʥʠʝ ʩʠʣʳ; 

¶ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʚʝʩʪʠ ʤʥʦʞʠʪʝʣʠ kx, ky ʜʣʷ ʘʙʩʮʠʩʩʳ ʠ ʦʨʜʠʥʘʪʳ; 

¶ ʟʘʜʘʪʴ ʪʠʧ ʠʟʤʝʥʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʢʨʠʚʦʡ: ʜʠʩʢʨʝʪʥʳʡ ʠʣʠ ʥʝʧʨʝʨʳʚʥʳʡ; ʚ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʜʦʣʞʥʘ ʙʳʪʴ ʚʠʜʥʘ ʛʘʣʦʯʢʘ.  

 

         

ʈʠʩ. 3.215. ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʩʠʣʳ ʩ ʧʦʤʦʱʴʶ ʩʧʠʩʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

3.5.12.2.11. ʈʝʩʩʦʨʘ ʌʘʥʯʝʨʘ 

  

ʈʠʩ. 3.216. ʇʘʨʘʤʝʪʨʳ ʨʝʩʩʦʨʳ ʌʘʥʯʝʨʘ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘ ʵʪʦʛʦ ʪʠʧʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ɻʣʘʚʝ 2, ʧ. ʈʝʩʩʦʨʘ 

ʌʘʥʯʝʨʘ. 

 

ʄʦʜʝʣʴ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

ɾʝʩʪʢʦʩʪʴ (ʩʞʘʪʠʝ) ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʚ ʩʞʘʪʦʤ ʩʦʩʪʦʷʥʠʠ, c; 

ɾʝʩʪʢʦʩʪʴ (ʨʘʩʪʷʞ.) ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʚ ʨʘʩʪʷʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ, c; 

f ʪʨʝʥʠʷ ï ʤʦʜʫʣʴ ʩʠʣʳ ʪʨʝʥʠʷ, f; 
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Beta ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ b; 

ɺʳʩʦʪʘ ï ʚʳʩʦʪʘ ʨʝʩʩʦʨʳ ʚ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ; 

 

ɺʩʝ ʚʝʣʠʯʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʳ, ʩʤ. ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51. 

ɿʘʤʝʯʘʥʠʝ.  ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʦʤʥʠʪʴ, ʯʪʦ ʣʶʙʦʡ ʙʠʧʦʣʷʨʥʳʡ ʵʣʝʤʝʥʪ ʠʤʝʝʪ ʚʳ-

ʨʦʞʜʝʥʠʝ ʧʨʠ ʥʫʣʝʚʦʡ ʜʣʠʥʝ. ʇʦʵʪʦʤʫ, ʚʳʩʦʪʘ ʨʝʩʩʦʨʳ ʌʘʥʯʝʨʘ (ʜʣʠʥʘ ʙʠ-

ʧʦʣʷʨʥʦʛʦ ʵʣʝʤʝʥʪʘ) ʜʦʣʞʥʘ ʙʳʪʴ ʤʠʥʠʤʫʤ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴ-

ʥʦʛʦ ʫʢʦʨʦʯʝʥʠʷ ʚ ʜʠʥʘʤʠʢʝ, ʜʘʞʝ ʝʩʣʠ ʨʝʘʣʴʥʳʡ ʧʨʦʪʦʪʠʧ ʨʝʩʩʦʨʳ ʠʤʝʝʪ 

ʤʝʥʴʰʫʶ ʚʳʩʦʪʫ. 

ʄʦʜʝʣʴ: {ɼʘʥʥʳʝ ʋʄ} \Samples\Library\Fancher. 
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3.5.12.2.12. ɻʠʩʪʝʨʝʟʠʩ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘ ʵʪʦʛʦ ʪʠʧʘ ʦʧʠʩʘʥʘ ʚ ɻʣʘʚʝ 2, ʧ. ʊʠʧʳ ʩʢʘʣʷʨʥʳʭ ʩʠʣ 

/ ɻʠʩʪʝʨʝʟʠʩ. 

 

ʈʠʩ. 3.217. ʇʨʠʤʝʨ ʦʢʥʘ ʚʚʦʜʘ ʜʘʥʥʳʭ ʜʣʷ ʵʣʝʤʝʥʪʘ ʛʠʩʪʝʨʝʟʠʩʥʦʛʦ ʪʠʧʘ 
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ʉʞʘʪʠʝ 

ʈʘʩʪʷʞʝʥʠʝ 

 

ʈʠʩ. 3.218. ʇʨʠʤʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʷ ʙʠʧʦʣʷʨʥʦʡ ʩʠʣʳ ʪʠʧʘ ʛʠʩʪʝʨʝʟʠʩ ʦʪ ʜʣʠʥʳ 

ʵʣʝʤʝʥʪʘ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʨʘʙʦʪʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʳ 1 ʤ 

ɻʨʫʧʧʘ ʊʠʧ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʘ  

¶ ʨʘʩʪʷʞʝʥʠʝ ï ʵʣʝʤʝʥʪ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʢʦʦʨʜʠʥʘʪʳ, ʙʦʣʴʰʠʭ ʟʥʘʯʝ-

ʥʠʷ, ʟʘʜʘʥʥʦʛʦ ʚ ʧʦʣʝ L ; 

¶ ʩʞʘʪʠʝ ï ʵʣʝʤʝʥʪ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʢʦʦʨʜʠʥʘʪʳ, ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷ, ʟʘ-

ʜʘʥʥʦʛʦ ʚ ʧʦʣʝ L;  

¶ ʩʠʤʤ(ʤʝʪʨʠʯʥʦ) ï ʵʣʝʤʝʥʪ ʨʘʙʦʪʘʝʪ ʩʠʤʤʝʪʨʠʯʥʦ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ. 

 

ʇʦʣʝ L  ï ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ/ʢʦʦʨʜʠʥʘʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʘʯʘʣʫ ʦʪʩʯʝʪʘ ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ 

ʧʨʠ ʟʘʜʘʥʠʠ ʪʦʯʝʢ. 

 

ʂʥʦʧʢʠ ʨʘʙʦʪʳ ʩʦ ʩʧʠʩʢʦʤ ʪʦʯʝʢ   

- ʜʦʙʘʚʠʪʴ ʪʦʯʢʫ,  

- ʩʢʦʧʠʨʦʚʘʪʴ ʚʳʜʝʣʝʥʥʫʶ ʪʦʯʢʫ, 

- ʫʜʘʣʠʪʴ ʚʳʜʝʣʝʥʥʫʶ ʪʦʯʢʫ,  

- ʦʪʢʨʳʪʴ ʦʢʥʦ ʩ ʛʨʘʬʠʢʦʤ ʛʠʩʪʝʨʝʟʠʩʘ, 

- ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʘ. 
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ʈʠʩ. 3.219. ʇʨʠʤʝʨ ʦʢʥʘ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʚʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʳ, ʩʤ. ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51. 

 

ɺ ʥʠʞʥʝʡ ʪʘʙʣʠʮʝ ʦʢʥʘ ʚʚʦʜʘ ʜʘʥʥʳʭ ʯʝʨʝʟ ʟʘʧʷʪʫʶ ʫʢʘʟʳʚʘʶʪʩʷ ʥʦʤʝʨʘ ʪʦʯʝʢ ʠʟ 

ʩʧʠʩʢʘ, ʟʘʜʘʶʱʠʭ ʢʨʠʚʳʝ ʛʠʩʪʝʨʝʟʠʩʘ, ʘ ʪʘʢʞʝ ʧʦʨʷʜʦʢ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʧʦʣʠʥʦʤʘ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʢʨʠʚʳʭ (ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʦʨʷʜʢʘ 1 ʢʨʠʚʳʝ ʷʚʣʷʶʪʩʷ ʣʦʤʘ-

ʥʳʤʠ). 

 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ɻʣʘʚʝ 2, ʧ. ʊʠʧʳ ʩʢʘʣʷʨʥʳʭ ʩʠʣ / ɻʠ-

ʩʪʝʨʝʟʠʩ. 
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3.5.12.2.13. ʋʜʘʨ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘ ʵʪʦʛʦ ʪʠʧʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ɻʣʘʚʝ 2, ʧ. ʋʜʘʨ. 

 

ʄʦʜʝʣʴ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

¶ L  ï ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʟʘʟʦʨʝ, l; 

¶ cStiff ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʪʘʢʪʥʦʡ ʞʝʩʪʢʦʩʪʠ, c; 

¶ cDiss ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʪʘʢʪʥʦʡ ʜʠʩʩʠʧʘʮʠʠ, d; 

¶ dLDiss ï ʚʝʣʠʯʠʥʘ ʚʥʝʜʨʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝ-

ʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ cDiss, Ў ; 

¶ eStiff ï ʚ ʥʘʩʪʦʷʱʝʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ (ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʳʤ 1 ʥʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʪʦʛʦ, ʢʘʢʦʝ ʟʥʘʯʝʥʠʝ ʚʚʝʜʝʥʦ ʚ ʧʦʣʝ). 

  

ʈʠʩ. 3.220. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘ çʋʜʘʨè 

ɺʩʝ ʚʝʣʠʯʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʳ, ʩʤ. ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51. 

ʕʣʝʤʝʥʪ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʢʘʢ ʦʛʨʘʥʠʯʠʪʝʣʴ (1) ʥʘ ʩʞʘʪʠʝ ʠ (2) ʥʘ ʨʘʩ-

ʪʷʞʝʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʨʘʙʦʪʳ ʥʘ ʩʞʘʪʠʝ. ʇʦʢʘ ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʘ L , 

ʩʠʣʘ ʨʘʚʥʘ ʥʫʣʶ; ʢʘʢ ʪʦʣʴʢʦ ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ ʩʪʘʥʦʚʠʪʴʩʷ ʤʝʥʴʰʝ L, ʚʦʟʥʠʢʘʝʪ ʫʧʨʫ-

ʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʫʧʦʨʥʘʷ ʩʠʣʘ. ɼʣʷ ʩʣʫʯʘʷ ʨʘʙʦʪʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʩʠʣʘ ʚ ʫʧʦʨʝ ʚʦʟʥʠʢʘʝʪ, 

ʝʩʣʠ ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ ʙʦʣʴʰʝ L . 

ɽʩʣʠ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ ʪʠʧʘ ʋʜʘʨ ʨʘʙʦʪʘʝʪ ʢʘʢ ʰʘʨʥʠʨʥʘʷ ʩʠʣʘ, ʪʦʛʜʘ ʧʘʨʘʤʝʪʨ L  ʠʤʝ-

ʝʪ ʩʤʳʩʣ ʦʛʨʘʥʠʯʠʪʝʣʷ ʥʘ ʰʘʨʥʠʨʥʫʶ ʢʦʦʨʜʠʥʘʪʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʧʨʠʤʝʨ, ʧʘʨʦʡ ʩʠʣ 

ʪʠʧʘ ʋʜʘʨ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʩʪʷʞʝʥʠʝ (ʫʚʝʣʠʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ), ʘ ʚʪʦʨʦʡ 

ʥʘ ʩʞʘʪʠʝ (ʫʤʝʥʴʰʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ), ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚ ʰʘʨʥʠʨʝ.  

ʈʘʟʤʝʨʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʙʠʧʦʣʷʨʥʳʭ ʠ ʰʘʨʥʠʨʥʳʭ ʧʦ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʠ ʚʨʘʱʘ-

ʪʝʣʴʥʳʤʠ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ ʥʠʞʝ. 

ʇʘʨʘʤʝʪʨ 

ʈʘʟʤʝʨʥʦʩʪʴ 

ɹʠʧʦʣʷʨʥʘʷ ʠ ʰʘʨʥʠʨʥʘʷ ʩʠʣʘ 

ʧʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ 

ʐʘʨʥʠʨʥʘʷ ʩʠʣʘ ʧʦ ʚʨʘʱʘʪʝʣʴ-

ʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ 

L ʤ ʨʘʜ 

cStiff ʅ/ʤ ʅʤ/ʨʘʜ 

cDiss ʅʩ/ʤ ʅʤʩ/ʨʘʜ 

dLDiss ʤ ʨʘʜ 
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3.5.12.2.14. ʍʨʘʧʦʚʦʡ ʤʝʭʘʥʠʟʤ 

ʉʠʣʦʚʦʡ ʵʣʝʤʝʥʪ ʙʣʦʢʠʨʫʝʪ ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ x ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʟʘʜʘʥʥʦʤ ʧʦʣʴʟʦ-

ʚʘʪʝʣʝʤ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘ ʵʪʦʛʦ ʪʠʧʘ ʦʧʠʩʘʥʘ ʚ ɻʣʘʚʝ 2, ʧ. ʍʨʘʧʦʚʦʡ ʤʝ-

ʭʘʥʠʟʤ. 

  

ʈʠʩ. 3.221. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘ çʍʨʘʧʦʚʦʡ ʤʝʭʘʥʠʟʤè 

ʄʦʜʝʣʴ ʩʠʣʳ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

¶ ʅʘʧʨʘʚʣʝʥʠʝ ʙʣʦʢʠʨʦʚʢʠ: ʫʚʝʣʠʯʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ x; 

¶ cStiff ï ʢʦʵʬʬʠʮʠʝʥʪ ʙʣʦʢʠʨʫʶʱʝʡ ʞʝʩʪʢʦʩʪʠ, c; 

¶ cDiss ï ʢʦʵʬʬʠʮʠʝʥʪ ʙʣʦʢʠʨʫʶʱʝʡ ʜʠʩʩʠʧʘʮʠʠ, d; 

¶ dLDiss ï ʚʝʣʠʯʠʥʘ ʚʥʝʜʨʝʥʠʷ ʙʨʠ ʙʣʦʢʠʨʦʚʘʥʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘ-

ʮʠʠ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ cDiss, Ў ; 

¶ eStiff ï ʚ ʥʘʩʪʦʷʱʝʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ (ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʳʤ 1 ʥʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʪʦʛʦ, ʢʘʢʦʝ ʟʥʘʯʝʥʠʝ ʚʚʝʜʝʥʦ ʚ ʧʦʣʝ). 

 

ɺʩʝ ʚʝʣʠʯʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʳ, ʩʤ. ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51. 

ʈʘʟʤʝʨʥʦʩʪʠ ʚʝʣʠʯʠʥ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪʳ x ʠ ʧʨʠʚʝʜʝʥʳ ʚ 

ʧ. 3.5.12.2.13. "ʋʧʨʫʛʦ-ʬʨʠʢʮʠʦʥʥʳʡ ʵʣʝʤʝʥʪ 2", c. 3-210. 

 

ʄʦʜʝʣʠ: 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Library\Ratchet; 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Library\ChainGear. 
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3.5.12.2.15. ɹʠʙʣʠʦʪʝʢʘ DLL 

ʕʣʝʤʝʥʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʦʩʪʫʧ ʢ ʤʦʜʝʣʷʤ ʠ ʧʘʨʘʤʝʪʨʘʤ ʩʢʘʣʷʨʥʳʭ ʩʠʣ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʚʠʜʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʠʙʣʠʦʪʝʢ ʠ ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʢʘʪʘʣʦʛʝ 

{ɼʘʥʥʳʝ ʋʄ}\[x32|x64]\lib \bfrc . 

ʇʦʜʨʦʙʥʝʝ ʩʤ. ʚ ɻʣʘʚʝ 2, ʧ. ʉʢʘʣʷʨʥʳʝ ʩʠʣʳ ʪʠʧʘ ɹʠʙʣʠʦʪʝʢʘ (DLL) ʠ ʚ ɻʣʘʚʝ 5, 

ʧ. ʉʢʘʣʷʨʥʳʝ ʩʠʣʳ ʪʠʧʘ ɹʠʙʣʠʦʪʝʢʘ (DLL) 

ʇʨʠʤʝʨʳ ʧʨʦʝʢʪʦʚ ʥʘ Delphi: 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Library\DLL\BfrcSample.dpr, ʨʠʩ. 3.222ʘ 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Library\DLL\BfrcSample1.dpr, ʨʠʩ. 3.222ʙ 

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʠʩ. 3.222 ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ. 

  

ʘ)     ʙ) 

ʈʠʩ. 3.222. ʇʨʠʤʝʨʳ ʩʢʘʣʷʨʥʳʭ ʩʠʣ, ʦʧʠʩʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʠʙʣʠʦʪʝʢ 
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3.5.12.2.16. ɺʚʦʜ ʩʧʠʩʢʘ ʩʠʣ 

ɼʘʥʥʳʡ ʪʠʧ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʩʦʟʜʘʝʪ ʧʨʦʠʟʚʦʣʴʥʳʡ ʥʘʙʦʨ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ 

ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʪʠʧʦʚ. ɼʣʷ ʩʦʟʜʘʥʠʷ, ʢʦʧʠʨʦʚʘʥʠʷ ʠ ʫʜʘʣʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʥʦʧʢʠ . 

    

ʈʠʩ. 3.223. ʇʨʠʤʝʨ ʵʣʝʤʝʥʪʘ çʉʧʠʩʦʢ ʩʠʣè 

ɿʘʤʝʯʘʥʠʝ.  ɺ ʩʧʠʩʢʝ ʜʦʧʫʩʢʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦʢʨʘʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʣʳ, ʟʘʜʘʥʥʦʡ 

ʚʥʝʰʥʝʡ ʬʫʥʢʮʠʝʡ. 
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3.5.12.3. ɺʚʦʜ ʙʠʧʦʣʷʨʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ 

ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʙʠʧʦʣʷʨʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʘʭ ʩʦʜʝʨʞʠʪʩʷ ʚ ɻʣʘʚʝ 2. 

ʧ. ɹʠʧʦʣʷʨʥʳʝ ʩʠʣʳ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʙʠʧʦʣʷʨʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʨʦʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʠ ʪʦʯʝʢ 

ʧʨʠʢʨʝʧʣʝʥʠʷ (ʧ. 3.5.11. "ʆʙʱʠʝ ʯʝʨʪʳ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʰʘʨʥʠʨʦʚ ʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥ-

ʪʦʚ", c. 3-202), ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʝʛʦ ʪʠʧ. ʇʦʩʣʝ ʚʳʙʦʨʘ ʪʠʧʘ ʧʦʷʚʣʷʶʪʩʷ ʧʦʣʷ, ʚ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʟʘʜʘʪʴ ʧʘʨʘʤʝʪʨʳ ʰʘʨʥʠʨʥʦʡ ʩʠʣʳ, ʧ. 3.5.12.1. "ɺʚʦʜ ʩʠʣʳ ʪʷʞʝʩʪʠ", c. 3-206. 

ʇʨʠ ʟʘʜʘʥʠʠ ʙʠʧʦʣʷʨʥʳʭ ʩʠʣ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʭ ʜʣʠʥʘ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʠ ʧʦʚʦʜʢʦʚ ʠʣʠ ʪʷʛ). ɿʥʘʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʨʠʢʨʝʧʣʝʥʠʷ ʵʣʝʤʝʥʪʘ 

ʧʨʠ ʪʝʢʫʱʝʤ ʧʦʣʦʞʝʥʠʠ ʪʝʣ ʦʙʲʝʢʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʦʡ, ʦʪʦʙʨʘ-

ʞʘʝʪʩʷ ʚ ʧʦʣʝ ɼʣʠʥʘ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʵʣʝ-

ʤʝʥʪʘ. 

ɹʠʧʦʣʷʨʥʦʤʫ ʩʠʣʦʚʦʤʫ ʵʣʝʤʝʥʪʫ ʦʙʳʯʥʦ ʥʘʟʥʘʯʘʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ. ʆʩʦʙʝʥʥʦ-

ʩʪʠ ʩʦʟʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ɻʆ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧ. 3.5.6. "ʅʘʟʥʘʯʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙ-

ʨʘʟʘ ʩʠʣʦʚʳʤ ʵʣʝʤʝʥʪʘʤ ʠ ʰʘʨʥʠʨʫ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ ʩʪʝʨʞʥʷ", c. 3-109. 
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3.5.12.4. ɺʚʦʜ ʩʢʘʣʷʨʥʦʛʦ ʤʦʤʝʥʪʘ 

 ʆʧʠʩʘʥʠʝ ʩʢʘʣʷʨʥʦʛʦ ʤʦʤʝʥʪʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʝʝ ʰʘʛʠ. 

¶ ɿʘʜʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ. 

¶ ɺʚʦʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʉʂɸ1 ʠ ʉʂɺ2, ʨʠʩ. 3.224, ʩʣʝʚʘ. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʩʤ. ʧ. 3.5.4. "ʉʪʘʥʜʘʨʪʥʳʡ ʠʥʪʝʨ-

ʬʝʡʩ ʟʘʜʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ", c. 3-105. ʕʪʠ ʩʠʩʪʝʤʳ ʢʦ-

ʦʨʜʠʥʘʪ ʤʦʛʫʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥʳ ʚʠʟʫʘʣʴʥʦ ʤʳʰʴʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʨʘʥʝʝ ʩʦʟʜʘʥ-

ʥʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʩʚʷʟʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʣ. ʉʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʪʨʠ-

ʩʦʚʳʚʘʶʪʩʷ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ, ʨʠʩ. 3.224, ʮʝʥʪʨ. ɽʩʣʠ ʚʢʣʶʯʝʥ ʨʝʞʠʤ ɸʚʪʦʦʧʨʝ-

ʜʝʣʝʥʠʷ, ʪʦ ʧʦʣʦʞʝʥʠʝ ʉʂɺ2 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ: ʉʂɺ2 ʩʦʚ-

ʧʘʜʘʝʪ ʩ ʉʂA1 ʧʨʠ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʷʭ ʚʩʝʭ ʢʦʦʨʜʠʥʘʪ ʤʦʜʝʣʠ. 

¶ ɺʳʙʦʨ ʪʠʧʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʤʝʥʪʘ ʠʟ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʧʠʩʢʘ ʩʢʘʣʷʨʥʳʭ ʩʠʣ, 

ʩʤ. ʧ. 3.5.12.1. "ɺʚʦʜ ʩʠʣʳ ʪʷʞʝʩʪʠ", c. 3-206. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ɻʣʘʚʝ 2, ʧ. ʊʠʧʳ ʩʢʘʣʷʨʥʳʭ ʩʠʣ | ʉʢʘʣʷʨ-

ʥʳʡ ʤʦʤʝʥʪ. 

   

ʈʠʩ. 3.224. ʆʧʠʩʘʥʠʝ ʩʢʘʣʷʨʥʦʛʦ ʤʦʤʝʥʪʘ 
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ʈʠʩ. 3.225. ʇʨʠʤʝʨ ʩʢʘʣʷʨʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʝʛʦ ʚʠʟʫʘʣʠʟʘʮʠʷ 

 

ʈʠʩ. 3.226. ʅʝʣʠʥʝʡʥʘʷ ʫʧʨʫʛʘʷ ʢʦʤʧʦʥʝʥʪʘ ʤʦʤʝʥʪʘ 

ʇʨʠʤʝʨ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʤʦʤʝʥʪʘ. ɺ ʤʦʜʝʣʠ ʪʝʧʣʦʚʦʟʘ 

2ʊʕ116 ʧʨʠ ʧʦʚʦʨʦʪʝ ʢʫʟʦʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʤʳ ʪʝʣʝʞʢʠ ʚʦʟʥʠʢʘʝʪ ʤʦʤʝʥʪ ʚʦʢʨʫʛ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʦʩʠ, ʨʠʩ. 3.225. ʄʦʤʝʥʪ ʠʤʝʝʪ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ. ʇʝʨʚʘʷ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ  ʧʦ 

ʚʝʣʠʯʠʥʝ ʬʨʠʢʮʠʦʥʥʳʤ ʤʦʤʝʥʪʦʤ 2000ʅʤ. ɺʪʦʨʘʷ ʢʦʤʧʦʥʝʥʪʘ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ ʚʦʩ-

ʩʪʘʥʘʚʣʠʚʘʶʱʝʡ (ʫʧʨʫʛʦʡ) ʩʠʣʦʡ, ʛʨʘʬʠʢ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3.226, ʩʣʝʚʘ. ʉʢʘʣʷʨ-

ʥʳʡ ʤʦʤʝʥʪ ʠʤʝʝʪ ʪʠʧ ñʉʧʠʩʦʢ ʩʠʣò. ʉʧʠʩʦʢ ʚʢʣʶʯʘʝʪ ʜʚʘ ʵʣʝʤʝʥʪʘ: ʬʨʠʢʮʠʦʥʥʳʡ 

(ʨʠʩ. 3.224, ʩʧʨʘʚʘ) ʠ óʇʦʪʦʯʝʯʥʳʡ (ʚʳʨʘʞʝʥʠʷ)ô, ʨʠʩ. 3.226, ʩʧʨʘʚʘ. 
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3.5.12.5. ɺʚʦʜ ʦʙʦʙʱʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ 

3.5.12.5.1. ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ɻʣʘʚʝ 2. ʧ. ʆʙʦʙʱʝʥʥʳʡ ʣʠʥʝʡʥʳʡ ʩʠʣʦʚʦʡ 

ʵʣʝʤʝʥʪ. 

ʇʨʠʤʝʨʳ ʦʧʠʩʘʥʠʷ ʠ/ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 

¶ ɻʣʘʚʘ 7, ʧ. ʄʦʜʝʣʠ ʧʨʫʞʠʥ; 

¶ {ɼʘʥʥʳʝ ʋʄ}\Samples\Rail_Vehicles\Manchester benchmarks\Vehicle1 (ʪʨʝʙʫʝʪ UM 

Loco); 

¶ {ɼʘʥʥʳʝ ʋʄ}\Samples\Rail_Vehicles\wedgetest. 

ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʦʙʱʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʫʧʨʫʛʦ-ʚʷʟʢʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʨʦʤʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʠ ʪʦʯʝʢ ʧʨʠʢʨʝʧʣʝʥʠʷ (ʩʤ. ʧ. 3.5.11. "ʆʙʱʠʝ ʯʝʨʪʳ ʚʚʦʜʘ ʧʘʨʘʤʝʪ-

ʨʦʚ ʰʘʨʥʠʨʦʚ ʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ", c. 3-202), ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ  

¶ ʪʠʧ ʵʣʝʤʝʥʪʘ ï ʣʠʥʝʡʥʳʡ ʠʣʠ ʙʠʣʠʥʝʡʥʳʡ; 

¶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʟʘʢʣʘʜʢʝ ʇʦʣʦʞʝʥʠʝ; 

¶ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʠ ʜʠʩʩʠʧʘʮʠʠ (ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʠ  ʚ ʧʦʣʷʭ ʄʘʪʨʠ-

ʮʘ ʞʝʩʪʢʦʩʪʝʡ, ʄʘʪʨʠʮʘ ʜʠʩʩʠʧʘʮʠʠ); 

¶ ʩʪʘʮʠʦʥʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ. 

ʃʠʥʝʡʥʦʤʫ ʩʠʣʦʚʦʤʫ ʵʣʝʤʝʥʪʫ ʦʙʳʯʥʦ ʥʘʟʥʘʯʘʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ɻʆ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧ. 3.5.6. "ʅʘʟʥʘʯʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ 

ʩʠʣʦʚʳʤ ʵʣʝʤʝʥʪʘʤ ʠ ʰʘʨʥʠʨʫ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ ʩʪʝʨʞʥʷ", c. 3-109. 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʧʨʠʢʨʝʧʣʝʥʠʷ, ʟʥʘʯʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʣʳ, ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮ ʧʘ-

ʨʘʤʝʪʨʠʟʫʶʪʩʷ (ʩʤ. ʧ. 3.4.2.4.4. "ʌʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ bodyinertia", c. 3-51). 

    

ʈʠʩ. 3.227. ʇʘʨʘʤʝʪʨʳ ʦʙʦʙʱʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 
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3.5.12.5.2. ʆʩʦʙʝʥʥʦʩʪʠ ʟʘʜʘʥʠʷ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ 

ʇʦʜʨʦʙʥʦʝ ʧʦʷʩʥʝʥʠʝ ʢ ʤʦʜʝʣʠ ʫʧʨʫʛʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʩʤ. ʚ ɻʣʘʚʝ 2, 

ʧ. ʆʙʦʙʱʝʥʥʳʡ ʣʠʥʝʡʥʳʡ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ. ʊʘʤ ʞʝ ʧʦʷʩʥʷʶʪʩʷ ʦʙʦʟʥʘʯʝʥʠʷ, ʠʩʧʦʣʴʟʦ-

ʚʘʥʥʳʝ ʥʘ ʣʝʚʦʤ ʨʠʩʫʥʢʝ, ʨʠʩ. 3.228. 

ɼʣʷ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ. 

ɼʣʷ ʧʝʨʚʦʛʦ ʪʝʣʘ: 

¶ ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ A, B1 ʚ ʉʂ ʧʝʨʚʦʛʦ ʪʝʣʘ; 

ɼʣʷ ʚʪʦʨʦʛʦ ʪʝʣʘ (ʧʨʠ ʦʪʢʣʶʯʝʥʥʦʡ ʦʧʮʠʠ ɸʚʪʦʨʘʩʯʝʪ ʜʣʷ ʚʪʦʨʦʛʦ ʪʝʣʘ): 

¶ ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ B2 ʚ ʉʂ ʚʪʦʨʦʛʦ ʪʝʣʘ; 

¶ ʆʨʠʝʥʪʘʮʠʶ ʉʂ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʦʯʢʦʡ B1, ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ ʧʝʨʚʦʛʦ ʪʝʣʘ (ʩ ʧʦʤʦʱʴʶ 

ʧʦʚʦʨʦʪʦʚ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʦʜʥʦʛʦ ʜʦ ʪʨʝʭ). ɽʩʣʠ ʦʨʠʝʥʪʘʮʠʷ ʥʝ ʟʘʜʘʥʘ, 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʨʠʝʥʪʘʮʠʷ ʉʂ B1 ʩʦʚʧʘʜʘʝʪ ʩ ʉʂ ʧʝʨʚʦʛʦ ʪʝʣʘ. 

¶ ʆʨʠʝʥʪʘʮʠʶ ʉʂ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʦʯʢʦʡ B2, ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ ʚʪʦʨʦʛʦ ʪʝʣʘ (ʩ ʧʦʤʦʱʴʶ 

ʧʦʚʦʨʦʪʦʚ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʦʜʥʦʛʦ ʜʦ ʪʨʝʭ). ɽʩʣʠ ʦʨʠʝʥʪʘʮʠʷ ʥʝ ʟʘʜʘʥʘ, 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʨʠʝʥʪʘʮʠʷ ʉʂ B2 ʩʦʚʧʘʜʘʝʪ ʩ ʉʂ ʚʪʦʨʦʛʦ ʪʝʣʘ. 

ɺʚʦʜ ʵʪʠʭ ʜʘʥʥʳʭ ʜʣʷ ʚʪʦʨʦʛʦ ʪʝʣʘ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʝʩʣʠ ʤʦʜʝʣʴ ʩʦʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʯʪʦ ʪʦʯʢʠ B1 ʠ B2 ʩʦʚʧʘʜʘʶʪ ʧʨʠ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʦʨʜʠʥʘʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫ-

ʝʪ ʚʢʣʶʯʠʪʴ ʦʧʮʠʶ ɸʚʪʦʨʘʩʯʝʪ ʜʣʷ ʚʪʦʨʦʛʦ ʪʝʣʘ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʝʡ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ. ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʱʝʣʢʥʫʪʴ ʥʘ 

ʢʥʦʧʢʝ ʈʘʩʩʯʠʪʘʪʴ ʜʣʷ ʚʪʦʨʦʛʦ ʪʝʣʘ, ʪʦ ʧʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʘʝʪ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦ-

ʦʨʜʠʥʘʪ ʪʦʯʢʠ B1 ʚ ʉʂ ʚʪʦʨʦʛʦ ʪʝʣʘ ʠ ʧʨʠʤʝʪ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ 2 

(ʜʘʞʝ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʡ ʦʧʮʠʠ ɸʚʪʦʨʘʩʯʝʪ ʜʣʷ ʚʪʦʨʦʛʦ ʪʝʣʘ). 

ɿʘʜʘʝʪʩʷ ʪʘʢʞʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ (ʜʝʡʩʪʚʫʝʪ ʥʘ ʚʪʦʨʦʝ ʪʝʣʦ, ʧʨʦʝʢʮʠʠ ʟʘʜʘ-

ʥʳ ʚ ʉʂ ʧʝʨʚʦʛʦ ʪʝʣʘ). 

      

ʈʠʩ. 3.228. ʉʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 
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ɼʣʷ ʙʠʣʠʥʝʡʥʦʛʦ ʫʧʨʫʛʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʩʣʝʜʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʜʘʪʴ ʤʘʪʨʠʮʫ 

ʞʝʩʪʢʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʧʨʫʞʠʥʳ ʠ ʨʘʟʥʦʩʪʴ ʚʳʩʦʪ. 

ɿʘʤʝʯʘʥʠʷ 

                        ʇʨʠ ʦʧʠʩʘʥʠʠ ʵʣʝʤʝʥʪʘ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ (ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪ-

ʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ) ʪʦʯʢʠ B1 ʠ B2 ʦʪʦʙʨʘʞʘʶʪʩʷ ʚʤʝʩʪʝ ʩʦ ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. ʩʧʨʘʚʘ), ʧʨʠʯʝʤ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ B1 ʫʢʘ-

ʟʳʚʘʝʪʩʷ ʠʢʦʥʢʦʡ .  

                        ɺ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʢʪʘ ʵʪʠ ʪʦʯʢʠ 

ʦʪʦʙʨʘʞʘʶʪʩʷ, ʝʩʣʠ ʫʩʪʘʥʦʚʣʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʧʮʠʷ (ʩʤ. ʧ. 3.4.1.2.3. 

"ʆʩʠ ʢʦʦʨʜʠʥʘʪ, ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ", c. 3-31). ʇʨʠ ʵʪʦʤ ʱʝʣʯʦʢ ʥʘ ʠʢʦʥʢʫ 

ʚʳʟʳʚʘʝʪ ʧʝʨʝʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʣʠʥʝʡʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ. 

                        ɼʣʷ ʥʘʟʥʘʯʝʥʠʷ ʪʦʯʝʢ A, B1, B2 ʚʤʝʩʪʝ ʩʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦ-

ʦʨʜʠʥʘʪ ʠʩʧʦʣʴʟʫʡʪʝ ʧʨʦʩʪʳʝ ʠʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʪʦʯʢʠ ʩʚʷʟʠ, ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʥʘʟʥʘʯʝʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʝʣʘʤ (ʩʤ. ʧ. 3.5.9.6. "ʊʦʯʢʠ ʩʚʷʟʠ", 

c. 3-168). ɼʣʷ ʧʝʨʝʭʦʜʘ ʚ ʨʝʞʠʤ ʚʠʟʫʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʪʦʯʝʢ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʢʥʦʧʢʠ .   



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-238 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.5.3. ɿʘʜʘʥʠʝ ʙʠʣʠʥʝʡʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

  

ʈʠʩ. 3.229. ʇʘʨʘʤʝʪʨʳ ʙʠʣʠʥʝʡʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

ɹʠʣʠʥʝʡʥʳʡ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʨʫʞʠʥ, ʧʨʠʯʝʤ ʚʪʦʨʘʷ ʧʨʫʞʠʥʘ ʠʤʝʝʪ 

ʤʝʥʴʰʫʶ ʚʳʩʦʪʫ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʧʘʨʘʤʝʪʨʦʤ ʣʠʥʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ 

¶ ʤʘʪʨʠʮʫ ʞʝʩʪʢʦʩʪʠ ʚʪʦʨʦʡ (ʢʦʨʦʪʢʦʡ) ʧʨʫʞʠʥʳ ʄʘʪʨʠʮʘ 2, 

¶ ʨʘʟʥʦʩʪʴ ʚʳʩʦʪ ʤʝʞʜʫ ʚʳʩʦʢʦʡ ʠ ʢʦʨʦʪʢʦʡ ʧʨʫʞʠʥʦʡ 

ʂʦʨʦʪʢʘʷ ʧʨʫʞʠʥʘ ʥʘʯʠʥʘʝʪ çʨʘʙʦʪʘʪʴè, ʢʦʛʜʘ ʧʨʦʛʠʙ ʧʝʨʚʦʡ ʧʨʫʞʠʥʳ ʧʨʝʚʳʩʠʪ ʨʘʟ-

ʥʦʩʪʴ ʚʳʩʦʪ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʩʦ ʩʪʦʨʦʥʳ ʚʪʦʨʦʡ ʧʨʫʞʠʥʳ, ʨʘʚʥʘ 

ʥʫʣʶ. 
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3.5.12.6. ɺʚʦʜ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ 

ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ: 

¶ ʊʦʯʢʠ-ʇʣʦʩʢʦʩʪʴ; 

¶ ʊʦʯʢʘ-ʂʨʠʚʘʷ; 

¶ ʆʢʨʫʞʥʦʩʪʴ ï ʎʠʣʠʥʜʨ (ʩ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʦʩʴʶ); 

¶ ʉʬʝʨʘ-ʇʣʦʩʢʦʩʪʴ; 

¶ ʆʢʨʫʞʥʦʩʪʴ-ʇʣʦʩʢʦʩʪʴ; 

¶ ʉʬʝʨʘ-ʉʬʝʨʘ; 

¶ ʊʦʯʢʠ-Z ʧʦʚʝʨʭʥʦʩʪʴ; 

¶ ʆʢʨʫʞʥʦʩʪʴ-Z ʧʦʚʝʨʭʥʦʩʪʴ; 

¶ ʉʬʝʨʘ-Z ʧʦʚʝʨʭʥʦʩʪʴ. 

ɿʘʤʝʯʘʥʠʝ.  ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʠʧʘ ʢʦʥʪʘʢʪʘ ʨʘʥʝʝ ʚʚʝʜʸʥʥʳʝ ʜʘʥ-

ʥʳʝ ʠʩʯʝʟʘʶʪ! 

ʆʧʠʩʘʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʜʚʫʭ ʚʢʣʘʜʢʘʭ: 

¶ ʇʘʨʘʤʝʪʨʳ ï ʵʪʦ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ (ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʠ ʜʨ.); 

ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʵʣʝʤʝʥʪʦʚ; 

¶ ɻʝʦʤʝʪʨʠʷ ï ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʵʣʝʤʝʥʪʘ. 

ʇʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʢʦʥʪʘʢʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ɻʣʘʚʝ 2, ʧ. ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ. 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-240 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.6.1. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʨʠ ʢʦʥʪʘʢʪʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʟʘʜʘʝʪʩʷ ʥʘ 

ʚʢʣʘʜʢʝ ʇʘʨʘʤʝʪʨʳ: 

¶ f ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ Ὢ; 

¶ f0 ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʨʠ ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ (ʧʦʢʦʷ); 

¶ vs ï ʩʢʦʨʦʩʪʴ ʉʪʨʠʙʝʢʘ; 

¶ delta ï ʵʤʧʠʨʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʤʘʪʝʨʠʘʣʘ, ‏ᶰπȢυȟρ; 

¶ nu ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ; 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʨʝʥʠʷ ʜʣʷ ʢʦʥʪʘʢʪʦʚ ʩ ʚʦʟʤʦʞʥʳʤ ʢʘʯʝʥʠʝʤ (ʥʝ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʜʣʷ ʢʦʥʪʘʢʪʘ ʪʦʯʢʠ-ʧʣʦʩʢʦʩʪʴ, ʪʦʯʢʠ - Z-ʧʦʚʝʨʭʥʦʩʪʴ, ʪʦʯʢʘ-ʢʨʠʚʘʷ): 

¶ Kroll  (ʤ) ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ; 

¶ Kspin (ʤ) ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚʝʨʯʝʥʠʷ; 

¶ v* ï  ʢʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʛʥʘʪʫʨʝ (ʩʤ. ɻʣʘʚʫ 2, ʧ. ɼʨʫʛʠʝ 

ʪʠʧʳ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ). 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʷʟʢʦ - ʫʧʨʫʛʦʡ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʢʦʥʪʘʢʪʥʳʭ ʤʥʦʛʦʦʙʨʘ-

ʟʠʡ ʟʘʜʘʶʪʩʷ 

¶ C ï ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ; 

¶ D ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ. 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʢʦʥʪʘʢʪʥʦʡ ʞʝʩʪʢʦʩʪʠ ʠ ʜʠʩʩʠʧʘʮʠʠ ʩʤ. ɻʣʘʚʫ 2, 

ʧ. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʘʢʪʘ. 

  

ʈʠʩ. 3.230. ʇʘʨʘʤʝʪʨʳ ʪʨʝʥʠʷ ʧʨʠ ʢʦʥʪʘʢʪʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 
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3.5.12.6.2. ʂʦʥʪʘʢʪʥʳʡ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ ʪʠʧʘ ʊʦʯʢʠ-ʇʣʦʩʢʦʩʪʴ 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʪʝʣʦ, ʩ ʢʦʪʦʨʳʤ ʙʫʜʫʪ 

ʩʚʷʟʘʥʳ ʢʦʥʪʘʢʪʥʳʝ ʪʦʯʢʠ, ʩʦ ʚʪʦʨʳʤ ʪʝʣʦʤ ʩʚʷʟʳʚʘʝʪʩʷ ʢʦʥʪʘʢʪʥʘʷ ʧʣʦʩʢʦʩʪʴ. 

  

ʈʠʩ. 3.231. ʇʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʘ çʪʦʯʢʠ ï ʧʣʦʩʢʦʩʪʴè 

3.5.12.6.2.1. ɿʘʜʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʢʦʥʪʘʢʪʘ 

ʇʘʨʘʤʝʪʨʳ ʥʘ ʚʢʣʘʜʢʝ ɻʝʦʤʝʪʨʠʷ ʦʧʨʝʜʝʣʷʶʪ ʛʝʦʤʝʪʨʠʶ ʢʦʥʪʘʢʪʘ, ʨʠʩ. 3.232. 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʣʦʩʢʦʩʪʠ (ʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʪʦʨʦʤʫ ʪʝʣʫ ʚ ʧʘʨʝ) ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

¶ ʪʦʯʢʘ ʥʘ ʧʣʦʩʢʦʩʪʠ (ʣʶʙʘʷ ʪʦʯʢʘ, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʚ ʉʂ ʚʪʦ-

ʨʦʛʦ ʪʝʣʘ); 

¶ ʚʥʝʰʥʷʷ ʥʦʨʤʘʣʴ ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚ ʩʪʦʨʦʥʫ ʧʝʨʚʦʛʦ 

ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʪʝʣʘ. 

 

ɺ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʧ. 3.4.1.2.2. 

"ʈʝʞʠʤʳ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ", c. 3-30) ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʢʦʥʪʘʢʪʥʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʣʝʜʠʪʴ ʟʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʟʘʜʘʥʠʷ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ. 

ɺʚʦʜ ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʝʢ ʜʣʷ ʧʝʨʚʦʛʦ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʚʦʟʤʦʞʝʥ ʚ ʪʨʝʭ ʨʝ-

ʞʠʤʘʭ:  

¶ ʯʝʨʝʟ ʢʣʘʚʠʘʪʫʨʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʢʣʘʜʢʠ ɻʝʦʤʝʪʨʠʷ, ʢʥʦʧʢʘ , 

¶ ʚʠʟʫʘʣʴʥʦ ʧʦ ʛʨʘʬʠʯʝʩʢʦʤʫ ʦʙʨʘʟʫ ʪʝʣʘ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ, ʢʥʦʧʢʘ , 

¶ ʠʟ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ, ʢʥʦʧʢʘ . 
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ʈʠʩ. 3.232. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʘ çʪʦʯʢʠ ï ʧʣʦʩʢʦʩʪʴè 

ɺʠʟʫʘʣʴʥʳʡ ʚʚʦʜ ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʝʢ 

ɺʠʟʫʘʣʴʥʳʡ ʚʚʦʜ ʚʦʟʤʦʞʝʪ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʢʣʶʯʝʥ ʨʝʞʠʤ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʘ 

ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ (ʢʥʦʧʢʘ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ). 

¶ ɾʝʣʘʪʝʣʴʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʪʴ ʪʝʣʫ ʥʘʙʦʨ ʪʦʯʝʢ ʩʚʷʟʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥ-

ʪʘʢʪʥʳʤ ʪʦʯʢʘʤ, ʧ. 3.5.9.6. "ʊʦʯʢʠ ʩʚʷʟʠ", c. 3-168. 

¶ ʇʝʨʝʡʜʠʪʝ ʚ ʨʝʞʠʤ ʚʠʟʫʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʢʦʥʪʘʢʪʥʳʭ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ  ʥʘ ʠʥ-

ʩʧʝʢʪʦʨʝ. 

¶ ʀʩʧʦʣʴʟʫʡʪʝ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʧʝʨʚʦʛʦ ʪʝʣʘ ʠ ʣʝʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ ʜʣʷ ʚʳʙʦʨʘ ʢʦʥ-

ʪʘʢʪʥʳʭ ʪʦʯʝʢ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʭ ʜʦʙʘʚʣʝʥʠʷ ʢ ʩʧʠʩʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʚʢʣʘʜ-

ʢʝ ɻʝʦʤʝʪʨʠʷ. ʂʦʥʪʘʢʪʥʳʝ ʪʦʯʢʠ ʜʦʙʘʚʣʷʶʪʩʷ ʢʘʢ ʠʟ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʭ ʪʦʯʝʢ ʩʚʷʟʠ 

ʪʝʣʘ, ʪʘʢ ʠ ʧʨʦʩʪʳʤ ʱʝʣʯʢʦʤ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʦʙʨʘʟʝ ʪʝʣʘ. 

¶ ɼʣʷ ʚʳʭʦʜʘ ʠʟ ʨʝʞʠʤʘ ʚʠʟʫʘʣʴʥʦʛʦ ʚʚʦʜʘ ʪʦʯʝʢ ʧʦʚʪʦʨʥʦ ʱʝʣʢʥʠʪʝ ʥʘ ʢʥʦʧʢʝ . 

 

ɺʚʦʜ ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʝʢ ʠʟ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ 

ʅʘʙʦʨ ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʝʢ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʯʠʪʘʥ ʠʟ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ ʧʦ ʢʥʦʧʢʝ . 

ʌʘʡʣ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʪʨʠ ʢʦʣʦʥʢʠ ʜʣʷ ʢʦʦʨʜʠʥʘʪ x, y, z ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʝʢ. 
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3.5.12.6.2.2. ɹʣʠʟʢʠʡ ʢʦʥʪʘʢʪ 

ʀʩʧʦʣʴʟʫʡʪʝ ʬʣʘʞʦʢ ʧʦʣʷ ɹʣʠʟʢʠʡ ʢʦʥʪʘʢʪ, ʯʪʦʙʳ ʟʘʜʘʪʴ ʨʝʞʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʠ ʠ ʪʦʯʢʠ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʨʠʩ. 3.233. ɼʣʷ ʟʘʜʘʥʠʷ ʥʦʨʤʘʣʠ ʢ 

ʧʣʦʩʢʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʝʢ. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʥʦʨʤʘ-

ʣʠ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʧʝʨʚʳʭ ʪʨʝʭ ʢʦʥʪʘʢʪʥʳʭ 

ʪʦʯʝʢ. 

ɺ ʨʝʞʠʤʝ ʙʣʠʟʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʦʞʥʦ ʟʘʜʘʪʴ ʟʘʟʦʨ ʠ ʚʝʢʪʦʨ ʦʪʢʣʦʥʝʥʠʷ ʥʦʨʤʘʣʠ ʢʦʥ-

ʪʘʢʪʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

  

ʈʠʩ. 3.233. ʇʘʨʘʤʝʪʨʳ ʙʣʠʟʢʦʛʦ ʢʦʥʪʘʢʪʘ 

3.5.12.6.2.3. ʆʜʥʦʩʪʦʨʦʥʥʠʡ ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʡ (ʫʜʝʨʞʠʚʘʶʱʠʡ) ʢʦʥʪʘʢʪ 

ɺ ʨʝʞʠʤʝ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʢʦʥʪʘʢʪʘ ʩʠʣʘ ʚʦʟʥʠʢʘʝʪ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʦʯʢʘ 

ʧʨʦʥʠʢʘʝʪ ʚʥʫʪʨʴ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦ-

ʣʫʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʪ. 

ʇʨʠ ʜʚʫʭʩʪʦʨʦʥʥʝʤ (ʫʜʝʨʞʠʚʘʶʱʝʤ) ʢʦʥʪʘʢʪʝ ʩʠʣʳ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʪʦʯʢʠ 

ʦʪ ʧʣʦʩʢʦʩʪʠ ʚ ʦʙʝ ʩʪʦʨʦʥʳ ʥʘ ʚʝʣʠʯʠʥʫ, ʧʨʝʚʳʰʘʶʱʫʶ ʟʘʜʘʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʟʘʟʦʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʥʝʥʫʣʝʚʦʤ ʟʘʟʦʨʝ ʬʘʢʪʠʯʝʩʢʠ ʠʤʝʶʪʩʷ ʜʚʝ ʢʦʥʪʘʢʪʥʳʝ ʧʣʦʩʢʦʩʪʠ, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʚʥʦ ʫʜʚʦʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʟʘʟʦʨʘ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʜʦʧʫʩʢʘʝʪʩʷ ʥʫʣʝʚʦʡ ʟʘʟʦʨ. 
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3.5.12.6.2.4. ɿʘʜʘʥʠʝ ʛʨʘʥʠʮ ʢʦʥʪʘʢʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ɺʢʣʶʯʝʥʥʳʝ ʢʣʶʯ ʇʣʦʩʢʦʩʪʴ ʥʝ ʦʛʨʘʥʠʯʝʥʘ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʢ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʧʣʦʩʢʦʩʪʴʶ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʥʘ ʚʢʣʘʜʢʝ ɻʨʘʥʠ-

ʮ  r(ʨʠʩ. 3.234), ʧʦʷʚʣʷʶʱʫʶʩʷ ʧʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʜʘʥʥʦʛʦ ʢʣʶʯʘ, ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʛʨʘʥʠʮʫ 

ʟʘʤʢʥʫʪʦʡ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʚʠʜʝ 

¶ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, 

¶ ʦʢʨʫʞʥʦʩʪʠ, 

¶ ʢʨʠʚʘʷ, ʟʘʜʘʥʥʘʷ ʥʘʙʦʨʦʤ ʪʦʯʝʢ ʩʦ ʩʛʣʘʞʠʚʘʥʠʝʤ ʩʧʣʘʡʥʘʤʠ ʠʣʠ ʜʫʛʘʤʠ ʦʢʨʫʞʥʦʩʪʠ. 

  

ʈʠʩ. 3.234. ʈʝʞʠʤ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʧʦ ʧʣʦʩʢʦʩʪʠ 

ɿʘʜʘʥʥʘʷ ʛʨʘʥʠʮʘ ʨʠʩʫʝʪʩʷ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ (ʧ. 3.4.1.2.2. "ʈʝʞʠʤʳ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ", c. 3-30), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝ-

ʣʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʚʦʜʘ ʜʘʥʥʳʭ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʨʘʟʚʝʨʥʫʪʴ 

ʢʨʠʚʫʶ ʚ ʧʣʦʩʢʦʩʪʠ ʥʘ ʫʛʦʣ, ʟʘʜʘʚʘʝʤʳʡ ʚ ʛʨʘʜʫʩʘʭ ʚ ʧʦʣʝ ʇʦʚʦʨʦʪ ʚʦʢʨʫʛ ʥʦʨʤʘʣʠ. 

  

ʈʠʩ. 3.235. ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʛʨʘʥʠʮʳ ʢʦʥʪʘʢʪʥʦʡ ʦʙʣʘʩʪʠ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-245 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.6.2.5. ɿʘʧʠʨʘʶʱʠʡ ʢʦʥʪʘʢʪ 

ɺ ʩʣʫʯʘʝ ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʢʦʥʪʘʢʪʘ ʚʦʟʤʦʞʝʥ ʨʝʞʠʤ ʟʘʧʠʨʘʶʱʝʛʦ ʢʦʥʪʘʢʪʘ 

(ʨʠʩ. 3.236): ʧʨʠ ʥʘʯʘʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʘʷ ʩʠʣʘ ʨʘʚʥʘ ʥʫʣʶ, ʝʩʣʠ ʢʦʥʪʘʢʪʥʘʷ ʪʦʯ-

ʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ, ʟʘʜʘʚʘʝʤʦʛʦ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʩʢʦ-

ʩʪʴʶ ʠ ʥʦʨʤʘʣʴʶ ʢ ʥʝʡ, ʢʘʢ ʠ ʧʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʢʦʥʪʘʢʪʝ. ʇʨʠ ʧʝʨʚʦʤ ʧʨʦʥʠʢʥʦʚʝʥʠʠ 

ʪʦʯʢʠ ʚ ʧʣʦʩʢʦʩʪʴ ʢʦʥʪʘʢʪ ʩʪʘʥʦʚʠʪʩʷ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʩ ʚʦʟʤʦʞʥʳʤ ʟʘʟʦʨʦʤ, ʪ.ʝ. çʟʘʧʠʨʘ-

ʝʪʩʷè ʜʦ ʢʦʥʮʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʳʡ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʩʦʫʜʘʨʝʥʠʝ ʚʘʛʦ-

ʥʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʧʠʨʘʥʠʝʤ ʘʚʪʦʩʮʝʧʢʠ. 

  

ʈʠʩ. 3.236. ʈʝʞʠʤ ʟʘʧʠʨʘʶʱʝʛʦ ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʢʦʥʪʘʢʪʘ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-246 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.6.3. ʂʦʥʪʘʢʪ ʪʦʯʢʘ-ʢʨʠʚʘʷ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʯʢʘ-ʢʨʠʚʘʷ ʦʧʠʩʘʥʘ ʚ ɻʣʘʚʝ 2, 

ʨʘʟʜʝʣ ʉʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ | ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ | ʂʦʥʪʘʢʪ ʪʦʯʢʘ-ʢʨʠʚʘʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʪʝʣʦ, ʩ ʢʦʪʦʨʳʤ ʙʫʜʝʪ 

ʩʚʷʟʘʥʘ ʢʦʥʪʘʢʪʥʘʷ ʪʦʯʢʘ, ʩʦ ʚʪʦʨʳʤ ʪʝʣʦʤ ʩʚʷʟʳʚʘʝʪʩʷ ʢʦʥʪʘʢʪʥʘʷ ʢʨʠʚʘʷ. 

ʅʘ ʚʢʣʘʜʢʝ ɻʝʦʤʝʪʨʠʷ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ (ʨʠʩ. 3.237): 

¶ ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʪʘʢʪʥʦʡ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚʠʟʫʘʣʴʥʦ 

ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ . ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʚʚʦʜʘ ʩʣʝʜʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦʙʘʚʠʪʴ ʢ 

ʥʫʞʥʦʤʫ ʪʝʣʫ ʪʦʯʢʫ ʩʚʷʟʠ, ʩʤ. ʧ. 3.5.9.6. "ʊʦʯʢʠ ʩʚʷʟʠ", c. 3-168; 

¶ ʥʘʟʥʘʯʠʪʴ ʠʟ ʩʧʠʩʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʟʜʘʥʥʫʶ ʢʨʠʚʫʶ, ʩʤ. ʧ. 3.5.7. "ɺʚʦʜ ʢʨʠʚʳʭ", 

c. 3-111. 

  

ʈʠʩ. 3.237. ʇʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʘ çʊʦʯʢʘ-ʢʨʠʚʘʷè 

  

ʈʠʩ. 3.238. ʀʟʦʙʨʘʞʝʥʠʝ ʢʨʠʚʦʡ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ 

 ʇʦʩʣʝ ʚʚʦʜʘ ʜʘʥʥʳʭ ʢʦʥʪʘʢʪʥʘʷ ʢʨʠʚʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʘʝʪʩʷ ʚ ʘʥʠʤʘʮʠʦʥ-

ʥʦʤ ʦʢʥʝ, ʨʠʩ. 3.238. ɺ ʨʝʞʠʤʝ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʫʢʘʟʳʚʘʝʪʩʷ ʪʘʢʞʝ ʢʦʥʪʘʢʪʥʘʷ ʪʦʯʢʘ 

ʠ ʪʦʯʢʘ ʥʘ ʢʨʠʚʦʡ, ʙʣʠʞʘʡʰʘʷ ʢ ʥʝʡ. 

ɿʘʤʝʯʘʥʠʝ.  ɺ ʧʨʦʛʨʘʤʤʝ ʚʚʦʜʘ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʢʦʥʪʘʢʪʥʘʷ ʪʦʯʢʘ ʪʦʯʥʦ ʣʝʞʘʣʘ ʥʘ 

ʢʦʥʪʘʢʪʥʦʡ ʢʨʠʚʦʡ. ʕʪʦ ʤʦʞʥʦ ʠ ʞʝʣʘʪʝʣʴʥʦ ʩʜʝʣʘʪʴ ʚ ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʧʨʠ ʟʘʜʘʥʠʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʜʣʷ ʯʝʛʦ ʩʦʟʜʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʠʥ-

ʩʪʨʫʤʝʥʪ. 
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3.5.12.6.4. ʂʦʥʪʘʢʪ ʦʢʨʫʞʥʦʩʪʴ ï ʮʠʣʠʥʜʨ ʩ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʦʩʴʶ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʯʢʘ-ʢʨʠʚʘʷ ʦʧʠʩʘʥʘ ʚ ɻʣʘʚʝ 2, 

ʨʘʟʜʝʣ ʉʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ | ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ | ʂʦʥʪʘʢʪ ʦʢʨʫʞʥʦʩʪʠ ʩ ʮʠʣʠʥʜʨʦʤ ʩ 

ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʦʩʴʶ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʪʝʣʦ, ʩ ʢʦʪʦʨʳʤ ʙʫʜʝʪ 

ʩʚʷʟʘʥʘ ʦʢʨʫʞʥʦʩʪʴ, ʩʦ ʚʪʦʨʳʤ ʪʝʣʦʤ ʩʚʷʟʳʚʘʝʪʩʷ ʮʠʣʠʥʜʨ. 

  

ʈʠʩ. 3.239. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʘ çʆʢʨʫʞʥʦʩʪʴ-ʎʠʣʠʥʜʨè 

ʅʘ ʚʢʣʘʜʢʝ ɻʝʦʤʝʪʨʠʷ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ (ʨʠʩ. 3.237) 

¶ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ ʚ ʉʂ ʧʝʨʚʦʛʦ ʪʝʣʘ, ʢʦʪʦʨʳʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʚʠʟʫʘʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ . ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʚʚʦʜʘ ʩʣʝʜʫʝʪ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʜʦʙʘʚʠʪʴ ʢ ʥʫʞʥʦʤʫ ʪʝʣʫ ʪʦʯʢʫ ʩʚʷʟʠ, ʩʤ. ʧ. 3.5.9.6. "ʊʦʯʢʠ ʩʚʷʟʠ", c. 3-168; 

¶ ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ ʠ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʴ ʢ ʝʝ ʧʣʦʩʢʦʩʪʠ ʚ ʉʂ ʧʝʨʚʦʛʦ ʪʝʣʘ; 

¶ ʫʢʘʟʘʪʴ ʨʘʜʠʫʩ ʮʠʣʠʥʜʨʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʴʰʝ ʨʘʜʠʫʩʘ ʦʢʨʫʞʥʦʩʪʠ, ʠ 

ʥʘʟʥʘʯʠʪʴ ʠʟ ʩʧʠʩʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʟʜʘʥʥʫʶ ʢʨʠʚʫʶ, ʷʚʣʷʶʱʫʶʩʷ ʦʩʴʶ ʮʠʣʠʥʜʨʘ, 

ʩʤ. ʧ. 3.5.7. "ɺʚʦʜ ʢʨʠʚʳʭ", c. 3-111. 

ʇʦʩʣʝ ʚʚʦʜʘ ʜʘʥʥʳʭ ʮʠʣʠʥʜʨ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʘʝʪʩʷ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ, ʝʩʣʠ 

ʚʢʣʶʯʝʥʘ ʦʧʮʠʷ ʈʠʩʦʚʘʪʴ ʮʠʣʠʥʜʨ, ʨʠʩ. 3.240. ɺ ʨʝʞʠʤʝ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʨʠʩʫʶʪʩʷ 

ʪʘʢʞʝ ʦʢʨʫʞʥʦʩʪʴ ʠ ʥʦʨʤʘʣʴ ʢ ʥʝʡ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʚʘʝʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʮʠʣʠʥʜʨʘ ʩʦʜʝʨʞʠʪ ʩʝʨʠʶ ʦʢʨʫʞʥʦʩʪʝʡ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʦʩʠ ʠ ʩ ʮʝʥʪʨʘʤʠ, ʣʝʞʘʱʠʤʠ ʥʘ ʦʩʠ. ʏʠʩʣʦ ʦʢʨʫʞʥʦʩʪʝʡ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʧʘʨʘʤʝʪʨʦʤ ʏʠʩʣʦ ʪʦʯʝʢ ʥʘ ʛʨʘʬʠʢʝ ʚ ʦʢʥʝ ʟʘʜʘʥʠʷ ʢʨʠʚʦʡ ʜʣʷ ʦʩʠ ʮʠʣʠʥʜʨʘ, ʨʠʩ. 3.241. 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-248 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ɽʩʣʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʦʥʪʘʢʪ ʥʝʩʢʦʣʴʢʠʭ ʦʢʨʫʞʥʦʩʪʝʡ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʮʠʣʠʥʜʨʦʤ, ʪʦ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʢʣʶʯʠʪʴ ʦʧʮʠʶ ʈʠʩʦʚʘʪʴ ʮʠʣʠʥʜʨ ʜʣʷ ʚʩʝʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʨʦʤʝ 

ʦʜʥʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʝʨʝʨʠʩʦʚʢʠ ʮʠʣʠʥʜʨʘ. 

 

  

ʈʠʩ. 3.240. ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʚʘʝʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʮʠʣʠʥʜʨʘ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-249 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

  

ʈʠʩ. 3.241. ɿʘʜʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʚʦʡ, ʷʚʣʷʶʱʝʡʩʷ ʦʩʴʶ ʮʠʣʠʥʜʨʘ ʥʘ ʨʠʩ. 3.240 

ʄʦʜʝʣʴ: {ɼʘʥʥʳʝ ʋʄ} \Samples\Library\CylCircle. 

3.5.12.6.5. ʂʦʥʪʘʢʪʥʳʡ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ ʪʠʧʘ ʉʬʝʨʘ-ʇʣʦʩʢʦʩʪʴ 

ʇʣʦʩʢʦʩʪʴ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʪʦʨʦʤʫ ʪʝʣʫ) ʟʘʜʘʸʪʩʷ ʪʦʯʢʦʡ ʠ ʚʝʢʪʦʨʦʤ ʥʦʨʤʘʣʠ, 

ʧ. 3.5.12.6.2.1. "ɿʘʜʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʢʦʥʪʘʢʪʘ", c. 3-241. 

ʉʬʝʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʚʦʤʫ ʪʝʣʫ ʠ ʠʤʝʝʪ ʧʘʨʘʤʝʪʨʳ: 

¶ ʮʝʥʪʨ ʚ ʉʂ ʧʝʨʚʦʛʦ ʪʝʣʘ; 

¶ ʨʘʜʠʫʩ. 

  

ʈʠʩ. 3.242. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʘ çʉʬʝʨʘ-ʇʣʦʩʢʦʩʪʴè 

  

../Samples/Library/CylCircle/input.dat


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-250 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.6.6. ʂʦʥʪʘʢʪʥʳʡ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ ʪʠʧʘ ʆʢʨʫʞʥʦʩʪʴ-ʇʣʦʩʢʦʩʪʴ 

ʇʣʦʩʢʦʩʪʴ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʪʦʨʦʤʫ ʪʝʣʫ) ʟʘʜʘʸʪʩʷ ʪʦʯʢʦʡ ʠ ʚʝʢʪʦʨʦʤ ʥʦʨʤʘʣʠ , 

ʧ. 3.5.12.6.2.1. "ɿʘʜʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʢʦʥʪʘʢʪʘ", c. 3-241. 

ʆʢʨʫʞʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʚʦʤʫ ʪʝʣʫ ʠ ʠʤʝʝʪ ʧʘʨʘʤʝʪʨʳ: 

¶ ʮʝʥʪʨ ʚ ʉʂ ʧʝʨʚʦʛʦ ʪʝʣʘ; 

¶ ʨʘʜʠʫʩ; 

¶ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʦʢʨʫʞʥʦʩʪʠ. 

ʕʪʠ ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʠʟʫʝʤʳ, ʢʨʦʤʝ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ. 

  

ʈʠʩ. 3.243. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʘ çʆʢʨʫʞʥʦʩʪʴ-ʇʣʦʩʢʦʩʪʴè 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-251 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.6.7. ʂʦʥʪʘʢʪʥʳʡ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ ʪʠʧʘ ʉʬʝʨʘ-ʉʬʝʨʘ 

ʕʣʝʤʝʥʪ ʟʘʜʘʸʪʩʷ ʜʚʫʤʷ ʩʬʝʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʉʂ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʝʣʘ. ɼʣʷ 

ʢʘʞʜʦʡ ʩʬʝʨʳ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ 

¶ ʮʝʥʪʨ; 

¶ ʨʘʜʠʫʩ. 

ɺʩʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʠʟʫʝʤʳ.  

   

ʈʠʩ. 3.244. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʘ çʉʬʝʨʘ-ʉʬʝʨʘè 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-252 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.6.8. ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ ʪʠʧʦʚ ʊʦʯʢʠ / ʉʬʝʨʘ / ʆʢʨʫʞʥʦʩʪʴ 

ï Z-ʧʦʚʝʨʭʥʦʩʪʴ 

ʊʦʯʢʠ / ʩʬʝʨʘ / ʦʢʨʫʞʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʚʦʤʫ ʪʝʣʫ ʠ ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʝʛʦ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. ʉʬʝʨʘ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʮʝʥʪʨʘ ʠ ʨʘʜʠʫʩʦʤ, ʦʢʨʫʞʥʦʩʪʴ ï ʧʦʣʦʞʝʥʠʝʤ 

ʮʝʥʪʨʘ, ʨʘʜʠʫʩʦʤ ʠ ʚʝʢʪʦʨʦʤ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʦʢʨʫʞʥʦʩʪʠ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʚʠʜʘ z(x,y) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʪʦʨʦʤʫ ʪʝʣʫ ʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʘ: 

¶ ʢʘʢ ʚʳʨʘʞʝʥʠʝ ʚ ʷʚʥʦʡ ʬʦʨʤʝ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ z=z(p1,p2) ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ p1 ʠ 

p2; ʩʯʠʪʘʝʪʩʷ, ʯʪʦ p1, p2 ɭ (-Ð, +Ð); ʧʨʠ ʟʘʜʘʥʠʠ ʚʳʨʘʞʝʥʠʷ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʵʣʝʤʝʥʪʳ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ, ʧ. 3.4.2.4.8. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ", c. 3-67;  

¶ ʢʘʢ ʚʥʝʰʥʷʷ ʬʫʥʢʮʠʷ z=z(p1,p2), ʦʧʠʩʳʚʘʝʤʘʷ ʚ ʬʘʡʣʝ ʫʧʨʘʚʣʝʥʠʷ (ʩʤ. ʧ. 3.4.2.4.10. 

"ɺʥʝʰʥʠʝ ʬʫʥʢʮʠʠ", c. 3-70); 

¶ ʢʘʢ ʛʨʘʬʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ (ʚʳʙʠʨʘʝʪʩʷ ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ʩʨʝʜʠ ʛʨʘʬʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʤʦʜʝʣʠ). 

    

ʈʠʩ. 3.245. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʘ ʩ Z-ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʇʨʠ ʦʧʠʩʘʥʠʠ Z-ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʨʝʟ ʦʧʮʠʶ ɻʨʘʬ. ʦʙʲʝʢʪ ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝ-

ʜʫʶʱʠʝ ʟʘʤʝʯʘʥʠʷ. 

¶ ɺʳʙʨʘʥʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʬʠʯʝ-

ʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ ʇʦʣʠʵʜʨ, ASC
1
 (ʧ. 3.5.8.2.14. "ɺʠʥʪʦʚʘʷ ʣʠʥʠʷ", c. 3-128), 

ʇʘʨʘʣʣʝʣʝʧʠʧʝʜ, ʕʣʣʠʧʩʦʠʜ, ʂʦʥʫʩ, Z-ʧʦʚʝʨʭʥʦʩʪʴ.  

¶ ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʦʯʢʝ ʩ ʥʝʢʦʪʦʨʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ x, y ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʦʟ-

ʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪʳ z, ʪʦ ʙʝʨʸʪʩʷ ʙʦʣʴʰʘʷ ʩʨʝʜʠ ʵʪʠʭ ʢʦʦʨʜʠʥʘʪ. 

                                                           
1
 ́ ͙ͨ ASC ͊ ͍͙ͭͦͣ͊ͭ;͔͙ͫ͟ ͙͍͙͍͔ͨͪͫ͊͊ͭͫΎ ͎ͪ͊ͺ͙;͔͙ͫͣ͟ Ή͔͔ͣͤͭ͊ͣ͡Σ ͙͙͍ͣͨͦͪͭͪͦ͊ͤͤ·ͣ ͙͘ CAD-͎ͨͪͦͪ͊ͣͣ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-253 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

¶ ʍʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʤʦʜʝʣʠ (ʩʤ. ʧ. 3.4.2.1.1 "ɺʢʣʘʜʢʘ çʆʙʲʝʢʪè", ʩ. 3-35) ʜʦʣʞʝʥ 

ʦʙʷʟʘʪʝʣʴʥʦ ʙʳʪʴ ʝʜʠʥʠʯʥʳʤ. ʅʝʝʜʠʥʠʯʥʳʡ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙ-

ʢʘʤ ʚʳʯʠʩʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ. 

¶ ʅʝ ʦʙʷʟʘʪʝʣʴʥʦ, ʥʦ ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʦʙʝʩʧʝʯʠʚʘʣ ʛʣʘʜʢʦʩʪʴ 

ʬʫʥʢʮʠʠ z(x,y). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʛʣʘʜʢʠʭ ʥʝʨʦʚʥʦʩʪʝʡ ʪʠʧʘ çʩʪʫʧʝʥʴʢʘè 

ʠʣʠ çʦʙʨʳʚè ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʢʦʨʨʝʢʪʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

 

ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʦʜʝʣʷʭ: 

{ʇʫʪʴ ʢ UM} \Samples\Library\ZSurfaceAndBox; 

{ʇʫʪʴ ʢ UM} \Samples\Library\ZSurfaceAndWheel; 

 

ʄʦʜʝʣʠ ʜʦʩʪʫʧʥʳʝ ʧʦ ʩʩʳʣʢʘʤ ʚʳʰʝ ʥʘ ʧʨʦʩʪʳʭ ʧʨʠʤʝʨʘʭ ʠʣʣʶʩʪʨʠʨʫʶʪ ʦʧʠʩʘʥʠʝ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʪʠʧʘ çʊʦʯʢʘ ï Z-ʧʦʚʝʨʭʥʦʩʪʴè ʠ çʆʢʨʫʞʥʦʩʪʴ ï Z-

ʧʦʚʝʨʭʥʦʩʪʴè. 

 

 

 

 

ʈʠʩ. 3.246. ʇʨʠʤʝʨʳ ʦʧʠʩʘʥʠʷ Z-ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

  

../Samples/Library/ZSurfaceAndBox/input.dat
../Samples/Library/ZSurfaceAndWheel/input.dat
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3.5.12.7. T-ʩʠʣʳ 

ɼʣʷ ʚʚʦʜʘ ʩʧʠʩʢʘ ʩʠʣ ʦʙʦʙʱʝʥʥʦʛʦ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʢʣʘʜʢʘ T-ʩʠʣʳ ʢʦʥʩʪʨʫʢʪʦʨʘ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ 

¶ ʧʘʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ; 

¶ ʪʝʣʦ, ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʝʢʮʠʠ ʟʘʜʘʚʘʝʤʦʡ ʩʠʣʳ ʠ/ʠʣʠ 

ʤʦʤʝʥʪʘ; 

¶ ʪʦʯʢʫ ʧʨʠʚʝʜʝʥʠʷ ʩʠʣʳ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚʪʦʨʦʛʦ ʪʝʣʘ; ʢʥʦʧʢʘ  ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʚʪʦʨʦʛʦ ʪʝʣʘ ʠ ʪʦʯʢʠ ʧʨʠʚʝʜʝʥʠʷ ʩʠʣʳ ʩ ʧʦʤʦʱʴʶ ʪʦʯʝʢ ʩʚʷ-

ʟʠ, ʧ. 3.5.9.6. "ʊʦʯʢʠ ʩʚʷʟʠ", c. 3-168; 

¶ ʩʧʦʩʦʙ ʟʘʜʘʥʠʷ ʩʠʣʳ: ʚʳʨʘʞʝʥʠʝ ʠʣʠ ʬʘʡʣ. 

 

ʈʠʩ. 3.247. ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʣʝʜʷʱʝʡ ʩʠʣʳ 

ɿʘʤʝʯʘʥʠʝ 1.  ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʣʝʜʷʱʝʡ ʩʠʣʳ ʩʣʝʜʫʝʪ ʥʘʟʥʘʯʠʪʴ Base0 ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ 

ʪʝʣʘ, ʘ ʢʘʯʝʩʪʚʝ ʪʝʣʘ, ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʢʦʪʦʨʦʛʦ ʟʘʜʘʥʘ ʩʠʣʘ, ʥʘʟʥʘʯʠʪʴ 

ʪʦ ʪʝʣʦ, ʥʘ ʢʦʪʦʨʦʝ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ. 

3.5.12.7.1. ɿʘʜʘʥʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʝʢʮʠʠ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʟʘʜʘʶʪʩʷ ʩʠʤʚʦʣʴʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ, ʚʢʣʶ-

ʯʘʶʱʠʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ t, ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

ʧʦʣʦʞʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ, ʧ. 3.4.2.4.7. "ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ", c. 3-55, ʵʣʝʤʝʥʪʳ ʩʧʠʩʢʘ 

ʧʝʨʝʤʝʥʥʳʭ, ʧ. 3.4.2.4.8. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ", c. 3-67. 

ʇʨʠʤʝʨ. ʅʘ ʨʠʩ. 3.247 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʟʘʜʘʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʣʝʜʷʱʝʡ ʩʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʪʝʣʦ ʈʘʤʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ Z ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʣʦʤ ʉʂ ʠ ʧʨʠʣʦʞʝʥʥʦʡ ʚ 

ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʦʡ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (pos_x, pos_y,0) 
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3.5.12.7.2. ɿʘʜʘʥʠʝ ʩʠʣʳ ï ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʬʘʡʣʘ 

ɿʘʚʠʩʠʤʦʩʪʠ ʧʨʦʝʢʮʠʡ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʦʪ ʚʨʝʤʝʥʠ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʢ-

ʩʪʦʚʦʛʦ ʬʘʡʣʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʬʦʨʤʘʪ ʬʘʡʣʘ: ʧʝʨʚʳʡ ʩʪʦʣʙʝʮ ʩʦʜʝʨʞʠʪ ʚʨʝʤʷ ʚ 

ʩʝʢʫʥʜʘʭ. ʜʨʫʛʠʝ ʩʪʦʣʙʮʳ ʩʦʜʝʨʞʘʪ ʧʨʦʝʢʮʠʠ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Fx, 

Fy, Fz, Mx, My, Mz ʚ ʅ ʠ ʅʤ. ʈʷʜ ʧʨʦʝʢʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʫʱʝʥ. ʅʘʧʨʠʤʝʨ, ʬʘʡʣ ʤʦʞʝʪ 

ʩʦʜʝʨʞʘʪʴ ʪʨʠ ʩʪʦʣʙʮʘ t, Fz, Mx. 

ʂʥʦʧʢʘ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʙʦʨʘ ʬʘʡʣʘ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʬʘʡʣ ʚʳʙʨʘʥ, ʦʥ ʢʦʧʠʨʫʝʪ-

ʩʷ ʚ ʢʘʪʘʣʦʛ ʟʘʜʘʯʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʫʢʘʟʘʪʴ, ʢʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʩʦʜʝʨʞʘʪʩʷ ʚ ʬʘʡʣʝ. 

ʅʘʧʨʠʤʝʨ, ʬʘʡʣ ʥʘ ʨʠʩ. 3.248 ʩʦʜʝʨʞʠʪ ʢʦʤʧʦʥʝʥʪʫ Fz ʩʠʣʳ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʷ ʧʨʦʝʢʮʠʡ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʚ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʣʠʥʝʡʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʧʦʪʦʯʝʯʥʦ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ. ʂʥʦʧʢʘ  ʧʦʢʘʟʳʚʘʝʪ 

ʛʨʘʬʠʢ ʧʨʦʝʢʮʠʡ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ, ʝʩʣʠ ʦʥʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ. 

  

ʈʠʩ. 3.248. ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʩʠʣʳ ʩ ʧʦʤʦʱʴʶ ʬʘʡʣʘ 

ɿʘʤʝʯʘʥʠʝ    ʌʘʡʣ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʢʘʪʘʣʦʛʝ ʤʦʜʝʣʠ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʙʲʝʢ-

ʪʘ ʧʦʜ ʜʨʫʛʠʤ ʠʤʝʥʝʤ (ʠʣʠ ʧʨʠ ʧʝʨʚʦʤ ʩʦʭʨʘʥʝʥʠʠ ʚʥʦʚʴ ʩʦʟʜʘʥʥʦʛʦ ʦʙʲ-

ʝʢʪʘ) ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʬʘʡʣʘ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ. ʇʦʣʴʟʦʚʘʪʝʣʴ 

ʜʦʣʞʝʥ ʚʨʫʯʥʫʶ ʩʢʦʧʠʨʦʚʘʪʴ ʬʘʡʣ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʥ ʧʦʣʫʯʘʝʪ ʩʦʦʙ-

ʱʝʥʠʝ ʦ ʥʝʢʦʨʨʝʢʪʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ: 

  çʌʘʡʣ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʊ-ʩʠʣʳ ʥʝ ʥʘʟʥʘʯʝʥ, ʥʝʢʦʨʨʝʢʪʝʥ ʠʣʠ ʥʝ ʥʘʡʜʝʥ ʚ 

ʢʘʪʘʣʦʛʝ ʤʦʜʝʣʠè 

   ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʧʠʩʘʥʥʦʡ ʨʘʥʝʝ ʤʦʜʝʣʠ ʩ ʬʘʡʣʦʚʳʤʠ ʩʠʣʘʤʠ ʢ ʦʙʲ-

ʝʢʪʫ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʣʝʜʫʝʪ ʚʨʫʯʥʫʶ ʩʢʦʧʠ-

ʨʦʚʘʪʴ ʬʘʡʣʳ ʩ ʩʠʣʘʤʠ ʚ ʢʘʪʘʣʦʛ ʥʦʚʦʛʦ ʦʙʲʝʢʪʘ.  

   ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ ʩ ʬʘʡʣʦʚʦʡ ʩʠʣʦʡ ʚ ʚʠʜʝ ʚʥʝʰʥʝʡ ʧʦʜʩʠ-

ʩʪʝʤʳ ʧʨʦʛʨʘʤʤʘ ʥʘʭʦʜʠʪ ʬʘʡʣ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʢʘʪʘʣʦʛʝ ʚʥʝʰʥʝʡ ʧʦʜʩʠ-

ʩʪʝʤʳ. ʇʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʚʥʝʰʥʝʡ ʧʦʜʩʠʩʪʝʤʳ ʚʦ ʚʢʣʶʯʝʥʥʫʶ ʬʘʡʣ ʩʣʝ-

ʜʫʝʪ ʚʨʫʯʥʫʶ ʩʢʦʧʠʨʦʚʘʪʴ ʚ ʢʘʪʘʣʦʛ ʛʦʣʦʚʥʦʛʦ ʦʙʲʢʪʘ. 
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3.5.12.8. ɺʚʦʜ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʣ 

3.5.12.8.1. ɺʚʦʜ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ  

ʇʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʧʠʩʘʥʘ ʚ 

ɻʣʘʚʝ 2, ʧ. ʉʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ / ʉʧʝʮʠʘʣʴʥʳʝ ʩʠʣʳ / ɿʫʙʯʘʪʦʝ ʟʘʮʝʧʣʝʥʠʝ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʘ ʪʠʧʘ ʟʫʙʯʘʪʦʝ ʟʘʮʝʧʣʝʥʠʝ ʧʝʨʝʡʜʠʪʝ ʥʘ ʚʢʣʘʜʢʫ ʉʧʝʮ. ʩʠʣʳ, 

ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ ʜʦʙʘʚʴʪʝ ʵʣʝʤʝʥʪ ʢ ʩʧʠʩʢʫ ʩʠʣ ʠ ʚʳʙʝʨʠʪʝ ʪʠʧ ï ɿʫʙ. ʧʝʨʝʜʘʯʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚ ʠʥʩʧʝʢʪʦʨʝ ʦʪʦʙʨʘʟʷʪʩʷ ʧʦʣʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝ-

ʜʘʯʠ. ɺ ʧʦʣʷʭ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ: 

¶ ʭʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ (ʮʝʥʪʨʳ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ) ʚ ʉʂ ʢʘʞʜʦʛʦ ʪʝʣʘ; 

¶ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʦʚ ʧʦ ʦʩʷʤ ʚʨʘʱʝʥʠʠ ʚ ʉʂ ʢʘʞʜʦʛʦ ʪʝʣʘ; 

¶ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʝʨʝʜʘʯʫ: ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ, ʟʘʟʦʨ (ʤʦʞʝʪ ʥʝ ʫʢʘʟʳ-

ʚʘʪʴʩʷ), ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʠ ʜʠʩʩʠʧʘʮʠʠ ʧʝʨʝʜʘʯʠ; 

¶ ʀʩʧʦʣʴʟʫʡʪʝ ʬʣʘʞʦʢ ʚʥʝʰʥʝʝ/ʚʥʫʪʨʝʥʥʝʝ ʟʘʮʝʧʣʝʥʠʝ ʜʣʷ ʧʣʦʩʢʠʭ ʧʝʨʝʜʘʯ. 

ɺʩʝ ʜʘʥʥʳʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʦʝʢʮʠʡ ʚʝʢʪʦʨʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦ ʦʩʷʤ ʚʨʘʱʝʥʠʷ, ʧʘ-

ʨʘʤʝʪʨʠʟʫʶʪʩʷ. 

  

ʈʠʩ. 3.249. ʇʘʨʘʤʝʪʨʳ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ 
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ʇʨʠ ʚʚʦʜʝ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʧ. 3.4.1.2.2. "ʈʝʞʠʤʳ 

ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ", c. 3-30) ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʢʦʥʪʫʨʳ ʢʦʣʝʩ ʠ ʥʦʨʤʘʣʠ ʢ 

ʥʠʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʚʝʜʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʠʩ. 3.250. 

  

ʈʠʩ. 3.250. ɺʠʟʫʘʣʠʟʘʮʠʷ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ 

ʄʦʜʝʣʠ:  

{ɼʘʥʥʳʝ ʋʄ} \Samples\Library\Gears; 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Tutorial\Crusher.  

../SAMPLES/LIBRARY/Gears/input.dat
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3.5.12.8.2. ʎʝʧʥʘʷ ʧʝʨʝʜʘʯʘ 

ʇʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʧʠʩʘʥʘ ʚ 

ɻʣʘʚʝ 2, ʧ. ʉʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ / ʉʧʝʮʠʘʣʴʥʳʝ ʩʠʣʳ / ʎʝʧʥʘʷ ʧʝʨʝʜʘʯʘ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʘ ʧʝʨʝʡʜʠʪʝ ʥʘ ʚʢʣʘʜʢʫ ʉʧʝʮ. ʩʠʣʳ, ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ ʜʦ-

ʙʘʚʴʪʝ ʵʣʝʤʝʥʪ ʢ ʩʧʠʩʢʫ ʩʠʣ ʠ ʚʳʙʝʨʠʪʝ ʪʠʧ ï ʎʝʧʥʘʷ ʧʝʨʝʜʘʯʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʠʥʩʧʝʢ-

ʪʦʨʝ ʦʪʦʙʨʘʟʷʪʩʷ ʧʦʣʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʯʠ, ʨʠʩ. 3.251. ɺ 

ʧʦʣʷʭ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ: 

¶ ʭʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ (ʮʝʥʪʨʳ ʟʚʝʟʜʦʯʝʢ ʧʝʨʝʜʘʯʠ) ʚ ʉʂ ʢʘʞʜʦʛʦ ʪʝʣʘ; 

¶ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʦʚ ʧʦ ʦʩʷʤ ʚʨʘʱʝʥʠʠ ʚ ʉʂ ʢʘʞʜʦʛʦ ʪʝʣʘ; ʚʝʢʪʦʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʣʠ-

ʙʦ ʧʘʨʘʣʣʝʣʴʥʳ, ʣʠʙʦ ʙʣʠʟʢʠ ʢ ʧʘʨʘʣʣʝʣʴʥʳʤ; 

¶ ʈʘʜʠʫʩʳ ʟʚʝʟʜʦʯʝʢ R1, R2; 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʠ ʜʠʩʩʠʧʘʮʠʠ ʮʝʧʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ. 

ʀʩʧʦʣʴʟʫʡʪʝ ʬʣʘʞʦʢ ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʮʝʧʠ ʚ ʘʥʠʤʘ-

ʮʠʦʥʥʦʤ ʦʢʥʝ, ʨʠʩ. 3.252. 

 

ʈʠʩ. 3.251. ʇʘʨʘʤʝʪʨʳ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ 
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ʈʠʩ. 3.252. ʄʦʜʝʣʴ ʩ ʚʢʣʶʯʝʥʥʳʤ (ʩʣʝʚʘ)  ʠ ʚʳʢʣʶʯʝʥʥʳʤ ʢʣʶʯʦʤ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ɺʩʝ ʜʘʥʥʳʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʦʝʢʮʠʡ ʚʝʢʪʦʨʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦ ʦʩʷʤ ʚʨʘʱʝʥʠʷ, ʧʘ-

ʨʘʤʝʪʨʠʟʫʶʪʩʷ). 

ʇʨʠ ʚʚʦʜʝ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʧ. 3.4.1.2.2. "ʈʝʞʠʤʳ 

ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ", c. 3-30) ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʢʦʥʪʫʨʳ ʟʚʝʟʜʦʯʝʢ, ʮʝʧʴ ʠ 

ʦʩʠ ʚʨʘʱʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʚʝʜʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʨʠʩ. 3.253. 

 

ʈʠʩ. 3.253. ɺʠʟʫʘʣʠʟʘʮʠʷ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ 

ʄʦʜʝʣʴ (ʨʠʩ. 3.252): {ɼʘʥʥʳʝ ʋʄ} \Samples\Library\ChainGear.  

../SAMPLES/LIBRARY/ChainGear/input.dat
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3.5.12.8.3. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʪʨʝʥʠʝ 

ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʪʨʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʢʦʥʪʘʢʪʘ ʪʦʯʢʘ-ʧʣʦʩʢʦʩʪʴ. ʇʦʣʥʦʝ ʦʧʠ-

ʩʘʥʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʧʠʩʘʥʘ ʚ ɻʣʘʚʝ 2, 

ʧ. ʉʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ / ʉʧʝʮʠʘʣʴʥʳʝ ʩʠʣʳ / ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʪʨʝʥʠʝ. 

ʇʨʠʤʝʨʳ ʦʧʠʩʘʥʠʷ ʠ/ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 

ʂʘʪʘʣʦʛ {ɼʘʥʥʳʝ ʋʄ}\Samples\Library\CombFriction, ʤʦʜʝʣʠ 

CF2D_without_fict; 

CF2D_with_fict; 

CF2D_with_fict_limit_fict; 

CF2D_with_fict_limit_body2. 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʘ ʠ ʟʘʜʘʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʜʝʡ-

ʩʪʚʠʷ. 

 

ʈʠʩ. 3.254. ʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʪʠʧʘ çʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʪʨʝʥʠʝè 

3.5.12.8.3.1. ʉʦʟʜʘʥʠʝ ʵʣʝʤʝʥʪʘ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʘ ʪʠʧʘ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʪʨʝʥʠʝ ʩʣʝʜʫʝʪ  

¶ ʧʝʨʝʡʪʠ ʢ ʩʧʠʩʢʫ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʣ ʩ ʧʦʤʦʱʴʶ ʩʧʠʩʢʘ ʵʣʝʤʝʥʪʦʚ; 

¶ ʩʦʟʜʘʪʴ ʥʦʚʫʶ ʩʠʣʫ; 

¶ ʫʢʘʟʘʪʴ ʝʝ ʪʠʧ ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʪʨʝʥʠʝ. 
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ʈʠʩ. 3.255. ʉʭʝʤʘ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ çʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʪʨʝʥʠʝè 

3.5.12.8.3.2. ɺʳʙʦʨ ʧʘʨʳ ʪʝʣ ʠ ʟʘʜʘʥʠʝ ʪʦʯʝʢ ʧʨʠʢʨʝʧʣʝʥʠʷ 

ʊʝʣʘ ʠ ʪʦʯʢʠ ʧʨʠʢʨʝʧʣʝʥʠʷ (ɸ ʜʣʷ ʧʝʨʚʦʛʦ ʪʝʣʘ ʠ ɺ ʜʣʷ ʚʪʦʨʦʛʦ ʪʝʣʘ, ʨʠʩ. 3.255) ʚʳ-

ʙʠʨʘʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ, ʩʤ. ʧ. 3.5.11.1. "ʅʘʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʫ ʧʘʨʳ ʪʝʣ", c. 3-202, 

ʧ. 3.5.11.3. "ʅʘʟʥʘʯʝʥʠʝ ʪʦʯʝʢ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ", c. 3-203, 

ʧ. 3.5.11.4. "ɺʠʟʫʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʪʝʣ, ʪʦʯʝʢ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨ-

ʜʠʥʘʪ", c. 3-203. 

3.5.12.8.3.3. ɿʘʜʘʥʠʝ ʦʩʠ ʵʣʝʤʝʥʪʘ 

  

ʈʠʩ. 3.256. ʆʩʴ ʵʣʝʤʝʥʪʘ 

ɿʘʜʘʥʠʝ ʦʩʠ ʵʣʝʤʝʥʪʘ 

ʆʩʴ ʵʣʝʤʝʥʪʘ ʟʘʜʘʝʪʩʷ ʚ ʯʠʩʣʝʥʥʦʡ ʬʦʨʤʝ ʝʜʠʥʠʯʥʳʤ ʚʝʢʪʦʨʦʤ n ʚ ʉʂ ʧʝʨʚʦʛʦ ʪʝʣʘ, 

ʨʠʩ. 3.255.  

3.5.12.8.3.4. ɿʘʜʘʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ 

ɻʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʩʧʠʩʢʘ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ɻʆ, ʧʨʠʯʝʤ ʦʙʨʘʟ 

ʜʘʥʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʩʦʟʜʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʦʙʨʘʟʫ ʙʠʧʦʣʷʨʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʩʤ. ʧ. 3.5.6. "ʅʘʟʥʘʯʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʩʠʣʦʚʳʤ ʵʣʝʤʝʥʪʘʤ ʠ ʰʘʨʥʠʨʫ ʚ ʚʠʜʝ ʥʝʚʝ-

ʩʦʤʦʛʦ ʩʪʝʨʞʥʷ", c. 3-109.  
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ʈʠʩ. 3.257. ʆʙʨʘʟ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʩʜʚʠʛʘʭ ʚʪʦʨʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʠʧʦʣʷʨʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ, ɻʆ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʩʦʝʜʠʥʷʝʪ ʜʚʝ 

ʪʦʯʢʠ ʪʝʣ 2 ʠ 1, ʘ ʨʘʩʧʦʣʦʞʝʥ ʚʜʦʣʴ ʦʩʠ ʵʣʝʤʝʥʪʘ, ʟʘʜʘʚʘʝʤʦʡ ʥʦʨʤʘʣʴʶ n, ʨʠʩ. 3.257. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʟʘʜʘʪʴ ʚʠʟʫʘʣʴʥʳʡ ʦʪʨʳʚ ʚʪʦʨʦʛʦ 

ʪʝʣʘ ʦʪ ʵʣʝʤʝʥʪʘ. 

3.5.12.8.3.5. ɿʘʜʘʥʠʝ ʤʦʜʝʣʠ ʦʩʝʚʦʡ ʩʠʣʳ 

ʄʦʜʝʣʴ ʦʩʝʚʦʡ ʩʠʣʳ ʠʣʠ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ N ʚʳʙʠʨʘʝʪʩʷ ʥʘ ʟʘʢʣʘʜʢʝ ʆʩʝʚʘʷ ʩʠʣʘ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʚʳʙʨʘʪʴ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ ʦʧʠʩʘʥʠʝ ʩʢʘʣʷʨʥʦʡ ʩʠʣʳ ʠ ʚʥʝ-

ʩʪʠ ʝʝ ʧʘʨʘʤʝʪʨʳ, ʩʤ. ʧ. 3.5.12.1. "ɺʚʦʜ ʩʠʣʳ ʪʷʞʝʩʪʠ", c. 3-206. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-263 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.258.ɺʳʙʦʨ ʤʦʜʝʣʠ ʦʩʝʚʦʡ ʩʠʣʳ ʠ ʟʘʜʘʥʠʝ ʝʝ ʧʘʨʘʤʝʪʨʦʚ 

3.5.12.8.3.6. ʇʘʨʘʤʝʪʨʳ ʩʠʣʳ ʪʨʝʥʠʷ 

ʇʘʨʘʤʝʪʨʳ, ʟʘʜʘʶʱʠʝ ʤʦʜʝʣʴ ʩʠʣʳ ʪʨʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʟʘʢʣʘʜʢʝ ʊʨʝʥʠʝ. 

ʉʣʝʜʫʝʪ ʟʘʜʘʪʴ 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ (f); 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʮʝʧʣʝʥʠʷ ʠʣʠ ʧʦʢʦʷ (f0); 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʚ ʨʝʞʠʤʝ ʩʮʝʧʣʝʥʠʷ (cStiff); 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ ʚ ʨʝʞʠʤʝ ʩʮʝʧʣʝʥʠʷ (cDiss). 

ʇʦʜʨʦʙʥʝʝ ʦ ʢʦʥʪʘʢʪʥʦʡ ʞʝʩʪʢʦʩʪʠ ʠ ʜʠʩʩʠʧʘʮʠʠ ʚ ʨʝʞʠʤʝ ʩʢʦʣʴʞʝʥʠʷ ʩʤ. ʚ ɻʣʘʚʝ 2, 

ʉʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ  / ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ / ʊʠʧ ʪʦʯʢʘ-ʧʣʦʩʢʦʩʪʴ. 

 

ʈʠʩ. 3.259.ʇʘʨʘʤʝʪʨʳ ʪʨʝʥʠʷ 
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3.5.12.8.3.7. ɺʳʙʦʨ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʘ 

ʅʘʩʪʨʦʡʢʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʘ 

 ɼʣʷ ʟʘʜʘʥʠʷ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ ʢʣʶʯʝʡ ʥʘ ʟʘʢʣʘʜʢʝ 

ʅʘʩʪʨʦʡʢʠ. 

 

ʈʠʩ. 3.260. ʂʣʶʯʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʘ 

¶ 3D  

ʇʨʠ ʚʢʣʶʯʝʥʦ ʨʝʞʠʤʝ 3D ʩʠʣʘ ʪʨʝʥʠʷ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʵʣʝ-

ʤʝʥʪʘ n. ʇʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʢʣʶʯʝ ʵʣʝʤʝʥʪ ʠʤʝʝʪ ʪʠʧ 2D, ʧʨʠ ʢʦʪʦʨʦʤ ʩʠʣʘ ʪʨʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ 1 ʥʘʧʨʘʚʣʝʥʠʷ (ʦʩʴ ʪʨʝʥʠʷ), ʟʘʜʘʚʘ-

ʝʤʦʤ ʝʜʠʥʠʯʥʳʤ ʚʝʢʪʦʨʦʤ e, ʨʠʩ. 3.255. 

 

ʈʠʩ. 3.261. ɿʘʜʘʥʠʝ ʦʩʠ ʪʨʝʥʠʷ 

ɿʘʤʝʯʘʥʠʝ.  ɺ ʨʝʞʠʤ 3D ʥʝʚʦʟʤʦʞʥʦ ʟʘʜʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʤʝʱʝʥʠʷ ʬʠʢʪʠʚʥʦʛʦ ʪʝʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ 1 ʠʣʠ  ʪʝʣʘ 2 ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʠʢʪʠʚʥʦʛʦ ʪʝʣʘ. 

¶ ʆʜʥʦʩʪʦʨʦʥʥʷʷ ʦʩʝʚʘʷ ʩʠʣʘ  

ɺʢʣʶʯʝʥʥʳʡ ʨʝʞʠʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʩʪʦʨʦʥʥʝʤʫ ʢʦʥʪʘʢʪʫ, ʢʦʛʜʘ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʩʪʘʥʦʚʷʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʥʦʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʠ. ɺ 

ʵʪʦʤ ʨʝʞʠʤʝ ʚʦʟʤʦʞʥʦ ʟʘʜʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʜʣʠʥʳ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ ʠʩʢʣʶʯʠ-

ʪʝʣʴʥʦ ʥʘ ʛʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʵʣʝʤʝʥʪʘ ʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʳ ʩʠʣ. ɸ ʠʤʝʥʥʦ, ɻʆ 

ʵʣʝʤʝʥʪʘ ʥʝ ʙʫʜʝʪ ʨʘʩʪʷʛʠʚʘʪʴʩʷ ʙʦʣʴʰʝ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʯʪʦ ʚʠʟʫʘʣʴʥʦ ʙʫʜʝʪ ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʪʴ ʦʪʨʳʚʫ ʚʪʦʨʦʛʦ ʪʝʣʘ ʦʪ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ, ʨʠʩ. 3.257. 

ʇʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʨʝʞʠʤʝ ʩʠʣʘ ʩʪʘʥʦʚʠʪʩʷ ʜʚʫʭʩʪʦʨʦʥʥʝʡ, ʪʦ ʝʩʪʴ ʦʪʨʳʚʘ ʥʝ ʧʨʦʠʩ-

ʭʦʜʠʪ. 

 

ʈʠʩ. 3.262. ɿʘʜʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

¶ ʊʦʯʢʘ ʧʨʠʥʘʜʣʝʞʠʪ ʚʪʦʨʦʤʫ ʪʝʣʫ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-265 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ʂʦʥʪʘʢʪʥʘʷ ʪʦʯʢʘ ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʪʝʣʫ 2 (ʧʨʠ ʚʢʣʶʯʝʥʥʦʤ ʨʝʞʠʤʝ) ʠʣʠ ʪʝʣʫ 1 

(ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ). ʕʪʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʳ ʩʠʣ, ʘ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ 

ʨʝʘʢʮʠʠ N ʧʨʠ ʩʜʚʠʛʘʭ ʚʪʦʨʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ. ɽʩʣʠ ʪʦʯʢʘ ʧʨʠʥʘʜʣʝʞʠʪ ʧʝʨ-

ʚʦʤʫ ʪʝʣʫ, ʥʦ ʥʦʨʤʘʣʴʥʘʷ ʨʝʘʢʮʠʷ ʥʝʧʦʜʚʠʞʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ 1 ʠ ʚʩʝ ʚʨʝʤʷ ʥʘʧʨʘʚʣʝ-

ʥʘ ʧʦ ʦʩʠ ʵʣʝʤʝʥʪʘ. ɽʩʣʠ ʪʦʯʢʘ ʧʨʠʥʘʜʣʝʞʠʪ ʚʪʦʨʦʤʫ ʪʝʣʫ, ʪʦ ʥʦʨʤʘʣʴʥʘʷ ʨʝʘʢʮʠʷ  ʩʤʝ-

ʱʘʝʪʩʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʤʝʩʪʝ ʩʦ ʚʪʦʨʳʤ ʪʝʣʦʤ, ʦʩʪʘʚʘʷʩʴ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ 

ʵʣʝʤʝʥʪʘ. 

 

ʘ)    b)     c) 

ʈʠʩ. 3.263. ʇʦʣʦʞʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʩʤʝʱʝʥʠʷʭ ʚʪʦʨʦʛʦ ʪʝʣʘ.  

ʂʦʥʪʘʢʪʥʘʷ ʪʦʯʢʘ ʧʨʠʥʘʜʣʝʞʠʪ ʚʪʦʨʦʤʫ ʪʝʣʫ (b) ʠ ʧʝʨʚʦʤʫ ʪʝʣʫ (c) 

¶ ʌʠʢʪʠʚʥʦʝ ʪʝʣʦ 

ʇʨʠ ʚʢʣʶʯʝʥʥʦʡ ʦʧʮʠʠ ʤʦʜʝʣʴ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚʢʣʶʯʘʝʪ ʬʠʢʪʠʚʥʦʝ ʪʝʣʦ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʩʤʝʱʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ ʪʝʣʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ɺʪʦʨʦʝ ʪʝʣʦ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʠʤʝʥʥʦ ʩ ʬʠʢʪʠʚʥʳʤ ʪʝʣʦʤ. 

 

ʈʠʩ. 3.264. ʇʘʨʘʤʝʪʨʳ ʫʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʩʚʷʟʠ ʬʠʢʪʠʚʥʦʛʦ ʪʝʣʘ ʩ ʪʝʣʦʤ 

1 

ʇʨʠ ʩʤʝʱʝʥʠʠ ʬʠʢʪʠʚʥʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ ʚʦʟʥʠʢʘʝʪ ʣʠʥʝʡʥʘʷ ʫʧʨʫʛʦ-

ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʠʣʘ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʟʘʜʘʪʴ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʝʞʠʤʝ ʬʠʢʪʠʚʥʦʛʦ ʪʝʣʘ ʥʘʭʦʜʠʪʩʷ ʚ ɻʣʘʚʝ 2, 

ʧ. ʉʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ / ʉʧʝʮʠʘʣʴʥʳʝ ʩʠʣʳ / ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʪʨʝʥʠʝ. 

 

¶ ɿʘʟʦʨ 

ɼʘʥʥʘʷ ʦʧʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʦʡ ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʘʭ 2D ʠ ʬʠʢʪʠʚʥʦʛʦ ʪʝʣʘ. ʇʨʠ 

ʚʢʣʶʯʝʥʠʠ ʦʧʮʠʠ ʧʦʷʚʣʷʝʪʩʷ ʟʘʢʣʘʜʢʘ ɿʘʟʦʨ, ʥʘ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʟʘʜʘʪʴ ʝʛʦ ʧʘʨʘʤʝʪʨʳ. 
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ɿʘʟʦʨ ʦʟʥʘʯʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʩʤʝʱʝʥʠʝ ʬʠʢʪʠʚʥʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ 1, ʣʠʙʦ 

ʪʝʣʘ 2 ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʠʢʪʠʚʥʦʛʦ ʪʝʣʘ. 

ɺ ʧʦʣʷʭ Min , Max ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʛʨʘʥʠʮʳ ʜʦʧʫʩʪʠʤʦʛʦ ʩʤʝʱʝʥʠʷ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʥʷʪʠʠ ʟʘʟʦʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ɻʣʘʚʝ 2, ʧ. ʉʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ / ʉʧʝʮʠʘʣʴʥʳʝ 

ʩʠʣʳ / ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʪʨʝʥʠʝ. 

 

 

ʈʠʩ. 3.265. ʇʘʨʘʤʝʪʨʳ ʟʘʟʦʨʘ 
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3.5.12.8.4. ʂʫʣʘʯʦʢ 

ʂʫʣʘʯʦʢ ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʢʦʥʪʘʢʪʥʦʝ ʩʠʣʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʘʨʳ ʪʝʣ, ʩʤ. ɻʣʘʚʫ 2, 

ʉʧʝʮʠʘʣʴʥʳʝ ʩʠʣʳ/ʂʫʣʘʯʦʢ. 

ʇʨʠʤʝʨ ʦʧʠʩʘʥʠʷ ʠ/ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 

ʤʦʜʝʣʴ {ɼʘʥʥʳʝ ʋʄ} \Samples\Mechanisms\cams. 

 

  

ʈʠʩ. 3.266. ʇʘʨʘʤʝʪʨʳ ʢʫʣʘʯʢʘ 

ʇʘʨʘʤʝʪʨʳ ʧʘʨʳ ʢʫʣʘʯʦʢ-ʧʦʨʰʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.266. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦ-

ʜʝʣʴ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʘʣʦʛʠʯʥʘ ʤʦʜʝʣʠ ʢʦʥʪʘʢʪʥʦʡ ʩʠʣʳ ʦʧʠʩʘʥʥʦʡ ʚ ɻʣʘʚʝ 2, 

ʧ. ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʘ ʪʠʧʘ ʢʫʣʘʯʦʢ ʧʝʨʝʡʜʠʪʝ ʥʘ ʚʢʣʘʜʢʫ ʉʧʝʮ. 

ʩʠʣ,r ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ ʜʦʙʘʚʴʪʝ ʵʣʝʤʝʥʪ ʢ ʩʧʠʩʢʫ ʩʠʣ ʠ ʚʳʙʝʨʠʪʝ ʪʠʧ ï ʂʫʣʘʯʦʢ. ɺ 

02_um_technical_manual.pdf
../SAMPLES/Mechanisms/cams/input.dat
02_um_technical_manual.pdf


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-268 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ʨʝʟʫʣʴʪʘʪʝ ʚ ʠʥʩʧʝʢʪʦʨʝ ʦʪʦʙʨʘʟʷʪʩʷ ʧʦʣʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʢʫʣʘʯ-

ʢʘ (ʊʝʣʦ 1) ʠ ʧʦʨʰʥʷ (ʊʝʣʦ 2). ɺ ʧʦʣʷʭ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ: 

¶ ʭʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ ʚ ʉʂ ʢʘʞʜʦʛʦ ʪʝʣʘ. ʇʝʨʚʘʷ ʪʦʯʢʘ ï ʵʪʦ ʪʦʯʢʘ ʧʣʦʩʢʦʩʪʠ, ʩʦʜʝʨ-

ʞʘʱʝʡ ʧʨʦʬʠʣʴ ʢʫʣʘʯʢʘ (ʧʨʠ ʟʘʜʘʥʠʠ ʧʨʦʬʠʣʷ ʚ ʨʝʜʘʢʪʦʨʝ ʢʨʠʚʳʭ). ɺʪʦʨʘʷ ʪʦʯʢʘ  ï 

ʵʪʦ ʪʦʯʢʘ ʢʦʥʪʘʢʪʘ (ʪʠʧ ʢʦʥʪʘʢʪʘ ï ʊʦʯʢʘ), ʪʦʯʢʘ ʥʘ ʦʩʠ ʨʦʣʠʢʘ (ʪʠʧ ʢʦʥʪʘʢʪʘ ï ʈʦ-

ʣʠʢʦʚʳʡ) ʠʣʠ ʪʦʯʢʘ ʧʣʦʩʢʦʩʪʠ (ʪʠʧ ʢʦʥʪʘʢʪʘ ï ʇʣʦʩʢʦʩʪʴ); 

¶ ʧʨʦʬʠʣʴ ʢʫʣʘʯʢʘ ï ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ ʢʘʢ ʧʨʦʬʠʣʴ ʛʨʘʬʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʦʙʨʘʟʘ 

ʧʝʨʚʦʛʦ ʪʝʣʘ (ʇʦ ʛʨʘʬʠʯʝʩʢʦʤʫ ʦʙʨʘʟʫ ʪʝʣʘ) ʠʣʠ ʢʘʢ ʧʣʦʩʢʘʷ ʟʘʤʢʥʫʪʘʷ ʢʨʠʚʘʷ, ʩʦ-

ʟʜʘʥʥʘʷ ʚ ʈʝʜʘʢʪʦʨʝ ʢʨʠʚʳʭ (ɿʘʜʘʥ ʦʪʜʝʣʴʥʦ). ʀʩʧʦʣʴʟʫʡʪʝ ʬʣʘʞʦʢ 

ʆʜʥʦʩʪʦʨʦʥʥʠʡ ʢʦʥʪʘʢʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʢʦʥʪʘʢʪʘ; 

¶ ʚ ʩʣʫʯʘʝ ʧʦʪʦʯʝʯʥʦ ʟʘʜʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠ-

ʥʘʪ ʪʝʣʘ ʟʘʜʘʝʪʩʷ ʪʦʯʢʦʡ, ʥʦʨʤʘʣʴʶ ʢ ʧʣʦʩʢʦʩʪʠ ʧʨʦʬʠʣʷ ʠ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ ʧʨʦʬʠ-

ʣʷ ʚʦʢʨʫʛ ʥʦʨʤʘʣʠ; 

¶ ʧʨʦʬʠʣʴ ʢʫʣʘʯʢʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʙʨʘʟʝ ʪʝʣʘ 1 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʜʥʦʛʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: 

¶ ʢʦʥʫʩ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʨʘʜʠʫʩʳ ʧʨʠ ʚʝʨʰʠʥʝ ʠ ʦʩʥʦʚʘʥʠʠ ʦʜʠʥʘʢʦʚʳʝ; 

¶ ʵʣʣʠʧʩ ʩ ʨʘʚʥʳʤʠ ʧʦʣʫʦʩʷʤʠ (ʦʢʨʫʞʥʦʩʪʠ) 

¶ ʧʨʦʬʠʣʴʥʳʡ ʵʣʝʤʝʥʪ (ʧʨʦʬʠʣʴ ʪʠʧʘ ʂʨʠʚʘʷ 2D, ʦʩʝʚʘʷ ʣʠʥʠʷ ï ʧʨʷʤʘʷ), ʩʤ. 

ʧ. 3.5.8.2.8. "ʇʨʦʬʠʣʴʥʳʡ", c. 3-136. 

¶ ʧʘʨʘʤʝʪʨʳ ʧʦʨʰʥʷ. ɿʜʝʩʴ ʚʚʦʜʷʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʧʦʢʦʷ ʠ ʩʢʦʣʴʞʝʥʠʷ 

(ʢʨʦʤʝ ʪʠʧʘ ʢʦʥʪʘʢʪʘ ï ʈʦʣʠʢʦʚʳʡ), ʞʝʩʪʢʦʩʪʠ ʠ ʜʠʩʩʠʧʘʮʠʠ ʜʣʷ ʢʦʥʪʘʢʪʘ ʢʫʣʘʯʦʢ-

ʧʦʨʰʝʥʴ, ʘ ʪʘʢ ʞʝ ʨʘʜʠʫʩ ʨʦʣʠʢʘ (ʪʠʧ ʢʦʥʪʘʢʪʘ ï ʈʦʣʠʢʦʚʳʡ); 

¶ ʜʣʷ ʢʫʣʘʯʢʘ ʩ ʪʠʧʦʤ ʢʦʥʪʘʢʪʘ ʇʣʦʩʢʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ 

¶ ʚʥʝʰʥʶʶ ʥʦʨʤʘʣʴ ʢ ʧʣʦʩʢʦʩʪʠ ʧʦʨʰʥʷ; 

¶ ʪʠʧ ʢʦʥʪʘʢʪʘ ʂʘʯʝʥʠʝ/ʉʢʦʣʴʞʝʥʠʝ; ʪʠʧ ʂʘʯʝʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠ-

ʨʦʚʘʪʴ ʢʘʯʝʥʠʝ ʥʝʢʨʫʛʣʳʭ ʢʦʣʝʩ ʧʦ ʧʣʦʩʢʦʩʪʠ.  

 

ɺʩʝ ʜʘʥʥʳʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʦʨʤʘʣʠ ʧʣʦʩʢʦʩʪʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʝʯʝʥʠʷ ʢʫʣʘʯʢʘ, ʟʘʜʘʥ-

ʥʦʛʦ ʦʪʜʝʣʴʥʦ, ʧʘʨʘʤʝʪʨʠʟʫʶʪʩʷ. 
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3.5.12.8.5. ʇʨʫʞʠʥʘ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ɻʣʘʚʝ 2, ʧʧ. ʉʧʝʮʠʘʣʴʥʳʝ ʩʠʣʳ/ʇʨʫʞʠʥʘ, 

ʆʙʦʙʱʝʥʥʳʡ ʣʠʥʝʡʥʳʡ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ. 

ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʠʩʘʥʠʝ ʧʨʫʞʠʥʳ ʩʦʚʧʘʜʘʝʪ ʩ ʦʧʠʩʘʥʠʝ ʫʧʨʫʛʦʛʦ ʦʙʦʙʱʝʥʥʦʛʦ 

ʣʠʥʝʡʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ (ʧ. 3.5.12.5.2. "ʆʩʦʙʝʥʥʦʩʪʠ ʟʘʜʘʥʠʷ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ", 

c. 3-236), ʘ ʠʤʝʥʥʦ: 

¶ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ (ʧ. 3.5.6. "ʅʘʟʥʘʯʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʩʠʣʦʚʳʤ ʵʣʝʤʝʥʪʘʤ ʠ 

ʰʘʨʥʠʨʫ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʦʛʦ ʩʪʝʨʞʥʷ", c. 3-109) 

¶ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ A, B2, 

¶ ʦʨʠʝʥʪʘʮʠʷ ʉʂB2, 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʥʦʧʦʢ ʈʘʩʩʯʠʪʘʪʴ ʜʣʷ ʚʪʦʨʦʛʦ ʪʝʣʘ ʠ ʢʣʶʯʘ ɸʚʪʦʨʘʩʯʝʪ ʜʣʷ ʚʪʦ-

ʨʦʛʦ ʪʝʣʘ, 

¶ ʩʪʘʮʠʦʥʘʨʥʘʷ ʩʠʣʘ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʫʯʠʣ ʦʧʠʩʘʥʠʝ ʦʙʦʙʱʝʥ-

ʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ. 

ɿʜʝʩʴ ʤʳ ʦʩʪʘʥʦʚʠʤʩʷ ʣʠʰʴ ʥʘ ʦʩʦʙʝʥʥʦʩʪʷʭ ʦʧʠʩʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʩʠʣʳ ʇʨʫʞʠʥʘ. 

1. ɺʤʝʩʪʦ ʪʦʯʢʠ B1 ʚʚʦʜʠʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ: ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ ʧʨʫʞʠʥʳ ʚ 

ʉʂ ʧʝʨʚʦʛʦ ʪʝʣʘ (ʨʘʜʠʦ-ʛʨʫʧʧʘ ʅʘʧʨʘʚʣʝʥʠʝ) ʠ ʜʣʠʥʘ ʧʨʫʞʠʥʳ ʧʦʜ ʥʘʛʨʫʟʢʦʡ, ʟʘʜʘʥ-

ʥʦʡ ʚ ʧʦʣʷʭ ʛʨʫʧʧʳ ʉʪʘʮʠʦʥʘʨʥʘʷ ʩʠʣʘ. ɽʩʣʠ ʩʪʘʮʠʦʥʘʨʥʘʷ ʩʠʣʘ ʥʫʣʝʚʘʷ, ʪʦ ʚʚʦʜʠʪ-

ʩʷ ʜʣʠʥʘ ʧʨʫʞʠʥʳ ʚ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

2. ʅʘ ʟʘʢʣʘʜʢʝ ʇʘʨʘʤʝʪʨʳ ʟʘʜʘʶʪʩʷ  

¶ ʩʪʘʮʠʦʥʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ (ʪʦ ʝʩʪʴ ʟʥʘʯʝʥʠʝ ʧʨʠ ʥʫʣʝʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠ ʧʨʠ ʟʘʜʘʥ-

ʥʦʡ ʜʣʠʥʝ ʧʨʫʞʠʥʳ); 

¶ ʪʠʧ ʟʘʜʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʧʨʫʞʠʥʳ: 

¶ ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʙʨʫʩ: ʨʘʩʯʝʪ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʬʦʨʤʫʣʘʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʝʦ-

ʨʠʠ ʧʨʫʞʠʥʳ ʥʘ ʙʘʟʝ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʙʨʫʩʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʫʞʠʥʳ 

(ʜʠʘʤʝʪʨ ʧʨʫʪʢʘ, ʨʘʜʠʫʩ, ʯʠʩʣʦ ʚʠʪʢʦʚ ʠ ʪ.ʜ.); ʧʦ ʢʥʦʧʢʝ  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʛʨʘʬʠ-

ʢʠ ʧʦʧʝʨʝʯʥʦʡ ʠ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʞʘʪʠʷ ʧʨʫʞʠʥʳ. 

 

¶ ʕʢʩʧʝʨʠʤʝʥʪ: ʟʘʜʘʥʠʝ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ (ʚ ʪʦʤ ʯʠʩ-

ʣʝ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʭ) ʠʣʠ ʧʝʨʝʤʝʥʥʳʭ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʨʦʜʦʣʴʥʦʛʦ ʩʞʘʪʠʷ ʧʨʫ-

ʞʠʥʳ ʚ ʚʠʜʝ ʧʦʪʦʯʝʯʥʦʛʦ ʛʨʘʬʠʢʘ; ʜʣʷ ʚʚʦʜʘ ʛʨʘʬʠʢʘ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʥʦʧʢʫ 

. 

ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠʣʠ ʟʘʜʘʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʣʝʜʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ: 

¶ ʧʨʦʜʦʣʴʥʘʷ Cl (longitudinal), ʅ/ʤ 

¶ ʩʜʚʠʛʦʚʘʷ (ʧʦʧʝʨʝʯʥʘʷ) Cs (shear), ʅ/ʤ 

¶ ʠʟʛʠʙʥʘʷ Cphi, ʅʤ 
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¶ ʥʘ ʢʨʫʯʝʥʠʝ Ca, ʅʤ. 

 

   

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ A 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ B2 

ʆʨʠʝʥʪʘʮʠʷ ʉʂB2 

ʈʠʩ. 3.267. ʇʘʨʘʤʝʪʨʳ ʧʨʫʞʠʥʳ 
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3.5.12.8.6. ɿʫʙʯʘʪʘʷ ʨʝʡʢʘ 

ɿʫʙʯʘʪʘʷ ʨʝʡʢʘ ï ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʨʝʡʢʠ ʩ ʟʫʙʯʘʪʳʤ ʢʦʣʝʩʦʤ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʜʦʙʥʘ ʦʧʠʩʘʥʥʦʡ ʚ ɻʣʘʚʝ 2, ʧ. ɿʫʙʯʘʪʦʝ ʟʘʮʝʧ-

ʣʝʥʠʝ. 

ɼʣʷ ʟʘʜʘʥʠʷ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʰʝʩʪʝʨʝʥʢʠ ʠ ʨʝʡʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʭʘʨʘʢʪʝʨ-

ʥʳʝ ʪʦʯʢʠ (ʮʝʥʪʨ ʰʝʩʪʝʨʝʥʢʠ ʠ ʪʦʯʢʘ ʥʘ ʦʩʠ ʨʝʡʢʠ), ʨʘʜʠʫʩ ʰʝʩʪʝʨʝʥʢʠ, ʦʩʠ (ʦʩʴ ʚʨʘʱʝ-

ʥʠʷ ʰʝʩʪʝʨʝʥʢʠ ʠ ʦʩʴ ʨʝʡʢʠ), ʞʝʩʪʢʦʩʪʴ ʠ ʜʠʩʩʠʧʘʮʠʶ ʚ ʟʘʮʝʧʣʝʥʠʠ ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʢʦʥ-

ʪʘʢʪʥʦʡ ʪʦʯʢʝ. 

ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʵʪʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʩʝʡ, ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʤʝʪʨʠ-

ʟʦʚʘʥʳ. 

 

ʈʠʩ. 3.268. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘ çɿʫʙʯʘʪʘʷ ʨʝʡʢʘè 

ʇʨʠʤʝʨ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʨʝʡʢʠ ʩ ʢʦʣʝʩʦʤ ʧʨʠʚʝʜʝʥ ʚ ʤʦʜʝʣʠ ʩʠ-

ʩʪʝʤʳ ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3.269 (ʤʦʜʝʣʴ ʘʚʪʦʤʦʙʠʣʷ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʢʘʪʘʣʦʛʝ ʧʨʠʤʝʨʦʚ {ɼʘʥʥʳʝ ʋʄ}\Samples\Automotive\Vaz21_09). 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-272 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.269. ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʚ ʤʦʜʝʣʠ ʨʫʣʝʚʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʦʙʠʣʷ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-273 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.8.7. ʉʘʡʣʝʥʪ-ʙʣʦʢ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘ ʵʪʦʛʦ ʪʠʧʘ ʦʧʠʩʘʥʘ ʚ ɻʣʘʚʝ 2, ʧ. ʉʧʝʮʠʘʣʴʥʳʝ ʩʠ-

ʣʳ/ʉʘʡʣʝʥʪ-ʙʣʦʢ. ɺ ʨʝʞʠʤʝ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʩʘʡʣʝʥʪ-ʙʣʦʢ ʨʠ-

ʩʫʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʚʦʣʦʯʥʦʛʦ ʢʨʘʩʥʦʛʦ ʮʠʣʠʥʜʨʘ. ʋʢʘʟʳʚʘʶʪʩʷ ʪʘʢʞʝ ʧʦʣʦʞʝʥʠʷ ʉʂʊ1, 

ʉʂʊ2. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʘʡʣʝʥʪ-ʙʣʦʢʘ ʥʝʦʙʭʦʜʠʤʦ: 

¶ ʫʩʪʘʥʦʚʠʪʴ ʧʦʣʦʞʝʥʠʷ ʉʂʊ1 (ʊʝʣʦ 1) ʠ ʉʂʊ2 (ʊʝʣʦ2), ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥ-

ʜʘʨʪʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʟʘʜʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʉʂ; ʢʘʢ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʦʚ ʩʜʚʠʛʦʚ, ʪʘʢ ʠ 

ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʳ; 

¶ ʚʳʙʨʘʪʴ ʪʠʧ ʵʣʝʤʝʥʪʘ ʃʠʥʝʡʥʳʡ/ʇʦʪʦʯʝʯʥʳʡ/ʆʙʦʙʱʝʥʥʳʡ. 

 

ʈʠʩ. 3.270. ʇʨʠʤʝʨ ʩʘʡʣʝʥʪ-ʙʣʦʢʘ: ʤʦʜʝʣʴ VAZ21_09 ʠʟ ʢʘʪʘʣʦʛʘ Samples/Automotive 

ɿʘʤʝʯʘʥʠʝ.  ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ ʩʘʡʣʝʥʪ-ʙʣʦʢ ʯʘʩʪʦ ʫʜʦʙʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʨʝʞʠʤ ʘʚʪʦʦʧʨʝʜʝʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʦʞʝʥʠʝ ʉʂʊ2 ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠ ʚʳʙʠʨʘʝʪʩʷ ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʉʂʊ1 ʧʨʠ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʦʨʜʠʥʘʪ 

ʦʙʲʝʢʪʘ. 

 

ɼʘʣʴʥʝʡʰʠʡ ʚʚʦʜ ʜʘʥʥʳʭ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʤʦʜʝʣʠ ʩʘʡʣʝʥʪ-ʙʣʦʢʘ.  
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-274 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.8.7.1. ɿʘʜʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʣʠʥʝʡʥʦʛʦ ʠ ʧʦʪʦʯʝʯʥʦʛʦ ʩʘʡʣʝʥʪ-ʙʣʦʢʘ 

ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʛʦ ʩʘʡʣʝʥʪ-ʙʣʦʢʘ ʚʚʝʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ ʠ ʜʠʩʩʠʧʘʮʠʠ ʧʨʠ 

ʩʜʚʠʛʘʭ (CX, CY, CZ) ʠ ʧʦʚʦʨʦʪʘʭ (CAX, CAY, CAZ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʉʂʊ1. 

ɺ ʩʣʫʯʘʝ ʧʦʪʦʯʝʯʥʦʛʦ ʟʘʜʘʥʠʷ ʵʣʝʤʝʥʪʘ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʡ ʜʠʩ-

ʩʠʧʘʮʠʠ ʠ ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʝʢʮʠʡ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʤʝ-

ʱʝʥʠʡ ʠ ʧʦʚʦʨʦʪʦʚ. 

 

ʘ)     ʙ)    ʚ) 

ʈʠʩ. 3.271. ʘ) ʃʠʥʝʡʥʳʡ ʩʘʡʣʝʥʪ-ʙʣʦʢ ʪʠʧʘ ʧʦʜʘʪʣʠʚʦʛʦ ʩʬʝʨʠʯʝʩʢʦʛʦ ʰʘʨʥʠʨʘ ʘ) ʅʝʣʠ-

ʥʝʡʥʳʡ ʩʘʡʣʝʥʪ-ʙʣʦʢ ʙ) ɿʘʢʣʘʜʢʘ ʟʘʜʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʉʂʊ1 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʟʘʜʘʪʴ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʧʨʠ ʩʦʚʧʘʜʘʶʱʠʭ ʉʂʊ1, 

ʉʂʊ2 Ὂȟὓ  (FX, FY, FZ, MX, MY, MZ) ʠ/ʠʣʠ ʩʪʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʉʂʊ2, ʉʂʊ1 

ЎὶȟЎ“ (d_x, d_y, d_z, d_ax, d_ay, d_az). 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-275 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

 

ʈʠʩ. 3.272. ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʩʘʡʣʝʥʪ-ʙʣʦʢʘ, ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʦʧʠʨʘʥʠʝ ʙʦʢʦ-

ʚʠʥʳ ʠ ʟʘʟʦʨʳ ʚ ʙʫʢʩʦʚʦʤ ʫʟʣʝ ʪʨʝʭʵʣʝʤʝʥʪʥʦʡ ʪʝʣʝʞʢʠ ʛʨʫʟʦʚʦʛʦ ʚʘʛʦʥʘ 

ɿʘʤʝʯʘʥʠʝ.  ʇʨʠ ʟʘʜʘʥʠʠ ʧʦʪʦʯʝʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʠʥʠʤʘʝʪʩʷ ʩʦʛʣʘʰʝʥʠʝ ʦ ʟʥʘʢʘʭ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʤʫ ʩʤʝʱʝʥʠʶ ʠʣʠ ʧʦʚʦʨʦʪʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʫʧʨʫʛʦʡ ʩʠʣʳ ʠʣʠ ʤʦʤʝʥʪʘ ʥʘ ʛʨʘʬʠʢʝ, ʢʘʢ ʵʪʦ ʫʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ ʩʚʝʨʭʫ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-276 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.8.7.2. ɿʘʜʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʙʱʝʥʥʦʛʦ ʩʘʡʣʝʥʪ-ʙʣʦʢʘ 

ɺ ʩʣʫʯʘʝ ʦʙʦʙʱʝʥʥʦʛʦ ʩʘʡʣʝʥʪ-ʙʣʦʢʘ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʤʦʜʝʣʠ ʧʨʦʝʢʮʠʡ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ 

ʥʘ ʦʩʠ ʉʂʊ1, ʨʠʩ. 3.273. ʇʦʣʴʟʦʚʘʪʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʣʶʙʦʡ ʪʠʧ ʩʢʘʣʷʨʥʦʡ ʩʠʣʳ ʜʣʷ ʦʧʠ-

ʩʘʥʠʷ ʢʘʞʜʦʡ ʠʟ ʧʨʦʝʢʮʠʡ, ʧ. 3.5.12.2. "ʆʧʠʩʘʥʠʝ ʩʢʘʣʷʨʥʳʭ ʩʠʣ", c. 3-207. ɹʣʘʛʦʜʘʨʷ ʵʪʦ-

ʤʫ ʤʦʜʝʣʴ ʜʘʥʥʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʪʝʣ ʚ UM. 

 

ʈʠʩ. 3.273. ʇʘʨʘʤʝʪʨʳ ʦʙʦʙʱʝʥʥʦʛʦ ʩʘʡʣʝʥʪ-ʙʣʦʢʘ 

ʄʦʜʝʣʠ:  

{ɼʘʥʥʳʝ ʋʄ} \Samples\Library\Bushing\Bushing general; 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Library\Bushing\Bushing general Ext. 

  

../SAMPLES/LIBRARY/Bushing/Bushing%20general/input.dat
../SAMPLES/LIBRARY/Bushing/Bushing%20general%20Ext/input.dat


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-277 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.5.12.8.8. ʇʥʝʚʤʘʪʠʯʝʩʢʠʝ ʨʝʩʩʦʨʳ 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʘ ʦʧʠʩʘʥʳ ʚ ɻʣʘʚʝ 2, ʧ. ʇʥʝʚʤʘʪʠʯʝʩʢʠʝ ʨʝʩʩʦʨʳ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʘ ʧʝʨʝʡʜʠʪʝ ʥʘ ʩʧʠʩʦʢ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʣ ʚ ʩʧʠʩʢʝ ʵʣʝʤʝʥʪʦʚ ʦʙʲ-

ʝʢʪʘ ʠ ʩʦʟʜʘʡʪʝ ʩʧʝʮʠʘʣʴʥʫʶ ʩʠʣʫ ʪʠʧʘ ʇʥʝʚʤʦʨʝʩʩʦʨʘ. ʉʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ ʥʘʟʥʘʯʴʪʝ 

ʵʣʝʤʝʥʪʫ ʧʘʨʫ ʪʝʣ, ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʠ ʫʢʘʞʠʪʝ ʪʦʯʢʠ ʧʨʠʢʨʝʧʣʝʥʠʷ. ʇʝʨʝʡʜʠʪʝ ʟʘ ʟʘ-

ʢʣʘʜʢʫ ʇʘʨʘʤʝʪʨʳ ʠ ʚʳʙʝʨʠʪʝ ʦʜʥʫ ʠʟ ʤʦʜʝʣʝʡ ʧʥʝʚʤʦʨʝʩʩʦʨʳ. ɿʘʜʘʡʪʝ ʧʘʨʘʤʝʪʨʳ ʚʳ-

ʙʨʘʥʥʦʡ ʤʦʜʝʣʠ, ʨʠʩ. 3.274. 

 

ʈʠʩ. 3.274. ʇʘʨʘʤʝʪʨʳ ʧʥʝʚʤʦʨʝʩʩʦʨʳ 
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3.6. ʈʘʙʦʪʘ ʩ ʚʠʟʫʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

3.6.1. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

UM ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʤʦʱʥʳʡ ʠ ʫʜʦʙʥʳʡ  ʠʥʩʪʨʫʤʝʥʪ ʚʠʟʫ-

ʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ. ʂʦʤʧʦʥʝʥʪʘ ʤʦʞʝʪ ʜʦʙʘʚʠʪʴ ʢ ʦʙʲʝʢʪʫ ʧʦʣʥʦʩʪʴʶ ʧʘʨʘʤʝʪʨʠ-

ʟʦʚʘʥʥʳʡ ʵʣʝʤʝʥʪ ʠʣʠ ʛʨʫʧʧʫ ʵʣʝʤʝʥʪʦʚ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʠʩʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ 

ʚʠʟʫʘʣʴʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʝʨʝʜʘʝʪ ʵʣʝʤʝʥʪʳ ʥʝʦʙʭʦʜʠʤʫʶ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʥʘʧʨʠʤʝʨ, ʪʦʯʢʠ ʧʨʠʢʨʝʧʣʝʥʠʷ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ) ʩ ʧʦʤʦ-

ʱʴʶ ʪʦʯʝʢ ʩʚʷʟʠ, ʧ. 3.5.9.6. "ʊʦʯʢʠ ʩʚʷʟʠ", c. 3-168. ʉʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʠ ʧʦʜʩʪʨʫʢʪʫʨʳ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʨʤʝ ʢʦʤʧʦʥʝʥʪ: 

¶ ʪʝʣʦ 

¶ ʰʘʨʥʠʨ 

¶ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ 

¶ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʢʪ 

¶ ʧʦʜʩʠʩʪʝʤʘ 

¶ ʦʙʲʝʢʪ 

ɽʩʣʠ ʩʪʘʥʜʘʨʪʥʦʤʫ ʵʣʝʤʝʥʪʫ (ʪʝʣʫ, ʩʠʣʦʚʦʤʫ ʵʣʝʤʝʥʪʫ, ʰʘʨʥʠʨʫ) ʥʘʟʥʘʯʝʥ ʛʨʘʬʠʯʝ-

ʩʢʠʡ ʦʙʨʘʟ, ʪʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥ ʚ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʳ ʚʤʝʩʪʝ ʩʦ ʩʚʦʠʤ ʦʙʨʘʟʦʤ. 

ʂʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʘ ʬʘʡʣʘ: ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʩ ʦʧʠʩʘʥʠʝʤ ʢʦʤʧʦʥʝʥ-

ʪʳ ʥʘ ʷʟʳʢʝ UM ʠ ʛʨʘʬʠʯʝʩʢʠʡ ʬʘʡʣ (*.bmp), ʩʦʜʝʨʞʘʱʠʡ ʠʢʦʥʢʫ ʢʦʤʧʦʥʝʥʪʳ, ʜʣʷ ʝʝ ʚʠ-

ʟʫʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʟʘʢʣʘʜʢʝ ʙʠʙʣʠʦʪʝʢʠ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʦʥʝʥʪʳ ʩʪʘʥʜʘʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʠʤʝʝʪ ʩʧʝʮʠʘʣʴ-

ʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

¶ ʐʘʨʥʠʨʳ: *.jnt 

¶ ʊʝʣʘ: *.bdy 

¶ ɹʠʧʦʣʷʨʥʳʝ ʩʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ: *.bfc 

¶ ɻʨʘʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ: *.img 

¶ ʇʦʜʩʠʩʪʝʤʳ: *.sbs 

¶ ʆʙʦʙʱʝʥʥʳʝ ʣʠʥʝʡʥʳʝ ʩʠʣʦʚʳʝ ʝʣʝʤʝʥʪʳ: *.lfrc 

¶ ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ: *.cfrc 

¶ ʉʠʣʳ ʦʙʱʝʛʦ ʪʠʧʘ: *.afrc 

¶ ʉʧʝʮʠʘʣʴʥʳʝ ʩʠʣʳ *.sfrc 

ʂʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʳ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦ-

ʨʦʚ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʬʘʡʣʝ ʦʧʠʩʘʥʠʷ ʢʦʤʧʦʥʝʥʪʳ. 

ʇʨʠʤʝʨ ʬʘʡʣʘ ʢʦʤʧʦʥʝʥʪʳ (ʪʝʣʦ ʚʤʝʩʪʝ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ)  

with const;  

  cnst=(mbody, 100, "Mass");  

  cnst=(ibodyx, 12, "Moment of inertia X");  

  cnst=(ibodyy, 10, "Moment of inertia Y");  

  cnst=(ibodyz, 15, "Moment of inertia z");  

  cnst=(xcg, 0, "Center of gravity X");  

  cnst=(ycg, 0, "Center of gravity Y");  

  cnst=(zcg, 0.5, "Center of gravity Z");  

  cnst=(a, 0.3, "Depth");  

  cnst=(b, 0.4, "Width");  
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  cnst=(c, 0.7, "Height");  

 

with go;  

  name="Body image";  

   

  with ge; type= BAR;  

  VisibleSide=vsFront;  material=6520998,6520998,0,0,10,1;  

   

  width=1;  

  discret=1;  box=a,b,c;  

with body1; name="Body"; igrobj=1;  

  m=mbody; ixx=ibodyx; iyy=ibodyy; izz=ibodyz; rcx =xcg; rcy=ycg; rcz=zcg;  

 

ʈʠʩ. 3.275. ɿʘʢʣʘʜʢʠ ʙʠʙʣʠʦʪʝʢ ʢʦʤʧʦʥʝʥʪ 

ʂʦʤʧʦʥʝʥʪʳ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʙʠʙʣʠʦʪʝʢʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝ-

ʥʘ ʦʪʜʝʣʴʥʦʡ ʟʘʢʣʘʜʢʦʡ ʠʣʠ ʛʨʫʧʧʦʡ ʟʘʢʣʘʜʦʢ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʨʠʩ. 3.275) ʠʣʠ ʚ 

ʩʧʠʩʢʝ ʢʦʤʧʦʥʝʥʪ (ʨʠʩ. 3.276). ʉʧʠʩʦʢ ʢʦʤʧʦʥʝʥʪ, ʚʭʦʜʷʱʠʭ ʚ ʙʠʙʣʠʦʪʝʢʫ, ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʬʘʡʣʝ *.umc. 

ɺʤʝʩʪʝ ʩ UM ʧʦʩʪʘʚʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʙʠʙʣʠʦʪʝʢʠ: 

UMComponents: ʥʘʙʦʨ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʰʘʨʥʠʨʦʚ; 

Mates: ʥʘʙʦʨ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʦʧʨʷʞʝʥʠʡ, ʧ. 3.5.10.10. "ɺʚʦʜ ʩʦʧʨʷʞʝʥʠʡ", 

c. 3-199. 

Car|Wheels ï ʩʪʘʥʜʘʨʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʜʫʣʷ UM Automotive (ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʦʜʫʣʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ UM), ʩʤ. ɻʣʘʚʫ 12, ʧ. ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ ʘʚʪʦ-

ʤʦʙʠʣʝʡ | ɺʠʟʫʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ çʂʦʣʝʩʦè; 

ʩʪʘʥʜʘʨʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʜʫʣʷ UM Loco (ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʤʦʜʫʣʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ UM), ʩʤ. ɻʣʘʚʫ 8; ɻʣʘʚʫ 17.  

 

ʇʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʥʝʦʛʨʘʥʠʯʝʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʙʠʙʣʠʦʪʝʢ 

ʢʦʤʧʦʥʝʥʪ, ʩʦʟʜʘʚʘʷ ʙʘʟʳ ʜʘʥʥʳʭ ʪʠʧʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. 

  

12_um_automotive.pdf
08_um_loco.pdf
17_um_train3d.pdf


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-280 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.6.2. ʉʧʠʩʦʢ ʢʦʤʧʦʥʝʥʪ 

ʉʧʠʩʦʢ ʢʦʤʧʦʥʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʚʦʜʘ ʢʦʤʧʦʥʝʥʪ ʚ ʦʙʲʝʢʪ, ʪʦ ʝʩʪʴ ʦʥ ʜʫʙʣʠʨʫʝʪ 

ɿʘʢʣʘʜʢʠ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʏʪʦʙʳ ʜʦʙʘʚʠʪʴ ʢʦʤʧʦʥʝʥʪʫ ʚ ʦʙʲʝʢʪ, ʚ ʩʧʠʩʢʝ ʢʦʤʧʦʥʝʥʪ 

ʥʘʜ ʥʝʡ ʥʫʞʥʦ ʜʚʘʞʜʳ ʱʝʣʢʥʫʪʴ ʤʳʰʢʦʡ. 

 

ʈʠʩ. 3.276. ʉʧʠʩʦʢ ʢʦʤʧʦʥʝʥʪ 

3.6.3. ʈʝʞʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʝʞʠʤ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ 

ʌʫʥʢʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝ-

ʜʫʨʳ ʚʠʟʫʘʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ. ʆʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʝʣʘ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʤ ʥʘʣʘʛʘʝʤʳʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʠʣʠ ʩʠʣʦʚʳʤ ʩʚʷʟʷʤ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʪʫʘʮʠʷʤ, ʢʦʛʜʘ ʤʦʜʝʣʠ ʠʤʧʦʨʪʠʨʦʚʘʥʘ ʠʟ CAD ʧʨʦ-

ʛʨʘʤʤ, ʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʦʟʜʘʝʪ ʦʙʲʝʢʪ, ʩʪʨʦʛʦ ʩʣʝʜʷ ʟʘ ʧʦʣʦʞʝʥʠʝʤ ʢʘʞʜʦʛʦ ʠʟ ʪʝʣ ʩʠ-

ʩʪʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʳ. ʈʝʞʠʤ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʠʪʴ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʰʘʨʥʠʨʝ ʠʣʠ ʩʠʣʦʚʦʤ ʵʣʝʤʝʥʪʝ. 

 

ʇʨʠʤʝʨ. ʇʨʠ ʚʚʦʜʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʰʘʨʥʠʨʘ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʰʘʨʥʠʨʥʦʡ 

ʪʦʯʢʠ ʚ ʉʂ ʢʘʞʜʦʛʦ ʠʟ ʧʘʨʫ ʪʝʣ, ʩʦʝʜʠʥʝʥʥʳʭ ʰʘʨʥʠʨʦʤ. ɽʩʣʠ ʧʨʠ ʪʝʢʫʱʝʤ ʧʦʣʦʞʝʥʠʠ 

ʤʦʜʝʣʠ ʵʪʠ ʪʦʯʢʠ ʩʦʚʧʘʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0, ʪʦ ʚ ʨʝʞʠʤʝ ʘʚʪʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʦ-

ʩʪʘʪʦʯʥʦ ʫʢʘʟʘʪʴ ʪʦʯʢʫ, ʧʨʠʥʘʜʣʝʞʘʱʫʶ ʧʝʨʚʦʤʫ ʪʝʣʫ, ʘ ʢʦʦʨʜʠʥʘʪʳ ʚʪʦʨʦʡ ʪʦʯʢʠ ʚ ʉʂ 

ʚʪʦʨʦʛʦ ʪʝʣʘ ʙʫʜʫʪ ʨʘʩʩʯʠʪʘʥʳ ʧʨʦʛʨʘʤʤʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ɺ ʨʝʞʠʤʝ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʦʯʢʠ ʥʝ ʩʦʚʧʘʜʘʶʪ, ʠ ʩʣʝʜʫʝʪ ʚʠʟʫʘʣʴʥʦ ʚʳʙʨʘʪʴ ʦʙʝ. 
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3.6.4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʚʠʟʫʘʣʴʥʳʭ ʢʦʤ-

ʧʦʥʝʥʪ 

 

ʈʠʩ. 3.277. ʅʘʙʦʨ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʢʦʤʧʦʥʝʥʪʦʚ 

  

ʉʧʠʩʦʢ ʢʦʤʧʦʥʝʥʪ ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʚʠʟʫʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪ: cʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ (ʙʠʧʦʣʷʨʥʘʷ ʣʠʥʝʡʥʘʷ ʧʨʫʞʠʥʘ, ʙʠʧʦʣʷʨʥʘʷ ʣʠʥʝʡʥʘʷ 

ʧʨʫʞʠʥʘ ʩ ʜʝʤʧʬʠʨʦʚʘʥʠʝʤ, ʙʠʧʦʣʷʨʥʳʡ ʣʠʥʝʡʥʳʡ ʛʘʩʠʪʝʣʴ, ʣʠʥʝʡʥʘʷ ʧʨʫʞʠʥʘ, ʣʠʥʝʡ-

ʥʘʷ ʧʨʫʞʠʥʘ ʩ ʘʚʪʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ, ʣʠʥʝʡʥʳʡ ʦʙʦʙʱʸʥʥʳʡ ʫʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʳʡ 

ʵʣʝʤʝʥʪ, ʣʠʥʝʡʥʳʡ ʦʙʦʙʱʸʥʥʳʡ ʫʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʳʡ ʵʣʝʤʝʥʪ ʩ ʘʚʪʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠ-

ʝʤ, ʦʙʱʘʷ ʩʠʣʘ ï ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ); ʰʘʨʥʠʨʳ (ʚʨʘʱʘʪʝʣʴʥʳʡ ʰʘʨʥʠʨ, ʚʨʘʱʘʪʝʣʴʥʳʡ 

ʰʘʨʥʠʨ ʩ ʘʚʪʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ, ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ ʰʘʨʥʠʨ, ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ ʰʘʨʥʠʨ ʩ 

ʘʚʪʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ, ʢʘʨʜʘʥʦʚ ʰʘʨʥʠʨ, ʢʘʨʜʘʥʦʚ ʰʘʨʥʠʨ ʩ ʘʚʪʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ, 

ʩʬʝʨʠʯʝʩʢʠʡ ʰʘʨʥʠʨ, ʩʬʝʨʠʯʝʩʢʠʡ ʰʘʨʥʠʨ ʩ ʘʚʪʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ). 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-282 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

3.6.4.1. ɺʠʟʫʘʣʴʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʙʠʧʦʣʷʨʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ 

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʙʠʧʦʣʷʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

 

1. ʋʜʦʩʪʦʚʝʨʴʪʝʩʴ, ʯʪʦ ʪʝʣʘ ʠʤʝʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʪʦʯʢʠ ʩʚʷʟʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʦʯʢʘʤ 

ʧʨʠʢʨʝʧʣʝʥʠʷ ʵʣʝʤʝʥʪʘ. ɽʩʣʠ ʦʥʠ ʥʝ ʜʦʙʘʚʣʝʥʳ - ʜʦʙʘʚʴʪʝ ʠʭ (ʠʩʧʦʣʴʟʫʡʪʝ ʟʘʢʣʘʜʢʠ ʩʦ-

ʝʜʠʥʷʝʤʳʭ ʪʝʣ). 

2. ɺʳʙʝʨʠʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʦʤʧʦʥʝʥʪʫ ʥʘ ʧʘʥʝʣʠ ʢʦʤʧʦʥʝʥʪ (, , ). ʆʪ-

ʢʨʦʝʪʩʷ ʦʢʥʦ ʧʦʜʩʢʘʟʢʠ ʢʦʥʩʪʨʫʢʪʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʫʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪʦʙʨʘʞʘʪʴʩʷ 

ʰʘʛʠ ʜʦʙʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘ: 

2.1. "ɺʳʙʝʨʠʪʝ ʧʝʨʚʦʝ ʪʝʣʦ" - ʱʸʣʢʥʠʪʝ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʥʘ ʪʦʯʢʝ ʩʚʷʟʠ, ʧʨʠʥʘʜ-

ʣʝʞʘʱʝʡ ʧʝʨʚʦʤʫ ʪʝʣʫ.  

2.2. "ɺʳʙʝʨʠʪʝ ʚʪʦʨʦʝ ʪʝʣʦ" - ʱʸʣʢʥʠʪʝ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʥʘ ʪʦʯʢʝ ʩʚʷʟʠ, ʧʨʠʥʘʜ-

ʣʝʞʘʱʝʡ ʚʪʦʨʦʤʫ ʪʝʣʫ.   

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʥʝʢʦʪʦʨʳʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʙʠʧʦʣʷʨʥʦʡ ʩʠʣʳ 

ʠ ʝʝ ʛʨʘʬʠʯʝʩʢʦʤʫ ʦʙʨʘʟʫ ʧʨʠʩʚʦʝʥʳ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʩ ʠʤʝʥʘʤʠ, ʧʨʠʥʷʪʳʤʠ ʧʦ ʫʤʦʣʯʘ-

ʥʠʶ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʝʨʝʠʤʝʥʦʚʘʪʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʠʟʤʝʥʠʪʴ ʠʭ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝ-

ʥʠʷ 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘ: ʚʳʙʨʘʪʴ 

ʪʝʣʘ, ʩʦʝʜʠʥʷʝʤʳʝ ʵʣʝʤʝʥʪʦʤ, ʥʘʟʥʘʯʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʧʨʠʢʨʝʧʣʝʥʠʷ ʚ ʉʂ, ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʪʝʣʘʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʠ ʙʠʧʦʣʷʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ ʠʭ ʧʘʨʘʤʝʪʨʠ-

ʟʘʮʠʶ. 

 

 ɹʠʧʦʣʷʨʥʘʷ ʣʠʥʝʡʥʘʷ ʧʨʫʞʠʥʘ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ ʫʧʨʫʛʠʤ ʙʠʧʦʣʷʨʥʳʤ ʵʣʝ-

ʤʝʥʪʦʤ ʙʝʟ ʜʠʩʩʠʧʘʮʠʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ: 

F=-c*(x-x0)  

ʛʜʝ ʩ ï ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʧʫʞʠʥʳ, x ï ʪʝʢʫʱʘʷ ʜʣʠʥʘ, x0 ï ʜʣʠʥʘ ʚ ʥʝʥʘʛʨʫʞʝʥ-

ʥʦʤ (ʥʝʨʘʩʪʷʥʫʪʦʤ) ʩʦʩʪʦʷʥʠʠ. 

 

ʈʠʩ. 3.278. ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʙʠʧʦʣʷʨʥʦʡ ʣʠʥʝʡʥʦʡ ʧʨʫʞʠʥʳ 
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ʈʠʩ. 3.279. ʇʘʨʘʤʝʪʨʳ ʙʠʧʦʣʷʨʥʦʡ ʣʠʥʝʡʥʦʡ ʧʨʫʞʠʥʳ ʚ ʠʥʩʧʝʢʪʦʨʝ 

  

ʈʠʩ. 3.280. ɻʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʙʠʧʦʣʷʨʥʦʡ ʣʠʥʝʡʥʦʡ ʧʨʫʞʠʥʳ 

ɼʚʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ, ʧʘʨʘʤʝʪʨʠʟʫʶʱʠʝ ʜʘʥʥʳʡ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ: bfrc_spring_r ʠ 

bfrc_spring_drod ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʘʬʠʯʝʢʦʤʫ ʦʙʨʘʟʫ. ʀʟʤʝʥʥʷ ʠʭ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʜʭʦʜʷ-

ʱʝʝ ʠʟʦʙʨʘʞʝʥʠʝ. 

 ï ɹʠʧʦʣʷʨʥʘʷ ʣʠʥʝʡʥʘʷ ʧʨʫʞʠʥʘ ʩ ʜʝʤʧʬʠʨʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ ʫʧʨʫ-

ʛʠʤ ʙʠʧʦʣʷʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩ ʜʠʩʩʠʧʘʮʠʝʡ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ: 

F=-c*(x-x0)-d*v  

ʛʜʝ ʩ,d ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ ʠ ʜʠʩʩʠʧʘʮʠʠ, x,v ï ʪʝʢʫʱʘʷ ʜʣʠʥʘ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʘʷ 

ʧʦ ʚʨʝʤʝʥʠ, x0 ï ʜʣʠʥʘ ʚ ʥʝʥʘʛʨʫʞʝʥʥʦʤ (ʥʝʨʘʩʪʷʥʫʪʦʤ) ʩʦʩʪʦʷʥʠʠ. 

  

ʈʠʩ. 3.281. ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʙʠʧʦʣʷʨʥʦʡ ʣʠʥʝʡʥʦʡ ʧʨʫʞʠʥʳ ʩ ʜʠʩʩʠʧʘʮʠʝʡ 

 

ʈʠʩ. 3.282. ʇʘʨʘʤʝʪʨʳ ʙʠʧʦʣʷʨʥʦʡ ʣʠʥʝʡʥʦʡ ʧʨʫʞʠʥʳ ʩ ʜʠʩʩʠʧʘʮʠʝʡ ʚ ʠʥʩʧʝʢʪʦʨʝ 
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ʈʠʩ. 3.283. ɻʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʙʠʧʦʣʷʨʥʦʡ ʣʠʥʝʡʥʦʡ ʧʨʫʞʠʥʳ ʩ ʜʠʩʩʠʧʘʮʠʝʡ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ bfrc_dampspr_r ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʘʬʠʯʝʢʦʤʫ ʦʙʨʘʟʫ ʵʣʝʤʝʥʪʘ. ʀʟʤʝʥʥʷ 

ʝʛʦ ʟʥʘʯʝʥʠʝ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʜʭʦʜʷʱʝʝ ʧʦ ʨʘʟʤʝʨʘʤ ʠʟʦʙʨʘʞʝʥʠʝ. 

 ï ɹʠʧʦʣʷʨʥʳʡ ʣʠʥʝʡʥʳʡ ʛʘʩʠʪʝʣʴ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ ʜʠʩʩʠʧʘʪʠʚʥʳʤ ʙʠʧʦ-

ʣʷʨʥʳʤ ʵʣʝʤʝʥʪʦʤ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ: 

F=-d*v  

ʛʜʝ d ï ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ, v ï ʪʝʢʫʱʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʜʣʠʥʳ ʵʣʝʤʝʥʪʘ ʧʦ ʚʨʝʤʝʥʠ. 

 

ʈʠʩ. 3.284. ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʙʠʧʦʣʷʨʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʛʘʩʠʪʝʣʷ 

 

ʈʠʩ. 3.285. ʇʘʨʘʤʝʪʨʳ ʙʠʧʦʣʷʨʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʛʘʩʠʪʝʣʷ 

 

ʈʠʩ. 3.286. ɻʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʙʠʧʦʣʷʨʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʛʘʩʠʪʝʣʷ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ bfrc_damper_r, bfrc_damper_l0 ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʘʬʠʯʝʢʦʤʫ ʦʙʨʘʟʫ ʵʣʝ-

ʤʝʥʪʘ. ʀʟʤʝʥʥʷ ʠʭ ʟʥʘʯʝʥʠʷ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʜʭʦʜʷʱʝʝ ʧʦ ʨʘʟʤʝʨʘʤ ʠʟʦʙʨʘʞʝʥʠʝ. 

ɿʘʤʝʯʘʥʠʝ. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʚ ʤʦʜʝʣʴ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʵʣʝʤʝʥʪʘ ʦʜʥʦʛʦ ʪʠʧʘ 

(ʥʘʧʨʠʤʝʨ, ʥʝʩʢʦʣʴʢʦ ʙʠʧʦʣʷʨʥʳʭ ʣʠʥʝʡʥʳʭ ʧʨʫʞʠʥ), ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʣʠ ʩʠʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʦʰʠʙʦʢ ʧʨʝʜʧʦʯʪʠ-

ʪʝʣʴʥʦ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʠʟʤʝʥʷʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʠʤʝʥʘ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʥʘ ʦʨʠʛʠʥʘʣʴʥʳʝ.  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 3-285 ɻʣʘʚʘ 3. ʇʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʜʘʥʥʳʭ 

 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʩʠʩʪʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ  ʜʚʝ ʙʠʧʦʣʷʨʥʳʝ ʣʠʥʝʡʥʳʝ ʧʨʫʞʠʥʳ ʩ 

ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʧʘʨʘʤʝʪʨʘʤʠ (ʇʨʫʞʠʥʘ 1 ï ʞʸʩʪʢʦʩʪʴ 100 ʅ/ʤ, ʜʣʠʥʘ ʚ ʥʝʨʘʩʪʷʥʫʪʦʤ 

ʩʦʩʪʦʷʥʠʠ 1ʤ; ʇʨʫʞʠʥʘ 2 ï ʞʸʩʪʢʦʩʪʴ 1000 ʅ/ʤ, ʜʣʠʥʘ ʚ ʥʝʨʘʩʪʷʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ 0.1ʤ), ʪʦ 

ʧʨʘʚʠʣʴʥʝʝ ʙʫʜʝʪ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʧʝʨʚʦʡ ʧʨʫʞʠʥʳ ʠ ʧʨʠʩʚʦʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʡ ʟʥʘʯʝʥʠʡ (bfrc_Spring_k = 100, bfrc_Spring_l0 = 1) ʧʝʨʝʠʤʝʥʦʚʘʪʴ ʠʜʝʥ-

ʪʠʬʠʢʘʪʦʨʳ bfrc_Spring_k, bfrc_Spring_l0 ʚ bfrc_Spring1_k, bfrc_Spring1_l0. ʇʨʠ ʜʦʙʘʚʣʝ-

ʥʠʠ ʚʪʦʨʦʡ ʧʨʫʞʠʥʳ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʠʤʝʥʘʤʠ (bfrc_Spring_k, 

bfrc_Spring_l0) ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʫʜʝʪ, ʠ ʦʥʠ ʙʫʜʫʪ ʩʦʟʜʘʥʳ ʟʘʥʦʚʦ. ɺ ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ 

ʤʦʞʥʦ ʧʨʠʩʚʦʠʪʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤ ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʪʦʨʦʡ ʧʨʫʞʠʥʝ 

(bfrc_Spring_k = 1000, bfrc_Spring_l0 = 0.1).  
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3.6.5. ʉʦʟʜʘʥʠʝ ʙʠʙʣʠʦʪʝʢ ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ 

3.6.5.1. ʄʘʩʪʝʨ ʢʦʤʧʦʥʝʥʪ 

ʄʘʩʪʝʨ ʢʦʤʧʦʥʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʙʠʙʣʠʦʪʝʢ ʢʦʤʧʦ-

ʥʝʥʪ, ʨʠʩ. 3.287. ɼʣʷ ʚʳʟʦʚʘ ʤʘʩʪʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ ʤʝʥʶ ʀʥʩʪʨʫʤʝʥʪʳ | ʄʘʩʪʝʨ 

ʢʦʤʧʦʥʝʥʪ.  

ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʘʩʪʝʨʘ ʩʦʜʝʨʞʠʪ ʧʦʣʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʤʝʥʠ ʪʝʢʫʱʝʡ ʟʘʢʣʘʜʢʠ 

ʠ ʩʣʝʜʫʶʱʠʝ ʢʥʦʧʢʠ: 

 ï ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʡ ʟʘʢʣʘʜʢʠ (ʛʨʫʧʧʳ) ʙʠʙʣʠʦʪʝʢʠ ʢʦʤʧʦʥʝʥʪ; 

 ï ʫʜʘʣʝʥʠʝ ʪʝʢʫʱʝʡ ʟʘʢʣʘʜʢʠ (ʛʨʫʧʧʳ) ʙʠʙʣʠʦʪʝʢʠ ʢʦʤʧʦʥʝʥʪ; 

 ï ʦʪʢʨʳʪʴ ʙʠʙʣʠʦʪʝʢʫ ʢʦʤʧʦʥʝʥʪ; 

 ï ʩʦʭʨʘʥʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʢʫʱʝʡ ʙʠʙʣʠʦʪʝʢʝ ʠʣʠ ʩʦʭʨʘʥʠʪʴ ʥʦʚʫʶ ʙʠʙʣʠʦʪʝʢʫ; 

 ï ʩʦʭʨʘʥʠʪʴ ʪʝʢʫʱʫʶ ʙʠʙʣʠʦʪʝʢʫ ʧʦʜ ʜʨʫʛʠʤ ʠʤʝʥʝʤ. 

ʅʘ ʧʘʥʝʣʠ ʂʦʤʧʦʥʝʥʪʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʪʝʢʫʱʝʡ ʨʝʜʘʢʪʠʨʫʝʤʦʡ ʢʦʤʧʦʥʝʥ-

ʪʳ:  

¶ ʠʤ ̫ʢʦʤʧʦʥʝʥʪʳ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʠʤʷ ʟʘʢʣʘʜʢʠ ʚ ʤʘʩʪʝʨʝ),  

¶ ʧʦʜʩʢʘʟʢʘ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʤʝʥʠ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʧʠʩʢʝ ʢʦʤʧʦʥʝʥʪ ʠ ʢʘʢ 

ʧʦʜʩʢʘʟʢʘ ʧʨʠ ʥʘʚʝʜʝʥʠʠ ʫʢʘʟʘʪʝʣʷ ʤʳʰʠ ʥʘ ʢʦʤʧʦʥʝʥʪʫ ʥʘ ʟʘʢʣʘʜʢʘʭ ʢʦʤʧʦʥʝʥʪ),  

¶ ʧʫʪʴ ʜʦ ʬʘʡʣʘ ʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʥʝʥʪʫ,  

¶ ʦʙʨʘʟ ʢʥʦʧʢʠ (ʠʢʦʥʢʘ ʢʦʤʧʦʥʝʥʪʳ ʥʘ ʧʘʥʝʣʠ ʟʘʢʣʘʜʦʢ ʢʦʤʧʦʥʝʥʪ),  

¶ ʬʣʘʞʦʢ ʘʚʪʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ,  

¶ ʢʥʦʧʢʘʤʠ  ʠ  ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʥʦʚʫʶ ʠʣʠ ʫʜʘʣʷʪʴ ʪʝʢʫʱʫʶ ʢʦʤʧʦʥʝʥʪʳ. 

 

 ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ɿʘʢʣʘʜʢʠ ʙʠʙʣʠʦʪʝʢʠ 

ʢʦʤʧʦʥʝʥʪ 

ʇʘʥʝʣʴ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪ 

  

ʈʠʩ. 3.287. ʄʘʩʪʝʨ ʢʦʤʧʦʥʝʥʪ 
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3.6.5.2. ɻʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʢʥʦʧʢʠ 

ʀʥʩʪʨʫʤʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʨʪʠʥʢʠ ʜʣʷ ʢʥʦʧʢʠ ʢʦʤʧʦʥʝʥʪʳ ʩ ʧʦʤʦʱʴʶ 

ʦʪʨʠʩʦʚʢʠ ʪʝʢʫʱʝʛʦ ʦʙʲʝʢʪʘ ʚ ʦʢʥʝ ʧʦ ʨʘʟʤʝʨʫ ʢʥʦʧʢʠ. 

  

ʈʠʩ. 3.288. ɸʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʠʩʫʥʢʘ ʥʘ ʢʥʦʧʢʝ 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ ʤʝʥʶ ʀʥʩʪʨʫʤʝʥʪʳ | ɻʆ ʜʣʷ ʢʥʦʧʢʠ ɻʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ 

ʜʣʷ ʢʥʦʧʢʠ ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ ʀʟʦʙʨʘʞʝʥʠʝ ʜʣʷ ʢʥʦʧʢʠ (ʨʠʩ. 3.288) ï ʵʪʦ ʦʙʳʯʥʦʝ ʘʥʠ-

ʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ʩ ʦʙʣʘʩʪʴʶ ʦʪʨʠʩʦʚʢʠ ʨʘʟʤʝʨʦʤ ʩ ʢʥʦʧʢʫ. ʇʦʣʫʯʠʚ ʥʫʞʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʦʙʲʝʢʪʘ ʝʛʦ ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ ʚ ʬʘʡʣ ʠʣʠ ʩʢʦʧʠʨʦʚʘʪʴ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ .  
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3.7. ʉʦʭʨʘʥʝʥʠʝ ʦʙʲʝʢʪʘ 

ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ ʧʝʨʚʳʡ ʨʘʟ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʙʦ ʧʫʥʢʪ ʦʩ-

ʥʦʚʥʦʛʦ ʤʝʥʶ ʌʘʡʣ | ʉʦʭʨʘʥʠʪʴ ʢʘʢé, ʣʠʙʦ ʢʥʦʧʢʫ   ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. ɼʘʣʴ-

ʥʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ʦʧʠʩʘʥʳ ʚ ʧ. 3.3.1. "ʌʘʡʣ", c. 3-18. ʀʤʝʥʥʦ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʦʙʲʝʢʪ ʧʦʣʫ-

ʯʘʝʪ ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʝʝ ʠʤʷ, ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ ʠʤʝʥʝʤ ʦʙʲʝʢʪʘ. 

ʉʦʭʨʘʥʝʥʠʝ ʚʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦʩʣʝ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʞʥʦ ʚʳ-

ʧʦʣʥʠʪʴ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ, ʠʩʧʦʣʴʟʫʷ ʦʜʠʥ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ: 

¶ ʧʫʥʢʪ ʦʩʥʦʚʥʦʛʦ ʤʝʥʶ ʌʘʡʣ | ʉʦʭʨʘʥʠʪʴ ʦʙʲʝʢʪ; 

¶ ʥʘʙʦʨ ʢʣʘʚʠʰ ʢʣʘʚʠʘʪʫʨʳ Ctrl+S; 

¶ ʢʥʦʧʢʫ  ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ɼʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʢʘʪʘʣʦʛʝ ʩ ʠʤʝʥʝʤ ʦʙʲʝʢʪʘ ʚ ʬʘʡʣʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ input.dat. 
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3.8. ʉʠʥʪʝʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

çʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤè ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʚʘ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ: 

ʩʠʤʚʦʣʴʥʳʡ ʠ ʯʠʩʣʝʥʥʦ-ʠʪʝʨʘʮʠʦʥʥʳʡ.  

ʇʝʨʝʜ ʩʠʥʪʝʟʦʤ ʫʨʘʚʥʝʥʠʡ ʧʨʦʛʨʘʤʤʘ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 

¶ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʭʨʘʥʷʝʪ ʦʙʲʝʢʪ ʧʨʠ ʫʩʣʦʚʠʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩ ʤʦ-

ʤʝʥʪʘ ʧʦʩʣʝʜʥʝʛʦ ʩʦʭʨʘʥʝʥʠʷ; 

¶ ʧʨʦʚʝʨʷʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠ ʧʦʣʥʦʪʫ ʚʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ.  

ɽʩʣʠ ʫʨʘʚʥʝʥʠʷ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟ-ʟʘ ʥʝʧʦʣʥʦʪʳ ʚʚʦʜʘ, ʧʨʦʛʨʘʤʤʘ ʧʝʨʝ-

ʜʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʠʥʩʧʝʢʪʦʨʫ ʢʦʥʩʪʨʫʢʪʦʨʘ, ʘʢʪʠʚʠʟʠʨʫʷ ʥʘ ʥʝʤ ʚʢʣʘʜʢʫ ʇʨʦʪʦʢʦʣ. ɺ 

ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʝ ʧʨʦʪʦʢʦʣʘ ʩʦʜʝʨʞʘʪʩʷ ʩʚʝʜʝʥʠʷ ʦʙ ʦʰʠʙʢʘʭ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷʭ. 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʦʰʠʙʢʦʡ ʩʯʠʪʘʝʪʩʷ ʟʘʜʘʥʠʝ ʥʫʣʝʚʦʡ ʤʘʩʩʳ ʠ ʥʫʣʝʚʳʭ ʤʦʤʝʥʪʦʚ ʠʥʝʨ-

ʮʠʠ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʩʪʘʪʫʩ ʦʰʠʙʢʠ ʥʘ ʩʪʘʪʫʩ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʚʢʣʘʜʢʫ ʆʙʱʠʝ ʦʢʥʘ ʥʘʩʪʨʦʝʢ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ, ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ. 

ʉʠʤʚʦʣʴʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʥʘ 

ʦʜʥʦʤ ʠʟ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʚ ʥʘʩʪʦʷʱʝʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ 

ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ C ʠ Pascal). ɼʘʣʝʝ ʵʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʬʘʡʣʳ ʙʫʜʫʪ ʦʪʢʦʤʧʠʣʠʨʦʚʘʥʳ 

ʥʝʢʦʪʦʨʳʤ ʟʘʜʘʥʥʳʤ ʚʥʝʰʥʠʤ ʢʦʤʧʠʣʷʪʦʨʦʤ, ʯʪʦ ʥʘ ʚʳʭʦʜʝ ʜʘʩʪ ʜʠʥʘʤʠʯʝʩʢʠ ʟʘʛʨʫʞʘʝ-

ʤʫʶ ʙʠʙʣʠʦʪʝʢʫ UMTask64.dll, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʚʠʞʝʥʠʷ.  

ʉʠʥʪʝʟ ʠʩʭʦʜʥʳʭ ʪʝʢʩʪʦʚ ʠ ʟʘʧʫʩʢ ʚʥʝʰʥʝʛʦ ʢʦʤʧʠʣʷʪʦʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʧʨʦʛʨʘʤʤʳ 

ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʝʡ. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʡ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʚʳʢʣʘʜʦʢ. ʇʝʨʝʭʦʜ ʢ ʩʠʥʪʝʟʫ ʫʨʘʚʥʝ-

ʥʠʡ ʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʧʫʥʢʪ ʦʩʥʦʚʥʦʛʦ ʤʝʥʶ ʆʙʲʝʢʪ / ʉʠʥʪʝʟʠʨʦʚʘʪʴ 

ʫʨʘʚʥʝʥʠʷ. 

ʏʠʩʣʝʥʥʦ-ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʯʠʩʣʝʥʥʦ ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʝ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʦʙʦʠʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʴʥʳʡ ʤʝʪʦʜ ʵʬʬʝʢʪʠʚʥʝʝ 

ʥʘ 10-30% ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʩ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʙʦʣʝʝ 10-20. 

ɼʣʷ ʤʦʜʝʣʝʡ ʩ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʝʥʝʝ 10 ʨʘʟʥʠʮʳ ʚ ʩʢʦʨʦʩʪʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. ʕʪʘ ʨʘʟʥʠʮʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʵʪʘʧʝ ʩʠʤ-

ʚʦʣʴʥʦʛʦ ʚʳʚʦʜʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʦʣʫʯʠʚʰʠʝʩʷ ʚʳʨʘʞʝʥʠʷ ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʳʧʦʣʥʷʝʪʩʷ ʚʳʥʦʩ ʦʙʱʠʭ ʤʥʦʞʠʪʝʣʝʡ ʟʘ ʩʢʦʙʢʠ 

ʠ ʫʜʘʣʝʥʠʝ ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ ʠ ʩʣʦʞʝʥʠʷ ʩ ʥʫʣʝʤ. ʊʦʛʜʘ ʢʘʢ ʧʨʠ ʯʠʩʣʝʥʥʦ-

ʠʪʝʨʘʮʠʦʥʥʦʤ ʩʧʦʩʦʙʝ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʪʘʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʥʝʚʦʟʤʦʞʥʘ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʠʤʚʦʣʴʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʥʝʰʥʝʛʦ ʢʦʤʧʠʣʷʪʦʨʘ. çʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤè ʧʦʜʜʝʨʞʠ-

ʚʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʠʭ ʢʦʤʧʠʣʷʪʦʨʦʚ. ʕʪʠ ʢʦʤʧʠʣʷʪʦʨʳ ʥʝ ʧʦʩʪʘʚʣʷʶʪʩʷ ʚʤʝʩʪʝ ʩ 

çʋʥʠʚʝʨʩʘʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤè ʠ ʜʦʣʞʥʳ ʙʳʪʴ ʣʠʮʝʥʟʠʨʦʚʘʥʳ ʦʪʜʝʣʴʥʦ. 














