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4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ UM Simulation 

(UMSimul.exe) ʠ ʧʦʜʛʨʫʞʘʝʪ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʠʩʧʦʣʴʟʫʷ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʙʠʙʣʠʦʪʝʢʫ (umtask64.dll) ʠʣʠ ʩʠʥʪʝʟʠʨʫʝʪ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʯʠʩʣʝʥʥʦ-ʠʪʝʨʘʮʠʦʥʥʦʡ ʬʦʨʤʝ, ʩʤ. ɻʣʘʚʫ 2. 

ɼʣʷ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫʡʪʝ ʧʫʥʢʪ ʤʝʥʶ ʆʙʲʝʢʪ | ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦʛʨʘʤ-

ʤʝ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʝʡ UM Input  (UMInput.exe). 

 

ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚʢʣʶʯʘʝʪ: 

¶ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ; 

¶ ʨʘʩʯʝʪ ʨʘʚʥʦʚʝʩʠʷ ʠ ʘʥʘʣʠʟ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ. 
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4.1. ʅʘʩʪʨʦʡʢʠ ʤʦʜʫʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʀʩʧʦʣʴʟʫʡʪʝ ʢʦʤʘʥʜʫ ʀʥʩʪʨʫʤʝʥʪʳ | ʅʘʩʪʨʦʡʢʠé ʦʩʥʦʚʥʦʛʦ ʤʝʥʶ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʪʢʨʳʪʴ ʦʢʥʦ ʥʘʩʪʨʦʝʢ ʤʦʜʫʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʚʢʣʘʜʢʠ ʦʢʥʘ (ʨʠʩ. 4.1). 

4.1.1. ʆʙʱʠʝ 

ʌʣʘʞʢʠ: 

ʆʪʢʨʳʚʘʪʴ ʧʦʩʣʝʜʥʠʡ ʦʙʲʝʢʪ ï ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʜʦʣʛʦʝ ʚʨʝʤʷ ʨʘʙʦʪʘʶʪ ʩ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʦʜʝʣʴʶ, ʧʦʵʪʦʤʫ, ʤʦʞʝʪ ʙʳʪʴ, ʫʜʦʙʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʘʥʥʦʡ ʥʘʩʪʨʦʡ-

ʢʦʡ. 

ʋʜʘʣʷʪʴ ʥʝʩʦʚʤʝʩʪʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ï ʚʦ ʚʢʣʶʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ, 

ʥʝʩʦʚʤʝʩʪʥʳʝ ʩ ʪʝʢʫʱʠʤ ʦʙʲʝʢʪʦʤ, ʙʫʜʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʜʘʣʝʥʳ ʠʟ ʘʥʠʤʘʮʠʦʥʥʳʭ ʠ 

ʛʨʘʬʠʯʝʩʢʠʭ ʦʢʦʥ ʧʨʠ ʯʪʝʥʠʠ ʬʘʡʣʘ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʯʪʝʥʠʠ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥ-

ʥʳʭ. ʀʛʥʦʨʠʨʫʝʪʩʷ  ʜʣʷ ʩʧʠʩʢʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʆʩʴ Z ʥʘʧʨʘʚʣʝʥʘ ʚʥʠʟ (ʧʨʠ ʨʘʩʯʝʪʝ ʩʢʘʣʷʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ) ï ʠʟʤʝʥʝʥʠʝ ʦʨʠʝʥ-

ʪʘʮʠʠ ʙʘʟʦʚʦʡ ʉʂ ʧʨʠ ʨʘʩʯʝʪʝ ʧʝʨʝʤʝʥʥʳʭ (ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʠ Y ʠ Z ʤʝʥʷʶʪ ʟʥʘʢʠ, ʝʩʣʠ 

ʚʢʣʶʯʝʥ ʜʘʥʥʳʡ ʬʣʘʞʦʢ). 

ɽʜʠʥʠʮʘ ʩʢʦʨʦʩʪʠ ï ʟʜʝʩʴ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʪʴ ʝʜʠʥʠʮʫ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʵʢʠʧʘʞʘ, ʟʘʜʘʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ v0. ʅʘʩʪʨʦʡʢʘ ʠʤʝʝʪ ʩʤʳʩʣ ʪʦʣʴʢʦ ʜʣʷ ʩʧʝʮʠʘʣʠʟʠ-

ʨʦʚʘʥʥʳʭ ʤʦʜʫʣʝʡ: UM Loco, UM Automotive, UM Tracked Vehicle. 

ɺʨʝʤʝʥʥʳʡ ʢʘʪʘʣʦʛ: ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʧʠʩʠ ʚʨʝʤʝʥʥʳʭ ʬʘʡʣʦʚ ʧʨʠ ʨʘʙʦʪʝ ʧʨʦ-

ʛʨʘʤʤʳ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʚʨʝʤʝʥʥʦʡ ʟʘʧʠʩʠ ʢʘʜʨʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʘʥʠʤʘʮʠʦʥʥʳʭ ʨʦʣʠʢʦʚ ʚ 

ʘʥʠʤʘʮʠʦʥʥʳʭ ʦʢʥʘʭ. 

ʅʘʩʪʨʦʡʢʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ: 

ɺʳʧʘʜʘʶʱʘʷ ʧʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ï ʚʢʣʶʯʘʝʪ / ʚʳʢʣʶʯʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝ-

ʞʠʤ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ (ʧ. 4.3.4. "ʆʢʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ", 

cʪʨ. 4-68). 

ɼʚʫʭʢʦʣʦʥʦʯʥʳʡ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ï ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʬʦʨʤʘʪ ʟʘʧʠʩʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʠʟ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ n ʧʝʨʝʤʝʥʥʳʭ: ʚ ʚʠʜʝ 

n+1 ʢʦʣʦʥʦʢ ʠʣʠ ʚ ʚʠʜʝ n ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʛʨʫʧʧ ʚʨʝʤʷ ï i-ʷ ʧʝʨʝʤʝʥʥʘʷ.  

ʇʨʝʬʠʢʩ ʜʣʷ ʩʪʨʦʢ ʩ ʢʦʤʤʝʥʪʘʨʠʷʤʠ ï ʩʠʤʚʦʣ ʠʣʠ ʥʘʙʦʨ ʩʠʤʚʦʣʦʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʨʘʩʧʦʣʘʛʘʶʱʠʡʩʷ ʚ ʥʘʯʘʣʝ ʢʘʞʜʦʡ ʩʪʨʦʢʠ ʢʦʤʤʝʥʪʘʨʠʝʚ ʧʨʠ ʢʦʧʠʨʦʚʘʥʠʠ  ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʚ ʙʫʬʝʨ ʠ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ (ʧ. 4.3.7. "ʇʨʦʮʝʩʩʦʨ ʧʝʨʝʤʝʥʥʳʭ", cʪʨ. 4-90). ɼʘʥ-

ʥʘʷ ʥʘʩʪʨʦʡʢʘ ʧʦʣʝʟʥʘ ʜʣʷ ʵʢʩʧʦʨʪʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚʦ ʚʥʝʰʥʠʝ ʧʨʦʛʨʘʤʤʳ 

(Maple, MATHEMATICA) ʩ ʮʝʣʴʶ ʧʦʤʝʪʢʠ ʩʪʨʦʢ ʩ ʢʦʤʤʝʥʪʘʨʠʷʤʠ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-7 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

 

ʈʠʩ. 4.1. ʆʙʱʠʝ ʧʘʨʘʤʝʪʨʳ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-8 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.1.2. ɸʚʪʦʩʦʭʨʘʥʝʥʠʝ 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʭʨʘʥʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʧʠʩʠ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʧʨʠ ʧʦʩʣʝʜ-

ʥʝʤ ʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʠ (ʨʠʩ. 4.2). 

 

ʈʠʩ. 4.2. ʆʧʮʠʠ ʠʥʪʝʛʨʘʪʦʨʘ: ʘʚʪʦʩʦʭʨʘʥʝʥʠʝ 

ʌʣʘʞʢʠ: 

¶ ʂʦʥʬʠʛʫʨʘʮʠʷ ï ʩʦʭʨʘʥʷʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʠ ʘʥʠʤʘʮʠʦʥʥʳʭ ʦʢʦʥ, ʩʧʠʩ-

ʢʦʚ ʧʝʨʝʤʝʥʥʳʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʵʪʠ ʦʢʥʘ, ʤʝʪʦʜʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ ʝʛʦ ʥʘʩʪʨʦʝʢ 

(ʬʘʡʣ last.icf). 

¶ ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ï ʩʦʭʨʘʥʷʝʪ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʠʭ ʧʝʨʚʳʭ ʧʨʦʠʟ-

ʚʦʜʥʳʭ ʧʦ ʚʨʝʤʝʥʠ (ʬʘʡʣ last.xv). 

¶ ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ ï ʩʦʭʨʘʥʷʝʪ ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʦʙʲʝʢʪʘ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ 

ʠʟʤʝʥʝʥʠʷ (ʬʘʡʣ last.par). 

¶ ʂʦʥʬʠʛʫʨʘʮʠʷ ʨʝʣʴʩʦʚʦʛʦ ʵʢʠʧʘʞʘ ï ʩʦʭʨʘʥʷʝʪ ʧʦʩʣʝʜʥʠʝ ʥʘʩʪʨʦʡʢʠ, ʠʩʧʦʣʴʟʦ-

ʚʘʥʥʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʘ ï ʨʝʣʴʩʦʚʦʛʦ ʵʢʠʧʘʞʘ (ʠʤʝʥʘ ʬʘʡʣʦʚ ʥʝʨʦʚʥʦ-

ʩʪʝʡ, ʧʨʦʬʠʣʝʡ, ʧʘʨʘʤʝʪʨʳ ʧʫʪʠ ʠ ʪʘʢ ʜʘʣʝʝ, ʬʘʡʣ last.rwc, ʤʦʜʫʣʴ UM Loco). 

¶ ʂʦʥʬʠʛʫʨʘʮʠʷ ʘʚʪʦʤʦʙʠʣʷ ï ʩʦʭʨʘʥʷʝʪ ʧʦʩʣʝʜʥʠʝ ʥʘʩʪʨʦʡʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʚʪʦʤʦʙʠʣʷ (ʠʤʝʥʘ ʬʘʡʣʦʚ ʥʝʨʦʚʥʦʩʪʝʡ, ʪʝʩʪʦʚ, ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 

ʰʠʥ ʠ ʪʘʢ ʜʘʣʝʝ, ʬʘʡʣ last.car, ʤʦʜʫʣʴ UM Automotive). 

¶ ʂʦʥʬʠʛʫʨʘʮʠʷ ʛʫʩʝʥʠʯʥʦʛʦ ʵʢʠʧʘʞʘ ï ʩʦʭʨʘʥʷʝʪ ʧʦʩʣʝʜʥʠʝ ʥʘʩʪʨʦʡʢʠ, ʠʩʧʦʣʴʟʦ-

ʚʘʥʥʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʫʩʝʥʠʯʥʦʛʦ ʵʢʠʧʘʞʘ (ʬʘʡʣ last.tvc, ʤʦʜʫʣʴ UM Tracked 

Vehicle). 

¶ ʂʦʥʬʠʛʫʨʘʮʠʷ ʤʦʥʦʨʝʣʴʩʦʚʦʛʦ ʵʢʠʧʘʞʘ ï ʩʦʭʨʘʥʷʝʪ ʧʦʩʣʝʜʥʠʝ ʥʘʩʪʨʦʡʢʠ, ʠʩʧʦʣʴ-

ʟʦʚʘʥʥʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʦʥʦʨʝʣʴʩʦʚʦʛʦ ʵʢʠʧʘʞʘ (ʬʘʡʣ last.icf, ʤʦʜʫʣʴ UM 

Monorail  Trai n).  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-9 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.1.3. ʌʦʨʤʘʪ ʯʠʩʝʣ 

ɿʘʜʘʝʪʩʷ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʪʝʢʩʪʦʚʦʡ ʬʦʨʤʝ ʯʠʩʝʣ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ 

(ʨʠʩ. 4.3). ʅʘʩʪʨʦʡʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʘʭ 

¶ ʊʘʙʣʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ (ʧ. 4.3.7.1. "ʊʘʙʣʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ", cʪʨ. 4-90). 

¶ ɻʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ (ʧʨʠ ʟʘʧʠʩʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʠ ʢʦʧʠ-

ʨʦʚʘʥʠʠ ʚ ʙʫʬʝʨ). 

 

ʊʠʧʳ ʬʦʨʤʘʪʦʚ: 

ʆʙʱʠʡ ʬʦʨʤʘʪ ʯʠʩʝʣ. ʏʠʩʣʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʢʦʨʦʪʢʠʤ ʚʳʨʘʞʝʥʠʝʤ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʠʣʠ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʬʦʨʤʘʪʦʚ. ʂʦʥʮʝʚʳʝ ʥʫʣʠ ʫʜʘʣʷ-

ʶʪʩʷ ʠʟ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ. ɼʝʩʷʪʠʯʥʘʷ ʪʦʯʢʘ ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ. ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʬʦʨʤʘʪ, ʝʩʣʠ 

ʯʠʩʣʦ ʮʠʬʨ ʩʣʝʚʘ ʦʪ ʜʝʩʷʪʠʯʥʦʡ ʪʦʯʢʠ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʦ ʟʘʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʪʦʯʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʯʠʩʣʘ, ʠ ʝʩʣʠ ʯʠʩʣʦ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʦ 0.00001. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʳʨʘ-

ʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪ ʥʘʫʯʥʳʡ ʬʦʨʤʘʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʘʨʘʤʝʪʨ ʈʘʟʨʷʜʳ ʦʧʨʝʜʝʣʷʝʪ ʤʠʥʠ-

ʤʘʣʴʥʦʝ ʯʠʩʣʦ ʮʠʬʨ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʯʘʩʪʠ (ʦʪ 0 ʜʦ 4). 

 

ʈʠʩ. 4.3. ʆʧʮʠʠ ʠʥʪʝʛʨʘʪʦʨʘ: ʬʦʨʤʘʪ ʯʠʩʝʣ 

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ: ʥʘʫʯʥʳʡ ʬʦʨʤʘʪ. ɿʥʘʯʝʥʠʝ ʯʠʩʣʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʚʳʨʘʞʝʥʠʝ 

ʚʠʜʘ "-d.ddd...E+dddd". ɺʳʨʘʞʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʟʥʘʢʘ ʤʠʥʫʩ, ʝʩʣʠ ʯʠʩʣʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʠ ʦʜʥʘ ʮʠʬʨʘ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʝʨʝʜ ʜʝʩʷʪʠʯʥʦʡ ʪʦʯʢʦʡ. ʇʦʣʥʦʝ ʯʠʩʣʦ ʮʠʬʨ, ʚʢʣʶʯʘʷ 

ʮʠʬʨʫ ʧʝʨʝʜ ʜʝʩʷʪʠʯʥʦʡ ʪʦʯʢʦʡ, ʟʘʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʊʦʯʥʦʩʪʴ. ɿʘ ʟʥʘʢʦʤ ʵʢʩʧʦʥʝʥʪʳ 

"E" ʚʩʝʛʜʘ ʩʣʝʜʫʝʪ ʟʥʘʢ ʧʣʶʩ ʠʣʠ ʤʠʥʫʩ ʠ ʜʦ 4 ʮʠʬʨ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ. ʇʘʨʘʤʝʪʨ ʈʘʟ-

ʨʷʜʳ ʦʧʨʝʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʮʠʬʨ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʯʘʩʪʠ (ʦʪ 0 ʜʦ 4). 

 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-10 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʌʠʢʩʠʨʦʚʘʥʥʳʡ: ʬʦʨʤʘʪ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ. ɿʥʘʯʝʥʠʝ ʯʠʩʣʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 

ʚʳʨʘʞʝʥʠʝ ʚʠʜʘ "-ddd.ddd...". ɺʳʨʘʞʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʟʥʘʢʘ ʤʠʥʫʩ, ʝʩʣʠ ʯʠʩʣʦ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʝ, ʠ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʦʜʥʘ ʮʠʬʨʘ ʚʩʝʛʜʘ ʧʨʝʜʰʝʩʪʚʫʝʪ ʜʝʩʷʪʠʯʥʦʡ ʪʦʯʢʝ. ʏʠʩʣʦ 

ʮʠʬʨ ʧʦʩʣʝ ʜʝʩʷʪʠʯʥʦʡ ʪʦʯʢʠ ʟʘʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʈʘʟʨʷʜʳ (ʦʪ 0 ʜʦ 18) ɽʩʣʠ ʯʠʩʣʦ ʮʠʬʨ 

ʧʝʨʝʜ ʜʝʩʷʪʠʯʥʦʡ ʪʦʯʢʦʡ ʧʨʝʚʦʩʭʦʜʠʪ ʟʘʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʊʦʯʥʦʩʪʴ, ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʧʝ-

ʨʝʜʘʝʪʩʷ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ (ʥʘʫʯʥʦʤ) ʬʦʨʤʘʪʝ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-11 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.1.4. ʕʢʩʧʦʨʪ ʛʨʘʬʠʢʦʚ ʚ MS Excel  

ʂʥʦʧʢʘ ʌʘʡʣ ʰʘʙʣʦʥʘ ʜʣʷ ʛʨʘʬʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʦʜʠʥ ʠʟ ʰʘʙʣʦʥʦʚ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʷ ʛʨʘʬʠʢʦʚ ʚ MS Excel (ʩʪʘʥʜʘʨʪʥʳʝ ʬʘʡʣʳ ʰʘʙʣʦʥʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʢʘʪʘʣʦʛʝ {ɼʘʥ-

ʥʳʝ ʋʄ}\Templates). 

 

ʂʥʦʧʢʘ ʌʘʡʣ ʰʘʙʣʦʥʘ ʜʣʷ ʛʠʩʪʦʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʦʜʠʥ ʠʟ ʰʘʙʣʦʥʦʚ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ ʚ MS Excel (ʨʠʩ. 4.4). 

 

ʌʣʘʞʢʠ: 

¶ ʋʜʘʣʷʪʴ ʨʷʜʳ ʚ ʰʘʙʣʦʥʝ ï ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʚ ʰʘʙʣʦʥʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʥʘʩʪʨʦ-

ʝʢ, ʙʫʜʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʜʘʣʷʪʩɹʷ ʧʨʠ ʵʢʩʧʦʨʪʝ ʜʘʥʥʳʭ ʠʟ UM. 

¶ ɿʘʛʦʣʦʚʦʢ ʜʠʘʛʨʘʤʤʳ ï ʧʨʠ ʚʢʣʶʯʝʥʥʦʤ ʬʣʘʞʢʝ ʥʘʟʚʘʥʠʶ ʜʠʘʛʨʘʤʤʳ ʧʨʠʩʚʘʠʚʘ-

ʝʪʩʷ ʟʘʛʦʣʦʚʦʢ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ, ʝʩʣʠ ʥʝʪ ï ʦʩʪʘʝʪʩʷ ʟʘʛʦʣʦʚʦʢ ʰʘʙʣʦʥʘ. 

¶ ʃʝʛʝʥʜʘ ï ʧʨʠ ʚʢʣʶʯʝʥʥʦʤ ʬʣʘʞʢʝ ʜʦʙʘʚʣʷʝʪʩʷ ʣʝʛʝʥʜʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʬʣʘʞʢʘʤʠ ʛʨʫʧʧʳ ɺʢʣʶʯʘʪʴ ʚ ʠʤʷ ʨʷʜʘ, ʝʩʣʠ ʥʝʪ ï ʣʝʛʝʥʜʳ ʥʝ ʙʫʜʝʪ. 

¶ ʀʤʷ ʧʝʨʝʤʝʥʥʦʡ ï ʚʢʣʶʯʘʪʴ ʚ ʠʤʷ ʨʷʜʘ ʠʤʷ ʧʝʨʝʤʝʥʥʦʡ (ʠʛʥʦʨʠʨʫʝʪʩʷ, ʝʩʣʠ ʬʣʘʞʦʢ 

ʃʝʛʝʥʜʘ ʚʳʢʣʶʯʝʥ). 

¶ ʂʦʤʤʝʥʪʘʨʠʡ ʢ ʧʝʨʝʤʝʥʥʦʡ ï ʚʢʣʶʯʘʪʴ ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʧʝʨʝʤʝʥʥʦʡ ʚ ʠʤʷ ʧʝʨʝʤʝʥ-

ʥʦʡ (ʠʛʥʦʨʠʨʫʝʪʩʷ, ʝʩʣʠ ʬʣʘʞʦʢ ʃʝʛʝʥʜʘ ʚʳʢʣʶʯʝʥ). 

ɿʘʤʝʯʘʥʠʝ.  ɽʩʣʠ ʚ ʬʘʡʣʝ ʰʘʙʣʦʥʘ ʥʘʭʦʜʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʜʠʘʛʨʘʤʤ, ʪʦ ʧʨʠ ʵʢʩʧʦʨʪʝ ʙʫ-

ʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʢʪʠʚʥʘʷ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʘʢʪʠʚʥʘ ʧʝʨʚʘʷ ʜʠʘʛʨʘʤʤʘ. 

 

ʈʠʩ. 4.4. ʆʧʮʠʠ ʠʥʪʝʛʨʘʪʦʨʘ: ʵʢʩʧʦʨʪ ʛʨʘʬʠʢʦʚ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-12 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.1.5. ʆʪʯʝʪʳ ʦʙ ʦʰʠʙʢʘʭ 

ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʪʧʨʘʚʣʷʝʤʳʭ ʦʪʯʝʪʦʚ ʦʙ ʦʰʠʙʢʘʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.5. 

ʌʣʘʞʢʠ: 

ʌʘʡʣʳ ʤʦʜʝʣʠ ï ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʙʘʚʣʷʪʴ ʬʘʡʣʳ ʤʦʜʝʣʠ ʚ ʦʪʯʝʪ ʦʙ ʦʰʠʙʢʝ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʦʤʧʴʶʪʝʨʝ ï ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʙʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʤʧʴʶʪʝʨʝ ʚ 

ʦʪʯʝʪ ʦʙ ʦʰʠʙʢʝ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ ï ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʙʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ 

ʚ ʦʪʯʝʪ ʦʙ ʦʰʠʙʢʝ. 

 

ʈʠʩ. 4.5. ʆʧʮʠʠ ʠʥʪʝʛʨʘʪʦʨʘ: ʦʪʯʝʪ ʦʙ ʦʰʠʙʢʘʭ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-13 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.2. ʄʝʥʶ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

4.2.1. ʌʘʡʣ 

ʆʪʢʨʳʪʴ 

ɺʳʙʦʨ ʟʘʜʘʯʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟ ʩʧʠʩʢʘ, ʨʠʩ. 4.6. ɼʘʥʥʳʝ ʪʝʢʫʱʝʡ ʟʘʜʘʯʠ ʙʫʜʫʪ 

ʫʜʘʣʝʥʳ ʠ ʟʘʤʝʱʝʥʳ ʥʦʚʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʧʦʢʠʜʘʷ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʦʙʲʝʢʪʳ. 

 

ʈʠʩ. 4.6. ɼʠʘʣʦʛ ʦʪʢʨʳʪʠʷ ʦʙʲʝʢʪʘ 

ʆʪʢʨʳʪʴ ʟʘʥʦʚʦ 

ʆʪʢʨʳʚʘʝʪ ʦʜʠʥ ʠʟ ʧʦʩʣʝʜʥʠʭ ʨʘʥʝʝ ʤʦʜʝʣʠʨʦʚʘʚʰʠʭʩʷ ʦʙʲʝʢʪʦʚ. 

 

ɿʘʢʨʳʪʴ 

ɺʳʛʨʫʞʘʝʪ ʪʝʢʫʱʠʡ ʦʙʲʝʢʪ. 

 

ʇʨʦʯʠʪʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ 

¶ ʈʘʙʦʯʠʡ ʩʪʦʣ: ʯʪʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʠʩʘʥʥʦʛʦ ʬʘʡʣʘ *.icf, ʩʦʜʝʨʞʘʱʝʛʦ ʠʥʬʦʨ-

ʤʘʮʠʶ ʦʙ ʦʪʢʨʳʪʳʭ ʦʢʥʘʭ, ʛʨʘʬʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʤʝʪʦʜʝ ʠ ʪʦʯʥʦʩʪʠ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʠʷ ʠ ʪʦʤʫ ʧʦʜʦʙʥʦʝ; 

¶ ɼʨʫʛʠʝ ʧʫʥʢʪʳ ʧʦʜʤʝʥʶ: ʯʪʝʥʠʝ ʧʦʣʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʨʘʙʦʯʠʡ ʩʪʦʣ, 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ, ʝʩʣʠ ʠʤʝʝʪʩʷ, ʩʧʝʮʠʘʣʴʥʳʡ 

ʬʘʡʣ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʢʦʥʬʠʛʫʨʘʮʠʶ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʵʢʠʧʘʞʘ), ʨʠʩ. 4.7. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-14 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 4.7. ʏʪʝʥʠʝ ʧʦʣʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʉʦʭʨʘʥʠʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ 

¶ ʈʘʙʦʯʠʡ ʩʪʦʣ: ʟʘʧʠʩʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʚ ʬʘʡʣ *.icf; 

¶ ɺʩʝ ʥʘʩʪʨʦʡʢʠ: ʟʘʧʠʩʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʪʝʢʫʱʠʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʞʝʣʝʟʥʦʜʦ-

ʨʦʞʥʦʛʦ ʵʢʠʧʘʞʘ). ʇʦʟʞʝ ʧʦʣʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʯʠʪʘʥʘ ʯʝʨʝʟ ʧʫʥʢʪ 

ʤʝʥʶ ɿʘʛʨʫʟʠʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-15 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.2.2. ɸʥʘʣʠʟ 

ɼʘʥʥʳʡ ʵʣʝʤʝʥʪ ʤʝʥʶ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ ʧʨʦʮʝʜʫʨʘʤ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʦʙʲʝʢʪʘ. ʇʨʠ 

ʧʝʨʝʭʦʜʝ ʢ ʦʜʥʦʤʫ ʠʟ ʪʠʧʦʚ ʘʥʘʣʠʟʘ ʤʝʥʶ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʩʪʫʧʥʳʤ ʠ ʦʪʢʨʳʚʘʝʪʩʷ ʧʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʩʝʘʥʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʏʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ. ʏʝʨʝʟ ʜʘʥʥʳʡ ʧʫʥʢʪ ʤʝʥʶ 

ʚʳʟʳʚʘʝʪʩʷ ʀʥʩʧʝʢʪʦʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ (ʧ. 4.4.1 "ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʮʝʩʩʘ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʷ", ʩʪʨ. 4-107). 

 

ʉʪʘʪʠʯʝʩʢʠʡ ʠ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ 

ɸʥʘʣʠʟ, ʚʢʣʶʯʘʶʱʠʡ ʨʘʩʯʝʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʣʠʥʝʘʨʠʟʘʮʠʶ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝ-

ʥʠʷ ʠ ʨʘʩʯʝʪ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ, ʧʦʩʪʨʦʝʥʠʝ ʢʦʨʥʝʚʳʭ ʛʦʜʦʛʨʘʬʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʣʠʥʝʡʥʳʭ ʚʠʙʨʘʮʠʡ (ʧ. 4.5 "ʉʪʘʪʠʯʝʩʢʠʡ ʠ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ", ʩʪʨ. 4-145). 

4.2.3. ʉʢʘʥʠʨʦʚʘʥʠʝ 

ʄʝʥʶ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ ʧʨʦʝʢʪʫ ʩʢʘʥʠʨʦʚʘʥʠ.̫ ʇʦʣʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʪʦʤ ʩʦʜʝʨ-

ʞʠʪʩʷ ʚ ɻʣʘʚʝ 6 ʨʫʢʦʚʦʜʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʨʝʙʫʝʪʩʷ ʤʦʜʫʣʴ UM Experiments. 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-16 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.2.4. ʀʥʩʪʨʫʤʝʥʪʳ 

ɸʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ 

ʆʪʢʨʳʚʘʝʪ ʘʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ (ʧ. 4.3.6. "ɸʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ", ʩʪʨ. 4-81), ʚ ʢʦʪʦʨʦʤ ʦʪʦʙʨʘʞʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʦʙʲʝʢʪʘ. ʏʠʩʣʦ ʦʢʦʥ ʥʝ ʦʛʨʘʥʠʯʝʥʦ. 

 

ɻʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ 

ʆʪʢʨʳʚʘʝʪ ʦʢʥʦ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʧʝʨʝʤʝʥʥʳʭ (ʧ. 4.3.4. "ʆʢʥʦ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ", ʩʪʨ. 4-68). ʏʠʩʣʦ ʦʢʦʥ ʥʝ ʦʛʨʘʥʠʯʝʥʦ. 

 

ɻʠʩʪʦʛʨʘʤʤʘ 

ʆʪʢʨʳʚʘʝʪ ʦʢʥʦ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʛʠʩʪʦʛʨʘʤʤʳ ʧʝʨʝʤʝʥʥʳʭ. ʏʠʩʣʦ ʦʢʦʥ ʥʝ 

ʦʛʨʘʥʠʯʝʥʦ, ʧ. 4.3.5. "ʆʢʥʦ ʛʠʩʪʦʛʨʘʤʤ", ʩʪʨ. 4-78. 

 

ʊʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ 

ʆʪʢʨʳʚʘʝʪ ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ. 

 

ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ 

ɺʳʟʦʚ ʄʘʩʪʝʨʘ ʧʝʨʝʤʝʥʥʳʭ (ʧ. 4.3.2. "ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-21), ʩ ʧʦʤʦʱʴʶ ʢʦ-

ʪʦʨʦʛʦ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʦʙʲʝʢʪʘ. 

 

ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ 

ɺʳʟʦʚ ʉʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ (ʧ. 4.3.3. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-61) ʜʣʷ ʝʛʦ ʩʦʟʜʘ-

ʥʠʷ/ʤʦʜʠʬʠʢʘʮʠʠ/ʯʪʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʥʝʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʧʠʩʢʦʚ ʧʝʨʝʤʝʥʥʳʭ. 

ʉʦʩʪʘʚʣʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʄʘʩʪʝʨʘ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ ʉʧʠʩʦʢ ʧʝʨʝ-

ʤʝʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʠʣʠ ʪʘʙʣʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

 

ʉʧʠʩʦʢ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ɺʳʟʦʚ ʩʧʠʩʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʧ. 4.3.3.3. "ʆʙʨʘʙʦʪʢʘ ʜʘʥ-

ʥʳʭ ʚ ʩʧʠʩʢʘʭ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-65) ʜʣʷ ʘʥʘʣʠʟʘ ʠʣʠ ʩʨʘʚʥʝʥʠʷ. 

 

ʊʘʙʣʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ 

ɺʳʟʦʚ ʊʘʙʣʠʯʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ (ʧ. 4.3.7. "ʇʨʦʮʝʩʩʦʨ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-90), ʧʦʟʚʦ-

ʣʷʶʱʝʛʦ ʧʨʦʚʝʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʤʘʢʩʠʤʫʤ, ʤʠʥʠ-

ʤʫʤ, ʩʨʝʜʥʝʝ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠ ʪʘʢ ʜʘʣʝʝ). 

 

ʂʘʣʴʢʫʣʷʪʦʨ ʚʳʨʘʞʝʥʠʡ 

ʂʘʣʴʢʫʣʷʪʦʨ ʚʳʨʘʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʳʯʠʩʣʠʪʴ ʩʣʦʞʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

 

ʂʘʣʴʢʫʣʷʪʦʨ ʦʨʠʝʥʪʘʮʠʠ 

ʂʘʣʴʢʫʣʷʪʦʨ ʦʨʠʝʥʪʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ ʪʨʦʡʢʫ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ, ʚʝʢʪʦʨ ʠ ʫʛʦʣ 

ʧʦʚʦʨʦʪʘ, ʢʚʘʪʝʨʥʠʦʥ ʠ ʤʘʪʨʠʮʫ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-17 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʉʪʘʪʠʩʪʠʢʘ 

ʀʥʩʪʨʫʤʝʥʪ ʉʪʘʪʠʩʪʠʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʪʘʢʠʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʢʘʢ ʛʠʩʪʦʛʨʘʤʤʳ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʦʮʝʥʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʠ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ, ʢʦʤʧʣʝʢʩʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ (ʩʧʝʢʪʨʘ), 

ʩʤ. ʧ. 4.3.8. "ʉʪʘʪʠʩʪʠʢʘ", ʩʪʨ. 4-95. 

 

ʄʘʢʨʦʩʳ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʢʨʦʢʦʤʘʥʜ ʛʨʫʧʧʦʚʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, 

ʧ. 4.3.10. "ʄʘʢʨʦʩʳ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ", ʩʪʨ. 4-103. 

 

ɸʥʘʣʠʟ ʩʠʣ: ʘʥʘʣʠʟ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. 

 

ʈʝʜʘʢʪʦʨ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʇʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʦʢʥʘ ʚʠʟʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ, ʧ. 4.3.9.2. "ʈʝʜʘʢʪʦʨ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ", ʩʪʨ. 4-99. 

 

ɸʢʪʠʚʥʳʡ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ 

ɿʘʜʘʝʪ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

 

ʆʪʢʨʳʪʴ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ 

ʆʪʢʨʳʚʘʝʪ ʦʜʥʦ ʠʟ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʭ ʦʢʦʥ ʚʠʟʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ, ʧ. 4.3.9. "ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ", ʩʪʨ. 4-98. 

 

ʀʥʪʝʨʬʝʡʩ ʩ ʚʥʝʰʥʠʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ 

ʇʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠʟ ʚʥʝʰʥʠʭ ʙʠʙʣʠʦʪʝʢ (DLL) ʢ ʨʘʩʯʝʪ-

ʥʳʤ ʩʭʝʤʘʤ ʚ ʋʄ. ʇʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ ɻʣʘʚʝ 5, ʧ. "ʉʦʟʜʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʠʭ 

ʙʠʙʣʠʦʪʝʢ". 

 

ʄʘʩʪʝʨ ʵʢʩʧʦʨʪʘ ʚ Matlab/Simulink 

C ʧʦʤʦʱʴʶ ʤʘʩʪʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʩʦʟʜʘʥʠʝ ʬʘʡʣʦʚ ʥʘʩʪʨʦʝʢ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ m-ʬʘʡʣʘ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ UM-ʤʦʜʝʣʝʡ ʢ ʤʦʜʝʣʷʤ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚ 

Matlab/Simulink. ʇʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ ɻʣʘʚʝ 19, ʧ. "ʄʘʩʪʝʨ ʵʢʩʧʦʨʪʘ ʚ Matlab/Simulink". 

 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ 

ɿʘʧʫʩʢʘʝʪ ʄʘʩʪʝʨ ʨʘʩʯʝʪʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. ʉʤ. ɻʣʘʚʫ 13 ʨʫʢʦʚʦʜʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

ʉʧʨʘʚʦʯʥʠʢ ʤʘʪʝʨʠʘʣʦʚ 

ʇʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʩʧʠʩʢʦʤ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʩʚʦʡʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ. 

 

ʅʘʩʪʨʦʡʢʠ 

ʆʪʢʨʳʚʘʝʪ ʦʢʥʦ ʩ ʥʘʩʪʨʦʡʢʘʤʠ ʤʦʜʫʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧ. 4.1. "ʅʘʩʪʨʦʡʢʠ ʤʦʜʫʣʷ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ", ʩʪʨ. 4-6. 

05_um_programming.pdf
19_um_cosimulation.pdf
13_um_durability.pdf


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-18 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʇʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʉʧʠʩʦʢ ʚʠʜʠʤʳʭ ʛʨʫʧʧ ʢʥʦʧʦʢ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-19 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.2.5. ʆʢʥʘ 

ʉʧʠʩʦʢ ʦʢʦʥ 

ɺʳʚʦʜ ʥʘ ʵʢʨʘʥ ʦʢʥʘ ʩʦ ʩʧʠʩʢʦʤ ʦʢʦʥ, ʦʪʢʨʳʪʳʭ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ʉʧʠʩʦʢ ʧʦʟʚʦʣʷʝʪ 

ʧʦʤʝʩʪʠʪʴ ʦʜʥʦ ʠʟ ʦʢʦʥ ʧʦʚʝʨʭ ʦʩʪʘʣʴʥʳʭ. 

 

ʉʣʝʜʫʶʱʝʝ 

ʇʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʝʤʫ ʦʢʥʫ. 

 

ʇʨʝʜʳʜʫʱʝʝ 

ʇʝʨʝʭʦʜ ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʦʢʥʫ. 

 

ʊʝʢʫʱʠʡ ʠʥʩʧʝʢʪʦʨ 

ɸʢʪʠʚʠʟʘʮʠʷ ʪʝʢʫʱʝʛʦ ʠʥʩʧʝʢʪʦʨʘ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-20 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʤʦʜʫʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

4.3.1. ʇʝʨʝʤʝʥʥʳʝ 

ʇʝʨʝʤʝʥʥʦʡ ʥʘʟʳʚʘʝʪʩʷ ʣʶʙʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʨʠ ʧʦʤʦʱʠ UM, ʥʘʧʨʠʤʝʨ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ, ʚʝʣʠʯʠʥʘ 

ʩʠʣʳ, ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʪʝʣʘ ʠ ʪ.ʜ. 

ʇʝʨʝʤʝʥʥʳʝ ʩʦʟʜʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʄʘʩʪʝʨʘ ʧʝʨʝʤʝʥʥʳʭ (ʧ. 4.3.2. "ʄʘʩʪʝʨ ʧʝʨʝ-

ʤʝʥʥʳʭ", ʩʪʨ. 4-21) ʠ ʭʨʘʥʷʪʩʷ ʚ ʉʧʠʩʢʝ ʧʝʨʝʤʝʥʥʳʭ (ʧ. 4.3.3. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ", 

ʩʪʨ. 4-61). 

ʇʝʨʝʤʝʥʥʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʩʢʘʣʷʨʘ ʠ ʨʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʵʪʦʛʦ ʦʥʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʣʠʙʦ ʚ ʛʨʘʬʠʯʝʩʢʦʤ (ʧ. 4.3.4. "ʆʢʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠ-

ʢʦʚ", ʩʪʨ. 4-68), ʣʠʙʦ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ (ʧ. 4.3.6. "ɸʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ", ʩʪʨ. 4-81) ʦʢʥʝ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʚʳʚʦʜʷʪʩʷ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ, ʠʣʠ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ ʠʣʠ ʪʨʘʝʢʪʦ-

ʨʠʠ (ʜʣʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʚ). 
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4.3.2. ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ 

ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ (ʩʤ. ʨʠʩ. 4.8) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ. ʀʩʧʦʣʴ-

ʟʫʡʪʝ ʧʫʥʢʪ ʤʝʥʶ ʀʥʩʪʨʫʤʝʥʪʳ | ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭé ʜʣʷ ʝʛʦ ʘʢʪʠʚʠʟʘʮʠʠ. 

 

ʈʠʩ. 4.8. ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ 

ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ ï ʠʥʩʪʨʫʤʝʥʪ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʧʝʨʝʤʝʥʥʳʝ. 

ʉʦʟʜʘʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʤʦʞʥʦ ʧʝʨʝʪʘʱʠʪʴ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ, ʚ ʛʨʘʬʠʯʝʩʢʦʝ ʠʣʠ 

ʘʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ʠʣʠ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ. 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʢʥʘ ʷʚʣʷʶʪʩʷ ʚʢʣʘʜʢʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʧʝ-

ʨʝʤʝʥʥʳʭ (ʢʦʦʨʜʠʥʘʪʳ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʪʝʣ, ʩʠʣʳ ʨʝʘʢʮʠʡ ʠ ʪʘʢ ʜʘʣʝʝ), ʘ 

ʪʘʢʞʝ ʜʝʨʝʚʦ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʘʞʜʦʡ ʚʢʣʘʜʢʝ. ɼʣʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʚ 

ʤʘʩʪʝʨʝ ʧʝʨʝʤʝʥʥʳʭ ʧʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚʢʣʘʜʢʠ ʩ ʵʣʝʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪʩʷ ʚ ʪʝʢʫ-

ʱʝʡ ʤʦʜʝʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʦʨ ʚʢʣʘʜʦʢ ʤʘʩʪʝʨʘ ʧʝʨʝʤʝʥʥʳʭ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ʤʦʜʝ-

ʣʠ ʢ ʤʦʜʝʣʠ. 

ɺ ʦʙʱʝʤ, ʧʝʨʝʤʝʥʥʳʝ, ʩʦʟʜʘʥʥʳʝ ʜʣʷ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʷʚʣʷʶʪʩʷ ʥʝʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ 

ʜʣʷ ʜʨʫʛʦʛʦ. 

ʉʦʟʜʘʥʠʝ ʥʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʙʲʝʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

¶ ʚʙrʨʘʪʴ ʚʢʣʘʜʢʫ (ʥʘʧʨʠʤʝʨ, ʃʠʥʝʡʥʳʝ ʧʝʨʝʤʝʥʥʳʝ); 

ˮͣΎ ͔͔͔͚ͨͪͣͤͤͦ 

˴͔͚͔ͦͤͭͤͪ 

͔͔͔ͨͪͣͤͤ·ͻ 

˴͔͙͚ͦͣͣͤͭ͊ͪ 

͟ ͔͔͔͚ͨͪͣͤͤͦ 

˨͔͔͍ͪͦ Ή͔͔͍ͣͤͭͦ͡ 

ͦ͋Ά͔ͭ͊͟ 

ˤ·͋ͪ͊ͤͤ·͔ 

Ή͔͔ͣͤͭ͡· 

˴͙ͤͦͨ͟ ͍͔͙͒ͦ͋͊ͤ͡Ύ 

͍ ͔͚͔ͦͤͭͤͪ͟ 
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¶ ʚʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʤʝʥʪʳ (ʜʣʷ ʚʢʣʘʜʢʠ ʃʠʥʝʡʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ï ʵʪʦ ʪʝʣʘ), ʦʪ-

ʤʝʪʠʚ ʠʭ ʛʘʣʦʯʢʘʤʠ ʚ ʜʝʨʝʚʝ ʵʣʝʤʝʥʪʦʚ; ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʜʝʨʝʚʝ ʵʣʝʤʝʥʪʦʚ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʦʝ ʚʳʜʝʣʝʥʠʝ ï ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʝʨʝʤʝʥʥʳʝ ʙʫʜʫʪ ʩʦʟʜʘʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ; 

¶ ʟʘʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʝʨʝʤʝʥʥʫʶ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʠʧ 

ʠ ʢʦʤʧʦʥʝʥʪʫ, ʘ ʪʘʢʞʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ; 

¶ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʝʤʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʚʝʢʪʦʨʥʦʝ ʟʥʘʯʝʥʠʝ (ʩʢʦʨʦʩʪʠ, 

ʫʩʢʦʨʝʥʠʷ, ʩʠʣʳ) ʩʣʝʜʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʧʘʨʘʤʝʪʨ ʂʦʤʧʦʥʝʥʪʘ ʧʨʦʝʢʮʠʷ ʥʘ ʦʩʴ (X, Y 

ʠʣʠ Z), ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ (|V|) ʠʣʠ ʩʘʤ ʚʝʢʪʦʨ (V); ʝʩʣʠ ʧʝʨʝʤʝʥʥʘʷ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʮʠʝʡ, 

ʪʦ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʥʘ ʢʦʪʦʨʫʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʝʮʠʨʦʚʘʥʠʝ (ʧʦ-

ʣʝ ʇʨʝʜʩʪʘʚʠʪʴ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʪʝʣʘ); 

¶ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʤʝʥʥʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʥʦʚʣʷʝʪʩʷ ʠʤʷ ʠ ʢʦʤʤʝʥʪʘ-

ʨʠʡ ʢ ʧʝʨʝʤʝʥʥʦʡ; ʚʳ ʤʦʞʝʪʝ ʠʟʤʝʥʠʪʴ ʠʤʷ ʠʣʠ ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʧʝʨʝʤʝʥʥʦʡ ʠ ʟʘʪʝʤ 

ʩʦʟʜʘʪʴ ʝʝ, ʱʝʣʢʥʫʚ ʧʦ ʢʥʦʧʢʝ ; ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ 

ʚʳʙʦʨʘ ʥʝʣʴʟʷ ʠʟʤʝʥʠʪʴ ʠʤʷ ʠ ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʧʝʨʝʤʝʥʥʦʡ. 

ɼʘʣʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ (ʠʣʠ ʛʨʫʧʧʘ ʧʝʨʝʤʝʥʥʳʭ) ʧʝʨʝʥʦʩʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʤʳʰʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʢʥʦ (ʛʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ ʠ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ ï ʜʣʷ ʩʢʘʣʷʨʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ; ʘʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ï ʜʣʷ ʚʝʢʪʦʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ) ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʦʣʦʛʠʶ 

Drag&Drop. 

ʇʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʧʝʨʝʤʝʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʚʢʣʘʜʢʘʭ 

ʤʘʩʪʝʨʘ. 
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4.3.2.1. ʂʦʦʨʜʠʥʘʪʳ 

ɺʢʣʘʜʢʘ ʂʦʦʨʜʠʥʘʪʳ (ʨʠʩ. 4.9) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʙʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʤʝʥʥʦʡ ʦʜʥʦʡ 

ʠʟ ʰʘʨʥʠʨʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʘ ʪʘʢʞʝ ʝʝ ʧʝʨʚʦʡ (ʩʢʦʨʦʩʪʴ) ʠʣʠ ʚʪʦʨʦʡ (ʫʩʢʦʨʝʥʠʝ) ʧʨʦʠʟʚʦʜ-

ʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʠʟ ʩʧʠʩʢʘ ʢʦʦʨʜʠʥʘʪ ʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ. ɼʝʨʝʚʦ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʜʘʥʥʦʡ 

ʚʢʣʘʜʢʠ ʩʦʜʝʨʞʠʪ ʚʩʝ ʰʘʨʥʠʨʳ ʦʙʲʝʢʪʘ ʚʤʝʩʪʝ ʩ ʰʘʨʥʠʨʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʩ ʫʢʘʟʘʥʠʝʤ 

ʥʦʤʝʨʘ ʧʦʜʩʠʩʪʝʤʳ ʠ ʣʦʢʘʣʴʥʦʛʦ ʥʦʤʝʨʘ ʢʘʞʜʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪ. 

ɺ ʧʨʠʤʝʨʝ, ʧʨʠʚʝʜʝʥʥʦʤ ʥʘ ʨʠʩ. 4.9 ʩʬʦʨʤʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ: ʢʦʦʨʜʠʥʘʪʘ 

ʥʦʤʝʨ 21 ʧʦʜʩʠʩʪʝʤʳ 1 ï ʣʦʢʘʣʴʥʘʷ ʰʘʨʥʠʨʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʚ ʰʘʨʥʠʨʝ: 

Bogie_1.Wheelset_motor_assembly1.jRotor_Cardan_shaft. 

ɼʘʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʥʝʩʝʥʘ ʣʠʙʦ ʚ ʛʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ, ʣʠʙʦ ʜʦʙʘʚʣʝʥʘ ʢ 

ʩʧʠʩʢʫ ʧʝʨʝʤʝʥʥʳʭ. 

 

ʈʠʩ. 4.9. ʂʦʦʨʜʠʥʘʪʳ 
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4.3.2.2. ʋʛʣʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ɺʢʣʘʜʢʘ ʋʛʣʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʨʠʩ. 4.10, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʤʝʥʥʫʶ, ʩʚʷʟʘʥ-

ʥʫʶ ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʨʠʝʥʪʘʮʠʠ ʦʜʥʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ. ʈʝʯʴ ʠʜʝʪ ʦ ʧʨʦʝʢʮʠʠ 

ʠʣʠ ʤʦʜʫʣʝ ʚʝʢʪʦʨʘ ʧʦʚʦʨʦʪʘ, ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʦʜ-

ʥʦʛʦ ʪʝʣʘ ʦʙʲʝʢʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ. ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ ʩʠʩʪʝʤʳ. ɼʝʨʝʚʦ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʦʡ ʚʢʣʘʜʢʠ 

ʩʦʜʝʨʞʠʪ ʪʝʣʘ. 

ɺ ʧʨʠʤʝʨʝ, ʧʨʠʚʝʜʝʥʥʦʤ ʥʘ ʨʠʩ. 4.10 ʩʬʦʨʤʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ: ʚʝʢʪʦʨ 

ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʪʝʣʘ Bogie_1.Wheelset_motor_assembling_1.Rotor ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0 

(ʘʙʩʦʣʶʪʥʦʝ ʜʚʠʞʝʥʠʝ). ɼʘʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʥʝʩʝʥʘ ʪʦʣʴʢʦ ʚ ʘʥʠʤʘʮʠʦʥ-

ʥʦʝ ʦʢʥʦ. 

 

ʈʠʩ. 4.10. ʋʛʣʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʌʣʘʛ ʀʩʧʦʣʴʟʦʚʘʪʴ ʦʨʠʝʥʪʘʮʠʶ ʧʨʠ ʥʫʣʝʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ (ʥʘ ʨʠʩ. 4.10 ʥʝ ʧʦʢʘʟʘʥ) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ ɺʝʢʪʦʨ ʧʦʚʦʨʦʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʧʨʠ 

ʥʫʣʝʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʝʨʝʤʝʥʥʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʧʦʚʦʨʦʪʦʚ ʪʝʣ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʧʦʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʥʠ ʟʘʥʠʤʘʣʠ ʧʨʠ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʷʭ ʚʩʝʭ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ. 

ʇʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʢʣʶʯʝ ʧʝʨʝʤʝʥʥʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʪʝʣʘʤʠ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-25 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ɿʘʤʝʯʘʥʠʝ.  ɺʝʢʪʦʨ ʧʦʚʦʨʦʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ʦ ʢʦʥʝʯʥʦʤ ʧʦʚʦ-

ʨʦʪʝ ʠ ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ ʧʦʚʦʨʦʪʘ ʥʘ ʫʛʦʣ ʧʦʚʦʨʦʪʘ. 

ɺ ʩʣʫʯʘʝ ʤʘʣʳʭ ʜʚʠʞʝʥʠʡ ʦʜʥʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ ʧʨʦʝʢʮʠʠ ʚʝʢ-

ʪʦʨʘ ʦʧʨʝʜʝʣʷʶʪ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-26 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.3. ʃʠʥʝʡʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ɺʢʣʘʜʢʘ ʃʠʥʝʡʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʨʠʩ. 4.12, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʧʝʨʝʤʝʥʥʳʝ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʠʝ ʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʦʜʥʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ. ʈʝʯʴ ʠʜʝʪ ʦ ʧʨʦʝʢʮʠʠ ʠʣʠ 

ʤʦʜʫʣʝ ʨʘʜʠʫʩʘ-ʚʝʢʪʦʨʘ (ʢʦʦʨʜʠʥʘʪʘ), ʪʨʘʝʢʪʦʨʠʠ, ʩʢʦʨʦʩʪʠ (v) ʠ ʫʩʢʦʨʝʥʠʠ (a) ʧʨʦʠʟ-

ʚʦʣʴʥʦʡ ʪʦʯʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʠʣʠ ʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʙʠ-

ʧʦʣʷʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ: ʙʠʧʦʣʷʨʥʦʤ ʚʝʢʪʦʨʝ (r12), ʩʢʦʨʦʩʪʠ (v12) ʠ ʫʩʢʦʨʝʥʠʠ (a12) ʧʘʨʳ 

ʪʦʯʝʢ ʜʚʫʭ ʪʝʣ. ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʉʂ ʣʶʙʦʛʦ ʪʝʣʘ ʦʙʲʝʢʪʘ. 

ʈʠʩ. 4.11 ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʦʥʷʪʠʝ ʙʠʧʦʣʷʨʥʦʛʦ ʚʝʢʪʦʨʘ, ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ. ʈʘʩʩʤʦʪ-

ʨʠʤ ʧʘʨʫ ʪʝʣ ʠ ʜʚʝ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʪʦʯʢʠ A (ʜʣʷ ʪʝʣʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʠʩʩʣʝʜʫ-

ʝʪʩʷ ʜʚʠʞʝʥʠʷ) ʠ B (ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ). ʇʫʩʪʴ e12 ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʧʦ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʦʪ ʪʦʯʢʠ A ʢ ʪʦʯʢʝ B. ɹʠʧʦʣʷʨʥʳʡ ʚʝʢʪʦʨ ʤʝʞʜʫ ʧʘʨʦʡ ʪʦʯʝʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦ-

ʰʝʥʠʝʤ 

Ἲ ὶἭ   

ʛʜʝ r ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ. ɹʠʧʦʣʷʨʥʘʷ ʩʢʦʨʦʩʪʴ v12 ʠ ʫʩʢʦʨʝʥʠʝ a12 ʥʘʭʦʜʷʪʩʷ 

ʠʟ ʬʦʨʤʫʣ 

Ἶ ὶἭ ȟ 

Ἡ ὶἭ Ȣ 
 

ɺʝʣʠʯʠʥʳ ʙʠʧʦʣʷʨʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ὶȟὶ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ 

ʩʙʣʠʞʝʥʠʷ/ʫʜʘʣʝʥʠʷ ʧʘʨʳ ʪʦʯʝʢ. 

ɺ ʧʨʠʤʝʨʝ, ʧʨʠʚʝʜʝʥʥʦʤ ʥʘ (ʨʠʩ. 4.12) ʩʬʦʨʤʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ: ʧʦʣʦʞʝ-

ʥʠʝ ʪʦʯʢʠ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ Y ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (0, 0, 

1.45) ʪʝʣʘ Body. ɼʘʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʥʝʩʝʥʘ ʚ ʛʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ ʠ ʩʧʠʩʦʢ 

ʧʝʨʝʤʝʥʥʳʭ. 

 

ʈʠʩ. 4.11. ɹʠʧʦʣʷʨʥʳʡ ʚʝʢʪʦʨ 

ɿʘʤʝʯʘʥʠʷ. 

1. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʢʘʢʦʡ-ʣʠʙʦ ʪʦʯʢʠ ʪʝʣʘ ʚ ʘʥʠʤʘʮʠʦʥ-

ʥʦʤ ʦʢʥʝ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʪʝʣʦ; ʫʢʘʟʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʪʝʣʘ; 

ʟʘʜʘʪʴ ʪʠʧ ʧʝʨʝʤʝʥʥʦʡ ï ʢʦʦʨʜʠʥʘʪʘ; ʟʘʜʘʪʴ ʢʦʤʧʦʥʝʥʪʫ ï ʚʝʢʪʦʨ (V). 

2. ʇʨʠ ʟʘʜʘʥʠʠ ʢʦʤʧʦʥʝʥʪʳ ï ʤʦʜʫʣʴ |V| ʚ ʩʣʫʯʘʝ ʙʠʧʦʣʷʨʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʝ ʤʦʜʫʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʝʢʪʦʨʘ, ʘ ʚʝʣʠʯʠʥʳ ʩʦ ʟʥʘʢʦʤ: ὶȟὶ.  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-27 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 4.12. ʃʠʥʝʡʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-28 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.4. ʇʝʨʝʤʝʥʥʳʝ, ʩʦʟʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʧʨʦʛʨʘʤʤʝ ʚʚʦʜʘ 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʨʘʩʩʯʠʪʳʚʘʝʤʫʶ ʧʝʨʝʤʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ ʩʧʠʩʢʘ ʧʝʨʝ-

ʤʝʥʥʳʭ, ʦʧʠʩʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ ʚʚʦʜʘ, ʩʤ. ɻʣʘʚʫ 3, ʧ. ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ. 

ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʳ ʚʚʦʜʘ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʚʢʣʘʜʢʝ ʤʘʩʪʝʨʘ ʇʝʨʝʤʝʥʥʳʝ, 

ʨʠʩ. 4.13. 

 

ʈʠʩ. 4.13. ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ, ʩʦʟʜʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ ʚʚʦʜʘ 

ʇʨʠʤʝʨʳ ʤʦʜʝʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ: 

{ɼʘʥʥʳʝ ʋʄ}\Samples\Library\Variables_and_Kinematic_functions\ 

Inverted_pendulum_UM; 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Library\Variables_and_Kinematic_functions\Euler_angles; 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Library\Variables_and_Kinematic_functions\Yaw_Pitch_Roll. 

  

03_um_data_input_program.pdf
../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/Euler_angles/input.dat
../SAMPLES/LIBRARY/Variables_and_Kinematic_functions/Yaw_Pitch_Roll/input.dat


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-29 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.5. ɼʘʪʯʠʢʠ 

ɼʘʥʥʳʡ ʪʠʧ ʧʝʨʝʤʝʥʥʳʭ ʜʦʩʪʫʧʝʥ, ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʦʟʜʘʣ ʜʣʷ ʪʝʢʫʱʝʛʦ ʦʙʲʝʢʪʘ 

ʥʘʙʦʨ ʜʘʪʯʠʢʦʚ ʚ ʧʨʦʛʨʘʤʤʝ UM Input, ʩʤ. ɻʣʘʚʫ 3, ʧ. ɺʢʣʘʜʢʘ çɼʘʪʯʠʢʠ/ʃʉʂè. 

ʇʝʨʝʤʝʥʥʘʷ ʪʠʧʘ ɼʘʪʯʠʢ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʢʦʦʨʜʠʥʘʪʫ, ʩʢʦʨʦʩʪʴ ʠʣʠ ʫʩʢʦʨʝʥʠʝ 

ʪʦʯʢʠ ʪʝʣʘ, ʪʘʢ ʞʝ ʢʘʢ ʚ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʩʤ. ʧ. 4.3.2.3. "ʃʠʥʝʡʥʳʝ ʧʝʨʝʤʝʥ-

ʥʳʝ", ʩʪʨ. 4-26. ɽʜʠʥʩʪʚʝʥʥʦʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ 

ʪʦʯʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʪʯʠʢʘ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʠʜʝʥʪʠ-

ʬʠʢʘʪʦʨʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚ ʉʂ ʪʝʣʘ ʙʫʜʫʪ ʠʟʤʝʥʷʪʴʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ. 

ʊʝʣʦ, ʥʝʩʫʱʝʝ ʜʘʪʯʠʢ, ʠ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʜʘʪʯʠʢʘ ʚ ʩʠʤʚʦʣʴʥʦʤ ʚʠʜʝ 

ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʜʝʨʝʚʝ ʚ ʩʢʦʙʢʘʭ ʧʦʩʣʝ ʠʤʝʥʠ ʜʘʪʯʠʢʘ, ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʤʘʩʪʝʨʘ ʦʪʨʘʞʘʝʪʩʷ 

ʜʝʨʝʚʦ ʜʘʪʯʠʢʦʚ ʤʦʜʝʣʠ (ʨʠʩ. 4.14). 

 

ʈʠʩ. 4.14. ɼʘʪʯʠʢʠ 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-30 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.6. ʉʠʣʳ: ʘʢʪʠʚʥʳʝ, ʙʠʧʦʣʷʨʥʳʝ, ʰʘʨʥʠʨʥʳʝ, ʣʠʥʝʡʥʳʝ, ʩʧʝʮʠʘʣʴʥʳʝ, 

ʩʠʣʳ ʨʝʘʢʮʠʠ 

ʉʦʟʜʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʪʠʧʘʤ ʩʠʣ ʠʤʝʝʪ ʩʭʦʞʠʡ ʠʥ-

ʪʝʨʬʝʡʩ ʚ ʤʘʩʪʝʨʝ ʧʝʨʝʤʝʥʥʳʭ, ʧʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʧʝʨʝʤʝʥʥʳʝ ʜʘʥʥʳʭ ʪʠʧʦʚ ʚ ʦʜʥʦʤ 

ʨʘʟʜʝʣʝ, ʢʨʘʪʢʦ ʦʩʪʘʥʘʚʣʠʚʘʷʩʴ ʥʘ ʥʝʢʦʪʦʨʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ, ʧʨʠʩʫʱʠʭ ʢʘʞʜʦʤʫ ʪʠʧʫ. 

ɺ ʜʝʨʝʚʝ ʵʣʝʤʝʥʪʦʚ ʧʦʩʣʝ ʠʤʝʥʠ ʚ ʩʢʦʙʢʘʭ ʫʢʘʟʳʚʘʶʪʩʷ ʠʤʝʥʘ ʪʝʣ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʜʝʡʩʪʚʫʝʪ ʜʘʥʥʳʡ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʜʘʥʥʳʤ (ʵʣʝʤʝʥʪ, ʢʦʤʧʦʥʝʥʪʘ, ʪʠʧ ï ʩʠʣʘ ʠʣʠ ʤʦʤʝʥʪ, 

ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʝʢʮʠʠ) ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʪʝʣʦ ʠʟ ʧʘʨʳ ʪʝʣ, ʥʘ ʢʦʪʦ-

ʨʦʝ ʜʝʡʩʪʚʫʝʪ ʜʘʥʥʘʷ ʩʠʣʘ (ʧʦʣʝ ɼʝʡʩʪʚʫʝʪ ʥʘ ʪʝʣʦ 1 / ʪʝʣʦ 2, ʨʠʩ. 4.15). 

ɽʩʣʠ ʦʧʠʩʘʥʠʝ ʦʙʲʝʢʪʘ ʥʝ ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʦʚ ʟʘʜʘʥʥʦʛʦ ʪʠʧʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʚʢʣʘʜʢʘ ʤʘʩʪʝʨʘ ʧʝʨʝʤʝʥʥʳʭ ʥʝ ʧʦʢʘʟʳʚʘʝʪʩʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʜʘʥʠʷ ʩʠʣ ʢʘʞʜʦʛʦ ʠʟ ʪʠʧʦʚ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-31 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.6.1. T-ʩʠʣʳ 

ʇʝʨʝʤʝʥʥʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ ʠʟ T-ʩʠʣ (ʨʠʩ. 4.15). ʇʝʨʝʤʝʥʥʘʷ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ 

ʩʠʣʳ, ʣʠʙʦ ʤʦʤʝʥʪʘ. 

 

ʈʠʩ. 4.15. T ï ʩʠʣʘ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-32 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.6.2. ɹʠʧʦʣʷʨʥʳʝ ʩʠʣʳ 

ʇʝʨʝʤʝʥʥʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʠʟ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʙʠʧʦʣʷʨʥʦʛʦ ʪʠʧʘ, ʚʭʦʜʷʱʠʭ 

ʚ ʦʧʠʩʘʥʠʝ ʦʙʲʝʢʪʘ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʤʝʥʥʳʭ, ʨʠʩ. 4.16: 

¶ ʢʦʤʧʦʥʝʥʪʘ ʄʦʜʫʣʴ ʩʠʣʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝ ʤʦʜʫʣʶ ʩʠʣʳ, ʘ ʝʝ ʯʠʩʣʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʩʦ ʟʥʘʢʦʤ; 

¶ ʢʦʤʧʦʥʝʥʪʘ ɼʣʠʥʘ ʵʣʝʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʙʠʧʦʣʷʨʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɺ ʯʘʩʪʥʦ-

ʩʪʠ, ʜʘʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʩʠʣʳ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʜʣʠʥʳ; 

¶ ʢʦʤʧʦʥʝʥʪʘ ʉʢʦʨʦʩʪʴ ʵʣʝʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ (ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ 

ʚʨʝʤʝʥʠ) ʜʣʠʥʳ ʙʠʧʦʣʷʨʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʘʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʯʘʩʪʦ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʩʠʣʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ. 

 

ʈʠʩ. 4.16. ɹʠʧʦʣʷʨʥʘʷ ʩʠʣʘ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-33 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.6.3. ʉʢʘʣʷʨʥʳʝ ʤʦʤʝʥʪʳ 

ʇʝʨʝʤʝʥʥʳʝ ʪʠʧʘ ʉʢʘʣʷʨʥʳʡ ʤʦʤʝʥʪ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʥʦʠʤʝʥʥʦʤʫ ʩʠʣʦʚʦʤʫ ʵʣʝ-

ʤʝʥʪʫ. ɿʘʜʘʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʦʯʝʥʴ ʧʦʭʦʞʝ ʥʘ ʟʘʜʘʥʠʝ ʧʝʨʝʤʝʥʥʦʡ çɹʠʧʦʣʷʨʥʘʷ ʩʠʣʘè, 

ʨʠʩ. 4.16. ʂʦʤʧʦʥʝʥʪʳ ʋʛʦʣ ʠ ʉʢʦʨʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦ-

ʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʤʝʥʪʘ (ʨʠʩ. 4.17). 

 

ʈʠʩ. 4.17. ʉʢʘʣʷʨʥʳʡ ʤʦʤʝʥʪ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-34 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.6.4. ʐʘʨʥʠʨʥʳʝ ʩʠʣʳ 

ʇʝʨʝʤʝʥʥʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʢʪʠʚʥʳʤ ʩʠʣʘʤ ʠ ʤʦʤʝʥʪʘʤ ʚ ʰʘʨʥʠʨʘʭ, ʟʘʜʘʥʥʳʭ ʧʦʣʴʟʦ-

ʚʘʪʝʣʝʤ ʧʨʠ ʦʧʠʩʘʥʠʠ ʦʙʲʝʢʪʘ. ʉʧʠʩʦʢ ʰʘʨʥʠʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʜʝʨʝʚʝ ʵʣʝʤʝʥʪʦʚ 

(ʨʠʩ. 4.18). ʐʘʨʥʠʨʥʳʝ ʩʠʣʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʜʣʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ, ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʰʘʨʥʠʨʦʚ ʠ ʰʘʨʥʠʨʘ ʦʙʦʙʱʝʥʥʦʛʦ ʪʠʧʘ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʪʠʧʦʚ ʰʘʨʥʠʨʦʚ ʧʝʨʝʤʝʥʥʘʷ ʧʨʠ-

ʥʠʤʘʝʪ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ. 

ɽʩʣʠ ʧʨʠ ʦʧʠʩʘʥʠʠ ʰʘʨʥʠʨʘ ʦʙʦʙʱʝʥʥʦʛʦ ʪʠʧʘ, ʠʤʝʶʱʝʛʦ ʥʝʩʢʦʣʴʢʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦ-

ʜʳ, ʚʚʝʜʝʥʳ ʰʘʨʥʠʨʥʳʝ ʩʠʣʳ ʜʣʷ ʨʘʟʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʪʦ ʚ ʧʝʨʝʤʝʥʥʦʡ ʬʦʨʤʠʨʫʶʪ-

ʩʷ ʩʫʤʤʘʨʥʳʝ ʚʝʢʪʦʨʳ ʩʠʣʳ ʠʣʠ ʤʦʤʝʥʪʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʰʘʨʥʠʨʥʦʡ ʪʦʯʢʝ. 

 

ʈʠʩ. 4.18. ʐʘʨʥʠʨʥʳʝ ʩʠʣʳ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-35 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.6.5. ʃʠʥʝʡʥʳʝ ʩʠʣʳ 

ʃʠʥʝʡʥʳʝ ʩʠʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʦʙʱʝʥʥʳʤ ʣʠʥʝʡʥʳʤ ʫʧʨʫʛʠʤ ʩʠʣʦʚʳʤ ʵʣʝʤʝʥʪʘʤ. 

ɻʨʫʧʧʘ ʀʩʩʣʝʜʫʝʤʘʷ ʚʝʣʠʯʠʥʘ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʪʠʧ ʧʝʨʝʤʝʥʥʦʡ: ʉʠʣʘ, ʄʦʤʝʥʪ, 

ʉʤʝʱʝʥʠʝ ʠ ʇʦʚʦʨʦʪ (ʨʠʩ. 4.19). ɼʚʘ ʧʦʩʣʝʜʥʠʭ ʪʠʧʘ ʧʝʨʝʤʝʥʥʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʥʦʩʠ-

ʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʷʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʨʘʩʯʝʪʘ ʩʠʣ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ɻʣʘʚʦʡ 2, ʧ. "ʆʙʦʙʱʝʥʥʳʡ ʣʠʥʝʡʥʳʡ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ". 

 

ʈʠʩ. 4.19. ʃʠʥʝʡʥʳʝ ʩʠʣʳ 

ʇʦʣʝ ʂʦʤʧʦʥʝʥʪʘ ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʢʠ. ɼʘʥʥʳʡ 

ʧʘʨʘʤʝʪʨ ʠʤʝʝʪ ʵʬʬʝʢʪ ʪʦʣʴʢʦ ʜʣʷ ʪʠʧʘ ʉʠʣʘ (ʠ ʠʛʥʦʨʠʨʫʝʪʩʷ ʜʣʷ ʤʦʤʝʥʪʘ) ʚ ʩʣʫʯʘʝ, ʢʦ-

ʛʜʘ ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʟʘʜʘʥʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ, ʧʨʠ-

ʯʝʤ ʪʦʣʴʢʦ ʦʜʥʘ ʢʦʤʧʦʥʝʥʪʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʣʳ ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥ-

ʪʘ ʜʠʥʘʤʠʢʠ ʨʘʚʥʦ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʥʝʥʫʣʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʣʳ ʢ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ ʩʠʣʳ, ʦʪʥʝʩʝʥʥʦʡ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʟʥʘʯʝʥʠʶ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʨʦʝʢʮʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʣʳ ʥʘ ʦʩʴ z ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ, ʪʦ 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-36 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.6.6. ʉʧʝʮʠʘʣʴʥʳʝ ʩʠʣʳ 

ʇʝʨʝʤʝʥʥʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʠʟ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ ʩʧʝʮʠʘʣʴʥʦʡ ʩʠʣʳ. 

ʂʘʞʜʦʡ ʩʧʝʮʠʘʣʴʥʦʡ ʩʠʣʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʜʝʣʴʥʘʷ ʚʢʣʘʜʢʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʩʝ ʪʠʧʳ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʣ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʢʘʞʝʤ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦ-

ʟʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

4.3.2.6.6.1. ɿʫʙʯʘʪʦʝ ʟʘʮʝʧʣʝʥʠʝ ʠ ʟʫʙʯʘʪʘʷ ʨʝʡʢʘ 

ɼʣʷ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʠʣʘ ʚ ʟʘʮʝʧʣʝʥʠʠ, ʘ ʤʦʤʝʥʪ 

ʦʪʩʫʪʩʪʚʫʝʪ (ʨʠʩ. 4.20). 

 

ʈʠʩ. 4.20. ʇʨʠʤʝʨ ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ 

4.3.2.6.6.2. ʉʘʡʣʝʥʪ-ʙʣʦʢ 

ʉʦʟʜʘʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʠʤʝʝʪ ʩʪʘʥʜʘʨʪʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʨʠʩ. 4.15. 

4.3.2.6.6.3. ʂʫʣʘʯʦʢ 

ɼʣʷ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʪʠʧʘ ʂʫʣʘʯʦʢ ʧʝʨʝʤʝʥʥʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʙʦ ʥʦʨʤʘʣʴʥʦʡ ʨʝ-

ʘʢʮʠʠ, ʣʠʙʦ ʩʠʣʝ ʪʨʝʥʠʷ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥʦʣʦʛʠʷ ʧʨʦʛʨʘʤʤʳ UM Input), ʩʤ ʨʠʩ. 4.21. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-37 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 4.21. ʇʨʠʤʝʨ ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʢʫʣʘʯʢʘ 

4.3.2.6.6.4. ʇʨʫʞʠʥʘ 

ɺ ʩʣʫʯʘʝ ʩʧʝʮʠʘʣʴʥʦʡ ʩʠʣʳ ʪʠʧʘ çʇʨʫʞʠʥʘè ʚʚʝʜʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʢʠ ʂ.ɼ. (ʩʤ. ʧ. 4.3.2.6.5. "ʃʠʥʝʡʥʳʝ ʩʠʣʳ", ʩʪʨ. 4-35), ʨʠʩ. 4.22. 

 

ʈʠʩ. 4.22. ʇʨʠʤʝʨ ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʧʨʫʞʠʥʳ 

4.3.2.6.6.5. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʪʨʝʥʠʝ 

ɼʣʷ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʪʠʧʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʪʨʝʥʠʷ ʧʝʨʝʤʝʥʥʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʩʝʚʦʡ ʩʠʣʝ, ʩʠʣʝ ʪʨʝʥʠʷ, ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʣ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ (W) ʠ ʩʫʤʤʘʨʥʦʡ 

ʨʘʙʦʪʝ ʩʠʣ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ (A) (ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥʦʣʦʛʠʷ ʧʨʦʛʨʘʤʤʳ UM Input). 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-38 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 4.23. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʪʨʝʥʠʝ 

4.3.2.6.6.6. ʐʠʥʘ 

ʉʧʝʮʠʘʣʴʥʳʝ ʩʠʣʳ ʪʠʧʘ ʐʠʥʘ ʜʫʙʣʠʨʫʶʪ ʦʩʥʦʚʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʢʦʥʪʘʢʪʘ ʰʠʥʳ ʩ ʜʦ-

ʨʦʛʦʡ, ʧʦʵʪʦʤʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʢʣʘʜʢʘ ɸʚʪʦʤʦʙʠʣʴ, ʨʠʩ. 4.24, 

ʧ. 4.3.2.12. "ɸʚʪʦʤʦʙʠʣʴ", ʩʪʨ. 4-56. 

 

ʈʠʩ. 4.24. ʉʧʝʮʠʘʣʴʥʘʷ ʩʠʣʘ ʪʠʧʘ ʐʠʥʘ  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-39 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.6.7. ʉʠʣʳ ʨʝʘʢʮʠʡ 

ʉʠʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʠʣʘʤ ʨʝʘʢʮʠʡ ʰʘʨʥʠʨʦʚ ʦʙʲʝʢʪʘ ʠ ʩʯʠʪʘʶʪʩʷ ʧʨʠʚʝʜʝʥʥʳʤʠ ʢ 

ʰʘʨʥʠʨʥʦʡ ʪʦʯʢʝ. 

ɽʩʣʠ ʰʘʨʥʠʨ ʠʤʝʝʪ ʰʝʩʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ (ʠʣʠ ʪʨʠ ʜʣʷ ʧʣʦʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ), ʪʦ ʩʠ-

ʣʳ ʨʝʘʢʮʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ ʥʫʣʶ, ʪʘʢ ʢʘʢ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʰʘʨʥʠʨ ʥʝ ʷʚʣʷʝʪʩʷ ʩʚʷ-

ʟɹ ʶ. ʇʦʩʢʦʣʴʢʫ ʨʘʩʯʝʪ ʜʠʥʘʤʠʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʪʦ ʬʘʢʪʠ-

ʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣ ʙʫʜʝʪ ʦʪʣʠʯʥʦ ʦʪ ʥʫʣʷ, ʥʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʯʥʦ-

ʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʧʨʠʯʝʤ ʚʝʣʠʯʠʥʘ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʡ 

ʦʮʝʥʢʦʡ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʩʠʣ ʨʝʘʢʮʠʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

ʈʘʩʯʝʪ ʩʠʣ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʳʤ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʝʭʘʥʠʟʤ ʷʚʣʷʝʪʩʷ 

ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʥʳʤ. ʅʘʧʨʠʤʝʨ, ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʩʝ ʩʠʩʪʝʤʳ 

ʪʝʣ, ʥʝ ʠʤʝʶʱʠʝ ʟʘʤʢʥʫʪʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʮʝʧʝʡ. ʇʨʠ ʥʘʣʠʯʠʠ ʟʘʤʢʥʫʪʳʭ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʠʭ ʮʝʧʝʡ ʨʘʩʯʝʪ ʤʦʞʝʪ ʙʳʪʴ ʥʝʢʦʨʨʝʢʪʥʳʤ, ʭʦʪʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʤʝʭʘʥʠʟʤʘ 

ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʤ. ʅʘʧʨʠʤʝʨ, ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʳʡ ʤʝʭʘʥʠʟʤ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʠʤ ʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ï ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ. ɽʩʣʠ ʧʨʠʣʦʞʠʪʴ ʢ ʤʝʭʘ-

ʥʠʟʤʫ ʘʢʪʠʚʥʫʶ ʩʠʣʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʝʛʦ ʧʣʦʩʢʦʩʪʠ, ʪʦ ʨʘʩʯʝʪ ʩʠʣ ʨʝʘʢʮʠʡ ʙʫʜʝʪ ʥʝ-

ʢʦʨʨʝʢʪʥʳʤ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʥʳʤ, ʝʩʣʠ ʟʘʤʝʥʠʪʴ 

ʚʨʘʱʘʪʝʣʴʥʳʝ ʰʘʨʥʠʨʳ ʢʨʠʚʦʰʠʧ-ʙʘʟʘ ʠ ʰʘʪʫʥ-ʧʦʣʟʫʥ ʰʘʨʥʠʨʘʤʠ ʩ ʜʚʫʤʷ ʠ ʪʨʝʤʷ ʚʨʘ-

ʱʘʪʝʣʴʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩ. 4.25. ʉʠʣʳ ʨʝʘʢʮʠʠ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-40 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.6.8. ɺʩʝ ʩʠʣʳ 

ʇʝʨʝʤʝʥʥʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʚʩʝʭ ʩʠʣ, ʜʝʡʩʪʚʫ-

ʶʱʠʭ ʥʘ ʦʪʜʝʣʴʥʦʝ ʪʝʣʦ ʠʣʠ ʥʘ ʛʨʫʧʧʫ ʪʝʣ. ʆʪʤʝʪʴʪʝ ʚ ʜʝʨʝʚʝ ʪʝʣʦ ʠʣʠ ʛʨʫʧʧʫ ʪʝʣ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʧʝʨʝʤʝʥʥʘʷ, ʫʢʘʞʠʪʝ ʪʠʧʳ ʩʠʣ (ʘʢʪʠʚʥʳʝ, ʨʝʘʢʮʠʠ ʠ ʠʥʝʨʮʠʠ). ʉʠ-

ʣʳ ʠʥʝʨʮʠʠ ʧʨʠʚʦʜʷʪʩʷ ʢ ʮʝʥʪʨʫ ʤʘʩʩ ʪʝʣʘ. ʅʘ ʨʠʩ. 4.26 ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʝʨʝʤʝʥʥʘʷ: ʚʩʝ 

ʘʢʪʠʚʥʳʝ ʩʠʣʳ ʠ ʩʠʣʳ ʨʝʘʢʮʠʡ ʩʚʷʟʝʡ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʦʪʤʝʯʝʥʥʫʶ ʛʘʣʦʯʢʘʤʠ ʛʨʫʧʧʫ 

ʪʝʣ. 

 

ʈʠʩ. 4.26. ɺʩʝ ʩʠʣʳ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-41 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.6.9. ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ ʜʣʷ ʪʝʣ 

ɺʢʣʘʜʢʘ ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ ʜʣʷ ʪʝʣ (ʨʠʩ. 4.27) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʝʤʝʥ-

ʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʘʢʪʥʳʤ ʩʠʣʦʚʳʤ ʵʣʝʤʝʥʪʘʤ. ɺʢʣʘʜʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʩʢʣʶʯʠ-

ʪʝʣʴʥʦ ʜʣʷ ʢʦʥʪʘʢʪʦʚ ʪʠʧʘ ʊʦʯʢʠ-ʇʣʦʩʢʦʩʪʴ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʩʝ ʢʦʥʪʘʢʪʥʳʝ ʩʠʣʳ ʪʠʧʘ ʊʦʯʢʠ-ʇʣʦʩʢʦʩʪʴ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʝʣʦ, 

ʚʳʙʨʘʥʥʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʇʝʨʝʤʝʥʥʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʦʜʥʦʛʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ. 

 

ʈʠʩ. 4.27. ɺʢʣʘʜʢʘ ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ 

ɺʝʢʪʦʨʳ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ 

ʇʝʨʝʤʝʥʥʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʤʝʱʝʥʘ ʪʦʣʴʢʦ ʚ ʘʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʫʪ 

ʠʟʦʙʨʘʞʝʥʳ ʚʝʢʪʦʨʳ ʚʩʝʭ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʫʢʘʟʘʥʥʦʛʦ ʪʠʧʘ (ʧʦ ʯʠʩʣʫ ʪʦʯʝʢ), ʧʨʠʣʦʞʝʥ-

ʥʳʝ ʢʘʞʜʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ, ʧʨʠʯʝʤ ʥʦʨʤʘʣʴʥʳʝ ʩʠʣʳ ʠ ʩʠʣʳ ʪʨʝʥʠʷ 

ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʳʤʠ ʚʝʢʪʦʨʘʤʠ. ʇʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʜʘʥʥʦ-

ʛʦ ʪʠʧʘ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʩʦ ʩʪʦʨʦʥʳ ʬʨʠʢʮʠʦʥʥʳʭ ʢʣʠʥʴʝʚ 

ʥʘ ʙʦʢʦʚʠʥʫ ʠ ʥʘʜʨʝʩʩʦʨʥʫʶ ʙʘʣʢʫ ʪʨʝʭʵʣʝʤʝʥʪʥʦʡ ʪʝʣʝʞʢʠ ʛʨʫʟʦʚʦʛʦ ʚʘʛʦʥʘ, ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʥʘ ʨʠʩ. 4.28. 
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ʈʠʩ. 4.28. ɺʝʢʪʦʨʳ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ 

ɻʣʘʚʥʳʡ ʤʦʤʝʥʪ 

ɻʣʘʚʥʳʡ ʤʦʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʩʫʤʤʫ ʤʦʤʝʥʪʦʚ ʚʩʝʭ ʢʦʥʪʘʢʪ-

ʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʜʘʥʥʦʝ ʪʝʣʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʦʡ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʉʂ ʪʝʣʘ, ʨʠʩ. 4.29. 

 

ʈʠʩ. 4.29. ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʨʠʚʝʜʝʥʠʷ ʛʣʘʚʥʦʛʦ ʚʝʢʪʦʨʘ ʠ ʛʣʘʚʥʦʛʦ ʤʦʤʝʥʪʘ 

ʅʘ ʨʠʩ. 4.27 ʩʬʦʨʤʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ: ʧʨʦʝʢʮʠʷ ʥʘ ʦʩʴ Y ʉʂ ʪʝʣʘ ʂʫʟʦʚ 

ʛʣʘʚʥʦʛʦ ʚʝʢʪʦʨʘ ʚʩʝʭ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʝʣʦ ʂʫʟʦʚ. 

ɻʣʘʚʥʳʡ ʚʝʢʪʦʨ ʤʦʞʥʦ ʩʧʨʦʝʮʠʨʦʚʘʪʴ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ, ʚʳʚʝʩʪʠ ʜʣʠʥʫ ʚʝʢʪʦʨʘ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʝʢʪʦʨ ʧʦʤʝʩʪʠʪʴ ʚ ʘʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʡʪʝ ʥʫʞʥʳʡ 

ʚʘʨʠʘʥʪ ʚ ʛʨʫʧʧʝ ʂʦʤʧʦʥʝʥʪʘ. ɻʣʘʚʥʳʡ ʚʝʢʪʦʨ ʠ ʛʣʘʚʥʳʡ ʤʦʤʝʥʪ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ 

ʨʠʩʫʶʪʩʷ ʧʨʠʣʦʞʝʥʥʳʤʠ ʢ ʪʦʯʢʝ, ʟʘʜʘʥʥʦʡ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚ ʛʨʫʧʧʝ ʇʨʠʚʝʩʪʠ ʢ ʪʦʯʢʝ, 

ʨʠʩ. 4.29. 
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4.3.2.6.10. ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ: ʢʦʥʪʘʢʪ ʪʠʧʘ ʊʦʯʢʠ ð ʇʣʦʩʢʦʩʪʴ ʠ ʊʦʯʢʠ ð Z-

ʧʦʚʝʨʭʥʦʩʪʴ 

ɺ ʩʣʫʯʘʝ ʢʦʥʪʘʢʪʘ ʪʠʧʘ ʊʦʯʢʠ-ʇʣʦʩʢʦʩʪʴ ʠ ʊʦʯʢʠïZ-ʧʦʚʝʨʭʥʦʩʪʴ ʧʘʨʘʤʝʪʨʳ, ʧʨʠʚʝ-

ʜʝʥʥʳʝ ʥʘ ʚʢʣʘʜʢʝ (ʨʠʩ. 4.30), ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ. 

ɻʣʘʚʥʳʡ ʚʝʢʪʦʨ 

ʀʤʝʝʪʩʷ ʚ ʚʠʜʫ ʩʫʤʤʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪ ʚʩʝʭ ʪʦʯʝʢ ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ ʢʦʥʪʘʢʪʘ. ɺ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʊʠʧ ʩʠʣʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

R ï ʩʫʤʤʘ ʚʩʝʭ ʩʠʣ, ʚʢʣʶʯʘʷ ʥʦʨʤʘʣʴʥʳʝ ʩʠʣʳ ʠ ʩʠʣʳ ʪʨʝʥʠʷ, ʚʝʢʪʦʨ; 

N ï ʩʫʤʤʘ ʥʦʨʤʘʣʴʥʳʭ ʩʠʣ, ʚʝʢʪʦʨ; 

Ffr  ï ʩʫʤʤʘ ʩʠʣ ʪʨʝʥʠʷ, ʚʝʢʪʦʨ; 

D ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚʥʝʜʨʝʥʠʷ ʪʦʯʝʢ, ʩʢʘʣʷʨ; 

W ï ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʩʠʣ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, ʚʝʢʪʦʨ; 

A ï ʩʫʤʤʘʨʥʘʷ ʨʘʙʦʪʘ ʩʠʣ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, ʚʝʢʪʦʨ. 

ɼʣʷ ʚʩʝʭ ʚʝʢʪʦʨʥʳʭ ʚʝʣʠʯʠʥ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʝʨʝʤʝʥʥʫʶ ʚ ʚʠʜʝ ʧʨʦʝʢʮʠʠ ʠ ʚʝ-

ʣʠʯʠʥʳ. 

 

ʈʠʩ. 4.30. ɺʢʣʘʜʢʘ ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ: ʤʥʦʛʦʪʦʯʝʯʥʳʡ ʢʦʥʪʘʢʪ 
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ʈʠʩ. 4.31. ɻʣʘʚʥʳʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʴʥʳʭ ʩʠʣ ʠ ʩʠʣ ʪʨʝʥʠʷ,  

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʘʜʨʝʩʩʦʨʥʫʶ ʙʘʣʢʫ ʩʦ ʩʪʦʨʦʥʳ ʢʣʠʥʘ 

ɽʩʣʠ ʚʝʢʪʦʨ R, N ʠʣʠ Ffr  ʧʦʤʝʱʘʝʪʩʷ ʚ ʘʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ, ʪʦ ʥʘʯʘʣʦ ʚʝʢʪʦʨʘ ʨʘʟʤʝ-

ʱʘʝʪʩʷ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʝʢ, ʨʘʩʩʯʠʪʳʚʘʝʤʦʤ ʢ ʉʂ ʪʝʣʘ ʧʦ ʬʦʨʤʫ-

ʣʝ 

”
ρ

ὔ
”ȟ  

ʛʜʝ ” ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʢʦʥʪʘʢʪʥʦʡ ʪʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʉʂ ʪʝʣʘ, N ï 

ʯʠʩʣʦ ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʝʢ ʜʣʷ ʩʠʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 4.31 ʧʦʢʘʟʘʥʳ ʚʝʢʪʦʨʳ 

ʩʫʤʤʘʨʥʳʭ ʩʠʣ N, Ffr. 

 

ɺʝʢʪʦʨ ʤʦʱʥʦʩʪʠ ʩʠʣ ʪʨʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʧʨʦʝʢʮʠʷʤ ʚ ʉʂ ʚʪʦʨʦʛʦ ʪʝʣʘ (ʩʦ-

ʜʝʨʞʘʱʝʛʦ ʢʦʥʪʘʢʪʥʫʶ ʧʣʦʩʢʦʩʪʴ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ 
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ỡỡ
Ỡ
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ὊȟὊȟὊ ï ʧʨʦʝʢʮʠʠ ʩʠʣʳ ʪʨʝʥʠʷ ʚ ʨʝʞʠʤʝ ʩʢʦʣʴʞʝʥʠʷ ʚ i-ʡ ʪʦʯʢʝ ʥʘ ʦʩʠ ʉʂ ʚʪʦʨʦʛʦ 

ʪʝʣʘ, ʘ ὺȟὺȟὺ ï ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʪʫ ʞʝ ʉʂ. ɺ ʨʝʞʠʤʝ ʩʮʝʧʣʝʥʠʷ 

ʤʦʱʥʦʩʪʴ ʩʠʣʳ ʪʨʝʥʠʷ ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ. 

ɺʝʢʪʦʨ ʤʦʱʥʦʩʪʠ ʥʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʜʨʫʛʠʝ ʉʂ. 

ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʤʦʱʥʦʩʪʠ ʥʘ ʦʩʴ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʜʦʣʷ ʤʦʱʥʦʩʪʠ, ʨʘʩ-

ʩʝʠʚʘʝʤʦʡ ʪʨʝʥʠʝʤ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
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ɽʩʣʠ ʚʳʙʨʘʪʴ ʢʦʤʧʦʥʝʥʪʫ |V|, ʪʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʝ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ὡᴆ, ʘ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʘʷ ʤʦʱʥʦʩʪʴ ʩʠʣ ʪʨʝʥʠʷ ὡ ὡ ὡ ὡ . 

ɺʝʢʪʦʨ ʨʘʙʦʪʳ ʩʠʣ ʪʨʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʧʨʦʝʢʮʠʷʤ ʚ ʉʂ ʚʪʦʨʦʛʦ ʪʝʣʘ (ʩʦʜʝʨ-

ʞʘʱʝʛʦ ʢʦʥʪʘʢʪʥʫʶ ʧʣʦʩʢʦʩʪʴ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ 
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ỡ
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ɺʝʢʪʦʨ ʨʘʙʦʪʳ ʥʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʜʨʫʛʠʝ ʉʂ. 

ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʨʘʙʦʪʳ ʥʘ ʦʩʴ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʜʦʣʷ ʵʥʝʨʛʠʠ, ʨʘʩʩʝʠʚʘ-

ʝʤʦʡ ʪʨʝʥʠʝʤ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɽʩʣʠ ʚʳʙʨʘʪʴ ʢʦʤʧʦʥʝʥʪʫ |V|, ʪʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʝ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ὃ, ʘ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʘʷ ʨʘʙʦʪʘ ʩʠʣ ʪʨʝʥʠʷ ὃ ὃ ὃ ὃ ὡ᷿Ὠὸὃ. 

 

ʆʪʜʝʣʴʥʘʷ ʩʠʣʘ 

ʀʟ ʚʩʝʭ ʪʦʯʝʢ ʢʦʥʪʘʢʪʘ ʚʳʙʠʨʘʝʪʩʷ ʦʜʥʘ (ʧʦʣʝ ʀʥʜʝʢʩ ʩʠʣʳ ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʢʦʥ-

ʪʘʢʪʥʦʡ ʪʦʯʢʠ ʚ ʦʧʠʩʘʥʠʠ ʵʣʝʤʝʥʪʘ ʚ ʧʨʦʛʨʘʤʤʝ ʚʚʦʜʘ). ɼʣʷ ʥʝʝ ʚʳʙʠʨʘʝʪʩʷ ʊʠʧ ʩʠʣʳ: 

R ï ʩʫʤʤʘ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ ʠ ʩʠʣʳ ʪʨʝʥʠʷ, ʚʝʢʪʦʨ; 

N ï ʥʦʨʤʘʣʴʥʘʷ ʩʠʣʘ, ʚʝʢʪʦʨ; 

Ffr  ï ʩʠʣʘ ʪʨʝʥʠʷ, ʚʝʢʪʦʨ; 

D ï ʚʥʝʜʨʝʥʠʝ ʪʦʯʢʠ ʚ ʧʣʦʩʢʦʩʪʴ, ʩʢʘʣʷʨ; 

W ï ʤʦʱʥʦʩʪʴ ʩʠʣʳ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, ʚʝʢʪʦʨ; 

A ï ʨʘʙʦʪʘ ʩʠʣʳ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, ʚʝʢʪʦʨ. 

ɼʣʷ ʦʪʜʝʣʴʥʦʡ ʩʠʣʳ ʩʧʨʘʚʝʜʣʠʚʳ ʚʩʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʢʦʤʤʝʥʪʘʨʠʠ, ʩʜʝʣʘʥʥʳʝ ʚʳʰʝ 

ʜʣʷ ʛʣʘʚʥʳʭ ʚʝʢʪʦʨʦʚ, ʝʩʣʠ ʚ ʬʦʨʤʫʣʘʭ ʧʦʣʦʞʠʪʴ ʯʠʩʣʦ ʪʦʯʝʢ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ. 
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4.3.2.6.11. ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ: ʦʩʪʘʣʴʥʳʝ ʪʠʧʳ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ 

ʇʝʨʝʤʝʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʪʘʢʪʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ: 

R ï ʩʫʤʤʘ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ ʠ ʩʠʣʳ ʪʨʝʥʠʷ, ʚʝʢʪʦʨ; 

N ï ʥʦʨʤʘʣʴʥʘʷ ʩʠʣʘ, ʚʝʢʪʦʨ; 

Ffr  ï ʩʠʣʘ ʪʨʝʥʠʷ, ʚʝʢʪʦʨ; 

D ï ʚʥʝʜʨʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʢʘʣʷʨ. 

 

ɼʣʷ ʚʩʝʭ ʚʝʢʪʦʨʥʳʭ ʚʝʣʠʯʠʥ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʝʨʝʤʝʥʥʫʶ ʚ ʚʠʜʝ ʧʨʦʝʢʮʠʠ ʠ ʤʦ-

ʜʫʣʷ ʚʝʢʪʦʨʘ (ʨʠʩ. 4.32). 

 

ʈʠʩ. 4.32. ɺʢʣʘʜʢʘ ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ 
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4.3.2.7. ʇʝʨʝʤʝʥʥʳʝ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ɺʢʣʘʜʢʘ ʇʝʨʝʤʝʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷ | UserVars (ʨʠʩ. 4.33) ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʝ-

ʨʝʤʝʥʥʫʶ, ʨʘʩʩʯʠʪʳʚʘʝʤʫʶ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʬʘʡʣʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʚ 

ʩʨʝʜʝ UM ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʡʣʘ ʫʧʨʘʚʣʝʥʠʷ, ʩʤ. ɻʣʘʚʫ 5 ʨʫʢʦʚʦʜʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

ʈʠʩ. 4.33. ʇʝʨʝʤʝʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʦʟʘʙʦʪʠʪʴʩʷ ʦ ʪʦʤ, ʯʪʦʙʳ ʟʥʘʯʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʠʤ ʚʳʨʘʞʝ-

ʥʠʷ ʚ ʬʘʡʣʝ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʦ ʧʨʠʩʚʦʝʥʦ ʦʜʥʦʤʫ ʠʟ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ 

UserVars[1..1001]. 

ɼʣʷ ʟʘʜʘʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʤʘʩʪʝʨʘ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʝʝ ʥʦʤʝʨ ʚ ʤʘʩʩʠʚʝ, ʟʘ-

ʜʘʪʴ ʩʪʘʥʜʘʨʪʥʦʝ ʠʣʠ ʦʨʠʛʠʥʘʣʴʥʦʝ ʠʤʷ ʠ ʢʦʤʤʝʥʪʘʨʠʡ ʠ ʦʪʦʩʣʘʪʴ ʧʝʨʝʤʝʥʥʫʶ ʚ ʢʦʥʪʝʡ-

ʥʝʨ. 
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4.3.2.8. ɺʝʢʪʦʨʳ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ɺʢʣʘʜʢʘ ɺʝʢʪʦʨʳ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʨʠʩ. 4.34) ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚʝʢʪʦʨʳ ʜʣʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʬʘʡʣʝ 

ʫʧʨʘʚʣʝʥʠʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʧʠʩʦʢ ʚʝʢʪʦ-

ʨʦʚ, ʚʝʣʠʯʠʥʳ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʬʘʡʣʝ ʫʧʨʘʚʣʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʜʘʥʥʦʛʦ 

ʩʧʠʩʢʘ ï ʧʨʝʜʦʩʪʘʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʥʝʩʪʘʥʜʘʨʪʥʳʭ 

ʚʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʤʘʩʪʝʨʘ ʧʝʨʝʤʝʥ-

ʥʳʭ, ʩʤ. ɻʣʘʚʫ 5, ʧ. ɸʥʠʤʘʮʠʷ ʚʝʢʪʦʨʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

ʈʠʩ. 4.34. ɺʝʢʪʦʨʳ ʧʦʣʴʟʦʚʘʪʝʣʷ 
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4.3.2.9. ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ 

ɺʢʣʘʜʢʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ (ʨʠʩ. 4.35) ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʝʨʝʤʝʥʥʫʶ, ʩʚʷʟʘʥ-

ʥʫʶ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦ-

ʨʦʚ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʝʣʠʯʠʥʫ ʩʠʣʳ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʷ ʥʘʜ ʥʠʤʠ. 

 

ʈʠʩ. 4.35. ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ 
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4.3.2.10. ʇʝʨʝʤʝʥʥʘʷ ï ʚʳʨʘʞʝʥʠʝ 

ʉ ʧʦʤʦʱʴʶ ʚʢʣʘʜʢʠ ɺʳʨʘʞʝʥʠʝ ʤʘʩʪʝʨʘ ʧʝʨʝʤʝʥʥʳʭ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʧʨʦ-

ʛʨʘʤʤʠʨʫʝʤʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʧʨʠʤʝʥʷʷ ʢ ʟʘʨʘʥʝʝ ʩʦʟʜʘʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʤʘʩʪʝʨʘ ʧʝʨʝʤʝʥ-

ʥʳʤ ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ ʚʨʝʤʝʥʠ t ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ, ʚʝʢʪʦʨʥʳʝ ʠ ʜʨʫʛʠʝ ʦʧʝʨʘʮʠʠ, ʬʫʥʢ-

ʮʠʠ, ʘ ʪʘʢʞʝ, ʠʩʧʦʣʴʟʫʷ ʦʧʝʨʘʪʦʨʳ ʫʩʣʦʚʠʷ. 

ʇʨʠʤʝʨʳ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ: 

¶ ɺʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʘʙʦʨʘ ʩʠʣ, ʘ ʪʘʢʞʝ ʝʝ ʤʦʜʫʣʴ ʠ ʧʨʦʝʢʮʠʷ ʥʘ ʣʶʙʫʶ 

ʦʩʴ. 

¶ ʉʪʘʥʜʘʨʪʥʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʥʦ ʩʦ ʟʥʘʢʦʤ, ʠʟʤʝʥʝʥʥʳʤ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ. ʉʪʘʥʜʘʨʪ-

ʥʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʫʤʥʦʞʝʥʥʘʷ ʥʘ ʯʠʩʣʦ (ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʝʜʠʥʠʮ ʚ ʜʨʫʛʠʭ ʝʜʠʥʠʮʘʭ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʝʨʝʚʦʜʘ ʤʝʪʨʦʚ ʚ ʜʶʡʤʳ ʠʣʠ ʬʫʪʳ). 

¶ ʌʫʥʢʮʠʷ ʚʨʝʤʝʥʠ, ʥʘʧʨʠʤʝʨ, sin(10t). 

¶ ʈʘʟʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ. 

4.3.2.10.1. ʆʩʥʦʚʥʳʝ ʜʝʡʩʪʚʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʧʠʩʢʘ 

ɼʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ. 

1. ʇʦʜʛʦʪʦʚʠʪʴ ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ 

(ʥʘʧʨʠʤʝʨ, ʦʪʢʨʳʪʴ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ). ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʪʴ ʥʦʚʳʝ ʧʝʨʝ-

ʤʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʘʩʪʝʨʘ ʠ ʧʦʤʝʩʪʠʪʴ ʚ ʢʦʥʪʝʡʥʝʨ. 

2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʥʦʚʫʶ ʧʝʨʝʤʝʥʥʫʶ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʧʨʘʚʠʣʘ. 

ʂʘʞʜʳʡ ʦʧʝʨʘʪʦʨ (ʬʫʥʢʮʠʷ ʠʣʠ ʦʧʝʨʘʮʠʷ) ʟʘʥʠʤʘʝʪ ʦʜʥʫ ʩʪʨʦʢʫ ʪʘʙʣʠʮʳ, ʟʘ ʠʩʢʣʶʯʝ-

ʥʠʝʤ ʫʩʣʦʚʥʳʭ ʦʧʝʨʘʪʦʨʦʚ. ʉʪʨʦʢʘ ʦʧʝʨʘʪʦʨʘ ʩʦʜʝʨʞʠʪ ʠʤʷ ʨʝʟʫʣʴʪʘʪʘ (ʚ ʧʝʨʚʦʤ ʩʪʦʣʙ-

ʮʝ), ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʠʣʠ ʠʤʷ ʦʧʝʨʘʪʦʨʘ (ʥʘʧʨʠʤʝʨ, sin) ʠ ʧʦʣʷ ʩ ʦʜʥʠʤ ʠʣʠ ʜʚʫʤʷ ʦʧʝ-

ʨʘʥʜʘʤʠ (ʩʚʝʪʣʦ-ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ). 

ʅʦʚʳʡ ʦʧʝʨʘʪʦʨ ʣʠʙʦ ʚʩʪʘʚʣʷʝʪʩʷ ʚ ʧʫʩʪʫʶ ʘʢʪʠʚʥʫʶ ʩʪʨʦʢʫ ʪʘʙʣʠʮʳ, ʣʠʙʦ ʟʘʤʝʥʷʝʪ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʦʧʝʨʘʪʦʨ ʚ ʘʢʪʠʚʥʦʡ ʩʪʨʦʢʝ ʧʦʩʣʝ ʱʝʣʯʢʘ ʥʘ ʢʥʦʧʢʝ ʩ ʠʤʝʥʝʤ ʦʧʝʨʘʪʦʨʘ. 

ʆʧʝʨʘʥʜʦʤ ʷʚʣʷʝʪʩʷ: 

¶ ʯʠʩʣʦ (ʚʚʦʜʠʪʩʷ ʚ ʧʦʣʝ ʦʧʝʨʘʥʜʘ ʩ ʢʣʘʚʠʘʪʫʨʳ), 

¶ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚʨʝʤʝʥʠ t (ʚʚʦʜʠʪʩʷ ʚ ʧʦʣʝ ʦʧʝʨʘʥʜʘ ʩ ʢʣʘʚʠʘʪʫʨʳ), 

¶ ʧʝʨʝʤʝʥʥʘʷ ʠʟ ʢʦʥʪʝʡʥʝʨʘ ʤʘʩʪʝʨʘ ʧʝʨʝʤʝʥʥʳʭ, ʠʟ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ ʜʘʥʥʦʛʦ ʦʙʲ-

ʝʢʪʘ ʠʣʠ ʠʟ ʦʪʢʨʳʪʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ (ʧʝʨʝʪʘʩʢʠʚʘʶʪʩʷ ʚ ʧʦʣʝ ʦʧʝʨʘʥʜʘ ʩ ʧʦʤʦ-

ʱʴʶ ʤʳʰʠ), 

¶ ʩʪʘʥʜʘʨʪʥʳʝ ʢʦʥʩʪʘʥʪʳ (pi, rtod, dtor, mtoi, ntop), ɻʣʘʚʘ 3, ʧ. "ʉʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ 

ʠ ʢʦʥʩʪʘʥʪʳ", 

¶ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʚʳʰʝʩʪʦʷʱʝʛʦ ʦʧʝʨʘʪʦʨʘ (ʠʤʷ ʨʝʟʫʣʴʪʘʪʘ ʚ ʧʝʨʚʦʡ 

ʢʦʣʦʥʢʝ ʧʝʨʝʪʘʩʢʠʚʘʝʪʩʷ ʚ ʧʦʣʝ ʦʧʝʨʘʥʜʘ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ). 

ʉʪʘʨʦʝ ʟʥʘʯʝʥʠʝ ʦʧʝʨʘʥʜʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥʦ ʥʦʚʳʤ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʚʳʰʝ, 

ʪʦ ʝʩʪʴ ʚʚʦʜʦʤ ʩ ʢʣʘʚʠʘʪʫʨʳ ʠʣʠ ʧʝʨʝʪʘʩʢʠʚʘʥʠʝʤ ʥʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ. 

ʀʩʧʦʣʴʟʫʡʪʝ ʚʩʧʣʳʚʘʶʱʝʝ ʤʝʥʶ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʣʠ ʚʩʪʘʚʢʠ ʦʪʜʝʣʴʥʦʡ ʩʪʨʦʢʠ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʩʝʭ ʚʚʝʜʝʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ. 

03_um_data_input_program.pdf


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-51 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ɼʣʷ ʚʳʙʦʨʘ ʫʩʣʦʚʠʷ (<, <=, >é) ʚ ʫʩʣʦʚʥʳʭ ʦʧʝʨʘʪʦʨʘʭ ʠʩʧʦʣʴʟʫʡʪʝ ʚʳʧʘʜʘʶʱʠʡ 

ʩʧʠʩʦʢ (ʧʦʩʣʝ ʱʝʣʯʢʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʣʝ ʦʧʝʨʘʪʦʨʘ óIFô). 

 

ʋʜʘʣʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʫʩʣʦʚʥʦʛʦ ʦʧʝʨʘʪʦʨʘ (óifô, óelseô, óendifô) ʧʨʠʚʦʜʠʪ ʢ 

ʫʜʘʣʝʥʠʶ ʚʩʝʛʦ ʫʩʣʦʚʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʠ ʚʩʝʭ ʦʧʝʨʘʪʦʨʦʚ, ʧʦʤʝʱʝʥʥʳʭ ʚʥʫʪʨʠ ʝʛʦ. 

3. ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʢʦʥʪʝʡʥʝʨ 

¶ ʚʳʜʝʣʠʪʝ ʤʳʰʢʦʡ ʦʧʝʨʘʪʦʨ, ʨʝʟʫʣʴʪʘʪ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ, 

¶ ʟʘʜʘʡʪʝ ʠʤʷ ʧʝʨʝʤʝʥʥʦʡ (ʨʠʩ. 4.8), 

¶ ʦʪʦʰʣʠʪʝ ʧʝʨʝʤʝʥʥʫʶ ʚ ʢʦʥʪʝʡʥʝʨ ʱʝʣʯʢʦʤ ʥʘ ʢʥʦʧʢʝ . 

4.3.2.10.2. ʆʧʝʨʘʪʦʨʳ 

ʆʧʝʨʘʪʦʨ 
ʇʝʨʚʳʡ  

ʦʧʝʨʘʥʜ 

ɺʪʦʨʦʡ  

ʦʧʝʨʘʥʜ 
ʂʦʤʤʝʥʪʘʨʠʡ 

+ - *  
ɺʝʢʪʦʨ ʠʣʠ  

ʩʢʘʣʷʨ 

ɺʝʢʪʦʨ ʠʣʠ 

ʩʢʘʣʷʨ 

ʇʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʚʝʢʪʦʨʥʦʤʫ ʧʨʦʠʟʚʝʜʝ-

ʥʠ ʁ

/ 
ɺʝʢʪʦʨ ʠʣʠ  

ʩʢʘʣʷʨ 
ʉʢʘʣʷʨ  

= 
ɺʝʢʪʦʨ ʠʣʠ  

ʩʢʘʣʷʨ 
ï  

sin, cos, 

abs, ln, exp, 

sqrt, atan, sign 

ʉʢʘʣʷʨ ï ʕʣʝʤʝʥʪʘʨʥʳʝ ʬʫʥʢʮʠʠ 

ɢ ʉʢʘʣʷʨ ï 

ʌʫʥʢʮʠʷ ʍʵʚʠʩʘʡʜʘ  

(1 ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʘʨʛʫʤʝʥʪʘ,  

0 ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ) 

pow ʉʢʘʣʷʨ ʉʢʘʣʷʨ 
ɺʦʟʚʝʜʝʥʠʝ ʧʝʨʚʦʛʦ ʦʧʝʨʘʥʜʘ ʚ  

ʩʪʝʧʝʥʴ, ʨʘʚʥʫʶ ʚʪʦʨʦʤʫ ʦʧʝʨʘʥʜʫ 

Px, Py, Pz ɺʝʢʪʦʨ ï 
ʇʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʥʘ  

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʩʴ 

||¶|| ɺʝʢʪʦʨ ï ʅʦʨʤʘ ʚʝʢʪʦʨʘ 

¶ ɺʝʢʪʦʨ ɺʝʢʪʦʨ ʉʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʦʚ 

IF ʉʢʘʣʷʨ ï 

ʆʧʝʨʘʪʦʨ ʫʩʣʦʚʠʷ 

IF (ʫʩʣʦʚʠʝ) 

[ʛʨʫʧʧʘ ʦʧʝʨʘʪʦʨʦʚ] 

ENDIF 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-52 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

IFéELSE ʉʢʘʣʷʨ ï 

ʆʧʝʨʘʪʦʨ ʫʩʣʦʚʠʷ 

IF (ʫʩʣʦʚʠʝ) 

[ʛʨʫʧʧʘ ʦʧʝʨʘʪʦʨʦʚ] 

ELSE 

[ʛʨʫʧʧʘ ʦʧʝʨʘʪʦʨʦʚ] 

ENDIF 

4.3.2.10.3. ʇʨʦʩʪʝʡʰʠʡ ʧʨʠʤʝʨ 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʝʤʝʥʥʫʶ, ʨʘʚʥʫʶ ʤʦʜʫʣʶ ʨʘʟʥʦʩʪʠ ʜʚʫʭ ʩʢʘʣʷʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, 

ʥʘʧʨʠʤʝʨ, ʧʨʦʝʢʮʠʡ ʫʩʢʦʨʝʥʠʡ ʜʚʫʭ ʪʦʯʝʢ ʥʘ ʦʩʴ Z ȿὥ ὥ ȿ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʚʳʧʦʣʥʠʪʝ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ (ʨʠʩ. 4.36). 

¶ ʉʦʟʜʘʡʪʝ ʧʝʨʝʤʝʥʥʳʝ az1, az2 ʩ ʧʦʤʦʱʴʶ ʤʘʩʪʝʨʘ ʠ ʧʦʤʝʩʪʠʪʝ ʠʭ ʚ ʢʦʥʪʝʡʥʝʨ. 

¶ ʑʝʣʢʥʠʪʝ ʥʘ ʢʥʦʧʢʝ  ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʝʨʘʮʠʠ ʚʳʯʠʪʘʥʠʷ. 

¶ ʇʝʨʝʪʘʱʠʪʝ ʤʳʰʢʦʡ ʧʝʨʝʤʝʥʥʫʶ az1 ʚ ʧʦʣʝ ʧʝʨʚʦʛʦ ʦʧʝʨʘʪʦʨʘ, az2 ï ʚ ʧʦʣʝ ʚʪʦʨʦʛʦ 

ʦʧʝʨʘʪʦʨʘ. 

¶ ʑʝʣʢʥʠʪʝ ʤʳʰʢʦʡ ʥʘ ʚʪʦʨʦʡ (ʧʫʩʪʦʡ) ʩʪʨʦʢʝ ʪʘʙʣʠʮʳ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʝʝ ʘʢʪʠʚʥʦʡ, ʘ 

ʟʘʪʝʤ ʱʝʣʢʥʠʪʝ ʥʘ ʢʥʦʧʢʝ abs ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʧʝʨʘʮʠʠ ʚʦ ʚʪʦʨʦʡ 

ʩʪʨʦʢʝ. 

¶ ʇʝʨʝʪʘʱʠʪʝ ʠʤʷ ʨʝʟʫʣʴʪʘʪʘ ʧʝʨʚʦʡ ʦʧʝʨʘʮʠʠ (_x1) ʚ ʧʦʣʝ ʦʧʝʨʘʥʜʘ ʦʧʝʨʘʮʠʠ abs. 

¶ ɺʚʝʜʠʪʝ ʠʤʷ ʧʝʨʝʤʝʥʥʦʡ |az1-az2| ʠ ʱʝʣʢʥʠʪʝ ʥʘ ʢʥʦʧʢʝ  ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʪʦʩʣʘʪʴ 

ʧʝʨʝʤʝʥʥʫʶ ʚ ʢʦʥʪʝʡʥʝʨ. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦʡ ʜʦʣʞʥʳ ʙʳʪʴ ʚʪʦʨʘʷ ʩʪʨʦʢʘ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-53 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 4.36. ʇʨʠʤʝʨ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ï ʚʳʨʘʞʝʥʠʷ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-54 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.11. ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʵʢʠʧʘʞʠ 

ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ ʩʦʜʝʨʞʠʪ ʜʚʝ ʚʢʣʘʜʢʠ, ʚʢʣʶʯʘʶʱʠʝ ʩʧʝʮʠʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʜʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʵʢʠʧʘʞʝʡ ï ʵʪʦ ʚʢʣʘʜʢʠ ɾ.-ʜ. ʵʢʠʧʘʞ (ʨʠʩ. 4.37) ʠ ʉʠʩʪʝʤʘ ʢʦʦʨ-

ʜʠʥʘʪ ʧʫʪʠ (ʨʠʩ. 4.38). ɼʘʥʥʳʝ ʚʢʣʘʜʢʠ ʧʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʣʴʩʦ-

ʚʳʭ ʵʢʠʧʘʞʝʡ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ɻʣʘʚʝ 8, ʧ. "ʆʩʦʙʝʥʥʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ". 

 

ʈʠʩ. 4.37. ɾ.-ʜ. ʵʢʠʧʘʞ 

  

08_um_loco.pdf


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-55 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 4.38. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʧʫʪʠ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-56 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.12. ɸʚʪʦʤʦʙʠʣʴ 

ɼʘʥʥʘʷ ʚʢʣʘʜʢʘ ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʚʪʦʤʦʙʠʣʝʡ (ʨʠʩ. 4.39). ʇʦ-

ʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ɻʣʘʚʝ 12, ʧ. "ʉʦʟʜʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ". 

 

ʈʠʩ. 4.39. ʉʧʝʮʠʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ ʘʚʪʦʤʦʙʠʣʷ 

  

12_um_automotive.pdf


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-57 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.13. ɻʫʩʝʥʠʯʥʘʷ ʤʘʰʠʥʘ 

ɼʘʥʥʘʷ ʚʢʣʘʜʢʘ ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʫʩʝʥʠʯʥʳʭ ʤʘʰʠʥ (ʨʠʩ. 4.40). 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ɻʣʘʚʝ 18, ʧ. "ʉʧʠʩʦʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ". 

 

ʈʠʩ. 4.40. ʉʧʝʮʠʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ ʛʫʩʝʥʠʯʥʦʡ ʤʘʰʠʥʳ 

  

18_um_caterpillar.pdf


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-58 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.14. ʇʦʝʟʜ 

ɼʘʥʥʘʷ ʚʢʣʘʜʢʘ ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʧʦʝʟʜʘ (ʨʠʩ. 4.41), 

ɻʣʘʚʘ 15. 

 

ʈʠʩ. 4.41. ʉʧʝʮʠʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠ ʧʦʝʟʜʘ 

  

15_um_train.pdf


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-59 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.2.15. ɺʥʝʰʥʠʝ ʙʠʙʣʠʦʪʝʢʠ 

ɼʘʥʥʘʷ ʚʢʣʘʜʢʘ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʤʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʧʦʜʢʣʶʯʝʥʥʳʝ 

ʚʥʝʰʥʠʝ ʙʠʙʣʠʦʪʝʢʠ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʙʠʙʣʠʦʪʝʢʠ, ʠʤʧʦʨʪʠʨʦʚʘʥʥʳʝ ʠʟ 

Matlab/Simulink, ʪʘʢ ʠ ʙʠʙʣʠʦʪʝʢʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩʦʟʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ 

UM Control / Block Editor ʠʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʥʝʢʦʪʦʨʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʦ-

ʜʨʦʙʥʝʝ ʦ ʨʘʟʨʘʙʦʪʢʝ, ʧʦʜʢʣʶʯʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʠʭ ʙʠʙʣʠʦʪʝʢ ʩʤ. ɻʣʘʚʫ 5, 

ʧ. "ʉʦʟʜʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʠʭ ʙʠʙʣʠʦʪʝʢ". 

ɺ ʜʝʨʝʚʝ ʵʣʝʤʝʥʪʦʚ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʦʢʥʘ ʜʦʩʪʫʧʥʳ ʚʩʝ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ 

ʚʩʝʭ ʚʥʝʰʥʠʭ ʙʠʙʣʠʦʪʝʢ (ʨʠʩ. 4.42). 

 

ʈʠʩ. 4.42. ɺʥʝʰʥʠʝ ʙʠʙʣʠʦʪʝʢʠ 
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4.3.2.16. ʇʝʨʝʤʝʥʥʳʝ ʜʣʷ ʛʨʫʧʧʳ ʪʝʣ 

ɺ ʧʨʠʣʦʞʝʥʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʙʭʦʜʠʤʳʤ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʚʳʙʨʘʥʥʦʡ 

ʛʨʫʧʧʳ ʪʝʣ, ʥʘʧʨʠʤʝʨ: ʤʘʩʩʫ, ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ, ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʛʨʫʧʧʳ ʪʝʣ 

ʠ ʪ.ʧ. ʅʘʧʨʠʤʝʨ, ʤʘʩʩʘ ʠ ʮʝʥʪʨ ʤʘʩʩ ʤʦʞʝʪ ʧʦʥʘʜʦʙʠʪʴʩʷ ʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʨʠʣʦʞʝʥʠ-

ʷʭ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʨʘʟʚʝʩʢʠ ʣʦʢʦʤʦʪʠʚʘ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʯʘʩʪʝʡ (ʪʝʣʝʞʝʢ); ʢʠʥʝ-

ʪʠʯʝʩʢʘʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʠ ʧʦʣʝʟʥʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʢʦʥ-

ʩʝʨʚʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ (ʩʫʤʤʘ ʵʪʠʭ ʵʥʝʨʛʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʩʪʦʷʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ), ʠ ʪ.ʧ. 

ʆʙʱʠʡ ʚʠʜ ʚʢʣʘʜʢʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 4.43, ʩʣʝʚʘ. ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʚʢʣʘʜʢʠ ʪʝʣʘ ʠ ʧʦʜʩʠ-

ʩʪʝʤʳ ʦʙʲʝʢʪʘ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ ʜʝʨʝʚʘ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʙʦʨʘ ʣʶʙʦʛʦ ʦʪʜʝʣʴʥʦʛʦ 

ʪʝʣʘ, ʣʠʙʦ ʦʪʜʝʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʳ, ʣʠʙʦ ʚʩʝʛʦ ʦʙʲʝʢʪʘ ʮʝʣʠʢʦʤ. ɺʳʙʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʘʞʘʪʠʝʤ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ ʨʷʜʦʤ ʩ ʠʤʝʥʝʤ ʪʝʣʘ/ʧʦʜʩʠʩʪʝʤʳ. ʇʨʠ 

ʠʟʤʝʥʝʥʠʠ ʩʧʠʩʢʘ ʚʳʙʨʘʥʥʳʭ ʪʝʣ ʩʧʠʩʦʢ ʜʦʩʪʫʧʥʳʭ ʚʝʣʠʯʠʥ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʛʨʫʧʧʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʢʥʘ, ʚʤʝʩʪʝ ʩ ʠʭ ʪʝʢʫʱʠʤʠ ʯʠʩʣʦʚʳʤʠ ʟʥʘ-

ʯʝʥʠʷʤʠ. 

ʉʦʟʜʘʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʤʦʞʥʦ ʦʙʳʯʥʳʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʪʘʩʢʠʚʘʪʴ ʚ ʘʥʠʤʘʮʠʦʥʥʳʝ 

(ʚʝʢʪʦʨʳ) ʠʣʠ ʛʨʘʬʠʯʝʩʢʠʝ (ʩʢʘʣʷʨʳ) ʦʢʥʘ. ʊʘʢʞʝ ʵʪʠ ʧʝʨʝʤʝʥʥʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʚʳʨʘʞʝʥʠʷʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʩ ʥʠʤʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʫʤʤʠʨʦʚʘʥʠʷ ʢʠʥʝʪʠʯʝ-

ʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. 

Ɋ́                                                               ̂Ɋ 

ʈʠʩ. 4.43. ʇʝʨʝʤʝʥʥʳʝ ʜʣʷ ʛʨʫʧʧʳ ʪʝʣ: 

ʘ) ʜʝʨʝʚʦ ʪʝʣ; ʙ) ʦʢʥʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʵʪʠ ʧʝʨʝʤʝʥʥʳʝ 
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4.3.3. ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʥʪʝʨʝ-

ʩʫʝʪ ʘʥʘʣʠʟ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʝʨʝ-

ʤʝʥʥʳʭ): ʫʩʢʦʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ (ʭʘʨʘʢʪʝʨʥʳʭ) ʪʦʯʝʢ ʪʝʣ, ʩʠʣʳ ʨʝʘʢʮʠʡ ʚ ʥʝʢʦʪʦʨʳʭ 

ʰʘʨʥʠʨʘʭ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʥʘʤʠʢʠ ʧʨʫʞʠʥ ʠ ʪʘʢ ʜʘʣʝʝ. UM ʧʦʟʚʦʣʷʝʪ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦ-

ʚʠʪʴ ʠ ʩʦʭʨʘʥʠʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʠʩʢʠ ʪʘʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ 

ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʩ ʮʝʣʴʶ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʘʥʘʣʠ-

ʟʘ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ ʩʧʠʩʦʢ ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʴ ʩʦʪʥʠ ʧʝʨʝʤʝʥʥʳʭ, ʠ ʜʘʞʝ ʠʭ ʦʜʥʦʢʨʘʪʥʦʝ ʩʦʟʜʘʥʠʝ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘ-

ʪʨʘʪ ʚʨʝʤʝʥʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʨʘʟʙʠʚʘʪʴ ʧʝʨʝʤʝʥʥʳʝ ʧʦ ʛʨʫʧʧʘʤ, 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʫʶ ʪʝʨʤʠʥʦʣʦʛʠʶ, ʧʨʠʥʷʪʫʶ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʪʝʭʥʠʢʠ, ʠʩʧʦʣɹ -

ʟʦʚʘʪʴ ʩʧʠʩʢʠ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʜʣʷ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʧʠʩʢʦʚ ʧʝʨʝʤʝʥ-

ʥʳʭ ʨʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ (ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ). 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʦʭʨʘʥʷʪʴ ʯʠʩʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʚ ʬʘʡʣ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʩʤ. 4.4.1.10. "ʅʘʟʥʘʯʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʠʩʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-136). ɼʦʩʪʫʧ ʢ ʪʘʢʠʤ ʬʘʡʣʘʤ 

ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ (ʚ ʜʘʣʴʥʝʡʰʝʤ ï ʩʧʠʩʢʘ ʨʘʩʩʯʠ-

ʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ). 

  

ʘ)                                                               ʙ) 

ʈʠʩ. 4.44. ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ: 

ʘ) ï ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ, ʙ) ï ʩʧʠʩʦʢ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 
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4.3.3.1. ʉʦʟʜʘʥʠʝ ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʩʧʠʩʢʦʚ ʧʝʨʝʤʝʥʥʳʭ 

ʕʣʝʤʝʥʪʘʤʠ ʩʧʠʩʢʘ ʷʚʣʷʶʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʘʥʘʣʠʟʠʨʫ-

ʝʤʦʡ ʤʦʜʝʣʠ. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʤʝʥʝʤ ʠ ʢʦʤʤʝʥʪʘʨʠʝʤ. ʀʤʷ ʠ ʢʦʤʤʝʥ-

ʪʘʨʠʡ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʧʨʦʠʟʚʦʣʴʥʦʝ ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʦʙʝʣʳ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʧʠʩʢʘ ʟʘʛʨʫʟʠʪʝ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʚ ʤʦʜʫʣʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʢʦʤʘʥʜʘ 

ʤʝʥʶ ʌʘʡʣ | ʆʪʢʨʳʪʴé), ʚʳʟʦʚʠʪʝ ʦʢʥʦ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ (ʨʠʩ. 4.44) ʩ ʧʦʤʦʱʴʶ 

ʧʫʥʢʪʘ ʤʝʥʶ ʀʥʩʪʨʫʤʝʥʪʳ | ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭé 

ʆʢʥʦ, ʧʦʷʚʠʚʰʝʝʩʷ ʥʘ ʵʢʨʘʥʝ, ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʫʩʪʫʶ ʚʢʣʘʜʢʫ (ɹʝʟ ʠʤʝʥʠ). ʂʥʦʧʢʠ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʢʥʘ  ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

 ï ʯʪʝʥʠʝ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ (ʬʘʡʣ *.var ʠʣʠ *.tgr); 

 ï ʩʦʭʨʘʥʝʥʠʝ ʩʧʠʩʢʘ ʚ ʬʘʡʣ *.var; 

 ï ʜʦʙʘʚʠʪʴ ʥʦʚʫʶ ʚʢʣʘʜʢʫ ʢ ʩʧʠʩʢʫ; 

 ï ʫʜʘʣʠʪʴ ʪʝʢʫʱʫʶ ʚʢʣʘʜʢʫ; 

 ï ʧʝʨʝʠʤʝʥʦʚʘʪʴ ʪʝʢʫʱʫʶ ʚʢʣʘʜʢʫ; 

 ï ʥʘʩʪʨʦʡʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʛʨʫʧʧ ʧʝʨʝʤʝʥʥʳʭ (ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ, ʧʘ-

ʨʘʤʝʪʨʳ ʬʠʣʴʪʨʘ, ʬʫʥʢʮʠʦʥʘʣ ʠ ʪ.ʜ. (ʨʠʩ. 4.45). ʅʘʩʪʨʦʡʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ (ɻʣʘʚʘ 6, ʧ. "ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ"). 

 

ʈʠʩ. 4.45. ʅʘʩʪʨʦʡʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʛʨʫʧʧ ʧʝʨʝʤʝʥʥʳʭ 
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ɺ ʩʧʠʩʢʝ ʧʝʨʝʤʝʥʥʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʝʨʝʤʝʥʥʳʭ ʩʪʘʥʜʘʨʪʥʳʤ 

ʦʙʨʘʟʦʤ. ɺʳʜʝʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʞʥʦ ʫʜʘʣʠʪʴ (ʢʣʘʚʠʰʘ Delete) ʠʣʠ ʩʢʦʧʠʨʦʚʘʪʴ ʤʳʰ-

ʢʦʡ ʚ ʜʨʫʛʠʝ ʦʢʥʘ: 

¶ ʘʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ, 

¶ ʛʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ, 

¶ ʪʘʙʣʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ (ʪʦʣʴʢʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ), 

¶ ʜʨʫʛʦʡ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ, 

¶ ʦʢʥʦ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʢʠ (ʪʦʣʴʢʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ). 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʪʘʢ ʞʝ ʤʦʞʝʪ ʤʝʥʷʪʴ ʧʦʨʷʜʦʢ ʧʝʨʝʤʝʥʥʳʭ ʚʦ ʚʢʣʘʜʢʘʭ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙ-

ʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʥʫʞʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʧʝʨʝʪʘʱʠʪʴ ʠʭ ʩ ʧʦʤʦʱʴʶ ʤʳʰʢʠ ʥʘ ʥʦʚʫʶ ʧʦ-

ʟʠʮʠʶ (ʨʠʩ. 4.46). 

 

ʈʠʩ. 4.46. ʇʝʨʝʤʝʱʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʥʦʚʫʶ ʧʦʟʠʮʠʶ 

ʂʨʦʤʝ ʪʦʛʦ, ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʝʨʝʥʦʩ ʧʝʨʝʤʝʥʥʳʭ ʠʟ ʦʜʥʦʡ ʚʢʣʘʜʢʠ 

ʚ ʜʨʫʛʫʶ. ɼʣʷ ʵʪʦʛʦ ʚʦ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʥʫʞʥʦ ʥʘʚʝʩʪʠ ʢʫʨʩʦʨ ʥʘ ʥʫʞʥʫʶ 

ʚʢʣʘʜʢʫ, ʧʦʩʣʝ ʯʝʛʦ ʦʪʧʫʩʪʠʪʴ ʧʝʨʝʤʝʥʥʳʝ ʥʘ ʦʪʢʨʳʚʰʠʡʩʷ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ ʜʨʫʛʦʡ 

ʚʢʣʘʜʢʠ (ʨʠʩ. 4.47). 

ɼʘʥʥʘʷ ʬʫʥʢʮʠʷ ʨʘʙʦʪʘʝʪ ʢʘʢ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ, ʪʘʢ ʠ ʤʝʞʜʫ ʨʘʟ-

ʣʠʯʥʳʤʠ ʩʧʠʩʢʘʤʠ ʧʝʨʝʤʝʥʥʳʭ. 

 

ʈʠʩ. 4.47. ʇʝʨʝʤʝʱʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʠʟ ʦʜʥʦʡ ʚʢʣʘʜʢʠ ʚ ʜʨʫʛʫʶ 
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4.3.3.2. ʅʘʧʦʣʥʝʥʠʝ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ 

ʅʘʧʦʣʥʝʥʠʝ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ ʤʝʪʦʜ ʩʦʩʪʦ-

ʠʪ ʚ ʧʝʨʝʥʦʩʝ ʚ ʜʘʥʥʳʡ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ ʠʟ ʜʨʫʛʠʭ ʩʧʠʩʢʦʚ ʠʣʠ ʛʨʘʬʠʯʝʩʢʠʭ ʦʢʦʥ. 

ɼʨʫʛʦʡ ʤʝʪʦʜ ï ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʘʩʪʝʨʘ ʧʝʨʝʤʝʥʥʳʭ (ʧ. 4.3.2. 

"ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-21). ɼʦʙʘʚʣʷʝʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʛʨʫʧʧʳ (ʥʘ ʦʪʜʝʣʴʥʳʝ ʚʢʣʘʜʢʠ ʩʧʠʩʢʘ). 

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʤʘʩʪʝʨʘ ʩʣʝʜʫʝʪ: 

¶ ʦʪʢʨʳʪʴ ʤʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ (ʧ. 4.3.2. "ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-21) ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʘʥʜʳ ʦʩʥʦʚʥʦʛʦ ʤʝʥʶ ʀʥʩʪʨʫʤʝʥʪʳ | ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭé ʠʣʠ ʱʝʣʢʥʫʚ ʥʘ 

ʢʥʦʧʢʝ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

¶ ʩʦʟʜʘʪʴ ʧʝʨʝʤʝʥʥʫʶ ʠ ʧʝʨʝʥʝʩʪʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʚʢʣʘʜʢʫ ʩʧʠʩʢʘ (ʨʠʩ. 4.48); 

¶ ʩʦʭʨʘʥʠʪʴ ʩʧʠʩʦʢ. 

 

ʈʠʩ. 4.48. ʉʦʟʜʘʥʠʝ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ 
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4.3.3.3. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚ ʩʧʠʩʢʘʭ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ  

ʉʦʟʜʘʥʠʝ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʨʘʩʯʝʪʝ ʜʠʥʘʤʠʢʠ ʩʤ. ʧ. 4.4.1.10. 

"ʅʘʟʥʘʯʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʠʩʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ", 

ʩʪʨ. 4-136. 

ʃʶʙʘʷ ʧʝʨʝʤʝʥʥʘʷ ʠʟ ʩʧʠʩʢʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʘ ʧʫʪʝʤ 

ʢʦʧʠʨʦʚʘʥʠʷ ʚ ʦʢʥʘ, ʷʚʣʷʶʱʠʝʩʷ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ: 

¶ ʛʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ (ʧ. 4.3.4. "ʆʢʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ", ʩʪʨ. 4-68), 

¶ ʪʘʙʣʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ (ʧ. 4.3.7. "ʇʨʦʮʝʩʩʦʨ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-90), 

¶ ʦʢʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʧ. 4.3.8. "ʉʪʘʪʠʩʪʠʢʘ", ʩʪʨ. 4-95). 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʢʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʠʟʫ-

ʘʣʠʟʠʨʫʝʪ ʠʭ. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ (ʥʝʟʘʚʠʩʠʤʘʷ ʧʝ-

ʨʝʤʝʥʥʘʷ ʧʦ ʫʤʦʣʯʘʥʠʶ) ʠʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʶʙʦʡ ʜʨʫʛʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʧʨʠʥʘʜʣʝʞʘ-

ʱʝʡ ʪʦʤʫ ʞʝ ʩʧʠʩʢʫ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʯʪʦ ʠ ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʧʝʨʝʤʝʥʥʘʷ. ʏʪʦ-

ʙʳ ʥʘʟʥʘʯʠʪʴ ʧʝʨʝʤʝʥʥʫʶ ʚ ʢʘʯʝʩʪʚʝ ʘʙʩʮʠʩʩʳ, ʩʣʝʜʫʝʪ ʧʨʦʩʪʦ ʧʝʨʝʥʝʩʪʠ ʝʝ ʩ ʧʦʤʦʱʴʶ 

ʤʳʰʠ ʚ ʧʦʣʝ ʆʪʢʣʘʜʳʚʘʪʴ ʧʦ ʘʙʩʮʠʩʩʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʢʥʘ ʩʧʠʩʢʘ (ʨʠʩ. 4.44). 

ʀʩʧʦʣʴʟʫʡʪʝ ʬʠʣʴʪʨ ʠʥʪʝʨʚʘʣʘ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʧʦʣʥʠʪʴ 

ʘʥʘʣʠʟ ʯʘʩʪʠ ʜʘʥʥʳʭ ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ (ʨʠʩ. 4.49). ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʬʠʣʴʪʨʘ 

¶ ʱʝʣʢʥʠʪʝ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʚ ʧʨʝʜʝʣʘʭ ʩʧʠʩʢʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, 

¶ ʚʳʙʝʨʠʪʝ ʢʦʤʘʥʜʫ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʅʘʩʪʨʦʡʢʘ ʬʠʣʴʪʨʘ, 

¶ ʫʩʪʘʥʦʚʠʪʝ ʟʥʘʯʝʥʠʷ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʛʨʘʥʠʮʳ ʠʟʤʝʥʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ 

(ʦʪʢʣʘʜʳʚʘʝʤʦʡ ʚ ʢʘʯʝʩʪʚʝ ʘʙʩʮʠʩʩʳ). 

 

ʈʠʩ. 4.49. ʀʥʪʝʨʚʘʣ ʠʟʤʝʥʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 
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4.3.3.4. ʀʤʧʦʨʪ ʬʘʡʣʦʚ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ MATLAB  

ʃʶʙʦʡ ʬʘʡʣ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʟʘʛʨʫʞʝʥ ʚ ʩʨʝʜʫ MATLAB, ʩ ʧʦ-

ʤʦʱʴʶ ʫʪʠʣʠʪʳ LoadUMDataFile.m. ɼʘʥʥʘʷ ʫʪʠʣʠʪʘ ʟʘʛʨʫʞʘʝʪ ʬʘʡʣ ʧʝʨʝʤʝʥʥʳʭ ʚ ʨʘʙʦ-

ʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʨʝʜʳ MATLAB  ʚ ʚʠʜʝ ʜʚʫʭ ʤʘʩʩʠʚʦʚ, ʩʤ. ʨʠʩ. 4.50. 

 

ʈʠʩ. 4.50. ʉʦʟʜʘʥʥʳʝ ʤʘʩʩʠʚʳ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʨʝʜʳ MATLAB 

ʋʪʠʣʠʪʘ LoadUMDataFile.m ʥʘʭʦʜʠʪʩʷ ʚ ʢʘʪʘʣʦʛʝ {ɼʘʥʥʳʝ ʋʄ}\Utils. ɼʣʷ ʟʘʛʨʫʟʢʠ 

ʬʘʡʣʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʚ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ ʩʨʝʜʳ MATLAB  

ʥʘʙʨʘʪʴ ʩʣʝʜʫʶʱʫʶ ʢʦʤʘʥʜʫ: 

[Data, names] =LoadUMDataFile('filename'), 

ʛʜʝ Data ï ʠʤʷ ʤʘʩʩʠʚʘ, ʢʫʜʘ ʙʫʜʫʪ ʟʘʛʨʫʞʝʥʳ ʟʥʘʯʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ; 

names ï ʠʤʷ ʤʘʩʩʠʚʘ, ʢʫʜʘ ʙʫʜʫʪ ʟʘʛʨʫʞʝʥʳ ʠʤʝʥʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ; 

filename ï ʠʤʷ ʬʘʡʣʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʙʝʟ ʨʘʩʰʠʨʝʥʠʷ). 

ʅʘ ʨʠʩ. 4.51 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʵʪʦʡ ʫʪʠʣʠʪʳ. ɿʥʘʯʝʥʠʷ ʦʙʱʝʡ ʘʙʩʮʠʩʩʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʝʨʚʦʤ ʩʪʦʣʙʮʝ, ʚ ʦʩʪʘʣʴʥʳʭ ʩʪʦʣʙʮʘʭ ï ʦʨʜʠʥʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝ-

ʤʝʥʥʳʭ (ʛʨʘʬʠʢʦʚ). ʀʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ ʟʘʛʨʫʞʝʥʳ ʚ ʤʘʩʩʠʚ names; ʧʝʨʚʳʡ ʩʪʦʣʙʝʮ ʩ ʘʙʩ-

ʮʠʩʩʦʡ ʥʘʟʳʚʘʝʪʩʷ x. 

     

ʈʠʩ. 4.51. ʄʘʩʩʠʚ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʤʘʩʩʠʚ ʩ ʠʭ ʠʤʝʥʘ 
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4.3.3.5. ʌʦʨʤʘʪ ʬʘʡʣʦʚ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʌʘʡʣʳ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ *.SGR ʠʤʝʶʪ ʜʚʦʠʯʥʳʡ ʬʦʨʤʘʪ. ɺ ʬʘʡʣʝ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ ʭʨʘʥʷʪʩʷ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʨʝʤʝʥʠ ʠ ʚʩʝʭ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʇʝʨʚʳʡ 

ʙʣʦʢ ʜʘʥʥʳʭ ʭʨʘʥʠʪ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ, ʦʩʪʘʣʴʥʳʝ ʙʣʦʢʠ ʩʦʜʝʨʞʘʪ ʟʥʘʯʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɿʥʘʯʝʥʠʷ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʬʦʨʤʘʪʝ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʯʠʩ-

ʣʘ ʩ ʦʜʠʥʘʨʥʦʡ ʪʦʯʥʦʩʪʴʶ (Single), 4 ʙʘʡʪʘ ʥʘ ʪʦʯʢʫ. ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚ ʢʘʞʜʦʤ ʙʣʦʢʝ 

ʦʜʠʥʘʢʦʚʦ. 

 

[ɺʨʝʤʷ, N ʪʦʯʝʢ, Nx4 ʙʘʡʪ][ʇʝʨʝʤʝʥʥʘʷ_1, N ʪʦʯʝʢ, Nx4 ʙʘʡʪ] [ʇʝʨʝʤʝʥʥʘʷ_2, N ʪʦ-

ʯʝʢ, Nx4 ʙʘʡʪ]é[ʇʝʨʝʤʝʥʥʘʷ_i, N ʪʦʯʝʢ, Nx4 ʙʘʡʪ]é[ʇʝʨʝʤʝʥʥʘʷ_M, N ʪʦʯʝʢ, Nx4 ʙʘʡʪ] 

 

ʏʪʦʙʳ ʢʦʨʨʝʢʪʥʦ ʠʟʚʣʝʯʴ ʜʘʥʥʳʝ ʠʟ ʬʘʡʣʘ ʚ ʬʦʨʤʘʪʝ SGR ʥʫʞʥʦ ʟʥʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʝ-

ʨʝʤʝʥʥʳʭ M, ʢʦʪʦʨʦʝ ʚ ʥʝʤ ʟʘʧʠʩʘʥʦ. ʂʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʪʢʨʳʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʘʡʣ VAR ʠ ʧʦʜʩʯʠʪʘʚ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʚʩʝʭ ʚʢʣʘʜ-

ʢʘʭ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ SGR ʬʘʡʣʫ ʥʝʣʴʟʷ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʦʝ 

ʚ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ï ʚ ʬʘʡʣʝ SGR ʥʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʝʡ. ʆʙʱʝʝ ʯʠʩʣʦ ʯʠʩʣʦʚʳʭ ʨʷ-

ʜʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʬʘʡʣʝ ï M+1. ʂ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʝʨʝʤʝʥʥʳʭ ʥʫʞʥʦ ʜʦʙʘʚʠʪʴ ʝʱʝ 

ʦʜʠʥ ʨʷʜ, ʚ ʢʦʪʦʨʦʤ ʟʘʧʠʩʘʥʦ ʚʨʝʤʷ. ɼʘʣʝʝ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

 

[ʂʦʣʠʯʝʩʪʚʦ ʙʘʡʪ ʚ ʯʠʩʣʦʚʦʤ ʨʷʜʫ] = [ʈʘʟʤʝʨ ʬʘʡʣʘ ʚ ʙʘʡʪʘʭ]/[M+1] 

[ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚ ʯʠʩʣʦʚʦʤ ʨʷʜʫ] = [ʂʦʣʠʯʝʩʪʚʦ ʙʘʡʪ ʚ ʯʠʩʣʦʚʦʤ ʨʷʜʫ ]/[4] 

 

ɿʥʘʷ ʢʦʣʠʯʝʩʪʚʦ ʙʘʡʪ ʠʣʠ ʪʦʯʝʢ ʚ ʨʷʜʫ ʤʦʞʥʦ ʩʤʝʱʘʪʴʩʷ ʢ ʥʘʯʘʣʫ ʦʯʝʨʝʜʥʦʛʦ ʨʷʜʘ ʠ 

ʚʳʧʦʣʥʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʯʪʝʥʠʝ ʠʟ ʬʘʡʣʘ. ʀʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ ʠ ʢʦʤʤʝʥʪʘʨʠʠ ʢ ʥʠʤ 

ʭʨʘʥʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ VAR ʬʘʡʣʝ. 
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4.3.4. ʆʢʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ 

ɻʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ (ʨʠʩ. 4.52) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʪʢʨʳʪʴ 

(ʧʫʥʢʪ ʤʝʥʶ ʀʥʩʪʨʫʤʝʥʪʳ | ɻʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦé) ʣʶʙʦʝ ʯʠʩʣʦ ʦʢʦʥ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ 

ʦʪʦʙʨʘʞʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʛʨʘʬʠʢʠ. ʇʦʣʦʞʝʥʠʝ ʢʘʞʜʦʛʦ ʦʢʥʘ ʠ ʩʧʠʩʦʢ ʥʘʟʥʘʯʝʥʥʳʭ ʝʤʫ 

ʧʝʨʝʤʝʥʥʳʭ (ʢʨʦʤʝ ʧʝʨʝʤʝʥʥʳʭ, ʧʝʨʝʥʝʩʝʥʥʳʭ ʠʟ ʬʘʡʣʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, 

ʧ. 4.3.3.3. "ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚ ʩʧʠʩʢʘʭ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-65) ʩʦʭʨʘʥʷʝʪ-

ʩʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʤ ʬʘʡʣʝ (ʢʦʤʘʥʜʘ ʤʝʥʶ ʌʘʡʣ | ɿʘʧʠʩʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ). 

ɻʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: 

¶ ʢʦʥʪʝʡʥʝʨʘ ʧʝʨʝʤʝʥʥʳʭ, 

¶ ʧʦʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʩ ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʥʝʤ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʦʡ, 

¶ ʧʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʢʥʘ. 

ʈʘʟʤʝʪʢʘ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʦʩʠ ʘʙʩʮʠʩʩ ʠ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʩʠ ʦʨʜʠʥʘʪ ʫʢʘʟʳʚʘʶʪʩʷ ʤʘʩʰʪʘʙʥʳʝ ʤʥʦʞʠʪʝʣʠ. 

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʢʫʨʩʦʨʘ ʤʳʰʠ ʧʦ ʧʦʣʶ ʛʨʘʬʠʢʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ 

ʨʘʩʯʝʪ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ (ʚ ʤʘʩʰʪʘʙʘʭ ʦʩʠ ʘʙʩʮʠʩʩ ʠ ʦʨʜʠʥʘʪ), ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʠʩʣʝʥ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʩʪʨʦʢʝ ʩʪʘʪʫʩʘ (ʢʦʦʨʜʠʥʘʪʳ ʢʫʨʩʦʨʘ). 

ʇʦʣʦʞʝʥʠʝ ʢʦʥʪʝʡʥʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʢʥʘ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʡʪʝ 

ʧʫʥʢʪ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʇʦʣʦʞʝʥʠʝ. 

 

ʈʠʩ. 4.52. ʆʢʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ 

ɻʨʘʬʠʢʠ ʧʝʨʝʤʝʥʥʳʭ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʢʦʥʪʝʡʥʝʨʝ, ʨʠʩʫʶʪʩʷ ʞʠʨʥʳʤʠ ʣʠʥʠʷʤʠ. 

ʕʣʝʤʝʥʪʳ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ (ʨʠʩ. 4.53). 

 

 
ʈʠʩ. 4.53. ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ 

ʋʜʝʨʞʠʚʘʷ ʣʝʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ, ʚʳ ʤʦʞʝʪʝ ʧʝʨʝʤʝʱʘʪʴ ʧʦʣʝ ʛʨʘʬʠʢʦʚ ʚ ʦʢʥʝ. 

˽͔ͦ͡ ͎ͪ͊ͺ͙͍ͦ͟ 

˴͔͚͔ͦͤͭͤͪ 

͔͔͔ͨͪͣͤͤ·ͻ 

˽͙ͪͤ͊͘͟ 

͍͙͙͙͒ͣͦͫͭ 

͔͔͔͚ͨͪͣͤͤͦ 

͍͔̇ͭ ͔͔͔͚ͨͪͣͤͤͦ 

˽͔͊ͤ͡Έ ͙͔͍ͤͫͭͪͯͣͤͭͦ 

˿ͭͪͦ͊͟ ͫͭ͊ͭͯͫ͊ ό͙ͦͦͪ͒ͤ͊ͭ͟· 

ͯͪͫͦͪ͊͟ύ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-69 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʋʜʝʨʞʠʚʘʷ ʧʨʘʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ, ʚʳ ʤʦʞʝʪʝ ʤʝʥʷʪʴ ʤʘʩʰʪʘʙ ʛʨʘʬʠʢʦʚ ʧʦ ʜʚʫʤ ʦʩʷʤ 

ʢʦʦʨʜʠʥʘʪ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʋʜʝʨʞʠʚʘʷ ʢʣʘʚʠʰʫ Shift, ʚʳ ʤʦʞʝʪʝ ʨʘʩʧʘʭʥʫʪʴ ʚʳʜʝʣʝʥʥʫʶ ʦʙʣʘʩʪʴ ʛʨʘʬʠʢʘ ʥʘ ʚʩʝ 

ʦʢʥʦ ʧʨʠ ʧʦʤʦʱʠ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ. 

ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʘʜʘʶʱʝʡ ʠʣʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ. ʕʪʦʪ ʧʨʠʟʥʘʢ ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚ ʧʦʣʝ ʀʥʩʪʨʫʤʝʥʪʳ | ʅʘʩʪʨʦʡʢʠ | ʆʙʱʠʝ | ɺʳʧʘʜʘʶ-

ʱʘʷ ʧʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ. 

ɻʨʘʬʠʢʠ ʚ ʦʢʥʦ ʤʦʞʥʦ ʧʝʨʝʪʘʩʢʠʚʘʪʴ ʠʟ ʜʨʫʛʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ ʠ ʠʟ ʩʧʠʩʢʘ ʨʘʩ-

ʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʀʟ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ ʛʨʘʬʠʢ ʤʦʞʥʦ ʧʝʨʝʪʘʱʠʪʴ ʚ ʪʘʙʣʠʯʥʳʡ 

ʧʨʦʮʝʩʩʦʨ (ʧ. 4.3.7. "ʇʨʦʮʝʩʩʦʨ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-90) ʠ ʚ ʦʢʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪ-

ʢʠ (ʧ. 4.3.8. ʉʪʘʪʠʩʪʠʢʘ", ʩʪʨ. 4-95). 

  

ʈʠʩ. 4.54. ʄʝʥʶ ʦʙʣʘʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ 

ʅʘ ʨʠʩ. 4.54 ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʳ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʦʙʣʘʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ, ʢʦʪʦ-

ʨʳʝ ʚʦ ʤʥʦʛʦʤ ʧʦʚʪʦʨʷʶʪ ʢʦʤʘʥʜʳ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ: 

¶ ʇʘʨʘʤʝʪʨʳ ʦʢʥʘé ï ʚʳʟʦʚ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ ʇʘʨʘʤʝʪʨʳ ʦʢʥʘ, 

¶ ʇʦʢʘʟʘʪʴ ʚʩʝ ï ʧʦʢʘʟʘʪʴ ʛʨʘʬʠʢʠ ʮʝʣʠʢʦʤ (ʫʯʠʪʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʚʠʜʠʤʳʝ ʚ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʛʨʘʬʠʢʠ), 

¶ ʇʦʢʘʟʘʪʴ ʧʦ ʰʠʨʠʥʝ ʣʠʥʝʡʢʠ ï ʧʦʢʘʟʘʪʴ ʛʨʘʬʠʢʠ ʧʦ ʰʠʨʠʥʝ ʣʠʥʝʡʢʠ, 

¶ ʂʦʧʠʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʙʫʬʝʨ ï ʢʦʧʠʨʦʚʘʪʴ ʚ ʙʫʬʝʨ ʠʟʦʙʨʘʞʝʥʠʝ ʛʨʘʬʠʢʦʚ ʚ 

ʦʙʣʘʩʪʠ ʧʦʩʪʨʦʝʥʠʷ, 

¶ ʇʝʯʘʪʘʪʴé ï  ʧʝʯʘʪʘʪʴ ʦʙʣʘʩʪʴ ʧʦʩʪʨʦʝʥʠʷ (ʚʳʟʳʚʘʝʪ ʩʪʘʥʜʘʨʪʥʦʝ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ 

ʧʝʯʘʪʠ ʥʘ ʧʨʠʥʪʝʨ), 

¶ ɿʘʢʨʝʧʠʪʴ ʧʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ï ʟʘʢʨʝʧʠʪʴ ʧʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ. 

¶ ʇʦʢʘʟʘʪʴ ʣʠʥʝʡʢʫ ï ʧʦʢʘʟʘʪʴ/ʩʧʨʷʪʘʪʴ ʣʠʥʝʡʢʫ. 

ʏʘʩʪʦ ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʛʨʘʥʠʮʳ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ ʧʦ 

ʘʙʩʮʠʩʩʝ (ʚʳʨʝʟʘʪʴ ʯʘʩʪʴ ʛʨʘʬʠʢʘ). ʅʘʧʨʠʤʝʨ, ʫʜʘʣʠʪʴ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʠ ʦʩʪʘʚʠʪʴ 

ʪʦʣʴʢʦ ʜʘʥʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʨʝʞʠʤʫ. ɼʣʷ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ 

ʃʠʥʝʡʢʘ 
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ʧʦʜʦʙʥʦʛʦ ʨʝʞʠʤʘ ʠʩʧʦʣʴʟʫʡʪʝ ʚʢʣʘʜʢʫ ɻʨʘʥʠʮʳ ʚ ʦʢʥʝ ʥʘʩʪʨʦʝʢ. ʂʨʦʤʝ ʪʦʛʦ, ʰʠʨʠʥʫ 

ʦʢʥʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʛʨʘʥʠʮʳ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʣʠʥʝʡʢʠ. ʇʦʢʘ-

ʟʘʪʴ/ʩʧʨʷʪʘʪʴ ʣʠʥʝʡʢʫ ʤʦʞʥʦ ʯʝʨʝʟ ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ (ʧʫʥʢʪ ʇʦʢʘʟʘʪʴ ʣʠʥʝʡʢʫ). ʊʝʢʫ-

ʱʠʝ ʜʘʥʥʳʝ ʦʙ ʫʩʪʘʥʦʚʢʘʭ ʧʦʢʘʟʳʚʘʶʪʩʷ ʚ ʩʪʨʦʢʝ ʩʪʘʪʫʩʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ. 
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4.3.4.1. ʈʘʙʦʪʘ ʩ ʛʨʘʬʠʢʘʤʠ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ 

ɺ ʢʦʥʪʝʡʥʝʨʝ ʧʝʨʝʤʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ ʨʘʩʧʦʣʦʞʝʥ ʩʧʠʩʦʢ ʚʩʝʭ ʛʨʘʬʠʢʦʚ. ʈʘʩ-

ʩʤʦʪʨʠʤ ʧʫʥʢʪʳ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʢʦʥʪʝʡʥʝʨʘ ʧʝʨʝʤʝʥʥʳʭ, ʨʠʩ. 4.55. 

 

ʈʠʩ. 4.55. ʂʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʢʦʥʪʝʡʥʝʨʘ ʧʝʨʝʤʝʥʥʳʭ 

¶ ʇʘʨʘʤʝʪʨʳ ʦʢʥʘ ï ʚʳʟʦʚ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ ʇʘʨʘʤʝʪʨʳ ʦʢʥʘ. 

¶ ʈʝʜʘʢʪʠʨʦʚʘʪʴ ï ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʚʳʙʨʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʧ. 4.3.4.5. "ʀʟʤʝʥʝʥʠʝ ʧʘ-

ʨʘʤʝʪʨʦʚ ʧʝʨʝʤʝʥʥʦʡ", ʩʪʨ. 4-77), 

¶ ʋʜʘʣʠʪʴ ï ʫʜʘʣʠʪʴ ʚʳʙʨʘʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠʟ ʩʧʠʩʢʘ, 

¶ ʂʦʧʠʨʦʚʘʪʴ ʚ ʙʫʬʝʨ ï ʢʦʧʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ (ʚ ʪʝʢʩʪʦ-

ʚʦʤ ʬʦʨʤʘʪʝ), ʩʤ. ʥʠʞʝ, 

¶ ʂʦʧʠʨʦʚʘʪʴ ʚ ʘʢʪʠʚʥʫʶ ʢʥʠʛʫ MS Excel ï ʢʦʧʠʨʦʚʘʪʴ ʚʳʙʨʘʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʧʨʦ-

ʛʨʘʤʤʫ MS Excel (ʧ. 4.3.4.6. "ʂʦʧʠʨʦʚʘʥʠʝ ʛʨʘʬʠʢʦʚ ʚ MS Excel", ʩʪʨ. 4-77), 

¶ ʌʠʣʴʪʨʦʚʘʪʴ ʧʝʨʝʤʝʥʥʳʝ ï ʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʚʳʙʨʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

(ʧ. 4.3.4.3. "ʏʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-74), 

¶ ʉʢʦʧʠʨʦʚʘʪʴ ʢʘʢ ʩʪʘʪʠʯʝʩʢʠʝ ï ʩʢʦʧʠʨʦʚʘʪʴ ʛʨʘʬʠʢ ʢʘʢ ʩʪʘʪʠʯʝʩʢʠʡ (ʨʘʟʣʠʯʘʶʪʩʷ 

ʜʚʘ ʚʠʜʘ ʧʝʨʝʤʝʥʥʳʭ: ʜʠʥʘʤʠʯʝʩʢʠʝ ï ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʘʞʜʳʡ ʨʘʟ ʧʨʠ ʟʘʧʫʩʢʝ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʷ, ʩʪʘʪʠʯʝʩʢʠʝ ï ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʧʠʨʦʚʘʥʠʝʤ, ʥʝ ʠʟʤʝʥʷʶʪ-

ʩʷ ʧʨʠ ʦʯʝʨʝʜʥʦʤ ʟʘʧʫʩʢʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ), 

¶ ʉʦʭʨʘʥʠʪʴ ʚ ʬʘʡʣé ï ʩʦʭʨʘʥʠʪʴ ʚʳʜʝʣʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʦʜʥʦʤ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʬʦʨʤʘʪʦʚ: 

¶ ʊʝʢʩʪʦʚʳʡ ʬʘʡʣ (*.txt); 

¶ ʌʘʡʣ ʥʝʨʦʚʥʦʩʪʝʡ (*.way); 
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¶ ʌʘʡʣ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (*.tgr); 

¶ ʊʝʢʩʪʦʚʳʡ ʬʘʡʣ ʚ ʬʦʨʤʘʪʝ CSV (Comma-separated values, *.csv) ï ʜʘʥʥʳʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʯʠʩʝʣ, ʨʘʟʜʝʣʝʥʥʳʭ ʟʘʧʷʪʳʤʠ; 

¶ ʊʝʢʩʪʦʚʳʡ ʬʘʡʣ ʚ ʬʦʨʤʘʪʝ CSV (Semi-comma-separated values, *.csv) ï ʜʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʯʠʩʝʣ, ʨʘʟʜʝʣʝʥʥʳʭ ʪʦʯʢʘʤʠ ʩ ʟʘʧʷʪʦʡ; 

¶ Drawing eXchange Format (*.dxf). 

¶ ɿʘʛʨʫʟʠʪʴ ʠʟ ʬʘʡʣʘé ï ʟʘʛʨʫʟʠʪʴ ʧʝʨʝʤʝʥʥʳʝ ʬʘʡʣʦʚ ʚ ʦʜʥʦʤ ʠʟ ʩʣʝʜʫʶʱʠʭ ʬʦʨ-

ʤʘʪʦʚ: 

¶ ʊʝʢʩʪʦʚʳʡ ʬʘʡʣ (*.txt); 

¶ RPC III ʬʘʡʣʳ (*.rsp); 

¶ ʌʘʡʣʳ ʜʦʨʦʞʥʳʭ ʥʝʨʦʚʥʦʩʪʝʡ (*.irr), ʩʤ. (ɻʣʘʚʘ 12, ʧ. 12.3.2); 

¶ ʌʘʡʣʳ ʞ.-ʜ. ʥʝʨʦʚʥʦʩʪʝʡ (*.way); 

¶ ʌʘʡʣ ʛʨʫʧʧ ʞ.-ʜ. ʥʝʨʦʚʥʦʩʪʝʡ (*.tig), ʩʤ. (ɻʣʘʚʘ 8, ʧ. 5.2.4.2.1). 

¶ ʆʪʣʦʞʠʪʴ ʧʝʨʝʤʝʥʥʫʶ ʧʦ ʘʙʩʮʠʩʩʝ ï ʧʝʨʝʤʝʥʥʘʷ ʩʪʘʥʝʪ ʘʙʩʮʠʩʩʦʡ ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴ-

ʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʦʢʥʝ; 

¶ ʆʪʣʦʞʠʪʴ çʚʨʝʤʷè ʧʦ ʘʙʩʮʠʩʩʝ ï ʝʩʣʠ ʨʘʥʝʝ ʙʳʣʘ ʦʪʣʦʞʝʥʘ ʦʜʥʘ ʠʟ ʧʝʨʝʤʝʥʥʳʭ ʧʦ 

ʦʩʠ ʘʙʩʮʠʩʩ, ʪʦ ʦʪʣʦʞʠʪʴ çʚʨʝʤʷè; 

¶ ʋʜʘʣʠʪʴ ʚʩʝ ï ʫʜʘʣʠʪʴ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʦʢʥʝ; 

¶ ɺʳʜʝʣʠʪʴ ʚʩʝ ï ʚʳʜʝʣʠʪʴ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʦʢʥʝ; 

¶ ʉʢʨʳʪʴ/ʧʦʢʘʟʘʪʴ ï ʩʢʨʳʪʴ/ʧʦʢʘʟʘʪʴ ʚʩʝ ʠʣʠ ʚʳʜʝʣʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʧʦʜʧʫʥʢʪʘ ʤʝʥʶ; 

¶ ʇʦʣʦʞʝʥʠʝ ï ʧʦʣʦʞʝʥʠʝ ʢʦʥʪʝʡʥʝʨʘ ʧʝʨʝʤʝʥʥʳʭ (ʩʣʝʚʘ, ʩʧʨʘʚʘ, ʩʚʝʨʭʫ, ʩʥʠʟʫ). 

  

12_um_automotive.pdf
08_um_loco.pdf
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4.3.4.2. ʇʘʨʘʤʝʪʨʳ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ 

ɺʳʟʦʚ ʦʢʥʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ (ʨʠʩ. 4.56) ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʧʫʥʢʪ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʅʘʩʪʨʦʡʢʘ ʠʣʠ ʯʝʨʝʟ ʢʥʦʧʢʫ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

 

ʈʠʩ. 4.56. ʇʘʨʘʤʝʪʨʳ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ 

ʇʨʠ ʧʦʤʦʱʠ ʵʪʦʛʦ ʦʢʥʘ ʚʳ ʤʦʞʝʪʝ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

o ʠʟʤʝʥʠʪʴ ʟʘʛʦʣʦʚʦʢ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ; 

o ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚʠʜʠʤʫʶ ʦʙʣʘʩʪʴ ʵʢʨʘʥʘ; 

o ʫʩʪʘʥʦʚʠʪʴ ʧʝʨʝʤʝʥʥʫʶ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʪʢʣʘʜʳʚʘʪʴʩʷ ʚʜʦʣʴ ʦʩʠ ʘʙʩʮʠʩʩ (ʚʜʦʣʴ 

ʦʩʠ ʘʙʩʮʠʩʩ ʤʦʛʫʪ ʙʳʪʴ ʦʪʣʦʞʝʥʳ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ, ʢʨʦʤʝ ʧʝʨʝʤʝʥʥʳʭ ʧʝʨʝʩʳ-

ʣʘʝʤʳʭ ʠʟ ʩʧʠʩʢʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʚʩʝʛʜʘ ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʝʡ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʯʠʪʘʶʪʩʷ ʠʟ 

ʬʘʡʣʘ), ʚʨʝʤʷ ï ʧʦ ʫʤʦʣʯʘʥʠʶ; 

o ʫʩʪʘʥʦʚʠʪʴ ʨʝʞʠʤ ʚʳʜʝʣʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ; 

o ʫʩʪʘʥʦʚʠʪʴ ʨʝʞʠʤ ʚʠʜʠʤʦʩʪʠ ʩʝʪʢʠ; 

o ʨʝʞʠʤ ʨʘʚʥʦʛʦ ʤʘʩʰʪʘʙʘ ʧʦ ʦʩʷʤ; 

o ʫʩʪʘʥʦʚʠʪʴ ʨʝʞʠʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʳ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ʠ ʘʙʩʮʠʩʩ; 

o ʫʩʪʘʥʦʚʠʪʴ ʛʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ ʧʦ ʘʙʩʮʠʩʩʝ; 

o ʥʘʩʪʨʦʠʪʴ ʧʘʨʘʤʝʪʨʳ ʯʘʩʪʦʪʥʦʛʦ ʬʠʣʴʪʨʘ; 

o ʥʘʩʪʨʦʠʪʴ ʦʬʦʨʤʣʝʥʠʝ ʦʢʥʘ (ʮʚʝʪ, ʪʦʣʱʠʥʘ ʠ ʩʪʠʣʴ ʦʩʝʡ, ʪʦʣʱʠʥʘ ʛʨʘʬʠʢʦʚ, 

ʨʘʟʤʝʨ ʠ ʮʚʝʪ ʧʦʜʧʠʩʝʡ). 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-74 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.4.3. ʏʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʧʝʨʝʤʝʥʥʳʭ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʩʫʱʝʩʪʚʠʪʴ ʯʘʩʪʦʪʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʚ ʢʦʥʪʝʡ-

ʥʝʨʝ ʧʝʨʝʤʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʚʳʙʨʘʪʴ ʢʦʤʘʥʜʫ 

ʌʠʣʴʪʨʦʚʘʪʴ ʧʝʨʝʤʝʥʥʳʝ. ɺʳʜʝʣʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʙʫʜʫʪ ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʪʝʢʫʱʠʤʠ ʥʘʩʪʨʦʡʢʘʤʠ (ʢʦʤʘʥʜʘ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʇʘʨʘʤʝʪʨʳ ʦʢʥʘ ï ʚʢʣʘʜʢʘ 

ʏʘʩʪʦʪʥʳʡ ʬʠʣʴʪʨ, ʨʠʩ. 4.57) ʠ ʜʦʙʘʚʣʝʥʳ ʚ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ ʩ ʠʤʝʥʝʤ: _ + ʠʤʷ ʧʝʨʝ-

ʤʝʥʥʦʡ. ɼʦʩʪʫʧʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʬʠʣʴʪʨʦʚ: 

¶ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʬʠʣʴʪʨ 

¶ ʬʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ; 

¶ ʬʠʣʴʪʨ ʚʝʨʭʥʠʭ ʯʘʩʪʦʪ; 

¶ ʟʘʛʨʘʞʜʘʶʱʠʡ ʬʠʣʴʪʨ; 

¶ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ; 

¶ ʬʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ ɹʘʪʪʝʨʚʦʨʪʘ. 

ʉʪʨʦʢʠ ʚʚʦʜʘ ʅʠʞʥʷʷ ʯʘʩʪʦʪʘ ʠ ɺʝʨʭʥʷʷ ʯʘʩʪʦʪʘ ʟʘʜʘʶʪ ʧʦʣʦʩʫ ʯʘʩʪʦʪ ʬʠʣʴʪʨʦʚ. 

ʌʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ ʧʨʦʧʫʩʢʘʝʪ ʯʘʩʪʦʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʦʪ 0 ɻʮ ʜʦ 

ʟʥʘʯʝʥʠʷ ɺʝʨʭʥʷʷ ʯʘʩʪʦʪʘ (ʟʥʘʯʝʥʠʝ ʚ ʩʪʨʦʢʝ ʅʠʞʥʷʷ ʯʘʩʪʦʪʘ ʠʛʥʦʨʠʨʫʝʪʩʷ). ʌʠʣʴʪʨ 

ʚʝʨʭʥʠʭ ʯʘʩʪʦʪ ʧʨʦʧʫʩʢʘʝʪ ʯʘʩʪʦʪʳ ʚ ʧʦʣʦʩʝ ʦʪ ʟʥʘʯʝʥʠʷ ʅʠʞʥʷʷ ʯʘʩʪʦʪʘ ʜʦ ʯʘʩʪʦʪʳ 

ʅʘʡʢʚʠʩʪʘ (ʟʥʘʯʝʥʠʝ ʚ ʩʪʨʦʢʝ ɺʝʨʭʥʷʷ ʯʘʩʪʦʪʘ ʠʛʥʦʨʠʨʫʝʪʩʷ). ɿʘʛʨʘʞʜʘʶʱʠʡ ʬʠʣʴʪʨ 

ʚʳʨʝʟʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʦʣʦʩʫ ʯʘʩʪʦʪ. ʇʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ ʧʨʦʧʫʩʢʘʝʪ ʯʘʩʪʦʪʳ ʪʦʣʴʢʦ 

ʚ ʟʘʜʘʥʥʦʡ ʧʦʣʦʩʝ. ʏʘʩʪʦʪʳ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʢʘʢ ɸʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʝʤ (ʚ ɻʮ), ʪʘʢ ʠ 

ɼʦʣʝʡ ʦʪ ʯʘʩʪʦʪʳ ʅʘʡʢʚʠʩʪʘ. 

 

ʈʠʩ. 4.57. ʇʘʨʘʤʝʪʨʳ ʯʘʩʪʦʪʥʦʛʦ ʬʠʣʴʪʨʘ  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-75 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.4.4. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʝʨʝʤʝʥʥʳʭ 

ʅʝʨʝʜʢʦ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʠʪʴ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʧʝʨʝʤʝʥʥʦʡ (ʘ ʥʝ ʪʦʣʴʢʦ ʝʛʦ ʚʝʣʠʯʠʥʫ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ ʚ ʮʝʣʦʤ, ʢʘʢ ʵʪʦ ʨʝʘ-

ʣʠʟʦʚʘʥʦ ʚ ʠʥʩʪʨʫʤʝʥʪʝ ʉʪʘʪʠʩʪʠʢʘ (ʧ. 4.3.8. "ʉʪʘʪʠʩʪʠʢʘ", ʩ. 4-95)). ʇʝʨʝʤʝʥʥʫʶ ʥʝʦʙ-

ʭʦʜʠʤʦ ʨʘʟʙʠʪʴ ʥʘ N ʯʠʩʣʦ ʦʜʠʥʘʢʦʚʳʭ ʦʪʨʝʟʢʦʚ ʠ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʦʪʨʝʟʢʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʚ ʢʦʥʪʝʡʥʝʨʝ ʧʝʨʝʤʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʤʝʥ-

ʥʳʝ ʠ ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʚʳʙʨʘʪʴ ʢʦʤʘʥʜʫ ʉʪʘʪʠʩʪʠʢʘ (ʨʠʩ. 4.58) 

 

ʈʠʩ. 4.58. ɺʳʟʦʚ ʢʦʤʘʥʜʳ ʉʪʘʪʠʩʪʠʢʘ 

ɺʳʜʝʣʝʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʙʫʜʝʪ ʨʘʟʙʠʪʘ ʥʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ï ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʪʝʢʫʱʠʤʠ ʥʘʩʪʨʦʡʢʘʤʠ (ʢʦʤʘʥʜʘ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʇʘʨʘʤʝʪʨ ʦʢʥʘ ï ʚʢʣʘʜʢʘ ʉʪʘʪʠ-

ʩʪʠʢʘ, ʨʠʩ. 4.59). ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʦʪʨʝʟʢʦʚ ʙʫʜʝʪ ʚʳʯʠʩʣʝʥʦ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʠ ʨʝ-

ʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʦʪ ʚʨʝʤʝʥʠ ʙʫʜʫʪ ʟʘʥʝʩʝʥʳ ʚ ʥʦʚʫʶ 

ʧʝʨʝʤʝʥʥʫʶ ʩ ʠʤʝʥʝʤ: ʬʫʥʢʮʠʦʥʘʣ + (ʧʘʨʘʤʝʪʨʳ ʨʘʟʙʠʚʢʠ) + ʠʤʷ ʧʝʨʝʤʝʥʥʦʡ. 

 

ʇʘʨʘʤʝʪʨʳ ʨʘʟʙʠʚʢʠ: 

¶ ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʠʥʪʝʨʚʘʣʘʤʠ a (ʚ ʤʝʪʨʘʭ) 

¶ ʐʠʨʠʥʘ ʠʥʪʝʨʚʘʣʘ b (ʚ ʤʝʪʨʘʭ) 

ʈʘʩʩʯʠʪʳʚʘʝʤʳʡ ʬʫʥʢʮʠʦʥʘʣ: 

¶ ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

¶ ʉʂʆ 

¶ ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

¶ ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

¶ F(0) 

 

ɿʥʘʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʮʝʥʪʨʝ ʠʥʪʝʨʚʘʣʘ. 

ʅʘ ʨʠʩ. 4.60 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʧʝʨʝʤʝʥʥʦʡ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ a = 0,13 ʤ, b = 0,2 ʤ. 

 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-76 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 4.59. ʇʘʨʘʤʝʪʨʳ ʚʢʣʘʜʢʠ ʉʪʘʪʠʩʪʠʢʘ 

 

 

ʈʠʩ. 4.60. ʇʨʠʤʝʨ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʝʨʝʤʝʥʥʦʡ  

(ʬʫʥʢʮʠʦʥʘʣ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, a = 0,13 ʤ, b = 0,2 ʤ) 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-77 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.4.5. ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʤʝʥʥʦʡ 

ɺʳʟʦʚ ʜʠʘʣʦʛʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʤʝʥʥʦʡ (ʨʠʩ. 4.61) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʦʡʥʳʤ 

ʱʝʣʯʢʦʤ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʢʦʥʪʝʡʥʝʨʝ ʧʝʨʝʤʝʥʥʳʭ ʠʣʠ ʚʳʙʦʨʦʤ ʢʦʤʘʥ-

ʜʳ ʈʝʜʘʢʪʠʨʦʚʘʪʴ ʠʟ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ï ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʚʳʜʝʣʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

 

ʈʠʩ. 4.61. ʇʘʨʘʤʝʪʨʳ ʧʝʨʝʤʝʥʥʦʡ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ 

ʇʨʠ ʧʦʤʦʱʠ ʵʪʦʛʦ ʜʠʘʣʦʛʘ ʚʳ ʤʦʞʝʪʝ: 

¶ ʫʩʪʘʥʦʚʠʪʴ ʨʝʞʠʤ ʚʠʜʠʤʦʩʪʠ ʛʨʘʬʠʢʘ ʧʝʨʝʤʝʥʥʦʡ ʚ ʦʢʥʝ; 

¶ ʫʩʪʘʥʦʚʠʪʴ ʮʚʝʪ ʛʨʘʬʠʢʘ ʧʝʨʝʤʝʥʥʦʡ; 

¶ ʫʩʪʘʥʦʚʠʪʴ ʪʠʧ ʠ ʪʦʣʱʠʥʫ ʣʠʥʠʠ; 

¶ ʚʳʙʨʘʪʴ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨ ʤʘʨʢʝʨʘ, ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʟʥʘʢ ʟʘʣʠʚʢʠ ʤʘʨʢʝʨʘ ʠ ʧʨʠʟʥʘʢ 

ʤʘʨʢʠʨʦʚʘʥʥʦʡ ʣʠʥʠʠ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʣʶʙʦʡ ʛʨʘʬʠʢ ʨʠʩʫʝʪʩʷ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ. 

4.3.4.6. ʂʦʧʠʨʦʚʘʥʠʝ ʛʨʘʬʠʢʦʚ ʚ MS Excel  

ɻʨʘʬʠʢʠ ʠʟ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ ʤʦʞʥʦ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʚ ʧʨʦʛʨʘʤʤʫ MS Excel. ɼʣʷ ʵʪʦ-

ʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʥʫʞʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʢʦʥʪʝʡʥʝʨʝ ʠ ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʚʳ-

ʙʨʘʪʴ ʧʫʥʢʪ ʂʦʧʠʨʦʚʘʪʴ ʚ ʘʢʪʠʚʥʫʶ ʢʥʠʛʫ MS Excel. ɺʳʜʝʣʝʥʥʳʝ ʛʨʘʬʠʢʠ ʙʫʜʫʪ ʩʢʦ-

ʧʠʨʦʚʘʥʳ ʚ ʘʢʪʠʚʥʫʶ ʢʥʠʛʫ MS Excel ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʩʪʨʦʡʢʘʤʠ ʥʘ ʚʢʣʘʜʢʝ ʕʢʩʧʦʨʪ 

ʛʨʘʬʠʢʦʚ ʚ MS Excel ʦʢʥʘ ʅʘʩʪʨʦʡʢʠ ʠʥʪʝʛʨʘʪʦʨʘ (ʧ. 4.1.4. "ʕʢʩʧʦʨʪ ʛʨʘʬʠʢʦʚ ʚ MS 

Excel", ʩʪʨ. 4-11). 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-78 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.5. ʆʢʥʦ ʛʠʩʪʦʛʨʘʤʤ 

ʆʢʥʦ ʛʠʩʪʦʛʨʘʤʤ (ʨʠʩ. 4.62) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʦʪʢʨʳʪʠʷ ʦʢʥʘ ʛʠʩʪʦʛʨʘʤʤ ʚʳʙʝʨʠʪʝ ʧʫʥʢʪ ʤʝʥʶ ʀʥʩʪʨʫʤʝʥ-

ʪʳ | ɻʠʩʪʦʛʨʘʤʤʘé ʠʟ ʛʣʘʚʥʦʛʦ ʤʝʥʶ ʧʨʦʛʨʘʤʤʳ ʠʣʠ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ  ʥʘ ʧʘʥʝʣʠ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʛʠʩʪʦʛʨʘʤʤ ʚ ʦʢʥʝ ʪʘʢʞʝ ʢʘʢ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʘʤʠʭ ʦʢʦʥ ʥʝ ʦʛʨʘʥʠ-

ʯʝʥʦ. ʇʦʣʦʞʝʥʠʝ ʦʢʥʘ ʥʘ ʨʘʙʦʯʝʤ ʩʪʦʣʝ ʠ ʩʧʠʩʦʢ ʜʦʙʘʚʣʝʥʥʳʭ ʚ ʥʝʛʦ ʧʝʨʝʤʝʥʥʳʭ (ʟʘ ʠʩ-

ʢʣʶʯʝʥʠʝʤ ʧʝʨʝʤʝʥʥʳʭ ʧʝʨʝʥʝʩʝʥʥʳʭ ʠʟ ʩʧʠʩʢʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ) ʭʨʘʥʷʪʩʷ ʚ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʤ ʬʘʡʣʝ (ʧʫʥʢʪ ʤʝʥʶ ʌʘʡʣ | ɿʘʧʠʩʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ). 

 

ʈʠʩ. 4.62. ʆʢʥʦ ʛʠʩʪʦʛʨʘʤʤ 

ʉʪʨʫʢʪʫʨʘ ʦʢʥʘ ʛʠʩʪʦʛʨʘʤʤ ʘʥʘʣʦʛʠʯʥʘ ʛʨʘʬʠʯʝʩʢʦʤʫ ʦʢʥʫ. ʆʥʦ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶ-

ʱʠʭ ʵʣʝʤʝʥʪʦʚ: 

¶ ʢʦʥʪʝʡʥʝʨ ʧʝʨʝʤʝʥʥʳʭ, 

¶ ʧʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

¶ ʧʦʣʝ ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ. 

 

ɼʦʙʘʚʠʪʴ ʧʝʨʝʤʝʥʥʫʶ ʚ ʢʦʥʪʝʡʥʝʨ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʟ ʄʘʩʪʝʨʘ ʧʝʨʝʤʝʥʥʳʭ 

(ʧ. 4.3.2. ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ, ʩʪʨ. 4-21) ʠʣʠ ʠʟ ʉʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ (ʧ. 4.3.3. "ʉʧʠʩʦʢ 

ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-61). 

ʅʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʢʥʘ ʨʘʩʧʦʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʥʦʧʢʠ:, 

ʧʦʟʚʦʣʷʶʱʠʝ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʘʥʝʣʴ; ʢʦʧʠʨʦʚʘʪʴ ʧʦʣʝ ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ ʚ ʙʫʬʝʨ, 

ʟʘʧʠʩʘʪʴ ʚ ʬʘʡʣ, ʟʘʧʠʩʘʪʴ ʘʥʠʤʘʮʠʶ; ʧʦʢʘʟʘʪʴ ʚʩʝ; ʦʪʢʨʳʪʴ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʥʘʩʪʨʦʝʢ ʇʘ-

ʨʘʤʝʪʨʳ ʦʢʥʘ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʤʦʞʥʦ ʘʥʠʤʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʦʢ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ (ʨʠʩ. 4.63): 

 

˸͊ͫ΄ͭ͊͋ͤ·͚ ͟ ͦπ

Ήͺͺ͙ͼ͙͔ͤͭ 

͍͔̇ͭ ͔͔͔ͨͪͣͤπ

͚ͤͦ 

 ˤ͙͙͒ͣͦͫͭΈ 

͔͔͔ͨͪͣͤπ

͚ͤͦ 

 

˴͔͚͔ͦͤͭͤͪ ͔ͨπ

͔͔ͪͣͤͤ·ͻ 
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ʈʠʩ. 4.63. ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʠʤʘʮʠʠ ʧʝʨʝʤʝʥʥʳʭ 

ɿʘʤʝʯʘʥʠʝ.  ɼʣʷ ʘʥʠʤʘʮʠʠ ʫʞʝ ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʝʝ ʥʘʜʦ ʧʦʣʦʞʠʪʴ ʚ ʢʦʥʪʝʡʥʝʨ 

ʜʦ ʩʪʘʨʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʛʠʩʪʦʛʨʘʤʤʘ ʩʪʨʦʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʧʦʩʪʨʦʝʥʠʷ, ʛʜʝ ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ 

ʩʪʦʣʙʝʮ ʛʠʩʪʦʛʨʘʤʤʳ (ʨʠʩ. 4.64) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʤʝʥʥʦʡ ʠʟ ʢʦʥʪʝʡʥʝʨʘ ʧʝʨʝʤʝʥʥʳʭ. 

ɺʳʩʦʪʘ ʩʪʦʣʙʮʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʢʫʱʝʡ ʚʝʣʠʯʠʥʝ ʧʝʨʝʤʝʥʥʦʡ. ɼʣʷ ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ: 

¶ ʊʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ï ʚʳʩʦʪʘ ʩʪʦʣʙʮʘ, 

¶ ʊʝʢʫʱʠʡ ʤʘʢʩʠʤʫʤ ï ʚʝʨʭʥʷʷ ʣʠʥʠʷ, 

¶ ʊʝʢʫʱʠʡ ʤʠʥʠʤʫʤ ï ʥʠʞʥʷʷ ʣʠʥʠʷ. 

 

ʈʠʩ. 4.64. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʚ ʦʢʥʝ ʛʠʩʪʦʛʨʘʤʤ 

ʈʘʙʦʪʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʦʢʥʘ ʛʠʩʪʦʛʨʘʤʤ ʘʥʘʣʦʛʠʯʥʘ ʨʘʙʦʪʝ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʚ ʛʨʘʬʠʯʝ-

ʩʢʦʤ ʦʢʥʝ (ʧ. 4.3.4. "ʆʢʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ", ʩʪʨ. 4-68). 

ʂʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʢʦʥʪʝʡʥʝʨʘ ʧʝʨʝʤʝʥʥʳʭ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

˽ͯͫ͟ | ˽͊ͯ͊͘ | 

˿ͭͦͨ 

(͙͊ͤͣ͊ͼ͙͙) 

ˮ͔͍ͤͭͪ͊͡ ͔ͣ͗͒ͯ ͊͒ͪ͊͟π

͙ͣ ͙͊ͤͣ͊ͼ͙͙ 

͔́ͯ͟΅͔͔ ͍͔ͪͣΎ 

͙͊ͤͣ͊ͼ͙͙ 

ʊʝʢʫʱʠʡ ʤʘʢʩʠʤʫʤ ï ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥ-

ʥʦʡ ʦʪ ʥʘʯʘʣʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

ʊʝʢʫʱʠʡ ʤʠʥʠʤʫʤ ï ʤʠ-

ʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥ-

ʥʦʡ ʦʪ ʥʘʯʘʣʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

 

ʊʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝ-

ʤʝʥʥʦʡ 
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ʈʠʩ. 4.65. ʂʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʢʦʥʪʝʡʥʝʨʘ ʧʝʨʝʤʝʥʥʳʭ 

ʇʫʥʢʪ ʆʪʦʙʨʘʞʘʪʴ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘʜʦ ʣʠ ʦʪʦʙʨʘʞʘʪʴ ʣʠʥʠʠ ʤʘʢ-

ʩʠʤʫʤʘ ʠ ʤʠʥʠʤʫʤʘ ʧʝʨʝʤʝʥʥʦʡ. ʆʩʪʘʣʴʥʳʝ ʧʫʥʢʪʳ ʤʝʥʶ ʦʧʠʩʘʥʳ ʚ ʧ. 4.3.4.1. "ʈʘʙʦʪʘ ʩ 

ʛʨʘʬʠʢʘʤʠ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ", ʩʪʨ. 4-71. 
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4.3.6. ɸʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

4.3.6.1. ʆʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʧʘʥʝʣʴ 

ɹʘʟʦʚʳʝ ʦʧʝʨʘʮʠʠ 

ʆʙʱʠʡ ʚʠʜ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ ʚ ʧʨʦʛʨʘʤʤʝ UM Simulation ʧʦʢʘʟʘʥ ʥʠʞʝ ʥʘ 

ʨʠʩ. 4.66. ʇʦ ʫʤʦʣʯʘʥʠʶ ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʚ ʦʢʥʝ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʧʝʨʝʤʝʱʝʥʠʝ ï ʩ ʧʦʤʦʱʴʶ ʥʘʞʘʪʠʷ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ; 

¶ ʧʦʚʦʨʦʪ ï ʩ ʧʦʤʦʱʴʶ ʥʘʞʘʪʠʷ ʩʨʝʜʥʝʡ ʢʥʦʧʢʠ ʤʳʰʠ (ʢʦʣʸʩʠʢʘ); 

¶ ʧʨʠʙʣʠʞʝʥʠʝ/ʫʜʘʣʝʥʠʝ ï ʩ ʧʦʤʦʱʴʶ ʧʨʦʢʨʫʯʠʚʘʥʠʷ ʢʦʣʸʩʠʢʘ ʤʳʰʠ. 

 

ʈʠʩ. 4.66. ɸʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ʚ ʧʨʦʛʨʘʤʤʝ UM Simulation 

ʈʝʘʢʮʠʷ ʥʘ ʥʘʞʘʪʠʝ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʢʫʱʝʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʧʘʥʝʣʠ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ ʦʢʥʘ: ʧʝʨʝʤʝʱʝʥʠʝ, ʧʦʚʦʨʦʪ, ʧʨʠʙʣʠʞʝʥʠʝ/ʫʜʘʣʝʥʠʝ, ʩʤ. ʨʠʩ. 4.67. 

  

ʈʠʩ. 4.67. ʂʥʦʧʢʠ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ 

ʎʝʥʪʨ ʧʦʚʦʨʦʪʘ 

ɹʘʟʦʚʳʝ ʦʧʝʨʘʮʠʠ ʩ ʤʳʰʴʶ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ (ʧʝʨʝʤʝʱʝʥʠʝ, ʧʦʚʦʨʦʪ, ʧʨʠʙʣʠʞʝ-

ʥʠʝ/ʫʜʘʣʝʥʠʝ) ʠʩʧʦʣʴʟʫʶʪ ʧʦʥʷʪʠʝ ʪʦʯʢʠ ʠʥʪʝʨʝʩʘ/ʮʝʥʪʨʘ ʧʦʚʦʨʦʪʘ. ʊʦʯʢʘ ʠʥʪʝʨʝ-
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ʩʘ/ʮʝʥʪʨ ʧʦʚʦʨʦʪʘ ï ʵʪʦ ʪʦʯʢʘ ʧʦʜ ʤʳʰʢʦʡ ʚ ʥʘʯʘʣʝ ʦʧʝʨʘʮʠʠ ʧʝʨʝʤʝʱʝʥʠʷ, ʧʦʚʦʨʦʪʘ ʠʣʠ 

ʧʨʠʙʣʠʞʝʥʠʷ/ʫʜʘʣʝʥʠʷ. ɼʣʷ ʙʦʣʝʝ ʯʸʪʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʵʪʘ ʪʦʯʢʘ ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʧʨʠ 

ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʠ ʚʳʛʣʷʜʠʪ ʢʘʢ ʥʝʙʦʣʴʰʘʷ ʩʬʝʨʘ. ʇʦʩʣʝʜʥʠʡ ʚʳʙʨʘʥʥʳʡ ʮʝʥʪʨ ʧʦʚʦʨʦʪʘ 

ʤʦʞʥʦ ʟʘʢʨʝʧʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʥʦʧʢʦʡ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩʤ. ʨʠʩ. 4.68. 

 

ʈʠʩ. 4.68. ʂʥʦʧʢʘ ʬʠʢʩʘʮʠʠ ʧʦʩʣʝʜʥʝʛʦ ʚʳʙʨʘʥʥʦʛʦ ʮʝʥʪʨʘ ʧʦʚʦʨʦʪʘ 

ʂʦʦʨʜʠʥʘʪʳ ʠ ʩʢʦʨʦʩʪʠ ʪʦʯʝʢ ʪʝʣ ʧʦʜ ʤʳʰʢʦʡ 

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʤʳʰʠ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʚ ʩʪʨʦʢʝ ʩʪʘʪʫʩʘ ʧʦʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘ-

ʮʠʷ ʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʪʦʯʢʠ ʪʝʣʘ ʧʦʜ ʤʳʰʢʦʡ. ʉʚʝʜʝʥʠʷ ʦ ʢʣʘʚʠʰʘʭ-

ʤʦʜʠʬʠʢʘʪʦʨʘʭ ʩʤʦʪʨʠʪʝ ʚ ʪʘʙʣ. 4.1. 

ʊʘʙʣʠʮʘ 4.1 

ʂʣʘʚʠʰʠ-ʤʦʜʠʬʠʢʘʪʦʨʳ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ 

ʂʣʘʚʠʰʘ ʆʪʦʙʨʘʞʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʥʝʪ ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʪʝʣʘ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʉʂ) 

Shift ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʪʝʣʘ ʚ ʣʦʢʘʣʴʥʦʡ ʉʂ ʪʝʣʘ 

Ctrl  ɺʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʪʝʣʘ ʚ ʛʣʦʙʘʣʴʥʦʡ ʉʂ 

Ctrl+ Shift ɺʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʪʝʣʘ ʚ ʣʦʢʘʣʴʥʦʡ ʉʂ ʪʝʣʘ 

 

ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʈʘʩʩʤʦʪʨʠʤ ʢʥʦʧʢʠ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ, ʩʤ. ʨʠʩ. 4.69. 

 

ʈʠʩ. 4.69. ʂʥʦʧʢʠ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

1 ï ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʵʪʫ ʢʥʦʧʢʫ ʦʪʢʨʳʚʘʝʪʩʷ ʧʦʜʤʝʥʶ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʩʢʦʧʠʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʦʢʥʘ ʚ ʙʫʬʝʨ, ʩʦʭʨʘʥʠʪʴ ʚ ʬʘʡʣ ʠʣʠ ʟʘʧʠʩʘʪʴ ʘʥʠʤʘʮʠʶ ʜʚʠʞʝ-

ʥʠʷ ʤʦʜʝʣʠ ʚ ʦʢʥʝ. 

2 ï ʧʨʠʙʣʠʞʝʥʠʝ ʨʘʤʢʦʡ, ʘʣʴʪʝʨʥʘʪʠʚʥʦ ʜʣʷ ʧʨʠʙʣʠʞʝʥʠʷ ʨʘʤʢʦʡ ʥʘʞʤʠʪʝ ʠ ʫʜʝʨʞʠ-

ʚʘʡʪʝ ʢʣʘʚʠʰʫ Shift ʠ ʩ ʧʦʤʦʱʴʶ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ ʚʳʜʝʣʠʪʝ ʥʫʞʥʳʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʚ 

ʦʢʥʝ. 

3 ï ʚʧʠʩʘʪʴ ʚ ʦʢʥʦ ʚʝʩʴ ʦʙʲʝʢʪ ʮʝʣʠʢʦʤ (ʧʦʢʘʟʘʪʴ ʚʩʸ). 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-83 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4, 5, 6 ï ʢʥʦʧʢʠ ʫʩʪʘʥʦʚʢʠ ʨʝʘʢʮʠʠ ʥʘ ʥʘʞʘʪʠʝ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ: ʧʝʨʝʤʝʱʝʥʠʝ (4), 

ʧʦʚʦʨʦʪ (5) ʠʣʠ ʧʨʠʙʣʠʞʝʥʠʝ/ʫʜʘʣʝʥʠʝ (6). 

7 ï ʢʥʦʧʢʘ ʟʘʢʨʝʧʣʝʥʠʷ ʮʝʥʪʨʘ ʧʦʚʦʨʦʪʘ. 

8 ï ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʩʪʘʥʜʘʨʪʥʳʤʠ ʚʠʜʘʤʠ. 

9, 10, 11 ï ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʜʝʣʠ ʚ ʦʢʥʝ (ʧʨʦʚʦʣʦʯ-

ʥʳʡ/ʢʘʨʢʘʩ, ʧʦʣʫʪʦʥʦʚʳʡ ʩ ʢʘʨʢʘʩʦʤ, ʧʦʣʫʪʦʥʦʚʳʡ). 

12 ï ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʦʨʪʦʛʦʥʘʣʴʥʦʡ/ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʨʦʝʢʮʠʠ. 

4.3.6.2. ʈʝʞʠʤʳ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʦʢʥʝ 

ʂʘʞʜʦʤʫ ʚʠʟʫʘʣʴʥʦʤʫ ʦʙʲʝʢʪʫ ʤʦʜʝʣʠ (ʪʝʣʫ, ʛʨʘʬʠʯʝʩʢʦʤʫ ʦʙʨʘʟʫ ʩʠʣʳ ʠ ʪ.ʜ.) ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʟʥʘʯʝʥ ʦʜʠʥ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʝʞʠʤʦʚ ʦʪʦʙʨʘʞʝʥʠʷ: ʥʝʚʠʜʠʤʳʡ, ʧʨʦʚʦʣʦʯʥʳʡ, ʧʦʣʫ-

ʧʨʦʟʨʘʯʥʳʡ, "ʢʘʢ ʫ ʦʢʥʘ". 

ʈʝʞʠʤ ʦʪʦʙʨʘʞʝʥʠʷ ʪʝʣʘ ʤʦʞʥʦ ʟʘʜʘʪʴ, ʥʘʚʝʜʷ ʥʘ ʥʝʛʦ ʢʫʨʩʦʨ ʠ ʚʳʟʚʘʚ ʢʦʥʪʝʢʩʪʥʦʝ 

ʤʝʥ.ʁ ɼʘʣʝʝ ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʧʫʥʢʪ ʈʝʞʠʤʳ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʫʩʪʘʥʦʚʠʪʴ ʥʫʞʥʳʡ ʨʝʞʠʤ ʚ 

ʧʦʜʤʝʥʶ, ʩʤ. ʨʠʩ. 4.70. ʋʩʪʘʥʦʚʠʪʴ ʨʝʞʠʤʳ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʦʙʲʝʢʪʦʚ ʤʦʞʥʦ 

ʩ ʧʦʤʦʱʴʶ ʜʠʘʣʦʛʘ, ʢʦʪʦʨʳʡ ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʧʫʥʢʪʘ ʅʘʩʪʨʦʡʢʘ ʦʪʦʙʨʘʞʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʚ ʪʦʤ ʞʝ  ʤʝʥʶ, ʩʤ. ʨʠʩ. 4.71. 

ɽʩʣʠ ʫ ʪʝʣʘ ʚʳʙʨʘʥ ʨʝʞʠʤ ʠʟʦʙʨʘʞʝʥʠʷ ʂʘʢ ʫ ʦʢʥʘ, ʪʦ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʨʝʞʠʤʦʚ 

ʦʪʦʙʨʘʞʝʥʠʷ ʦʢʥʘ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʩʤ. ʢʥʦʧʢʠ 9-11 ʥʘ ʨʠʩ. 4.69), ʪʝʣʫ ʙʫʜʝʪ 

ʥʘʟʥʘʯʝʥ ʪʘʢʦʡ ʞʝ ʨʝʞʠʤ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʨʝʞʠʤʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠʤʝʶʪ ʧʨʠʦʨʠʪʝʪ ʥʘʜ ʨʝʞʠʤʦʤ ʠʟʦʙʨʘʞʝʥʠʷ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʤ ʚ ʦʢʥʝ. 

 

ʈʠʩ. 4.70. ɺʳʙʦʨ ʨʝʞʠʤʘ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʣʘ ʠʟ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-84 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 4.71. ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʥʘʩʪʨʦʡʢʠ ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ 

4.3.6.3. ʂʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ 

ʅʘ ʨʠʩ. 4.72 ʧʨʠʚʝʜʝʥʦ ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦ ʤʝʥʶ 

ʧʦʜʨʦʙʥʝʝ. 

 

ʈʠʩ. 4.72. ʂʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-85 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʆʩʠ ʢʦʦʨʜʠʥʘʪ ï ʧʝʨʝʢʣʶʯʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ/ʚʳʢʣʶʯʘʝʪ ʨʠʩʦʚʘʥʠʝ ʦʩʝʡ ʛʣʦ-

ʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʚʝʪʦʚʦʡ ʧʨʠʥʮʠʧ (RGB-XYZ): 

¶ ʦʩʴ X ï ʢʨʘʩʥʘʷ (Red); 

¶ ʦʩʴ Y ï ʟʝʣʝʥʘʷ (Green); 

¶ ʦʩʴ Z ï ʩʠʥʷʷ (Blue). 

ʂʦʦʨʜʠʥʘʪʥʘʷ ʩʝʪʢʘ. ʉ ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʩʚʷʟʳʚʘʝʪʩʷ ʢʦʦʨʜʠʥʘʪʥʘʷ 

ʩʝʪʢʘ, ʧʦʣʦʞʝʥʠʝ, ʰʘʛ ʠ ʨʘʟʤʝʨ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʫʥʢʪʘ 

ʅʘʩʪʨʦʡʢʠ ʩʝʪʢʠ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ. 

ʉʪʠʣʴ ʧʦʚʦʨʦʪʘ: X-ʩʪʠʣʴ, Y-ʩʪʠʣʴ, Z-ʩʪʠʣʴ. ʉʪʠʣʴ ʧʦʚʦʨʦʪʘ ʟʘʜʘʸʪ ʦʩʴ, ʢʦʪʦʨʘʷ ʦʩʪʘ-

ʸʪʩ̫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʠ ʧʦʚʦʨʦʪʝ ʤʦʜʝʣʠ ʚ ʦʢʥʝ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʫʩʪʘʥʦʚʣʝʥ Z-ʩʪʠʣʴ, ʢʦʪʦ-

ʨʳʡ ʧʦʜʭʦʜʠʪ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʦʜʝʣʝʡ. 

ʈʝʞʠʤʳ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʚʳʰʝ ʚ ʧ. 4.3.6.2 "ʈʝʞʠʤʳ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢ-

ʪʦʚ ʚ ʦʢʥʝ", ʩʪʨ. 4-83. 

ʂʘʤʝʨʳ ï ʩʦʟʜʘʥʠʝ, ʥʘʩʪʨʦʡʢʘ ʠ ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʢʘʤʝʨʘʤʠ. ʇʦʜʨʦʙʥʝʝ ʩʤ. 

ʧ. 4.3.6.6 "ʈʘʙʦʪʘ ʩ ʧʦʜʩʠʩʪʝʤʦʡ "ʂʘʤʝʨʳ", ʩʪʨ. 4-88. 

ʉʣʝʜʠʪʴ ʢʘʤʝʨʦʡ ʟʘ <ʠʤʷ ʪʝʣʘ> ï ʧʨʠ ʚʳʙʦʨʝ ʵʪʦʛʦ ʧʫʥʢʪʘ ʤʝʥʶ, ʩʦʟʜʘʸʪʩʷ ʢʘʤʝʨʘ, 

ʧʨʠʢʨʝʧʣʸʥʥʘʷ ʢ ʚʳʙʨʘʥʥʦʤʫ ʪʝʣʫ, ʢʦʪʦʨʘʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʟʘ ʥʠʤ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

ʇʫʥʢʪ ʤʝʥʶ ʜʦʩʪʫʧʝʥ ʪʦʣʴʢʦ ʝʩʣʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʢʫʨʩʦʨ ʤʳʰʠ ʥʘʭʦʜʠʪʩʷ ʥʘʜ ʢʘʢʠʤ-

ʥʠʙʫʜʴ ʪʝʣʦʤ. 

ʉʤʦʪʨʝʪʴ ʥʘ ï ʚʳʟʳʚʘʝʪ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʩ ʜʝʨʝʚʦʤ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʚ ʤʦʜʝʣʠ. ʇʨʠ ʚʳ-

ʙʦʨʝ ʦʙʲʝʢʪʘ ʚ ɻʪʦʤ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʢ ʥʝʤʫ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢʘʤʝʨʘ. 

ʇʦʣʦʞʝʥʠʝ ʩʧʠʩʢʘ ʚʝʢʪʦʨʦʚ ʟʘʜʘʸʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʧʠʩʢʘ ʚʝʢʪʦʨʦʚ ʠ ʪʨʘʝʢʪʦʨʠʡ ʚ 

ʦʢʥʝ (ʩʣʝʚʘ, ʩʧʨʘʚʘ, ʩʚʝʨʭʫ, ʩʥʠʟʫ, ʩʧʨʷʪʘʪʴ). ʈʘʙʦʪʘ ʩ ʚʝʢʪʦʨʘʤʠ ʠ ʪʨʘʝʢʪʦʨʠʷʤʠ ʧʦʜʨʦʙ-

ʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʥʠʞʝ ʚ ʧ. 4.3.6.4 "ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʝʢʪʦʨʦʚ/ʪʨʘʝʢʪʦʨʠʡ", ʩʪʨ. 4-86. 

ʅʘʩʪʨʦʡʢʠ ʚʝʢʪʦʨʦʚ ï ʚʳʟʳʚʘʝʪ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʥʘʩʪʨʦʡʢʠ ʤʘʩʰʪʘʙʘ ʠ ʨʘʟʤʝʨʘ 

(ʪʦʣʱʠʥʳ) ʚʝʢʪʦʨʦʚ. ʇʦʜʨʦʙʥʝʝ ʩʤ. ʧ. 4.3.6.4 "ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʝʢʪʦʨʦʚ/ʪʨʘʝʢʪʦʨʠʡ", ʩʪʨ. 

4-86. 

ɼʣʷ ʜʘʥʥʦʛʦ ʪʝʣʘ/ʪʦʯʢʠ ʜʦʙʘʚʠʪʴ ï ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ, ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ ʠ ʚʝʢʪʦʨʘ ʫʩʢʦʨʝʥʠʷ ʜʣʷ ʪʝʢʫʱʝʡ ʪʦʯʢʠ ʪʝʣʘ, ʥʘ ʢʦʪʦʨʫʶ ʫʢʘʟʳʚʘʝʪ ʢʫʨʩʦʨ ʤʳ-

ʰʠ, ʘ ʪʘʢʞʝ ʚʝʢʪʦʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʜʣʷ ʪʝʣʘ. 

ʅʘʟʥʘʯʠʪʴ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ï ʜʣʷ ʣʶʙʦʛʦ ʪʝʣʘ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʥʘʟʥʘʯʝʥʥʳʡ ʚ 

ʧʨʦʛʨʘʤʤʝ UM Input ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ (ɻʆ) ʥʘ ʣʶʙʦʡ ʜʨʫʛʦʡ ɻʆ, ʩʫʱʝʩʪʚʫʶʱʠʡ ʚ ʤʦ-

ʜʝʣʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʟʘʤʝʥʳ ʢʫʟʦʚʘ ʛʨʫʟʦʚʦʛʦ ʚʘʛʦʥʘ ʩ ʮʠʩʪʝʨʥʳ 

ʥʘ ʭʦʧʧʝʨ, ʠʣʠ ʜʣʷ ʩʤʝʥʳ ʢʘʙʠʥ ʚ ʤʦʜʝʣʠ ʛʨʫʟʦʚʠʢʘ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʟʘʤʝʥʠʪʴ 

ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʪʝʣʘ ʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ, ʢʦʪʦʨʳʡ ʝʩʪʴ ʚ ʤʦʜʝʣʠ. 

ʇʦʢʘʟʘʪʴ ʩʠʣʳ ʜʣʷ <ʠʤʷ ʪʝʣʘ> ï ʚ ʩʧʠʩʦʢ ʚʝʢʪʦʨʦʚ ʜʣʷ ʜʘʥʥʦʛʦ ʦʢʥʘ ʜʦʙʘʚʣʷʝʪʩʷ 

ʧʝʨʝʤʝʥʥʘʷ ʪʠʧʘ ɺʩʝ ʩʠʣʳ, ʚʢʣʶʯʘʶʱʘʷ ʘʢʪʠʚʥʳʝ ʩʠʣʳ, ʩʠʣʳ ʨʝʘʢʮʠʠ ʠ ʩʠʣʳ ʠʥʝʨʮʠʠ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʚʳʙʨʘʥʥʦʝ ʪʝʣʦ. ʊʘʢʫʶ ʞʝ ʧʝʨʝʤʝʥʥʫʶ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʰʪʘʪʥʳʤʠ ʩʨʝʜ-

ʩʪʚʘʤʠ ʚ ʄʘʩʪʝʨʝ ʧʝʨʝʤʝʥʥʳʭ.  

ʀʥʬʦʨʤʘʮʠʷ ʦ <ʠʤʷ ʪʝʣʘ> ï ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ ʩ ʠʥʝʨʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʪʝ-

ʢʫʱʝʡ ʢʠʥʝʤʘʪʠʢʦʡ ʪʝʣʘ 
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4.3.6.4. ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʝʢʪʦʨʦʚ/ʪʨʘʝʢʪʦʨʠʡ 

ɺ ʧʨʦʛʨʘʤʤʝ UM Simulation ʚ ʘʥʠʤʘʮʠʦʥʥʳʭ ʦʢʥʘʭ ʤʦʞʥʦ ʦʪʦʙʨʘʞʘʪʴ ʚʝʢʪʦʨʳ ʩʠʣ, 

ʩʢʦʨʦʩʪʝʡ, ʫʩʢʦʨʝʥʠʡ ʠ ʪʨʘʝʢʪʦʨʠʠ ʪʦʯʝʢ ʪʝʣ. 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʩʧʠʩʦʢ ʦʪʦʙʨʘʞʘʝʤʳʭ ʚ ʦʢʥʝ ʚʝʢʪʦʨʦʚ/ʪʨʘʝʢʪʦʨʠʡ ʥʝ ʚʠʜʝʥ. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʝʛʦ ʚ ʦʢʥʝ ʠ ʫʩʪʘʥʦʚʠʪʴ ʝʤʫ ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʠʩʧʦʣʴʟʫʡʪʝ ʧʫʥʢʪ ʢʦʥ-

ʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʇʦʣʦʞʝʥʠʝ ʩʧʠʩʢʘ ʚʝʢʪʦʨʦʚ. ʇʨʠʤʝʨ ʦʢʥʘ ʩ ʪʨʘʝʢʪʦʨʠʝʡ ʠ ʚʝʢʪʦʨʘʤʠ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 4.73. 

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʠ ʪʨʘʝʢʪʦʨʠʡ ʚ ʘʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ ʠʩʧʦʣʴʟʫʡʪʝ ʄʘʩʪʝʨ ʧʝ-

ʨʝʤʝʥʥʳʭ, ʩʤ. ʧ. 4.3.2. "ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-21). 

ɼʚʦʡʥʦʡ ʱʝʣʯʦʢ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʚʝʢʪʦʨʝ ʚ ʩʧʠʩʢʝ ʧʦʟʚʦʣʠʪ ʚʘʤ ʠʟʤʝʥʠʪʴ ʮʚʝʪ 

ʚʝʢʪʦʨʘ ʠ ʪʨʘʝʢʪʦʨʠʠ ʠ ʫʩʪʘʥʦʚʠʪʴ ʥʫʞʥʫʶ ʜʣʠʥʫ ʪʨʘʝʢʪʦʨʠʠ. 

ɿʘʤʝʯʘʥʠʝ ʈʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ ʚʩʝʛʜʘ ʨʠʩʫʝʪʩʷ ʪʨʘʝʢʪʦʨʠʝʡ. 

ʆʜʠʥʘʢʦʚʳʝ ʧʦ ʨʘʟʤʝʨʥʦʩʪʠ ʚʝʢʪʦʨʳ ʨʠʩʫʶʪʩʷ ʩ ʦʜʠʥʘʢʦʚʳʤ ʤʘʩʰʪʘʙʦʤ. ɼʣʷ ʠʟʤʝ-

ʥʝʥʠʷ ʤʘʩʰʪʘʙʘ ʠ ʨʘʟʤʝʨʘ ʚʝʢʪʦʨʦʚ ʠʩʧʦʣʴʟʫʡʪʝ ʧʫʥʢʪ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʅʘʩʪʨʦʡʢʠ 

ʚʝʢʪʦʨʦʚ, ʩʤ. ʨʠʩ. 4.73. 

 

ʈʠʩ. 4.73. ɺʝʢʪʦʨʳ ʠ ʪʨʘʝʢʪʦʨʠʠ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʤʘʩʰʪʘʙʘ ʜʦʩʪʫʧʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʚʝʢʪʦʨʦʚ: 

¶ ʩʢʦʨʦʩʪʴ (ʤ/ʩ); 

¶ ʫʩʢʦʨʝʥʠʝ (ʤ/ʩ2); 

¶ ʧʦʚʦʨʦʪ (ʨʘʜʠʘʥ); 

¶ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ (ʨʘʜ/ʩ); 

¶ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ (ʨʘʜ/ʩ2); 
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¶ ʩʠʣʘ (ʅ); 

¶ ʤʦʤʝʥʪ (ʅĿʤ). 

  

ʈʠʩ. 4.74. ʆʢʥʦ ʥʘʩʪʨʦʡʢʠ ʚʝʢʪʦʨʦʚ 

4.3.6.5. ʉʦʟʜʘʥʠʝ ʘʥʠʤʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʩʦʭʨʘʥʷʪʴ ʘʥʠʤʘ-

ʮʠʶ ʚ ʚʠʜʝ AVI  ʬʘʡʣʘ. ɼʣʷ ʵʪʦʛʦ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ 1 ʥʘ ʨʠʩ. 4.69 ʠ ʜʘʣʝʝ ʚ ʚʳʧʘʜʘʶʱʝʤ 

ʤʝʥʶ ʚʳʙʝʨʠʪʝ ʧʫʥʢʪ ɿʘʧʠʩʘʪʴ ʘʥʠʤʘʮʠ,ʁ ʩʤ. ʨʠʩ. 4.75. 

 

ʈʠʩ. 4.75. ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʩʦʭʨʘʥʝʥʠʷ ʘʥʠʤʘʮʠʠ 

ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʘʥʠʤʘʮʠʠ ʠʟ ʜʘʥʥʦʛʦ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ ʧʦʩʪʘʚʴʪʝ ʬʣʘʞʦʢ ʚ ʧʦʣʝ 

ɿʘʧʠʩʘʪʴ ʘʥʠʤʘʮʠʶ. 

ʇʦʣʝ ʐʘʛ ʢʦʧʠʨʦʚʘʥʠʷ ʟʘʜʘʝʪ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʦʜʝʣʠ (ʚ ʩʝʢʫʥʜʘʭ), ʯʝʨʝʟ ʢʦʪʦ-

ʨʳʡ ʙʫʜʫʪ ʜʦʙʘʚʣʷʪʴʩʷ ʥʦʚʳʝ ʢʘʜʨʳ ʚ ʬʘʡʣ ʩ ʘʥʠʤʘʮʠʝʡ. 

ʇʦʣʝ ʄʘʩʢʘ/ʠʤʷ ʬʘʡʣʘ ʟʘʜʘʝʪ ʠʤʷ AVI  ʬʘʡʣʦʚ. 
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ʇʦʣʝ ʄʘʩʰʪʘʙ ʚʨʝʤʝʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʟʘʤʝʜʣʝʥʠʷ ʠʣʠ ʫʩʢʦʨʝʥʠʷ ʧʨʦʠʛʨʳʚʘʥʠʷ 

AVI  ʬʘʡʣʦʚ. ʕʪʦ ʙʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʘʥʠʤʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʤʦʜʝʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʦʯʝʥʴ ʙʳʩʪʨʦ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʤʝʜʣʝʥʥʦ. ɼʣʷ ʟʘʤʝʜʣʝʥʠʷ ʘʥʠʤʘʮʠʠ ʚ AVI  ʬʘʡʣʝ 

ʫʩʪʘʥʦʚʠʪʝ ʤʘʩʰʪʘʙ ʚʨʝʤʝʥʠ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ, ʜʣʷ ʫʩʢʦʨʝʥʠʷ ï ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ. 

ʇʦʣʝ ʂʦʜʝʢ ʟʘʜʘʝʪ ʢʦʜʝʢ ʜʣʷ ʩʞʘʪʠʷ ʢʘʜʨʦʚ ʘʥʠʤʘʮʠʠ.  

ɿʘʤʝʯʘʥʠʝ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʬʘʡʣ ʙʫʜʝʪ ʩʦʟʜʘʥ ʪʦʣʴʢʦ ʧʦʩʣʝ ʚʳʭʦʜʘ ʠʟ 

ʨʝʞʠʤʘ ʧʘʫʟʳ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ , ʩʤ. ʧ. 4.4.2.2. "ʊʝʢʫʱʠʝ ʧʘʨʘʤʝʪ-

ʨʳ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ", ʩʪʨ. 4-143. 

4.3.6.6. ʈʘʙʦʪʘ ʩ ʧʦʜʩʠʩʪʝʤʦʡ "ʂʘʤʝʨʳ" 

ʇʦʜʩʠʩʪʝʤʘ "ʂʘʤʝʨʳ" ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʘʤʝʨ ʚ ʦʢʥʝ. ʇʦʜ-

ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ, ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠ ʫʜʘʣʷʪʴ ʢʘʤʝʨ.r ʉʧʠʩʦʢ ʩʦʟʜʘʥʥʳʭ ʢʘʤʝʨ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʬʘʡʣʝ ʪʝʢʫʱʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʉʦʟʜʘʪʴ ʢʘʤʝʨʫ ʤʦʞʥʦ ʚʳʟʚʘʚ ʢʦʤʘʥʜʫ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʦʢʥʘ ʂʘʤʝʨʳ -> ɼʦʙʘʚʠʪʴ 

ʢʘʤʝʨʫ ʚ ʪʝʢʫʱʝʤ ʧʦʣʦʞʝʥʠʠ, ʩʤ. ʨʠʩ. 4.76). ɹʫʜʝʪ ʩʦʟʜʘʥʘ ʠ ʜʦʙʘʚʣʝʥʘ ʚ ʩʧʠʩʦʢ ʢʘʤʝʨʘ 

ʩ ʪʝʢʫʱʠʤ ʧʦʣʦʞʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠʝʡ. 

 

ʈʠʩ. 4.76. ʇʫʥʢʪ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʩʦʟʜʘʥʠʷ ʢʘʤʝʨʳ ʠʟ ʟʥʘʯʝʥʠʡ ʘʢʪʠʚʥʦʛʦ ʚʠʜʘ 

ʀʟ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʦʢʥʘ ʤʦʞʥʦ ʦʪʢʨʳʪʴ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʥʘʩʪʨʦʡʢʠ ʢʘʤʝʨ, 

ʨʠʩ. 4.77. ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʙʫʜʝʪ ʜʦʩʪʫʧʥʦ, ʝʩʣʠ ʩʦʟʜʘʥʘ ʭʦʪʷ ʙʳ ʦʜʥʘ ʢʘʤʝʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʥʘʩʪʨʦʡʢʠ ʢʘʤʝʨʳ. 

¶ ʇʨʠʚʷʟʘʪʴ ʢʘʤʝʨʫ ʢ ʦʙʲʝʢʪʫ ï ʚ ʵʪʦʤ ʧʦʣʝ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʣʶʙʦʝ ʠʟ ʪʝʣ ʤʦʜʝʣʠ.  

ʇʦʣʦʞʝʥʠʝ ʢʘʤʝʨʳ ʙʫʜʝʪ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʵʪʦʛʦ ʪʝʣʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʥʘ ʚʠʜʝ ʩ ʵʪʦʡ ʢʘʤʝʨʳ ʪʝʣʦ, ʢ ʢʦʪʦʨʦʤʫ ʦʥʘ ʧʨʠʚʷʟʘʥʘ, ʙʫʜʝʪ ʥʝʧʦʜʚʠʞʥʦ. 

¶ ʇʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ ï ʥʘʞʠʤʘʷ ʥʘ ʩʪʨʝʣʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʚ 

ʮʝʥʪʨʝ ʦʢʥʘ, ʤʦʞʥʦ ʤʝʥʷʪʴ ʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʶ ʢʘʤʝʨʳ ʚʦ ʚʩʝʭ ʧʣʦʩʢʦʩʪʷʭ. 
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¶ ʅʘʧʨʘʚʠʪʴ ʥʘ ï ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʚʟʛʣʷʜʘ ʠʟ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʷ ʠ ʧʨʠʤʝʥʠʪʴ 

ʠʭ. ɿʥʘʯʝʥʠʷ ʟʘʜʘʶʪʩʷ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ.  

 

ʈʠʩ. 4.77. ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʥʘʩʪʨʦʡʢʠ ʢʘʤʝʨ 

ʇʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʢʘʤʝʨʘʤʠ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

¶ ʚ ʩʧʠʩʢʝ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ ʥʘʩʪʨʦʝʢ ʢʘʤʝʨ, ʚʳʙʠʨʘʷ 

ʥʝʦʙʭʦʜʠʤʫ  ʁʢʘʤʝʨʫ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ, 

¶ ʠʟ ʩʧʠʩʢʘ ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ, ʩʤ. ʨʠʩ. 4.78. 

 

ʈʠʩ. 4.78. ʇʝʨʝʢʣʶʯʝʥʠʝ ʢʘʤʝʨ ʠʟ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ 
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4.3.7. ʇʨʦʮʝʩʩʦʨ ʧʝʨʝʤʝʥʥʳʭ 

ʇʨʦʮʝʩʩʦʨ ʧʝʨʝʤʝʥʥʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʨʘʙʦʪʢʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝ-

ʨʝʤʝʥʥʳʭ: ʪʘʙʣʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ ʠ ʠʥʩʪʨʫʤʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ. ʆʩʪʘʥʦʚʠʤʩʷ 

ʥʘ ʵʪʠʭ ʠʥʩʪʨʫʤʝʥʪʘʭ ʧʦʜʨʦʙʥʝʝ. 

4.3.7.1. ʊʘʙʣʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ  

ʊʘʙʣʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ (ʩʤ. ʨʠʩ. 4.79) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ɼʣʷ ʚʳʟʦʚʘ ʦʢʥʘ ʧʨʦʮʝʩʩʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʫʥʢʪ ʤʝʥʶ ʀʥ-

ʩʪʨʫʤʝʥʪʳ | ʊʘʙʣʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨé 

 

ʈʠʩ. 4.79. ʊʘʙʣʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ 

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʦʢʥʘ ʥʘʭʦʜʠʪʩʷ ʩʧʠʩʦʢ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ, ʧʨʠ ʧʦʤʦʱʠ ʢʦ-

ʪʦʨʳʭ ʤʦʞʥʦ ʦʙʨʘʙʦʪʘʪʴ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ. ɼʣʷ ʘʥʘʣʠʟʘ ʦʜʥʦʡ ʠʣʠ ʛʨʫʧʧʳ ʧʝʨʝ-

ʤʝʥʥʳʭ (ʬʘʡʣʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠʟ ʩʧʠʩʢʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʧ. 4.3.3.3. 

"ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚ ʩʧʠʩʢʘʭ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-65, ʠʣʠ ʧʝʨʝʤʝʥʥʳʝ ʠʟ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ, ʧ. 4.3.4. "ʆʢʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ", ʩʪʨ. 4-68) ʧʝʨʝʥʝʩʠʪʝ ʠʭ ʩ 

ʧʦʤʦʱʴʶ ʤʳʰʠ ʚ ʧʦʣʝ ʧʨʦʮʝʩʩʦʨʘ. ɼʣʷ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʠʩʧʦʣʴʟʫʡ-

ʪʝ ʛʘʣʦʯʢʫ ʚʦʟʣʝ ʝʛʦ ʠʤʝʥʠ. 

ɼʣʷ ʚʳʢʣʶʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʠʟ ʪʘʙʣʠʯʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʧʦʤʝʩʪʠʪʝ ʢʫʨʩʦʨ ʥʘ ʩʪʦʣʙʝʮ 

ʩ ʵʪʦʡ ʬʫʥʢʮʠʦʥʘʣʦʤ ʠ ʥʘʞʤʠʪʝ ʢʣʘʚʠʰʠ Shift+Del. ɼʣʷ ʫʜʘʣʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʠʟ ʪʘʙʣʠʯ-

ʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʧʦʤʝʩʪʠʪʝ ʢʫʨʩʦʨ ʥʘ ʩʪʨʦʢʫ ʩ ʵʪʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʥʘʞʤʠʪʝ ʢʣʘʚʠʰʫ Del. 

ʇʨʠ ʧʦʤʦʱʠ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ (ʩʤ. ʨʠʩ. 4.80) ʤʦʞʥʦ ʦʯʠʩʪʠʪʴ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ 

ʠʣʠ ʩʧʠʩʦʢ ʬʫʥʢʮʠʦʥʘʣʦʚ, ʫʧʦʨʷʜʦʯʠʪʴ ʧʝʨʝʤʝʥʥʳʝ ʧʦ ʢʘʞʜʦʤʫ ʢʨʠʪʝʨʠʶ ʧʦ ʚʦʟʨʘʩʪʘ-

ʥʠʶ ʠ ʫʙʳʚʘʥʠʶ, ʘ ʪʘʢʞʝ ʢʦʧʠʨʦʚʘʪʴ ʪʘʙʣʠʮʫ ʚ MS Word ʮʝʣʠʢʦʤ ʠʣʠ ʚʳʜʝʣʝʥʥʫʶ ʯʘʩʪʴ. 
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ʈʠʩ. 4.80. ʂʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʪʘʙʣʠʯʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ 

ɺʤʝʩʪʝ ʩ UM ʧʦʩʪʘʚʣʷʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʦʥʘʣʳ, ʩʤ. ʪʘʙʣ. 4.2. 

ʊʘʙʣʠʮʘ 4.2 

ʌʫʥʢʮʠʦʥʘʣʳ ʩʪʘʥʜʘʨʪʥʦʡ ʧʦʩʪʘʚʢʠ 

ʌʫʥʢʮʠʦʥʘʣ ʂʦʤʤʝʥʪʘʨʠʡ 

Percentile_0_point_1 (0,1%) 

Percentile_0_point_15 (0,15%) 

Percentile_1 (1%) 

Percentile_99 (99%) 

Percentile_99_point_85 (99,85%) 

Percentile_99_point_9 (99,9%) 

ʇʨʦʮʝʥʪʠʣʴ. ʇʨʦʮʝʥʪʠʣʴ N ï ʵʪʦ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ, ʥʠ-

ʞʝ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʦ N ʧʨʦʮʝʥʪʦʚ ʟʥʘʯʝʥʠʡ 

ʜʘʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ɿʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦ-

ʯʠʚʘʶʪʩʷ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ; ʦʪʙʨʘʩʳʚʘʶʪʩʷ N % 

ʟʥʘʯʝʥʠʡ ʩ ʥʘʯʘʣʘ ʨʷʜʘ; ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʠ 

ʦʩʪʘʚʰʠʭʩʷ ʝʩʪʴ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ. 

Integral  

ʀʥʪʝʛʨʘʣ ʦʪ ʧʝʨʝʤʝʥʥʦʡ ʧʦ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʩ ʫʯʝʪʦʤ ʟʥʘʢʘ ʧʝʨʝʤʝʥʥʦʡ. ʇʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʦʨʜʠʥʘʪʳ ʙʝʨʫʪʩʷ ʩ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʢʦʤ, ʧʣʦʱʘʜʠ ʥʘʜ ʢʨʠʚʦʡ ʩ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʘʙʩʮʠʩʩʳ ʙʝʨʫʪʩʷ ʩ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʤ ʟʥʘʢʦʤ. ɼʣʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʫʥʢʮʠʠ ʪʠʧʘ sin(t) 

ʥʘ ʮʝʣʦʤ ʯʠʩʣʝ ʧʝʨʠʦʜʦʚ ʜʘʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʨʘʚʝʥ 

ʥʫʣʶ. 

IntegralAbs 

ʀʥʪʝʛʨʘʣ ʦʪ ʧʝʨʝʤʝʥʥʦʡ ʧʦ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʙʝʟ ʫʯʝʪʘ ʟʥʘʢʘ ʧʝʨʝʤʝʥʥʦʡ. ɺʩʝ ʧʣʦʱʘʜʠ ʙʝʨʫʪʩʷ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʢʦʤ, ʙʝʟ ʫʯʝʪʘ ʟʥʘʢʘ ʦʨʜʠʥʘʪʳ. 

LastAbscissa ʇʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʘʙʩʮʠʩʩʳ 

LastOrdinate ʇʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʨʜʠʥʘʪʳ 

Max ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ 

MaxAbs ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʧʝʨʝʤʝʥʥʦʡ 

Max_Min  

ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘ-

ʯʝʥʠʷʤʠ ʧʝʨʝʤʝʥʥʦʡ, Max_Min = Max -Min, ʫʜʚʦʝʥ-

ʥʘʷ ʘʤʧʣʠʪʫʜʘ ʧʨʦʮʝʩʩʘ 
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Max_Min_2 

ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘ-

ʯʝʥʠʷʤʠ ʧʝʨʝʤʝʥʥʦʡ, ʧʦʜʝʣʝʥʥʘʷ ʧʦʧʦʣʘʤ, Max_Min 

= (Max-Min)/2, ʘʤʧʣʠʪʫʜʘ ʧʨʦʮʝʩʩʘ 

Mean ʉʨʝʜʥʝʝ 

Mean_plus_Std_Dev3 

ʉʫʤʤʘ ʩʨʝʜʥʝʛʦ ʠ ʫʪʨʦʝʥʥʦʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ, Mean_plus_Std_Dev3 = Mean + 

Std_Dev3 

Min  ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ 

MinAbs ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʧʝʨʝʤʝʥʥʦʡ 

Std_Dev 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ (root mean square 

deviation/standard deviation), ʢʦʨʝʥʴ ʢʚʘʜʨʘʪʥʳʡ ʠʟ 

ʜʠʩʧʝʨʩʠʠ, ʩʯʠʪʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

„
В

, ʛʜʝ N ï ʯʠʩʣʦ ʪʦʯʝʢ ʥʘ ʛʨʘʬʠʢʝ, 

ὢ ï ʩʨʝʜʥʝʝ. 

Std_Dev3 
ʋʪʨʦʝʥʥʦʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ, 

Std_Dev3 = 3*Std_Dev 

Eff_Freq_0  

ʆʮʝʥʢʘ ʮʝʥʪʨʘʣʴʥʦʡ (ʵʬʬʝʢʪʠʚʥʦʡ) ʯʘʩʪʦʪʳ ʧʨʦʮʝʩ-

ʩʘ ʧʦ ʯʠʩʣʫ ʧʝʨʝʩʝʯʝʥʠʡ ʩ ʥʫʣʝʚʳʤ ʟʥʘʯʝʥʠʝʤ. 

Ὢ̞
Ͻ
, ʛʜʝ ὲ ï ʯʠʩʣʦ ʧʝʨʝʩʝʯʝʥʠʡ ʥʫʣʝʚʦʡ ʣʠʥʠʠ 

ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘ ʠʥʪʝʨʚʘʣʝ Ὕ. 

Eff_Freq_Mean  

ʆʮʝʥʢʘ ʮʝʥʪʨʘʣʴʥʦʡ (ʵʬʬʝʢʪʠʚʥʦʡ) ʯʘʩʪʦʪʳ ʧʨʦʮʝʩ-

ʩʘ ʧʦ ʯʠʩʣʫ ʧʝʨʝʩʝʯʝʥʠʡ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ:    

Ὢ̞
Ͻ
, ʛʜʝ ὲ ï ʯʠʩʣʦ ʧʝʨʝʩʝʯʝʥʠʡ ʣʠʥʠʠ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘ ʠʥʪʝʨʚʘʣʝ Ὕ. 

Integral_Eff_Freq 

ʆʮʝʥʢʘ ʮʝʥʪʨʘʣʴʥʦʡ (ʵʬʬʝʢʪʠʚʥʦʡ) ʯʘʩʪʦʪʳ ʧʨʦʮʝʩ-

ʩʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʠʥʪʝʛʨʘʣʫ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦ-

ʩʪʠ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʪʨʦʠʪʩʷ ʬʫʥʢ-

ʮʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʠ ʙʝʨʝʪʩʷ ʠʥʪʝʛʨʘʣ:       

Ὢ̞ ᷿ Ὢ ϽὫὪϽὨὪ, ʛʜʝ ὫὪ ï ʥʦʨʤʠʨʦʚʘʥʥʘʷ 

ʬʫʥʢʮʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

Integral_Eff_Freq_25 

ʆʮʝʥʢʘ ʮʝʥʪʨʘʣʴʥʦʡ (ʵʬʬʝʢʪʠʚʥʦʡ) ʯʘʩʪʦʪʳ ʧʨʦʮʝʩ-

ʩʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʠʥʪʝʛʨʘʣʫ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦ-

ʩʪʠ ʧʨʦʮʝʩʩʘ ʩ ʦʪʩʝʯʝʥʠʝʤ ʧʦ 25 ɻʮ: 

Ὢ̞ ᷿ Ὢ ϽὫὪϽὨὪ, ʛʜʝ Ὢ - ʯʘʩʪʦʪʘ ʦʪʩʝʯʝ-

ʥʠʷ (25 ɻʮ). 
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ʈʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʘʙʣʠʯʥʦʤ ʧʨʦʮʝʩʩʦʨʝ, ʚʳʥʝʩʝʥʘ ʚ 

ʬʘʡʣʳ DLL, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʢʘʪʘʣʦʛʝ Plugins. ɺʤʝʩʪʝ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʚʝʨʩʠʝʡ UM 

ʧʦʩʪʘʚʣʷʝʪʩʷ ʬʘʡʣʳ standard.dll  ʠ percentile.dll, ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢ-

ʮʠʠ, ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ. ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ UM Simulation ʚʩʝ ʚʥʝʰʥʠʝ ʬʫʥʢʮʠʠ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚʦ ʚʩʝʭ DLL ʢʘʪʘʣʦʛʘ Plugins, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʛʨʫʞʘʶʪʩʷ ʢʘʢ ʬʫʥʢʮʠʦʥʘ-

ʣʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ UM ʩʘʤʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʣʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʧʦ ʟʘʢʘʟʫ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʐʘʙʣʦʥ ʧʨʦʮʝʜʫʨʳ ʬʫʥʢʮʠʦʥʘʣʘ ʜʣʷ ʷʟʳʢʘ Pascal ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʬʘʡʣʝ 

..\com\Plugin.pas, ʘ ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ DLL ʥʘ ʷʟʳʢʝ Pascal (Delphi) ï ʚ ʬʘʡʣʝ 

..\Plugins\standard.dpr. 
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4.3.7.2. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ 

ʀʥʩʪʨʫʤʝʥʪ ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ (ʩʤ. ʨʠʩ. 4.81) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʚʝʨʰʝ-

ʥʠʷ ʦʧʝʨʘʮʠʡ ʥʘʜ ʫʞʝ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʣʝʟʝʥ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ(ʳ) ʫʞʝ ʧʨʦʚʝʜʝʥ, ʘ ʥʝʦʙʭʦʜʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ-ʚʳʨʘʞʝʥʠʝ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʘ (ʩʤ. ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ | ɺʳʨʘʞʝʥʠʝ). ʅʘ ʨʠʩ. 4.81 ʚ ʛʨʘʬʠ-

ʯʝʩʢʦʤ ʦʢʥʝ ʧʦʩʪʨʦʝʥʳ ʜʚʝ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ. ʇʨʠ ʧʦʤʦʱʠ ʠʥʩʪʨʫʤʝʥʪʘ ʇʨʝʦʙ-

ʨʘʟʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ ï ʩʫʤʤʘ ʜʚʫʭ ʠʩʭʦʜʥʳʭ, ʢʦʪʦʨʘʷ 

ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʘ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ. ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʝʨʝʤʝʥʥʘʷ ʥʝ ʙʫ-

ʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʩʣʝʜʫʶʱʠʭ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɿʘʤʝʯʘʥʠʝ.  ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʡ-ʚʳʨʘʞʝʥʠʷ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʙʫʜʝʪ ʧʦʤʝ-

ʩʪʠʪʴ ʚ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ ʠ ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʢʘʞʜʦʤ 

ʯʠʩʣʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʚʳʨʘʞʝʥʠʡ ʚ ʄʘ-

ʩʪʝʨʝ ʧʝʨʝʤʝʥʥʳʭ, ʚʢʣʘʜʢʘ ɺʳʨʘʞʝʥʠʝ. ʕʪʦʪ ʩʧʦʩʦʙ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢʘʢ 

ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠ ʧʦʟʚʦʣʠʪ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʥʦʛʠʭ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

 

ʈʠʩ. 4.81. ʆʧʝʨʘʮʠʠ ʥʘʜ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ 
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4.3.8. ʉʪʘʪʠʩʪʠʢʘ 

ʀʥʩʪʨʫʤʝʥʪ ʉʪʘʪʠʩʪʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝ-

ʨʝʤʝʥʥʳʭ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʪʦʙʨʘʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤ ʠ 

ʛʨʘʬʠʢʦʚ. ɺʳʟʦʚ ʵʪʦʛʦ ʦʢʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ ʤʝʥʶ ʀʥʩʪʨʫʤʝʥʪʳ | 

ʉʪʘʪʠʩʪʠʢʘé ʠʣʠ ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʏʠʩʣʦ ʦʢʦʥ ʥʝ ʦʛʨʘʥʠ-

ʯʝʥʦ. ʆʢʥʦ ʉʪʘʪʠʩʪʠʢʘ (ʩʤ. ʨʠʩ. 4.82) ʨʘʟʜʝʣʝʥʦ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʢʦʥʪʝʡʥʝʨ ʧʝʨʝʤʝʥʥʳʭ 

(ʩʣʝʚʘ), ʧʦʣʝ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ (ʩʧʨʘʚʘ). ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʧʝʨʝʥʦʩʷʪʩʷ ʚ 

ʦʢʥʦ ʣʠʙʦ ʠʟ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ, ʣʠʙʦ ʠʟ ʩʧʠʩʢʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʧ. 4.3.3.3. 

"ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚ ʩʧʠʩʢʘʭ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-65). 

 

ʈʠʩ. 4.82. ʆʢʥʦ ʩʪʘʪʠʩʪʠʢʠ 

ʇʦʣʝ ʛʨʘʬʠʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʚʢʣʘʜʦʢ, ʥʘ ʢʦʪʦʨʳʭ ʦʪʦʙʨʘʞʘʶʪʩʷ ʨʘʟʣʠʯ-

ʥʳʝ ʛʠʩʪʦʛʨʘʤʤʳ ʠ ʛʨʘʬʠʢʠ, ʘ ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ. ʅʘ ʚʢʣʘʜʢʘʭ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

¶ ɻʠʩʪʦʛʨʘʤʤʘ ï ʛʠʩʪʦʛʨʘʤʤʳ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ; 

¶ ʀʥʪʝʛʨʘʣʴʥʳʡ ʟʘʢʦʥ ï ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ; 

¶ ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ï ʛʨʘʬʠʢʠ ʦʮʝʥʢʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ; 

¶ ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ï ʛʨʘʬʠʢʠ ʦʮʝʥʢʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ; 

¶ ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʠ ʩʧʝʢʪʨʘ (ʤʦʜʫʣʴ ʠ ʬʘʟʘ ʩʧʝʢʪʨʘ) ï ʢʦʤʧʣʝʢʩʥʘʷ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ (ʩʧʝʢʪʨ); 

¶ ʉʪʘʪʠʩʪʠʢʘ ï ʪʘʙʣʠʮʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʅʘʩʪʨʦʡʢʠ 

ʩʪʘʪʠʩʪʠʢʠ 

ʅʘʩʪʨʦʡʢʠ 

͎ͪ͊ͺ͙;͔͎ͫͦͦ͟ ͦͤ͊͟ 
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ɻʠʩʪʦʛʨʘʤʤʳ ʠ ʛʨʘʬʠʢʠ ʚʳʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʘʢʪʠʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʦʪʤʝʯʝʥʥʳʭ ʛʘ-

ʣʦʯʢʦʡ ʚ ʢʦʥʪʝʡʥʝʨʝ ʧʝʨʝʤʝʥʥʳʭ). ɻʨʘʬʠʢʠ ʩʪʨʦʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʠʭ ʦʢʦʥ, ʨʘʙʦ-

ʪʘ ʩ ʢʦʪʦʨʳʤʠ ʦʧʠʩʘʥʘ ʚ ʨʫʢʦʚʦʜʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧ. 4.3.4. "ʆʢʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠ-

ʢʦʚ", ʩʪʨ. 4-68. 

ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʅʘʩʪʨʦʡʢʠ ʩʪʘʪʠʩʪʠʢʠé (ʨʠʩ. 4.83), ʚʳʟʳʚʘʝʤʦʝ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥ-

ʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʠʣʠ ʢʥʦʧʢʠ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʢʥʘ ʉʪʘʪʠʩʪʠʢʘ (ʩʤ. ʨʠʩ. 4.82), 

ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʦʪʦʙʨʘʞʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʚʢʣʘʜʢʝ 

ʆʙʱʠʝ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʬʦʨʤʘʪ ʚʳʚʦʜʠʤʳʭ ʯʠʩʝʣ ʠ ʚʠʜ ʛʠʩʪʦʛʨʘʤʤ: 

¶ ʂʦʣʠʯʝʩʪʚʦ ʩʪʦʣʙʮʦʚ ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʣʙʮʦʚ ʛʠʩʪʦʛʨʘʤʤ (ɸʚʪʦ ï ʢʦʣʠʯʝʩʪʚʦ ʙʫʜʝʪ 

ʨʘʩʩʯʠʪʘʥʦ ʧʨʦʛʨʘʤʤʦʡ). 

¶ ɺʳʥʦʩʢʘ ï ʥʘ ʛʠʩʪʦʛʨʘʤʤʘʭ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚʳʥʦʩʢʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚʳʙʦʨʦʯʥʦʡ ʚʝʨʦ-

ʷʪʥʦʩʪʠ. 

ʅʘ ʪʦʡ ʞʝ ʚʢʣʘʜʢʝ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʙʦʨʢʠ ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʙʳʩʪ-

ʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ɹʇʌ): 

¶ ɼʦʧʦʣʥʝʥʠʝ ʥʫʣʷʤʠ ï ʚʳʙʦʨʢʘ ʜʦʧʦʣʥʷʝʪʩʷ ʥʫʣʷʤʠ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʙʦʣʴʰʝʛʦ ʟʥʘʯʝ-

ʥʠʷ 2
n
. 

¶ ʋʩʝʯʝʥʠʝ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ï ʚʳʙʦʨʢʘ ʫʩʝʢʘʝʪʩʷ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ 2
n
. 

ɿʘʤʝʯʘʥʠʝ.  ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʠ ʩʧʝʢʪʨʘʣʥɹʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʙʦʨʢʠ ʥʝ-

ʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

 

ʈʠʩ. 4.83. ʆʢʥʦ ʥʘʩʪʨʦʝʢ ʩʪʘʪʠʩʪʠʢʠ 

ʋʢʘʟʘʪʴ ʦʪʦʙʨʘʞʘʝʤʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʥʘʩʪʨʦʠʪʴ ʚʠʜ ʦʪʦʙʨʘ-

ʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ (ʩʧʝʢʪʨʘ) ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʚʢʣʘʜʢʠ ɺʠʜ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ (ʩʧʝʢʪʨ) ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʷʤʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʌʫʨʴʝ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʧʘʨʘ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ɼʇʌ) ʩ ʫʩʣʦʚʠʷʤʠ ʥʦʨ-

ʤʠʨʦʚʢʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʘʢ: 
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ὼὭ
ρ

ά
ὥὲϽὩϽ ȟ   ὥὲ ὼὭϽὩ Ͻ Ȣ  

ʂʦʤʧʣʝʢʩʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʛʨʘʬʠʢʘʭ ʚ ʜʚʫʭ 

ʚʠʜʘʭ: ʦʪʦʙʨʘʞʘʶʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʠʣʠ ʤʦʜʫʣʴ ʠ ʬʘʟʘ ʩʧʝʢʪʨʘ. 

ɺʢʣʘʜʢʘ ʉʧʝʢʪʨ ʠ ʢʦʨʨʝʣʷʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʙʦʨʘ ʬʫʥʢʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʢ-

ʥʘ, ʚʠʜʘ ʦʮʝʥʢʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʠ ʫʢʘʟʘʥʠʷ ʦʪʥʦʰʝʥʠʷ m/N. 

ɻʨʘʬʠʢ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʮʝʥʢʫ ʦʜʥʦʩʪʦʨʦʥʥʝʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʦʢʥʘ. ɼʦʩʪʫʧʥʳ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʢʦʥ: ɹʘʨʪʣʝʪʪʘ, ʍʵʥʥʠʥʛʘ, ʇʘʨʟʝʥʘ, 

ʍʵʤʤʠʥʛʘ ʠ ʫʩʝʯʥyʥʘʷ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ɼʇʌ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. 

ɼʣʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʩʤʝʱʝʥʥʘʷ ʠ ʩʤʝʱʝʥʥʘʷ ʦʮʝʥʢʠ. 

ʆʪʥʦʰʝʥʠʷ m/N ʦʧʨʝʜʝʣʷʝʪ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʦʮʝʥʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʬʫʥʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ, ʢ ʨʘʟʤʝʨʫ 

ʚʳʙʦʨʢʠ. 
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4.3.9. ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ 

4.3.9.1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʥʪʝʨʘʢʪʠʚʥʦ ʠʟʤʝʥʷʪʴ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪ-

ʨʦʚ ʤʦʜʝʣʠ, ʚʣʠʷʷ ʥʘ ʧʦʚʝʜʝʥʠʝ ʤʦʜʝʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʦʮʝʩʩʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ, ʥʘʧʨʠʤʝʨ, ʫʯʝʩʪʴ ʚ ʤʦʜʝʣʠ ʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ (ʚʦʜʠʪʝʣʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ). 

ʇʦʨʷʜʦʢ ʨʘʙʦʪʳ ʩ ʧʫʣʴʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʩʣʝʜʫʶʱʠʡ. ɿʘʧʫʩʪʠʪʝ ʈʝʜʘʢʪʦʨ ʧʫʣʴʪʘ 

ʫʧʨʘʚʣʝʥʠʷ (ʩʤ. ʨʠʩ. 4.86, ʧʫʥʢʪ ʤʝʥʶ ʀʥʩʪʨʫʤʝʥʪʳ | ʇʫʣɹʪ ʫʧʨʘʚʣʝʥʠ̫  | ʈʝʜʘʢʪʦʨ 

ʧʫʣɹʪʘ ʫʧʨʘʚʣʝʥʠʷé) ʠ ʚ ʥʝʤ ʩʦʟʜʘʡʪʝ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠ. ɿʘʪʝʤ ʩʦʭʨʘʥʠʪʝ 

ʵʪʦʪ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʚ ʬʘʡʣ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʦʭʨʘʥʝʥʥʳʡ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʟʘʧʫ-

ʩʪʠʪʴ ʥʘ ʚʧrʦʣʥʝʥʠʝ ʚʙrʨʘʚ ʧʫʥʢʪ ʤʝʥʶ ʀʥʩʪʨʫʤʝʥʪʳ | ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ | ʆʪʢʨʳʪʴ 

ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷé, ʩʤ. ʨʠʩ. 4.84. 

ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʦʪʢʨʳʪʦ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʦ ʨʝʜʘʢʪʦʨʦʚ 

ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʪʦʣʴʢʦ ʦʜʠʥ ʘʢʪʠʚʥʳʡ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʘ ʨʠʩ. 4.84 ʧʨʠʚʝʜʝʥ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʠʥʪʝʨʘʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʪʨʘʥʩʧʦʨʪʥʳʤ ʨʦʙʦʪʦʤ: ʚʳʙʠʨʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ (ʚʧʝ-

ʨʝʜ, ʥʘʟʘʜ, ʥʘʣʝʚʦ, ʥʘʧʨʘʚʦ) ʠ ʫʧʨʘʚʣʷʪʴ ʜʚʠʞʫʱʠʤ ʤʦʤʝʥʪʦʤ ʥʘ ʢʦʣʝʩʘʭ, ʘ ʪʘʢʞʝ ʫʩʪʘ-

ʥʘʚʣʠʚʘʪʴ ʘʤʧʣʠʪʫʜʫ ʥʝʨʦʚʥʦʩʪʝʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʢʦʣʝʩʘʤʠ ʠ ʧʦʚʝʨʭʥʦ-

ʩʪʴʶ. 

 

ʈʠʩ. 4.84. ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ 

ʀʟʤʝʥʷʪʴ ʩ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʪʦʣʴʢʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʧʘʨʘʤʝʪʨʠʟʫʶʱʠʝ ʩʠ-

ʣʦʚʳʝ ʵʣʝʤʝʥʪʳ ʣʶʙʳʭ ʪʠʧʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʰʘʨʥʠʨʥʳʭ ʩʠʣ, ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ. ɿʘ-

ʧʨʝʱʘʝʪʩʷ ʠʟʤʝʥʷʪʴ ʩ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʧʘʨʘʤʝʪʨʠʟʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʪʝʣ (ʤʘʩʩʘ, ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ) ʠ ʰʘʨʥʠʨʦʚ. 
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4.3.9.2. ʈʝʜʘʢʪʦʨ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʈʝʜʘʢʪʦʨ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ (ʩʤ. ʨʠʩ. 4.86) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʩʪʨʫʢ-

ʪʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʟʤʝʩʪʠʪʴ ʚ ʦʢʥʝ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʩʚʷʟʘʪʴ ʠʭ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ. 

ʈʝʜʘʢʪʦʨ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ: 

¶ ʩʪʘʪʠʯʝʩʢʠʡ ʪʝʢʩʪ; 

¶ ʧʦʣʝ ʚʚʦʜʘ ʯʠʩʣʝʥʥʳʭ ʚʝʣʠʯʠʥ; 

¶ ʧʝʨʝʢʣʶʯʘʪʝʣʴ (ʬʣʘʞʦʢ); 

¶ ʧʦʣʟʫʥʦʢ; 

¶ ʢʥʦʧʢʫ; 

¶ ʨʘʜʠʦ-ʛʨʫʧʧʫ; 

¶ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʡ ʜʞʦʡʩʪʠʢ. 

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘʞʤʠʪʝ ʥʫʞʥʫʶ ʢʥʦʧʢʫ ʚ ʤʝʥʶ ʙʳʩʪʨʦ-

ʛʦ ʜʦʩʪʫʧʘ (ʩʤ. ʨʠʩ. 4.85) ʘ ʟʘʪʝʤ ʱʝʣʢʥʠʪʝ ʚ ʧʦʣʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚ 

ʤʝʩʪʝ ʱʝʣʯʢʘ ʧʦʷʚʠʪʩʷ ʚʳʙʨʘʥʥʳʡ ʵʣʝʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ. 

 

ʈʠʩ. 4.85. ʄʝʥʶ ʨʝʜʘʢʪʦʨʘ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ 

 

ʈʠʩ. 4.86. ʈʝʜʘʢʪʦʨ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʟʥʘʯʝʥʠʷ ʠ ʩʤʳʩʣ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʀʪʘʢ, ʦʙʱʠʤʠ ʜʣʷ ʚʩʝʭ 

ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ: 

¶ X ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʣʝʚʦʛʦ ʢʨʘʷ ʵʣʝʤʝʥʪʘ ʜʦ ʣʝʚʦʡ ʛʨʘʥʠʮʳ ʦʢʥʘ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ; 

¶ Y ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʝʨʭʥʝʛʦ ʢʨʘʷ ʵʣʝʤʝʥʪʘ ʜʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʦʢʥʘ ʧʫʣʴʪʘ ʫʧʨʘʚ-

ʣʝʥʠʷ; 
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¶ ʐʠʨʠʥʘ ï ʰʠʨʠʥʘ ʵʣʝʤʝʥʪʘ; 

¶ ɺʳʩʦʪʘ ï ʚʳʩʦʪʘ ʵʣʝʤʝʥʪʘ. 

 

ɺʩʝ ʵʣʝʤʝʥʪʳ, ʢʨʦʤʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʪʝʢʩʪʘ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ: 

¶ ɼʦʩʪʫʧ ï ʨʝʛʫʣʠʨʫʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʷ. ʄʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʩʣʝʜʫ-

ʶʱʠʝ ʟʥʘʯʝʥʠʷ: ɺʩʝʛʜʘ, ʇʝʨʝʜ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʊʦʣʴʢʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ɺ 

ʨʝʞʠʤʝ ʧʘʫʟʳ. 

¶ ʀʜʝʥʪʠʬʠʢ. ï ʟʘʜʘʝʪ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥ 

ʵʣʝʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ. ʂʦʥʢʨʝʪʥʘʷ ʨʝ-

ʘʣʠʟʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʵʣʝʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʷ. 

 

ʅʠʞʝ ʨʘʩʩʤʦʪʨʠʤ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

 

ʉʪʘʪʠʯʝʩʢʠʡ ʪʝʢʩʪ 

¶ ʊʝʢʩʪ ï ʪʝʢʩʪ ʵʣʝʤʝʥʪʘ; 

¶ ʇʝʨʝʥʦʩʳ ï ʧʦʜʜʝʨʞʢʘ ʧʝʨʝʥʦʩʦʚ (ʜʣʷ ʤʥʦʛʦʩʪʨʦʯʥʳʭ ʤʝʪʦʢ, ɼʘ/ʅʝʪ); 

¶ ɺʳʨʘʚʥʠʚʘʥʠʝ ï ʚʳʨʘʚʥʠʚʘʥʠʝ ʪʝʢʩʪʘ ʚʥʫʪʨʠ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ: ʩʣʝʚʘ, ʧʦ ʮʝʥ-

ʪʨʫ, ʩʧʨʘʚʘ. 

 

ʇʦʣʝ ʚʚʦʜʘ 

¶ ɿʥʘʯʝʥʠʝ ï ʪʝʢʫʱʝʝ (ʥʘʯʘʣʴʥʦʝ) ʟʥʘʯʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ; 

¶ ʄʠʥʠʤʫʤ ï ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʚʦʜʘ; 

¶ ʄʘʢʩʠʤʫʤ ï ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʚʦʜʘ; 

¶ ʇʨʠʨʘʱʝʥʠʝ ï ʰʘʛ ʧʨʠʨʘʱʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʥʦʧʦʢ ʚʠʟʫʘʣʴʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ. 

 

ʇʝʨʝʢʣʶʯʘʪʝʣʴ 

¶ ʉʦʩʪʦʷʥʠʝ ï ʪʝʢʫʱʝʝ (ʥʘʯʘʣʴʥʦʝ) ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʢʣʶʯʘʪʝʣʷ (ʚʢʣʶʯʝ-

ʥʦ/ʚʳʢʣʶʯʝʥʦ); 

¶ ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ ï ʚ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʠʜʝʥ-

ʪʠʬʠʢʘʪʦʨʦʚ ʤʦʜʝʣʠ ʩ ʫʢʘʟʘʥʠʝʤ ʟʥʘʯʝʥʠʡ ʥʘ çʚʢʣʶʯʝʥʦè ʠ çʚʳʢʣʶʯʝʥʦè. 

 

ʇʦʣʟʫʥʦʢ 

¶ ʄʠʥʠʤʫʤ, ʄʘʢʩʠʤʫʤ ï ʧʨʝʜʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʘʥʥʦʛʦ ʧʘʨʘ-

ʤʝʪʨʘ; 

¶ ʐʘʛ ï ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ; 

¶ ʈʝʘʛʠʨʦʚʘʪʴ ï ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʨʝʞʠʤ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʚʷʟʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʄʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ɺʩʝʛʜʘ ʠ ʇʨʠ ʟʘʚʝʨʰʝʥʠʠ. ʋʩʪʘʥʦʚʢʘ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ 

ʚ ʟʥʘʯʝʥʠʝ ɺʩʝʛʜʘ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʚʷʟʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʙʫʜʝʪ ʦʙ-

ʥʦʚʣʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʫʢʘʟʘʪʝʣʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʟʘʪʨʘʪʳ ʥʘ ʠʟ-

ʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʢʠ, ʠ ʪʦʛʜʘ ʨʝʢʦʤʝʥʜʫ-

ʝʪʩʷ ʚʳʙʠʨʘʪʴ ʨʝʞʠʤ ʨʝʘʛʠʨʦʚʘʥʠʷ ʇʨʠ ʟʘʚʝʨʰʝʥʠʠ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʝ-
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ʣʠʯʠʥʘ ʩʚʷʟʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʪʦʣʴʢʦ ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʦʧʝʨʘʮʠʠ ʩ 

ʫʢʘʟʘʪʝʣʝʤ ʧʦʣʟʫʥʢʘ. 

 

ʂʥʦʧʢʘ 

¶ ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ ï ʚ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʠʜʝʥ-

ʪʠʬʠʢʘʪʦʨʦʚ ʤʦʜʝʣʠ ʩ ʫʢʘʟʘʥʠʝʤ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʵʪʠʤ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤ ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ. 

 

ʈʘʜʠʦ-ʛʨʫʧʧʘ 

¶ ɿʥʘʯʝʥʠʷ ï ʩʚʷʟʳʚʘʝʪ ʥʘʟʚʘʥʠʝ ʧʫʥʢʪʦʚ ʠ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, 

ʩʤ. ʨʠʩ. 4.87; 

¶ ɿʘʛʦʣʦʚʦʢ ï ʦʙʱʠʡ ʟʘʛʦʣʦʚʦʢ ʨʘʜʠʦ-ʛʨʫʧʧʳ; 

¶ ʉʪʦʣʙʮʳ ï ʯʠʩʣʦ ʩʪʦʣʙʮʦʚ ʚ ʨʘʜʠʦ-ʛʨʫʧʧʝ; 

¶ ɸʢʪʠʚʥʳʡ ï ʠʥʜʝʢʩ ʘʢʪʠʚʥʦʛʦ (ʚʳʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ), -1 ʝʩʣʠ ʥʝʪ ʘʢʪʠʚʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ. 

ɿʘʤʝʯʘʥʠʝ.  ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ ʤʦʜʝʣʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʢʣʶʯʘʪʝʣʝʤ ʠʣʠ ʨʘʜʠʦ-ʛʨʫʧʧʦʡ, 

ʧʨʠ ʘʢʪʠʚʥʦʤ ʧʫʣʴʪʝ ʫʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ, ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʝʨʝʢʣʶʯʘʪʝʣʝ ʠʣʠ ʨʘʜʠʦ-ʛʨʫʧʧʝ. ʇʨʠ ʧʦ-

ʧʳʪʢʝ ʠʟʤʝʥʠʪʴ ʟʥʘʯʝʥʠʝ ʪʘʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʟ ʀʥʩʧʝʢʪʦʨʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ (ʩʤ. ʧ. 4.4.1.5. "ʀʟʤʝʥʝʥʠʝ, ʩʦʭʨʘʥʝʥʠʝ ʠ ʯʪʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʜʝʥ-

ʪʠʬʠʢʘʪʦʨʦʚ", ʩʪʨ. 4-116) ʝʛʦ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʢʨʫʛʣʝʥʦ ʜʦ 

ʙʣʠʞʘʡʰʝʛʦ ʟʥʘʯʝʥʠʷ ʠʟ ʩʧʠʩʢʘ ʨʘʜʠʦ-ʛʨʫʧʧʳ. 

 

ʈʠʩ. 4.87. ʆʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʨʘʜʠʦ-ʛʨʫʧʧʳ 

ɼʚʫʭʢʦʦʨʜʠʥʘʪʥʳʡ ʜʞʦʡʩʪʠʢ 

¶ ʀʜʝʥʪ.(ʠʬʠʢʘʪʦʨ) ʧʦ X ï ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʤʦʜʝʣʠ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʳʚʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ 

ʜʞʦʡʩʪʠʢʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ; ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʦʪ ʤʠʥʫʩ ʝʜʠ-

ʥʠʮʳ ʜʣʷ ʢʨʘʡʥʝʛʦ ʣʝʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʜʞʦʡʩʪʠʢʘ, ʜʦ ʝʜʠʥʠʮʳ ʜʣʷ ʢʨʘʡʥʝʛʦ ʧʨʘʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ. 

¶ ʀʜʝʥʪ.(ʠʬʠʢʘʪʦʨ) ʧʦ Y ï ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʤʦʜʝʣʠ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʳʚʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ 

ʜʞʦʡʩʪʠʢʘ ʧʦ ʚʝʨʪʠʢʘʣʠ. ʂʨʘʡʥʝʝ ʥʠʞʥʝʝ ʧʦʣʦʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʫʩ ʝʜʠʥʠʮʝ, 

ʢʨʘʡʥʝʝ ʚʝʨʭʥʝʝ ï ʧʣʶʩ ʝʜʠʥʠʮʝ. 
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¶ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʨʝʞʠʤʘ ï ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʤʦʜʝʣʠ, ʢʦʪʦʨʦʤʫ ʥʘʟʥʘʯʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʚ 

ʧʦʣʝ ʉʪʘʨʪ ʥʘ ʥʘʯʘʣʦ ʫʧʨʘʚʣʝʥʠʷ ʜʞʦʡʩʪʠʢʦʤ, ʘ ʟʥʘʯʝʥʠʝ ʚ ʧʦʣʝ ʉʪʦʧ ï ʥʘ ʦʢʦʥʯʘ-

ʥʠʝ ʫʧʨʘʚʣʝʥʠʷ. ʆʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷʤʠ ʨʦʙʦʪʦʚ ʠ ʤʘʥʠ-

ʧʫʣʷʪʦʨʦʚ ʩ ʘʚʪʦʪʦʨʤʦʟʘʤʠ, ʛʜʝ ʥʘ ʥʘʯʘʣʦ ʫʧʨʘʚʣʝʥʠʷ ʥʫʞʥʦ ʚʳʢʣʶʯʠʪʴ ʘʚʪʦʪʦʨʤʦʟʘ, 

ʘ ʥʘ ʢʦʥʝʮ ʫʧʨʘʚʣʝʥʠʷ ï ʚʢʣʶʯʠʪʴ. 

ɿʘʤʝʯʘʥʠʝ.  ʃʶʙʦʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʜʣʷ ʜʞʦʡʩʪʠʢʘ (ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʦ X, ʧʦ Y ʠ ʠʜʝʥ-

ʪʠʬʠʢʘʪʦʨ ʨʝʞʠʤʘ) ʤʦʞʥʦ ʥʝ ʫʢʘʟʳʚʘʪʴ. ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, ʦʧʫʩʪʠʪʴ ʠʜʝʥʪʠ-

ʬʠʢʘʪʦʨ ʧʦ X ʠʣʠ Y, ʪʦ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʡ ʜʞʦʡʩʪʠʢ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʦʜʥʦʢʦ-

ʦʨʜʠʥʘʪʥʳʡ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-103 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.3.10. ʄʘʢʨʦʩʳ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ʄʘʢʨʦʩʳ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ï ʵʪʦ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʥʘʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʛʨʫʧʧʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʡ ʦʧʝʨʘʮʠʠ. 

ɼʣʷ  ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʩʧʠʩʦʢ ʤʘʢʨʦʩʦʚ. ʂʘʞʜʳʡ ʤʘʢʨʦʩ 

ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʥʘʟʥʘʯʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʘ ʪʘʢʞʝ ʪʘʙʣʠʮʫ ʟʥʘʯʝ-

ʥʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠʟ ʛʨʫʧʧʳ, ʢʘʞʜʳʡ ʩʪʦʣʙʝʮ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʠʤʷ ʠ ʩʦʜʝʨʞʠʪ ʯʠʩʣʝʥ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ. 

ʉʦʟʜʘʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʧʠʩʦʢ ʤʘʢʨʦʩʦʚ ʤʦʜʝʣʠ ʩʦʜʝʨʞʠʪʩʷ ʚ ʪʝʢʩʪʦʚʦʤ ʬʘʡʣʝ ʩ 

ʠʤʝʥʝʤ Macros ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʛʨʫʞʘʝʪʩʷ ʧʨʠ ʦʪʢʨʳʪʠʠ ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʝ 

UM Simulation. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʥʘʟʥʘʯʠʪʴ ʥʫʞʥʳʝ ʟʥʘʯʝʥʠʷ ʠʜʝʥ-

ʪʠʬʠʢʘʪʦʨʦʚ, ʚʳʙʠʨʘʷ ʤʘʢʨʦʩ ʠ ʩʪʦʣʙʝʮ ʟʥʘʯʝʥʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʧ. 4.4.1.5. 

"ʀʟʤʝʥʝʥʠʝ, ʩʦʭʨʘʥʝʥʠʝ ʠ ʯʪʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ", ʩʪʨ. 4-116. 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʘʢʨʦʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʧʠʩʢʘ ʤʘʢʨʦʩʦʚ. ʆʢʥʦ ʦʪ-

ʢʨʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ ʤʝʥʶ ʀʥʩʪʨʫʤʝʥʪʳ | ʄʘʢʨʦʩʳ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚé 

ʇʨʠ ʧʝʨʚʦʤ ʦʪʢʨʳʪʠʠ ʦʢʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ ʚʳʙʦʨʘ ʛʨʫʧʧʳ ʠʜʝʥʪʠʬʠʢʘ-

ʪʦʨʦʚ ʜʣʷ ʧʝʨʚʦʛʦ ʤʘʢʨʦʩʘ, ʨʠʩ. 4.88. 

 

ʈʠʩ. 4.88. ʆʢʥʦ ʚʳʙʦʨʘ ʩʧʠʩʢʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ʀʥʩʪʨʫʤʝʥʪʳ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ, ʫʜʘʣʝʥʠʷ, 

ʧʝʨʝʠʤʝʥʦʚʘʥʠʷ ʤʘʢʨʦʩʦʚ ʠ ʚʳʙʦʨʘ ʪʝʢʫʱʝʛʦ ʤʘʢʨʦʩʘ. 

 ʂʥʦʧʢʘ ʜʦʙʘʚʣʷʝʪ ʥʦʚʳʡ ʤʘʢʨʦʩ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦ-

ʨʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʘʟʥʘʯʘʝʪ ʤʘʢʨʦʩʫ ʩʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʨʠʩ. 4.89. 

 ʂʥʦʧʢʘ ʫʜʘʣʷʝʪ ʪʝʢʫʱʠʡ ʤʘʢʨʦʩ ʠʟ ʩʧʠʩʢʘ. 

 ʢʥʦʧʢʘ ʚʳʟʳʚʘʝʪ ʦʢʥʦ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʧʠʩʢʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʚ ʪʝʢʫʱʝʤ 

ʤʘʢʨʦʩʝ, ʨʠʩ. 4.89. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-104 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ɺʳʧʘʜʘʶʱʠʝ ʤʝʥʶ ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʤʘʢʨʦʩʦʚ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʚʳʙʦʨʘ ʪʝʢʫʱʝʛʦ ʤʘʢʨʦʩʘ ʩ ʮʝʣʴʶ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. ɺ ʨʝʜʘʢʪʠʨʫʝʤʦʤ ʧʦʣʝ ʦʢʥʘ ʧʦʣʴ-

ʟʦʚʘʪʝʣʴ ʟʘʜʘʝʪ ʠʤʷ ʪʝʢʫʱʝʛʦ ʤʘʢʨʦʩʘ. 

ʇʨʘʚʘʷ ʧʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʪʘʙʣʠʮʳ ʯʠʩʣʝʥʥʳʭ 

ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʪʝʢʫʱʝʛʦ ʤʘʢʨʦʩʘ. 

 ʂʥʦʧʢʘ ʜʦʙʘʚʣʷʝʪ ʥʦʚʳʡ ʩʪʦʣʙʝʮ ʪʘʙʣʠʮʳ. 

 ʂʥʦʧʢʘ ʚʳʟʳʚʘʝʪ ʦʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʥʘʟʚʘʥʠʷ ʩʪʦʣʙʮʘ. 

 ʂʥʦʧʢʘ ʫʜʘʣʷʝʪ ʪʝʢʫʱʠʡ ʩʪʦʣʙʝʮ ʪʘʙʣʠʮʳ. 

 

ʈʠʩ. 4.89. ʆʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʧʠʩʢʘ ʤʘʢʨʦʩʦʚ 

ʇʨʠʤʝʨʳ: 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Library\Planetary gear. ʇʨʠʤʝʨ ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʤʘʢʨʦʩ ʩ ʪʨʝʤʷ 

ʛʨʫʧʧʘʤʠ ʟʥʘʯʝʥʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʝʨʝʜʘʪʦʯ-

ʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʣʘʥʝʪʘʨʥʦʡ ʧʝʨʝʜʘʯʠ, ʩʤ. ʨʠʩ. 4.90. ʄʘʢʨʦʩ ʩʦʜʝʨʞʠʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, 

ʧʘʨʘʤʝʪʨʠʟʫʶʱʠʝ ʯʠʩʣʦ ʟʫʙʴʝʚ ʠ ʥʝʢʦʪʦʨʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʰʝʩʪʝʨʝʥʦʢ. 

{ɼʘʥʥʳʝ ʋʄ}\Samples\Library\ElastFriction 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-105 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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ʈʠʩ. 4.90. ʀʟʤʝʥʝʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʘʢʨʦʩʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-106 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.4. ʈʝʞʠʤ ʦʜʥʦʢʨʘʪʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠ-

ʞʝʥʠʷ 

ʇʨʦʮʝʩʩ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚ-

ʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ UM. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʞʠʤʳ ʦʜʥʦʢʨʘʪʥʦʛʦ ʨʘʩʯʝʪʘ ʜʚʠʞʝʥʠʷ ʠʣʠ ʚʳʧʦʣ-

ʥʷʪʴ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʝ ʨʘʩʯʝʪʳ (ʜʦʩʪʫʧʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʤʦʜʫʣʷ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʭ ʨʘʩʯʝ-

ʪʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʩʤ. ɻʣʘʚʫ 6). 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʤʳ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʦʧʠʩʘʥʠʠ ʨʝʞʠʤʘ ʦʜʥʦʢʨʘʪʥʦʛʦ ʨʘʩʯʝʪʘ. ʇʝʨʝ-

ʭʦʜ ʢ ʜʘʥʥʦʤʫ ʨʝʞʠʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʫʥʢʪʘ ʤʝʥʶ ɸʥʘʣʠʟ | ʄʦʜʝʣʠʨʦʚʘ-

ʥʠʝé 

ʇʝʨʝʜ ʩʪʘʨʪʦʤ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ: 

¶ ʟʘʜʘʪʴ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʠ ʪʦʯʥʦʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʰʘʛ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʟʘʧʠʩʠ 

ʨʝʟʫʣʴʪʘʪʦʚ; 

¶ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ (ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʠʭ ʧʝʨʚʳʭ ʧʨʦʠʟʚʦʜ-

ʥʳʭ ʧʦ ʚʨʝʤʝʥʠ); 

¶ ʠʟʤʝʥʠʪʴ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ, ʟʘʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʜʝʥʪʠʬʠʢʘʪʦ-

ʨʦʚ; 

¶ ʟʘʜʘʪʴ ʬʘʡʣʳ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ: 

¶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʶʙʦʛʦ ʯʠʩʣʘ ʘʥʠʤʘʮʠ-

ʦʥʥʳʭ ʦʢʦʥ, ʚʳʚʦʜʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚ ʛʨʘʬʠʯʝʩʢʠʝ ʦʢʥʘ; 

¶ ʩʦʭʨʘʥʷʪʴ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʬʘʡʣ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʝ-

ʨʝʤʝʥʥʳʭ; 

¶ ʧʨʝʨʳʚʘʪʴ ʧʨʦʮʝʩʩ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ ʚ 

ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʨʳʚʘʥʠʡ. 

  

06_um_experiments.pdf
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4.4.1. ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ɼʠʩʧʝʪʯʝʨʦʤ ʧʦʜʛʦʪʦʚʢʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢ ʧʨʦʮʝʩʩʫ ʦʜʥʦʢʨʘʪʥʦʛʦ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩ. 4.91. 

     

ʈʠʩ. 4.91. ʅʘʩʪʨʦʡʢʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʠʥʩʧʝʢʪʦʨʝ 

4.4.1.1. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ 

ɺ ʩʣʫʯʘʝ ʩʠʩʪʝʤ, ʠʤʝʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʜʝʨʝʚʘ, ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʙʳʢʥʦ-

ʚʝʥʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ (ʆɼʋ). ʇʨʠ ʥʘʣʠʯʠʠ ʟʘʤʢʥʫʪʳʭ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʠʭ ʮʝʧʝʡ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʚʘʪʝʨʥʠʦʥʦʚ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʠʤʝʶʪ ʚʠʜ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʦ-ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (ɼɸʋ). ʈʘʩʩʤʦʪʨʠʤ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʥʝ-

ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. 

ɼʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʆɼʋ ʠ ɼɸʋ ʚ UM ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʯʠʩʣʝʥ-

ʥʳʭ ʤʝʪʦʜʦʚ: 

¶ BDF 

(The Backward Differentiation Formula ï ʬʦʨʤʫʣʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʥʘʟʘʜ), ʷʚʥʳʡ 

ʤʝʪʦʜ ʚ ʬʦʨʤʝ PEC (ʪ.ʝ. ʧʨʦʛʥʦʟ-ʦʮʝʥʠʚʘʥʠʝ-ʢʦʨʨʝʢʮʠʷ), ʜʦ 5-ʛʦ ʧʦʨʷʜʢʘ ʚʢʣʶʯʠʪʝʣʴʥʦ, 

ʧʝʨʝʤʝʥʥʳʡ ʰʘʛ ʠ ʧʦʨʷʜʦʢ, ʪʦʣʴʢʦ ʜʣʷ ʥʝʞʝʩʪʢʠʭ ʫʨʘʚʥʝʥʠʡ. 

¶ ABM  

(The Adams-Bashfort-Moulton method ï ʤʝʪʦʜ ɸʜʘʤʩʘ-ɹʵʰʬʦʨʪʘ-ʄʦʫʣʪʦʥʘ), ʷʚʥʳʡ ʤʝ-

ʪʦʜ ʚ ʬʦʨʤʝ PECE (ʧʨʦʛʥʦʟ-ʦʮʝʥʠʚʘʥʠʝ-ʢʦʨʨʝʢʮʠʷ-ʦʮʝʥʠʚʘʥʠʝ); ʜʦ 11-ʛʦ ʧʦʨʷʜʢʘ ʚʢʣʶ-

ʯʠʪʝʣʴʥʦ, ʧʝʨʝʤʝʥʥʳʡ ʰʘʛ ʠ ʧʦʨʷʜʦʢ, ʪʦʣʴʢʦ ʜʣʷ ʥʝʞʝʩʪʢʠʭ ʫʨʘʚʥʝʥʠʡ. 
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¶ ʄʝʪʦʜ ʇʘʨʢʘ 

ʅʝʷʚʥʳʡ ʤʝʪʦʜ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʝʨʝʤʝʥʥʳʤ/ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠ-

ʚʝʥ ʜʣʷ ʞʝʩʪʢʠʭ ʆɼʋ ʠ ɼɸʋ. 

¶ GEAR2 

ʅʝʷʚʥʳʡ ʤʝʪʦʜ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʝʨʝʤʝʥʥʳʤ/ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠ-

ʚʝʥ ʜʣʷ ʞʝʩʪʢʠʭ ʆɼʋ ʠ ɼɸʋ. 

¶ RK4 

ʄʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ. ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ɼɸʋ. 

¶ Park Parallel 

ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʝ ʤʝʪʦʜʘ ʇʘʨʢʘ, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪ ʩʧʝʮʠʘʣʴʥʳʡ ʯʠʩʣʝʥʥʦ-ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

ʠ ʨʝʘʣʠʟʫʝʪ ʵʬʬʝʢʪʠʚʥʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʤʥʦʛʦʷʜʝʨʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʩʠʩʪʝʤ ʩ ʦʩʦʙʦ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʪʘʢʠʭ ʢʘʢ 

ʛʫʩʝʥʠʯʥʘʷ ʤʘʰʠʥʘ ʠʣʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʩʦʩʪʘʚ, ʚʢʣʶʯʘʶʱʠʡ ʥʝʩʢʦʣʴʢʦ ʪʨʝʭʤʝʨʥʳʭ 

ʤʦʜʝʣʝʡ ʵʢʠʧʘʞʝʡ. 

 

ɼʣʷ ʥʝʞʝʩʪʢʠʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʳ DBF ʠ ABM ʧʦʢʘʟʳʚʘʶʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʫʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʩ ʥʝ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʇʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʤʝʪʦʜ ABM ʯʘʩʪʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ. 

ɽʩʣʠ ʫʨʘʚʥʝʥʠʷ ʞʝʩʪʢʠʝ, ʪʦ ʤʝʪʦʜ ʇʘʨʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ. ʀʥʦʛʜʘ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʧʦʚʳʰʘʝʪʩʷ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʨʠ ʩʠʥʪʝʟʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚʢʣʶʯʝʥʘ 

ʦʧʮʠʷ ʚʳʯʠʩʣʝʥʠʷ ʤʘʪʨʠʮ ʗʢʦʙʠ. 

ʄʝʪʦʜ RK4 ʜʣʷ ʥʝʞʝʩʪʢʠʭ ʩʠʩʪʝʤ ʧʨʦʠʛʨʳʚʘʝʪ ʤʝʪʦʜʘʤ ABM ʠ BDF, a ʜʣʷ ʞʝʩʪʢʠʭ 

ʩʠʩʪʝʤ ï ʤʝʪʦʜʘʤ Park ʠ Park Parallel. 

 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʚʪʦʤʦʙʠʣʴ, 

ʨʝʣʴʩʦʚʳʡ ʵʢʠʧʘʞ, ʛʫʩʝʥʠʯʥʘʷ ʤʘʰʠʥʘ ʠʣʠ ʛʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ, ʚʢʣʶʯʘʶʱʘʷ ʫʧʨʫ-

ʛʠʝ ʪʝʣʘ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʄʝʪʦʜ ʇʘʨʢʘ ʠ 

Park Parallel. ʅʠʞʝ ʵʪʠ ʤʝʪʦʜʳ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 
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4.4.1.2. ʆʙʱʠʝ ʧʘʨʘʤʝʪʨʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʇʦʣʷ ʚʢʣʘʜʢʠ ʜʣʷ ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (ʨʠʩ. 4.91) ʩʦʜʝʨʞʘʪ 

ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

¶ ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ, ʧ. 4.4.1.1. "ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ", ʩʪʨ. 4-107. 

¶ ɺʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʠʥʪʝʨʚʘʣ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ. ʅʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʯʠʪʘʝʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ. 

¶ ʐʘʛ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʝʪ ʯʘʩʪʦʪʫ ʩʤʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ 

ʦʙʲʝʢʪʘ ʚ ʘʥʠʤʘʮʠʦʥʥʳʭ ʦʢʥʘʭ, ʧʦʩʪʘʥʦʚʢʠ ʥʦʚʳʭ ʪʦʯʝʢ ʥʘ ʛʨʘʬʠʢʘʭ, ʨʘʩʯʝʪʘ ʠ ʟʘʧʠ-

ʩʠ ʚ ʬʘʡʣ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. ɼʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʥʝ ʩʚʷʟʘʥʘ ʩ ʰʘʛʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤ ʠ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

¶ ʇʦʛʨʝʰʥʦʩʪʴ ï ʟʘʜʘʚʘʝʤʘʷ ʪʦʯʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ. ɼʣʷ BDF ʠ ABM ʤʝʪʦʜʦʚ: 

ʵʪʦ ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 1 ʩ. ʐʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʳʙʠʨʘ-

ʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʚʳʯʠʩʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʤʝ-

ʪʦʜʘ ʇʘʨʢʘ ʠ ɻʠʨʘ ï ʣʦʢʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʜʥʦʛʦ ʰʘʛʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ 

ʜʣʷ ʤʝʪʦʜʘ ʇʘʨʢʘ ʩʣʝʜʫʝʪ ʟʘʜʘʚʘʪʴ ʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ. 

¶ ʌʣʘʛ ɿʘʤʝʜʣʝʥʠʝ ʜʦ ʨʝʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ ʚʨʝʤʝʥʠ ʘʢʪʠʚʠʨʫʝʪʩʷ, ʝʩʣʠ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʭʦʯʝʪ ʚʠʜʝʪʴ ʚ ʘʥʠʤʘʮʠ-

ʦʥʥʳʭ ʦʢʥʘʭ ʜʚʠʞʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. 

¶ ʌʣʘʛ ʈʘʩʯʝʪ ʫʩʢʦʨʝʥʠʡ ʠ ʩʠʣ ʨʝʘʢʮʠʡ ʦʙʳʯʥʦ ʜʦʣʞʝʥ ʙʳʪʴ ʚʢʣʶʯʝʥ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʫʧʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫʩʢʦʨʝʥʠʡ ʠ ʨʝʘʢʮʠʡ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ, ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩ-

ʰʪʘʙʝ ʚʨʝʤʝʥʠ, ʨʘʩʯʝʪ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ ʤʦʞʥʦ ʚʳʢʣʶʯʠʪʴ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

¶ ʊʠʧ ʨʝʰʝʥʠʷ: RSM (Range Space Method) ʠʣʠ NSM (Null Space Method). 

ɿʘʤʝʯʘʥʠʝ.  NSM ʠ RSM ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʩʠʩʪʝʤ ʩ ʟʘʤʢʥʫʪʳʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠ-

ʤʠ ʮʝʧʷʤʠ (ʪʦ ʝʩʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ɼɸʋ). ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʦʧʨʦʙʦʚʘʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʦʠʤʠ ʧʫʪʷʤʠ ʠ ʚʳʙʨʘʪʴ ʙʳʩʪʨʝʡʰʠʡ. ʇʦʜʨʦʙʥʘʷ ʠʥʬʦʨ-

ʤʘʮʠʷ ʦ ʤʝʪʦʜʘʭ ʩʦʜʝʨʞʠʪʩʷ ʚ ʅʘʫʯʥʦʤ ʈʫʢʦʚʦʜʩʪʚʝ [1]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʪʦʜʘʭ NSM, RSM 

NSM ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʝʭʦʜʝ ʢ ʣʦʢʘʣʴʥʳʤ ʦʙʦʙʱʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʩʠʩʪʝʤʳ ʠ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʝʥ, ʝʩʣʠ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʟʘʤʢʥʫʪʳʭ ʮʝʧʝʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘ-

ʣʦʝ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. 

RSM ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʢ ʦʙʦʙʱʝʥʥʳʤ ʩʠʣʘʤ ʨʝʘʢʮʠʡ ʚ ʨʘʟʨʝʟʘʥʥʳʭ ʰʘʨʥʠʨʘʭ, 

ʯʪʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʝʩʣʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʦʙʲʝʢʪ, ʩʦʜʝʨʞʘʱʠʡ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʧʦʜʩʠʩʪʝʤ ʠ ʜʣʠʥʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʮʝʧʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʮʝʧʦʯʢʠ ʪʝʣ, ʤʦʜʝʣʠʨʫʝʤʦʡ ʧʦ 

ʤʝʪʦʜʫ ʧʦʜʩʠʩʪʝʤ, ʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʦʩʪʠʯʴ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʛʦ ʰʘʛʘ ʦʪ ʯʠʩʣʘ ʧʦʜʩʠʩʪʝʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʧʨʷʤʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʫʙʠʯʝʩʢʘʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʙʘ ʤʝʪʦʜʘ ʠʤʝʶʪ ʦʩʦʙʝʥʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ. ʇʦʷʩ-

ʥʠʤ ʝʝ ʥʘ ʧʨʦʩʪʦʤ ʧʨʠʤʝʨʝ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʩʤ. ʨʠʩ. 4.92). 
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ʘ)                                                                              ʙ) 

ʈʠʩ. 4.92. ʂʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʘʩʩʘ ʢʨʠʚʦʰʠʧʘ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʩʘʤʠ ʰʘʪʫʥʘ ʠ ʧʦʣʟʫʥʘ, 

ʠ ʧʨʠ ʦʧʠʩʘʥʠʠ ʦʙʲʝʢʪʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʜʘʣ ʥʫʣʝʚʳʤʠ ʤʘʩʩʫ ʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʵʪʦʛʦ ʪʝʣʘ. 

ʇʦʩʢʦʣʴʢʫ ʤʝʭʘʥʠʟʤ ʠʤʝʝʪ ʟʘʤʢʥʫʪʫʶ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʮʝʧʴ, ʪʦ ʰʘʨʥʠʨ, ʩʦʝʜʠʥʷʶʱʠʡ 

ʢʨʠʚʦʰʠʧ ʩ ʰʘʪʫʥʦʤ ʙʫʜʝʪ ʨʘʟʨʝʟʘʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʟʤ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʥʝʟʘʚʠʩʠ-

ʤʳʝ ʯʘʩʪʠ, ʜʣʷ ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ, ʘ ʠʤʝʥʥʦ ʜʣʷ ʢʨʠʚʦʰʠʧʘ, ʤʘʪʨʠʮʘ ʤʘʩʩ ʙʫʜʝʪ ʚʳʨʦʞ-

ʜʝʥʥʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ (ʪʨʝʙʫʝʪʩʷ ʦʙ-

ʨʘʱʝʥʠʝ ʤʘʪʨʠʮ ʤʘʩʩ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʟʘʜʘʚʘʪʴ ʥʫʣʝʚʳʝ ʤʘʩʩʳ ʠ ʤʦ-

ʤʝʥʪʳ ʠʥʝʨʮʠʠ ʪʝʣ. 
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4.4.1.3. ʄʝʪʦʜ ʇʘʨʢʘ 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʄʝʪʦʜʘ ʇʘʨʢʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4.91, ʩʧʨʘʚʘ. ɼʣʷ 

ʫʪʦʯʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʘʨʘʤʝʪʨʘ ʄʠʥʠ-

ʤʘʣʴʥʳʡ ʰʘʛ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ. ʅʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʛʦ ʟʥʘʯʝ-

ʥʠʷ ʧʨʦʛʨʘʤʤʘ ʧʳʪʘʝʪʩʷ ʫʜʝʨʞʘʪʴ ʰʘʛ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ, ʜʘʞʝ ʚ ʫʱʝʨʙ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ. 

ɽʩʣʠ ʯʠʩʣʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʰʘʛʦʚ ʩ ʥʘʨʫʰʝʥʠʝʤ ʫʩʣʦʚʠʷ ʪʦʯʥʦʩʪʠ ʧʨʝʚʟʦʡʜʝʪ ʟʥʘʯʝ-

ʥʠʝ, ʫʢʘʟʘʥʥʦʝ ʚ ʩʦʩʝʜʥʝʤ ʧʦʣʝ (5 ʥʘ ʨʠʩ. 4.91, ʩʧʨʘʚʘ), ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʰʘʛʘ. 

ʇʨʠ ʨʘʩʭʦʜʠʤʦʩʪʠ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ (ʥʘʣʠʯʠʝ ñʙʦʨʦʜʳò ʥʘ ʥʝʢʦʪʦʨʳʭ ʛʨʘʬʠʢʘʭ, ʚ 

ʦʩʥʦʚʥʦʤ ï ʫʩʢʦʨʝʥʠʡ) ʩʣʝʜʫʝʪ ʚʢʣʶʯʠʪʴ ʨʘʩʯʝʪ ʤʘʪʨʠʮ ʗʢʦʙʠ, ʣʠʙʦ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ 

(ʫʤʝʥʴʰʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ) ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ñʙʦʨʦʜʳò. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʨʠ-

ʮʳ ʗʢʦʙʠ, ʝʩʣʠ ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʨʠʮ ʗʢʦʙʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚ ʩʣʝʜʫʶʱʠʭ ʩʠʪʫʘʮʠʷʭ: 

¶ ʜʚʠʞʝʥʠʝ ʵʢʠʧʘʞʘ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴ (ʤʝʥʴʰʝ 8-10 ʤ/ʩ); ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʚʢʣʶ-

ʯʠʪʴ ʢʘʢ ʨʘʩʯʝʪ ʤʘʪʨʠʮ ʗʢʦʙʠ, ʪʘʢ ʠ ʢʣʶʯ ʄʘʪʨʠʮʳ ʗʢʦʙʠ ʜʣʷ ʢʦʥʪʘʢʪʘ ʢʦʣʝ-

ʩʦ/ʨʝʣʴʩ; 

¶ ʥʘʣʠʯʠʝ ʞʝʩʪʢʠʭ ʩʠʣ, ʪʦ ʝʩʪʴ ʩʠʣ, ʚ ʦʧʠʩʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʦʣʴʰʠʝ ʢʦʵʬ-

ʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ ʠ/ʠʣʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʜʘʶʱʠʝ ʙʦʣʴʰʠʝ ʧʘʨʮʠʘʣʴʥʳʝ ʯʘʩʪʦʪʳ ʠ 

ʜʝʤʧʬʠʨʦʚʘʥʠʝ; ʥʘʧʨʠʤʝʨ, ʢʦʥʪʘʢʪʥʳʝ ʩʠʣʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʝʣ, ʤʘʩʩʘ ʦʜʥʦʛʦ 

ʠʟ ʢʦʪʦʨʳʭ ʤʥʦʛʦ ʤʝʥʴʰʝ ʤʘʩʩʳ ʜʨʫʛʦʛʦ; ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ ʪʠʧʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʫʞʠʥʳ ʩ ʜʝʤʧʬʝʨʦʤ. 

ɼʣʷ ʥʝʢʦʪʦʨʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʚʢʣʶʯʝʥʥʳʭ ʤʘʪʨʠʮʘʭ ʗʢʦʙʠ 

ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

¶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʣʦʯʥʦ-ʜʠʘʛʦʥʘʣʴʥʳʝ ʤʘʪʨʠʮʳ ʗʢʦʙʠ; 

¶ ʚʳʢʣʶʯʠʪʴ ʨʘʩʯʝʪ ʤʘʪʨʠʮ ʗʢʦʙʠ ʥʝʞʝʩʪʢʠʭ ʩʠʣ ʥʘ ʚʢʣʘʜʢʝ ʠʥʩʧʝʢʪʦʨʘ ʀʥʩʪʨʫʤʝʥ-

ʪʳ | ʉʠʣʳ (ʢʘʢ ʧʨʘʚʠʣʦ ï ʵʪʦ ʧʨʫʞʠʥʳ, ʛʘʩʠʪʝʣʠ ʢʦʣʝʙʘʥʠʷ ʠ ʧʨ., ʨʠʩ. 4.93). 

ʌʣʘʛ ʋʜʝʨʞʠʚʘʪʴ ʨʘʟʣʦʞʝʥʠʝ ʩʠʩʪʝʤʥʦʡ ʤʘʪʨʠʮʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ ʠ ʘʚʪʦʤʦʙʠʣʝʡ. 

ɿʘʤʝʯʘʥʠʝ.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʨʠʮ ʗʢʦʙʠ ʠ ʦʩʪʘʣʴʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠʤʝʶʪ ʩʤʳʩʣ 

ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʠ ʧʦʚʳʰʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʠʷ ʠ/ʠʣʠ ʫʩʢʦʨʷʶʪ ʝʛʦ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʤʝʪʦ-

ʜʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʥʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʩʦʚʦʛʦ ʵʢʠʧʘʞʘ. 
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ɾʝʩʪʢʠʝ ʩʠʣʳ 

ʉʠʣʳ ʚʳʢʣʶʯʝʥʳ 

ʅʝʞʝʩʪʢʠʝ ʩʠʣʳ 
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4.4.1.4. ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ: Park Parallel  

ɺ UM, ʥʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ 6.0, ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ Park Parallel ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʤʦʜʝʣʠ ʠ ʠʭ ʨʝʰʝʥʠʷ. ɺʘʞʥʝʡʰʝʡ ʦʩʦʙʝʥʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʨʝʞʠʤʦʚ ʨʘʩʯʝʪʘ ʥʘ ʤʥʦʛʦʷʜʝʨʥʳʭ ʢʦʤʧʴʶ-

ʪʝʨʘʭ, ʯʪʦ ʯʘʩʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʜʣʷ ʢʦʤʧʴʶʪʝʨʘ ʩ ʤʥʦʛʦʷʜʝʨʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ ʨʝ-

ʢʦʤʝʥʜʫʝʪʩʷ ʦʙʨʘʪʠʪʴʩʷ ʢ ʩʣʝʜʫʶʱʠʤ ʧʨʠʤʝʨʘʤ: 

{ɼʘʥʥʳʝ ʋʄ}\Samples\Tracked_Vehicles\gsTV (ʛʫʩʝʥʠʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ) 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Tracked_Vehicles\M1A1 (ʪʘʥʢ) 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Tracked_Vehicles\FH200 (ʛʫʩʝʥʠʯʥʳʡ ʵʢʩʢʘʚʘʪʦʨ) 

{ɼʘʥʥʳʝ ʋʄ}\Samples\Rail_Vehicles\TGV_KTX (ʧʦʝʟʜ TGV ʩ ʜʝʩʷʪʴʶ ʚʘʛʦʥʘʤʠ) 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Rail_Vehicles\HeavyHaulTrain (ʛʨʫʟʦʚʦʡ ʩʦʩʪʘʚ ʩ ʜʝʩʷʪʴʶ ʵʢʠ-

ʧʘʞʘʤʠ) 

{ɼʘʥʥʳʝ ʋʄ}\Samples\Rail_Vehicles\simple_18_100 (ʫʧʨʦʱʝʥʥʘʷ ʤʦʜʝʣʴ ʛʨʫʟʦʚʦʛʦ ʚʘ-

ʛʦʥʘ ʩ ʪʝʣʝʞʢʘʤʠ 18-100) 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʯʠʩʣʦ ʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʤʦʜʝʣʝʡ ʧʦʝʟʜʦʚ ʠ ʨʝʣʴʩʦʚʦʛʦ ʵʢʠʧʘʞʘ ʧʦʣʝʟʥʦ ʩʨʘʚʥʠʪʴ ʙʳʩʪʨʦ-

ʜʝʡʩʪʚʠʝ ʤʝʪʦʜʘ Park Parallel ʩ ʤʝʪʦʜʦʤ ʇʘʨʢʘ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʣʠ ʟʘʢʨʳʪʴ ʘʥʠʤʘʮʠʦʥʥʳʝ ʦʢʥʘ. 

4.4.1.4.1. ʋʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ Park Parallel 

ʄʝʪʦʜ ʥʘʢʣʘʜʳʚʘʝʪ ʥʝʢʦʪʦʨʳʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʤʦʜʝʣʠ, 

ʙʝʟ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʢʦʪʦʨʳʭ ʤʝʪʦʜ ʥʝʜʦʩʪʫʧʝʥ. 

¶ ɺ ʧʨʦʛʨʘʤʤʝ ʚʚʦʜʘ UM Input  ʤʦʜʝʣʠ ʠ ʚʩʝʤ ʚʥʝʰʥʠʤ ʧʦʜʩʠʩʪʝʤʘʤ ʜʦʣʞʝʥ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥ ʯʠʩʣʝʥʥʦ-ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ, ʨʠʩ. 4.94. 

¶ ʄʘʩʩʳ ʠ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z ʚʩʝʭ ʪʝʣ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʣʠʯʥʳ 

ʦʪ ʥʫʣʷ. 

 

ʈʠʩ. 4.94. ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʫʨʘʚʥʝʥʠʡ, ʚʢʣʘʜʢʘ ʆʙʲʝʢʪ ʠʥʩʧʝʢʪʦʨʘ ʧʨʦʛʨʘʤʤʳ ʚʚʦʜʘ 

../SAMPLES/Tracked_Vehicles/gsTV/input.dat
../SAMPLES/Tracked_Vehicles/M1A1/input.dat
../SAMPLES/Tracked_Vehicles/FH200/input.dat
../SAMPLES/Rail_Vehicles/TGV_KTX/input.dat
../SAMPLES/Rail_Vehicles/HeavyHaulTrain/input.dat
../SAMPLES/Rail_Vehicles/simple_18_100/input.dat
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¶ ʄʝʪʦʜ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʤʦʜʝʣʠ ʩʦʧʨʷʞʝʥʠʡ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʩʣʫ-

ʯʘʷʭ. 

¶ ʀʛʥʦʨʠʨʫʶʪʩʷ ʩʠʣʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3D ʂʦʥʪʘʢʪ (ʩʤ. ɻʣʘʚʫ 3 ʨʫʢʦʚʦʜʩʪʚʘ). 

ɽʩʣʠ ʵʪʠ ʫʩʣʦʚʠʷ ʥʝ ʚʳʧʦʣʥʝʥʳ, ʪʦ ʧʨʠ ʧʦʧʳʪʢʝ ʚʳʙʨʘʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʷʚʣʷʝʪʩʷ 

ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ ʠ ʩʩʳʣʢʘ ʥʘ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʩ ʧʝʨʝʯʥʝʤ ʥʝʚʳʧʦʣʥʝʥʥʳʭ ʫʩʣʦʚʠʡ, 

ʨʠʩ. 4.95. 

 

 

ʈʠʩ. 4.95. ʉʦʦʙʱʝʥʠʝ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʘ ʠ ʩʧʠʩʦʢ ʥʘʨʫʰʝʥʠʡ 

  

03_um_data_input_program.pdf
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4.4.1.4.2. ʇʘʨʘʤʝʪʨʳ ʤʝʪʦʜʘ 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʤʝʪʦʜʫ ʇʘʨʢʘ ʤʝʪʦʜ Park Parallel ʠʩʧʦʣʴʟʫʝʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, 

ʨʠʩ. 4.96. 

 

ʈʠʩ. 4.96. ʇʘʨʘʤʝʪʨʳ ʤʝʪʦʜʘ Park Parallel 

ʀʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʩʦʧʨʷʞʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʨʝʰʝʥʠʷ 

ʞʝʩʪʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʉɻ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʠʪʝʨʘʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʠʝ ʜʘʞʝ ʧʨʠ ʥʠʟʢʦʡ ʪʦʯʥʦʩʪʠ, ʧʦʨʷʜʢʘ 0,1. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʪʦʢʦʚ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʜʣʷ ʤʥʦʛʦʷʜʝʨʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. ʇʨʠ ʘʢʪʠʚ-

ʥʦʤ ʢʣʶʯʝ ʨʘʩʯʝʪ ʜʠʥʘʤʠʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘ ʫʢʘʟʘʥʥʦʤ ʯʠʩʣʝ ʧʦʪʦʢʦʚ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʯʠʩʣʦ ʧʦʪʦʢʦʚ ʨʘʚʥʦ ʯʠʩʣʫ ʷʜʝʨ ʥʘ ʧʨʦʮʝʩʩʦʨʝ ʣʦʢʘʣʴʥʦʡ 

ʤʘʰʠʥʳ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ɺ ʵʪʦ ʯʠʩʣʦ ʚʢʣʶʯʘʶʪʩʷ ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ, ʪʘʢ ʠ 

ʣʦʛʠʯʝʩʢʠʝ ʷʜʨʘ. 

ʆʧʪʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʦʪʦʢʦʚ ʟʘʚʠʩʠʪ ʦʪ ʤʦʜʝʣʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʦʧʳʪ-

ʥʳʤ ʧʫʪʝʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 4- ʠ 8-ʷʜʝʨʥʳʭ 

ʧʨʦʮʝʩʩʦʨʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʟʘ ʩʯʝʪ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʫʩʢʦʨʝʥʠʷ 

ʚ 2,5-3 ʨʘʟʘ. 
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4.4.1.5. ʀʟʤʝʥʝʥʠʝ, ʩʦʭʨʘʥʝʥʠʝ ʠ ʯʪʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʟʘʜʘʥʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ, ʧʦʟʚʦʣʷ-

ʝʪ ʧʨʦʚʦʜʠʪʴ ʦʧʝʨʘʪʠʚʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝ-

ʜʝʥʠʝ ʩʠʩʪʝʤʳ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʳʚʦʜʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝ-

ʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʢʣʘʜʢʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ (ʩʤ. ʨʠʩ. 4.97). 

 

ʈʠʩ. 4.97. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ɿʥʘʯʝʥʠʝ ʩʪʦʣʙʮʘ ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʟʘʜʘʥʥʳʭ ʯʠʩʣʦʤ, ʤʦʞʥʦ ʠʟʤʝ-

ʥʷʪʴ. ʊʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʬʘʡʣ, ʘ ʪʘʢʞʝ ʧʨʦʯʠʪʘʪʴ ʠʟ 

ʬʘʡʣʘ ʨʘʥʝʝ ʩʦʭʨʘʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. 

ɿʘʤʝʯʘʥʠʝ.  ʅʝ ʜʦʧʫʩʢʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʟʘʚʠʩʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʦ ʝʩʪʴ ʠʜʝʥ-

ʪʠʬʠʢʘʪʦʨʦʚ, ʚʳʨʘʞʝʥʥʳʭ ʯʝʨʝʟ ʜʨʫʛʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ. 

ʂʥʦʧʢʠ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ: 

  ʟʘʧʠʩʴ ʚ ʬʘʡʣ (*.par); 

 ʥʘʟʥʘʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʛʨʫʧʧʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʟʘʨʘʥʝʝ ʩʦʟʜʘʥʥʳʭ ʤʘʢ-

ʨʦʩʦʚ (ʢʦʤʘʥʜʘ ʤʝʥʶ ʀʥʩʪʨʫʤʝʥʪʳ | ʄʘʢʨʦʩʳ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚé); 

 ʯʪʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠʟ ʬʘʡʣʘ *.par. 

 

ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʯʠʪʘʥʳ ʠʟ *.par ʬʘʡʣʘ ʣʶʙʦʡ ʤʦʜʝʣʠ. ɼʦ ʠʟʤʝʥʝʥʠʷ 

ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʦʷʚʣʷʝʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʦʢʥʦ, ʨʠʩ. 4.98. ʃʝʚʘʷ ʯʘʩʪʴ ʦʢʥʘ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-117 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ (ʚ ʩʢʦʙʢʘʭ) ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʟʥʘʯʝʥʠʡ ʚ ʬʘʡʣʝ. ɽʩʣʠ ʩʥʷʪʴ ʛʘʣʦʯʢʠ ʫ ʥʝʢʦʪʦʨʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʚ ʵʪʦʤ ʩʧʠʩʢʝ, ʪʦ ʠʤ 

ʥʦʚrʝ ʟʥʘʯʝʥʠʷ ʥʘʟʥʘʯʘʪʴʩʷ ʥʝ ʙʫʜʫʪ. ʇʨʘʚʘʷ ʯʘʩʪʴ ʦʢʥʘ ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦ-

ʨʦʚ ʚ ʬʘʡʣʝ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʪʝʢʫʱʝʡ ʤʦʜʝʣʠ. 

 

ʈʠʩ. 4.98. ʏʪʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠʟ ʬʘʡʣʘ 

ɺʢʣʶʯʝʥʠʝ ʠ ʚʳʢʣʶʯʝʥʠʝ ʨʝʞʠʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ ʧʦ-

ʩʣʝ ʢʘʞʜʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ; 

ʨʝʞʠʤ ʩʣʝʜʫʝʪ ʚʳʢʣʶʯʠʪʴ, ʝʩʣʠ ʦʙʥʦʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʰʢʦʤ ʤʝʜʣʝʥʥʦ. 

 

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. 4.99. ɹʫʜʫʪ ʦʙʥʦʚʣʝʥʳ ʟʥʘʯʝ-

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

ʨʠʩ. 4.99 ʚʩʝʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤ, ʢʨʦʤʝ ʧʦʩʣʝʜʥʝʛʦ, ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ 

73000. 

 

ʈʠʩ. 4.99. ʇʨʠʤʝʨ ʩʧʠʩʢʘ ʦʜʥʦʠʤʝʥʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-118 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʂʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʩʧʠʩʢʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʨʠʩ. 4.97: 

¶ ʅʘʟʥʘʯʠʪʴ ʚʩʝʤ ʥʘʟʥʘʯʘʝʪ ʟʥʘʯʝʥʠʝ ʚʳʜʝʣʝʥʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚʩʝʤ ʦʜʥʦʠʤʝʥ-

ʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤ ʚ ʧʦʜʩʠʩʪʝʤʘʭ ʤʦʜʝʣʠ; 

¶ ʅʘʟʥʘʯʠʪʴ ʚʳʙʦʨʦʯʥʦ ʥʘʟʥʘʯʘʝʪ ʟʥʘʯʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚʳʜʝʣʝʥʥʳʤ ʦʜʥʦʠʤʝʥ-

ʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤ ʩ ʧʦʤʦʱʴʶ ʦʢʥʘ ʥʘ ʨʠʩ. 4.99; 

¶ ʂʦʧʠʨʦʚʘʪʴ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ ʢʦʧʠʨʫʝʪ ʪʝʢʫʱʫʶ ʚʢʣʘʜʢʫ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʚ ʪʝʢʩʪʦ-

ʚʦʤ ʨʝʞʠʤʝ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ. 

 

ɼʦʩʪʫʧ ʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤ ʚ ʧʦʜʩʠʩʪʝʤʘʭ 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʚ ʧʦʜʩʠʩʪʝʤʘʭ ʤʦʜʝʣʠ ʩʣʝʜʫʝʪ ʚʦʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʚʳʧʘʜʘʶʱʠʤ ʩʧʠʩʢʦʤ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʢʣʘʜʢʠ ʜʣʷ ʚʳʙʦʨʘ ʥʫʞʥʦʡ ʧʦʜʩʠʩʪʝʤʳ, 

ʨʠʩ. 4.100. 

 

ʈʠʩ. 4.100. ʅʘʟʥʘʯʝʥʠʝ ʩʧʠʩʢʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʦ ʜʝʨʝʚʫ ʧʦʜʩʠʩʪʝʤ 

ʅʘʟʥʘʯʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʤʘʢʨʦʩʦʚ 

ɽʩʣʠ ʪʝʢʫʱʘʷ ʤʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʤʘʢʨʦʩʦʚ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʩʦʟʜʘʥʥʳʭ ʧʦʣʴʟʦ-

ʚʘʪʝʣʝʤ (ʧ. 4.3.10. "ʄʘʢʨʦʩʳ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ", ʩʪʨ. 4-103), ʪʦ ʢʥʦʧʢʘ ʩʪʘʥʦʚʠʪʩʷ ʘʢ-

ʪʠʚʥʦʡ, ʠ ʱʝʣʯʢʦʤ ʥʘ ʢʥʦʧʢʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʦʪʜʝʣʴʥʳʤ ʤʘʢʨʦʩʘʤ ʠ ʟʥʘ-

ʯʝʥʠʷʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʨʠʩ. 4.101. ɺʳʙʦʨ ʟʥʘʯʝʥʠʷ ʛʨʫʧʧʳ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠʟ ʤʝʥʶ 

ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʟʥʘʯʝʥʠʡ. 

 

ʈʠʩ. 4.101. ɺʳʙʦʨ ʟʥʘʯʝʥʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʤʘʢʨʦʩʘ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-119 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ɸʚʪʦʩʦʭʨʘʥʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ʇʨʠ ʟʘʛʨʫʟʢʝ ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʫ UM Simulation ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʟʘʛʨʫ-

ʞʘʶʪʩʷ ʠʟ ʬʘʡʣʘ last.par, ʝʩʣʠ ʪʘʢʦʡ ʥʘʡʜʝʥ ʚ ʢʘʪʘʣʦʛʝ ʤʦʜʝʣʠ, ʣʠʙʦ ʠʟ ʬʘʡʣʘ ʜʘʥʥʳʭ in-

put.dat, ʢʘʢ ʦʥʠ ʟʘʜʘʥʳ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʜʛʦʪʦʚʢʠ ʤʦʜʝʣʝʡ UM Input. ɺ ʬʘʡʣ last.par ʩʦʭʨʘ-

ʥʷʶʪʩʷ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʧʨʦʛʨʘʤʤʳ UM Simulation. 

ʌʘʡʣ ʩʦʟʜʘʝʪʩʷ ʪʦʣʴʢʦ ʝʩʣʠ ʚʢʣʶʯʝʥʘ ʦʧʮʠʷ ʘʚʪʦʩʦʭʨʘʥʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʩʤ. 

ʧ. 4.1.2. "ɸʚʪʦʩʦʭʨʘʥʝʥʠʝ", ʩʪʨ. 4-8. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚʢʣʶʯʝʥʘ ʦʧʮʠʷ ʘʚʪʦʩʦʭʨʘʥʝʥʠʷ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʪʦ ʬʘʡʣ last.par ʙʫʜʝʪ ʩʦʟʜʘʥ ʧʨʠ ʧʝʨʚʦʤ ʞʝ ʚʳʭʦʜʝ ʠʟ ʧʨʦʛʨʘʤʤʳ 

UM Simulation ʠ ʙʫʜʝʪ ʟʘʛʨʫʞʘʪʴʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʩ ʵʪʦʡ ʤʦʜʝʣʴʶ ʚ 

UM Simulation. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʡ ʠʜʝʥʪʠʬʠ-

ʢʘʪʦʨʦʚ ʚ ʧʨʦʛʨʘʤʤʝ UM Input  ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʙʫʜʫʪ ʩʦʭʨʘʥʝʥʳ ʚ ʬʘʡʣʝ 

input.dat, ʥʦ ʧʨʠ ʦʪʢʨʳʪʠʠ ʤʦʜʝʣʠ ʚ UM Simulation ʠʟ last.par ʙʫʜʫʪ ʟʘʛʨʫʞʝʥʳ ʩʪʘʨʳʝ 

ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ. ɼʣʷ ʟʘʛʨʫʟʢʠ ʤʦʜʝʣʝʡ ʚ UM Simulation ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʠʟ input.dat ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ ʠʣʠ ʧʝʨʝʠʤʝʥʦʚʘʪʴ ʬʘʡʣ last.par. 

4.4.1.6. ʋʧʨʘʚʣʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ 

4.4.1.6.1. ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʝʣʴʶ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪ "ʋʧʨʘʚʣʝʥʠʝ ʠʜʝʥʪʠ-

ʬʠʢʘʪʦʨʘʤʠ", ʨʠʩ. 4.102. ʀʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʢʘʢ 

ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ ʠʣʠ ʧʝʨʝʤʝʥʥʳʭ, ʩʦʟʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʘʩʪʝʨʘ ʧʝʨʝʤʝʥʥʳʭ, ʧ. 4.3.2 

"ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-21. ʋʧʨʘʚʣʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩ-

ʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʤʠʩʩʠʝʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʛʫʩʝ-

ʥʠʯʥʳʭ ʤʘʰʠʥ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʦʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʧʦʝʟʜʘ. 

  

ʈʠʩ. 4.102. ʀʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʟʜʘʝʪʩʷ ʩʧʠʩʦʢ ʫʧʨʘʚʣʷʝʤʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, 

ʢʦʪʦʨʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʬʘʡʣʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʦʜʝʣʠ *.icf. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʥʦʧʢʠ , ʧʦʟʚʦʣʷʶʱʠʝ 

 ï ʩʦʭʨʘʥʷʪʴ ʩʧʠʩʦʢ ʚ ʬʘʡʣ *.fic; 

 ï ʯʠʪʘʪʴ ʩʧʠʩʦʢ ʠʟ ʨʘʥʝʝ ʩʦʟʜʘʥʥʦʛʦ ʬʘʡʣʘ *.fic; 
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 ï ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʡ ʵʣʝʤʝʥʪ ʢ ʩʧʠʩʢʫ; 

 ï ʜʫʙʣʠʨʦʚʘʪʴ ʪʝʢʫʱʠʡ ʵʣʝʤʝʥʪ; 

 ï ʫʜʘʣʷʪʴ ʪʝʢʫʱʠʡ ʵʣʝʤʝʥʪ. 

4.4.1.6.2. ɼʝʘʢʪʠʚʘʮʠʷ ʵʣʝʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʷ  

ʕʣʝʤʝʥʪʳ ʩʧʠʩʢʘ ʫʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʜʝʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʠ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʱʝʣʯʢʦʤ ʤʳʰʠ ʥʘ ʷʯʝʡʢʝ ʚ ʧʝʨʚʦʡ ʣʝʚʦʡ ʢʦʣʦʥʢʝ ʩʧʠʩʢʘ. ɸʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʤʝʯʘʶʪ-

ʩʷ ʛʘʣʦʯʢʦʡ. ʅʘʧʨʠʤʝʨ, ʚ ʩʧʠʩʢʝ ʥʘ ʨʠʩ. 4.102 ʧʝʨʚʳʝ ʪʨʠ ʵʣʝʤʝʥʪʘ ʘʢʪʠʚʥʳ, ʘ ʯʝʪʚʝʨʪʳʡ 

ï ʜʝʘʢʪʠʚʠʨʦʚʘʥ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʘʢʪʠʚʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤ 

ʥʘʟʥʘʯʘʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʘ ʜʝʘʢʪʠʚʠʨʦ-

ʚʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʠʛʥʦʨʠʨʫʶʪʩʷ. 

4.4.1.6.3. ʉʦʟʜʘʥʠʝ ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ 

 

ʈʠʩ. 4.103. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ 

ʆʢʥʦ ʟʘʜʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʧʦʩʣʝ ʩʦʟʜʘʥʠʷ ʥʦʚʦʝ ʵʣʝʤʝʥʪʘ ʩʧʠʩʢʘ ʩ ʧʦʤʦ-

ʱʴʶ ʢʥʦʧʢʠ  ʠʣʠ ʧʨʠ ʜʚʦʡʥʦʤ ʱʝʣʯʢʝ ʧʨʘʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ ʥʘ ʩʫʱʝʩʪʚʫʶʱʝʤ ʵʣʝʤʝʥ-

ʪʝ ʩ ʮʝʣʴʶ ʧʨʦʩʤʦʪʨʘ ʧʘʨʘʤʝʪʨʦʚ ʠ/ʠʣʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ, ʨʠʩ. 4.103. 

 

¶ ɺʳʙʦʨ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

ɼʣʷ ʚʳʙʦʨʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠʟ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ ʩʣʝʜʫʝʪ ʱʝʣʢʥʫʪʴ ʥʘ ʢʥʦʧʢʝ , 

ʨʠʩ. 4.104. 
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ʈʠʩ. 4.104. ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʤʦʜʝʣʠ 

¶ ʇʦʪʦʯʝʯʥʦʝ ʟʘʜʘʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

ʇʨʠ ʧʦʪʦʯʝʯʥʦʤ ʟʘʜʘʥʠʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʬʫʥʢʮʠʷ ʩʪʨʦʠʪʩʷ ʚ ʦʢʥʝ ʨʝʜʘʢʪʦʨʘ ʢʨʠʚʳʭ, 

ʨʠʩ. 4.105, ʧʦʷʚʣʷʶʱʝʤʩʷ ʧʨʠ ʱʝʣʯʢʝ ʥʘ ʢʥʦʧʢʝ . ʇʨʠ ʪʘʢʦʤ ʟʘʜʘʥʠʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

ʚ ʢʘʯʝʩʪʚʝ ʘʙʩʮʠʩʩʳ ʤʦʞʝʪ ʚʳʙʠʨʘʪʴʩʷ ʣʠʙʦ ʚʨʝʤʷ, ʣʠʙʦ ʧʝʨʝʤʝʥʥʦʡ, ʥʘʧʨʠʤʝʨ, ʧʨʦʡʜʝʥ-

ʥʳʡ ʵʢʠʧʘʞʝʤ ʧʫʪʴ ʨʠʩ. 4.106. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʝʨʝʤʝʥʥʘʷ, ʦʪ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʠʜʝʥʪʠ-

ʬʠʢʘʪʦʨ, ʩʦʟʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʩʪʝʨʘ ʧʝʨʝʤʝʥʥʳʭ ʠ ʧʝʨʝʪʘʩʢʠʚʘʝʪʩʷ ʤʳʰʢʦʡ ʚ ʧʦʣʝ ʧʝ-

ʨʝʤʝʥʥʦʡ, ʢʘʢ ʵʪʦ ʫʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.106 ʚʥʠʟʫ. 

 

 

ʈʠʩ. 4.105. ʇʨʠʤʝʨ ʧʦʪʦʯʝʯʥʦʛʦ ʟʘʜʘʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-122 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

 

 

ʈʠʩ. 4.106. ʊʠʧ ʟʘʜʘʥʠʷ ʘʙʩʮʠʩʩʳ 

¶ ɿʘʜʘʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʤʝʥʥʦʡ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʬʫʥʢʮʠʝʡ ʧʦʣʦʞʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ ʪʝʣ ʤʦʜʝ-

ʣʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ. ɿʘʚʠʩʠʤʦʩʪʴ ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʩʪʝʨʘ ʧʝʨʝ-

ʤʝʥʥʳʭ ʠ ʧʝʨʝʪʘʩʢʠʚʘʝʪʩʷ ʤʳʰʢʦʡ ʚ ʧʦʣʝ ʅʘʟʥʘʯʝʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʘʥʘʣʦʛʠʯʥʦ 

ʨʠʩ. 4.106. ʇʨʠ ʪʘʢʦʤ ʟʘʜʘʥʠʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʘʙʩʮʠʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʚʨʝʤʝʥʝʤ, 

ʨʠʩ. 4.107. 

 

ʈʠʩ. 4.107. ɿʘʜʘʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʤʝʥʥʦʡ  

¶ ʆʙʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʳʭ ʵʣʝʤʝʥʪʦʚ 

ɽʩʣʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚʭʦʜʠʪ ʚ ʧʘʨʘʤʝʪʨʠʟʘʮʠʶ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʩʣʝʜʫʝʪ ʚʢʣʶ-

ʯʠʪʴ ʦʧʮʠʶ ʦʙʥʦʚʣʝʥʠʷ. 

 

¶ ʈʘʙʦʪʘ ʩ ʦʜʥʦʠʤʝʥʥʳʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ 

ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʤʦʜʝʣʠ ʧʦʜʩʠʩʪʝʤ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʠʤʝʶʱʠʝ ʪʦ 

ʞʝ ʩʘʤʦʝ ʠʤʷ, ʯʪʦ ʠ ʚʳʙʨʘʥʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ. ʉ ʧʦʤʦʱʴʶ ʨʘʜʠʦʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ ʦʜʥʦʠʤʝʥʥʳʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ, ʨʠʩ. 4.108: 

- ʅʝʪ ï ʥʘʟʥʘʯʘʝʪʩʷ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

- ɺʩʝʤ ï ʟʥʘʯʝʥʠʝ ʟʘʜʘʝʪʩʷ ʚʩʝʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤ ʤʦʜʝʣʠ ʩ ʪʘʢʠʤ ʞʝ ʠʤʝʥʝʤ; 

- ɺ ʧʦʜʩʠʩʪʝʤʘʭ ï ʟʘʜʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠ ʚʩʝʭ ʦʜʥʦʠʤʝʥ-

ʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʧʦʜʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥʳ ʚ ʧʦʜʩʠʩʪʝʤʫ ʚʳʙʨʘʥ-



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-123 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ. ʅʘʧʨʠʤʝʨ, ʤʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʪʨʠ ʧʦʜʩʠʩʪʝʤʳ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʛʦʥʫ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʨʝʞʠʤʘ ʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʧʨʘʚʣʷʪʴ ʦʜʥʦ-

ʠʤʝʥʥʳʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʚʘʛʦʥʘ. 

 

ʈʠʩ. 4.108. ɺʘʨʠʘʥʪʳ ʨʘʙʦʪʳ ʩ ʦʜʥʦʠʤʝʥʥʳʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ 
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4.4.1.7. ɺʳʙʦʨ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʯʠʩʣʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

4.4.1.7.1. ʆʙʱʠʝ ʧʦʥʷʪʠʷ 

ɺʳʙʦʨ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʧʦʜʛʦʪʦʚʢʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʢ ʧʨʦʮʝʩʩʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɼʣʷ ʩʠʩʪʝʤ, ʠʤʝʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʜʝʨʝʚʘ, ʵʪʘ ʦʧʝʨʘʮʠʷ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʭ ʧʨʦʙʣʝʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʩʝ ʰʘʨʥʠʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʷʚʣʷ-

ʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ (ʠʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʚʘʪʝʨʥʠʦʥʥʳʝ ʰʘʨ-

ʥʠʨ,r ʚ ʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʳ ʢʚʘʪʝʨʥʠʦʥʘ ʩʚʷʟʘʥʳ ʠʟʚʝʩʪʥʳʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʩʦʦʪʥʦʰʝʥʠ-

ʝʤ). ɼʣʷ ʩʠʩʪʝʤ ʩ ʟʘʤʢʥʫʪʳʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʮʝʧʷʤʠ ʧʦʜʙʦʨ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦ-

ʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ ʦʩʣʦʞʥʝʥ ʪʝʤ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʥʝ ʷʚ-

ʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ, ʘ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʨʘʚʥʝʥʠʷʤ ʩʚʷʟʝʡ. ʇʦʩʢʦʣʴʢʫ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ 

ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʝʡ ʷʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ, ʥʘʭʦʞʜʝʥʠʝ ʠʭ ʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝ-

ʣʝʥʥʫʶ ʧʨʦʙʣʝʤʫ. 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʧʨʠ ʥʘʣʠʯʠʠ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʝʡ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʜʣʷ ʨʝʰʝʥʠʷ 

ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʝʡ. ʆʜʥʘʢʦ ʩʠʪʫʘʮʠʷ ʫʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʝʪ ʥʝ ʠʤʝʪʴ ʨʝʰʝʥʠʷ ʘ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜ 

ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʥʝ ʥʘʡʪʠ ʨʝʰʝʥʠʷ, ʝʩʣʠ ʥʝʫʜʘʯʥʦ ʟʘʜʘʥʦ 

ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ 

ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʠʟʣʦʞʝʥʥʳʤ ʥʠʞʝ ʧʦʜʭʦʜʦʤ, ʠ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʚʦʦʙʱʝ ʢʦʨʨʝʢʪʥʘ (ʪʦ ʝʩʪʴ ʝʩʣʠ ʤʦʜʝʣʠʨʫʝʤʳʡ ʤʝʭʘʥʠʟʤ ʪʝʭʥʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤ). 

 

ɺʚʝʜʝʤ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ. 

 

ʆʙʲʝʢʪ ʠʤʝʝʪ ʠʟʙʳʪʦʯʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʝʩʣʠ ʦʥ ʠʤʝʝʪ ʟʘʤʢʥʫʪʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʮʝ-

ʧʠ (ʟʘʤʢʥʫʪʳʝ ʢʦʥʪʫʨʳ), ʢʦʥʪʘʢʪʥʳʝ ʠʣʠ ʬʠʢʪʠʚʥʳʝ ʰʘʨʥʠʨʳ. ʀʟʙʳʪʦʯʥʦʩʪʴ ʢʦʦʨʜʠʥʘʪ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʠ ʥʝ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʧʨʦʠʟʚʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʪʦ ʝʩʪʴ ʷʚʣʷʶʪʩʷ ʟʘʚʠʩʠ-

ʤʳʤʠ. ʋʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʳʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʠʟʙʳʪʦʯʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʥʘʟʳʚʘʶʪʩʷ ʫʨʘʚʥʝ-

ʥʠʷʤʠ ʩʚʷʟʝʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʩʣʦʞʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ. ɼʣʷ ʩʠ-

ʩʪʝʤ ʩ ʟʘʤʢʥʫʪʳʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʮʝʧʷʤʠ ʯʘʩʪʴ ʰʘʨʥʠʨʦʚ çʨʘʟʨʝʟʘʝʪʩʷè, ʠ ʫʨʘʚʥʝʥʠʷ 

ʩʚʷʟʝʡ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʟʘʤʳʢʘʥʠʷ ʨʘʟʨʝʟʘʥʥʳʭ ʰʘʨʥʠʨʦʚ. ʃʦʢʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʚ 

ʥʝʨʘʟʨʝʟʘʥʥʳʭ ʰʘʨʥʠʨʘʭ ʥʘʟʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʤʠ, ʚ ʨʘʟʨʝʟʘʥʥʳʭ ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ. 

ʈʝʰʘʪʴ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʝʡ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʪʨʘʥʩ-

ʮʝʥʜʝʥʪʥʦʩʪʠ ʫʨʘʚʥʝʥʠʡ. ʇʦʵʪʦʤʫ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʷʚʣʷʶʪʩʷ ʟʘʨʘʥʝʝ ʥʝʠʟ-

ʚʝʩʪʥʳʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʯʠʩʣʝʥʥʳʤ ʧʫʪʝʤ. ʈʘʩʯʝʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʝʭʘ-

ʥʠʟʤʘ ʠ ʦʟʥʘʯʘʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʝʡ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʝʡ, ʪʦ ʝʩʪʴ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʝʭʘʥʠʟʤʘ, ʚ UM 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴ-

ʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ, ʟʘʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠ-

ʩʪʝʤ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ: ʫʨʘʚʥʝʥʠʷ 

ʤʦʛʫʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʨʝʰʝʥʠʡ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʥʝ ʫʩʪʨʘʠʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʫʨʘʚʥʝʥʠʷ ʤʦʛʫʪ ʚʦʦʙʱʝ ʥʝ ʠʤʝʪʴ ʨʝʰʝʥʠʷ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʰʠʙʩʷ ʣʠʙʦ ʧʨʠ 

ʦʧʠʩʘʥʠʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʙʲʝʢʪʘ, ʣʠʙʦ ʧʨʠ ʟʘʜʘʥʠʠ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-125 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʨʦʚ). ʉʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʣʠʟʦ-

ʩʪʴʶ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʪʦʯʥʦʤʫ ʨʝʰʝʥʠʶ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʣʝʛʢʦ ʨʝʰʠʪʴ, ʝʩʣʠ ʩʣʝʜʦʚʘʪʴ ʠʟʣʦʞʝʥʥʳʤ ʥʠʞʝ ʠʥʩʪʨʫʢʮʠʷʤ. 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-126 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.4.1.7.2. ʆʢʥʦ ʟʘʜʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʈʘʙʦʪʘ ʩ ʤʘʩʪʝʨʦʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʩʤ. ʨʠʩ. 4.109) 

ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʚʳʢʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʛʨʫʧʧʳ ʧʦʣʝʡ ʠ ʢʥʦʧʦʢ ʤʘʩʪʝʨʘ. 

 

ʈʠʩ. 4.109. ɿʘʜʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʇʘʨʘʤʝʪʨʳ ʠ ʟʥʘʯʢʠ ʪʘʙʣʠʮʳ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ 

ʉʪʦʣʙʝʮ ï ʩʪʦʣʙʝʮ ʢʣʶʯʝʡ ʬʠʢʩʘʮʠʠ ʢʦʦʨʜʠʥʘʪ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʬʠʢʩʠʨʦʚʘʪʴ 

ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʢʦʦʨʜʠʥʘʪ, ʱʝʣʢʥʫʚ ʤʳʰʢʦʡ ʥʘ ʧʦʣʝ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʢʦʦʨʜʠʥʘʪʳ. 

ʇʨʠʟʥʘʢ ʬʠʢʩʘʮʠʠ ï  ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʣʝ. ʌʠʢʩʠʨʦʚʘʪʴ ʤʦʞʥʦ ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ. ʌʠʢʩʘʮʠʷ ʠʛʥʦʨʠʨʫʝʪʩʷ ʜʣʷ ʩʠʩʪʝʤ ʙʝʟ ʠʟʙʳʪʦʯʥʳʭ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʩʠʩʪʝʤ ʩ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-127 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʠʟʙʳʪʦʯʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʬʠʢʩʘʮʠʷ ʧʝʨʝʤʝʥʥʦʡ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʧʨʝʱʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʝʝ ʟʥʘʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʝʡ. 

ɿʥʘʯʢʦʤ  ʧʦʤʝʯʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʚ ʨʘʟʨʝʟʘʥʥʳʭ ʰʘʨʥʠʨʘʭ, ʨʠʩ. 4.109. 

 

ʉʪʦʣʙʝʮ  ï ʦʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʢʦʦʨʜʠʥʘʪ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ. ɺʳʜʝʣʝ-

ʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʰʘʛʦʚʦʛʦ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʨʘʩʯʝ-

ʪʦʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʧʝʨʝʨʠʩʦʚʢʦʡ ʦʙʲʝʢʪʘ ʚ ʘʥʠʤʘʮʠʦʥʥʳʭ ʦʢʥʘʭ ʧʨʠ ʱʝʣʯʢʝ ʥʘ ʢʥʦʧʢʘʭ 

 ʠ . ʐʘʛ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʣʷ ʣʠʥʝʡʥʳʭ ʠ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ 

ʚ ʧʦʣʷʭ da (ʜʣʷ ʫʛʣʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ) ʠ dx ʜʣʷ ʣʠʥʝʡʥʦʡ. 

 

ʉʪʦʣʙʮʳ ʂʦʦʨʜʠʥʘʪʘ, ʉʢʦʨʦʩʪʴ ʩʦʜʝʨʞʘʪ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʠʭ ʧʝʨʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʚʨʝʤʝʥʠ. ɼʦʧʫʩʢʘʝʪʩʷ ʧʨʷʤʦʝ ʚʥʝʩʝʥʠʝ ʟʥʘʯʝʥʠʡ ʚ ʧʦʣʷ ʪʘʙʣʠʮʳ. ʂʦʦʨ-

ʜʠʥʘʪʳ ʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʠʭ ʥʦʤʝʨʘʤ ʚ ʩʧʠʩʢʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ. 

 

ʈʠʩ. 4.110. ʂʦʤʤʝʥʪʘʨʠʠ ʢ ʢʦʦʨʜʠʥʘʪʘʤ 

ʉʪʦʣʙʝʮ ʂʦʤʤʝʥʪʘʨʠʡ ʩʦʜʝʨʞʠʪ ʠʤʝʥʘ ʰʘʨʥʠʨʦʚ ʠ ʥʝʢʦʪʦʨʳʝ ʩʚʝʜʝʥʠʷ ʦ ʢʦʦʨʜʠʥʘ-

ʪʘʭ. ʅʘʧʨʠʤʝʨ, ʫʛʣʦʚʘʷ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʦʪʤʝʯʘʝʪʩʷ ʙʫʢʚʦʡ a, ʘ ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ  - ʙʫʢʚʦʡ 

ʩ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʫʢʘʟʳʚʘʝʪʩʷ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʨʝʜʝʣʘʭ ʰʘʨʥʠʨʘ. 

ʅʘʧʨʠʤʝʨ, 4a ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʝʪʚʝʨʪʦʡ ʧʦ ʧʦʨʷʜʢʫ ʢʦʦʨʜʠʥʘʪʝ, ʫʛʣʦʚʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ. 

 

¶ ɿʘʜʘʥʠʝ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʩʢʦʨʦʩʪʷʤ 

ʂʥʦʧʢʠ  ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʩʢʦʨʦʩʪʷʤ. 

 

¶ ʈʘʩʯʝʪ ʢʦʦʨʜʠʥʘʪ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ 

ʂʥʦʧʢʘ  ʚʳʟʳʚʘʝʪ ʬʫʥʢʮʠʶ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʤʦʜʝʣʠ. 

 

¶ ʈʘʩʯʝʪ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ 

ʂʥʦʧʢʠ  ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʢʦʥʬʠʛʫ-

ʨʘʮʠʠ ʦʙʲʝʢʪʘ ʧʨʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʷʭ ʢʦʦʨʜʠʥʘʪ (ʢʥʦʧʢʘ ), ʘ ʪʘʢʞʝ ʩ ʧʦʰʘʛʦʚʳʤ 

ʫʤʝʥʴʰʝʥʠʝʤ () ʠʣʠ ʫʚʝʣʠʯʝʥʠʝʤ () ʚʳʜʝʣʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʥʘʣʠʯʠʠ ʠʟʙʳ-

ʪʦʯʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. 

 

¶ ɿʘʧʠʩʴ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚ ʬʘʡʣ ʠ ʯʪʝʥʠʝ ʠʟ ʬʘʡʣʘ 
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ʂʥʦʧʢʠ  ʦʩʫʱʝʩʪʚʣʷʶʪ ʯʪʝʥʠʝ ʠʟ ʬʘʡʣʘ ʠ ʟʘʧʠʩʴ ʚ ʬʘʡʣ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ 

ʩʢʦʨʦʩʪʝʡ. ɹʠʥʘʨʥʳʝ ʬʘʡʣʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʜʘʥʥʳʭ ʚʝʣʠʯʠʥ ʠʤʝʶʪ ʨʘʩʰʠʨʝʥʠʝ *.xv. 

 

¶ ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʭʨʘʥʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚ ʬʘʡʣʝ last.xv 

ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʩʪʨʦʡʢʠ, ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ ʥʘ ʤʦ-

ʤʝʥʪ ʟʘʢʨʳʪʠʷ ʤʦʜʝʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʬʘʡʣʝ last.xv, ʧ. 4.1.2. 

"ɸʚʪʦʩʦʭʨʘʥʝʥʠʝ", ʩʪʨ. 4-8. 

¶ ʉʧʠʩʦʢ ʢʦʤʘʥʜ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ, ʨʠʩ. 4.109 

ʉʦʭʨʘʥʠʪʴ ʬʠʢʩʘʮʠʶ. ʂʦʤʘʥʜʘ ʟʘʧʠʩʳʚʘʝʪ ʚ ʬʘʡʣ *.fix  (ʬʘʡʣ ʬʠʢʩʘʮʠʠ) ʠʥʜʝʢʩʳ ʢʦ-

ʦʨʜʠʥʘʪ, ʜʣʷ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥ ʧʨʠʟʥʘʢ ʬʠʢʩʘʮʠʠ. ʀʥʩʪʨʫʤʝʥʪ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʯʝʪʘ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʤʦʜʝʣʝʡ, ʚʢʣʶʯʘʶʱʠʭ ʩʠʣʦʚʳʝ 

ʵʣʝʤʝʥʪʳ ï ʟʫʙʯʘʪʳʝ ʟʘʮʝʧʣʝʥʠʷ, ʧ. 4.4.1.7.5. "ʈʘʩʯʝʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʥʘʣʠʯʠʠ ʟʫʙ-

ʯʘʪʳʭ ʟʘʮʝʧʣʝʥʠʡ. ʌʘʡʣ ʬʠʢʩʘʮʠʠ", ʩʪʨ. 4-130. 

ʇʨʦʯʠʪʘʪʴ ʬʠʢʩʘʮʠʶ. ʏʠʪʘʝʪ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʡ ʬʘʡʣ ʬʠʢʩʘʮʠʠ. 

ʆʙʥʫʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ. ɿʘʜʘʝʪ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪʘʤ, ʢʘʢ ʠ ʢʥʦʧʢʘ . 

ʆʙʥʫʣʠʪʴ ʩʢʦʨʦʩʪʠ. ɿʘʜʘʝʪ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʷʤ, ʢʘʢ ʠ ʢʥʦʧʢʘ . 

ʂʦʦʨʜʠʥʘʪʳ ʠʟ ʬʘʡʣʘ ʜʘʥʥʳʭ. ʋʩʪʘʥʘʚʣʠʚʘʝʪ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʟ ʬʘʡʣʘ ʦʧʠʩʘ-

ʥʠʷ ʤʦʜʝʣʠ input.dat. 

ʉʦʦʙʱʝʥʠʝ INITIAL _MESSAGE. ʇʦʜʘʝʪ ʩʦʦʙʱʝʥʠʝ ʚ ʬʘʡʣ ʫʧʨʘʚʣʝʥʠʷ ʩ ʫʢʘʟʘʥʥʳʤ 

ʢʣʶʯʦʤ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʚʝʨʭʥʷʷ ʢʥʦʧʢʘ ʉʦʦʙʱʝʥʠʝ ʥʘ ʨʠʩ. 4.109. ʀʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʚ ʬʘʡʣʝ ʫʧʨʘʚʣʝʥʠʷ, ʩʤ. ɻʣʘʚʫ 5. 

ɿʘʤʝʯʘʥʠʝ.  ʇʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʝʡ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʙʫʜʫʪ 

ʠʟʤʝʥʝʥʳ. ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʦʩʪʘʚʠʪʴ ʥʝʠʟʤʝʥʥʳʤʠ ʥʝʢʦʪʦʨʳʝ ʢʦʦʨʜʠʥʘʪʳ, 

ʠʭ ʩʣʝʜʫʝʪ ʬʠʢʩʠʨʦʚʘʪʴ. 

4.4.1.7.3. ɿʘʜʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʠʩʪʝʤ ʙʝʟ ʠʟʙʳʪʦʯʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʜʫʨʫ ʟʘʜʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʩʪʦʛʦ ʦʙʲʝʢʪʘ ʙʝʟ ʟʘʤʢʥʫ-

ʪʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʮʝʧʝʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʷ ʩʣʝʜʫʝʪ ʚʥʝʩʪʠ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʠ ʥʘʞʘʪʴ ʢʥʦʧʢʫ. ɺ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʧʦʩʣʝ ʵʪʦʛʦ ʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪ ʙʫʜʝʪ 

ʠʟʦʙʨʘʞʝʥ ʧʨʠ ʥʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʦʨʜʠʥʘʪ. ʄʦʞʥʦ ʧʝʨʝʨʠʩʦʚʳʚʘʪʴ ʦʙʲʝʢʪ ʩ ʧʦʰʘʛʦʚʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʵʪʦʛʦ ʚʳʜʝʣʠʪʝ ʥʫʞʥʳʝ ʢʦʦʨʜʠʥʘʪʳ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ  ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʰʘʛʦʚʦʝ ʫʤʝʥʴʰʝʥʠʝ, ʘ ʢʥʦʧʢʠ 

 ï ʫʚʝʣʠʯʝʥʠʝ ʚʳʜʝʣʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. ʐʘʛ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʦʡ da ʠ ʣʠʥʝʡʥʦʡ dc ʢʦʦʨ-

ʜʠʥʘʪʳ ʟʘʜʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʷʭ. 

4.4.1.7.4. ʈʘʩʯʝʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʠʩʪʝʤ ʩ ʟʘʤʢʥʫʪʳʤʠ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʠʤʠ ʮʝʧʷʤʠ 

ʈʘʩʯʝʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʠʩʪʝʤ ʩ ʟʘʤʢʥʫʪʳʤʠ ʮʝʧʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʣʦʞʥʝʝ, ʯʝʤ ʜʣʷ ʩʠʩʪʝʤ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʜʝʨʝʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝ-

ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ 

05_um_programming.pdf
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(ɻʣʘʚʘ 2, ʧ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʩʯʝʪʘ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʠʩʪʝʤ ʩ ʟʘʤʢʥʫʪʳʤʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʮʝʧʷʤʠ). 

ɼʣʷ ʩʪʘʨʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʥʦʧʢʘ . ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʨʦʛʨʘʤʤʘ ʫʩʧʝʰʥʦ ʨʘʩʩʯʠʪʘʣʘ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʤʝʭʘʥʠʟʤʘ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ ʧʦʰʘʛʦʚʦʛʦ ʫʚʝʣʠʯʝ-

ʥʠʷ/ʫʤʝʥʴʰʝʥʠʷ ʢʦʦʨʜʠʥʘʪ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʟʤʝʥʷʪʴ ʧʦʰʘʛʦʚʦ ʪʦʣʴʢʦ ʦʜʥʫ ʢʦʦʨʜʠʥʘʪʫ. 

ɼʣʷ ʵʪʦʛʦ ʚʳʜʝʣʠʪʝ ʠ ʟʘʬʠʢʩʠʨʫʡʪʝ ʢʦʦʨʜʠʥʘʪʫ (ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʦʢʝ ʜʦʣʞʥʳ ʩʪʦ-

ʷʪʴ ʠ ) ʠ ʱʝʣʢʥʠʪʝ ʤʳʰʴʶ ʥʘ ʦʜʥʫ ʠʟ ʢʥʦʧʦʢ , . 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʬʠʢʩʠʨʦʚʘʪʴ (ʪʦ ʝʩʪʴ ʟʘʧʨʝʱʘʪʴ ʠʟʤʝʥʷʪʴʩʷ) ʥʝʩʢʦʣʴʢʦ ʢʦ-

ʦʨʜʠʥʘʪ, ʥʦ ʥʝ ʙʦʣʴʰʝ, ʯʝʤ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʦʙʲʝʢʪʘ. 

ʂʨʘʪʢʦ ʨʘʩʩʤʦʪʨʠʤ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʝʜʧʨʠʥʷʪʴ ʚ ʩʠ-

ʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʨʦʛʨʘʤʤʘ ʩʦʦʙʱʘʝʪ ʦ ʥʝʫʜʘʯʝ ʧʨʠ ʧʦʧʳʪʢʝ ʨʘʩʩʯʠʪʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʦʙʲ-

ʝʢʪʘ. 

ʋʨʘʚʥʝʥʠʝ ʩʚʷʟʝʡ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ. ʇʨʠ ʦʰʠʙʦʯʥʦʤ ʦʧʠʩʘʥʠʠ ʤʝʭʘʥʠʟʤʘ ʩ ʟʘʤʢʥʫ-

ʪʳʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʮʝʧʷʤʠ ʠʣʠ ʧʨʠ ʥʝʫʜʘʯʥʦʤ ʟʘʜʘʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʤʦ-

ʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʫʨʘʚʥʝʥʠʷ ʟʘʤʳʢʘʥʠʷ ʨʘʟʨʝʟʘʥʥʳʭ ʰʘʨʥʠʨʦʚ (ʫʨʘʚʥʝʥʠʷ 

ʩʚʷʟʝʡ) ʥʝ ʠʤʝʶʪ ʨʝʰʝʥʠʷ, ʪʦ ʝʩʪʴ ʤʝʭʘʥʠʟʤ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ. UM ʥʝ ʤʦʞʝʪ ʦʪ-

ʣʠʯʠʪʴ ʪʘʢʫʶ ʩʠʪʫʘʮʠʶ ʦʪ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-

ʈʘʬʩʦʥʘ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ-ʟʘ ʥʝʫʜʘʯʥʦ ʟʘʜʘʥʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʠ ʧʦʩʳʣʘʝʪ 

ʩʪʘʥʜʘʨʪʥʦʝ ʩʦʦʙʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʠʪʝʨʘʮʠʠ ʥʝ ʩʭʦʜʷʪʩʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʶ ʠ ʚʳʧʦʣʥʠʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ ʠʣʠ 

ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʝʡ ʥʝ ʥʘʡʜʝʥʦ ʠʟ-ʟʘ ʥʝʫʜʘʯʥʦ ʚʳʙʨʘʥʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠ-

ʞʝʥʠʷ. ʀʟʤʝʥʠʪʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʥʘ ʥʘ ʨʠʩ. 4.109, ʧʨʠʙʣʠʟʠʚ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʢ ʞʝʣʘʝʤʦʡ, ʠ ʚʳʧʦʣʥʠʪʝ ʨʘʩʯʝʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʘʥʦʚʦ. 

ʋʨʘʚʥʝʥʠʷ ʩʚʷʟʝʡ ʥʝ ʠʤʝʶʪ ʨʝʰʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʥʘʙʦʨʝ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. 

ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʬʠʢʩʠʨʦʚʘʣ ʥʝʢʦʪʦʨʳʡ ʥʘʙʦʨ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʦʥʠ ʥʝ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʠʪʝʨʘʮʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʝʡ. ʇʨʠ ʵʪʦʤ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʩʠʪʫʘ-

ʮʠʷ, ʢʦʪʦʨʘʷ ʦʧʠʩʘʥʘ ʚ ʧʝʨʚʦʤ ʧʫʥʢʪʝ, ʪʦ ʝʩʪʴ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʝʡ ʥʝ ʠʤʝʶʪ ʨʝʰʝʥʠʷ. ʉʥʠ-

ʤʠʪʝ ʬʠʢʩʘʮʠʶ ʠ ʟʘʥʦʚʦ ʧʨʦʚʝʜʠʪʝ ʨʘʩʯʝʪ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʩʥʘʯʘʣʘ ʨʘʩʩʯʠʪʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʙʝʟ ʬʠʢʩʘʮʠʠ ʢʦʦʨʜʠʥʘʪ, ʦʧʨʝʜʝʣʠʪʴ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʣʝʜʠʪʴ ʟʘ ʪʝʤ, ʯʪʦʙʳ ʯʠʩʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʥʝ ʧʨʝ-

ʚʦʩʭʦʜʠʣʦ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. 

ʇʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʘʣʘ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʢʦʪʦʨʘʷ ʥʝ ʫʩʪʨʘʠʚʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʕʪʘ 

ʧʨʦʙʣʝʤʘ ʩʚʷʟʘʥʘ ʩ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ. ʀʩʧʦʣʴʟʫʷ ʤʘʩʪʝʨ ʟʘʜʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (ʨʠʩ. 4.109), ʧʦʜʙʝʨʠʪʝ ʟʥʘʯʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ, ʙʣʠʟʢʠʝ ʢ ʞʝʣʘʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʠ ʧʦʚʪʦʨʠʪʝ ʨʘʩʯʝʪ. 

ʊʝʢʫʱʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʚʳʨʦʞʜʝʥʥʦʡ. ʅʝʢʦʪʦʨʳʝ ʧʦʣʦʞʝʥʠʷ ʤʝ-

ʭʘʥʠʟʤʘ ʩ ʠʟʙʳʪʦʯʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʦʞʜʝʥʥʳʤʠ. ɺ ʵʪʠʭ ʧʦʣʦʞʝʥʠʷʭ 

ʧʦʥʠʞʘʝʪʩʷ ʨʘʥʛ ʤʘʪʨʠʮʳ ʗʢʦʙʠ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʝʡ, ʠ ʤʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʥʝ ʤʦʞʝʪ 

ʥʘʡʪʠ ʨʝʰʝʥʠʝ, ʝʩʣʠ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʨʦʞʜʝʥʠʶ. ʀʟʤʝʥʠʪʝ ʧʨʦ-

ʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʢʦʦʨʜʠʥʘʪ, ʚʳʚʦʜʷ ʪʝʤ ʩʘʤʳʤ ʤʝʭʘʥʠʟʤ ʠʟ ʚʳʨʦʞʜʝʥ-

ʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʠ ʧʨʦʚʝʜʠʪʝ ʨʘʩʯʝʪ ʢʦʥʬʠʛʫʨʘʮʠʠ. 
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ɿʘʤʝʯʘʥʠʝ.  ɺ ʩʣʫʯʘʝ ʩʣʦʞʥʦʛʦ ʦʙʲʝʢʪʘ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʟʘʤʢʥʫʪʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʮʝʧʝʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʟʘʧʠʩʘʪʴ ʚ ʬʘʡʣ ʫʜʘʯʥʦ ʥʘʡʜʝʥʥʫʶ ʥʘʯʘʣʴʥʫʶ ʢʦʥʬʠ-

ʛʫʨʘʮʠʶ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

4.4.1.7.5. ʈʘʩʯʝʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʥʘʣʠʯʠʠ ʟʫʙʯʘʪʳʭ ʟʘʮʝʧʣʝʥʠʡ. 

ʌʘʡʣ ʬʠʢʩʘʮʠʠ 

ɽʩʣʠ ʤʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʟʫʙʯʘʪʳʝ ʟʘʮʝʧʣʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʣʘʥʝʪʘʨʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʪʦ 

ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʨʨʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʪʝʣ ʫʜʦʙʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʬʘʡʣ ʬʠʢʩʘʮʠʠ, ʪʦ ʝʩʪʴ ʬʘʡʣ, ʩʦʜʝʨʞʘʱʠʡ ʠʥʜʝʢʩʳ ʢʦʦʨʜʠ-

ʥʘʪ, ʬʠʢʩʠʨʫʝʤʳʭ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

 

ʈʠʩ. 4.111. ʄʦʜʝʣʴ ʧʣʘʥʝʪʘʨʥʦʡ ʧʝʨʝʜʘʯʠ ʠ ʩʧʠʩʦʢ ʢʦʦʨʜʠʥʘʪ 

ʇʨʠʚʝʜʝʤ ʧʨʦʩʪʦʡ ʧʨʠʤʝʨ ʜʣʷ ʧʦʷʩʥʝʥʠʷ ʩʤʳʩʣʘ ʬʘʡʣʘ ʬʠʢʩʘʮʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʦ-

ʩʪʝʡʰʠʡ ʧʣʘʥʝʪʘʨʥʳʡ ʤʝʭʘʥʠʟʤ, ʩʦʜʝʨʞʘʱʠʡ ʚʦʜʠʣʦ ʠ ʜʚʝ ʰʝʩʪʝʨʥʠ, ʥʘʭʦʜʷʱʠʝ ʚ ʟʘʮʝʧ-

ʣʝʥʠʠ, ʨʠʩ. 4.111, ʤʦʜʝʣʴ {ɼʘʥʥʳʝ ʋʄ}\Samples\Library\Planetary gear. ʊʨʠ ʰʘʨʥʠʨʘ ʚʚʦ-

ʜʷʪ ʪʨʠ ʚʨʘʱʘʪʝʣʴʥʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ: 

¶ ʚʨʘʱʝʥʠʝ ʚʦʜʠʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0 (jBase0_Planetary carrier 1a), 

¶ ʚʨʘʱʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʰʝʩʪʝʨʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0 (jGear1 1a), 

¶ ʚʨʘʱʝʥʠʝ ʩʘʪʝʣʣʠʪʘ ʰʝʩʪʝʨʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʠʣʘ (jGear2 1a). 

ʇʨʦʠʟʚʦʜʥʳʝ ʦʪ ʰʘʨʥʠʨʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

‫ὶ ‫ὶ ‫ὶ πȟ  

ʛʜʝ ‫ȟ‫ȟ) ï ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ  ‫‫  ï ʵʪʦ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʘʪʝʣʣʠʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʦʜʠʣʘ), ʠʥʜʝʢʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʦʨʜʠʥʘʪ ʚ ʩʧʠʩʢʝ ʥʘ 

ʨʠʩ. 4.111, ὶȟὶ ï ʨʘʜʠʫʩʳ ʮʝʥʪʨʘʣʴʥʦʡ ʰʝʩʪʝʨʥʠ ʠ ʩʘʪʝʣʣʠʪʘ. 

ʇʨʦʛʨʘʤʤʘ ʧʳʪʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʰʠʪʴ ʵʪʦ ʫʨʘʚʥʝʥʠʝ, ʚʳʨʘʟʠʚ ʦʜʥʫ ʠʟ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʯʝʨʝʟ ʜʚʝ ʜʨʫʛʠʝ. ɽʩʣʠ ʥʝ ʫʢʘʟʘʪʴ ʧʨʦʛʨʘʤʤʝ, ʢʘʢʫʶ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʠʟ ʪʨʝʭ 

ʨʘʩʩʯʠʪʳʚʘʪʴ, ʪʦ ʦʥʘ ʩʜʝʣʘʝʪ ʵʪʦ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ. ʅʘʧʨʠʤʝʨ, ʚʳʨʘʟʠʪ ʫʛʣʦʚʫʶ 

ʩʢʦʨʦʩʪʴ ʚʦʜʠʣʘ ʯʝʨʝʟ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʰʝʩʪʝʨʝʥʦʢ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʜʦʣʞʥʘ ʢʦʥʢʨʝʪʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʥʘʧʨʠʤʝʨ, ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʩʘʪʝʣʣʠʪʘ ‫  ʧʦ ʟʘʜʘʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʦʜʠʣʘ ‫  ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʰʝʩʪʝʨʥʠ 

ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʩʢʦʨʦʩʪʝʡ ʜʚʝ ʩʢʦʨʦʩʪʠ .‫ 

../SAMPLES/LIBRARY/Planetary_gear/input.dat


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-131 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

‫ȟ‫  ʥʝ ʜʦʣʞʥʳ ʤʝʥʷʪʴʩʷ. ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʠʭ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʢʦʤ  ʚ ʧʝʨʚʦʡ ʢʦ-

ʣʦʥʢʝ ʪʘʙʣʠʮʳ ʢʦʦʨʜʠʥʘʪ, ʢʘʢ ʵʪʦ ʠ ʩʜʝʣʘʥʦ ʥʘ ʨʠʩ. 4.111. 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠʥʜʝʢʩʳ ʬʠʢʩʘʮʠʠ ʩʣʝʜʫʝʪ ʩʦʭʨʘʥʠʪʴ ʚ 

ʬʘʡʣ ʩ ʠʤʝʥʝʤ ʟʘʜʘʯʠ ʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ fix  (ʬʘʡʣ ʬʠʢʩʘʮʠʠ) ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ ʢʦʥ-

ʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʉʦʭʨʘʥʠʪʴ ʬʠʢʩʘʮʠʶ, ʨʠʩ. 4.109. ʇʨʠ ʥʘʣʠʯʠʠ ʪʘʢʦʛʦ ʬʘʡʣʘ ʚ ʢʘʪʘʣʦʛʝ 

ʤʦʜʝʣʠ ʧʨʦʛʨʘʤʤʘ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʛʨʫʞʘʪʴ ʝʛʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʠ ʢʦʨʨʝʢʪʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʪʝʣ. 

ɿʘʤʝʯʘʥʠʝ 1.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʘʡʣʘ ʬʠʢʩʘʮʠʠ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʣʦʢʦʤʦ-

ʪʠʚʘ ʩʤ. ʚ ɻʣʘʚʝ 8, ʧ. "ʈʘʩʯʝʪ ʥʘʯʘʣʴʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ 

ʬʘʡʣʘ ʬʠʢʩʘʮʠʠ".  

ɿʘʤʝʯʘʥʠʝ 2.  ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʘ ʢʦʦʨʜʠʥʘʪ ʚ ʤʦʜʝʣʠ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʡ ʬʘʡʣ ʬʠʢʩʘʮʠʠ 

ʙʫʜʝʪ ʠʛʥʦʨʠʨʦʚʘʪʴʩʷ, ʠ ʝʛʦ ʩʣʝʜʫʝʪ ʩʦʟʜʘʪʴ ʟʘʥʦʚʦ. 
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4.4.1.7.6. ʉʚʷʟʠ ʥʘ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ɺʢʣʘʜʢʘ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʨʠʩ. 4.112. 

 

ʈʠʩ. 4.112. ʉʧʠʩʦʢ ʩʚʷʟʝʡ ʥʘ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʧʠʩʢʘ ʩʚʷʟʝʡ, ʝʛʦ ʩʦʭʨʘʥʝʥʠʷ ʚ ʬʘʡʣ ʠ ʯʪʝʥʠʷ ʠʟ ʬʘʡʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʘʙʦʨ ʢʥʦʧʦʢ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʘʙʣʠʮʳ. ʊʘʙʣʠʮʘ ʩʦʜʝʨʞʠʪ ʜʚʝ ʢʦʣʦʥʢʠ, ʚ ʢʦʪʦʨʳʝ ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ ʚʥʦʩʠʪ ʧʝʨʝʤʝʥʥʳʝ, ʩʦʟʜʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʪʝʨʘ ʧʝʨʝʤʝʥʥʳʭ, ʧ. 4.3.2. 

"ʄʘʩʪʝʨ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-21: 

¶ ʚ ʣʝʚʫʶ ʢʦʣʦʥʢʫ ʚʥʦʩʷʪʩʷ ʧʝʨʝʤʝʥʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʰʘʨʥʠʨʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʠ 

ʩʢʦʨʦʩʪʷʤ, ʧ. 4.3.2.1. "ʂʦʦʨʜʠʥʘʪʳ", ʩʪʨ. 4-23; 

¶ ʚ ʧʨʘʚʫʶ ʢʦʣʦʥʢʫ ʚʥʦʩʠʪʩʷ ʧʝʨʝʤʝʥʥʘʷ, ʷʚʣʷʶʱʘʷʩʷ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʢʦʦʨʜʠʥʘ-

ʪʳ ʠʣʠ ʩʢʦʨʦʩʪʠ, ʧʦʤʝʱʝʥʥʦʡ ʚ ʧʨʘʚʫʶ ʢʦʣʦʥʢʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʬʘʡʣʫ ʬʠʢʩʘʮʠʠ ʩʧʦʩʦʙ ʟʘʜʘʥʠʷ 

ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʘʪʝʣʣʠʪʘ, ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚ ʧ. 4.4.1.7.5. "ʈʘʩʯʝʪ ʥʘʯʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʥʘʣʠʯʠʠ ʟʫʙʯʘʪʳʭ ʟʘʮʝʧʣʝʥʠʡ. ʌʘʡʣ ʬʠʢʩʘʮʠʠ", ʩʪʨ. 4-130. 

ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ‫  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

‫ ‫ ‫
ὶ

ὶ
Ȣ  

ʉ ʧʦʤʦʱʴʶ ʚʢʣʘʜʢʠ ɺʳʨʘʞʝʥʠʝ ʤʘʩʪʝʨʘ ʧʝʨʝʤʝʥʥʳʭ (ʨʠʩ. 4.113) ʵʪʘ ʬʦʨʤʫʣʘ ʧʨʦ-

ʛʨʘʤʤʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʧʝʨʝʤʝʥʥʦʡ Omega ʠ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʧʨʘʚʳʡ ʩʪʦʣʙʝʮ ʥʘ ʨʠʩ. 4.112. ɺ 

ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʥʜʦʚ ʚ ʚʳʨʘʞʝʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʳ 

¶ ʧʝʨʝʤʝʥʥʳʝ V1.1, V1.2 ï ʰʘʨʥʠʨʥʳʝ ʩʢʦʨʦʩʪʠ; 

¶ ʧʝʨʝʤʝʥʥʳʝ ï ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʨʘʜʠʫʩʦʚ ʰʝʩʪʝʨʝʥʦʢ r2, r3, ʧ. 4.3.2.9. 

"ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ", ʩʪʨ. 4-49. 
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ʈʠʩ. 4.113. ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʘʪʝʣʣʠʪʘ 

ɿʘʤʝʯʘʥʠʝ 1.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʷʟʝʡ ʥʘ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦ-

ʩʪʝʡ ʣʦʢʦʤʦʪʠʚʘ ʩʤ. ʚ ɻʣʘʚʝ 8, ʧ. "ʈʘʩʯʝʪ ʥʘʯʘʣʴʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩ 

ʧʦʤʦʱʴʶ ʩʚʷʟʝʡ ʥʘ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ". 

4.4.1.7.7. ʈʘʩʯʝʪ ʠʥʪʝʨʚʘʣʘ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘ-

ʥʠʮ ʠʥʪʝʨʚʘʣʘ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ. ʇʦʷʩʥʠʤ ʤʝʪʦʜʠʢʫ ʥʘ ʧʨʠʤʝʨʝ ʢʨʠʚʦʰʠʧʥʦ-

ʧʦʣʟʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʨʠʩ. 4.92). ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʰʘʪʫʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʟʫʥʘ (ʪʦ ʝʩʪʴ 

ʣʦʢʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʰʘʨʥʠʨʝ) ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ. ʈʘʩʩʯʠʪʘʡʪʝ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʚ ʥʝʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ. ɿʘʪʝʤ ʟʘʬʠʢʩʠʨʫʡʪʝ ʠ ʚʳʜʝʣʠʪʝ 

ʢʦʦʨʜʠʥʘʪʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʠʩʩʣʝʜʫʝʤʦʤʫ ʫʛʣʫ. ɺʳʧʦʣʥʷʡʪʝ ʨʘʩʯʝʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ (ʘ ʟʘʪʝʤ ï ʩ ʫʤʝʥʴʰʝʥʠʝʤ) ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ, ʱʝʣʢʘʷ ʥʘ ʦʜʥʫ ʠʟ ʢʥʦʧʦʢ 

,  ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʨʦʛʨʘʤʤʘ ʥʝ ʩʦʦʙʱʠʪ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʩʚʷ-

ʟʝʡ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʫʛʦʣ ʧʝʨʝʡʜʝʪ ʟʘ ʛʨʘʥʠʮʫ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ). ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʫʤʝʥʴʰʠʪʝ ʰʘʛ ʧʨʠʨʘʱʝʥʠʷ ʫʛʣʘ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʛʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ. 

ɿʘʤʝʯʘʥʠʝ.  ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʣʴʢʦ ʜʣʷ ʦʩʥʦʚʥʳʭ ʢʦʦʨʜʠʥʘʪ, 

ʪʦ ʝʩʪʴ ʜʣʷ ʢʦʦʨʜʠʥʘʪ ʚ ʥʝʨʘʟʨʝʟʘʥʥʦʤ ʰʘʨʥʠʨʝ. 
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4.4.1.8. ʊʝʩʪ ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʠʣ 

ɼʣ̫ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʤʦʜʝʣʠ ʠ ʝʝ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪ ʊʝʩʪ 

ʩʠʣ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘ-

ʯʝʥʠʷ ʩʠʣ ʚʦ ʚʩʝʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʘʭ ʥʘ ʤʦʤʝʥʪ ʩʪʘʨʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʟʘʜʘʥʥʳʤʠ 

ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʪʦʛʦ ʪʝʩʪʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʡʪʠ ʚ ʀʥʩʧʝʢʪʦʨʝ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʥʘ ʚʢʣʘʜʢʫ ʀʥʩʪʨʫʤʝʥʪʳ | ʊʝʩʪ ʠ ʱʝʣʢʥʫʪʴ ʥʘ ʢʥʦʧʢʝ ɺʳʧʦʣʥʠʪʴ, 

ʨʠʩ. 4.114. ʂʦʨʨʝʢʪʥʦʩʪʴ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʩʠʣ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʪʝʩʪʝ ʠ ʦʞʠʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ. 

 

ʈʠʩ. 4.114. ʊʝʩʪ ʜʣʷ ʩʠʣ 
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4.4.1.9. ɺʢʣʶʯʝʥʠʝ ʠ ʚʳʢʣʶʯʝʥʠʝ ʩʠʣ. ʂʣʶʯ ʞʝʩʪʢʦʩʪʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʢʣʶʯʠʪʴ ʠʟ ʨʘʩʯʝʪʘ ʣʶʙʳʝ ʩʠʣʳ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʚʢʣʘʜʢʝ ʀʥ-

ʩʪʨʫʤʝʥʪʳ | ʉʠʣʳ ʩʣʝʜʫʝʪ ʩʥʷʪʴ ʛʘʣʦʯʢʠ ʫ ʚʳʢʣʶʯʘʝʤʳʭ ʩʠʣ ʚ ʧʝʨʚʦʤ ʩʪʦʣʙʮʝ ʩ ʤʘʨʢʝ-

ʨʦʤ , ʨʠʩ. 4.115. ʉʧʠʩʦʢ ʚʳʢʣʶʯʝʥʥʳʭ ʩʠʣ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʬʘʡʣʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʦʜʝʣʠ 

*.icf. 

ʇʨʠ ʚʢʣʶʯʝʥʥʦʡ ʦʧʮʠʠ ʨʘʩʯʝʪʘ ʤʘʪʨʠʮ ʗʢʦʙʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʢʣʶʯʘʪʴ ʨʘʩʯʝʪ ʵʪʠʭ ʤʘʪʨʠʮ ʜʣʷ ʥʝʞʝʩʪʢʠʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦ-

ʨʳʤʠ ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ ʧʨʫʞʠʥʳ ʠ ʛʘʩʠʪʝʣʠ ʩʠʩʪʝʤʳ ʧʦʜʚʝʩʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʷʛʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʠʥʜʠʢʘʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʠ ʪ.ʜ. ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʩʥʷʪʴ ʛʘʣʦʯʢʠ ʫ ʥʝʞʝʩʪʢʠʭ 

ʩʠʣ ʚʦ ʚʪʦʨʦʤ ʩʪʦʣʙʮʝ ʩ ʤʘʨʢʝʨʦʤ . ʉʧʠʩʦʢ ʥʝʞʝʩʪʢʠʭ ʩʠʣ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʬʘʡʣʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʦʜʝʣʠ *.icf. 

 

ʈʠʩ. 4.115. ʉʧʠʩʦʢ ʩʠʣ ʜʣʷ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʠ ʟʘʜʘʥʠʷ ʧʨʠʟʥʘʢʘ ʞʝʩʪʢʦʩʪʠ 
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4.4.1.10. ʅʘʟʥʘʯʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʠʩʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʝ-

ʤʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʀʥʩʧʝʢʪʦʨ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ | ʇʝʨʝʤʝʥʥʳʝ ʦʙʲʝʢʪʘ) ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʬʦʨʤ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʦʙʲʝʢʪʘ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʪʘʚʴʪʝ ʛʘ-

ʣʦʯʢʫ ʚ ʧʦʣʝ ʀʥʩʧʝʢʪʦʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ | ʇʝʨʝʤʝʥʥʳʝ ʦʙʲʝʢʪʘ | ɸʚʪʦʤʘʪʠʯʝ-

ʩʢʦʝ ʩʦʭʨʘʥʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʠ ʥʘʧʦʣʥʠʪʝ ʩʧʠʩʦʢ ʢʘʢ ʦʙʳʢʥʦʚʝʥʥʳʡ ʉʧʠʩʦʢ ʧʝʨʝʤʝʥ-

ʥʳʭ (ʧ. 4.3.3.2. "ʅʘʧʦʣʥʝʥʠʝ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-64). 

ɺ ʧʨʦʮʝʩʩʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʧʝʨʝʤʝʥʥʳʭ ʠʟ ʩʧʠʩʢʘ 

ʀʥʩʧʝʢʪʦʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ | ʇʝʨʝʤʝʥʥʳʝ ʦʙʲʝʢʪʘ ʙʫʜʫʪ ʩʦʭʨʘʥʝʥʳ ʚ  ʬʘʡʣʘʭ 

*.sgr ʠ *.tgr. ʇʝʨʚʳʡ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ tgr ʩʦʜʝʨʞʠʪ ʪʝʢʩʪʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʘʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʚʪʦʨʦʡ (ʨʘʩʰʠʨʝʥʠʝ sgr) ï ʬʘʡʣ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ. 

ʀʩʧʦʣʴʟʫʡʪʝ ʬʫʥʢʮʠʶ ʉʦʭʨʘʥʠʪʴ ʚ ʬʘʡʣ ʜʣʷ ʟʘʜʘʥʠʷ ʠʤʝʥʠ ʬʘʡʣʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝ ʝʛʦ ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʤʝʥʥʳʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʠʭ ʦʪʦʙ-

ʨʘʞʝʥʠʷ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʠ ʜʣʷ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʪʘʙʣʠʯʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ (ʧ. 4.3.7.1. 

"ʊʘʙʣʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ", ʩʪʨ. 4-90). ɹʦʣʝʝ ʪʦʛʦ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʨʫʛʦʡ ʟʘʜʘʯʠ (ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʦʤʥʠʪʴ ʠʣʠ ʟʘʧʠʩʘʪʴ, ʢʘʢʦʡ ʨʘʩʯʝʪ ʩʦʜʝʨʞʠʪʩʷ ʚ ʬʘʡʣʘʭ, ʜʣʷ ʵʪʦʛʦ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʤʳʩʣʦʚʦʝ ʟʘʜʘʥʠʝ ʠʤʷ ʬʘʡʣʘ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ). 

ʆʧʠʰʝʤ ʤʝʪʦʜʠʢʫ ʨʘʙʦʪʫ ʩʦ ʩʧʠʩʢʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʉʧʠʩʦʢ ʚʳʙʠʨʘʝʪʩʷ, ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʠʣʠ ʩʦʟʜʘʝʪʩʷ ʧʝʨʝʜ ʩʪʘʨʪʦʤ ʧʨʦʮʝʩʩʘ ʯʠʩʣʝʥʥʦ-

ʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. ʉʦʟʜʘʥʥʳʡ ʩʧʠʩʦʢ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʟʘʧʠʩʘʪʴ ʧʦʜ 

ʠʤʝʥʝʤ, ʢʦʪʦʨʳʡ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʟʚʦʣʠʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʤʳʩʣ ʪʝʢʫʱʝʛʦ ʨʘʩʯʝʪʘ. 

ʇʦʩʣʝ ʩʪʘʨʪʘ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʦʜʠʬʠʢʘʮʠʷ ʠ ʫʜʘʣʝʥʠʝ ʩʧʠʩʢʘ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʚʦʟʤʦʞʥʳʤ ʚʧʣʦʪʴ ʜʦ ʧʨʝʨʳʚʘʥʠʷ ʧʨʦʮʝʩʩʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʩʣʝ ʝʛʦ ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʤʝʥʥʳʝ ʠʟ 

ʩʧʠʩʢʘ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʥʝʩʝʥʳ ʚ ʛʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ ʠʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦ ʚʩʪʨʦʝʥʥʦʤ 

ʪʘʙʣʠʯʥʦʤ ʧʨʦʮʝʩʩʦʨʝ. ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʧʝʨʝʤʝʥʥʳʝ, ʧʝʨʝʥʝʩʝʥʥʳʝ ʠʟ ʩʧʠʩʢʘ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʧʨʠʦʙʨʝʪʘʶʪ ʩʪʘʪʫʩ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ.  

ʇʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʨʪʘʭ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʥʝʝ ʦʪ-

ʢʨʳʪʳʡ ʩʧʠʩʦʢ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʜʦʣʞʝʥ ʩʣʝʜʠʪʴ ʟʘ ʧʨʠʚʷʟʢʦʡ ʩʧʠʩʢʘ ʢ ʠʤʝʥʠ ʬʘʡʣʘ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ (ʯʪʦʙʳ ʥʝ ʧʝʨʝ-

ʢʨʳʪʴ ʧʨʝʜʳʜʫʱʠʡ ʨʘʩʯʝʪ) ʩʦʭʨʘʥʷʪʴ ʝʛʦ ʧʦʜ ʥʦʚʳʤ ʠʤʝʥʝʤ. 

ʉʧʠʩʢʠ ʨʘʥʝʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʨʘʩʯʝʪʦʚ ʦʜʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʣʠ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʧʠʩʢʠ ʧʝʨʝʤʝʥʥʳʭ (ʢʦʤʘʥʜʘ ʤʝʥʶ ʀʥʩʪʨʫʤʝʥʪʳ | ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ). ʆʪʢʨʳʚ ʩʧʠ-

ʩʦʢ, ʧʨʦʯʠʪʘʡʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ tgr. ʇʝʨʝʤʝʥʥʳʝ ʩʧʠʩʢʘ ʙʫʜʫʪ ʜʦ-

ʩʪʫʧʥʳ ʜʣʷ ʧʝʨʝʥʦʩʘ ʢʘʢ ʚ ʛʨʘʬʠʯʝʩʢʠʝ ʦʢʥʘ, ʪʘʢ ʠ ʚ ʪʘʙʣʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ. 
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4.4.1.11. ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ 3D ʢʦʥʪʘʢʪʘ 

ɺʢʣʘʜʢʘ 3D ʂʦʥʪʘʢʪ ʧʦʷʚʣʷʝʪʩʷ ʚ ʀʥʩʧʝʢʪʦʨʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʝʩʣʠ ʤʦʜʝʣʴ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʚʘ ʪʝʣʘ ʩ ʦʧʠʩʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʤ ʤʥʦ-

ʛʦʦʙʨʘʟʠʝʤ (ʨʠʩ. 4.116). ʇʦʜʨʦʙʥʝʝ ʦʙ ʦʧʠʩʘʥʠʠ ʢʦʥʪʘʢʪʥʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ ʩʤ. ɺʚʦʜ 

ʪʝʣ/ʂʦʥʪʘʢʪʦʚ ɻʣʘʚʝ 3 ʨʫʢʦʚʦʜʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

ʈʠʩ. 4.116. ʅʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʆʙʱʠʝ ʥʘʩʪʨʦʡʢʠ. 

ʏʝʨʝʟ ʧʘʨʘʤʝʪʨʳ ʇʘʨʮʠʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʠ ɼʦʣʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʷʶʪʩʷ ʚʝʣʠ-

ʯʠʥʳ ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʚ ʢʦʥʪʘʢʪʝ ʤʝʞʜʫ ʧʘʨʦʡ ʪʝʣ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 

ὧ τ“Ὧάȟ   ὺ ς‍Ѝὧά, ʛʜʝ  

c ï ʢʦʥʪʘʢʪʥʘʷ ʞʝʩʪʢʦʩʪʴ, ʅ/ʤ; k ï ʧʘʨʮʠʘʣʴʥʘʷ ʯʘʩʪʦʪʘ, ɻʮ; m ï ʤʘʩʩʘ ʤʝʥʴʰʝʛʦ ʠʟ ʧʘ-

ʨʳ ʪʝʣ, ʢʛ; ὺ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚ ʢʦʥʪʘʢʪʝ, ʅʩ/ʤ; ɓ ï ʜʦʣʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʦʪ 

ʢʨʠʪʠʯʝʩʢʦʛʦ. ʇʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʳʙʦʨʝ ʧʘʨʮʠʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʜʦʣʠ ʜʝʤʧʬʠʨʦ-

ʚʘʥʠʷ ʩʤ. ʚ ɻʣʘʚʝ 2, ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʘʢʪʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʪʝʣ. ʈʝʢʦ-

ʤʝʥʜʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʘʨʮʠʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ 50õ500 ɻʮ. ʄʘʣʳʝ 

ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʴʰʠʤ ʢʦʥʪʘʢʪʥʳʤ ʚʥʝʜʨʝʥʠʷʤ ʪʝʣ. ɺʳʩʦ-

ʢʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʮʠʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʧʨʠʚʝʜʫʪ ʢ ʟʘʤʝʜʣʝʥʠʶ ʧʨʦʮʝʩʩʘ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʜʦʣʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚ-

ʣʷʶʪ ʦʪ 0,05 ʜʦ 0,5. ʄʘʣʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʧʨʫʛʦʤʫ, ʙʦʣʴʰʠʝ ï ʥʝʫʧʨʫʛʦʤʫ ʫʜʘ-

ʨʫ. 

ʇʘʨʘʤʝʪʨ ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ (ʤ) ʠʤʝʝʪ ʩʤʳʩʣ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʢʦʥʪʘʢʪʥʳʤʠ ʪʦʯʢʘʤʠ ʥʘ ʨʝʙʨʝ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ, 

ʯʪʦʙʳ ʥʘ ʨʝʙʨʝ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʠʥʳ ʧʦʤʝʱʘʣʦʩʴ ʦʪ 2 ʜʦ 6 ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʝʢ. 

03_um_data_input_program.pdf
02_um_technical_manual.pdf
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ʇʨʠ ʚʳʙʦʨʝ ʚʝʣʠʯʠʥ ʧʘʨʮʠʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʜʦʣʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʫʯʠʪʳ-

ʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ. ʏʝʤ ʙʦʣʴʰʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦ-

ʪʘʶʱʠʭ ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʝʢ ʤʝʞʜʫ ʧʘʨʦʡ ʪʝʣ, ʪʝʤ ʚʳʰʝ ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʪʘʢʪʥʘʷ ʞʝʩʪʢʦʩʪʴ 

ʤʝʞʜʫ ʥʠʤʠ. ʂʦʥʪʘʢʪʥʳʝ ʪʦʯʢʠ ʬʘʢʪʠʯʝʩʢʠ ʨʘʙʦʪʘʶʪ ʢʘʢ ʧʘʨʘʣʣʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʧʨʫʞʠʥʳ ʠ ʜʝʤʧʬʝʨʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʨʝʢʦʤʝʥʜʫ-

ʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʥʠʞʘʪʴ ʧʘʨʮʠʘʣʴʥʫʶ ʯʘʩʪʦʪʫ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʝʢ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ 

ʤʝʞʜʫ ʜʚʫʤʷ ʪʝʣʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʳʩʪʨʝʝ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʝʢ ʚʚʠʜʫ ʥʝʣʠʥʝʡ-

ʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʜʠʩʩʠʧʘʮʠʠ ʠ ʞʝʩʪʢʦʩʪʠ, ʩʤ. ʬʦʨʤʫʣʳ ʚʳʰʝ. 

 

ʅʘʩʪʨʦʡʢʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʉʫʪʴ ʆʧʪʠʤʠʟʘʮʠʠ 3D ʢʦʥʪʘʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝ-

ʥʠʝ ʧʘʨʳ ʪʝʣ ʥʝ ʠʟʤʝʥʠʣʦʩʴ ʠʣʠ ʤʘʣʦ ʠʟʤʝʥʠʣʦʩʴ ʩ ʤʦʤʝʥʪʘ ʧʨʝʜʳʜʫʱʝʛʦ ʚʳʟʦʚʘ ʧʨʦʮʝ-

ʜʫʨʳ ʙʣʠʞʥʝʛʦ ʢʦʥʪʘʢʪʘ, ʪʦ ʵʪʦʪ ʵʪʘʧ, ʟʘʪʨʘʪʥʳʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨ-

ʩʦʚ, ʤʦʞʥʦ ʧʨʦʧʫʩʪʠʪʴ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʦʮʝʜʫʨʘ ʨʘʩʯʝʪʘ ʙʣʠʞʥʝʛʦ ʢʦʥʪʘʢʪʘ ʚʳʧʦʣʥʷʝʪ 

ʪʨʝʭʤʝʨʥʦʝ ʦʪʩʝʯʝʥʠʝ ʧʦ ʘʣʛʦʨʠʪʤʫ ʉʘʡʨʫʩʘ-ɹʝʢʘ ʠ ʨʘʩʩʪʘʚʣʷʝʪ ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʢʠ ʥʘ 

ʚʥʝʜʨʝʥʥʳʭ ʨʝʙʨʘʭ ʢʘʞʜʦʛʦ ʪʝʣʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʦʮʝʜʫʨʘ ʨʘʩʯʝʪʘ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʙʳʣ ʠʣʠ ʥʝʪ ʚʳʧʦʣʥʝʥ 

ʨʘʩʯʝʪ ʙʣʠʞʥʝʛʦ ʢʦʥʪʘʢʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʣʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʞʝʥʠʷ ʪʝʣ 

ʧʨʠ ʚʢʣʶʯʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 3D ʢʦʥʪʘʢʪʘ ʙʫʜʫʪ ʢʦʨʨʝʢʪʥʦ ʦʙʨʘʙʦʪʘʥʳ ʚ ʧʨʦʮʝʜʫʨʝ 

ʨʘʩʯʝʪʘ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ. 

ʇʘʨʘʤʝʪʨʳ ʇʝʨʝʤʝʱʝʥʠʝ ʠ ʇʦʚʦʨʦʪ ʠʤʝʶʪ ʩʤʳʩʣ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʩʯʝʪ ʙʣʠʞʥʝʛʦ ʢʦʥʪʘʢʪʘ. ʇʝʨʝʤʝʱʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʣʶʙʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚʝʢʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʘʨʳ ʪʝʣ, ʇʦʚʦʨʦʪ ï ʠʟʤʝʥʝʥʠʝ ʣʶʙʦʛʦ ʵʣʝ-

ʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʘ. 

ɹʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʘʨʪʝʬʘʢʪʘʤ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʥ-

ʪʘʢʪʥʳʭ ʩʠʣ ï ʢʦʥʪʘʢʪʥʳʝ ʪʦʯʢʠ ʧʦʷʚʣʷʶʪʩʷ ʩ ʫʞʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʥʝʜʨʝʥʠʝʤ, ʯʪʦ ʩʢʘʯ-

ʢʘʤʠ ʤʝʥʷʝʪ ʛʣʘʚʥʳʡ ʚʝʢʪʦʨ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ. ʄʘʣʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʷʪ ʢ ʥʝ-

ʦʧʨʘʚʜʘʥʥʦ ʙʦʣʴʰʠʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʥʘ ʨʘʩʯʝʪ ʙʣʠʞʥʝʛʦ ʢʦʥʪʘʢʪʘ. 

 

ʄʘʪʨʠʮʘ ʠʥʮʠʜʝʥʪʥʦʩʪʠ. 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʝʞʠʤ ʢʦʥʪʘʢʪʘ ɺʩʝ ʩʦ ʚʩʝʤʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʆʙʱʠʝ ʥʘʩʪʨʦʡʢʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʘʨ ʪʝʣ ʤʦʞʥʦ ʦʪʢʣʶʯʘʪʴ 

ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʘ ʪʘʢʞʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ. ɼʣʷ ʵʪʦʛʦ ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ʈʝʞʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʪʘʢʪʥʳʭ ʧʨʠʤʠʪʠ-

ʚʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʧʫʥʢʪ ʈʫʯʥʳʝ ʥʘʩʪʨʦʡʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩ. 4.117, ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʣʶ-

ʙʦʡ ʧʘʨʳ ʪʝʣ. 
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ʈʠʩ. 4.117. ʅʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʘʨʦʡ ʪʝʣ 

ʅʘʩʪʨʦʡʢʠ 

ɽʩʣʠ ʚ ʥʘʯʘʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʢʦʥʪʘʢʪʥʳʝ ʤʥʦʛʦʦʙʨʘʟʠʷ ʠʤʝʣʠ 

ʟʘʤʝʪʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʥʝʜʨʝʥʠʝ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ çʚʟʨʳʚè ʢʦʥʪʘʢʪʥʳʭ 

ʩʠʣ, ʧʨʠ ʢʦʪʦʨʦʤ ʙʦʣʴʰʦʝ ʚʟʘʠʤʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʧʨʠʚʝʜʝʪ ʢ ʙʦʣʴʰʠʤ ʢʦʥʪʘʢʪʥʳʤ ʩʠ-

ʣʘʤ, ʢʦʪʦʨʳʝ ʩʢʦʨʝʝ ʚʩʝʛʦ ʧʨʠʚʝʜʫʪ ʩʠʩʪʝʤʫ ʚ ʥʝʨʘʙʦʯʝʝ ʩʦʩʪʦʷʥʠʝ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʣʠʙʦ ʯʝʪʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘʯʘʣʴʥʦʝ ʚʟʘʠʤʥʦʝ ʧʦʣʦʞʝ-

ʥʠʝ ʪʝʣ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʣʠʙʦ ʦʪʢʣʶʯʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʘʨ ʪʝʣ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʜʦʙʥʳʭ ʜʝʡʩʪʚʠʡ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʥʦʧʢʠ ʙʳʩʪʨʦʛʦ 

ʜʦʩʪʫʧʘ ʥʘ ʚʢʣʘʜʢʝ ʄʘʪʨʠʮʘ ʠʥʮʠʜʝʥʪʥʦʩʪʠ: 

 ï ʚʳʜʘʝʪ ʩʧʠʩʦʢ ʧʘʨ ʪʝʣ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ; 

 ï ʧʝʨʝʚʦʜʠʪ ʨʝʞʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʪʘʢʪʥʳʭ ʧʨʠʤʠʪʠʚʦʚ ʚ ʨʫʯʥʦʡ ʨʝʞʠʤ ʠ ʦʪ-

ʢʣʶʯʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫ ʪʝʭ ʧʘʨ ʪʝʣ, ʢʦʪʦʨʳʝ ʢʦʥʪʘʢʪʠʨʫʶʪ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. 

ʕʪʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʣʝʜʫʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʦ ʟʘʧʫʩʢʘ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʠʪʫʘʮʠʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ çʚʟʨʳʚʫè ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ. 

ɽʱʝ ʦʜʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ çʚʟʨʳʚʘè ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʚʩʝ ʢʦʥʪʘʢʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ T ʩʝʢʫʥʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʫʜʫʪ ʠʛ-

ʥʦʨʠʨʦʚʘʪʴʩʷ, ʘ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʠ ʪʝʣ ʙʫʜʝʪ ʦʪʢʣʶʯʘʪʴʩʷ, ʧʦ-

ʜʨʦʙʥʝʝ ʩʤ. ʛʨʫʧʧʫ ʥʘʩʪʨʦʝʢ ʂʦʥʪʘʢʪ | ʄʘʪʨʠʮʘ ʠʥʮʠʜʝʥʪʥʦʩʪʠ | ʅʘʩʪʨʦʡʢʠ. 

 

ʈʝʢʦʤʝʥʜʘʮʠʠ 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʤʦʜʝʣʠ ʧʨʠ ʨʘʩʯʝʪʝ 3D ʢʦʥʪʘʢʪʘ, 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʢʦʥʪʘʢʪʘ, ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʠ 

ʪ.ʜ. ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʦʛʨʘʤʤʳ. 

¶ ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʤʦʜʝʣʠ 3D ʢʦʥʪʘʢʪʘ ʤʦʞʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʚ 

ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʧʨʦʛʨʘʤʤʳ UM Simulation. ɼʣʷ ʵʪʦʛʦ (1) ʥʘʚʝʜʠʪʝ ʤʳʰʢʫ ʥʘ ʪʝ-

ʣʦ (ʫʙʝʜʠʪʝʩʴ, ʯʪʦ ʈʝʞʠʤ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ ʚʢʣʶʯʝʥ, ) ʠ 

ʚʳʙʝʨʠʪʝ ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʧʫʥʢʪ ʇʦʢʘʟʘʪʴ ʩʠʣʳ ʜʣʷ [ʀʤʷ_ʪʝʣʘ], ʣʠʙʦ (2) ʚ ʄʘ-



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-140 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʩʪʝʨʝ ʧʝʨʝʤʝʥʥʳʭ ʧʝʨʝʡʜʠʪʝ ʥʘ ʚʢʣʘʜʢʫ ɺʩʝ ʩʠʣʳ | ʄʥʦʞʝʩʪʚʘ ʚʝʢʪʦʨʦʚ, ʚʳʙʝʨʠʪʝ 

ʠʥʪʝʨʝʩʫʶʱʝʝ ʚʘʩ ʪʝʣʦ ʚ ʩʧʠʩʢʝ ʩʣʝʚʘ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʦʧʮʠʠ ʚ ʛʨʫʧʧʘʭ ʊʠʧʳ ʩʠʣ ʠ 

ɼʝʡʩʪʚʫʶʪ, ʩʤ. ʨʠʩ. 4.118. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʢʦʥʪʘʢʪʥʳʝ ʩʠʣʳ ʦʪʥʦʩʷʪʩʷ ʢ ɸʢ-

ʪʠʚʥʳʤ ʩʠʣʘʤ, ʧʦʵʪʦʤʫ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶ-

ʯʠʪʴ ʪʦʣʴʢʦ ʬʣʘʞʦʢ ɸʢʪʠʚʥʳʝ ʠʟ ʛʨʫʧʧʳ ʊʠʧʳ ʩʠʣ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫ-

ʜʫʪ ʧʦʢʘʟʘʥʳ ʚʩʝ ʘʢʪʠʚʥʳʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʝʣʦ, ʘ ʥʝ ʪʦʣʴʢʦ ʢʦʥʪʘʢʪʥʳʝ ʩʠʣʳ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘʧʨʠʤʝʨ, ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʪ.ʜ. ʇʦʜʨʦʙʥʝʝ ʦ ʧʦʩʪʨʦʝʥʠʠ ʚʝʢʪʦʨʦʚ ʩʠʣ ʚ 

ʘʥʠʤʘʮʠʦʥʥʳʭ ʦʢʥʘ ʩʤ. ʧ. 4.3.6.4. "ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʝʢʪʦʨʦʚ/ʪʨʘʝʢʪʦʨʠʡ", ʩ. 4-86. 

¶ ɺʳʢʣʶʯʘʪʴ ʦʪʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ ʪʝʣ ʩ ʧʦʤʦʱʴʶ ʧʫʥʢʪʘ çʈʝʞʠʤʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʣï>ɺʠʜʠʤʳʝ/ʅʝʚʠʜʠʤʳʝè ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ, 

ʩʤ. ʨʠʩ. 4.119. 

¶ ʀʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ ʂʘʨʢʘʩ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ ʜʣʷ 

ʚʢʣʶʯʝʥʠʷ ʢʘʨʢʘʩʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʣ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ ʚʠʜʝʪʴ ʚʝʢʪʦʨʳ ʢʦʥʪʘʢʪ-

ʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʝ ʪʝʣʦ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʚʥʫʪʨʠ ʛʨʘʬʠ-

ʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʪʝʣʘ, ʩʨʘʚʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʬʨʠʢʮʠʦʥʥʦʛʦ ʢʣʠʥʘ ʥʘ ʨʠʩ. 4.119 ʩʥʠʟʫ. 

 

ʈʠʩ. 4.118. ʉʦʟʜʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʚʝʢʪʦʨʦʚ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʝʣʦ Wedge2 
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ʈʠʩ. 4.119. ʇʨʠʝʤʳ ʨʘʙʦʪʳ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ 

4.4.2. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

ʇʝʨʝʭʦʜ ʢ ʧʨʦʮʝʩʩʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʥʦʧ-

ʢʫ ʀʥʩʧʝʢʪʦʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ | ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ (ʩʤ. ʨʠʩ. 4.91). 

ʆʙʥʦʚʣʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʝʩʪʴ ʩʤʝʥʘ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʚ ʘʥʠʤʘʮʠ-

ʦʥʥʦʤ ʦʢʥʝ ʠ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʪʦʯʝʢ ʥʘ ʛʨʘʬʠʢʘʭ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʟʘʧʠʩʴ ʠʭ ʚ ʬʘʡʣ, ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʧʦʩʣʝ ʚʳʧʦʣʥʝ-

ʥʠʷ ʢʘʞʜʦʛʦ ʰʘʛʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʘ ʯʝʨʝʟ ʨʘʚʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ 

ʚ ʧʦʣʝ ʀʥʩʧʝʢʪʦʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ | ʀʥʪʝʛʨʘʪʦʨ | ʐʘʛ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴ-

ʪʘʪʦʚ. 

4.4.2.1. ʈʝʞʠʤ ʧʘʫʟʳ ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠ  ̫

ʅʘʞʘʪʠʝ ʧʨʦʙʝʣʘ ʠʣʠ ʢʣʘʚʠʰʠ Esc ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

ʧʨʠʚʝʜʝʪ ʢ ʧʝʨʝʭʦʜʫ ʩʠʩʪʝʤʳ ʚ ʨʝʞʠʤ ʧʘʫʟʳ (ʨʠʩ. 4.120). 

ɺ ʨʝʞʠʤʝ ʧʘʫʟʳ ʤʦʞʥʦ: 

 

 

ɺʳʢʣʶʯʝʥʦ 
ɺʳʢʣʶʯʝʥʦ 

ʂʘʨʢʘʩʥʘʷ  

ʛʨʘʬʠʢʘ ʇʦʣʫʪʦʥʦʚʘʷ ʛʨʘʬʠʢʘ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-142 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

¶ ʠʟʤʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ: ʚʨʝʤʷ, ʪʦʯʥʦʩʪʴ ʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʧʘ-

ʨʘʤʝʪʨʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʠ ʧʨʦʜʦʣʞʠʪʴ ʩ ʥʦʚʳʤʠ ʜʘʥʥʳʤʠ (ʢʥʦʧʢʘ ʇʨʦʜʦʣʞʠʪʴ), 

¶ ʧʨʝʨʚʘʪʴ ʧʨʦʮʝʩʩ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (ʢʥʦʧʢʘ ʇʨʝʨʚʘʪʴ), 

¶ ʟʘʧʠʩʘʪʴ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ ʠ ʠʭ ʧʝʨʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʚʨʝʤʝʥʠ; 

ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʵʪʠ ʧʝʨʝʤʝʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʜʘʥ-

ʥʳʭ (ʢʥʦʧʢʘ ɿʘʧʠʩʘʪʴ), 

¶ ʦʙʨʘʙʦʪʘʪʴ ʚ ʬʘʡʣʝ ʫʧʨʘʚʣʝʥʠʷ ʩʦʦʙʱʝʥʠʝ ʩ ʢʣʶʯʦʤ PAUSE_MESSAGE (ʢʥʦʧʢʘ ʉʦ-

ʦʙʱʝʥʠʝ). 

 

 

ʈʠʩ. 4.120. ʈʝʞʠʤ ʧʘʫʟʳ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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4.4.2.2. ʊʝʢʫʱʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ɺ ʧʨʦʮʝʩʩʝ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʷʚʣʷʝʪ-

ʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʘʥʝʣʴ ʩ ʪʝʢʫʱʠʤʠ ʜʘʥʥʳʤʠ ʧʨʦʮʝʩʩʘ (ʩʤ. ʨʠʩ. 4.121). ʂʥʦʧʢʘ  

ʚʳʟʳʚʘʝʪ ʧʝʨʝʭʦʜ ʚ ʨʝʞʠʤ ʧʘʫʟʳ. ɺ ʨʝʞʠʤʝ ʧʘʫʟʳ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ  ʧʨʦʛʨʘʤʤʘ ʧʨʦ-

ʜʦʣʞʘʝʪ ʧʨʦʮʝʩʩ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

 

ʈʠʩ. 4.121. ʇʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ɺ ʦʢʥʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ. 

¶ ʄʦʜʝʣʴʥʦʝ ʚʨʝʤʷ ï  ʚʨʝʤʷ ʤʦʜʝʣʠ ʩ ʤʦʤʝʥʪʘ ʩʪʘʨʪʘ ʧʨʦʮʝʩʩʘ. 

¶ ʈʝʘʣʴʥʦʝ ʚʨʝʤʷ ï ʚʨʝʤʷ ʎʇʋ ʩ ʤʦʤʝʥʪʘ ʩʪʘʨʪʘ ʧʨʦʮʝʩʩʘ. 

¶ ɼʣʠʪʝʣʴʥʦʩʪʴ ʰʘʛʘ (ʩ) ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʎʇʋ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʦʜʠʥ ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘ-

ʥʠʷ ʙʝʟ ʟʘʪʨʘʪ ʥʘ ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʛʨʘʬʠʯʝʩʢʠʝ ʠ ʘʥʠʤʘʮʠʦʥʥʳʝ ʦʢʥʘ. 

¶ ʐʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (ʩ) ï ʰʘʛ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʐʘʛ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤ, ʪʦ ʝʩʪʴ ʧʦʜʙʠʨʘʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. 
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4.4.2.3. ʈʝʞʠʤ XVA-ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɸʥʘʣʠʟ XVA-ʬʘʡʣʦʚ ʚʦ ʤʥʦʛʠʭ ʯʝʨʪʘʭ ʘʥʘʣʦʛʠʯʝʥ ʧʨʦʮʝʩʩʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʥʦʝ 

ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʚʨʝʤʝʥʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ, ʘ ʩʯʠʪʳʚʘʶʪʩʷ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦ-

ʟʜʘʥʥʦʛʦ ʬʘʡʣʘ ʩ ʨʘʩʰʠʨʝʥʠʝʤ .xva, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ. 

ɼʘʥʥʳʡ ʪʠʧ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʡ ʟʘʨʘʥʝʝ ʧʨʦʩʯʠʪʘʥʥʳʭ ʜʚʠʞʝʥʠʡ 

ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʮʝʩʩ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠʜʝʪ ʤʝʜʣʝʥʥʦ ʠʟ-ʟʘ ʜʨʦʙʣʝʥʠʷ ʰʘʛʘ. ɺ ʧʨʦʮʝʩʩʝ 

çʧʨʦʢʨʫʪʢʠè ʬʘʡʣʘ ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʣʶʙʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʬʫʥʢʮʠʶ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʥʝʝ ʧʨʦʩʯʠʪʘʥʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʬʘʡʣ XVA  ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʢʣʶʯʠʪʝ ʬʣʘʞʦʢ ʀʥ-

ʩʧʝʢʪʦʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ | XVA  | XVA -ʬʘʡʣ ʜʣʷ ʪʝʢʫʱʝʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ | 

ɺʢʣʶʯʠʪʴ (ʨʠʩ. 4.122). ʊʘʤ ʞʝ ʟʘʜʘʝʪʩʷ ʠʤʷ ʜʣʷ ʩʦʟʜʘʚʘʝʤʦʛʦ XVA -ʬʘʡʣʘ. 

 

ʈʠʩ. 4.122. XVA ʘʥʘʣʠʟ 

ʅʘ ʚʢʣʘʜʢʝ ʀʥʩʧʝʢʪʦʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ | XVA  ʥʘʭʦʜʠʪʩʷ ʩʧʠʩʦʢ ʨʘʥʝʝ ʨʘʩ-

ʩʯʠʪʘʥʥʳʭ XVA -ʬʘʡʣʦʚ. 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʙʘʟʝ ʪʝʢʫʱʝʡ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ, ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʤʦʡ ʬʘʡʣʦʤ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ input.dat. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʩʪʨʫʢʪʫʨʘ ʦʙʲʝʢʪʘ 

ʠʟʤʝʥʝʥʘ, ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʳ ʥʦʚʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʠʣʠ ʚʥʝʩʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝ-

ʥʝʥʠʷ ʚ ʬʘʡʣ ʫʧʨʘʚʣʝʥʠʷ, ʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʡ XVA -ʬʘʡʣ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. 

ʕʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʚʝʨʷʝʪʩʷ ʧʨʦʛʨʘʤʤʦʡ, ʠ XVA -ʬʘʡʣʳ, ʩʦʟʜʘʥʥʳʝ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʬʘʡʣʘ input.dat, ʠʟʦʙʨʘʞʘʶʪʩʷ ʚ ʩʧʠʩʢʝ ʩʦ ʟʥʘʯʢʦʤ , ʘ ʩʦʟʜʘʥʥʳʝ ʜʦ ï ʩʦ 

ʟʥʘʯʢʦʤ . 

ɼʣʷ ʟʘʧʫʩʢʘ ʨʘʥʝʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ XVA -ʬʘʡʣʘ ʚʳʜʝʣʠʪʝ ʝʛʦ ʚ ʉʧʠʩʢʝ ʨʘʩʩʯʠʪʘʥʥʳʭ 

XVA -ʬʘʡʣʦʚ ʠ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ ʉʪʘʨʪ, ʠʣʠ ʧʨʦʩʪʦ ʜʚʘʞʜʳ ʱʝʣʢʥʠʪʝ ʤʳʰʢʦʡ ʧʦ ʥʫʞʥʦ-

ʤʫ ʬʘʡʣʫ. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʀʥʪʝʨʚʘʣ ʧʦʟʚʦʣʷʝʪ ʧʨʦʧʫʩʢʘʪʴ ʢʘʜʨʳ ʠ ʪʝʤ 

ʩʘʤʳʤ ʫʩʢʦʨʷʪʴ ʧʨʦʮʝʩʩ. 

ʀʩʧʦʣʴʟʫʡʪʝ ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʷʜʘ ʩʣʫʞʝʙʥʳʭ ʢʦʤʘʥʜ ʩʦ ʩʧʠʩʢʘʤʠ 

XVA -ʬʘʡʣʦʚ. 
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4.5. ʉʪʘʪʠʯʝʩʢʠʡ ʠ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ 

ʉʪʘʪʠʯʝʩʢʠʡ ʠ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʯʠʩʣʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʦʙʲʝʢʪʘ, ʣʠʥʝʘʨʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʣʠʥʝʡʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (ɻʣʘʚʘ 2, ʧ. "ʃʠʥʝʘʨʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠ-

ʞʝʥʠʷ ʠ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ"). ɼʣʷ ʧʝʨʝʭʦʜʘ ʚ ʨʝʞʠʤ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʡʪʝ ʢʦʤʘʥ-

ʜʫ ʤʝʥʶ ɸʥʘʣʠʟ | ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʠ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟé ʠʣʠ ʢʥʦʧʢʫ , ʨʠʩ. 4.123.  

 

ʈʠʩ. 4.123. ʇʝʨʝʭʦʜ ʢ ʨʝʞʠʤʫ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ 

 

ʈʠʩ. 4.124. ʆʢʥʦ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ 

ʀʥʩʪʨʫʤʝʥʪʳ ʠ ʥʘʩʪʨʦʡʢʠ ʘʥʘʣʠʟʘ ʨʘʟʤʝʱʝʥʳ ʚ ʦʢʥʝ ʥʘ ʨʠʩ. 4.124. ʈʝʰʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
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¶ ʨʘʩʯʝʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʚʢʣʘʜʢʘ ʈʘʚʥʦʚʝ-

ʩʠʝ, ʧ. 4.5.2. "ʀʥʩʪʨʫʤʝʥʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ", ʩʪʨ. 4-158; 

¶ ʣʠʥʝʘʨʠʟʘʮʠʶ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ; 

¶ ʨʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʠ ʙʝʟ ʫʯʝʪʘ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʣ 

(ʪʨʝʥʠʷ, ʜʠʩʩʠʧʘʮʠʠ ʠ ʪ.ʧ.), ʚʢʣʘʜʢʘ ʏʘʩʪʦʪʳ/ʂʦʨʥʠ, ʧ. 4.5.3. "ʀʥʩʪʨʫʤʝʥʪ ʨʘʩʯʝʪʘ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪʳ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ", ʩʪʨ. 4-160; 

¶ ʨʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʥʝʢʦʥʩʝʨʚʘ-

ʪʠʚʥʳʭ ʩʠʣ, ʚʢʣʘʜʢʘ ʏʘʩʪʦʪʳ/ʂʦʨʥʠ, ʧ. 4.5.3. "ʀʥʩʪʨʫʤʝʥʪ ʨʘʩʯʝʪʘ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪʳ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ", ʩʪʨ. 4-160; 

¶ ʧʦʩʪʨʦʝʥʠʝ ʢʦʨʥʝʚʳʭ ʛʦʜʦʛʨʘʬʦʚ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ, ʚʢʣʘʜʢʘ ʂʦʨʥʝʚʦʡ ʛʦʜʦʛʨʘʬ, ʧ. 4.5.4. "ʇʦʩʪʨʦʝʥʠʝ ʢʦʨʥʝʚʳʭ ʛʦʜʦʛʨʘʬʦʚ ʠ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʯʘʩʪʦʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ", ʩʪʨ. 4-165; 

¶ ʨʘʩʯʝʪ ʚʳʥʫʞʜʝʥʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʘʤʧʣʠʪʫʜʥʦ-

ʯʘʩʪʦʪʥʳʭ ʠ ʬʘʟʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʢʣʘʜʢʘ ʃʠʥʝʡʥʳʝ ʚʠʙʨʘʮʠʠ, ʧ. 4.5.5. 

"ɺʳʥʫʞʜʝʥʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ", ʩʪʨ. 4-172. 

 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʥʦʧʢʠ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ: 

 ï ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ; 

 ï ʚʢʣʶʯʠʪʴ/ʚʳʢʣʶʯʠʪʴ ʘʥʠʤʘʮʠʶ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ; 

 ï ʩʙʨʦʩʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʩʯʝʪʘ  ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʩʣʝʜʫʶʱʝʛʦ; 

 ï ʟʘʧʠʩʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ; 

 ï ʚʳʟʦʚ ʦʢʥʘ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʧ. 4.4.1. 

"ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ", ʩʪʨ. 4-107; 

 - ʚʳʟʦʚ ʦʢʥʘ ʥʘʩʪʨʦʡʢʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʵʢʠʧʘʞʘ (ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʤʦʜʝʣʠ ʞʝ-

ʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʵʢʠʧʘʞʘ); 

 - ʚʳʟʦʚ ʦʢʥʘ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʚʦʜʠʪʝʣʷ (ʪʦʣʴʢʦ ʜʣʷ ʤʦʜʝʣʝʡ ʘʚʪʦʤʦ-

ʙʠʣʝʡ); 

 ï ʚʳʡʪʠ ʠʟ ʨʝʞʠʤʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ ʦʪʢʣʶʯʠʪʴ ʩʠʣʳ, ʣʠʥʝʘʨʠ-

ʟʘʮʠʷ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʘ. 

ɿʘʤʝʯʘʥʠʝ. ʌʫʥʢʮʠʠ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʜʣʷ ʤʦʜʝʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʰʘʨʥʠʨʳ ʢʚʘʪʝʨʥʠʦʥʥʦʛʦ ʪʠʧʘ. 
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ʈʠʩ. 4.125. ʀʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʝʨʝʪʘʱʠʪʝ ʤʳʰʢʦʡ ʧʘʥʝʣʴ ʢ ʣʝʚʦʡ 

ʠʣʠ ʧʨʘʚʦʡ ʛʨʘʥʠʮʝ ʦʢʥʘ, ʨʠʩ. 4.125. ʀʟʤʝʥʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʦʛʨʘʤʤʦʡ ʚ 

ʬʘʡʣʝ ʢʦʥʬʠʛʫʨʘʮʠʠ last.la. 

4.5.1. ʆʩʥʦʚʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ 

ʈʘʩʩʤʦʪʨʠʤ ʫʧʨʦʱʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʙʣʝʤʦʡ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ, 

ʣʠʥʝʘʨʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. ʃʠʥʝʘʨʠʟʘʮʠʷ ʪʦʯʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʪʝʣ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ɻʣʘʚʝ 2, ʧ. "ʃʠʥʝʘʨʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ ʠ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ". ɿʜʝʩʴ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʫʧʨʦʱʝʥʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚ ʩʠʩʪʝʤʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʟʘʤʢʥʫʪʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʮʝʧʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʰʘʨʥʠʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʥʝʟʘʚʠʩʠʤʳ ʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠʤʝʶʪ ʚʠʜ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝ-

ʥʠʡ 

ὓήή Ὧήȟή  ήȟήȟὸȟא

ή ήȟȣȟή Ȣ 
(4.1) 

ɿʜʝʩʴ q ï ʦʙʦʙʱʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʦʙʲʝʢʪʘ (ʤʘʪʨʠʮʘ ï ʩʪʦʣʙʝʮ ʰʘʨʥʠʨʥʳʭ ʢʦʦʨʜʠʥʘʪ), 

M ï ʤʘʪʨʠʮʘ ʤʘʩʩ, k, Q ï ʩʪʦʣʙʮʳ ʩʠʣ ʠʥʝʨʮʠʠ ʠ ʦʙʦʙʱʝʥʥʳʭ ʘʢʪʠʚʥʳʭ ʩʠʣ, n ï ʯʠʩʣʦ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʨʘʟʤʝʨ ʤʘʪʨʠʮ ʚ ʫʨʘʚʥʝʥʠʷʭ (4.1). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʘʢ-

ʞʝ, ʯʪʦ ʩʚʷʟʠ ʩʪʘʮʠʦʥʘʨʥʳ, ʪʦ ʝʩʪʴ ʦʪʩʫʪʩʪʚʫʶʪ ʰʘʨʥʠʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʟʥʘʯʝʥʠʷ ʢʦʪʦ-

ʨʳʭ ʟʘʜʘʥʳ ʢʘʢ ʷʚʥʳʝ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ. 
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4.5.1.1. ʋʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ɽʩʣʠ ʘʢʪʠʚʥʳʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʠʩʪʝʤʫ, ʥʝ ʟʘʚʠʩʷʪ ʷʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʚʨʝʤʝʥʠ, 

ʪʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʦʙʦʙʱʝʥʥʳʭ 

ʩʠʣ 

א ήȟπ πȟὭ ρȟȣȟὲȢ (4.2) 

ɿʥʘʯʝʥʠʷ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ή  ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʤʦʞʥʦ ʥʘʡʪʠ ʜʚʫʤʷ ʩʧʦ-

ʩʦʙʘʤʠ (ʨʠʩ. 4.126): 

¶ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ (4.2), 

¶ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ (4.1) ʩ ʮʝʣʴʶ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠ-

ʙʣʠʟʠʪʴʩʷ ʢ ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ (ʪ.ʝ. ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʚ 

ʨʝʞʠʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ). 

 

ʈʠʩ. 4.126. ɺʳʙʦʨ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʠ ʜʘʝʪ ʙʦʣʝʝ ʪʦʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʂʨʦʤʝ ʪʦ-

ʛʦ, ʧʫʪʝʤ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʤʦʞʥʦ ʧʨʠʙʣʠʟʠʪʴʩʷ ʪʦʣʴʢʦ ʢ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʤʫ ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʨʚʳʡ ʤʝʪʦʜ ʧʦʟʚʦ-

ʣʷʝʪ ʥʘʡʪʠ ʪʘʢʞʝ ʥʝʫʩʪʦʡʯʠʚʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʘ ʪʘʢʞʝ ʨʘʚʥʦʚʝʩʠʝ ʢʦʥʩʝʨʚʘʪʠʚ-

ʥʳʭ ʩʠʩʪʝʤ (ʩʠʩʪʝʤ ʙʝʟ ʨʘʩʩʝʷʥʠʷ ʵʥʝʨʛʠʠ, ʫ ʢʦʪʦʨʳʭ ʚʩʝ ʘʢʪʠʚʥʳʝ ʩʠʣʳ ʧʦʪʝʥʮʠʘʣʴʥʳ, 

ʪʦ ʝʩʪʴ ʠʤʝʶʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ). 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩ ʧʦʤʦʱʴʶ ʧʝʨʚʦʛʦ ʧʦʜʭʦʜʘ ʯʠʩ-

ʣʝʥʥʦ ʨʝʰʘʝʪʩʷ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʪʦ ʪʨʝʙʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʝʝ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʦʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦ-

ʤʦʱʴʶ ʚʪʦʨʦʛʦ ʤʝʪʦʜʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʦʛʨʘʤʤʘ ʥʝ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʰʠʪʴ 

ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ (4.2), ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʪʦʨʦʡ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʚʦʟ-

ʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʠʪʴ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʠ ʚʳʧʦʣʥʠʪʴ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʠ. ʊʘʢʠʝ 

ʩʠʪʫʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʣ ʩ ʨʘʟʨʳʚʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ (ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʡ ʧʨʠʤʝʨ ï ʢʦʥʪʘʢʪʥʳʝ ʩʠʣʳ). ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʚ ʤʦʜʝʣʷʭ ʛʫ-

ʩʝʥʠʯʥʳʭ ʤʘʰʠʥ ʠ ʙʫʨʦʚʳʭ ʢʦʣʦʥʥ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʨʝʰʠʪʴ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ (4.2), ʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʦʯʪʠ ʚʩʝʛʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʦ ʚʪʦʨʦʡ ʤʝʪʦʜʠʢʝ. 
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4.5.1.1.1. ʈʘʩʯʝʪ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʤʝʪʦʜʦʤ ʠʥʪʝʛʨʠʨʦʚʘ-

ʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʩʯʝʪʘ ʚʳʢʣʶʯʘʶʪʩʷ ʚʩʝ ʩʠʣʳ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʨʘʚʥʦʚʝʩʠʶ 

ʤʦʜʝʣʠ (ʥʘʧʨʠʤʝʨ, ʩʠʣʳ ï ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ). ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʙʣʠʟʦʩʪʠ ʩʠʩʪʝʤʳ ʢ 

ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʨʦʜʦʣʞʘʝʪ-

ʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ (ʂʕ) T ʥʝ ʦʧʫʩʪʠʪʩʷ ʥʠʞʝ ʥʝʢʦʪʦʨʦʛʦ ʜʦʩʪʘʪʦʯ-

ʥʦ ʤʘʣʦʛʦ ʟʥʘʯʝʥʠʷ Ὕ . ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʦʩʮʠʣʣʷʮʠʠ ʬʫʥʢʮʠʠ Ὕὸ, ʧʨʠ ʢʦʪʦʨʳʭ ʂʕ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʧʨʠʥʠʤʘʝʪ ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ, ʦʮʝʥʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʂʕ ʥʘ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨ-

ʚʘʣʝ ʚʨʝʤʝʥʠ Ўὸ (ʚ ʦʢʥʝ), ʠ ʧʨʦʮʝʩʩ ʧʨʝʨʳʚʘʝʪʩʷ, ʝʩʣʠ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ Ўὸ ʚʳʧʦʣ-

ʥʝʥʦ ʫʩʣʦʚʠʝ Ὕὸ Ὕ . ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʘʨʠʘʥʪ, ʢʦʛʜʘ ʂʕ ʤʘʣʘ ʚ ʥʘʯʘʣʝ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʠʷ, ʘ ʧʦʪʦʤ ʨʘʩʪʝʪ, ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʥʠʟʫ ʟʘʜʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʤ ʟʥʘʯʝʥʠʝʤ ὸ . ɺʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʚʝʨʭʫ ʚʝʣʠʯʠʥʦʡ ὸ . 

ʉ ʮʝʣʴʶ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʭʦʜʠʤʦʩʪʠ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ ʜʦʙʘʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʩʠʣʳ. ʆʙʦʙʱʝʥʥʳʝ ʩʠʣʳ ʜʦʙʘʚʦʯ-

ʥʦʡ ʜʠʩʩʠʧʘʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʘʪʨʠʮʳ ʤʘʩʩ ʥʘ ʩʪʦʣʙʝʮ ʩʢʦʨʦʩʪʝʡ 

א ‌ὓήή  

 

 

ʈʠʩ. 4.127. ʇʘʜʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʩʯʝʪʝ ʨʘʚʥʦʚʝʩʠʷ 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ Ŭ ʟʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɼʣʷ ʚʳʢʣʶʯʝʥʠʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʫ Ŭ. ʅʘ ʨʠʩ. 4.127 

ʩʨʘʚʥʠʚʘʝʪʩʷ ʧʘʜʝʥʠʝ ʂʕ ʧʨʠ Ŭ=0 ʠ Ŭ=5 ʜʣʷ ʤʦʜʝʣʠ ʘʚʪʦʤʦʙʠʣʷ. ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʯʨʝʟʤʝʨʥʦ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ Ŭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʚʝʨʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦ-

ʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʳʩʪʨʦ ʧʘʜʘʶʪ, ʠ ʩʠʩʪʝʤʘ ʩʣʠʰʢʦʤ ʤʝʜʣʝʥʥʦ ʩʪʨʝʤʠʪʩʷ ʢ 

ʧʦʣʦʞʝʥʠʶ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ Ŭ ʧʨʦʮʝʩʩ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʷ ʟʘʤʝʜʣʷʝʪʩʷ ʚ ʩʠʣʫ ʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. 

Ŭ=0 

Ŭ=
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-150 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʇʘʨʘʤʝʪʨʳ, ʥʘʩʪʨʘʠʚʘʶʱʠʝ ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ, ʫʢʘʟʳʚʘʶʪʩʷ ʥʘ ʚʢʣʘʜʢʝ 

ʅʘʩʪʨʦʡʢʠ | ʇʘʨʘʤʝʪʨʳ, ʨʠʩ. 4.128: 

Ὕ  ï ʂʕ ʜʣʷ ʧʨʝʢʨʘʱʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (ɼʞ); 

Ўὸ ï ʐʠʨʠʥʘ ʦʢʥʘ ʨʘʩʯʝʪʘ ʂʕ (ʩ); 

ὸ ɀ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʩʯʝʪʘ (ʩ); 

ὸ  ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʩʯʝʪʘ (ʩ); 

Ŭ ï ʧʘʨʘʤʝʪʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ (1/ʩ). 

 

ʈʠʩ. 4.128. ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʛʨʘʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʥʦʧʢʘ , ʦʪʢʨʳʚʘʶʱʘʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʝ ʦʢʥʦ, ʧ. 4.4.1. "ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ", ʩʪʨ. 4-107. 

4.5.1.1.2. ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ 

ʊʦʯʥʦʝ ʠʟʣʦʞʝʥʠʝ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʜʘʥʦ ʚ ɻʣʘʚʝ 2, ʧ. "ʃʠʥʝʘʨʠ-

ʟʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʠ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ". ɿʜʝʩʴ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʫʧʨʦʱʝʥʥʳʝ ʫʨʘʚ-

ʥʝʥʠʷ (4.2). ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʅʴʶ-

ʪʦʥʘïʈʘʬʩʦʥʘ, ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʢʦʪʦʨʦʛʦ ʨʝʰʘʝʪʩʷ ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

א ή Ўή ήא ȟ 

ή ή ὙЎή  
(4.3) 

ɿʜʝʩʴ ὗ ï ʤʘʪʨʠʮʘ ʗʢʦʙʠ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ, 
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R ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʣʘʢʩʘʮʠʠ, ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʤʳʡ ʨʘʚʥʳʤ 1. 

ʀʪʝʨʘʮʠʠ ʧʨʝʨʳʚʘʶʪʩʷ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʜʦʩʪʘʪʦʯʥʦʡ ʤʘʣʦʩʪʠ ʧʨʠʨʘʱʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ 

Ўή ‐ȟ (4.4) 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-151 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʛʜʝ  ï ʟʘʜʘʥʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʰʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ή ή ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ή, ʟʘ-

ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʣʠ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ ʤʝ-

ʪʦʜʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʄʘʪʨʠʮʘ ʗʢʦʙʠ ὗ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʠʩʣʝʥʥʦ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ 

ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ 

א ή א ή ή‏ א ή  ϳȢ (4.5)‏

ɿʜʝʩʴ d ï ʤʘʣʳʡ ʰʘʛ ʧʨʠʨʘʱʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ, ʩʪʦʣʙʝʮ ‏ή ʩʦʜʝʨʞʠʪ ʥʫʣʝʚʳʝ ʵʣʝʤʝʥ-

ʪʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ j-ʛʦ, ʨʘʚʥʦʛʦ d. 

ʅʘ ʚʢʣʘʜʢʝ ʅʘʩʪʨʦʡʢʠ | ʇʘʨʘʤʝʪʨʳ, ʨʠʩ. 4.129 ʟʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʯʠʩʣʝʥʥʦʛʦ ʤʝ-

ʪʦʜʘ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ: 

‐ ï ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ; 

d ï ʰʘʛ ʧʨʠʨʘʱʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ; 

R ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʣʘʢʩʘʮʠʠ; 

N ï ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʦʪʦʨʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫ-

ʯʘʝʪ ʟʘʧʨʦʩ ʦ ʧʨʦʜʦʣʞʝʥʠʠ ʠʪʝʨʘʮʠʡ. 

 

ʈʠʩ. 4.129. ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ 

4.5.1.2. ʃʠʥʝʘʨʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ 

ʃʠʥʝʘʨʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ UM ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘ-

ʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢ-

ʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʥʝʡʥʳʭ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʘʨ-

ʤʦʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ. 

ʃʠʥʝʘʨʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ή, ʢʦʪʦ-

ʨʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʤʦʜʝʣʠ. ʇʨʝʜʫʩʤʘʪʨʠ-

ʚʘʝʪʩʷ ʪʘʢʞʝ ʣʠʥʝʘʨʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʣʠʥʝʘʨʠ-

ʟʘʮʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʴ 

ʢʦʦʨʜʠʥʘʪ ʠʟʤʝʥʷʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ή ήπ ὺ (ʥʘʧʨʠʤʝʨ, ʪʨʘʥʩʧʦʨʪʥʦʝ 

ʩʨʝʜʩʪʚʦ ʜʚʠʞʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ). 

ʃʠʥʝʘʨʠʟʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʚʠʜ 

ὓή ὅή ὑή Ὢὸȟ (4.6) 

ʛʜʝ M, C, K ï ʧʦʩʪʦʷʥʥʳʝ ʤʘʪʨʠʮʳ, M ï ʩʠʤʤʝʪʨʠʯʥʘʷ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʤʘʪ-

ʨʠʮʘ ʤʘʩʩ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʢʦʦʨʜʠʥʘʪ ήȢ 
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ʄʘʪʨʠʮʳ C, K ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʧʦ ʬʦʨʤʫʣʘʤ ʚʠʜʘ (4.5), 

ʪ.ʝ. ʷʚʣʷʶʪʩʷ ʤʘʪʨʠʮʘʤʠ ʗʢʦʙʠ ʦʙʦʙʱʝʥʥʳʭ ʩʠʣ. ʇʨʠ ʨʘʩʯʝʪʝ ʤʘʪʨʠʮʳ ʧʦʟʠʮʠʦʥʥʳʭ ʩʠʣ 

(ʪ.ʝ. ʩʠʣ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʦʣʦʞʝʥʠʷ) K ʧʨʠʨʘʱʝʥʠʝ ʧʦʣʫʯʘʶʪ ʢʦʦʨʜʠʥʘʪʳ, ʘ ʜʣʷ ʤʘʪʨʠʮʳ 

ʩʠʣ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʩʢʦʨʦʩʪʠ C, ʧʨʠʨʘʱʝʥʠʷ ʜʘʶʪʩʷ ʩʢʦʨʦʩʪʷʤ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʣʠʥʝʘʨʠʟʘʮʠʝʡ ʚ ʥʘʩʪʨʦʡʢʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʣʶʯʠ ( 

ʨʠʩ. 4.130): 

¶ ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʚʥʦʚʝʩʠʝ ï ʧʨʠ ʚʢʣʶʯʝʥʥʦʡ ʦʧʮʠʠ ʧʝʨʝʜ ʢʘʞ-

ʜʳʤ ʨʘʩʯʝʪʦʤ ʤʘʪʨʠʮ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪ ʧʦʣʦ-

ʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʝ. ʕʪʫ ʦʧʮʠʶ ʩʣʝʜʫʝʪ ʦʪʢʣʶʯʘʪʴ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʣʦ-

ʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʠʣʠ ʫʨʘʚʥʝʥʠʷ ʥʘʜʦ ʣʠʥʝʘʨʠʟʦʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ. 

¶ ʆʙʥʫʣʷʪʴ ʩʢʦʨʦʩʪʠ ï ʦʧʮʠʷ ʦʪʢʣʶʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʣʠʥʝʘʨʠʟʘʮʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʯʘʩʪʴ ʩʢʦʨʦʩʪʝʡ 

ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ. 

 

ʈʠʩ. 4.130. ʂʣʶʯʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʣʠʥʝʘʨʠʟʘʮʠʠ 

4.5.1.3. ɿʘʧʠʩʴ ʤʘʪʨʠʮ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʬʘʡʣʳ 

 ̋ ̉̒Ȣ 4.131Ȣ ˔̝́̐̉̒ ̗̍́̓̑̉ ̃ ̜́̊̌̕ 

ʄʘʪʨʠʮʳ ὓȟὅȟὑȟὑ, ʚʭʦʜʷʱʠʝ ʚ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (4.6), (4.7), 

ʤʦʛʫʪ ʦʧʮʠʦʥʘʣʴʥʦ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʪʝʢʩʪʦʚʳʭ ʠʣʠ ʙʠʥʘʨʥʳʭ ʬʘʡʣʘʭ. ɼʣʷ ʟʘʧʠʩʠ 

ʩʣʝʜʫʝʪ ʧʨʝʜ ʚʳʯʠʩʣʝʥʠʝʤ ʤʘʪʨʠʮ (ʪ.ʝ. ʧʝʨʝʜ ʱʝʣʯʢʦʤ ʥʘ ʢʥʦʧʢʝ ) ʚʢʣʶʯʠʪʴ ʦʧʮʠʠ 

ʉʦʭʨʘʥʠʪʴ ʤʘʪʨʠʮʳ ʚ ʬʘʡʣ, ʨʠʩ. 4.131. ʌʘʡʣʳ ʩ ʤʘʪʨʠʮʘʤʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʢʘʪʘʣʦʛ ʤʦ-
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ʜʝʣʠ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʣʝʚʦʡ ʦʧʮʠʠ ʥʘ ʨʠʩ. 4.131 ʩʦʭʨʘʥʷʶʪʩʷ ʤʘʪʨʠʮʳ ὓȟὑ, ʘ ʧʨʘʚʦʡ - 

ʤʘʪʨʠʮʳ ὓȟὅȟὑ. 

ʀʤʷ ʬʘʡʣʘ ʩʦʜʝʨʞʠʪ ʥʘʟʚʘʥʠʝ ʤʘʪʨʠʮʳ ʠ ʦʧʮʠʦʥʘʣʴʥʦ - ʤʘʩʢʫ ʬʘʡʣʘ, ʟʘʜʘʚʘʝʤʫʶ 

ʧʦʣʴʟʘʪʝʣʝʤ ʥʘ ʚʢʣʘʜʢʝ ʅʘʩʪʨʦʡʢʠ | ɿʘʧʠʩʴ ʚ ʬʘʡʣ, ʨʠʩ. 4.132. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʧʦʣʝ 

ʄʘʩʢʘ ʬʘʡʣʳ ʚʥʝʩʪʠ ʪʝʢʩʪ _1, ʪʦ ʠʤʝʥʘ ʬʘʡʣʦʚ ʙʫʜʫʪ M_1, C_1, K_1, Kn_1. ʀʩʧʦʣʴʟʫʝʪ-

ʩʷ ʨʘʩʰʠʨʝʥʠʝ *.txt ʜʣʷ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ ʠ *.lam ʜʣʷ ʙʠʥʘʨʥʦʛʦ. 

ʇʦ ʫʤʦʣʯʘʥʠʶ, ʜʣʷ ʤʦʜʝʣʝʡ ʩ ʯʠʩʣʦʤ ʢʦʦʨʜʠʥʘʪ ʜʦ 100 ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʭʨʘʥʠʪʴ ʤʘʪ-

ʨʠʮʳ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ, ʜʣʷ ʤʦʜʝʣʝʡ, ʠʤʝʶʱʠʭ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʙʦʣʴʰʝ 100, - ʚ 

ʙʠʥʘʨʥʳʡ ʬʘʡʣ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʪʠʧ ʟʘʧʠʩʳʚʘʝʤʦʛʦ ʬʘʡʣʘ, ʨʠʩ. 4.132. 

 

 ̋ ̉̒Ȣ 4.132. ̊ ́̒̓̑̏̊̋̉ ̈́̐̉̒̉ ̗̍́̓̑̉ ̃ ̜́̊̌̕ 

4.5.1.3.1. ʌʦʨʤʘʪ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ 

 

˝̉̒Ȣ 4.133. ̃ ̑̉̍̆̑ ̓̆̋̒̓̏̃̏̄̏ ́̊̌́̕ ̒ ̗̍́̓̑̉̆̊ ̍́̒̒ 

ʇʝʨʚʘʷ ʩʪʨʦʢʘ ʬʘʡʣʘ ʩʦʜʝʨʞʠʪ ʥʦʤʝʨ ʩʪʦʣʙʮʘ ʤʘʪʨʠʮʳ, ʘ ʧʝʨʚʳʡ ʩʪʦʣʙʝʮ ʬʘʡʣʘ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʥʦʤʝʨʫ ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ, ʨʠʩ. 4.133. ʉʪʠʣʴ ʟʘʧʠʩʠ ʯʠʩʝʣ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥ ʥʘ 

ʚʢʣʘʜʢʝ ʅʘʩʪʨʦʡʢʠ | ɿʘʧʠʩʴ ʚ ʬʘʡʣ, ʨʠʩ. 4.132: 
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- ʊʦʯʥʦʩʪʴ - ʯʠʩʣʦ ʟʥʘʯʘʱʠʭ ʮʠʬʨ ʚ ʟʘʧʠʩʠ ʯʠʩʣʘ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ 

- ɼʣʠʥʘ ʟʘʧʠʩʠ ʯʠʩʣʘ - ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʰʠʨʠʥʫ ʩʪʦʣʙʮʘ 

- ʅʦʣʴ ʜʣʷ ʤʘʪʨʠʮʳ ʤʘʩʩ, ʅʦʣʴ ʜʣʷ ʞʝʩʪʢʦʩʪʠ, ʅʦʣʴ ʜʣʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ - ʧʦʟʚʦ-

ʣʷʶʪ ʠʩʢʣʯʁʠʪʴ ʚ ʪʝʢʩʪʦʚʦʤ ʬʘʡʣʝ ʤʘʣʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮ ʤʘʩʩ, ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦ-

ʚʘʥʠʷ, ʟʘʤʝʥʠʚ ʥʫʣʷʤʠ ʯʠʩʣʘ, ʤʝʥʴʰʠʝ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʚʚʝʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʧʦʣʝ ʅʦʣʴ ʜʣʷ ʞʝʩʪʢʦʩʪʠ  ʚʚʝʩʪʠ ʟʥʘʯʝʥʠʝ 0.01, ʪʦ ʚ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʘʭ 

ʜʣʷ ʤʘʪʨʠʮ K, Kn ʵʣʝʤʝʥʪʳ ʧʦ ʤʦʜʫʣʶ ʤʝʥɹhʠʝ 0.01 ʙʫʜʫʪ ʟʘʤʝʥʝʥʳ ʥʫʣʷʤʠ.  

4.5.1.3.2. ʌʦʨʤʘʪ ʙʠʥʘʨʥʦʛʦ ʬʘʡʣʘ 

ɹʠʥʘʨʥʳʝ ʬʘʡʣʳ ʩʦʜʝʨʞʘʪ ʧʦʩʪʨʦʯʥʳʝ ʟʘʧʠʩʠ ʤʘʪʨʠʮ ʚ 8-ʙʘʡʪʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʯʠ-

ʩʝʣ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ (float ʜʣʷ ʉ ʠ double ʜʣʷ Delphi). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʤʝʨ ʬʘʡʣʘ N 

ʩʚʷʟʘʥ ʩ ʨʘʟʤʝʨʦʤ ʤʘʪʨʠʮʳ n ʩʦʦʪʥʦʰʝʥʠʝʤ ὔ ψὲ. 

4.5.1.4. ʈʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ  

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʠʩʪʝʤʳ ʪʝʣ ʙʝʟ ʫʯʝʪʘ ʩʠʣ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʩʢʦ-

ʨʦʩʪʠ, ʠ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʣ. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠʤʝʶʪ ʚʠʜ 

ὓή ὑή π (4.7) 

ʇʨʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʘʪʨʠʮʘ ὑ  ʜʦʣʞʥʘ ʙʳʪʴ ʩʠʤʤʝʪʨʠʯʥʦʡ. ʆʜʥʘʢʦ ʥʘ 

ʧʨʘʢʪʠʢʝ ʠʟ-ʟʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʤʝʪʦʜʘ ʯʠʩʣʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʣʠ ʥʘʣʠʯʠʷ ʥʝ ʚʳʢʣʶʯʝʥ-

ʥʳʭ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʣ ʩʠʤʤʝʪʨʠʷ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴʩʷ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʨʘʩʯʝʪʝ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʤʘʪʨʠʮʘ ʜʦʣʞʥʘ ʙʳʪʴ ʩʠʤʤʝʪʨʠʯʥʦʡ, ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʩʠʤʤʝʪʨʠ-

ʟʘʮʠʠ ὑ ὑ ὑ Ⱦς, ʛʜʝ K ï ʤʘʪʨʠʮʘ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ.  

ɿʘʜʘʯʘ ʥʘ ʨʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʥʝ-

ʪʨʠʚʠʘʣʴʥʦʤʫ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ὑ ‫ὓὬ π (4.8) 

ʛʜʝ ‫  ï ʢʚʘʜʨʘʪ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ, h ï ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ. 

ʉ ʧʦʤʦʱʴʶ ʨʘʟʣʦʞʝʥʠʷ ʍʦʣʝʮʢʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪ-

ʨʠʮʳ ʤʘʩʩ ὓ ὒὒ ʟʘʜʘʯʘ (4.8) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʳ ὃ ὒ ὑὒ  

ὃ ‗Ὁό πȟ   ό ὒὩ (4.9) 

ʈʝʰʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʨʝʘʣʠʟʦʚʘʥʦ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ. 

¶ ʀʩʧʦʣʴʟʫʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʍʘʫʩʭʦʣʜʝʨʘ, ʤʘʪʨʠʮʘ A ʧʨʠʚʦʜʷʪʩʷ ʢ ʪʨʝʭʜʠʘʛʦʥʘʣʴ-

ʥʦʡ ʤʘʪʨʠʮʝ, ʚʝʱʝʩʪʚʝʥʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ QRïʘʣʛʦʨʠʪʤʘ, ʘ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ï ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʳʭ ʠʪʝʨʘʮʠʡ [2]. 

¶ ʇʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʃʘʥʮʦʰʘ [3], ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʮʝʜʫʨʳ ʈʝʣʝʷ-ʈʠʪʮʘ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʣʦʞʝʥʥʳʭ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ ʂʨʳʣʦ-

ʚʘ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ QRïʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪ ʩʨʘʟʫ ʚʩʝ N ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʪ-

ʨʠʮʳ A, ʤʝʪʦʜ ʃʘʥʮʦʰʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʠʩʢ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝ-
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ʥʠʡ n, ʟʘʜʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʅʘ ʧʨʘʢʪʠʢʝ, ʝʩʣʠ n ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ N, ʪʦ ʘʣʛʦʨʠʪʤ ʃʘʥ-

ʮʦʰʘ ʜʣʷ ʟʘʜʘʯ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩʭʦʜʠʪʩʷ ʙʳʩʪʨʝʝ QRïʘʣʛʦʨʠʪʤʘ. 

ʅʘʨʷʜʫ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʚʘʜʨʘʪʘʤ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʩʠʩʪʝʤʳ, ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʥʫʣʝʚʳʝ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʠʤʝʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʪʦ ʧʦʣʦʞʝʥʠʝ 

ʨʘʚʥʦʚʝʩʠʷ ʷʚʣʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʤʦʜʝʣʝʡ. 

4.5.1.5. ʈʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʠʩʪʝʤʳ ʪʝʣ. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠʤʝʶʪ ʚʠʜ 

ὓή ὅή ὑή π  

ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʨʘʩʯʝʪʫ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (ʉɿ) ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʚʝʱʝ-

ʩʪʚʝʥʥʦʡ ʤʘʪʨʠʮʳ 

π Ὁ
ὓ ὅ ὓ ὑ

 (4.10) 

ʀʩʧʦʣʴʟʫʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʍʘʫʩʭʦʣʜʝʨʘ, ʤʘʪʨʠʮʘ (4.10) ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʝʨʭʥʝʡ ʭʝʩʩʝʥ-

ʙʝʨʛʦʚʦʡ ʤʘʪʨʠʮʝ, ʉɿ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ QRïʘʣʛʦʨʠʪʤʘ, ʘ ʩʦʙʩʪʚʝʥʥʳʝ 

ʚʝʢʪʦʨʳ ï ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʳʭ ʠʪʝʨʘʮʠʡ [2]. 

4.5.1.6. ʈʘʩʯʝʪ ʧʨʠʙʣʠʞʝʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦ-

ʨʦʚ 

ɼʣʷ ʩʠʩʪʝʤ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʪʨʫʜʦʝʤʢʦʩʪʴ ʟʘʜʘʯʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ (ʉɿ) ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʨʘʩʯʝʪ ʯʘʩʪʦʪ. ɺʦ-ʧʝʨʚʳʭ, ʨʘʟʤʝʨʥʦʩʪʴ ʤʘʪʨʠʮʳ 

(4.10) ʚʜʚʦʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʟʘʜʘʯʝ (4.8). ɺʦ-ʚʪʦʨʳʭ, ʤʘʪʨʠʮʘ (4.10) ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ ʠ ʨʘʩ-

ʯʝʪ ʉɿ ʭʝʩʩʝʥʙʝʨʛʦʚʦʡ ʤʘʪʨʠʮʳ ʪʨʝʙʫʝʪ ʛʦʨʘʟʜʦ  ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʦʨʘ, ʯʝʤ ʚ ʩʣʫ-

ʯʘʝ ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʩʠʩʪʝʤ ʩ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ  ʙʦʣʴʰʝ 

ʪʳʩʷʯʠ ʨʘʩʯʝʪ ʉɿ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ. 

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʘʣʠʟʦʚʘʥ ʨʘʩʯʝʪ ʧʨʠʙʣʠʞʝʥʥʳʭ ʉɿ ʧʫʪʝʤ ʦʛʨʘʥʠʯʝ-

ʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʣʘʚʥʳʭ ʢʦʦʨʜʠʥʘʪ ʟʘʜʘʯʠ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʛʣʘʚʥʳʤʠ ʢʦʦʨ-

ʜʠʥʘʪʘʤʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʟʘʜʘʯʠ (4.7) ʷʚʣʷʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʙʩʪʚʝʥ-

ʥʳʤ ʬʦʨʤʘʤ ʢʦʣʝʙʘʥʠʡ. ɺʳʧʦʣʥʷʝʪʩʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ 

ή Ὄύ ύὬ ύὬ  ȣ ύὬȟ (4.11) 

ʛʜʝ ύȟὬȟὭ ρȣὲ ï ʛʣʘʚʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪʘʤ .n ï ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ;‫ 

ɺ ʛʣʘʚʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʫʨʘʚʥʝʥʠʷ (4.7) ʩʪʘʥʦʚʷʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ύ ‫ύ πȢ  

ɺʳʧʦʣʥʠʤ ʩʦʨʪʠʨʦʚʢʫ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʧʦ ʚʝʣʠʯʠʥʝ 

‫ ‫  ȣ ‫  

 

ʀ ʦʛʨʘʥʠʯʠʤ ʯʠʩʣʦ ʩʦʙʩʪʚʝʥʥʳʭ ʬʦʨʤ ʚ ʟʘʤʝʥʝ (4.11), ʫʯʠʪʳʚʘʷ ά ὲ ʥʠʞʥʠʭ ʯʘʩʪʦʪ 
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ή Ὄ ύ ύὬ ύὬ  ȣ ύ ὬȢ (4.12) 

ʇʨʠʙʣʠʞʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ὓ ύ ὅ ύ ὑ ύ πȟ 

ὓ ÄÉÁÇὬὓὬȟὅ Ὄ ὅὌ ȟὑ Ὄ ὑὌ Ȣ 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʙʣʠʞʝʥʥʳʝ ʉɿ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʘʢ ʉɿ ʨʝʜʫʮʠ-

ʨʦʚʘʥʥʦʡ ʤʘʪʨʠʮʳ 

π Ὁ
ὓ ὅ ὓ ὑ

 (4.13) 

ɺʤʝʩʪʦ ʯʠʩʣʘ ʫʯʠʪʳʚʘʝʤʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ά ὲ ʟʘʜʘʝʪʩʷ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʫʯʠʪʳʚʘʝʤʦʡ ʯʘʩʪʦʪʳ ‫ , ʘ ʯʠʩʣʦ m ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʦʡ ʠʟ ʫʩʣʦʚʠʷ 

‫ ‫ ‫ Ȣ 

ʇʨʠʙʣʠʞʝʥʥʳʡ ʨʘʩʯʝʪ ʜʦʩʪʫʧʝʥ ʜʣʷ ʤʦʜʝʣʝʡ ʩ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʙʦʣʴʰʝ ʟʘ-

ʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ὲ, ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ὲ υππ, ʨʠʩ. 4.134. ɽʩʣʠ ʧʨʠʙʣʠʞʝʥʥʳʡ 

ʨʘʩʯʝʪ ʜʦʩʪʫʧʝʥ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʫʢʘʟʘʪʴ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ‫  (ʟʥʘ-

ʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ï 100 ɻʮ). ɽʩʣʠ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʫʞʝ ʨʘʩʩʯʠʪʘʥʳ, ʪʦ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠ ʫʢʘʟʳʚʘʝʪʩʷ ʨʘʟʤʝʨ ʨʝʜʫʮʠʨʦʚʘʥʥʦʡ ʟʘʜʘʯʠ m, ʨʠʩ. 4.135. 

 

ʈʠʩ. 4.134. ɿʘʜʘʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 

ʜʣʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʉɿ 

 

ʈʠʩ. 4.135. ɿʘʜʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʜʣʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʉɿ 
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4.5.1.7. ɺʳʥʫʞʜʝʥʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ  

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʟʘʜʘʯʘ ʘʥʘʣʠʟʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʷ 

ὓή ὅή ὑή Ὡ ὶȢ (4.14) 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4.14) ʠʱʝʤ ʚ ʚʠʜʝ 

ή ὥὩ ȟ  

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʠʩʪʝʤʝ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ ʢʦʤʧʣʝʢʩʥʦʡ ʤʘʪʨʠʮʝʡ 

‫ὓ Ὥʖὅ ὑὥ ὶȢ (4.15) 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (4.15) ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ LU ï ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʤʘʪ-

ʨʠʮʳ ʩ ʫʯʝʪʦʤ ʧʨʦʬʠʣʷ. 

ʇʨʝʜʫʩʤʦʪʨʝʥʳ ʪʨʠ ʪʠʧʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʨʠʩ. 4.136. 

ʉʠʣʦʚʦʝ ʚʦʟʤʫʱʝʥʠʝ: ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʩʠʣʘ F  (ʤʦʤʝʥʪ M) ʜʝʡʩʪʚʫʝʪ ʥʘ ʦʜʥʦ ʠʟ ʪʝʣ 

ʤʦʜʝʣʠ, ʧʨʠʣʦʞʝʥʘ ʚ ʪʦʯʢʝ, ʟʘʜʘʥʥʦʡ ʚ ʉʂ ʪʝʣʘ ʧʨʦʝʢʮʠʷʤʠ ʚʝʢʪʦʨʘ ɟ ʠ ʠʤʝʝʪ ʥʝʠʟʤʝʥ-

ʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʟʘʜʘʥʥʦʝ ʚ ʉʂ ʪʝʣʘ ʝʜʠʥʠʯʥʳʤ ʚʝʢʪʦʨʦʤ e  

ἐ ὊÓÉÎς“Ὢὸ•Ἥȟ 

Ἑ ὓÓÉÎς“Ὢὸ•ἭȢ 
(4.16) 

ɿʜʝʩʴ Ὂȟὓ  ï ʘʤʧʣʠʪʫʜʘ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ, f ï ʯʘʩʪʦʪʘ ʚʦʟʤʫʱʝʥʠʷ ʚ ʛʝʨʮʘʭ, • ï 

ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʚʦʟʤʫʱʝʥʠʷ. 

 

ʈʠʩ. 4.136. ɿʘʜʘʥʠʝ ʪʠʧʘ ʚʦʟʤʫʱʝʥʠʷ 

ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʤʫʱʝʥʠʝ: ʟʘʜʘʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ ЎἺ ʪʦʯʢʠ ʪʝʣʘ, ʟʘ-

ʜʘʥʥʦʡ ʚʝʢʪʦʨʦʤ  ʚʜʦʣʴ ʚʝʢʪʦʨʘ Ἥ, ʣʠʙʦ ʫʛʣʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ D́  ʧʦ ʟʘʢʦʥʫ 

ЎἺ ὥÓÉÎς“Ὢὸ•Ἥȟ 

ЎⱫ ‌ÓÉÎς“Ὢὸ•ἭȢ 
(4.17) 

ɿʜʝʩʴ ὥȟ‌ ï ʘʤʧʣʠʪʫʜʘ ʣʠʥʝʡʥʳʭ ʠ ʫʛʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʟʘʜʘʥʠʠ ʫʛʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ 

ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʠʛʥʦʨʠʨʫʶʪʩʷ, ʝʩʣʠ ʪʝʣʦ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʝ. 

ʀʥʝʨʮʠʦʥʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʤʠʪʘʮʠʠ ʚʨʘʱʝʥʠʷ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ 

ʨʦʪʦʨʦʚ: ʟʘʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʧʦ ʚʝʣʠʯʠʥʝ ʩʠʣʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʪʦʯʢʝ ʪʝʣʘ , ʨʘʚʥʦʤʝʨʥʦ 

ʚʨʘʱʘʶʱʘʷʩʷ ʚʦʢʨʫʛ ʚʝʢʪʦʨʘ Ἥ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʢʚʘʜʨʘʪʫ ‫ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 
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ἐ ά‫ ὧέί‫ὸ •Ἥ ÓÉÎ‫ὸ •Ἥ Ȣ (4.18) 

ɿʜʝʩʴ ά  (ʢʛĿʤ) ï ʠʥʝʨʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʚʦʟʤʫʱʝʥʠʷ, ʠʤʝʶʱʠʡ ʩʤʳʩʣ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʘʩʩʳ 

ʜʠʩʙʘʣʘʥʩʘ ʥʘ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ (ʦʪʢʣʦʥʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ), ‫ ς“Ὢ  ʫʛʣʦ-

ʚʘʷ ʩʢʦʨʦʩʪʴ ʚ ʨʘʜ/ʩ. ɽʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ ἭȟἭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʜʨʫʛ ʜʨʫʛʫ ʠ ʚʝʢʪʦʨʫ Ἥ, 

ʪʘʢ ʯʪʦ ἭȟἭȟἭ ʦʙʨʘʟʫʶʪ ʧʨʘʚʫʶ ʪʨʦʡʢʫ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʚʝʢʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʝʢʪʦʨ 

Ἥ ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ʦʩʠ Z ʉʂ ʪʝʣʘ, ʪʦ ʚʝʢʪʦʨʳ ἭȟἭ ï ʚʜʦʣʴ ʦʩʝʡ X ʠ Y. 

4.5.2. ʀʥʩʪʨʫʤʝʥʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ɼʣʷ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʠʤʝʥʥʘʷ ʚʢʣʘʜʢʘ ʦʢʥʘ (ʨʠʩ. 4.137). 

ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʜʚʘ ʨʝʞʠʤʘ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ. 

4. ʈʝʞʠʤ ʦʜʥʦʢʨʘʪʥʦʛʦ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠʜʝʥʪʠʬʠʢʘʪʦ-

ʨʦʚ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʢʣʘʜʢʠ ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ ʫʩʪʘʥʦʚʠʪʝ ʥʫʞʥʳʝ ʟʥʘʯʝʥʠʷ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠ ʱʝʣʢʥʠʪʝ ʥʘ ʢʥʦʧʢʝ . ʇʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʨʘʩʯʝʪʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʩʪʘʥʦʚʷʪʩʷ ʪʝʢʫʱʠʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʇʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʨʘʩʯʝʪʝ 

ʚʝʢʪʦʨʳ ʘʢʪʠʚʥʳʭ ʩʠʣ ʠ ʩʠʣ ʨʝʘʢʮʠʡ ʤʦʛʫʪ ʙʳʪʴ ʫʢʘʟʘʥʳ ʚ ʘʥʠʤʘʮʠʦʥʥʦʤ ʦʢʥʝ, ʝʩʣʠ 

ʧʦʤʝʩʪʠʪʴ ʚ ʦʢʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ (ʧ. 4.3.6.4. "ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʝʢʪʦ-

ʨʦʚ/ʪʨʘʝʢʪʦʨʠʡ", ʩʪʨ. 4-86). 

5. ʈʝʞʠʤ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʦʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ. ɺ ʜʘʥ-

ʥʦʤ ʨʝʞʠʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʜʥʦʛʦ ʠʟ ʠʜʝʥʪʠ-

ʬʠʢʘʪʦʨʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

ʟʥʘʯʝʥʠʷ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʢʦʦʨʜʠʥʘʪ, ʩʠʣ ʨʝʘʢʮʠʡ, ʘʢʪʠʚʥʳʭ ʩʠʣ. 

 

ʈʠʩ. 4.137. ʀʥʩʪʨʫʤʝʥʪ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ 

ɼʣʷ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʯʝʪʘ: 

¶ ʚʳʙʝʨʠʪʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ; ʝʩʣʠ ʚ ʧʦʜʩʠʩʪʝʤʘʭ 

ʦʙʲʝʢʪʘ ʥʘʡʜʝʥʳ ʦʜʥʦʠʤʝʥʥʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʫʢʘʞʠʪʝ, ʢʘʢʠʝ ʠʟ ʥʠʭ ʙʫʜʫʪ ʠʟʤʝ-

ʥʷʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʳʙʨʘʥʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ (ʥʘ ʨʠʩ. 4.137 ʥʘʡʜʝʥʦ 2 ʠʜʝʥ-

ʪʠʬʠʢʘʪʦʨʘ, ʦʜʥʦʠʤʝʥʥʳʝ ʩ ʚʳʙʨʘʥʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ mcarbody); 

¶ ʥʘʟʥʘʯʴʪʝ ʛʨʘʥʠʮʳ ʠʟʤʝʥʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ (ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï ʚ ʚʝʨʭʥʝʤ ʧʦʣʝ, 

ʢʦʥʝʯʥʦʝ ï ʚ ʥʠʞʥʝʤ) ʠ ʯʠʩʣʦ ʨʘʩʯʝʪʦʚ ʩ ʨʘʚʥʳʤ ʰʘʛʦʤ (ʧʘʨʘʤʝʪʨ ʈʘʟʙʠʚʢʘ); 
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¶ ʠʩʧʦʣʴʟʫʡʪʝ ʢʣʶʯ ɿʘʧʦʤʠʥʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʝʩʣʠ ʩʣʝʜʫʝʪ ʩʜʝ-

ʣʘʪʴ ʪʝʢʫʱʠʤʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʟʥʘʯʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚ ʧʦʩʣʝʜʥʝʤ 

ʨʘʩʯʝʪʝ; 

¶ ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʘʥʠʤʘʮʠʶ ʟʥʘʯʝʥʠʷ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʘʨʘʤʝʪʨʘ ʚʝʢʪʦʨʥʦʡ ʚʝʣʠʯʠʥʳ ʠʣʠ ʪʨʘʝʢʪʦʨʠʠ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʠ, ʧʦʤʝʩʪʠʪʝ ʜʘʥ-

ʥʳʝ ʚʝʣʠʯʠʥʳ ʚ ʦʪʢʨʳʪʦʝ ʘʥʠʤʘʮʠʦʥʥʦʝ ʦʢʥʦ; 

¶ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʬʘʡʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʠʩʧʦʣʴʟʫʡʪʝ ʩʪʘʥʜʘʨʪ-

ʥʫʶ ʬʫʥʢʮʠʶ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ (ʧ. 4.3.6.5. "ʉʦʟʜʘʥʠʝ ʘʥʠʤʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ", 

ʩʪʨ. 4-87); 

¶ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʜʛʦʪʦʚʢʠ, ʟʘʧʫʩʪʠʪʝ ʨʘʩʯʝʪ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ . 

4.5.2.1. ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʩʪʘʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʘʨʘʤʝʪʨʘ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝʢʦʪʦʨʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʧʦʣʦ-

ʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ, ʩʦʟʜʘʡʪʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʢʥʘ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ ʠʣʠ ʧʨʦʯʠʪʘʡʪʝ ʨʘ-

ʥʝʝ ʩʦʟʜʘʥʥʳʡ ʩʧʠʩʦʢ *.var.  

ɽʩʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʥʦʧʢʠ  (ʨʠʩ. 4.137) ʩʦʭʨʘʥʠʪʴ ʩʦʟʜʘʥʥʳʡ ʩʧʠʩʦʢ ʩ ʠʤʝʥʝʤ 

[ʀʤʷ ʤʦʜʝʣʠ]St.var, ʪʦ ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʦʪʢʨʳʪʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩʧʠʩʦʢ ʦʪʢʨʦʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ ʧʝʨʝʪʘʱʠʪʝ ʤʳʰʢʦʡ 

ʧʝʨʝʤʝʥʥʳʝ ʠʟ ʩʧʠʩʢʘ (ʨʠʩ. 4.138) ʚ ʛʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ. 

ʇʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʟʜʘʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʠʩʢʦʚ ʧʝʨʝʤʝʥʥʳʭ ʩʦʜʝʨʞʠʪʩʷ 

ʚ ʧ. 4.3.3. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-61. 

 

ʈʠʩ. 4.138. ʈʘʩʩʯʠʪʘʥʥʳʡ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ 

ɽʩʣʠ ʧʨʦʛʨʘʤʤʘ ʥʝ ʥʘʭʦʜʠʪ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʠʣʠ ʥʘʭʦʜʠʪ ʥʝ ʪʦ ʧʦʣʦʞʝʥʠʝ, ʢʦ-

ʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʡʪʝ ʚʢʣʘʜʢʫ ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʟʘʜʘʪʴ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪʘʤ, ʙʣʠʟʢʠʝ ʢ ʥʫʞʥʦʤʫ ʧʦʣʦʞʝʥʠʶ. ɽʩʣʠ ʥʝ ʫʜʘʝʪʩʷ ʨʘʩʩʯʠʪʘʪʴ 

ʨʘʚʥʦʚʝʩʠʷ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ, ʪʦ ʠʩʧʦʣʴʟʫʡʪʝ ʦʧʨʝʜʝ-
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ʣʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ, ʧ. 4.5.1.1. "ʋʨʘʚʥʝʥʠʷ ʨʘʚ-

ʥʦʚʝʩʠʷ", ʩʪʨ. 4-148, ʨʠʩ. 4.139. 

ʉʤ. ʪʘʢʞʝ ʧ. 4.5.6. "ʅʘʩʪʨʦʡʢʠ", ʩʪʨ. 4-177. 

 

ʈʠʩ. 4.139. ɿʘʜʘʥʠʝ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

4.5.3. ʀʥʩʪʨʫʤʝʥʪ ʨʘʩʯʝʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪʳ ʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ (ʉʏ) ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (ʉɿ) ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʢʣʘʜʢʘ ʏʘʩʪʦʪʳ/ʂʦʨʥʠ (ʨʠʩ. 4.140). ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʙʣʝʤʳ ʠ ʤʝʪʦʜʠʢʘ ʝʝ 

ʨʝʰʝʥʠʷ ʦʧʠʩʘʥʘ ʚ ʧ. 4.5.1.4. "ʈʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ", ʩʪʨ. 4-154 

ʠ ʧ. 4.5.1.5. "ʈʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ", ʩʪʨ. 4-155. 

 

ʈʠʩ. 4.140. ʉʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ɿʥʘʯʝʥʠʷ ʢʥʦʧʦʢ ʧʨʠ ʨʘʩʯʝʪʝ ʉʏ ʠ ʉɿ: 

 ï ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʘ 

 ïʩʙʨʦʩ ʨʝʟʫʣʴʪʘʪʦʚ 

 ï ʘʥʠʤʘʮʠʷ ʬʦʨʤ 

 ï ʟʘʧʠʩʴ ʘʢʪʠʚʥʦʡ ʪʘʙʣʠʮʳ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ. 
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ɸʢʪʠʚʠʟʘʮʠʷ ʪʘʙʣʠʮ ʨʝʟʫʣʴʪʘʪʦʚ 

ɽʩʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʘʢ ʉʏ, ʪʘʢ ʠ ʉɿ, ʪʦ ʝʩʪʴ ʟʘʧʦʣʥʝʥʳ ʦʙʝ ʪʘʙʣʠʮʳ ʨʝʟʫʣʴʪʘʪʦʚ, ʪʦ ʜʣʷ 

ʘʢʪʠʚʥʦʡ ʪʘʙʣʠʮʳ ʧʝʨʚʳʡ ʢʣʶʯ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʳʜʝʣʷʝʪʩʷ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ʠ ʧʦʜʯʝʨ-

ʢʠʚʘʥʠʝʤ, ʨʠʩ. 4.141. ɼʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ ʱʝʣʢʥʫʪʴ ʥʘ ʥʝʡ ʤʳʰʢʦʡ. 

 

 

ʈʠʩ. 4.141. ɸʢʪʠʚʠʟʘʮʠʷ ʪʘʙʣʠʮ ʨʝʟʫʣʴʪʘʪʦʚ 

4.5.3.1. ʈʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 

¶ ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʉʏ ʜʦʣʞʥʘ ʙʳʪʴ ʚʢʣʶʯʝʥʘ ʦʧʮʠʷ "ʏʘʩʪʦʪʳ ʠ ʬʦʨʤʳ" 

 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ QRï

ʘʣʛʦʨʠʪʤ. ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʦʧʮʠʠ "ʄʝʪʦʜ ʃʘʥʮʦʰʘ", ʚʤʝʩʪʦ QRïʘʣʛʦʨʠʪʤʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥ ʤʝʪʦʜ ʃʘʥʮʦʰʘ. ʇʨʠ ʵʪʦʤ QRïʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʠʪ ʚʩʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ 

ʢʦʣʝʙʘʥʠʡ, ʘ ʘʣʛʦʨʠʪʤ ʃʘʥʮʦʰʘ ʥʘʡʜʝʪ n ʥʘʠʤʝʥʴʰʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ, ʫʢʘʟʘʥʥʳʭ ʚ 

ʧʦʣʝ ʚʚʦʜʘ "ʏʠʩʣʦ ʯʘʩʪʦʪ". 

 

ɿʘʤʝʯʘʥʠʝ.  ʏʪʦʙʳ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʜʣʷ 

ʤʦʜʝʣʝʡ, ʥʘʩʯʠʪʳʚʘʶʱʠʭ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ ʃʘʥʮʦʰʘ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʃʘʥʮʦʰʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʨʝʞʠʤʦʚ ʨʘʩʯʝʪʘ ʥʘ ʤʥʦʛʦʷʜʝʨʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ, ʯʪʦ ʯʘʩʪʦ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ. ʂʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

ʃʘʥʮʦʰʘ ʧʦʪʦʢʦʚ ʟʘʜʘʸʪʩʷ ʚ ʧʦʣʝ ʚʚʦʜʘ "ʏʠʩʣʦ ʧʦʪʦʢʦʚ" ʧʨʠ ʚʢʣʶʯʸʥʥʦʡ ʦʧʮʠʠ "ʀʩʧʦʣʴ-

ʟʦʚʘʪʴ ʧʦʪʦʢʠ". 

 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʃʘʥʮʦʰʘ ʜʣʷ ʢʦʤʧʴʶʪʝʨʘ ʩ ʤʥʦʛʦʷʜʝʨʥʳʤ ʧʨʦʮʝʩ-

ʩʦʨʦʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʙʨʘʪʠʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʢ ʩʣʝʜʫʶʱʠʤ ʧʨʠʤʝʨʘʤ: 

{ɼʘʥʥʳʝ ʋʄ}\Samples\Tracked_Vehicles\gsTV (ʛʫʩʝʥʠʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ) 

../SAMPLES/Tracked_Vehicles/gsTV/input.dat
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{ɼʘʥʥʳʝ ʋʄ} \Samples\Tracked_Vehicles\M1A1 (ʪʘʥʢ) 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʯʠʩʣʦ ʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʚʳʯʠʩʣʝʥʠʡ. 

¶ ɿʥʘʯʝʥʠʷ ʉʏ ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʛʝʨʮʘʭ 

¶ ʉʏ ʚ ʪʘʙʣʠʮʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʨʪʠʨʫʶʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʯʘʩʪʦʪʳ 

¶ ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʉʏ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ; ʤʘʣʳʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʥʫʣʝʚʳʤ ʯʘʩʪʦʪʘʤ ʚ ʩʠʣʫ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ 

¶ ʉʦʙʩʪʚʝʥʥʳʝ ʬʦʨʤʳ 

ɺʩʝ ʩʦʙʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʦʩʣʝ ʨʘʩʯʝʪʘ ʉʏ. 

ɼʣʷ ʘʥʠʤʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦʡ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʚʳʜʝʣʠʪʝ ʥʫʞʥʫʶ ʯʘʩʪʦʪʫ ʚ ʪʘʙʣʠʮʝ ʠ 

ʟʘʧʫʩʪʠʪʝ ʧʨʦʮʝʩʩ ʘʥʠʤʘʮʠʠ ʣʠʙʦ ʜʚʦʡʥʳʤ ʱʝʣʯʢʦʤ ʤʳʰʠ, ʣʠʙʦ ʢʦʧʢʦʡ ; ʜʣʷ ʧʨʝʨʳ-

ʚʘʥʠʷ ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ  ʣʠʙʦ ʢʣʘʚʠʰʫ Esc. 

¶ ɼʣʷ ʟʘʧʠʩʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʉʏ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ *.txt ʘʢʪʠʚʠʟʠʨʫʡʪʝ ʪʘʙʣʠʮʫ ʠ ʠʩ-

ʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ; ʧʨʠʤʝʨ ʬʨʘʛʤʝʥʪʘ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ ʯʘʩʪʦʪ: 

     ʉʧʠʩʦʢ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ (ɻʮ) 

     f (Hz) 

1   0.0196881 

2   0.40913 

3   0.724641 

4   0.879745 

5   1.26518 

¶ ɺʩʧʣʳʚʘʶʱʝʝ ʤʝʥʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʟʘʧʠʩʠ ʯʘʩʪʦʪ ʚ ʬʘʡʣ ʠʣʠ ʚ ʙʫʬʝʨ ʦʙ-

ʤʝʥʘ. 

4.5.3.2. ʈʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ) 

¶ ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʉɿ ʜʦʣʞʥʘ ʙʳʪʴ ʚʢʣʶʯʝʥʘ ʦʧʮʠʷ "ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ"  

 

¶ ʌʦʨʤʘʪ ʉɿ, ʨʠʩ. 4.142. 

ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ‗ ʷʚʣʷʶʪʩʷ ʣʠʙʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʯʠʩʣʘʤʠ 

‗ ὶȟ 

ʣʠʙʦ ʧʘʨʘʤʠ ʢʦʤʧʣʝʢʩʥʦ ʩʦʧʨʷʞʝʥʥʳʭ ʯʠʩʝʣ (ʨʠʩ. 4.142, ʩʣʝʚʘ) 

‗ ὲ Ὥ‫Ȣ 

ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ή ήὩ ÓÉÎ‫ὸ ‌ȟ 

ʢʦʪʦʨʳʡ ʟʘʪʫʭʘʝʪ ʧʨʠ ὲ π ʠ ʨʘʩʭʦʜʠʪʩʷ (ʪʦ ʝʩʪʴ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ) 

ʧʨʠ ὲ π. ɿʘʪʫʭʘʶʱʠʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʘʨʘʤʝʪʨʘʤʠ 

ʯʘʩʪʦʪʘ 

Ὢ  ɻʮ 
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ʠ ʜʦʣʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ (ʨʠʩ. 4.142, ʩʧʨʘʚʘ) 

‍
ὲ

ЍὯ ὲ
ρππϷρππ 

 

 ʈʠʩ. 4.142. ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʉɿ 

¶ ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʘʩʪʠ ʉɿ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʜʚʠʞʝʥʠʷ; ʤʘʣʳʝ ʧʦ ʤʦʜʫʣʶ ʉɿ ʤʦʛʫʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʫʣʝʚʳʤ ʢʦʨʥʷʤ ʚ ʩʠʣʫ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ. 

¶ ʉʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʩ ʮʝʣʴʶ ʘʥʠʤʘʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʦʩʣʝ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʉɿ; ʧʨʠ ʥʘʣʠʯʠʠ ʢʨʘʪʥʳʭ ʥʫʣʝʚʳʭ ʉɿ ʚʦʟʤʦʞʝʥ 

ʥʝʢʦʨʨʝʢʪʥʳʡ ʨʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʢʪʦʨʘ. 

ɼʣʷ ʘʥʠʤʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʚʳʜʝʣʠʪʝ ʥʫʞʥʦʝ ʉɿ ʚ ʪʘʙʣʠʮʝ ʠ ʟʘʧʫʩʪʠʪʝ ʧʨʦ-

ʮʝʩʩ ʘʥʠʤʘʮʠʠ ʣʠʙʦ ʜʚʦʡʥʳʤ ʱʝʣʯʢʦʤ ʤʳʰʠ, ʣʠʙʦ ʢʦʧʢʦʡ ; ʜʣʷ ʧʨʝʨʳʚʘʥʠʷ ʠʩʧʦʣʴ-

ʟʫʡʪʝ ʢʥʦʧʢʫ  ʣʠʙʦ ʢʣʘʚʠʰʫ Esc. 

ʀʩʧʦʣʴʟʫʡʪʝ ʧʦʣʟʫʥʢʠ ɸʤʧʣʠʪʫʜʘ ʠ ʉʢʦʨʦʩʪʴ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʠ 

ʩʢʦʨʦʩʪʠ ʘʥʠʤʘʮʠʠ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʬʘʡʣʘ ʘʥʠʤʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʠʩʧʦʣʴʟʫʡʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʬʫʥʢ-

ʮʠʶ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʢʥʘ (ʧ. 4.3.6.5. "ʉʦʟʜʘʥʠʝ ʘʥʠʤʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ", ʩʪʨ. 4-87); 

¶ ɼʣʷ ʟʘʧʠʩʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʉɿ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ *.txt ʘʢʪʠʚʠʟʠʨʫʡʪʝ ʪʘʙʣʠʮʫ ʠ ʠʩ-

ʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ ; ʧʨʠʤʝʨ ʬʨʘʛʤʝʥʪʘ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ ʉɿ: 

     ʉʧʠʩʦʢ ʢʦʨʥʝʡ 

     F (ɻʮ)        Beta(%)/r 

1   0.0197721  0.02 

2   0.40892      3.67 

3   0.724553    2.21 

4   0.882037    8.08 

5   1.27675    15.73 

6   1.27814      7.09 

 

¶ ɺʩʧʣʳʚʘʶʱʝʝ ʤʝʥʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʟʘʧʠʩʠ ʉɿ ʚ ʬʘʡʣ ʠʣʠ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ. 
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¶ ɼʣʷ ʨʘʩʯʝʪʘ ʉɿ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʜʚʠʞʝʥʠʠ (ʧʨʠ ʥʝʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʝʡ) 

ʩʣʝʜʫʝʪ ʦʪʤʝʥʠʪʴ ʦʙʥʫʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ (ʨʠʩ. 4.142). 

¶ ʂʣʶʯ ʅʝ ʫʯʠʪʳʚʘʪʴ ʤʘʪʨʠʮʫ ʜʠʩʩʠʧʘʮʠʠ (ʨʠʩ. 4.142) ʦʪʢʣʶʯʘʝʪ ʧʨʠ ʨʘʩʯʝʪʝ ʩʠ-

ʣʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʢʦʨʦʩʪʠ, ʪʦ ʝʩʪʴ ʤʘʪʨʠʮʘ ʉ ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ, ʧ. 4.5.1.5. 

"ʈʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ", ʩʪʨ. 4-155. ʇʨʠ ʵʪʦʤ, ʝʩ-

ʣʠ ʦʪʩʫʪʩʪʚʫʶʪ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʩʠʣʳ, ʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʫʜʫʪ ʩʦʚʧʘʜʘʪʴ 

ʩ ʯʘʩʪʦʪʘʤʠ, ʘ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ï ʩ ʬʦʨʤʘʤʠ ʢʦʣʝʙʘʥʠʡ. ɺʦʟʤʦʞʥʳʝ ʥʝʙʦʣʴ-

ʰʠʝ ʦʪʣʠʯʠʷ ʚ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪ ʩʚʷʟʘʥʳ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʨʘʩʯʝʪʦʚ ʤʘʪʨʠʮ ʢʦʥʝʯ-

ʥʦ-ʨʘʟʥʦʩʪʥʳʤ ʤʝʪʦʜʦʤ. ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʩʠʣʳ 

(ʥʘʧʨʠʤʝʨ ï ʩʣʝʜʷʱʠʝ ʩʠʣʳ), ʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʯʘʩʪʦʪ ʠ ʉɿ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ 

ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʠʣ ʙʫʜʫʪ ʨʘʟʣʠʯʥʳʤʠ. 

4.5.3.3. ʈʘʩʯʝʪ ʧʨʠʙʣʠʞʝʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ɽʩʣʠ ʤʦʜʝʣʴ ʠʤʝʝʪ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʙʦʣʝʝ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʨʠʩ. 4.143, ʧʦ 

ʫʤʦʣʯʘʥʠʶ 500), ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʉɿ. 

ɼʣʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʉɿ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʠʧ ʨʘʩʯʝʪʘ ʠ 

ʥʘʟʥʘʯʠʪʴ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʯʠʪʳʚʘʝʤʦʡ ʯʘʩʪʦʪʳ, ʨʠʩ. 4.144 (ʩʤ. ʧ. 4.5.1.6. "ʈʘʩʯʝʪ 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ", ʩʪʨ. 4-155). 

ʇʨʠʙʣʠʞʝʥʥʳʝ ʨʘʩʯʝʪ ʉɿ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 

ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʠ. 

ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ, ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʦʛʠʯʥʘ ʦʧʠʩʘʥʥʦʡ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʨʫʢʦʚʦʜʩʪʚʘ. 

 

ʈʠʩ. 4.143. ɿʘʜʘʥʠʝ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ  

ʜʣʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʉɿ 

 

ʈʠʩ. 4.144. ɿʘʜʘʥʠʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʉɿ ʠ ʥʠʞʥʝʡ ʯʘʩʪʦʪʳ 
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4.5.4. ʇʦʩʪʨʦʝʥʠʝ ʢʦʨʥʝʚʳʭ ʛʦʜʦʛʨʘʬʦʚ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʯʘʩʪʦʪ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ 

ɼʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʢʣʘʜʢʘ ʂʦʨʥʝʚʦʡ ʛʦʜʦʛʨʘʬ, ʨʠʩ. 4.145. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʧʨʦʙʣʝʤʳ ʠ ʤʝʪʦʜʠʢʘ ʝʝ ʨʝʰʝʥʠʷ ʦʧʠʩʘʥʘ ʚ ʧ. 4.5.1.4. "ʈʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘ-

ʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ", ʩʪʨ. 4-154, ʧ. 4.5.1.5. "ʈʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ", ʩʪʨ. 4-155. 

ɿʥʘʯʝʥʠʷ ʢʥʦʧʦʢ ʧʨʠ ʨʘʩʯʝʪʝ ʉʏ ʠ ʉɿ: 

 ï ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʘ, 

 ï ʟʘʧʠʩʴ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ, 

 ï ʧʦʩʪʨʦʝʥʠʝ ʢʦʨʥʝʚʦʛʦ ʛʦʜʦʛʨʘʬʘ ʠʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪ ʦʪ ʧʘʨʘʤʝʪʨʘ ʚ ʛʨʘʬʠ-

ʯʝʩʢʦʤ ʦʢʥʝ, 

 ï ʫʜʘʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʨʝʜ ʥʦʚʳʤ ʨʘʩʯʝʪʦʤ. 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʩʝʨʠʷ ʨʘʩʯʝʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʙʨʘʥʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ: 

¶ ɺʳʙʝʨʠʪʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ; ʝʩʣʠ ʚ ʧʦʜʩʠ-

ʩʪʝʤʘʭ ʦʙʲʝʢʪʘ ʥʘʡʜʝʥʳ ʦʜʥʦʠʤʝʥʥʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʫʢʘʞʠʪʝ, ʢʘʢʠʝ ʠʟ ʥʠʭ ʙʫ-

ʜʫʪ ʠʟʤʝʥʷʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʳʙʨʘʥʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ (ʥʘ ʨʠʩ. 4.145 

ʥʘʡʜʝʥʦ 2 ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ, ʦʜʥʦʠʤʝʥʥʳʝ ʩ ʚʳʙʨʘʥʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ cz). 

¶ ʅʘʟʥʘʯʴʪʝ ʛʨʘʥʠʮʳ ʠʟʤʝʥʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ (ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï ʚ ʚʝʨʭʥʝʤ 

ʧʦʣʝ, ʢʦʥʝʯʥʦʝ ï ʚ ʥʠʞʥʝʤ) ʠ ʯʠʩʣʦ ʨʘʩʯʝʪʦʚ ʩ ʨʘʚʥʳʤ ʰʘʛʦʤ (ʧʘʨʘʤʝʪʨ ʈʘʟʙʠʚ-

ʢʘ). 

ɽʩʣʠ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʢʣʶʯʠʪʴ ʦʧʮʠʶ ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʚʥʦʚʝʩʠʝ, ʨʠʩ. 4.146. 

 

 

ʈʠʩ. 4.145. ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪ ʦʪ ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ cz 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-166 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 4.146. ʅʘʩʪʨʦʡʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ 

4.5.4.1. ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

¶ ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʫʩʪʘʥʦʚʠʪʝ ʪʠʧ ʨʘʩʯʝʪʘ ʏʘʩʪʦʪʳ, ʨʠʩ. 4.147. 

¶ ɺʳʧʦʣʥʠʪʝ ʨʘʩʯʝʪ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ . ʇʦʣʥʳʡ ʩʧʠʩʦʢ ʨʘʩʩʯʠʪʘʥʥʳʭ ʯʘʩʪʦʪ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ 

ʦʢʥʘ, ʨʠʩ. 4.147. 

¶ ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʫʢʘʟʘʥʥʦʛʦ ʩʧʠʩʢʘ ʯʘʩʪʦʪ ʦʪ ʧʘʨʘʤʝʪʨʘ ʧʦ-

ʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʫʢʘʞʠʪʝ ʩʧʠʩʦʢ ʯʘʩʪʦʪ (ʨʠʩ. 4.147) ʠ ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ 

 (ʨʠʩ. 4.148). 

 

ʈʠʩ. 4.147. ʈʘʩʯʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪ ʦʪ ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ cz 

 

ʈʠʩ. 4.148. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʜʘʥʥʦʛʦ ʩʧʠʩʢʘ ʯʘʩʪʦʪ ʦʪ ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ cz 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-167 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʇʨʠʤʝʨʳ ʟʘʜʘʥʠʷ ʩʧʠʩʢʘ ʯʘʩʪʦʪ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ: 

1-12 

1..12,15 

1,2,3,7,9,11-14 

 

ʈʠʩ. 4.149. ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ 

ʇʦʩʢʦʣʴʢʫ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʪʦ ʛʨʘʬʠʢ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʝʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʧ. 4.5.1.4. 

"ʈʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ", ʩʪʨ. 4-154. ʅʘʧʨʠʤʝʨ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʠʩ. 4.149, ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʥʝʫʩʪʦʡʯʠʚʦ ʧʨʠ Ὤ ρ. ɿʘʤʝʪʠʤ, ʯʪʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥ-

ʥʦʛʦ ʨʘʩʯʝʪʘ ʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ Ὤ ρ ʥʝʣʴʟʷ. ɺ ʩʣʫʯʘʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ 

ʩʠʩʪʝʤ ʜʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʥʘ ʥʘʣʠʯʠʝ ʩʪʨʦʛʦʛʦ ʠʟʦ-

ʣʠʨʦʚʘʥʥʦʛʦ ʤʠʥʠʤʫʤʘ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ, ʣʠʙʦ ʜʦʙʘʚʠʪʴ ʜʠʩʩʠʧʘʮʠʶ ʠ ʠʩʩʣʝʜʦ-

ʚʘʪʴ ʨʘʚʥʦʚʝʩʠʝ ʧʦ ʧʝʨʚʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʨʥʝʚʳʭ ʛʦʜʦʛʨʘʬʦʚ. 

4.5.4.2. ʂʦʨʥʝʚʳʝ ʛʦʜʦʛʨʘʬʳ 

¶ ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʨʥʝʚʳʭ ʛʦʜʦʛʨʘʬʦʚ (ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪ ʧʘʨʘʤʝʪ-

ʨʘ) ʫʩʪʘʥʦʚʠʪʝ ʪʠʧ ʨʘʩʯʝʪʘ ʂʦʨʥʠ, ʨʠʩ. 4.150. 

 

ʈʠʩ. 4.150. ɿʘʜʘʥʠʝ ʪʠʧʘ ʨʘʩʯʝʪʘ ï ʢʦʨʥʝʚʦʡ ʛʦʜʦʛʨʘʬ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-168 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 4.151. ʇʨʠʤʝʨ ʢʦʨʥʝʚʦʛʦ ʛʦʜʦʛʨʘʬʘ ʚ ʬʦʨʤʘʪʝ Re/Im 

¶ ɺʳʧʦʣʥʠʪʝ ʨʘʩʯʝʪ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ . ʇʦʣʥʳʡ ʩʧʠʩʦʢ ʨʘʩʩʯʠʪʘʥʥʳʭ ʉɿ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʢʥʘ, 

ʨʠʩ. 4.150. 

¶ ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʢʦʨʥʝʚʳʭ ʛʦʜʦʛʨʘʬʦʚ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʩʣʝ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ . 

 

ʈʠʩ. 4.152. ʇʨʠʤʝʨ ʢʦʨʥʝʚʦʛʦ ʛʦʜʦʛʨʘʬʘ ʚ ʬʦʨʤʘʪʝ ʏʘʩʪʦʪʘ/ɼʦʣʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʨʥʝʡ, ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï ʣʠʙʦ 

ʯʘʩʪʦʪʘ f ʚ ʛʝʨʮʘʭ (ʚʳʙʨʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʏʘʩʪʦʪʘ/ɼʦʣʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-169 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʚʚʝʨʭʫ ʩʧʨʘʚʘ), ʣʠʙʦ ʤʥʠʤʳʝ ʟʥʘʯʝʥʠʝ ʢʦʨʥʝʡ ʤʥʠʤʦʝ ʟʥʘʯʝʥʠʝ ʢʦʨʥʝʡ ʖ ςʌÆ (ʚʳʙʨʘʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ Re/Im). 

 

 ʈʠʩ. 4.153. ʐʢʘʣʘ ʜʦʣʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ɺ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʏʘʩʪʦʪʘ/ɼʦʣʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚ ʦʢʥʦ ʢʦʨʥʝʚʳʭ 

ʛʦʜʦʛʨʘʬʦʚ ʚʥʦʩʠʪʩʷ ʰʢʘʣʘ ʜʦʣʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʰʢʘʣʘ ʥʝ ʚʠʜʥʘ, ʢʘʢ ʥʘ 

ʨʠʩ. 4.152, ʦʜʥʘʢʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʠʭ ʚʠʜʠʤʳʤʠ. ʆʪʩʫʪʩʪʚʠʶ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʴ ʦʨʜʠʥʘʪ, ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ ʘʙʩʮʠʩʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʤʧ-

ʬʠʨʦʚʘʥʠʶ 100%. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʢʦʨʥʠ ʧʦʧʘʜʘʶʪ ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ ʠ ʧʨʷʤʦʡ 

Beta=5%, ʪʦ ʠʭ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʣʝʞʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ‍‭πȟυϷ. ʇʨʷʤʳʝ ʣʠʥʠʠ ʰʢʘʣʳ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ὲ
ς“‍

ρ ‍
Ὢȟ   ‍‭πȟρȟ 

ʛʜʝ ὲ ï ʚʝʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʢʦʨʥʷ. ʐʘʛ ʰʢʘʣʳ ʟʘʜʘʝʪʩʷ ʚ ʥʘʩʪʨʦʡʢʘʭ, ʨʠʩ. 4.154. 

¶ ʀʩʧʦʣʴʟʫʡʪʝ ʘʥʠʤʘʮʠʶ ʢʦʨʥʝʚʦʛʦ ʛʦʜʦʛʨʘʬʘ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʨʥʝʡ 

ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ, ʨʠʩ. 4.155. 

ʂʦʨʥʝʚʳʝ ʛʦʜʦʛʨʘʬʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʜʚʠʞʝʥʠʷ.  ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘʩʪʫʧʘʝʪ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʜʥʦʛʦ ʠʟ ʢʦʨʥʝʡ ʚ ʦʙʣʘʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ. ʊʘʢ, ʥʘ 

ʨʠʩ. 4.157 ʧʝʨʝʭʦʜ ʢʦʨʥʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʥʘʩʪʫʧʘʝʪ ʧʨʠ-

ʙʣʠʟʠʪʝʣʴʥʦ ʧʨʠ ʟʥʘʯʝʥʠʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ v0=35,75 ʤ/ʩ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʢʨʠʪʠʯʝʩʢʫʶ 

ʩʢʦʨʦʩʪʴ ʜʘʥʥʦʛʦ ʵʢʠʧʘʞʘ, ʦʮʝʥʝʥʥʫʶ ʧʦ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʤ ʫʨʘʚʥʝʥʠʷʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʰʘʛʦʚʫʶ ʘʥʠʤʘʮʠʶ ʢʦʨʥʝʚʳʭ ʛʦ-

ʜʦʛʨʘʬʦʚ, ʨʠʩ. 4.156. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-170 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 4.154. ɿʘʜʘʥʠʝ ʰʘʛʘ ʰʢʘʣʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

 

ʈʠʩ. 4.155. ɺʳʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʨʥʝʡ 

 

ʈʠʩ. 4.156. ʀʥʩʪʨʫʤʝʥʪ ʘʥʠʤʘʮʠʠ ʢʦʨʥʝʚʳʭ ʛʦʜʦʛʨʘʬʦʚ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-171 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 4.157. ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ v0 
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4.5.5. ɺʳʥʫʞʜʝʥʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ 

ʤʦʜʝʣʠ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʜʝʣʠ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʚʢʣʘʜʢʘ ʃʠʥʝʡʥʳʝ ʚʠʙʨʘʮʠʠ, ʨʠʩ. 4.158. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʩʯʝʪʘ ʠʟʣʦ-

ʞʝʥʳ ʚ ʧ. 4.5.1.7. "ɺʳʥʫʞʜʝʥʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ", ʩʪʨ. 4-157. 

 

ʈʠʩ. 4.158. ʀʥʩʪʨʫʤʝʥʪ ʘʥʘʣʠʟʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

4.5.5.1. ʇʦʜʛʦʪʦʚʢʘ ʨʘʩʯʝʪʘ 

¶ ɿʘʜʘʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ. 

ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʘʶʱʠʡ ʚʦʟʜʝʡ-

ʩʪʚʠʡ. ʀʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʠ 

 ï ʜʦʙʘʚʣʝʥʠʝ ʚʦʟʤʫʱʝʥʠʷ, 

 ï ʫʜʘʣʝʥʠʝ ʪʝʢʫʱʝʛʦ ʚʦʟʤʫʱʝʥʠʷ, 

 ï ʟʘʧʠʩʴ ʩʧʠʩʢʘ ʚʦʟʤʫʱʝʥʠʡ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ *.exc, 

 ï ʯʪʝʥʠʝ ʩʧʠʩʢʘ ʚʦʟʤʫʱʝʥʠʡ ʠʟ ʬʘʡʣʘ *.exc. 

ɼʣʷ ʢʘʞʜʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ 

o ʊʠʧ ʚʦʟʤʫʱʝʥʠʷ: ʩʠʣʦʚʦʝ, ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʠʣʠ ʠʥʝʨʮʠʦʥʥʦʝ, ʧ. 4.5.1.7. 

"ɺʳʥʫʞʜʝʥʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ", ʩʪʨ. 4-157. 

o ʊʝʣʦ, ʥʘ ʢʦʪʦʨʦʝ ʜʝʡʩʪʚʫʝʪ ʚʦʟʤʫʱʝʥʠʝ, ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʧʦʣʥʦʛʦ ʩʧʠʩʢʘ ʪʝʣ ʤʦʜʝʣʠ 

ʧʦ ʢʥʦʧʢʝ . 

o ɸʤʧʣʠʪʫʜʫ ʚʦʟʤʫʱʝʥʠʷ, ʩʤ. (4.15)ï(4.17); ʨʘʟʤʝʨʥʦʩʪʴ: ʢʅ (ʩʠʣʘ), ʢʅÖʤ (ʤʦʤʝʥʪ), 

ʤʤ (ʣʠʥʝʡʥʦʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʤʫʱʝʥʠʝ), ʛʨʘʜʫʩ (ʫʛʣʦʚʦʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟ-

ʤʫʱʝʥʠʝ). 

o ʌʘʟʫ • ʚʦʟʤʫʱʝʥʠʷ, ʚ ʛʨʘʜʫʩʘʭ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴ-

ʢʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʫ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʝ ʥʘʯʘʣʴʥʳʝ ʬʘʟʳ. 
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o ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢ ʪʝʣʫ ʚ ʉʂ ʜʘʥʥʦʛʦ 

ʪʝʣʘ (X, Y, Z) ʚ ʤʝʪʨʘʭ, ʚʝʢʪʦʨ ⱬ. ɽʩʣʠ ʤʦʤʝʥʪ ʠʣʠ ʚʨʘʱʘʪʝʣʴʥʦʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ 

ʚʦʟʤʫʱʝʥʠʝ ʧʨʠʢʣʘʜʳʚʘʶʪʩʷ ʢ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʤʫ ʪʝʣʫ, ʪʦ ʢʦʦʨʜʠʥʘʪʳ ʠʛʥʦʨʠ-

ʨʫʶʪʩʷ. ɽʩʣʠ ʪʝʣʦ ʫʧʨʫʛʦʝ, ʢʦʦʨʜʠʥʘʪʳ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʘ 

ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʡ ʨʘʟʙʠʚʢʠ. 

o ʇʨʦʝʢʮʠʠ (eX, eY, eX) ʥʘ ʦʩʠ ʉʂ ʪʝʣʘ ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ Ἥ, ʟʘʜʘʶʱʝʛʦ ʚʦʟʤʫʱʝ-

ʥʠʝ, ʩʤ. ʧ. 4.5.1.7. "ɺʳʥʫʞʜʝʥʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ", ʩʪʨ. 4-157. ʉʪʘʥʜʘʨʪ-

ʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʉʂ ʪʝʣʘ ʤʦʞʥʦ ʟʘʜʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ ʂʦʤʧʦʥʝʥʪʘ. 

 

ɼʣʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʟʘʜʘʚʘʪʴ ʪʦʣʴʢʦ ʦʜʥʦ ʚʦʟʤʫ-

ʱʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝʢʦʨʨʝʢʪʥʳ. 

 

¶ ɿʘʜʘʥʠʝ ʩʧʠʩʢʘ ʯʘʩʪʦʪ 

ʏʘʩʪʦʪʳ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʟʘʜʘʶʪʩʷ ʚ ʛʝʨʮʘʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ 

ʬʦʨʤʘʪʘ: ʩʧʠʩʦʢ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʣʶʙʦʛʦ ʯʠʩʣʘ ʧʦʜʩʧʠʩʢʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ 

ʩʠʤʚʦʣʦʤ #: 

ʇʦʜʩʧʠʩʦʢ # ʇʦʜʩʧʠʩʦʢ # ...  

ʂʘʞʜʳʡ ʧʦʜʩʧʠʩʦʢ ʠʤʝʝʪ ʦʜʠʥ ʠʟ ʩʣʝʜʫʶʱʠʭ ʬʦʨʤʘʪʦʚ: 

1) ʇʝʨʝʯʠʩʣʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ ʯʝʨʝʟ ʟʘʧʷʪʫʶ: Omega1, Omega2, 

Omega3... 

2) ʈʘʟʙʠʚʢʘ ʠʥʪʝʨʚʘʣʘ ʥʘ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ ʨʘʚʥʦʦʪʩʪʦʷʱʠʭ ʯʘʩʪʦʪ:  

Omega1, OmegaN [N] 

ʛʜʝ Omega1, OmegaN ï ʛʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʘ, N ï ʯʠʩʣʦ ʯʘʩʪʦʪ ʚ ʠʥʪʝʨʚʘʣʝ. ʇʨʠʤʝʨ: 

0,100[201]  

ʟʘʜʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 201 ʯʘʩʪʦʪ: 0, 0.5,1, é 100. 

3) ʈʘʟʙʠʚʢʘ ʠʥʪʝʨʚʘʣʘ ʩ ʟʘʜʘʥʥʳʤ ʰʘʛʦʤ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ:  

Omega1, OmegaN (dOmega), 

ʛʜʝ Omega1, OmegaN ï ʛʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʘ, dOmega ï ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ. ʇʨʠʤʝʨ: 

0,10(0.1) 

ʟʘʜʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʘʩʪʦʪ:  0, 0.1, 0.2, 0.3, é 10. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʟʘʜʘʥʥʦʛʦ ʩʧʠʩʢʘ ʯʘʩʪʦʪ ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ , ʨʠʩ. 4.159. 

 

ʈʠʩ. 4.159. ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʧʠʩʢʘ ʯʘʩʪʦʪ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-174 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

¶ ʇʦʜʛʦʪʦʚʢʘ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ 

ʆʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʠ ʬʘʟʦʯʘʩʪʦʪʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʦʟʤʫʱʝʥʠʷ. ʌʘʟʦʯʘ-

ʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʟʘʜʘʥʦ ʦʜʥʦ ʚʦʟʤʫʱʝ-

ʥʠʝ. ʇʨʠ ʥʘʣʠʯʠʠ ʜʚʫʭ ʠ ʙʦʣʝʝ ʚʦʟʤʫʱʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʌʘʟʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʤʫʱʝʥʠʷ ʩ ʧʝʨʚʦʡ ʯʘʩʪʦʪʦʡ ʠʟ ʩʧʠʩʢʘ, ʧʦ-

ʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʩʣʝʜʫʝʪ ʟʘʜʘʚʘʪʴ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ 

ʧʝʨʚʦʡ ʯʘʩʪʦʪʝ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʧʠʩʢʘ ʧʝʨʝ-

ʤʝʥʥʳʭ, ʨʠʩ. 4.160. 

ʉʦʟʜʘʡʪʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʢʥʘ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ ʠʣʠ ʧʨʦʯʠʪʘʡʪʝ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʡ 

ʩʧʠʩʦʢ *.var ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʥʦʧʢʠ . 

ɽʩʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʥʦʧʢʠ  (ʨʠʩ. 4.137) ʩʦʭʨʘʥʠʪʴ ʩʦʟʜʘʥʥʳʡ ʩʧʠʩʦʢ ʩ ʠʤʝʥʝʤ 

[ʀʤʷ ʤʦʜʝʣʠ]Exc.var, ʪʦ ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʦʪʢʨʳʪʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩʧʠʩʦʢ ʦʪʢʨʦʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ɼʣʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʢ ʩʧʠʩʢʫ ʧʝ-

ʨʝʤʝʥʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʙʘʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʘʷ F(excitation), ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʦʟʤʫ-

ʱʘʶʱʝʡ ʩʠʣʝ, ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ ʟʘʜʘʥʥʦʡ ʘʤʧʣʠʪʫʜʳ, 

ʨʠʩ. 4.161. ʇʝʨʝʤʝʥʥʘʷ ʜʦʙʘʚʣʷʝʪʩʷ ʧʦʩʣʝ ʱʝʣʯʢʘ ʥʘ ʢʥʦʧʢʝ , ʦʟʥʘʯʘʶʱʝʤ ʥʘʯʘʣʦ ʨʘʩ-

ʯʝʪʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʇʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʟʜʘʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʠʩʢʦʚ ʧʝʨʝʤʝʥʥʳʭ ʩʦʜʝʨʞʠʪʩʷ 

ʚ ʧ. 4.3.3. "ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ", ʩʪʨ. 4-61. 

 

ʈʠʩ. 4.160. ʉʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʠ 

ʬʘʟʦʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ʈʠʩ. 4.161. ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʙʘʚʣʷʝʤʘʷ ʧʝʨʝʤʝʥʥʘʷ 
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4.5.5.2. ʈʘʩʯʝʪ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʥʦʧʢʘ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʇʨʠ ʥʘʣʠ-

ʯʠʠ ʩʧʠʩʢʘ ʧʝʨʝʤʝʥʥʳʭ ʩʦʟʜʘʝʪʩʷ ʬʘʡʣ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʠʤʷ ʢʦʪʦʨʦʛʦ ʫʢʘʟʘʥʦ 

ʚ ʧʦʣʝ ʀʤ,̫ ʨʠʩ. 4.162. ɽʩʣʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʩʯʝʪʝ ʙʳʣ ʩʦʟʜʘʥ ʬʘʡʣ ʧʝʨʝʤʝʥʥʳʭ, ʪʦ ʧʨʠ 

ʥʦʚʦʤ ʨʘʩʯʝʪʝ ʜʣʷ ʝʛʦ ʩʦʭʨʘʥʝʥʠʷ ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ ʠʤʷ ʬʘʡʣʘ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʚʪʦʨʥʦʛʦ ʨʘʩʯʝʪʘ ʩʣʝʜʫʝʪ ʫʜʘʣʠʪʴ ʧʨʝʜʳʜʫʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʧʦʤʦ-

ʱʴʶ ʢʥʦʧʢʠ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʨʠʩ. 4.163. ʇʨʠ ʵʪʦʤ ʬʘʡʣ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝ-

ʤʝʥʥʳʭ ʥʝ ʫʜʘʣʷʝʪʩʷ. ʂʦʤʘʥʜʘ ʆʯʠʩʪʠʪʴ ʩ ʫʜʘʣʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʝʩʣʠ 

ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʩ ʤʦʤʝʥʪʘ ʧʦʩʣʝʜʥʝʛʦ ʨʘʩʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʣʠʥʝʘʨʠʟʦʚʘʥ-

ʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ. ʂʦʤʘʥʜʘ ʆʯʠʩʪʠʪʴ ʙʝʟ ʫʜʘ-

ʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʝʩʣʠ ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʝ ʚʣʠʷʶʪ ʥʘ ʫʨʘʚʥʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʠʣʩʷ ʩʧʠʩʦʢ ʯʘʩʪʦʪ ʠʣʠ ʧʘʨʘʤʝʪʨʳ ʩʧʠʩʢʘ ʚʦʟʤʫʱʝʥʠʡ. 

 

ʈʠʩ. 4.162. ɿʘʜʘʥʠʝ ʠʤʝʥʠ ʬʘʡʣʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

 

ʈʠʩ. 4.163. ʆʯʠʩʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ 

4.5.5.3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ɺʘʞʥʝʡʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʩʯʝʪʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʶʪʩʷ ʛʨʘʬʠʢʠ ʘʤʧʣʠ-

ʪʫʜʥʦïʯʘʩʪʦʪʥʳʭ ʠ ʬʘʟʦʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʥʫʞʥʳʝ ʧʦʣʷ 

ʠʟ ʩʧʠʩʢʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʝʨʝʪʘʩʢʠʚʘʶʪʩʷ ʤʳʰʢʦʡ ʚ ʛʨʘʬʠʯʝʩʢʠʝ ʦʢʥʘ, 

ʨʠʩ. 4.164. 

ɼʨʫʛʦʡ ʪʠʧ ʨʝʟʫʣʴʪʘʪʦʚ ï ʘʥʠʤʘʮʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʬʦʨʤ, ʨʠʩ. 4.165. 

ɼʣʷ ʩʪʘʨʪʘ ʘʥʠʤʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʥʦʧʢʘ  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ.  

ɸʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʠʣʠ ʫʤʝʥʴʰʠʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʯʝʪʥʦʡ, 

ʟʘʜʘʚ ʟʥʘʯʝʥʠʝ ʤʥʦʞʠʪʝʣʷ ʚ ʧʦʣʝ ɸʤʧʣʠʪʫʜʘ. 

ɿʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʦʟʤʫʱʝʥʠʷ ʫʢʘʟʳʚʘʝʪʩʷ ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ, ʣʠ-

ʙʦ ʩ ʧʦʤʦʱʴʶ ʜʚʠʞʢʘ. 
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ʈʠʩ. 4.164. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʪʦʨʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʢʦʦʨʜʠʥʘʪ (ʫʩʢʦʨʝʥʠʡ) 

 

ʈʠʩ. 4.165. ʋʧʨʘʚʣʝʥʠʝ ʘʥʠʤʘʮʠʝʡ ʚʠʙʨʘʮʠʦʥʥʳʭ ʬʦʨʤ 

ɺʝʢʪʦʨ ʚʦʟʤʫʱʘʶʱʝʡ ʩʠʣʳ ʘʥʠʤʠʨʫʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʚʠʙʨʘʮʠʝʡ. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʤʘʩ-

ʰʪʘʙʘ ʚʝʢʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ ʄʘʩʰʪʘʙ ʚʝʢʪʦʨʦʚ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʘʥʠʤʘʮʠʦʥ-

ʥʦʛʦ ʦʢʥʘ, ʨʠʩ. 4.166. 
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ʈʠʩ. 4.166. ʀʟʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʘ ʚʝʢʪʦʨʦʚ 

4.5.6. ʅʘʩʪʨʦʡʢʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ 

ʀʩʧʦʣʴʟʫʡʪʝ ʚʢʣʘʜʢʫ ʅʘʩʪʨʦʡʢʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʣʠʥʝʡʥʦ-

ʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ. 4.167). 

4.5.6.1. ʆʙʱʠʝ ʥʘʩʪʨʦʡʢʠ 

ʊʠʧ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ (ʧ. 4.5.1.1. "ʋʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ", ʩʪʨ. 4-148): 

ʋʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ï ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ï ʧʨʠʙʣʠʞʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʩ ʜʦʙʘʚʣʝʥʥʦʡ ʜʠʩʩʠʧʘʮʠʝʡ. 

¶ ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʚʥʦʚʝʩʠʝ 

ʇʨʠ ʚʢʣʶʯʝʥʥʦʡ ʥʘʩʪʨʦʡʢʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʝ ʤʦʜʝʣʠ ʧʨʠ ʢʘʞʜʦʤ 

ʚʳʚʦʜʝ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. ʇʨʠ ʚʳʢʣʶʯʝʥʥʦʡ ʥʘʩʪʨʦʡʢʝ ʣʠʥʝʘʨʠʟʘ-

ʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʧ. 4.5.1.2. 

"ʃʠʥʝʘʨʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ", ʩʪʨ. 4-151. 
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ʈʠʩ. 4.167. ʆʙʱʠʝ ʥʘʩʪʨʦʡʢʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ 

¶ ʆʙʥʫʣʷʪʴ ʩʢʦʨʦʩʪʠ 

ɼʘʥʥʘʷ ʥʘʩʪʨʦʡʢʘ ʚʳʢʣʶʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʫʨʘʚʥʝʥʠʷ ʣʠʥʝʘʨʠʟʫʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʣʫʯʘʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʜʚʠ-

ʞʝʥʠʷ, ʧ. 4.5.1.2. "ʃʠʥʝʘʨʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ", ʩʪʨ. 4-151. 

¶ ʇʨʝʨʳʚʘʪʴ ʧʨʠ ʚʳʨʦʞʜʝʥʠʠ ʤʘʪʨʠʮʳ ʗʢʦʙʠ 

ɺʳʢʣʶʯʝʥʠʝ ʢʣʶʯʘ ʤʦʞʝʪ ʧʦʤʦʯʴ ʧʨʠ ʨʘʩʯʝʪʝ ʙʝʟʨʘʟʣʠʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʚʥʦʚʝʩʠʠ ʪʝʣʘ ʥʘ ʛʣʘʜʢʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

¶ ʆʪʢʣʶʯʠʪʴ ʘʥʠʤʘʮʠʶ ʧʨʠ ʨʘʩʯʝʪʝ ʨʘʚʥʦʚʝʩʠʷ 

ɺ ʩʣʫʯʘʝ ʦʪʢʣʶʯʝʥʥʦʡ ʥʘʩʪʨʦʡʢʠ ʧʨʠ ʨʘʩʯʝʪʝ ʨʘʚʥʦʚʝʩʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʠʩʦʚʢʘ ʤʦ-

ʜʝʣʠ ʚ ʘʥʠʤʘʮʠʦʥʥʳʭ ʦʢʥʘʭ ʧʦʩʣʝ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʠʣʠ ʚ ʧʨʦ-

ʮʝʩʩʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ). ɺʢʣʶʯʝʥʠʝ 

ʥʘʩʪʨʦʡʢʠ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʣʷ ʦʙʲʝʢʪʦʚ ʩʦ ʩʣʦʞʥʦʡ ʛʨʘʬʠʢʦʡ. 

¶ ʀʩʧʦʣʴʟʦʚʘʪʴ ʫʨʘʚʥʝʥʠʝ 4-ʛʦ ʧʦʨʷʜʢʘ 

ʅʘʩʪʨʦʡʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ QR-ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʚʝʱʝʩʪʚʝʥʥʦʡ ʤʘʪʨʠʮʳ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʰʝʥʠʝ ʘʣʛʝʙʨʘ-

ʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʳʧʦʣʥʷʶʪʩʷ ʠʪʝʨʘʮʠʠ ʜʦ 

ʩʥʠʞʝʥʠʷ ʧʦʨʷʜʢʘ ʜʦ ʚʪʦʨʦʛʦ, ʧʦʢʘ ʯʠʩʣʦ ʠʪʝʨʘʮʠʠ ʥʝ ʧʨʝʚʳʩʠʪ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ɺ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ, ʜʘʥʥʘʷ ʥʘʩʪʦʡʢʘ ʥʝ ʜʦʣʞʥʘ ʚʣʠʷʪʴ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. 
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4.5.6.2. ʇʘʨʘʤʝʪʨʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ 

ɻʨʫʧʧʘ ʥʘʩʪʨʦʝʢ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘï

ʈʘʬʩʦʥʘ, ʧ. 4.5.1.1.2. "ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ", ʩʪʨ. 4-150. 

¶ ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ (‐) 

ʀʪʝʨʘʮʠʠ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ʧʨʝʨʳʚʘʶʪʩʷ, ʢʦʛʜʘ ʥʘ ʜʘʥʥʦʡ ʠʪʝʨʘʮʠʠ ʩʫʤʤʘʨʥʦʝ ʧʨʠ-

ʨʘʱʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ‐, ʩʤ. (4.4). 

¶ ʐʘʛ ʧʨʠʨʘʱʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ (d) 

ʄʘʣʦʝ ʧʨʠʨʘʱʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʧʨʠ ʨʘʩʯʝʪʝ ʤʘʪʨʠʮ ʗʢʦʙʠ ʫʨʘʚʥʝʥʠʡ 

ʨʘʚʥʦʚʝʩʠʷ (ʫʨʘʚʥʝʥʠʝ (4.5)), ʘ ʪʘʢʞʝ ʧʨʠ ʣʠʥʝʘʨʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ (ʧ. 4.5.1.2. 

"ʃʠʥʝʘʨʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ", ʩʪʨ. 4-151) ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. 

¶ ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʣʘʢʩʘʮʠʠ (R) 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʣʘʢʩʘʮʠʠ ʤʝʥʴʰʝʝ ʝʜʠʥʠʮʳ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʪʘ-

ʙʠʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘïʈʘʬʩʦʥʘ (4.3) ʚ ʩʣʫʯʘʝ ʝʛʦ ʨʘʩʭʦʜʠʤʦʩʪʠ. 

¶ ʏʠʩʣʦ ʠʪʝʨʘʮʠʡ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ (N) 

ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ N ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʟʘʧʨʦʩ ʦ ʧʨʦʜʦʣʞʝʥʠʠ ʠʪʝ-

ʨʘʮʠʡ. 

 

ʈʠʩ. 4.168. ʅʘʩʪʨʦʡʢʠ ʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ɻʨʫʧʧʘ ʥʘʩʪʨʦʝʢ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʤʝʪʦʜʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ, ʧ. 4.5.1.1.1. "ʈʘʩʯʝʪ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʤʝʪʦʜʦʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ", ʩʪʨ. 4-149. 

¶ ʂʕ ʜʣʷ ʧʨʝʢʨʘʱʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (ɼʞ) Ὕ  

¶ ʐʠʨʠʥʘ ʦʢʥʘ ʨʘʩʯʝʪʘ ʂʕ (ʩ) Ўὸ 

¶ ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʩʯʝʪʘ (ʩ) ὸ  

¶ ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʩʯʝʪʘ (ʩ) ὸ  

¶ ʇʘʨʘʤʝʪʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ (1/ʩ) Ŭ 

ʇʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʝʩʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʤʦʜʝʣʠ ʚ 

ʧʨʝʜʝʣʘʭ ʦʢʥʘ ʧʦ ʚʨʝʤʝʥʠ ʰʠʨʠʥʦʡ Ўὸ, ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ Ὕ . ɺʨʝʤʷ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʥʝ ʤʝʥʴʰʝ, ʯʝʤ ὸ , ʠ ʥʝ ʙʦʣʴʰʝ ὸ . ʇʨʠ ʨʘʩʯʝʪʝ ʢ ʤʦʜʝʣʠ ʜʦʙʘʚʣʷʝʪʩʷ ʜʠʩ-

ʩʠʧʘʮʠʷ, ʟʘʜʘʚʘʝʤʘʷ ʧʘʨʘʤʝʪʨʦʤ Ŭ. 
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ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

¶ ʏʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʩ.ʟ. 

ɽʩʣʠ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʦʜʝʣʠ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ, ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧ-

ʥʳʤ ʧʨʠʙʣʠʞʝʥʥʳʡ ʨʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ, ʧ. 4.5.1.6. 

"ʈʘʩʯʝʪ ʧʨʠʙʣʠʞʝʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ", ʩʪʨ. 4-155. 

¶ ʐʘʛ ʰʢʘʣʳ ʜʦʣʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ (1%-20%) 

ʇʘʨʘʤʝʪʨ ʟʘʜʘʝʪ ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʜʦʣʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʧʨʠ ʧʦʩʪʨʦ-

ʝʥʠʷ ʢʦʨʥʝʚʳʭ ʛʦʜʦʛʨʘʬʦʚ, ʧ. 4.5.4.2. "ʂʦʨʥʝʚʳʝ ʛʦʜʦʛʨʘʬʳ", ʩʪʨ. 4-167. ʐʘʛ ʠʟʤʝʥʷʝʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1% (100 ʜʝʣʝʥʠʡ ʰʢʘʣʳ) ʜʦ 20% (5 ʜʝʣʝʥʠʡ ʰʢʘʣʳ). 
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4.5.6.3. ɺʢʣʯʁʝʥʠʝ/ʚʳʢʣʶʯʝʥʠʝ ʩʠʣ 

ɼʣʷ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʢʣʘʜʢʘ 

ʅʘʩʪʨʦʡʢʠ | ʉʠʣʳ | ɺʢʣ./ɺʳʢʣ (ʨʠʩ. 4.169). ʉʧʠʩʦʢ ʚʳʢʣʶʯʝʥʥʳʭ ʩʠʣ ʩʦʭʨʘʥʷʝʪʩʷ ʚ 

ʬʘʡʣʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ Last.la. 

ʇʨʠ ʚʭʦʜʝ ʚ ʨʝʞʠʤ ʘʥʘʣʠʟʘ ʥʘʩʪʨʦʡʢʠ ʚʢʣʶʯʝʥʥʳʭ ʩʠʣ, ʩʦʟʜʘʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʤʦʜʝʣʠ, ʩʦʭʨʘʥʷʶʪʩʷ, ʠ ʧʦʩʣʝ ʚʳʭʦʜʘ ï ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ (ʩʤ. ʧ. 4.4.1.9. 

"ɺʢʣʶʯʝʥʠʝ ʠ ʚʳʢʣʶʯʝʥʠʝ ʩʠʣ. ʂʣʶʯ ʞʝʩʪʢʦʩʪʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ", ʩʪʨ. 4-135). ʊ.ʝ. ʚʳ-

ʢʣʶʯʝʥʠʝ ʩʠʣ ʧʨʠ ʣʠʥʝʡʥʦʤ ʠ ʩʪʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʯʠʩʣʝʥʥʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ. 

 

ʈʠʩ. 4.169. ʉʧʠʩʦʢ ʩʠʣ 

4.5.6.4. ʉʠʣʳ ʪʨʝʥʠʷ 

ʇʦʩʢʦʣʴʢʫ ʩʠʣʳ ʢʫʣʦʥʦʚʩʢʦʛʦ ʪʨʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʣʠʥʝʘʨʠʟʦʚʘʪʴ, ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʠ 

ʣʠʥʝʡʥʦʤ ʘʥʘʣʠʟʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʜʚʘ ʩʦʩʪʦʷʥʠʷ ʪʨʝʥʠʷ: 

¶ ʩʠʣʘ ʪʨʝʥʠʷ ʨʘʚʥʘ ʥʫʣʶ, ʪ.ʝ. ʚʳʢʣʶʯʝʥʘ 

¶ ʩʠʣʘ ʪʨʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʞʠʤʝ ʩʮʝʧʣʝʥʠʷ, ʠ ʝʝ ʚʝʣʠʯʠʥʘ ʥʝ ʦʛʨʘʥʠʯʝʥʘ ʩʚʝʨʭʫ 

(ʘʙʩʦʣʶʪʥʦʝ ʪʨʝʥʠʝ). 

ɼʣʷ ʚʳʢʣʶʯʝʥʠʷ ʪʨʝʥʠʷ ʠʣʠ ʫʩʪʘʥʦʚʢʠ ʘʙʩʦʣʶʪʥʦʛʦ ʪʨʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʢʣʘʜʢʘ 

ʅʘʩʪʨʦʡʢʠ | ʉʠʣʳ | ʉʮʝʧʣʝʥʠʝ (ʨʠʩ. 4.170). ɻʘʣʦʯʢʘʤʠ ʦʪʤʝʯʘʶʪ ʩʠʣʳ ʩ ʘʙʩʦʣʶʪʥʳʤ 

ʪʨʝʥʠʝʤ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʪʨʝʥʠʝ ʚʳʢʣʶʯʝʥʦ. ʉʧʠʩʦʢ ʩʠʣ ʚ ʨʝʞʠʤʝ ʩʮʝʧʣʝʥʠʷ ʩʦʭʨʘ-

ʥʷʝʪʩʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʤ ʬʘʡʣʝ Last.la ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʛʨʫʞʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ 

ʨʝʞʠʤ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺ ʨʝʞʠʤʝ ʩʮʝʧʣʝʥʠʷ ʪʨʝʥʠʝ ʟʘʤʝʥʷʝʪʩʷ ʫʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʳʤ ʣʠʥʝʡʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩ 

ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʠ ʜʠʩʩʠʧʘʮʠʠ. 
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ʈʠʩ. 4.170. ʋʩʪʘʥʦʚʢʘ ʦʪʢʣʶʯʝʥʠʷ ʪʨʝʥʠʷ ʠ ʫʩʪʘʥʦʚʢʠ ʘʙʩʦʣʶʪʥʦʛʦ ʪʨʝʥʠʷ 

ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʦʚʘʥʘ ʫʢʘʟʘʥʥʘʷ ʤʝʪʦʜʠʢʘ. 

¶ ʂʦʥʪʘʢʪ ʪʦʯʢʠ-ʧʣʦʩʢʦʩʪʴ ʠ ʪʦʯʢʠïZïʧʦʚʝʨʭʥʦʩʪʴ 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ 

ʩʪʘʪʠʯʝʩʢʦʤ ʠ ʣʠʥʝʡʥʦʤ ʘʥʘʣʠʟʝ ʩʠʣʳ ʩʯʠʪʘʶʪʩʷ ʜʚʫʭʩʪʦʨʦʥʥʠʤʠ, ʪʦ ʝʩʪʴ ʧʨʠ ʦʪʨʳʚʝ ʦʪ 

ʧʣʦʩʢʦʩʪʠ ʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʘʷ ʩʠʣʘ, ʧʨʠʪʷʛʠʚʘʶʱʘʷ ʢʦʥʪʘʢʪʥʳʝ ʪʦʯʢʠ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ ʠ ʜʠʩʩʠʧʘ-

ʮʠʠ, ʟʘʜʘʚʘʝʤʳʝ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ. 

¶ ʉʢʘʣʷʨʥʳʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ: ʬʨʠʢʮʠʦʥʥʘʷ, ʫʧʨʫʛʦ-ʬʨʠʢʮʠʦʥʥʘʷ, 

ʫʧʨʫʛʦ-ʬʨʠʢʮʠʦʥʥʘʷ ʩʠʣʘ 2, ʩʤ. ɻʣʘʚʫ 2, ʧ. "ʊʠʧʳ ʩʢʘʣʷʨʥʳʭ ʩʠʣ". 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʝʥʠʷ ʩʮʝʧʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʢʫʱʠʝ ʢʦʦʨʜʠʥʘʪʳ ʤʦʜʝʣʠ. ʅʘʧʨʠ-

ʤʝʨ, ʝʩʣʠ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʤ ʰʘʨʥʠʨʝ ʠʤʝʝʪʩʷ ʪʨʝʥʠʝ, ʠ ʥʘ ʤʦʤʝʥʪ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ 

ʰʘʨʥʠʨʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ x0, ʪʦ ʫʧʨʫʛʘʷ ʯʘʩʪʴ ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʢʣʦʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ ʦʪ ʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ c*(x-x0). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʝʨʝʜ ʨʘʩʯʝʪʦʤ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʣ ʪʨʝʥʠʷ ʚ ʨʝʞʠʤʝ ʩʮʝʧʣʝʥʠʷ, ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ 

ʠʣʠ ʨʘʩʩʯʠʪʘʪʴ ʥʫʞʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ. 

4.5.7. ʌʘʡʣ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ 

ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ Last.la ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ ʩʦʟʜʘʝʪʩʷ ʧʨʠ ʟʘʢʨʳʪʠʠ ʦʢʥʘ ʘʥʘʣʠʟʘ ʠ ʧʦʜʛʨʫʞʘʝʪʩʷ ʧʨʠ ʦʪʢʨʳʪʠʠ ʜʘʥʥʦʛʦ ʦʢʥʘ. 

ʌʘʡʣ ʩʦʜʝʨʞʠʪ ʥʘʩʪʨʦʡʢʠ ʘʥʘʣʠʟʘ (ʧ. 4.5.6. "ʅʘʩʪʨʦʡʢʠ", ʩʪʨ. 4-177) ʠ ʜʘʥʥʳʝ ʚʠʙʨʘʮʠ-

ʦʥʥʦʛʦ ʘʥʘʣʠʟʘ: ʩʧʠʩʦʢ ʯʘʩʪʦʪ ʠ ʚʦʟʤʫʱʝʥʠʡ (ʧ. 4.5.5. "ɺʳʥʫʞʜʝʥʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦ-

ʣʝʙʘʥʠʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ", ʩʪʨ. 4-172). 
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4.5.8. ʆʩʦʙʝʥʥʦʩʪʠ ʘʥʘʣʠʟʘ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ 

ʆʩʦʙʝʥʥʦʩʪʠ ʣʠʥʝʡʥʦʛʦ ʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ (ʈʕ) ʩʚʷʟʘʥʳ ʩ 

ʤʦʜʝʣʴʶ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ ʠ ʚʦʟʤʦʞʥʦʡ ʬʠʢʩʘʮʠʝʡ ʢʦʣʝʩʥʳʭ ʧʘʨ. ʀʩʧʦʣʴʟʫʡʪʝ 

ʢʥʦʧʢʫ  ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʣʴʩʦʚʦʛʦ ʵʢʠʧʘʞʘ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʈʕ ʩʠʣʳ ʢʨʠʧʘ ʦʪʩʫʪʩʪʚʫʶʪ, ʪʦ ʝʩʪʴ ʢʦʣʝʩʥʳʝ 

ʧʘʨʳ ʩʪʦʷʪ ʥʘ ʘʙʩʦʣʶʪʥʦ ʛʣʘʜʢʠʭ ʨʝʣʴʩʘʭ; ʩʦʙʩʪʚʝʥʥʳʝ ʚʨʘʱʝʥʠʷ ʚʩʝʭ ʢʦʣʝʩʥʳʭ ʧʘʨ, ʘ 

ʪʘʢʞʝ ʧʨʦʜʦʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʧʝʨʚʦʡ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʙʣʦʢʠʨʫʶʪʩʷ ʫʧʨʫʛʠʤʠ ʩʚʷʟʷʤʠ ʩ 

ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʞʝʩʪʢʦʩʪʠ. 

ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʘʩʯʝʪ ʯʘʩʪʦʪ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʚʠʙʨʘʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʢʣʶʯʘ, ʨʠʩ. 4.171: 

¶ ɹʣʦʢʠʨʦʚʘʪʴ ʢʦʥʪʘʢʪ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ 

ɺ ʢʦʥʪʘʢʪʝ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ ʚʚʦʜʷʪʩʷ ʧʨʦʜʦʣʴʥʘʷ ʠ ʧʦʧʝʨʝʯʥʘʷ ʫʧʨʫʛʠʝ ʩʚʷʟʠ. ʂʦʵʬ-

ʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʧʨʦʜʦʣʴʥʦʡ ʩʚʷʟʠ ʙʦʣʴʰʦʡ (10
10
ʅ/ʤ). ɺ ʩʣʫʯʘʝ ʧʦʧʝʨʝʯʥʦʡ ʩʚʷʟʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʨʘʚʝʥ ʧʦʧʝʨʝʯʥʦʡ ʫʧʨʫʛʦʩʪʠ ʨʝʣʴʩʘ, ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʝʟʳʥʝʨʮʠ-

ʦʥʥʘʷ ʤʦʜʝʣʴ ʨʝʣʴʩʘ, ʘ ʚ ʩʣʫʯʘʝ ʠʥʝʨʮʠʦʥʥʦʛʦ ʨʝʣʴʩʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʳʤ 

10
10
ʅ/ʤ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʙʣʦʢʠʨʦʚʢʘ ʢʦʥʪʘʢʪʘ ʠʛʥʦʨʠʨʫʝʪʩʷ, ʝʩʣʠ ʠʩʩʣʝʜʫ-

ʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʦʝ ʜʚʠʞʝʥʠʝ ʵʢʠʧʘʞʘ, ʪʦ ʝʩʪʴ ʚʳʢʣʶʯʝʥʘ ʦʧʮʠʷ ʆʙʥʫʣʷʪʴ ʩʢʦʨʦʩʪʠ. 

¶ ɹʣʦʢʠʨʦʚʘʪʴ ʚʨʘʱʝʥʠʝ ʢʦʣʝʩʥʳʭ ʧʘʨ (ʂʇ) 

ɺʨʘʱʝʥʠʝ ʢʦʣʝʩʥʳʭ ʧʘʨ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʙʣʦʢʠʨʫʶʪʩʷ ʫʧʨʫʛʠʤʠ ʩʚʷʟʷʤʠ ʩ 

ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʞʝʩʪʢʦʩʪʠ. 

 

 

ʈʠʩ. 4.171. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ 
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ʈʘʩʯʝʪ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʈʕ ʧʦ ʣʠʥʝʡʥʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ 

ʇʦʩʪʨʦʝʥʠʝ ʢʦʨʥʝʚʳʭ ʛʦʜʦʛʨʘʬʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʨʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʈʕ ʧʦ 

ʧʝʨʚʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ, ʪʦ ʝʩʪʴ ʦʮʝʥʠʪʴ ʢʨʠʪʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ. ɼʣʷ ʦʮʝʥʢʠ ʢʨʠʪʠʯʝʩʢʦʡ 

ʩʢʦʨʦʩʪʠ ʈʕ ʧʦ ʣʠʥʝʡʥʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ ʩʣʝʜʫʝʪ ʧʦʩʪʨʦʠʪʴ ʢʦʨʥʝʚʳʝ ʛʦʜʦʛʨʘʬʳ ʚ ʚʠʜʝ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ v0, ʪʦ ʝʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. 

ʊʦʛʜʘ ʧʝʨʝʭʦʜ ʧʘʨʳ ʢʦʨʥʝʡ ʯʝʨʝʟ ʦʩʴ ʦʨʜʠʥʘʪ ʚ ʦʙʣʘʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘ-

ʩʪʠ ʢʦʨʥʝʡ ʙʫʜʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʠʧʘʞʘ ʧʦ ʃʷʧʫʥʦʚʫ, ʩʤ. 

ʨʠʩ. 4.157. 

ʇʨʠ ʨʘʩʯʝʪʝ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʙʣʦʢʠʨʦʚʢʘ ʚʨʘʱʝʥʠʷ ʠʛʥʦʨʠʨʫʝʪʩʷ, ʝʩʣʠ ʠʩʩʣʝʜʫ-

ʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʦʝ ʜʚʠʞʝʥʠʝ ʵʢʠʧʘʞʘ, ʪʦ ʝʩʪʴ ʚʳʢʣʶʯʝʥʘ ʦʧʮʠʷ ʆʙʥʫʣʷʪʴ ʩʢʦʨʦʩʪʠ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʤʦʜʝʣʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʢʫʣʦʥʦʚʩʢʠʤ ʪʨʝʥʠʝʤ, ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʛʨʫʟʦʚʦʛʦ ʚʘʛʦʥʘ ʩ ʪʨʝʭʵʣʝʤʝʥʪʥʦʡ ʪʝʣʝʞʢʦʡ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʢʦʨʨʝʢʪʥʫʶ 

ʦʮʝʥʢʫ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʈʕ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʩʠʩʪʝʤʝ ʢʦʣʝ-

ʩʦïʨʝʣʴʩ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʥʘ ʩʢʦʨʦʩʪʷʭ, ʤʝʥʴʰʠʭ, ʯʝʤ ʢʨʠʪʠʯʝ-

ʩʢʘʷ ʩʢʦʨʦʩʪʴ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʨʝʢʦʤʝʥʜʫ-

ʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʢʨʠʪʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ ʤʝʪʦʜʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ ʢ ʤʦʜʫʣʶ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʈʕ, ɻʣʘʚʘ 8, ʧ. "ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ". 

 

ʅʘʣʠʯʠʝ ʥʫʣʝʚʳʭ ʢʦʨʥʝʡ ʧʨʠ ʨʘʩʯʝʪʝ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (ʉɿ) 

ɽʩʣʠ ʧʨʠ ʨʘʩʯʝʪʝ ʉɿ ʚʳʢʣʶʯʝʥʘ ʦʧʮʠʷ ʆʙʥʫʣʷʪʴ ʩʢʦʨʦʩʪʠ, ʨʠʩ. 4.172, ʪʦ ʫʯʠʪʳʚʘʶʪ-

ʩʷ ʩʠʣʳ ʪʨʝʥʠʷ (ʩʠʣʳ ʢʨʠʧʘ) ʚ ʢʦʥʪʘʢʪʝ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ. ɺ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʠʣʳ 

ʢʨʠʧʘ ʠʤʝʶʪ ʜʠʩʩʠʧʘʪʠʚʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʥʦ ʦʪʩʫʪʩʪʚʫʝʪ ʫʧʨʫʛʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʫʣʝʚʳʭ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʪʦʯʥʝʝ, ʙʣʠʟʢʠʭ ʢ 

ʥʫʣʶ ʚ ʩʠʣʫ ʧʦʛʨʝʰʥʦʩʪʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ, ʥʘ ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʜʠʩʩʠʧʘʪʠʚʥʳʡ ʤʦʤʝʥʪ 

ὐ• ‌•, 

ʟʜʝʩʴ j ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ, J ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ. ʍʘʨʘʢʪʝ-

ʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ὐ‗ ‌‗ π ʠʤʝʝʪ ʜʚʘ ʢʦʨʥʷ: ʦʜʠʥ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ‗ ὐȾ‌, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʡ ʜʠʩʩʠʧʘʮʠʶ, ʘ ʚʪʦʨʦʡ ï ʥʫʣʝʚʦʡ ʚ ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʫʧʨʫʛʦʡ ʩʠʣʳ. 

08_um_loco.pdf
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ʈʠʩ. 4.172. ʅʫʣʝʚʳʝ ʢʦʨʥʠ ʧʨʠ ʨʘʩʯʝʪʝ ʉɿ ʨʝʣʴʩʦʚʦʛʦ ʵʢʠʧʘʞʘ 
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4.5.9. ʆʩʦʙʝʥʥʦʩʪʠ ʘʥʘʣʠʟʘ ʢʦʣʝʩʥʳʭ ʵʢʠʧʘʞʝʡ 

ʂ ʢʦʣʝʩʥʳʤ ʵʢʠʧʘʞʘʤ (ʂʕ) ʦʪʥʦʩʷʪʩʷ ʤʦʜʝʣʠ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʤʦʥʦʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘ-

ʞʝʡ. 

¶ ɹʣʦʢʠʨʦʚʘʪʴ ʚʨʘʱʝʥʠʝ ʢʦʣʝʩ 

ʇʨʠ ʚʢʣʶʯʝʥʥʦʡ ʥʘʩʪʨʦʡʢʝ ʚʨʘʱʝʥʠʝ ʢʦʣʝʩ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʙʣʦʢʠʨʫʝʪʩʷ ʣʠʥʝʡʥʳʤ 

ʫʧʨʫʛʠʤ ʩ ʙʦʣʴʰʦʡ ʞʝʩʪʢʦʩʪʴʶ ʠʣʠ ʫʧʨʫʛʦïʜʠʩʩʠʧʘʪʠʚʥʳʤ ʩʠʣʦʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩ ʥʝ-

ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʠ ʜʠʩʩʠʧʘʮʠʠ. ʋʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʳʡ 

ʵʣʝʤʝʥʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ, ʧ. 4.5.1.1.1. "ʈʘʩʯʝʪ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʤʝʪʦʜʦʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ", ʩʪʨ. 4-149. 

 

 

ʈʠʩ. 4.173. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʢʦʣʝʩʥʳʭ ʵʢʠʧʘʞʝʡ 

ʇʨʠ ʨʘʩʯʝʪʝ ʨʘʚʥʦʚʝʩʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʪʠʧʘ ʙʣʦʢʠʨʦʚʦʢ ʂʕ:  

¶ ɹʣʦʢʠʨʦʚʘʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʢʫʟʦʚʘ ʧʨʠ ʨʘʩʯʝʪʝ ʨʘʚʥʦʚʝʩʠʷ 

¶ ɹʣʦʢʠʨʦʚʘʪʴ ʢʦʥʪʘʢʪ ʢʦʣʝʩ ʩ ʜʦʨʦʛʦʡ ʧʨʠ ʨʘʩʯʝʪʝ ʨʘʚʥʦʚʝʩʠʷ 

ɽʩʣʠ ʚʢʣʶʯʝʥʘ ʧʝʨʚʘʷ ʥʘʩʪʨʦʡʢʘ ʠ ʚʳʢʣʶʯʝʥʘ ʚʪʦʨʘʷ, ʪʦ ʙʣʦʢʠʨʫʝʪʩʷ ʩʤʝʱʝʥʠʝ ʮʝʥ-

ʪʨʘ ʤʘʩʩ ʠ ʢʫʟʦʚʘ ʠ ʝʛʦ ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ɽʩʣʠ ʚʢʣʶʯʝʥʘ ʚʪʦʨʘʷ ʥʘʩʪʨʦʡ-

ʢʘ, ʪʦ ʚ ʢʦʥʪʘʢʪʝ ʢʦʣʝʩʘ ʩ ʜʦʨʦʛʦʡ ʜʦʙʘʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʡ ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ, ʧʦʧʝʨʝʯʥʘʷ ʠ 

ʧʨʦʜʦʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʜʘʶʪʩʷ ʚ ʤʦʜʝʣʠ ʰʠʥʳ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʨʘʩʯʝʪʝ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ (ʯʘʩʪʦʪʳ, ʢʦʨʥʠ, ʚʳʥʫʞʜʝʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʣʦʢʠʨʦʚʢʘ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩ ʩ ʜʦʨʦʛʦʡ. 

4.5.10. ʆʩʦʙʝʥʥʦʩʪʠ ʘʥʘʣʠʟʘ ʛʫʩʝʥʠʯʥʳʭ ʤʘʰʠʥ 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ɻʄ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʝʪʦʜ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ, ʧ. 4.5.1.1.1. "ʈʘʩʯʝʪ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʤʝʪʦʜʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ", ʩʪʨ. 4-149. 

ɼʣʷ ʚʩʝʭ ʢʦʥʪʘʢʪʦʚ ʪʨʘʢʦʚ ʩ ʜʦʨʦʛʦʡ ʜʦʣʞʝʥ ʙʳʪʴ ʚʢʣʶʯʝʥ ʨʝʞʠʤ ʩʮʝʧʣʝʥʠʷ. 
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4.5.11. ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʧʨʠʤʝʨʳ 

4.5.11.1. ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

4.5.11.1.1. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ: ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʥʘ ʥʝʚʝʩʦʤʦʤ 

ʩʪʝʨʞʥʝ, ʠʤʝʶʱʝʤ ʦʜʥʫ ʚʨʘʱʘʪʝʣʴʥʫʶ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʦʩʠ, ʨʠʩ. 4.174. ʄʦʜʝʣʴ ʥʘʭʦʜʠʪʩʷ ʧʦ ʘʜʨʝʩʫ 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Static & Linear analysis\Pendulum. 

 

 

 ʈʠʩ. 4.174. ʄʘʷʪʥʠʢ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ 

ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʤʦʜʝʣʠ ʚʢʣʶʯʘʝʪ: 

- l =1ʤ ï ʜʣʠʥʘ ʤʘʷʪʥʠʢʘ, 

- m =10 ʢʛ ï ʤʘʩʩʘ ʤʘʷʪʥʠʢʘ, 

- ForceY ï ʘʢʪʠʚʥʘʷ ʩʠʣʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʤʘʷʪʥʠʢʫ ʚʜʦʣʴ ʦʩʠ Y ʉʂ0, 

- TorqueX ï ʘʢʪʠʚʥʳʡ ʤʦʤʝʥʪ, ʧʨʠʣʦʞʝʥʥʳʡ ʢ ʤʘʷʪʥʠʢʫ ʚʦʢʨʫʛ ʦʩʠ X ʉʂ0. 

ʉʪʘʪʠʯʝʩʢʠʡ ʪʝʩʪ 1 

ʂ ʤʘʷʪʥʠʢʫ ʧʨʠʣʦʞʝʥ ʤʦʤʝʥʪ Tx (ʠʜʝʥʪʠʬʠʢʘʪʦʨ TorqueX). ʆʧʨʝʜʝʣʷʝʪʩʷ ʫʛʦʣ ʧʦʚʦ-

ʨʦʪʘ ʤʘʷʪʥʠʢʘ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ j ʠ ʧʨʦʝʢʮʠʠ ʩʠʣ ʨʝʘʢʮʠʠ ʥʘ ʦʩʠ ʉʂ0 Ry, Rz. 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ: 

ÓÉÎ•
Ὕ

άὫὰ
ȟ   Ὑ πȟ Ὑ άὫȢ 

 

ʈʠʩ. 4.175. ʈʘʩʯʝʪ ʨʘʚʥʦʚʝʩʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ TorqueX 

../SAMPLES/Static%20&%20Linear%20analysis/Pendulum/input.dat
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ʉʪʘʪʠʯʝʩʢʠʡ ʪʝʩʪ 2 

ʂ ʤʘʷʪʥʠʢʫ ʧʨʠʣʦʞʝʥʘ ʩʠʣʘ Fy (ʠʜʝʥʪʠʬʠʢʘʪʦʨ ForceY). ʆʧʨʝʜʝʣʷʝʪʩʷ ʫʛʦʣ ʧʦʚʦʨʦʪʘ 

ʤʘʷʪʥʠʢʘ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ j ʠ ʧʨʦʝʢʮʠʠ ʩʠʣ ʨʝʘʢʮʠʠ ʥʘ ʦʩʠ ʉʂ0 Ry, Rz. 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ: 

ÓÉÎ•
Ὂ

άὫ
ȟ   Ὑ Ὂȟ Ὑ άὫȢ 

 

 

ʈʠʩ. 4.176. ʈʘʩʯʝʪ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʤʚʦʣʴʥʦʤ ʢʘʣʴʢʫʣʷʪʦʨʝ UM 

ʈʘʩʯʝʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʚʳʧʦʣʥʝʥ ʚ ʩʠʤʚʦʣʴ-

ʥʦʤ ʢʘʣʴʢʫʣʷʪʦʨʝ UM ʠ ʩʦʭʨʘʥʝʥ ʚ ʢʘʪʘʣʦʛʝ ʟʘʜʘʯʠ ʚ ʬʘʡʣʝ Static test.clc. 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʤʘʷʪʥʠʢʘ ʦʪ ʤʦʤʝʥ-

ʪʘ ʠ ʩʠʣʳ, ʘ ʪʘʢʞʝ ʩʠʣ ʨʝʘʢʮʠʡ ʦʪ ʩʠʣʳ Fy ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4.177, 4.178. ʉʨʘʚʥʝʥʠʝ ʘʥʘ-

ʣʠʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʪʘʙʣ. 4.3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʚʧʘʜʝʥʠʠ ʨʝʟʫʣʴʪʘ-

ʪʦʚ. 

 

ʈʠʩ. 4.177. ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʤʘʷʪʥʠʢʘ ʦʪ ʤʦʤʝʥʪʘ (ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ) ʠ ʦʪ ʩʠʣʳ 
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ʈʠʩ. 4.178. ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣ ʨʝʘʢʮʠʡ ʤʘʷʪʥʠʢʘ ʦʪ ʩʠʣ r

ʊʘʙʣʠʮʘ 4.3  

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ (ɸ) ʠ ʯʠʩʣʝʥʥʳʭ (ʏ) ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʤʘʷʪʥʠʢʘ 

N ʉʪʘʪʠʯʝʩʢʠʡ ʪʝʩʪ 1 ʉʪʘʪʠʯʝʩʢʠʡ ʪʝʩʪ 2 

TorqueX, ʅʤ Phi (ɸ),  ̄ Phi (ʏ),  ̄ ForceY, ʅ Phi (ɸ),  ̄ Phi (ʏ),  ̄

1 20 11.7636 11.7636 20 11.5232 11.5232 

2 50 30.6428 30.6428 50 27.0072 27.0072 
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4.5.11.1.2. ɼʚʫʭʦʧʦʨʥʘʷ ʙʘʣʢʘ 

ɹʘʣʢʘ ʦʧʠʨʘʝʪʩʷ ʧʦ ʢʦʥʮʘʤ ʥʘ ʜʚʝ ʣʠʥʝʡʥʳʝ ʧʨʫʞʠʥʳ ʠ ʥʘʛʨʫʞʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʠ-

ʣʦʡ, ʨʠʩ. 4.179. ʄʦʜʝʣʴ ʥʘʭʦʜʠʪʩʷ ʧʦ ʘʜʨʝʩʫ 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Static & Linear analysis\Beam 

ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʤʦʜʝʣʠ ʚʢʣʶʯʘʝʪ: 

- l=1ʤ ï ʜʣʠʥʘ ʙʘʣʢʠ, 

- m =100ʢʛ ï ʤʘʩʩʘ ʙʘʣʢʠ, 

- ForceZ = -1500ʅ ï ʘʢʪʠʚʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʠʣʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʙʘʣʢʝ, 

- y0 ï ʧʦʧʝʨʝʯʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ, 

- Cz=1.0e6 ʅ/ʤ, Cy=1.0e5 ʅ/ʤ, Cphi =10 ʅʤ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʜʦʣʴʥʦʡ, ʧʦʧʝʨʝʯʥʦʡ 

ʠ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ ʙʘʣʢʠ. 

 

ʈʠʩ. 4.179. ɼʚʫʭʦʧʦʨʥʘʷ ʙʘʣʢʘ 

 

ʉʪʘʪʠʯʝʩʢʠʡ ʪʝʩʪ 

ʀʟʤʝʥʷʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘ y0 ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʠʣʳ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʚʝʨ-

ʪʠʢʘʣʴʥʳʝ ʨʝʘʢʮʠʠ ʧʨʫʞʠʥ Rz left, Rz right ʧʨʠ ʟʥʘʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ForceZ=-1500ʅ. 

ʇʨʠʙʣʠʞʝʥʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʥʝ ʫʯʠʪʳʚʘʶʱʝʝ ʚʣʠʷʥʠʝ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ 

ʧʨʫʞʠʥ ʠ ʩʤʝʱʝʥʠʷ ʙʘʣʢʠ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ: 

Ὑȟ
ρ

ς
Ὂ ρ

ςώ

ὰ
άὫȟ 

Ὑȟ
ρ

ς
Ὂ ρ

ςώ

ὰ
άὫȢ 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-191 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 4.180. ʈʘʩʯʝʪ ʨʘʚʥʦʚʝʩʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ 

ʈʘʩʯʝʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʚʳʧʦʣʥʝʥ ʚ ʩʠʤʚʦʣʴ-

ʥʦʤ ʢʘʣʴʢʫʣʷʪʦʨʝ UM ʠ ʩʦʭʨʘʥʝʥ ʚ ʢʘʪʘʣʦʛʝ ʟʘʜʘʯʠ ʚ ʬʘʡʣʝ Static test.clc. 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʩʠʣʠʡ ʚ ʧʨʫʞʠʥʘʭ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4.181. ʉʨʘʚʥʝʥʠʝ ʧʨʠʙʣʠʞʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʪʘʙʣ. 4.4 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʙʣʠʟʦʩʪʠ. 

 

 ʈʠʩ. 4.181. ʈʘʩʩʯʠʪʘʥʥʳʝ ʨʝʘʢʮʠʠ ʧʨʫʞʠʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ  

ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ 

ʊʘʙʣʠʮʘ 4.4  

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ (ɸ) ʠ ʯʠʩʣʝʥʥʳʭ (ʏ) ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʙʘʣʢʠ 

 y0, ʤ Rz left(ɸ), ʅ Rz right (ɸ), ʅ Rz left(ʏ), ʅ Rz right (ʏ), ʅ 

1 0 1240.5 1240.5 1240.5 1240.5 

2 0.5 1990.5 490.5 1991.5 489.6 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-192 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.5.11.2. ʏʘʩʪʦʪʳ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

4.5.11.2.1. ʎʝʧʦʯʢʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ, ʩʚʷʟʘʥʥʳʭ ʫʧʨʫʛʦïʜʠʩʩʠʧʘʪʠʚʥʦ 

ʈʘʩʩʤʦʪʨʠʤ ʮʝʧʦʯʢʫ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʦʜʠʥʘʢʦʚʦʡ ʤʘʩʩʳ m, ʩʚʷʟʘʥʥʳʭ ʦʜʠʥʘʢʦ-

ʚʳʤʠ ʣʠʥʝʡʥʳʤʠ ʫʧʨʫʛʦïʜʠʩʩʠʧʘʪʠʚʥʳʤʠ ʩʠʣʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʞʝʩʪʢʦʩʪʠ c ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ n, ʨʠʩ. 4.182. ʂʘʞʜʘʷ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥ-

ʥʫʶ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʚʜʦʣʴ ʮʝʧʦʯʢʠ. ɼʝʡʩʪʚʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. ʄʦʜʝʣʴ, ʩʦ-

ʩʪʦʷʱʘʷ ʠʟ ʜʝʩʷʪʠ ʪʦʯʝʢ,  ʥʘʭʦʜʠʪʩʷ ʧʦ ʘʜʨʝʩʫ 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Static & Linear analysis\10 points 

 

ʈʠʩ. 4.182. ʄʦʜʝʣʴ ʮʝʧʦʯʢʠ ʜʝʩʷʪʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʝʝ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʡ. ʋʨʘʚʥʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʮʝʧʦʯʢʠ ʠʤʝʶʪ ʚʠʜ 

άή ὺὃή ὧὃήπȟ 

ʛʜʝ A ï ʩʠʤʤʝʪʨʠʯʥʘʷ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʘʷ ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ 

ὃ

ở

ỞỞ
ờ

ρ ρ π ȣ π π
ρ ς ρ ȣ π π
π ρ ς ȣ π π

ȣ
π π π ȣ ς ρ
π π π ȣ ρ ρỢ

ỡỡ
Ỡ
Ȣ 

 

ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʤʘʪʨʠʮʳ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [4] 

Ὧ τÓÉÎ
“ί

ςὲ
ȟ   ί πȟρȟȣὲ ρȟ 

ʛʜʝ n ï ʨʘʟʤʝʨ ʤʘʪʨʠʮʳ, ʨʘʚʥʳʡ ʯʠʩʣʫ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʘʩʪʦʪʳ 

ʤʦʜʝʣʠ ʚ ʛʝʨʮʘʭ ʨʘʚʥʳ 

Ὢ
ρ

“

ὧ

ά
ÓÉÎ
“ί

ςὲ
ȟ   ί πȟρȟȣὲ ρȢ 

ʇʦʩʢʦʣʴʢʫ ʤʘʪʨʠʮʘ ʜʠʩʩʠʧʘʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʝ ʞʝʩʪʢʦʩʪʠ, ʪʦ ʧʝʨʝʭʦʜ ʢ 

ʛʣʘʚʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʚ ʫʨʘʚʥʝʥʠʷʭ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʩʠʩʪʝʤʝ ʥʝʟʘʚʠʩʠ-

ʤʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

άὼ ὺὯὼ ὧὯὼ πȟί πȟρȟȣὲ ρȢ 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 

ά‗ ὺὯ‗ ὧὯ πȟί πȟρȟȣὲ ρ 

ʠʤʝʶʪ ʢʦʨʥʠ, ʷʚʣʷʶʱʠʝcʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʉɿ) ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ 

‗
ὺὯ

ςά

ὺὯ

ςά

ὧὯ

ά
 

ʇʨʠ ʤʘʣʦʡ ʜʠʩʩʠʧʘʮʠʠ ʠʤʝʝʤ ʧʘʨʳ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʨʥʝʡ 

../SAMPLES/Static%20&%20Linear%20analysis/10%20points/input.dat
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-193 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

‗ ὥ Ὥὦ
ὺὯ

ςά
Ὥ
ὧὯ

ά

ὺὯ

ςά
Ȣ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʘʩʪʦʪʘ ʠ ʜʦʣʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʜʠʩʩʠʧʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʦ ʬʦʨʤʫʣʘʤ 

Ὢ
ρ

ς“

ὧὯ

ά

ὺὯ

ςά
 ː  ̗

‍
ὺ

ς

Ὧ

ὧά
ρππϷ 

 

 

ʈʠʩ. 4.183. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʮʝʧʦʯʢʠ ʪʦʯʝʢ 

 

ʈʠʩ. 4.184. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʯʘʩʪʦʪ ʠ ʉɿ ʚ ʩʠʤʚʦʣʴʥʦʤ ʢʘʣʴʢʫʣʷʪʦʨʝ UM 

ʈʘʩʯʝʪ ʯʘʩʪʦʪ ʠ ʉɿ (ʨʠʩ. 4.183) ʚʳʧʦʣʥʝʥ ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 

m=1ʢʛ, c=10 000ʅ/ʤ, n=10ʅʩ/ʤ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʯʘʩʪʦʪ ʠ ʉɿ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʳ ʚ ʩʠʤʚʦʣʴʥʦʤ ʢʘʣʴ-

ʢʫʣʷʪʦʨʝ UM ʠ ʩʦʭʨʘʥʝʥʳ ʚ ʢʘʪʘʣʦʛʝ ʟʘʜʘʯʠ ʚ ʬʘʡʣʝ Frequencies.clc, ʨʠʩ. 4.184. ʉʨʘʚʥʝʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ ʩʦʚʧʘʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-194 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.5.11.2.2. ʂʦʣʝʩʥʘʷ ʧʘʨʘ ʥʘ ʙʝʟʳʥʝʨʮʠʦʥʥʦʤ ʨʝʣʴʩʝ 

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʦʪʜʝʣʴʥʦʡ ʢʦʣʝʩʥʦʡ ʧʘʨʳ (ʂʇ), ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʙʝʟʳʥʝʨʮʠʦʥ-

ʥʳʤʠ ʨʝʣʴʩʘʤʠ. ʄʦʜʝʣʴ ʥʘʭʦʜʠʪʩʷ ʧʦ ʘʜʨʝʩʫ 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Static & Linear analysis\WSet 

ʂʦʣʝʩʥʘʷ ʧʘʨʘ ʠʤʝʝʪ ʰʝʩʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʦʙʱʝʥʥʳʝ ʢʦʦʨʜʠ-

ʥʘʪʳ: 
zyx ,,  ï ʪʨʠ ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʂʇ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂ0 (ʧʨʦʜʦʣʴʥʘʷ, 

ʧʦʧʝʨʝʯʥʘʷ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ), 
jay ,,  ï ʫʛʣʳ ʦʨʠʝʥʪʘʮʠʠ ʂʇ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 3, 1, 2 (ʧʦʚʦʨʦʪʳ ʚʦʢʨʫʛ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ, ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʦʩʝʡ) 

ʉʥʘʯʘʣʘ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʠʣʳ ʢʨʠʧʘ ʚʳʢʣʶʯʝʥʳ, ʪ.ʝ. ʂʇ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʘʙʩʦʣʶʪʥʦ ʛʣʘʜʢʠʭ ʨʝʣʴʩʘʭ. ʄʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʝʡ ʩʠʤʤʝʪʨʠʯʥʘ ʠ ʠʤʝʝʪ ʰʝʩʪʴ ʥʝʥʫʣʝʚʳʭ 

ʵʣʝʤʝʥʪʦʚ 

ὅ

ở

Ở
Ở
ờ

π π π π π π
π ὅ π π ὅ π

π π ὅ π π π
π π π ὅ π π

π ὅ π π ὅ π

π π π π π πỢ

ỡ
ỡ
Ỡ

Ȣ 

ɽʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʚʣʠʷʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʠ ʦʛʨʘʥʠ-

ʯʠʪʴʩʷ ʢʦʥʠʯʝʩʢʠʤʠ ʧʨʦʬʠʣʷʤʠ ʢʦʣʝʩ, ʪʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪ-

ʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ὅ
ςὅὅίὭὲ‎

ὅ‎
ȟὅ

ςὅὅὧέί‎

ὅ‎
ȟὅ

ςὅὅὧέί‎

ὅ‎
ὶÓÉÎ‎ ὛÃÏÓ‎ȟ 

ὅ
ςὅὅ

ὅ‎
ὶÓÉÎ‎ ὛÃÏÓ‎ ȟὅ πȢ 

ὅ‎ ὅὧέί‎ ὅίὭὲ‎ 

ɿʜʝʩʴ ὅȟὅ ï ʧʦʧʝʨʝʯʥʘʷ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʨʝʣʴʩʘ, g ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʦʥʠʯʝ-

ʩʢʦʛʦ ʧʨʦʬʠʣʷ ʢʦʣʝʩʘ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ, ὶ ï ʨʘʜʠʫʩ ʢʨʫʛʘ ʢʘʪʘʥʠʷ ʢʦʣʝʩʘ, Ὓ ï ʧʦʣʦʚʠʥʘ 

ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʢʦʥʪʘʢʪʘ ʥʘ ʣʝʚʦʤ ʠ ʧʨʘʚʦʤ ʨʝʣʴʩʝ. 

ʉʨʘʚʥʝʥʠʝ ʵʪʠʭ ʧʨʠʙʣʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝ-

ʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4.5 ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 

yC
 = 1,0³10

7
ʅ/ʤ, zC

 = 5,0³10
7
ʅ/ʤ, 05.0tg =g , wr  = 0,525ʤ,S  = 0,783ʤ. 

ʊʘʙʣʠʮʘ 4.5 

ʉʨʘʚʥʝʥʠʝ ʧʨʠʙʣʠʞʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ 

 ὅ  ʅ/ʤ ὅ  ʅ/ʤ ὅ  ʅ ὅ  ʅʤ 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ 2,47 ³10
5
 9,88 ³10

7
 -3,79 ³10

6
 5,81 ³10

7
 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 2,46 ³10
5
 9,88 ³10

7
 -3,78 ³10

6
 5,86 ³10

7 
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ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-195 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʇʨʠʙʣʠʞʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ (ʪ.ʝ. ʙʝʟ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ) 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ 

‫
ὅ

ά
ȟ‫

ὅ

ά

ὅ

Ὅ
ȟ 

ʛʜʝ m, Ix ï ʤʘʩʩʘ ʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʂʇ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ. 

ʇʨʠʚʝʜʝʤ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʂʇ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʝʥʦ ʧʨʠ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʤ ʟʘʢʨʝʧʣʝʥʠʠ ʨʝʣʴʩʦʚ (ʪ.ʝ. ʧʨʠ 

ʙʝʩʢʦʥʝʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʞʝʩʪʢʦʩʪʝʡ ὅȟὅ): 

‫

άὫς
Ὓ
ίὧ ὶ ὛÔÁÎ‎

άὛÃÏÔ‎ ὶ Ὅ
Ȣ 

ʇʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʂʇ ʥʘ ʛʣʘʜʢʦʤ ʨʝʣʴʩʝ ʥʝʫʩʪʦʡʯʠʚʦ, ʧʦʩʢʦʣʴʢʫ ʢʚʘʜʨʘʪ ʦʜʥʦʡ 

ʯʘʩʪʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʚʦʨʦʪʫ ʂʇ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʦʪʨʠʮʘʪʝʣʝʥ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʤʝʝʪʩʷ ʧʘʨʘ ʚʝʱʝʩʪʚʝʥʥʳʭ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʘʥʘʣʠʪʠʯʝ-

ʩʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʩʣʫʯʘʝ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʭ ʨʝʣʴʩʦʚ ʦʮʝʥʠʚʘʶʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ 

‗ȟ άὫὛὧ ὶί ÔÁÎ‎ȾὍȟ 

‫
‗ȟ
ς“
Ȣ 

 

ʈʠʩ. 4.185. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʂʇ 



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-196 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 4.186. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʯʘʩʪʦʪ ʠ ʉɿ ʂʇ 

ʚ ʩʠʤʚʦʣʴʥʦʤ ʢʘʣʴʢʫʣʷʪʦʨʝ UM 

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠ-

ʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.185,  4.186 ʠ ʚ ʪʘʙʣ. 4.6 ʧʨʠ ʟʥʘʯʝʥʠʠ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ά

ρυππ ʢʛ, Ὅ ρςππ ʢʛʤ. ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʩʦʚʧʘʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʢʦʨʨʝʢʪʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 4.6 

ʉʨʘʚʥʝʥʠʝ ʧʨʠʙʣʠʞʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʯʘʩʪʦʪ 

ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʂʇ 

 ‫  ɻʮ ‫  ɻʮ ‫  ɻʮ ‗ȟ 1/c ‫  ɻʮ 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝ-

ʥʠʷ 

40,84 35,07 0,181 °0,685 -0,109 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 40,84 35,22 0,183 °0,686
 -0,109 

 

  



ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-197 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

4.5.11.3. ʃʠʥʝʡʥʳʝ ʚʠʙʨʘʮʠʠ 

4.5.11.3.1. ʆʩʮʠʣʣʷʪʦʨ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʮʠʣʣʷʪʦʨ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ, ʤʦʜʝʣʴ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʛʨʫʟʦʤ ʥʘ ʣʠʥʝʡʥʦʡ ʫʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʧʨʫʞʠʥʝ, ʨʠʩ. 4.187. ʄʦʜʝʣʴ ʥʘʭʦʜʠʪʩʷ ʧʦ ʘʜ-

ʨʝʩʫ 

{ɼʘʥʥʳʝ ʋʄ} \Samples\Static & Linear analysis\Oscillator 1 

 

ʈʠʩ. 4.187. ʄʦʜʝʣʴ ʦʩʮʠʣʣʷʪʦʨʘ 

ʄʦʜʝʣʴ ʧʘʨʘʤʝʪʨʠʟʫʶʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ 

m=1ʢʛ ï ʤʘʩʩʘ, 

cstiff=100ʅ/ʤ ï ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ, 

beta ï ʜʦʣʷ ʦʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, 

cdiss = 2*beta*sqrt(cstiff/m) ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʪʝʧʝʥʴ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʟʘʜʘʥʥʫʶ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ beta. 

ʏʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʘʚʥʘ 

‫  = 10ʨʘʜ/ʩ = 1,59 ɻʮ. 

 

ʈʠʩ. 4.188. ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʠ ʬʘʟʦʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʮʠʣʣʷʪʦʨʘ ʩ ʦʜʥʦʡ 

ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ 

ʉʥʘʯʘʣʘ ʧʨʠʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʠʣʳ ʩ ʘʤʧʣʠʪʫʜʦʡ 10 ʅ. ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩ. 4.188 ʠ ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʠ ʬʘʟʦʯʘʩʪʦʪʥʦʡ 

../SAMPLES/Static%20&%20Linear%20analysis/oscillator%201/input.dat


ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 10 4-198 ɻʣʘʚʘ 4. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʩʮʠʣʣʷʪʦʨʘ. ɻʨʘʬʠʢʠ ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʟʥʘʯʝʥʠʡ ʜʦʣʠ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ 0, 0.1, 0.2, é , 1. 

ʉʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʢʘʩʘʶʪʩʷ ʨʘʩʯʝʪʘ ʚʠʙʨʘʮʠʡ, ʟʘʜʘʥʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠ. ɿʘʜʘʥʘ 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʛʨʫʟʘ D=10ʤʤ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʛʘʨʤʦ-

ʥʠʯʝʩʢʦʡ ʩʠʣʳ ὊÓÉÎὴὸ‐, ʚʳʟʳʚʘʶʱʝʡ ʜʘʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

Ὂ Ўά ‫ ὴ τ‍‫ὴ Ўὧ ρ ᾀ τ‍ᾀȟ 

ÔÁÎ‐
ς‍ᾀ

ρ ᾀ
ȟ 

ᾀ
ὴ

‫
ȟ 

ʛʜʝ p ï ʯʘʩʪʦʪʘ ʚʦʟʤʫʱʝʥʠʷ, ʨʘʜ/ʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʘʟʘ ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʯʝʥʠʝʤ, ʧʨʠʚʝ-

ʜʝʥʥʳʤ ʥʘ ʨʠʩ. 4.188, ʘ ʛʨʘʬʠʢ ʘʤʧʣʠʪʫʜʳ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 4.189. ʈʘʩʯʝʪ ʘʤʧʣʠʪʫʜʳ ʚʦʟ-

ʤʫʱʘʶʱʝʡ ʩʠʣʳ ʚ ʩʠʤʚʦʣʴʥʦʤ ʢʘʣʴʢʫʣʷʪʦʨʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 4.190 ʠ ʩʦʜʝʨʞʠʪʩʷ ʚ ʬʘʡʣʝ 

Kinematic excitation.clc ʚ ʢʘʪʘʣʦʛʝ ʤʦʜʝʣʠ. 

 

ʈʠʩ. 4.189. ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʤʫʱʘʶʱʝʡ ʩʠʣʳ 

ʧʨʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʤ ʚʦʟʤʫʱʝʥʠʠ ʦʩʮʠʣʣʷʪʦʨʘ 

 

ʈʠʩ. 4.190. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʦʟʤʫʱʘʶʱʝʡ ʩʠʣʳ 

ʚ ʩʠʤʚʦʣʴʥʦʤ ʢʘʣʴʢʫʣʷʪʦʨʝ UM 
















