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ɼʘʪʫʤ ʠ ʤʝʩʪʦ ʨʦʹʝˁʘ: 23.02.1991. ʛʦʜʠʥʝ, ʇʝʪʨʦʚʘʮ ʥʘ ʄʣʘʚʠ 

ʉʘʜʘʰˁʝ ʟʘʧʦʩʣʝˁʝ: ɸʩʠʩʪʝʥʪ, ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ʅʘʩʣʦʚ: ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʨʘʜʥʝ ʧʘʨʘʤʝʪʨʝ 

ʢʦʯʝˁʘ 

ɹʨʦʿ ʩʪʨʘʥʠʮʘ: 172 
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ʋʩʪʘʥʦʚʘ ʠ ʤʝʩʪʦ ʛʜʝ ʿ ʝ ʨʘʜ ʠʟʨʘʹʝʥ: ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ (ʋɼʂ): 629.33:62-592.11 

ʄʝʥʪʦʨ: ɼʨ ɱʘʩʥʘ ɻʣʠʰʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ 

ʫ ʂʨʘʛʫʿʝʚʮʫ 

ʆʮʝʥʘ ʠ ʦʜʙʨʘʥʘ 

ɼʘʪʫʤ ʧʨʠʿʘʚʝ ʪʝʤʝ: 25.05.2020. 
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ʂʦʤʠʩʠʿʘ ʟʘ ʦʮʝʥʫ ʥʘʫʯʥʝ ʟʘʩʥʦʚʘʥʦʩʪʠ ʪʝʤʝ ʠ ʠʩʧʫˁʝʥʦʩʪʠ ʫʩʣʦʚʘ ʢʘʥʜʠʜʘʪʘ:  

1. ɼʨ ɱʘʩʥʘ ɻʣʠʰʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ʂʨʘʛʫʿʝʚʮʫ  

2. ɼʨ ɱʦʚʘʥʢʘ ʃʫʢʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ʂʨʘʛʫʿʝʚʮʫ 

3. ɼʨ ɼʘʥʠʿʝʣʘ ʄʠʣʦʨʘʜʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ 

ʫ ʂʨʘʛʫʿʝʚʮʫ 

4. ɼʨ ɼʨʘʛʘʥ ʊʘʨʘʥʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ʂʨʘʛʫʿʝʚʮʫ 

5. ɼʨ ɱʦʚʘʥ ɼʦʨʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʅʦʚʦʤ ʉʘʜʫ 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʮʝʥʫ ʠ ʦʜʙʨʘʥʫ ʜʦʢʪʦʨʩʢʝ/ʫʤʝʪʥʠʯʢʝ ʜʠʩʝʨʪʘʮʠʿʝ:  

1. ɼʨ ɱʦʚʘʥʢʘ ʃʫʢʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ ï ʧʨʝʜʩʝʜʥʠʢ ʢʦʤʠʩʠʿʝ, ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ  

2. ɼʨ ɼʘʥʠʿʝʣʘ ʄʠʣʦʨʘʜʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ 

ʫ ʂʨʘʛʫʿʝʚʮʫ 

3. ɼʨ ɼʨʘʛʘʥ ʊʘʨʘʥʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ʂʨʘʛʫʿʝʚʮʫ 

4. ɼʨ ɱʦʚʘʥ ɼʦʨʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʅʦʚʦʤ ʉʘʜʫ 

5. ɼʨ ɹʦʨʠʩ ʉʪʦʿʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʅʦʚʦʤ 

ʉʘʜʫ 

ɼʘʪʫʤ ʦʜʙʨʘʥʝ ʜʠʩʝʨʪʘʮʠʿʝ: 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʄʦʿʦʿ ʤʘʿʮʠ ʉʣʘʚʠʮʠ 



 

 

 

ɿɸʍɺɸʃʅʀʎɸ 
 

 

 

ʆʚʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʿʝ ʨʝʟʫʣʪʘʪ ʚʠʰʝʛʦʜʠʰˁʝʛ ʨʘʜʘ ʠ ʠʩʪʨʘʞʠʚʘˁʘ ʫ 

ʧʨʝʜʤʝʪʥʦʿ ʦʙʣʘʩʪʠ, ʢʘʦ ʠ ʨʝʟʫʣʪʘʪ ʧʨʦʿʝʢʪʘ Ăʀʩʪʨʘʞʠʚʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʚʦʟʠʣʘ ʢʘʦ 

ʜʝʣʘ ʢʠʙʝʨʥʝʪʩʢʦʛ ʩʠʩʪʝʤʘ: ɺʦʟʘʯ-ɺʦʟʠʣʦ-ʆʢʨʫʞʝˁʝ ï ʊʈ35041ñ ʬʠʥʘʥʩʠʨʘʥʦʛ ʦʜ 

ʩʪʨʘʥʝ ʄʠʥʠʩʪʘʨʩʪʚʘ ʧʨʦʩʚʝʪʝ, ʥʘʫʢʝ ʠ ʪʝʭʥʦʣʦʰʢʦʛ ʨʘʟʚʦʿʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. 

 

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʤʝʥʪʦʨʫ ʜʨ ɱʘʩʥʠ ɻʣʠʰʦʚʠ˂, ʚʘʥʨʝʜʥʦʤ ʧʨʦʬʝʩʦʨʫ, ʥʘ 

ʫʩʤʝʨʘʚʘˁʫ ʪʦʢʦʤ ʠʟʨʘʜʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʠ ʧʨʦʬʝʩʦʨʫ ʜʨ ɼʨʘʛʘʥʫ ʊʘʨʘʥʦʚʠ˂ʫ, ʚʘʥʨʝʜʥʦʤ ʧʨʦʬʝʩʦʨʫ, ʥʘ ʩʪʨʫʯʥʦʿ 

ʧʦʤʦ˂ʠ ʫ ʟʘʚʨʰʥʠʤ ʬʘʟʘʤʘ ʠʟʨʘʜʝ ʧʨʦʙʥʦʛ ʩʪʦʣʘ. 

 

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʢʦʣʝʛʠ ʠ ʞʠʚʦʪʥʦʤ ʩʘʧʫʪʥʠʢʫ ʀʚʘʥʫ ɻʨʫʿʠ˂ʫ, ʢʦʿʠ ʿʝ ʩʚʘʢʠ 

ʩʣʦʙʦʜʘʥ ʪʨʝʥʫʪʘʢ ʩʚʦʛ ʚʨʝʤʝʥʘ, ʩʚʫ ʩʚʦʿʫ ʩʥʘʛʫ, ʟʥʘˁʝ ʠ ʝʥʝʨʛʠʿʫ ʫʣʦʞʠʦ ʜʘ ʧʦʢʨʝʥʝ 

ʧʨʦʙʥʠ ʩʪʦ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ BRAKE DYNO 2020, ʦʜ ʨʝʘʣʠʟʘʮʠʿʝ 

ʩʘʤʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʜʦ ˁʝʥʝ ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ.  

 

ʊʘʢʦʹʝ, ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʢʦʣʝʛʠ ʄʠʨʦʩʣʘʚʫ ʇʝʪʨʦʚʠ˂ʫ, ʥʘ ʫʣʦʞʝʥʦʤ ʪʨʫʜʫ, ʝʥʝʨʛʠʿʠ 

ʠ ʩʣʦʙʦʜʥʦʤ ʚʨʝʤʝʥʫ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʤʝʭʘʥʠʯʢʦʛ ʜʝʣʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ.  

 

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʠ ʩʚʦʿʦʿ ʧʦʨʦʜʠʮʠ ʢʦʿʘ ʤʠ ʿʝ ʧʨʫʞʠʣʘ ʦʛʨʦʤʥʫ ʧʦʜʨʰʢʫ ʠ 

ʨʘʟʫʤʝʚʘˁʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʿʠ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

  



 

 

 

ʈɽɿʀʄɽ 
 

ʊʝʨʤʠʯʢʘ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ ʠ ˁʠʭʦʚ ʫʪʠʮʘʿ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʢʦʯʝˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʿʝʜʘʥ ʦʜ ʥʘʿʚʝ˂ʠʭ ʧʨʦʙʣʝʤʘ ʪʦʢʦʤ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʚʦʟʠʣʘ. ʋ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ 

ʦʙʿʘʰˁʝʥ ʿʝ ʥʘʿʧʨʝ ʫʟʨʦʢ ʥʘʩʪʘʥʢʘ ʧʨʦʙʣʝʤʘ ʟʘʛʨʝʚʘˁʘ ʢʦʯʥʠʮʘ, ʢʘʦ ʠ ˁʝʛʦʚʝ ʧʦʩʣʝʜʠʮʝ 

ʥʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ, ʧʘ ʯʘʢ ʠ ʥʘ ʙʝʟʙʝʜʥʦʩʪ ʩʘʦʙʨʘ˂ʘʿʘ. ʈʝʟʫʣʪʘʪʠ ʦʚʝ 

ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʦʛʣʝʜʘʿʫ ʩʝ ʫ ʨʘʟʚʦʿʫ ʠ ʨʝʘʣʠʟʘʮʠʿʠ ʩʧʝʮʠʬʠʯʥʦʛ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʟʘ 

ʠʩʧʠʪʠʚʘˁʘ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ, ʢʦʿʠ ʿʝ ʧʨʠʤʝˁʝʥ ʟʘ ʜʦʙʠʿʘˁʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʨʝʟʫʣʪʘʪʘ ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʘʥʘʣʠʟʠ ʫʪʠʮʘʿʘ ʨʘʜʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʯʝˁʘ 

ʥʘ ʜʠʩʢ ʢʦʯʥʠʮʝ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʝ ʩʫ ʚʨʰʝʥʘ ʧʦ ʪʝʩʪʦʚʠʤʘ 

ʢʦʿʠ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʫ ʦʢʚʠʨʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʇʨʝʤʘ ʨʘʟʚʠʿʝʥʠʤ ʪʝʩʪʦʚʠʤʘ 

ʠʟʚʨʰʝʥʘ ʩʫ ʠ ʠʩʧʠʪʠʚʘˁʘ, ʢʘʦ ʠ ʫʪʚʨʹʠʚʘˁʝ ʢʦʿʘ ʦʜ ʥʝʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʠʭ (ʫʣʘʟʥʠʭ) 

ʚʝʣʠʯʠʥʘ, ʢʘʦ ʰʪʦ ʩʫ ʧʦʯʝʪʥʘ ʙʨʟʠʥʘ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ, ʢʦʯʥʠ ʧʨʠʪʠʩʘʢ ʠ ʤʘʩʘ 

ʯʝʪʚʨʪʠʥʝ ʚʦʟʠʣʘ, ʠʤʘ ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ ʠʟʣʘʟʥʝ ʧʘʨʘʤʝʪʨʝ ï ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʯʥʦʛ ʜʠʩʢʘ 

ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ, ʢʦʯʥʠ ʤʦʤʝʥʪ, ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʠ ʚʨʝʤʝ ʟʘʫʩʪʘʚˀʘˁʘ.  

 

ʋ ʩʢʣʘʜʫ ʩʘ ʥʘʧʨʝʪʢʦʤ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʥʫʤʝʨʠʯʢʠʭ ʘʣʘʪʘ ʟʘ ʨʝʰʘʚʘˁʘ ʨʘʟʣʠʯʠʪʠʭ 

ʠʥʞʝˁʝʨʩʢʠʭ ʧʨʦʙʣʝʤʘ, ʫ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿ ʝ ʧʨʠʤʝˁʝʥ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ ANSYS, 

ʤʦʜʫʣ Transient Structural, ʫ ʮʠˀʫ ʨʘʟʚʦʿʘ ʤʦʜʝʣʘ ʟʘ ʧʨʠʢʘʟʠʚʘˁʝ ʪʝʨʤʠʯʢʦʛ ʧʦʥʘʰʘˁʘ 

ʜʠʩʢ ʢʦʯʥʠʮʘ. ʀʟʚʨʰʝʥʘ ʿʝ ʘʥʘʣʠʟʘ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʥʘ ʚʠʨʪʫʝʣʥʦʤ ʤʦʜʝʣʫ ʢʦʿʠ 

ʜʠʤʝʥʟʠʦʥʦ ʠ ʧʨʝʤʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʧʨʠʤʝˁʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʦʜʛʦʚʘʨʘ 

ʨʝʘʣʥʦʤ ʤʦʜʝʣʫ, ʧʨʠ ʯʝʤʫ ʩʫ ʛʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʙʠʣʠ ʠʩʪʠ ʢʘʦ ʫ ʩʣʫʯʘʿʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦʛ 

ʝʢʩʧʝʨʠʤʝʥʪʘ. ɸʥʘʣʠʟʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʜʩʪʫʧʘˁʘ ʠʟʤʝʹʫ ʨʝʟʫʣʪʘʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠ ʥʫʤʝʨʠʯʢʠʭ ʠʩʧʠʪʠʚʘˁʘ, ʢʘʦ ʠ ʟʘ ʫʪʚʨʹʠʚʘˁʝ ʜʘ ʣʠ ʩʝ ʨʘʟʚʠʿʝʥʠ 

ʥʫʤʝʨʠʯʢʠ ʤʦʜʝʣ ʤʦʞʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝˁʠʚʘʪʠ ʟʘ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ. ʈʘʟʚʠʿʝʥʠ ʤʦʜʝʣ ʿʝ 

ʠʤʘʦ ʦʜʩʪʫʧʘˁʘ ʫ ʜʦʟʚʦˀʝʥʠʤ ʛʨʘʥʠʮʘʤʘ, ʧʘ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʘʥʘʣʠʟʫ ʿʦʰ ʜʚʝ ʜʠʩʢ 

ʢʦʯʥʠʮʝ, ʢʦʿʝ ʩʫ ʩʝ ʨʘʟʣʠʢʦʚʘʣʝ ʧʦ ʢʦʥʩʪʨʫʢʮʠʿʠ ʨʝʙʘʨʘ ʜʠʩʢʘ. ʇʨʠʤʝˁʝʥʠ ʦʙʣʠʮʠ 

ʨʝʙʘʨʘ ʢʦʜ ʢʦʯʥʦʛ ʜʠʩʢʘ ʩʫ: ʨʘʜʠʿʘʣʥʠ, ʟʘʢʨʠʚˀʝʥʠ ʠ ʩʪʫʙʠʯʘʩʪʠ.  

 

ɼʘʥʘʩ ʩʝ ʦʜ ʢʦʯʥʠʭ ʜʠʩʢʦʚʘ ʦʯʝʢʫʿʝ ʜʘ ʦʜʚʝʜʫ ʰʪʦ ʚʝ˂ʫ ʢʦʣʠʯʠʥʫ ʪʦʧʣʦʪʝ ʫ ʦʢʦʣʠʥʫ, 

ʦʜʥʦʩʥʦ, ʜʘ ʠʤʘʿʫ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʦʤʦʛʫ˂ʝ ʜʦʙʨʦ ʭʣʘʹʝˁʝ ʫ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ ʙʨʟʠʥʘ. ʂʨʦʟ 

ʘʥʘʣʠʟʫ ʢʦʿʘ ʿʝ ʠʟʚʨʰʝʥʘ ʫ ʩʦʬʪʚʝʨʩʢʦʤ ʧʘʢʝʪʫ ANSYS, ʘʣʠ ʧʦʤʦ˂ʫ ʤʦʜʫʣʘ Fluid Flow 

(Fluent), ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʦʙʣʠʢ ʨʝʙʘʨʘ ʫʪʠʯʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʥʘ ʨʘʩʠʧʘˁʝ ʪʦʧʣʦʪʝ, ʢʘʦ ʠ ʜʘ 

ʩʝ ʢʦʯʥʠ ʜʠʩʢ ʩʘ ʟʘʢʨʠʚˀʝʥʠʤ ʨʝʙʨʠʤʘ ʥʘʿʤʘˁʝ ʟʘʛʨʝʚʘ. ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʝ ʧʦʢʘʟʫʿʫ ʜʘ 

ʢʦʯʥʠ ʜʠʩʢ ʩʘ ʟʘʢʨʠʚˀʝʥʠʤ ʨʝʙʨʠʤʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʚʘʟʜʫʭ ʚʝʣʠʢʦʤ ʙʨʟʠʥʦʤ ʧʨʦʹʝ ʠʟʤʝʹʫ 

ʨʝʙʘʨʘ ʠ ʜʘ ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ ʪʦʧʣʦʪʝ ʦʜʚʝʜʝ ʫ ʦʢʦʣʠʥʫ. ʋ ʮʠˀʫ 

ʧʨʝʜʚʠʹʘˁʘ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʥʘʿʦʧʪʝʨʝ˂ʝʥʠʿʝʤ ʜʝʣʫ ʢʦʯʥʝ ʧʣʦʯʠʮʝ, ʨʘʟʚʠʿʝʥ ʿʝ 

ʤʦʜʝʣ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʚʠʩʦʢʝ ʪʘʯʥʦʩʪʠ, ʫ ʢʦʤʝ ʩʫ ʚʘʨʠʨʘʥʠ: 

ʤʘʩʘ ʚʦʟʠʣʘ, ʙʨʟʠʥʘ ʢʨʝʪʘˁʘ, ʢʦʯʥʠ ʧʨʠʪʠʩʘʢ ʠ ʚʨʝʤʝ ʟʘʫʩʪʘʚˀʘˁʘ. 

 

ʈʝʟʫʣʪʘʪʠ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʢʘʦ ʰʪʦ ʩʫ ʨʝʘʣʠʟʦʚʘʥʠ ʧʨʦʙʥʠ ʩʪʦ ʠ ʥʫʤʝʨʠʯʢʠ 

ʤʦʜʝʣ, ʤʦʛʫ ʧʦʩʣʫʞʠʪʠ ʬʠʨʤʘʤʘ ʢʦʿʝ ʩʝ ʙʘʚʝ ʧʨʦʠʟʚʦʜˁʦʤ ʢʦʯʥʠʭ ʜʠʩʢʦʚʘ ʠ ʢʦʯʥʠʭ 

ʧʣʦʯʠʮʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ˁʠʭʦʚʦʛ ʧʦʥʘʰʘˁʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ. ʊʘʢʦʹʝ, ʜʦʙʠʿʝʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʢʨʝʠʨʘˁʝ ʚʠʨʪʫʝʣʥʠʭ ʤʦʜʝʣʘ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʜʠʩʢ ʢʦʯʥʠʮʝ. ɺʠʨʪʫʝʣʥʠ ʤʦʜʝʣ ʨʘʟʚʠʿʝʥ ʟʘ ʧʦʪʨʝʙʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʨʘʟʚʦʿ/ʧʦʙʦˀʰʘˁʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʫ 

ʮʠˀʫ ʩʤʘˁʝˁʘ ʪʨʦʰʢʦʚʘ ʨʘʟʚʦʿʘ. 

 

ʂˀʫʯʥʝ ʨʝʯʠ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʧʨʦʙʥʠ ʩʪʦ BRAKE DYNO 2020, 
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ABSTRACT 
 

Thermal strains of disc brakes and their influences on the braking efficiency are representing 

one of the greatest problems during the vehicle exploitation. The cause of the brake heating 

problem is explained in PhD thesis, as well as its consequence on the braking system 

functionality, and even on the traffic safety. Results of this PhD thesis are reflected in the 

development and realization of the specific test rig for investigation of disc brakeôs thermal 

stresses, which was applied to obtain experimental results used in the analysis of the influence 

of operating braking parameters on disc brakes. Experimental tests of the disc brake were 

performed according to the tests defined in the doctoral dissertation. According to the developed 

tests, various laboratory tests were performed, as well as determining which of the 

independently (input) variables, such as the initial speed of the simulated vehicle, braking 

pressure and vehicle mass quarter, has the greatest influence on the output parameters ï 

temperature of the braking disc and braking pads, braking torque, friction coefficient and 

stopping time. 

 

In line with advances in technology and the numerical tools for solving various engineering 

problems, the ANSYS software package, Transient Structural module, was applied in PhD 

thesis in order to develop the model for the representation of disc brakeôs thermal behaviour. 

The analysis on the thermal stresses was performed on a virtual model that dimensionally and 

according to the characteristics of the applied materials fully corresponds to the real model, and 

the boundary conditions were the same as in the case of the laboratory experiment. Such 

analysis is used to determine the discrepancies between the results obtained experimentally and 

numerically, as well as to determine whether the developed numerical model can be 

successfully applied for further research. The developed model had deviations within the 

allowed limits, so it was used for the analysis of two more disc brakes, which differed in the 

construction of the disc ribs. The rib shapes used in the brake disc are: radial, curved and pillar. 

 

Today, brake discs are expected to dissipate as much heat as possible into the environment, that 

is, to have the capability to provide better cooling for a wide range of speeds. Through the 

analysis performed in the ANSYS software package, using the Fluid Flow (Fluent) module, it 

has shown that the shape of the ribs greatly affects the heat dissipation, as well as that the brake 

disc with curved ribs heats up the least. Results of the analysis show that the brake disc with 

curved ribs provides to the air to pass with high speed between ribs, and in that way, the great 

amount of heat is dissipated into the environment. In order to predict the temperature values at 

the most loaded part of the brake pad, a model with high-accuracy prediction was developed, 

in which the following factors were varied: vehicle mass, moving speed, braking pressure, and 

stopping time. 

 

Results of this PhD thesis, such as the realized test rig and numerical model, can be used by 

companies engaged in the production of brake discs and brake pads, with the aim to predict 

their behaviour in the exploitation. Also, the obtained experimental results can be used to create 

of virtual models for disc brakeôs testing. The virtual model developed for the purposes of this 

PhD thesis, can be used to develop/improve the brake disc and brake pads in order to reduce 

development costs. 

 

Key words: experimental research, test rig BRAKE DYNO 2020, numerical research, ribs 

shape, ventilated brake discs 
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ʋʚʦʜʥʘ ʨʘʟʤʘʪʨʘˁʘ 

1 

 

1 ʋɺʆɼʅɸ ʈɸɿʄɸʊʈɸɳɸ 
 

ʋ ʫʚʦʜʥʦʤ ʜʝʣʫ ʜʘʪ ʿʝ ʢʨʘʪʘʢ ʦʩʚʨʪ ʥʘ ʠʩʪʦʨʠʿʩʢʠ ʨʘʟʚʦʿ ʠ ʧʨʠʤʝʥʫ ʜʠʩʢ ʢʦʯʥʠʮʘ ʥʘ 

ʚʦʟʠʣʠʤʘ, ʢʘʦ ʠ ʨʘʟʣʦʟʠ ʟʘʰʪʦ ʩʫ ʜʘʥʘʩ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʠʚʘʥ ʪʠʧ ʢʦʯʥʠʮʘ ʥʘ 

ʨʘʟʣʠʯʠʪʠʤ ʢʘʪʝʛʦʨʠʿʘʤʘ ʜʨʫʤʩʢʠʭ ʠ ʪʝʨʝʥʩʢʠʭ ʚʦʟʠʣʘ. ʇʦʨʝʜ ʪʦʛʘ, ʧʨʠʢʘʟʘʥ ʿʝ ʠ ˁʠʭʦʚ 

ʥʘʯʠʥ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʠ ʫʢʘʟʘʥʦ ʥʘ ʧʨʦʙʣʝʤʝ ʢʦʿʠ ʥʘʩʪʘʿʫ ʪʦʢʦʤ ʝʢʩʧʣʦʘʪʘʮʠʿʝ, ʦʜʘʢʣʝ 

ʿʝ ʠ ʧʨʦʠʟʘʰʣʘ ʠʜʝʿʘ ʟʘ ʥʘʩʪʘʥʘʢ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

 

1.1 ʂʦʯʥʠ ʩʠʩʪʝʤ ʢʨʦʟ ʚʨʝʤʝ ʠ ʧʨʚʠ ʧʨʦʙʣʝʤʠ ʧʨʠʤʝʥʝ 
 

ʂʦʯʥʠ ʩʠʩʪʝʤ ʜʘʪʠʨʘ ʦʜ ʚʨʝʤʝʥʘ ʧʨʝ ʧʦʿʘʚʝ ʤʦʪʦʨʘ ʩʘ ʫʥʫʪʨʘʰˁʠʤ ʩʘʛʦʨʝʚʘˁʝʤ ï 

ʤʦʪʦʨʘ ʉʋʉ. ʌʝʥʠʯʘʥʠ ʩʫ ʥʘ ʩʚʦʿʠʤ ʢʦʯʠʿʘʤʘ ʢʦʨʠʩʪʠʣʠ ʫʨʝʹʘʿ ʟʘ ʢʦʯʝˁʝ, ʿʦʰ ʫ XVIII 

ʚʝʢʫ ʧʨʝ ʥʦʚʝ ʝʨʝ. ʋʨʝʹʘʿ ʟʘ ʢʦʯʝˁʝ, ʢʦʿʠ ʩʝ ʤʦʞʝ ʥʘʟʚʘʪʠ ʠ ʢʦʯʥʠʤ ʢʣʠʥʦʤ, ʩʘʩʪʦʿʘʦ ʩʝ 

ʦʜ ʢʦʯʥʝ ʧʘʧʫʯʝ ʚʝʟʘʥʝ ʣʘʥʮʝʤ, ʩʣʠʢʘ 1.1. 

 

 

ʉʣʠʢʘ 1.1 ʂʦʯʥʠ ʫʨʝʹʘʿ ʥʘ ʬʝʥʠʯʘʥʩʢʠʤ ʢʦʯʠʿʘʤʘ [1] 

 

ʇʦʯʝʪʘʢ ʨʘʟʚʦʿʘ ʘʫʪʦʤʦʙʠʣʘ ʫ XIX ʚʝʢʫ ʥʠʿʝ ʧʨʦʧʨʘ˂ʝʥ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʨʘʟʚʦʿʝʤ ʢʦʯʥʦʛ 

ʩʠʩʪʝʤʘ. ʂʦʯʥʠ ʩʠʩʪʝʤ ʿʝ ʪʘʜʘ ʩʤʘʪʨʘʥ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦ ʥʝʙʠʪʥʠʤ ʠ 

ʿʝʜʠʥʠ ʬʦʢʫʩ ʠʥʞʝˁʝʨʘ ʙʠʦ ʿʝ ʫʩʤʝʨʝʥ ʥʘ ʨʘʟʚʦʿ ʤʦʪʦʨʘ ʉʋʉ, ʢʘʦ ʠ ʥʘ ʧʦʙʦˀʰʘˁʝ 

ˁʠʭʦʚʝ ʝʬʠʢʘʩʥʦʩʪʠ. ɺʠʣʭʝʣʤ ʄʘʿʙʘʭ (ʝʥʛʣ. Wilhelm Maybach) ʿʝ ʩʚʦʿʝ ʟʥʘˁʝ, ʢʦʿʝ ʿʝ 

ʩʪʝʢʘʦ ʢʘʦ ʢʦʥʩʪʨʫʢʪʦʨ ʠ ʠʥʜʫʩʪʨʠʿʘʣʘʮ, ʫʩʤʝʨʠʦ ʢʘ ʨʘʟʚʦʿʫ ʤʦʪʦʨʘ ʢʦʿʠ ˂ʝ ʧʦʩʪʠʟʘʪʠ 

ʚʝ˂ʝ ʙʨʟʠʥʝ, ʦʜʥʦʩʥʦ ˁʝʛʦʚ ʮʠˀ ʿʝ ʙʠʣʦ ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʦʙʨʪʘʿʘ ʪʘʜʘʰˁʝʛ ʙʝʥʟʠʥʩʢʦʛ 

ʤʦʪʦʨʘ ʩʘ 180 o/min ʥʘ 600 o/min, ʰʪʦ ʿʝ, ʟʘʧʨʘʚʦ, ʥʘ ʢʨʘʿʫ ʠ ʫʩʧʝʦ. ʈʘʟʚʦʿ ʢʦʯʥʠʮʘ ʿʝ 

ʧʦʤʝʨʝʥ ʫ ʜʨʫʛʠ ʧʣʘʥ, ʘ ʩ ʦʙʟʠʨʦʤ ʥʘ ʙʨʟʠʥʫ ʢʦʿʫ ʿʝ ʚʦʟʠʣʦ ʫ ʪʦ ʚʨʝʤʝ ʤʦʛʣʦ ʜʘ ʨʘʟʚʠʿʝ, 

ʢʦʯʥʠʮʝ ʪʘʢʦʨʝ˂ʠ ʥʠʩʫ ʥʠ ʙʠʣʝ ʧʦʪʨʝʙʥʝ. ɺʠʣʭʝʣʤ ʄʘʿʙʘʭ ʠ ɻʦʪʣʠʙ ɼʘʿʤʣʝʨ (ʝʥʛʣ. 

Gottlieb Daimler) ʩʫ 1885. ʛʦʜʠʥʝ ʥʘʧʨʘʚʠʣʠ ʪʘʢʦʟʚʘʥʦ Ăʢʦʯʠʿʘ ʩʘ ʤʦʪʦʨʦʤñ (ʥʝʤ. 

Reitwagen) ʢʦʿʝ ʿʝ ʤʦʛʣʦ ʜʘ ʨʘʟʚʠʿʝ ʙʨʟʠʥʫ ʦʜ 12 km/h. ʄʝʹʫʪʠʤ, ʪʨʝˁʝ ʫ ʩʠʩʪʝʤʫ ʟʘ 

ʧʨʝʥʦʩ ʩʥʘʛʝ ʿʝ ʙʠʣʦ ʪʦʣʠʢʦ ʚʝʣʠʢʦ, ʜʘ ʩʝ ʚʦʟʠʣʦ ʠ ʙʝʟ ʫʧʦʪʨʝʙʝ ʢʦʯʥʠʮʘ, ʙʨʟʦ 

ʟʘʫʩʪʘʚˀʘʣʦ. ʊʘʢʦʹʝ, ʟʙʦʛ ʩʣʦʞʝʥʦʩʪʠ ʩʪʨʫʢʪʫʨʝ ʧʨʚʠʭ ʚʦʟʠʣʘ, ʨʘʟʚʦʿ ʩʠʩʪʝʤʘ ʟʘ ʢʦʯʝˁʝ 

ʿʦʰ ʫʚʝʢ ʥʠʿʝ ʙʠʦ ʘʢʪʫʝʣʘʥ.  

 

ʇʨʚʝ ʚʘʨʠʿʘʥʪʝ ʢʦʯʥʠʮʘ ʢʦʿʝ ʩʫ ʩʝ ʧʨʠʤʝˁʠʚʘʣʝ ʥʘ ʚʦʟʠʣʫ ʙʠʣʝ ʩʫ ʘʢʪʠʚʠʨʘʥʝ ʧʦʤʦ˂ʫ 

ʧʦʣʫʛʘ ʠ/ʠʣʠ ʫʞʘʜʠ ʠ ʥʘʣʘʟʠʣʝ ʩʫ ʩʝ ʥʘ ʟʘʜˁʦʿ ʦʩʦʚʠʥʠ, ʩʣʠʢʘ 1.2 (ʘ). ʊʘʢʚʦ ʨʝʰʝˁʝ 

ʢʦʯʥʠʮʘ ʫ ʪʦ ʚʨʝʤʝ ʥʠʿʝ ʙʠʣʦ ʩʫʰʪʠʥʩʢʠ ʥʦʚʦ, ʚʝ˂ ʿʝ ʧʨʝʫʟʝʪʦ ʩʘ ʢʦˁʩʢʠʭ ʟʘʧʨʝʛʘ, ʩʣʠʢʘ 

1.2 (ʙ). ʆʚʘʢʘʚ ʢʦʯʥʠ ʩʠʩʪʝʤ ʥʠʿʝ ʙʠʦ ʝʬʠʢʘʩʘʥ ʫ ʩʣʫʯʘʿʫ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʧʦ ʚʣʘʞʥʦʤ 

ʢʦʣʦʚʦʟʫ. ʊʘʢʦʹʝ, ʂʘʨʣ ʌʨʠʜʨʠʭ ɹʝʥʮ (ʥʝʤ. Carl Friedrich Benz), ʧʦ ʫʟʦʨʫ ʥʘ ʦʚʦ ʨʝʰʝˁʝ, 
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ʫʛʨʘʜʠʦ ʿʝ ʫʧʨʘʚʦ ʪʘʢʘʚ ʩʠʩʪʝʤ ʢʦʯʝˁʘ ʥʘ ʩʚʦʤ ʣʝʛʝʥʜʘʨʥʦʤ ʚʦʟʠʣʫ ʩʘ ʪʨʠ ʪʦʯʢʘ (ʥʝʤ. 

Patentwagen) 1887. ʛʦʜʠʥʝ, ʩʣʠʢʘ 1.3. ʆʚʦ ʚʦʟʠʣʦ ʿʝ ʫ ʘʚʛʫʩʪʫ 1888. ʛʦʜʠʥʝ ʚʦʞʝʥʦ ʥʘ 

ʨʝʣʘʮʠʿʠ ʄʘʥʭʘʿʤ ï ʌʦʨʮʭʘʿʤ. ʅʘ ʦʚʦʿ ʩʪʘʟʠ ʜʫʛʦʿ 100 km, ʢʦʯʥʝ ʦʙʣʦʛʝ ʢʦʿʝ ʩʫ ʙʠʣʝ ʦʜ 

ʢʦʞʝ, ʤʦʨʘʣʝ ʩʫ ʜʘ ʙʫʜʫ ʟʘʤʝˁʝʥʝ ʚʠʰʝ ʧʫʪʘ. ʇʦʨʝʹʝˁʘ ʨʘʜʠ, ʩʘ ʜʘʥʘʰˁʠʤ ʢʦʯʥʠʤ 

ʦʙʣʦʛʘʤʘ ʩʝ ʤʦʞʝ ʧʨʝ˂ʠ ʨʘʩʪʦʿʘˁʝ ʠ ʜʦ 50.000 km, ʙʝʟ ʧʦʪʨʝʙʥʝ ʟʘʤʝʥʝ ʢʦʯʥʠʭ ʦʙʣʦʛʘ. 

 

  
(ʘ) (ʙ) 

ʉʣʠʢʘ 1.2. ʂʦʯʥʠ ʩʠʩʪʝʤ (ʘ) ʥʘ ʧʨʚʠʤ ʚʦʟʠʣʠʤʘ ʠ (ʙ) ʧʨʠʤʝˁʝʥ ʥʘ ʟʘʧʨʝʞʥʠʤ 

ʢʦʣʠʤʘ [1] 

 

 

ʉʣʠʢʘ 1.3. Patentwagen [1] 
 

ʇʦʯʝʪʢʦʤ ʧʨʦʰʣʦʛ ʚʝʢʘ ʥʘʧʨʘʚˀʝʥʝ ʩʫ ʢʦʯʥʠʮʝ ʢʦʿʝ ʩʫ ʙʠʣʝ ʜʦʩʪʘ ʝʬʠʢʘʩʥʠʿʝ ʠ ʢʦʿʝ ʩʫ 

ʧʨʦʠʟʚʦʹʘʯʠ ʚʦʟʠʣʘ ʫ ʪʦ ʚʨʝʤʝ ʨʘʜʦ ʫʛʨʘʹʠʚʘʣʠ ʥʘ ʩʚʦʿʘ ʚʦʟʠʣʘ, ʠʘʢʦ ʿʝ ʘʢʪʠʚʠʨʘˁʝ ʠ 

ʜʘˀʝ ʙʠʣʦ ʤʝʭʘʥʠʯʢʦ. ʌʨʝʜʝʨʠʢ ʃʘʥʢʘʩʪʝʨ (ʝʥʛʣ. Frederick W. Lanchester) ʠ ʃʫʿ ʈʝʥʦ 

(ʝʥʛʣ. Louis Renault) ʩʫ ʟʘʿʝʜʥʦ ʦʩʤʠʩʣʠʣʠ ʜʠʩʢ ʢʦʯʥʠʮʫ, ʜʦʢ ʿ ʝ ʜʦʙʦʰ ʢʦʯʥʠʮʫ ʦʩʤʠʩʣʠʦ 

ɺʠʣʭʝʣʤ ʄʘʿʙʘʭ. ɼʠʩʢ ʢʦʯʥʠʮʝ ʩʘ ʭʠʜʨʘʫʣʠʯʢʠʤ ʘʢʪʠʚʠʨʘˁʝʤ ʙʠʣʝ ʩʫ ʢʦʤʧʣʠʢʦʚʘʥʝ, 

ʪʘʢʦ ʜʘ ʩʝ ʦʜ ˁʠʭʦʚʝ ʧʨʠʤʝʥʝ ʥʘ ʚʦʟʠʣʠʤʘ ʥʘ ʥʝʢʦ ʚʨʝʤʝ ʦʜʫʩʪʘʣʦ. ʊʨʘʢʘʩʪʝ ʢʦʯʥʠʮʝ, 

ʢʦʿʝ ʩʫ ʜʦ ʪʘʜʘ ʪʘʢʦʹʝ ʙʠʣʝ ʫ ʧʨʠʤʝʥʠ, ʩʫ ʧʦʪʠʩʥʫʪʝ ʜʦʙʦʰ ʢʦʯʥʠʮʘʤʘ. ʊʨʘʢʘʩʪʝ ʢʦʯʥʠʮʝ 

ʩʫ ʠʤʘʣʝ ʩʤʘˁʝʥʫ ʝʬʠʢʘʩʥʦʩʪ ʧʨʠ ʚʣʘʞʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʫʩʣʦʚʠʤʘ. ʇʨˀʘʚʰʪʠʥʘ ʿʝ ʯʝʩʪʦ 

ʟʘʚʨʰʘʚʘʣʘ ʠʟʤʝʹʫ ʦʙʣʦʛʝ ʠ ʛʣʘʚʯʠʥʝ, ʧʘ ʿʝ ʠ ʪʦ ʜʦʜʘʪʥʦ ʫʤʘˁʠʚʘʣʦ ʝʬʠʢʘʩʥʦʩʪ 

ʪʨʘʢʘʩʪʠʭ ʢʦʯʥʠʮʘ. ʋ ʩʣʫʯʘʿʫ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʫʥʘʟʘʜ, ʫʦʧʰʪʝ ʥʠʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ 

ʟʘʫʩʪʘʚʠʪʠ ʛʘ.  

 

ɼʦ 1950. ʛʦʜʠʥʝ ʥʘ ʚʦʟʠʣʠʤʘ ʩʫ ʙʠʣʝ ʧʨʝʪʝʞʥʦ ʟʘʩʪʫʧˀʝʥʝ ʜʦʙʦʰ ʢʦʯʥʠʮʝ. ɳʠʭʦʚʦ 

ʘʢʪʠʚʠʨʘˁʝ ʿʝ ʙʠʣʦ ʤʝʭʘʥʠʯʢʦ ʠ ʫ ʪʦ ʚʨʝʤʝ ʩʫ ʙʠʣʝ ʧʦʧʫʣʘʨʥʝ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʪʨʘʢʘʩʪʠʭ 

ʢʦʯʥʠʮʘ ʢʦʿʝ ʩʫ ʩʝ ʜʦ ʪʘʜʘ ʧʨʠʤʝˁʠʚʘʣʝ, ʢʦʜ ʜʦʙʦʰ ʢʦʯʥʠʮʘ ʧʨˀʘʚʰʪʠʥʘ ʠ ʚʨʝʤʝʥʩʢʠ 
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ʫʩʣʦʚʠ ʥʠʩʫ ʫʪʠʮʘʣʠ ʥʘ ˁʠʭʦʚ ʨʘʜ, ʿʝʨ ʩʫ ʢʦʯʥʝ ʧʘʧʫʯʝ ʙʠʣʝ ʩʤʝʰʪʝʥʝ ʫʥʫʪʘʨ ʜʦʙʦʰʘ. 

ɼʦʙʦʰ ʢʦʯʥʠʮʝ ʩʫ ʩʝ ʘʢʪʠʚʠʨʘʣʝ ʤʝʭʘʥʠʯʢʠʤ ʧʫʪʝʤ, ʧʘ ʩʫ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ ʙʠʣʝ 

ʥʝʝʬʠʢʘʩʥʝ. ɼʦʣʘʟʠʣʦ ʿʝ ʜʦ ʚʝʣʠʢʠʭ ʛʫʙʠʪʘʢʘ ʫʩʣʝʜ ʩʘʚʣʘʹʠʚʘˁʘ ʪʨʝˁʘ ʫ ʟʛʣʦʙʦʚʠʤʘ, ʘ 

ʩʘʤʠʤ ʪʠʤ ʠ ʜʦ ʚʝ˂ʝʛ ʭʘʙʘˁʘ ʧʦʢʨʝʪʥʠʭ ʜʝʣʦʚʘ, ʰʪʦ ʿʝ ʟʘʭʪʝʚʘʣʦ ʨʝʜʦʚʥʦ ʦʜʨʞʘʚʘˁʝ. 

ɱʦʰ ʿʝʜʘʥ ʦʜ ʚʝ˂ʠʭ ʥʝʜʦʩʪʘʪʘʢʘ ʦʚʘʢʦ ʘʢʪʠʚʠʨʘʥʦʛ ʩʠʩʪʝʤʘ, ʿʝʩʪʝ ʰʪʦ ʿʝ ʦʥ ʤʦʨʘʦ ʙʠʪʠ 

ʧʨʝʮʠʟʘʥ, ʦʜʥʦʩʥʦ ʧʦʣʫʛʝ ʩʫ ʤʦʨʘʣʝ ʙʠʪʠ ʪʘʯʥʦ ʜʝʬʠʥʠʩʘʥʠʭ ʜʫʞʠʥʘ ʢʘʢʦ ʙʠ ʩʚʠ 

ʪʦʯʢʦʚʠ ʠʤʘʣʠ ʧʦʜʿʝʜʥʘʢʫ ʢʦʯʥʫ ʩʠʣʫ. 

 

ɸʫʪʦʤʦʙʠʣʩʢʘ ʢʦʤʧʘʥʠʿʘ ʄʘʪʦʥ (ʝʥʛʣ. Mutton Car Company), ʥʘʿʘʚʠʣʘ ʿʝ 1904. ʛʦʜʠʥʝ 

ʨʝʚʦʣʫʮʠʿʫ ʫ ʧʦʛʣʝʜʫ ʩʠʩʪʝʤʘ ʟʘ ʢʦʯʝˁʝ, ʢʘʜʘ ʿʝ ʫʚʝʜʝʥ ʭʠʜʨʘʫʣʠʯʢʠ ʩʠʩʪʝʤ ʟʘ ʢʦʯʝˁʝ, 

ʥʘ ʟʘʜˁʦʿ ʦʩʦʚʠʥʠ ʚʦʟʠʣʘ. ʆʜ 1910. ʛʦʜʠʥʝ ʚʝ˂ʠʥʘ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ ʿʝ ʠʤʘʣʘ ʜʚʘ 

ʥʝʟʘʚʠʩʥʘ ʠ ʦʜʚʦʿʝʥʘ ʢʦʯʥʘ ʩʠʩʪʝʤʘ. ɱʝʜʘʥ ʢʦʯʥʠ ʩʠʩʪʝʤ ʿʝ ʙʠʦ ʤʝʭʘʥʠʯʢʠ ʠ ʘʢʪʠʚʠʨʘʦ 

ʩʝ ʧʨʝʢʦ ʧʦʣʫʛʝ, ʜʦʢ ʩʝ ʜʨʫʛʠ ʘʢʪʠʚʠʨʘʦ ʧʨʝʢʦ ʧʝʜʘʣʝ, ʘʣʠ ʿʝ ʧʨʝʥʦʩʥʠ ʤʝʭʘʥʠʟʘʤ ʙʠʦ 

ʭʠʜʨʘʫʣʠʯʢʠ. ɻʦʪʦʚʦ ʫ ʠʩʪʦ ʚʨʝʤʝ, ʥʘ ʚʦʟʠʣʠʤʘ ʩʫ ʩʝ ʧʦʯʝʣʝ ʧʨʠʤʝˁʠʚʘʪʠ ʠ ʢʦʯʥʠʮʝ 

ʧʦʩʪʘʚˀʝʥʝ ʥʘ ʧʨʝʜˁʦʿ ʦʩʦʚʠʥʠ. ʈʘʟʚʦʿ ʢʦʯʥʠʮʘ ʟʘʩʥʠʚʘʦ ʩʝ ʥʘ ʨʝʘʣʥʠʤ ʧʦʪʨʝʙʘʤʘ, ʿʝʨ 

ʿʝ ʫ ʥʘʨʝʜʥʠʤ ʜʝʮʝʥʠʿʘʤʘ ʥʘʢʦʥ ʣʝʛʝʥʜʘʨʥʦʛ ʧʫʪʦʚʘˁʘ ɹʝʨʪʝ ɹʝʥʮ (ʥʝʤ. Bertha Benz), 

ʥʘʩʪʘʦ ʤʦʜʝʣ ʢʦʿʠ ʿʝ ʠʤʘʦ ʩʥʘʞʥʠʿʠ ʤʦʪʦʨ, ʪʘʢʦ ʜʘ ʿʝ ʨʘʟʚʠʿʘʦ ʠ ʚʝ˂ʝ ʙʨʟʠʥʝ, ʘ ʧʨʠʪʦʤ ʿʝ 

ʠʤʘʦ ʠ ʚʝ˂ʫ ʤʘʩʫ, ʰʪʦ ʿʝ ʟʘʭʪʝʚʘʣʦ ʧʨʠʤʝʥʫ ʭʠʜʨʘʫʣʠʯʢʦʛ ʩʠʩʪʝʤʘ ʟʘ ʢʦʯʝˁʝ.  

 

ʂʦʯʥʠʮʝ ʥʘ ʟʘʜˁʦʿ ʦʩʦʚʠʥʠ ʢʦʿʝ ʩʫ ʜʦ ʪʘʜʘ ʙʠʣʝ ʫ ʧʨʠʤʝʥʠ, ʚʠʰʝ ʥʠʩʫ ʙʠʣʝ ʜʦʚʦˀʥʝ, 

ʪʘʢʦ ʿʝ ʧʨʦʧʠʩʠʤʘ 1920. ʛʦʜʠʥʝ ʫʚʝʜʝʥʦ ʜʘ ʩʚʘ ʚʦʟʠʣʘ ʤʦʨʘʿʫ ʠʤʘʪʠ ʢʦʯʥʠʮʝ ʥʘ ʩʚʘ 

ʯʝʪʠʨʠ ʪʦʯʢʘ, ʰʪʦ ʿʝ ʙʠʣʦ ʦʜ ʚʝʣʠʢʝ ʚʘʞʥʦʩʪʠ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʩʚʠʭ ʫʯʝʩʥʠʢʘ ʫ ʩʘʦʙʨʘ˂ʘʿʫ. 

ʄʝʭʘʥʠʯʢʠ ʢʦʯʥʠ ʩʠʩʪʝʤ ʙʠʦ ʿʝ ʢʦʤʧʣʠʢʦʚʘʥ ʠ ʠʤʘʦ ʿʝ ʚʝʣʠʢʠ ʙʨʦʿ ʜʝʣʦʚʘ. ʉʠʩʪʝʤ ʩʝ 

ʩʘʩʪʦʿʘʦ ʦʜ 50 ʟʛʣʦʙʦʚʘ, 20 ʣʝʞʘʿʝʚʘ ʠ 200 ʜʝʣʦʚʘ ʢʦʿʠ ʩʫ ʧʨʝʥʦʩʠʣʠ ʢʦʯʥʫ ʩʠʣʫ ʦʜ 

ʢʦʤʘʥʜʝ ʚʦʟʘʯʘ ʜʦ ʪʦʯʢʦʚʘ. ʇʨʝʜʥʦʩʪ ʧʨʠʤʝʥʝ ʢʦʯʥʠʮʘ ʥʘ ʩʚʘ ʯʝʪʠʨʠ ʪʦʯʢʘ ʿʝ, ʧʨʝ ʩʚʝʛʘ, 

ʙʠʣʘ ʫ ʪʦʤʝ ʰʪʦ ʩʫ ʦʤʦʛʫ˂ʠʣʝ ʢʨʘ˂ʠ ʟʘʫʩʪʘʚʥʠ ʧʫʪ. ʋʚʦʹʝˁʝ ʭʠʜʨʘʫʣʠʯʢʠʭ ʢʦʯʥʠʮʘ ʩʘ 

ʩʝʨʚʦ ʧʦʿʘʯʘʣʦʤ 1924. ʛʦʜʠʥʝ, ʦʤʦʛʫ˂ʠʣʦ ʿ ʝ ʦʩʪʚʘʨʠʚʘˁʝ ʚʝ˂ʠʭ ʢʦʯʥʠʭ ʩʠʣʘ. ʊʦʢʦʤ 1930. 

ʛʦʜʠʥʝ, ʭʠʜʨʘʫʣʠʯʢʠ ʩʠʩʪʝʤ ʟʘ ʢʦʯʝˁʝ ʩʝ ʧʦʩʪʝʧʝʥʦ ʫʚʦʜʠ ʥʘ ʩʚʘ ʥʦʚʦʧʨʦʠʟʚʝʜʝʥʘ 

ʚʦʟʠʣʘ. 

 

ɿʥʘʯʘʿʘʥ ʧʝʨʠʦʜ ʟʘ ʢʦʯʥʠ ʩʠʩʪʝʤ, ʿʝʩʪʝ ʧʦʯʝʪʘʢ ʧʨʠʤʝʥʝ ʜʠʩʢ ʢʦʯʥʠʮʘ. ʀʘʢʦ ʩʫ 

ʧʘʪʝʥʪʠʨʘʥʝ ʿ ʦʰ 1902. ʛʦʜʠʥʝ, ʪʝʢ ʩʫ ʥʘ ʩʘʿʤʫ ʘʫʪʦʤʦʙʠʣʘ ʢʦʿʠ ʿ ʝ ʦʜʨʞʘʥ ʫ ʃʦʥʜʦʥʫ 1951. 

ʛʦʜʠʥʝ ʢʦʥʘʯʥʦ ʜʦʙʠʣʝ ʩʚʦʿʝ ʤʝʩʪʦ ʰʪʦ ʩʝ ʪʠʯʝ ʧʨʘʢʪʠʯʥʝ ʧʨʠʤʝʥʝ ʥʘ ʘʫʪʦʤʦʙʠʣʠʤʘ. 

ʄʝʹʫʪʠʤ, ʙʠʣʦ ʿ ʝ ʧʦʪʨʝʙʥʦ ʜʘ ʧʨʦʹʝ ʿ ʦʰ ʚʨʝʤʝʥʘ ʜʘ ʩʝ ʜʠʩʢ ʢʦʯʥʠʮʝ ʧʦʯʥʫ ʧʨʠʤʝˁʠʚʘʪʠ 

ʥʘ ʚʦʟʠʣʠʤʘ ʫ ʩʝʨʠʿʩʢʦʿ ʧʨʦʠʟʚʦʜˁʠ. ʇʨʚʘ ʤʘʩʦʚʥʘ ʫʛʨʘʜˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ 

ʥʘ ʣʝʛʝʥʜʘʨʥʦʤ ʘʫʪʦʤʦʙʠʣʫ ʎʠʪʨʦʝʥ (ʬʨʘʥ. Citroën DS-19), 1955. ʛʦʜʠʥʝ. ʋ ʧʝʨʠʦʜʫ ʦʜ 

ʧʦʿʘʚʝ ʜʠʩʢ ʢʦʯʥʠʮʘ, ʧʘ ʩʚʝ ʜʦ 1960. ʛʦʜʠʥʝ, ʫʧʦʪʨʝʙʘ ʜʠʩʢ ʢʦʯʥʠʮʘ ʿʝ ʙʠʣʘ ʚʨʣʦ 

ʨʘʩʧʨʦʩʪʨʘˁʝʥʘ ʥʘ ʙʨʠʪʘʥʩʢʠʤ ʠ ʝʚʨʦʧʩʢʠʤ ʘʫʪʦʤʦʙʠʣʠʤʘ, ʜʦʢ ʥʘ ʘʤʝʨʠʯʢʠʤ 

ʘʫʪʦʤʦʙʠʣʠʤʘ ʥʠʿʝ ʫ ʪʦʣʠʢʦʿ ʤʝʨʠ. 

 

1.2 ʈʘʟʣʦʛ ʫʚʦʹʝˁʘ ʠ ʦʧʩʪʘʥʢʘ ʜʠʩʢ ʢʦʯʥʠʮʝ ʢʘʦ ʩʪʘʥʜʘʨʜʥʦʛ ʝʣʝʤʝʥʪʘ 

ʥʘ ʚʦʟʠʣʫ 
 

ɼʨʫʰʪʚʦ ʫ ʮʝʣʠʥʠ ʿʝ ʯʝʩʪʦ ʧʦʜ ʚʝʣʠʢʠʤ ʫʪʠʮʘʿʝʤ ʧʨʘʚʮʘ ʠ ʠʥʪʝʥʟʠʪʝʪʘ ʨʘʟʚʦʿʘ 

ʘʫʪʦʤʦʙʠʣʩʢʝ ʠʥʜʫʩʪʨʠʿʝ. ʋ ʦʚʦʤ ʜʝʣʫ ʨʘʟʤʘʪʨʘʥʝ ʩʫ ʧʦʩʣʝʜʠʮʝ ʠ ʝʬʝʢʪʠ ʨʘʟʣʠʯʠʪʠʭ 

ʜʝʰʘʚʘˁʘ ʢʦʿʝ ʩʫ ʜʠʩʢ ʢʦʯʥʠʮʝ ʠʤʘʣʝ ʥʘ ʜʨʫʰʪʚʦ. ʄʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʧʦʩʪʦʿʝ ʜʚʘ ʦʩʥʦʚʥʘ 

ʨʘʟʣʦʛʘ ʧʦʯʝʪʢʘ ʤʘʩʦʚʥʝ ʧʨʠʤʝʥʝ ʜʠʩʢ ʢʦʯʥʠʮʘ [2].  

 

ʇʨʚʠ ʨʘʟʣʦʛ ʥʘʣʘʟʠ ʩʝ ʫ ʜʦʧʨʠʥʦʩʫ ʢʦʿʠ ʿʝ ʠʥʜʫʩʪʨʠʿʘ ʪʨʢʘʯʢʠʭ ʘʫʪʦʤʦʙʠʣʘ ʠʤʘʣʘ ʥʘ 

ʨʘʟʚʦʿ ʜʠʩʢ ʢʦʯʥʠʮʘ, ʢʘʢʦ ʫ ɽʥʛʣʝʩʢʦʿ, ʪʘʢʦ ʠ ʫ ɸʤʝʨʠʮʠ. ʇʨʝ 1951. ʛʦʜʠʥʝ, ʫʧʦʪʨʝʙʘ 
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ʜʠʩʢ ʢʦʯʥʠʮʘ ʿʝ ʙʠʣʘ ʦʛʨʘʥʠʯʝʥʘ ʩʘʤʦ ʥʘ ʚʘʟʜʫʭʦʧʣʦʚʥʘ ʠ ʚʦʿʥʘ ʚʦʟʠʣʘ. ɻʦʜʠʥʝ 1951. 

ɸʣʙʝʨʪ ɻʠʨʣʠʥʛ (ʝʥʛʣ. Albert Girling) ʢʫʧʫʿʝ ʣʠʮʝʥʮʫ ʢʘʢʦ ʙʠ ʧʨʦʠʟʚʦʜʠʦ ʜʠʩʢ ʢʦʯʥʠʮʝ 

ʟʘ ʘʫʪʦʤʦʙʠʣʝ ʠ ʠʟʣʘʞʝ ʧʨʦʪʦʪʠʧ ʥʘ ʃʦʥʜʦʥʩʢʦʤ ʩʘʿʤʫ. ʅʘ ʩʪʘʟʠ ʃʝ ʄʘʥ (ʬʨʘʥ. Le Mans), 

1952. ʛʦʜʠʥʝ ʤʦʜʝʣ ʪʨʢʘʯʢʦʛ ʚʦʟʠʣʘ ɱʘʛʫʘʨ (ʝʥʛʣ. Jaguar C) ʿ ʝ ʦʧʨʝʤˀʝʥ ʜʠʩʢ ʢʦʯʥʠʮʘʤʘ, 

ʰʪʦ ʤʫ ʜʘʿʝ ʚʦʹʩʪʚʦ ʠ ʦʤʦʛʫ˂ʫʿʝ ʣʘʢʫ ʧʦʙʝʜʫ ʥʘʜ ʚʦʟʠʣʦʤ ʌʝʨʘʨʠ (ʝʥʛʣ. Ferrari V12), 

ʢʦʿʝ ʿʝ ʤʦʛʣʦ ʟʥʘʪʥʦ ʙʨʞʝ ʜʘ ʜʦʩʪʠʛʥʝ ʤʘʢʩʠʤʘʣʥʫ ʙʨʟʠʥʫ. ʆʚʘ ʧʦʙʝʜʘ ʧʦʜʩʪʘʢʣʘ ʿʝ 

ʧʨʠʤʝʥʫ ʜʠʩʢ ʢʦʯʥʠʮʘ ʥʘ ʘʫʪʦʤʦʙʠʣʠʤʘ ʪʘʢʦ ʜʘ ʩʫ 1955. ʛʦʜʠʥʝ ʩʚʠ ʙʨʠʪʘʥʩʢʠ ʪʨʢʘʯʢʠ 

ʘʫʪʦʤʦʙʠʣʠ ʦʧʨʝʤˀʝʥʠ ʜʠʩʢ ʢʦʯʥʠʮʘʤʘ. ʏʘʢ ʠ ʌʝʨʘʨʠ, 1958. ʛʦʜʠʥʝ ʥʘ ʩʚʦʿʘ ʚʦʟʠʣʘ 

ʫʛʨʘʹʫʿʝ ʜʠʩʢ ʢʦʯʥʠʮʝ.  

 

ɸʤʝʨʠʯʢʠ ʘʫʪʦʤʦʙʠʣʠ ʩʫ ʙʠʣʠ ʤʥʦʛʦ ʚʝ˂ʠʭ ʤʘʩʘ ʠ ʩʘ ʿʘʯʠʤ ʤʦʪʦʨʠʤʘ ʠ ʧʨʠ ʪʦʤ ʩʫ 

ʨʘʟʚʠʿʘʣʠ ʠ ʚʝ˂ʝ ʙʨʟʠʥʝ, ʧʘ ʠʟ ʪʠʭ ʨʘʟʣʦʛʘ ʚʝʣʠʢʝ ʢʦʤʧʘʥʠʿʝ ʥʠʩʫ ʫʩʚʦʿʠʣʝ ʧʨʠʤʝʥʫ ʜʠʩʢ 

ʢʦʯʥʠʮʘ ʥʘ ʩʚʦʿʠʤ ʚʦʟʠʣʠʤʘ. ʄʝʹʫʪʠʤ, ʤʘʣʘ ʟʘʧʘʜʥʦʘʤʝʨʠʯʢʘ ʢʦʤʧʘʥʠʿʘ ɽʨʭʘʨʪ (ʝʥʛʣ. 

Airheart) ʟʘʧʦʯʠˁʝ ʠʩʧʦʨʫʢʫ ʚʦʟʠʣʘ ʩʘ ʜʠʩʢ ʢʦʯʥʠʮʘʤʘ ʠ ʪʠʤʝ ʢʨʝ˂ʝ ʥʘʜʤʝʪʘˁʝ ʫ 

ʠʥʜʫʩʪʨʠʿʠ. 1958. ʛʦʜʠʥʝ ʩʚʠʭ ʧʝʪʩʪʦ ʘʫʪʦʤʦʙʠʣʘ ʥʘ ʪʨʮʠ ʫ ʀʥʜʠʿʘʥʘʧʦʣʠʩʫ (Indy 500) 

ʩʫ ʦʧʨʝʤˀʝʥʠ ʜʠʩʢ ʢʦʯʥʠʮʘʤʘ. 1965. ʛʦʜʠʥʝ, ʢʦʤʧʘʥʠʿʘ ʌʦʨʜ (ʝʥʛʣ. Ford) ʧʦʯʠˁʝ ʥʘ 

ʩʚʦʤ ʤʦʜʝʣʫ ɻʘʣʘʢʩʠ (ʝʥʛʣ. Galaxy) ʜʘ ʫʛʨʘʹʫʿʝ ʜʠʩʢ ʢʦʯʥʠʮʝ. ʅʘʨʝʜʥʝ ʛʦʜʠʥʝ ʪʦ ʠʩʪʦ 

ʯʠʥʝ ʠ ʂʨʘʿʩʣʝʨ (ʝʥʛʣ. Chrysler) ʠ ɹʿʫʠʢ (ʝʥʛʣ. Buick), ʘʣʠ ʦʥʠ ʩʫ ʧʨʠʤʝˁʠʚʘʣʠ ɹʝʥʜʠʢʩ 

(ʝʥʛʣ. Bendix) ʢʦʯʥʠʮʝ. ʇʦʤʝʥʫʪʘ ʜʝʰʘʚʘˁʘ ʫ ɽʥʛʣʝʩʢʦʿ ʠ ɸʤʝʨʠʮʠ ʩʫ ʤʥʦʛʦ ʫʪʠʮʘʣʘ ʥʘ 

ʨʝʟʫʣʪʘʪʝ ʪʨʢʘʯʢʠʭ ʘʫʪʦʤʦʙʠʣʘ ʢʦʿʠ ʩʫ ʢʦʨʠʩʪʠʣʠ ʜʠʩʢ ʢʦʯʥʠʮʝ. ʊʦ ʿʝ ʫʩʣʦʚʠʣʦ ʜʘ ʦʥʝ 

ʧʦʩʪʘʥʫ ʠ ʩʪʘʥʜʘʨʜʥʘ ʦʧʨʝʤʘ, ʘ ʰʪʦ ʿʝ ʜʘˀʝ ʧʨʝʪʭʦʜʠʣʦ ʤʘʩʦʚʥʦʿ ʧʨʦʠʟʚʦʜˁʠ 

ʘʫʪʦʤʦʙʠʣʘ ʩʘ ʜʠʩʢ ʢʦʯʥʠʮʘʤʘ ʪʦʢʦʤ 1960-ʪʠʭ ʛʦʜʠʥʘ. 

  

ɼʨʫʛʠ ʨʘʟʣʦʛ ʨʘʟʚʦʿʘ ʜʠʩʢ ʢʦʯʥʠʮʘ ʙʠʣʘ ʿʝ ʧʦʪʨʝʙʘ ʜʘ ʩʝ ʫʩʧʦʨʝ ʠ ʟʘʫʩʪʘʚʝ ʘʫʪʦʤʦʙʠʣʠ 

ʢʦʿʠ ʩʫ ʧʦʩʪʘʿʘʣʠ ʤʥʦʛʦ ʙʨʞʠ ʠ ʤʥʦʛʦ ʩʥʘʞʥʠʿʠ ʠʟ ʛʦʜʠʥʝ ʫ ʛʦʜʠʥʫ. ʊʘʢʦʹʝ, ʜʦʰʣʦ ʿʝ ʜʦ 

ʧʨʦʤʝʥʝ ʩʪʘʚʘ ʜʨʫʰʪʚʘ ʧʨʝʤʘ ʙʝʟʙʝʜʥʦʩʪʠ ʩʘʦʙʨʘ˂ʘʿʘ. ɼʨʫʰʪʚʝʥʝ ʧʦʩʣʝʜʠʮʝ ʢʦʿʝ ʩʫ 

ʜʦʚʝʣʝ ʜʦ ʧʦʙʦˀʰʘˁʘ ʫ ʨʘʟʚʦʿʫ ʢʦʯʥʠʭ ʩʠʩʪʝʤʘ ʠ ʧʦʙʦˀʰʘˁʘ ʙʝʟʙʝʜʥʦʩʪʠ ʪʨʝʙʘ 

ʪʨʘʞʠʪʠ ʫ 1960-ʪʠʤ ʛʦʜʠʥʘʤʘ. ɹʝʟʙʝʜʘʥ ʘʫʪʦʤʦʙʠʣ ʿʝ ʧʦʩʪʘʦ ʟʥʘʯʘʿʥʦ ʧʠʪʘˁʝ ʪʦʢʦʤ 

1960-ʪʠʭ. ʉʚʘʢʝ ʛʦʜʠʥʝ ʙʨʦʿ ʩʤʨʪʥʠʭ ʩʣʫʯʘʿʝʚʘ ʠ ʧʦʚʨʝʜʘ ʿʝ ʟʥʘʪʥʦ ʨʘʩʪʘʦ ʢʘʦ ʨʝʟʫʣʪʘʪ 

ʩʚʝ ʚʝ˂ʝʛ ʙʨʦʿʘ ʥʝʟʛʦʜʘ. ʅʝʝʬʠʢʘʩʥʦ ʢʦʯʝˁʝ ʚʦʟʠʣʘ, ʟʘʿʝʜʥʦ ʩʘ ʣʦʰʠʤ ʧʫʪʝʚʠʤʘ, 

ʢʦʨʠʰ˂ʝˁʝ ʦʙʠʯʥʦʛ ʩʪʘʢʣʘ ʟʘ ʠʟʨʘʜʫ ʚʝʪʨʦʙʨʘʥʘ ʠ ʥʝʜʦʚʦˀʥʘ ʩʚʝʩʪ ʦ ʚʘʞʥʦʩʪʠ ʩʠʩʪʝʤʘ 

ʙʝʟʙʝʜʥʦʩʪʠ, ʜʦʧʨʠʥʝʣʠ ʩʫ ʧʦʚʝ˂ʘˁʫ ʙʨʦʿʘ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʥʝʟʛʦʜʘ. ɹʨʦʿ ʩʘʦʙʨʘ˂ʘʿʥʠʭ 

ʥʝʟʛʦʜʘ ʿʝ ʫʧʨʘʚʦ ʨʘʟʣʦʛ ʧʦʜʠʟʘˁʘ ʩʚʝʩʪʠ ˀʫʜʠ, ʢʘʦ ʠ ʟʘ ʤʥʦʛʝ ʧʨʦʤʝʥʝ ʢʦʿʝ ʩʫ ʫʩʣʝʜʠʣʝ. 

ʀʥʞʝˁʝʨʠ ʠʟ ʨʘʟʥʠʭ ʦʙʣʘʩʪʠ ʩʫ ʙʠʣʠ ʫʢˀʫʯʝʥʠ, ʢʘʢʦ ʫ ʦʙʣʘʩʪʠ ʧʦʙʦˀʰʘˁʘ 

ʧʨʦʿʝʢʪʦʚʘˁʘ ʧʫʪʘ, ʪʘʢʦ ʠ ʩʠʩʪʝʤʘ ʟʘ ʢʦʯʝˁʝ ʠ ʫʚʦʹʝˁʘ ʚʠʰʝʩʣʦʿʥʦʛ ʚʝʪʨʦʙʨʘʥʘ. ʇʦʨʝʜ 

ʪʦʛʘ, ʚʣʘʜʝ ʟʝʤʘˀʘ ɽʚʨʦʧʩʢʝ ʋʥʠʿʝ ʠ ʉɸɼ ʩʫ ʫʚʝʣʝ ʦʛʨʘʥʠʯʝˁʝ ʥʘ ʜʦʟʚʦˀʝʥ ʥʠʚʦ 

ʘʣʢʦʭʦʣʘ ʫ ʢʨʚʠ ʚʦʟʘʯʘ ʢʦʿʠ ʩʝ ʤʦʨʘʦ ʩʪʨʦʛʦ ʧʦʰʪʦʚʘʪʠ. ʇʦʙʦˀʰʘˁʘ ʪʝʭʥʦʣʦʛʠʿʝ ʢʦʯʥʠʭ 

ʩʠʩʪʝʤʘ ʫʢˀʫʯʠʚʘʣʦ ʿʝ ʫʧʦʪʨʝʙʫ ʜʠʩʢ ʢʦʯʥʠʮʘ, ʫ ʧʦʯʝʪʢʫ ʩʘʤʦ ʥʘ ʧʨʝʜˁʠʤ ʪʦʯʢʦʚʠʤʘ, ʘ 

ʢʘʩʥʠʿʝ ʠ ʥʘ ʟʘʜˁʠʤ. ɼʘˀʘ ʜʦʩʪʠʛʥʫ˂ʘ ʦʙʫʭʚʘʪʘʿʫ ʧʨʠʤʝʥʫ ʧʨʦʪʠʚ ʙʣʦʢʠʨʘʿʫ˂ʠʭ ʢʦʯʥʠʭ 

ʩʠʩʪʝʤʘ (ʝʥʛʣ. Anti-lock Braking Systems).  

 

1.3 ʆʩʥʦʚʥʘ ʥʘʤʝʥʘ ʠ ʧʨʠʥʮʠʧ ʨʘʜʘ ʜʠʩʢ ʢʦʯʥʠʮʝ 
 

ʆʩʥʦʚʥʘ ʥʘʤʝʥʘ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ ʿʝ ʜʘ ʟʘʫʩʪʘʚʠ ʚʦʟʠʣʦ ʠʣʠ ʩʤʘˁʠ ʙʨʟʠʥʫ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ 

ʜʦ ʧʨʦʧʠʩʘʥʝ/ʞʝˀʝʥʝ ʙʨʟʠʥʝ, ʦʜʥʦʩʥʦ ʜʘ ʿʝ ʧʨʠʣʘʛʦʜʠ ʫʩʣʦʚʠʤʘ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʧʫʪʘ, ʢʘʦ 

ʠ ʜʘ ʩʧʨʝʯʠ ʧʦʤʝʨʘˁʝ ʟʘʫʩʪʘʚˀʝʥʦʛ ʚʦʟʠʣʘ. ʀʟ ʧʨʝʪʭʦʜʥʦʛ ʧʨʦʠʟʠʣʘʟʝ ʯʝʪʠʨʠ ʦʩʥʦʚʥʘ 

ʟʘʜʘʪʢʘ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ, ʠ ʪʦ: 

ü ʥʘʛʣʦ ʢʦʯʝˁʝ ï ʟʘʫʩʪʘʚˀʘˁʝ ʚʦʟʠʣʘ ʥʘ ʰʪʦ ʢʨʘ˂ʝʤ ʧʫʪʫ ʫ ʩʣʫʯʘʿʫ ʧʦʿʘʚʝ 

ʘʢʮʠʜʝʥʪʥʝ ʩʠʪʫʘʮʠʿʝ, 



ʋʚʦʜʥʘ ʨʘʟʤʘʪʨʘˁʘ 

5 

 

ü ʙʣʘʛʦ ʢʨʘʪʢʦʪʨʘʿʥʦ ʢʦʯʝˁʝ ï ʧʨʠ ʥʦʨʤʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʚʦʞˁʝ, ʢʦʿʘ ʿʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʟʘ ʢʨʝʪʘˁʝ ʚʦʟʠʣʘ ʫ ʥʘʩʝˀʝʥʦʤ ʤʝʩʪʫ,  

ü ʙʣʘʛʦ ʜʫʛʦʪʨʘʿʥʦ ʢʦʯʝˁʝ ï ʧʨʠ ʢʨʝʪʘˁʫ ʚʦʟʠʣʘ ʥʘ ʜʫʛʠʤ ʥʠʟʙʨʜʠʮʘʤʘ ʠ 

ü ʧʘʨʢʠʨʥʦ ʢʦʯʝˁʝ. 

 

ʅʘ ʙʘʟʠ ʥʘʚʝʜʝʥʠʭ ʟʘʜʘʪʘʢʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʢʦʯʥʠ ʩʠʩʪʝʤ, ʩʘ ʘʩʧʝʢʪʘ ʙʝʟʙʝʜʥʦʩʪʠ 

ʩʚʠʭ ʫʯʝʩʥʠʢʘ ʫ ʩʘʦʙʨʘ˂ʘʿʫ, ʢʘʦ ʠ ʦʩʥʦʚʥʠʭ ʫʩʣʦʚʘ ʢʦʨʠʰ˂ʝˁʘ, ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʘʥ 

ʩʠʩʪʝʤ ʥʘ ʩʚʘʢʦʤ ʤʦʪʦʨʥʦʤ ʠ ʧʨʠʢˀʫʯʥʦʤ ʚʦʟʠʣʫ. ʆʚʦ ʿʝ ʠ ʨʘʟʣʦʛ ʟʘʰʪʦ ʿʝ ʧʨʝʜʤʝʪ 

ʩʪʨʦʛʠʭ ʟʘʢʦʥʩʢʠʭ ʧʨʦʧʠʩʘ.  

 

ɼʠʩʢ ʢʦʯʥʠʮʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʪʠʧʠʯʘʥ ʧʨʠʤʝʨ ʘʢʩʠʿʘʣʥʠʭ ʢʦʯʥʠʮʘ, ʢʦʜ ʢʦʿʠʭ ʩʝ ʧʨʠʪʠʩʘʢ 

ʥʘ ʢʦʥʪʘʢʪʥʠʤ ʧʦʚʨʰʠʥʘʤʘ ʦʩʪʚʘʨʫʿʝ ʫ ʧʨʘʚʮʫ ʦʩʝ ʨʦʪʘʮʠʿʝ ʢʦʯʥʦʛ ʜʠʩʢʘ. ʂʦʯʥʠ ʜʠʩʢ ʿʝ 

ʧʨʠʯʚʨʰ˂ʝʥ ʟʘ ʪʦʯʘʢ ʚʦʟʠʣʘ, ʜʦʢ ʿ ʝ ʩʪʝʛʘ ʧʨʠʯʚʨʰ˂ʝʥʘ ʟʘ ʥʦʩʝ˂ʫ ʩʪʨʫʢʪʫʨʫ ʚʦʟʠʣʘ, ʩʣʠʢʘ 

1.4. ʋ ʩʪʝʟʠ ʩʫ ʢʦʯʥʠ ʮʠʣʠʥʜʨʠ, ʘ ʫʥʫʪʘʨ ˁʠʭ ʩʝ ʥʘʣʘʟʝ ʢʣʠʧʦʚʠ ʢʦʿʠ ʧʨʠʪʠʩʢʘʿʫ ʢʦʯʥʝ 

ʧʣʦʯʠʮʝ ʩʘ ʦʙʝ ʩʪʨʘʥʝ ʢʦʯʥʦʛ ʜʠʩʢʘ. ʌʨʠʢʮʠʦʥʘ ʧʦʚʨʰʠʥʘ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʧʦʢʨʠʚʘ ʩʘʤʦ 

ʿʝʜʘʥ ʜʝʦ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʦʙʠʯʥʦ ʥʝ ʚʠʰʝ ʦʜ 15% [3]. ʇʨʠʪʠʩʢʦʤ ʥʘ 

ʧʝʜʘʣʫ ʢʦʯʥʠʮʝ ʦʩʪʚʘʨʫʿʝ ʩʝ ʧʨʠʪʠʩʘʢ ʨʘʜʥʦʛ ʬʣʫʠʜʘ ʢʦʿʠ ʧʨʠʪʠʩʢʘ ʠʩʪʦʚʨʝʤʝʥʦ ʠ 

ʧʦʜʿʝʜʥʘʢʦ ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʩʘ ʦʙʝ ʩʪʨʘʥʝ ʜʠʩʢʘ ʠ ʪʘʢʦ ʩʝ ʦʩʪʚʘʨʫʿʝ ʢʦʯʥʘ ʩʠʣʘ. ʂʦʯʥʝ 

ʧʣʦʯʠʮʝ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʥʘʣʝʞʫ ʥʘ ʢʦʯʥʠ ʜʠʩʢ ʦʜʨʝʹʝʥʠʤ ʧʨʠʪʠʩʢʦʤ. ʋ ʢʦʥʪʘʢʪʫ 

ʠʟʤʝʹʫ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʿʘʚˀʘ ʩʝ ʩʠʣʘ ʪʨʝˁʘ ʢʦʿʘ ʩʝ ʩʫʧʨʦʪʩʪʘʚˀʘ 

ʨʦʪʘʮʠʿʠ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʫʩʧʦʨʘʚʘ ʛʘ. ʂʘʢʦ ʿʝ ʢʦʯʥʠ ʜʠʩʢ ʫ ʯʚʨʩʪʦʿ ʚʝʟʠ ʩʘ ʪʦʯʢʦʤ ʚʦʟʠʣʘ, 

ʚʦʟʠʣʦ ʩʝ ʫʩʧʦʨʘʚʘ. ʅʝʞʝˀʝʥʘ ʧʦʩʣʝʜʠʮʘ ʪʨʝˁʘ ʿʝ ʛʝʥʝʨʠʩʘˁʝ ʪʦʧʣʦʪʝ ʥʘ ʝʣʝʤʝʥʪʠʤʘ 

ʢʦʿʠ ʩʫ ʫ ʢʦʥʪʘʢʪʫ. 

 

 

ʉʣʠʢʘ 1.4 ɼʝʣʦʚʠ ʩʢʣʦʧʘ ʜʠʩʢ ʢʦʯʥʠʮʝ ʧʨʠʢʘʟʘʥʠ ʥʘ ʚʦʟʠʣʫ 

 

1.4 ʊʝʨʤʠʯʢʦ ʦʧʪʝʨʝ˂ʝˁʝ ʜʠʩʢ ʢʦʯʥʠʮʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ 
 

ʂʦʯʝˁʝ ʩʝ ʦʩʪʚʘʨʫʿʝ ʟʙʦʛ ʧʦʿʘʚʝ ʩʠʣʝ ʪʨʝˁʘ ʠʟʤʝʹʫ ʜʚʘ ʪʝʣʘ ʢʦʿʘ ʩʫ ʫ ʢʦʥʪʘʢʪʫ ï ʢʦʯʥʦʛ 

ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ. ʂʘʢʦ ʿʝ ʧʦʟʥʘʪʦ ʜʘ ʫʩʣʝʜ ʪʨʝˁʘ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʬʨʠʢʮʠʦʥʦʛ 

ʟʘʛʨʝʚʘˁʘ [4], ʧʦʪʨʝʙʥʦ ʿʝ ʧʘʞˁʫ ʫʩʤʝʨʠʪʠ ʢʘ ʢʦʥʩʪʨʫʢʮʠʿʠ ʜʠʩʢ ʢʦʯʥʠʮʝ ʢʦʿʘ ˂ʝ 

ʦʤʦʛʫ˂ʠʪʠ ʰʪʦ ʙʦˀʝ ʦʜʚʦʹʝˁʝ ʪʦʧʣʦʪʝ ʫ ʦʢʦʣʠʥʫ. ʇʨʝʮʠʟʥʠʿʝ, ʫ ʫʩʣʦʚʠʤʘ ʢʦʯʝˁʘ ʜʦ 
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ʟʘʫʩʪʘʚˀʘˁʘ, ʩʚʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʚʦʟʠʣʘ ʩʝ ʪʨʘʥʩʬʦʨʤʠʰʝ ʫ ʪʦʧʣʦʪʫ [5], ʧʘ ʧʦʩʝʙʥʫ 

ʧʘʞˁʫ ʧʨʠ ʢʦʥʩʪʨʫʢʮʠʿʠ ʢʦʯʥʦʛ ʜʠʩʢʘ ʪʨʝʙʘ ʫʩʤʝʨʠʪʠ ʢʘ [6]: 

ü ʪʦʧʣʦʪʥʦʿ ʧʨʦʚʦʜˀʠʚʦʩʪʠ ʜʠʩʢ ʢʦʯʥʠʮʘ, 

ü ʭʣʘʹʝˁʫ ʢʦʯʥʠʮʘ ʠ 

ü ʩʪʘʙʠʣʥʠʤ ʬʨʠʢʮʠʦʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ. 

 

ʆʩʥʦʚʥʠ ʧʨʦʙʣʝʤ ʟʘʛʨʝʚʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ ʦʛʣʝʜʘ ʩʝ ʫ ʩʤʘˁʝˁʫ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, 

ʩʣʠʢʘ 1.5. ʉʘ ʧʦʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʦʧʘʜʘ, ʘ ʪʠʤʝ ʩʝ ʩʤʘˁʫʿʝ ʠ 

ʤʦʤʝʥʪ ʢʦʯʝˁʘ, ʧʘ ʩʝ ʟʙʦʛ ʪʦʛʘ ʢʘʞʝ ʜʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʯʝˁʘ ʧʦʯʠˁʫ ʜʘ Ăʩʣʘʙʝñ [7]. 

ʊʝʨʤʠʥ Ăʩʣʘʙˀʝˁʝñ (ʝʥʛʣ. fade) ʩʝ ʢʦʨʠʩʪʠ ʜʘ ʫʢʘʞʝ ʥʘ ʛʫʙʠʪʘʢ ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʯʝˁʘ ʧʨʠ 

ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ. ʉʫʧʨʦʪʥʘ ʧʦʿʘʚʘ Ăʩʣʘʙˀʝˁʫñ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʯʥʠʮʘ, ʿʝʩʪʝ 

Ăʦʧʦʨʘʚʘʢñ, ʰʪʦ ʟʘʧʨʘʚʦ ʧʨʝʜʩʪʘʚˀʘ ʪʨʝʥʫʪʘʢ ʢʘʜʘ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ 

ʧʦʨʘʩʪʝ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʘʜʥʝ. ʌʝʥʦʤʝʥ Ăʩʣʘʙˀʝˁʘñ ʫ ʬʨʠʢʮʠʦʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ 

ʧʨʝʜʩʪʘʚˀʘ ʦʜʩʪʫʧʘˁʝ ʦʜ ɸʤʦʥʪʦʥʦʚʦʛ (ʝʥʛʣ. Guillaume Amonton) ʟʘʢʦʥʘ ʪʨʝˁʘ [8], ʘ 

ˁʝʛʦʚʘ ʧʦʿʘʚʘ ʩʤʘˁʫʿʝ ʝʬʠʢʘʩʥʦʩʪ ʠ ʧʦʫʟʜʘʥʦʩʪ ʢʦʯʝˁʘ. ʋ ʟʦʥʠ ʪʨʝˁʘ, ʧʦʨʘʩʪ 

ʪʝʤʧʝʨʘʪʫʨʝ ʿʝ ʠʟʫʟʝʪʥʦ ʚʠʩʦʢ, ʪʘʢʦ ʜʘ ʩʝ ʫ ʫʩʣʦʚʠʤʘ ʜʫʛʦʪʨʘʿʥʦʛ ʢʦʯʝˁʘ ʤʦʛʫ ʥʘ ʜʠʩʢʫ 

ʧʦʿʘʚʠʪʠ ʤʠʢʨʦ ʧʫʢʦʪʠʥʝ, ʢʦʿʝ ʜʘˀʝ ʤʦʛʫ ʜʦʚʝʩʪʠ ʠ ʜʦ ʦʪʢʘʟʘ ʢʦʯʥʦʛ ʜʠʩʢʘ [9]. ʇʦʨʝʜ 

ʪʦʛʘ, ʤʦʞʝ ʜʦ˂ʠ ʠ ʜʦ ʧʦʿʘʚʝ ʧʘʨʥʠʭ ʯʝʧʦʚʘ ʫ ʢʦʯʥʦʿ ʪʝʯʥʦʩʪʠ, ʦʪʢʘʟʘ ʣʝʞʘʿʝʚʘ, ʢʘʦ ʠ 

ʚʠʙʨʘʮʠʿʘ ʢʦʿʝ ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʟʘʛʨʝʚʘˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ [10]. ʂʘʦ ʰʪʦ ʩʝ 

ʤʦʞʝ ʚʠʜʝʪʠ (ʩʣʠʢʘ 1.5), ʢʘʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʧʨʝʹʝ 700  ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ 

ʥʘʛʣʦ ʧʘʜʘ, ʘ ʪʦ ʜʘˀʝ ʜʦʚʦʜʠ ʜʦ ʜʫʞʝʛ ʧʫʪʘ ʟʘʫʩʪʘʚˀʘˁʘ [1]. ʀʩʪʨʘʞʠʚʘˁʝ ɸʣʝʢʩʝʥʜʨʠ˂ʘ 

ʠ ʜʨ. [11] ʧʦʢʘʟʫʿʫ ʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʚʘʨʠʨʘ ʪʦʢʦʤ 

ʧʨʦʮʝʜʫʨʝ Ăʩʣʘʙˀʝˁʘñ, ʟʘʪʦ ʰʪʦ ʥʘ ˁʫ ʚʝʣʠʢʠ ʫʪʠʮʘʿ ʠʤʘʿʫ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠʪʠʩʘʢ ʠ 

ʙʨʟʠʥʘ ʢʣʠʟʘˁʘ. ʊʨʝˁʝ ʢʦʿʝ ʩʝ ʿʘʚˀʘ ʠʟʤʝʹʫ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʠ ʢʦʯʥʦʛ ʜʠʩʢʘ ʩʪʚʘʨʘ 

ʪʦʧʣʦʪʫ. ʊʦʧʣʦʪʘ ʢʦʿʘ ʩʝ ʛʝʥʝʨʠʰʝ ʥʘ ʧʦʢʨʝʪʥʠʤ ʠ ʥʝʧʦʢʨʝʪʥʠʤ ʜʝʣʦʚʠʤʘ ʤʦʞʝ ʠʤʘʪʠ 

ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʪʨʠʙʦʣʦʰʢʦ ʧʦʥʘʰʘˁʝ ʫ ʢʦʥʪʘʢʪʥʦʿ ʟʦʥʠ [12]. ɿʘʪʦ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ 

ʜʘ ʪʦʧʣʦʪʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʪʠʯʝ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ, ʠ ʜʘ ʩʝ ʪʦʢʦʤ ʢʦʯʝˁʘ 

ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʚʦʟʠʣʘ ʧʨʝʪʚʘʨʘ ʫ ʪʦʧʣʦʪʫ. ɱʝʜʘʥ ʜʝʦ ʪʦʧʣʦʪʝ ʢʦʿʘ ʩʝ ʩʪʚʘʨʘ ʫ ʪʦʢʫ 

ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʩʝ ʩʢʣʘʜʠʰʪʠ ʥʘ ʢʦʯʥʠ ʜʠʩʢ, ʜʨʫʛʠ ʜʝʦ ʦʜʣʘʟʠ ʫ ʦʢʦʣʠʥʫ ʟʨʘʯʝˁʝʤ ʠ 

ʢʦʥʚʝʢʮʠʿʦʤ, ʘ ʧʨʝʦʩʪʘʣʘ ʪʦʧʣʦʪʘ ʩʝ ʧʨʦʚʦʹʝˁʝʤ ʧʨʝʥʦʩʠ ʥʘ ʩʫʩʝʜʥʝ ʢʦʤʧʦʥʝʥʪʝ [1], 

ʩʣʠʢʘ 1.6. 

 

 

ʉʣʠʢʘ 1.5 ʋʪʠʮʘʿ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʥʘ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ [1] 
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ʊʦʧʣʦʪʘ ʩʝ ʧʨʝʥʦʩʠ ʧʨʦʚʦʹʝˁʝʤ (ʢʦʥʜʫʢʮʠʿʦʤ) ʦʜ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʜʦ ʛʣʘʚʯʠʥʝ 

ʪʦʯʢʘ. ʉʤʝʨ ʧʨʝʥʦʩʘ ʪʦʧʣʦʪʝ ʠʜʝ ʦʜ ʜʝʣʘ ʢʦʿʠ ʿʝ ʥʘ ʚʠʰʦʿ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʘ ʜʝʣʫ ʜʠʩʢʘ 

ʢʦʿʠ ʠʤʘ ʥʠʞʫ ʪʝʤʧʝʨʘʪʫʨʫ. ɿʙʦʛ ʩʘʤʦʛ ʦʙʣʠʢʘ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʨʰʠʥʘ, ʧʦʩʪʦʿʘ˂ʝ ʦʪʧʦʨ 

ʧʨʠ ʧʨʦʚʦʹʝˁʫ ʪʦʧʣʦʪʝ ʢʦʿʠ ʩʝ ʩʫʧʨʦʪʩʪaʚˀʘ ʧʨʝʥʦʩʫ ʪʦʧʣʦʪʝ ʠ ʫʟʨʦʢʫʿʝ ʪʝʤʧʝʨʘʪʫʨʥʝ 

ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʨʰʠʥʘ. ʋ ʧʨʘʢʩʠ, ʦʚʘʿ ʬʝʥʦʤʝʥ ʩʝ ʥʘʿʙʦˀʝ ʤʦʞʝ ʦʧʠʩʘʪʠ 

ʧʦʤʦ˂ʫ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʦʧʣʦʪʥʝ ʧʨʦʚʦʜˀʠʚʦʩʪʠ. ʊʦʧʣʦʪʘ ʢʦʿʘ ʩʝ ʧʨʝʥʦʩʠ ʧʨʦʚʦʹʝˁʝʤ 

ʤʦʞʝ ʩʝ ʿʝʜʥʦʩʪʘʚʥʦ ʠʟʨʘʯʫʥʘʪʠ ʧʨʠʤʝʥʦʤ ʨʝʣʘʮʠʿʝ (1.1) [13]: 

 

( ) ( )( )int int
,kond kond d c

Q k A T T= Ö Ö -  (1.1) 

 

ʛʜʝ ʩʫ:  

- kondQ  - ʢʦʣʠʯʠʥʘ ʪʦʧʣʦʪʝ ʢʦʿʘ ʩʝ ʦʩʣʦʙʦʜʠ ʧʨʦʚʦʹʝˁʝʤ, J, 

- k  - ʢʦʝʬʠʮʠʿʝʥʪ ʪʦʧʣʦʪʥʝ ʧʨʦʚʦʜˀʠʚʦʩʪʠ (ʢʦʥʜʫʢʮʠʿʝ), W/(mĿ ), 

- kondA  - ʧʦʚʨʰʠʥʘ ʢʦʥʪʘʢʪʘ, m2, 

- ( )intd
T  - ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʢʦʯʥʦʛ ʜʠʩʢʘ,  ʠ 

- ( )intc
T  - ʪʝʤʧʝʨʘʪʫʨʘ ʛʣʘʚʯʠʥʝ, .  

 

ʊʦʧʣʦʪʥʘ ʧʨʦʚʦʜˀʠʚʦʩʪ ʟʘʚʠʩʠ ʦʜ: ʧʦʚʨʰʠʥʝ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʿʘʣʘ ʠ ʢʦʯʥʝ ʩʠʣʝ. 

ʐʪʦ ʿʝ ʚʝ˂ʘ ʧʨʦʚʦʜˀʠʚʦʩʪ, ʢʘʦ ʠ ʪʝʤʧʝʨʘʪʫʨʥʝ ʨʘʟʣʠʢʝ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʨʰʠʥʘ, ʚʝ˂ʘ ʿʝ ʠ 

ʙʨʟʠʥʘ ʧʨʝʥʦʩʘ ʪʦʧʣʦʪʝ. 

 

 

ʉʣʠʢʘ 1.6 ɽʥʝʨʛʝʪʩʢʠ ʙʠʣʘʥʩ ʜʠʩʢ ʢʦʯʥʠʮʘ [1] 

 

ʂʦʥʚʝʢʮʠʿʘ ʩʝ ʩʤʘʪʨʘ ʜʦʤʠʥʘʥʪʥʠʤ ʥʘʯʠʥʦʤ ʧʨʝʥʦʩʘ ʪʦʧʣʦʪʝ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ. ʋ 

ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʙʨʟʠʥʝ ʚʦʟʠʣʘ. ʋ ʩʣʫʯʘʿʫ ʢʘʜʘ ʢʦʯʥʠ ʜʠʩʢ ʤʠʨʫʿʝ (ʢʘʜʘ ʿʝ ʫʛʘʦʥʘ 

ʙʨʟʠʥʘ ʿʝʜʥʘʢʘ ʥʫʣʠ) ʧʨʝʥʦʩ ʪʦʧʣʦʪʝ ʢʦʥʚʝʢʮʠʿʦʤ ʿʝ ʥʘʿʤʘˁʠ, ʜʦʢ ʫ ʫʩʣʦʚʠʤʘ ʚʦʞˁʝ 

ʧʨʝʥʦʩ ʪʦʧʣʦʪʝ ʢʦʥʚʝʢʮʠʿʦʤ ʿʝ ʚʝ˂ʠ. ʋ ʩʪʘʮʠʦʥʘʨʥʠʤ ʫʩʣʦʚʠʤʘ, ʧʨʝʥʦʩ ʪʦʧʣʦʪʝ ʩʝ 

ʦʩʪʚʘʨʫʿʝ ʩʘʤʦ ʟʙʦʛ ʨʘʟʣʠʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʚʘʟʜʫʭʘ ʦʢʦʣʠʥʝ. ʐʪʦ ʿʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʚʠʰʘ, ʚʝ˂ʘ ʿʝ ʚʨʝʜʥʦʩʪ ʧʨʦʪʦʢʘ ʠ ʚʝ˂ʘ ʿʝ ʫʢʫʧʥʘ ʪʦʧʣʦʪʘ ʢʦʿʘ 

ʩʝ ʨʘʩʠʧʘ, ʨʝʣʘʮʠʿʘ (1.2): 

 

( ),konv konv dQ h A T T¤= Ö Ö - (1.2) 
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ʛʜʝ ʩʫ: 

- konvQ  - ʢʦʣʠʯʠʥʘ ʪʦʧʣʦʪʝ ʢʦʿʘ ʩʝ ʦʩʣʦʙʦʜʠ ʢʦʥʚʝʢʮʠʿʦʤ, J, 

- h  - ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʧʨʝʥʦʩʘ ʪʦʧʣʦʪʝ ʢʦʥʚʝʢʮʠʿʦʤ ʟʘ ʜʝʦ ʜʠʩʢʘ ʥʘ 

ʢʦʿʠ ʫ ʜʘʪʦʤ ʪʨʝʥʫʪʢʫ ʥʝ ʜʝʣʫʿʫ ʢʦʯʥʝ ʧʣʦʯʠʮʝ, W/(m2Ŀ ), 

- konvA  - ʧʦʚʨʰʠʥʘ ʜʠʩʢʘ ʥʘ ʢʦʿʫ ʫ ʜʘʪʦʤ ʪʨʝʥʫʪʢʫ ʥʝ ʜʝʣʫʿʫ ʢʦʯʥʝ ʧʣʦʯʠʮʝ, m2,  

- dT  - ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʦʛ ʜʠʩʢʘ,  ʠ  

- T¤ - ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʦʣʠʥʝ, .  

 

ʂʦʝʬʠʮʠʿʝʥʪ ʧʨʝʥʦʩʘ ʪʦʧʣʦʪʝ ʢʦʥʚʝʢʮʠʿʦʤ ʟʘʚʠʩʠ ʦʜ ʚʠʰʝ ʬʘʢʪʦʨʘ ʠ ʪʦ ʦʜ: ʪʝʤʧʝʨʘʪʫʨʝ 

ʢʦʯʥʦʛ ʜʠʩʢʘ, ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʯʥʦʛ ʜʠʩʢʘ (ʦʙʣʠʢ ʨʝʙʘʨʘ) ʠ ʦʜ ʙʨʟʠʥʝ ʩʪʨʫʿʘˁʘ ʚʘʟʜʫʭʘ 

[14, 15]. ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʙʨʟʠʥʝ ʩʪʨʫʿʘˁʘ ʚʘʟʜʫʭʘ ʢʦʝʬʠʮʠʿʝʥʪ 

ʧʨʝʥʦʩʘ ʪʦʧʣʦʪʝ ʢʦʥʚʝʢʮʠʿʦʤ ʨʘʩʪʝ. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʢʦʯʥʠ ʜʠʩʢ ʩʘ ʨʘʜʠʿʘʣʥʠʤ ʠ 

ʟʘʢʨʠʚˀʝʥʠʤ ʨʝʙʨʠʤʘ ʧʨʠ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ, ʢʦʝʬʠʮʠʿʝʥʪ ʧʨʝʥʦʩʘ ʪʦʧʣʦʪʝ ʢʦʥʚʝʢʮʠʿʦʤ 

ʟʘ ʢʦʯʥʠ ʜʠʩʢ ʩʘ ʨʘʜʠʿʘʣʥʠʤ ʨʝʙʨʠʤʘ ʿʝ ʚʝ˂ʠ. ʇʦʨʝʜʝ˂ʠ ʜʚʘ ʢʦʯʥʘ ʜʠʩʢʘ ʩʘ ʟʘʢʨʠʚˀʝʥʠʤ 

ʨʝʙʨʠʤʘ ʦʜ ʢʦʿʠʭ ʿʝ ʿʝʜʘʥ ʠ ʧʦʧʨʝʯʥʦ ʠʟʙʫʰʝʥ, ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʢʦʝʬʠʮʠʿʝʥʪ ʧʨʝʥʦʩʘ 

ʪʦʧʣʦʪʝ ʢʦʥʚʝʢʮʠʿʦʤ ʚʝ˂ʠ ʟʘ ʢʦʯʥʠ ʜʠʩʢ ʩʘ ʟʘʢʨʠʚˀʝʥʠʤ ʨʝʙʨʠʤʘ ʢʦʿʠ ʿʝ ʧʦʧʨʝʯʥʦ 

ʠʟʙʫʰʝʥ. ʂʦʝʬʠʮʠʿʝʥʪ ʧʨʝʥʦʩʘ ʪʦʧʣʦʪʝ ʢʦʥʚʝʢʮʠʿʦʤ ʥʘʿʚʝ˂ʫ ʚʨʝʜʥʦʩʪ ʠʤʘ ʟʘ ʢʦʯʥʠ ʜʠʩʢ 

ʩʘ ʨʘʜʠʿʘʣʥʠʤ ʨʝʙʨʠʤʘ [14]. 

 

ʆʜʚʦʹʝˁʝ ʪʦʧʣʦʪʝ ʟʨʘʯʝˁʝʤ, ʧʦʚʝʟʘʥʦ ʿʝ ʩʘ ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠ ʧʦʥʝʢʘʜ ʩʝ ʤʦʞʝ 

ʟʘʥʝʤʘʨʠʪʠ. ʄʝʹʫʪʠʤ, ʫ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʿʫ, ʢʘʜʘ ʜʠʩʢ ʤʠʨʫʿʝ, ʧʨʝʥʦʩ ʪʦʧʣʦʪʝ 

ʟʨʘʯʝˁʝʤ ʿʝ ʜʦʤʠʥʘʥʪʘʥ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʧʨʝʥʦʩ ʪʦʧʣʦʪʝ ʢʦʥʚʝʢʮʠʿʦʤ ʚʝʦʤʘ ʤʘʣʠ. 

ʈʝʣʘʮʠʿʦʤ (1.3) ʜʘʪʘ ʿʝ ʦʩʥʦʚʥʘ ʬʦʨʤʫʣʘ ʦʜʚʦʹʝˁʘ ʪʦʧʣʦʪʝ ʟʨʘʯʝˁʝʤ: 

 

( )4 4 ,rad rad dQ A T Te s ¤= Ö Ö Ö - (1.3) 

 

ʛʜʝ ʩʫ:  

- radQ - ʢʦʣʠʯʠʥʘ ʪʦʧʣʦʪʝ ʢʦʿʘ ʩʝ ʦʩʣʦʙʦʜʠ ʟʨʘʯʝˁʝʤ, J, 

- e- ʢʦʝʬʠʮʠʿʝʥʪ ʝʤʠʩʠʚʥʦʩʪʠ ʧʦʚʨʰʠʥʝ ʢʦʯʥʦʛ ʜʠʩʢʘ, -, 

- s- ʐʪʝʬʘʥ-ɹʦʣʮʤʘʥʦʚʘ (ʥʝʤ. StefanïBoltzmann) ʢʦʥʩʪʘʥʪʘ, W/(m2 4) ʠ 

- radA  - ʧʦʚʨʰʠʥʘ ʜʠʩʢʘ ʢʦʿʘ ʝʤʠʪʫʿʝ ʪʦʧʣʦʪʫ ʟʨʘʯʝˁʝʤ, m2. 

 

ʇʦʚʨʰʠʥʘ ʜʠʩʢʘ ʢʦʿʘ ʝʤʠʪʫʿʝ ʪʦʧʣʦʪʫ ʟʨʘʯʝˁʝʤ ʿʝ ʤʘˁʘ ʦʜ ʧʦʚʨʰʠʥʝ ʢʦʿʘ ʪʦʧʣʦʪʫ 

ʦʩʣʦʙʘʹʘ ʫ ʦʢʦʣʠʥʫ ʢʦʥʚʝʢʮʠʿʦʤ. ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ ʩʣʠʢʝ 1.6, ʪʦʧʣʦʪʘ ʢʦʿʘ ʩʝ ʫ 

ʦʢʦʣʠʥʫ ʦʩʣʦʙʘʹʘ ʟʨʘʯʝˁʝʤ ʥʝ ʫʢˀʫʯʫʿʝ ʠ ʫʥʫʪʨʘʰˁʝ ʧʦʚʨʰʠʥʝ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʛʜʝ 

ʚʘʟʜʫʭ ʦʧʩʪʨʫʿʘʚʘ ʦʢʘ ʨʝʙʘʨʘ.  

 

ɱʝʜʥʘʯʠʥʘ ʝʥʝʨʛʝʪʩʢʦʛ ʙʠʣʘʥʩʘ [16] ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʨʝʣʘʮʠʿʦʤ (1.4): 

 

0.kond konv radQ Q Q- - = (1.4) 

 

ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦʛ ʠʟʨʘʟʘ ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʿʝ ʧʨʝʥʦʩ ʪʦʧʣʦʪʝ ʫ ʢʦʯʥʠʮʠ ʦʢʘʨʘʢʪʝʨʠʩʘʥ 

ʧʨʦʚʦʹʝˁʝʤ, ʢʦʥʚʝʢʮʠʿʦʤ ʠ ʟʨʘʯʝˁʝʤ. ʊʦʧʣʦʪʘ ʥʘʩʪʘʣʘ ʫʩʣʝʜ ʪʨʝˁʘ ʫ ʢʦʥʪʘʢʪʫ ʠʟʤʝʹʫ 

ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʩʝ ʥʘʿʧʨʝ ʧʨʦʚʦʹʝˁʝʤ ʧʨʝʥʦʩʠ ʩʘ ʿʝʜʥʦʛ ʝʣʝʤʝʥʪʘ ʥʘ 

ʜʨʫʛʠ, ʘ ʟʘʪʠʤ ʩʝ ʢʦʥʚʝʢʮʠʿʦʤ ʠ ʟʨʘʯʝˁʝʤ ʦʩʣʦʙʘʹʘ ʫ ʦʢʦʣʠʥʫ. 
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1.5 ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʬʝʥʦʤʝʥʘ ʟʘʛʨʝʚʘˁʘ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ 
 

ʊʦʢʦʤ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʥʘ ʢʦʥʪʘʢʪʥʠʤ ʧʦʚʨʰʠʥʘʤʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ, 

ʫʩʣʝʜ ʪʨʝˁʘ ʜʦʣʘʟʠ ʜʦ ʛʝʥʝʨʠʩʘˁʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ. ɹʠʪʥʠ ʧʘʨʘʤʝʪʨʠ ʦʜ ʢʦʿʠʭ 

ʟʘʚʠʩʠ ʚʨʝʜʥʦʩʪ ʢʦʣʠʯʠʥʝ ʪʦʧʣʦʪʝ ʢʦʿʘ ˂ʝ ʩʝ ʛʝʥʝʨʠʩʘʪʠ ʥʘ ʢʦʥʪʘʢʪʥʠʤ ʧʦʚʨʰʠʥʘʤʘ ʩʫ: 

ʢʦʝʬʠʮʠʿʝʥʪ ʪʦʧʣʦʪʥʝ ʧʨʦʚʦʜˀʠʚʦʩʪʠ, ʪʦʧʣʦʪʥʠ ʬʣʫʢʩ, ʩʧʝʮʠʬʠʯʥʘ ʪʦʧʣʦʪʘ ʠ ʢʦʣʠʯʠʥʘ 

ʪʦʧʣʦʪʝ ʨʘʟʤʝˁʝʥʘ ʩʘ ʦʢʦʣʠʥʦʤ [17]. ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʯʥʠʮʝ ʟʘʚʠʩʠ ʦʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʢʦʿʠʭ ʩʫ ʜʝʣʦʚʠ ʢʦʯʥʠʮʝ ʥʘʧʨʘʚˀʝʥʠ, ʢʘʦ ʠ ʦʜ ˁʠʭʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʘʣʠ ʠ ʦʜ ʙʨʟʠʥʝ ʢʣʠʟʘˁʘ, ʢʦʿʘ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʟʘ ʧʨʦʮʝʩ ʢʦʯʝˁʘ. 

 

ʂʦʯʥʝ ʧʣʦʯʠʮʝ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʜʝʣʫʿʫ ʦʜʨʝʹʝʥʠʤ ʧʨʠʪʠʩʢʦʤ ʥʘ ʢʦʯʥʠ ʜʠʩʢ ʠ ʥʘ 

ʪʘʿ ʥʘʯʠʥ ʜʦʣʘʟʠ ʜʦ ʩʤʘˁʝˁʘ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʠʣʠ ʜʦ ʧʨʝʩʪʘʥʢʘ ʨʦʪʘʮʠʿʝ ʢʦʯʥʦʛ ʜʠʩʢʘ. 

ɽʥʝʨʛʠʿʘ, ʢʦʿʘ ʩʝ ʿʘʚˀʘ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʿʝ ʤʝʭʘʥʠʯʢʘ, ʘ ʟʘʪʠʤ ʩʝ ʪʨʘʥʩʬʦʨʤʠʰʝ ʫ 

ʪʦʧʣʦʪʫ. ʇʦʨʝʜ ʪʦʛʘ, ʜʦʣʘʟʠ ʠ ʜʦ ʜʝʬʦʨʤʘʮʠʿʝ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʩʫ ʫ ʢʦʥʪʘʢʪʫ, ʰʪʦ ʢʘʦ 

ʨʝʟʫʣʪʘʪ ʠʤʘ ʧʦʿʘʚʫ ʭʘʙʘˁʘ ʢʦʥʪʘʢʪʥʠʭ ʝʣʝʤʝʥʪʘ. ɻʝʥʝʨʠʩʘʥʘ ʪʦʧʣʦʪʘ ʩʝ ʧʨʝʥʦʩʠ ʢʨʦʟ 

ʢʦʯʥʠ ʜʠʩʢ ʠ ʢʦʯʥʝ ʧʣʦʯʠʮʝ. ʋ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʠʩʪʨʘʞʠʚʘˁʘ ʜʦʰʣʦ ʩʝ ʜʦ ʛʦʪʦʚʦ ʠʩʪʦʛ 

ʟʘʢˀʫʯʘʢʘ ʜʘ ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʦʥʪʘʢʪʥʠʤ ʧʦʚʨʰʠʥʘʤʘ ʥʠʿʝ ʫʥʠʬʦʨʤʘʥ [18, 19]. 

ʋ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʙʨʟʠʥʘ ʢʣʠʟʘˁʘ ʚʝʣʠʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʦʥʪʘʢʪʥʠʤ ʧʦʚʨʰʠʥʘʤʘ ʿʝ 

ʚʠʩʦʢʘ ʠ ʜʦʣʘʟʠ ʜʦ ʧʦʨʝʤʝ˂ʘʿʘ ʫ ʤʘʪʝʨʠʿʘʣʫ [20]. ɸʥʜʝʨʩʦʥ ʠ ʂʥʘʧ (ʝʥʛʣ. Anderson and 

Knapp) ʩʫ ʫ ʠʩʪʨʘʞʠʚʘˁʫ [20] ʧʨʝʜʣʦʞʠʣʠ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʫʩʠʿʘʥʠʭ ʧʨʩʪʝʥʦʚʘ ʢʦʿʠ ʩʫ 

ʫʦʯʝʥʠ ʥʘ ʢʦʯʥʦʤ ʜʠʩʢʫ. ʇʦʨʝʜ ˁʠʭ ʠ ʇʘʥʠʝʨ ʠ ʜʨ. (Panier et al.) ʩʫ ʜʘʣʠ ʩʣʠʯʥʫ ʧʦʜʝʣʫ 

ʫ [21], ʘʣʠ ʟʘ ʢʦʯʥʠʮʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʢʦʜ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ, ʪʘʙʝʣʘ 1.1. 

 

ʊʘʙʝʣʘ 1.1 ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʫʩʠʿʘˁʘ ʥʘ ʢʦʯʥʦʤ ʜʠʩʢʫ ʧʨʠʢʘʟʘʥʘ ʩʣʠʢʦʤ 1.7 [21] 

 ʐʠʨʠʥʘ, mm ʊʝʤʧʝʨʘʪʫʨʘ,  ʊʨʘʿʘˁʝ 

ʍʨʘʧʘʚʦʩʪ (ʪʠʧ 1) <1 1200 (ʤʘʢʩʠʤʫʤ) <1 ms 

ʀʩʧʨʝʢʠʜʘʥʘ ʚʨʝʣʘ ʪʨʘʢʘ (ʪʠʧ 2) 5ï20 650 ï 1000 0,5ï10 s 

ɺʨʝʣʝ ʪʨʘʢʝ (ʪʠʧ 3) 5ï50 800 (ʤʘʢʩʠʤʫʤ) >10 s 

ʄʘʢʨʦʩʢʦʧʩʢʝ ʚʨʝʣʝ ʪʘʯʢʝ (ʪʠʧ 4) 40ï110 1100 (ʤʘʢʩʠʤʫʤ) >10 s 

ʈʝʛʠʦʥʘʣʥʝ ʚʨʝʣʝ ʪʘʯʢʝ (ʪʠʧ 5) 80ï200 20ï300 >10 s 

 

ʅʘ ʩʣʠʮʠ 1.7 ʧʨʠʢʘʟʘʥʦ ʿʝ ʧʝʪ ʪʠʧʦʚʘ ʟʘʛʨʝʚʘˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʪʦ [22]: 

1. ʍʨʘʧʘʚʦʩʪ (ʪʠʧ 1) ï ʧʨʝʜʩʪʘʚˀʘ ʪʠʧ ʟʘʛʨʝʚʘˁʘ ʫ ʜʠʩʢʨʝʪʥʠʤ ʪʘʯʢʘʤʘ ʥʘ ʭʨʘʧʘʚʠʤ 

ʢʦʥʪʘʢʪʥʠʤ ʧʦʚʨʰʠʥʘʤʘ ʢʦʯʥʦʛ ʜʠʩʢʘ. ʊʝʤʧʝʨʘʪʫʨʝ ʨʘʩʪʫ ʙʨʟʦ, ʘʣʠ ʩʫ 

ʢʨʘʪʢʦʪʨʘʿʥʦʛ ʢʘʨʘʢʪʝʨʘ ʠ ʿʘʚˀʘʿʫ ʩʝ ʥʘ ʤʘʣʠʤ ʧʦʚʨʰʠʥʘʤʘ ʪʨʝˁʘ. 

2. ʀʩʧʨʝʢʠʜʘʥʝ ʚʨʝʣʝ ʪʨʘʢʝ (ʪʠʧ 2) ï ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʟʘʩʪʦʧʥʦ ʧʦʩʪʘʚˀʝʥʝ ʤʘʣʝ 

ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʜʫʞ ʿʝʜʥʝ ʢʦʥʪʘʢʪʥʝ ʩʪʘʟʝ. ʆʚʦ ʦʜʛʦʚʘʨʘ 

ʣʦʢʘʣʥʦʤ ʪʨʝˁʫ ʢʦʿʝ ʿʝ ʧʦʙʫʹʝʥʦ ʪʝʨʤʦʝʣʘʩʪʠʯʥʠʤ ʥʝʩʪʘʙʠʣʥʦʩʪʠʤʘ (ʝʥʛʣ. 

Thermoelastic Instabilities (TEI)) ʠ ʿʘʚˀʘ ʩʝ ʟʙʦʛ ʚʘʨʠʿʘʮʠʿʝ ʪʨʝˁʘ ʫ ʢʦʥʪʘʢʪʫ, ʢʘʦ 

ʠ ʟʙʦʛ ʪʦʧʣʦʪʥʦʛ ʰʠʨʝˁʘ, ʬʨʠʢʮʠʦʥʦʛ ʟʘʛʨʝʚʘˁʘ, ʧʨʦʚʦʹʝˁʝ ʪʦʧʣʦʪʝ ʠʟ 

ʢʦʥʪʘʢʪʥʝ ʟʦʥʝ, ʢʘʦ ʠ ʭʘʙʘˁʘ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʩʫ ʫ ʢʦʥʪʘʢʪʫ. 

3. ɺʨʝʣʝ ʪʨʘʢʝ (ʪʠʧ 3) ï ʿʘʚˀʘʿʫ ʩʝ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʧʦʢʨʝʪʥʝ, ʧʨʦʤʝʥˀʠʚʝ ʢʦʥʪʘʢʪʥʝ 

ʧʦʚʨʰʠʥʝ ʠʟʤʝʹʫ ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʠ ʢʦʯʥʦʛ ʜʠʩʢʘ ʫ ʨʘʜʠʿʘʣʥʦʤ ʧʨʘʚʮʫ. ʅʘ ʢʦʯʥʦʤ 

ʜʠʩʢʫ, ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʚʠʰʝ ʫʩʢʠʭ ʧʨʩʪʝʥʦʚʘ ʫ ʩʤʝʨʫ ʢʣʠʟʘˁʘ ʫ ʨʘʜʠʿʘʣʥʦʤ 

ʩʤʝʨʫ. 

4. ʄʘʢʨʦʩʢʦʧʩʢʝ ʚʨʝʣʝ ʪʘʯʢʝ (ʪʠʧ 4) ï ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʣʠʢʘ ʚʨʝʣʘ ʤʝʩʪʘ ʨʘʩʧʦʨʝʹʝʥʘ 

ʧʦ ʦʙʦʜʫ ʢʦʯʥʦʛ ʜʠʩʢʘ. ʆʥʝ ʩʫ ʛʦʪʦʚʦ ʬʠʢʩʠʨʘʥʝ ʫ ʿʝʜʥʦʿ ʪʘʯʢʠ ʠ ʧʦʩʤʘʪʨʘʿʫ˂ʠ ʦʜ 

ʮʝʥʪʨʘ ʫʩʠʿʘʥʝ ʪʘʯʢʝ, ʛʜʝ ʩʫ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʿʚʠʰʝ, ʫʦʯʘʚʘ ʩʝ ʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʘʜʘ 

ʩʘ ʫʜʘˀʘʚʘˁʝʤ ʦʜ ʧʦʩʤʘʪʨʘʥʝ ʪʘʯʢʝ. ʇʨʠ ʧʦʿʘʚʠ ʦʚʘʢʚʠʭ ʥʠʚʦʘ ʪʝʤʧʝʨʘʪʫʨʘ 
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ʜʦʣʘʟʠ ʜʦ ʚʠʪʦʧʝʨʝˁʘ (ʜʠʩʪʦʨʟʠʿʘ) ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʧʨʠʪʦʤ ʩʝ ʜʨʘʩʪʠʯʥʦ ʩʤʘˁʫʿʝ 

ʢʦʥʪʘʢʪʥʘ ʧʦʚʨʰʠʥʘ. 

5. ʈʝʛʠʦʥʘʣʥʝ ʚʨʝʣʝ ʪʘʯʢʝ (ʪʠʧ 5) ï ʢʘʨʘʢʪʝʨʠʰʫ ʠʭ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ʧʦʚʨʰʠʥʠ 

ʜʠʩʢʘ, ʢʦʿʝ ʩʫ ʧʦʩʣʝʜʠʮʘ ʥʝʭʦʤʦʛʝʥʦʛ ʭʣʘʹʝˁʘ. ʊʘʢʚʘ ʨʘʩʧʦʜʝʣʘ ʪʝʤʧʝʨʘʪʫʨʝ ʩʝ 

ʿʘʚˀʘ ʥʘ ʢʨʘʿʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ, ʫʩʣʝʜ ʧʨʝʥʦʩʘ ʪʦʧʣʦʪʝ. 

 

 
    

(1) (2) (3) (4) (5) 

ʉʣʠʢʘ 1.7 ʀʣʫʩʪʨʘʮʠʿʘ ʧʦʜʝʣʝ ʫʩʠʿʘʥʠʭ ʪʘʯʘʢʘ ʧʨʠ ʟʘʛʨʝʚʘˁʫ ʢʦʯʥʦʛ ʜʠʩʢʘ [21] 

 

ʋʩʠʿʘʥʠ ʧʨʩʪʝʥʦʚʠ ʩʫ ʤʘˁʠ ʦʜ ʰʠʨʠʥʝ ʢʦʯʥʝ ʧʣʦʯʠʮʝ. ʅʘʿʚʝ˂ʘ ʦʰʪʝ˂ʝˁʘ ʿʘʚˀʘʿʫ ʩʝ ʥʘ 

ʢʦʯʥʦʤ ʜʠʩʢʫ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʧʦʿʘʚʝ ʟʘʛʨʝʚʘˁʘ: ʠʩʧʨʝʢʠʜʘʥʠʭ ʚʨʝʣʠʭ ʪʨʘʢʘ, ʚʨʝʣʠʭ ʪʨʘʢʘ 

ʠ ʤʘʢʨʦʩʢʦʧʩʢʠʭ ʚʨʝʣʠʭ ʪʨʘʢʘ.  

 

1.6 ʉʘʜʨʞʘʿ ʜʠʩʝʨʪʘʮʠʿʝ 
 

ʆʚʘ ʜʠʩʝʨʪʘʮʠʿʘ ʦʙʫʭʚʘʪʘ ʦʩʘʤ ʧʦʛʣʘʚˀʘ (ʩʣʠʢʘ 1.8), ʢʦʿʘ ʩʝ ʤʦʛʫ ʫʢʨʘʪʢʦ ʦʧʠʩʘʪʠ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ü ʋ ʫʚʦʜʥʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʜʘʪ ʢʨʘʪʘʢ ʠʩʪʦʨʠʿʩʢʠ ʦʩʚʨʪ ʥʘ ʨʘʟʚʦʿ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ, ʢʘʦ 

ʠ ʧʦʯʝʪʘʢ ʧʨʠʤʝʥʝ ʜʠʩʢ ʢʦʯʥʠʮʘ. ʋʢʘʟʘʥʦ ʿʝ ʥʘ ʧʨʚʝ ʧʨʦʙʣʝʤʝ ʧʨʠʤʝʥʝ ʜʠʩʢ 

ʢʦʯʥʠʮʘ, ʩʚʝ ʜʦ ˁʠʭʦʚʦʛ ʫʚʦʹʝˁʘ ʢʘʦ ʩʪʘʥʜʘʨʜʥʦ ʧʨʠʩʫʪʥʦʛ ʝʣʝʤʝʥʪʘ ʥʘ ʩʝʨʠʿʩʢʠ 

ʧʨʦʠʟʚʝʜʝʥʠʤ ʚʦʟʠʣʠʤʘ. ɼʘʪʘ ʿʝ ʦʩʥʦʚʥʘ ʥʘʤʝʥʘ ʠ ʧʨʠʥʮʠʧ ʨʘʜʘ ʜʠʩʢ ʢʦʯʥʠʮʘ, ʘ 

ʪʘʢʦʹʝ ʿʝ ʨʘʟʿʘʰˁʝʥ ʠ ʧʨʦʙʣʝʤ ʟʘʛʨʝʚʘˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʪʦʢʦʤ 

ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ. ʇʨʠʢʘʟʘʥʠ ʩʫ ʮʠˀʝʚʠ ʠ ʧʨʝʜʤʝʪ ʨʘʜʘ ʠ ʜʝʬʠʥʠʩʘʥʝ ʭʠʧʦʪʝʟʝ 

ʠʩʪʨʘʞʠʚʘˁʘ, ʢʦʿʝ ʩʫ ʧʨʦʠʟʘʰʣʝ ʥʘ ʦʩʥʦʚʫ ʧʨʝʛʣʝʜʘ ʣʠʪʝʨʘʪʫʨʝ. 

ü ɼʨʫʛʦ ʧʦʛʣʘʚˀʝ ʩʘʜʨʞʠ ʧʨʝʛʣʝʜ ʠ ʘʥʘʣʠʟʫ ʜʦʩʘʜʘʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʢʦʿʠʤʘ ʩʫ 

ʧʨʦʫʯʘʚʘʥʠ ʬʝʥʦʤʝʥʠ ʟʘʛʨʝʚʘˁʘ ʠ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ 

ʧʣʦʯʠʮʘ, ʢʦʿʠ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ, ʘʥʘʣʠʪʠʯʢʠʤ ʠ ʥʫʤʝʨʠʯʢʠʤ 

ʧʫʪʝʤ. ʊʘʢʦʹʝ, ʜʘʪ ʿʝ ʧʨʝʛʣʝʜ ʧʦʩʪʦʿʝ˂ʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ.  

ü ʊʨʝ˂ʝ ʧʦʛʣʘʚˀʝ ʧʨʠʢʘʟʫʿʝ ʧʨʦʮʝʩ ʨʝʘʣʠʟʘʮʠʿʝ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 

ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʝʣʝʤʝʥʘʪʘ ʬʨʠʢʮʠʦʥʦʛ ʧʘʨʘ, ʢʦʿʠ ʿʝ ʨʘʟʚʠʿʝʥ ʥʘ ʂʘʪʝʜʨʠ ʟʘ 

ʤʦʪʦʨʥʘ ʚʦʟʠʣʘ ʠ ʤʦʪʦʨʝ ʌʘʢʫʣʪʝʪʘ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ʂʨʘʛʫʿʝʚʮʫ.  

ü ʏʝʪʚʨʪʦ ʧʦʛʣʘʚˀʝ ʦʙʫʭʚʘʪʘ ʨʘʟʚʦʿ ʥʦʚʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʬʨʠʢʮʠʦʥʦʛ ʧʘʨʘ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ ʢʦʿʘ ʩʝ 

ʦʩʣʘˁʘʿʫ ʥʘ ʩʪʘʥʜʘʨʜʥʝ ʪʝʩʪʦʚʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʢʦʯʥʠʮʘ. 

ü ʋ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ ʩʪʘʪʠʩʪʠʯʢʠ ʩʫ ʦʙʨʘʹʝʥʠ ʠ ʘʥʘʣʠʟʠʨʘʥʠ ʨʝʟʫʣʪʘʪʠ 

ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʠʟʚʨʰʝʥʘ ʿʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʬʨʠʢʮʠʦʥʦʛ 

ʧʘʨʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʘʨʘʤʝʪʨʝ ʢʦʯʝˁʘ ʢʦʿʠ ʩʫ ʜʦʙʠʿʝʥʠ ʥʘ ʦʩʥʦʚʫ ʩʘʤʦʩʪʘʣʥʦ 

ʦʩʤʠʰˀʝʥʠʭ ʠ ʜʝʬʠʥʠʩʘʥʠʭ ʪʝʩʪʦʚʘ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ, ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ 

ʫʩʣʦʚʠʤʘ. 
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ü ʐʝʩʪʦ ʧʦʛʣʘʚˀʝ ʦʙʫʭʚʘʪʘ ʨʘʟʚʦʿ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʤʦʜʝʣʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ 

ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʠʩʧʠʪʠʚʘʥʦʤ ʬʨʠʢʮʠʦʥʦʤ ʧʘʨʫ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ 

ʫʩʣʦʚʠʤʘ. ʈʘʟʚʠʿʝʥʠ ʤʦʜʝʣ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ 

ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʪʘ ʫ ʩʦʬʪʚʝʨʩʢʦʤ ʧʘʢʝʪʫ ANSYS. ɸʥʘʣʠʟʠʨʘʥʠ ʩʫ ʢʦʯʥʠ ʜʠʩʢʦʚʠ 

ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʦʙʣʠʮʠʤʘ ʚʝʥʪʠʣʘʮʠʦʥʠʭ ʨʝʙʘʨʘ, ʧʨʠ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ ʠʩʧʠʪʠʚʘˁʘ. 

ʇʦʨʝʜ ʪʦʛʘ, ʧʨʠʤʝʥʦʤ ʩʦʬʪʚʝʨʩʢʦʛ ʧʘʢʝʪʘ MATLAB ʠ ʢʦʨʠʰ˂ʝˁʝʤ ʚʝʰʪʘʯʢʠʭ 

ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʬʦʨʤʠʨʘʥ ʿʝ ʤʦʜʝʣ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʤʘʢʩʠʤʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʝʬʠʥʠʩʘʥʠʭ ʨʘʜʥʠʭ ʫʩʣʦʚʘ ʫ ʦʢʚʠʨʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. 

 

 

ʉʣʠʢʘ 1.8 ʉʪʨʫʢʪʫʨʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ 

 

ü ʉʝʜʤʦ ʧʦʛʣʘʚˀʝ ʦʙʫʭʚʘʪʘ ʩʫʤʠʨʘˁʝ ʨʝʟʫʣʪʘʪʘ, ʜʦʥʦʰʝˁʝ ʟʘʢˀʫʯʘʢʘ, ʠʩʪʠʮʘˁʝ 

ʥʘʫʯʥʦʛ ʜʦʧʨʠʥʦʩʘ ʜʠʩʝʨʪʘʮʠʿʝ, ʢʘʦ ʠ ʩʤʝʨʥʠʮʝ ʟʘ ʙʫʜʫ˂ʘ ʠʩʪʨʘʞʠʚʘˁʘ. 

ü ʆʩʤʦ ʧʦʛʣʘʚˀʝ ʦʙʫʭʚʘʪʘ ʩʧʠʩʘʢ ʢʦʨʠʰ˂ʝʥʝ ʣʠʪʝʨʘʪʫʨʝ ʚʝʟʘʥʝ ʟʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʢʦʿʘ ʩʫ ʫ ʚʝʟʠ ʩʘ ʪʝʤʦʤ ʧʨʠʿʘʚˀʝʥʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

 

1.7 ʇʨʝʜʤʝʪ ʨʘʜʘ ʜʠʩʝʨʪʘʮʠʿʝ 
 

ʇʨʝʜʤʝʪ ʨʘʜʘ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝʩʪʝ ʪʝʦʨʠʿʩʢʦ, ʥʫʤʝʨʠʯʢʦ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʠʩʪʨʘʞʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʬʨʠʢʮʠʦʥʦʛ ʧʘʨʘ. ɿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ 

ʙʠʣʦ ʿʝ ʧʦʪʨʝʙʥʦ ʨʘʟʚʠʪʠ ʩʧʝʮʠʬʠʯʥʠ ʧʨʦʙʥʠ ʩʪʦ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ. 

ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʧʦʩʪʦʿʠ ʤʘʣʠ ʙʨʦʿ ʜʠʥʘʤʦʤʝʪʘʨʩʢʠʭ ʠʥʝʨʮʠʿʘʣʥʠʭ ʧʨʦʙʥʠʭ ʩʪʦʣʦʚʘ 

ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʢʦʯʥʠʮʘ ʢʦʜ ʢʦʿʠʭ ʩʝ ʧʨʦʤʝʥʘ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʚʦʟʠʣʘ, ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ 

ʙʨʟʠʥʘʤʘ ʢʨʝʪʘˁʘ, ʩʠʤʫʣʠʨʘ ʧʨʦʤʝʥʦʤ ʟʘʤʘʿʥʠʭ ʤʘʩʘ ʧʨʠ ʢʦʥʩʪʘʥʪʥʦʿ ʫʛʘʦʥʦʿ ʙʨʟʠʥʠ ʪʝ 

ʟʘʤʘʿʥʝ ʤʘʩʝ.  
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ʇʨʦʙʥʠ ʩʪʦʣʦʚʠ ʦʙʠʯʥʦ ʩʠʤʫʣʠʨʘʿʫ ʿʝʜʥʫ ʯʝʪʚʨʪʠʥʫ ʚʦʟʠʣʘ. ʂʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʚʦʟʠʣʘ 

ʤʦʞʝ ʜʘ ʩʝ ʩʠʤʫʣʠʨʘ ʧʦʤʦ˂ʫ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʢʦʿʠ ʠʤʘ ʢʦʥʩʪʘʥʪʥʫ ʟʘʤʘʿʥʫ ʤʘʩʫ, ʘ 

ʧʨʦʤʝʥˀʠʚʫ ʫʛʘʦʥʫ ʙʨʟʠʥʫ ʪʝ ʟʘʤʘʿʥʝ ʤʘʩʝ. ɿʘ ʧʦʪʨʝʙʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʥʘ 

ʌʘʢʫʣʪʝʪʫ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ, ʥʘ ʂʘʪʝʜʨʠ ʟʘ ʤʦʪʦʨʥʘ ʚʦʟʠʣʘ ʠ ʤʦʪʦʨʝ, ʨʘʟʚʠʿʝʥ ʿʝ 

ʫʧʨʘʚʦ ʪʘʢʘʚ ʪʠʧ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʩʘ ʢʦʥʩʪʘʥʪʥʦʤ ʟʘʤʘʿʥʦʤ ʤʘʩʦʤ, ʯʠʿʘ ʩʝ ʫʛʘʦʥʘ ʙʨʟʠʥʘ 

ʚʘʨʠʨʘ ʧʦʤʦ˂ʫ ʝʣʝʢʪʨʦʥʩʢʦʛ ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘˁʘ ʠ ʢʦʿʠ ʤʦʞʝ ʜʘ ʩʠʤʫʣʠʨʘ ʠʥʝʨʮʠʿʘʣʥʫ 

ʩʠʣʫ ʿʝʜʥʝ ʯʝʪʚʨʪʠʥʝ ʚʦʟʠʣʘ. 

 

ʊʝʦʨʠʿʩʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʝʛʣʝʜʫ ʜʦʩʘʜʘʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ 

ʧʨʝʜʤʝʪʥʦʿ ʦʙʣʘʩʪʠ, ʢʘʦ ʠ ʦʙʿʘʰˁʝˁʫ ʬʝʥʦʤʝʥʘ ʛʝʥʝʨʠʩʘˁʘ ʪʦʧʣʦʪʝ ʧʨʠ ʢʦʯʝˁʫ, ʢʦʿʝ ʿʝ 

ʧʨʠʢʘʟʘʥʦ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ.  

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ, ʢʦʿʠ ʿʝ ʢʦʥʩʪʨʫʠʩʘʥ ʠ 

ʨʝʘʣʠʟʦʚʘʥ ʟʘ ʧʦʪʨʝʙʝ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʀʩʧʠʪʠʚʘʥ ʿʝ 

ʢʦʯʥʠ ʩʠʩʪʝʤ ʩʘ ʚʝʥʪʠʣʠʨʘʿʫ˂ʠʤ ʢʦʯʥʠʤ ʜʠʩʢʦʤ, ʿ ʝʨ ʿ ʝ ʢʨʦʟ ʧʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ ʫʪʚʨʹʝʥʦ 

ʜʘ ʠʤʘʿʫ ʙʨʦʿʥʝ ʧʨʝʜʥʦʩʪʠ, ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʯʥʝ ʜʠʩʢʦʚʝ ʧʫʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ.  

 

ʅʫʤʝʨʠʯʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʠʟʚʨʰʝʥʘ ʥʘ ʤʦʜʝʣʫ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʢʦʿʠ 

ʦʜʛʦʚʘʨʘʿʫ ʧʦ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʠʩʧʠʪʠʚʘʥʦʤ ʢʦʯʥʦʤ ʩʠʩʪʝʤʫ (ʛʘʙʘʨʠʪʥʝ ʜʠʤʝʥʟʠʿʝ, 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʿʘʣʘ,é).  

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʬʨʠʢʮʠʦʥʦʛ ʧʘʨʘ ʩʫ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ 

ʧʨʦʙʥʦʤ ʩʪʦʣʫ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʫʩʣʦʚʠʤʘ ʨʘʜʘ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ. ʈʝʘʣʥʠ ʫʩʣʦʚʠ 

ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʢʦʯʥʠʮʘ ʚʦʟʠʣʘ ʩʫ ʧʨʝʚʝʜʝʥʠ ʥʘ ʫʩʣʦʚʝ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. 

 

1.8 ʎʠˀʝʚʠ ʠ ʤʦʪʠʚʘʮʠʿʘ ʨʘʜʘ 
 

ɻʣʘʚʥʠ ʮʠˀ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿ ʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛ ʧʦˀʘ ʜʠʩʢ ʢʦʯʥʠʮʝ 

ʠ ʧʨʝʥʦʰʝˁʘ ʪʦʧʣʦʪʝ ʢʨʦʟ ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʠ ʜʠʩʢ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʘʜʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʢʦʯʝˁʘ, ʧʨʠʤʝʥʦʤ ʊʘʛʫʯʠ ʤʝʪʦʜʝ. ʊʘʢʦʹʝ, ʮʠˀ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʙʠʦ ʿʝ ʠ ʨʘʟʚʦʿ ʠ 

ʨʝʘʣʠʟʘʮʠʿʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʝʣʝʤʝʥʘʪʘ ʜʠʩʢ ʢʦʯʥʠʮʘ. 

ʅʘʢʦʥ ʩʧʨʦʚʝʜʝʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʮʠˀ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʙʠʦ ʿʝ ʠ ʨʘʟʚʦʿ ʥʫʤʝʨʠʯʢʝ 

ʤʝʪʦʜʝ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʢʦʿʘ ʿʝ ʚʝʨʠʬʠʢʦʚʘʥʘ ʧʦʨʝʹʝˁʝʤ ʨʝʟʫʣʪʘʪʘ 

ʩʠʤʫʣʘʮʠʿʝ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ. ʊʘʢʦʹʝ, ʿʦʰ ʿʝʜʥʘ ʥʦʚʠʥʘ ʢʦʿʘ ʿʝ 

ʫʢˀʫʯʝʥʘ ʫ ʦʚʫ ʜʦʢʪʦʨʩʢʫ ʜʠʩʝʨʪʘʮʠʿʫ ʿʝ ʧʨʠʤʝʥʘ ʚʝʰʪʘʯʢʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʫ ʮʠˀʫ 

ʧʨʝʜʠʢʮʠʿʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ. ʇʦʨʝʜ ʪʦʛʘ, ʟʥʘʯʘʿʥʦ ʿʝ ʫʪʚʨʜʠʪʠ ʠ ʫʪʠʮʘʿ 

ʩʪʘˁʘ ʝʣʝʤʝʥʘʪʘ ʬʨʠʢʮʠʦʥʦʛ ʧʘʨʘ ʥʘ ʪʝʨʤʠʯʢʘ ʥʘʧʨʝʟʘˁʘ, ʢʘʦ ʠ ʫʩʣʦʚʝ ʢʦʯʝˁʘ.  

 

ʋʚʠʜʦʤ ʫ ʜʦʩʘʜʘʰˁʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʜʦʰʣʦ ʩʝ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʥʠʿʝ ʙʠʣʦ ʩʣʠʯʥʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ ʦʥʠʤʘ ʢʦʿʘ ʩʫ ʜʝʬʠʥʠʩʘʥʘ ʫ ʮʠˀʝʚʠʤʘ ʠʩʪʨʘʞʠʚʘˁʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʀʘʢʦ ʧʦʩʪʦʿʠ ʚʝ˂ʠ ʙʨʦʿ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʪʝʤʫ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ, ʪʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʠ ʜʘˀʝ ʘʢʪʫʝʣʥʘ ʠ ʚʝʣʠʢʠ ʙʨʦʿ ʠʩʪʨʘʞʠʚʘʯʘ ʿʝ ʠ ʜʘˀʝ ʬʘʩʮʠʥʠʨʘʥ ʦʚʦʤ 

ʪʝʤʦʤ. 

 

1.9 ʆʩʥʦʚʥʝ ʭʠʧʦʪʝʟʝ ʠʩʪʨʘʞʠʚʘˁʘ 
 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʦʩʘʜʘʰˁʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʢʦʯʥʠʭ 

ʩʠʩʪʝʤʘ, ʢʘʦ ʠ ʧʦʩʪʘʚˀʝʥʠʭ ʮʠˀʝʚʘ ʧʨʝʜʣʦʞʝʥʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʜʦʰʣʦ ʩʝ ʜʦ 

ʩʣʝʜʝ˂ʠʭ ʭʠʧʦʪʝʟʘ: 
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ü ʊʝʨʤʠʯʢʘ ʥʘʧʨʝʟʘˁʘ ʜʠʨʝʢʪʥʦ ʩʫ ʫʩʣʦʚˀʝʥʘ ʦʙʣʠʢʦʤ ʨʝʙʘʨʘ ʚʝʥʪʠʣʠʨʘʿʫ˂ʠʭ 

ʜʠʩʢʦʚʘ. 

ü ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʜʦʤʠʥʘʥʪʥʦ ʟʘʚʠʩʠ ʦʜ ʦʩʪʚʘʨʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʬʨʠʢʮʠʦʥʦʛ 

ʧʘʨʘ, ʢʘʦ ʠ ʧʘʨʘʤʝʪʘʨʘ ʢʦʯʝˁʘ (ʧʨʠʪʠʩʢʘ ʫ ʠʥʩʪʘʣʘʮʠʿʠ ʠ ʙʨʟʠʥʝ ʢʣʠʟʘˁʘ). 

ü ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʟʘʚʠʩʠ ʦʜ ʩʪʘˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ.  

ü ʇʨʦʙʥʠ ʩʪʦ ʢʦʜ ʢʦʛʘ ʩʝ ʤʝˁʘ ʫʛʘʦʥʘ ʙʨʟʠʥʘ ʟʘʤʘʿʥʝ ʤʘʩʝ ʦʤʦʛʫ˂ʘʚʘ ʩʠʤʫʣʠʨʘˁʝ 

ʯʝʪʚʨʪʠʥʝ ʚʦʟʠʣʘ ʨʘʟʣʠʯʠʪʠʭ ʢʘʪʝʛʦʨʠʿʘ ʠ ʤʘʩʘ. 

 

1.10 ʅʘʿʚʘʞʥʠʿʠ ʨʝʟʫʣʪʘʪʠ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ 
 

ʈʝʟʫʣʪʘʪʠ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ ʩʣʝʜʝ˂ʠ: 

ü ʈʘʟʚʠʿʝʥ ʿʝ ʥʫʤʝʨʠʯʢʠ ʤʦʜʝʣ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ. 

ü ʈʘʟʚʠʿʝʥ ʥʫʤʝʨʠʯʢʠ ʤʝʪʦʜ ʿʝ ʧʨʠʤʝˁʝʥ ʟʘ ʨʘʟʚʦʿ/ʧʦʙʦˀʰʘˁʝ ʬʨʠʢʮʠʦʥʦʛ 

ʧʘʨʘ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʪʨʦʰʢʦʚʘ ʨʘʟʚʦʿʘ. 

ü ɼʦʙʠʿʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʨʠʤʝˁʝʥʠ ʟʘ ʚʘʣʠʜʘʮʠʿʫ 

ʥʫʤʝʨʠʯʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʟʘ ʠʟʨʘʜʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ü ʋʪʚʨʹʝʥʠ ʩʫ ʦʧʪʠʤʘʣʥʠ ʧʘʨʘʤʝʪʨʠ ʟʘ ʧʦʩʪʠʟʘˁʝ ʢʨʘ˂ʝʛ ʧʫʪʘ ʟʘʫʩʪʘʚˀʘˁʘ. 

ü ʈʝʘʣʠʟʦʚʘʥʠ ʧʨʦʙʥʠ ʩʪʦ ʧʨʠʤʝˁʝʥ ʿʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʢʦʯʥʠʭ ʜʠʩʢʦʚʘ ʠ ʢʦʯʥʠʭ 

ʧʣʦʯʠʮʘ ʢʦʿʝ ʩʝ ʫʛʨʘʹʫʿʫ ʥʘ ʧʫʪʥʠʯʢʠʤ ʠ ʣʘʢʠʤ ʪʝʨʝʪʥʠʤ ʚʦʟʠʣʠʤʘ. 
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2 ʇʈɽɻʃɽɼ ʀ ɸʅɸʃʀɿɸ ɼʆʉɸɼɸʐɳʀʍ 

ʀʉʊʈɸɾʀɺɸɳɸ ʋ ʆɹʃɸʉʊʀ ʊɽʈʄʀʏʂʀʍ ʅɸʇʈɽɿɸɳɸ 

ʌʈʀʂʎʀʆʅʆɻ ʇɸʈɸ ɼʀʉʂ ʂʆʏʅʀʎɽ 
 

ʇʦʩʣʝ ʜʝʬʠʥʠʩʘˁʘ ʠʜʝʿʝ ʠʩʪʨʘʞʠʚʘˁʘ, ʩʣʝʜʝ˂ʠ ʥʝʦʧʭʦʜʥʠ ʢʦʨʘʢ, ʧʨʝ ʩʘʤʝ ʨʝʘʣʠʟʘʮʠʿʝ 

ʩʦʧʩʪʚʝʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʿʝ ʠʟʚʨʰʠʪʠ ʧʨʝʛʣʝʜ ʩʪʘˁʘ ʫ ʧʨʝʜʤʝʪʥʦʿ ʦʙʣʘʩʪʠ. ɿʘ ʧʦʪʨʝʙʝ 

ʨʝʘʣʠʟʘʮʠʿʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʙʠʣʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʨʦʫʯʠʪʠ ʨʝʟʫʣʪʘʪʝ ʢʦʿʝ ʩʫ 

ʠʩʪʨʘʞʠʚʘʯʠ ʠʟ ʧʨʝʜʤʝʪʥʝ ʦʙʣʘʩʪʠ ʦʩʪʚʘʨʠʣʠ, ʘʥʘʣʠʟʠʨʘʪʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʦʙʥʠʭ 

ʩʪʦʣʦʚʘ ʥʘ ʢʦʿʠʤʘ ʩʫ ʚʨʰʝʥʘ ʠʩʧʠʪʠʚʘˁʘ, ʧʘ ʥʘ ʦʩʥʦʚʫ ʠʟʚʝʜʝʥʠʭ ʟʘʢˀʫʯʘʢʘ,  

ʜʝʬʠʥʠʩʘʪʠ ʧʦʣʘʟʥʝ ʭʠʧʦʪʝʟʝ ʠ ʮʠˀʝʚʝ ʨʘʜʘ ʫ ʦʢʚʠʨʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

 

2.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ 
 

ʂʦʯʥʠ ʩʠʩʪʝʤ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʪʦʢʦʤ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʦʥʦ ʧʨʠʣʘʛʦʜʠ ʫʩʣʦʚʠʤʘ ʚʦʞˁʝ ʫ 

ʩʘʦʙʨʘ˂ʘʿʫ ʠʣʠ ʞʝˀʘʤʘ ʚʦʟʘʯʘ, ʢʘʦ ʰʪʦ ʩʫ: ʩʤʘˁʝˁʝ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ, ʦʜʨʞʘʚʘˁʝ 

ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʢʦʥʩʪʘʥʪʥʦʤ ʙʨʟʠʥʦʤ ʠʣʠ ˁʝʛʦʚʦ ʟʘʫʩʪʘʚˀʘˁʝ. ʊʦʢʦʤ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ, 

ʢʦʯʥʠ ʜʠʩʢ ʿʝ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ. ʂʦʯʥʠ ʜʠʩʢ ʨʦʪʠʨʘ ʦʢʦ ʩʚʦʿʝ ʦʩʝ ʫʛʘʦʥʦʤ 

ʙʨʟʠʥʦʤ ʜʝʬʠʥʠʩʘʥʦʤ ʙʨʟʠʥʦʤ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ (ʩʧʦʿʥʠʮʘ ʠʩʢˀʫʯʝʥʘ), ʜʦʢ ʢʦʯʥʝ 

ʧʣʦʯʠʮʝ ʥʘʣʝʞʫ ʥʘ ˁʝʛʘ, ʘʢʪʠʚʠʨʘʥʝ ʦʜʨʝʹʝʥʦʤ ʩʠʣʦʤ (ʢʦʿʘ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ ʩʠʣʝ ʥʘ 

ʢʦʤʘʥʜʠ ʧʝʜʘʣʝ ʢʦʯʥʠʮʝ) ʠ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʪʨʝˁʘ ʥʘ ʢʦʥʪʘʢʪʥʠʤ ʧʦʚʨʰʠʥʘʤʘ. 

ʅʝʞʝˀʝʥʘ ʧʦʩʣʝʜʠʮʘ ʪʨʝˁʘ ʿʝ ʧʦʿʘʚʘ ʪʦʧʣʦʪʝ, ʫʧʨʘʚʦ ʥʘ ʝʣʝʤʝʥʪʠʤʘ ʢʦʿʠ ʩʫ ʫ ʢʦʥʪʘʢʪʫ. 

ʊʦʢʦʤ ʠʥʪʝʥʟʠʚʥʦʛ ʢʦʯʝˁʘ, ʜʦʣʘʟʠ ʜʦ ʛʝʥʝʨʠʩʘˁʘ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʪʦʧʣʦʪʝ ʥʘ ʢʦʯʥʦʤ 

ʜʠʩʢʫ. ʆʩʥʦʚʥʠ ʧʨʦʙʣʝʤ ʠʥʪʝʥʟʠʚʥʦʛ ʟʘʛʨʝʚʘˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʦʛʣʝʜʘ ʩʝ ʫ ʩʤʘˁʝˁʫ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʰʪʦ ʿʝ ʧʨʘ˂ʝʥʦ ʩʤʘˁʝʥʦʤ ʝʬʠʢʘʩʥʦʰ˂ʫ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ, ʫʙʨʟʘʥʠʤ 

ʭʘʙʘˁʝʤ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ, ʢʘʦ ʠ ʜʝʬʦʨʤʘʮʠʿʘʤʘ ʝʣʝʤʝʥʘʪʘ ʢʦʯʥʠʮʝ, ʰʪʦ ʠʟʘʟʠʚʘ ʜʘˀʠ 

ʧʘʜ ʝʬʠʢʘʩʥʦʩʪʠ ʟʙʦʛ ʥʘʨʫʰʘʚʘˁʘ ʢʚʘʣʠʪʝʪʘ ʩʧʨʝʟʘˁʘ ʬʨʠʢʮʠʦʥʦʛ ʧʘʨʘ.  

 

ʉʪʫʜʠʿʘ [23] ʧʦʢʘʟʫʿʝ ʜʘ ʫʩʣʦʚʠ ʦʧʪʝʨʝ˂ʝˁʘ ʫʪʠʯʫ ʥʘ ʙʨʟʠʥʫ ʭʘʙʘˁʘ ʠ ʧʦʚʨʰʠʥʩʢʝ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʅʘ ʦʩʥʦʚʫ ʧʦʩʪʠʛʥʫʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʩʫ ʬʦʨʤʠʨʘʥʝ ʤʘʧʝ ʭʘʙʘˁʘ. ʆʥʝ ʩʝ 

ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʫ ʪʨʠ ʢʘʪʝʛʦʨʠʿʝ: ʙʣʘʛʦ ʭʘʙʘˁʝ, ʫʤʝʨʝʥʦ ʭʘʙʘˁʝ ʠ ʠʥʪʝʥʟʠʚʥʦ ʭʘʙʘˁʝ. 

ʇʨʠ ʙʣʘʛʦʤ ʭʘʙʘˁʫ, ʧʦʚʨʰʠʥʘ ʪʨʝˁʘ ʿʝ ʛʦʪʦʚʦ ʥʝʪʘʢʥʫʪʘ ʠ ʫ ʦʩʥʦʚʠ ʿʝ ʙʝʟ ʜʝʬʦʨʤʘʮʠʿʘ, 

ʩ ʪʠʤ ʜʘ ʿʝ ʧʦʚʨʰʠʥʘ ʪʨʝˁʘ ʧʨʝʢʨʠʚʝʥʘ ʦʢʩʠʜʦʤ ʛʚʦʞʹʘ ʫ ʧʨʘʭʫ. ʂʦʜ ʫʤʝʨʝʥʦʛ ʭʘʙʘˁʘ, 

ʧʦʚʨʰʠʥʘ ʪʨʝˁʘ ʧʨʝʢʨʠʚʝʥʘ ʿʝ ʯʝʩʪʠʮʘʤʘ ʦʢʩʠʜʘ. ʇʦʩʪʦʿʝ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʿʝ ʠ ʚʝʣʠʢʝ 

ʯʝʩʪʠʮʝ ʘʙʨʘʟʠʚʥʠʭ ʦʩʪʘʪʘʢʘ. ʂʦʜ ʠʥʪʝʥʟʠʚʥʦʛ ʭʘʙʘˁʘ ʧʦʚʨʰʠʥʝ ʪʨʝˁʘ ʩʫ ʜʝʬʦʨʤʠʩʘʥʝ 

ʠ ʭʨʘʧʘʚʦʩʪ ʿʝ ʧʦʚʝ˂ʘʥʘ. ʇʦʨʝʜ ʪʦʛʘ, ʥʘ ʬʨʠʢʮʠʦʥʠʤ ʧʦʚʨʰʠʥʘʤʘ ʫʩʣʝʜ ʭʘʙʘˁʘ ʥʘʩʪʘʿʫ 

Ăʢʘʥʘʣʠñ. 

 

ʋ ʟʦʥʠ ʪʨʝˁʘ, ʪʿ. ʫ ʢʦʥʪʘʢʪʥʦʿ ʟʦʥʠ ʬʨʠʢʮʠʦʥʦʛ ʧʘʨʘ, ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʿʝ ʠʟʫʟʝʪʥʦ 

ʚʠʩʦʢ, ʪʘʢʦ ʜʘ ʫ ʫʩʣʦʚʠʤʘ ʜʫʛʦʪʨʘʿʥʦʛ ʢʦʯʝˁʘ ʥʘ ʢʦʯʥʦʤ ʜʠʩʢʫ, ʫʩʣʝʜ ʧʦʿʘʚʝ ʪʝʨʤʠʯʢʠʭ 

ʥʘʧʨʝʟʘˁʘ, ʫʢʫʧʥʘ ʥʘʧʨʝʟʘˁʘ ʤʦʛʫ ʧʨʝ˂ʠ ʛʨʘʥʠʮʫ ʜʠʥʘʤʠʯʢʝ ʠʟʜʨʞˀʠʚʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ. 

ʆʚʦ ʜʘˀʝ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʦʿʘʚʝ ʥʘʧʨʩʣʠʥʘ, ʢʦʿʝ ʤʦʛʫ ʯʘʢ ʜʦʚʝʩʪʠ ʜʦ ʦʪʢʘʟʘ ʢʦʯʥʦʛ 

ʜʠʩʢʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʤʦʞʝ ʜʦʩʪʠ˂ʠ ʠ 700  [1] ʠ ʥʘ ʪʦʿ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʥʘʛʣʦ ʧʘʜʘ, ʰʪʦ ʜʠʨʝʢʪʥʦ ʚʦʜʠ ʢʘ ʜʫʞʝʤ ʧʫʪʫ ʢʦʯʝˁʘ ʠ ʥʘʨʫʰʘʚʘˁʫ 

ʙʝʟʙʝʜʥʦʩʪʠ ʚʦʟʘʯʘ ʢʦʿʠ ʫʧʨʘʚˀʘ ʪʠʤ ʚʦʟʠʣʦʤ, ʢʘʦ ʠ ʦʩʪʘʣʠʭ ʫʯʝʩʥʠʢʘ ʫ ʩʘʦʙʨʘ˂ʘʿʫ. 

ʉʪʫʜʠʿʘ [24] ʢʦʿʘ ʩʝ ʙʘʚʠʣʘ ʧʨʦʫʯʘʚʘˁʝʤ ʫʪʠʮʘʿʘ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʪʨʝˁʘ ʧʦʢʘʟʫʿʝ ʜʘ ʩʝ ʤʘʢʩʠʤʘʣʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ, ʟʘ ʧʨʠʤʝˁʝʥʝ ʤʘʪʝʨʠʿʘʣʝ ʜʠʩʢʘ ʠ 

ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ, ʦʩʪʚʘʨʫʿʝ ʢʘʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ 150  ʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʿʝ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʙʠʦ 0,55. ʋ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʨʰʠʥʠ 

ʜʠʩʢʘ ʙʠʣʘ 250 , ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʿʝ ʙʠʦ ʥʘʿʤʘˁʠ ʠ ʠʟʥʦʩʠʦ ʿʝ 0,23 [24].  



ʇʨʝʛʣʝʜ ʠ ʘʥʘʣʠʟʘ ʜʦʩʘʜʘʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ 

ʬʨʠʢʮʠʦʥʦʛ ʧʘʨʘ ʜʠʩʢ ʢʦʯʥʠʮʝ 

15 

 

ʅʝʫʿʝʜʥʘʯʝʥʘ ʨʘʩʧʦʜʝʣʘ ʪʝʤʧʝʨʘʪʫʨʝ ʫʟʨʦʢʫʿʝ ʧʦʿʘʚʫ ʪʝʨʤʦʝʣʘʩʪʠʯʥʝ ʥʝʩʪʘʙʠʣʥʦʩʪʠ, 

ʢʦʿʘ ʟʘʚʠʩʠ ʦʜ ʙʨʟʠʥʝ ʢʣʠʟʘˁʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʰʪʦ ʿʝ ʜʦʢʘʟʘʥʦ ʫ ʠʩʪʨʘʞʠʚʘˁʫ [25]. 

ɺʝʣʠʢʘ ʪʦʧʣʦʪʥʘ ʥʘʧʨʝʟʘˁʘ ʥʘʩʪʘʿʫ ʠ ʢʦʜ ʥʦʨʤʘʣʥʦʛ ʢʦʯʝˁʘ. ʄʝʹʫʪʠʤ, ʫʢʦʣʠʢʦ ʩʝ ʿʘʚʝ 

ʠʥʪʝʥʟʠʚʥʘ ʢʦʯʝˁʘ (ʧʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʿʝ 10 MPa) ʜʦʣʘʟʠ ʜʦ ʚʝ˂ʠʭ 

ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ. ɼʘ ʙʠ ʩʝ ʫʩʧʝʰʥʦ ʠʟʙʝʛʣʘ ʦʚʘ ʧʦʿʘʚʘ ʚʝʣʠʢʠʭ ʪʝʨʤʠʯʢʠʭ 

ʥʘʧʨʝʟʘˁʘ, ʿʝʜʠʥʦ ʿʝ ʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ ʤʦʜʠʬʠʢʘʮʠʿʫ ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʯʥʦʛ ʜʠʩʢʘ [26]. 

ʋʢʦʣʠʢʦ ʙʠ ʩʝ ʧʨʠʤʝʥʠʣʠ ʢʦʤʧʦʟʠʪʥʠ ʤʘʪʝʨʠʿʘʣʠ ʟʘ ʠʟʨʘʜʫ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʜʦʰʣʦ ʙʠ ʜʦ 

ʩʤʘˁʝˁʘ ʤʘʩʝ, ʘʣʠ ʥʝ ʠ ʜʦ ʩʤʘˁʝˁʘ ʪʝʤʧʝʨʘʪʫʨʝ ʬʨʠʢʮʠʦʥʦʛ ʧʘʨʘ, ʪʦʢʦʤ ʢʦʥʩʪʘʥʪʥʦʛ ʠ 

ʧʦʥʦʚˀʝʥʦʛ ʢʦʯʝˁʘ, ʩʣʠʢʘ 2.1 [27]. 

 

  

(ʘ) (ʙ) 

ʉʣʠʢʘ 2.1 ʇʨʦʤʝʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʙʨʟʠʥʝ ʜʠʩʢʘ, ʟʘ ʩʣʫʯʘʿ 

ʢʘʜʘ ʿʝ ʢʦʯʥʠ ʜʠʩʢ ʥʘʧʨʘʚˀʝʥ ʦʜ (ʘ) ʣʠʚʝʥʦʛ ʛʚʦʞʹʘ ʠ (ʙ) ʢʦʤʧʦʟʠʪʘ [27] 

 

ʋ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʯʝˁʘ ʠ ʦʜʚʦʹʝˁʘ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʪʦʧʣʦʪʝ ʫ ʦʢʦʣʠʥʫ, 

ʨʘʟʚʠʿʝʥʝ ʩʫ ʚʝʥʪʠʣʠʨʘʿʫ˂ʝ ʜʠʩʢ ʢʦʯʥʠʮʝ ʢʦʿʝ ʩʝ ʠʥʪʝʥʟʠʚʥʠʿʝ ʭʣʘʜʝ ʟʙʦʛ ʧʦʚʝ˂ʘʥʦʛ 

ʧʨʦʪʦʢʘ ʚʘʟʜʫʭʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʢʦʯʥʝ ʜʠʩʢʦʚʝ (ʢʦʯʥʠ ʜʠʩʢʦʚʠ ʧʫʥʦʛ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ), ʟʘʭʚʘˀʫʿʫ˂ʠ ʨʝʙʨʠʤʘ ʥʘ ʢʦʯʥʠʤ ʜʠʩʢʦʚʠʤʘ. ʈʝʟʫʣʪʘʪʠ [28] ʥʘʩʪʘʣʠ 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʥʘ ʜʠʥʘʤʦʤʝʪʘʨʩʢʦʤ ʧʨʦʙʥʦʤ ʩʪʦʣʫ ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʩʝ 

ʚʝʥʪʠʣʠʨʘʿʫ˂ʠ ʢʦʯʥʠ ʜʠʩʢʦʚʠ ʟʥʘʪʥʦ ʤʘˁʝ ʟʘʛʨʝʚʘʿʫ ʦʜ ʢʦʯʥʠʭ ʜʠʩʢʦʚʘ ʩʘ ʧʫʥʠʤ 

ʧʦʧʨʝʯʥʠʤ ʧʨʝʩʝʢʦʤ, ʧʨʠ ʠʩʪʠʤ ʨʘʜʥʠʤ ʫʩʣʦʚʠʤʘ. ɺʝʥʪʠʣʠʨʘʿʫ˂ʠ ʢʦʯʥʠ ʜʠʩʢʦʚʠ, ʟʙʦʛ 

ʚʝ˂ʝ ʧʦʚʨʰʠʥʝ ʧʨʝʢʦ ʢʦʿʝ ʩʝ ʨʘʟʤʝˁʫʿʝ ʪʦʧʣʦʪʘ, ʠʤʘʿʫ ʙʦˀʝ ʭʣʘʹʝˁʝ. ʏʘʢ 60% ʪʦʧʣʦʪʝ 

ʩʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʩʝ ʦʩʣʦʙʦʜʠ ʧʨʝʢʦ ʨʝʙʘʨʘ, ʘ ʧʨʝʦʩʪʘʣʠ ʜʝʦ ʪʦʧʣʦʪʝ ʩʘ ʢʦʥʪʘʢʪʥʝ 

ʧʦʚʨʰʠʥʝ ʢʦʯʥʦʛ ʜʠʩʢʘ [29]. ʋ ʠʩʪʨʘʞʠʚʘˁʫ [30] ʧʨʠʢʘʟʘʥʦ ʿ ʝ ʜʘ ʩʝ ʪʦʧʣʦʪʘ ʧʨʠ ʥʘʿʤʘˁʝ 

ʨʘʟʤʘʪʨʘʥʦʿ ʙʨʟʠʥʠ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ (8 km/h), 39% ʦʩʣʦʙʦʜʠ ʢʦʥʚʝʢʮʠʿʦʤ, ʘ 43% 

ʟʨʘʯʝˁʝʤ, ʜʦʢ ʧʨʠ ʤʘʢʩʠʤʘʣʥʦʿ ʙʨʟʠʥʠ ʦʜ 90 km/h, 57% ʪʦʧʣʦʪʝ ʩʝ ʦʩʣʦʙʦʜʠ 

ʢʦʥʚʝʢʮʠʿʦʤ, ʘ 25% ʟʨʘʯʝˁʝʤ. ʆʥʦ ʰʪʦ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʦʙʘ ʩʣʫʯʘʿʘ ʿʝ ʜʘ ʩʝ 18% 

ʪʦʧʣʦʪʝ ʠ ʫ ʿʝʜʥʦʤ ʠ ʫ ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ ʦʩʣʦʙʦʜʠ ʧʨʦʚʦʹʝˁʝʤ. 

 

ʋ ʥʝʢʠʤ ʩʪʫʜʠʿʘʤʘ [31, 32] ʿʝ ʘʥʘʣʠʟʠʨʘʥʦ ʪʝʨʤʦʤʝʭʘʥʠʯʢʦ ʧʦʥʘʰʘˁʝ ʧʨʠ ʩʫʚʦʤ ʪʨʝˁʫ 

ʠʟʤʝʹʫ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʧʨʠʤʝʥʦʤ ʥʫʤʝʨʠʯʢʠʭ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʤʝʪʦʜʘ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ ʩʫ ʧʦʩʤʘʪʨʘʥʝ ʜʚʝ ʘʫʪʦʤʦʙʠʣʩʢʝ ʜʠʩʢ 

ʢʦʯʥʠʮʝ, ʠ ʪʦ ʿʝʜʥʘ ʩʘ ʚʝʥʪʠʣʠʨʘʿʫ˂ʠʤ ʢʦʯʥʠʤ ʜʠʩʢʦʤ, ʘ ʜʨʫʛʘ ʩʘ ʢʦʯʥʠʤ ʜʠʩʢʦʤ ʧʫʥʦʛ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ. ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʪʘʿ ʥʘʯʠʥ ʰʪʦ ʩʫ ʠʟʚʨʰʝʥʘ ʜʚʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʫ ʨʝʘʣʥʠʤ ʧʫʪʥʠʤ ʫʩʣʦʚʠʤʘ. ʋ ʦʙʘ ʩʣʫʯʘʿʘ, ʫʛʘʦʥʘ ʙʨʟʠʥʘ ʪʦʯʢʘ ʙʠʣʘ ʿʝ 

157,89 rad/s, ʘ ʧʨʦʮʝʩ ʢʦʯʝˁʘ ʿʝ ʪʨʘʿʘʦ 45 s. ʂʦʯʥʠ ʜʠʩʢ ʧʫʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʩʝ 

ʟʘʛʨʝʿʘʦ ʥʘ 401 , ʘ ʚʝʥʪʠʣʠʨʘʿʫ˂ʠ ʢʦʯʥʠ ʜʠʩʢ ʥʘ 345 . ʇʨʠʤʝ˂ʝʥʦ ʿʝ ʜʘ ʩʝ ʢʦʯʥʠ ʜʠʩʢ 

ʧʫʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʚʠʰʝ ʟʘʛʨʝʿʘʦ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʠʤʘ ʤʘˁʫ ʤʦʛʫ˂ʥʦʩʪ ʦʜʚʦʹʝˁʘ 

ʪʦʧʣʦʪʝ ʫ ʦʢʦʣʠʥʫ, ʧʘ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ ʥʠʿʝ ʛʘ ʧʦʞʝˀʥʦ ʧʨʠʤʝˁʠʚʘʪʠ ʥʘ ʚʦʟʠʣʠʤʘ, ʘ 

ʧʦʛʦʪʦʚʦ ʥʝ ʥʘ ʦʥʠʤ ʚʦʟʠʣʠʤʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʝ ʫ ʝʢʩʪʨʝʤʥʠʤ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. 
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ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʚʝʥʪʠʣʠʨʘʿʫ˂ʠ ʢʦʯʥʠ ʜʠʩʢʦʚʠ ʤʘˁʝ ʟʘʛʨʝʚʘʿʫ, ʧʘ ʩʫ ʩʘ ʪʦʛ 

ʘʩʧʝʢʪʘ ʧʦʛʦʜʥʠʿʠ ʟʘ ʢʦʨʠʰ˂ʝˁʝ. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʚʝʥʪʠʣʠʨʘʿʫ˂ʠ ʢʦʯʥʠ ʜʠʩʢ ʩʘ ʨʘʜʠʿʘʣʥʠʤ 

ʨʝʙʨʠʤʘ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʧʦʥʘʰʘ ʢʘʦ ʚʝʥʪʠʣʘʪʦʨ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʙʦˀʝ ʭʣʘʹʝˁʝ 

ʠ ʧʨʠ ʪʦʤʝ ʩʫ ʧʦʙʦˀʰʘʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʢʦʯʝˁʘ. 

 

ʇʦʨʝʜ ʠʩʪʨʘʞʠʚʘˁʘ ʦʜʚʦʹʝˁʘ ʪʦʧʣʦʪʝ ʫ ʦʢʦʣʠʥʫ ʫ ʫʩʣʦʚʠʤʘ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ, ʧʦʩʪʦʿʝ ʠ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʢʦʿʠʤʘ ʿʝ ʠʩʧʠʪʠʚʘʥʘ ʙʨʟʠʥʘ ʦʜʚʦʹʝˁʘ ʪʦʧʣʦʪʝ ʫ ʦʢʦʣʠʥʫ ʧʨʠ 

ʩʪʘʮʠʦʥʘʨʥʠʤ ʫʩʣʦʚʠʤʘ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ [14] ʩʫ ʧʦʩʤʘʪʨʘʥʘ ʯʝʪʠʨʠ ʨʘʟʣʠʯʠʪʘ ʢʦʯʥʘ 

ʜʠʩʢʘ, ʩʣʠʢʘ 2.2. ɼʠʩʢ ʩʘ ʨʘʜʠʿʘʣʥʠʤ ʨʝʙʨʠʤʘ ʠʤʘ ʥʘʿʚʝ˂ʠ ʢʦʝʬʠʮʠʿʝʥʪ ʧʨʝʣʘʟʘ ʪʦʧʣʦʪʝ 

ʫ ʦʢʦʣʠʥʫ, ʜʦʢ ʜʠʩʢ ʧʫʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʥʘʿʤʘˁʠ. ʂʦʯʥʠ ʜʠʩʢ ʩʘ ʟʘʢʨʠʚˀʝʥʠʤ 

ʨʝʙʨʠʤʘ ʠʤʘʦ ʿ ʝ 20% ʥʠʞʫ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʧʨʝʣʘʟʘ ʪʦʧʣʦʪʝ ʫ ʦʜʥʦʩʫ ʥʘ ʨʘʜʠʿʘʣʥʠ. 

 

 

ʉʣʠʢʘ 2.2 ɸʥʘʣʠʟʠʨʘʥʠ ʜʠʩʢʦʚʠ (ʘ) ʨʘʜʠʿʘʣʥʠ, (ʙ) ʧʫʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ, 

(ʚ) ʟʘʢʨʠʚˀʝʥʠ, (ʛ) ʟʘʢʨʠʚˀʝʥ ʠ ʧʦʧʨʝʯʥʦ ʠʟʙʫʰʝʥ [14] 

 

ʋ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʩʝ ʚʦʟʠʣʦ ʢʦʯʠ ʜʦ ʟʘʫʩʪʘʚˀʘˁʘ, ʘ ʟʘʪʠʤ ʚʨʰʠ ˁʝʛʦʚʦ ʟʘʣʝʪʘˁʝ, ʧʘ 

ʦʧʝʪ ʢʦʯʝˁʝ ʠ ʪʦ ʩʝ ʧʦʥʘʚˀʘ ʚʠʰʝ ʧʫʪʘ, ʢʦʯʥʠ ʜʠʩʢ ʩʝ ʥʝʧʨʝʢʠʜʥʦ ʛʨʝʿʝ ʠ ʭʣʘʜʠ. ʇʨʠ 

ʦʚʘʢʚʠʤ ʫʩʣʦʚʠʤʘ ʢʦʯʝˁʘ, ʢʦʥʪʘʢʪʥʘ ʧʦʚʨʰʠʥʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʜʦʩʪʠʞʝ ʚʠʩʦʢʝ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʘʣʠ ʥʝ ʠ ʛʣʘʚʯʠʥʘ ʜʠʩʢʘ. ʆʚʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʨʘʟʣʠʢʘ ʧʨʦʫʟʨʦʢʫʿʝ ʪʦʧʣʦʪʥʘ 

ʥʘʧʨʝʟʘˁʘ, ʘ ʟʘʪʠʤ ʜʦʣʘʟʠ ʠ ʜʦ ʪʝʨʤʠʯʢʦʛ ʟʘʤʦʨʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʯʥʦʛ ʜʠʩʢʘ. ʊʦʢʦʤ 

ʦʚʘʢʚʦʛ ʧʦʥʦʚˀʝʥʦʛ ʢʦʯʝˁʘ, ʥʘ ʢʦʥʪʘʢʪʥʦʿ ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʧʦʿʘʚʝ 

ʤʘʣʠʭ ʧʫʢʦʪʠʥʘ (ʥʘʧʨʩʣʠʥʘ) [33], ʘ ʫ ʩʣʫʯʘʿʫ ʜʘ ʿʝ ʢʦʯʥʠ ʜʠʩʢ ʠ ʜʘˀʝ ʠʟʣʦʞʝʥ ʦʚʘʢʚʦʤ 

ʚʠʜʫ ʪʝʨʤʠʯʢʦʛ ʥʘʧʨʝʟʘˁʘ, ʜʦʣʘʟʠ ʜʦ ʰʠʨʝˁʘ ʧʫʢʦʪʠʥʘ ʠ ʥʘ ʢʨʘʿʫ ʠ ʜʦ ʣʦʤʘ [34]. 

ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʪʝʨʤʦʤʝʭʘʥʠʯʢʘ ʥʘʧʨʝʟʘˁʘ, ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʧʦʥʦʚˀʝʥʦʛ ʢʦʯʝˁʘ, 

ʧʨʝʤʘʰʫʿʫ ʛʨʘʥʠʮʫ ʪʝʯʝˁʘ ʥʘ ʩʘʤʦʤ ʢʦʯʥʦʤ ʜʠʩʢʫ. ʅʘʢʦʥ ʭʣʘʹʝˁʘ, ʫ ʢʦʯʥʦʤ ʜʠʩʢʫ ʩʝ 

ʛʝʥʝʨʠʰʫ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ, ʧʘ ʩʚʘʢʠʤ ʥʘʨʝʜʥʠʤ ʢʦʯʝˁʝʤ ʜʦʣʘʟʠ ʜʦ ʧʦʥʦʚʥʦʛ ʟʘʛʨʝʚʘˁʘ 

ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʘʣʠ ʥʝ ʠ ʛʣʘʚʯʠʥʝ ʜʠʩʢʘ. ʇʨʠʪʦʤ ʜʦʣʘʟʠ ʜʦ 

ʨʘʟʣʠʯʠʪʦʛ ʰʠʨʝˁʘ ʜʝʣʦʚʘ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʪʘʢʚʠʭ ʜʝʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʪʘʢʦʹʝ 

ʤʦʛʫ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʧʦʿʘʚʫ ʥʘʧʨʩʣʠʥʘ.  

 

ʇʦʩʪʦʿʝ ʪʨʠ ʥʘʯʠʥʘ ʟʘ ʩʧʨʝʯʘʚʘˁʝ ʧʦʿʘʚʝ ʪʦʧʣʦʪʥʦʛ ʧʫʮʘˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ [35]: 

1. ʧʦʚʝ˂ʘˁʝ ʛʨʘʥʠʮʝ ʪʝʯʝˁʘ ʠ ʟʘʤʦʨʥʝ ʯʚʨʩʪʦ˂ʝ ʤʘʪʝʨʠʿʘʣʘ, 

2. ʩʤʘˁʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʠ 

3. ʧʨʦʤʝʥʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʫ ʮʠˀʫ ʝʣʠʤʠʥʠʩʘˁʘ ʜʝʬʦʨʤʘʮʠʿʘ ʧʨʠ 

ʪʦʧʣʦʪʥʦʤ ʰʠʨʝˁʫ ʢʦʯʥʦʛ ʜʠʩʢʘ. 
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ʀʟʙʝʛʘʚʘˁʝ ʧʦʿʘʚʝ ʧʫʢʦʪʠʥʘ ʫʩʣʝʜ ʟʘʛʨʝʚʘˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʧʨʦʰʠʨʝˁʘ ʨʘʜʥʝ ʦʙʣʘʩʪʠ 

ʠ ʧʨʠ ʚʠʰʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʤʦʛʫ˂ʝ ʿʝ ʧʨʠʤʝʥʦʤ ʪʘʢʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʤʦʛʫ ʜʘ 

ʝʬʠʢʘʩʥʦ ʨʘʜʝ ʠ ʥʘ ʟʥʘʪʥʦ ʚʠʰʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ [36], ʘʣʠ ʪʦ ʜʦʚʦʜʠ ʜʦ ʧʦʪʨʝʙʝ ʜʘ ʩʝ 

ʜʝʣʦʚʠ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʜʠʩʢ ʢʦʯʥʠʮʝ ʟʘʰʪʠʪʝ ʦʜ ʪʦʧʣʦʪʝ.  

 

2.2 ɸʥʘʣʠʪʠʯʢʘ ʠʩʪʨʘʞʠʚʘˁʘ 
 

2.1.1. ʊʨʘʥʩʬʦʨʤʘʮʠʿʘ ʝʥʝʨʛʠʿʝ 

 

ʂʦʯʥʠ ʩʠʩʪʝʤ ʫ ʩʫʰʪʠʥʠ ʧʨʝʜʩʪʘʚˀʘ ʤʝʭʘʥʠʟʘʤ ʟʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʝʥʝʨʛʠʿʝ. ɺʦʟʠʣʦ 

ʪʦʢʦʤ ʢʨʝʪʘˁʘ ʠʤʘ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ. ɸʢʪʠʚʠʨʘˁʝʤ ʢʦʯʥʠʮʘ, ʪʿ. ʪʦʢʦʤ ʢʦʯʝˁʘ, ʚʦʟʠʣʦ 

ʫʩʧʦʨʘʚʘ ʠ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʩʝ ʪʨʘʥʩʬʦʨʤʠʰʝ ʫ ʪʦʧʣʦʪʫ. ɿʘʪʠʤ ʩʝ ʪʦʧʣʦʪʘ ʢʦʿʘ ʿʝ 

ʛʝʥʝʨʠʩʘʥʘ ʥʘ ʢʦʯʥʦʤ ʜʠʩʢʫ ʠ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ ʨʘʩʠʧʘ ʫ ʦʢʦʣʠʥʫ. ʆʚʘʿ ʬʝʥʦʤʝʥ ʿʝ 

ʧʦʟʥʘʪ ʢʘʦ ʇʨʚʠ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʝ, ʢʦʿʠ ʛʣʘʩʠ: Ăɽʥʝʨʛʠʿʘ ʩʝ ʥʝ ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʥʠʪʠ 

ʫʥʠʰʪʠʪʠ, ʚʝ˂ ʩʘʤʦ ʤʦʞʝ ʧʨʝ˂ʠ ʠʟ ʿʝʜʥʦʛ ʦʙʣʠʢʘ ʫ ʜʨʫʛʠñ. ʂʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ ʢʦʯʥʠʮʝ, 

ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ (ʨʝʣʘʮʠʿʘ 2.1) ʢʦʿʘ ʩʝ ʪʨʘʥʩʬʦʨʤʠʰʝ ʫ ʪʦʧʣʦʪʫ ʿʝʜʥʘʢʘ ʿʝ: 
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ʛʜʝ ʩʫ:  

- kE - ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ, J, 

- m- ʤʘʩʘ ʚʦʟʠʣʘ, kg,   

- v  - ʙʨʟʠʥʘ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ, m/s, 

- J  - ʫʢʫʧʥʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʿʝ ʦʙʨʪʥʠʭ ʤʘʩʘ ʚʦʟʠʣʘ, ʩʚʝʜʝʥ ʥʘ ʜʠʥʘʤʠʯʢʠ 

ʧʦʣʫʧʨʝʯʥʠʢ ʢʦʯʝʥʦʛ ʪʦʯʢʘ, kg·m2, 

- w - ʫʛʘʦʥʘ ʙʨʟʠʥʘ ʪʦʯʢʘ, rad/s, 

- dr  - ʜʠʥʘʤʠʯʢʠ ʧʦʣʫʧʨʝʯʥʠʢ ʪʦʯʢʘ, m, ʠ 

- d - ʢʦʝʬʠʮʠʿʝʥʪ ʫʪʠʮʘʿʘ ʦʙʨʪʥʠʭ ʤʘʩʘ, 1dº . 

 

ʂʘʢʦ ʙʠ ʤʦʛʣʘ ʜʘ ʩʝ ʦʜʨʝʜʠ ʢʦʣʠʯʠʥʘ ʪʦʧʣʦʪʝ ʢʦʿʘ ʩʝ ʛʝʥʝʨʠʰʝ ʥʘ ʩʚʘʢʦʤ ʢʦʯʥʦʤ ʜʠʩʢʫ, 

ʘ ʩ ʦʙʟʠʨʦʤ ʜʘ ʥʘ ʧʫʪʥʠʯʢʠʤ ʚʦʟʠʣʠʤʘ ʧʦʩʪʦʿʝ ʢʦʯʥʠʮʝ ʥʘ ʩʚʘ ʯʝʪʠʨʠ ʪʦʯʢʘ, ʢʠʥʝʪʠʯʢʘ 

ʝʥʝʨʛʠʿʘ ʥʘ ʿʝʜʥʦʤ ʪʦʯʢʫ ʪʨʝʙʘʣʘ ʙʠ ʙʠʪʠ ʿʝʜʥʘʢʘ ʯʝʪʚʨʪʠʥʠ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ 

ʧʦʩʤʘʪʨʘʥʦʛ ʚʦʟʠʣʘ, ʠʟʨʘʞʝʥʘ ʢʘʦ: 
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ʈʝʣʘʮʠʿʘ (2.2) ʧʨʝʜʩʪʘʚˀʘ ʠʜʝʘʣʘʥ ʩʣʫʯʘʿ, ʦʜʥʦʩʥʦ ʢʘʜʘ ʥʘ ʩʚʘʢʠ ʪʦʯʘʢ ʜʝʣʫʿʝ ʧʦʜʿʝʜʥʘʢʠ 

ʜʝʦ ʪʝʞʠʥʝ ʚʦʟʠʣʘ ʩʘ ʯʝʪʠʨʠ ʪʦʯʢʘ. 

 

2.1.2 ʆʜʨʝʹʠʚʘˁʝ ʫʩʧʦʨʝˁʘ ʚʦʟʠʣʘ 

 

ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʫʩʧʦʨʝˁʝ ʚʦʟʠʣʘ ʧʨʠ ʢʦʯʝˁʫ ʢʦʥʩʪʘʥʪʥʦ, ʧʘ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ 

ʤʦʞʝ ʜʘ ʩʝ ʦʜʨʝʜʠ ʙʨʟʠʥʘ ʚʦʟʠʣʘ. ʈʝʣʘʮʠʿʘ ʟʘ ʪʨʝʥʫʪʥʫ ʙʨʟʠʥʫ ʚʦʟʠʣʘ ʿʝ ʧʨʠʢʘʟʘʥʘ 

ʠʟʨʘʟʦʤ: 
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1 ,ʦ

b

t
v v

t

å õ
= -æ ö
ç ÷

 (2.3) 

 

ʛʜʝ ʩʫ: 

- t  - ʚʨʝʤʝ ʦʜ ʧʦʯʝʪʥʦʛ ʪʨʝʥʫʪʢʘ ʢʦʯʝˁʘ, s, 

- bt  - ʫʢʫʧʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʢʦʯʝˁʘ, s, 

- ov - ʧʦʯʝʪʥʘ ʙʨʟʠʥʘ ʚʦʟʠʣʘ, m/s.  

 

ʋʛʘʦʥʘ ʙʨʟʠʥʘ ʪʦʯʢʘ, w, ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝʜʥʘʯʠʥʦʤ: 

 

1 ,ʦ

b

t

t
w w

å õ
= -æ ö
ç ÷

 (2.4) 

 

ʛʜʝ ʿʝ ʦw  - ʫʛʘʦʥʘ ʙʨʟʠʥʘ ʪʦʯʢʘ ʥʘ ʧʦʯʝʪʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ, rad/s. 

 

2.2.3 ɼʝʬʠʥʠʩʘˁʝ ʢʦʥʪʘʢʪʘ 

 

ɺʝʣʠʯʠʥʘ ʧʨʦʠʟʚʝʜʝʥʝ ʪʦʧʣʦʪʝ ʧʦ ʿ ʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ ʫʩʣʝʜ ʪʨʝˁʘ ʿ ʝʜʥʘʢʘ ʿ ʝ ʩʥʘʟʠ ʢʦʯʝˁʘ. 

ɼʝʦ ʦʚʝ ʪʦʧʣʦʪʝ ʩʝ ʧʨʝʥʦʩʠ ʥʘ ʢʦʯʥʠ ʜʠʩʢ, ʘ ʜʝʦ ʥʘ ʢʦʯʥʝ ʧʣʦʯʠʮʝ. ʇʨʠ ʘʥʘʣʠʟʠ, ʦʙʠʯʥʦ 

ʩʝ ʢʦʨʠʩʪʝ ʜʚʘ ʪʠʧʘ ʪʦʧʣʦʪʥʠʭ ʢʦʥʪʘʢʪʘ ʠ ʪʦ [37]: 

1. ʩʘʚʨʰʝʥ ʢʦʥʪʘʢʪ ï ʛʜʝ ʩʫ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʿʝʜʥʘʢʝ ʠ 

2. ʥʝʩʘʚʨʰʝʥ ʢʦʥʪʘʢʪ ï ʛʜʝ ʟʙʦʛ ʬʦʨʤʠʨʘˁʘ ʪʨʝ˂ʝʛ ʪʝʣʘ1 ʫ ʢʦʥʪʘʢʪʫ, ʢʦʯʥʠ ʜʠʩʢ ʠ 

ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʥʝʤʘʿʫ ʿʝʜʥʘʢʫ ʪʝʤʧʝʨʘʪʫʨʫ. ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʥʝʩʘʚʨʰʝʥʠ 

ʢʦʥʪʘʢʪ, ʢʦʝʬʠʮʠʿʝʥʪ ʨʘʩʧʦʜʝʣʝ ʪʦʧʣʦʪʝ, s, ʧʨʠʢʘʟʘʥ ʿʝ ʨʝʣʘʮʠʿʦʤ: 

 

,
x

s
x x

Ö
=
Ö + Ö

d d

d d p p

A

A A
 (2.5) 

 

ʛʜʝ ʩʫ: 

- dx - ʪʦʧʣʦʪʥʘ ʝʬʫʟʠʿʘ ʢʦʯʥʦʛ ʜʠʩʢʘ, ɱm2/( Ŀs0.5),  

- px  - ʪʦʧʣʦʪʥʘ ʝʬʫʟʠʿʘ ʢʦʯʥʝ ʧʣʦʯʠʮʝ, ɱm2/( Ŀs0.5), 

- dA  - ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʢʦʯʥʦʛ ʜʠʩʢʘ, m2 ʠ 

- pA  - ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ, m2. 

 

ʊʦʧʣʦʪʥʘ ʝʬʫʟʠʿʘ, x, ʩʝ ʨʘʯʫʥʘ ʧʨʠʤʝʥʦʤ ʨʝʣʘʮʠʿʝ: 

 

,k cx r= Ö Ö (2.6) 

 

ʛʜʝ ʩʫ:  

- r- ʛʫʩʪʠʥʘ, kg/m3 ʠ  

                                                 
1 ʋ ʪʦʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ, ʫʩʣʝʜ ʢʣʠʟʘˁʘ ʜʦʣʘʟʠ ʜʦ ʥʘʩʪʘʥʢʘ ʭʘʙʘˁʘ ʰʪʦ ʟʘʪʠʤ ʧʨʦʫʟʨʦʢʫʿʝ ʧʦʿʘʚʫ ʪʨʝ˂ʝʛ 

ʪʝʣʘ. ʊʨʝ˂ʝ ʪʝʣʦ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʫʩʠʪˁʝʥʠʭ ʠ ʟʙʠʿʝʥʠʭ ʦʩʪʘʪʘʢʘ ʭʘʙʘˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ. 

ɻʨʫʙʝ ʯʝʩʪʠʮʝ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʙʫʜʫ ʠʟʙʘʯʝʥʝ ʠʟ ʢʦʥʪʘʢʪʘ, ʜʦʢ ʩʠʪʥʝ ʯʝʩʪʠʮʝ ʦʩʪʘʿʫ ʟʘʣʝʧˀʝʥʝ ʥʘ 

ʧʦʚʨʰʠʥʠ ʠʣʠ ʩʝ ʟʘʛʣʘʚʝ ʫ ʢʘʥʘʣʠʤʘ ʢʦʿʠ ʩʫ ʥʘʩʪʘʣʠ ʫʩʣʝʜ ʭʘʙʘˁʘ. 
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- c  - ʩʧʝʮʠʬʠʯʥʘ ʪʦʧʣʦʪʘ, J/(kgĿ ).  

 

ɿʘ ʦʜʨʝʹʠʚʘˁʝ ʛʝʥʝʨʠʩʘʥʝ ʪʦʧʣʦʪʝ ʪʦʢʦʤ ʪʨʝˁʘ ʥʘ ʢʦʥʪʘʢʪʥʠʤ ʧʦʚʨʰʠʥʘʤʘ ʢʦʯʥʦʛ ʜʠʩʢʘ 

ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ (ʩʣʠʢʘ 2.3), ʧʦʪʨʝʙʥʦ ʿʝ ʟʥʘʪʠ: ʢʦʣʠʢʘ ʿʝ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, 

ʙʨʟʠʥʝ ʢʣʠʟʘˁʘ, ʛʝʦʤʝʪʨʠʿʫ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ, ʢʘʦ ʠ ʨʘʩʧʦʜʝʣʫ ʧʨʠʪʠʩʢʘ. 

ʆʙʠʯʥʦ ʩʝ ʨʘʟʤʘʪʨʘʿʫ ʜʚʘ ʪʠʧʘ ʨʘʩʧʦʜʝʣʝ ʧʨʠʪʠʩʢʘ [38]: 

ü ʨʘʚʥʦʤʝʨʥʘ ʨʘʩʧʦʜʝʣʘ ʧʨʠʪʠʩʢʘ (ʢʘʜʘ ʿʝ ʧʣʦʯʠʮʘ ʥʦʚʘ): 

 

max,p p=  (2.7) 

 

ü ʨʘʚʥʦʤʝʨʥʦ ʭʘʙʘˁʝ (ʿʝʜʥʘʯʠʥʘ 2.8). 

 

ʅʘʢʦʥ ʦʜʨʝʹʝʥʦʛ ʙʨʦʿʘ ʢʦʯʝˁʘ ʢʘʜʘ ʩʝ ʧʣʦʯʠʮʘ ʧʦʭʘʙʘ, ʦʚʘʿ ʪʠʧ ʨʘʩʧʦʜʝʣʝ ʧʨʠʪʠʩʢʘ ʩʝ 

ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʿʝʨ ʩʝ ʨʘʜ ʩʠʣʝ ʪʨʝˁʘ ʧʦʚʝ˂ʘʚʘ ʢʘʜʘ ʩʝ ʨʘʜʠʿʘʣʥʦ ʨʘʩʪʦʿʘˁʝ ʧʦʚʝ˂ʘʚʘ ʠ ʥʘ 

ʢʨʘʿʫ ʨʘʜʠʿʘʣʥʠʿʠ ʧʦʣʦʞʘʿ ʚʠʰʝ ʫʪʠʯʝ ʥʘ ʭʘʙʘˁʝ ʠ ʧʨʝʪʧʦʩʪʘʚʢʘ ʦ ʨʘʚʥʦʤʝʨʥʦʿ 

ʨʘʩʧʦʜʝʣʠ ʧʨʠʪʠʩʢʘ ʚʠʰʝ ʥʠʿʝ ʧʨʠʭʚʘʪˀʠʚʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʨʘʩʧʦʜʝʣʘ ʧʨʠʪʠʩʢʘ ʥʘ 

ʧʣʦʯʠʮʠ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ 1 r , ʘ ʤʘʢʩʠʤʘʣʥʠ ʧʨʠʪʠʩʘʢ ʩʝ ʿʘʚˀʘ ʧʨʠ 2r r= . 

 

2
max ,

r
W k p r const p p

r
= Ö Ö = Ý = Ö (2.8) 

 

ʛʜʝ ʩʫ: 

- 
maxp  - ʤʘʢʩʠʤʘʣʥʠ ʧʨʠʪʠʩʘʢ ʥʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ, Pa, 

- W  - ʭʘʙʘˁʝ, WĿPa/   ʠ  

- p  - ʧʨʠʪʠʩʘʢ, Pa, ʥʘ ʨʘʜʠʿʫʩʫ r , m (ʩʣʠʢʘ 2.4). 

 

 

ʉʣʠʢʘ 2.3 ɻʝʦʤʝʪʨʠʿʩʢʝ ʚʝʣʠʯʠʥʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʝ ʧʣʦʯʠʮʝ [39] 

 

2.2.4 ɻʝʥʝʨʠʩʘˁʝ ʪʦʧʣʦʪʝ 

 

ʂʦʥʪʘʢʪʥʘ ʧʦʚʨʰʠʥʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 2.4. ʆʟʥʘʢʝ 

ʥʘ ʩʣʠʮʠ 2.4 ʧʨʝʜʩʪʘʚˀʘʿʫ: 

- r  - ʧʨʦʩʪʦʨʥʘ ʧʨʦʤʝʥˀʠʚʘ ʫ ʨʘʜʠʿʘʣʥʦʤ ʧʨʘʚʮʫ, m, 

- 1r  - ʫʥʫʪʨʘʰˁʠ ʨʘʜʠʿʫʩ ʜʠʩʢʘ, m, 

- 2r  - ʫʥʫʪʨʘʰˁʠ ʨʘʜʠʿʫʩ ʧʣʦʯʠʮʝ, m, 
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- 3r  - ʩʧʦˀʘʰˁʠ ʨʘʜʠʿʫʩ ʜʠʩʢʘ ʠ ʧʣʦʯʠʮʝ, m, 

- dr  - ʝʣʝʤʝʥʪʘʨʥʠ ʨʘʜʠʿʫʩ, m, 

- 
pdA  - ʝʣʝʤʝʥʪʘʨʥʘ ʧʦʚʨʰʠʥʘ ʢʦʯʥʝ ʧʣʦʯʠʮʝ, m2 ʠ 

- ddA  - ʝʣʝʤʝʥʪʘʨʥʘ ʧʦʚʨʰʠʥʘ ʢʦʯʥʦʛ ʜʠʩʢʘ, m2. 

 

(ʘ) 

 

(ʙ) 

 

ʉʣʠʢʘ 2.4 ɽʣʝʤʝʥʪʠ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ (ʘ) ʢʦʯʥʘ ʧʣʦʯʠʮʘ ʠ (ʙ) ʢʦʯʥʠ ʜʠʩʢ [39] 

 

ʇʨʦʤʝʥʘ ʫʥʫʪʨʘʰˁʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʥʘʩʪʘʿʝ ʫ ʢʦʥʪʘʢʪʫ ʫʩʣʝʜ ʪʨʝˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ 

ʧʣʦʯʠʮʘ (ʬʨʠʢʮʠʦʥʝ ʧʦʚʨʰʠʥʝ) ʨʘʯʫʥʘ ʩʝ ʧʨʠʤʝʥʦʤ ʨʝʣʘʮʠʿʝ (2.9) [39, 40]: 

 

0 ,fdE dP v dF r p r drw m f= = Ö = Ö Ö Ö Ö Ö Ö (2.9) 

  

,p ddE dE dE= +  (2.10) 

 

ʛʜʝ ʩʫ:  

- dE  - ʧʨʦʤʝʥʘ ʫʥʫʪʨʘʰˁʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʪʨʝˁʘ ʠʟʤʝʹʫ ʜʚʝ ʧʦʚʨʰʠʥʝ 

ʢʦʿʝ ʢʣʠʟʝ ʿʝʜʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʫ ʧʦ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ, W, 

- dP - ʩʥʘʛʘ ʪʨʝˁʘ, W, 

- 
fdF  - ʩʠʣʘ ʪʨʝˁʘ, N, ʠ 

- 0f - ʢʦʥʪʘʢʪʥʠ ʫʛʘʦ ʧʣʦʯʠʮʝ, rad.  

 

ʋ ʿʝʜʥʘʯʠʥʠ (2.10) pdE  ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʤʝʥʫ ʫʥʫʪʨʘʰˁʝ ʝʥʝʨʛʠʿʝ ʥʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ, 

ʘ 
ddE  ʧʨʦʤʝʥʫ ʫʥʫʪʨʘʰˁʝ ʝʥʝʨʛʠʿʝ ʥʘ ʢʦʯʥʦʤ ʜʠʩʢʫ. ʈʝʣʘʮʠʿʝ (2.11) ʠ (2.12) 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʦʣʠʯʠʥʫ ʘʧʩʦʨʙʦʚʘʥʝ ʪʦʧʣʦʪʝ ʥʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ ʠ ʢʦʯʥʦʤ ʜʠʩʢʫ, 

ʨʝʩʧʝʢʪʠʚʥʦ: 

 

( ) ( ) 2

01 1 ,pdE dP r p drs s w m f= - Ö = - Ö Ö Ö Ö Ö Ö (2.11) 

  
2

0 .ddE dP r p drs s w m f= Ö = Ö Ö Ö Ö Ö Ö (2.12) 

 

ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʪʦʧʣʦʪʥʦʛ ʬʣʫʢʩʘ ʟʘ ʢʦʯʥʠ ʜʠʩʢ ʠ ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʢʦʿʠ ʩʝ 

ʜʝʬʠʥʠʰʝ ʢʘʦ ʦʜʥʦʩ ʩʪʦʧʝ ʧʦʨʘʩʪʘ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʩʚʘʢʝ ʢʦʤʧʦʥʝʥʪʝ. 
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ʊʦʧʣʦʪʥʠ ʬʣʫʢʩ ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʨʝʣʘʮʠʿʘʤʘ (2.13) ʠ (2.14), ʘ ʢʦʯʥʦʛ ʜʠʩʢʘ 

ʨʝʣʘʮʠʿʘʤʘ (2.15) ʠ (2.16). 

 

( ) ( ) ()1 , 1 ,
p

p

dE
q r t r p t

dA
s m w= = - Ö Ö Ö Ö (2.13) 

  

() ( ) ( )01 1 0,0 1 ,q r q r r ps w m= = - Ö Ö Ö Ö (2.14) 

  

( ) ()0
2 , ,

2

f
s m w

p
= = Ö Ö Ö Ö Öd

d

dE
q r t r p t

dA
 (2.15) 

  

() ( ) 0
02 2 0,0 ,

2
q r q r r p

f
s w m

p
= = Ö Ö Ö Ö Ö (2.16) 

 

ʛʜʝ ʩʫ:  

- 1q  - ʪʦʧʣʦʪʥʠ ʬʣʫʢʩ ʢʦʯʥʝ ʧʣʦʯʠʮʝ, W/m2, 

- 01q  - ʪʦʧʣʦʪʥʠ ʬʣʫʢʩ ʟʘ ʢʦʯʥʫ ʧʣʦʯʠʮʫ ʢʘʜʘ ʿʝ 0t= , W/m2, 

- 2q  - ʪʦʧʣʦʪʥʠ ʬʣʫʢʩʘ ʢʦʯʥʦʛ ʜʠʩʢʘ, W/m2 ʠ 

- 02q  - ʪʦʧʣʦʪʥʦʛ ʬʣʫʢʩʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʢʘʜʘ ʿʝ 0t= , W/m2. 

 

ʊʦʧʣʦʪʥʠ ʬʣʫʢʩ ʿʝ ʦʜʨʝʹʝʥ ʟʘ ʨʘʚʥʦʤʝʨʥʫ ʨʘʩʧʦʜʝʣʫ ʧʨʠʪʠʩʢʘ, ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ ʠ 

ʧʨʦʩʪʦʨʥʝ ʧʨʦʤʝʥˀʠʚʝ r , ʜʦʢ ʩʝ ʫʛʘʦʥʘ ʙʨʟʠʥʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ ʩʤʘˁʫʿʝ ʫʩʣʝʜ ʜʝʿʩʪʚʘ 

ʢʦʯʥʠʮʘ. ʈʘʜ ʢʦʿʠ ʦʩʪʚʘʨʫʿʝ ʩʠʣʘ ʪʨʝˁʘ ʨʘʩʪʝ ʢʘʢʦ ʩʝ ʧʦʚʝ˂ʘʚʘ ʧʨʦʤʝʥˀʠʚʘ r . ʊʦʧʣʦʪʥʠ 

ʬʣʫʢʩ ʟʘ ʨʘʚʥʦʤʝʨʥʦ ʭʘʙʘˁʝ ʿʝ ʫ ʬʫʥʢʮʠʿʠ ʦʜ ʚʨʝʤʝʥʘ ʠ ʥʝ ʟʘʚʠʩʠ ʦʜ ʧʨʦʤʝʥˀʠʚʝ r , ʘ 

ʨʘʜ ʢʦʿʠ ʩʝ ʚʨʰʠ ʿʝ ʠʩʪʠ ʠ ʫ ʨʘʜʠʿʘʣʥʦʤ ʩʤʝʨʫ. 

 

ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʜʠʩʢ ʢʦʯʥʠʮʫ, ʜʦʣʘʟʠ ʩʝ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʧʦʩʪʦʿʠ ʛʨʘʜʠʿʝʥʪ ʪʝʤʧʝʨʘʪʫʨʝ ʫ 

ʩʤʝʨʫ ʧʨʦʤʝʥʝ ʢʦʥʪʘʢʪʥʦʛ ʫʛʣʘ ʧʣʦʯʠʮʝ f. ʄʝʹʫʪʠʤ, ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ 

ʛʨʘʜʠʿʝʥʪ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʩʤʝʨʫ f ʿʝ ʟʘʥʝʤʘʨˀʠʚ [41]. ʆʚʜʝ ʩʝ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʢʦʯʥʝ 

ʧʣʦʯʠʮʝ ʥʘʣʝʞʫ ʮʝʣʦʤ ʧʦʚʨʰʠʥʦʤ ʫʟ ʜʠʩʢ, ʧʘ ʩʝ ʢʦʣʠʯʠʥʘ ʪʦʧʣʦʪʝ ʜʝʣʠ ʩʘ ʪʦʤ 

ʧʦʚʨʰʠʥʦʤ. ʆʜʘʪʣʝ ʩʣʝʜʠ ʜʘ ʿʝ ʥʘʩʪʘʣʘ ʪʦʧʣʦʪʘ ʠʟʤʝʹʫ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʧʣʦʯʠʮʘ ʫ 

ʬʫʥʢʮʠʿʠ ʦʜ r , z  (ʧʨʦʩʪʦʨʥʘ ʧʨʦʤʝʥˀʠʚʘ ʫ ʘʢʩʠʿʘʣʥʦʤ ʧʨʘʚʮʫ, m) ʠ t , ʘ ʥʝ ʟʘʚʠʩʠ ʦʜ 

f. 

 

2.2.4.1 ɿʘʛʨʝʚʘˁʝ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ 

 

ʉʣʠʢʘ 2.5 ʠʣʫʩʪʨʫʿʝ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʪʦʧʣʦʪʥʠ ʧʨʦʙʣʝʤ ʢʦʯʥʦʛ ʜʠʩʢʘ. ɱʝʜʥʘʯʠʥʘ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛ ʧʨʦʚʦʹʝˁʘ ʪʦʧʣʦʪʝ, ʢʘʦ ʠ ʛʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʤʦʛʫ ʩʝ ʦʧʠʩʘʪʠ ʧʦʤʦ˂ʫ 

ʠʟʨʘʟʘ ʦʜ (2.17) ʜʦ (2.22): 

 
2 2
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a
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2 1; , 0 , 0,¤

µ
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p p

T
H T H T r r z d t

r
 (2.18) 
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3 1; , 0 , 0,¤

µ
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µ
p p

T
H T H T r r z d t

r
 (2.19) 

  

( )1 2 3, ; 0, , 0,
µ
= = ¢ ¢ ²

µ

T
q r t z r r r t

z
 (2.20) 

  

1 2 30; , , 0,
µ
= = ¢ ¢ ²

µ

T
z d r r r t

z
 (2.21) 

  

( ) ( ) 0 2 3 1, ,0 , ; , 0 .T r z f r z T r r r z d= = ¢ ¢ ¢ ¢ (2.22) 

 

(ʘ) 

 
  

(ʙ) 

 

ʉʣʠʢʘ 2.5 ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʟʘ ʢʦʯʥʫ ʧʣʦʯʠʮʫ: (ʘ) ʨʘʚʥʦʤʝʨʘʥ ʧʨʠʪʠʩʘʢ ʠ (ʙ) 

ʨʘʚʥʦʤʝʨʥʦ ʭʘʙʘˁʝ 

 

ʇʘʨʘʤʝʪʘʨ pH  ʿʝ ʜʘʪ ʨʝʣʘʮʠʿʦʤ: 

 

.=p

p

h
H

k
 (2.23) 

 

ɿʘ ʨʝʰʘʚʘˁʝ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ɻʨʠʥʦʚʘ ʬʫʥʢʮʠʿʘ, ʧʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʯʥʠʭ 

ʧʣʦʯʠʮʘ ʜʘʪʘ ʿʝʜʥʘʯʠʥʦʤ: 
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 (2.24) 
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ʛʜʝ ʩʫ: 

- r¡ - ʚʝʰʪʘʯʢʘ ʚʘʨʠʿʘʙʠʣʘ ʧʨʦʩʪʦʨʥʝ ʧʨʦʤʝʥˀʠʚʝ ʫ ʨʘʜʠʿʘʣʥʦʤ ʧʨʘʚʮʫ, m, 

- z¡ - ʚʝʰʪʘʯʢʘ ʚʘʨʠʿʘʙʠʣʘ ʧʨʦʩʪʦʨʥʝ ʧʨʦʤʝʥˀʠʚʝ ʫ ʘʢʩʠʿʘʣʥʦʤ ʧʨʘʚʮʫ, m ʠ 

- t- ʚʝʰʪʘʯʢʘ ʚʘʨʠʿʘʙʠʣʘ ʟʘ ʚʨʝʤʝ, s. 

 

( ), , | , ,G r z t r z t¡ ¡ ʧʨʝʜʩʪʘʚˀʘ ɻʨʠʥʦʚʫ ʬʫʥʢʮʠʿʫ ʢʦʿʘ ʜʘʪʘ ʠʟʨʘʟʦʤ:  
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 (2.25) 

 

ʛʜʝ ʩʫ: ( ) ( ) ( )0 ,m o o m o o mR r S J r v Y rb b b= -  ʩʦʧʩʪʚʝʥʘ ʬʫʥʢʮʠʿʘ ʠ mb  ʿʝ ʩʦʧʩʪʚʝʥʘ ʚʨʝʜʥʦʩʪ 

ʜʫʞ ʨʘʜʠʿʘʣʥʦʛ ʧʨʘʚʮʘ. ʉʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ mb  ʩʫ ʧʦʟʠʪʠʚʥʘ ʨʝʰʝˁʘ ʿʝʜʥʘʯʠʥʝ: 

 

0 0 0 0 0.S U v W- = (2.26) 

 

ʂʦʨʠʰ˂ʝʥʠ ʧʘʨʘʤʝʪʨʠ ʜʝʬʠʥʠʰʫ ʩʝ ʧʨʝʢʦ ʨʝʣʘʮʠʿʘ (2.27) ʜʦ (2.32): 

 

( ) ( )0 0 3 0 3 ,b b b¡= +m m p mS Y r H Y r  (2.27) 

  

( ) ( )0 0 2 0 2 ,b b b¡= -m m p mU J r H J r  (2.28) 

  

( ) ( )0 0 3 0 3 ,m m p mv J r H J rb b b¡= +  (2.29) 

  

( ) ( )0 0 2 0 2 ,b b b¡= -m m p mW Y r H Y r  (2.30) 

  
2 2,p mB H b= +  (2.31) 

  

( ) ( )
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b
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-
 (2.32) 

 

ʛʜʝ ʩʫ:  

- ()0J Ö - ɹʝʩʝʣʦʚʝ ʬʫʥʢʮʠʿʝ ʧʨʚʝ ʚʨʩʪʝ ʠ 

- ()0Y Ö - ɹʝʩʝʣʦʚʝ ʬʫʥʢʮʠʿʝ ʜʨʫʛʝ ʚʨʩʪʝ. 

 

ʉʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ nh  ʜʫʞ z  ʧʨʘʚʮʘ ʠ ʩʦʧʩʪʚʝʥʝ ʬʫʥʢʮʠʿʝ ʜʫʞ ʧʨʘʚʮʘ z  ʜʦʙʠʿʘʿʫ ʩʝ 

ʧʦʤʦ˂ʫ ʨʝʣʘʮʠʿʝ: 
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ʉʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ 
nh  ʩʫ ʧʦʟʠʪʠʚʥʘ ʨʝʰʝˁʘ ʿʝʜʥʘʯʠʥʝ: 

 

( ) ( )1

1

sin 0 0,1, 2,... .n n

n
d n

d

p
h h= Ý = =  (2.34) 

 

ɼʫʞ z  ʧʨʘʚʮʘ ʩʝ ʧʨʠʤʝʥʦʤ ʨʝʣʘʮʠʿʝ (2.35) ʜʦʙʠʿʘ ʥʦʨʤʘ: 
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 (2.35) 

 

ʇʘʨʘʤʝʪʘʨ nml  ʩʝ ʦʜʨʝʹʫʿʝ ʧʨʠʤʝʥʦʤ ʨʝʣʘʮʠʿʝ: 

 
2 2 2 2 2 2 2

0 0; .nm n m m m ml h b l h b b= + = + = (2.36) 

 

2.2.4.2 ɿʘʛʨʝʚʘˁʝ ʜʠʩʢ ʢʦʯʥʠʮʘ 

 

ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʩʣʠʢʫ 2.6, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʟʘʛʨʝʚʘˁʝ ʥʘ ʢʦʯʥʦʤ ʜʠʩʢʫ ʩʠʤʝʪʨʠʯʥʦ 

ʫ ʧʨʘʚʮʫ z , ʧʘ ʩʝ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ ʫʟʠʤʘ ʟʘ ʘʥʘʣʠʟʫ ʩʘʤʦ ʧʦʣʦʚʠʥʘ ʜʠʩʢʘ  ( 2
2

2

d
z = ). 

ʈʝʣʘʮʠʿʝ ʧʨʝʣʘʟʘ ʪʦʧʣʦʪʝ ʟʘ ʢʦʯʥʠ ʜʠʩʢ, ʥʘ ʦʩʥʦʚʫ ʩʣʠʢʝ 2.5 ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʠʟʨʘʟʠʤʘ 

ʦʜ (2.37) ʜʦ (2.43): 

 

(ʘ) 

 
  

(ʙ) 

 

ʉʣʠʢʘ 2.6 ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʟʘ ʢʦʯʥʠ ʜʠʩʢ: (ʘ) ʨʘʚʥʦʤʝʨʘʥ ʧʨʠʪʠʩʘʢ ʠ (ʙ) ʨʘʚʥʦʤʝʨʥʦ 

ʭʘʙʘˁʝ 
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( ) ( ) 0 1 3 2, ,0 , ; , 0 .T r z f r z T r r r z d= = ¢ ¢ ¢ ¢ (2.43) 

 

ʇʘʨʘʤʝʪʘʨ dH  ʿʝ ʜʘʪ ʨʝʣʘʮʠʿʦʤ: 
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 (2.44) 

 

ɿʘ ʨʝʰʝˁʝ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʧʨʠʤʝˁʝʥʘ ʿʝ ʪʘʢʦʹʝ ɻʨʠʥʦʚʘ ʬʫʥʢʮʠʿʘ, ʧʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʦʯʥʦʛ ʜʠʩʢʘ ʜʘʪʘ ʠʟʨʘʟʦʤ: 
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ɻʜʝ ( ), , | , ,G r z t r z t¡ ¡ ʧʨʝʜʩʪʘʚˀʘ ɻʨʠʥʦʚʫ ʬʫʥʢʮʠʿʫ ʢʦʿʘ ʿʝ ʜʘʪʘ ʿʝʜʥʘʯʠʥʦʤ (2.46):  
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ʛʜʝ ʩʝ ( )1 , , | , ,G r z t r z t¡ ¡ ʠ ( )2 , , | , ,G r z t r z t¡ ¡ ʜʦʙʠʿʘʿʫ ʠʟ ʨʝʣʘʮʠʿʘ (2.47) ʠ (2.48). 
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ʛʜʝ ʩʫ ( )1 ,A m r , ( )2 ,A m r , ( )1 ,B n z  ʠ ( )2 ,B n z  ʜʝʬʠʥʠʩʘʥʠ ʧʨʝʢʦ: 
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ʉʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ 
1,mb  ʠ 

2,mb  ʩʫ ʧʦʟʠʪʠʚʥʘ ʨʝʰʝˁʘ ʩʣʝʜʝ˂ʠʭ ʿʝʜʥʘʯʠʥʘ: 
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ʉʦʧʩʪʚʝʥʝ ʬʫʥʢʮʠʿʝ ( )1 1, ,mR rb  ʠ ( )2 2, ,mR rb  ʩʫ ʜʘʪʝ ʿʝʜʥʘʯʠʥʘʤʘ (2.55) ʠ (2.56): 

 

( ) ( ) ( )1 1, 0 0 1, 0 0 1,, ,m m mR r U J r W Y rb b b= -  (2.55) 

  

( ) ( ) ( )2 2, 0 0 2, 3 0 0 2, 3, ,m m mR r S J r v Y rb b b= -  (2.56) 

 

ʛʜʝ ʩʫ ʧʘʨʘʤʝʪʨʠ ʠʟ ʿ ʝʜʥʘʯʠʥʘ (2.54) ʠ (2.55), ʧʨʝʜʩʪʘʚˀʝʥʠ ʨʝʣʘʮʠʿʘʤʘ ʦʜ (2.57) ʜʦ (2.60): 

 

( ) ( )0 1 0 1 1 0 1 1 ,b b b¡= -dU Y r H Y r  (2.57) 
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( ) ( )0 1 0 1 1 0 1 1 ,b b b¡= -dW J r H J r  (2.58) 

  

( ) ( )0 2 0 2 3 0 2 3 ,dv J r H J rb b b¡= +  (2.59) 

  

( ) ( )0 2 0 2 3 0 3 .b b b¡= +d mS Y r H Y r  (2.60) 

 

ʉʦʧʩʪʚʝʥʝ ʬʫʥʢʮʠʿʝ, ( )1 1,n,Z zh ʠ ( )2 2,n,Z zh , ʩʝ ʦʜʨʝʹʫʿʫ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

 

( ) ( )1 1,n 1,n, cos , ,h h=Z z z  (2.61) 
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ʉʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ 
1,nh  ʩʫ ʧʦʟʠʪʠʚʥʘ ʨʝʰʝˁʘ ʿʝʜʥʘʯʠʥʝ (2.63): 

 

( )1,n 1,n 2tan .h h = dz H  (2.63) 

 

ʉʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ 
2,nh  ʩʫ ʧʦʟʠʪʠʚʥʘ ʨʝʰʝˁʘ ʿʝʜʥʘʯʠʥʝ (2.64): 
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ʅʦʨʤʝ ʩʫ ʜʦʙʠʿʝʥʝ ʠʟ ʩʣʝʜʝ˂ʠʭ ʨʝʣʘʮʠʿʘ: 
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2.3 ʅʫʤʝʨʠʯʢʘ ʠʩʪʨʘʞʠʚʘˁʘ 
 

ɼʘʥʘʩ, ʥʘʧʨʝʪʢʦʤ ʪʝʭʥʦʣʦʛʠʿʝ, ʝʢʩʧʝʨʠʤʝʥʪ ʩʝ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʫʥʘʧʨʝʜʠʪʠ ʠ ʚʨʝʤʝʥʩʢʠ 

ʩʢʨʘʪʠʪʠ ʫʩʧʝʰʥʠʤ ʩʧʨʦʚʦʹʝˁʝʤ ʥʫʤʝʨʠʯʢʠʭ ʩʠʤʫʣʘʮʠʿʘ, ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʫ ʫʢʫʧʥʠ 

ʪʨʦʰʢʦʚʠ ʨʘʟʚʦʿʘ ʥʦʚʦʛ ʠʣʠ ʫʩʘʚʨʰʘʚʘˁʝ ʧʦʩʪʦʿʝ˂ʝʛ ʧʨʦʠʟʚʦʜʘ. ʋ ʩʣʫʯʘʿʫ ʜʠʩʢ ʢʦʯʥʠʮʘ, 

ʥʘ ʦʩʥʦʚʫ ʜʦʩʘʜʘʰˁʠʭ ʠʩʢʫʩʪʚʘ ʚʠʰʝ ʠʩʪʨʘʞʠʚʘʯʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ, ʛʦʪʦʚʦ ʠʩʪʠ ʨʝʟʫʣʪʘʪʠ 

ʩʝ ʤʦʛʫ ʜʦʙʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʨʠʩʪʫʧʦʤ, ʢʘʦ ʠ ʥʫʤʝʨʠʯʢʠʤ [42]. ɿʘ ʫʩʧʝʰʥʫ 

ʧʨʠʤʝʥʫ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʢʨʦʟ ʧʦʩʪʦʿʝ˂ʝ ʢʦʤʝʨʮʠʿʘʣʥʝ ʩʦʬʪʚʝʨʝ ʟʘ 

ʤʦʜʝʣʠʨʘˁʝ ʢʦʯʥʠʭ ʩʠʩʪʝʤʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʟʥʘʚʘˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʿʘʣʘ ʦʜ 

ʢʦʿʠʭ ʩʫ ʠʟʨʘʹʝʥʠ ʜʝʣʦʚʠ ʩʢʣʦʧʘ ʢʦʯʥʠʮʝ. ʊʘʢʦʹʝ, ʫʟʠʤʘʿʫ ʩʝ ʫ ʦʙʟʠʨ ʠ ʨʘʟʣʠʯʠʪʝ 
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ʛʝʦʤʝʪʨʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʯʥʠʭ ʜʠʩʢʦʚʘ, ʢʘʦ ʠ ʧʨʦʙʣʝʤʠ ʚʝʟʘʥʠ ʟʘ ʭʘʙʘˁʝ ʠ 

ʢʦʨʦʟʠʿʫ. ɻʝʥʝʨʠʩʘˁʝ ʪʦʧʣʦʪʝ ʢʦʜ ʤʝʭʘʥʠʯʢʠʭ ʢʦʯʥʠʮʘ ʠʟʘʟʠʚʘ ʪʝʨʤʦʝʣʘʩʪʠʯʥʫ 

ʜʠʩʪʦʨʟʠʿʫ ʠ ʫʪʠʯʝ ʥʘ ʨʘʩʧʦʜʝʣʫ ʢʦʥʪʘʢʪʥʦʛ ʧʨʠʪʠʩʢʘ. ʇʦʿʘʚʘ ʢʦʿʘ ʥʘʿʚʠʰʝ ʫʪʠʯʝ ʥʘ 

ʪʝʨʤʠʯʢʘ ʥʘʧʨʝʟʘˁʘ ʢʦʯʥʠʭ ʜʠʩʢʦʚʘ ʿʝ ʪʝʨʤʦʝʣʘʩʪʠʯʥʘ ʥʝʩʪʘʙʠʣʥʦʩʪ ʠ ʿʘʚˀʘ ʩʝ ʢʘʜʘ 

ʙʨʟʠʥʘ ʢʣʠʟʘˁʘ ʧʨʝʹʝ ʢʨʠʪʠʯʥʫ ʚʨʝʜʥʦʩʪ. ʊʝʨʤʦʝʣʘʩʪʠʯʥʘ ʥʝʩʪʘʙʠʣʥʦʩʪ ʜʦʚʦʜʠ ʜʦ 

ʧʦʨʝʤʝ˂ʘʿʘ ʥʦʤʠʥʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʧʨʠʪʠʩʢʘ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʣʦʢʘʣʠʟʦʚʘʥʦʛ 

ʢʦʥʪʘʢʪʘ ʠ ʧʦʿʘʚʝ ʚʨʫ˂ʠʭ ʪʘʯʘʢʘ ʥʘ ʢʦʥʪʘʢʪʥʠʤ ʧʦʚʨʰʠʥʘʤʘ [20, 43]. ʇʦʨʝʜ ʪʦʛʘ ʤʦʞʝ 

ʜʦʚʝʩʪʠ ʠ ʜʦ ʧʦʿʘʚʝ ʚʠʙʨʘʮʠʿʘ, ʘ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʜʦʣʘʟʠ ʠ ʜʦ ʪʨʘʿʥʠʭ ʦʰʪʝ˂ʝˁʘ 

[44]. ʅʫʤʝʨʠʯʢʝ ʤʝʪʦʜʝ ʦʤʦʛʫ˂ʫʿʫ ʜʘ ʩʝ ʫ ʨʘʥʠʤ ʬʘʟʘʤʘ ʨʘʟʚʦʿʘ ʧʨʦʠʟʚʦʜʘ ʤʦʜʝʣʠʨʘ 

ʧʦʥʘʰʘˁʝ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ ʫ ʫʩʣʦʚʠʤʘ ʩʣʠʯʥʠʤ ʩʪʚʘʨʥʠʤ ʨʘʜʥʠʤ ʫʩʣʦʚʠʤʘ ʠ ʦʜʨʝʜʝ 

ʨʘʩʧʦʜʝʣʘ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʢʨʠʪʠʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ [45]. ʇʦʨʝʜ ʪʦʛʘ, ʥʫʤʝʨʠʯʢʝ ʤʝʪʦʜʝ ʤʦʛʫ 

ʧʨʫʞʠʪʠ ʩʤʝʨʥʠʮʝ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʢʦʯʥʠʮʘ, ʢʘʦ ʠ ʟʘ ʘʥʘʣʠʟʫ 

ʧʨʠʤʝˁʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʢʦʿʠʭ ˂ʝ ʩʝ ʠʟʨʘʹʠʚʘʪʠ ʢʦʯʥʠ ʜʠʩʢʦʚʠ [9].  

 

ʅʫʤʝʨʠʯʢʦ ʠʟʨʘʯʫʥʘʚʘˁʝ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʘʨʘ (ʪʝʨʤʠʯʢʝ ʧʨʦʚʦʜˀʠʚʦʩʪʠ, 

ʩʧʝʮʠʬʠʯʥʝ ʪʦʧʣʦʪʝ ʠ ʤʦʜʫʣʘ ʝʣʘʩʪʠʯʥʦʩʪʠ) ʫ ʬʫʥʢʮʠʿʠ ʪʝʤʧʝʨʘʪʫʨʝ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʫ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ [11] ʠ ʠʟʚʨʰʝʥʦ ʿʝ ʧʦʨʝʹʝˁʝ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ 

ʜʦʙʠʿʝʥʠʭ ʧʦʤʦ˂ʫ ʠʥʝʨʮʠʦʥʦʛ ʜʠʥʘʤʦʤʝʪʨʘ. ɺʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʙʠʿʝʥʠʭ 

ʥʫʤʝʨʠʯʢʠ ʠ ʧʨʚʦʛ ʮʠʢʣʫʩʘ ʢʦʯʝˁʘ ʜʦʙʠʿʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʩʝ ʨʘʟʣʠʢʫʿʝ ʟʘ 3,14% 

[11]. ʊʘʢʦʹʝ, ʫ ʦʢʚʠʨʫ ʠʩʪʨʘʞʠʚʘˁʘ [46] ʧʦʪʚʨʹʝʥʦ ʿʝ ʜʘ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʥʫʤʝʨʠʯʢʠʤ 

ʤʝʪʦʜʘʤʘ ʠʤʘʿʫ ʜʦʙʨʦ ʧʦʢʣʘʧʘˁʝ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ. 

 

ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʬʨʠʢʮʠʦʥʦʛ ʧʘʨʘ, ʦʩʪʚʘʨʝʥʦʛ 

ʧʨʠʪʠʩʢʘ ʠ ʫʛʘʦʥʝ ʙʨʟʠʥʝ. ʇʦʨʝʜ ʪʦʛʘ, ʧʦʩʪʦʿʠ ʪʝʞˁʘ ʧʨʦʠʟʚʦʹʘʯʘ ʢʦʯʥʠʭ ʩʠʩʪʝʤʘ, ʢʘʦ 

ʠ ʠʩʪʨʘʞʠʚʘʯʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ, ʜʘ ʩʝ ʩʘʤʦ ʤʘʣʠ ʜʝʦ ʪʦʧʣʦʪʝ ʧʨʝʥʝʩʝ ʥʘ ʢʦʯʥʝ ʧʣʦʯʠʮʝ, ʘ 

ʜʘ ʥʘʿʚʝ˂ʫ ʢʦʣʠʯʠʥʫ ʪʦʧʣʦʪʝ ʧʨʠʤʠ ʢʦʯʥʠ ʜʠʩʢ, ʘ ʟʘʪʠʤ ʜʘ ʿʝ ʧʨʝʥʝʩʝ ʫ ʦʢʦʣʠʥʫ [47]. 

ʎʠˀ ʿʝ ʜʘ ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʠʤʘʿʫ ʰʪʦ ʿʝ ʤʦʛʫ˂ʝ ʚʝ˂ʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ, ʢʘʢʦ ʙʠ 

ʟʘʜʦʚʦˀʠʣʝ ʧʨʚʠ ʫʩʣʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʫ ʪʦʧʣʦʪʫ, ʘ ʪʨʝʙʘ ʜʘ ʠʤʘʿʫ 

ʰʪʦ ʤʘˁʫ ʪʦʧʣʦʪʥʫ ʧʨʦʚʦʜˀʠʚʦʩʪ ʜʘ ʟʘʰʪʠʪʝ ʦʩʝʪˀʠʚʝ ʝʣʝʤʝʥʪʝ ʦʜ ʦʰʪʝ˂ʝˁʘ ʥʘʩʪʘʣʠʭ 

ʫʩʣʝʜ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ. ɺʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠʤʘ ʫʪʠʮʘʿ ʥʘ ʧʫʪ 

ʟʘʫʩʪʘʚˀʘˁʘ ʠʣʠ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʫʩʣʦʚʠʤʘ ʧʫʪʘ, ʰʪʦ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ 

ʙʝʟʙʝʜʥʦʩʪ ʚʦʟʘʯʘ, ʢʘʦ ʠ ʦʩʪʘʣʠʭ ʫʯʝʩʥʠʢʘ ʫ ʩʘʦʙʨʘ˂ʘʿʫ [48]. 

 

ʇʦʨʝʜ ʠʟʫʯʘʚʘˁʘ ʧʦʥʘʰʘˁʘ ʬʨʠʢʮʠʦʥʦʛ ʧʘʨʘ ʥʘ ʧʨʦʙʥʠʤ ʩʪʦʣʦʚʠʤʘ ʫ ʧʦʛʣʝʜʫ ʥʘʯʠʥʘ 

ʧʨʝʥʦʰʝˁʘ ʪʦʧʣʦʪʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʩʚʘʢʘ ʥʦʚʦʧʨʦʿʝʢʪʦʚʘʥʘ ʢʦʯʥʘ ʧʣʦʯʠʮʘ, ʫ ʬʘʟʠ 

ʨʘʟʚʦʿʘ, ʙʫʜʝ ʪʝʩʪʠʨʘʥʘ ʩʘ ʘʩʧʝʢʪʘ ʚʘʨʠʿʘʮʠʿʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʿʘʣʘ ʫ ʮʠˀʫ 

ʧʦʙʦˀʰʘˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʪʦʢʦʤ ʢʦʯʝˁʘ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ [49] ʧʦʩʤʘʪʨʘʥ ʿʝ ʩʘʤʦ 

ʪʝʨʤʦʤʝʭʘʥʠʯʢʠ ʢʦʥʪʘʢʪ ʬʨʠʢʮʠʦʥʦʛ ʧʘʨʘ ʠ ʘʥʘʣʠʟʠʨʘʥʦ ʧʦˀʝ ʪʝʨʤʠʯʢʠʭ ʥʘʧʦʥʘ ʟʘ 

ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʨʘʟʣʠʯʠʪʦʛ ʩʘʩʪʘʚʘ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʙʘʟʠ ʩʤʦʣʝ ʠ ʙʘʢʨʘ. ʀʩʧʠʪʠʚʘˁʝ ʩʝ 

ʟʘʩʥʠʚʘʣʦ ʥʘ ʤʝʨʝˁʫ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʦʥʪʘʢʪʥʠʤ ʧʦʚʨʰʠʥʘʤʘ. ʉʠʤʫʣʠʨʘʥʦ ʚʦʟʠʣʦ ʩʝ 

ʢʨʝʪʘʣʦ ʧʦʯʝʪʥʦʤ ʙʨʟʠʥʦʤ ʦʜ 120 km/h. ʅʘʢʦʥ 3,4 s ʦʜ ʧʦʯʝʪʢʘ ʢʦʯʝˁʘ, ʫ ʢʦʥʪʘʢʪʥʦʤ 

ʧʘʨʫ ʿ ʝ ʧʦʩʪʠʛʥʫʪʘ ʤʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʠʤʝ˂ʝʥʦ ʿ ʝ ʜʘ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʢʦʥʪʘʢʪʥʠʤ 

ʧʘʨʦʚʠʤʘ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʬʨʠʢʮʠʦʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʥʠʩʫ ʿ ʝʜʥʘʢʝ (ʫ ʿ ʝʜʥʦʤ ʢʦʥʪʘʢʪʥʦʤ ʧʘʨʫ 

ʿʝ 260 , ʘ ʫ ʜʨʫʛʦʤ 290 ). ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʟʥʘʯʘʿʥʠ ʟʘ ʧʨʦʮʝʩ ʦʧʪʠʤʘʣʥʦʛ 

ʠʟʙʦʨʘ ʬʨʠʢʮʠʦʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʠʟʨʘʜʫ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ [49].  

 

ɿʥʘʯʘʿʥʦ ʿʝ ʠʩʧʠʪʘʪʠ ʧʨʝʥʦʰʝˁʝ ʪʦʧʣʦʪʝ ʢʨʦʟ ʢʦʯʥʫ ʧʣʦʯʠʮʫ, ʢʘʢʦ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ 

ʩʫʚʠʰʝ ʚʝʣʠʢʦʛ ʟʘʛʨʝʚʘˁʘ ʢʦʯʥʝ ʪʝʯʥʦʩʪʠ, ʘ ʪʠʤʝ ʠ ʧʦʿʘʚʝ Ăʧʨʦʧʘʜʘˁʘñ ʢʦʯʥʝ ʧʝʜʘʣʝ. 

ʀʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʘʥʘʣʠʟʠʨʘʿʫ ʧʨʝʥʦʰʝˁʝ ʪʦʧʣʦʪʝ ʢʨʦʟ ʢʦʯʥʫ ʧʣʦʯʠʮʫ, ʧʦʢʘʟʫʿʫ ʜʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʘʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʨʘʩʪʦʿʘˁʘ ʦʜ ʧʦʚʨʰʠʥʝ ʢʦʥʪʘʢʪʘ ʩʘ ʢʦʯʥʠʤ ʜʠʩʢʦʤ [39]. 



ʇʨʝʛʣʝʜ ʠ ʘʥʘʣʠʟʘ ʜʦʩʘʜʘʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ 

ʬʨʠʢʮʠʦʥʦʛ ʧʘʨʘ ʜʠʩʢ ʢʦʯʥʠʮʝ 

29 

 

ʅʘ ʦʩʥʦʚʫ ʠʩʪʨʘʞʠʚʘˁʘ [50] ʦʪʢʨʠʚʝʥʦ ʿʝ ʜʘ ʬʨʠʢʮʠʦʥʝ ʧʦʚʨʰʠʥʝ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ 

ʘʢʫʤʫʣʠʨʘʿʫ ʚʝʣʠʢʫ ʢʦʣʠʯʠʥʫ ʪʦʧʣʦʪʝ ʠ ʟʙʦʛ ʣʦʰʝ ʪʦʧʣʦʪʥʝ ʧʨʦʚʦʜˀʠʚʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ 

ʢʦʯʥʝ ʧʣʦʯʠʮʝ, ʨʝʛʠʦʥʠ ʠʟʤʝʹʫ 1 mm ʠ 3 mm ʠʩʧʦʜ ʧʦʚʨʰʠʥʝ ʩʫ ʠʟʣʦʞʝʥʠ ʥʘʿʚʝ˂ʝʤ 

ʧʦʨʘʩʪʫ ʪʝʤʧʝʨʘʪʫʨʝ, ʰʪʦ ʤʦʞʝ ʜʘ ʠʤʘ ʦʟʙʠˀʥʝ ʧʦʩʣʝʜʠʮʝ. ʇʦʛʦʜʥʦʤ ʢʦʥʩʪʨʫʢʮʠʿʦʤ 

ʢʦʯʥʦʛ ʜʠʩʢʘ ʤʦʞʝ ʩʝ ʧʦʙʦˀʰʘʪʠ ʭʣʘʹʝˁʝ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ. ʋʢʦʣʠʢʦ ʙʠ ʩʝ ʦʜʘʙʨʘʦ ʢʦʯʥʠ 

ʜʠʩʢ ʩʘ ʨʘʜʠʿʘʣʥʠʤ ʨʝʙʨʠʤʘ ʢʦʿʘ ʠʤʘʿʫ ʠʩʪʫ ʫʣʦʛʫ ʢʘʦ ʠ ʚʝʥʪʠʣʘʪʦʨ, ʦʣʘʢʰʘʣʦ ʙʠ ʩʝ 

ʭʣʘʹʝˁʝ [39]. ʉʘʤ ʦʙʣʠʢ ʨʝʙʘʨʘ ʢʦʯʥʦʛ ʜʠʩʢ ʠʛʨʘ ʚʘʞʥʫ ʫʣʦʛʫ h ʪʦ ʩʝ ʪʠʯʝ ʭʣʘʹʝˁʘ ʠ ʧʨʠ 

ʪʦʤ ʦʙʝʟʙʝʹʫʿʝ ʜʦʙʨʫ ʦʪʧʦʨʥʦʩʪ ʥʘ ʪʝʨʤʠʯʢʘ ʥʘʧʨʝʟʘˁʘ [51]. 

 

ɼʘ ʙʠ ʩʝ ʩʧʨʝʯʠʣʝ ʥʝʛʘʪʠʚʥʝ ʧʦʿʘʚʝ ʚʝʟʘʥʝ ʟʘ ʪʝʨʤʠʯʢʘ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ, 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʩʝ ʢʦʯʥʠʮʘ ʢʦʥʩʪʨʫʢʮʠʿʩʢʠ ʨʝʰʠ ʪʘʢʦ ʜʘ ʤʦʞʝ ʜʘ Ăʠʟʜʨʞʠñ ʪʝʨʤʠʯʢʘ 

ʥʘʧʨʝʟʘˁʘ, ʦʜʥʦʩʥʦ ʜʘ ʩʝ ʩʧʨʝʯʠ ʧʦʿʘʚʘ ʥʘʩʪʘʥʢʘ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʠʿʘ, ʘ ʟʘʪʠʤ ʠ 

ʥʘʧʨʩʣʠʥʘ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʨʚʦ ʜʘ ʩʝ ʫʪʚʨʜʝ ʥʠʚʦʠ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ, ʘ 

ʟʘʪʠʤ ʘʥʘʣʠʟʠʨʘʿʫ ʫʪʠʮʘʿʠ ʨʘʜʥʠʭ ʫʩʣʦʚʘ ʥʘ ˁʠʭ. ʋ ʠʩʪʨʘʞʠʚʘˁʠʤʘ [52] ʢʦʨʠʰ˂ʝʥ ʿʝ 

Brembo ʪʝʩʪ ʛʫʙʠʪʢʘ ʝʬʠʢʘʩʥʦʩʪʠ ʩʘ ʯʝʪʨʥʘʝʩʪ ʧʦʥʦʚˀʝʥʠʭ ʢʦʯʝˁʘ ʦʜ ʧʦʯʝʪʥʝ ʙʨʟʠʥʝ 

160 km/h ʜʦ ʟʘʫʩʪʘʚˀʘˁʘ ʢʦʿʘ ʩʫ ʪʨʘʿʘʣʘ 7,55 s. ʀʟʤʝʹʫ ʩʚʘʢʦʛ ʢʦʯʝˁʘ, ʧʦʩʪʦʿʘʦ ʿʝ 

ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʦʜ 32 s ʫ ʢʦʤ ʢʦʯʥʠʮʝ ʥʠʩʫ ʙʠʣʝ ʘʢʪʠʚʥʝ, ʪʘʢʦ ʜʘ ʪʘʿ ʧʝʨʠʦʜ 

ʧʨʝʜʩʪʘʚˀʘ ʧʝʨʠʦʜ ʭʣʘʹʝˁʘ. ʅʘ ʢʨʘʿʫ ʠʩʧʠʪʠʚʘˁʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʯʥʦʛ ʜʠʩʢ ʩʝ ʢʨʝʪʘʣʘ 

ʦʢʦ 850  ʜʦ 900  ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʙʣʠʢʘ ʨʝʙʘʨʘ ʚʝʥʪʠʣʠʨʘʿʫ˂ʝʛ ʢʦʯʥʦʛ ʜʠʩʢʘ. 

ʀʩʪʨʘʞʠʚʘˁʘ ʩʫ ʠʤʘʣʘ ʟʘ ʮʠˀ ʜʘ ʟʘ ʪʝʰʢʝ ʨʘʜʥʝ ʫʩʣʦʚʝ ʧʨʦʮʝʥʝ ʝʬʠʢʘʩʥʦʩʪ ʠ 

ʩʪʘʙʠʣʥʦʩʪ ʚʝʥʪʠʣʠʨʘʿʫ˂ʠʭ ʢʦʯʥʠʭ ʜʠʩʢʦʚʘ (ʨʘʟʣʠʯʠʪʠʭ ʦʙʣʠʢʘ ʨʝʙʘʨʘ) ʠ ʧʦʢʘʟʘʣʦ ʩʝ ʜʘ 

ʦʥʠ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʢʦʯʥʠʭ ʜʠʩʢʦʚʘ ʩʘ ʧʫʥʠʤ ʧʦʧʨʝʯʥʠʤ ʧʨʝʩʝʢʦʤ, ʦʩʠʛʫʨʘʚʘʿʫ ʚʠʩʦʢ 

ʥʠʚʦ ʙʝʟʙʝʜʥʦʩʪʠ ʫ ʧʨʦʮʝʩʫ ʢʦʯʝˁʘ. ʋʢʦʣʠʢʦ ʩʝ ʚʦʟʠʣʦ ʢʦʨʠʩʪʠ ʫ ʝʢʩʪʨʝʤʥʠʤ 

ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ ʫʩʣʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʢʘʜʘ ʚʦʟʠʣʦ ʫ ʩʚʦʤ ʨʘʜʫ ʠʤʘ ʚʠʰʝ ʮʠʢʣʫʩʘ ʢʦʯʝˁʘ, 

ʤʦʛʫ ʩʝ ʧʦʩʪʠ˂ʠ ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʦʛ ʜʠʩʢʘ. ʀʩʪʨʘʞʠʚʘˁʝ [53] ʿʝ ʧʦʢʘʟʘʣʦ ʜʘ ʿʝ 

ʤʘʢʩʠʤʘʣʥʦ ʪʦʧʣʦʪʥʦ ʥʘʧʨʝʟʘˁʝ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʪʦʢʦʤ ʿʝʜʥʦʛ ʮʠʢʣʫʩʘ ʢʦʯʝˁʘ, ʣʠʥʝʘʨʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʧʦʨʘʩʪʫ ʪʝʤʧʝʨʘʪʫʨʝ ʜʠʩʢʘ. ʅʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʠʟʤʝʨʝʥʠʭ ʧʨʦʤʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʢʦʿʠ ʩʝ ʧʨʠʤʝˁʫʿʝ ʟʘ ʚʦʟʦʚʝ, ʠʟʚʨʰʝʥʦ ʿʝ ʧʨʝʜʚʠʹʘˁʝ ʟʘ ʢʦʿʝ 

ʚʨʝʤʝ ˂ʝ ʥʘʩʪʘʪʠ ʥʘʧʨʩʣʠʥʝ ʥʘ ʜʠʩʢʫ, ʢʦʨʠʩʪʝ˂ʠ ʚʝʟʫ ʠʟʤʝʹʫ ʧʦʨʘʩʪʘ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʪʦʧʣʦʪʥʦʛ ʥʘʧʨʝʟʘˁʘ. 

 

ʋ ʦʢʚʠʨʫ ʠʩʪʨʘʞʠʚʘˁʘ [54] ʨʘʟʤʘʪʨʘʥʠ ʩʫ ʠ ʫʪʠʮʘʿ ʧʦʚʝ˂ʘˁʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠʟʤʝʹʫ 

ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʨʰʠʥʘ, ʢʘʦ ʠ ʧʦʚʝ˂ʘˁʝ ʧʨʠʪʠʩʢʘ ʜʝʿʩʪʚʘ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʥʘ ʢʦʯʥʠ ʜʠʩʢ 

ʥʘ ʚʨʝʤʝ ʟʘʫʩʪʘʚˀʘˁʘ. ʇʨʠ ʪʦʤʝ ʩʝ ʿʘʚˀʘ ʪʝʞˁʘ ʜʘ ʙʨʟʠʥʘ ʢʣʠʟʘˁʘ2 ʙʫʜʝ ʰʪʦ ʤʘˁʘ, ʿʝʨ 

ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʩʘʤʦʛ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ [55]. ʇʦʨʝʜ ʪʦʛʘ, ʢʦʝʬʠʮʠʿʝʥʪ 

ʪʨʝˁʘ ʟʘʚʠʩʠ ʦʜ ʧʨʠʤʝˁʝʥʦʛ ʧʨʠʪʠʩʢʘ ʫ ʠʥʩʪʘʣʘʮʠʿʠ, ʿʝʨ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʧʨʠʪʠʩʢʘ ʠ 

ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ, ʜʦʣʘʟʠ ʜʦ ʚʝ˂ʝʛ ʟʘʛʨʝʚʘˁʘ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʨʰʠʥʘ, ʰʪʦ ʠʟʘʟʠʚʘ 

ʩʤʘˁʝˁʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʧʘ ʿʝ ʩʘʤʠʤ ʪʠʤ ʢʦʯʥʠ ʤʦʤʝʥʪ ʤʘˁʠ [56]. ʉʤʘˁʝˁʝ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʟʘ ʧʦʩʣʝʜʠʮʫ ʤʦʞʝ ʠʤʘʪʠ ʜʫʞʠ ʧʫʪ ʟʘʫʩʪʘʚˀʘˁʘ, ʪʘʢʦ ʜʘ ʩʝ ʪʝʞʠ ʜʘ 

ʩʝ ʧʨʦʥʘʹʫ ʦʧʪʠʤʘʣʥʠ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ ʜʘ ʢʦʯʥʠ ʧʫʪ ʙʫʜʝ ʰʪʦ ʢʨʘ˂ʠ. 

 

2.4 ʇʨʠʢʘʟ ʧʨʦʙʥʠʭ ʩʪʦʣʦʚʘ 
 

ʂʦʯʥʠʮʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʠʩʧʠʪʫʿʫ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʥʘ ʧʦʩʝʙʥʠʤ ʦʧʠʪʥʠʤ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ, ʪʟʚ. ʧʨʦʙʥʠʤ ʩʪʦʣʦʚʠʤʘ, ʢʦʿʠ ʩʫ ʥʘʿʯʝʰ˂ʝ ʠʥʝʨʮʠʦʥʠ ʜʠʥʘʤʦʤʝʪʨʠ. 

ʂʦʯʥʠʮʝ ʩʝ ʤʦʛʫ ʠʩʧʠʪʠʚʘʪʠ ʠ ʫ ʧʦʣʠʛʦʥʩʢʠʤ, ʦʜʥʦʩʥʦ ʧʫʪʥʠʤ ʫʩʣʦʚʠʤʘ, ʘʣʠ 

ʠʩʧʠʪʠʚʘˁʘ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʦʤʦʛʫ˂ʘʚʘ ʙʦˀʫ ʢʦʥʪʨʦʣʫ ʨʘʜʥʠʭ ʫʩʣʦʚʘ, ʧʘ ʪʠʤʝ ʠ 

                                                 
2 ɹʨʟʠʥʘ ʢʣʠʟʘˁʘ ʧʨʝʜʩʪʘʚˀʘ ʫʛʘʦʥʫ ʙʨʟʠʥʫ ʜʠʩʢʘ ʫ ʪʦʢʫ ʧʨʦʮʝʩʫ ʢʦʯʝˁʘ ʜʦʢ ʥʘ ˁʝʛʘ ʜʝʣʫʿʫ ʢʦʯʥʝ 

ʧʣʦʯʠʮʝ ʦʜʨʝʹʝʥʦʤ ʩʠʣʦʤ ʧʨʠʪʠʩʢʘ. 
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ʫʧʦʨʝʜʠʚʦʩʪ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʙʨʞʘ ʩʫ ʠ ʝʢʦʥʦʤʩʢʠ ʠʩʧʣʘʪʠʚʠʿʘ. ʂʘʢʦ ʩʚʠ 

ʬʨʠʢʮʠʦʥʠ ʤʝʭʘʥʠʟʤʠ, ʧʘ ʠ ʢʦʯʥʠʮʝ, ʦʩʪʚʘʨʫʿʫ ʩʚʦʿʫ ʬʫʥʢʮʠʿʫ ʧʨʝʪʚʘʨʘˁʝʤ ʢʠʥʝʪʠʯʢʝ 

ʝʥʝʨʛʠʿʝ ʫ ʪʦʧʣʦʪʫ, ʟʘʜʘʪʘʢ ʠʥʝʨʮʠʦʥʦʛ ʜʠʥʘʤʦʤʝʪʨʘ ʿʝ ʜʘ ʦʤʦʛʫ˂ʠ ʜʘ ʩʝ ʠʩʧʠʪʠʚʘʥʘ 

ʢʦʯʥʠʮʘ ʦʧʪʝʨʝʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʜʝʣʦʤ ʫʢʫʧʥʝ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʚʦʟʠʣʘ. ʆʚʘ ʝʥʝʨʛʠʿʘ 

ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʨʝʢʦ ʜʝʣʘ ʫʢʫʧʥʝ ʠʥʝʨʮʠʿʘʣʥʝ ʤʘʩʝ ʚʦʟʠʣʘ ʢʦʿʘ ʩʝ ʦʙʨ˂ʝ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ 

ʫʛʘʦʥʦʤ ʙʨʟʠʥʦʤ, ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʦʥʦʿ ʥʘ ʚʦʟʠʣʫ. ʎʠˀ ʠʩʧʠʪʠʚʘˁʘ ʢʦʯʥʠʮʝ ʧʦʤʦ˂ʫ 

ʠʥʝʨʮʠʦʥʦʛ ʜʠʥʘʤʦʤʝʪʨʘ ʿʝ ʧʨʫʞʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʛʦʨʝ ʥʘʚʝʜʝʥʝ 

ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʫ ʪʦʧʣʦʪʫ ʩʤʘˁʝˁʝʤ ʙʨʟʠʥʝ ʦʙʨʪʥʠʭ ʤʘʩʘ ʠ ˁʝʥʦ ʨʘʩʠʧʘˁʝ ʫ 

ʦʢʦʣʠʥʫ. ʆʚʘʿ ʧʨʠʥʮʠʧ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʦʤʦ˂ʫ ʟʘʤʘʿʥʠʭ ʤʘʩʘ ʥʘ ʢʦʿʝ ʩʝ ʯʚʨʩʪʦ ʧʦʚʝʟʫʿʝ 

ʨʦʪʠʨʘʿʫ˂ʠ ʜʝʦ ʠʩʧʠʪʠʚʘʥʝ ʢʦʯʥʠʮʝ. ʇʦʛʦʥʩʢʠ ʤʦʪʦʨ ʫʙʨʟʘʚʘ ʪʝ ʟʘʤʘʿʥʝ ʤʘʩʝ ʜʦ 

ʦʜʨʝʹʝʥʝ ʙʨʟʠʥʝ, ʘ ʟʘʪʠʤ ʠʭ ʢʦʯʥʠʮʦʤ ʫʩʧʦʨʘʚʘ ʜʦ ʜʘʪʝ ʢʨʘʿˁʝ ʥʠʞʝ ʙʨʟʠʥʝ ʠʣʠ ʜʦ 

ʟʘʫʩʪʘʚˀʘˁʘ. 

 

ʅʘ ʧʦʯʝʪʢʫ ʧʨʦʮʝʩʘ ʧʨʦʿʝʢʪʦʚʘˁʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ 

ʜʠʩʢ ʢʦʯʥʠʮʘ, ʙʠʣʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʠʟʚʨʰʠʪʠ ʧʨʝʛʣʝʜ ʧʦʩʪʦʿʝ˂ʠʭ ʩʪʦʣʦʚʘ, ʢʘʢʦ ʫ 

ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ, ʪʘʢʦ ʠ ʫ ʩʚʝʪʫ. ʇʦʨʝʜ ʘʥʘʣʠʟʝ ʤʦʛʫ˂ʥʦʩʪʠ ʚʝ˂ ʠʟʚʝʜʝʥʠʭ ʧʨʦʙʥʠʭ 

ʩʪʦʣʦʚʘ (ʤʝʨʥʝ ʚʝʣʠʯʠʥʝ, ʚʨʩʪʝ ʜʠʩʢ ʢʦʯʥʠʮʘ, ʮʝʥʘ, ʠʪʜ.), ʙʠʣʦ ʿʝ ʚʘʞʥʦ ʫʚʠʜʝʪʠ ʰʪʘ ʿʝ 

ʙʠʦ ʧʨʦʙʣʝʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʿʠ ʩʚʘʢʦʛ ʦʜ ˁʠʭ ʠ ʥʝ ʧʦʥʦʚʠʪʠ ʠʩʪʫ ʛʨʝʰʢʫ. 

 

2.4.1 ʇʨʠʤʝʨʠ ʧʨʦʙʥʠʭ ʩʪʦʣʦʚʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ 

 

ʄʘʰʠʥʩʢʠ ʬʘʢʫʣʪʝʪ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ʧʦʩʝʜʫʿʝ ʥʘʿʩʪʘʨʠʿʫ ʣʘʙʦʨʘʪʦʨʠʿʫ ʫ 

ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʢʦʿʘ ʩʝ ʙʘʚʠ ʠʩʧʠʪʠʚʘˁʝʤ ʢʦʯʥʠʮʘ ʠ ʢʦʿʘ ʿʝ ʫ ʬʫʥʢʮʠʿʠ ʦʜ 1966. 

ʛʦʜʠʥʝ [57]. ʅʘ ʄʘʰʠʥʩʢʦʤ ʬʘʢʫʣʪʝʪʫ ʫ ɹʝʦʛʨʘʜʫ ʧʦʩʪʦʿʝ ʚʠʰʝ ʧʨʦʙʥʠʭ ʩʪʦʣʦʚʘ, ʥʘ 

ʢʦʿʠʤʘ ʿʝ ʤʦʛʫ˂ʝ ʚʨʰʠʪʠ ʠʩʧʠʪʠʚʘˁʝ ʢʦʯʥʠʮʘ ʢʦʿʝ ʩʝ ʫʛʨʘʹʫʿʫ ʥʘ ʘʫʪʦʤʦʙʠʣʝ, ʣʘʢʘ 

ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ ʠ ʧʨʠʢʦʣʠʮʝ. ʇʨʠʤʝʨ ʿʝ ʧʨʦʙʥʠ ʩʪʦ PSK-20 ʥʘʤʝˁʝʥ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 

ʢʦʯʥʠʮʘ ʚʦʟʠʣʘ ʤʘˁʠʭ ʤʘʩʘ (ʩʣʠʢʘ 2.7). ʂʘʨʘʢʪʝʨʠʰʝ ʛʘ ʿ ʝʜʥʦʩʪʘʚʥʘ ʫʛʨʘʜˁʘ ʠʩʧʠʪʠʚʘʥʝ 

ʢʦʯʥʠʮʝ ʢʦʿʘ ʿʝ ʦʩʪʚʘʨʝʥʘ ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʢʘʢʦ ʩʝ ʦʙʠʯʥʦ ʫʛʨʘʹʫʿʝ ʥʘ ʚʦʟʠʣʦ ʟʘʿʝʜʥʦ ʩʘ 

ʪʦʯʢʦʤ. PSK-20 ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʩʣʝʜʝ˂ʠʭ ʦʩʥʦʚʥʠʭ ʛʨʫʧʘ:  

1. ʧʦʛʦʥʩʢʝ ʛʨʫʧʝ, 

2. ʩʝʪʘ ʦʜ 6 ʟʘʤʘʿʥʠʭ ʤʘʩʘ ʢʦʿʝ ʩʝ ʢʦʤʙʠʥʫʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʪʨʝʙʥʝ ʢʠʥʝʪʠʯʢʝ 

ʝʥʝʨʛʠʿʝ ʢʦʿʫ ʪʨʝʙʘ ʜʘ ʩʠʤʫʣʠʨʘʿʫ ʠ 

3. ʧʨʠʢˀʫʯʢʘ ʟʘ ʫʛʨʘʜˁʫ ʢʦʯʥʠʮʝ ʢʦʿʘ ʩʝ ʠʩʧʠʪʫʿʝ. 

 

 

ʉʣʠʢʘ 2.7 ʇʨʦʙʥʠ ʩʪʦ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʢʦʯʥʠʮʘ ʘʫʪʦʤʦʙʠʣʘ ʠ ʣʘʢʠʭ ʢʦʤʝʨʮʠʿʘʣʥʠʭ 

ʚʦʟʠʣʘ: 1-ʤʦʪʦʨ, 2-ʟʘʤʘʿʥʝ ʤʘʩʝ, 3-ʧʨʠʨʫʙʥʠʮʘ ʟʘ ʚʝʟʫ ʦʙʨʪʥʦʛ ʜʝʣʘ ʢʦʯʥʠʮʝ [58] 
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ʂʦʥʪʨʦʣʥʘ ʩʦʙʘ ʫ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʠ ʫʧʨʘʚˀʘʯʢʦ-ʢʦʥʪʨʦʣʥʠ ʠ ʤʝʨʥʠ ʩʠʩʪʝʤ ʿʝ ʠʟʜʚʦʿʝʥʘ ʦʜ 

ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʫ ʮʠˀʫ ʦʙʝʟʙʝʹʠʚʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ. 

 

ʇʦʨʝʜ ʧʨʦʙʥʦʛ ʩʪʦʣʘ PSK-20, ʧʦʩʪʦʿʠ ʠ ʧʨʦʙʥʠ ʩʪʦ PSK-11/30, ʢʦʿʠ ʿʝ ʥʘʤʝˁʝʥ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʢʦʯʥʠʮʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʥʘ ʪʝʰʢʠʤ ʢʦʤʝʨʮʠʿʘʣʥʠʤ ʚʦʟʠʣʠʤʘ, ʩʣʠʢʘ 2.8. 

 

 

ʉʣʠʢʘ 2.8 ʇʨʦʙʥʠ ʩʪʦ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʢʦʯʥʠʮʘ ʪʝʰʢʠʭ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʚʦʟʠʣʘ [57] 

 

2.4.2 ʇʨʠʤʝʨʠ ʧʨʦʙʥʠʭ ʩʪʦʣʦʚʘ ʫ ʩʚʝʪʫ 

 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʝʜʤʝʪʘ ʠʩʧʠʪʠʚʘˁʘ ʠ ʞʝˀʝʥʠʭ ʧʨʦʛʨʘʤʘ ʠʩʧʠʪʠʚʘˁʘ, ʬʦʨʤʠʨʘ ʩʝ 

ʤʝʨʥʘ ʠʥʩʪʘʣʘʮʠʿʘ. ʅʘ ʩʣʠʮʠ 2.9 ʿʝ ʧʨʠʢʘʟʘʥ ʿʝʜʥʦʩʪʘʚʘʥ ʧʨʦʙʥʠ ʩʪʦ [59], ʯʠʿʘ ʿʝ ʥʘʤʝʥʘ 

ʠʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʧʦʿʘʚʫ ʰʢʨʠʧʝ ʜʠʩʢ ʢʦʯʥʠʮʘ. ʇʨʦʙʥʠ ʩʪʦ ʥʝ ʤʦʞʝ ʜʘ 

ʩʠʤʫʣʠʨʘ ʚʦʟʠʣʦ ʢʦʿʝ ʩʝ ʢʨʝ˂ʝ ʚʝʣʠʢʠʤ ʙʨʟʠʥʘʤʘ, ʿʝʨ ʥʝʤʘ ʟʘʤʘʿʥʫ ʤʘʩʫ. ʇʦʿʘʚʘ ʰʢʨʠʧʝ 

ʩʝ ʿʘʚˀʘ ʧʨʠ ʥʠʞʠʤ ʙʨʟʠʥʘʤʘ ʢʨʝʪʘˁʘ, ʧʘ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ ʟʘʤʘʿʥʘ ʤʘʩʘ ʥʠʿʝ ʥʠ ʙʠʣʘ 

ʧʦʪʨʝʙʥʘ. ʆʥʦ h ʪʦ ʿ ʝ ʟʘʥʠʤˀʠʚʦ ʥʘ ʦʚʦʤ ʧʨʦʙʥʦʤ ʩʪʦʣʫ ʿ ʝ ʜʘ ʩʝ ʢʦʯʥʠʮʘ ʘʢʪʠʚʠʨʘ ʨʫʯʥʦ, 

ʦʢʨʝʪʘˁʝʤ ʪʦʯʢʘ. ʀʩʪʠ ʧʨʠʥʮʠʧ ʘʢʪʠʚʠʨʘˁʘ ʢʦʯʥʠʮʘ ʤʦʞʝ ʩʝ ʩʨʝʩʪʠ ʠ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ 

ʢʦʨʠʰ˂ʝʥʦʤ ʫ ʠʩʪʨʘʞʠʚʘˁʫ [55], ʢʘʦ ʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ [60]. ʆʜʘʪʣʝ ʩʣʝʜʠ ʟʘʢˀʫʯʘʢ ʜʘ ʿʝ 

ʦʚʘʢʘʚ ʧʨʠʥʮʠʧ ʘʢʪʠʚʠʨʘˁʘ ʢʦʯʥʠʮʘ ʚʝʦʤʘ ʿʝʜʥʦʩʪʘʚʘʥ ʠ ʧʨʠʪʦʤ ʥʝ ʟʘʭʪʝʚʘ ʥʝʢʘ ʚʝ˂ʘ 

ʥʦʚʯʘʥʘ ʫʣʘʛʘˁʘ. ʄʝʨʝˁʝ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ ʢʦʿʠ ʿ ʝ ʢʦʨʠʰ˂ʝʥ ʫ ʨʘʜʫ [60] 

ʩʝ ʨʝʘʣʠʟʫʿʝ ʧʦʩʨʝʜʥʦ, ʧʦʤʦ˂ʫ ʜʘʚʘʯʘ ʩʠʣʝ, ʩʣʠʢʘ 2.10. ɱʝʜʥʦʩʪʘʚʥʦʤ ʘʥʘʣʠʪʠʯʢʦʤ 

ʿʝʜʥʘʯʠʥʦʤ ʠʟ ʬʠʟʠʢʝ ʩʝ ʜʦʣʘʟʠ ʜʦ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ Ăʩʠʣʘ ʧʫʪʘ ʢʨʘʢñ. 

 

 

ʉʣʠʢʘ 2.9 ʇʨʦʙʥʠ ʩʪʦ ï ʜʠʥʘʤʦʤʝʪʘʨʩʢʘ ʰʘʩʠʿʘ [59] 
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ʉʣʠʢʘ 2.10 ʇʨʦʙʥʠ ʩʪʦ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʚʠʙʨʘʮʠʿʘ ʪʦʢʦʤ ʢʦʯʝˁʘ [60] 

 

ʀʥʩʪʠʪʫʪ ʟʘ ʠʩʪʨʘʞʠʚʘˁʝ ʠ ʨʘʟʚʦʿ ʘʫʪʦʤʦʙʠʣʘ BOSMAL ʿʝ ʧʦˀʩʢʘ ʣʘʙʦʨʘʪʦʨʠʿʘ ʢʦʿʘ ʩʝ 

ʙʘʚʠ ʠʩʧʠʪʠʚʘˁʝʤ ʢʦʯʥʠʮʘ. ʅʘ ʩʣʠʮʠ 2.11 ʿʝ ʧʨʠʢʘʟʘʥ ʠʟʛʣʝʜ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʢʦʯʥʠʮʘ, ʜʦʢ ʿʝ ʧʦʨʝʜ ˁʝʛʘ ʜʘʪʘ ʩʣʠʢʘ ʢʦʿʘ ʠʣʫʩʪʨʫʿʝ ʥʘʯʠʥ ʧʦʩʪʘʚˀʘˁʘ 

ʪʝʨʤʦʧʘʨʦʚʘ ʥʘ ʢʦʥʪʘʢʪʥʫ ʧʦʚʨʰʠʥʫ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʢʘʦ ʠ ʩʘʤ ʧʨʦʮʝʩ ʠʩʧʠʪʠʚʘˁʘ ʧʨʠ 

ʝʢʩʪʨʝʤʥʠʤ ʫʩʣʦʚʠʤʘ ʢʦʯʝˁʘ. ʋ ʪʘʙʝʣʠ 2.1 ʜʘʪʘ ʿʝ ʪʝʭʥʠʯʢʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʧʨʦʙʥʦʛ 

ʩʪʦʣʘ ʧʨʠʢʘʟʘʥʦʛ ʩʣʠʢʦʤ 2.11. ʇʨʦʮʝʜʫʨʝ ʧʦ ʢʦʿʠʤʘ ʿʝ ʤʦʛʫ˂ʝ ʚʨʰʠʪʠ ʠʩʧʠʪʠʚʘˁʝ ʥʘ 

ʧʨʠʢʘʟʘʥʦʤ ʧʨʦʙʥʦʤ ʩʪʦʣʫ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʜʠʩʢ ʢʦʯʥʠʮʘ ʩʫ [61]: 

¶ ʨʝʬʝʨʝʥʪʥʝ ʤʝʪʦʜʝ ʠʩʧʠʪʠʚʘˁʘ, 

¶ SAE ʩʧʝʮʠʿʘʣʠʟʠʨʘʥʠ ʪʝʩʪʦʚʠ - SAE-J2521 ï ĂAK-Noiseò, SAE-J2522 ï ĂAK-

Masterò, 

¶ ISO ʩʧʝʮʠʿʘʣʠʟʠʨʘʥʠ ʪʝʩʪʦʚʠ - ISO 26867, 

¶ JASO ʩʪʘʥʜʘʨʜʠ - JASO C406, JASO C427, JASO C443; 

¶ UN ECE ʨʝʛʫʣʘʪʠʚʝ ï ʈʝʛʫʣʘʪʠʚʘ ʙʨʦʿ 90 ʠ 

¶ ʩʪʘʥʜʘʨʜʠ ʧʨʦʠʟʚʦʹʘʯʘ ʘʫʪʦʤʦʙʠʣʘ, ʢʘʦ ʠ ʤʥʦʛʠ ʜʨʫʛʠ.  

 

 

 

 

ʉʣʠʢʘ 2.11 ʀʟʛʣʝʜ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʜʠʩʢ ʢʦʯʥʠʮʘ (ʣʝʚʦ) ʠ ʧʨʦʮʝʩ 

ʠʩʧʠʪʠʚʘˁʘ (ʜʝʩʥʦ) [61] 

 

ʇʨʠʤʝˁʝʥʠ ʠʥʝʨʮʠʦʥʠ ʜʠʥʘʤʦʤʝʪʘʨ ʫ ʠʩʪʨʘʞʠʚʘˁʫ [62], ʠʤʘ ʤʦʪʦʨ ʿʝʜʥʦʩʤʝʨʥʝ ʩʪʨʫʿʝ. 

ʅʝʜʦʩʪʘʪʘʢ ʦʚʦʛ ʤʦʪʦʨʘ ʿʝʩʪʝ ʰʪʦ ʩʝ ʥʘ ˁʝʤʫ ʥʝ ʤʦʞʝ ʨʝʛʫʣʠʩʘʪʠ ʙʨʦʿ ʦʙʨʪʘʿʘ, ʚʝ˂ ʿʝ ʦʥ 

ʢʦʥʩʪʘʥʪʘʥ. ʂʘʢʦ ʙʠ ʙʠʣʘ ʤʦʛʫ˂ʘ ʨʝʛʫʣʘʮʠʿʘ ʙʨʦʿʘ ʦʙʨʪʘʿʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʫʛʨʘʜʠʪʠ ʤʝˁʘʯ, 
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ʰʪʦ ʜʦʜʘʪʥʦ ʫʪʠʯʝ ʥʘ ʧʦʨʘʩʪ ʮʝʥʝ ʧʨʦʙʥʦʛ ʩʪʦʣʘ. ʄʝʹʫʪʠʤ, ʫʢʦʣʠʢʦ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ 

ʩʠʤʫʣʠʨʘ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʚʦʟʠʣʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʩʪʦʿʘˁʝ ʚʠʰʝ ʟʘʤʘʿʥʠʭ ʤʘʩʘ ʢʦʿʝ ʩʝ 

ʢʦʤʙʠʥʫʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʤʘʩʝ ʘʥʘʣʠʟʠʨʘʥʦʛ ʚʦʟʠʣʘ, ʩʣʠʢʘ 2.12. ɺʝʟʘ ʠʟʤʝʹʫ ʤʝˁʘʯʘ ʠ 

ʟʘʤʘʿʥʠʭ ʤʘʩʘ ʿʝ ʦʩʪʚʘʨʝʥʘ ʧʨʝʢʦ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʝ ʩʧʦʿʥʠʮʝ. ʋ ʪʦʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ, 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʘ ʩʧʦʿʥʠʮʘ ʿʝ ʠʩʢˀʫʯʝʥʘ, ʢʘʢʦ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ ʦʪʢʘʟʘ ʤʝˁʘʯʘ, ʢʘʦ ʠ 

ʝʣʝʢʪʨʦʤʦʪʦʨʘ. 

 

ʊʘʙʝʣʘ 2.1 ʊʝʭʥʠʯʢʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ [61] 

ʉʥʘʛʘ ʤʦʪʦʨʘ ʿʝʜʥʦʩʤʝʨʥʝ ʩʪʨʫʿʝ 186 kW 

ʆʧʩʝʛ ʙʨʟʠʥʝ  0 - 2500 o/min 

ʄʘʢʩʠʤʘʣʥʠ ʢʦʯʥʠ ʤʦʤʝʥʪ 5650 Nm 

ʄʘʢʩʠʤʘʣʥʠ ʢʦʯʥʠ ʧʨʠʪʠʩʘʢ 200 bar 

ʄʘʢʩʠʤʘʣʥʠ ʩʢʦʢ ʧʨʠʪʠʩʢʘ 1000 bar/s 

 

ɱʦʰ ʿʝʜʘʥ ʧʨʦʙʥʠ ʩʪʦ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 2.13 [63]. 

ʇʨʦʙʥʠ ʩʪʦ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʢʦʯʥʦʛ ʫʨʝʹʘʿʘ ʠ ʤʦʪʦʨʘ. ʉʘʤ ʧʨʦʙʥʠ ʩʪʦ ʧʨʝʜʩʪʘʚˀʘ ʯʝʪʚʨʪʠʥʫ 

ʚʦʟʠʣʘ, ʘ ʧʦʨʝʜ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ ʫʢˀʫʯʫʿʝ ʠ ʩʠʩʪʝʤ ʝʣʘʩʪʠʯʥʦʛ ʦʩʣʘˁʘˁʘ. ʆʚʘʢʘʚ ʩʠʩʪʝʤ, 

ʧʦʨʝʜ ʠʩʧʠʪʠʚʘˁʘ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ ʦʤʦʛʫ˂ʫʿʝ ʠ ʠʩʧʠʪʠʚʘˁʝ ʫʜʘʨʘ, 

ʢʦʿʠ ʩʝ ʿ ʘʚˀʘʿʫ ʪʦʢʦʤ ʢʦʯʝˁʘ ʠ ʢʦʿʠ ʩʝ ʜʘˀʝ ʧʨʝʥʦʩʝ ʧʨʝʢʦ ʩʠʩʪʝʤʘ ʝʣʘʩʪʠʯʥʦʛ ʦʩʣʘˁʘˁʘ 

ʥʘ ʢʘʨʦʩʝʨʠʿʫ ʚʦʟʠʣʘ. ʇʦʨʝʜ ʪʦʛʘ, ʦʤʦʛʫ˂ʘʚʘ ʠ ʬʨʝʢʚʝʥʪʥʫ ʘʥʘʣʠʟʫ ʧʦʙʫʜʝ ʢʦʿʝ ʧʦʪʠʯʫ 

ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʢʦʤʧʦʥʝʥʪʠ. ʂʦʯʥʠ ʜʠʩʢ ʿʝ ʫ ʜʠʨʝʢʪʥʦʿ ʚʝʟʠ ʩʘ ʤʦʪʦʨʦʤ, ʯʠʿʘ ʿʝ ʩʥʘʛʘ 

110 kW, ʙʨʦʿ ʦʙʨʪʘʿʘ ʿʝ 2400 o/min ʠ ʤʘʢʩʠʤʘʣʥʠ ʤʦʤʝʥʪ ʢʦʯʝˁʘ 700 Nm. ʂʦʯʥʠʮʘ ʩʝ 

ʘʢʪʠʚʠʨʘ ʧʦʤʦ˂ʫ ʧʥʝʫʤʘʪʠʯʢʦʛ ʮʠʣʠʥʜʨʘ, ʢʦʿʠ ʢʦʥʪʨʦʣʠʰʝ ʭʠʜʨʘʫʣʠʯʢʠ ʧʨʠʪʠʩʘʢ ʫ 

ʛʣʘʚʥʦʤ ʢʦʯʥʦʤ ʮʠʣʠʥʜʨʫ ʠ ʦʤʦʛʫ˂ʘʚʘ ʧʦʥʘʚˀʘˁʝ ʢʦʯʝˁʘ ʩʘ ʧʦʪʧʫʥʦ ʠʩʪʠʤ ʧʨʠʪʠʩʢʦʤ. 

 

  

ʉʣʠʢʘ 2.12 ʇʨʦʙʥʠ ʩʪʦ T-33 [62] ʉʣʠʢʘ 2.13 ʇʨʦʙʥʠ ʩʪʦ ʢʦʿʠ ʩʠʤʫʣʠʨʘ 

ʯʝʪʚʨʪʠʥʫ ʚʦʟʠʣʘ ʩʘ ʩʠʩʪʝʤʦʤ ʝʣʘʩʪʠʯʥʦʛ 

ʦʩʣʘˁʘˁʘ [63] 

 

ʇʦʨʝʜ ʢʦʤʧʣʝʢʩʥʠʭ, ʧʦʩʪʦʿʝ ʠ ʧʨʦʙʥʠ ʩʪʦʣʦʚʠ ʢʦʿʠ ʩʫ ʜʘʣʝʢʦ ʿʝʜʥʦʩʪʘʚʥʠʿʠ. ʉʣʦʞʝʥʦʩʪ 

ʩʘʤʦʛ ʩʠʩʪʝʤʘ ʟʘʚʠʩʠ ʦʜ ʤʝʨʥʠʭ ʚʝʣʠʯʠʥʘ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʘʪʠʪʠ, ʧʦʪʨʝʙʥʝ 

ʧʨʝʮʠʟʥʦʩʪʠ ʩʠʤʫʣʠʨʘˁʘ ʥʝʢʦʛ ʚʦʟʠʣʘ, ʨʘʜʥʠʭ ʫʩʣʦʚʘ, ʢʘʦ ʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ. ɱʝʜʘʥ 

ʪʘʢʘʚ ʩʠʩʪʝʤ ʧʨʠʢʘʟʘʥ ʿʝ ʩʣʠʢʦʤ 2.14 [28]. ɸʢʪʠʚʠʨʘˁʝ ʤʦʪʦʨʘ ʠ ʢʦʯʥʠʮʝ ʩʝ ʚʨʰʠ ʧʨʝʢʦ 

ʧʦʣʫʛʘ. ɿʘʤʘʿʥʘ ʤʘʩʘ ʧʨʠʤʝˁʝʥʘ ʥʘ ʦʚʘʢʚʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʦʜʨʝʹʫʿʝ ʢʦʿʝ ˂ʝ ʚʦʟʠʣʦ ʙʠʪʠ 

ʩʠʤʫʣʠʨʘʥʦ ʠ ʢʦʿʫ ʙʨʟʠʥʫ ˂ʝ ʠʤʘʪʠ ʥʘ ʧʦʯʝʪʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ, ʩʚʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʧʨʠʤʝˁʝʥʝ ʟʘʤʘʿʥʝ ʤʘʩʝ, ʢʘʦ ʠ ʙʨʟʠʥʝ ʨʦʪʘʮʠʿʝ. 
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ʉʣʠʢʘ 2.14 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʨʦʙʥʠ ʩʪʦ [28] 

 

ʇʨʦʙʥʠ ʩʪʦ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʝʪʥʦʛ ʚʦʟʠʣʘ ʧʨʠ ʢʨʝʪʘˁʫ ʥʘ ʥʠʟʙʨʜʠʮʠ, ʜʘʪ ʿʝ ʥʘ ʩʣʠʮʠ 

2.15 [64]. ʀʥʩʪʘʣʘʮʠʿʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʘʩʠʥʭʨʦʥʦʛ ʤʦʪʦʨʘ ʥʘʠʟʤʝʥʠʯʥʝ ʩʪʨʫʿʝ (1), ʥʘʧʦʥʘ 

400 V, ʩʥʘʛʝ 37 kW (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʦʙʨʪʘʿʘ ʝʣʝʢʪʨʦʤʦʪʦʨʘ 1500 o/min). ɹʨʟʠʥʘ ʩʝ 

ʨʝʜʫʢʫʿʝ ʧʨʝʢʦ ʤʝˁʘʯʘ (2) ʩʘ ʧʨʝʥʦʩʥʠʤ ʦʜʥʦʩʦʤ 3,7:1 [65]. ɹʨʟʠʥʘ ʩʝ ʨʝʛʫʣʠʰʝ ʧʨʝʢʦ 

ʬʨʝʢʚʝʥʪʥʦʛ ʨʝʛʫʣʘʪʦʨʘ (13) ʫʟ ʧʦʤʦ˂ ʨʘʯʫʥʘʨʘ, ʢʦʿʠ ʩʝ ʥʘʧʘʿʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ 

ʠʟ ʨʘʟʚʦʜʥʝ ʢʫʪʠʿʝ (12). ʆʙʨʪʥʠ ʤʦʤʝʥʪ ʦʜ ʤʦʪʦʨʘ ʥʘ ʚʨʘʪʠʣʫ (9) ʩʝ ʧʨʝʥʦʩʠ ʧʨʝʢʦ 

ʝʣʘʩʪʠʯʥʝ ʩʧʦʿʥʠʮʝ (3). ʆʩʦʚʠʥʘ ʿʝ ʫ ʜʚʝ ʪʘʯʢʝ ʦʩʣʦˁʝʥʘ ʧʨʝʢʦ ʣʝʞʘʿʝʚʘ (8) ʥʘ ʧʦʩʪʦˀʝ 

ʧʨʦʙʥʦʛ ʩʪʦʣʘ. ʅʘ ʜʨʫʛʦʤ ʢʨʘʿʫ ʚʨʘʪʠʣʘ ʥʘʣʘʟʠ ʩʝ ʧʨʠʨʫʙʥʠʮʘ ʥʘ ʢʦʿʫ ʩʝ ʧʨʠʯʚʨʰ˂ʫʿʝ 

ʢʦʯʥʠ ʜʠʩʢ (4). ʇʣʠʚʘʿʫ˂ʘ ʩʪʝʛʘ (6) ʿʝ ʫ ʯʚʨʩʪʦʿ ʚʝʟʠ ʩʘ ʧʦʩʪʦˀʝʤ ʧʨʦʙʥʦʛ ʩʪʦʣʘ. 

ɸʢʪʠʚʠʨʘˁʝ ʢʦʯʥʠʮʘ ʩʝ ʚʨʰʠ ʧʨʝʢʦ ʧʥʝʫʤʘʪʠʯʢʦʛ ʩʠʩʪʝʤʘ ʟʘ ʢʦʯʝˁʝ (7), ʘ ʧʦʪʦʤ ʩʝ 

ʧʨʠʪʠʩʘʢ ʧʨʝʥʦʩʠ ʥʘ ʢʦʯʥʝ ʧʣʦʯʠʮʝ (5). ʂʦʤʧʨʠʤʦʚʘʥʠ ʚʘʟʜʫʭ ʜʦ ʧʥʝʫʤʘʪʠʯʢʦʛ ʩʠʩʪʝʤʘ 

ʟʘ ʢʦʯʝˁʝ ʜʦʣʘʟʠ ʧʨʝʢʦ ʚʦʜʘ (10). ʋʧʨʘʚˀʘˁʝ ʧʥʝʫʤʘʪʠʯʢʦʛ ʩʠʩʪʝʤʘ ʟʘ ʢʦʯʝˁʝ ʩʝ ʚʨʰʠ 

ʧʨʝʢʦ ʜʠʛʠʪʘʣʥʦʛ ʨʝʛʫʣʘʪʦʨʘ ʧʨʠʪʠʩʢʘ (11). ʅʘ ʠʟʣʘʟʫ ʨʝʛʫʣʘʪʦʨʘ ʧʨʠʢˀʫʯʝʥ ʿ ʝ ʪʨʦʬʘʟʥʠ 

ʤʝʨʘʯ ʩʥʘʛʝ (14). 

 

 

ʉʣʠʢʘ 2.15 ʇʨʦʙʥʠ ʩʪʦ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʜʠʩʢ ʢʦʯʥʠʮʘ ʩʘ ʩʚʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ [64] 

 

ɺʝʣʠʯʠʥʝ ʢʦʿʝ ʩʝ ʧʨʘʪʝ ʪʦʢʦʤ ʠʩʧʠʪʠʚʘˁʘ ʥʘ ʢʦʯʥʦʤ ʜʠʩʢʫ ʤʦʛʫ ʙʠʪʠ ʨʘʟʣʠʯʠʪʝ, ʧʘ 

ʩʘʤʠʤ ʪʠʤ ʠ ʧʨʠʤʝˁʝʥʠ ʜʘʚʘʯʠ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʪʘʢʚʘ ʤʝʨʝˁʘ. ɱʝʜʘʥ ʧʨʠʤʝʨ ʜʘʪ ʿʝ ʥʘ 

ʩʣʠʮʠ 2.16 [66], ʛʜʝ ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʧʦʩʪʦʿʝ ʪʨʠ ʪʝʨʤʦʧʘʨʘ ʢʦʿʠ ʩʫ ʫ ʩʪʘʣʥʦʤ 

ʢʦʥʪʘʢʪʫ ʩʘ ʢʦʯʥʠʤ ʜʠʩʢʦʤ, ʥʘʣʘʟʝ ʩʝ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʨʘʜʠʿʫʩʠʤʘ ʠ ˁʠʤʘ ʩʝ ʧʨʘʪʠ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ. ʊʘʢʦʹʝ, ʫ ʫʥʫʪʨʘʰˁʦʩʪʠ ʩʚʘʢʝ ʧʣʦʯʠʮʝ ʩʝ 

ʥʘʣʘʟʠ ʧʦ ʿʝʜʘʥ ʪʝʨʤʦʧʘʨ, ʥʝʧʦʩʨʝʜʥʦ ʠʩʧʦʜ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ. ɼʘʚʘʯ ʧʨʠʪʠʩʢʘ ʩʝ 

ʥʘʣʘʟʠ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʠ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʧʦʢʘʟʫʿʝ ʪʨʝʥʫʪʥʫ ʚʨʝʜʥʦʩʪ ʢʦʯʥʦʛ 

ʧʨʠʪʠʩʢʘ. ʇʦʨʝʜ ʪʦʛʘ, ʧʦʩʤʘʪʨʘ ʩʝ ʠ ʧʦʤʝʨʘˁʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ. ʋ 

ʩʣʫʯʘʿʫ ʧʨʘ˂ʝˁʘ ʧʦʿʘʚʝ ʙʫʢʝ ʢʦʿʘ ʧʦʪʠʯʝ ʦʜ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ, ʢʦʯʥʠ ʩʠʩʪʝʤ ʤʦʨʘ ʙʠʪʠ 

ʦʜʚʦʿʝʥ ʦʜ ʧʦʛʦʥʩʢʦʛ ʜʝʣʘ, ʩʧʦʿʥʠʮʝ ʠ ʟʘʤʘʿʥʝ ʤʘʩʝ ʠ ʩʤʝʰʪʝʥ ʫ ʛʣʫʚʫ ʢʦʤʦʨʫ, ʩʣʠʢʘ 2.17 

[67]. ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʧʦʨʝʜ ʪʨʠ ʪʝʨʤʦʧʘʨʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʝ ʥʘ ʨʘʟʣʠʯʠʪʠʤ 

ʨʘʜʠʿʫʩʠʤʘ ʜʠʩʢʘ, ʤʦʞʝ ʩʝ ʧʨʘʪʠʪʠ ʠ ʧʨʝʢʦ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ, ʩʣʠʢʘ 2.18 [64]. 

ʄʝʹʫʪʠʤ, ʧʨʠʤʝʥʘ ʢʦʥʪʘʢʪʥʠʭ ʪʝʨʤʦʧʘʨʦʚʘ ʢʦʿʠʤʘ ʩʝ ʧʨʘʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʨʰʠʥʠ 

ʢʦʯʥʦʛ ʜʠʩʢʘ ʠʤʘ ʠ ʿʝʜʘʥ ʚʝʣʠʢʠ ʥʝʜʦʩʪʘʪʘʢ. ʋ ʪʦʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ 

ʚʠʙʨʘʮʠʿʘ ʥʘ ʢʦʯʥʦʤ ʜʠʩʢʫ, ʢʘʦ ʠ ʜʦ ʛʫʙʠʪʢʘ ʢʦʥʪʘʢʪʘ ʠʟʤʝʹʫ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʥʪʘʢʪʥʠʭ 

ʪʝʨʤʦʧʘʨʦʚʘ. ʆʚʦ ʧʨʦʫʟʨʦʢʫʿʝ ʧʦʿʘʚʫ ʛʨʝʰʢʝ ʪʦʢʦʤ ʤʝʨʝˁʘ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʦʥʪʘʢʪʥʦʿ 

ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ ʧʨʠʤʝʥʦʤ ʢʦʥʪʘʢʪʥʠʭ ʪʝʨʤʦʧʘʨʦʚʘ. 

 

 
 

ʉʣʠʢʘ 2.16 ʀʟʛʣʝʜ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʩʘ 

ʧʨʠʤʝˁʝʥʠʤ ʜʘʚʘʯʠʤʘ [66] 

ʉʣʠʢʘ 2.17 ʇʨʦʙʥʠ ʩʪʦ ʟʘ ʧʨʘ˂ʝˁʝ 

ʧʦʿʘʚʝ ʙʫʢʝ ʜʠʩʢ ʢʦʯʥʠʮʝ [67] 

 

 

ʉʣʠʢʘ 2.18 ʇʦʟʠʮʠʿʘ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʙʥʠ ʩʪʦ [64] 

 

ʅʘ ʦʩʥʦʚʫ ʧʨʠʢʘʟʘʥʠʭ ʧʨʦʙʥʠʭ ʩʪʦʣʦʚʘ ʤʦʛʣʦ ʿʝ ʜʘ ʩʝ ʚʠʜʠ: 

¶ ʜʘ ʧʦʩʪʦʿʠ ʚʠʰʝ ʪʠʧʦʚʘ ʠʩʧʠʪʠʚʘˁʘ ʢʦʿʘ ʤʦʛʫ ʜʘ ʩʝ ʨʝʘʣʠʟʫʿʫ ʥʘ ʿʝʜʥʦʤ ʧʨʦʙʥʦʤ 

ʩʪʦʣʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʘʤʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʧʨʦʙʥʦʛ ʩʪʦʣʘ, ʢʘʦ ʰʪʦ ʩʫ ʠʩʧʠʪʠʚʘˁʘ 

ʙʫʢʝ ʢʦʯʥʠʮʘ, ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʠ ʝʤʠʩʠʿʝ ʯʝʩʪʠʮʘ,  
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¶ ʢʦʿʝ ʢʦʤʧʦʥʝʥʪʝ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʧʨʠʤʝʥʠʪʠ ʪʦʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ,  

¶ ʢʦʿʠ ʩʝ ʩʚʝ ʜʘʚʘʯʠ ʤʦʛʫ ʧʨʠʤʝˁʠʚʘʪʠ, ʢʘʦ ʠ ʢʘʢʦ ʦʙʘʚʠʪʠ ˁʠʭʦʚʦ ʧʦʩʪʘʚˀʘˁʝ ʥʘ 

ʧʨʦʙʥʦʤ ʩʪʦʣʫ. 
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3 ʇʈʆɹʅʀ ʉʊʆ ɿɸ ʀʉʇʀʊʀɺɸɳɽ ʊɽʈʄʀʏʂʀʍ 

ʅɸʇʈɽɿɸɳɸ ɼʀʉʂ ʂʆʏʅʀʎɸ 
 

ʇʨʠʤʝʥʘ ʧʨʦʙʥʠʭ ʩʪʦʣʦʚʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ ʦʤʦʛʫ˂ʫʿʝ ʧʦʥʦʚˀʠʚʦʩʪ 

ʨʝʟʫʣʪʘʪʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʧʫʪʥʠʭ ʠʩʧʠʪʠʚʘˁʘ. ʇʨʦʙʥʠ ʩʪʦ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ 

ʦʤʦʛʫ˂ʘʚʘ ʜʦʙʠʿʘˁʝ ʧʦʫʟʜʘʥʠʭ ʨʝʟʫʣʪʘʪʘ ʢʦʿʠ ʩʫ ʥʝʦʧʭʦʜʥʠ ʧʨʠ ʠʩʧʠʪʠʚʘˁʫ ʧʦʥʘʰʘˁʘ 

ʝʣʝʤʝʥʘʪʘ ʧʨʝ ʩʘʤʝ ʫʛʨʘʜˁʝ ʥʘ ʚʦʟʠʣʦ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʤʦʞʝ ʩʝ ʫʚʠʜʝʪʠ ʜʘ ʣʠ ʿʝ ʧʦʪʨʝʙʥʦ 

ʠʟʚʨʰʠʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʠʟʤʝʥʝ ʝʣʝʤʝʥʪʘ/ʜʝʣʘ ʢʦʿʠ ʩʝ ʨʘʟʚʠʿʘ ʠʣʠ ʩʝ ʤʦʞʝ ʙʝʟ 

ʤʦʜʠʬʠʢʘʮʠʿʝ ʫʛʨʘʜʠʪʠ ʥʘ ʚʦʟʠʣʦ. ʆʚʘʢʚʠʤ ʧʨʠʩʪʫʧʦʤ ʩʝ ʫʤʘˁʫʿʝ ʨʠʟʠʢ ʦʪʢʘʟʘ ʢʦʯʥʦʛ 

ʩʠʩʪʝʤʘ ʠ ʦʥʦ ʰʪʦ ʿʝ ʥʘʿʙʠʪʥʠʿʝ, ʥʠʿʝ ʥʘʨʫʰʝʥʘ ʙʝʟʙʝʜʥʦʩʪ ʢʦʨʠʩʥʠʢʘ ʿʝʜʥʦʛ ʪʘʢʚʦʛ 

ʚʦʟʠʣʘ, ʥʘ ʢʦʤ ʩʝ ʫʛʨʘʹʫʿʝ ʧʨʝʜʤʝʪʥʠ ʝʣʝʤʝʥʪ, ʢʘʦ ʥʠ ʙʝʟʙʝʜʥʦʩʪ ʦʩʪʘʣʠʭ ʫʯʝʩʥʠʢʘ ʫ 

ʩʘʦʙʨʘ˂ʘʿʫ. ʊʘʢʦʹʝ, ʤʦʛʫ˂ʝ ʿʝ ʚʨʰʠʪʠ ʠʩʧʠʪʠʚʘˁʝ ʥʘ ʚʝ˂ ʧʦʩʪʦʿʝ˂ʠʤ ʜʝʣʦʚʠʤʘ ï 

ʢʦʤʝʨʮʠʿʘʣʥʠʤ, ʢʦʿʠʭ ʠʤʘ ʫ ʧʨʦʜʘʿʠ ʠ ʢʦʿʠ ʩʝ ʫʛʨʘʹʫʿʫ ʥʘ ʚʦʟʠʣʠʤʘ, ʘ ʩʚʝ ʫ ʮʠˀʫ 

ʠʩʧʠʪʠʚʘˁʘ ˁʠʭʦʚʦʛ ʧʦʥʘʰʘˁʘ ʪʦʢʦʤ ʥʦʨʤʘʣʥʠʭ ʠ ʝʢʩʪʨʝʤʥʠʭ ʫʩʣʦʚʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ.  

 

ʀʩʧʠʪʠʚʘˁʘ ʢʦʿʘ ʩʝ ʨʝʘʣʠʟʫʿʫ ʥʘ ʧʨʦʙʥʠʤ ʩʪʦʣʦʚʠʤʘ ʫ ʙʦˀʝ ʦʧʨʝʤˀʝʥʠʤ 

ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʩʘˁʝ ʫʩʣʦʚʘ ʠʩʧʠʪʠʚʘˁʘ, ʯʘʢ ʠ ʫ ʧʦʛʣʝʜʫ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʠʥʝ, ʚʣʘʞʥʦʩʪʠ ʚʘʟʜʫʭʘ, ʙʨʟʠʥʝ ʦʧʩʪʨʫʿʘʚʘˁʘ ʚʘʟʜʫʭʘ ʟʘ ʭʣʘʹʝˁʝ 

ʢʦʯʥʠʮʘ. ʂʦʥʪʨʦʣʠʩʘˁʝ ʫʩʣʦʚʘ ʦʢʦʣʠʥʝ ʫ ʃʘʙʦʨʘʪʦʨʠʿʠ ʟʘ ʤʦʪʦʨʥʘ ʚʦʟʠʣʘ, ʥʘ ʌʘʢʫʣʪʝʪʫ 

ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ, ʥʠʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʪʠ. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʣʘʙʦʨʘʪʦʨʠʿʝ ʿʝ ʪʘʢʚʘ ʜʘ ʿʝ ʪʨʝʥʫʪʥʦ ʦʚʘʢʦ ʥʝʰʪʦ ʥʝʠʟʚʦʜˀʠʚʦ, ʿʝʨ ʠʟʠʩʢʫʿʝ ʚʝʣʠʢʘ 

ʬʠʥʘʥʩʠʿʩʢʘ ʫʣʘʛʘˁʘ, ʪʝ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ ʟʘ ʤʝʨʝˁʘ ʢʦʿʘ ʩʫ ʚʨʰʝʥʘ ʟʘ ʧʦʪʨʝʙʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ, ʨʘʜʥʠ ʫʩʣʦʚʠ ʦʢʦʣʠʥʝ ï ʣʘʙʦʨʘʪʦʨʠʿʝ, ʥʠʩʫ ʙʠʣʠ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʩʘʥʠ. 

ʄʝʹʫʪʠʤ, ʩʚʘ ʤʝʨʝˁʘ ʢʦʿʘ ʩʫ ʫʨʘʹʝʥʘ, ʠʟʚʨʰʝʥʘ ʩʫ ʧʨʠ ʠʩʪʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʫ 

ʣʘʙʦʨʘʪʦʨʠʿʠ, 21 ̄ C ± 1 ̄ C. 

 

3.1 ʂʦʥʬʠʛʫʨʘʮʠʿʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ 
 

ʇʨʝʛʣʝʜʦʤ ʧʦʩʪʦʿʝ˂ʠʭ ʧʨʦʙʥʠʭ ʩʪʦʣʦʚʘ ʫ ʥʘʰʦʿ ʟʝʤˀʠ ʠ ʫ ʩʚʝʪʫ, ʢʘʦ ʠ ˁʠʭʦʚʝ ʠʟʚʝʜʙʝ, 

ʨʦʜʠʣʘ ʩʝ ʠʜʝʿʘ ʢʘʢʘʚ ʙʠ ʪʦ ʧʨʦʙʥʠ ʩʪʦ ʠ ʩʘ ʢʘʢʚʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʪʨʝʙʘʣʦ ʨʘʟʚʠʪʠ ʜʘ 

ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ʠʩʧʠʪʠʚʘˁʘ, ʘ ʩʚʝ ʫ ʮʠˀʫ ʜʦʢʘʟʠʚʘˁʘ ʧʦʩʪʘʚˀʝʥʠʭ ʭʠʧʦʪʝʟʘ. ʇʨʦʙʥʠ ʩʪʦ 

ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʟʘ ʧʦʪʨʝʙʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʨʘʟʚʠʿʝʥ ʿʝ ʫ 

ʃʘʙʦʨʘʪʦʨʠʿʠ ʟʘ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ ʥʘ ʌʘʢʫʣʪʝʪʫ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ʂʨʘʛʫʿʝʚʮʫ. ʆʩʥʦʚʥʘ ʢʦʥʮʝʧʮʠʿʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʬʠʢʩʥʝ ʟʘʤʘʿʥʝ ʤʘʩʝ, ʩʘ 

ʤʦʛʫ˂ʥʦʰ˂ʫ ʧʨʦʤʝʥʝ ʙʨʟʠʥʝ ʨʦʪʘʮʠʿʝ. ʊʠʤʝ ʩʝ ʩʠʤʫʣʠʨʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʚʦʟʠʣʘ 

ʨʘʟʣʠʯʠʪʠʭ ʤʘʩʘ ʠʣʠ ʿʝʜʥʦʛ ʚʦʟʠʣʘ ʢʦʿʝ ʩʝ ʢʨʝ˂ʝ ʨʘʟʣʠʯʠʪʠʤ ʙʨʟʠʥʘʤʘ. ʇʨʚʠ ʢʦʨʘʢ ʧʨʠ 

ʦʜʘʙʠʨʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʿʝʩʪʝ ʦʜʨʝʹʠʚʘˁʝ ʧʦʪʨʝʙʥʝ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʪʦʯʢʘ 

ʚʦʟʠʣʘ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʢʦʿʘ ˂ ʝ ʫ ʩʪʚʘʨʠ ʧʦʩʨʝʜʥʦ ʦʜʛʦʚʘʨʘʪʠ ʪʨʘʥʩʣʘʪʦʨʥʦʿ 

ʙʨʟʠʥʠ ʚʦʟʠʣʘ. ʈʘʟʚʠʿʝʥʠ ʧʨʦʙʥʠ ʩʪʦ ʩʠʤʫʣʠʨʘ ʿʝʜʥʫ ʯʝʪʚʨʪʠʥʫ ʨʝʘʣʥʦʛ ʧʫʪʥʠʯʢʦʛ 

ʚʦʟʠʣʘ, ʪʘʢʦ ʜʘ ʩʝ ʫ ʜʘˀʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʫʟʠʤʘ ʤʘʩʘ ʯʝʪʚʨʪʠʥʝ 

ʚʦʟʠʣʘ. ʅʘʟʠʚ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʿʝ BRAKE DYNO 2020 ʠ ʫ ʦʩʥʦʚʠ ʿʝ ʢʦʯʥʠ ʜʠʥʘʤʦʤʝʪʘʨ, ʘ 

2020 ʫ ʥʘʟʠʚʫ ʧʨʝʜʩʪʘʚˀʘ ʛʦʜʠʥʫ ʢʘʜʘ ʿʝ ʧʨʦʙʥʠ ʩʪʦ ʟʘʚʨʰʝʥ ʠ ʢʘʜʘ ʩʫ ʠʟʚʨʰʝʥʘ ʧʨʚʘ 

ʫʩʧʝʰʥʘ ʤʝʨʝˁʘ. ʇʦʨʝʜ ʤʝʨʝˁʘ ʪʝʨʤʠʯʢʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʨʘʜʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʯʝˁʘ, ʧʦʩʪʦʿʠ ʠ ʤʦʛʫ˂ʥʦʩʪ ʥʘʜʛʨʘʜˁʝ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʟʘ ʙʫʜʫ˂ʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ ʠʩʧʠʪʠʚʘˁʫ ʝʤʠʩʠʿʝ ʙʫʢʝ ʢʦʯʥʠʮʘ, ʢʘʦ ʠ ʤʝʨʝˁʝ ʯʝʩʪʠʮʘ 

ʢʦʿʝ ʥʘʩʪʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʭʘʙʘˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ, ʢʘʢʦ ʪʦʢʦʤ ʧʨʦʮʝʩʘ 

ʟʘʣʝʪʘˁʘ, ʪʘʢʦ ʠ ʫ ʧʨʦʮʝʩʫ ʢʦʯʝˁʘ. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 

ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 3.1.  
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ʉʣʠʢʘ 3.1 ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʜʠʩʢ ʢʦʯʥʠʮʘ 

 

ʋʧʨʘʚˀʘˁʝ ʧʨʦʙʥʠʤ ʩʪʦʣʦʤ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʜʠʩʢ ʢʦʯʥʠʮʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʫʪʝʤ ʨʘʯʫʥʘʨʘ 

(11), ʛʜʝ ʿʝ ʫ ʩʦʬʪʚʝʨʩʢʦʤ ʧʘʢʝʪʫ LabVIEWÊ ʥʘʧʨʘʚˀʝʥʦ ʘʫʪʦʤʘʪʩʢʦ ʫʧʨʘʚˀʘˁʝ 
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ʧʨʦʙʥʠʤ ʩʪʦʣʦʤ, BRAKE DYNO 2020, ʢʘʦ ʠ ʜʝʬʠʥʠʩʘˁʝ ʧʦʯʝʪʥʠʭ ʧʦʜʘʪʘʢʘ ʦ 

ʩʠʤʫʣʠʨʘʥʦʤ ʚʦʟʠʣʫ ʠ ʟʘʜʘʚʘˁʝ ʧʘʨʘʤʝʪʨʘ ʢʦʯʝˁʘ. ʇʦʨʝʜ ʪʦʛʘ, ʫ ʦʢʚʠʨʫ LabVIEWÊ ʿʝ 

ʦʤʦʛʫ˂ʝʥʦ ʠ ʧʨʠʢʫʧˀʘˁʝ ʠ ʯʫʚʘˁʝ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʥʘ ʨʘʯʫʥʘʨʫ. ʂʦʤʫʥʠʢʘʮʠʿʘ 

ʨʘʯʫʥʘʨʘ ʩʘ ʧʨʦʙʥʠʤ ʩʪʦʣʦʤ ʦʩʪʚʘʨʫʿʝ ʩʝ ʧʨʝʢʦ ɸ/D ʢʦʥʚʝʨʪʦʨʘ 6353, ʢʦʿʠ ʠʤʘ ʟʘʜʘʪʘʢ 

ʜʘ h ʘˀʝ ʢʦʤʘʥʜʥʝ ʩʠʛʥʘʣʝ ʠ ʧʨʠʢʫʧˀʘ ʩʠʛʥʘʣʝ ʩʘ ʜʘʚʘʯʘ. ʂʦʤʘʥʜʥʠ ʩʠʛʥʘʣ ʢʦʿʠ ʩʝ h ʘˀʝ 

ʩʘ ʨʘʯʫʥʘʨʘ ʥʘ ʧʨʦʙʥʠ ʩʪʦ, ʧʨʝʢʦ ɸ/D ʢʦʥʚʝʨʪʦʨʘ ʿʝ ʩʠʛʥʘʣ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʙʨʦʿʘ ʦʙʨʪʘʿʘ 

ʤʦʪʦʨʘ. ʇʦʨʝʜ ʪʦʛʘ, ʫʣʦʛʘ ɸ/D ʢʦʥʚʝʨʪʦʨʘ 6353 ʿʝʩʪʝ ʠ ʜʘ ʘʥʘʣʦʛʥʝ ʩʠʛʥʘʣʝ ʩʘ ʜʘʚʘʯʘ 

ʜʠʩʢʨʝʪʠʟʫʿʝ ʠ ʧʨʝʙʘʮʠ ʥʘ ʨʘʯʫʥʘʨ ʛʜʝ ˂ʝ ʩʝ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʯʫʚʘʪʠ ʫ 

ʤʝʤʦʨʠʿʠ ʨʘʯʫʥʘʨʘ, ʘ ʢʦʿʠ ˂ʝ ʢʘʩʥʠʿʝ ʙʠʪʠ ʦʙʨʘʹʠʚʘʥʠ ʠ ʘʥʘʣʠʟʠʨʘʥʠ. ɸʩʠʥʭʨʦʥʠ 

ʝʣʝʢʪʨʦʤʦʪʦʨ (1), ʥʦʤʠʥʘʣʥʝ ʩʥʘʛʝ 18,5 kW, ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʦʛʦʥ ʧʨʦʙʥʦʛ ʩʪʦʣʘ, ʦʜʥʦʩʥʦ 

ʢʦʜ ʦʚʦʛ ʨʝʰʝˁʘ ʟʘ ʧʦʢʨʝʪʘˁʝ ʟʘʤʘʿʥʝ ʤʘʩʝ (5). ɺʝʟʘ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʠ ʚʨʘʪʠʣʘ 

ʟʘʤʘʿʥʝ ʤʘʩʝ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʨʝʢʦ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʝ ʩʧʦʿʥʠʮʝ (2). ɿʙʦʛ ʧʨʝʥʦʰʝˁʘ ʦʙʨʪʥʦʛ 

ʤʦʤʝʥʪʘ ʤʦʪʦʨʘ ʧʨʝʢʦ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʝ ʩʧʦʿʥʠʮʝ, ʙʠʪʥʦ ʿʝ ʦʤʦʛʫ˂ʠʪʠ ʧʨʝʮʠʟʥʦ 

ʛʝʦʤʝʪʨʠʿʩʢʦ ʧʦʜʝʰʘʚʘˁʝ ʦʩʝ ʚʨʘʪʠʣʘ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʩʘ ʦʩʦʤ ʚʨʘʪʠʣʘ ʟʘʤʘʿʥʝ ʤʘʩʝ, ʢʘʢʦ 

ʪʦʢʦʤ ʨʘʜʘ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ ʧʦʿʘʚʝ ʚʠʙʨʘʮʠʿʘ, ʰʪʦ ʙʠ, ʫ ʥʘʿʛʦʨʝʤ ʩʣʫʯʘʿʫ, ʠʟʘʟʚʘʣʦ ʣʦʤ 

ʚʨʘʪʠʣʘ ʝʣʝʢʪʨʦʤʦʪʦʨʘ. ʇʦʜʝʰʘʚʘˁʝ ʤʦʪʦʨʘ ʤʦʞʝ ʩʝ ʚʨʰʠʪʠ ʠ ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʿ ʠ ʫ 

ʚʝʨʪʠʢʘʣʥʦʿ ʨʘʚʥʠ. ʇʦʜʝʰʘʚʘˁʝ ʤʦʪʦʨʘ ʫ ʚʝʨʪʠʢʘʣʥʦʿ ʨʘʚʥʠ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʨʝʢʦ ʧʦʜʠʟʘʯʘ 

(23), ʥʘ ʢʦʿʝ ʩʝ ʥʘʩʣʘˁʘ ʥʦʩʝ˂ʘ ʧʣʦʯʘ ʝʣʝʢʪʨʦʤʦʪʦʨʘ (32), ʜʦʢ ʩʝ ʧʦʜʝʰʘʚʘˁʝ ʤʦʪʦʨʘ ʫ 

ʭʦʨʠʟʦʥʪʘʣʥʦʿ ʨʘʚʥʠ ʚʨʰʠ ʧʨʝʢʦ ʜʚʘ ʭʦʨʠʟʦʥʪʘʣʥʘ ʧʦʜʝʰʘʚʘʯʘ (31), ʢʦʿʠ ʩʫ ʢʦʥʪʘʢʪʫ ʩʘ 

ʦʩʥʦʚʦʤ ʝʣʝʢʪʨʦʤʦʪʦʨʘ. ʍʦʨʠʟʦʥʪʘʣʥʠ ʧʦʜʝʰʘʚʘʯʠ ʠʤʘʿʫ ʧʦ ʜʚʘ ʟʘʚʨʪˁʘ ʠ ˁʠʭʦʚʠʤ 

ʟʘʚʨʪʘˁʝʤ/ʦʜʚʨʪʘˁʝʤ ʦʤʦʛʫ˂ʘʚʘ ʩʝ ʧʦʤʝʨʘˁʝ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʧʦ ʧʣʦʯʠ. 

 

ɽʣʝʢʪʨʦʤʦʪʦʨʦʤ ʩʝ ʫʧʨʘʚˀʘ ʧʨʝʢʦ ʬʨʝʢʚʝʥʪʥʦʛ ʨʝʛʫʣʘʪʦʨʘ (13). ʋʢˀʫʯʠʚʘˁʝ ʠ 

ʠʩʢˀʫʯʠʚʘˁʝ ʩʧʦʿʥʠʮʝ ʩʝ ʚʨʰʠ ʧʨʝʢʦ ʯʝʪʢʠʮʝ (14), ʛʜʝ ʢʦʤʘʥʜʥʠ ʩʠʛʥʘʣ ʩʪʠʞʝ ʦʜ ɸ/D 

ʢʦʥʚʝʨʪʦʨʘ 6353. ʇʦʛʦʥʩʢʠ ʜʝʦ ʩʧʦʿʥʠʮʝ ʿʝ ʫ ʯʚʨʩʪʦʿ ʚʝʟʠ ʧʨʝʢʦ ʢʣʠʥʘ ʩʘ ʠʟʣʘʟʥʠʤ 

ʚʨʘʪʠʣʦʤ ʝʣʝʢʪʨʦʤʦʪʦʨʘ, ʜʦʢ ʿʝ ʠʟʣʘʟʥʠ (ʛʦˁʝʥʠ) ʜʝʦ ʩʧʦʿʥʠʮʝ ʟʘʚʨʪˁʠʤʘ ʚʝʟʘʥ ʟʘ 

ʛʣʘʚʯʠʥʫ (33), ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʥʘ ʚʨʘʪʠʣʫ ʟʘʤʘʿʥʝ ʤʘʩʝ. ʅʘ ʛʦˁʝʥʦʤ ʜʝʣʫ ʩʧʦʿʥʠʮʝ, ʥʘʣʘʟʠ 

ʩʝ ʥʘʟʫʙˀʝʥʠ ʪʦʯʘʢ (3), ʫʟ ʧʦʤʦ˂ ʢʦʛʘ ʩʝ ʧʨʝʢʦ ʠʥʜʫʢʪʠʚʥʦʛ ʜʘʚʘʯʘ (17) ʧʨʘʪʠ ʙʨʦʿ 

ʦʙʨʪʘʿʘ ʟʘʤʘʿʥʝ ʤʘʩʝ (5) ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʫʙʨʟʘʚʘˁʘ, ʢʘʦ ʠ ʫ ʪʦʢʫ ʧʨʦʮʝʩʫ ʢʦʯʝˁʘ ï 

ʟʘʫʩʪʘʚˀʘˁʘ. ɺʨʘʪʠʣʦ ʟʘʤʘʿʥʝ ʤʘʩʝ ʩʘ ʦʙʝ ʩʪʨʘʥʝ ʿ ʝ ʦʩʣʦˁʝʥʦ ʧʨʝʢʦ ʜʚʘ ʢʦʪʨˀʘʿʥʘ ʣʝʞʘʿʘ 

(4) ʥʘ ʥʦʩʝ˂ʫ ʢʦʥʩʪʨʫʢʮʠʿʫ ʧʨʦʙʥʦʛ ʩʪʦʣʘ-ʦʩʥʦʚʫ (22). ʅʘ ʜʨʫʛʦʤ ʢʨʘʿʫ ʚʨʘʪʠʣʘ ʟʘʤʘʿʥʝ 

ʤʘʩʝ, ʥʘʣʘʟʠ ʩʝ ʢʦʯʥʠ ʜʠʩʢ (6) ʢʦʿʠ ʿʝ ʫ ʯʚʨʩʪʦʿ ʚʝʟʠ ʩʘ ʚʨʘʪʠʣʦʤ. ʇʣʠʚʘʿʫ˂ʘ ʢʦʯʥʘ ʩʪʝʛʘ 

(27) ʿʝ ʧʨʠʯʚʨʰ˂ʝʥʘ ʟʘ ʥʦʩʝ˂ʫ ʦʩʥʦʚʫ ʧʨʝʢʦ ʥʦʩʘʯʘ ʩʪʝʛʝ (28) ʠ ʜʘʚʘʯʘ ʩʠʣʝ (19). ʅʦʩʘʯ 

ʩʪʝʛʝ ʿʝ ʦʩʣʦˁʝʥ ʥʘ ʜʘʚʘʯ ʩʠʣʝ, ʪʘʢʦ ʜʘ ʧʨʠʣʠʢʦʤ ʘʢʪʠʚʠʨʘˁʘ ʢʦʯʥʠʮʝ ʜʦʣʘʟʠ ʜʦ 

ʥʝʟʥʘʪʥʦʛ ʧʦʤʝʨʘˁʘ ʥʦʩʘʯʘ ʩʪʝʛʝ. ʂʘʢʦ ʜʘʚʘʯ (19) ʤʝʨʠ ʩʠʣʫ, ʘ ʧʦʟʥʘʪʘ ʿ ʝ ʚʝʣʠʯʠʥʘ ʢʨʘʢʘ, 

ʦʜʥʦʩʥʦ ʜʫʞʠʥʘ ʥʦʩʘʯʘ ʩʪʝʛʝ, ʤʦʞʝ ʩʝ ʿʝʜʥʦʩʪʘʚʥʦ ʠʟʨʘʯʫʥʘʪʠ ʢʦʯʥʠ ʤʦʤʝʥʪ ʢʘʦ 

ʧʨʦʠʟʚʦʜ ʩʠʣʝ ʠ ʢʨʘʢʘ. ʋʥʫʪʘʨ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ (7) ʩʫ ʫʛʨʘʹʝʥʘ ʧʦ ʜʚʘ ʜʘʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʝ 

(18) ʟʘ ʤʝʨʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʫʣʘʟʥʦʤ ʠ ʠʟʣʘʟʥʦʤ ʜʝʣʫ ʩʧʦˀʘʰˁʝ ʠ ʫʥʫʪʨʘʰˁʝ ʢʦʯʥʝ 

ʧʣʦʯʠʮʝ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʝ ʚʨʰʠ ʤʝʨʝˁʝ ʩʘ ʫʢʫʧʥʦ ʯʝʪʠʨʠ ʜʘʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʜʘʮʠ ʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʝ ʜʘˀʝ ʰʘˀʫ ʥʘ ʨʘʯʫʥʘʨ ʠ ʯʫʚʘʿʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʩʝ ʧʨʘʪʠ 

ʧʨʝʢʦ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ (8), ʢʦʿʘ ʧʦʜʘʪʢʝ ʯʫʚʘ ʫ ʩʚʦʿʦʿ ʤʝʤʦʨʠʿʠ. ɸʢʪʠʚʠʨʘˁʝ 

ʢʦʯʥʠʮʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʨʝʢʦ ʭʠʜʨʘʫʣʠʯʢʝ ʢʦʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ (12 ʠ 26) ʢʦʿʘ ʦʜʛʦʚʘʨʘ 

ʨʝʘʣʥʦʤ ʧʫʪʥʠʯʢʦʤ ʚʦʟʠʣʫ, ʘ ʭʠʜʨʘʫʣʠʯʢʘ ʢʦʯʥʘ ʠʥʩʪʘʣʘʮʠʿʘ ʩʝ ʧʘʢ ʘʢʪʠʚʠʨʘ ʧʨʝʢʦ 

ʧʥʝʫʤʘʪʠʯʢʦʛ ʜʝʣʘ (9) ʢʦʿʠ ʩʝ ʥʘʧʘʿʘ ʚʘʟʜʫʭʦʤ ʠʟ ʢʦʤʧʨʝʩʦʨʘ (10). ʉʠʛʥʘʣ ʟʘ ʘʢʪʠʚʠʨʘˁʝ 

ʢʦʯʥʠʮʘ, ʩʪʠʞʝ ʦʜ ɸ/D ʢʦʥʚʝʨʪʦʨʘ 6353 (16). ʇʨʚʦ ʨʘʩʪʝ ʧʨʠʪʠʩʘʢ ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ 

ʠʥʩʪʘʣʘʮʠʿʠ, ʪʘʢʦ ʰʪʦ ʚʘʟʜʫʭ ʦʜ ʢʦʤʧʨʝʩʦʨʘ ʜʦ ʧʥʝʫʤʘʪʠʯʢʝ ʠʥʩʪʘʣʘʮʠʿʝ ʩʪʠʞʝ ʧʨʝʢʦ 

ʚʦʜʘ (25). ɿʘʪʠʤ ʩʝ ʘʢʪʠʚʠʨʘ ʢʦʯʥʠ ʮʠʣʠʥʜʘʨ (12), ʠ ʜʘˀʠʤ ʧʦʚʝ˂ʘˁʝʤ ʧʨʠʪʠʩʢʘ ʫ 

ʭʠʜʨʘʫʣʠʯʢʦʿ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ (26), ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʥʘʣʝʞʫ ʩʚʝ ʚʝ˂ʦʤ ʩʠʣʦʤ ʥʘ ʢʦʯʥʠ 

ʜʠʩʢ, ʧʨʠ ʯʝʤʫ ʩʝ ʧʨʠʪʠʩʘʢ ʥʘʣʝʛʘˁʘ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʜʝʬʠʥʠʰʝ ʧʨʝ ʩʘʤʦʛ ʧʦʯʝʪʢʘ 

ʤʝʨʝˁʘ. ʊʦʢʦʤ ʨʘʜʘ ʜʘʚʘʯʠʤʘ ʧʨʠʪʠʩʢʘ ʩʝ ʤʝʨʠ ʧʨʠʪʠʩʘʢ, ʢʘʢʦ ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ (21), ʪʘʢʦ 
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ʠ ʫ ʭʠʜʨʘʫʣʠʯʢʦʿ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ (20). A/D ʢʦʥʚʝʨʪʦʨ 6353 ʿ ʝ ʧʦʚʝʟʘʥ ʩʘ ʬʨʝʢʚʝʥʪʥʠʤ 

ʨʝʛʫʣʘʪʦʨʦʤ (15), ʢʦʿʠ ʚʦʜʦʤ (29) ʥʘʧʘʿʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʝʣʝʢʪʨʦʤʦʪʦʨ ʫ ʮʠˀʫ 

ˁʝʛʦʚʦʛ ʧʦʢʨʝʪʘˁʘ ʠʣʠ ʠʩʢˀʫʯʠʚʘˁʘ. 

 

ʈʝʘʣʠʟʦʚʘʥʘ ʩʫ ʜʚʘ ʪʠʧʘ ʠʩʧʠʪʠʚʘˁʘ: ʠʩʧʠʪʠʚʘˁʝ ʢʦʿʝ ʦʜʛʦʚʘʨʘ ʢʦʯʝˁʫ ʢʘʜʘ ʿʝ ʚʦʟʠʣʦ 

ʩʪʘʮʠʦʥʘʨʥʦ (ʥʝʤʘ ʦʧʩʪʨʫʿʘʚʘˁʘ ʚʘʟʜʫʭʘ ʫ ʟʦʥʠ ʦʢʦ ʢʦʯʥʦʛ ʜʠʩʢʘ) ʠ ʧʨʠ ʫʩʣʦʚʠʤʘ 

ʜʝʣʦʚʘˁʘ ʩʪʨʫʿʝ ʚʘʟʜʫʭʘ ʥʘ ʢʦʯʥʠ ʜʠʩʢ, ʰʪʦ ʦʜʛʦʚʘʨʘ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ. 

ɼʝʿʩʪʚʦ ʚʘʟʜʫʭʘ ʥʘ ʢʦʯʥʠ ʜʠʩʢ ʿʝ ʩʠʤʫʣʠʨʘʥʦ ʧʨʝʢʦ ʚʝʥʪʠʣʘʪʦʨʘ (30). ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʧʦʪʨʝʙʘ ʤʝʨʝˁʘ, ʢʘʦ ʠ ʦʜ ʜʝʬʠʥʠʩʘʥʠʭ ʪʝʩʪʦʚʘ ʤʝʨʝˁʘ, ʚʝʥʪʠʣʘʪʦʨ ʿʝ ʧʨʠ ʥʝʢʠʤ 

ʤʝʨʝˁʠʤʘ ʢʦʨʠʰ˂ʝʥ, ʘ ʧʨʠ ʥʝʢʠʤ ʥʝ. 

 

ʐʝʤʘ ʧʥʝʫʤʘʪʠʯʢʝ ʠʥʩʪʘʣʘʮʠʿʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʘʢʪʠʚʠʨʘˁʝ ʛʣʘʚʥʦʛ ʢʦʯʥʦʛ ʮʠʣʠʥʜʨʘ 

(ʧʦʟʠʮʠʿʘ 9, ʩʣʠʢʘ 3.1) ʜʝʪʘˀʥʦ ʿʝ ʧʨʠʢʘʟʘʥʘ ʩʘ ʩʚʠʤ ʧʦʪʨʝʙʥʠʤ ʧʦʟʠʮʠʿʘʤʘ ʥʘ ʩʣʠʮʠ 3.2. 

ɺʘʟʜʫʭ ʦʜ ʢʦʤʧʨʝʩʦʨʘ ʧʨʦʣʘʟʠ ʥʘʿʧʨʝ ʢʨʦʟ ʩʫʰʘʯ ʚʘʟʜʫʭʘ (1), ʘ ʟʘʪʠʤ ʠ ʢʨʦʟ ʟʘʫˀʠʚʘʯ 

(2). ʋʢˀʫʯʠʚʘˁʝ ʠ ʠʩʢˀʫʯʠʚʘˁʝ, ʦʜʥʦʩʥʦ ʘʢʪʠʚʠʨʘˁʝ ʧʥʝʫʤʘʪʠʯʢʦʛ ʮʠʣʠʥʜʨʘ (8) ʩʝ 

ʚʨʰʠ ʧʨʝʢʦ 5/2 ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ ʚʝʥʪʠʣʘ (3). ʇʨʠʪʠʩʘʢ ʚʘʟʜʫʭʘ ʩʝ ʨʝʛʫʣʠʰʝ ʧʨʝʢʦ 

ʨʝʛʫʣʘʪʦʨʘ ʩʘ ʤʘʥʦʤʝʪʨʦʤ (4), ʜʦʢ ʿʝ ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʧʦʩʪʘʚˀʝʥ ʠ ʜʘʚʘʯ 

ʧʨʠʪʠʩʢʘ (7). ʇʦʪʨʝʙʥʘ ʙʨʟʠʥʘ ʘʢʪʠʚʠʨʘˁʘ ʭʠʜʨʘʫʣʠʯʢʝ ʢʦʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʩʝ ʨʝʛʫʣʠʰʝ 

ʧʨʝʢʦ ʧʨʠʛʫʰʥʠʮʝ (5). ɺʘʟʜʫʭ ʧʦʯʠˁʝ ʜʘ ʧʫʥʠ ʢʦʤʦʨʫ ʩʘ ʜʝʩʥʝ ʩʪʨʘʥʝ ʢʣʠʧʘ, ʯʠʤʝ ʩʝ 

ʦʩʪʚʘʨʫʿʝ ʩʠʣʘ ʢʦʿʘ ʛʘ ʧʦʤʝʨʘ ʫ ʩʫʧʨʦʪʥʫ ʩʪʨʘʥʫ. ʂʣʠʧˁʘʯʘ ʠ ʢʣʠʧ ʧʥʝʫʤʘʪʠʯʢʦʛ 

ʮʠʣʠʥʜʨʘ ʩʫ ʫ ʯʚʨʩʪʦʿ ʚʝʟʠ ʩʘ ʧʦʣʫʛʦʤ ʢʦʯʥʦʛ ʮʠʣʠʥʜʨʘ (ʩʣʠʢʘ 3.1, ʧʦʟʠʮʠʿʘ 12), ʪʘʢʦ ʜʘ 

ʢʣʠʧˁʘʯʘ ʜʝʣʫʿʝ ʥʘ ʧʦʣʫʛʫ ʫ ʢʦʯʥʦʤ ʮʠʣʠʥʜʨʫ, ʘ ʦʥʘ ʜʘˀʝ ʧʦʤʝʨʘ ʢʣʠʧ ʫ ʢʦʯʥʦʤ 

ʮʠʣʠʥʜʨʫ. ʇʨʠʛʫʰʥʠʮʦʤ (6) ʩʝ ʧʦʜʝʰʘʚʘ ʙʨʟʠʥʘ ʧʨʝʩʪʘʥʢʘ ʜʝʿʩʪʚʘ ʧʨʠʪʠʩʢʘ ʫ 

ʭʠʜʨʘʫʣʠʯʢʦʿ ʠʥʩʪʘʣʘʮʠʿʠ, ʦʜʥʦʩʥʦ ʙʨʟʠʥʘ ʚʨʘ˂ʘˁʘ ʢʣʠʧʘ ʧʥʝʫʤʘʪʠʯʢʦʛ ʮʠʣʠʥʜʨʘ ʫ 

ʧʦʯʝʪʥʠ ʧʦʣʦʞʘʿ. 

 

 

ʉʣʠʢʘ 3.2 ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʥʝʫʤʘʪʠʯʢʝ ʠʥʩʪʘʣʘʮʠʿʝ ʟʘ ʘʢʪʠʚʠʨʘˁʝ ʛʣʘʚʥʦʛ ʢʦʯʥʦʛ 

ʮʠʣʠʥʜʨʘ 

 

3.2 ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʤʦʜʝʣ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ 

ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ 
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ʧʘʢʝʪʫ CATIA (ʝʥʛʣ. Computer Aided Three-Dimensional Interactive Application ï ʧʨʠʤʝʥʘ 

ʨʘʯʫʥʘʨʘ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʫʟ ʧʦʤʦ˂ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʤʦʜʝʣʘ). ʅʘʿʧʨʝ ʿʝ ʢʨʝʠʨʘʥ 3D 

ʤʦʜʝʣ ʧʨʦʙʥʦʛ ʩʪʦʣʘ, ʰʪʦ ʿʝ ʦʣʘʢʰʘʣʦ ʨʘʟʚʦʿ ʠ ʨʝʘʣʠʟʘʮʠʿʫ ʨʝʘʣʥʦʛ ʧʨʦʙʥʦʛ ʩʪʦʣʘ. ʅʘ 

ʦʩʥʦʚʫ ʢʨʝʠʨʘʥʠʭ 3D ʤʦʜʝʣʘ, ʬʦʨʤʠʨʘʥʠ ʩʫ ʪʝʭʥʠʯʢʠ ʮʨʪʝʞʠ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʜʝʣʦʚʠ 

ʠ ʥʘʧʨʘʚˀʝʥʠ, ʘ ʢʦʿʠ ʩʫ ʢʘʩʥʠʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʥʘ ʧʨʦʙʥʠ ʩʪʦ. ʊʘʢʦʹʝ, ʟʘ ʦʥʝ ʜʝʣʦʚʝ 
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ʢʦʿʠ ʩʫ ʬʘʙʨʠʯʢʠ ʧʨʦʠʟʚʝʜʝʥʠï ʩʪʘʥʜʘʨʜʥʠ, ʘ ʢʦʿʠ ʩʫ ʪʨʝʙʘʣʠ ʩʘʤʦ ʜʘ ʩʝ ʫʢʣʦʧʝ ʠ 

ʤʦʥʪʠʨʘʿʫ ʥʘ ʧʨʦʙʥʠ ʩʪʦ, ʠʟʚʨʰʝʥʘ ʿʝ ʧʨʦʚʝʨʘ ʤʦʛʫ˂ʥʦʩʪʠ ʫʛʨʘʜˁʝ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ ʫ 

ʦʢʚʠʨʫ 3D ʤʦʜʝʣʘ. ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʧʨʠʢʘʟ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʠʟ ʚʠʰʝ ʧʦʛʣʝʜʘ, ʜʘʪ ʿʝ ʥʘ 

ʩʣʠʢʘʤʘ ʦʜ 3.3 ʜʦ 3.6.  

 

 

ʉʣʠʢʘ 3.3 3D ʤʦʜʝʣ ʧʨʦʙʥʦʛ ʩʪʦʣʘ 

 

 

ʉʣʠʢʘ 3.4 3D ʤʦʜʝʣ ʧʨʦʙʥʦʛ ʩʪʦʣʘ 

 

ʅʘ ʩʣʠʮʠ 3.6 ʩʫ ʧʨʠʢʘʟʘʥʠ ʜʝʣʦʚʠ ʧʦ ʛʨʫʧʘʤʘ: 

¶ ʧʦʛʦʥʩʢʠ ʘʛʨʝʛʘʪ-ʝʣʝʢʪʨʦʤʦʪʦʨ, 

¶ ʠʟʚʨʰʥʠ ʦʨʛʘʥ ʦʙʫʭʚʘʪʘ ʥʦʩʘʯ ʢʦʯʥʝ ʩʪʝʛʝ, ʢʘʦ ʠ ʩʪʝʛʫ, 

¶ ʧʥʝʫʤʘʪʠʯʢʘ ʠʥʩʪʘʣʘʮʠʿʘ ʩʘ ʧʨʠʧʨʝʤʥʦʤ ʛʨʫʧʦʤ, 
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¶ ʭʠʜʨʘʫʣʠʯʢʘ ʠʥʩʪʘʣʘʮʠʿʘ ʧʦʨʝʜ ʛʣʘʚʥʦʛ ʢʦʯʥʦʛ ʮʠʣʠʥʜʨʘ ʦʙʫʭʚʘʪʘ ʠ ʮʝʚʦʚʦʜ ʟʘ 

ʢʦʯʥʦ ʫˀʝ, 

¶ ʟʘʤʘʿʥʘ ʤʘʩʘ ʠ 

¶ ʦʨʤʘʨʠ ʩʘ ʫʧʨʘʚˀʘʯʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠ ʝʣʝʢʪʨʦʥʩʢʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʦʙʫʭʚʘʪʘʿʫ 

ʩʚʝ ʥʝʦʧʭʦʜʥʝ ʝʣʝʤʝʥʪʝ ʟʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʠ ʫʧʨʘʚˀʘˁʝ ʧʨʦʙʥʠʤ ʩʪʦʣʦʤ, ʢʘʦ ʠ 

ʤʝʨʝˁʝ ʧʝʨʩʦʥʘʣʥʠʤ ʨʘʯʫʥʘʨʦʤ. 

 

 

ʉʣʠʢʘ 3.5 3D ʤʦʜʝʣ ʧʨʦʙʥʦʛ ʩʪʦʣʘ 

 

 

ʉʣʠʢʘ 3.6 ʇʨʦʙʥʠ ʩʪʦ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ: 1 ï ʧʦʛʦʥ, 2 

ï ʠʟʚʨʰʥʠ ʦʨʛʘʥ, 3 ï ʧʥʝʫʤʘʪʠʯʢʘ ʠʥʩʪʘʣʘʮʠʿʘ ʩʘ ʧʨʠʧʨʝʤʥʦʤ ʛʨʫʧʦʤ, 4 ï ʭʠʜʨʘʫʣʠʯʢʘ 

ʠʥʩʪʘʣʘʮʠʿʘ, 5 ï ʟʘʤʘʿʥʘ ʤʘʩʘ ʠ 6 ï ʦʨʤʘʨʠ ʩʘ ʫʧʨʘʚˀʘʯʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠ 

ʝʣʝʢʪʨʦʥʩʢʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ 

 

ʇʨʠʢʘʟ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʫʟ ʧʦʤʦ˂ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʤʦʜʝʣʘ ʦʤʦʛʫ˂ʘʚʘ ʜʦʙʨʦ ʚʠʟʫʝʣʥʦ ʠ 

ʩʫʰʪʠʥʩʢʦ ʨʘʟʫʤʝʚʘˁʘ ʩʘʤʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʠ ˁʝʛʦʚʠʭ ʛʣʘʚʥʠʭ ʮʝʣʠʥʘ, ʰʪʦ 

ʿʝ ʠ ʛʣʘʚʥʠ ʨʘʟʣʦʛ ˁʝʛʦʚʦʛ ʧʨʠʢʘʟʘ ʫ ʦʚʦʤ ʦʜʝˀʢʫ.  
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3.3 ʇʦʩʪʫʧʘʢ ʨʘʟʚʦʿʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ 
 

ʇʦʩʪʫʧʘʢ ʨʘʟʚʦʿʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʤʦʞʝ ʩʝ ʧʦʜʝʣʠʪʠ ʥʘ ʩʣʝʜʝ˂ʝ ʬʘʟʝ: 

ü ʜʝʬʠʥʠʩʘˁʝ ʧʦʪʨʝʙʥʝ ʩʥʘʛʝ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʠ ʧʦʪʨʝʙʥʦʛ ʬʨʝʢʚʝʥʪʥʦʛ ʨʝʛʫʣʘʪʦʨʘ, 

ü ʠʟʙʦʨ ʧʦʪʨʝʙʥʠʭ ʜʘʚʘʯʘ ʥʘ ʦʩʥʦʚʫ ʨʘʜʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʯʝˁʘ ʠ ˁʠʭʦʚʦ 

ʧʦʩʪʘʚˀʘˁʝ, 

ü ʜʝʬʠʥʠʩʘˁʝ ʚʝʟʝ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʩʘ ʚʨʘʪʠʣʦʤ ʟʘʤʘʿʥʝ ʤʘʩʝ, 

ü ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʠ ʮʝʥʪʨʠʨʘˁʝ ʝʣʝʢʪʨʦʤʦʪʦʨʘ, 

ü ʫʛʨʘʜˁʘ ʧʥʝʫʤʘʪʠʯʢʦʛ ʩʠʩʪʝʤʘ ʟʘ ʘʢʪʠʚʠʨʘˁʝ ʢʦʯʥʠʮʘ, 

ü ʫʛʨʘʜˁʘ ʭʠʜʨʘʫʣʠʯʢʦʛ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ, 

ü ʧʨʠʢˀʫʯʠʚʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʤʨʝʞʫ, 

ü ʢʘʣʠʙʨʘʮʠʿʘ ʜʘʚʘʯʘ,  

ü ʘʫʪʦʤʘʪʠʟʘʮʠʿʘ ʨʘʜʘ ʠ 

ü ʜʠʥʘʤʠʯʢʦ ʫʨʘʚʥʦʪʝʞʘʚʘˁʝ ʟʘʤʘʿʥʝ ʤʘʩʝ. 

 

3.3.1 ɼʝʬʠʥʠʩʘˁʝ ʩʥʘʛʝ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʠ ʧʦʪʨʝʙʥʦʛ ʬʨʝʢʚʝʥʪʥʦʛ ʨʝʛʫʣʘʪʦʨʘ 

 

ɺʦʟʠʣʦ ʧʨʠ ʢʨʝʪʘˁʫ ʠʤʘ ʦʜʨʝʹʝʥʫ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ, ʘʣʠ ʟʘ ʯʝʪʚʨʪʠʥʫ ʚʦʟʠʣʘ ʢʦʿʫ 

ʪʨʝʙʘ ʩʠʤʫʣʠʨʘʪʠ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ, ʧʦʣʘʟʠ ʩʝ ʦʜ ʫʩʣʦʚʘ ʜʘ ʿʝ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ 

ʯʝʪʚʨʪʠʥʝ ʚʦʟʠʣʘ ( kvE ) ʿʝʜʥʘʢʘ ʢʠʥʝʪʠʯʢʦʿ ʝʥʝʨʛʠʿʠ ʟʘʤʘʿʥʝ ʤʘʩʝ ( kzE ), ʨʝʣʘʮʠʿʘ (3.1): 

 

.=kv kzE E  (3.1) 

 

ʂʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʟʘ ʯʝʪʚʨʪʠʥʫ ʚʦʟʠʣʘ ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʨʝʣʘʮʠʿʦʤ (2.2), ʘ ʢʠʥʝʪʠʯʢʘ 

ʝʥʝʨʛʠʿʘ ʟʘʤʘʿʥʝ ʤʘʩʝ ʨʝʣʘʮʠʿʦʤ (3.2): 

 

21
,

2
kz x zE J w= Ö Ö (3.2) 

 

ʛʜʝ ʩʫ:  

- 
xJ  - ʤʦʤʝʥʪ ʠʥʝʨʮʠʿʝ ʟʘʤʘʿʥʝ ʤʘʩʝ ʠ  

- zw  - ʧʦʪʨʝʙʥʘ ʫʛʘʦʥʘ ʙʨʟʠʥʘ ʟʘʤʘʿʥʝ ʤʘʩʝ ï ʢʦʯʥʦʛ ʜʠʩʢʘ.  

 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʟʘʤʘʿʥʝ ʤʘʩʝ (ʩʣʠʢʘ 3.7) ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʥʘ ʧʨʦʙʥʦʤ 

ʩʪʦʣʫ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʝ ʿʝ 27,55xJ =
 
kg·m2. ɿʥʘʿʫ˂ʠ 

ʢʦʿʫ ʢʦʯʥʠʮʫ ʠʩʧʠʪʫʿʝʤʦ (ʩʘ ʢʦʛ ʿʝ ʚʦʟʠʣʘ ʠ ʢʦʿʘ ʿʝ ʤʘʩʘ ʚʦʟʠʣʘ) ʠ ʦʯʝʢʠʚʘʥʝ ʤʘʢʩʠʤʘʣʥʝ 

ʙʨʟʠʥʝ ʦʚʦʛ ʚʦʟʠʣʘ ʠʤʘʣʠ ʩʤʦ ʞʝˀʝʥʠ ʦʧʩʝʛ ʙʨʟʠʥʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ. ʀʟʘʙʨʘʣʠ ʩʤʦ ʟʘʤʘʿʥʫ 

ʤʘʩʫ (ʧʨʠʙʣʠʞʥʦʛ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʿʝ ʠʟʨʘʯʫʥʘʪʦʤ) ʠ ʥʘ ʦʩʥʦʚʫ ʦʚʠʭ ʧʦʜʘʪʘʢʘ ʠʟʘʙʨʘʣʠ 

ʤʦʪʦʨ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʦʧʩʝʛʦʤ ʧʨʦʤʝʥʝ ʙʨʟʠʥʝ ʯʠʤʝ ʩʝ ʦʩʪʚʘʨʫʿʝ ʞʝˀʝʥʠ ʦʧʩʝʛ 

ʧʨʦʤʝʥʝ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ. 

 

ɿʘʤʝʥʦʤ ʨʝʣʘʮʠʿʘ (2.2) ʠ (3.2) ʫ ʧʦʯʝʪʥʠ ʠʟʨʘʟ (3.1), ʜʦʣʘʟʠ ʩʝ ʜʦ ʧʦʪʨʝʙʥʝ ʫʛʘʦʥʝ ʙʨʟʠʥʝ 

ʢʦʿʫ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʨʘʟʚʠʿʝ ʝʣʝʢʪʨʦʤʦʪʦʨ ʢʘʢʦ ʙʠ ʩʠʤʫʣʠʨʘʦ ʞʝˀʝʥʫ ʪʨʘʥʩʣʘʪʦʨʥʫ 

ʙʨʟʠʥʫ ʚʦʟʠʣʘ, ʨʝʣʘʮʠʿʘ (3.3), ʦʜʨʝʹʝʥʝ ʤʘʩʝ: 
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ʉʣʠʢʘ 3.7 ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʤʦʜʝʣ ʟʘʤʘʿʥʝ ʤʘʩʝ 

 

ʋ ʨʝʣʘʮʠʿʫ (3.3) ʩʝ ʫʥʦʩʠ ʞʝˀʝʥʘ ʚʨʝʜʥʦʩʪ ʙʨʟʠʥʝ ʚʦʟʠʣʘ, ʢʘʦ ʠ ʤʘʩʘ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ, 

ʦʜʘʢʣʝ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʢʦʿʫ ʫʛʘʦʥʫ ʙʨʟʠʥʫ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʨʘʟʚʠʿʝ ʝʣʝʢʪʨʦʤʦʪʦʨ, 

ʦʜʥʦʩʥʦ ʢʦʿʫ ʫʛʘʦʥʫ ʙʨʟʠʥʫ ʪʨʝʙʘ ʜʘ ʠʤʘ ʟʘʤʘʿʥʘ ʤʘʩʘ. ʉʣʠʢʘ 3.8 ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʤʝʥʫ 

ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʟʘʤʘʿʥʝ ʤʘʩʝ ʫ ʨʝʣʘʮʠʿʠ ʩʘ ʙʨʟʠʥʦʤ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ, ʛʜʝ ʿʝ ʤʘʩʘ ʯʝʪʚʨʪʠʥʝ 

ʚʦʟʠʣʘ 300 kg. ɿʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʧʨʦʤʝʥʝ ʪʨʘʥʩʣʘʪʦʨʥʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʠ ʫʛʘʦʥʝ ʙʨʟʠʥʝ, 

ʿʝ ʣʠʥʝʘʨʥʘ. ɺʘʨʠʨʘˁʝʤ ʤʘʩʝ ʯʝʪʚʨʪʠʥʝ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ, ʫ ʨʝʣʘʮʠʿʠ (3.3), ʛʜʝ ʿʝ 

ʙʨʟʠʥʘ ʢʨʝʪʘˁʘ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ ʢʦʥʩʪʘʥʪʘ ʚʨʝʜʥʦʩʪ (ʫ ʜʘʪʦʤ ʩʣʫʯʘʿʫ ʿʝ 80 km/h), 

ʜʦʙʠʿʘ ʩʝ ʜʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʟʘʚʠʩʥʦʩʪʠ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʠ ʤʘʩʝ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ, 

ʩʣʠʢʘ 3.9. ʇʨʦʤʝʥʘ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʫ ʬʫʥʢʮʠʿʠ ʤʘʩʝ ʯʝʪʚʨʪʠʥʝ ʚʦʟʠʣʘ ʿʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʘ, 

ʯʠʤʝ ʿ ʝ ʜʦʢʘʟʘʥʘ ʠ ʿ ʝʜʥʘ ʦʜ ʧʦʩʪʘʚˀʝʥʠʭ ʭʠʧʦʪʝʟʘ, ʜʘ ʩʘ ʧʨʦʤʝʥʦʤ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʟʘʤʘʿʥʝ 

ʤʘʩʝ ʤʦʛʫ ʜʘ ʩʝ ʩʠʤʫʣʠʨʘʿʫ ʚʦʟʠʣʘ ʨʘʟʣʠʯʠʪʠʭ ʢʘʪʝʛʦʨʠʿʘ ʠ ʤʘʩʘ. ʄʦʛʫ˂ʥʦʩʪ ʧʨʦʤʝʥʝ 

ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʟʘʤʘʿʥʝ ʤʘʩʝ ʦʙʝʟʙʝʹʫʿʝ ʣʘʢʦ ʢʦʨʠʰ˂ʝˁʝ ʧʨʦʙʥʦʛ ʩʪʦʣʘ, ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ 

ʧʨʦʤʝʥʦʤ ʟʘʤʘʿʥʠʭ ʤʘʩʘ, ʰʪʦ ʥʝ ʠʟʠʩʢʫʿʝ ʥʝʢʝ ʜʦʜʘʪʥʝ ʬʠʟʠʯʢʝ ʥʘʧʦʨʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʿʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘ.  

 

ɿʘʤʘʿʥʘ ʤʘʩʘ ʢʦʿʘ ʿʝ ʫʛʨʘʹʝʥʘ ʥʘ ʧʨʦʙʥʠ ʩʪʦ ʩʝ ʥʘʣʘʟʠʣʘ ʫ ʃʘʙʦʨʘʪʦʨʠʿʠ ʟʘ ʤʦʪʦʨʥʘ 

ʚʦʟʠʣʘ ʟʘʿʝʜʥʦ ʩʘ ʧʦʩʪʦˀʝʤ. ʊʝ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ, ʢʘʦ ʠ ʤʘˁʠʭ ʥʦʚʯʘʥʠʭ ʫʣʘʛʘˁʘ ʠ ʢʨʘ˂ʝʛ 

ʚʨʝʤʝʥʘ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʿʝ ʧʨʠʤʝˁʝʥʘ. ʅʘ ʦʩʥʦʚʫ ʧʨʠʤʝˁʝʥʝ ʟʘʤʘʿʥʝ ʤʘʩʝ, 

ʢʘʦ ʠ ʧʘʨʘʤʝʪʘʨʘ ʩʠʤʫʣʠʨʘʥʦʛ ʧʫʪʥʠʯʢʦʛ ʚʦʟʠʣʘ, ʠʟʘʙʨʘʥ ʿʝ ʝʣʝʢʪʨʦʤʦʪʦʨ ʩʘ ʿʝʜʥʠʤ 

ʧʘʨʦʤ ʧʦʣʦʚʘ ʯʠʿʘ ʿʝ ʩʥʘʛʘ 18,5 kW, ʪʘʙʝʣʘ 3.1. 

 

ʅʦʤʠʥʘʣʥʠ ʤʦʤʝʥʪ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʿʝ ʟʥʘʪʥʦ ʤʘˁʠ ʦʜ ʦʯʝʢʠʚʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʢʦʯʥʦʛ 

ʤʦʤʝʥʪʘ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʦʛʨʘʥʠʯʝˁʝ ʟʙʦʛ ʢʦʛʘ ʥʠʿʝ ʜʦʟʚʦˀʝʥʦ ʠʩʧʠʪʠʚʘˁʝ ʩʘ 

ʠʩʪʦʚʨʝʤʝʥʠʤ ʢʦʯʝˁʝʤ ʠ ʧʦʛʦʥʦʤ ʟʘʤʘʿʥʝ ʤʘʩʝ. ʆʚʘʢʚʠ ʫʩʣʦʚʠ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʿʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʢʘʜʘ ʩʝ ʚʨʰʝ ʠʩʧʠʪʠʚʘˁʘ ʫ ʮʠˀʫ ʫʪʚʨʹʠʚʘˁʘ ʛʫʙʠʪʢʘ ʢʦʯʥʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʢʦʿʝ ʿʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʧʦʟʥʘʪʦ ʧʦʜ ʥʘʟʠʚʦʤ ñfadeò. 
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ʉʣʠʢʘ 3.8 ɿʘʚʠʩʥʦʩʪ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʟʘʤʘʿʥʝ ʤʘʩʝ ʦʜ ʞʝˀʝʥʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ 

 

 

ʉʣʠʢʘ 3.9 ɿʘʚʠʩʥʦʩʪ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʟʘʤʘʿʥʝ ʤʘʩʝ ʦʜ ʞʝˀʝʥʝ ʤʘʩʝ ʯʝʪʚʨʪʠʥʝ ʚʦʟʠʣʘ 

 

ʊʘʙʝʣʘ 3.1 ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʝʣʝʢʪʨʦʤʦʪʦʨʘ 

ʇʨʦʠʟʚʦʹʘʯ SEVER 

ʊʠʧ SAE3-160L-2 

ʅʦʤʠʥʘʣʥʘ ʩʥʘʛʘ, kW 18,5 

ʄʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʦʙʨʪʘʿʘ, o/min 2930 

ɱʘʯʠʥʘ ʩʪʨʫʿʝ, A 32,5 

ʂʦʝʬʠʮʠʿʝʥʪ ʢʦʨʠʩʥʦʛ ʜʝʿʩʪʚʘ, - 0,924 

ʅʦʤʠʥʘʣʥʠ ʤʦʤʝʥʪ, Nm 60 

ʉʪʘʨʪʥʠ ʤʦʤʝʥʪ 2 ʧʫʪʘ ʚʝ˂ʠ ʦʜ ʥʦʤʠʥʘʣʥʦʛ 

ʉʪʘʨʪʥʘ ʩʪʨʫʿʘ 8,1 ʧʫʪʘ ʚʝ˂ʘ ʦʜ ʥʦʤʠʥʘʣʥʝ 
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3.3.2 ʀʟʙʦʨ ʧʦʪʨʝʙʥʠʭ ʜʘʚʘʯʘ ʥʘ ʦʩʥʦʚʫ ʨʘʜʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʯʝˁʘ ʠ ˁʠʭʦʚʦ 

ʧʦʩʪʘʚˀʘˁʝ ʥʘ ʧʨʦʙʥʠ ʩʪʦ 

 

ɿʘ ʧʦʪʨʝʙʝ ʨʝʘʣʠʟʘʮʠʿʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʘʪʠʪʠ ʫʛʘʦʥʫ ʙʨʟʠʥʫ 

ʟʘʤʘʿʥʝ ʤʘʩʝ (ʢʦʯʥʦʛ ʜʠʩʢʘ) ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ, ʢʘʢʦ ʧʨʠ ʫʙʨʟʘʚʘˁʫ, ʪʘʢʦ ʠ ʫ ʧʨʦʮʝʩʫ 

ʢʦʯʝˁʘ. ʊʘʢʦʹʝ, ʩʝ ʧʨʘʪʠ ʧʨʠʪʠʩʘʢ ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ ʠ ʭʠʜʨʘʫʣʠʯʢʦʿ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ. 

ɿʘʪʠʤ ʩʝ ʤʝʨʠ ʠ ʢʦʯʥʠ ʤʦʤʝʥʪ, ʢʘʦ ʚʘʞʥʘ ʚʝʣʠʯʠʥʘ, ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʥʠ ʧʦʢʘʟʘʪʝˀ 

ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʯʥʠʮʘ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ. ʂʘʢʦ ʿʝ ʘʢʮʝʥʘʪ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ 

ʩʪʘʚˀʝʥ ʥʘ ʪʝʨʤʠʯʢʦ ʥʘʧʨʝʟʘˁʝ ʜʠʩʢ ʢʦʯʥʠʮʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʘ˂ʝˁʝ ʧʨʦʤʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʦʯʥʦʤ ʜʠʩʢʫ ʠ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ. ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦʛ ʦʙʿʘʰˁʝˁʘ 

ʰʪʘ ʿʝ ʩʚʝ ʧʦʪʨʝʙʥʦ ʤʝʨʠʪʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʿʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʦʚʝ 

ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʜʘʚʘʯʠ ʠ ʫʨʝʹʘʿʠ ʟʘ ʤʝʨʝˁʝ ʬʠʟʠʯʢʠʭ 

ʚʝʣʠʯʠʥʘ: 

- ʫʛʘʦʥʘ ʙʨʟʠʥʘ ʟʘʤʘʿʥʝ ʤʘʩʝ ï ʢʦʯʥʦʛ ʜʠʩʢʘ (ʠʥʜʫʢʪʠʚʥʠ ʜʘʚʘʯ), 

- ʧʨʠʪʠʩʘʢ ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ï ʦʪʧʦʨʥʠʯʢʠ ʜʘʚʘʯ, 

- ʧʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ï ʦʪʧʦʨʥʠʯʢʠ ʜʘʚʘʯ, 

- ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ï ʦʪʧʦʨʥʠʯʢʠ ʜʘʚʘʯ, 

- ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʯʥʦʛ ʜʠʩʢʘ (ʪʝʨʤʦʚʠʟʠʿʩʢʘ ʢʘʤʝʨʘ), ʠ 

- ʢʦʯʥʠ ʤʦʤʝʥʪ (ʜʘʚʘʯ ʩʠʣʝ) ï ʦʪʧʦʨʥʠʯʢʠ ʜʘʚʘʯ. 

 

3.3.2.1 ɼʘʚʘʯ ʫʛʘʦʥʝ ʙʨʟʠʥʝ 

 

ɿʘ ʤʝʨʝˁʝ ʫʛʘʦʥʝ ʙʨʟʠʥʝ, ʧʨʝʮʠʟʥʠʿʝ ʙʨʦʿʘ ʦʙʨʪʘʿʘ ʟʘʤʘʿʥʝ ʤʘʩʝ ï ʢʦʯʥʦʛ ʜʠʩʢʘ, 

ʧʨʠʤʝˁʝʥ ʿʝ ʠʥʜʫʢʪʠʚʥʠ ʜʘʚʘʯ ʧʨʦʠʟʚʦʹʘʯʘ OMRON, ʩʝʨʠʿʝ E2A. ʅʘʧʘʿʘˁʝ ʜʘʚʘʯʘ ʿʝ ʦʜ 

12 VDC ʜʦ 24 VDC [68]. ʉʢʠʮʘ ʠʥʜʫʢʪʠʚʥʦʛ ʜʘʚʘʯʘ ʜʘʪʘ ʿʝ ʩʣʠʢʦʤ 3.10 (ʘ), ʢʘʦ ʠ ʥʝʢʠ 

ˁʝʛʦʚʠ ʝʣʝʤʝʥʪʠ. ɿʘ ʤʝʨʝˁʝ ʙʨʦʿʘ ʦʙʨʪʘʿʘ ʧʨʠʤʝʥʦʤ ʦʚʘʢʚʦʛ ʜʘʚʘʯʘ, ʥʝʦʧʭʦʜʘʥ ʿʝ 

ʥʘʟʫʙˀʝʥʠ ʪʦʯʘʢ, ʘ ʥʘʯʠʥ ʧʦʩʪʘʚˀʘˁʘ ʜʘʚʘʯʘ ʿʝ ʜʘʪ ʥʘ ʩʣʠʮʠ 3.10 (ʙ). ʈʘʩʪʦʿʘˁʝ ʥʘ ʢʦʤ 

ʿʝ ʧʦʪʨʝʙʥʦ ʧʦʩʪʘʚʠʪʠ ʜʘʚʘʯ ʥʝ ʩʤʝ ʙʠʪʠ ʤʘˁʝ ʦʜ 2 mm, ʥʠ ʚʝ˂ʝ ʦʜ 6 mm ʦʜ ʥʘʟʫʙˀʝʥʦʛ 

ʪʦʯʢʘ. ʀʥʜʫʢʪʠʚʥʠ ʜʘʚʘʯ ʜʘʿʝ ʜʠʛʠʪʘʣʥʠ ʩʠʛʥʘʣ ʫ ʦʙʣʠʢʫ ʠʤʧʫʣʩʘ, ʛʜʝ ʩʚʘʢʠ ʠʤʧʫʣʩ 

ʥʘʩʪʘʿʝ ʧʨʦʣʘʩʢʦʤ ʟʫʙʘ ʥʘʟʫʙˀʝʥʦʛ ʪʦʯʢʘ ʠʩʧʨʝʜ ʜʘʚʘʯʘ. ʉʘʤʠʤ ʪʠʤ, ʙʨʦʿ ʠʤʧʫʣʩʘ ʿ ʝʜʥʘʢ 

ʿʝ ʙʨʦʿʫ ʟʫʙʘ ʥʘʟʫʙˀʝʥʦʛ ʪʦʯʢʘ, h ʪʦ ʜʘˀʝ ʜʘʿʝ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʿ ʝʜʥʦʤ ʧʫʥʦʤ ʦʙʨʪʫ ʟʘʤʘʿʥʝ 

ʤʘʩʝ ï ʢʦʯʥʦʛ ʜʠʩʢʘ. 

 

 
 

(ʘ) (ʙ) 

ʉʣʠʢʘ 3.10 ʀʥʜʫʢʪʠʚʥʠ ʜʘʚʘʯ: (ʘ) ʩʢʠʮʘ ʠʥʜʫʢʪʠʚʥʦʛ ʜʘʚʘʯʘ ʠ  

(ʙ) ʧʦʩʪʘʚˀʘˁʝ ʜʘʚʘʯʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʟʫʙˀʝʥʠ ʪʦʯʘʢ [69] 

 

ʋ ʪʦʢʫ ʧʨʦʮʝʩʘ ʟʘʣʝʪʘˁʘ ʧʨʘ˂ʝˁʝ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʧʦʢʘʟʫʿʝ ʜʘ ʠʟʣʘʟʥʦ ʚʨʘʪʠʣʦ 

ʝʣʝʢʪʨʦʤʦʪʦʨʘ, ʟʘʤʘʿʥʘ ʤʘʩʘ, ʢʘʦ ʠ ʢʦʯʥʠ ʜʠʩʢ ʠʤʘʿʫ ʠʩʪʫ ʫʛʘʦʥʫ ʙʨʟʠʥʫ, ʜʦʢ ʫ ʪʦʢʫ 

ʢʦʯʝˁʘ ʦʚʦ ʥʠʿʝ ʩʣʫʯʘʿ. ʊʦʢʦʤ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ, ʤʦʪʦʨ ʿʝ ʦʜʚʦʿʝʥ ʦʜ ʟʘʤʘʿʥʝ ʤʘʩʝ, ʿʝʨ ʿʝ 
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ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʘ ʩʧʦʿʥʠʮʘ ʠʩʢˀʫʯʝʥʘ. ʀʟ ʦʚʦʛ ʨʘʟʣʦʛʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʤʝʨʠʪʠ ʫʛʘʦʥʫ 

ʙʨʟʠʥʫ ʚʨʘʪʠʣʘ ʟʘʤʘʿʥʝ ʤʘʩʝ, ʿʝʨ ʩʘʤʦ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʜʦʙʠʿʘ ʩʝ ʪʘʯʥʘ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʙʨʦʿʫ 

ʦʙʨʪʘʿʘ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʦʜʥʦʩʥʦ ʪʨʘʥʩʣʘʪʦʨʥʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ. 

ʋʤʝʩʪʦ ʥʘʟʫʙˀʝʥʦʛ ʪʦʯʢʘ, ʢʘʦ ʨʝʧʝʨʠ ʩʫ ʠʩʢʦʨʠʰ˂ʝʥʠ ʟʘʚʨʪˁʠ ʢʦʿʠ ʩʧʘʿʘʿʫ ʧʨʠʨʫʙʥʠʮʫ 

ʚʨʘʪʠʣʘ ʟʘʤʘʿʥʝ ʤʘʩʝ ʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʫ ʩʧʦʿʥʠʮʫ. ɹʨʦʿ ʟʘʚʨʪˁʝʚʘ ʢʦʿʠ ʩʝ ʫ ʧʨʚʦʿ 

ʚʘʨʠʿʘʥʪʠ ʥʘʣʘʟʠʦ ʿʝ ʙʠʦ ʰʝʩʪ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʦʚʘʣʦ ʥʝʧʨʝʮʠʟʥʠʤ ʤʝʨʝˁʝʤ ʙʨʦʿʘ ʦʙʨʪʘʿʘ ʫ 

ʦʧʩʝʛʫ ʠʩʧʦʜ 120 o/min. ʀʟ ʦʚʦʛ ʨʘʟʣʦʛʘ ʤʦʥʪʠʨʘʥ ʿʝ ʜʦʜʘʪʥʠ ʧʨʩʪʝʥ ʥʘ ʧʨʠʨʫʙʥʠʮʠ ʢʦʿʠ 

ʠʤʘ ʿʦʰ ʰʝʩʪ ʟʘʚʨʪˁʝʚʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʦʤʦʛʫ˂ʝʥʦ ʿʝ ʪʘʯʥʦ ʤʝʨʝˁʝ ʙʨʦʿʘ ʦʙʨʪʘʿʘ, ʛʜʝ 

ʩʚʘʢʠʭ 12 ʠʤʧʫʣʩʘ ʧʨʝʜʩʪʘʚˀʘ ʿ ʝʜʘʥ ʧʫʥ ʦʙʨʪʘʿ ʟʘʤʘʿʥʝ ʤʘʩʝ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʢʦʯʥʦʛ ʜʠʩʢʘ. 

ʀʥʜʫʢʪʠʚʥʠ ʜʘʚʘʯ ʿʝ ʫ ʯʚʨʩʪʦʿ ʚʝʟʠ ʩʘ ʨʘʤʦʤ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʠ ʥʘʣʘʟʠ ʩʝ ʫ ʥʝʧʦʩʨʝʜʥʦʿ 

ʙʣʠʟʠʥʠ ʛʣʘʚʝ ʟʘʚʨʪˁʝʚʘ. ʉʣʠʢʘ 3.11 ʧʦʢʘʟʫʿʝ ʥʘʯʠʥ ʧʦʩʪʘʚˀʘˁʘ ʠʥʜʫʢʪʠʚʥʦʛ ʜʘʚʘʯʘ ʥʘ 

ʧʨʦʙʥʦʤ ʩʪʦʣʫ.  

 

  

(ʘ) (ʙ) 

 ʉʣʠʢʘ 3.11 ʇʦʩʪʘʚˀʘˁʝ ʜʘʚʘʯʘ ʙʨʦʿʘ ʦʙʨʪʘʿʘ (ʘ) ʥʘ 3D ʤʦʜʝʣʫ ʠ (ʙ) ʥʘ 

ʧʨʦʙʥʦʤ ʩʪʦʣʫ 

 

3.3.2.2 ɼʘʚʘʯ ʧʨʠʪʠʩʢʘ ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ ʠʥʩʪʘʣʘʮʠʿʠ 

 

ʇʨʠʪʠʩʘʢ ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʥʠʿʝ ʙʠʪʘʥ ʧʘʨʘʤʝʪʘʨ ʩʘ ʘʩʧʝʢʪʘ ʤʝʨʝˁʘ ʨʘʜʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʢʦʯʝˁʘ ʯʠʿʠ ʫʪʠʮʘʿ ʩʝ ʘʥʘʣʠʟʠʨʘ ʫ ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. ʀʧʘʢ ʩʘ 

ʘʩʧʝʢʪʘ ʧʦʜʝʰʘʚʘˁʘ ʨʘʜʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʧʨʝʜʩʪʘʚˀʘ ʥʝʦʩʧʦʨʥʦ ʟʥʘʯʘʿʘʥ ʧʘʨʘʤʝʪʘʨ.  

 

ʇʫʪʝʤ ʧʨʠʪʠʩʢʘ ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ ʠʥʩʪʘʣʘʮʠʿʠ, ʧʦʜʝʰʘʚʘ ʩʝ ʩʠʣʘ ʢʦʿʦʤ ʢʣʠʧ ʧʥʝʫʤʘʪʠʯʢʦʛ 

ʮʠʣʠʥʜʨʘ ʧʦʪʠʩʢʫʿʝ ʢʣʠʧ ʢʦʯʥʦʛ ʮʠʣʠʥʜʨʘ. ʅʘ ʙʘʟʠ ʚʨʝʜʥʦʩʪʠ ʩʠʣʝ ʠ ʧʨʝʯʥʠʢʘ ʢʣʠʧʦʚʘ 

ʦʚʘ ʜʚʘ ʮʠʣʠʥʜʨʘ, ʧʦʜʝʰʘʚʘ ʩʝ ʧʨʠʪʠʩʘʢ ʫ ʭʠʜʨʘʫʣʠʯʢʦʿ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ, ʢʦʿʠ ʿ ʝ ʿ ʝʜʘʥ 

ʦʜ ʦʩʥʦʚʥʠʭ ʨʘʜʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʯʝˁʘ. ɿʘ ʤʝʨʝˁʝ ʧʨʠʪʠʩʢʘ ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ ʠʥʩʪʘʣʘʮʠʿʠ, 

ʢʦʨʠʰ˂ʝʥ ʿʝ ʤʝʤʙʨʘʥʩʢʠ ʜʘʚʘʯ ʧʨʠʪʠʩʢʘ, ʬʠʨʤʝ COMECO. ʄʝʤʙʨʘʥʩʢʠ ʜʘʚʘʯ ʧʨʠʪʠʩʢʘ 

ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʯʝʪʠʨʠ ʤʝʨʥʝ ʪʨʘʢʝ ʢʦʿʝ ʩʫ ʧʦʚʝʟʘʥʝ ʫ ɺʠʪʩʪʦʥʦʚ ʤʦʩʪ. ʉʘ ʿʝʜʥʝ ʩʪʨʘʥʝ 

ʤʝʤʙʨʘʥʝ ʜʦʚʦʜʠ ʩʠ ʬʣʫʠʜ ʯʠʿʠ ʩʝ ʧʨʠʪʠʩʘʢ ʤʝʨʠ, ʜʦʢ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʜʝʣʫʿʝ 

ʘʪʤʦʩʬʝʨʩʢʠ ʧʨʠʪʠʩʘʢ. ʋʩʣʝʜ ʨʘʟʣʠʢʝ ʧʨʠʪʠʩʢʘ ʜʦʣʘʟʠ ʜʦ ʜʝʬʦʨʤʘʮʠʿʝ ʤʝʤʙʨʘʥʝ ʠ 

ʤʝʨʥʠʭ ʪʨʘʢʘ ʠ ʪʠʤʝ ʩʝ ʤʝˁʘ ˁʠʭʦʚʘ ʦʪʧʦʨʥʦʩʪ, ʘ ʥʘʧʦʥ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʨʘʟʣʠʮʠ 

ʧʨʠʪʠʩʢʘ. 

 



ʇʨʦʙʥʠ ʩʪʦ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ 

48 

 

ʇʨʠʤʝˁʝʥʠ ʜʘʚʘʯ ʧʨʠʪʠʩʢʘ ʠʤʘ ʦʧʩʝʛ ʤʝʨʝˁʘ ʦʜ 0 ʜʦ 10 bar. ʄʘʢʩʠʤʘʣʥʠ ʧʨʠʪʠʩʘʢ ʢʦʿʠ 

ʢʦʤʧʨʝʩʦʨ ʤʦʞʝ ʜʘ ʦʩʪʚʘʨʠ ʿʝ 10 bar. ʆʩʠʤ ʦʚʦʛ ʨʘʟʣʦʛʘ, ʟʙʦʛ ʚʝʣʠʢʝ ʨʘʟʣʠʢʝ ʫ 

ʧʨʝʯʥʠʮʠʤʘ ʢʣʠʧʦʚʘ, ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʩʫ ʧʦʪʨʝʙʥʠ ʟʥʘʪʥʦ ʤʘˁʠ ʧʨʠʪʠʩʮʠ ʟʘ 

ʦʩʪʚʘʨʠʚʘˁʝ ʢʦʯʥʦʛ ʧʨʠʪʠʩʢʘ ʦʜ ʧʨʝʢʦ 10 MPa. ɼʘʚʘʯ ʿʝ ʧʦʩʪʘʚˀʝʥ ʥʘ ʫʣʘʟʫ ʫ 

ʧʥʝʫʤʘʪʠʯʢʠ ʮʠʣʠʥʜʘʨ, ʩʘ ʩʪʨʘʥʝ ʛʜʝ ʚʘʟʜʫʭ ʜʦʣʘʟʠ ʢʘʜʘ ʪʨʝʙʘ ʜʘ ʩʝ ʘʢʪʠʚʠʨʘ ʢʦʯʥʠʮʘ, 

ʩʣʠʢʘ 3.12. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʜʦʙʠʿʘ ʩʝ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʘ ʿ ʝ ʚʝʣʠʯʠʥʘ ʧʥʝʫʤʘʪʠʯʢʦʛ ʧʨʠʪʠʩʢʘ 

ʢʦʿʦʤ ʩʝ ʦʩʪʚʘʨʫʿʝ ʞʝˀʝʥʠ ʢʦʯʥʠ ʧʨʠʪʠʩʘʢ.  

 

  

(ʘ) (ʙ) 

ʉʣʠʢʘ 3.12 ʇʦʩʪʘʚˀʘˁʝ ʜʘʚʘʯʘ ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ ʠʥʩʪʘʣʘʮʠʿʠ (ʘ) ʥʘ 3D ʤʦʜʝʣʫ ʠ (ʙ) ʥʘ 

ʧʨʦʙʥʦʤ ʩʪʦʣʫ 

 

3.3.2.3 ɼʘʚʘʯ ʧʨʠʪʠʩʢʘ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ 

 

ʂʘʢʦ ʿʝ ʢʦʯʥʠ ʧʨʠʪʠʩʘʢ ʿʝʜʘʥ ʦʩʥʦʚʥʠʭ ʨʘʜʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ, 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʤʘʪʠ ʩʪʘʣʥʠ ʫʚʠʜ ʫ ˁʝʛʦʚʫ ʚʨʝʜʥʦʩʪ, ʪʿ. ʚʨʰʠʪʠ ˁʝʛʦʚʦ ʤʝʨʝˁʝ ʪʦʢʦʤ 

ʨʝʘʣʠʟʘʮʠʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘ. ɿʘ ʤʝʨʝˁʝ ʢʦʯʥʦʛ ʧʨʠʪʠʩʢʘ, ʢʦʨʠʰ˂ʝʥ ʿʝ ʜʘʚʘʯ ʧʨʠʪʠʩʢʘ ʯʠʿʘ 

ʿʝ ʧʨʝʮʠʟʥʦʩʪ 0,2% ʤʝʨʥʦʛ ʦʧʩʝʛʘ, ʩʣʠʢʘ 3.13. 

   

 

ɼʘʚʘʯ ʧʨʠʪʠʩʢʘ ʫ ʭʠʜʨʘʫʣʠʯʢʦʿ 

ʠʥʩʪʘʣʘʮʠʿʠ 

ʅʘʧʘʿʘˁʝ, VDC 12-36 

ʆʧʩʝʛ, MPa 0-25 
 

ʉʣʠʢʘ 3.13 ɼʘʚʘʯ ʧʨʠʪʠʩʢʘ WPM-131D [70] 

 

ʆʧʩʝʛ ʤʝʨʝˁʘ ʢʦʨʠʰ˂ʝʥʦʛ ʜʘʚʘʯʘ ʿʝ ʦʜ 0 ʜʦ 25 MPa. ʇʨʘʚʠʣʥʠʢʦʤ ECE R13 (Uniform 

provisions concerning the approval of vehicles of categories M, N and O with regard to braking) 

ʥʠʿʝ ʜʝʬʠʥʠʩʘʥʘ ʚʨʝʜʥʦʩʪ ʧʨʠʪʠʩʢʘ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ. ɺʨʝʜʥʦʩʪʠ ʢʦʯʥʦʛ ʧʨʠʪʠʩʢʘ 

ʢʦʿʘ ʤʘʢʩʠʤʘʣʥʘ ʩʤʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʝ ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʦʜ ʩʪʨʘʥʝ 

ʧʨʦʠʟʚʦʹʘʯʘ ʚʦʟʠʣʘ [71]. ɼʘʚʘʯ, ʦʩʠʤ ʝʣʝʢʪʨʠʯʥʦʛ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ ʰʘˀʝ ʥʘ A/D 



ʇʨʦʙʥʠ ʩʪʦ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ 

49 

 

ʢʦʥʚʝʨʪʦʨ, ʠʤʘ ʠ ʜʠʛʠʪʘʣʥʠ ʝʢʨʘʥ ʥʘ ʢʦʤʝ ʩʝ ʤʦʞʝ ʦʯʠʪʘʪʠ ʪʨʝʥʫʪʥʘ ʚʨʝʜʥʦʩʪ ʢʦʯʥʦʛ 

ʧʨʠʪʠʩʢʘ. ɼʘʚʘʯ ʩʝ ʥʘʣʘʟʠ ʥʘ ʜʝʣʫ ʢʦʿʠ ʩʧʘʿʘ ʢʨʫʪʠ ʠ ʬʣʝʢʩʠʙʠʣʥʠ ʚʦʜ ʢʦʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ, 

ʩʣʠʢʘ 3.14. ʉʧʦʿ ʿʝ ʫ ʯʚʨʩʪʦʿ ʚʝʟʠ ʩʘ ʧʨʦʙʥʠʤ ʩʪʦʣʦʤ. 

 

  

(ʘ) (ʙ) 

ʉʣʠʢʘ 3.14 ʇʦʩʪʘʚˀʘˁʝ ʜʘʚʘʯʘ ʧʨʠʪʠʩʢʘ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ (ʘ) ʥʘ 3D ʤʦʜʝʣʫ 

ʠ (ʙ) ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ 

 

3.3.2.4 ɼʘʚʘʯʠ ʪʝʤʧʝʨʘʪʫʨʝ 

 

ʄʝʨʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘ ʩʝ ʚʨʰʠ ʧʦʤʦ˂ʫ ʜʘʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʝ Pt100, ʢʦʿʠ 

ʠʤʘʿʫ ʢʝʨʘʤʠʯʢʫ ʦʙʣʦʛʫ. ɼʘʚʘʯʠ ʪʝʤʧʝʨʘʪʫʨʝ Pt100 ʩʧʘʜʘʿʫ ʫ ʛʨʫʧʫ ʦʪʧʦʨʥʠʯʢʠʭ ʜʘʚʘʯʘ. 

ʉʘ ʧʨʦʤʝʥʦʤ ʪʝʤʧʝʨʘʪʫʨʝ ʤʝˁʘ ʩʝ ʦʪʧʦʨʥʦʩʪ ʜʘʚʘʯʘ, ʪʿ. ʰʪʦ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʰʘ, 

ʦʪʧʦʨʥʦʩʪ ʿʝ ʚʝ˂ʘ, ʦʜʘʢʣʝ ʠʤ ʠ ʧʦʪʠʯʝ ʥʘʟʠʚ. Pt100 ʜʘʚʘʯ ʯʠʥʠ ʥʘʤʦʪʘʿ ʪʘʥʢʝ ʞʠʮʝ ʦʜ 

ʧʣʘʪʠʥʝ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʥʘ ʠʟʦʣʘʪʦʨʩʢʦʤ ʥʦʩʘʯʫ. ʄʝʨʥʠ ʦʧʩʝʛ ʧʨʠʤʝˁʝʥʦʛ ʜʘʚʘʯʘ ʿʝ ʜʦ 

250 . ɼʦʙʨʘ ʦʩʦʙʠʥʘ ʩʫ ʠʤ ʨʝʣʘʪʠʚʥʦ ʤʘʣʝ ʜʠʤʝʥʟʠʿʝ, h ʪʦ ʿ ʝ ʦʤʦʛʫ˂ʠʣʦ ʨʝʣʘʪʠʚʥʦ ʣʘʢʦ 

ʤʦʥʪʠʨʘˁʝ ʫ ʢʦʯʥʝ ʧʣʦʯʠʮʝ, ʩʣʠʢʘ 3.15. ɿʙʦʛ ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʢʦʛ ʩʫ ʠʟʨʘʹʝʥʠ ʜʘʚʘʯʠ 

(ʢʝʨʘʤʠʢʘ) ʠ ˁ ʝʛʦʚʝ ʚʝʣʠʢʝ ʢʨʪʦʩʪʠ, ʙʠʣʦ ʿ ʝ ʠ ʧʘʨ ʥʝʫʩʧʝʰʥʠʭ ʧʦʩʪʘʚˀʘˁʘ ʜʘʚʘʯʘ. ʀʧʘʢ, 

ʦʧʰʪʝ ʿʝ ʧʦʟʥʘʪʘ ʯʠˁʝʥʠʮʘ ʜʘ ʩʝ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʩʘʤʦʤ ʢʦʥʪʘʢʪʫ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ 

ʥʝ ʤʦʞʝ ʠʟʤʝʨʠʪʠ, ʘ ʜʘ ʩʝ ʜʘʚʘʯʠ ʥʝ ʦʰʪʝʪʝ, ʧʘ ʩʫ ʦʥʠ ʧʦʩʪʘʚˀʝʥʠ ʥʘ ʯʝʪʠʨʠ ʧʦʟʠʮʠʿʝ ʫ 

ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ, ʥʘ ʜʫʙʠʥʠ ʦʜ 2 mm ʦʜ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʢʦʯʥʝ ʧʣʦʯʠʮʝ, ʩʣʠʢʘ 

3.16.  

 

 

 

ʉʣʠʢʘ 3.15 ɼʘʚʘʯ ʪʝʤʧʝʨʘʪʫʨʝ Pt100 [72] 

 

ʇʨʝ ʧʦʩʪʘʚˀʘˁʝ ʜʘʚʘʯʘ ʥʘ ʯʝʪʠʨʠ ʣʦʢʘʮʠʿʝ ʫ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ (ʩʣʠʢʘ 3.17) ʥʝʦʧʭʦʜʥʦ 

ʿʝ ʠʟʙʫʰʠʪʠ ʨʫʧʝ ʫ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ ʫ ʢʦʿʠʤʘ ˂ʝ ʙʠʪʠ ʧʦʩʪʘʚˀʝʥʠ. ʋʛʘʦ ʧʦʩʪʘʚˀʘˁʘ 
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ʜʘʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʿ ʨʘʚʥʠ ʿʝ 0Á, ʘ ʫ ʚʝʨʪʠʢʘʣʥʦʿ ʨʘʚʥʠ ʿʝ 48Á. ʈʘʟʣʦʛ 

ʦʚʘʢʦ ʠʟʘʙʨʘʥʠʭ ʫʛʣʦʚʘ ʿ ʝʩʪʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʨʫʧʘ ʯʠʿʘ ʿ ʝ ʜʫʙʠʥʘ 30 mm, ʘ ʜʘ ʧʨʠʪʦʤ ʜʘʚʘʯʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʫʜʫ ʫ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ, ʜʘ ˁʠʭʦʚ ʚʨʭ ʥʝ ʠʟʘʹʝ ʚʘʥ, ʚʝ˂ ʜʘ ʩʝ ʚʨʭ ʜʘʚʘʯʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʹʝ ʫ ʟʦʥʠ ʫʣʘʟʥʦʛ ʠ ʠʟʣʘʟʥʦʛ ʜʝʣʘ ʢʦʯʥʝ ʧʣʦʯʠʮʝ. 

 

 

ʉʣʠʢʘ 3.16 ʇʦʣʦʞʘʿ ʨʫʧʘ ʟʘ ʧʦʩʪʘʚˀʘˁʝ ʜʘʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ 

 

 

 

(ʘ) (ʙ) 

ʉʣʠʢʘ 3.17 ʇʦʩʪʘʚˀʘˁʝ ʜʘʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ: (ʘ) ʢʦʯʥʝ ʧʣʦʯʠʮʝ 

ʥʘʢʦʥ ʙʫʰʝˁʘ ʠ (ʙ) ʜʘʚʘʯʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʘʜʘ ʩʝ ʧʣʦʯʠʮʝ ʧʦʩʪʘʚʝ ʫ ʩʪʝʛʫ 

 

3.3.2.5 ʊʝʨʤʦʚʠʟʠʿʩʢʘ ʢʘʤʝʨʘ 

 

ʇʨʠʤʝʥʘ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ʦʤʦʛʫ˂ʘʚʘ ʧʨʘ˂ʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʦʥʪʘʢʪʥʦʿ ʧʦʚʨʰʠʥʠ 

ʢʦʯʥʦʛ ʜʠʩʢʘ, ʢʘʦ ʠ ʫ ʧʨʦʩʪʦʨʫ ʨʝʙʘʨʘ. ʅʘ ʢʘʤʝʨʠ ʩʝ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʤʦʞʝ ʚʠʜʝʪʠ 

ʨʘʩʧʦʜʝʣʘ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʩʣʠʢʘˁʝʤ ʩʝ ʦʩʪʚʘʨʫʿʝ ʤʦʛʫ˂ʥʦʩʪ ʢʘʩʥʠʿʝ ʦʙʨʘʜʝ ʠ ʧʨʠʢʘʟʘ 

ʨʘʩʧʦʜʝʣʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʢʘʦ ʠ ʙʦˀʝ ʨʘʟʫʤʝʚʘˁʝ ʛʝʥʝʨʠʩʘˁʘ ʠ 

ʧʨʦʩʪʠʨʘˁʘ ʪʦʧʣʦʪʝ ʥʘ ʢʦʯʥʦʤ ʜʠʩʢʫ. ɱʝʜʠʥʠ ʥʝʜʦʩʪʘʪʘʢ ʪʦʢʦʤ ʤʝʨʝˁʘ ʿʝ ʪʘʿ ʰʪʦ ʩʝ 

ʤʦʞʝ ʧʨʘʪʠʪʠ ʩʘʤʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ ʫ ʟʦʥʠ ʢʦʿʘ ʫ ʪʦʤ ʪʨʝʥʫʪʢʫ 

ʥʠʿʝ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ, ʜʦʢ ʜʝʦ ʢʦʿʠ ʿʝ ʫ ʢʦʥʪʘʢʪʫ ʥʝ ʤʦʞʝ ʩʝ ʫʩʣʠʢʘʪʠ. 

 

ʇʨʘ˂ʝˁʝ ʪʦʧʣʦʪʝ ʢʦʿʘ ʩʝ ʧʨʦʩʪʠʨʝ ʧʦ ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ ʚʨʰʠ ʩʝ ʧʦʤʦ˂ʫ 

ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ï Testo 868 (ʩʣʠʢʘ 3.18 (ʘ)). ʊʝʨʤʦʚʠʟʠʿʩʢʘ ʢʘʤʝʨʘ ʠʤʘ ʜʚʘ ʤʝʨʥʘ 

ʦʧʩʝʛʘ ʢʦʿʘ ʩʝ ʤʦʛʫ ʦʜʘʙʨʘʪʠ ʫ ˁʝʥʠʤ ʧʦʜʝʰʘʚʘˁʠʤʘ, ʠ ʪʦ ʦʜ -30  ʜʦ +100  ʠ ʦʜ 0  

ʜʦ +650 . ɿʘ ʧʦʪʨʝʙʝ ʤʝʨʝˁʘ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʢʦʨʠʩʪʠ ʩʝ ʤʝʨʥʠ 

ʦʧʩʝʛ ʦʜ 0  ʜʦ +650 , ʿ ʝʨ ʿ ʝ ʥʘ ʦʩʥʦʚʫ ʩʣʠʯʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʧʨʝʛʣʝʜʘʥʦʿ ʣʠʪʝʨʘʪʫʨʠ 

ʫʪʚʨʹʝʥʦ ʜʘ ʩʫ ʦʯʝʢʠʚʘʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʫ ʦʚʦʤ ʦʧʩʝʛʫ. ʇʨʠʤʝʥʦʤ 
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51 

 

ʦʚʝ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ʤʦʛʫ˂ʝ ʿ ʝ ʪʦʢʦʤ ʤʝʨʝˁʘ ʧʨʘʚʠʪʠ ʩʣʠʢʝ ʩʘ ʪʝʨʤʘʣʥʠʤ ʧʨʠʢʘʟʦʤ, 

ʘ ʧʦʩʪʦʿʠ ʦʧʮʠʿʘ ʠ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʬʦʪʦʘʧʘʨʘʪ. ʇʦʣʦʞʘʿ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ʫ ʪʦʢʫ 

ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʙʥʠ ʩʪʦ, ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 3.18 (ʙ). 

 

 
 

(ʘ) (ʙ) 

ʉʣʠʢʘ 3.18 ʊʝʨʤʦʚʠʟʠʿʩʢʘ ʢʘʤʝʨʘ (ʘ) Testo 868 ʠ (ʙ) ʧʦʣʦʞʘʿ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ʫ 

ʪʦʢʫ ʠʩʧʠʪʠʚʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʙʥʠ ʩʪʦ 
 

3.3.2.6 ɼʘʚʘʯ ʩʠʣʝ ʟʘ ʤʝʨʝˁʝ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ 

 

ʋ ʮʠˀʫ ʧʨʘ˂ʝˁʘ ʿʦʰ ʿʝʜʥʦʛ ʙʠʪʥʦʛ ʧʘʨʘʤʝʪʨa ʢʦʯʝˁʘ, ʘ ʪʦ ʿʝ ʢʦʯʥʠ ʤʦʤʝʥʪ, ʥʝʦʧʭʦʜʥʦ 

ʿʝ ʥʘʧʨʘʚʠʪʠ ʯʚʨʩʪʫ ʚʝʟʫ ʠʟʤʝʹʫ ʢʦʯʥʝ ʩʪʝʛʝ ʠ ʜʘʚʘʯʘ ʩʠʣʝ. ʂʦʯʥʠ ʤʦʤʝʥʪ ʿʝ ʤʝʨʝʥ 

ʧʦʩʨʝʜʥʦ, ʧʦʤʦ˂ʫ ʜʘʚʘʯʘ ʩʠʣʝ (ʩʣʠʢʘ 3.19) ʥʘ ʦʜʨʝʹʝʥʦʤ ʨʘʩʪʦʿʘˁʫ. ʅʘʯʠʥ ʫʛʨʘʜˁʝ 

ʜʘʚʘʯʘ ʩʠʣʝ ʫ ʮʠˀʫ ʤʝʨʝˁʘ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ BRAKE DYNO 2020 

ʧʨʠʢʘʟʘʥ ʿ ʝ ʥʘ ʩʣʠʮʠ 3.20. ɱʝʜʥʦʩʪʘʚʥʠʤ ʧʨʝʨʘʯʫʥʘʚʘˁʝʤ ʦʜʨʝʹʫʿʝ ʩʝ ʢʦʯʥʠ ʤʦʤʝʥʪ (ʩʠʣʘ 

ʧʫʪʘ ʢʨʘʢ), ʩʣʠʢʘ 3.21. ɺʝʟʘ ʠʟʤʝʹʫ ʢʦʯʥʝ ʩʪʝʛʝ ʠ ʥʦʩʘʯʘ (ʩʣʠʢʘ 3.21) ʿʝ ʦʩʪʚʘʨʝʥʘ ʧʨʝʢʦ 

ʧʣʦʯʝ ï ʥʦʩʘʯʘ ʩʪʝʛʝ (1), ʪʘʢʦ ʰʪʦ ʩʝ ʩʘ ʿʝʜʥʝ ʩʪʨʘʥʝ ʥʘʣʘʟʠ ʢʦʯʥʘ ʩʪʝʛʘ (2), ʘ ʩʘ ʜʨʫʛʝ 

ʜʘʚʘʯ ʩʠʣʝ (3). ʅʦʩʘʯ ʩʪʝʛʝ ʿ ʝ ʪʘʢʦʹʝ ʫ ʚʝʟʠ ʩʘ ʥʝʧʦʢʨʝʪʥʠʤ ʜʝʣʦʤ ʨʘʤʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ (4), 

ʧʨʝʢʦ ʟʛʣʦʙʘ G (5). ɼʘʚʘʯ ʩʠʣʝ ʿʝ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʪʘʢʦʹʝ ʫ ʚʝʟʠ ʩʘ ʥʝʧʦʢʨʝʪʥʠʤ ʜʝʣʦʤ 

ʤʘʰʠʥʝ, ʘ ʢʦʯʥʘ ʩʪʝʛʘ ʿʝ ʩʘʤʦ ʫ ʚʝʟʠ ʩʘ ʥʦʩʝ˂ʦʤ ʧʣʦʯʦʤ. ʇʨʝ ʘʢʪʠʚʠʨʘˁʘ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ 

ʠ ʩʚʝ ʜʦʢ ʩʝ ʥʝ ʟʘʫʩʪʘʚʠ, ʢʦʯʥʠ ʜʠʩʢ ʠʤʘ ʥʝʢʫ ʫʛʘʦʥʫ ʙʨʟʠʥʫ (ɤ). ɸʢʪʠʚʠʨʘˁʝʤ ʢʦʯʥʦʛ 

ʩʠʩʪʝʤʘ ʫ ʩʘʤʦʤ ʢʦʥʪʘʢʪʫ ʢʦʯʥʦʛ ʜʠʩʢ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʿʘʚˀʘ ʩʝ ʩʠʣʘ (Fd) ʢʦʿʘ ʪʝʞʠ ʜʘ 

ʢʦʯʥʘ ʩʪʝʛʘ ʥʘʩʪʘʚʠ ʜʘ ʩʝ ʢʨʝ˂ʝ ʩʘ ʢʦʯʥʠʤ ʜʠʩʢʦʤ, ʜʦʢ ʩʝ ʥʘ ʩʫʧʨʦʪʥʦʤ ʢʨʘʿʫ ʿʘʚˀʘ ʩʠʣʘ 

ʢʦʯʝˁʘ (Fk) ʢʦʿʘ ʩʝ ʤʝʨʠ ʧʦʤʦ˂ʫ ʜʘʚʘʯʘ ʩʠʣʝ. 

 

 

 

ʄʘʢʩʠʤʘʣʥʘ ʛʨʝʰʢʘ 0,03% ʤ.ʦ. 

ʀʟʣʘʟ 2±0,005 mV/V 

ʆʪʧʦʨ ʠʟʦʣʘʮʠʿʝ Ó5000 Mɋ 

ʈʘʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ -20 õ 50  

ʅʘʧʘʿʘˁʝ 9 ÷ 12 VDC 

ɼʦʟʚʦˀʝʥʦ ʧʨʝʦʧʪʝʨʝ˂ʝˁʝ 120% ʤ.ʦ. 

ʂʨʘʿˁʝ ʦʧʪʝʨʝ˂ʝˁʝ 150% ʤ.ʦ. 

 

 

ʉʣʠʢʘ 3.19 ɼʘʚʘʯ ʩʠʣʝ CZL312 5t ʩʘ ʦʩʥʦʚʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ [73] 
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ʂʦʨʠʰ˂ʝʥ ʜʘʚʘʯ ʩʠʣʝ, ʬʠʨʤʝ Guangdong South China Sea Electronic Measuring Technology 

Co Ltd, ʩʧʘʜʘ ʫ ʛʨʫʧʫ ʦʪʧʦʨʥʠʯʢʠʭ ʜʘʚʘʯʘ, ʿʝʨ ʩʝ ʫʥʫʪʘʨ ʩʘʤʦʛ ʜʘʚʘʯʘ ʥʘʣʘʟʝ ʯʝʪʠʨʠ 

ʤʝʨʥʝ ʪʨʘʢʝ ʚʝʟʘʥʝ ʫ ʤʦʩʪ. ʇʨʠʥʮʠʧ ʨʘʜʘ ʤʝʨʥʠʭ ʪʨʘʢʘ ʙʘʟʠʨʘʥ ʿʝ ʥʘ ʧʦʿʘʚʠ ʜʘ ʩʝ ʩʘ 

ʧʨʦʤʝʥʦʤ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʤʝˁʘ ʠ ʦʪʧʦʨ. ʄʝʨʥʝ ʪʨʘʢʝ ʩʝ ʥʘʣʘʟʝ ʫʥʫʪʘʨ ʩʘʤʦʛ ʜʘʚʘʯʘ 

ʠ ʟʘʰʪʠ˂ʝʥʝ ʩʫ ʦʜ ʫʪʠʮʘʿʘ ʩʨʝʜʠʥʝ. ʉʚʝ ʜʝʬʦʨʤʘʮʠʿʝ ʢʦʿʝ ʩʝ ʿʘʚʝ ʥʘ ʜʘʚʘʯʫ, ʧʨʝʥʦʩʝ ʩʝ 

ʜʘˀʝ ʥʘ ʤʝʨʥʝ ʪʨʘʢʝ. ʄʝʨʥʠ ʦʧʩʝʛ ʧʨʠʤʝˁʝʥʦʛ ʜʘʚʘʯʘ ʿʝ ʜʦ 5 t.  

 

  

(ʘ) (ʙ) 

ʉʣʠʢʘ 3.20 ʇʦʣʦʞʘʿ ʜʘʚʘʯʘ ʩʠʣʝ: (ʘ) ʥʘ 3D ʤʦʜʝʣʫ ʠ (ʙ) ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ  

 

  

(ʘ) (ʙ) 

ʉʣʠʢʘ 3.21 ɺʝʟʘ ʢʦʯʥʝ ʩʪʝʛʝ ʠ ʜʘʚʘʯʘ ʩʠʣʝ: (ʘ) 3D ʤʦʜʝʣ ʠ (ʙ) ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ 

 

3.3.3 ɺʝʟʝ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʩʘ ʚʨʘʪʠʣʦʤ ʟʘʤʘʿʥʝ ʤʘʩʝ 

 

ɺʝʟʘ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʩʘ ʚʨʘʪʠʣʦʤ ʟʘʤʘʿʥʝ ʤʘʩʝ ʿʝ ʦʩʪʚʘʨʝʥʘ ʧʨʝʢʦ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʝ 

ʩʧʦʿʥʠʮʝ. ʋʢˀʫʯʠʚʘˁʝ ʠ ʠʩʢˀʫʯʠʚʘˁʝ ʩʝ ʚʨʰʠ ʧʨʝʢʦ ʯʝʪʢʠʮʝ, ʢʦʿʘ ʿʝ ʫʚʝʢ ʦʩʣʦˁʝʥʘ ʥʘ 

ʧʦʛʦʥʩʢʠ ʜʝʦ ʩʧʦʿʥʠʮʝ, ʜʦʢ ʿʝ ˁʝʥʦ ʚʦʹʝˁʝ ʦʩʪʚʘʨʝʥʦ ʧʨʝʢʦ ʥʦʩʘʯʘ ʢʦʿʠ ʿʝ ʫ ʯʚʨʩʪʦʿ ʚʝʟʠ 

ʩʘ ʨʘʤʦʤ ʧʨʦʙʥʦʛ ʩʪʦʣʘ, ʩʣʠʢʘ 3.22. ɸʢʪʠʚʠʨʘˁʝ, ʢʘʦ ʠ ʜʝʘʢʪʠʚʠʨʘˁʝ ʚʨʰʠ ʩʝ ʠʣʠ ʨʫʯʥʦ 

ʧʦʤʦ˂ʫ ʪʘʩʪʝʨʘ ʥʘ ʝʣʝʢʪʨʦ-ʦʨʤʘʨʫ ʠʣʠ ʘʫʪʦʤʘʪʩʢʠ ʢʘʜʘ ʢʦʤʘʥʜʥʠ ʩʠʛʥʘʣ ʜʦʣʘʟʠ ʦʜ 

ʨʘʯʫʥʘʨʘ ʢʦʿʠ ʟʘʜʘʿʝ ʠʟʚʦʹʘʯ ʝʢʩʧʝʨʠʤʝʥʪʘ.  
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(ʘ) (ʙ) 

 ʉʣʠʢʘ 3.22 ʄʝʩʪʦ ʫʛʨʘʜˁʝ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʝ ʩʧʦʿʥʠʮʝ (ʘ) ʥʘ 3D ʤʦʜʝʣʫ ʠ (ʙ) ʥʘ 

ʧʨʦʙʥʦʤ ʩʪʦʣʫ 

 

3.3.4 ʇʦʟʠʮʠʦʥʠʨʘˁʝ ʠ ʮʝʥʪʨʠʨʘˁʝ ʝʣʝʢʪʨʦʤʦʪʦʨʘ 

 

ʇʦʟʠʮʠʦʥʠʨʘˁʝ ʦʩʝ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʠ ʦʩʝ ʚʨʘʪʠʣʘ ʟʘʤʘʿʥʝ ʤʘʩʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʙʠ ʦʩʝ 

ʙʠʣʝ ʩʘʦʩʥʝ. ʆʚʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʠʟʚʨʰʠʪʠ ʧʨʝ ʩʘʤʦʛ ʧʦʢʨʝʪʘˁʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ, ʜʘ ʪʦʢʦʤ 

ʨʘʜʘ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ ʦʰʪʝ˂ʝˁʘ ʝʣʝʢʪʨʦʤʦʪʦʨʘ, ʢʘʦ ʠ ʧʦʛʦˁʝʥʦʛ ʜʝʣʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ. 

ʇʦʢʣʘʧʘˁʝ ʦʩʘ ʩʠʤʝʪʨʠʿʝ ʚʨʘʪʠʣʘ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʠ ʚʨʘʪʠʣʘ ʟʘʤʘʿʥʝ ʤʘʩʝ ʿʝ ʠʟʫʟʝʪʥʦ 

ʟʥʘʯʘʿʥʦ. ʋʢʦʣʠʢʦ ʦʚʘʿ ʫʩʣʦʚ ʥʠʿʝ ʟʘʜʦʚʦˀʝʥ, ʫ ʪʦʢʫ ʨʘʜʘ ˂ʝ ʜʦ˂ʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʩʠʣʘ 

ʠʟʤʝʹʫ ˁʠʭ, ʘ ʟʘʪʠʤ ʠ ʜʦ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʠ ʦʪʢʘʟʘ. ʎʝʥʪʨʠʨʘˁʝ ʤʦʪʦʨʘ ʩʝ ʚʨʰʠ ʫ ʜʚʝ 

ʨʘʚʥʠ, ʠ ʪʦ ʫ ʚʝʨʪʠʢʘʣʥʦʿ ʠ ʭʦʨʠʟʦʥʪʘʣʥʦʿ ʨʘʚʥʠ. ɽʣʝʢʪʨʦʤʦʪʦʨ ʩʝ ʥʘʣʘʟʠ ʥʘ ʧʣʦʯʠ ʢʦʿʘ 

ʤʦʞʝ ʜʘ ʩʝ ʧʦʜʝʰʘʚʘ ʧʦ ʚʠʩʠʥʠ, ʜʦʢ ʩʝ ʩʘʤ ʝʣʝʢʪʨʦʤʦʪʦʨ ʥʘ ʧʣʦʯʠ ʤʦʞʝ ʧʦʤʝʨʘʪʠ ʫ 

ʭʦʨʠʟʦʥʪʘʣʥʦʿ ʨʘʚʥʠ. ʈʘʜʠ ʣʘʢʰʝʛ ʠ ʧʨʝʮʠʟʥʠʿʝʛ ʧʦʜʝʰʘʚʘˁʘ ʤʦʪʦʨʘ ʥʘ ʧʣʦʯʠ, 

ʥʘʧʨʘʚˀʝʥʘ ʿʝ ʧʦʣʫʛʘ ʟʘ ʮʝʥʪʨʠʨʘˁʝ ʤʦʪʦʨʘ, ʟʘ ʧʦʜʝʰʘʚʘˁʝ ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʿ ʨʘʚʥʠ ï 

ʭʦʨʠʟʦʥʪʘʣʥʠ ʧʦʜʝʰʠʚʘʯʠ.  

 

ʎʝʥʪʨʠʨʘˁʝ ʤʦʪʦʨʘ, ʦʜʥʦʩʥʦ ʦʩʪʚʘʨʠʚʘˁʝ ʩʘʦʩʥʦʩʪʠ ʚʨʘʪʠʣʘ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʠ ʚʨʘʪʠʣʘ 

ʟʘʤʘʿʥʝ ʤʘʩʝ ʠʟʚʨʰʝʥʦ ʿʝ ʧʨʠʤʝʥʦʤ ʫʨʝʹʘʿʘ Fixturlaser. ʅʘ ʩʘʤʦʤ ʫʨʝʹʘʿʫ ʙʠʨʘ ʩʝ 

ʘʧʣʠʢʘʮʠʿʘ ʟʘ ʮʝʥʪʨʠʨʘˁʝ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʘʪʠʣʦ. ʋʨʝʹʘʿ ʦʙʫʭʚʘʪʘ ʜʚʘ 

ʜʘʚʘʯʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʿʝʜʘʥ ʧʦʩʪʘʚˀʘ ʥʘ ʧʦʛʦʥʩʢʦ, ʘ ʜʨʫʛʠ ʥʘ ʛʦˁʝʥʦ ʚʨʘʪʠʣʦ, ʩʣʠʢʘ 3.23. 

 

ʅʘʨʝʜʥʠ ʢʦʨʘʢ ʦʙʫʭʚʘʪʘ ʤʝʨʝˁʝ ʟʘ ʪʨʠ ʨʘʟʣʠʯʠʪʘ ʫʛʣʘ ʟʘʦʢʨʝʪʘˁʘ ʚʨʘʪʠʣʘ 

ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʠ ʟʘʤʘʿʥʝ ʤʘʩʝ. ʊʦʢʦʤ ʮʝʥʪʨʠʨʘˁʘ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʙʫʜʝ 

ʫʢˀʫʯʝʥʘ ʩʧʦʿʥʠʮʘ, ʿʝʨ ʩʝ ʿʝʜʠʥʦ ʥʘ ʪʘʿ ʥʘʯʠʥ ʤʦʞʝ ʚʨʰʠʪʠ ʠʩʪʦʚʨʝʤʝʥʦ ʠ ʧʦʜʿʝʜʥʘʢʦ 

ʟʘʦʢʨʝʪʘˁʘ ʦʙʘ ʚʨʘʪʠʣʘ ʥʘ ʢʦʿʠʤʘ ʩʫ ʧʦʩʪʘʚˀʝʥʠ ʜʘʚʘʯʠ. ʄʝʨʝˁʝ ʿʝ ʚʨʰʝʥʦ ʟʘ ʩʣʝʜʝ˂ʘ 

ʪʨʠ ʫʛʣʘ ʠ ʪʦ ʫ ʧʦʯʝʪʥʦʤ ʧʦʣʦʞʘʿʫ, ʰʪʦ ʟʘʧʨʘʚʦ ʧʨʝʜʩʪʘʚˀʘ 0Á, ʢʘʦ ʠ ʥʘ ʫʛʣʦʚʠʤʘ ʦʜ 60Á 

ʠ 120Á ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʯʝʪʥʠ ʧʦʣʦʞʘʿ. ʅʘʢʦʥ ʠʟʚʨʰʝʥʠʭ ʤʝʨʝˁʘ ʟʘ ʩʚʘ ʪʨʠ ʫʛʣʘ, ʥʘ 

ʜʠʩʧʣʝʿʫ ʫʨʝʹʘʿʘ ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʢʦʣʠʢʦ ʿʝ ʧʦʪʨʝʙʥʦ ʧʦʤʝʨʠʪʠ ʝʣʝʢʪʨʦʤʦʪʦʨ. 

ʎʝʥʪʨʠʨʘˁʝ ʿ ʝ ʚʨʰʝʥʦ ʠ ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʿ ʠ ʚʝʨʪʠʢʘʣʥʦʿ ʨʘʚʥʠ. ʂʨʘʿˁʠ ʠʩʭʦʜ ʮʝʥʪʨʠʨʘˁʘ 

ʤʦʪʦʨʘ ʧʨʠʢʘʟʘʥ ʿʝ ʫ ʦʢʚʠʨʫ ʠʟʚʝʰʪʘʿʘ ʥʘ ʧʨʠʤʝˁʝʥʦʤ ʫʨʝʹʘʿʫ, ʩʣʠʢʘ 3.24.  
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ʉʣʠʢʘ 3.23 ʇʦʩʪʘʚˀʘˁʝ ʜʘʚʘʯʘ ʫʨʝʹʘʿʘ Fixturlaser ʥʘ ʚʨʘʪʠʣʦ ʤʦʪʦʨʘ (ʧʦʛʦʥʩʢʠ ʜʝʦ) 

ʠ ʛʣʘʚʯʠʥʝ ʟʘʤʘʿʥʝ ʤʘʩʝ (ʛʦˁʝʥʠ ʜʝʦ) 

 

 

ʉʣʠʢʘ 3.24 ʇʨʠʢʘʟ ʠʟʚʨʰʝʥʦʛ ʮʝʥʪʨʠʨʘˁʘ ʤʦʪʦʨʘ 

 

3.3.5 ʇʥʝʫʤʘʪʠʯʢʠ ʩʠʩʪʝʤ ʟʘ ʘʢʪʠʚʠʨʘˁʝ ʢʦʯʥʠʮʘ 

 

ɿʘ ʘʢʪʠʚʠʨʘˁʝ ʭʠʜʨʘʫʣʠʯʢʦʛ ʜʝʣʘ ʠʥʩʪʘʣʘʮʠʿʝ ï ʢʦʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ 

ʧʥʝʫʤʘʪʠʯʢʠ ʮʠʣʠʥʜʘʨ ʦʙʝʟʙʝʜʠ ʦʜʨʝʹʝʥʫ ʩʠʣʫ ʢʦʿʘ ˂ʝ ʜʝʣʦʚʘʪʠ ʥʘ ʢʣʠʧ ʫ ʢʦʯʥʦʤ 

ʮʠʣʠʥʜʨʫ. ɸʢʪʠʚʠʨʘˁʝ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ ʚʨʰʠ ʩʝ ʧʨʝʢʦ ʧʥʝʫʤʘʪʠʯʢʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʿʝ 

ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 3.25. ʇʥʝʫʤʘʪʠʯʢʠ ʮʠʣʠʥʜʘʨ ʩʝ ʘʢʪʠʚʠʨʘ ʧʦʤʦ˂ʫ ʢʦʤʧʨʝʩʦʨʘ. 

ʇʨʠʤʝˁʝʥʠ ʢʦʤʧʨʝʩʦʨ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʜʦʩʪʘʚʝ ʚʘʟʜʫʭʘ ʤʘʢʩʠʤʘʣʥʦʛ ʧʨʠʪʠʩʢʘ 10 bar. ɿʘ 

ʦʩʪʚʘʨʝˁʝ ʨʝʛʫʣʘʮʠʿʝ ʧʨʠʪʠʩʢʘ ʫ ʭʠʜʨʘʫʣʠʯʢʦʤ ʜʝʣʫ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʫʧʨʘʚˀʘˁʝ 

ʧʨʠʪʠʩʢʦʤ ʫ ʧʥʝʫʤʘʪʠʯʢʦʤ ʜʝʣʫ ʧʨʝʢʦ ʨʝʛʫʣʘʪʦʨʘ ʧʨʠʪʠʩʢʘ ʯʠʤʝ ʩʝ ʧʦʩʪʠʞʝ ʞʝˀʝʥʠ 

ʧʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ.  

 

ʇʥʝʫʤʘʪʠʯʢʘ ʠʥʩʪʘʣʘʮʠʿʘ ʿ ʝ ʧʦʩʪʘʚˀʝʥʘ ʥʘ ʥʦʩʝ˂ʫ ʧʣʦʯʫ, ʘ ʥʦʩʝ˂ʘ ʧʣʦʯʘ ʿ ʝ ʫ ʯʚʨʩʪʦʿ ʚʝʟʠ 

ʩʘ ʨʘʤʦʤ ʧʨʦʙʥʦʛ ʩʪʦʣʘ.  
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(ʘ) (ʙ) 

ʉʣʠʢʘ 3.25 ʉʠʩʪʝʤ ʟʘ ʘʢʪʠʚʠʨʘˁʝ ʭʠʜʨʘʫʣʠʯʢʦʛ ʢʦʯʥʦʛ ʮʠʣʠʥʜʨʘ (ʘ) 3D ʤʦʜʝʣ ʠ (ʙ) ʥʘ 

ʧʨʦʙʥʦʤ ʩʪʦʣʫ 

 

3.3.6 ʍʠʜʨʘʫʣʠʯʢʠ ʢʦʯʥʠ ʩʠʩʪʝʤ 

 

ʂʦʯʥʠ ʮʠʣʠʥʜʘʨ ʩʝ ʥʘʣʘʟʠ ʥʘ ʠʩʪʦʿ ʥʦʩʝ˂ʦʿ ʧʣʦʯʠ, ʢʘʦ ʠ ʧʥʝʫʤʘʪʠʯʢʘ ʠʥʩʪʘʣʘʮʠʿʘ, ʩʣʠʢʝ 

3.25 ʠ 3.26. ʆʚʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʠʟ ʨʘʟʣʦʛʘ ʰʪʦ ʢʣʠʧ ʧʥʝʫʤʘʪʠʯʢʦʛ ʮʠʣʠʥʜʨʘ ʜʝʣʫʿʝ ʩʠʣʦʤ 

ʥʘ ʢʣʠʧ ʫ ʢʦʯʥʦʤ ʮʠʣʠʥʜʨʫ. ʊʠʤʝ ʩʝ ʧʦʩʪʠʞʝ ʜʘ ʧʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʨʘʩʪʝ ʠ 

ʦʩʪʚʘʨʫʿʝ ʩʝ ʢʦʯʝˁʝ.  

 

  

(ʘ) (ʙ) 

ʉʣʠʢʘ 3.26 ʂʦʯʥʘ ʠʥʩʪʘʣʘʮʠʿʘ (ʘ) ʥʘ 3D ʤʦʜʝʣʫ ʠ (ʙ) ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ 

 

ʂʦʯʥʘ ʠʥʩʪʘʣʘʮʠʿʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʜʚʘ ʚʦʜʘ ʠ ʪʦ ʦʜ ʢʨʫʪʦʛ ʚʦʜʘ (ʦʜ ʢʦʯʥʦʛ ʮʠʣʠʥʜʨʘ ʜʦ 

ʩʧʦʿʘ) ʠ ʬʣʝʢʩʠʙʠʣʥʦʛ ʚʦʜʘ (ʦʜ ʩʧʦʿʘ ʜʦ ʢʦʯʥʝ ʩʪʝʛʝ). ʈʘʟʣʦʛ ʧʦʩʪʘʚˀʘˁʘ ʬʣʝʢʩʠʙʠʣʥʦʛ 

ʚʦʜʘ ʦʜ ʩʧʦʿʘ ʜʦ ʩʪʝʛʝ ʿ ʝ ʪʘʿ h ʪʦ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʜʦʣʘʟʠ ʜʦ ʘʢʩʠʿʘʣʥʦʛ ʠ ʨʘʜʠʿʘʣʥʦʛ 

ʧʦʤʝʨʘˁʘ ʢʦʯʥʝ ʩʪʝʛʝ. 

 

3.3.7 ɽʣʝʢʪʨʠʯʥʠ ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʫʧʨʘʚˀʘʯʢʠ ʠ ʤʝʨʥʠ ʩʠʩʪʝʤ 

 

ʇʦʚʝʟʠʚʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʫʧʨʘʚˀʘʯʢʠʭ ʠ ʤʝʨʥʠʭ ʩʠʩʪʝʤʘ ʿ ʝ ʧʨʠʢʘʟʘʥʦ ʥʘ 

ʩʣʠʮʠ 3.27 (ʘ). ɹʠʣʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʦʩʠʛʫʨʘʪʠ ʧʨʦʙʥʠ ʩʪʦ ʦʜ ʥʝʩʪʨʫʯʥʦʛ ʫʧʨʘʚˀʘˁʘ, ʥʧʨ. 

ʜʘ ʪʦʢʦʤ ʨʘʜʘ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʥʝ ʤʦʞʝ ʙʠʪʠ ʘʢʪʠʚʠʨʘʥʘ ʠ ʢʦʯʥʠʮʘ. ʆʚʘʿ ʩʠʛʫʨʥʦʩʥʠ 

ʩʠʩʪʝʤ ʿʝ ʫʨʘʹʝʥ ʠʟ ʨʘʟʣʦʛʘ ʰʪʦ ʿʝ ʧʦʛʦʥʩʢʠ ʤʦʤʝʥʪ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʤʥʦʛʦ ʤʘˁʠ ʦʜ 

ʤʦʤʝʥʪʘ ʢʦʯʝˁʘ, ʧʘ ʩʝ ʤʦʨʘʣʦ ʩʧʨʝʯʠʪʠ ʙʣʦʢʠʨʘˁʝ ʨʦʪʘʮʠʿʝ ʤʦʪʦʨʘ ʧʦʜ ʝʣʝʢʪʨʠʯʥʠʤ 

ʥʘʧʘʿʘˁʝʤ. ʇʦʨʝʜ ʪʦʛʘ ʦʤʦʛʫ˂ʝʥʦ ʿʝ ʨʫʯʥʦ ʠʣʠ ʘʫʪʦʤʘʪʩʢʦ ʫʧʨʘʚˀʘˁʝ ʨʘʜʦʤ ʧʨʦʙʥʦʛ 

ʩʪʦʣʘ, ʩʣʠʢʘ 3.27 (ʙ). ʅʘ ʩʣʠʮʠ 3.28 ʿʝ ʧʨʠʢʘʟʘʥʘ ʫʥʫʪʨʘʰˁʦʩʪ ʝʣʝʢʪʨʦ-ʦʨʤʘʨʘ ʩʘ 

ʫʛʨʘʹʝʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ. 
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(ʘ) (ʙ) 

ʉʣʠʢʘ 3.27 (ʘ) ɺʝʟʠʚʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʤʨʝʞʫ ʠ (ʙ) ʢʦʤʘʥʜʥʠ ʪʘʩʪʝʨʠ ʟʘ ʨʫʯʥʦ ʠ 

ʘʫʪʦʤʘʪʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʨʦʙʥʠʤ ʩʪʦʣʦʤ 

 

 

ʉʣʠʢʘ 3.28 ʂʦʤʘʥʜʥʠ ʦʨʤʘʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʫʧʨʘʚˀʘʯʢʠʭ ʠ ʤʝʨʥʠʭ 

ʩʠʩʪʝʤʘ 

 

3.3.8 ʂʘʣʠʙʨʘʮʠʿʘ ʜʘʚʘʯʘ 

 

ʉʠʛʥʘʣʠ ʩʘ ʩʚʠʭ ʜʘʚʘʯʘ ʥʘʿʧʨʝ ʜʦʣʘʟʝ ʜʦ A/D ʢʦʥʚʝʨʪʦʨʘ ʫ ʘʥʘʣʦʛʥʦʤ ʦʙʣʠʢʫ, ʛʜʝ ʩʝ ʚʨʰʠ 

ˁʠʭʦʚʘ ʢʦʥʚʝʨʟʠʿʘ ʫ ʜʠʛʠʪʘʣʥʠ ʦʙʣʠʢ ʠ ʟʘʪʠʤ ʩʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʧʦʤʦ˂ʫ ʧʨʦʛʨʘʤʘ ʥʘ 

ʨʘʯʫʥʘʨʫ ʧʨʝʚʦʜʝ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʬʠʟʠʯʢʫ ʚʝʣʠʯʠʥʫ, ʥʘ ʦʩʥʦʚʫ ʦʜʨʝʹʝʥʠʭ 

ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʬʘʢʪʦʨʘ. ɿʘ ʩʚʘʢʠ ʜʘʚʘʯ, ʢʦʿʠ ʩʝ ʧʨʠʤʝˁʫʿʝ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ ʟʘ 

ʦʜʨʝʹʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʥʘʿʧʨʝ ʦʜʨʝʜʠʪʠ 

ʢʘʣʠʙʨʘʮʠʦʥʠ ʬʘʢʪʦʨ ʠʟʤʝʹʫ ʚʝʣʠʯʠʥʝ ʢʦʿʝ ʧʦʢʘʟʫʿʝ ʥʝʢʠ ʜʘʚʘʯ (ʥʘʧʦʥ) ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʚʨʝʜʥʦʩʪʠ ʬʠʟʠʯʢʝ ʚʝʣʠʯʠʥʝ.  
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ɼʘʚʘʯ ʩʠʣʝ, ʯʠʿʘ ʥʘʤʝʥʘ ʿʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʤʝʨʝˁʝ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ, ʩʝ ʢʘʣʠʙʨʠʰʝ ʪʘʢʦ 

ʰʪʦ ʩʝ ʧʦʩʪʘʚʠ ʧʦʟʥʘʪʘ ʤʘʩʘ ʥʘ ʧʦʟʥʘʪʦʤ ʨʘʩʪʦʿʘˁʫ, (ʩʣʠʢʘ 3.29 (ʘ)), ʘ ʟʘʪʠʤ ʩʝ ʥʘ ʠʟʣʘʟʫ 

ʦʯʠʪʘʚʘ ʥʘʧʦʥ. ʇʦʟʥʘʪʝ ʤʘʩʝ ʫ ʩʪʚʘʨʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʘʣʠʙʨʘʮʠʦʥʝ ʪʝʛʦʚʝ ʩʘ ʚʠʩʦʢʦʤ 

ʧʨʝʮʠʟʥʦʰ˂ʫ. ʈʘʩʪʦʿʘˁʝ ʥʘ ʢʦʤʝ ʩʫ ʧʦʩʪʘʚˀʝʥʝ ʧʦʟʥʘʪʝ ʤʘʩʝ ʠʟʤʝʨʝʥʦ ʿʝ ʤʝʪʨʦʤ ʚʠʩʦʢʝ 

ʧʨʝʮʠʟʥʦʩʪʠ. ʊʦʢʦʤ ʤʝʨʝˁʘ ʚʦʹʝʥʦ ʿʝ ʨʘʯʫʥʘ ʜʘ ʥʝ ʜʦʹʝ ʜʦ ʩʘʚʠʿʘˁʘ ʧʦʣʫʛʝ ʥʘ ʢʦʤʝ ʩʝ 

ʥʘʣʘʟʠ ʪʘʩ ʥʘ ʢʦʤʝ ʩʝ ʧʦʩʪʘʚˀʘʿʫ ʪʝʛʦʚʠ. ʅʘ ʧʦʣʫʛʫ ʿ ʝ ʙʠʣʘ ʧʦʩʪʘʚˀʝʥʘ ʙʘʞʜʘʨʝʥʘ ʣʠʙʝʣʘ 

ʢʦʿʘ ʤʝʨʠ ʩʘ ʧʨʝʮʠʟʥʦʰ˂ʫ ʦʜ 0,1Á ʘ ʢʦʿʦʤ ʩʝ ʧʨʘʪʠ ʜʘ ʣʠ ʿʝ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʧʦʣʫʛʘ 

ʭʦʨʠʟʦʥʪʘʣʥʘ, ʦʜʥʦʩʥʦ ʜʘ ʩʝ ʥʠʿʝ ʩʘʚʠʣʘ, ʿʝʨ ʿʝ ʪʦ ʥʝʦʧʭʦʜʥʦ ʟʙʦʛ ʪʘʯʥʦʩʪʠ ʢʘʣʠʙʨʘʮʠʿʝ 

ʜʘʚʘʯʘ ʩʠʣʝ. ʆʯʠʪʘʚʘˁʝʤ ʜʦʙʠʿʝʥʠʭ ʥʘʧʦʥʘ ʥʘ A/D ʢʦʥʚʝʨʪʦʨʫ, ʟʘ ʧʦʟʥʘʪʝ ʤʦʤʝʥʪʝ 

ʜʦʙʠʿʘ ʩʝ ʢʘʣʠʙʨʘʮʠʦʥʘ ʢʨʠʚʘ, ʩʣʠʢʘ 3.29 (ʙ). ʅʘ ʜʠʿʘʛʨʘʤʫ (ʩʣʠʢʘ 3.29 (ʙ)) ʿʝ ʜʘʪʘ ʩʘʤʦ 

ʢʨʠʚʘ ʦʧʪʝʨʝ˂ʝˁʘ, ʘʣʠ ʥʝ ʠ ʢʨʠʚʘ ʨʘʩʪʝʨʝ˂ʝˁʘ.  

 

(ʘ) 

 
  

(ʙ) 

 

ʉʣʠʢʘ 3.29 (ʘ) ʀʟʛʣʝʜ ʨʝʘʣʠʟʘʮʠʿʝ ʢʘʣʠʙʨʘʮʠʿʝ ʜʘʚʘʯʘ ʩʠʣʝ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ ʠ  

(ʙ) ʢʘʣʠʙʨʘʮʠʦʥʘ ʢʨʠʚʘ ʜʘʚʘʯʘ ʩʠʣʝ 

 

ʂʘʣʠʙʨʘʮʠʿʘ ʜʘʚʘʯʘ ʧʨʠʪʠʩʢʘ ʙʠʣʦ ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʠʣʠ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ 

ʩʝ ʚʨʰʠ ʥʘ ʠʩʪʠ ʥʘʯʠʥ. ʅʘ ʩʣʠʮʠ 3.30 (ʘ) ʿ ʝ ʧʨʠʢʘʟʘʥʘ ʢʘʣʠʙʨʘʮʠʿʘ ʜʘʚʘʯʘ ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ 

ʠʥʩʪʘʣʘʮʠʿʠ, ʧʨʠʤʝʥʦʤ ʢʘʣʠʙʨʘʪʦʨʘ ʧʨʠʪʠʩʢʘ ʜʦ 500 bar VEB meɓgerªtewerk DDR. ʅʘ 

ʩʣʠʮʠ 3.30 (ʙ) ʧʨʠʢʘʟʘʥʘ ʿ ʝ ʢʘʣʠʙʨʘʮʠʦʥʘ ʢʨʠʚʘ ʜʘʚʘʯʘ ʧʨʠʪʠʩʢʘ ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ ʠ ʢʦʯʥʦʿ 

ʠʥʩʪʘʣʘʮʠʿʠ. 
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(ʘ) 

 
  

(ʙ) 

 

ʉʣʠʢʘ 3.30 (ʘ) ʂʘʣʠʙʨʘʮʠʿʝ ʜʘʚʘʯʘ ʧʨʠʪʠʩʢʘ ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʠ  

(ʙ) ʢʘʣʠʙʨʘʮʠʦʥʝ ʢʨʠʚʝ ʜʘʚʘʯʘ ʧʨʠʪʠʩʢʘ ʫ ʧʥʝʫʤʘʪʠʯʢʦʿ ʠ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ 

 

ɼʘʚʘʯʠ ʪʝʤʧʝʨʘʪʫʨʝ, Pt100, ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ 

ʥʘ ʜʫʙʠʥʠ ʦʜ 2 mm ʦʜ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʢʦʯʥʝ ʧʣʦʯʠʮʝ. ʂʘʣʠʙʨʘʮʠʿʘ ʜʘʚʘʯʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʚʨʰʝʥʘ ʿʝ ʥʘ ʫʨʝʹʘʿʫ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʘʯʢʝ ʧʘˀʝˁʘ ʢʦʯʥʝ ʪʝʯʥʦʩʪʠ ï 

Marcusson, ʩʣʠʢʘ 3.31 (ʘ). ʂʘʢʦ ʩʫ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʧʨʠʤʝˁʝʥʠ 

ʜʘʚʘʯʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʠʿʠ ʿʝ ʤʝʨʥʠ ʦʧʩʝʛ ʜʦ 250 , ʢʘʣʠʙʨʘʮʠʿʘ ʜʘʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠʟʚʨʰʝʥʘ ʿʝ ʫ ʦʧʩʝʛʫ ʦʜ 0  ʜʦ 250 , ʪʘʢʦ ʰʪʦ ʿʝ ʢʦʯʥʘ ʪʝʯʥʦʩʪ ʟʘʛʨʝʚʘʥʘ ʜʦ 250 . 

ʇʨʠʤʝˁʝʥʘ ʢʦʯʥʘ ʪʝʯʥʦʩʪ ʿʝ DOT5, ʯʠʿʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʢˀʫʯʘˁʘ Ó260 . ʂʦʯʥʘ ʪʝʯʥʦʩʪ 

ʿʝ ʟʘʛʨʝʚʘʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʯʥʝ ʪʝʯʥʦʩʪʠ ʦʯʠʪʘʚʘʥʘ ʿʝ ʧʦʤʦ˂ʫ ʪʝʨʤʦʤʝʪʨʘ, ʘ ʟʘ ʩʚʘʢʫ 

ʦʯʠʪʘʥʫ ʚʨʝʜʥʦʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʦʯʠʪʘʥʘ ʿʝ ʠ ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ ʥʘ A/D ʢʦʥʚʝʨʪʦʨʫ. 

ʂʘʣʠʙʨʘʮʠʦʥʘ ʢʨʠʚʘ ʜʘʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 3.31 (ʙ). 
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(ʘ) 

 
  

(ʙ) 

 

ʉʣʠʢʘ 3.31 (ʘ) ʀʟʛʣʝʜ ʨʝʘʣʠʟʘʮʠʿʝ ʢʘʣʠʙʨʘʮʠʿʝ ʜʘʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʝ PT100 ʠ  

(ʙ) ʢʘʣʠʙʨʘʮʠʦʥʘ ʢʨʠʚʘ ʜʘʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʝ PT100 

 

3.3.9 ɸʫʪʦʤʘʪʠʟʘʮʠʿʘ ʨʘʜʘ 

 

ʈʘʜʠ ʣʘʢʰʝʛ ʫʧʨʘʚˀʘˁʘ ʠ ʧʨʠʢʫʧˀʘˁʝ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʩʘ ʜʘʚʘʯʘ ʥʝʦʧʭʦʜʥʘ ʿʝ 

ʘʫʪʦʤʘʪʠʟʘʮʠʿʘ ʨʘʜʘ. ɹʣʦʢ ʰʝʤʘ ʫʧʨʘʚˀʘˁʘ ʧʨʦʙʥʠʤ ʩʪʦʣʦʤ ʢʦʿʠ ʿʝ ʨʘʟʚʠʿʝʥ ʟʘ ʧʦʪʨʝʙʝ 

ʠʩʪʨʘʞʠʚʘˁʘ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 3.32. ʐʝʤʘ ʿʝ 

ʥʘʧʨʘʚˀʝʥʘ ʫ ʧʨʦʛʨʘʤʫ LabVIEWÊ. ʅʘ ʰʝʤʠ ʩʫ ʧʨʠʢʘʟʘʥʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ 

ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʧʦʜʘʪʘʢʘ ʩʘ ʧʨʠʤʝˁʝʥʠʭ ʜʘʚʘʯʘ ʠ ʫʧʨʘʚˀʘˁʝ ʝʣʝʢʪʨʦʤʦʪʦʨʦʤ, 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʤ ʩʧʦʿʥʠʮʦʤ ʠ ʢʦʯʥʦʤ ʠʥʩʪʘʣʘʮʠʿʦʤ. ʅʘʧʦʥʩʢʠ ʩʠʛʥʘʣʠ ʩʝ ʥʘʢʦʥ 

ʘʢʚʠʟʠʮʠʿʝ ʧʨʝʚʦʜʝ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʬʠʟʠʯʢʝ ʚʝʣʠʯʠʥʝ ʠ ʢʘʦ ʪʘʢʚʠ ʩʝ ʯʫʚʘʿʫ ʫ ʦʢʚʠʨʫ 

ʪʝʢʩʪʫʘʣʥʠʭ ʬʘʿʣʦʚʘ, ʢʦʿʠ ʩʝ ʢʘʩʥʠʿʝ ʦʙʨʘʹʫʿʫ ʫ ʥʝʢʦʤ ʩʪʘʪʠʩʪʠʯʢʦʤ ʧʨʦʛʨʘʤʫ. 

ʂʦʨʠʩʥʠʯʢʠ ʠʥʪʝʨʬʝʿʩ ʟʘ ʫʧʨʘʚˀʘˁʝʤ ʧʨʦʙʥʠʤ ʩʪʦʣʦʤ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 3.33. 

 

ʇʦʪʨʝʙʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʟʘ ʫʧʨʘʚˀʘˁʝ ʧʨʦʙʥʠʤ ʩʪʦʣʦʤ ʥʝʦʧʭʦʜʥʦ ʜʘ ʨʫʢʦʚʘʣʘʮ 

ʙʫʜʝ ʧʨʝʪʭʦʜʥʦ ʫʧʦʟʥʘʪ ʩʘ ʩʘʤʠʤ ʧʨʦʛʨʘʤʦʤ, ʤʘ ʢʦʣʠʢʦ ʛʦʜ ʜʘ ʜʝʣʫʿʝ ʿʝʜʥʦʩʪʘʚʥʦ. ʃʠʮʝ 

ʢʦʿʝ ʙʠ ʞʝʣʝʣʦ ʜʘ ʚʨʰʠ ʠʩʧʠʪʠʚʘˁʝ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ BRAKE DYNO 2020, ʙʠ ʤʦʨʘʣʦ 

ʜʘ ʧʨʦʹʝ ʦʙʫʢʫ, ʢʦʿʘ ʿʝ ʥʝʦʧʭʦʜʥʘ ʠʟ ʨʘʟʣʦʛʘ ʿʝʨ ʧʦʩʪʦʿʝ ʜʝʬʠʥʠʩʘʥʠ ʢʦʨʘʮʠ ʢʦʿʝ ʿʝ 

ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʪʦʢʦʤ ʧʦʢʨʝʪʘˁʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ, ʢʘʦ ʠ ʫ ʪʦʢʫ ʩʘʤʦʛ ʠʩʧʠʪʠʚʘˁʘ.  
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ʉʣʠʢʘ 3.32 ɹʣʦʢ ʰʝʤʘ ʟʘ ʫʧʨʘʚˀʘˁʝ ʠ ʧʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ 
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ʉʣʠʢʘ 3.33 ʀʟʛʣʝʜ ʢʦʨʠʩʥʠʯʢʦʛ ʠʥʪʝʨʬʝʿʩʘ ʟʘ ʫʧʨʘʚˀʘˁʝ ʧʨʦʙʥʠʤ ʩʪʦʣʦʤ 

 

3.3.10 ɼʠʥʘʤʠʯʢʦ ʫʨʘʚʥʦʪʝʞʘʚʘˁʝ ʟʘʤʘʿʥʝ ʤʘʩʝ 

 

ɼʠʥʘʤʠʯʢʦ ʫʨʘʚʥʦʪʝʞʘʚʘˁʝ ʟʘʤʘʿʥʝ ʤʘʩʝ ʿʝ ʧʦʩʣʝʜˁʘ ʬʘʟʘ ʧʨʠ ʨʘʟʚʦʿʫ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʢʦʯʥʠʮʘ. ɼʠʥʘʤʠʯʢʦ ʫʨʘʚʥʦʪʝʞʘʚʘˁʝ ʿʝ ʠʟʚʨʰʝʥʦ ʜʘ ʪʦʢʦʤ ʨʘʜʘ ʥʝ ʙʠ 

ʜʦʰʣʦ ʜʦ ʧʦʿʘʚʝ ʚʠʙʨʘʮʠʿʘ ʢʦʿʝ ʤʦʛʫ ʥʝʧʦʚʦˀʥʦ ʫʪʠʮʘʪʠ ʥʘ ʨʘʜʥʠ ʚʝʢ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ, ʩʣʠʢʘ 3.34.  

 

 

ʉʣʠʢʘ 3.34 ɼʠʥʘʤʠʯʢʦ ʫʨʘʚʥʦʪʝʞʘʚʘˁʝ ʟʘʤʘʿʥʝ ʤʘʩʝ 

 

ɿʘ ʧʦʪʨʝʙʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʜʝʬʠʥʠʩʘʥ ʿʝ ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʦʙʨʪʘʿʘ ʟʘʤʘʿʥʝ 

ʤʘʩʝ, ʠ ʦʥ ʿʝ 1500 o/min. ʇʦʩʪʘʚˀʝʥʘ ʩʫ ʜʚʘ ʜʘʚʘʯʘ ʫʙʨʟʘˁʘ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ, ʢʦʿʠ ʩʝ 

ʥʘʣʘʟʝ ʥʘ ʢʫ˂ʠʰʪʠʤʘ ʣʝʞʘʿʝʚʘ, ʩʣʠʢʘ 3.34 (ʧʦʟʠʮʠʿʘ 1). ɿʘʪʠʤ ʿʝ ʧʦʢʨʝʥʫʪ ʧʨʦʙʥʠ ʩʪʦ, 

ʛʜʝ ʿʝ ʜʝʬʠʥʠʩʘʥ ʙʨʦʿ ʦʙʨʪʘʿʘ 1500 o/min. ʀʟʚʨʰʝʥʦ ʿʝ ʧʨʚʦ ʤʝʨʝˁʝ ʫ ʮʠˀʫ ʧʦʩʪʘʚˀʘˁʘ 

ʧʦʯʝʪʥʝ ʤʘʩʝ, ʥʘ ʥʫʣʪʠ ʧʦʣʦʞʘʿ. ʅʫʣʪʠ ʧʦʣʦʞʘʿ ʿʝ ʧʦʣʦʞʘʿ ʙʠʣʦ ʛʜʝ ʥʘ ʦʙʦʜʫ ʟʘʤʘʿʥʝ 

ʤʘʩʝ (2). ʇʦʯʝʪʥʘ ʤʘʩʘ ʩʝ ʧʦʩʪʘʚˀʘ ʥʘ ʩʘʤ ʦʙʦʜ ʟʘʚʘʨʠʚʘˁʝʤ ʤʝʪʘʣʥʝ ʧʣʦʯʝ ʜʝʬʠʥʠʩʘʥʝ 

ʤʘʩʝ, ʩʣʠʢʘ 3.35. ʅʘʢʦʥ ʪʦʛʘ ʢʨʝ˂ʝ ʥʦʚʠ ʮʠʢʣʫʩ ʤʝʨʝˁʘ, ʛʜʝ ʩʝ ʥʘ ʦʩʥʦʚʫ ʧʦʩʪʘʚˀʝʥʝ 
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ʧʦʯʝʪʥʝ ʤʘʩʝ ʦʜʨʝʹʫʿʝ ʢʦʣʠʢʫ ʿʝ ʤʘʩʫ ʧʦʪʨʝʙʥʦ ʧʦʩʪʘʚʠʪʠ ʥʘ ʦʙʦʜʫ ʠ ʧʦʜ ʢʦʿʠʤ ʫʛʣʦʤ ʫ 

ʦʜʥʦʩʫ ʥʘ ʥʫʣʪʠ ʧʦʣʦʞʘʿ. ʇʦʪʨʝʙʥʝ ʤʘʩʝ ʩʝ ʤʦʨʘʿʫ ʤʝʨʠʪʠ ʥʘ ʧʨʝʮʠʟʥʦʿ ʚʘʛʠ, ʘ ʪʘʢʦʹʝ ʿʝ 

ʧʦʪʨʝʙʥʦ ʫʨʘʯʫʥʘʪʠ ʠ ʤʘʩʫ ʫʪʨʦʰʝʥʝ ʝʣʝʢʪʨʦʜʝ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʜʝʬʠʥʠʩʘʥʝ ʤʝʪʘʣʥʝ 

ʧʣʦʯʝ. 

 

 
ʉʣʠʢʘ 3.35 ɿʘʚʘʨʠʚʘˁʝ ʤʝʪʘʣʥʠʭ ʧʣʦʯʘ - ʦʜʨʝʹʝʥʠʭ ʤʘʩʘ ʫ ʮʠˀʫ ʫʨʘʚʥʦʪʝʞʘʚʘˁʘ 

ʟʘʤʘʿʥʝ ʤʘʩʝ 

 

ʂʨʘʿˁʠ ʮʠˀ ʿ ʝ ʜʘ ʥʘ ʤʘʢʩʠʤʘʣʥʦʤ ʙʨʦʿʫ ʦʙʨʪʘʿʘ ʦʜ 1500 o/min ʥʝ ʜʦʹʝ ʜʦ ʧʦʿʘʚʝ ʚʠʙʨʘʮʠʿʘ, 

ʘ ʘʢʦ ʜʦ ʪʦʛʘ ʠ ʜʦʹʝ, ʜʘ ʚʨʝʜʥʦʩʪʠ ʘʤʧʣʠʪʫʜʘ ʚʠʙʨʘʮʠʿʘ ʙʫʜʫ ʰʪʦ ʥʠʞʝ, ʰʪʦ ʿʝ ʠ 

ʧʦʩʪʠʛʥʫʪʦ. 

 

3.4 ʊʝʭʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʤʠʯʢʠʭ 

ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ 
 

ʆʩʥʦʚʥʝ ʪʝʭʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ ʪʘʙʝʣʠ 3.2. ʅʘ ʧʨʦʙʥʦʤ 

ʩʪʦʣʫ ʥʘʣʘʟʠ ʩʝ ʟʘʤʘʿʥʘ ʤʘʩʘ, ʤʘʩʝ 416 kg. ʅʝ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʤʝʥʝ ʟʘʤʘʿʥʝ ʤʘʩʝ, 

ʧʨʠ ʩʠʤʫʣʠʨʘˁʫ ʨʘʟʣʠʯʠʪʠʭ ʢʘʪʝʛʦʨʠʿʘ ʚʦʟʠʣʘ, ʚʝ˂ ʿʝ ʿʝʜʠʥʦ ʤʦʛʫ˂ʘ ʧʨʦʤʝʥʘ ʫʛʘʦʥʝ 

ʙʨʟʠʥʝ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʩʠʤʫʣʠʨʘ ʠʩʧʠʪʠʚʘʥʦ ʧʫʪʥʠʯʢʦ ʚʦʟʠʣʦ, ʦʜʥʦʩʥʦ ˁʝʛʦʚʘ 

ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ.  

 

ʊʘʙʝʣʘ 3.2 ʊʝʭʥʠʯʢʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ 

ʅʦʤʠʥʘʣʥʘ ʩʥʘʛʘ ʝʣʝʢʪʨʦʤʦʪʦʨʘ 18,5 kW 

ʆʧʩʝʛ ʙʨʟʠʥʝ 0 - 1500 o/min 

ʄʘʢʩʠʤʘʣʥʠ ʢʦʯʥʠ ʤʦʤʝʥʪ 2500 Nm 

ʄʘʢʩʠʤʘʣʥʠ ʢʦʯʥʠ ʧʨʠʪʠʩʘʢ 150 bar 

ʄʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʯʥʦʛ ʜʠʩʢʘ 650 ̄ C 

ʄʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ 250 ̄ C 

 

ʄʘʢʩʠʤʘʣʥʠ ʢʦʯʥʠ ʧʨʠʪʠʩʘʢ ʢʦʿʠ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʥʘ ʧʨʦʙʥʦʤ 

ʩʪʦʣʫ ʿ ʝ 150 bar, ʘ ʜʘ ʧʨʠʪʦʤ ʥʝ ʜʦʹʝ ʜʦ ʧʫʮʘˁʘ ʚʦʜʦʚʘ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ. ʄʘʢʩʠʤʘʣʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʿʝ ʤʦʛʫ ʜʘ ʩʝ ʠʟʤʝʨʝ ʫ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ ʠ ʥʘ ʢʦʯʥʦʤ ʜʠʩʢʫ ʿ ʝ ʦʛʨʘʥʠʯʝʥʦ 

ʧʨʠʤʝˁʝʥʠʤ ʜʘʚʘʯʠʤʘ ʠ ʫʨʝʹʘʿʠʤʘ. ʅʘʧʨʦʪʠʚ, ʢʦʯʥʠ ʤʦʤʝʥʪ ʢʦʿʠ ʤʦʞʝ ʜʘ ʩʝ ʠʟʤʝʨʠ 

ʩʘʤʠʤ ʜʘʚʘʯʝʤ ʿʝ ʚʝ˂ʠ, ʘʣʠ ʟʙʦʛ ʩʘʤʝ ʠʟʚʝʜʙʝ ʧʨʦʙʥʦʛ ʩʪʦʣʘ, ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʿʝ 

ʦʛʨʘʥʠʯʝʥʘ ʥʘ 2500 Nm.  
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3.5 ʇʨʠʤʝʥʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ 
 

ʈʘʟʚʠʿʝʥʠ ʧʨʦʙʥʠ ʩʪʦ ʿʝ ʬʦʨʤʠʨʘʥ ʩʘ ʧʨʚʝʥʩʪʚʝʥʦʤ ʥʘʤʝʥʦʤ ʠʩʧʠʪʠʚʘˁʘ ʪʝʨʤʠʯʢʠʭ 

ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ. ʄʝʹʫʪʠʤ, ʪʦʢʦʤ ʨʘʟʚʦʿʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ ʫʟʝʪʘ ʩʫ ʫ ʦʙʟʠʨ 

ʠʩʧʠʪʠʚʘˁʘ ʝʤʠʩʠʿʝ ʙʫʢʝ ʠ ʯʝʩʪʠʮʘ, ʪʘʢʦ ʜʘ ʿʝ ʪʦ ʫʢˀʫʯʝʥʦ ʠ ʦʩʪʘʚˀʝʥʦ ʟʘ ʢʘʩʥʠʿʫ 

ʜʦʛʨʘʜˁʫ ʩʠʩʪʝʤʘ ʢʦʿʠ ˂ʝ ʩʝ ʧʨʠʤʝˁʠʚʘʪʠ ʟʘ ʦʚʘʢʚʘ ʤʝʨʝˁʘ. ʅʘ ʦʚʦʤ ʧʨʦʙʥʦʤ ʩʪʦʣʫ 

ʤʦʛʫ ʩʝ ʠʩʧʠʪʠʚʘʪʠ ʢʦʯʥʠʮʝ ʟʘ ʧʫʪʥʠʯʢʘ ʚʦʟʠʣʘ ʠ ʣʘʢʘ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ. ʊʘʢʦʹʝ, ʤʦʛʫ ʩʝ 

ʠʩʧʠʪʠʚʘʪʠ ʠ ʢʦʯʥʠ ʜʠʩʢʦʚʠ ʠ ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʦʜʥʦʩʥʦ ʤʦʞʝ 

ʩʝ ʠʩʧʠʪʘʪʠ ˁʠʭʦʚʦ ʧʦʥʘʰʘˁʝ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʫʩʣʦʚʠʤʘ ʨʘʜʘ.  
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4 ɽʂʉʇɽʈʀʄɽʅʊɸʃʅɸ ʀʉʊʈɸɾʀɺɸɳɸ ʊɽʈʄʀʏʂʀʍ 

ʅɸʇʈɽɿɸɳɸ ɼʀʉʂ ʂʆʏʅʀʎɸ 
 

ʊʝʨʤʠʯʢʝ ʥʘʧʨʝʟʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʬʨʠʢʮʠʦʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠʩʧʠʪʫʿʫ ʩʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʨʘʜʥʠʤ ʫʩʣʦʚʠʤʘ. ʂʦʯʥʠ ʜʠʩʢʦʚʠ ʪʦʢʦʤ ʚʨʝʤʝʥʘ ʫʩʣʝʜ ʚʝʣʠʢʠʭ ʩʠʣʘ 

ʢʦʯʝˁʘ ʧʦʩʪʘʿʫ ʥʝʨʘʚʥʠ ʠ ʠʟʙʨʘʟʜʘʥʠ. ɼʠʩʢʦʚʠ ʦʙʠʯʥʦ ʠʤʘʿʫ ʜʫʞʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠ ʚʝʢ 

ʦʜ ʧʣʦʯʠʮʘ. ʅʘʿʯʝʰ˂ʝ ˂ʝ ʩʝ ʧʨʦʤʝʥʠʪʠ 3-4 ʩʝʪʘ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʧʨʝ ʥʝʛʦ ʰʪʦ ʩʝ ʟʘʤʝʥʝ 

ʜʠʩʢʦʚʠ. ʀʩʪʦ ʢʘʦ ʠ ʧʣʦʯʠʮʝ, ʪʘʢʦ ʩʝ ʠ ʜʠʩʢʦʚʠ ʤʝˁʘʿʫ ʫ ʧʘʨʫ (ʣʝʚʘ ʠ ʜʝʩʥʘ ʩʪʨʘʥʘ). 

ʇʨʠʣʠʢʦʤ ʟʘʤʝʥʝ ʜʠʩʢʦʚʘ ʧʦʞʝˀʥʦ ʿʝ ʟʘʤʝʥʠʪʠ ʠ ʧʣʦʯʠʮʝ ʿʝʨ ʩʝ ʥʘ ʩʪʘʨʠʤ ʧʣʦʯʠʮʘʤʘ 

(ʠʘʢʦ ʥʠʩʫ ʧʦʭʘʙʘʥʝ) ʥʘʣʘʟʝ ʨʠʩʝʚʠ ʦʜ ʩʪʘʨʠʭ ʜʠʩʢʦʚʘ ʢʦʿʠ ˂ ʝ ʩʝ ʧʨʝʥʝʪʠ ʥʘ ʥʦʚʝ ʜʠʩʢʦʚʝ. 

ɱʝʜʘʥ ʦʜ ʧʨʝʜʤʝʪʘ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʠ ʠʩʪʨʘʞʠʚʘˁʝ ʢʘʢʦ ʩʪʘˁʝ ʢʦʯʥʦʛ ʜʠʩʢʘ 

ʫʪʠʯʝ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ.  

 

ʀʩʧʠʪʠʚʘˁʝ ʢʦʯʥʠʮʘ ʤʦʞʝ ʜʘ ʩʝ ʩʧʨʦʚʝʜʝ ʨʘʟʣʠʯʠʪʠʤ ʧʦʩʪʫʧʮʠʤʘ, ʟʘʚʠʩʥʦ ʦʜ ʦʩʥʦʚʥʦʛ 

ʮʠˀʘ ʠʣʠ ʟʘʜʘʪʢʘ, ʦʜʥʦʩʥʦ ʥʘʯʠʥʘ ʥʘ ʢʦʿʠ ʩʝ ʠʩʧʠʪʠʚʘˁʝ ʦʨʛʘʥʠʟʫʿʝ. ʋ ʦʜʥʦʩʫ ʥʘ ʮʠˀ 

ʠʩʧʠʪʠʚʘˁʘ ʨʘʟʣʠʢʫʿʫ ʩʝ ʪʨʠ ʚʨʩʪʝ ʠʩʧʠʪʠʚʘˁʘ: ʭʦʤʦʣʦʛʘʮʠʿʩʢʘ, ʨʘʟʚʦʿʥʘ ʠ ʢʦʥʪʨʦʣʥʘ. 

ʍʦʤʦʣʦʛʘʮʠʿʩʢʘ ʠʩʧʠʪʠʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʩʝʙʘʥ ʚʠʜ ʧʨʦʚʝʨʝ ʩʘʦʙʨʘʟʥʦʩʪʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʯʥʠʭ ʩʠʩʪʝʤʘ ʩʘ ʟʘʭʪʝʚʠʤʘ ʤʝʹʫʥʘʨʦʜʥʠʭ  ʧʨʘʚʠʣʥʠʢʘ. ʋ ʥʘʰʦʿ ʟʝʤˀʠ 

ʦʚʦ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʨʘʚʠʣʥʠʢʝ ʢʦʿʝ ʜʦʥʦʩʠ ɽʢʦʥʦʤʩʢʘ ʢʦʤʠʩʠʿʘ ʆʋʅ ʟʘ ɽʚʨʦʧʫ (ʪʟʚ. ECE 

ʧʨʘʚʠʣʥʠʮʠ), ʘ ʟʘ ʢʦʯʥʝ ʩʠʩʪʝʤʝ ʚʦʟʠʣʘ ʦʚʘʿ ʧʨʘʚʠʣʥʠʢ ʠʤʘ ʦʟʥʘʢʫ ECE-R13. ʈʘʟʚʦʿʥʘ 

ʠʩʧʠʪʠʚʘˁʘ, ʫ ʢʦʿʘ ʩʝ ʫʙʨʘʿʘʿʫ ʠʩʧʠʪʠʚʘˁʘ ʩʧʨʦʚʝʜʝʥʘ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʥʠʩʫ 

ʧʨʦʧʠʩʘʥʘ ʙʠʣʦ ʢʘʢʚʠʤ ʟʘʢʦʥʩʢʠʤ ʠʣʠ ʜʨʫʛʠʤ ʘʢʪʠʤʘ. ʈʘʜʠ ʩʝ ʦ ʨʘʟʥʦʚʨʩʥʠʤ 

ʧʦʩʪʫʧʮʠʤʘ ʠʩʧʠʪʠʚʘˁʘ ʢʦʿʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʧʨʦʠʟʚʦʹʘʯʠʤʘ ʦʙʝʟʙʝʹʫʿʫ ʠʥʬʦʨʤʘʮʠʿʝ 

ʧʦʪʨʝʙʥʝ ʟʘ ʨʘʟʚʦʿ ʥʦʚʦʛ ʠʣʠ ʫʩʘʚʨʰʘʚʘˁʝ ʧʦʩʪʦʿʝ˂ʝʛ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ ʠʣʠ ʢʦʤʧʦʥʝʥʪʝ. 

ɿʘʜʘʪʘʢ ʦʚʠʭ ʠʩʧʠʪʠʚʘˁʘ ʤʦʞʝ ʙʠʪʠ ʰʠʨʦʢ ʠ ʦʙʫʭʚʘʪʠʪʠ ʩʚʝ ʬʫʥʢʮʠʦʥʘʣʥʝ ʠʣʠ ʜʨʫʛʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ, ʘ ʤʦʞʝ ʙʠʪʠ ʠ ʨʝʣʘʪʠʚʥʦ ʫʟʘʢ, ʫʩʤʝʨʝʥ ʥʘ ʩʘʤʦ ʥʝʢʝ, ʫ 

ʦʚʦʤ ʩʣʫʯʘʿʫ ʪʝʨʤʠʯʢʝ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʣʠ ʜʝʪʘˀʝ. 

 

ʄʝʪʦʜʦʣʦʛʠʿʘ ʠʩʧʠʪʠʚʘˁʘ ʢʦʯʥʠʮʘ ʥʘ ʨʘʟʚʠʿʝʥʦʤ ʧʨʦʙʥʦʤ ʩʪʦʣʫ ʿʝ ʫʩʢʣʘʹʝʥʘ ʩʘ 

ʟʘʭʪʝʚʠʤʘ ʇʨʘʚʠʣʥʠʢʘ ECE-R13, ʪʘʢʦ ʜʘ ʩʝ ʤʦʛʫ ʠʟʚʨʰʠʪʠ ʭʦʤʦʣʦʛʘʮʠʦʥʘ ʠʩʧʠʪʠʚʘˁʘ 

ʬʨʠʢʮʠʦʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠʣʠ ʢʦʯʥʠʮʝ ʫ ʮʝʣʠʥʠ. ʇʦʩʝʙʘʥ ʟʥʘʯʘʿ ʠʤʘʿʫ ʪʝʩʪʦʚʠ ʢʦʿʠ 

ʪʨʝʪʠʨʘʿʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʯʥʠʮʝ ʧʨʠ ʚʠʩʦʢʠʤ ʨʘʜʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʪʿ. ʪʝʩʪʦʚʠ 

ʩʣʘʙˀʝˁʘ (Ăfadeñ) ʠ ʦʙʥʘʚˀʘˁʘ ʝʬʠʢʘʩʥʦʩʪʠ. 

 

4.1 ʀʩʧʠʪʠʚʘˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʢʦʯʝˁʘ ʧʦ ECE-R13 
 

ʀʩʧʠʪʠʚʘˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʢʦʯʝˁʘ ʥʘ ʧʫʪʫ ʤʦʛʫ ʩʝ ʚʨʰʠʪʠ ʧʨʝʤʘ ʧʨʦʮʝʜʫʨʠ ʦʧʠʩʘʥʦʿ ʫ 

ECE-R13. ʋ ʪʘʙʝʣʠ 4.1 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʮʝʜʫʨʘ ʠʩʧʠʪʠʚʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʩʪʝ ʪʝʩʪʘ. 

 

ʊʘʙʝʣʘ 4.1 ECE-R13 ʧʨʦʮʝʜʫʨʘ [74] 

ʅʘʟʠʚ ʧʘʨʘʤʝʪʘʨʘ ɺʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʘʨʘ 

ʍʣʘʜʥʝ ʢʦʯʥʠʮʝ  

¶ ʇʦʯʝʪʥʘ ʙʨʟʠʥʘ ʚʦʟʠʣʘ 120 km/h 

¶ ʉʠʣʘ ʥʘ ʧʝʜʘʣʠ ʢʦʯʥʠʮʝ 65 N ʜʦ 500 N 

¶ ʉʧʦʿʥʠʮʘ ʠʩʢˀʫʯʝʥʘ ɼʘ 

¶ ʉʨʝʜˁʘ ʪʝʤʧʝʨʘʪʫʨʘ 65  ʜʦ 100  

¶ ɺʦʟʠʣʦ ʩʘ ʠ ʙʝʟ ʪʝʨʝʪʘ ɼʘ 
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ʊʘʙʝʣʘ 4.1 (ʥʘʩʪʘʚʘʢ) 

ʅʘʟʠʚ ʧʘʨʘʤʝʪʘʨʘ ɺʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʘʨʘ 

ʊʝʩʪ ʩʣʘʙˀʝˁʘ  

ʇʦʩʪʫʧʘʢ ʟʘʛʨʝʚʘˁʘ:  

¶ ɹʨʟʠʥʘ ʢʦʯʝˁʘ 120 km/h ʜʦ 60 km/h 

¶ ʉʠʣʘ ʥʘ ʧʝʜʘʣʠ ʢʦʯʥʠʮʝ ɽʢʚʠʚʘʣʝʥʪʥʦ ʫʩʧʦʨʝˁʝ ʦʜ 3 m/s2 

¶ ɹʨʦʿ ʧʦʥʘʚˀʘˁʘ 15 

¶ ʆʧʪʝʨʝ˂ʝʥʦ ʚʦʟʠʣʦ ɼʘ 

¶ ʉʧʦʿʥʠʮʘ ʫʢˀʫʯʝʥʘ ɼʘ 

ʇʝʨʬʦʨʤʘʥʩʝ ʟʘʛʨʝʚʘˁʘ:  

¶ ʇʦʯʝʪʥʘ ʙʨʟʠʥʘ ʚʦʟʠʣʘ 120 km/h 

¶ ʉʠʣʘ ʥʘ ʧʝʜʘʣʠ ʢʦʯʥʠʮʝ 65 N ʜʦ 500 N 

¶ ʉʧʦʿʥʠʮʘ ʠʩʢˀʫʯʝʥʘ ɼʘ  

ʇʨʦʮʝʜʫʨʘ ʦʧʦʨʘʚʢʘ  

¶ ɹʨʟʠʥʘ ʢʦʯʝˁʘ 50 km/h ʜʦ ʟʘʫʩʪʘʚˀʘˁʘ 

¶ ʉʠʣʘ ʥʘ ʧʝʜʘʣʠ ʢʦʯʥʠʮʝ ɽʢʚʠʚʘʣʝʥʪʥʦ ʫʩʧʦʨʝˁʝ ʦʜ 3 m/s2 

¶ ɹʨʦʿ ʟʘʫʩʪʘʚˀʘˁʘ ʥʘ ʨʘʩʪʦʿʘˁʫ ʦʜ 1,5 km 4 

¶ ʆʧʪʝʨʝ˂ʝʥʦ ʚʦʟʠʣʦ ɼʘ 

¶ ʉʧʦʿʥʠʮʘ ʫʢˀʫʯʝʥʘ ɼʘ 

ʇʝʨʬʦʨʤʘʥʩʝ ʦʧʦʨʘʚʢʘ  

¶ ʇʦʯʝʪʥʘ ʙʨʟʠʥʘ ʚʦʟʠʣʘ 120 km/h 

¶ ʉʠʣʘ ʥʘ ʧʝʜʘʣʠ ʢʦʯʥʠʮʝ 65 N ʜʦ 500 N 

¶ ʉʧʦʿʥʠʮʘ ʠʩʢˀʫʯʝʥʘ ɼʘ  

 

4.2 ɼʝʬʠʥʠʩʘˁʝ ʪʝʩʪʦʚa ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ 
 

ʋ ʦʚʦʤ ʜʝʣʫ ʜʠʩʝʨʪʘʮʠʿʝ ʙʠ˂ʝ ʜʝʪʘˀʥʦ ʧʨʝʜʩʪʘʚˀʝʥ ʦʜʨʝʹʝʥ ʙʨʦʿ ʪʝʩʪʦʚʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ, ʘ ʢʦʿʠ ʩʫ ʧʨʦʠʟʠʰʣʠ ʥʘ ʦʩʥʦʚʫ ʠʥʪʝʨʥʠʭ ʠʩʧʠʪʥʠʭ 

ʧʨʦʮʝʜʫʨʘ ʨʘʟʚʦʿʥʝ ʩʣʫʞʙʝ ʬʘʙʨʠʢʝ ɿʘʩʪʘʚʘ ʘʫʪʦʤʦʙʠʣʠ. ɹʝʟ ʦʙʟʠʨʘ ʢʦʿʠ ʠʩʧʠʪʥʠ ʪʝʩʪ 

ʜʘ ʩʝ ʦʜʘʙʝʨʝ, ʧʨʦʮʝʜʫʨʘ ʪʿ. ʢʦʨʘʮʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʿʝ ʩʣʠʯʥʘ, ʛʜʝ ʩʣʠʢʘ 

4.1 ʠʣʫʩʪʨʫʿʝ ʘʣʛʦʨʠʪʘʤ ʪʦʢʘ ʠʩʧʠʪʠʚʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ. 

 

ʇʨʚʠ ʢʦʨʘʢ ʧʨʠ ʤʝʨʝˁʫ ʿʝʩʪʝ ʦʜʘʙʠʨ ʪʝʩʪʘ. ɿʘʪʠʤ, ʢʘʢʦ ʙʠ ʤʦʛʣʦ ʜʘ ʩʝ ʚʨʰʠ ʧʦʨʝʹʝˁʝ 

ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʫʪʝʤ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʧʦʯʝʪʥʠ ʫʩʣʦʚʠ ʙʫʜʫ 

ʠʩʪʠ. ɿʘ ʩʚʘʢʠ ʦʜ ʩʧʨʦʚʝʜʝʥʠʭ ʪʝʩʪʦʚʘ ʧʦʯʝʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʩʢ ʢʦʯʥʠʮʝ ʿʝ ʙʠʣʘ ʠʟʤʝʹʫ 

25 ̄ C ʠ 26 C̄. 

 

ʅʘʨʝʜʥʠ ʢʦʨʘʢ ʿʝʩʪʝ ʜʘ ʩʝ ʜʝʬʠʥʠʩʘʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʪʨʦʣʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʩʚʘʢʠ ʪʝʩʪ 

ʠʩʧʠʪʠʚʘˁʘ ʫʥʝʩʫ ʫ ʧʨʦʛʨʘʤ ʟʘ ʫʧʨʘʚˀʘˁʝ ʧʨʦʙʥʠʤ ʩʪʦʣʦʤ. ʂʦʥʪʨʦʣʥʠ ʧʘʨʘʤʝʪʨʠ ʩʫ: 

- ʙʨʟʠʥʘ ʢʨʝʪʘˁʘ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ, 

- ʧʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʠ 

- ʤʘʩʘ ʯʝʪʚʨʪʠʥʝ ʩʠʤʫʣʠʨʥʦʛ ʚʦʟʠʣʘ. 

 

ʅʘʢʦʥ ʜʦʚʦʹʝˁʘ ʥʘ ʧʦʯʝʪʥʝ ʫʩʣʦʚʝ ʤʝʨʝˁʘ ʠ ʜʝʬʠʥʠʩʘˁʘ ʢʦʥʪʨʦʣʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʤʦʞʝ ʜʘ ʧʦʯʥʝ. ʊʦʢʦʤ ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʨʝʟʫʣʪʘʪʠ 

ʤʝʨʝˁʘ ʯʫʚʘʿʫ ʩʝ ʥʘ ʤʝʤʦʨʠʿʠ ʨʘʯʫʥʘʨʘ. ʂʘʜʘ ʩʝ ʨʘʜʠ ʦ ʿʝʜʥʦʤ ʮʠʢʣʫʩʫ ʤʝʨʝˁʘ, ʢʘʦ ʰʪʦ 

ʿʝ ʩʣʫʯʘʿ ʪʦʢʦʤ: 

- ʪʝʩʪ ʩʘ ʢʦʥʩʪʘʥʪʥʦʤ ʧʦʯʝʪʥʦʤ ʙʨʟʠʥʦʤ ʠ 
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- ʪʝʩʪ ʩʘ ʢʦʥʩʪʘʥʪʥʠʤ ʢʦʯʥʠʤ ʧʨʠʪʠʩʢʦʤ, 

ʯʫʚʘˁʝ ʧʦʜʘʪʘʢʘ ʩʝ ʚʨʰʠ ʩʘʤʦ ʦʜ ʪʨʝʥʫʪʢʘ ʘʢʪʠʚʠʨʘˁʘ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ ʜʦ ʟʘʫʩʪʘʚˀʘˁʘ.  

 

 

ʉʣʠʢʘ 4.1 ɸʣʛʦʨʠʪʘʤ ʧʨʦʮʝʜʫʨʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ 

 

ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʪʦʢʦʤ: 

- ʪʝʩʪʦʚʠ ʧʦʥʘʚˀʘˁʘ,  

- ʪʝʩʪʦʚʘ ʠʩʧʠʪʠʚʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʘˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ 

- ʪʝʩʪʦʚʘ ʠʩʧʠʪʠʚʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʥʪʝʥʟʠʪʝʪʘ ʭʣʘʹʝˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ,  

ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʩʝ ʯʫʚʘʿʫ ʦʜ ʪʨʝʥʫʪʢʘ ʧʦʢʨʝʪʘˁʘ ʠʥʩʪʘʣʘʮʠʿʝ ʜʦ ʪʨʝʥʫʪʢʘ ʢʘʜʘ ʩʝ ʢʦʯʥʠ 

ʜʠʩʢ ʟʘʫʩʪʘʚʠ ʥʘʢʦʥ ʜʝʩʝʪʦʛ ʮʠʢʣʫʩʘ ʧʦʥʘʚˀʘˁʘ, ʪʘʯʥʠʿʝ ʢʘʜʘ ʩʝ ʫ ʧʨʦʛʨʘʤʫ ʢʣʠʢʥʝ ʥʘ 

Ăʢʨʘʿ ʤʝʨʝˁʘñ. ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʫʪʝʤ ʩʝ ʛʨʘʬʠʯʢʠ ʧʨʝʜʩʪʘʚˀʘʿʫ. 

ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʙʠ˂ʝ ʧʨʠʢʘʟʘʥʠ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ, ʢʘʦ ʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʥʝʢʝ 

ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʘ ʩʝ ʪʘʢʦʹʝ ʤʝʨʠ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ. ʅʘʢʦʥ ʪʦʛʘ 

ʧʨʝʜʩʪʘʚˀʝʥʠ ʨʝʟʫʣʪʘʪʠ ʙʠ˂ʝ ʜʝʪʘˀʥʦ ʦʙʿʘʰˁʝʥʠ ʠ ʥʘ ʦʩʥʦʚʫ ʩʧʨʦʚʝʜʝʥʝ ʜʝʪʘˀʥʝ 

ʘʥʘʣʠʟʝ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʙʠ˂ʝ ʜʦʥʝʩʝʥʠ ʠ ʟʘʢˀʫʯʮʠ. ʇʦʨʝʜ ʪʦʛʘ, ʙʠ˂ʝ ʠʟʚʨʰʝʥʦ ʠ 

ʧʦʨʝʹʝˁʝ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʨʫʛʠʭ ʘʫʪʦʨʘ ʠʟ ʧʨʝʜʤʝʪʥʝ ʦʙʣʘʩʪʠ. 
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ʉʚʘ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʠʟʚʨʰʝʥʘ ʧʨʠ ʠʩʪʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʦʜ 21 C̄ ± 1 ̄ C, ʜʦʢ 

ʩʫ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʧʨʝ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ ʫ ʮʠˀʫ 

ʧʦʥʦʚˀʠʚʦʩʪʠ ʨʝʟʫʣʪʘʪʘ, ʙʠʣʘ 25,5 C̄ ± 0,5 ̄ C. ʆʚʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʫ ʮʠˀʫ ʚʘʣʠʜʥʦʛ 

ʧʦʨʝʹʝˁʘ ʨʝʟʫʣʪʘʪʘ. ʊʘʢʦʹʝ, ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʧʦʥʦʚʠʪʠ ʤʝʨʝˁʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʤʘʪʠ 

ʜʝʬʠʥʠʩʘʥʝ ʧʦʯʝʪʥʝ ʨʘʜʥʝ ʫʩʣʦʚ ʦʢʦʣʠʥʝ/ʣʘʙʦʨʘʪʦʨʠʿʝ. 

 

4.2.1 ʊʝʩʪ ʩʘ ʢʦʥʩʪʘʥʪʥʦʤ ʧʦʯʝʪʥʦʤ ʙʨʟʠʥʦʤ 

 

ʀʩʧʠʪʠʚʘˁʝ ˂ʝ ʩʝ ʚʨʰʠʪʠ ʟʘ ʠʩʪʫ ʧʦʯʝʪʥʫ ʙʨʟʠʥʫ ʢʨʝʪʘˁʘ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ ʦʜ 

100 km/h, ʜʦ ʟʘʫʩʪʘʚˀʘˁʘ, ʪʿ. ʢʨʘʿˁʘ ʙʨʟʠʥʘ ʿʝ 0, ʪʘʙʝʣʘ 4.2. ʉʚʨʭʘ ʪʝʩʪʘ ʩʘ ʢʦʥʩʪʘʥʪʥʦʤ 

ʧʦʯʝʪʥʦʤ ʙʨʟʠʥʦʤ ʿʝʩʪʝ ʠʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ ʧʨʦʤʝʥʝ ʧʨʠʪʠʩʘʢʘ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʥʘ 

ʧʨʦʤʝʥʫ: 

- ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ ʠ ʢʦʯʥʦʤ ʜʠʩʢʫ,  

- ʤʦʤʝʥʪʘ ʢʦʯʝˁʘ, 

- ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠ 

- ʚʨʝʤʝ ʢʦʯʝˁʘ. 

 

ʊʘʙʝʣʘ 4.2 ʂʦʥʪʨʦʣʥʠ ʧʘʨʘʤʝʪʨʠ ʪʝʩʪʘ ʩʘ ʢʦʥʩʪʘʥʪʦʤ ʧʦʯʝʪʥʦʤ ʙʨʟʠʥʦʤ ï ʊʂʇɹ 

ʅʘʟʠʚ ʪʝʩʪʘ ʋʣʘʟʥʠ ʧʦʜʘʮʠ 

ʊʝʩʪ ʊʂʇɹ1 
( )25,5 0,5pT = ° C̄ 

300m= kg 

100v= km/h 

 

1p=  MPa 

ʊʝʩʪ ʊʂʇɹ2 2p=  MPa 

ʊʝʩʪ ʊʂʇɹ3 3p=  MPa 

ʊʝʩʪ ʊʂʇɹ4 4p=  MPa 

ʊʝʩʪ ʊʂʇɹ5 5p=  MPa 

 

ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʩʝ ʦʜʨʝʹʫʿʝ ʧʦ ʠʩʪʦʤ ʧʨʠʥʮʠʧʫ ʢʘʦ ʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ [75], ʿʝʨ ʿʝ 

ʧʨʠʤʝˁʝʥ ʠʩʪʠ ʢʦʯʥʠ ʩʠʩʪʝʤ: 

 

,
2

k

klipa ef

M

p A r
m=

Ö Ö Ö
 (4.1) 

 

ʛʜʝ ʩʫ: 

- 
kM  - ʢʦʯʥʠ ʤʦʤʝʥʪ, Nm, 

- p  - ʧʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ, Pa, 

- klipaA  - ʧʦʚʨʰʠʥʘ ʢʣʠʧʘ, 0,00229klipaA =  m2, 

- efr  - ʝʬʝʢʪʠʚʥʠ ʨʘʜʠʿʫʩ, 0,111efr =  m. 

 

4.2.2 ʊʝʩʪ ʩʘ ʢʦʥʩʪʘʥʪʥʠʤ ʢʦʯʥʠʤ ʧʨʠʪʠʩʢʦʤ 

 

ʋʩʣʦʚʠ ʠʩʧʠʪʠʚʘˁʘ ʫ ʪʦʢʫ ʪʝʩʪʘ ʩʘ ʢʦʥʩʪʘʥʪʥʠʤ ʢʦʯʥʠʤ ʧʨʠʪʠʩʢʦʤ, ʢʘʜʘ ʩʝ ʤʝˁʘʿʫ 

ʧʦʯʝʪʥʝ ʙʨʟʠʥʝ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ, ʧʨʠʢʘʟʘʥʠ ʩʫ ʪʘʙʝʣʦʤ 4.3. ʂʦʯʝˁʝ ʩʝ ʦʩʪʚʘʨʫʿʝ ʜʦ 

ʟʘʫʩʪʘʚˀʘˁʘ, ʢʘʜʘ ʿ ʝ ʢʨʘʿˁʘ ʙʨʟʠʥʘ ʿ ʝʜʥʘʢʘ 0. ʎʠˀ ʪʝʩʪʘ ʩʘ ʢʦʥʩʪʘʥʪʥʠʤ ʧʨʠʪʠʩʢʦʤ ʿ ʝʩʪʝ 

ʜʘ ʩʝ ʠʩʧʠʪʘ ʫʪʠʮʘʿ ʧʦʯʝʪʥʝ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ ʥʘ: 

- ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ ʠ ʢʦʯʥʦʤ ʜʠʩʢʫ,  

- ʤʦʤʝʥʪ ʢʦʯʝˁʘ, 

- ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʠ 

- ʚʨʝʤʝ ʢʦʯʝˁʘ. 
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ʊʘʙʝʣʘ 4.3 ʂʦʥʪʨʦʣʥʠ ʧʘʨʘʤʝʪʨʠ ʪʝʩʪʘ ʩʘ ʢʦʥʩʪʘʥʪʥʠʤ ʧʨʠʪʠʩʢʦʤ ï ʊʂʇ 

ʅʘʟʠʚ ʪʝʩʪʘ ʋʣʘʟʥʠ ʧʦʜʘʮʠ 

ʊʝʩʪ ʊʂʇ1 
( )25,5 0,5pT = °   

300m=  kg 

5p= MPa 

60v= km/h 

ʊʝʩʪ ʊʂʇ2 70v=  km/h 

ʊʝʩʪ ʊʂʇ3 80v=  km/h 

ʊʝʩʪ ʊʂʇ4 90v=  km/h 

ʊʝʩʪ ʊʂʇ5 100v=  km/h 

 

4.2.3 ʊʝʩʪ ʧʦʥʘʚˀʘˁʘ 

 

ʊʝʩʪ ʧʦʥʘʚˀʘˁʘ ʫ ʩʪʚʘʨʠ ʧʨʝʜʩʪʘʚˀʘ ʜʝʩʝʪ ʫʟʘʩʪʦʧʥʠʭ ʮʠʢʣʫʩʘ, ʩʣʠʢʘ 4.2. ɱʝʜʘʥ ʮʠʢʣʫʩ 

ʦʙʫʭʚʘʪʘ ʚʨʝʤʝ ʤʠʨʦʚʘˁʘ, ʚʨʝʤʝ ʫʙʨʟʘʚʘˁʘ ʜʦ ʪʨʝʥʫʪʢʘ ʜʦʩʪʠʟʘˁʘ ʞʝˀʝʥʝ ʙʨʟʠʥʝ ʠ 

ʚʨʝʤʝ ʟʘʫʩʪʘʚˀʘˁʘ. ʇʝʨʠʦʜ ʤʠʨʦʚʘˁʘ ʿʝ ʥʝʦʧʭʦʜʘʥ ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʦ ʘʜʝʢʚʘʪʥʦ 

ʚʨʝʤʝ ʟʘ ʘʢʪʠʚʠʨʘˁʝ ʩʧʦʿʥʠʮʝ ʠ ʧʦʩʪʝʧʝʥʦ ʧʦʢʨʝʪʘˁʝ ʝʣʝʢʪʨʦʤʦʪʦʨʘ. ɸʢʦ ʥʝ ʙʠ ʧʦʩʪʦʿʘʦ 

ʧʝʨʠʦʜ ʤʠʨʦʚʘˁʘ, ʦʜʥʦʩʥʦ ʫʢʦʣʠʢʦ ʙʠ ʩʝ ʠʩʪʦʚʨʝʤʝʥʦ ʘʢʪʠʚʠʨʘʣʠ ʩʧʦʿʥʠʮʘ ʠ 

ʝʣʝʢʪʨʦʤʦʪʦʨ, ʧʦʿʘʚʠʣʘ ʙʠ ʩʝ ʫʜʘʨʥʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʿʘ ʤʦʛʫ ʙʠʪʠ h ʪʝʪʥʘ ʧʦ ʝʣʝʢʪʨʦʤʦʪʦʨ. 

ʄʝʹʫʪʠʤ, ʦʚʦ ʚʨʝʤʝ ʠʟʤʝʹʫ ʜʚʘ ʮʠʢʣʫʩʘ ʤʦʞʝ ʩʝ ʩʤʘʪʨʘʪʠ ʜʘ ʦʜʛʦʚʘʨʘ ʧʝʨʠʦʜʫ ʢʦʿʠ ʿʝ 

ʧʦʪʨʝʙʘʥ ʜʘ ʩʝ, ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʧʫʪʥʠʭ ʠʩʧʠʪʠʚʘˁʘ, ʠʟʚʨʰʠ ʧʨʝʙʘʮʠʚʘˁʝ ʨʫʯʠʮʝ 

ʤʝˁʘʯʘ ʫ ʧʨʚʠ ʩʪʝʧʝʥ ʧʨʝʥʦʩʘ, ʧʨʝʙʘʮʠ ʥʦʛʘ ʚʦʟʘʯʘ ʩʘ ʢʦʯʥʠʮʝ ʥʘ ʧʝʜʘʣʫ ʛʘʩʘ ʠ ʩʣʝʜʠ 

ʧʝʨʠʦʜ ʧʦʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʠʟ ʩʪʘˁʘ ʤʠʨʦʚʘˁʘ. 

 

 

ʉʣʠʢʘ 4.2 ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʪʝʩʪʘ ʧʦʥʘʚˀʘˁʘ ʩʘ ʜʝʩʝʪ ʫʟʘʩʪʦʧʥʠʭ ʮʠʢʣʫʩʘ 

(ʤʠʨʦʚʘˁʝ-ʟʘʣʝʪʘˁʝ-ʟʘʫʩʪʘʚˀʘˁʝ) 

 

ʋʟʘʩʪʦʧʥʦ ʧʦʥʘʚˀʘˁʝ ʧʨʦʮʝʩʘ ʟʘʣʝʪʘˁʘ ʚʦʟʠʣʘ ʢʦʿʝ ʿ ʝ ʧʨʘ˂ʝʥʦ ʢʦʯʝˁʝʤ ʜʦ ʟʘʫʩʪʘʚˀʘˁʘ, 

ʠʟʚʨʰʝʥʦ ʿʝ ʟʘ ʧʝʪ ʨʘʟʣʠʯʠʪʠʭ ʙʨʟʠʥʘ. ʋʩʣʦʚʠ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʜʘʪʠ ʫ ʪʘʙʝʣʠ 4.4. ʆʩʪʘʣʠ 

ʧʦʯʝʪʥʠ ʫʩʣʦʚʠ ʩʫ ʠʩʪʠ, h ʪʦ ʩʝ ʪʠʯʝ ʤʘʩʝ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ, ʧʦʯʝʪʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʜʠʩʢ 

ʢʦʯʥʠʮʝ, ʧʨʠʪʠʩʢʘ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ. ɹʨʦʿ ʧʦʥʘʚˀʘˁʘ ʧʨʦʮʝʩʘ ʟʘʣʝʪʘˁʘ ʠ ʢʦʯʝˁʘ ʜʦ 

ʟʘʫʩʪʘʚˀʘˁʘ ʿʝ ʜʝʩʝʪ. ʊʦʢʦʤ ʦʚʦʛ ʪʝʩʪʘ ʿʝ ʠʩʧʠʪʘʥ ʫʪʠʮʘʿ ʧʦʥʘʚˀʘˁʘ ʟʘʣʝʪʘˁʘ ʜʦ 

ʟʘʫʩʪʘʚˀʘˁʘ ʥʘ: 

- ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ ʠ ʢʦʯʥʦʤ ʜʠʩʢʫ,  

- ʤʦʤʝʥʪ ʢʦʯʝˁʘ, 

- ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ, ʠ 

- ʚʨʝʤʝ ʢʦʯʝˁʘ. 
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ʊʘʙʝʣʘ 4.4 ʂʦʥʪʨʦʣʥʠ ʧʘʨʘʤʝʪʨʠ ʪʝʩʪʘ ʧʦʥʘʚˀʘˁʘ ï ʊʝʩʪ ʊʇ 

ʅʘʟʠʚ ʪʝʩʪʘ ʋʣʘʟʥʠ ʧʦʜʘʮʠ 

ʊʝʩʪ ʊʇ1 ( )25,5 0,5pT = °   

300m=  kg 

5p=  MPa 

10n=  

60v= km/h 

ʊʝʩʪ ʊʇ2 70v=  km/h 

ʊʝʩʪ ʊʇ3 80v=  km/h 

ʊʝʩʪ ʊʇ4 90v=  km/h 

ʊʝʩʪ ʊʇ5 100v=  km/h 

 

4.2.4 ʊʝʩʪʠʨʘˁʝ ʜʠʩʢʘ ʢʦʯʥʠʮʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ˁʝʛʦʚʦʛ ʩʪʘˁʘ 

 

ʇʨʝʛʣʝʜʦʤ ʠ ʘʥʘʣʠʟʦʤ ʦʙʿʘʚˀʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʜʨʫʛʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʠʟ ʦʙʣʘʩʪʠ ʪʝʨʤʠʯʢʦʛ 

ʧʦʥʘʰʘˁʘ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ, ʜʦʰʣʦ ʩʝ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʥʝ ʧʦʩʪʦʿʝ 

ʜʝʪʘˀʥʘ ʠʩʧʠʪʠʚʘˁʘ ʛʜʝ ʿʝ ʘʥʘʣʠʟʠʨʘʥ ʫʪʠʮʘʿ ʩʪʘˁʘ ʧʦʚʨʰʠʥʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ 

ʧʣʦʯʠʮʘ, ʧʘ ʩʫ ʪʝʩʪʦʚʠ ʜʝʬʠʥʠʩʘʥʠ ʫ ʪʘʙʝʣʠ 4.5. ɱʝʜʘʥ ʦʜ ʪʝʩʪʦʚʘ ʿʝ ʠʩʧʠʪʠʚʘˁʝ ʢʦʯʥʠʭ 

ʧʝʨʬʦʨʤʘʥʩʠ ʢʦʨʠʰ˂ʝʥʦʛ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʥʦʚʠʭ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ. ʂʦʯʥʝ ʧʝʨʬʦʨʤʘʥʩʝ 

ʢʦʿʝ ʩʫ ʠʩʧʠʪʠʚʘʥʝ ʩʫ: ʤʦʤʝʥʪ ʢʦʯʝˁʘ, ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ, ʚʨʝʤʝ ʟʘʫʩʪʘʚˀʘˁʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦ ʧʦˀʝ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ. ɿʘʪʠʤ ʩʫ ʠʟʚʨʰʝʥʘ ʫʧʦʨʝʜʥʘ ʠʩʧʠʪʠʚʘˁʘ 

ʧʝʨʬʦʨʤʘʥʩʠ ʢʦʨʠʰ˂ʝˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʥʦʚʦʛ/ʢʦʨʠʰ˂ʝʥʦʛ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʪʿ. 

ʥʦʚʠʭ/ʢʦʨʠʰ˂ʝʥʠʭ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ.  

 

ʊʘʙʝʣʘ 4.5 ʊʝʩʪʦʚʠ ʠʩʧʠʪʠʚʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʜʘ ʣʠ ʩʫ ʢʦʯʥʠ ʜʠʩʢ ʠ ʢʦʯʥʝ ʧʣʦʯʠʮʝ 

ʢʦʨʠʰ˂ʝʥʝ ʠʣʠ ʥʦʚʝ 

ʊʝʩʪ ʂʦʯʥʠ ʜʠʩʢ ʂʦʯʥʝ ʧʣʦʯʠʮʝ 

ʊʝʩʪ ɼʂʇʅ ʂʦʨʠʰ˂ʝʥ ʅʦʚʝ 

ʊʝʩʪ ɼʂʇʂ ʂʦʨʠʰ˂ʝʥ ʂʦʨʠʰ˂ʝʥʝ 

ʊʝʩʪ ɼʅʇʂ ʅʦʚ ʂʦʨʠʰ˂ʝʥʝ 

ʊʝʩʪ ɼʂʢʇʂ ʂʦʨʠʰ˂ʝʥ, ʢʦʨʦʜʠʨʘʦ ʂʦʨʠʰ˂ʝʥʝ 

ʊʝʩʪ ɼʅʇʅ ʅʦʚ ʅʦʚʝ 

 

ʇʦʨʝʜ ʪʦʛʘ, ʩʘ ʘʩʧʝʢʪʘ ʨʘʟʚʦʿʥʠʭ ʠʩʧʠʪʠʚʘˁʘ, ʙʠʣʦ ʿʝ ʧʦʪʨʝʙʥʦ ʠʩʧʠʪʘʪʠ ʫʪʠʮʘʿ 

ʢʦʨʦʜʠʨʘʥʦʛ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʨʠʰ˂ʝʥʠʭ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʢʦʯʥʦʛ 

ʩʠʩʪʝʤʘ. ʅʘʨʘʚʥʦ, ʥʝʠʟʦʩʪʘʚʥʠ ʜʝʦ ʠʩʧʠʪʠʚʘˁʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝ ʥʦʚʠʭ ʝʣʝʤʝʥʘʪʘ 

ʬʨʠʢʮʠʦʥʦʛ ʧʘʨʘ (ʢʦʯʥʠ ʜʠʩʢ ʠ ʢʦʯʥʝ ʧʣʦʯʠʮʝ). 

 

ɼʝʬʠʥʠʩʘʥʠ ʨʘʜʥʠ ʫʩʣʦʚʠ ʟʘ ʪʝʩʪʦʚʝ ʢʦʿʠ ʩʫ ʥʘʙʨʦʿʘʥʠ ʫ ʪʘʙʝʣʠ 4.5 ʩʫ: 

- ʧʦʯʝʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ 

25,5 C̄ ± 0,5 C̄, 

- ʧʦʯʝʪʥʘ ʙʨʟʠʥʘ ʢʨʝʪʘˁʘ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ ʿʝ 100 km/h, 

- ʧʨʠʪʠʩʘʢ ʫ ʭʠʜʨʘʫʣʠʯʢʦʿ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ 5 MPa, 

- ʤʘʩʘ ʯʝʪʚʨʪʠʥʝ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ ʿʝ 300 kg, ʠ 

- ʙʨʦʿ ʫʟʘʩʪʦʧʥʠʭ ʧʦʥʘʚˀʘˁʘ ʿʝ 10. 

 

4.2.5 ʊʝʩʪʦʚʠ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʫʩʣʦʚʠʤʘ ʭʣʘʹʝˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ 

 

ʀʩʧʠʪʠʚʘˁʝ ʢʦʿʝ ʿ ʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʩʣʠʯʥʦ ʪʝʩʪʫ ʧʦʥʘʚˀʘˁʘ, ʠʟʚʨʰʝʥʦ ʿʝ ʟʘ ʜʚʘ ʨʘʟʣʠʯʠʪʘ 

ʫʩʣʦʚʘ ʭʣʘʹʝˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʿʝʜʘʥ ʪʝʩʪ ʙʝʟ ʭʣʘʹʝˁʘ, ʪʘʙʝʣʘ 4.6. ʇʦʯʝʪʥʠ ʫʩʣʦʚʠ ʩʫ 

ʠʩʪʠ ʟʘ ʩʚʘ ʪʨʠ ʪʝʩʪʘ, ʨʘʟʣʠʢʘ ʿʝ ʩʘʤʦ ʫ ʙʨʟʠʥʠ ʦʧʩʪʨʫʿʘʚʘˁʘ ʚʘʟʜʫʭʘ ( vv ) ʦʢʦ ʜʠʩʢʘ. 

ʀʟʚʨʰʝʥʦ ʿʝ ʜʝʩʝʪ ʫʟʘʩʪʦʧʥʠʭ ʮʠʢʣʫʩʘ ʧʦʥʘʚˀʘˁʘ ʧʨʦʮʝʩʘ ʟʘʣʝʪʘˁʘ ʠ ʢʦʯʝˁʘ ʜʦ 
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ʟʘʫʩʪʘʚˀʘˁʘ. ʊʦʢʦʤ ʦʚʠʭ ʪʝʩʪʦʚʘ ʠʩʧʠʪʘʥ ʿʝ ʫʪʠʮʘʿ ʠʥʪʝʥʟʠʪʝʪʘ ʭʣʘʹʝˁʘ ʥʘ ʛʝʥʝʨʠʩʘʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ, ʢʘʦ ʠ ʧʦʥʘʰʘˁʝ ʦʩʪʘʣʠʭ ʨʘʜʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʢʦʯʝˁʘ. 

 

ʊʘʙʝʣʘ 4.6 ʂʦʥʪʨʦʣʥʠ ʧʘʨʘʤʝʪʨʠ ʪʝʩʪʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʫʩʣʦʚʠʤʘ ʭʣʘʹʝˁʘ ʜʠʩʢʘ 

ʅʘʟʠʚ ʪʝʩʪʘ ʋʣʘʟʥʠ ʧʦʜʘʮʠ 

ʊʝʩʪ ʍʂ0 25pT =  C̄ 

300m=  kg 

5p=  MPa 

100v=  km/h 

0vv =  km/h 

ʊʝʩʪ ʍʂ1 7vv =  km/h 

ʊʝʩʪ ʍʂ2 10vv =  km/h 

 

4.3 ʆʧʪʠʤʠʟʘʮʠʿʘ ʧʘʨʘʤʝʪʘʨʘ ʠ ʧʣʘʥʘ ʠʩʧʠʪʠʚʘˁʘ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ 

ʧʨʠʤʝʥʦʤ ʊʘʛʫʯʠ ʤʝʪʦʜʘ 
 

ʊʚʦʨʘʮ ʊʘʛʫʯʠ ʤʝʪʦʜʘ ʙʠʦ ʿʝ ʿʘʧʘʥʩʢʠ ʠʥʞʝˁʝʨ-ʩʪʘʪʠʩʪʠʯʘʨ, ɫʝʥʠ˂ʠ ʊʘʛʫʯʠ (ʝʥʛʣ. 

Genichi Taguchi) [76]. ʊʘʛʫʯʠ ʿ ʝ ʨʘʟʚʠʦ ʧʦʫʟʜʘʥ ʤʝʪʦʜ ʟʘ ʧʨʦʮʝʥʫ ʫʪʠʮʘʿʘ ʥʝʢʦʛ ʧʘʨʘʤʝʪʨʘ 

ʧʦʿʘʚʝ ʠʣʠ ʧʨʦʮʝʩʘ ʢʦʿʠ ʩʝ ʠʩʧʠʪʫʿʝ ʥʘ ʥʝʢʫ ʧʨʦʤʝʥˀʠʚʫ, ʘ ʧʦʨʝʜ ʪʦʛʘ, ʚʨʣʦ ʿʝ ʣʘʢ ʠ 

ʿʝʜʥʦʩʪʘʚʘʥ ʟʘ ʢʦʨʠʰ˂ʝˁʝ [77]. ʊʘʛʫʯʠ ʤʝʪʦʜ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʿʦʰ ʧʝʜʝʩʝʪʠʭ ʛʦʜʠʥʘ 

ʧʨʦʰʣʦʛ ʚʝʢʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʤʝʪʦʜ ʦʜʤʘʭ ʧʨʠʚʫʢʘʦ ʚʝʣʠʢʫ ʧʘʞˁʫ ʩʪʘʪʠʩʪʠʯʘʨʘ ʠ 

ʠʥʞʝˁʝʨʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʧʦʙʦˀʰʘˁʝʤ ʢʚʘʣʠʪʝʪʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʛʨʘʥʘʤʘ ʠʥʜʫʩʪʨʠʿʝ [78]. 

ɺʝʣʠʢʘ ʢʦʥʢʫʨʝʥʪʥʦʩʪ ʥʘ ʪʨʞʠʰʪʫ ʥʘʪʝʨʘʣʘ ʿʝ ʧʨʦʠʟʚʦʹʘʯʝ ʜʘ ʧʦʙʦˀʰʘʿʫ ʢʚʘʣʠʪʝʪ 

ʩʚʦʿʠʭ ʧʨʦʠʟʚʦʜʘ ʠ ʧʨʠ ʪʦʤ ʜʘ ʙʫʜʫ ʧʨʚʠ ʥʘ ʪʨʞʠʰʪʫ, ʰʪʦ ʿʝ ʠ ʥʘʚʝʣʦ ʧʨʦʠʟʚʦʹʘʯʝ ʜʘ 

ʢʦʨʠʩʪʝ ʊʘʛʫʯʠʿʝʚʫ ʤʝʪʦʜ. ʂʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʦʧʪʠʤʠʟʠʨʘʪʠ ʥʝʢʠ ʧʨʦʠʟʚʦʜ ʫ ʮʠˀʫ 

ʜʦʙʠʿʘˁʘ ʰʪʦ ʙʦˀʝʛ ʢʚʘʣʠʪʝʪʘ, ʙʠʪʥʦ ʿʝ ʦʜʘʙʨʘʪʠ ʧʨʘʚʠ ʫʣʘʟ ʢʦʿʠ ʩʚʦʿʦʤ ʧʨʦʤʝʥʦʤ 

ʜʠʨʝʢʪʥʦ ʦʜʨʝʹʫʿʝ ʠʟʣʘʟ, ʪʘʢʦ ʜʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʫʢˀʫʯʠ ʦʜʨʝʹʠʚʘˁʝ ʥʘʿʙʦˀʠʭ 

ʢʦʥʪʨʦʣʥʠʭ ʬʘʢʪʦʨʘ ʯʠʤʝ ʩʝ ʧʦʩʪʠʞʝ ʜʘ ʦʜʥʦʩ ʫʣʘʟ/ʠʟʣʘʟ ʙʫʜʝ ʥʘʿʙʣʠʞʠ ʠʜʝʘʣʥʦʿ 

ʬʫʥʢʮʠʿʠ [79], ʦʜʥʦʩʥʦ ʰʪʦ ʢʚʘʣʠʪʝʪʥʠʿʝʤ ʧʨʦʠʟʚʦʜʫ. 

 

4.3.1 ʇʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʤʝʥʦʤ ʊʘʛʫʯʠ ʤʝʪʦʜʘ 

 

ʇʨʠ ʜʝʬʠʥʠʩʘˁʫ ʧʣʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʫ ʮʠˀʫ ʧʨʠʤʝʥʝ ʊʘʛʫʯʠ ʤʝʪʦʜʘ, ʧʦʪʨʝʙʥʦ ʿʝ 

ʧʨʠʜʨʞʘʚʘʪʠ ʩʝ ʧʣʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʢʦʿʠ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 4.3. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʩʣʠʢʫ 

4.3 ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʢʦʿʠ ʩʫ ʪʦ ʢʦʨʘʮʠ ʢʦʿʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʠʩʧʦʰʪʦʚʘʪʠ ʢʘʢʦ ʙʠ ʿʝʜʘʥ 

ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʠʤʝʥʦʤ ʊʘʛʫʯʠ ʤʝʪʦʜʘ ʙʠʦ ʫʩʧʝʰʘʥ. ʂʦʤʧʣʝʪʥʘ ʧʨʦʮʝʜʫʨʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʧʨʠʤʝʥʦʤ ʊʘʛʫʯʠ ʤʝʪʦʜʘ ʤʦʞʝ ʩʝ ʧʦʜʝʣʠʪʠ ʫ ʪʨʠ ʬʘʟʝ: 

1. ʜʠʟʘʿʥ ʩʠʩʪʝʤʘ, 

2. ʜʠʟʘʿʥ ʧʘʨʘʤʝʪʘʨʘ ʠ  

3. ʦʜʩʪʫʧʘˁʝ. 

 

ʇʨʚʘ ʬʘʟʘ ï ʜʠʟʘʿʥ ʩʠʩʪʝʤʘ ʩʝ ʦʛʣʝʜʘ ʫ ʜʝʬʠʥʠʩʘˁʫ ʨʘʟʤʘʪʨʘʥʠʭ ʬʘʢʪʦʨʘ (ʥʝʟʘʚʠʩʥʦ 

ʧʨʦʤʝʥˀʠʚʝ ʫʣʘʟʥʝ ʚʝʣʠʯʠʥʝ), ʢʘʦ ʠ ʧʦʪʨʝʙʥʦʛ ʥʠʚʦa ʟʘ ʩʚʘʢʠ ʦʜ ʠʟʘʙʨʘʥʠʭ ʬʘʢʪʦʨʘ. 

ʇʨʝʮʠʟʥʠʿʝ, ʪʨʝʙʘ ʠʤʘʪʠ ʧʦʪʨʝʙʘʥ ʙʨʦʿ ʥʠʚʦʘ ʟʘ ʩʚʘʢʠ ʬʘʢʪʦʨ ʢʘʢʦ ʙʠ ʩʝ ʤʦʛʣʦ ʫ ʜʘˀʝʤ 

ʨʘʜʫ ʫʪʚʨʜʠʪʠ ʢʦʿʠ ʦʜ ʬʘʢʪʦʨʘ ʿʝ ʥʘʿʫʪʠʮʘʿʥʠʿʠ, ʘ ʢʦʿʠ ʤʘˁʝ ʫʪʠʮʘʿʘʥ. ʋʢʦʣʠʢʦ ʧʦʩʪʦʿʠ 

ʣʠʥʝʘʨʥʘ ʚʝʟʘ ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʠʭ ʚʝʣʠʯʠʥʘ, ʜʦʚʦˀʘʥ ʙʨʦʿ ʥʠʚʦʘ ʿʝ ʜʚʘ. ʋ ʩʣʫʯʘʿʫ 

ʜʘ ʩʝ ʥʝ ʟʥʘ ʢʘʢʚʘ ʿʝ ʚʝʟʘ ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʠʭ ʚʝʣʠʯʠʥʘ, ʟʘ ʧʦʩʪʠʟʘˁʝ ʪʘʯʥʠʿʠʭ 

ʨʝʟʫʣʪʘʪʘ ʧʦʪʨʝʙʥʦ ʿ ʝ ʢʦʨʠʩʪʠʪʠ ʪʨʠ ʠ ʚʠʰʝ ʥʠʚʦʘ. ʇʦʨʝʜ ʪʦʛʘ, ʚʝʣʠʢʠ ʙʨʦʿ ʥʠʚʦʘ ʟʘʭʪʝʚʘ 

ʚʝ˂ʠ ʙʨʦʿ ʧʦʥʘʚˀʘˁʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʰʪʦ ʟʘ ʩʦʙʦʤ ʧʦʚʣʘʯʠ ʜʫʞʝ ʚʨʝʤʝ ʠʩʧʠʪʠʚʘˁʘ ʠ 

ʚʝ˂ʝ ʪʨʦʰʢʦʚʝ. 
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ɼʨʫʛʘ ʬʘʟʘ ï ʜʠʟʘʿʥ ʧʘʨʘʤʝʪʘʨʘ ʿʝ ʥʘʿʚʘʞʥʠʿʘ ʬʘʟʘ. ʋ ʦʢʚʠʨʫ ʜʨʫʛʝ ʬʘʟʝ ʫʪʚʨʹʫʿʝ ʩʝ ʢʦʿʠ 

ʬʘʢʪʦʨ ʫʪʠʯʝ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʥʘ ʚʨʝʤʝ ʟʘʫʩʪʘʚˀʘˁʘ ʠ ʛʝʥʝʨʠʩʘʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʪʦʢʦʤ 

ʧʨʦʮʝʩʘ ʟʘʫʩʪʘʚˀʘˁʘ. ɻʣʘʚʥʠ ʮʠˀ ʦʚʝ ʬʘʟʝ ʿʝʩʪʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʦʧʪʠʤʘʣʥʠʭ ʧʘʨʘʤʝʪʨʘ 

ʧʨʠ ʢʦʿʠʤʘ ʙʠ ʩʝ ʦʩʪʚʘʨʠʣʦ ʰʪʦ ʢʨʘ˂ʝ ʚʨʝʤʝ ʟʘʫʩʪʘʚˀʘˁʘ, ʘ ʜʘ ʢʦʣʠʯʠʥʘ ʛʝʥʝʨʠʩʘʥʝ 

ʪʦʧʣʦʪʝ ʥʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ ʙʫʜʝ ʰʪʦ ʤʘˁʘ.  

 

 

ʉʣʠʢʘ 4.3 ʇʨʦʮʝʜʫʨʘ ʊʘʛʫʯʠ ʤʝʪʦʜʘ [80] 

 

ʊʨʝ˂ʘ ʬʘʟʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʥʘʣʘʞʝˁʝ ʢʦʿʠ ʿʝ ʥʘʿʫʪʠʮʘʿʥʠʿʠ ʧʘʨʘʤʝʪʘʨ ʥʘ ʨʘʟʤʘʪʨʘʥ ʠʟʣʘʟ 

ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʤʝʨʝˁʘ, ʘ ʜʘ ʩʝ ʧʨʠʪʦʤ ʧʦʩʪʠʞʝ ʰʪʦ ʤʘˁʝ ʨʘʩʠʧʘˁʝ ʨʝʟʫʣʪʘʪʘ. 

 

4.3.2 ʇʨʦʮʝʜʫʨʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʤʝʥʦʤ ʦʨʪʦʛʦʥʘʣʥʠʭ ʥʠʟʦʚʘ 

 

ʅʘʢʦʥ ʜʝʬʠʥʠʩʘˁʘ ʢʦʥʪʨʦʣʥʠʭ ʬʘʢʪʦʨʘ ʠ ʙʨʦʿʘ ʥʠʚʦʘ ʟʘ ʩʚʘʢʠ ʦʜ ʧʨʠʤʝˁʝʥʠʭ 

ʢʦʥʪʨʦʣʥʠʭ ʬʘʢʪʦʨʘ, ʧʨʠʩʪʫʧʘ ʩʝ ʢʨʝʠʨʘˁʫ ʦʨʪʦʛʦʥʘʣʥʠʭ ʥʠʟʦʚʘ. ʆʨʪʦʛʦʥʘʣʥʠ ʥʠʟʦʚʠ 

ʦʤʦʛʫ˂ʫʿʫ ʜʘ ʩʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʿʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʝ ʧʨʦʫʯʠʪʠ ʚʝʣʠʢʠ ʙʨʦʿ ʢʦʥʪʨʦʣʥʠʭ 

ʬʘʢʪʦʨʘ, ʘ ʧʨʠʪʦʤ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʨʦʮʝʥʫ ʫʪʠʮʘʿʘ ʩʚʘʢʦʛ ʦʜ ˁʠʭ ʥʝʟʘʚʠʩʥʦ. ɹʠʪʥʝ 

ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʩʚʘʢʦʤ ʨʘʟʤʘʪʨʘʥʦʤ ʢʦʥʪʨʦʣʥʦʤ ʬʘʢʪʦʨʫ ʤʦʛʫ ʩʝ ʜʦʙʠʪʠ ʟʘ ʢʨʘʪʢʦ ʚʨʝʤʝ. 

ʅʘʿʤʘˁʠ ʧʦʪʨʝʙʘʥ ʙʨʦʿ ʟʘ ʩʚʘʢʠ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʿʝ ʜʚʘ ʥʠʚʦʘ. ɹʨʦʿ ʥʠʚʦʘ 

ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʢʦʣʠʢʦ ʠʤʘ ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʘʢʠ ʦʜ ʢʦʥʪʨʦʣʥʠʭ ʬʘʢʪʦʨʘ. ʄʝʹʫʪʠʤ, ʢʘʢʦ 

˂ʝ ʫ ʜʘˀʝʤ ʨʘʜʫ ʙʠʪʠ ʨʘʟʤʘʪʨʘʥa ʪʨʠ ʢʦʥʪʨʦʣʥʘ ʬʘʢʪʦʨʘ ʩʘ ʯʝʪʠʨʠ ʥʠʚʦʘ, ʩʘʤo 

ʧʦʿʘʰˁʝˁʝ ʙʠ˂ʝ ʙʘʟʠʨʘʥʦ ʥʘ ʧʨʠʤʝʨʫ ʩʘ ʪʨʠ ʬʘʢʪʦʨʘ ʩʘ ʯʝʪʠʨʠ ʥʠʚʦʘ ʪʘʙʝʣʘ 4.7.  

 

ɽʢʩʧʝʨʠʤʝʥʪ ʢʦʿʠ ˂ʝ ʩʝ ʠʟʚʨʰʠʪʠ ʟʘ ʧʦʪʨʝʙʝ ʫʪʚʨʹʠʚʘˁʘ ʢʦʿʠ ʿʝ ʪʦ ʫʪʠʮʘʿʘʥ ʧʘʨʘʤʝʪʘʨ 

ʥʘ ʚʨʝʤʝ ʢʦʯʝˁʘ ʠ ʛʝʥʝʨʠʩʘʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʧʦʤʦ˂ʫ ʦʨʪʦʛʦʥʘʣʥʦʛ ʥʠʟʘ 

L16(4
3), ʪʘʙʝʣʘ 4.8. ɹʨʦʿ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʝ 

ʨʘʟʤʘʪʨʘʿʫ ʪʨʠ ʢʦʥʪʨʦʣʥʘ ʬʘʢʪʦʨʘ (ʙʨʟʠʥʘ, ʤʘʩʘ ʯʝʪʚʨʪʠʥʝ ʚʦʟʠʣʘ ʠ ʧʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ 

ʠʥʩʪʘʣʘʮʠʿʠ) ʩʘ ʯʝʪʠʨʠ ʥʠʚʦʘ ʿʝ 16 ʝʢʩʧʝʨʠʤʝʥʪʘ, ʰʪʦ ʟʥʘʯʠ ʢʦʣʠʢʦ ʨʝʜʦʚʘ ʠʤʘ 

ʦʨʪʦʛʦʥʘʣʥʠ ʥʠʟ, ʪʦʣʠʢʠ ʿʝ ʧʦʪʨʝʙʘʥ ʙʨʦʿ ʠʟʚʨʰʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ. 
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ʊʘʙʝʣʘ 4.7 ʇʨʠʤʝʨ ʚʨʝʜʥʦʩʪʠ ʢʦʥʪʨʦʣʥʠʭ ʬʘʢʪʦʨʘ ʠ ʚʨʝʜʥʦʩʪʠ ʥʠʚʦʘ 

ʌʘʢʪʦʨ ʅʠʚʦ 1 ʅʠʚʦ 2 ʅʠʚʦ 3 ʅʠʚʦ 4 

A 1 2 3 4 

B 1 2 3 4 

C 1 2 3 4 

 

ʊʘʙʝʣʘ 4.8 ʆʨʪʦʛʦʥʘʣʥʠ ʥʠʟ L16(4
3) 

ʈʝʜʥʠ ʙʨʦʿ 

ʪʝʩʪʘ 

ʂʦʥʪʨʦʣʥʠ ʬʘʢʪʦʨʠ ʠ 

ʥʠʚʦʠ 

ʈʝʜʥʠ ʙʨʦʿ 

ʪʝʩʪʘ 

ʂʦʥʪʨʦʣʥʠ ʬʘʢʪʦʨʠ ʠ 

ʥʠʚʦʠ 

1 1 1 1 9 3 1 3 

2 1 2 2 10 3 2 4 

3 1 3 3 11 3 3 1 

4 1 4 4 12 3 4 2 

5 2 1 2 13 4 1 4 

6 2 2 1 14 4 2 3 

7 2 3 4 15 4 3 2 

8 2 4 3 16 4 4 1 

 

ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʪʘʙʝʣʫ 4.8, ʥʘ ʧʨʠʤʝʨ ʚʨʝʜʥʦʩʪʠ ʫ ʧʨʚʦʤ ʨʝʜʫ ʩʫ ʫ ʩʪʚʘʨʠ ʩʚʝ ʚʨʝʜʥʦʩʪʠ 

ʧʨʚʦʛ ʥʠʚʦʘ ʟʘ ʩʚʘʢʠ ʦʜ ʬʘʢʪʦʨʘ. ɺʨʝʜʥʦʩʪʠ ʫ ʜʨʫʛʦʤ ʨʝʜʫ ʟʘ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ɸ ʩʫ ʠʟ 

ʧʨʚʦʛ ʥʠʚʦʘ, ʜʦʢ ʩʫ ʟʘ ʜʨʫʛʘ ʜʚʘ ʠʟ ʜʨʫʛʦʛ ʥʠʚʦʘ. ʋ ʪʨʝ˂ʝʤ ʨʝʜʫ ʬʘʢʪʦʨ ɸ ʿʝ ʪʘʢʦʹʝ 

ʚʨʝʜʥʦʩʪ ʧʨʚʦʛ ʥʠʚʦʘ, ʜʦʢ ʩʫ ʟʘ ʬʘʢʪʦʨʝ B ʠ C ʚʨʝʜʥʦʩʪʠ ʠʟ ʪʨʝ˂ʝʛ ʥʠʚʦʘ ʠ ʪʘʢʦ ʨʝʜʦʤ. 

 

ʋʪʠʮʘʿ ʩʚʘʢʦʛ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʬʘʢʪʦʨʘ ʿʝ ʤʦʛʫ˂ ʩʘʤʦ ʢʘʜʘ ʚʨʝʜʥʦʩʪʠ ʩʚʘʢʦʛ ʢʦʥʪʨʦʣʥʦʛ 

ʬʘʢʪʦʨʘ ʜʦʙʠʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʩʚʘʢʦʛ ʥʠʚʦʘ ʠ ʩʘʤʦ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʤʦʞʝ ʩʝ 

ʫʪʚʨʜʠʪʠ ʢʦʿʠ ʿʝ ʥʘʿʫʪʠʮʘʿʥʠʿʠ ʬʘʢʪʦʨ ʥʘ ʠʟʣʘʟʥʫ-ʧʦʩʤʘʪʨʘʥʫ ʚʝʣʠʯʠʥʫ [81]. 

 

4.3.3 ʆʜʥʦʩ ʩʠʛʥʘʣ-ʰʫʤ 

 

ʇʨʝʜʥʦʩʪ ʧʨʠʤʝʥʝ ʊʘʛʫʯʠʿʝʚʦʛ ʤʝʪʦʜʘ ʦʛʣʝʜʘ ʩʝ ʫ ʯʠˁʝʥʠʮʠ ʜʘ ʠʥʪʝʛʨʠʰʝ ʩʪʘʪʠʩʪʠʯʢʝ 

ʤʝʪʦʜʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʠʥʞʝˁʝʨʩʢʠʤ ʧʨʦʮʝʩʠʤʘ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʿʝ ʢʨʝʠʨʘʥ ʧʦʪʧʫʥʦ ʥʦʚ 

ʩʠʩʪʝʤ ʧʨʠ ʧʣʘʥʠʨʘˁʫ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʦʨʪʦʛʦʥʘʣʥʠ ʥʠʟʦʚʠ ʠ ʩʘʤ ʧʦʩʪʫʧʘʢ ʦʙʨʘʜʝ 

ʧʦʜʘʪʘʢʘ ʿʝ ʜʦʨʘʹʝʥ. ʆʨʪʦʛʦʥʘʣʥʠ ʥʠʟʦʚʠ ʦʤʦʛʫ˂ʫʿʫ ʧʨʠ ʠʩʧʠʪʠʚʘˁʫ ʫʢˀʫʯʠʚʘˁʝ 

ʠʩʪʦʚʨʝʤʝʥʦ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʘʨʘʤʝʪʨʘ, ʘ ʧʨʠʪʦʤ ʤʦʞʝ ʙʠʪʠ ʠʟʚʨʰʝʥʦ ʠ ʫʪʚʨʹʠʚʘˁʝ 

ˁʠʭʦʚʦʛ ʫʪʠʮʘʿʘ ʥʝʟʘʚʠʩʥʦ ʿʝʜʥʦʛ ʦʜ ʜʨʫʛʦʛ. ʇʦʩʪʦʿʝ ʜʚʝ ʚʨʩʪʝ ʬʘʢʪʦʨʘ ʧʨʝʤʘ ʊʘʛʫʯʠʿʫ 

ʠ ʪʦ:  

1. ʫʧʨʘʚˀʘʥʠ ʬʘʢʪʦʨʠ ï ʪʦ ʩʫ ʬʘʢʪʦʨʠ ʢʦʿʠ ʩʝ ʤʦʛʫ ʢʦʥʪʨʦʣʠʩʘʪʠ, ʠ  

2. ʬʘʢʪʦʨʠ ʰʫʤʘ ï ʪʦ ʩʫ ʥʝʫʧʨʘʚˀʠʚʠ ʬʘʢʪʦʨʠ ʠ ˁʠʭ ʿʝ ʪʝʰʢʦ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʠ 

ʢʦʥʪʨʦʣʠʩʘʪʠ. 

 

ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʫʚʝʜʝʥʘ ʿʝ ʥʦʚʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʦʜʥʦʩ S/N (ʝʥʛʣ. Signal-to-Noise), ʠ ʦʥ 

ʧʨʝʜʩʪʘʚˀʘ ʫʪʠʮʘʿ Ăʰʫʤʘñ ʥʘ ʮʠˀʥʫ ʬʫʥʢʮʠʿʫ ʧʨʦʮʝʩʘ. ʄʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʫ ʩʪʚʘʨʠ 

ʧʨʝʜʩʪʘʚˀʘ ʫʥʠʚʝʨʟʘʣʥʫ ʤʝʨʫ ʟʘ ʦʮʝʥʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʩ ʮʠˀʝʤ ʢʘʩʥʠʿʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʧʘʨʘʤʝʪʘʨʘ. ʆʜʥʦʩ S/N ʿʝ ʧʦʢʘʟʘʪʝˀ ʧʦʤʦ˂ʫ ʢʦʛ ʩʝ ʤʦʞʝ ʫʪʚʨʜʠʪʠ ʫʪʠʮʘʿ 

ʧʨʦʤʝʥʝ ʥʝʢʦʛ ʦʜ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʢʨʘʿˁʠ ʠʩʭʦʜ ʧʨʦʮʝʩʘ. ʇʦʩʪʦʿʝ ʪʨʠ ʥʘʯʠʥʘ ʠʟʨʘʞʘʚʘˁʘ 

ʨʝʟʫʣʪʘʪʘ ʧʨʝʤʘ ʊʘʛʫʯʠʿʝʚʦʤ ʤʝʪʦʜʫ ʠ ʪʦ: 

ü ɼʝʬʠʥʠʩʘʥʘ ʬʠʢʩʥʘ ʚʨʝʜʥʦʩʪ ʿʝ ʥʘʿʙʦˀʘ (ʝʥʛʣ. Nominal is the best): 
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2
10log .

y

y
S N

s
h= =  (4.2) 

 

ü ʐʪʦ ʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʪʦ ʙʦˀʘ (ʝʥʛʣ. Bigger is better): 

 

( )2 2 2

1 2

1
10log ... .nS N y y y

n
= + + +  (4.3) 

 

ü ʐʪʦ ʤʘˁʘ ʚʨʝʜʥʦʩʪ ʪʦ ʙʦˀʘ (ʝʥʛʣ. Smaller is better): 

 

( )2 2 2

1 2

1
10log ... ,nS N y y y

n
=- + + + (4.4) 

 

ʛʜʝ ʩʫ : 

- y - ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʨʝʟʫʣʪʘʪʘ ʠʟʤʝʨʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʫʪʝʤ, 

- ys  - ʨʘʩʠʧʘˁʝ (ʜʠʩʧʝʨʟʠʿʘ) y , 

- n- ʙʨʦʿ ʧʦʥʘʚˀʘˁʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠ 

- 1 2, ... ny y y  - ʨʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘ. 

 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʢʦʿʘ ʩʝ ʠʟʣʘʟʥʘ ʚʝʣʠʯʠʥʘ ʧʦʩʤʘʪʨʘ/ʘʥʘʣʠʟʠʨʘ ʠ ʰʪʘ ʩʝ ʦʯʝʢʫʿʝ ʜʘ ʢʘʦ ʠʟʣʘʟ 

ʙʫʜʝ Ăʥʘʿʙʦˀʝñ ʨʝʰʝˁʝ, ʫʩʚʘʿʘ ʩʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʤʝʪʦʜ. ʆʜʥʦʩ S/N ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʤʠʥʠʤʠʟʠʨʘˁʝ ʬʨʝʢʚʝʥʮʠʿʝ, ʘ ʘʥʘʣʠʟʦʤ ʧʨʦʤʝʥˀʠʚʠʭ S/N ʦʜʥʦʩʘ ʤʦʛʫ˂ʝ ʿʝ ʫʪʚʨʜʠʪʠ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿ ʧʘʨʘʤʝʪʘʨʘ. ʂʘʢʦ ʙʠ ʩʝ ʛʨʝʰʢʘ ʤʝʨʝˁʘ ʩʚʝʣʘ ʥʘ ʤʠʥʠʤʫʤ, ʥʝʦʧʭʦʜʥʦ 

ʿʝ ʠʟʚʨʰʠʪʠ ʪʨʠ ʤʝʨʝˁʘ ʟʘ ʩʚʘʢʠ ʜʝʬʠʥʠʩʘʥ ʝʢʩʧʝʨʠʤʝʥʪ, ʘ ʧʦʪʦʤ ʠʟʚʨʰʠʪʠ 

ʦʩʨʝʜˁʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ, ʪʘʙʝʣʘ 4.9. ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʩʝ ʨʘʯʫʥʘ ʧʦ ʨʝʣʘʮʠʿʠ: 

 

,1 ,2 ,3

, ,
3

i i i

s i

X X X
X

+ +
=  (4.5) 

 

ʛʜʝ ʩʫ ,1 ,2 ,3, ,i i iX X X  ʚʨʝʜʥʦʩʪʠ ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ i-ʪʠ ʪʝʩʪ ( 1,2,...,16i= ). ʂʘʢʦ ʩʫ 

ʠʟʚʨʰʝʥʘ ʪʨʠ ʤʝʨʝˁʘ ʟʘ ʩʚʘʢʠ ʪʝʩʪ ʥʝʦʧʭʦʜʥʦ ʿʝ ʩʘʙʨʘʪʠ ʩʚʝ ʪʨʠ ʚʨʝʜʥʦʩʪʠ ʠ ʧʦʜʝʣʠʪʠ 

ʩʘ 3. ɺʨʝʜʥʦʩʪ S/N ʦʜʥʦʩʘ ʦʜʨʝʹʫʿʝ ʩʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʤʝˁʝʥʦʛ ʥʘʯʠʥʘ ʠʟʨʘʞʘʚʘˁʘ 

ʊʘʛʫʯʠʿʝʚʦʛ ʤʝʪʦʜʘ.  

 

ʊʘʙʝʣʘ 4.9 ʀʟʤʝʨʝʥʝ ʠ ʦʩʨʝʜˁʝʥʝ ʚʨʝʜʥʦʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠ S/N ʦʜʥʦʩ 

ʈʝʜʥʠ 

ʙʨʦʿ 

ʪʝʩʪʘ 

ʂʦʥʪʨʦʣʥʠ ʬʘʢʪʦʨʠ ʠ 

ʥʠʚʦʠ 
ʀʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ʉʨʝʜˁʘ 

ʚʨʝʜʥʦʩʪ 

S/N 

ʦʜʥʦʩ 

A B C ,1iX  ,2iX  ,3iX  ,s iX  
i

S N  

1 1 1 1 1,1X  1,2X  1,3X  s,1X  
1

S N  

2 1 2 2 2,1X  2,2X  2,3X  ,2sX  
2

S N  

3 1 3 3 3,1X  3,2X  3,3X  ,3sX  
3

S N  

4 1 4 4 4,1X  4,2X  4,3X  s,4X  
4

S N  

5 2 1 2 5,1X  5,2X  5,3X  ,5sX  
5

S N  
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ʊʘʙʝʣʘ 4.9 (ʥʘʩʪʘʚʘʢ) 

ʈʝʜʥʠ 

ʙʨʦʿ 

ʪʝʩʪʘ 

ʂʦʥʪʨʦʣʥʠ ʬʘʢʪʦʨʠ ʠ 

ʥʠʚʦʠ 
ʀʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ʉʨʝʜˁʘ 

ʚʨʝʜʥʦʩʪ 

S/N 

ʦʜʥʦʩ 

A B C ,1iX  ,2iX  ,3iX  ,s iX  
i

S N  

6 2 2 1 6,1X  6,2X  6,3X  ,6sX  6
S N  

7 2 3 4 7,1X  7,2X  7,3X  ,7sX  
7

S N  

8 2 4 3 8,1X  8,2X  8,3X  ,8sX  8
S N  

9 3 1 3 9,1X  9,2X  9,3X  ,9sX  
9

S N  

10 3 2 4 10,1X  10,2X  10,3X  ,10sX  
10

S N  

11 3 3 1 11,1X  11,2X  11,3X  ,11sX  
11

S N  

12 3 4 2 12,1X  12,2X  12,3X  ,12sX  12
S N  

13 4 1 4 13,1X  13,2X  13,3X  ,13sX  
13

S N  

14 4 2 3 14,1X  14,2X  14,3X  ,14sX  
14

S N  

15 4 3 2 15,1X  15,2X  15,3X  ,15sX  
15

S N  

16 4 4 1 16,1X  16,2X  16,3X  ,16sX  
16

S N  

 

4.3.4 ʈʘʥʛʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ 

 

ʋ ʮʠˀʫ ʨʘʥʛʠʨʘˁʘ ʨʘʟʤʘʪʨʘʥʠʭ ʬʘʢʪʦʨʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʨʝʜʠʪʠ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ S/N 

ʦʜʥʦʩʘ ʨʘʟʤʘʪʨʘʥʦʛ ʬʘʢʪʦʨʘ ʟʘ ʧʨʚʠ ʥʠʚʦ, ʟʘʪʠʤ ʟʘ ʜʨʫʛʠ, ʢʘʦ ʠ ʟʘ ʩʚʝ ʦʩʪʘʣʝ. ɿʘ 

ʦʜʨʝʹʠʚʘˁʝ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ S/N ʦʜʥʦʩʘ ʟʘ ʬʘʢʪʦʨ ɸ, ʧʨʚʦʛ ʥʠʚʦʘ, ʨʘʯʫʥʘ ʩʝ ʧʦ 

ʨʝʣʘʮʠʿʠ (4.5). ɺʨʝʜʥʦʩʪʠ S/N ʦʜʥʦʩʘ ʩʝ ʫʟʠʤʘʿʫ ʠʟ ʪʘʙʝʣʝ 4.9, ʫ ʢʦʣʦʥʠ ʫ ʢʦʿʠʤʘ ʩʝ ʥʘʣʘʟʝ 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʚʠ ʥʠʚʦ ʬʘʢʪʦʨʘ ɸ ʠ ʜʝʣʠ ʩʝ ʩʘ ʦʥʠʤ ʙʨʦʿʝʤ ʢʦʣʠʢʦ ʧʫʪʘ ʩʝ ʧʦʥʘʚˀʘ ʪʘʿ 

ʥʠʚʦ ʨʘʟʤʘʪʨʘʥʦʛ ʬʘʢʪʦʨʘ. ʇʦʤʦ˂ʫ ʨʝʣʘʮʠʿʝ (4.6) ʤʦʞʝ ʜʘ ʩʝ ʦʜʨʝʜʠ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

S/N ʦʜʥʦʩʘ ʟʘ ʬʘʢʪʦʨ ɸ, ʜʨʫʛʦʛ ʥʠʚʦʘ, ʧʦʤʦ˂ʫ ʨʝʣʘʮʠʿʝ (4.7) ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ S/N ʦʜʥʦʩʘ 

ʬʘʢʪʦʨʘ ɸ ʪʨʝ˂ʝʛ ʥʠʚʦʘ, ʠ ʨʝʣʘʮʠʿʘ (4.8) ʧʨʝʜʩʪʘʚˀʘ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ S/N ʦʜʥʦʩʘ 

ʯʝʪʚʨʪʦʛ ʥʠʚʦʘ, ʪʘʢʦʹʝ ʬʘʢʪʦʨʘ ɸ. ʇʦ ʠʩʪʦʤ ʧʨʠʥʮʠʧʫ ʩʝ ʦʜʨʝʹʫʿʫ ʠ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ 

ʦʩʪʘʣʠʭ S/N ʦʜʥʦʩʘ ʟʘ ʩʚʘʢʠ ʨʘʟʤʘʪʨʘʥʠ ʬʘʢʪʦʨ, ʧʦʩʤʘʪʨʘʥʦʛ ʥʠʚʦʘ [82]. 

 

1 2 3 4

, ,1
,

4
s A

S N S N S N S N
S N

+ + +
=  (4.6) 

 

5 6 7 8

, ,2
,

4
s A

S N S N S N S N
S N

+ + +
=  (4.7) 

 

9 10 11 12

, ,3
,

4
s A

S N S N S N S N
S N

+ + +
=  (4.8) 

 

13 14 15 16

, ,4
.

4
s A

S N S N S N S N
S N

+ + +
=  (4.9) 
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ʇʨʚʠ ʠʥʜʝʢʩ ʧʦʨʝʜ S/N ʦʜʥʦʩʘ ʦʟʥʘʯʘʚʘ ʜʘ ʩʝ ʨʘʜʠ ʦ ʩʨʝʜˁʦʿ ʚʨʝʜʥʦʩʪʠ, ʜʨʫʛʠ ʦ ʢʦʤ 

ʬʘʢʪʦʨʫ, ʘ ʪʨʝ˂ʠ ʧʦʢʘʟʫʿʝ ʦ ʢʦʤ ʥʠʚʦʫ ʬʘʢʪʦʨʘ ʩʝ ʨʘʜʠ.  

 

ʂʦʣʦʥʘ ʫ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʠ max min-  (ʪʘʙʝʣʘ 4.10), ʫ ʩʪʚʘʨʠ ʧʨʝʜʩʪʘʚˀʘ ʨʘʟʣʠʢʫ 

ʤʘʢʩʠʤʘʣʥʝ ʠ ʤʠʥʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ S/N ʦʜʥʦʩʘ ʟʘ ʩʚʘʢʠ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʬʘʢʪʦʨʘ. 

ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ max min-  ʟʘ ʩʚʘ ʪʨʠ ʬʘʢʪʦʨʘ, ʥʘʿʙʦˀʝ ʨʘʥʛʠʨʘʥ 

ʬʘʢʪʦʨ ʿʝ ʦʥʘʿ ʯʠʿʘ ʿʝ ʨʘʟʣʠʢʘ max min-  ʥʘʿʚʝ˂ʘ, ʟʘʪʠʤ ʩʣʝʜʝ˂ʠ, ʜʨʫʛʦ ʨʘʥʛʠʨʘʥʠ 

ʧʘʨʘʤʝʪʘʨ ʿʝ ʦʥʘʿ ʯʠʿʘ ʿʝ ʚʨʝʜʥʦʩʪ ʤʘˁʘ ʦʜ ʥʘʿʙʦˀʝʛ ʨʘʥʛʠʨʘʥʦʛ ʬʘʢʪʦʨʘ ʠ ʪʨʝ˂ʝ 

ʨʘʥʛʠʨʘʥʠ ʬʘʢʪʦʨ ʿʝ ʦʥʘʿ ʯʠʿʘ ʿʝ ʚʨʝʜʥʦʩʪ ʥʘʿʤʘˁʘ. 

 

ʊʘʙʝʣʘ 4.10 ʊʘʙʝʣʘ ʦʜʛʦʚʦʨʘ ʟʘ S/N ʦʜʥʦʩʘ ʛʜʝ ʿʝ Ăʰʪʦ ʤʘˁʘ ʚʨʝʜʥʦʩʪ ʪʦ ʙʦˀʝñ 

ʅʠʚʦ A B C 

1 , ,1s A
S N  

,B,1s
S N  

, ,1s C
S N  

2 , ,2s A
S N  

, ,2s B
S N  

, ,2s C
S N  

3 , ,3s A
S N  

, ,3s B
S N  

, ,3s C
S N  

4 , ,4s A
S N  

, ,4s B
S N  

, ,4s C
S N  

max min-  , ,max , ,mins A s A
S N S N-  

,B,max ,B,mins s
S N S N-  

, ,max , ,mins C s C
S N S N-  

ʈʘʥʛ 1 3 2 

 

4.3.5 ANOVA ʘʥʘʣʠʟʘ 

 

ʋʪʚʨʹʠʚʘˁʝ ʧʨʦʮʝʥʪʫʘʣʥʦʛ ʟʥʘʯʘʿʘ ʩʚʘʢʦʛ ʬʘʢʪʦʨʘ, ʤʦʞʝ ʩʝ ʠʟʚʨʰʠʪʠ ʠ ʧʨʠʤʝʥʦʤ 

ʘʥʘʣʠʟʝ ʚʘʨʠʿʘʥʩʝ ANOVA (ʝʥʛʣ. Analysis of Variance ï ʘʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ). ʇʨʠʤʝʥʘ 

ANOVA ʘʥʘʣʠʟʝ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʥʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʨʝʟʫʣʪʘʪʘ, 

ʧʨʠʢʘʞʝ ʢʦʣʠʢʦ ʚʘʨʠʿʘʮʠʿʘ ʩʚʘʢʦʛ ʦʜ ʬʘʢʪʦʨʘ ʫʪʠʯʝ ʥʘ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪ ʤʝʨʝˁʘ. ʊʘʙʝʣʘ 

4.11 ʧʦʢʘʟʫʿʝ ʢʘʢʦ ʪʨʝʙʘ ʜʘ ʠʟʛʣʝʜʘ ANOVA ʪʘʙʝʣʘ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʧʦʩʪʦʿʝ ʪʨʠ ʢʦʥʪʨʦʣʥʘ 

ʬʘʢʪʦʨʘ. 

 

ʊʘʙʝʣʘ 4.11 ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ S/N ʦʜʥʦʩʘ 

ʌʘʢʪʦʨʠ 

ʉʪʝʧʝʥʠ 

ʩʣʦʙʦʜʝ 

(DoF) 

ʉʫʤʘ 

ʢʚʘʜʨʘʪʘ 

ʉʨʝʜˁʘ 

ʚʨʝʜʥʦʩʪ 

ʩʫʤʝ 

ʢʚʘʜʨʘʪʘ 

F ʦʜʥʦʩ 
ʇʨʦʮʝʥʪʫʘʣʥʦ 

ʫʯʝʰ˂ʝ (%) 

A 
ADF  AS  ASS  AF  

AP  

B 
BDF  BS  BSS  BF  

BP  

C 
CDF  CS  CSS  CF  

CP  

ɻʨʝʰʢʘ 
greġkaDF  greġkaS  greġkaSS   

greġkaP  

ʋʢʫʧʥʦ 
ukupnoDF  ukupnoS    100,00 

 

ʇʦʧʫˁʘʚʘˁʝ ANOVA ʪʘʙʝʣʝ ʙʠ˂ʝ ʜʝʬʠʥʠʩʘʥʦ ʢʨʦʟ ʧʝʪ ʢʦʨʘʢʘ, ʛʜʝ ˂ʝ ʫ ʩʚʘʢʦʤ ʙʠʪʠ 

ʧʨʠʢʘʟʘʥʦ ʢʘʢʦ ʩʝ ʢʦʿʘ ʢʦʣʦʥʘ ʨʘʯʫʥʘ [83]. 

 

ʇʨʚʠ ʢʦʨʘʢ ï ʨʘʯʫʥʘˁʝ ʩʪʝʧʝʥʘ ʩʣʦʙʦʜʝ 
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ʉʪʝʧʝʥʝ ʩʣʦʙʦʜʝ ʿʝ ʧʦʪʨʝʙʥʦ ʦʜʨʝʜʠʪʠ ʟʘ ʩʚʘʢʫ ʚʨʝʜʥʦʩʪ, ʟʘ ʛʨʝʰʢʫ, ʢʘʦ ʠ ʫʢʫʧʘʥ ʙʨʦʿ. 

ʇʨʚʦ ʩʝ ʫʪʚʨʹʫʿʝ ʢʦʣʠʢʠ ʿʝ ʫʢʫʧʘʥ ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ ʠ ʦʥ ʩʝ ʨʘʯʫʥʘ ʧʦʤʦ˂ʫ ʿʝʜʥʘʯʠʥʝ: 

 

1.ukupanDF n= - (4.10) 

 

ɿʘʪʠʤ ʩʝ ʦʜʨʝʹʫʿʝ ʙʨʦʿ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʟʘ ʩʚʘʢʠ ʦʜ ʧʦʩʤʘʪʨʘʥʠʭ ʬʘʢʪʦʨʘ. ɹʨʦʿ ʩʪʝʧʝʥʠ 

ʩʣʦʙʦʜʝ ʟʘ ʩʚʘʢʠ ʬʘʢʪʦʨ ʩʝ ʨʘʯʫʥʘ ʪʘʢʦ ʰʪʦ ʩʝ ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʥʠʚʦʘ ( faktorl ) ʦʜʫʟʤʝ 

ʿʝʜʘʥ, ʨʝʣʘʮʠʿʘ: 

 

1.faktor faktorDF l= - (4.11) 

 

ʅʘ ʢʨʘʿʫ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʙʨʦʿ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʛʨʝʰʢʝ, ʠ ʪʦ ʰʪʦ ʩʝ ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ 

ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʦʜʫʟʤʫ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʟʘ ʩʚʘʢʠ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʬʘʢʪʦʨʘ, ʠʟʨʘʟ (4.12): 

 

.greġka ukupno faktorDF DF DF= -ä  (4.12) 

 

ɼʨʫʛʠ ʢʦʨʘʢ ï ʩʫʤʘ ʢʚʘʜʨʘʪʘ 

 

ʇʨʝ ʧʦʯʝʪʢʘ ʨʘʯʫʥʘˁʘ ʫʢʫʧʥʝ ʩʫʤʝ ʢʚʘʜʨʘʪʘ, ʢʘʦ ʠ ʫʢʫʧʥʝ ʩʫʤʝ ʢʚʘʜʨʘʪʘ ʟʘ ʩʚʘʢʠ ʦʜ 

ʬʘʢʪʦʨʘ ʠ ʟʘ ʛʨʝʰʢʫ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʨʘʯʫʥʘʪʠ ʟʙʠʨ ʚʨʝʜʥʦʩʪʠ ʠʟʣʘʟʘ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ S/N 

ʦʜʥʦʩʘ ʢʦʿʠ ʩʫ ʜʘʪʠ ʫ ʪʘʙʝʣʠ 4.8. ʇʨʠʢʘʟ ʟʙʠʨʦʚʘ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʨʘʯʫʥʘʪʠ ʜʘʪ ʿʝ ʫ 

ʪʘʙʝʣʠ 4.12. 

 

ʊʘʙʝʣʘ 4.12 ɿʙʠʨʥʘ ʪʘʙʝʣʘ 

ʌʘʢʪʦʨʠ ʅʠʚʦʠ ɿʙʠʨ 

ɸ 

1 1 1 2 3 4A
S N S N S N S N S N= + + +  

2 2 5 6 7 8A
S N S N S N S N S N= + + +  

3 3 9 10 11 12A
S N S N S N S N S N= + + +  

4 4 13 14 15 16A
S N S N S N S N S N= + + +  

B 

1 1 1 5 9 13B
S N S N S N S N S N= + + +  

2 2 2 6 10 14B
S N S N S N S N S N= + + +  

3 3 3 7 11 15B
S N S N S N S N S N= + + +  

4 4 4 8 12 16B
S N S N S N S N S N= + + +  

C 

1 1 1 6 11 16C
S N S N S N S N S N= + + +  

2 2 2 5 12 15C
S N S N S N S N S N= + + +  

3 3 3 8 9 14C
S N S N S N S N S N= + + +  

4 4 4 7 10 13C
S N S N S N S N S N= + + +  

 

ʋʢʫʧʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ ʨʘʯʫʥʘ ʩʝ ʧʦ ʨʝʣʘʮʠʿʠ (4.13): 

 
2

2

1 1

1
.

n n

ukupno i i

i i

S S N S N
n= =

å õ
= -æ ö

ç ÷
ä ä  (4.13) 
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ʋʢʫʧʥʘ ʩʫʤʘ ʧʦ ʬʘʢʪʦʨʠʤʘ ʩʝ ʨʘʯʫʥʘ ʧʨʠʤʝʥʦʤ ʠʟʨʘʟʘ (4.14): 

 

2
2

1

1

1
.

l

faktor n
i

faktor i

i

S N

S S N
l n

=

=

å õ
= -æ ö

ç ÷

ä
ä  (4.14) 

 

ʋ ʮʠˀʫ ʙʦˀʝʛ ʨʘʟʫʤʝʚʘˁʘ ʜʘʪ ʿʝ ʧʨʠʤʝʨ: 

 

( )2 2 2 2 2
16

1 2 3 4

1

1
.

4 16

A A A A

A i

i

S N S N S N S N
S S N

=

+ + + å õ
= - æ ö

ç ÷
ä  

 

ʋʢʫʧʥʘ ʩʫʤʘ ʛʨʝʰʢʝ ʩʝ ʨʘʯʫʥʘ, ʢʘʦ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʫʢʫʧʥʝ ʩʫʤʝ ʠ ʟʙʠʨʘ ʩʚʠʭ ʬʘʢʪʦʨʘ, 

ʨʝʣʘʮʠʿʘ (4.15). 

 

( ).greġka ukupno A B CS S S S S= - + +  (4.15) 

 

ʊʨʝ˂ʠ ʢʦʨʘʢ ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʩʫʤʝ ʢʚʘʜʨʘʪʘ 

 

ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʩʫʤʝ ʢʚʘʜʨʘʪʘ ʨʘʯʫʥʘ ʩʝ ʢʘʦ ʦʜʥʦʩ ʧʦʩʤʘʪʨʘʥʦʛ ʬʘʢʪʦʨʘ ʠʣʠ ʩʫʤʝ 

ʛʨʝʰʢʝ ʫ ʦʜʥʦʩʫ ʥʘ ʙʨʦʿ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʧʦʩʤʘʪʨʘʥʦʛ ʬʘʢʪʦʨʘ ʠʣʠ ʛʨʝʰʢʝ, ʨʝʩʧʝʢʪʠʚʥʦ. 

ʈʝʣʘʮʠʿʝ (4.16) ʠ (4.17) ʧʦʢʘʟʫʿʫ ʢʘʢʦ ʩʝ ʨʘʯʫʥʘ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʠ ʛʨʝʰʢʝ: 

 

,
faktor

faktor

faktor

S
SS

DF
=  (4.16) 

 

.
greġka

greġka

greġka

S
SS

DF
=  (4.17) 

 

ʏʝʪʚʨʪʠ ʢʦʨʘʢ ï F ʦʜʥʦʩ 

 

F ʦʜʥʦʩ ʨʘʟʤʘʪʨʘʥʦʛ ʬʘʢʪʦʨʘ ( faktorV ) ʩʝ ʜʦʙʠʿʘ ʢʘʜʘ ʚʘʨʠʿʘʮʠʿʫ ʠʩʪʦʛ ʪʦʛ ʬʘʢʪʦʨʘ 

ʧʦʜʝʣʠʤʦ ʩʘ ʚʘʨʠʿʘʮʠʿʦʤ ʛʨʝʰʢʝ ( greġkaV ), ʨʝʣʘʮʠʿʘ (4.18):  

 

.
faktor

faktor

greġka

V
F

V
=  (4.18) 

 

ɺʘʨʠʿʘʮʠʿʘ ʬʘʢʪʦʨʘ ʩʝ ʦʜʨʝʹʫʿʝ ʢʘʦ ʦʜʥʦʩ ʩʫʤʝ ʢʚʘʜʨʘʪʘ ʠ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʟʘ ʦʜʨʝʹʝʥʠ 

ʬʘʢʪʦʨ, ʨʝʣʘʮʠʿʘ (4.19), ʜʦʢ ʩʝ ʚʘʨʠʿʘʮʠʿʘ ʛʨʝʰʢʝ ʦʜʨʝʹʫʿʝ ʧʦ ʠʩʪʦʤ ʧʨʠʥʮʠʧʫ ʢʘʦ ʠ ʟʘ 

ʬʘʢʪʦʨ, ʢʘʦ ʦʜʥʦʩ ʩʫʤʝ ʢʚʘʜʨʘʪʘ ʠ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʛʨʝʰʢʝ, ʨʝʣʘʮʠʿʘ (4.20): 

 

,
faktor

faktoor

faktor

S
V

DF
=  (4.19) 

  

.
greġka

greġka

greġka

S
V

DF
=  (4.20) 
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ʇʝʪʠ ʢʦʨʘʢ ï ʧʨʦʮʝʥʪʫʘʣʥʦ ʫʯʝʰ˂ʝ 

 

ʇʨʦʮʝʥʪʫʘʣʥʦ ʫʯʝʰ˂ʝ ʩʝ ʨʘʯʫʥʘ ʢʘʦ ʦʜʥʦʩ ʩʫʤʝ ʢʚʘʜʨʘʪʘ ʟʘ ʨʘʟʤʘʪʨʘʥʠ ʬʘʢʪʦʨ ʠʣʠ 

ʛʨʝʰʢʫ ʠ ʫʢʫʧʥʝ ʩʫʤʝ ʢʚʘʜʨʘʪʘ ʧʦʤʥʦʞʝʥʘ ʩʘ 100%, ʨʝʣʘʮʠʿʘ (4.21): 

 

100%.
faktor

faktor

ukupno

S
P

S
= Ö  (4.21) 

 

4.3.6 ʇʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠ ʜʝʬʠʥʠʩʘˁʝ ʧʘʨʘʤʝʪʘʨʘ 

 

ɼʝʬʠʥʠʩʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ˂ʝ ʩʝ ʧʨʠʤʝˁʠʚʘʪʠ ʢʘʦ ʢʦʥʪʨʦʣʥʠ ʬʘʢʪʦʨʠ, ʫʪʚʨʹʫʿʝ ʩʝ ʥʘ 

ʦʩʥʦʚʫ ʧʨʝʛʣʝʜʘʥʝ ʣʠʪʝʨʘʪʫʨʝ ʟʘ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪ [54, 55]. ʇʦʨʝʜ ʪʦʛʘ ʪʨʝʙʘ ʠʤʘʪʠ ʥʘ 

ʫʤʫ ʠ ʰʪʘ ʤʦʞʝ ʩʝ ʢʦʥʪʨʦʣʠʩʘʪʠ ʫ ʪʦʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʰʪʘ ʥʝ. ʌʘʢʪʦʨʠ ʢʦʿʠ ʩʝ ʤʦʛʫ ʫ 

ʪʦʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʢʦʥʪʨʦʣʠʩʘʪʠ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ ʩʫ (ʪʘʙʝʣʘ 4.13): 

- ʙʨʟʠʥʘ ʚʦʟʠʣʘ, 

- ʤʘʩʘ ʯʝʪʚʨʪʠʥʝ ʚʦʟʠʣʘ ʠ 

- ʧʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ.  

 

ʊʘʙʝʣʘ 4.13 ʈʘʟʤʘʪʨʘʥʠ ʧʘʨʘʤʝʪʨʠ ʠ ʥʠʚʦʠ ʧʘʨʘʤʝʪʘʨʘ 

 
ʆʟʥʘʢʘ 

ʬʘʢʪʦʨʘ 
ʅʠʚʦ 1 ʅʠʚʦ 2 ʅʠʚʦ 3 ʅʠʚʦ 4 

ɹʨʟʠʥʘ, km/h A 20 40 60 80 

ʄʘʩʘ ʯʝʪʚʨʪʠʥʝ ʚʦʟʠʣʘ, kg B 200 250 300 350 

ʇʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ, 

MPa 
C 2 3 4 5 

 

ʅʘʢʦʥ ʜʝʬʠʥʠʩʘˁʘ ʚʨʝʜʥʦʩʪʠ ʟʘ ʨʘʟʤʘʪʨʘʥʝ ʬʘʢʪʦʨʝ ʫ ʩʦʬʪʚʝʨʫ Minitab, ʢʦʿʠ ʠʤʘ 

ʤʦʛʫ˂ʥʦʩʪ ʦʙʨʘʜʝ ʧʦʜʘʪʘʢʘ ʧʨʠʤʝʥʦʤ ʊʘʛʫʯʠ ʤʝʪʦʜʘ, ʥʘʿʧʨʝ ʩʝ ʙʠʨʘ ʙʨʦʿ ʬʘʢʪʦʨʘ ʠ ʙʨʦʿ 

ʥʠʚʦʘ. ʅʘʢʦʥ ʦʜʘʙʠʨʘ ʙʨʦʿʘ ʬʘʢʪʦʨʘ ʠ ʙʨʦʿʘ ʥʠʚʦʘ, ʧʦʪʚʨʹʫʿʝ ʩʝ ʧʨʝʜʣʦʞʝʥʠ ʦʨʪʦʛʦʥʘʣʥʠ 

ʥʠʟ ʠ ʥʘʢʦʥ ʪʦʛʘ ʤʦʞʝ ʩʝ ʧʨʠʩʪʫʧʠʪʠ ʫʥʦʰʝˁʫ ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʘʢʠ ʬʘʢʪʦʨ, ʢʘʢʦ ʿʝ 

ʜʝʬʠʥʠʩʘʥʦ ʪʘʙʝʣʦʤ 4.13. ʇʦ ʟʘʚʨʰʝʪʢʫ ʫʥʦʰʝˁʘ ʚʨʝʜʥʦʩʪʠ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʪʦ ʧʦʪʚʨʜʠʪʠ 

ʠ ʥʘʢʦʥ ʧʦʪʚʨʜʝ ʧʨʦʛʨʘʤ ʜʘʿʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʘʢʠ ʦʜ ʬʘʢʪʦʨʘ ʧʦ ʪʝʩʪʫ, ʪʘʙʝʣʘ 4.14.  

 

ʊʘʙʝʣʘ 4.14 ʇʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘ 

ʊʝʩʪ 

ʂʦʥʪʨʦʣʥʠ ʬʘʢʪʦʨʠ 

ɹʨʟʠʥʘ, km/h 
ʄʘʩʘ ʯʝʪʚʨʪʠʥʝ 

ʚʦʟʠʣʘ, kg 

ʇʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ 

ʠʥʩʪʘʣʘʮʠʿʠ, MPa 

1 20 200 2 

2 20 250 3 

3 20 300 4 

4 20 350 5 

5 40 200 3 

6 40 250 2 

7 40 300 5 

8 40 350 4 

9 60 200 4 

10 60 250 5 

11 60 300 2 

12 60 350 3 
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ʊʘʙʝʣʘ 4.14 (ʥʘʩʪʘʚʘʢ) 

ʊʝʩʪ 

ʂʦʥʪʨʦʣʥʠ ʬʘʢʪʦʨʠ 

ɹʨʟʠʥʘ, km/h 
ʄʘʩʘ ʯʝʪʚʨʪʠʥʝ 

ʚʦʟʠʣʘ, kg 

ʇʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ 

ʠʥʩʪʘʣʘʮʠʿʠ, MPa 

13 80 200 5 

14 80 250 4 

15 80 300 3 

16 80 350 2 

 

ʆʚʘʢʚʠʤ ʧʨʠʩʪʫʧʦʤ ʧʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʝ ʜʦʙʠʿʘ ʟʥʘʪʥʦ ʙʨʞʝ. ʅʘ ʦʩʥʦʚʫ ʜʦʩʪʫʧʥʝ 

ʥʘʿʥʦʚʠʿʝ ʣʠʪʝʨʘʪʫʨʝ, ʊʘʛʫʯʠ ʤʝʪʦʜ ʩʝ ʩʚʘʢʠ ʧʫʪ ʧʦʢʘʟʘʦ ʢʘʦ ʧʦʫʟʜʘʥ ʤʝʪʦʜ ʧʨʠ 

ʧʣʘʥʠʨʘˁʫ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʦʛʨʘʤ ʧʦ ʩʚʘʢʦʤ ʪʝʩʪʫ ʜʘʿʝ ʦʜʨʝʹʝʥʫ ʢʦʤʙʠʥʘʮʠʿʫ ʢʘʢʦ ʙʠ 

ʩʝ ʧʨʠ ʦʙʨʘʜʠ ʨʝʟʫʣʪʘʪʘ ʤʦʛʣʦ ʫʪʚʨʜʠʪʠ ʢʦʿʠ ʦʜ ʬʘʢʪʦʨʘ ʠʤʘ ʥʘʿʚʝ˂ʠ, ʦʜʥʦʩʥʦ ʥʘʿʤʘˁʠ 

ʫʪʠʮʘʿ. 



ʉʪʘʪʠʩʪʠʯʢʘ ʦʙʨʘʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʘʨʘʤʝʪʨʝ ʢʦʯʝˁʘ 

80 

 

5 ʉʊɸʊʀʉʊʀʏʂɸ ʆɹʈɸɼɸ ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʆ 

ɼʆɹʀɱɽʅʀʍ ʈɽɿʋʃʊɸʊɸ ʀ ʀɼɽʅʊʀʌʀʂɸʎʀɱɸ 

ʊɽʈʄʀʏʂʀʍ ʅɸʇʈɽɿɸɳɸ ɼʀʉʂ ʂʆʏʅʀʎɸ ɿɸ 

ʈɸɿʃʀʏʀʊɽ ʇɸʈɸʄɽʊʈɽ ʂʆʏɽɳɸ 
 

ɿʘ ʩʧʨʦʚʝʜʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, 

ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʙʠ˂ʝ ʧʨʝʟʝʥʪʦʚʘʥʠ ʫ ʚʠʜʫ ʜʠʿʘʛʨʘʤʘ, ʪʘʙʝʣʘ ʠ ʪʝʨʤʦʛʨʘʬʩʢʠʭ ʧʨʠʢʘʟʘ 

ʠ ʜʝʪʘˀʥʦ ʦʙʿʘʰˁʝʥʠ. 

 

5.1 ʇʨʠʢʘʟ ʠ ʜʠʩʢʫʩʠʿʘ ʨʝʟʫʣʪʘʪʘ ʥʘ ʦʩʥʦʚʫ ʩʧʨʦʚʝʜʝʥʠʭ ʪʝʩʪʦʚʘ 

ʠʩʧʠʪʠʚʘˁʘ 
 

ɼʝʪʘˀʘʥ ʧʨʠʢʘʟ ʢʦʥʪʨʦʣʥʠʭ ʬʘʢʪʦʨʘ ʜʘʪ ʿʝ ʫ ʧʦʛʣʘʚˀʫ 4 ʟʘ ʩʚʘʢʠ ʪʝʩʪ ʯʠʿʠ ʨʝʟʫʣʪʘʪʠ ʠ 

ʘʥʘʣʠʟʘ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥʠ ʫ ʥʘʩʪʘʚʢʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ. ɿʘ ʠʩʧʠʪʠʚʘˁʝ ʪʦʢʦʤ ʪʝʩʪʘ ʩʘ 

ʢʦʥʩʪʘʥʪʥʦʤ ʧʦʯʝʪʥʦʤ ʙʨʟʠʥʦʤ, ʪʝʩʪ ʩʘ ʢʦʥʩʪʘʥʪʥʠʤ ʦʯʥʠʤ ʧʨʠʪʠʩʢʦʤ, ʪʝʩʪ ʧʦʥʘʚˀʘˁʘ 

ʠ ʪʝʩʪʦʚʘ ʠʩʧʠʪʠʚʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʥʪʝʥʟʠʪʝʪʘ ʭʣʘʹʝˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʧʨʠʤʝˁʝʥʝ ʩʫ 

ʢʦʯʥʠ ʜʠʩʢ ʠ ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʟʘ ʥʘʚʝʜʝʥʝ ʪʝʩʪʦʚʝ ʢʦʿʠ ʩʫ ʚʝ˂ ʙʠʣʠ ʢʦʨʠʰ˂ʝʥʠ ʠʣʠ ʫ 

ʝʢʩʧʣʦʘʪʘʮʠʿʠ ʚʦʟʠʣʘ ʠʣʠ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ.  

 

5.1.1 ʊʝʩʪ ʩʘ ʢʦʥʩʪʘʥʪʥʦʤ ʧʦʯʝʪʥʦʤ ʙʨʟʠʥʦʤ 

 

ʇʨʦʮʝʩ ʢʦʯʝˁʘ, ʢʦʿʠ ʩʣʝʜʠ ʠʟʘ ʮʠʢʣʫʩʘ ʫʙʨʟʘʚʘˁʘ ʚʦʟʠʣʘ ʜʦ ʧʦʩʪʠʟʘˁʘ ʞʝˀʝʥʝ ʙʨʟʠʥʝ, 

ʧʨʘ˂ʝʥ ʿʝ ʧʦʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʧʦʚʨʰʠʥʠ ʢʦʥʪʘʢʪʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ. 

ʇʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʙʠ˂ʝ ʧʨʠʢʘʟʘʥ ʢʘʦ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 

ʢʨʘʿʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʪʨʝʥʫʪʢʫ ʘʢʪʠʚʠʨʘˁʘ ʢʦʯʥʠʮʘ, ʪʘʙʝʣʘ 5.1. 

 

ʊʘʙʝʣʘ 5.1 ɺʨʝʤʝ ʟʘʫʩʪʘʚˀʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʯʥʦʛ ʧʨʠʪʠʩʢʘ ʛʜʝ ʿʝ ʧʦʯʝʪʥʘ 

ʙʨʟʠʥʘ (100 km/h) ʠʩʪʘ ʟʘ ʩʚʝ ʨʘʟʤʘʪʨʘʥʝ ʪʝʩʪʦʚʝ 

ʅʘʟʠʚ ʪʝʩʪʘ 

ʇʦʨʘʩʪ 

ʪʝʤʧʝʨʘʪʫʨʝ 

ʢʦʯʥʝ 

ʧʣʦʯʠʮʝ, C̄ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʢʦʯʥʦʛ ʜʠʩʢʘʘ, 

C̄ 

ʂʦʯʥʠ 

ʤʦʤʝʥʪʙ, 

Nm 

ʂʦʝʬʠʮʠʿʝʥʪ 

ʪʨʝˁʘ, - 

ɺʨʝʤʝ 

ʟʘʫʩʪʘʚˀʘˁʘ, 

s 

ʊʝʩʪ ʊʂʇɹ1 4,80 70,2/91,3 359,17 0,26 ï 0,68 14,25 

ʊʝʩʪ ʊʂʇɹ2 5,66 71,6/91 589,99 0,32 ï 0,59 8,25 

ʊʝʩʪ ʊʂʇɹ3 8,21 73,3/96,2 889,41 0,35 ï 0,57 6,00 

ʊʝʩʪ ʊʂʇɹ4 10,05 76,2/95,1 1003,06 0,35 ï 0,49 5,24 

ʊʝʩʪ ʊʂʇɹ5 8,74 73,7/93,3 1318,77 0,38 ï 0,51 3,76 

ʅʘʧʦʤʝʥʘ: 
ʘʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʦʥʪʘʢʥʦʿ ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ/ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʧʨʦʩʪʦʨʫ ʨʝʙʘʨʘ 

ʢʦʯʥʦʛ ʜʠʩʢʘ 
ʙʄʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ 

 

ɺʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʪʨʘʿʘˁʘ ʢʦʯʝˁʘ ʿʝ ʧʨʦʤʝʥˀʠʚ ʠ ʫ ʜʠʨʝʢʪʥʦʿ ʿʝ ʚʝʟʠ ʩʘ ʧʨʠʪʠʩʢʦʤ ʫ 

ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ. ɸʢʦ ʿʝ ʢʦʯʥʠ ʧʨʠʪʠʩʘʢ ʤʘˁʠ, ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʟʘʫʩʪʘʚʠ 

ʩʠʤʫʣʠʨʘʥʦ ʚʦʟʠʣʦ ʿʝ ʜʫʞʝ, ʪʘʙʝʣʘ 5.1. ʊʝʩʪ ʊʂʇɹ1 ʢʘʨʘʢʪʝʨʠʰʝ ʧʨʠʪʠʩʘʢ ʫ 

ʭʠʜʨʘʫʣʠʯʢʦʿ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʦʜ 1 MPa, ʛʜʝ ʿʝ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʟʘʫʩʪʘʚˀʘˁʝ ʙʠʣʦ 

ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʪʝʩʪʦʚʝ ʟʥʘʪʥʦ ʜʫʞʝ. ʇʦʨʝʜʝ˂ʠ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʟʘʫʩʪʘʚˀʘˁʝ ʪʝʩʪʘ 



ʉʪʘʪʠʩʪʠʯʢʘ ʦʙʨʘʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʘʨʘʤʝʪʨʝ ʢʦʯʝˁʘ 

81 

 

ʊʂʇɹ1 ʠ ʪʝʩʪʘ ʊʂʇɹ5, ʧʨʚʠ ʪʝʩʪ ʟʘʭʪʝʚʘ 3,79 ʧʫʪʘ ʚʠʰʝ ʚʨʝʤʝʥʘ. ɸʥʘʣʠʟʘ ʧʦʨʘʩʪʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʥʘʠʣʘʟʥʦʤ ʜʝʣʫ ʩʧʦˀʘʰˁʝ ʢʦʯʥʝ ʧʣʦʯʠʮʝ (ʯʠʿʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʤʝʨʦʜʘʚʥʝ 

ʿʝʨ ʩʝ ʥʘ ˁʦʿ ʿʘʚˀʘʿʫ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ), ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʦʥʘ 

ʪʘʢʦʹʝ ʟʘʚʠʩʠ ʦʜ ʧʨʠʪʠʩʢʘ, ʘʣʠ ʠ ʦʜ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʜʘ ʩʝ ʟʘʫʩʪʘʚʠ ʩʠʤʫʣʠʨʘʥʦ ʚʦʟʠʣʦ. 

ʅʘʿʚʠʰʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʣʦʯʠʮʠ ʩʝ ʿʘʚʠʣʘ ʢʘʜʘ ʿʝ ʠʟʚʨʰʝʥ ʪʝʩʪ ʊʂʇɹ4, ʠʘʢʦ ʿʝ ʫ ʪʦʤ 

ʩʣʫʯʘʿʫ ʧʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʙʠʦ 4 MPa. ʅʘ ʦʩʥʦʚʫ ʠʟʚʨʰʝʥʠʭ ʪʝʩʪʦʚʘ ʤʦʞʝ ʩʝ 

ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʥʘʿʙʦˀʘ ʚʨʝʜʥʦʩʪ ʧʨʠʪʠʩʢʘ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ 5 MPa, ʫ ʧʦʛʣʝʜʫ 

ʧʦʨʘʩʪʘ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʨʝʤʝʥʘ ʟʘʫʩʪʘʚˀʘˁʘ.  

 

ʋ ʪʘʙʝʣʠ 5.1 ʜʘʪʘ ʿʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʢʘʦ ʦʜʥʦʩ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʥʘ 

ʩʧʦˀʘʰˁʦʿ ʩʪʨʘʥʠ ʜʠʩʢʘ ʠ ʫ ʧʨʦʩʪʦʨʫ ʨʝʙʘʨʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʿʘ ʩʝ ʿʘʚʠʣʘ ʫ ʧʨʦʩʪʦʨʫ 

ʨʝʙʘʨʘ ʿʝ ʟʘ ʦʢʦ 20 C̄ ʚʠʰʘ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʿʘ ʩʝ ʿʘʚʠʣʘ ʥʘ ʩʧʦˀʘʰˁʦʿ ʩʪʨʘʥʠ ʢʦʯʥʦʛ 

ʜʠʩʢʘ. ʆʚʦ ʿʘʩʥʦ ʫʢʘʟʫʿʝ ʜʘ ʩʝ ʪʦʧʣʦʪʘ ʧʨʦʩʪʠʨʝ ʢʘ ʨʝʙʨʠʤʘ, ʘ ʟʘʪʠʤ ʩʝ ʜʘˀʝ ʧʨʝʥʦʩʠ ʫ 

ʦʢʦʣʠʥʫ. 

 

ʉʘ ʧʦʨʘʩʪʦʤ ʧʨʠʪʠʩʢʘ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʚʝʣʠʯʠʥʘ ʛʝʥʝʨʠʩʘʥʝ ʪʦʧʣʦʪʝ, ʦʜʥʦʩʥʦ 

ʠʟʤʝʨʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʦʯʥʦʤ ʜʠʩʢʫ ʠ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ ʿʝ ʨʘʩʣʘ ʩʚʝ ʜʦ ʚʨʝʜʥʦʩʪʠ 

ʧʨʠʪʠʩʢʘ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʦʜ 4 MPa. ʀʥʪʝʨʝʩʘʥʪʥʦ ʿʝ ʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʚʨʝʜʥʦʩʪ 

ʧʨʠʪʠʩʢʘ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʦʜ 5 MPa ʥʝʰʪʦ ʥʠʞʘ, ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿ ʝ ʧʨʠʪʠʩʘʢ 

ʙʠʦ 4 MPa. ɺʨʝʤʝ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʟʘʫʩʪʘʚʠ ʚʦʟʠʣʦ, ʢʦʿʝ ʩʝ ʩʠʤʫʣʠʨʘ, ʩʝ ʩʤʘˁʫʿʝ ʩʘ 

ʧʦʨʘʩʪʦʤ ʢʦʯʥʦʛ ʧʨʠʪʠʩʢʘ. ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʩʝ ʥʘʣʘʟʠʦ ʫ ʰʠʨʠʤ ʛʨʘʥʠʮʘʤʘ ʢʘʜʘ ʿʝ 

ʢʦʯʥʠ ʧʨʠʪʠʩʘʢ ʙʠʦ ʥʘʿʤʘˁʠ (1 MPa), ʜʦʢ ʟʘ ʥʘʿʚʝ˂ʫ ʚʨʝʜʥʦʩʪ ʧʨʠʪʠʩʢʘ (5 MPa) ʪʝ 

ʛʨʘʥʠʮʝ ʩʫ ʟʥʘʪʥʦ ʩʫʞʝʥʝ, ʦʜʥʦʩʥʦ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʿʝ ʥʘʿʤʘˁʠ ʨʘʩʧʦʥ ʫ ʢʦʤʝ ʩʝ ʢʨʝ˂ʝ 

ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʦʜ 0,38 ʜʦ 0,51. ʄʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ 

ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ ʢʦʯʥʦʛ ʧʨʠʪʠʩʢʘ, ʯʠʤʝ ʿʝ ʜʦʢʘʟʘʥ ʿʝʜʘʥ ʜʝʦ ʧʦʣʘʟʥʝ ʭʠʧʦʪʝʟʝ ʢʦʿʘ 

ʛʣʘʩʠ ʜʘ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʟʘʚʠʩʠ ʦʜ ʧʨʠʪʠʩʢʘ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ. ʂʘʢʦ ʿʝ ʧʦʯʝʪʥʘ 

ʙʨʟʠʥʘ ʙʠʣʘ ʢʦʥʩʪʘʥʪʥʘ ʟʘ ʩʚʝ ʪʝʩʪʦʚʝ ʠʩʧʠʪʠʚʘˁʘ, ʊʂʇɹ, ʜʦʢ ʩʝ ʿʝʜʠʥʦ ʤʝˁʘʦ ʢʦʯʥʠ 

ʧʨʠʪʠʩʘʢ, ʜʦʣʘʟʠ ʩʝ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʰʪʦ ʿʝ ʧʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʙʠʦ ʚʠʰʠ, 

ʚʨʝʤʝ ʟʘʫʩʪʘʚˀʘˁʘ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ ʿʝ ʙʠʣʦ ʢʨʘ˂ʝ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʙʨʟʠʥʘ ʢʣʠʟʘˁʘ ʿʝ 

ʙʨʞʝ ʦʧʘʜʘʣʘ ʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʩʝ ʥʘʣʘʟʠʦ ʫ ʩʚʝ ʫʞʠʤ ʛʨʘʥʠʮʘʤʘ. ʊʠʤʝ ʿʝ ʜʦʢʘʟʘʥ ʠ 

ʜʨʫʛʠ ʜʝʦ ʭʠʧʦʪʝʟʝ ʜʘ ʙʨʟʠʥʘ ʢʣʠʟʘˁʘ ʫʪʠʯʝ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. 

 

ʀʟʤʝʨʝʥʝ ʚʝʣʠʯʠʥʝ ʢʦʯʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʫ ʪʝʩʪʫ ʊʂʇɹ4 ʧʨʠʢʘʟʘʥʝ ʩʫ ʜʠʿʘʛʨʘʤʩʢʠ ʥʘ 

ʩʣʠʮʠ 5.1. ʄʘʢʩʠʤʘʣʥʠ ʧʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʩʝ ʦʩʪʚʘʨʫʿʝ ʟʘ 0,99 s ʠ ʪʦʢʦʤ 

ʜʘˀʝʛ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ, ʪʿ. ʦʜ ʪʨʝʥʫʪʢʘ ʧʦʩʪʠʟʘˁʘ ʤʘʢʩʠʤʘʣʥʦʛ ʧʨʠʪʠʩʢʘ ʜʦ ʪʨʝʥʫʪʢʘ 

ʟʘʫʩʪʘʚˀʘˁʘ, ʦʜʨʞʘʚʘ ʧʨʠʙʣʠʞʥʦ ʢʦʥʩʪʘʥʪʫ ʚʨʝʜʥʦʩʪ. ɹʨʦʿ ʦʙʨʪʘʿʘ ʟʘʤʘʿʥʝ ʤʘʩʝ ʪʦʢʦʤ 

ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʣʠʥʝʘʨʥʦ ʦʧʘʜʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʥʘʠʣʘʟʥʦʤ ʜʝʣʫ ʩʧʦˀʘʰˁʝ ʢʦʯʥʝ 

ʧʣʦʯʠʮʝ ʿʝ ʫ ʪʨʝʥʫʪʢʫ ʘʢʪʠʚʠʨʘˁʘ ʢʦʯʥʠʮʝ ʙʠʣʘ 41,98 C̄. ʆʚʘ ʧʦʿʘʚʘ ʨʘʟʣʠʢʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʦʯʠʮʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʯʝʪʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʿʘ ʿʝ ʠʟʤʝʨʝʥʘ ʧʨʝ ʧʦʯʝʪʢʘ 

ʪʝʩʪʘ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ (25,76 C̄), ʥʘʩʪʘʿʝ ʠʟ ʨʘʟʣʦʛʘ ʰʪʦ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʜʦʩʪʠʟʘˁʘ 

ʞʝˀʝʥʝ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ, ʧʦʩʪʦʿʠ ʜʝʣʠʤʠʯʥʠ ʢʦʥʪʘʢʪ ʠʟʤʝʹʫ ʢʦʯʥʦʛ 

ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ, ʛʜʝ ʧʦʩʪʦʿʠ ʤʘʣʦ ʪʨʝˁʝ, ʘ ʥʝʞʝˀʝʥʘ ʧʦʿʘʚʘ ʪʨʝˁʘ ʿʝʩʪʝ 

ʛʝʥʝʨʠʩʘˁʝ ʪʦʧʣʦʪʝ. ʅʘ ʢʨʘʿʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʥʘʠʣʘʟʥʦʤ ʜʝʣʫ ʩʧʦˀʘʰˁʝ 

ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʿʝ 52,03 C̄. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʦʙʣʠʢ ʜʠʿʘʛʨʘʤʘ ʧʨʦʤʝʥʝ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ ʠ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʠʤʘʿʫ ʛʦʪʦʚʦ ʠʩʪʦ ʧʦʥʘʰʘˁʝ 

ï ʦʙʣʠʢ ʢʨʠʚʝ.  

 

ʈʘʩʧʦʜʝʣʘ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʦʥʪʘʢʪʥʦʿ ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ ʥʘʢʦʥ ʟʘʫʩʪʘʚˀʘˁʘ 

ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ, ʫ ʪʝʩʪʫ ʊʂʇɹ4, ʧʨʠʢʘʟʘʥʘ ʿʝ ʩʣʠʢʦʤ 5.2. ʅʘʿʚʠʰʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ 
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ʧʦʿʘʚˀʫʿʝ ʫ ʧʨʦʩʪʦʨʫ ʨʝʙʘʨʘ. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʢʦʯʥʠ ʜʠʩʢ ʩ ʧʨʝʜˁʝ ʩʪʨʘʥʝ (ʩʣʠʢʘ 5.2 ʣʝʚʦ) 

ʫʦʯʘʚʘ ʩʝ ʜʘ ʩʝ ʪʦʧʣʦʪʘ ʩʘ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʧʨʝʥʦʩʠ ʢʘ ʛʣʘʚʯʠʥʠ ʪʦʯʢʘ. 

 

 

ʉʣʠʢʘ 5.1 ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʪʝʩʪʘ ʊʂʇɹ4 

 

    

ʉʣʠʢʘ 5.2 ʊʝʨʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʜʠʩʢʘ ʢʦʯʥʠʮʝ ʥʘ ʢʨʘʿʫ ʪʝʩʪʘ ʊʂʇɹ4 

 

ʇʦʨʝʜʝ˂ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʪʿ. ʨʝʟʫʣʪʘʪʝ ʪʝʩʪʘ ʊʂʇɹ ʠ ʠʩʪʨʘʞʠʚʘˁʝ 

ʧʨʠʤʝʥʦʤ ʥʫʤʝʨʠʯʢʦʛ ʤʦʜʝʣʠʨʘˁʘ ʧʨʝʜʩʪʘʚˀʝʥʦʛ ʫ ʣʠʪʝʨʘʪʫʨʠ [84], ʜʦʣʘʟʠ ʩʝ ʜʦ ʠʩʪʠʭ 

ʟʘʢˀʫʯʘʢʘ ʜʘ ʚʝʣʠʯʠʥʘ ʦʩʪʚʘʨʝʥʦʛ ʧʨʠʪʠʩʢʘ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʠʤʘ ʜʠʨʝʢʪʘʥ ʫʪʠʮʘʿ 

ʥʘ ʚʝʣʠʯʠʥʫ ʠʟʤʝʨʝʥʝ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʢʦʯʥʦʤ ʜʠʩʢʫ ʠ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ. ʉʘ ʧʦʨʘʩʪʦʤ 

ʧʨʠʪʠʩʢʘ ʨʘʩʪʝ ʠ ʚʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʦʯʥʦʤ ʜʠʩʢʫ ʠ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ. 

 

5.1.1.1 ʉʣʫʯʘʿ ʝʢʩʪʨʝʤʥʦʛ ʢʦʯʝˁʘ 

 

ʀʩʧʠʪʠʚʘʥ ʿʝ ʪʘʢʦʹʝ ʩʣʫʯʘʿ ʝʢʩʪʨʝʤʥʦ ʠʥʪʝʥʟʠʚʥʦʛ ʢʦʯʝˁʘ ï ʪʝʰʢʦ ʢʦʯʝˁʝ (ʝʥʛʣ. Heavy 

Braking) [35], ʛʜʝ ʿ ʝ ʤʘʩʘ ʯʝʪʚʨʪʠʥʝ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ 300 kg, ʧʦʯʝʪʥʘ ʙʨʟʠʥʘ 100 km/h, 

ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ 21 C̄, ʧʦʯʝʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʩʝ ʥʘʣʘʟʝ ʫ 

ʦʧʩʝʛʫ ʠʟʤʝʹʫ 25 C̄ ʠ 26 C̄. ʆʧʩʝʛ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʿʝ ʩʝ ʿʘʚʠʣʝ ʥʘ ʜʘʚʘʯʠʤʘ ʪʝʤʧʝʨʘʪʫʨʝ 

ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫʥʫʪʘʨ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ, ʘ ʙʣʠʟʫ ʧʦʚʨʰʠʥʝ ʪʨʝˁʘ, ʧʨʝʜʩʪʘʚˀʘ ʚʨʝʜʥʦʩʪ 

ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʪʨʝʥʫʪʢʫ ʧʦʢʨʝʪʘˁʘ ʧʨʦʙʥʦʛ ʩʪʦʣʘ. ʂʦʯʥʠ ʧʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ 
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ʿʝ 10 MPa. ʇʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʥʘʠʣʘʟʥʦʤ ʜʝʣʫ ʩʧʦˀʘʰˁʝ ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʪʦʢʦʤ ʪʝʩʪʘ 

ʿʝ 8,90 C̄, ʰʪʦ ʿʝ ʥʝʟʥʘʪʥʦ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʦʯʥʦʿ ʧʣʦʯʠʮʠ ʟʘ ʩʣʫʯʘʿ 

ʪʝʩʪʘ ʊʂʇɹ5. ʄʝʹʫʪʠʤ, ʩʘʤ ʦʙʣʠʢ ʢʨʠʚʝ ʢʦʿʘ ʦʧʠʩʫʿʝ ʧʨʦʤʝʥʫ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʥʘʠʣʘʟʥʦʤ 

ʜʝʣʫ ʢʦʯʥʝ ʧʣʦʯʠʮʝ, ʤʦʞʝ ʩʝ ʦʧʠʩʘʪʠ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦʤ ʬʫʥʢʮʠʿʦʤ. ɸʢʦ ʩʝ ʠʟʚʨʰʠ 

ʫʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ ʠʟʛʣʝʜʘ ʣʠʥʠʿʘ ʢʦʿʘ ʦʧʠʩʫʿʫ ʧʨʦʤʝʥʫ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʦʯʠʮʝ ʟʘ ʩʣʫʯʘʿ 

ʪʝʩʪʘ ʊʂʇɹ4 ʠ ʩʣʫʯʘʿ ʝʢʩʪʨʝʤʥʦʛ ʢʦʯʝˁʘ (ʩʣʠʢʝ 5.1 ʠ 5.3) ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʜʘ ʟʘ ʜʨʫʛʠ 

ʩʣʫʯʘʿ ʦʚʘ ʧʨʦʤʝʥʘ ʠʥʪʝʥʟʠʚʥʠʿʘ ʠ ʜʝʰʘʚʘ ʩʝ ʟʘ ʢʨʘʪʢʦ ʚʨʝʤʝ.  

 

ʄʘʢʩʠʤʘʣʥʠ ʢʦʯʥʠ ʧʨʠʪʠʩʘʢ ʫ ʠʥʩʪʘʣʘʮʠʿʠ ʿʝ ʧʦʩʪʠʛʥʫʪ ʥʘʢʦʥ 1,49 s. ɿʘ ʧʦʩʪʠʟʘˁʝ 

ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʠʪʠʩʢʘ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʦʜ 10 MPa ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʝʩʥʦ 

ʚʨʝʤʝ. ʅʘʢʦʥ 0,25 s ʧʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʿʝ 4,71 MPa, ʜʦʢ ʥʘʢʦʥ 0,75 ʼ ʿʝ 

8,1 MPa, ʘ ʟʘ ʜʦʩʪʠʟʘˁʝ ʤʘʢʩʠʤʘʣʥʦʛ ʜʝʬʠʥʠʩʘʥʦʛ ʧʨʠʪʠʩʢʘ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ, ʦʜ 

ʚʨʝʜʥʦʩʪʠ 8,1 MPa ʜʦ 10 MPa ʿʝ ʧʦʪʨʝʙʥʦ ʛʦʪʦʚʦ ʠʩʪʦ ʚʨʝʤʝ ʢʘʦ ʠ ʟʘ ʜʦʩʪʠʟʘˁʝ ʧʨʠʪʠʩʢʘ 

ʦʜ 0 ʜʦ 8,1 MPa. ʇʘʜ ʙʨʦʿʘ ʦʙʨʪʘʿʘ ʟʘʤʘʿʥʝ ʤʘʩʝ, ʪʿ. ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʿʝ ʧʨʦʤʝʥˀʠʚʦʛ 

ʢʘʨʘʢʪʝʨʘ. ʆʜ ʪʨʝʥʫʪʢʘ ʘʢʪʠʚʠʨʘˁʘ ʢʦʯʥʠʮʝ ʜʦ 0,75 ʼ ʿʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʘʥ, ʟʘʪʠʤ ʦʜ 0,75 ʼ 

ʿʝ ʣʠʥʝʘʨʘʥ. ɺʨʝʤʝ ʢʦʯʝˁʘ ʟʘ ʦʚʘʢʦ ʜʝʬʠʥʠʩʘʥʝ ʫʩʣʦʚʝ ʢʦʯʝˁʘ ʿʝ 1,94 ʼ. ʇʦʨʝʹʝˁʝʤ 

ʚʨʝʤʝʥʘ ʟʘʫʩʪʘʚˀʘˁʘ ʠʟʤʝʹʫ ʩʣʫʯʘʿʘ ʝʢʩʪʨʝʤʥʦʛ ʢʦʯʝˁʘ ʠ ʪʝʩʪʦʚʘ ʊʂʇɹ, ʚʠʜʠ ʩʝ ʜʘ ʿʝ 

ʦʚʘʿ ʧʝʨʠʦʜ ʢʨʘ˂ʠ, h ʪʦ ʿ ʝ ʩʘ ʘʩʧʝʢʪʘ ʙʝʟʙʝʜʥʦʩʪʠ ʫʯʝʩʥʠʢʘ ʫ ʩʘʦʙʨʘ˂ʘʿʫ ʙʠʪʥʦ. ʅʘ ʧʨʠʤʝʨ, 

ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʜʦʹʝ ʜʦ ʧʦʿʘʚʝ ʘʢʮʠʜʝʥʪʥʝ ʩʠʪʫʘʮʠʿʝ ʠ ʧʦʢʫʰʘʿʘ ʠʟʙʝʛʘʚʘˁʘ ʩʘʦʙʨʘ˂ʘʿʥʝ 

ʥʝʟʛʦʜʝ, ʟʘʠʩʪʘ ʿ ʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʚʨʝʤʝ ʢʦʯʝˁʘ ʙʫʜʝ h ʪʦ ʢʨʘ˂ʝ. ʄʝʹʫʪʠʤ, ʦʥʦ ʦ ʯʝʤʫ ʪʨʝʙʘ 

ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʿʝʩʪʝ ʜʘ ʣʠ ʧʦʜʣʦʛʘ ʧʦ ʢʦʿʦʿ ʩʝ ʢʨʝ˂ʝ ʚʦʟʠʣʦ ʧʨʠ ʦʚʘʢʦ ʜʝʬʠʥʠʩʘʥʠʤ 

ʫʩʣʦʚʠʤʘ ʢʦʯʝˁʘ, ʫʩʧʝʪʠ ʜʘ ʧʨʠʤʠ ʠ ʧʨʝʥʝʩʝ ʦʩʪʚʘʨʝʥʠ ʢʦʯʥʠ ʤʦʤʝʥʪ, ʘ ʜʘ ʧʨʠʪʦʤ ʥʝ 

ʜʦʹʝ ʜʦ ʥʘʨʫʰʘʚʘˁʘ ʩʪʘʙʠʣʥʦʩʪʠ ʚʦʟʠʣʘ (ʫ ʩʣʫʯʘʿʫ ʜʘ ʥʘ ʚʦʟʠʣʫ ʥʝ ʧʦʩʪʦʿʠ ʩʠʩʪʝʤ ʧʨʦʪʠʚ 

ʙʣʦʢʠʨʘˁʘ ʪʦʯʢʦʚʘ). 

 

 

ʉʣʠʢʘ 5.3 ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʩʣʫʯʘʿʘ ʝʢʩʪʨʝʤʥʦʛ ʢʦʯʝˁʘ 

 

ʊʝʨʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʜʠʩʢʘ ʢʦʯʥʠʮʝ ʥʘ ʢʨʘʿʫ ʢʦʯʝˁʘ ʫ ʩʣʫʯʘʿʫ ʝʢʩʪʨʝʤʥʦʛ ʢʦʯʝˁʘ 

ʧʨʠʢʘʟʘʥ ʿʝ ʩʣʠʢʦʤ 5.4. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʪʝʨʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʜʠʩʢʘ ʢʦʯʥʠʮʝ ʩʘ ʧʨʝʜˁʝ 

ʩʪʨʘʥʝ ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʜʘ ʚʝ˂ ʧʦ ʠʟʣʘʩʢʫ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠʟ ʢʦʥʪʘʢʪʘ ʩʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ 

(ʜʠʩʢ ʨʦʪʠʨʘ ʫ ʧʦʟʠʪʠʚʥʦʤ ʤʘʪʝʤʘʪʠʯʢʦʤ ʩʤʝʨʫ) ʩʝ ʿ ʘʚˀʘʿʫ ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʦʜʥʦʩʫ 

ʥʘ ʧʦʯʝʪʥʫ, ʢʦʿʘ ʿ ʝ ʙʠʣʘ ʠʟʤʝʹʫ 25 ̄ C ʠ 26 ̄ C. ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʿʘ ʩʝ ʿ ʘʚʠʣʘ ʥʘ ʢʨʘʿʫ ʧʨʦʮʝʩʘ 



ʉʪʘʪʠʩʪʠʯʢʘ ʦʙʨʘʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʘʨʘʤʝʪʨʝ ʢʦʯʝˁʘ 

84 

 

ʢʦʯʝˁʘ ʥʘ ʢʦʯʥʦʤ ʜʠʩʢʫ ʿʝ 92,2 C̄ ʠ ʪʦ ʫ ʢʦʥʪʘʢʪʥʦʿ ʟʦʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ (ʧʨʩʪʝʥʘʩʪʦʛ 

ʦʙʣʠʢʘ), ʢʦʿʘ ʿʝ ʠʟʘʰʣʘ ʠʟ ʢʦʥʪʘʢʪʘ ʩʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ. ʈʘʟʣʠʢʘ ʠʟʤʝʹʫ ʠʟʤʝʨʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ ʩʣʫʯʘʿ ʪʝʩʪʘ ʊʂʇɹ4 ʠ ʝʢʩʪʨʝʤʥʦʛ ʢʦʯʝˁʘ ʛʦʚʦʨʠ ʜʘ ʪʦʧʣʦʪʘ ʥʠʿʝ ʿʦʰ ʩʘ 

ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʧʨʝʰʣʘ ʥʘ ʛʣʘʚʯʠʥʫ. ʄʝʹʫʪʠʤ, ʫ ʜʝʣʫ ʠʟʤʝʹʫ ʨʝʙʘʨʘ, 

ʩʣʠʢʘ 5.4 ʜʝʩʥʦ, ʛʜʝ ʿʝ ʜʘʪ ʪʝʨʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʢʦʯʥʦʛ ʜʠʩʢʘ ʦʜʦʟʛʦ, ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ 

ʪʦʧʣʦʪʝ ʩʝ ʧʨʦʩʪʠʨʝ ʢʘ ʫʥʫʪʨʘʰˁʝʤ ʜʝʣʫ, ʘ ʤʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʿʘ ʩʝ ʿʘʚʠʣʘ 

ʠʟʤʝʹʫ ʨʝʙʘʨʘ ʠʟʥʦʩʠ 101,1 C̄. 

 

   

ʉʣʠʢʘ 5.4 ʊʝʨʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʜʠʩʢ ʢʦʯʥʠʮʝ ʫ ʩʣʫʯʘʿʫ ʝʢʩʪʨʝʤʥʦʛ ʢʦʯʝˁʘ 

 

ʆʜʘʚʜʝ ʩʣʝʜʠ ʟʘʢˀʫʯʘʢ ʜʘ ʢʦʯʥʠ ʧʨʠʪʠʩʘʢ ʠʤʘ ʙʠʪʘʥ ʫʪʠʮʘʿ ʥʘ ʧʨʦʤʝʥʫ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 

ʜʠʩʢ ʢʦʯʥʠʮʠ. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʫʧʦʨʝʜʥʦ ʪʝʩʪʦʚʝ ʊʂʇɹ ʠ ʩʣʫʯʘʿ ʪʝʰʢʦʛ ʢʦʯʝˁʘ, ʢʦʯʥʠ 

ʧʨʠʪʠʩʘʢ ʫʪʠʯʝ ʥʘ ʚʝʣʠʯʠʥʫ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʬʨʠʢʮʠʦʥʦʤ ʧʘʨʫ. 

 

5.1.2 ʊʝʩʪ ʩʘ ʢʦʥʩʪʘʥʪʥʠʤ ʧʨʠʪʠʩʢʦʤ 

 

ʇʨʦʤʝʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʧʦˀʘʰˁʦʿ ʢʦʯʥʦʿ ʧʣʦʯʠʮʠ, ʥʘ ʥʘʠʣʘʟʥʦʤ ʜʝʣʫ ʪʦʢʦʤ ʧʨʦʮʝʩʘ 

ʢʦʯʝˁʘ, ʫ ʩʣʫʯʘʿʫ ʢʨʝʪʘˁʘ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ ʧʨʠ ʙʨʟʠʥʠ ʦʜ 60 km/h ʿʝ 2,13 C̄ (ʪʝʩʪ 

ʊʂʇ1), ʘ ʧʨʠ ʙʨʟʠʥʠ ʢʨʝʪʘˁʘ 100 km/h, ʧʨʦʤʝʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠʣʘ ʿ ʝ 8,74 ̄C (ʪʝʩʪ ʊʂʇ5), 

ʪʘʙʝʣʘ 5.2. ʉʘ ʧʦʨʘʩʪʦʤ ʧʦʯʝʪʥʝ ʙʨʟʠʥʝ, ʧʨʠ ʠʩʪʦʤ ʢʦʯʥʦʤ ʧʨʠʪʠʩʢʫ ʦʜ 5 MPa, ʨʘʩʪʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ ʠ ʢʦʯʥʦʤ ʜʠʩʢʫ, ʢʘʦ ʠ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ 

ʩʠʤʫʣʠʨʘʥʦ ʚʦʟʠʣʦ ʟʘʫʩʪʘʚʠ, ʯʠʿʘ ʿʝ ʯʝʪʚʨʪʠʥʘ ʤʘʩʝ 300 kg.  

 

ʊʘʙʝʣʘ 5.2 ɺʨʝʤʝ ʟʘʫʩʪʘʚˀʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʯʝʪʥʝ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʧʨʠ 

ʢʦʥʩʪʘʥʪʥʦʤ ʢʦʯʥʦʤ ʧʨʠʪʠʩʢʫ ʦʜ 5 MPa 

ʅʘʟʠʚ 

ʪʝʩʪʘ 

ʇʦʨʘʩʪ 

ʪʝʤʧʝʨʘʪʫʨʝ 

ʢʦʯʥʝ 

ʧʣʦʯʠʮʝ, C̄ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʢʦʯʥʦʛ ʜʠʩʢʘʘ, 

C̄ 

ʂʦʯʥʠ 

ʤʦʤʝʥʪʙ, 

Nm 

ʂʦʝʬʠʮʠʿʝʥʪ 

ʪʨʝˁʘ, - 

ɺʨʝʤʝ 

ʟʘʫʩʪʘʚˀʘˁʘ, 

s 

ʊʝʩʪ ʊʂʇ1 2,13 49,8/51,9 1197,2 0,42 ï 0,46 2,75 

ʊʝʩʪ ʊʂʇ2 2,61 56,2/60,8 1357,86 0,42 ï 0,53 2,75 

ʊʝʩʪ ʊʂʇ3 4,55 61,9/74,2 1335,35 0,39 ï 0,52 3,25 

ʊʝʩʪ ʊʂʇ4 6,94 64,4/81,5 1465,56 0,37 ï 0,58 3,5 

ʊʝʩʪ ʊʂʇ5 8,74 73,7/93,3 1318,77 0,38 ï 0,51 3,76 

ʅʘʧʦʤʝʥʘ: 
ʘʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʦʥʪʘʢʥʦʿ ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ/ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʧʨʦʩʪʦʨʫ ʨʝʙʘʨʘ 

ʢʦʯʥʦʛ ʜʠʩʢʘ 
ʙʄʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ 



ʉʪʘʪʠʩʪʠʯʢʘ ʦʙʨʘʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʘʨʘʤʝʪʨʝ ʢʦʯʝˁʘ 

85 

 

ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʪʝʩʪ ʊʂʇ5, ʢʘʜʘ ʿʝ ʙʨʟʠʥʘ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ 100 km/h, ʩʣʠʢʘ 5.5, ʤʦʞʝ ʩʝ 

ʧʨʠʤʝʪʠʪʠ ʜʘ ʫʛʘʦʥʘ ʙʨʟʠʥʘ ʚʦʟʠʣʘ ʣʠʥʝʘʨʥʦ ʦʧʘʜʘ. ʂʦʯʥʠ ʧʨʠʪʠʩʘʢ ʟʘ ʢʨʘʪʢʦ ʚʨʝʤʝ 

ʜʦʩʪʠʞʝ ʜʝʬʠʥʠʩʘʥʫ ʚʨʝʜʥʦʩʪ, ʪʘʯʥʠʿʝ ʟʘ 1 s, ʠ ʚʨʝʜʥʦʩʪ ʿʝ ʛʦʪʦʚʦ ʥʝʧʨʦʤʝˁʝʥʘ ʪʦʢʦʤ 

ʯʠʪʘʚʦʛ ʧʨʦʮʝʩʘ ʟʘʫʩʪʘʚˀʘˁʘ. ɿʘ ʚʨʝʤʝ ʨʘʟʤʘʪʨʘʥʦʛ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʤʘ 

ʢʦʥʩʪʘʥʪʘʥ ʨʘʩʪ. ʆʥʦ ʰʪʦ ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ, ʿʝʩʪʝ ʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʪʝ ʠ 

ʢʦʯʥʠ ʤʦʤʝʥʪ, ʘ ʪʠʤʝ ʥʘʨʘʚʥʦ ʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ, ʩʚʝ ʜʦʢ ʙʨʦʿ ʦʙʨʪʘʿʘ ʟʘʤʘʿʥʝ ʤʘʩʝ ʥʝ 

ʧʘʜʥʝ ʠʩʧʦʜ 200 o/min.  

 

 

ʉʣʠʢʘ 5.5 ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʪʝʩʪʘ ʊʂʇ5 

 

ʊʝʨʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʢʦʯʥʦʛ ʜʠʩʢʘ ʜʘʪ ʿʝ ʥʘ ʩʣʠʮʠ 5.6. ʇʨʘ˂ʝˁʝʤ ʧʨʦʤʝʥʘ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʘ ʢʦʥʪʘʢʪʥʦʿ ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʫʦʯʝʥʦ ʿʝ ʜʘ ʛʦʪʦʚʦ ʫ ʪʨʝʥʫʪʢʫ ʜʦʣʘʟʠ ʜʦ ʩʢʦʢʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʜ ʦʢʦ 37 C̄, ʩʘ ʩʧʦˀʘʰˁʝ ʩʪʨʘʥʝ ʜʠʩʢʘ. ʉʢʦʢ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʧʨʦʩʪʦʨʫ ʛʜʝ 

ʩʝ ʥʘʣʘʟʝ ʨʝʙʨʘ ʿʝ ʜʨʘʩʪʠʯʥʦ ʚʝ˂ʠ ʠ ʠʟʥʦʩʠ ʛʦʪʦʚʦ 73 C̄. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʩʣʠʢʫ 5.6, ʠ ʢʘʢʦ 

ʜʠʩʢ ʨʦʪʠʨʘ ʫ ʧʦʟʠʪʠʚʥʦʤ ʤʘʪʝʤʘʪʠʯʢʦʤ ʩʤʝʨʫ, ʥʘʿʚʝ˂ʝ ʪʝʤʧʝʨʘʪʫʨʝ ʩʝ ʿʘʚˀʘʿʫ ʧʦ 

ʠʟʣʘʩʢʫ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠʟ ʢʦʥʪʘʢʪʘ ʩʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ, ʜʦʢ ʩʫ ʥʘʿʥʠʞʝ ʫ ʜʝʣʫ ʢʦʿʝ 

ʫʧʨʘʚʦ ʫʣʘʟʠ ʫ ʢʦʥʪʘʢʪ ʩʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ. 

 

  

ʉʣʠʢʘ 5.6 ʊʝʨʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʜʠʩʢ ʢʦʯʥʠʮʝ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʟʘ ʩʣʫʯʘʿ ʪʝʩʪʘ 

ʊʂʇ5 
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ʆʙʣʠʢ ʟʘʛʨʝʚʘˁʘ ʥʘ ʢʦʥʪʘʢʪʥʦʿ ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ ʿʝ ʫ ʦʙʣʠʢʫ ʚʨʝʣʠʭ ʪʨʘʢʘ, ʰʪʦ 

ʥʝʧʦʚʦˀʥʦ ʫʪʠʯʝ ʥʘ ʢʦʯʥʠ ʜʠʩʢ. ʆʚʘʢʘʚ ʦʙʣʠʢ ʛʝʥʝʨʠʩʘʥʝ ʪʦʧʣʦʪʝ ʥʘ ʢʦʥʪʘʢʪʥʦʿ 

ʧʦʚʨʰʠʥʠ ʫʪʠʯʝ ʥʘ ʧʦʿʘʚʫ ʥʘʿʚʝ˂ʠʭ ʦʰʪʝ˂ʝˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ [21, 22]. 

 

5.1.3 ʊʝʩʪ ʧʦʥʘʚˀʘˁʘ 

 

ʊʝʩʪ ʧʦʥʘʚˀʘˁʘ ʙʠ˂ʝ ʜʝʪʘˀʥʦ ʠʣʫʩʪʨʦʚʘʥʘ ʟʘ ʪʝʩʪ ʊʇ4 ʠ ʊʇ5, ʿʝʨ ʿʝ ʧʦʥʘʰʘˁʝ ʩʠʩʪʝʤʘ 

ʩʣʠʯʥʦ ʟʘ ʩʚʘʢʠ ʦʜ ʜʝʬʠʥʠʩʘʥʠʭ ʪʝʩʪʦʚʘ, ʪʝ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ ʟʘ ʦʩʪʘʣʝ ʪʝʩʪʦʚʝ ʠʩʧʠʪʠʚʘˁʘ 

ʙʠ˂ʝ ʜʘʪ ʩʘʤʦ ʢʨʘʪʘʢ ʪʘʙʝʣʘʨʥʠ ʧʨʠʢʘʟ, ʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠ ʜʠʿʘʛʨʘʤʠ ʢʦʿʠ ʩʫ ʦʜ ʟʥʘʯʘʿʘ 

ʠ ʫ ʚʝʟʠ ʩʘ ʮʠˀʝʚʠʤʘ ʠ ʭʠʧʦʪʝʟʘʤʘ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʇʦʨʝʜ ʧʦʥʘʰʘˁʘ ʪʦʢʦʤ 

ʟʘʛʨʝʚʘˁʘ ʧʣʦʯʠʮʘ (ʪʝʩʪ ʊʇ4), ʙʠ˂ʝ ʧʨʘ˂ʝʥ ʠ ʧʨʦʮʝʩ ʭʣʘʹʝˁʘ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʪʦʢʦʤ 

ʧʘʨʢʠʨʥʦʛ ʢʦʯʝˁʘ. ʋ ʦʢʚʠʨʫ ʪʝʩʪʘ ʊʇ5 ʙʠ˂ʝ ʧʦʩʤʘʪʨʘʥʦ ʟʘʛʨʝʚʘˁʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʪʦʢʦʤ 

ʚʨʝʤʝʥʘ ʧʦʨʝʜ ʟʘʛʨʝʚʘˁʘ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ, ʜʦʢ ʫ ʦʢʚʠʨʫ ʪʝʩʪʘ ʊʇ4 ʙʠ˂ʝ ʜʘʪ ʪʝʨʤʦʛʨʘʬʩʢʠ 

ʧʨʠʢʘʟ ʢʦʯʥʦʛ ʜʠʩʢʘ ʥʝʧʦʩʨʝʜʥʦ ʦʜ ʪʨʝʥʫʪʢʘ ʘʢʪʠʚʠʨʘˁʘ ʢʦʯʥʦʛ ʩʠʩʪʝʤʘ. ʈʘʟʣʦʛ ʪʦʤʝ ʿʝ 

ʰʪʦ ʥʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ ʢʦʯʝˁʘ, ʦʩʪʘʿʝ ʪʨʘʛ ʛʝʥʝʨʠʩʘʥʝ ʪʦʧʣʦʪʝ ʫ ʚʠʜʫ ʧʦʨʘʩʪʘ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʧʦ ʠʟʣʘʩʢʫ ʜʠʩʢʘ ʠʟ ʢʦʥʪʘʢʪʘ ʩʘ ʢʦʯʥʦʤ ʧʣʦʯʠʮʦʤ.  

 

ʇʦʯʝʪʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʟʘ ʩʚʘʢʠ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʪʝʩʪʦʚʘ ʩʝ 

ʥʘʣʘʟʝ ʠʟʤʝʹʫ 25 C̄ ʠ 26 C̄. ʆʚʦ ʿʝ ʙʠʪʥʦ ʟʙʦʛ ʧʦʫʟʜʘʥʦʛ ʧʦʨʝʹʝˁʘ ʨʝʟʫʣʪʘʪʘ ʫ ʦʢʚʠʨʫ 

ʪʝʩʪʘ, ʢʘʦ ʠ ʠʟʤʝʹʫ ʪʝʩʪʦʚʘ. ʄʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʠʟ ʪʘʙʝʣʝ 5.3 ʜʘ ʩʝ ʥʘʿʚʠʰʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʿʘʚˀʘʿʫ ʚʝ˂ ʥʘʢʦʥ ʧʨʚʦʛ ʟʘʫʩʪʘʚˀʘˁʘ ʟʘʤʘʿʥʝ ʤʘʩʝ. ʇʦʨʝʹʝˁʝʤ ʠʟʤʝʹʫ ʪʝʩʪʦʚʘ, ʥʘʿʚʠʰʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʫ ʩʝ ʿʘʚʠʣʝ ʥʘ ʪʝʩʪʫ ʊʇ5. ʋʢʦʣʠʢʦ ʩʝ ʧʦʩʤʘʪʨʘ ʩʚʘʢʠ ʜʝʬʠʥʠʩʘʥʠ ʪʝʩʪ 

ʦʜʚʦʿʝʥʦ, ʪʦʢʦʤ ʩʚʘʢʦʛ ʥʘʨʝʜʥʦʛ ʮʠʢʣʫʩʘ ʟʘʫʩʪʘʚˀʘˁʘ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫ ʩʚʝ ʚʠʰʝ ʠ ʚʠʰʝ. 

ʋʢʫʧʥʦ ʛʣʝʜʘʥʦ, ʪʘʙʝʣʘ 5.3, ʥʘʿʚʠʰʝ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫ ʟʘʙʝʣʝʞʝʥʝ ʪʦʢʦʤ ʪʝʩʪʘ ʊʇ5. 

 

ɸʥʘʣʠʟʠʨʘʿʫ˂ʠ ʪʝʩʪ ʊʇ1, ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʿʝ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʩʠʤʫʣʠʨʘʥʦ ʚʦʟʠʣʦ 

ʟʘʫʩʪʘʚʠ ʫ ʪʦʢʫ ʧʨʚʦʛ ʮʠʢʣʫʩʘ 2,75 ʼ, ʜʦʢ ʦʜ ʜʨʫʛʦʛ ʜʦ ʯʝʪʚʨʪʦʛ ʮʠʢʣʫʩʘ ʧʦʪʨʝʙʥʦ ʚʨʝʤʝ 

ʿʝ ʥʝʰʪʦ ʤʘˁʝ ʥʝʛʦ ʫ ʧʨʚʦʤ ʮʠʢʣʫʩʫ ʠ ʦʥʦ ʠʟʥʦʩʠ 2,5 ʼ. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʜʘˀʝ, ʚʨʝʤʝ ʟʘ 

ʟʘʫʩʪʘʚˀʘˁʝ ʿʝ ʤʘˁʝ ʟʘ 0,25 ʼ ʦʜ ʧʝʪʦʛ ʜʦ ʦʩʤʦʛ ʮʠʢʣʫʩʘ. ʋ ʜʝʚʝʪʦʤ ʮʠʢʣʫʩʫ ʟʘʙʝʣʝʞʝʥʦ 

ʿʝ ʜʫʞʝ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʟʘʫʩʪʘʚʠ ʟʘʤʘʿʥʘ ʤʘʩʘ ʥʝʛʦ ʫ ʦʩʤʦʤ ʮʠʢʣʫʩʫ ʠ ʦʥʦ ʠʟʥʦʩʠ 

2,75 ʼ. ʋ ʜʝʩʝʪʦʤ ʮʠʢʣʫʩʫ ʚʨʝʤʝ ʟʘ ʟʘʫʩʪʘʚˀʘˁʝ ʿʝ ʙʠʣʦ 2,75 ʼ. ʀʘʢʦ ʩʫ ʜʦˁʘ ʠ ʛʦʨˁʘ 

ʛʨʘʥʠʮʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʩʚʘʢʦʤ ʥʘʨʝʜʥʦʤ ʮʠʢʣʫʩʫ ʢʦʯʝˁʘ ʙʠʣʝ ʩʚʝ ʚʠʰʝ, ʥʘʤʝ˂ʝ 

ʩʝ ʟʘʢˀʫʯʘʢ ʜʘ ʩʝ ʧʨʠ ʦʚʘʢʦ ʥʠʩʢʦʤ ʧʨʠʪʠʩʢʫ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ, ʥʘʿʢʨʘ˂ʝ ʚʨʝʤʝ 

ʟʘʫʩʪʘʚˀʘˁʘ ʦʩʪʚʘʨʫʿʝ ʢʘʜʘ ʩʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʦʩʤʘʪʨʘʿʫ˂ʠ ʥʘʠʣʘʟʥʠ ʜʝʦ ʩʧʦˀʘʰˁʝ ʢʦʯʥʝ 

ʧʣʦʯʠʮʝ, ʢʨʝ˂ʝ ʠʟʤʝʹʫ 78 C̄ ʠ 116 C̄. 

 

ʊʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʩʫ ʤʝʨʝʥʝ ʫ ʢʦʯʥʦʿ ʧʣʦʯʠʮʠ ʥʘ ʜʫʙʠʥʠ 2 mm ʦʜ ʢʦʥʪʘʢʪʥʝ 

ʧʦʚʨʰʠʥʝ, ʘ ʥʘ ʦʩʥʦʚʫ ʜʦʩʘʜʘʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʜʨʫʛʠʭ ʘʫʪʦʨʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ, 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʥʘ ʢʦʥʪʘʢʪʥʦʿ ʧʦʚʨʰʠʥʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʤʦʛʫ ʙʠʪʠ ʚʠʰʝ ʠ 

ʟʘ 40 ̄ C ʜʦ 70 ̄ C [49], ʩʚʝ ʟʘʚʠʩʥʦ ʦʜ ʚʨʝʤʝʥʘ ʠʟʣʦʞʝʥʦʩʪʠ ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ. 

 

ɹʨʟʠʥʘ ʢʨʝʪʘˁʘ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ ʿʝ ʧʨʦʤʝʥˀʠʚʠ ʢʦʥʪʨʦʣʥʠ ʬʘʢʪʦʨ ʟʘ ʪʝʩʪ 

ʧʦʥʘʚˀʘˁʘ, ʪʘʢʦ ʜʘ ʿʝ ʥʘʿʤʘˁʘ ʨʘʟʤʘʪʨʘʥʘ ʚʨʝʜʥʦʩʪ ʙʨʟʠʥʝ (60 km/h) ʥʘ ʪʝʩʪʫ ʊʇ1, ʘ 

ʥʘʿʚʝ˂ʘ ʥʘ ʪʝʩʪʫ ʊʇ5 (100 km/h). ɸʥʘʣʠʟʠʨʘʿʫ˂ʠ ʚʨʝʤʝ ʟʘ ʠʩʪʠ ʨʝʜʥʠ ʙʨʦʿ ʮʠʢʣʫʩʘ ʫ 

ʦʢʚʠʨʫ ʩʚʘʢʦʛ ʪʝʩʪʘ, ʚʠʜʠ ʩʝ ʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʙʨʟʠʥʝ ʚʦʟʠʣʘ, ʧʦʪʨʝʙʥʦ ʚʨʝʤʝ ʟʘ 

ʟʘʫʩʪʘʚˀʘˁʝ ʢʨʝʪʘˁʘ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ ʿʝ ʩʚʝ ʜʫʞʝ, ʘʣʠ ʫ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʿʝ ʠ 

ʿʝʜʥʘʢʦ. 
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ʂʦʯʥʠ ʤʦʤʝʥʪ, ʪʘʢʦʹʝ ʿ ʝ ʿ ʝʜʘʥ ʦʜ ʙʠʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ. ʊʦʢʦʤ 

ʪʝʩʪʘ ʊʇ1 ʢʦʯʥʠ ʤʦʤʝʥʪ ʿʝ ʫ ʩʚʘʢʦʤ ʥʘʨʝʜʥʦʤ ʮʠʢʣʫʩʫ ʚʝ˂ʠ ʦʜ ʧʨʝʪʭʦʜʥʦʛ, ʢʘʦ ʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ, ʿʝʨ ʩʫ ʫ ʬʫʥʢʮʠʿʠ ʿʝʜʘʥ ʦʜ ʜʨʫʛʦʛ. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʧʘʨʘʣʝʣʥʦ ʢʦʯʥʠ 

ʤʦʤʝʥʪ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ, ʫʦʯʘʚʘ ʩʝ ʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʢʦʯʥʠ ʤʦʤʝʥʪ 

ʠʤʘʿʫ ʩʚʝ ʚʝ˂ʫ ʚʨʝʜʥʦʩʪ. ʄʝʹʫʪʠʤ, ʪʦ ʥʠʿʝ ʩʣʫʯʘʿ ʟʘ ʦʩʪʘʣʝ ʨʘʟʤʘʪʨʘʥʝ ʪʝʩʪʦʚʝ ʛʜʝ 

ʚʨʝʜʥʦʩʪ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ ʨʘʩʪʝ, ʘ ʟʘʪʠʤ ʧʦʯʠˁʝ ʜʘ ʦʧʘʜʘ. ʇʘʜ ʚʨʝʜʥʦʩʪʠ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ 

ʟʘ ʩʚʘʢʠ ʮʠʢʣʫʩ ʢʦʯʝˁʘ ʪʝʩʪʦʚʘ ʊʇ2, ʊʇ3, ʊʇ4 ʠ ʊʇ5, ʿʝ ʟʘʙʝʣʝʞʝʥ ʢʘʜʘ ʚʨʝʜʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʚʠʤ ʤʝʨʥʠʤ ʤʝʩʪʠʤʘ ʫ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ ʧʨʝʹʫ ʚʨʝʜʥʦʩʪ ʦʜ 100 . 

 

ʈʘʜʠ ʣʘʢʰʝʛ ʨʘʟʫʤʝʚʘˁʘ ʧʨʝʪʭʦʜʥʝ ʫʦʯʝʥʝ ʧʦʿʘʚʝ ʜʘʪ ʿʝ ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʧʨʦʤʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ ʠ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ ʪʦʢʦʤ ʩʚʘʢʦʛ ʮʠʢʣʫʩʘ, ʟʘ ʪʝʩʪ ʊʇ1 (ʩʣʠʢʘ 

5.7). ʉʚʘʢʠʤ ʥʘʨʝʜʥʠʤ ʮʠʢʣʫʩʦʤ ʢʘʢʦ ʨʘʩʪʝ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʝ ʠ ʢʦʯʥʠ ʤʦʤʝʥʪ. ʄʝʹʫʪʠʤ, 

ʦʚʦ ʥʠʿʝ ʩʣʫʯʘʿ ʩʘ ʪʝʩʪʦʤ ʊʇ4, ʩʣʠʢʘ 5.8. ɺʨʝʜʥʦʩʪ ʤʘʢʩʠʤʘʣʥʦʛ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ ʧʦ 

ʮʠʢʣʫʩʫ ʨʘʩʪʝ ʩʚʝ ʜʦ ʯʝʪʚʨʪʦʛ ʮʠʢʣʫʩʘ. ʊʦʢʦʤ ʯʝʪʚʨʪʦʛ ʠ ʧʝʪʦʛ ʮʠʢʣʫʩʘ ʢʦʯʥʠ ʤʦʤʝʥʪ ʿʝ 

ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢ. ɿʘʪʠʤ ʦʜ ʰʝʩʪʦʛ ʮʠʢʣʫʩʘ ʢʦʯʥʠ ʤʦʤʝʥʪ ʙʝʣʝʞʠ ʩʪʘʣʥʠ ʧʘʜ. ʅʘ ʢʨʘʿʫ 

ʠʟʚʨʰʝʥʠʭ 10 ʧʦʥʘʚˀʘˁʘ ʟʘ ʪʝʩʪ ʊʇ1 ʠ ʪʝʩʪ ʊʇ4 ʨʘʟʣʠʢʘ ʠʟʤʝʨʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 

ʥʘʠʣʘʟʥʦʤ ʜʝʣʫ ʩʧʦˀʘʰˁʝ ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʿʝ ʦʢʦ 90 . ʇʦʨʝʜ ʪʦʛʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʢʦʥ 

ʜʝʩʝʪʦʛ ʮʠʢʣʫʩʘ ʧʦʥʘʚˀʘˁʘ ʪʝʩʪ ʊʇ1, ʥʘ ʫʥʫʪʨʘʰˁʦʿ ʢʦʯʥʦʿ ʧʣʦʯʠʮʠ ʥʠʿʝ ʧʨʝʰʣʘ 100 . 

ʅʘ ʜʠʿʘʛʨʘʤʫ ʩʝ, ʢʘʦ ʠ ʠʟ ʨʝʟʫʣʪʘʪʘ ʠʟ ʪʘʙʝʣʝ 5.3, ʚʠʜʠ ʜʘ ʢʘʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʚʠʤ 

ʤʝʨʥʠʤ ʤʝʩʪʠʤʘ ʫ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ ʧʨʝʹʝ ʚʨʝʜʥʦʩʪ ʦʜ 100 , ʢʦʯʥʠ ʤʦʤʝʥʪ ʧʦʯʠˁʝ 

ʜʘ ʦʧʘʜʘ. 

 

 

ʉʣʠʢʘ 5.7 ʇʨʦʤʝʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ ʠ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ ʧʦ ʩʚʘʢʦʤ 

ʮʠʢʣʫʩʫ ʫ ʪʦʢʫ ʪʝʩʪʘ ʊʇ1 

 

ʀʣʫʩʪʨʘʪʠʚʥʠ ʧʨʠʢʘʟ ʦʧʩʝʛʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʦ ʩʚʘʢʦʤ ʮʠʢʣʫʩʫ, ʟʘ ʪʝʩʪʦʚʝ ʊʇ1 ʠ 

ʊʇ4, ʜʘʪ ʿʝ ʥʘ ʩʣʠʢʘʤʘ 5.9 ʠ 5.10. ɼʦˁʘ ʠ ʛʦʨˁʘ ʛʨʘʥʠʮʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʩʚʘʢʦʤ 

ʥʘʨʝʜʥʦʤ ʮʠʢʣʫʩʫ ʫ ʦʢʚʠʨʫ ʪʝʩʪʘ ʊʇ1 ʩʫ ʩʚʝ ʚʠʰʝ, ʠʩʪʦ ʢʘʦ ʠ ʢʦʯʥʠ ʤʦʤʝʥʪ. ʉ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʚʨʝʜʥʦʩʪʠ ʜʦˁʝ ʠ ʛʦʨˁʝ ʛʨʘʥʠʮʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʨʠ ʪʝʩʪʫ ʊʇ4, ʨʘʩʪʫ ʩʚʝ 

ʜʦ ʧʝʪʦʛ ʮʠʢʣʫʩʘ. ɿʘʪʠʤ ʦʜ ʰʝʩʪʦʛ ʮʠʢʣʫʩʘ ʜʦˁʘ ʛʨʘʥʠʮʘ ʠ ʜʘˀʝ ʨʘʩʪʝ, ʩ ʪʠʤ ʜʘ ʛʦʨˁʘ 

ʛʨʘʥʠʮʘ ʦʧʘʜʘ ʟʙʦʛ ʜʦʩʪʠʟʘˁʘ ʚʠʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʜʠʩʢ ʢʦʯʥʠʮʠ. ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ, 

ʩʫʞʘʚʘ ʩʝ ʦʧʩʝʛ ʫ ʢʦʤʝ ʩʝ ʥʘʣʘʟʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʦʜ ʰʝʩʪʦʛ ʮʠʢʣʫʩʘ ʥʘ 

ʪʝʩʪʫ ʊʇ4. ɺʨʝʜʥʦʩʪʠ ʜʦˁʝ ʠ ʛʦʨˁʝ ʛʨʘʥʠʮʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʪʦʢʫ ʦʩʤʦʛ ʠ ʜʝʩʝʪʦʛ 

ʮʠʢʣʫʩʘ ʩʫ ʥʠʞʝ ʦʜ ʧʨʝʪʭʦʜʥʠʭ. ʄʝʹʫʪʠʤ, ʫ ʜʝʚʝʪʦʤ ʮʠʢʣʫʩʫ, ʜʦˁʘ ʛʨʘʥʠʮʘ ʿʝ ʥʝʰʪʦ 
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ʚʠʰʘ ʦʜ ʜʦˁʝ ʛʨʘʥʠʮʝ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʮʠʢʣʫʩʘ, ʜʦʢ ʫ ʪʦʢʫ ʜʝʩʝʪʦʛ ʮʠʢʣʫʩʘ ʠ ʛʦʨˁʘ ʠ ʜʦˁʘ 

ʛʨʘʥʠʮʘ ʩʫ ʥʠʞʝ ʦʜ ʚʨʝʜʥʦʩʪʠ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʮʠʢʣʫʩʘ. 

 

 

ʉʣʠʢʘ 5.8 ʇʨʦʤʝʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ ʠ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ ʧʦ ʩʚʘʢʦʤ 

ʮʠʢʣʫʩʫ ʫ ʪʦʢʫ ʪʝʩʪʘ ʊʇ4 

 

ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʿʝ ʧʨʦʤʝʥˀʠʚ ʧʦ ʮʠʢʣʫʩʫ ʿʝʨ ʿʝ ʪʦʢʦʤ 10 ʮʠʢʣʫʩʘ ʧʦʥʘʚˀʘˁʘ ʩʪʘʣʥʦ 

ʧʨʠʩʫʪʥʦ ʠ ʟʘʛʨʝʚʘˁʝ ʠ ʭʣʘʹʝˁʝ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʨʰʠʥʘ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʧʘ ʠ ʢʦʯʥʠʭ 

ʧʣʦʯʠʮʘ, ʪʘʢʦ ʜʘ ʟʙʦʛ ʚʘʨʠʿʘʮʠʿʘ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʢʦʥʪʘʢʪʫ ʜʦʣʘʟʠ ʠ ʜʦ ʚʘʨʠʿʘʮʠʿʘ 

ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʰʪʦ ʿʝ ʠ ʠʣʫʩʪʨʦʚʘʥʦ ʩʣʠʢʘʤʘ 5.9 ʠ 5.10. ʄʠʥʠʤʘʣʥʘ ʠ 

ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʭʦʨʠʟʦʥʪʘʣʥʦʤ ʣʠʥʠʿʦʤ ʧʦ 

ʩʚʘʢʦʤ ʪʝʩʪʫ, ʭʦʨʠʟʦʥʪʘʣʥʘ ʣʠʥʠʿʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʦʢʚʠʨʫ ʨʦʟʝ ʧʦʚʨʰʠʥʝ ʧʨʝʜʩʪʘʚˀʘ 

ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ, ʜʦʢ ʨʦʟʘ ʧʦʚʨʰʠʥʘ ʧʦʢʘʟʫʿʝ ʦʧʩʝʛ ʫ ʢʦʤʝ ʩʝ ʢʨʝ˂ʝ ʥʘʿʚʝ˂ʠ ʙʨʦʿ 

ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. 

 

 

ʉʣʠʢʘ 5.9 ʇʨʦʤʝʥʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʦ ʩʚʘʢʦʤ ʮʠʢʣʫʩʫ ʫ ʪʦʢʫ ʪʝʩʪʘ ʊʇ1 

 

ʉʤʘˁʝˁʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʩʤʘˁʝˁʝ ʩʠʣʝ ʪʨʝˁʘ ʫ ʢʦʥʪʘʢʪʫ ʢʦʯʥʦʛ 

ʜʠʩʢʘ ʠ ʢʦʯʥʠʭ ʧʣʦʯʠʮʘ, ʰʪʦ ʩʝ ʤʘʥʠʬʝʩʪʫʿʝ ʫ ʚʠʜʫ ʩʤʘˁʝˁʘ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ. ʉʤʘˁʝˁʝ 



ʉʪʘʪʠʩʪʠʯʢʘ ʦʙʨʘʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʘʨʘʤʝʪʨʝ ʢʦʯʝˁʘ 
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ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ ʜʘˀʝ ʫʪʠʯʝ ʥʘ ʩʤʘˁʝˁʝ ʩʥʘʛʝ ʢʦʯʝˁʘ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʧʦʚʠʰʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʫ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʢʦʯʝˁʘ, ʧʘ ʩʘʤʠʤ ʪʠʤ ʠ ʥʘ ʙʝʟʙʝʜʥʦʩʪ ʫ 

ʩʘʦʙʨʘ˂ʘʿʫ. 

 

 

ʉʣʠʢʘ 5.10 ʇʨʦʤʝʥʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʦ ʩʚʘʢʦʤ ʮʠʢʣʫʩʫ ʫ ʪʦʢʫ ʪʝʩʪʘ ʊʇ4 

 

5.1.3.1 ʊʝʩʪ ʧʦʥʘʚˀʘˁʘ - ʪʝʩʪ ʊʇ4 

 

ʊʝʩʪ ʧʦʥʘʚˀʘˁʘ ʿʝ ʜʝʪʘˀʥʦ ʘʥʘʣʠʟʠʨʘʥ ʟʘ ʩʣʫʯʘʿ ʢʨʝʪʘˁʘ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ ʙʨʟʠʥʦʤ 

ʦʜ 90 km/h, ʛʜʝ ʿʝ ʤʘʩʘ ʯʝʪʚʨʪʠʥʝ ʚʦʟʠʣʘ 300 kg, ʧʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ 5 MPa. 

ʋʙʨʟʘˁʝ ʠ ʫʩʧʦʨʝˁʝ ʚʦʟʠʣʘ ʧʨʠʢʘʟʘʥʦ ʿʝ ʥʘ ʩʣʠʮʠ 5.11 (ʣʝʚʦ), ʜʦʢ ʿʝ ʢʦʯʥʠ ʤʦʤʝʥʪ ʜʘʪ 

ʥʘ ʩʣʠʮʠ 5.11 ʜʝʩʥʦ. ʅʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ ʫʦʯʘʚʘ ʩʝ ʚʨʝʤʝ ʤʠʨʦʚʘˁʘ, ʦʜʥʦʩʥʦ ʥʝʤʘ ʨʦʪʘʮʠʿʝ 

ʢʦʯʥʦʛ ʜʠʩʢʘ ʠ ʪʘʿ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʪʨʘʿʝ 8,7 s. ʅʘʢʦʥ ʩʚʘʢʦʛ ʟʘʫʩʪʘʚˀʘˁʘ ʠ ʧʦʥʦʚʥʦʛ 

ʢʨʝʪʘˁʘ ʟʘʤʘʿʥʝ ʤʘʩʝ ʧʨʦʩʝʯʥʦ ʚʨʝʤʝ ʤʠʨʦʚʘˁʘ ʿʝ ʦʢʦ 10 s. ʊʦʢʦʤ 10 ʧʦʥʦʚˀʝʥʠʭ 

ʮʠʢʣʫʩʘ ʢʦʯʥʠ ʤʦʤʝʥʪ ʥʠʿʝ ʢʦʥʩʪʘʥʪʘʥ ʠʘʢʦ ʿ ʝ ʤʘʢʩʠʤʘʣʥʘ ʢʦʯʥʠ ʧʨʠʪʠʩʘʢ ʫʚʝʢ ʙʠʦ ʠʩʪʠ. 

 

 

ʉʣʠʢʘ 5.11 ʇʨʦʤʝʥʘ ʙʨʦʿʘ ʦʙʨʪʘʿʘ ʠ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ ʧʦ ʚʨʝʤʝʥʫ 

 

ʋ ʪʦʢʫ ʨʝʘʣʠʟʘʮʠʿʝ ʪʝʩʪʘ ʧʦʥʘʚˀʘˁʘ, ʧʦʩʤʘʪʨʘʿʫ˂ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʩʘʤʦ ʥʘ ʥʘʠʣʘʟʥʦʤ ʜʝʣʫ 

ʩʧʦˀʘʰˁʝ ʢʦʯʥʝ ʧʣʦʯʠʮʝ (ʊ_ʇʉ_ʥʘʠʣʘʟʥʠ ʜʝʦ), ʫʦʯʘʚʘ ʩʝ ʩʪʘʣʥʠ ʪʨʝʥʜ ʨʘʩʪʘ, ʩʣʠʢʘ 5.12. 

ʄʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʚʝ˂ ʧʨʠ ʧʦʢʨʝʪʘˁʫ ʟʘʤʘʿʥʝ ʤʘʩʝ ʥʘ ʧʨʦʙʥʦʤ ʩʪʦʣʫ ʠ ʧʨʝ ʧʦʯʝʪʢʘ 



ʉʪʘʪʠʩʪʠʯʢʘ ʦʙʨʘʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʘʨʘʤʝʪʨʝ ʢʦʯʝˁʘ 
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ʢʦʯʝˁʘ ʜʦʣʘʟʠ ʜʦ ʧʦʨʘʩʪʘ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʧʦʩʤʘʪʨʘʥʦʿ ʢʦʯʥʦʿ ʧʣʦʯʠʮʠ. ʆʚʘ ʧʦʿʘʚʘ 

ʥʘʩʪʘʿʝ ʠʟ ʨʘʟʣʦʛʘ ʰʪʦ ʩʫ ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʫ ʜʝʣʠʤʠʯʥʦʤ ʢʦʥʪʘʢʪʫ ʩʘ ʢʦʯʥʠʤ ʜʠʩʢʦʤ ʠ ʧʨʝ 

ʧʨʦʮʝʩʘ ʟʘʫʩʪʘʚˀʘˁʘ. ʊʘʢʦ ʜʘ ʪʦʢʦʤ ʫʙʨʟʘˁʘ, ʦʜʥʦʩʥʦ ʧʦʩʪʠʟʘˁʘ ʞʝˀʝʥʝ ʙʨʟʠʥʝ, ʜʦʣʘʟʠ 

ʜʦ ʪʨʝˁʘ ʠ ʛʝʥʝʨʠʩʘˁʘ ʪʦʧʣʦʪʝ ʥʘ ʢʦʥʪʘʢʪʥʠʤ ʧʦʚʨʰʠʥʘʤʘ.  

 

 

ʉʣʠʢʘ 5.12 ɿʘʚʠʩʥʦʩʪ ʧʨʦʤʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʥʘʠʣʘʟʥʦʤ ʜʝʣʫ ʩʧʦˀʘʰˁʝ ʢʦʯʥʝ 

ʧʣʦʯʠʮʝ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʟʘʣʝʪʘˁʘ ʠ ʢʦʯʝˁʘ ʧʦ ʚʨʝʤʝʥʫ  

 

ʋ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʙʨʟʠʥʘ ʩʠʤʫʣʠʨʘʥʦʛ ʚʦʟʠʣʘ ʙʠʣʘ 90 km/h, ʪʦʢʦʤ ʧʨʚʘ ʪʨʠ ʮʠʢʣʫʩʘ 

ʟʘʣʝʪʘˁʘ ʜʦ ʢʦʯʝˁʘ ʧʦʩʪʦʿʠ ʩʪʘʣʥʠ ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʘʢ ʠ ʧʨʠ ʟʘʣʝʪʘˁʫ, ʜʦʢ ʪʦʢʦʤ 

ʯʝʪʚʨʪʦʛ ʮʠʢʣʫʩʘ ʫ ʧʨʦʮʝʩʫ ʫʙʨʟʘˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʿʝ ʛʦʪʦʚʦ ʙʠʣʘ ʢʦʥʩʪʘʥʪʥʘ. ʆʜ ʧʝʪʦʛ 

ʮʠʢʣʫʩʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʩʤʘʪʨʘʥʦʿ ʢʦʯʥʦʿ ʧʣʦʯʠʮʠ ʿʝ ʪʦʢʦʤ ʫʙʨʟʘˁʘ ʠʤʘʣʘ ʧʘʜ, ʪʿ. 

ʢʦʯʥʘ ʧʣʦʯʠʮʘ ʩʝ ʭʣʘʜʠʣʘ. ʇʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʧʦʩʤʘʪʨʘʥʦʿ ʢʦʯʥʦʿ ʧʣʦʯʠʮʠ ʿʝ 

ʧʦʩʪʦʿʘʦ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʤʠʨʦʚʘˁʘ, ʜʦʢ ʧʨʠ ʧʦʢʨʝʪʘˁʫ ʟʘʤʘʿʥʝ ʤʘʩʝ ʢʦʯʥʘ ʧʣʦʯʠʮʘ 

ʧʦʯʠˁʝ ʜʘ ʩʝ ʭʣʘʜʠ. 

 

ʇʨʦʤʝʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʧʨʦʮʝʩʫ ʟʘʛʨʝʚʘˁʘ ʥʘ ʠʟʣʘʟʥʦʤ ʜʝʣʫ ʩʧʦˀʘʰˁʝ ʢʦʯʥʝ ʧʣʦʯʠʮʝ, 

ʛʦʪʦʚʦ ʦʜʛʦʚʘʨʘ ʧʦʥʘʰʘˁʫ ʥʘʠʣʘʟʥʦʛ ʜʝʣʘ, ʩʣʠʢʘ 5.13. ʄʝʹʫʪʠʤ, ʿʝʜʠʥʘ ʨʘʟʣʠʢʘ ʿʝ ʰʪʦ 

ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʠʟʣʘʟʥʦʤ ʜʝʣʫ ʩʧʦˀʘʰˁʝ ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʧʦʩʪʦʿʠ ʩʚʝ ʜʦ ʩʝʜʤʦʛ 

ʮʠʢʣʫʩʘ, ʘ ʦʜ ʦʩʤʦʛ ʮʠʢʣʫʩʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʫʙʨʟʘˁʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʘʜʘ. ʆʚʦ ʥʠʿʝ ʩʣʫʯʘʿ 

ʩʘ ʪʝʤʧʝʨʘʪʫʨʦʤ ʫʥʫʪʨʘʰˁʝ ʢʦʯʥʦʤ ʧʣʦʯʠʮʦʤ. ʊʦʢʦʤ ʯʠʪʘʚʦʛ ʠʩʧʠʪʠʚʘˁʘ, ʥʘ 

ʫʥʫʪʨʘʰˁʦʿ ʢʦʯʥʦʿ ʧʣʦʯʠʮʠ ʪʝʤʧʝʨʘʪʫʨʘ ʙʝʣʝʞʠ ʩʪʘʣʥʠ ʨʘʩʪ ʠ ʥʘ ʥʘʠʣʘʟʥʦʤ ʠ ʥʘ 

ʠʟʣʘʟʥʦʤ ʜʝʣʫ ʧʣʦʯʠʮʝ.  

 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʧʠʪʠʚʘˁʘ ʪʝʩʪʘ ʧʦʥʘʚˀʘˁʘ ʿ ʝʩʪʝ ʜʘ ʠ ʧʨʠ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ ʠʩʧʠʪʠʚʘˁʘ 

ʜʦʣʘʟʠ ʜʦ ʧʨʦʤʝʥʝ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ. ʇʨʠʪʠʩʘʢ ʫ ʢʦʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʿʝ ʪʦʢʦʤ ʩʚʠʭ ʜʝʩʝʪ 

ʮʠʢʣʫʩʘ ʪʦʢʦʤ ʪʝʩʪʘ ʧʦʥʘʚˀʘˁʘ ʙʠʦ ʠʩʪʠ. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʩʣʠʢʫ 5.14 ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ 

ʜʘ ʢʦʯʥʠ ʤʦʤʝʥʪ ʥʠʿʝ ʠʩʪʠ ʫ ʩʚʘʢʦʤ ʧʦʥʦʚˀʝʥʦʤ ʮʠʢʣʫʩʫ ʪʦʢʦʤ ʪʝʩʪʘ ʧʦʥʘʚˀʘˁʘ. 

ʇʨʠʤʝ˂ʫʿʝ ʩʝ ʜʘ ʫ ʧʦʯʝʪʢʫ ʩʘ ʧʦʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʯʥʠ ʤʦʤʝʥʪ ʨʘʩʪʝ, ʠ ʪʦ ʚʘʞʠ ʟʘ 

ʧʨʚʘ ʯʝʪʠʨʠ ʮʠʢʣʫʩʘ, ʘʣʠ ʦʜ ʧʝʪʦʛ ʮʠʢʣʫʩʘ ʧʦʯʠˁʝ ʜʘ ʦʧʘʜʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʥʘʠʣʘʟʥʦʤ 

ʜʝʣʫ ʩʧʦˀʘʰˁʝ ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʿʝ ʫ ʪʨʝʥʫʪʢʫ ʢʘʜʘ ʩʝ ʿʘʚʠʣʘ ʥʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʢʦʯʥʦʛ 

ʤʦʤʝʥʪʘ ʟʘ ʨʘʟʤʘʪʨʘʥ ʪʝʩʪ ʙʠʣʘ ʿʝ 110,96 ̄C. ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʨʘʥʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʢʘʦ 

ʠ ʠʩʪʨʘʞʠʚʘˁʘ ʜʨʫʛʠʭ ʘʫʪʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʦʥʪʘʢʪʥʠʤ ʧʦʚʨʰʠʥʘʤʘ ʤʦʞʝ ʙʠʪʠ ʚʠʰʘ 

ʠ ʟʘ ʦʢʦ 40 C̄ ʜʦ 70 ̄ C. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʜʦʣʘʟʠ ʜʦ ʠʩʪʠʭ ʟʘʢˀʫʯʘʢʘ ʢʘʦ ʫ ʠʩʪʨʘʞʠʚʘˁʫ 



ʉʪʘʪʠʩʪʠʯʢʘ ʦʙʨʘʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʪʝʨʤʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʜʠʩʢ ʢʦʯʥʠʮʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʘʨʘʤʝʪʨʝ ʢʦʯʝˁʘ 

94 

 

[24], ʜʘ ʩʝ ʥʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʢʦʯʥʦʛ ʤʦʤʝʥʘʪʘ ʦʩʪʚʘʨʫʿʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʨʰʠʥʠ ʦʜ 

ʦʢʦ 150 C̄. 

 

 

ʉʣʠʢʘ 5.13 ʇʨʦʤʝʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʦʯʥʠʤ ʧʣʦʯʠʮʘʤʘ ʧʦ ʚʨʝʤʝʥʫ 

 

 

ʉʣʠʢʘ 5.14 ʇʨʦʤʝʥʘ ʦʩʪʚʘʨʝʥʦʛ ʢʦʯʥʦʛ ʤʦʤʝʥʪʘ ʧʦ ʩʚʘʢʦʤ ʮʠʢʣʫʩʫ ʢʦʯʝˁʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ 

 

ʊʝʨʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʢʦʯʥʦʛ ʜʠʩʢʘ ʿʝ ʜʘʪ ʥʘ ʩʣʠʢʘʤʘ ʦʜ 5.15 ʜʦ 5.24. ʇʦʿʘʚˀʫʿʝ ʩʝ ʟʦʥʘ 

ʟʘʛʨʝʚʘˁʘ ʢʦʯʥʦʛ ʜʠʩʢʘ ʫ ʦʙʣʠʢʫ ʧʨʩʪʝʥʘ ʥʘ ʢʦʥʪʘʢʪʥʦʿ ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ. ʆʚʦ ʿʝ 

ʥʝʧʦʚʦˀʥʦ, ʿʝʨ ʦʚʘʢʦ ʟʘʛʨʝʚʘˁʝ ʜʦʧʨʠʥʦʩʠ ʥʘʿʚʝ˂ʠʤ ʦʰʪʝ˂ʝˁʠʤʘ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʰʪʦ ʿʝ 

ʜʦʢʘʟʘʥʦ ʫ ʠʩʪʨʘʞʠʚʘˁʠʤʘ Panier ʠ ʩʘʨʘʜʥʠʢʘ [22]. ʋ ʜʘˀʝʤ ʪʦʢʫ ʧʨʦʮʝʩʘ ʢʦʯʝˁʘ ʩʚʘ 

ʪʦʧʣʦʪʘ ʩʝ ʧʨʝʥʦʩʠ ʢʘ ʩʨʝʜʠʰˁʝʤ ʜʝʣʫ ʜʠʩʢʘ, ʢʘ ʛʣʘʚʯʠʥʠ ʪʦʯʢʘ, ʰʪʦ ʿʝ ʟʘʧʘʞʝʥʦ ʠ ʫ 

ʠʩʪʨʘʞʠʚʘˁʫ Panier ʠ ʩʘʨʘʜʥʠʢʘ [22]. ʋ ʦʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʫʩʣʝʜ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʦʣʘʟʠ ʠ ʜʦ ʚʝ˂ʠʭ ʜʝʬʦʨʤʘʮʠʿʘ ʢʦʯʥʦʛ ʜʠʩʢʘ, ʟʙʦʛ ʪʝʤʧʝʨʘʪʫʨʥʝ ʨʘʟʣʠʢʝ ʢʦʥʪʘʢʪʥʝ 

ʧʦʚʨʰʠʥʝ ʠ ʛʣʘʚʯʠʥʝ, ʦʜʥʦʩʥʦ ʜʦʣʘʟʠ ʜʦ ʨʘʟʣʠʯʠʪʦʛ ʪʝʤʧʝʨʘʪʫʨʥʦʛ h ʠʨʝˁʘ [35]. ʆʚʘʢʚʝ 
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ʪʝʤʧʝʨʘʪʫʨʥʝ ʨʘʟʣʠʢʝ ʫʟʨʦʢʫʿʫ ʧʦʿʘʚʫ ʪʦʧʣʦʪʥʦʛ ʥʘʧʨʝʟʘˁʘ, ʘ ʪʦ ʜʘˀʝ ʜʦʚʦʜʠ ʜʦ 

ʪʝʨʤʠʯʢʦʛ ʟʘʤʦʨʘ ʤʘʪʝʨʠʿʘʣʘ. ʊʦʢʦʤ ʧʦʥʦʚˀʠʚʦʛ ʢʦʯʝˁʘ, ʥʘ ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ 

ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʧʦʿʘʚʝ ʧʫʢʦʪʠʥʘ [33].  

 

ɺʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʜʝʣʫ ʨʝʙʘʨʘ, ʦʜ ʩʣʠʢʝ 5.15 ʜʦ 5.24, ʩʫ ʟʥʘʪʥʦ ʚʠʰʝ ʦʜ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʨʰʠʥʠ ʢʦʯʥʦʛ ʜʠʩʢʘ. ʊʘ ʨʘʟʣʠʢʘ ʫ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʩʝ ʢʨʝ˂ʝ ʠʟʤʝʹʫ 

20 C̄ ʠ 80 C̄. ʂʘʢʦ ʩʝ ʨʘʜʠ ʦ ʧʦʥʦʚˀʝʥʦʤ ʢʦʯʝˁʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʟʘʜˁʦʿ ʧʦʚʨʰʠʥʠ 

ʩʧʦˀʘʰˁʝ ʢʦʯʥʝ ʧʣʦʯʠʮʝ ʫ ʩʚʘʢʦʤ ʥʘʨʝʜʥʦʤ ʮʠʢʣʫʩʫ ʠʤʘ ʩʚʝ ʚʠʰʝ ʚʨʝʜʥʦʩʪʠ, ʠ ʥʘʢʦʥ 

ʠʟʚʨʰʝʥʠʭ 10 ʪʝʩʪʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ ʢʨʝʪʘʣʘ ʠʟʤʝʹʫ 125  ʠ 150 . 

 

    

ʉʣʠʢʘ 5.15 ʊʝʨʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʢʦʯʥʦʛ ʜʠʩʢʘ ʥʘ ʢʨʘʿʫ ʧʨʚʦʛ ʮʠʢʣʫʩʘ ʢʦʯʝˁʘ 

 

   

ʉʣʠʢʘ 5.16 ʊʝʨʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʢʦʯʥʦʛ ʜʠʩʢʘ ʥʘ ʢʨʘʿʫ ʜʨʫʛʦʛ ʮʠʢʣʫʩʘ ʢʦʯʝˁʘ 

 

    

ʉʣʠʢʘ 5.17 ʊʝʨʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʢʦʯʥʦʛ ʜʠʩʢʘ ʥʘ ʢʨʘʿʫ ʪʨʝ˂ʝʛ ʮʠʢʣʫʩʘ ʢʦʯʝˁʘ 
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ʉʣʠʢʘ 5.18 ʊʝʨʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʢʦʯʥʦʛ ʜʠʩʢʘ ʥʘ ʢʨʘʿʫ ʯʝʪʚʨʪʦʛ ʮʠʢʣʫʩʘ ʢʦʯʝˁʘ 

 

    

ʉʣʠʢʘ 5.19 ʊʝʨʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʢʦʯʥʦʛ ʜʠʩʢʘ ʥʘ ʢʨʘʿʫ ʧʝʪʦʛ ʮʠʢʣʫʩʘ ʢʦʯʝˁʘ 

 

   

ʉʣʠʢʘ 5.20 ʊʝʨʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʢʦʯʥʦʛ ʜʠʩʢʘ ʥʘ ʢʨʘʿʫ ʰʝʩʪʦʛ ʮʠʢʣʫʩʘ ʢʦʯʝˁʘ 

 

   

ʉʣʠʢʘ 5.21 ʊʝʨʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʢʦʯʥʦʛ ʜʠʩʢʘ ʥʘ ʢʨʘʿʫ ʩʝʜʤʦʛ ʮʠʢʣʫʩʘ ʢʦʯʝˁʘ 
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