
ʋʅʀɺɽʈɿʀʊɽʊ Ăʉɺɽʊʀ ʂʀʈʀʃ ʀ ʄɽʊʆɼʀɱñ 

ʉʊʆʄɸʊʆʃʆʐʂʀ ʌɸʂʋʃʊɽʊ ï ʉʂʆʇɱɽ 

ʂʘʪʝʜʨʘ ʧʦ ʩʪʦʤʘʪʦʣʦʰʢʘ ʧʨʦʪʝʪʠʢʘ 

 

 

 

 

 

 

 

 

 

ɼʨ ʄʠʤʦʟʘ ʉʫʣʝʿʤʘʥʠ 

 

 

ɽɺɸʃʋɸʎʀɱɸ ʅɸ ʅɸʇʈɽɻɸɳɸʊɸ ʀ ɼɽʌʆʈʄɸʎʀʀʊɽ ʂɸɱ ʀʄʇʃɸʅʊ 

ʇʆʊʇʈɽʅʀ ʇʆʂʈʆɺʅʀ ʇʈʆʊɽɿʀ ʉʆ ʄɽʊʆɼʆʊ ʅɸ ʂʆʅɽʏʅʀ ɽʃɽʄɽʅʊʀ 

 

ɼʦʢʪʦʨʩʢʠ ʪʨʫʜ 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʢʦʧʿʝ, 2025 ʛ. 
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ɼʦʢʪʦʨʘʥʜ: 

 

ʄʠʤʦʟʘ ʉʫʣʝʿʤʘʥʠ 

 

ʊʝʤʘ: 

 

ɽɺɸʃʋɸʎʀɱɸ ʅɸ ʅɸʇʈɽɻɸɳɸʊɸ ʀ ɼɽʌʆʈʄɸʎʀʀʊɽ ʂɸɱ ʀʄʇʃɸʅʊ      

ʇʆʊʇʈɽʅʀ ʇʆʂʈʆɺʅʀ ʇʈʆʊɽɿʀ ʉʆ ʄɽʊʆɼʆʊ ʅɸ ʂʆʅɽʏʅʀ ɽʃɽʄɽʅʊʀ 

 

ʄʝʥʪʦʨ:   

ʧʨʦʬ. ʜ-ʨ  

ʉʪʦʤʘʪʦʣʦʰʢʠ ʬʘʢʫʣʪʝʪ, ʋʂʀʄ - ʉʢʦʧʿʝ  

 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʜʙʨʘʥʘ:  

ʧʨʦʬ. ʜ-ʨ 

ʉʪʦʤʘʪʦʣʦʰʢʠ ʬʘʢʫʣʪʝʪ, ʋʂʀʄ - ʉʢʦʧʿʝ  

 

ʧʨʦʬ. ʜ-ʨ 

ʉʪʦʤʘʪʦʣʦʰʢʠ ʬʘʢʫʣʪʝʪ, ʋʂʀʄ - ʉʢʦʧʿʝ  

 

ʧʨʦʬ. ʜ-ʨ  

ʉʪʦʤʘʪʦʣʦʰʢʠ ʬʘʢʫʣʪʝʪ, ʋʂʀʄ ï ʉʢʦʧʿʝ 

  

ʧʨʦʬ. ʜ-ʨ  

ʉʪʦʤʘʪʦʣʦʰʢʠ ʬʘʢʫʣʪʝʪ, ʋʂʀʄ ï ʉʢʦʧʿʝ 

  

ʧʨʦʬ. ʜ-ʨ  

 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ:  

ʉʪʦʤʘʪʦʣʦʰʢʘ ʧʨʦʪʝʪʠʢʘ   
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                                                          ɹʃɸɻʆɼɸʈʅʆʉʊ 

 

 

 

 

ɻʦʣʝʤʘ ʙʣʘʛʦʜʘʨʥʦʩʪ ʜʦ ʤʦʿʘʪʘ ʤʝʥʪʦʨʢʘ, ʧʨʦʬ. ʜ-ʨ ʉʘˁʘ ʇʘʥʯʝʚʩʢʘ, ʟʘ ʥʝʩʝʙʠʯʥʠʦʪ 

ʘʥʛʘʞʤʘʥ, ʨʘʟʙʠʨʘˁʝ ʠ ʧʦʩʪʦʿʘʥʠʪʝ ʩʦʚʝʪʠ ʠ ʢʦʥʩʫʣʪʘʮʠʠ, ʢʘʢʦ ʠ ʟʘ ʤʘʢʩʠʤʘʣʥʘʪʘ 

ʧʦʜʜʨʰʢʘ ʠ ʧʦʩʚʝʪʝʥʦʩʪ ʟʘ ʨʝʘʣʠʟʘʮʠʿʘ ʥʘ ʦʚʘʘ ʥʘʫʯʥʘ ʩʪʫʜʠʿʘ. 

 

ɻʦʣʝʤʘ ʙʣʘʛʦʜʘʨʥʦʩʪ ʜʦ ʧʨʦʬ. ʜ-ʨ ɬʦʨʛʠ ʂʦʢʘʣʘʥʦʚ ʟʘ ʥʝʩʝʙʠʯʥʘʪʘ ʧʦʤʦʰ, ʩʦʚʝʪʠʪʝ ʠ 

ʢʦʥʩʫʣʪʘʮʠʠʪʝ, ʨʘʟʙʠʨʘˁʝʪʦ ʠ ʧʦʜʜʨʰʢʘʪʘ ʠ ʟʘ ʥʝʛʦʚʘʪʘ ʧʦʩʪʦʿʘʥʘ ʧʦʜʛʦʪʚʝʥʦʩʪ ʠ 

ʨʘʩʧʦʣʦʞʝʥʦʩʪ ʚʦ ʩʝʢʦʝ ʚʨʝʤʝ ʜʘ ʦʜʛʦʚʦʨʠ ʥʘ ʤʦʠʪʝ ʙʘʨʘˁʘ ʦʢʦʣʫ ʥʘʫʯʥʠʦʪ ʪʨʫʜ. 

 

 

ɹʝʩʢʨʘʿʥʘ ʙʣʘʛʦʜʘʨʥʦʩʪ ʥʘ ʤʦʝʪʦ ʩʝʤʝʿʩʪʚʦ ʟʘ ʨʘʟʙʠʨʘˁʝʪʦ ʠ ʧʦʜʜʨʰʢʘʪʘ ʢʦʿʘ ʤʠ ʿʘ ʜʘʜʦʘ.  
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                                                                ʀɿɱɸɺɸ 

 

ɱʘʩ ʄʠʤʦʟʘ ʉʫʣʝʿʤʘʥʠ ʠʟʿʘʚʫʚʘʤ ʜʝʢʘ ʜʦʢʪʦʨʩʢʠʦʪ ʪʨʫʜ ʝ ʦʨʠʛʠʥʘʣʝʥ ʪʨʫʜ ʰʪʦ ʛʦ ʠʤʘʤ 

ʠʟʨʘʙʦʪʝʥʦ ʩʘʤʦʩʪʦʿʥʦ, ʜʝʢʘ ʫʨʝʜʥʦ ʛʠ ʮʠʪʠʨʘʤ ʩʠʪʝ ʢʦʨʠʩʪʝʥʠ ʠʟʚʦʨʠ ʠ ʣʠʪʝʨʘʪʫʨʘ ʠ 

ʠʩʪʦʪʘʢʘ ʝʣʝʢʪʨʦʥʩʢʘʪʘ ʚʝʨʟʠʿʘ ʥʘ ʜʦʢʪʦʨʩʢʠʦʪ ʪʨʫʜ ʝ ʠʜʝʥʪʠʯʥʘ ʩʦ ʦʪʧʝʯʘʪʝʥʠʦʪ 

ʜʦʢʪʦʨʩʢʠ ʪʨʫʜ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5 
 

 

 

      ɽɺɸʃʋɸʎʀɱɸ ʅɸ ʅɸʇʈɽɻɸɳɸʊɸ ʀ ɼɽʌʆʈʄɸʎʀʀʊɽ ʂɸɱ ʀʄʇʃɸʅʊ      

ʇʆʊʇʈɽʅʀ ʇʆʂʈʆɺʅʀ ʇʈʆʊɽɿʀ ʉʆ ʄɽʊʆɼʆʊ ʅɸ ʂʆʅɽʏʅʀ ɽʃɽʄɽʅʊʀ 

 

 

                                                              ɸʇʉʊʈɸʂʊ 

 

ɺʦʚʝʜ 

ʉʦ ʨʘʟʚʦʿʦʪ ʥʘ ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʠʪʝ ʠ ʙʠʦʘʢʪʠʚʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ, ʢʘʢʦ ʠ ʩʦ ʬʝʥʦʤʝʥʦʪ ʥʘ 

ʦʩʝʦʠʥʪʝʛʨʘʮʠʿʘ, ʙʝʘ ʧʦʥʫʜʝʥʠ ʥʦʚʠ ʪʝʨʘʧʝʚʪʩʢʠ ʤʦʜʘʣʠʪʝʪʠ ʚʦ ʨʝʭʘʙʠʣʠʪʘʮʠʿʘʪʘ ʥʘ 

ʪʦʪʘʣʥʘʪʘ ʙʝʟʟʘʙʦʩʪ ʧʨʝʢʫ ʫʧʦʪʨʝʙʘ ʥʘ ʟʘʙʥʠ ʠʤʧʣʘʥʪʠ. ʇʦʢʨʦʚʥʠʪʝ ʧʨʦʪʝʟʠ ʥʘʜ ʜʚʘ 

ʠʤʧʣʘʥʪʘ ʩʪʘʥʘʘ ʪʨʝʪʤʘʥ ʥʘ ʠʟʙʦʨ ʟʘ ʤʘʥʜʠʙʫʣʘʨʥʘ ʪʦʪʘʣʥʘ ʙʝʟʟʘʙʦʩʪ ʧʦʨʘʜʠ ʧʦʚʦʣʥʠʪʝ 

ʨʝʟʫʣʪʘʪʠ ʚʦ ʧʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ ʦʨoʬʘʮʠʘʿʣʥʘʪʘ ʬʫʥʢʮʠʿʘ, ʨʝʣʘʪʠʚʥʦ ʨʘʟʫʤʥʠʪʝ ʪʨʦʰʦʮʠ 

ʠ ʟʘʜʦʚʦʣʩʪʚʦʪʦ ʥʘ ʧʘʮʠʝʥʪʠʪʝ. ʇʦʢʨʦʚʥʠʪʝ ʧʨʦʪʝʟʠ ʥʘʜ ʠʤʧʣʘʥʪʠ ʦʙʠʯʥʦ ʩʝ ʨʝʪʠʥʠʨʘʘʪ 

ʩʦ ʘʪʝʯʤʝʥʪʠ ʰʪʦ ʦʚʦʟʤʦʞʫʚʘ ʧʦʜʦʙʨʘ ʨʝʪʝʥʮʠʿʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʥʘ ʧʨʦʪʝʟʘʪʘ. ʈʘʟʣʠʯʥʠ 

ʨʝʪʝʥʮʠʩʢʠ ʩʠʩʪʝʤʠ  ʘʪʝʯʤʝʥʪʠ ʩʝ ʢʦʨʠʩʪʘʪ ʢʘʿ ʧʦʢʨʦʚʥʠʪʝ ʧʨʦʪʝʟʠ ʥʘʜ ʠʤʧʣʘʥʪʠ. 

Aʪʝʯʤʝʥʪʠʪʝ ʩʝ ʨʠʛʠʜʥʠ ʠʣʠ ʨʝʟʠʣʠʝʥʪʥʠ ʢʦʥʝʢʪʦʨʠ ʢʦʠ ʛʠ ʘʧʩʦʨʙʠʨʘʘʪ ʠ ʧʨʝʥʘʩʦʯʫʚʘʘʪ 

ʦʢʣʫʟʘʣʥʠʪʝ ʩʠʣʠ ʦʜ ʧʨʦʪʝʟʘʪʘ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʦʪʦ ʪʢʠʚʦ ʚʦ ʘʢʩʠʿʘʣʥʘ ʥʘʩʦʢʘ, ʢʘʢʦ ʠ ʛʠ 

ʜʠʩʪʨʠʙʫʠʨʘʘʪ ʩʠʣʠʪʝ ʥʘ ʩʤʦʣʢʥʫʚʘˁʝ. 

 

ʎʝʣ 

ʎʝʣʪʘ ʥʘ ʦʚʘʘ ʩʪʫʜʠʿʘ ʝ ʜʘ ʩʝ ʝʚʘʣʫʠʨʘ ʥʘʧʨʝʛʘˁʝʪʦ/ʜʝʬʦʨʤʘʮʠʠʪʝ ʢʘʿ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ 

ʧʦʪʧʨʝʥʘ ʥʘ ʠʤʧʣʘʥʪʠ, ʢʘʢʦ ʠ ʜʘ ʩʝ ʧʨʦʮʝʥʠ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʨʝʪʝʥʮʠʩʢʠʦʪ ʩʠʩʪʝʤ ʚʨʟ 

ʧʨʝʥʦʩʦʪ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ, ʢʦʩʢʘʪʘ ʦʢʦʣʫ ʠʤʧʣʘʥʪʠʪʝ ʠ ʧʦʩʪʝʨʠʦʨʥʠʦʪ 

ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ. 

 

ʄʘʪʝʨʠʿʘʣ ʠ ʤʝʪʦʜ 

ɺʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ʧʦʩʪʘʚʝʥʘʪʘ ʮʝʣ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʙʝʰʝ ʩʧʨʦʚʝʜʝʥʦ ʦʜ 

ʩʦʬʪʚʝʨʦʪ ʟʘ ʥʫʤʝʨʠʯʢʠ ʩʠʤʫʣʘʮʠʠ. ʂʦʨʠʩʪʝʿ˃ʠ ʛʦ ʤʝʪʦʜʦʪ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ, 

ʬʦʨʤʠʨʘʥʠ ʩʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʤʦʜʝʣʠ ʥʘ ʙʝʟʟʘʙʥʘ ʜʦʣʥʘ ʚʠʣʠʮʘ. ɿʘ ʩʦʟʜʘʚʘˁʝ ʥʘ 

ʤʦʜʝʣʠʪʝ ʙʝʰʝ ʢʦʨʠʩʪʝʥʘ CBCT-ʩʥʠʤʢʘ ʥʘ ʙʝʟʟʘʙʥʘʪʘ ʤʘʥʜʠʙʫʣʘ. ʀʩʧʠʪʫʚʘˁʘʪʘ ʙʝʘ 

ʩʧʨʦʚʝʜʝʥʠ ʥʘ ʪʨʠ ʤʦʜʝʣʠ ʥʘ ʤʘʥʜʠʙʫʣʘʨʥʘ ʪʦʪʘʣʥʦ ʙʝʟʟʘʙʥʘ ʚʠʣʠʮʘ, ʢʘʿ ʢʦʠ ʚʦ 

ʠʥʪʝʨʬʦʨʘʤʠʥʘʣʥʠʦʪ ʧʨʦʩʪʦʨ ʙʝʘ ʧʦʟʠʮʠʦʥʠʨʘʥʠ ʜʚʘ ʠʤʧʣʘʥʪʠ ʩʦ ʪʝʩʝʥ ʜʠʘʿʤʝʪʘʨ (3,3 x 

10 mm). ʂʘʿ ʩʝʢʦʿ ʦʜ ʤʦʜʝʣʠʪʝ ʙʝʘ ʧʦʩʪʘʚʝʥʠ ʨʘʟʣʠʯʥʠ ʨʝʪʝʥʮʠʩʢʠ ʩʠʩʪʝʤʠ (ʪʦʧʢʘ, 

ʣʦʢʘʪʦʨ ʠ ʧʨʝʯʢʘ) ʠ ʘʢʨʠʣʘʪʥʘ ʤʦʙʠʣʥʘ ʧʨʦʪʝʟʘ. ʄʦʜʝʣʠʪʝ ʙʝʘ ʪʝʩʪʠʨʘʥʠ ʧʦʜ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʜʦ 150 N ʠ ʢʦʩʘ ʩʠʣʘ ʜʦ 50 N ʧʦʜ ʘʛʦʣ ʦʜ 300 

ʫʥʠʣʘʪʝʨʣʥʦ ʠ ʙʠʣʘʪʝʨʘʣʥʦ, ʥʘ ʥʠʚʦ ʥʘ ʧʨʚʠʦʪ ʤʦʣʘʨ. ʆʚʠʝ ʤʦʜʝʣʠ ʙʝʘ ʘʥʘʣʠʟʠʨʘʥʠ ʩʦ 

ʧʦʤʦʰ ʥʘ ʩʦʬʪʚʝʨʦʪ ʟʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ (SOFIFTIK ʩʦʬʪʚʝʨʩʢʠʦʪ ʧʘʢʝʪ), ʢʦʨʠʩʪʝʿ˃ʠ 

ʘʥʘʣʠʟʘ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ. 
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ʈʝʟʫʣʪʘʪʠ 

ʈʝʟʫʣʪʘʪʠʪʝ ʜʦʙʠʝʥʠ ʦʜ ʦʚʘʘ ʩʪʫʜʠʿʘ ʫʢʘʞʫʚʘʘʪ ʥʘ ʨʘʟʣʠʯʝʥ ʤʦʜʝʣ ʥʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʥʘʧʨʝʛʘˁʝʪʦ/ʜʝʬʦʨʤʘʮʠʿʘʪʘ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʧʨʠʤʝʥʝʪʠʦʪ ʩʠʩʪʝʤ ʟʘ ʨʝʪʝʥʮʠʿʘ. ʂʘʿ 

ʤʦʜʝʣʠʪʝ ʩʦ ʪʦʧʢʘ ʠ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ, ʥʘʿʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʘ ʩʝ 

ʨʝʛʠʩʪʨʠʨʘʥʠ ʥʘ ʠʤʧʣʘʥʪʠʪʝ, ʜʦʜʝʢʘ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ, ʥʘʧʨʝʛʘˁʘʪʘ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ ʩʝ ʧʦʤʘʣʠ. ʇʨʠ ʘʢʩʠʿʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʥʘʿʚʠʩʦʢʠ ʥʘʧʨʝʛʘˁʘ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʢʘʢʦ ʠ ʥʘ ʘʙʘʪʤʝʥʪʠʪʝ ʥʘ ʩʠʪʝ ʪʨʠ 

ʤʦʜʝʣʠ. ʇʨʠ ʢʦʩʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʝ ʧʦʿʘʚʫʚʘ ʪʝʥʜʝʥʮʠʿʘ ʟʘ ʜʠʩʪʦʨʟʠʿʘ ʠ ʟʛʦʣʝʤʝʥʦ 

ʥʘʧʨʝʛʘˁʝ ʥʘ ʣʘʪʝʨʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʚʦ ʩʠʪʝ ʤʦʜʝʣʠ. ɺʦ ʦʜʥʦʩ ʥʘ 

ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ, ʥʘʿʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁe/ʜʝʬʦʨʤʘʮʠʠ ʙʝʘ ʟʘʙʝʣʝʞʘʥʠ 

ʥʘ ʤʦʜʝʣʠʪʝ ʩʦ ʣʦʢʘʪʦʨ ʠ ʪʦʧʢʘ ʘʪʝʯʤʝʥ. ʅʘʧʨʝʛʘˁʝʪʦ ʠ ʜʝʬʦʨʤʘʮʠʿʘʪʘ ʥʘ 

ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʬʠʟʠʦʣʦʰʢʠʦʪ ʦʧʩʝʛ ʥʘ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʠ ʩʝ 

ʧʦʿʘʚʫʚʘʘʪ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʧʨʠ ʘʢʩʠʿʘʣʥʠ ʦʧʪʦʚʘʨʫʚʘˁʘ ʠ ʦʢʦʣʫ 

ʣʘʪʝʨʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʧʨʠ ʢʦʩʦ ʦʧʪʦʚʘʨʫʚʘˁʝ. ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ 

ʥʘʧʨʝʛʘˁʝ/ʜʝʬʦʨʤʘʮʠʠ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʥʘ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʚʦ ʨʝʪʨʦʤʦʣʘʨʥʠʦʪ ʨʝʛʠʦʥ, ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ 

ʘʪʝʯʤʝʥʪ. ʇʨʠ ʘʢʩʠʿʘʣʥʦ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʧʦʤʝʩʪʫʚʘˁʘʪʘ ʥʘ ʧʨʦʪʝʟʘʪʘ ʩʝ 

ʤʠʥʠʤʘʣʥʠ ʚʝʨʪʠʢʘʣʥʠ. ʅʘʿʛʦʣʝʤʠ ʧʦʤʝʩʪʫʚʘˁʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ, 

ʧʨʠ ʰʪʦ ʢʦʩʢʘʪʘ ʧʦʜ ʦʩʥʦʚʘʪʘ ʥʘ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ, ʦʜʥʦʩʥʦ ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ 

ʈɸɻ ʧʦʢʘʞʘ ʧʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʝ/ʜʝʬʦʨʤʘʮʠʿʘ ʢʘʿ 3D-ʤʦʜʝʣʠʪʝ ʩʦ ʣʦʢʘʪʦʨ 

ʢʘʢʦ ʩʠʩʪʝʤ ʟʘ ʨʝʪʝʥʮʠʿʘ, ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʘʢʩʠʿʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 150 N. ʇʨʠ 

ʫʥʠʣʘʪʝʨʘʣʥʦ ʘʢʩʠʿʘʣʥʦ ʠ ʢʦʩʦ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʧʨʦʪʝʟʘʪʘ ʩʝ ʨʦʪʠʨʘ ʦʢʦʣʫ ʣʠʥʠʿʘʪʘ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ, ʩʦ ʧʦʛʦʣʝʤʦ ʧʦʤʝʩʪʫʚʘˁʝ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ, ʥʦ, ʩʝʧʘʢ, ʩʦ ʥʠʩʢʠ 

ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʝ/ʜʝʬʦʨʤʘʮʠʿʘʪʘ ʥʘ ʢʦʩʢʘʪʘ. ʀʘʢʦ ʧʦʤʝʩʪʫʚʘˁʝʪʦ ʥʘ ʧʨʦʪʝʟʘʪʘ ʝ 

ʧʦʛʦʣʝʤʦ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ ʧʨʠ ʫʥʠʣʘʪʝʨʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ 

ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʝ ʧʦʨʘʤʥʦʤʝʨʥʦ ʥʘ ʢʦʩʢʘʪʘ ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ  ʠ ʥʝ 

ʧʨʝʜʠʟʚʠʢʫʚʘ ʪʨʘʿʥʘ ʜʝʬʦʨʤʘʮʠʿʘ ʥʘ ʢʦʩʢʘʪʘ ʧʦʜ ʙʘʟʘʪʘ ʥʘ ʧʨʦʪʝʟʘʪʘ. ʇʦʛʦʣʝʤʦ 

ʥʘʧʨʝʛʘˁʝ/ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʠʤʧʣʘʥʪʠʪʝ, ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʠ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ 

ʈɸɻ ʙʝʰʝ ʝʚʠʜʝʥʪʠʨʘʥʦ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ. ʂʘʿ ʩʠʪʝ ʠʩʧʠʪʘʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘʿʤʘʣʦ 

ʥʘʧʨʝʛʘˁʝ/ʜʝʬʦʨʤʘʮʠʠ ʩʝ ʧʦʿʘʚʫʚʘʰʝ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ- ʘʪʝʯʤʝʥʪ.  

 

ɿʘʢʣʫʯʦʮʠ 

ʉʧʦʨʝʜ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ, ʤʦʞʝʤʝ ʜʘ ʟʘʢʣʫʯʠʤʝ ʜʝʢʘ ʚʠʜʦʪ ʥʘ 

ʨʝʪʝʥʮʠʩʢʠʦʪ ʩʠʩʪʝʤ ʚʣʠʿʘʝ ʥʘ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʦʢʣʫʟʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ, ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʠ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ, ʧʦʤʝʩʪʫʚʘˁʝʪʦ ʥʘ 

ʧʨʦʪʝʟʘʪʘ ʠ ʜʝʬʦʨʤʘʮʠʿʘʪʘ ʥʘ ʢʦʩʢʘʪʘ. ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʪʚʨʜʫʚʘʘʪ ʜʝʢʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ 

ʨʝʪʝʥʮʠʩʢʠʦʪ ʩʠʩʪʝʤ ʟʘʚʠʩʠ ʦʜ ʥʝʛʦʚʘʪʘ ʛʝʦʤʝʪʨʠʿʘ, ʜʠʤʝʥʟʠʠʪʝ ʥʘ ʠʤʧʣʘʥʪʠʪʝ, 

ʠʥʪʝʥʟʠʪʝʪʦʪ ʠ ʥʘʩʦʢʘʪʘ ʥʘ ʩʠʣʠʪʝ, ʢʘʢʦ ʠ ʦʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʢʦʥʪʘʢʪʥʘʪʘ ʧʦʚʨʰʠʥʘ. 
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ʇʨʝʯʢʘ-ʘʪʝʯʤʝʥʪʦʪ ʦʙʝʟʙʝʜʫʚʘ ʧʦʨʘʤʥʦʤʝʨʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʩʠʣʠʪʝ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʚʦ 

ʩʧʦʨʝʜʙʘ ʩʦ ʣʦʢʘʪʦʨ- ʠ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪʠʪʝ ʢʘʿ ʠʩʧʠʪʘʥʠʪʝ ʤʦʜʝʣʠ. ʆʚʠʝ ʨʝʟʫʣʪʘʪʠ ʙʠ 

ʤʦʞʝʣʝ ʜʘ ʠʤʘʘʪ ʟʥʘʯʘʿʥʘ ʫʣʦʛʘ ʚʦ ʢʣʠʥʠʯʢʘʪʘ ʧʨʘʢʪʠʢʘ, ʦʩʦʙʝʥʦ ʧʨʠ ʠʟʙʦʨʦʪ ʥʘ ʩʠʩʪʝʤ ʟʘ 

ʨʝʪʝʥʮʠʿʘ ʧʨʠ ʧʣʘʥʠʨʘˁʝ ʥʘ ʠʤʧʣʘʥʪ-ʧʨʦʪʝʪʠʯʢʠ ʪʨʝʪʤʘʥ ʩʦ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ ʥʘʜ ʜʚʘ 

ʪʝʩʥʠ ʠ ʢʨʘʪʢʠ ʠʤʧʣʘʥʪʠ ʠʤʧʣʘʥʪʠ, ʟʘ ʨʝʭʘʙʠʣʠʪʘʮʠʿʘ ʥʘ ʪʦʪʘʣʥʘ ʙʝʟʟʘʙʦʩʪ ʥʘ ʜʦʣʥʘʪʘ 

ʚʠʣʠʮʘ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʠʤʧʣʘʥʪʠ, ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ, ʙʠʦʤʝʭʘʥʠʢʘ, ʘʪʝʯʤʝʥʪʠ, ʥʘʧʨʝʛʘˁʝ, 

ʤʝʪʦʜ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ. 
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    EVALUATION OF STRESSES AND DEFORMATIONS IN IMPLANT -RESISTANT 

OVERDENTURES USING THE FINIT ELEMENT METHOD  

 

                                                              ABSTRACT 

 

Introduction  

With the development of biocompatible and bioactive materials, as well as the phenomenon of 

osseointegration, new therapeutic modalities have been offered in the rehabilitation of total 

edentulism through the use of dental implants. Two implants overdentures have become the 

treatment of choice for mandibular total edentulism due to their favorable results, improved 

orofacial function, relatively reasonable costs, and patient satisfaction. Implants overdentures are 

usually retained with attachments, which allows for better retention and stabilization of the 

prosthesis. Various retention systems-attachments are used in implants overdentures. Abutments 

are rigid or resilient connectors that absorb and redirect occlusal forces from the prosthesis to the 

peri-implant tissue in the axial direction, as well as distribute shear forces. 

 

Objective 

The aim of this study is to evaluate the stress/strain in an implant-supported overdenture, and to 

assess the influence of the retention system on the occlusal load transfer to the implants, the peri-

implant bone, and the posterior region of the residual alveolar ridge. 

 

Material and method 

In accordance with objectives of this study, an experimental research was conducted using 

numerical simulation software. Using the finite element method, 3D models of the edentulous 

mandible were formed. CBCT scan of the edentulous mandible was used to create the models. 

The tests were conducted on three models of a mandibular totally edentulous jaw, on which two 

narrow diameter implants (3.3x10mm) were positioned in the interforaminal space. In each of 

the models, different retention systems (ball, locator, bar) and an acrylic removable prosthesis 

were placed. The models were tested under loading with axial forces up to 150N and oblique 

force up to 50N at an angle of 300 unilaterally and bilaterally at the level of the first molar. These 

models were analyzed by finite element software (SOFIFTIK software package) using Von 

Mises stress analysis. 

 

Results 

The results obtained from this study indicate a different pattern of stress/strain distribution, 

depending on the retention system used. In the ball and locator attachment models, the highest 

von Mises stress values were recorded on the implants, while in the bar attachment model, the 

implant stresses were lower. Under axial loading, the highest stresses are observed at the neck of 

the implant body, as well as at the abutments of all three models. Under oblique loading, a 
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tendency for distortion and increased stress appears on the lateral surfaces of the implants in all 

models. Regarding the peri-implant bone, the highest stress/strain values were observed in the 

locator and ball attachment models. The stress and strain of the peri-implant bone are within the 

physiological range of cortical bone and occur around the implant necks under axial loads and 

around the lateral surfaces of the implants under oblique loads. The highest values of stress/strain 

in the posterior part of the residual alveolar ridge are observed in the cortical bone in the 

retromolar region, in the model with a locator attachment. Under axial bilateral loading, the 

displacements of the prosthesis are minimally vertical. The largest displacements are observed in 

the model with a locator, with the bone under the base of the overdenture, i.e. the posterior part 

of the RAG, showing higher values of stress/strain in the 3D models with a locator as a retention 

system, under a bilateral axial load of 150 N. Under unilateral axial and oblique loading, the 

prosthesis rotates around the implant line, with greater displacement in the model with a bar-

attachment, but still with low values of stress/strain of the bone. Although the displacement of 

the prosthesis is greater in the model with a bar under unilateral loading, the load distribution is 

more uniform on the bone of the posterior part of the RAG and does not cause permanent 

deformation of the bone under the base of the prosthesis. Greater stress/deformation of the 

implants, peri-implant bone and the posterior part of the RAG was recorded in the model with a 

locator. Of all the structures examined, the least stress/deformation occurred in the model with a 

bar-attachment. 

 

Conclusions 

ɸccording to the results of this study, we can conclude that the type of retention system affects 

the  occlusal load distribution in the implants, peri-implant bone and the posterior part of the 

RAR, the displacement of the prosthesis and the deformation of the bone. The results confirm 

that the influence of the retention system depends on its geometry, the dimensions of the 

implants, the intensity and direction of the forces, as well as on the characteristics of the contact 

surface. Bar attachment provides more even distribution of the loading forces compared to the 

locator and ball attachments in the examined models. These results could have a significant role 

in clinical practice, for the selection of a retention system when planning an implant-prosthetic 

treatment with two narrow and short implants overdenture, for the rehabilitation of total 

edentulism of the lower jaw. 

 

Keywords: implants, overdenture, biomechanics, attachments, stress, finite element method. 
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ʉʇʀʉʆʂ ʅɸ ʉʂʈɸʊɽʅʀʎʀ 

 

 

 

ʇʦʇ ʇʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ  

ʇʦʇʇʀ ʇʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ ʧʦʪʧʨʝʥʘ ʥʘ ʠʤʧʣʘʥʪʠ 

ʀʇʇʦʇ ʀʤʧʣʘʥʪ ʧʦʪʧʨʝʥʘ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ 

ʇʀ ʇʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ 

ʈɸɻ ʈʝʟʠʜʫʘʣʥʠʦʪ ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ 

ʄʂɽ ʄʝʪʦʜʦʪ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ 

ʊ  ʊʝʣʦ ʥʘ ʠʤʤʧʣʘʥʪ 

ɸ ɸʙʘʪʤʝʥʪ 

ʂʂ ʂʦʨʪʠʢʘʣʥʘ ʢʦʩʢʘ 

ʉʂ ʉʧʦʥʛʠʦʟʥʘ ʢʦʩʢʘ 

ɸ.ɹ ʘʢʩʠʘʣʥʠ ʙʠʣʘʪʝʨʘʣʥʠ 

ɸ.ʋ ʘʢʩʠʘʣʥʠ ʫʥʠʣʘʪʝʨʘʣʥʠ 

ʂ.ɹ ʂʦʩʠ ʙʠʣʘʪʝʨʘʣʥʠ 

ʂ.ʋ ʂʦʩʠ ʫʥʠʣʘʪʝʨʘʣʥʠ 
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     1. ɺʆɺɽɼ 

 

ɽʩʪʝʪʩʢʦ-ʬʫʥʢʮʠʦʥʘʣʥʘʪʘ ʨʝʭʘʙʠʣʠʪʘʮʠʿʘ ʥʘ ʦʨʘʣʥʘʪʘ ʧʨʘʟʥʠʥʘ ʧʨʝʪʩʪʘʚʫʚʘ ʠʥʜʠʢʘʮʠʿʘ 

ʟʘ ʠʤʧʣʘʥʪ-ʧʨʦʪʝʪʠʯʢʘ ʪʝʨʘʧʠʿʘ ʢʘʿ ʧʘʮʠʝʥʪʠʪʝ ʩʦ ʪʦʪʘʣʥʘ ʙʝʟʟʘʙʦʩʪ.  

ʇʨʠʤʘʨʥʘ ʮʝʣ ʥʘ ʪʝʨʘʧʝʚʪʦʪ ʧʨʠ ʮʝʣʦʩʥʘʪʘ ʨʝʭʘʙʠʣʠʪʘʮʠʿʘ ʥʘ ʩʪʦʤʘʪʦʛʥʘʪʥʠʦʪ ʩʠʩʪʝʤ ʝ 

ʚʦʩʧʦʩʪʘʚʫʚʘˁʝ ʠ ʦʜʨʞʫʚʘˁʝ ʥʘ ʧʨʘʚʠʣʥʘ ʬʫʥʢʮʠʿʘ ʠ ʝʩʪʝʪʠʢʘ ʥʘ ʦʨʦʬʘʮʠʿʘʣʥʠʦʪ 

ʩʠʩʪʝʤ, ʧʨʠ ʰʪʦ ʜʝʥʪʘʣʥʠʪʝ ʠʤʧʣʘʥʪʠ ʠʛʨʘʘʪ ʢʣʫʯʥʘ ʫʣʦʛʘ ʚʦ ʟʘʤʝʥʘʪʘ ʥʘ ʠʟʛʫʙʝʥʠʪʝ 

ʟʘʙʠ ʠ ʚʦʩʧʦʩʪʘʚʫʚʘˁʝʪʦ ʥʘ ʦʢʣʫʟʘʣʥʘʪʘ ʨʘʤʥʦʪʝʞʘ.  

 

ʊʦʪʘʣʥʘʪʘ ʙʝʟʟʘʙʦʩʪ ʝ ʩʦʩʪʦʿʙʘ ʢʦʿʘ ʝ ʧʨʦʩʣʝʜʝʥʘ ʩʦ ʤʦʨʬʦʣʦʰʢʠ, ʬʫʥʢʮʠʦʥʘʣʥʠ ʠ 

ʝʩʪʝʪʩʢʠ ʥʘʨʫʰʫʚʘˁʘ ʥʘ ʦʨʦʬʘʮʠʘʿʣʥʠʦʪ ʩʠʩʪʝʤ. ʆʚʘʘ ʩʦʩʪʦʿʙʘ ʜʦʚʝʜʫʚʘ ʜʦ ʥʘʨʫʰʫʚʘˁʝ 

ʥʘ ʤʘʩʪʠʢʘʪʦʨʥʘʪʘ ʬʫʥʢʮʠʿʘ, ʛʦʚʦʨʦʪ, ʝʩʪʝʪʠʢʘʪʘ, ʘ ʩʦ ʪʦʘ ʠ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʞʠʚʦʪʦʪ. 

ʇʦʚʝ˃ʝ ʦʜ ʝʜʝʥ ʚʝʢ, ʢʦʥʚʝʥʮʠʦʥʘʣʥʘʪʘ ʪʦʪʘʣʥʘ ʘʢʨʠʣʘʪʥʘ ʤʦʙʠʣʥʘ ʧʨʦʪʝʟʘ ʧʨʝʪʩʪʘʚʫʚʘ 

ʩʪʘʥʜʘʨʜʥʘ ʠ ʢʣʘʩʠʯʥʘ ʦʧʮʠʿʘ ʟʘ ʪʨʝʪʤʘʥ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʩʦ ʪʦʪʘʣʥʘ ʙʝʟʟʘʙʦʩʪ. ʄʝʺʫʪʦʘ, ʚʦ 

ʛʦʣʝʤ ʙʨʦʿ ʩʣʫʯʘʠ, ʦʚʘʘ ʨʝʭʘʙʠʣʠʪʘʮʠʿʘ ʥʝ ʛʠ ʟʘʜʦʚʦʣʫʚʘ ʦʯʝʢʫʚʘˁʘʪʘ ʥʘ ʧʘʮʠʝʥʪʠʪʝ1. 

ɹʝʟʟʘʙʥʠʪʝ ʧʘʮʠʝʥʪʠ ʦʙʠʯʥʦ ʩʝ ʞʘʣʘʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʘ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʧʨʦʪʝʟʠ, 

ʦʩʦʙʝʥʦ ʥʘ ʧʨʦʪʝʟʠʪʝ ʠʟʨʘʙʦʪʝʥʠ ʚʦ ʜʦʣʥʘʪʘ ʚʠʣʠʮʘ (ʤʘʥʜʠʙʫʣʘʨʥʠ ʧʨʦʪʝʟʠ). 

ʂʦʥʪʠʥʫʠʨʘʥʘʪʘ ʨʝʩʦʨʧʮʠʿʘ ʥʘ ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ ʝ ʝʜʝʥ ʦʜ ʚʘʞʥʠʪʝ ʬʘʢʪʦʨʠ ʢʦʿ ʝ 

ʧʦʚʨʟʘʥ ʩʦ ʛʫʙʝˁʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪʘ ʠ ʨʝʪʝʥʮʠʿʘʪʘ ʥʘ ʜʦʣʥʘʪʘ ʧʨʦʪʝʟʘ, ʧʦʨʘʜʠ ʥʘʤʘʣʫʚʘˁʝ 

ʥʘ ʧʦʪʧʨʦʪʝʟʥʦʪʦ ʪʢʠʚʦ ʢʘʢʦ ʣʝʞʠʰʪʝ ʥʘ ʪʦʪʘʣʥʘʪʘ ʧʨʦʪʝʟʘ 2.  

 

ʈʝʩʦʨʧʮʠʿʘʪʘ ʥʘ ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ ʝ ʭʨʦʥʠʯʝʥ, ʧʨʦʛʨʝʩʠʚʝʥ ʠ ʠʨʝʚʝʨʟʠʙʠʣʝʥ  ʧʨʦʮʝʩ 

ʥʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʠ ʢʚʘʥʪʠʪʝʪʦʪ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ (ʈɸɻ) ʧʦ 

ʚʘʜʝˁʝʪʦ ʥʘ ʟʘʙʠʪʝ. ʅʘʿʠʥʪʝʥʟʠʚʥʘ ʝ ʚʦ ʪʝʢʦʪ ʥʘ ʧʨʚʘʪʘ ʛʦʜʠʥʘ ʧʦ ʚʘʜʝˁʝʪʦ ʥʘ ʟʘʙʠʪʝ, 

ʢʦʛʘ ʧʨʠʙʣʠʞʥʦ 60 % ʦʜ ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ ʝ ʨʝʩʦʨʙʠʨʘʥ. ʉʝʧʘʢ, ʘʢʪʠʚʥʦʩʪʘ ʥʘ 

ʨʝʩʦʨʧʮʠʿʘʪʘ ʥʘ ʢʦʩʢʘʪʘ ʧʨʦʜʦʣʞʫʚʘ ʙʘʚʥʦ ʚʦ ʪʝʢʦʪ ʥʘ ʞʠʚʦʪʦʪ, ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ ʛʫʙʝˁʝ 

ʥʘ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʚʠʣʠʮʘʪʘ 3.4. ʉʪʫʜʠʠʪʝ ʧʦʢʘʞʘʘ 29  ╖  63 % 

ʭʦʨʠʟʦʥʪʘʣʥʦ ʛʫʙʝˁʝ ʥʘ ʢʦʩʢʝʥʘʪʘ ʤʘʩʘ ʠ 11 ╖ 22 % ʚʝʨʪʠʢʘʣʥʦ ʛʫʙʝˁʝ ʥʘ ʢʦʩʢʝʥʘʪʘ ʤʘʩʘ 

ʰʝʩʪ ʤʝʩʝʮʠ ʧʦ ʝʢʩʪʨʘʢʮʠʿʘ ʥʘ ʟʘʙ 4.5. 

 

ʂʘʿ ʧʘʮʠʝʥʪʠ ʥʦʩʠʪʝʣʠ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʪʦʪʘʣʥʠ ʧʨʦʪʝʟʠ ʝ ʟʘʙʝʣʝʞʘʥʘ ʠʥʜʠʚʠʜʫʘʣʥʘ 

ʚʘʨʠʿʘʮʠʿʘ ʚʦ ʩʪʘʧʢʘʪʘ ʥʘ ʨʝʩʦʨʧʮʠʿʘ6. ʉʪʝʧʝʥʦʪ ʥʘ ʨʝʩʦʨʧʮʠʿʘ ʥʘ ʛʨʝʙʝʥʦʪ ʝ ʧʦʚʨʟʘʥ ʩʦ 

ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʠ ʧʘʨʘʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʩʠʣʠ ʥʘ ʦʢʣʫʟʠʿʘ, ʢʘʢʦ ʠ ʩʦ 

ʙʠʦʤʝʭʘʥʠʯʢʠʪʝ ʘʩʧʝʢʪʠ ʧʦʚʨʟʘʥʠ ʩʦ ʧʨʦʪʝʟʘʪʘ ɐ ʧʦʜʜʨʰʢʘʪʘ ʠ ʩʪʘʙʠʣʥʦʩʪʘ ʥʘ ʧʨʦʪʝʟʘʪʘ, 

ʧʦʟʠʮʠʦʥʠʨʘˁʝʪʦ ʥʘ ʚʝʰʪʘʯʢʠʪʝ ʟʘʙʠ, ʚʠʜʦʪ ʥʘ ʦʢʣʫʟʠʿʘʪʘ ʠ ʘʥʪʘʛʦʥʠʩʪʠʪʝ7.  

ʈʝʩʦʨʧʮʠʿʘʪʘ ʥʘ ʛʨʝʙʝʥʦʪ, ʧʦʨʘʜʠ ʥʝʿʟʠʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʧʨʦʪʝʪʩʢʠʦʪ ʪʨʝʪʤʘʥ, ʝ ʧʨʚʠʦʪ 

ʢʨʠʪʝʨʠʫʤ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʩʪʝʧʝʥʦʪ ʥʘ ʪʝʰʢʦʪʠʿʘ ʥʘ ʣʝʢʫʚʘˁʝʪʦ ʟʘ ʧʘʮʠʝʥʪʠ ʩʦ 

ʪʦʪʘʣʥʘ ʙʝʟʟʘʙʦʩʪ, ʩʧʦʨʝʜ ʧʨʦʪʝʪʠʯʢʠʦʪ ʜʠʿʘʛʥʦʩʪʠʯʢʠ ʠʥʜʝʢʩ (ʇɼʀ) 6. 8. ɿʘ ʤʥʦʛʫ 

ʨʝʩʦʨʙʠʨʘʥʠ ʛʨʝʙʝʥʠ, ʧʨʦʪʝʪʠʯʢʘʪʘ ʨʝʭʘʙʠʣʠʪʘʮʠʿʘ ʩʦ ʦʩʝʦʠʥʪʝʛʨʠʨʘʥʠ ʠʤʧʣʘʥʪʠ ʝ 
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ʥʘʿʜʦʙʨʦ ʨʝʰʝʥʠʝ ʟʘ ʧʨʝʚʝʥʠʨʘˁʝ ʥʘ ʦʚʦʿ ʧʨʦʮʝʩ ʠ ʟʘ ʟʘʯʫʚʫʚʘˁʝ ʥʘ ʢʦʩʢʘʪʘ 9. 10.  

 

 

ʆʜ ʦʪʢʨʠʪʠʝʪʦ ʥʘ ʬʝʥʦʤʝʥʦʪ ʥʘ ʦʩʪʝʦʠʥʪʝʛʨʘʮʠʿʘ ʦʜ ʩʪʨʘʥʘ ʥʘ Branʝmark, ʟʘʙʥʠʪʝ 

ʠʤʧʣʘʥʪʠ ʩʪʘʥʘʘ ʧʨʝʜʚʠʜʣʠʚ, ʫʩʧʝʰʝʥ ʠ ʝʜʝʥ ʦʜ ʥʘʿʯʝʩʪʠʪʝ ʨʝʩʪʘʚʨʘʪʠʚʥʠ ʤʝʪʦʜʠ ʟʘ 

ʨʝʭʘʙʠʣʠʪʘʮʠʿʘ ʥʘ ʪʦʪʘʣʥʘ ʠ ʧʘʨʮʠʘʿʣʥʘ ʙʝʟʟʘʙʦʩʪ11. 

 

ʉʦ ʮʝʣ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʤʘʩʪʠʢʘʪʦʨʥʘʪʘ ʬʫʥʢʮʠʿʘ, ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʞʠʚʦʪ, ʢʘʢʦ ʠ ʟʘʯʫʚʫʚʘˁʝ 

ʥʘ ʢʦʩʢʝʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʢʘʿ ʧʘʮʠʝʥʪʠʪʝ, ʚʦ ʩʦʚʨʝʤʝʥʘʪʘ ʩʪʦʤʘʪʦʣʦʛʠʿʘ ʩʝ ʚʦʚʝʜʝʥʠ ʥʦʚʠ 

ʪʝʨʘʧʝʚʪʩʢʠ ʤʦʜʘʣʠʪʝʪʠ ʟʘ ʨʝʭʘʙʠʣʠʪʘʮʠʿʘ ʥʘ ʧʘʮʠʝʥʪʠ ʩʦ ʪʦʪʘʣʥʘ ʙʝʟʟʘʙʦʩʪ ʢʦʠ ʥʝ 

ʤʦʞʘʪ ʜʘ ʩʝ ʧʨʠʣʘʛʦʜʘʪ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʪʦʪʘʣʥʠ ʧʨʦʪʝʟʠ. ʇʦʢʨʦʚʥʠʪʝ ʧʨʦʪʝʟʠ 

(ʇʦʇ) ʥʘʜ ʠʤʧʣʘʥʪʠ ʩʪʘʥʘʘ ʨʫʪʠʥʩʢʘ ʦʧʮʠʿʘ ʟʘ ʪʨʝʪʤʘʥ ʚʦ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ, ʧʦʨʘʜʠ 

ʨʝʣʘʪʠʚʥʦ ʨʘʟʫʤʥʘʪʘ ʮʝʥʘ, ʥʝʢʦʤʧʣʠʮʠʨʘʥʦʪʦ ʢʣʠʥʠʯʢʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʟʥʘʯʠʪʝʣʥʦ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʨʝʪʝʥʮʠʿʘʪʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʿʘʪʘ, ʰʪʦ ʛʦ ʧʨʘʚʘʪ ʦʚʦʿ ʪʠʧ ʥʘ ʨʝʩʪʘʚʨʘʮʠʿʘ 

ʘʪʨʘʢʪʠʚʥʘ ʦʧʮʠʿʘ ʟʘ ʪʨʝʪʤʘʥ ʟʘ ʧʘʮʠʝʥʪʠʪʝ ʠ ʟʘ ʩʪʦʤʘʪʦʣʦʟʠʪʝ12. 

 

ʆʧʪʠʤʘʣʥʘ ʪʦʧʦʛʨʘʬʩʢʘ ʧʦʟʠʮʠʿʘ ʟʘ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʚʦ  ʜʦʣʥʘʪʘ ʚʠʣʠʮʘ ʝ 

ʠʥʪʝʨʬʦʨʘʤʠʥʘʣʥʠʦʪ ʨʝʛʠʦʥ, ʧʦʨʘʜʠ ʥʘʿʧʦʚʦʣʥʠʪʝ ʘʥʘʪʦʤʩʢʠ ʫʩʣʦʚʠ ʠ ʜʝʙʝʣʠʥʘʪʘ ʥʘ 

ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ. ʀʜʝʘʣʥʦʪʦ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʠʤʧʣʘʥʪʦʪ ʧʦʜʨʘʟʙʠʨʘ ʜʝʢʘ ʤʦʨʘ ʜʘ ʙʠʜʝ 

ʥʘ ʠʩʪʦ ʨʘʩʪʦʿʘʥʠʝ ʦʜ ʣʠʥʠʿʘʪʘ ʥʘ ʩʨʝʜʠʥʘʪʘ (ʩʠʤʬʠʟʘʪʘ), ʧʘʨʘʣʝʣʥʦ ʝʜʝʥ ʩʦ ʜʨʫʛ, ʥʘ ʠʩʪʘ 

ʚʠʩʠʥʘ ʠ ʧʝʨʧʝʥʜʠʢʫʣʘʨʥʦ ʩʦ ʦʢʣʫʟʘʣʥʘʪʘ ʨʘʤʥʠʥʘ 13. ɺʦ ʢʣʠʥʠʯʢʘʪʘ ʧʨʘʢʪʠʢʘ, 

ʚʦʦʙʠʯʘʝʥʦ ʝ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʚʦ ʥʝʧʦʚʦʣʥʘ ʧʦʟʠʮʠʿʘ, ʧʦʨʘʜʠ ʩʣʘʙʠʦʪ 

ʢʚʘʣʠʪʝʪ ʥʘ ʢʦʩʢʠʪʝ ʠʣʠ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʘʥʘʪʦʤʩʢʠʪʝ ʩʪʨʫʢʪʫʨʠ 14.  

 

ʂʦʤʧʿʫʪʝʨʠʟʠʨʘʥʘʪʘ ʪʦʤʦʛʨʘʬʠʿʘ, ʦʩʦʙʝʥʦ CBCT (Cone Beam Computed Tomography), 

ʜʘʚʘ ʠʥʬʦʨʤʘʮʠʠ ʢʦʠ ʩʝ ʦʜ ʛʦʣʝʤʦ ʟʥʘʯʝˁʝ ʟʘ ʠʤʧʣʘʥʪ-ʧʨʦʪʝʪʠʯʢʠʦʪ ʪʨʝʪʤʘʥ, ʦʩʦʙʝʥʦ ʚʦ 

ʩʣʦʞʝʥʠ ʩʣʫʯʘʠ ʩʦ ʪʝʰʢʘ ʨʝʩʦʨʧʮʠʿʘ ʥʘ ʛʨʝʙʝʥʠʪʝ ʠʣʠ ʢʘʿ ʤʣʠʪʘʚʠ ʛʨʝʙʝʥʠ.  

CBCT ʦʚʦʟʤʦʞʫʚʘ ʧʨʝʮʠʟʥʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʘʥʘʣʠʟʘ ʥʘ ʘʥʘʪʦʤʩʢʠʪʝ ʠ ʧʘʪʦʣʦʰʢʠʪʝ 

ʩʪʨʫʢʪʫʨʠ, ʢʘʢʦ ʠ ʤʝʨʝˁʘ ʢʦʠ ʩʝ ʙʠʪʥʠ ʟʘ ʭʠʨʫʨʰʢʠʪʝ ʠʥʪʝʨʚʝʥʮʠʠ. ɼʦʧʦʣʥʠʪʝʣʥʦ, 

ʥʝʛʦʚʘʪʘ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʩʦ ʜʨʫʛʠ ʧʨʦʛʨʘʤʠ ʦʪʚʦʨʘ ʦʧʮʠʿʘ ʟʘ ʜʝʪʘʣʥʦ ʧʣʘʥʠʨʘˁʝ ʠ 

ʚʠʟʫʝʣʠʟʘʮʠʿʘ ʥʘ ʠʜʥʘʪʘ ʧʨʦʪʝʪʠʯʢʘ ʨʝʩʪʘʚʨʘʮʠʿʘ. ʊʘʢʚʠʦʪ ʢʦʥʮʝʧʪ ʜʝʥʝʩ ʩʝ ʥʘʨʝʢʫʚʘ 

ʧʨʦʪʝʪʠʯʢʠ ʚʦʜʝʥʘ ʠʤʧʣʘʥʪʦʣʦʛʠʿʘ15. ʇʦʨʘʜʠ ʧʨʝʮʠʟʥʘʪʘ ʘʥʘʣʠʟʘ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʠ 

ʢʚʘʥʪʠʪʝʪʦʪ ʥʘ ʢʦʩʢʘʪʘ ʠ ʥʝʿʟʠʥʠʦʪ ʩʦʦʜʥʦʩ ʩʦ ʜʨʫʛʠʪʝ ʘʥʘʪʦʤʩʢʠ ʩʪʨʫʢʪʫʨʠ, ʥʘʿʯʝʩʪʦ ʩʝ 

ʢʦʨʠʩʪʠ ʚʦ ʠʤʧʣʘʥʪʦʣʦʛʠʿʘʪʘ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʘʥʘʪʦʤʠʿʘʪʘ ʥʘ ʢʦʩʢʝʥʦʪʦ ʣʝʞʠʰʪʝ ʥʘ ʠʜʥʠʦʪ 

ʠʤʧʣʘʥʪ ʠ ʦʢʦʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ, ʟʘ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʚʠʩʠʥʘʪʘ ʠ ʰʠʨʠʥʘʪʘ ʥʘ ʘʣʚʝʦʣʘʨʥʠʦʪ 

ʛʨʝʙʝʥ, ʟʘ ʜʠʛʠʪʘʣʥʦ ʧʣʘʥʠʨʘˁʝ ʥʘ ʠʜʥʠʦʪ ʠʤʧʣʘʥʪ (ʠʟʙʦʨ ʥʘ ʩʦʦʜʚʝʪʝʥ ʠʤʧʣʘʥʪ) ʠ ʟʘ 

ʘʥʘʣʠʟʘ ʥʘ ʧʨʦʪʝʪʠʯʢʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ16. 

 

ʀʟʙʦʨʦʪ ʥʘ ʪʝʨʘʧʠʿʘ ʟʘʚʠʩʠ ʦʜ ʘʥʘʪʦʤʩʢʠʪʝ ʠ ʤʦʨʬʦʣʦʰʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʧʘʮʠʝʥʪʦʪ, ʜʦʩʪʘʧʥʘʪʘ ʢʦʩʢʘ, ʤʝʺʫʚʠʣʠʯʥʠʪʝ ʦʜʥʦʩʠ, ʙʨʦʿʦʪ ʥʘ ʫʧʦʪʨʝʙʝʥʠ ʠʤʧʣʘʥʪʠ, ʢʘʢʦ 
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ʠ ʦʜ ʧʨʝʬʝʨʝʥʮʠʠʪʝ ʠ ʬʠʥʘʥʩʠʩʢʠʪʝ ʤʦʞʥʦʩʪʠ ʥʘ ʧʘʮʠʝʥʪʦʪ. ɼʦʢʦʣʢʫ ʧʘʮʠʝʥʪʦʪ ʠʤʘ 

ʠʟʨʘʟʝʥʘ ʚʝʨʪʠʢʘʣʥʘ ʠʣʠ ʭʦʨʠʟʦʥʪʘʣʥʘ ʨʝʩʦʨʧʮʠʿʘ ʥʘ ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ, ʩʢʝʣʝʪʥʠ 

ʘʥʦʤʘʣʠʠ, ʟʥʘʯʠʪʝʣʥʠ ʦʪʩʪʘʧʫʚʘˁʘ ʤʝʺʫ ʚʠʣʠʮʠʪʝ ʠʣʠ ʥʝʜʦʚʦʣʥʘ ʧʦʜʜʨʰʢʘ ʟʘ ʫʩʥʠʪʝ ʩʝ 

ʧʨʝʧʦʨʘʯʫʚʘ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ ʚʦ ʦʜʥʦʩ ʥʘ ʬʠʢʩʥʠ ʧʨʦʪʝʪʠʯʢʠ ʠʟʨʘʙʦʪʢʠ17. 18. 

 

ʇʦʩʪʦʠ ʦʧʰʪ ʢʦʥʩʝʥʟʫʩ ʜʝʢʘ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ ʨʝʪʠʥʠʨʘʥʘ ʩʦ ʜʚʘ ʠʤʧʣʘʥʪʘ ʪʨʝʙʘ ʜʘ ʩʝ 

ʩʤʝʪʘ ʟʘ ʧʨʚ ʩʪʘʥʜʘʨʜ ʥʘ ʠʟʙʦʨ ʟʘ ʨʝʭʘʙʠʣʠʪʘʮʠʿʘ ʥʘ ʤʘʥʜʠʙʫʣʘʨʥʘ ʪʦʪʘʣʥʘ ʙʝʟʟʘʙʦʩʪ. 

ʆʚʦʿ ʪʨʝʪʤʘʥ ʙʘʨʘ ʫʧʦʪʨʝʙʘ ʥʘ ʩʠʩʪʝʤʠ ʟʘ ʨʝʪʝʥʮʠʿʘ Ƅ ʘʪʝʯʤʝʥʪʠ, ʢʦʠ ʿʘ ʧʦʚʨʟʫʚʘʘʪ 

ʪʦʪʘʣʥʘʪʘ ʧʨʦʪʝʟʘ ʩʦ ʠʤʧʣʘʥʪʦʪ. ʀʜʝʘʣʥʠʦʪ ʩʠʩʪʝʤ ʟʘ ʨʝʪʝʥʮʠʿʘ ʪʨʝʙʘ ʜʘ ʛʠ ʥʘʤʘʣʠ 

ʜʚʠʞʝˁʘʪʘ ʥʘ ʧʨʦʪʝʟʘʪʘ ʙʝʟ ʜʘ ʥʘʤʝʪʥʫʚʘ ʜʦʧʦʣʥʠʪʝʣʝʥ ʩʪʨʝʩ ʥʘ ʠʤʧʣʘʥʪʠʪʝ 19. 

 

Aʪʝʯʤʝʥʪʠʪʝ ʩʝ ʨʠʛʠʜʥʠ ʠʣʠ ʨʝʟʠʣʠʝʥʪʥʠ ʢʦʥʝʢʪʦʨʠ ʢʦʠ ʛʠ ʘʧʩʦʨʙʠʨʘʪ ʠ ʧʨʝʥʘʩʦʯʫʚʘʘʪ 

ʦʢʣʫʟʘʣʥʠʪʝ ʩʠʣʠ. ʅʠʚʥʘʪʘ ʬʫʥʢʮʠʿʘ ʝ ʜʘ ʛʠ ʟʘʰʪʠʪʘʪ ʠ ʟʘʯʫʚʘʘʪ ʤʝʢʠʪʝ ʪʢʠʚʘ ʠ ʢʦʩʢʠʪʝ, 

ʜʘ ʦʙʝʟʙʝʜʫʚʘʪ ʨʝʪʝʥʮʠʿʘ, ʜʘ ʩʝ ʩʧʨʦʪʠʚʩʪʘʚʘʪ ʥʘ ʩʠʣʠʪʝ ʢʦʠ ʠʤʘʘʪ ʪʝʥʜʝʥʮʠʿʘ ʜʘ ʿʘ 

ʧʦʜʠʛʥʘʪ ʧʨʦʪʝʟʘʪʘ, ʢʘʢʦ ʠ ʜʘ ʫʯʝʩʪʚʫʚʘʘʪ ʚʦ ʧʨʝʥʝʩʫʚʘˁʝʪʦ ʥʘ ʦʢʣʫʟʘʣʥʠʪʝ ʩʠʣʠ ʦʜ 

ʧʨʦʪʝʟʘʪʘ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʦʪʦ ʪʢʠʚʦ ʚʦ ʘʢʩʠʿʘʣʥʘ ʥʘʩʦʢʘ ʠ ʜʘ ʛʠ ʜʠʩʪʨʠʙʫʠʨʘʪ ʩʠʣʠʪʝ ʥʘ 

ʩʤʦʣʢʥʫʚʘˁʝ. ɸʪʝʯʤʝʥʪʦʪ ʤʦʞʝ ʜʘ ʙʠʜʝ ʠʟʨʘʙʦʪʝʥ ʦʜ ʙʣʘʛʦʨʦʜʥʠ ʠʣʠ ʥʝʙʣʘʛʦʨʦʜʥʠ 

ʣʝʛʫʨʠ, ʰʪʦ ʚʣʠʿʘʝ ʥʘ ʥʝʛʦʚʠʪʝ ʤʝʭʘʥʠʯʢʠ ʩʚʦʿʩʪʚʘ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ ʘʙʝˁʝ20. ʉʝʧʘʢ, ʩʝʢʦʿ 

ʩʠʩʪʝʤ ʟʘ ʨʝʪʝʥʮʠʿʘ ʠʤʘ ʩʚʦʠ ʧʨʝʜʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʦʮʠ ʢʦʠ ʪʨʝʙʘ ʜʘ ʩʝ ʟʝʤʘʪ ʧʨʝʜʚʠʜ ʧʨʠ 

ʠʟʙʦʨʦʪ ʥʘ ʨʝʪʝʥʮʠʩʢʠoʪ ʩʠʩʪʝʤ. ʅʘʿʯʝʩʪʠ ʩʠʩʪʝʤʠ ʟʘ ʨʝʪʝʥʮʠʿʘ ʟʘ ʠʤʧʣʘʥʪ-ʧʦʪʧʨʝʥʘʪʘ 

ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ (ʀʇʇʦʇ) ʩʝ ʪʦʧʢʘ-, ʣʦʢʘʪʦʨ-, ʧʨʝʯʢʘ-, ʤʘʛʥʝʪ- ʠ ʪʝʣʝʩʢʦʧ-ʩʠʩʪʝʤʦʪ. 

 

ʊʦʧʢʘʪʘ ʝ ʩʘʤʦʩʪʦʝʥ, ʨʝʟʠʣʠʝʥʪʝʥ ʘʪʝʯʤʝʥʪ ʠ ʧʨʝʪʩʪʘʚʫʚʘ ʥʘʿʝʜʥʦʩʪʘʚʥʠʦʪ ʠ 

ʥʘʿʝʢʦʥʦʤʠʯʥʠʦʪ ʪʠʧ ʥʘ ʨʝʪʝʥʮʠʩʢʠ ʩʠʩʪʝʤ.  ʊʦʧʢʘʪʘ ʦʙʝʟʙʝʜʫʚʘ ʜʦʙʨʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ, ʜʦʙʨʘ ʨʝʪʝʥʮʠʿʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʥʘ ʧʨʦʪʝʟʘʪʘ, ʜʦʩʪʘʧʥʘ ʝ ʚʦ ʥʝʢʦʣʢʫ 

ʚʠʩʠʥʠ ʠ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʥʘ ʜʠʚʝʨʛʝʥʪʥʠ ʠʤʧʣʘʥʪʠ 21.   

ʃʦʢʘʪʦʨ ʝ ʩʘʤʦʩʪʦʝʥ, ʨʝʟʠʣʠʝʥʪʝʥ ʩʠʩʪʝʤ ʟʘ ʨʝʪʝʥʮʠʿʘ, ʩʦ ʬʫʥʢʮʠʿʘ ʟʘ ʩʘʤʦʧʦʨʘʤʥʫʚʘˁʝ 

ʠ ʜʚʦʿʥʘ ʨʝʪʝʥʮʠʿʘ 22. ʇʨʝʜʥʦʩʪʘ ʥʘ ʣʦʢʘʪʦʨʦʪ ʝ ʪʦʘ ʰʪʦ, ʧʦʨʘʜʠ ʥʠʩʢʠʦʪ ʧʨʦʬʠʣ, ʤʦʞʝ ʜʘ 

ʩʝ ʢʦʨʠʩʪʠ ʢʦʛʘ ʝ ʥʘʤʘʣʝʥ ʚʝʨʪʠʢʘʣʥʠʦʪ ʧʨʦʪʝʪʩʢʠ ʧʨʦʩʪʦʨ, ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʥʘ 

ʜʠʚʝʨʛʝʥʪʥʠ ʠʤʧʣʘʥʪʠ ʠ ʜʘ ʢʦʤʧʝʥʟʠʨʘ ʠʤʧʣʘʥʪʥʘ ʜʠʚʝʨʛʝʥʮʠʿʘ ʜʦ 40Á 23. 

ʄʘʛʥʝʪʠʪʝ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʩʘʤʦʩʪʦʿʥʠ ʨʝʟʠʣʠʝʥʪʥʠ ʘʪʝʯʤʝʥʪʠ, ʢʦʠ ʩʝ ʨʝʣʘʪʠʚʥʦ 

ʝʜʥʦʩʪʘʚʥʠ. ʊʠʝ ʩʝ ʦʩʦʙʝʥʦ ʢʦʨʠʩʥʠ ʢʘʿ ʧʘʮʠʝʥʪʠ ʩʦ ʥʘʤʘʣʝʥʘ ʨʘʯʥʘ ʫʤʝʰʥʦʩʪ 24. 

ʄʝʺʫʪʦʘ, ʤʘʛʥʝʪʥʠʪʝ ʩʠʩʪʝʤʠ ʥʫʜʘʪ ʩʣʘʙ ʧʨʦʬʠʣ ʥʘ ʨʝʪʝʥʮʠʿʘ, ʘ ʛʫʙʝˁʝʪʦ ʥʘ 

ʤʘʛʥʝʪʠʟʤʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʦʙʠʯʥʦ ʧʨʦʙʣʝʤ 25. 

ʊʝʣʝʩʢʦʧʩʢʠʪʝ ʘʪʝʯʤʝʥʪʠ ʥʫʜʘʪ ʜʦʙʨʘ ʨʝʪʝʥʮʠʿʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʥʘ ʧʨʦʪʝʟʘʪʘ23. 

ʇʨʝʜʥʦʩʪʘ ʥʘ ʪʝʣʝʩʢʦʧʩʢʠʪʝ ʘʪʝʯʤʝʥʪʠ ʝ  ʧʦʣʝʩʥʦʪʦ ʦʜʨʞʫʚʘˁʝ ʥʘ ʦʨʘʣʥʘʪʘ ʭʠʛʠʝʥʘ, 

ʤʦʞʥʦʩʪʘ ʟʘ ʫʧʦʪʨʝʙʘ ʚʦ ʥʘʤʘʣʝʥ ʠʥʪʝʨʤʘʢʩʠʣʘʨʝʥ ʧʨʦʩʪʦʨ ʠ ʧʦʚʦʣʥʠʦʪ ʧʨʝʥʦʩ ʥʘ 

ʘʢʩʠʿʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʠʤʧʣʘʥʪʠʪʝ. 

ʇʨʝʯʢʘ-ʘʪʝʯʤʝʥʪʠʪʝ ʩʝ ʤʥʦʛʫ ʩʢʘʧʠ, ʧʦʩʣʦʞʝʥʠ ʟʘ ʫʧʦʪʨʝʙʘ ʠ ʙʘʨʘʘʪ ʧʦʚʝ˃ʝ 

ʠʥʪʝʨʤʘʢʩʠʣʘʨʝʥ ʧʨʦʩʪʦʨ ʟʘ ʨʝʩʪʘʚʨʘʮʠʿʘ23. ʇʦʩʪʦʿʘʪ ʨʘʟʣʠʯʥʠ ʜʠʟʘʿʥʠ ʥʘ ʧʨʝʯʢʘ, ʢʦʠ 
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ʤʦʞʝ ʜʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʩʧʦʨʝʜ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʦʪ ʧʨʦʮʝʩ, ʦʙʣʠʢʦʪ ʥʘ ʧʨʝʩʝʢʦʪ ʠ 

ʥʘʯʠʥʦʪ ʥʘ ʨʝʪʝʥʮʠʿʘ. ʇʨʝʯʢʘʪʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʬʘʙʨʠʢʫʚʘʥʘ ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʥʦ ʬʨʝʟʫʚʘʥʘ. 

ʄʦʞʝ ʜʘ ʙʠʜʝ ʦʢʨʫʛʣʘ, ʦʚʘʣʥʘ ʠʣʠ ʢʚʘʜʨʘʪʥʘ26. ʇʨʝʩʝʢʦʪ ʥʘ ʧʨʝʯʢʘʪʘ ʚʣʠʿʘʝ ʚʨʟ 

ʨʝʪʝʥʮʠʿʘʪʘ ʠ ʛʦ ʦʜʨʝʜʫʚʘ ʩʪʝʧʝʥʦʪ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʧʨʦʪʝʟʘʪʘ. ɺʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʨʝʪʝʥʮʠʿʘʪʘ, 

ʧʨʝʯʢʘʪʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʨʠʛʠʜʥʘ ʠʣʠ ʨʝʟʠʣʠʝʥʪʥʘ. ʇʨʝʜʥʦʩʪʘ ʥʘ ʧʨʝʯʢʘ ʝ ʪʦʘ ʰʪʦ ʛʠ 

ʧʦʚʨʟʫʚʘ ʠʤʧʣʘʥʪʠʪʝ ʚʦ ʙʣʦʢ, ʰʪʦ ʤʦʞʝ ʜʘ ʛʦ ʨʝʰʠ ʧʨʦʙʣʝʤʦʪ ʩʦ ʥʝʧʦʚʦʣʥʘʪʘ 

ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ˅ʚʘʢʘʣʥʠʪʝ ʩʠʣʠ ʠ ʧʨʝʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ. ʆʚʘ ʝ ʦʩʦʙʝʥʦ 

ʚʘʞʥʦ ʢʦʛʘ ʩʝ ʢʦʨʠʩʪʘʪ ʢʨʘʪʢʠ ʠʤʧʣʘʥʪʠ, ʧʦʢʨʘʪʢʠ ʦʜ 10 mm26. 

 

ʀʟʙʦʨʦʪ ʥʘ ʦʢʣʫʟʘʣʝʥ ʢʦʥʮʝʧʪ ʟʘ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ ʧʦʪʧʨʝʥʘ ʥʘ ʠʤʧʣʘʥʪʠ (ʇʦʇʇʀ) ʝ 

ʠʥʜʠʚʠʜʫʘʣʝʥ ʠ ʟʘʚʠʩʠ ʦʜ ʧʦʚʝ˃ʝ ʬʘʢʪʦʨʠ, ʢʘʢʦ ʰʪʦ ʩʝ: ʩʢʝʣʝʪʥʘʪʘ ʢʣʘʩʘ, ʜʠʩʪʨʠʙʫʮʠʿʘʪʘ 

ʥʘ ʠʤʧʣʘʥʪʠʪʝ, ʚʝʨʪʠʢʘʣʥʘʪʘ ʜʠʤʝʥʟʠʿʘ, ʠʥʪʝʨʤʘʢʩʠʣʘʨʥʦʪʦ ʨʘʩʪʦʿʘʥʠʝ, ʩʦʦʜʥʦʩʦʪ 

ʢʦʨʦʥʢʘ-ʠʤʧʣʘʥʪ, ʘʛʦʣʥʦʩʪʘ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʝʩʪʝʪʠʢʘʪʘ ʥʘ ʣʠʥʠʿʘʪʘ ʥʘ ʥʘʩʤʝʚʢʘʪʘ, 

ʧʦʜʜʨʰʢʘ ʥʘ ʫʩʥʠʪʝ ʠʪʥ27. ɺʘʞʝʥ ʬʘʢʪʦʨ ʧʨʠ ʦʜʣʫʯʫʚʘˁʝʪʦ ʢʦʿ ʢʦʥʮʝʧʪ ʥʘ ʦʢʣʫʟʠʿʘ ʜʘ ʩʝ 

ʧʣʘʥʠʨʘ ʟʘ ʠʤʧʣʘʥʪ- ʧʨʦʪʝʪʠʯʢʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʢʘʿ ʚʠʣʠʮʘ ʩʦ ʪʦʪʘʣʥʘ ʙʝʟʟʘʙʦʩʪ ʝ ʩʦʩʪʦʿʙʘʪʘ 

ʥʘ ʩʧʨʦʪʠʚʥʘʪʘ ʚʠʣʠʮʘ. ʂʦʥʮʝʧʪʦʪ ʥʘ ʦʢʣʫʟʠʿʘ ʰʪʦ ʥʘʿʯʝʩʪʦ ʩʝ ʧʨʝʜʣʘʛʘ ʟʘ ʧʦʢʨʦʚʥʘ 

ʧʨʦʪʝʟʘ ʨʝʪʠʥʠʨʘʥʘ ʦʜ ʠʤʧʣʘʥʪʠ ʝ ʙʠʣʘʪʝʨʘʣʥʘʪʘ ʙʘʣʘʥʩʠʨʘʥʘ ʦʢʣʫʟʠʿʘ28.   

ɿʘ ʧʘʮʠʝʥʪʠ ʩʦ ʙʠʤʘʢʩʠʣʘʨʥʘ ʪʦʪʘʣʥʘ ʙʝʟʟʘʙʦʩʪ, ʢʘʿ ʧʘʮʠʝʥʪʠ ʩʦ ʩʢʝʣʝʪʥʘ ʢʣʘʩʘ II ʠ ʪʝʰʢʘ 

ʨʝʩʦʨʧʮʠʿʘ ʥʘ ʤʘʥʜʠʙʫʣʘʨʥʠʦʪ ʛʨʝʙʝʥ, ʢʘʿ ʧʘʮʠʝʥʪʠ ʩʦ ʢʦʤʙʠʥʠʨʘʥ ʩʠʥʜʨʦʤ ʠ ʩʦ ʪʝʰʢʘ 

ʨʝʩʦʨʧʮʠʿʘ ʥʘ ʤʘʢʩʠʣʘʨʥʠʦʪ ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʚʦ ʨʘʤʢʠʪʝ ʥʘ III ʩʢʝʣʝʪʥʘ ʢʣʘʩʘ, 

ʥʘʿʧʨʝʧʦʨʘʯʘʥʘ ʦʢʣʫʟʘʣʥʘ ʰʝʤʘ ʟʘ ʧʦʢʨʦʚʥʠʪʝ ʧʨʦʪʝʟʠ ʝ ʣʠʥʛʚʘʣʠʟʠʨʘʥʘʪʘ ʦʢʣʫʟʠʿʘ 6. 

 

ɽʜʝʥ ʦʜ ʦʩʥʦʚʥʠʪʝ ʙʠʦʤʝʭʘʥʠʯʢʠ ʧʨʠʥʮʠʧʠ ʧʨʠ ʧʣʘʥʠʨʘˁʝʪʦ ʥʘ ʦʢʣʫʟʘʣʥʘʪʘ ʪʝʨʘʧʠʿʘ ʝ 

ʚʦʩʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʨʘʤʥʦʪʝʞʘ ʧʦʤʝʺʫ ʩʠʣʠʪʝ ʢʦʠ ʜʝʣʫʚʘʘʪ ʥʘ ʩʫʧʨʘʩʪʨʫʢʪʫʨʠʪʝ ʠ ʩʝ 

ʧʨʝʥʝʩʫʚʘʘʪ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʠ ʥʘ ʢʦʩʢʘʪʘ. ʆʜʥʝʩʫʚʘˁʝʪʦ ʥʘ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ, 

ʠʤʧʣʘʥʪʠʪʝ, ʝʣʝʤʝʥʪʠʪʝ ʟʘ ʨʝʪʝʥʮʠʿʘ, ʢʘʢʦ ʠ ʥʘ ʦʢʦʣʥʦʪʦ ʧʦʪʧʦʨʥʦ ʪʢʠʚʦ ʧʦʜ ʜʝʿʩʪʚʦʪʦ 

ʥʘ ʦʢʣʫʟʘʣʥʠʪʝ ʩʠʣʠ ʝ ʠʩʢʣʫʯʠʪʝʣʥʦ ʚʘʞʥʦ ʟʘ ʧʣʘʥʠʨʘˁʝ ʠ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʘʜʝʢʚʘʪʝʥ 

ʧʨʦʪʝʪʠʯʢʠ ʪʨʝʪʤʘʥ. ʇʨʦʛʥʦʟʘʪʘ ʥʘ ʪʨʝʪʤʘʥʦʪ ʚʦ ʛʦʣʝʤʘ ʤʝʨʘ ʟʘʚʠʩʠ ʦʜ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ 

ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʰʪʦ ʩʝ ʿʘʚʫʚʘ ʦʜ ʦʢʣʫʟʘʣʥʠʪʝ ʩʠʣʠ ʠ ʩʝ ʧʨʝʥʝʩʫʚʘ ʦʜ ʧʨʦʪʝʟʘʪʘ ʥʘ 

ʨʝʪʝʥʮʠʦʥʠʦʪ ʩʠʩʪʝʤ, ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʠ ʥʘ ʢʦʩʢʝʥʦʪʦ ʪʢʠʚʦ. ɹʠʦʤʝʭʘʥʠʯʢʘʪʘ ʠʥʪʝʨʘʢʮʠʿʘ 

ʤʝʺʫ ʠʤʧʣʘʥʪʠʪʝ, ʧʨʦʪʝʟʘʪʘ, ʠ ʦʢʦʣʥʠʪʝ ʪʢʠʚʘ ʩè ʫʰʪʝ ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʝʜʠʟʚʠʢ, ʦʩʦʙʝʥʦ 

ʢʘʿ ʩʣʫʯʘʠ ʩʦ ʨʝʩʦʨʙʠʨʘʥ ʠ ʪʝʩʝʥ ʤʘʥʜʠʙʫʣʘʨʝʥ ʛʨʝʙʝʥ, ʢʘʜʝ ʥʝʤʘ ʫʩʣʦʚʠ ʟʘ ʠʤʧʣʘʥʪʠ ʩʦ 

ʩʪʘʥʜʘʨʜʝʥ ʜʠʿʘʤʝʪʘʨ.  

ʆʜ ʦʚʠʝ ʧʨʠʯʠʥʠ, ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʚʦ ʜʦʢʪʦʨʩʢʘʪʘ ʜʠʩʝʨʪʘʮʠʿʘ ʝ 

ʙʠʦʤʝʭʘʥʠʯʢʦʪʦ ʦʜʥʝʩʫʚʘˁʝ ʥʘ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ ʧʦʪʧʨʝʥʘ ʥʘ ʜʚʘ ʪʝʩʥʠ ʠʤʧʣʘʥʪʠ, ʧʨʠ 

ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʩʦ ʧʦʩʝʙʝʥ ʘʢʮʝʥʪ ʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘʪʘ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ 

ʚʦ ʠʤʧʣʘʥʪʠʪʝ, ʢʦʩʢʘʪʘ ʦʢʦʣʫ ʠʤʧʣʘʥʪʠʪʝ ʠ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʠʜʦʪ ʥʘ ʘʪʝʯʤʝʥʪʦʪ ʢʘʢʦ ʨʝʪʝʥʮʠʩʢʠ ʝʣʝʤʝʥʪ. ɺʠʜʦʪ 

ʥʘ ʘʪʝʯʤʝʥʪ ʢʦʿ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʨʝʪʝʥʮʠʿʘ ʥʘ ʇʦʇ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʩʝ ʩʤʝʪʘ ʟʘ ʩʫʰʪʠʥʩʢʠ 

ʬʘʢʪʦʨ ʟʘ ʫʩʧʝʭʦʪ ʥʘ ʠʤʧʣʘʥʪ-ʧʨʦʪʝʪʠʯʢʠʦʪ ʪʨʝʪʤʘʥ, ʚʦ ʦʜʥʦʩ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʘʪʘ ʰʪʦ ʩʝ 
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ʿʘʚʫʚʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ ʠ ʢʦʩʢʝʥʦʪʦ ʪʢʠʚʦ ʟʘ ʚʨʝʤʝ ʥʘ ʬʫʥʢʮʠʿʘʪʘ. ʎʝʣʪʘ ʥʘ ʦʚʘʘ ʩʪʫʜʠʿʘ 

ʝ ʜʘ ʩʝ ʧʨʦʮʝʥʠ ʢʘʢʦ ʚʠʜʦʪ ʥʘ ʘʪʝʯʤʝʥʪʦʪ, ʢʘʢʦ ʩʠʩʪʝʤ ʟʘ ʨʝʪʝʥʮʠʿʘ ʥʘ ʧʦʢʨʦʚʥʘʪʘ 

ʧʨʦʪʝʟʘ ʥʘ ʜʚʘ ʪʝʩʥʠ ʠ ʢʨʘʪʢʠ ʠʤʧʣʘʥʪʠ, ʚʣʠʿʘʝ ʚʨʟ ʧʨʝʥʦʩʦʪ ʥʘ ʦʢʣʫʟʘʣʥʦʪʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʠʤʧʣʘʥʪʠʪʝ, ʢʦʩʢʘʪʘ ʦʢʦʣʫ ʠʤʧʣʘʥʪʠʪʝ ʠ ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ 

ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ, ʢʘʜʝ ʰʪʦ ʜʠʿʘʤʝʪʘʨʦʪ ʠ ʜʦʣʞʠʥʘʪʘ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʛʦ ʦʛʨʘʥʠʯʫʚʘʘʪ 

ʢʘʧʘʮʠʪʝʪʦʪ ʟʘ ʘʧʩʦʨʧʮʠʿʘ ʠ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ. ʇʦʢʨʘʿ ʪʦʘ, ʦʚʘʘ ʩʪʫʜʠʿʘ 

ʥʫʜʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʩʠʤʫʣʘʮʠʿʘ ʥʘ ʢʣʠʥʠʯʢʘ ʩʦʩʪʦʿʙʘ ʚʦ ʢʦʿʘ ʨʝʭʘʙʠʣʠʪʘʮʠʿʘʪʘ ʥʘ 

ʪʦʪʘʣʥʘʪʘ ʙʝʟʟʘʙʦʩʪ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʩʦ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ ʨʝʪʠʥʠʨʘʥʘ ʩʦ ʠʤʧʣʘʥʪʠ ʩʦ 

ʨʘʟʣʠʯʝʥ ʪʠʧ ʥʘ ʘʪʝʯʤʝʥʪʠ (ʪʦʧʢʘ, ʣʦʢʘʪʦʨ ʠ ʧʨʝʯʢʘ), ʩʦ ʮʝʣ ʜʘ ʠʤ ʧʦʤʦʛʥʝ ʥʘ 

ʢʣʠʥʠʯʘʨʠʪʝ ʚʦ ʠʟʙʦʨʦʪ ʥʘ ʩʦʦʜʚʝʪʝʥ ʨʝʪʝʥʮʠʩʢʠ ʩʠʩʪʝʤ ʟʘ ʠʟʙʝʛʥʫʚʘˁʝ ʥʘ ʨʝʩʦʨʧʮʠʿʘ ʥʘ 

ʢʦʩʢʠʪʝ ʧʦʨʘʜʠ ʧʨʝʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʧʨʦʪʝʪʠʯʢʘʪʘ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʰʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʦʩʥʦʚʘ 

ʥʘ ʦʚʘ ʙʠʦʤʝʭʘʥʠʯʢʦ ʠʩʪʨʘʞʫʚʘˁʝ.  
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1.   ʇʈɽɻʃɽɼ ʅɸ ɼʆʉʊʀɻʅʋɺɸɳɸʊɸ ɺʆ ɼɸɼɽʅɸʊɸ ʅɸʋʏʅɸ ʆɹʃAʉʊ 

ʇʆɺʈɿɸʅʀ ʉʆ ʇʈɽɼʄɽʊʆʊ ʅɸ ʀʉʊʈɸɾʋɺɸɳɽ 

 

ʇʨʠ ʧʣʘʥʠʨʘˁʝ ʥʘ ʠʤʧʣʘʥʪ-ʧʨʦʪʝʪʠʯʢʠʦʪ ʪʨʝʪʤʘʥ, ʪʨʝʙʘ ʚʥʠʤʘʪʝʣʥʦ ʜʘ ʩʝ ʝʚʘʣʫʠʨʘʘʪ 

ʘʥʘʪʦʤʩʢʠʪʝ ʠ ʤʦʨʬʦʣʦʰʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʘʮʠʝʥʪʦʪ. ʀʟʙʦʨʦʪ ʥʘ ʪʝʨʘʧʠʿʘ ʟʘʚʠʩʠ 

ʦʜ ʩʪʝʧʝʥʦʪ ʥʘ ʨʝʩʦʨʧʮʠʿʘ ʥʘ ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ, ʤʝʺʫʚʠʣʠʯʥʠʪʝ ʦʜʥʦʩʠ, ʙʨʦʿʦʪ ʥʘ 

ʫʧʦʪʨʝʙʝʥʠ ʠʤʧʣʘʥʪʠ, ʢʘʢʦ ʠ ʦʜ ʧʨʝʬʝʨʝʥʮʠʠʪʝ ʠ ʤʦʞʥʦʩʪʠʪʝ ʥʘ ʧʘʮʠʝʥʪʦʪ ʠ ʪʝʨʘʧʝʚʪʦʪ. 

 

 

2.1 ʇʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ ʧʦʪʧʨʝʥʘ ʥʘ ʠʤʧʣʘʥʪʠ   

 

ʇʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ ʥʘʜ ʠʤʧʣʘʥʪʠ ʩʪʘʥʘ ʪʝʨʘʧʠʿʘ ʥʘ ʠʟʙʦʨ ʢʘʿ ʧʘʮʠʝʥʪʠ ʢʦʠ ʥʝ ʤʦʞʘʪ ʜʘ 

ʩʝ ʧʨʠʣʘʛʦʜʘʪ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʪʦʪʘʣʥʠ ʧʨʦʪʝʟʠ ʠ ʢʘʿ ʧʘʮʠʝʥʪʠʪʝ ʢʘʿ ʢʦʠ, ʧʦʨʘʜʠ 

ʠʥʪʝʥʟʠʚʥʘ ʨʝʩʦʨʧʮʠʿʘ ʥʘ ʛʨʝʙʝʥʠʪʝ ʥʘ ʛʦʨʥʘʪʘ ʠ ʜʦʣʥʘʪʘ ʚʠʣʠʮʘ, ʝ ʠʟʛʫʙʝʥʘ ʧʦʜʜʨʰʢʘʪʘ 

ʥʘ ʫʩʥʠʪʝ, ʠʥʪʝʨʦʢʣʫʟʘʣʥʠʦʪ ʧʨʦʩʪʦʨ ʝ ʧʦʛʦʣʝʤ ʦʜ 15 mm ʠ ʝ ʥʝʚʦʟʤʦʞʥʘ ʨʝʭʘʙʠʣʠʪʘʮʠʿʘ 

ʩʦ ʬʠʢʩʥʠ ʧʨʦʪʝʪʠʯʢʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʉʦ ʧʦʢʨʠʚʥʠʪʝ ʧʨʦʪʝʟʠ ʥʘʜ ʠʤʧʣʘʥʪʠ ʤʦʞʝ ʜʘ ʩʝ 

ʢʦʤʧʝʥʟʠʨʘʘʪ ʥʘʿʦʙʝʤʥʠʪʝ ʨʝʩʦʨʧʮʠʠ ʠ ʤʝʺʫʚʠʣʠʯʥʘʪʘ ʜʠʩʭʘʨʤʦʥʠʿʘ; ʧʦʪʨʝʙʥʠ ʩʝ 

ʧʦʤʘʣʢʫ ʠʤʧʣʘʥʪʠ, ʘ ʧʨʦʪʝʪʠʯʢʠʪʝ ʧʨʦʮʝʜʫʨʠ ʩʝ ʧʦʝʜʥʦʩʪʘʚʥʠ, ʧʦʙʨʟʠ ʠ ʧʦʝʚʪʠʥʠ 17. 

 

ʉʧʦʨʝʜ Misch, ʧʦʩʪʦʿʘʪ ʜʚʘ ʚʠʜʘ ʧʦʢʨʦʚʥʠ ʧʨʦʪʝʟʠ ʥʘʜ ʠʤʧʣʘʥʪʠ: RP-4 ʠ RP-5. ʇʨʦʪʝʟʘʪʘ 

RP-4 ʝ ʮʝʣʦʩʥʦ ʧʦʜʜʨʞʘʥʘ ʦʜ ʠʤʧʣʘʥʪʠ ʠ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʩʠʪʫʘʮʠʠ ʚʦ ʢʦʠ ʩʝ ʧʨʠʤʝʥʫʚʘʘʪ 

ʧʦʚʝ˃ʝ ʠʤʧʣʘʥʪʠ (4 ʚʦ ʤʘʥʜʠʙʫʣʘʪʘ ʠ 6 ʚʦ ʤʘʢʩʠʣʘʪʘ) ʠ ʨʠʛʠʜʝʥ ʩʠʩʪʝʤ ʟʘ ʨʝʪʝʥʮʠʿʘ. ʂʘʿ 

ʧʨʦʪʝʟʘʪʘ RP-4, ʦʢʣʫʟʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʮʝʣʦʩʥʦ ʩʝ ʧʨʝʥʝʩʫʚʘ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʠ 

ʧʝʨʠʠʤʧʣʘʥʪʘʥʪʩʢʘʪʘ ʢʦʩʢʘ.  

RP-5 ʧʨʦʪʝʟʘʪʘ ʝ, ʛʣʘʚʥʦ, ʧʦʜʜʨʞʘʥʘ ʦʜ ʤʝʢʦ ʪʢʠʚo ʜʦʜʝʢʘ ʠʤʧʣʘʥʪʠʪʝ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ 

ʩʝʢʫʥʜʘʨʥʘ ʧʦʜʜʨʰʢʘ. ɺʦ RP-5 ʧʨʦʪʝʟʘʪʘ ʩʝ ʢʦʨʠʩʪʠ ʧʦʤʘʣ ʙʨʦʿ ʠʤʧʣʘʥʪʠ, ʦʙʠʯʥʦ 2 

ʠʤʧʣʘʥʪʠ ʚʦ ʤʘʥʜʠʙʫʣʘʪʘ ʠ 4 ʠʤʧʣʘʥʪʠ ʚʦ ʤʘʢʩʠʣʘʪʘ, ʠ ʨʝʟʠʣʠʝʥʪʝʥ ʩʠʩʪʝʤ ʟʘ ʨʝʪʝʥʮʠʿʘ. 

ʇʨʝʜʥʦʩʪʘ ʥʘ ʨʝʩʪʘʚʨʘʮʠʿʘʪʘ RP-5 ʝ ʧʦʥʠʩʢʘʪʘ ʮʝʥʘ, ʧʦʨʘʜʠ ʧʦʤʘʣʠʦʪ ʙʨʦʿ ʥʘ ʠʤʧʣʘʥʪʠ ʚʦ 

ʩʧʦʨʝʜʙʘ ʩʦ RP-4 ʠʣʠ ʬʠʢʩʥʘʪʘ ʨʝʩʪʘʚʨʘʮʠʿʘ. ʇʦʢʨʘʿ ʪʦʘ, ʥʝʤʘ ʧʦʪʨʝʙʘ ʜʘ ʩʝ ʧʨʘʚʠ 

ʘʫʛʤʝʥʪʘʮʠʿʘ ʥʘ ʢʦʩʢʘʪʘ (ʘʚʪʦʛʝʥ ʠʣʠ ʘʣʦʛʝʥ ʢʦʩʢʝʥ ʛʨʘʬʪ)29.  

 

Shafie Hamid ʛʠ ʢʣʘʩʠʬʠʮʠʨʘʘ ʧʦʢʨʦʚʥʠʪʝ ʧʨʦʪʝʟʠ, ʩʧʦʨʝʜ ʥʘʯʠʥʦʪ ʥʘ ʧʨʝʥʦʩʦʪ ʥʘ ʩʠʣʠʪʝ, 

ʥʘ:  

1. ʇʨʦʪʝʟʘ ʧʦʜʜʨʞʘʥʘ ʛʣʘʚʥʦ ʦʜ ʪʢʠʚʘʪʘ ï ʦʩʥʦʚʘʪʘ ʥʘ ʧʨʦʪʝʟʘʪʘ ʝ ʤʘʢʩʠʤʘʣʥʦ ʧʨʦʰʠʨʝʥʘ, 

ʧʨʠ ʰʪʦ ʩʠʣʠʪʝ ʩʝ ʧʨʝʥʝʩʫʚʘʘʪ ʧʦʚʝʝ˃ ʥʘ ʤʫʢʦʧʝʨʠʦʩʪʦʪ (ʥʘ ʧʨ., 2 ʠʤʧʣʘʥʪʠ ʩʦ 2 

ʩʘʤʦʩʪʦʿʥʠ ʝʣʝʤʝʥʪʠ ʟʘ ʨʝʪʝʥʮʠʿʘ). 
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2. ʇʨʦʪʝʟʘ ʧʦʜʜʨʞʘʥʘ ʦʜ ʠʤʧʣʘʥʪʠʪʝ ʠ ʦʜ ʪʢʠʚʘʪʘ ï ʢʘʿ ʦʚʦʿ ʪʠʧ, ʤʫʢʦʧʝʨʠʦʩʪʦʪ ʝ ʧʦʤʘʣʢʫ 

ʦʧʪʦʚʘʨʝʥ (2 ʠʤʧʣʘʥʪʠ ʤʝʺʫʩʝʙʥʦ ʧʦʚʨʟʘʥʠ ʩʦ ʧʨʝʯʢʘ), ʙʠʜʝʿʠ˃ ʜʝʣ ʦʜ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʩʝ 

ʧʨʝʥʝʩʫʚʘ ʥʘ ʧʨʝʯʢʘʪʘ ʠ ʥʘ ʠʤʧʣʘʥʪʠʪʝ.  

3. ʇʨʦʪʝʟʘ ʧʦʜʜʨʞʘʥʘ ʛʣʘʚʥʦ ʦʜ ʠʤʧʣʘʥʪʠʪʝ ï ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ ʧʦʤʘʣʘ ʙʘʟʘ ʠ ʝ 

ʧʦʜʜʨʞʘʥʘ ʦʜ ʥʘʿʤʘʣʢʫ 4 ʠʤʧʣʘʥʪʠ ʢʦʠ ʦʙʝʟʙʝʜʫʚʘʘʪ ʪʨʘʥʩʬʝʨ ʥʘ ʩʠʣʠʪʝ, ʛʣʘʚʥʦ, ʚʦ 

ʢʦʩʢʘʪʘ30. 

ʉʧʦʨʝʜ ʢʦʥʩʝʥʟʫʩʦʪ McGill ʠ York, ʧʦʢʨʦʚʥʠʪʝ ʧʨʦʪʝʟʠ ʥʘʜ ʜʚʘ ʠʤʧʣʘʥʪʠ ʩʪʘʥʫʚʘʘʪ 

ʧʨʠʬʘʪʝʥ ʪʨʝʪʤʘʥ ʥʘ ʠʟʙʦʨ ʟʘ ʤʘʥʜʠʙʫʣʘʨʥʘ ʪʦʪʘʣʥʘ ʙʝʟʟʘʙʦʩʪ, ʧʨʝʜ ʩ¯, ʧʦʨʘʜʠ ʧʦʚʦʣʥʠʪʝ 

ʨʝʟʫʣʪʘʪʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʦʨoʬʘʮʠʘʿʣʥʘʪʘ ʬʫʥʢʮʠʿʘ ʠ ʟʘʜʦʚʦʣʩʪʚʦʪʦ ʥʘ ʧʘʮʠʝʥʪʦʪ31. 

 

ʉʧʦʨʝʜ Schmitt ʠ Zarb, ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ ʨʝʪʠʥʠʨʘʥʘ ʩʦ ʜʚʘ ʠʤʧʣʘʥʪʠ ʛʠ ʟʘʜʦʚʦʣʫʚʘ 

ʙʘʨʘˁʘʪʘ ʟʘ ʥʘʿʤʘʣ ʠʥʚʘʟʠʚʝʥ ʪʨʝʪʤʘʥ, ʥʠʩʢʘ ʮʝʥʘ, ʝʜʥʦʩʪʘʚʥʦʩʪ ʠ ʧʨʦʪʝʪʠʯʢʘ ʝʬʠʢʘʩʥʦʩʪ 

ʟʘ ʣʝʢʫʚʘˁʝ ʥʘ ʧʘʮʠʝʥʪʠ ʩʦ ʪʦʪʘʣʥʘ ʙʝʟʟʘʙʦʩʪ32.  

 

ʇʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ ʨʝʪʝʥʮʠʿʘʪʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʿʘʪʘ, ʤʘʩʪʠʢʘʪʦʨʥʘʪʘ ʬʫʥʢʮʠʿʘ, 

ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʤʘʩʪʠʢʘʪʦʨʥʘʪʘ  ʩʠʣʘ, ʬʦʥʝʪʠʢʘʪʘ ʠ ʧʩʠʭʦʣʦʰʢʦʪʦ ʟʜʨʘʚʿʝ ʥʘ 

ʧʘʮʠʝʥʪʠʪʝ ʛʦ ʧʨʘʚʘʪ ʦʚʦʿ ʪʠʧ ʥʘ ʧʨʦʪʝʪʠʯʢʘ ʨʝʭʘʙʠʣʠʪʘʮʠʿʘ ʘʪʨʘʢʪʠʚʥʘ ʦʧʮʠʿʘ, ʠ ʟʘ 

ʧʘʮʠʝʥʪʠʪʝ ʠ ʟʘ ʩʪʦʤʘʪʦʣʦʟʠʪʝ. 

 

ʉʧʦʨʝʜ ʣʠʪʝʨʘʪʫʨʥʠʪʝ ʧʦʜʘʪʦʮʠ, ʧʨʦʩʝʯʥʠʦʪ ˅ʚʘʢʘʣʝʥ ʧʨʠʪʠʩʦʢ ʢʘʿ ʥʦʩʠʪʝʣʠʪʝ ʥʘ 

ʪʦʪʘʣʥʘ ʧʨʦʪʝʟʘ ʝ ʚʦ ʦʧʩʝʛ ʦʜ 100 N ʠ 140 N33. Helmy ʠ Kothayer ʩʤʝʪʘʘʪ ʜʝʢʘ 

ʤʘʢʩʠʤʘʣʥʘʪʘ ˅ʚʘʢʘʣʥʘ ʩʠʣʘ ʢʘʿ ʥʦʩʠʪʝʣʠʪʝ ʥʘ ʪʦʪʘʣʥʘ  ʧʨʦʪʝʟʘ ʝ 60 ʜʦ 80 N. ʆʚʠʝ 

ʚʨʝʜʥʦʩʪʠ ʩʝ ʟʛʦʣʝʤʫʚʘʘʪ ʥʘ 150  ╖  170 N ʢʘʿ ʧʘʮʠʝʥʪʠ ʩʦ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ ʨʝʪʠʥʠʨʘʥʘ ʦʜ 

ʠʤʧʣʘʥʪʠ34.  

ɺʦ ʩʪʫʜʠʿʘʪʘ ʥʘ Hu ʠ ʩʦʨ, ʧʨʦʩʝʯʥʘʪʘ ˅ʚʘʢʘʣʥʘ ʩʠʣʘ ʟʘ ʠʤʧʣʘʥʪ-ʧʦʪʧʨʝʥʠʪʝ ʧʦʢʨʦʚʥʠ 

ʧʨʦʪʝʟʠ ʩʝ ʥʘʚʝʜʫʚʘ ʜʝʢʘ ʝ 100 N35. 

 

2.2 ɼʝʥʪʘʣʥʠ ʠʤʧʣʘʥʪʠ ʠ ʢʦʥʮʝʧʪ ʥʘ ʦʩʝʦʠʥʪʝʛʨʘʮʠʿʘ 

 

ɼʝʥʪʘʣʥʠʪʝ ʠʤʧʣʘʥʪʠ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ ʩʝ ʩʦ ʨʘʟʣʠʯʝʥ ʜʠʟʘʿʥ ʠ 

ʛʦʣʝʤʠʥʘ. ʄʝʺʫʪʦʘ, ʚʦ ʥʝʢʦʠ ʩʣʫʯʘʠ, ʨʝʩʦʨʧʮʠʿʘʪʘ ʥʘ ʘʣʚʝʦʣʘʨʥʠʪʝ ʛʨʝʙʝʥʠ ʤʦʞʝ ʜʘ ʛʦ 

ʥʘʧʨʘʚʠ ʧʦʩʪʘʚʫʚʘˁʝʪʦ ʥʘ ʠʤʧʣʘʥʪʠ ʩʦ ʩʪʘʥʜʘʨʜʝʥ ʜʠʿʘʤʝʪʘʨ (> 3,5 mm) ʪʝʰʢʦ ʠʣʠ ʜʫʨʠ 

ʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʫʧʦʪʨʝʙʘ ʥʘ ʧʦʥʘʧʨʝʜʥʠ ʧʨʦʮʝʜʫʨʠ ʟʘ ʚʛʨʘʜʫʚʘˁʝ ʥʘ ʢʦʩʢʘʪʘ. 

ʋʧʦʪʨʝʙʘʪʘ ʥʘ ʠʤʧʣʘʥʪʠ ʩʦ ʩʪʘʥʜʘʨʜʝʥ ʜʠʿʘʤʝʪʘʨ ʢʘʿ ʪʝʩʥʠ ʠ ʨʝʩʦʨʙʠʨʘʥʠ ʘʣʚʝʦʣʘʨʥʠ 

ʛʨʝʙʝʥʠ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʪʝʥʢʘ ʙʫʢʘʣʥʘ ʠʣʠ ʣʠʥʛʚʘʣʥʘ ʢʦʩʢʘ ʠʣʠ ʜʫʨʠ ʠ ʜʦ ʛʦʣʝʤʠ 

ʜʝʭʠʩʮʝʥʮʠʠ, ʟʛʦʣʝʤʫʚʘʿ˃ʠ ʛʦ ʨʠʟʠʢʦʪ ʦʜ ʢʦʤʧʣʠʢʘʮʠʠ ʠ ʥʝʫʩʧʝʭ36. ʇʦʚʦʟʨʘʩʥʠʪʝ 

ʧʘʮʠʝʥʪʠ, ʦʩʦʙʝʥʦ ʧʘʮʠʝʥʪʠʪʝ ʩʦ ʢʦʤʦʨʙʠʜʠʪʝʪʠ, ʯʝʩʪʦ ʥʝ ʩʝ ʧʦʜʛʦʪʚʝʥʠ ʟʘ ʦʧʩʝʞʥʠ 

ʭʠʨʫʨʰʢʠ ʧʨʦʮʝʜʫʨʠ, ʢʘʢʦ ʰʪʦ ʝ ʘʫʛʤʝʥʪʘʮʠʿʘ ʥʘ ʢʦʩʢʠʪʝ ʩʦ ʮʝʣ ʜʦʙʠʚʘˁʝ ʠʤʧʣʘʥʪʠ ʩʦ 

ʩʪʘʥʜʘʨʜʝʥ ʜʠʿʘʤʝʪʘʨ. ʇʨʠʩʧʦʩʦʙʫʚʘˁʝʪʦ ʥʘ ʜʠʤʝʥʟʠʠʪʝ ʥʘ ʟʘʙʥʠʪʝ ʠʤʧʣʘʥʪʠ 
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ʦʚʦʟʤʦʞʫʚʘ ʧʨʠʤʝʥʘ ʥʘ ʩʪʘʥʜʘʨʜʥʠ ʭʠʨʫʨʰʢʠ ʧʨʦʮʝʜʫʨʠ ʧʨʠ ʧʦʩʪʘʚʫʚʘˁʝ ʜʝʥʪʘʣʥʠ 

ʠʤʧʣʘʥʪʠ. ʀʤʧʣʘʥʪʠʪʝ ʩʦ ʤʘʣ ʜʠʿʘʤʝʪʘʨ ʩʝ ʚʦʚʝʜʝʥʠ ʢʘʢʦ ʘʣʪʝʨʥʘʪʠʚʥʘ ʦʧʮʠʿʘ ʟʘ 

ʪʨʝʪʤʘʥ ʥʘ ʨʝʩʦʨʙʠʨʘʥʠ ʠ ʪʝʩʥʠ ʙʝʟʟʘʙʥʠ ʛʨʝʙʝʥʠ (Zinsli ʠ ʩʦʨ) 37.   

ʀʤʧʣʘʥʪʠʪʝ ʩʝ ʪʝʩʝʥ ʜʠʿʘʤʝʪʘʨ (narrow diameter implants NDI) ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʚʦ ʪʨʠ 

ʢʘʪʝʛʦʨʠʠ: ʂʘʪʝʛʦʨʠʿʘ 1 (ʜʠʿʘʤʝʪʘʨ ʥʘ ʠʤʧʣʘʥʪ < 2,5 mm Ƅ Ăʤʠʥʠ-ʠʤʧʣʘʥʪʠñ), ʂʘʪʝʛʦʨʠʿʘ 

2 (ʜʠʿʘʤʝʪʘʨ ʥʘ ʠʤʧʣʘʥʪ 2,5 ï 3,3 mm) ʠ ʂʘʪʝʛʦʨʠʿʘ 3 (ʜʠʿʘʤʝʪʘʨ ʥʘ ʠʤʧʣʘʥʪ 3,3 ï 3,5).  

 

ʉʧʦʨʝʜ Jung ʠ ʩʦʨ., ʧʨʝʜʥʦʩʪʠʪʝ ʥʘ NDI ʩʝ: 

 

 ʤʦʞʘʪ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ ʢʘʿ ʪʝʩʥʠ ʠ ʨʝʩʦʨʙʠʨʘʥʠ ʘʣʚʝʦʣʘʨʥʠ ʛʨʝʙʝʥʠ,  

 ʭʠʨʫʰʢʘʪʘ ʠʥʪʝʨʚʝʥʮʠʿʘ ʝ ʤʠʥʠʤʘʣʥʦ ʠʥʚʘʟʠʚʥʘ, 

 ʧʦʙʨʟʦ ʦʟʜʨʘʚʫʚʘˁʝ.38 
 

NDI ʩʝ ʦʩʦʙʝʥʦ ʠʥʜʠʮʠʨʘʥʠ ʚʦ ʩʣʫʯʘʠ ʩʦ ʪʝʩʝʥ ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ, ʠʤʘʿ˃ʠ ʧʨʝʜʚʠʜ ʜʝʢʘ 

ʥʠʚʥʠʦʪ ʜʠʿʘʤʝʪʘʨ ʝ ʜʦʙʨʦ ʧʨʠʣʘʛʦʜʝʥ ʥʘ ʰʠʨʠʥʘʪʘ ʥʘ ʢʦʩʢʠʪʝ. ʊʝʩʥʠʪʝ ʘʣʚʝʦʣʘʨʥʠ 

ʛʨʝʙʝʥʠ ʧʦʯʝʩʪʦ ʩʝ ʩʨʝ˃ʘʚʘʘʪ ʢʘʿ ʧʘʮʠʝʥʪʠ ʩʦ ʭʠʧʦʜʠʚʝʨʛʝʥʪʝʥ ʩʢʝʣʝʪ ʦʜ ʢʣʘʩʘ II, ʢʦʿ ʩʝ 

ʧʦʚʨʟʫʚʘ ʩʦ ʭʠʧʝʨʘʢʪʠʚʥʦʩʪ ʥʘ ʿʘʟʠʢʦʪ ʠ ʤʫʩʢʫʣʠʪʝ ʥʘ ʫʩʥʠʪʝ. 

ʆʚʠʝ ʧʘʮʠʝʥʪʠ ʯʝʩʪʦ ʠʤʘʘʪ ʤʘʣʘ ʛʫʩʪʠʥʘ ʥʘ ʪʨʘʙʝʢʫʣʘʨʥʘʪʘ ʢʦʩʢʘ ʠ ʦʙʠʯʥʦ ʩʝ 

ʥʝʟʘʜʦʚʦʣʥʠ ʧʦʨʘʜʠ ʥʝʩʪʘʙʠʣʥʦʩʪʘ ʥʘ ʧʨʦʪʝʟʘʪʘ, ʧʨʠ ʰʪʦ ʩʝ ʞʘʣʘʪ ʥʘ ʙʦʣʢʘ 

ʧʨʝʜʠʟʚʠʢʘʥʘ ʦʜ ʥʝʘ. ɸʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ ʢʘʿ ʦʚʠʝ ʧʘʮʠʝʥʪʠ  ʦʙʠʯʥʦ ʝ ʚʠʩʦʢ ʠ ʪʝʥʦʢ ʧʦ 

ʤʦʨʬʦʣʦʛʠʿʘ, ʩʦ  ʧʦʛʦʣʝʤʘ ʜʣʘʙʦʯʠʥʘ ʥʘ ʚʝʩʪʠʙʫʣʘʨʥʘʪʘ ʙʨʘʟʜʘ. ʄʦʨʬʦʣʦʛʠʿʘʪʘ ʥʘ 

ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ, ʨʝʣʘʪʠʚʥʦ ʯʝʩʪʦ, ʧʨʠʩʫʩʪʚʦ ʥʘ ʥʝʧʨʘʚʠʣʥʦʩʪʠ 

ʥʘ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ, ʢʘʢʦ ʰʪʦ ʝ ʝʛʟʦʩʪʦʟʘʪʘ, ʧʦʢʨʠʝʥʘ ʩʦ ʪʝʥʢʘ ʩʣʫʟʥʠʮʘ, ʧʦʚʨʟʘʥʘ ʩʦ 

ʙʦʣʢʘ ʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʧʨʦʪʝʟʠ. ʂʘʿ ʧʨʝʪʭʦʜʥʠʪʝ ʥʦʩʠʪʝʣʠ ʥʘ ʥʝʩʦʦʜʚʝʪʥʠ ʧʨʦʪʝʟʠ, 

ʢʘʿ ʢʦʠ ʛʫʙʝˁʝʪʦ ʥʘ ʟʘʙʠʪʝ ʛʣʘʚʥʦ ʝ ʧʦʚʨʟʘʥʦ ʩʦ ʧʘʨʦʜʦʥʪʘʣʥʘ ʙʦʣʝʩʪ, ʯʝʩʪʦ ʩʝ ʩʨʝ˃ʘʚʘʘʪ 

ʤʣʠʪʘʚʠ ʛʨʝʙʝʥʠ ʠ ʭʠʧʝʨʧʣʘʟʠʿʘ ʥʘ ʤʫʢʦʟʘʪʘ 39. 

 

ʆʩʥʦʚʘʪʘ ʥʘ ʩʦʚʨʝʤʝʥʘʪʘ ʜʝʥʪʘʣʥʘ ʠʤʧʣʘʥʪʦʣʦʛʠʿʘ ʝ ʙʠʦʣʦʰʢʠʦʪ ʧʨʦʮʝʩ ʥʘʨʝʯʝʥ 

ʦʩʝʦʠʥʪʝʛʨʘʮʠʿʘ. ɿʘ ʜʘ ʙʠʜʝ ʫʩʧʝʰʝʥ ʠʤʧʣʘʥʪ-ʧʨʦʪʝʪʠʯʢʠʦʪ ʪʨʝʪʤʘʥ, ʠʤʧʣʘʥʪʦʪ ʪʨʝʙʘ ʜʘ 

ʙʠʜʝ ʫʩʧʝʰʥʦ ʦʩʝʦʠʥʪʝʛʨʠʨʘʥ. 

ʂʦʥʮʝʧʪʦʪ ʥʘ ʦʩʝʦʠʥʪʝʛʨʘʮʠʿʘ ʧʨʚʧʘʪ ʝ ʚʦʚʝʜʝʥ ʦʜ ʩʪʨʘʥʘ ʥʘ Branemark ʠ ʩʝ ʜʝʬʠʥʠʨʘ 

ʢʘʢʦ ʬʝʥʦʤʝʥ ʥʘ ʜʠʨʝʢʪʥʦ ʧʦʚʨʟʫʚʘˁʝ ʥʘ ʢʦʩʢʝʥʦʪʦ ʪʢʠʚʦ ʩʦ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʠʤʧʣʘʥʪʦʪ 

ʙʝʟ ʧʨʠʩʫʩʪʚʦ ʥʘ ʩʚʨʟʥʦ ʪʢʠʚʦ, ʢʘʢʦ ʩʪʨʫʢʪʫʨʥʘ ʠ ʬʫʥʢʮʠʦʥʘʣʥʘ ʚʨʩʢʘ40.  

 

ʇʦʩʪʦʠ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʟʘ ʜʝʥʪʘʣʥʠʪʝ ʠʤʧʣʘʥʪʠ, ʥʦ ʥʘʿʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʘʪ 

ʪʠʪʘʥʠʫʤʦʪ ʠ ʪʠʪʘʥʠʫʤʩʢʠʪʝ ʣʝʛʫʨʠ. ʊʠʪʘʥʠʫʤʦʪ ʝ ʤʝʪʘʣ ʩʦ ʤʘʣʘ ʪʝʞʠʥʘ, ʥʠʟʦʢ ʤʦʜʫʣ ʥʘ 

ʝʣʘʩʪʠʯʥʦʩʪ, ʦʪʧʦʨʝʥ ʝ ʥʘ ʢʦʨʦʟʠʿʘ, ʠ ʝ ʣʝʩʥʦ ʦʙʨʘʙʦʪʣʠʚ. ɺʦ ʠʤʧʣʘʥʪʦʣʦʛʠʿʘʪʘ ʥʘʿʯʝʩʪʦ 

ʩʝ ʢʦʨʠʩʪʘʪ ʣʝʛʫʨʠ ʥʘ ʪʠʪʘʥʠʫʤ ʩʦ ʘʣʫʤʠʥʠʫʤ ʠ ʚʘʥʘʜʠʫʤ (Ti-6Al-4V). ʉʝʧʘʢ, ʚʨʝʜʥʦʩʪʘ 

ʥʘ ʥʠʚʥʠʦʪ ʤʦʜʫʣ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʩ¯ ʫʰʪʝ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦʚʠʩʦʢʘ ʦʜ ʚʨʝʜʥʦʩʪʘ ʥʘ ʤʦʜʫʣʦʪ 

ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʥʘ ʯʦʚʝʯʢʘʪʘ ʢʦʩʢʘ. ʊʠʪʘʥʠʫʤʦʪ ʠ ʥʝʛʦʚʠʪʝ ʣʝʛʫʨʠ ʩʝ ʙʠʦʘʢʪʠʚʥʠ, 
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ʙʠʦʠʥʝʨʪʥʠ ʠ ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʠ41. ʆʚʠʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʘʯʘʿʥʦ ʧʦʤʘʛʘʘʪ ʟʘ 

ʦʩʝʦʠʥʪʝʛʨʘʮʠʿʘ ʠ ʙʠʦʠʥʪʝʛʨʘʮʠʿʘ ʥʘ ʠʤʧʣʘʥʪʠʪʝ. 

 

ʋʩʧʝʭʦʪ ʥʘ ʦʩʝʦʠʥʪʝʛʨʘʮʠʿʘʪʘ ʟʘʚʠʩʠ ʦʜ ʥʝʢʦʣʢʫ ʬʘʢʪʦʨʠ: ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʦʩʪʘ ʥʘ 

ʤʘʪʝʨʠʿʘʣʦʪ, ʜʠʟʘʿʥʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ (ʤʘʢʨʦ- ʠ ʤʠʢʨʦʜʠʟʘʿʥ), ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʢʦʩʢʠʪʝ ʠ 

ʧʨʦʪʦʢʦʣʦʪ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ. 

 

ɹʠʦʢʦʤʧʘʪʠʙʠʣʥʦʩʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ ʦʜ ʢʦʿ ʝ ʥʘʧʨʘʚʝʥ ʠʤʧʣʘʥʪʦʪ ʠ ʧʦʚʨʰʠʥʘʪʘ ʥʘ 

ʠʤʧʣʘʥʪʦʪ ʠʛʨʘʘʪ ʢʣʫʯʥʘ ʫʣʦʛʘ ʚʦ ʦʩʪʝʦʠʥʪʝʛʨʘʮʠʿʘʪʘ ʠ ʫʩʧʝʭʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ.  

ɺʘʞʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʪʠʪʘʥʠʫʤʩʢʠʪʝ ʠʤʧʣʘʥʪʠ ʝ ʪʦʘ ʰʪʦ ʪʠʝ ʚʝʜʥʘʰ ʦʢʩʠʜʠʨʘʘʪ ʧʨʠ 

ʢʦʥʪʘʢʪ ʩʦ ʚʦʟʜʫʭ. ʆʢʩʠʜʘʮʠʿʘʪʘ ʠʛʨʘ ʚʘʞʥʘ ʫʣʦʛʘ ʚʦ ʦʪʧʦʨʥʦʩʪʘ ʥʘ ʢʦʨʦʟʠʿʘ, 

ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʦʩʪʘ ʠ ʦʩʝʦʠʥʪʝʛʨʘʮʠʿʘʪʘ. 

 

ɻʝʦʤʝʪʨʠʩʢʘʪʘ ʬʦʨʤʘ ʥʘ ʠʤʧʣʘʥʪʦʪ ʝ ʤʥʦʛʫ ʙʠʪʝʥ ʬʘʢʪʦʨ ʟʘ ʫʩʧʝʭʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ. ɿʘ ʜʘ 

ʩʝ ʧʦʜʦʙʨʠ ʦʩʝʦʠʥʪʝʛʨʘʮʠʿʘʪʘ ʠ ʜʘ ʩʝ ʥʘʤʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʩʪʨʝʩ ʚʦ ʙʣʠʟʠʥʘ ʥʘ 

ʮʝʨʚʠʢʘʣʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʪʨʝʙʘ ʚʥʠʤʘʪʝʣʥʦ ʜʘ ʩʝ ʠʟʙʝʨʝ ʛʝʦʤʝʪʨʠʩʢʘʪʘ ʬʦʨʤʘ ʥʘ 

ʠʤʧʣʘʥʪʦʪ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ ʥʘʿʛʦʣʝʤʘ ʢʦʥʪʘʢʪʥʘ ʧʦʚʨʰʠʥʘ ʤʝʺʫ ʢʦʩʢʘʪʘ ʠ 

ʠʤʧʣʘʥʪʦʪ. 

  

ɺʦ ʦʙʠʜ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʠʥʪʝʨʘʢʮʠʿʘʪʘ ʧʦʤʝʺʫ ʢʦʩʢʘʪʘ ʠ ʠʤʧʣʘʥʪʦʪ, ʜʘ ʩʝ ʟʛʦʣʝʤʠ 

ʧʦʚʨʰʠʥʘʪʘ, ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʩʠʣʠʪʝ ʥʘ ʢʦʩʢʘʪʘ ʠ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʧʦʜʦʙʨʘ 

ʧʨʠʤʘʨʥʘ ʩʪʘʙʠʣʥʦʩʪ, ʙʝʘ ʨʘʟʚʠʝʥʠ ʨʘʟʣʠʯʥʠ ʬʦʨʤʠ ʥʘ ʠʤʧʣʘʥʪʠ. ɿʘʙʥʠʪʝ ʠʤʧʣʘʥʪʠ ʚʦ 

ʬʦʨʤʘ ʥʘ ʟʘʚʨʪʢʘ ʜʦʤʠʥʠʨʘʘʪ ʥʘ ʩʪʦʤʘʪʦʣʦʰʢʠʦʪ ʧʘʟʘʨ. ʆʙʣʠʢʦʪ ʥʘ ʟʘʚʨʪʢʘʪʘ ʦʙʝʟʙʝʜʫʚʘ 

ʛʦʣʝʤʘ ʢʦʥʪʘʢʪʥʘ ʧʦʚʨʰʠʥʘ ʧʦʤʝʺʫ ʠʤʧʣʘʥʪʦʪ ʠ ʢʦʩʢʘʪʘ, ʿʘ ʟʛʦʣʝʤʫʚʘ ʧʨʠʤʘʨʥʘʪʘ 

ʩʪʘʙʠʣʥʦʩʪ, ʛʦ ʥʘʤʘʣʫʚʘ ʩʪʨʝʩʦʪ ʥʘ ʩʤʦʣʢʥʫʚʘˁʝ ʚʦ ʠʥʪʝʨʬʝʿʩʦʪ ʢʦʩʢʘ-ʠʤʧʣʘʥʪ ʠ ʿʘ 

ʥʘʤʘʣʫʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʪʨʝʩʦʪ ʚʦ ʮʝʨʚʠʢʘʣʥʠʦʪ ʨʝʛʠʦʥ 42.    

 

ɿʘ ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʢʦʥʪʘʢʪʥʘʪʘ ʧʦʚʨʰʠʥʘ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʩʦ ʢʦʩʢʘʪʘ, ʧʦʚʨʰʠʥʘʪʘ ʥʘ 

ʠʤʧʣʘʥʪʦʪ ʪʨʝʙʘ ʜʘ ʩʝ ʤʦʜʠʬʠʮʠʨʘ. ʈʘʟʚʠʝʥʠ ʩʝ ʙʨʦʿʥʠ ʧʨʠʩʪʘʧʠ ʟʘ ʤʦʜʠʬʠʢʘʮʠʿʘ ʥʘ 

ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʪʠʪʘʥʠʫʤʩʢʠʪʝ ʠʤʧʣʘʥʪʠ ʩʦ ʮʝʣ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʦʩʝʦʠʥʪʝʛʨʘʮʠʿʘʪʘ, ʜʘ ʩʝ 

ʟʛʦʣʝʤʠ ʧʨʠʤʘʨʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʠ ʜʘ ʩʝ ʩʢʨʘʪʠ ʚʨʝʤʝʪʦ ʥʘ ʟʘʟʜʨʘʚʫʚʘˁʝ. ʇʦʚʨʰʠʥʘʪʘ ʥʘ 

ʠʤʧʣʘʥʪʦʪ ʤʦʞʝ ʜʘ ʙʠʜʝ: 

 

- ʤʘʟʥʘ ʧʦʚʨʰʠʥʘ (ʦʙʨʘʙʦʪʝʥ ʪʠʪʘʥʠʫʤ);  

- ʛʨʫʙʘ ʧʦʚʨʰʠʥa ʩʦ Al2O3; 

- ʧʦʚʨʰʠʥʘ ʠʩʧʨʩʢʘʥʘ ʩʦ ʧʣʘʟʤʘ; 

- ʩʣʦʿʥʘ ʧʦʚʨʰʠʥʘ ʩʦ Titan Plasma Spray (TPS); 

- ʧʦʚʨʰʠʥʘ ʦʙʨʘʙʦʪʝʥʘ ʜʚʘʧʘʪʠ ʩʦ ʢʠʩʝʣʠʥʠ (ʦʩʝʦʪʠʪ); 

- ʧʦʚʨʰʠʥʘ ʟʘʮʚʨʩʪʝʥʘ ʩʦ Al2O3, ʘ ʧʦʪʦʘ ʩʦ ʢʠʩʝʣʠʥʠ (SLA); 

- ʝʣʦʢʩʠʨʘʥʘ ʧʦʚʨʰʠʥʘ; 

- ʧʦʚʨʰʠʥʘ ʦʙʣʦʞʝʥʘ ʩʦ ʭʠʜʨʦʢʩʠʘʧʘʪʠʪ (HA)43. 
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ʄʦʜʠʬʠʮʠʨʘʥʠʪʝ ʠʤʧʣʘʥʪʥʠ ʧʦʚʨʰʠʥʠ ʩʦ ʢʠʩʝʣʠʥʩʢʦ ʛʨʘʚʠʨʘˁʝ, ʧʝʩʢʘʨʝˁʝ ʠ 

ʝʣʝʢʪʨʦʭʝʤʠʩʢʘ ʧʦʚʨʰʠʥʘ ʩʝ ʧʦʜʦʙʨʠ ʦʪʢʦʣʢʫ ʧʣʘʟʤʘ-ʩʧʨʝʿ ʠʣʠ ʣʘʩʝʨʩʢʦ ʪʨʝʪʠʨʘˁʝ. ʅʦ, 

ʥʝ ʧʦʩʪʦʠ ʢʦʥʩʝʥʟʫʩ ʤʝʺʫ ʠʩʪʨʘʞʫʚʘʯʠʪʝ ʟʘ ʥʘʿʜʦʙʨʘ ʧʦʚʨʰʠʥʘ ʠ ʥʘʿʜʦʙʘʨ ʦʙʣʠʢ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ42. 

 

ʀʩʢʣʫʯʠʪʝʣʥʦ ʚʘʞʝʥ ʬʘʢʪʦʨ ʟʘ ʧʨʠʤʘʨʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʠ ʫʩʧʝʰʥʘʪʘ ʦʩʝʦʠʥʪʝʛʨʘʮʠʿʘ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ ʝ ʢʚʘʣʠʪʝʪʦʪ, ʦʜʥʦʩʥʦ ʛʫʩʪʠʥʘʪʘ ʥʘ ʢʦʩʢʘʪʘ. ɺʦ ʣʠʪʝʨʘʪʫʨʘʪʘ ʩʝ ʧʨʝʜʣʦʞʝʥʠ 

ʥʝʢʦʣʢʫ ʨʘʟʣʠʯʥʠ ʢʣʘʩʠʬʠʢʘʮʠʠ ʟʘ ʛʫʩʪʠʥʘʪʘ ʥʘ ʢʦʩʢʘʪʘ. 

 

ɺʦ 1985 ʛ., Lekholm ʠ Zarb ʧʨʝʜʣʦʞʠʿʘ ʩʠʩʪʝʤ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʢʦʩʢʠʪʝ, ʢʦʿ ʛʦ 

ʜʝʬʠʥʠʨʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʢʦʩʢʠʪʝ, ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʤʦʨʬʦʣʦʛʠʿʘʪʘ ʠ ʦʜʥʦʩʦʪ ʤʝʺʫ 

ʢʦʨʪʠʢʘʣʥʘʪʘ ʠ ʪʨʘʙʝʢʫʣʘʨʥʘʪʘ ʢʦʩʢʘ, ʦʧʠʰʫʚʘʿ˃ʠ ʯʝʪʠʨʠ ʢʚʘʣʠʪʝʪʠ ʥʘ ʢʦʩʢʠʪʝ ʟʘ 

ʧʨʝʜʥʠʦʪ ʜʝʣ ʥʘ ʚʠʣʠʮʠʪʝ: 

 

¶ ʂʚʘʣʠʪʝʪ Q1  ╖  ʭʦʤʦʛʝʥʘ ʢʦʤʧʘʢʪʥʘ ʢʦʩʢʘ.  

¶ ʂʚʘʣʠʪʝʪ Q2  ╖  ʜʝʙʝʣ ʩʣʦʿ ʥʘ ʢʦʨʪʠʢʘʣʥʘ ʢʦʩʢʘ ʦʢʦʣʫ ʛʫʩʪʘ ʪʨʘʙʝʢʫʣʘʨʥʘ ʢʦʩʢʘ.  

¶ ʂʚʘʣʠʪʝʪ Q3  ╖  ʪʝʥʦʢ ʩʣʦʿ ʥʘ ʢʦʨʪʠʢʘʣʥʘ ʢʦʩʢʘ ʠ ʛʫʩʪʘ ʪʨʘʙʝʢʫʣʘʨʥʘ ʢʦʩʢʘ ʩʦ 

ʧʦʚʦʣʥʘ ʿʘʯʠʥʘ. 

¶ ʂʚʘʣʠʪʝʪ Q4   ╖  ʪʝʥʦʢ ʩʣʦʿ ʥʘ ʢʦʨʪʠʢʘʣʥʘ ʢʦʩʢʘ ʰʪʦ ʛʦ ʦʧʢʨʫʞʫʚʘ ʪʨʘʙʝʢʫʣʘʨʥʘʪʘ 

ʢʦʩʢʘ, ʩʦ ʤʘʣʘ ʛʫʩʪʠʥʘ (ʩʣʠʢʘ 1). 

 

 

ʉʣʠʢʘ 1. Kʣʘʩʠʬʠʢʘʩʠʿʘ ʥʘ ʢʦʩʢʘʪʘ ʩʧʦʨʝʜ Leckholm ʠ Zarb29 

 

ɺʦ 1988 ʛʦʜʠʥʘ, Misch ʧʨʝʜʣʦʞʫʚʘ ʯʝʪʠʨʠ ʛʨʫʧʠ ʟʘ ʛʫʩʪʠʥʘ ʥʘ ʢʦʩʢʘʪʘ, ʚʨʟ ʦʩʥʦʚʘ ʥʘ 

ʤʘʢʨʦʩʢʦʧʩʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʢʦʨʪʠʢʘʣʥʘʪʘ ʠ ʥʘ ʪʨʘʙʝʢʫʣʘʨʥʘʪʘ ʢʦʩʢʘ:  

 

¶ ʂʦʩʢʘʪʘ D1  ╖   ʛʫʩʪʘ ʢʦʨʪʠʢʘʣʥʘ ʢʦʩʢʘ. 

¶ ʂʦʩʢʘʪʘ D2  ╖ ʛʫʩʪʘ ʜʦ ʛʫʩʪʘ ʧʦʨʦʟʥʘ ʢʦʨʪʠʢʘʣʥʘ ʢʦʩʢʘ ʥʘ ʛʨʝʙʝʥʦʪ ʠ ʛʨʫʙʘ 

ʪʨʘʙʝʢʫʣʘʨʥʘ ʢʦʩʢʘ ʦʜʦʟʜʦʣʘ. 

¶ ʂʦʩʢʘʪʘ D3 ʠʤʘ ʧʦʪʝʥʦʢ ʧʦʨʦʟʝʥ ʢʦʨʪʠʢʘʣʝʥ ʛʨʝʙʝʥ ʠ ʬʠʥa ʪʨʘʙʝʢʫʣʘʨʥʘ ʢʦʩʢʘ 

ʚʥʘʪʨʝ.  

¶ ʂʦʩʢʘʪʘ D4  ╖  ʨʝʯʠʩʠ ʥʝʤʘ ʢʦʨʪʠʢʘʣʥʘ ʢʦʩʢʘ ʥʘ ʛʨʝʙʝʥʦʪ. ʌʠʥʘʪʘ ʪʨʘʙʝʢʫʣʘʨʥʘ 

ʢʦʩʢʘ ʛʦ ʩʦʯʠʥʫʚʘ ʨʝʯʠʩʠ ʮʝʣʠʦʪ ʚʢʫʧʝʥ ʚʦʣʫʤʝʥ ʥʘ ʢʦʩʢʘʪʘ29 (ʩʣʠʢʘ 2). 
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ʉʣʠʢʘ 2. ʊʠʧʦʚʠ ʥʘ ʢʦʩʢʘ ʩʧʦʨʝʜ Misch29 

 

Sir Godfrey Hounsfield ʚʦ 1972 ʛ. ʩʫʛʝʨʠʨʘ ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʛʫʩʪʠʥʘʪʘ ʥʘ ʢʦʩʢʘʪʘ ʩʦ 

ʢʦʤʧʿʫʪʝʨʠʟʠʨʘʥʘ ʪʦʤʦʛʨʘʬʠʿʘ, ʧʨʠ ʰʪʦ ʪʘʘ ʩʝ ʠʟʨʘʟʫʚʘ ʩʦ Hounsfield-ʝʜʠʥʠʮʘ (Hounsfield 

unit - HU) ʠʣʠ ʂʊ-ʙʨʦʿ44. ʉʧʦʨʝʜ ʦʚʘʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ: 

 

¶ D1: > 1250 ʝʜʠʥʠʮʠ Hounsfield 

¶ D2: 850 ï 1250 ʝʜʠʥʠʮʠ Hounsfield 

¶ D3: 350 ï 850 ʝʜʠʥʠʮʠ Hounsfield 

¶ D4: 150 ï 350 ʝʜʠʥʠʮʠ Hounsfield 

¶ D5: < 150 ʝʜʠʥʠʮʠ Hounsfield 10  

 

ʄʥʦʛʫ ʙʠʪʝʥ ʬʘʢʪʦʨ ʟʘ ʫʩʧʝʰʝʥ ʠʤʧʣʘʥʪ-ʧʨʦʪʝʪʠʯʢʠ ʪʨʝʪʤʘʥ ʝ ʢʚʘʥʪʠʪʝʪʦʪ, ʦʜʥʦʩʥʦ 

ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʢʦʩʢʘʪʘ.  

ɺʦ 1985 ʛʦʜʠʥʘ, Misch ʠ Judy ʧʨʝʟʝʥʪʠʨʘʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʜʦʩʪʘʧʥʘʪʘ ʢʦʩʢʘ (ʦʜʜʝʣʠ ɸ, 

B, C, Dé), ʢʦʿʘ ʝ ʩʣʠʯʥʘ ʢʘʿ ʜʚʝʪʝ ʚʠʣʠʮʠ. ɿʘ ʩʝʢʦʿʘ ʢʘʪʝʛʦʨʠʿʘ ʥʘ ʢʦʩʢʘ ʙʝʘ ʧʨʝʜʣʦʞʝʥʠ 

ʠʤʧʣʘʥʪʠ, ʤʝʪʦʜʠ ʥʘ ʘʫʛʤʝʥʪʘʮʠʿʘ ʥʘ ʢʦʩʢʘ ʠ ʧʨʦʪʝʪʠʯʢʠ ʪʨʝʪʤʘʥ.  

A Ƅ  ʠʟʦʙʠʣʩʪʚʦ; B Ƅ ʝʜʚʘʿ ʜʦʚʦʣʥʦ; C Ƅ ʢʦʤʧʨʦʤʠʪʠʨʘʥʦ; D Ƅ ʜʝʬʠʮʠʪʘʨʥʦ; h Ƅ 

ʥʝʩʦʦʜʚʝʪʥʘ ʚʠʩʠʥʘ; w Ƅ ʥʝʩʦʦʜʚʝʪʥʘ ʰʠʨʠʥʘ29 (ʩʣʠʢʘ 3). 

 

 

    A         B          B-w      C-w       C-h        D 

ʉʣʠʢʘ 3. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʜʦʩʪʘʧʥʘʪʘ ʢʦʩʢʘ ʩʧʦʨʝʜ Misch29 

 

ʉʧʦʨʝʜ Misch ʠ ʩʦʨ., ʢʘʢʦ ʧʦʩʣʝʜʠʮʘ ʥʘ ʨʝʩʦʨʧʮʠʿʘ ʥʘ ʘʣʚʝʦʣʘʨʥʘʪʘ ʢʦʩʢʘ, ʰʠʨʠʥʘʪʘ ʥʘ 

ʜʦʩʪʘʧʥʘʪʘ ʢʦʩʢʘ, ʧʨʚʦ, ʩʝ ʥʘʤʘʣʫʚʘ ʥʘ ʩʤʝʪʢʘ ʥʘ ʬʘʮʠʿʘʣʥʘʪʘ ʢʦʨʪʠʢʘʣʥʘ ʧʣʦʯʘ, ʙʠʜʝʿ˃ʠ 

ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʝ ʧʦʜʝʙʝʣʘ ʥʘ ʣʠʥʛʚʘʣʥʠʦʪ ʜʝʣ ʦʜ ʘʣʚʝʦʣʘʨʥʘʪʘ ʢʦʩʢʘ, ʦʩʦʙʝʥʦ ʚʦ 

ʧʨʝʜʥʠʪʝ ʨʝʛʠʦʥʠ ʥʘ ʚʠʣʠʮʠʪʝ. ʆʚʘ ʤʦʞʝ ʜʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʰʠʨʠʥʘʪʘ ʥʘ 

ʢʦʩʢʘʪʘ ʟʘ 25 % ʚʦ ʧʨʚʘʪʘ ʛʦʜʠʥʘ ʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʰʠʨʠʥʘʪʘ ʥʘ ʢʦʩʢʘʪʘ ʦʜ 40 % ʚʦ ʧʨʚʠʪʝ 

ʝʜʥʘ ʜʦ ʪʨʠ ʛʦʜʠʥʠ ʧʦ ʚʘʜʝˁʝʪʦ ʥʘ ʟʘʙʦʪ. Tʝʩʥʠʦʪ ʛʨʝʙʝʥ ʯʝʩʪʦ ʝ ʥʝʩʦʦʜʚʝʪʝʥ ʟʘ 
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ʧʦʩʪʘʚʫʚʘˁʝ ʠʤʧʣʘʥʪʠ ʩʦ ʩʪʘʥʜʘʨʜʝʥ ʜʠʿʘʤʝʪʘʨ. ɺʦ ʪʘʢʦʚ ʩʣʫʯʘʿ ʩʝ ʧʨʝʧʦʨʘʯʫʚʘ 

ʤʦʜʠʬʠʢʘʮʠʿʘ ʥʘ ʢʦʩʢʘʪʘ ʩʦ ʘʫʛʤʝʥʪʘʮʠʿʘ ʥʘ ʙʝʟʟʘʙʥʠʦʪ ʛʨʝʙʝʥ ʩʦ ʘʚʪʦʛʝʥʘ ʠʣʠ ʘʣʦʛʝʥʘ 

ʢʦʩʢʘ ʠʣʠ ʧʦʩʪʘʚʫʚʘˁʝ ʠʤʧʣʘʥʪʠ ʩʦ ʪʝʩʝʥ ʜʠʿʘʤʝʪʘʨ (3,0 ï 3,5 mm), ʢʘʢʦ ʘʣʪʝʨʥʘʪʠʚʝʥ 

ʪʨʝʪʤʘʥ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʦʧʩʝʞʥʘ ʭʠʨʫʨʰʢʘ ʧʨʦʮʝʜʫʨʘ, ʢʘʢʦ ʰʪʦ ʝ ʘʫʛʤʝʥʪʘʮʠʿʘʪʘ 29. 

 

ʂʘʢʦ ʧʦʩʣʝʜʠʮʘ ʥʘ ʨʝʩʦʨʙʮʠʿʘ ʦʜ ʙʫʢʘʣʥʘʪʘ ʩʪʨʘʥʘ, ʜʦʣʥʘʪʘ ʚʠʣʠʮʘ ʩʪʘʥʫʚʘ ʧʦʘʛʦʣʥʘ ʢʦʥ 

ʣʠʥʛʚʘʣʥʘʪʘ ʩʪʨʘʥʘ, ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ ʘʥʛʫʣʘʮʠʩʢʘ ʢʦʤʧʣʠʢʘʮʠʿʘ ʧʨʠ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ 

ʠʤʧʣʘʥʪʦʪ18. ʆʚʘ ʝ ʦʩʦʙʝʥʦ ʚʘʞʥʦ ʧʨʠ ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʜʦʣʞʠʥʘ ʥʘ ʠʤʧʣʘʪʦʪ. 

 

ʉʧʦʨʝʜ Bidez ʠ Misch,  ʘʥʛʫʣʘʮʠʿʘ ʥʘ ʘʣʚʝʦʣʘʨʥʘʪʘ ʢʦʩʢʘ ʝ ʜʝʪʝʨʤʠʥʘʥʪ ʟʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ 

ʨʘʩʧʦʣʦʞʣʠʚʘʪʘ ʢʦʩʢʘ. ɸʥʛʫʣʘʮʠʿʘʪʘ ʥʘ ʘʣʚʝʦʣʘʨʥʘʪʘ ʢʦʩʢʘ ʿʘ ʧʨʝʪʩʪʘʚʫʚʘ ʪʨʘʝʢʪʦʨʠʿʘʪʘ 

ʥʘ ʧʨʠʨʦʜʥʠʦʪ ʢʦʨʝʥ ʥʘ ʟʘʙʦʪ ʚʦ ʦʜʥʦʩ ʥʘ ʦʢʣʫʟʘʣʥʘʪʘ ʨʘʤʥʠʥʘ. ʀʜʝʘʣʥʘ ʘʥʛʫʣʘʮʠʿʘ ʝ 

ʧʝʨʧʝʥʜʠʢʫʣʘʨʥʘ ʥʘ ʦʢʣʫʟʘʣʥʘʪʘ ʨʘʤʥʠʥʘ, ʢʦʿʘ ʝ ʫʩʦʛʣʘʩʝʥʘ ʩʦ ʩʠʣʠʪʝ ʥʘ ʦʢʣʫʟʠʿʘ ʠ ʝ 

ʧʘʨʘʣʝʣʥʘ ʩʦ ʜʦʣʛʘʪʘ ʦʩʢʘ ʥʘ ʧʨʦʪʝʪʩʢʘʪʘ ʨʝʩʪʘʚʨʘʮʠʿʘ. ʄʥʦʛʫ ʨʝʪʢʦ ʘʥʛʫʣʘʮʠʿʘʪʘ ʥʘ 

ʘʣʚʝʦʣʘʨʥʘʪʘ ʢʦʩʢʘ ʦʩʪʘʥʫʚʘ ʠʜʝʘʣʥʘ ʧʦ ʛʫʙʝˁʝʪʦ ʥʘ ʟʘʙʠʪʝ, ʦʩʦʙʝʥʦ ʚʦ ʧʨʝʜʥʠʦʪ 

ʙʝʟʟʘʙʝʥ ʣʘʢ. ʇʨʠʬʘʪʣʠʚa ʘʥʛʫʣʘʮʠʿʘ ʥʘ ʚʠʣʠʯʥʘʪʘ ʢʦʩʢʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʜʦ 30o. ʈʝʯʠʩʠ 10% 

ʦʜ ʧʘʮʠʝʥʪʠʪʝ ʤʦʞʝ ʜʘ ʠʤʘʘʪ ʘʛʦʣ ʧʦʛʦʣʝʤ ʦʜ 30ʦ ʚʦ ʦʜʥʦʩ ʥʘ ʦʢʣʫʟʘʣʥʘʪʘ ʨʘʤʥʠʥʘ18.  

 

ɼʦʢʦʣʢʫ ʩʝ ʩʣʝʜʘʪ ʧʨʦʪʦʢʦʣʠʪʝ ʟʘ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʠ ʟʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ 

ʧʨʦʪʝʪʠʯʢʠʪʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʪʘʧʢʘʪʘ ʥʘ ʫʩʧʝʭ ʚʦ ʜʝʥʪʘʣʥʘʪʘ ʠʤʧʣʘʥʪʦʣʦʛʠʿʘ ʝ ʧʦʤʝʺʫ 91 ʠ 

98 % 45. ʉʦ ʦʛʣʝʜ ʥʘ ʚʠʩʦʢʘʪʘ ʩʪʘʧʢʘ ʥʘ ʫʩʧʝʭ, ʠʤʧʣʘʥʪ-ʧʨʦʪʝʪʠʯʢʠʦʪ ʪʨʝʪʤʘʥ ʜʝʥʝʩ 

ʧʨʝʪʩʪʘʚʫʚʘ ʤʝʪʦʜ ʥʘ ʠʟʙʦʨ ʟʘ ʨʝʭʘʙʠʣʠʪʘʮʠʿʘ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʩʦ ʧʘʨʮʠʘʿʣʥʘ ʠ ʥʘ ʦʥʠʝ ʩʦ 

ʪʦʪʘʣʥʘ  ʙʝʟʟʘʙʥʦʩʪ. 

ɺʘʞʝʥ ʬʘʢʦʨ ʟʘ ʫʩʧʝʭʦʪ ʥʘ ʠʤʧʣʘʥʪ-ʧʨʦʪʝʪʠʯʢʠʦʪ ʪʨʝʪʤʘʥ ʝ ʚʦʩʧʦʩʪʘʚʫʚʘˁʝʪʦ 

ʨʘʤʥʦʪʝʞʘ ʧʦʤʝʺʫ ʩʠʣʠʪʝ ʰʪʦ ʜʝʣʫʚʘʘʪ ʥʘ ʠʤʧʣʘʥʪʠʪʝ. ɼʘʣʠ ʥʝʢʦʿʘ ʩʠʣʘ ʙʠʦʣʦʰʢʠ ˃ʝ ʛʠ 

ʫʩʣʦʚʠ ʧʦʪʧʦʨʥʠʪʝ ʪʢʠʚʘ ʠʣʠ, ʧʘʢ, ˃ʝ ʜʦʚʝʜʝ ʜʦ ʧʘʪʦʣʦʰʢʠ ʧʨʦʤʝʥʠ ʚʦ ʥʠʚ, ʟʘʚʠʩʠ ʦʜ 

ʙʨʦʿʥʠ ʬʘʢʪʦʨʠ, ʢʘʢʦ ʰʪʦ ʩʝ:  

-  ʢʚʘʣʠʪʝʪʦʪ ʠ ʢʚʘʥʪʠʪʝʪʦʪ ʥʘ ʢʦʩʢʘʪʘ,  

-  ʜʠʟʘʿʥʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ (ʤʠʢʨʦ- ʠ ʤʘʢʨʦʩʪʨʫʢʪʫʨʘ), 

-  ʜʠʤʝʥʟʠʠʪʝ, ʙʨʦʿʦʪ ʠ ʧʦʟʠʮʠʦʥʠʨʘˁʝʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ,  

-  ʜʠʟʘʿʥʦʪ ʥʘ ʩʫʧʨʘʩʪʨʫʢʪʫʨʘʪʘ,  

-  ʧʨʝʜʚʨʝʤʝʥʠʪʝ ʦʢʣʫʟʘʣʥʠ ʢʦʥʪʘʢʪʠ,  

-  ʧʘʨʘʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʥʘʚʠʢʠ ʠ 

-  ʦʢʣʫʟʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ46. 

 

ʆʢʣʫʟʘʣʥʠʪʝ ʩʠʣʠ ʰʪʦ ʜʝʣʫʚʘʘʪ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʧʨʠ ʤʘʩʪʠʢʘʪʦʨʥʘʪʘ ʬʫʥʢʮʠʿʘ ʤʦʞʝ ʜʘ 

ʙʠʜʘʪ ʬʠʟʠʦʣʦʰʢʠ ʠʣʠ ʜʝʩʪʨʫʢʪʠʚʥʠ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ. ʉʠʣʠʪʝ ʰʪʦ ʥʝ ʛʦ 

ʥʘʜʤʠʥʫʚʘʘʪ ʘʜʘʧʪʠʚʥʠʦʪ ʢʘʧʘʮʠʪʝʪ ʥʘ ʪʢʠʚʦʪʦ ʚʨʟ ʢʦʝ ʜʝʣʫʚʘʘʪ ʩʝ ʬʠʟʠʦʣʦʰʢʠ ʠ 

ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʬʘʢʪʦʨ ʥʘ ʙʠʦʣʦʰʢʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʪʢʠʚʦʪʦ, ʧʨʠʜʦʥʝʩʫʚʘʿ˃ʠ ʟʘ ʦʜʨʞʫʚʘˁʝ 
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ʥʘ ʟʜʨʘʚʿʝʪʦ ʥʘ ʩʪʨʫʢʪʫʨʠʪʝ ʥʘ ʢʦʠ ʜʝʣʫʚʘʪ. ʉʠʣʠʪʝ ʩʦ ʚʠʩʦʢ ʠʥʪʝʥʟʠʪʝʪ, ʢʘʢʦ ʠ 

ʧʦʜʦʣʛʦʪʨʘʿʥʠʪʝ ʩʠʣʠ ʢʦʠ ʥʝ ʩʝ ʢʦʤʧʝʥʟʠʨʘʘʪ, ʜʦʚʝʜʫʚʘʘʪ ʜʦ ʤʦʨʬʦʣʦʰʢʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʥʠ ʧʨʦʤʝʥʠ ʚʦ ʪʢʠʚʘʪʘ ʩʦ ʥʘʿʤʘʣ ʦʪʧʦʨ47, 48.. 

 

Geng ʠ ʩʦʨ. ʥʘʚʝʜʫʚʘʘʪ ʜʝʢʘ ʫʩʧʝʭʦʪ ʥʘ ʪʝʨʘʧʠʿʘʪʘ ʩʦ ʜʝʥʪʘʣʥʠʪʝ ʠʤʧʣʘʥʪʠ ʟʘʚʠʩʠ ʦʜ 

ʦʧʪʠʤʘʣʥʠʦʪ ʧʨʝʥʦʩ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʦʜ ʨʘʟʣʠʯʥʠ ʥʘʩʦʢʠ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ. 

ʉʧʦʨʝʜ ʘʚʪʦʨʠʪʝ, ʬʘʢʪʦʨʠʪʝ ʰʪʦ ʜʝʣʫʚʘʘʪ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʠ 

ʧʦʪʧʦʨʥʠʪʝ ʪʢʠʚʘ ʩʝ: (1) ʪʠʧʦʪ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ, (2) ʤʘʪʝʨʠʿʘʣʥʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ ʠ ʧʨʦʪʝʟʘʪʘ, (3) ʛʝʦʤʝʪʨʠʿʘʪʘ ʥʘ ʠʤʧʣʘʥʪʠʪʝ (ʜʦʣʞʠʥʘ, ʜʠʿʘʤʝʪʘʨ ʠ ʬʦʨʤʘ), 

(4) ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʧʦʚʨʰʠʥʘ ʥʘ ʠʤʧʣʘʥʪʠʪʝ, (5) ʧʨʠʨʦʜʘʪʘ ʥʘ ʠʥʪʝʨʬʝʿʩʦʪ ʢʦʩʢʘ-ʠʤʧʣʘʥʪ 

ʠ (6) ʢʚʘʣʠʪʝʪʦʪ/ʢʚʘʥʪʠʪʝʪʦʪ ʥʘ ʦʢʦʣʥʘʪʘ ʢʦʩʢʘ49. 

 

ʇʨʠ ʤʘʩʪʠʢʘʪʦʨʥʠʦʪ ʧʨʦʮʝʩ, ʤʘʩʪʠʢʘʪʦʨʥʠʪʝ ʩʠʣʠ ʩʝ ʧʨʝʥʝʩʫʚʘʘʪ ʥʘ ʩʫʧʨʘʩʪʨʫʢʪʫʨʘʪʘ ʠ 

ʩʝ ʰʠʨʘʪ ʥʠʟ ʮʝʣʠʦʪ ʠʤʧʣʘʥʪ-ʧʨʦʪʝʪʠʯʢʠ ʢʦʤʧʣʝʢʩ. ʇʨʦʪʝʪʠʯʢʠʪʝ ʢʦʤʧʦʥʝʥʪʠ, 

ʠʤʧʣʘʥʪʠʪʝ ʠ ʧʦʪʧʦʨʥʠʪʝ ʪʢʠʚʘ ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʧʨʝʦʧʪʦʚʘʨʝʥʠ ʦʜ ʦʚʠʝ ʩʠʣʠ. ɺʦ ʧʦʚʝ˃ʝʪʦ 

ʩʣʫʯʘʠ, ʩʝʚʢʫʧʥʘʪʘ ˅ʚʘʢʘʣʥʘ ʩʠʣʘ ʝ ʨʝʟʫʣʪʘʪ ʥʘ ʘʢʩʠʘʿʣʥʠʪʝ ʩʠʣʠ, ʥʦ ʧʨʠ ʤʘʩʪʠʢʘʪʦʨʥʘʪʘ 

ʬʫʥʢʮʠʿʘ ʩʝ ʩʦʟʜʘʚʘʘʪ ʠ ʝʢʩʪʨʘʘʢʩʠʿʘʣʥʠ ʩʠʣʠ (ʢʦʩʠ ʠ ʭʦʨʠʟʦʥʪʘʣʥʠ). ʆʪʧʦʨʦʪ ʥʘ 

ʢʦʩʢʝʥʦʪʦ ʪʢʠʚʦ ʥʘ ʝʢʩʪʨʘʘʢʩʠʿʘʣʥʠʪʝ ʩʠʣʠ ʝ ʧʦʤʘʣ; ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʘʛʦʣʦʪ ʧʦʜ ʢʦʿ 

ʜʝʣʫʚʘʘʪ ʩʠʣʠʪʝ ʿʘ ʥʘʤʘʣʫʚʘ ʦʪʧʦʨʥʦʩʪʘ ʥʘ ʢʦʩʢʘʪʘ. ɸʢʩʠʿʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʜʦʥʝʢʘʜʝ 

ʨʘʤʥʦʤʝʨʥʦ ʛʠ ʧʨʝʥʝʩʫʚʘ ʩʠʣʠʪʝ ʥʠʟ ʜʦʣʞʥʘʪʘ ʦʩʢʘ ʥʘ ʠʤʧʣʘʥʪʦʪ ʜʦʜʝʢʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ 

ʦʜ ʜʨʫʛʠ ʥʘʩʦʢʠ ʧʨʝʜʠʟʚʠʢʫʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʠʣʠʪʝ ʥʘ ʚʨʘʪʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ ʠ 

ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ. ɿʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʢʦʿ ʙʠʣʦ ʬʘʢʪʦʨ ʥʘ ʩʠʣʠʪʝ ʥʘ ʟʘʙʥʠʪʝ ʠʤʧʣʘʥʪʠ 

ʛʦ ʟʛʦʣʝʤʫʚʘ ʨʠʟʠʢʦʪ ʦʜ ʢʦʤʧʣʠʢʘʮʠʠ ʧʦʚʨʟʘʥʠ ʩʦ ʧʨʝʦʧʪʦʚʘʨʫʚʘˁʝ50.  

 

Brunski ʩʤʝʪʘ ʜʝʢʘ ʢʦʥʪʨʦʣʠʨʘˁʝʪʦ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʝ ʬʘʢʪʦʨ 

ʢʦʿ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʫʩʧʝʰʝʥ ʠʤʧʣʘʥʪ-ʧʨʦʪʝʪʠʯʢʠ ʪʨʝʪʤʘʥ51. ʉʧʦʨʝʜ 

Stanford ʠ Brand, ʬʠʟʠʦʣʦʰʢʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʢʦʩʢʠʪʝ ʝ ʚʦ ʦʧʩʝʛ 250  ╖ 2 000 

ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʠ ʜʦʜʝʢʘ ʧʘʪʦʣʦʰʢʦʪʦ ʧʨʝʦʧʪʦʚʘʨʫʚʘˁʝ ʩʝ ʿʘʚʫʚʘ ʥʘʜ 3500 

ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʠ52. ɺʦ ʩʝʨʠʿʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʢʦʠ ʛʠ ʩʧʨʦʚʝʣʝ Miyata ʠ ʩʦʨ., ʟʘʙʝʣʝʞʘʥʦ ʝ 

ʜʝʢʘ ʦʢʣʫʟʘʣʥʦʪʦ ʧʨʝʦʧʪʦʚʘʨʫʚʘˁʝ ʤʦʞʝ ʜʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʛʫʙʝˁʝ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ 

ʢʦʩʢʘ  ʜʫʨʠ ʠ ʢʦʛʘ ʥʝʤʘ ʚʠʜʣʠʚʠ ʚʦʩʧʘʣʠʪʝʣʥʠ ʧʨʦʤʝʥʠ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʠʪʝ ʪʢʠʚa53. 

 

ʉʧʦʨʝʜ Misch ʠ ʩʦʨ., ʦʢʣʫʟʘʣʥʘʪʘ ʪʨʘʫʤʘ ʝ ʩʦʩʪʦʿʙʘ ʰʪʦ ʝ ʧʦʚʝ˃ʝ ʧʦʜ ʢʦʥʪʨʦʣʘ ʥʘ 

ʩʪʦʤʘʪʦʣʦʛʦʪ ʦʪʢʦʣʢʫ ʥʘ ʙʠʦʣʦʰʢʠʪʝ ʬʘʢʪʦʨʠ. ʇʣʘʥʦʪ ʟʘ ʣʝʢʫʚʘˁʝ, ʧʦʣʦʞʙʘʪʘ, ʙʨʦʿʦʪ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ ʠ ʦʢʣʫʟʘʣʥʠʦʪ ʜʠʟʘʿʥ ʤʦʞʘʪ ʜʘ ʚʣʠʿʘʘʪ ʥʘ ʛʦʣʝʤʠʥʘʪʘ, ʥʘʩʦʢʘʪʘ ʠ 

ʚʨʝʤʝʪʨʘʝˁʝʪʦ ʥʘ ʦʢʣʫʟʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ 54 . 

ɽʜʝʥ ʦʜ ʬʘʢʪʦʨʠʪʝ ʰʪʦ ʚʣʠʿʘʝ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʩʠʣʘʪʘ ʰʪʦ ʩʝ ʧʨʝʥʝʩʫʚʘ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʝ 

ʠʟʙʦʨʦʪ ʥʘ ʘʪʝʯʤʝʥʪʠʪʝ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʨʝʪʝʥʮʠʿʘ ʥʘ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ14,55,56..   

 

2.3 ʈʝʪʝʥʮʠʩʢʠ ʝʣʝʤʝʥʪʠ ʟʘ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ 
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ɺʦ ʧʦʥʦʚʘʪʘ ʣʠʪʝʨʘʪʫʨʘ, ʝʣʝʤʝʥʪʠʪʝ ʟʘ ʨʝʪʝʥʮʠʿʘ ʥʘ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ ʥʘʜ ʠʤʧʣʘʥʪʠ ʩʝ 

ʠʩʧʠʪʫʚʘʥʠ ʩʦ ʮʝʣ ʜʘ ʩʝ ʝʚʘʣʫʠʨʘ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʠ ʥʘ 

ʢʦʩʢʘʪʘ. ʊʠʧʦʪ ʥʘ ʘʪʝʯʤʝʥʪ ʩʝ ʩʤʝʪʘ ʟʘ ʩʫʰʪʠʥʩʢʠ ʬʘʢʪʦʨ ʟʘ ʫʩʧʝʰʝʥ ʪʨʝʪʤʘʥ ʩʦ ʇʇʇʀ, 

ʚʦ ʦʜʥʦʩ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʰʪʦ ʩʝ ʿʘʚʫʚʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ ʠ ʧʨʦʪʝʪʠʯʢʠʦʪ ʢʦʤʧʣʝʢʩ ʧʨʠ 

ʤʘʩʪʠʢʘʪʦʨʥʘʪʘ ʬʫʥʢʮʠʿʘ.  

Bhattacharjee ʠ ʩʦʨ. ʛʦ ʠʩʪʘʢʥʫʚʘaʪ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʚʠʜʦʪ ʥʘ ʘʪʝʯʤʝʥʪʦʪ ʚʨʟ ʥʘʧʨʝʛʘˁʝʪʦ ʥʘ 

ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ, ʢʘʢʦ ʟʘʢʣʫʯʦʢ ʦʜ ʩʧʨʦʚʝʜʝʥʘʪʘ ʘʥʘʣʠʟʘ ʥʘ ʣʠʪʝʨʘʪʫʨʥʠʪʝ 

ʧʦʜʘʪʦʮʠ ʥʘ ʦʚʘʘ ʪʝʤʘ. ɸʚʪʦʨʠʪʝ ʟʘʢʣʫʯʫʚʘʘʪ ʜʝʢʘ ʧʦʩʪʦʠ ʨʘʟʣʠʢʘ ʚʦ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ 

ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʠ ʥʘʧʨʝʛʘˁʝʪʦ ʰʪʦ ʩʝ ʧʦʿʘʚʫʚʘʘʪ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʚʦ ʟʘʚʠʩʥʦʩʪ 

ʦʜ ʚʠʜʦʪ ʥʘ ʨʝʪʝʥʮʠʩʢʠʦʪ ʩʠʩʪʝʤ55. 

 ɼʠʟʘʿʥʦʪ ʥʘ ʘʪʝʯʤʝʥʪʦʪ ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʝʜʠ ʧʦʚʦʣʥʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ 

ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʚʦ ʨʘʤʢʠ ʥʘ ʥʝʿʟʠʥʠʪʝ ʬʠʟʠʦʣʦʰʢʠ ʛʨʘʥʠʮʠ14,55, 56,57,58,59. 

Maeda ʠ ʩʦʨ.  ʦʙʿʘʚʠʣʝ ʜʝʢʘ ʪʦʧʯʝʩʪʠʦʪ ʘʪʝʯʤʝʥʪ ʦʚʦʟʤʦʞʫʚʘ ʧʦʛʦʣʝʤʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ 

ʧʨʦʪʝʟʘʪʘ, ʥʦ ʛʠ ʟʛʦʣʝʤʫʚʘ ʣʘʪʝʨʘʣʥʠʪʝ ʩʠʣʠ ʰʪʦ ʜʝʿʩʪʚʫʚʘʘʪ ʚʨʟ ʠʤʧʣʘʥʪʠʪʝ. ʉʧʦʨʝʜ 

ʘʚʪʦʨʠʪʝ, ʧʦʛʦʣʝʤʘʪʘ ʚʠʩʠʥʘ ʥʘ ʪʦʧʢʘʪʘ ʥʘʿʚʝʨʦʿʘʪʥʦ ʧʨʝʜʠʟʚʠʢʫʚʘ ʧʦʛʦʣʝʤ ʩʪʨʝʩ ʚʨʟ 

ʠʤʧʣʘʥʪʠʪʝ ʜʦʜʝʢʘ ʧʦʤʘʣʘʪʘ ʚʠʩʠʥʘ, ʧʦʰʠʨʦʢʠʦʪ ʜʠʘʿʤʝʪʘʨ, ʢʘʢʦ ʠ ʥʘʿʣʦʥʩʢʘʪʘ 

ʢʦʤʧʦʥʝʥʪʘʪʘ ʥʘ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪʦʪ, ʤʦʞʝʙʠ,  ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʟʘ ʧʦʤʘʣ ʩʪʨʝʩ ʥʘ 

ʠʤʧʣʘʥʪʦʪ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʪʦʧʯʝʩʪʠʦʪ ʘʪʝʯʤʝʥʪ 56.  

ʉʧʨʦʪʠʚʥʦ ʥʘ ʪʦʘ, Celik ʠ Uldag ʦʙʿʘʚʫʚʘʘʪ ʜʝʢʘ ʣʦʢʘʪʦʨ-ʩʠʩʪʝʤʦʪ ʧʨʝʜʠʟʚʠʢʫʚʘ ʧʦʛʦʣʝʤʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʚʨʟ ʠʤʧʣʘʥʪʠʪʝ ʠ ʢʦʩʢʘʪʘ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʪʦʧʯʝʩʪʠʦʪ ʘʪʝʯʤʝʥʪ ʠ ʧʨʝʯʢʘʪʘ. 

ʊʠʝ ʢʦʨʠʩʪʝʣʝ ʬʦʪʦʝʣʘʩʪʠʯʝʥ ʤʦʜʝʣ ʟʘ ʜʘ ʛʦ ʠʩʧʠʪʘʘʪ ʧʨʝʥʝʩʫʚʘˁʝʪʦ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ 

ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʠ ʥʘ ʢʦʩʢʘʪʘ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʠʜʦʪ ʥʘ ʘʪʝʯʤʝʥʪʦʪ57 . 

ʉʧʦʨʝʜ ʢʦʥʩʝʥʟʫʩʦʪ ʥʘ York (2009), ʨʝʪʝʥʮʠʩʢʠʪʝ ʝʣʝʤʝʥʪʠ ʠʤʘʪ ʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʰʪʦ ʩʝ ʚʨʰʠ ʚʨʟ ʠʤʧʣʘʥʪʠʪʝ ʠ ʚʨʟ ʜʚʠʞʝˁʝʪʦ ʥʘ ʧʨʦʪʝʟʘʪʘ ʠ 

ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʟʥʘʯʘʝʥ ʨʠʟʠʢ-ʬʘʢʪʦʨ ʢʦ ʿʚʣʠʿʘʝ ʚʨʟ ʪʝʭʥʠʯʢʠʪʝ ʢʦʤʧʣʠʢʘʮʠʠ ʥʘ ʠʤʧʣʘʥʪ- 

ʧʦʪʧʨʝʥʘʪʘ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ 58. 

ʀʟʙʨʘʥʠʦʪ ʩʠʩʪʝʤ ʟʘ ʨʝʪʝʥʮʠʿʘ, ʩʧʦʨʝʜ Wang ʠ ʩʦʨ., ʤʦʞʝ ʜʘ ʠʤʘ ʧʦʪʝʥʮʠʿʘʣʝʥ ʝʬʝʢʪ ʚʨʟ 

ʩʪʘʧʢʘʪʘ ʥʘ ʧʨʝʞʠʚʫʚʘˁʝ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʨʝʩʦʨʧʮʠʿʘʪʘ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ, 

ʢʦʤʧʣʠʢʘʮʠʠʪʝ ʢʘʿ ʤʝʢʠʪʝ ʪʢʠʚʘ, ʨʝʪʝʥʮʠʿʘʪʘ, ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʩʪʨʝʩʦʪ, ʢʘʢʦ ʠ ʚʨʟ 

ʢʦʤʧʣʠʢʘʮʠʠʪʝ ʧʨʠ ʦʜʨʞʫʚʘˁʝʪʦ ʥʘ ʀʇʇʦʇ, ʥʦ ʠ ʚʨʟ ʟʘʜʦʚʦʣʩʪʚʦʪʦ ʥʘ ʧʘʮʠʝʥʪʦʪ 59.  

ʀʜʝʘʣʥʠʦʪ ʩʠʩʪʝʤ ʟʘ ʨʝʪʝʥʮʠʿʘ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʭʠʛʠʝʥʩʢʠ, ʣʝʩʝʥ ʟʘ ʫʧʦʪʨʝʙʘ ʠ ʜʘ 

ʦʙʝʟʙʝʜʫʚʘ ʨʘʤʥʦʤʝʨʥʦ ʠ ʘʪʨʘʫʤʘʪʩʢʦ ʧʨʝʥʝʩʫʚʘˁʝ ʥʘ ʦʢʣʫʟʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ 

ʢʦʩʢʘʪʘ. ʀʟʙʦʨʦʪ ʥʘ ʨʝʪʝʥʮʠʩʢʠʪʝ ʝʣʝʤʝʥʪʠ ʪʨʝʙʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʚʦ ʬʘʟʘʪʘ ʥʘ ʧʣʘʥʠʨʘˁʝ 

ʥʘ ʧʨʦʪʝʪʠʯʢʘʪʘ ʨʝʭʘʙʠʣʠʪʘʮʠʿʘ, ʧʨʠ ʰʪʦ ʨʘʩʧʦʣʦʞʣʠʚʠʦʪ ʤʝʺʫʚʠʣʠʯʝʥ ʧʨʦʩʪʦʨ, 
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ʧʦʪʨʝʙʠʪʝ ʥʘ ʧʘʮʠʝʥʪʦʪ, ʦʯʝʢʫʚʘʥʠʪʝ ʩʠʣʠ, ʧʦʪʨʝʙʥʘʪʘ ʧʦʜʜʨʰʢʘ ʥʘ ʦʢʦʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ, 

ʧʦʪʨʝʙʘʪʘ ʟʘ ʦʜʨʞʫʚʘˁʝ ʠ ʮʝʥʘʪʘ ʪʨʝʙʘ ʜʘ ʩʝ ʟʝʤʘʪ ʧʨʝʜʚʠʜ. ʀʟʙʦʨʦʪ ʥʘ ʘʪʝʯʤʝʥʪʠʪʝ, 

ʠʩʪʦ ʪʘʢʘ, ʧʨʚʝʥʩʪʚʝʥʦ ʟʘʚʠʩʠ ʦʜ ʧʦʪʨʝʙʥʘʪʘ ʨʝʪʝʥʮʠʿʘ, ʤʦʨʬʦʣʦʛʠʿʘʪʘ ʠ ʘʥʘʪʦʤʠʿʘʪʘ ʥʘ 

ʚʠʣʠʮʘʪʘ, ʢʘʢʦ ʠ ʦʜ ʩʦʩʪʦʿʙʘʪʘ ʥʘ ʤʫʢʦʟʘʪʘ. ɸʪʝʯʤʝʥʪʠʪʝ ʩʝ ʢʣʘʩʠʬʠʢʫʚʘʘʪ ʚʨʟ ʦʩʥʦʚʘ ʥʘ 

ʥʠʚʥʘʪʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ, ʛʝʦʤʝʪʨʠʩʢʘʪʘ ʬʦʨʤʘ ʠ ʧʨʝʩʝʢʦʪ, ʧʨʝʮʠʟʥʦʩʪʘ ʥʘ ʣʝʝˁ ʝ ʠ 

ʧʨʦʠʟʚʦʜʥʠʪʝ ʧʨʦʮʝʜʫʨʠ14. 

ʉʧʦʨʝʜ ʬʣʝʢʩʠʙʠʣʥʦʩʪʘ, ʘʪʝʯʤʝʥʪʠʪʝ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʥʘ ʨʠʛʠʜʥʠ ʠʣʠ ʨʝʟʠʣʠʝʥʪʥʠ.  

ʉʝʢʦʿ ʦʜ ʥʠʚ ʝ ʩʦʩʪʘʚʝʥ ʦʜ ʜʚʘ ʜʝʣʘ: ʧʘʪʨʠʮʘ, ʢʦʿʘ ʝ ʧʨʠʢʘʯʝʥʘ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʠ ʘʥʘʣʦʛʥʠʦʪ 

ʜʝʣ  ╖  ʤʘʪʨʠʮʘ, ʢʦʿʘ ʝ ʚʛʨʘʜʝʥʘ ʚʦ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ. ʂʘʿ ʨʠʛʠʜʥʘʪʘ ʚʨʩʢʘ ʥʝ ʧʦʩʪʦʠ 

ʤʦʞʥʦʩʪ ʟʘ ʜʚʠʞʝˁʝ ʧʦʤʝʺʫ ʠʤʧʣʘʥʪʦʪ ʠ  ʧʨʦʪʝʟʘʪʘ,  ʧʨʠ ʰʪʦ ʦʢʣʫʟʘʣʥʠʪʝ ʩʠʣʠ ʚʦ ʛʦʣʝʤʘ 

ʤʝʨʘ ʩʝ ʧʨʝʥʝʩʫʚʘʘʪ ʥʘ ʠʤʧʣʘʥʪʠʪʝ. ʈʝʟʠʣʠʝʥʪʥʠʪʝ ʘʪʝʯʤʝʥʪʠ ʦʚʦʟʤʦʞʫʚʘʪ ʜʚʠʞʝˁʝ ʚʦ 

ʨʘʟʣʠʯʥʠ ʥʘʩʦʢʠ ʧʦʤʝʺʫ ʠʤʧʣʘʥʪʦʪ ʠ  ʧʨʦʪʝʟʘʪʘ. ʂʦʣʢʫ ʧʦʚʝ˃ʝ ʩʪʝʧʝʥʠ ʥʘ ʩʣʦʙʦʜʘ ʥʘ 

ʜʚʠʞʝˁʝ ʠʤʘ ʧʨʦʪʝʟʘʪʘ, ʪʦʣʢʫ ʧʦʤʘʣʢʫ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʝ ʧʨʝʥʝʩʫʚʘ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʠ 

ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ, ʙʠʜʝʿ˃ʠ ʛʦʣʝʤ ʜʝʣ ʦʜ ʦʢʣʫʟʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʛʦ ʧʨʠʬʘ˃ʘ 

ʨʝʟʠʜʫʘʣʥʠʦʪ ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ29. ʈʝʟʠʣʠʝʥʪʥʠʪʝ ʘʪʝʯʤʝʥʪʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʜʚʠʞʝˁʝ ʥʘ 

ʧʨʦʪʝʟʘʪʘ ʚʦ ʨʘʟʣʠʯʥʠ ʥʘʩʦʢʠ ʠ ʧʦʜʦʙʨʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʦʢʣʫʟʘʣʥʠʪʝ ʩʠʣʠ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ 

ʨʠʛʠʜʥʠʪʝ ʘʪʝʯʤʝʥʪʠ (Daas ʠ ʩʦʨ.60, El-Taftazani ʠ ʩʦʨ.61 ʠ Bollineni ʠ ʩʦʨ.62).  

ɼʚʠʞʝˁʝʪʦ ʥʘ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ ʢʘʿ ʨʝʟʠʣʠʝʥʪʥʠʪʝ ʘʪʝʯʤʝʥʪʠ, ʩʧʦʨʝʜ Misch, ʤʦʞʝ ʜʘ 

ʙʠʜʝ: 

1. ɺʝʨʪʠʢʘʣʥʦ ʜʚʠʞʝˁʝ  ╖  ʦʩʥʦʚʘʪʘ ʥʘ ʧʨʦʪʝʟʘʪʘ ʩʝ ʜʚʠʞʠ ʚʝʨʪʠʢʘʣʥʦ ʥʘ ʛʨʝʙʝʥʦʪ. ʆʚʦʿ 

ʪʠʧ ʜʚʠʞʝˁʝ ʨʝʟʫʣʪʠʨʘ ʩʦ ʨʘʤʥʦʤʝʨʥʦ ʧʨʝʥʝʩʫʚʘˁʝ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʦʜ ʦʢʣʫʟʘʣʥʠʪʝ 

ʩʠʣʠ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ. 

2. ʐʘʨʥʠʨʩʢʦ ʜʚʠʞʝˁʝ  ╖  ʦʩʥʦʚʘʪʘ ʥʘ ʧʨʦʪʝʟʘʪʘ ʩʝ ʨʦʪʠʨʘ ʦʢʦʣʫ ʦʩʢʘʪʘ ʬʦʨʤʠʨʘʥʘ ʦʜ 

ʥʘʜʿʠʩʪʘʣʥʦ ʧʦʩʪʘʚʝʥʠʪʝ ʝʣʝʤʝʥʪʠ ʟʘ ʨʝʪʝʥʮʠʿʘ ʥʘ ʩʧʨʦʪʠʚʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʛʨʝʙʝʥʦʪ. ʇʨʠ 

ʦʚʦʿ ʪʠʧ ʜʚʠʞʝˁʝ, ʦʢʣʫʟʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʝ ʧʨʝʥʝʩʫʚʘ ʜʝʣʫʤʥʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ, ʘ 

ʜʝʣʫʤʥʦ ʥʘ ʜʠʩʪʘʣʥʠʪʝ ʜʝʣʦʚʠ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ. 

3. ʈʦʪʘʮʠʦʥʦ ʜʚʠʞʝˁʝ  ╖  ʦʩʥʦʚʘʪʘ ʥʘ ʧʨʦʪʝʟʘʪʘ ʨʦʪʠʨʘ ʦʢʦʣʫ ʘʥʪʝʨʦʧʦʩʪʝʨʠʦʨʥʘʪʘ ʦʩʢʘ. 

ʂʦʛʘ ʦʢʣʫʟʘʣʥʠʪʝ ʩʠʣʠ ʜʝʿʩʪʚʫʚʘʘʪ ʥʘ ʝʜʥʘʪʘ ʩʪʨʘʥʘ ʦʜ ʧʨʦʪʝʟʘʪʘ, ʩʧʨʦʪʠʚʥʘʪʘ ʩʪʨʘʥʘ ʩʝ 

ʨʦʪʠʨʘ ʧʨʝʢʫ ʛʨʝʙʝʥʦʪ. 

4. ʊʨʘʥʩʣʘʪʦʨʥʦ ʜʚʠʞʝˁʝ  ╖  ʦʩʥʦʚʘʪʘ ʥʘ ʧʨʦʪʝʟʘʪʘ ʩʝ ʜʚʠʞʠ ʦʢʦʣʫ ʚʝʨʪʠʢʘʣʥʘʪʘ ʦʩʢʘ ʚʦ 

ʘʥʪʝʨʦʧʦʩʪʝʨʠʦʨʥʘ ʠʣʠ ʙʫʢʦʣʠʥʛʚʘʣʥʘ ʥʘʩʦʢʘ, ʙʝʟ ʨʦʪʘʮʠʿʘ. 

5. ʂʦʤʙʠʥʠʨʘʥʦ ʜʚʠʞʝˁʝ ï ʦʩʥʦʚʘʪʘ ʥʘ ʧʨʦʪʝʟʘʪʘ ʠʤʘ ʤʦʞʥʦʩʪ ʟʘ ʚʝʨʪʠʢʘʣʥʦ ʠ 

ʰʘʨʥʠʨʩʢʦ ʜʚʠʞʝˁʝ. ʉʠʣʠʪʝ ʩʝ ʧʨʝʥʝʩʫʚʘʘʪ ʨʘʤʥʦʤʝʨʥʦ ʚʦ ʨʝʟʠʜʫʘʣʥʠʦʪ ʘʣʚʝʦʣʘʨʝʥ 

ʛʨʝʙʝʥ ʠ ʩʝ ʥʘʤʘʣʫʚʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ29.  

ʂʣʠʥʠʯʢʠʪʝ ʩʪʫʜʠʠ ʩʫʛʝʨʠʨʘʘʪ ʜʝʢʘ ʝʜʥʘ ʦʜ ʛʣʘʚʥʠʪʝ ʛʨʠʞʠ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʢʦʠ ʥʦʩʘʪ 

ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ ʩʦ ʜʚʘ ʠʤʧʣʘʥʪʘ ʝ ʨʦʪʘʮʠʿʘʪʘ ʥʘ ʧʨʦʪʝʟʘʪʘ.  

ʉʧʦʨʝʜ Mericske-Stern ʠ ʩʦʨ., .ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ ʠʤʘ ʪʝʥʜʝʥʮʠʿʘ ʜʘ ʨʦʪʠʨʘ ʥʘʧʨʝʜ ʦʢʦʣʫ 
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ʣʠʥʠʿʘʪʘ ʥʘ ʧʦʪʧʦʨʘ ʢʦʛʘ ʩʝ ʧʨʠʤʝʥʫʚʘʘʪ ʙʦʯʥʠ ʦʧʪʦʚʘʨʫʚʘˁʘ63. ʈʘʟʣʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ 

ʨʝʪʝʥʮʠʿʘ, ʩʧʦʨʝʜ Vasant R ʠ Vasant MK, ʦʚʦʟʤʦʞʫʚʘʘʪ ʨʘʟʣʠʯʥʠ ʪʠʧʦʚʠ  ʜʚʠʞʝˁʘ ʥʘ 

ʧʨʦʪʝʟʘʪʘ; ʦʚʠʝ ʜʚʠʞʝˁʘ ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʚʝʨʪʠʢʘʣʥʠ, ʭʦʨʠʟʦʥʪʘʣʥʠ ʠʣʠ ʨʦʪʘʮʠʦʥʠ 64. 

ɽʜʥʘ ʦʜ ʥʘʿʚʘʞʥʠʪʝ ʝʚʘʣʫʘʮʠʠ ʧʨʠ ʜʠʿʘʛʥʦʩʪʠʯʢʘʪʘ ʬʘʟʘ ʥʘ ʪʝʨʘʧʠʿʘ ʩʦ ʠʤʧʣʘʥʪʠ ʝ 

ʝʚʘʣʫʘʮʠʿʘʪa ʥʘ ʨʘʩʧʦʣʦʞʣʠʚʠʦʪ ʨʝʩʪʦʨʘʪʠʚʝʥ ʧʨʦʩʪʦʨ65. ʈʝʩʪʦʨʘʪʠʚʥʠʦʪ ʧʨʦʩʪʦʨ ʤʦʞʝ ʜʘ 

ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʢʦ ʪʨʠʜʠʤʝʥʟʠʦʥʘʣʝʥ ʦʨʘʣʝʥ ʜʦʩʪʘʧʝʥ ʧʨʦʩʪʦʨ ʟʘ ʧʨʠʤʘˁʝ ʥʘ 

ʧʨʝʜʣʦʞʝʥʘʪʘ ʧʨʦʪʝʪʠʯʢʘ ʨʝʩʪʘʚʨʘʮʠʿʘ. ʂʘʿ ʙʝʟʟʘʙʥʠʪʝ ʧʘʮʠʝʥʪʠ, ʦʚʦʿ ʧʨʦʩʪʦʨ ʝ 

ʦʛʨʘʥʠʯʝʥ ʩʦ ʦʢʣʫʟʘʣʥʘʪa ʨʘʤʥʠʥʘ, ʧʦʪʧʦʨʥʠʪʝ ʪʢʠʚʘ ʥʘ ʙʝʟʟʘʙʥʘʪʘ ʚʠʣʠʮʘ, ʦʙʨʘʟʠʪʝ, 

ʫʩʥʠʪʝ ʠ ʿʘʟʠʢʦʪ.  

Ahuja ʠ Cagna ʦʧʠʫhʚʘʘʪ ʯʝʪʠʨʠ ʨʘʟʣʠʯʥʠ ʢʣʘʩʠ ʥʘ ʜʦʩʪʘʧʝʥ ʚʝʨʪʠʢʘʣʝʥ ʨʝʩʪʦʨʘʪʠʚʝʥ 

ʧʨʦʩʪʦʨ ʚʦ ʙʝʟʟʘʙʥʠʪʝ ʣʘʢʦʚʠ. ʂʣʘʩʠʪʝ ʦʜ I ʜʦ IV ʛʠ ʦʧʠʰʫʚʘʘʪ ʢʣʠʥʠʯʢʠʪʝ ʫʩʣʦʚʠ ʢʘʜʝ 

ʰʪʦ ʜʦʩʪʘʧʥʠʦʪ ʚʝʨʪʠʢʘʣʝʥ ʧʨʦʩʪʦʨ ʟʘ ʨʝʩʪʘʚʨʘʮʠʿʘ  ╖  ʦʜ ʤʝʢʠʪʝ ʪʢʠʚʘ ʥʘ ʙʝʟʟʘʙʥʠʦʪ 

ʛʨʝʙʝʥ ʜʦ ʦʢʣʫʟʘʣʥʘʪʘ ʨʘʤʥʠʥʘ  ╖  ʠʟʥʝʩʫʚʘ Ó 15 mm, 12  ╖  14 mm, 9  ╖  11 mm ʠ < 9 mm.66,67  

ʄʠʥʠʤʘʣʥʠʦʪ ʧʦʪʨʝʙʝʥ ʚʝʨʪʠʢʘʣʝʥ ʨʝʩʪʦʨʘʪʠʚʝʥ ʧʨʦʩʪʦʨ ʟʘ ʠʤʧʣʘʥʪ-ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ 

(ʀʇʦʇ) ʥʘ ʜʦʣʥʘʪʘ ʚʠʣʠʮʘ ʪʨʝʙʘ ʜʘ ʠʟʥʝʩʫʚʘ 12 mm.  

ɺʦ ʩʚʦʿʘʪʘ ʩʪʫʜʠʿʘ, Behnaz ʠ ʩʦʨ. ʟʘʙʝʣʝʞʫʚʘʘʪ ʜʝʢʘ ʤʠʥʠʤʘʣʥʠʦʪ ʧʦʪʨʝʙʝʥ ʧʨʦʩʪʦʨ ʟʘ 

ʣʦʢʘʪʦʨ-ʩʠʩʪʝʤ ʪʨʝʙʘ ʜʘ ʙʠʜʝ 8,5 mm (ʚʝʨʪʠʢʘʣʥʦ) x 9 mm (ʭʦʨʠʟʦʥʪʘʣʥʦ). ʉʧʦʨʝʜ 

ʘʚʪʦʨʠʪʝ, ʢʦʛʘ ʚʝʨʪʠʢʘʣʥʠʦʪ ʧʨʦʩʪʦʨ ʝ ʦʛʨʘʥʠʯʝʥ, ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪʠʪʝ ʩʦ ʤʘʣʘ ʚʠʩʠʥʘ  ʩʝ 

ʧʦʚʝ˃ʝ ʧʨʝʧʦʨʘʯʣʠʚʠ ʦʪʢʦʣʢʫ ʣʦʢʘʪʦʨʠʪʝ67. ʇʨʝʯʢʘ-ʘʪʝʯʤʝʥʪʠʪʝ, ʧʘʢ, ʙʘʨʘʘʪ ʧʦʛʦʣʝʤ 

ʧʨʦʩʪʦʨ  ╖  ʤʠʥʠʤʘʣʥʘʪʘ ʧʦʪʨʝʙʥʘ ʚʠʩʠʥʘ ʟʘ ʥʠʚ ʝ 12 mm. 

ɻʫʙʝˁʝʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʠ ʩʠʩʪʝʤʠʪʝ ʟʘ ʨʝʪʝʥʮʠʿʘ ʠʤʘʘʪ ʥʝʛʘʪʠʚʥʠ ʧʦʩʣʝʜʠʮʠ ʚʨʟ 

ʨʘʤʥʦʪʝʞʘʪʘ ʥʘ ʧʨʦʪʝʟʘʪʘ ʠ ʤʘʩʪʠʢʘʪʦʨʥʘʪʘ ʬʫʥʢʮʠʿʘ. ɿʘ ʜʘ ʩʝ ʩʧʨʝʯʘʪ ʢʦʤʧʣʠʢʘʮʠʠʪʝ,  ʩʝ 

ʧʨʝʧʦʨʘʯʫʚʘ ʧʨʘʚʠʣʥʘ ʘʥʘʣʠʟʘ ʥʘ ʦʢʣʫʟʘʣʥʠʪʝ ʩʠʣʠ, ʩʦʦʜʚʝʪʝʥ ʙʨʦʿ ʥʘ ʠʤʧʣʘʥʪʠ, ʥʠʚʥʦ 

ʦʧʪʠʤʘʣʥʦ ʪʦʧʦʛʨʘʬʩʢʦ ʚʛʨʘʜʫʚʘˁʝ, ʠʟʙʦʨ ʥʘ ʩʦʦʜʚʝʪʝʥ ʘʪʝʯʤʝʥʪ ʠ ʢʦʥʪʠʥʫʠʨʘʥʘ 

ʤʝʜʠʮʠʥʩʢʘ ʥʝʛʘ ʟʘ ʧʘʮʠʝʥʪʦʪ, ʩʦ ʮʝʣ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ ʩʠʪʝ ʥʝʜʦʩʪʘʪʦʮʠ ʢʦʠ ʙʠ ʤʦʞʝʣʝ ʩʝ 

ʧʦʿʘʚʘʪ. 

Cakarer ʠ ʩʦʨ. ʥʘʧʨʘʚʠʣʝ ʠʩʪʨʘʞʫʚʘˁʝ ʩʦ ʮʝʣ ʜʘ ʛʠ ʧʨʦʮʝʥʘʪ ʢʦʤʧʣʠʢʘʮʠʠʪʝ ʧʦʚʨʟʘʥʠ ʩʦ 

ʧʦʢʨʦʚʥʠʪʝ ʧʨʦʪʝʟʠ ʨʝʪʠʥʠʨʘʥʠ ʥʘ ʠʤʧʣʘʥʪʠ ʩʦ ʪʦʧʢʘ-, ʧʨʝʯʢʘ- ʠ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪʠ. 

ɸʚʪʦʨʠʪʝ ʟʘʢʣʫʯʠʣʝ ʜʝʢʘ ʥʘʿʤʘʣ ʙʨʦʿ ʢʦʤʧʣʠʢʘʮʠʠ ʩʝ ʧʦʿʘʚʫʚʘʘʪ ʢʘʿ ʧʨʦʪʝʟʠʪʝ ʩʦ ʣʦʢʘʪʦʨ-

ʘʪʝʯʤʝʥʪʠ68. 

ʇʨʦʛʥʦʟʘʪʘ ʥʘ ʜʝʥʪʘʣʥʠʪʝ ʠʤʧʣʘʥʪʠ ʚʦ ʛʦʣʝʤʘ ʤʝʨʘ ʟʘʚʠʩʠ ʦʜ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ 

ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ ʠʤʧʣʘʪʠʪʝ ʠ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʦʪʦ ʪʢʠʚʦ. ʇʦʩʪʦʿʘʪ ʨʘʟʣʠʯʥʠ ʤʠʩʣʝˁʘ 

ʤʝʺʫ ʘʚʪʦʨʠʪʝ ʚʦ ʚʨʩʢʘ ʩʦ ʫʣʦʛʘʪʘ ʥʘ ʦʢʣʫʟʠʿʘʪʘ ʚʦ ʨʝʩʦʨʧʮʠʿʘʪʘ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ 

ʢʦʩʢʘ. ʉʝʧʘʢ, ʧʦʩʪʦʠ ʦʧʰʪʘ ʩʦʛʣʘʩʥʦʩʪ ʜʝʢʘ ʨʘʥʠʦʪ ʥʝʫʩʧʝʭ ʥʘ ʪʝʨʘʧʠʿʘʪʘ ʩʦ ʠʤʧʣʘʥʪʠ 

ʤʦʞʝ ʜʘ ʙʠʜʝ ʧʦʚʨʟʘʥ ʩʦ ʧʨʝʦʧʪʦʚʘʨʫʚʘˁʝʪʦ69, ʥʦ, ʩʝʧʘʢ, ʚʨʩʢʘʪʘ ʤʝʺʫ ʦʢʣʫʟʘʣʥʦʪʦ 
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ʧʨʝʦʧʪʦʚʘʨʫʚʘˁʝ ʠ ʨʝʩʦʨʧʮʠʿʘʪʘ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩ¯ ʫʰʪʝ ʦʩʪʘʥʫʚʘ 

ʢʦʥʪʨʦʚʝʨʟʥʘ ʪʝʤʘ ʚʦ ʜʝʥʪʘʣʥʘʪʘ ʠʤʧʣʘʥʪʦʣʦʛʠʿʘ29.  

ɼʦʙʨʦʪʦ ʧʣʘʥʠʨʘˁʝ ʥʘ ʠʤʧʣʘʥʪ-ʧʨʦʪʝʪʠʯʢʠʦʪ ʪʨʝʪʤʘʥ ʧʨʠʜʦʥʝʩʫʚʘ ʢʦʥ ʧʦʜʦʙʘʨ ʧʨʠʩʪʘʧ 

ʚʦ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʥʘ ʩʠʣʠʪʝ ʰʪʦ ʜʝʣʫʚʘʘʪ ʥʘ ʠʤʧʣʘʥʪ-ʧʨʦʪʝʪʠʯʢʠʦʪ ʢʦʤʧʣʝʢʩ, ʘ ʩʦ ʪʦʘ ʠ 

ʚʨʟ ʠʥʮʠʜʝʥʮʘʪʘ ʥʘ ʨʝʩʦʨʧʮʠʿʘ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ54. Maeda ʠ ʩʦʨ.,  Wang ʠ ʩʦʨ. ʠ 

Daas ʠ ʩʦʨ. ʩʤʝʪʘʘʪ ʜʝʢʘ ʝʜʝʥ ʦʜ ʢʣʫʯʥʠʪʝ ʬʘʢʪʦʨʠ ʢʦʿ ʚʣʠʿʘʝ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ ʠ ʧʦʪʧʦʨʥʠʪʝ ʪʢʠʚʘ ʩʝ ʨʝʪʝʥʮʠʩʢʠʪʝ ʝʣʝʤʝʥʪʠ. ʉʧʦʨʝʜ ʘʚʪʦʨʠʪʝ, ʢʘʿ 

ʨʝʟʠʣʠʝʥʪʥʠʪʝ ʘʪʝʯʤʝʥʪʠ ʥʘʧʨʝʛʘˁʝʪʦ ʚʦ ʢʦʩʢʘʪʘ ʦʢʦʣʫ ʠʤʧʣʘʥʪʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʩʝ 

ʥʘʤʘʣʫʚʘ, ʧʨʠ ʰʪʦ ʜʝʣ ʦʜ ʥʘʧʨʝʛʘˁʝʪʦ ʩʝ ʧʨʝʥʝʩʫʚʘ ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ 

ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ. ʆʚʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʧʦʜʦʙʨʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ, ʘ ʩʦ ʪʦʘ ʩʝ 

ʥʘʤʘʣʫʚʘ ʤʘʢʩʠʤʘʣʥʦʪʦ ʥʠʚʦ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ57,59,60. ʉʧʦʨʝʜ Maeda ʠ ʩʦʨ., ʧʨʝʯʢʘʪʘ 

ʦʚʦʟʤʦʞʫʚʘ ʧʦʜʦʙʨʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʦʢʣʫʟʘʣʥʠʪʝ ʦʧʪʦʚʘʨʫʚʘˁʘ29,57. ʅʦ, ʘʚʪʦʨʠʪʝ 

Chaware ʠ Thakkar ʩʤʝʪʘʘʪ ʜʝʢʘ ʥʘʜʦʩʪʘʪʦʢ ʥʘ ʧʨʝʯʢʘʪʘ ʝ ʪʦʘ ʰʪʦ ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘ 

ʚʦʩʧʘʣʝʥʠʝ ʥʘ ʛʠʥʛʠʚʘʪʘ ʠ ʨʝʩʦʨʧʮʠʿʘ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ,  ʧʦʚʝʝ˃ ʦʪʢʦʣʢʫ 

ʜʨʫʛʠʪʝ ʘʪʝʯʤʝʥʪʠ, ʙʠʜʝʿ˃ʠ ʦʜʨʞʫʚʘˁʝʪʦ ʥʘ ʭʠʛʠʝʥʘʪʘ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʠʪʝ ʪʢʠʚʘ ʝ 

ʧʦʪʝʰʢʦ ʢʘʿ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪʠʪʝ 70 . 

ʉʝʧʘʢ, ʧʨʝʛʣʝʜʦʪ ʠ ʤʝʪʘ-ʘʥʘʣʠʟʘʪʘ ʩʧʨʦʚʝʜʝʥʠ ʦʜ ʂʝshk ʠ ʩʦʨ. ʚʦ 2017 ʛʦʜʠʥʘ ʟʘ  

ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʘʪʝʯʤʝʥʪʠʪʝ ʥʘ ʨʝʩʦʨʧʮʠʿʘʪʘ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʦʪʢʨʠʚʘʘʪ ʜʝʢʘ 

ʥʝʤʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʠ ʨʘʟʣʠʢʠ ʧʦʤʝʺʫ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʚʠʜʦʚʠ ʘʪʝʯʤʝʥʪʠ ʚʦ ʦʜʥʦʩ ʥʘ 

ʨʝʩʦʨʧʮʠʿʘʪʘ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ, ʠʥʜʝʢʩʦʪ ʥʘ ʢʨʚʘʨʝˁʝ, ʛʠʥʛʠʚʘʣʥʠʦʪ ʠʥʜʝʢʩ ʠ 

ʠʥʜʝʢʩʦʪ ʥʘ ʥʘʩʣʘʛʠ71. 

Aldhorah ʠ ʩʦʨ., ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʥʠʚʥʘʪʘ ʩʪʫʜʠʿʘ ʟʘ ʝʬʝʢʪʦʪ ʥʘ ʘʪʝʯʤʝʥʪʠʪʝ ʥʘ 

ʧʝʨʠʠʤʧʣʘʥʪʥʦʪʦ ʪʢʠʚʦ ʢʘʿ ʤʘʥʜʠʙʫʣʘʨʥʘʪʘ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ ʥʘʜ ʜʚʘ ʠʤʧʣʘʥʪʘ 

(ʚʢʣʫʯʫʚʘʿ˃ʠ ʧʨʝʯʢʘ-, ʪʦʧʢʘ-, ʣʦʢʘʪʦʨ-, ʝʣʘʩʪʠʯʝʥ ʪʝʣʝʩʢʦʧʩʢʠ ʠ ʤʘʛʥʝʪʝʥ ʩʠʩʪʝʤ), 

ʦʙʿʘʚʫʚʘʘʪ ʜʝʢʘ ʩʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʨʝʪʝʥʮʠʿʘ ʠʤʘʣʝ ʠʩʪ ʝʬʝʢʪ ʚʨʟ ʨʝʩʦʨʧʮʠʿʘʪʘ ʥʘ 

ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ72. 

ʉʧʦʨʝʜ ʣʠʪʝʨʘʪʫʨʥʠʪʝ ʧʦʜʘʪʦʮʠ, ʨʝʩʦʨʧʮʠʿʘʪʘ ʥʘ ʢʦʩʢʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʦʜ 

ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʘʥ ʥʘ ʤʘʥʜʠʙʫʣʘʪʘ ʝ ʩʧʝʮʠʬʠʯʥʦ ʧʦʚʨʟʘʥʘ ʩʦ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ 

ʨʝʪʠʥʠʨʘʥʘ ʥʘ ʜʚʘ ʠʤʧʣʘʥʪʘ ʧʦʩʪʘʚʝʥʠ ʚʦ ʧʨʝʜʥʠʦʪ ʜʝʣ ʥʘ ʜʦʣʥʘʪʘ ʚʠʣʠʮʘ73. 

Elsyad ʠ ʩʦʨ. ʩʧʨʦʚʝʣʝ 7-ʛʦʜʠʰʥʘ ʨʝʪʨʦʩʧʝʢʪʠʚʥʘ ʧʨʝʣʠʤʠʥʘʨʥʘ ʩʪʫʜʠʿʘ ʟʘ ʨʝʩʦʨʧʮʠʿʘʪʘ 

ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ ʥʘ ʜʦʣʥʘʪʘ ʚʠʣʠʮʘ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʠʜʦʪ 

ʥʘ ʘʪʝʯʤʝʥʪ-ʩʠʩʪʝʤʦʪ, ʠ ʟʘʢʣʫʯʠʣʝ ʜʝʢʘ ʨʝʟʠʣʠʝʥʪʥʠʪʝ ʘʪʝʯʤʝʥʪʠ  ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ 

ʧʦʛʦʣʝʤʘ ʨʝʩʦʧʮʠʿʘ ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ. ʉʧʦʨʝʜ ʘʚʪʦʨʠʪʝ, 

ʚʠʜʦʪ ʥʘ ʘʪʝʯʤʝʥʪʦʪ, ʚʠʩʠʥʘʪʘ ʥʘ ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ ʠ ʥʘʯʠʥʦʪ ʥʘ ʧʦʪʧʠʨʘˁʝ ʥʘ 

ʧʨʦʪʝʟʘʪʘ ʙʠʣʝ ʧʦʚʨʟʘʥʠ ʩʦ ʨʝʩʦʨʧʮʠʿʘʪʘ ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʦʜ ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ 
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ʥʘ ʜʦʣʥʘʪʘ ʚʠʣʠʮʘ73. 

 

2.4 ɹʠʦʤʝʭʘʥʠʢʘ ʥʘ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ ʥʘʜ ʠʤʧʣʘʥʪʠ 

ɹʠʦʤʝʭʘʥʠʢʘʪʘ ʝ ʙʠʦʤʝʜʠʮʠʥʩʢʘ ʜʠʩʮʠʧʣʠʥʘ ʢʦʿʘ ʛʦ ʧʨʦʫʯʫʚʘ ʦʜʛʦʚʦʨʦʪ ʥʘ ʙʠʦʣʦʰʢʠʪʝ 

ʪʢʠʚʘ ʥʘ ʧʨʠʤʝʥʝʪʘʪʘ ʩʠʣʘ74. ʇʦʟʥʘʚʘˁʝʪʦ ʥʘ ʙʠʦʤʝʭʘʥʠʯʢʠʪʝ ʧʨʠʥʮʠʧʠ ʥʘ ʩʪʨʫʢʪʫʨʠʪʝ 

ʥʘ ʤʘʩʪʠʢʘʪʦʨʥʠʦʪ ʩʠʩʪʝʤ, ʙʠʦʤʝʭʘʥʠʢʘʪʘ ʥʘ ʧʨʦʪʝʪʠʯʢʠʪʝ ʠʟʨʘʙʦʪʢʠ, ʢʘʢʦ ʠ ʦʩʦʙʠʥʠʪʝ 

ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʥʘ ʠʩʪʠʪʝ, ʝ ʦʜ ʩʫʰʪʠʥʩʢʦ ʟʥʘʯʝˁʝ ʟʘ ʧʣʘʥʠʨʘˁʝ ʥʘ ʪʝʨʘʧʠʩʢʠʪʝ ʧʦʩʪʘʧʢʠ 

ʠ ʟʘ ʦʧʪʠʤʘʣʥʦ ʜʠʟʘʿʥʠʨʘˁʝ ʥʘ ʧʨʦʪʝʪʠʯʢʠʪʝ ʨʝʩʪʘʚʨʘʮʠʠ.  

ɹʠʦʤʝʭʘʥʠʢʘʪʘ ʥʘ ʧʦʢʨʚʥʘʪʘ ʧʨʦʪʝʟʘ ʥʘʜ ʠʤʧʣʘʥʪʠ ʝ ʤʦʰʥʝ ʩʣʦʞʝʥʘ ʠ ʟʘʚʠʩʠ ʦʜ ʧʦʚʝ˃ʝ 

ʬʘʢʪʦʨʠ  ╖ ʥʘʿʤʥʦʛʫ ʦʜ ʥʘʯʠʥʦʪ ʥʘ ʧʨʝʥʝʩʫʚʘˁʝ ʥʘ ʩʠʣʠʪʝ, ʦʜ ʠʟʙʦʨʦʪ ʥʘ ʩʫʧʨʘʩʪʨʫʢʪʫʨʘʪʘ, 

ʦʜʥʦʩʥʦ ʘʪʝʯʤʝʥʪʦʪ, ʠ ʦʜ ʚʠʣʠʮʘʪʘ ʚʦ ʢʦʿʘ ʩʝ ʥʘʦʺʘ ʪʘʢʚʘʪʘ ʧʨʦʪʝʪʠʯʢʘ ʠʟʨʘʙʦʪʢʘ75. 

ʇʨʠ ʧʨʦʮʝʩʦʪ ʥʘ ʤʘʩʪʠʢʘʮʠʿʘ, ʟʘʙʠʪʝ ʤʝʺʫʩʝʙʥʦ ʩʝ ʜʦʧʠʨʘʘʪ ʠ ʧʨʠ ʪʦʘ ʩʝ ʨʘʟʚʠʚʘ ʩʠʣʘ ʢʦʿʘ 

ʩʝ ʧʨʝʥʝʩʫʚʘ ʥʘ ʠʤʧʣʘʥʪʘʪʠʪʝ ʠ ʧʝʨʠʠʤʧʣʘʥʪʥʠʪʝ ʪʢʠʚʘ. ʉʠʣʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʝʢʦʛʘʰ 

ʩʝ ʥʘʤʝʪʥʫʚʘ ʢʘʢʦ ʦʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘʪʠʢʘ ʢʦʿʘ ʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʘʤʦʨʪʠʟʠʨʘ ʠ ʜʘ ʩʝ 

ʨʘʩʧʨʝʜʝʣʠ ʥʘ ʧʦʰʠʨʦʢʘ ʙʘʟʘ. ʂʘʿ ʦʩʝʦʠʥʪʝʛʨʠʨʘʥʠʪʝ ʠʤʧʣʘʥʪʠ, ʧʦʨʘʜʠ ʥʝʜʦʩʪʘʪʦʢ ʥʘ 

ʧʘʨʦʜʦʥʪʘʣʝʥ ʣʠʛʘʤʝʥʪ, ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʟʘʙʠʪʝ, ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʩʝ ʧʨʝʥʝʩʫʚʘ ʥʘ ʢʦʩʢʝʥʦʪʦ 

ʪʢʠʚʦ, ʥʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦʠʥʘʢʦʚ ʥʘʯʠʥ. ɿʘ ʨʘʟʣʠʢʘ ʦʜ ʟʘʙʠʪʝ ʢʦʠ ʠʤʘʘʪ ʟʘʰʪʠʪʥʠ 

ʥʝʚʨʦʤʫʩʢʫʣʥʠ ʨʝʬʣʝʢʩʠ, ʠʤʧʣʘʥʪʠʪʝ ʥʝʤʘʘʪ ʩʧʝʮʠʬʠʯʝʥ ʤʝʭʘʥʠʟʘʤ ʟʘ ʟʘʰʪʠʪʘ ʦʜ 

ʩʠʣʥʠʪʝ ʦʢʣʫʟʘʣʥʠ ʩʠʣʠ. ʆʪʩʫʩʪʚʦʪʦ ʥʘ ʨʝʮʝʧʪʦʨʠ ʣʦʮʠʨʘʥʠ ʚʦ ʧʘʨʦʜʦʥʪʘʣʥʠʦʪ ʣʠʛʘʤʝʥʪ 

ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʪʨʘʫʤʘ ʥʘ ʧʦʪʧʦʨʥʠʪʝ ʪʢʠʚʘ76. 

ʉʠʣʠʪʝ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʘ ʥʘ ʢʦʠ ʩʝ ʧʦʜʣʦʞʥʠ ʠʤʧʣʘʥʪʠʪʝ ʧʨʠ ʥʠʚʥʦ ʩʪʘʚʘˁʝ ʚʦ ʬʫʥʮʠʿʘ ʩʝ 

ʨʘʟʣʠʢʫʚʘʘʪ ʧʦ ʛʦʣʝʤʠʥʘ, ʬʨʝʢʚʝʥʮʠʿʘ ʠ ʚʨʝʤʝʪʨʘʝˁʝ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 

ʧʘʨʘʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʥʘʚʠʢʠ ʥʘ ʧʘʮʠʝʥʪʦʪ69. ʉʠʣʠʪʝ ʰʪʦ ʜʝʣʫʚʘʘʪ ʚʨʟ ʠʤʧʣʘʥʪʠʪʝ ʩʝ 

ʢʨʘʪʢʦʪʨʘʿʥʠ, ʩʠʣʥʠ ʤʘʩʪʠʢʘʪʦʨʥʠ ʩʠʣʠ, ʠ ʩʣʘʙʠ ʧʦʩʪʦʿʘʥʠ ʩʠʣʠ ʥʘ ʦʨʘʣʥʘʪʘ ʤʫʩʢʫʣʘʪʫʨʘ 

(ʿʘʟʠʢ, ʦʙʨʘʟʠ), ʥʦ ʠ ʩʪʨʝʩʥʠ ʩʠʣʠ ʥʘ ʩʘʤʘʪʘ ʩʫʧʨʘʩʪʨʫʢʪʫʨʘ ʜʦʢʦʣʢʫ ʧʨʠʩʧʦʩʦʙʫʚʘˁʝʪʦ ʥʘ 

ʧʨʦʪʝʟʘʪʘ ʥʝ ʝ ʩʦʚʨʰʝʥʦ75. ʉʝʢʦʿʘ ʩʠʣʘ ʰʪʦ ʩʝ ʧʨʠʤʝʥʫʚʘ ʚʨʟ ʩʫʧʨʘʩʪʨʫʢʪʫʨʘʪʘ ʩʝ 

ʧʨʝʥʝʩʫʚʘ ʥʘ ʠʤʧʣʘʥʪʦʪ ʠ ʥʘ ʦʢʦʣʥʘʪʘ ʢʦʩʢʘ69,76.  

ʉʠʣʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʦʧʠʰʘʪ ʢʘʢʦ ʩʠʣʠ ʥʘ ʢʦʤʧʨʝʩʠʿʘ, ʠʩʪʝʛʥʫʚʘˁʝ ʠʣʠ ʩʤʦʣʢʥʫʚʘˁʝ. 

ʂʦʤʧʨʝʩʠʚʥʠʪʝ ʩʠʣʠ ʠʤʘʘʪ ʪʝʥʜʝʥʮʠʿʘ ʜʘ ʛʦ ʟʘʯʫʚʘʘʪ ʠʥʪʝʛʨʠʪʝʪʦʪ ʥʘ ʠʥʪʝʨʬʝʿʩʦʪ ʢʦʩʢʘ-

ʠʤʧʣʘʥʪ ʜʦʜʝʢʘ ʩʠʣʠʪʝ ʥʘ ʠʩʪʝʛʥʫʚʘˁʝ ʠ ʩʤʦʣʢʥʫʚʘˁʝ ʠʤʘʘʪ ʪʝʥʜʝʥʮʠʿʘ ʜʘ ʛʦ ʥʘʨʫʰʘʪ 

ʠʥʪʝʨʬʝʿʩʦʪ ʢʦʩʢʘ-ʠʤʧʣʘʥʪ. ʉʠʣʠʪʝ ʥʘ ʩʤʦʣʢʥʫʚʘˁʝ ʩʝ ʥʘʿʜʝʩʪʨʫʢʪʠʚʥʠ ʟʘ ʠʤʧʣʘʥʪʠʪʝ ʠ 

ʢʦʩʢʠʪʝ. ɺʦ ʧʨʠʥʮʠʧ, ʢʦʤʧʨʝʩʠʚʥʠʪʝ ʩʠʣʠ ʩʝ ʘʢʦʤʦʜʠʨʘʘʪ ʥʘʿʜʦʙʨʦ ʩʦ ʠʤʧʣʘʥʪ-

ʧʨʦʪʝʪʠʯʢʠʦʪ ʢʦʤʧʣʝʢʩ. ʀʤʧʣʘʥʪʠʪʝ ʠ ʢʦʩʢʘʪʘ ʩʝ ʥʘʿʩʠʣʥʠ ʧʨʠ ʢʦʤʧʨʝʩʠʿʘ, ʘ ʩʝ ʥʘʿʩʣʘʙʠ 

ʧʨʠ ʩʤʦʣʢʥʫʚʘˁʝ77. ʉʠʣʠʪʝ ʥʘ ʩʤʦʣʢʥʫʚʘˁʝ ʠ ʠʩʪʝʛʥʫʚʘˁʝ ʩʝ ʢʦʩʠ ʧʦ ʧʨʠʨʦʜʘʪʘ ʠ 

ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʧʦʛʦʣʝʤʦ ʥʘʧʨʝʛʘˁʝ ʥʘ ʠʤʧʣʘʥʪʠʪʝ, ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʠ 
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ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ. ʆʧʪʦʚʘʨʫʚʘˁʝʪʦ ʧʦʜ ʘʛʦʣ ʦʜ 30ʦ  ˃ʝ ʛʦ ʟʛʦʣʝʤʠ ʮʝʣʦʢʫʧʥʦʪʦ 

ʥʘʧʨʝʛʘˁʝ ʟʘ 50 % ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʘʢʩʠʘʿʣʥʠʪʝ ʩʠʣʠ, ʩʧʦʨʝʜ Misch ʠ Bidez 50. 

ʅʘʯʠʥʦʪ ʥʘ ʢʦʿ ʩʠʣʘʪʘ ʩʝ ʨʘʩʧʨʝʜʝʣʫʚʘ ʥʠʟ ʧʦʚʨʰʠʥʘʪʘ ʩʝ ʥʘʨʝʢʫʚʘ ʤʝʭʘʥʠʯʢʦ ʥʘʧʨʝʛʘˁʝ. 

ɺʦ ʙʠʦʤʝʭʘʥʠʢʘʪʘ, ʚʘʞʥʠ ʩʝ ʜʚʝ ʚʘʨʠʘʿʙʣʠ ʢʦʠ ʛʦ ʦʜʨʝʜʫʚʘʘʪ ʥʠʚʦʪʦ ʥʘ ʥʘʧʨʝʛʘˁʝ: 

ʚʢʫʧʥʘʪʘ ʧʨʠʤʝʥʝʪʘ ʩʠʣʘ ʠ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʢʦʿʘ ʩʝ ʨʘʩʧʨʝʜʝʣʫʚʘ ʩʠʣʘʪʘ. ʉʧʦʨʝʜ ʟʘʢʦʥʠʪʝ 

ʥʘ ʬʠʟʠʢʘʪʘ, ʢʦʛʘ ʧʦʚʨʰʠʥʘʪʘ ʩʝ ʟʛʦʣʝʤʫʚʘ, ʩʠʣʘʪʘ ʩʝ ʨʘʩʧʨʝʜʝʣʫʚʘ ʥʘ ʧʦʛʦʣʝʤʘ 

ʧʦʚʨʰʠʥʘ, ʩʦ ʰʪʦ ʩʝ ʥʘʤʘʣʫʚʘ ʮʝʣʦʢʫʧʥʦʪʦ ʥʘʧʨʝʛʘˁʝ. ʊʦʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʦ 

ʢʦʨʠʩʪʝˁʝ ʧʦʛʦʣʝʤ ʙʨʦʿ ʠʤʧʣʘʥʪʠ, ʠʤʧʣʘʥʪʠ ʩʦ ʧʦʛʦʣʝʤ ʜʠʿʘʤʝʪʘʨ, ʢʘʢʦ ʠ ʩʦ ʥʘʩʦʯʫʚʘˁʝ 

ʥʘ ʩʠʣʠʪʝ, ʙʠʜʝʿ˃ʠ ʥʘʩʦʢʘʪʘ ʥʘ ʩʠʣʠʪʝ ʚʣʠʿʘʝ ʚʨʟ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʩʠʣʠʪʝ ʥʘ ʧʦʚʨʰʠʥʘʪʘ. 

ɼʝʿʩʪʚʦʪʦ ʥʘ ʥʘʜʚʦʨʝʰʥʘ ʩʠʣʘ ʚʨʟ ʠʤʧʣʘʥʪʦʪ ʧʨʝʜʠʟʚʠʢʫʚʘ ʥʝʛʦʚʦ 

ʥʘʧʨʝʛʘˁʝ/ʜʝʬʦʨʤʘʮʠʿʘ, ʢʦʝ ʩʝ ʧʨʝʥʝʩʫʚʘ ʥʘ ʢʦʩʢʘʪʘ ʠ ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʙʠʦʣʦʰʢʘ 

ʨʝʘʢʮʠʿʘ. ʊʢʠʚʦʪʦ, ʧʨʚʝʥʩʪʚʝʥʦ ʢʦʩʢʘʪʘ, ʝ ʩʧʦʩʦʙʥʦ ʜʘ ʦʜʛʦʚʦʨʠ ʥʘ ʪʦʘ ʩʦ ʨʝʤʦʜʝʣʘʮʠʿʘ78. 

ɺʨʩʢʘʪʘ ʤʝʺʫ ʥʘʧʨʝʛʘˁʝ ʠ ʜʝʬʦʨʤʘʮʠʿʘ ʿʘ ʦʜʨʝʜʫʚʘ ʤʦʜʫʣʦʪ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʥʘ 

ʤʘʪʝʨʠʿʘʣʦʪ. ʄʦʜʫʣʦʪ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ ʝ ʚʨʝʜʥʦʩʪ ʰʪʦ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ 

ʢʨʫʪʦʩʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ. ʂʦʣʢʫ ʧʦʚʝ˃ʝ ʤʦʜʫʣʦʪ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʥʘ ʠʤʧʣʘʥʪʦʪ ʝ ʩʣʠʯʝʥ ʥʘ 

ʦʥʦʿ ʥʘ ʢʦʩʢʘʪʘ, ʪʦʣʢʫ ʝ ʧʦʤʘʣʘ ʤʦʞʥʦʩʪʘ ʟʘ ʨʝʣʘʪʠʚʥʦ ʧʦʤʝʩʪʫʚʘˁʝ ʥʘ ʛʨʘʥʠʮʘʪʘ ʧʦʤʝʺʫ 

ʢʦʩʢʘʪʘ ʠ ʠʤʧʣʘʥʪʦʪ ʠ ʛʫʙʝˁʝ ʥʘ ʦʩʝʦʠʥʪʝʛʨʘʮʠʿʘʪʘ. ʂʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʝ ʧʝʪʧʘʪʠ 

ʧʦʬʣʝʢʩʠʙʠʣʥʘ ʦʜ ʪʠʪʘʥʠʫʤʦʪ, ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ, ʩʝ 

ʟʛʦʣʝʤʫʚʘ ʠ ʨʘʟʣʠʢʘʪʘ ʥʘ ʜʝʬʦʨʤʘʮʠʿʘʪʘ ʥʘ ʠʤʧʣʘʥʪʦʪ ʠ ʢʦʩʢʘʪʘ, ʩʦ ʰʪʦ ʩʝ ʟʛʦʣʝʤʫʚʘ 

ʤʦʞʥʦʩʪʘ ʟʘ ʙʠʦʣʦʰʢʠ ʢʦʤʧʣʠʢʘʮʠʠ. ʄʦʜʫʣʦʪ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʝ ʧʦʚʨʟʘʥ ʩʦ ʛʫʩʪʠʥʘʪʘ ʥʘ 

ʢʦʩʢʘʪʘ. ɽʣʘʩʪʠʯʥʠʦʪ ʤʦʜʫʣ ʥʘ ʢʦʩʢʘʪʘ ʝ ʧʦʬʣʝʢʩʠʙʠʣʝʥ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʪʠʪʘʥʠʫʤʦʪ. ʂʦʛʘ 

ʥʘ ʠʤʧʣʘʥʪʦʪ ʩʝ ʧʨʠʤʝʥʫʚʘʘʪ ʧʦʛʦʣʝʤʠ ʦʧʪʦʚʘʨʫʚʘˁʘ, ʪʠʪʘʥʠʫʤʦʪ ʧʦʢʘʞʫʚʘ ʧʦʤʘʣʘ 

ʜʝʬʦʨʤʘʮʠʿʘ (ʧʨʦʤʝʥʘ ʚʦ ʦʙʣʠʢʦʪ) ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʢʦʩʢʘʪʘ. ʆʚʘʘ ʨʘʟʣʠʢʘ ʧʦʤʝʺʫ ʜʚʘʪʘ 

ʤʘʪʝʨʠʿʘʣʠ ʤʦʞʝ ʜʘ ʩʦʟʜʘʜʝ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʠ ʢʦʠ ʜʦʚʝʜʫʚʘʘʪ ʜʦ ʧʘʪʦʣʦʰʢʦ 

ʧʨʝʦʧʪʦʚʘʨʫʚʘˁʝ ʠ ʥʝʫʩʧʝʭ ʥʘ ʠʤʧʣʘʥʪʦʪ. ʂʦʛʘ ʦʧʪʦʚʘʨʫʚʘˁʘʪʘ ʰʪʦ ʩʝ ʧʨʠʤʝʥʫʚʘʘʪ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ ʩʝ ʥʠʩʢʠ, ʨʘʟʣʠʢʘʪʘ ʚʦ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʿʘʪʘ ʧʦʤʝʺʫ ʪʠʪʘʥʠʫʤʦʪ ʠ ʢʦʩʢʘʪʘ ʩʝ 

ʤʠʥʠʤʠʟʠʨʘ ʠ ʦʩʪʘʥʫʚʘ ʚʦ ʘʜʘʧʪʠʨʘʥʘʪʘ ʟʦʥʘ79.  

ʂʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʧʦʚʝ˃ʝʢʨʘʪʥʦ ʧʨʝʦʧʪʦʚʘʨʫʚʘˁʝ, ʤʦʞʝ ʜʘ ʜʦʿʜʝ ʜʦ ʟʘʤʦʨ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ, 

ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ ʬʨʘʢʪʫʨʘ ʥʘ ʠʤʧʣʘʥʪʦʪ. ɿʘʤʦʨʦʪ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ ʩʝ ʦʜʨʝʜʫʚʘ ʩʧʦʨʝʜ 

ʩʚʦʿʩʪʚʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ, ʤʘʢʨʦʛʝʦʤʝʪʨʠʿʘʪʘ, ʠʥʪʝʥʟʠʪʝʪʦʪ ʠ ʙʨʦʿʦʪ ʥʘ ʮʠʢʣʫʩʠ 

(ʧʦʚʪʦʨʫʚʘˁʘ) ʥʘ ʩʠʣʠʪʝ. ʂʦʛʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʛʦ ʥʘʜʤʠʥʫʚʘ ʬʠʟʠʦʣʦʰʢʠʦʪ ʧʨʘʛ, ʜʝʣʫʚʘ 

ʧʦʜʦʣʛ ʧʝʨʠʦʜ ʠ ʩʝ ʧʦʚʪʦʨʫʚʘ, ʩʝ ʿʘʚʫʚʘ ʤʠʢʨʦʪʨʘʫʤʘ ʧʦʨʘʜʠ ʟʘʤʦʨ ʠ, ʥʘ ʢʨʘʿ, ʩʝ ʿʘʚʫʚʘ 

ʬʨʘʢʪʫʨʘ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ. ɿʘʤʦʨʦʪ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ ʤʦʞʝ ʜʘ ʩʝ ʩʧʨʝʯʠ ʩʦ ʘʢʩʠʿʘʣʥʘ ʥʘʩʦʢʘ 

ʥʘ ʩʠʣʠʪʝ, ʙʠʜʝʿ˃ʠ ʪʠʝ ʩʦʟʜʘʚʘʘʪ ʢʦʤʧʨʝʩʠʚʥʠ ʩʠʣʠ ʢʦʠ ʠʤʧʣʘʥʪʦʪ ʜʦʙʨʦ ʛʠ ʪʦʣʝʨʠʨʘ ʠ ʥʝ 

ʛʦ ʥʘʜʤʠʥʫʚʘʘʪ ʧʨʘʛʦʪ ʥʘ ʠʟʜʨʞʣʠʚʦʩʪ. ʅʠʚʦʪʦ ʥʘ ʩʪʨʝʩ ʧʦʜ ʢʦʝ ʙʠʦʤʘʪʝʨʠʿʘʣʦʪ ʥʘ 

ʠʤʧʣʘʥʪʦʪ ʤʦʞʝ ʜʘ ʩʝ ʦʧʪʦʚʘʨʫʚʘ ʥʘ ʥʝʦʜʨʝʜʝʥʦ ʚʨʝʤʝ ʩʝ ʥʘʨʝʢʫʚʘ ʛʨʘʥʠʮʘ ʥʘ 
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ʠʟʜʨʞʣʠʚʦʩʪ. ʃʝʛʫʨʘʪʘ ʥʘ ʪʠʪʘʥʠʫʤ ʧʦʢʘʞʫʚʘ ʧʦʚʠʩʦʢʘ ʛʨʘʥʠʮʘ ʥʘ ʠʟʜʨʞʣʠʚʦʩʪ ʦʜ 

ʢʦʤʝʨʮʠʿʘʣʥʦ ʯʠʩʪʠʦʪ ʪʠʪʘʥʠʫʤ.29 

ɹʠʦʤʝʭʘʥʠʯʢʠʪʝ ʥʝʫʩʧʝʩʠ ʦʙʠʯʥʦ ʩʝ ʤʘʥʠʬʝʩʪʠʨʘʘʪ ʩʦ ʛʫʙʝˁʝ ʥʘ ʢʦʩʢʝʥʘ ʤʘʩʘ, 

ʠʥʬʝʢʮʠʿʘ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʦʪʦ ʤʝʢʦ ʪʢʠʚʦ, ʢʨʰʝˁʝ ʥʘ ʢʝʨʘʤʠʯʢʠʦʪ ʠʣʠ ʧʦʣʠʤʝʨʥʠʦʪ 

ʤʘʪʝʨʠʿʘʣ ʥʘ ʨʝʩʪʘʚʨʘʮʠʿʘʪʘ, ʦʣʘʙʘʚʫʚʘˁʝ ʥʘ ʠʤʧʣʘʥʪʥʘʪʘ ʟʘʚʨʪʢʘ, ʧʘ ʜʫʨʠ ʠ ʬʨʘʢʪʫʨʘ ʥʘ 

ʟʘʚʨʪʢʘʪʘ, ʘ ʚʦ ʨʝʪʢʠ ʩʣʫʯʘʠ ʠ ʥʘ ʩʘʤʠʦʪ ʠʤʧʣʘʥʪ80. 

ʂʣʠʥʠʯʢʠ, ʩ¯ ʫʰʪʝ ʝ ʥʝʚʦʟʤʦʞʥʦ ʜʘ ʩʝ ʧʨʦʮʝʥʘʪ ʙʠʦʤʝʭʘʥʠʯʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ ʠ ʥʘ ʢʦʩʢʘʪʘ. ʄʝʪʦʜʠ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʩʠʤʫʣʘʮʠʿʘ, ʢʘʢʦ ʰʪʦ ʝ ʤʝʪʦʜʦʪ ʥʘ 

ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ (ʄʂɽ), ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʦʮʝʥʫʚʘˁʝ ʠ ʢʚʘʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ ʠ 

ʜʝʬʦʨʤʘʮʠʠʪʝ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ, ʢʦʩʢʘʪʘ ʠ ʧʨʦʪʝʪʠʯʢʠʪʝ ʢʦʤʧʦʥʝʥʪʠ74.  

2.5 ʄʝʪʦʜ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ 

ʄʝʪʦʜʦʪ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ (ʄʂɽ) ʝ ʢʦʤʧʿʫʪʝʨʠʟʠʨʘʥ ʠʩʪʨʘʞʫʚʘʯʢʠ ʤʝʪʦʜ ʢʦʿ ʢʦʨʠʩʪʠ 

ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʟʘ ʜʘ ʛʦ ʧʨʦʮʝʥʠ ʥʘʧʨʝʛʘˁʝʪʦ ʚʦ ʨʘʟʣʠʯʥʠ ʦʙʿʝʢʪʠ ʠ ʥʠʚʥʘʪʘ ʦʢʦʣʠʥʘ 

ʢʦʛʘ ʩʝ ʧʦʜʣʦʞʝʥʠ ʥʘ ʩʠʣʠ 81. 

ɺʘʢʚʘʪʘ ʩʪʨʫʢʪʫʨʥʘ ʘʥʘʣʠʟʘ ʦʚʦʟʤʦʞʫʚʘ ʦʜʨʝʜʫʚʘˁʝ ʠ ʢʚʘʥʪʠʬʠʢʘʮʠʿʘ ʥʘ 

ʥʘʧʨʝʛʘˁʘʪʘ/ʜʝʬʦʨʤʘʮʠʠʪʝ ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʜ ʥʘʜʚʦʨʝʰʥʠ ʩʠʣʠ, ʧʨʠʪʠʩʦʢ, ʪʦʧʣʠʥʩʢʠ 

ʧʨʦʤʝʥʠ ʠ ʜʨʫʛʠ ʬʘʢʪʦʨʠ. ɹʠʜʝʿ˃ʠ ʝ ʥʝʚʦʟʤʦʞʥʦ ʜʘ ʩʝ ʠʟʤʝʨʠ 

ʥʘʧʨʝʛʘˁʝʪʦ/ʜʝʬʦʨʤʘʮʠʿʘʪʘ ʚʦ ʯʦʚʝʯʢʠʪʝ ʪʢʠʚʘ ʢʘʢʦ ʦʜʛʦʚʦʨ ʥʘ ʥʘʜʚʦʨʝʰʥʘ ʩʠʣʘ, ʦʚʦʿ 

ʤʝʪʦʜ ʝ ʦʩʦʙʝʥʦ ʢʦʨʠʩʝʥ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʤʝʭʘʥʠʯʢʠʪʝ ʘʩʧʝʢʪʠ ʥʘ ʙʠʦʤʘʪʝʨʠʿʘʣʠʪʝ ʚʦ 

ʯʦʚʝʯʢʠʪʝ ʪʢʠʚʘ, ʰʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʛʦʣʝʤ ʧʨʝʜʠʟʚʠʢ ʜʘ ʩʝ ʧʨʦʫʯʫʚʘ ʜʠʨʝʢʪʥʦ ʥʘ ʯʦʚʝʯʢʠ 

ʩʫʙʿʝʢʪʠ ʧʦʨʘʜʠ ʝʪʠʯʢʠʪʝ ʨʘʟʤʠʩʣʫʚʘˁʘ ʧʨʠ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝʪʦ83. 

ʅʘʧʨʝʜʦʢʦʪ ʚʦ ʚʠʨʪʫʝʣʥʦʪʦ ʠʥʞʝʥʝʨʩʪʚʦ ʦʚʦʟʤʦʞʫʚʘ ʠʟʚʨʰʫʚʘˁʝ ʥʘ ʢʦʤʧʿʫʪʝʨʩʢʠ 

ʩʠʤʫʣʘʮʠʠ ʚʦ ʢʦʥʢʨʝʪʥʠ ʠ ʩʪʘʙʠʣʥʠ ʫʩʣʦʚʠ, ʠʤʠʪʠʨʘʿ˃ʠ ʛʠ ʩʦʩʪʦʿʙʠʪʝ ʚʦ ʫʩʪʘʪʘ ʥʘ 

ʧʘʮʠʝʥʪʦʪ. ʀʩʧʠʪʫʚʘˁʘʪʘ ʥʘ ʇʘʥʯʝʚʩʢʘ ʧʦʪʚʨʜʫʚʘʘʪ ʜʝʢʘ ʩʦ ʫʧʦʪʨʝʙʘ ʥʘ ʄʂɽ ʤʦʞʝ ʜʘ ʩʝ 

ʠʤʠʪʠʨʘʘʪ ʫʩʣʦʚʠʪʝ ʚʦ ʦʨʘʣʥʘʪʘ ʧʨʘʟʥʠʥʘ, ʦʜʥʦʩʥʦ ʦʚʦʿ ʤʝʪʦʜ ʜʦʟʚʦʣʫʚʘ ʜʘ ʩʝ ʠʤʠʪʠʨʘʘʪ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʢʦʩʢʘʪʘ, ʢʘʢʦ ʠ ʚʠʩʢʦʝʣʘʩʪʠʯʥʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ ʣʠʛʘʚʠʮʘʪʘ, ʧʦʪʦʯʥʦ 

ʥʝʿʟʠʥʘʪʘ ʨʝʟʠʣʠʝʥʪʥʦʩʪ83. 

ʇʨʚʠʦʪ ʯʝʢʦʨ ʧʨʠ ʘʥʘʣʠʟʘ ʩʦ ʤʝʪʦʜʦʪ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ ʝ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʛʝʦʤʝʪʨʠʿʘʪʘ 

ʥʘ ʩʠʩʪʝʤʦʪ ʰʪʦ ʩʝ ʧʨʦʫʯʫʚʘ. ʆʚʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʩʦ ʧʦʤʦʰ ʥʘ ʩʦʬʪʚʝʨ ʟʘ 

ʢʦʤʧʿʫʪʝʨʩʢʠ ʜʠʟʘʿʥ (CAD), ʥʦ ʯʝʩʪʦʧʘʪʠ ʤʦʨʘ ʜʘ ʩʝ ʥʘʧʨʘʚʘʪ ʧʦʝʜʥʦʩʪʘʚʫʚʘˁʘ ʥʘ 

ʛʝʦʤʝʪʨʠʿʘʪʘ ʥʘ ʩʠʩʪʝʤʦʪ ʟʘ ʜʘ ʩʝ ʦʚʦʟʤʦʞʠ ʨʝʘʣʝʥ ʙʨʦʿ ʥʘ ʧʨʝʩʤʝʪʢʠ ʰʪʦ ʪʨʝʙʘ ʜʘ ʩʝ 

ʥʘʧʨʘʚʘʪ ʦʜ ʢʦʤʧʿʫʪʝʨʩʢʠʦʪ ʩʠʩʪʝʤ. ʆʪʢʘʢʦ ʮʝʣʦʢʫʧʥʘʪʘ ʛʝʦʤʝʪʨʠʿʘ ʝ ʩʦʦʜʚʝʪʥʘ, ʪʘʘ 

ʤʦʨʘ ʜʘ ʩʝ ʧʦʜʝʣʠ ʥʘ ʧʦʤʘʣʠ ʜʝʣʦʚʠ, ʥʘʨʝʯʝʥʠ ʝʣʝʤʝʥʪʠ, ʚʦ ʧʨʦʮʝʩ ʧʦʟʥʘʪ ʢʘʢʦ ʤʨʝʞʝˁʝ. 

ʉʦ ʦʜʚʦʿʫʚʘˁʝ ʥʘ ʩʠʩʪʝʤʦʪ ʥʘ ʧʦʤʘʣʠ ʜʝʣʦʚʠ, ʤʘʪʝʤʘʪʠʯʢʠʪʝ ʨʘʚʝʥʢʠ ʟʘ ʧʨʝʪʩʪʘʚʫʚʘˁʝ 

ʬʠʟʠʯʢʠ ʩʚʦʿʩʪʚʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʤʝʥʘʪ ʥʘ ʩʝʢʦʿ ʜʝʣ ʠ ʥʘ ʩʠʩʪʝʤʦʪ ʢʘʢʦ ʮʝʣʠʥʘ. 
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ʄʦʜʝʣʠʨʘˁʝʪʦ, ʠʩʪʦ ʪʘʢʘ, ʦʚʦʟʤʦʞʫʚʘ ʠ ʙʘʨʘ ʚʥʝʩʫʚʘˁʝ ʥʘ ʩʚʦʿʩʪʚʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ ʠ 

ʛʨʘʥʠʯʥʠʪʝ ʫʩʣʦʚʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʩʠʩʪʝʤʦʪ. ʆʪʢʘʢʦ ˃ʝ ʩʝ ʚʥʝʩʘʪ ʦʚʠʝ ʚʨʝʜʥʦʩʪʠ, 

ʨʘʚʝʥʢʠʪʝ ʦʚʦʟʤʦʞʫʚʘʘʪ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʰʪʦ ʛʦ ʜʦʞʠʚʫʚʘ ʝʜʝʥ ʝʣʝʤʝʥʪ 

ʢʦʛʘ ʩʠʣʘʪʘ ʩʝ ʩʪʘʚʘ ʥʘ ʜʘʣʝʯʝʥ ʿʘʟʦʣ. ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʪʦʘ ʤʦʞʝ ʜʘ ʩʝ ʚʠʟʫʝʣʠʟʠʨʘʘʪ ʩʦ 

ʧʨʠʢʘʞʫʚʘˁʝ ʥʘ ʨʘʟʣʠʯʥʦ ʥʠʚʦ ʥʘ ʥʘʧʨʝʛʘˁʝ ʩʦ ʙʦʠ ʥʘ ʥʝʧʦʜʚʠʞʥʘʪʘ ʩʣʠʢʘ ʥʘʧʨʘʚʝʥʘ ʦʜ 

ʘʥʠʤʘʮʠʿʘ84. 

ʄʂɽ ʩʝ ʢʦʨʠʩʪʠ ʦʜ ʩ¯ ʧʦʛʦʣʝʤ ʙʨʦʿ ʠʩʪʨʘʞʫʚʘʯʠ ʟʘ ʧʨʦʫʯʫʚʘˁʝ ʥʘ ʙʠʦʤʝʭʘʥʠʯʢʠʪʝ 

ʘʩʧʝʢʪʠ ʥʘ ʟʘʙʥʠʪʝ ʠʤʧʣʘʥʪʠ ʠ ʧʨʦʪʝʟʠ. 

2.6 ʇʨʠʤʝʥʘ ʥʘ ʄʂɽ ʚʦ ʠʤʧʣʘʥʪ-ʧʨʦʪʝʪʠʯʢʘʪʘ ʩʪʦʤʘʪʦʣʦʛʠʿʘ 

ʄʂɽ ʠʤʘ ʰʠʨʦʢʘ ʧʨʠʤʝʥʘ ʚʦ ʩʦʚʨʝʤʝʥʘʪʘ ʩʪʦʤʘʪʦʣʦʛʠʿʘ, ʦʩʦʙʝʥʦ ʚʦ ʜʝʥʪʘʣʥʘʪʘ 

ʠʤʧʣʘʥʪʦʣʦʛʠʿʘ. Mʂɽ ʦʚʦʟʤʦʞʫʚʘ ʩʠʤʫʣʘʮʠʿʘ ʠ ʧʨʦʮʝʥʢʘ ʥʘ ʙʠʦʤʝʭʘʥʠʯʢʠʪʝ ʝʬʝʢʪʠ ʢʦʠ 

ʠʤʘʘʪ ʪʝʥʜʝʥʮʠʿʘ ʜʘ ʩʝ ʧʦʿʘʚʫʚʘʘʪ ʚʦ ʩʫʧʨʘʩʪʨʫʢʪʫʨʠ ʠ ʠʤʧʣʘʥʪʠ ʚʦ ʨʘʟʣʠʯʥʠ ʢʣʠʥʠʯʢʠ 

ʩʠʪʫʘʮʠʠ ʚʦ ʢʦʠ ʠʤʘ ʢʦʤʧʣʠʢʘʮʠʠ ʧʦʚʨʟʘʥʠ ʩʦ ʠʤʧʣʘʥʪʠ ʠʣʠ ʧʨʦʪʝʪʠʯʢʠ ʨʝʩʪʘʚʨʘʮʠʠ85.  

ɺʦ ʠʤʧʣʘʥʪʦʣʦʛʠʿʘʪʘ, ʄʂɽ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʫʯʫʚʘˁʝ ʥʘ ʤʦʜʝʣʠʪʝ ʥʘ ʥʘʧʨʝʛʘˁʝ ʚʦ 

ʨʘʟʣʠʯʥʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʠʤʧʣʘʥʪʠʪʝ, ʘ, ʠʩʪʦ ʪʘʢʘ, ʠ ʚʦ ʢʦʩʢʘʪʘ (Geng ʠ ʩʦʨ.49, Baggi ʠ 

ʩʦʨ.86) ʄʦʜʝʣʦʪ ʥʘ ʥʘʧʨʝʛʘˁʝ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʘʥʪʩʢʘʪʘ ʢʦʩʢʘ ʝ ʧʦʜ ʚʣʠʿʘʥʠʝ ʥʘ ʙʨʦʿʦʪ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ, ʜʠʿʘʤʝʪʘʨʦʪ, ʜʦʣʞʠʥʘʪʘ, ʧʨʦʬʠʣʦʪ ʥʘ ʥʘʚʦʿʦʪ, ʤʘʪʝʨʠʿʘʣʥʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ 

ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʘ ʠʩʪʦ ʪʘʢʘ ʠ ʧʦʜ ʚʣʠʿʘʥʠʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʠ ʢʚʘʥʪʠʪʝʪʦʪ ʥʘ 

ʦʢʦʣʥʘʪʘ ʢʦʩʢʘ86. 

ʋʩʧʝʭʦʪ ʥʘ ʄʂɽ ʟʘʚʠʩʠ ʦʜ ʪʦʯʥʦʩʪʘ ʥʘ ʩʠʤʫʣʘʮʠʿʘʪʘ ʥʘ ʛʝʦʤʝʪʨʠʿʘʪʘ ʠ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 

ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ ʠ ʢʦʩʢʘʪʘ ʥʘ 

ʚʠʣʠʮʘʪʘ, ʫʩʣʦʚʠʪʝ ʟʘ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʢʘʢʦ ʠ ʦʜ ʠʥʪʝʨʬʝʿʩʦʪ ʠʤʧʣʘʥʪ-ʢʦʩʢʘ. ʆʩʥʦʚʥʘʪʘ 

ʪʝʰʢʦʪʠʿʘ ʧʨʠ ʩʠʤʫʣʘʮʠʿʘ ʥʘ ʞʠʚʦʪʦ ʢʦʩʢʝʥʦ ʪʢʠʚʦ ʠ ʥʝʛʦʚʠʦʪ ʦʜʛʦʚʦʨ ʥʘ ʧʨʠʤʝʥʝʪʠʪʝ 

ʤʝʭʘʥʠʯʢʠ ʩʠʣʠ, ʠʩʪʦ ʪʘʢʘ, ʝ ʨʝʰʝʥʘ ʩʦ ʨʘʟʚʦʿʦʪ ʥʘ ʪʝʭʥʠʢʠ ʟʘ ʜʠʛʠʪʘʣʥʦ ʩʥʠʤʘˁʝ ʢʦʠ 

ʦʚʦʟʤʦʞʫʚʘʘʪ ʜʦʙʠʚʘˁʝ ʥʘ ʙʠʦʣʦʰʢʠ ʧʦʜʘʪʦʮʠ ʟʘ ʢʦʩʢʝʥʘʪʘ ʛʝʦʤʝʪʨʠʿʘ ʠ ʩʚʦʿʩʪʚʘʪʘ 

ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʧʨʝʜʤʝʪʦʪ ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʄʂɽ87. 

ʉʦ ʨʘʟʙʠʨʘˁʝ ʥʘ ʦʩʥʦʚʥʘʪʘ ʪʝʦʨʠʿʘ, ʤʝʪʦʜʦʪ, ʧʨʠʤʝʥʘʪʘ ʠ ʦʛʨʘʥʠʯʫʚʘˁʘʪʘ ʥʘ ʄʂɽ ʚʦ 

ʠʤʧʣʘʥʪʥʘʪʘ ʩʪʦʤʘʪʦʣʦʛʠʿʘ, ʢʣʠʥʠʯʘʨʦʪ ˃ʝ ʙʠʜʝ ʧʦʜʦʙʨʦ ʧʦʜʛʦʪʚʝʥ ʜʘ ʛʠ ʪʦʣʢʫʚʘ 

ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʄʂɽ-ʩʪʫʜʠʠʪʝ ʠ ʜʘ ʛʠ ʧʨʠʤʝʥʠ ʦʚʠʝ ʨʝʟʫʣʪʘʪʠ ʚʦ ʢʣʠʥʠʯʢʠ ʩʠʪʫʘʮʠʠ 88. 

ɸʥʘʣʠʟʘʪʘ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ ʠ ʜʝʬʦʨʤʘʮʠʿʘʪʘ ʢʘʿ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ ʥʘʜ ʠʤʧʣʘʥʪʠ, 

ʢʦʨʠʩʪʝʿ˃ʠ  ʄʂɽ, ʝ ʰʠʨʦʢʦ ʪʨʝʪʠʨʘʥʘ ʚʦ ʩʦʚʨʝʤʝʥʘʪʘ ʩʪʦʤʘʪʦʣʦʛʠʿʘ (Ozan ʠ Ramoglu14 , 

ʂhurana ʠ ʩʦʨ.90, Ying ʠ ʩʦʨ.91, ʄʝijer ʠ ʩʦʨ.93, ɱiang ʠ ʩʦʨ94 ʠ ʜʨ.). ʋʪʚʨʜʝʥʦ ʝ ʜʝʢʘ ʥʝ ʩʘʤʦ 

ʠʥʪʝʥʟʠʪʝʪʦʪ, ʥʘʩʦʢʘʪʘ ʠ ʚʨʝʤʝʪʨʘʝˁʝʪʦ ʥʘ ʩʠʣʘʪʘ ʚʣʠʿʘʘʪ ʚʨʟ ʙʠʦʤʝʭʘʥʠʢʘʪʘ ʥʘ 

ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ ʥʘʜ ʠʤʧʣʘʥʪʠ, ʪʫʢʫ ʠ ʧʦʚʝ˃ʝ ʬʘʢʪʦʨʠ. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʚʘʞʝʥ ʬʘʢʪʦʨ ʝ 
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ʠ ʠʟʙʦʨʦʪ ʥʘ ʨʝʪʝʥʮʠʩʢʠʪʝ ʝʣʝʤʝʥʪʠ ʢʘʢʦ ʢʦʥʝʢʪʦʨ ʤʝʺʫ ʠʤʧʣʘʥʪʦʪ ʠ ʧʨʦʪʝʟʘʪʘ, ʙʨʦʿʦʪ, 

ʜʠʤʝʥʟʠʠʪʝ ʠ ʨʘʩʧʦʨʝʜʦʪ ʥʘ ʠʤʧʣʘʥʪʠʪʝ, ʜʘʣʠ ʠʤʧʣʘʥʪʠʪʝ ʩʝ ʮʚʨʩʪʦ ʧʦʚʨʟʘʥʠ ʝʜʥʠ ʩʦ 

ʜʨʫʛʠ, ʪʠʧʦʪ ʥʘ ʢʦʩʢʘʪʘ ʠ ʪʠʧʦʪ ʥʘ ʘʥʪʘʛʦʥʠʩʪʦʪ. ʇʦʨʘʜʠ ʦʚʠʝ ʧʨʠʯʠʥʠ, ʚʦ ʣʠʪʝʨʘʪʫʨʘʪʘ ʝ 

ʤʦʞʥʦ ʜʘ ʩʝ ʥʘʿʜʘʪ ʨʘʟʣʠʯʥʠ ʩʪʫʜʠʠ ʟʘʩʥʦʚʘʥʠ ʥʘ MKE ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʫʩʣʦʚʠʪʝ ʟʘ 

ʪʝʩʪʠʨʘˁʝ, ʙʠʜʝʿ˃ʠ ʝʢʩʧʝʨʠʤʝʥʪ ʰʪʦ ʙʠ ʛʠ ʦʧʬʘʪʠʣ ʩʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʝ ʝ ʤʦʞʝʥ89.  

ɹʨʦʿʥʠ ʠʥ-ʚʠʪʨʦ ʩʪʫʜʠʠ ʩʦ Mʂɽ ʩʝ ʥʘʧʨʘʚʝʥʠ ʟʘ ʜʘ ʩʝ ʩʧʦʨʝʜʘʪ ʨʘʟʣʠʯʥʠ ʩʠʩʪʝʤʠ ʥʘ 

ʨʝʪʝʥʮʠʿʘ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ ʚʨʟ ʧʨʝʥʦʩʦʪ ʠ ʜʠʩʪʨʠʙʫʮʠʿʘʪʘ ʥʘ ʦʢʣʫʟʘʣʥʠʪʝ ʩʠʣʠ, ʢʘʢʦ ʠ ʟʘ 

ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ ʥʘʧʨʝʛʘˁʘʪʘ ʠ ʜʝʬʦʨʤʘʮʠʠʪʝ ʥʘ ʦʜʨʝʜʝʥʠ ʜʝʣʦʚʠ ʦʜ ʩʠʩʪʝʤʦʪ ʚʦ 

ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʠʜʦʪ ʥʘ ʘʪʝʯʤʝʥʪʦʪ, ʤʘʪʝʨʠʿʘʣʦʪ ʦʜ ʢʦʿ ʝ ʥʘʧʨʘʚʝʥ ʘʪʝʯʤʝʥʪʦʪ, ʚʠʩʠʥʘʪʘ, 

ʨʝʪʝʥʮʠʿʘʪʘ, ʬʣʝʢʩʠʙʠʣʥʦʩʪʘ ʠ ʤʥʦʛʫ ʜʨʫʛʠ ʧʘʨʘʤʝʪʨʠ14, 90, 91 . 

Khurana ʠ ʩʦʨ.90, Ozan ʠ Ramoglu14 ʠ Ying ʠ ʩʦʨ.91 ʩʦ ʧʦʤʦʰ ʥʘ ʄʂɽ ʛʦ ʠʩʪʨʘʞʫʚʘʣʝ 

ʝʬʝʢʪʦʪ ʥʘ ʚʠʩʠʥʘʪʘ ʥʘ ʘʪʝʯʤʝʥʪʦʪ ʚʨʟ ʧʨʝʥʦʩʦʪ ʥʘ ʦʢʣʫʟʘʣʥʠʪʝ ʩʠʣʠ ʠ ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ 

ʧʦʪʧʦʨʥʠʪʝ ʪʢʠʚʘ. ɸʪʝʯʤʝʥʪʠʪʝ ʪʨʝʙʘ ʜʘ ʙʠʜʘʪ ʰʪʦ ʝ ʤʦʞʥʦ ʧʦʢʨʘʪʢʠ ʟʘ ʧʦʜʦʙʨʘ 

ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ90. ʇʦʛʦʣʝʤʘʪʘ ʚʠʩʠʥʘ ʠ ʜʠʿʘʤʝʪʘʨ ʥʘ ʘʪʝʯʤʝʥʪʦʪ ʛʝʥʝʨʠʨʘʘʪ 

ʧʦʚʝ˃ʝ ʥʘʧʨʝʛʘˁʝ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ14, ʘ ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʜʝʩʪʨʫʢʪʠʚʥʠʪʝ  

ʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʝ ʧʦʛʦʣʝʤ ʠ ʧʦʤʝʩʪʫʚʘˁʝʪʦ ʥʘ ʧʨʦʪʝʟʘʪʘ ʝ ʧʦʛʦʣʝʤʦ91, ʩʧʦʨʝʜ ʘʚʪʦʨʠʪʝ. 

ʌʣʝʢʩʠʙʠʣʥʦʩʪʘ ʥʘ ʘʪʝʯʤʝʥʪʠʪʝ, ʠʩʪʦ ʪʘʢʘ, ʚʣʠʿʘʝ ʥʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʩʠʣʠʪʝ ʦʢʦʣʫ 

ʠʤʧʣʘʥʪʦʪ. ʇʦʛʦʣʝʤʦ ʥʘʧʨʝʛʘˁʝ, ʛʝʥʝʨʘʣʥʦ, ʝ ʢʦʥʮʝʥʪʨʠʨʘʥʦ ʚʦ ʢʦʩʢʘʪʘ ʦʢʦʣʫ 

ʠʤʧʣʘʥʪʦʪ ʩʦ ʨʠʛʠʜʝʥ ʩʠʩʪʝʤ ʟʘ ʨʝʪʝʥʮʠʿʘ, ʩʧʦʨʝʜ Daas ʠ ʩʦʨ.60, Bollineni ʠ ʩʦʨ.62, ʚʨʟ 

ʦʩʥʦʚʘ ʥʘ  ʨʝʟʫʣʪʘʪʠʪʝ ʜʦʙʠʝʥʠ ʩʦ ʄʂɽ, ʧʨʠ ʦʮʝʥʢʘ ʥʘ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ ʥʘ 

ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʦ ʨʠʛʠʜʥʠ ʠ ʨʝʟʠʣʠʝʥʪʥʠ ʘʪʝʯʤʝʥʪʠ60,62. 

ʉʠʣʘʪʘ ʥʘ ʨʝʪʝʥʮʠʿʘ ʝ, ʠʩʪʦ ʪʘʢʘ, ʚʘʞʝʥ ʬʘʢʪʦʨ ʟʘ ʫʩʧʝʭʦʪ ʥʘ ʧʨʦʪʝʟʘʪʘ. ʂʦʥʪʠʥʫʠʨʘʥʦʪʦ 

ʥʘʧʨʝʛʘˁʝ ʩʝ ʘʧʩʦʨʙʠʨʘ ʦʜ ʩʪʨʘʥʘ ʥʘ ʘʪʝʯʤʝʥʪʦʪ ʧʨʠ ʧʦʩʪʘʚʫʚʘˁʝʪʦ ʠ ʦʪʩʪʨʘʥʫʚʘˁʝʪʦ ʥʘ 

ʧʨʦʪʝʟʘʪʘ. ʂʦʣʢʫ ʝ ʧʦʛʦʣʝʤʘ ʨʝʪʝʥʮʠʿʘʪʘ, ʪʦʣʢʫ ʧʦʚʝ˃ʝ ʥʘʧʨʝʛʘˁʝ ʩʝ ʧʨʝʥʝʩʫʚʘ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ ʠ ʥʘ ʢʦʩʢʘʪʘ92. 

ɺʠʜʦʪ  ʥʘ ʘʪʝʯʤʝʥʪ ʢʦʿ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʨʝʪʝʥʮʠʿʘ ʥʘ ʀʇʇʦʇ, ʥʦ ʠ ʠʥʪʝʥʟʠʪʝʪʦʪ ʠ ʩʤʝʨʦʪ ʥʘ 

ʦʢʣʫʟʘʣʥʠʪʝ ʩʠʣʠ ʩʝ ʩʤʝʪʘʪ ʟʘ ʩʫʰʪʠʥʩʢʠ ʬʘʢʪʦʨʠ ʟʘ ʙʠʦʤʝʭʘʥʠʢʘʪʘ ʥʘ ʧʦʢʨʦʚʥʘʪʘ 

ʧʨʦʪʝʟʘ ʠ ʟʘ ʫʩʧʝʭʦʪ ʥʘ ʠʤʧʣʘʥʪ- ʧʨʦʪʝʪʠʯʢʠʦʪ ʪʨʝʪʤʘʥ. 

Meijer ʠ ʩʦʨ. ʠʟʚʨʰʠʣʝ ʠʩʧʠʪʫʚʘˁʝ ʩʦ ʄʂɽ ʟʘ ʜʘ ʛʠ ʧʨʦʫʯʘʪ ʥʠʚʥʠʪʝ ʤʦʜʝʣʠ ʥʘ 

ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʩʪʨʝʩʦʪ.  CAD-ʤʦʜʝʣʦʪ ʦʜ ʤʘʥʜʠʙʫʣʘʪʘ ʙʠʣ ʠʟʛʨʘʜʝʥ ʦʜ ʧʦʜʘʪʦʮʠ 

ʜʦʙʠʝʥʠ ʦʜ 3D-ʩʥʠʤʢʘ ʥʘ CBCT. ʅʘ ʤʦʜʝʣʦʪ ʙʠʣʝ ʧʦʩʪʘʚʝʥʠ ʜʚʘ ʠʤʧʣʘʥʪʠ ʚʦ 

ʠʥʪʝʨʬʦʨʘʤʠʥʘʣʥʠʦʪ ʨʝʛʠʦʥ ʢʦʠ ʙʠʣʝ ʩʘʤʦʩʪʦʿʥʠ ʠʣʠ ʧʦʚʨʟʘʥʠ ʩʦ ʧʨʝʯʢʘ. ʂʦʛʘ 

ʠʤʧʣʘʥʪʠʪʝ ʙʠʣʝ ʧʦʜ ʜʝʿʩʪʚʦ ʥʘ ʢʦʩʠʪʝ ʩʠʣʠ, ʥʘʿʛʦʣʝʤʠʪʝ ʥʘʧʨʝʛʘˁʘ ʙʠʣʝ ʣʦʮʠʨʘʥʠ ʦʢʦʣʫ 

ʚʨʘʪʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʜʦʜʝʢʘ ʢʘʿ ʚʝʨʪʠʢʘʣʥʠʪʝ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʙʠʣʝ ʟʘʙʝʣʝʞʘʥʠ 

ʧʦʤʘʣʠ ʥʘʧʨʝʛʘˁʘ, ʥʝʟʘʚʠʩʥʦ ʦʜ ʩʠʩʪʝʤʦʪ ʟʘ ʨʝʪʝʥʮʠʿʘ93.  
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ɱiang ʠ ʩʦʨ. ʩʦ ʄʂɽ ʛʠ ʪʝʩʪʠʨʘʣʝ ʩʚʦʠʪʝ ʤʦʜʝʣʠ ʧʦʜ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 100 N ʟʘ ʘʥʘʣʠʟʘ ʥʘ 

ʥʘʧʨʝʛʘˁʝʪʦ ʠ ʜʝʬʦʨʤʘʮʠʿʘʪʘ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ ʠ ʧʝʨʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ. ʅʘʿʚʠʩʦʢʘʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʥʘʧʨʝʛʘˁʝ ʙʠʣʘ ʣʦʢʘʣʠʟʠʨʘʥʘ ʥʘ ʚʨʘʪʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ ʠ ʥʘ 

ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʙʝʟ ʦʛʣʝʜ ʥʘ ʪʠʧʦʪ ʥʘ ʩʠʩʪʝʤʦʪ ʟʘ 

ʨʝʪʝʥʮʠʿʘ. ʇʨʠ ʢʦʨʠʩʪʝˁʝ ʥʘ ʣʦʢʘʪʦʨʦʪ ʢʘʢʦ ʩʠʩʪʝʤ ʟʘ ʨʝʪʝʥʮʠʿʘ, ʩʝ ʟʘʙʝʣʝʞʘʥʠ ʧʦʥʠʩʢʠ 

ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘ ʠ ʢʘʿ ʠʤʧʣʘʥʪʦʪ ʠ ʢʘʿ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ 

ʧʨʝʯʢʘʪʘ94.  

ʉʪʫʜʠʿʘ ʥʘ Idzior-Haufa ʠ ʩʦʨ.  ʛʠ ʩʧʦʨʝʜʠʣʘ ʙʠʦʤʝʭʘʥʠʯʢʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ ʜʚʘ ʠʤʧʣʘʥʪʠ ʩʦ 

ʧʨʝʯʢʘ ʠ ʜʚʘ ʠʤʧʣʘʥʪʠ ʩʦ ʪʦʧʢʘ ʟʘ ʨʝʪʝʥʮʠʿʘ ʥʘ ʧʨʦʪʝʟʘʪʘ. ʊʠʝ ʠʟʚʨʰʠʣʝ ʘʥʘʣʠʟʘ ʩʦ ʄʂɽ 

ʟʘ ʧʝʪ ʥʘʯʠʥʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ: 20, 50 ʠ 100 N ʚʝʨʪʠʢʘʣʥʠ ʩʠʣʠ ʠ 20 ʠ 50 N ʢʦʩʠ ʩʠʣʠ, 

ʧʨʠʤʝʥʝʪʠ ʥʘ ʧʦʝʜʠʥʝʯʥʠ ʟʘʙʠ (ʮʝʥʪʨʘʣʥʠʦʪ ʠʥʮʠʟʠʚ, ʢʘʥʠʥʦʪ ʠ ʧʨʚʠʦʪ ʤʦʣʘʨ). ʉʧʦʨʝʜ 

ʘʚʪʦʨʠʪʝ, ʦʙʣʠʢʦʪ ʥʘ ʨʝʪʝʥʮʠʩʢʠʦʪ ʝʣʝʤʝʥʪ ʚʣʠʿʘʝ ʥʘ ʙʠʦʤʝʭʘʥʠʯʢʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ 

ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ. ʊʦʧʢʘ-ʘʪʝʯʤʝʥʪʠʪʝ ʛʝʥʝʨʠʨʘʘʪ ʧʦʛʦʣʝʤʠ ʥʘʧʨʝʛʘˁʘ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʠ 

ʧʝʨʠʠʤʧʣʘʥʪʥʦʪʦ ʢʦʩʢʝʥʦ ʪʢʠʚʦ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʧʨʝʯʢʘʪʘ95.  

Unsal ʠ ʩʦʨ., ʩʦ ʤʝʪʦʜʦʪ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ, ʛʦ ʠʩʧʠʪʫʚʘʣʝ ʝʬʝʢʪʦʪ ʥʘ ʘʪʝʯʤʝʥʪʠʪʝ 

(ʪʦʧʢʘ ʠ ʣʦʢʘʪʦʨ) ʚʨʟ ʜʠʩʪʨʠʙʫʮʠʿʘʪʘ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ, ʪʝʩʪʠʨʘʿ˃ʠ ʛʠ ʤʦʜʝʣʠʪʝ ʧʦʜ 

ʙʠʣʘʪʝʨʘʣʥʠ ʠ ʫʥʠʣʘʪʝʨʘʣʥʠ ʚʝʨʪʠʢʘʣʥʠ ʠ ʢʦʩʠ ʦʢʣʫʟʘʣʥʠ ʦʧʪʦʚʘʨʫʚʘˁʘ ʦʜ 100 N. 

ʅʘʧʨʝʛʘˁʘʪʘ ʙʠʣʝ ʧʦʚʠʩʦʢʠ ʚʦ ʧʨʠʩʫʩʪʚʦ ʥʘ ʢʦʩʠ ʦʧʪʦʚʘʨʫʚʘˁʘ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ 

ʚʝʨʪʠʢʘʣʥʠʪʝ ʦʧʪʦʚʘʨʫʚʘˁʘ ʚʦ ʩʠʪʝ ʘʥʘʣʠʟʠʨʘʥʠ ʤʦʜʝʣʠ. ʄʦʜʝʣʠʪʝ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ 

ʧʦʢʘʞʘʣʝ ʧʦʥʠʩʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʩʪʨʝʩ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʣʦʢʘʪʦʨʦʪ ʧʨʠ ʩʠʪʝ ʫʩʣʦʚʠ ʥʘ 

ʦʧʪʦʚʘʨʫʚʘˁʝ96. ʉʧʨʦʪʠʚʥʦ ʥʘ ʪʦʘ, ɽl Anwar ʠ ʩʦʨ. ʠʟʿʘʚʠʣʝ ʜʝʢʘ ʣʦʢʘʪʦʨʠʪʝ 

ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʧʦʤʘʣʢʫ ʥʘʧʨʝʛʘˁʝ ʦʜ ʪʦʧʢʘ- ʘʪʝʯʤʝʥʪʠʪʝ ʢʦʛʘ ʛʠ ʪʝʩʪʠʨʘʣʝ ʥʠʚʥʠʪʝ 

ʤʦʜʝʣʠ ʩʦ ʤʝʪʦʜʦʪ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʠ, ʧʦʜ ʚʝʨʪʠʢʘʣʥʠʪʝ ʢʦʤʧʨʝʩʠʚʥʠ ʩʠʣʠ ʦʜ 50, 100 

ʠ150 N97.  

John J. ʠ ʩʦʨ. ʥʘʧʨʘʚʠʣʝ ʠʩʪʨʘʞʫʚʘˁʝ ʩʦ ʄʂɽ ʟʘ ʜʘ ʿʘ ʧʨʦʮʝʥʘʪ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ 

ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʦʢʦʣʫ ʠʤʧʣʘʥʪʠʪʝ ʢʦʠ ʿʘ ʧʦʜʜʨʞʫʚʘʪ ʤʘʥʜʠʙʫʣʘʨʥʘʪʘ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ 

ʩʦ ʧʦʤʦʰ ʥʘ ʪʦʧʢʘ/ʆ-ʧʨʩʪʝʥ ʠ ʤʘʛʥʝʪ-ʘʪʝʯʤʝʥʪʠʪʝ. ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʞʫʚʘʘʪ ʜʝʢʘ ʩʦ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʜʠʿʘʤʝʪʘʨʦʪ ʥʘ ʘʪʝʯʤʝʥʪʦʪ, ʩʝ ʟʛʦʣʝʤʫʚʘ ʠ ʩʪʨʝʩʦʪ ʚʦ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ 

ʦʢʦʣʫ ʠʤʧʣʘʥʪʦʪ. ɸʚʪʦʨʠʪʝ ʟʘʢʣʫʯʠʣʝ ʜʝʢʘ ʘʪʝʯʤʝʥʪʠʪʝ ʩʦ ʧʦʤʘʣ ʜʠʿʘʤʝʪʘʨ ˃ʝ ʧʦʤʦʛʥʘʪ 

ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʥʘʧʨʝʛʘˁʘʪʘ ʥʘ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ98.  

Menicucci ʠ ʩʦʨ. ʿʘ ʠʩʧʠʪʫʚʘʣʝ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʩʪʨʝʩʦʪ ʚʦ ʢʦʩʢʘʪʘ ʦʢʦʣʫ ʠʤʧʣʘʥʪʦʪ ʠ 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ ʥʘ ʤʘʥʜʠʙʫʣʘʪʘ ʢʘʿ 2-ʠʤʧʣʘʥʪʥʠʪʝ ʧʦʢʨʦʚʥʠ 

ʧʨʦʪʝʟʠ, ʨʝʪʠʥʠʨʘʥʠ ʩʦ ʪʦʧʢʘ- ʠ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪʠ, ʢʦʨʠʩʪʝʿ˃ʠ 3D-ʤʝʪʦʜ ʥʘ ʢʦʥʝʯʥʠ 

ʝʣʝʤʝʥʪʠ. ʉʪʫʜʠʿʘʪʘ ʧʦʢʘʞʫʚʘ ʜʝʢʘ, ʢʦʛʘ ʠʤʧʣʘʥʪʠʪʝ ʙʠʣʝ ʧʦʚʨʟʘʥʠ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ, 

ʩʪʨʝʩʦʪ ʚʦ ʧʨʝʜʥʠʦʪ ʜʝʣ ʥʘ ʛʨʝʙʝʥʦʪ ʥʘ ʚʠʣʠʮʘʪʘ ʙʠʣ ʧʦʥʠʟʦʢ, ʚʝʨʦʿʘʪʥʦ, ʟʘʪʦʘ ʰʪʦ 

ʥʘʤʝʩʪʦ ʜʘ ʦʩʪʘʥʝ ʢʦʥʮʝʥʪʨʠʨʘʥ ʧʦʤʝʺʫ ʠʤʧʣʘʥʪʠʪʝ, ʧʨʝʯʢʘʪʘ ʛʦ ʦʩʣʦʙʦʜʫʚʘʣʘ ʩʪʨʝʩʦʪ ʚʦ 

ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. ʂʦʛʘ ʜʚʘʪʘ ʠʤʧʣʘʥʪʠ ʙʠʣʝ ʦʜʚʦʝʥʠ, 

ʢʘʢʦ ʢʘʿ ʪʦʧʯʝʩʪʠʪʝ ʘʪʝʯʤʝʥʪʠ, ʥʘʧʨʝʛʘˁʝʪʦ ʚʦ ʧʨʝʜʥʠʦʪ ʜʝʣ ʥʘ ʚʠʣʠʮʘʪʘ ʙʠʣʦ ʧʦʛʦʣʝʤʦ, ʘ 

ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ  ╖  ʧʦʤʘʣʦ99 .  
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El-Taftazani ʠ ʩʦʨ. ʩʦ ʄʂɽ ʛʠ ʪʝʩʪʠʨʘʣʝ ʤʦʜʝʣʠʪʝ ʩʦ ʪʦʧʢʘ ʠ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ, ʧʦʜ 

ʚʝʨʪʠʢʘʣʥʦ ʠ ʢʦʩʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 100 N ʠ ʟʘʢʣʫʯʠʣʝ ʜʝʢʘ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪʦʪ ʧʨʝʥʝʩʫʚʘ 

ʧʦʤʘʣʢʫ ʥʘʧʨʝʛʘˁʝ ʥʘ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ ʠ ʦʢʦʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʪʦʧʢʘʪʘ. 

ʉʧʦʨʝʜ ʘʚʪʦʨʠʪʝ, ʩʝʢʦʛʘʰ ʢʦʛʘ ʩʠʩʪʝʤʦʪ ʟʘ ʨʝʪʝʥʮʠʿʘ ʝ ʨʝʟʠʣʠʝʥʪʝʥ, ʥʘʧʨʝʛʘˁʝʪʦ ʚʦ 

ʢʦʩʢʘʪʘ ʦʢʦʣʫ ʠʤʧʣʘʥʪʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʩʝ ʥʘʤʘʣʫʚʘ ʠ ʜʝʣ ʦʜ ʥʘʧʨʝʛʘˁʝʪʦ ʩʝ ʧʨʝʥʝʩʫʚʘ 

ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ, ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ ʧʦʜʦʙʨʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʥʘʧʨʝʛʘˁʝʪʦ, ʘ ʩʦ ʪʦʘ ʩʝ ʥʘʤʘʣʫʚʘ ʤʘʢʩʠʤʘʣʥʦʪʦ ʥʠʚʦ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ61.   

Bollineni ʠ ʩʦʨ. ʩʦ 3D ʄʂɽ ʛʦ ʠʩʪʨʘʞʫʚʘʣʝ ʝʬʝʢʪʦʪ ʥʘ ʘʪʝʯʤʝʥʪʠʪʝ ʚʨʟ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ 

ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʠ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʤʘʥʜʠʙʫʣʘʨʥʘʪʘ ʢʦʩʢʘ, 

ʧʨʝʜʠʟʚʠʢʘʥʦ ʦʜ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ ʨʝʪʠʥʠʨʘʥʘ ʥʘ ʪʝʩʥʠ ʠʤʧʣʘʥʪʠ ʩʦ ʨʠʛʠʜʥʠ ʠ 

ʨʝʟʠʣʠʝʥʪʥʠ ʘʪʝʯʤʝʥʪʠ. ʉʧʦʨʝʜ ʘʚʪʦʨʠʪʝ, ʢʘʿ ʧʘʮʠʝʥʪʠ ʩʦ ʪʝʩʥʠ ʛʨʝʙʝʥʠ, ʢʘʜʝ ʰʪʦ ʧʦʩʪʦʠ 

ʦʛʨʘʥʠʯʫʚʘˁʝ ʟʘ ʧʦʩʪʘʚʫʚʘˁʝ ʠʤʧʣʘʥʪʠ ʩʦ ʩʪʘʥʜʘʨʜʝʥ ʜʠʘʿʤʝʪʘʨ, ʪʦʯʥʠʦʪ  ʠʟʙʦʨʦʪ ʥʘ 

ʘʪʝʯʤʝʥʪʠʪʝ ʝ ʚʘʞʝʥ ʬʘʢʪʦʨ ʟʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ. ʉʦ ʨʠʛʠʜʥʠʪʝ ʘʪʝʯʤʝʥʪʠ, 

ʥʘʧʨʝʛʘˁʝʪʦ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʠ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ ʙʠʣʦ 

ʧʦʛʦʣʝʤʦ62.  

ʀʤʧʣʘʥʪʠʪʝ ʩʦ ʪʝʩʝʥ ʜʠʿʘʤʝʪʘʨ ʩʝ ʩʫʛʝʨʠʨʘ ʜʝʢʘ ʠʤʘʘʪ ʧʦʤʘʣʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʤʝʭʘʥʠʯʢʠ 

ʩʠʣʠ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʠʤʧʣʘʥʪʠʪʝ ʩʦ ʩʪʘʥʜʘʨʜʝʥ ʜʠʿʘʤʝʪʘʨ ʠ ʤʦʞʝ ʜʘ ʛʦ ʟʛʦʣʝʤʘʪ ʩʪʨʝʩʦʪ 

ʰʪʦ ʩʝ ʧʨʝʥʝʩʫʚʘ ʥʘ ʢʦʩʢʝʥʦʪʦ ʪʢʠʚʦ100. 

Kumbulo ʠ ʩʦʨ., ʚʦ ʥʠʚʥʘʪʘ ʩʪʫʜʠʿʘ ʩʦ 3D ʛʝʦʤʝʪʨʠʩʢʠ ʤʦʜʝʣʠ, ʢʦʠ ʩʝ ʩʦʩʪʦʿʘʪ ʦʜ ʜʚʘ 

ʪʝʩʥʠ ʠʤʧʣʘʥʪʠ (3,3 ʤʤ x 12 ʤʤ) ʧʦʩʪʘʚʝʥʠ ʥʘ ʥʠʚʦ ʥʘ ʢʘʥʠʥʠʪʝ ʠ ʧʦʚʨʟʘʥʠ ʩʦ ʧʨʝʯʢʘ, 

ʟʘʢʣʫʯʫʚʘʘʪ ʜʝʢʘ ʥʘʿʛʦʣʝʤʠ ʥʘʧʨʝʛʘˁʘ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʠ ʥʘ ʢʦʩʢʝʥʦʪʦ ʪʢʠʚʦ ʙʠʣʝ 

ʟʘʙʝʣʝʞʘʥʠ ʚʦ ʩʠʪʝ ʤʦʜʝʣʠ ʧʨʠ ʭʦʨʠʟʦʥʪʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ. ɺʨʝʜʥʦʩʪʠʪʝ ʥʘ 

ʥʘʧʨʝʛʘˁʝʪʦ ʦʜ ʭʦʨʠʟʦʥʪʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʙʠʣʝ ʧʦʚʠʩʦʢʠ ʦʜ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ 

ʚʝʨʪʠʢʘʣʥʠʪʝ ʠ ʢʦʩʠʪʝ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ 100. 

ɸʚʪʦʨʠʪʝ El-Sheikh ʠ Morneburg ʥʝ ʧʨʠʿʘʚʠʣʝ ʬʨʘʢʪʫʨʠ ʥʘ ʠʤʧʣʘʥʪʦʪ ʚʦ ʪʝʢʦʪ ʥʘ 6-

ʛʦʜʠʰʥʦ ʠ 2-ʛʦʜʠʰʥʦ ʩʣʝʜʝˁʝ101, 102, 103. ʉʧʦʨʝʜ ʩʪʫʜʠʿʘʪʘ ʥʘ Morneburg, ʬʨʘʢʪʫʨʘʪʘ ʥʘ 

ʠʤʧʣʘʥʪʦʪ ʙʠʣʘ ʠʟʙʝʛʥʘʪʘ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʧʨʘʚʠʣʥʠʦʪ ʧʨʦʪʦʢʦʣ ʟʘ oʧʪʦʚʘʨʫʚʘˁʝ, 

ʧʦʩʪʘʚʫʚʘˁʝʪʦ ʥʘ ʠʤʧʣʘʥʪʠ ʚʦ ʧʨʝʜʥʠʦʪ ʜʝʣ ʥʘ ʤʘʥʜʠʙʫʣʘʪʘ ʠ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʢʨʘʪʢʠ 

ʘʪʝʯʤʝʥʪʠ102, 103.  

ʉʧʦʨʝʜ Guichet ʠ ʩʦʨ., ʧʦʚʨʟʫʚʘˁʝʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʩʦ ʧʨʝʯʢʘ ʠʤʘ ʙʠʦʤʝʭʘʥʠʯʢʠ 

ʧʦʚʦʣʥʦʩʪʠ ʠ ʚʦʜʠ ʢʦʥ ʧʦʜʦʙʨʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ104. 

ʇʦʚʨʟʫʚʘˁʝ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʩʝ ʧʨʘʚʠ ʟʘ ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʩʪʘʙʠʣʥʦʩʪʘ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʢʘʢʦ 

ʮʝʣʠʥʘ ʠ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʧʦʜʦʙʨʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʩʠʣʠ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʚʢʫʧʥʘʪʘ 

ʧʦʚʨʰʠʥʘ ʰʪʦ ʛʦ ʧʨʠʤʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ. ʉʪʫʜʠʿʘʪʘ ʥʘ Valera-Jiménez ʠ ʩʦʨ., ʩʦ ʄʂɽ, 

ʫʪʚʨʜʫʚʘ ʜʝʢʘ ʢʦʤʧʣʠʢʘʮʠʠʪʝ ʧʦʚʨʟʘʥʠ ʩʦ ʪʝʩʥʠ ʠʤʧʣʘʥʪʠ ʤʦʞʝ ʜʘ ʩʝ ʥʘʤʘʣʘʪ 

ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʤʝʭʘʥʠʯʢʠʪʝ ʧʨʝʜʥʦʩʪʠ ʰʪʦ ʛʠ ʜʘʚʘ ʧʨʝʯʢʘʪʘ. ɸʚʪʦʨʠʪʝ ʟʘʢʣʫʯʫʚʘʘʪ ʜʝʢʘ 
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ʧʦʚʨʟʫʚʘˁʝʪʦ ʥʘ ʪʝʩʥʠʪʝ ʠʤʧʣʘʥʪʠ ʩʦ ʧʨʝʯʢʘ ʙʠ ʛʠ ʟʘʰʪʠʪʠʣʦ ʠʤʧʣʘʥʪʠʪʝ ʦʜ ʧʨʝʢʫʤʝʨʥʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ105.  
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     3. ʆɹʈɸɿʃʆɾɽʅʀɽ ʅɸ ʈɸɹʆʊʅʀʊɽ ʍʀʇʆʊɽɿʀ ʀ ʊɽɿʀ 

 

ʅʫʣʪʘ ʭʠʧʦʪʝʟʘ. ɺʠʜʦʪ ʥʘ ʘʪʝʯʤʝʥʪ ʢʘʢʦ ʨʝʪʝʥʮʠʩʢʠ ʩʠʩʪʝʤ ʥʝʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʜʠʩʪʨʠʙʫʮʠʿʘʪʘ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ ʠ ʜʝʬʦʨʤʘʮʠʠʪʝ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʠ 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʧʨʠ ʜʝʿʩʪʚʦ ʥʘ ʦʢʣʫʟʘʣʥʠ ʩʠʣʠ ʥʘ 

ʦʧʪʦʚʘʨʫʚʘˁʝ. 

 

ʍʠʧʦʪʝʟʘ 1. ɺʠʜʦʪ ʥʘ ʘʪʝʯʤʝʥʪ ʢʘʢʦ ʨʝʪʝʥʮʠʩʢʠ ʩʠʩʪʝʤ ʥʘ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ ʧʨʝʥʝʩʫʚʘˁʝʪʦ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ ʠ ʜʝʬʦʨʤʘʮʠʿʘʪʘ ʚʦ 

ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʧʨʠ ʜʝʿʩʪʚʦ ʥʘ ʦʢʣʫʟʘʣʥʠ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ. 

 

ʍʠʧʦʪʝʟʘ 2. ɺʠʜʦʪ ʥʘ ʘʪʝʯʤʝʥʪ ʢʘʢʦ ʩʠʩʪʝʤ ʟʘ ʨʝʪʝʥʮʠʿʘ ʥʘ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ ʧʨʝʥʝʩʫʚʘˁʝʪʦ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʧʨʠ ʜʝʿʩʪʚʦ ʥʘ 

ʦʢʣʫʟʘʣʥʠ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ. 
 

ʍʠʧʦʪʝʟʘ 3. ɺʠʜʦʪ ʥʘ ʘʪʝʯʤʝʥʪ ʢʘʢʦ ʨʝʪʝʥʮʠʩʢʠ ʩʠʩʪʝʤ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ ʧʨʝʥʝʩʫʚʘˁʝʪʦ 

ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ ʠ ʜʝʬʦʨʤʘʮʠʿʘʪʘ (ʧʦʤʝʩʪʫʚʘˁʘʪʘ) ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʧʨʠ ʜʝʿʩʪʚʦ ʥʘ ʦʢʣʫʟʘʣʥʠ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ. 

 

ʍʠʧʦʪʝʟʘ 4. ʇʦʩʪʦʠ ʨʘʟʣʠʢʘ ʚʦ ʥʘʧʨʝʛʘˁʘʪʘ ʠ ʜʝʬʦʨʤʘʮʠʠʪʝ (ʧʦʤʝʩʪʫʚʘˁʘʪʘ) ʢʦʠ ʩʝ 

ʿʘʚʫʚʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ, ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʠ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʧʨʠ ʜʝʿʩʪʚʦ ʥʘ ʦʢʣʫʟʘʣʥʠ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 

ʘʪʝʯʤʝʥʪʠʪʝ (ʪʦʧʢʘ, ʣʦʢʘʪʦʨ ʠ ʧʨʝʯʢʘ) ʢʘʢʦ ʩʠʩʪʝʤ̉ ʟʘ ʨʝʪʝʥʮʠʿʘ ʥʘ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ. 

 

 

3.1  ʎɽʃʀ ʅɸ ʊʈʋɼʆʊ 

 

ʎʝʣʪʘ ʥʘ ʦʚʘʘ ʩʪʫʜʠʿʘ ʝ ʜʘ ʩʝ ʧʨʦʮʝʥʠ ʢʘʢʦ ʚʠʜʦʪ ʥʘ ʘʪʝʯʤʝʥʪʠʪʝ ʢʘʢʦ ʨʝʪʝʥʮʠʩʢʠ 

ʝʣʝʤʝʥʪʠ ʟʘ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ ʧʦʪʧʨʝʥʘ ʥʘ ʪʝʩʥʠ ʠʤʧʣʘʥʪʠ ʚʣʠʿʘʝ ʚʨʟ ʠʤʧʣʘʥʪʠʪʝ, 

ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʠ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʘʣʚʝʦʣʘʨʥʠʦʪ ʛʨʝʙʝʥ. ʅʘʧʨʝʛʘˁʘʪʘ ʰʪʦ ʩʝ 

ʩʣʫʯʫʚʘʘʪ ʚʦ ʠʤʧʣʘʥʪʦʪ ʧʦʜ ʜʝʿʩʪʚʦ ʥʘ ʩʠʣʠʪʝ, ʢʘʢʦ ʠ ʜʝʬʦʨʤʘʮʠʿʘʪʘ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ 

ʢʦʩʢʘ ˃ʝ ʩʝ ʧʨʦʮʝʥʘʪ ʚʦ ʦʜʥʦʩ ʥʘ ʚʠʜʦʪ ʥʘ ʘʪʝʯʤʝʥʪʦʪ, ʥʦ ʠ ʚʦ ʢʦʥʪʝʢʩʪ ʥʘ ʣʠʪʝʨʘʪʫʨʥʠʪʝ 

ʧʦʜʘʪʦʮʠ ʟʘ ʬʠʟʠʦʣʦʰʢʠʪʝ ʛʨʘʥʠʮʠ ʥʘ ʤʘʥʜʠʙʫʣʘʨʥʘʪʘ ʢʦʩʢʘ. ʆʚʘ ʝ ʟʥʘʯʘʿʥʦ ʟʘ ʜʘ ʩʝ 

ʠʟʙʝʛʥʝ ʧʨʝʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ, ʰʪʦ ʜʦʚʝʜʫʚʘ ʜʦ ʥʘʨʫʰʫʚʘˁʝ ʥʘ 

ʧʨʦʪʝʪʠʯʢʘʪʘ ʨʝʭʘʙʠʣʠʪʘʮʠʿʘ. ɼʝʬʦʨʤʘʮʠʿʘʪʘ ʥʘ ʢʦʩʢʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ 

ʨʝʟʠʜʫʘʣʥʠʦʪ ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ (ʈɸɻ) ʝ˃ ʩʝ ʝʚʘʣʫʠʨʘ ʟʘ ʜʘ ʩʝ ʜʝʪʝʨʤʠʥʠʨʘ ʦʪʩʪʘʧʫʚʘˁʝʪʦ 

ʚʦ ʦʜʥʦʩ ʥʘ ʬʠʟʠʦʣʦʰʢʘʪʘ ʜʝʬʦʨʤʘʮʠʿʘ ʥʘ ʢʦʩʢʘʪʘ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʠʜʦʪ ʥʘ ʘʪʝʯʤʝʥʪʦʪ. 

ʆʚʠʝ ʧʨʦʮʝʥʢʠ ˃ʝ ʙʠʜʘʪ ʥʘʧʨʘʚʝʥʠ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʩʠʤʫʣʠʨʘʥʦ ʬʫʥʢʮʠʦʥʘʣʥʦ ʦʢʣʫʟʘʣʥʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ, ʩʦ ʧʦʤʦʰ ʥʘ 3D-ʤʝʪʦʜʦʪ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ. 
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ʉʧʝʮʠʬʠʯʥʠʪʝ ʮʝʣʠ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʚʦ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʩʝ ʩʣʝʜʥʠʪʝ: 

 

1. ɼʘ ʩʝ ʧʨʠʢʘʞʝ ʜʠʩʪʨʠʙʫʮʠʿʘʪʘ ʥʘ ʦʢʣʫʟʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ, ʦʜʥʦʩʥʦ ʥʘʧʨʝʛʘˁʝʪʦ 

ʢʘʿ ʪʝʩʥʠʪʝ ʠʤʧʣʘʥʪʠ ʥʘ ʙʝʟʟʘʙʥʘ ʤʘʥʜʠʙʫʣʘ ʢʦʠ ʿʘ ʧʦʜʜʨʞʫʚʘʪ ʤʦʙʠʣʥʘʪʘ ʧʦʢʨʦʚʥʘ 

ʧʨʦʪʝʟʘ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʨʘʟʣʠʯʥʠʪʝ ʘʪʝʯʤʝʥʪ-ʩʠʩʪʝʤʠ.  

2. ɼʘ ʩʝ ʝʚʘʣʫʠʨʘ ʥʘʧʨʝʛʘˁʝʪʦ/ʜʝʬʦʨʤʘʮʠʿʘʪʘ (ʧʦʤʝʩʪʫʚʘˁʘʪʘ) ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ 

ʧʦʜ ʜʝʿʩʪʚʦ ʥʘ ʦʢʣʫʟʘʣʥʠʪʝ ʩʠʣʠ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʠʜʦʪ ʥʘ ʘʪʝʯʤʝʥʪʠʪʝ (ʪʦʧʢʘ, ʣʦʢʘʪʦʨ ʠ 

ʧʨʝʯʢʘ) ʢʘʢʦ ʨʝʪʝʥʮʠʩʢʠ ʩʠʩʪʝʤ ʟʘ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ ʥʘʜ ʪʝʩʥʠ ʠʤʣʘʥʪʠ ʢʘʿ ʙʝʟʟʘʙʥʘ 

ʤʘʥʜʠʙʫʣʘ.  

3. ɼʘ ʩʝ ʧʨʠʢʘʞʝ ʥʘʧʨʝʛʘˁʝʪʦ/ʜʝʬʦʨʤʘʮʠʿʘʪʘ (ʧʦʤʝʩʪʫʚʘˁʘʪʘ) ʢʦʿʘ ʩʝ ʿʘʚʫʚʘ ʚʦ 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʠ ʘʪʝʯʤʝʥʪʠ ʢʘʢʦ ʨʝʪʝʥʮʠʩʢʠ 

ʩʠʩʪʝʤʠ ʟʘ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ ʥʘʜ ʪʝʩʥʠ ʠʤʧʣʘʥʪʠ ʚʦ ʙʝʟʟʘʙʥʘ ʤʘʥʜʠʙʫʣʘ.  
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      4. ʇʈʀʄɽʅɽʊʀ ʅɸʋʏʅʀ ʄɽʊʆɼʀ ʀ ʅɸʏʀʅ ʅɸ ʈɸɹʆʊɸ 

 

ɺʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ʧʦʩʪʘʚʝʥʘʪʘ ʮʝʣ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʙʝʰʝ ʩʧʨʦʚʝʜʝʥʦ ʩʦ 

ʫʧʦʪʨʝʙʘ ʥʘ ʩʦʬʪʚʝʨʦʪ ʟʘ ʥʫʤʝʨʠʯʢʠ ʩʠʤʫʣʘʮʠʠ,  ʥʘ ʚʠʨʪʫʝʣʥʠʦʪ ʤʦʜʝʣ ʢʨʝʠʨʘʥ ʩʦ 3D-

ʤʝʪʦʜʦʪ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ (ʄʂɽ). 

 

 

4.1 ʇʨʦʮʝʩ ʥʘ ʤʝʪʦʜʦʪ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ 

 

ʇʨʦʮʝʩʦʪ ʥʘ ʤʝʪʦʜʦʪ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ ʤʦʞʝ ʜʘ ʩʝ ʧʦʜʝʣʠ ʚʦ ʪʨʠ 

ʬʘʟʠ: 

¶ ʌʘʟʘ ʥʘ ʧʨʝʜʦʙʨʘʙʦʪʢʘ 

¶ ʌʘʟʘ ʥʘ ʨʝʰʘʚʘˁʝ 

¶ ʌʘʟʘ ʥʘ ʧʦʩʪʦʙʨʘʙʦʪʢʘ 

 

 4.1.1 ʌʘʟʘ ʥʘ ʧʨʝʜʦʙʨʘʙʦʪʢʘ 

  

ʆʚʘʘ ʬʘʟʘ ʝ ʩʦʩʪʘʚʝʥʘ ʦʜ ʩʣʝʜʥʠʚʝ ʯʝʢʦʨʠ: 

ʘ) ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʪʠʧʦʪ ʥʘ ʝʣʝʤʝʥʪ; 

ʙ) ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʩʚʦʿʩʪʚʘʪʘ ʥʘ ʢʦʨʠʩʪʝʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ; 

ʌʠʟʠʯʢʠʪʝ ʩʚʦʿʩʪʚʘ ʩʝ ʜʦʜʝʣʫʚʘʘʪ ʥʘ ʠʟʙʨʘʥʠʦʪ ʤʘʪʝʨʠʿʘʣ. ʆʚʠʝ ʩʚʦʿʩʪʚʘ ˃ʝ ʛʦ ʦʜʨʝʜʘʪ 

ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ ʧʦ ʩʧʝʮʠʬʠʯʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ. 

ʚ) ʂʨʝʠʨʘˁʝ ʤʦʜʝʣ; 

ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʦʚʘ, ʩʝ ʢʦʨʠʩʪʠ CBCT-ʩʢʝʥʠʨʘˁʝ.  

ʛ) ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʛʫʩʪʠʥʘʪʘ ʥʘ ʤʨʝʞʘʪʘ; 

ʉʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʙʨʦʿʦʪ ʥʘ ʝʣʝʤʝʥʪʠ, ʤʦʜʝʣʦʪ ʩʦ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ ʩʪʘʥʫʚʘ 

ʧʦʧʨʝʮʠʟʝʥ. 

 

4.1.2 ʌʘʟʘ ʥʘ ʨʝʰʘʚʘˁʝ 

 

ɺʦ ʦʚʘʘ ʬʘʟʘ ʩʝ ʜʝʬʠʥʠʨʘʘʪ ʛʨʘʥʠʯʥʠʪʝ ʫʩʣʦʚʠ. ɻʨʘʥʠʯʥʠʪʝ ʫʩʣʦʚʠ ʧʦʜʨʘʟʙʠʨʘʘʪ ʜʝʢʘ, 

ʘʢʦ ʧʨʝʪʧʦʩʪʘʚʠʤʝ ʜʝʢʘ ʝʣʝʤʝʥʪʦʪ ʝ ʢʦʥʩʪʨʫʠʨʘʥ ʥʘ ʢʦʤʧʿʫʪʝʨ ʠ ʚʨʟ ʥʝʛʦ ʩʝ ʧʨʠʤʝʥʫʚʘ 

ʩʠʣʘ, ʪʦʿ ˃ʝ ʩʝ ʦʜʥʝʩʫʚʘ ʢʘʢʦ ʩʣʦʙʦʜʥʦ ʣʝʙʜʝʯʢʦ ʪʚʨʜʦ ʪʝʣʦ ʠ ˃ʝ ʧʨʝʪʨʧʠ ʪʨʘʥʩʣʘʮʠʦʥʦ 

ʠʣʠ ʨʦʪʘʮʠʦʥʦ ʜʚʠʞʝˁʝ; ʠʣʠ ʢʦʤʙʠʥʘʮʠʿʘ ʦʜ ʜʚʝʪʝ, ʙʝʟ ʜʘ ʜʦʞʠʚʝʝ ʜʝʬʦʨʤʘʮʠʿʘ. ɿʘ ʜʘ ʩʝ 

ʧʨʦʫʯʠ ʥʝʛʦʚʘʪʘ ʜʝʬʦʨʤʘʮʠʿʘ, ʤʦʨʘ ʜʘ ʩʝ ʦʛʨʘʥʠʯʘʪ ʥʝʢʦʠ ʩʪʝʧʝʥʠ ʥʘ ʩʣʦʙʦʜʘ (ʜʚʠʞʝˁʝ 

ʥʘ ʿʘʟʦʣʦʪ ʚʦ ʩʝʢʦʿʘ ʥʘʩʦʢʘ Ƅ x, y ʠ z) ʟʘ ʥʝʢʦʠ ʦʜ ʿʘʟʣʠʪʝ. ɺʘʢʚʠʪʝ ʦʛʨʘʥʠʯʫʚʘˁʘ ʩʝ 

ʥʘʨʝʢʫʚʘʘʪ ʛʨʘʥʠʯʥʠ ʫʩʣʦʚʠ. 

 

4.1.3 ʌʘʟʘ ʥʘ ʧʦʩʪʦʙʨʘʙʦʪʢʘ 
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ʆʚʘʘ ʬʘʟʘ ʛʦ ʚʢʣʫʯʫʚʘ ʠʟʣʝʟʦʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʜʦʙʠʝʥʠ ʧʨʝʢʫ ʬʘʟʘʪʘ ʥʘ ʦʙʨʘʙʦʪʢʘ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʤʦʞʝ ʜʘ ʩʣʝʜʘʪ ʥʘ ʪʨʠ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ: 

 

a) ʇʨʠʢʘʟ ʚʦ ʬʦʨʤʘ ʥʘ ʤʘʧʘ ʩʦ ʢʦʜʠʨʘʥʠ ʙʦʠ.  

ʂʚʘʥʪʠʪʘʪʠʚʥʘʪʘ ʘʥʘʣʠʟʘ ʩʝ ʦʜʨʝʜʫʚʘ ʧʨʝʢʫ ʪʦʣʢʫʚʘˁʝ ʥʘ ʦʚʠʝ ʙʦʠ. ɹʦʠʪʝ ʚʘʨʠʨʘʘʪ ʦʜ 

ʮʨʚʝʥʘ ʜʦ ʩʠʥʘ. ʉʠʥʘʪʘ ʙʦʿʘ ʿʘ ʧʨʝʪʩʪʘʚʫʚʘ ʦʙʣʘʩʪʘ ʥʘ ʤʘʢʩʠʤʘʣʥʦ ʥʘʧʨʝʛʘˁʝ ʥʘ 

ʩʤʦʣʢʫʚʘˁʝ, ʘ ʮʨʚʝʥʘʪʘ ʿʘ ʧʨʝʪʩʪʘʚʫʚʘ ʦʙʣʘʩʪʘ ʥʘ ʤʘʢʩʠʤʘʣʥʦ ʢʦʤʧʨʝʩʠʚʥʦ ʥʘʧʨʝʛʘˁʝ. 

ɺʦ ʥʝʢʦʠ ʩʦʬʪʚʝʨʠ, ʨʝʜʦʩʣʝʜʦʪ ʥʘ ʙʦʠʪʝ ʝ ʦʙʨʘʪʝʥ.  

ʙ) ʅʫʤʝʨʠʯʢʠ ʧʨʠʢʘʟ  ╖  ʿʘ ʧʨʠʢʘʞʫʚʘ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʛʣʘʚʥʦ ʥʘʧʨʝʛʘˁʝ/ʜʝʬʦʨʤʘʮʠʿʘ ʚʦ 

ʜʘʜʝʥʠʦʪ ʤʘʪʝʨʠʿʘʣ. 

ʚ) ʈʝʟʫʣʪʘʪʠʪʝ ʩʝ ʧʨʠʢʘʞʫʚʘʘʪ ʢʘʢʦ ʘʥʠʤʘʮʠʿʘ ʟʘ ʧʦʜʦʙʨʘ ʚʠʟʫʝʣʠʟʘʮʠʿʘ106.  

ɼʠʿʘʛʨʘʤʦʪ ʙʨ. 1 ʧʨʝʪʩʪʘʚʫʚʘ ʨʝʟʠʤʝ ʥʘ ʬʘʟʠʪʝ ʦʜ ʘʥʘʣʠʟʘʪʘ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ. 

          
 

ɼʠʿʘʛʨʘʤ 1. ʇʨʝʪʩʪʘʚʫʚʘˁʝ ʥʘ ʬʘʟʠʪʝ ʥʘ ʤʝʪʦʜʦʪ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ. 

 

 

 

 

4.2 ɸʥʘʣʠʟʘ ʩʦ ʄʂɽ ʥʘ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ ʨʝʪʠʥʠʨʘʥʘ ʩʦ ʠʤʧʣʘʥʪʠ 

 

4.2.1 ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʛʝʦʤʝʪʨʠʿʘʪʘ ʥʘ ʤʦʜʝʣʦʪ 

 

ʇʦʪʨʝʙʥʠʪʝ ʛʝʦʤʝʪʨʠʩʢʠ ʧʦʜʘʪʦʮʠ ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʬʦʨʤʘʪʘ ʠ ʦʙʣʠʢʦʪ (ʛʝʦʤʝʪʨʠʿʘʪʘ) ʥʘ 

ʢʦʤʧʿʫʪʝʨʩʢʠʦʪ ʤʦʜʝʣ ʩʝ ʜʦʙʠʝʥʠ ʦʜ CBCT-ʨʘʜʠʦʛʨʘʬʩʢʘ ʩʥʠʤʢʘ. ʆʪʢʘʢʦ ˃ʝ ʩʝ ʜʝʬʠʥʠʨʘ 

ʛʝʦʤʝʪʨʠʿʘʪʘ ʥʘ ʜʠʩʢʨʝʪʠʟʠʨʘʥʠʦʪ ʤʦʜʝʣ, ʤʫ ʩʝ ʜʦʜʝʣʫʚʘ ʢʦʥʝʯʝʥ ʙʨʦʿ ʥʘ ʝʣʝʤʝʥʪʠ ʠ ʿʘʟʣʠ 

ʦʜ ʩʦʦʜʚʝʪʝʥ ʪʠʧ; ʠ ʥʘ ʪʦʿ ʥʘʯʠʥ ʩʝ ʜʦʙʠʚʘ ʤʨʝʞʘ ʦʜ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ. ʉʦʦʜʚʝʪʝʥ 

ʩʦʬʪʚʝʨ ʛʝʥʝʨʠʨʘ ʤʨʝʞʘ ʩʦ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ. ʊʦʯʥʦʩʪʘ ʥʘ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʥʘʿʤʥʦʛʫ 

ʟʘʚʠʩʠ ʦʜ ʧʨʝʮʠʟʥʦʩʪʘ ʥʘ ʜʝʬʠʥʠʨʘˁʝʪʦ ʥʘ ʤʨʝʞʘʪʘ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ. ʂʦʣʢʫ ʝ ʧʦʬʠʥʘ 

ʤʨʝʞʘʪʘ, ʦʜʥʦʩʥʦ ʩʦ ʧʦʛʦʣʝʤ ʙʨʦʿ ʿʘʟʣʠ ʠ ʝʣʝʤʝʥʪʠ, ʪʦʣʢʫ ʝ ʧʦʧʨʝʮʠʟʥʦ ʨʝʰʝʥʠʝʪʦ ʥʘ 

ʧʨʦʙʣʝʤʦʪ. ʇʨʠ ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʧʦʪʨʝʙʥʘʪʘ ʛʫʩʪʠʥʘ ʥʘ ʤʨʝʞʘʪʘ, ʪʨʝʙʘ ʜʘ ʩʝ ʟʝʤʝ ʧʨʝʜʚʠʜ 

ʜʝʢʘ ʟʘʜ ʩʝʢʦʿ ʝʣʝʤʝʥʪ ʠʣʠ ʿʘʟʦʣ ʩʪʦʠ ʦʜʨʝʜʝʥ ʙʨʦʿ ʤʘʪʝʤʘʪʠʯʢʠ ʨʘʚʝʥʢʠ ʰʪʦ ʪʨʝʙʘ ʜʘ ʩʝ 
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ʨʝʰʘʪ86. ʉʦʟʜʘʚʘˁʝʪʦ ʤʨʝʞʘ ʥʘ ʝʣʝʤʝʥʪʠ ʠ ʿʘʟʣʠ ʠ ʜʝʬʠʥʠʨʘˁʝʪʦ ʥʘ ʛʨʘʥʠʯʥʠʪʝ ʫʩʣʦʚʠ 

ʧʨʝʪʩʪʘʚʫʚʘ ʜʠʩʢʨʝʪʠʟʘʮʠʿʘ, ʪ.ʝ. ʤʨʝʞʝˁʝ ʥʘ ʥʫʤʝʨʠʯʢʠʦʪ ʤʦʜʝʣ (ʿʘʟʣʠ ʠ ʝʣʝʤʝʥʪʠ).  

 

                                                       
                                   ʉʣʠʢʘ 4. ʀʟʦʧʘʨʘʤʝʪʨʠʩʢʠ ʚʦʣʫʤʝʥʩʢʠ ʝʣʝʤʝʥʪ ʩʦ 8 ʿʘʟʣʠ 

 

 

4.2.2 ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʥʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʤʦʜʝʣʦʪ 

 

ʂʦʥʝʯʥʠʪʝ ʝʣʝʤʝʥʪʠ ʪʨʝʙʘ ʜʘ ʠʤʘʘʪ ʜʝʬʠʥʠʨʘʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʤʘʪʝʨʠjʘʣʠʪʝ. 

ʇʦʚʝ˃ʝʪʦ ʩʪʦʤʘʪʦʣʦʰʢʠ ʤʘʪʝʨʠjʘʣʠ ʰʪʦ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʩʝ ʧʨʝʪʧʦʩʪʘʚʫʚʘ ʜʝʢʘ ʩʝ ʭʦʤʦʛʝʥʠ, 

ʠʟʦʪʨʦʧʥʠ ʠ ʣʠʥʝʘʨʥʦ ʝʣʘʩʪʠʯʥʠ. 

ɺʣʝʟʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʟʘ ʩʠʪʝ ʤʦʜʝʣʠʨʘʥʠ ʦʙʿʝʢʪʠ ʩʝ: ʤʦʜʫʣʦʪ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ï ɽ ʠ Poisson-

ʢʦʝʬʠʮʠʝʥʪ ï ɜ, ʟʘ ʢʦʠ ˃ʝ ʩʝ ʢʦʨʠʩʪʘʪ ʧʦʜʘʪʦʮʠ ʦʜ ʣʠʪʝʨʘʪʫʨʘʪʘ. 

 

ʊʘʙʝʣʘ 1. ɺʣʝʟʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʨʘʣʥʠʪʝ ʪʢʠʚʘ ʠ ʧʨʦʪʝʪʠʯʢʠʪʝ ʤʘʪʝʨʠjʘʣʠ 

 

ʄʦʜʝʣ ɽʣʘʩʪʠʯʥʠʦʪ ʤʦʜʫʣ(MPa) Poisson ʢʦʝʬʠʮʠʝʥʪ(v) 

ʀʤʧʣʘʥʪʠ-ʘʪʝʯʤʝʥʠTi 6Al 4V 110000 0.3 

ʂʦʨʪʠʢʘʣʥʘ ʢʦʩʢʘ (42) 13700 0.3 

ʉʧʦʥʛʠʦʟʥʘ ʢʦʩʢʘ (42) 1370 0.3 

ɸʢʨʠʣʘʪ(8) 3000 0.35 

ʄʫʢʦʟʘ (42) 1 0.37 

ʥʘʿʣʦʥʩʢʘ ʢʘʧʠʮʘ (30) 350 0.40 

ʥʝʨʺʦʩʫʚʘʯʢʠ ʯʝʣʠʢ 19000 0.31 

 

 

 

4.2.3 ʂʨʝʠʨʘˁʝ ʥʘ ʤʦʜʝʣʦʪ 

 

ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠʪʝ (3D) ʤʦʜʝʣʠ ʚʨʟ ʢʦʠ ʙʝʰʝ ʩʧʨʦʚʝʜʝʥʘ ʘʥʘʣʠʟʘʪʘ ʩʝ ʠʟʨʘʙʦʪʝʥʠ ʚʨʟ 

ʦʩʥʦʚʘ ʥʘ CBCT (Cone BeamComputed Tomography) ʨʘʜʠʦʛʨʘʬʩʢʠ ʩʥʠʤʢʠ ʥʘ ʙʝʟʟʘʙʥʘ 

ʤʘʥʜʠʙʫʣʘ. ɺʦ ʠʩʧʠʪʫʚʘˁʝʪʦ ʩʝ ʢʦʨʠʩʪʠ CBCT-ʩʥʠʤʢʘ ʦʜ ʧʘʮʠʝʥʪ ʪʨʝʪʠʨʘʥ ʥʘ ʂʣʠʥʠʢʘʪʘ 

ʟʘ ʤʦʙʠʣʥʘ ʧʨʦʪʝʪʠʢʘ ʧʨʠ ɱɿʋ ʋʥʠʚʝʨʟʠʪʝʪʩʢʠ ʩʪʦʤʘʪʦʣʦʰʢʠ ʢʣʠʥʠʯʢʠ ʮʝʥʪʘʨ Ăʉʚ. 
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ʇʘʥʪʝʣʝʿʤʦʥñ ʚʦ ʉʢʦʧʿʝ, ʩʦ ʧʠʩʤʝʥʘ ʩʦʛʣʘʩʥʦʩʪ ʟʘ ʠʩʪʘʪʘ. CBCT- ʩʥʠʤʘˁʝʪʦ ʙʝʰʝ 

ʥʘʧʨʘʚʝʥʦ ʥʘ ʋʥʠʚʝʨʟʠʪʝʪʩʢʘʪʘ ʢʣʠʥʠʢʘ ʟʘ ʤʘʢʩʠʣʦʬʘʮʠʿʘʣʥʘ ʭʠʨʫʨʛʠʿʘ ʚʦ ʉʢʦʧʿʝ.  

ʂʦʨʠʩʪʝʿ˃ʠ ʿʘ ʙʘʟʘʪʘ ʥʘ ʧʦʜʘʪʦʮʠ ʥʘ ʩʦʬʪʚʝʨʦʪ (Romexis Planmecas), ʩʦʦʜʚʝʪʥʠ ʠʤʧʣʘʥʪʠ 

(3,3 × 10 mm) ʩʝ ʧʦʟʠʮʠʦʥʠʨʘʥʠ ʚʦ ʠʥʪʝʨʬʦʨʘʤʠʥʘʣʥʠʦʪ ʧʨʦʩʪʦʨ ʥʘ ʙʝʟʟʘʙʥʘʪʘ 

ʤʘʥʜʠʙʫʣʘ. 

 

 

 
 

ʉʣʠʢʘ 4. CBCT-ʨʘʜʠʦʛʨʘʬʩʢʠ ʩʥʠʤʢʠ ʥʘ ʙʝʟʟʘʙʥʘ ʤʘʥʜʠʙʫʣʘ ʩʦ ʚʠʨʪʫʝʣʥʦ ʧʦʟʠʮʠʦʥʠʨʘʥʠ   

ʠʤʧʣʘʥʪʠ 

 

 

 
 

ʉʣʠʢʘ 5. CBCT-ʨʘʜʠʦʛʨʘʬʩʢʠ ʩʥʠʤʢʠ ʥʘ ʙʝʟʟʘʙʥʘ ʤʘʥʜʠʙʫʣʘ ʩʦ ʧʨʝʩʝʮʠ 

 

 

ʇʨʚʠʯʥʠʦʪ ʯʝʢʦʨ ʧʨʠ ʄʂɽ ʚʢʣʫʯʫʚʘ ʢʦʤʧʿʫʪʝʨʠʟʠʨʘʥʦ ʧʨʝʪʩʪʘʚʫʚʘˁʝ ʥʘ ʛʝʦʤʝʪʨʠʿʘʪʘ ʥʘ 

ʚʠʨʪʫʝʣʥʠʦʪ ʤʦʜʝʣ. ɼʦʙʠʝʥʠʪʝ ʧʦʜʘʪʦʮʠ ʦʜ CBCT-ʨʘʜʠʦʛʨʘʬʩʢʠʪʝ ʩʥʠʤʢʠ ʩʝ ʢʦʨʠʩʪʝʥʠ 

ʟʘ ʛʝʥʝʨʠʨʘˁʝ ʤʨʝʞʘ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ ʩʦ SOFIFTIK ʩʦʬʪʚʝʨʩʢʠʦʪ ʧʘʢʝʪ. ʂʦʥʪʫʨʠʨʘʥʘ 

ʝ ʛʨʘʥʠʮʘʪʘ ʤʝʺʫ ʢʦʨʪʠʢʘʣʥʘʪʘ ʠ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ. ʂʦʥʪʫʨʥʠʪʝ ʧʦʜʘʪʦʮʠ ʥʘ ʧʨʦʬʠʣʠʪʝ 

ʙʝʘ ʪʨʘʥʩʬʦʨʤʠʨʘʥʠ ʚʦ ʢʦʦʨʜʠʥʘʪʥʠ ʪʦʯʢʠ (ὼ, ώ ʠ ᾀ) . 
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ʉʣʠʢʘ 6. ʂʨʝʠʨʘˁʝ ʥʘ ʤʦʜʝʣ ʩʦ Sofistik ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ 

 

 

 
 

ʉʣʠʢʘ 7. ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʝʥ  ʤʦʜʝʣ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʤʘʥʜʠʙʫʣʘʪʘ ʩʦ ʧʦʩʪʘʚʝʥʠ ʠʤʧʣʘʥʪʠ 

 

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʬʦʨʤʠʨʘʥʠ ʩʝ ʪʨʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʤʦʜʝʣʠ ʥʘ ʙʝʟʟʘʙʥʘ 

ʜʦʣʥʘ ʚʠʣʠʮʘ. ʆʪʢʘʢʦ ʩʝ ʢʨʝʠʨʘʥʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠʪʝ ʤʦʜʝʣʠ ʥʘ ʜʦʣʥʘʪʘ ʚʠʣʠʮʘ ʩʦ ʜʚʘ 

ʠʤʧʣʘʥʪʠ, ʥʘ ʥʠʚ ʚʠʨʪʫʝʣʥʦ ʩʝ ʧʦʩʪʘʚʝʥʠ ʘʪʝʯʤʝʥʪʠʪʝ (ʦʜ Alpha-BioTec) ʠ ʪʦʪʘʣʥʘʪʘ 

ʤʦʙʠʣʥʘ ʧʨʦʪʝʟʘ ʩʦ ʚʛʨʘʜʝʥʠ ʘʥʘʣʦʛʥʠ ʜʝʣʦʚʠ ʥʘ ʩʦʜʚʝʪʥʠʪʝ ʘʪʝʯʤʝʥʪʠ. 

   

ʀʩʧʠʪʫʚʘˁʘʪʘ ʩʝ ʩʧʨʦʚʝʜʝʥʠ ʥʘ ʪʨʠ ʤʦʜʝʣʠ ʥʘ ʤʘʥʜʠʙʫʣʘʨʥʘ, ʪʦʪʘʣʥʦ ʙʝʟʟʘʙʥʘ ʚʠʣʠʮʘ ʩʦ 

ʪʝʩʝʥ ʛʨʝʙʝʥ ʥʘ ʢʦʿʘ ʚʦ ʠʥʪʝʨʬʦʨʘʤʠʥʘʣʥʠʦʪ ʧʨʦʩʪʦʨ ʩʝ ʧʦʟʠʮʠʦʥʠʨʘʥʠ ʜʚʘ ʠʤʧʣʘʥʪʠ  ╖  ʥʘ 

ʝʜʥʘʢʚʦ ʨʘʩʪʦʿʘʥʠʝ ʦʜ ʤʝʜʠʿʘʣʥʘʪʘ ʣʠʥʠʿʘ, ʧʘʨʘʣʝʣʥʦ ʤʝʺʫ ʩʝʙʝ ʠ ʥʘ ʠʩʪʘ ʚʠʩʠʥʘ.  

ɿʘ ʧʦʪʨʝʙʠʪʝ ʥʘ ʠʩʧʠʪʫʚʘˁʝʪʦ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ ʜʝʢʘ ʠʤʧʣʘʥʪʠʪʝ ʩʝ 100 % ʦʩʝʦʠʥʪʝʛʨʠʨʘʥʠ. 

ɺʦ ʠʩʧʠʪʫʚʘˁʝʪʦ ʩʝ ʢʦʨʠʩʪʝʥʠ ʠʤʧʣʘʥʪʠ ʩʦ ʤʘʣʠ ʜʠʤʝʥʟʠʠ (3,3 × 10 mm) Ƅ Alpha-BioTec. 

Spiral Implant, Internal Hex connection, ʦʜ ʣʝʛʫʨʘ ʥʘ ʥʘ Titanium (Ti 6Al 4V) ʠ ʩʦ 

NanoTecTM ʠʤʧʣʘʥʪʥʘʪʘ ʧʦʚʨʰʠʥʘ ʟʘ ʦʧʪʠʤʘʣʥʘ ʦʩʪʝʦʠʥʪʝʛʨʘʮʠʿʘ. ʂʘʿ ʩʝʢʦʿ ʦʜ ʤʦʜʝʣʠʪʝ 

ʩʝ ʧʦʩʪʘʚʝʥʠ ʨʘʟʣʠʯʥʠ ʨʝʪʝʥʮʠʩʢʠ ʩʠʩʪʝʤʠ, ʢʘʢʦ ʠ ʘʢʨʠʣʘʪʥʘ ʤʦʙʠʣʥʘ ʧʦʢʨʦʚʥʘ ʧʨʦʪʝʟʘ 

ʩʦ ʚʨʘʜʝʥʠ ʘʥʘʣʦʛʥʠ ʜʝʣʦʚʠ ʦʜ ʩʠʩʪʝʤʠʪʝ ʟʘ ʨʝʪʝʥʮʠʿʘ ʥʘ ʥʝʿʟʠʥʘʪʘ ʙʘʟʘ. 

 

ʄʆɼɽʃ 1: ɼʚʘ ʠʤʧʣʘʥʪʠ (3,3 × 10 mm)  ʥʘ ʧʦʟʠʮʠʿʘʪʘ ʥʘ ʢʘʥʠʥʠʪʝ ʠ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ, 

ʄʆɼɽʃ 2: ɼʚʘ ʠʤʧʣʘʥʪʠ  (3,3 × 10 mm) ʥʘ ʧʦʟʠʮʠʿʘʪʘ ʥʘ ʢʘʥʠʥʠʪʝ ʠ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ, 

ʄʆɼɽʃ 3: ɼʚʘ ʠʤʧʣʘʥʪʠ (3,3 × 10 mm) ʥʘ ʧʦʟʠʮʠʿʘʪʘ ʥʘ ʢʘʥʠʥʠʪʝ ʠ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ. 



47 
 

 

 

ʈʝʪʝʥʮʠʩʢʠʪʝ ʝʣʝʤʝʥʪʠ ʩʝ ʤʦʜʝʣʠʨʘʥʠ ʩʧʦʨʝʜ ʬʘʙʨʠʯʢʠʪʝ ʜʠʤʝʥʟʠʠ ʠ ʧʨʝʧʦʨʘʢʠ 

(ʧʨʝʟʝʤʝʥʠ ʦʜ ʢʘʪʘʣʦʛʦʪ ʥʘ Alpha-BioTec, 2020 ʛ.). ʇʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ ʝ ʠʟʨʘʙʦʪʝʥʘ ʦʜ 

ʪʦʧʣʦʧʦʣʠʤʝʨʠʟʠʨʘʯʢʠ ʘʢʨʠʣʘʪ ʠ ʘʢʨʠʣʘʪʥʠ ʟʘʙʠ. ɺʦ ʦʚʘʘ ʩʪʫʜʠʿʘ ʩʝ ʧʨʝʪʧʦʩʪʘʚʫʚʘʰʝ 

ʜʝʢʘ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʤʫʢʦʟʘʪʘ ʝ 2 mm. 

                                   

 

ʄʆɼɽʃ 1 Ƅ Alphaloc (Alpha-Bio Tec) ʘʪʝʯʤʝʥ ̓ʩʦ ʚʠʩʠʥʘ ʦʜ 2 mm ʠ ʩʦ ʨʦʟʦʚʘ ʥʘʿʣʦʥʩʢʘ 
ʢʘʧʠʮʘ ʟʘ ʣʝʩʥʘ ʨʝʪʝʥʮʠʿʘ, ʪʠʪʘʥʠʫʤʩʢʠ ʘʙʘʪʤʝʥ ̓ʠ ʤʘʪʨʠʮʘ ʦʜ ʥʝʨʺʦʩʫʚʘʯʢʠ ʯʝʣʠʢ. 
 

ʄʆɼɽʃ 2 Ƅ  ʊʦʧʢʘ (Alpha-Bio Tec) ʘʪʝʯʤʝʥ ̓ʩʦ ʚʠʩʠʥʘ ʦʜ 2 mm, ̒  ̏ʥʘʿʣʦʥʩʢʘ ʨʦʟʦʚʘ 

ʢʘʧʠʮʘ, ʪʠʪʘʥʠʫʤʩʢʠ ʘʙʘʪʤʝʥʪ ʠ ʤʘʪʨʠʮʘ ʦʜ ʥʝʨʺʦʩʫʚʘʯʢʠ ʯʝʣʠʢ. 
 

ʄʆɼɽʃ 3 Ƅ Preci/Dolder Bar Switzerland, ʨʝʟʠʣʠʝʥʪʥʘ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ ʩʦ ʦʚʘʣʝʥ ʦʙʣʠʢ ʦʜ 

ʪʠʪʘʥʠʫʤ, ʥʘ ʚʠʩʠʥʘ ʦʜ 1mm ʦʜ ʛʠʥʛʠʚʘʪʘ ʠ ʪʠʪʘʥʠʫʤʩʢʘ ʤʘʪʨʠʮʘ ʚʛʨʘʜʝʥʘ ʚʦ ʙʘʟʪʘʪʘ ʥʘ 

ʧʨʦʪʝʟʘʪʘ. 

 

 

 

 

 

 

                       ʉʣʠʢʘ 8. ʈʝʪʝʥʮʠʩʢʠ ʝʣʝʤʝʥʪʠ Ƅ ʘʪʝʯʤʝʥʪʠ: ʘ) ʣʦʢʘʪʦʨ, ʙ) ʪʦʧʢʘ, ʚ) ʧʨʝʯʢʘ. 
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ʉʣʠʢʘ 9. ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʝʥ ʤʦʜʝʣ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʤʘʥʜʠʙʫʣʘ ʩʦ ʧʦʩʪʘʚʝʥʠ ʠʤʧʣʘʥʪʠ ʠ 

ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪʠ 

 

 
 

ʉʣʠʢʘ 10. ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʝʥ ʤʦʜʝʣ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʤʘʥʜʠʙʫʣʘ ʩʦ ʧʦʩʪʘʚʝʥʠ ʠʤʧʣʘʥʪʠ ʠ 

ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪʠ 

 

 
 

ʉʣʠʢʘ 11. ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʝʥ ʤʦʜʝʣ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʤʘʥʜʠʙʫʣʘ ʩʦ ʧʦʩʪʘʚʝʥʠ ʠʤʧʣʘʥʪʠ ʠ 

ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪʠ 
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4.2.4 ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʠ ʦʛʨʘʥʠʯʫʚʘˁʘ  ʥʘ ʤʦʜʝʣʦʪ 

 

ɼʝʬʠʥʠʨʘˁʝʪʦ ʥʘ ʛʨʘʥʠʯʥʠʪʝ ʫʩʣʦʚʠ, ʦʜʥʦʩʥʦ ʬʠʢʩʠʨʘˁʝʪʦ ʥʘ ʤʦʜʝʣʠʪʝ ʠʤʘ ʮʝʣ ʜʘ ʛʦ 

ʦʛʨʘʥʠʯʠ ʧʦʤʝʩʪʫʚʘˁʝʪʦ ʥʘ ʤʦʜʝʣʦʪ ʢʦʛʘ ʥʘ ʥʝʛʦ ʜʝʣʫʚʘʘʪ ʩʠʣʠ. ʊʦʘ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʧʨʝʢʫ 

ʦʛʨʘʥʠʯʫʚʘˁʝ ʥʘ ʩʪʝʧʝʥʠʪʝ ʥʘ ʩʣʦʙʦʜʘ ʥʘ ʧʦʤʝʩʪʫʚʘˁʝ ʚʦ ʿʘʟʣʠʪʝ107. ɼʠʩʢʨʝʪʠʟʠʨʘʥʠʪʝ 

ʥʫʤʝʨʠʯʢʠ ʤʦʜʝʣʠ, ʢʦʠ ʩʝ ʧʨʠʤʝʥʫʚʘʘʪ ʚʦ ʨʘʤʢʠʪʝ ʥʘ MKE, ʤʦʨʘ ʜʘ ʠʤʘʘʪ ʧʨʝʮʠʟʥʦ 

ʜʝʬʠʥʠʨʘʥʠ ʛʨʘʥʠʯʥʠ ʫʩʣʦʚʠ, ʦʜʥʦʩʥʦ ʩʪʝʧʝʥʠ ʥʘ ʩʣʦʙʦʜʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʿʘʟʣʠʪʝ ʥʘ 

ʤʦʜʝʣʦʪ. 

 

 

 

         
 
                                  ʉʣʠʢʘ 12. ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʠ ʦʛʨʘʥʠʯʫʚʘˁʘ ʥʘ ʤʦʜʝʣʦʪ 

 

ʉʝʢʦʿ ʢʦʥʪʠʥʫʫʤ ʠʤʘ ʙʝʩʢʦʥʝʯʝʥ ʙʨʦʿ ʩʪʝʧʝʥʠ ʥʘ ʩʣʦʙʦʜʘ. ʆʚʦʿ ʤʝʪʦʜ ʛʠ ʥʘʤʘʣʫʚʘ 

ʩʪʝʧʝʥʠʪʝ ʥʘ ʩʣʦʙʦʜʘ ʦʜ ʙʝʩʢʦʥʝʯʥʦ ʜʦ ʢʦʥʝʯʥʦ ʩʦ ʧʦʤʦʰ ʥʘ ʜʠʩʢʨʝʪʠʟʘʮʠʿʘ, ʪ.ʝ. ʤʨʝʞʝˁʝ 

(ʿʘʟʣʠ ʠ ʝʣʝʤʝʥʪʠ) ʩʦ ʮʝʣ ʨʝʰʘʚʘˁʝ ʩʣʦʞʝʥ ʧʨʦʙʣʝʤ. ʇʨʘʢʪʠʯʥʦ, ʪʦʘ ʟʥʘʯʠ ʤʦʞʥʦʩʪ ʟʘ 

ʜʚʠʞʝˁʝ ʚʦ ʩʠʪʝ ʪʨʠ ʧʨʦʩʪʦʨʥʠ ʨʘʤʥʠʥʠ ʠ ʦʩʢʠ (ʚʝʨʪʠʢʘʣʥʦ, ʩʘʛʠʪʘʣʥʦ ʠ ʭʦʨʠʟʦʥʪʘʣʥʦ). 

ʅʘ ʜʠʩʢʨʝʪʠʟʠʨʘʥ ʤʦʜʝʣ, ʩʝʢʦʿʘ ʪʦʯʢʘ (ʿʘʟʦʣ) ʠʤʘ ʢʦʥʝʯʝʥ ʙʨʦʿ ʩʪʝʧʝʥʠ ʥʘ ʩʣʦʙʦʜʘ. ɿʘ ʜʘ 

ʩʝ ʦʛʨʘʥʠʯʘʪ ʩʪʝʧʝʥʠʪʝ ʥʘ ʩʣʦʙʦʜʘ ʥʘ ʢʦʥʝʯʥʠʪʝ ʝʣʝʤʝʥʪʠ, ʪʠʝ ʤʦʨʘ ʜʘ ʠʤʘʘʪ ʦʧʨʝʜʝʣʝʥʘ 

ʬʦʨʤʘ ʠ ʜʠʤʝʥʟʠʠ. 

 

 

4.2.5 ʋʩʣʦʚʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ 

 

ɿʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʤʦʜʝʣʠʪʝ ʥʘ ʄʂɽ ʤʦʞʝ ʜʘ ʩʝ ʩʠʤʫʣʠʨʘʪ ʘʢʩʠʘʿʣʥʠ ʠ ʥʝʘʢʩʠʘʿʣʥʠ 

ʩʠʣʠ ʥʘ ʥʘʜʦʣʞʥʘʪʘ ʦʩʢʘ ʥʘ ʠʤʧʣʘʥʪʦʪ. ʂʦʤʙʠʥʘʮʠʿʘʪʘ ʥʘ ʘʢʩʠʿʘʣʥʦ ʠ ʥʝʘʢʩʠʘʿʣʥʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ, ʥʘʨʝʯʝʥʘ ʤʝʰʘʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʩʠʤʫʣʠʨʘ  ʧʦʨʝʘʣʥʠ ʫʩʣʦʚʠ108,109. ɿʘ ʜʘ ʩʝ 

ʜʦʙʠʿʘʪ ʧʦʚʝʨʦʜʦʩʪʦʿʥʠ ʨʝʟʫʣʪʘʪʠ, ʩʝ ʩʤʝʪʘ ʜʝʢʘ ʥʝʘʢʩʠʘʿʣʥʠʪʝ ʩʪʘʥʠʯʥʠ (ʢʦʩʠ ʠ 

ʭʦʨʠʟʦʥʪʘʣʥʠ) ʩʠʣʠ ʪʨʝʙʘ ʜʘ ʙʠʜʘʪ ʜʝʣ ʦʜ ʤʝʭʘʥʠʯʢʘʪʘ ʘʥʘʣʠʟʘ ʚʦ ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʩʦ 

ʄʂɽ. ʅʝʘʢʩʠʘʿʣʥʠʪʝ ʩʠʣʠ ʩʝ ʩʤʝʪʘʘʪ ʟʘ ʢʣʠʥʠʯʢʠ ʧʦʨʝʘʣʥʠ ʚʦ MKE ʦʪʢʦʣʢʫ 110  

ʘʢʩʠʘʿʣʥʠʪʝ109. 
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ʂʦʥʝʯʥʠʪʝ ʝʣʝʤʝʥʪʠ ʩʝ ʤʝʺʫʩʝʙʥʦ ʧʦʚʨʟʘʥʠ ʩʦ ʿʘʟʣʠ ʠ ʩʦʟʜʘʚʘʘʪ ʤʨʝʞʘ ʥʘ ʢʦʥʝʯʥʠ 

ʝʣʝʤʝʥʪʠ, ʧʨʠ ʰʪʦ ʩʠʣʠʪʝ ʜʝʿʩʪʚʫʚʘʘʪ ʥʘ ʿʘʟʣʠʪʝ. ʆʧʪʦʚʘʨʫʚʘˁʝʪʦ ʤʦʞʝ ʜʘ ʙʠʜʝ ʩʪʘʪʠʯʢʦ 

ʠʣʠ ʜʠʥʘʤʠʯʢʦ. ɼʠʥʘʤʠʯʢʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʠʘʢʦ ʝ ʧʦʨʝʘʣʥʦ, ʝ ʧʦʪʝʰʢʦ ʟʘ ʧʨʝʩʤʝʪʫʚʘˁʝ 

ʦʜ ʩʪʘʪʠʯʢʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʠ ʟʘʪʦʘ ʧʦʚʝ˃ʝʪʦ ʄʂɽ-ʘʥʘʣʠʟʠ ʢʦʨʠʩʪʘʪ ʩʪʘʪʠʯʢʠ 

ʦʧʪʦʚʘʨʫʚʘˁʘ, ʢʦʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʘʢʩʠʿʘʣʥʠ, ʥʝʘʢʩʠʘʿʣʥʠ ʠʣʠ ʤʝʰʘʥʠ110,111. 

 

ɿʘ ʜʘ ʩʝ ʚʦʦʯʠ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʩʠʣʠʪʝ ʚʨʟ ʠʤʧʣʘʥʪʦʪ, ʧʝʨʠʠʤʧʣʘʥʪʥʦʪʦ ʪʢʠʚʦ ʠ 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ, ʘʥʘʣʠʟʠʨʘʥʠ ʩʝ ʘʢʩʠʘʿʣʥʠ ʠ ʢʦʩʠ ʩʠʣʠ. ɸʥʘʣʠʟʘʪʘ ʩʦ ʄʂɽ 

ʦʚʦʟʤʦʞʫʚʘ ʜʘ ʛʦ ʝʚʠʜʝʥʪʠʨʘʤʝ ʤʝʩʪʦʪʦ ʢʘʜʝ ʩʝ ʿʘʚʫʚʘ ʥʘʿʛʦʣʝʤʦ ʥʘʧʨʝʛʘˁʝ ʧʦʜ ʜʝʿʩʪʚʦ 

ʥʘ ʩʠʣʠʪʝ. 

 

ɺʦ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʤʦʜʝʣʠʪʝ ʙʝʘ ʪʝʩʪʠʨʘʥʠ ʧʦʜ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʩʠʤʫʣʠʨʘʥʠ ʘʢʩʠʿʘʣʥʠ 

ʩʠʣʠ ʜʦ 150 N ʠ ʢʦʩʠ ʩʠʣʠ ʜʦ 50 N ʩʦ ʘʛʦʣ ʦʜ 30 % ʚʦ ʨʝʛʠʦʥʦʪ ʥʘ ʧʨʚʠʦʪ ʤʦʣʘʨ, 

ʫʥʠʣʘʪʝʨʘʣʥʦ ʠ ʙʠʣʘʪʝʨʘʣʥʦ.  

 

ʊʘʙʝʣʘ 2. ʇʨʠʢʘʟ ʥʘ ʤʝʩʪʦʪʦ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʧʨʠ ʫʥʠʣʘʪʝʨʘʣʥʠ ʠ ʙʠʣʘʪʝʨʘʣʥʠ ʘʢʩʠʘʿʣʥʠ 

ʠ ʢʦʩʠ ʩʠʣʠ. 

 

ʉʠʣʠ ʋʥʠʣʘʪʝʨʘʣʥʦ ɹʠʣʘʪʝʨʘʣʥʦ 

ɸʢʩʠʿʘʣʥʠ ʩʠʣʠ  

 

  

ʂʦʩʠ ʩʠʣʠ 

  

 

 

 

ɺʦ ʦʚʘ ʠʩʧʠʪʫʚʘˁʝ, ʚʨʝʤʝʪʦ ʥʝ ʩʝ ʟʝʤʘ ʢʘʢʦ ʬʘʢʪʦʨ ʚʦ ʜʝʣʫʚʘˁʝʪʦ ʥʘ ʩʠʣʘʪʘ, ʦʜʥʦʩʥʦ ˃ʝ 

ʩʝ ʠʩʧʠʪʫʚʘʘʪ ʢʨʘʪʢʦʪʨʘʿʥʠ ʩʠʣʠ. 

 

4.2.6 ʀʥʪʝʨʬʝʿʩ ʢʦʩʢʘ-ʠʤʧʣʘʥʪ  

 

ʄʦʜʝʣʠʪʝ ʥʘ MKE ʧʨʝʪʧʦʩʪʘʚʫʚʘʘʪ ʜʝʢʘ ʠʤʧʣʘʥʪʠʪʝ ʩʝ ʠʜʝʘʣʥʦ 100 % ʦʩʝʦʠʥʪʝʛʨʠʨʘʥʠ, 

ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ ʢʦʨʪʠʢʘʣʥʘʪʘ ʠ ʪʨʘʙʝʢʫʣʘʨʥʘʪʘ ʢʦʩʢʘ ʩʝ ʩʦʚʨʰʝʥʦ ʚʨʟʘʥʠ ʟʘ ʠʤʧʣʘʥʪʦʪ.  

 



51 
 

 

 

4.2.7 ɺʘʣʠʜʘʮʠʿʘ ʥʘ ʤʦʜʝʣʦʪ  

 

ɺʘʣʠʜʘʮʠʿʘʪʘ ʩʝ ʚʨʰʠ ʩʦ ʩʧʦʨʝʜʫʚʘˁʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʄʂɽ ʩʦ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ 

ʧʨʝʪʭʦʜʥʠʪʝ ʩʪʫʜʠʠ ʧʦʚʨʟʘʥʠ ʩʦ ʦʜʨʝʜʝʥʘ ʪʝʤʘ. ʊʦʘ ʦʙʝʟʙʝʜʫʚʘ ʫʚʠʜ ʜʘʣʠ ʤʦʜʝʣʠʪʝ 

ʢʦʨʠʩʪʝʥʠ ʚʦ ʩʪʫʜʠʿʘʪʘ ʙʠʣʝ ʧʨʝʮʠʟʥʦ ʜʠʟʘʿʥʠʨʘʥʠ. ɸʢʦ ʨʝʟʫʣʪʘʪʠʪʝ ʩʝ ʜʦʙʨʠ, ʤʦʜʝʣʠʪʝ 

ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʧʦʨʘʯʫʚʘʘʪ ʟʘ ʠʜʥʠ ʩʪʫʜʠʠ. 

 

ʈʘʟʣʠʯʥʠ ʪʠʧʦʚʠ ʥʘʧʨʝʛʘˁʝ ʤʦʞʘʪ ʜʘ ʩʝ ʚʠʜʘʪ ʚʦ ʤʦʜʝʣʦʪ ʥʘ ʄʂɽ: ʥʘʧʨʝʛʘˁʝ ʢʦʝ ʜʝʣʫʚʘ 

ʧʝʨʧʝʥʜʠʢʫʣʘʨʥʦ ʥʘ ʧʨʝʩʝʢʦʪ ʠ ʧʨʝʜʠʟʚʠʢʫʚʘ ʢʦʤʧʨʝʩʠʿʘ ʠ ʠʟʜʦʣʞʫʚʘˁʝ; ʥʘʧʨʝʛʘˁʝ ʥʘ 

ʩʤʦʣʢʥʫʚʘˁʝ Ƅ ʜʝʣʫʚʘ ʧʘʨʘʣʝʣʥʦ ʩʦ ʧʨʝʩʝʢʦʪ ʠ ʧʨʝʜʠʟʚʠʢʫʚʘ ʠʩʢʨʠʚʫʚʘˁʝ. ʉʠʪʝ ʘʥʘʣʠʟʠ 

ʠ ʧʨʝʩʤʝʪʢʠ ʧʨʠʤʝʥʝʪʠ ʚʦ ʩʪʦʤʘʪʦʣʦʛʠʿʘʪʘ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ vonMises ʝʢʚʠʚʘʣʝʥʪʥʦʪʦ 

ʥʘʧʨʝʛʘˁʝ. VonMises-ʥʘʧʨʝʛʘˁʝʪʦ ʩʝ ʟʘʩʥʦʚʘ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʜʠʩʪʦʨʟʠʿʘ ʠʣʠ ʝʥʝʨʛʠʿʘʪʘ 

ʥʘ ʥʘʧʨʝʛʘˁʝ ʥʘ ʩʤʦʣʢʥʫʚʘˁʝ (ʊʝʦʨʠʿʘ ʥʘ ʥʝʫʩʧʝʭ). ʊʦʘ ʩʝ ʥʘʧʨʝʛʘˁʘʪʘ ʥʘʜ ʢʦʠ 

ʤʘʪʝʨʠʿʘʣʦʪ ʧʦʧʫʰʪʘ ʠʣʠ ʩʝ ʜʝʬʦʨʤʠʨʘ.  
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      5. ɼʆɹʀɽʅʀ ʈɽɿʋʃʊɸʊʀ ʀ ʅʀɺʅʆ ɿʅɸʏɽɳɽ 

 

ɸʥʘʣʠʟʘʪʘ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ, ʩʧʨʦʚʝʜʝʥʘ ʩʦ ʩʦʬʪʚʝʨʩʢʠʦʪ ʧʘʢʝʪ SOFIFTIK, ʜʘʜʝ ʨʝʟʫʣʪʘʪʠ 

ʰʪʦ ʦʚʦʟʤʦʞʫʚʘʘʪ ʩʣʝʜʝˁʝ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝʪʦ ʚʦ ʬʦʨʤʘ ʥʘ ʤʘʧʘ ʩʦ ʢʦʜʠʨʘʥʠ ʙʦʠ, 

ʦʜʥʦʩʥʦ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ ʝ ʧʨʝʪʩʪʘʚʝʥʘ ʩʦ ʨʘʟʣʠʯʥʠ ʙʦʠ. ʎʨʚʝʥʘʪʘ ʙʦʿʘ, 

ʢʦʿʘ ʦʟʥʘʯʫʚʘ ʤʠʥʠʤʘʣʥʦ ʥʘʧʨʝʛʘˁʝ, ʝ ʧʨʦʩʣʝʜʝʥʘ ʩʦ ʧʦʨʪʦʢʘʣʦʚʘ, ʞʦʣʪʘ, ʩʚʝʪʣʦʟʝʣʝʥʘ, 

ʟʝʣʝʥʘ, ʩʚʝʪʣʦʩʠʥo ʠ ʪʝʤʥʦʩʠʥʘ ʙʦʿʘ. ʊʝʤʥʦʩʠʥʘʪʘ ʙʦʿʘ ʧʨʝʪʩʪʘʚʫʚʘ ʥʘʿʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ 

ʥʘ ʥʘʧʨʝʛʘˁʝ, ʦʜʥʦʩʥʦ ʥʘʧʨʝʛʘˁʝ ʥʘ ʩʤʦʣʢʫʚʘˁʝ, ʜʦʜʝʢʘ ʮʨʚʝʥʘʪʘ ʙʦʿʘ ʧʨʝʪʩʪʘʚʫʚʘ 

ʧʦʤʘʣʠ ʠ ʧʦʚʦʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʝ, ʦʜʥʦʩʥʦ ʢʦʤʧʨʝʩʠʚʥʠ ʥʘʧʨʝʛʘˁʘ. ʉʦ ʦʚʠʝ 

ʨʘʟʣʠʯʥʠ ʙʦʠ ʤʦʞʝ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ ʰʝʤʘʪʘ ʥʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ ʚʦ ʨʘʟʣʠʯʥʠ 

ʤʦʜʝʣʠ.  

 

 

 

 
Minimal (compressive stress)                                                             Maximal (tensile stress)                                                                                                                          

 

ʉʣʠʢʘ 13. ʇʨʠʢʘʟ ʥʘ ʛʨʘʜʘʮʠʿʘʪʘ ʥʘ ʢʦʜʠʨʘʥʠ ʙʦʠ ʢʦʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʤʠʥʠʤʘʣʥʦ ʠ ʤʘʢʩʠʤʘʣʥʦ 

von Mises-ʥʘʧʨʝʛʘˁʝ 

 

 

 

ʆʧʪʦʚʘʨʫʚʘˁʝʪʦ, ʢʦʝ ʙʝʰʝ ʩʠʤʫʣʠʨʘʥʦ ʢʘʿ ʪʨʠʪʝ ʤʦʜʝʣʠ ʥʘ ʙʝʟʟʘʙʥʘ ʤʘʥʜʠʙʫʣʘ ʩʦ 

ʧʦʩʪʘʚʝʥʠ ʠʤʧʣʘʥʪʠ ʠ ʨʘʟʣʠʯʥʠ ʘʪʝʯʤʝʥʪʠ ʟʘ ʨʝʪʝʥʮʠʿʘ ʥʘ ʧʦʢʨʦʚʥʘʪʘ ʧʨʦʪʝʟʘ, ʜʘʜʝ 

ʨʝʟʫʣʪʘʪʠ ʰʪʦ ʦʚʦʟʤʦʞʫʚʘʘʪ ʘʥʘʣʠʟʘ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝʪʦ ʠ ʥʝʛʦʚʦʪʦ ʧʨʝʥʝʩʫʚʘˁʝ 

ʦʜ ʩʪʨʘʥʘ ʥʘ ʧʨʦʪʝʟʘʪʘ ʠ ʥʝʿʟʠʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʠʤʧʣʘʥʪʠʪʝ, ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʠ 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. Von Mises-ʥʘʧʨʝʛʘˁʘʪʘ ʙʝʘ ʢʦʨʠʩʪʝʥʠ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ 

ʪʦʯʢʠʪʝ ʩʦ ʥʘʿʛʦʣʝʤʠ ʥʘʧʨʝʛʘˁʘ ʢʘʿ ʜʝʥʪʘʣʥʠʪʝ ʠʤʧʣʘʥʪʠ ʠ ʢʘʿ ʢʦʩʢʘʪʘ. 

 

 

 

 

5.1 ɼʀʉʊʈʀɹʋʎʀɱɸ ʅɸ ʆʂʃʋɿɸʃʅʆʊʆ ʆʇʊʆɺɸʈʋɺɸɳɽ ʂɸɱ ʄʆɼɽʃʆʊ 1 

 

5.1.1 ɺʨʝʜʥʦʩʪʠ ʧʦ von ʄises ʟʘ ʚʝʨʪʠʢʘʣʥʠ ʠ ʢʦʩʠ ʩʠʣʠ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-

ʘʪʝʯʤʝʥʪ 
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               5.1.1.1 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʘʢʩʠʿʘʣʥʠʪʝ 

ʙʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 80 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ 

 

  
           ʘ1. ʪʝʣʦ max =  75,83  MPa                      ʘ2. ʘʙʘʪʤʝʥʪ max = 127, 50 MPa    

 

           
         ʙ1. ʢʦʨʪʠʢʘʣʥʘ max = 19,45 MPa           ʙ2. ʩʧʦʥʛʠʦʟʘ max = 0,35 MPa    

 

        
          ʚ1. ʢʦʨʪʠʢʘʣʥʘ  max = 28,58 MPa          ʚ2. ʩʧʦʥʛʠʦʟʘ  max = 0,46 MPa    

 

ʉʣʠʢʘ 14. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ- 

ʘʪʝʯʤʝʥʪ, ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʦʜ 80 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨ-

ʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, (ʚ) ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 
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ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ, 

ʨʘʤʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ʥʘ ʜʚʘʪʘ ʠʤʧʣʘʥʪʠ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʨʝʛʠʩʪʨʠʨʘʘʪ ʥʘ ʘʙʘʪʤʝʥʪʠʪʝ ʥʘ ʛʦʨʥʠʪʝ ʧʦʚʨʰʠʥʠ ʜʠʩʪʘʣʥʦ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 127,50 MPa, 

ʜʦʜʝʢʘ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ, ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 

75,83 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ ʜʠʩʪʘʣʥʦ, ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ 19,45 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʪʠʝ ʩʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,38 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ ʩʝ 

ʝʚʠʜʝʥʪʠʨʘʥʠ ʥʘ ʨʝʪʨʦʤʦʣʘʨʥʠʦʪ ʨʝʛʠʦʥ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʧʦʜ ʣʠʥʛʚʘʣʥʦʪʦ ʢʨʠʣʦ 

ʥʘ ʧʨʦʪʝʟʘʪʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 25,58 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʤʘʣʠ ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ 0,46 MPa. 

 

 

5.1.1.2 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʘʢʩʠʿʘʣʥʠʪʝ 

ʫʥʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 80 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ  

 

         
          ʘ1. ʪʝʣʦ   max = 81,55 MPa                     ʘ2. ʘʙʘʪʤʝʥʪ max = 66,82  MPa    

 

         
         ʙ1. ʢʦʨʪʠʢʘʣʥʘ  max =  10,60 MPa      ʙ2. ʩʧʦʥʛʠʦʟʘ max =  0,31 MPa    
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         ʚ1. ʢʦʨʪʠʢʘʣʥʘ  max = 5,74 MPa          ʚ2. ʩʧʦʥʛʠʦʟʘ max = 0,55  MPa    

 

 

ʉʣʠʢʘ 15. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʫʥʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʦʜ 80 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨ-ʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, 

(ʚ) ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʿ ʠʤʧʣʘʥʪʦʪ ʥʘ 

ʩʪʨʘʥʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʨʝʛʠʩʪʨʠʨʘʥʠ ʚʦ 

ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ ʥʘ ʩʪʨʘʥʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 

81,55 MPa, ʜʦʜʝʢʘ ʢʘʿ ʘʙʘʪʤʝʥʪʦʪ ʥʘ ʥʝʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ, ʥʘ ʤʝʟʠʿʘʣʥʘʪʘ ʧʦʚʨʰʠʥʘ ʥʘ 

ʘʙʘʪʤʝʥʪʦʪ, ʪʠʝ ʩʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 66,82 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ ʜʠʩʪʘʣʥʦ ʥʘ 

ʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 10,60 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ 

ʥʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʩʝ ʦʢʦʣʫ ʘʧʝʢʩʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,31 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʨʝʛʠʩʪʨʠʨʘʥʠ ʥʘ ʚʝʩʪʠʙʫʣʘʨʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʛʨʝʙʝʥʦʪ ʢʘʿ 

ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 5,74 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ Ƅ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʤʘʣʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,55 MPa. 
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              5.1.1.3 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʘʢʩʠʿʘʣʥʠʪʝ 

ʙʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 150 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ  

 

 

         
          ʘ1. ʪʝʣʦ   max = 81,55 MPa                     ʘ2. ʘʙʘʪʤʝʥʪ max = 66,82  MPa    

 

         
         ʙ1. ʢʦʨʪʠʢʘʣʥʘ  max =  10,60 MPa      ʙ2. ʩʧʦʥʛʠʦʟʘ max =  0,31 MPa    

 

          
         ʚ1. ʢʦʨʪʠʢʘʣʥʘ  max = 5,74 MPa          ʚ2. ʩʧʦʥʛʠʦʟʘ max = 0,55  MPa    

 

 

ʉʣʠʢʘ 16. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʦʜ 150 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨ-ʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, 

(ʚ) ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ, 

ʨʘʤʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ʥʘ ʜʚʘʪʘ ʠʤʧʣʘʥʪʠ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 
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ʨʝʛʠʩʪʨʠʨʘʥʠ ʢʘʿ ʘʙʘʪʤʝʥʪʠʪʝ ʥʘ ʛʦʨʥʠʪʝ ʧʦʚʨʰʠʥʠ ʜʠʩʪʘʣʥʦ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 151,74 MPa, 

ʢʘʢʦ ʠ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 113,24 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʜʠʩʪʘʣʥʦ, ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ 30,50 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ, ʪʠʝ ʩʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 1,05 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʤʦʞʝ ʜʘ ʩʝ ʚʦʦʯʘʪ ʚʦ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʥʘ ʨʝʪʨʦʤʦʣʘʨʥʠʦʪ ʨʝʛʠʦʥ, 

ʧʦʜ ʣʠʥʛʚʘʣʥʦʪʦ ʢʨʠʣʦ ʥʘ ʧʨʦʪʝʟʘʪʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 52,49 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ 

ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,76 MPa. 

 

           5.1.1.4 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʘʢʩʠʿʘʣʥʠʪʝ 

ʫʥʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 150 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ  

 

 

         
         ʘ1. ʪʝʣʦ  max = 54,63 MPa                           ʘ2. ʘʙʘʪʤʝʥʪ  max = 85,50 MPa   

 

         
        ʙ1. ʢʦʨʪʠʢʘʣʥʘ max = 10,82 MPa             ʙ2. ʩʧʦʥʛʠʦʟʘ max = 0,31 Mpa 
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         ʚ1. ʢʦʨʪʠʢʘʣʥʘ max = 6,52 MPa                ʚ2. ʩʧʦʥʛʠʦʟʘ  max = 0,18 MPa 

 

 

ʉʣʠʢʘ 17. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʫʥʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʦʜ 150 N:  (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨ-ʠʤʧʣʘʥʪʥʘ 

ʢʦʩʢʘ, (ʚ) ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises  ʥʘʧʨʝʛʘˁʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ. 

ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘ ʩʝ ʧʨʠʤʝʪʫʚʘʪ ʥʘ ʘʙʘʪʤʝʥʪʦʪ ʥʘ ʛʦʥʠʪʝ ʧʦʚʰʠʥʠ 

ʜʠʩʪʘʣʥʦ  ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 85.50 MPa,  ʠ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ  54.63 MPa ʥʘ ʜʠʩʪʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ ʥʘ ʠʤʧʣʘʥʪʦʪ. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises  ʥʘʧʨʝʛʘˁʘ ʥʘ ʧʝʨʠ-ʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ ʢʘʿ 

ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ ʜʠʩʪʘʣʥʦ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 10.82 MPa,  

ʘ ʢʘʿ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0.31 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises  ʥʘʧʨʝʛʘˁʘ ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʥʘ ʨʝʪʨʦʤʦʣʘʨʥʠʦʪ ʨʝʛʠʦʥ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 

6.52 MPa, ʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0.18 MPa. 

 

5.1.1.5 ʄʘʢʩʠʤʘʣʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʢʦʩʠ ʙʠʣʘʪʝʨʘʣʥʠ 

ʩʠʣʠ ʦʜ 10 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ ʘʪʝʯʤʝʥ  

         
         ʘ1. ʪʝʣʦ  max=54.63 MPa                           ʘ2. ʘʙʘʪʤʝʥʪ  max= 85,50 MPa   
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        ʙ1. ʢʦʨʪʠʢʘʣʥʘ max = 10.82 MPa             ʙ2. ʩʧʦʥʛʠʦʟʘ  max = 0.31 Mpa 

 

         
         ʚ1. ʢʦʨʪʠʢʘʣʥʘ max = 6.52 MPa                ʚ2. ʩʧʦʥʛʠʦʟʘ  max = 0.18 MPa 

 

ʉʣʠʢʘ 18. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises   ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ ʘʪʝʯʤʝʥ, 

ʧʦʜ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 10 N, (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨ-ʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, (ʚ) 

ʧʦʩʪʝʨʠʦʨʥʠʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises  ʥʘʧʨʝʛʘˁʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ. 

ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘ ʩʝ ʧʨʠʤʝʪʫʚʘʪ ʥʘ ʘʙʘʪʤʝʥʪʦʪ ʥʘ ʛʦʥʠʪʝ ʧʦʚʰʠʥʠ 

ʜʠʩʪʘʣʥʦ  ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 85.50 MPa,  ʠ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ  54.63 MPa ʥʘ ʜʠʩʪʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ ʥʘ ʠʤʧʣʘʥʪʦʪ. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises  ʥʘʧʨʝʛʘˁʘ ʥʘ ʧʝʨʠ-ʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ ʢʘʿ 

ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ ʜʠʩʪʘʣʥʦ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 10.82 MPa,  

ʘ ʢʘʿ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0.31 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises  ʥʘʧʨʝʛʘˁʘ ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 
ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʥʘ ʨʝʪʨʦʤʦʣʘʨʥʠʦʪ ʨʝʛʠʦʥ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 

6.52 MPa, ʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0.18 MPa. 

 

 

 



60 
 

       5.1.1.6 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʢʦʩʠʪʝ ʫʥʠʣʘʪʝʨʘʣʥʠ 

ʩʠʣʠ ʦʜ 10 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ  

 

        
         ʘ1. ʪʝʣʦ  max = 35,31 MPa                           ʘ2. ʘʙʘʪʤʝʥʪ max = 34,71 MPa   

 

         
         ʙ1. ʢʦʨʪʠʢʘʣʥʘ max = 7,50 MPa             ʙ2. ʩʧʦʥʛʠʦʟʘ  max = 0,31 MPa 

 

          
         ʚ1. ʢʦʨʪʠʢʘʣʥʘ max = 5,60 MPa             ʚ2. ʩʧʦʥʛʠʦʟʘ  max = 0,12 MPa 

 

ʉʣʠʢʘ 19. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 50 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, (ʚ) 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʦʪ ʥʘ 

ʩʪʨʘʥʘʪʘ ʧʦʜ ʦʧʪʦʚʘʨʫʚʘˁʝ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʥʠ ʥʘ 

ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ ʥʘ ʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ, ʥʘ ʥʝʛʦʚʘʪʘ ʜʠʩʪʘʣʥʘ 

ʧʦʚʨʰʠʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ  35,31 MPa, ʜʦʜʝʢʘ ʢʘʿ ʘʙʘʪʤʝʥʪʦʪ ʥʘʿʚʠʩʦʢʠ ʥʘʧʨʝʛʘˁʘ ʩʝ 
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ʨʝʛʠʩʪʨʠʨʘʥʠ ʥʘ ʤʝʟʠʿʘʣʥʘʪʘ ʧʦʚʨʰʠʥʘ ʥʘ ʩʪʨʘʥʘʪʘ ʢʘʜʝ ʥʝʤʘ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʩʦ ʚʨʝʜʥʦʩʪ 

ʦʜ 34,71 MPa.    

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʝʚʠʜʝʥʪʠʨʘʥʠ ʚʦ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ ʥʘ ʦʧʪʦʚʘʨʝʥʘʪʘ 

ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 7,50 MPa, ʜʦʜʝʢʘ ʚʦ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʘʧʝʢʩʦʪ ʥʘ 

ʠʤʧʣʘʥʪʦʪ, ʪʠʝ ʩʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,31 MPa.   

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʚʝʩʪʠʙʫʣʘʨʥʦ ʚʦ ʧʨʝʜʝʣʦʪ ʥʘ 

ʧʨʝʤʦʣʘʨʠʪʝ ʥʘ ʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 5,60 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ, 

ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,12 MPa. 

 

          5.1.1.7 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʢʦʩʠʪʝ 

ʙʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 50 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ  

 

           
            ʘ1. ʪʝʣʦ max = 73,54 MPa                       ʘ2. ʘʙʘʪʤʝʥʪ max = 112,26 MPa 

 

      
        ʙ1. ʢʦʨʪʠʢʘʣʥʘ max = 17,88 MPa              ʙ2. ʩʧʦʥʛʠʦʟʘ  max = 0,51 MPa 
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         ʚ1. ʢʦʨʪʠʢʘʣʥʘ max = 20,53 MPa            ʚ2. ʩʧʦʥʛʠʦʟʘ  max = 0,33 MPa 

 

ʉʣʠʢʘ 20. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 50 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, (ʚ) 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ, 

ʨʘʩʧʨʝʜʝʣʝʥʠ ʨʘʤʥʦʤʝʨʥʦ ʥʘ ʜʚʘʪʘ ʠʤʧʣʘʥʪʠ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʨʝʛʠʩʪʨʠʨʘʥʠ ʥʘ ʘʙʘʪʤʝʥʪʦʪ ʥʘ ʛʦʨʥʠʪʝ ʧʦʚʨʰʠʥʠ ʜʠʩʪʘʣʥʦ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 112,26 MPa,  ʘ 

ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ ʥʘ ʜʠʩʪʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ, ʪʠʝ ʩʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 

73,54 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʟʘʙʝʣʝʞʘʥʠ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʜʠʩʪʘʣʥʦ, ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ 17,58 MPa,  ʘ ʢʘʿ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʪʠʝ ʩʝ ʤʘʣʠ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,51 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʥʘ ʤʦʣʘʨʥʠʦʪ ʨʝʛʠʦʥ ʚʝʩʪʠʙʫʣʘʨʥʦ, ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 

20,53 MPa,  ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ, ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʤʘʣʠ  ╖  ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,33 MPa. 

 

             5.1.1.8 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʢʦʩʠʪʝ 

ʫʥʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 50 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ  

         
           ʘ1. ʪʝʣʦ  max = 84,89 MPa                       ʘ2. ʘʙʘʪʤʝʥʪ max = 73,87 MPa   
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          ʙ1. ʢʦʨʪʠʢʘʣʥʘ max = 15,97 MPa            ʙ2. ʩʧʦʥʛʠʦʟʘ  max = 0,87 MPa   

 

         
          ʚ1. ʢʦʨʪʠʢʘʣʥʘ max = 14.06 MPa            ʚ2. ʩʧʦʥʛʠʦʟʘ max = 0.25 MPa   

 

 

ʉʣʠʢʘ 21. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ, 

ʧʦʜ ʫʥʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 50 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, (ʚ) 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʨʝʛʠʩʪʨʠʨʘʥʠ ʢʘʿ ʠʤʧʣʘʥʪʦʪ ʥʘ 

ʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʨʝʛʠʩʪʨʠʨʘʥʠ ʥʘ ʚʨʘʪʥʠʦʪ 

ʜʝʣ ʦʜ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ ʥʘ ʩʪʨʘʥʘʪʘ ʧʦʜ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʥʘ ʜʠʩʪʘʣʥʘʪʘ ʧʦʚʨʰʠʥʘ ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ 83,89 MPa. ʂʘʿ ʘʙʘʪʤʝʥʪʦʪ ʥʘ ʩʪʨʘʥʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʧʦʤʘʣʠ,  ʠʩʪʦ ʪʘʢʘ ʥʘ ʜʠʩʪʘʣʥʘʪʘ ʧʦʚʨʰʠʥʘ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʘʙʘʪʤʝʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ 

ʦʜ 73,87 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʠʤʧʣʘʥʪʦʪ ʜʠʩʪʘʣʥʦ, ʥʘ  

ʩʪʨʘʥʘʪʘ ʧʦʜ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 15,97 MPa, ʘ ʚʦ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ 

ʘʧʝʢʩʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ ʪʠʝ ʩʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,87 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʝʚʠʜʝʥʠʨʘʥʠ ʚʦ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ, ʚʝʩʪʠʙʫʣʘʨʥʦ, ʚʦ ʧʨʝʜʝʣʦʪ ʥʘ 

ʧʨʝʤʦʣʘʨʠʪʝ ʥʘ ʩʪʨʘʥʘʪʘ ʧʦʜ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 14,04 MPa, ʜʦʜʝʢʘ ʢʘʿ 

ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʤʘʣʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,70 MPa. 
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5.2 ɼʀʉʊʈʀɹʋʎʀɱɸ ʅɸ ʆʂʃʋɿɸʃʅʆʊʆ ʆʇʊʆɺɸʈʋɺɸɳɽ ʂɸɱ ʄʆɼɽʃʆʊ 2  

 

5.1.1 ɺʨʝʜʥʦʩʪʠ ʧʦ von ʄises ʟʘ ʚʝʨʪʠʢʘʣʥʠ ʠ ʢʦʩʠ ʩʠʣʠ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-

ʘʪʝʯʤʝʥʪ 

           5.2.1.1 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʘʢʩʠʿʘʣʥʠʪʝ 

ʙʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 80 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ  

 

         
         ʘ1. ʪʝʣʦ  max =  72,85  MPa                      ʘ2. ʘʙʘʪʤʝʥʪ  max = 110,74 MPa    

 

         
         ʙ1. ʢʦʨʪʠʢʘʣʥʘ  max = 18,76  MPa        ʙ2. ʩʧʦʥʛʠʦʟʘ max = 0,32 MPa    

 

          
          ʚ1. ʢʦʨʪʠʢʘʣʥʘ  max = 21,45 MPa          ʚ2. ʩʧʦʥʛʠʦʟʘ max = 0,46 MPa    

 

 

ʉʣʠʢʘ 21. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʦʜ 80 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, 

(ʚ) ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 
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ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ, 

ʨʘʤʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ʥʘ ʜʚʘʪʘ ʠʤʧʣʘʥʪʠ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʘʙʘʪʤʝʥʪʠʪʝ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 110,74 MPa, ʘ ʥʘ ʚʨʘʪʥʠʦʪ 

ʜʝʣ ʦʜ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ, ʜʠʩʪʘʣʥʦ, ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 72,85 

MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ ʜʠʩʪʘʣʥʦ, ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ 18,76 MPa, ʘ ʢʘʿ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʥʠ ʦʢʦʣʫ ʘʧʝʢʩʦʪ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,32 MPa.  

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʚʦ ʨʝʪʨʦʤʦʣʘʨʥʠʦʪ ʜʝʣ, ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 21,45 MPa, ʘ 

ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʤʘʣʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,46 MPa. 

 

        5.2.1.2 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʘʢʩʠʿʘʣʥʠʪʝ 

ʫʥʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 80 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ  

 

         
          ʘ1. ʪʝʣʦ  max = 60,60 MPa                        ʘ2. aʙʘʪʤʝʥʪ max = 82,99 MPa    

 

         
          ʙ1. ʢʦʨʪʠʢʘʣʥʘ  max = 15,49 MPa           ʙ2. ʩʧʦʥʛʠʦʟʘ max = 0,59  MPa    
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         ʚ1. ʢʦʨʪʠʢʘʣʥʘ  max = 16,34 MPa           ʚ2. ʩʧʦʥʛʠʦʟʘ max  = 0,42 MPa    

 

 

 

 

ʉʣʠʢʘ 22. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʫʥʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʦʜ 80 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨ-ʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, 

(ʚ) ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʦʪ ʥʘ 

ʩʪʨʘʥʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʨʝʛʠʩʪʨʠʨʘʥʠ ʥʘ 

ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʘʙʘʪʤʝʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ  82,99 MPa, ʘ ʥʘ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ 

ʥʘʿʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʥʠ ʥʘ ʩʪʨʘʥʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ, ʠ 

ʪʦʘ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʜʠʩʪʘʣʥʘʪʘ ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 60,60 MPa.  

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʝʚʠʜʝʥʪʠʨʘʥʠ ʚʦ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʥʘ ʩʪʨʘʥʘʪʘ ʧʦʜ 

ʦʧʪʦʚʘʨʫʚʘˁʝ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 15,49 MPa, ʘ ʢʘʿ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʪʠʝ ʩʝ ʣʦʢʘʣʠʟʠʨʘʥʠ 

ʦʢʦʣʫ ʘʧʝʢʩʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,59 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ ʩʝ 

ʝʚʠʜʝʥʪʠʨʘʥʠ ʚʦ ʨʝʪʝʨʦʤʦʣʘʨʥʠʦʪ ʨʝʛʠʦʥ, ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʥʘ ʦʧʪʦʚʘʨʝʥʘʪʘ 

ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 16,34 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʤʘʣʠ, ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ 0,42 MPa. 
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             5.2.1.3 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʘʢʩʠʿʘʣʥʠʪʝ 

ʙʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 150 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ  

 

 

        
        ʘ1. ʪʝʣʦ  max = 105,29 MPa                         ʘ2. ʘʙʘʪʤʝʥʪ  max = 142,98 MPa   

 

       
        ʙ1. ʢʦʨʪʠʢʘʣʥʘ  max = 29,39 MPa             ʙ2. ʩʧʦʥʛʠʦʟʘ max = 0,99 MPa   

 

      
       ʚ1. ʢʦʨʪʠʢʘʣʥʘ  max = 39,23 MPa            ʚ2. ʩʧʦʥʛʠʦʟʘ  max = 0,69 MPa   

 

 

ʉʣʠʢʘ 23. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʿʘʣʥʠ ʩʠʣʠ ʦʜ 150 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ 

ʢʦʩʢʘ, (ʚ) ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 
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ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʟʘʙʝʣʝʞʘʥʠ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ, 

ʨʘʤʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ʥʘ ʜʚʘʪʘ ʠʤʧʣʘʥʪʠ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʨʝʛʠʩʪʨʠʨʘʥʠ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʘʙʘʪʤʝʥʪʠʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 142,98 MPa, ʢʘʢʦ ʠ ʥʘ 

ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ, ʜʠʩʪʘʣʥʦ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 105,24 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʝʚʠʜʝʥʪʠʨʘʥʠ ʚʦ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʜʠʩʪʘʣʥʦ, ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ 29,39 MPa, ʘ ʢʘʿ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʪʠʝ ʩʝ ʣʦʢʘʣʠʟʠʨʘʥʠ ʦʢʦʣʫ ʘʧʝʢʩʦʪ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,99 MPa.   

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʢʦʥʮʝʥʪʨʠʨʘʥʠ ʚʦ ʩʨʝʜʠʥʘʪʘ ʥʘ ʛʨʝʙʝʥʦʪ ʚʦ ʨʝʛʠʦʥʦʪ ʥʘ 

ʧʨʝʤʦʣʘʨʠʪʝ, ʚʦ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 39,23 MPa, ʜʦʜʝʢʘ ʚʦ ʩʧʦʥʛʠʦʟʘʪʘ 

ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,69 MPa. 

 

         5.2.1.4 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʘʢʩʠʿʘʣʥʠʪʝ 

ʫʥʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 150 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ  

 

         
        ʘ1. ʪʝʣʦ max = 97,73 MPa                          ʘ2. ʘʙʘʪʤʝʥʪ  max = 99,65 MPa   

         
        ʙ1. ʢʦʨʪʠʢʘʣʥʘ max = 27,07 MPa             ʙ2. ʩʧʦʥʛʠʦʟʘ max = 1,01 MPa   
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         ʚ1. ʢʦʨʪʠʢʘʣʥʘ  max = 31,60 MPa           ʚ2. ʩʧʦʥʛʠʦʟʘ  max = 0,62 MPa   

 

ʉʣʠʢʘ 24. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʫʥʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʦʜ 150 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ 

ʢʦʩʢʘ, (ʚ) ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʿ ʠʤʧʣʘʥʪʦʪ ʥʘ 

ʩʪʨʘʥʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʟʘʙʝʣʝʞʘʥʠ ʥʘ 

ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʘʙʘʪʤʝʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 99,65 MPa, ʘ ʢʘʿ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ 

ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 97,73 MPa, ʠ ʩʝ ʢʦʥʮʝʥʪʨʠʨʘʥʠ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ 

ʜʠʩʪʘʣʥʘʪʘ ʩʪʨʘʥʘ, ʢʘʿ ʠʤʧʣʘʥʪʦʪ ʥʘ ʢʦʥʪʨʘʣʘʪʝʨʘʣʥʘʪʘ (ʥʝʦʧʪʦʚʘʨʝʥʘʪʘ) ʩʪʨʘʥʘ.  

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʥʘ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʠʤʧʣʘʥʪʦʪ ʥʘ ʩʪʨʘʥʘʪʘ ʥʘ 

ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 27,07 MPa, ʘ ʚʦ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʪʠʝ ʩʝ ʣʦʢʘʣʠʟʠʨʘʥʠ 

ʚʦ ʢʦʩʢʘʪʘ ʦʢʦʣʫ ʘʧʝʢʩʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 1,01 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʥʘ ʨʝʪʝʨʦʤʦʣʘʨʥʠʦʪ ʨʝʛʠʦʥ, ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʥʘ ʦʧʪʦʚʘʨʝʥʘʪʘ 

ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 31,01MPa, ʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ  ╖  ʩʦ ʚʨʝʜʥʦʩʪ 

ʦʜ 0,62 MPa. 
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         5.2.1.5 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʢʦʩʠʪʝ ʙʠʣʘʪʝʨʘʣʥʠ 

ʩʠʣʠ ʦʜ 10 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ  

 

      
        ʘ1. ʪʝʣʦ  max = 39,85 MPa                         ʘ2. ʘʙʘʪʤʝʥʪ max = 70,50 MPa   

         
          ʙ1. ʢʦʨʪʠʢʘʣʥʘ  max = 7,27 MPa               ʙ2. ʩʧʦʥʛʠʦʟʘ  max = 0,27 MPa   

           
            ʚ1. ʢʦʨʪʠʢʘʣʥʘ  max = 5,54 MPa           ʚ2. ʩʧʦʥʛʠʦʟʘ  max = 0,08 MPa 

 

ʉʣʠʢʘ 25. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 10 N:  (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, (ʚ) 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ, 

ʨʘʤʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ʥʘ ʜʚʘʪʘ ʠʤʧʣʘʥʪʠ.  

ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʪ ʥʘ ʚʨʘʪʦʪ ʦʜ ʘʙʘʪʤʝʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ 

ʦʜ 70,55 MPa, ʘ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʥʘ ʜʠʩʪʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ 
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ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 39,85 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʚʦ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʜʠʩʪʘʣʥʦ, ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ 7,27 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʪʠʝ ʩʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,27 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʚʦ ʩʨʝʜʠʥʘʪʘ ʥʘ ʛʨʝʙʝʥʦʪ ʚʦ 

ʨʝʛʠʦʥʦʪ ʥʘ ʧʨʝʤʦʣʘʨʠʪʝ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 554 MPa, ʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʧʦʤʘʣʠ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,08 MPa. 

 

 

5.2.1.6 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʢʦʩʠʪʝ 

ʫʥʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 10 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ  

 

          
        ʘ1. ʪʝʣʦ  max = 16,75 MPa                         ʘ2. ʘʙʘʪʤʝʥʪ max = 25,06 MPa   

          
        ʙ1. ʢʦʨʪʠʢʘʣʥʘ  max = 6,19 MPa             ʙ2. ʩʧʦʥʛʠʦʟʘ  max = 0,10 MPa   
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           ʚ1. ʢʦʨʪʠʢʘʣʥʘ  max = 4,72 MPa           ʚ2. ʩʧʦʥʛʠʦʟʘ  max = 0,18 MPa 

 

 

ʉʣʠʢʘ 26. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 10 N:  (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, (ʚ) 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʦʪ ʥʘ 

ʩʪʨʘʥʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʢʦʥʮʝʥʪʨʠʨʘʥʠ ʥʘ 

ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʘʙʘʪʤʝʥʪʦʪ ʥʘ ʜʠʩʪʘʣʥʘʪʘ ʧʦʚʨʰʠʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 25,06 MPa, ʘ ʢʘʿ 

ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ; ʠʩʪʦ ʪʘʢʘ ʥʘ ʜʠʩʪʘʣʥʘʪʘ ʧʦʚʨʰʠʥʘ ʥʘ 

ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ ʥʘ ʩʪʨʘʥʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 16,75 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʝʚʠʜʝʥʪʠʨʘʥʠ ʥʘ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʥʘ ʣʘʪʝʨʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ 

ʠʤʧʣʘʥʪʦʪ ʥʘ ʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 6,19 MPa, ʜʦʜʝʢʘ ʥʘ ʩʧʦʥʛʠʦʟʥʘʪʘ 

ʢʦʩʢʘ ʪʠʝ ʩʝ ʢʦʥʮʝʥʪʨʠʨʘʥʠ ʥʘ ʢʦʩʢʘʪʘ ʦʢʦʣʫ ʘʧʝʢʩʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,10 

MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʨʝʛʠʩʪʨʠʨʘʥʠ ʚʦ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʚʦ ʩʨʝʜʠʥʘʪʘ ʥʘ ʛʨʝʙʝʥʦʪ ʥʘ 

ʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 4,72 MPa, ʘ ʥʘ ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ, 

ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,18 MPa. 
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        5.2.1.7 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʢʦʩʠʪʝ ʙʠʣʘʪʝʨʘʣʥʠ 

ʩʠʣʠ ʦʜ 50 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ 

 

       
        ʘ1. ʪʝʣʦ  max = 69,73 MPa                          ʘ2. ʘʙʘʪʤʝʥʪ max = 104,01 MPa   

 

      
       ʙ1. ʢʦʨʪʠʢʘʣʥʘ  max = 17,01 MPa            ʙ2. ʩʧʦʥʛʠʦʟʘ  max = 0,49 MPa   

 

     
       ʚ1. ʢʦʨʪʠʢʘʣʥʘ  max = 15,31 MPa              ʚ2. ʩʧʦʥʛʠʦʟʘ  max = 0,34 MPa   

 

ʉʣʠʢʘ 27. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 50 N:  (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, (ʚ) 

ʧʦʩʪʝʨʠʦʨʥʠoʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʢʦʥʮʝʥʪʨʠʨʘʥʠ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ, 
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ʨʘʤʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ʥʘ ʜʚʘʪʘ ʠʤʧʣʘʥʪʠ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʨʝʛʠʩʪʨʠʨʘʥʠ ʥʘ ʚʨʘʪʦʪ ʥʘ ʘʙʘʪʤʝʥʪʠʪʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 104,01 MPa, ʘ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ 

ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʥʘ ʜʠʩʪʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ ʥʘʧʨʝʛʘˁʘʪʘ ʪʠʝ ʩʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ  69,73 

MPa. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ ʥʘ 

ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʠʤʧʣʘʥʪʦʪ, ʜʠʩʪʘʣʥʦ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 17,01 

MPa, ʘ ʚʦ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʪʠʝ ʩʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,49 MPa. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʥʘ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʚʝʩʪʠʙʫʣʘʨʥʦ, ʧʦʜ ʚʝʩʪʠʙʫʣʘʨʥʦʪʦ ʢʨʠʣʦ ʥʘ 

ʧʨʦʪʝʟʘʪʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 15,31 MPa, ʜʦʜʝʢʘ ʥʘ ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ 0,34 MPa. 

 

5.2.1.8 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʢʦʩʠʪʝ 

ʫʥʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 50 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ  

 

        
        ʘ1. ʪʝʣʦ max = 78,38 MPa                     ʘ2. ʘʙʘʪʤʝʥʪ max = 98,94 MPa   

        
        ʙ1. ʢʦʨʪʠʢʘʣʥʘ max = 14,70 MPa       ʙ2. ʩʧʦʥʛʠʦʟʘ max = 0,81 MPa   



75 
 

      
         ʚ1. ʢʦʨʪʠʢʘʣʥʘ max = 10,46 MPa       ʚ2. ʩʧʦʥʛʠʦʟʘ max = 0,24 MPa   

 

ʉʣʠʢʘ 28. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʫʥʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 50 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, (ʚ) 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʿ ʠʤʧʣʘʥʪʦʪ ʥʘ 

ʩʪʨʘʥʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʨʝʛʠʩʪʨʠʨʘʥʠ ʥʘ 

ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʘʙʘʪʤʝʥʪʦʪ ʥʘ ʜʠʩʪʘʣʥʘʪʘ ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 98,94 MPa, ʘ ʢʘʿ 

ʠʤʧʣʘʥʪʠʪʝ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ, ʠʩʪʦ ʪʘʢʘ, ʥʘ ʜʠʩʪʘʣʥʘʪʘ ʧʦʚʨʰʠʥʘ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ 78,38 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʝʚʠʜʝʥʪʠʨʘʥʠ ʥʘ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʜʠʩʪʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ ʥʘ ʠʤʧʣʘʥʪʦʪ ʥʘ 

ʩʪʨʘʥʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 14,70 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʪʠʝ 

ʩʝ ʚʦ ʢʦʩʢʘʪʘ ʦʢʦʣʫ ʘʧʝʢʩʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,81 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʨʝʛʠʩʪʨʠʨʘʥʠ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʚʝʩʪʠʙʫʣʘʨʥʦ ʚʦ ʧʨʝʜʝʣʦʪ ʥʘ 

ʤʦʣʘʨʠʪʝ ʥʘ ʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 10,46 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ 

ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,24 MPa. 
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5.3 ɼʀʉʊʈʀɹʋʎʀɱɸ ʅɸ ʆʂʃʋɿɸʃʅʆʊʆ ʆʇʊʆɺɸʈʋɺɸɳɽ ʂɸɱ ʄʆɼɽʃʆʊ 3 

 

5.3.1 ɺʨʝʜʥʦʩʪʠ ʧʦ von ʄises ʟʘ ʚʝʨʪʠʢʘʣʥʠ ʠ ʢʦʩʠ ʩʠʣʠ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-

ʘʪʝʯʤʝʥʪ 

            5.3.1.1 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʘʢʩʠʿʘʣʥʠʪʝ 

ʙʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 80 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ  

           
          ʘ1. ʪʝʣʦ max = 23,11 MPa                         ʘ2. ʘʙʘʪʤʝʥʪ max = 48,72 MPa    

   

           
           ʙ1. ʢʦʨʪʠʢʘʣʥʘ max = 12,69 MPa          ʙ2. ʩʧʦʥʛʠʦʟʘ max = 0,49 MPa                   

 

          
              ʚ1. ʢʦʨʪʠʢʘʣʥʘ max = 18,84 MPa          ʚ2. ʩʧʦʥʛʠʦʟʘ max =  0,48 MPa    

 

 

ʉʣʠʢʘ 29. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʦʜ 80 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, 

(ʚ) ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 
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ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ vʦn ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ, 

ʨʘʤʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ʥʘ ʜʚʘʪʘ ʠʤʧʣʘʥʪʠ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʠʤʧʣʘʥʪʠʪʝ ʥʘ ʜʠʩʪʘʣʥʠʪʝ ʧʦʚʰʠʥʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ  

48,72 MPa, ʘ ʥʘ ʘʙʘʪʤʝʥʪʠʪʝ ʥʘ ʤʝʟʠʿʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 23,11 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʨʝʛʠʩʪʨʠʨʘʥʠ ʥʘ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʠʤʧʣʘʥʪʦʪ ʜʠʩʪʘʣʥʦ, ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ 12,69 MPa,  ʘ ʥʘ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʪʠʝ ʩʝ ʦʢʦʣʫ ʘʧʝʢʩʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ 0,49 MPa.  

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʥʘ ʨʝʪʨʦʤʦʣʘʨʥʠʦʪ ʨʝʛʠʦʥ, ʠ ʪʦʘ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʩʦ ʚʨʝʜʥʦʩʪ 

ʦʜ 18,34 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,48 MPa. 

 

           5.3.1.2 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʘʢʩʠʿʘʣʥʠʪʝ 

ʫʥʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 80 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ  

 

       
       ʘ1. ʪʝʣʦ max = 16,49 MPa                            ʘ2. ʘʙʘʪʤʝʥʪ max = 10,33 MPa    

        
        ʙ1. ʢʦʨʪʠʢʘʣʥʘ max = 4,59 MPa              ʙ2. ʩʧʦʥʛʠʦʟʘ max =  0,33 MPa       
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        ʚ1. ʢʦʨʪʠʢʘʣʥʘ max = 22,99 MPa              ʚ2. ʩʧʦʥʛʠʦʟʘ max = 0,55 MPa  

         

 

ʉʣʠʢʘ 30. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʫʥʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʦʜ 80 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ 

ʢʦʩʢʘ, (ʚ) ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʦʪ ʥʘ 

ʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʥʘ ʚʨʘʪʥʠʦʪ 

ʜʝʣ ʦʜ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʥʘ ʜʠʩʪʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 16,49 MPa. 

ʄʘʢʩʠʤʘʣʥʠʪʝ ʥʘʧʨʝʛʘˁʘ ʥʘ ʘʙʘʪʤʝʥʪʦʪ ʥʘ ʩʪʨʘʥʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʩʝ ʣʦʢʘʣʠʟʠʨʘʥʠ, 

ʠʩʪʦ ʪʘʢʘ, ʥʘ ʜʠʩʪʘʣʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 10,43 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ ʥʘ ʦʧʪʦʚʘʨʝʥʘʪʘ 

ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 4,59 MPa, ʘ ʢʘʿ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʪʠʝ ʩʝ ʣʦʢʘʣʠʟʠʨʘʥʠ ʚʦ ʢʦʩʢʘʪʘ 

ʦʢʦʣʫ ʘʧʝʢʩʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ ʥʘ ʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,33 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʥʘ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʥʘ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʥʘ ʩʨʝʜʠʥʘʪʘ ʥʘ ʛʨʝʙʝʥʦʪ ʚʦ ʧʨʝʜʝʣʦʪ ʥʘ 

ʤʦʣʘʨʠʪʝ ʥʘ ʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 22,99 MPa, ʜʦʜʝʢʘ ʚʦ ʩʧʦʥʛʠʦʟʘʪʘ 

ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,55 MPa. 
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               5.3.1.3 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʘʢʩʠʿʘʣʥʠʪʝ 

ʙʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 150 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ  

 

       
        ʘ1. ʪʝʣʦ max = 43,55 MPa                             ʘ2. ʘʙʘʪʤʝʥʪ max = 90,14 MPa   

         

         ʙ1. ʢʦʨʪʠʢʘʣʥʘ max = 23,34 MPa               ʙ2. ʩʧʦʥʛʠʦʟʘ max = 0,93 MPa   

          
        ʚ1. ʢʦʨʪʠʢʘʣʥʘ max = 35,59 MPa              ʚ2. ʩʧʦʥʛʠʦʟʘ max = 0,84 MPa   

 

ʉʣʠʢʘ 31. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʦʜ 150 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ 

ʢʦʩʢʘ, (ʚ) ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ vʦn ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ, 
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ʨʘʤʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ʥʘ ʜʚʘʪʘ ʠʤʧʣʘʥʪʠ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʨʝʛʠʩʪʨʠʨʘʥʠ ʥʘ ʤʝʟʠʿʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ ʥʘ ʘʙʘʪʤʝʥʪʠʪʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 90,14 MPa, ʜʦʜʝʢʘ 

ʢʘʿ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 43,55 MPa, ʠ ʩʝ 

ʣʦʢʘʣʠʟʠʨʘʥʠ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʥʘ ʜʠʩʪʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ ʜʠʩʪʘʣʥʦ, ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ 23,34 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʪʠʝ ʩʝ ʢʦʥʮʝʥʪʨʠʨʘʥʠ ʚʦ ʢʦʩʢʘʪʘ 

ʦʢʦʣʫ ʘʧʝʢʩʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,93 MPa.   

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʥʘ ʨʝʪʨʦʤʦʣʘʨʥʠʦʪ ʨʝʛʠʦʥ, ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 

35,59 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,84 MPa. 

 

5.3.1.4 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʘʢʩʠʿʘʣʥʠʪʝ 

ʫʥʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 150 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ  

 

         
        ʘ1. ʪʝʣʦ max = 32,73 MPa                             ʘ2. ʘʙʘʪʤʝʥʪ max = 19,81 MPa   

       
        ʙ1. ʢʦʨʪʠʢʘʣʥʘ max = 8,87 MPa              ʙ2. ʩʧʦʥʛʠʦʟʘ max = 0,39 MPa   
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      ʚ1. ʢʦʨʪʠʢʘʣʥʘ max = 32,99 MPa            ʚ2. ʩʧʦʥʛʠʦʟʘ max = 0,89 MPa   

 

ʉʣʠʢʘ 32. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʫʥʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʦʜ 150 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ 

ʢʦʩʢʘ, (ʚ) ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʦʪ ʥʘ 

ʩʪʨʘʥʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʢʦʥʮʝʥʪʨʠʨʘʥʠ ʥʘ 

ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʥʘ ʜʠʩʪʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ  32,73 

MPa, ʢʘʢʦ ʠ ʥʘ ʜʠʩʪʘʣʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʘʙʘʪʤʝʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 19,81 

MPa ʥʘ ʩʪʨʘʥʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʨʝʛʠʩʪʨʠʨʘʥʠ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʠʤʧʣʘʥʪʦʪ ʥʘ ʦʧʪʦʚʘʨʝʥʘʪʘ 

ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 8,87MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʣʦʢʘʣʠʟʠʨʘʥʠ ʚʦ ʢʦʩʢʘʪʘ ʦʢʦʣʫ ʘʧʝʢʩʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,39 MPa, ʥʘ 

ʩʪʨʘʥʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʝʚʠʜʝʥʪʠʨʘʘʪ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʥʘ ʩʨʝʜʠʥʘʪʘ ʥʘ ʛʨʝʙʝʥʦʪ ʥʘ 

ʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 32,99 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʧʦʤʘʣʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,89 MPa, ʥʘ ʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ. 
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           5.3.1.5 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʢʦʩʠʪʝ ʙʠʣʘʪʝʨʘʣʥʠ 

ʩʠʣʠ ʦʜ 10 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ  

 

       
         ʘ1. ʪʝʣʦ  max = 11,29 MPa                           ʘ2. ʘʙʘʪʤʝʥʪ max = 11,89 MPa 

 

         
          ʙ1. ʢʦʨʪʠʢʘʣʥʘ max = 3,91 MPa              ʙ2. ʩʧʦʥʛʠʦʟʘ max = 0,38 MPa   

 

         
         ʚ1. ʢʦʨʪʠʢʘʣʥʘ  max = 2,26 MPa                ʚ2. ʩʧʦʥʛʠʦʟʘ max = 0,24 MPa 

 

 
ʉʣʠʢʘ 33. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 10 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, (ʚ) 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 
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ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ, 

ʨʘʤʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ʥʘ ʜʚʘʪʘ ʠʤʧʣʘʥʪʠ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʨʝʛʠʩʪʨʠʨʘʥʠ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʘʙʘʪʤʝʥʪʦʪ, ʤʝʟʠʿʘʣʥʦ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 11,89 MPa, ʘ ʥʘ 

ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʥʘ ʤʝʟʠʿʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ, ʪʠʝ ʩʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 

11,29 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 

3,91 MPa, ʘ ʥʘ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʪʠʝ ʩʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,38 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʧʦʜ ʚʝʩʪʠʙʫʣʘʨʥʦʪʦ ʢʨʠʣʦ ʥʘ 

ʧʨʦʪʝʟʘʪʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 2,26 MPa, ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ, ʩʦ 

ʚʨʝʜʥʦʩʪ ʦʜ 0,24 MPa. 

 

 

5.3.1.6 ʄʘʢʩʠʤʘʣʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʢʦʩʠ 

ʫʥʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 10 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ ʘʪʝʯʤʝʥ  

 

          
           ʘ1.ʪʝʣʦ  max = 13.42 MPa                          ʘ2, ʘʙʘʪʤʝʥʪ max = 12.07 Mpa 

 

          
              ʙ1. ʢʦʨʪʠʢʘʣʥʘ max = 5.79 MPa           ʙ2. ʩʧʦʥʛʠʦʟʘ max = 0.14 MPa   
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            ʚ1. ʢʦʨʪʠʢʘʣʥʘ  max = 10.54 MPa         ʚ2. ʩʧʦʥʛʠʦʟʘ max = 0.42 Mpa 

 

 

ʉʣʠʢʘ 34. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 10 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, (ʚ) 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʦʪ ʥʘ 

ʥʝʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʨʝʛʠʩʪʨʠʨʘʘʪ ʥʘ ʚʨʘʪʥʠʦʪ 

ʜʝʣ ʦʜ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ  13,42 MPa, ʘ ʚʦ ʘʙʘʪʤʝʥʪʦʪ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʧʦʤʘʣʠ, ʠʩʪʦ ʪʘʢʘ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʘʙʘʪʤʝʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 12,07 MPa ʥʘ 

ʢʦʥʪʨʘʣʘʪʝʨʘʣʥʘʪʘ ʩʪʨʘʥʘ. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʤʝʟʠʿʘʣʥʦ, ʥʘ 

ʩʪʨʘʥʘʪʘ ʩʧʨʦʪʠʚʥʘ ʦʜ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 5,79 MPa, ʜʦʜʝʢʘ ʚʦ ʩʧʦʥʛʠʦʟʥʘʪʘ 

ʢʦʩʢʘ ʪʠʝ ʩʝ ʚʦ ʢʦʩʢʘʪʘ ʦʢʦʣʫ ʘʧʝʢʩʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,14 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʚʦ ʩʨʝʜʠʥʘʪʘ ʥʘ ʛʨʝʙʝʥʦʪ, ʚʦ 

ʧʨʝʜʝʣʦʪ ʥʘ ʧʨʝʤʦʣʘʨʠʪʝ ʥʘ ʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 10,54 MPa, ʜʦʜʝʢʘ ʢʘʿ 

ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,42 MPa. 
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          5.3.1.7 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʢʦʩʠʪʝ ʙʠʣʘʪʝʨʘʣʥʠ 

ʩʠʣʠ ʦʜ 50 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ  

 

         
       ʘ1.ʪʝʣʦ  max = 55.76 MPa                         ʘ2, ʘʙʘʪʤʝʥʪ max = 57.19 MPa   

 

         
        ʙ1. ʢʦʨʪʠʢʘʣʥʘ max = 19.72 MPa             ʙ2. ʩʧʦʥʛʠʦʟʘ max = 0.49 Mpa 

    

      
       ʚ1. ʢʦʨʪʠʢʘʣʥʘ  max = 15.85 MPa               ʚ2. ʩʧʦʥʛʠʦʟʘ max = 0.34 MPa   

 

 

ʉʣʠʢʘ 35. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 50 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, (ʚ) 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 
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ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ, 

ʨʘʤʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ʥʘ ʜʚʘʪʘ ʠʤʧʣʘʥʪʠ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʨʝʛʠʩʪʨʠʨʘʥʠ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʘʙʘʪʤʝʥʪʦʪ, ʤʝʟʠʿʘʣʥʦ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 57,19 MPa, ʢʘʢʦ  

ʠ ʥʘ ʤʝʟʠʿʘʣʥʠʪʝ ʧʦʚʨʰʠʥʠ ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʦʜ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʠʪʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ  

55,76 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 

19,72  MPa, ʜʦʜʝʢʘ ʥʘ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʪʠʝ ʩʝ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,49 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ, ʨʝʪʨʦʤʦʣʘʨʥʦ, ʧʦʜ 

ʣʠʥʛʚʘʣʥʦʪʪʦ ʢʨʠʣʦ ʥʘ ʧʨʦʪʝʟʘʪʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 15,85 MPa, ʘ ʥʘ ʩʧʦʥʛʠʦʟʘʪʘ 

ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,34 MPa. 

 

               5.3.1.8 ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʧʦ von ʄises ʟʘ ʢʦʩʠʪʝ 

ʫʥʠʣʘʪʝʨʘʣʥʠ ʩʠʣʠ ʦʜ 50 N ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ  

 

         
          ʘ1. ʪʝʣʦ  max = 17,89 MPa                     ʘ2. ʘʙʘʪʤʝʥʪ max = 15,94 MPa   

 

          
        ʙ1. ʢʦʨʪʠʢʘʣʥʘ  max = 7,51 MPa          ʙ2. ʩʧʦʥʛʠʦʟʘ max = 0,19 MPa   
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        ʚ1. ʢʦʨʪʠʢʘʣʥʘ max = 15,53 MPa            ʚ2. ʩʧʦʥʛʠʦʟʘ max = 0,59 MPa   

  

ʉʣʠʢʘ 36. ʄʘʢʩʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ, 

ʧʨʠ ʫʥʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 50 N: (ʘ) ʠʤʧʣʘʥʪ, (ʙ) ʧʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ, (ʚ) 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ. 

 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʦʪ ʥʘ 

ʥʝʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘʪ ʥʘ ʚʨʘʪʥʠʦʪ 

ʜʝʣ ʦʜ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 17,89 MPa, ʘ ʢʘʿ ʘʙʘʪʤʝʥʪʦʪ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʧʦʤʘʣʠ, ʠʩʪʦ ʪʘʢʘ, ʥʘ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʘʙʘʪʤʝʥʪʦʪ ʥʘ ʤʝʟʠʿʘʣʥʘʪʘ ʧʦʚʨʰʠʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ 

ʦʜ 15,93 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ 

ʢʦʥʮʝʥʪʨʠʨʘʥʠ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʦʢʦʣʫ ʚʨʘʪʥʠʦʪ ʜʝʣ ʥʘ ʠʤʧʣʘʥʪʦʪ ʥʘ 

ʥʝʦʧʪʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 7,51 MPa, ʘ ʚʦ ʩʧʦʥʛʠʦʟʥʘʪʘ ʢʦʩʢʘ ʪʠʝ ʩʝ ʣʦʮʠʨʘʥʠ 

ʢʘʿ ʢʦʩʢʘʪʘ ʦʢʦʣʫ ʘʧʝʢʩʦʪ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,19 MPa. 

ʅʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ von ʄises-ʥʘʧʨʝʛʘˁʘʪʘ ʚʦ ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʥʠʦʪ 

ʘʣʚʝʦʣʘʨʝʥ ʛʨʝʙʝʥ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʢʦʨʪʠʢʘʣʥʘʪʘ ʢʦʩʢʘ ʥʘ ʩʨʝʜʠʥʘʪʘ ʥʘ ʛʨʝʙʝʥʦʪ ʚʦ 

ʧʨʝʜʝʣʦʪ ʥʘ ʧʨʝʤʦʣʘʨʠʪʝ, ʥʘ ʩʪʨʘʥʘʪʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ, ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 15,53 MPa, 

ʜʦʜʝʢʘ ʢʘʿ ʩʧʦʥʛʠʦʟʘʪʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʤʘʣʠ ʩʦ ʚʨʝʜʥʦʩʪ ʦʜ 0,59 MPa. 
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5.4 ʂʆʄʇɸʈɸʊʀɺʅɸ ɸʅɸʃʀɿɸ ʅɸ ɺʈɽɼʅʆʉʊʀʊɽ ʅɸ ʅɸʇʈɽɻɸɳɽ ʂɸɱ                     

ʄʆɼɽʃʀʊɽ 

 

ɿʘ ʜʘ ʤʦʞʝ ʧʦʣʝʩʥʦ ʜʘ ʩʝ ʩʧʦʨʝʜʘʪ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʥʘʧʨʝʛʘˁʘʪʘ ʢʘʿ ʪʨʠʪʝ ʤʦʜʝʣʠ 

ʠ ʜʘ ʩʝ ʚʦʦʯʠ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʩʠʣʠ, ʪʠʝ ʩʝ ʧʨʠʢʘʞʘʥʠ ʪʘʙʝʣʘʨʥʦ ʠ ʛʨʘʬʠʯʢʠ. 

 
ʊʘʙʝʣʘ 3. ɼʠʩʪʨʠʙʫʮʠʿʘ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʪʦʧʢʘ-, ʣoʢʘʪʦʨ- ʠ ʧʨʝʯʢʘ- 

ʘʪʝʯʤʝʥʪ ʧʦʜ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 80 N ʙʠʣʘʪʝʨʘʣʥʦ 

 

ʄʦʜʝʣ       ʀʤʧʣʘʥʪ  ʇʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ ʇʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ 

ʈɸɻ 

ʪʝʣʦ ʘʙʘʪʤʝʥʪ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ 

ʄʦʜʝʣ 1  ╖  ʣʦʢʘʪʦʨ 75,83 127,50 19,45 0,35 28,58 0,46 

ʄʦʜʝʣ 2  ╖  ʪʦʧʢʘ 72,85 110,74 18,76 0,32 21,45 0,45 

ʄʦʜʝʣ 3  ╖  ʧʨʝʯʢʘ 23,11 48,72 12,69 0,49 18,84 0,48 

 

 

 

                   
 

ɻʨʘʬʠʢʦʥ 1. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa) ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʦʜ 80 N 

 

ʇʨʠ ʘʢʩʠʘʿʣʥʦ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 80 N, ʥʘʿʚʠʩʦʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʝ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ, ʦʩʦʙʝʥʦ ʢʘʿ ʘʙʘʪʤʝʥʪʠʪʝ. ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ 

ʥʘʧʨʝʛʘˁʝʪʦ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʘʙʘʪʤʝʥʪʠʪʝ ʥʘ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ. ʅʘ 

ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʠ ʚʦ ʧʦʩʪʝʨʠʦʨʥʘʪʘ ʢʦʩʢʘʪʘ ʥʘ ʈɸɻ, ʠʩʪʦ ʪʘʢʘ, ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ 

ʧʦʛʦʣʝʤʠ ʥʘʧʨʝʛʘˁʘ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ. 
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ʊʘʙʝʣʘ 4. ɼʠʩʪʨʠʙʫʮʠʿʘ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʪʦʧʢʘ-, ʣoʢʘʪʦʨ- ʠ ʧʨʝʯʢʘ- 

ʘʪʝʯʤʝʥʪ ʧʦʜ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 80 N, ʫʥʠʣʘʪʝʨʘʣʥʦ 

 

ʄʦʜʝʣ         ʀʤʧʣʘʥʪ ʇʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ ʇʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ          

ʈɸɻ 

ʪʝʣʦ ʘʙʘʪʤʝʥʪ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ 

ʄʦʜʝʣ 1 ╖  

ʣʦʢʘʪʦʨ 

66,82 81,55 10,60 0,31 15,74 0,55 

ʄʦʜʝʣ 2  ╖  ʪʦʧʢʘ 60,60 82,99 15,49 0,59 16,34 0,42 

ʄʦʜʝʣ 3  ╖  ʧʨʝʯʢʘ 16,49 10,33 4,59 0,33 22,99 0,89 

 

 

                   
 

ɻʨʘʬʠʢʦʥ 2. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa) ʧʨʠ ʫʥʠʣʘʪʝʨʘʣʥʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʦʜ 80 N 

 

ʇʨʠ ʫʥʠʣʘʪʝʨʘʣʥʦ ʘʢʩʠʘʿʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 80 N, ʥʘʿʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ 

ʩʝ ʣʦʢʘʣʠʟʠʨʘʥʠ ʢʘʿ ʠʤʧʣʘʥʪʦʪ ʥʘ ʦʧʪʦʚʘʨʝʥʘʪʘ ʩʪʨʘʥʘ. ʅʘ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ, ʧʦʚʠʩʦʢʠ 

ʥʘʧʨʝʛʘˁʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ, ʘ ʥʘ ʘʙʘʪʤʝʥʪʦʪ  ╖  ʢʘʿ 

ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ. ɺʦ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʧʦʛʦʣʝʤʠ 

ʥʘʧʨʝʛʘˁʘ ʥʘ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪ ʜʦʜʝʢʘ ʚʦ ʈɸɻ ʥʘʿʛʦʣʝʤʠ ʥʘʧʨʝʛʘˁʘ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ. 

 

ʊʘʙʝʣʘ 5. ɼʠʩʪʨʠʙʫʮʠʿʘ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʪʦʧʢʘ-, ʣoʢʘʪʦʨ- ʠ ʧʨʝʯʢʘ- 

ʘʪʝʯʤʝʥʪ ʧʦʜ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 150 N, ʙʠʣʘʪʝʨʘʣʥʦ 

 

ʄʦʜʝʣ       ʀʤʧʣʘʥʪ  ʇʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ ʇʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ 

ʈɸɻ 

ʪʝʣʦ ʘʙʘʪʤʝʥʪ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ 

ʄʦʜʝʣ 1  ╖  ʣʦʢʘʪʦʨ 113,24 151,74 30,50 1,05 52,49 0,76 

ʄʦʜʝʣ 2  ╖  ʪʦʧʢʘ 105,29 142,98 29,39 0,99 39,23 0,69 

ʄʦʜʝʣ 3  ╖  ʧʨʝʯʢʘ 43,55 90,14 23,34 0,93 35,59 0,84 
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ɻʨʘʬʠʢʦʥ 3. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa) ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʦʜ 150 N 

 

ʇʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʘʢʩʠʘʿʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 150 N ʥʘ ʩʠʪʝ ʠʩʧʠʪʘʥʠ ʩʪʨʫʢʪʫʨʠ  ╖  ʢʘʢʦ ʥʘ 

ʠʤʧʣʘʥʪʠʪʝ, ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ, ʪʘʢʘ ʠ ʥʘ ʈɸɻ ʥʘʿʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ 

ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ. 
 
ʊʘʙʝʣʘ 6. ɼʠʩʪʨʠʙʫʮʠʿʘ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʪʦʧʢʘ-, ʣoʢʘʪʦʨ- ʠ ʧʨʝʯʢʘ- 

ʘʪʝʯʤʝʥʪ ʧʦʜ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 150 N, ʫʥʠʣʘʪʝʨʘʣʥʦ 

 

ʄʦʜʝʣ         ʀʤʧʣʘʥʪ ʇʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ ʇʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ 

ʈɸɻ 

ʪʝʣʦ ʘʙʘʪʤʝʥʪ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ 

ʄʦʜʝʣ 1 ╖  

ʣʦʢʘʪʦʨ 

102,52 86,60 28,42 1,04 41,40 0,70 

ʄʦʜʝʣ 2  ╖  ʪʦʧʢʘ 97,73 99,65 27,07 1,01 31,60 0,62 

ʄʦʜʝʣ 3  ╖  ʧʨʝʯʢʘ 32,73 19,81 8,87 0,39 32,99 0,89 

                  

 

                               
 

ɻʨʘʬʠʢʦʥ 4. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa) ʧʨʠ ʫʥʠʣʘʪʝʨʘʣʥʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʘʢʩʠʘʿʣʥʠ ʩʠʣʠ ʦʜ 150 N 
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ʇʨʠ ʫʥʠʣʘʪʝʨʘʣʥʦ ʘʢʩʠʘʿʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 150 N, ʥʘʿʚʠʩʦʢʠ ʥʘʧʨʝʛʘˁʘ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʥʘ ʪʝʣʦʪʦ ʥʘ ʠʤʧʣʘʥʪʦʪ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ, ʘ ʥʘ ʘʙʘʪʤʝʥʪʦʪ ʧʦʚʠʩʦʢʠ 

ʥʘʧʨʝʛʘˁʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʪʦʧʢʘ. ʅʘ ʇʀ-ʢʦʩʢʘʪʘ ʠ ʥʘ ʢʦʩʢʘʪʘ ʥʘ 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ, ʩʝ ʧʦʿʘʚʫʚʘʘʪ ʧʦʚʠʩʦʢʠ ʥʘʧʨʝʛʘˁʘ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ- 

ʘʪʝʯʤʝʥʪ ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʤʦʜʝʣʠʪʝ ʩʦ ʪʦʧʢʘ- ʠ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ. 
 

ʊʘʙʝʣʘ 7. ɼʠʩʪʨʠʙʫʮʠʿʘ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʪʦʧʢʘ-, ʣoʢʘʪʦʨ- ʠ ʧʨʝʯʢʘ- 

ʘʪʝʯʤʝʥʪ ʧʦʜ ʢʦʩʠ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 10 N, ʙʠʣʘʪʝʨʘʣʥʦ 

 

ʄʦʜʝʣ       ʀʤʧʣʘʥʪ  ʇʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ ʇʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ 

ʈɸɻ 

ʪʝʣʦ ʘʙʘʪʤʝʥʪ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ 

ʄʦʜʝʣ-1 ʣʦʢʘʪʦ 55.63 85.5 10.82 0.31 5.54 0.18 

ʄʦʜʝʣ-2 ʪʦʧʢʘ 39.86 70.27 7.72 0.27 5.51 0.08 

ʄʦʜʝʣ-3ʇʨʝʯʢʘ 11.29 11.89 3.91 0.38 2.26 0.24 

 

 

           

                     
 

ɻʨʘʬʠʢʦʥ 5. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa) ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 10 N 

 

 

ʇʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʢʦʩʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 10 N, ʥʘʿʛʦʣʝʤʠʪʝ ʥʘʧʨʝʛʘˁʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ 

ʠʤʧʣʘʥʪʠʪʝ, ʦʩʦʙʝʥʦ ʢʘʿ ʘʙʘʪʤʝʥʪʠʪʝ ʥʘ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪʦʪ. ʅʘ ʇʀ-ʢʦʩʢʘʪʘ ʠ ʥʘ 

ʧʦʩʪʝʨʠʦʨʥʘʪʘ ʢʦʩʢʘʪʘ ʥʘ ʈɸɻ, ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʥʘʿʛʦʣʝʤʠ ʥʘʧʨʝʛʘˁʘ ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ 

ʣʦʢʘʪʦʨ. 
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ʊʘʙʝʣʘ 8. ɼʠʩʪʨʠʙʫʮʠʿʘ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʪʦʧʢʘ-, ʣoʢʘʪʦʨ- ʠ ʧʨʝʯʢʘ- 

ʘʪʝʯʤʝʥʪ ʧʦʜ ʢʦʩʠ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 10 N, ʫʥʠʣʘʪʝʨʘʣʥʦ. 

 

ʄʦʜʝʣ         ʀʤʧʣʘʥʪ ʇʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ ʇʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ 

ʈɸɻ 

ʪʝʣʦ ʘʙʘʪʤʝʥʪ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ 

ʄʦʜʝʣ 1 - 

ʣʦʢʘʪʦʨ 

35,21 34,71 7,50 0,31 5,60 0,12 

ʄʦʜʝʣ 2 - ʪʦʧʢʘ 16,73 25,06 6,19 0,10 4,72 0,18 

ʄʦʜʝʣ 3 - ʧʨʝʯʢʘ 13,42 12,07 5,79 0,14 10,54 0,42 

 

 

                 
 

ɻʨʘʬʠʢʦʥ 6. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa) ʧʨʠ ʫʥʠʣʘʪʝʨʘʣʥʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ 10 N 

 

ʇʨʠ ʢʦʩʦ ʫʥʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 10 N, ʥʘʿʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʢʘʿ ʠʤʧʣʘʥʪʦʪ ʥʘ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ, ʠʩʪʦ ʪʘʢʘ, ʠ ʥʘ ʇʀ-ʢʦʩʢʘʪʘ, ʜʦʜʝʢʘ ʥʘ 

ʧʦʩʪʝʨʠʦʨʥʘʪʘ ʢʦʩʢʘʪʘ ʥʘ ʈɸɻ ʧʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʧʦʿʘʚʫʚʘʪ ʢʘʿ 

ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ. 

 

ʊʘʙʝʣʘ 9. ɼʠʩʪʨʠʙʫʮʠʿʘ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʪʦʧʢʘ-, ʣoʢʘʪʦʨ- ʠ ʧʨʝʯʢʘ- 

ʘʪʝʯʤʝʥʪ ʧʦʜ ʢʦʩʠ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 50 N, ʙʠʣʘʪʝʨʘʣʥʦ 

 

ʄʦʜʝʣ       ʀʤʧʣʘʥʪ  ʇʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ ʇʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ 

ʈɸɻ 

ʪʝʣʦ ʘʙʘʪʤʝʥʪ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ 

ʄʦʜʝʣ-1 ʣʦʢʘʪʦ 73.54 112.26 17.88 0.51 20.53 0.36 

ʄʦʜʝʣ-2 ʪʦʧʢʘ 69.73 104.01 17.01 0.49 15.31 0.34 

ʄʦʜʝʣ-3ʇʨʝʯʢʘ 55.76 57.19 19.72 0.49 15.85 0.34 
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ɻʨʘʬʠʢʦʥ 7. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa) ʧʨʠ ʙʠʣʘʪʝʨʘʣʥʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 50 N 

 

ʇʨʠ ʙʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 50 N, ʥʘʿʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʝ 

ʢʘʿ ʠʤʧʣʘʥʪʠʪʝ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʥʘ ʘʙʘʪʤʝʥʪʠʪʝ ʥʘ ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ- ʘʪʝʯʤʝʥʪ. ʅʘ 

ʧʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ ʈɸɻ, ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʥʘʿʛʦʣʝʤʠ ʥʘʧʨʝʛʘˁʘ ʥʘ 3D- ʤʦʜʝʣʦʪ ʩʦ 

ʣʦʢʘʪʦʨ ʜʦʜʝʢʘ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʥʘʪʘ ʢʦʩʢʘ  ╖   ʥʘ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-ʘʪʝʯʤʝʥʪ. 

 

ʊʘʙʝʣʘ 10. ɼʠʩʪʨʠʙʫʮʠʿʘ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa)  ʟʘ ʪʦʧʢʘ-, ʣoʢʘʪʦʨ- ʠ ʧʨʝʯʢʘ- 

ʘʪʝʯʤʝʥʪ ʧʦʜ ʢʦʩʠ ʩʠʣʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 50 N, ʫʥʠʣʘʪʝʨʘʣʥʦ 

 

ʄʦʜʝʣ         ʀʤʧʣʘʥʪ ʇʝʨʠʠʤʧʣʘʥʪʥʘ ʢʦʩʢʘ ʇʦʩʪʝʨʠʦʨʥʠʦʪ ʜʝʣ ʥʘ 

ʈɸɻ 

ʪʝʣʦ ʘʙʘʪʤʝʥʪ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ ʢʦʨʪʠʢʘʣʥʘ ʩʧʦʥʛʠʦʟʘ 

ʄʦʜʝʣ 1 ╖  

ʣʦʢʘʪʦʨ 

84,89 73,87 15,93 0,87 14,06 0,25 

ʄʦʜʝʣ 2  ╖  ʪʦʧʢʘ 78,38 98,94 14,70 0,81 10,46 0,24 

ʄʦʜʝʣ 3  ╖  ʧʨʝʯʢʘ 17,89 15,94 7,51 0,19 15,53 0,59 

 

 

                    
 

ɻʨʘʬʠʢʦʥ 8. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʥʘ von Mises-ʥʘʧʨʝʛʘˁʝ (MPa) ʟʘ ʤʦʜʝʣʠʪʝ ʧʨʠ 

ʫʥʠʣʘʪʝʨʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʦ ʢʦʩʠ ʩʠʣʠ ʦʜ 50 N 
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ʇʨʠ ʫʥʠʣʘʪʝʨʘʣʥʦ ʢʦʩʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 50 N, ʥʘʿʚʠʩʦʢʠ ʥʘʧʨʝʛʘˁʘ ʩʝ ʣʦʢʘʣʠʟʠʨʘʥʠ ʥʘ 

ʘʙʘʪʤʝʥʪʦʪ ʥʘ ʪʦʧʢʘ-ʘʪʝʯʤʝʥʪʦʪ. ʅʘ ʇʀ-ʢʦʩʢʘʪʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʧʦʚʠʩʦʢʠ ʥʘʧʨʝʛʘˁʘ ʢʘʿ 

ʤʦʜʝʣʦʪ ʩʦ ʣʦʢʘʪʦʨ ʜʦʜʝʢʘ ʥʘ ʧʦʩʪʝʨʠʦʨʥʘʪʘ ʢʦʩʢʘ ʥʘ ʈɸɻ  ʢʘʿ ʤʦʜʝʣʦʪ ʩʦ ʧʨʝʯʢʘ-

ʘʪʝʯʤʝʥʪ, ʩʝ ʧʦʿʘʚʫʚʘʪ ʤʘʣʢʫ ʧʦʛʦʣʝʤʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʨʝʛʘˁʝ, ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʤʦʜʝʣʠʪʝ 

ʩʦ ʪʦʧʢʘ- ʠ ʣʦʢʘʪʦʨ-ʘʪʝʯʤʝʥʪ.  

 

 

 
5.5  ʇʆʄɽʉʊʋɺɸɳɽ ʀ ɼɽʌʆʈʄɸʎʀʀ ʂɸɱ ʄʆɼɽʃʀʊɽ 

 

ʇʦʤʝʩʪʫʚʘˁʝ ʥʘ ʧʨʦʪʝʟʘʪʘ ʠ ʧʦʪʧʨʦʪʝʟʥʦʪʦ ʪʢʠʚʦ ʚʦ Z-ʦʩʢʘʪʘ (ʚʝʨʪʠʢʘʣʥʦ), ʝ 

ʧʨʝʪʩʪʘʚʝʥʦ ʧʨʝʢʫ ʣʝʥʪʠ ʩʦ ʢʦʜʠʨʘʥʠ ʙʦʠ, ʢʦʠ ʿʘ ʦʜʨʘʟʫʚʘʘʪ ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ 

ʧʦʤʝʩʪʫʚʘˁʝ. ʉʠʥʘʪʘ ʙʦʿʘ ʦʟʥʘʯʫʚʘ ʤʝʩʪʘ ʥʘ ʤʘʢʩʠʤʘʣʥʦ ʧʦʤʝʩʪʫʚʘˁʝ ʥʘʜʦʣʫ ʠ 

ʢʦʤʧʨʝʩʠʿʘ ʥʘ ʪʢʠʚʘʪʘ ʧʦʜ ʙʘʟʘʪʘ ʥʘ ʧʨʦʪʝʟʘʪʘ ʜʦʜʝʢʘ ʮʨʚʝʥʘʪʘ ʙʦʿʘ ʦʟʥʘʯʫʚʘ ʤʝʩʪʘ ʥʘ 

ʤʘʢʩʠʤʘʣʥʦ ʧʦʤʝʩʪʫʚʘˁʝ ʥʘʛʦʨʝ ʥʘ ʧʨʦʪʝʟʘʪʘ. 

 

 

 

ʇʦʤʝʩʪʫʚʘˁʝ ʥʘʛʦʨʝ                                                                             ʇʦʤʝʩʪʫʚʘˁ ʝ ʥʘʜʦʣʫ 

 

ʉʣʠʢʘ 37. ʇʨʠʢʘʟ ʥʘ ʛʨʘʜʘʮʠʿʘʪʘ ʥʘ ʢʦʜʠʨʘʥʠ ʙʦʠ ʢʦʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʧʦʤʝʩʪʫʚʘˁʝ ʥʘ ʧʨʦʪʝʟʘʪʘ  

 

                 

 

                         
                                           ʘ)                                                        ʙ) 

                      ʉʣʠʢʘ 38. ʇʦʤʝʩʪʫʚʘˁʝ ʥʘ ʧʨʦʪʝʟʘʪʘ: ʘ) ʙʠʣʘʪʝʨʘʣʥʦ, ʙ) ʫʥʠʣʘʪʝʨʘʣʥʦ. 

 

 
 

 

 

 


