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ʀʟʿʘʚʝ ʟʘʭʚʘʣʥʦʩʪʠ 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʠʩʧʨʝʜ ʯʠʪʘʦʮʘ ʧʨʝʜʩʪʘʚˀʘ ʢʨʫʥʫ ʤʦʛ ʜʦʩʘʜʘʰˁʝʛ 

ʥʘʫʯʥʦʛ ʧʫʪʘ, ʨʝʬʣʝʢʪʫʿʝ ʨʝʟʫʣʪʘʪ ʚʠʰʝʛʦʜʠʰˁʝʛ ʨʘʜʘ ʠ ʠʩʪʨʘʿʥʦʩʪʠ, ʘʣʠ ʦʥʘ ʥʝ ʦʜʨʘʞʘʚʘ 

ʩʘʤʦ ʤʦʿ ʣʠʯʥʠ ʥʘʧʦʨ. ʊʦʢʦʤ ʜʝʩʝʪʘʢ ʛʦʜʠʥʘ ʫʯʝˁʘ ʠ ʠʩʪʨʘʞʠʚʘˁʘ, ʠʤʘʦ ʩʘʤ ʩʨʝ˂ʫ ʜʘ ʤʝ 

ʦʢʨʫʞʫʿʫ ʠʟʫʟʝʪʥʠ ˀʫʜʠ ʢʦʿʠ ʩʫ ʩʚʦʿʠʤ ʟʥʘˁʝʤ, ʩʪʨʧˀʝˁʝʤ ʠ ˀʫʙʘʚˀʫ ʜʦʧʨʠʥʝʣʠ ʪʦʤʝ ʜʘ ʦʚʘʿ 

ʨʘʜ ʫʛʣʝʜʘ ʩʚʝʪʣʦʩʪ ʜʘʥʘ. ɹʠʣʦ ʿʝ ʪʨʝʥʫʪʘʢʘ ʦʜʫʰʝʚˀʝˁʘ, ʘʣʠ ʠ ʦʥʠʭ ʢʘʜʘ ʿʝ ʙʠʣʦ ʪʝʰʢʦ 

ʥʘʩʪʘʚʠʪʠ ʠ ʫʧʨʘʚʦ ʩʫ ʨʝʯʠ ʧʦʜʨʰʢʝ, ʨʘʟʫʤʝʚʘˁʝ ʠ ʧʨʠʩʫʩʪʚʦ ʙʣʠʞˁʠʭ ʫʯʠʥʠʣʠ ʜʘ ʥʠʢʘʜʘ ʥʝ 

ʧʦʩʫʩʪʘʥʝʤ. ɿʘʪʦ ʦʚʜʝ, ʩʘ ʠʩʢʨʝʥʠʤ ʦʩʝ˂ʘˁʝʤ ʧʦʰʪʦʚʘˁʘ ʠ ʟʘʭʚʘʣʥʦʩʪʠ, ʞʝʣʠʤ ʜʘ ʩʝ ʦʙʨʘʪʠʤ 

ʩʚʠʤʘ ʢʦʿʠ ʩʫ ʚʝʨʦʚʘʣʠ ʫ ʤʝʥʝ ʠ ʫ ʦʚʘʿ ʨʘʜ ʚʠʰʝ ʥʝʛʦ ʰʪʦ ʩʘʤ ʧʦʥʝʢʘʜ ʠ ʩʘʤ ʫʤʝʦ.  

ʀʩʢʨʝʥʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʜʦʮ. ʜʨ ʉʘˁʠ ɱʦʮʢʦʚʠ˂, ʢʦʿʘ ʿʝ, ʧʨʠʭʚʘʪʠʚʰʠ ʫʣʦʛʫ ʤʝʥʪʦʨʘ, 

ʧʨʫʞʠʣʘ ʥʝʦʧʭʦʜʥʫ ʧʦʜʨʰʢʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʫʢʘʟʘʣʘ ʧʦʚʝʨʝˁʝ ʫ ʤʦʿ ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ ʠ 

ʧʨʝʧʦʟʥʘʣʘ ʚʨʝʜʥʦʩʪ ʩʘʨʘʜˁʝ ʩʘ ʢʦʣʝʛʘʤʘ ʢʦʿʠ ʩʫ ʤʝ ʚʦʜʠʣʠ ʢʨʦʟ ʩʚʝ ʬʘʟʝ ʦʚʦʛ ʧʨʦʿʝʢʪʘ. 

ʅʘʿʚʝ˂ʫ ʟʘʭʚʘʣʥʦʩʪ ʞʝʣʠʤ ʜʘ ʠʟʨʘʟʠʤ ʜʦʮ. ʜʨ ʄʠʣʦʰʫ ʄʘʨʿʘʥʦʚʠ˂ʫ ʠ ʜʦʮ. ʜʨ ɺʝˀʢʫ ʇʫʿʝʚʠ˂ʫ. 

ʆʜ ʧʨʚʠʭ ʨʘʟʛʦʚʦʨʘ ʜʦ ʟʘʚʨʰʥʝ ʚʝʨʟʠʿʝ ʨʘʜʘ, ˁʠʭʦʚʘ ʧʦʜʨʰʢʘ, ʟʥʘˁʝ ʠ ʧʦʩʚʝ˂ʝʥʦʩʪ ʙʠʣʠ ʩʫ 

ʩʪʘʣʥʠ ʦʩʣʦʥʘʮ ʫ ʩʚʠʤ ʬʘʟʘʤʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ. ɿʘʿʝʜʥʦ ʩʫ ʤʝ ʚʦʜʠʣʠ ʢʨʦʟ ʥʘʫʯʥʝ ʠ 

ʧʨʘʢʪʠʯʥʝ ʠʟʘʟʦʚʝ, ʥʝʩʝʙʠʯʥʦ ʜʝʣʠʣʠ ʩʚʦʿʝ ʚʨʝʤʝ ʠ ʠʩʢʫʩʪʚʦ, ʧʦʩʪʘʚˀʘʣʠ ʧʨʘʚʘ ʧʠʪʘˁʘ ʫ 

ʧʨʘʚʠʤ ʪʨʝʥʫʮʠʤʘ ʠ ʧʦʜʩʪʠʮʘʣʠ ʤʝ ʜʘ ʨʘʟʤʠʰˀʘʤ ʜʫʙˀʝ, ʰʠʨʝ ʠ ʭʨʘʙʨʠʿʝ. ʉʘʨʘʜˁʘ ʩʘ ˁʠʤʘ 

ʦʩʪʘʚʠʣʘ ʿʝ ʥʝʠʟʙʨʠʩʠʚ ʪʨʘʛ ʫ ʩʚʝʤʫ ʰʪʦ ʯʠʥʠ ʦʚʫ ʜʠʩʝʨʪʘʮʠʿʫ ʠ ʜʫʙʦʢʦ ʩʘʤ ʠʤ ʟʘʭʚʘʣʘʥ ʥʘ 

ʪʦʤʝ. ʆʙʦʿʠʮʘ ʩʫ ʩʝ ʧʦʩʚʝʪʠʣʠ ʢʘʦ ʤʝʥʪʦʨʠ ʫ ʧʫʥʦʤ ʩʤʠʩʣʫ ʪʝ ʨʝʯʠ ʠ ʙʠʣʠ ʧʦʞʨʪʚʦʚʘʥʠ 

ʩʘʧʫʪʥʠʮʠ ʫ ʦʚʦʤ ʥʘʫʯʥʦʤ ʧʫʪʦʚʘˁʫ. 

ʇʦʩʝʙʥʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʀʥʩʪʠʪʫʪʫ ʟʘ ʚʦʜʦʧʨʠʚʨʝʜʫ Ăɱʘʨʦʩʣʘʚ ʏʝʨʥʠñ, ʢʦʿʠ ʿʝ ʦʚʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ ʜʘʦ ʧʨʝʩʫʜʥʫ ʧʦʜʨʰʢʫ ʢʨʦʟ ʚʠʰʝʩʪʨʫʢʠ ʜʦʧʨʠʥʦʩ. ʀʥʩʪʠʪʫʪ ʤʠ ʿʝ ʦʤʦʛʫ˂ʠʦ 

ʨʝʘʣʠʟʘʮʠʿʫ ʩʪʫʜʠʿʝ ʩʣʫʯʘʿʘ ʫʩʪʫʧʘˁʝʤ ʩʚʝʦʙʫʭʚʘʪʥʝ ʜʦʢʫʤʝʥʪʘʮʠʿʝ ʟʘ ʙʨʘʥʫ ʇʨʚʦʥʝʢ ʠʟ 

ʧʝʨʠʦʜʘ ʧʨʦʿʝʢʪʦʚʘˁʘ, ʠʟʛʨʘʜˁʝ ʠ ʝʢʩʧʣʦʘʪʘʮʠʿʝ, ʘ ʥʘʨʦʯʠʪʦ ʩʪʘʚˀʘˁʝʤ ʥʘ ʨʘʩʧʦʣʘʛʘˁʝ ʄʂɽ 

ʤʦʜʝʣʘ ʭʠʜʨʦʜʠʥʘʤʠʯʢʠʭ ʠ ʥʘʧʦʥʩʢʦ-ʜʝʬoʨʤʘʮʠʿʩʢʠʭ ʧʨʦʮʝʩʘ ʢʦʿʠ ʩʘʤ ʢʦʨʠʩʪʠʦ ʟʘ ʩʚʦʿʘ 

ʠʩʪʨʘʞʠʚʘˁʘ. ʇʦʨʝʜ ʪʦʛʘ, ʦʤʦʛʫ˂ʝʥʘ ʤʠ ʿʝ ʢʦʤʫʥʠʢʘʮʠʿʘ ʠ ʢʦʦʨʜʠʥʠʨʘʥʘ ʩʘʨʘʜˁʘ ʩʘ 

ʩʪʨʫʯˁʘʮʠʤʘ ʀʥʩʪʠʪʫʪʘ, ʢʘʦ ʠ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʀʥʩʪʠʪʫʪʘ ʩʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ ʯʠʤʝ 

ʿʝ ʦʙʝʟʙʝʹʝʥʘ ʩʪʨʫʯʥʘ ʠ ʪʝʭʥʠʯʢʘ ʧʦʜʨʰʢʘ ʫ ʨʝʰʘʚʘˁʫ ʩʣʦʞʝʥʠʭ ʥʫʤʝʨʠʯʢʠʭ ʧʨʦʙʣʝʤʘ. 

ɾʝʣʠʤ ʜʘ ʩʝ ʟʘʭʚʘʣʠʤ ʢʦʣʝʛʘʤʘ ʠʟ ʀʥʩʪʠʪʫʪʘ Ăɱʘʨʦʩʣʘʚ ʏʝʨʥʠñ: ɺʣʘʜʠʤʠʨʫ ʄʠʣʠʚʦʿʝʚʠ˂ʫ, 

ɼʝʿʘʥʫ ɺʫʯʢʦʚʠ˂ʫ, ʋʨʦʰʫ ʄʠʨʢʦʚʠ˂ʫ ʠ ʜʨ ʅʠʢʦʣʠ ʄʠʣʠʚʦʿʝʚʠ˂ʫ, ʘʣʠ ʠ ʩʚʠʤ ʦʩʪʘʣʠʤ 

ʢʦʣʝʛʘʤʘ ʢʦʿʝ ʥʠʩʘʤ ʧʦʠʤʝʥʮʝ ʥʘʚʝʦ, ʘ ʢʦʿʠ ʩʫ ʩʚʦʿʠʤ ʟʥʘˁʝʤ, ʪʝʭʥʠʯʢʦʤ ʧʦʜʨʰʢʦʤ ʠ ʜʦʙʨʦʤ 

ʚʦʦˀʤ ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʝʣʠ ʫʩʧʝʰʥʦʤ ʩʧʨʦʚʦʹʝˁʫ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ. 

ʅʘʨʦʯʠʪʦ ʚʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʧʨʦʬ. ʜʨ ɹʦʙʘʥʫ ʉʪʦʿʘʥʦʚʠ˂ʫ, ʧʨʦʬʝʩʦʨʫ ʥʘ ʇʨʠʨʦʜʥʦ-

ʤʘʪʝʤʘʪʠʯʢʦʤ ʬʘʢʫʣʪʝʪʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ ʠ ʜʠʨʝʢʪʦʨʫ ʢʦʤʧʘʥʠʿʝ Ăɺʦʜʝʥʘñ, ʟʘ 

ʜʨʘʛʦʮʝʥʝ ʩʫʛʝʩʪʠʿʝ ʠ ʩʤʝʨʥʠʮʝ ʪʦʢʦʤ ʠʥʠʮʠʿʘʣʥʠʭ ʬʘʟʘ ʠʩʪʨʘʞʠʚʘˁʘ. ɳʝʛʦʚʘ ʧʦʜʨʰʢʘ ʿʝ 

ʫʪʠʮʘʣʘ ʥʘ ʥʝʢʝ ʦʜ ʢˀʫʯʥʠʭ ʢʦʥʮʝʧʪʫʘʣʥʠʭ ʢʦʨʘʢʘ, ʘ ʧʦʤʦ˂ ʫ ʨʝʘʣʠʟʘʮʠʿʠ ʤʘʩʦʚʥʠʭ 

ʧʨʦʨʘʯʫʥʘ ʙʠʣʘ ʿʝ ʦʜ ʧʨʝʩʫʜʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʠʟʚʦʹʝˁʝ ʩʪʫʜʠʿʝ ʩʣʫʯʘʿʘ ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ.  

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʞʝʣʠʤ ʜʘ ʠʟʨʘʟʠʤ ʠ ʧʨʦʬʝʩʦʨʠʤʘ ʩʘ ʌʘʢʫʣʪʝʪʘ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ: ʧʨʦʬ. ʜʨ ʄʠʨʦʩʣʘʚʫ ɾʠʚʢʦʚʠ˂ʫ, ʜʦʮ. ʜʨ ɼʨʘʛʘʥʫ ʈʘʢʠ˂ʫ ʠ ʜʦʮ. 

ʜʨ ʉʥʝʞʘʥʠ ɺʫʣʦʚʠ˂ ʟʘ ʩʪʨʫʯʥʫ ʧʦʤʦ˂ ʠ ʧʦʜʨʰʢʫ ʫ ʨʝʰʘʚʘˁʫ ʩʣʦʞʝʥʠʭ ʥʫʤʝʨʠʯʢʠʭ 

ʧʨʦʙʣʝʤʘ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʢʘʦ ʠ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʘʟʛʦʚʦʨʝ ʢʦʿʠ ʩʫ 

ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʝʣʠ ʢʚʘʣʠʪʝʪʫ ʠ ʧʦʫʟʜʘʥʦʩʪʠ ʩʧʨʦʚʝʜʝʥʠʭ ʘʥʘʣʠʟʘ. 

ʇʦʩʝʙʥʦ ʤʝʩʪʦ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʠʤʘ ʠ ʤʦʿʝ ʧʨʦʬʝʩʠʦʥʘʣʥʦ ʦʢʨʫʞʝˁʝ ï ʢʦʤʧʘʥʠʿʘ Gruner 

Stucky Ltd. ʈʘʜ ʥʘ ʚʝʣʠʢʠʤ, ʘʤʙʠʮʠʦʟʥʠʤ ʠ ʟʘʭʪʝʚʥʠʤ ʧʨʦʿʝʢʪʠʤʘ ʧʨʫʞʠʦ ʤʠ ʿʝ ʧʨʠʣʠʢʫ ʜʘ 

ʧʨʦʜʫʙʠʤ ʟʥʘˁʘ ʠ ʧʨʦʰʠʨʠʤ ʚʠʜʠʢʝ ʫ ʦʙʣʘʩʪʠ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʘ. ɾʝʣʠʤ ʜʘ ʠʟʨʘʟʠʤ 

ʟʘʭʚʘʣʥʦʩʪ ʜʨ ʎʘʥʝʪʫ ʏʝʢʝʨʝʚʮʫ ʠ ɺʣʘʜʠʤʠʨʫ ʐʫʤʘʨʮʫ, ʢʦʿʠ ʩʫ ʥʝʩʝʙʠʯʥʦ ʧʦʜʨʞʘʚʘʣʠ ʤʦʿʝ 

ʠʩʪʨʘʞʠʚʘˁʝ, ʧʦʢʘʟʫʿʫ˂ʠ ʨʘʟʫʤʝʚʘˁʝ ʟʘ ʠʟʘʟʦʚʝ ʥʘʫʯʥʦʛ ʨʘʜʘ ʠ ʦʭʨʘʙʨʫʿʫ˂ʠ ʤʝ ʜʘ ʩʚʦʿʘ 



 

ʩʪʨʫʯʥʘ ʠʩʢʫʩʪʚʘ ʧʨʝʪʦʯʠʤ ʫ ʘʢʘʜʝʤʩʢʠ ʜʦʧʨʠʥʦʩ. ʅʝʢʝ ʠʜʝʿʝ ʢʦʿʝ ʩʫ ʩʝ ʢʘʩʥʠʿʝ ʨʘʟʚʠʣʝ ʫ ʦʚʦʤ 

ʨʘʜʫ ʥʘʩʪʘʣʝ ʩʫ ʫʧʨʘʚʦ ʫ ʨʘʟʛʦʚʦʨʠʤʘ ʩʘ ˁʠʤʘ ʘʣʠ ʠ ʦʩʪʘʣʠʤ ʢʦʣʝʛʘʤʘ ʢʦʿʠ ʩʫ, ʦʩʠʤ ʰʪʦ ʩʫ 

ʧʦʢʘʟʠʚʘʣʠ ʩʪʨʧˀʝˁʝ ʟʘ ʤʦʿʘ ʥʝʧʨʝʩʪʘʥʘ ʨʘʟʤʠʰˀʘˁʘ ʦ ʪʝʤʠ ʜʦʢʪʦʨʘʪʘ, ʫʤʝʣʠ ʜʘ ʧʦʥʫʜʝ ʠ 

ʢʦʨʠʩʥʝ ʩʘʚʝʪʝ, ʧʦʜʨʰʢʫ ʠ ʦʭʨʘʙʨʝˁʝ. 

ʅʘʿʜʫʙˀʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʩʚʦʿʠʤ ʨʦʜʠʪʝˀʠʤʘ, ɺʣʘʜʠʩʣʘʚʠ ʠ ɼʝʿʘʥʫ, ʢʦʿʠ ʩʫ ʤʠ ʯʠʪʘʚʦʛ 

ʞʠʚʦʪʘ ʙʠʣʠ ʥʘʿʩʠʛʫʨʥʠʿʠ ʦʩʣʦʥʘʮ, ʘ ʠʩʪʦʚʨʝʤʝʥʦ ʠ ʥʘʿʿʘʩʥʠʿʠ ʫʟʦʨ. ɳʠʭʦʚʘ ˀʫʙʘʚ, ʧʦʚʝʨʝˁʝ 

ʠ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʤʠ ʧʨʝʥʝʣʠ ʙʠʣʠ ʩʫ ʪʝʤʝˀ ʩʚʝʛʘ ʰʪʦ ʩʘʤ ʫ ʞʠʚʦʪʫ ʛʨʘʜʠʦ. ʆʜʨʘʩʪʘʦ ʩʘʤ 

ʫʟ ʦʮʘ ʯʠʿʘ ʩʫ ʧʦʫʟʜʘʥʦʩʪ ʠ ʤʫʜʨʦʩʪ ʜʫʙʦʢʦ ʦʙʣʠʢʦʚʘʣʠ ʤʦʿ ʧʦʛʣʝʜ ʥʘ ʩʚʝʪ. ɳʝʛʦʚʘ ˀʫʙʘʚ ʿʝ 

ʙʠʣʘ ʥʝʥʘʤʝʪˀʠʚʘ ʘʣʠ ʩʚʝʧʨʠʩʫʪʥʘ, ˀʫʙʘʚ ʢʦʿʘ ʩʝ ʥʝ ʠʩʢʘʟʫʿʝ ʨʝʯʠʤʘ ʚʝ˂ ʜʝʣʠʤʘ, ʦʥʘ ʢʦʿʘ 

ʥʦʩʠ, ʦʙʣʠʢʫʿʝ ʠ ʫʩʤʝʨʘʚʘ. ɹʠʦ ʿʝ ʥʝʢʦ ʢʦ ʿʝ ʚʝʨʦʚʘʦ ʫ ʦʚʫ ʪʝʤʫ ʦʜ ʩʘʤʦʛ ʧʦʯʝʪʢʘ ʠ ʢʦ ʿʝ ʩʚʦʿʠʤ 

ʟʥʘˁʝʤ ʠ ʩʘʚʝʪʠʤʘ ʜʫʙʦʢʦ ʫʪʠʮʘʦ ʥʘ ʩʫʰʪʠʥʫ ʠ ʩʘʜʨʞʘʿ ʨʘʜʘ. ɳʝʛʦʚʘ ʧʦʫʟʜʘʥʘ ʧʦʜʨʰʢʘ 

ʦʙʝʣʝʞʠʣʘ ʿʝ ʩʚʘʢʠ ʜʝʦ ʦʚʦʛ ʧʨʦʮʝʩʘ. ʄʦʿʘ ʤʘʿʢʘ ʿʝ ʪʦʢʦʤ ʯʠʪʘʚʦʛ ʞʠʚʦʪʘ ʙʠʣʘ ʤʦʿ ʦʩʣʦʥʘʮ, 

ʫʚʝʢ ʥʝʩʝʙʠʯʥʦ ʩʪʘʚˀʘʿʫ˂ʠ ʤʦʿʝ ʧʦʪʨʝʙʝ ʠʩʧʨʝʜ ʩʚʦʿʠʭ. ɳʝʥʘ ʥʝʧʨʝʩʪʘʥʘ ʙʨʠʛʘ, 

ʧʦʞʨʪʚʦʚʘʥʦʩʪ ʠ ˀʫʙʘʚ, ʢʦʿʝ ʥʠʢʘʜʘ ʥʠʩʫ ʪʨʘʞʠʣʝ ʥʠʰʪʘ ʟʘʫʟʚʨʘʪ, ʧʨʘʪʠʣʠ ʩʫ ʤʝ ʫ ʩʚʘʢʦʤ 

ʢʦʨʘʢʫ, ʦʜ ʜʝʪʠˁʩʪʚʘ ʜʦ ʜʘʥʘʩ.  

ɿʘʭʚʘʣʘʥ ʩʘʤ ʠ ʩʚʦʤ ʙʨʘʪʫ ʅʠʢʦʣʠ, ʯʠʿʘ ʧʦʜʨʰʢʘ ʤʠ ʿʝ ʦʜʫʚʝʢ ʟʥʘʯʠʣʘ ʚʠʰʝ ʥʝʛʦ ʰʪʦ ʦʥ ʪʦ 

ʤʦʞʝ ʜʘ ʥʘʩʣʫʪʠ ʠ ʯʠʿʫ ʧʦʜʨʰʢʫ ʩʘʤ ʩʭʚʘʪʘʦ ʠ ʦʩʝ˂ʘʦ ʚʠʰʝ ʥʝʛʦ ʰʪʦ ʙʠ ʦʥ ʪʦ ʠʢʘʜʘ 

ʝʢʩʧʦʥʠʨʘʦ. ɺʝʦʤʘ ʩʘʤ ʟʘʭʚʘʣʘʥ ʠ ˁʝʛʦʚʦʿ ʧʦʨʦʜʠʮʠ, ɱʦʚʘʥʠ ʠ ʉʦˁʠ, ʰʪʦ ʩʫ ʫʚʝʢ ʙʠʣʠ ʫʟ ʤʝʥʝ 

ʩ ʦʩʤʝʭʦʤ ʥʘ ʣʠʮʫ. 

ɿʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʠ ʤʦʿʦʿ ʰʠʨʦʿ ʧʦʨʦʜʠʮʠ: ʙʘʢʠ ʉʣʘʚʢʠ ʠ ʪʝʪʢʠ ɺʝʩʥʠ, ʢʦʿʝ ʩʫ ʤʝ ʦʜʫʚʝʢ 

ʦʙʘʩʠʧʘʣʝ ʪʦʧʣʠʥʦʤ ʠ ʥʝʞʥʦʰ˂ʫ, ʫʿʘʢʫ ʄʠʣʦʰʫ, ʢʦʿʠ ʿʝ ʩʚʦʿʠʤ ʧʦʟʠʪʠʚʥʠʤ ʜʫʭʦʤ ʫʤʝʦ ʜʘ 

ʫʥʝʩʝ ʢʦʤʠʯʥʫ ʥʦʪʫ ʠ ʫ ʥʘʿʦʟʙʠˀʥʠʿʝ ʨʘʩʧʨʘʚʝ, ʢʘʦ ʠ ʜʝʜʠ ʉʪʝʚʠ (ʠ ˁʝʛʦʚʦʿ ʧʦʨʦʜʠʮʠ), 

ʧʦʫʟʜʘʥʦʤ ʯʫʚʘʨʫ ʧʦʨʦʜʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ, ʢʦʿʠ ʿʝ ʫʚʝʢ ʟʥʘʦ ʢʘʢʦ ʜʘ ʦʢʫʧʠ ʩʚʝ ʛʝʥʝʨʘʮʠʿʝ ʟʘ 

ʠʩʪʠʤ ʩʪʦʣʦʤ. 

ʉʘ ʜʫʙʦʢʠʤ ʧʦʰʪʦʚʘˁʝʤ, ʧʦʥʦʩʦʤ ʠ ˀʫʙʘʚˀʫ ʩʝ˂ʘʤ ʩʝ ʠ ʦʥʠʭ ʢʦʿʠ ʚʠʰʝ ʥʠʩʫ ʩʘ ʥʘʤʘ: ʙʘʢʝ 

ʃʦʟʘʥʢʝ ʠ ʜʝʜʝ ʀʚʘʥʘ, ʯʠʿʘ ʥʝʥʘʤʝʪˀʠʚʘ ˀʫʙʘʚ ʤʝ ʿʝ ʧʨʘʪʠʣʘ ʢʨʦʟ ʜʝʪʠˁʩʪʚʦ ʠ ʦʜʨʘʩʪʘˁʝ, 

ʟʘʪʠʤ ʜʝʜʝ ʉʣʘʚʢʘ, ʢʦʿʠ ʤʝ ʿʝ ʩʚʦʿʠʤ ʧʨʠʯʘʤʘ ʩʪʨʧˀʠʚʦ ʠ ʩʠʪʝʤʘʪʠʯʥʦ ʫʚʝʦ ʫ ʩʚʝʪ ʬʠʟʠʢʝ ʠ 

ʤʘʪʝʤʘʪʠʢʝ ʠ ʥʘʨʦʯʠʪʦ ʙʘʢʝ ʄʠʨʝ, ʢʦʿʘ ʿʝ, ʙʨʠʥʫ˂ʠ ʦ ʤʝʥʠ ʢʘʦ ʜʨʫʛʘ ʤʘʿʢʘ, ʦʩʪʘʚʠʣʘ 

ʥʝʠʟʙʨʠʩʠʚ ʪʨʘʛ ʫ ʤʦʤ ʩʨʮʫ. 

ʀʩʢʨʝʥʦ ʩʘʤ ʟʘʭʚʘʣʘʥ ʠ ʧʦʨʦʜʠʮʠ ʤʦʿʝ ʩʫʧʨʫʛʝ: ˁʝʥʦʿ ʤʘʿʮʠ ɫʠʥʠ ʠ ʦʮʫ ɻʦʨʘʥʫ, ʢʘʦ ʠ ʙʨʘ˂ʠ 

ɱʦʚʘʥʫ (ʩʘ ʧʦʨʦʜʠʮʦʤ) ʠ ʄʘʨʢʫ, ʟʘ ʜʦʙʨʦʜʦʰʣʠʮʫ ʠʩʧʫˁʝʥʫ ʪʦʧʣʠʥʦʤ ʠ ʟʘ ʢʦʥʪʠʥʫʠʨʘʥʫ 

ʧʦʜʨʰʢʫ ʠ ʨʘʟʫʤʝʚʘˁʝ. 

ʅʘʿʚʝ˂ʘ ʟʘʭʚʘʣʥʦʩʪ ʢʦʿʫ ʤʦʛʫ ʜʘ ʠʟʨʘʟʠʤ ʧʨʠʧʘʜʘ ʤʦʿʦʿ ʧʦʨʦʜʠʮʠ ï ʩʫʧʨʫʟʠ ɼʫˁʠ ʠ ʥʘʰʝʤ 

ʩʠʥʫ ɼʦʨʦʪʝʿʫ. ɼʫˁʘ ʿʝ ʙʠʣʘ ʫʟ ʤʝʥʝ ʫ ʩʚʘʢʦʤ ʢʦʨʘʢʫ ʦʚʦʛ ʧʫʪʘ, ʫ ʪʨʝʥʫʮʠʤʘ ʥʝʠʟʚʝʩʥʦʩʪʠ, 

ʥʘʧʦʨʘ ʠ ʪʠʰʠʥʝ ʢʦʿʘ ʧʨʘʪʠ ʜʫʛʝ ʨʘʜʥʝ ʥʦ˂ʠ. ɳʝʥʘ ˀʫʙʘʚ ʥʠʿʝ ʙʠʣʘ ʩʘʤʦ ʧʦʜʨʰʢʘ, ʚʝ˂ ʠ ʯʚʨʩʪʦ 

ʪʣʦ ʥʘ ʢʦʤʝ ʩʘʤ ʩʠʛʫʨʥʦ ʩʪʘʿʘʦ. ʉʪʨʧˀʝˁʝ ʠ ʨʘʟʫʤʝʚʘˁʝ ʢʦʿʠʤʘ ʿʝ ʠʩʧʫˁʘʚʘʣʘ ʥʘʰ ʜʦʤ ʙʠʣʠ 

ʩʫ ʤʦʿʝ ʫʪʦʯʠʰʪʝ ʦʥʜʘ ʢʘʜʘ ʿʝ ʚʨʝʤʝ, ʢʦʿʝ ʿʝ ʪʨʝʙʘʣʦ ʜʘ ʧʨʠʧʘʜʥʝ ˁʠʤʘ, ʦʜʣʘʟʠʣʦ ʥʘ 

ʠʩʧʠʩʠʚʘˁʝ ʩʪʨʘʥʠʮʘ ʦʚʦʛ ʨʘʜʘ. ʄʦʿʘ ʜʠʩʝʨʪʘʮʠʿʘ ʟʘʪʦ ʥʦʩʠ ʠ ˁʝʥʫ ʩʥʘʛʫ, ʿʝʨ ʙʝʟ ˁʝʥʝ 

ʧʦʜʨʰʢʝ ʠ ʥʝʩʝʙʠʯʥʝ ʞʨʪʚʝ ʦʥʘ ʥʝ ʙʠ ʥʠ ʧʦʩʪʦʿʘʣʘ. ɿʘ ʠʩʢʨʝʥʫ ʚʝʨʫ ʫ ʤʝʥʝ, ʥʝʠʟʤʝʨʥʦ 

ʩʪʨʧˀʝˁʝ ʠ ʙʝʟʫʩʣʦʚʥʫ ʧʦʜʨʰʢʫ, ʦʩʪʘʿʝʤ ʿʦʿ ʟʘʫʚʝʢ ʙʝʩʢʨʘʿʥʦ ʟʘʭʚʘʣʘʥ. ɼʦʣʘʟʘʢ ɼʦʨʦʪʝʿʘ ʫ 

ʤʦʿ ʞʠʚʦʪ ʧʨʦʤʝʥʠʦ ʿʝ ʩʚʝ, ʜʫʙʦʢʦ ʠ ʥʝʧʦʚʨʘʪʥʦ. ʉʘ ˁʝʛʦʚʠʤ ʧʨʚʠʤ ʦʩʤʝʭʦʤ, ʤʦʿ ʩʚʝʪ ʿʝ ʜʦʙʠʦ 

ʥʦʚʠ ʩʤʠʩʘʦ. ɳʝʛʦʚʘ ʜʦʙʨʦʪʘ, ʨʘʟʠʛʨʘʥʠ ʢʠʢʦʪ ʠ ʪʦʧʘʦ ʧʦʛʣʝʜ ʧʦʩʪʘʣʠ ʩʫ ʤʦʿʘ ʥʘʿʜʫʙˀʘ 

ʧʦʢʨʝʪʘʯʢʘ ʩʥʘʛʘ ʠ ʩʚʘʢʦʛʘ ʜʘʥʘ ʤʝ ʧʦʜʩʝ˂ʘʿʫ ʟʙʦʛ ʯʝʛʘ ʚʨʝʜʠ ʫʣʦʞʠʪʠ ʪʨʫʜ. ɹʝʟʫʩʣʦʚʥʘ 

ʙʣʠʩʢʦʩʪ ʢʦʿʘ ʧʦʩʪʦʿʠ ʩʘʤʦ ʠʟʤʝʹʫ ʨʦʜʠʪʝˀʘ ʠ ʜʝʪʝʪʘ, ʜʘʿʫ ʩʤʠʩʘʦ ʩʚʝʤʫ ʰʪʦ ʩʘʤ ʜʦ ʩʘʜʘ 

ʨʘʜʠʦ.  

ʉʘ ʜʫʙʦʢʦʤ ʟʘʭʚʘʣʥʦʰ˂ʫ,   
 

ɲʫʙʦ ɼʠʚʘʮ 

ɹʝʦʛʨʘʜ, ɱʫʥ 2025. 



 

ʄʦʿʦʿ ʧʦʨʦʜʠʮʠ, ʩ ˀʫʙʘʚˀʫ 



 

ʇʈʀʃʆɻ ɸʅɸʃʀɿʀ ʂʈʀʊɽʈʀɱʋʄɸ ʀ ʄɽʊʆɼɸ ɿɸ ʆʎɽʅʋ ʉʀɻʋʈʅʆʉʊʀ 

ʅɸʉʋʊʀʍ ɹʈɸʅɸ ʋɿ ʀʅʊɽɻʈɸʎʀɱʋ ʇʆɼɸʊɸʂɸ ʆʉʄɸʊʈɸɳɸ 

ʈʝʟʠʤʝ 

ʆʚʘʿ ʨʘʜ ʥʘʩʪʦʿʠ ʜʘ ʧʨʫʞʠ ʜʦʧʨʠʥʦʩ ʬʦʨʤʠʨʘˁʫ ʜʦʩʣʝʜʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʟʘ ʧʨʦʮʝʥʫ 

ʩʠʛʫʨʥʦʩʪʠ ʧʦʩʪʦʿʝ˂ʠʭ ʥʘʩʫʪʠʭ ʙʨʘʥʘ, ʢʦʿʘ ʩʝ ʦʩʣʘˁʘ ʥʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʢʦʥʮʝʧʪ, ʫʟʠʤʘʿʫ˂ʠ 

ʧʨʠ ʪʦʤʝ ʫ ʦʙʟʠʨ ʧʦʜʘʪʢʝ ʪʝʭʥʠʯʢʦʛ ʦʩʤʘʪʨʘˁʘ. ʊʘʢʚʠʤ ʧʨʠʩʪʫʧʦʤ ʩʠʩʪʝʤʘʪʩʢʠ ʩʝ ʦʙʫʭʚʘʪʘʿʫ 

ʙʨʦʿʥʠ ʝʣʝʤʝʥʪʠ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʫʪʢʘʥʠ ʫ ʧʨʠʨʦʜʫ ʛʝʦʪʝʭʥʠʯʢʠʭ ʧʨʦʙʣʝʤʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ 

ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʩʘʤʠʭ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ. 

ʀʟʣʦʞʝʥʘ ʿ ʝ ʢʚʘʟʠ-ʙʘʿʝʩʠʿʘʥʩʢʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʧʨʦʮʝʥʫ ʩʠʛʫʨʥʦʩʪʠ ʧʦʩʪʦʿʝ˂ʠʭ ʥʘʩʫʪʠʭ ʙʨʘʥʘ 

ʢʦʿʘ ʠʥʪʝʛʨʠʰʝ ʧʦʜʘʪʢʝ ʦʩʤʘʪʨʘˁʘ, ʫʟ ʫʚʘʞʘʚʘˁʝ ˁʠʭʦʚʦʛ ʩʪʦʭʘʩʪʠʯʢʦʛ ʢʘʨʘʢʪʝʨʘ, ʫ ʦʢʚʠʨ 

ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʝ ʥʘ ʄʂɽ ʤʦʜʝʣʫ ʙʨʘʥʝ, ʥʝ ʟʘʭʪʝʚʘʿʫ˂ʠ ʧʨʠ ʪʦʤʝ 

ʢʘʣʠʙʨʘʮʠʿʫ ʩʪʘʪʠʩʪʠʯʢʠʭ ʨʘʩʧʦʜʝʣʘ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʦʜʝʣʘ. ʆʚʘʢʚʠʤ ʧʨʠʩʪʫʧʦʤ 

ʜʦʙʠʿʘʿʫ ʩʝ ʨʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʝ ʧʦʫʟʜʘʥʦʩʪʠ ʢʦʿʠ ʙʦˀʝ ʦʜʨʘʞʘʚʘʿʫ ʩʪʚʘʨʥʦ ʧʦʥʘʰʘˁʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ, ʘ ʠʩʪʦʚʨʝʤʝʥʦ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʦʩʣʝʜʥʫ ʧʨʦʮʝʥʫ ʫʪʠʮʘʿʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʩʚʠʭ 

ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʥʠʚʦ ʩʠʛʫʨʥʦʩʪʠ.  

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʦʤʦʛʫ˂ʘʚʘ ʿʝʜʠʥʩʪʚʝʥʫ ʩʠʥʪʝʟʫ ʧʨʠʤʝʥʝ ʨʘʟʣʠʯʠʪʠʭ ʥʫʤʝʨʠʯʢʠʭ 

ʪʝʭʥʠʢʘ ʠʟ ʜʦʤʝʥʘ ʪʝʦʨʠʿʝ ʧʦʫʟʜʘʥʦʩʪʠ, ʥʘʧʨʝʜʥʠʭ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʥʝʣʠʥʝʘʨʥʠʭ ʄʂɽ 

ʘʥʘʣʠʟʘ ʠ ʩʫʨʦʛʘʪ ʤʦʜʝʣʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʤʘʰʠʥʩʢʦʤ ʫʯʝˁʫ. ʇʨʠʤʝʥʘ ʦʚʠʭ ʪʝʭʥʠʢʘ ʩʧʨʦʚʝʜʝʥʘ 

ʿʝ ʫ ʦʚʦʤ ʨʘʜʫ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʪʘʯʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ 

ʘʥʘʣʠʟʝ, ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʩʚʝʦʙʫʭʚʘʪʥʘ, ʧʦʫʟʜʘʥʘ ʠ ʨʘʯʫʥʩʢʠ ʝʬʠʢʘʩʥʘ ʧʨʦʮʝʥʘ ʩʠʛʫʨʥʦʩʪʠ 

ʧʦʩʪʦʿʝ˂ʠʭ ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʫ ʩʢʣʘʜʫ ʩʘ ʩʘʚʨʝʤʝʥʠʤ ʠʥʞʝˁʝʨʩʢʠʤ ʪʝʥʜʝʥʮʠʿʘʤʘ.  

ʆʩʥʦʚʥʝ ʠʜʝʿʝ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʩʫ ʥʘʿʧʨʝ ʚʝʨʠʬʠʢʦʚʘʥʝ ʥʘ ʿʝʜʥʦʩʪʘʚʥʠʤ ʧʨʠʤʝʨʠʤʘ, 

ʥʘʢʦʥ ʯʝʛʘ ʿ ʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʫ ʮʝʣʦʩʪʠ ʧʨʠʤʝˁʝʥʘ ʥʘ ʩʪʫʜʠʿʫ ʩʣʫʯʘʿʘ ʥʘʩʫʪʝ ʙʨʘʥʝ ʇʨʚʦʥʝʢ, ʛʜʝ 

ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʪʥʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʩʠʛʫʨʥʦʩʪʠ ʩʘ ʠʥʪʝʛʨʘʮʠʿʦʤ ʨʘʩʧʦʣʦʞʠʚʠʭ 

ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ. 

ʂˀʫʯʥʠ ʠʥʦʚʘʪʠʚʥʠ ʝʣʝʤʝʥʪ ʤʝʪʦʜʦʣʦʛʠʿʝ ʿʝ ʫʚʦʹʝˁʝ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʟʘ ʩʚʘʢʫ 

ʩʠʤʫʣʘʮʠʿʫ ʄʦʥʪʝ ʂʘʨʣʦ ʘʥʘʣʠʟʝ, ʯʠʤʝ ʩʝ ʠʟʨʘʞʘʚʘ ʨʘʟʣʠʯʠʪ ʥʠʚʦ ʧʦʚʝʨʝˁʘ ʫ ʠʩʭʦʜʝ ʥʘ 

ʦʩʥʦʚʫ ˁʠʭʦʚʝ ʩʣʠʯʥʦʩʪʠ ʩʘ ʩʪʚʘʨʥʦ ʟʘʙʝʣʝʞʝʥʠʤ ʧʦʥʘʰʘˁʝʤ ʙʨʘʥʝ. ʋ ʩʪʫʜʠʿʠ ʩʣʫʯʘʿʘ ʥʘ 

ʧʨʠʤʝʨʫ ʙʨʘʥʝ ʇʨʚʦʥʝʢ ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʫʢˀʫʯʠʚʘˁʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʚʘ 

ʠʥʜʝʢʩ ʧʦʫʟʜʘʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʘʥʘʣʠʟʫ ʙʝʟ ʠʥʪʝʛʨʘʮʠʿʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ, ʧʨʠ ʯʝʤʫ 

ʨʘʩʧʦʜʝʣʝ ʨʝʟʫʣʪʘʪʘ ʤʥʦʛʦ ʙʦˀʝ ʨʝʧʨʦʜʫʢʫʿʫ ʦʩʤʦʪʨʝʥʦ ʧʦʥʘʰʘˁʝ ʢʦʥʩʪʨʫʢʮʠʿʝ.  

ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʪʚʨʹʫʿʫ ʜʝʣʦʪʚʦʨʥʦʩʪ ʠ ʧʨʠʤʝʥˀʠʚʦʩʪ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʟʘ 

ʧʨʦʮʝʥʫ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ, ʜʠʩʝʨʪʘʮʠʿʘ ʜʘʿʝ ʜʦʧʨʠʥʦʩ ʫʥʘʧʨʝʹʝˁʫ ʪʝʦʨʠʿʩʢʦʛ 

ʦʢʚʠʨʘ ʠ ʠʥʞʝˁʝʨʩʢʝ ʧʨʘʢʩʝ ʫ ʦʙʣʘʩʪʠ ʩʠʛʫʨʥʦʩʪʠ ʥʘʩʫʪʠʭ ʙʨʘʥʘ, ʧʨʫʞʘʿʫ˂ʠ ʧʦʫʟʜʘʥʠʿʫ 

ʦʩʥʦʚʫ ʟʘ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʠ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʫ ʧʦʛʣʝʜʫ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʠ ʦʜʨʞʘʚʘˁʘ ʦʚʠʭ 

ʦʙʿʝʢʘʪʘ. 
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 CONTRIBUTION TO THE CRITERIA AND METHODS FOR THE EMBANKMENT 

DAMS SAFETY EVALUATION INCLUDING THE INTEGRATION OF MONITORING 

DATA  

Abstract 

This study aims to contribute to a coherent methodology for evaluating the safety of existing 

embankment dams by creating a probabilistic approach that explicitly incorporates monitoring data. 

The approach systematically captures the full spectrum of uncertainties inherent in geotechnical 

problems, including the variability within the monitoring records themselves. 

The thesis introduces a Bayesian-inspired methodology to directly integrate actual dam monitoring 

records, with full recognition of their stochastic character, into a Monte Carlo probabilistic safety 

assessment using a finite element framework, without recalibrating the original input parameters 

distributions. The resulting reliability estimates more faithfully reflect the actual observed behaviour 

of the structure while enabling a consistent appraisal of how all relevant sources of variability 

influence the safety. 

The numerical framework established in this thesis unifies advanced reliability techniques, nonlinear 

3D finite-element (FE) analyses, and machine-learning-based surrogate modelling. Their combined 

use improves both the efficiency and accuracy of probabilistic analyses, providing a comprehensive, 

reliable, and computationally tractable approach that aligns well with a modern engineering practice.  

After verification on simple benchmark problems, the complete procedure is applied to a case study 

of the Prvonek embankment dam, where a full probabilistic safety analysis with monitoring data 

integration is performed. 

A key innovative element of the proposed methodology is the introduction of weighting coefficients 

for each Monte Carlo simulation, expressing varying degrees of confidence in individual outcomes 

according to their similarity to the observed dam behaviour. For the Prvonek case study, incorporating 

monitoring data markedly increases the reliability index relative to an analysis that ignores monitoring 

data, while the resulting response distributions reproduce the observed behaviour much more closely. 

The results demonstrate the effectiveness and practical applicability of the proposed methodology for 

dam safety evaluation, therefore contributing to the development of the theoretical framework and 

engineering practice in the field of embankment dam safety assessment. The thesis offers a more 

robust foundation for risk evaluation and decision-making regarding the operation and maintenance 

of these critical structures. 

Keywords: embankment dam; safety; monitoring data; probabilistic analysis; Monte Carlo analysis; 

Bayesian updating; finite element method (FEM); surrogate model 
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ʋʚʦʜ 

1 

1.1 ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ 

ɹʨʘʥʝ ʩʫ ʭʠʜʨʦʪʝʭʥʠʯʢʠ ʦʙʿʝʢʪʠ ʢʦʿʠ ʩʝ ʧʦʜʠʞʫ ʥʘ ʚʦʜʦʪʦʮʠʤʘ ʩʘ ʦʩʥʦʚʥʠʤ ʮʠˀʝʤ ʫʧʨʘʚˀʘˁʘ 

ʚʦʜʥʠʤ ʨʝʩʫʨʩʠʤʘ. ɳʠʭʦʚʘ ʦʩʥʦʚʥʘ ʬʫʥʢʮʠʿʘ ʿʝ ʩʘʢʫʧˀʘˁʝ ʚʦʜʝ ʩʘ ʫʟʚʦʜʥʝ ʩʪʨʘʥʝ ʢʘʢʦ ʙʠ ʩʝ 

ʦʤʦʛʫ˂ʠʣʘ ʨʝʛʫʣʘʮʠʿʘ ʧʨʦʪʦʢʘ ʠ ʢʦʨʠʰ˂ʝˁʝ ʚʦʜʝ ʫ ʨʘʟʣʠʯʠʪʝ ʩʚʨʭʝ. 

ɻʣʘʚʥʠ ʨʘʟʣʦʟʠ ʟʘ ʠʟʛʨʘʜˁʫ ʙʨʘʥʘ ʫʢˀʫʯʫʿʫ ʩʣʝʜʝ˂ʝ: 

¶ ɸʢʪʠʚʥʦʩʪʠ ʫ ʚʝʟʠ ʩʘ ʚʦʜʦʩʥʘʙʜʝʚʘˁʝʤ ʠ ʥʘʚʦʜˁʘʚʘˁʝʤ ï ɸʢʪʠʚʥʦʩʪʠ ʚʦʜʦʩʥʘʙʜʝʚʘˁʘ 

ʠ ʥʘʚʦʜˁʘʚʘˁʘ ʯʝʩʪʦ ʟʘʭʪʝʚʘʿʫ ʟʥʘʯʘʿʥʝ ʢʦʣʠʯʠʥʝ ʚʦʜʝ. ɹʨʘʥʝ ʦʙʝʟʙʝʹʫʿʫ ʘʢʫʤʫʣʘʮʠʿʫ 

ʚʦʜʝ ʢʦʿʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʛʨʘʜʦʚʘ, ʠʥʜʫʩʪʨʠʿʝ ʠ ʧʦˀʦʧʨʠʚʨʝʜʝ. ʋ 

ʨʝʛʠʦʥʠʤʘ ʩʘ ʠʟʨʘʞʝʥʦʤ ʩʝʟʦʥʩʢʦʤ ʚʘʨʠʿʘʙʠʣʥʦʰ˂ʫ ʧʘʜʘʚʠʥʘ, ʙʨʘʥʝ ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʩʢʣʘʜʠʰʪʝˁʝ ʚʦʜʝ ʟʘ ʫʧʦʪʨʝʙʫ ʪʦʢʦʤ ʩʫʰʥʠʭ ʧʝʨʠʦʜʘ. 

¶ ʈʝʛʫʣʘʮʠʿʘ ʧʨʦʪʦʢʘ ʫ ʚʦʜʦʪʦʢʫ ʥʠʟʚʦʜʥʦ ʦʜ ʙʨʘʥʝ ï ɹʨʘʥʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʨʝʛʫʣʠʩʘˁʝ 

ʧʨʦʪʦʢʘ ʚʦʜʝ ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʝ ʧʦʧʣʘʚʝ ʫ ʥʠʟʚʦʜʥʠʤ ʦʙʣʘʩʪʠʤʘ ʠʣʠ ʦʤʦʛʫ˂ʠʣʘ 

ʢʦʥʩʪʘʥʪʥʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʪʦʢʦʤ ʩʫʰʥʠʭ ʧʝʨʠʦʜʘ. ʆʚʘ ʬʫʥʢʮʠʿʘ ʿʝ ʧʦʩʝʙʥʦ ʟʥʘʯʘʿʥʘ ʟʘ 

ʟʘʰʪʠʪʫ ʥʘʩʝˀʘ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʢʘʦ ʠ ʟʘ ʦʯʫʚʘˁʝ ʝʢʦʩʠʩʪʝʤʘ ʢʦʿʠ ʟʘʚʠʩʝ ʦʜ 

ʩʪʘʙʠʣʥʦʛ ʧʨʦʪʦʢʘ ʚʦʜʝ. 

¶ ʇʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ï ɹʨʘʥʝ ʩʝ ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʟʘ ʠʩʢʦʨʠʰ˂ʘʚʘˁʝ ʚʦʜʥʝ 

ʩʥʘʛʝ ʫ ʩʚʨʭʫ ʧʨʦʠʟʚʦʜˁʝ ʭʠʜʨʦʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʍʠʜʨʦʝʣʝʢʪʨʘʥʝ ʢʦʿʝ 

ʬʫʥʢʮʠʦʥʠʰʫ ʫʟ ʧʦʤʦ˂ ʙʨʘʥʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʘʥ ʦʜ ʥʘʿʯʠʩʪʠʿʠʭ ʠ ʥʘʿʦʜʨʞʠʚʠʿʠʭ 

ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ, ʿʝʨ ʢʦʨʠʩʪʝ ʦʙʥʦʚˀʠʚʠ ʨʝʩʫʨʩ (ʚʦʜʫ) ʙʝʟ ʟʥʘʯʘʿʥʠʭ ʝʤʠʩʠʿʘ ʛʘʩʦʚʘ 

ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ. 

ʇʨʝʤʘ ʜʝʬʠʥʠʮʠʿʠ ʄʝʹʫʥʘʨʦʜʥʝ ʢʦʤʠʩʠʿʝ ʟʘ ʚʝʣʠʢʝ ʙʨʘʥʝ (ICOLD), ʙʨʘʥʝ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ 

ʥʘ ʚʠʩʦʢʝ ʠ ʥʠʩʢʝ ʧʨʝʤʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʿʚʠʩʠʥʠ ʤʝʨʝʥʦ ʿʦʜ ʥʘʿʥʠʞʝ ʪʘʯʢʝ ʪʝʤʝˀʘ ʜʦ ʢʨʫʥʝ: 

ʙʨʘʥʝ ʯʠʿʘ ʿʝ ʚʠʩʠʥʘ ʧʨʝʣʘʟʠ 15 m ʢʘʪʝʛʦʨʠʰʫ ʩʝ ʢʘʦ ʚʠʩʦʢʝ, ʜʦʢ ʩʝ ʙʨʘʥʝ ʥʠʞʝ ʦʜ 15 m 

ʩʚʨʩʪʘʚʘʿʫ ʫ ʥʠʩʢʝ. ɹʨʘʥʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʛʨʘʜʝ ʦʜ ʙʝʪʦʥʘ ʠʣʠ ʥʘʩʫʪʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʤʘʜʘ ʧʦʩʪʦʿʝ 

(ʨʝʪʢʠ) ʧʨʠʤʝʨʠ (ʫʛʣʘʚʥʦʤ ʥʠʩʢʠʭ) ʙʨʘʥʘ ʦʜ ʜʨʚʝʪʘ, ʤʝʪʘʣʘ ʠ ʟʠʜʘʥʠʭ ʙʨʘʥʘ. ʅʘʩʫʪʝ ʙʨʘʥʝ 

ʠʟʛʨʘʹʝʥʝ ʩʫ ʦʜ ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʘʦ ʰʪʦ ʩʫ ʛʣʠʥʘ, ʟʝʤˀʘ, ʰˀʫʥʘʢ ʠ ʢʘʤʝʥ.  

ʇʦʩʪʦʿʝ ʩʣʝʜʝ˂ʠ ʪʠʧʦʚʠ ʙʨʘʥʘ [62]: 

¶ ɻʨʘʚʠʪʘʮʠʦʥʝ ʙʨʘʥʝ: ʆʚʝ ʙʨʘʥʝ ʦʩʣʘˁʘʿʫ ʩʝ ʥʘ ʩʚʦʿʫ ʤʘʩʫ ʢʘʢʦ ʙʠ ʧʨʝʥʝʣʝ 
ʭʠʜʨʦʩʪʘʪʠʯʢʦ ʦʧʪʝʨʝ˂ʝˁʝ ʜʠʨʝʢʪʥʦ ʥʘ ʧʦʜʣʦʛʫ. ɻʨʘʚʠʪʘʮʠʦʥʝ ʙʨʘʥʝ ʤʦʛʫ ʙʠʪʠ 

ʠʟʛʨʘʹʝʥʝ ʦʜ ʙʝʪʦʥʘ ʠʣʠ ʢʘʦ ʙʨʘʥʝ ʦʜ ʥʘʩʫʪʠʭ ʤʘʪʝʨʠʿʘʣʘ. 

¶ ʃʫʯʥʝ ʙʨʘʥʝ: ʃʫʯʥʝ ʙʨʘʥʝ ʧʨʝʥʦʩʝ ʜʝʦ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʙʦʯʥʝ ʩʪʨʘʥʝ ʢʣʠʩʫʨʝ ʢʦʨʠʩʪʝ˂ʠ 

ʩʚʦʿʫ ʟʘʢʨʠʚˀʝʥʫ ʬʦʨʤʫ (ʨʘʜʝ ʢʘʦ ʢʦʤʙʠʥʘʮʠʿʘ ʣʫʢʘ ʠ ʢʦʥʟʦʣʝ). ʆʥʝ ʩʫ ʥʘʿʧʦʛʦʜʥʠʿʝ ʟʘ 

ʫʩʢʝ ʠ ʜʫʙʦʢʝ ʢʣʠʩʫʨʝ ʩʘ ʯʚʨʩʪʦʤ ʩʪʝʥʦʤ ʫ ʙʦʢʦʚʠʤʘ. 

¶ ʂʦʥʪʨʘʬʦʨʥʝ ʙʨʘʥʝ: ʂʦʥʪʨʘʬʦʨʥʝ ʙʨʘʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʪʠʧ ʢʦʥʩʪʨʫʢʮʠʿʝ ʛʜʝ ʩʝ 

ʦʧʪʝʨʝ˂ʝˁʝ ʚʦʜʝ ʧʨʠʭʚʘʪʘ ʪʘʥʢʠʤ ʙʝʪʦʥʩʢʠʤ ʧʣʦʯʘʤʘ ʢʦʿʝ ʯʠʥʝ ʫʟʚʦʜʥʫ ʢʦʥʪʫʨʥʫ 

ʧʦʚʨʰʠʥʫ ʙʨʘʥʝ. ʆʚʝ ʧʣʦʯʝ ʩʫ ʧʨʦʿʝʢʪʦʚʘʥʝ ʪʘʢʦ ʜʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʜʝʣʝ ʦʧʪʝʨʝ˂ʝˁʝ 

ʥʘ ʩʠʩʪʝʤ ʢʦʥʪʨʘʬʦʨʘ. ʂʦʥʪʨʘʬʦʨʠ ʧʨʝʥʦʩʝ ʧʨʠʤˀʝʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʜʘˀʝ ʥʘ ʩʪʝʥʩʢʫ 

ʤʘʩʫ ʠʣʠ ʪʝʤʝˀʥʫ ʧʦʜʣʦʛʫ. ʆʚʘʿ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʧʨʠʥʮʠʧ ʦʤʦʛʫ˂ʘʚʘ ʟʥʘʯʘʿʥʫ ʫʰʪʝʜʫ ʫ 

ʢʦʣʠʯʠʥʠ ʫʧʦʪʨʝʙˀʝʥʦʛ ʙʝʪʦʥʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʤʘʩʠʚʥʠʤ ʛʨʘʚʠʪʘʮʠʦʥʠʤ ʙʨʘʥʘʤʘ. 

ʂʦʥʪʨʘʬʦʨʥʝ ʙʨʘʥʝ ʩʝ ʫʛʣʘʚʥʦʤ ʧʨʠʤʝˁʫʿʫ ʥʘ ʣʦʢʘʮʠʿʘʤʘ ʩʘ ʜʦʙʨʠʤ ʛʝʦʣʦʰʢʠʤ 

ʫʩʣʦʚʠʤʘ, ʛʜʝ ʩʪʝʥʩʢʘ ʤʘʩʘ ʤʦʞʝ ʝʬʠʢʘʩʥʦ ʧʨʠʤʠʪʠ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʿʘ ʩʝ ʧʨʝʥʦʩʝ ʢʨʦʟ 

ʢʦʥʪʨʘʬʦʨʝ. 

1 ʋɺʆɼ 



ʋʚʦʜ 

2 

ʉʚʘʢʠ ʪʠʧ ʙʨʘʥʝ ʠʤʘ ʩʧʝʮʠʬʠʯʥʝ ʧʨʝʜʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝˁʘ, ʢʦʿʘ ʩʝ ʤʦʨʘʿʫ ʧʘʞˀʠʚʦ ʨʘʟʤʦʪʨʠʪʠ 

ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ, ʫ ʢʦʥʪʝʢʩʪʫ ʛʝʦʪʝʭʥʠʯʢʠʭ ʠ ʭʠʜʨʦʣʦʰʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʢʨʝʪʥʝ 

ʣʦʢʘʮʠʿʝ. ʋ ʦʚʦʤ ʨʘʜʫ ʬʦʢʫʩ ʩʝ ʩʪʘʚˀʘ ʥʘ ʙʨʘʥʝ ʦʜ ʥʘʩʫʪʦʛ ʤʘʪʝʨʠʿʘʣʘ.  

   

   

ʉʣʠʢʘ 1.1 ʀʣʫʩʪʨʘʮʠʿʝ ʠ ʧʨʠʤʝʨʠ ʟʘ ʙʝʪʦʥʩʢʝ ʛʨʘʚʠʪʘʮʠʦʥʝ, ʣʫʯʥʝ ʠ ʥʘʩʫʪʝ ʙʨʘʥʝ: 

ɫʝʨʜʘʧ 1 (ʣʝʚʦ, [54]), ɻʨʘʥʯʘʨʝʚʦ (ʫ ʩʨʝʜʠʥʠ, ʘʫʪʦʨʩʢʘ ʬʦʪʦʛʨʘʬʠʿʘ) ʠ ʇʨʚʦʥʝʢ (ʜʝʩʥʦ, [56]) 

ɹʨʘʥʝ ʦʜ ʥʘʩʫʪʦʛ ʤʘʪʝʨʠʿʘʣʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʭʠʜʨʦʪʝʭʥʠʯʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʩʘʛʨʘʹʝʥʝ ʦʜ 

ʧʨʠʨʦʜʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʿʝ ʜʦʩʪʫʧʘʥ ʫ ʙʣʠʟʠʥʠ ʛʨʘʜʠʣʠʰʪʘ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʠʧʘ 

ʤʘʪʝʨʠʿʘʣʘ ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ ʤʦʛʫ ʙʠʪʠ ʟʝʤˀʘʥʝ (ʩʘ ʭʦʤʦʛʝʥʠʤ ʠʣʠ ʭʝʪʝʨʦʛʝʥʠʤ ʧʨʝʩʝʢʦʤ) ʠʣʠ 

ʙʨʘʥʝ ʦʜ ʢʘʤʝʥʦʛ ʥʘʙʘʯʘʿʘ. ʇʨʝʤʘ ʧʦʜʘʮʠʤʘ ICOLD-ʘ [65], ʧʦʩʪʦʿʠ ʚʠʰʝ ʦʜ 58 ʭʠˀʘʜʘ ʚʠʩʦʢʠʭ 

ʙʨʘʥʘ ʥʘ ʩʚʝʪʫ, ʦʜ ʢʦʿʠʭ ʩʝ ʯʘʢ 75% ʤʦʞʝ ʩʚʨʩʪʘʪʠ ʫ ʥʘʩʫʪʝ ʙʨʘʥʝ. ʇʨʦʮʝʥʘ ʩʠʛʫʨʥʦʩʪʠ ʥʘʩʫʪʠʭ 

ʙʨʘʥʘ ʥʘʤʝ˂ʝ ʩʝ ʢʘʦ ʟʥʘʯʘʿʥʘ ʪʝʤʘ ʫʩʣʝʜ ʢʘʪʘʩʪʨʦʬʘʣʥʠʭ ʧʦʩʣʝʜʠʮʘ ʢʦʿʝ ʨʫʰʝˁʝ ʦʚʠʭ ʩʠʩʪʝʤʘ 

ʠʤʘ ʧʦ ˀʫʜʩʢʝ ʞʠʚʦʪʝ ʠ ʝʢʦʥʦʤʠʿʫ  

ʇʨʦʮʝʥʘ ʩʠʛʫʨʥʦʩʪʠ ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʧʨʝʜʩʪʘʚˀʘ ʠʟʫʟʝʪʥʦ ʩʣʦʞʝʥ ʟʘʜʘʪʘʢ ʟʙʦʛ ʥʘʛʣʘʰʝʥʠʭ 

ʥʝʧʦʫʟʜʘʥʦʩʪʠ ʢʦʿʝ ʩʫ ʧʨʠʩʫʪʥʝ ʧʨʠ ʨʝʰʘʚʘˁʫ ʛʝʦʪʝʭʥʠʯʢʠʭ ʧʨʦʙʣʝʤʘ. ʅʘʩʫʪʝ ʙʨʘʥʝ ʩʝ ʛʨʘʜʝ 

ʦʜ ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʠʿʘʣʘ (ʟʝʤˀʘ, ʢʘʤʝʥ) ʢʦʿʠ ʩʫ ʧʦ ʧʨʠʨʦʜʠ ʭʝʪʝʨʦʛʝʥʠ. ɻʝʦʤʝʪʨʠʿʘ ʙʨʘʥʝ ʿʝ 

ʧʨʦʩʪʦʨʥʦ ʩʣʦʞʝʥʘ, ʘ ʬʠʟʠʯʢʠ ʧʨʦʮʝʩʠ ʢʦʿʠʤʘ ʿʝ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠʟʣʦʞʝʥʘ, ʢʘʦ ʰʪʦ ʩʫ 

ʢʦʥʩʦʣʠʜʘʮʠʿʘ ʿʝʟʛʨʘ ʠʣʠ ʧʦʤʝʨʘˁʘ ʫʩʣʝʜ ʧʫˁʝˁʘ ʠ ʧʨʘʞˁʝˁʘ ʨʝʟʝʨʚʦʘʨʘ, ʥʝʨʝʪʢʦ ʩʫ 

ʥʝʩʪʘʮʠʦʥʘʨʥʠ ʠ ʢʦʤʧʣʠʢʦʚʘʥʠ. ʋʟ ʪʦ, ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʿʩʢʦ ʧʦʥʘʰʘˁʝ ʧʨʠʨʦʜʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʿʝ ʩʘʤʦ ʧʦ ʩʝʙʠ ʩʣʦʞʝʥʦ (ʥʝʣʠʥʝʘʨʥʦ ʠ ʘʥʠʟʦʪʨʦʧʥʦ). ʇʨʦʮʝʥʘ ʩʠʛʫʨʥʦʩʪʠ ʥʘʩʫʪʠʭ 

ʙʨʘʥʘ ʟʘʪʦ ʧʨʠʙʝʛʘʚʘ ʧʦʿʝʜʥʦʩʪʘʚˀʝˁʠʤʘ ʫ ʛʝʦʤʝʪʨʠʿʠ, ʬʠʟʠʯʢʠʤ ʧʨʦʮʝʩʠʤʘ ʠ ʧʦʥʘʰʘˁʫ 

ʤʘʪʝʨʠʿʘʣʘ, ʫʥʦʩʝ˂ʠ ʪʠʤʝ ʜʦʜʘʪʥʫ ʥʝʧʦʫʟʜʘʥʦʩʪ ʫ ʧʨʦʙʣʝʤ. ɿʙʦʛ ʩʚʝʛʘ ʥʘʚʝʜʝʥʦʛ, ʨʘʟʫʤʝʚʘˁʝ 

ʠ ʢʚʘʥʪʠʬʠʢʦʚʘˁʝ ʥʝʧʦʫʟʜʘʥʦʩʪʠ ʧʦʩʪʘʣʦ ʿʝ ʩʘʩʪʘʚʥʠ ʜʝʦ ʩʘʚʨʝʤʝʥʝ ʧʨʦʮʝʥʝ ʩʠʛʫʨʥʦʩʪʠ 

ʥʘʩʫʪʠʭ ʙʨʘʥʘ.  

ʊʨʘʜʠʮʠʦʥʘʣʥʠ ʧʨʠʩʪʫʧʠ ʧʨʦʮʝʥʠ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʘ ʫʛʣʘʚʥʦʤ ʩʫ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ. 

ʇʘʨʘʤʝʪʨʠ ʩʝ ʫʥʦʩʝ ʢʘʦ ʢʦʥʩʪʘʥʪʥʝ (ʥʘʿʯʝʰ˂ʝ ʢʦʥʟʝʨʚʘʪʠʚʥʝ) ʚʨʝʜʥʦʩʪʠ, ʘ ʨʝʟʫʣʪʘʪ ʧʨʦʨʘʯʫʥʘ 

ʿʝʩʪʝ ʢʦʝʬʠʮʠʿʝʥʪ ʩʠʛʫʨʥʦʩʪʠ. ʀʘʢʦ ʿʝ ʪʘʢʘʚ ʧʨʠʩʪʫʧ ʿʝʜʥʦʩʪʘʚʘʥ ʟʘ ʧʨʠʤʝʥʫ, ʦʥ ʥʝ ʧʨʫʞʘ 

ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʚʝʨʦʚʘʪʥʦ˂ʠ ʦʪʢʘʟʘ ʥʠʪʠ ʦ ʨʘʟʥʦʣʠʢʦʩʪʠ ʤʦʛʫ˂ʠʭ ʩʪʘˁʘ ʢʦʥʩʪʨʫʢʮʠʿʝ. 

ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ ʫʢˀʫʯʫʿʝ ʥʝʧʦʫʟʜʘʥʦʩʪ ʧʘʨʘʤʝʪʘʨʘ ʜʠʨʝʢʪʥʦ ʫ 

ʘʥʘʣʠʟʫ, ʪʨʝʪʠʨʘʿʫ˂ʠ ʠʭ ʢʘʦ ʩʣʫʯʘʿʥʝ ʚʝʣʠʯʠʥʝ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʨʘʩʧʦʜʝʣʘʤʘ ʚʝʨʦʚʘʪʥʦ˂ʝ. 

ʇʨʦʙʘʙʠʣʠʩʪʠʯʢʦʤ ʘʥʘʣʠʟʦʤ ʜʦʙʠʿʘ ʩʝ ʯʠʪʘʚ ʩʧʝʢʪʘʨ ʤʦʛʫ˂ʠʭ ʠʩʭʦʜʘ ʫʤʝʩʪʦ ʿʝʜʥʝ ʚʨʝʜʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʚʝʨʦʚʘʪʥʦ˂ʘ ʦʪʢʘʟʘ ʙʨʘʥʝ ʢʘʦ ʢʚʘʥʪʠʪʘʪʠʚʥʘ ʤʝʨʘ ˁʝʥʝ 

ʩʠʛʫʨʥʦʩʪʠ, ʫʤʝʩʪʦ ʜʘ ʩʝ ʩʠʛʫʨʥʦʩʪ ʦʮʝˁʫʿʝ ʠʤʧʣʠʮʠʪʥʦ ʧʨʝʢʦ ʢʦʝʬʠʮʠʿʝʥʪʘ ʩʠʛʫʨʥʦʩʪʠ. 
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ʆʩʠʤ ʪʦʛʘ, ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ ʦʤʦʛʫ˂ʘʚʘ ʦʜʨʝʹʠʚʘˁʝ ʚʘʨʠʿʘʥʩʝ ʨʝʟʫʣʪʫʿʫ˂ʠʭ ʝʬʝʢʘʪʘ 

(ʥʧʨ. ʨʘʩʧʦʥʘ ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ, ʧʦʨʥʠʭ ʧʨʠʪʠʩʘʢʘ ʠʣʠ ʧʦʤʝʨʘˁʘ), ʯʠʤʝ ʩʝ ʿʘʩʥʦ ʩʘʛʣʝʜʘʚʘ 

ʢʦʣʠʢʠ ʿʝ ʩʪʝʧʝʥ ʥʝʠʟʚʝʩʥʦʩʪʠ ʧʨʠʩʫʪʘʥ ʫ ʧʨʦʙʣʝʤʫ. ʋʤʝʩʪʦ ʢʘʪʝʛʦʨʠʟʘʮʠʿʝ ʦʙʿʝʢʪʘ ʢʘʦ 

ʘʧʩʦʣʫʪʥʦ Ăʙʝʟʙʝʜʥʦʛò ʠʣʠ Ăʥʝʙʝʟʙʝʜʥʦʛò ʥʘ ʦʩʥʦʚʫ ʿʝʜʠʥʩʪʚʝʥʦʛ ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ, 

ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʝ ʧʦʩʤʘʪʨʘ ʢʨʦʟ ʧʨʠʟʤʫ ʥʠʚʦʘ ʨʠʟʠʢʘ (ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʝʧʦʚʦˀʥʦʛ ʠʩʭʦʜʘ) ʠ ʦʮʝʥʝ 

ʧʦʫʟʜʘʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʟʘʭʪʝʚʘʥʝ ʢʨʠʪʝʨʠʿʫʤʝ. ʇʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʬʠʣʦʟʦʬʠʿʘ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ 

ʫ ʩʢʣʘʜʫ ʿʝ ʩʘ ʤʦʜʝʨʥʠʤ ʠʥʞʝˁʝʨʩʢʠʤ ʩʪʘʥʜʘʨʜʠʤʘ, ʢʦʿʠ ʩʚʝ ʚʠʰʝ ʟʘʭʪʝʚʘʿʫ ʢʚʘʥʪʠʪʘʪʠʚʥʫ 

ʘʥʘʣʠʟʫ ʧʦʫʟʜʘʥʦʩʪʠ (ʥʧʨ. ɽʚʨʦʢʦʜ [33]).  

ʇʦʩʣʝʜˁʠʭ ʜʝʮʝʥʠʿʘ ʦʙʿʘʚˀʝʥ ʿʝ ʥʠʟ ʨʘʜʦʚʘ ʢʦʿʠ ʫʚʦʜʝ ʤʝʪʦʜʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʠ ʧʦʫʟʜʘʥʦʩʪʠ ʫ 

ʘʥʘʣʠʟʫ ʩʠʛʫʨʥʦʩʪʠ ʥʘʩʫʪʠʭ ʙʨʘʥʘ. ɱʝʜʘʥ ʧʨʘʚʘʮ ʠʩʪʨʘʞʠʚʘˁʘ ʫʩʤʝʨʝʥ ʿʝ ʥʘ ʩʪʦʭʘʩʪʠʯʢʠ 

ʪʨʝʪʤʘʥ ʧʨʦʮʝʩʘ ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʧʦʢʘʞʝ ʢʘʢʦ ʧʨʦʩʪʦʨʥʘ ʧʨʦʤʝʥˀʠʚʦʩʪ ʚʦʜʦʧʨʦʧʫʩʪˀʠʚʦʩʪʠ 

ʪʣʘ ʫʪʠʯʝ ʥʘ ʧʦʨʥʝ ʧʨʠʪʠʩʢʝ ([2], [16], [20] ʠ [37]). ʇʦʨʝʜ ʬʠʣʪʨʘʮʠʿʝ, ʚʝʣʠʢʘ ʧʘʞˁʘ ʧʦʢʣʘˁʘ 

ʩʝ ʠ ʧʨʦʮʝʥʠ ʨʠʟʠʢʘ ʦʜ ʫʥʫʪʨʘʰˁʝ ʝʨʦʟʠʿʝ (ʝʥʛ. piping) ʫ ʙʨʘʥʠ ([3] ʠ [39]). ɻʣʦʙʘʣʥʘ 

ʩʪʘʙʠʣʥʦʩʪ ʥʘʩʫʪʝ ʙʨʘʥʝ ʿʝ ʿʦʰ ʿʝʜʘʥ ʘʩʧʝʢʪ ʧʨʦʮʝʥʝ ʩʠʛʫʨʥʦʩʪʠ ʛʜʝ ʿʝ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʠʪʠ 

ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ. ʊʦʢʦʤ ʧʨʦʪʝʢʣʠʭ ʜʝʮʝʥʠʿʘ ʦʙʿʘʚˀʝʥ ʿʝ ʟʥʘʯʘʿʘʥ ʙʨʦʿ ʨʘʜʦʚʘ ʫ 

ʢʦʿʠʤʘ ʩʫ ʯʚʨʩʪʦ˂ʘ ʪʣʘ, ʧʦʨʥʠ ʧʨʠʪʠʩʘʢ ʠ ʦʩʪʘʣʠ ʨʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʪʨeʪʠʨʘʥʠ ʢʘʦ 

ʩʣʫʯʘʿʥʝ ʚʝʣʠʯʠʥʝ ʧʨʠ ʧʨʦʮʝʥʠ ʛʣʦʙʘʣʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ([50], [4], [15], [17], [45], [49], [55], [118], 

[116], [84], [19], [28], [76], [113], [69], [119], [21], [77], [78] ʠ [114]).  

ʇʨʦʮʝʥʘ ʩʠʛʫʨʥʦʩʪʠ ʧʦʩʪʦʿʝ˂ʝ ʥʘʩʫʪʝ ʙʨʘʥʝ ʤʦʨʘ ʜʘ ʩʝ ʦʩʣʘˁʘ ʠ ʥʘ ʧʦʜʘʪʢʝ ʦ ʩʪʚʘʨʥʦʤ 

ʧʦʥʘʰʘˁʫ ʦʙʿʝʢʪʘ. ʊʦʢʦʤ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʙʨʘʥʝ ʩʝ ʦʧʨʝʤʘʿʫ ʦʧʩʝʞʥʠʤ ʩʠʩʪʝʤʠʤʘ ʟʘ ʦʩʤʘʪʨʘˁʝ. 

ʇʨʠʢʫʧˀʝʥʠ ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʠʤʘʿʫ ʩʪʦʭʘʩʪʠʯʢʠ ʢʘʨʘʢʪʝʨ: ʦʥʠ ʚʘʨʠʨʘʿʫ ʫ ʚʨʝʤʝʥʫ ʫʩʣʝʜ 

ʧʨʦʤʝʥˀʠʚʠʭ ʫʩʣʦʚʘ, ʘ ʤʦʛʫ ʩʘʜʨʞʘʪʠ ʠ ʦʜʨʝʹʝʥʠ ʥʠʚʦ ʛʨʝʰʢʝ ʧʨʠ ʤʝʨʝˁʫ. ʄʝʹʫʪʠʤ, 

ʧʦʩʤʘʪʨʘʥʠ ʫ ʮʝʣʠʥʠ, ʪʠ ʧʦʜʘʮʠ ʧʨʫʞʘʿʫ ʥʝʧʨʦʮʝˁʠʚ ʫʚʠʜ ʫ ʩʪʚʘʨʥʦ ʧʦʥʘʰʘˁʝ ʢʦʥʩʪʨʫʢʮʠʿʝ, 

ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʨʝʘʣʠʩʪʠʯʥʠʿʫ ʦʮʝʥʫ ˁʝʥʝ ʩʠʛʫʨʥʦʩʪʠ. ʂʦʨʠʰ˂ʝˁʝʤ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʤʦʛʫ 

ʩʝ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʧʦʪʝʥʮʠʿʘʣʥʠ ʟʥʘʮʠ ʜʝʛʨʘʜʘʮʠʿʝ (ʥʧʨ. ʧʦʨʘʩʪ ʧʨʦʮʫʨʠʚʘˁʘ ʠʣʠ 

ʜʝʬʦʨʤʘʮʠʿʘ), ʠ ʢʘʣʠʙʨʠʩʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʨʘʯʫʥʩʢʦʛ ʤʦʜʝʣʘ ʪʘʢʦ ʜʘ ʙʦˀʝ ʨʝʧʨʦʜʫʢʫʿʝ 

ʫʦʯʝʥʦ ʧʦʥʘʰʘˁʝ ʙʨʘʥʝ.  

ɼʦʩʘʜʘʰˁʝ ʩʪʫʜʠʿʝ ʩʫ ʜʘʣʝ ʦʜʨʝʹʝʥʠ ʜʦʧʨʠʥʦʩ ʫʚʦʹʝˁʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʛ ʧʨʠʩʪʫʧʘ ʧʨʠ 

ʢʚʘʥʪʠʬʠʢʘʮʠʿʠ ʩʠʛʫʨʥʦʩʪʠ ʥʘʩʫʪʠʭ ʙʨʘʥʘ, ʘʣʠ ʿʝ ʫʦʯˀʠʚʦ ʜʘ ʩʝ ʫ ʪʝ ʘʥʘʣʠʟʝ ʨʝʪʢʦ ʫʥʦʩʝ 

ʨʝʘʣʥʠ ʧʦʜʘʮʠ ʪʝʭʥʠʯʢʦʛ ʦʩʤʘʪʨʘˁʘ ʙʨʘʥʝ. ʊʝʦʨʠʿʩʢʠ ʦʢʚʠʨ ʟʘ ʠʥʪʝʛʨʘʮʠʿʫ ʧʦʜʘʪʘʢʘ 

ʦʩʤʘʪʨʘˁʘ ʫ ʘʥʘʣʠʟʫ ʩʠʛʫʨʥʦʩʪʠ ʨʘʟʤʘʪʨʘʥ ʿʝ ʫ ʥʝʢʦʣʠʮʠʥʠ ʩʪʫʜʠʿʘ ([89], [90]), ʧʨʠ ʯʝʤʫ ʦʥʝ 

ʩʫʛʝʨʠʰʫ ʢʘʣʠʙʨʘʮʠʿʫ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʦʜʝʣʘ ʫʟ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʪʨʝʪʤʘʥ ʧʦʜʘʪʘʢʘ 

ʦʩʤʘʪʨʘˁʘ ʠʣʠ ʘʞʫʨʠʨʘˁʝ ʫʣʘʟʥʠʭ ʨʘʩʧʦʜʝʣʘ ʤʦʜʝʣʘ ʧʨʠʤʝʥʦʤ ʙʘʿʝʩʠʿʘʥʩʢʝ ʪʝʦʨʠʿʝ 

ʚʝʨʦʚʘʪʥʦ˂ʝ. ɹʘʿʝʩʠʿʘʥʩʢʠ ʧʨʠʩʪʫʧ ʢʦʤʙʠʥʫʿʝ ʧʨʝʪʭʦʜʥʘ ʠʥʞʝˁʝʨʩʢʘ ʟʥʘˁʘ (ʧʨʠʦʨʥʝ 

ʠʥʬʦʨʤʘʮʠʿʝ ï ʧʦʥʘʰʘˁʝ ʤʦʜʝʣʘ ʧʨʝ ʠʥʪʝʛʨʘʮʠʿʝ ʧʘʨʘʤʝʪʘʨʘ ʦʩʤʘʪʨʘˁʘ) ʩʘ ʧʦʜʘʮʠʤʘ 

ʦʩʤʘʪʨʘˁʘ ʙʨʘʥʝ (ʥʦʚʠʤ ʜʦʢʘʟʠʤʘ) ʜʘ ʙʠ ʩʝ ʜʦʙʠʣʘ ʘʧʦʩʪʝʨʠʦʨʥʘ, ʦʜʥʦʩʥʦ ʘʞʫʨʠʨʘʥʘ ʧʨʦʮʝʥʘ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʦʪʢʘʟʘ. ʇʨʠʤʝʨʠ ʫʩʧʝʰʥʝ ʧʨʠʤʝʥʝ ʙʘʿʝʩʠʿʘʥʩʢʦʛ ʘʞʫʨʠʨʘˁʘ ʫʛʣʘʚʥʦʤ ʩʝ ʦʜʥʦʩʝ 

ʥʘ ʤʘˁʝ ʠʣʠ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʛʝʦʪʝʭʥʠʯʢʝ ʩʠʩʪʝʤʝ, ʢʘʦ ʰʪʦ ʩʫ ʢʣʠʟʠʰʪʘ ʠ ʩʪʝʥʩʢʝ ʢʦʩʠʥʝ ([73], 

[32], [120], [117], [107], [106] ʠ [80]). ʀʘʢʦ ʫ ʪʝʦʨʠʿʠ ʠʤʘ ʚʝʣʠʢʠ ʧʦʪʝʥʮʠʿʘʣ, ʙʘʿʝʩʠʿʘʥʩʢʠ 

ʧʨʠʩʪʫʧ ʥʘʠʣʘʟʠ ʥʘ ʧʨʘʢʪʠʯʥʘ ʦʛʨʘʥʠʯʝˁʘ ʢʘʜʘ ʩʝ ʧʨʠʤʝʥʠ ʥʘ ʩʣʦʞʝʥʝ ʩʠʩʪʝʤʝ ʢʘʦ ʰʪʦ ʩʫ 

ʚʝʣʠʢʝ ʥʘʩʫʪʝ ʙʨʘʥʝ ʩʘ ʜʝʩʝʪʠʥʘʤʘ ʠʣʠ ʩʪʦʪʠʥʘʤʘ ʤʝʨʥʠʭ ʠʥʩʪʨʫʤʝʥʘʪʘ ʠ ʤʥʦʰʪʚʦʤ 

ʥʝʧʦʫʟʜʘʥʠʭ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. ɿʘ ʪʘʢʚʝ ʧʨʦʙʣʝʤʝ, ʧʨʠʤʝʥʘ ʙʘʿʝʩʠʿʘʥʩʢʠʭ ʤʝʪʦʜʘ ʿʦʰ ʫʚʝʢ 

ʿʝ  ʚʝʦʤʘ ʢʦʤʧʣʠʢʦʚʘʥʘ ʠ ʥʦʩʠ ʠʟʚʝʩʥʘ ʦʛʨʘʥʠʯʝˁʘ [93]. 

ʇʨʝʜʤʝʪ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʧʨʦʮʝʥʘ ʩʠʛʫʨʥʦʩʪʠ ʧʦʩʪʦʿʝ˂ʠʭ ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʥʫʤʝʨʠʯʢʠʤ ʩʠʤʫʣʘʮʠʿʘʤʘ ʧʦʥʘʰʘˁʘ ʥʘ ʬʠʟʠʯʢʠ ʟʘʩʥʦʚʘʥʠʤ ʤʦʜʝʣʠʤʘ ʢʨʦʟ 

ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʦʢʚʠʨ ʢʦʿʠ ʠʩʪʦʚʨʝʤʝʥʦ ʦʙʫʭʚʘʪʘ ʥʝʦʜʨʝʹʝʥʦʩʪʠ ʧʨʦʨʘʯʫʥʩʢʦʛ ʤʦʜʝʣʘ, ʘʣʠ 

ʠ ʩʪʦʭʘʩʪʠʯʢʫ ʧʨʠʨʦʜʫ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʧʦʩʪʘʚˀʘʿʫ ʩʝ ʪʝʤʝˀʠ ʟʘ ʧʨʝʮʠʟʥʠʿʫ 

ʠ ʧʦʫʟʜʘʥʠʿʫ ʦʮʝʥʫ ʩʠʛʫʨʥʦʩʪʠ ʠ ʦʜʣʫʯʠʚʘˁʝ ʫ ʫʧʨʘʚˀʘˁʫ ʙʨʘʥʘʤʘ.  
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1.2 ʎʠʝˀʚʠ ʠʩʪʨʘʞʠʚʘˁʘ 

ʇʨʦʮʝʥʘ ʩʠʛʫʨʥʦʩʪʠ ʧʦʩʪʦʿʝ˂ʠʭ ʥʘʩʫʪʠʭ ʙʨʘʥʘ, ʢʦʿʘ ʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʤ ʦʢʚʠʨʫ 

ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʦʙʫʭʚʘʪʘ ʨʘʟʣʠʯʠʪʝ ʠʟʚʦʨʝ ʥʝʧʦʫʟʜʘʥʦʩʪʠ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʩʪʦʭʘʩʪʠʯʢʫ ʧʨʠʨʦʜʫ 

ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ, ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʧʣʝʢʩʘʥ ʠʥʞʝˁʝʨʩʢʠ ʠʟʘʟʦʚ ʢʦʿʠ ʟʘʭʪʝʚʘ ʠʥʪʝʛʨʘʮʠʿʫ 

ʥʘʧʨʝʜʥʠʭ ʥʫʤʝʨʠʯʢʠʭ ʤʝʪʦʜʘ ʠ ʪʝʭʥʠʢʘ. ʋ ʪʦʤ ʩʚʝʪʣʫ, ʛʣʘʚʥʠ ʮʠˀ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝʩʪʝ 

ʜʦʧʨʠʥʦʩ ʨʘʟʚʦʿʫ ʠʥʪʝʛʨʘʣʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʢʦʿʘ, ʢʦʨʠʩʪʝ˂ʠ ʪʝʭʥʠʢʝ ʤʝʪʦʜʘ ʧʦʫʟʜʘʥʦʩʪʠ, 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʥʝʣʠʥʝʘʨʥʠ ʬʠʟʠʯʢʠ ʟʘʩʥʦʚʘʥ ʧʨʦʨʘʯʫʥʩʢʠ ʤʦʜʝʣ, ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ ʟʘ 

ʬʦʨʤʠʨʘˁʝ ʩʫʨʦʛʘʪ ʤʦʜʝʣʘ ʠ ʧʨʝʜʣʦʞʝʥʫ ʧʨʦʮʝʜʫʨʫ ʟʘ ʠʥʪʝʛʨʘʮʠʿʫ ʩʪʘʪʠʩʪʠʯʢʠ ʪʨʝʪʠʨʘʥʠʭ 

ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ, ʦʤʦʛʫ˂ʘʚʘ ʧʦʫʟʜʘʥʫ ʠ ʝʬʠʢʘʩʥʫ ʧʨʦʮʝʥʫ ʩʠʛʫʨʥʦʩʪʠ ʧʦʩʪʦʿʝ˂ʠʭ ʥʘʩʫʪʠʭ 

ʙʨʘʥʘ. 

ɼʘ ʙʠ ʩʝ ʦʩʪʚʘʨʠʦ ʟʘʜʘʪʠ ʮʠˀ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʩʧʨʦʚʝʩʪʠ ʤʘˁʝ, ʧʘʨʪʠʢʫʣʘʨʥʝ ʮʠˀʝʚʝ. 

ʇʘʨʪʠʢʫʣʘʨʥʠ ʮʠˀʝʚʠ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʩʣʝʜʝ˂ʠ: 

¶ ʇʨʝʛʣʝʜ ʠ ʘʥʘʣʠʟʘ ʜʦʩʘʜʘʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʜʨʫʛʠʭ ʘʫʪʦʨʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʝ ʥʘ 
ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʩʠʛʫʨʥʦʩʪʠ ʥʘʩʫʪʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʇʨʝʛʣʝʜ ʧʦʩʪʦʿʝ˂ʠʭ  

ʤʝʪʦʜʘ ʠ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʩʠʛʫʨʥʦʩʪʠ (ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠʭ ʠ 

ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠʭ). 

¶ ʌʦʨʤʫʣʠʩʘˁʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʟʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʧʨʦʨʘʯʫʥ ʩʠʛʫʨʥʦʩʪʠ ʫʟ ʠʥʪʝʛʨʘʮʠʿʫ 

ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʙʨʘʥʝ. ʀʟʨʘʜʘ ʥʫʤʝʨʠʯʢʝ ʧʣʘʪʬʦʨʤʝ ʟʘ ʩʧʨʦʚʦʹʝˁʝ 

ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠʭ ʧʨʦʨʘʯʫʥʘ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʝʜʣʦʞʝʥʦʤ ʤʝʪʦʜʦʣʦʛʠʿʦʤ (ʧʨʦʛʨʘʤʠ ʟʘ 

ʤʦʜʝʣʠʨʘˁʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʠ ʫʟʦʨʢʦʚʘˁʝ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʩʧʨʦʚʦʹʝˁʝ ʤʘʩʦʚʥʠʭ 

ʧʨʦʨʘʯʫʥʘ, ʦʙʨʘʜʫ ʨʝʟʫʣʪʘʪʘ ʠʪʜ.). ɺʝʨʠʬʠʢʘʮʠʿʘ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʥʘ 

ʿʝʜʥʦʩʪʘʚʥʠʤ ʧʨʠʤʝʨʠʤʘ. 

¶ ʂʨʝʠʨʘˁʝ ʩʫʨʦʛʘʪ ʤʦʜʝʣʘ ʟʘ ʦʩʥʦʚʥʠ 3D ʧʨʦʨʘʯʫʥʩʢʠ ʤʦʜʝʣ ʢʦʥʩʪʨʫʢʮʠʿʝ ʟʘʩʥʦʚʘʥ ʥʘ 

ʤʝʪʦʜʠ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʫ ʮʠˀʫ ʩʧʨʦʚʦʹʝˁʘ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ ʠ 

ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʟʘ ʩʪʫʜʠʿʫ ʩʣʫʯʘʿʘ ï ʙʨʘʥʫ ʇʨʚʦʥʝʢ. 

¶ ʉʧʨʦʚʦʹʝˁʝ ʛʣʦʙʘʣʥʝ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ ʟʘ ʙʨʘʥʫ ʇʨʚʦʥʝʢ. 

¶ ʇʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʧʨʦʮʝʥʘ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʝ ʇʨʚʦʥʝʢ ʢʘʦ ʩʚʝʦʙʫʭʚʘʪʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ 

ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʥʘ ʩʪʫʜʠʿʠ ʩʣʫʯʘʿʘ. 

1.3 ʉʘʜʨʞʘʿ ʨʘʜʘ 

ʈʘʜ ʿʝ ʩʘʯʠˁʝʥ ʦʜ 7 ʧʦʛʣʘʚˀʘ ʠ 3  ʘʥʝʢʩʘ. ʋ ʥʘʩʪʘʚʢʫ ʿʝ ʠʟʣʦʞʝʥ ʢʨʘʪʘʢ ʦʧʠʩ ʩʚʘʢʦʛ ʧʦʛʣʘʚˀʘ. 

ʇʦʛʣʘʚˀʝ 2: ʜʠʩʢʫʪʫʿʫ ʩʝ ʫʟʨʦʮʠ ʠ ʥʘʯʠʥʠ ʨʫʰʝˁʘ ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʠ ʫʚʦʜʠ ʩʝ ʧʦʿʘʤ 

ʩʠʛʫʨʥʦʩʪʠ, ʦʜʥʦʩʥʦ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʦʮʝʥʫ ʩʠʛʫʨʥʦʩʪʠ. ʇʦʩʝʙʘʥ ʘʢʮʝʥʘʪ ʩʪʘʚˀʝʥ ʿʝ ʥʘ ʫʣʦʛʫ 

ʪʝʭʥʠʯʢʦʛ ʦʩʤʘʪʨʘˁʘ ʢʘʦ ʠʥʪʝʛʨʘʣʥʦʛ ʜʝʣʘ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ ʠ ʥʘ ʬʦʨʤʫʣʠʩʘˁʝ ʛʨʘʥʠʯʥʠʭ 

ʩʪʘˁʘ ʢʦʿʘ ˂ʝ ʩʝ ʢʘʩʥʠʿʝ ʢʦʨʠʩʪʠʪʠ ʫ ʘʥʘʣʠʟʘʤʘ. 

ʇʦʛʣʘʚˀʝ 3: ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʨʝʧʝʨʪʦʘʨ ʥʫʤʝʨʠʯʢʠʭ ʘʣʘʪʘ ʧʦʪʨʝʙʥʠʭ ʟʘ ʘʥʘʣʠʟʫ ʩʠʛʫʨʥʦʩʪʠ. 

ʇʦʛʣʘʚˀʝ ʠʤʘ ʜʚʝ ʮʝʣʠʥʝ: ʧʨʚʘ ʩʝ ʪʠʯʝ ʬʠʟʠʯʢʠ ʟʘʩʥʦʚʘʥʠʭ ʤʦʜʝʣʘ ʠ ʧʨʦʨʘʯʫʥʘ ʥʘ ʙʘʟʠ 

ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ (ʄʂɽ), ʘ ʜʨʫʛʘ ʦʙʿʘʰˁʘʚʘ ʤʝʪʦʜʝ ʧʦʫʟʜʘʥʦʩʪʠ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ 

ʫ ʦʚʦʤ ʨʘʜʫ.  

ʇʦʛʣʘʚˀʝ 4: ʦʧʠʩʘʥʘ ʿʝ ʠʥʪʝʛʨʘʣʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʫ ʧʨʦʮʝʥʫ ʩʠʛʫʨʥʦʩʪʠ 

ʥʘʩʫʪʝ ʙʨʘʥʝ ʫʟ ʫʚʘʞʘʚʘˁʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ. ʅʘʚʝʜʝʥʝ ʩʫ ʩʚʝ ʧʦʪʨʝʙʥʝ ʤʘʪʝʤʘʪʠʯʢʝ 

ʬʦʨʤʫʣʘʮʠʿʝ ʫʟ ʧʨʦʧʨʘʪʥʫ ʜʠʩʢʫʩʠʿʫ ʢʦʿʘ ʩʝ ʪʠʯʝ ʧʨʠʤʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ. 

ʇʦʛʣʘʚˀʝ 5: ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʿʝ ʚʝʨʠʬʠʢʦʚʘʥʘ ʥʘ ʿʝʜʥʦʩʪʘʚʥʠʤ ʧʨʠʤʝʨʠʤʘ. ʇʨʚʠ 

ʧʨʠʤʝʨ ʿʝʩʪʝ ʧʨʦʮʝʥʘ ʩʠʛʫʨʥʦʩʪʠ ʨʝʬʝʨʝʥʪʥʦʛ ʫʟʦʨʢʘ ʠʟʣʦʞʝʥʦʛ ʢʦʥʩʦʣʠʜʦʚʘʥʦʤ ʜʨʝʥʠʨʘʥʦʤ 

(CD) ʪʨʠʘʢʩʠʿʘʣʥʦʤ ʪʝʩʪʫ ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʿʝ ʪʝʩʪ ʟʘʫʩʪʘʚˀʝʥ ʫ ʥʝʢʦʤ ʧʨʦʠʟʚʦˀʥʦʤ 

ʪʨʝʥʫʪʢʫ ʧʨʝ ʜʦʩʪʠʟʘˁʘ ʚʨʰʥʝ ʯʚʨʩʪʦ˂ʝ ʤʘʪʝʨʠʿʘʣʘ. ʋ ʜʨʫʛʦʤ ʧʨʠʤʝʨʫ ʨʘʟʤʘʪʨʘ ʩʝ ʧʨʦʙʣʝʤ 
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ʭʠʜʨʘʫʣʠʯʢʝ ʥʝʩʪʘʙʠʣʥʦʩʪʠ ʪʣʘ ʫʩʣʝʜ ʧʦʿʘʚʝ ʬʣʫʠʜʠʟʘʮʠʿʝ ʫʟʨʦʢʦʚʘʥʝ ʢʨʝʪʘˁʝʤ ʚʦʜʝ ʥʘʚʠʰʝ 

ʢʨʦʟ ʭʦʨʠʟʦʥʪʘʣʥʦ ʫʩʣʦʿʝʥʦ ʪʣʦ. 

ʇʦʛʣʘʚˀʝ 6: ʧʨʠʢʘʟʘʥʘ ʿʝ ʩʪʫʜʠʿʘ ʩʣʫʯʘʿʘ ʥʘ ʢʦʥʢʨʝʪʥʦʿ ʥʘʩʫʪʦʿ ʙʨʘʥʠ (ʙʨʘʥʘ ʇʨʚʦʥʝʢ) ʨʘʜʠ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʨʘʟʚʠʿʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ. ɼʘʪʝ ʩʫ ʦʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʧʨʝʜʤʝʪʥʝ ʙʨʘʥʝ ʠ ʩʘʞʝʪʠ ʧʦʜʘʮʠ ʦ ˁʝʥʦʤ ʠʥʩʪʨʫʤʝʥʪʘʣʥʦʤ ʦʩʤʘʪʨʘˁʫ ʠ ʨʝʟʫʣʪʘʪʠʤʘ 

ʠʩʪʨʘʞʠʚʘˁʘ, ʥʘʢʦʥ ʯʝʛʘ ʿʝ ʦʧʠʩʘʥ ʥʫʤʝʨʠʯʢʠ ʤʦʜʝʣ ʙʨʘʥʝ ʠʟʨʘʹʝʥ ʤʝʪʦʜʦʤ ʢʦʥʘʯʥʠʭ 

ʝʣʝʤʝʥʘʪʘ. ʅʘ ʧʨʠʤʝʨʫ ʦʚʝ ʙʨʘʥʝ ʠʟʚʝʜʝʥʘ ʿʝ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʧʨʠ ʯʝʤʫ ʩʫ 

ʘʥʘʣʠʟʠʨʘʥʠ ʝʬʝʢʪʠ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ. 

ʇʦʛʣʘʚˀʝ 7: ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʜʘʪ ʿʝ ʟʘʢˀʫʯʘʢ ʫ ʢʦʤʝ ʩʫ ʧʨʠʢʘʟʘʥʠ ʦʩʥʦʚʥʠ ʩʪʘʚʦʚʠ ʦ 

ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʥʘ ʦʩʥʦʚʫ ʮʝʣʦʢʫʧʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʢʚʠʨʫ ʜʠʩʝʨʪʘʮʠʿʝ. ʊʘʢʦʹʝ ʩʫ 

ʜʘʪʝ ʧʨʝʧʦʨʫʢʝ ʟʘ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ. 

ɸʥʝʢʩ 1: ʧʨʠʣʦʞʝʥʝ ʩʫ ʪʝʦʨʠʿʩʢʝ ʦʩʥʦʚʝ ʢʦʿʝ ʩʝ ʪʠʯʫ ʤʦʜʝʣʠʨʘˁʘ ʬʠʣʪʨʘʮʠʦʥʠʭ ʠ ʥʘʧʦʥʩʢʦ-

ʜʝʬʦʨʤʘʮʠʿʩʢʠʭ ʧʨʦʮʝʩʘ, ʢʘʦ ʠ ʦʩʥʦʚʥʝ ʧʦʩʪʘʚʢʝ ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʤʦʜʝʣʘ ʢʦʨʠʰ˂ʝʥʠʭ ʫ 

ʥʫʤʝʨʠʯʢʠʤ ʧʨʠʤʝʨʠʤʘ ʫ ʦʚʦʤ ʨʘʜʫ.  

ɸʥʝʢʩ 2: ʧʨʠʣʦʞʝʥʘ ʿʝ ʨʝʢʘʧʠʪʫʣʘʮʠʿʘ ʦʩʥʦʚʥʠʭ ʧʦʿʤʦʚʘ ʪʝʦʨʠʿʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʢʦʿʠ ʩʝ ʩʤʘʪʨʘʿʫ 

ʥʝʦʧʭʦʜʥʠʤ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʠʟʣʦʞʝʥʝ ʫ ʦʚʦʤ ʨʘʜʫ.  

ɸʥʝʢʩ 3: ʩʘʜʨʞʠ ʢʦʤʧʿʫʪʝʨʩʢʝ ʧʨʦʛʨʘʤʝ ʥʘʧʠʩʘʥʝ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ Python, ʢʦʿʠ ʯʠʥʝ 

ʦʩʥʦʚʫ ʟʘ ʧʨʠʤʝʥʫ ʤʝʪʦʜʦʣʦʛʠʿʝ ʠʟʣʦʞʝʥʝ ʫ ʛʣʘʚʥʠʤ ʧʦʛʣʘʚˀʠʤʘ ʨʘʜʘ. ʀʟʣʦʞʝʥʠ ʩʫ ʧʨʦʛʨʘʤʠ 

ʢʦʨʠʰ˂ʝʥʠ ʫ ʩʪʫʜʠʿʠ ʩʣʫʯʘʿʘ ï ʧʦʛʣʘʚˀʫ 6. 
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ʆʚʦ ʧʦʛʣʘʚˀʝ ʿʝ ʧʦʩʚʝ˂ʝʥʦ ʦʙʿʘʰˁʝˁʫ ʦʩʥʦʚʥʠʭ ʧʦʿʤʦʚʘ ʠ ʢʦʥʮʝʧʘʪʘ ʢʦʿʠ ʩʝ ʪʠʯʫ ʩʠʛʫʨʥʦʩʪʠ 

ʠ ʢʚʘʥʪʠʬʠʢʘʮʠʿʝ ʥʠʚʦʘ ʩʠʛʫʨʥʦʩʪʠ ʥʘʩʫʪʠʭ ʙʨʘʥʘ. ʋ ʠʥʞʝˁʝʨʩʢʦʿ ʧʨʘʢʩʠ, ʤʥʦʛʠ ʦʜ ʪʝʨʤʠʥʘ 

ʩʫ ʪʦʢʦʤ ʨʘʟʚʦʿʘ ʩʪʨʫʢʝ ʢʦʨʠʰ˂ʝʥʠ ʫʥʘʢʨʩʥʦ ʠ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʥʠʿʘʥʩʘʤʘ ʟʥʘʯʝˁʘ, ʘʣʠ ʩʝ 

ʚʨʝʤʝʥʦʤ ʨʘʟʚʠʦ ʢʦʥʩʝʥʟʫʩ ʦʢʦ ˁʠʭʦʚʝ ʩʘʜʨʞʠʥʝ ʠ ʟʥʘʯʘʿʘ. 

2.1 ʅʘʯʠʥʠ ʠ ʫʟʨʦʮʠ ʨʫʰʝˁʘ ʥʘʩʫʪʠʭ ʙʨʘʥʘ 

ʃʦʤ (ʦʜʥʦʩʥʦ ʨʫʰʝˁʝ) ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʫ ʥʘʿʰʠʨʝʤ ʩʤʠʩʣʫ ʧʨʝʜʩʪʘʚˀʘ ʢʘʪʘʩʪʨʦʬʘʣʘʥ ʩʮʝʥʘʨʠʦ 

ʧʨʠ ʢʦʤʝ ʢʦʥʩʪʨʫʢʮʠʿʘ ʥʝ ʤʦʞʝ ʜʘ ʠʟʜʨʞʠ ʜʝʿʩʪʚʦ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʜʦʣʘʟʠ ʜʦ (ʙʘʨʝʤ ʿʝʜʥʦʛ ʦʜ) 

ʩʣʝʜʝ˂ʠʭ ʠʥʮʠʜʝʥʘʪʘ [64]: 

¶ ʅʝʢʦʥʪʨʦʣʠʩʘʥʦ ʠʩʧʫʰʪʘˁʝ ʚʦʜʝ ʠʟ ʿʝʟʝʨʘ (ʘʢʫʤʫʣʘʮʠʿʝ) 

¶ ʇʦʪʧʫʥʠ ʛʫʙʠʪʘʢ ʠʥʪʝʛʨʠʪʝʪʘ ʢʦʥʩʪʨʫʢʮʠʿʝ (ʠ/ʠʣʠ ˁʝʥʠʭ ʪʝʤʝˀʘ) 

ʃʦʤ ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʜʦʛʘʹʘ ʩʝ ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʥʝʢʦʛ ʦʜ ʩʣʝʜʝ˂ʠʭ 

ʧʨʦʮʝʩʘ [111]: 

¶ ʇʨʝʣʠʚʘˁʝ ʧʨʝʢʦ ʢʨʫʥʝ ʙʨʘʥʝ ï ʦʚʘʿ ʤʦʜʘʣʠʪʝʪ ʨʫʰʝˁʘ ʜʝʰʘʚʘ ʩʝ ʫʩʣʝʜ ʧʨʦʛʨʝʩʠʚʥʦʛ 

ʝʨʦʟʠʚʥʦʛ ʜʝʿʩʪʚʘ ʚʦʜʝ ʢʦʿʘ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦ ʪʝʯʝ ʠʟʥʘʜ ʠ ʦʢʦ ʥʘʩʫʪʝ ʙʨʘʥʝ, ʫʩʣʝʜ 

ʥʝʜʦʚʦˀʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʝʚʘʢʫʮʠʦʥʠʭ ʦʨʛʘʥʘ. ɱʝʜʥʦʤ ʢʘʜʘ ʝʨʦʟʠʿʘ ʥʘʩʫʪʦʛ ʤʘʪʝʨʠʿʘʣʘ 

ʟʘʧʦʯʥʝ, ʛʦʪʦʚʦ ʿʝ ʥʝʤʦʛʫ˂ʝ ʟʘʫʩʪʘʚʠʪʠ ʨʫʰʝˁʝ. ʅʘʩʫʪʝ ʙʨʘʥʝ ʩʝ ʧʦ ʧʨʘʚʠʣʫ ʧʨʦʿʝʢʪʫʿʫ 

ʪʘʢʦ ʜʘ ʥʠʚʦ ʚʦʜʝ ʫ ʨʝʟʝʨʚʦʘʨʫ ʥʠʢʘʜʘ ʥʝ ʧʨʝʣʘʟʠ ʢʦʪʫ ʢʨʫʥʝ ʙʨʘʥʝ ʠ ʫ ʩʣʫʯʘʿʫ ʚʝʣʠʢʠʭ 

ʧʦʧʣʘʚʥʠʭ ʪʘʣʘʩʘ ʚʣʘʩʥʠʢ ʙʨʘʥʝ ʫ ʦʙʘʚʝʟʠ ʿʝ ʜʘ ʧʘʞˀʠʚʦ ʦʩʤʘʪʨʘ ʠ ʫʧʨʘʚˀʘ ʥʠʚʦʦʤ 

ʚʦʜʝ ʢʘʢʦ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ ʧʨʝʣʠʚʘˁʘ ʧʨʝʢʦ ʢʨʫʥʝ. ɼʘ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʧʨʝʣʠʚʘˁʝ ʙʨʘʥʝ 

ʥʝʦʧʭʦʜʥʦ ʿʝ: ʦʙʝʟʙʝʜʠʪʠ ʧʦʫʟʜʘʥʝ ʭʠʜʨʦʣʦʰʢʝ ʧʦʜʣʦʛʝ ʠ ʨʘʯʫʥʘʪʠ ʩʘ ʧʦʧʣʘʚʥʠʤ 

ʪʘʣʘʩʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʝʣʠʯʠʥʝ ʠ ʠʩʧʨʘʚʥʦ ʦʜʨʝʜʠʪʠ ʪʠʧ ʠ ʢʘʧʘʮʠʪʝʪ ʝʚʘʢʫʘʮʠʦʥʠʭ 

ʦʨʛʘʥʘ ʠ ʪʘʢʘʚ ʢʘʧʘʮʠʪʝʪ ʧʦʩʪʠ˂ʠ ʧʨʘʚʠʣʥʠʤ ʠʟʚʦʹʝˁʝʤ ʠ ʦʜʨʞʘʚʘˁʝʤ ʦʙʿʝʢʪʘ. 

ʇʨʝʜʤʝʪ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʥʠʩʫ ʭʠʜʨʦʣʦʰʢʠ ʥʠʪʠ ʭʠʜʨʘʫʣʠʯʢʠ ʘʩʧʝʢʪʠ ʩʠʛʫʨʥʦʩʪʠ 

ʙʨʘʥʘ, ʧʘ ʦ ʧʨʝʣʠʚʘˁʫ ʢʘʦ ʥʘʯʠʥʫ ʨʫʰʝˁʘ ʥʠʿʝ ʜʘˀʝ ʜʠʩʢʫʪʦʚʘʥʦ.  

¶ ʋʥʫʪʨʘʰˁʘ ʝʨʦʟʠʿʘ ʤʘʪʝʨʠʿʘʣʘ ʙʨʘʥʝ ʠʣʠ ˁʝʥʠʭ ʪʝʤʝˀʘ (ʝʥʛ. piping) ï ʜʦʛʘʹʘ ʩʝ ʫʩʣʝʜ 

ʥʝʢʦʥʪʨʦʣʠʩʘʥʦʛ ʧʨʦʚʠʨʘˁʘ ʚʦʜʝ ʢʨʦʟ ʪʝʤʝˀʝ ʠʣʠ ʪʝʣʦ ʙʨʘʥʝ ʰʪʦ ʠʟʘʟʠʚʘ ʠʩʧʠʨʘˁʝ 

(ʫʥʫʪʨʘʰˁʫ ʝʨʦʟʠʿʫ) ʤʘʪʝʨʠʿʘʣʘ ʜʦʚʦʜʝ˂ʠ ʜʦ ʢʦʥʘʯʥʦʛ ʨʫʰʝˁʘ ʦʙʿʝʢʪʘ. ʌʦʩʪʝʨ ʠ ʜʨ. ʫ 

ʩʚʦʤ ʨʘʜʫ [39] ʩʫ ʟʘʢˀʫʯʠʣʠ ʜʘ ʨʘʟʣʠʯʠʪʝ ʜʠʩʧʦʟʠʮʠʿʝ ʟʦʥʘ ʤʘʪʝʨʠʿʘʣʘ ʫ ʪʝʣʫ ʙʨʘʥʝ 

ʜʨʫʛʘʯʠʿʝ ʫʪʠʯʫ ʥʘ ʫʯʝʩʪʘʣʦʩʪ ʨʫʰʝˁʘ ʫʩʣʝʜ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦʛ ʧʨʦʚʠʨʘˁʘ. ʊʘʢʦ ʥʘ 

ʧʨʠʤʝʨ ʥʝ ʧʦʩʪʦʿʝ ʟʘʧʠʩʘʥʠ ʩʣʫʯʘʿʝʚʠ ʨʫʰʝˁʘ ʙʨʘʥʘ ʫʩʣʝʜ ʧʨʦʚʠʨʘˁʘ ʫ ʩʣʫʯʘʿʫ ʜʘ ʩʝ 

ʨʘʜʠ ʦ ʙʨʘʥʘʤʘ ʩʘ ʮʝʥʪʨʘʣʥʠʤ ʛʣʠʥʝʥʠʤ ʿʝʟʛʨʦʤ, ʜʦʢ ʩʫ 16 ʚʠʩʦʢʠʭ ʭʦʤʦʛʝʥʠʭ 

ʟʝʤˀʘʥʠʭ ʙʨʘʥʘ ʦʰʪʝ˂ʝʥʝ ʠʣʠ ʩʨʫʰʝʥʝ ʫʩʣʝʜ ʬʠʣʪʨʘʮʠʦʥʠʭ ʥʝʩʪʘʙʠʣʥʦʩʪʠ. 

¶ ɻʣʦʙʘʣʥʘ ʩʪʘʙʠʣʥʦʩʪ ʙʨʘʥʝ ï ʦʚʘʿ ʤʦʜʘʣʠʪʝʪ ʨʫʰʝˁʘ ʥʘʩʪʘʿʝ ʢʘʜʘ ʩʝ ʫʥʫʪʘʨ ʤʘʪʝʨʠʿʘʣʘ 

ʦʜ ʢʦʛʘ ʿʝ ʙʨʘʥʘ ʠʟʛʨʘʹʝʥʘ ʠ/ʠʣʠ ʪʝʤʝˀʘ ʙʨʘʥʝ ʧʦʿʘʚʠ ʧʫʢʦʪʠʥʘ ʫʩʣʝʜ ʧʨʝʢʦʨʘʯʝˁʘ 

ʯʚʨʩʪʦ˂ʝ ʤʘʪʝʨʠʿʘʣʘ, ʬʦʨʤʠʨʘʿʫ˂ʠ ʢʣʠʟʥʫ ʧʦʚʨʰ ʫ ʪʝʣʫ ʙʨʘʥʝ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʤʦʞʝ 

ʜʦ˂ʠ ʜʦ ʩʤʠʯʫ˂ʝʛ ʣʦʤʘ ʪʣʘ ʠ ʜʦ ʚʝʣʠʢʠʭ ʧʦʤʝʨʘˁʘ ʤʘʩʝ ʪʣʘ ʠʟʥʘʜ ʢʣʠʟʥʝ ʧʦʚʨʰʠ, 

ʦʜʥʦʩʥʦ ʜʦ ʨʫʰʝˁʘ ʢʦʩʠʥʝ.  

ʉʣʠʢʘ 2.1 ʧʨʠʢʘʟʫʿʝ ʙʨʦʿ ʟʘʙʝʣʝʞʝʥʠʭ ʨʫʰʝˁʘ ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʧʠʩʘʥʠʭ 

ʥʘʯʠʥʘ ʨʫʰʝˁʘ [64]. ʅʘʿʯʝʰ˂ʠ ʥʘʯʠʥ ʨʫʰʝˁʘ ʙʨʘʥʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʣʠʚʘˁʝ ʧʨʝʢʦ ʢʨʫʥʝ, ʜʦʢ 

ʿʝ ʥʘʿʤʘˁʝ ʙʨʘʥʘ ʜʦʞʠʚʝʣʦ ʣʦʤ ʫʩʣʝʜ ʤʝʭʘʥʠʯʢʝ ʥʝʩʪʘʙʠʣʥʦʩʪʠ (ʩʤʠʯʫ˂ʝʛ ʣʦʤʘ).  

 

2 ʆʉʅʆɺʅɽ ʇʆʉʊɸɺʂɽ ʆ ʉʀɻʋʈʅʆʉʊʀ ʅɸʉʋʊʀʍ ɹʈɸʅɸ 
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ʉʣʠʢʘ 2.1 ɹʨʦʿ ʟʘʙʝʣʝʞʝʥʠʭ ʨʫʰʝˁʘ ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʟʘ ʩʚʘ ʪʨʠ ʤʦʜʘʣʠʪʝʪʘ ʣʦʤʘ 

(ʙʨʘʥʝ ʦʜ ʢʘʤʝʥʦʛ ʥʘʙʘʯʘʿʘ ï Rockfill ʠ ʟʝʤˀʘʥʝ ï Earthfill) [64] 

ʄʦʛʫ˂ʠ ʫʟʨʦʮʠ ʨʫʰʝˁʘ ʙʨʘʥʘ ʩʫ [61]: 

¶ ɽʢʩʪʨʝʤʥʠ ʧʨʠʨʦʜʥʠ ʫʪʠʮʘʿʠ (ʠʟʫʟʝʪʥʝ ʧʦʧʣʘʚʝ, ʟʝʤˀʦʪʨʝʩ ʠ ʜʨ.). 

¶ ɼʝʛʨʘʜʘʮʠʿʘ ʤʘʪʝʨʠʿʘʣʘ ʙʨʘʥʝ ʠʣʠ ʪʝʤʝˀʘ (ʜʫʛʦʪʨʘʿʥʝ ʧʨʦʤʝʥʝ ʬʠʟʠʯʢʠʭ, ʭʝʤʠʿʩʢʠʭ ʠ 
ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʿʘʣʘ ʫ ʪʝʣʫ ʠ ʪʝʤʝˀʫ ʙʨʘʥʝ ʧʦʜ ʜʝʿʩʪʚʦʤ ʩʧʦˀʥʠʭ 

ʫʪʠʮʘʿʘ ï ʚʦʜʝ, ʤʨʘʟʘ, ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʠʪʜ.)  

¶ ʂʚʘʨ ʦʧʨʝʤʝ (ʢʚʘʨ ʟʘʪʚʘʨʘʯʘ ʥʘ ʝʚʘʢʫʘʮʠʦʥʠʤ ʦʨʛʘʥʠʤʘ, ʫʩʣʝʜ ʯʝʛʘ ʜʦʣʘʟʠ ʜʦ 
ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʝ ʧʨʝʣʠʚʘˁʝ-ʠʩʧʫʰʪʘˁʝ ʚʦʜʝ ʢʦʥʪʨʦʣʠʰʝ, ʢʚʘʨ ʦʧʨʝʤʝ ʟʘʜʫʞʝʥʝ ʟʘ 

ʥʦʨʤʘʣʥʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʜʨʝʥʘʞʥʦʛ ʩʠʩʪʝʤʘ ʠ ʩʣ.). 

¶ ɽʢʩʪʨʝʤʥʠ ʘʥʪʨʦʧʦʛʝʥʠ ʫʪʠʮʘʿʠ (ʝʢʩʧʣʦʟʠʿʝ ʠ ʩʣ.). 

 

ʉʣʠʢʘ 2.2 ʋʟʨʦʮʠ ʨʫʰʝˁʘ ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʝʨʠʦʜʠʤʘ [64] 

ɹʝʟ ʦʙʟʠʨʘ ʰʪʦ ʩʫ ʥʘʚʝʜʝʥʠ ʫʟʨʦʮʠ ʫʛʣʘʚʥʦʤ ʧʦʩʣʝʜʠʮʘ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʘ, ʧʨʘʢʪʠʯʥʦ ʫʚʝʢ, 

ʛʣʘʚʥʫ ʦʜʛʦʚʦʨʥʦʩʪ ʟʘ ʨʫʰʝˁʘ ʙʨʘʥʘ ʠʧʘʢ ʥʦʩʠ ʯʦʚʝʢ, ʿʝʨ ʠʭ ʿʝ ʠʣʠ ʣʦʰʝ ʩʘʛʨʘʜʠʦ ʠʣʠ ʣʦʰʝ 

ʦʜʨʞʘʚʘʦ. ʈʝʣʘʪʠʚʥʦ ʨʝʪʢʝ, ʘʣʠ ʥʝ ʠ ʟʘʥʝʤʘʨʠʚʝ ʩʫ ʧʦʿʘʚʝ ʥʘʤʝʨʥʦʛ ʨʫʰʝˁʘ ʙʨʘʥʝ 

(ʙʦʤʙʘʨʜʦʚʘˁʝ ʠʣʠ ʪʝʨʦʨʠʩʪʠʯʢʠ ʘʢʪ), ʜʦʢ ʩʫ ʦʛʨʦʤʥʦʤ ʚʝ˂ʠʥʦʤ ʢʨʠʚʮʠ ʟʘ ʣʦʤ ʙʨʘʥʝ ʫʧʨʘʚʦ 
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ʦʥʠ ʢʦʿʠ ʩʫ, ʫ ʨʘʟʥʠʤ ʬʘʟʘʤʘ ʞʠʚʦʪʘ ʙʨʘʥʝ, ʟʘʜʫʞʝʥʠ ʟʘ ˁʝʥʫ ʩʠʛʫʨʥʦʩʪ. ʋ ʪʦʤ ʩʤʠʩʣʫ, 

ʤʦʞʝʤʦ ʫʟʨʦʢʝ ʨʫʰʝˁʘ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ:  

¶ ɻʨʝʰʢʝ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ ʠ/ʠʣʠ ʠʟʚʦʹʝˁʫ ʨʘʜʦʚʘ,  

¶ ɻʨʝʰʢʝ ʫ ʫʧʨʘʚˀʘˁʫ ʠ ʦʜʨʞʘʚʘˁʫ ʙʨʘʥʝ,  

¶ ʈʘʪʥʘ ʜʝʿʩʪʚʘ ʠ ʪʝʨʦʨʠʩʪʠʯʢʠ ʥʘʧʘʜʠ.  

ɻʨʝʰʢʝ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ ʠ ʠʟʚʦʹʝˁʫ ʩʫ ˀʫʜʩʢʝ ʛʨʝʰʢʝ, ʢʦʿʝ ʥʘʩʪʘʿʫ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʥʘʩʪʘʿʘˁʘ 

ʙʨʘʥʝ. ʄʦʛʫ ʥʘʩʪʘʪʠ ʫʩʣʝʜ ʥʝʜʦʚʦˀʥʦʛ ʧʦʟʥʘʚʘˁʘ ʫʪʠʮʘʿʘ ʢʦʿʠʤʘ ˂ʝ ʙʨʘʥʘ ʙʠʪʠ ʠʟʣʦʞʝʥʘ, ʠʣʠ 

ʫʩʣʝʜ ʥʝʜʦʚʦˀʥʦʛ ʧʦʟʥʘʚʘˁʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʧʦʥʘʰʘˁʘ ʤʘʪʝʨʠʿʘʣʘ ʠʣʠ ʫʩʣʝʜ ʥʝʧʘʞˁʝ, 

ʥʝʩʘʚʝʩʥʦʛ ʨʘʜʘ ʠ ʜʨ.  

ʂʘʦ ʛʨʝʰʢʝ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ ʤʦʛʫ ʜʘ ʩʝ ʠʟʜʚʦʿʝ: ʧʦʪʮʝˁʝʥʠ ʧʨʦʪʠʮʘʿ ʠ ʪʨʘʿʘˁʝ ʚʝʣʠʢʠʭ ʚʦʜʘ ʠ 

ʧʦʩʣʝʜʠʯʥʦ, ʥʝʜʦʚʦˀʘʥ ʢʘʧʘʮʠʪʝʪ ʝʚʘʢʫʘʮʠʦʥʠʭ ʦʨʛʘʥʘ; ʥʝʦʜʛʦʚʘʨʘʿʫ˂ʠ ʠʣʠ ʥʝʜʦʚʦˀʥʠ 

ʠʩʪʨʘʞʥʠ ʨʘʜʦʚʠ ʠ ʧʦʩʣʝʜʠʯʥʦ, ʧʨʝʮʝˁʝʥʘ ʥʦʩʠʚʦʩʪ ʪʝʤʝˀʥʦʛ ʪʣʘ/ʩʪʝʥʩʢʝ ʤʘʩʝ, ʫʩʣʝʜ ʯʝʛʘ 

ʢʦʥʩʪʨʫʢʮʠʿʠ ʧʨʝʪʝ ʦʰʪʝ˂ʝˁʘ ʠʣʠ ʨʫʰʝˁʝ ʫʩʣʝʜ ʧʨʦʙʣʝʤʘ ʩʘ ʪʝʤʝˀʠʤʘ; ʥʝʜʦʚʦˀʥʦ 

ʧʦʟʥʘʚʘˁʝ ʧʦʥʘʰʘˁʘ ʛʨʘʹʝʚʠʥʩʢʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʦʪʦʢʘ ʚʨʝʤʝʥʘ ʠ ʧʦʩʣʝʜʠʯʥʦ, 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʿʠʤʘ ʧʨʝʪʝ ʦʰʪʝ˂ʝˁʘ ʠʣʠ ʨʫʰʝˁʝ; ʧʦʪʮʝˁʝʥʘ ʤʦʛʫ˂ʥʦʩʪ ʧʦʿʘʚʝ ʿʘʢʦʛ 

ʟʝʤˀʦʪʨʝʩʘ ʠ ʧʦʩʣʝʜʠʯʥʦ, ʥʝʜʛʦʚʘʨʘʿʫ˂ʠ ʠʣʠ ʥʝʜʦʚʦˀʥʦ ʩʠʛʫʨʘʥ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʩʠʩʪʝʤ; 

ʥʝʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʝʪʦʜʝ ʭʠʜʨʘʫʣʠʯʢʠʭ ʠ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʠ ʘʥʘʣʠʟʘ ʠ ʜʨ.  

ʂʘʦ ʛʨʝʰʢʝ ʫ ʠʟʚʦʹʝˁʫ, ʥʘʯʝʰ˂ʝ ʩʝ ʿʘʚˀʘʿʫ: ʫʛʨʘʜˁʘ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʣʦʰʠʿʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ 

ʦʜ ʧʨʦʿʝʢʪʦʚʘʥʠʭ; ʥʝʦʜʛʦʚʘʨʘʿʫ˂ʠ ʢʚʘʣʠʪʝʪ ʨʘʜʦʚʘ (ʩʣʘʙʘ ʢʦʥʪʨʦʣʘ ʠʟʛʨʘʜˁʝ) ʢʦʜ ʙʝʪʦʥʠʨʘˁʘ, 

ʢʦʜ ʥʘʩʠʧʘˁʘ, ʢʦʜ ʫʛʨʘʹʠʚʘˁʘ ʿʝʟʛʨʘ ʥʘʩʫʪʠʭ ʙʨʘʥʘ, ʢʦʜ ʠʝˁʢʮʠʦʥʠʭ ʠ ʜʨʝʥʘʞʥʠʭ ʨʘʜʦʚʘ ʠ 

ʜʨ.  

ɻʨʝʰʢʝ ʫ ʫʧʨʘʚˀʘˁʫ ʠ ʦʜʨʞʘʚʘˁʫ ʤʦʛʫ ʜʘ ʥʘʩʪʘʥʫ ʫ ʨʘʟʥʠʤ ʦʢʦʣʥʦʩʪʠʤʘ ʢʘʦ ʰʪʦ ʩʫ: 

ʥʝʧʨʘʚʠʣʥʦ ʦʜʨʞʘʚʘˁʝ ʠ ʨʫʢʦʚʘˁʝ ʟʘʪʚʘʨʘʯʠʤʘ ʥʘ ʝʚʘʢʫʘʮʠʦʥʠʤ ʦʨʛʘʥʠʤʘ, ʫʩʣʝʜ ʯʝʛʘ ʜʦʣʘʟʠ 

ʜʦ ʭʘʚʘʨʠʿʝ ʟʘʪʚʘʨʘʯʘ ʠ ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʝ ʧʨʝʣʠʚʘˁʝ-ʠʩʧʫʰʪʘˁʝ ʚʦʜʝ ʢʦʥʪʨʦʣʠʰʝ; 

ʥʝʧʨʘʚʠʣʥʦ ʦʜʨʞʘʚʘˁʝ ʢʘʥʘʣʘ ʟʘ ʝʚʘʢʫʘʮʠʿʫ ʚʦʜʝ, ʢʘʜʘ ʙʠʚʘʿʫ ʟʘʧʨʝʯʝʥʠ ʚʝʛʝʪʘʮʠʿʦʤ ʠʣʠ 

ʜʨʫʛʠʤ ʤʘʪʝʨʠʿʘʣʦʤ ʠ ʥʝ ʤʦʛʫ ʜʘ ʝʚʘʢʫʠʰʫ ʧʦʪʨʝʙʥʫ ʢʦʣʠʯʠʥʫ ʚʝʣʠʢʝ ʚʦʜʝ; ʢʚʘʨ ʦʧʨʝʤʝ 

ʟʘʜʫʞʝʥʝ ʟʘ ʥʦʨʤʘʣʥʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʫʩʪʘʚʘ, ʜʨʝʥʘʞʥʦʛ ʩʠʩʪʝʤʘ, ʟʘʪʚʘʨʘʯʘ ʪʝʤʝˀʥʦʛ 

ʠʩʧʫʩʪʘ ʠ ʩʣ.; ʥʝʜʦʩʪʘʪʘʢ ʠʣʠ ʣʦʰ ʨʘʜ ʦʧʨʝʤʝ ʟʘ ʦʩʤʘʪʨʘˁʝ; ʧʨʠʤʝʥʘ ʥʝʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʤʝʪʦʜʦʣʦʛʠʿʝ ʠʣʠ ʦʜʩʫʩʪʚʦ ʘʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ ʦ ʧʦʥʘʰʘˁʫ ʙʨʘʥʝ ʪʦʢʦʤ ʝʢʩʧʣʦʘʪʘʮʠʿʝ.  

ʋ ʩʣʫʯʘʿʫ ʨʘʪʥʦʛ ʩʪʘˁʘ ʠʣʠ ʪʝʨʦʨʠʩʪʠʯʢʦʛ ʥʘʧʘʜʘ, ʙʝʟʙʝʜʥʦʩʪ ʙʨʘʥʝ ʤʦʞʝ ʙʠʪʠ ʫʛʨʦʞʝʥʘ 

ʩʘʙʦʪʘʞʦʤ, ʙʦʤʙʘʨʜʦʚʘˁʝʤ ʠ ʩʣ.  

ʅʘʧʦʤʝʥʠʤʦ ʠ ʜʘ ʩʝ ʤʦʛʫ ʿʘʚʠʪʠ ʨʘʟʣʠʯʠʪʝ ʢʦʤʙʠʥʘʮʠʿʝ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ ʫʟʨʦʢʘ. ʅʘ 

ʧʨʠʤʝʨ: ʨʫʰʝˁʝ ʙʨʘʥʝ ʫʩʣʝʜ ʥʘʠʣʘʩʢʘ ʧʨʦʿʝʢʪʦʤ ʥʝʧʨʝʜʚʠʹʝʥʝ ʚʝʣʠʢʝ ʚʦʜʝ, ʛʜʝ ʟʙʦʛ 

ʬʘʙʨʠʯʢʦʛ ʢʚʘʨʘ ʠʣʠ ʣʦʰʝʛ ʦʜʨʞʘʚʘˁʘ ʭʠʜʨʦʤʝʭʘʥʠʯʢʝ ʦʧʨʝʤʝ ʥʝ ʤʦʛʫ ʜʘ ʩʝ ʦʪʚʦʨʝ 

ʝʚʘʢʫʘʮʠʦʥʠ ʦʨʛʘʥʠ. ʀʣʠ, ʢʘʜʘ ʩʝ ʫʩʣʝʜ ʣʦʰʝʛ ʠʣʠ ʥʠʢʘʢʚʦʛ ʦʩʤʘʪʨʘˁʘ ʥʝ ʫʦʯʠ ʜʝʛʨʘʜʘʮʠʿʘ 

ʤʘʪʝʨʠʿʘʣʘ ʙʨʘʥʝ ʠʣʠ ʪʝʤʝˀʘ ʠ ʥʝ ʧʨʝʜʫʟʤʫ ʙʣʘʛʦʚʨʝʤʝʥʝ ʤʝʨʝ ʩʘʥʘʮʠʿʝ ʠ ʦʿʘʯʘˁʘ 

ʢʦʥʩʪʨʫʢʮʠʿʝ, ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʫʛʨʦʟʠ ʩʠʛʫʨʥʦʩʪ ʦʙʿʝʢʪʘ ʠ ˀʫʜʠ. 

ʉʣʠʢʘ 2.3 [64] ʩʫʛʝʨʠʰʝ ʜʘ ʩʝ ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʨʫʰʝˁʘ ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʜʦʛʘʹʘ ʫ ʫʩʣʦʚʠʤʘ ʥʦʨʤʘʣʥʝ 

ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʙʨʘʥʝ ʠʣʠ ʫ ʩʣʫʯʘʿʫ ʜʦʣʘʩʢʘ ʧʦʧʣʘʚʥʦʛ ʪʘʣʘʩʘ. 
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ʉʣʠʢʘ 2.3 ɹʨʦʿ ʟʘʙʝʣʝʞʝʥʠʭ ʨʫʰʝˁʘ ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʢʘʪʝʛʦʨʠʩʘʥʠʭ ʧʨʝʤʘ ʥʘʯʠʥʫ ʨʫʰʝˁʘ ʠ 

ʢʦʥʪʝʢʩʪʫ ʝʢʩʪʝʨʥʠʭ ʫʪʠʮʘʿʘ [64] 

2.2 ʆʧʰʪʝ ʦ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʟʘ ʧʨʦʮʝʥʫ ʩʠʛʫʨʥʦʩʪʠ 

ʉʠʛʫʨʥʦʩʪ ʙʨʘʥʝ (ʩʠʥʦʥʠʤ ʿʝ ʧʦʿʘʤ ʙʝʟʙʝʜʥʦʩʪ) ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʝ ʙʨʘʥʘ ʫʚʝʢ ʥʘʣʘʟʠ ʫ ʩʪʘˁʫ 

ʫ ʢʦʤʝ ʤʦʞʝ ʜʘ ʠʩʧʫˁʘʚʘ ʩʚʝ ʩʚʦʿʝ ʧʨʦʿʝʢʪʦʚʘʥʝ ʬʫʥʢʮʠʿʝ ʙʝʟ ʥʝʧʦʚʦˀʥʠʭ ʧʦʩʣʝʜʠʮʘ ʧʦ 

ʦʢʦʣʠʥʫ, ˀʫʜʝ ʠ ʠʤʦʚʠʥʫ [61]. ʇʨʝʤʘ ʜʝʬʠʥʠʮʠʿʠ ʜʘʪʦʿ ʫ ICOLD-ʦʚʦʤ ʙʠʣʪʝʥʫ 154 [63], 

ʦʩʥʦʚʥʘ ʠʜʝʿʘ ʢʦʿʘ ʩʪʦʿʠ ʠʟʘ ʧʦʿʤʘ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʘ ʿʝʩʪʝ ʟʘʰʪʠʪʘ ˀʫʜʠ, ʠʤʦʚʠʥʝ ʠ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ ʦʜ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʨʠʟʠʢʘ ʢʦʿʠ ʤʦʛʫ ʥʘʩʪʘʪʠ ʫʩʣʝʜ ʥʝʧʨʘʚʠʣʥʦʛ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʠʣʠ 

ʦʪʢʘʟʘ (ʣʦʤʘ) ʢʦʥʩʪʨʫʢʮʠʿʝ ʠʣʠ ʥʝʧʨʘʚʠʣʥʦʛ ʫʧʨʘʚˀʘˁʘ ʘʢʫʤʫʣʘʮʠʿʦʤ.  

ʉʠʛʫʨʥʦʩʪ ʙʨʘʥʝ ʤʦʨʘ ʙʠʪʠ ʟʘʜʦʚʦˀʝʥʘ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ, ʪʿ. ʙʨʘʥʘ ʤʦʨʘ ʠʤʘʪʠ 

ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʫ ʩʠʛʫʨʥʦʩʪ ʧʨʝʤʘ ʧʨʦʧʠʩʘʥʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʠ ʦʛʨʘʥʠʯʝˁʠʤʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ 

ʿʝʜʥʘ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʘ ʩʝ ʪʠʯʝ ʫʧʨʘʚˀʘˁʘ ʩʠʛʫʨʥʦʰ˂ʫ ʙʨʘʥʝ (ʙʠʣʦ ʧʦʩʪʦʿʝ˂ʝ 

ʠʣʠ ʙʨʘʥʝ ʫ ʬʘʟʠ ʧʨʦʿʝʢʪʦʚʘˁʘ) ʧʨʦʮʝʥʘ ˁʝʥʝ ʩʠʛʫʨʥʦʩʪʠ. ʇʨʝʤʘ ʥʘʿʦʧʰʪʠʿʦʿ ʜʝʬʠʥʠʮʠʿʠ 

[21], ʧʨʦʮʝʥʘ ʩʠʛʫʨʥʦʩʪʠ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʩʝ ʩʪʝʢʥʝ ʩʚʝʫʢʫʧʥʘ ʢʦʥʢʨʝʪʥʘ ʩʣʠʢʘ ʦ ʩʪʚʘʨʥʦʤ ʩʪʘˁʫ 

ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʝ ʠ ʜʘ ʩʝ ʧʨʦʥʘʹʫ ʝʚʝʥʪʫʘʣʥʠ ʥʝʜʦʩʪʘʮʠ ʢʦʿʠ ʙʠ ʤʦʛʣʠ ʜʘ ʫʛʨʦʟʝ ˀʫʜʝ, 

ʠʤʦʚʠʥʫ ʠ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʥʠʟʚʦʜʥʦ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʫʩʪʘʥʦʚʠʪʠ ʜʘ ʣʠ ʙʨʘʥʘ 

ʟʘʜʦʚʦˀʘʚʘ ʢʨʠʪʝʨʠʿʫʤʝ ʧʨʠʭʚʘʪˀʠʚʦʛ ʨʠʟʠʢʘ.  

ʇʦʩʪʦʿʝ ʤʥʦʛʝ ʧʨʝʧʦʨʫʢʝ ʠ ʧʨʠʩʪʫʧʠ ʨʘʟʣʠʯʠʪʠʭ ʟʝʤʘˀʘ ʠ ʩʪʨʫʢʦʚʥʠʭ ʫʜʨʫʞʝˁʘ ʟʘ ʘʥʘʣʠʟʫ ʠ 

ʧʨʦʮʝʥʫ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʘ. ʇʨʠʤʝʨʠ ʪʝʭʥʠʯʢʝ ʨʝʛʫʣʘʪʠʚʝ ʢʦʿʘ ʩʝ ʙʘʚʠ ʩʠʛʫʨʥʦʰ˂ʫ ʙʨʘʥʘ 

ʜʦʣʘʟʝ ʠʟ ʩʣʝʜʝ˂ʠʭ ʦʨʛʘʥʠʟʘʮʠʿʘ: 

¶ ICOLD - International Commission on Large Dams [62], 

¶ USBR - United States Bureau of Reclamation [112], 

¶ USACE - United States Army Corps of Engineers [109], 

¶ FEMA - Federal Emergency Management Agency [36], 

¶ FRCOLD - French Committee on Dams and Reservoirs ʠ ʜʨ. 

ʊʘʢʦʹʝ, CEN (European Committee for Standardization) ʜʦʥʝʦ ʿʝ ɽʚʨʦʢʦʜ [33] ʩʪʘʥʜʘʨʜʝ ʯʠʿʘ ʩʝ 

ʦʩʥʦʚʥʘ ʥʘʯʝʣʘ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʠ ʟʘ ʘʥʘʣʠʟʫ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʘ. ʋ ʦʚʦʤ ʨʘʜʫ ɽʚʨʦʢʦʜ ʩʪʘʥʜʘʨʜ 

ʦʜʘʙʨʘʥ ʿʝ ʜʘ ʩʣʫʞʠ ʢʘʦ ʨʝʬʝʨʝʥʪʥʠ ʦʢʚʠʨ ʟʘ ʩʪʫʜʠʿʫ ʩʣʫʯʘʿʘ ʠʟʣʦʞʝʥʫ ʫ ʧʦʛʣʘʚˀʫ 6. 

ʇʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ ʠ ʧʨʦʮʝʥʘ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʝ ʦʩʣʘˁʘʿʫ ʩʝ ʥʘ ʩʧʨʦʚʦʹʝˁʝ, ʘʥʘʣʠʟʫ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʿʫ ʨʘʯʫʥʩʢʠʭ ʩʠʤʫʣʘʮʠʿʘ ʨʝʣʝʚʘʥʪʥʠʭ ʬʠʟʠʯʢʠʭ ʧʨʦʮʝʩʘ: ʭʠʜʨʘʫʣʠʯʢʠʭ 

(ʬʠʣʪʨʘʮʠʦʥʠʭ), ʪʝʨʤʠʯʢʠʭ (ʨʝʹʝ ʢʦʜ ʥʘʩʫʪʠʭ ʙʨʘʥʘ) ʠ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʿʩʢʠʭ, ʫʟʠʤʘʿʫ˂ʠ 
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ʧʨʠ ʪʦʤʝ ʫ ʦʙʟʠʨ ʠ ˁʠʭʦʚʫ ʠʥʪʝʨʘʢʮʠʿʫ. ʂʨʠʪʝʨʠʿʫʤʠ ʩʠʛʫʨʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʨʘʯʫʥʩʢʠʭ 

ʩʠʤʫʣʘʮʠʿʘ ʥʘʿʯʝʰ˂ʝ ʩʝ ʬʦʨʤʫʣʠʰʫ ʢʦʨʠʩʪʝ˂ʠ ʠʜʝʿʫ ʛʨʘʥʠʯʥʠʭ ʩʪʘˁʘ (ʝʥʛ. limit states)1 

ʦʙʿʘʰˁʝʥʫ ʫ ʦʧʰʪʝʤ ʩʤʠʩʣʫ ʫ ʥʘʩʪʘʚʢʫ ʠ ʜʝʪʘˀʥʠʿʝ ʫ ʧʦʛʣʘʚˀʫ 3.2.1. 

ɻʨʘʥʠʯʥʘ ʩʪʘˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ, ʫ ʢʦʥʪʝʢʩʪʫ ʧʨʦʮʝʥʝ ʩʠʛʫʨʥʦʩʪʠ, ʧʨʦʨʘʯʫʥʩʢʝ ʧʦʢʘʟʘʪʝˀʝ ʜʘ 

ʢʦʥʩʪʨʫʢʮʠʿʘ  ʥʠʿʝ ʚʠʰʝ ʫ ʩʪʘˁʫ ʜʘ ʦʜʛʦʚʦʨʠ ʧʨʦʨʘʯʫʥʩʢʠʤ ʟʘʭʪʝʚʠʤʘ. ʊʦ ʿʝ ʢʦʥʬʠʛʫʨʘʮʠʿʘ 

ʨʝʟʫʣʪʘʪʘ ʧʨʦʨʘʯʫʥʘ ʢʦʿʘ ʦʟʥʘʯʘʚʘ ʧʨʝʣʘʟ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠʟ ʧʨʠʭʚʘʪˀʠʚʦʛ (ʩʠʛʫʨʥʦʛ) ʫ 

ʥʝʧʨʠʭʚʘʪˀʠʚʦ (ʥʝʙʝʟʙʝʜʥʦ) ʩʪʘˁʝ. ɼʦʩʪʠʟʘˁʝ ʛʨʘʥʠʯʥʠʭ ʩʪʘˁʘ ʫ ʧʨʦʨʘʯʫʥʠʤʘ ʩʝ 

ʠʥʪʝʨʧʨʝʪʠʨʘ ʢʘʦ ʜʦʛʘʹʘʿ Ăʣʦʤʘñ ʠ ʩʣʫʞʠ ʢʘʦ ʦʩʥʦʚ ʟʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʩʠʛʫʨʥʦʩʪʠ. ʇʨʦʮʝʥʘ 

ʩʠʛʫʨʥʦʩʪʠ ʧʦʜʨʘʟʫʤʝʚʘ ʨʘʯʫʥʩʢʫ ʧʨʦʚʝʨʫ (ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʫ ʠʣʠ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʫ) ʜʘ ʣʠ 

ʢʦʥʩʪʨʫʢʮʠʿʘ ʠʩʧʫˁʘʚʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʨʠʪʝʨʠʿʫʤʝ ʩʠʛʫʨʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʘ ʛʨʘʥʠʯʥʘ ʩʪʘˁʘ.  

ʀʩʪʦʨʠʿʩʢʠ ʧʦʩʤʘʪʨʘʥʦ, ʧʨʦʮʝʥʘ ʩʠʛʫʨʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʿʘ ʦʩʣʘˁʘʣʘ ʩʝ ʫʛʣʘʚʥʦʤ ʥʘ 

ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʫ ʢʦʿʠʤʘ ʩʝ ʩʠʛʫʨʥʦʩʪ ʢʚʘʥʪʠʬʠʢʦʚʘʣʘ ʢʨʦʟ ʢʦʝʬʠʮʠʿʝʥʪʝ 

ʩʠʛʫʨʥʦʩʪʠ. ʂʦʝʬʠʮʠʿʝʥʪ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʝ (ʠʣʠ ʬʘʢʪʦʨ ʩʠʛʫʨʥʦʩʪʠ) ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ 

ʤʝʨʘ ʨʝʟʝʨʚʝ ʩʠʛʫʨʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ ʧʨʠ ʢʦʤʝ ʜʦʣʘʟʠ ʜʦ ʣʦʤʘ. ʋ ʩʣʫʯʘʿʫ 

ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʠ ʛʨʘʥʠʯʥʠʭ ʩʪʘˁʘ ʢʦʿʘ ʩʝ ʜʝʬʠʥʠʰʫ ʫ ʩʢʣʘʜʫ ʩʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʥʘʯʠʥʠʤʘ 

ʨʫʰʝˁʘ ʜʝʬʠʥʠʩʘʥʠʭ ʫ ʧʦʛʣʘʚˀʫ 2.1, ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʢʨʠʪʝʨʠʿʫʤʠ ʩʠʛʫʨʥʦʩʪʠ ʤʦʛʫ ʩʝ 

ʜʝʬʠʥʠʩʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ2: 

¶ ʋʥʫʪʨʘʰˁʘ ʝʨʦʟʠʿʘ (piping) ʿʘʚˀʘ ʩʝ ʢʘʜʘ ʭʠʜʨʘʫʣʠʯʢʠ ʛʨʘʜʠʿʝʥʪ ʢʨʦʟ ʪʝʣʦ ʙʨʘʥʝ ʠʣʠ 
ʪʝʤʝˀ ʧʨʝʤʘʰʠ ʢʨʠʪʠʯʥʫ ʚʨʝʜʥʦʩʪ ʧʨʠ ʢʦʿʦʿ ʩʪʨʫʿʘˁʝ ʢʨʦʟ ʧʦʨʝ ʤʦʞʝ ʜʘ ʧʦʢʨʝʥʝ 

ʯʝʩʪʠʮʝ ʪʣʘ. ʂʨʠʪʝʨʠʿʫʤ ʩʠʛʫʨʥʦʩʪʠ ʟʘ ʦʚʘʿ ʤʦʜʘʣʠʪʝʪ ʣʦʤʘ ʥʘʿʯʝʰ˂ʝ ʧʦʜʨʘʟʫʤʝʚʘ 

ʠʜʝʥʪʠʬʠʢʦʚʘˁʝ ʥʘʿʚʝ˂ʠʭ ʛʨʘʜʠʿʝʥʘʪʘ ʫ ʤʦʜʝʣʫ (ʟʘʩʥʦʚʘʥʦʤ ʥʘʿʯʝʰ˂ʝ ʥʘ ʤʝʪʦʜʠ 

ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ) ʠ ʧʦʨʝʹʝˁʝ ʩʘ ʢʨʠʪʠʯʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʟʘ ʧʦʿʝʜʠʥʝ ʤʘʪʝʨʠʿʘʣʝ ʫ 

ʪʝʣʫ ʙʨʘʥʝ. ʂʚʘʥʪʠʬʠʢʘʮʠʿʘ ʥʠʚʦʘ ʩʠʛʫʨʥʦʩʪʠ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʩʝ ʠʟʨʘʞʘʚʘ ʢʨʦʟ ʬʘʢʪʦʨ 

ʩʠʛʫʨʥʦʩʪʠ ʟʘ ʬʠʣʪʨʘʮʠʦʥʫ ʩʪʘʙʠʣʥʦʩʪ (ʫʥʫʪʨʘʰˁʫ ʝʨʦʟʠʿʫ) ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ 

ʢʨʠʪʠʯʥʦʛ ʠ ʧʨʦʨʘʯʫʥʘʪʦʛ ʛʨʘʜʠʿʝʥʪʘ ʠʣʠ ʤʘʨʛʠʥʫ ʩʠʛʫʨʥʦʩʪʠ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʨʘʟʣʠʢʫ 

ʢʨʠʪʠʯʥʦʛ ʠ ʧʨʦʨʘʯʫʥʘʪʦʛ ʛʨʘʜʠʿʝʥʪʘ. 

¶ ɻʣʦʙʘʣʥʘ ʩʪʘʙʠʣʥʦʩʪ ʙʨʘʥʝ ʧʨʝʜʩʪʘʚˀʘ ʤʦʜʘʣʠʪʝʪ ʣʦʤʘ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʬʦʨʤʠʨʘˁʝʤ 

ʢʣʠʟʥʝ ʧʦʚʨʰʠ ʫʩʣʝʜ ʧʨʝʢʦʨʘʯʝˁʘ ʯʚʨʩʪʦ˂ʝ ʤʘʪʝʨʠʿʘʣʘ ʫ ʪʝʣʫ ʙʨʘʥʝ ʠ/ʠʣʠ ʦʢʦʣʥʝ 

ʩʪʝʥʝ. ʂʨʠʪʝʨʠʿʫʤ ʩʠʛʫʨʥʦʩʪʠ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʟʘʚʠʩʠ ʦʜ ʦʜʘʙʨʘʥʝ ʧʨʦʨʘʯʫʥʩʢʝ ʤʝʪʦʜʝ 

(ʤʝʪʦʜʝ ʛʨʘʥʠʯʥʝ ʨʘʚʥʦʪʝʞʝ, ʤʝʪʦʜʘ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠʣʠ ʜʨʫʛʝ). ʂʚʘʥʪʠʬʠʢʘʮʠʿʘ 

ʩʠʛʫʨʥʦʩʪʠ ʠʟʨʘʞʘʚʘ ʩʝ ʢʨʦʟ ʬʘʢʪʦʨ ʩʠʛʫʨʥʦʩʪʠ ʟʘ ʛʣʦʙʘʣʥʫ ʩʪʘʙʠʣʥʦʩʪ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘ ʤʝʨʫ ʫʜʘˀʝʥʦʩʪʠ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʧʨʦʨʘʯʫʥʩʢʠʭ ʨʝʟʫʣʪʘʪʘ ʦʜ ʣʦʤʘ. ʋ ʩʢʣʘʜʫ 

ʩʘ ʦʜʘʙʨʘʥʦʤ ʧʨʦʨʘʯʫʥʩʢʦʤ ʤʝʪʦʜʦʤ, ʫʜʘˀʝʥʦʩʪ ʦʜ ʣʦʤʘ ʜʝʬʠʥʠʰʝ ʩʝ ʥʘ ʨʘʟʣʠʯʠʪʝ 

ʥʘʯʠʥʝ (ʚʠʜʝʪʠ ʧʦʛʣʘʚˀʝ 3.1.3 ʟʘ ʚʠʰʝ ʜʝʪʘˀʘ ʦ ʧʨʦʨʘʯʫʥʫ ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʝ 

ʧʨʠʤʝʥʦʤ ʄʂɽ). 

ʄʥʦʛʠ ʩʪʘʥʜʘʨʜʠ ʠ ʜʘʥʘʩ ʧʨʦʧʠʩʫʿʫ ʘʨʙʠʪʨʘʨʥʝ ʢʨʠʪʝʨʠʿʫʤʝ ʩʠʛʫʨʥʦʩʪʠ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʜʦʟʚʦˀʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ. . ʊʘʢʘʚ ʧʨʠʩʪʫʧ, ʠʘʢʦ ʧʨʠʤʝˁʝʥ ʫ ʤʥʦʛʠʤ 

ʧʨʘʢʪʠʯʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʥʝʤʘ ʫʪʝʤʝˀʝˁʝ ʫ ʤʘʪʝʤʘʪʠʯʢʦʤ ʘʧʘʨʘʪʫ ʥʠʪʠ ʠʤʘ ʿʘʩʥʫ 

ʤʝʪʦʜʦʣʦʰʢʫ ʧʦʟʘʜʠʥʫ. ʆʩʠʤ ʪʦʛʘ ʦʚʘʢʘʚ ʧʨʠʪʫʧ ʥʝ ʨʘʟʣʠʢʫʿʝ ʠ ʥʝ ʢʚʘʥʪʠʬʠʢʫʿʝ ʨʘʟʣʠʯʠʪʝ 

ʠʟʚʦʨʝ ʥʝʧʦʫʟʜʘʥʦʩʪʠ. ʌʘʢʪʦʨ ʩʠʛʫʨʥʦʩʪʠ (ʫ ʅ-ʪʝʦʨʠʿʠ) ʥʝ ʦʜʨʘʞʘʚʘ ʿʘʩʥʦ ʠ ʝʢʩʧʣʠʮʠʪʥʦ 

ʥʠʚʦ ʩʠʛʫʨʥʦʩʪʠ ʚʝ˂ ʿʝ ʫ ʧʠʪʘˁʫ ʨʝʣʘʪʠʚʥʘ ʤʝʨʘ ʩʠʛʫʨʥʦʩʪʠ. ʈʝʣʘʪʠʚʥʘ, ʿʝʨ ʿʝ ʜʝʬʠʥʠʩʘʥʘ 

ʠʩʢʫʩʪʚʝʥʦ ʥʘ ʦʩʥʦʚʫ ʠʩʪʦʨʠʿʩʢʠ ʜʦʢʫʤʝʥʪʦʚʘʥʠʭ ʨʫʰʝˁʘ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʋ ʜʨʫʛʦʿ ʧʦʣʦʚʠʥʠ 

ʧʨʦʰʣʦʛ ʚʝʢʘ, ʫ ʩʪʨʫʮʠ ʩʝ ʿʘʚˀʘ ʧʦʪʨʝʙʘ ʟʘ ʩʠʩʪʝʤʘʪʩʢʠʤ ʫʚʘʞʘʚʘˁʝʤ ʥʝʧʦʫʟʜʘʥʦʩʪʠ. ʊʦʢʦʤ 

1978. ʦʙʿʘʚˀʝʥʠ ʩʫ ʧʨʚʠ ʨʘʜʦʚʠ ʢʦʿʠ ʫʚʦʜʝ ʢʦʥʮʝʧʪ ʘʥʘʣʠʟʝ ʨʠʟʠʢʘ ʟʘ ʙʨʘʥʝ (Bowles ʠ ʜʨ. [66]). 

ʆʚʠ ʧʠʦʥʠʨʩʢʠ ʢʦʨʘʮʠ ʪʨʘʩʠʨʘʣʠ ʩʫ ʧʫʪ ʢʘ ʤʦʜʝʨʥʠʿʠʤ ʩʪʘʥʜʘʨʜʠʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʬʦʨʤʫʣʘʮʠʿʘ 

ʢʨʠʪʝʨʠʿʫʤʘ ʩʠʛʫʨʥʦʩʪʠ ʟʘʩʥʠʚʘ ʥʘ ʧʨʠʥʮʠʧʠʤʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʠ ʧʦʿʤʘ ʧʦʫʟʜʘʥʦʩʪʠ. 

 
1 ɻʨʘʥʠʯʥʘ ʩʪʘˁʘ ʢʦʿʘ ʩʝ ʚʝʟʿʫ ʟʘ ʧʦʿʘʤ ʩʠʛʫʨʥʦʩʪʠ ʥʘʟʠʚʘʿʫ ʩʝ ʛʨʘʥʠʯʥʘ ʩʪʘˁʘ ʥʦʩʠʚʦʩʪʠ.  
2 ʆʚʦ ʥʠʿʝ ʿʝʜʠʥʠ ʤʦʛʫ˂ʠ ʥʘʯʠʥ ʜʘ ʩʝ ʜʝʬʠʥʠʰʫ ʬʫʥʢʮʠʿʝ ʛʨʘʥʠʯʥʦʛ ʩʪʘˁʘ. 
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ɼʦʣʘʟʘʢ ʪʝʦʨʠʿʩʢʠʭ ʦʢʚʠʨʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʠ ʧʦʫʟʜʘʥʦʩʪʠ ʫ ʠʥʞʝˁʝʨʩʪʚʦ ʙʨʘʥʘ ʦʪʚʦʨʠʦ ʿʝ ʚʨʘʪʘ 

ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʫ ʤʝʪʦʜʘ ʟʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʩʠʛʫʨʥʦʩʪʠ ʢʦʿʝ ʩʝ ʥʘʟʠʚʘʿʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ 

ʘʥʘʣʠʟʝ. ʇʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʘ ʩʝ ʤʦʜʝʣʠʨʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʚʠʭ ʟʥʘʯʘʿʥʠʭ 

ʠʟʚʦʨʘ ʥʝʧʦʫʟʜʘʥʦʩʪʠ (ʧʘʨʘʤʝʪʨʠ ʧʦʥʘʰʘˁʘ ʪʣʘ, ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʜʨ.) ʠ ʧʨʦʨʘʯʫʥʩʢʠ ʜʦʙʠʿʝ 

ʤʝʨˀʠʚʘ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʚʝʨʦʚʘʪʥʦ˂ʠ ʦʪʢʘʟʘ ʠ ʠʥʜʝʢʩʫ ʧʦʫʟʜʘʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʢʦʿʠ ʧʦʩʪʘʿʫ 

ʥʦʚʘ ʤʝʨʘ ʩʠʛʫʨʥʦʩʪʠ. ʆʚʝ ʚʨʝʜʥʦʩʪʠ ʤʦʛʫ˂ʝ ʿʝ ʫʧʦʨʝʜʠʪʠ ʩʘ ʟʘʭʪʝʚʘʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʦʪʢʘʟʘ ʠʣʠ ʠʥʜʝʢʩʘ ʧʦʫʟʜʘʥʦʩʪʠ ʢʦʿʠ ʩʝ ʧʨʦʧʠʩʫʿʫ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʪʘʥʜʘʨʜʠʤʘ 

ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʪʝʦʨʠʿʠ ʧʦʫʟʜʘʥʦʩʪʠ. ISO ʩʪʘʥʜʘʨʜʠ (ʧʦʧʫʪ [67]) ʩʫ ʿʦʰ ʦʜ 1980-ʠʭ 

ʬʦʨʤʫʣʠʩʘʣʠ ʦʧʰʪʘ ʥʘʯʝʣʘ ʟʘ ʮʠˀʥʠ ʥʠʚʦ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʤʝʪʦʜʝ ʘʥʘʣʠʟʝ ʧʦʫʟʜʘʥʦʩʪʠ, ʯʠʤʝ 

ʩʫ ʧʦʩʪʘʚʠʣʠ ʪʝʦʨʠʿʩʢʫ ʦʩʥʦʚʫ ʟʘ ʩʘʚʨʝʤʝʥʝ ʢʨʠʪʝʨʠʿʫʤʝ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʘ. ɽʚʨʦʢʦʜ 

ʩʪʘʥʜʘʨʜʠ [33] ʪʘʢʦʹʝ ʧʨʦʧʠʩʫʿʫ ʮʠˀʘʥʝ ʠʥʜʝʢʩʝ ʧʦʫʟʜʘʥʦʩʪʠ ʢʘʦ ʢʨʦʚʥʝ ʢʨʠʪʝʨʠʿʫʤʝ 

ʩʠʛʫʨʥʦʩʪʠ.  

ʈʘʟʚʦʿ ʧʦʿʤʘ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʩʘʤʝ ʪʝʦʨʠʿʝ ʧʦʫʟʜʘʥʦʩʪʠ (ʝʥʛ. Reliability Theory) ʢʘʦ ʧʨʠʤʝˁʝʥʝ 

ʛʨʘʥʝ ʪʝʦʨʠʿʝ ʚʝʨʦʚʘʪʥʦ˂ʝ (ʚʠʜʝʪʠ ʧʦʛʣʘʚˀʝ 3.2) ʤʦʞʝ ʩʝ ʧʨʘʪʠʪʠ ʦʜ ʧʨʚʝ ʧʦʣʦʚʠʥʝ 20. ʚʝʢʘ, 

ʥʘʿʧʨʝ ʫ ʢʦʥʪʝʢʩʪʫ ʝʣʝʢʪʨʦʥʠʢʝ ʠ ʚʦʿʥʝ ʠʥʜʫʩʪʨʠʿʝ. ʊʝʦʨʠʿʘ ʧʦʫʟʜʘʥʦʩʪʠ ʿʝ ʜʦʙʠʣʘ ʟʥʘʯʘʿʘʥ 

ʟʘʤʘʭ ʧʝʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ, ʢʘʜʘ ʩʫ ʦʙʿʘʚˀʝʥʠ ʧʨʚʠ ʚʝʣʠʢʠ ʨʘʜʦʚʠ ʢʦʿʠ ʩʫ ʬʦʨʤʘʣʥʦ 

ʜʝʬʠʥʠʩʘʣʠ ʢʦʥʮʝʧʪʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʦʪʢʘʟʘ [11]. ʆʜ ʪʘʜʘ ʩʝ ʪʝʦʨʠʿʘ ʧʦʫʟʜʘʥʦʩʪʠ ʧʨʦʰʠʨʠʣʘ ʠ 

ʥʘ ʜʨʫʛʘ ʧʦʜʨʫʯja ʪʝʭʥʠʢʝ ï ʥʫʢʣʝʘʨʥʫ ʠʥʜʫʩʪʨʠʿʫ, ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʝ, ʤʘʰʠʥʩʪʚʦ ʠ, ʥʘʨʦʯʠʪʦ, 

ʛʨʘʹʝʚʠʥʘʨʩʪʚʦ ([71], [67]).  

ʋ ʩʘʚʨʝʤʝʥʦʿ ʠʥʞʝˁʝʨʩʢʦʿ ʧʨʘʢʩʠ, ʧʦʫʟʜʘʥʦʩʪ (ʝʥʛ. Reliability) ʢʦʥʩʪʨʫʢʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ 

ʢʨʦʚʥʠ ʧʦʿʘʤ ʢʦʿʠ ʫ ʩʝʙʝ ʫʢˀʫʯʫʿʝ ʧʦʿʤʦʚʝ ʩʠʛʫʨʥʦʩʪʠ, ʫʧʦʪʨʝʙˀʠʚʦʩʪʠ ʠ ʪʨʘʿʥʦʩʪʠ (ʫ ʥʦʚʠʿʝ 

ʚʨʝʤʝ ʩʚʝ ʚʠʰʝ ʫʢˀʫʯʫʿʝ ʠ ʧʦʿʤʦʚʝ ʧʦʧʫʪ ʨʝʟʠʣʠʿʝʥʪʥʦʩʪʠ ʠ ʨʦʙʫʩʪʥʦʩʪʠ). ʇʦʫʟʜʘʥʦʩʪ 

ʧʨʝʜʩʪʘʚˀʘ ʠʜʝʿʫ ʜʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʤʦʨʘ ʜʘ ʦʜʛʦʚʦʨʠ ʩʚʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʢʦʿʠ ʩʫ ʚʘʞʥʠ ʟʘ 

ˁʝʥʦ ʫʩʧʝʰʥʦ ʠ ʜʫʛʦʨʦʯʥʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʠ ʜʝʬʠʥʠʰʝ ʩʝ ʢʘʦ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʢʦʥʩʪʨʫʢʮʠʿʘ 

ʫ ʧʨʝʜʚʠʹʝʥʦʤ ʞʠʚʦʪʥʦʤ ʚʝʢʫ ʠʩʧʫʥʠʪʠ ʩʚʝ ʟʘʭʪʝʚʝ ʫ ʧʦʛʣʝʜʫ ʩʠʛʫʨʥʦʩʪʠ, ʫʧʦʪʨʝʙˀʠʚʦʩʪʠ ʠ 

ʪʨʘʿʥʦʩʪʠ ([67]).  

ʊʝʦʨʠʿʘ ʧʦʫʟʜʘʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘ ʩʚʦʿʝʚʨʩʥʠ ʤʘʪʝʤʘʪʠʯʢʠ Ăʧʦʣʠʛʦʥñ ʢʦʿʠ ʧʦʚʝʟʫʿʝ 

ʚʝʨʦʚʘʪʥʦ˂ʫ, ʩʪʘʪʠʩʪʠʢʫ ʠ ʠʥʞʝˁʝʨʩʢʫ ʧʨʘʢʩʫ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʫʩʧʦʩʪʘʚˀʘˁʝ ʦʙʿʝʢʪʠʚʥʠʭ, 

ʤʝʨˀʠʚʠʭ ʠ ʫʿʝʜʥʘʯʝʥʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʧʦʫʟʜʘʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʿʘ [67], ʫ ʢʦʿʝ ʩʝ ʫʙʨʘʿʘʿʫ ʠʟʤʝʹʫ 

ʦʩʪʘʣʦʛ ʠ ʢʨʠʪʝʨʠʿʫʤʠ ʩʠʛʫʨʥʦʩʪʠ3.  

ʆʩʥʦʚʥʠ ʧʨʠʥʮʠʧʠ ʧʦʫʟʜʘʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʿʘ ʧʨʠʤʝˁʝʥʠ ʫ ɽʚʨʦʢʦʜʫ ʩʫ ʦʧʠʩʘʥʠ ʫ 

ʩʪʘʥʜʘʨʜʠʤʘ EN 1990 [33] ʠ ISO 2394 [67]. ʀʟʙʦʨ ʥʠʚʦʘ ʧʦʫʟʜʘʥʦʩʪʠ, ʟʘʚʠʩʠ ʦʜ: 

¶ ʫʟʨʦʢʘ ʠ ʥʘʯʠʥʘ ʜʦʩʪʠʟʘˁʘ ʛʨʘʥʠʯʥʦʛ ʩʪʘˁʘ, 

¶ ʧʦʩʣʝʜʠʮʘ ʣʦʤʘ ʫ ʧʦʛʣʝʜʫ ʨʠʟʠʢʘ ʞʠʚʦʪʘ ʠ ʧʦʚʨʝʜʘ ˀʫʜʠ, ʢʘʦ ʠ ʧʦʪʝʥʮʠʿʘʣʥʠʭ 
ʝʢʦʥʦʤʩʢʠʭ ʛʫʙʠʪʘʢʘ, 

¶ ʪʨʦʰʢʦʚʘ ʠ ʧʦʩʪʫʧʘʢʘ ʥʝʦʧʭʦʜʥʠʭ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʧʦʿʘʚʝ ʣʦʤʘ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʥʘʚʝʜʝʥʝ ʧʘʨʘʤʝʪʨʝ, ɽʚʨʦʢʦʜ [33] ʜʝʬʠʥʠʰʝ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʢʣʘʩʝ ʧʨʝʤʘ 

ʧʦʩʣʝʜʠʮʘʤʘ CC (Consequences Classes), ʫ ʮʠˀʫ ʨʘʟʣʠʢʦʚʘˁʘ ʥʠʚʦʘ ʧʦʫʟʜʘʥʦʩʪʠ. 

 
3 ʇʦʨʝʜ ʢʨʠʪʝʨʠʿʫʤʘ ʩʠʛʫʨʥʦʩʪʠ ʧʦʩʪʦʿʝ ʠ ʜʝʬʠʥʠʩʘʥʠ ʢʨʠʪʝʨʠʿʫʤʠ ʫʧʦʪʨʝʙˀʠʚʦʩʪʠ ʠ ʪʨʘʿʥʦʩʪʠ ʢʦʿʠ ʤʦʨʘʿʫ 

ʙʠʪʠ ʟʘʜʦʚʦˀʝʥʠ ʜʘ ʙʠ ʢʦʥʩʪʨʫʢʮʠʿʘ ʙʠʣʘ ʧʦʫʟʜʘʥʘ. ʆʚʠ ʢʨʠʪʝʨʠʿʫʤʠ ʚʝʟʫʿʫ ʩʝ ʟʘ ʛʨʘʥʠʯʥʘ ʩʪʘˁʘ 

ʫʧʦʪʨʝʙˀʠʚʦʩʪʠ ʠ ʪʨʘʿʥʦʩʪʠ. ʋ ʨʘʥʠʿʠʤ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠʤ ʘʥʘʣʠʟʘʤʘ, ʦʚʠ ʢʨʠʪʝʨʠʿʫʤʠ ʩʫ ʪʘʢʦʹʝ ʙʠʣʠ 

ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʜʝʬʠʥʠʩʘʥʠ.  
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ʊʘʙʝʣʘ 2-1 ɼʝʬʠʥʠʮʠʿʘ ʢʣʘʩʘ ʧʨʝʤʘ ʧʦʩʣʝʜʠʮʘʤʘ (CC ï Consequences Class) [33] 

ʂʣʘʩʘ ʧʨʝʤʘ 

ʧʦʩʣʝʜʠʮʘʤʘ 
ʆʧʠʩ 

ʇʨʠʤʝʨʠ ʟʛʨʘʜʘ ʠ ʠʥʞʝˁʝʨʩʢʦ 

ʛʨʘʹʝʚʠʥʩʢʠʭ ʦʙʿʝʢʘʪʘ 

CC3 

ɺʝʣʠʢʝ ʧʦʩʣʝʜʠʮʝ ʟʘ ʛʫʙʠʪʘʢ ˀʫʜʩʢʠʭ 

ʞʠʚʦʪʘ, ʠʣʠ ʚʨʣʦ ʚʝʣʠʢʝ ʝʢʦʥʦʤʩʢʝ ʠ 

ʩʦʮʠʿʘʣʥʝ ʧʦʩʣʝʜʠʮʝ, ʠʣʠ ʧʦʩʣʝʜʠʮʝ ʧʦ 

ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ 

ʊʨʠʙʠʥʝ, ʿʘʚʥʝ ʟʛʨʘʜʝ ʢʦʜ ʢʦʿʠʭ ʩʫ 

ʧʦʩʣʝʜʠʮʝ ʣʦʤʘ ʚʝʣʠʢʝ (ʥʘ ʧʨʠʤʝʨ 

ʢʦʥʮʝʨʪʥʘ ʜʚʦʨʘʥʘ) 

CC2 

ʉʨʝʜˁʝ ʧʦʩʣʝʜʠʮʝ ʟʘ ʛʫʙʠʪʘʢ ˀʫʜʩʢʠʭ 

ʞʠʚʦʪʘ, ʟʥʘʯʘʿʥʝ ʝʢʦʥʦʤʩʢʝ ʠ ʩʦʮʠʿʘʣʥʝ 

ʧʦʩʣʝʜʠʮʝ, ʠʣʠ ʧʦʩʣʝʜʠʮʝ ʧʦ ʞʠʚʦʪʥʫ 

ʩʨʝʜʠʥʫ 

ʉʪʘʤʙʝʥʝ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʝ ʟʛʨʘʜʝ, ʿʘʚʥʝ 

ʟʛʨʘʜʝ ʢʦʜ ʢʦʿʠʭ ʩʫ ʧʦʩʣʝʜʠʮʝ ʣʦʤʘ ʩʨʝʜˁʝ 

(ʥʘ ʧʨʠʤʝʨ ʘʜʤʠʥʠʩʪʨʘ-ʪʠʚʥʘ ʟʛʨʘʜʘ) 

CC1 

ʄʘʣʝ ʧʦʩʣʝʜʠʮʝ ʟʘ ʛʫʙʠʪʘʢ ˀʫʜʩʢʠʭ ʞʠʚʦʪʘ, 

ʢʘʦ ʠ ʤʘʣʝ ʠʣʠ ʟʘʥʝʤʘʨˀʠʚʝ ʝʢʦʥʦʤʩʢʝ ʠ 

ʩʦʮʠʿʘʣʥʝ ʧʦʩʣʝʜʠʮʝ, ʠʣʠ ʧʦʩʣʝʜʠʮʝ ʧʦ 

ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ 

ʇʦˀʦʧʨʠʚʨʝʜʥʝ ʟʛʨʘʜʝ ʫ ʢʦʿʝ ˀʫʜʠ 

ʥʦʨʤʘʣʥʦ ʥʝ ʫʣʘʟʝ (ʥʘ ʧʨʠʤʝʨ ʟʛʨʘʜʝ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ), ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ 

ɼʠʨʝʢʪʥʦ ʫ ʚʝʟʠ ʩʘ ʢʣʘʩʘʤʘ ʧʨʝʤʘ ʧʦʩʣʝʜʠʮʘʤʘ, ʜʝʬʠʥʠʩʘʥʝ ʩʫ ʠ ʢʣʘʩʝ ʧʦʫʟʜʘʥʦʩʪʠ RC 

(Reliability Classes) ʟʘ ʢʦʿʝ ʿʝ ʤʝʨʘ ʧʦʫʟʜʘʥʦʩʪʠ ʠʟʨʘʞʝʥʘ ʧʦʤʦ˂ʫ ʟʘʭʪʝʚʘʥʦʛ ʠʥʜʝʢʩʘ 

ʧʦʫʟʜʘʥʦʩʪʠ ɓ. ɼʝʪʘˀʥʠʿʠ ʧʨʝʛʣʝʜ ʠ ʦʙʿʘʰˁʝˁʝ ʦʩʥʦʚʥʠʭ ʧʦʿʤʦʚʘ ʪʝʦʨʠʿʝ ʧʦʫʟʜʘʥʦʩʪʠ, 

ʫʢˀʫʯʫʿʫ˂ʠ ʠʥʜʝʢʩ ʧʦʫʟʜʘʥʦʩʪʠ ɓ ʠ ʚʝʨʦʚʘʪʥʦ˂ʫ ʣʦʤʘ ὖ, ʜʘʪ ʿʝ ʫ ʧʦʛʣʘʚˀʫ 3.2.1.   

ʋ ʩʣʝʜʝ˂ʦʿ ʪʘʙʝʣʠ ʜʘʪʝ ʩʫ ʚʝʟʝ ʠʟʤʝʹʫ ʢʣʘʩʘ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʚʨʝʜʥʦʩʪʠ ʠʥʜʝʢʩʘ ʧʦʫʟʜʘʥʦʩʪʠ ʟʘ 

ʨʘʟʣʠʯʠʪʝ ʨʝʬʝʨʝʥʪʥʝ ʧʝʨʠʦʜʝ ʟʘ ʛʨʘʥʠʯʥʘ ʩʪʘˁʘ ʥʦʩʠʚʦʩʪʠ. 

ʊʘʙʝʣʘ 2-2 ʇʨʝʧʦʨʫʯʝʥʝ ʥʘʿʤʘˁʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʠʥʜʝʢʩ ʧʦʫʟʜʘʥʦʩʪʠ ɓ (ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ 

ʥʦʩʠʚʦʩʪʠ)4 [33] 

ʂʣʘʩʘ ʧʨʝʤʘ 

ʧʦʫʟʜʘʥʦʩʪʠ 

ʅʘʿʤʘˁʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ♫ 

ʈʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ 

1 ʛʦʜʠʥʘ 

ʈʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ 

50 ʛʦʜʠʥʘ 

RC3 5,2 4,3 

RC2 4,7 3,8 

RC1 4,2 3,3 

ʀʥʜʝʢʩ ʧʦʫʟʜʘʥʦʩʪʠ ‍ ʿʝ ʬʫʥʢʮʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʣʦʤʘ ὖ: 

ὖ ‰ ‍ [1]    

ʛʜʝ ʿʝ ‰ ʬʫʥʢʮʠʿʘ ʢʫʤʫʣʘʪʠʚʥʝ ʨʘʩʧʦʜʝʣʝ ʟʘ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʫ ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ. ʅʝʛʘʪʠʚʘʥ 

ʧʨʝʜʟʥʘʢ ʩʝ ʫʚʦʜʠ ʜʘ ʙʠ ʠʥʜʝʢʩ ‍ ʙʠʦ ʧʦʟʠʪʠʚʘʥ ʟʘ ὖ πȟυ. ɺʝʟʘ ʠʟʤʝʹʫ ὖ ʠ ‍ ʧʨʠʢʘʟʘʥʘ ʿʝ 

ʫ ʩʣʝʜʝ˂ʦʿ ʪʘʙʝʣʠ: 

ʊʘʙʝʣʘ 2-3 ɺʝʟʘ ʠʟʤʝʹʫ ʠʥʜʝʢʩʘ ʧʦʫʟʜʘʥʦʩʪʠ ‍ ʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʣʦʤʘ ὖ [33] 

╟█ 10-1 10-2 10-3 10-4 10-5 10-6 10-7 

♫ 1,28 2,32 3,09 3,72 4,27 4,75 5,20 

ʅʘʩʫʪʝ ʙʨʘʥʝ ʩʧʘʜʘʿʫ ʫ ʦʙʿʝʢʪʝ ʩʘ ʚʝʦʤʘ ʚʝʣʠʢʠʤ ʧʦʩʣʝʜʠʮʘʤʘ ʦʪʢʘʟʘ (ʛʫʙʠʪʘʢ ʞʠʚʦʪʘ, ʦʛʨʦʤʥʘ 

ʤʘʪʝʨʠʿʘʣʥʘ ʰʪʝʪʘ ʠ ʫʪʠʮʘʿ ʥʘ ʦʢʦʣʠʥʫ) ʧʘ ʩʝ ʦʙʠʯʥʦ ʩʚʨʩʪʘʚʘʿʫ ʫ ʥʘʿʚʠʰʫ ʢʣʘʩʫ ʧʦʫʟʜʘʥʦʩʪʠ 

RC3. ɿʘ ʪʘʢʚʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʟʘʭʪʝʚʘ ʩʝ ʠʟʫʟʝʪʥʦ ʤʘʣʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʦʪʢʘʟʘ, ʰʪʦ ʦʜʛʦʚʘʨʘ ʚʠʩʦʢʦʿ 

ʚʨʝʜʥʦʩʪʠ ʠʥʜʝʢʩʘ ɓ. ʅʘ ʧʨʠʤʝʨ, ʟʘ ʢʦʥʩʪʨʫʢʮʠʿʝ RC3 ʢʦʿʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʚʝʣʠʢʠ ʨʠʟʠʢ ʧʦ 

ʞʠʚʦʪʝ ʠ ʠʤʦʚʠʥʫ (ʧʦʧʫʪ ʙʨʘʥʘ), ɽʚʨʦʢʦʜ ʧʨʝʧʦʨʫʯʫʿʝ ɓå4,3 ʟʘ ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ ʦʜ 50 

ʛʦʜʠʥʘ. ɼʘʢʣʝ, ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʝ, ʧʨʝʤʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʤ ʢʨʠʪʝʨʠʿʫʤʫ, ʩʤʘʪʨʘ ʜʦʚʦˀʥʦ 

ʩʠʛʫʨʥʦʤ ʘʢʦ ʿʝ ʧʨʦʨʘʯʫʥʩʢʠ ʠʥʜʝʢʩ ʧʦʫʟʜʘʥʦʩʪʠ ɓʧʦʩʪʠʛʥʫʪʦ Ó ɓʟʘʭʪʝʚʘʥʦ (ʥʧʨ. Ó4,3 ʟʘ RC3) ʟʘ ʩʚʘ 

 
4 ɻʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʠʥʜʝʢʩʘ ʧʦʫʟʜʘʥʦʩʪʠ ʜʝʬʠʥʠʩʘʥʝ ʩʫ ʠ ʟʘ ʛʨʘʥʠʯʥʘ ʩʪʘˁʘ ʫʧʦʪʨʝʙˀʠʚʦʩʪʠ, ʘʣʠ ʦʥʘ ʥʠʩʫ ʫ 

ʬʦʢʫʩʫ ʦʚʦʛ ʨʘʜʘ. 
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ʨʘʟʤʘʪʨʘʥʘ ʛʨʘʥʠʯʥʘ ʩʪʘˁʘ. ɼʦʢʘʟʠ ʛʨʘʥʠʯʥʠʭ ʩʪʘˁʘ ʤʦʨʘʿʫ ʜʘ ʩʝ ʩʧʨʦʚʝʜʫ ʟʘ ʩʚʝ ʨʝʣʝʚʘʥʪʥʝ 

ʧʨʦʨʘʯʫʥʩʢʝ ʩʠʪʫʘʮʠʿʝ ʠ ʢʦʤʙʠʥʘʮʠʿʝ ʦʧʪʝʨʝ˂ʝˁʘ [33]. 

ɽʚʨʦʢʦʜ ʝʢʩʧʣʠʮʠʪʥʦ ʥʘʚʦʜʠ ʜʘ ʩʝ ʟʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʩʘ ʚʠʩʦʢʠʤ ʨʠʟʠʢʦʤ ʠ ʥʝʪʠʧʠʯʥʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʧʨʝʧʦʨʫʯʫʿʝ ʧʨʠʤʝʥʘ ʧʨʘʚʝ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ. ʆʚʦ ʧʦʩʝʙʥʦ ʚʘʞʠ ʟʘ 

ʦʙʿʝʢʪʝ ʢʘʦ ʰʪʦ ʩʫ ʥʘʩʫʪʝ ʙʨʘʥʝ ʚʝʣʠʢʠʭ ʜʠʤʝʥʟʠʿʘ, ʛʜʝ ʧʦʪʝʥʮʠʿʘʣʥʠ ʦʪʢʘʟ ʤʦʞʝ ʠʤʘʪʠ 

ʢʘʪʘʩʪʨʦʬʘʣʥʝ ʧʦʩʣʝʜʠʮʝ.  

ʇʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ ʦʤʦʛʫ˂ʘʚʘ ʨʝʘʣʠʩʪʠʯʥʠʿʫ ʧʨʦʮʝʥʫ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʘ ʦʜ 

ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦʛ, ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʠʟʤʝʹʫ ʦʩʪʘʣʦʛ ʥʘ ʧʠʪʘˁʘ ʢʦʣʠʢʘ ʿʝ ʨʝʘʣʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ 

ʦʪʢʘʟʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʨʦʨʘʯʫʥʩʢʝ ʩʮʝʥʘʨʠʿʝ ʠ ʢʘʢʦ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʘʨʘʤʝʪʘʨʘ ʫʪʠʯʝ ʥʘ 

ʩʠʛʫʨʥʦʩʪ ʙʨʘʥʝ. ʆʚʘʿ ʨʘʜ ʙʘʚʠ ʩʝ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠʤ ʘʥʘʣʠʟʘʤʘ ʩʠʛʫʨʥʦʩʪʠ ʥʘʩʫʪʠʭ ʙʨʘʥʘ (ʫʟ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ), ʠ ʢʘʦ ʪʘʢʘʚ ʩʝ ʦʩʣʘˁʘ ʥʘ ʢʨʠʪʝʨʠʿʫʤʝ ʩʠʛʫʨʥʦʩʪʠ ʫ 

ʩʚʦʿʦʿ ʦʩʥʦʚʥʦʿ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʿ ʬʦʨʤʫʣʘʮʠʿʠ.  

2.3 ʋʣʦʛʘ ʪʝʭʥʠʯʢʦʛ ʦʩʤʘʪʨʘˁʘ ʫ ʫʧʨʘʚˀʘˁʫ ʩʠʛʫʨʥʦʰ˂ʫ ʙʨʘʥʘ 

ɹʨʠʛa ʦ ʙʝʟʙʝʜʥʦʩʪʠ ʙʨʘʥʝ ʥʝ ʧʨʝʩʪʘʿʝ ʥʘʢʦʥ ˁʝʥʝ ʠʟʛʨʘʜˁʝ, ʚʝ˂ ʩʝ ʥʘʩʪʘʚˀʘ ʪʦʢʦʤ ˁʝʥʦʛ 

ʯʠʪʘʚʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ. ʂʦʥʪʠʥʫʠʨʘʥʦ ʦʩʤʘʪʨʘˁʝ ʠ ʘʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ ʦ ʧʦʥʘʰʘˁʫ ʙʨʘʥʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʨʠʪʠʯʘʥ ʘʩʧʝʢʪ ʦʜʨʞʘʚʘˁʘ ˁʝʥʝ ʙʝʟʙʝʜʥʦʩʪʠ. ʉʘʚʨʝʤʝʥʝ ʙʨʘʥʝ ʩʫ ʦʧʨʝʤˀʝʥʝ 

ʙʨʦʿʥʠʤ ʠʥʩʪʨʫʤʝʥʪʠʤʘ ʠ ʧʦʜʣʝʞʫ ʨʝʜʦʚʥʠʤ ʚʠʟʫʝʣʥʠʤ ʧʨʝʛʣʝʜʠʤʘ ʢʘʢʦ ʙʠ ʩʝ ʙʣʘʛʦʚʨʝʤʝʥʦ 

ʫʦʯʠʣʝ ʧʨʦʤʝʥʝ ʫ ʢʦʥʩʪʨʫʢʮʠʿʠ. ʊʘʯʥʦ ʠʜʝʥʪʠʬʠʢʦʚʘˁʝ ʠ ʜʝʬʠʥʠʩʘˁʝ ʪʨʝʥʜʦʚʘ ʫ ʧʦʜʘʮʠʤʘ 

ʦʩʤʘʪʨʘˁʘ ʠ ʧʨʘ˂ʝˁʝ ˁʠʭʦʚʦʛ ʨʘʟʚʦʿʘ ʦʜ ʩʫʰʪʠʥʩʢʝ ʿʝ ʚʘʞʥʦʩʪʠ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʙʨʘʥʝ. 

ʇʘʞʠˀʚʠʤ ʘʥʘʣʠʟʘʤʘ ʠʟʤʝʨʝʥʠʭ ʧʦʜʘʪʘʢʘ ʢʨʦʟ ʚʨʝʤʝ ʤʦʞʝ ʩʝ ʜʝʪʝʢʪʦʚʘʪʠ ʤʦʛʫ˂ʝ ʢʨʠʪʠʯʥʦ 

ʩʪʘˁʝ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʙʨʘʥʝ. ʉʫʧʨʦʪʥʦ ʪʦʤʝ, ʠʟʤʝʨʝʥʠ ʧʦʜʘʮʠ ʤʦʛʫ ʙʠʪʠ ʩʨʝʜʩʪʚʦ ʢʦʿʠʤ ʩʝ 

ʧʦʪʚʨʹʫʿʝ ʫʦʙʠʯʘʿʝʥʦ ʩʪʘˁʝ ʙʨʘʥʝ, ʢʦʿʝ ʥʝ ʟʘʭʪʝʚʘ ʤʝʨʝ ʩʘʥʘʮʠʿʝ [61]. 

ʉʠʛʫʨʥʦʩʪ ʙʨʘʥʝ ʩʝ ʤʦʨʘ ʧʦʩʤʘʪʨʘʪʠ ʠ ʘʥʘʣʠʟʠʨʘʪʠ ʢʨʦʟ ʠʥʪʝʛʨʘʣʥʦ ʩʘʛʣʝʜʘʚʘˁʝ ʩʚʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ ʠ ʨʝʟʫʣʪʘʪʘ ʦ ʧʦʥʘʰʘˁʫ ʙʨʘʥʝ ʪʦʢʦʤ ˁʝʥʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ [63]. ʋ ʬʘʟʠ 

ʧʨʦʿʝʢʪʦʚʘˁʘ, ʤʥʦʛʠ ʬʘʢʪʦʨʠ ʠ ʧʘʨʘʤʝʪʨʠ ʩʝ ʧʨʝʪʧʦʩʪʘʚˀʘʿʫ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʨʠʰ˂ʝʥʝ 

ʤʘʪʝʨʠʿʘʣʝ, ʧʦʥʘʰʘˁʝ ʙʨʘʥʝ ʧʦʜ ʧʨʝʜʚʠʹʝʥʠʤ ʦʧʪʝʨʝ˂ʝˁʠʤʘ, ʫʩʣʦʚʝ ʪʝʤʝˀʝˁʘ ʠ ʧʦʥʘʰʘˁʝ 

ʪʝʤʝˀʘ ʫ ʪʦʢʫ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ʋ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʤʘʪʝʨʠʿʘʣʠ ʩʝ ʠʩʧʠʪʫʿʫ ʫ ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ, ʘ 

ʧʨʦʿʝʢʪʠ ʩʫ ʟʘʩʥʦʚʘʥʠ ʥʘ ʧʨʦʨʘʯʫʥʠʤʘ ʜʘ ˂ʝ ʙʨʘʥʘ ʠ ʪʝʤʝˀ ʜʝʣʦʚʘʪʠ ʫ ʦʢʚʠʨʫ ʧʦʩʪʘʚˀʝʥʠʭ 

ʧʨʝʪʧʦʩʪʘʚʢʠ, ʠʩʧʫˁʘʚʘʿʫ˂ʠ ʟʘʭʪʝʚʘʥʝ ʤʝʨʝ ʩʠʛʫʨʥʦʩʪʠ. ʋ ʩʪʚʘʨʥʠʤ ʫʩʣʦʚʠʤʘ, ʫʚʝʢ ʧʦʩʪʦʿʝ 

ʚʝʣʠʢʝ ʚʘʨʠʿʘʮʠʿʝ ʫ ʩʚʦʿʩʪʚʠʤʘ ʤʘʪʝʨʠʿʘʣʘ ʠ ʢʦʥʩʪʨʫʢʮʠʿʩʢʦʤ ʧʦʥʘʰʘˁʫ ʙʨʘʥʝ, ʰʪʦ ʜʦʚʦʜʠ 

ʜʦ ʫʩʣʦʚʘ ʢʦʿʠ ʦʜʩʪʫʧʘʿʫ ʦʜ ʧʨʚʦʙʠʪʥʠʭ ʧʨʝʪʧʦʩʪʘʚʢʠ. ʊʘʢʦʹʝ, ʥʝʘʜʝʢʚʘʪʥʦ ʧʦʟʥʘʚʘˁʝ ʪʝʤʝˀʘ, 

ʢʘʦ ʨʝʟʫʣʪʘʪ ʥʝʜʦʚʦˀʥʠʭ ʛʝʦʣʦʰʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʠʣʠ ʧʦʛʨʝʰʥʦʛ ʪʫʤʘʯʝˁʘ ʠ ʥʝʦʜʛʦʚʘʨʘʿʫ˂ʝʛ 

ʪʨʝʪʤʘʥʘ, ʜʦʚʦʜʠ ʜʦ ʥʝʞʝˀʝʥʠʭ ʙʝʟʙʝʜʥʦʩʥʠʭ ʧʨʦʙʣʝʤʘ ʙʨʘʥʝ. ʇʦʩʪʦʿʝ˂ʝ ʠʩʢʫʩʪʚʦ ʫ ʚʝʟʠ 

ʦʩʤʘʪʨʘˁʘ ʙʨʘʥʘ ʟʘʿʝʜʥʦ ʩʘ ʧʦʟʥʘʚʘˁʝʤ ʤʝʭʘʥʠʢʝ ʪʣʘ ʠ ʩʪʝʥʘ, ʢʘʦ ʠ ʠʩʢʫʩʪʚʘ ʠʟʚʫʯʝʥʘ ʠʟ 

ʤʥʦʛʠʭ ʦʪʢʘʟʘ ʙʨʘʥʘ, ʜʦʚʝʣʠ ʩʫ ʜʦ ʧʦʿʘʚʝ ʠ ʥʘʧʨʝʪʢʘ ʠʥʩʪʨʫʤʝʥʪʘʣʥʦʛ ʥʘʜʟʦʨʘ ʠ ʪʝʭʥʦʣʦʰʢʠʭ 

ʠʥʦʚʘʮʠʿʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ. ʇʦʜʘʮʠ ʢʦʿʠ ʩʝ ʩʘʜʘ ʜʦʙʠʿʘʿʫ ʩʘ ʤʝʨʥʠʭ ʠʥʩʪʨʫʤʝʥʘʪʘ ʩʫ ʝʣʝʢʪʨʦʥʩʢʠ 

ʩʘ ʘʫʪʦʤʘʪʩʢʠʤ ʦʯʠʪʘʚʘˁʝʤ, ʰʪʦ ʦʤʦʛʫ˂aʚʘ ˁʠʭʦʚʦ ʧʨʝʥʦʰʝˁʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʫ ʮʝʥʪʨʝ 

ʟʘ ʜʘˀʠʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʙʝʟʙʝʜʥʦʰ˂ʫ ʙʨʘʥʘ. ʄʝʹʫʪʠʤ, ʠʘʢʦ ʿʝ ʜʦʰʣʦ ʜʦ ʚʝʣʠʢʦʛ ʥʘʧʨʝʪʢʘ ʫ 

ʧʨʠʢʫʧˀʘˁʫ ʧʦʜʘʪʘʢʘ, ʦʙʨʘʜʠ ʠ ʪʝʭʥʠʢʘʤʘ ʤʝʨʝˁʘ, ʬʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʙʨʘʥʝ 

ʠʣʠ ʠʥʜʠʢʘʪʦʨʠ ʫʯʠʥʢʘ ʥʠʩʫ ʩʝ ʧʨʦʤʝʥʠʣʠ, ʩʪʘʚˀʘʿʫ˂ʠ ʚʝ˂ʠ ʥʘʛʣʘʩʘʢ ʥʘ ʚʘʞʥʦʩʪ ʥʘʜʟʦʨʘ 

ʤʝʨʥʠʭ ʠʥʩʪʨʫʤʝʥʘʪʘ ʢʘʦ ʿʝʜʥʦʛ ʦʜ ʟʘʰʪʠʪʥʠʭ ʤʝʭʘʥʠʟʘʤʘ ʟʘ ʩʠʛʫʨʥʦʩʪ ʙʨʘʥʝ [61]. 

ɺʝʣʠʯʠʥʝ ʢʦʿʝ ʩʝ ʦʩʤʘʪʨʘʿʫ ʥʘ ʩʘʤʠʤ ʙʨʘʥʘʤʘ, ʜʠʨʝʢʪʥʦ ʧʦʢʘʟʫʿʫ ʦʜʛʦʚʦʨ ʢʦʥʩʪʨʫʢʮʠʿʝ ʥʘ 

ʩʧʦˀʘʰˁʝ ʫʪʠʮʘʿʝ, ʠʟʨʘʞʘʚʘʿʫ˂ʠ ʥʘʿʧʨʝ ˁʝʥʦ ʧʦʤʝʨʘˁʝ ʢʘʦ ʮʝʣʠʥʝ ʠ ʧʨʦʤʝʥʫ ʫʥʫʪʨʘʰˁʝʛ 

ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ. ʆʚʝ ʩʫ ʚʝʣʠʯʠʥʝ ʥʘʿʪʝʩʥʠʿʝ ʧʦʚʝʟʘʥʝ ʩʘ ʧʨʠʤʝˁʝʥʠʤ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʩʠʩʪʝʤʦʤ, ʢʘʦ ʠ ʩʘ ʩʪʘˁʝʤ ˁʝʛʦʚʝ ʥʦʩʠʚʦʩʪʠ ʠ ʫʧʦʪʨʝʙˀʠʚʦʩʪʠ. ʀʟʙʦʨ 

ʚʝʣʠʯʠʥʘ ʢʦʿʝ ʪʨʝʙʘ ʧʨʘʪʠʪʠ ʠ ʤʝʨʠʪʠ ʥʘ ʩʚʘʢʦʤ ʧʦʿʝʜʠʥʘʯʥʦʤ ʦʙʿʝʢʪʫ ʥʠʿʝ ʤʦʛʫ˂ʝ 

ʫʥʠʚʝʨʟʘʣʥʦ ʜʝʬʠʥʠʩʘʪʠ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʦʥ ʟʘʚʠʩʠ ʦʜ ʤʥʦʛʦ ʯʝʛʘ: ʚʨʩʪʝ ʢʦʥʩʪʨʫʢʮʠʿʝ, ˁʝʥʠʭ 

ʜʠʤʝʥʟʠʿʘ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʨʝʥʘ, ʧʦʩʣʝʜʠʮʘ ʝʚʝʥʪʫʘʣʥʦʛ ʨʫʰʝˁʘ ʠ ʩʣ. ʋ ʪʦʤ ʩʤʠʩʣʫ, ʩʚʘʢʠ 
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ʩʠʩʪʝʤ ʦʩʤʘʪʨʘˁʘ ʿʝ ʧʦʩʝʙʘʥ ʠ ʦʜʥʦʩʠ ʩʝ ʥʘ ʿʝʜʥʫ ʦʜʨʝʹʝʥʫ ʙʨʘʥʫ, ʦʜʨʝʹʝʥʦʛ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛ 

ʪʠʧʘ, ʦʜʨʝʹʝʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʫʥʜʘʤʝʥʪʘ ʠ ʜʨ. [61] 

ɿʘ ʩʚʘʢʫ ʚʝʣʠʢʫ ʙʨʘʥʫ ʩʫ, ʧʦ ʧʨʘʚʠʣʫ, ʫ ʩʢʣʦʧʫ ʧʨʦʿʝʢʪʘ ʩʠʩʪʝʤʘ ʟʘ ʪʝʭʥʠʯʢʦ ʦʩʤʘʪʨʘˁʝ ʜʘʪʝ 

ʚʨʩʪʝ ʤʝʨʝˁʘ, ʙʨʦʿ ʠ ʣʦʢʘʮʠʿʘ ʤʝʨʥʠʭ ʤʝʩʪʘ, ʥʘʯʠʥ ʠ ʜʠʥʘʤʠʢʘ ʚʨʰʝˁʘ ʤʝʨʝˁʘ ʠ ʧʨʠʢʫʧˀʘˁʘ 

ʧʦʜʘʪʘʢʘ, ʧʨʠʥʮʠʧ ʨʘʜʘ ʤʝʨʥʝ ʦʧʨʝʤʝ ʠ ʦʩʪʘʣʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʟʚʝʜʝʥʦʛ ʩʠʩʪʝʤʘ ʪʝʭʥʠʯʢʦʛ 

ʦʩʤʘʪʨʘˁʘ ʙʨʘʥʝ ʠ ˁʝʥʦʛ ʦʢʨʫʞʝˁʘ [63]. ʋ ʩʣʫʯʘʿʫ ʜʘ ʧʨʦʿʝʢʘʪ ʩʠʩʪʝʤʘ ʟʘ ʪʝʭʥʠʯʢʦ ʦʩʤʘʪʨʘˁʝ 

ʥʠʿʝ ʠʟʨʘʹʝʥ, ʦʥʜʘ ʩʝ ʥʘʚʝʜʝʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʦʛʫ ʥʘ˂ʠ ʫ ʧʨʦʿʝʢʪʥʦʿ ʜʦʢʫʤʝʥʪʘʮʠʿʠ ʟʘ 

ʠʟʚʦʹʝˁʝ ʠʣʠ ʫ ʛʣʘʚʥʦʿ ʧʨʦʿʝʢʪʥʦʿ ʜʦʢʫʤʝʥʪʘʮʠʿʠ. 

ʋ ʩʣʝʜʝ˂ʦʿ ʪʘʙʝʣʠ ʩʫ ʜʘʪʝ ʚʨʩʪʝ ʤʝʨʝˁʘ ʫ ʩʢʣʦʧʫ ʪʝʭʥʠʯʢʦʛ ʦʩʤʘʪʨʘˁʘ ʚʝʣʠʢʠʭ ʙʨʘʥʘ ʩʘ 

ˁʠʭʦʚʠʤ ʦʢʨʫʞʝˁʝʤ [61]. ʅʘʚʝʜʝʥʦ ʿʝ ʢʦʿʝ ʩʝ ʤʝʨʥʝ ʚʝʣʠʯʠʥʝ ʦʩʤʘʪʨʘʿʫ, ʥʘ ʢʦʿʠ ʥʘʯʠʥ 

(ʚʠʟʫʝʣʥʦ, ʤʘʥʫʝʣʥʦ ʠʣʠ ʘʫʪʦʤʘʪʩʢʠ) ʠ ʢʦʿʦʤ ʤʝʨʥʦʤ ʦʧʨʝʤʦʤ.  

ʊʘʙʝʣʘ 2-4 ɺʨʩʪʝ ʤʝʨʝˁʘ ʫ ʩʢʣʦʧʫ ʪʝʭʥʠʯʢʦʛ ʦʩʤʘʪʨʘˁʘ ʥʘʩʫʪʝ ʙʨʘʥʝ ʩʘ ˁʝʥʠʤ 

ʦʢʨʫʞʝˁʝʤ [61] 

ʄʝʨʥʝ ʚʝʣʠʯʠʥʝ 
ʅʘʯʠʥ 

ʤʝʨʝˁʘ 
ʄʝʨʥʘ ʦʧʨʝʤʘ 

ʅʠʚʦ ʚʦʜʝ ʫ ʘʢʫʤʫʣʘʮʠʿʠ  
ɺʠʟʫʝʣʥʦ ɺʦʜʦʤʝʨʥʘ ʣʝʪʚʘ 

ɸʫʪʦʤʘʪʩʢʠ ɽʣʝʢʪʨʠʯʥʠ ʥʠʚʦʤʝʨ 

ʅʠʚʦ (ʢʦʪʘ) ʜʦˁʝ ʚʦʜʝ 
ɺʠʟʫʝʣʥʦ ɺʦʜʦʤʝʨʥʘ ʣʝʪʚʘ 

ɸʫʪʦʤʘʪʩʢʠ ɽʣʝʢʪʨʠʯʥʠ ʥʠʚʦʤʝʨ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʫ ʦʢʨʫʞʝˁʫ  
ɺʠʟʫʝʣʥʦ ʊʝʨʤʦʤʝʪʘʨ ʟʘ ʚʘʟʜʫʭ (ʥʧʨ. ʩʘ ʘʣʢʦʭʦʣʦʤ) 

ɸʫʪʦʤʘʪʩʢʠ ɽʣʝʢʪʨʠʯʥʠ ʪʝʨʤʦʤʝʪʘʨ ʟʘ ʚʘʟʜʫʭ 

ʇʘʜʘʚʠʥʝ 
ʄʘʥʫʝʣʥʦ ʍʝʣʤʘʥʦʚ ʢʠʰʦʤʝʨ 

ɸʫʪʦʤʘʪʩʢʠ ɽʣʝʢʪʨʠʯʥʠ ʢʠʰʦʤʝʨ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʝ ʠʟ ʘʢʫʤʫʣʘʮʠʿʝ ɸʫʪʦʤʘʪʩʢʠ ɽʣʝʢʪʨʠʯʥʠ ʪʝʨʤʦʤʝʪʘʨ ʟʘ ʚʦʜʫ 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʦˁʝ ʚʦʜʝ ɸʫʪʦʤʘʪʩʢʠ ɽʣʝʢʪʨʠʯʥʠ ʪʝʨʤʦʤʝʪʘʨ ʟʘ ʚʦʜʫ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʫ ʛʘʣʝʨʠʿʘʤʘ 

ɺʠʟʫʝʣʥʦ ʊʝʨʤʦʤʝʪʘʨ ʟʘ ʚʘʟʜʫʭ (ʥʧʨ. ʩʘ ʘʣʢʦʭʦʣʦʤ) 

ɸʫʪʦʤʘʪʩʢʠ 
ɽʣʝʢʪʨʠʯʥʠ ʪʝʨʤʦʤʝʪʘʨ ʟʘ ʚʘʟʜʫʭ ʠʣʠ ʪʝʨʤʠʩʪʦʨ (ʫ 

ʩʢʣʦʧʫ ʠʥʩʪʨʫʤʝʥʪʘ ʜʨʫʛʝ ʥʘʤʝʥʝ) 

ʇʠʿʝʟʦʥʠʚʦ (ʠʣʠ ʭʠʜʨʦʩʪʘʪʠʯʢʠ 

ʧʨʠʪʠʩʘʢ), ʤʝʨʝʥ ʥʘʿʯʝʰ˂ʝ ʫ ʪʝʤʝˀʠʤʘ 

ʙʨʘʥʝ 

ʄʘʥʫʝʣʥʦ ʇʠʿʝʟʦʤʝʪʘʨ ʩʘ ʤʘʥʦʤʝʪʨʦʤ 

ɸʫʪʦʤʘʪʩʢʠ 
ʇʠʿʝʟʦʤʝʪʘʨ ʩʘ ʝʣʝʢʪʨʠʯʥʦʤ ʧʠʿʝʟʦʤʝʪʘʨʩʢʦʤ 

ʩʦʥʜʦʤ 

ʅʠʚʦ ʚʦʜʝ ʫ ʙʨʘʥʠ ʄʘʥʫʝʣʥʦ 
ʄʝʨʥʘ ʧʘʥʪˀʠʢʘ ʩʘ ʠʥʜʠʢʘʪʦʨʦʤ ʥʠʚʦʘ ʚʦʜʝ, 

ʦʪʚʦʨʝʥʘ ʧʠʿʝʟʦʤʝʪʘʨʩʢʘ ʢʦʥʩʪʨʫʢʮʠʿʘ 

ʅʠʚʦ ʧʦʜʟʝʤʥʝ ʚʦʜʝ ʥʘ ʦʙʘʣʠ 

ʄʘʥʫʝʣʥʦ 
ʄʝʨʥʘ ʧʘʥʪˀʠʢʘ ʩʘ ʠʥʜʠʢʘʪʦʨʦʤ ʥʠʚʦʘ ʚʦʜʝ, 

ʦʪʚʦʨʝʥʘ ʧʠʿʝʟʦʤʝʪʘʨʩʢʘ ʢʦʥʩʪʨʫʢʮʠʿʘ 

ɸʫʪʦʤʘʪʩʢʠ 
ʇʠʿʝʟʦʤʝʪʘʨ ʩʘ ʝʣʝʢʪʨʠʯʥʦʤ ʧʠʿʝʟʦʤʝʪʘʨʩʢʦʤ 

ʩʦʥʜʦʤ 

ʇʦʨʥʠ ʧʨʠʪʠʩʘʢ ʫ ʛʣʠʥʝʥʦʤ ʿʝʟʛʨʫ ɸʫʪʦʤʘʪʩʢʠ ɴʝʣʠʿʘ ʟʘ ʧʦʨʥʠ ʧʨʠʪʠʩʘʢ 

ʇʨʦʪʦʢ ʜʨʝʥʘʞʥʝ ʠ ʧʨʦʮʫʨʥʝ 

(ʧʨʦʮʝʜʥʝ) ʚʦʜʝ 

ʄʘʥʫʝʣʥʦ ʀʟʙʘʞʜʘʨʝʥʘ ʤʝʨʥʘ ʧʦʩʫʜʘ ʠ ʰʪʦʧʝʨʠʮʘ 

ɸʫʪʦʤʘʪʩʢʠ ɽʣʝʢʪʨʠʯʥʠ ʥʠʚʦʤʝʨ ʫ ʟʦʥʠ ʧʨʝʣʠʚʥʦʛ ʧʨʘʛʘ 

ʇʨʦʪʦʢ ʥʘ ʧʨʦʬʠʣʫ ʥʠʟʚʦʜʥʦ ʦʜ ʙʨʘʥʝ 
ɺʠʟʫʝʣʥʦ ɺʦʜʦʤʝʨʥʘ ʣʝʪʚʘ 

ɸʫʪʦʤʘʪʩʢʠ ɽʣʝʢʪʨʠʯʥʠ ʥʠʚʦʤʝʨ 

ɺʝʨʪʠʢʘʣʥʦ ʧʦʤʝʨʘˁʝ ʠʟʤʝʨʝʥʦ 

ʛʝʦʜʝʪʩʢʠʤ ʤʝʪʦʜʘʤʘ 
ʄʘʥʫʝʣʥʦ ɻʝʦʜʝʪʩʢʠ ʥʠʚʝʣʠʨ 

ʍʦʨʠʟʦʥʪʘʣʥʦ ʧʦʤʝʨʘˁʝ ʠʟʤʝʨʝʥʦ 

ʛʝʦʜʝʪʩʢʠʤ ʤʝʪʦʜʘʤʘ 
ʄʘʥʫʝʣʥʦ 

ʊʝʦʜʦʣʠʪ (ʛʝʦʜʝʪʩʢʠ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʤʝʨʝˁʝ ʧʨʘʚʘʮʘ 

ʠ ʜʫʞʠʥʘ) 

ʊʦʪʘʣʥʠ ʧʨʠʪʠʩʘʢ ʫ ʙʨʘʥʠ ʠ/ʠʣʠ ʥʘ 

ʪʝʤʝˀʥʦʿ ʩʧʦʿʥʠʮʠ 
ɸʫʪʦʤʘʪʩʢʠ ɴʝʣʠʿa ʟʘ ʪʦʪʘʣʥʠ ʧʨʠʪʠʩʘʢ 

ʀʥʢʣʠʥʘʮʠʿʘ ʙʨʘʥʝ ʧʦ ʚʠʩʠʥʠ ʄʘʥʫʝʣʥʦ 
ʀʥʢʣʠʥʦʤʝʪʘʨ, ʠʥʢʣʠʥʦʤʝʪʘʨʩʢʘ ʮʝʚʥʘ 

ʢʦʥʩʪʨʫʢʮʠʿʘ 

ʉʣʝʛʘˁʝ ʥʘʩʫʪʝ ʙʨʘʥʝ ʧʦ ʚʠʩʠʥʠ ʄʘʥʫʝʣʥʦ 
ɽʣʝʢʪʨʦʤʘʛʥʝʪʥʘ ʩʦʥʜʘ, ʮʝʚʥʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʘ 

ʤʘʛʥʝʪʥʠʤ ʠʣʠ ʤʝʪʘʣʥʠʤ ʧʨʩʪʝʥʦʚʠʤʘ 
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ʅʘʿʯʝʰ˂ʝ ʩʝ ʪʦʢʦʤ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʙʨʘʥʘ ʥʝ ʦʩʤʘʪʨʘʿʫ ʩʚʝ ʧʨʠʢʘʟʘʥʝ ʚʝʣʠʯʠʥʝ, ʚʝ˂ ʩʝ ʩʠʩʪʝʤ 

ʪʝʭʥʠʯʢʦʛ ʦʩʤʘʪʨʘˁʘ ʧʨʠʣʘʛʦʹʘʚʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʪʨʝʙʘ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʦʙʿʝʢʘʪʘ, ʘ 

ʨʘʟʣʠʢʫʿʝ ʦʜ ʙʨʘʥʝ ʜʦ ʙʨʘʥʝ. ʈʝʮʠʤʦ, ʘʢʦ ʥʘʩʫʪʘ ʙʨʘʥʘ ʥʝʤʘ ʠʟʚʝʜʝʥʫ ʢʦʥʪʨʦʣʥʫ (ʠˁʝʢʮʠʦʥʫ) 

ʛʘʣʝʨʠʿʫ ʫ ˁʝʥʠʤ ʪʝʤʝˀʠʤʘ, ʦʥʜʘ ʩʝ ʥʝ ʤʦʞʝ ʦʩʤʘʪʨʘʪʠ ʭʠʜʨʦʩʪʘʪʠʯʢʠ ʧʨʠʪʠʩʘʢ ʫ ʪʝʤʝˀʠʤʘ 

ʙʨʘʥʝ ʧʦʤʦ˂ʫ ʧʠʿʝʟʦʤʝʪʘʨʘ ʩʘ ʤʘʥʦʤʝʪʨʦʤ, ʢʘʦ ʥʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʫ ʛʘʣʝʨʠʿʠ. ʊʘʢʦʹʝ, 

ʥʠʩʫ ʥʠ ʩʚʝ ʧʨʠʢʘʟʘʥʝ ʤʝʨʥʝ ʚʝʣʠʯʠʥʝ ʦʜ ʠʩʪʦʛ ʟʥʘʯʘʿʘ ʟʘ ʩʠʛʫʨʥʦʩʪ ʙʨʘʥʝ, ʘʣʠ ʩʝ ʦʩʤʘʪʨʘʿʫ 

ʨʘʜʠ ʩʪʠʮʘˁʘ ʢʦʤʧʣʝʪʥʝ ʩʣʠʢʝ ʧʦʥʘʰʘˁʘ ʦʙʿʝʢʪʘ ʠ ʦʢʨʫʞʝˁʘ.  

ʇʨʦʪʦʢ ʜʨʝʥʘʞʥʝ ʠ ʧʨʦʮʫʨʥʝ (ʧʨʦʮʝʜʥʝ) ʚʦʜʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʦʩʤʘʪʨʘ ʫ ʪʝʤʝˀʥʠʤ ʛʘʣʝʨʠʿʘʤʘ 

ʙʨʘʥʝ ʛʜʝ ʩʝ ʦʥʘ ʩʢʫʧˀʘ, ʪʝ ʠʩʧʫʤʧʘʚʘ ʫ ʜʦˁʫ ʚʦʜʫ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʥʠʿʝ ʬʦʨʤʠʨʘʥʦ ʤʝʨʥʦ ʤʝʩʪʦ 

ʟʘ ʤʝʨʝˁʝ ʧʨʦʪʦʢʘ ʦʚʝ ʚʦʜʝ (ʧʨʝʣʠʚʥʠ ʧʨʘʛ ʩʘ ʥʠʚʦʤʝʨʦʤ), ʤʦʛʫ˂ʝ ʿʝ ʦʜʨʝʜʠʪʠ ʢʦʣʠʯʠʥʫ 

ʠʩʧʫʤʧʘʥʝ ʚʦʜʝ ʥʘ ʦʩʥʦʚʫ ʚʨʝʤʝʥʘ ʨʘʜʘ ʧʫʤʧʠ ʧʦʟʥʘʪʦʛ ʢʘʧʘʮʠʪʝʪʘ. ʆʩʠʤ ʦʚʘʢʦ ʢʫʤʫʣʘʪʠʚʥʦ 

ʧʨʠʢʫʧˀʝʥʝ ʚʦʜʝ, ʧʦʩʪʦʿʝ ʠ ʤʝʨʥʘ ʤʝʩʪʘ ʟʘ ʣʦʢʘʣʥʦ ʦʜʨʝʹʠʚʘˁʝ ʢʦʣʠʯʠʥʝ ʠʟʜʨʝʥʠʨʘʥʝ ʚʦʜʝ.  

ʇʦʥʘʰʘˁʝ ʠ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʩʚʘʢʝ ʚʠʩʦʢʝ ʙʨʘʥʝ ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʘʪʠʪʠ ʪʦʢʦʤ ˁʝʥʝ 

ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʠ ʘʥʘʣʠʟʠʨʘˁʝʤ ʨʝʟʫʣʪʘʪʘ ʪʝʭʥʠʯʢʦʛ ʦʩʤʘʪʨʘˁʘ (ʫʢˀʫʯʫʿʫ˂ʠ ʠ 

ʨʝʜʦʚʥʦ ʚʠʟʫʝʣʥʦ ʦʩʤʘʪʨʘˁʝ). 

ʇʨʝʛʣʝʜ ʠ ʘʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʫ ʮʠˀʫ ʜʦʥʦʰʝˁʘ ʟʘʢˀʫʯʘʢʘ ʫ ʚʝʟʠ ʦʮʝʥʝ ʩʪʘˁʘ ʠ 

ʧʦʥʘʰʘˁʘ ʦʙʿʝʢʪʘ ʿʝ ʚʝʦʤʘ ʩʣʦʞʝʥʘ ʠ ʦʧʩʝʞʥʘ ʘʢʪʠʚʥʦʩʪ, ʥʘʨʦʯʠʪʦ ʘʢʦ ʿʝ ʤʝʨʥʠ ʩʠʩʪʝʤ 

ʦʙʠʤʘʥ. ʆʮʝʥa ʩʪʘˁʘ ʠ ʧʦʥʘʰʘˁʘ ʥʠʿʝ ʠʩʢˀʫʯʠʚʦ ʙʨʦʿʯʘʥʘ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʘ, ʚʝ˂ ʿʝ ʯʝʩʪʦ 

ʦʧʠʩʥʘ (ʥʘ ʧʨʠʤʝʨ: ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʩʪʘˁʝ, ʦʜʛʦʚʘʨʘ ʩʪʘˁʫ ʥʦʨʤʘʣʥʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʠ ʩʣ.), 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʠʥʞʝˁʝʨʩʢʦʤ ʨʘʩʫʹʠʚʘˁʫ. 

ʇʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʦʩʤʘʪʨʘˁʝʤ ʥʝʤʘʿʫ ʧʫʥʠ ʟʥʘʯʘʿ ʜʦʢ ʩʝ ʜʝʪʘˀʥʦ ʥʝ ʘʥʘʣʠʟʠʨʘʿʫ ʠ ʧʨʦʪʫʤʘʯʝ 

ʫ ʢʦʥʪʝʢʩʪʫ ʩʠʛʫʨʥʦʩʪʠ, ʢʦʿʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʨʘʥʦʛ ʫʦʯʘʚʘˁʘ ʠ ʨʘʟʫʤʝʚʘˁʘ ʧʨʦʤʝʥʘ 

ʫ ʧʦʥʘʰʘˁʫ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʀʩʪʨʘʞʠʚʘˁʘ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʪʨʝʥʜʦʚʘ ʫ ʥʠʟʦʚʠʤʘ 

ʧʦʜʘʪʘʢʘ ʦ ʧʦʥʘʰʘˁʫ ʙʨʘʥʝ ʠ ʧʨʘ˂ʝˁʝ ˁʠʭʦʚʝ ʝʚʦʣʫʮʠʿʝ ʿʝʜʘʥ ʦʜ ʢˀʫʯʥʠʭ ʘʩʧʝʢʘʪʘ ʟʘ 

ʧʨʦʮʝʥʫ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʝ. ɸʥʘʣʠʟʘ ʧʨʠʢʫʧˀʝʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʦʤʦʛʫ˂ʘʚʘ ʠʥʞʝˁʝʨʠʤʘ ʜʘ 

ʨʘʟʣʠʢʫʿʫ ʥʦʨʤʘʣʥʦ ʧʦʥʘʰʘˁʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʦʜ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʠʭ ʦʜʩʪʫʧʘˁʘ ʠ ʜʘ 

ʧʨʝʜʫʟʤʫ ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʧʨʝ ʥʘʩʪʘʥʢʘ ʦʟʙʠˀʥʠʭ ʧʨʦʙʣʝʤʘ [23]. ʋ ʮʠˀʫ ʜʫʙˀʝ ʘʥʘʣʠʟʝ 

ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʠ ʧʨʦʮʝʥʝ ʩʪʘˁʘ ʙʨʘʥʝ, ʢʦʨʠʩʪʝ ʩʝ ʨʘʟʥʠ ʩʪʘʪʠʩʪʠʯʢʠ ʠ ʘʥʘʣʠʪʠʯʢʠ ʘʣʘʪʠ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʿʘ ʧʦʜʘʪʘʢʘ ʩʝ ʤʦʨʘ ʨʘʜʠʪʠ ʧʝʨʠʦʜʠʯʥʦ, ʫ ʫʥʘʧʨʝʜ ʧʨʝʜʚʠʹʝʥʠʤ ʨʘʟʤʘʮʠʤʘ [21]. 

ɿʘ ʩʚʘʢʠ ʠʥʩʪʨʫʤʝʥʪ ʠʣʠ ʧʘʨʘʤʝʪʘʨ ʫʪʚʨʹʫʿʝ ʩʝ ʫʦʙʠʯʘʿʝʥʠ (ʦʯʝʢʠʚʘʥʠ) ʦʧʩʝʛ ʚʨʝʜʥʦʩʪʠ ʥʘ 

ʦʩʥʦʚʫ ʚʠʰʝʛʦʜʠʰˁʝʛ ʧʨʘ˂ʝˁʘ ʠ ʠʥʞʝˁʝʨʩʢʠʭ ʧʨʦʮʝʥʘ ʥʘ ʦʩʥʦʚʫ ʛʝʥʝʨʘʣʥʦʛ ʨʘʟʫʤʝʚʘˁʘ 

ʧʦʥʘʰʘˁʘ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʇʨʝʛʣʝʜʦʤ ʜʠʿʘʛʨʘʤʘ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʜʘ ʣʠ 

ʚʨʝʜʥʦʩʪʠ ʠʤʘʿʫ ʛʝʥʝʨʘʣʥʠ ʧʦʨʘʩʪ, ʧʘʜ ʠʣʠ ʧʝʨʠʦʜʠʯʥʝ ʦʙʨʘʩʮʝ. ʉʚʠ ʧʦʜʘʮʠ ʩʝ ʫʧʦʨʝʹʫʿʫ ʩʘ 

ʦʯʝʢʠʚʘʥʠʤ ʦʧʩʝʟʠʤʘ ʚʨʝʜʥʦʩʪʠ. ʇʦʨʝʜ ʧʦʿʝʜʠʥʘʯʥʠʭ ʜʠʿʘʛʨʘʤʘ, ʯʝʩʪʦ ʩʝ ʨʘʟʣʠʯʠʪʠ ʧʦʜʘʮʠ 

ʧʨʠʢʘʟʫʿʫ ʟʘʿʝʜʥʦ ʨʘʜʠ ʧʦʨʝʹʝˁʘ ï ʥʧʨ. ʜʠʿʘʛʨʘʤ ʥʘ ʢʦʤʝ ʩʫ ʥʘ ʠʩʪʦʿ ʚʨʝʤʝʥʩʢʦʿ ʦʩʠ ʧʨʠʢʘʟʘʥʠ 

ʥʠʚʦ ʿʝʟʝʨʘ ʠ ʦʯʠʪʘʚʘˁʘ ʧʠʿʝʟʦʤʝʪʨʘ ʫ ʙʨʘʥʠ. 

ʇʦʞʝˀʥʦ ʿʝ ʠʥʞʝˁʝʨʩʢʠ ʘʥʘʣʠʟʠʨʘʪʠ ʠ ʧʨʦʚʝʨʠʪʠ ʜʘ ʣʠ ʩʫ ʤʝʨʝˁʘ, ʢʦʿʘ ʤʦʛʫ ʙʠʪʠ ʥʘ ʥʝʢʠ 

ʥʘʯʠʥ ʧʦʚʝʟʘʥʘ, ʤʝʹʫʩʦʙʥʦ ʩʘʛʣʘʩʥʘ. ʇʦʚʝʟʘʥʦʩʪ ʤʦʞʝ ʙʠʪʠ ʣʦʢʘʮʠʿʩʢʝ ʧʨʠʨʦʜʝ (ʤʝʨʝˁʘ ʥʘ 

ʩʫʩʝʜʥʠʤ ʤʝʨʥʠʤ ʤʝʩʪʠʤʘ) ʠʣʠ ʬʠʟʠʯʢʝ ʧʨʠʨʦʜʝ (ʬʠʟʠʯʢʠ ʨʘʟʣʠʯʠʪʝ ʚʝʣʠʯʠʥʝ ʢʦʿʝ 

ʦʩʣʠʢʘʚʘʿʫ ʿʝʜʠʥʩʪʚʝʥ ʤʦʜʝʣ ʧʦʥʘʰʘˁʘ ï ʥʘ ʧʨʠʤʝʨ ʧʦʤʝʨʘˁʘ ʠ ʨʦʪʘʮʠʿʝ ʠʣʠ ʫʟʛʦʥʠ ʠ 

ʧʨʦʪʦʮʠ).  

ɱʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʮʠˀʝʚʘ ʠʥʪʝʨʧʨʝʪʘʮʠʿʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʙʨʘʥʝ ʿʝ ʨʘʥʦ ʧʨʝʧʦʟʥʘʚʘˁʝ 

ʨʠʟʠʢʘ, ʪʿ. ʠʥʜʠʢʘʪʦʨʘ ʜʘ ʙʠ ʤʦʛʘʦ ʥʘʩʪʘʪʠ ʥʝʢʘʢʘʚ ʧʨʦʙʣʝʤ. ʄʝʹʫʪʠʤ, ʦʚʘ ʘʢʪʠʚʥʦʩʪ ʥʝ ʜʘʿʝ 

ʢʦʥʢʨʝʪʘʥ ʦʜʛʦʚʦʨ ʥʘ ʧʠʪʘˁʝ ʢʦʣʠʢʦ ʿʝ ʙʨʘʥʘ ʩʠʛʫʨʥʘ ï ʦʜʛʦʚʦʨ ʥʘ ʦʚʦ ʧʠʪʘˁʝ ʜʦʙʠʿʘ ʩʝ 

ʧʨʦʮʝʥʦʤ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʝ ʟʘʩʥʦʚʘʥʦʿ ʥʘ ʨʘʯʫʥʩʢʠʤ ʘʥʘʣʠʟʘʤʘ.  

ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʩʝ ʪʨʘʜʠʮʠʦʥʘʣʥʦ ʢʦʨʠʩʪʝ ʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ (ʢʘʣʠʙʨʘʮʠʿʫ) ʪʝʨʤʠʯʢʠʭ, 

ʬʠʣʪʨʘʮʠʦʥʠʭ ʠ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʄʂɽ ʤʦʜʝʣʘ ʙʨʘʥʝ ʠ ʦʢʦʣʥʦʛ ʪʝʨʝʥʘ, 

ʪʘʢʦ ʜʘ ʨʝʟʫʣʪʘʪʠ ʪʝʨʤʠʯʢʠʭ, ʬʠʣʪʨʘʮʠʦʥʠʭ ʠ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʧʨʦʨʘʯʫʥʘ 

(ʠʟʨʘʯʫʥʘʪʠʭ ʫʧʦʪʨʝʙʦʤ ʄʂɽ ʤʦʜʝʣʘ) ʥʘʿʙʦˀʝ ʦʜʛʦʚʘʨʘʿʫ ʨʝʟʫʣʪʘʪʠʤʘ ʠʟʚʨʰʝʥʠʭ ʤʝʨʝˁʘ. ʉ 
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ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʝ ʧʨʠʣʠʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ ʙʨʘʥʘ ʢʦʨʠʩʪʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠ ʧʘʨʘʤʝʪʨʠ (ʢʦʿʠ 

ʩʫ ʫ ʥʘʿʙʦˀʝʤ ʩʣʫʯʘʿʫ ʫʩʢʣʘʹʝʥʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʠʩʪʨʘʞʥʠʭ ʨʘʜʦʚʘ ʫ ʟʦʥʠ ʙʨʘʥʝ ʠ ʩʘ 

ʨʝʟʫʣʪʘʪʠʤʘ ʠʩʧʠʪʠʚʘˁʘ ʤʘʪʝʨʠʿʘʣʘ ʫ ʧʨʦʮʝʩʫ ʛʨʘʹʝˁʘ ʙʨʘʥʝ), ʥʘʢʥʘʜʥʠʤ ʘʥʘʣʠʟʘʤʘ 

ʧʦʥʘʰʘˁʘ ʙʨʘʥʝ ʥʘ ʙʘʟʠ ʨʝʟʫʣʪʘʪʘ ʪʝʭʥʠʯʢʦʛ ʦʩʤʘʪʨʘˁʘ ʠ ʢʘʣʠʙʨʠʩʘˁʝʤ ʧʘʨʘʤʝʪʘʨʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʄʂɽ ʤʦʜʝʣʘ, ʤʦʞʝ ʩʝ ʫʪʚʨʜʠʪʠ ʢʦʣʠʢʦ ʩʝ ʦʥʠ ʨʘʟʣʠʢʫʿʫ ʦʜ ʧʨʦʿʝʢʪʥʠʭ.   

ʇʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʧʝʨʝ ʟʘʧʘʞʝʥʦʛ ʧʦʥʘʰʘˁʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʿʠ ʧʨʠʣʠʢʦʤ 

ʤʦʜʝʣʠʨʘˁʘ ʧʦʥʘʰʘˁʘ ʧʦʩʪʦʿʝ˂ʝ ʙʨʘʥʝ ʫ ʬʘʟʠ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʧʦʩʪʘʿʫ ʥʘʿʙʠʪʥʠʿʠ ʢʨʠʪʝʨʠʿʫʤ 

ʟʘ ʢʦʥʪʨʦʣʫ ʨʝʟʫʣʪʘʪʘ ʄʂɽ ʤʦʜʝʣʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʫ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʝʢʧʣʦʘʪʘʮʠʦʥʠ ʫʩʣʦʚʠ 

ʙʨʘʥʝ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʧʨʦʤʝʥˀʠʚʝ ʚʝʣʠʯʠʥʝ, ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʪʘʢʦʹʝ ˂ʝ ʙʠʪʠ ʧʨʦʤʝʥˀʠʚʝ 

ʚʝʣʠʯʠʥʝ. ʄʦʛʫ˂ʝ ʿʝ ʫʚʠʜʝʪʠ ʦʜʨʝʹʝʥʝ ʪʨʝʥʜʦʚʝ ʫ ˁʠʭʦʚʦʤ ʧʦʥʘʰʘˁʫ, ʘʣʠ ʟʙʦʛ ʢʦʤʧʣʝʢʩʥʝ 

ʩʫʧʝʨʧʦʟʠʮʠʿʝ ʩʧʦˀʥʠʭ ʫʪʠʮʘʿʘ ʠ ʥʝʣʠʥʝʘʨʥʦʛ ʧʦʥʘʰʘˁʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʜʝʬʠʥʠʰʝ ʦʜʛʦʚʦʨ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʥʝ ʤʦʛʫ ʙʠʪʠ ʫʚʝʢ ʠʜʝʥʪʠʯʥʝ ʚʝʣʠʯʠʥʝ ʫ ʧʦʩʤʘʪʨʘʥʠʤ 

ʧʨʦʨʘʯʫʥʩʢʠʤ ʩʠʪʫʘʮʠʿʘʤʘ. ʇʨʝʮʠʟʥʦʩʪ ʤʝʨʥʦʛ ʠʥʩʪʨʫʤʝʥʪʘ ʪʘʢʦʹʝ ʫʪʠʯʝ ʥʘ ʦʚʫ ʜʠʩʧʝʨʟʠʿʫ 

ʠʟʤʝʨʝʥʠʭ ʧʦʜʘʪʘʢʘ, ʢʘʦ ʠ ʛʨʝʰʢʝ ʧʨʠ ʤʝʨʝˁʠʤʘ, ʟʘʧʠʩʠʚʘˁʫ ʨʝʟʫʣʪʘʪʘ ʠ ʩʣʠʯʥʦ. ʇʦʜʘʮʠ 

ʦʩʤʘʪʨʘˁʘ ʫ ʥʝʢʦʿ ʜʝʬʠʥʠʩʘʥʦʿ ʧʨʦʨʘʯʫʥʩʢʦʿ ʩʠʪʫʘʮʠʿʠ ʟʙʦʛ ʪʦʛʘ ʥʝʤʘʿʫ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʫ, 

ʥʝʛʦ ʩʪʦʭʘʩʪʠʯʢʫ ʧʨʠʨʦʜʫ ʠ ˁʠʭʦʚʦ ʧʦʥʘʰʘˁʝ ʧʨʠʢʣʘʜʥʦ ʿʝ ʦʧʠʩʘʪʠ ʬʫʥʢʮʠʿʦʤ ʨʘʩʧʦʜʝʣʝ 

ʦʩʤʦʪʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ.  

ʋʦʙʠʯʘʿʝʥ ʧʨʠʩʪʫʧ ʫʢˀʫʯʠʚʘˁʘ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʫ ʧʨʦʨʘʯʫʥʝ ʧʦʜʨʘʟʫʤʝʚʘ ʢʘʣʠʙʨʘʮʠʿʫ 

ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʘʪʝʨʠʿʘʣʥʠʭ ʤʦʜʝʣʘ ʧʫʪʝʤ ʧʦʚʨʘʪʥʠʭ ʘʥʘʣʠʟʘ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʩʣʦʞʝʥ ʠ 

ʯʝʩʪʦ ʥʫʤʝʨʠʯʢʠ ʟʘʭʪʝʚʘʥ ʧʨʦʮʝʩ, ʧʦʩʝʙʥʦ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʩʝ ʦʩʤʘʪʨʘˁʘ ʪʨʝʪʠʨʘʿʫ ʢʘʦ 

ʩʪʦʭʘʩʪʠʯʢʘ ʚʝʣʠʯʠʥʘ. ɿʙʦʛ ʪʦʛʘ ʩʫ ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʫ ʘʥʘʣʠʟʘʤʘ ʥʘʿʯʝʰ˂ʝ ʨʘʟʤʘʪʨʘʥʠ ʫ 

ʦʢʚʠʨʫ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦʛ ʦʢʚʠʨʘ, ʜʦʢ ʿʝ ˁʠʭʦʚʘ ʧʨʠʤʝʥʘ ʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠʤ ʘʥʘʣʠʟʘʤʘ ʙʠʣʘ 

ʦʛʨʘʥʠʯʝʥʘ ʠ ʨʝʪʢʘ. ʀʘʢʦ ʿʝ ʫ ʪʝʦʨʠʿʠ ʤʦʛʫ˂ʝ ʚʨʰʠʪʠ ʘʞʫʨʠʨʘˁʝ ʫʣʘʟʥʠʭ ʨʘʩʧʦʜʝʣʘ ʥʘ ʦʩʥʦʚʫ 

ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʧʨʠʤʝʥʦʤ ʙʘʿʝʩʠʿʘʥʩʢʝ ʪʝʦʨʠʿʝ ʚʝʨʦʚʘʪʥʦ˂ʝ, ʫ ʧʨʘʢʩʠ ʩʝ ʦʚʘʿ ʧʨʠʩʪʫʧ 

ʩʫʦʯʘʚʘ ʩʘ ʦʟʙʠˀʥʠʤ ʥʫʤʝʨʠʯʢʠʤ ʦʛʨʘʥʠʯʝˁʠʤʘ, ʧʦʩʝʙʥʦ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʩʣʦʞʝʥʠʭ ʩʠʩʪʝʤʘ 

ʢʘʦ ʰʪʦ ʩʫ ʚʝʣʠʢʝ ʥʘʩʫʪʝ ʙʨʘʥʝ ʩʘ ʜʝʩʝʪʠʥʘʤʘ ʠʣʠ ʩʪʦʪʠʥʘʤʘ ʤʝʨʥʠʭ ʤʝʩʪʘ ʠ ʟʥʘʯʘʿʥʦʤ 

ʥʝʧʦʫʟʜʘʥʦʰ˂ʫ ʫ ʚʝʟʠ ʩʘ ʫʣʘʟʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ [93]. ʋ ʦʚʦʤ ʨʘʜʫ ʧʨʝʜʣʘʞʝ ʩʝ ʤʝʪʦʜʦʣʦʛʠʿʘ 

ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʠʥʪʝʛʨʘʮʠʿʫ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʫ ʦʢʚʠʨ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʩʠʛʫʨʥʦʩʪʠ 

ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʘʞʫʨʠʨʘˁʝʤ ʫʣʘʟʥʠʭ ʨʘʩʧʦʜʝʣʘ. ʇʨʝʜʣʦʞʝʥʠ ʧʨʠʩʪʫʧ ʫʚʘʞʘʚʘ ʩʪʦʭʘʩʪʠʯʢʫ 

ʧʨʠʨʦʜʫ ʦʩʤʘʪʨʘʥʠʭ ʧʦʜʘʪʘʢʘ ʠ ʦʤʦʛʫ˂ʘʚʘ ˁʠʭʦʚʦ ʢʦʨʠʰ˂ʝˁʝ ʫ ʘʥʘʣʠʟʠ ʥʘ ʥʫʤʝʨʠʯʢʠ 

ʝʬʠʢʘʩʘʥ ʥʘʯʠʥ.  

ʇʦʜʨʘʟʫʤʝʚʘ ʩʝ ʜʘ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʝ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʥʪʨʦʣʝ ʠ ʘʥʘʣʠʟʝ ʫ ʮʠˀʫ ʦʮʝʥʝ ʩʪʘˁʘ ʠ 

ʧʦʥʘʰʘˁʘ ʙʨʘʥʝ ʪʨʝʙʘ ʚʨʰʠʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʩʘʤʦ ʠʩʧʨʘʚʥʠʭ, ʚʘʣʠʜʥʠʭ ʠ ʢʚʘʣʠʪʝʪʥʠʭ 

ʨʝʟʫʣʪʘʪʘ ʪʝʭʥʠʯʢʦʛ ʦʩʤʘʪʨʘˁʘ.  
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3.1 ʈʘʯʫʥʩʢʝ ʩʠʤʫʣʘʮʠʿʝ ʥʘ ʙʘʟʠ ʬʠʟʠʯʢʠ ʟʘʩʥʦʚʘʥʠʭ ʤʦʜʝʣʘ  

ʇʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ ʠ ʧʨʦʮʝʥʘ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʝ ʦʩʣʘˁʘʿʫ ʩʝ ʥʘ ʩʧʨʦʚʦʹʝˁʝ, ʘʥʘʣʠʟʫ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʿʫ ʨʘʯʫʥʩʢʠʭ ʩʠʤʫʣʘʮʠʿʘ ʨʝʣʝʚʘʥʪʥʠʭ ʬʠʟʠʯʢʠʭ ʧʨʦʮʝʩʘ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ 

ʬʠʟʠʯʢʠ ʟʘʩʥʦʚʘʥʠʤ ʥʫʤʝʨʠʯʢʠʤ ʤʦʜʝʣʠʤʘ. ʋ ʩʣʫʯʘʿʫ ʥʘʩʫʪʠʭ ʙʨʘʥʘ, ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ 

ʬʠʟʠʯʢʠ ʟʘʩʥʦʚʘʥʠʤ ʥʫʤʝʨʠʯʢʠʤ ʤʦʜʝʣʠʤʘ ʪʨʝʙʘ ʜʘ ʩʝ ʚʨʰʝ ʩʠʤʫʣʘʮʠʿʝ ʬʠʣʪʨʘʮʠʦʥʠʭ ʠ 

ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ, ʫʟʠʤʘʿʫ˂ʠ ʧʨʠ ʪʦʤʝ ʫ ʦʙʟʠʨ ʠ ˁʠʭʦʚʫ ʠʥʪʝʨʘʢʮʠʿʫ (ʫ 

ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʪʫ ʩʫ ʠ ʪʝʨʤʠʯʢʠ ʧʨʦʮʝʩʠ, ʘʣʠ ʦʥʠ ʟʘ ʥʘʩʫʪʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʫʛʣʘʚʥʦʤ ʥʠʩʫ ʦʜ 

ʠʥʪʝʨʝʩʘ).  

ʇʨʚʝ ʥʫʤʝʨʠʯʢʝ ʘʥʘʣʠʟʝ ʙʨʘʥʘ ʦʩʣʘˁʘʣʝ ʩʫ ʩʝ ʥʘ ʢʣʘʩʠʯʘʥ ʧʨʠʩʪʫʧ ʨʝʰʘʚʘˁʘ ʥʘʧʦʥʩʢʦ-

ʜʝʬʦʨʤʘʮʠʿʩʢʠʭ ʧʨʦʙʣʝʤʘ, ʨʘʟʚʠʿʝʥ ʫ ʧʨʚʦʿ ʧʦʣʦʚʠʥʠ XX ʚʝʢʘ, ʢʘʜʘ ʿʝ ʂʘʨʣ ʊʝʨʮʘʛʠ (1943) ʫ 

ʩʚʦʿʦʿ ʊʝʦʨʠʿʩʢʦʿ ʤʝʭʘʥʠʮʠ ʪʣʘ ʛʝʦʪʝʭʥʠʯʢʝ ʧʨʦʙʣʝʤʝ ʩʚʨʩʪʘʦ ʫ ʜʚʝ ʛʨʫʧʝ: ʧʨʦʙʣʝʤʝ 

ʜʝʬʦʨʤʘʮʠʿʘ (ʧʨʚʝʥʩʪʚʝʥʦ ʩʣʝʛʘˁʘ) ʠ ʧʨʦʙʣʝʤʝ ʩʪʘʙʠʣʥʦʩʪʠ (ʩʪʘʙʠʣʥʦʩʪ ʢʦʩʠʥʘ, ʥʦʩʠʚʦʩʪ 

ʪʣʘ, ʟʝʤˀʘʥʠ ʧʨʠʪʠʩʮʠ) [25]. ʇʨʦʙʣʝʤʠ ʜʝʬʦʨʤʠʩʘˁʘ ʩʫ ʨʝʰʘʚʘʥʠ ʧʨʠʤʝʥʦʤ ʟʘʢʦʥʘ ʪʝʦʨʠʿʝ 

ʝʣʘʩʪʠʯʥʦʩʪʠ, ʪʘʢʦ ʰʪʦ ʿʝ ʫ ʜʦʤʝʥʫ ʨʘʜʥʠʭ ʥʘʧʦʥʘ ʧʦʥʘʰʘˁʝ ʪʣʘ ʤʦʜʝʣʠʨʘʥʦ ʣʠʥʝʘʨʥʠʤ 

ʍʫʢʦʚʠʤ ʟʘʢʦʥʦʤ [108]. ɿʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʩʪʘʙʠʣʥʦʩʪʠ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʝ ʿʝ ʙʠʣʦ ʨʝʘʣʥʦ 

ʪʣʦ ʧʨʝʜʩʪʘʚʠʪʠ ʤʦʜʝʣʦʤ ʠʜʝʘʣʥʦ ʧʣʘʩʪʠʯʥʦʛ ʤʘʪʝʨʠʿʘʣʘ. ʇʨʦʙʣʝʤ ʩʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʨʝʰʘʚʘ 

ʧʨʝʢʦ ʫʩʣʦʚʘ ʨʘʚʥʦʪʝʞʝ ʠ ʫʩʣʦʚʘ ʣʦʤʘ. ʅʫʤʝʨʠʯʢʘ ʤʝʪʦʜʘ ʢʦʿʦʤ ʩʝ ʦʚʘʿ ʧʨʦʙʣʝʤ ʥʘʿʯʝʰ˂ʝ 

ʨʝʰʘʚʘ ʥʘʟʠʚʘ ʩʝ ʄʝʪʦʜʘ ʛʨʘʥʠʯʥʝ ʨʘʚʥʦʪʝʞʝ [30]. ʊʘʯʥʦʩʪ ʨʝʰʝˁʘ ʢʦʿʘ ʩʝ ʜʦʙʠʿʘʿʫ ʧʨʠʤʝʥʦʤ 

ʦʚʝ ʤʝʪʦʜʝ ʯʝʩʪʦ ʩʝ ʜʦʚʦʜʠ ʫ ʧʠʪʘˁʝ ʟʙʦʛ ʩʚʠʭ ʧʨʝʪʧʦʩʪʘʚʢʠ ʢʦʿʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʫʚʝʩʪʠ, ʘʣʠ ʿʝ 

ʠ ʫʧʨʢʦʩ ʪʦʤʝ ʦʚʘʿ ʧʨʠʩʪʫʧ ʠ ʜʘʥʘʩ ʧʨʠʩʫʪʘʥ ʫ ʠʥʞʝˁʝʨʩʢʦʿ ʧʨʘʢʩʠ ʟʙʦʛ ʩʚʦʿʝ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ 

ʠ ʦʧʰʪʦʛ ʢʘʨʘʢʪʝʨʘ.  

ɻʝʥʝʨʘʣʥʦ, ʩʘʚʨʝʤʝʥʘ ʥʫʤʝʨʠʯʢʘ ʘʥʘʣʠʟʘ ʙʨʘʥʘ ʧʨʝʜʩʪʘʚˀʘ ʩʣʦʞʝʥ ʠʥʞʝˁʝʨʩʢʠ ʠ ʨʘʯʫʥʩʢʠ 

ʟʘʜʘʪʘʢ. ʈʘʟʚʦʿ ʥʫʤʝʨʠʯʢʠʭ ʤʝʪʦʜʘ ʟʘ ʘʥʘʣʠʟʫ ʢʦʥʩʪʨʫʢʮʠʿʘ ʫ ʠʥʪʝʨʘʢʮʠʿʠ ʩʘ ʪʣʦʤ ʠ ʚʦʜʦʤ ʩʝ 

ʦʜʚʠʿʘʦ ʧʦʩʪʝʧʝʥʠʤ ʧʦʚʝ˂ʘʚʘˁʝʤ ʩʣʦʞʝʥʦʩʪʠ ʧʨʦʨʘʯʫʥʩʢʦʛ ʤʦʜʝʣʘ, ʢʘʢʦ ʙʠ ʩʝ ʫ ʦʙʟʠʨ ʫʟʝʣʦ 

ʰʪʦ ʚʠʰʝ ʘʩʧʝʢʘʪʘ ʨʝʘʣʥʦʛ ʧʦʥʘʰʘˁʘ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʄʝʪʦʜʘ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ (ʄʂɽ) ʜʘʥʘʩ 

ʩʝ ʩʤʘʪʨʘ ʥʘʿʧʦʫʟʜʘʥʠʿʦʤ ʠ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʦʤ ʥʫʤʝʨʠʯʢʦʤ ʤʝʪʦʜʦʤ ʟʘ ʠʥʞʝˁʝʨʩʢʫ 

ʘʥʘʣʠʟʫ ʩʣʦʞʝʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʠʩʪʝʤʘ ʫ ʛʝʦʪʝʭʥʠʮʠ. ʄʂɽ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʬʠʟʠʯʢʦʿ 

ʜʠʩʢʨʝʪʠʟʘʮʠʿʠ ʨʘʟʤʘʪʨʘʥʦʛ ʧʨʦʙʣʝʤʘ ʥʘ ʩʢʫʧ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʩʫ ʤʝʹʫʩʦʙʥʦ 

ʧʦʚʝʟʘʥʠ ʫ ʟʘʿʝʜʥʠʯʢʠʤ ʪʘʯʢʘʤʘ (ʯʚʦʨʦʚʠʤʘ), ʠʟʤʝʹʫ ʢʦʿʠʭ ʩʝ ʧʦʤʦ˂ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ 

ʠʥʪʝʨʧʦʣʘʮʠʦʥʠʭ ʬʫʥʢʮʠʿʘ ʦʧʠʩʫʿʝ ʪʝʨʤʠʯʢʦ, ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʠ ʬʠʣʪʨʘʮʠʦʥʦ 

ʩʪʘˁʝ [121]. ʂʦʜ ʛʝʦʪʝʭʥʠʯʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʄʂɽ ʦʤʦʛʫ˂ʘʚʘ ʜʝʪʘˀʥʦ ʤʦʜʝʣʦʚʘˁʝ ʩʚʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʧʨʦʙʣʝʤʘ: ʛʝʦʤʝʪʨʠʿʘ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʥʝʣʠʥʝʘʨʥʦ ʧʦʥʘʰʘˁʝ ʛʨʘʥʫʣʘʨʥʝ ʩʨʝʜʠʥʝ, 

ʠʥʪʝʨʘʢʮʠʿʘ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ ʩʘ ʪʝʨʤʠʯʢʠʤ ʠ ʬʠʣʪʨʘʮʠʦʥʠʤ ʧʨʦʮʝʩʠʤʘ ʠ 

ʜʨ.  

ɺʘʞʥʦ ʿʝ ʜʘ ʥʫʤʝʨʠʯʢʠ ʤʦʜʝʣʠ ʙʫʜʫ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠ ʟʘ ʩʚʝ ʧʨʦʮʝʩʝ ʢʦʿʠ ʩʝ ʩʠʤʫʣʠʨʘʿʫ ʥʘ 

ʙʨʘʥʠ ʢʘʢʦ ʙʠ ʠʤ ʩʝ ʤʦʛʣʦ ʜʘʪʠ ʜʦʚʦˀʥʦ ʧʦʚʝʨʝˁʘ ʟʘ ʢʦʥʪʨʦʣʫ ʩʠʛʫʨʥʦʩʪʠ ʠ ʫʧʦʪʨʝʙˀʠʚʦʩʪʠ. 

ɼʘ ʙʠ ʤʦʜʝʣʠ ʙʠʣʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʙʫʜʫ ʨʘʟʚʠʿʝʥʠ ʥʘ ʩʘʚʨʝʤʝʥʠʤ 

ʩʦʬʪʚʝʨʩʢʠʤ ʧʣʘʪʬʦʨʤʘʤʘ ʠ ʜʘ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʨʝʘʣʥʠʤ ʧʦʜʘʮʠʤʘ ʦ ʠʟʤʝʨʝʥʠʤ ʚʝʣʠʯʠʥʘʤʘ, 

ʦʜʥʦʩʥʦ ʜʘ ʩʝ ʧʨʦʠʟʚʦˀʥʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʫ ʰʪʦ ʚʝ˂ʦʿ ʤʝʨʠ ʟʘʤʝʥʝ ʯʠˁʝʥʠʮʘʤʘ. 

ʅʫʤʝʨʠʯʢʦ ʧʦʥʘʰʘˁʝ ʬʠʟʠʯʢʠ ʟʘʩʥʦʚʘʥʠʭ ʤʦʜʝʣʘ ʟʘʚʠʩʠ ʦʜ ʧʦʤʦ˂ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʩʠʩʪʝʤʘ. ʇʘʨʘʤʝʪʨʠ ʬʠʣʪʨʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ ʩʫ ʢʦʝʬʠʮʠʿʝʥʪʠ ʬʠʣʪʨʘʮʠʿʝ ʟʘ 

ʧʦʿʝʜʠʥʝ ʢʚʘʟʠʭʦʤʦʛʝʥʝ ʟʦʥʝ ʫ ʤʦʜʝʣʫ. ʇʘʨʘʤʝʪʨʠ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ ʟʘʚʠʩʝ 

ʦʜ ʫʩʚʦʿʝʥʦʛ ʢʦʥʩʪʠʪʫʪʠʚʥʦʛ ʤʦʜʝʣʘ ʟʘ ʦʜʨʝʹʝʥʝ ʟʦʥʝ. ʂʦʥʩʪʠʪʫʪʠʚʥʠ ʤʦʜʝʣʠ ʢʦʿʠ ʢʦʨʝʢʪʥʦ 

3 ʉɸɾɽʊ ʇʈʀʂɸɿ ʇʈʆʈɸʏʋʅʉʂʀʍ ʄɽʊʆɼɸ ʇʆʊʈɽɹʅʀʍ ɿɸ 

ɸʅɸʃʀɿʋ ʉʀɻʋʈʅʆʉʊʀ 



ʉʘʞʝʪ ʧʨʠʢʘʟ ʧʨʦʨʘʯʫʥʩʢʠʭ ʤʝʪʦʜʘ ʧʦʪʨʝʙʥʠʭ ʟʘ ʘʥʘʣʠʟʫ ʩʠʛʫʨʥʦʩʪʠ 

18 

ʤʘʪʝʤʘʪʠʯʢʠ ʠʟʨʘʞʘʚʘʿʫ ʚʝʟʫ ʠʟʤʝʹʫ ʥʘʧʦʥʘ ʠ ʜʝʬʦʨʤʘʮʠʿʘ ʫ ʮʝʣʦʤ ʨʘʩʧʦʥʫ ʤʦʛʫ˂ʠʭ ʩʪʘˁʘ 

ʥʘʧʦʥʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʣʦʤ, ʠʥʪʝʥʟʠʚʥʦ ʩʫ ʩʝ ʨʘʟʚʠʿʘʣʠ ʫ ʧʦʩʣʝʜˁʠʭ ʧʦʣʘ ʚʝʢʘ. ʈʘʟʚʦʿ ʧʦʯʠˁʝ 

ʧʦʯʝʪʢʦʤ ʰʝʟʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʍʍ ʚʝʢʘ ʥʘ ʂʝʤʙʨʠ˅ʫ [100], ʦʜ ʤʦʜʝʣʘ ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ 

ʢʦʥʮʝʧʪʫ ʢʨʠʪʠʯʥʦʛ ʩʪʘˁʘ, ʘ ʢʦʿʠ ʩʫ ʘʢʪʫʝʣʥʠ ʠ ʜʘʥʘʩ. ʆʜ ʠʟʙʦʨʘ ʩʣʦʞʝʥʦʩʪʠ ʢʦʥʩʪʠʪʫʪʠʚʥʦʛ 

ʤʦʜʝʣʘ ʟʘʚʠʩʠ ʠ ʙʨʦʿ ʧʘʨʘʤʝʪʘʨʘ. ɿʘ ʢʦʤʧʣʝʢʩʥʠʿʝ ʝʣʘʩʪʦ-ʧʣʘʩʪʠʯʥʝ ʢʦʥʩʪʠʪʫʪʠʚʥʝ ʤʦʜʝʣʝ 

ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʤʦʛʫ ʜʘ ʩʠʤʫʣʠʨʘʿʫ ʦʿʘʯʘˁʝ ʠ/ʠʣʠ ʦʰʪʝ˂ʝˁʝ ʫ ʤʘʪʝʨʠʿʘʣʫ ʙʨʦʿ ʧʘʨʘʤʝʪʘʨʘ ʿʝ 

ʚʝʦʤʘ ʚʝʣʠʢʠ. ʇʘʨʘʤʝʪʨʠ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ ʩʝ ʤʦʨʘʿʫ ʜʝʬʠʥʠʩʘʪʠ ʟʘ ʩʚʘʢʫ 

ʢʚʘʟʠʭʦʤʦʛʝʥʫ ʟʦʥʫ ʫ ʤʦʜʝʣʫ, ʧʘ ʩʝ ʩʘʤʠʤ ʪʠʤ ʮʝʦ ʧʦʩʪʫʧʘʢ ʟʥʘʯʘʿʥʦ ʫʩʣʦʞˁʘʚʘ. 

ʋ ʥʘʩʪʘʚʢʫ ʿʝ ʜʘʪ ʢʨʘʪʘʢ ʦʩʚʨʪ ʥʘ ʤʘʪʝʤʘʪʠʯʢʝ ʬʦʨʤʫʣʘʮʠʿʝ ʬʠʣʪʨʘʮʠʦʥʠʭ ʠ ʥʘʧʦʥʩʢʦ-

ʜʝʬʨʦʤʘʮʠʿʩʢʠʭ ʧʨʦʮʝʩʘ. ʅʝʰʪʦ ʜʝʪʘˀʥʠʿʝ ʪʝʦʨʠʿʩʢʝ ʦʩʥʦʚʝ ʦ ʤʦʜʝʣʠʨʘˁʫ ʦʚʠʭ ʧʨʦʮʝʩʘ 

ʧʨʠʣʦʞʝʥʝ ʩʫ ʫ ɸʥʝʢʩʫ 1.  

3.1.1 ʈʘʯʫʥʩʢʝ ʩʠʤʫʣʘʮʠʿʝ ʬʠʣʪʨʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ 

ʌʠʣʪʨʘʮʠʦʥʠ ʧʨʦʮʝʩʠ ʥʘ ʙʨʘʥʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʤʦʨʘʿʫ ʧʦʩʤʘʪʨʘʪʠ ʠʥʪʝʛʨʘʣʥʦ ʥʘ ʮʝʣʦʢʫʧʥʦʤ 

ʦʙʿʝʢʪʫ ʫ ʠʥʪʝʨʘʢʮʠʿʠ ʩʘ ʦʢʦʣʥʦʤ ʩʪʝʥʩʢʦʤ ʤʘʩʦʤ, ʥʘʨʦʯʠʪʦ ʟʙʦʛ ʢʦʥʪʫʨʥʠʭ ʫʩʣʦʚʘ, 

ʜʨʝʥʘʞʥʦʛ ʠ ʟʘʧʪʠʚʥʦʛ ʩʠʩʪʝʤʘ. ʋ ʥʝʢʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʤʦʛʫ˂ʘ ʿʝ ʠʟʨʘʜʘ ʠ ʿʝʜʥʦʩʪʘʚʥʠʿʠʭ 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʤʦʜʝʣʘ ʧʦʿʝʜʠʥʠʭ ʩʝʛʤʝʥʘʪʘ ʙʨʘʥʝ, ʰʪʦ ʦʧʝʪ ʟʘʚʠʩʠ ʦʜ ʩʪʚʘʨʥʦʛ ʧʦʥʘʰʘˁʘ ʠ 

ʦʧʨʘʚʜʘʥʦʩʪʠ ʧʨʠʤʝʥʝ ʪʘʢʚʦʛ ʧʨʠʩʪʫʧʘ.  

ɺʦʜʘ ʩʝ ʫ ʧʦʨʦʟʥʦʿ ʩʨʝʜʠʥʠ ʢʨʝ˂ʝ ʢʨʦʟ ʩʣʦʞʝʥ ʩʠʩʪʝʤ ʤʝʹʫʩʦʙʥʦ ʩʧʦʿʝʥʠʭ ʧʦʨʘ. ɿʘ ʧʦʩʪʘʚˀʘˁʝ 

ʦʩʥʦʚʥʠʭ ʿʝʜʥʘʯʠʥʘ ʫʚʦʜʠ ʩʝ ʤʦʜʝʣ ʢʦʥʪʠʥʫʫʤʘ. ʆʩʥʦʚʥʫ ʿʝʜʥʘʯʠʥʫ ʢʦʿʘ ʜʝʬʠʥʠʰʝ ʟʘʢʦʥ 

ʩʪʨʫʿʘˁʘ (ʫ ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʫ ʪʝʯʝˁʘ), ʧʦʩʪʘʚʠʦ ʿʝ ɼʘʨʩʠ (Henry Darcy) ʿʦʰ 1856. ʛʦʜʠʥʝ, 

ʧʨʝʤʘ ʢʦʤʝ ʿʝ ʬʣʫʢʩ ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʛʨʘʜʠʿʝʥʪʠʤʘ ʧʦʪʝʥʮʠʿʘʣʘ [23]. ʅʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ 

ʢʦʥʪʠʥʫʠʪʝʪʘ ʠ ɼʘʨʩʠʿʝʚʦʛ ʟʘʢʦʥʘ ʠʟʚʦʜʠ ʩʝ ʭʠʜʨʦʜʠʥʘʤʠʯʢʘ ʿʝʜʥʘʯʠʥʘ ʟʘ ʥʝʩʪʘʮʠʦʥʘʨʥʦ 

ʩʪʨʫʿʘˁʝ, ʢʦʿʘ ʩʘʜʨʞʠ ʦʩʥʦʚʥʝ ʧʘʨʘʤʝʪʨʝ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʩʪʨʫʿʘˁʝ: ʢʦʝʬʠʮʠʿʝʥʪ ʬʠʣʪʨʘʮʠʿʝ ʠ 

ʝʬʝʢʪʠʚʥʫ ʧʦʨʦʟʥʦʩʪ (ʟʘ ʩʣʦʙʦʜʥʦ ʩʪʨʫʿʘˁʝ), ʦʜʥʦʩʥʦ ʩʧʝʮʠʬʠʯʥʫ ʘʢʫʤʫʣʘʪʠʚʥʦʩʪ (ʟʘ 

ʩʪʨʫʿʘˁʝ ʧʦʜ ʧʨʠʪʠʩʢʦʤ), ʢʘʦ ʥʝʣʠʥʝʘʨʥʝ ʬʫʥʢʮʠʿʝ ʧʦʨʥʦʛ ʧʨʠʪʠʩʢʘ. ʆʚʝ ʟʘʚʠʩʥʦʩʪʠ ʩʝ 

ʦʜʨʝʹʫʿʫ ʝʤʧʠʨʠʿʩʢʠʤ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʤʝʪʦʜʘʤʘ [7]. ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʢʦʿʠ ʩʝ ʩʨʝ˂ʫ ʫ 

ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʘ ʩʪʨʫʿʘˁʘ ʢʨʦʟ ʧʦʨʦʟʥʫ ʩʨʝʜʠʥʫ ʤʦʛʫ ʙʠʪʠ: ʟʘʜʘʪ ʧʦʪʝʥʮʠʿʘʣ, ʟʘʜʘʪ 

ʧʦʚʨʰʠʥʩʢʠ ʧʨʦʪʦʢ (ʬʣʫʢʩ), ʢʘʦ ʠ ʛʨʘʥʠʯʥʠ ʫʩʣʦʚ ʩʣʦʙʦʜʥʝ ʧʦʚʨʰʠʥʝ. ɿʘ ʦʚʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ 

ʿʝʜʥʘʯʠʥʝ ʥʝ ʧʦʩʪʦʿʠ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʘʥʘʣʠʪʠʯʢʠ ʦʙʣʠʢ ʨʝʰʝˁʘ. ʋ ʠʥʞʝˁʝʨʩʢʦʿ ʧʨʘʢʩʠ 

ʜʘʥʘʩ ʩʝ ʢʦʨʠʩʪʝ ʥʫʤʝʨʠʯʢʝ ʤʝʪʦʜʝ (ʤʝʪʦʜ ʮʝʥʪʨʘʣʥʠʭ ʨʘʟʣʠʢʘ, ʤʝʪʦʜ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ) ʟʘ 

ˁʠʭʦʚʦ ʨʝʰʘʚʘˁʝ. 

ɿʘ ʘʥʘʣʠʟʫ ʬʠʣʪʨʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ ʩʫ ʨʘʟʚʠʿʝʥʠ ʥʫʤʝʨʠʯʢʠ ʩʦʣʚʝʨʠ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ 

ʩʪʨʫʿʘˁʘ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʢʨʦʟ ʧʦʨʦʟʥʫ ʥʝʧʨʝʢʠʜʥʫ ʩʨʝʜʠʥʫ (ʩʦʣʠʜ) ʤʝʪʦʜʦʤ ʢʦʥʘʯʥʠʭ 

ʝʣʝʤʝʥʘʪʘ, ʩʘ ʧʨʦʠʟʚʦˀʥʠʤ ʛʨʘʥʠʯʥʠʤ ʫʩʣʦʚʠʤʘ. ʇʦʯʝʪʥʠ ʫʩʣʦʚʠ (ʧʦʯʝʪʥʠ ʧʦʪʝʥʮʠʿʘʣ) ʩʝ 

ʟʘʜʘʿʫ ʩʘʤʦ ʟʘ ʥʝʩʪʘʮʠʦʥʘʨʥʫ ʘʥʘʣʠʟʫ. ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʤʦʛʫ ʙʠʪʠ: ʟʘʜʘʪ ʧʦʪʝʥʮʠʿʘʣ, ʟʘʜʘʪ 

ʧʦʚʨʰʠʥʩʢʠ ʧʨʦʪʦʢ (ʬʣʫʢʩ) ʠ ʟʘʜʘʪ ʟʘʧʨʝʤʠʥʩʢʠ ʠʟʚʦʨ/ʧʦʥʦʨ. ʂʘʜʘ ʩʝ ʧʦʪʝʥʮʠʿʘʣ ʠ ʬʣʫʢʩ 

ʤʝˁʘʿʫ ʪʦʢʦʤ ʚʨʝʤʝʥʘ, ʨʘʜʠ ʩʝ ʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʿ ʬʠʣʪʨʘʮʠʦʥʦʿ ʘʥʘʣʠʟʠ.  

ʅʫʤʝʨʠʯʢʦʤ ʘʥʘʣʠʟʦʤ ʬʠʣʪʨʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ ʜʦʙʠʿʘʿʫ ʩʝ ʩʣʝʜʝ˂ʝ ʚʝʣʠʯʠʥʝ: ʧʦʨʥʠ ʧʨʠʪʠʩʮʠ, 

ʭʠʜʨʘʫʣʠʯʢʠ ʛʨʘʜʠʿʝʥʪʠ, ʧʨʦʪʦʢ (ʬʣʫʢʩ), ʧʦʪʝʥʮʠʿʘʣʠ ʠ ʜʨʫʛʦ. 

3.1.2 ʈʘʯʫʥʩʢʝ ʩʠʤʫʣʘʮʠʿʝ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ 

ɸʥʘʣʠʟʦʤ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʿʩʢʠʭ ʧʨʦʮʝʩʘ ʦʜʨʝʹʫʿʝ ʩʝ ʧʦˀʝ ʧʦʤʝʨʘˁʘ, ʧʦʚʨʘʪʥʠʭ ʠ 

ʥʝʧʦʚʨʘʪʥʠʭ ʜʝʬʦʨʤʘʮʠʿʘ, ʥʘʧʦʥʘ ʠ ʜʨʫʛʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʚʝʣʠʯʠʥʘ ʫʚʝʜʝʥʠʭ ʢʘʦ ʠʥʪʝʨʥʝ 

ʧʨʦʤʝʥˀʠʚʝ, ʘ ʟʘ ʜʝʬʠʥʠʩʘʥʝ ʢʦʥʪʫʨʥʝ ʠ ʧʦʯʝʪʥʝ ʫʩʣʦʚʝ ʠ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʫ ʬʫʥʢʮʠʿʠ 

ʚʨʝʤʝʥʘ. ʂʦʨʠʰ˂ʝˁʝʤ ʫʩʣʦʚʘ ʨʘʚʥʦʪʝʞʝ ʠ ʛʨʘʥʠʯʥʠʭ ʫʩʣʦʚʘ ʠʟʚʦʜʠ ʩʝ ʧʨʠʥʮʠʧ ʚʠʨʪʫʘʣʥʦʛ 

ʨʘʜʘ, ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʿʝʜʥʘʢʦʩʪʠ ʚʠʨʪʫʘʣʥʦʛ ʨʘʜʘ ʫʥʫʪʨʘʰˁʠʭ ʠ ʩʧʦˀʘʰˁʠʭ ʩʠʣʘ. 

ɺʠʨʪʫʘʣʥʠ ʨʘʜ ʫʥʫʪʨʘʰˁʠʭ ʩʠʣʘ ʧʨʝʜʩʪʘʚˀʘ ʨʘʜ ʥʘʧʦʥʘ ʥʘ ʚʠʨʪʫʘʣʥʠʤ ʜʝʬʦʨʤʘʮʠʿʘʤʘ, ʜʦʢ 
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ʚʠʨʪʫʘʣʥʠ ʨʘʜ ʩʧʦˀʘʰˁʠʭ ʩʠʣʘ ʧʨʝʜʩʪʘʚˀʘ ʨʘʜ ʟʘʧʨʝʤʠʥʩʢʠʭ ʠ ʧʦʚʨʰʠʥʩʢʠʭ ʩʠʣʘ. ʆʚʘ 

ʨʝʣʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʥʫ ʿʝʜʥʘʯʠʥʫ ʨʘʚʥʦʪʝʞʝ ʫ ʤʝʭʘʥʠʮʠ ʜʝʬʦʨʤʘʙʠʣʥʦʛ ʪʝʣʘ. 

ʆʩʠʤ ʥʘʚʝʜʝʥʠʭ ʿʝʜʥʘʯʠʥʘ ʨʘʚʥʦʪʝʞʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʠ ʢʦʥʩʪʠʪʫʪʠʚʥʝ ʨʝʣʘʮʠʿʝ, 

ʦʜʥʦʩʥʦ ʠʟʨʘʟʝ ʢʦʿʠ ʜʦʚʦʜʝ ʫ ʚʝʟʫ ʥʘʧʦʥ ʠ ʜʝʬʦʨʤʘʮʠʿʫ (ʠ ʚʨʝʤʝ, ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʤʘʪʝʨʠʿʘʣʠʤʘ 

ʦʩʝʪˀʠʚʠʤ ʥʘ ʙʨʟʠʥʫ ʧʨʦʤʝʥʝ ʩʪʘˁʘ ʥʘʧʦʥʘ ʠ ʜʝʬʦʨʤʘʮʠʿʘ). ʂʦʥʩʪʠʪʫʪʠʚʥʝ ʨʝʣʘʮʠʿʝ ʫ 

ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʤʦʛʫ ʠʤʘʪʠ ʚʝʦʤʘ ʩʣʦʞʝʥ ʦʙʣʠʢ [121].  

ɿʘ ʘʥʘʣʠʟʫ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ ʩʫ ʨʘʟʚʠʿʝʥʠ ʥʫʤʝʨʠʯʢʠ ʩʦʣʚʝʨʠ ʟʘ ʨʝʰʘʚʘˁʝ 

ʣʠʥʝʘʨʥʠʭ ʠ ʥʝʣʠʥʝʘʨʥʠʭ ʧʨʦʙʣʝʤʘ ʠʟʣʦʞʝʥʠʭ ʜʝʿʩʪʚʫ ʩʪʘʪʠʯʢʠʭ ʠ ʜʠʥʘʤʠʯʢʠʭ ʚʨʩʪʘ 

ʦʧʪʝʨʝ˂ʝˁʘ. ʅʘʤʝˁʝʥʠ ʩʫ ʘʥʘʣʠʟʘʤʘ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʧʨʦʙʣʝʤʘ, ʢʘʦ ʰʪʦ ʩʫ: ʤʘʪʝʨʠʿʘʣʥʘ 

ʥʝʣʠʥʝʘʨʥʦʩʪ, ʛʝʦʤʝʪʨʠʿʩʢʘ ʥʝʣʠʥʝʘʨʥʦʩʪ, ʘʥʘʣʠʟʘ ʩʪʘʙʠʣʥʦʩʪʠ, ʘʥʘʣʠʟʘ ʧʦʩʪʢʨʠʪʠʯʥʦʛ 

ʧʦʥʘʰʘˁʘ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʥʝʣʠʥʝʘʨʥʘ ʜʠʥʘʤʠʢʘ, ʢʦʥʪʘʢʪʥʠ ʧʨʦʙʣʝʤʠ, ʚʝʣʠʢʘ ʧʦʤʝʨʘˁʘ, ʚʝʣʠʢʝ 

ʜʝʬʦʨʤʘʮʠʿʝ ʠ ʜʨ. ʅʫʤʝʨʠʯʢʠ ʩʦʣʚʝʨ ʟʘ ʘʥʘʣʠʟʫ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ ʩʘʜʨʞʠ 

ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ 1ɼ, 2ɼ ʠ 3ɼ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʩʘ ʠ ʙʝʟ ʤʝʹʫʯʚʦʨʦʚʘ, ʢʘʦ ʠ ʚʝʣʠʢʠ ʙʨʦʿ 

ʤʘʪʝʨʠʿʘʣʥʠʭ ʤʦʜʝʣʘ ʥʘʤʝˁʝʥʠʭ ʘʥʘʣʠʟʘʤʘ ʤʝʭʘʥʠʯʢʦʛ ʧʦʥʘʰʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ 

ʤʘʪʝʨʠʿʘʣʘ.  

ʇʨʠʣʠʢʦʤ ʘʥʘʣʠʟʝ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ ʢʦʥʪʫʨʥʠ ʫʩʣʦʚʠ ʤʦʛʫ ʙʠʪʠ ʟʘʜʘʪʠ ʧʦ 

ʧʦʤʝʨʘˁʠʤʘ ʠ/ʠʣʠ ʥʘʧʦʥʠʤʘ. ʅʫʤʝʨʠʯʢʦʤ ʘʥʘʣʠʟʦʤ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ 

ʜʦʙʠʿʘʿʫ ʩʝ ʩʣʝʜʝ˂ʝ ʚʝʣʠʯʠʥʝ (ʚʝʢʪʦʨʩʢʝ ʠ ʩʢʘʣʘʨʥʝ): ʧʦʤʝʨʘˁʘ, ʩʠʣʝ, ʥʘʧʦʥʠ, ʫʢʫʧʥʝ 

ʜʝʬʦʨʤʘʮʠʿʝ, ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʠ ʜʨ. 

3.1.3 ʇʨʦʨʘʯʫʥ ʢʦʝʬʠʮʠʿʝʥʪʘ ʩʠʛʫʨʥʦʩʪʠ ʤʝʪʦʜʦʤ ʨʝʜʫʢʮʠʿʝ ʩʤʠʯʫ˂ʝ ʯʚʨʩʪʦ˂ʝ 

ɻʣʦʙʘʣʥʘ ʩʪʘʙʠʣʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘ ʤʦʜʘʣʠʪʝʪ ʣʦʤʘ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʬʦʨʤʠʨʘˁʝʤ ʢʣʠʟʥʝ ʧʦʚʨʰʠ 

ʫʩʣʝʜ ʧʨʝʢʦʨʘʯʝˁʘ ʯʚʨʩʪʦ˂ʝ ʤʘʪʝʨʠʿʘʣʘ ʫ ʪʝʣʫ ʙʨʘʥʝ ʠ/ʠʣʠ ʦʢʦʣʥʝ ʩʪʝʥʝ. ʋ ʥʝʣʠʥʝʘʨʥʠʤ MKE 

ʘʥʘʣʠʟʘʤʘ, ʥʝʫʩʧʝʭ ʨʝʰʘʚʘˁʘ (ʥʝʢʦʥʚʝʨʛʝʥʮʠʿʘ) ʧʨʦʨʘʯʫʥʘ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʿʝ ʤʦʜʝʣ ʜʦʩʪʠʛʘʦ 

ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ, ʦʜʥʦʩʥʦ ʜʘ ʿʝ ʫ ʪʣʫ ʜʦʰʣʦ ʜʦ ʨʘʟʚʦʿʘ ʧʣʘʩʪʠʯʥʦʛ ʢʣʠʟʘˁʘ ʢʦʿʝ ʩʧʨʝʯʘʚʘ 

ʫʩʧʦʩʪʘʚˀʘˁʝ ʨʘʚʥʦʪʝʞʝ. ʂʚʘʥʪʠʬʠʢʘʮʠʿʘ ʥʠʚʦʘ ʩʠʛʫʨʥʦʩʪʠ ʟʘ ʦʚʦ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ ʧʨʠʤʝʥʦʤ 

ʄʂɽ ʩʝ ʧʨʦʮʝˁʫʿʝ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ ʨʝʜʫʢʮʠʿʝ ʩʤʠʯʫ˂ʝ ʯʚʨʩʪʦ˂ʝ ʤʘʪʝʨʠʿʘʣʘ (Shear Strength 

Reduction - SSR) ʯʠʿʠ ʨʝʟʫʣʪʘʪ ʧʨʝʜʩʪʘʚˀʘ ʬʘʢʪʦʨ ʩʠʛʫʨʥʦʩʪʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʪʘʙʠʣʥʦʩʪ 

ʢʦʩʠʥʘ. ʄʝʪʦʜʘ SSR ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʝ ʠʥʠʮʠʿʘʣʥʠ ʧʘʨʘʤʝʪʨʠ ʯʚʨʩʪʦ˂ʝ ʨʝʜʫʢʫʿʫ ʧʨʦʛʨʝʩʠʚʥʦ 

ʠ ʧʨʦʨʘʯʫʥ ʩʫʢʮʝʩʠʚʥʦ ʧʦʥʘʚˀʘ ʩʚʝ ʜʦʢ ʧʦʩʪʦʿʠ ʥʫʤʝʨʠʯʢʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʨʝʟʫʣʪʘʪʘ [48]. 

ʄʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʨʝʜʫʢʮʠʦʥʦʛ ʬʘʢʪʦʨʘ ʠʥʠʮʠʿʘʣʥʝ ʯʚʨʩʪʦ˂ʝ ʟʘ ʢʦʿʫ ʿʝ ʦʩʪʚʘʨʝʥʘ 

ʥʫʤʝʨʠʯʢʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʿʩʢʦʛ ʧʨʦʨʘʯʫʥʘ ʜʝʬʠʥʠʰʝ ʩʝ ʢʘʦ ʫʜʘˀʝʥʦʩʪ 

ʦʜ ʦʪʢʘʟʘ, ʦʜʥʦʩʥʦ ʬʘʢʪʦʨ ʩʠʛʫʨʥʦʩʪʠ. 

ɻʣʘʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʝʪʦʜʝ ʨʝʜʫʢʦʚʘˁʘ ʩʤʠʯʫ˂ʝ ʯʚʨʩʪʦ˂ʝ ʩʫ: 

¶ ʤʦʛʫ˂ʝ ʿʝ ʥʘ˂ʠ ʧʦʚʨʰ ʧʦ ʢʦʿʦʿ ˂ʝ ʜʦ˂ʠ ʜʦ ʢʣʠʟʘˁʘ ʫʩʣʝʜ ʛʫʙʠʪʢʘ ʩʪʘʙʠʣʥʦʩʪʠ, ʢʦʿʘ ʫ 
ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʥʝ ʤʦʨʘ ʙʠʪʠ ʢʨʫʞʥʦ-ʮʠʣʠʥʜʨʠʯʥʘ, ʢʘʦ ʰʪʦ ʩʝ ʪʦ ʧʨʝʪʧʦʩʪʘʚˀʘ ʢʦʜ 

ʤʝʪʦʜʘ ʛʨʘʥʠʯʥʝ ʨʘʚʥʦʪʝʞʝ 

¶ ʦʚʫ ʤʝʪʦʜʫ ʿʝ ʤʦʛʫ˂ʝ ʧʨʠʤʝˁʠʚʘʪʠ ʟʘ ʨʘʟʣʠʯʠʪʝ ʫʩʣʦʚʝ ʦʧʪʝʨʝ˂ʝˁʘ 

¶ ʤʦʛʫ˂ʝ ʿʝ ʜʦʙʠʪʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʨʘʩʧʦʜʝʣʠ ʥʘʧʦʥʘ, ʜʝʬʦʨʤʘʮʠʿʝ, ʧʦʤʝʨʘˁʘ ʠ ʧʦʨʥʠʭ 
ʧʨʠʪʠʩʘʢʘ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʪʨʝʥʫʪʢʘ ʛʫʙʠʪʢʘ ʩʪʘʙʠʣʥʦʩʪʠ. 

ʈʝʜʫʢʦʚʘˁʝ ʩʤʠʯʫ˂ʝ ʯʚʨʩʪʦ˂ʝ ʫ ʩʣʫʯʘʿʫ ʧʨʦʠʟʚʦˀʥʦʛ ʤʘʪʝʨʠʿʘʣʥʦʛ ʤʦʜʝʣʘ ʢʦʿʠ ʥʝʤʘ 

ʦʿʘʯʘˁʝ/ʦʤʝʢʰʘˁʝ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʩʣʝʜʝ˂ʠʭ ʢʦʨʘʢʘ: 

¶ ʈʝʜʫʢʦʚʘˁʝ ʘʥʚʝʣʦʧʝ ʣʦʤʘ ʟʘ ʬʘʢʪʦʨ F 

¶ ʌʠʪʦʚʘˁʝ ʤʘʪʝʨʠʿʘʣʥʠʭ ʢʦʥʩʪʘʥʪʠ ʢʦʿʝ ʦʜʛʦʚʘʨʘʿʫ ʨʝʜʫʢʦʚʘʥʦʿ ʘʥʚʝʣʦʧʠ 

¶ ʂʦʨʠʰ˂ʝˁʝ ʬʠʪʦʚʘʥʠʭ ʤʘʪʝʨʠʿʘʣʥʠʭ ʢʦʥʩʪʘʥʪʠ ʫ ʧʦʥʦʚʥʦʿ ʄʂɽ ʘʥʘʣʠʟʠ. 
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ʉʣʠʢʘ 3.1 ʈʝʜʫʢʦʚʘˁʝ ʥʝʣʠʥʝʘʨʥʝ ʘʥʚʝʣʦʧʝ ʣʦʤʘ ʤʦʜʝʣʘ (ʧʨʠʤʝʨ ʢʦʨʘʢʘ 1, ʩʣʠʢʘ ʧʨʝʫʟʝʪʘ 

ʠʟ [59]) 

ʅʘ ʦʩʥʦʚʫ ʨʝʜʫʢʦʚʘʥʝ ʘʥʚʝʣʦʧʝ ʦʜʨʝʹʫʿʫ ʩʝ ʧʘʨʘʤʝʪʨʠ ʯʚʨʩʪʦ˂ʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʤʘʪʝʨʠʿʘʣʥʦʛ 

ʤʦʜʝʣʘ, ʥʘ ʦʩʥʦʚʫ ʢʦʛʘ ʩʝ ʚʨʰʠ ʥʘʧʦʥʩʢʦ ʜʝʬʦʨʤʘʮʠʦʥʠ ʧʨʦʨʘʯʫʥ. ʀʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ 

ʤʘʪʝʨʠʿʘʣʥʠʭ ʢʦʥʩʪʘʥʪʠ ʟʘ ʨʝʜʫʢʦʚʘʥʫ ʘʥʚʝʣʦʧʫ ʣʦʤʘ ʩʝ ʚʨʰʠ ʢʦʨʠʰ˂ʝˁʝʤ ʥʝʢʝ ʦʜ ʤʝʪʦʜʘ ʟʘ 

ʥʘʣʘʞʝˁʝ ʤʠʥʠʤʘʣʥʦʛ ʦʜʩʪʫʧʘˁʘ (ʤʝʪʦʜʘ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ ʠ ʩʣʠʯʥʦ). 

ɿʘ ʤʦʜʠʬʠʢʦʚʘʥʠ Cam Clay ʤʘʪʝʨʠʿʘʣʥʠ ʤʦʜʝʣ ʚʘʞʠ ʜʨʫʛʘʯʠʿʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʿʝʨ ʩʝ ʿʘʚˀʘ 

ʦʿʘʯʘˁʝ, ʦʜʥʦʩʥʦ ʦʤʝʢʰʘˁʝ ʤʘʪʝʨʠʿʘʣʘ (ʚʠʜʝʪʠ ɸʥʝʢʩ 1 ʟʘ ʜʝʪʘˀʥʠʿʠ ʦʧʠʩ). 

3.2 ʇʨʠʤʝʥʘ ʪʝʦʨʠʿʝ ʧʦʫʟʜʘʥʦʩʪʠ  

ʎʠˀ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʿʝʩʪʝ ʜʘ ʧʨʠʢʘʞʝ ʦʩʥʦʚʥʝ ʠʜʝʿʝ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʩʠʛʫʨʥʦʩʪʠ ʢʦʿʘ 

ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʪʝʦʨʠʿʘʤʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʠ ʧʦʫʟʜʘʥʦʩʪʠ, ʢʘʦ ʠ ʜʘ ʦʧʠʰʝ ʤʝʪʦʜʝ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ 

ʫ ʦʢʚʠʨʫ ʦʚʦʛ ʨʘʜʘ. ʀʘʢʦ ʩʫ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʝ ʠ ʯʝʩʪʦ ʩʝ ʧʨʠʤʝˁʫʿʫ ʠʩʪʦʚʨʝʤʝʥʦ, ʦʚʝ ʜʚʝ 

ʦʙʣʘʩʪʠ ʥʠʩʫ ʠʩʪʦʚʝʪʥʝ.  

ʊʝʦʨʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʝ (ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʪʝʦʨʠʿʘ) ʿʝ ʙʘʟʠʯʥʘ ʥʘʫʯʥʘ ʜʠʩʮʠʧʣʠʥʘ. Oʥʘ ʿʝ ʛʨʘʥʘ 

ʤʘʪʝʤʘʪʠʢʝ ʢʦʿʘ ʦʧʠʩʫʿʝ ʥʘʩʫʤʠʯʥʝ ʧʦʿʘʚʝ ʠ ʙʘʚʠ ʩʝ ʘʥʘʣʠʟʦʤ ʨʘʩʧʦʜʝʣʘ ʩʣʫʯʘʿʥʠʭ ʚʝʣʠʯʠʥʘ, 

ʚʝʨʦʚʘʪʥʦ˂ʦʤ ˁʠʭʦʚʝ ʧʦʿʘʚʝ ʠ ʧʨʦʫʯʘʚʘˁʝʤ ʟʘʢʦʥʘ ʢʦʿʠ ʫʧʨʘʚˀʘʿʫ ʪʠʤ ʧʨʦʮʝʩʠʤʘ. Kʦʨʠʩʪʠ 

ʩʝ ʫ ʩʚʠʤ ʦʙʣʘʩʪʠʤʘ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ (ʬʠʟʠʢʘ, ʩʪʘʪʠʩʪʠʢʘ, ʠʥʞʝˁʝʨʩʪʚʦ, ʝʢʦʥʦʤʠʿʘ) ʢʘʦ 

ʪʝʦʨʠʿʩʢʠ ʪʝʤʝˀ ʟʘ ʙʠʣʦ ʢʦʿʠ ʚʠʜ ʘʥʘʣʠʟʝ ʥʝʧʦʫʟʜʘʥʦʩʪʠ. ʋ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʿ ʘʥʘʣʠʟʠ 

ʥʘʩʫʪʠʭ ʙʨʘʥʘ, ʪʝʦʨʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʤʦʜʝʣʠʨʘ ʨʘʩʧʦʜʝʣʘ ʥʘʩʫʤʠʯʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ (ʥʧʨ. ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʿʘʣʘ). ɿʘʭʚʘˀʫʿʫ˂ʠ ʪʝʦʨʠʿʠ ʚʝʨʦʚʘʪʥʦ˂ʝ, ʜʦʙʠʿʘʿʫ ʩʝ 

ʩʪʘʪʠʩʪʠʯʢʠ ʤʦʜʝʣʠ ʧʨʦʨʘʯʫʥʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʦʩʣʠʢʘʚʘʿʫ ʨʝʘʣʥʝ ʫʩʣʦʚʝ. ʆʥʘ ʧʨʫʞʘ 

ʤʘʪʝʤʘʪʠʯʢʝ ʘʣʘʪʝ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʨʘʩʧʦʜʝʣʘ ʩʣʫʯʘʿʥʠʭ ʚʝʣʠʯʠʥʘ ʠ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʢʨʦʟ 

ʩʪʘʪʠʩʪʠʯʢʫ ʘʥʘʣʠʟʫ ʠʩʪʦʨijʩʢʠʭ ʠʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʦʜʨʝʜʝ ʧʘʨʘʤʝʪʨʠ 

ʧʦʤʝʥʫʪʠʭ ʨʘʩʧʦʜʝʣʘ. ʆʩʥʦʚʥʠ ʧʦʿʤʦʚʠ ʪʝʦʨʠʿʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʠʟʣʦʞʝʥʠ ʩʫ ʫ ɸʥʝʢʩʫ 2.  

ʊʝʦʨʠʿʘ ʧʦʫʟʜʘʥʦʩʪʠ ʿʝ ʧʨʠʤʝˁʝʥʘ ʜʠʩʮʠʧʣʠʥʘ, ʥʘʩʪʘʣʘ ʢʘʦ ʠʥʞʝˁʝʨʩʢʘ ʛʨʘʥʘ ʢʦʿʘ ʥʘ 

ʜʠʨʝʢʪʘʥ ʥʘʯʠʥ ʧʨʠʤʝˁʫʿʝ ʤʝʪʦʜʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʠ ʩʪʘʪʠʩʪʠʢʝ ʫ ʮʠˀʫ ʢʚʘʥʪʠʬʠʢʘʮʠʿʝ 

ʧʦʫʟʜʘʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʦʛ ʩʠʩʪʝʤʘ. ʆʥʘ ʩʝ ʙʘʚʠ ʢʦʥʢʨʝʪʥʠʤ ʧʠʪʘˁʠʤʘ ï ʢʘʢʦ ʜʘ ʩʝ ʧʨʦʮʝʥʠ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʥʝʢʘ ʢʦʥʩʪʨʫʢʮʠʿʘ (ʢʘʦ ʩʣʦʞʝʥ ʩʠʩʪʝʤ) ʙʝʟʙʝʜʥʦ ʬʫʥʢʮʠʦʥʠʰʝ ʫ ʦʜʨʝʹʝʥʠʤ 

ʫʩʣʦʚʠʤʘ ʫ ʟʘʜʘʪʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ. ʋ ʪʫ ʩʚʨʭʫ ʨʘʟʚʠʿʝʥʝ ʩʫ ʤʘʪʝʤʘʪʠʯʢʝ ʤʝʪʦʜʝ ʯʠʿʠ 

ʦʩʥʦʚʥʠ ʮʠˀ ʿʝʩʪʝ ʧʨʦʮʝʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʦʪʢʘʟʘ ʟʘ ʩʚʘ ʜʝʬʠʥʠʩʘʥʘ ʛʨʘʥʠʯʥʘ ʩʪʘˁʘ.  

3.2.1 ʆʩʥʦʚʝ ʪʝʦʨʠʿʝ ʧʦʫʟʜʘʥʦʩʪʠ 

Kʦʥʩʪʨʫʢʮʠʿʘ ʢʦʿʘ ʿʝ ʧʨʝʜʤʝʪ ʘʥʘʣʠʟʝ ʧʦʫʟʜʘʥʦʩʪʠ (ʝʥʛ. Reliability Analysis) ʩʝ ʫ ʪʝoʨʠʿʠ 

ʧʦʫʟʜʘʥʦʩʪʠ ʥʘʟʠʚʘ ʩʠʩʪʝʤ ʢʦʿʠ ʩʘʜʨʞʠ ʧʨʦʩʪʦʨʥʝ ʠ ʚʨʝʤʝʥʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʦʧʠʩʫʿʫ 
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ˁʝʛʦʚʦ ʧʦʩʪʦʿʘˁʝ ʠ ʧʨʦʮʝʩʝ ʢʦʿʠ ʩʝ ʫ ˁʝʤʫ ʦʜʚʠʿʘʿʫ [35] (ʥʘ ʧʨʠʤʝʨ, ʥʘʩʫʪʘ ʙʨʘʥʘ ʫ ʩʘʜʝʿʩʪʚʫ 

ʩʘ ʦʢʦʣʥʦʤ ʩʪʝʥʦʤ ʠ ʚʦʜʦʤ ʧʨʝʜʩʪʘʚˀʘ ʩʠʩʪʝʤ). ʉʪʦʛʘ ʧʨʚʠ ʢʦʨʘʢ ʫ ʘʥʘʣʠʟʠ ʧʦʫʟʜʘʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚˀʘ ʜʝʬʠʥʠʩʘˁʝ ʤʦʜʝʣʘ ʩʠʩʪʝʤʘ, ʦʜʥʦʩʥʦ ʫʩʚʘʿʘˁʝ ʧʨʝʪʧʦʩʪʘʚʢʠ ʢʦʿʝ ʩʝ ʪʠʯʫ 

ʥʫʤʝʨʠʯʢʝ ʨʝʧʨʝʟʝʥʪʘʮʠʿʝ ʩʠʩʪʝʤʘ ʠ ʠʜʝʘʣʠʟʘʮʠʿʘ ʢʦʿʝ ʩʫ ʫʩʚʦʿʝʥʝ ʟʘ ʧʦʪʨʝʙʝ ʘʥʘʣʠʟʝ (ʥʘ 

ʧʨʠʤʝʨ, ʢʨʝʠʨʘˁʝ ʤʦʜʝʣʘ ʟʘʩʥʦʚʘʥʦʛ ʥʘ ʤʝʪʦʜʠ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʫʩʚʘʿʘˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ 

ʤʘʪʝʨʠʿʘʣʥʠʭ ʤʦʜʝʣʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʤʘʪʝʨʠʿʘʣʝ, ʫʩʚʘʿʘˁʝ ʠʜʝʘʣʠʟʘʮʠʿʘ ʚʝʟʘʥʠʭ ʟʘ ʤʦʜʝʣʠʨʘˁʝ 

ʬʠʟʠʯʢʠʭ ʧʨʦʮʝʩʘ ʠʪʜ.). ʅʠʚʦ ʜʝʪʘˀʥʦʩʪʠ ʠ ʩʣʦʞʝʥʦʩʪʠ ʤʦʜʝʣʘ ʟʘʚʠʩʠ ʦʜ ʪʠʧʘ ʧʨʦʙʣʝʤʘ ʢʦʿʠ 

ʩʝ ʨʘʟʤʘʪʨʘ, ʤʦʛʫ˂ʠʭ ʧʦʩʣʝʜʠʮʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʘ ʠ ʤʦʞʝ ʚʝʦʤʘ ʚʘʨʠʨʘʪʠ (ʤʝʪʦʜʘ ʥʫʤʝʨʠʯʢʝ 

ʘʥʘʣʠʟʝ, ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʠʣʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʘʥʘʣʠʟʘ, ʣʠʥʝʘʨʥʘ ʠʣʠ ʥʝʣʠʥʝʘʨʥʘ ʚʝʟʘ 

ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ ʚʝʣʠʯʠʥʘ ʠ ʦʜʛʦʚʦʨʘ ʩʠʩʪʝʤʘ ʠʪʜ.). ʄʦʜʝʣ ʩʠʩʪʝʤʘ ʩʫʰʪʠʥʩʢʠ ʧʨʝʜʩʪʘʚˀʘ 

ʥʫʤʝʨʠʯʢʠ ʘʣʘʪ ʢʦʿʠ ʧʨʝʪʚʘʨʘ ʫʣʘʟʥʝ ʧʘʨʘʤʝʪʨʝ (ʦʧʪʝʨʝ˂ʝˁʘ, ʧʘʨʘʤʝʪʨʠ ʧʦʥʘʰʘˁʘ 

ʤʘʪʝʨʠʿʘʣʘ, ʛʝʦʤʝʪʨʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʪʜ.) ʫ ʦʜʛʦʚʦʨʝ ʩʠʩʪʝʤʘ ʢʦʿʠ ʦʧʠʩʫʿʫ ʧʦʥʘʰʘˁʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʫ ʟʘʜʘʪʠʤ ʫʩʣʦʚʠʤʘ (ʧʦʤʝʨʘˁʘ, ʥʘʧʦʥʠ, ʧʦʨʥʠ ʧʨʠʪʠʩʮʠ, ʛʨʘʜʠʿʝʥʪʠ, SSR 

ʬʘʢʪʦʨʠ ʠʪʜ.). ʆʜʛʦʚʦʨʠ ʩʠʩʪʝʤʘ, ʢʘʦ ʠ ʫʣʘʟʥʠ ʧʘʨʘʤʝʪʨʠ, ʩʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʚʝʣʠʯʠʥʝ ʠ 

ʤʦʛʫ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʬʫʥʢʮʠʿʘʤʘ ʨʘʩʧʦʜʝʣʝ ʚʝʨʦʚʘʪʥʦ˂ʝ [83].  

ʅʘʢʦʥ ʜʝʬʠʥʠʩʘˁʘ ʩʠʩʪʝʤʘ ʧʦʪʨʝʙʥʦ ʿʝ ʫʪʚʨʜʠʪʠ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʤʦʞʝ ʙʠʪʠ ʫʛʨʦʞʝʥʘ 

ʧʦʫʟʜʘʥʦʩʪ ʩʠʩʪʝʤʘ [35]. ʆʚʘʿ ʢʦʨʘʢ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʝ ʩʚʝʛʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʤʦʛʫ˂ʠʭ 

ʛʨʘʥʠʯʥʠʭ ʩʪʘˁʘ ʢʦʿʘ ʫʛʨʦʞʘʚʘʿʫ ʧʦʫʟʜʘʥʦʩʪ ʩʠʩʪʝʤʘ (ʠʣʠ ʥʝʢʠʭ ˁʝʛʦʚʠʭ ʢʦʤʧʦʥʝʥʪʠ). ʆʚʦ ʿʝ 

ʚʝʦʤʘ ʚʘʞʘʥ ʢʦʨʘʢ ʠ ʧʨʝʜʩʪʘʚˀʘ ʥʝʠʟʦʩʪʘʚʘʥ ʜʝʦ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ. ʋ ʪʝʦʨʠʿʠ 

ʧʦʫʟʜʘʥʦʩʪʠ ʩʠʩʪʝʤ ʩʝ ʩʤʘʪʨʘ ʥʝʧʦʫʟʜʘʥʠʤ ʫʢʦʣʠʢʦ ʿʝ ʥʝʢʦ ʦʜ ʛʨʘʥʠʯʥʠʭ ʩʪʘˁʘ ʜʦʩʪʠʛʥʫʪʦ, 

ʦʜʥʦʩʥʦ ʫʢʦʣʠʢʦ ʿʝ ʦʜʛʦʚʦʨ ʩʠʩʪʝʤʘ ʪʘʢʘʚ ʜʘ ʥʘʨʫʰʘʚʘ ʙʘʨʝʤ ʿʝʜʘʥ ʦʜ ʢʨʠʪʝʨʠʿʫʤʘ 

ʧʦʫʟʜʘʥʦʩʪʠ ʜʝʬʠʥʠʩʘʥʠʭ ʟʘ ˁʝʛʦʚʘ ʛʨʘʥʠʯʥʘ ʩʪʘˁʘ. ʂʨʠʪʝʨʠʿʫʤʠ ʟʘ ʜʦʩʪʠʟʘˁʝ ʛʨʘʥʠʯʥʠʭ 

ʩʪʘˁʘ ʬʦʨʤʫʣʠʰʫ ʩʝ ʫ ʬʫʥʢʮʠʿʠ ʥʝʢʦʛ ʦʜ ʦʜʛʦʚʦʨʘ ʩʠʩʪʝʤʘ (ʢʨʦʟ ʛʨʘʥʠʯʥʝ ʚʝʣʠʯʠʥʝ ʟʘ 

ʧʦʤʝʨʘˁʘ, ʭʠʜʨʘʫʣʠʯʢʝ ʛʨʘʜʠʿʝʥʪʝ, SSR ʬʘʢʪʦʨʝ ʠ ʩʣʠʯʥʦ). ʂʨʠʪʝʨʠʿʫʤʠ ʟʘ ʛʨʘʥʠʯʥʘ ʩʪʘˁʘ 

ʥʦʩʠʚʦʩʪʠ ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʩʫ ʦʧʠʩʘʥʠ ʫ ʧʦʛʣʘʚˀʫ 2.2.  

ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʥʝʧʦʫʟʜʘʥʦʩʪʠ ʫ ʘʥʘʣʠʟʠ ʧʦʥʘʰʘˁʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʦʜʥʦʩʝ ʩʝ ʥʘ ʦʧʪʝʨʝ˂ʝˁʘ 

(ʝʥʛ. load) ʠ ʦʪʧʦʨʥʦʩʪ (ʝʥʛ. resistance), ʪʿ. ʧʦʥʘʰʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʠ ʦʚʝ ʜʚʝ ʥʝʧʦʫʟʜʘʥʦʩʪʠ ʩʫ 

ʤʝʹʫʩʦʙʥʦ ʥʝʟʘʚʠʩʥʝ. ʇʦʪʧʫʥʠ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʤʦʜʝʣ ʩʠʩʪʝʤʘ ʩʪʦʛʘ ʦʙʫʭʚʘʪʘ ʩʪʘʪʠʩʪʠʯʢʠ 

ʪʨʝʪʤʘʥ ʠ ʿʝʜʥʝ ʠ ʜʨʫʛʝ ʢʦʤʧʦʥʝʥʪʝ. ʄʦʜʝʣʠʨʘˁʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʤʘʪʝʨʠʿʘʣʘ 

ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʩʪʘʪʠʩʪʠʯʢʦʿ ʦʙʨʘʜʠ ʩʚʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʧʦʜʘʪʘʢʘ ʫ ʮʠˀʫ ʜʝʬʠʥʠʩʘˁʘ ʨʘʩʧʦʜʝʣʘ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʘʨʘʤʝʪʘʨʘ ʤʦʜʝʣʘ ʢʦʿʠ ʩʝ ʥʘ ˁʠʭ ʦʜʥʦʩʝ.  

ʋ ʧʨʘʢʩʠ ʩʝ ʯʝʩʪʦ ʨʘʟʜʚʘʿʘʿʫ ʨʘʟʣʠʯʠʪʠ ʩʣʫʯʘʿʝʚʠ ʦʧʪʝʨʝ˂ʝˁʘ (ʧʨʦʨʘʯʫʥʩʢʝ ʩʠʪʫʘʮʠʿʝ) ʠ ʟʘ 

ʩʚʘʢʠ ʟʘʩʝʙʥʦ ʩʧʨʦʚʦʜʠ ʘʥʘʣʠʟʘ ʧʦʫʟʜʘʥʦʩʪʠ ʫ ʢʦʿʦʿ ʩʪʘʪʠʩʪʠʯʢʠ ʪʨʝʪʤʘʥ ʠʤʘʿʫ ʩʘʤʦ 

ʧʘʨʘʤʝʪʨʠ ʧʦʥʘʰʘˁʘ ʤʘʪʝʨʠʿʘʣʘ. ʈʘʟʣʦʛ ʣʝʞʠ ʫ ʪʦʤʝ ʰʪʦ ʩʝ ʥʠʚʦ ʧʨʠʭʚʘʪˀʠʚʦʛ ʨʠʟʠʢʘ ʤʦʞʝ 

ʨʘʟʣʠʢʦʚʘʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʘʟʤʘʪʨʘʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʦʧʪʝʨʝ˂ʝˁʘ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʦʧʪʝʨʝ˂ʝˁʝ 

ʠʤʘ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʪʨʝʪʤʘʥ.  

ʆʜʛʦʚʦʨʠ ʩʠʩʪʝʤʘ (ʥʧʨ. ʧʦʤʝʨʘˁʘ, ʛʨʘʜʠʿʝʥʪʠ, SSR ʬʘʢʪʦʨʠ), ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʬʦʨʤʫʣʠʩʘʥʠ 

ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʜʦʩʪʠʟʘˁʝ ʛʨʘʥʠʯʥʠʭ ʩʪʘˁʘ, ʤʘʪʝʤʘʪʠʯʢʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʬʫʥʢʮʠʿʝ ʨʘʩʧʦʜʝʣʝ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʢʦʿʝ, ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʟʘʚʠʩʝ ʦʜ ʚʝʢʪʦʨʘ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. ɺʝʢʪʦʨ ʫʣʘʟʥʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ ὢ ʤʦʞʝ ʙʠʪʠ ʩʘʯʠˁʝʥ ʦʜ M ʩʣʫʯʘʿʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (X1, X2, é XM) ʢʦʿʝ ʟʘʿʝʜʥʦ 

ʯʠʥʝ ʧʨʦʩʪʦʨ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (input space) [50].  

ʋʢʦʣʠʢʦ ʿʝ ʧʨʦʩʪʦʨ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʿʝʜʥʦʜʠʤʝʥʟʠʦʥʘʣʘʥ, ʪʦ ʟʥʘʯʠ ʜʘ ʧʦʩʪʦʿʠ ʩʘʤʦ ʿʝʜʥʘ 

ʩʣʫʯʘʿʥʘ ʧʨʦʤʝʥˀʠʚʘ (ʥʝʢʘ ʿʝ ʪʦ ʧʘʨʘʤʝʪʘʨ ʦʪʧʦʨʥʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ, ʦʟʥʘʯʝʥ ʩʘ R ï resistance) 

ʜʝʬʠʥʠʩʘʥʘ ʬʫʥʢʮʠʿʦʤ ʨʘʩʧʦʜʝʣʝ Ὢ ὶ. ʋ ʩʢʫʧʫ ʤʦʛʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʧʨʦʤʝʥˀʠʚʝ R ʤʦʞʝ ʩʝ 

ʜʝʬʠʥʠʩʘʪʠ ʚʨʝʜʥʦʩʪ s* ʢʦʿʘ ʜʝʣʠ ʩʢʫʧ ʥʘ ʜʚʘ ʜʝʣʘ: 

¶ ɺʨʝʜʥʦʩʪʠ ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʥʝ ʥʘʨʫʰʘʚʘʿʫ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ Ὑ ίᶻ ï ʧʦʫʟʜʘʥʦ ʩʪʘˁʝ 

¶ ɺʨʝʜʥʦʩʪʠ ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʜʦʚʦʜʝ ʜʦ ʦʪʢʘʟʘ Ὑ ίᶻ ï ʩʪʘˁʝ ʦʪʢʘʟʘ 

ɺʝʨʦʚʘʪʥʦ˂ʘ ʦʪʢʘʟʘ Pf  ʩʠʩʪʝʤʘ ʩʘ ʿʝʜʥʦʤ ʫʣʘʟʥʦʤ ʧʨʦʤʝʥˀʠʚʦʤ ʩʝ ʜʝʬʠʥʠʰʝ ʥʘ ʩʣʝʜʝ˂ʠ 

ʥʘʯʠʥ [35]: 
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ὖ ὖὙ ίᶻ ὖ
Ὑ

ίz
ρ [2]    

ɺʨʝʜʥʦʩʪ ίᶻ ʧʨʝʜʩʪʘʚˀʘ ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ ʫ ʿʝʜʥʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ ʫʣʘʟʥʠʭ 
ʧʨʦʤʝʥˀʠʚʠʭ. ɸʥʘʣʦʛʥʦ ʪʦʤʝ, ʟʘ M-ʜʠʤʝʥʟʠʦʥʘʣʥʠ ʧʨʦʩʪʦʨ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʤʦʞʝ ʩʝ 

ʜʝʬʠʥʠʩʘʪʠ ʧʦʚʨʰ ʢʦʿʘ ʠʤʘ (ʄ-1) ʜʠʤʝʥʟʠʿʘ (ʟʘ ὓ ς ʪʦ ʿʝ ʢʨʠʚʘ, ʟʘ ὓ σ ʪʦ ʿʝ ʨʘʚʘʥ ʠʪʜ.) 
ʢʦʿʘ ʨʘʟʜʚʘʿʘ ʧʨʦʩʪʦʨ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʥʘ ʙʝʟʙʝʜʘʥ ʜʝʦ Rs (s ï safe) ʠ ʥʝʙʝʟʙʝʜʘʥ ʜʝʦ 

ʧʨʦʩʪʦʨʘ Rf (f ï failure). ʆʚʘ ʧʦʚʨʰ ʤʦʞʝ ʩʝ ʤʘʪʝʤʘʪʠʯʢʠ ʜʝʬʠʥʠʩʘʪʠ ʫ ʬʦʨʤʠ Ὣὢ π, ʘ 
ʬʫʥʢʮʠʿʘ Ὣὢ ʥʘʟʠʚʘ ʩʝ ʬʫʥʢʮʠʿʘ ʛʨʘʥʠʯʥʦʛ ʩʪʘˁʘ (ʝʥʛ. Limit State Function - LSF). ʇʦʟʠʪʠʚʥʝ 

ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʝ Ὣὢ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʫʟʜʘʥʦ ʩʪʘˁʝ ʫ ʧʨʦʩʪʦʨʫ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʜʦʢ 

ʥʝʛʘʪʠʚʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʪʢʘʟ [50].  

Ὑȡ Ὣὢ π 

Ὑȡ Ὣὢ π 
[3]    

ɺʝʨʦʚʘʪʥʦ˂ʘ ʦʪʢʘʟʘ Pf (Probability of failure) ʜʝʬʠʥʠʰʝ ʩʝ ʢʘʦ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʚʝʢʪʦʨ ὢ 

ʩʣʫʯʘʿʥʠʭ M ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (X1, X2, é XM) ʫʟʤʝ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ʜʦʤʝʥʫ 

ʧʨʦʩʪʦʨʘ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ Ὑ [50]. ʅʝʢʘ ʿʝ Ὢὢ ʟʘʿʝʜʥʠʯʢʘ ʬʫʥʢʮʠʿʘ ʨʘʩʧʦʜʝʣʝ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʟʘ ʩʚʝ ʫʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ ʠʟ ʚʝʢʪʦʨʘ ὢ. ʊʘʜʘ ʩʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʦʪʢʘʟʘ 
ʤʘʪʝʤʘʪʠʯʢʠ ʜʝʬʠʥʠʰʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ὖ ὪὢὨὢ [4]    

ʅʘʨʝʜʥʘ ʩʣʠʢʘ ʧʨʠʢʘʟʫʿʝ ʚʠʟʫʝʣʠʟʘʮʠʿʫ ʢʦʥʮʝʧʪʘ ʬʫʥʢʮʠʿʝ ʢʨʠʪʠʯʥʦʛ ʩʪʘˁʘ ʥʘ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ ʩʣʫʯʘʿʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ:  

 

ʉʣʠʢʘ 3.2 ʀʣʫʩʪʨʘʮʠʿʘ ʢʦʥʮʝʧʪʘ ʬʫʥʢʮʠʿʝ ʛʨʘʥʠʯʥʦʛ ʩʪʘˁʘ 

(ʩʣʠʢʘ ʧʨʝʫʟʝʪʘ ʠʟ [50]) 

ʈʝʰʝˁʝ ʠʥʪʝʛʨʘʣʘ ʜʝʬʠʥʠʩʘʥʦʛ ʫ ʠʟʨʘʟʫ [4] ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʥʝ ʧʦʩʪʦʿʠ ʫ ʟʘʪʚʦʨʝʥʦʤ ʦʙʣʠʢʫ. 

ʇʨʦʙʣʝʤ ʨʝʰʘʚʘˁʘ ʦʚʦʛ ʠʥʪʝʛʨʘʣʘ ʥʠʿʝ ʪʨʠʚʠʿʘʣʘʥ ʠ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʟʘʜʘʪʘʢʘ 

ʪʝʦʨʠʿʝ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʦʩʥʦʚʫ ʟʘ ʤʥʦʛʝ ʥʫʤʝʨʠʯʢʝ ʤʝʪʦʜʝ ʠ ʪʝʭʥʠʢʝ ʢʦʿʝ ʩʫ ʩʝ ʩʘ ʪʘʢʚʠʤ ʮʠˀʝʤ 
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ʨʘʟʚʠʣʝ - ʪʟʚ. ʤʝʪʦʜʝ ʧʦʫʟʜʘʥʦʩʪʠ (ʝʥʛ. Reliability methods). ʀʘʢʦ ʧʦʩʪʦʿʝ ʨʘʟʣʠʢʝ ʫ ʪʦʤʝ ʢʘʢʦ 

ʨʘʟʣʠʯʠʪʠ ʘʫʪʦʨʠ ʚʨʰʝ ˁʠʭʦʚʫ ʢʣʘʩʠʬʠʢʘʮʠʿʫ, ʿʝʜʘʥ ʦʜ ʰʠʨʦʢʦ ʧʨʠʭʚʘ˂ʝʥʠʭ ʧʨʠʩʪʫʧʘ ʿʝʩʪʝ 

ʧʦʜʝʣʘ ʧʨʝʤʘ ʥʘʯʠʥʫ ʥʘ ʢʦʿʠ ʘʧʨʦʢʩʠʤʠʨʘʿʫ ʠʣʠ ʠʟʨʘʯʫʥʘʚʘʿʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʦʪʢʘʟʘ [50]: 

¶ ʤʝʪʦʜʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ, ʤʝʹʫ ʢʦʿʠʤʘ ʩʫ ʥʘʿʧʦʟʥʘʪʠʿʝ: 

o ʄʝʪʦʜʘ ʧʦʫʟʜʘʥʦʩʪʠ ʧʨʚʦʛ ʨʝʜʘ (FORM, ʝʥʛ. First-Order Reliability Method)  

o ʄʝʪʦʜʘ ʧʦʫʟʜʘʥʦʩʪʠ ʜʨʫʛʦʛ ʨʝʜʘ (SORM, ʝʥʛ. Second-Order Reliability Method)   

¶ ʤʝʪʦʜʝ ʫʟʦʨʢʦʚʘˁʘ (ʥʘʿʧʦʟʥʘʪʠʿʘ ʤʝʪʦʜʘ ʠʟ ʦʚʝ ʛʨʫʧʝ ʿʝ ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʘ).  

ʆʚʘʿ ʨʘʜ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʫ ʘʥʘʣʠʟʫ ʩʠʛʫʨʥʦʩʪʠ ʥʘʩʫʪʠʭ 

ʙʨʘʥʘ ʧʨʠʤʝʥʦʤ ʄʦʥʪʝ ʂʘʨʣʦ ʘʥʘʣʠʟʝ ʥʘ ʩʫʨʦʛʘʪ ʤʦʜʝʣʫ. ʋ ʥʘʩʪʘʚʢʫ ʩʫ ʠʟʣʦʞʝʥʝ ʪʝʦʨʠʿʩʢʝ 

ʦʩʥʦʚʝ ʢʦʿʝ ʩʠ ʪʠʯʫ ʧʨʠʤʝʥʝ ʄʦʥʪʝ-ʂʘʨʣʦ ʤʝʪʦʜʝ (ʧʦʛʣʘʚˀʝ 3.2.2) ʠ ʦʜʘʙʨʘʥʝ ʤʝʪʦʜʝ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʟʘ ʢʨʝʠʨʘˁʝ ʩʫʨʦʛʘʪ ʤʦʜʝʣʘ (ʧʦʛʣʘʚˀʝ 3.3).  

3.2.2 ʇʨʠʤʝʥʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʝ ʟʘ ʧʨʦʮʝʥʫ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʘ 

ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʘ ʜʦʙʠʣʘ ʿʝ ʠʤʝ ʧʦ ʄʦʥʪʝ-ʂʘʨʣʦ ʢʘʟʠʥʫ ʫ ʄʦʥʘʢʫ, ʰʪʦ ʩʫʛʝʨʠʰʝ ʥʘ ʠʜʝʿʫ 

ʩʣʫʯʘʿʥʦʛ ʫʟʦʨʢʦʚʘˁʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʩʨʮʫ ʦʚʝ ʤʝʪʦʜʝ. ʉʣʫʯʘʿʥʠʤ ʫʟʦʨʢʦʚʘˁʝʤ ʫʣʘʟʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʢʨʝʠʨʘ ʩʝ ʚʝʣʠʢʠ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ ʦʜʨʝʹʝʥʦʛ ʧʨʦʙʣʝʤʘ ʯʠʿʠ ʩʝ ʨʝʟʫʣʪʘʪʠ 

ʩʪʘʪʠʩʪʠʯʢʠ ʦʙʨʘʹʫʿʫ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʬʦʨʤʠʨʘʿʫ ˁʝʛʦʚʦ ʨʝʰʝˁʝ [83]. 

ʋ ʢʦʥʪʝʢʩʪʫ ʧʨʦʙʣʝʤʘ ʚʝʟʘʥʠʭ ʟʘ ʧʦʫʟʜʘʥʦʩʪ ʢʦʥʩʪʨʫʢʮʠʿʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʩʠʤʫʣʘʮʠʿʘ 

ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʝ ʟʘ ʩʚʘʢʫ ʫʣʘʟʥʫ ʧʨʦʤʝʥˀʠʚʫ ὢ (ʠʟ ʚʝʢʪʦʨʘ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ὢ) ʥʘ 

ʩʣʫʯʘʿʘʥ ʥʘʯʠʥ ʠʟʘʙʝʨʝ ʫʟʦʨʘʢ ὼ, ʯʠʤʝ ʩʝ ʬʦʨʤʠʨʘ ʚʝʢʪʦʨ ʩʣʫʯʘʿʥʦ ʠʟʘʙʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ὼ 
ʢʦʿʠ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʟʘ ʩʚʘʢʫ ʧʦʿʝʜʠʥʘʯʥʫ ʩʠʤʫʣʘʮʠʿʫ ʨʘʟʤʘʪʨʘʥʦʛ ʩʠʩʪʝʤʘ. ɿʘ ʫʟʦʨʢʦʚʘʥʠ 

ʚʝʢʪʦʨ ὼ ʧʨʦʚʝʨʘʚʘ ʩʝ ʜʘ ʣʠ ʿʝ ʟʘʜʦʚʦˀʝʥʦ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʦ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ (limit state 

function LSF ï ʬʫʥʢʮʠʿʘ ʛʨʘʥʠʯʥʦʛ ʩʪʘˁʘ, ʢʦʿʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʟʘʧʠʩʫʿʝ ʫ ʦʙʣʠʢʫ Ὣὼ π). 
ʋʢʦʣʠʢʦ ʿʝ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ ʥʘʨʫʰʝʥʦ, ʦʜʥʦʩʥʦ Ὣὼ π, ʩʤʘʪʨʘ ʩʝ ʜʘ ʿʝ ʢʦʥʩʪʨʫʢʮʠʿʘ 
ʥʝʩʠʛʫʨʥʘ ʟʘ ʨʘʟʤʘʪʨʘʥʠ ʩʣʫʯʘʿ ʩʘ ʚʝʢʪʦʨʦʤ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ὼ. ʆʧʠʩʘʥʠ ʧʨʦʮʝʩ ï 

ʫʟʦʨʢʦʚʘˁʝ ʥʦʚʦʛ ʚʝʢʪʦʨʘ ὼ ʠ ʧʨʦʚʝʨʘ ʛʨʘʥʠʯʥʦʛ ʩʪʘˁʘ ʧʦʥʘʚˀʘ ʩʝ ʤʥʦʛʦ ʧʫʪʘ (ʙʨʦʿ 
ʧʦʥʘʚˀʘˁʘ ʦʟʥʘʯʘʚʘ ʩʝ ʩʘ N). ɺʝʨʦʚʘʪʥʦ˂ʘ ʣʦʤʘ, ʦʜʥʦʩʥʦ ʥʘʨʫʰʘʚʘˁʘ ʜʝʬʠʥʠʩʘʥʦʛ ʛʨʘʥʠʯʥʦʛ 

ʩʪʘˁʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʜʝʬʠʥʠʰʝ ʩʝ ʢʘʦ [83]: 

ὖ
ὲὫὼ π

ὔ
 [5]    

ʛʜʝ  ὲὫὼ π ʦʟʥʘʯʘʚʘ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ ὲ ʫ ʢʦʿʠʤʘ ʿʝ ʜʦʰʣʦ ʜʦ ʣʦʤʘ. ɱʘʩʥʦ ʿʝ ʜʘ ʄʦʥʪʝ-

ʂʘʨʣʦ ʤʝʪʦʜʘ ʤʥʦʛʦ ʧʫʪʘ ʩʧʨʦʚʦʜʠ ñʣʫʪʨʠʿʫò ʩʘ ʧʨʝʜʝʬʠʥʠʩʘʥʠʤ ʫʣʘʟʥʠʤ ʨʘʩʧʦʜʝʣʘʤʘ ʢʘʢʦ 

ʙʠ ʢʨʦʟ ʘʥʘʣʠʟʫ ʠ ʦʙʨʘʜʫ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʘ ʜʦʰʣʘ ʜʦ ʨʝʰʝˁʘ ʧʨʦʙʣʝʤʘ, 

ʦʜʥʦʩʥʦ ʚʝʨʦʚʘʪʥʦ˂ʝ ʣʦʤʘ [83]. ɿʘ ʩʣʫʯʘʿ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʦʥʘʚˀʘˁʘ N, ʦʚʘʢʦ ʩʨʘʯʫʥʘʪʘ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʣʦʤʘ ʪʝʞʠ ʪʝʦʨʠʿʩʢʦʿ ʚʨʝʜʥʦʩʪʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʣʦʤʘ. 

ʉʠʛʫʨʥʦʩʪ ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʧʨʦʮʝˁʫʿʝ ʩʝ ʦʜʨʝʹʠʚʘˁʝʤ ʚʝʨʦʚʘʪʥʦ˂ʝ ʣʦʤʘ ʟʘ ʩʚʘ ʛʨʘʥʠʯʥʘ ʩʪʘˁʘ 

ʥʦʩʠʚʦʩʪʠ ʜʝʬʠʥʠʩʘʥʘ ʟʘ ʦʚʘʿ ʪʠʧ ʢʦʥʩʪʨʫʢʮʠʿʘ (ʚʠʜʝʪʠ ʧʦʛʣʘʚˀʝ 2.1). ʋʢʦʣʠʢʦ ʿʝ 

ʧʨʦʨʘʯʫʥʩʢʠ ʤʦʜʝʣ ʟʘʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʠ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʚʝʨʦʚʘʪʥʦ˂ʘ ʣʦʤʘ ʟʘ ʩʚʘʢʦ ʦʜ 

ʛʨʘʥʠʯʥʠʭ ʩʪʘˁʘ (ʚʠʜʝʪʠ ʧʦʛʣʘʚˀʝ 2.2) ʜʝʬʠʥʠʰʝ ʩʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ:  

¶ ʋʥʫʪʨʘʰˁʘ ʝʨʦʟʠʿʘ (ʧʨʝʢʦʨʘʯʝˁʝ ʭʠʜʨʘʫʣʠʯʢʠʭ ʛʨʘʜʠʿʝʥʘʪʘ) 

ὖ
ὲὭ Ὥ

ὔ

ὲὭ Ὥ π

ὔ
ȟ Ὣὢ Ὥ Ὥ  [6]    

ʛʜʝ Ὥ  ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʨʘʯʫʥʩʢʫ ʚʨʝʜʥʦʩʪ ʤʘʢʩʠʤʘʣʥʦʛ ʭʠʜʨʘʫʣʠʯʢʦʛ ʛʨʘʜʠʿʝʥʪʘ ʟʘ 

ʨʘʟʤʘʪʨʘʥʫ ʟʦʥʫ ʠʣʠ ʮʝʦ ʤʦʜʝʣ, ʜʦʢ Ὥ  ʧʨʝʜʩʪʘʚˀʘ ʢʨʠʪʠʯʥʫ ʚʨʝʜʥʦʩʪ ʭʠʜʨʘʫʣʠʯʢʦʛ 

ʛʨʘʜʠʿʝʥʪʘ. 
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¶ ɻʣʦʙʘʣʥʘ ʩʪʘʙʠʣʥʦʩʪ 

ὖ
ὲὊὛ ρ

ὔ

ὲὊὛ ρ π

ὔ
ȟ Ὣὢ ὊὛ ρ [7]    

ʛʜʝ ὊὛ  ʧʨʝʜʩʪʘʚˀʘ ʬʘʢʪʦʨ ʩʠʛʫʨʥʦʩʪʠ ʩʨʘʯʫʥʘʪ ʤʝʪʦʜʦʤ ʨʝʜʫʢʮʠʿʝ ʩʤʠʯʫ˂ʝ 

ʯʚʨʩʪʦ˂ʝ (SSR). 

ɻʝʥʝʨʠʩʘˁʝ ʩʣʫʯʘʿʥʠʭ ʫʟʦʨʘʢʘ (Sampling) 

ʉʣʫʯʘʿʥʠ ʫʟʦʨʘʢ ὼ ʠʟ ʧʨʦʠʟʚʦˀʥʝ ʩʪʘʪʠʩʪʠʯʢʝ ʜʠʩʪʨʠʙʫʮʠʿʝ ʢʦʿʘ ʦʧʠʩʫʿʝ ʫʣʘʟʥʫ ʧʨʦʤʝʥˀʠʚʫ 

ὢ ʫ ʄʦʥʪʝ-ʂʘʨʣʦ ʤʝʪʦʜʠ ʜʦʙʠʿʘ ʩʝ ʤʘʪʝʤʘʪʠʯʢʦʤ ʪʝʭʥʠʢʦʤ ʢʦʿʘ ʩʝ ʥʘʟʠʚʘ ʤʝʪʦʜʘ ʠʥʚʝʨʟʥʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ [83]. ʉʫʰʪʠʥʘ ʦʚʝ ʤʝʪʦʜʝ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʢʦʨʠʰ˂ʝˁʫ ʢʫʤʫʣʘʪʠʚʥʝ ʬʫʥʢʮʠʿʝ 

ʨʘʩʧʦʜʝʣʝ Ὂ  ʫ ʢʦʿʦʿ ʩʝ ʩʚʝ ʚʨʝʜʥʦʩʪʠ Ὂ (ὼ  ʥʘʣʘʟʝ ʧʦ ʜʝʬʠʥʠʮʠʿʠ ʫ ʨʘʩʧʦʥʫ (0, 1). 

ʉʣʫʯʘʿʥʠʤ ʠʟʙʦʨʦʤ ʠʟ ʫʥʠʬʦʨʤʥʝ ʨʘʩʧʦʜʝʣʝ (0, 1) ʦʜʨʝʹʫʿʝ ʩʝ ʙʨʦʿ ὶ  (0 < ὶ < 1) ʢʦʿʠ ʩʝ ʟʘʪʠʤ 

ʠʟʿʝʜʥʘʯʘʚʘ ʩʘ Ὂ ὼ .  

 

ʉʣʠʢʘ 3.3 ʄʝʪʦʜʘ ʠʥʚʝʨʟʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ (ʩʣʠʢʘ ʧʨʝʫʟʝʪʘ ʠʟ [83]) 

ʆʙʨʘʜʘ ʨʝʟʫʣʪʘʪʘ 

ʈʝʟʫʣʪʘʪʠ ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʝ ʩʫ ʬʫʥʢʮʠʿʝ ʨʘʩʧʦʜʝʣʝ ʦʜʛʦʚʦʨʘ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ 

ʬʦʨʤʫʣʠʩʘʥʠ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʜʦʩʪʠʟʘˁʝ ʛʨʘʥʠʯʥʠʭ ʩʪʘˁʘ (ʫ ʩʣʫʯʘʿʫ ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʪʦ ʩʫ 

ʛʨʘʜʠʿʝʥʪʠ Ὥ  ʠ SSR ʬʘʢʪʦʨʠ ὊὛ ). ʆʙʨʘʜʘ ʨʝʟʫʣʪʘʪʘ ὔ ʩʠʤʫʣʘʮʠʿʘ ʫ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʘʥʘʣʠʟʠ ʤʦʞʝ ʩʝ ʚʨʰʠʪʠ ʥʘ ʚʠʰʝ ʥʘʯʠʥʘ, ʢʘʦ ʰʪʦ ʩʫ ʧʨʦʮʝʥʘ ʧʘʨʘʤʝʪʘʨʘ ʧʨʝʪʧʦʩʪʘʚˀʝʥʝ 

ʨʘʩʧʦʜʝʣʝ ʠ ʤʝʪʦʜʘ ʭʠʩʪʦʛʨʘʤʘ.  

ɿʘ ʨʝʟʫʣʪʘʪʝ ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʝ (ʦʙʝʣʝʞʠʤʦ ʩʘʜʘ ʬʫʥʢʮʠʿʫ ʨʘʩʧʦʜʝʣʝ ʦʜʛʦʚʦʨʘ ʩʠʩʪʝʤʘ ʩʘ 

X) ʚʝʦʤʘ ʯʝʩʪʦ ʩʝ ʤʦʞʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʜʘ ʧʨʘʪʝ ɻʘʫʩʦʚʫ ʬʫʥʢʮʠʿʫ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ. ʋ ʪʦʤ 

ʩʣʫʯʘʿʫ ʜʦʚʦˀʥʦ ʿʝ ʥʘ ʦʩʥʦʚʫ ʩʢʫʧʘ ʨʝʟʫʣʪʘʪʘ ὔ ʩʠʤʫʣʘʮʠʿʘ ʩʠʩʪʝʤʘ (ʛʜʝ ὼ ʧʨʝʜʩʪʘʚˀʘ 

ʨʝʟʫʣʪʘʪ ʧʦʿʝʜʠʥʘʯʥʝ ʩʠʤʫʣʘʮʠʿʝ, Ὥ ρȟςȣὔ) ʠʟʨʘʯʫʥʘʪʠ ʧʘʨʘʤʝʪʨʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʝ 

ʨʘʩʧʦʜʝʣʝ ï ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ‘ ʠ ʩʪʘʥʜʘʨʜʥʫ ʜʝʚʠʿʘʮʠʿʫ „.  

ʇʨʝʪʧʦʩʪʘʚʢʘ ʥʦʨʤʘʣʥʝ (ʠʣʠ ʙʠʣʦ ʢʦʿʝ ʜʨʫʛʝ) ʨʘʩʧʦʜʝʣʝ ʥʠʿʝ ʫ ʩʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ. 

ɻʝʥʝʨʘʣʥʠʿʠ ʧʨʠʩʪʫʧ ʟʘ ʦʙʨʘʜʫ ʨʝʟʫʣʪʘʪʘ ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʤʝʥʘ ʤʝʪʦʜʝ ʭʠʩʪʦʛʨʘʤʘ. ʄʝʪʦʜ 

ʭʠʩʪʦʛʨʘʤʘ ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʥʘʯʠʥʘ ʟʘ ʚʠʟʫʝʣʠʟʘʮʠʿʫ ʨʘʩʧʦʜʝʣʝ ʙʠʣʦ ʢʘʢʚʦʛ 

ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ. ʆʥ ʧʦʜʨʘʟʫʤʝʚʘ ʧʦʜʝʣʫ ʦʧʩʝʛʘ ʧʦʜʘʪʘʢʘ ʫ ʚʠʰʝ ʠʥʪʝʨʚʘʣʘ, ʧʦʟʥʘʪʠʭ ʢʘʦ 

ʙʠʥʦʚʠ, ʠ ʧʨʝʙʨʦʿʘʚʘˁʝ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʩʚʘʢʦʤ ʙʠʥʫ. ʆʚʦ ʦʤʦʛʫ˂ʘʚʘ ʚʠʟʫʝʣʠʟʘʮʠʿʫ 

ʬʨʝʢʚʝʥʮʠʿʝ ʧʦʜʘʪʘʢʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʜʝʣʦʚʠʤʘ ˁʠʭʦʚʦʛ ʦʧʩʝʛʘ. ʄʘʪʝʤʘʪʠʯʢʠ ʟʘʧʠʩʘʥʦ, 

ʚʨʝʜʥʦʩʪ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʟʘ ʪʘʯʢʫ ὼ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʮʝʥʪʨʫ ʧʦʩʤʘʪʨʘʥʦʛ ʙʠʥʘ Ὥ ʿʝʜʥʘʢʘ 
ʿʝ: 
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Ὂ

ρ

ὔὬ
Ὅ
ὼ ὼ

Ὤ
 [8]    

ʛʜʝ Ὤ ʧʨʝʜʩʪʘʚˀʘ ʰʠʨʠʥʫ ʙʠʥʘ, ʘ Ὅ  ʧʨʝʜʩʪʘʚˀʘ ʬʫʥʢʮʠʿʫ ʠʥʜʠʢʘʪʦʨʘ ʫʜʘˀʝʥʦʩʪʠ 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ὼ ʦʜ ʮʝʥʪʨʘ ʙʠʥʘ ὼ. ʋʢʦʣʠʢʦ ʩʝ ʨʝʟʫʣʪʘʪ ʩʠʤʫʣʘʮʠʿʝ ὼ 

ʥʘʣʘʟʠ ʫʥʫʪʘʨ ʧʦʩʤʘʪʨʘʥʦʛ ʙʠʥʘ, ʠʥʜʠʢʘʪʦʨ Ὅ ρ, ʜʦʢ ʿʝ ʫ ʩʫʧʨʦʪʥʦʤ Ὅ π. 

ɺʠʩʠʥʘ ʩʚʘʢʦʛ ʙʠʥʘ ʜʝʬʠʥʠʩʘʥʘ ʿʝ ʙʨʦʿʝʤ ʨʝʟʫʣʪʘʪʘ ʘʥʘʣʠʟʝ ὼ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫʥʫʪʘʨ ʦʧʩʝʛʘ 
ʙʠʥʘ ʜʝʬʠʥʠʩʘʥʦʛ ʰʠʨʠʥʦʤ ʙʠʥʘ Ὤ. ʆʚʘ ʩʫʤʘ ʩʝ ʥʘʟʠʚʘ ʬʨʝʢʚʝʥʮʠʿʘ ʨʝʟʫʣʪʘʪʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ 

ʙʠʥʫ Ὥ ʠ ʦʙʝʣʝʞʘʚʘ ʩʝ Ὂ. 

ʇʨʠʤʝʨ ʭʠʩʪʦʛʨʘʤʘ ʩʘ 5 ʙʠʥʦʚʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʝʜʝ˂ʦʿ ʩʣʠʮʠ ʛʜʝ ʿʝ ʩʦʨʪʠʨʘʥʦ 1000 ʩʣʫʯʘʿʥʦ 

ʠʟʘʙʨʘʥʠʭ ʧʦʜʘʪʘʢʘ ʠʟ ʥʦʨʤʘʣʥʝ ʜʠʩʪʨʠʙʫʮʠʿʝ (‘ υȟ„ ρ).  

 

ʉʣʠʢʘ 3.4 ʇʨʠʤʝʨ ʭʠʩʪʦʛʨʘʤʘ ʩʘ 5 ʙʠʥʦʚʘ 

ʆʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʨʝʟʫʣʪʘʪʠ ʦʙʨʘʹʝʥʠ ʤʝʪʦʜʦʤ ʭʠʩʪʦʛʨʘʤʘ ʟʘʚʠʩʝ ʦʜ ʠʟʘʙʨʘʥʦʛ ʙʨʦʿʘ ʙʠʥʦʚʘ. 

ʋʢʦʣʠʢʦ ʿʝ ʦʚʘʿ ʙʨʦʿ ʧʨʝʤʘʣʠ, ʨʝʟʫʣʪʘʪʠ ʤʦʛʫ ʙʠʪʠ ʥʝʧʨʝʮʠʟʥʠ ʠʣʠ ʯʘʢ ʧʦʪʧʫʥʦ ʧʦʛʨʝʰʥʠ 

ʫʩʣʝʜ ʧʨʝʚʝʣʠʢʝ ʩʠʤʧʣʠʬʠʢʘʮʠʿʝ ʧʨʠ ʦʙʨʘʜʠ ʧʦʜʘʪʘʢʘ. ʇʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ ʙʠʥʦʚʘ ʧʦʚʝ˂ʘʚʘ ʩʝ 

ʧʨʝʮʠʟʥʦʩʪ ʨʝʟʫʣʪʘʪʘ. ʅʘ ʩʣʝʜʝ˂ʦʿ ʩʣʠʮʠ ʧʨʠʢʘʟʘʥʘ ʿʝ ʦʙʨʘʜʘ ʠʩʪʠʭ 1000 ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʫ 

ʧʨʠʢʘʟʘʥʠ ʥʘ ʧʨʝʪʭʦʜʥʦʿ ʩʣʠʮʠ, ʩʘ ʪʠʤ ʰʪʦ ʿʝ ʙʨʦʿ ʙʠʥʦʚʘ ʫ ʭʠʩʪʦʛʨʘʤʫ ʧʦʚʝ˂ʘʥ ʥʘ 50.  

 

ʉʣʠʢʘ 3.5 ʇʨʠʤʝʨ ʭʠʩʪʦʛʨʘʤʘ ʩʘ 50 ʙʠʥʦʚʘ 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʨʝʚʝʣʠʢʦ ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʙʠʥʦʚʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʨʘʩʠʧʘˁʘ ʨʝʟʫʣʪʘʪʘ (ʝʥʛ. 

noisy histogram). ʅʘ ʩʣʝʜʝ˂ʦʿ ʩʣʠʮʠ ʧʨʠʢʘʟʘʥʘ ʿʝ ʦʙʨʘʜʘ ʠʩʪʠʭ 1000 ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʫ ʧʨʠʢʘʟʘʥʠ 

ʥʘ ʧʨʝʪʭʦʜʥʠʤ ʩʣʠʢʘʤʘ, ʩʘ ʪʠʤ ʰʪʦ ʿʝ ʠʟʘʙʨʘʥ ʙʨʦʿ ʙʠʥʦʚʘ ʫ ʭʠʩʪʦʛʨʘʤʫ ʧʨʝʤʘʣʠ (2) ʠʣʠ 

ʧʨʝʚʝʣʠʢʠ (1000). 
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ʉʣʠʢʘ 3.6 ʇʨʠʤʝʨʠ ʭʠʩʪʦʛʨʘʤʘ ʩʘ 2 (ʣʝʚʦ) ʠʣʠ 1000 ʙʠʥʦʚʘ (ʜʝʩʥʦ) 

ʇʦʩʪʦʿʝ ʤʥʦʛʝ ʧʨʝʧʦʨʫʢʝ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʦʧʪʠʤʘʣʥʝ ʰʠʨʠʥʝ ʙʠʥʦʚʘ ʫ ʭʠʩʪʦʛʨʘʤʫ ʦʜ ʢʦʿʠʭ ʿʝ 

ʥʘʿʧʦʟʥʘʪʠʿʝ ʌʨʠʜʤʘʥ-ɼʠʘʢʦʥʠʩʦʚʦ ʧʨʘʚʠʣʦ (ʝʥʛ. Freedman-Diaconis Rule [40] ): 

ς
ὍὗὙ

Ѝὔ 
 [9]    

ʛʜʝ ὍὗὙ ʦʟʥʘʯʘʚʘ ʠʥʪʝʨʢʚʘʨʪʘʣʥʠ ʨʘʩʧʦʥ ʧʦʜʘʪʘʢʘ (ʝʥʛ. Interquartile range), ʦʜʥʦʩʥʦ ʨʘʟʣʠʢʫ 

ʠʟʤʝʹʫ 75. ʠ 25. ʧʝʨʮʝʥʪʠʣʘ, a ὔ ʫʢʫʧʘʥ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ. 

ɺʘʞʥʦ ʿʝ ʰʠʨʠʥʫ ʙʠʥʦʚʘ ʠʟʘʙʨʘʪʠ ʥʘ ʪʘʢʘʚ ʥʘʯʠʥ ʜʘ ʩʝ ˁʝʥ ʫʪʠʮʘʿ ʥʘ ʨʝʟʫʣʪʘʪʝ ʘʥʘʣʠʟʝ ʤʦʞʝ 

ʩʤʘʪʨʘʪʠ ʟʘʥʝʤʘʨˀʠʚʠʤ. ʋ ʦʢʚʠʨʫ ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʝ ʥʘʿʯʝʰ˂ʝ ʩʝ ʧʨʠʢʘʟʫʿʝ ʠ ʜʠʿʘʛʨʘʤ 

ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʨʝʟʫʣʪʘʪʘ, ʢʦʿʠ ʧʨʠʢʘʟʫʿʝ ʢʘʢʦ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʨʘʩʧʦʜʝʣʝ ʨʝʟʫʣʪʘʪʘ 

ʧʨʦʨʘʯʫʥʘ ʤʝˁʘʿʫ ʫ ʦʜʥʦʩʫ ʥʘ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ. ʋʢʦʣʠʢʦ ʿʝ ʧʨʦʤʝʥʘ ʨʝʟʫʣʪʘʪʘ ʟʘʥʝʤʘʨˀʠʚʘ 

ʥʘʢʦʥ ʧʦʚʝ˂ʘˁʘ ʙʨʦʿʘ ʩʠʤʫʣʘʮʠʿʘ, ʩʤʘʪʨʘ ʩʝ ʜʘ ʿʝ ʧʨʦʨʘʯʫʥ ʥʫʤʝʨʠʯʢʠ ʩʪʘʙʠʣʘʥ, ʦʜʥʦʩʥʦ ʜʘ 

ʿʝ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʦʩʪʚʘʨʝʥʘ. 

 

ʉʣʠʢʘ 3.7 ʇʨʠʤʝʨ ʜʠʿʘʛʨʘʤʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʨʝʟʫʣʪʘʪʘ 

ʅʘʢʦʥ ʰʪʦ ʩʝ ʢʨʝʠʨʘ ʭʠʩʪʦʛʨʘʤ ʨʝʟʫʣʪʘʪʘ ʧʨʦʨʘʯʫʥʘ, ʧʦʤʦ˂ʫ ˁʝʛʘ ʿʝ ʤʦʛʫ˂ʝ ʠʟʨʘʯʫʥʘʪʠ ʩʚʝ 

ʩʪʘʪʠʩʪʠʯʢʝ ʚʝʣʠʯʠʥʝ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʫ ʦʚʘʿ ʩʢʫʧ ʨʝʟʫʣʪʘʪʘ, ʢʘʦ ʰʪʦ ʩʫ: ʥʘʿʫʯʝʩʪʘʣʠʿʘ 

ʚʨʝʜʥʦʩʪ, ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ, ʚʘʨʠʿʘʥʩʘ ʠʪʜ. ʍʠʩʪʦʛʨʘʤʦʤ ʩʫ ʜʝʬʠʥʠʩʘʥʝ ʚʨʝʜʥʦʩʪʠ ὼ (ʮʝʥʪʘʨ 

ʙʠʥʘ) ʠ ʬʨʝʢʚʝʥʮʠʿʘ Ὂ (ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ ʯʠʿʠ ʩʝ ʨʝʟʫʣʪʘʪ ʥʘʣʘʟʠ ʫ ʦʧʩʝʛʫ ʙʠʥʘ Ὥ). 

¶ ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ: 

‘
ВὪ ὼ

ВὊ 
 [10]    

¶ ɺʘʨʠʿʘʥʩʘ: 
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„
ВὊ ὼ ‘

ВὊ 
 [11]    

¶ ʉʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ: 

„ „  [12]    

¶ ʄʦʜʫʩ: 

ὓέὨὩὼÍÁØ Ὂ  [13]    

ʋ ʦʚʦʤ ʨʘʜʫ ʤʝʪʦʜʘ ʭʠʩʪʦʛʨʘʤʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʟʘ ʦʙʨʘʜʫ ʨʝʟʫʣʪʘʪʘ ʄʦʥʪʝ ʂʘʨʣʦ ʘʥʘʣʠʟʝ.  

ʅʘ ʩʣʠʮʠ 3.8 ʩʭʝʤʘʪʩʢʠ ʿʝ ʧʨʠʢʘʟʘʥ ʜʠʿʘʛʨʘʤ ʪʦʢʘ ʟʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʫ ʥʘ ʢʦʤʝ ʩʫ 

ʧʨʠʢʘʟʘʥʠ ʢˀʫʯʥʠ ʢʦʨʘʮʠ ʧʨʦʨʘʯʫʥʘ. ʊʘʢʘʚ ʧʦʩʪʫʧʘʢ, ʧʨʠʤʝˁʝʥ ʙʝʟ ʫʢˀʫʯʝˁʘ ʧʦʜʘʪʘʢʘ 

ʪʝʭʥʠʯʢʦʛ ʦʩʤʘʪʨʘˁʘ, ʢʦʨʠʩʪʠ ʩʝ ʫ ʨʘʜʫ ʢʘʦ ʧʦʣʘʟʥʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ. ʆʥ ʯʠʥʠ 

ʤʝʪʦʜʦʣʦʰʢʫ ʦʩʥʦʚʫ ʟʘ ʧʨʠʩʪʫʧ ʨʘʟʚʠʿʝʥ ʫ ʧʦʛʣʘʚˀʫ 4, ʛʜʝ ʩʝ ʧʨʠʢʘʟʫʿʝ ʢʘʢʦ ʩʝ ʧʦʜʘʮʠ 

ʦʩʤʘʪʨʘˁʘ ʤʦʛʫ ʠʥʪʝʛʨʠʩʘʪʠ ʫ ʜʘˀʫ ʘʥʘʣʠʟʫ. ʋʿʝʜʥʦ, ʩʣʫʞʠ ʠ ʢʘʦ ʨʝʬʝʨʝʥʪʥʠ ʦʢʚʠʨ ʟʘ 

ʧʦʨʝʹʝˁʝ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʧʨʦʨʘʯʫʥʘ ʢʦʿʠ ʦʙʫʭʚʘʪʘʿʫ ʧʦʜʘʪʢʝ ʦʩʤʘʪʨʘˁʘ, ʧʘ ˂ʝ ʩʝ ʫ ʥʘʩʪʘʚʢʫ 

ʨʘʜʘ ʥʘʟʠʚʘʪʠ ʙʘʟʥʘ ʘʥʘʣʠʟʘ. 

 

ʉʣʠʢʘ 3.8 ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʙʘʟʥʝ ʄʦʥʪʝ ʂʘʨʣʦ ʘʥʘʣʠʟʝ 
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3.2.3 ɻʣʦʙʘʣʥʘ ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʧʨʝʤʘ ʤʝʪʦʜʠ ʉʦʙʦˀʘ 

ʇʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʩʠʛʫʨʥʦʩʪʠ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʧʦʫʟʜʘʥʦʩʪʠ (ʥʧʨ. 

ʄʦʥʪʝ-ʂʘʨʣʦ ʤʝʪʦʜʘ) ʧʨʦʮʝʥʠ ʨʘʩʧʦʜʝʣʘ ʠʟʣʘʟʥʠʭ ʚʝʣʠʯʠʥʘ (ʦʜʛʦʚʦʨʘ) ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʫ 

ʩʠʛʫʨʥʦʩʪ ʙʨʘʥʝ. ʄʝʹʫʪʠʤ, ʦʥʘ ʥʝ ʧʨʫʞʘ ʫʚʠʜ ʫ ʪʦ ʢʦʣʠʢʦ ʢʦʿʠ ʫʣʘʟʥʠ ʧʘʨʘʤʝʪʘʨ ʜʦʧʨʠʥʦʩʠ 

ʫʦʯʝʥʦʿ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʠʟʣʘʟʘ. ʊʫ ʥʘ ʩʮʝʥʫ ʩʪʫʧʘ ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ (ʝʥʛ. Sensitivity 

analysis) ï ʩʢʫʧ ʤʝʪʦʜʘ ʢʦʿʠ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʠʩʧʠʪʫʿʫ ʦʩʝʪˀʠʚʦʩʪ ʨʝʟʫʣʪʘʪʘ ʤʦʜʝʣʘ ʥʘ ʧʨʦʤʝʥʝ 

ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. ɻʣʦʙʘʣʥʘ ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʠʩʧʠʪʫʿʝ ʫʪʠʮʘʿ ʚʘʨʠʿʘʮʠʿʘ ʫʣʘʟʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʰʠʨʦʤ ʮʝʣʦʛ ʦʧʩʝʛʘ ˁʠʭʦʚʠʭ ʚʨʝʜʥʦʩʪʠ, ʠʩʪʦʚʨʝʤʝʥʦ ʦʙʫʭʚʘʪʘʿʫ˂ʠ ʠ ʤʦʛʫ˂ʝ 

ʤʝʹʫʩʦʙʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʧʘʨʘʤʝʪʘʨʘ [99].  

ɱʝʜʘʥ ʦʜ ʥʘʿʨʘʰʠʨʝʥʠʿʠʭ ʧʦʩʪʫʧʘʢʘ ʟʘ ʛʣʦʙʘʣʥʫ ʘʥʘʣʠʟʫ ʦʩʝʪˀʠʚʦʩʪʠ ʿʝʩʪʝ ʉʦʙʦˀʝʚʘ (Sobol) 

ʤʝʪʦʜʘ [104]. ʉʦʙʦˀʝʚʘ ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʣʘʟʠ ʦʜ ʪʦʛʘ ʜʘ ʩʝ ʫʢʫʧʥʘ ʚʘʨʠʿʘʥʩʘ ʠʟʣʘʟʥʝ 

ʧʨʦʤʝʥˀʠʚʝ ʤʦʜʝʣʘ ʤʦʞʝ ʦʜʚʦʿʠʪʠ ʥʘ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʩʝ ʧʨʠʧʠʩʫʿʫ ʧʦʿʝʜʠʥʘʯʥʠʤ ʫʣʘʟʠʤʘ 

ʠʣʠ ˁʠʭʦʚʠʤ ʢʦʤʙʠʥʘʮʠʿʘʤʘ. ʀʟʣʘʟʥʘ ʬʫʥʢʮʠʿʘ ὣ Ὂὢ, ʛʜʝ ʿʝ ὢ ὢȟὢȟȣȟὢ  ʚʝʢʪʦʨ 
ʫʣʘʟʥʠʭ ʩʣʫʯʘʿʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʤʦʞʝ ʩʝ ʜʝʢʦʤʧʦʥʦʚʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ [68]: 

ὣ Ὂὢ Ὂ Ὂ ὢ Ὂ ὢȟὢ Ễ Ὂȣ ὢȟὢȣ ὢ  [14]    

ʛʜʝ: 

¶ Ὂ Ὂὢ  ʿʝ ʦʯʝʢʠʚʘʥʘ (ʩʨʝʜˁʘ) ʚʨʝʜʥʦʩʪ ʠʟʣʘʟʥʝ ʬʫʥʢʮʠʿʝ ï ʢʦʥʩʪʘʥʪʥʘ ʚʝʣʠʯʠʥʘ 

¶ Ὂὢ  ʧʨʝʜʩʪʘʚˀʘ ʠʟʦʣʦʚʘʥʠ ʫʪʠʮʘʿ ʧʘʨʘʤʝʪʨʘ ὢ 

¶ Ὂ ὢȟὢ  ʿʝ ʝʬʝʢʘʪ ʠʥʪʝʨʘʢʮʠʿʝ ʧʘʨʘʤʝʪʘʨʘ ὢ ʠ ὢ 

¶ Ὂȣ ὢȟὢȣ ὢ  ʿʝ ʚʠʰʝʨʝʜʥʠ ʠʥʪʝʨʘʢʪʠʚʥʠ ʝʬʝʢʘʪ ʩʚʠʭ ʧʘʨʘʤʝʪʘʨʘ. 

ɸʥʘʣʦʛʥʦ, ʪʦʪʘʣʥʘ ʚʘʨʠʿʘʥʩʘ ʠʟʣʘʟʥʝ ʚʝʣʠʯʠʥʝ ʜʘʪʘ ʿʝ ʩʣʝʜʝ˂ʦʤ ʜʝʢʦʤʧʦʟʠʮʠʿʦʤ (ʩʫʤa 

ʜʦʧʨʠʥʦʩʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ˁʠʭʦʚʠʭ ʠʥʪʝʨʘʢʮʠʿʘ): 

ὠὣ ὠ ὣ ὠ ὣ Ễ ὠȣ ὣ [15]    

ʛʜʝ ʿʝ: 

¶ ὠὣ ὠὥὶ ὣ ὢ᷆  ʿʝ ʢʦʤʧʦʥʝʥʪʘ ʪʦʪʘʣʥʝ ʚʘʨʠʿʘʥʩʝ ʢʦʿʘ ʧʦʪʠʯʝ ʩʘʤʦ ʦʜ ʫʪʠʮʘʿʘ 

ʫʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ ὢ.  

¶ ὠ ὣ ὠὥὶ ὣ ὢ᷆ȟὢ ὠὣ ὠὣ ʿʝ ʢʦʤʧʦʥʝʥʪʘ ʪʦʪʘʣʥʝ ʚʘʨʠʿʘʥʩʝ ʢʦʿʘ 

ʧʦʪʠʯʝ ʦʜ ʠʥʪʝʨʘʢʮʠʿʝ ʫʪʠʮʘʿʘ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ὢ ʠ ὢ [68]. 

ɼʘ ʙʠ ʩʝ ʫʪʠʮʘʿʠ ʦʜʨʝʹʝʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʢʚʘʥʪʠʬʠʢʦʚʘʣʠ, ʜʝʬʠʥʠʰʫ ʩʝ ʉʦʙʦˀʝʚʠ ʠʥʜʝʢʩʠ 

ʦʩʝʪˀʠʚʦʩʪʠ (ʝʥʛ. Sobol indices). ʆʩʥʦʚʥʠ ʩʫ ʉʦʙʦˀʝʚ ʠʥʜʝʢʩ ʧʨʚʦʛ ʨʝʜʘ ʠ ʪʦʪʘʣʥʠ ʉʦʙʦˀʝʚ 

ʠʥʜʝʢʩ ʟʘ ʩʚʘʢʠ ʫʣʘʟʥʠ ʧʘʨʘʤʝʪʘʨ. ʀʥʜʝʢʩ ʧʨʚʦʛ ʨʝʜʘ (ʝʥʛ. first-order) ʫʣʘʟʥʦʛ ʧʘʨʘʤʝʪʨʘ ὢ 

ʧʨʝʜʩʪʘʚˀʘ ʜʝʦ ʚʘʨʠʿʘʥʩʝ ʠʟʣʘʟʘ ʢʦʿʠ ʩʝ ʤʦʞʝ ʧʨʠʧʠʩʘʪʠ ʠʩʢˀʫʯʠʚʦ ʪʦʤ ʧʘʨʘʤʝʪʨʫ, ʥʝʟʘʚʠʩʥʦ 

ʦʜ ʜʨʫʛʠʭ [98]: 

Ὓ
ὠὣ

ὠὣ
 [16]    

ʇʦʩʪʦʿʝ ʠ ʉʦʙʦˀʝʚʠ ʠʥʜʝʢʩʠ ʜʨʫʛʦʛ ʠ ʚʠʠhʭ ʨʝʜʦʚʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʢʦʤʧʦʥʝʥʪʝ ʚʘʨʠʿʘʥʩʝ 

ʢʦʿʝ ʧʦʪʠʯʫ ʦʜ ʩʧʝʮʠʬʠʯʥʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʧʘʨʘʤʝʪʘʨʘ, ʧʦ ʫʛʣʝʜʫ ʥʘ ʩʣʝʜʝ˂ʠ ʠʟʨʘʟ: 

Ὓ
ὠ ὣ

ὠὣ
 [17]    
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ʊʦʪʘʣʥʠ (ʝʥʛ. total-order) ʠʥʜʝʢʩ ʟʘ ʜʘʪʠ ʧʘʨʘʤʝʪʘʨ ὢ ʦʙʫʭʚʘʪʘ ʩʚʝ ʝʬʝʢʪʝ ʪʦʛ ʧʘʨʘʤʝʪʨʘ ʥʘ 

ʚʘʨʠʿʘʥʩʫ ʠʟʣʘʟʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ˁʝʛʦʚʝ ʠʥʪʝʨʘʢʪʠʚʥʝ ʝʬʝʢʪʝ ʩʘ ʙʠʣʦ ʢʦʿʠʤ ʜʨʫʛʠʤ 

ʧʘʨʘʤʝʪʨʠʤʘ [98], [99]: 

Ὓ Ὓ Ὓ Ễ Ὓȟȣȟ  [18]    

ʋ ʧʨʘʢʩʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʘʥʘʣʠʟʠʨʘʿʫ ʧʨʚʠ ʠ ʪʦʪʘʣʥʠ ʉʦʙʦˀʝʚʠ ʠʥʜʝʩʢʠ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʩʪʠʯʝ 

ʠʜʝʿʘ ʦ ʫʪʠʮʘʿʫ ʩʚʘʢʝ ʫʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ ʥʘ ʨʝʟʫʣʪʘʪʝ ʦʜ ʠʥʪʝʨʝʩʘ ʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʿ 

ʘʥʘʣʠʟʠ.  

ʉʦʙʦˀʝʚʠ ʠʥʜʝʢʩʠ ʩʝ ʨʘʯʫʥʘʿʫ ʥʫʤʝʨʠʯʢʠʤ ʧʫʪʝʤ ʩʧʨʦʚʦʹʝˁʝʤ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʩʠʤʫʣʘʮʠʿʘ ʥʘ 

ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʥʘ ʨʘʚʥʦʤʝʨʘʥ (ʠ ʜʦʚʦˀʥʦ ʜʝʪʘˀʘʥ) ʥʘʯʠʥ ʨʝʧʨʝʟʝʥʪʫʿʫ ʯʠʪʘʚ 

ʫʣʘʟʥʠ ʧʨʦʩʪʦʨ. ʅʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʦʛ ʩʢʫʧʘ ʠʟʣʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠ ʨʘʯʫʥʘʿʫ ʩʝ ʧʨʦʮʝʥʪʫʘʣʥʠ 

ʜʦʧʨʠʥʦʩʠ ʚʘʨʠʿʘʥʩʠ. ʅʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʥʘʯʠʥ ʟʘ ʫʟʦʨʢʦʚʘˁʝ ʫʣʘʟʥʦʛ ʧʨʦʩʪʦʨʘ ʿʝʩʪʝ ʜʘ ʩʝ 

ʤʦʛʫ˂ʠ ʨʘʩʧʦʥ ʩʚʘʢʝ ʧʨʦʤʝʥˀʠʚʝ ὢ ʧʦʜʝʣʠ ʥʘ ὲ ʿ ʝʜʥʘʢʠʭ ʜʝʣʦʚʘ (ʯʠʤʝ ʩʝ ʫʣʘʟʥʘ ʧʨʦʤʝʥˀʠʚʘ 
ʧʨʝʜʩʪʘʚˀʘ ʩʘ ὲ ρ ʧʨʦʨʘʯʫʥʩʢʠʭ ʚʨʝʜʥʦʩʪʠ), ʜʘ ʙʠ ʩʝ ʧʦʪʦʤ ʩʠʩʪʝʤʘʪʠʯʥʦ ʫʨʘʜʠʣʝ ʘʥʘʣʠʟʝ 

ʟʘ ʩʚʝ ʤʦʛʫ˂ʝ ʢʦʤʙʠʥʘʮʠʿʝ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. ʋʢʫʧʘʥ ʙʨʦʿ ʧʦʪʨʝʙʥʠʭ ʘʥʘʣʠʟʘ ʪʘʜʘ ʠʟʥʦʩʠ 

ὲ ρ  ʠ ʿʘʩʥʦ ʿʝ ʜʘ je, ʟʘ ʚʝʣʠʢʠ ʙʨʦʿ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ὓ, ʯʘʢ ʠ ʟʘ ʪʨʠʚʠʿʘʣʥʫ ʘʥʘʣʠʟʫ 

ʦʩʝʪˀʠʚʦʩʪʠ (ʫ ʢʦʿʦʿ ʩʫ ʨʘʩʧʦʥʠ ὢ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʘ ʜʚʝ ʪʘʯʢʝ, ʠʚʠʮʘʤʘ ʦʯʝʢʠʚʘʥʠʭ ʦʧʩʝʛʘ), 

ʧʦʪʨʝʙʘʥ ʦʛʨʦʤʘʥ ʙʨʦʿ ʧʦʿʝʜʠʥʘʯʥʠʭ (ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠʭ) ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʘ. ɿʙʦʛ ʪʦʛʘ ʩʝ 

ʘʥʘʣʠʟʝ ʩʠʛʫʨʥʦʩʪʠ ʜʘʥʘʩ ʥʘʿʯʝʰ˂ʝ ʩʧʨʦʚʦʜʝ ʢʦʨʠʰ˂ʝˁʝʤ ʢʚʘʟʠ ʄʦʥʪʝ-ʂʘʨʣʦ ʪʝʭʥʠʢʘ 

ʫʟʦʨʢʦʚʘˁʘ ʫʣʘʟʥʦʛ ʧʨʦʩʪʦʨʘ (ʥʧʨ. ʉʦʙʦˀʝʚʦ ʫʟʦʨʢʦʚʘˁʝ - ʝʥʛ. Sobol sampling).  

3.2.4 ʇʩʝʫʜʦ-ʥʘʩʫʤʠʯʥʝ ʤʝʪʦʜʝ ʟʘ ʫʟʦʨʢʦʚʘˁʝ  

ʄʦʥʪʝ-ʂʘʨʣʦ ʫʟʦʨʢʦʚʘˁʝ ʪʨʘʜʠʮʠʦʥʘʣʥʦ ʧʦʜʨʘʟʫʤʝʚʘ ʛʝʥʝʨʠʩʘˁʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʦʪʧʫʥʦ 

ʥʘʩʫʤʠʯʥʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ (ʚʠʜʝʪʠ ʧʦʛʣʘʚˀʝ 3.2.2). ʄʝʹʫʪʠʤ, ʦʚʘʿ ʧʨʠʩʪʫʧ 

ʥʝ ʜʘʿʝ ʛʘʨʘʥʮʠʿʝ ʜʘ ˂ʝ ʩʚʠ ʜʝʣʦʚʠ ʦʧʩʝʛʘ ʩʚʘʢʦʛ ʫʣʘʟʥʦʛ ʧʘʨʘʤʝʪʨʘ ʙʠʪʠ ʠʩʧʠʪʘʥʠ, ʥʘʨʦʯʠʪʦ 

ʢʘʜʘ ʿʝ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ ʤʘʣʠ. ɿʘ ʧʨʦʙʣʝʤʝ ʢʘʦ ʰʪʦ ʿʝ, ʥʘ ʧʨʠʤʝʨ, ʪʨʝʥʠʨʘˁʝ ʩʫʨʦʛʘʪ ʤʦʜʝʣʘ 

(ʚʠʜʝʪʠ ʧʦʛʣʘʚˀʝ 3.3.1), ʧʦʪʨʝʙʥʦ ʿʝ ʩʧʨʦʚʝʩʪʠ ʨʝʣʘʪʠʚʥʦ ʤʘʣʠ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ ʥʘ 

ʦʨʠʛʠʥʘʣʥʦʤ ʤʦʜʝʣʫ, ʘʣʠ ʦʥʝ ʤʦʨʘʿʫ ʙʠʪʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠ ʫʟʦʨʘʢ ʧʨʦʩʪʦʨʘ ʫʣʘʟʥʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ. ɿʘ ʪʘʢʚʝ ʧʦʪʨʝʙʝ ʨʘʜʠʿʝ ʩʝ ʫʤʝʩʪʦ ʥʘʩʫʤʠʯʥʦʛ ʫʟʦʨʢʦʚʘˁʘ ʢʦʨʠʩʪʝ ʧʩʝʫʜʦ-

ʥʘʩʫʤʠʯʥʝ ʤʝʪʦʜʝ ʢʘʦ ʰʪʦ ʩʫ Latin Hypercube Sampling (LHS) ʠ ʉʦʙʦˀʝʚʦ ʫʟʦʨʢʦʚʘˁʝ (Sobol 

sampling). ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʧʦʪʧʫʥʦ ʥʘʩʫʤʠʯʥʦʛ ʫʟʦʨʢʦʚʘˁʘ, ʧʩʝʫʜʦ-ʥʘʩʫʤʠʯʥʝ ʤʝʪʦʜʝ 

ʦʙʝʟʙʝʹʫʿʫ ʨʘʚʥʦʤʝʨʥʠʿʝ Ăʧʦʢʨʠʚʘˁʝñ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʧʨʦʩʪʦʨʘ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, 

ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʥʝʢʠ ʜʝʦ ʧʨʦʩʪʦʨʘ ʦʩʪʘʥʝ ʥʝʧʨʦʫʯʝʥ. 

Latin Hypercube Sampling (LHS) ʿʝ ʩʪʘʪʠʩʪʠʯʢʘ ʪʝʭʥʠʢʘ ʫʟʦʨʢʦʚʘˁʘ ʨʘʟʚʠʿʝʥʘ ʟʘ ʝʬʠʢʘʩʥʠʿʝ 

ʛʝʥʝʨʠʩʘˁʝ ʩʢʫʧʦʚʘ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠʟ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʧʨʦʩʪʦʨʘ ʫʣʘʟʥʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ. ʆʩʥʦʚʥʘ ʠʜʝʿʘ LHS-ʘ ʿʝ ʜʘ ʦʙʝʟʙʝʜʠ ʨʘʚʥʦʤʝʨʥʫ ʧʦʢʨʠʚʝʥʦʩʪ ʮʝʣʦʛ ʜʦʤʝʥʘ 

ʩʚʘʢʦʛ ʫʣʘʟʥʦʛ ʧʘʨʘʤʝʪʨʘ ʧʫʪʝʤ ʩʪʨʘʪʠʬʠʢʘʮʠʿʝ. ʂʦʥʢʨʝʪʥʦ, ʨʘʩʧʦʥ ʩʚʘʢʝ ʩʣʫʯʘʿʥʝ 

ʧʨʦʤʝʥˀʠʚʝ ʜʝʣʠ ʩʝ ʥʘ M ʧʦʜʿʝʜʥʘʢʦ ʚʝʨʦʚʘʪʥʠʭ ʠʥʪʝʨʚʘʣʘ. ɿʘʪʠʤ ʩʝ ʠʟ ʦʚʠʭ ʠʥʪʝʨʚʘʣʘ ʙʠʨʘ 

M ʪʘʯʘʢʘ (ʫʟʦʨʘʢʘ) ʪʘʢʦ ʜʘ ʩʚʘʢʠ ʦʜ M ʠʥʪʝʨʚʘʣʘ ʩʘʜʨʞʠ ʪʘʯʥʦ ʿʝʜʘʥ ʫʟʦʨʘʢ. LHS ʩʝ ʤʦʞʝ 

ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʦʙʣʠʢ ʩʪʨʫʢʪʫʨʥʦʛ ʥʘʩʫʤʠʯʥʦʛ ʫʟʦʨʢʦʚʘˁʘ, ʛʜʝ ʩʝ ʢʦʤʙʠʥʫʿʝ ʥʘʩʫʤʠʯʥʦʩʪ 

(ʫʟʦʨʮʠ ʩʝ ʙʠʨʘʿʫ ʥʘʩʫʤʠʯʥʦ ʫʥʫʪʘʨ ʩʚʘʢʦʛ ʠʥʪʝʨʚʘʣʘ) ʩʘ ʢʦʥʪʨʦʣʠʩʘʥʦʤ ʧʦʢʨʠʚʝʥʦʰ˂ʫ (ʿʝʜʘʥ 

ʫʟʦʨʘʢ ʧʦ ʠʥʪʝʨʚʘʣʫ). ɿʘʭʚʘˀʫʿʫ˂ʠ ʪʦʤʝ, LHS ʦʩʠʛʫʨʘʚʘ ʜʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʩʚʘʢʦʛ ʫʣʘʟʥʦʛ 

ʧʘʨʘʤʝʪʨʘ ʙʫʜʝ ʘʜʝʢʚʘʪʥʦ ʟʘʩʪʫʧˀʝʥʘ [82].  

ʉʦʙʦˀʝʚʦ ʫʟʦʨʢʦʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʪʠʧʠʯʥʠʭ ʢʚʘʟʠ-ʄʦʥʪʝ ʂʘʨʣʦ ʧʨʠʩʪʫʧʘ, ʛʜʝ ʩʝ 

ʫʤʝʩʪʦ ʠʩʪʠʥʩʢʠ ʥʘʩʫʤʠʯʥʠʭ ʪʘʯʘʢʘ ʢʦʨʠʩʪʝ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʥʠʟʦʚʠ ʩʘ ʥʠʩʢʦʤ 

ʥʝʧʨʘʚʠʣʥʦʰ˂ʫ (discrepancy). ʇʨʝʜʥʦʩʪ ʉʦʙʦˀʝʚʠʭ ʩʝʢʚʝʥʮʠ ʿʝ ʰʪʦ ʦʙʝʟʙʝʹʫʿʫ ʠʟʫʟʝʪʥʦ 

ʫʿʝʜʥʘʯʝʥ ʨʘʩʧʦʨʝʜ ʫʟʦʨʘʢʘ ʫ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ ï ʤʥʦʛʦ ʨʘʚʥʦʤʝʨʥʠʿʠ ʥʝʛʦ 

ʪʠʧʠʯʘʥ ʩʣʫʯʘʿʥʠ ʫʟʦʨʘʢ ʠʩʪʝ ʚʝʣʠʯʠʥʝ [103]. ʇʨʘʢʪʠʯʥʦ, ʉʦʙʦˀʝʚʠ ʫʟʦʨʮʠ ʯʝʩʪʦ ʧʦʩʪʠʞʫ 
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30 

ʿʦʰ ʤʘˁʫ ʚʘʨʠʿʘʥʩʫ ʨʝʟʫʣʪʘʪʘ ʦʜ LHS-ʘ, ʿʝʨ ʤʠʥʠʤʠʟʠʨʘʿʫ ʧʦʿʘʚʫ ʧʨʘʟʥʠʭ ʧʦʜʨʫʯʿʘ ʠʣʠ 

ʛʦʤʠʣʘˁʘ ʪʘʯʘʢʘ.  

ʋ ʩʪʫʜʠʿʠ ʩʣʫʯʘʿʘ ʧʨʠʢʘʟʘʥʦʿ ʫ ʦʚʦʤ ʨʘʜʫ (ʙʨʘʥʘ ʇʨʚʦʥʝʢ) ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʦʙʝ ʤʝʪʦʜʝ: 

¶ LHS ʤʝʪʦʜʘ ʟʘ ʫʟʦʨʢʦʚʘˁʝ ʪʨʝʥʠʥʛ ʩʝʪʘ ʟʘ ʠʟʛʨʘʜˁʫ ʩʫʨʦʛʘʪ ʤʦʜʝʣʘ 

¶ ʉʦʙʦˀʝʚʦ ʫʟʦʨʢʦʚʘˁʝ ʟʘ ʛʣʦʙʘʣʥʫ ʘʥʘʣʠʟʫ ʦʩʝʪˀʠʚʦʩʪʠ ʙʨʘʥʝ 

3.3 ʉʫʨʦʛʘʪ ʤʦʜʝʣ 

ʉʫʨʦʛʘʪ ʤʦʜʝʣ (ʠʣʠ ʤʝʪʘʤʦʜʝʣ) ʧʨʝʜʩʪʘʚˀʘ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʠ ʤʦʜʝʣ ʢʦʿʠ ʘʧʨʦʢʩʠʤʠʨʘ 

ʧʦʥʘʰʘˁʝ ʥʝʢʦʛ ʩʣʦʞʝʥʦʛ ʥʫʤʝʨʠʯʢʦʛ ʩʠʩʪʝʤʘ (ʢʘʦ ʰʪʦ ʿʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʥʝʣʠʥʝʘʨʥʠ 

ʧʨʦʨʘʯʫʥ ʙʨʘʥʝ ʤʝʪʦʜʦʤ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ), ʩʘ ʮʠˀʝʤ ʜʘ ʦʤʦʛʫ˂ʠ ʙʨʞʝ ʠ/ʠʣʠ ʿʝʬʪʠʥʠʿʝ 

ʜʦʙʠʿʘˁʝ ʨʝʟʫʣʪʘʪʘ [102]. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʫʤʝʩʪʦ ʜʠʨʝʢʪʥʦʛ ʧʨʦʨʘʯʫʥʘ ʦʜʛʦʚʦʨʘ ʩʠʩʪʝʤʘ ʥʘ 

ʦʨʠʛʠʥʘʣʥʦʤ ʧʨʦʨʘʯʫʥʩʢʦʤ ʤʦʜʝʣʫ ʢʦʨʠʩʪʠ ʩʝ ʧʨʠʙʣʠʞʥʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʢʦʿʠ ʜʘʿʝ 

ʩʣʠʯʥʝ ʠʟʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ ʫʟ ʟʘʥʝʤʘʨˀʠʚʦ ʤʘʣʠ ʫʪʨʦʰʘʢ ʨʘʯʫʥʘʨʩʢʦʛ ʚʨʝʤʝʥʘ. ʋ 

ʠʥʞʝˁʝʨʩʢʠʤ ʠ ʥʘʫʯʥʠʤ ʘʥʘʣʠʟʘʤʘ, ʩʫʨʦʛʘʪ ʤʦʜʝʣʠ ʠʛʨʘʿʫ ʚʘʞʥʫ ʫʣʦʛʫ ʫʢʦʣʠʢʦ ʠʟʚʦʹʝˁʝ 

ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʜʠʨʝʢʪʥʠʭ ʩʠʤʫʣʘʮʠʿʘ ʠʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʥʠʿʝ ʤʦʛʫ˂ʝ, ʦʜʥʦʩʥʦ ʥʠʿʝ ʧʨʘʢʪʠʯʥʦ.  

ʉʫʨʦʛʘʪ ʤʦʜʝʣ ʩʝ ʦʙʠʯʥʦ ʛʨʘʜʠ ʥʘ ʦʩʥʦʚʫ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥʠʭ ʠʟ ʦʨʠʛʠʥʘʣʥʦʛ ʤʦʜʝʣʘ. 

ʆʥ ʩʝ ʥʝ ʦʩʣʘˁʘ ʥʘ ʬʠʟʠʯʢʝ ʿʝʜʥʘʯʠʥʝ ʥʠʪʠ ʥʘ ʠʥʪʝʨʥʫ ʩʪʨʫʢʪʫʨʫ ʦʨʠʛʠʥʘʣʥʦʛ ʩʠʤʫʣʘʪʦʨʘ (ʥʘ 

ʧʨʠʤʝʨ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ), ʚʝ˂ ʩʝ ʤʦʞʝ ʟʘʤʠʩʣʠʪʠ ʢʘʦ Ăʮʨʥʘ ʢʫʪʠʿʘñ ʢʦʿʘ ʧʦʚʝʟʫʿʝ 

ʫʣʘʟʥʝ ʧʘʨʘʤʝʪʨʝ ʩʠʩʪʝʤʘ ʠ ʠʟʣʘʟʥʝ ʚʝʣʠʯʠʥʝ (ʦʜʛʦʚʦʨʝ). ɺʘʞʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʜʘ ʫʚʦʹʝˁʝ 

ʩʫʨʦʛʘʪ ʤʦʜʝʣʘ ʥʝʤʠʥʦʚʥʦ ʫʥʦʩʠ ʦʜʨʝʹʝʥʫ ʛʨʝʰʢʫ ʘʧʨʦʢʩʠʤʘʮʠʿʝ, ʘʣʠ ʿʝ ʪʘ ʛʨʝʰʢʘ 

ʧʨʠʭʚʘʪˀʠʚʘ ʫʢʦʣʠʢʦ ʿʝ ʧʘʞˀʠʚʦ ʢʦʥʪʨʦʣʠʩʘʥʘ ʠ ʘʢʦ ʜʦʙʠʪʘʢ ʫ ʙʨʟʠʥʠ ʠʟʨʘʯʫʥʘʚʘˁʘ 

ʧʨʝʚʘʟʠʣʘʟʠ ʛʫʙʠʪʘʢ ʫ ʪʘʯʥʦʩʪʠ. 

3.3.1 ʊʨʝʥʠʥʛ ʩʫʨʦʛʘʪ ʤʦʜʝʣʘ 

ɼʘ ʙʠ ʩʝ ʠʟʛʨʘʜʠʦ ʧʦʫʟʜʘʥ ʩʫʨʦʛʘʪ ʤʦʜʝʣ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʩʧʨʦʚʝʩʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʨʦʮʝʩ 

ʧʨʠʢʫʧˀʘˁʘ ʧʦʜʘʪʘʢʘ ʠ ʦʙʫʯʘʚʘˁʘ (ʪʨʝʥʠʥʛʘ) ʤʦʜʝʣʘ [38]. ʊʘʿ ʧʨʦʮʝʩ ʧʦʯʠˁʝ ʧʣʘʥʠʨʘˁʝʤ 

ʫʟʦʨʢʘ (ʩʝʪʦʚʘ) ʧʦʜʘʪʘʢʘ ʟʘ ʪʨʝʥʠʥʛ ʠ ʚʘʣʠʜʘʮʠʿʫ. ʎʠ ˀʫʟʦʨʢʦʚʘˁʘ ʟʘ ʪʨʝʥʠʥʛ ʿʝʩʪʝ ʦʜʘʙʨʘʪʠ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʘʥ ʩʢʫʧ ʪʘʯʘʢʘ ʫ ʧʨʦʩʪʦʨʫ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʥʘ ʢʦʿʠʤʘ ʩʝ ʚʨʰʝ ʧʨʦʨʘʯʫʥʩʢʝ 

ʩʠʤʫʣʘʮʠʿʝ ʫ ʦʨʠʛʠʥʘʣʥʦʤ ʤʦʜʝʣʫ (ʥʘ ʧʨʠʤʝʨ ʄʂɽ). ʆʚʘʿ ʩʢʫʧ ʦʜʘʙʨʘʥʠʭ ʫʟʦʨʘʢʘ ʥʘʟʠʚʘ ʩʝ 

ʪʨʝʥʠʥʛ ʩʝʪ ʠ ˁʝʛʦʚ ʦʙʠʤ ʤʦʨʘ ʙʠʪʠ ʜʦʚʦˀʥʦ ʚʝʣʠʢʠ ʜʘ ʦʤʦʛʫ˂ʠ ʜʦʚʦˀʥʦ ʧʨʝʮʠʟʥʦ ʪʨʝʥʠʨʘˁʝ 

ʩʫʨʦʛʘʪ ʤʦʜʝʣʘ, ʘ ʜʦʚʦˀʥʦ ʤʘʣʠ ʜʘ ʦʤʦʛʫ˂ʠ ʠʟʚʨʰʝˁʝ ʧʦʪʨʝʙʥʠʭ ʩʠʤʫʣʘʮʠʿʘ ʫ ʦʨʠʛʠʥʘʣʥʦʤ 

ʤʦʜʝʣʫ ʫʟ ʨʘʟʫʤʥʠ ʫʪʨʦʰʘʢ ʚʨʝʤʝʥʘ. ʇʦʩʪʦʿʠ ʚʠʰʝ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʦʜʘʙʠʨ ʫʟʦʨʘʢʘ ʟʘ ʪʨʝʥʠʥʛ 

ʩʝʪ (ʥʧʨ. LHS).  

ʅʘʢʦʥ ʫʟʦʨʢʦʚʘˁʘ ʪʨʝʥʠʥʛ ʩʝʪʘ, ʥʘ ʦʜʘʙʨʘʥʠʤ ʪʘʯʢʘʤʘ ʩʝ ʩʧʨʦʚʦʜʝ ʚʨʝʤʝʥʩʢʠ ʟʘʭʪʝʚʥʝ 

ʨʘʯʫʥʘʨʩʢʝ ʩʠʤʫʣʘʮʠʿʝ ʦʨʠʛʠʥʘʣʥʦʛ ʤʦʜʝʣʘ. ʈʝʟʫʣʪʘʪ ʦʚʦʛ ʢʦʨʘʢʘ ʿʝ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʯʠʥʝ 

ʧʘʨʦʚʝ ʫʣʘʟïʠʟʣʘʟ (featureïtarget), ʘ ʢʦʿʠ ʩʣʫʞʝ ʢʘʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠ ʪʨʝʥʠʥʛ ʧʦʜʘʮʠ ʟʘ 

ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ. 

ʅʘʨʝʜʥʠ ʢʦʨʘʢ ʧʨʝʜʩʪʘʚˀʘ ʦʙʫʯʘʚʘˁʝ ʩʫʨʦʛʘʪ ʤʦʜʝʣʘ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʥʘ 

ʧʨʠʢʫʧˀʝʥʠʤ ʧʦʜʘʮʠʤʘ. ʊʦʢʦʤ ʪʨʝʥʠʥʛʘ, ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʘ (ʥʧʨ. ʪʝʞʠʥʝ ʫ ʥʝʫʨʦʥʩʢʦʿ ʤʨʝʞʠ 

ʠʣʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʧʦʣʠʥʦʤʘ) ʧʦʜʝʰʘʚʘʿʫ ʩʝ ʪʘʢʦ ʜʘ ʤʦʜʝʣ ʰʪʦ ʙʦˀʝ ʧʨʝʩʣʠʢʘ ʦʜʥʦʩʝ ʠʟʤʝʹʫ 

ʫʣʘʟʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʠʟʣʘʟʘ ʫ ʪʨʝʥʠʥʛ ʩʢʫʧʫ. ʎʠˀ ʿʝ ʜʘ ʜʦʙʠʿʝʥʠ ʤʝʪʘʤʦʜʝʣ ʠʤʘ ʰʪʦ ʤʘˁʫ 

ʛʨʝʰʢʫ ʧʨʝʜʚʠʹʘˁʘ ʥʘ ʧʦʟʥʘʪʠʤ ʧʦʜʘʮʠʤʘ, ʘʣʠ ʠ ʜʦʙʨʫ ʩʧʦʩʦʙʥʦʩʪ ʛʝʥʝʨʘʣʠʟʘʮʠʿʝ ʥʘ ʥʦʚʝ 

(ʥʝʢʦʨʠʰ˂ʝʥʝ) ʧʦʜʘʪʢʝ [38].  

ɺʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ ʿʝ ʟʘʚʨʰʥʘ ʬʘʟʘ ʨʘʟʚʦʿʘ ʩʫʨʦʛʘʪʘ. ʆʥʘ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʦʚʝʨʫ ʪʘʯʥʦʩʪʠ 

ʦʙʫʯʝʥʦʛ ʤʦʜʝʣʘ ʥʘ ʧʦʩʝʙʥʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʥʠʿʝ ʢʦʨʠʰ˂ʝʥ ʪʦʢʦʤ ʪʨʝʥʠʥʛʘ. ʀʟʙʦʨ 

ʪʘʯʘʢʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʠʟ ʧʨʦʩʪʦʨʘ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʥʘʿʯʝʰ˂ʝ ʩʝ ʨʘʜʠ ʪʘʢʦ ʰʪʦ ʩʝ ʫʩʚʦʿʠ 

ʦʜʨʝʹʝʥ ʙʨʦʿ ʪʘʯʘʢʘ ʢʦʿʝ ʩʫ ʤʘʢʩʠʤʘʣʥʦ ʫʜʘˀʝʥʝ ʫ ʧʨʦʩʪʦʨʫ ʦʜ ʪʨʝʥʠʥʛ ʪʘʯʘʢʘ. ʆʮʝʥʝ ʛʨʝʰʢʝ 
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(ʧʦʧʫʪ NRMSE (Normalized Root Mean Square Error), ʠʣʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʿʝ RĮ) 

ʩʣʫʞʝ ʜʘ ʩʝ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʠʟʤʝʨʠ ʢʚʘʣʠʪʝʪ ʘʧʨʦʢʩʠʤʘʮʠʿʝ. ʋʢʦʣʠʢʦ ʩʫʨʦʛʘʪ ʤʦʜʝʣ ʥʝ 

ʟʘʜʦʚʦˀʠ ʢʨʠʪʝʨʠʿʫʤʝ ʪʘʯʥʦʩʪʠ, ʧʨʦʮʝʩ ʩʝ ʤʦʞʝ ʧʦʥʦʚʠʪʠ (ʥʧʨ. ʧʨʠʢʫʧˀʘˁʝʤ ʜʦʜʘʪʥʠʭ 

ʫʟʦʨʘʢʘ ʠʣʠ ʠʟʙʦʨʦʤ ʜʨʫʛʦʛ ʪʠʧʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ). ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʪʘʯʥʦʩʪ ʩʫʨʦʛʘʪ 

ʤʦʜʝʣʘ ʟʘʚʠʩʠ ʠ ʦʜ ʢʚʘʣʠʪʝʪʘ ʫʟʦʨʢʘ ʠ ʦʜ ʠʟʙʦʨʘ ʤʝʪʦʜʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ. ɸʢʦ ʿʝ ʙʨʦʿ ʫʟʦʨʘʢʘ 

ʧʨʝʤʘʣʠ ʠʣʠ ʥʝ ʧʦʢʨʠʚʘ ʜʦʙʨʦ ʮʝʦ ʧʨʦʩʪʦʨ ʧʨʦʤʝʥˀʠʚʠʭ, ʩʫʨʦʛʘʪ ˂ʝ ʠʤʘʪʠ ʣʦʰʠʿʫ 

ʝʢʩʪʨʘʧʦʣʘʮʠʦʥʫ ʩʧʦʩʦʙʥʦʩʪ. ʀʩʪʦ ˂ʝ ʩʝ ʜʦʛʦʜʠʪʠ ʫʢʦʣʠʢʦ ʿʝ ʤʝʪʦʜʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ 

ʧʨʝʚʠʰʝ ʿʝʜʥʦʩʪʘʚʥʘ -ʥʘ ʧʨʠʤʝʨ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʣʠʥʝʘʨʥʠʤ ʚʝʟʘʤʘ ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʠʭ 

ʚʝʣʠʯʠʥʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʨʝʚʠʰʝ ʩʣʦʞʝʥ ʤʦʜʝʣ ʤʦʞʝ ʧʨʝʪʨʝʥʠʨʘʪʠ ʧʦʜʘʪʢʝ (overfitting) ʠ 

ʪʠʤʝ ʣʦʰʝ ʛʝʥʝʨʘʣʠʟʦʚʘʪʠ ʧʨʦʙʣʝʤ.  

3.3.2 ʄʘʰʠʥʩʢʦ ʫʯʝˁʝ 

ʄʘʰʠʥʩʢʦ ʫʯʝˁʝ ʿʝ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʘ ʦʙʣʘʩʪ ʠʟ ʜʦʤʝʥʘ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʢʦʿʘ ʩʝ 

ʙʘʚʠ ʨʘʟʚʦʿʝʤ ʘʣʛʦʨʠʪʘʤʘ ʩʧʦʩʦʙʥʠʭ ʜʘ ʫʯʝ ʠʟ ʧʦʜʘʪʘʢʘ ʠ ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ ʜʦʥʦʩʝ ʧʨʝʜʠʢʮʠʿʝ 

ʠʣʠ ʦʜʣʫʢʝ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʢʣʘʩʠʯʥʠʭ ʧʨʦʛʨʘʤʘ ʢʦʿʠ ʧʨʘʪʝ ʫʥʘʧʨʝʜ ʠʩʧʠʩʘʥʘ ʧʨʘʚʠʣʘ, ʩʠʩʪʝʤʠ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʩʪʠʯʫ ʠʩʢʫʩʪʚʦ ʪʘʢʦ ʰʪʦ ʩʝ ʠʟʣʘʞʫ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʤ ʩʢʫʧʫ ʧʨʠʤʝʨʘ ʠ 

ʧʦʩʪʝʧʝʥʦ ʧʦʙʦˀʰʘʚʘʿʫ ʩʚʦʿʝ ʧʝʨʬʦʨʤʘʥʩʝ.  

ʋ ʢʦʥʪʝʢʩʪʫ ʢʨʝʠʨʘˁʘ ʩʫʨʦʛʘʪ ʤʦʜʝʣʘ, ʥʘʿʚʝ˂ʠ ʜʝʦ ʤʝʪʦʜʘ ʩʧʘʜʘ ʫ ʥʘʜʛʣʝʜʘʥʦ ʫʯʝˁʝ 

(supervised learning), ʿʝʨ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʫʣʘʟʥʦ-ʠʟʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ ʜʦʙʠʿʝʥʠʤ ʠʟ ʩʠʤʫʣʘʮʠʿʘ 

ʦʨʠʛʠʥʘʣʥʦʛ ʤʦʜʝʣʘ. ʂʦʥʢʨʝʪʥʦ, ʧʨʦʙʣʝʤ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʢʦʥʪʠʥʫʘʣʥʝ ʬʫʥʢʮʠʿʝ ʦʜ ʚʠʰʝ 

ʚʘʨʠʿʘʙʣʠ (ʰʪʦ ʩʫʨʦʛʘʪ ʤʦʜʝʣ ʿʝʩʪʝ) ʧʨʝʜʩʪʘʚˀʘ ʟʘʜʘʪʘʢ ʨʝʛʨʝʩʠʦʥʝ ʘʥʘʣʠʟʝ. ʉʪʦʛʘ ʩʝ ʟʘ 

ʠʟʨʘʜʫ ʩʫʨʦʛʘʪʘ ʧʨʠʤʝˁʫʿʫ ʨʘʟʥʦʚʨʩʥʝ ʤʝʪʦʜʝ ʩʫʧʝʨʚʠʟʦʚʘʥʝ ʨʝʛʨʝʩʠʿʝ, ʦʜ ʢʣʘʩʠʯʥʠʭ 

ʣʠʥʝʘʨʥʠʭ ʠ ʧʦʣʠʥʦʤʩʢʠʭ ʤʦʜʝʣʘ, ʜʦ ʩʣʦʞʝʥʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʠ ʘʥʩʘʤʙʣ ʤʦʜʝʣʘ. 

ʅʝʢʦʣʠʢʦ ʛʣʘʚʥʠʭ ʪʠʧʦʚʘ ʪʝʭʥʠʢʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʧʨʠ ʢʨʝʠʨʘˁʫ ʤʝʪʘʤʦʜʝʣʘ 

ʿʝʩʫ [38]: 

¶ ɻʘʫʩʦʚʩʢʘ ʧʨʦʮʝʩʥʘ ʨʝʛʨʝʩʠʿʘ (Gaussian Process Regression ï GPR): ʆʚʘʿ ʧʨʠʩʪʫʧ, 

ʧʦʟʥʘʪ ʠ ʧʦʜ ʠʤʝʥʦʤ Kʨʠʛʠʥʛ ʫ ʠʥʞʝˁʝʨʩʢʠʤ ʧʨʠʤʝʥʘʤʘ, ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʩʫ ʠʟʣʘʟʥʝ 

ʚʨʝʜʥʦʩʪʠ ʤʦʜʝʣʘ ʨʝʘʣʠʟʘʮʠʿʘ ɻʘʫʩʦʚʦʛ ʩʪʦʭʘʩʪʠʯʢʦʛ ʧʦˀʘ, ʯʠʿʘ ʢʦʚʘʨʠʿʘʥʩʘ ʟʘʚʠʩʠ ʦʜ 

ʤʝʹʫʩʦʙʥʝ ʫʜʘˀʝʥʦʩʪʠ ʪʘʯʘʢʘ ʫʣʘʟʥʦʛ ʧʨʦʩʪʦʨʘ [96]. GPR ʿʝ ʥʘʨʦʯʠʪʦ ʢʦʨʠʩʪʘʥ ʢʘʜʘ ʿʝ 

ʙʨʦʿ ʨʘʩʧʦʣʦʞʠʚʠʭ ʫʟʦʨʘʢʘ ʤʘʣʠ. 

¶ ʇʦʣʠʥʦʤʠʿʘʣʥʘ ʝʢʩʧʘʥʟʠʿʘ ʭʘʦʩʘ (Polynomial Chaos Expansion ï PCE): ʆʩʥʦʚʥʘ ʠʜʝʿʘ ʿʝ 

ʜʘ ʩʝ ʠʟʣʘʟʥʘ ʬʫʥʢʮʠʿʘ ʧʨʝʜʩʪʘʚʠ ʢʘʦ ʣʠʥeʘʨʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʦʨʪʦʛʦʥʘʣʥʠʭ ʧʦʣʠʥʦʤʘ 

ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʬʫʥʢʮʠʿʝ ʫʣʘʟʥʠʭ ʩʣʫʯʘʿʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ [105]. ʆʚʘ ʤʝʪʦʜʘ ʿʝ 

ʘʥʘʣʦʛʥʘ ʌʫʨʠʿʝʦʚʦʿ ʘʥʘʣʠʟʠ, ʘʣʠ ʫ ʧʨʦʩʪʦʨy ʩʣʫʯʘʿʥʠʭ ʚʘʨʠʿʘʙʣʠ: ʩʣʦʞʝʥʘ ʥʝʣʠʥʝʘʨʥʘ 

ʟʘʚʠʩʥʦʩʪ ʩʝ ʨʘʟʣʘʞʝ ʥʘ ʩʧʝʢʪʘʨ ʧʦʣʠʥʦʤʘ.  

¶ ʄʘʰʠʥʘ ʧʦʪʧʦʨʥʠʭ ʚʝʢʪʦʨʘ (Support-vector machines ï SVM): SVM ʧʨʝʜʩʪʘʚˀʘ ʢʣʘʩʫ 

ʘʣʛʦʨʠʪʘʤʘ ʥʘʜʛʣʝʜʘʥʦʛ ʫʯʝˁʘ ʢʦʿʠ ʩʫ ʧʨʚʦʙʠʪʥʦ ʨʘʟʚʠʿʝʥʠ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʫ, ʘʣʠ ʩʫ 

ʢʘʩʥʠʿʝ ʧʨʠʣʘʛʦʹʝʥʠ ʠ ʟʘ ʨʝʛʨʝʩʠʿʫ (ʪʟʚ. support vector regression, SVR). ʂʦʜ SVM-ʘ, 

ʠʜʝʿʘ ʿʝ ʜʘ ʩʝ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʧʨʝʩʣʠʢʘʿʫ (ʝʚʝʥʪʫʘʣʥʦ ʧʦʤʦ˂ʫ ʢʝʨʥʝʣ ʬʫʥʢʮʠʿʘ) ʫ ʧʨʦʩʪʦʨ 

ʚʠʰʝ ʜʠʤʝʥʟʠʿʝ ʫ ʢʦʤʝ ʩʝ ʟʘʪʠʤ ʪʨʘʞʠ ʭʠʧʝʨʧʦʚʨʰʠʥʘ ʢʦʿʘ ʥʘʿʙʦˀʝ ʘʧʨʦʢʩʠʤʠʨʘ 

ʟʘʚʠʩʥʦʩʪ (ʫ ʩʣʫʯʘʿʫ ʨʝʛʨʝʩʠʿʝ) [22].  

¶ ɺʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ (Artificial neural networks ï ANN): ɺʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ 

ʤʨʝʞʝ ʩʫ ʤʦʜʝʣ ʠʥʩʧʠʨʠʩʘʥ ʩʪʨʫʢʪʫʨʦʤ ʥʝʨʚʥʦʛ ʩʠʩʪʝʤʘ, ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʤʝʹʫʩʦʙʥʦ 

ʧʦʚʝʟʘʥʠʭ ʿʝʜʥʦʩʪʘʚʥʠʭ ʧʨʦʮʝʩʥʠʭ ʿʝʜʠʥʠʮʘ ï ʥʝʫʨʦʥʘ. ʅʝʫʨʦʥʠ ʩʫ ʦʨʛʘʥʠʟʦʚʘʥʠ ʫ 

ʩʣʦʿʝʚʝ (ʫʣʘʟʥʠ ʩʣʦʿ, ʿʝʜʘʥ ʠʣʠ ʚʠʰʝ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ, ʠ ʠʟʣʘʟʥʠ ʩʣʦʿ), ʧʨʠ ʯʝʤʫ ʩʚʘʢʘ 

ʚʝʟʘ ʥʦʩʠ ʪʝʞʠʥʫ. ʊʦʢʦʤ ʪʨʝʥʠʥʛʘ, ʤʨʝʞʘ ʧʨʦʣʘʟʠ ʢʨʦʟ ʙʨʦʿʥʝ ʧʨʠʤʝʨʝ ʠ ʧʨʠʣʘʛʦʹʘʚʘ 

ʪʝʞʠʥʝ ʢʦʨʠʩʪʝ˂ʠ ʨʘʟʥʝ ʤʘʪʝʤʘʪʠʯʢʝ ʘʣʛʦʨʠʪʤʝ. ʅʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʤʦʛʫ 

ʘʧʨʦʢʩʠʤʠʨʘʪʠ ʠʟʫʟʝʪʥʦ ʩʣʦʞʝʥʝ ʠ ʥʝʣʠʥʝʘʨʥʝ ʦʜʥʦʩe ʠʟʤʝʹʫ ʫʣʘʟʘ ʠ ʠʟʣʘʟʘ. 

ʊʝʦʨʠʿʩʢʠ ʿʝ ʜʦʢʘʟʘʥʦ ʜʘ ʯʘʢ ʠ ʿʝʜʘʥ ʩʢʨʠʚʝʥʠ ʩʣʦʿ ʜʦʚʦˀʥʦ ʥʝʫʨʦʥʘ ʤʦʞʝ ʜʘ ʙʫʜʝ 
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ʫʥʠʚʝʨʟʘʣʥʠ ʘʧʨʦʢʩʠʤʘʪʦʨ ʧʨʦʠʟʚʦˀʥʝ ʢʦʥʪʠʥʫʘʣʥʝ ʬʫʥʢʮʠʿʝ. ʋ ʧʨʘʢʩʠ, ʜʫʙˀʝ ʤʨʝʞʝ 

(ʩʘ ʚʠʰʝ ʩʣʦʿʝʚʘ) ʯʝʩʪʦ ʙʦˀʝ ʘʧʨʦʢʩʠʤʠʨʘʿʫ ʩʣʦʞʝʥʝ ʦʙʨʘʩʮʝ [46].  

¶ ɸʥʩʘʤʙʣ ʤʦʜʝʣʠ (ɽnsemble models) ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʘʥ ʦʜ ʥʘʿʝʬʠʢʘʩʥʠʿʠʭ ʧʨʠʩʪʫʧʘ ʫ 

ʤʘʰʠʥʩʢʦʤ ʫʯʝˁʫ, ʢʦʿʠ ʢʦʤʙʠʥʫʿʝ ʚʠʰʝ ʧʦʿʝʜʠʥʘʯʥʠʭ ʤʦʜʝʣʘ ʨʘʜʠ ʧʦʙʦˀʰʘˁʘ 

ʪʘʯʥʦʩʪʠ ʧʨʝʜʚʠʹʘˁʘ ʠ ʨʦʙʫʩʥʦʩʪʠ [97]. ʆʩʥʦʚʥʘ ʠʜʝʿʘ ʘʥʩʘʤʙʣ ʤʝʪʦʜa ʿʝ ʜʘ ʚʠʰʝ 

ʩʣʘʙʠʿʠʭ ʤʦʜʝʣʘ (base learners) ʤʦʞʝ ʟʘʿʝʜʥʦ ʜʘʪʠ ʙʦˀʠ ʨʝʟʫʣʪʘʪ ʥʝʛʦ ʙʠʣʦ ʢʦʿʠ ʦʜ ʪʠʭ 

ʤʦʜʝʣʘ ʧʦʿʝʜʠʥʘʯʥʦ. ʇʦʩʪʦʿʠ ʥʝʢʦʣʠʢʦ ʦʩʥʦʚʥʠʭ ʪʠʧʦʚʘ ʘʥʩʘʤʙʣ ʤʝʪʦʜʘ ʫ ʤʘʰʠʥʩʢʦʤ 

ʫʯʝˁʫ, ʦʜ ʢʦʿʠʭ ʩʫ ʥʘʿʧʦʟʥʘʪʠʿʠ Bagging, Boosting ʠ Stacking.  

- Bagging [12] ʿʝ ʪʝʭʥʠʢʘ ʘʥʩʘʤʙʣ ʫʯʝˁʘ ʢʦʿʘ ʩʤʘˁʫʿʝ ʚʘʨʠʿʘʥʩʫ ʤʦʜʝʣʘ ʢʨʦʟ 

ʢʦʨʠʰ˂ʝˁʝ ʚʠʰʝ ʚʝʨʟʠʿʘ ʠʩʪʦʛ ʤʦʜʝʣʘ, ʪʨʝʥʠʨʘʥʠʭ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʧʦʜʩʢʫʧʦʚʠʤʘ 

ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ (ʦʚʠ ʧʦʜʩʢʫʧʦʚʠ ʩʝ ʜʦʙʠʿʘʿʫ ʥʘʩʫʤʠʯʥʠʤ ʫʟʦʨʢʦʚʘˁʝʤ ʧʦʜʘʪʘʢʘ 

ʩʘ ʧʦʥʘʚˀʘˁʝʤ, ʪʟʚ. bootstrap ʫʟʦʨʢʦʚʘˁʝ [31]). ʅʘʿʧʦʟʥʘʪʠʿʠ Bagging ʘʣʛʦʨʠʪʘʤ 

ʥʘʟʠʚʘ ʩʝ Random Forest [13]  ʠ ʧʨʝʜʩʪʘʚˀʘ ʘʥʩʘʤʙʣ ʩʪʘʙʘʣʘ ʦʜʣʫʢʝ ʢʦʿʠ 

ʧʦʙʦˀʰʘʚʘ ʪʘʯʥʦʩʪ ʠ ʩʤʘˁʫʿʝ ʚʘʨʠʿʘʥʩʫ ʤʦʜʝʣʘ ʢʦʨʠʩʪʝ˂ʠ ʢʦʤʙʠʥʘʮʠʿʫ Bagging-

ʘ ʠ ʥʘʩʫʤʠʯʥʦʛ ʠʟʙʦʨʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫ ʩʚʘʢʦʤ ʯʚʦʨʫ ʩʪʘʙʣʘ.  

- Boosting [41]  ʿʝ ʪʝʭʥʠʢʘ ʘʥʩʘʤʙʣ ʫʯʝˁʘ ʢʦʿʘ ʨʝʜʦʤ ʛʨʘʜʠ ʥʠʟ ʩʣʘʙʠʭ ʤʦʜʝʣʘ 

(ʦʙʠʯʥʦ ʩʪʘʙʘʣʘ ʦʜʣʫʢʝ), ʧʨʠ ʯʝʤʫ ʩʚʘʢʦ ʥʘʨʝʜʥʦ ʩʪʘʙʣʦ ʧʦʢʫʰʘʚʘ ʜʘ ʠʩʧʨʘʚʠ 

ʛʨʝʰʢʝ ʧʨʝʪʭʦʜʥʠʭ ʤʦʜʝʣʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ Bagging-ʘ, ʛʜʝ ʩʫ ʩʚʘ ʩʪʘʙʣʘ ʥʝʟʘʚʠʩʥʘ, 

ʢʦʜ Boosting-ʘ ʩʪʘʙʣʘ ʩʫ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʘ ʫ ʠʪʝʨʘʪʠʚʥʦʤ ʧʨʦʮʝʩʫ. ʇʨʠʤʝʨ ʟʘ 

Boosting ʘʣʛʦʨʠʪʤʝ ʩʫ ʤʝʪʦʜʝ Gradient Boosting Machines (GBM) [43] ʠ XGBoost 

(Extreme Gradient Boosting) [18]. 

- Stacking [115] ʢʦʤʙʠʥʫʿʝ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ ʤʦʜʝʣʘ (ʥʧʨ. ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʩʪʘʙʣʘ 

ʦʜʣʫʢʝ, SVM) ʪʘʢʦ ʜʘ ʤʝʪʘ ʤʦʜʝʣ ʫʯʠ ʢʘʢʦ ʜʘ ʥʘʿʙʦˀʝ ʠʩʢʦʨʠʩʪʠ ˁʠʭʦʚʘ 

ʧʨʝʜʚʠʹʘˁʘ. ɺʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʩʝ ʦʙʫʯʘʚʘ ʥʘ ʠʩʪʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ. 

ʀʟʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ ʩʚʘʢʦʛ ʤʦʜʝʣʘ ʢʦʨʠʩʪʝ ʩʝ ʢʘʦ ʥʦʚʠ ʫʣʘʟ ʟʘ ʤʝʪʘ-ʤʦʜʝʣ ʢʦʿʠ ʫʯʠ 

ʜʘ ʢʦʤʙʠʥʫʿʝ ʨʝʟʫʣʪʘʪʝ ʧʦʿʝʜʠʥʘʯʥʠʭ ʤʦʜʝʣʘ ʫ ʥʘʿʧʨʝʮʠʟʥʠʿʝ ʤʦʛʫ˂ʝ ʧʨʝʜʚʠʹʘˁʝ.  

ʇʦʨʝʜ ʥʘʚʝʜʝʥʠʭ ʪʝʭʥʠʢʘ, ʧʦʩʪʦʿʝ ʠ ʤʥʦʛʠ ʜʨʫʛʠ ʧʨʠʩʪʫʧʠ ʢʦʿʠ ʩʝ ʧʨʠʤʝˁʫʿʫ ʫ 

ʤʝʪʘʤʦʜʝʣʦʚʘˁʫ, ʢʘʦ ʰʪʦ ʩʫ RBF ʠʥʪʝʨʧʦʣʘʮʠʿʘ [92], ɹʘʿʝʟʠʿʘʥʩʢʝ ʤʨʝʞʝ [88] ʠ ʜʨ. ʏʝʩʪʦ ʩʝ ʫ 

ʧʨʘʢʩʠ ʠʩʧʨʦʙʘ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʠ ʫʧʦʨʝʜʝ ˁʠʭʦʚʝ ʧʝʨʬʦʨʤʘʥʩʝ, ʙʫʜʫ˂ʠ ʜʘ ʥʠʿʝ 

ʫʥʘʧʨʝʜ ʿʘʩʥʦ ʢʦʿʠ ʪʠʧ ʤʦʜʝʣʘ ˂ʝ ʜʘʪʠ ʥʘʿʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʟʘ ʢʦʥʢʨʝʪʘʥ ʧʨʦʙʣʝʤ. 

ɼʘʥʘʩ ʩʝ ʤʝʪʦʜʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʣʘʢʦ ʢʦʨʠʩʪʝ ʟʘʭʚʘˀʫʿʫ˂ʠ ʨʘʟʚʦʿʫ ʙʨʦʿʥʠʭ ʙʠʙʣʠʦʪʝʢʘ ʠ 

ʩʦʬʪʚʝʨʩʢʠʭ ʧʘʢʝʪʘ ʫ ʧʨʦʛʨʘʤʩʢʠʤ ʿʝʟʠʮʠʤʘ ʧʦʧʫʪ Python-ʘ, ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ 

ʩʣʦʞʝʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʫʟ ʤʠʥʠʤʘʣʘʥ ʙʨʦʿ ʣʠʥʠʿʘ ʢʦʜʘ. ɹʠʙʣʠʦʪʝʢʝ ʢʘʦ ʰʪʦ ʩʫ scikit-learn [91], 

TensorFlow [1], PyTorch [87], XGBoost [18], ʠ LightGBM [72] ʠʥʪʝʛʨʠʰʫ ʥʘʧʨʝʜʥʝ ʪʝʭʥʠʢʝ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʫ ʠʥʪʫʠʪʠʚʥʝ ʠʥʪʝʨʬʝʿʩʝ, ʛʜʝ ʢʦʨʠʩʥʠʮʠ ʤʦʛʫ ʿʝʜʥʦʩʪʘʚʥʦ ʧʦʟʚʘʪʠ ʤʦʜʝʣ, 

ʧʦʜʝʩʠʪʠ ʥʝʢʦʣʠʢʦ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʠ ʪʨʝʥʠʨʘʪʠ ʛʘ ʥʘ ʜʦʩʪʫʧʥʠʤ ʧʦʜʘʮʠʤʘ (ʫʣʘʟʥʝ ʠ ʠʟʣʘʟʥʝ 

ʚʨʝʜʥʦʩʪʠ ʠʟ ʪʨʝʥʠʥʛ ʩʝʪʘ). ʆʚʘʿ ʧʨʠʩʪʫʧ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʯʘʢ ʠ ʦʥʠ ʢʦʿʠ ʥʠʩʫ ʜʫʙʦʢʦ ʫʧʫ˂ʝʥʠ ʫ 

ʤʘʪʝʤʘʪʠʯʢʫ ʪʝʦʨʠʿʫ ʢʦʿʘ ʩʪʦʿʠ ʠʟʘ ʘʣʛʦʨʠʪʘʤʘ (ʧʦʧʫʪ ʛʨʘʜʠʿʝʥʪʥʦʛ ʙʫʩʪʠʥʛʘ, ʥʝʫʨʘʣʥʠʭ 

ʤʨʝʞʘ ʠʣʠ ɻʘʫʩʦʚʩʢʠʭ ʧʨʦʮʝʩʘ) ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ ʫ ʩʚʦʤ ʨʘʜʫ. ʀʘʢʦ 

ʨʘʟʫʤʝʚʘˁʝ ʦʩʥʦʚʥʝ ʤʘʪʝʤʘʪʠʢʝ ʠ ʩʪʘʪʠʩʪʠʢʝ ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʩʥʦ ʟʘ ʜʫʙˀʫ ʘʥʘʣʠʟʫ ʠ 

ʧʦʜʝʰʘʚʘˁʝ ʤʦʜʝʣʘ, ʩʘʚʨʝʤʝʥʠ ʘʣʘʪʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʯʘʢ 

ʠ ʙʝʟ ʩʪʨʫʯʥʦʛ ʟʥʘˁʘ ʠʟ ʦʙʣʘʩʪʠ ʣʠʥʝʘʨʥʝ ʘʣʛʝʙʨʝ, ʦʧʪʠʤʠʟʘʮʠʿʝ ʠʣʠ ʚʝʨʦʚʘʪʥʦ˂ʝ, ʰʪʦ ʿʝ 

ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʝʣʦ ʰʠʨʦʢʦʿ ʧʨʠʤʝʥʠ ʦʚʝ ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʠʥʜʫʩʪʨʠʿʘʤʘ.  

ʇʨʠʣʠʢʦʤ ʠʟʨʘʜʝ ʩʫʨʦʛʘʪ ʤʦʜʝʣʘ ʫ ʩʪʫʜʠʿʠ ʩʣʫʯʘʿʘ ʫ ʦʚʦʤ ʨʘʜʫ (ʙʨʘʥʘ ʇʨʚʦʥʝʢ) ʠʟʘʙʨʘʥʘ ʿʝ 

ʤʝʪʦʜʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ XGBoost [18]. ʋ ʥʘʩʪʘʚʢʫ ʩʫ ʠʟʣʦʞʝʥʝ ʦʩʥʦʚʥʝ ʠʜʝʿʝ ʠ ʧʨʠʥʮʠʧʠ 

ʢʦʨʠʰ˂ʝˁʘ ʦʚʝ ʤʝʪʦʜʝ (ʘʣʠ ʥʝ ʠ ʤʘʪʝʤʘʪʠʯʢʘ ʬʦʨʤʫʣʘʮʠʿʘ ʿʝʨ ˁʝʥʦ ʧʦʟʥʘʚʘˁʝ ʥʠʿʝ ʥʝʦʧʭʦʜʥʦ 

ʟʘ ʧʨʠʤʝʥʫ ʠ ʥʝ ʧʨʝʜʩʪʘʚˀʘ ʩʫʰʪʠʥʫ ʦʚʦʛ ʨʘʜʘ).  



ʉʘʞʝʪ ʧʨʠʢʘʟ ʧʨʦʨʘʯʫʥʩʢʠʭ ʤʝʪʦʜʘ ʧʦʪʨʝʙʥʠʭ ʟʘ ʘʥʘʣʠʟʫ ʩʠʛʫʨʥʦʩʪʠ 

33 

3.3.3 ʇʨʠʢʘʟ XGBoost ʤʝʪʦʜʝ 

XGBoost ʿ ʝ ʩʘʚʨʝʤʝʥʘ ʤʝʪʦʜʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʪʝʭʥʠʮʠ Ăʛʨʘʜʠʝʿʥʪʥʦʛ ʙʫʩʪʠʥʛʘò, 

ʢʦʿʘ ʿʝ ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʩʪʝʢʣʘ ʠʟʫʟʝʪʥʫ ʧʦʧʫʣʘʨʥʦʩʪ ʟʙʦʛ ʩʚʦʿʝ ʚʠʩʦʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʜʘ ʤʦʜʝʣʫʿʝ ʢʦʤʧʣʝʢʩʥʝ ʥʝʣʠʥʝʘʨʥʦʩʪʠ. ʅʘʟʠʚ XGBoost ʿʝ ʘʢʨʦʥʠʤ ʟʘ eXtreme 

Gradient Boosting, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʧʨʝʜʩʪʘʚˀʘ ʫʥʘʧʨʝʹʝˁʝ ʢʣʘʩʠʯʥʦʛ ʛʨʘʜʠʝʥʪʥʦʛ ʙʫʩʪʠʥʛʘ. 

ʈʘʟʚʠʣʠ ʩʫ ʿʝ ʊʿʘʥʢʠ ʏʝʥ ʠ ʂʘʨʣʦʩ ɻʝʩʪʨʠʥ (Chen & Guestrin) 2016. ʛʦʜʠʥʝ [18], ʧʨʠ ʯʝʤʫ ʿʝ 

ʬʦʢʫʩ ʙʠʦ ʥʘ ʦʧʪʠʤʠʟʘʮʠʿʠ ʙʨʟʠʥʝ ʠ ʧʝʨʬʦʨʤʘʥʩʠ ʘʣʛʦʨʠʪʤʘ ʟʘ ʧʨʠʤʝʥʫ ʥʘ ʚʝʦʤʘ ʚʝʣʠʢʠʤ 

ʩʢʫʧʦʚʠʤʘ ʧʦʜʘʪʘʢʘ [18]. XGBoost ʩʝ ʧʨʦʩʣʘʚʠʦ ʫ ʧʨʘʢʪʠʯʥʠʤ ʢʨʫʛʦʚʠʤʘ ʦʩʪʚʘʨʠʚʰʠ ʧʦʙʝʜʝ 

ʥʘ ʙʨʦʿʥʠʤ ʪʘʢʤʠʯʝˁʠʤʘ ʫ ʥʘʫʮʠ ʦ ʧʦʜʘʮʠʤʘ ʠ ʤʘʰʠʥʩʢʦʤ ʫʯʝˁʫ (ʥʧʨ. Kaggle), ʠ ʜʘʥʘʩ ʩʧʘʜʘ 

ʤʝʹʫ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʝ ʘʣʘʪʝ [18]. ʋ ʦʩʥʦʚʠ XGBoost-ʘ ʿʝ ʘʥʩʘʤʙʣ ʤʦʜʝʣ ʩʘʩʪʘʚˀʝʥ ʦʜ ʚʝ˂ʝʛ 

ʙʨʦʿʘ ʿʝʜʥʦʩʪʘʚʥʠʭ ʤʦʜʝʣʘ (ʪʟʚ. ʩʣʘʙʠʭ ʫʯʝʥʠʢʘ), ʥʘʿʯʝʰ˂ʝ ʦʙʠʯʥʠʭ ʩʪʘʙʘʣʘ ʦʜʣʫʢʝ ʩʘ ʤʘʣʦʤ 

ʜʫʙʠʥʦʤ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ Bagging ʤʝʪʦʜʘ ʧʦʧʫʪ Random forest-ʘ ʛʜʝ ʩʝ ʜʨʚʝ˂ʘ ʛʨʘʜʝ ʧʘʨʘʣʝʣʥʦ ʠ 

ʥʝʟʘʚʠʩʥʦ, ʢʦʜ Boosting ʧʨʠʩʪʫʧʘ ʜʨʚʝ˂ʘ ʩʝ ʛʨʘʜʝ ʩʝʢʚʝʥʮʠʿʘʣʥʦ ï ʩʚʘʢʦ ʥʘʨʝʜʥʦ ʜʨʚʦ 

ʧʦʢʫʰʘʚʘ ʜʘ ʠʩʧʨʘʚʠ ʛʨʝʰʢʝ ʧʨʝʪʭʦʜʥʦ ʠʟʛʨʘʹʝʥʦʛ ʘʥʩʘʤʙʣʘ.  

XGBoost ʧʨʠʤʝˁʫʿʝ ʛʨʘʜʠjʝʥʪʥʠ ʙʫʩʪʠʥʛ, ʘʣʛʦʨʠʪʘʤ ʢʦʿʠ ʿʝ ʬʦʨʤʘʣʥʦ ʧʨʝʜʣʦʞʠʦ ʌʨʠʜʤʘʥ 

(Jerome Friedman) 2001. ʛʦʜʠʥʝ [42]. ʀʜʝʿʘ ʛʨʘʜʠjʝʥʪʥʦʛ ʙʫʩʪʠʥʛʘ ʿʝ ʜʘ ʩʝ ʜʝʬʠʥʠʰʝ ʬʫʥʢʮʠʿʘ 

ʛʫʙʠʪʢʘ (ʥʧʨ. ʩʨʝʜˁʠ ʢʚʘʜʨʘʪ ʛʨʝʰʢʝ MSE ï Mean Square Error) ʠ ʜʘ ʩʚʘʢʠ ʥʦʚʠ ʤʦʜʝʣ (ʜʨʚʦ) 

ʙʫʜʝ ʦʙʫʯʝʥ ʜʘ ʧʨʠʙʣʠʞʥʦ ʧʨʝʜʩʪʘʚˀʘ ʥʝʛʘʪʠʚʥʠ ʛʨʘʜʠʿʝʥʪ (ʥʘʿʩʪʨʤʠʿʠ ʧʘʜ) ʪʝ ʬʫʥʢʮʠʿʝ 

ʛʫʙʠʪʢʘ ʫ ʪʨʝʥʫʪʥʦʤ ʘʥʩʘʤʙʣʫ. ʅʘ ʪʘʿ ʥʘʯʠʥ, ʜʦʜʘʚaˁʝʤ ʥʦʚʠʭ ʜʨʚʝ˂ʘ, ʘʥʩʘʤʙʣ ʩʝ ʠʪʝʨʘʪʠʚʥʦ 

ʧʦʧʨʘʚˀʘ ʫ ʧʨʘʚʮʫ ʩʤʘˁʝˁʘ ʛʨʝʰʢʝ ʟʘ ʯʠʪʘʚ ʪʨʝʥʠʥʛ ʩʝʪ. ʂʦʥʘʯʥʠ ʤʦʜʝʣ ʿʝ ʩʫʤʘ ʜʦʧʨʠʥʦʩʘ 

ʩʚʠʭ ʧʦʿʝʜʠʥʘʯʥʠʭ ʩʪʘʙʘʣʘ. ʆʥʦ ʰʪʦ XGBoost ʯʠʥʠ ʧʦʩʝʙʥʦ ʤʦ˂ʥʠʤ ʿʝʩʫ ʙʨʦʿʥʝ ʠʥʞʝˁʝʨʩʢʝ 

ʠ ʘʣʛʦʨʠʪʘʤʩʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʫʛʨʘʹʝʥʝ ʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʙʫʩʪʠʥʛʘ [18]. ʋʚʝʜʝʥ ʿʝ ʿʘʢ 

ʤʝʭʘʥʠʟʘʤ ʨʝʛʫʣʘʮʠʿʝ: ʩʚʘʢʦ ʢʘʥʜʠʜʘʪʩʢʦ ʩʪʘʙʣʦ ʫ ʧʨʦʮʝʩʫ ʛʨʘʹʝˁʘ ʜʦʙʠʿʘ ʠ ʢʘʟʥʝʥʠ ʪʝʨʤʠʥ 

ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʘ ʣʠʩʪʦʚʘ ʠ ʩʫʤʝ ʢʚʘʜʨʘʪʘ ʪʝʞʠʥʘ ʣʠʩʪʦʚʘ. ʆʚʘʿ ʪʝʨʤʠʥ ʩʧʨʝʯʘʚʘ ʜʘ ʜʨʚʦ 

ʧʦʩʪʘʥʝ ʧʨʝʢʦʤʧʣʝʢʩʥʦ ʦʩʠʤ ʘʢʦ ʪʦ ʥʝ ʜʦʥʦʩʠ ʟʥʘʯʘʿʥʦ ʩʤʘˁʝˁʝ ʛʨʝʰʢʝ. ʊʘʢʦ XGBoost 

ʦʜʨʞʘʚʘ ʜʦʙʘʨ ʙʘʣʘʥʩ ʠʟʤʝʹʫ ʧʨʝʪʨʝʥʠʨʘʥʦʩʪʠ (overfitting) ʠ ʧʦʪʮʝˁʝʥʦʩʪʠ (underfitting) 

ʤʦʜʝʣʘ [18].  

ʂˀʫʯʥʠ ʭʠʧʝʨʧʘʨʘʤʝʪʨʠ XGBoost ʤʦʜʝʣʘ: ʂʘʦ ʠ ʢʦʜ ʜʨʫʛʠʭ ʘʣʛʦʨʠʪʘʤʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ, 

ʧʦʥʘʰʘˁʝ XGBoost-ʘ ʤʦʞʝ ʩʝ ʧʦʜʝʩʠʪʠ ʢʨʦʟ ʚʠʰʝ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ. ʅʝʢʠ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʩʫ: 

¶ n_estimators (ʙʨʦʿ ʩʪʘʙʘʣʘ): ʦʜʨʝʹʫʿʝ ʢʦʣʠʢʦ ˂ʝ ʩʝ ʫʟʘʩʪʦʧʥʠʭ ʜʨʚʝ˂ʘ ʫʢˀʫʯʠʪʠ ʫ 

ʘʥʩʘʤʙʣ. ɺʝ˂ʠ ʙʨʦʿ ʩʪʘʙʘʣʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʜʘʿʝ ʤʦ˂ʥʠʿʠ ʤʦʜʝʣ, ʘʣʠ ʧʨʝʜʫʛʦ ʪʨʝʥʠʨʘˁʝ ʠ 

ʨʠʟʠʢ ʦʜ ʧʨʝʪʨʝʥʠʨʘˁʘ ʘʢʦ ʥʝʤʘ ʜʦʚʦˀʥʦ ʨʝʛʫʣʘʨʠʟʘʮʠʿʝ. 

¶ learning_rate (ʩʪʦʧʘ ʫʯʝˁʘ, ɖ): ʤʘʣʠ ʧʦʟʠʪʠʚʘʥ ʙʨʦʿ (ʥʧʨ. 0.1, 0.01) ʢʦʿʠ ʩʢʘʣʠʨʘ 

ʜʦʧʨʠʥʦʩ ʩʚʘʢʦʛ ʥʦʚʦʜʦʜʘʪʦʛ ʜʨʚʝʪʘ. ʄʘˁʘ ʩʪʦʧʘ ʫʯʝˁʘ ʟʥʘʯʠ ʜʘ ʩʚʘʢʠ ʧʦʿʝʜʠʥʘʯʥʠ 

ʤʦʜʝʣ ʤʘˁʝ ʫʪʠʯʝ ʥʘ ʢʨʘʿˁʫ ʧʨʝʜʠʢʮʠʿʫ, ʧʘ ʿʝ ʦʙʠʯʥʦ ʧʦʪʨʝʙʘʥ ʚʝ˂ʠ ʙʨʦʿ ʩʪʘʙʘʣʘ, ʘʣʠ 

ʩʝ ʩʤʘˁʫʿʝ ʨʠʟʠʢ ʦʜ ʧʨʝʪʨʝʥʠʨʘˁʘ ʠ ʤʦʜʝʣ ʿʝ ʯʝʩʪʦ ʧʨʝʮʠʟʥʠʿʠ. 

¶ max_depth (ʤʘʢʩʠʤʘʣʥʘ ʜʫʙʠʥʘ ʩʪʘʙʣʘ): ʢʦʣʠʢʦ ʥʠʚʦʘ ʨʘʟʛʨʘʥʘʚʘˁʘ ʩʤʝ ʠʤʘʪʠ ʩʚʘʢʦ 

ʜʨʚʦ. ɼʫʙˀʘ ʩʪʘʙʣʘ ʤʦʛʫ ʘʧʨʦʢʩʠʤʠʨʘʪʠ ʩʣʦʞʝʥʠʿʝ ʟʘʚʠʩʥʦʩʪʠ (ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ 

ʚʠʰʝ ʚʘʨʠʿʘʙʣʠ), ʘʣʠ ʧʨʝʚʝʣʠʢʘ ʜʫʙʠʥʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʨʝʪʨʝʥʠʨʘˁʘ. ʊʠʧʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ ʩʫ 3-10. 

¶ min_child_weight: ʤʠʥʠʤʘʣʥʘ ʩʫʤʘʨʥʘ ʪʝʞʠʥʘ (ʠʣʠ ʙʨʦʿ) ʫʟʦʨʘʢʘ ʧʦʪʨʝʙʥʠʭ ʫ ʿʝʜʥʦʤ 

ʯʚʦʨʫ ʜʘ ʙʠ ʩʝ ʦʥ ʤʦʛʘʦ ʜʘˀʝ ʨʘʟʛʨʘʥʘʪʠ. ɺʝ˂ʘ ʚʨʝʜʥʦʩʪ ʦʚʦʛ ʧʘʨʘʤʝʪʨʘ ʯʠʥʠ ʤʦʜʝʣ 

ʢʦʥʟʝʨʚʘʪʠʚʥʠʿʠʤ (ʩʧʨʝʯʘʚʘ ʨʘʟʜʚʘʿʘˁʝ ʯʚʦʨʦʚʘ ʩʘ ʤʘʣʦ ʧʦʜʘʪʘʢʘ), ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʝ 

ʧʨʝʪʨʝʥʠʨʘˁʝ. 

¶ subsample: ʧʨʦʮʝʥʘʪ (ʬʨʘʢʮʠʿʘ) ʫʟʦʨʘʢʘ ʢʦʿʠ ʩʝ ʥʘʩʫʤʠʯʥʦ ʫʟʠʤʘʿʫ ʠʟ ʪʨʝʥʠʥʛ ʩʢʫʧʘ ʟʘ 

ʩʚʘʢʦ ʜʨʚʦ. ʇʦʜʨʘʟʫʤʝʚʘʥa ʚʨʝʜʥʦʩʪ ʿʝ 1.0 (ʩʚʘʢʠ ʧʫʪ ʩʝ ʢʦʨʠʩʪʝ ʩʚʠ ʧʦʜʘʮʠ), ʘʣʠ 
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ʚʨʝʜʥʦʩʪʠ ʤʘˁʝ ʦʜ 1 ʫʥʦʩʝ ʩʪʦʭʘʩʪʠʯʥʦʩʪ ʢʘʦ ʫ random forest-ʫ, ʰʪʦ ʤʦʞʝ ʧʦʙʦˀʰʘʪʠ 

ʩʧʦʩʦʙʥʦʩʪ ʛʝʥʝʨʘʣʠʟʘʮʠʿʝ ʤʦʜʝʣʘ ʩʤʘˁʝˁʝʤ ʢʦʨʝʣʘʮʠʿʝ ʤʝʹʫ ʩʪʘʙʣʠʤʘ. 

¶ colsample_bytree: ʧʨʦʮʝʥʘʪ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ) ʢʦʿʠ ʩʝ ʥʘʩʫʤʠʯʥʦ 

ʙʠʨʘʿʫ ʢʘʦ ʢʘʥʜʠʜʘʪʠ ʧʨʠ ʛʨʘʹʝˁʫ ʩʚʘʢʦʛ ʩʪʘʙʣʘ. ʉʣʠʯʥʦ subsample-ʫ, ʦʚʘʿ ʧʘʨʘʤʝʪʘʨ 

ʫʥʦʩʠ ʜʦʜʘʪʥʫ ʩʣʫʯʘʿʥʦʩʪ ï ʩʚʘʢʦ ʜʨʚʦ ʚʠʜʠ ʩʘʤʦ ʧʦʜʩʢʫʧ ʧʨʦʤʝʥ ʠˀʚʠʭ ï ʰʪʦ ʤʦʞʝ 

ʙʠʪʠ ʢʦʨʠʩʥʦ ʘʢʦ ʧʦʩʪʦʿʠ ʚʝʦʤʘ ʚʝʣʠʢʠ ʙʨʦʿ ʫʣʘʟʘ ʠʣʠ ʘʢʦ ʩʫ ʥʝʢʠ ʦʜ ˁʠʭ ʤʝʹʫʩʦʙʥʦ 

ʢʦʨʝʣʠʩʘʥʠ. 

¶ gamma (ʤʠʥʠʤʘʣʥʦ ʩʤʘˁʝˁʝ ʛʫʙʠʪʢʘ ʟʘ ʨʘʩʮʝʧ): ʦʚʘʿ ʧʘʨʘʤʝʪʘʨ ʧʦʩʪʘʚˀʘ ʧʨʘʛ ʢʦʣʠʢʦ 
ʩʝ ʥʘʿʤʘˁʝ ʤʦʨʘ ʫʤʘˁʠʪʠ ʚʨʝʜʥʦʩʪ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ ʜʘ ʙʠ ʩʝ ʥʘʧʨʘʚʠʦ ʥʦʚʠ ʨʘʩʮʝʧ ʫ 

ʜʨʚʝʪʫ. ɺʠʰʘ ʚʨʝʜʥʦʩʪ ɔ ʟʥʘʯʠ ʩʪʨʦʞʠ ʢʨʠʪʝʨʠʿʫʤ ï ʤʘˁʝ ʨʘʩʮʝʧʘ ˂ʝ ʙʠʪʠ ʜʦʟʚʦˀʝʥʦ, 

ʯʠʥʝ˂ʠ ʪʠʤʝ ʩʪʘʙʣʘ ʿʝʜʥʦʩʪʘʚʥʠʿʠʤ. 

¶ lambda ʠ alpha: ʧʘʨʘʤʝʪʨʠ L2 ʠ L1 ʨʝʛʫʣʘʨʠʟʘʮʠʿʝ ʪʝʞʠʥʘ ʣʠʩʪʦʚʘ. ʆʥʠ ʢʘʞˁʘʚʘʿʫ 
ʧʨʝʚʝʣʠʢʝ ʚʨʝʜʥʦʩʪʠ ʪʝʞʠʥʘ ʫ ʣʠʩʪʦʚʠʤʘ. ɺʠʰʝ ʚʨʝʜʥʦʩʪʠ ɚ ʠ Ŭ ʫʚʦʜʝ ʿʘʯʫ 

ʨʝʛʫʣʘʨʠʟʘʮʠʿʫ, ʰʪʦ ʦʙʠʯʥʦ ʩʤʘˁʫʿʝ ʧʨʝʪʨʝʥʠʨʘˁʝ ʧʦ ʮʝʥʫ ʤʘʣʦʛ ʧʦʚʝ˂ʘˁʘ 

ʩʠʩʪʝʤʘʪʩʢʝ ʛʨʝʰʢʝ. 

ʇʦʜʝʰʘʚʘˁʝ ʦʚʠʭ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʟʘʚʠʩʠ ʦʜ ʧʨʠʨʦʜʝ ʧʨʦʙʣʝʤʘ. ʏʝʩʪʦ ʩʝ ʢʦʨʠʩʪʝ ʪʝʭʥʠʢʝ 

ʘʫʪʦʤʘʪʩʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ (ʥʧʨ. ʤʨʝʞʥʘ ʧʨʝʪʨʘʛʘ, ʙʘʿʝʟʠʿʘʥʩʢʘ ʦʧʪʠʤʠʟʘʮʠʿʘ) 

ʜʘ ʙʠ ʩʝ ʧʨʦʥʘʰʣʘ ʢʦʤʙʠʥʘʮʠʿʘ ʢʦʿʘ ʜʘʿʝ ʥʘʿʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʥʘ ʚʘʣʠʜʘʮʠʦʥʦʤ ʩʢʫʧʫ.  

ʉʫʤʠʨʘʥʦ, XGBoost ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʥʘʿʝʬʠʢʘʩʥʠʿʠʭ ʘʣʘʪʘ ʟʘ ʢʨʝʠʨʘˁʝ ʩʫʨʦʛʘʪ ʤʦʜʝʣʘ 

ʢʘʜʘ ʩʝ ʟʘʭʪʝʚʘ ʚʠʩʦʢʘ ʧʨʝʮʠʟʥʦʩʪ ʫ ʘʧʨʦʢʩʠʤʘʮʠʿʠ ʢʦʤʧʣʝʢʩʥʠʭ ʦʜʥʦʩʘ. ʋ ʤʥʦʛʠʤ ʩʪʫʜʠʿʘʤʘ 

ʿʝ ʧʦʪʚʨʹʝʥʦ ʜʘ ʥʘʜʤʘʰʫʿʝ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʤʝʪʦʜʝ ʧʦ ʪʘʯʥʦʩʪʠ ʧʨʝʜʚʠʹʘˁʘ ʥʘ ʥʝʟʘʚʠʩʥʠʤ ʪʝʩʪ 

ʧʨʠʤʝʨʠʤʘ, ʥʘʨʦʯʠʪʦ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʩʘ ʥʝʣʠʥʝʘʨʥʦʩʪʠʤʘ ʠ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʢʦʿʝ ʿʝ ʪʝʰʢʦ 

ʫʭʚʘʪʠʪʠ ʣʠʥʝʘʨʥʠʤ ʠʣʠ ʿʝʜʥʦʩʪʘʚʥʠʤ ʥʝʣʠʥʝʘʨʥʠʤ ʤʦʜʝʣʠʤʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ XGBoost ʜʘʥʘʩ 

ʯʝʩʪʦ ʧʨʚʠ ʠʟʙʦʨ ʟʘ ʢʨʝʠʨʘˁʝ ʤʝʪʘʤʦʜʝʣʘ ʟʘ ʨʝʘʣʥʝ ʠʥʞʝˁʝʨʩʢʝ ʧʨʦʙʣʝʤʝ.  



ʇʨʝʜʣʦʛ ʤʝʪʦʜʝ ʟʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʧʨʦʨʘʯʫʥ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʝ ʫʟ ʠʥʪʝʛʨʘʮʠʿʫ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ 

35 

4.1 ʂʦʥʮʝʧʪ ʤʝʪʦʜʝ  

ʊʨʘʜʠʮʠʦʥʘʣʥʠ ʧʨʠʩʪʫʧʠ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠʭ ʘʥʘʣʠʟʘ ʫʛʣʘʚʥʦʤ ʩʫ ʟʘʩʥʦʚʘʥʠ ʥʘ ʧʨʝʪʭʦʜʥʦ 

ʜʝʬʠʥʠʩʘʥʠʤ ʨʘʩʧʦʜʝʣʘʤʘ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʝ ʧʨʦʠʟʠʣʘʟʝ ʠʟ ʧʨʝʣʠʤʠʥʘʨʥʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʩʪʨʫʯʥʝ ʧʨʦʮʝʥʝ. ʄʝʹʫʪʠʤ, ʜʫʛʦʪʨʘʿʥʦ ʪʝʭʥʠʯʢʦ ʦʩʤʘʪʨʘˁʝ ʙʨʘʥʘ ʛʝʥʝʨʠʰʝ 

ʦʙʠˀʝ ʠʟʤʝʨʝʥʠʭ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʘʜʨʞʝ ʟʥʘʯʘʿʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʩʪʚʘʨʥʦʤ ʩʪʘˁʫ ʠ ʧʦʥʘʰʘˁʫ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʪʦʢʦʤ ˁʝʥʦʛ ʨʘʜʥʦʛ ʚʝʢʘ. ʉʪʦʛʘ ʠʥʪʝʛʨʘʮʠʿʘ ʦʚʠʭ ʧʦʜʘʪʘʢʘ ʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ 

ʤʦʜʝʣʝ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʪʠ ʢʚʘʣʠʪʝʪ ʠ ʨʝʘʣʠʩʪʠʯʥʦʩʪ ʧʨʦʮʝʥʘ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʘ. ʆʚʦ ʥʠʿʝ 

ʿʝʜʥʦʩʪʘʚʘʥ ʟʘʜʘʪʘʢ, ʿʝʨ ʩʝ ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʦʜʥʦʩʝ ʥʘ ʚʝʣʠʯʠʥʝ ʢʦʿʝ ʩʝ ʫ ʧʨʦʨʘʯʫʥʠʤʘ 

ʧʦʿʘʚˀʫʿʫ ʪʝʢ ʢʘʦ ʠʟʣʘʟʥʠ ʧʨʦʠʟʚʦʜʠ, ʦʜʥʦʩʥʦ ʨʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʝ (ʧʦʤʝʨʘˁʘ, ʧʦʨʥʠ ʧʨʠʪʠʩʮʠ 

ʠʪʜ.). 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʠʤʧʣʠʮʠʪʥʫ ʠʥʪʝʛʨʘʮʠʿʫ 

ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ (ʫʟ ʫʚʘʞʘʚʘˁʝ ˁʠʭʦʚʝ ʩʪʦʭʘʩʪʠʯʢʝ ʧʨʠʨʦʜʝ) ʫ ʙʘʟʥʠ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ 

ʧʨʦʨʘʯʫʥ ʩʠʛʫʨʥʦʩʪʠ ʙʨʘʥʝ ʧʨʠʤʝʥʦʤ ʄʦʥʪʝ ʂʘʨʣʦ ʘʥʘʣʠʟʝ. ʆʩʥʦʚʥʘ ʠʜʝʿʘ ʤʝʪʦʜʦʣʦʛʠʿʝ ʿʝʩʪʝ 

ʜʘ ʩʝ ʩʚʘʢʘ ʧʦʿʝʜʠʥʘʯʥʘ ʩʠʤʫʣʘʮʠʿʘ ʚʨʝʜʥʫʿʝ ʠ ʪʝʞʠʥʩʢʠ ʢʦʨʠʛʫʿʝ ʥʘ ʦʩʥʦʚʫ ˁʝʥʝ ʩʣʠʯʥʦʩʪʠ 

ʩʘ ʩʪʚʘʨʥʠʤ ʧʦʥʘʰʘˁʝʤ ʙʨʘʥʝ ʜʦʙʠʿʝʥʠʤ ʠʟ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʜʠʨʝʢʪʥʦ 

ʫʪʠʯʝ ʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʩʮʝʥʘʨʠʿʘ ʦʪʢʘʟʘ, ʦʜʥʦʩʥʦ ʜʘʿʝ ʩʝ ʚʝ˂ʠ ʟʥʘʯʘʿ ʩʠʤʫʣʘʮʠʿʘʤʘ ʢʦʿʝ 

ʨʝʧʨʝʟʝʥʪʫʿʫ ʩʪʚʘʨʥʦ ʩʪʘˁʝ ʙʨʘʥʝ, ʘ ʩʤʘˁʫʿʝ ʟʥʘʯʘʿ ʦʥʠʭ ʢʦʿʝ ʩʫ ʤʘˁʝ ʨʝʘʣʠʩʪʠʯʥʝ. ɿʘ ʨʘʟʣʠʢʫ 

ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʩʭʚʘʪʘˁʘ ʫ ʢʦʿʠʤʘ ʩʝ ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʢʦʨʠʩʪʝ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ ʫʣʘʟʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ, ʫ ʧʨʝʜʣʦʞʝʥʦʿ ʤʝʪʦʜʠ ʦʥʠ ʩʝ ʜʠʨʝʢʪʥʦ ʠʥʪʝʛʨʠʰʫ ʫ ʄʦʥʪʝ ʂʘʨʣʦ ʘʥʘʣʠʟʫ.  

ʇʨʠʢʘʟʘʥʠ ʧʨʠʩʪʫʧ ʤʦʪʠʚʠʩʘʥ ʿʝ ʦʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʠʤʘ ɹʘʿʝʩʦʚʝ ʪʝʦʨʠʿʝ ʚʝʨʦʚʘʪʥʦ˂ʝ [44], 

ʢʦʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʘʞʫʨʠʨʘˁʝ ʬʫʥʢʮʠʿʘ ʨʘʩʧʦʜʝʣʝ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʦʩʥʦʚʫ ʨʘʩʧʦʣʦʞʠʚʠʭ 

ʬʫʥʮʢʠʿʘ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ. ʀʘʢʦ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʥʝ ʧʨʝʜʩʪʘʚˀʘ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʙʘʿʝʟʠʿʘʥʩʢʠ ʧʨʠʩʪʫʧ, ʿʝʨ ʩʝ ʝʢʩʧʣʠʮʠʪʥʦ ʥʝ ʩʧʨʦʚʦʜʠ ʘʞʫʨʠʨʘˁʝ ʘʧʨʠʦʨʥʠʭ 

ʨʘʩʧʦʜʝʣʘ ʧʘʨʘʤʝʪʘʨʘ ʫ ʧʦʩʪʝʨʠʦʨʥʝ ʨʘʩʧʦʜʝʣʝ, ʧʨʠʥʮʠʧ ʪʝʞʠʥʩʢʝ ʢʦʨʝʢʮʠʿʝ ʩʠʤʫʣʘʮʠʿʘ 

ʩʫʰʪʠʥʩʢʠ ʧʨʝʜʩʪʘʚˀʘ ʠʤʧʣʠʮʠʪʥʦ ʘʞʫʨʠʨʘˁʝ ʧʦʯʝʪʥʠʭ ʧʨʝʪʧʦʩʪʘʚʢʠ ʥʘ ʦʩʥʦʚʫ ʨʝʘʣʥʠʭ 

ʧʦʜʘʪʘʢʘ, ʯʠʤʝ ʩʝ ʟʘʜʨʞʘʚʘ ʢˀʫʯʥʘ ʠʜʝʿʘ ʙʘʿʝʟʠʿʘʥʩʢʦʛ ʧʨʠʩʪʫʧʘ. ʆʚʘʢʚʠʤ ʧʨʠʩʪʫʧʦʤ ʿʝ 

ʤʦʛʫ˂ʝ ʟʥʘʯʘʿʥʦ ʨʝʜʫʢʦʚʘʪʠ ʥʝʠʟʚʝʩʥʦʩʪʠ ʘʥʘʣʠʟʝ ʠ ʜʦʙʠʪʠ ʚʝʨʦʜʦʩʪʦʿʥʠʿʝ ʦʮʝʥʝ ʧʦʫʟʜʘʥʦʩʪʠ 

ʥʘʩʫʪʠʭ ʙʨʘʥʘ. 

ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʝʢʩʪʨʝʤʥʝ  ʧʨʦʨʘʯʫʥʩʢʝ ʩʠʪʫʘʮʠʿʝ, ʢʘʦ ʰʪʦ ʩʫ ʥʘʿʚʝ˂ʘ ʦʯʝʢʠʚʘʥʘ 

ʧʦʧʣʘʚʘ (PMF) ʠʣʠ ʟʝʤˀʦʪʨʝʩ, ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʤʘʛʠʥʘʨʥʝ ʩʠʪʫʘʮʠʿʝ ʢʦʿʝ ʩʝ (ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ) 

ʥʠʩʫ ʜʦʛʦʜʠʣʝ ʪʦʢʦʤ ʧʨʝʪʭʦʜʥʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʙʨʘʥʝ. ʆʥʦ ʯʠʤʝ ʫ ʧʨʘʢʩʠ ʨʘʩʧʦʣʘʞʝʤʦ ʩʫ 

ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʪʦʢʦʤ ʨʝʘʣʥʠʭ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ ʫʩʣʦʚʘ. ʉʪʦʛʘ, ʧʨʦʨʘʯʫʥʩʢʝ ʩʠʪʫʘʮʠʿʝ ʢʦʝʿ 

ʩʝ ʘʥʘʣʠʟʠʨʘʿʫ ʠ ʚʘʣʠʜʠʨʘʿʫ ʫ ʩʢʣʘʜʫ ʩʘ ʧʦʜʘʮʠʤʘ ʦʩʤʘʪʨʘˁʘ ʤʦʨʘʿʫ, ʫ ʧʦʛʣʝʜʫ ʠʩʪʦʨʠʿʝ 

ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʛʨʘʥʠʯʥʠʭ ʫʩʣʦʚʘ, ʦʩʣʠʢʘʚʘʪʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʝ ʫʩʣʦʚʝ, ʙʠʣʦ ʜʘ ʩʝ ʨʘʜʠ ʦ 

ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦʿ ʠʣʠ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʿ ʘʥʘʣʠʟʠ. ɽʢʩʪʨʝʤʥʝ ʧʨʦʨʘʯʫʥʩʢʝ ʩʠʪʫʘʮʠʿʝ ʤʦʛʫ ʩʝ 

ʿʝʜʠʥʦ ʘʥʘʣʠʟʠʨʘʪʠ ʥʘ ʧʨʝʪʭʦʜʥʦ ʚʘʣʠʜʦʚʘʥʠʤ ʧʨʦʨʘʯʫʥʩʢʦʤ ʤʦʜʝʣʫ ʫ ʧʨʦʨʘʯʫʥʩʢʦʿ 

ʩʠʪʫʘʮʠʿʠ ʩʘ ʨʝʘʣʥʠʤ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ ʛʨʘʥʠʯʥʠʤ ʫʩʣʦʚʠʤʘ. 

ʋ ʥʘʩʪʘʚʢʫ ʧʦʛʣʘʚˀʘ ʿʝ ʠʟʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʢʘ ʬʦʨʤʫʣʘʮʠʿʘ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ.  

ʈʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʦʟʥʘʯʝʥʝ ʩʫ ʢʘʦ Ὓ  (monitoring), ʛʜʝ Ὦ ρȟςȣὲ  ʦʟʥʘʯʘʚʘ 

ʧʦʿʝʜʠʥʘʯʥʝ ʠʟʤʝʨʝʥʝ ʚʝʣʠʯʠʥʝ ʢʦʿʠʭ ʠʤʘ ʫʢʫʧʥʦ ὲ . ʆʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʣʘʟʥʠ ʧʦʜʘʪʘʢ ʫ 

ʧʨʝʜʣʦʞʝʥʦʿ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʿ ʘʥʘʣʠʟʠ, ʢʦʿʘ ʩʝ ʤʦʞʝ ʥʘʟʚʘʪʠ ʧʦʥʜʝʨʠʩʘʥʘ ʠʣʠ ʘʞʫʨʠʨʘʥʘ 

ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ. ʄʦʜʝʣʠʨʘˁʝ ʬʫʥʢʮʠʿʘ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ Ὓ  ʚʨʰʠ 

ʩʝ ʧʨʝ ʧʦʯʝʪʢʘ ʧʨʦʨʘʯʫʥʘ, ʩʪʘʪʠʩʪʠʯʢʦʤ ʘʥʘʣʠʟʦʤ ʜʦʩʪʫʧʥʠʭ ʠʟʤʝʨʝʥʠʭ ʚʝʣʠʯʠʥʘ. 

4 ʇʈɽɼʃʆɻ ʄɽʊʆɼɽ ɿɸ ʇʈʆɹɸɹʀʃʀʉʊʀʏʂʀ ʇʈʆʈɸʏʋʅ 

ʉʀɻʋʈʅʆʉʊʀ ɹʈɸʅɽ ʋɿ ʀʅʊɽɻʈɸʎʀɱʋ ʇʆɼɸʊɸʂɸ ʆʉʄɸʊʈɸɳɸ 
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ʇʦʥʜʝʨʠʩʘʥʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʘ ʟʘʧʦʯʠˁʝ ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʢʘʦ ʠ ʙʘʟʥʘ ʘʥʘʣʠʟʘ (ʚʠʜʝʪʠ 

ʧʦʛʣʘʚˀʝ 3.2.2), ʫʟʦʨʢʦʚʘˁʝʤ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (ὔ ʫʟʦʨʢʦʚʘʥʠʭ ʢʦʤʙʠʥʘʮʠʿʘ) ʟʘ 

ʧʨʦʨʘʯʫʥʩʢʠ ʤʦʜʝʣ. ɿʘʪʠʤ ʩʝ ʟʘ ʩʚʘʢʫ ʢʦʤʙʠʥʘʮʠʿʫ ʧʘʨʘʤʝʪʘʨʘ ʩʧʨʦʚʦʜʠ ʄʂɽ ʧʨʦʨʘʯʫʥ ʯʠʿʠ 

ʩʫ ʨʝʟʫʣʪʘʪʠ, ʫ ʩʣʫʯʘʿʫ ʥʘʩʫʪʝ ʙʨʘʥʝ, ʬʠʣʪʨʘʮʠʦʥʘ ʠ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʘ ʩʣʠʢʘ ʫ 

ʧʨʦʨʘʯʫʥʩʢʦʤ ʤʦʜʝʣʫ, ʢʘʦ ʠ ʬʘʢʪʦʨʠ ʩʠʛʫʨʥʦʩʪʠ ʦʜʨʝʹʝʥʠ ʤʝʪʦʜʦʤ ʨʝʜʫʢʦʚʘˁʘ ʩʤʠʯʫ˂ʝ 

ʯʚʨʩʪʦ˂ʝ (SSR ï ʚʠʜʝʪʠ ʧʦʛʣʘʚˀʝ 3.1.3). ʂʘʢʦ ʩʫ ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʪʘʢʦʹʝ ʧʦʟʥʘʪʠ ʠ ʦʙʨʘʹʝʥʠ, 

ˁʠʭʦʚʝ ʨʘʩʧʦʜʝʣʝ ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʨʝʟʫʣʪʘʪʘ ʄʂɽ ʘʥʘʣʠʟʝ. 

ʅʝʢʘ Ὥ ρȟςȣὔ ʦʟʥʘʯʘʚʘ ʧʦʿʝʜʠʥʘʯʥʫ ʩʠʤʫʣʘʮʠʿʫ ʩʠʩʪʝʤʘ, ʜʦʢ Ὦ ρȟςȣὲ  ʧʨʝʜʩʪʘʚˀʘ 

ʿʝʜʘʥ ʦʜ ʨʝʟʫʣʪʘʪʘ ʧʨʦʨʘʯʫʥʘ ʟʘ ʢʦʿʝ ʧʦʩʪʦʿʝ ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ). ʆʩʥʦʚʥʘ ʭʠʧʦʪʝʟʘ ʿʝ ʜʘ 

ʨʝʟʫʣʪʘʪʠ ʄʂɽ ʧʨʦʨʘʯʫʥʘ Ὓ  ʥʝʤʘʿʫ ʠʩʪʠ ʟʥʘʯʘʿ (ʪʝʞʠʥʫ).  ʆʥʠ ʨʝʟʫʣʪʘʪʠ ʢʦʿʠ ʩʝ ʙʦˀʝ 

ʧʦʢʣʘʧʘʿʫ ʩʘ ʧʦʜʘʮʠʤʘ ʦʩʤʘʪʨʘˁʘ Ὓ  ʚʠʰʝ ʩʝ ʚʨʝʜʥʫʿʫ ʦʜ ʜʨʫʛʠʭ, ʫʚʦʹʝˁʝʤ ʪʝʞʠʥʩʢʠʭ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ Ὢ ʟʘ ʩʚʘʢʫ ʩʠʤʫʣʘʮʠʿʫ Ὥ. ʂʦʝʬʠʮʠʿʝʥʪ Ὢ ʜʦʙʠʿʘ ʩʝ ʘʛʨʝʛʘʮʠʿʦʤ ʧʦʿʝʜʠʥʘʯʥʠʭ 

ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ Ὢ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʦʿʝʜʠʥʘʯʥʝ ʦʯʝʢʠʚʘʥʝ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ 

ʦʩʤʘʪʨʘˁʘ.  

ʇʦʩʪʫʧʘʢ ʠʟʨʘʯʫʥʘʚʘˁʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ Ὢ ʦʧʠʩʘʥ ʿʝ ʫ ʥʘʩʪʘʚʢʫ: 

¶ ʅʘʢʦʥ ʟʘʚʨʰʝʥʝ ʄʂɽ ʘʥʘʣʠʟʝ ʫ ʩʠʤʫʣʘʮʠʿʠ Ὥ ʟʘʧʠʩʫʿʫ ʩʝ ʨʝʟʫʣʪʘʪʠ ʦʜ ʠʥʪʝʨʝʩʘ Ὓ  ʟʘ 

ʢʦʿʝ ʧʦʩʪʦʿʝ ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ.  

¶ ɺʨʝʜʥʦʩʪʠ Ὓ  ʫʥʦʩʝ ʩʝ ʫ ʬʫʥʢʮʠʿʝ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ Ὓ  ʢʘʢʦ ʙʠ ʩʝ 

ʦʜʨʝʜʠʣe ʚʨʝʜʥʦʩʪʠ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ὖὈὊ, ʢʦʿʝ ʦʧʠʩʫʿʫ ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʦʿʘʚʝ 

ʨʝʟʫʣʪʘʪʘ ʧʦʩʤʘʪʨʘʥʝ ʩʠʤʫʣʘʮʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʨʘʩʧʦʜʝʣʫ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ. 

¶ ʇʦʿʝʜʠʥʘʯʥʠ ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ Ὢ  ʟʘ ʩʚʘʢʫ ʨʘʩʧʦʜʝʣʫ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ Ὓ  

ʨʘʯʫʥʘʿʫ ʩʝ ʢʘʦ ʦʜʥʦʩ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ὖὈὊ ʠ ʤʘʢʩʠʤʘʣʥʝ 

ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʬʫʥʢʮʠʿʝ Ὓ  ʢʦʿʘ ʩʝ ʦʟʥʘʯʘʚʘ ʩʘ ὖὈὊȟ : 

Ὢ
ὖὈὊ

ὖὈὊȟ  
ϽὍ [19]    

 

ʉʣʠʢʘ 4.1 ʇʦʩʪʫʧʘʢ ʦʜʨʝʹʠʚʘˁʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ Ὢ 

ʂʦʝʬʠʮʠʿʝʥʪ Ὅ  ʧʨʝʜʩʪʘʚˀʘ ʢʦʝʬʠʮʠʿʝʥʪ ʚʘʞʥʦʩʪʠ (eng. Importance Weight) ʩʚʘʢʝ ʦʯʝʢʠʚʘʥʝ 

ʨʘʩʧʦʜʝʣʝ Ὓ  ʢʦʿʠ ʤʦʞʝ ʠʤʘʪʠ ʚʨʝʜʥʦʩʪ ʦʜ 0 ʜʦ 1. ʋʢʦʣʠʢʦ ʩʚʠ ʨʝʟʫʣʪʘʪʠ ʠʤʘʿʫ ʿʝʜʥʘʢʫ 

ʚʨʝʜʥʦʩʪ, ʫʩʚʘʿʘ ʩʝ Ὅ ρ ʟʘ ʩʚʝ ʚʨʝʜʥʦʩʪʠ Ὦ. 

ʋʢʫʧʘʥ ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ Ὢ (ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʠʤʫʣʘʮʠʿʫ Ὥ), ʜʦʙʠʿʘ ʩʝ ʧʦʤʦ˂ʫ 
ʧʦʿʝʜʠʥʘʯʥʠʭ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ Ὢ ʥʝʢʦʤ ʦʜ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʝʪʦʜʘ ʘʛʨʝʛʘʮʠʿʝ 

ʨʘʟʤʘʪʨʘʥʠʭ ʫ ʧʦʛʣʘʚˀʫ 4.3. 

ʍʠʩʪʦʛʨʘʤ ʨʝʟʫʣʪʘʪʘ ʧʨʦʨʘʯʫʥʘ ʢʨʝʠʨʘ ʩʝ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʪʝʞʠʥʩʢʝ ʢʦʝʬʠʮʠʿʝʥʪʝ 

ʩʠʤʫʣʘʮʠʿʘ Ὢ. ʌʨʝʢʚʝʥʮʠʿʘ ʨʝʟʫʣʪʘʪʘ Ὂ  ʟʘ ʧʦʩʤʘʪʨʘʥʠ ʙʠʥ Ὧ ʫ ʩʣʫʯʘʿʫ ʧʦʥʜʝʨʠʩʘʥʦʛ 
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ʭʠʩʪʦʛʨʘʤʘ ʿʝʜʥʘʢʘ ʿʝ ʩʫʤʠ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʦʥʠʭ ʩʠʤʫʣʘʮʠʿʘ ʯʠʿʘ ʩʝ ʨʝʰʝˁʘ ʥʘʣʘʟʝ 

ʫʥʫʪʘʨ ʦʧʩʝʛʘ ʙʠʥʘ, ʦʜʥʦʩʥʦ: 

Ὂ Ὢ [20]    

ʛʜʝ  ὲ ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ ʯʠʿʘ ʩʝ ʨʝʰʝˁʘ ʥʘʣʘʟʝ ʫʥʫʪʘʨ ʦʧʩʝʛʘ ʙʠʥʘ. ʇʦʥʜʝʨʠʩʘʥʠ 

ʭʠʩʪʦʛʨʘʤʠ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʩʚʘʢʝ ʩʠʤʫʣʘʮʠʿʝ ʧʨʠʣʠʢʦʤ ʠʟʨʘʯʫʥʘʚʘˁʘ 

ʬʨʝʢʚʝʥʮʠʿʝ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʧʨʝʮʠʟʥʠʿʫ ʧʨʦʮʝʥʫ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʢʘʜʘ ʩʝ ʧʦʜʘʮʠ 

ʨʘʟʣʠʢʫʿʫ ʧʦ ʟʥʘʯʘʿʫ [101].  

ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ὖὈὊὼ  ʟʘ ʪʘʯʢʫ ὼ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʮʝʥʪʨʫ ʧʦʩʤʘʪʨʘʥʦʛ ʙʠʥʘ Ὧ ʿʝʜʥʘʢʘ 
ʿʝ: 

ὖὈὊὼ
ρ

ὔ Ὤ
Ὂ

ρ

ὔ Ὤ
Ὢ

В Ὢ

ὬϽВ Ὢ
 [21]    

ʛʜʝ ὔ В Ὢ ʧʨʝʜʩʪʘʚˀʘ ʫʢʫʧʥʫ ʩʫʤʫ ʩʚʠʭ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ.  

ʅʘʢʦʥ ʰʪʦ ʿʝ ʢʨʝʠʨʘʥ ʭʠʩʪ ʦʛʨʘʤ ʨʝʟʫʣʪʘʪʘ ʧʨʦʨʘʯʫʥʘ ʢʦʿʠ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʪʝʞʠʥʩʢʝ 

ʢʦʝʬʠʮʠʿʝʥʪʝ, ʧʦʤʦ˂ʫ ˁʝʛʘ ʿʝ ʤʦʛʫ˂ʝ ʠʟʨʘʯʫʥʘʪʠ ʩʚʝ ʩʪʘʪʠʩʪʠʯʢʝ ʚʝʣʠʯʠʥʝ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʫ 

ʦʚʘʿ ʩʢʫʧ ʨʝʟʫʣʪʘʪʘ (ʢʘʦ ʰʪʦ ʩʫ ʥʘʿʫʯʝʩʪʘʣʠʿʘ ʚʨʝʜʥʦʩʪ, ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ, ʚʘʨʠʿʘʥʩʘ ʠ 

ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ) ʢʦʨʠʩʪʝ˂ʠ ʠʟʨʘʟʝ [10], [11], [12] ʠ [13]. 

ʋ ʮʠˀʫ ʜʘˀʝʛ ʢʚʘʥʪʠʪʘʪʠʚʥʦʛ ʦʮʝˁʠʚʘˁʘ ʫʪʠʮʘʿʘ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʥʘ ʨʝʟʫʣʪʘʪʝ 

ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ, ʫ ʨʘʜ ʩʝ ʫʚʦʜʝ ʜʚʝ ʜʦʧʫʥʩʢʝ ʩʪʘʪʠʩʪʠʯʢʝ ʤʝʪʨʠʢʝ: ʝʬʝʢʪʠʚʥʠ ʙʨʦʿ 

ʫʟʦʨʘʢʘ (Effective Sample Size, ESS) ʠ ʂʫʣʙʝʢ-ʃʘʿʙʣʝʨʦʚʘ ʜʠʚʝʨʛʝʥʮʠʿʘ (KullbackïLeibler, KL). 

¶ ɿʘ ʧʦʥʜʝʨʠʩʘʥʫ ʘʥʘʣʠʟʫ ʩʘ ʪʝʞʠʥʩʢʠʤ ʢʦʝʬʠʮʠʿʝʥʪʠʤʘ Ὢ ʠʥʬʦʨʤʘʪʠʚʥʘ ʧʨʦʮʝʥʘ 

ʝʬʝʢʪʠʚʥʦʛ ʙʨʦʿʘ ʫʟʦʨʘʢʘ ʜʦʙʠʿʘ ʩʝ ʂʠʰʦʚʦʤ ʬʦʨʤʫʣʦʤ [74]: 

ὔ ὉὛὛ
В Ὢ

В Ὢ
 [22]    

¶ ʀʥʬʦʨʤʘʪʠʚʥʘ ʜʠʩʪʘʥʮʘ ʠʟʤʝʹʫ ʨʝʟʫʣʪʘʪʘ ʧʦʥʜʝʨʠʩʘʥʝ (q(x)) ʠ ʙʘʟʥʝ (p(x)) ʨʘʩʧʦʜʝʣʝ 

ʨʝʟʫʣʪʘʪʘ ʧʨʝʜʩʪʘʚˀʝʥʝ ʭʠʩʪʦʛʨʘʤʠʤʘ ʩʘ ʠʩʪʦʤ ʰʠʨʠʥʦʤ ʙʠʥʘ Ὤ ʜʝʬʠʥʠʩʘʥʘ ʿʝ 

ʬʦʨʤʫʣʦʤ [75]: 

ὑὒή᷆ ὴ Ὤ ήÌÎ
ή

ὴ
 [23]    

ʛʜʝ ὴ  ʠ ή  ʧʨʝʜʩʪʘʚˀʘʿʫ ʙʘʟʥʝ ʠ ʧʦʥʜʝʨʠʩʘʥʝ ʬʨʝʢʚʝʥʮʠʿʝ ʨʝʟʫʣʪʘʪʘ 

ʫ ʙʠʥʫ k, ʘ M ʧʨʝʜʩʪʘʚˀʘ ʫʢʫʧʘʥ ʙʨʦʿ ʙʠʥʦʚʘ (ʜʠʩʢʨʝʪʥʠʭ ʠʥʪʝʨʚʘʣʘ) ʫ ʭʠʩʪʦʛʨʘʤʠʤʘ. 

ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʫ ʬʦʨʤʫʣʠ ʬʠʛʫʨʠʰʝ ʧʨʠʨʦʜʥʠ ʣʦʛʘʨʠʪʘʤ ʦʜʥʦʩʘ ʬʨʝʢʚʝʥʮʠʿʘ, 

ʿʝʜʠʥʠʮʘ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʜʠʩʪʘʥʮʠ ʠʟʤʝʹʫ ʬʫʥʢʮʠʿʘ q(x) ʠ p(x) ʩʝ ʥʘʟʠʚʘ nat (natural 

unit). ɺʝ˂ʘ ʚʨʝʜʥʦʩʪ ὑὒ ʫʢʘʟʫʿʝ ʥʘ ʚʝ˂ʝ ʦʜʩʪʫʧʘˁʝ ʧʦʥʜʝʨʠʩʘʥʝ ʜʠʩʪʨʠʙʫʮʠʿʝ ʦʜ ʙʘʟʥʝ 
ʠ, ʩʭʦʜʥʦ ʪʦʤʝ, ʥʘ ʩʥʘʞʥʠʿʝ ʫʪʠʮʘʿʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ. ʋ ʧʨʠʤʝˁʝʥʦʿ ʩʪʘʪʠʩʪʠʮʠ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʫʩʚʘʿʘ ʦʨʿʝʥʪʘʮʠʦʥʘ ʩʢʘʣʘ ʧʦ ʢʦʿʦʿ KL < 0,1 ʫʢʘʟʫʿʝ ʥʘ ʧʨʘʢʪʠʯʥʦ ʟʘʥʝʤʘʨˀʠʚʦ 

ʘʞʫʨʠʨʘˁʝ, 0,1 ï 0,5 ʥʘ ʩʣʘʙʦ, 0,5 ï 1 ʥʘ ʫʤʝʨʝʥʦ, 1 ï 2 ʥʘ ʿʘʢʦ, ʜʦʢ KL > 2 ʦʟʥʘʯʘʚʘ 

ʚʨʣʦ ʩʥʘʞʥʦ ʘʞʫʨʠʨʘˁʝ ʠ ʟʥʘʯʘʿʥʫ ʧʨʦʤʝʥʫ ʨʘʩʧʦʜʝʣʝ. 
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ʅʘ ʩʣʠʮʠ ʠʩʧʦʜ ʩʭʝʤʘʪʩʢʠ ʿʝ ʧʨʠʢʘʟʘʥ ʜʠʿʘʛʨʘʤ ʪʦʢʘ ʟʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʫ ʩʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʥʘ ʢʦʤʝ ʩʫ ʧʨʠʢʘʟʘʥʠ ʢˀʫʯʥʠ ʢʦʨʘʮʠ ʧʨʦʨʘʯʫʥʘ.   

 

ʉʣʠʢʘ 4.2 ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʧʦʥʜʝʨʠʩʘʥʝ ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʝ ʩʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʧʦʜʘʪʘʢʘ 

ʦʩʤʘʪʨʘˁʘ 
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4.2 ʆʧʩʝʛ ʧʨʠʤʝʥʝ ʤʝʪʦʜʝ, ʦʧʩʝʨʚʘʮʠʿʝ ʠ ʦʛʨʘʥʠʯʝˁʘ 

ʋ ʦʚʦʤ ʦʜʝˀʢʫ ʧʨʠʢʘʟʘʥʘ ʩʫ ʟʘʧʘʞʘˁʘ ʠ ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʘ ʧʨʘʪʝ ʧʨʠʤʝʥʫ ʧʨʝʜʣʦʞʝʥʝ 

ʤʝʪʦʜʦʣʦʛʠʿʝ. ʋ ʙʘʿʝʟʠʿʘʥʩʢʦʤ ʜʫʭʫ, ʙʘʟʥʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚˀʘ apriori 

ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ ʙʨʘʥʝ, ʦʜʥʦʩʥʦ ʦʥʘ ʦʩʣʠʢʘʚʘ ʩʚʝ ʰʪʦ ʩʝ ʩʤʘʪʨʘ ʚʝʨʦʚʘʪʥʠʤ ʙʝʟ ʟʥʘˁʘ 

ʦ ʩʪʚʘʨʥʦʤ ʧʦʥʘʰʘˁʫ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʇʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʟʘʪʠʤ ʫʣʘʟʝ ʫ ʘʥʘʣʠʟʫ ʫ ʬʦʨʤʠ 

ʩʪʘʪʠʩʪʠʯʢʝ ʨʘʩʧʦʜʝʣʝ, ʜʦʥʦʩʝ˂ʠ ʦʮʝʥʫ ʩʪʝʧʝʥʘ ʩʘʛʣʘʩʥʦʩʪʠ ʩʚʘʢʦʛ ʧʨʦʨʘʯʫʥʩʢʦʛ ʠʩʭʦʜʘ ʩʘ 

ʩʪʚʘʨʥʠʤ ʟʘʙʝʣʝʞʝʥʠʤ ʧʦʜʘʮʠʤʘ in-situ. ʇʨʠʤʝʥˀʠʚʦʩʪ ʠ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʜʣʦʞʝʥʝ 

ʤʝʪʦʜʦʣʦʛʠʿʝ ʫ ʤʥʦʛʦʤʝ ʟʘʚʠʩʝ ʦʜ ʦʜʥʦʩʘ ʠʟʤʝʹʫ ʩʪʘʪʠʩʪʠʯʢʠʭ ʨʘʩʧʦʜʝʣʘ ʨʝʟʫʣʪʘʪʘ ʙʘʟʥʝ 

ʘʥʘʣʠʟʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʨʘʩʧʦʜʝʣʘ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ. ʀ ʦʙʣʠʢ ʠ ʦʧʩʝʛ ʦʚʠʭ ʨʘʩʧʦʜʝʣʘ ʫʪʠʯʫ 

ʥʘ ʠʩʭʦʜ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ, ʰʪʦ ʿʝ ʠʣʫʩʪʨʦʚʘʥʦ ʫ ʥʘʩʪʘʚʢʫ. ʊʘʢʦʹʝ, ʢʘʢʦ ʪʝʞʠʥʩʢʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʩʚʘʢʝ ʩʠʤʫʣʘʮʠʿʝ ʤʦʞʝ ʠʤʘʪʠ ʚʨʝʜʥʦʩʪʠ ʠʟʤʝʹʫ 0 ʠ 1, ʝʬʝʢʪʠʚʘʥ ʙʨʦʿ 

ʧʦʥʜʝʨʠʩʘʥʠʭ ʩʠʤʫʣʘʮʠʿʘ ʥʝ ʤʦʞʝ ʙʠʪʠ ʚʝ˂ʠ ʦʜ ʧʦʯʝʪʥʝ ʚʝʣʠʯʠʥʝ ʫʟʦʨʢʦʚʘʥʦʛ ʩʝʪʘ. 

ʉʣʠʢʘ 4.3 ʧʨʠʢʘʟʫʿʝ ʢʘʢʦ ʩʝ ʫʥʠʬʦʨʤʥʦ ʨʘʩʧʦʨʝʹʝʥʠ ʨʝʟʫʣʪʘʪʠ ʙʘʟʥʝ ʘʥʘʣʠʟʝ ʪʨʘʥʩʬʦʨʤʠʰʫ 

ʧʦʥʜʝʨʠʩʘˁʝʤ ʢʘʜʘ ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʧʨʘʪʝ ʫʥʠʬʦʨʤʥʫ ʠ ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ. ʋ ʦʙʘ ʩʣʫʯʘʿʘ 

ʧʦʥʜʝʨʠʩʘʥʠ ʭʠʩʪʦʛʨʘʤ ʠʩʧʫˁʘʚʘ ʯʠʪʘʚ ʧʨʝʢʣʘʧʘʿʫ˂ʠ ʦʧʩʝʛ. ʇʦʰʪʦ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʜʘʪʘʢʘ 

ʦʩʤʘʪʨʘˁʘ ʦʙʫʭʚʘʪʘ ʪʘʯʥʦ ʿʝʜʥʫ ʪʨʝ˂ʠʥʫ ʦʧʩʝʛʘ ʙʘʟʥʝ ʘʥʘʣʠʟʝ, ʟʘʜʨʞʘʚʘ ʩʝ ʫʧʨʘʚʦ 1/3 

ʩʠʤʫʣʘʮʠʿʘ, ʘ ʧʦʥʜʝʨʠʩʘʥʠ ʠʩʭʦʜʠ ʩʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʦʢʣʘʧʘʿʫ ʩʘ ʨʘʩʧʦʜʝʣʘʤʘ ʧʦʜʘʪʘʢʘ 

ʦʩʤʘʪʨʘˁʘ. ʉʚʠ ʧʦʿʝʜʠʥʘʯʥʠ ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʩʫ ʫ ʩʣʫʯʘʿʫ ʫʥʠʬʦʨʤʥʝ ʨʘʩʧʦʜʝʣʝ 

ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʿʝʜʥʘʢʠ ʿʝʜʠʥʠʮʠ, ʜʦʢ ʩʝ ʫ ʩʣʫʯʘʿʫ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʜʘʣʝʢʦ ʤʘˁʠ ʙʨʦʿ 

ʩʠʤʫʣʘʮʠʿʘ Ăʦʜʨʞʠò ʙʝʟ ʫʤʘˁʝˁʘ ʪʝʞʠʥʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ. 

  

ʉʣʠʢʘ 4.3 ʈʝʟʫʣʪʘʪʠ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʦʜʥʦʩʝ ʨʘʩʧʦʜʝʣʘ ʨʝʟʫʣʪʘʪʘ ʙʘʟʥʝ 

ʘʥʘʣʠʟʝ ʠ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ: (ʣʝʚʦ) ʫʥʠʬʦʨʤʥʘ-ʫʥʠʬʦʨʤʥʘ ʠ (ʜʝʩʥʦ) ʫʥʠʬʦʨʤʥʘ-

ʥʦʨʤʘʣʥʘ. 

ʉʣʠʢʘ 4.4 ʠʣʫʩʪʨʫʿʝ ʢʘʢʦ ʧʦʩʪʫʧʘʢ ʧʦʥʜʝʨʠʩʘˁʘ ʧʨʝʦʙʣʠʢʫʿʝ ʨʝʟʫʣʪʘʪʝ ʙʘʟʥʝ ʘʥʘʣʠʟʝ ʩʘ 

ʥʦʨʤʘʣʥʦʤ ʨʘʩʧʦʜʝʣʦʤ ʢʘʜʘ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʦʧʠʩʫʿʫ ʫʥʠʬʦʨʤʥʘ, ʦʜʥʦʩʥʦ 

ʥʦʨʤʘʣʥʘ ʨʘʩʧʦʜʝʣʘ. ɸʢʦ ʩʫ ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʫʥʠʬʦʨʤʥʦ ʨʘʩʧʦʨʝʹʝʥʠ, ʩʚʠ ʪʝʞʠʥʩʢʠ 

ʢʦʝʬʠʮʠʿʝʥʪʠ ʩʠʤʫʣʘʮʠʿʘ ʿʝʜʥʘʢʠ ʩʫ ʿʝʜʠʥʠʮʠ, ʘʣʠ ʩʝ ʩʘ ʦʧʩʝʛʦʤ ʦʩʤʘʪʨʘˁʘ ʧʨʝʢʣʘʧʘ ʩʘʤʦ ʨʝʧ 

ʥʦʨʤʘʣʥʝ ʙʘʟʥʝ ʨʘʩʧʦʜʝʣʝ, ʧʘ ʧʦʥʜʝʨʠʩʘʥʠ ʭʠʩʪʦʛʨʘʤ ʩʘʜʨʞʠ ʠʩʢˀʫʯʠʚʦ ʪʘʿ ʜʝʦ ʠʩʭʦʜʘ ʙʘʟʥʝ 

ʘʥʘʣʠʟʝ. ʂʘʜʘ ʩʫ ʠ ʙʘʟʥʘ ʠ ʨʘʩʧʦʜʝʣʘ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʥʦʨʤʘʣʥʝ, ʨʝʟʫʣʪʘʪʠ ʧʦʥʜʝʨʠʩʘʥʝ 

ʘʥʘʣʠʟʝ ʦʛʨʘʥʠʯʝʥʠ ʩʫ ʥʘ ʦʙʣʘʩʪ ʫ ʢʦʿʦʿ ʩʝ ʜʚʝ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʧʨʝʢʣʘʧʘʿʫ. ʆʙʝ ʬʫʥʢʮʠʿʝ 

ʫʪʠʯʫ ʥʘ ʦʙʣʠʢ ʠ ʨʘʩʧʦʥ ʧʦʥʜʝʨʠʩʘʥʦʛ ʠʩʭʦʜʘ, ʘ ʧʨʠʤʝʪʥʦ ʿʝ ʠ ʟʥʘʯʘʿʥʦ ʩʤʘˁʝˁʝ ὔ . 
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ʉʣʠʢʘ 4.4 ʈʝʟʫʣʪʘʪʠ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʦʜʥʦʩʝ ʨʘʩʧʦʜʝʣʘ ʨʝʟʫʣʪʘʪʘ ʙʘʟʥʝ 

ʘʥʘʣʠʟʝ ʠ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ: (ʣʝʚʦ) ʥʦʨʤʘʣʥʘ-ʫʥʠʬʦʨʤʥʘ ʠ (ʜʝʩʥʦ) ʥʦʨʤʘʣʥʘ-ʥʦʨʤʘʣʥʘ. 

ɼʘ ʙʠ ʧʦʥʜʝʨʠʩʘʥʘ ʘʥʘʣʠʟʘ ʠʤʘʣʘ ʩʤʠʩʣʘ, ʨʘʩʧʦʜʝʣʘ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʤʦʨʘ ʙʘʨʝʤ 

ʜʝʣʠʤʠʯʥʦ ʜʘ ʩʝ ʧʨʝʢʣʦʧʠ ʩʘ ʨʘʩʧʦʜʝʣʦʤ ʨʝʟʫʣʪʘʪʘ ʙʘʟʥʝ ʘʥʘʣʠʟʝ. ʉʘʤʦ ʫ ʪʦʤ ʟʘʿʝʜʥʠʯʢʦʤ 

ʦʧʩʝʛʫ ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʤʦʛʫ ʜʦʙʠʪʠ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʥʠʩʫ ʿʝʜʥʘʢʝ ʥʫʣʠ. ɸʢʦ ʩʝ 

ʧʦʩʤʘʪʨʘʥʠ ʧʦʜʘʮʠ ʫ ʮʝʣʦʩʪʠ ʥʘʣʘʟʝ ʠʟʚʘʥ ʘʧʨʠʦʨʥʦʛ ʦʧʩʝʛʘ, ʩʚʠ ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ 

ʧʦʩʪʘʿʫ ʥʫʣʘ, ʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʠʟʦʩʪʘʿʝ. ʋʩʧʝʰʥʦʩʪ ʧʨʠʤʝʥʝ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʩʪʦʛʘ 

ʚʝʦʤʘ ʟʘʚʠʩʠ ʦʜ ʧʘʤʝʪʥʦʛ ʫʩʘʛʣʘʰʘʚʘˁʘ ʦʚʠʭ ʨʘʩʧʦʜʝʣʘ: ʘʧʨʠʦʨ ʤʦʨʘ ʙʠʪʠ ʜʦʚʦˀʥʦ ʰʠʨʦʢ ʜʘ 

ʦʙʫʭʚʘʪʠ ʨʝʘʣʥʠ ʨʘʩʧʦʥ ʠʩʭʦʜʘ ʦʩʤʘʪʨʘˁʘ, ʘʣʠ ʥʝ ʪʦʣʠʢʦ ʨʘʟʫʹʝʥ ʜʘ ʩʝ ʢʦʨʝʢʪʠʚʥʠ ʫʪʠʮʘʿ 

ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʫʪʦʧʠ ʫ ʩʪʘʪʠʩʪʠʯʢʠ ʰʫʤ. ɿʘʪʦ ʿʝ ʧʨʝʩʫʜʥʦ ʜʘ ʩʝ ʧʨʦʩʪʦʨ ʫʣʘʟʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʙʘʟʥʝ ʘʥʘʣʠʟʝ, ʢʘʦ ʠ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʦʩʤʠʩʣʝ ʧʨʦʤʠʰˀʝʥʦ. ʋ 

ʧʨʦʪʠʚʥʦʤ, ʧʨʝʜʣʦʞʝʥʘ ʢʚʘʟʠ-ʙʘʿʝʩʠʿʘʥʩʢʘ ʤʝʪʦʜʘ ʤʦʞʝ ʣʘʢʦ ʦʜʚʝʩʪʠ ʠʣʠ ʫ ʥʝʠʥʬʦʨʤʘʪʠʚʥʦ 

ʧʦʥʘʚˀʘˁʝ ʘʧʨʠʦʨʘ, ʠʣʠ ʫ ʥʝʩʪʘʙʠʣʘʥ ʘʧʦʩʪʝʨʠʦʨ ʟʘʩʥʦʚʘʥ ʥʘ ʧʨʝʤʘʣʦ ʿʫʢʫʧʥʦʿ ʩʫʤʠ ʪʝʞʠʥʘ 

ὔ . 

4.3 ʄʝʪʦʜʝ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʪʝʞʠʥʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʩʠʤʫʣʘʮʠʿʝ 

ʋ ʦʚʦʤ ʨʘʜʫ ʨʘʟʤʦʪʨʝʥʦ ʿʝ 9 ʤʘʪʝʤʘʪʠʯʢʠʭ ʧʨʠʩʪʫʧʘ (ʬʫʥʢʮʠʿʘ ʘʛʨʝʛʘʪʦʨʘ) ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʫʢʫʧʥʦʛ ʪʝʞʠʥʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ Ὢ ʟʘ ʧʦʩʤʘʪʨʘʥʫ ʩʠʤʫʣʘʮʠʿʫ i (ʫʢʫʧʘʥ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ ʿʝ N), 

ʧʦʤʦ˂ʫ ʧʦʿʝʜʠʥʘʯʥʠʭ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ Ὢ (Ὦ ʦʟʥʘʯʘʚʘ ʧʦʿʝʜʠʥʘʯʥʝ ʠʟʤʝʨʝʥʝ 

ʚʝʣʠʯʠʥʝ (ʧʦʜʘʪʢʝ ʦʩʤʘʪʨʘˁʘ) ʢʦʿʠʭ ʠʤʘ ʫʢʫʧʥʦ ὲ ): 

¶ M1: ɻʝʦʤʝʪʨʠʿʩʢʘ ʩʨʝʜʠʥʘ ʪʝʞʠʥʘ ʫ ʩʠʤʫʣʘʮʠʿʠ i [14]:  

Ὢȟ Ὢ ϽὪ ϽȣϽὪ
ὲ
άέὲ

Ὢ
ὲάέὲ

̪

ὲάέὲ

 [24]    

ʇʨʝʤʘ ʦʚʦʿ ʤʝʪʦʜʠ ʨʘʯʫʥʘ ʩʝ ʛʝʦʤʝʪʨʠʿʩʢʘ ʩʨʝʜʠʥʘ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʦʢʚʠʨʫ 

ʿʝʜʥʝ ʧʦʩʤʘʪʨʘʥʝ ʩʠʤʫʣʘʮʠʿʝ.  

¶ M2: ʍʘʨʤʦʥʠʿʩʢʘ ʩʨʝʜʠʥʘ ʪʝʞʠʥʘ ʫ ʩʠʤʫʣʘʮʠʿʠ i [5]:  

Ὢȟ
ὲάέὲ

Вὲ
άέὲ

̪

 
[25]    

ʇʨʝʤʘ ʦʚʦʿ ʤʝʪʦʜʠ ʨʘʯʫʥʘ ʩʝ ʭʘʨʤʦʥʠʿʩʢʘ ʩʨʝʜʠʥʘ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʦʢʚʠʨʫ 

ʿʝʜʥʝ ʧʦʩʤʘʪʨʘʥʝ ʩʠʤʫʣʘʮʠʿʝ.  
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¶ M3: ɸʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ (ʄʝʪʦʜʘ ʧʨʦʩʝʯʥʝ ʪʝʞʠʥʝ) ʪʝʞʠʥʘ ʫ ʩʠʤʫʣʘʮʠʿʠ Ὦ [70]:  

Ὢȟ
В Ὢὲάέὲ

ὲάέὲ
 [26]    

ʇʨʝʤʘ ʦʚʦʿ ʤʝʪʦʜʠ ʨʘʯʫʥʘ ʩʝ ʧʨʦʩʝʯʥʘ ʪʝʞʠʥʘ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʦʢʚʠʨʫ ʿʝʜʥʝ 

ʧʦʩʤʘʪʨʘʥʝ ʩʤʫʣʘʮʠʿʝ.  

¶ M4: ʂʚʘʜʨʘʪʥʘ ʩʨʝʜʠʥʘ (RMS) [47]:  

Ὢȟ
В Ὢὲάέὲ

ὲάέὲ
 [27]    

ʇʨʝʤʘ ʦʚʦʿ ʤʝʪʦʜʠ ʨʘʯʫʥʘ ʩʝ ʢʚʘʜʨʘʪʥʠ ʢʦʨʝʥ ʧʨʦʩʝʯʥʝ ʪʝʞʠʥʝ ʢʚʘʜʨʘʪʘ ʪʝʞʠʥʩʢʠʭ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʦʢʚʠʨʫ ʿʝʜʥʝ ʧʦʩʤʘʪʨʘʥʝ ʩʠʤʫʣʘʮʠʿʝ. 

¶ M5: ʅʦʨʤʘʣʠʟʘʮʠʿʘ ʧʦ ʤʘʢʩʠʤʘʣʥʦʤ ʟʙʠʨʫ ʪʝʞʠʥʘ ʫ ʘʥʘʣʠʟʠ [10]:  

Ὢȟ
В Ὢὲάέὲ

άὥὼ
ȣ

 В Ὢὲάέὲ
 [28]    

ʆʚʘ ʤʝʪʦʜʘ ʥʦʨʤʘʣʠʟʫʿʝ ʟʙʠʨ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʧʦʩʤʘʪʨʘʥʦʿ ʩʠʤʫʣʘʮʠʿʠ ʩʘ 

ʤʘʢʩʠʤʘʣʥʠʤ ʟʙʠʨʦʤ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʩʚʠʤ ʩʠʤʫʣʘʮʠʿʘʤʘ. 

¶ M6: ɿʙʠʨ ʪʝʞʠʥʘ [29]:  

Ὢȟ Ὢ
ὲάέὲ

 [29]    

ʇʨʝʤʘ ʦʚʦʿ ʤʝʪʦʜʠ ʨʘʯʫʥʘ ʩʝ ʟʙʠʨ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʦʢʚʠʨʫ ʿʝʜʥʝ ʧʦʩʤʘʪʨʘʥʝ 

ʩʠʤʫʣʘʮʠʿʝ. 

¶ M7: ʇʨʦʠʟʚʦʜ ʪʝʞʠʥʘ [85]:  

Ὢȟ Ὢ
ὲάέὲ

 [30]    

ʇʨʝʤʘ ʦʚʦʿ ʤʝʪʦʜʠ ʨʘʯʫʥʘ ʩʝ ʧʨʦʠʟʚʦʜ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʦʢʚʠʨʫ ʿʝʜʥʝ 

ʧʦʩʤʘʪʨʘʥʝ ʩʠʤʫʣʘʮʠʿʝ. 

¶ M8: ʄʠʥʠʤʘʣʥʘ ʪʝʞʠʥʘ [47]:  

Ὢȟ άὭὲ ὪȟὪȟȣȟὪ  [31]    

Oʚʘ ʤʝʪʦʜʘ ʥʦʨʤʘʣʠʟʫʿʝ ʟʙʠʨ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʧʦʩʤʘʪʨʘʥʦʿ ʩʠʤʫʣʘʮʠʿʠ ʩʘ 

ʤʘʢʩʠʤʘʣʥʠʤ ʪʝʞʠʥʩʢʠʤ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʫ ʠʩʪʦʿ ʩʠʤʫʣʘʮʠʿʠ. 

¶ M9: ʀʥʚʝʨʟʥʘ ʚʘʨʠʿʘʥʩʘ [53]:  

Ὢȟ
ὲάέὲ

Вὲ
άέὲ

 
[32]    

ʇʨʝʤʘ ʦʚʦʿ ʤʝʪʦʜʠ ʨʘʯʫʥʘ ʩʝ ʭʘʨʤʦʥʠʿʩʢʘ ʩʨʝʜʠʥʘ ʩʘ ʢʚʘʜʨʘʪʠʤʘ ʪʝʞʠʥʩʢʠʭ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʦʢʚʠʨʫ ʿʝʜʥʝ ʧʦʩʤʘʪʨʘʥʝ ʩʠʤʫʣʘʮʠʿʝ.  
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ɼʝʚʝʪ ʧʨʝʜʣʦʞʝʥʠʭ ʬʫʥʢʮʠʿʘ ʘʛʨʝʛʘʪʦʨʘ (M1ïM9) ʦʙʫʭʚʘʪʘʿʫ ʨʘʟʣʠʯʠʪʝ ʢʦʥʮʝʧʪʫʘʣʥʝ 

ʧʨʠʩʪʫʧʝ ʢʦʤʙʠʥʦʚʘˁʫ ʧʘʨʮʠʿʘʣʥʠʭ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʿʝʜʠʥʩʪʚʝʥʫ ʫʢʫʧʥʫ ʪʝʞʠʥʫ 

ʩʠʤʫʣʘʮʠʿʝ. ʄʦʛʫ ʩʝ ʨʘʟʣʠʢʦʚʘʪʠ ʯʝʪʠʨʠ ʦʩʥʦʚʥʘ ʧʨʠʥʮʠʧʘ: ʤʫʣʪʠʧʣʠʢʘʪʠʚʥʠ, ʘʜʠʪʠʚʥʠ, 

ʝʢʩʪʨʝʤʥʠ ʠ ʥʦʨʤʘʣʠʟʘʮʠʦʥʠ ʘʛʨʝʛʘʪʦʨʠ. 

ʄʫʣʪʠʧʣʠʢʘʪʠʚʥʝ ʘʛʨʝʛʘʪʦʨʝ ʢʘʨʘʢʪʝʨʠʰʝ ʠʥʚʘʨʠʿʘʥʪʥʦʩʪ ʧʨʠ ʤʫʣʪʠʧʣʠʢʘʪʠʚʥʦʤ ʩʢʘʣʠʨʘˁʫ 

ï ʘʢʦ ʩʝ ʩʚʠ ʧʘʨʮʠʿʘʣʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʧʦʤʥʦʞʝ ʠʩʪʦʤ ʢʦʥʩʪʘʥʪʦʤ ʩ, ʫʢʫʧʥʘ ʪʝʞʠʥʘ 

ʩʠʤʫʣʘʮʠʿʝ ʩʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʩʢʘʣʠʨʘ. ʊʠʧʠʯʘʥ ʧʨʝʜʩʪʘʚʥʠʢ ʿʝ ʧʨʦʠʟʚʦʜ ʪʝʞʠʥʘ (M7), ʢʦʿʠ 

ʤʥʦʞʠ ʩʚʝ ʧʘʨʮʠʿʘʣʥʝ ʢʦʝʬʠʮʠʿʝʥʪʝ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʫʚʘʞʘʚʘ ʩʚʝ ʧʦʜʘʪʢʝ ʦʩʤʘʪʨʘˁʘ 

ʠʩʪʦʚʨʝʤʝʥʦ. ʆʚʦʿ ʛʨʫʧʠ ʧʨʠʧʘʜʘʿʫ ʠ ʘʛʨʝʛʘʪʦʨʠ ʢʦʿʠ ʫʢˀʫʯʫʿʫ ʝʣʝʤʝʥʪ ʤʥʦʞʝˁʘ, ʧʦʧʫʪ 

ʛʝʦʤʝʪʨʠʿʩʢʝ ʩʨʝʜʠʥʝ (M1), ʢʘʦ ʠ ʘʛʨʝʛʘʪʦʨʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʭʘʨʤʦʥʠʿʩʢʠʤ ʩʨʝʜʠʥʘʤʘ (M2 ʠ ʄ9). 

ɻʝʦʤʝʪʨʠʿʩʢʘ ʩʨʝʜʠʥʘ ʨʘʯʫʥʘ ʢʦʨʝʥ ʧʨʦʠʟʚʦʜʘ (n-ʪʠ ʢʦʨʝʥ ʦʜ ʧʨʦʠʟʚʦʜʘ n ʧʘʨʮʠʿʘʣʥʠʭ 

ʪʝʞʠʥʘ), ʜʦʢ ʭʘʨʤʦʥʠʿʩʢʘ ʩʨʝʜʠʥʘ ʢʦʨʠʩʪʠ ʨʝʮʠʧʨʦʯʥʝ ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ ʧʘʨʮʠʿʘʣʥʠʭ ʪʝʞʠʥʘ ʠ 

ʥʘʛʣʘʰʘʚʘ ʫʪʠʮʘʿ ʥʘʿʤʘˁʠʭ ʪʝʞʠʥʘ. ʐʪʦ ʿʝ ʥʝʢʘ ʧʘʨʮʠʿʘʣʥʘ ʪʝʞʠʥʘ ʤʘˁʘ, ˁʝʥʘ ʨʝʮʠʧʨʦʯʥʘ 

ʚʨʝʜʥʦʩʪ ʿʝ ʚʝ˂ʘ, ʧʘ ʪʠʤʝ ʚʠʰʝ ʜʦʧʨʠʥʦʩʠ ʟʙʠʨʫ ʫ ʠʤʝʥʠʦʮʫ. 

ɸʜʠʪʠʚʥʠ ʘʛʨʝʛʘʪʦʨʠ ʟʘʩʥʠʚʘʿʫ ʩʝ ʥʘ ʩʘʙʠʨʘˁʫ ʠʣʠ ʫʧʨʦʩʝʯʘʚʘˁʫ ʧʘʨʮʠʿʘʣʥʠʭ ʪʝʞʠʥʩʢʠʭ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ, ʯʠʤʝ ʩʫ ʟʥʘʪʥʦ Ăʪʦʣʝʨʘʥʪʥʠʿʠñ ʥʘ ʚʘʨʠʿʘʮʠʿʝ ʤʝʹʫ ʧʘʨʮʠʿʘʣʥʠʤ 

ʢʦʝʬʠʮʠʿʝʥʪʠʤʘ. ʋ ʦʚʫ ʛʨʫʧʫ ʩʧʘʜʘʿʫ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ (M3), ʢʚʘʜʨʘʪʥʘ ʩʨʝʜʠʥʘ RMS (M4) 

ʠ ʟʙʠʨ ʪʝʞʠʥʘ (M6). ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʦʠʟʚʦʜʘ, ʦʚʠ ʧʨʠʩʪʫʧʠ ʜʦʟʚʦˀʘʚʘʿʫ ʜʘ ʩʠʤʫʣʘʮʠʿʘ ʢʦʿʘ ʫ 

ʿʝʜʥʦʤ ʧʦʛʣʝʜʫ ʥʝ ʦʜʛʦʚʘʨʘ ʦʩʤʘʪʨʘʥʠʤ ʧʦʜʘʮʠʤʘ ʠʧʘʢ ʟʘʜʨʞʠ ʠʟʚʝʩʪʘʥ ʫʪʠʮʘʿ ʢʨʦʟ ʜʨʫʛʝ 

ʧʘʨʮʠʿʘʣʥʝ ʪʝʞʠʥʝ. ʋʢʦʣʠʢʦ ʿʝʜʘʥ ʦʜ ʧʘʨʮʠʿʘʣʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʟʥʘʪʥʦ ʦʜʩʪʫʧʘ (ʥʠʩʢʘ 

ʚʨʝʜʥʦʩʪ), ʘʨʠʪʤʝʪʠʯʢʘ ʠʣʠ ʢʚʘʜʨʘʪʥʘ ʩʨʝʜʠʥʘ ʤʦʛʫ ʪʫ ʤʘˁʫ ʚʨʝʜʥʦʩʪ Ăʥʘʜʦʤʝʩʪʠʪʠò ʚʝ˂ʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ ʦʩʪʘʣʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʠ ʪʠʤʝ ʦʯʫʚʘʪʠ ʚʨʝʜʥʦʩʪʠ ʩʠʤʫʣʘʮʠʿʝ. ʊʘʢʦ ʫʢʫʧʥʘ 

ʪʝʞʠʥʘ ʩʠʤʫʣʘʮʠʿʝ ʦʩʪʘʿʝ ʫʤʝʨʝʥʘ ʫʤʝʩʪʦ ʜʘ ʧʦʩʪʘʥʝ ʛʦʪʦʚʦ ʥʫʣʪʘ, ʢʘʦ ʰʪʦ ʙʠ ʙʠʦ ʩʣʫʯʘʿ ʢʦʜ 

ʩʪʨʦʛʠʭ ʤʫʣʪʠʧʣʠʢʘʪʠʚʥʠʭ ʤʝʪʦʜʘ. ʅʦʨʤʘʣʠʟʦʚʘʥʠ ʟʙʠʨ (M5) ʪʘʢʦʹʝ ʧʨʠʧʘʜʘ ʦʚʦʿ ʛʨʫʧʠ ʧʦ 

ʬʦʨʤʠ ʿʝʨ ʩʘʙʠʨʘ ʪʝʞʠʥʝ, ʘʣʠ ʫʚʦʜʠ ʠ ʥʦʨʤʘʣʠʟʘʮʠʿʫ ï ʟʙʠʨ ʧʘʨʮʠʿʘʣʥʠʭ ʪʝʞʠʥʘ ʫ 

ʧʦʿʝʜʠʥʘʯʥʦʿ ʩʠʤʫʣʘʮʠʿʠ ʜʝʣʠ ʩʝ ʤʘʢʩʠʤʘʣʥʠʤ ʫʢʫʧʥʠʤ ʟʙʠʨʦʤ ʫ ʯʠʪʘʚʦʿ ʘʥʘʣʠʟʠ, ʯʠʤʝ ʩʝ 

ʚʨʝʜʥʦʩʪ M5 ʘʛʨʝʛʘʪʘ ʩʢʘʣʠʨʘ ʫ ʠʥʪʝʨʚʘʣ [0, 1]. 

ɽʢʩʪʨʝʤʥʠ ʘʛʨʝʛʘʪʦʨʠ ʦʩʣʘˁʘʿʫ ʩʝ ʥʘ ʝʢʩʪʨʝʤʥʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʮʠʿʘʣʥʠʭ ʪʝʞʠʥʘ (ʤʠʥʠʤʘʣʥʝ 

ʠʣʠ ʤʘʢʩʠʤʘʣʥʝ). ʋ ʦʚʫ ʢʘʪʝʛʦʨʠʿʫ ʩʧʘʜʘ ʤʝʪʦʜ ʤʠʥʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ (M8), ʢʦʿʠ ʪʦʪʘʣʥʠ 

ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʩʠʤʫʣʘʮʠʿʝ ʦʜʨʝʹʫʿʝ ʧʨʝʤʘ ʥʘʿʥʝʧʦʚʦˀʥʠʿʝʤ ʧʘʨʮʠʿʘʣʥʦʤ 

ʢʦʝʬʠʮʠʿʝʥʪʫ. ʇʨʘʢʪʠʯʥʦ, M8 ʘʛʨʝʛʘʪʦʨ ʩʝ ʚʦʜʠ ʧʨʠʥʮʠʧʦʤ Ăʥʘʿʩʣʘʙʠʿʝ ʢʘʨʠʢʝñ: ʩʠʤʫʣʘʮʠʿʘ 

ʜʦʙʠʿʘ ʫʢʫʧʥʫ ʪʝʞʠʥʫ ʿʝʜʥʘʢʫ ʥʘʿʤʘˁʦʿ ʦʜ ʩʚʠʭ ʩʚʦʿʠʭ ʧʘʨʮʠʿʘʣʥʠʭ ʪʝʞʠʥʘ. ʆʚʘʢʘʚ ʝʢʩʪʨʝʤʥʦ 

ʩʪʨʦʛ ʢʨʠʪʝʨʠʿʫʤ ʦʩʠʛʫʨʘʚʘ ʜʘ ˂ʝ ʠ ʥʘʿʤʘˁʝ ʦʜʩʪʫʧʘˁʝ ʦʜ ʧʦʩʤʘʪʨʘˁʘ ʩʥʘʞʥʦ ñʢʘʟʥʠʪʠò 

ʩʠʤʫʣʘʮʠʿʫ (ʘʢʦ ʿʝ ʿʝʜʘʥ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʣʦʰʝ ʨʝʧʨʦʜʫʢʦʚʘʥ, ʮʝʣʦʢʫʧʘʥ ʠʩʭʦʜ ʩʝ ʩʤʘʪʨʘ 

ʥʝʧʦʫʟʜʘʥʠʤ). ʉʫʧʨʦʪʘʥ ʝʢʩʪʨʝʤʥʠ ʧʨʠʩʪʫʧ ï ʦʩʣʘˁʘˁʝ ʥʘ ʤʘʢʩʠʤʘʣʥʫ ʪʝʞʠʥʫ ï ʥʠʿʝ 

ʝʢʩʧʣʠʮʠʪʥʦ ʨʘʟʤʘʪʨʘʥ ʫ M1ïM9 ʩʝʪʫ. 

ʆʧʠʩʘʥʝ ʛʨʫʧʝ ʩʫ ʫ ʜʠʨʝʢʪʥʦʿ ʚʝʟʠ ʩʘ ʪʠʤ ʢʦʣʠʢʦ ʘʛʨʝʩʠʚʥʦ ʦʜʨʝʹʝʥʠ ʘʛʨʝʛʘʪʦʨ Ăʢʘʞˁʘʚʘò 

ʩʠʤʫʣʘʮʠʿʝ ʢʦʿʝ ʥʝ ʟʘʜʦʚʦˀʘʚʘʿʫ ʩʚʝ ʢʨʠʪʝʨʠʿʫʤʝ. ɸʜʠʪʠʚʥʠ ʘʛʨʝʛʘʪʦʨʠ (ʧʦʧʫʪ ʧʨʦʩʝʢʘ) ʩʫ 

ʙʣʘʞʠ ʠ ʜʦʟʚʦˀʘʚʘʿʫ ʢʦʤʧʝʥʟʘʮʠʿʫ, ʜʦʢ ʩʫ ʤʫʣʪʠʧʣʠʢʘʪʠʚʥʠ ʠ ʝʢʩʪʨʝʤʥʠ ʘʛʨʝʛʘʪʦʨʠ ʩʪʨʦʞʠ 

ʠ ʢʦʜ ˁʠʭ ʥʘʿʤʘˁʘ ʩʣʘʙʦʩʪ ʤʦʞʝ ʜʨʘʩʪʠʯʥʦ ʫʤʘˁʠʪʠ ʫʢʫʧʥʠ ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ 

ʩʠʤʫʣʘʮʠʿʝ.  

ʇʦʩʤʘʪʨʘʥʦ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʪʝʦʨʠʿʩʢʝ ʪʘʯʥʦʩʪʠ, ʥʘʿʠʩʧʨʘʚʥʠʿʠ ʥʘʯʠʥ ʢʦʤʙʠʥʦʚʘˁʘ ʥʝʟʘʚʠʩʥʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ ʠʟ ʚʠʰʝ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ ʿʝ ʙʘʿʝʩʠʿʘʥʩʢʠ ʧʨʦʠʟʚʦʜ ˁʠʭʦʚʠʭ ʚʝʨʦʚʘʪʥʦ˂ʘ 

ʦʜʥʦʩʥʦ ʧʘʨʮʠʿʘʣʥʠʭ ʪʝʞʠʥʘ. ʋʢʦʣʠʢʦ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ ʜʘ ʩʫ ʧʘʨʮʠʿʘʣʥʠ ʪʝʞʠʥʩʢʠ 

ʢʦʝʬʠʮʠʿʝʥʪʠ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʚʝʨʦʚʘʪʥʦ˂ʘʤʘ ʜʘ ʜʘʪʘ ʩʠʤʫʣʘʮʠʿʘ ʨʝʧʨʦʜʫʢʫʿʝ ʧʦʿʝʜʠʥʘʯʥʝ 

ʧʦʜʘʪʢʝ ʦʩʤʘʪʨʘˁʘ, ʦʥʜʘ ʿʝ ˁʠʭʦʚ ʧʨʦʠʟʚʦʜ (ʤʝʪʦʜ M7) ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʘʧʦʩʪʝʨʠʦʨʥʦʿ 

ʚʝʨʦʚʘʪʥʦ˂ʠ ʪʝ ʩʠʤʫʣʘʮʠʿʝ ʢʦʿʘ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʩʚʝ ʧʦʜʘʪʢʝ ʦʩʤʘʪʨʘˁʘ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, 

ʘʛʨʝʛʘʪʦʨ M7 ʫ ʠʜʝʘʣʥʦʤ ʩʣʫʯʘʿʫ (ʢʘʜʘ ʩʫ ʨʝʟʫʣʪʘʪʠ ʙʘʟʥʝ ʘʥʘʣʠʟʝ ʥʘ ʜʦʤʝʥʫ ʨʘʩʧʦʜʝʣʘ 

ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʫʥʠʬʦʨʤʥʝ ʨʘʩʧʦʜʝʣʝ) ʜʘʿʝ ʫʢʫʧʥʫ ʪʝʞʠʥʫ ʢʦʿʘ ʪʘʯʥʦ ʦʜʨʘʞʘʚʘ ʢʦʣʠʢʦ ʿʝ 
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43 

ʩʠʤʫʣʘʮʠʿʘ ʚʝʨʦʜʦʩʪʦʿʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʨʘʩʧʦʣʦʞʠʚʝ ʧʦʜʘʪʢʝ. ʆʪʫʜʘ M7 ʧʨʝʜʩʪʘʚˀʘ 

ʪʝʦʨʠʿʩʢʠ ʥʘʿʪʘʯʥʠʿʠ ʘʛʨʝʛʘʪʦʨ, ʿʝʨ ʜʠʨʝʢʪʥʦ ʠʟʚʦʜʠ ʨʝʰʝˁʝ ʙʘʿʝʩʠʿʘʥʩʢʝ ʘʥʘʣʠʟʝ.  

ʉʣʠʢʘ 4.5 ʠʣʫʩʪʨʫʿʝ ʨʘʟʣʠʢʝ ʫ ʨʝʟʫʣʪʘʪʠʤʘ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ 

ʩʠʤʫʣʘʮʠʿʘ (N=106) ʟʘ ʩʚʘʢʫ ʦʜ ʧʨʝʜʣʦʞʝʥʠʭ 9 ʤʝʪʦʜʘ ʘʛʨʝʛʘʮʠʿʝ ʧʘʨʮʠʿʘʣʥʠʭ ʪʝʞʠʥʩʢʠʭ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ: 

 

ʉʣʠʢʘ 4.5 ʈʝʟʫʣʪʘʪʠ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ ʟʘ ʩʠʩʪʝʤ ʩʘ 4 ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʟʘ 

ʩʚʘʢʫ ʦʜ 9 ʧʨʝʜʣʦʞʝʥʠʭ ʤʝʪʦʜʘ ʘʛʨʝʛʘʮʠʿʝ (N=106) 

ʀʘʢʦ ʥʘʿʪʘʯʥʠʿʠ, ʤʫʣʪʠʧʣʠʢʘʪʠʚʥʠ ʧʨʠʩʪʫʧ ʧʘʪʠ ʦʜ ʦʟʙʠˀʥʦʛ ʥʫʤʝʨʠʯʢʦʛ ʧʨʦʙʣʝʤʘ ʫ ʧʨʘʢʩʠ, 

ʧʦʟʥʘʪʦʛ ʢʘʦ ʜʝʛʝʥʝʨʘʮʠʿʘ ʪʝʞʠʥʘ (ʝʥʛ. weight degeneracy [79]). ʋ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʠʤ 

ʘʥʘʣʠʟʘʤʘ, ʛʜʝ ʩʝ ʨʘʯʫʥʘ ʚʝʣʠʢʠ ʙʨʦʿ ʧʘʨʮʠʿʘʣʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ (ʥʧʨ. ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ 

ʦʩʤʘʪʨʘʥʠʭ ʚʝʣʠʯʠʥʘ), ʧʨʦʠʟʚʦʜ ʪʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʚʨʣʦ ʙʨʟʦ ʧʦʩʪʘʿʝ ʝʢʩʪʨʝʤʥʦ ʤʘʣʠ ʟʘ 

ʚʝ˂ʠʥʫ ʩʠʤʫʣʘʮʠʿʘ. ʈʘʟʣʦʛ ʿʝ ʪʦ ʰʪʦ ʿʝ ʤʘʣʦ ʚʝʨʦʚʘʪʥʦ ʜʘ ˂ʝ ʿʝʜʥʘ ʩʠʤʫʣʘʮʠʿʘ ʠʩʪʦʚʨʝʤʝʥʦ 

ʙʠʪʠ ʙʣʠʩʢʘ ʩʚʠʤ ʧʦʩʤʘʪʨʘʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ. ɼʦʚʦˀʥʦ ʿʝ ʜʘ ʫ ʿʝʜʥʦʿ ʧʨʦʨʘʯʫʥʩʢʦʿ ʚʨʝʜʥʦʩʪʠ 

ʧʦʩʪʦʿʠ ʟʥʘʯʘʿʥʦ ʦʜʩʪʫʧʘˁʝ ʦʜ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʠ ʚʝ˂ ʪʘʿ ʿʝʜʘʥ ʯʠʥʠʣʘʮ (ʧʘʨʮʠʿʘʣʥʘ ʪʝʞʠʥʘ 

ʙʣʠʟʫ ʥʫʣʝ) ʦʙʘʨʘ ʧʨʦʠʟʚʦʜ ʥʘ ʛʦʪʦʚʦ ʥʫʣʪʫ ʚʨʝʜʥʦʩʪ. ʂʘʢʦ ʙʨʦʿ ʨʘʩʧʦʜʝʣʘ ʧʦʜʘʪʘʢʘ 

ʦʩʤʘʪʨʘˁʘ (ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪ) ʨʘʩʪʝ, ʪʘʢʦ ʨʘʩʪʝ ʠ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʩʚʘʢʘ ʩʠʤʫʣʘʮʠʿʘ ʠʤʘ ʙʘʨ 

ʥʝʢʦʣʠʢʦ ʤʘˁʠʭ ʧʘʨʮʠʿʘʣʥʠʭ ʪʝʞʠʥʘ. ʇʦʩʣʝʜʠʯʥʦ, ʩʢʦʨʦ ʩʚʝ ʩʠʤʫʣʘʮʠʿʝ ʜʦʙʠʿʘʿʫ 

ʟʘʥʝʤʘʨˀʠʚʦ ʤʘʣʝ ʫʢʫʧʥʝ ʪʝʞʠʥʝ. ʉʘʤʦ ʚʝʦʤʘ ʤʘʣʠ ʧʦʜʩʢʫʧ (ʦʥʠ ʩʪʘʪʠʩʪʠʯʢʠ Ăʥʘʿʩʨʝ˂ʥʠʿʠò 

ʢʦʿʠ ʟʘʜʦʚʦˀʘʚʘʿʫ ʩʚʝ ʢʨʠʪʝʨʠʿʫʤʝ) ʥʦʩʠ˂ʝ ʜʦʤʠʥʘʥʪʥʝ ʪʝʞʠʥʝ.  

ʅʘʨʝʜʥʝ ʩʣʠʢʝ ʧʨʠʢʘʟʫʿʫ ʨʘʟʣʠʢʫ ʫ ʭʠʩʪʦʛʨʘʤʠʤʘ ʨʝʟʫʣʪʘʪʘ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ ʫ ʩʣʫʯʘʿʫ 

ʚʝʣʠʢʦʛ (N=106) ʠ ʤʘʣʦʛ (N=103) ʥʦʤʠʥʘʣʥʦʛ ʙʨʦʿʘ ʩʠʤʫʣʘʮʠʿʘ. 
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44 

 

ʉʣʠʢʘ 4.6 ʈʝʟʫʣʪʘʪʠ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ ʟʘ ʩʠʩʪʝʤ ʩʘ 4 ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ 

(N=106) 

 

ʉʣʠʢʘ 4.7 ʈʝʟʫʣʪʘʪʠ ʧʦʥʜ. ʘʥʘʣʠʟʝ ʟʘ ʩʠʩʪʝʤ ʩʘ 4 ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ (N=103) 
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45 

ɼʝʛʝʥʝʨʘʮʠʿʘ ʪʝʞʠʥʘ ʜʦʚʦʜʠ ʜʦ ʪʦʛʘ ʜʘ ʿʝ ʫʢʫʧʥʘ ʩʫʤʘ ʪʝʞʠʥʘ ὔ  ʢʦʿʝ ʟʘʠʩʪʘ ʜʦʧʨʠʥʦʩʝ 

ʨʝʟʫʣʪʘʪʠʤʘ ʤʘʣʘ, ʯʘʢ ʠ ʘʢʦ ʿʝ ʫʢʫʧʘʥ ʛʝʥʝʨʠʩʘʥ ʫʟʦʨʘʢ N ʚʝʣʠʢʠ. ʇʨʘʢʪʠʯʥʘ ʧʦʩʣʝʜʠʮʘ ʿʝ 

ʦʪʝʞʘʥʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʝ. ʇʨʦʮʝʥʝ ʠʟʣʘʟʥʠʭ ʚʝʣʠʯʠʥʘ (ʥʧʨ. ʩʨʝʜˁʝ 

ʚʨʝʜʥʦʩʪʠ ʠ ʚʘʨʠʿʘʥʩʝ ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ) ʚʝʦʤʘ ʩʧʦʨʦ ʩʝ ʩʪʘʙʠʣʠʟʫʿʫ, ʿʝʨ ʩʝ ʩʚʦʜʝ ʥʘ ʤʘʣʠ 

ʙʨʦʿ ʨʝʣʝʚʘʥʪʥʠʭ ʠʩʭʦʜʘ. ʋ ʩʣʫʯʘʿʝʚʠʤʘ ʙʨʘʥʘ ʢʦʿʝ ʠʤʘʿʫ ʿʘʢʦ ʤʥʦʛʦ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ, ʟʘ 

ʧʦʫʟʜʘʥʝ ʨʝʟʫʣʪʘʪʝ ʙʘʟʠʨʘʥʝ ʥʘ ʯʠʩʪʦʤ ʧʨʦʠʟʚʦʜʫ ʪʝʞʠʥʘ ʙʠʦ ʙʠ ʧʦʪʨʝʙʘʥ ʝʢʩʪʨʝʤʥʦ ʚʝʣʠʢʠ 

ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ N (ʚʠʰʝ ʤʠʣʠʦʥʘ ʠʣʠ ʚʠʰʝ), ʪhʦ ʿʝ ʨʘʯʫʥʘʨʩʢʠ ʥʝʧʨʘʢʪʠʯʥʦ. ʇʨʦʙʣʝʤ 

ʜʝʛʝʥʝʨʘʮʠʿʝ ʪʝʞʠʥʘ ʜʦʙʨʦ ʿʝ ʧʦʟʥʘʪ ʫ ʙʘʿʝʩʠʿʘʥʩʢʠʤ ʄʦʥʪʝ ʂʘʨʣʦ ʤʝʪʦʜʘʤʘ [93], ʛʜʝ ʩʝ ʿʘʚˀʘ 

ʧʦʪʨʝʙʘ ʟʘ ʨʝʜʫʢʦʚʘˁʝʤ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ ʧʨʦʙʣʝʤʘ ʢʘʢʦ ʙʠ ʩʝ ʦʜʨʞʘʦ ʜʦʚʦˀʘʥ ʙʨʦʿ 

ὔ . 

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʥʘʚʝʜʝʥʦ ʦʛʨʘʥʠʯʝˁʝ, ʫ ʦʚʦʤ ʨʘʜʫ ʩʝ ʧʨʝʜʣʘʞʫ ʘʣʪʝʨʥʘʪʠʚʥʠ ʘʛʨʝʛʘʪʦʨʠ 

ʢʦʿʠ ʧʦʚʝ˂ʘʚʘʿʫ ὔ  ʠ ʪʠʤʝ ʫʙʣʘʞʘʚʘʿʫ ʧʨʦʙʣʝʤ ʢʦʥʚʝʨʛʝʥʮʠʿʝ. ʀʜʝʿʘ ʿʝ ʜʘ ʩʝ ʥʘʤʝʨʥʦ 

ʦʜʩʪʫʧʠ ʦʜ ʩʪʨʦʛʝ ʙʘʿʝʩʠʿʘʥʩʢʝ ʬʦʨʤʫʣʘʮʠʿʝ (M7) ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʦ ʚʠʰʝ Ăʫʧʦʪʨʝʙˀʠʚʠʭò 

ʩʠʤʫʣʘʮʠʿʘ ʩʘ ʥʝʥʫʣʪʠʤ ʪʝʞʠʥʘʤʘ, ʫʟ ʧʨʠʭʚʘʪˀʠʚʦ ʤʘʣʠ ʛʫʙʠʪʘʢ ʪʘʯʥʦʩʪʠ. ʇʨʘʢʪʠʯʥʦ, ʪʦ 

ʟʥʘʯʠ ʜʘ ʘʛʨʝʛʘʪʦʨ ʜʦʜʝˀʫʿʝ ʨʝʣʘʪʠʚʥʦ ʚʝ˂ʫ ʪʝʞʠʥʫ ʦʥʠʤ ʩʠʤʫʣʘʮʠʿʘʤʘ ʢʦʿʝ ʙʠ ʧʦ ʯʠʩʪʦ 

ʙʘʿʝʩʠʿʘʥʩʢʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʙʠʣʝ ʛʦʪʦʚʦ ʦʜʙʘʯʝʥʝ, ʯʠʤʝ ʩʝ ʧʦʚʝ˂ʘʚʘ ʝʬʝʢʪʠʚʥʠ ʫʟʦʨʘʢ ʠ 

ʫʙʨʟʘʚʘ ʩʪʘʪʠʩʪʠʯʢʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʨʝʟʫʣʪʘʪʘ. ʆʚʦ ʿʝ ʢʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ ʩʪʘʪʠʩʪʠʯʢʝ 

ʧʨʝʮʠʟʥʦʩʪʠ ʠ ʙʨʟʠʥʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ï ʞʨʪʚʫʿʝ ʩʝ ʜʝʦ ʪʘʯʥʦʩʪʠ ʜʘ ʙʠ ʩʝ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʣʠ ʙʨʞʝ 

ʠ ʧʦʫʟʜʘʥʠʿʝ ʩʘ ʤʘˁʠʤ ʙʨʦʿʝʤ ʩʠʤʫʣʘʮʠʿʘ. ʇʨʠʤʝʥʦʤ ʥʝʢʝ ʦʜ ʧʨʝʜʣʦʞʝʥʠʭ ʤʝʪʦʜʘ ʟʘ 

ʘʛʨʝʛʘʮʠʿʫ ʧʘʨʮʠʿʘʣʥʠʭ ʪʝʞʠʥʘ, ʫʤʝʩʪʦ ˁʠʭʦʚʦʛ ʧʨʦʠʟʚʦʜʘ, ʜʦʙʠʿʘ ʩʝ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʿʝ ʚʝ˂ʘ ʦʜ 

ʧʨʦʠʟʚʦʜʘ (ʦʩʠʤ ʫ ʪʨʠʚʠʿʘʣʥʦʤ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʫ ʩʚʝ ʧʘʨʮʠʿʘʣʥʝ ʪʝʞʠʥʝ ʿʝʜʥʘʢʝ). ʅʘ ʪʘʿ ʥʘʯʠʥ, 

ʫʢʫʧʥʠ ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʧʦʩʪʘʿʫ ʤʘˁʝ ʨʘʩʧʨʰʝʥʠ (ʨʘʩʧʦʥ ʦʜ ʥʘʿʤʘˁʝ ʜʦ ʥʘʿʚʝ˂ʝ 

ʪʝʞʠʥʝ ʿʝ ʩʫʞʝʥ), ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʫʯʝʰ˂ʘ ʚʝ˂ʝʛ ʙʨʦʿʘ ʩʠʤʫʣʘʮʠʿʘ ʫ ʢʦʥʘʯʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ. 

ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʦʰʪʦ ʚʠʰʝ ʥʠʩʫ ʩʪʨʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʙʘʿʝʩʠʿʘʥʩʢʦʿ ʚʝʨʦʚʘʪʥʦ˂ʠ, ʦʚʠ 

ʘʛʨʝʛʘʪʦʨʠ ʫʥʦʩʝ ʠʟʚʝʩʥʦ ʩʠʩʪʝʤʘʪʩʢʦ ʦʜʩʪʫʧʘˁʝ (ʝʥʛ. bias) ʫ ʨʝʟʫʣʪʘʪʝ ʟʙʦʛ ʯʝʛʘ ʧʨʦʮʝʥʘ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʣʦʤʘ ʤʦʞʝ ʙʠʪʠ ʙʣʘʛʦ ʢʦʥʟʝʨʚʘʪʠʚʥʘ ʠʣʠ ʧʦʪʮʝˁʝʥʘ ʫ ʦʜʥʦʩʫ ʥʘ Ăʠʩʪʠʥʩʢʫò 

ʚʨʝʜʥʦʩʪ ʢʦʿʫ ʙʠ ʜʘʦ ʙʝʩʢʦʥʘʯʘʥ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ ʩʘ ʧʨʦʠʟʚʦʜʦʤ ʪʝʞʠʥʘ. ʋ ʠʥʞʝˁʝʨʩʢʦʿ 

ʧʨʠʤʝʥʠ, ʦʚʘʿ ʛʫʙʠʪʘʢ ʪʘʯʥʦʩʪʠ ʦʙʠʯʥʦ ʿʝ ʧʨʠʭʚʘʪˀʠʚʘ ʮʝʥʘ ʟʘ ʜʦʙʠʿʘˁʝ ʩʪʘʙʠʣʥʦʛ ʨʝʰʝˁʘ ʫ 

ʨʘʟʫʤʥʦʤ ʚʨʝʤʝʥʫ. 

ʉʣʠʢʘ 4.8  ʧʨʝʜʩʪʘʚˀʘ ʜʠʿʘʛʨʘʤʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʟʘ 9 ʨʘʟʣʠʯʠʪʠʭ ʬʫʥʢʮʠʿʘ ʘʛʨʝʛʘʮʠʿʝ 

ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʟʘ ʩʠʥʪʝʪʠʯʢʠ ʩʠʩʪʝʤ ʩʘ 4 ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʯʠʿʠ ʩʫ 

ʨʝʟʫʣʪʘʪʠ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ ʨʘʟʤʘʪʨʘʥʠ ʥʘ ʧʨʝʪʭʦʜʥʠʤ ʩʣʠʢʘʤʘ. 

ʄ1 ʘʛʨʝʛʘʪʦʨ ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʘʨ ʢʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ ʩʪʨʦʛʦʩʪʠ ʠ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʧʨʝʧʦʟʥʘʪ ʿʝ 

ʢʘʦ ʥʘʿʧʦʛʦʜʥʠʿʠ ʟʘ ʨʫʪʠʥʩʢʫ ʠʥʞʝˁʝʨʩʢʫ ʧʨʠʤʝʥʫ. ʋ ʦʚʦʤ ʨʘʜʫ M1 ʿʝ ʦʜʘʙʨʘʥ ʢʘʦ ʦʩʥʦʚʥʠ 

ʤʝʪʦʜ ʧʦʥʜʝʨʠʩʘˁʘ, ʫʧʨʘʚʦ ʟʙʦʛ ʥʘʚʝʜʝʥʠʭ ʫʨʘʚʥʦʪʝʞʝʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

ʇʦʨʝʜ ʛʝʦʤʝʪʨʠʿʩʢʝ ʩʨʝʜʠʥʝ, ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ ʠ ʜʨʫʛʠ ʘʛʨʝʛʘʪʦʨʠ ʢʦʿʠ ʢʦʥʮʝʧʪʫʘʣʥʦ ʪʝʞʝ ʜʘ 

ʦʙʫʭʚʘʪʝ ʩʚʝ ʧʘʨʮʠʿʘʣʥʝ ʠʥʬʦʨʤʘʮʠʿʝ, ʘʣʠ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ: ʭʘʨʤʦʥʠʿʩʢʘ ʩʨʝʜʠʥʘ (M2), 

ʤʠʥʠʤʘʣʥʘ ʪʝʞʠʥʘ (M8) ʠ ʠʥʚʝʨʟʥʘ ʚʘʨʠʿʘʥʩʘ (M9). ʆʚʝ ʤʝʪʦʜʝ ʠʤʘʿʫ ʩʣʠʯʘʥ ʮʠˀ ʢʘʦ M1, ʘʣʠ 

ˁʠʭʦʚʘ ʬʦʨʤʫʣʘʮʠʿʘ ʜʦʚʦʜʠ ʜʦ ʩʪʨʦʞʝʛ ʢʘʞˁʘʚʘˁʘ ʦʜʩʪʫʧʘˁʘ, ʫʩʣʝʜ ʯʝʛʘ ʿʝ ʫʦʯʝʥʦ ʜʘ ʠʤʘʿʫ 

ʩʧʦʨʠʿʫ ʢʦʥʚʝʨʛʝʥʮʠʿʫ ʠ ʟʘʭʪʝʚʘʿʫ ʚʝ˂ʠ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ ʟʘ ʩʪʘʙʠʣʘʥ ʨʝʟʫʣʪʘʪ (ʨʝʬ. ʉʣʠʢʘ 4.8 

). 

ʍʘʨʤʦʥʠʿʩʢʘ ʩʨʝʜʠʥʘ (M2) ʿʝ ʠʟʨʘʟʠʪʦ ʦʩʝʪˀʠʚʘ ʥʘ ʤʘʣʝ ʚʨʝʜʥʦʩʪʠ: ʿʝʜʥʘ ʚʝʦʤʘ ʤʘʣʘ 

ʧʘʨʮʠʿʘʣʥʘ ʪʝʞʠʥʘ ʜʦʤʠʥʠʨʘ ʫ ʬʦʨʤʫʣʠ ʠ ʦʙʘʨʘ ʫʢʫʧʘʥ ʨʝʟʫʣʪʘʪ ʙʣʠʞʝ ˁʝʥʦʿ ʚʨʝʜʥʦʩʪʠ ʥʝʛʦ 

ʰʪʦ ʙʠ ʪʦ ʫʨʘʜʠʣʘ ʛʝʦʤʝʪʨʠʿʩʢʘ ʩʨʝʜʠʥʘ. ʉʪʦʛʘ M2 ʯʝʩʪʦ ʜʦʜʝˀʫʿʝ ʟʥʘʪʥʦ ʤʘˁʫ ʫʢʫʧʥʫ 

ʪʝʞʠʥʫ ʩʠʤʫʣʘʮʠʿʘʤʘ ʢʦʿʝ ʥʠʩʫ ʫʥʠʬʦʨʤʥʦ ʜʦʙʨʝ ʧʦ ʩʚʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ. ʇʦʩʣʝʜʠʮʘ ʿʝ ʜʘ 

ʨʘʩʧʦʜʝʣʘ ʪʝʞʠʥʘ ʢʦʜ M2 ʦʩʪʘʿʝ ʿʘʢʦ ʥʝʫʿʝʜʥʘʯʝʥʘ (ʩʣʠʯʥʦ ʢʘʦ ʢʦʜ ʧʨʦʠʟʚʦʜʘ), ʧʘ ʩʪʘʪʠʩʪʠʯʢʘ 

ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʟʘʭʪʝʚʘ ʚʝ˂ʠ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ (ʨʝʬ. ʉʣʠʢʘ 4.8 ). 
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ʉʣʠʢʘ 4.8 ʋʪʠʮʘʿ ʠʟʙʦʨʘ ʘʛʨʝʛʘʪʦʨʘ ʥʘ ʢʦʥʚʝʨʛʝʥʮʠʿʫ ʩʪʘʥʜʘʨʜʥʠʭ ʜʝʚʠʿʘʮʠʿʘ ʧʦʥʜʝʨʠʩʘʥʠʭ 

ʨʘʩʧʦʜʝʣʘ 

ʄʝʪʦʜ ʤʠʥʠʤʘʣʥʝ ʪʝʞʠʥʝ (M8), ʢʘʦ ʰʪʦ ʿʝ ʦʧʠʩʘʥʦ, ʫʟʠʤʘ ʥʘʿʤʘˁʫ ʧʘʨʮʠʿʘʣʥʫ ʪʝʞʠʥʫ ʢʘʦ 

ʤʝʨʠʣʦ ʧʦʫʟʜʘʥʦʩʪʠ ʮʝʣʝ ʩʠʤʫʣʘʮʠʿʝ. ʀʘʢʦ ʫ ʬʦʨʤʫʣʠ M8 ʥʠʿʝ ʝʢʩʧʣʠʮʠʪʥʦ ʧʨʦʠʟʚʦʜ (ʚʝ˂ 

ʝʢʩʪʨʝʤʫʤ), ʝʬʝʢʘʪ ʿʝ ʩʣʠʯʘʥ ʠʣʠ ʿʦʰ ʩʪʨʦʞʠ: ʙʠʣʦ ʢʘʢʚʦ ʦʟʙʠˀʥʠʿʝ ʦʜʩʪʫʧʘˁʝ ʫ ʙʠʣʦ ʢʦʤ 

ʧʦʩʤʘʪʨʘʥʦʤ ʧʘʨʘʤʝʪʨʫ ʜʦʚʦʜʠ ʜʦ ʪʦʛʘ ʜʘ ʪʘ ʩʠʤʫʣʘʮʠʿʘ ʜʦʙʠʿʝ ʚʨʣʦ ʥʠʟʘʢ ʪʝʞʠʥʩʢʠ 

ʢʦʝʬʠʮʠʿʝʥʪ. ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʛʝʦʤʝʪʨʠʿʩʢʦʤ ʩʨʝʜʠʥʦʤ, M8 ʠʤʘ ʪʝʥʜʝʥʮʠʿʫ ʜʘ ʯʝʰ˂ʝ ʜʘʿʝ 

ʠʟʫʟʝʪʥʦ ʤʘʣʝ ʪʝʞʠʥʝ, ʿʝʨ ʥʝ ʜʦʟʚʦˀʘʚʘ ʜʘ ʦʩʪʘʣʝ, ʚʝ˂ʝ ʧʘʨʮʠʿʘʣʥʝ ʪʝʞʠʥʝ ʧʦʧʨʘʚʝ ʫʪʠʩʘʢ ʦ 

ʩʠʤʫʣʘʮʠʿʠ. ʉʘ ʩʪʘʥʦʚʠʰʪʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ, ʠ M8 ʪʨʧʠ ʧʨʦʙʣʝʤ ʤʘʣʦʛ ʝʬʝʢʪʠʚʥʦʛ ʫʟʦʨʢʘ ï 

ʤʥʦʛʝ ʩʠʤʫʣʘʮʠʿʝ ʙʠʚʘʿʫ ʧʨʘʢʪʠʯʥʦ ʝʣʠʤʠʥʠʩʘʥʝ ʠʟ ʜʦʧʨʠʥʦʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʟʙʦʛ ʿʝʜʥʝ ʩʣʘʙʝ 

ʢʘʨʠʢʝ (ʨʝʬ. ʉʣʠʢʘ 4.8 ). 

ʀʥʚʝʨʟʥʘ ʚʘʨʠʿʘʥʩʘ (M9) ʧʨʝʜʩʪʘʚˀʘ ʚʘʨʠʿʘʮʠʿʫ ʭʘʨʤʦʥʠʿʩʢʝ ʩʨʝʜʠʥʝ. ʆʚʘʿ ʧʨʠʩʪʫʧ ʿʦʰ ʚʠʰʝ 

ʥʘʛʣʘʰʘʚʘ ʨʘʟʣʠʢʝ ʫ ʪʝʞʠʥʘʤʘ: ʤʘˁʠʤ ʧʘʨʮʠʿʘʣʥʠʤ ʪʝʞʠʥʘʤʘ ʿʦʰ ʚʠʰʝ ʫʤʘˁʫʿʝ ʫʪʠʮʘʿ (ʿʝʨ 

ʩʝ ʫ ʦʙʟʠʨ ʫʟʠʤʘ ˁʠʭʦʚ ʢʚʘʜʨʘʪ, ʰʪʦ ʜʦʜʘʪʥʦ ʧʦʚʝ˂ʘʚʘ ʦʜʥʦʩ ʫ ʦʜʥʦʩʫ ʥʘ ʚʝ˂ʝ ʪʝʞʠʥʝ). 

ʋʢʦʣʠʢʦ ʩʠʤʫʣʘʮʠʿʘ ʠʤʘ ʿʝʜʘʥ ʠʣʠ ʜʚʘ ʠʟʨʘʟʠʪʦ ʤʘʣʘ ʧʘʨʮʠʿʘʣʥʘ ʢʦʝʬʠʮʠʿʝʥʪʘ, M9 ˂ʝ ʿʦʿ 

ʜʦʜʝʣʠʪʠ ʿʦʰ ʤʘˁʫ ʫʢʫʧʥʫ ʪʝʞʠʥʫ ʥʝʛʦ ʩʪʘʥʜʘʨʜʥʘ ʭʘʨʤʦʥʠʿʩʢʘ ʩʨʝʜʠʥʘ. ʇʨʝʤʘ ʪʦʤʝ, ʠ M9 

ʩʝ ʩʫʦʯʘʚʘ ʩʘ ʩʣʠʯʥʠʤ ʧʨʦʙʣʝʤʠʤʘ ï ʚʝʣʠʢʘ ʚʘʨʠʿʘʥʩʘ ʪʝʞʠʥʘ, ʩʧʦʨʦ ʧʨʠʙʣʠʞʘʚʘˁʝ 

ʩʪʘʙʠʣʥʠʤ ʩʪʘʪʠʩʪʠʢʘʤʘ ʠ ʧʦʪʨʝʙʘ ʟʘ ʤʥʦʛʦ ʚʝ˂ʠʤ N ʜʘ ʙʠ ʩʝ ʧʦʩʪʠʛʘʦ ʧʨʝʮʠʟʘʥ ʨʝʟʫʣʪʘʪ 

(ʨʝʬ. ʉʣʠʢʘ 4.8 ). 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʩʧʝʢʪʨʘ ʥʘʣʘʟʝ ʩʝ ʘʛʨʝʛʘʪʦʨʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʟʙʠʨʦʚʠʤʘ ʠ ʧʨʦʩʝʯʥʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ (M3ïM6), ʢʦʿʠ ʧʦʢʘʟʫʿʫ ʩʫʧʨʦʪʥʫ ʩʢʣʦʥʦʩʪ ï ʫ ʥʘʩʪʦʿʘˁʫ ʜʘ ʧʦʙʦˀʰʘʿʫ 

ʢʦʥʚʝʨʛʝʥʮʠʿʫ, ʦʥʠ ʫʤʘˁʫʿʫ Ăʢʦʥʪʨʘʩʪò ʠʟʤʝʹʫ ʜʦʙʨʠʭ ʠ ʣʦʰʠʭ ʩʠʤʫʣʘʮʠʿʘ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ 

ʜʦ ʠʟʚʝʩʥʦʛ ʨʘʟʚʦʜˁʘʚʘˁʘ ʨʝʟʫʣʪʘʪʘ. ʂʘʢʦ ʦʚʠ ʤʝʪʦʜʠ ʜʦʟʚʦˀʘʚʘʿʫ ʜʘ ʠ ʩʠʤʫʣʘʮʠʿʝ ʢʦʿʝ 

ʜʝʣʠʤʠʯʥʦ ʦʜʩʪʫʧʘʿʫ ʦʜ ʨʝʟʫʣʪʘʪʘ ʦʩʤʘʪʨʘˁʘ ʟʘʜʨʞʝ ʠʟʚʝʩʥʫ ʪʝʞʠʥʫ, ʜʦʙʠʿʝʥʘ ʧʦʥʜʝʨʠʩʘʥʘ 
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ʨʘʩʧʦʜʝʣʘ ʠʟʣʘʟʥʝ ʚʝʣʠʯʠʥʝ ʙʠ˂ʝ ʰʠʨʝ ʨʘʩʧʨʦʩʪʨʘˁʝʥʘ. ʇʨʘʢʪʠʯʥʦ, ʨʝʟʫʣʪʘʪ ʘʥʘʣʠʟʝ ʩʘ, 

ʨʝʮʠʤʦ, ʘʨʠʪʤʝʪʠʯʢʦʤ ʠʣʠ ʢʚʘʜʨʘʪʥʦʤ ʩʨʝʜʠʥʦʤ ʪʝʞʠʥʘ ʠʤʘ ʪʝʥʜʝʥʮʠʿʫ ʜʘ ʧʦʢʘʞʝ ʤʘˁʝ 

ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʥʘʿʧʦʚʦˀʥʠʿʠʭ ʠ ʥʘʿʥʝʧʦʚʦˀʥʠʿʠʭ ʠʩʭʦʜʘ. ɺʝ˂ʠ ʜʝʦ ʛʝʥʝʨʠʩʘʥʦʛ ʫʟʦʨʢʘ 

ʥʦʩʠ˂ʝ ʩʨʘʟʤʝʨʥʦ ʫʿʝʜʥʘʯʝʥʝ (ʫʤʝʨʝʥʝ) ʪʝʞʠʥʝ, ʧʘ ˂ʝ ʠ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨa ʩʠʛʫʨʥʦʩʪʠ (ʠʣʠ 

ʜʨʫʛʝ ʘʥʘʣʠʟʠʨʘʥʝ ʚʝʣʠʯʠʥʝ) ʠʟ ʩʚʠʭ ʜʝʣʦʚʘ ʦʧʩʝʛʘ ʫʪʠʮʘʪʠ ʥʘ ʢʦʥʘʯʥʫ ʧʨʦʮʝʥʫ. ʆʚʘʢʘʚ 

ʝʬʝʢʘʪ ʤʦʞʝ ʩʝ ʦʧʠʩʘʪʠ ʢʘʦ ʫʥʦʰʝˁʝ ʰʫʤʘ ʰʠʨʦʤ ʨʘʩʧʦʥʘ ʤʦʛʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʠʩʭʦʜʘ. ʀʘʢʦ 

ʪʦ ʦʙʝʟʙʝʹʫʿʝ ʚʨʣʦ ʙʨʟʫ ʢʦʥʚʝʨʛʝʥʮʠʿʫ, ʥʫʩʧʦʿʘʚʘ ʿʝ ʜʘ ʩʝ ʩʠʛʥʘʣ ʢʦʿʠ ʥʦʩʝ ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ 

ʜʝʣʠʤʠʯʥʦ ʛʫʙʠ ʫ ʧʦʟʘʜʠʥʠ Ăʙʫʢʝò. ʇʦʩʣʝʜʠʯʥʦ, ʜʦʙʠʿʝʥʘ ʧʨʦʮʝʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʣʦʤʘ ʿʝ ʤʘˁʝ 

ʪʘʯʥʘ ʥʝʛʦ ʰʪʦ ʙʠ ʙʠʣʘ ʫʟ ʩʪʨʦʞʝ ʧʦʥʜʝʨʠʩʘˁʝ (ʨʝʬ. ʉʣʠʢʘ 4.8 ).  

ʉʫʤʘ ʪʝʞʠʥʘ (M6) ʿʝ ʥʘʿʝʢʩʪʨʝʤʥʠʿʠ ʧʨʠʤʝʨ ʨʘʟʚʦʜˁʘʚʘˁʘ ï ʦʥʘ ʿʝʜʥʦʩʪʘʚʥʦ ʟʙʨʘʿʘ ʩʚʝ 

ʧʘʨʮʠʿʘʣʥʝ ʪʝʞʠʥʝ, ʧʘ ʩʚʘʢʘ ʢʦʤʧʦʥʝʥʪʘ ʜʦʧʨʠʥʦʩʠ ʣʠʥʝʘʨʥʦ, ʙʝʟ ʠʢʘʢʚʦʛ ʢʘʞˁʘʚʘˁʘ 

ʦʜʩʪʫʧʘˁʘ. ɸʨʠʪʤʝʪʠʯʢʘ ʠ ʢʚʘʜʨʘʪʥʘ ʩʨʝʜʠʥʘ (M3, M4) ʜʦʥʝʢʣʝ ʫʙʣʘʞʘʚʘʿʫ ʪʘʿ ʝʬʝʢʘʪ, ʘʣʠ ʠ 

ʜʘˀʝ ʜʦʟʚʦˀʘʚʘʿʫ ʟʥʘʪʥʦ ʚʝ˂ʫ ʪʦʣʝʨʘʥʪʥʦʩʪ ʥʝʛʦ ʤʫʣʪʠʧʣʠʢʘʪʠʚʥʠ ʧʨʠʩʪʫʧ. ʅʦʨʤʘʣʠʟʦʚʘʥʠ 

ʟʙʠʨ (M5) ʜʨʞʠ ʚʨʝʜʥʦʩʪʠ ʫ ʢʦʥʪʨʦʣʠʩʘʥʦʤ ʦʧʩʝʛʫ [0, 1], ʘʣʠ ʥʝ ʤʝˁʘ ʩʫʰʪʠʥʩʢʠ ʣʠʥʝʘʨʥʫ 

ʧʨʠʨʦʜʫ ʩʫʤʝ, ʚʝ˂ ʩʘʤʦ ʨʝʣʘʪʠʚʥʦ ʩʢʘʣʠʨʘ ʨʝʟʫʣʪʘʪ. ʉʪʦʛʘ ʩʫ ʩʚʠ ʦʚʠ ʤʝʪʦʜʠ ʧʦʢʘʟʘʣʠ 

ʠʟʫʟʝʪʥʦ ʙʨʟʫ ʢʦʥʚʝʨʛʝʥʮʠʿʫ ʫ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ (ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʚʝ˂ ʥʘʢʦʥ ʭʠˀʘʜʫ ʩʠʤʫʣʘʮʠʿʘ), 

ʘʣʠ ʫʟ ʮʝʥʫ ʜʘ ʩʫ ʧʦʥʜʝʨʠʩʘʥʠ ʨʝʟʫʣʪʘʪʠ ʥʝʰʪʦ ʚʠʰʝ ʨʘʰʪʨʢʘʥʠ (ʨʝʬ. ʉʣʠʢʘ 4.8 ).  

ɿʘ ʠʥʞʝˁʝʨʩʢʫ ʧʨʠʤʝʥʫ, ʦʚʘ ʛʨʫʧʘ ʘʛʨʝʛʘʪʦʨʘ ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʩʥʘ ʢʘʜʘ ʿʝ ʧʨʠʤʘʨʥʠ ʮʠˀ ʙʨʟʦ 

ʜʦʙʠʿʘˁʝ ʛʨʫʙʝ ʧʨʦʮʝʥʝ ʨʝʟʫʣʪʘʪʘ, ʠʣʠ ʢʘʜʘ ʩʫ ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʩʘʤʠ ʧʦ ʩʝʙʠ ʥʝʩʠʛʫʨʥʠ ʧʘ 

ʧʨʝʪʝʨʘʥʘ ʩʪʨʦʛʦʩʪ ʥʠʿʝ ʧʦʞʝˀʥʘ.  

ɿʘʢˀʫʯʥʦ, ʠʟʙʦʨ ʘʛʨʝʛʘʪʦʨʘ ʧʨʝʜʩʪʘʚˀʘ ʙʠʪʘʥ ʢʦʨʘʢ ʢʦʿʠ ʫʪʠʯʝ ʥʘ ʨʘʚʥʦʪʝʞʫ ʠʟʤʝʹʫ ʪʘʯʥʦʩʪʠ 

ʠ ʝʬʠʢʘʩʥʦʩʪʠ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ. ʄʫʣʪʠʧʣʠʢʘʪʠʚʥʠ (ʙʘʿʝʩʠʿʘʥʩʢʠ) ʧʨʠʩʪʫʧ ʦʙʝʟʙʝʹʫʿʝ 

ʪʝʦʨʠʿʩʢʠ ʥʘʿʫʪʝʤʝˀʝʥʠʿʝ ʨʝʟʫʣʪʘʪʝ, ʘʣʠ ʫʟ ʨʠʟʠʢ ʜʝʛʝʥʝʨʘʮʠʿʝ ʪʝʞʠʥʘ ʠ ʩʧʦʨʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ. 

ɸʜʠʪʠʚʥʠ ʧʨʠʩʪʫʧ ʛʘʨʘʥʪʫʿʝ ʩʪʘʙʠʣʥʦʩʪ ʩʘ ʤʘˁʠʤ ʫʟʦʨʢʦʤ, ʘʣʠ ʧʦ ʮʝʥʫ ʨʘʟʚʫʯʝʥʠʿʝ ʨʘʩʧʦʜʝʣʝ 

ʨʝʟʫʣʪʘʪʘ ʠ ʫʤʘˁʝʥʦʛ ʫʪʠʮʘʿʘ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ. ʀʟʤʝʹʫ ʦʚʘ ʜʚʘ ʝʢʩʪʨʝʤʘ, ʘʛʨʝʛʘʪʦʨʠ ʧʦʧʫʪ 

ʛʝʦʤʝʪʨʠʿʩʢʝ ʩʨʝʜʠʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʩʧʝʰʘʥ ʢʦʤʧʨʦʤʠʩ, ʟʘʜʨʞʘʚʘʿʫ˂ʠ ʚʝ˂ʠʥʫ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʙʘʿʝʩʠʿʘʥʩʢʦʛ ʧʨʦʠʟʚʦʜʘ ʫʟ ʟʥʘʯʘʿʥʦ ʙʦˀʫ ʥʫʤʝʨʠʯʢʫ ʩʪʘʙʠʣʥʦʩʪ. ʆʚʝ 

ʤʝʪʦʜʝ ʤʦʛʫ ʩʝ ʧʨʝʧʦʨʫʯʠʪʠ ʢʘʦ ʥʘʿʧʨʘʢʪʠʯʥʠʿʠ ʠʟʙʦʨ ʟʘ ʠʥʞʝˁʝʨʩʢʫ ʧʨʠʤʝʥʫ ʧʦʥʜʝʨʠʩʘʥʝ 

ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ, ʿʝʨ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʦʫʟʜʘʥʝ ʨʝʟʫʣʪʘʪʝ ʫʟ ʨʘʟʫʤʥʫ ʧʨʦʨʘʯʫʥʩʢʫ ʮʝʥʫ. 

4.4 ʉʝʣʝʢʪʠʚʥʘ SSR ʘʥʘʣʠʟʘ 

ɹʘʟʥʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʘ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʦʪʢʘʟʘ ʟʘ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ ʢʦʿʝ ʩʝ 

ʦʜʥʦʩʠ ʥʘ ʥʝʩʪʘʙʠʣʥʦʩʪ ʢʦʩʠʥʘ ʦʜʨʝʹʫʿʝ ʧʨʝʤʘ ʠʟʨʘʟʫ [7], ʢʘʦ ʦʜʥʦʩ ʙʨʦʿʘ ʩʠʤʫʣʘʮʠʿʘ ʫ ʢʦʿʠʤʘ 

ʿʝ ʬʘʢʪʦʨ ʩʠʛʫʨʥʦʩʪʠ ʜʦʙʠʿʝʥ ʤʝʪʦʜʦʤ SSR ʤʘˁʠ ʦʜ ʛʨʘʥʠʯʥʝ ʚʝʣʠʯʠʥʝ (ʦʙʠʯʥʦ 

ὲὊὛ ρ  ʠ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʩʠʤʫʣʘʮʠʿʘ ὔ. ʊʦ ʟʥʘʯʠ ʜʘ ʿʝ ʫ ʩʚʘʢʦʿ ʩʠʤʫʣʘʮʠʿʠ ʦʩʠʤ 

ʥʘʧʦʥʩʢʦ-ʜʝʬʠʨʤʘʮʠʿʩʢʦʛ ʧʨʦʨʘʯʫʥʘ ʧʦʪʨʝʙʥʦ ʧʨʠʤʝʥʠʪʠ ʠ ʧʦʩʪʫʧʘʢ ʨʝʜʫʢʮʠʿʝ ʩʤʠʯʫ˂ʝ 

ʯʚʨʩʪʦ˂ʝ, ʰʪʦ ʿʝ ʥʫʤʝʨʠʯʢʘ ʧʨʦʮʝʜʫʨʘ ʢʦʿʘ ʿʝ ʚʝʦʤʘ ʟʘʭʪʝʚʥʘ ʫ ʧʦʛʣʝʜʫ ʧʦʪʨʝʙʥʦʛ ʨʘʯʫʥʘʨʩʢʦʛ 

ʚʨʝʤʝʥʘ.  

ʋ ʧʦʥʜʝʨʠʩʘʥʦʿ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʿ ʘʥʘʣʠʟʠ ʢʦʿʘ ʿʝ ʧʨʝʜʣʦʞʝʥʘ ʫ ʦʚʦʤ ʨʘʜʫ ʥʝʤʘʿʫ ʩʚʝ 

ʩʠʤʫʣʘʮʠʿʝ ʿʝʜʥʘʢʫ ʪʝʞʠʥʫ. ʉʭʦʜʥʦ ʪʦʤʝ, ʫʚʦʜʠ ʩʝ ʧʨʠʥʮʠʧ ʩʝʣʝʢʪʠʚʥʝ SSR ʘʥʘʣʠʟʝ ʢʦʿʠ ʩʝ 

ʤʦʞʝ ʬʦʨʤʫʣʠʩʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

¶ ʅʘ ʦʩʥʦʚʫ ʤʝʪʦʣʦʛʠʿʝ ʠʟʣʦʞʝʥʝ ʫ ʧʦʛʣʘʚˀʠʤʘ 4.1 ʠ 4.3 ʦʜʨʝʹʫʿʫ ʩʝ ʫʢʫʧʥʠ ʪʝʞʠʥʩʢʠ 

ʢʦʝʬʠʮʠʿʝʥʪʠ Ὢ ʟʘ ʩʚʘʢʫ ʩʠʤʫʣʘʮʠʿʫ (Ὥ ρȟςȣὔ). 

¶ ɿʘ ʩʠʤʫʣʘʮʠʿʝ ʯʠʿʠ ʿʝ ʫʢʫʧʥʠ ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ Ὢ ʤʘˁʠ ʦʜ 1% ʚʨʝʜʥʦʩʪʠ 

ʤʘʢʩʠʤʘʣʥʦʛ ʫʢʫʧʥʦʛ ʪʝʞʠʥʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʫ ʘʥʘʣʠʟʠ Ὢ  ʫʩʚʘʿʘ ʩʝ ʚʨʝʜʥʦʩʪ 

█░   ʠ ʟʘ ˁʠʭ ʩʝ ʥʝ ʩʧʨʦʚʦʜʠ  SSR ʘʥʘʣʠʟʘ.   

ʆʚʘʿ ʧʦʩʪʫʧʘʢ ʦʤʦʛʫ˂ʘʚʘ ʟʥʘʯʘʿʥʫ ʫʰʪʝʜʫ ʚʨʝʤʝʥʘ ʠ ʨʝʩʫʨʩʘ ʧʦʪʨʝʙʥʠʭ ʟʘ ʧʨʠʤʝʥʫ ʤʝʪʦʜʝ 

SSR ʫ ʧʨʦʮʝʩʫ ʦʜʨʝʹʠʚʘˁʘ ʩʠʛʫʨʥʦʩʪʠ.  
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ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʠ ʩʫ ʿʝʜʥʦʩʪʘʚʥʠ ʧʨʠʤʝʨʠ ʢʦʿʠ ʠʤʘʿʫ ʟʘ ʮʠˀ ʜʝʤʦʥʩʪʨʘʮʠʿʫ ʠ 

ʚʝʨʠʬʠʢʘʮʠʿʫ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʠʥʪʝʛʨʘʮʠʿʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ 

ʧʨʦʨʘʯʫʥ ʩʠʛʫʨʥʦʩʪʠ ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʦʧʠʩʘʥʝ ʫ ʧʦʛʣʘʚˀʫ 4. 

5.1 ʊʨʠʘʢʩʠʿʘʣʥʠ ʪʝʩʪ 

5.1.1 ʇʦʩʪʘʚʢʘ ʧʨʦʙʣʝʤʘ  

ʊʨʠʘʢʩʠʿʘʣʥʠ ʦʧʠʪ, ʟʘʭʚʘˀʫʿʫ˂ʠ ʿʝʜʥʦʩʪʘʚʥʠʤ ʠ ʫ ʧʦʪʧʫʥʦʩʪʠ ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʛʨʘʥʠʯʥʠʤ 

ʫʩʣʦʚʠʤʘ ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʘʨ ʧʨʠʤʝʨ ʟʘ ʪʝʩʪʠʨʘˁʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʠʟʣʦʞʝʥʝ ʫ ʧʦʛʣʘʚˀʫ 4. 

ʆʩʥʦʚʥʘ ʠʜʝʿʘ ʿʝ ʜʘ ʩʝ ʫʟʦʨʘʢ ʫ ʪʨʠʘʢʩʠʿʘʣʥʦʤ ʦʧʠʪʫ ʧʦʩʤʘʪʨʘ ʢʘʦ ʧʘʥʜʘʥ ʨʝʘʣʥʦʿ 

ʢʦʥʩʪʨʫʢʮʠʿʠ ʯʠʿʘ ʩʝ ʩʠʛʫʨʥʦʩʪ ʠʩʧʠʪʫʿʝ, ʯʠʤʝ ʩʝ ʩʣʦʞʝʥʘ ʧʨʦʩʪʦʨʥʘ ʨʘʩʧʦʜʝʣʘ ʥʘʧʨʝʟʘˁʘ ʫ 

ʪʝʣʫ ʨʝʘʣʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ (ʢʘʦ ʰʪʦ ʿʝ ʙʨʘʥʘ) ʩʚʦʜʠ ʥʘ ʿʝʜʥʦʩʪʘʚʘʥ, ʧʦʪʧʫʥʦ ʢʦʥʪʨʦʣʠʩʘʥ 

ʥʘʧʦʥʩʢʠ ʧʫʪ ʢʦʿʠ ʿʝ ʣʘʢʦ ʧʨʘʪʠʪʠ ʠ ʠʥʪʝʨʧʨʝʪʠʨʘʪʠ. 

ɿʘʜʘʪʘʢ ʿʝ ʧʨʦʮʝʥʘ ʩʠʛʫʨʥʦʩʪʠ ʨʝʬʝʨʝʥʪʥʦʛ ʫʟʦʨʢʘ ʠʟʣʦʞʝʥʦʛ ʢʦʥʩʦʣʠʜʦʚʘʥʦʤ 

ʜʨʝʥʠʨʘʥʦʤ (CD) ʪʨʠʘʢʩʠʿʘʣʥʦʤ oʧʠʪʫ ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʿʝ ʦʧʠʪ ʟʘʫʩʪʘʚˀʝʥ ʫ ʥʝʢʦʤ 

ʧʨʦʠʟʚʦˀʥʦʤ ʪʨʝʥʫʪʢʫ, ʧʨʝ ʜʦʩʪʠʟʘˁʘ ʚʨʰʥʝ ʯʚʩʪʦ˂ʝ ʤʘʪʝʨʠʿʘʣʘ. ʅʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʿʩʢʦ 

ʧʦʥʘʰʘˁʝ ʫʟʦʨʢʘ ʿʝ ʧʦʟʥʘʪʦ (ʦʩʤʘʪʨʘʥʦ) ʦʜ ʧʦʯʝʪʢʘ ʠʩʧʠʪʠʚʘˁʘ ʜʦ ʪʨʝʥʫʪʢʘ ʟʘʫʩʪʘʚˀʘˁʘ 

ʦʧʠʪʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʫ ʘʥʘʣʠʟʫ 

ʩʠʛʫʨʥʦʩʪʠ.   

ɸʥʘʣʠʟʘ ʩʠʛʫʨʥʦʩʪʠ ʩʧʨʦʚʝʜʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʄʂɽ ʤʦʜʝʣʘ ʫ ʢʦʤʝ ʿʝ ʨʝʧʨʦʜʫʢʦʚʘʥ ʨʝʬʝʨʝʥʪʥʠ 

ʪʝʩʪ ʜʦ ʪʨʝʥʫʪʢʘ ʟʘʫʩʪʘʚˀʘˁʘ. ʇʨʦʨʘʯʫʥ ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ (FS), ʢʘʦ oʩʥʦʚʥʝ ʤʝʨʝ 

ʩʠʛʫʨʥʦʩʪʠ ʫ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦʿ ʘʥʘʣʠʟʠ, ʫʨʘʹʝʥ ʿʝ ʫ ʄʂɽ ʤʦʜʝʣʫ ʧʨʠʤʝʥʦʤ SSR ʤʝʪʦʜʝ. 

ʇʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʩʠʛʫʨʥʦʩʪʠ ʩʧʨʦʚʝʜʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʝ ʠ ʄʂɽ 

ʤʦʜʝʣʘ ʨʝʬʝʨʝʥʪʥʦʛ ʪʝʩʪʘ.  

ʇʘʨʘʤʝʪʨʠ ʤʘʪʝʨʠʿʘʣʘ ʨʝʬʝʨʝʥʪʥʦʛ ʫʟʦʨʢʘ ʟʘ ʧʨʦʨʘʯʫʥʩʢʠ ʤʦʜʝʣ ʫʩʚʦʿʝʥʠ ʩʫ ʥʘ ʦʩʥʦʚʫ ʩʝʨʠʿʝ 

ʦʜ ʜʚʘʥʘʝʩʪ ʥʝʟʘʚʠʩʥʠʭ ʪʨʠʘʢʩʠʿʘʣʥʠʭ ʦʧʠʪʘ ʧʨʝʪʭʦʜʥʦ ʠʟʚʝʜʝʥʠʭ ʥʘ ʠʩʪʦʤ ʤʘʪʝʨʠʿʘʣʫ. 

ʊʝʩʪʦʚʠ ʩʫ ʠʟʚʝʜʝʥʠ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʥʠʚʦʠʤʘ ʥʘʧʨʝʟʘˁʘ ʟʙʦʛ ʧʨʝʪʧʦʩʪʘʚʢʝ ʜʘ ʥʠʿʝ ʤʦʛʫ˂ʝ 

ʟʥʘʪʠ ʢʦʤ ʥʘʧʦʥʩʢʦʤ ʩʪʘˁʫ ˂ʝ ʨʝʬʝʨʝʥʪʥʠ ʫʟʦʨʘʢ ʙʠʪʠ ʠʟʣʦʞʝʥ. ʈʘʟʣʠʢʝ ʫ ʨʝʟʫʣʪʘʪʠʤʘ 

ʧʦʤʝʥʫʪʠʭ ʦʧʠʪʘ ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʩʪʘʪʠʩʪʠʯʢʦ ʦʧʠʩʠʚʘˁʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ.  

ʋ ʦʚʘʢʦ ʢʦʤʧʘʢʪʥʦʤ, ʘʣʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʤ ʦʢʨʫʞʝˁʫ ʠʟʚʨʰʝʥʦ ʿʝ ʧʦʨʝʹʝˁʝ ʪʨʠ ʨʘʟʣʠʯʠʪʘ 

ʧʨʠʩʪʫʧʘ ʠ ʤʝʨʘ ʩʠʛʫʨʥʦʩʪʠ ʨʝʬʝʨʝʥʪʥʦʛ ʫʟʦʨʢʘ ʫ ʪʨʝʥʫʪʢʫ ʟʘʫʩʪʘʚˀʘˁʘ ʪʝʩʪʘ: 

¶ ɼʝʪʝʨʤʠʥʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ï ʬʘʢʪʦʨ ʩʠʛʫʨʥʦʩʪʠ FS ʜʦʙʠʿʝʥ SSR ʤʝʪʦʜʦʤ  

¶ ɹʘʟʥʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ï ʨʘʩʧʦʜʝʣʘ FS ʟʘʩʥʦʚʘʥʘ ʥʘ ʥʦʤʠʥʘʣʥʠʤ ʨʘʩʧʦʜʝʣʘʤʘ 

ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ (prior). 

¶ ʇʦʥʜʝʨʠʩʘʥʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ï ʨʘʩʧʦʜʝʣʘ FS ʟʘʩʥʦʚʘʥʘ ʥʘ ʢʦʨʠʛʦʚʘʥʠʤ 

ʨʘʩʧʦʜʝʣʘʤʘ ʨʝʟʫʣʪʘʪʘ ʙʘʟʥʝ ʘʥʘʣʠʟʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʦʟʥʘʪʠʤ ʧʦʜʘʮʠʤʘ ʦʩʤʘʪʨʘˁʘ 

(posterior).  

ʊʝʦʨʠʿʩʢʝ ʦʩʥʦʚʝ 

ʇʨʠ ʩʪʘʥʜʘʨʜʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʫ ʪʨʠʘʢʩʠʿʘʣʥʦʤ ʘʧʘʨʘʪʫ ʦʧʪʝʨʝ˂ʝˁʝ ʩʝ ʫ ʥʘʯʝʣʫ ʥʘʥʦʩʠ ʫ 

ʜʚʝ ʬʘʟʝ: 

¶ I ʬʘʟʘ ï ʠʟʦʪʨʦʧʥʘ ʢʦʥʩʦʣʠʜʘʮʠʿʘ: ʥʘʥʦʩʠ ʩʝ ʩʚʝʩʪʨʘʥʠ ʧʨʠʪʠʩʘʢ ůr=ůa=ů3=ů2=ů1. 

ʈʘʜʠʿʘʣʥʠ ʧʨʠʪʠʩʘʢ ůr=ů3 ʥʘʢʦʥ ʥʘʥʦʰʝˁʘ ʦʩʪʘʿʝ ʢʦʥʩʪʘʥʪʘʥ ʟʘ ʿʝʜʘʥ ʫʟʦʨʘʢ ʪʦʢʦʤ 

5 ɼɽʄʆʅʉʊʈɸʎʀɱɸ ʇʈɽɼʃʆɾɽʅɽ ʄɽʊʆɼʆʃʆɻʀɱɽ ʅɸ 

ɱɽɼʅʆʉʊɸɺʅʀʄ ʇʈʀʄɽʈʀʄɸ 
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ʮʝʣʦʛ ʪʨʘʿʘˁʘ ʦʧʠʪʘ. ʋ ʩʣʫʯʘʿʫ CD ʪʝʩʪʘ ʦʤʦʛʫ˂ʘʚʘ ʩʝ ʠʟʦʪʨʦʧʥʘ ʢʦʥʩʦʣʠʜʘʮʠʿʘ 

ʜʨʝʥʠʨʘˁʝʤ ʚʦʜʝ ʫʩʣʝʜ ʥʘʥʝʰʝʥʦʛ ʩʚʝʩʪʨʘʥʦʛ ʧʨʠʪʠʩʢʘ. ʇʨʦʤʝʥʘ ʟʘʧʨʝʤʠʥʝ ʫʟʦʨʢʘ 

ʿʝʜʥʘʢʘ ʿʝ ʟʘʧʨʝʤʠʥʠ ʠʩʪʠʩʥʫʪʝ ʚʦʜʝ ʠʟ ʫʟʦʨʢʘ. 

¶ II ʬʘʟʘ ï ʩʪʘʥʜʘʨʜʥʘ ʪʨʠʘʢʩʠʿʘʣʥʘ ʢʦʤʧʨʝʩʠʿʘ: ʧʦʚʝ˂ʘʚʘ ʩʝ ʘʢʩʠʿʘʣʥʠ ʧʨʠʪʠʩʘʢ ůa=ů1 ʜʦ 

ʣʦʤʘ ʠʣʠ ʜʦ ʘʢʩʠʿʘʣʥʝ ʜʝʬʦʨʤʘʮʠʿʝ Ůʘ ʦʜ ʦʢʦ 20% ʚʠʩʠʥʝ ʫʟʦʨʢʘ. ʋ ʩʣʫʯʘʿʫ CD ʪʝʩʪʘ 

ʧʨʠʪʠʩʘʢ ʩʝ ʧʦʚʝ˂ʘʚʘ ʫ ʜʨʝʥʠʨʘʥʠʤ ʫʩʣʦʚʠʤʘ, ʩʧʦʨʦ, ʧʘ ʩʫ ʠʟʤʝʨʝʥʠ ʪʦʪʘʣʥʠ ʥʘʧʦʥʠ 

ʿʝʜʥʘʢʠ ʝʬʝʢʪʠʚʥʠʤ ʥʘʧʦʥʠʤʘ.  

ʊʦʢʦʤ ʯʠʪʘʚʦʛ ʪʨʘʿʘˁʘ ʪʝʩʪʘ ʤʝʨʝ ʩʝ ʩʣʝʜʝ˂ʝ ʚʝʣʠʯʠʥʝ: ʚʝʨʪʠʢʘʣʥʠ ʧʨʠʪʠʩʘʢ (ů1), ʨʘʜʠʿʘʣʥʠ 

ʧʨʠʪʠʩʘʢ (ů3), ʘʢʩʠʿʘʣʥʘ ʜʝʬʦʨʤʘʮʠʿʘ (ʘʁ) ʠ ʟʘʧʨʝʤʠʥʩʢʘ ʜʝʬʦʨʤʘʮʠʿʘ (vʁ) ʫʟʦʨʢʘ. 

ʉʪʘˁʝ ʥʘʧʦʥʘ ʫ ʫʟʦʨʢʫ ʧʦʛʦʜʥʦ ʿʝ ʦʧʠʩʘʪʠ ʧʨʠʤʝʥʦʤ p-q ʧʨʦʩʪʦʨʘ ʥʘʧʦʥʩʢʠʭ ʠʥʚʘʨʠʿʘʥʪʠ, ʫ 

ʢʦʤʝ p ʧʨʝʜʩʪʘʚˀʘ ʩʨʝʜˁʠ ʥʦʨʤʘʣʥʠ ʥʘʧʦʥ, ʘ q ʜʝʚʠʿʘʪʦʨʩʢʠ ʥʘʧʦʥ ʧʨʝʤʘ ʩʣʝʜʝ˂ʠʤ ʠʟʨʘʟʠʤʘ: 

Ð
ρ

σ
„ ς„  [33]    

Ñ „ „ [34]    

  

ʉʣʠʢʘ 5.1 ʇʫʪʘˁʘ ʥʘʧʦʥʘ ʫ ʪʨʠʘʢʩʠʿʘʣʥʦʤ ʦʧʠʪʫ (ʩʢʠʮʘ ʧʨʝʫʟʝʪʘ ʠʟ [27]) 

 
ʉʣʠʢʘ 5.2 ʇʫʪʘˁʘ ʥʘʧʦʥʘ ʫ ʪʨʠʘʢʩʠʿʘʣʥʦʤ ʦʧʠʪʫ (ʩʢʠʮʘ ʧʨʝʫʟʝʪʘ ʠʟ [27]) ï p-q ʧʨʦʩʪʦʨ 

ʋ ʧʨʚʦʿ ʬʘʟʠ ʪʝʩʪʘ ʜʝʰʘʚʘ ʩʝ ʚʦʣʫʤʝʪʨʠʿʩʢʘ ʢʦʥʪʨʘʢʮʠʿʘ ʫʟʦʨʢʘ ʫʩʣʝʜ ʭʠʜʨʦʩʪʘʪʠʯʢʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʫʟʦʨʘʢ ʫ ʪʨʠʘʢʩʠʿʘʣʥʦʿ ˂ʝʣʠʿʠ. ɿʙʠʿʝʥʠ ʢʨʫʧʥʦʟʨʥʠ ʤʘʪʝʨʠʿʘʣʠ ʠ 

ʧʨʝʢʦʥʩʦʣʠʜʦʚʘʥʝ ʛʣʠʥʝ ʧʦʢʘʟʫʿʫ ʦʩʦʙʠʥʫ ʜʠʣʘʪʘʥʮʠʿʝ, ʦʜʥʦʩʥʦ ʧʦʚʝ˂ʘˁʝ ʧʦʨʦʟʥʦʩʪʠ ʠ 

ʟʘʧʨʝʤʠʥʝ ʧʨʠ ʩʤʠʮʘˁʫ ʫ ʜʨʫʛʦʿ ʬʘʟʠ ʪʝʩʪʘ. ʂʦʜ ʨʘʩʪʨʝʩʠʪʠʭ ʠ ʤʘˁʝ ʟʙʠʿʝʥʠʭ ʪʣʘ, ʢʘʦ ʠ ʢʦʜ 

ʥʦʨʤʘʣʥʦ ʢʦʥʩʦʣʠʜʦʚʘʥʠʭ ʛʣʠʥʘ, ʿʘʚˀʘ ʩʝ ʢʦʥʪʨʘʢʮʠʿʘ ʫʟʦʨʢʘ ʫ ʜʨʫʛʦʿ ʬʘʟʠ ʦʧʠʪʘ, ʫʩʣʝʜ 

ʟʘʪʚʘʨʘˁʘ ʧʦʨʘ. ʉʚʠ ʤʘʪʝʨʠʿʘʣʠ ʧʨʠ ʚʝʣʠʢʠʤ ʜʝʬʦʨʤʘʮʠʿʘʤʘ ʜʦʩʪʠʞʫ ʩʪʘʜʠʿʫʤ ʢʦʥʩʪʘʥʪʥʝ 
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ʟʘʧʨʝʤʠʥʝ, ʢʘʜʘ ʜʦʜʘʪʥʠ ʧʨʠʨʘʰʪʘʿ ʘʢʩʠʿʘʣʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʥʝ ʫʪʠʯʝ ʥʘ ʧʨʦʤʝʥʫ ʟʘʧʨʝʤʠʥʫ 

ʫʟʦʨʢʘ.  

5.1.2 ʇʨʝʪʭʦʜʥʦ ʪʝʩʪʠʨʘˁʝ ʤʘʪʝʨʠʿʘʣʘ 

ʈʘʟʤʘʪʨʘʥʠʭ 12 ʦʧʠʪʘ, ʯʠʿʠ ʩʫ ʧʦʜʘʮʠ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ ʧʘʨʘʤʝʪʘʨʘ ʤʘʪʝʨʠʿʘʣʘ ʟʘ 

ʄʂɽ ʘʥʘʣʠʟʝ ʫ ʦʢʚʠʨʫ ʦʚʦʛ ʧʨʠʤʝʨʘ, ʿʝʩʫ ʜʝʦ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʠʩʧʠʪʠʚʘˁʘ ʟʘ ʥʘʩʫʪʝ 

ʤʘʪʝʨʠʿʘʣʝ ʫ ʮʠˀʫ ʧʨʦʿʝʢʪʦʚʘˁʘ ʠ ʠʟʛʨʘʜˁʝ ʿʝʜʥʝ ʙʨʘʥʝ ʫ ɸʟʠʿʠ. ʊʝʩʪʠʨʘˁʝ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʫ 

ʦʢʚʠʨʫ ʣʘʙʦʨʘʪʦʨʠʿʝ ISMGEO ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ɹʝʨʛʘʤʫ (ʀʪʘʣʠʿʘ). ʇʦʩʤʘʪʨʘʥʠ ʤʘʪʝʨʠʿʘʣ ʿʝ 

ʢʘʤʝʥʠ ʥʘʙʘʯʘʿ ʘʣʫʚʠʿʘʣʥʦʛ ʧʦʨʝʢʣʘ ʢʦʿʠ ʫʣʘʟʠ ʫ ʩʘʩʪʘʚ ʢʦʩʠʥʘ ʙʨʘʥʝ ʠ ʰʪʠʪʠ ʮʝʥʪʨʘʣʥʦ 

ʛʣʠʥʝʥʦ ʿʝʟʛʨʦ.  

ʀʩʧʠʪʠʚʘˁʘ ʩʫ ʚʨʰʝʥʘ ʟʘ ʯʝʪʠʨʠ ʥʠʚʦʘ ʩʚʝʩʪʨʘʥʦʛ ʧʨʠʪʠʩʢʘ ʫ ʧʨʚʦʿ ʬʘʟʠ ʦʧʠʪʘ: 250 kPa, 

500 kPa, 1000 kPa ʠ 2000 kPa.  ɹʨʦʿ ʫʟʦʨʘʢʘ ʢʦʿʠ ʩʫ ʪʝʩʪʠʨʘʥʠ ʧʨʠʢʘʟʘʥ ʿʝ ʫ ʩʣʝʜʝ˂ʦʿ ʪʘʙʝʣʠ ʫ 

ʬʫʥʢʮʠʿʠ ʩʚʝʩʪʨʘʥʦʛ ʧʨʠʪʠʩʢʘ ʢʦʤʝ ʩʫ ʠʟʣʦʞʝʥʠ ʫ ʧʨʚʦʿ ʬʘʟʠ. 

ʊʘʙʝʣʘ 5-1 ʇʨʝʪʭʦʜʥʦ ʪʝʩʪʠʨʘʥʠ ʫʟʦʨʮʠ 

ʉʚʝʩʪʨʘʥʠ ʧʨʠʪʠʩʘʢ 

ů'3 [kPa] 

ɹʨʦʿ 

ʫʟʦʨʘʢʘ 

250 3 

500 3 

1000 3 

2000 3 

ʇʫʪʘˁʝ ʥʘʧʦʥʘ ʟʘ ʦʙʝ ʬʘʟʝ ʪʝʩʪʘ (ʠʟʦʪʨʦʧʥʘ ʢʦʥʩʦʣʠʜʘʮʠʿʘ ʠ ʩʤʠʮʘˁʝ) ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ 

ʩʣʝʜʝ˂ʦʿ ʩʣʠʮʠ. ʇʨʚʘ ʬʘʟʘ ʪʝʩʪʘ ʦʩʣʠʢʘʚʘ ʚʦʣʫʤʝʪʨʠʿʩʢʦ, ʘ ʜʨʫʛʘ ʧʨʝʪʝʞʥʦ ʜʝʚʠʿʘʪʦʨʩʢʦ 

ʧʦʥʘʰʘˁʝ ʠʩʧʠʪʠʚʘʥʦʛ ʤʘʪʝʨʠʿʘʣʘ.  

 

ʉʣʠʢʘ 5.3 ʊʠʧʠʯʥʝ ʧʫʪʘˁʝ ʥʘʧʦʥʘ ʧʨʝʪʭʦʜʥʦ ʪʝʩʪʠʨʘʥʠʭ ʫʟʦʨʘʢʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʥʠʚʦʝ 

ʩʚʝʩʪʨʘʥʦʛ ʧʨʠʪʠʩʢʘ ʫ ʧʨʚʦʿ ʬʘʟʠ ʦʧʠʪʘ (ů3=250, 500, 1000 ʠ 2000 kPa) 

ʇʨʚʘ ʬʘʟʘ ï ʠʟʦʪʨʦʧʥʘ ʢʦʥʩʦʣʠʜʘʮʠʿʘ 

ʅʘ ʩʣʝʜʝ˂ʠʤ ʩʣʠʢʘʤʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʧʨʚʝ ʬʘʟʝ ʪʨʠʘʢʩʠʿʘʣʥʦʛ ʪʝʩʪʘ. ʊʦʢʦʤ ʧʨʚʝ ʬʘʟʝ 

ʪʝʩʪʘ ʧʦʚʝ˂ʘʚʘ ʩʝ ʟʙʠʿʝʥʦʩʪ ʫʟʦʨʘʢʘ, ʘ ʧʦʨʦʟʥʦʩʪ ʩʝ ʩʤʘˁʫʿʝ. ɿʘʧʨʝʤʠʥʘ ʫʟʦʨʢʘ ʩʝ ʫʩʣʝʜ 

ʟʘʪʚʘʨʘˁʘ ʧʦʨʘ ʪʘʢʦʹʝ ʩʤʘˁʫʿʝ. 
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ʉʣʠʢʘ 5.4 ɿʙʠʿʝʥʦʩʪ (ʣʝʚʦ) ʠ ʧʦʨʦʟʥʦʩʪ (ʜʝʩʥʦ) ʫʟʦʨʘʢʘ ʥʘ ʢʨʘʿʫ ʧʨʚʝ ʬʘʟʝ ʪʝʩʪʘ 

 

ʉʣʠʢʘ 5.5 ɿʘʧʨʝʤʠʥʩʢʘ ʜʝʬʦʨʤʘʮʠʿʘ ʫʟʦʨʘʢʘ ʪʦʢʦʤ ʠʟʦʪʨʦʧʥʝ ʢʦʥʩʦʣʠʜʘʮʠʿʝ ʫ ʧʨʚʦʿ ʬʘʟʠ 

ʪʨʠʘʢʩʠʿʘʣʥʦʛ ʦʧʠʪʘ 

ɼʨʫʛʘ ʬʘʟʘ ï ʩʤʠʮʘˁʝ 

ɼʝʚʠʿʘʪʦʨʩʢʦ ʧʦʥʘʰʘˁʝ ʧʨʠ ʩʤʠʮʘˁʫ ʫ ʬʘʟʠ ʪʨʠʘʢʩʠʿʘʣʥʝ ʢʦʤʧʨʝʩʠʿʝ ʧʨʠʢʘʟʘʥʦ ʿʝ ʥʘ 

ʩʣʝʜʝ˂ʠʤ ʩʣʠʢʘʤʘ. ʉʚʠ ʫʟʦʨʮʠ ʧʦʢʘʟʫʿʫ ʥʝʣʠʥʝʘʨʥʦ ʦʿʘʯʘˁʝ, ʚʝ˂ ʧʨʠ ʤʘʣʠʤ ʜʝʬʦʨʤʘʮʠʿʘʤʘ, 

ʩʚʝ ʜʦ ʜʦʩʪʠʟʘˁʘ ʚʨʰʥʝ ʯʚʨʩʪʦ˂ʝ. ʋʟʦʨʮʠ ʪʝʩʪʠʨʘʥʠ ʩʘ ʤʘˁʠʤ ʩʚʝʩʪʨʘʥʠʤ ʧʨʠʪʠʩʮʠʤʘ 

ʧʦʢʘʟʫʿ ʫ (ʙʣʘʛʫ) ʪʝʥʜʝʥʮʠʿʫ ʢʘ ʦʤʝʢʰʘˁʫ ʥʘʢʦʥ ʜʦʩʪʠʟʘˁʘ ʚʨʰʥʝ ʯʚʨʩʪʦ˂ʝ (ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ 

ʟʙʦʛ ʚʝʣʠʢʝ ʟʙʠʿʝʥʦʩʪʠ ʪʦʢʦʤ ʧʨʠʧʨʝʤʝ ʫʟʦʨʢʘ). 

  

ʉʣʠʢʘ 5.6 ɼʝʚʠʿʘʪʦʨʩʢʦ ʥʘʧʨʝʟʘˁʝ ʫ ʬʫʥʢʮʠʿʠ ʚʝʨʪʠʢʘʣʥʝ (ʣʝʚʦ) ʠ ʜʝʚʠʿʘʪʦʨʩʢʝ (ʜʝʩʥʦ) 

ʜʝʬʦʨʤʘʮʠʿʝ ʫʟʦʨʘʢʘ ʫ ʜʨʫʛʦʿ ʬʘʟʠ ʪʨʠʘʢʩʠʿʘʣʥʦʛ ʦʧʠʪʘ 
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ɿʘʧʨʝʤʠʥʩʢʘ ʜʝʬʦʨʤʘʮʠʿʘ ʩʝ ʩʤʘˁʫʿʝ (ʫʟʦʨʮʠ ʩʝ ʢʦʥʪʨʘʢʪʫʿʫ) ʦʪʧʨʠʣʠʢʝ ʜʦ ʜʦʩʪʠʟʘˁʘ ʚʨʰʥʝ 

ʯʚʨʩʪʦ˂ʝ, ʥʘʢʦʛ ʯʝʛʘ ʩʝ ʿʘʚˀʘ ʝʢʩʧʘʥʟʠʚʥʦ ʧʦʥʘʰʘˁʝ (ʜʠʣʘʪʘʥʮʠʘʿ), ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ 

ʩʣʝʜʝ˂ʦʿ ʩʣʠʮʠ. ʀʘʢʦ ʿʝ ʪʝʩʪʠʨʘˁʝ ʨʘʹʝʥʦ ʜʦ Ůså25%, ʥʠʩʫ ʩʚʠ ʫʟʦʨʮʠ ʜʦʩʪʠʛʣʠ ʩʪʘʜʠʿʫʤ 

ʢʦʥʩʪʘʥʪʥʝ ʟʘʧʨʝʤʠʥʝ. ʋʟʦʨʮʠ ʪʝʩʪʠʨʘʥʠ ʩʘ ʤʘˁʠʤ ʩʚʝʩʪʨʘʥʠʤ ʧʨʠʪʠʩʮʠʤʘ ʧʦʢʘʟʫʫʿ ʚʝ˂ʫ 

ʪʝʥʜʝʥʮʠʿʫ ʢʘ ʜʠʣʘʪʘʪʠʚʥʦʤ ʧʦʥʘʰʘˁʫ. 

  

ʉʣʠʢʘ 5.7 ʇʨʦʤʝʥʘ ʚʦʣʫʤʝʪʨʠʿʩʢʝ ʜʝʬʦʨʤʘʮʠʿʝ (ʩʝʪʦʚʘʥʘ ʥʘ 0 ʥʘʢʦʥ ʧʨʚʝ ʬʘʟʝ) ʫ ʬʫʥʢʮʠʿʠ 

ʩʨʝʜˁ ʝʛ ʥʘʧʦʥʘ (ʣʝʚʦ) ʠ ʜʝʚʠʿʘʪʦʨʩʢʝ ʜʝʬʦʨʤʘʮʠʿʝ (ʜʝʩʥʦ) ʪʦʢʦʤ ʬʘʟʝ ʩʤʠʮʘˁʘ 

ʅʘ ʩʣʝʜʝ˂ʝʤ ʜʠʿʘʛʨʘʤʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʟʘʚʠʩʥʦʩʪ ʥʘʧʦʥʩʢʦʛ ʦʜʥʦʩʘ ů1/ů3 ʠ ʜʝʚʠʿʘʪʦʨʩʢʝ 

ʜʝʬʦʨʤʘʮʠʿʝ ʢʦʿʘ ʜʘʿʝ ʿʘʩʥʠʿʫ ʚʠʟʫʝʣʥʫ ʧʦʪʧʦʨʫ ʟʘ ʧʦʨʝʹʝˁʝ ʚʨʰʥʦʛ ʩʪʘˁʘ ʠ ʩʪʘˁʘ ʢʦʥʩʪʘʥʪʥʝ 

ʟʘʧʨʝʤʠʥʝ (ʉV). ʈʘʟʣʠʢʘ ʫ ʦʜʥʦʩʫ ů1/ů3 ʠʟʤʝʹʫ ʚʨʰʥʦʛ ʠ ʩʪʘˁʘ ʜʝʬʦʨʤʠʩʘˁʘ ʧʨʠ ʢʦʥʩʪʘʥʪʥʦʿ 

ʟʘʧʨʝʤʠʥʠ ʿʝ ʿʘʩʥʦ ʚʠʜˀʠʚʘ ʟʘ ů3=250 kPa ʠ ʩʚʝ ʚʠʰʝ ʩʝ ʩʤʘˁʫʿʝ ʢʘʢʦ ʩʚʝʩʪʨʘʥʠ ʧʨʠʪʠʩʘʢ 

ʨʘʩʪʝ, ʧʘ ʿʝ ʛʦʪʦʚʦ ʥʝʤʦʛʫ˂ʝ ʚʠʜʝʪʠ ʟʘ ů3=2000 kPa.  

 

ʉʣʠʢʘ 5.8 ʆʜʥʦʩ ʥʘʧʦʥʘ ů1/ů3  ʫ ʬʫʥʢʮʠʿʠ ʜʝʚʠʿʘʪʦʨʩʢʝ ʜʝʬʦʨʤʘʮʠʿʝ ʫʟʦʨʢʘ ʪʦʢʦʤ ʬʘʟʝ 

ʩʤʠʮʘˁʘ 

ʈʝʟʠʤʝ ʨʝʟʫʣʪʘʪʘ ʪʝʩʪʠʨʘˁʘ 

ʅʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠ ʦʜʥʦʩʠ (ʯʚʨʩʪʦ˂ʘ ʤʘʪʝʨʠʿʘʣʘ, ʢʨʫʪʦʩʪ, ʜʠʣʘʪʘʪʠʚʥʦ ʧʦʥʘʰʘˁʝ) 

ʤʝˁʘʿʫ ʩʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʥʠʚʦʘ ʩʚʝʩʪʨʘʥʦʛ ʧʨʠʪʠʩʢʘ „ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

¶ ʂʨʫʪʦʩʪ ʤʘʪʝʨʠʿʘʣʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʥʠʚʦʘ ʥʘʧʨʝʟʘˁʘ (ʉʣʠʢʘ 5.6 ) 

¶ ɼʠʣʘʪʘʪʠʚʥʦ ʧʦʥʘʰʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʿʝ ʤʘˁʝ ʠʟʨʘʞʝʥʦ ʧʨʠ ʚʝ˂ʠʤ ʥʘʧʨʝʟʘˁʠʤʘ, ʟʘ 
ʯʝʪʚʨʪʫ ʛʨʫʧʫ ʫʟʦʨʘʢʘ ʿʝ ʛʦʪʦʚʦ ʧʦʪʧʫʥʦ ʟʘʥʝʤʘʨˀʠʚʦ (ʉʣʠʢʘ 5.7 ) 

¶ ʏʚʨʩʪʦ˂ʘ ʤʘʪʝʨʠʿʘʣʘ ʩʝ ʥʝʣʠʥʝʘʨʥʦ ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʥʠʚʦʘ ʥʘʧʨʝʟʘˁʘ, ʧʨʠ ʯʝʤʫ 
ʩʝ ʦʜʥʦʩ ů1/ů3 ʧʨʠ ʣʦʤʫ ʩʤʘˁʫʿʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʩʚʝʩʪʨʘʥʦʛ ʧʨʠʪʠʩʢʘ ů3 (ʉʣʠʢʘ 5.7  ʠ 

ʉʣʠʢʘ 5.9 ) 
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ʉʣʠʢʘ 5.9 ʆʜʥʦʩ ʥʘʧʦʥʘ ů1/ů3 ʫ ʬʫʥʢʮʠʿʠ ʥʠʚʦʘ ʥʘʧʨʝʟʘˁʘ ʪʦʢʦʤ ʬʘʟʝ ʩʤʠʮʘˁʘ 

5.1.3 ʇʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ 

ɿʘ ʨʘʟʤʘʪʨʘʥʠ ʨʝʬʝʨʝʥʪʥʠ ʫʟʦʨʘʢ ʪʝʩʪ ʩʝ ʟʘʚʨʰʘʚʘ ʫ ʧʨʦʨʘʯʫʥʩʢʦʤ ʪʨʝʥʫʪʢʫ (ʈ), ʢʦʿʠ ʩʝ 

ʜʝʬʠʥʠʰʝ ʪʘʢʦ ʜʘ ʙʫʜʝ ʟʘʜʦʚʦˀʝʥʘ ʩʣʝʜʝ˂ʘ ʨʝʣʘʮʠʿʘ: 

„ „  [35]    

 

ʉʣʠʢʘ 5.10 ɼʝʬʠʥʠʮʠʿʘ ʧʨʦʨʘʯʫʥʩʢʦʛ ʪʨʝʥʫʪʢʘ ʈ  

ʉʣʠʢʘ 5.11  ʧʨʠʢʘʟʫʿʝ ʥʘʧʦʥʩʢʦ ʩʪʘˁʝ ʫ ʪʨʝʥʫʪʢʫ (ʈ). ʆʜʘʙʨʘʥʠ ʧʨʦʨʘʯʫʥʩʢʠ ʪʨʝʥʫʪʘʢ (ʈ) 

ʜʝʬʠʥʠʩʘʥ ʿʝ ʩʣʝʜʝ˂ʠʤ ʥʠʚʦʦʤ ʥʘʧʨʝʟʘˁʘ ʨʝʬʝʨʝʥʪʥʦʛ ʫʟʦʨʢʘ ʫ ʬʘʟʠ ʩʤʠʮʘˁʘ: ů3=2000 kPa, 

ů1=5860 kPa. ʋ ʦʚʦʤ ʪʨʝʥʫʪʢʫ ʪʝʩʪ ʿʝ ʟʘʫʩʪʘʚˀʝʥ ʠ ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʨʝʜʠʪʠ ʩʠʛʫʨʥʦʩʪ ʫʟʦʨʢʘ. 
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ʉʣʠʢʘ 5.11 ʇʫʪʘˁʝ ʥʘʧʦʥʘ ʜʦ ʧʨʦʨʘʯʫʥʩʢʦʛ ʪʨʝʥʫʪʢʘ (ʈ) 

ʈʘʟʤʘʪʨʘʥʠ ʫʟʦʨʘʢ ʩʝ ʜʦ ʧʨʦʨʘʯʫʥʩʢʦʛ ʪʨʝʥʫʪʢʘ (ʈ) ʧʦʥʘʰʘ ʥʘ ʥʘʯʠʥ ʢʦʿʠ ʠʣʫʩʪʨʫʿʝ ʉʣʠʢʘ 

5.12 .  

  

ʉʣʠʢʘ 5.12 ɸʢʩʠʿʘʣʥʘ ʠ ʚʦʣʫʤʝʪʨʠʿʩʢʘ ʜʝʬʦʨʤʘʮʠʿʘ ʨʘʟʤʘʪʨʘʥʦʛ ʫʟʦʨʢʘ ʜʦ ʧʨʦʨʘʯʫʥʩʢʦʛ 

ʪʨʝʥʫʪʢʘ (ʈ) 

ʀʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʿʘ ʫ ʧʨʦʨʘʯʫʥʩʢʦʤ ʪʨʝʥʫʪʢʫ (ʈ) ʩʫ ʩʣʝʜʝ˂ʝ: 

¶ ɺʝʨʪʠʢʘʣʥʘ (ʘʢʩʠʿʘʣʥʘ) ʜʝʬʦʨʤʘʮʠʿʘ ‐ ςȢτυϷ,  

¶ ɿʘʧʨʝʤʠʥʩʢʘ ʜʝʬʦʨʤʘʮʠʿʘ ‐ ρȢφςϷ. 

ʇʨʦʨʘʯʫʥʩʢʘ ʩʠʪʫʘʮʠʿʘ ʜʝʬʠʥʠʩʘʥʘ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʩʪʘʚˀʘ ʨʝʬʝʨʝʥʪʥʠ ʫʟʦʨʘʢ ʫ ʟʦʥʫ ʚʠʩʦʢʦʛ 

ʥʘʧʨʝʟʘˁʘ (ů3=2000 kPa). ʇʨʦʨʘʯʫʥʩʢʠ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʠʿʘʣʘ ʙʘʟʠʨʘʥʠ ʥʘ ʧʦʥʘʰʘˁʫ ʜʚʘʥʘʝʩʪ 

ʧʨʝʪʭʦʜʥʦ ʪʝʩʪʠʨʘʥʠʭ ʫʟʦʨʘʢʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʥʠʚʦʠʤʘ ʥʘʧʨʝʟʘˁʘ ʥʝ ʤʦʛʫ ʙʠʪʠ ʢʘʣʠʙʨʠʩʘʥʠ 

ʜʘ ʧʨʫʞʝ ʪʘʯʥʫ ʩʣʠʢʫ ʧʦʥʘʰʘˁʘ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʩʚʠʤ ʥʠʚʦʠʤʘ ʤʦʛʫ˂ʠʭ ʥʘʧʨʝʟʘˁʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ, 

ʫ ʩʣʫʯʘʿʫ ʦʚʘʢʦ ʜʝʬʠʥʠʩʘʥʝ ʧʨʦʨʘʯʫʥʩʢʝ ʩʠʪʫʘʮʠʿʝ, ʚʝʦʤʘ ʚʘʞʥʘ ʫʣʦʛʘ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ, 

ʯʠʿʠ ʿʝ ʩʤʠʩʘʦ ʜʘ ʫʩʤʝʨʝ ʨʝʟʫʣʪʘʪʝ ʘʥʘʣʠʟʝ ʩʠʛʫʨʥʦʩʪʠ ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʰʠʨʠ ʩʧʝʢʪʘʨ ʤʦʛʫ˂ʝʛ 

ʧʦʥʘʰʘˁʘ ʫ ʟʦʥʫ ʩʪʚʘʨʥʦʛ ʧʦʥʘʰʘˁʘ ʤʘʪʝʨʠʿʘʣʘ. 

5.1.4 ʄʦʜʝʣʠʨʘˁʝ ʪʨʠʘʢʩʠʿʘʣʥʦʛ ʪʝʩʪʘ ʧʨʠʤʝʥʦʤ ʄʂɽ 

ɸʥʘʣʠʟʘ ʩʠʛʫʨʥʦʩʪʠ ʨʝʬʝʨʝʥʪʥʦʛ ʫʟʦʨʢʘ ʚʨʰʠ ʩʝ (ʜʝʪʝʨʤʠʥʠʩʪʯʢʠ ʠʣʠ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ) 

ʢʦʨʠʩʪʝ˂ʠ ʄʂɽ ʧʨʦʨʘʯʫʥʩʢʠ ʤʦʜʝʣ ʨʝʬʝʨʝʥʪʥʦʛ ʪʝʩʪʘ. ʆʩʠʤ ʪʦʛʘ, ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ 12 

ʧʨʝʪʭʦʜʥʦ ʪʝʩʪʠʨʘʥʠʭ ʫʟʦʨʘʢʘ ʪʘʢʦʹʝ ʩʝ ʨʘʜʠ ʧʨʠʤʝʥʦʤ ʄʂɽ ʤʦʜʝʣʘ ʩʚʘʢʦʛ ʦʜ 12 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʪʝʩʪʦʚʘ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʦ ʿʝ ʬʦʨʤʠʨʘˁʝ ʄʂɽ ʤʦʜʝʣʘ, ʢʘʢʦ ʟʘ 

ʧʨʦʨʘʯʫʥ ʩʠʛʫʨʥʦʩʪʠ ʨʝʬʝʨʝʥʪʥʦʛ ʫʟʦʨʢʘ, ʪʘʢʦ ʠ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʧʨʝʪʭʦʜʥʦʛ 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʦʛ ʪʝʩʪʠʨʘˁʘ. 

ʋ ʪʨʠʘʢʩʠʿʘʣʥʦʤ ʪʝʩʪʫ ʫʟʦʨʘʢ ʿʝ ʮʠʣʠʥʜʨʠʯʥʦʛ ʦʙʣʠʢʘ. ʋʩʣʦʚʠ ʪʝʩʪʘ ʤʦʛʫ ʩʝ ʤʦʜʝʣʠʨʘʪʠ ʫ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʦʢʨʫʞʝˁʫ. ɿʙʦʛ ʨʦʪʘʮʠʦʥʝ ʩʠʤʝʪʨʠʿʝ ʫʟʦʨʢʘ ʠ 



ɼʝʤʦʥʩʪʨʘʮʠʿʘ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʥʘ ʿʝʜʥʦʩʪʘʚʥʠʤ ʧʨʠʤʝʨʠʤʘ 

55 

ʛʨʘʥʠʯʥʠʭ ʫʩʣʦʚʘ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʪʝʩʪʘ, ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʧʨʦʨʘʯʫʥʩʢʠ ʧʨʠʩʪʫʧ 

ʧʦʜʨʘʟʫʤʝʚʘ ʮʝʥʪʨʘʣʥʦ ʩʠʤʝʪʨʠʯʘʥ ʧʨʦʨʘʯʫʥʩʢʠ ʤʦʜʝʣ ï ʤʦʜʝʣʠʨʘ ʩʝ ʩʘʤʦ ʧʦʣʦʚʠʥʘ ʫʟʦʨʢʘ. 

ɿʘ ʤʦʜʝʣʠʨʘˁʝ ʩʝ ʢʦʨʠʩʪʠ ʿʝʜʘʥ (ʠʣʠ ʚʠʰʝ) ʢʚʘʜʨʘʪʥʠ ʢʦʥʘʯʥʠ ʝʣʝʤʝʥʪ ʩʘ 8 ʯʚʦʨʦʚʘ, 

ʿʝʜʠʥʠʯʥʠʭ ʜʠʤʝʥʟʠʿʘ (1.0x1.0 m), ʫʟ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʫʩʣʦʚʘ ʩʠʤʝʪʨʠʿʝ ʢʘʦ ʥʘ ʩʣʠʮʠ 5-13.  

ʉʧʨʝʯʝʥʦ ʚʝʨʪʠʢʘʣʥʦ ʧʦʤʝʨʘˁʝ ʥʘ ʜʦˁʦʿ ʠʚʠʮʠ ʧʨʝʜʩʪʘʚˀʘ ʛʨʘʥʠʯʥʠ ʫʩʣʦʚ ʨʝʘʣʥʦʛ 

ʝʢʩʧʝʨʠʤʝʥʪʘ.  

 
 

ʉʣʠʢʘ 5.13 ʄʂɽ ʧʨʦʨʘʯʫʥʩʢʠ ʤʦʜʝʣ ʪʨʠʘʢʩʠʿʘʣʥʦʛ ʪʝʩʪʘ (ʮʝʥʪʨʘʣʥʘ ʩʠʤʝʪʨʠʿʘ) 

ʋ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʦʢʨʫʞʝˁʫ ʤʦʜʝʣʠʨʘ ʩʝ ʢʦʮʢʘ ʿʝʜʠʥʠʯʥʠʭ ʜʠʤʝʥʟʠʿʘ (ʉʣʠʢʘ 5-14). 

ʊʘʢʦʹʝ ʩʝ ʢʦʨʠʩʪʝ ʫʩʣʦʚʠ ʩʠʤʝʪʨʠʿʝ ʧʨʠ ʯʝʤʫ ʩʝ ʩʧʨʝʯʘʚʘʿʫ ʧʦʤʝʨʘˁʘ ʥʦʨʤʘʣʥʘ ʥʘ ʜʚʝ ʩʫʩʝʜʥʝ 

ʚʝʨʪʠʢʘʣʥʝ ʩʪʨʘʥʝ ʢʦʥʘʯʥʦʛ ʝʣʝʤʥʪʘ (ʜʚʝ ʨʘʚʥʠ ʩʠʤʝʪʨʠʿʝ), ʢʘʦ ʠ ʚʝʨʪʠʢʘʣʥʘ ʧʦʤʝʨʘˁʘ ʥʘ 

ʜʦˁʦʿ ʩʪʨʘʥʠ ʢʦʮʢʝ. 

 

ʉʣʠʢʘ 5.14 3D ʧʨʦʨʘʯʫʥʩʢʠ ʤʦʜʝʣ ʪʨʠʘʢʩʠʿʘʣʥʦʛ ʪʝʩʪʘ 

ɿʘ ʦʚʘʿ ʧʨʠʤʝʨ ʦʜʘʙʨʘʥ ʿʝ ʄʦʨ ʂʫʣʦʥʦʚ ʤʘʪʝʨʠʿʘʣʥʠ ʤʦʜʝʣ (ʚʠʜʝʪʠ ɸʥʝʢʩ 1), ʢʦʿʠ ʿʝ ʟʘʩʥʦʚʘʥ 

ʥʘ ʧʨʠʥʮʠʧʫ ʣʠʥʝʘʨʥʝ ʝʣʘʩʪʠʯʥʦʩʪʠ ʜʦ ʜʦʩʪʠʟʘˁʘ ʛʨʘʥʠʮʝ ʝʣʘʩʪʠʯʥʦʩʪʠ, ʥʘʢʦʥ ʢʦʿʝ ʤʘʪʝʨʠʿʘʣ 

ʧʨʝʣʘʟʠ ʫ ʩʪʘˁʝ ʠʜʝʘʣʥʝ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʄʦʨ-ʂʫʣʦʥʦʚ ʤʦʜʝʣ ʿʝ ʿʝʜʥʦʩʪʘʚʘʥ ʠ ʠʥʪʫʠʪʠʚʘʥ ʟʘ 

ʨʘʟʫʤʝʚʘˁʝ ʠ ʰʠʨʦʢʦ ʿʝ ʧʨʠʤʝˁʝʥ ʫ ʧʨʘʢʩʠ, ʥʘʨʦʯʠʪʦ ʟʘ ʧʨʦʙʣʝʤʝ ʩʪʘʙʠʣʥʦʩʪʠ, ʰʪʦ 

ʧʨʝʜʩʪʘʚˀʘ ʨʘʟʣʦʛʝ ʟʙʦʛ ʢʦʿʠʭ ʿʝ ʠʟʘʙʨʘʥ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʫ ʦʚʦʤ ʜʝʤʦʥʩʪʨʘʮʠʦʥʦʤ ʧʨʠʤʝʨʫ. 

ʅʝʜʦʩʪʘʮʠ ʄʦʨ-ʂʫʣʦʥʦʚʦʛ ʤʦʜʝʣʘ ʩʫ ʩʣʝʜʝ˂ʠ: 

¶ ʂʦʥʩʪʘʥʪʥʘ ʢʨʫʪʦʩʪ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʥʠʚʦʠʤʘ ʥʘʧʨʝʟʘˁʘ 

¶ ʂʦʥʩʪʘʥʪʘʥ ʫʛʘʦ ʜʠʣʘʪʘʥʮʠʝʿ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʥʠʚʦʠʤʘ ʥʘʧʨʝʟʘˁʘ 

¶ ʃʠʥʝʘʨʥʠ ʫʩʣʦʚ ʣʦʤʘ 
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ʄʦʜʝʣʠʨʘˁʝ ʪʝʩʪʘ ʨʝʬʝʨʝʥʪʥʦʛ ʫʟʦʨʢʘ ʠ ʧʨʦʮʝʥʘ ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ (ʄʦʜʝʣ 1) 

ʊʨʠʘʢʩʠʿʘʣʥʠ ʪʝʩʪ ʩʝ ʤʦʜʝʣʠʨʘ ʫ ʬʘʟʘʤʘ. ʇʨʚʘ ʬʘʟʘ ʪʝʩʪʘ (ʠʟʦʪʨʦʧʥʘ ʢʦʤʧʨʝʩʠʿʘ) ʧʦʩʪʠʞʝ ʩʝ 

ʧʨʠʤʝʥʦʤ ʛʨʘʥʠʯʥʠʭ ʫʩʣʦʚʘ ʧʦ ʩʠʣʘʤʘ (ů1=ů2=ů3=2000 kPa), ʦʜʥʦʩʥʦ ʧʦʩʪʘʚˀʘˁʝʤ 

ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʩʣʦʙʦʜʥʠʤ ʩʪʨʘʥʠʮʘʤʘ ʤʦʜʝʣʘ. ʋ ʜʨʫʛʦʿ ʬʘʟʠ ʪʝʩʪʘ ʥʘ ʙʦʯʥʠʤ ʩʣʦʙʦʜʥʠʤ 

ʩʪʨʘʥʘʤʘ ʟʘʜʨʞʘʚʘ ʩʝ ʧʨʝʜʚʠʹʝʥʦ ʨʘʜʠʿʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ů2 = ů3) ʢʦʿʝ ʦʩʪʘʿʝ ʢʦʥʩʪʘʥʪʥʦ ʜʦ 

ʢʨʘʿʘ ʪʝʩʪʘ, ʜʦʢ ʩʝ ʛʨʘʥʠʯʥʠ ʫʩʣʦʚ ʥʘ ʛʦʨˁʦʿ ʠʚʠʮʠ ʤʝˁʘ ʪʘʢʦ ʰʪʦ ʩʝ ʚʝʣʠʯʠʥʘ ʚʝʨʪʠʢʘʣʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ ʫʩʚʘʿʘ ʧʨʝʤʘ ʜʝʬʠʥʠʩʘʥʦʤ ʥʘʧʦʥʩʢʦʤ ʩʪʘˁʫ ʫ ʧʨʦʨʘʯʫʥʩʢʦʿ ʩʠʪʫʘʮʠʿʠ 

(ů1=5860 kPa). ʉʣʠʢʘ 5.15  ʧʨʠʢʘʟʫʿʝ ʛʨʘʥʠʯʥʝ ʫʩʣʦʚʝ ʧʦ ʩʠʣʘʤʘ ʫ ʧʨʚʦʿ ʠ ʜʨʫʛʦʿ ʬʘʟʠ ʪʝʩʪʘ 

ʨʝʬʝʨʝʥʪʥʦʛ ʫʟʦʨʢʘ.  

 

  

ʉʣʠʢʘ 5.15 ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʧʨʠ ʤʦʜʝʣʠʨʘˁʫ ʧʨʚʝ (ʣʝʚʦ) ʠ ʜʨʫʛʝ (ʜʝʩʥʦ) ʬʘʟʝ 

ʪʨʠʘʢʩʠʿʘʣʥʦʛ ʪʝʩʪʘ ʥʘ 2D ʤʦʜʝʣʫ 

  

ʉʣʠʢʘ 5.16 ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʧʨʠ ʤʦʜʝʣʠʨʘˁʫ ʧʨʚʝ (ʣʝʚʦ) ʠ ʜʨʫʛʝ (ʜʝʩʥʦ) ʬʘʟʝ 

ʪʨʠʘʢʩʠʿʘʣʥʦʛ ʪʝʩʪʘ ʥʘ 3D ʤʦʜʝʣʫ 

ʋʜʘˀʝʥʦʩʪ ʦʜ ʣʦʤʘ ʨʘʯʫʥʘ ʩʝ ʧʨʠʤʝʥʦʤ ʄʝʪʦʜʝ ʨʝʜʫʢʦʚʘˁʘ ʩʤʠʯʫ˂ʝ ʯʚʨʩʪʦ˂ʝ (SSR ï Shear 

Strength Reduction) ʫ ʢʦʿʦʿ ʩʝ ʠʥʠʮʠʿʘʣʥʠ ʧʘʨʘʤʝʪʨʠ ʯʚʨʩʪʦ˂ʝ (ʢʦʭʝʟʠʿʘ ʠ ʫʛʘʦ ʫʥʫʪʨʘʰˁʝʛ 

ʪʨʝˁʘ ʫ ʩʣʫʯʘʿʫ ʄʦʨ-ʂʫʣʦʥʦʚʦʛ ʤʦʜʝʣʘ) ʨʝʜʫʢʫʿʫ ʧʨʦʛʨʝʩʠʚʥʦ ʠ ʧʨʦʨʘʯʫʥ ʧʦʥʘʚˀʘ ʩʚʝ ʜʦʢ 

ʧʦʩʪʦʿʠ ʥʫʤʝʨʠʯʢʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʨʝʟʫʣʪʘʪʘ (ʚʠʜʝʪʠ ʧʦʛʣʘʚˀʝ 3.1.3). ʄʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ 

ʨʝʜʫʢʮʠʦʥʦʛ ʬʘʢʪʦʨʘ ʠʥʠʮʠʿʘʣʥʝ ʯʚʨʩʪʦ˂ʝ ʟʘ ʢʦʿʫ ʿʝ ʦʩʪʚʘʨʝʥʘ ʥʫʤʝʨʠʯʢʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ 

ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʿʩʢʦʛ ʧʨʦʨʘʯʫʥʘ ʜʝʬʠʥʠʰʝ ʩʝ ʢʘʦ ʬʘʢʪʦʨ ʩʠʛʫʨʥʦʩʪʠ FS.  



ɼʝʤʦʥʩʪʨʘʮʠʿʘ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʥʘ ʿʝʜʥʦʩʪʘʚʥʠʤ ʧʨʠʤʝʨʠʤʘ 

57 

ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʧʨʝʪʭʦʜʥʦ ʠʟʚʨʰʝʥʠʭ ʦʧʠʪʘ ʫ ʄʂɽ ʤʦʜʝʣʫ (ʄʦʜʝʣ 2) 

ʋ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʨʝʘʣʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʥʝ ʥʘʣʘʟʝ ʩʝ ʫ ʢʦʥʬʠʛʫʨʘʮʠʿʠ ʢʦʿʘ ʙʠ ʤʦʛʣʘ 

ʜʦʚʝʩʪʠ ʜʦ ʣʦʤʘ. ʇʦʜʘʮʠ ʦ ʯʚʨʩʪʦ˂ʠ ʤʘʪʝʨʠʿʘʣʘ ʫ ʪʝʣʫ ʢʦʥʩʪʨʫʢʮʠʿʝ ʜʦʙʠʿʘʿʫ ʩʝ ʠʩʢˀʫʯʠʚʦ 

ʩʧʨʦʚʦʹʝˁʝʤ ʠʩʪʨʘʞʥʠʭ ʨʘʜʦʚʘ, ʥʠʿʝ ʤʦʛʫ˂ʝ ʜʦʙʠʪʠ ʠʭ ʥʘ ʦʩʥʦʚʫ ʦʩʤʘʪʨʘˁʘ ʧʦʩʪʦʿʝ˂ʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ. ɱʝʜʘʥ ʦʜ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʢʦʿʠ ʜʦʚʦʜʠ ʫʟʦʨʢʝ ʤʘʪʝʨʠʿʘʣʘ ʜʦ ʣʦʤʘ ʫ 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ ʿʝ ʪʨʠʘʢʩʠʿʘʣʥʠ ʪʝʩʪ.  

ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʠʟʚʨʰʝʥʠʭ 12 ʪʝʩʪʦʚʘ ʧʨʠʤʝʥʦʤ ʄʂɽ ʿʝ ʦʜ ʠʥʪʝʨʝʩʘ ʿʝʨ ʿʝ ʧʦʪʨʝʙʥʦ 

ʜʝʬʠʥʠʩʘʪʠ ʧʘʨʘʤʝʪʨʝ ʠʟʘʙʨʘʥʦʛ ʤʘʪʝʨʠʿʘʣʥʦʛ ʤʦʜʝʣʘ ʟʘ ʧʨʦʨʘʯʫʥ ʩʠʛʫʨʥʦʩʪʠ ʨʝʬʝʨʝʥʪʥʦʛ 

ʫʟʦʨʢʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʤʦʛʫ˂ʝ ʿʝ ʢʘʣʠʙʨʠʩʘʪʠ ʧʘʨʘʤʝʪʨʝ ʯʚʨʩʪʦ˂ʝ ʤʘʪʝʨʠʿʘʣʘ, ʢʘʦ ʠ ʧʘʨʘʤʝʪʨʝ 

ʢʦʥʩʪʠʪʫʪʠʚʥʦʛ ʤʦʜʝʣʘ ʢʦʿʠ ʦʧʠʩʫʿʫ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʝ ʦʜʥʦʩʝ ʢʦʿʠ ʩʫ ʧʨʝʪʭʦʜʠʣʠ 

ʣʦʤʫ.  

ʇʨʚʘ ʬʘʟʘ ʤʦʜʝʣʘ ʟʘ ʨʝʢʦʥʩʪʨʫʠʩʘˁʝ ʧʨʝʪʭʦʜʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʿʝ ʧʦʪʧʫʥʦ ʠʩʪʘ ʢʘʦ ʫ ʩʣʫʯʘʿʫ 

ʤʦʜʝʣʠʨʘˁʘ ʨʝʬʝʨʝʥʪʥʦʛ ʫʟʦʨʢʘ. ɼʨʫʛʘ ʬʘʟʘ ʪʝʩʪʘ (ʬʘʟʘ ʩʤʠʮʘˁʘ) ʢʦʥʪʨʦʣʠʰʝ ʩʝ 

ʢʦʨʠʰ˂ʝˁʝʤ ʤʝʰʦʚʠʪʠʭ ʛʨʘʥʠʯʥʠʭ ʫʩʣʦʚʘ. ʅʘ ʙʦʯʥʠʤ ʩʣʦʙʦʜʥʠʤ ʩʪʨʘʥʘʤʘ ʟʘʜʨʞʘʚʘ ʩʝ 

ʧʨʝʜʚʠʹʝʥʦ ʨʘʜʠʿʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ů2 = ů3) ʢʦʿʝ ʦʩʪʘʿʝ ʢʦʥʩʪʘʥʪʥʦ ʜʦ ʢʨʘʿʘ ʪʝʩʪʘ, ʜʦʢ ʩʝ ʥʘ 

ʛʦʨˁʦʿ ʩʪʨʘʥʠ ʠʥʢʨʝʤʝʥʪʘʣʥʦ ʟʘʜʘʿʫ ʚʝʨʪʠʢʘʣʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʫʟʦʨʢʘ ʢʦʿʝ ʩʠʤʫʣʘʨʠʿʫ 

ʧʦʚʝ˂ʘˁʝ ʘʢʩʠʿʘʣʥʦʛ ʧʨʠʪʠʩʢʘ ʜʦ ʣʦʤʘ. ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʫ ʦʙʝ ʬʘʟʝ ʪʝʩʪʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ 

ʩʣʠʢʘʤʘ 5.17 ʠ 5.18. 

ɺʝʨʠʬʠʢʘʮʠʿʘ ʨʝʟʫʣʪʘʪʘ ʄʂɽ ʧʨʦʨʘʯʫʥʘ ʩʧʨʦʚʦʜʠ ʩʝ ʢʨʦʟ ʧʦʨʝʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʜʦʙʠʿʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʠ ʨʝʟʫʣʪʘʪʘ ʄʂɽ ʧʨʦʨʘʯʫʥʘ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʜʠʿʘʛʨʘʤʠʤʘ.  

  

ʉʣʠʢʘ 5.17 ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʧʨʠ ʤʦʜʝʣʠʨʘˁʫ ʧʨʚʝ (ʣʝʚʦ) ʠ ʜʨʫʛʝ (ʜʝʩʥʦ) ʬʘʟʝ 
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ʉʣʠʢʘ 5.18 ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʧʨʠ ʤʦʜʝʣʠʨʘˁʫ ʧʨʚʝ (ʣʝʚʦ) ʠ ʜʨʫʛʝ (ʜʝʩʥʦ) ʬʘʟʝ 

ʪʨʠʘʢʩʠʿʘʣʥʦʛ ʪʝʩʪʘ ʥʘ 3D ʤʦʜʝʣʫ 
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ʇʨʦʨʘʯʫʥʩʢʠ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʠʿʘʣʘ ʨʝʢʦʥʩʪʨʫʠʩʘʥʠʭ ʪʝʩʪʦʚʘ 

ɿʘ ʩʚʘʢʠ ʫʨʘʹʝʥʠ ʪʝʩʪ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ (ʫʢʫʧʥʦ 12) ʢʘʣʠʙʨʠʩʘʥʠ ʩʫ ʧʘʨʘʤʝʪʨʠ ʧʨʦʨʘʯʫʥʩʢʦʛ 

ʄʦʨ-ʂʫʣʦʥʦʚʦʛ ʤʘʪʝʨʠʿʘʣʥʦʛ ʤʦʜʝʣʘ ʧʨʠʤʝʥʦʤ ʧʨʦʛʨʘʤʘ RS2 [94], ʫʟ ʫʩʚʘʿʘˁʝ ʩʣʝʜʝ˂ʠʭ 

ʧʨʝʪʧʦʩʪʘʚʢʠ: 

¶ ʈʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʫʢʘʟʫʿʫ ʥʘ ʥʝʢʦʭʝʨʝʥʪʥʫ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʿʘʣʘ, ʰʪʦ ʿʝ ʠ 

ʦʯʝʢʠʚʘʥʦ ʩ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʨʘʜʠ ʦ ʢʘʤʝʥʦʤ ʥʘʙʘʯʘʿʫ. ʂʦʭʝʟʠʿʘ ʩʝ ʟʘʥʝʤʘʨʫʿʝ ʟʘ ʩʚʠʭ 12 

ʧʨʦʨʘʯʫʥʩʢʠʭ ʤʦʜʝʣʘ ʫʟʦʨʘʢʘ (ὧ π) ʠ ʿʝʜʠʥʠ ʧʘʨʘʤʝʪʘʨ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʜʝʬʠʥʠʰʝ 
ʯʚʨʩʪʦ˂ʫ ʿʝʩʪʝ ʫʛʘʦ ʫʥʫʪʨʘʰˁʝʛ ʪʨʝˁʘ •. 

¶ ʏʚʨʩʪʦ˂ʘ ʤʘʪʝʨʠʿʘʣʘ (ʦʜʥʦʩʥʦ ʧʘʨʘʤʝʪʘʨ •) ʫʩʚʘʿʘ ʩʝ ʧʨʝʤʘ ʤʘʢʩʠʤʘʣʥʦʤ ʚʝʨʪʠʢʘʣʥʦʤ 
ʥʘʧʦʥʫ „ ʢʦʤʝ ʿʝ ʫʟʦʨʘʢ ʙʠʦ ʠʟʣʦʞʝʥ. ɽʚʝʥʪʫʘʣʥʦ ʦʤʝʢʰʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʥʘʢʦʥ 

ʜʦʩʪʠʟʘˁʘ ʚʨʰʥʝ ʯʚʨʩʪʦ˂ʝ ʩʝ ʟʘʥʝʤʘʨʫʿʝ. 

¶ ʄʦʜʫʦ ʝʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ Ὁ ʫʩʚʘʿʘ ʩʝ ʢʘʦ ʩʝʢʘʥʪʥʠ ʤʦʜʫʦ Ὁ  ʢʦʿʠ ʦʜʛʦʚʘʨʘ 50% 

ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ „ ʥʘ ʜʠʿʘʛʨʘʤʫ ʚʝʨʪʠʢʘʣʥʠ ʥʘʧʦʥ „ ï ʚʝʨʪʠʢʘʣʥʘ ʜʝʬʦʨʤʘʮʠʿʘ ‐. 

¶ ʇʦʘʩʦʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ (’) ʠ ʫʛʘʦ ʜʠʣʘʪʘʥʮʠʝʿ (‪) ʢʘʣʠʙʨʠʰʫ ʩʝ ʪʘʢʦ ʜʘ ʩʝ ʜʦʙʠʿʝ 
ʥʘʿʙʦˀʝ ʧʦʢʣʘʧʘˁʝ (ʤʝʪʦʜʦʤ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ) ʩʘ ʠʟʤʝʨʝʥʠʤ ʜʠʣʘʪʘʪʠʚʥʠʤ 

ʧʦʥʘʰʘˁʝʤ ʦʧʠʩʘʥʠʤ ʥʘ ʜʠʿʘʛʨʘʤʫ ʢʦʿʠ ʧʦʢʘʟʫʿʝ ʟʘʚʠʩʥʦʩʪ ʚʦʣʫʤʝʪʨʠʿʩʢʝ ʠ ʘʢʩʠʿʘʣʥʝ 

ʜʝʬʦʨʤʘʮʠʿʝ. 

ʋ ʩʣʝʜʝ˂ʦʿ ʪʘʙʝʣʠ ʠʟʣʦʞʝʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʢʘʣʠʙʨʘʮʠʿʝ - ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʠʿʘʣʥʠʭ ʤʦʜʝʣʘ ʥʘ 

ʦʩʥʦʚʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʠʩʧʠʪʠʚʘˁʘ ʟʘ ʩʚʠʭ 12 ʫʟʦʨʘʢʘ. 

ʊʘʙʝʣʘ 5-2 ʂʘʣʠʙʨʠʩʘʥʠ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʠʿʘʣʥʠʭ ʤʦʜʝʣʘ ʥʘ ʦʩʥʦʚʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʪʝʩʪʦʚʘ  

ɹʨ. ʫʟʦʨʢʘ ůǋ  (kPa) ű [Á] E50 [MPa] ɣ [Á] ɜ [-] 

1 

250 

45.2 58 2.5 0.28 

2 45.4 66 2.3 0.24 

3 45.5 48 2.0 0.25 

4 

500 

45.5 105 3.4 0.27 

5 45.2 87 2.8 0.30 

6 42.6 65 0.9 0.21 

7 

1000 

43.1 125 2.0 0.30 

8 42.2 100 1.2 0.22 

9 41.2 95 0.8 0.22 

10 

2000 

40.2 155 0.5 0.22 

11 40.3 145 0.9 0.22 

12 41.0 160 0.8 0.21 

ʅʘ ʩʣʝʜʝ˂ʠʤ ʩʣʠʢʘʤʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʟʘʚʠʩʥʦʩʪʠ ʢʘʣʠʙʨʠʩʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʥʠʚʦʘ 

ʥʘʧʨʝʟʘˁʘ. ʋ ʩʢʣʘʜʫ ʩʘ ʩʪʚʘʨʥʠʤ ʧʦʥʘʰʘˁʝʤ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠ ʪʝʩʪʠʨʘˁʫ, ʤʦʛʫ ʩʝ ʫʦʯʠʪʠ ʧʘʜ 

ʯʚʨʩʪʦ˂ʝ, ʧʦʚʝ˂ʘˁʝ ʢʨʫʪʦʩʪʠ ʠ ʩʤʘˁʝˁʝ ʜʠʣʘʪʘʥʮʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʥʠʚʦʘ ʥʘʧʨʝʟʘˁʘ ʢʦʜ 

ʢʘʣʠʙʨʠʩʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʧʨʦʨʘʯʫʥʩʢʠʭ ʤʘʪʝʨʠʿʘʣʥʦʛ ʤʦʜʝʣʘ. ʇʦʘʩʦʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ ʥʝ 

ʧʦʢʘʟʫʿʝ ʿʘʩʥʫ ʟʘʚʠʩʥʦʩʪ ʦʜ ʥʠʚʦʘ ʥʘʧʨʝʟʘˁʘ.  
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ʉʣʠʢʘ 5.19 ɿʘʚʠʩʥʦʩʪʠ ʢʘʣʠʙʨʠʩʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ű, ɽ ʠ ɣ ʦʜ ʥʠʚʦʘ ʩʚʝʩʪʨʘʥʦʛ ʧʨʠʪʠʩʢʘ ů3 

5.1.5 ʄʦʜʝʣʠʨʘˁʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʧʨʦʨʘʯʫʥʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʇʘʨʘʤʝʪʨʠ ʤʘʪʝʨʠʿʘʣʥʦʛ ʤʦʜʝʣʘ 

ʋʣʘʟʥʠ ʧʘʨʘʤʝʪʨʠ (ʤʘʪʝʨʠʿʘʣʘ) ʩʝ ʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʿ ʘʥʘʣʠʟʠ ʪʨʝʪʠʨʘʿʫ ʢʘʦ ʩʣʫʯʘʿʥʝ 

ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʩʫ ʦʧʠʩʘʥʝ ʬʫʥʢʮʠʿʘʤʘ ʨʘʩʧʦʜʝʣʝ. ʇʨʚʠ ʢʦʨʘʢ ʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʿ ʘʥʘʣʠʟʠ 

ʧʨʝʜʩʪʘʚˀʘ ʤʦʜʝʣʠʨʘˁʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʦʜʥʦʩʥʦ ʬʫʥʢʮʠʿʘ ʢʦʿʝ 

ʜʝʬʠʥʠʫh ˁʠʭʦʚʝ ʩʪʘʪʠʩʪʠʯʢʝ ʨʘʩʧʦʜʝʣʝ. ʆʩʥʦʚʫ ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʬʫʥʢʮʠʿʘ ʫʣʘʟʥʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʠʿʘʣʥʠʭ ʤʦʜʝʣʘ ʜʦʙʠʿʝʥʠ ʢʘʣʠʙʨʘʮʠʿʦʤ 12 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʦʧʠʪʘ ï ʧʦʜʘʮʠ ʩʫʤʠʨʘʥʠ ʫ ʧʦʛʣʘʚˀʫ 5.1.4 (ʊʘʙʝʣʘ 5-2). 

ʋ ʦʚʦʤ ʧʨʠʤʝʨʫ ʩʫ ʧʨʝʪʧʦʩʪʘʚˀʝʥʝ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʟʘ ʧʘʨʘʤʝʪʨʝ ʯʚʨʩʪʦ˂ʝ (ʦʜʥʦʩʥʦ ʫʛʣʘ 

ʫʥʫʪʨʘʰˁʝʛ ʪʨʝˁʘ  ű) ʠ ʧʘʨʘʤʝʪʘʨʘ ʝʣʘʩʪʠʯʥʦʩʪʠ (ɽ  ʠ ɜ), ʦʜʥʦʩʥʦ ʛʘʤʘ ʨʘʩʧʦʜʝʣʘ ʟʘ ʫʛʘʦ 

ʜʠʣʘʪʘʥʮʠʝʿ ɣ. ʅʘ ʦʩʥʦʚʫ 12 ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʘʢʠ ʦʜ ʧʦʤʝʥʫʪʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʘʪʝʨʠʿʘʣʘ, 

ʩʨʘʯʫʥʘʪʝ ʩʫ ʩʪʘʪʠʩʪʠʯʢʝ ʚʝʣʠʯʠʥʝ ʢʦʿʠ ʜʝʬʠʥʠʰʫ ʬʫʥʢʮʠʿʝ ʨʘʩʧʦʜʝʣʝ (ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʠ 

ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʟʘ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ, ʦʜʥʦʩʥʦ ʧʘʨʘʤʝʪʨʠ  ͎ʠ ͏ ʟʘ ʛʘʤʘ ʨʘʩʧʦʜʝʣʫ). ɿʘ 

ʧʨʦʤʝʥˀʠʚʝ ʟʘ ʢʦʿʝ ʩʝ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʧʨʘʪʝ ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ (ű, E, ɜ), ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʠ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʠʟʨʘʯʫʥʘʪʝ ʩʫ ʜʠʨʝʢʪʥʦ ʠʟ ʩʢʫʧʘ ʢʘʣʠʙʨʠʩʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. ɿʘ 

ʧʨʦʤʝʥˀʠʚʫ ɣ, ʢʦʿʘ ʩʝ ʤʦʜʝʣʠʨʘ ʛʘʤʘ ʨʘʩʧʦʜʝʣʦʤ, ʧʘʨʘʤʝʪʨʠ ʦʙʣʠʢʘ (Ŭ) ʠ ʨʘʟʤʝʨʝ (ɓ) 

ʦʜʨʝʹʝʥʠ ʩʫ ʨʝʣʘʮʠʿʘʤʘ ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʤʦʤʝʥʪʠʤʘ: ‌ = ‘²/„Į ʠ ‍ = „²/‘, ʛʜʝ ‘ ʠ „ ʧʨʝʜʩʪʘʚˀʘʿʫ 
ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ʠ ʩʪʘʥʜʘʨʜʥʫ ʜʝʚʠʿʘʮʠʿʫ, ʨʝʩʧʝʢʪʠʚʥʦ. 

ʇʘʨʘʤʝʪʨʠ ʬʫʥʢʮʠʿʘ ʨʘʩʧʦʜʝʣʝ ʟʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʫ ʘʥʘʣʠʟʫ ʩʠʛʫʨʥʦʩʪʠ ʫ ʦʚʦʤ ʧʨʠʤʝʨʫ ʩʫ 

ʩʣʝʜʝ˂ʠ: 

¶ ʋʛʘʦ ʫʥʫʪʨʘʰˁʝʛ ʪʨʝˁʘ: ‘ τσȢρςЈ, „ ςȢρυЈ (ʥʦʨʤʘʣʥʘ ʨʘʩʧʦʜʝʣʘ) 

¶ ʄʦʜʫʦ ʝʣʘʩʪʠʯʥʦʩʪʠ: ‘ ρππȢψ ὓὖὥ, „ σψȢυτ ὓὖὥ (ʥʦʨʤʘʣʥʘ ʨʘʩʧʦʜʝʣʘ) 

¶ ʋʛʘʦ ʜʠʣʘʪʘʥʮʠʿʝ: ‌ σȢρσ, ‍ πȢυτ (ʛʘʤʘ ʨʘʩʧʦʜʝʣʘ) 

¶ ʇʦʘʩʦʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ: ‘ πȢςυ, „ πȢπσ (ʥʦʨʤʘʣʥʘ ʨʘʩʧʦʜʝʣʘ) 
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ʉʣʠʢʘ 5.20 ʌʫʥʢʮʠʿʝ ʨʘʩʧʦʜʝʣʘ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ) 

ʋʚʝʟʘʥʦʩʪ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʧʘʨʘʤʝʪʘʨʘ) 

ɼʝʬʠʥʠʩʘʥʝ ʫʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ (ʉʣʠʢʘ 5.20 ) ʩʫ ʤʝʹʫʩʦʙʥʦ ʥʝʟʘʚʠʩʥʝ. ʊʦ ʟʥʘʯʠ ʜʘ ʩʝ ʟʘ ʩʚʘʢʫ 

ʩʠʤʫʣʘʮʠʿʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʛ ʧʨʦʨʘʯʫʥʘ (ʄʦʥʪʝ-ʂʘʨʣʦ ʘʥʘʣʠʟʝ) ʫʨʝʹʝʥʠ ʧʘʨ ʫʣʘʟʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ (ű, ɽ, ɣ ʠ ɜ) ʙʠʨʘ ʩʣʫʯʘʿʥʠʤ ʠʟʙʦʨʦʤ ʫ ʩʢʣʘʜʫ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʬʫʥʢʮʠʿʦʤ 

ʨʘʩʧʦʜʝʣʝ, ʘʣʠ ʙʝʟ ʠʢʘʢʚʠʭ ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʤʝʹʫʩʦʙʥʝ ʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʦʚʠʭ 

ʧʘʨʘʤʝʪʘʨʘ. ʆʚʘʢʘʚ ʪʠʧ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʫ ʥʘʩʪʘʚʢʫ ˂ʝʤʦ ʟʚʘʪʠ ʧʨʦʨʘʯʫʥ ʩʘ 

ʥʝʟʘʚʠʩʥʠʤ (ʥʝʫʚʝʟʘʥʠʤ) ʧʘʨʘʤʝʪʨʠʤʘ. 

ʋʢʦʣʠʢʦ ʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʤ ʧʨʦʨʘʯʫʥʫ ʧʦʩʪʦʿʠ ʚʠʰʝ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʧʦʪʨʝʙʥʦ ʿʝ 

ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʦ ˁʠʭʦʚʠʤ ʤʝʹʫʩʦʙʥʠʤ ʦʜʥʦʩʠʤʘ (ʫʢʦʣʠʢʦ ʧʦʩʪʦʿʝ) ʜʘ ʙʠ ʧʨʦʨʘʯʫʥ ʙʠʦ 

ʩʤʠʩʣʝʥ ʠ ʧʨʦʠʟʚʝʦ ʪʘʯʥʝ ʨʝʟʫʣʪʘʪʝ, ʰʪʦ ʿʝ ʜʝʤʦʥʩʪʨʠʨʘʥʦ ʥʘ ʦʚʦʤ ʧʨʠʤʝʨʫ. ʋ ʧʦʛʣʘʚˀʫ 5.1.2 

ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʧʘʨʘʤʝʪʨʠ ű, ɽ ʠ ɣ ʧʦʢʘʟʫʿʫ ʿʘʩʥʫ ʟʘʚʠʩʥʦʩʪ ʦʜ ʥʠʚʦʘ ʥʘʧʨʝʟʘˁʘ, ʰʪʦ ʩʝ ʪʘʢʦʹʝ 

ʦʜʨʘʞʘʚʘ ʠ ʥʘ ˁʠʭʦʚʫ ʤʝʹʫʩʦʙʥʫ ʟʘʚʠʩʥʦʩʪ. ʊʘʢʦ ʿʝ ʦʯʠʛʣʝʜʥʦ ʚʝ˂ʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʫʟʦʨʮʠ ʩʘ 

ʤʘˁʠʤ ʤʦʜʫʣʦʤ ʝʣʘʩʪʠʯʥʦʩʪʠ ʠʤʘʿʫ ʚʝ˂ʫ ʯʚʨʩʪʦ˂ʫ, ʦʜʥʦʩʥʦ ʜʘ ʫʟʦʨʮʠ ʩʘ ʚʝ˂ʠʤ ʤʦʜʫʣʦʤ 

ʝʣʘʩʪʠʯʥʦʩʪʠ ʠʤʘʿʫ ʤʘˁʫ ʯʚʩʨʪʦ˂ʫ (ʦʚʘʢʘʚ ʦʜʥʦʩ ʩʝ ʥʘʟʠʚʘ ʥʝʛʘʪʠʚʥʘ ʢʦʨʝʣʘʮʠʿʘ). ʊʘʢʦʹʝ ʿʝ 

ʦʯʠʛʣʝʜʥʦ ʜʘ ʧʦʩʪʦʿʠ ʟʘʚʠʩʥʦʩʪ ʫʛʣʘ ʜʠʣʘʪʘʥʮʝ ɣ ʠ ʫʛʣʘ ʫʥʫʪʨʘʰˁʝʛ ʪʨʝˁʘ ű. ʅʘ ʩʣʝʜʝ˂ʦʿ 

ʩʣʠʮʠ ʚʠʟʫʝʣʥʦ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫʦʯʝʥʝ ʟʘʚʠʩʥʦʩʪʠ ű-ɽ ʠ ű-ɣ: 
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ʉʣʠʢʘ 5.21 ɿʘʚʠʩʥʦʩʪʠ ű-ɽ ʠ ű- ɣ ʢʦʿʝ ʧʨʦʠʟʠʣʘʟʝ ʠʟ ʨʝʟʫʣʪʘʪʘ ʜʚʘʥʘʝʩʪ ʦʧʠʪʘ 

ʄʦʜʝʣʠʨʘˁʝ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʧʨʦʤʝʥˀʠʚʠʭ ʤʦʞʝ ʩʝ ʫʨʘʜʠʪʠ ʥʘ ʚʠʰʝ ʥʘʯʠʥʘ, ʦʜ ʢʦʿʠʭ ʩʫ 

ʥʝʢʠ ʩʧʦʤʝʥʫʪʠ ʫ ɸʥʝʢʩʫ 2. ʀʟʙʦʨ ʤʝʪʦʜʝ ʟʘ ʢʦʨʝʣʘʮʠʿʫ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʫʟʦʨʢʦʚʘˁʝ ʫʣʘʟʥʠʭ 

ʧʦʜʘʪʘʢʘ ʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʿ ʘʥʘʣʠʟʠ ʠ ʩʘʤʠʤ ʪʠʤ ʥʘ ʪʘʯʥʦʩʪ ˁʝʥʦʛ ʨʝʟʫʣʪʘʪʘ. 

ʋ ʦʚʦʤ ʧʨʠʤʝʨʫ ʦʜʣʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʫʟʤʫ ʫ ʦʙʟʠʨ ʠ ʢʚʘʥʪʠʬʠʢʫʿʫ ʩʣʝʜʝ˂ʝ ʟʘʚʠʥʦʩʪʠ ʠʟʤʝʹʫ 

ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ: 

¶ ʌʫʥʢʮʠʿʝ ʨʘʩʧʦʜʝʣʝ ʧʘʨʘʤʝʪʘʨʘ ű ʠ ɽ  ʧʦʚʝʟʘʥʝ ʩʫ ʇʠʨʩʦʥʦʚʠʤ ʣʠʥʝʘʨʥʠʤ 
ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʢʦʨʝʣʘʮʠʿʝ [70] ʫ ʪʘʢʦʟʚʘʥʫ ʙʠ-ʚʘʨʠʿʘʥʪʥʫ ʥʦʨʤʘʣʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ. 

ʇʠʨʩʦʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ ʧʨʦʮʝˁʝʥ ʠʟ 12 ʦʧʠʪʘ ʠʟʥʦʩʠ ɟ = ï0,76. 

¶ ʌʫʥʢʮʠʿʝ ʨʘʩʧʦʜʝʣʝ ʧʘʨʘʤʝʪʘʨʘ ű ʠ ɣ ʧʦʚʝʟʘʥʝ ʩʫ ɻʘʫʩʦʚʦʤ ʢʦʧʫʣʦʤ [86]. ɻʘʫʩʦʚʘ 

ʢʦʧʫʣʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʩʪʚʘʨʘˁʝ ʫʥʠʬʦʨʤʥʝ ʜʠʩʪʨʠʙʫʮʠʿʝ ʠʟ ʧʨʦʤʝʥˀʠʚʝ ű, ʢʦʿʠ ʩʝ ʟʘʪʠʤ 

ʪʨʘʥʩʬʦʨʤʠʰʫ ʫ ʛʘʤʘ ʨʘʩʧʦʜʝʣʫ ʟʘ ʧʨʦʤʝʥˀʠʚʫ ɣ. ʋ ʧʨʚʦʤ ʢʦʨʘʢʫ ʩʝ ʢʦʨʠʩʪʠ ʬʫʥʢʮʠʿʘ 

ʢʫʤʫʣʘʪʠʚʥʝ ʨʘʩʧʦʜʝʣʝ (CDF) ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʜʘ ʙʠ ʩʝ ʧʨʦʤʝʥˀʠʚʘ ű 

ʪʨʘʥʩʬʦʨʤʠʩʘʣʘ ʫ ʫʥʠʬʦʨʤʥʫ ʨʘʩʧʦʜʝʣʫ ʥʘ ʠʥʪʝʨʚʘʣʫ [0, 1]. ʇʨʦʤʝʥˀʠʚʘ ɣ ʩʝ 

ʛʝʥʝʨʠʰʝ ʧʨʠʤʝʥʦʤ PPF - ʠʥʚʝʨʟʥʝ ʢʫʤʫʣʘʪʠʚʥʝ ʬʫʥʢʮʠʿʝ ʨʘʩʧʦʜʝʣʝ ʛʘʤʘ ʨʘʩʧʦʜʝʣʝ. 

ʅʘ ʥʠʚʦʫ ʢʘʣʠʙʨʠʩʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 12 ʦʧʠʪʘ ʦʚʘ ʚʝʟʘ ʠʤʘ ʉʧʠʨʤʘʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ 

ɟ =0,87 ʠ ʂʝʥʜaʣʦʚ ʢʦʝʬʠʮʠʿʝʥʪ Ű=0,71. 

ʅʘ ʩʣʝʜʝ˂ʠʤ ʩʣʠʢʘʤʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʫʚʝʟʘʥʠʭ ʬʫʥʢʮʠʿʘ ʨʘʩʧʦʜʝʣʝ ʟʘ 

ʧʨʦʤʝʥˀʠʚʝ ű ʠ ɽ, ʢʘʦ ʠ ű ʠ ɣ. ʆʚʘʢʘʚ ʪʠʧ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʫ ʥʘʩʪʘʚʢʫ ˂ʝʤʦ ʟʚʘʪʠ 

ʧʨʦʨʘʯʫʥ ʩʘ ʫʚʝʟʘʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ. 

  

ʉʣʠʢʘ 5.22 ɿʘʚʠʩʥʦʩʪʠ ű-ɽ ʠ ű- ɣ (ʮʨʚʝʥʝ ʪʘʯʢʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʘʣʠʙʨʠʩʘʥʝ ʧʘʨʘʤʝʪʨʝ ʠʟ 12 

ʦʧʠʪʘ) 
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ʋʟʦʨʢʦʚʘˁʝ ʧʘʨʦʚʘ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (Sampling) 

ʇʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʧʨʦʨʘʯʫʥ ʩʠʛʫʨʥʦʩʪʠ ʨʝʬʝʨʝʥʪʥʦʛ ʫʟʦʨʢʘ ʩʧʨʦʚʝʜʝʥ ʿʝ ʧʨʠʤʝʥʦʤ ʄʦʥʪʝ-

ʂʘʨʣʦ ʘʥʘʣʠʟʝ ʥʘ ʫʟʦʨʢʫ ʦʜ 10 000 ʩʠʤʫʣʘʮʠʿʘ. ʋʨʘʹʝʥʝ ʩʫ ʘʥʘʣʠʟʝ ʩʘ ʫʚʝʟʘʥʠʤ ʠ ʥʝʟʘʚʠʩʥʠʤ 

ʧʘʨʘʤʝʪʨʠʤʘ ʢʘʢʦ ʙʠ ʩʝ ʜʝʤʦʥʩʪʨʠʨʘʣʘ ʚʘʞʥʦʩʪ ʤʦʜʝʣʠʨʘˁʘ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ.  

ʅʘ ʧʦʯʝʪʢʫ ʧʨʦʨʘʯʫʥʘ ʧʨʠʤʝʥʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʪʝʭʥʠʢʝ, ʘ ʫ ʩʢʣʘʜʫ ʩʘ ʬʫʥʢʮʠʿʘʤʘ ʨʘʩʧʦʜʝʣʝ 

ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʚʨʰʠ ʩʝ ʩʣʫʯʘʿʘʥ ʠʟʙʦʨ ʧʘʨʘʤʝʪʘʨʘ ʤʘʪʝʨʠʿʘʣʘ ʟʘ 10 000 ʩʠʤʫʣʘʮʠʿʘ. 

ʆʚʘʿ ʢʦʨʘʢ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʩʝ ʥʘʟʠʚʘ ʋʟʦʨʢʦʚʘˁʝ (Sampling).  

ʈʝʟʫʣʪʘʪ ʫʟʦʨʢʦʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘ 10 000 ʫʨʝʹʝʥʠʭ ʧʘʨʦʚʘ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʄʂɽ 

ʧʨʦʨʘʯʫʥʝ (ű, ɽ, ɣ ʠ ɜ). ʇʨʦʮʝʩ ʫʟʦʨʢʦʚʘˁʘ ʠʩʧʨʦʛʨʘʤʠʨʘʥ ʿʝ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ Python, 

ʧʦʩʝʙʥʦ ʟʘ ʥʝʟʘʚʠʩʥʝ ʠ ʫʚʝʟʘʥʝ ʧʘʨʘʤʝʪʨʝ. 

ʅʘ ʩʣʝʜʝ˂ʠʤ ʩʣʠʢʘʤʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫʟʦʨʢʦʚʘʥʠ ʧʘʨʘʤʝʪʨʠ (ʫʚʝʟʘʥʠ ʠ ʥʝʟʘʚʠʩʥʠ) ʠ ˁʠʭʦʚʠ 

ʤʝʹʫʩʦʙʥʠ ʦʜʥʦʩʠ. ʅʘ ʩʣʠʢʘʤʘ ʩʝ ʫʦʯʘʚʘ ʜʘ ʩʫ ʠʥʠʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ ʨʘʩʧʦʜʝʣʝ ʠʩʧʦʰʪʦʚʘʥʝ 

ʟʘ ʩʚʝ ʧʨʦʤʝʥˀʠʚʝ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʪʦ ʜʘ ʣʠ ʩʫ ʧʦʜʘʮʠ ʫʚʝʟʘʥʠ ʠʣʠ ʥʝ. ʀʧʘʢ, ʫʚʝʟʘʥʦ ʫʟʦʨʢʦʚʘˁʝ 

ʜʘʿʝ ʩʤʠʩʣʝʥʠʿʝ ʢʦʤʙʠʥʘʮʠʿʝ ʫʨʝʹʝʥʠʭ ʧʘʨʦʚʘ ʢʦʿʝ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʤʝʹʫʩʦʙʥʠʤ ʦʜʥʦʩʠʤʘ 

ʧʘʨʘʤʝʪʘʨʘ ű ʠ ɽ, ʦʜʥʦʩʥʦ ű ʠ ɣ, ʢʦʿʝ ʿʝ ʟʘʧʘʞʝʥʦ ʤʝʹʫ ʠʥʠʮʠʿʘʣʥʠʤ ʧʦʜʘʮʠʤʘ. ʂʦʨʝʣʘʮʠʿʘ 

ʠʟʤʝʹʫ ɽ ʠ ɣ  ʥʠʿʝ ʜʠʨʝʢʪʥʦ ʤʦʜʝʣʠʨʘʥʘ, ʘʣʠ ʧʦʩʪʦʿʠ ʢʘʦ ʠʥʜʠʨʝʢʪʥʘ ʧʦʩʣʝʜʠʮʘ ʤʦʜʝʣʠʨʘʥʠʭ 

ʟʘʚʠʩʥʦʩʪʠ ű, ɽ ʠ ɣ. 

  

ʉʣʠʢʘ 5.23 ʍʠʩʪʦʛʨʘʤ ʫʟʦʨʢʦʚʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʦʤʝʥˀʠʚʝ ű ʠ ɽ 

  

ʉʣʠʢʘ 5.24 ʍʠʩʪʦʛʨʘʤ ʫʟʦʨʢʦʚʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʦʤʝʥˀʠʚʝ ɣ ʠ ɜ 
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ʉʣʠʢʘ 5.25 ʋʟʦʨʢʦʚʘʥʠ (ʫʚʝʟʘʥʠ ʠ ʥʝʫʚʝʟʘʥʠ) ʧʘʨʘʤʝʪʨʠ ï ʤʝʹʫʩʦʙʥʠ ʦʜʥʦʩ ű-ɽ 

 

ʉʣʠʢʘ 5.26 ʋʟʦʨʢʦʚʘʥʠ (ʫʚʝʟʘʥʠ ʠ ʥʝʫʚʝʟʘʥʠ) ʧʘʨʘʤʝʪʨʠ ï ʤʝʹʫʩʦʙʥʠ ʦʜʥʦʩ ű-ɣ 

 

ʉʣʠʢʘ 5.27 ʋʟʦʨʢʦʚʘʥʠ (ʫʚʝʟʘʥʠ ʠ ʥʝʫʚʝʟʘʥʠ) ʧʘʨʘʤʝʪʨʠ ï ʤʝʹʫʩʦʙʥʠ ʦʜʥʦʩ ű-ɜ 
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ʉʣʠʢʘ 5.28 ʋʟʦʨʢʦʚʘʥʠ (ʫʚʝʟʘʥʠ ʠ ʥʝʫʚʝʟʘʥʠ) ʧʘʨʘʤʝʪʨʠ ï ʤʝʹʫʩʦʙʥʠ ʦʜʥʦʩ ɽ-ɣ 

 

ʉʣʠʢʘ 5.29 ʋʟʦʨʢʦʚʘʥʠ (ʫʚʝʟʘʥʠ ʠ ʥʝʫʚʝʟʘʥʠ) ʧʘʨʘʤʝʪʨʠ ï ʤʝʹʫʩʦʙʥʠ ʦʜʥʦʩ ɽ-ɜ 

ɺʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ 

ʇʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʝʬʦʨʤʘʮʠʿʝ (ʘʢʩʠʿʘʣʥʘ, ʚʦʣʫʤʝʪʨʠʿʩʢʘ...) ʫ ʧʨʦʨʘʯʫʥʩʢʦʤ 

ʪʨʝʥʫʪʢʫ (P), ʥʘʢʦʥ ʟʘʫʩʪʘʚˀʘˁʘ ʪʝʩʪʘ. ʀʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʿʘ ʫ ʧʨʦʨʘʯʫʥʩʢʦʤ 

ʪʨʝʥʫʪʢʫ ʩʫ ʩʣʝʜʝ˂ʝ: ʚʝʨʪʠʢʘʣʥʘ (ʘʢʩʠʿʘʣʥʘ) ʜʝʬʦʨʤʘʮʠʿʘ ‐ ςȢτυϷ, ʟʘʧʨʝʤʠʥʩʢʘ 
ʜʝʬʦʨʤʘʮʠʿʘ ‐ ρȢφςϷ. 

ɼʘ ʙʠ ʩʝ ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʨʝʬʝʨʝʥʪʥʦʛ ʫʟʦʨʢʘ ʫʢʣʦʧʠʣʠ ʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʦʢʚʠʨ ʠ 

ʟʘʜʨʞʘʣʘ ʜʦʩʣʝʜʥʦʩʪ ʩʘ ʧʨʝʜʣʦʞʝʥʦʤ ʬʦʨʤʫʣʘʮʠʿʦʤ ʤʝʪʦʜʦʣʦʛʠʿʝ, ʘʢʩʠʿʘʣʥʘ ʜʝʬʦʨʤʘʮʠʿʘ ʩʝ 

ʪʨʝʪʠʨʘ ʢʘʦ ʧʨʦʤʝʥˀʠʚʘ ʢʦʿʘ ʩʣʝʜʠ ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ ʩʘ ʩʨʝʜˁʦʤ ʚʨʝʜʥʦʰ˂ʫ ɛ = 2,45 % ʠ 

ʩʪʘʥʜʘʨʜʥʦʤ ʜʝʚʠʿʘʮʠʿʦʤ ů=0,002, ʫʤʝʩʪʦ ʜʘ ʩʝ ʧʦʩʤʘʪʨʘ ʢʘʦ ʿʝʜʥʘ ʬʠʢʩʥʘ (ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʘ) 

ʚʨʝʜʥʦʩʪ. ʀʟʘʙʨʘʥʘ ʤʘʣʘ (ʘʣʠ ʥʝʥʫʣʪʘ) ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʨʘʩʧʦʜʝʣʘ 

ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʦʩʪʘʥʝ ʫʩʢʦ ʢʦʥʮʝʥʪʨʠʩʘʥʘ ʦʢʦ ʩʪʚʘʨʥʝ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ, ʘ ʜʘ ʩʝ ʧʨʠ 

ʪʦʤʝ ʠʟʙʝʛʥʝ ʥʫʤʝʨʠʯʢʘ ʥʝʩʪʘʙʠʣʥʦʩʪ ʢʦʿʫ ʙʠ ʩʘʚʨʰʝʥʦ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʘ ʬʦʨʤʫʣʘʮʠʿʘ (ů=0) 

ʠʟʘʟʚʘʣʘ ʧʨʠʣʠʢʦʤ ʥʘʢʥʘʜʥʦʛ ʜʦʜʝˀʠʚʘˁʘ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ. ʉʪʨʦʞʘ, ʢʚʘʟʠ-

ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʘ ʚʨʝʜʥʦʩʪ, ʧʦʧʫʪ ů=0,0002, ʟʘʭʪʝʚʘʣʘ ʙʠ ʦʢʦ 10  ʩʠʤʫʣʘʮʠʿʘ ʜʘ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ 

ʥʫʤʝʨʠʯʢʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʧʨʦʨʘʯʫʥʘ, ʜʦʢ ů=0,002 ʟʘʭʪʝʚʘ ʧʨʠʙʣʠʞʥʦ 10 000 ʩʠʤʫʣʘʮʠʿʘ.  

ʀʥʬʦʨʤʘʮʠʿʘ ʦ ʟʘʧʨʝʤʠʥʩʢʦʿ ʠʥʬʦʨʤʘʮʠʿʠ ʥʠʿʝ ʫʟʝʪʘ ʫ ʦʙʟʠʨ ʫ ʦʚʦʤ ʧʨʠʤʝʨʫ.  
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5.1.6 ɼʝʪʝʨʤʠʥʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʩʠʛʫʨʥʦʩʪʠ 

ʄʝʨʘ ʩʠʛʫʨʥʦʩʪʠ ʫ ʩʣʫʯʘʿʫ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦʛ ʧʨʦʨʘʯʫʥʘ ʿʝ ʬʘʢʪʦʨ ʩʠʛʫʨʥʦʩʪʠ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘ 

ʧʨʠʤʝʥʦʤ SSR ʤʝʪʦʜʝ ʢʦʿʘ ʩʝ ʩʧʨʦʚʦʜʠ ʫ ʦʜʥʦʩʫ ʥʘ ʟʘʜʘʪʝ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʝ ʫʣʘʟʥʝ 

ʧʨʦʨʘʯʫʥʩʢʝ ʧʘʨʘʤʝʪʨʝ. ʌʘʢʪʦʨ ʩʠʛʫʨʥʦʩʪʠ ʜʝʬʠʥʠʰʝ ʩʝ ʫ ʩʣʫʯʘʿʫ ʄʦʨ-ʂʫʣʦʥʦʚʦʛ 

ʤʘʪʝʨʠʿʘʣʦʥʦʛ ʤʦʜʝʣʘ ʢʘʦ ʦʜʥʦʩ ʠʟʤʝʹʫ ʫʩʚʦʿʝʥʦʛ ʠ ʨʝʜʫʢʦʚʘʥʦʛ (ʪʘʥʛʝʥʩʘ) ʫʛʣʘ ʫʥʫʪʨʘʰˁʝʛ 

ʪʨʝˁʘ:  

ὊὛ
ÔÁÎ•

ÔÁÎ•
 [36]    

ʛʜʝ •  ʧʨʝʜʩʪʘʚˀʘ ʫʛʘʦ ʫʥʫʪʨʘʰˁʝʛ ʪʨʝˁʘ (ʯʚʨʩʪʦ˂ʫ) ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʫ ʥʘʧʦʥʩʢʠʤ ʫʩʣʦʚʠʤʘ 

ʧʨʦʨʘʯʫʥʩʢʦʛ ʪʨʝʥʫʪʢʘ (ʈ) ʛʫʙʠ ʥʦʩʠʚʦʩʪ.  

ʇʘʨʘʤʝʪʘʨ •  ʤʦʞʝ ʩʝ ʘʥʘʣʠʪʠʯʢʠ ʦʜʨʝʜʠʪʠ ʥʘ ʥʘʯʠʥ ʧʨʠʢʘʟʘʥ ʫ ʥʘʩʪʘʚʢʫ. ʄʦʨ-ʂʫʣʦʥʦʚ 

ʨʝʜʫʢʦʚʘʥʠ ʫʩʣʦʚ ʣʦʤʘ, ʫ ʬʫʥʢʮʠʿʠ ʛʣʘʚʥʠʭ ʥʘʧʦʥʘ „ ʠ „, ʜʝʬʠʥʠʩʘʥ ʿʝ ʩʣʝʜʝ˂ʠʤ ʠʟʨʘʟʦʤ: 

„ „
ρ ίὭὲ•

ρ ίὭὲ•

ςὧÃÏÓ•

ρ ίὭὲ•
 [37]    

ɼʝʚʠʿʘʪʦʨ ʥʘʧʦʥʘ ʧʨʠ ʣʦʤʫ (ʟʘ ʨʝʜʫʢʦʚʘʥʫ ʘʥʚʝʣʦʧʫ ʣʦʤʘ) ʫ ʫʩʣʦʚʠʤʘ ʨʘʟʤʘʪʨʘʥʝ ʧʨʦʨʘʯʫʥʩʢʝ 

ʩʠʪʫʘʮʠʿʝ ʿʝʜʥʘʢ ʿʝ: 

ήȟ „ „ υψφπ ὓὖὥςπππ ὓὖὥ σψφπ ὓὖὥ [38]    

ʂʦʤʙʠʥʦʚʘˁʝʤ ʦʚʘ ʜʚʘ ʠʟʨʘʟʘ ʜʦʙʠʿʘ ʩʝ: 

ήȟ
ςÓÉÎ•

ρ ίὭὲ•
„ ὧÃÏÔ•  [39]    

ʂʦʥʘʯʥʦ, ʘʥʘʣʠʪʠʯʢʦ ʨʝʰʝˁʝ ʟʘ ʨʝʜʫʢʦʚʘʥʠ ʫʛʘʦ ʫʥʫʪʨʘʰˁʝʛ ʪʨʝˁʘ •  ʠʟʚʦʜʠ ʩʝ ʠʟ 

ʧʨʝʪʭʦʜʥʦʛ ʠʟʨʘʟʘ (ʨʘʯʫʥʘʿʫ˂ʠ ὧ π): 

• ÁÒÃÓÉÎ
ήȟ

ς„ ήȟ
ςωȢτЈ [40]    

 

ʉʣʠʢʘ 5.30 ʇʫʪʘˁʘ ʥʘʧʦʥʘ ʠ ʨʝʜʫʢʦʚʘʥʘ ʘʥʚʝʣʦʧʘ ʣʦʤʘ 
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ʇʘʨʘʤʝʪʨʠ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʧʨʦʨʘʯʫʥ ʩʠʛʫʨʥʦʩʪʠ ʫʩʚʘʿʘʿʫ ʩʝ ʥʘ ʦʩʥʦʚʫ 

ʧʘʨʘʤʝʪʘʨʘ  ʨʝʢʦʥʩʪʨʫʠʩʘʥʠʭ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʪʝʩʪʦʚʘ ʢʦʿʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʧʦʛʣʘʚˀʫ 5.1.4. 

ʂʦʜ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦʛ ʧʨʠʩʪʫʧʘ ʦʜʨʝʹʫʿʝ ʩʝ ʿʝʜʠʥʩʪʚʝʥʠ ʫʨʝʹʝʥʠ ʧʘʨ ʩʚʠʭ ʫʣʘʟʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ (ű, ɽ, ɣ ʠ ɜ) ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʫ ʛʝʥʝʨʘʣʠʟʘʮʠʿʫ ʧʦʥʘʰʘˁʘ 

ʧʦʩʤʘʪʨʘʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʫʩʪʘʥʦʚˀʝʥʫ ʚʘʨʠʙʠʣʥʦʩʪ ʧʦʤʝʥʫʪʠʭ ʧʘʨʘʤʝʪʘʨʘ. ʋ 

ʧʨʘʢʩʠ ʿʝ ʚʝʦʤʘ ʫʩʪʘˀʝʥʘ ʧʨʠʤʝʥʘ ʦʚʘʢʚʦʛ ʧʨʠʩʪʫʧʘ ʧʨʠ ʯʝʤʫ ʨʝʰʝˁʝ ʧʨʦʙʣʝʤʘ ʟʘʚʠʩʠ ʦʜ 

ʠʟʙʦʨʘ ʧʨʦʨʘʯʫʥʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʘʪʝʨʠʿʘʣʘ (ʢʦʥʢʨʝʪʥʦ ʯʚʨʩʪʦ˂ʝ, ʦʜʥʦʩʥʦ ʫʛʣʘ ʫʥʫʪʨʘʰˁʝʛ 

ʪʨʝˁʘ ű).  

ʏʚʨʩʪʦ˂ʘ ʤʘʪʝʨʠʿʘʣʘ  ʢʨʝ˂ʝ ʩʝ (ʨʝʬ. ʊʘʙʝʣʘ 5-2) ʦʜ • τπȢςЈ (ʫʟʦʨʘʢ 10) ʜʦ • τυȢυЈ (ʫʟʦʨʮʠ 
3 ʠ 4). ʊʦ ʟʥʘʯʠ ʜʘ ʩʝ ʤʦʛʫ˂ʠ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʨʝʟʫʣʪʘʪ ʘʥʘʣʠʟʝ ʩʠʛʫʨʥʦʩʪʠ ʥʘʣʘʟʠ ʠʟʤʝʹʫ 

ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʩʠʛʫʨʥʦʩʪʠ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ ʟʘ ʝʢʩʪʨʝʤʥʝ ʫʛʣʦʚʝ •, ʢʦʥʢʨʝʪʥʦ: 

ὊὛ
ÔÁÎ•

ÔÁÎ•

ÔÁÎτπȢςЈ

ÔÁÎςωȢτЈ
ρȢυπ [41]    

ὊὛ
ÔÁÎ•

ÔÁÎ•

ÔÁÎτυȢυЈ

ÔÁÎςωȢτЈ
ρȢψ [42]    

ʋ ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʢʘʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠ ʧʨʦʨʘʯʫʥʩʢʠ ʫʛʘʦ ʫʥʫʪʨʘʰˁʝʛ ʪʨʝˁʘ ʦʜʘʙʝʨʝ ʚʨʝʜʥʦʩʪ 

•  τπȢςЈ (ʢʦʥʟʝʨʚʘʪʠʚʘʥ ʠʟʙʦʨ), ʨʝʟʫʣʪʘʪ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦʛ ʧʨʦʨʘʯʫʥʘ ʜʘʦ ʙʠ 

ʢʦʥʟʝʨʚʘʪʠʚʥʦ ʨʝʰʝˁʝ ὊὛ ρȟυ. ʋʟʤʠʤʦ ʜʘ ʿʝ ʢʨʠʪʝʨʠʿʫʤ ʟʘ ʠʟʙʦʨ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛ ʫʛʣʘ 
• ʟʘ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʧʨʦʨʘʯʫʥ ʤʠʥʠʤʠʟʘʮʠʿʘ ʛʨʝʰʢʝ ʧʨʠ ʘʧʨʦʢʩʠʤʠʨʘˁʫ ʧʦʥʘʰʘˁʘ 

ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦʛ ʪʝʩʪʠʨʘˁʘ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘ ʚʨʝʜʥʦʩʪ ʫʛʣʘ 

ʫʥʫʪʨʘʰˁʝʛ ʪʨʝˁʘ ʿʝʩʪʝ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʩʚʠʭ ʠʟʤʝʨʝʥʠʭ ʫʛʣʦʚʘ • ʢʦʿʘ ʠʟʥʦʩʠ • τσȢρЈ. 
ɼʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʩʠʛʫʨʥʦʩʪʠ ʪʘʜʘ ʠʟʥʦʩʠ: 

ὊὛ
ÔÁÎ•

ÔÁÎ•

ÔÁÎτσȢρЈ

ÔÁÎςωȢτЈ
ρȢφφ [43]    

ʂˀʫʯʥʘ ʦʛʨʘʥʠʯʝˁa ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦʛ ʧʨʠʩʪʫʧʘ ʧʨʦʠʟʠʣʘʟʝ ʠʟ ˁʝʛʦʚʝ ʧʨʠʨʦʜʝ: ʧʨʦʨʘʯʫʥ ʩʝ 

ʦʩʣʘˁʘ ʥʘ ʿʝʜʥʫ ʛʝʥʝʨʘʣʠʟʘʮʠʿʫ ʤʘʪʝʨʠʿʘʣʥʦʛ ʧʦʥʘʰʘˁʘ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʪʦ ʢʘʢʦ ʩʫ ʧʨʦʨʘʯʫʥʩʢʠ 

ʧʘʨʘʤʝʪʨʠ ʢʘʣʠʙʨʠʩʘʥʠ. ʊʠʤʝ ʩʝ ʩʪʦʭʘʩʪʠʯʢʘ ʩʫʰʪʠʥʘ ʧʨʦʙʣʝʤʘ ʟʘʥʝʤʘʨʫʿʝ ï ʫʥʘʧʨʝʜ 

ʦʜʨʝʹʝʥʦ, ʬʠʢʩʥʦ ʧʦʥʘʰʘˁʝ ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʢʘʦ ʜʦʚʦˀʥʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦ ʟʘ ʧʨʦʮʝʥʫ 

ʩʠʛʫʨʥʦʩʪʠ. ʋ ʪʘʢʚʦʤ ʦʢʚʠʨʫ ʬʘʢʪʦʨ ʩʠʛʫʨʥʦʩʪʠ ʜʦʙʠʿʝʥ ʤʝʪʦʜʦʤ ʨʝʜʫʢʮʠʿʝ ʯʚʨʩʪʦ˂ʝ (SSR) 

ʧʨʝʜʩʪʘʚˀʘ ʪʝʢ ʧʦʢʘʟʘʪʝˀ ʢʦʣʠʢʦ ʿʝ ʨʘʟʤʘʪʨʘʥʠ ʩʠʩʪʝʤ ʫʜʘˀʝʥ ʦʜ ʫʥʘʧʨʝʜ ʟʘʜʘʪʝ ʣʠʥʠʿʝ ʣʦʤʘ, 

ʠ ʪʦ ʟʘ ʿʝʜʥʫ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʫ, ʘʧʨʦʢʩʠʤʠʨʘʥʫ ʩʣʠʢʫ ʩʪʚʘʨʥʦʩʪʠ. ɺʘʨʠʿʘʙʠʣʥʦʩʪ ʤʘʪʝʨʠʿʘʣʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʧʦʪʧʫʥʦ ʿʝ ʠʟʦʩʪʘʚˀʝʥʘ ʠʟ ʘʥʘʣʠʟʝ. 
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5.1.7 ʇʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʩʠʛʫʨʥʦʩʪʠ  

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʠ ʩʫ ʠ ʜʠʩʢʫʪʦʚʘʥʠ ʨʝʟʫʣʪʘʪʠ ʩʧʨʦʚʝʜʝʥʠʭ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠʭ 

ʘʥʘʣʠʟʘ ʩʠʛʫʨʥʦʩʪʠ ʨʝʬʝʨʝʥʪʥʦʛ ʫʟʦʨʢʘ ʟʘ ʢʦʿʝ ʩʫ ʫʣʘʟʥʠ ʧʘʨʘʤʝʪʨʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʢʘʦ 

ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ (ʧʦʛʣʘʚˀʝ 5.1.5). ʇʘʨʘʣʝʣʥʦ ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʙʘʟʥʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʘ 

ʘʥʘʣʠʟʘ (ʙʝʟ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ) ʠ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʩʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʧʦʜʘʪʘʢʘ 

ʦʩʤʘʪʨʘˁʘ ʢʘʢʦ ʙʠ ʩʝ ʘʥʘʣʠʟʠʨʘʣʝ ʨʘʟʣʠʢʝ ʫ ʨʝʟʫʣʪʘʪʠʤʘ. ɸʥʘʣʠʟʦʤ ʨʝʟʫʣʪʘʪʘ 10 000 ʄʂɽ 

ʩʠʤʫʣʘʮʠʿʘ ʪʨʠʘʢʩʠʿʘʣʥʦʛ ʪʝʩʪʘ ʜʦʙʠʿʝʥʝ ʩʫ ʬʫʥʢʮʠʿʝ ʨʘʩʧʦʜʝʣʝ (ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ) 

ʨʝʟʫʣʪʘʪʘ ʧʨʦʨʘʯʫʥʘ ï ʘʢʩʠʿʘʣʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʠ ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ FS ʫ ʧʨʦʨʘʯʫʥʩʢʦʤ 

ʪʨʝʥʫʪʢʫ (P). 

ʉʣʠʢʘ 5.31  ʧʨʠʢʘʟʫʿʝ ʛʫʩʪʠʥʫ ʚʝʨʦʚʘʪʥʦ˂ʝ (PDF) ʘʢʩʠʿʘʣʥʝ ʜʝʬʦʨʤʘʮʠʿʝ Ůʜʦʙʠʿʝʥʫ ʠʟ ʙʘʟʥʝ 

ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ. ɺʝ˂ʠʥʘ ʩʠʤʫʣʘʮʠʿʘ ʧʨʝʜʚʠʹʘ ʜʝʬʦʨʤʘʮʠʿʫ ʤʘˁʫ ʦʜ 0,2, ʠʘʢʦ 

ʧʦʩʪʦʿʠ ʤʘʣʠ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ ʢʦʿʝ ʧʨʝʜʚʠʹʘʿʫ ʚʨʝʜʥʦʩʪ Ůʯʘʢ ʠ ʠʟʥʘʜ 0,25 ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʫ ʫ 

ˁʠʤʘ ʫʟʦʨʢʦʚʘʥʠ ʠ ʧʨʠʤʝˁʝʥʠ ʚʝʦʤʘ ʥʠʩʢʠ ʤʦʜʫʣʠ ʝʣʘʩʪʠʯʥʦʩʪʠ E. ɿʘ ʧʦʪʨʝʙʝ ʜʠʩʢʫʩʠʿʝ ʫ 

ʦʚʦʤ ʧʨʠʤʝʨʫ ʢʘʦ ʨʘʩʧʦʥ ʤʦʛʫ˂ʠʭ ʨʝʟʫʣʪʘʪʘ ʙʘʟʥʝ ʘʥʘʣʠʟʝ ʜʦʚʦˀʥʦ ʿʝ ʧʨʝʮʠʟʥʦ ʫʩʚʦʿʠʪʠ 

‐ȟ πȢς.  

 

ʉʣʠʢʘ 5.31 ʈʝʟʫʣʪʘʪʠ ʙʘʟʥʝ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ï ʛʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ (PDF) ʘʢʩʠʿʘʣʥʝ 

(ʚʝʨʪʠʢʘʣʥʝ) ʜʝʬʦʨʤʘʮʠʿʝ Ů 

ʉʣʠʢʘ 5.32  ʧʨʠʢʘʟʫʿʝ ʧʦʨʝʹʝˁʝ ʨʘʩʧʦʜʝʣʘ Ů ʧʨʝ ʠ ʥʘʢʦʥ ʧʦʥʜʝʨʠʩʘˁʘ ʧʨʝʤʘ ʧʨʝʜʣʦʞʝʥʦʿ 

ʤʝʪʦʜʦʣʦʛʠʿʠ. ʈʘʜʠ ʧʨʝʛʣʝʜʥʦʩʪʠ ʛʨʘʬʠʢʘ, ʦʜʩʝʯʝʥʘ  ʿʝ ʙʘʟʥʘ ʢʨʠʚa ʟʘ Ů >0,10. ɼʫʛʘʯʘʢ ʜʝʩʥʠ 

ñʨʝʧò (ʜʦ ʧʨʠʙʣʠʞʥʦ Ů  å 0,30) ʦʩʪʘʿʝ ʫ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ, ʘʣʠ ʿʝ ʚʠʟʫʝʣʥʦ ʙʝʟ ʚʝ˂ʝʛ ʟʥʘʯʘʿʘ. ʅʘʢʦʥ 

ʧʦʥʜʝʨʠʩʘˁʘ, ʨʘʩʧʦʜʝʣʘ Ů  ʩʝ ʢʦʥʮʝʥʪʨʠʰʝ ʦʢʦ ʦʩʤʦʪʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʪʝʩʪʫ, 

ʧʦʢʘʟʫʿʫ˂ʠ ʜʘ ʧʨʝʜʣʦʞʝʥʠ ʧʦʩʪʫʧʘʢ ʫʩʤʝʨʘʚʘ ʙʘʟʥʦ ʨʝʰʝˁʝ ʘʥʘʣʠʟʝ ʢʘ ʫʦʯʝʥʦʤ ʧʦʥʘʰʘˁʫ, 

ʰʪʦ ʧʦʪʚʨʹʫʿʝ ʚʠʩʦʢʘ ʚʨʝʜʥʦʩʪ KL ʜʠʚʝʨʛʝʥʮʠʿʝ (å 2.96 nats) ʠʟʤʝʹʫ ʧʦʥʜʝʨʠʩʘʥʝ ʠ ʙʘʟʥʝ 

ʨʘʩʧʦʜʝʣʝ ʨʝʟʫʣʪʘʪʘ. 

 

ʉʣʠʢʘ 5.32 PDF ʘʢʩʠʿʘʣʥʝ ʜʝʬʦʨʤʘʮʠʿʝ Ů- ʨʝʟʫʣʪʘʪʠ ʙʘʟʥʝ ʠ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ 
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ʐʪʦ ʩʝ ʪʠʯʝ ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ (FS), ʙʘʟʥʘ ʘʥʘʣʠʟʘ ʜʘʿʝ ʨʘʩʧʦʜʝʣʫ FS ʩʘ ʩʨʝʜˁʦʤ ʚʨʝʜʥʦʰ˂ʫ 

ɛ=1,66 ʠ ʩʪʘʥʜʘʨʜʥʦʤ ʜʝʚʠʿʘʮʠʿʦʤ ů=0,11 (ʉʣʠʢʘ 5.33 ). ʋʥʦʰʝˁʝʤ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ï 

ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʢʦʥʮʝʥʪʨʠʩʘʥʝ ʦʢʦ ʠʟʤʝʨʝʥʝ ʘʢʩʠʿʘʣʥʝ ʜʝʬʦʨʤʘʮʠʿʝ (Ů =2,45%, 

ů=0,002=1%‐ȟ ) ï ʠ ʧʦʥʜʝʨʠʩʘˁʝʤ ʩʚʘʢʝ ʩʠʤʫʣʘʮʠʿʝ ʫ ʩʢʣʘʜʫ ʩ ʪʠʤ, ʠʩʭʦʜ ʩʝ ʟʥʘʯʘʿʥʦ 

ʤʝˁʘ (KLå1.59 nats): ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ FS ʦʧʘʜʘ ʥʘ ɛ = 1,46, ʘ ʨʘʩʧʦʥ ʩʝ ʩʫʞʘʚʘ ʥʘ ů = 0,08. 

ʉʤʘˁʝˁʝ ʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ ʩʘ 1,66 ʫ ʙʘʟʥʦʿ ʘʥʘʣʠʟʠ ʥʘ 1,46 ʫ ʧʦʥʜʝʨʠʩʘʥʦʿ 

ʘʥʘʣʠʟʠ ʦʜʨʘʞʘʚʘ ʯʠˁʝʥʠʮʫ ʜʘ ʩʝ ʥʘ ʚʠʰʝʤ ʥʠʚʦʫ ʥʘʧʨʝʟʘˁʘ ʫʛʣʘʚʥʦʤ ʤʦʙʠʣʠʰʝ ʥʠʞʠ ʫʛʘʦ 

ʫʥʫʪʨʘʰˁʝʛ ʪʨʝˁʘ. 

 

ʉʣʠʢʘ 5.33 PDF ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ FS - ʨʝʟʫʣʪʘʪʠ ʙʘʟʥʝ ʠ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ 

ʀʘʢʦ ʿʝ ʙʘʟʥʘ ʘʥʘʣʠʟʘ ʦʙʫʭʚʘʪʘʣʘ 10  ʩʠʤʫʣʘʮʠʿʘ, ʢʦʨʘʢ ʧʦʥʜʝʨʠʩʘˁʘ ʿʝ ʩʤʘˁʠʦ ʝʬʝʢʪʠʚʥʠ 

ʫʟʦʨʘʢ (ESS) ʥʘ ʩʚʝʛʘ 372.5, ʜʦʢ ʫʢʫʧʥʘ ʩʫʤʘ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʧʦʥʜʝʨʠʩʘʥʦʿ ʘʥʘʣʠʟʠ 

ʠʟʥʦʩʠ ὔ ςσυ (ʉʣʠʢʘ 5.33 ). ɿʙʦʛ ʪʦʛʘ ʿʝ ʨʝʟʫʣʪʫʿʫ˂ʠ ʭʠʩʪʦʛʨʘʤ ʧʨʠʤʝʪʥʦ ʤʘˁʝ 

ʛʣʘʜʘʢ ʦʜ ʦʥʦʛ ʫ ʙʘʟʥʦʿ aʥʘʣʠʟʠ. 

ɿʥʘʯʘʿ ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʋ ʩʢʣʘʜʫ ʩʘ ʫʟʦʨʢʦʚʘˁʝʤ ʧʘʨʘʤʝʪʘʨʘ ʧʨʝʜʩʪʘʚˀʝʥʠʤ ʫ ʧʦʛʣʘʚˀʫ 5.1.5 ʘʥʘʣʠʟʝ ʩʫ ʩʧʨʦʚʝʜʝʥʝ 

ʩʘ ʫʚʝʟʘʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʤʘʪʝʨʠʿʘʣʥʦʛ ʤʦʜʝʣʘ ʠ ʩʘ ʥʝʟʘʚʠʩʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʤʘʪʝʨʠʿʘʣʥʦʛ 

ʤʦʜʝʣʘ. ʋ ʩʣʫʯʘʿʫ ʧʨʠʤʝʥʝ ʫʚʝʟʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʩʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʧʘʨʘʤʝʪʘʨʘ ʦʩʤʘʪʨʘˁʘ ʨʝʟʫʣʪʫʿʝ ʭʠʩʪʦʛʨʘʤʦʤ ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ ʩʘ ʥʠʞʦʤ 

ʩʨʝʜˁʦʤ ʚʨʝʜʥʦʰ˂ʫ ʠ ʤʘˁʦʤ ʩʪʘʥʜʘʨʜʥʦʤ ʜʝʚʠʿʘʮʠʿʦʤ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʟʫʣʪʘʪʝ ʙʘʟʥʝ ʘʥʘʣʠʟʝ. 

ʆʚʘʿ ʨʝʟʫʣʪʘʪ ʿʝ ʦʯʝʢʠʚʘʥ ʿʝʨ ʦʩʣʠʢʘʚʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʥʘʰʘˁʘ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠ ʚʠʰʠʤ 

ʥʘʧʨʝʟʘˁʠʤʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʨʝʟʫʣʪʘʪʘ ʙʘʟʥʝ ʘʥʘʣʠʟʝ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʦʥʘʰʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʫ 

ʮʝʣʦʢʫʧʥʦʤ ʤʦʛʫ˂ʝʤ ʩʧʝʢʪʨʫ ʥʘʧʨʝʟʘˁʘ. ɸʥʘʣʠʟʘ ʩʘ ʥʝʟʘʚʠʩʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʥʝʤʘ ʥʘʯʠʥ ʜʘ 

ʫʟʤʝ ʫ ʦʙʟʠʨ ʨʘʟʣʠʢʫ ʫ ʧʦʥʘʰʘˁʫ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠ ʚʠʰʠʤ ʠ ʥʠʞʠʤ ʥʘʧʨʝʟʘˁʠʤʘ, ʟʙʦʛ ʯʝʛʘ ʩʫ 

ʨʝʟʫʣʪʘʪʠ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ ʙʝʟ ʫʚʝʟʠʚʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʛʦʪʦʚʦ ʠʜʝʥʪʠʯʥʠ ʢʘʦ ʨʝʟʫʣʪʘʪʠ 

ʙʘʟʥʝ ʘʥʘʣʠʟʝ.  

ʅʘ ʩʣʝʜʝ˂ʦʿ ʩʣʠʮʠ ʩʫʤʠʨʘʥ ʿʝ ʨʝʟʫʣʪʘʪ ʙʘʟʥʠʭ ʠ ʧʦʥʜʝʨʠʩʘʥʠʭ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠʭ ʘʥʘʣʠʟʘ ʢʦʿʝ 

ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʩʘ ʧʘʨʘʤʝʪʨʠʤʘ ʢʦʿʠ ʩʫ ʫʚʝʟʘʥʠ ʠ ʥʝʟʘʚʠʩʥʠ. ʋʚʝʟʠʚʘˁʝ, ʦʜʥʦʩʥʦ ʢʦʨʝʣʘʮʠʿʘ 

ʠʟʤʝʹʫ ʧʨʦʨʘʯʫʥʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠʤʘ ʿʘʢʦ ʚʘʞʥʫ ʫʣʦʛʫ ʫ ʪʘʯʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʫ ʦʚʦʤ ʧʨʠʤʝʨʫ. 

ʋ ʩʣʫʯʘʿʫ ʧʨʠʤʝʥʝ ʥʝʟʘʚʠʩʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʘʪʝʨʠʿʘʣʘ, ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʥʠʿʝ ʜʦʚʝʣʘ 

ʜʦ ʧʦʙʦˀʰʘˁʘ ʪʘʯʥʦʩʪʠ ʨʝʰʝˁʘ. 
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ʉʣʠʢʘ 5.34 ʇʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʘʥʘʣʠʟʘ ʩʘ ʫʚʝʟʘʥʠʤ ʠ ʥʝʟʘʚʠʩʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ 

ʋ ʥʘʩʪʘʚʢʫ ʚʠʰʝ ʥʠʩʫ ʜʠʩʢʫʪʦʚʘʥʝ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʩʘ ʥʝʫʚʝʟʘʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ, ʿʝʨ 

ʿʝ ʿʘʩʥʦ ʜʘ ʩʘ ʪʘʢʚʠʤ ʫʟʦʨʢʦʚʘˁʝʤ ʥʠʿʝ ʤʦʛʫ˂ʝ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʧʦʜʘʪʢʝ ʦʩʤʘʪʨʘˁʘ ʧʨʝʤʘ 

ʧʨʝʜʣʦʞʝʥʦʿ ʤʝʪʦʜʦʣʦʛʠʿʠ.  

ʂʦʥʚʝʨʛʝʥʮʠʿʘ ʧʨʦʨʘʯʫʥʘ ï ʙʨʦʿ ʧʦʪʨʝʙʥʠʭ ʩʠʤʫʣʘʮʠʿʘ 

ɼʘ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʢʦʣʠʢʦ ʿʝ ʩʠʤʫʣʘʮʠʿʘ ʧʦʪʨʝʙʥʦ ʟʘ ʥʫʤʝʨʠʯʢʫ ʩʪʘʙʠʣʥʦʩʪ ʧʨʦʨʘʯʫʥʘ, 

ʠʩʧʠʪʘʥʘ ʿʝ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʠ ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘʮʠʿʝ FS ʟʘ ʙʘʟʥʫ ʠ 

ʧʦʥʜʝʨʠʩʘʥʫ ʘʥʘʣʠʟʫ. ʇʨʦʮʝʥʘ ʿʝ ʠʟʚʨʰʝʥʘ ʪʘʢʦ ʰʪʦ ʿʝ ʦʙʘʚˀʝʥʦ 100 ʜʦʜʘʪʥʠʭ ʧʦʪʧʫʥʠʭ 

ʄʦʥʪʝ ʂʘʨʣʦ ʘʥʘʣʠʟʘ ʩʘ ʚʝʣʠʯʠʥʘʤʘ ʫʟʦʨʘʢʘ ʣʦʛʘʨʠʪʘʤʩʢʠ ʨʘʩʧʦʨʝʹʝʥʠʭ ʫ ʠʥʪʝʨʚʘʣʫ ʦʜ 1 ʜʦ 

10 , ʥʘʢʦʥ ʯʝʛʘ ʩʫ ɛ ʠ ů ʧʨʠʢʘʟʘʥʠ ʫ ʬʫʥʢʮʠʿʠ ʙʨʦʿʘ ʩʠʤʫʣʘʮʠʿʘ. ʇʦʨʝʜ ʪʦʛʘ, ʫ ʦʢʚʠʨʫ ʠʩʪʝ 

ʥʫʤʝʨʠʯʢʝ ʧʨʦʮʝʜʫʨʝ ʛʝʥʝʨʠʩʘʥ ʿʝ ʠ ʜʠʿʘʛʨʘʤ ʢʦʥʚʝʨʛʝʥʮʠʿʝ KL(FS). 

ʉʣʠʢʘ 5.35  ʧʨʠʢʘʟʫʿʝ ʜʠʿʘʛʨʘʤʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʟʘ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ʠ ʩʪʘʥʜʘʨʜʥʫ ʜʝʚʠʿʘʮʠʿʫ 

ʨʘʩʧʦʜʝʣʝ FS. ʀʟ ʦʚʠʭ ʛʨʘʬʠʢʘ ʩʝ ʚʠʜʠ ʜʘ ʿʝ 10 000 ʩʠʤʫʣʘʮʠʿʘ ʦʧʪʠʤʘʣʘʥ ʙʨʦʿ: ʥʘʢʦʥ ʪʦʛ 

ʙʨʦʿʘ, ɛ ʠ ů ʭʠʩʪʦʛʨʘʤʘ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ ʚʠʰʝ ʩʝ ʥʝ ʤʝˁʘʿʫ ʦʩʝʪʥʦ. ʊʘʢʦʹʝ ʩʝ ʚʠʜʠ ʜʘ 

ʙʘʟʥʘ ʠ ʧʦʥʜʝʨʠʩʘʥʘ ʘʥʘʣʠʟʘ ʥʝ ʧʦʩʪʠʞʫ ʢʦʥʚʝʨʛʝʥʮʠʿʫ ʧʨʠ ʠʩʪʦʤ ʙʨʦʿʫ ʩʠʤʫʣʘʮʠʿʘ. 

ʂʦʥʚʝʨʛʝʥʮʠʿʘ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ ʟʘʚʠʩʠ ʦʜ ʝʬʝʢʪʠʚʥʦʛ ʧʦʜʩʢʫʧʘ ʥʦʤʠʥʘʣʥʦʛ ʙʨʦʿʘ 

ʩʠʤʫʣʘʮʠʿʘ ʢʦʿʠ ʟʘʜʨʞʘʚʘ ʥʝʟʘʥʝʤʘʨˀʠʚʫ ʪʝʞʠʥʫ ʥʘʢʦʥ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʧʘʨʘʤʝʪʘʨʘ 

ʦʩʤʘʪʨʘˁʘ. ʊʘʿ ʧʦʜʩʢʫʧ ʩʝ ʢʚʘʥʪʠʬʠʢʫʿʝ ʩʫʤʦʤ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ  ὔ  ʠ 

ʝʬʝʢʪʠʚʥʠʤ ʙʨʦʿʝʤ ʫʟʦʨʘʢʘ ESS.  

ʉʣʠʢʘ 5.35  ʧʦʢʘʟʫʿʝ ʜʘ ʩʝ ʨʝʟʫʣʪʘʪʠ ʙʘʟʥʝ ʄʦʥʪʝ ʂʘʨʣʦ ʘʥʘʣʠʟʝ ʩʪʘʙʠʣʠʟʫʿʫ ʥʘʢʦʥ 

ʧʨʠʙʣʠʞʥʦ 200 ʩʠʤʫʣʘʮʠʿʘ, ʜʦʢ ʧʦʥʜʝʨʠʩʘʥʘ ʘʥʘʣʠʟʘ ʧʦʩʪʠʞʝ ʢʦʥʚʝʨʛʝʥʮʠʿʫ ʪʝʢ ʢʘʜʘ ʩʝ 

ʥʦʤʠʥʘʣʥʠ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ ʧʦʚʝ˂ʘ ʥʘ ʦʢʦ 10 . ɼʦ ʦʚʝ ʨʘʟʣʠʢʝ ʜʦʣʘʟʠ ʟʘʪʦ ʰʪʦ ʩʝ ʥʘʢʦʥ 

ʧʦʥʜʝʨʠʩʘˁʘ ʩʧʦʤʝʥʫʪʠʭ 10  ʩʠʤʫʣʘʮʠʿʘ ʩʚʦʜʠ ʥʘ ʫʢʫʧʥʫ ʩʫʤʫ ʪʝʞʠʥʘ ʦʜ ʦʢʦ ὔ ςσυ 
(ʉʣʠʢʘ 5.33 ), ʰʪʦ ʿʝ ʫʧʦʨʝʜʠʚʦ ʩʘ 200 ʩʠʤʫʣʘʮʠʿʘ ʢʦʿʝ ʩʫ ʜʦʚʦˀʥʝ ʟʘ ʢʦʥʚʝʨʛʝʥʮʠʿʫ ʫ ʩʣʫʯʘʿʫ 

ʙʘʟʥʝ ʘʥʘʣʠʟʝ. ɽʬʝʢʪʠʚʥʠ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ ʧʦʢʘʟʫʿʝ ʠʩʪʠ ʨʝʜ ʚʝʣʠʯʠʥʝ ʫ ʩʚʦʿʦʿ ʧʨʦʮʝʥʠ 

ʝʬʝʢʪʠʚʥʦʛ ʫʟʦʨʢʘ ὉὛὛσχς.   
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ʉʣʠʢʘ 5.35 ɼʠʿʘʛʨʘʤ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʩʨʝʜˁe ʚʨʝʜʥʦʩʪʠ ʠ ʩʪʘʥʜʘʨʜʥe ʜʝʚʠʿʘʮʠʿe ʨʘʩʧʦʜʝʣʝ FS 

ʉʣʠʢʘ 5.36  ʧʦʢʘʟʫʿʝ ʜʘ KL ʜʠʚʝʨʛʝʥʮʠʿʘ ʠʤʘ ʠʟʨʘʞʝʥʫ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʨʠ ʤʘʣʦʤ ʙʨʦʿʫ 

ʩʠʤʫʣʘʮʠʿʘ, ʫʩʣʝʜ ʥʝʜʦʚʦˀʥʝ ʧʦʧʫˁʝʥʦʩʪʠ ʧʦʥʜʝʨʠʩʘʥʠʭ ʭʠʩʪʦʛʨʘʤʘ. ʂʘʜʘ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ 

ʧʨʝʹʝ ʦʢʦ 10 , KL ʢʦʥʚʝʨʛʠʨʘ ʢʘ ʩʪʘʙʠʣʥʦʿ ʚʨʝʜʥʦʩʪʠ ʦʜ ʦʢʦ 1,6 nats, ʚʨʝʜʥʦʩʪʠ ʢʦʿʘ ʩʝ ʧʦʢʣʘʧʘ 

ʩʘ ʠʟʚʝʰʪʝʥʦʤ KL ʜʠʚʝʨʛʝʥʮʠʿʦʤ ʥʘ ʩʣʠʮʠ 5.33. ʅʘʢʦʥ ʦʚʦʛ ʧʨʘʛʘ, ʜʦʜʘʪʥʝ ʩʠʤʫʣʘʮʠʿʝ ʜʦʚʦʜʝ 

ʜʦ ʟʘʥʝʤʘʨˀʠʚʦ ʤʘʣʠʭ ʧʨʦʤʝʥʘ KL ʜʠʚʝʨʛʝʥʮʠʿʝ, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʠʥʬʦʨʤʘʮʠʦʥʠ ʩʘʜʨʞʘʿ 

ʢʦʿʠ ʧʦʜʘʮʠ ʦʩʤʘʪʨʘˁʘ ʤʦʛʫ ʜʘ ʧʨʝʥʝʩʫ ʫ ʘʥʘʣʠʟʫ ʧʨʘʢʪʠʯʥʦ ʠʩʮʨʧˀʝʥ. 

 

ʉʣʠʢʘ 5.36 ʇʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʘʥʘʣʠʟʘ ʩʘ ʫʚʝʟʘʥʠʤ ʠ ʥʝʟʘʚʠʩʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ 

ʉʫʤʘ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ὔ  ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 5.37 ʫ ʬʫʥʢʮʠʿʠ ʩʪʘʥʜʘʨʜʥʝ 

ʜʝʚʠʿʘʮʠʿʝ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ (ůmon), ʠ ʥʦʤʠʥʘʣʥʦʛ ʙʨʦʿʘ ʩʠʤʫʣʘʮʠʿʘ N. 

ʌʦʨʤʠʨʘʥʘ ʩʫ ʯʝʪʠʨʠ ʫʟʦʨʢʦʚʘʥʘ ʩʝʪʘ ʫʨʝʹʝʥʠʭ ʧʘʨʦʚʘ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʟʘ ʄʦʥʪʝ ʂʘʨʣʦ 

ʘʥʘʣʠʟʝ: ʿʝʜʘʥ ʩʝʪ ʦʜ 200 ʧʘʨʦʚʘ (ʥʘ ʠʚʠʮʠ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʟʘ ʙʘʟʥʫ ʘʥʘʣʠʟʫ) ʠ ʪʨʠ ʚʝ˂ʘ ʩʢʫʧʘ 

ʟʘ ʘʥʘʣʠʟʝ ʦʜ 10į, 10  ʠ 10  ʩʠʤʫʣʘʮʠʿʘ. ɿʘ ʩʚʘʢʠ ʦʜ ʦʚʠʭ ʩʢʫʧʦʚʘ, ʢʦʤʧʣʝʪʥʘ ʧʦʥʜʝʨʠʩʘʥʘ 

ʘʥʘʣʠʟʘ ʿʝ ʧʦʥʦʚˀʝʥʘ 100 ʧʫʪʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ůmon 

ʚʘʨʠʨʘʥʘ ʣʦʛʘʨʠʪʘʤʩʢʠ ʦʜ 0,0002 ʜʦ 0,2 (0,1 % ï 99 % ‐ȟ ). ɿʘ ʩʚʘʢʫ ʚʨʝʜʥʦʩʪ ůmon, 

ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʩʫ ʩʫʤʠʨʘʥʠ ʢʘʢʦ ʙʠ ʩʝ ʠʟʨʘʯʫʥʘʦ ὔ .  

ʎʝʣʦʢʫʧʥʘ ʦʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʿʝ ʟʘʪʠʤ ʧʦʥʦʚˀʝʥʘ 50 ʧʫʪʘ, ʩʚʘʢʠ ʧʫʪ ʩʘ ʥʦʚʠʤ ʫʟʦʨʢʦʚʘʥʠʤ 

ʧʦʜʘʮʠʤʘ ʟʘ ʩʚʘ ʯʝʪʠʨʠ ʩʢʫʧʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʿʝ ʜʦʙʠʿʝʥʦ 50 ʚʨʝʜʥʦʩʪʠ ὔ   ʟʘ ʙʠʣʦ ʢʦʿʫ 

ʨʘʟʤʘʪʨʘʥʫ ʚʨʝʜʥʦʩʪ ůmon. ʉʣʠʢʘ 5.37  ʧʨʠʢʘʟʫʿʝ ʧʨʦʩʝʯʥʫ ʚʨʝʜʥʦʩʪ ʪʠʭ 50 ʠʟʚʦʹʝˁʘ ʢʘʦ ʧʫʥʫ 

ʢʨʠʚʫ, ʘ ʟʘʩʝʥʯʝʥʝ ʦʙʣʘʩʪʠ ʧʦʢʨʠʚʘʿʫ ʦʧʩʝʛ Ñ2 ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘʮʠʿʝ ʨʘʩʧʦʜʝʣʘ ὔ . 

ɿʘʩʝʥʯʝʥʝ ʦʙʣʘʩʪʠ ʪʘʢʦ ʚʠʟʫʝʣʠʟʫʿʫ ʤʦʛʫ˂ʝ ʨʘʩʧʦʥʝ ὔ  ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʠʩʢˀʫʯʠʚʦ ʢʘʦ 

ʧʦʩʣʝʜʠʮʘ ʩʣʫʯʘʿʥʦʛ ʠʟʙʦʨʘ ʥʦʤʠʥʘʣʥʠʭ ʩʠʤʫʣʘʮʠʿʘ N.  
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ʉʣʠʢʘ 5.37 ɹʨʦʿ ʝʬʝʢʪʠʚʥʠʭ ʩʠʤʫʣʘʮʠʿʘ ὔ  ʫ ʬʫʥʢʮʠʿʠ ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘʮʠʿʝ 

ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ (ůmon) 

ʂʘʜʘ ʿʝ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʤʦʥʠʪʦʨʠʥʛʘ ʦʪʧʨʠʣʠʢʝ ʿʝʜʘʥ ʧʨʦʮʝʥʘʪ (0,002) ʠʣʠ ʚʠʰʝ ʦʜ 

ʙʘʟʥʦʛ ʨʘʩʧʦʥʘ ‐ȟ , ʥʦʤʠʥʘʣʥʠ ʩʢʫʧ ʦʜ ʦʢʦ 10  ʫʟʦʨʘʢʘ ʛʘʨʘʥʪʫʿʝ ʥʝʢʦʣʠʢʦ ʩʪʦʪʠʥʘ 

ʝʬʝʢʪʠʚʥʠʭ ʩʠʤʫʣʘʮʠʿʘ, ʰʪʦ ʨʝʟʫʣʪʫʿʝ ʜʦʙʨʦ ʜʝʬʠʥʠʩʘʥʠʤ ʘʧʦʩʪʝʨʠʦʨʦʤ ʫʟ ʫʤʝʨʝʥʫ ʮʝʥʫ 

ʧʨʦʨʘʯʫʥʘ. ʄʝʹʫʪʠʤ, ʘʢʦ ʩʝ ůmon ʩʤʘˁʠ ʥʘ ʥʝʢʦʣʠʢʦ ʜʝʩʝʪʠʥʘ ʧʨʦʮʝʥʪʘ ‐ȟ , ʩʫʤʘ 

ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ὔ  ʦʧʘʜʘ ʠʩʧʦʜ ʧʨʘʛʘ ʦʜ 200 ʩʠʤʫʣʘʮʠʿʘ, ʠ ʨʝʟʫʣʪʘʪ 

ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ ʧʦʩʪʘʿʝ ʥʝʩʪʘʙʠʣʘʥ, ʦʩʠʤ ʘʢʦ ʩʝ ʥʦʤʠʥʘʣʥʠ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ N ʥʝ ʫʚʝ˂ʘ 

ʟʘ ʥʝʢʦʣʠʢʦ ʨʝʜʦʚʘ ʚʝʣʠʯʠʥʝ. ɿʘʩʝʥʯʝʥʝ ʦʙʣʘʩʪʠ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʧʩʝʛ Ñ2ů ʚʠʟʫʝʣʥʦ 

ʧʦʢʘʟʫʿʫ ʛʜʝ ʿʝ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʦʙʝʟʙʝʹʝʥʘ. ʂʘʜʘ ʟʘʩʝʥʯʝˁʝ ʦʩʪʘʿʝ ʫʩʢʦ ʠ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʟʥʘʜ 

ʨʝʬʝʨʝʥʪʥʝ ʣʠʥʠʿʝ ʦʜ 200 ʩʠʤʫʣʘʮʠʿʘ, ʝʬʝʢʪʠʚʥʘ ʚʝʣʠʯʠʥʘ ʫʟʦʨʢʘ ὔ  ʿʝ ʩʪʘʙʠʣʥʘ, ʰʪʦ 

ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʿʝ ʧʦʥʜʝʨʠʩʘʥʘ ʘʥʘʣʠʟʘ ʢʦʥʚʝʨʛʠʨʘʣʘ. ʊʘʤʦ ʛʜʝ ʩʝ ʟʘʩʝʥʯʝˁʝ ʟʥʘʪʥʦ ʧʨʦʰʠʨʫʿʝ 

(ʠʩʧʦʜ ʣʠʥʠʿʝ ʦʜ 200 ʩʠʤʫʣʘʮʠʿʘ), ʚʝʣʠʢʘ ʜʠʩʧʝʨʟʠʿʘ ὔ  ʫʢʘʟʫʿʝ ʥʘ ʥʝʢʦʥʚʝʨʛʝʥʮʠʿʫ, 

ʰʪʦ ʟʥʘʯʠ ʜʘ ʿʝ ʧʦʪʨʝʙʘʥ ʚʝ˂ʠ ʥʦʤʠʥʘʣʥʠ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ N ʠʣʠ ʤʘˁʝ ʨʝʩʪʨʠʢʪʠʚʥʘ 

ʚʨʝʜʥʦʩʪ ůmon. 

ɿʥʘʯʘʿ ʨʘʩʧʦʥʘ ʬʫʥʢʮʠʿʝ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ  

ʋ ʧʦʥʜʝʨʠʩʘʥʦʿ ʘʥʘʣʠʟʠ ʠʟʤʝʨʝʥʘ ʘʢʩʠʿʘʣʥʘ ʜʝʬʦʨʤʘʮʠʿʘ (Ů =2,45%) ʤʦʜʝʣʠʨʘʥʘ ʿʝ ʥʦʨʤʘʣʥʦʤ 

ʨʘʩʧʦʜʝʣʦʤ. ɳʝʥʘ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ (ůmon) ʦʜʨʝʹʫʿʝ ʢʦʣʠʢʦ ʩʪʨʦʛʦ ʧʦʩʪʫʧʘʢ ʧʦʥʜʝʨʠʩʘˁʘ 

ʫʩʤʝʨʘʚʘ ʄʦʥʪʝ ʂʘʨʣʦ ʘʥʘʣʠʟʫ ʢʘ ʦʩʤʦʪʨʝʥʦʿ ʚʨʝʜʥʦʩʪʠ. ɼʘ ʙʠ ʩʝ ʪʘʿ ʫʪʠʮʘʿ ʢʚʘʥʪʠʬʠʢʦʚʘʦ, 

ʨʘʟʤʦʪʨʝʥʘ ʩʫ ʯʝʪʠʨʠ ʨʘʟʣʠʯʠʪʘ ʦʧʩʝʛʘ ʨʘʩʧʦʜʝʣʝ ʘʢʩʠʿʘʣʥʝ ʜʝʬʦʨʤʘʮʠʿʝ, ʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʘ 

ʘʥʘʣʠʟʘ ʿʝ ʧʦʥʦʚˀʝʥʘ ʩʘ N=10  ʩʠʤʫʣʘʮʠʿʘ, ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʠ ʫ ʩʣʫʯʘʿʫ 

ʚʨʣʦ ʤʘʣʠʭ (ʢʚʘʟʠ-ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠʭ) ʩʪʘʥʜʘʨʜʥʠʭ ʜʝʚʠʿʘʮʠʿʘ. 
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ʊʘʙʝʣʘ 5-3 ɼʝʬʠʥʠʮʠʿʝ ʨʘʟʤʘʪʨʘʥʠʭ ʦʧʩʝʛʘ ʨʘʩʧʦʜʝʣʝ (‐ȟ πȟς) 

ʈʘʩʧʦʥ ůmon / Ů,range ůmon 

ʂʚʘʟʠ-ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ 0,1% 0,0002 

ʋʟʘʢ 1% 0,002 

ʐʠʨʦʢ 10% 0,02 

ɺʝʦʤʘ ʰʠʨʦʢ 100% 0,2 

 

ʉʣʠʢʘ 5.38 PDF ʘʢʩʠʿʘʣʥʝ ʜʝʬʦʨʤʘʮʠʿʝ Ů- ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʙʘʟʥʝ ʠ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ 

ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʨʘʩʧʦʥʠʤʘ ʬʫʥʢʮʠʿʘ ʨʘʩʧʦʜʝʣʝ ůmon 

ʂʨʠʚʝ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ (ʉʣʠʢʘ 5.38 ) ʧʦʢʘʟʫʿʫ ʢʘʢʦ ʠʟʙʦʨ ʦʧʩʝʛʘ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ 

ʦʩʤʘʪʨʘˁʘ (ůmon) ʫʪʠʯʝ ʥʘ ʨʝʟʫʣʪʘʪʝ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ: 

¶ ʂʚʘʟʠ-ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʦʧʩʝʛ ï PDF ʩʝ ʜʝʛʝʥʝʨʠʰʝ ʫ ʩʢʦʨʦ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʫ ʚʨʝʜʥʦʩʪ 

Ů =2,45%. ʉʘʤʦ ʥʝʢʦʣʠʮʠʥʘ ʩʠʤʫʣʘʮʠʿʘ ʟʘʜʨʞʘʚʘ ʧʨʠʤʝʪʥʫ ʪʝʞʠʥʫ, ʰʪʦ ʧʦʪʚʨʹʫʿʝ ʜʘ 

ʠʟʫʟʝʪʥʦ ʫʟʘʢ ʦʧʩʝʛ ůmon ʫʩʤʝʨʘʚʘ ʘʥʘʣʠʟʫ ʢʘ ʛʦʪʦʚʦ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦʤ ʧʦʢʣʘʧʘˁʫ ʩʘ 

ʦʩʤʘʪʨʘˁʝʤ (ʦʚʦ ʧʦʪʚʨʹʫʿʝ ʝʢʩʪʨʝʤʥʦ ʚʠʩʦʢʘ ʚʨʝʜʥʦʩʪ KL=5.43 nats), ʘʣʠ ʧʦ ʮʝʥʫ 

ʚʝʦʤʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʩʠʤʫʣʘʮʠʿʘ ʧʦʪʨʝʙʥʠʭ ʟʘ ʢʦʥʚʝʨʛʝʥʮʠʿʫ. 

¶ ʋʟʘʢ ʦʧʩʝʛ ï ʨʘʩʧʦʜʝʣʘ Ů ʦʩʪʘʿʝ ʢʦʥʮʝʥʪʨʠʩʘʥʘ ʙʣʠʟʫ ʠʟʤʝʨʝʥʝ ʜʝʬʦʨʤʘʮʠʿʝ, ʤʝʹʫʪʠʤ 

ʿʘʚˀʘ ʩʝ ʤʘʣʠ, ʘʣʠ ʥʝ ʟʘʥʝʤʘʨˀʠʚ ʨʘʩʧʦʥ (KL=2.99 nats ʦʩʣʠʢʘʚʘ ʠ ʜʘˀʝ ʟʥʘʯʘʿʥʦ 

ʘʞʫʨʠʨʘˁʝ). ʆʚʘʿ ʦʧʩʝʛ ʝʣʠʤʠʥʠʰʝ ʚʠʰʝ ʦʜ 98% ʨʝʧʘ ʙʘʟʥʝ ʨʘʩʧʦʜʝʣʝ, ʦʙʝʟʙʝʹʫʿʫ˂ʠ 

ʩʥʘʞʘʥ ʫʪʠʮʘʿ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ, ʘ ʩʪʘʪʠʩʪʠʯʢʠ ʧʦʫʟʜʘʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʩʪʠʞʫ ʩʝ ʚʝ˂ 

ʩʘ ʦʢʦ 10  ʩʠʤʫʣʘʮʠʿʘ. 

¶ ʐʠʨʦʢʠ ʦʧʩʝʛ ï ʚʨʭ ʧʦʥʜʝʨʠʩʘʥʝ ʨʘʩʧʦʜʝʣʝ ʫ ʦʜʥʦʩʫ ʥʘ ʙʘʟʥʫ ʩʝ ʧʦʤʝʨʘ ʩʘʤʦ ʫʤʝʨʝʥʦ 

ʢʘ ʦʩʤʦʪʨʝʥʦʿ ʚʝʣʠʯʠʥʠ (KL=0.33 nats); ʦʩʪʘʪʘʢ ʜʝʩʥʦʛ ʨʝʧʘ ʠ ʜʘˀʝ ʿʝ ʧʨʠʩʫʪʘʥ. 

ʇʦʜʘʪʘʢ ʦʩʤʘʪʨʘˁʘ ʫʪʠʯʝ ʥʘ ʨʝʟʫʣʪʘʪʝ, ʘʣʠ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʠʟ ʙʘʟʥʝ ʘʥʘʣʠʟʝ ʥʠʿʝ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʧʦʪʠʩʥʫʪʘ. 

¶ ɺʨʣʦ ʰʠʨʦʢʠ ʦʧʩʝʛ ï ʧʦʥʜʝʨʠʩʘʥʘ ʢʨʠʚʘ ʧʨʘʢʪʠʯʥʦ ʩʝ ʥʝ ʨʘʟʣʠʢʫʿʝ ʦʜ ʙʘʟʥʦʛ 

ʭʠʩʪʦʛʨʘʤʘ (ʚʨʝʜʥʦʩʪ KL=0.02 ʢʚʘʥʪʠʬʠʢʫʿʝ ʟʘʥʝʤʘʨˀʠʚʦ ʘʞʫʨʠʨʘˁʝ), ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ 

ʪʦ ʜʘ ʠʜʝʥʪʠʯʘʥ ʦʧʩʝʛ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʠ ʨʘʩʧʦʜʝʣʝ ʨʝʟʫʣʪʘʪʘ ʙʘʟʥʝ ʘʥʘʣʠʟʝ 

ʦʩʪʘʚˀʘ ʘʥʘʣʠʟʫ ʝʬʝʢʪʠʚʥʦ ʥʝʧʦʥʜʝʨʠʩʘʥʦʤ. 

ʉʣʠʢʘ 5.39  ʧʨʠʢʘʟʫʿʝ ʨʝʟʫʣʪʘʪʝ ʟʘ ʠʩʪʠ ʦʙʨʘʟʘʮ ʧʨʦʤʝʥʝ ʦʧʩʝʛʘ ůmon, ʘʣʠ ʩʘʜʘ ʟʘ ʨʘʩʧʦʜʝʣʝ 

ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ (FS).  
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ʉʣʠʢʘ 5.39 PDF ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ FS - ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʙʘʟʥʝ ʠ ʧʦʥʜʝʨʠʩʘʥʝ ʘʥʘʣʠʟʝ ʩʘ 

ʨʘʟʣʠʯʠʪʠʤ ʨʘʩʧʦʥʠʤʘ ʬʫʥʢʮʠʿʘ ʨʘʩʧʦʜʝʣʝ ůmon 

ʂʘʢʦ ʩʝ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʩʤʘˁʫʿʝ ʦʜ ʚʝʦʤʘ ʰʠʨʦʢʦʛ ʢʘ ʢʚʘʟʠ-

ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦʤ ʦʧʩʝʛʫ, ʮʝʣʘ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ FS ʩʠʩʪʝʤʘʪʩʢʠ ʩʝ ʧʦʤʝʨʘ 

ʫʣʝʚʦ ʠ ʠʩʪʦʚʨʝʤʝʥʦ ʧʦʩʪʘʿʝ ʫʞʘ: 

¶ ʂʚʘʟʠ-ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʦʧʩʝʛ ï ʟʝʣʝʥʘ PDF ʜʦʩʪʠʞʝ ʤʘʢʩʠʤʫʤ ʧʨʠ ɛå1,45 ʠ ʠʤʘ 

ʥʘʿʫʞʠ ʨʘʩʧʦʥ; ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʠʟʨʘʞʝʥʠʿʠ ʫʪʠʮʘʿ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ (KL=1.99 nats), 

ʘʣʠ ʟʘʭʪʝʚʘ ʘʥʘʣʠʟʫ ʩʘ ʦʢʦ 106 ʩʠʤʫʣʘʮʠʿʘ ʜʘ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ. 

¶ ʋʟʘʥʠ ʦʧʩʝʛ ï ʮʨʚʝʥʘ ʢʨʠʚʘ ʩʝ ʿʘʩʥʦ ʧʦʤʝʨʘ (KL=1.56 nats) ʫ ʜʦʤʝʥ ʥʠʞʠʭ ʚʨʝʜʥʦʩʪʠ 

ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ (ɛå1,48), ʘ ʚʘʨʠʿʘʥʩʘ ʦʧʘʜʘ ʦʪʧʨʠʣʠʢʝ ʟʘ ʿʝʜʥʫ ʯʝʪʚʨʪʠʥʫ; 

ʨʝʟʫʣʪʘʪʠ ʦʜʨʘʞʘʚʘʿʫ ʛʝʥʝʨʘʣʥʦ ʥʠʞʠ ʝʬʝʢʪʠʚʥʠ ʫʛʘʦ ʫʥʫʪʨʘʰˁʝʛ ʪʨʝˁʘ ʢʦʿʠ ʩʝ 

ʤʦʙʠʣʠʰʝ ʧʨʠ ʚʝ˂ʝʤ ʥʘʧʨʝʟʘˁʫ. 

¶ ʐʠʨʦʢʠ ʦʧʩʝʛ ï ˀʫʙʠʯʘʩʪʘ ʢʨʠʚʘ ʧʦʢʘʟʫʿʝ ʫʤʝʨʝʥʦ ʧʦʤʝʨʘˁʝ ʫʣʝʚʦ (ɛå1,62) ʠ ʙʣʘʛʦ 

ʩʫʞʝˁʝ; ʫʪʠʮʘʿ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʿʝʩʪʝ ʚʠʜˀʠʚ, ʘʣʠ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʙʘʟʥʝ ʘʥʘʣʠʟʝ 

ʧʨʝʦʚʣʘʹʫʿʝ (ʰʪʦ ʧʦʪʚʨʹʫʿʝ ʥʠʩʢʘ ʚʨʝʜʥʦʩʪ KL=0.13 nats). 

¶ ɺʨʣʦ ʰʠʨʦʢʠ ʦʧʩʝʛ ï ʥʘʨʘʥ˅ʘʩʪʘ ʢʨʠʚʘ ʛʦʪʦʚʦ ʿʝ ʠʩʪʘ ʢʘʦ ʧʣʘʚʘ ʙʘʟʥʘ ʢʨʠʚʘ; ʢʘʜʘ ʦʧʩʝʛ 

ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʦʙʫʭʚʘʪʘ ʮʝʦ ʨʘʩʧʦʥ ʨʝʟʫʣʪʘʪʘ ʙʘʟʥʝ ʘʥʘʣʠʟʝ, ʧʦʥʜʝʨʠʩʘˁʝ 

ʧʨʘʢʪʠʯʥʦ ʥʝʤʘ ʫʪʠʮʘʿʘ (KLå0). 

ʊʘʙʝʣʘ 5-4 ʋʪʠʮʘʿ ʦʧʩʝʛʘ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʥʘ ʧʦʥʜʝʨʠʩʘʥʫ ʨʘʩʧʦʜʝʣʫ FS 

ůmon / Ů,range ɛ(FS) ů(FS) KL(FS)  

0,1% 1,45 0,06 1.99 

1% 1,48 0,08 1.56 

10% 1,62 0,10 0.13 

100% 1,69 0,11 0 

ʋʟʘʢ ʦʧʩʝʛ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʩʥʠʞʘʚʘ ʧʨʦʮʝˁʝʥʠ ʥʠʚʦ ʩʠʛʫʨʥʦʩʪʠ (ʜʦ ʦʢʦ 14% ʫ 

ʦʜʥʦʩʫ ʥʘ ʙʘʟʥʫ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ɛ=1,69) ʠ ʠʩʪʦʚʨʝʤʝʥʦ ʩʫʞʘʚʘ ʜʠʩʧʝʨʟʠʿʫ ʨʝʟʫʣʪʘʪʘ; ʦʚʠ 

ʨʝʟʫʣʪʘʪʠ ʦʜʨʘʞʘʚʘʿʫ ʚʘʨʠʿʘʙʠʣʥʦʩʪ (ʥʠʞʝʛ) ʝʬʝʢʪʠʚʥʦʛ ʫʛʣʘ ʫʥʫʪʨʘʰˁʝʛ ʪʨʝˁʘ ʢʦʿʠ ʩʝ 



ɼʝʤʦʥʩʪʨʘʮʠʿʘ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʥʘ ʿʝʜʥʦʩʪʘʚʥʠʤ ʧʨʠʤʝʨʠʤʘ 

74 

ʤʦʙʠʣʠʰʝ ʧʨʠ ʚʠʩʦʢʦʤ ʥʘʧʨʝʟʘˁʫ. ʂʘʢʦ ʩʝ ʦʧʩʝʛ ʨʘʩʧʦʜʝʣʝ ůmon ʧʨʦʰʠʨʫʿʝ, ʨʝʟʫʣʪʘʪʠ ʩʝ 

ʧʦʩʪʝʧʝʥʦ ʚʨʘ˂ʘʿʫ ʥʘ ʚʨʝʜʥʦʩʪʠ FS ʜʦʙʠʿʝʥʝ ʫ ʙʘʟʥʦʿ ʘʥʘʣʠʟʠ. 

ʂʦʤʙʠʥʦʚʘˁʝʤ ʦʚʠʭ ʥʘʣʘʟʘ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʟʘ Ů  (ʉʣʠʢʘ 5.38 ) ʧʦʢʘʟʫʿʝ ʩʝ ʜʘ ʦʧʩʝʛ ʧʦʜʘʪʘʢʘ 

ʦʩʤʘʪʨʘˁʘ ʦʜ ʧʨʠʙʣʠʞʥʦ 1% Ů,range ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʙʦˀʠ ʢʦʤʧʨʦʤʠʩ: ʘʞʫʨʠʨʘ ʧʨʦʮʝʥʫ 

ʩʠʛʫʨʥʦʩʪʠ (ʚʨʝʜʥʦʩʪ KL ʜʠʚʝʨʛʝʥʮʠʿʝ ʩʫ ʚʠʩʦʢʝ ʢʘʢʦ ʟʘ Ůʪʘʢʦ ʠ ʟʘ FS), ʫʤʘˁʫʿʝ ʚʘʨʠʿʘʥʩʫ, ʘ 

ʠ ʜʘˀʝ ʿʝ ʥʫʤʝʨʠʯʢʠ ʠʟʚʦʜˀʠʚ ʫʟ 10  ʩʠʤʫʣʘʮʠʿʘ. 
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5.2 ʌʠʣʪʨʘʮʠʿʘ ʥʘʚʠʰʝ ʢʨʦʟ ʚʝʨʪʠʢʘʣʥʦ ʫʩʣʦʿʝʥʦ ʪʣʦ 

ʋ ʦʚʦʤ ʧʨʠʤʝʨʫ ʠʣʫʩʪʨʦʚʘʥʘ ʿʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ ʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʫ 

ʘʥʘʣʠʟʫ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʩʠʛʫʨʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʫ ʬʠʣʪʨʘʮʠʿʝ ʚʦʜʝ ʥʘʚʠʰʝ ʢʨʦʟ ʪʨʦʩʣʦʿʥʦ 

ʚʝʨʪʠʢʘʣʥʦ ʫʩʣʦʿʝʥʦ ʪʣʦ. ʆʚʘʿ ʧʨʠʤʝʨ ʥʠʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʨʝʘʣʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʥʠʪʠ ʤʝʨʝˁʠʤʘ. 

ʇʦʩʪʘʚʢʘ ʧʨʦʙʣʝʤʘ, ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʨʘʯʫʥʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ʧʦʜʘʪʘʢʘ ʦʩʤʘʪʨʘˁʘ, 

je ʬʠʢʪʠʚʥa ʠ ʦʩʤʠʰˀʝʥa ʫ ʮʠˀʫ ʜʝʤʦʥʩʪʨʘʮʠʿʝ ʧʦʥʜʝʨʠʩʘʥʝ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʯʠʿʝ 

ʩʫ ʫʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ ʢʦʝʬʠʮʠʿʝʥʪʠ ʬʠʣʪʨʘʮʠʿʝ. 

5.2.1 ʇʦʩʪʘʚʢʘ ʧʨʦʙʣʝʤʘ 

ʆʧʠʩ ʧʨʦʙʣʝʤʘ ʠ ʮʠˀ ʘʥʘʣʠʟʝ  

ʋ ʦʚʦʤ ʜʝʤʦʥʩʪʨʘʮʠʦʥʦʤ ʧʨʠʤʝʨʫ ʨʘʟʤʘʪʨʘ ʩʝ ʧʨʦʙʣʝʤ ʥʝʩʪʘʙʠʣʥʦʩʪʠ ʪʣʘ ʫʩʣʝʜ ʧʦʿʘʚʝ 

ʟʘʪʝʟʘˁʘ ʫʟʨʦʢʦʚʘʥʝ ʢʨʝʪʘˁʝʤ ʚʦʜʝ ʥʘʚʠʰʝ ʢʨʦʟ ʭʦʨʠʟʦʥʪʘʣʥʦ ʫʩʣʦʿʝʥʦ ʪʣʦ ʩʘ 3 ʩʣʦʿʘ, ʢʘʦ ʥʘ 

ʩʣʠʮʠ ʠʩʧʦʜ, ʧʨʠ ʯʝʤʫ ʩʣʦʿʝʚʠ 1 ʠ 3 (ʧʝʩʘʢ) ʧʨʝʜʩʪʘʚˀʘʿʫ ʤʘʪʝʨʠʿʘʣ ʩʘ ʿʝʜʥʘʢʠʤ 

ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʚʦʜʦʧʨʦʧʫʩʥʦʩʪʠ Ὧ, ʜʦʢ ʩʣʦʿ 2 (ʛʣʠʥʘ) ʧʨʝʜʩʪʘʚˀʘ ʤʘʪʝʨʠʿʘʣ ʩʘ 

ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʚʦʜʦʧʨʦʧʫʩʥʦʩʪʠ Ὧ5. ʎʠˀ ʘʥʘʣʠʟʝ ʿʝʩʪʝ ʧʨʦʮʝʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʣʦʤʘ, ʦʜʥʦʩʥʦ 

ʧʦʿʘʚʝ ʟʘʪʝʟʘˁʘ ʫ ʪʣʫ, ʟʙʦʛ ʯʝʛʘ ʿʝ ʫʨʘʹʝʥʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʩʠʛʫʨʥʦʩʪʠ. 

ʂʦʝʬʠʮʠʿʝʥʪʠ ʚʦʜʦʧʨʦʧʫʩʥʦʩʪʠ Ὧ ʠ Ὧ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ ʟʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ 

ʧʨʦʨʘʯʫʥ ʠ ʿʝʜʠʥʝ ʩʫ ʚʝʣʠʯʠʥʝ ʢʦʿʝ ʠʤʘʿʫ ʩʪʘʪʠʩʪʠʯʢʠ ʪʨʝʪʤʘʥ ʫ ʦʚʦʤ ʧʨʠʤʝʨʫ. ɳʠʭʦʚʝ 

ʬʫʥʢʮʠʿʝ ʨʘʩʧʦʜʝʣʝ ʩʫ ʜʝʬʠʥʠʩʘʥʝ ʫ ʧʦʛʣʘʚˀʫ 5.2.2. 

 

ʉʣʠʢʘ 5.40 ʇʦʩʪʘʚʢʘ ʧʨʦʙʣʝʤʘ 

 
5 ʉʮʝʥʘʨʠʦ ʫ ʢʦʤʝ ʩʝ ʤʘʪʝʨʠʿʘʣ ʩʘ ʤʘˁʦʤ ʚʦʜʦʧʨʦʧʫʩʥʦʰ˂ʫ ʥʘʣʘʟʠ ʠʟʤʝʹʫ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʚʝ˂ʦʤ ʚʦʜʦʧʨʦʧʫʩʥʦʰ˂ʫ 

ʿʝ ʚʝʦʤʘ ʫʦʙʠʯʘʿʝʥ ʢʦʜ ʥʘʩʫʪʠʭ ʙʨʘʥʘ ʩʘ ʮʝʥʪʨʘʣʥʠʤ ʿʝʟʛʨʦʤ. 
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ʅʘ ʥʠʚʦʫ B ʧʨʠʢʘʟʘʥʦʛ ʩʪʫʙʘ ʪʣʘ ʧʦʩʪʘʚˀʝʥ ʿʝ ʧʠʿʝʟʦʤʝʪʘʨ ʯʠʿʘ ʤʝʨʝˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʜʘʪʢʝ 

ʦʩʤʘʪʨʘˁʘ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʠʥʪʝʛʨʠʩʘʥʠ ʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʧʨʦʨʘʯʫʥ. ʌʫʥʢʮʠʿʘ ʨʘʩʧʦʜʝʣʝ ʢʦʿʘ 

ʦʧʠʩʫʿʝ ʧʦʜʘʪʢʝ ʦʩʤʘʪʨʘˁʘ (ʧʦʪʝʥʮʠʿʘʣ ʥʘ ʥʠʚʦʫ B) ʜʝʬʠʥʠʩʘʥʘ ʿʝ ʫ ʧʦʛʣʘʚˀʫ 5.2.2. 

ɼʠʤʝʥʟʠʿʝ (ʚʠʩʠʥʘ, ʰʠʨʠʥʘ ʠ ʜʫʙʠʥʘ ʫʧʨʘʚʥʦ ʥʘ ʨʘʚʘʥ ʩʣʠʢʝ) ʩʚʘʢʦʛ ʦʜ ʩʣʦʿʝʚʘ ʪʣʘ 

ʧʦʩʤʘʪʨʘʥʦʛ ʩʠʩʪʝʤʘ ʫʩʚʦʿʝʥʝ ʩʫ ʢʘʦ ʿʝʜʠʥʠʯʥʝ. ʂʦʨʠʩʪʝ˂ʠ ʦʟʥʘʢʝ ʩʘ ʩʣʠʢʝ 5.41, ʪʦ ʟʥʘʯʠ ʜʘ 

ʿʝ Ὠ Ὠ Ὠ ρ ά, ʧʨʦʪʦʯʥʘ ʧʦʚʨʰʠʥʘ ὃ ρ,  ʘ ʫʢʫʧʥʘ ʚʠʩʠʥʘ ʪʨʦʩʣʦʿʥʦʛ ʩʠʩʪʝʤʘ Ὀ σ. 

ɺʨʝʜʥʦʩʪʠ ʧʦʪʝʥʮʠʿʘʣʘ ʥʘ ʥʠʚʦʠʤʘ ɸ (ὤ ) ʠ D (ὤ ) ʫʩʚʦʿʝʥʠ ʩʫ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: ὤ υȢυ 

ʠ ὤ σȢπ (ʦʚʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʨʘʥʠʯʥʝ ʫʩʣʦʚʝ ʭʠʜʨʘʫʣʠʯʢʦʛ ʧʨʦʙʣʝʤʘ). ʈʘʟʣʠʢʘ 
ʧʦʪʝʥʮʠʿʘʣʘ ʢʦʿʘ ʠʟʥʦʩʠ Ὄ υȢυ σȢπ ςȢυ ά ʧʨʝʜʩʪʘʚˀʘ ʠʥʠʮʠʿʘʪʦʨ ʩʪʨʫʿʘˁʘ ʚʦʜʝ ʥʘʚʠʰʝ 

ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʩʠʩʪʝʤʫ.  

ʂʦʥʘʯʥʦ, ʫʩʚʘʿʘ ʩʝ ʿʝʜʥʘʢʘ ʪʝʞʠʥʘ ʟʘʩʠ˂ʝʥʦʛ ʪʣʘ ʟʘ ʩʚʘ 3 ʤʘʪʝʨʠʿʘʣʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʫʩʣʦʿʝʥʦʤ 

ʪʣʫ ʢʦʿʘ ʿʝ ʿʝʜʥʘʢʘ  ‎ ςς ὯὔȾά  ʠ ʩʤʘʪʨʘ ʩʝ ʜʘ ʿʝ ʟʘʪʝʞʫ˂ʘ ʯʚʨʩʪʦ˂ʘ ʟʘ ʩʚʘ 3 ʩʣʦʿʘ ʪʣʘ ʿʝʜʥʘʢʘ 

ʥʫʣʠ („ π). 

ʊʝʦʨʠʿʩʢʝ ʦʩʥʦʚʝ 

ɸʥʘʣʠʪʠʯʢʦ ʨʝʰʝˁʝ ʧʨʦʙʣʝʤʘ ʢʨʝʪʘˁʘ ʚʦʜʝ ʢʨʦʟ ʭʦʨʠʟʦʥʪʘʣʥʦ ʫʩʣʦʿʝʥʦ ʪʣʦ ʫʢʨʘʪʢʦ ʿʝ 

ʧʨʝʜʩʪʘʚˀʝʥʦ ʫ ʥʘʩʪʘʚʢʫ (ʩʢʠʮʘ, ʦʟʥʘʢʝ ʠ ʠʟʨʘʟʠ ʧʨʝʫʟʝʪʠ ʠʟ [81]). ʇʦʟʥʘʪʝ ʚʝʣʠʯʠʥʝ ʩʫ 

ʜʝʙˀʠʥʝ ʩʣʦʿʝʚʘ Ὠ, ʢʦʝʬʠʮʠʿʝʥʪʠ ʚʦʜʦʧʨʦʧʫʩʥʦʩʪʠ ʩʣʦʿʝʚʘ Ὧ ʠ ʛʨʘʥʠʯʥʠ ʫʩʣʦʚʠ (ʧʦʪʝʥʮʠʿʘʣ) 

ʥʘ ʜʦˁʦʿ ʠ ʛʦʨˁʦʿ ʧʦʚʨʰʠʥʠ, ʦʜʥʦʩʥʦ ʫʢʫʧʘʥ ʧʘʜ ʧʦʪʝʥʮʠʿʘʣʘ Ὄ ʢʨʦʟ ʮʝʣʦʢʫʧʘʥ ʚʠʰʝʩʣʦʿʥʠ 

ʩʠʩʪʝʤ.  

 

ʉʣʠʢʘ 5.41 ʂʨʝʪʘˁʝ ʚʦʜʝ ʫʧʨʘʚʥʦ ʥʘ ʭʦʨʠʟʦʥʪʘʣʥʦ ʫʩʣʦʿʝʥʦ ʪʣʦ [81] 

ʇʨʝʪʭʦʜʥʘ ʩʣʠʢʘ ʧʨʠʢʘʟʫʿʝ ʢʨʝʪʘˁʝ ʚʦʜʝ ʥʘʥʠʞʝ, ʘʣʠ ʧʦʪʧʫʥʦ ʠʩʪʘ ʣʦʛʠʢʘ ʠ ʠʟʨʘʟʠ ʚʘʞʝ ʠ ʟʘ 

ʢʨʝʪʘˁʝ ʚʦʜʝ ʥʘʚʠʰʝ. ʇʨʦʪʦʢ ʚʦʜʝ, ʫ ʩʣʫʯʘʿʫ ʢʨʝʪʘˁʘ ʥʘʚʠʰʝ ʢʨʦʟ ʚʝʨʪʠʢʘʣʥʦ ʫʩʣʦʿʝʥʘ ʪʣʘ, ʿʝ 

ʢʦʥʩʪʘʥʪʥʘ ʚʨʝʜʥʦʩʪ ʠ ʨʘʯʫʥʘ ʩʝ ʧʨʝʤʘ ʠʟʨʘʟʫ: 

ὗ
ὃὌ

ВὨȾὬ
 [44]    

ʛʜʝ je ὃ ʧʨʦʪʦʯʥʘ ʧʦʚʨʰʠʥʘ ʢʦʿʘ ʿʝ ʢʦʥʩʪʘʥʪʥʘ ʚʝʣʠʯʠʥʘ (ʉʣʠʢʘ 5.41 ). ʇʦʿʝʜʠʥʘʯʥʠ ʧʘʜʦʚʠ 

ʧʦʪʝʥʮʠʿʘʣʘ ʢʨʦʟ ʩʣʦʿʝʚʝ Ὤ ʨʘʯʫʥʘʿʫ ʩʝ ʧʨʝʤʘ ʠʟʨʘʟʫ: 

Ὤ
ὗὨ

ὃὯ
 [45]    
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ʍʠʜʨʘʫʣʠʯʢʠ ʛʨʘʜʠʿʝʥʪʠ ʢʨʦʟ ʧʦʿʝʜʠʥʘʯʥʝ ʩʣʦʿʝʚʝ ʩʝ ʨʘʯʫʥʘʿʫ ʧʨʝʤʘ ʠʟʨʘʟʫ: 

Ὥ
Ὤ

Ὠ
 [46]    

ɺʝʨʪʠʢʘʣʥʦ ʢʨʝʪʘˁʝ ʚʦʜʝ ʥʘʚʠʰʝ ʧʨʠʢʘʟʘʥʦ ʿʝ ʥʘ ʩʣʝʜʝ˂ʦʿ ʩʣʠʮʠ (ʧʨʝʫʟʝʪʦ ʠʟ [81]). ʊʦʪʘʣʥʠ 

ʥʘʧʦʥʠ ʠ ʧʦʨʥʠ ʧʨʠʪʠʩʮʠ ʥʘ ʥʠʚʦʫ b-b ʜʝʬʠʥʠʰʫ ʩʝ ʢʘʦ: 

„ Ὤ‎ Ὤ‎ [47]    

ό Ὤ Ὤ Ὤ‎ [48]    

ʛʜʝ ʿʝ ‎ ʪʝʞʠʥʘ ʚʦʜʝ ʘ ‎ ʪʝʞʠʥʘ ʚʦʜʦʤ ʟʘʩʠ˂ʝʥʦʛ ʪʣʘ.  

 

ʉʣʠʢʘ 5.42 ɼʠʿʘʛʨʘʤ ʝʬʝʢʪʠʚʥʠʭ ʥʘʧʦʥʘ ʧʨʠ ʩʪʨʫʿʘˁʫ ʥʘʚʠʰʝ (ʩʢʠʮʘ ʧʨʝʫʟʝʪʘ ʠʟ [81]) 

ɺʝʨʪʠʢʘʣʥʠ ʝʬʝʢʪʠʚʥʠ ʥʘʧʦʥ ʥʘ ʥʠʚʦʫ b-b ʠʟʥʦʩʠ [81]: 

„ „ ό Ὤ‎ Ὤ‎ [49]    

ʛʜʝ ‎ ‎ ‎ ʧʨʝʜʩʪʘʚˀʘ ʟʘʧʨʝʤʠʥʩʢʫ ʪʝʞʠʥʫ ʪʣʘ ʫ ʧʦʪʦʧˀʝʥʦʤ ʩʪʘˁʫ. ʀʟ ʧʨʝʪʭʦʜʥʦʛ 

ʠʟʨʘʟʘ ʚʠʜʠ ʩʝ ʜʘ ʿʝ ʚʝʨʪʠʢʘʣʥʠ ʝʬʝʢʪʠʚʥʠ ʥʘʧʦʥ ʫ ʩʣʫʯʘʿʫ ʩʪʨʫʿʘˁʘ ʚʦʜʝ ʥʘʚʠʰʝ ʤʘˁʠ ʥʝʛʦ 

ʰʪʦ ʙʠ ʙʠʦ ʫ ʭʠʜʨʦʩʪʘʪʠʯʢʦʤ ʩʣʫʯʘʿʫ ʙʝʟ ʢʨʝʪʘˁʘ ʚʦʜʝ. ʐʪʦ ʩʝ ʚʠʰʝ ʧʦʚʝ˂ʘʚʘ ʨʘʟʣʠʢʘ 

ʧʦʪʝʥʮʠʿʘʣʘ (ʦʜʥʦʩʥʦ ʚʠʩʠʥʘ Ὤ) ʢʦʿʘ ʜʦʚʦʜʠ ʜʦ ʬʠʣʪʨʘʮʠʿʝ, ʚʝʨʪʠʢʘʣʥʠ ʝʬʝʢʪʠʚʥʠ ʥʘʧʦʥ ʥʘ 

ʥʠʚʦʫ b-b ʿʝ ʩʚʝ ʤʘˁʠ. ʇʦʩʪʦʿʠ ʢʨʠʪʠʯʥʘ ʨʘʟʣʠʢʘ ʧʦʪʝʥʮʠʿʘʣʘ Ὤ  ʢʦʘʿ ʜʦʚʦʜʠ ʜʦ ʪʦʛʘ ʜʘ ʿʝ 

ʚʝʨʪʠʢʘʣʥʠ ʝʬʝʢʪʠʚʥʠ ʥʘʧʦʥ „  ʥʘ ʥʠʚʦʫ b-b ʿʝʜʥʘʢ ʥʫʣʠ, ʥʘʢʦʥ ʯʝʛʘ ʪʣʦ ʛʫʙʠ ʩʪʨʫʢʪʫʨʫ ʠ 

ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʢʦʿʘ ʩʝ ʥʘʟʠʚʘ ʢˀʫʯʘˁʝ ʪʣʘ.  

 ɸʥʘʣʠʪʠʯʢʦ ʨʝʰʝˁʝ ʬʠʣʪʨʘʮʠʦʥʝ ʘʥʘʣʠʟʝ 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥ ʿʝ ʨʘʩʧʦʥ ʤʦʛʫ˂ʠʭ ʨʝʰʝˁʘ ʭʠʜʨʘʫʣʠʯʢʦʛ ʧʨʦʙʣʝʤʘ ʢʨʝʪʘˁʘ ʚʦʜʝ 

ʥʘʚʠʰʝ ʢʨʦʟ ʪʨʦʩʣʦʿʥʠ ʩʠʩʪʝʤ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʜʥʦʩʘ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʚʦʜʦʧʨʦʧʫʩʥʦʩʪʠ ὯȾὯ. 

ʌʠʣʪʨʘʮʠʦʥʘ ʩʣʠʢʘ ʘʥʘʣʠʪʠʯʢʠ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʥʘ ʛʦʨʝ ʥʘʚʝʜʝʥʠ ʥʘʯʠʥ.  

ʈʝʟʫʣʪʘʪʠ ʬʠʣʪʨʘʮʠʦʥʦʛ ʧʨʦʨʘʯʫʥʘ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʫ ʥʘʩʪʘʚʢʫ (ʪʘʙʝʣʘ ʠ ʜʠʿʘʛʨʘʤʠ) ʟʘ 

ʨʘʟʣʠʯʠʪʝ ʦʜʥʦʩʝ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʚʦʜʦʧʨʦʧʫʩʥʦʩʪʠ ὯȾὯ. 
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ʊʘʙʝʣʘ 5-5 ʈʝʟʫʣʪʘʪʠ ʬʠʣʪʨʘʮʠʦʥʦʛ ʧʨʦʨʘʯʫʥʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʝʜʥʦʩʪʠ ʦʜʥʦʩʘ ὯȾὯ 

k2/k1= 1.00 0.50 0.10 0.01 0.0001 

ʇʘʜ ʧʦʪʝʥʮʠʿʘʣʘ ʧʦ ʩʣʦʿʫ 

h1= 0.83 0.63 0.21 0.02 0.00 

h2= 0.83 1.25 2.08 2.45 2.50 

h3= 0.83 0.63 0.21 0.02 0.00 

ɻʨʘʜʠʿʝʥʪʠ 

i1= 0.83 0.63 0.21 0.02 0.00 

i2= 0.83 1.25 2.08 2.45 2.50 

i3= 0.83 0.63 0.21 0.02 0.00 

ʇʦʪʝʥʮʠʿʘʣ 

HA= 5.50 5.50 5.50 5.50 5.50 

HB= 4.67 4.88 5.29 5.48 5.50 

HC= 3.83 3.63 3.21 3.02 3.00 

HD= 3.00 3.00 3.00 3.00 3.00 

ʇʦʨʥʠ ʧʨʠʪʠʩʮʠ 

uA= 55.00 55.00 55.00 55.00 55.00 

uB= 36.67 38.75 42.92 44.75 45.00 

uC= 18.33 16.25 12.08 10.25 10.00 

uD= 0.00 0.00 0.00 0.00 0.00 

ʇʨʚʘ (ρ ʠ ʧʦʩʣʝʜˁʘ ʢʦʣʦʥʘ (πȢπππρ ʤʦʛʫ ʩʝ ʩʤʘʪʨʘʪʠ ʛʨʘʥʠʯʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ 

ʤʦʛʫ˂ʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʩʤʠʩʣʫ ˁʠʭʦʚʝ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʜʥʦʩʘ ʚʦʜʦʧʨʦʧʫʩʥʦʩʪʠ ʩʣʦʿʝʚʘ. ʋ ʧʨʚʦʿ 

ʢʦʣʦʥʠ ʧʨʠʢʘʟʘʥ ʿʝ ʩʣʫʯʘʿ ʫ ʢʦʤʝ ʩʫ ʚʦʜʦʧʨʦʧʫʩʥʦʩʪʠ ʩʚʠʭ ʩʣʦʿʝʚʘ ʿʝʜʥʘʢʝ, ʧʘ ʿʝ ʛʨʘʜʠʿʝʥʪ 

ʠʩʪʠ ʢʨʦʟ ʯʠʪʘʚ ʩʠʩʪʝʤ, ʘ ʧʦʪʝʥʮʠʿʘʣ ʩʝ ʣʠʥʝʘʨʥʦ ʩʤʘˁʫʿʝ ʦʜ ʥʠʚʦʘ ɸ ʧʨʝʤʘ ʥʠʚʦʫ D. 

ʇʦʩʣʝʜˁʘ ʢʦʣʦʥʘ ʧʨʠʢʘʟʫʿʝ ʩʣʫʯʘʿ ʫ ʢʦʤʝ ʿʝ ʚʦʜʦʧʨʦʧʫʩʥʦʩʪ ʩʨʝʜˁʝʛ ʩʣʦʿʘ ʛʦʪʦʚʦ ʙʝʩʢʦʥʘʯʥʦ 

ʧʫʪʘ ʚʝ˂ʘ ʦʜ ʚʦʜʦʧʨʦʧʫʩʥʦʩʪʠ ʩʧʦˀʥʠʭ ʩʣʦʿʝʚʘ, ʧʘ ʩʝ ʮʝʣʦʢʫʧʘʥ ʧʘʜ ʧʦʪʝʥʮʠʿʘʣʘ ʜʝʰʘʚʘ ʢʨʦʟ 

ʩʨʝʜˁʠ ʩʣʦʿ, ʜʦʢ ʩʫ ʛʨʘʜʠʿʝʥʪʠ ʫ ʩʧʦˀʥʠʤ ʩʣʦʿʝʚʠʤʘ ʿʝʜʥʘʢʠ ʥʫʣʠ. ʉʣʝʜʝ˂ʠ ʜʠʿʘʛʨʘʤʠ 

ʠʣʫʩʪʨʫʿʫ ʨʝʟʫʣʪʘʪʝ ʬʠʣʪʨʘʮʠʦʥʦʛ ʧʨʦʨʘʯʫʥʘ. 
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ʉʣʠʢʘ 5.43 ʇʨʦʤʝʥʘ ʧʦʪʝʥʮʠʿʘʣʘ ʧʦ ʚʠʩʠʥʠ  

 

ʉʣʠʢʘ 5.44 ɼʠʿʘʛʨʘʤ ʧʦʨʥʠʭ ʧʨʠʪʠʩʘʢʘ ʧʦ ʚʠʩʠʥʠ  

ʉʪʘˁʝ ʥʘʧʦʥʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʪʨʦʩʣʦʿʥʦʤ ʩʠʩʪʝʤʫ 

ʅʘʧʦʥʩʢʘ ʩʣʠʢʘ ʫ ʨʘʟʤʘʪʨʘʥʦʤ ʪʨʦʩʣʦʿʥʦʤ ʪʣʫ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʧʨʠʤʝʥʦʤ ʧʨʠʥʮʠʧʘ 

ʝʬʝʢʪʠʚʥʠʭ ʥʘʧʦʥʘ. ɺʝʣʠʯʠʥʘ ʚʝʨʪʠʢʘʣʥʦʛ ʪʦʪʘʣʥʦʛ ʥʘʧʦʥʘ ʿʝʜʥʘʢʘ ʿʝ ʪʝʞʠʥʠ ʩʪʫʙʘ ʟʘʩʠ˂ʝʥʦʛ 

ʪʣʘ ʠʟʥʘʜ ʧʦʩʤʘʪʨʘʥʝ ʪʘʯʢʝ [81]:  

„ ‎ Ὤ [50]    

ʛʜʝ Ὤ ʧʨʝʜʩʪʘʚˀʘ ʜʫʙʠʥʫ ʧʦʩʤʘʪʨʘʥʝ ʪʘʯʢʝ (ʧʦʩʤʘʪʨʘʥʦ ʦʜ ʚʨʭʘ ʩʪʫʙʘ ï ʥʠʚʦ D), ʜʦʢ ‎
ςςkN/m3 ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʫ ʪʝʞʠʥʫ ʟʘʩʠ˂ʝʥʦʛ ʪʣʘ ʢʦʿʘ ʿʝ ʢʦʥʩʪʘʥʪʥʘ ʫ ʩʚʠʤ 

ʩʣʦʿʝʚʠʤʘ. ɺʨʝʜʥʦʩʪʠ ʪʦʪʘʣʥʠʭ ʚʝʨʪʠʢʘʣʥʠʭ ʥʘʧʦʥʘ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʥʠʚʦʠʤʘ ʧʨʠʢʘʟʘʥʠ 

ʩʫ ʫ ʥʘʩʪʘʚʢʫ. 












































































































































































































