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ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

 

 

ʀɼɽʅʊʀʌʀʂɸʎʀʆʅɸ ʉʊʈɸʅʀʎɸ ɼʆʂʊʆʈʉʂɽ ɼʀʉɽʈʊɸʎʀɱɽ 

I ɸʫʪʦʨ 

ɸʫʪʦʨ: ʄʨ ʆʣʛʘ ʈʠʩʪʠ˂, ʧʨʦʬ. ʪʝʭʥʠʢʝ ʠ ʠʥʬʦʨʤʘʪʠʢʝ 

ɼʘʪʫʤ ʠ ʤʝʩʪʦ ʨʦʹʝˁʘ: 11.10.1974. ʛʦʜ., ʏʘʯʘʢ 

ʅʘʩʣʦʚ ʤʘʛʠʩʪʘʨʩʢʝ ʪʝʟʝ: ʇʨʦʛʨʘʤʩʢʘ ʤʝʭʘʥʠʯʢʘ ʠʩʧʠʪʠʚʘˁʘ ʝʣʝʤʝʥʘʪʘ ʜʘʣʝʢʦʚʦʜʥʝ ʤʨʝʞʝ 

ɼʘʪʫʤ ʠ ʤʝʩʪʦ ʦʜʙʨʘʥʝ ʤʘʛʠʩʪʘʨʩʢʝ ʪʝʟʝ: 04.07.2006. ʛʦʜ., ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʏʘʯʘʢ 

ʆʙʣʘʩʪ ʤʘʛʠʩʪʘʨʩʢʝ ʪʝʟʝ: ʄʝʭʘʪʨʦʥʠʢʘ 

ʉʘʜʘʰˁʝ ʟʘʧʦʩʣʝˁʝ: ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʂʨʘʛʫʿʝʚʮʫ, ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ ʫ ʏʘʯʢʫ 

II ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ʅʘʩʣʦʚ: ɼʠʥʘʤʠʯʢʦ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʘ ʧʨʝʚʝʥʪʠʚʥʠʭ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ ʘʥʘʣʠʟʘʤʘ 

ʧʦʫʟʜʘʥʦʩʪʠ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ 

ɹʨʦʿ ʩʪʨʘʥʠʮʘ: 101 

ɹʨʦʿ ʩʣʠʢʘ: 59 

ɹʨʦʿ ʙʠʙʣʠʦʛʨʘʬʩʢʠʭ ʧʦʜʘʪʘʢʘ: 105 

ʋʩʪʘʥʦʚʘ ʠ ʤʝʩʪʦ ʛʜʝ ʿʝ ʨʘʜ ʠʟʨʘʹʝʥ: ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ ʫ ʏʘʯʢʫ 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ (ʋɼʂ): 621.31:(004.94+004.9)](043.3) 

ʄʝʥʪʦʨ: ɼʨ ɺʣʘʜʠʮʘ ʄʠʿʘʠʣʦʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

III ʆʮʝʥʘ ʠ ʦʜʙʨʘʥʘ 

ɼʘʪʫʤ ʧʨʠʿʘʚʝ ʪʝʤʝ: 11.09.2013. ʛʦʜ. 

ɹʨʦʿ ʦʜʣʫʢʝ ʠ ʜʘʪʫʤ ʧʨʠʭʚʘʪʘˁʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ: 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʮʝʥʫ ʧʦʜʦʙʥʦʩʪʠ ʪʝʤʝ ʠ ʢʘʥʜʠʜʘʪʘ: 

 

1. ɼʨ ɺʣʘʜʝ ʋʨʦʰʝʚʠ˂, ʨʝʜ. ʧʨʦʬ. 

ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʏʘʯʘʢ 

ʆʙʣʘʩʪ: ʇʨʠʤʝˁʝʥʝ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ ʠ ʠʥʬʦʨʤʘʪʠʢʘ, ʧʨʝʩʝʜʥʠʢ 
 

2. ɼʨ ɼʘʥʠʿʝʣʘ ʄʠʣʦʰʝʚʠ˂, ʚʘʥʨ. ʧʨʦʬ. 

ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʏʘʯʘʢ 

ʆʙʣʘʩʪ: ʀʥʬʦʨʤʘʮʠʦʥʝ ʪʝʭʥʦʣʦʛʠʿʝ, ʯʣʘʥ 
 

3. ɼʨ ɸʣʝʢʩʘʥʜʘʨ ʈʘʥʢʦʚʠ˂, ʚʘʥʨ. ʧʨʦʬ. 

ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʏʘʯʘʢ 

ʆʙʣʘʩʪ: ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ, ʯʣʘʥ 
 

4. ɼʨ ɹʨʘʪʠʩʣʘʚ ʀʨʠʯʘʥʠʥ, ʜʦʮʝʥʪ 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ, ɹʝʦʛʨʘʜ 

ʆʙʣʘʩʪ: ʇʨʠʤʝˁʝʥʘ ʤʘʪʝʤʘʪʠʢʘ, ʯʣʘʥ  
 

5. ɼʨ ɺʣʘʜʠʮʘ ʄʠʿʘʠʣʦʚʠ˂, ʨʝʜ. ʧʨʦʬ. 

ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʏʘʯʘʢ 

ʆʙʣʘʩʪ: ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʤʝʥʪʦʨ 
ʂʦʤʠʩʠʿʘ ʟʘ ʦʮʝʥʫ ʠ ʦʜʙʨʘʥʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ: 

 

1. ɼʨ ɺʣʘʜʝ ʋʨʦʰʝʚʠ˂, ʨʝʜ. ʧʨʦʬ. 

ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʏʘʯʘʢ 

ʆʙʣʘʩʪ: ʇʨʠʤʝˁʝʥʝ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ ʠ ʠʥʬʦʨʤʘʪʠʢʘ, ʧʨʝʩʝʜʥʠʢ 
 

2. ɼʨ ɼʘʥʠʿʝʣʘ ʄʠʣʦʰʝʚʠ˂, ʚʘʥʨ. ʧʨʦʬ. 

ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʏʘʯʘʢ 

ʆʙʣʘʩʪ: ʀʥʬʦʨʤʘʮʠʦʥʝ ʪʝʭʥʦʣʦʛʠʿʝ, ʯʣʘʥ 
 

3. ɼʨ ɸʣʝʢʩʘʥʜʘʨ ʈʘʥʢʦʚʠ˂, ʚʘʥʨ. ʧʨʦʬ. 

ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʏʘʯʘʢ 

ʆʙʣʘʩʪ: ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ, ʯʣʘʥ 
 

4. ɼʨ ɹʨʘʪʠʩʣʘʚ ʀʨʠʯʘʥʠʥ, ʜʦʮʝʥʪ 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ, ɹʝʦʛʨʘʜ 

ʆʙʣʘʩʪ: ʇʨʠʤʝˁʝʥʘ ʤʘʪʝʤʘʪʠʢʘ, ʯʣʘʥ 

ɼʘʪʫʤ ʦʜʙʨʘʥʝ ʜʠʩʝʨʪʘʮʠʿʝ:  



 

 

 

ʈɽɿʀʄɽ 
 

 

ʇʨʝʜʤʝʪ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʘ ʧʦʥʘʰʘˁʘ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ 

ʪʦʢʦʤ ʧʣʘʥʩʢʦʛ ʝʢʩʧʣʦʘʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʨʘʜʠ ʨʘʟʚʦʿʘ ʤʦʜʝʣʘ ʟʘ ʜʠʥʘʤʠʯʢʠ ʧʨʦʨʘʯʫʥ 

ʧʦʢʘʟʘʪʝˀʘ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʪʝʭʥʠʯʢʦ - ʝʢʦʥʦʤʩʢʫ ʧʨʦʮʝʥʫ ʝʬʝʢʘʪʘ ʧʦʿʝʜʠʥʠʭ ʚʠʜʦʚʘ ʠ 

ʤʝʨʘ ʫ ʩʢʣʦʧʫ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ.  

ʋʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʿʝ ʫʯʝʩʪʘʥʦʩʪ ʢʚʘʨʦʚʘ ʚʝʦʤʘ ʥʠʩʢʘ ʟʘ ʚʝ˂ʠʥʫ ʝʣʝʢʪʨʠʯʥʝ 

ʦʧʨʝʤʝ ʪʦʢʦʤ ʧʨʚʠʭ 10 - 20 ʛʦʜʠʥʘ ʧʦʛʦʥʘ, ʘ ʜʘ ʦʥʘ ʨʘʩʪʝ ʪʦʢʦʤ ʢʘʩʥʠʿʝʛ ʧʝʨʠʦʜʘ 

ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʧʨʝʚʝʥʪʠʚʥʝ ʘʢʪʠʚʥʦʩʪʠ ʧʣʘʥʠʨʘʿʫ ʟʘ ʩʚʘʢʫ ʛʦʜʠʥʫ 

ʧʦʿʝʜʠʥʘʯʥʦ.  

ʇʦʣʘʟʥʘ ʦʩʥʦʚʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘ ʤʝʹʫʥʘʨʦʜʥʘ ʩʪʘʪʠʩʪʠʢʘ ʦ 

ʢʚʘʨʦʚʠʤʘ ʥʘ ʝʣʝʢʪʨʠʯʥʦʿ ʦʧʨʝʤʠ. ʉʚʝ ʘʥʘʣʠʟʝ ʩʫ ʫʨʘʹʝʥʝ ʟʘ ʝʥʝʨʛʝʪʩʢʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʘ ʧʨʘʛʫ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ, ʯʠʿʘ ʧʦʫʟʜʘʥʦʩʪ ʿʝ ʦʜ ʧʦʩʝʙʥʦʛ ʟʥʘʯʘʿʘ 

ʟʘ ʥʝʧʨʝʢʠʜʥʦʩʪ ʥʘʧʘʿʘˁʘ ʧʦʪʨʦʰʘʯʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ. ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʿʝ 

Ăʨʘʟʣʦʞʝʥñ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʝ ʮʝʣʠʥʝ, ʘ ʧʦʫʟʜʘʥʦʩʪ ʩʚʘʢʝ ʦʜ ˁʠʭ ʿʝ ʤʦʜʝʣʦʚʘʥʘ 

ʤʝʰʘʚʠʥʦʤ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʠ Weibull-ʦʚʝ ʨʘʩʧʦʜʝʣʝ. ʊʘʢʦʹʝ, ʟʘʚʠʩʥʦ ʦʜ ʩʪʝʧʝʥʘ 

ʦʰʪʝ˂ʝˁʘ, ʜʝʬʠʥʠʩʘʥʝ ʩʫ ʪʨʠ ʢʘʪʝʛʦʨʠʿʝ ʢʚʘʨʦʚʘ, ʩʭʦʜʥʦ ʚʨʝʤʝʥʫ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʟʘ 

ˁʠʭʦʚʦ ʦʪʢʣʘˁʘˁʝ. 

ɿʘ ʩʪʚʘʨʥʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʦʧʨʝʤʝ, ʩʧʨʦʚʦʹʝˁʘ ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʩʧʦʨʫʯʝʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʧʨʠʤʝʥʦʤ ʨʘʟʚʠʿʝʥʦʛ ʤʦʜʝʣʘ ʫʩʪʘʥʦʚˀʝʥʠ ʩʫ ʪʨʝʥʫʮʠ ʠ ʦʙʠʤ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʝʨʘ ʢʦʿʝ ʩʫ ʦʧʨʘʚʜʘʥʝ ʟʘ ʧʨʠʤʝʥʫ ʥʘ ʩʚʘʢʦʿ ʢʦʤʧʦʥʝʥʪʠ ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʇʦʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʝ ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʥʘʠʟʛʣʝʜ ʢʦʥʪʨʘʜʠʢʪʦʨʘʥ ʝʬʝʢʘʪ, ʜʘ 

ʩʝ ʩʤʘˁʝ ʪʨʦʰʢʦʚʠ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ, ʘ ʜʘ ʧʨʠ ʪʦʤʝ ʜʦʹʝ ʜʦ ʧʦʚʠʰʝˁʘ ʥʠʚʦʘ 

ʨʘʩʧʦʣʦʞʠʚʦʩʪʠ. ʆʩʠʤ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʤʝʨʘ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ, ʘʥʘʣʠʟʠʨʘʥ ʿʝ 

ʫʪʠʮʘʿ ʫʛʨʘʜˁʝ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ, ʥʘʙʘʚʢʘ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ ʠ ʩʧʨʦʚʦʹʝˁʝ 

ʨʝʚʠʪʘʣʠʟʘʮʠʿʝ ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɸʥʘʣʠʟʘ ʢʦʤʙʠʥʦʚʘʥʝ ʧʨʠʤʝʥʝ ʤʝʨʘ ʠ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʫʿʝ ʜʘ ʩʝ ʥʘʙʘʚʢʘ ʥʘʿʩʢʫʧˀʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʤʦʞʝ ʠʟʙʝ˂ʠ, 

ʜʦʢ ʩʝ ʥʝʢʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʫ ʢʘʩʥʠʿʝʤ ʧʝʨʠʦʜʫ ʝʢʩʧʣʦʘʪʘʮʠʿʝ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ 

ʤʘʢʩʠʤʘʣʥʦ ʩʥʠʞʝˁʝ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ ʪʨʦʰʢʦʚʘ ʠ ʧʨʦʜʫʞʝˁʝ ʞʠʚʦʪʥʦʛ ʚʝʢʘ 

ʧʦʩʪʦʿʝ˂ʝ ʦʧʨʝʤʝ. 

ʈʘʜʠ ʧʦʪʧʫʥʦʩʪʠ ʤʦʜʝʣʘ, ʧʨʠʢʘʟʘʥ ʿʝ ʟʥʘʯʘʿ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʩʠʤʫʣʘʮʠʿʘ ʫ 

ʘʥʘʣʠʟʘʤʘ ʧʦʫʟʜʘʥʦʩʪʠ ʩʠʩʪʝʤʘ. ʂʘʦ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ, ʦʧʠʩʘʥʘ ʿʝ ʩʝʢʚʝʥʮʠʿʘʣʥʘ 

Monte Carlo ʩʠʤʫʣʘʮʠʿʘ ʢʦʿʦʤ ʩʝ ʩʠʤʫʣʠʨʘ ʥʘʩʪaʥʘʢ ʢʚʘʨʦʚʘ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ ʠ ʜʘʪ 

ʿʝ ʤʦʜʝʣ ʫʪʠʮʘʿʘ ʝʢʩʪʨʝʤʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʧʨʠʣʠʢʘ ʥʘ ʦʜʨʞʘʚʘˁʝ ʦʧʨʝʤʝ ʢʦʿʘ ʿʝ 

ʠʥʩʪʘʣʠʩʘʥʘ ʥʘ ʦʪʚʦʨʝʥʦʤ ʧʨʦʩʪʦʨʫ.  

ʇʨʠʤʝʥʦʤ ʩʦʬʪʚʝʨʩʢʦʛ ʘʣʘʪʘ Vensim PLE ʨʘʟʚʠʿʝʥ ʿʝ ʤʦʜʝʣ ʧʨʝʚʝʥʪʠʚʥʠʭ 

ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʜʠʥʘʤʠʯʢʠʭ ʩʠʩʪʝʤʘ. ʄʝʪʦʜʘ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʜʠʥʘʤʠʯʢʠʭ 

ʩʠʩʪʝʤʘ (System Dynamics Simulation - SDS) ʿʝ ʧʨʠʤʝˁʝʥʘ ʥʘ ʬʦʨʤʠʨʘˁʝ ʤʦʜʝʣʘ ʦʧʰʪʝʛ 

ʩʠʩʪʝʤʘ ʦʜʨʞʘʚʘˁʘ ʢʦʨʠʰ˂ʝˁʝʤ ʜʠʿʘʛʨʘʤʘ ʫʟʨʦʯʥʠʭ ʧʝʪˀʠ ʠ ʜʠʿʘʛʨʘʤʘ ʪʦʢʦʚʘ. 

ʀʟʚʨʰʝʥʦ ʿʝ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʘ ʤʠʥʠʤʘʣʥʠʭ ʠ ʤʘʢʩʠʤʘʣʥʠʭ ʪʨʦʰʢʦʚʘ 

ʦʜʨʞʘʚʘˁʘ ʝʥʝʨʛʝʪʩʢʦʛ ʪʨaʥʩʬʦʨʤʘʪʦʨʘ.  

ʇʨʝʜʣʦʞʝʥʠ ʤʦʜʝʣ ʟʘ ʜʠʥʘʤʠʯʢʫ ʘʥʘʣʠʟʫ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʿʝ ʩʦʬʪʚʝʨʩʢʠ ʨʝʘʣʠʟʦʚʘʥ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ ɱʘvʘ. 



 

 

 

SUMMARY  
 

 

The subject of the thesis is modeling and simulation of electrical equipment during 

the planned exploitation period aimed to develop dynamic model for reliability analysis and 

technical and economic assessment of preventive maintenance effects. 

Very low frequency of failures for most of electrical equipment was established in the 

first 10ï20 years of exploitation as well as an increase in failure occurrence over the later 

period. Therefore, prevention activities are planned annually. 

The starting point of this thesis is the representative international statistics of 

electrical equipment failures. All analyses were done for the power transformer at the 

boundary of the distribution network, whose reliability is very important for continuous 

electricity supply. Transformer is ódecomposedô to functional units, and the reliability of each 

unit was modelled with mixture of exponential and Weibullôs distribution. Also, depending 

on the damage degree, three categories of failures were established, based on time required 

for their removal. 

Time of performance and scope of activities as well as measures reasonable apply to 

each component of the power transformer were specified in terms of actual cost of the 

equipment, the implementation of activities and electricity supply using the developed model. 

It has been confirmed that seemingly contradictory effects can be produced, i.e. costs of 

preventive maintenance will be reduced and availability increased. In addition to 

conventional measures of preventive maintenance, the influence of installing continuous 

monitoring system, spare parts supply and revitalisation of the power transformer were 

analysed. The analysis of the combined application of measures and activities shows that the 

supply of the most expensive elements can be avoided, while some can be used in the later 

period of exploitation, which enables maximum reduction in maintenance costs and lifetime 

extension of the existing equipment. 

The importance of different types of simulations in the system reliability analysis has 

been shown here. Most commonly employed Sequential Monte Carlo simulation, used to 

simulate the occurrence of electrical equipment failures, as well as the model of the impact of 

extreme weather on maintenance of the equipment installed outside are showed in the thesis. 

The dynamic system model for preventive maintenance activities was developed by 

using Vensim PLE software tools. Sytem Dynamic Simulation (SDS) method was applied to 

model general system maintenance using causal loop diagrams and flow charts. Modeling 

and simulation of minimum and maximum maintenance costs of the power transformer was 

performed. 

 The software for the proposed dynamic model analysis of activities relative to 

preventive maintenance of the power transformer was developed using the Java 

programming language. 
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1. ʋɺʆɼHA ʈɸɿʄɸʊʈɸɳɸ 
 

1.1 ɿʥʘʯʘʿ ʧʦʫʟʜʘʥʦʩʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʦʧʨʝʤʝ 

 

ʇʦʫʟʜʘʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘ ʩʧʦʩʦʙʥʦʩʪ ʩʠʩʪʝʤʘ ʜʘ ʠʟʚʨʰʘʚʘ ʧʨʝʜʚʠʹʝʥʫ ʬʫʥʢʮʠʿʫ 

ʫ ʦʜʨʝʹʝʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ ʧʦʜ ʟʘʜʘʪʠʤ ʫʩʣʦʚʠʤʘ. ʇʦʫʟʜʘʥʦʩʪ ʩʝ ʤʝʨʠ ʧʨʝʢʦ 

ʨʘʟʣʠʯʠʪʠʭ ʧʦʢʘʟʘʪʝˀʘ ʧʦʫʟʜʘʥʦʩʪʠ ʢʘʦ ʰʪʦ ʩʫ: ʨʘʩʧʦʣʦʞʠʚʦʩʪ, ʥʝʦʪʢʘʟʠʚʦʩʪ, 

ʠʥʪʝʥʟʠʪʝʪ ʦʪʢʘʟʘ ʠʪʜ. ʅʝʢʠ ʩʠʩʪʝʤ ʩʝ ʩʤʘʪʨʘ ʧʦʫʟʜʘʥʠʤ ʘʢʦ ʤʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ 

ʧʦʢʘʟʘʪʝˀʠ ʫ ʦʙʘʚˀʘˁʫ ʦʜʨʝʹʝʥʝ ʬʫʥʢʮʠʿʝ ʠʤʘʿʫ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʥʠʩʫ ʛʦʨʝ ʦʜ 

ʟʘʭʪʝʚʘʥʠʭ.  

ʅʠʚʦ ʧʦʫʟʜʘʥʦʩʪʠ ʩʝ ʦʮʝˁʫʿʝ ʥʘ ʦʩʥʦʚʫ ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ ʬʫʥʢʮʠʿʘ ʢʦʿʝ 

ʩʠʩʪʝʤ ʦʙʘʚˀʘ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʘ ʛʣʝʜʠʰʪʘ ʥʝʢʠʭ ʢʦʨʠʩʥʠʢʘ ʩʠʩʪʝʤ ʤʦʞʝ ʙʠʪʠ ʧʦʫʟʜʘʥ, 

ʘ ʜʨʫʛʠʭ, ʢʦʿʠ ʠʤʘʿʫ ʚʝ˂ʝ ʟʘʭʪʝʚʝ, ʥʝʧʦʫʟʜʘʥ.  

ʅʝʢʠ ʩʠʩʪʝʤ ʤʦʞʝ ʙʠʪʠ ʧʦʫʟʜʘʥ ʫ ʦʙʘʚˀʘˁʫ ʿʝʜʥʠʭ, ʘ ʥʝʧʦʫʟʜʘʥ ʫ ʦʙʘʚˀʘˁʫ 

ʜʨʫʛʠʭ ʬʫʥʢʮʠʿʘ. ʇʦʫʟʜʘʥʦʩʪ ʩʠʩʪʝʤʘ ʩʝ ʤʦʞʝ ʧʦʚʝ˂ʘʪʠ ʫʛʨʘʜˁʦʤ ʢʚʘʣʠʪʝʪʥʠʿʝ 

ʦʧʨʝʤʝ, ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ, ʧʨʠʤʝʥʦʤ ʘʫʪʦʤʘʪʠʢʝ, ʠʪʜ. ʇʦʚʝ˂ʘˁʝ 

ʧʦʫʟʜʘʥʦʩʪʠ ʫʛʣʘʚʥʦʤ ʟʘʭʪʝʚʘ ʜʦʜʘʪʥʘ ʤʘʪʝʨʠʿʘʣʥʘ ʫʣʘʛʘˁʘ, ʧʘ ʿʝ ʧʦʪʨʝʙʥʦ ʦʜʨʝʜʠʪʠ 

ʪʝʭʥʠʯʢʠ ʨʘʮʠʦʥʘʣʥʘ ʨʝʰʝˁʘ ʩʧʨʦʚʦʹʝˁʝʤ ʪʝʭʥʠʯʢʦ - ʝʢʦʥʦʤʩʢʠʭ ʘʥʘʣʠʟʘ ʢʦʿʝ 

ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʩʚʝ ʥʘʚʝʜʝʥʝ ʬʘʢʪʦʨʝ [1]. 

ɸʥʘʣʠʟe ʧʦʫʟʜʘʥʦʩʪʠ ʩʝ ʧʨʠʤʝˁʫʿʫ ʢʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʪʝʭʥʠʯʢʠʭ ʩʠʩʪʝʤʘ. ʇʨʠ 

ʦʚʠʤ ʘʥʘʣʠʟʘʤʘ ʩʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʢʚʘʣʠʪʘʪʠʚʥʝ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʤʝʪʦʜʝ.  

ʂʚʘʣʠʪʘʪʠʚʥʝ ʤʝʪʦʜʝ ʟʘ ʦʮʝʥʫ ʧʦʫʟʜʘʥʦʩʪʠ ʫʛʣʘʚʥʦʤ ʟʘʚʠʩʝ ʦʜ ʠʩʢʫʩʪʚʘ ʠ 

ʧʨʦʮʝʥʝ ʠʥʞʝˁʝʨʘ ʢʦʿʠ ʨʘʜʝ ʥʘ ʦʜʨʞʘʚʘˁʫ ʦʧʨʝʤʝ.  

ʂʚʘʥʪʠʪʘʪʠʚʥʝ ʤʝʪʦʜʝ ʢʦʨʠʩʪʝ ʩʪʘʪʠʩʪʠʯʢʝ ʧʦʜʘʪʢʝ ʠʟ ʬʦʨʤʠʨʘʥʠʭ ʙʘʟʘ 

ʧʦʜʘʪʘʢʘ ʦ ʩʪʘˁʫ ʦʧʨʝʤʝ, ʢʘʦ ʠ ʤʝʪʦʜʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʩʪʘˁʘ ʦʧʨʝʤʝ 

ʫʩʣʝʜ ʨʘʜʘ ʠ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʧʦʜ ʢʦʿʠʤ ʦʧʨʝʤʘ ʨʘʜʠ.  

ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ (ɽɽʉ) ʩʝ ʤʦʞʝ ʨʘʟʣʦʞʠʪʠ ʥʘ ʯʝʪʠʨʠ ʬʫʥʢʮʠʦʥʘʣʥʝ 

ʮʝʣʠʥʝ, ʠ ʪʦ ʧʦʜʩʠʩʪʝʤ ʟʘ [2]: 

¶ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥeʨʛʠʿʝ, 

¶ ʧʨʝʥʦʩ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, 

¶ ʜʠʩʪʨʠʙʫʮʠʿʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥeʨʛʠʿʝ, 

¶ ʧʦʪʨʦʰˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. 

ʇʨʝʤʘ ʩʪʘʪʠʩʪʠʯʢʠʤ ʧʦʜʘʮʠʤʘ ʚʝʣʠʢʠʭ ʢʦʤʧʘʥʠʿʘ, ʦʢʦ 90% ʩʚʠʭ ʧʨʝʢʠʜʘ 

ʥʘʧʘʿʘˁʘ ʧʦʪʨʦʰʘʯʘ ʩʫ ʧʦʩʣʝʜʠʮʘ ʢʚʘʨʦʚʘ ʢʦʿʠ ʥʘʩʪʘʿʫ ʥʘ ʝʣʝʤʝʥʪʠʤʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ 

ʩʠʩʪʝʤʘ [3]. ʆʩʥʦʚʥʠ ʮʠˀ ʘʥʘʣʠʟʝ ʧʦʫʟʜʘʥʦʩʪʠ ʿʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʦʙʠʤ ʠ ʨʝʜʦʩʣʝʜ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʪʨʝʙʘ ʩʧʨʦʚʝʩʪʠ ʜʘ ʙʠ ʩʝ ʜʫʞʠʥʘ ʧʨʝʢʠʜʘ ʥʘʧʘʿʘˁʘ ʩʚʝʣʘ ʥʘ ʥʘʿʤʘˁʫ 

ʤʦʛʫ˂ʫ ʤʝʨʫ, ʰʪʦ ʿʝ ʫ ʠʥʪʝʨʝʩʫ ʠ ʠʩʧʦʨʫʯʠʣʘʮʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʠ ʧʦʪʨʦʰʘʯʘ. ʉʚʝ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʩʝ ʩʧʨʦʚʦʜʝ ʫ ʮʠˀʫ ʧʦʚʝ˂ʘˁʘ ʧʦʫʟʜʘʥʦʩʪʠ ʠʟʠʩʢʫʿʫ ʠʥʚʝʩʪʠʮʠʦʥʘ 

ʫʣʘʛʘˁʘ ʦʜ ʩʪʨʘʥʝ ʠʩʧʦʨʫʯʠʦʮʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ [4]. ɿʙʦʛ ʪʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʠʟʚʨʰʠʪʠ ʦʧʪʠʤʠʟʘʮʠʿʫ, ʜʘ ʙʠ ʩʝ ʤʠʥʠʤʠʟʦʚʘʣʠ ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʠ ʰʪʝʪʝ. ɽʢʦʥʦʤʩʢʠ 

ʘʩʧʝʢʪ ʘʥʘʣʠʟʝ ʧʦʫʟʜʘʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘ ʦʜʨʝʹʠʚʘˁʝ ʰʪʝʪʘ ʢʦʿʝ ʧʦʪʨʦʰʘʯʠ ʪʨʧʝ ʟʙʦʛ 

ʥʝʠʩʧʦʨʫʯʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʪʨʦʰʢʦʚʘ ʠ ʰʪʝʪʘ ʢʦʿʝ ʠʤʘ ʠʩʧʦʨʫʯʠʣʘʮ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ.  

ʋ ʧʝʨʠʦʜʫ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʥʝʢʦʛ ʦʙʿʝʢʪʘ, ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʠ ʰʪʝʪʝ ʩʝ ʩʘʩʪʦʿʝ ʦʜ [3]: 

¶ ʠʥʚʝʩʪʠʮʠʦʥʠʭ ʪʨʦʰʢʦʚʘ (ʪʨʦʰʢʦʚʠ ʠʟʛʨʘʜˁʝ ʧʦʩʪʨʦʿʝˁʘ, ʙʨʦʿ ʠ ʚʨʩʪʘ 

ʝʣʝʤʝʥʘʪʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʬʠʛʫʨʘʮʠʿʝ); 
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¶ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ ʪʨʦʰʢʦʚʘ (ʪʨʦʰʢʦʚʠ ʧʨʝʚʝʥʪʠʚʥʦʛ ʠ ʢʦʨʝʢʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ). 
ʇʨʝʤʘ ʜʦʩʘʜʘʰˁʦʿ ʧʨʘʢʩʠ, ʧʨʝʚʝʥʪʠʚʥʦ ʦʜʨʞʘʚʘˁʝ ʩʝ ʠʟʚʦʜʠʣʦ ʫ ʬʠʢʩʥʠʤ 

ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ ʠ ʥʘʿʯʝʰ˂ʝ ʿʝ ʧʦʜʨʘʟʫʤʝʚʘʣʦ ʚʠʟʫʝʣʥʠ ʧʨʝʛʣʝʜ 

ʝʣʝʤʝʥʘʪʘ. ʂʦʨʝʢʪʠʚʥʦ ʦʜʨʞʘʚʘˁʝ ʩʝ ʩʧʨʦʚʦʜʠʣʦ ʧʦʩʣʝ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ, ʘ 

ʪʨʘʿʘˁʝ ʦʪʢʣʘˁʘˁʘ ʠ ʮʝʥʘ ʟʘʚʠʩʠʣʠ ʩʫ ʦʜ ʩʪʝʧʝʥʘ ʦʰʪʝ˂ʝˁʘ ʠ ʚʨʩʪʝ ʦʧʨʝʤʝ;  

¶ ʧʨʝʦʩʪʘʣʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʢʨʘʿʫ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ (ʟʘʚʠʩʝ ʦʜ ʢʣʠʤʘʪʩʢʠʭ 
ʫʩʣʦʚʘ, ʩʪʝʧʝʥʘ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ, ʩʪʝʧʝʥʘ ʠʟʚʦʹʝˁʘ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ). 

ʅʠʿʝ ʣʦʛʠʯʥʦ ʦʯʝʢʠʚʘʪʠ ʜʘ ˂ʝ ʩʝ ʜʚʘ ʝʣʝʤʝʥʪʘ ʠʩʪʝ ʩʪʘʨʦʩʪʠ ʠ ʠʩʪʝ ʚʨʩʪʝ 

ʿʝʜʥʘʢʦ ʘʤʦʨʪʠʟʦʚʘʪʠ ʘʢʦ ʨʘʜʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʩʘ 

ʨʘʟʣʠʯʠʪʠʤ ʩʪʝʧʝʥʦʤ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʢʘʪʝʛʦʨʠʿʘʤʘ ʧʦʪʨʦʰʘʯʘ ʢʦʿʝ 

ʥʘʧʘʿʘʿʫ (ʦʚʜʝ ʩʝ ʤʠʩʣʠ ʥʘ ʧʨʦʤʝʥˀʠʚʦʩʪ ʜʠʿʘʛʨʘʤʘ ʦʧʪʝʨʝ˂ʝˁʘ); 

¶ ʪhʝʪʝ ʢʦʿʝ ʪʨʧʠ ʠʩʧʦʨʫʯʠʣʘʮ ʟʙʦʛ ʥʝʠʩʧʦʨʫʯʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (ʫʢʦʣʠʢʦ 

ʧʦʩʪʦʿʠ ʨʝʟʝʨʚʥʠ ʠʟʚʦʨ ʥʘʧʘʿʘˁʘ ʦʥʜʘ ʩʫ ʦʚʝ ʰʪʝʪʝ ʤʠʥʠʤʘʣʥʝ); 

¶ ʪhʝʪʝ ʢʦʿʝ ʪʨʧʠ ʠʩʧʦʨʫʯʠʣʘʮ ʟʙʦʛ ʠʟʥʝʥʘʜʥʦ ʠʩʧʘʣʝ ʩʥʘʛʝ; 

¶ ʪhʝʪʝ ʢʦʿʫ ʪʨʧʝ ʧʦʪʨʦʰʘʯʠ ʟʙʦʛ ʧʨʝʢʠʜʘ ʫ ʥʘʧʘʿʘˁʫ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ 

(ʟʘʚʠʩʝ ʦʜ ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʦʰʘʯʢʦʛ ʧʦʜʨʫʯʿʘ, ʜʫʞʠʥʝ ʪʨʘʿʘˁʘ ʧʨʝʢʠʜʘ, ʚʨʩʪʝ 

ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ ʠ ʜʦʙʘ ʜʘʥʘ); 

¶ ʠʥʚʝʩʪʠʮʠʦʥʠʭ ʪʨʦʰʢʦʚʘ ʫ ʪʦʢʫ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ (ʥʦʚʯʘʥʘ ʩʨʝʜʩʪʚʘ ʟʘ 
ʥʘʙʘʚʢʫ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ, ʫʛʨʘʜˁʘ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ, ʫʛʨʘʜˁʘ 

ʩʠʩʪʝʤʘ ʟʘ ʜʘˀʠʥʩʢʦ ʫʧʨʘʚˀʘˁʝ). 

 

1.2 ʋʪʠʮʘʿ ʨʘʟʚʦʿʘ ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʥʘ ʧʦʫʟʜʘʥʦʩʪ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ 

ʦʧʨʝʤʝ 

 

ʅʘʧʨʝʜʘʢ ʫ ʨʘʟʚʦʿʫ ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʪʝʥʦʣʦʛʠʿʘ (ʀʊ) ʫʪʠʮʘʦ ʿʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʥʘ 

ʧʦʫʟʜʘʥʦʩʪ ʦʧʨʝʤʝ ɽɽʉ ʠ ʦʛʣʝʜʘ ʩʝ ʫ ʩʣʝʜʝ˂ʝʤ [5]: 

¶ ʩʣʦʞʝʥʠ ʧʨʦʨʘʯʫʥʠ, ʢʦʿʠ ʩʝ ʨʘʜʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʙʨʞʝ ʩʝ ʠʟʚʦʜʝ ʧʨʠʤʝʥʦʤ 

ʨʘʯʫʥʘʨʘ ʠ ʩʦʬʪʚʝʨʘ ʩʧʝʮʠʿʘʣʥʦ ʨʘʟʚʠʿʝʥʠʭ ʟʘ ʪʫ ʥʘʤʝʥʫ, 

¶ ʜʝʪʝʢʪʦʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ ʥʘʩʪʘʥʢʘ ʢʚʘʨʦʚʘ ˂ʝ ʙʠʪʠ ʤʥʦʛʦ ʝʬʠʢʘʩʥʠʿʝ ʧʨʠʤʝʥʦʤ 

ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ, 

¶ ʝʿʬʪʠʥʘ ʠ ʧʦʫʟʜʘʥʘ ʤʦʙʠʣʥʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʩʝ ʤʦʞʝ ʫʧʦʪʨʝʙʠʪʠ ʜʘ ʙʠ ʩʝ ʜʦʙʠʣʝ 

ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʧʦʛʦʨʰʘˁʫ ʩʪʘˁʘ ʦʧʨʝʤʝ ʠʣʠ ʥʘʩʪʘʥʢʫ ʢʚʘʨʘ. 

ʇʨʚʠ ʩʦʬʪʚʝʨʩʢʠ ʘʣʘʪʠ ʨʘʟʚʠʿʝʥʠ ʟʘ ʘʥʘʣʠʟʫ ʧʦʫʟʜʘʥʦʩʪʠ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ ʩʫ 

ʧʨʠʤʝˁʠʚʘʥʠ ʥʘ ʢʨʠʪʠʯʥʝ ʝʣʝʤʝʥʪʝ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʦʧʨʝʤʝ [6]. ʋ ʦʚʦʤ ʧʝʨʠʦʜʫ 

ʥʠʩʫ ʙʠʣʠ ʜʦʚʦˀʥʦ ʨʘʟʚʠʿʝʥʠ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʮʠ, ʘ ʤʘʣʠ ʙʨʦʿ ʠʥʬʦʨʤʘʪʠʯʘʨʘ ʩʝ ʙʘʚʠʦ 

ʧʨʦʙʣʝʤʠʤʘ ʧʦʫʟʜʘʥʦʩʪʠ ɽɽʉ. ʅʘʿʯʝʰ˂ʝ ʿʝ ʨʘʟʚʦʿ ʦʚʠʭ ʘʣʘʪʘ ʙʠʦ ʫ ʧʨʦʮʝʜʫʨʘʣʥʦ 

ʦʨʠʿʝʥʪʠʩʘʥʠʤ ʧʨʦʛʨʘʤʩʢʠʤ ʿʝʟʠʮʠʤʘ Fortran, C, ʠʪʜ.  

ɺʝ ˂ 1990 - ʪʠʭ ʛʦʜʠʥʘ ʩʪʚʦʨʠʣʝ ʩʫ ʩʝ ʚʝ˂ʝ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʨʘʟʚʦʿ ʩʦʬʪʚʝʨʘ ʩʘ 

ʛʨʘʬʠʯʢʠʤ ʢʦʨʠʩʥʠʯʢʠʤ ʠʥʪʝʨʬʝʿʩʦʤ GUI (Graphical User Interface) [7]. ɿʘ ʨʘʟʚʦʿ 

ʩʦʬʪʚʝʨʘ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʦʙʿʝʢʪʥʦ - ʦʨʠʿʝʥʪʠʩʘʥʠ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʮʠ ɱava, C++  ʠ C#, 

ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʿʝʜʥʦʩʪʘʚʥʫ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʢʦʨʠʩʥʠʢʦʤ ʘʧʣʠʢʘʮʠʿʝ.  

ʂʨʘʿʝʤ ʧʨʦʰʣʦʛ ʚʝʢʘ ʿʝ ʨʘʟʚʠʿʝʥ ʚʝʣʠʢʠ ʙʨʦʿ ʩʦʬʪʚʝʨʘ ʢʦʿʠ ʩʫ ʩʝ ʢʦʨʠʩʪʠʣʠ ʟʘ 

ʜʠʥʘʤʠʯʢʦ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʫ ʫ ʩʠʩʪʝʤʠʤʘ ʦʜʨʞʘʚʘˁʘ. ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ 

ʧʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʜʠʥʘʤʠʯʢʦ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʫ ʩʫ: MatLab, 

Modelica, Simulink, Arena, VenSim, ʠʪʜ [8].  
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ʋ ʜʠʩʝʨʪʘʮʠʿʠ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥ ʦʨʠʛʠʥʘʣʥʠ ʜʠʥʘʤʠʯʢʠ ʤʦʜʝʣ ʝʬʝʢʘʪʘ 

ʩʧʨʦʚʝʜʝʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʦʜʨʝʹʝʥ ʧʨʝʮʠʟʘʥ ʨʝʜʦʩʣʝʜ ʧʨʠʤʝʥʝ ʧʨʝʜʣʦʞʝʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʯʠʿʠʤ 

ʩʧʨʦʚʦʹʝˁʝʤ ʩʝ ʤʠʥʠʤʠʟʫʿ ʫ ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʠ ʰʪʝʪʝ ʫ ʧʣʘʥʩʢʦʤ ʧʝʨʠʦʜʫ 

ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ɿʘ ʜʠʥʘʤʠʯʢʦ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʫ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʤʝʪʦʜʘ SDS ʠ 

ʩʦʬʪʚʝʨʩʢʠ ʘʣʘʪ VenSim PLE 6.3 [8]. 

 

1.3 ʆʨʛʘʥʠʟʘʮʠʿʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ 

 

ʈʘʜ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʩʝʜʘʤ ʧʦʛʣʘʚˀʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʋʚʦʜ ʠ ɿʘʢˀʫʯʘʢ.  

ʋ ʜʨʫʛʦʤ ʧʦʛʣʘʚˀʫ ʇʨʝʛʣʝʜ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʩʚʝʪʫ ʜʘʪ ʿʝ ʧʨʝʛʣʝʜ ʥʘʿʟʥʘʯʘʿʥʠʿʝ 

ʣʠʪʝʨʘʪʫʨʝ ʠʟ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʝ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʦʜʨʞʘʚʘˁʘ ʩʣʦʞʝʥʠʭ ʪʝʭʥʠʯʢʠʭ ʩʠʩʪʝʤʘ. 

ɸʣʛʦʨʠʪʘʤ ʢʦʿʠ ʩʫ ʨʘʟʚʠʣʠ ʿʘʧʘʥʩʢʠ ʥʘʫʯʥʠʮʠ Okamura, Dohi ʠ Oasaki [27], ʢʦʨʠʩʪʠ ʩʝ 

ʟʘ ʤʠʥʠʤʠʟʘʮʠʿʫ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʠ ʤʘʢʩʠʤʠʟʘʮʠʿʫ ʧʦʫʟʜʘʥʦʩʪʠ ʩʠʩʪʝʤʘ. ʆʚʘʿ 

ʘʣʛʦʨʠʪʘʤ ʧʨʝʜʩʪʘʚˀʘ ʧʦʣʘʟʥʫ ʦʩʥʦʚʫ ʟʘ ʤʦʜʝʣ ʨʘʟʚʠʿʝʥ ʫ ʯʝʪʚʨʪʦʤ ʧʦʛʣʘʚˀʫ. ʉʘ 

ʜʝʬʠʥʠʩʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʠʟʚʨʰʠ˂ʝ ʩʝ ʧʦʙʦˀʰʘˁʝ ʧʦʩʪʦʿʝ˂ʝ ʩʪʨʘʪʝʛʠʿʝ ʦʜʨʞʘʚʘˁʘ 

ʧʨʠʤʝʥʦʤ ʟʘʜʘʪʠʭ ʬʫʥʢʮʠʿʘ ʠ ʧʨʦʨʘʯʫʥ ʬʫʥʢʮʠʿʘ ʧʨʝʤʘ ʧʣʘʥʫ ʦʜʨʞʘʚʘˁʘ. ʆʩʥʦʚʥʠ 

ʮʠ ˀʦʚʦʛ ʘʣʛʦʨʠʪʤʘ ʿʝ ʜʘ ʩʝ ʜʦʙʠʿʝ ʧʣʘʥ ʦʜʨʞʘʚʘˁʘ ʯʠʿʠ ʩʫ ʪʨʦʰʢʦʚʠ ʤʠʥʠʤʘʣʥʠ. 

ʆʧʠʩʘʥʘ ʿʝ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʢʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʠ ʧʨʝʜʣʦʞʝʥʠ ʪʨʝʥʫʮʠ ʩʧʨʦʚʦʹʝˁʘ 

ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʞʘʚʘˁʘ ʩʣʦʞʝʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʩʚʘʢʠ ʧʦʿʝʜʠʥʘʯʥʠ ʝʣʝʤʝʥʪ 

(ʢʦʤʧʦʥʝʥʪʫ) ʩʠʩʪʝʤʘ. ʊʘʢʦʹʝ, ʜʘʪ ʿʝ ʧʨʝʛʣʝʜ ʨʘʟʚʦʿʘ ʩʦʬʪʚʝʨʘ ʟʘ ʘʥʘʣʠʟʫ ʧʦʫʟʜʘʥʦʩʪʠ 

ʠ ʩʦʬʪʚʝʨʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʫ. 

ʋ ʪʨʝ˂ʝʤ ʧʦʛʣʘʚˀʫ ʩʫ ʠʟʣʦʞʝʥʠ ʤʝʪʦʜʦʣʦʛʠʿʘ ʫʪʚʨʹʠʚʘˁʘ ʢʨʠʪʠʯʥʠʭ ʜʦʛʘʹʘʿʘ 

ʥʘ ʪʝʭʥʠʯʢʠʤ ʩʠʩʪʝʤʠʤʘ ʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʠ ʟʘ ʧʨʦʨʘʯʫʥ ʬʫʥʢʮʠʿʘ ʧʦʫʟʜʘʥʦʩʪʠ. 

ʇʦʢʘʟʘʥʝ ʩʫ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʝ ʨʘʩʧʦʜʝʣʝ ʚʝʨʦʚʘʪʥʦ˂ʘ, ʘ ʢʦʿʝ ˂ʝ ʠʥʘʯʝ ʙʠʪʠ 

ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʨʘʟʚʦʿ ʜʠʥʘʤʠʯʢʦʛ ʤʦʜʝʣʘ ʫ ʯʝʪʚʨʪʦʤ ʧʦʛʣʘʚˀʫ. ʇʨʠʢʘʟʘʥ ʿʝ ʤʦʜʝʣ 

ʤʨʝʞʥʠʭ ʩʪʨʫʢʪʫʨʘ ʩʘ ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ ˁʠʭʦʚ ʟʥʘʯʘʿ ʫ ʘʥʘʣʠʟʠ ʧʦʫʟʜʘʥʦʩʪʠ ʠ 

ʦʧʠʩʘʥʝ ʚʨʩʪʝ ʦʜʨʞʘʚʘˁʘ ʠ ˁʠʭʦʚʘ ʧʨʠʤʝʥʘ ʥʘ ʪʝʭʥʠʯʢʠʤ ʩʠʩʪʝʤʠʤʘ ʨʘʟʣʠʯʠʪʝ 

ʥʘʤʝʥʝ. 

ʋ ʧʦʛʣʘʚˀʫ ɼʠʥʘʤʠʯʢʦ ʤʦʜʝʣʦʚʘˁʝ ʝʬʝʢʘʪʘ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʿʝ 

ʧʨʠʢʘʟʘʥ ʤʦʜʝʣ ʩʪʘˁʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʜʘ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ 

ʬʫʥʢʮʠʦʥʘʣʥʦʿ ʠʩʧʨʘʚʥʦʩʪʠ ʦʧʨʝʤʝ. ʆʧʠʩʘʥʠ ʩʫ ʦʩʥʦʚʥʠ ʧʦʿʤʦʚʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ 

ʧʨʦʤʝʥʝ ʩʪʘˁʘ ʦʧʨʝʤʝ ʫʩʣʝʜ ʧʨʦʤʝʥʝ ʨʝʞʠʤʘ ʨʘʜʘ. ʇʨʠ ʪʦʤ ʿʝ ʫʟʝʪʦ ʫ ʦʙʟʠʨ ʜʘ 

ʩʠʩʪʝʤʠ ʫ ʧʦʛʣʝʜʫ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʦʚʘ ʤʦʛʫ ʙʠʪʠ ʦʙʥʦʚˀʠʚʠ ʠ ʥʝʦʙʥʦʚˀʠʚʠ. ʆʧʠʩʘʥʠ 

ʩʫ ʧʨʝʣʘʟʠ ʠʟ ʿʝʜʥʦʛ ʫ ʜʨʫʛʦ ʩʪʘˁʝ ʟʘ ʦʙʥʦʚˀʠʚʝ ʩʠʩʪʝʤʝ. ʅʘ ʧʨʠʤʝʨʫ ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʝʜʣʦʞʝʥʝ ʩʫ ʤʝʨʝ ʠ ʘʢʪʠʚʥʦʩʪʠ ʯʠʿʠʤ ʩʧʨʦʚʦʹʝˁʝʤ ʩʝ ʦʙʝʟʙʝʹʫʿʝ 

ʤʠʥʠʤʘʣʘʥ ʥʠʚʦ ʪʨʦʰʢʦʚʘ ʠ ʰʪʝʪʘ ʪʦʢʦʤ ʧʣʘʥʩʢʦʛ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ʉʚʘʢʘ ʤʝʨʘ 

ʠ ʘʢʪʠʚʥʦʩʪ ʧʦʿʝʜʠʥʘʯʥʦ ʩʫ ʤʦʜʝʣʦʚʘʥʠ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʮʝʥʝ ʠ ʜʫʞʠʥʝ ʪʨʘʿʘˁʘ 

ʩʧʨʦʚʦʹʝˁʘ ʠ ʫʪʠʮʘʿʘ ʥʘ ʧʘʨʘʤʝʪʨʝ ʧʦʫʟʜʘʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʇʨʝʪʨʘʞʠʚʘˁʝʤ ʧʦ 

ʧʨʦʩʪʦʨʫ ʩʪʘˁʘ ʫʪʚʨʹʝʥʘ ʿʝ ʧʨʦʮʝʜʫʨʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʝ ʩʪʨʘʪʝʛʠʿʝ 

ʝʢʩʧʣʦʘʪʘʮʠʿʝ.  

ʇʝʪʦ ʧʦʛʣʘʚˀʝ (ʆʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʠʭ ʤʝʨʘ ʠ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ) 

ʿʝ ʧʦʩʚʝ˂ʝʥʦ ʧʨʘʢʪʠʯʥʦʤ ʦʜʨʝʹʠʚʘˁʫ ʦʧʪʠʤʘʣʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʧʦʿʝʜʠʥʠʭ ʤʝʨʘ ʠ 

ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʿʝʜʥʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʫ ʩʪʘʥʠʮʫ TS 110/x kV/kV, ʩʘ ʜʚʘ ʝʥʝʨʛʝʪʩʢʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʜ ʧʦ 31,5 MVA.  ɸʥʘʣʠʟʠʨʘʥʝ ʩʫ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʪʨʝʙʘ ʧʨʠʤʝʥʠʪʠ ʟʘ 

ʩʤʘˁʝˁʝ ʪʨʦʰʢʦʚʘ ʠ ʰʪʝʪʘ ʫ ʧʝʨʠʦʜʫ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʟʘ ʩʣʫʯʘʿ ʨʘʜʠʿʘʣʥʦʛ ʥʘʧʘʿʘˁʘ 

ʧʦʪʨʦʰʘʯʘ ʠ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʧʦʪʨʦʰʘʯʠ ʠʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʘʣʪʝʨʥʘʪʠʚʥʦʛ ʥʘʧʘʿʘˁʘ.  
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ʋ ʧʦʛʣʘʚˀʫ ʉʠʤʫʣʘʮʠʿʝ ʦʧʠʩʘʥʝ ʩʫ ʘʥʘʣʠʪʠʯʢʝ ʠ Monte Carlo ʩʠʤʫʣʘʮʠʿʝ ʠ 

ˁʠʭʦʚʘ ʧʨʠʤʝʥʘ ʫ ʘʥʘʣʠʟʠ ʧʦʫʟʜʘʥʦʩʪʠ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ. ɸʥʘʣʠʪʠʯʢʦʤ ʩʠʤʫʣʘʮʠʿʦʤ 

ʩʝ ʦʜʨʝʹʫʿʝ ʥʠʟ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʩʝ ʩʧʨʦʚʦʜʝ ʧʦʩʣʝ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ ʥʘ ʜʘʪʦʤ ʩʠʩʪʝʤʫ. 

ʂʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʨʝʘʣʠʟʘʮʠʿʘ Monte Carlo ʩʠʤʫʣʘʮʠʿʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʦʢʘʟʘʪʝˀʘ 

ʧʦʫʟʜʘʥʦʩʪʠ, ʟʥʘʯʘʿʥʦ ʿʝ ʧʨʠʤʝʥʠʪʠ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʧʨʦʮʝʩʦʨʘ ʟʘ ʛʝʥʝʨʠʩʘˁʝ 

ʩʣʫʯʘʿʥʠʭ ʙʨʦʿʝʚʘ, ʢʘʢʦ ʩʝ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʥʝ ʙʠ ʧʦʥʘʚˀʘʣʠ. ʂʘʦ ʧʨʠʤʝʨ, ʧʨʠʢʘʟʘʥʠ 

ʩʫ ʘʣʛʦʨʠʪʤʠ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʥʘʩʪʘʥʢʘ ʠ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʦʚʘ ʧʨʠʤʝʥʦʤ ʩʝʢʚʝʥʮʠʿʘʣʥʝ 

Monte Carlo ʩʠʤʫʣʘʮʠʿʝ. ʉʠʤʫʣʘʮʠʿʦʤ ʩʣʫʯʘʿʥʠʭ ʩʪʘˁʘ ʫʪʚʨʹʫʿʫ ʩʝ ʚʝʨʦʚʘʪʥʦ˂ʝ 

ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ ʟʘ ʩʠʤʫʣʠʨʘʥʝ ʛʦʜʠʥʝ. ʇʨʠʢʘʟʘʥ ʿʝ ʘʣʛʦʨʠʪʘʤ ʟʘ ʩʠʤʫʣʘʮʠʿʫ 

ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʢʦʿʝ ʫʪʠʯʫ ʥʘ ʥʘʩʪʘʥʘʢ ʥʝʞʝˀʝʥʠʭ ʜʦʛʘʹʘʿʘ ʠ ʘʣʛʦʨʠʪʘʤ ʟʘ 

ʦʜʨʝʹʠʚʘˁʝ ʥʘʿʚʝʨʦʚʘʪʥʠʿʠʭ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ.  

ʊʘʢʦʹʝ, ʫ ʨʘʜʫ ʿʝ ʧʨʠʢʘʟʘʥ ʦʧʰʪʠ ʤʦʜʝʣ ʩʠʩʪʝʤʘ ʟʘ ʦʜʨʞʘʚʘˁʝ ʦʧʨʝʤʝ, ʩʘ ʜʚʝ 

ʚʨʩʪʝ ʜʠʿʘʛʨʘʤʘ: ʜʠʿʘʛʨʘʤʠ ʫʟʨʦʯʥʠʭ ʧʝʪˀʠ ʠ ʜʠʿʘʛʨʘʤʠ ʪʦʢʦʚʘ. ʈʘʟʚʠʿʝʥ ʿʝ ʤʦʜʝʣ ʟʘ 

ʧʨʦʨʘʯʫʥ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʦʜʨʞʘʚʘˁʘ ʧʨʠʤʝʥʦʤ Vensim PLE 6.3 ʩʦʬʪʚʝʨʩʢʦʛ ʘʣʘʪʘ. 

ɿʘ ʢʨʝʠʨʘʥ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʧʨʝʚʝʥʪʠʚʥʠʭ ʝʢʩʧʣʦʘʪʘʮʦʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʨʝʘʣʠʟʦʚʘʥʠ ʩʫ ʜʠʿʘʛʨʘʤ ʫʟʨʦʯʥʠʭ ʧʝʪˀʠ ʠ ʜʠʿʘʛʨʘʤʠ ʪʦʢʦʚʘ ʢʦʿʠ ˂ʝ 

ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʜʘˀʫ ʘʥʘʣʠʟʫ. ʇʨʠʢʘʟʘʥʘ ʿʝ ʧʨʠʤʝʥʘ ʦʚʦʛ ʩʦʬʪʚʝʨʩʢʦʛ ʘʣʘʪʘ ʟʘ 

ʩʠʤʫʣʘʮʠʿʫ ʥʘ ʧʨʠʤʝʨʫ ʫʢʫʧʥʠʭ ʦʯʝʢʠʚʘʥʠʭ ʪʨʦʰʢʦʚʘ ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʧʨʠ ʩʧʨʦʚʦʹʝˁʫ ʨʘʟʣʠʯʠʪʠʭ ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʞʘʚʘˁʘ. 

ʋ ʦʙʿʝʢʪʥʦ ʦʨʠʿʝʥʪʠʩʘʥʦʤ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ ɱʘʚʘ ʨʘʟʚʠʿʝʥ ʿʝ ʩʦʬʪʚʝʨ ʟʘ 

ʧʨʦʨʘʯʫʥ ʪʨʦʰʢʦʚʘ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʞʘʚʘˁʘ ʟʘ ʤʦʜʝʣ ʜʘʪ ʫ ʯʝʪʚʨʪʦʤ ʠ 

ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ. ʉʦʬʪʚʝʨ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʥʘ ʙʠʣʦ ʢʦʿʫ ʚʨʩʪʫ ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʦʤʝʥʦʤ ʜʝʬʠʥʠʩʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫ ʘʧʣʠʢʘʮʠʿʠ. 

ʅʘ ʢʨʘʿʫ ʰʝʩʪʦʛ ʧʦʛʣʘʚˀʘ ʥʘʣʘʟʠ ʩʝ ʢʨʘʪʘʢ ʦʧʠʩ ʦʩʪʘʣʠʭ ʤʝʪʦʜʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ 

ʢʦʜ ʩʠʤʫʣʘʮʠʿʘ ʧʨʠ ʘʥʘʣʠʟʠ ʥʘʩʪʘʥʢʘ ʢʚʘʨʦʚʘ.  

ʋ ʧʦʩʣʝʜˁʝʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʠ ʩʫ ʢ ʫˀʯʥʠ ʨʝʟʫʣʪʘʪʠ ʜʦ ʢʦʿʠʭ ʩʝ ʜʦʰʣʦ. ɼʘʪʠ 

ʩʫ ʧʨʘʚʮʠ ʜʘˀʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʜʠʥʘʤʠʯʢʠʭ ʩʠʤʫʣʘʮʠʿʘ ʪʝʭʥʠʯʢʠʭ ʩʠʩʪʝʤʘ. 
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2. ʇʈʀʂɸɿ ʀʉʊʈɸɾʀɺɸɳɸ ʋ ʉɺɽʊʋ 
 

2.1 ʄʦʜʝʣʦʚʘˁʝ ʧʨʦʮʝʩʘ ʦʜʨʞʘʚʘˁʘ  

 

ɿʘʯʝʪʥʠʮʠʤʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʪʝʭʥʠʯʢʠʭ 

ʩʠʩʪʝʤʘ ʫʦʧʰʪʝ ʩʤʘʪʨʘʿʫ ʩʝ Barlow ʠ Hunter ʢʦʿʠ ʩʫ ʨʘʟʚʠʣʠ ʤʦʜʝʣ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʦʧʪʠʤʘʣʥʦʛ ʪʨʝʥʫʪʢʘ ʟʘʤʝʥʝ ʝʣʝʤʝʥʪʘ ʢʦʿʠ ʿʝ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ [9]. ʂʨʠʪʝʨʠʿʫʤ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʿʝ ʙʠʦ ʤʘʢʩʠʤʫʤ ʧʨʦʩʝʯʥʝ ʨʘʩʧʦʣʦʞʠʚʦʩʪʠ ʦʜ ʪʨʝʥʫʪʢʘ ʫʛʨʘʜˁʝ ʜʦ 

ʪʨʝʥʫʪʢʘ ʟʘʤʝʥʝ ʝʣʝʤʝʥʪʘ. Kowada ʠ Bando [10] ʨʘʟʤʘʪʨʘʣʠ ʩʫ ʿʝʜʘʥ ʝʣʝʤʝʥʪ 

ʧʦʿʝʜʠʥʘʯʥʦ ʩʘ ʜʚʝ ʚʨʩʪʝ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ: ʟʘʤʝʥʘ ʝʣʝʤʝʥʪʘ ʧʨʝ ʥʘʩʪʘʥʢʘ 

ʢʚʘʨʘ ʠ ʢʦʨʝʢʪʠʚʥʦ ʦʜʨʞʘʚʘˁʝ ʢʦʿʝ ʩʝ ʩʧʨʦʚʦʜʠ ʢʘʜʘ ʜʦ ʢʚʘʨʘ ʜʦʹʝ. ʆʥʠ ʩʫ ʨʘʟʚʠʣʠ 

ʘʥʘʣʠʪʠʯʢʝ ʠʟʨʘʟʝ ʟʘ ʧʨʦʨʘʯʫʥ ʪʨʝʥʫʪʢʘ ʩʧʨʦʚʦʹʝˁʘ ʟʘʤʝʥʝ ʢʦʿʦʤ ʩʝ ʤʘʢʩʠʤʠʟʠʨʘ 

ʦʯʝʢʠʚʘʥʘ ʨʘʩʧʦʣʦʞʠʚʦʩʪ. ɿʥʘʯʘʿʥʘ ʩʫ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʿʝ ʚʨʰʠʦ Guerts [11]. 

ʀʩʪʨʘʞʠʚʘʦ ʿʝ ʤʦʜʝʣ ʙʘʟʠʨʘʥ ʥʘ Weibull-ʦʚʦʿ ʨʘʩʧʦʜʝʣʠ, ʧʨʠ ʯʝʤʫ ʿʝ ʢʨʠʪʝʨʠʿʫʤ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʙʠʦ ʤʠʥʠʤʫʤ ʦʯʝʢʠʚʘʥʠʭ ʪʨʦʰʢʦʚʘ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʦʚʘ. ʇʨʚʠ 

ʜʠʥʘʤʠʯʢʠ ʤʦʜʝʣ ʥʘ ʦʩʥʦʚʫ ʢʦʛʘ ʿʝ ʦʜʨʝʹʝʥ ʦʧʪʠʤʘʣʘʥ ʪʨʝʥʫʪʘʢ ʟʘʤʝʥʝ ʝʣʝʤʝʥʪʘ 

ʨʘʟʚʠʦ ʿʝ Nachlas [2]. ʅʝʦʪʢʘʟʠʚʦʩʪ ʝʣʝʤʝʥʪʘ ʤʦʜʝʣʦʚʘʥʘ ʿʝ ʤʝʰʘʚʠʥʦʤ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʠ Weibull-ʦʚʝ ʨʘʩʧʦʜʝʣʝ, ʘ ʤʦʜʝʣ ʿʝ ʧʨʠʤʝˁʝʥ ʫ ʧʣʘʥʠʨʘˁʫ 

ʦʜʨʞʘʚʘˁʘ ʧʫʪʥʠʯʢʠʭ ʘʚʠʦʥʘ. 

ʀʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʝ ʥʘʜʦʚʝʟʫʿʫ ʥʘ ʦʚʘ ʩʫ ʜʘʪʘ ʫ ʨʘʜʫ ʘʫʪʦʨʘ Nguyen ʠ Murthy 

[12]. ʆʥʠ ʩʫ ʨʘʟʤʘʪʨʘʣʠ ʜʚʘ ʤʦʜʝʣʘ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʩʘ ʤʠʥʠʤʘʣʥʠʤ ʙʨʦʿʝʤ 

ʟʘʤʝʥʘ ʝʣʝʤʝʥʘʪʘ. Nakagʘwa ʿ ʝ ʫ ʨʘʜʦʚʠʤʘ [13, 14] ʜʘʦ ʩʣʠʯʘʥ ʤʦʜʝʣ, ʛʜʝ ʿʝ ʨʘʟʤʘʪʨʘʦ 

ʧʨʝʚʝʥʪʠʚʥʦ ʦʜʨʞʘʚʘˁʝ ʫ ʬʠʢʩʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ. ʆʚʠ ʨʘʜʦʚʠ ʩʫ ʢʘʩʥʠʿʝ 

ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʨʘʟʚʦʿ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʚʝʥʪʠʚʥʠʭ ʦʜʨʞʘʚʘˁʘ. Lin ʠ ʜʨ. ʩʫ ʫ ʨʘʜʫ [15] 

ʥʘʩʪʘʚʠʣʠ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʩʘ ʮʠˀʝʤ ʩʤʘˁʝˁʘ ʥʘʩʪʘʥʢʘ ʠ 

ʧʦʩʣʝʜʠʮʘ ʢʚʘʨʦʚʘ. ʀʩʪʠ ʘʫʪʦʨʠ ʩʫ ʫ [16] ʜʘʣʠ ʤʦʜʝʣ ʩʘ ʜʚʝ ʚʨʩʪʝ ʢʚʘʨʦʚʘ. Nakagwa ʠ 

Mizutani [17] ʩʫ ʜʘʣʠ ʤʦʜʠʬʠʢʘʮʠʿʫ Nakagwa ʤʦʜʝʣʘ [13, 14] ʧʣʘʥʠʨʘˁʝʤ ʦʜʨʞʘʚʘˁʘ ʫ 

ʬʠʢʩʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ. 

ʈʘʜʠ ʧʨʦʮʝʥʝ ʦʧʨʘʚʜʘʥʦʩʪʠ ʥʘʙʘʚʢʝ ʯʠʪʘʚʠʭ ʝʣʝʤʝʥʘʪʘ ʚʠʩʦʢʦʥʘʧʦʥʩʢʠʭ 

ʧʦʩʪʨʦʿʝˁʘ ʥʘ ʦʩʥʦʚʫ ʤʠʥʠʤʫʤʘ ʦʯʝʢʠʚʘʥʠʭ ʪʨʦʰʢʦʚʘ ʠ ʰʪʝʪʘ ʨʘʟʚʠʿʝʥ ʿʝ ʩʪʘʮʠʦʥʘʨʥʠ 

ʤʦʜʝʣ [18, 19]. ʇʦʢʘʟʫʿʝ ʩʝ ʜʘ ʩʝ ʥʘʙʘʚʢʦʤ ʧʦʿʝʜʠʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʟʘ ʜʘʪʠ ʢʦʥʮʝʧʪ 

ʥʘʧʘʿʘˁʘ ʧʦʪʨʦʰʘʯʘ, ʪʨʦʰʢʦʚʠ ʠ ʰʪʝʪʝ ʢʦʿʝ ʪʨʧʠ ʠʩʧʦʨʫʯʠʣʘʮ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʩʤʘˁʠʪʠ. ʋ [20 - 23] ʘʥʘʣʠʟʠʨʘʥʘ ʿʝ ʧʦʫʟʜʘʥʦʩʪ ʝʣʝʤʝʥʘʪʘ ʩʘ 

ʨʘʩʧʦʣʦʞʠʚʦʤ ʨʝʟʝʨʚʦʤ, ʧʨʠ ʯʝʤʫ ʿʝ ʚʨʝʤʝ ʙʦʨʘʚʢʘ ʫ ʧʦʿʝʜʠʥʠʤ ʩʪʘˁʠʤʘ ʤʦʜʝʣʦʚʘʥʦ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦʤ ʨʘʩʧʦʜʝʣʦʤ. ʂʘʦ ʰʪʦ ʿʝ ʧʦʟʥʘʪʦ, ʠʥʪʝʥʟʠʪʝʪ ʢʚʘʨʦʚʘ ʨʘʩʪʝ ʩʘ 

ʚʨʝʤʝʥʦʤ. ʋ [24] ʧʦʨʘʩʪ ʠʥʪʝʥʟʠʪʝʪʘ ʢʚʘʨʦʚʘ ʿʝ ʦʙʫʭʚʘ˂ʝʥ ʪʘʢʦ ʰʪʦ ʿʝ ʥʝʦʪʢʘʟʠʚʦʩʪ 

ʝʥʝʨʛʝʪʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʤʦʜʝʣʦʚʘʥʘ ʥʦʨʤʘʣʥʦʤ ʨʘʩʧʦʜʝʣʦʤ, ʜʦʢ ʿʝ ʟʘ ʪʨʘʿʘˁʝ 

ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʦʚʘ ʫʩʚʦʿʝʥʦ ʜʘ ʿʝ ʪʦ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʘ ʚʝʣʠʯʠʥʘ. ʋ [25] ʨʘʟʚʠʿʝʥ ʿʝ 

ʤʦʜʝʣ ʟʘ ʥʘʙʘʚʢʫ ʨʝʟʝʨʚʥʠʭ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʙʦʨʘʚʘʢ ʫ 

ʠʩʧʨʘʚʥʦʤ ʩʪʘˁʫ ʤʦʜʝʣʦʚʘʥ ʤʝʰʘʚʠʥʦʤ ʨʘʩʧʦʜʝʣʘ, ʘ ʚʨʝʤʝ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ ʿʝ 

ʤʦʜʝʣʦʚʘʥʦ Weibull-ʦʚʦʤ ʨʘʩʧʦʜʝʣʦʤ. 

ʆʧʪʠʤʠʟʘʮʠʿʫ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʞʘʚʘˁʘ ʨʘʟʤʘʪʨʘʣʠ ʩʫ ʘʫʪʦʨʠ ʫ 

ʨʘʜʫ [26], ʛʜʝ ʿʝ ʜʘʪ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʧʦʧʨʘʚˀʠʚʠʭ ʩʣʦʞʝʥʠʭ ʩʠʩʪʝʤʘ. ʉʪʨʘʪʝʛʠʿʘ 

ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʦʜʝʣʠ ʚʨʝʤʝʥʘ ʦʜʨʞʘʚʘˁʘ ʥʘ ʪʨʠ ʧʝʨʠʦʜʘ. 

ʉʚʘʢʘ ʢʦʤʧʦʥʝʥʪʘ ʩʝ ʤʦʞʝ ʦʜʨʞʘʚʘʪʠ, ʟʘʤʝʥʠʪʠ ʠʣʠ ʩʝ ʫʦʧʰʪʝ ʥʝ ʧʨʝʜʫʟʠʤʘʿʫ 

ʧʨʝʚʝʥʪʠʚʥʝ ʘʢʪʠʚʥʦʩʪʠ. ʆʩʥʦʚʥʠ ʮʠˀ ʦʚʦʛ ʤʦʜʝʣʘ ʿʝ ʜʘ ʩʝ ʤʠʥʠʤʠʟʫʿʫ ʫʢʫʧʥʠ 
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ʪʨʦʰʢʦʚʠ ʠ ʤʘʢʩʠʤʠʟʫʿʝ ʧʦʫʟʜʘʥʦʩʪ ʩʠʩʪʝʤʘ. ʇʨʠʤʝˁʝʥʘ ʿʝ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʢʦʛ 

ʧʨʦʛʨʘʤʠʨʘˁʘ ʠ ʜʘʪ ʧʨʠʤʝʨ ʩʣʦʞʝʥʦʛ ʩʠʩʪʝʤʘ ʥʘ ʢʦʤ ʿʝ ʟʘ ʩʚʘʢʠ ʧʦʿʝʜʠʥʘʯʥʠ ʝʣʝʤʝʥʪ 

ʧʨʝʜʣʦʞʝʥ ʪʨʝʥʫʪʘʢ ʠʟʚʦʹʝˁʘ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʞʘʚʘˁʘ. 

ʋ ʨʘʜʫ ʿʘʧʘʥʩʢʠʭ ʘʫʪʦʨʘ Okamura, Dohi ʠ Osaki [27], ʦʧʠʩʘʥ ʿʝ ʤʦʜʝʣ ʜʚʝ 

ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʢʚʘʨʦʚʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʤʠʥʠʤʘʣʥʦʤ ʚʨʝʤʝʥʫ ʧʦʧʨʘʚʢʝ ʠ ʟʘʤʝʥʝ 

ʧʨʠʤʝʥʦʤ ʜʠʥʘʤʠʯʢʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ. ʋ ʦʚʦʤ ʤʦʜʝʣʫ ʨʘʟʤʘʪʨʘ ʩʝ ʩʠʩʪʝʤ ʥʘ ʢʦʤʝ ʩʝ 

ʠʟʚʦʜʝ ʤʠʥʠʤʘʣʥʝ ʧʦʧʨʘʚʢʝ ʠ ʟʘʤʝʥʝ ʝʣʝʤʝʥʘʪʘ. ʂʚʘʨʦʚʠ ʩʝ ʜʝʣʝ ʥʘ ʜʚʝ ʚʨʩʪʝ:  

¶ ʪʠʧ I (ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʤʘʣʦ ʚʨʝʤʝ ʧʦʧʨʘʚʢʝ), 

¶ ʪʠʧ II (ʢʚʘʨʦʚʠ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʜʫʞʝ ʚʨʝʤʝʥʘ ʟʘ ʟʘʤʝʥʫ ʝʣʝʤʝʥʪʘ ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ 

ʩʠʩʪʝʤʫ) ʠ ʨʝʰʘʚʘʿʫ ʩʝ ʧʨʠʤʝʥʦʤ ʜʠʥʘʤʠʯʢʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ.  

ɸʣʛʦʨʠʪʘʤ ʢʦʿʠ ʿʝ ʦʧʠʩʘʥ ʦʜʨʝʹʫʿʝ ʤʠʥʠʤʘʣʥʝ ʪʨʦʰʢʦʚʝ ʧʨʠʤʝʥʦʤ ʦʧʪʠʤʘʣʥʦʛ 

ʧʣʘʥʘ ʦʜʨʞʘʚʘˁʘ ʠ ʚʘʞʠ ʟʘ ʦʧʰʪʫ ʚʨʩʪʫ ʤʦʜʝʣʘ. ʇʨʝʜʣʦʞʝʥʠ ʰʘʙʣʦʥ ʦʙʝʟʙʝʹʫʿʝ 

ʿʝʜʠʥʩʪʚʝʥ ʦʢʚʠʨ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʩʪʨʘʪʝʛʠʿʘ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʫ ʬʠʢʩʥʠʤ 

ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ. ʋ ʩʢʦʨʦ ʩʚʠʤ ʥʘʚʝʜʝʥʠʤ ʨʘʜʦʚʠʤʘ, ʧʨʠʢʘʟʘʥʠ ʩʫ ʤʦʜʝʣʠ ʟʘ 

ʦʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʧʝʨʠʦʜʘ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ, ʘʣʠ ʥʠʩʫ 

ʨʘʟʚʠʿʝʥʠ ʝʬʠʢʘʩʥʠ ʘʣʛʦʨʠʪʤʠ. 

ʉʘ ʦʚʠʤ ʘʣʛʦʨʠʪʤʦʤ ʩʝ ʧʨʦʨʘʯʫʥʘʚʘ ʦʧʪʠʤʘʣʘʥ ʧʣʘʥ ʦʜʨʞʘʚʘˁʘ ʢʦʿʠʤ ʩʝ 

ʤʠʥʠʤʠʟʠʨʘʿʫ ʦʯʝʢʠʚʘʥʠ ʪʨʦʰʢʦʚʠ ʠ ʥʝ ʟʘʚʠʩʝ ʦʜ ʚʨʩʪʝ ʤʦʜʝʣʘ. ʇʨʝʚʝʥʪʠʚʥʦ 

ʦʜʨʞʘʚʘˁʝ ʩʝ ʜʝʣʠ ʥʘ N  ʚʨʝʤʝʥʩʢʠʭ ʠʥʪʝʨʚʘʣʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʠʥʪʝʥʟʠʪʝʪ ʦʪʢʘʟʘ ʟʘ ʦʙʝ 

ʚʨʩʪʝ ʢʚʘʨʘ ʤʝˁʘ ʩʘ ʩʧʨʦʚʦʹʝˁʝʤ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʙʠʣʦ ʢʦʿʠ ʚʨʝʤʝʥʩʢʠ 

ʠʥʪʝʨʚʘʣ. ɺʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣʠ ʩʫ ʜʘʪʠ ʫ ʦʙʣʠʢʫ: 
N

ttt <<< ...
21

, ʛʜʝ ʩʝ k  - ʪʦ 

ʧʨʝʚʝʥʪʠʚʥʦ ʦʜʨʞʘʚʘˁʝ ʠʟʚʦʜʠ ʫ ʪʨʝʥʫʪʢʫ 
k

t . ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʩʝ ʠʥʪʝʥʟʠʪʝʪ ʦʪʢʘʟʘ 

ʢʚʘʨʦʚʘ ʊʠʧʘ I ʠ ʊʠʧʘ II ʤʝˁʘ ʩʘ ʩʚʘʢʦʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ. ʋ k  - 

ʪʦʤ ʠʥʪʝʨʚʘʣʫ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʬʫʥʢʮʠʿʘ ʠʥʪʝʥʟʠʪʝʪʘ ʦʪʢʘʟʘ ʿʝ ʟʘ: 

ʊʠʧ I: 

( )
11

0,
--

-<¢
kkk

I

k
ttttth   (2.1) 

ʊʠʧ II: 

( )
11

0,
--

-<¢
kkk

II

k
ttttth   (2.2) 

ʌʫʥʢʮʠʿʘ ʠʥʪʝʥʟʠʪʝʪʘ ʦʪʢʘʟʘ ʫ k  - ʪʦʤ ʧʝʨʠʦʜʫ ʟʘʚʠʩʠ ʦʜ ʚʨʝʤʝʥʘ ʧʦʩʣʝʜˁʝ 

ʧʨʝʚʝʥʪʠʚʥʝ ʘʢʪʠʚʥʦʩʪʠ 
1-k

t . ʋʩʚʦʿʝʥʘ ʿʝ ʧʨʘʢʪʠʯʥʦ ʪʘʯʥʘ ʯʠˁʝʥʠʮʘ ʜʘ ʿʝ 0
0
=t , ʠ ʦʚʘʿ 

ʪʨʝʥʫʪʘʢ ʩʝ ʧʦʢʣʘʧʘ ʩʘ ʪʨʝʥʫʪʢʦʤ ʧʦʯʝʪʢʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʝʣʝʤʝʥʪʘ, ʦʜʥʦʩʥʦ ʩʠʩʪʝʤʘ. ʋ 

ʤʦʜʝʣʫ ʩʝ ʦʜʨʝʹʫʿʫ:  

( )
1-kkk

ttS  - ʫʢʫʧʥʠ ʦʯʝʢʠʚʘʥʠ ʪʨʦʰʢʦʚʠ ʠ  

( )
1-kkk

ttT  - ʦʯʝʢʠʚʘʥʘ ʜʫʞʠʥʘ ʪʨʘʿʘˁʘ k  - ʪʦʛ ʧʝʨʠʦʜʘ, 

ʧʦʜ ʫʩʣʦʚʦʤ ʿʝ ʜʘ ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʧʨʝʚʝʥʪʠʚʥʝ ʘʢʪʠʚʥʦʩʪʠ 1-k  ʠ k  ʫ ʪʨʝʥʫʪʢʫ 
1-k

t  ʠ 
k

t , 

ʨʝʜʦʤ, ʪʘʢʦ ʜʘ ʿʝ: 

( ) ( ) ( ) ( ) ( )( )
114112
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1111
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,  (2.4) 
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( ) ( )ñ
--

-- =
1

0

11

kk tt

kk

II

kkkk dtttRttT  , Nk ,...,1= , (2.5) 

( ) ( )ö
÷

õ
æ
ç

å
-= ñ --

t

k

II

kkk

II

k
dstshttR

0

11
exp , 

1
0

-
-<¢

kk
ttt  (2.6) 

ʛʜʝ ʩʫ: 

1
c  - ʪʨʦʰʢʦʚʠ ʤʠʥʠʤʘʣʥʝ ʧʦʧʨʘʚʢʝ,  

2
c  - ʪʨʦʰʢʦʚʠ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ,  

3
c  - ʪʨʦʰʢʦʚʠ ʟʘʤʝʥʝ,  

4
c  - ʪʨʦʰʢʦʚʠ ʢʦʨʝʢʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ, 

( )
1-kk

II

k
ttR  - ʬʫʥʢʮʠʿʘ ʧʦʫʟʜʘʥʦʩʪʠ ʟʘ ʢʚʘʨ ʊʠʧʘ II ʫ k  - ʪʦʤ ʧʝʨʠʦʜʫ. 

ʆʯʝʢʠʚʘʥʘ ʚʝʣʠʯʠʥʘ ʪʨʦʰʢʦʚʘ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʫ ʬʠʢʩʠʥʠʤ 

ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ { }
NN

tt ,...,
1

=p , ʟʘ ʫʢʫʧʘʥ ʙʨʦʿ ʦʜʨʞʘʚʘˁʘ N  ʿʝ: 

( )
( )( )
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ä Ô

=
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= ---

=
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-
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N

k
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l kkklll

II

l

N
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k

l kkklll

II

l

N

ttTtttR

ttStttR
NC

1

1

1 111

1

1

1 111
,p . (2.7) 

ʉʘ ʦʚʠʤ ʤʦʜʝʣʦʤ ʩʫ ʦʜʨʝʹʝʥʠ ʫʢʫʧʥʠ ʪʨʦhʢʦʚʠ ʫ ʥʝʢʦʤ ʧʝʨʠʦʜʫ ʠ ʜʫʞʠʥʘ 

ʪʨʘʿʘˁʘ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʟʘʜʘʪʠ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ. ɼʝʬʠʥʠʩʘʥʠ ʩʫ 

ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʟʘ ʩʧʨʦʚʝʜʝʥʫ ʩʪʨʘʪʝʛʠʿʫ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʫ ʬʠʢʩʥʠʤ 

ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ.  

ʇʨʦʙʣʝʤ ʫ ʦʚʦʤ ʤʦʜʝʣʫ ʙʠʦ ʿʝ ʧʨʦʥʘ˂ʠ ʦʧʪʠʤʘʣʘʥ ʙʨʦʿ ʚʨʝʤʝʥʩʢʠʭ ʠʥʪʝʨʚʘʣʘ 

ʦʜʨʞʘʚʘˁʘ *N  ʠ *

N
p  ʢʦʿʠ ˂ʝ ʤʠʥʠʤʠʟʦʚʘʪʠ ʦʯʝʢʠʚʘʥʝ ʪʨʦʰʢʦʚʝ.  

ɸʢʦ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ ʜʘ ʿʝ ( )1
1
=

-kk

II

k
ttR , ʦʚʘʿ ʤʦʜʝʣ ʙʠ ʙʠʦ ʠʩʪʠ ʢʘʦ ʦʨʠʛʠʥʘʣʥʠ 

ʤʦʜʝʣ ʧʨʝʚʝʥʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʫ ʬʠʢʩʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ ʜʘʪ ʫ [13]. ɸʢʦ ʩʝ 

ʬʫʥʢʮʠʿʘ ʠʥʪʝʥʟʠʪʝʪʘ ʦʪʢʘʟʘ ʪʠʧʘ I ʜʝʬʠʥʠʰʝ ʧʦʤʦ˂ʫ ʬʫʥʢʮʠʿʝ ʠʥʪʝʥʟʠʪʝʪʘ ʦʪʢʘʟʘ ʟʘ 

ʧʦʯʝʪʥʠ ʧʝʨʠʦʜ ()thI

0
, ʦʥʜʘ ʿʝ: 

( ) ( )
101 --

+=
kk

I

kk

I

k
tthtth ab . (2.8) 

ɸʢʦ ʩʝ ʠʥʪʝʥʟʠʪʝʪ ʦʪʢʘʟʘ ( )
1-k

I

k
tth  ʟʘʤʝʥʠ ʩʘ: 

( ) ( ) ( )
111 ---

+ ++=
k

III

kk

I

kk

IIII

k
tthtthtth , (2.9) 

ʦʚʘʿ ʤʦʜʝʣ ˂ʝ ʦʜʛʦʚʘʨʘʪʠ ʧʨʝʚʝʥʪʠʚʥʦʤ ʦʜʨʞʘʚʘˁʫ ʫ ʬʠʢʩʥʠʤ ʚʨʝʤʝʥʩʢʠʤ 

ʠʥʪʝʨʚʘʣʠʤʘ ʩʘ ʥʝʧʦʧʨʘʚˀʠʚʠʤ ʢʚʘʨʦʚʠʤʘ. 

ʋ ʨʘʜʫ [27] ʿʝ ʧʨʝʜʣʦʞʝʥ ʠ ʘʣʛʦʨʠʪʘʤ ʟʘ ʜʠʥʘʤʠʯʢʦ ʧʨʦʛʨʘʤʠʨʘˁʝ ʠ 

ʧʨʦʥʘʣʘʞʝˁʝ ʦʧʪʠʤʘʣʥʦʛ ʧʣʘʥʘ ʦʜʨʞʘʚʘˁʘ ʢʦʿʠ ˂ʝ ʠʤʘʪʠ ʤʠʥʠʤʘʣʥʝ ʪʨʦʰʢʦʚʝ ʟʘ 

ʢʦʥʩʪʘʥʪʥʦ N . ʇʦʰʪʦ ʿʝ Newton-ʦʚ ʤʝʪʦʜ ʥʝʣʠʥʝʘʨʥʠ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʘʣʛʦʨʠʪʘʤ 

ʦʧʰʪʝ ʥʘʤʝʥʝ, ʤʦʞʝ ʩʝ ʧʦʥʝʢʘʜʘ ʜʝʩʠʪʠ ʜʘ ʧʨʦʙʣʝʤ ʤʠʥʠʤʠʟʘʮʠʿʝ ʥʝ˂ʝ ʢʦʥʚʝʨʛʠʨʘʪʠ 

ʫʢʦʣʠʢʦ ʠʤʘ ʧʫʥʦ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. 

ʋ ʧʨʦʙʣʝʤʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʢʦʿʠ ʩʝ ʨʝʰʘʚʘ, ʧʨʦʤʝʥˀʠʚʝ ʙʠʪʥʝ ʟʘ ʦʜʣʫʯʠʚʘˁʝ 

{ }
NN

tt ,...,
1

=p  ʠʤʘʿʫ ʦʛʨʘʥʠʯʝˁʝ 
N

ttt <<< ...
21

. ɿʘ ʦʚʘʢʚʝ ʩʝʢʚʝʥʮʠʿʘʣʥʝ ʦʧʪʠʤʠʟʘʮʠʦʥʝ 

ʧʨʦʙʣʝʤʝ, ʠʩʢʫʩʪʚʦ ʧʦʢʘʟʫʿʝ ʜʘ ʧʨʠʤʝʥʘ ʜʠʥʘʤʠʯʢʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʜʘʿʝ ʥʘʿʙʦˀʝ 

ʨʝʟʫʣʪʘʪʝ. 

ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʟʘ ʦʧʪʠʤʘʣʥʠ ʧʣʘʥ ʦʜʨʞʘʚʘˁʘ *

N
p, ʧʦʩʪʦʿʠ ʤʠʥʠʤʘʣʥʘ 
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ʦʯʝʢʠʚʘʥʘ ʚʝʣʠʯʠʥʘ ʪʨʦʰʢʦʚʘ ʢʦʿʘ ʩʝ ʦʙʝʣʝʞʘʚʘ ʩʘ r.  

ɱʝʜʥʘʯʠʥʝ ʟʘ ʤʠʥʠʤʠʟʘʮʠʿʫ ʦʯʝʢʠʚʘʥʠʭ ʪʨʦʰʢʦʚʘ ʩʫ: 

( ) 1,...,1,,,,min
11

*

1
-==

+-
NkJJttWJ

kkkk
t

k
k

r , (2.10) 

( )r,,min
1

*

1
JttWJ

NNN
t

N
N

-
= , (2.11) 

ʛʜʝ ʩʫ ʬʫʥʢʮʠʿʝ: ( )r,,,
11

*

1 +- kkkk
JJttW  ʠ ( )r,,

1

*

1
JttW

NNN -
 ʜʦʙʠʿʝʥʝ ʠʟ ʿʝʜʥʘʯʠʥʘ: 

( ) ( ) ( ) ( )
( )( ),1

,,,

111

11111111

--

--+--+-

--+

+-+-=

kkk

II

k

kkk

II

kkkkkkkkkkkk

tttRJ

tttRJttTttSJJttW rr
 (2.12) 

( ) ( ) ( )
11111

,, JttTttSJttW
NNNNNNNNN
+-=

---
rr . (2.13) 

ʋ ʧʨʝʪʭʦʜʥʠʤ ʿʝʜʥʘʯʠʥʘʤʘ NkJ
k

,...,1, = , ʥʘʟʠʚʘʿʫ ʩʝ ʬʫʥʢʮʠʿʝ ʨʝʣʘʪʠʚʥʠʭ 

ʚʨʝʜʥʦʩʪʠ. 

ʋʩʣʦʚʠ (2.10) ʠ (2.11) ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʪʨʝʙʥʝ ʠ ʜʦʚʦˀʥʝ ʫʩʣʦʚʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʦʧʪʠʤʘʣʥʦʛ ʧʣʘʥʘ ʦʜʨʞʘʚʘˁʘ.  

ʇʨʦʙʣʝʤ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʨʦʥʘʣʘʞʝˁʫ ʧʣʘʥʘ ʦʜʨʞʘʚʘˁʘ ʢʦʿʠ ʟʘʜʦʚʦˀʘʚʘ 

ʿʝʜʥʘʯʠʥʝ ʦʧʪʠʤʘʣʥʦʩʪʠ. ʆʚʜʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʠʪʝʨʘʪʠʚʥʝ ʤʝʪʦʜʝ. ʆʚʘʿ ʘʣʛʦʨʠʪʘʤ ʠʤʘ 

ʜʚʦʩʪʨʫʢʫ ʫʣʦʛʫ: ʧʦʙʦˀʰʘˁʝ ʧʦʩʪʦʿʝ˂ʝ ʩʪʨʘʪʝʛʠʿʝ ʧʨʠʤʝʥʦʤ ʜʘʪʠʭ ʬʫʥʢʮʠʿʘ ʠ 

ʧʨʦʨʘʯʫʥ ʬʫʥʢʮʠʿʘ ʧʨʝʤʘ ʧʣʘʥʫ ʦʜʨʞʘʚʘˁʘ. ʆʚʘ ʜʚʘ ʢʦʨʘʢʘ ʩʝ ʧʦʥʘʚˀʘʿʫ ʜʦʢ ʩʝ ʥʝ 

ʜʦʙʠʿʝ ʧʣʘʥ ʦʜʨʞʘʚʘˁʘ ʯʠʿʠ ʪʨʦʰʢʦʚʠ ʢʦʥʚʝʨʛʠʨʘʿʫ. ʅʦʚʘ ʩʪʨʘʪʝʛʠʿʘ ʦʜʨʞʘʚʘˁʘ ʩʝ 

ʙʘʟʠʨʘ ʥʘ ʩʣʝʜʝ˂ʠʤ ʬʫʥʢʮʠʿʘʤʘ ʧʦʜ ʟʘʜʘʪʠʤ ʬʫʥʢʮʠʿʘʤʘ ʨʝʣʘʪʠʚʥʠʭ ʚʨʝʜʥʦʩʪʠ 

N
JJ ,...,

1
: 

( ) 1,...,1,,,,
111

-=
+-

NkJJttW
kkkk
r  (2.14) 

( )r,,
11

JttW
NNN -

. (2.15) 

ʂʘʜʘ ʩʫ 
N

JJ ,...,
1

 ʢʦʥʩʪʘʥʪʥʝ ʚʨʝʜʥʦʩʪʠ, ʛʦʨˁʝ ʬʫʥʢʮʠʿʝ ʥʝ˂ʝ ʫʚʝʢ ʙʠʪʠ 

ʢʦʥʚʝʢʩʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʤʝʥˀʠʚʝ ʦʜʣʫʯʠʚʘˁʘ 
k

t . ɿʙʦʛ ʪʦʛʘ ʩʝ ʧʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ 

ʟʘʩʥʠʚʘ ʥʘ ʩʣʝʜʝ˂ʠʤ ʩʣʦʞʝʥʠʤ ʬʫʥʢʮʠʿʘʤʘ ʟʘ ʜʚʘ ʫʟʘʩʪʦʧʥʘ ʧʝʨʠʦʜʘ, ʫʤʝʩʪʦ ()ÖÖ
k

W : 

( ) ( )( )
2,...,1

,,,,,,,,,,
112,111,112111

~

-=

¢¢=
+-+-+-++-

Nk

tttJJttWJttWJJtttW
kkkkkkkkkkkkkkk

rrr  (2.16) 

( ) ( )( )
NNNNNNNNNkNNNN

tttJttWJttWJtttW ¢¢=
--------- 12,11,1211121

~

1
,,,,,,, rrr  (2.17) 

ʆʚʝ ʬʫʥʢʮʠʿʝ ʩʫ ʢʦʥʚʝʢʩʥʝ ʫ ʠʥʪʝʨʚʘʣʫ 
11 +-

¢¢
kkk

ttt , 1,...,1 -= Nk . ʋ ʦʚʦʤ 

ʩʣʫʯʘʿʫ ʿʝ ʠ ʬʫʥʢʮʠʿʘ ( )r,,
11

JttW
NNN -

 ʪʘʢʦʹʝ ʢʦʥʚʝʢʩʥʘ ʟʘ ʨʘʩʧʦʥ ¤<¢
- NN

tt
1

. ʄʦʛʫ˂ʝ ʿʝ 

ʧʨʦʥʘ˂ʠ ʧʦʙʦˀʰʘʥʠ ʧʣʘʥ ʦʜʨʞʘʚʘˁʘ ʩʧʨʦʚʦ́ʝˁʝʤ ʦʧʪʠʤʠʟʘʮʠʿʝ ʟʘ ʩʚʘʢʠ ʧʝʨʠʦʜ 

ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ. 

ɿʘ ʟʘʜʘʪʠ ʧʣʘʥ ʦʜʨʞʘʚʘˁʘ 
N

tt ,...,
1

, ʧʨʦʨʘʯʫʥʦʤ ʩʝ ʜʦʙʠʿʘʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʬʫʥʢʮʠʿʝ ʨʝʣʘʪʠʚʥʠʭ ʚʨʝʜʥʦʩʪʠ ʠ r ʨʝʰʘʚʘˁʝʤ ʣʠʥʝʘʨʥʦʛ ʩʠʩʪʝʤʘ: 

bxM =Ö  (2.18) 

ʛʜʝ ʿʝ: 
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( )

( )
î
î

í

î
î

ì

ë

=

+=

¸=--

=
-

--

ʘʩʣʫʯʘʿʝʚʠʤʦʩʪʘʣʠʤʫ

NʿjeʘʢʦttT

jijeʘʢʦ

,NjʠjijeʘʢʦtttR

M
iii

iii

II

i

j,i

0

11

1

11

 (2.19) 

[ ]',J,...,J
N
r

2
=x  (2.20) 

( ) ( )[ ]'ttS,...,ttS
NNN 1011 -

=b  (2.21) 

ʋ ʿʝʜʥʘʯʠʥʠ (2.19) 
j,i

M ʦʟʥʘʯʘʚʘ ʝʣʝʤʝʥʪ ( )ji,  ʤʘʪʨʠʮʝ ʥʘ ʪʦʿ ʧʦʟʠʮʠʿʠ, ʘ (') 

ʧʨʝʜʩʪʘʚˀʘ ʪʨʘʥʩʧʦʥʦʚʘʥʠ ʚʝʢʪʦʨ. ʆʚʘʿ ʩʠʩʪʝʤ ʣʠʥʝʘʨʥʠʭ ʘʣʛʝʙʘʨʩʢʠʭ ʿʝʜʥʘʯʠʥʘ 

ʧʨʦʠʟʣʘʟʠ ʜʠʨʝʢʪʥʦ ʠʟ ʿʝʜʥʘʯʠʥʘ ʦʧʪʠʤʘʣʥʦʩʪʠ (2.10) ʠ (2.11). ʋʦʯʠʤʦ ʜʘ ʿʝ 0
1
=J , 

ʧʦʰʪʦ ʿʝ ʦʚʜʝ ʙʠʪʥʦ ʥʘ˂ʠ ʨʝʣʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʝ 
i

J  ʠ r. ʅʘ ʢʨʘʿʫ, ʜʠʥʘʤʠʯʢʠ 

ʘʣʛʦʨʠʪʘʤ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʦʛ ʧʣʘʥʘ ʦʜʨʞʘʚʘˁʘ ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʩʣʝʜʝ˂ʠʤ 

ʢʦʨʘʮʠʤʘ: 

ʂʦʨʘʢ 1: ɿʘʜʘʚʘˁʝ ʧʦʯʝʪʥʠʭ ʚʨʝʜʥʦʩʪʠ 

,0:=k  

,0:
0
=t  

() () (){ }.,...,: 00

1

0

NN
tt=p  

ʂʦʨʘʢ 2: ʇʨʦʨʘʯʫʥ ʚʨʝʜʥʦʩʪʠ () () ()kk

N

k JJ r,,...,
1

 ʟʘ ʣʠʥʝʘʨʘʥ ʩʠʩʪʝʤ (2.18) ʟʘ ʧʣʘʥ 

ʦʜʨʞʘʚʘˁʘ ().k

N
p  

ʂʦʨʘʢ 3: ʈʝʰʘʚʘˁʝ ʩʣʝʜʝ˂ʠʭ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ: 

( )

() ()

() () () () ()( ) 2,...,1,,,,,maxarg:
1111
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++-
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+
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NiJJtttWt
k

k
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kk
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ttt

k

i
k
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k
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r , 

( )

() ()

() () () () ()( ),,,,,maxarg:
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1

1
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k
kkk

N

k
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ttt

k

N
JJtttWt

k
N

k
N

r
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¢¢

+

-

-

=  

( )

()

() () () ()( ).,,,maxarg:
111

~
1

1

k
kkk

NN
tt

k

N
JJttWt

k
N

r
-

¤¢¢
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=  

ʂʦʨʘʢ 4: ɿʘ ʩʚʝ ʚʨʝʜʥʦʩʪʠ N,...,i 1=  ʘʢʦ ʿʝ ( ) () d<-+ k

i

k

i
tt 1 , ʘʣʛʦʨʠʪʘʤ ʩʝ ʧʨʝʢʠʜʘ, ʘ 

ʫ ʩʫʧʨʦʪʥʦʤ 21: -+=kk  ʠ ʧʦʚʨʘʪʘʢ ʥʘ ʂʦʨʘʢ 2. 

ʋ ʂʦʨʘʢʫ 3 ʤʦʛʫ ʩʝ ʧʨʠʤʝʥʠʪʠ ʧʨʦʠʟʚʦˀʥʝ ʤʝʪʦʜʝ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ. ʇʦʰʪʦ ʩʫ 

ʩʣʦʞʝʥʝ ʬʫʥʢʮʠʿʝ ʢʦʥʚʝʢʩʥʝ ʠ ʠʤʘʿʫ ʿʝʜʠʥʩʪʚʝʥʦ ʨʝʰʝˁʝ ʫ ʨʘʩʧʦʥʫ 

[ 1,...,1),,
11

-=
+-

Nitt
ii

 ʥʠʿʝ ʪʝʰʢʦ ʠʟʨʘʯʫʥʘʪʠ ʦʧʪʠʤʘʣʥʦ ʚʨʝʤʝ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ. 

ɿʙʦʛ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʦʥʘʣʘʞʝˁʘ ʨʝʰʝˁʘ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʤʝʪʦʜʘ ʟʣʘʪʥʦʛ ʧʨʝʩʝʢʘ. 

ɼʘʪʠ ʤʦʜʝʣ ʠʤʘ ʥʝʜʦʩʪʘʪʢʝ, ʿʝʨ ʢʦʜ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʦʧʨʝʤʝ ʥʠʿʝ ʧʦʛʦʜʥʦ 

ʧʨʠʤʝˁʠʚʘʪʠ ʦʜʨʞʘʚʘˁʝ ʫ ʬʠʢʩʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ, ʧʦʰʪʦ ʦʧʨʝʤʘ ʨʘʜʠ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʘʤʙʠʿʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʠ ʧʦʜ ʨʘʟʣʠʯʠʪʠʤ ʦʧʪʝʨʝ˂ʝˁʠʤʘ. ʅʘ ʥʝʢʠʤ 

ʝʣʝʤʝʥʪʠʤʘ ʥʝ ʪʨʝʙʘ ʩʧʨʦʚʦʜʠʪʠ ʦʜʨʞʘʚʘˁʝ ʜʫʞʠ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʧʦʩʣʝ ʫʛʨʘʜˁʝ, ʧʘ 

ʦʚʘʿ ʤʦʜʝʣ ʥʠʿʝ ʧʨʠʤʝʥˀʠʚ. 
 

2.2 ʇʨʝʛʣʝʜ ʨʘʟʚʦʿʘ ʩʦʬʪʚʝʨʩʢʠʭ ʘʣʘʪʘ ʟʘ ʘʥʘʣʠʟʫ ʧʦʫʟʜʘʥʦʩʪʠ  
 

ʉʘ ʥʘʩʪʘʥʢʦʤ ʧʨʚʠʭ ʨʘʯʫʥʘʨʘ ʠ ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ ʨʘʟʚʠʿʘʥʠ ʩʫ ʠ ʩʦʬʪʚʝʨʠ ʟʘ 
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ʘʥʘʣʠʟʫ ʧʦʫʟʜʘʥʦʩʪʠ ʩʠʩʪʝʤʘ. ʆʚʠ ʩʦʬʪʚʝʨʠ ʩʫ ʧʨʚʦʙʠʪʥʦ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʚʦʿʥʫ 

ʠʥʜʫʩʪʨʠʿʫ, ʩʚʝʤʠʨʩʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʫ ʧʨʦʨʘʯʫʥʠʤʘ ʢʦʜ ʥʫʢʣʝʘʨʥʠʭ ʝʣʝʢʪʨʘʥʘ. ʊʝʢ ʿʝ 

ʢʘʩʥʠʿʝ ʧʦʯʝʦ ʨʘʟʚʦʿ ʩʦʬʪʚʝʨʘ ʠ ʩʠʤʫʣʘʮʠʿʘ ʢʦʜ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ. 

ʉʦʬʪʚʝʨʠ ʩʝ ʤʦʛʫ ʩʚʨʩʪʘʪʠ ʫ ʜʚʝ ʢʘʪʝʛʦʨʠʿʝ: 

¶ ʢʦʤʝʨʮʠʿʘʣʥʠ ʩʦʬʪʚʝʨʠ, 

¶ ʙʝʩʧʣʘʪʥʠ (open source) ʩʦʬʪʚʝʨʠ. 

ʂʦʤʝʨʮʠʿʘʣʥʠ ʩʦʬʪʚʝʨʠ, ʢʦʿʝ ʨʘʟʚʠʿʘʿʫ ʩʦʬʪʚʝʨʩʢʝ ʢʦʤʧʘʥʠʿʝ ʰʠʨʦʤ ʩʚʝʪʘ, 

ʫʛʣʘʚʥʦʤ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʜʝʪʘˀʥʫ ʘʥʘʣʠʟʫ ɽɽʉ-ʘ, ʘ ʦʙʠʯʥʦ ʩʘʤʦ ʿʝʜʘʥ ʤʦʜʫʣ ʫ ʦʢʚʠʨʫ 

ʪʠʭ ʘʣʘʪʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʘʥʘʣʠʟʫ ʧʦʫʟʜʘʥʦʩʪʠ. ʂʦʜ ʪʠʭ ʩʦʬʪʚʝʨʘ ʥʠʿʝ ʜʦʟʚʦˀʝʥʘ 

ʧʨʦʤʝʥʘ ʠʟʚʦʨʥʦʛ ʢʦʜʘ ʥʠʪʠ ʜʦʜʘʚʘˁʝ ʥʦʚʠʭ ʘʣʛʦʨʠʪʘʤʘ. ʋʛʣʘʚʥʦʤ ʩʫ ʩʢʫʧʠ ʠ ʢʦʨʠʩʪʝ 

ʩʝ ʢʦʜ ʚʝʣʠʢʠʭ ɽɽʉ-ʘ ʟʙʦʛ ʧʨʘ˂ʝˁʘ ʨʘʜʘ ʦʧʨʝʤʝ.  

ʇʨʚʠ ʩʦʬʪʚʝʨ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠʦ ʟʘ ʘʥʘʣʠʟʫ ʧʦʫʟʜʘʥʦʩʪʠ ʿʝ SCOPE (System for 

Computing Operational Probability Equations), ʢʦʿʠ ʿʝ ʨʘʟʚʠʿʝʥ 1965. ʛʦʜʠʥʝ ʫ Rockwell 

Internationʘl Corporation. SCOPE ʩʝ ʢʦʨʠʩʪʠʦ ʟʘ ʧʨʝʮʠʟʥʦ ʦʜʨʝʹʠʚʘˁʝ ʧʦʫʟʜʘʥʦʩʪʠ 

ʩʣʦʞʝʥʠʭ ʩʠʩʪʝʤʘ ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ, ʘʣʠ ʦʛʨʘʥʠʯʝʥʝ ʚʝʣʠʯʠʥʝ ʠ ʙʘʟʠʨʘʥ ʿʝ ʥʘ 

ʤʝʪʦʜʠ ʤʠʥʠʤʘʣʥʠʭ ʢʨʠʪʠʯʥʠʭ ʧʫʪʝʚʘ. ʇʦʙʦˀʰʘʥʫ ʚʝʨʟʠʿʫ SCOPE ʿʝ ʨʘʟʚʠʦ 1972. 

ʛʦʜʠʥʝ Burris [28] ʥʘ Oklahoma State University ʧʦʜ ʥʘʟʠʚʦʤ MAPS (Method for Analysis 

of a Probabilities of System). ʆʚʘʿ ʩʦʬʪʚʝʨ ʿʝ ʨʘʟʚʠʿʝʥ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ PL/1 ʟʙʦʛ 

ʣʘʢʰʝ ʤʘʥʠʧʫʣʘʮʠʿʝ ʩʘ ʙʠʥʘʨʥʠʤ ʙʨʦʿʝʚʠʤʘ. Cooley ʿʝ 1976. ʨʘʟʚʠʦ ʘʣʘʪ SPARCS ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘ ʧʦʙʦˀʰʘʥʫ ʚʝʨʟʠʿʫ MAPS, ʢʦʿʘ ʢʦʨʠʩʪʠ ʢʦʤʙʠʥʘʮʠʿʫ Monte Carlo 

ʩʠʤʫʣʘʮʠʿʝ, ɹʘʿʝʩʦʚʝ ʪʝʭʥʠʢʝ ʟʘ ʧʨʦʨʘʯʫʥʝ ʫ ʘʥʘʣʠʟʘʤʘ ʧʦʟʜʘʥʦʩʪʠ ʠ ʄTBF ʩʣʦʞʝʥʠʭ 

ʩʠʩʪʝʤʘ. SPARCS - 2 ʿʝ ʝʬʠʢʘʩʥʠʿʘ ʚʝʨʟʠʿʘ SPARCS-ʘ, ʢʦʫʿ ʿʝ ʜʘˀʝ ʨʘʟʚʠʿʘʦ Lee ʦʜ 1977. 

ʛʦʜʠʥʝ. 

Availability Workbench (AWB) ʩʦʬʪʚʝʨ ʨʘʟʚʠʣʘ ʿʝ ʬʠʨʤʘ Isograph 1988. ʛʦʜʠʥʝ, ʘ 

ʢʦʨʠʩʪʠ ʩʝ ʫ ʘʥʘʣʠʟʘʤʘ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʦʜʨʞʘʚʘˁʘ. ʋ ʦʚʦʤ ʩʦʬʪʚʝʨʩʢʦʤ ʘʣʘʪʫ ʿʝ 

ʠʥʪʝʛʨʠʩʘʥ ʤʦʜʫʣ AvSim+ (Availability Simulation Software) ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʨʘʯʫʥ 

ʨʘʩʧʦʣʦʞʠʚʦʩʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʝʟʝʨʚʥʠʭ ʜʝʣʦʚʘ, ʢʘʦ ʠ ʤʦʜʫʣ RCMCost (Reliability 

Centered Maintenance) ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʩʪʨʘʪʝʛʠʿʘ ʦʜʨʞʘʚʘˁʘ ʠ 

ʧʦʫʟʜʘʥʦʩʪʠ. ʋ ʩʦʬʪʚʝʨʫ AWB ʩʫ ʠʥʪʝʛʨʠʩʘʥʠ ʠ ʤʦʜʫʣʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʘʥʘʣʠʟʫ 

ʪʨʦʰʢʦʚʘ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ ʩʠʩʪʝʤʘ, ʤʦʜʫʣʠ ʩʘ ʢʦʿʠʤʘ ʩʝ ʘʥʘʣʠʟʫʿ ʫ ʧʦʜʘʮʠ ʦ ʨʘʥʠʿʠʤ 

ʢʚʘʨʦʚʠʤʘ ʢʘʢʦ ʙʠ ʩʝ ʤʦʜʝʣoʚʘʣʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʫʟʜʘʥʦʩʪʠ ʦʧʨʝʤʝ ʧʨʠʤʝʥʦʤ 

Weibull-ʦʚʝ ʨʘʩʧʦʜʝʣʝ. ʂʦʨʠʩʪʝ˂ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʦʜʫʣʝ ʫ ʦʚʦʤ ʩʦʬʪʚʝʨʫ ʤʦʛʫ˂ʝ ʿʝ 

ʧʣʘʥʠʨʘʪʠ ʦʜʨʞʘʚʘˁʝ, ʦʜʨʝʜʠʪʠ ʦʧʪʠʤʘʣʥʫ ʢʦʣʠʯʠʥʫ ʨʝʟʝʨʚʥʠʭ ʜʝʣʦʚʘ, ʠʪʜ. 

ʋ ʦʢʚʠʨʫ ʤʦʜʫʣʘ Availability Simulation ʨʘʟʤʘʪʨʘ ʩʝ ʫʪʠʮʘʿ ʢʚʘʨʦʚʘ ʥʘ ʨʘʜ 

ʩʠʩʪʝʤʘ ʢʦʨʠʩʪʝ˂ʠ ʙʣʦʢ ʜʠʿʘʛʨʘʤʝ ʠ ʩʪʘʙʣʘ ʦʪʢʘʟʘ. ʄʦʛʫ ʩʝ ʫʥʦʩʠʪʠ ʧʦʜʘʮʠ ʦ 

ʢʚʘʨʦʚʠʤʘ ʢʘʦ ʠ ʧʦʜʘʮʠ ʦ ʨʘʩʧʦʣʦʞʠʚʠʤ ʝʢʠʧʘʤʘ ʢʦʿʝ ʨʘʜʝ ʫ ʦʜʨʞʘʚʘˁʫ, ʨʝʟʝʨʚʥʠʤ 

ʜʝʣʦʚʠʤʘ, ʠʪʜ. ʆʚʘʿ ʩʦʬʪʚʝʨ ʚʨʰʠ ʘʥʘʣʠʟʫ ʩʠʩʪʝʤʘ ʧʨʠʤʝʥʦʤ Monte Carlo ʩʠʤʫʣʘʮʠʿʝ 

ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʠ ʧʘʨʘʤʝʪʨʠ ʧʦʫʟʜʘʥʦʩʪʠ. ʊʘʢʦʹʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ 

ʨʝʟʝʨʚʥʠʭ ʜʝʣʦʚʘ ʢʦʿʠ ʩʝ ʥʘʙʘʚˀʘʿʫ ʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʦʜʨʞʘʚʘˁʘ. ʇʦʜʘʮʠ ʢʦʿʠ ʩʝ 

ʜʦʙʠʿʘʿʫ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʤʦʛʫ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʦʙʣʠʢʫ ʛʨʘʬʘ, ʢʘʦ ʪʝʢʩʪʫʘʣʥʠ ʠʟʚʝʰʪʘʿʠ, 

ʝʢʩʧʦʨʪʫʿʫ ʩʝ ʫ ʙʘʟʫ ʧʦʜʘʪʘʢʘ ʠʣʠ ʥʝʢʫ ʪʘʙʝʣʘʨʥʫ ʘʧʣʠʢʘʮʠʿʫ [29]. 

CYME ʿʝ ʢʘʥʘʜʩʢʠ ʩʦʬʪʚʝʨ ʟʘ ʘʥʘʣʠʟʫ ɽɽʉ-ʘ ʠ ʠʤʘ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ ʢʘʦ ʘʣʘʪ 

ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʧʨʠ ʧʣʘʥʠʨʘˁʫ, ʧʨʝʥʦʩʫ ʠ ʜʠʩʪʨʠʙʫʮʠʿʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʋ ʦʢʚʠʨʫ 

ʦʚʦʛ ʩʦʬʪʚʝʨʘ ʿʝ ʨʘʟʚʠʿʝʥ ʧʦʩʝʙʘʥ ʧʘʢʝʪ CYMDIST. ʉʘ ʦʚʠʤ ʧʘʢʝʪʦʤ ʩʝ ʦʙʝʟʙʝʹʫʿʝ 

ʩʚʝʦʙʫʭʚʘʪʥʦ ʤʦʜʝʣʦʚʘˁʝ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ, ʥʝ ʩʘʤʦ ʧʦʙʦˀʰʘˁʝ 

ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʩʠʛʫʨʥʦʩʪʠ, ʚʝ˂ ʠ ʩʤʘˁʝˁʝ ʠʥʚʝʩʪʠʮʠʦʥʠʭ ʫʣʘʛʘˁʘ [30]. 

ɽʊɸʈ ʿʝ ʢʦʤʧʘʥʠʿʘ ʢʦʿʘ ʿʝ ʟʘʧʦʯʝʣʘ ʨʘʟʚʦʿ ʩʦʬʪʚʝʨʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ɽɽʉ - ʠʤʘ 

ʿʦʰ ʦʜ 1986. ʛʦʜʠʥʝ. ʆʚʘʿ ʩʦʬʪʚʝʨ ʩʝ ʢʦʨʠʩʪʠ ʫ ɽɽʉ-ʫ ʟʘ ʤʦʜʝʣʦʚʘˁʝ, ʧʨʦʿʝʢʪʦʚʘˁʝ, 
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ʘʥʘʣʠʟʫ, ʦʧʪʠʤʠʟʘʮʠʿʫ ʠ ʧʨʝʜʚʠʹʘˁʝ ʨʝʰʝˁʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ [31]. ɼʦ ʜʘʥʘʩ ʧʨʝʢʦ 

50000 ʢʦʤʧʘʥʠʿʘ ʢʦʨʠʩʪʝ ʧʨʦʠʟʚʦʜʝ ʢʦʿʝ ʿʝ ʨʘʟʚʠʣʘ ʦʚʘ ʢʦʤʧʘʥʠʿʘ, ʘ ʢʦʨʠʩʪʝ ʩʝ ʫ 

ʧʨʦʠʟʚʦʜˁʠ, ʧʨʝʥʦʩʫ, ʜʠʩʪʨʠʙʫʮʠʿʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʢʘʦ ʠ ʫ ʜʨʫʛʠʤ ʧʨʦʿʝʢʪʠʤʘ 

ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʠʥʜʫʩʪʨʠʿʩʢʝ ʝʥʝʨʛʝʪʩʢʝ ʩʠʩʪʝʤʝ ʰʠʨʦʤ ʩʚʝʪʘ. ʉʘ ʦʚʠʤ ʩʦʬʪʚʝʨʦʤ ʿʝ 

ʦʙʫʭʚʘ˂ʝʥ ʚʝʣʠʢʠ ʙʨʦʿ ʨʘʟʚʠʿʝʥʠʭ ʤʦʜʫʣʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʘʥʘʣʠʟʫ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ, 

ʩʪʘʨʪʦʚʘˁʘ ʤʦʪʦʨʘ ʠ ʛʝʥʝʨʘʪʦʨʘ, ʦʜʨʝʹʠʚʘˁʝ ʚʝʣʠʯʠʥʝ ʢʘʙʣʦʚʘ, ʢʘʦ ʠ ʤʦʜʫʣ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʠ ʟʘ ʩʠʤʫʣʘʮʠʿʝ ʢʦʜ ʦʮʝʥʝ ʧʦʫʟʜʘʥʦʩʪʠ. ʇʨʠʤʝʥʦʤ ʦʚʠʭ ʘʣʘʪʘ ʤʦʛʫ˂ʝ ʿʝ ʧʨʝʢʦ 

ʠʥʪʝʨʥʝʪʘ ʚʨʰʠʪʠ ʩʠʤʫʣʘʮʠʿʫ, ʚʠʟʫʝʣʠʟʘʮʠʿʫ ʠ ʤʦʥʠʪʦʨʠʥʛ ʧʨʠʤʝʥʦʤ ʥʘʧʨʝʜʥʠʭ web 

ʪʝʭʥʦʣʦʛʠʿʘ ʠ GIS (ʛʝʦʛʨʘʬʩʢʠ ʠʥʬʦʨʤʘʮʠʦʥʠ ʩʠʩʪʝʤ). ʄʦʜʫʣ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʩʠʤʫʣʘʮʠʿʫ ʧʦʫʟʜʘʥʦʩʪʠ ʥʘʟʠʚʘ ʩʝ Reliability Assessment Software. ʆʚʘʿ ʤʦʜʫʣ, ʥʘ 

ʦʩʥʦʚʫ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʢʦʿʝ ʜʦʙʠʿʘ ʧʨʠ ʘʥʘʣʠʟʠ ʩʠʩʪʝʤʘ, ʙʨʟʦ ʧʨʦʨʘʯʫʥʘʚʘ ʧʦʜʘʪʢʝ ʟʘ 

ʨʘʜʠʿʘʣʥʝ ʠ ʜʚʦʩʪʨʘʥʦ ʥʘʧʘʿʘʥʝ ʩʠʩʪʝʤʝ. ɿʘ ʩʚʫ ʦʧʨʝʤʫ ʿʝ ʦʤʦʛʫ˂ʝʥʦ ʬʦʨʤʠʨʘˁʝ 

ʤʦʜʝʣʘ ʧʦʫʟʜʘʥʦʩʪʠ, ʧʨʦʨʘʯʫʥ ʧʦʢʘʟʘʪʝˀʘ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʪʨʦʰʢʦʚʘ. ʇʦʨʝʜ ʦʚʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʤʦʛʫ˂ʝ ʿʝ ʦʜʨʝʜʠʪʠ ʠ ʧʦʢʘʟʘʪʝˀʝ ʢʦʿʠ ʩʫ ʟʥʘʯʘʿʥʠ ʟʘ ʧʦʪʨʦʰʘʯʝ SAIFI 

(System Average Interruption Frequency Index), SAIDI (System Average Interruption 

Duration Index), CAIDI (Customer Average Interruption Duration Index), ʢʘʦ ʠ ʧʦʢʘʟʘʪʝˀʝ 

ʪʨʦhʢʦʚʘ ʢʦʿʠ ʩʫ ʙʠʪʥʠ ʟʘ ʧʨʦʠʟʚʦʹʘʯʘ ʢʘʦ ʰʪʦ ʩʫ: EENS (Expected Energy Not Served), 

ECOST (Expected Interruption Cost), IEAR (Interrupted Energy Assessment Rate). ʆʚʜʝ ʿʝ 

ʤʦʛʫ˂ʝ ʛʨʘʬʠʯʢʠ ʧʨʝʜʩʪʘʚʠʪʠ ʨʝʟʫʣʪʘʪʝ ʧʦʫʟʜʘʥʦʩʪʠ. 

PowerFactory ʿʝ ʨʘʟʚʠʣʘ ʥʝʤʘʯʢʘ ʬʠʨʤʘ DIgSILENT GmbH ʠ ʧʨʝʜʩʪʘʚˀʘ 

Windows ʦʨʠʿʝʥʪʠʩʘʥ ʧʘʢʝʪ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʠ ʘʥʘʣʠʟʫ ɽɽʉ-ʘ. ʋ ʦʚʦʤ ʘʣʘʪʫ ʩʝ ʤʦʞʝ 

ʿʝʜʥʦʩʪʘʚʥʦ ʠʥʪʝʛʨʠʩʘʪʠ GIS ʠ ʧʨʠʢʘʟʠʚʘʪʠ ʪʦʧʦʣʦʛʠʿʘ ʝʣʝʢʪʨʠʯʥʝ ʤʨʝʞʝ. ʂʦʨʠʩʪʠ ʩʝ 

ʟʘ ʘʥʘʣʠʟʫ ʪʦʢʦʚʘ ʩʥʘʛʘ, ʘʥʘʣʠʟʫ ʩʪʘʙʠʣʥʦʩʪʠ, ʨʝʜʫʢʮʠʿʫ ʤʨʝʞʘ, ʘʥʘʣʠʟʫ ʦʪʢʘʟʘ, ʦʮʝʥʫ 

ʩʪʘˁʘ, ʦʜʨʝʹʠʚʘˁʝ ʧʦʫʟʜʘʥʦʩʪʠ, ʧʨʦʨʘʯʫʥ ʢʘʙʣʦʚʘ ʠ ʥʘʜʟʝʤʥʠʭ ʚʦʜʦʚʘ, ʘʥʘʣʠʟʫ 

ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʠʪʜ. ʉʦʬʪʚʝʨ ʿʝ ʧʠʩʘʥ ʫ C++  ʩʢʨʠʧʪ ʿʝʟʠʢʫ ʢʦʿʠ ʩʝ ʥʘʟʠʚʘ DPL, 

ʩʘ ʠʥʪʝʛʨʠʩʘʥʦʤ ʙʘʟʦʤ ʧʦʜʘʪʘʢʘ [32].  

Power Systems Simulator (PSS) ʿʝ ʨʘʟʚʠʣʘ ʩʦʬʪʚʝʨʩʢʘ ʬʠʨʤʘ Siemens PTI. ʋ 

ʦʢʚʠʨʫ ʦʚʦʛ ʩʠʤʫʣʘʪʦʨʘ ʥʘʣʘʟʝ ʩʝ ʤʦʜʫʣʠ [33]: 

¶ Power System Simulator for Engineering (PSS/E) 

¶ Siemens Network Calculator (SINCAL) 

Power System Simulator for Engineering (PSS/E) ʿʝ ʿʝʜʘʥ ʦʜ ʧʨʚʠʭ ʩʦʬʪʚʝʨʘ ʟʘ 

ʘʥʘʣʠʟʫ ɽɽʉ ʙʘʟʠʨʘʥ ʥʘ GUI ʢʦʿʠ ʿʝ ʢʨʝʠʨʘʥ 1976. ʛʦʜʠʥʝ, ʘ ʢʦʿʠ ʿʝ Siemens ʦʪʢʫʧʠʦ 

2005. ʛʦʜʠʥʝ ʠ ʥʘʩʪʘʚʠʦ ʜʘˀʠ ʨʘʟʚʦʿ. ʉʦʬʪʚʝʨ ʿʝ ʨʘʟʚʠʿʝʥ ʫ Pʫton ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ. 

ʌʫʢʮʠʿʝ ʢʦʿʝ ʦʙʘʚˀʘ ʦʚʘʿ ʩʦʬʪʚʝʨ ʦʜʥʦʩʝ ʩʝ ʥʘ ʜʠʥʘʤʠʯʢʝ ʩʠʤʫʣʘʮʠʿʝ, ʟʘʰʪʠʪʫ ʤʨʝʞʝ, 

ʘʥʘʣʠʟʫ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ, ʘʥʘʣʠʟʫ ʩʪʘʙʠʣʥʦʩʪʠ ʠʪʜ. 

Siemens Network Calculator (SINCAL) ʿʝ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 

ʘʣʘʪʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ɽɽʉ-ʘ, ʢʘʦ ʠ ʟʘ ʜʨʫʛʝ ʚʨʩʪʝ ʤʨʝʞʘ (ʚʦʜʦʚʦʜ, ʛʨʝʿʘˁʝ, ʭʣʘʹʝˁʝ, 

ʛʘʩʦʚʦʜ). ʌʫʥʢʮʠʿʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʘʥʘʣʠʟʠ ɽɽʉ-ʘ ʩʫ: ʘʥʘʣʠʟʘ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ, 

ʜʠʥʘʤʠʯʢʝ ʩʠʤʫʣʘʮʠʿʝ, ʩʠʤʫʣʘʮʠʿʘ ʟʘʰʪʠʪʝ, ʘʥʘʣʠʟʘ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʥʝʧʨʝʜʚʠʹʝʥʠʭ 

ʩʠʪʫʘʮʠʿʘ. 

RAMP ʿʝ ʨʘʟʚʠʣʘ ʬʠʨʤʘ Rex Thompson & Partners Ltd. ʩʨʝʜʠʥʦʤ ʦʩʘʤʜʝʩʝʪʠʭ 

ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘʢʘʦ ʧʨʦʛʨʘʤ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʨʘʩʧʦʣʦʞʠʚʦʩʪʠ, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠʦ ʟʘ 

ʤʦʜʝʣʦʚʘˁʝ ʧʨʦʮʝʩʘ ʠ ʧʦʩʪʨʦʿʝˁʘ. ʇʨʚʦʙʠʪʥʘ ʚʝʨʟʠʿʘ ʿʝ ʨʘʜʠʣʘ ʧʦʜ DOS ʦʧʝʨʘʪʠʚʥʠʤ 

ʩʠʩʪʝʤʦʤ, ʜʘ ʙʠ ʬʠʨʤʘ Atkins ʥʘʢʦʥ ʧʨʝʫʟʠʤʘˁʘ ʜʘˀʠ ʨʘʟʚʦʿ ʘʧʣʠʢʘʮʠʿʘ ʫʩʤʝʨʠʣʘ ʥʘ 

Microsoft Windows ʧʣʘʪʬʦʨʤʫ ʠ Visual Basic. ɼʘʥʘʩ ʩʝ ʦʚʘʿ ʩʦʬʪʚʝʨ ʢʦʨʠʩʪʠ ʫ 

ʪʨʘʥʩʧʦʨʪʫ, ʧʨʦʠʟʚʦʜʥʠʤ ʧʨʦʮʝʩʠʤʘ, ʚʦʿʥʦʿ ʠʥʜʫʩʪʨʠʿʠ ʠ ɽɽʉ - ʠʤʘ [34]. 

ɹʝʩʧʣʘʪʥʠ ʩʦʬʪʚʝʨʠ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʧʦʫʟʜʘʥʦʩʪʠ ʨʘʟʚʠʿʘʫʿ ʩʝ ʥʘ ʫʥʠʚʝʨʟʠʪʝʪʠʤʘ 

ʫ ʦʢʚʠʨʫ ʧʨʦʿʝʢʘʪʘ ʢʦʿʠ ʩʝ ʨʘʜʝ ʟʘ ʧʦʪʨʝʙʝ ʘʥʘʣʠʟʘ ʧʦʫʟʜʘʥʦʩʪʠ ɽɽʉ-ʘ ʠʣʠ ʟʘ 
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ʝʜʫʢʘʪʠʚʥʝ ʩʚʨʭʝ. ɼʝʚʝʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʩʘ ʨʘʟʚʦʿʝʤ ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ, 

ʨʘʟʚʠʿʘʥʠ ʩʫ ʠ ʩʠʤʫʣʘʪʦʨʠ ʟʘ ʘʥʘʣʠʟʫ ʧʦʫʟʜʘʥʦʩʪʠ. ʅʘʫʯʥʠʮʠ Goel ʠ Gupta ʫ ʨʘʜʫ [35] 

ʩʫ ʜʘʣʠ ʧʨʠʢʘʟ ʨʘʟʚʦʿʘ ʩʠʤʫʣʘʪʦʨʘ ʟʘ ʘʥʘʣʠʟʫ ʧʦʫʟʜʘʥʦʩʪʠ ʢʦʨʠʩʪʝ˂ʠ Monte Carlo 

ʩʠʤʫʣʘʮʠʿʫ. ʉʦʬʪʚʝʨ ʿʝ ʙʠʦ ʿʝʜʥʦʩʪʘʚʘʥ ʟʘ ʫʧʦʪʨʝʙʫ ʠ ʚʨʰʠʦ ʿʝ ʧʨʦʨʘʯʫʥʝ ʧʦʢʘʟʘʪʝˀʘ 

ʧʦʫʟʜʘʥʦʩʪʠ ʫ ʟʘʜʘʪʦʤ ʩʠʤʫʣʠʨʘʥʦʤ ʚʨʝʤʝʥʫ. ʇʨʠʤʝˁʠʚʘʥ ʿʝ ʢʘʦ ʘʣʘʪ ʟʘ ʧʨʦʨʘʯʫʥʝ ʫ 

ɽɽʉ-ʫ ʠ ʢʘʦ ʦʙʨʘʟʦʚʥʠ ʩʦʬʪʚʝʨ. ʉʦʬʪʚʝʨ ʿʝ ʪʝʩʪʠʨʘʥ ʠ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ 

ʫʧʦʨʝʹʠʚʘʥʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʘʥʘʣʠʪʠʯʢʠʤ ʤʝʪʦʜʘʤʘ ʠ ʦʜʩʪʫʧʘˁʘ ʩʫ ʙʠʣʘ 

ʤʠʥʠʤʘʣʥʘ [36]. 

ʋ ʦʢʚʠʨʫ ʧʦʩʣʝʜʠʧʣʦʤʩʢʠʭ ʩʪʫʜʠʿʘ ʥʘ ʂʊH Royal Institute of Technology ʫ 

ʉʪʦʢʭʦʣʤʫ, ʐʚʝʜʩʢʘ, ʨʘʟʚʠʿʝʥ ʿʝ ʩʦʬʪʚʝʨ RACalc ʟʘ ʘʥʘʣʠʟʫ ʧʦʫʟʜʘʥʦʩʪʠ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʩʠʩʪʝʤʘ. ʂʦʨʠʩʪʠ ʩʝ ʫ ʧʨʦʮʝʩʫ ʧʣʘʥʠʨʘˁʘ ʦʜʨʞʘʚʘˁʘ ʠ ʘʥʘʣʠʟʝ 

ʨʠʟʠʢʘ. ʇʨʠʤʝʥʦʤ ʦʚʦʛ ʩʦʬʪʚʝʨʘ ʫ ʥʝʢʠʤ ʜʝʣʦʚʠʤʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʐʚʝʜʩʢʝ, 

ʠʥʪʝʟʠʪʝʪ ʢʚʘʨʦʚʘ ʩʝ ʩʤʘˁʠʦ ʦʜ 10% ʜʦ 21% ʢʦʜ ʥʝʢʠʭ ʟʥʘʯʘʿʥʠʿʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʜʦʢ ʩʝ 

ʫʢʫʧʥʘ ʧʦʫʟʜʘʥʦʩʪ ʩʠʩʪʝʤʘ ʧʦʙʦˀʰʘʣʘ ʟʘ 7% [37]. ʉʘ ʦʚʠʤ ʩʦʬʪʚʝʨʦʤ ʩʝ ʫʪʚʨʹʫʿʝ 

ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʧʦʢʘʟʘʪʝˀʘ ʧʦʫʟʜʘʥʦʩʪʠ SAIFI, SAIDI, CAIDI, ASAI, ʠʪʜ.  

ɿʘ ʜʠʥʘʤʠʯʢʦ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʫ ʩʠʩʪʝʤʘ ʢʦʨʠʩʪʝ ʩʝ ʨʘʟʣʠʯʠʪʠ ʩʦʬʪʚʝʨʠ 

ʢʦʿʠ ʠʤʘʿʫ ʙʝʩʧʣʘʪʥʝ ʠ ʢʦʤʝʨʮʠʿʘʣʥʝ ʚʝʨʟʠʿʝ. ɹʝʩʧʣʘʪʥʝ ʚʝʨʟʠʿʝ ʩʫ ʥʘʤʝˁʝʥʝ ʩʫ ʟʘ 

ʦʙʨʘʟʦʚʥʝ ʩʚʨʭʝ ʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʠʤʫʣʘʮʠʦʥʠʭ ʤʝʪʦʜʘ ʢʦʿʝ ʩʝ ʧʨʠʤʝˁʫʿʫ ʟʘʚʠʩʠ˂ʝ 

ʠʟʙʦʨ ʩʦʬʪʚʝʨʘ. ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ ʩʦʬʪʚʝʨʠ ʩʫ: Arena, AnyLogic, ʆpen Modelica, 

iThink/STELLA, Vensim, ʠʪʜ. 

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ˂ʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʩʦʬʪʚʝʨʩʢʠ ʘʣʘʪ VenSim PLE (Personal Learning 

Edition) ʚʝʨʟʠʿʘ 6.3 [38]. ʇʦʛʦʜʘʥ ʿʝ ʟʘ ʚʠʟʫʝʣʥʦ ʤʦʜʝʣʦʚʘˁʝ, ʢʨʝʠʨʘˁʝ ʜʦʢʫʤʝʥʪʘʮʠʿʝ, 

ʘʥʘʣʠʟʫ, ʩʠʤʫʣʘʮʠʿʫ ʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʤʦʜʝʣʘ ʜʠʥʘʤʠʯʢʠʭ ʩʠʩʪʝʤʘ [39]. ʇʨʠʤʝʥʦʤ ʦʚʦʛ 

ʩʦʬʪʚʝʨʘ ʩʝ ʬʦʨʤʠʨʘ ʜʠʥʘʤʠʯʢʠ ʤʦʜʝʣ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʢʦʨʠʩʪʝ˂ʠ ʜʠʿʘʛʨʘʤ ʫʟʨʦʯʥʝ 

ʧʝʪˀʝ ʠ ʜʠʿʘʛʨʘʤ ʪʦʢʘ. ʆʚʘʿ ʩʦʬʪʚʝʨ ʦʤʦʛʫ˂ʘʚʘ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʫ ʧʦʥʘʰʘˁʘ 

ʩʠʩʪʝʤʘ. 
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3. ʄɽʊʆɼɽ ɸʅɸʃʀɿɽ ʇʆʋɿɼɸʅʆʉʊʀ  
 

3.1 ʋʚʦʜ 

 

ʊʝʭʥʠʯʢʠ ʩʠʩʪʝʤʠ ʩʫ ʠʟʣʦʞʝʥʠ ʢʚʘʨʦʚʠʤʘ ʨʘʟʣʠʯʠʪʦʛ ʦʙʠʤʘ ʠ ʥʝʧʦʚʦˀʥʠʤ 

ʚʨʝʤʝʥʩʢʠʤ ʧʨʠʣʠʢʘʤʘ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʨʝʢʠʜʘ ʫ ʠʩʧʦʨʫʮʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʧʦʪʨʦʰʘʯʠʤʘ. ʋ ʧʦʿʝʜʠʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʚʨʝʤʝʥʩʢʝ ʧʨʠʣʠʢʝ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ 

ʧʦʨʝʤʝ˂ʘʿʘ ʨʘʜʘ ʩʠʩʪʝʤʘ ʠ ʢʘʜʘ ʿʝ ʦʧʨʝʤʘ ʦʢʣʦʧˀʝʥʘ ʠʣʠ ʫ ʟʘʪʚʦʨʝʥʦʤ ʧʨʦʩʪʦʨʫ. 

ʇʦʤʝʥʫʪʠ ʜʦʛʘʹʘʿʠ ʩʫ ʩʣʫʯʘʿʥʠ ʠ ʥʝ ʤʦʛʫ ʩʝ ʢʦʥʪʨʦʣʠʩʘʪʠ. ʆʥʠ ʩʝ ʤʦʨʘʿʫ ʜʝʪʘˀʥʦ 

ʨʘʟʤʘʪʨʘʪʠ ʢʘʢʦ ʙʠ ʩʝ ʤʠʥʠʤʠʟʠʨʘʣʠ ʥʝʛʘʪʠʚʥʠ ʝʬʝʢʪʠ ʥʘ ʩʠʩʪʝʤ, ʧʨʚʝʥʩʪʚʝʥʦ ʫ 

ʧʦʛʣʝʜʫ ʙʨʦʿʘ ʠ ʪʨʘʿʘˁʘ ʧʨʝʢʠʜʘ ʥʘʧʘʿʘˁʘ ʧʦʪʨʦʰʘʯʘ. 

ʇʦʙʦˀʰʘˁʝ ʢʚʘʣʠʪʝʪʘ ʩʥʘʙʜʝʚʘˁʘ ʧʦʪʨʦʰʘʯʘ, ʨʘʜʠ ʩʥʠʞʘʚʘˁʘ ʙʨʦʿʘ ʠ ʪʨʘʿʘˁʘ 

ʧʨʝʢʠʜʘ ʥʘʧʘʿʘˁʘ, ʟʘʭʪʝʚʘ ʦʜ ʠʩʧʦʨʫʯʠʣʘʮʘ ʜʘ ʫʣʦʞʝ ʟʥʘʪʥʘ ʬʠʥʘʥʩʠʿʩʢʘ ʩʨʝʜʩʪʚʘ, ʢʦʿʘ 

ʩʫ ʯʝʩʪʦ ʦʛʨʘʥʠʯʝʥʘ. ʆʧʨʘʚʜʘʥʦʩʪ ʩʚʘʢʝ ʠʥʚʝʩʪʠʮʠʿʝ ʩʝ ʧʨʦʚʝʨʘʚʘ ʫʧʦʨʝʜʥʦʤ ʘʥʘʣʠʟʦʤ 

ʧʦʪʨʝʙʥʠʭ ʪʨʦʰʢʦʚʘ ʩʘ ʦʯʝʢʠʚʘʥʠʤ ʫʰʪʝʜʘʤʘ.  

ɹʨʦʿ ʠ ʪʨʘʿʘˁʝ ʧʨʝʢʠʜʘ ʥʘʧʘʿʘˁʘ ʩʫ ʢˀʫʯʥʠ ʝʣʝʤʝʥʪʠ ʧʦʫʟʜʘʥʦʩʪʠ ʠʩʧʦʨʫʢʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʇʦʫʟʜʘʥʦʩʪ ʩʝ ʤʝʨʠ ʧʨʝʢʦ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʧʦʢʘʟʘʪʝˀʘ, ʢʘʦ ʰʪʦ 

ʩʫ ʨʘʩʧʦʣʦʞʠʚʦʩʪ, ʠʥʪʝʥʟʠʪʝʪ ʠ ʫʯʝʩʪʘʥʦʩʪ ʦʪʢʘʟʘ, ʥʝʦʪʢʘʟʠʚʦʩʪ ʠ ʜʨ [40]. ɱʝʜʘʥ 

ʩʠʩʪʝʤ ʩʝ ʩʤʘʪʨʘ ʧʦʫʟʜʘʥʠʤ ʘʢʦ ˁʝʛʦʚʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʧʦʢʘʟʘʪʝˀʠ ʫ ʦʙʘʚˀʘˁʫ 

ʦʜʨʝʹʝʥʝ ʬʫʥʢʮʠʿʝ ʠʤʘʿʫ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʥʠʩʫ ʣʦʰʠʿʝ ʦʜ ʟʘʭʪʝʚʘʥʠʭ. ʀʟ ʧʨʝʪʭʦʜʥʦʛ 

ʩʣʝʜʠ ʜʘ ʩʝ ʥʠʚʦ ʧʦʫʟʜʘʥʦʩʪʠ ʦʮʝˁʫʿʝ ʥʘ ʦʩʥʦʚʫ ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ ʬʫʥʢʮʠʿʘ ʢʦʿʝ 

ʩʠʩʪʝʤ ʦʙʘʚˀʘ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʘ ʛʣʝʜʠʰʪʘ ʥʝʢʠʭ ʢʦʨʠʩʥʠʢʘ ʩʠʩʪʝʤ ʤʦʞʝ ʙʠʪʠ ʧʦʫʟʜʘʥ, 

ʘ ʜʨʫʛʠʭ, ʢʦʿʠ ʠʤʘʿʫ ʚʝ˂ʝ ʟʘʭʪʝʚʝ, ʥʝʧʦʫʟʜʘʥ. ɱʝʜʘʥ ʩʠʩʪʝʤ ʤʦʞʝ ʙʠʪʠ ʧʦʫʟʜʘʥ ʫ 

ʦʙʘʚˀʘˁʫ ʿʝʜʥʠʭ, ʘ ʥʝʧʦʫʟʜʘʥ ʫ ʦʙʘʚˀʘˁʫ ʜʨʫʛʠʭ ʬʫʥʢʮʠʿʘ. ʉʠʩʪʝʤʠ ʙʝʟ ʤʦʛʫ˂ʥʦʩʪʠ 

ʦʪʢʘʟʘ ʥʝ ʧʦʩʪʦʿʝ [40].  

ʇʨʦʨʘʯʫʥʠ ʧʦʫʟʜʘʥʦʩʪʠ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʤʦʜʝʣʠʤʘ ʝʣʝʤʝʥʘʪʘ ʠ ʩʠʩʪʝʤʘ ʢʦʿʠ 

ʦʜʨʘʞʘʚʘʿʫ ˁʠʭʦʚʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʩʪʨʫʢʪʫʨʫ ʠ ʥʘ ʧʦʜʘʮʠʤʘ ʦ ʧʦʢʘʟʘʪʝˀʠʤʘ 

ʧʦʫʟʜʘʥʦʩʪʠ ʝʣʝʤʝʥʘʪʘ ʠʩʪʝ ʠʣʠ ʩʣʠʯʥʝ ʚʨʩʪʝ, ʜʦ ʢʦʿʠʭ ʩʝ ʜʦʣʘʟʠ ʩʪʘʪʠʩʪʠʯʢʦʤ 

ʦʙʨʘʜʦʤ ʧʦʜʘʪʘʢʘ ʠʟ ʝʢʩʧʣʦʘʪʘʮʠʿʝ.  

ʇʦʢʘʟʘʪʝˀʠ ʧʦʫʟʜʘʥʦʩʪʠ ʩʝ, ʛʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ ʩʪʘʪʠʯʢʝ 

ʠ ʜʠʥʘʤʠʯʢʝ. ʉʪʘʪʠʯʢʠ ʩʝ ʜʝʬʠʥʠʫh ʟʘ ʦʙʥʦʚˀʠʚʝ ʝʣʝʤʝʥʪʝ ʠ ʩʠʩʪʝʤʝ. ʆʥʠ ʫʢʘʟʫʿʫ ʥʘ 

ʧʨʦʩʝʯʥʦ ʧʦʥʘʘhˁʝ ʫ ʜʫʛʦʤ ʧʝʨʠʦʜʫ ʝʢʩʧʣʦʘʪʘʮʠʿʝ, ʯʝʩʪʦ ʫ ʪʦʢʫ ʮʝʣʦʛ ʪʝʭʥʠʯʢʦʛ ʚʝʢʘ 

ʝʣʝʤʝʥʪʘ ʠʣʠ ʩʠʩʪʝʤʘ. ɼʠʥʘʤʠʯʢʠ ʧʦʢʘʟʘʪʝˀʠ ʩʝ ʦʜʨʝʫ́ʿʫ ʟʘ ʥʝʦʙʥʦʚˀʠʚʝ ʦʙʿʝʢʪʝ ʘʣʠ 

ʠ ʟʘ ʦʙʥʦʚˀʠʚʝ ʦʙʿʝʢʪʝ ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʝʜʚʠʘ́ˁʝ ˁʠʭʦʚʦʛ ʧʦʥʘʘhˁʘ ʫ 

ʦʛʨʘʥʠʯʝʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ. 

ʉʪʘʮʠʦʥʘʨʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʢʘʟʘʪʝˀʘ ʦʤʦʛʫʘ˂ʚʘʿʫ ʧʨʦʮʝʥʝ ʪʝʭʥʠʯʢʦ - ʝʢʦʥʦʤʩʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʩʪʨʦʿʝˁʘ ʫ ʚʠhʝʛʦʜʠʰˁ ʦʿ ʝʢʩʧʣʦʘʪʘʮʠʿʠ ʠ ʠʟʙʦʨ ʥʘʿʧʦʚʦˀʥʠʿʠʭ 

ʨʝhʝˁʘ. ɼʠʥʘʤʠʯʢʠ ʧʦʢʘʟʘʪʝˀʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʫʪʚʨʹʠʚʘˁʝ ʪʨʝʥʫʪʢʘ ʢʘʜʘ ʿʝ ʦʧʨʘʚʜʘʥʦ 

ʧʨʠʤʝʥʠʪʠ ʥʝʢʦ ʦʜ ʨʝʰʝˁʘ. ɼʠʥʘʤʠʯʢʠ ʤʦʜʝʣʠ ʝʣʝʤʝʥʘʪʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦʤ ʠ Weibull-ʦʚʦʤ ʨʘʩʧʦʜʝʣʦʤ. 

ʋ ʘʥʘʣʠʟʘʤʘ ʧʦʫʟʜʘʥʦʩʪʠ, ʿʝʜʘʥ ʪʝʭʥʠʯʢʠ ʩʠʩʪʝʤ ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʦʙʣʠʢʫ 

ʤʨʝʞʥʦʛ ʤʦʜʝʣʘ ʫ ʢʦʤʝ ʩʫ ʝʣʝʤʝʥʪʠ ʧʦʚʝʟʘʥʠ ʨʝʜʥʦ, ʧʘʨʘʣʝʣʥʦ ʠʣʠ ˁʠʭʦʚʦʤ 

ʢʦʤʙʠʥʘʮʠʿʦʤ. 

ɼʘ ʙʠ ʩʠʩʪʝʤ ʠʤʘʦ ʰʪʦ ʚʝ˂ʫ ʧʦʫʟʜʘʥʦʩʪ ʫ ʦʙʘʚˀʘˁʫ ʧʨʝʜʚʠʹʝʥʝ ʬʫʥʢʮʠʿʝ, 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʩʧʨʦʚʦʜʠʪʠ ʨʘʟʣʠʯʠʪʝ ʦʙʣʠʢʝ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʧʦʿʝʜʠʥʠʭ ʪʠʧʦʚʘ 

ʦʧʨʝʤʝ. ʂʦʿʘ ʚʨʩʪʘ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ˂ʝ ʩʝ ʩʧʨʦʚʦʜʠʪʠ ʟʘʚʠʩʠ ʦʜ ʚʘʞʥʦʩʪʠ 

ʦʙʿʝʢʪʘ, ˁʝʛʦʚʝ ʩʪʘʨʦʩʪʠ ʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ ʫʩʣʦʚʘ. ʇʨʝʚʝʥʪʠʚʥʦ ʦʜʨʞʘʚʘˁʝ ʩʝ ʤʦʞʝ 
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ʠʟʚʦʜʠʪʠ ʫ ʬʠʢʩʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ, ʥʘ ʦʩʥʦʚʫ ʟʘʭʪʝʚʘʥʝ ʧʦʫʟʜʘʥʦʩʪʠ ʠʣʠ ʥʘ 

ʦʩʥʦʚʫ ʩʪʘˁʘ ʧʦʩʤʘʪʨʘʥʦʛ ʩʠʩʪʝʤʘ. ʉʧʨʦʚʦʹʝˁʝʤ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʚʨʰʠ ʩʝ 

ʧʨʝʚʝʥʮʠʿʘ ʢʚʘʨʦʚʘ ʠ ʧʨʦʜʫʞʘʚʘ ʞʠʚʦʪʥʠ ʚʝʢ ʦʧʨʝʤʝ, ʜʘʢʣʝ, ʫʪʠʯʝ ʩʝ ʥʘ ʧʦʙʦˀʰʘˁʝ 

ʧʦʢʘʟʘʪʝˀʘ ʧʦʫʟʜʘʥʦʩʪʠ ʦʜʨʞʘʚʘʥʝ ʦʧʨʝʤʝ. 

 

3.2 ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʬʫʥʢʮʠʿʝ ʫ ʘʥʘʣʠʟʘʤʘ ʧʦʫʟʜʘʥʦʩʪʠ 

 

ʋ ʘʥʘʣʠʟʘʤʘ ʧʦʫʟʜʘʥʦʩʪʠ ʩʠʩʪʝʤʠ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ ʦʙʥʦʚˀʠʚʝ ʠ 

ʥʝʦʙʥʦʚˀʠʚʝ.  

ʂʘʜʘ ʥʘʩʪʘʥʝ ʢʚʘʨ ʥʘ ʥʝʦʙʥʦʚˀʠʚʠʤ ʩʠʩʪʝʤʠʤʘ, ʩʠʩʪʝʤ ʩʝ ʧʦʚʣʘʯʠ ʠʟ ʫʧʦʪʨʝʙʝ. 

ɾʠʚʦʪʥʠ ʚʝʢ ʪʘʢʚʠʭ ʩʠʩʪʝʤʘ ʪʨʘʿʝ ʜʦ ʪʨʝʥʫʪʢʘ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ.  

ʂʦʜ ʦʙʥʦʚˀʠʚʠʭ ʩʠʩʪʝʤʘ ʿʝ ʚʝ˂ʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʩʠʩʪʝʤ ʙʠʪʠ ʠʩʧʨʘʚʘʥ ʫ 

ʥʝʢʦʤ ʪʨʝʥʫʪʢʫ t .  

ɼʠʥʘʤʠʯʢʠ ʧʦʢʘʟʘʪʝˀ ʢʦʿʠ ʦʜʨʝʹʫʿʝ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ˂ʝ ʩʠʩʪʝʤ ʜʦ ʧʦʩʤʘʪʨʘʥʦʛ 

ʪʨʝʥʫʪʢʘ ʙʠʪʠ ʠʩʧʨʘʚʘʥ ʥʘʟʠʚʘ ʩʝ ʥʝʦʪʢʘʟʠʚʦʩʪ (ʧʦʫʟʜʘʥʦʩʪ). 

ʌʫʥʢʮʠʿʘ ʥʝʦʪʢʘʟʠʚʦʩʪʠ ʩʝ ʜʝʬʠʥʠʰʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

() ( )tTPtR >= , ʟa t>0, (3.1) 

ʛʜʝ ʩʫ:  

T  - ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʠʩʧʨʘʚʥʦʛ ʨʘʜʘ ʩʠʩʪʝʤʘ;  

t  - ʚʨʝʤʝ ʦʜ ʪʨʝʥʫʪʢʘ ʧʦʯʝʪʢʘ ʨʘʜʘ ʩʠʩʪʝʤʘ ʜʦ ʪʨʝʥʫʪʢʘ ʧʦʩʤʘʪʨʘˁʘ.  

ʆʚʘʿ ʠʟʨʘʟ ʧʨʝʜʩʪʘʚˀʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ʥʝ˂ʝ ʜʦ˂ʠ ʜʦ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ ʫ ʠʥʪʝʨʚʘʣʫ 

(0, t]. 

ʌʫʥʢʮʠʿʘ ʦʪʢʘʟʠʚʦʩʪʠ (ʥʝʧʦʫʟʜʘʥʦʩʪʠ) ʧʨʝʜʩʪʘʚˀʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ˂ʝ ʫ 

ʪʨʝʥʫʪʢʫ ʧʦʩʤʘʪʨʘˁʘ t  ʜʦ˂ʠ ʜʦ ʢʚʘʨʘ ʦʧʨʝʤʝ.  

ɼʝʬʠʥʠʮʠʿʘ ʦʪʢʘʟʠʚʦʩʪʠ ʿʝ: 

() ( )tTPtQ ¢= , ʟa t>0. (3.2) 

ʆʪʢʘʟʠʚʦʩʪ ʿʝ ʪʘʢʦʹʝ ʜʠʥʘʤʠʯʢʠ ʧʦʢʘʟʘʪʝˀ, ʧʘ ʧʦʩʪʦʿʠ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ 

ʿʝʜʥʘʯʠʥʘ (3.1) ʠ (3.2): 

() ()1=+ tQtR . (3.3) 

ɻʫʩʪʠʥʘ ʨʘʩʧʦʜʝʣʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʩʣʫʯʘʿʥʦ ʧʨʦʤʝʥˀʠʚʝ ʊ ʩʝ ʧʨʝʜʩʪʘʚˀʘ ʫ ʢʘʦ [3]: 

()
()

dt

tdQ
tf = . (3.4) 

ʇʦʰʪʦ ʿʝ 

() ( ) () { }dttTtPtQdttQtdQ +¢<=-+= , (3.5) 

ʠʟ (3.4) ʠ (3.5) ʧʨʦʠʟʣʘʟʠ ʜʘ ()dttf  ʧʨʝʜʩʪʘʚˀʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ˂ʝ ʩʠʩʪʝʤ ʦʪʢʘʟʘʪʠ ʫ 

ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ( )dttt +, .  

ɼʠʬʝʨʝʥʮʠʨʘˁʝʤ ʿʝʜʥʘʯʠʥʝ (3.3) ʧʦ ʚʨʝʤʝʥʫ ʠ ʟʘʤʝʥʦʤ ʫ ʿʝʜʥʘʯʠʥʠ (3.4) ʜʦʙʠʿʘ 

ʩʝ: 

()
()

dt

tdR
tf -= . (3.6) 
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ʌʫʥʢʮʠʿʘ ()tQ  ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʠʟ ()tf : 

() () ()ññ
¤-

==
tt

dxxfdxxftQ
0

. (3.7) 

ʇʦʰʪʦ ʩʣʫʯʘʿʥʘ ʧʨʦʤʝʥˀʠʚʘ ʚʨʝʤʝ ʥʝʤʘ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ, ʜʦˁʘ ʛʨʘʥʠʮʘ 

ʜʨʫʛʦʛ ʠʥʪʝʛʨʘʣʘ ʫ ʿʝʜʥʘʯʠʥʠ (3.7) ʧʦʣʘʟʠ ʦʜ 0. 

ʅʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʘ (3.3) ʠ (3.7) ʜʦʙʠʿʘ ʩʝ: 

() () () () ()ññññ
¤¤

=-=-=
t

tt

dxxfdxxfdxxfdxxftR
000

1 . (3.8) 

ʀʥʪʝʥʟʠʪʝʪ ʦʪʢʘʟʘ ʫ ʘʥʘʣʠʟʠ ʧʦʫʟʜʘʥʦʩʪʠ ʩʝ ʜʝʬʠʥʠʰʝ ʫ ʦʙʣʠʢʫ: 

()
( )( ){ }

.lim
0 t

tTttTtP
t

t D

>D+¢<
=

­D
l   (3.9) 

ʀʟʨʘʟ ʫ ʙʨʦʿʠʦʮʫ ʫ ʿʝʜʥʘʯʠʥʠ (3.9) ʧʨʝʜʩʪʘʚˀʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ˂ʝ ʩʠʩʪʝʤ 

ʦʪʢʘʟʘʪʠ ʫ ʠʥʪʝʨʚʘʣʫ ( )ttt D+, , ʘʢʦ ʥʠʿʝ ʦʪʢʘʟʘʦ ʜʦ ʪʨʝʥʫʪʢʘ t . 

ʆʧʰʪʘ ʨʝʣʘʮʠʿʘ ʟʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʢʦʠʥʮʠʜʝʥʮʠʿʝ ʜʚʘ ʜʦʛʘʹʘʿʘ, ʥʘ ʧʨʠʤʝʨ A ʠ B  

ʿʝ: 

{ } { } {}BPBAPBAP Ö=Ö  Ý  { } { }
{}BP

BAP
BAP

Ö
= . (3.10) 

ʋʩʣʦʚʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʠʟ ʿʝʜʥʘʯʠʥʝ (3.8), ʿʝʜʥʘʢʘ ʿʝ: 

( )( ){ } ( )( ){ }
( ){ }

{ }
()tR

ttTtP

tTP

tTttTtP
tTttTtP

D+¢<
=

>

>ÖD+¢<
=>D+¢< . (3.11) 

ʂʦʥʘʯʥʠ ʦʙʣʠʢ ʨʝʣʘʮʠʿʝ (3.11) ʿʝ ʿʝʜʥʦʩʪʘʚʘʥ ʿʝʨ ʿʝ ʜʦʛʘʹʘʿ B  ʩʘʜʨʞʘʥ ʫ 

ʜʦʛʘʹʘʿʫ A, ʟʙʦʛ ʯʝʛʘ ʩʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʢʦʠʥʮʠʜʝʥʮʠʿʝ ʜʚʘ ʜʦʛʘʹʘʿʘ ʧʦʢʣʘʧʘ ʩʘ 
ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʜʦʛʘʹʘʿʘ A. ʀʟ ʧʨʝʪʭʦʜʥʠʭ ʿʝʜʥʘʯʠʥʘ ʜʦʙʠʿʘ ʩʝ: 

()
()
()tR

tf
t =l . (3.12) 

ɿʘʤʝʥʦʤ ʿʝʜʥʘʯʠʥʝ (3.12) ʫ (3.6) ʜʦʙʠʿʘ ʩʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʘ ʿʝʜʥʘʯʠʥʘ ʯʠʿʦʤ 

ʠʥʪʝʛʨʘʮʠʿʦʤ ʩʝ ʜʦʙʠʿʘ ʠʟʨʘʟ ʟʘ ()tR : 

() ()
ö
ö

÷

õ

æ
æ

ç

å
-= ñ

t

dxxtR
0

exp l . (3.13) 

ʀʟ ʧʨʝʪʭʦʜʥʠʭ ʿʝʜʥʘʯʠʥʘ ʩʝ ʤʦʞʝ ʫʪʚʨʜʠʪʠ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʧʘʨʘʤʝʪʘʨʘ (),tR  

(),tQ  ()tf  ʠ ()tl . ɼʦʚʦˀʥʦ ʿʝ ʧʦʟʥʘʚʘʪʠ ʿʝʜʘʥ ʦʜ ʧʦʢʘʟʘʪʝˀʘ ʜʘ ʙʠ ʩʝ ʦʜʨʝʜʠʣʠ ʦʩʪʘʣʠ. 

ɿʘ ʧʨʘʢʪʠʯʥʝ ʧʨʦʮʝʥʝ ʧʦʫʟʜʘʥʦʩʪʠ ʜʘʿʝ ʩʝ ʩʨʝʜˁʝ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʠʩʧʨʘʚʥʦʛ ʨʘʜʘ, 

ʢʦʿʝ ʩʝ ʦʜʨʝʹʫʿʝ ʢʘʦ ʤʘʪʝʤʘʪʠʯʢʦ ʦʯʝʢʠʚʘˁʝ ʚʨʝʤʝʥʘ ʪʨʘʿʘˁʘ ʠʩʧʨʘʚʥʦʛ ʨʘʜʘ ʩʠʩʪʝʤʘ: 

{} () ()ññ
¤¤

-=¹¹
00

' dtttRdtttfTEm . (3.14) 

ʀ ʫ ʿʝʜʥʘʯʠʥʠ (3.14) ʜʦˁʘ ʛʨʘʥʠʮʘ ʧʦʣʘʟʠ ʦʜ 0 ʧʦʰʪʦ ʩʣʫʯʘʿʥʘ ʧʨʦʤʝʥˀʠʚʘ 

ʚʨʝʤʝ ʥʝʤʘ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ. ʇʘʨʮʠʿʘʣʥʦʤ ʠʥʪʝʛʨʘʮʠʿʦʤ ʜʨʫʛʦʛ ʠʥʪʝʛʨʘʣʘ ʠʟ 

ʿʝʜʥʘʯʠʥʝ (3.14) ʜʦʙʠʿʘ ʩʝ: 
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() () ()ññ
¤¤¤

=+-=
000

| dttRdttRttRm . (3.15) 

ʋ ʿʝʜʥʘʯʠʥʠ (3.15) ʧʨʚʠ ʯʣʘʥ ʿʝ ʿʝʜʥʘʢ ʥʫʣʠ, ʿʝʨ ʧʦʫʟʜʘʥʦʩʪ ()tR  ʙʨʞʝ ʪʝʞʠ ʥʫʣʠ 

ʘʢʦ ʿʝ ʚʨʝʜʥʦʩʪ t  ʚʝʣʠʢʘ. ʇʘʨʘʤʝʪʘʨ m ʿʝ ʩʪʘʪʠʯʢʠ, ʿʝʨ ʥʝ ʟʘʚʠʩʠ ʦʜ ʚʨʝʤʝʥʘ. 

ʉʚʠ ʥʘʚʝʜʝʥʠ ʧʘʨʘʤʝʪʨʠ ʩʝ ʢʦʨʠʩʪʝ ʢʦʜ ʦʙʥʦʚˀʠʚʠʭ ʩʠʩʪʝʤʘ, ʜʘ ʙʠ ʩʝ ʦʮʝʥʠʣʘ 

ʧʦʫʟʜʘʥʦʩʪ ʩʠʩʪʝʤʘ ʦʜ ʪʨʝʥʫʪʢʘ ʧʫʰʪʘˁʘ ʩʠʩʪʝʤʘ ʫ ʨʘʜ ʜʦ ʧʨʚʦʛ ʦʪʢʘʟʘ. ʆʚʜʝ ʩʝ ʤʠʩʣʠ 

ʦ ʩʚʘʢʦʤ ʧʫʰʪʘˁʫ ʦʧʨʝʤʝ ʫ ʨʘʜ, ʦʜʥʦʩʥʦ ʧʨʠ ʦʙʥʘʚˀʘˁʫ ʦʧʨʝʤʝ. ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ 

ʩʝ ʦʙʥʘʚˀʘˁʝʤ ʩʠʩʪʝʤ ʜʦʚʦʜʠ ʫ ʩʪʘˁʝ ʢʘʦ ʜʘ ʿʝ ʥʦʚ. ʇʦʜ ʦʪʢʘʟʦʤ ʩʝ ʤʠʩʣʠ ʥʘ ʧʨʚʠ 

ʦʪʢʘʟ ʢʦʿʠ ˂ʝ ʫʩʣʝʜʠʪʠ ʧʦʩʣʝ ʩʚʘʢʦʛ ʧʫʰʪʘˁʘ ʩʠʩʪʝʤʘ ʫ ʨʘʜ (ʧʨʚʦʛ, ʠʣʠ ʧʦʩʣʝ 

ʦʙʥʘʚˀʘˁʘ). ʇʘʨʘʤʝʪʘʨ m ʩʝ ʯʝʩʪʦ ʫ ʘʥʛʣʦ-ʘʤʝʨʠʯʢʦʿ ʣʠʪʝʨʘʪʫʨʠ ʦʟʥʘʯʘʚʘ ʩʘ MTTF 

(Mean Time To Failure). ɼʘ ʙʠ ʩʝ ʜʦʙʠʣʠ ʧʦʜʘʮʠ ʦ ʧʦʥʘʰʘˁʫ ʩʠʩʪʝʤʘ ʢʦʨʠʩʪʝ ʩʝ 

ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠ ʧʘʨʘʤʝʪʨʠ.  

ɺʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʩʠʩʪʝʤ ʦʪʢʘʟʘʪʠ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ( )
21

, tt  ʤʦʞʝ ʩʝ 

ʠʟʨʘʯʫʥʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

{ } () () () () ()
121221

2

1

tRtRtQtQdxxftTtP
t

t

-=-==¢< ñ . (3.16) 

ʅʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ (3.16), ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʩʠʩʪʝʤ ʙʠʪʠ ʠʩʧʨʘʚʘʥ ʫ 

ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ( )
21

, tt  ʿʝ: 

{ } () () () ()
212121

11 tRtQtRtRtTtP +=+-=¢<- . (3.17) 

ʇʨʝʤʘ ʿʝʜʥʘʯʠʥʘʤʘ (3.10) ʠ (3.16), ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʩʠʩʪʝʤ ʦʪʢʘʟʘʪʠ ʫ 

ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ( )
21

, tt , ʘʢʦ ʥʠʿʝ ʦʪʢʘʟʘʦ ʜʦ ʪʨʝʥʫʪʢʘ 
1

t  ʿʝ: 

( )( ){ } { }
{ }

() ()
()

1

2121

12
tR

tRtR

tTP

tTtP
tTtTP

-
=

>

¢<
=>¢ . (3.18) 

ʋʩʣʦʚʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʥʢʘ ʦʪʢʘʟʘ ʠʟ ʿʝʜʥʘʯʠʥʝ (3.18) ʿʝ ʚʝ˂ʘ ʦʜ ʚʝʨʦʚʘʪʥʦ˂ʝ 

ʦʪʢʘʟʘ ʧʨʝʤʘ (3.16) ʘʢʦ ʿʝ 0
1
>t , ʿʝʨ ʿʝ ʪʘʜʘ () 11 <tR . 

ʀʟ ʿʝʜʥʘʯʠʥʝ (3.18) ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʚʝʨʦʚʘʪʥʦ˂ʘ ʠʩʧʨʘʚʥʦʛ ʨʘʜʘ ʩʠʩʪʝʤʘ ʫ 

ʪʦʢʫ ʚʨʝʤʝʥʩʢʦʛ ʠʥʪʝʨʚʘʣʘ ( )
21

, tt  ʘʢʦ ʿʝ ʩʠʩʪʝʤ ʙʠʦ ʠʩʧʨʘʚʘʥ ʜʦ ʪʨʝʥʫʪʢʘ 
1
t : 

( )( ){ } ( )( ){ } ()
()

1

2

1212
1

tR

tR
tTtTPtTtTP =>¢-=>> . (3.19) 

ʈʘʟʤʘʪʨʘʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʠ ʧʦʤʦ˂ʫ ʠʥʪʝʥʟʠʪʝʪʘ ʦʪʢʘʟʘ, 

ʟʘʤʝʥʦʤ ʨʝʣʘʮʠʿʝ (3.13) ʫ (3.19): 

( )( ){ } ()
ö
ö

÷

õ

æ
æ

ç

å
-=>> ñ

2

1

exp12

t

t

dxxtTtTP l . (3.20) 

 

3.3 ʆʜʨʝʹʠʚʘˁʝ ʧʦʢʘʟʘʪʝˀʘ ʧʦʫʟʜʘʥʦʩʪʠ ʠʟ ʧʦʜʘʪʘʢʘ ʫ ʪʦʢʫ ʝʢʩʧʣʦʘʪʘʮʠʿʝ  

 

ʇʦʢʘʟʘʪʝˀʠ ʧʦʫʟʜʘʥʦʩʪʠ ʩʠʩʪʝʤʘ ʦʜʨʝʹʫʿʫ ʩʝ ʦʙʨʘʜʦʤ ʧʦʜʘʪʘʢʘ ʠʟ ʨʘʜʘ ʚʝʣʠʢʦʛ 

ʙʨʦʿʘ ʩʠʩʪʝʤʘ ʠʩʪʝ ʚʨʩʪʝ. ʉʠʩʪʝʤʠ ʢʦʿʠ ʩʝ ʘʥʘʣʠʟʫʿ ʫ ʪʨʝʙʘ ʜʘ ʨʘʜʝ ʫ ʧʨʠʙʣʠʞʥʦ 

ʿʝʜʥʘʢʠʤ ʫʩʣʦʚʠʤʘ. ʉʠʩʪʝʤʠ ʩʝ ʧʦʩʤʘʪʨʘʿʫ ʦʜ ʧʫʰʪʘˁʘ ʫ ʨʘʜ, ʧʘ ʩʚʝ ʜʦ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ.  
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ʅʝʢʘ ʿʝ ()tn  ʙʨʦʿ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʫ ʦʪʢʘʟʘʣʠ ʜʦ ʪʨʝʥʫʪʢʘ t, ʘ ()tN  ʙʨʦʿ ʩʠʩʪʝʤʘ 

ʢʦʿʠ ʩʫ ʨʘʜʠʣʠ ʠʩʧʨʘʚʥʦ ʜʦ ʪʨʝʥʫʪʢʘ t. ʉʘ ()
12
tnD  ʦʟʥʘʯʘʚʘ ʩʝ ʙʨʦʿ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʫ 

ʦʪʢʘʟʘʣʠ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ 
1212
ttt -=D .  

ʅʝʦʪʢʘʟʠʚʦʩʪ ʩʠʩʪʝʤʘ ʫ ʥʝʢʦʤ ʪʨʝʥʫʪʢʫ 
1
t  ʦʜʨʝʹʫʿʝ ʩʝ ʢʘʦ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ 

ʩʠʩʪʝʤ ʥʝ˂ʝ ʦʪʢʘʟʘʪʠ ʜʦ ʧʦʩʤʘʪʨʘʥʦʛ ʪʨʝʥʫʪʢʘ ʠ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʠʟ ʧʦʩʤʘʪʨʘʥʠʭ 

ʧʦʜʘʪʘʢʘ ʢʘʦ: 

()
()
()0

1

1
N

tN
tR = . (3.21) 

ʅʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (3.4), ʦʜʨʝʹʫʿʝ ʩʝ ʛʫʩʪʠʥʘ ʨʘʩʧʦʜʝʣʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʪʨʘʿʘˁʘ 

ʠʩʧʨʘʚʥʦʛ ʨʘʜʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ 
12
tD : 

( )
()
()

12

12

12
0 tN

tn
tf

DÖ

D
=D . (3.22) 

ʀʥʪʝʥʟʠʪʝʪ ʦʪʢʘʟʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ 
12
tD , ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (3.12), 

ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʢʘʦ: 

( )
()
()

121

12

12
ttN

tn
t

DÖ

D
=Dl . (3.23) 

ɸʢʦ ʩʝ ʧʦʩʤʘʪʨʘ ʚʝ˂ʠ ʙʨʦʿ ʩʠʩʪʝʤʘ ()0N  ʙʠ˂ʝ ʪʘʯʥʠʿʠ ʧʨʦʨʘʯʫʥ ʧʦʢʘʟʘʪʝˀʘ 

ʧʦʫʟʜʘʥʦʩʪʠ ʧʨʝʢʦ ʥʘʚʝʜʝʥʠʭ ʠʟʨʘʟʘ. ʊʘʢʦʹʝ, ʪʨʝʙʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʜʘ, ʧʨʠ ʠʟʙʦʨʫ 

ʚʨʝʤʝʥʩʢʠʭ ʠʥʪʝʨʚʘʣʘ 
12
tD , ʙʨʦʿ ʦʪʢʘʟʘʣʠʭ ʩʠʩʪʝʤʘ ʥʝ ʙʫʜʝ ʧʨʝʤʘʣʠ. ɺʨʝʤʝʥʩʢʠ 

ʠʥʪʝʨʚʘʣʠ ʧʦʩʤʘʪʨʘˁʘ ʩʝ ʦʙʠʯʥʦ ʜʝʣʝ ʥʘ K  ʠʥʪʝʨʚʘʣʘ ʿʝʜʥʘʢʝ ʜʫʞʠʥʝ tD. ɹʨʦʿ 

ʠʥʪʝʨʚʘʣʘ K  ʪʨʝʙʘ ʠʟʘʙʨʘʪʠ ʪʘʢʦ ʜʘ ʩʝ ʩʘʯʫʚʘ ʚʨʝʤʝʥʩʢʘ ʧʨʦʤʝʥʘ ʧʦʢʘʟʘʪʝˀʘ ʢʦʿʘ ʿʝ 

ʩʘʜʨʞʘʥʘ ʫ ʧʦʜʘʮʠʤʘ ʧʦʩʤʘʪʨʘˁʘ ʠ ʠʟʙʝʛʥʫ ʚʝʣʠʢʘ ʫʩʨʝʜˁʘʚʘˁʘ ʧʦʜʘʪʘʢʘ. ʆʧʪʠʤʘʣʘʥ 

ʙʨʦʿ K  ʩʝ ʜʦʙʠʿʘ ʠʟ ʝʤʧʠʨʠʿ ʩʢʝ ʨʝʣʘʮʠʿʝ: 

nK log3,31 Ö+= , (3.24) 

ʛʜʝ ʿʝ: n  - ʫʢʫʧʘʥ ʙʨʦʿ ʟʘʙʝʣʝʞʝʥʠʭ ʦʪʢʘʟʘ. 

ɸʣʪʝʨʥʘʪʠʚʥʘ ʝʤʧʠʨʠʿʩʢʘ ʬʦʨʤʫʣʘ ʟʘ K  ʿʝ: 

nK = . (3.25) 

ɸʥʘʣʠʟʦʤ ʩʪʘˁʘ ʝʣʝʤʝʥʘʪʘ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʠ ʩʨʝʜˁʝ ʚʨʝʤʝ ʠʩʧʨʘʚʥʦʛ ʨʘʜʘ 

ʜʝʬʠʥʠʩʘʥʦ ʠʟʨʘʟʦʤ (3.15): 

()

()

ä
=

=
0

10

1 N

i
i

T
N

m , (3.26) 

ʛʜʝ ʿʝ: 
i

T  - ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʠʩʧʨʘʚʥʦʛ ʨʘʜʘ ʝʣʝʤʝʥʪʘ i . 

ɼʘ ʙʠ ʩʝ ʦʜʨʝʜʠʣʠ ʧʦʢʘʟʘʪʝˀʠ ʧʦʫʟʜʘʥʦʩʪʠ ʩʠʩʪʝʤʘ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʩʚʠ 

ʥʘʚʝʜʝʥʠ ʠʟʨʘʟʠ ʥʘ ʦʩʥʦʚʫ ʧʦʩʤʘʪʨʘˁʘ ʩʘʤʦ ʿʝʜʥʦʛ ʩʠʩʪʝʤʘ. ʉʠʩʪʝʤ ˂ʝ ʚʠʰʝ ʧʫʪʘ 

ʦʪʢʘʟʘʪʠ ʫ ʜʦʚʦˀʥʦ ʜʫʛʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ. ɸʢʦ ʩʝ ʦʙʥʘʚˀʘˁʝʤ ʩʠʩʪʝʤ ʜʦʚʦʜʠ ʫ 

ʩʪʘˁʝ ʢʘʦ ʜʘ ʿʝ ʥʦʚ, ʩʚʠ ʧʝʨʠʦʜʠ ʨʘʜʘ ʩʠʩʪʝʤʘ ʩʝ ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʥʝʟʘʚʠʩʥʠʤ ʫʟʦʨʮʠʤʘ 

ʨʘʜʘ ʩʠʩʪʝʤʘ. ʊʠ ʧʦʜʘʮʠ ʩʝ ʤʦʛʫ ʦʙʨʘʹʠʚʘʪʠ ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʢʘʦ ʰʪʦ ʩʫ ʧʨʝʪʭʦʜʥʠʤ 

ʨʘʟʤʘʪʨʘˁʠʤʘ ʢʘʦ ʫʟʦʨʮʠ ʦʙʨʘʹʠʚʘʥʠ ʧʦʜʘʮʠ ʦ ʨʘʜʫ ʨʘʟʣʠʯʠʪʠʭ ʩʠʩʪʝʤʘ. ʇʦʜʘʮʠ ʟʘ 

ʧʦʿʝʜʠʥʝ ʧʝʨʠʦʜʝ ʨʘʜʘ ʥʝ ʙʠ ʙʠʣʠ ʥʝʟʘʚʠʩʥʠ, ʘʢʦ ʙʠ ʩʠʩʪʝʤ ʠʤʘʦ ʨʘʟʣʠʯʠʪʝ 
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ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʢʦʣʠʢʦ ʜʫʛʦ ʿʝ ʨʘʜʠʦ ʠ ʢʦʣʠʢʦ ʧʫʪʘ ʿʝ ʙʠʦ 

ʦʙʥʘʚˀʘʥ ʜʦ ʧʦʩʤʘʪʨʘʥʦʛ ʧʝʨʠʦʜʘ ʨʘʜʘ.  

 

3.4 ʈʘʩʧʦʜʝʣʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʫ ʘʥʘʣʠʟʘʤʘ ʧʦʫʟʜʘʥʦʩʪʠ  

 

ʇʨʠ ʘʥʘʣʠʟʠ ʨʘʟʣʠʯʠʪʠʭ ʧʦʢʘʟʘʪʝˀʘ ʧʦʫʟʜʘʥʦʩʪʠ ʩʠʩʪʝʤʘ ʥʘʿʧʦʜʝʩʥʠʿʝ ʿʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʠʭ ʥʝʢʠʤ ʤʘʪʝʤʘʪʠʯʢʠʤ ʬʫʥʢʮʠʿʘʤʘ. ʆʚʜʝ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥʝ ʥʝʢʝ ʦʜ 

ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʪʝʦʨʠʿʩʢʠʭ ʨʘʩʧʦʜʝʣʘ ʢʦʿʠʤʘ ʩʝ ʤʦʛʫ ʘʧʨʦʢʩʠʤʠʨʘʪʠ ʨʘʩʧʦʜʝʣʝ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʙʦʨʘʚʢʘ ʨʘʟʣʠʯʠʪʠʭ ʫʨʝʹʘʿʘ ʫ ʧʦʿʝʜʠʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʩʪʘˁʠʤʘ. 

ʇʦʩʪʦʿʝ ʜʚʘ ʦʩʥʦʚʥʘ ʪʠʧʘ ʨʘʩʧʦʜʝʣʘ: ʢʦʥʪʠʥʫʘʣʥʝ ʠ ʜʠʩʢʨʝʪʥʝ.  

ʂʦʥʪʠʥʫʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʣʫʯʘʿʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʦʙʣʠʢʫ ʨʝʘʣʥʦʛ 

ʙʨʦʿʘ, ʜʦʢ ʜʠʩʢʨʝʪʥʝ ʨʘʩʧʦʜʝʣʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ ʢʘʦ ʜʠʩʢʨʝʪʥʝ 

ʚʨʝʜʥʦʩʪʠ ʢʦʿʠ ʩʫ ʧʦʟʠʪʠʚʥʝ ʠ ʮʝʣʦʙʨʦʿʥʝ. ɼʚʝ ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʜʠʩʢʨʝʪʥʝ ʨʘʩʧʦʜʝʣʝ ʩʫ 

ʙʠʥʦʤʥʘ ʠ ʇʦʠʩʦʥʦʚʘ ʨʘʩʧʦʜʝʣʘ. ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʝ ʢʦʥʪʠʥʫʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʩʫ 

ʥʦʨʤʘʣʥʘ, ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʘ, Weibull-ʦʚʘ, ʛʘʤʘ ʠ ʈʝʣʝʿʝʚʘ ʨʘʩʧʦʜʝʣʘ [38, 39]. ʆʚʜʝ ˂ʝ 

ʙʠʪʠ ʦʧʠʩʘʥʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʠ Weibull-ʦʚʘ ʨʘʩʧʦʜʝʣʘ ʢʦʿʝ ˂ʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʫ ʨʘʟʚʦʿʫ 

ʜʠʥʘʤʠʯʢʦʛ ʤʦʜʝʣʘ. ɽʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʧʝʨʠʦʜʫ ʩʪʘʙʠʣʥʝ 

ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʩʠʩʪʝʤʘ, ʜʦʢ ʩʝ Weibull-ʦʚʘ ʨʘʩʧʦʜʝʣʘ ʢʦʨʠʩʪʠ ʟʙʦʛ ˁʝʥʦʛ ʧʘʨʘʤʝʪʘʨʩʢʦʛ 

ʢʘʨʘʢʪʝʨʘ, ʿʝʨ ʩʝ ʧʨʠ ʠʟʙʦʨʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʜʝʬʠʥʠʰʫ ʨʘʟʣʠʯʠʪʠ 

ʟʘʢʦʥʠ ʩʣʫʯʘʿʥʦ ʧʨʦʤʝʥˀʠʚʠʭ ʚʝʣʠʯʠʥʘ [41].  

ʈʘʩʧʦʜʝʣʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ Xʿʝ: 

() { }xXPXF ¢¹ , (3.27) 

ʛʜʝ ʿʝ: x  - ʤʦʛʫ˂ʘ ʚʨʝʜʥʦʩʪ X . 

ɻʫʩʪʠʥʘ ʨʘʩʧʦʜʝʣʝ ʚʝʨʦʚʘʪʥʦ˂ʘ X : 

() ()xFxf '¹ . (3.28) 

ʄʘʪʝʤʘʪʠʯʢʦ ʦʯʝʢʠʚʘˁʝ X : 

() () ()ññ
¤¤

¤-

=Ý¹¹
0

dxxxfM,dxxxfxEM . (3.29) 

ʋ ʩʣʫʯʘʿʫ ʜʘ ʿʝ X  ʚʨʝʤʝ, ʜʦˁʘ ʛʨʘʥʠʮʘ ʠʥʪʝʛʨʘʣʘ ʢʦʜ ʿʝʜʥʘʯʠʥʝ (3.29), ʧʦʣʘʟʠ 

ʦʜ 0, ʧʦʰʪʦ ʩʝ ʟʘ ʚʨʝʤʝ ʫʟʠʤʘʿʫ ʩʘʤʦ ʧʦʟʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ.  

 

3.4.1 ɽʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʨʘʩʧʦʜʝʣʘ 

 

ɽʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʿʝ ʿʝʜʥʘ ʦʜ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʨʘʩʧʦʜʝʣʘ ʫ ʘʥʘʣʠʟʠ 

ʧʦʫʟʜʘʥʦʩʪʠ. ʀʥʪʝʥʟʠʪʝʪ ʦʪʢʘʟʘ l ʢʦʜ ʦʚʝ ʨʘʩʧʦʜʝʣʝ ʿʝ ʢʦʥʩʪʘʥʪʥʘ ʚʨʝʜʥʦʩʪ. ɺʨʝʤʝ ʜʦ 

ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ ʿʝ ʥʝʟʘʚʠʩʥʦ ʦʜ ʚʨʝʤʝʥʘ ʨʘʜʘ ʧʦʩʤʘʪʨʘʥʝ ʦʧʨʝʤʝ. ɽʢʩʧʦʥʝʥʮʠʿʘʣʥʘ 

ʨʘʩʧʦʜʝʣʘ ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʩʣʝʜʝ˂ʦʤ ʨʝʣʘʮʠʿʦʤ: 

()
( )

í
ì
ë

<

²Ö--
=

0,0

0,exp1

x

xx
XF

l
 (3.30) 

ʅʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (3.28) ʠ (3.30) ʜʦʙʠʿʘ ʩʝ: 

()
( )

í
ì
ë

<

²Ö-Ö
=

0,0

0,exp

x

xx
xf

ll
 (3.31) 
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ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ ʦʧʰʪʠʭ ʜʝʬʠʥʠʮʠʿʘ, ʫ ʠʟʨʘʟʠʤʘ ʟʘ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʫ ʨʘʩʧʦʜʝʣʫ ʩʝ ʜʦʙʠʿʘ: 

l

1
=M . (3.32) 

ɽʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʦʤʦʛʫ˂ʘʚʘ ʿʝʜʥʦʩʪʘʚʥʦ ʤʦʜʝʣʦʚʘˁʝ ʚʨʝʤʝʥʘ 

ʙʦʨʘʚʢʘ ʩʠʩʪʝʤʘ ʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʩʪʘˁʠʤʘ. ʇʨʝʤʘ ʠʟʨʘʟʠʤʘ (3.13) ʠ (3.18), 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʩʠʩʪʝʤ ʢʦʿʠ ʿʝ ʨʘʜʠʦ ʜʦ ʪʨʝʥʫʪʢʘ 
1
t  ʦʪʢʘʟʘʪʠ ʫ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ 

1212
ttt -=D , ʟʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʫ ʨʘʩʧʦʜʝʣʫ ʚʨʝʤʝʥʘ ʠʩʧʨʘʚʥʦʛ ʨʘʜʘ ʿʝ: 

( )( ){ } ( )( )
1212

exp1exp1
2

1

ttdttTtTP
t

t

-Ö--=öö
÷

õ
ææ
ç

å
--=>¢ ñ ll . (3.33) 

 

3.4.2 Weibull-ʦʚʘ ʨʘʩʧʦʜʝʣʘ  

 

Weibull-oʚʫ ʨʘʩʧʦʜʝʣʫ ʢʘʨʘʢʪʝʨʠʰʫ ʪʨʠ ʧʘʨʘʤʝʪʨʘ: 

a - ʧʘʨʘʤʝʪʘʨ ʨʘʟʤʝʨʝ,  

b - ʧʘʨʘʤʝʪʘʨ ʦʙʣʠʢʘ,  

n - ʧʦʟʠʮʠʦʥʠ ʧʘʨʘʤʝʪʘʨ. 

Weibull-ʦʚʘ ʨʘʩʧʦʜʝʣʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʠ ʛʫʩʪʠʥʘ ʨʘʩʧʦʜʝʣʝ, ʦʧʠʩʫʿʫ ʩʝ ʩʣʝʜʝ˂ʠʤ 

ʨʝʣʘʮʠʿʘʤʘ [42]: 

()
î
í

î
ì

ë

<

²ù
ú

ø
é
ê

è
ö
÷

õ
æ
ç

å-
-

=

n

n
a

n
b

x,

x,
x

exp
XF

0

1  (3.34) 

()
î
í

î
ì
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<

²
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÷
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÷
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ç
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-Öö

÷
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-
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x,

x,
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exp
x

xf

bb

a

n

a

n

a

b
 (3.35) 

ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʨʘʩʧʦʜʝʣʝ ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (3.28) ʠ (3.29) ʩʫ [6]: 

n
b

a +ö
÷

õ
æ
ç

å
+GÖ=

1
1M , (3.36) 

ʛʜʝ ʿʝ ʩʘ ()xG  ʦʟʥʘʯʝʥʘ ʛʘʤʘ ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʠʟʨʘʟʦʤ: 

() ( )ñ
¤

- >-Ö¹G
0

1 0,exp xdyyyx x . (3.37) 

ʇʘʨʮʠʿʘʣʥʦʤ ʠʥʪʝʛʨʘʮʠʿʦʤ ʩʝ ʠʟ (3.37) ʜʦʙʠʿʘ ʬʫʥʢʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ: 

()( ) ( )( )11 -GÖ-=G xxx .  (3.38) 

ɸʢʦ ʿʝ x  ʧʨʠʨʦʜʘʥ ʙʨʦʿ, ʦʥʜʘ ʩʝ ()xG ʩʚʦʜʠ ʥʘ: 

()( )!1-=G xx  (3.39) 

ʀʟ ʠʟʨʘʟʘ (3.36) ʫʪʚʨʹʫʿʝ ʩʝ ʜʘ ʧʘʨʘʤʝʪʘʨ n ʣʠʥʝʘʨʥʦ ʤʝˁʘ ʚʨʝʜʥʦʩʪ 

ʤʘʪʝʤʘʪʠʯʢʦʛ ʦʯʝʢʠʚʘˁʘ. ʀʥʪʝʥʟʠʪʝʪ ʦʪʢʘʟʘ ʩʝ ʜʦʙʠʿʘ ʠʟ ʠʟʨʘʟʘ (3.11), (3.34) ʠ (3.35): 
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()
1-

ö
÷

õ
æ
ç

å-
Ö=

b

a

n

a

b
l

x
x . (3.40) 

ɸʢʦ ʿʝ 1>b , ʠʥʪʝʥʟʠʪʝʪ ʦʪʢʘʟʘ ʢʦʜ Weibull-ʦʚʘ ʨʘʩʧʦʜʝʣʝ ʨʘʩʪʝ ʩʘ x. ɸʢʦ ʩʝ 

ʫʟʤʝ ʜʘ ʿʝ ʩʣʫʯʘʥʿʘ ʧʨʦʤʝʥˀʠʚʘ X  ʚʨʝʤʝ, ʦʚʦʤ ʨʘʩʧʦʜʝʣʦʤ ʩʝ ʤʦʞʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ 

ʩʪʘʨʝˁʝ ʩʠʩʪʝʤʘ. ɸʢʦ ʿʝ 1=b  ʠ 0=n , Weibull - oʚʘ ʨʘʩʧʦʜʝʣʘ ʧʨʝʣʘʟʠ ʫ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʫ. ʅʘ ʩʣʠʮʠ 3.1 [43, 44] ʧʨʠʢʘʟʘʥʘ ʿʝ ʬʫʥʢʮʠʿʘ ()xf  ʟʘ 0=n  ʠ 1=a , ʟʘ 

ʥʝʢʦʣʠʢʦ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ b. ʀʟ ʜʠʿʘʛʨʘʤʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʧʘʨʘʤʝʪʘʨ 

ʦʙʣʠʢʘ ʟʥʘʯʘʿʥʦ ʫʪʠʯʝ ʥʘ ʦʙʣʠʢ ʢʨʠʚʠʭ ʢʦʜ ʦʚʝ ʨʘʩʧʦʜʝʣʝ. 

 

 

ʉʣʠʢʘ 3.1 ɻʫʩʪʠʥʘ Weibull-oʚʝ ʨʘʩʧʦʜʝʣʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘ 0=n  ʠ 1=a  [43, 44] 

 

3.4.3 ʄʝʘhʚʠʥʘ ʨʘʩʧʦʜʝʣʘ  

 

ɿʙʦʛ ʥʘʩʪʘʥʢʘ ʩʣʫʯʘʿʥʠʭ ʢʚʘʨʦʚʘ, ʠʣʠ ʢʚʘʨʦʚʘ ʢʦʿʠ ʩʫ ʧʦʩʣʝʜʠʮʘ ʧʦʭʘʙʘʥʦʩʪʠ 

ʠʣʠ ʩʪʘʨʝˁʘ, ʝʣʝʤʝʥʪʠ ɽɽʉ ʤʦʛʫ ʧʨʝ˂ʠ ʠʟ ʨʘʜʥʦʛ ʫ ʥʝʨʘʜʥʦ ʩʪʘˁʝ. ʋ ʪʘʢʚʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʩʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʙʦʨʘʚʢʘ ʫ ʠʩʧʨʘʚʥʦʤ ʩʪʘˁʫ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʤʝʰʘʚʠʥʦʤ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʠ Weibull-ʦʚʘ ʨʘʩʧʦʜʝʣʝ [1]: 

() ( )
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õ

æ
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t
ttR expexp . (3.41) 

ʀʥʪʝʥʟʠʪʝʪ ʦʪʢʘʟʘ ʿʝ: 
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ö
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õ
æ
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t
t . (3.42) 

 

3.5 ʄʦʜʝʣ ʤʨʝʞʥʠʭ ʩʪʨʫʢʪʫʨʘ 

 

ʄʨʝʞʥʠʤ ʤʦʜʝʣʦʤ ʩʝ ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʢʠʜ ʬʫʥʢʮʠʿʝ ʢʘʦ ʧʨʝʢʠʜ ʚʝʟʝ ʠʟʤʝʹʫ ʜʚʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʯʚʦʨʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʿʝʜʘʥ ʥʘʟʠʚʘ ʫʣʘʟʥʠ, ʘ ʜʨʫʛʠ ʠʟʣʘʟʥʠ. ʂʦʤʧʦʥʝʥʪʝ 
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ʩʠʩʪʝʤʘ ʩʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫ ʦʙʣʠʢʫ ʛʨʘʥʘ ʤʨʝʞʝ, ʧʘ ʩʝ ʥʝʠʩʧʨʘʚʥʦ ʩʪʘˁʝ ʥʝʢʝ 

ʢʦʤʧʦʥʝʥʪʝ ʫ ʤʨʝʞʠ ʧʨʝʜʩʪʘʚˀʘ ʢʘʦ ʧʨʝʢʠʜ ʪʝ ʛʨʘʥʝ. ʋ ʘʥʘʣʠʟʘʤʘ ʧʦʫʟʜʘʥʦʩʪʠ 

ʢʦʨʠʩʪʝ ʩʝ ʩʘʤʦ ʛʨʘʬʦʚʠ ʤʨʝʞʘ ʢʦʿʠ ʫ ʧʦʪʧʫʥʦʩʪʠ ʦʧʠʩʫʿʫ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʘ. 

ʌʫʥʢʮʠʦʥʘʣʥʠ ʛʨʘʬ ʦʧʠʩʫʿʝ ʥʘʯʠʥ ʨʘʜʘ ʩʠʩʪʝʤʘ ʫ ʧʦʛʣʝʜʫ ʧʦʫʟʜʘʥʦʩʪʠ, ʘʣʠ ʥʝ ʤʦʨʘ ʜʘ 

ʠʤʘ ʩʣʠʯʥʦʩʪʠ ʩʘ ʬʠʟʠʯʢʦʤ ʩʪʨʫʢʪʫʨʦʤ ʩʠʩʪʝʤʘ.  

ʇʨʘʚʠʣʦ ʟʘ ʢʦʥʩʪʨʫʠʩʘˁʝ ʛʨʘʬʘ ʿʝ ʿʝʜʥʦʩʪʘʚʥʦ. ɻʨʘʬ ʧʨʠʢʘʟʫʿʝ ʥʝʠʩʧʨʘʚʥʘ 

ʩʪʘˁʘ ʩʠʩʪʝʤʘ. ɻʨʘʥʝ ʢʦʤʧʦʥʝʥʘʪʘ ʩʫ ʫ ʧʘʨʘʣʝʣʥʦʿ ʚʝʟʠ ʘʢʦ ʿʝ ʩʠʩʪʝʤ ʥʝʠʩʧʨʘʚʘʥ ʢʘʜʘ 

ʩʫ ʩʚʝ ʦʜʛʦʚʘʨʘʿʫʝ˂ ʢʦʤʧʦʥʝʥʪʝ ʥʝʠʩʧʨʘʚʥʝ. ʈʝʜʥʦʤ ʚʝʟʦʤ ʩʝ ʧʦʚʝʟʫʿʫ ʩʚʝ ʩʠʪʫʘʮʠʿʝ ʫ 

ʢʦʿʠʤʘ ʿʝ ʩʠʩʪʝʤ ʥʝʠʩʧʨʘʚʘʥ.  

ʇʘʨʘʣʝʣʥʘ ʚʝʟʘ ʤʦʜʝʣʫʿʝ ʥʝʠʩʧʨʘʚʥʦ ʩʪʘˁʝ ʩʠʩʪʝʤʘ ʢʦʿʝ ʩʝ ʛʨʘʜʠ ʠʟ 

ʥʝʠʩʧʨʘʚʥʠʭ ʩʪʘˁʘ ʢʦʤʧʦʥʝʥʪʠ ʩʚʝʟʦʤ ĂIñ, ʘ ʨʝʜʥʘ ʚʝʟʘ ʩʚʝʟʦʤ ĂILIñ. 

ʋ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʬʫʥʢʮʠʦʥʘʣʥʠ ʛʨʘʬʦʚʠ ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʨʝʜʥʝ ʠʣʠ ʧʘʨʘʣʝʣʥʝ 

ʚʝʟʝ ʛʨʘʥʘ ʠʣʠ ʦʜ ˁʠʭʦʚʠʭ ʢʦʤʙʠʥʘʮʠʿʘ, ʧʨʠ ʯʝʤʫ ʩʫ ʛʨʘʥʝ ʤʝʹʫʩʦʙʥʦ ʥʝʟʘʚʠʩʥʝ ʫ 

ʧʦʛʣʝʜʫ ʧʦʫʟʜʘʥʦʩʪʠ.  

ɿʘ ʧʨʦʩʪʝ ʤʨʝʞʥʝ ʦʙʣʠʢʝ ʿʝʜʥʦʩʪʘʚʥʦ ʩʝ ʠʟʚʦʜʝ ʦʧʰʪʠ ʘʥʘʣʠʪʠʯʢʠ ʠʟʨʘʟʠ 

ʧʦʢʘʟʘʪʝˀʘ ʧʦʫʟʜʘʥʦʩʪʠ. 

 

3.5.1 ʈʝʜʥʘ ʚʝʟʘ 

 

ɸʢʦ ʩʝ ʬʫʥʢʮʠʦʥʘʣʥʠ ʛʨʘʬ ʩʘʩʪʦʿʠ ʦʜ n  ʨʝʜʥʦ ʚʝʟʘʥʠʭ ʛʨʘʥʘ, ʩʠʩʪʝʤ ʿʝ 

ʠʩʧʨʘʚʘʥ ʘʢʦ ʩʫ ʤʫ ʠʩʧʨʘʚʥʝ ʩʚʝ ʢʦʤʧʦʥʝʥʪʝ. ʇʦʫʟʜʘʥʦʩʪ ʪʘʢʚʦʛ ʩʠʩʪʝʤʘ ʩʝ ʠʩʢʘʟʫʿʝ 

ʠʟʨʘʟʦʤ [3]: 

() ()Ô
=

=
n

i
i
tRtR

1

.  (3.43) 

ʋ ʠʟʨʘʟʫ (3.43) ʩʘ () nitR
i

,...,2,1, = , ʿʝ ʦʟʥʘʯʝʥʘ ʥʝʦʪʢʘʟʠʚʦʩʪ ʝʣʝʤʝʥʪʘ i . 

ʆʪʢʘʟʠʚʦʩʪ ʩʠʩʪʝʤʘ ʩʝ ʦʜʨʝ́ ʫʿʝ ʠʟ ʨʝʣʘʮʠʿʝ (3.3): 
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tQtRtRtQ
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1111 . (3.44) 

ɿʘ ʤʘʣʝ ʚʨʝʜʥʦʩʪʠ () nitU
i

,...,2,1, = , ʠʟʨʘʟ (3.44) ʩʝ ʤʦʞʝ ʥʘʧʠʩʘʪʠ ʫ ʦʙʣʠʢʫ: 
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. (3.45) 

ʀʥʪʝʥʟʠʪʝʪ ʦʪʢʘʟʘ ʟʘ ʨʝʜʥʫ ʚʝʟʫ ʩʝ ʜʦʙʠʿʘ ʢʘʦ ʟʙʠʨ ʠʥʪʝʥʟʠʪʝʪʘ ʦʪʢʘʟʘ ʩʚʠʭ 

ʝʣʝʤʝʥʘʪʘ: 

() ()ä
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i
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1

ll . (3.46) 

 

3.5.2 ʇʘʨʘʣʝʣʥʘ ʚʝʟʘ 

 

ʂʦʜ ʩʠʩʪʝʤʘ ʯʠʿʠ ʩʝ ʬʫʥʢʮʠʦʥʘʣʥʠ ʛʨʘʬ ʩʘʩʪʦʿʠ ʦʜ n  ʧʘʨʘʣʝʣʥʦ ʚʝʟʘʥʠʭ 

ʝʣʝʤʝʥʘʪʘ ʿʘʚˀʘʿʫ ʩʝ ʧʨʝʣʘʟʠ ʫ ʥʝʠʩʧʨʘʚʥʦ ʩʪʘˁʝ ʩʘʤʦ ʘʢʦ ʩʫ ʩʚʝ ʢʦʤʧʦʥʝʥʪʝ 

ʥʝʠʩʧʨʘʚʥʝ. ʆʪʢʘʟʠʚʦʩʪ ʩʠʩʪʝʤʘ ʩʝ ʦʜʨʝʹʫʿʝ ʠʟʨʘʟʦʤ: 
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, (3.47) 
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ʘ ʥʝʦʪʢʘʟʠʚʦʩʪ (ʧʦʫʟʜʘʥʦʩʪ): 

() ()Ô
=

-=
n

i
i

tQtR
1

1 . (3.48) 

ʀʟʨʘʟʠ (3.47) ʠ (3.48) ʩʝ ʿʝʜʥʦʩʪʘʚʥʦ ʧʨʝʚʦʜʝ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʠʟʨʘʟʝ ʟʘ 

ʥʝʨʘʩʧʦʣʦʞʠʚʦʩʪ ʠ ʨʘʩʧʦʣʦʞʠʚʦʩʪ ʩʠʩʪʝʤʘ ʟʘ ʩʪʘʮʠʦʥʘʨʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʢʘʟʘʪʝˀʘ 

ʧʦʫʟʜʘʥʦʩʪʠ: 
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, (3.49) 

Ô
=

-=
n

i
i

UA
1

1 ,  (3.50) 

ʛʜʝ ʿʝ: 

U  - ʥʝʨʘʩʧʦʣʦʞʠʚʦʩʪ ʩʠʩʪʝʤʘ, 

i
U  - ʥʝʨʘʩʧʦʣʦʞʠʚʦʩʪ i  - ʪʦʛ ʝʣʝʤʝʥʪʘ, 

A - ʨʘʩʧʦʣʦʞʠʚʦʩʪ ʩʠʩʪʝʤʘ, 

i
A  - ʨʘʩʧʦʣʦʞʠʚʦʩʪ i  - ʪʦʛ ʝʣʝʤʝʥʪʘ. 

ʆʙʥʘʚˀʘˁʝʤ ʙʠʣʦ ʢʦʿʝ ʢʦʤʧʦʥʝʥʪʝ ʩʠʩʪʝʤʘ, ʠʟ ʥʝʠʩʧʨʘʚʥʦʛ ʩʪʘˁʘ ʩʠʩʪʝʤ ʩʝ 

ʧʨʝʚʦʜʠ ʫ ʠʩʧʨʘʚʥʦ. ʀʥʪʝʥʟʠʪʝʪ ʥʘʧʫʰʪʘˁʘ ʦʚʦʛ ʩʪʘˁʘ (ʠʥʪʝʥʟʠʪʝʪ ʦʙʥʘʚˀʘˁʘ 

ʩʠʩʪʝʤʘ) ʿʝ ʿʝʜʥʘʢ: 
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n

i
i

1

mm .  (3. 51) 

 

3.6 ɸʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʟʘ ʘʥʘʣʠʟʫ ʧʦʫʟʜʘʥʦʩʪʠ  

 

ʅʘʿʯʝʰ˂ʝ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʦʫʟʜʘʥʦʩʪʠ ʩʫ [75]: 

1. ʤʝʪʦʜʘ ʧʨʦʩʪʦʨʘ ʩʪʘˁʘ, 

2. ʤʝʪʦʜʘ ʩʝʣʝʢʪʠʚʥʦʛ ʧʨʝʪʨʘʞʠʚʘˁʘ, 

3. ʤʝʪʦʜʘ ʤʠʥʠʤʘʣʥʠʭ ʧʨʝʩʝʢʘ. 

ʄʝʪʦʜʘ ʧʨʦʩʪʦʨʘ ʩʪʘˁʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʧʨʠ ʤʦʜʝʣʦʚʘˁʫ ʝʣʝʤʝʥʘʪʘ ʢʦʿʫ ʤʦʛʫ 

ʙʠʪʠ ʫ ʜʚʘ ʦʩʥʦʚʥʘ ʩʪʘˁʘ: ʫ ʨʘʜʫ, ʠʣʠ ʫ ʩʪʘˁʫ ʦʙʥʘʚˀʘˁʘ. ɸʢʦ ʝʿ ʩʣʫʯʘʿʥʘ ʚʝʣʠʯʠʥʘ X 

ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʨʘʜʘ, ʘ ʩʣʫʯʘʿʥʘ ʚʝʣʠʯʠʥʘ Y ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʦʙʥʘʚˀʘˁʘ, ʦʥʜʘ ʩʝ ʪʨʘʿʘˁʝ 

ʠʩʧʨʘʚʥʦʛ ʨʘʜʘ ʠ ʦʙʥʘʚˀʘˁʘ ʤʦʛʫ ʦʟʥʘʯʠʪʠ ʩʘ 
k

x  ʠ 
k

y , nk ,...,1= . ʇʦʥʘʰʘˁʝ ʩʠʩʪʝʤʘ 

ʩʝ ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʧʦʤʦ˂ʫ ʚʨʝʤʝʥʩʢʦʛ ʜʠʿʘʛʨʘʤʘ ʩʪʘˁʘ (ʩʣʠʢʘ 3.2).  

 

x
1

y1 y2 y3x2 x3

ɺʨʝʤʝ 
ʉʣʠʢʘ 3.2 ɺʨʝʤʝʥʩʢʠ ʜʠʿʘʛʨʘʤ ʩʪʘˁʘ 
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ʉʨʝʜˁʝ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʠʩʧʨʘʚʥʦʛ ʨʘʜʘ - ʄʊʊF ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ: 

()ñ
¤

Ö=
0

dttftMTTF  - ʟʘ ʢʦʥʪʠʥʫʘʣʥʫ ʨʘʩʧʦʜʝʣʫ, (3.52) 

ä
¤

=

Ö=
0x

x
PxMTTF  - ʟʘ ʜʠʩʢʨʝʪʥʫ ʨʘʩʧʦʜʝʣʫ. (3.53) 

ɿʘʤʝʥʦʤ ʿʝʜʥʘʯʠʥʝ (3.6) ʫ (3.52) ʜʦʙʠʿʘ ʩʝ:  
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dttRdttRtRttdt
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tdR
MTTF . (3.54) 

ɿʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʫ ʨʘʩʧʦʜʝʣʫ ʄʊʊF ʩʝ ʦʜʨʝʹʫʿʝ ʢʘʦ: 
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ll
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t e
dtedttRMTTF  .   (3.55) 

ʄʝʪʦʜʘ ʩʘ ʩʝʣʝʢʪʠʚʥʠʤ ʧʨʝʪʨʘʞʠʚʘˁʝʤ ʢʦʜ ʪʝʭʥʠʯʢʠʭ ʩʠʩʪʝʤʘ ʩʝ ʤʦʞʝ 

ʧʨʠʢʘʟʘʪʠ ʫ ʯʝʪʠʨʠ ʢʦʨʘʢʘ ʢʦʿʘ ʩʫ ʜʘʪʘ ʥʘ ʩʣʠʮʠ 3.3. 

 

ɼʝʬʠʥʠʩʘˁʝ 
ʨʝʜʦʩʣʝʜʘ
ʨʘʜʘ

ʀʟʙʦʨ 

ʥʝʞʝˀʝʥʠʭ
ʜʦʛʘʹʘʿʘ

ʆʮʝʥʘ ʥʝʞʝˀʝʥʠʭ
ʜʦʛʘʹʘʿʘ ʠ ʧʦʩʣʝʜʠʮʘ

ʧʨʠ aʢʪʠʚʥʦʩʪʠʤʘ ʧʦʧʨʘʚʢʠ

ʇʨʦʨʘʯʫʥ
ʧʦʢʘʟʘʪʝˀʘ 
ʧʦʫʟʜʘʥʦʩʪʠ

 
 

ʉʣʠʢʘ 3.3 ʂʦʨʘʮʠ ʢʦʜ ʤʝʪʦʜʝ ʩʝʣʝʢʪʠʚʥʦʛ ʧʨʝʪʨʘʞʠʚʘˁʘ 

 

ʄʝʪʦʜʘ ʤʠʥʠʤʘʣʥʠʭ ʧʨʝʩʝʢʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʘʥʘʣʠʟʠ ʧʦʫʟʜʘʥʦʩʪʠ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ 

ʦʧʠʩʫʿʫ ʧʦʤʦ˂ʫ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʛʨʘʬʦʚʘ. ʇʨʝʩʝʢ ʛʨʘʬʘ ʧʨʝʜʩʪʘʚˀʘ ʩʢʫʧ ʠʟʦʩʪʘʚˀʝʥʠʭ 

ʛʨʘʥʘ ʛʨʘʬʘ ʢʦʿʠ ʧʨʝʢʠʜʘ ʚʝʟʫ ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʦʛ ʯʚʦʨʘ. ʄʠʥʠʤʘʣʥʠ ʧʨʝʩʝʢ 

ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʩʝʢ ʢʦʿʠ ʥʝ ʩʘʜʨʞʠ ʜʨʫʛʝ ʧʦʥʦʚˀʝʥʝ ʧʨʝʩʝʢʝ. ʈʝʜ ʧʨʝʩʝʢʘ ʧʨʝʜʩʪʘʚʘˀ 

ʙʨʦʿ ʛʨʘʥʘ ʢʦʿʝ ʧʨʝʩʝʢ ʩʘʜʨʞʠ. ʅʘʿʚʠʰʠ ʤʦʛʫ˂ʠ ʨʝʜ ʧʨʝʩʝʢʘ ʩʝ ʜʦʙʠʿʘ ʢʘʦ ʨʘʟʣʠʢʘ ʙʨʦʿʘ 

ʛʨʘʥʘ ʠ ʙʨʦʿʘ ʯʚʦʨʦʚʘ ʛʨʘʬʘ ʫʚʝ˂ʘʥ ʟʘ 2. ʇʘʨʘʣʝʣʥʝ ʛʨʘʥʝ ʩʝ ʨʘʯʫʥʘʿʫ ʢʘʦ ʿʝʜʥʘ ʛʨʘʥʘ. 

ɼʚʘ ʧʨʝʩʝʢʘ ʩʫ ʟʘʚʠʩʥʘ ʫʢʦʣʠʢʦ ʩʘʜʨʞʝ ʙʘʨ ʿʝʜʥʫ ʠʩʪʫ ʛʨʘʥʫ [3].  

ɻʨʘʬ ʩʘ ʤʠʥʠʤʘʣʥʠʤ ʧʫʪʝʚʠʤʘ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʤʘʪʨʠʮʫ ʤʠʥʠʤʘʣʥʠʭ ʧʫʪʝʚʘ 

ʜʠʤʝʥʟʠʿʝ nm³  (ʛʜʝ ʿʝ: m - ʙʨʦʿ ʤʠʥʠʤʘʣʥʠʭ ʧʫʪʝʚʘ, ʘ n - ʙʨʦʿ ʛʨʘʥʘ ʛʨʘʬʘ). ɽʣʝʤʝʥʪ 

ij
E ʠʤʘ ʚʨʝʜʥʦʩʪ 1 ʘʢʦ ʛʨʘʥʘ  ʿ ʧʨʠʧʘʜʘ ʤʠʥʠʤʘʣʥʦʤ ʧʫʪʫ i, ʘ ʥʫʣʘ ʫ ʦʩʪʘʣʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ. ɿʘ ʠʣʫʩʪʨʘʮʠʿʫ ʤʘʪʨʠʮʝ ʤʠʥʠʤʘʣʥʠʭ ʧʫʪʝʚʘ ʫʟʝ˂ʝʤʦ ʧʨʠʤʝʨ ʛʨʘʬʘ ʩʘ 

ʩʣʠʢʝ 3.4. ɸʢʦ ʩʝ ʛʨʘʥʝ ʨʝʹʘʿʫ ʧʦ ʨʝʜʦʩʣʝʜʫ ɸ, B, C, D, E, ʜʦʙʠʿʘ ʩʝ ʤʘʪʨʠʮʘ: 
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ʉʣʠʢʘ 3.4 ʇʨʠʤʝʨ ʛʨʘʬʘ [3] 
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ʂʦʣʦʥʝ ʤʘʪʨʠʮʝ P  ʧʦʢʘʟʫʿʫ ʫ ʢʦʿʠʤ ʩʝ ʩʚʝ ʤʠʥʠʤʘʣʥʠʤ ʧʫʪʝʚʠʤʘ ʥʘʣʘʟʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʛʨʘʥʝ ʛʨʘʬʘ. ɸʢʦ ʿʝ ʢʦʣʦʥʘ ʟʘ ʥʝʢʫ ʛʨʘʥʫ ʧʦʧʫˁʝʥʘ ʩʘ ʩʚʠʤ ʿʝʜʠʥʠʮʘʤʘ ʪʘ 

ʛʨʘʥʘ ʩʝ ʥʘʣʘʟʠ ʫ ʩʚʠʤ ʤʠʥʠʤʘʣʥʠʤ ʧʫʪʝʚʠʤʘ. ʀʟ ʪʦʛʘ ʧʨʦʠʟʣʘʟʠ ʜʘ ʩʝ ʧʨʝʢʠʜʦʤ 

ʧʦʩʤʘʪʨʘʥʝ ʛʨʘʥʝ ʧʨʝʢʠʜʘʿʫ ʩʚʠ ʤʠʥʠʤʘʣʥʠ ʧʫʪʝʚʠ, ʧʘ ʩʘʤʠʤ ʪʠʤ ʠ ʚʝʟʘ ʠʟʤʝʹʫ 

ʫʣʘʟʥʦʛ ʠ ʠʟʣʘʟʥʦʛ ʯʚʦʨʘ. ʇʨʝʤʘ ʪʦʤʝ, ʧʦʩʤʘʪʨʘʥʘ ʛʨʘʥʘ ʧʨʝʜʩʪʘʚˀʘ ʤʠʥʠʤʘʣʥʠ 

ʧʨʝʩʝʢ ʧʨʚʦʛ ʨʝʜʘ. ʇʨʝʩʝʮʠ ʚʠʰʝʛ ʨʝʜʘ ʩʝ ʥʘʣʘʟʝ ʩʘʙʠʨʘˁʝʤ ʢʦʣʦʥʘ ʤʘʪʨʠʮʝ P  

ʧʨʠʤʝʥʦʤ ʧʨʘʚʠʣʘ ɹʫʣʦʚʝ ʘʣʛʝʙʨʝ: 
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 (3.57) 

ʉʘʙʠʨʘˁʝʤ ʢʦʣʦʥʘ ʤʘʪʨʠʮʝ P  ʢʦʿʝ ʦʜʛʦʚʘʨʘʿʫ ʦʜʨʝʹʝʥʠʤ ʛʨʘʥʘʤʘ ʜʦʙʠʿʘ ʩʝ 

ʚʝʢʪʦʨ - ʢʦʣʦʥʘ ʢʦʿʠ ʧʦʢʘʟʫʿʝ ʫ ʢʦʿʠʤ ʩʝ ʤʠʥʠʤʘʣʥʠʤ ʧʫʪʝʚʠʤʘ ʥʘʣʘʟʠ ʙʘʨ ʥʝʢʘ ʦʜ 

ʧʦʩʤʘʪʨʘʥʠʭ ʛʨʘʥʘ. ɸʢʦ ʩʫ ʩʚʠ ʝʣʝʤʝʥʪʠ ʜʦʙʠʿʝʥʦʛ ʚʝʢʪʦʨʘ - ʢʦʣʦʥʝ ʿʝʜʠʥʠʮʝ, 

ʧʦʩʤʘʪʨʘʥʝ ʛʨʘʥʝ ʯʠʥʝ ʧʨʝʩʝʢ ʛʨʘʬʘ, ʧʦʰʪʦ ʩʝ ˁʠʭʦʚʠʤ ʿʝʜʥʦʚʨʝʤʝʥʠʤ ʧʨʝʢʠʜʦʤ 

ʧʨʝʢʠʜʘʿʫ ʩʚʠ ʤʠʥʠʤʘʣʥʠ ʧʫʪʝʚʠ. ʆʚʘʿ ʧʦʩʪʫʧʘʢ ʩʝ ʠʟʚʦʜʠ ʧʦ ʦʜʨʝʹʝʥʦʤ ʨʝʜʦʩʣʝʜʫ, 

ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʠ ʩʘʤʦ ʤʠʥʠʤʘʣʥʠ ʧʨʝʩʝʮʠ. ʊʦʢ ʧʦʩʪʫʧʢʘ ʿʝ ʩʣʝʜʝ˂ʠ: 

1. ʇʨʝʛʣʝʜʦʤ ʤʘʪʨʠʮʝ P  ʫʪʚʨʹʫʿʫ ʩʝ ʢʦʣʦʥʝ ʠʩʧʫˁʝʥʝ ʩʘʤʦ ʿʝʜʠʥʠʮʘʤʘ ʠ ʪʘʢʦ 

ʠʜʝʥʪʠʬʠʢʫʿʫ ʛʨʘʥʝ ʢʦʿʝ ʩʫ ʧʨʝʩʝʮʠ ʧʨʚʦʛ ʨʝʜʘ. ʊʝ ʢʦʣʦʥʝ ʩʝ ʠʩʢˀʫʯʫʿʫ ʠʟ 

ʜʘˀʝʛ ʧʨʝʪʨʘʞʠʚʘˁʘ ʠʟʦʩʪʘʚˀʘˁʝʤ ʠʟ ʤʘʪʨʠʮʝ P. ʊʘʢʦ ʩʝ ʬʦʨʤʠʨʘ ʩʘʞʝʪʘ 
ʤʘʪʨʠʮʘ ʤʠʥʠʤʘʣʥʠʭ ʧʨʝʩʝʢʘ 'P . 

2. ʇʨʚʘ ʢʦʣʦʥʘ 'P  ʩʝ ʜʦʜʘʿʝ ʨʝʜʦʤ ʦʩʪʘʣʠʤ ʢʦʣʦʥʘʤʘ 'P  ʜʘ ʙʠ ʩʝ ʦʜʨʝʜʠʣʠ 

ʤʠʥʠʤʘʣʥʠ ʧʨʝʩʝʮʠ ʜʨʫʛʦʛ ʨʝʜʘ ʢʦʿʝ ʛʨʘʜʠ ʧʨʚʘ ʛʨʘʥʘ. ʀʩʪʠ ʧʦʩʪʫʧʘʢ ʩʝ 

ʧʦʥʘʚˀʘ ʩʘ ʢʦʣʦʥʘʤʘ ʟʘ ʜʨʫʛʫ, ʪʨʝ˂ʫ, ..., ʛʨʘʥʫ ʛʨʘʬʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʢʦʣʦʥʝ ʜʦʜʘʿʫ 

ʛʨʘʥʘʤʘ ʢʦʿʝ ʠʭ ʩʣʝʜʝ ʧʦ ʨʝʜʦʩʣʝʜʫ. ʊʘʢʦ ʩʝ ʥʘʣʘʟʝ ʩʚʠ ʤʠʥʠʤʘʣʥʠ ʧʨʝʩʝʮʠ 

ʜʨʫʛʦʛ ʨʝʜʘ. 

3. ʇʘʨʦʚʠ ʢʦʣʦʥʘ ʤʘʪʨʠʮʝ 'P  ʜʦʜʘʿʫ ʩʝ ʦʩʪʘʣʠʤ ʢʦʣʦʥʘʤʘ ʢʦʿʝ ʠʭ ʩʣʝʜʝ ʜʘ ʙʠ ʩʝ 

ʫʪʚʨʜʠʣʠ ʧʨʝʩʝʮʠ ʪʨʝ˂ʝʛ ʨʝʜʘ. ʀʟ ʥʘʚʝʜʝʥʠʭ ʧʨʝʩʝʢʘ ʩʝ ʢʘʦ ʤʠʥʠʤʘʣʥʠ 

ʠʟʜʚʘʿʘʿʫ ʦʥʠ ʢʦʿʠ ʥʝ ʩʘʜʨʞʝ ʧʨʝʩʝʢʝ ʜʨʫʛʦʛ ʨʝʜʘ ʥʘʹʝʥʝ ʫ ʜʨʫʛʦʤ ʢʦʨʘʢʫ. 

4. ʊʨʦʿʢʝ ʢʦʣʦʥʘ ʤʘʪʨʠʮʝ 'P  ʜʦʜʘʿʫ ʩʝ ʢʦʣʦʥʘʤʘ ʢʦʿʝ ʩʣʝʜʝ ʜʘ ʙʠ ʩʝ ʦʜʨʝʜʠʣʠ 

ʧʨʝʩʝʮʠ ʯʝʪʚʨʪʦʛ ʨʝʜʘ. ʀʟ ʧʨʦʥʘʹʝʥʠʭ ʧʨʝʩʝʢʘ ʩʝ ʢʘʦ ʤʠʥʠʤʘʣʥʠ ʠʟʜʚʘʿʘʿʫ 

ʧʨʝʩʝʮʠ ʢʦʿʠ ʥʝ ʩʘʜʨʞʝ ʧʨʝʪʭʦʜʥʦ ʧʨʦʥʘʹʝʥʝ ʤʠʥʠʤʘʣʥʝ ʧʨʝʩʝʢʝ ʥʠʞʝʛ ʨʝʜʘ. 

5. ʆʧʠʩʘʥʠ ʧʦʩʪʫʧʘʢ ʩʝ ʥʘʩʪʘʚˀʘ ʩʚʝ ʜʦ ʧʨʝʩʝʢʘ ʨʝʜʘ q. ʇʦʩʪʫʧʘʢ ʩʝ ʫ ʧʨʘʢʪʠʯʥʠʤ 

ʧʨʦʨʘʯʫʥʠʤʘ ʯʝʩʪʦ ʧʨʝʢʠʜʘ ʠ ʨʘʥʠʿʝ ʧʦʰʪʦ ʩʫ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʘ ˂ʝ ʩʝ ʠʤʘʪʠ 

ʧʨʝʩʝʮʠ ʚʠʩʦʢʦʛ ʨʝʜʘ ʚʨʣʦ ʤʘʣʝ. ʂʦʜ ʧʨʦʨʘʯʫʥʘ ʧʦʫʟʜʘʥʦʩʪʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʤʨʝʞʘ ʠ ʧʦʩʪʨʦʿʝˁʘ ʩʝ ʫʛʣʘʚʥʦʤ ʥʝ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ 

ʧʨʝʩʝʮʠ ʚʠʰʝʛ ʨʝʜʘ ʦʜ ʪʨʝ˂ʝʛ. 

ʇʨʠʤʝʥʦʤ ʦʧʠʩʘʥʦʛ ʧʦʩʪʫʧʢʘ ʟʘ ʛʨʘʬ ʩʘ ʩʣʠʢʝ 3.4 ʥʘ ʦʩʥʦʚʫ ʤʘʪʨʠʮʝ (3.56) 

ʜʦʙʠʿʘʿʫ ʩʝ ʩʣʝʜʝ˂ʠ ʤʠʥʠʤʘʣʥʠ ʧʨʝʩʝʮʠ:  

ɸB DE ACE BCD (3.58) 

ɺʝʟʘ ʠʟʤʝʹʫ ʫʣʘʟʥʦʛ ʠ ʠʟʣʘʟʥʦʛ ʯʚʦʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʛʨʘʬʘ ʧʨʝʢʠʜʘ ʩʝ ʢʘʜʘ ʩʫ 

ʫ ʧʨʝʢʠʜʫ ʿʝʜʥʦʚʨʝʤʝʥʦ ʩʚʝ ʛʨʘʥʝ ʩʘʜʨʞʘʥʝ ʫ ʧʨʝʩʝʢʫ. ʇʦʤʝʥʫʪʘ ʚʝʟʘ ʩʝ ʛʫʙʠ ʢʘʜʘ ʿʝ ʫ 

ʧʨʝʢʠʜʫ ʙʘʨ ʿʝʜʘʥ ʤʠʥʠʤʘʣʥʠ ʧʨʝʩʝʢ. ʌʫʥʢʮʠʦʥʘʣʥʦʤ ʛʨʘʬʫ ʩʘ ʩʣʠʢʝ 3.4 ʿʝ 

ʝʢʚʠʚʘʣʝʥʪʘʥ ʛʨʘʬ ʩʘ ʤʠʥʠʤʘʣʥʠʤ ʧʨʝʩʝʮʠʤʘ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʨʝʜʥʝ ʚʝʟʝ ʧʘʨʘʣʝʣʥʦ 

ʚʝʟʘʥʠʭ ʛʨʘʥʘ ʢʦʿʝ ʯʠʥʝ ʤʠʥʠʤʘʣʥʝ ʧʨʝʩʝʢʝ (ʩʣʠʢʘ 3.5). 
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ʉʣʠʢʘ 3.5 ɽʢʚʠʚʘʣʝʥʪʘʥ ʛʨʘʬ ʩʘ ʤʠʥʠʤʘʣʥʠʤ ʧʨʝʩʝʮʠʤʘ 

 

3.7 ʉʪʨʘʪʝʛʠʿʝ ʦʜʨʞʘʚʘˁʘ ʩʠʩʪʝʤʘ 

 

ʆʜʨʞʘʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʩʢʫʧ ʪʝʭʥʠʯʢʠʭ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠʭ ʠ ʫʧʨʘʚˀʘʯʢʠʭ 

ʘʢʮʠʿʘ ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ ʦʧʨʝʤʝ ʯʠʿʠ ʿʝ ʦʩʥʦʚʥʠ ʮʠˀ ʜʘ ʦʧʨʝʤʫ ʟʘʜʨʞʠ ʫ 

ʨʘʜʥʦʤ ʩʪʘˁʫ. ʋ ʩʣʫʯʘʿʫ ʧʦʛʦʨʰʘˁʘ ʩʪʘˁʘ ʦʧʨʝʤʝ ʩʧʨʦʚʦʜʝ ʩʝ ʦʜʨʝʹʝʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʦʧʨʝʤʠ ʢʘʢʦ ʙʠ ʤʦʛʣʘ ʦʙʘʚˀʘʪʠ ʜʝʬʠʥʠʩʘʥʫ ʬʫʥʢʮʠʿʫ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʩʪʝ ʦʧʨʝʤʝ, 

ʧʨʠʤʝˁʫʿʫ ʩʝ ʜʚʝ ʩʪʨʘʪʝʛʠʿʝ ʦʜʨʞʘʚʘˁʘ: ʢʦʨʝʢʪʠʚʥʦ ʠ ʧʨʝʚʝʥʪʠʚʥʦ (ʩʣʠʢʘ 3.6) [45].  

 

ʆʜʨʞʘʚʘˁʝ

ʂʦʨʝʢʪʠʚʥʦ 
ʦʜʨʞʘʚʘˁʝ

ʇʨʝʚʝʥʪʠʚʥʦ 
ʦʜʨʞʘʚʘˁʝ

ʆʜʨʞʘʚʘˁʝ ʥʘ ʦʩʥʦʚʫ

ʟʘʭʪʝʚʘʥʦʛ ʥʠʚʦʘ ʧʦʫʟʜʘʥʦʩʪʠ

ʆʜʨʞʘʚʘˁʝ ʥʘ 

ʦʩʥʦʚʫ ʩʪʘˁʘ

ʆʜʨʞʘʚʘˁʝ ʫ ʬʠʢʩʥʠʤ

ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ
 

 

ʉʣʠʢʘ 3.6 ʍʠʿʝʨʘʨʭʠʿʩʢʘ ʩʪʨʫʢʪʫʨʘ ʩʪʨʘʪʝʛʠʿʘ ʦʜʨʞʘʚʘˁʘ [45] 

 

1. ʂʦʨʝʢʪʠʚʥʦ ʦʜʨʞʘʚʘˁʝ-ʦʚʘʿ ʚʠʜ ʦʜʨʞʘʚʘˁʘ ʿʝ ʜʫʛʦ ʚʨʝʤʝʥʘ ʙʠʦ ʿʝʜʠʥʠ ʢʦʿʠ 

ʿʝ ʧʨʠʤʝˁʠʚʘʥ. ʆʧʨʝʤʘ ʩʝ ʧʦʧʨʘʚˀʘ ʠʣʠ ʤʝˁʘ ʦʥʦʛ ʪʨʝʥʫʪʢʘ ʢʘʜʘ ʜʦʹʝ ʜʦ ʥʘʩʪʘʥʢʘ 

ʢʚʘʨʘ. ʆʙʠʯʥʦ ʩʝ ʧʨʠʤʝˁʫʿʝ ʢʦʜ ʝʣʝʤʝʥʘʪʘ ʯʠʿʠ ʢʚʘʨʦʚʠ ʠʤʘʿʫ ʤʘʣʠ ʫʪʠʮʘʿ ʥʘ ʧʨʦʮʝʩ 

ʨʘʜʘ ʠʣʠ ʢʦʜ ʦʧʨʝʤʝ ʢʦʜ ʢʦʿʝ ʩʝ ʢʚʘʨʦʚʠ ʨʝʪʢʦ ʜʝʰʘʚʘʿʫ. ʅʘ ʪʦʿ ʦʧʨʝʤʠ ʩʝ ʥʝ ʚʨʰʠ 

ʩʝʨʚʠʩʠʨʘˁʝ, ʥʠʪʠ ʩʝ ʠʟʚʦʜʝ ʧʣʘʥʩʢʠ ʧʨʝʛʣʝʜʠ ʠ ʪʝʩʪʠʨʘˁʝ ʢʘʢʦ ʙʠ ʩʝ ʦʜʨʝʜʠʣʦ 

ʪʨʝʥʫʪʥʦ ʩʪʘˁʝ ʦʧʨʝʤʝ. ʂʘʜʘ ʜʦʹʝ ʜʦ ʢʚʘʨʘ ʥʘ ʦʧʨʝʤʠ, ʪʠ ʢʚʘʨʦʚʠ ʩʝ ʧʦʧʨʘʚˀʘʿʫ ʠʣʠ ʩʝ 

ʦʧʨʝʤʘ ʟʘʤʝˁʫʿʝ ʥʦʚʦʤ. ɿʘ ʜʝʣʦʚʝ ʦʧʨʝʤʝ ʢʦʿʠ ʥʠʩʫ ʦʜ ʚʘʞʥʦʩʪʠ ʟʘ ʨʘʜ ʩʠʩʪʝʤʘ, ʦʚʦ ʿʝ 

ʥʘʿʿʝʬʪʠʥʠʿʠ ʚʠʜ ʦʜʨʞʘʚʘˁʘ, ʿʝʨ ʥʠʿʝ ʧʦʪʨʝʙʥʦ ʘʥʛʘʞʦʚʘʪʠ ˀʫʜʝ ʜʘ ʚʨʰʝ ʧʨʝʛʣʝʜʝ ʠ 

ʪʝʩʪʠʨʘˁʝ ʪʘʢʚʝ ʦʧʨʝʤʝ. ʄʝʹʫʪʠʤ, ʦʚʘʿ ʚʠʜ ʦʜʨʞʘʚʘˁʘ ʢʦʜ ʦʧʨʝʤʝ ʯʠʿʠ ʢʚʘʨʦʚʠ ʤʦʛʫ 

ʠʟʘʟʚʘʪʠ ʧʦʩʣʝʜʠʮʝ ʧʦ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʠʣʠ ʫʟʨʦʢʦʚʘʪʠ ʚʝʣʠʢʝ ʬʠʥʘʥʩʠʿʩʢʝ ʛʫʙʠʪʢʝ, 

ʜʘʥʘʩ ʩʝ ʥʝ ʧʨʠʤʝˁʫʿʝ. 

2. ʇʨʝʚʝʥʪʠʚʥʦ ʦʜʨʞʘʚʘˁʝ-ʦʚʘʿ ʥʘʯʠʥ ʦʜʨʞʘʚʘˁʘ ʩʝ ʦʙʘʚˀʘ ʧʨʝʛʣʝʜʦʤ 

ʦʧʨʝʤʝ, ʨʘʟʣʠʯʠʪʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ ʢʦʝʿ ʩʝ ʧʨʦʧʠʩʫʿʫ ʫ ʦʜʨʝʹʝʥʠʤ ʚʨʝʤʝʥʩʢʠʤ 

ʠʥʪʝʨʚʘʣʠʤʘ, ʢʘʢʦ ʙʠ ʩʝ ʤʠʥʠʤʠʟʠʨʘʣʘ ʜʝʛʨʘʜʘʮʠʿʘ ʦʧʨʝʤʝ. ʆʙʠʯʥʦ ʩʝ ʚʨʝʤʝʥʩʢʠ 

ʠʥʪʝʨʚʘʣʠ ʦʜʨʞʘʚʘˁʘ ʦʜʨʝʹʫʿʫ ʥʘ ʦʩʥʦʚʫ ʜʦʢʫʤʝʥʪʘʮʠʿʝ ʢʦʿʫ ʧʨʦʧʠʩʫʿʝ ʧʨʦʠʟʚʦʹʘʯ 

ʦʧʨʝʤʝ ʠʣʠ ʥʘ ʦʩʥʦʚʫ ʨʘʥʠʿʝʛ ʠʩʢʫʩʪʚʘ ʫ ʨʘʜʫ ʦʧʨʝʤʝ. ʇʣʘʥ ʦʜʨʞʘʚʘˁʘ ʩʝ ʩʧʨʦʚʦʜʠ ʟʘ 

ʥʘʥʿʝʧʦʚʦˀʥʠʿʝ ʩʣʫʯʘʿʝʚʝ ʩʪʘˁʘ ʦʧʨʝʤʝ. ʆʩʥʦʚʥʠ ʮʠˀ ʿʝ ʩʧʨʝʯʘʚʘˁʝ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ 

ʠʣʠ ʧʨʦʙʣʝʤʘ ʠ ʦʙʝʟʙʝʹʝˁʝ ʤʘʢʩʠʤʘʣʥʝ ʧʦʫʟʜʘʥʦʩʪʠ. ʄʝʹʫʪʠʤ, ʪʨʦʰʢʦʚʠ ʦʜʨʞʘʚʘˁʘ 

ʩʫ ʫ ʦʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʚʝ˂ʠ, ʿʝʨ ʩʝ ʜʝʰʘʚʘ ʜʘ ʩʝ ʟʘʤʝʥʠ ʦʧʨʝʤʘ ʢʦʿʘ ʙʠ ʤʦʛʣʘ ʜʘ ʨʘʜʠ 

ʜʫʞʠ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʦʜ ʧʨʝʜʚʠʹʝʥʦʛ. ʆʚʘʿ ʚʠʜ ʦʜʨʞʘʚʘˁʘ ʩʝ ʠ ʜʘʥʘʩ ʧʨʠʤʝˁʫʿʝ ʢʦʜ 
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ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʩʠʩʪʝʤʘ. ʇʨʝʚʝʥʪʠʚʥʦ ʦʜʨʞʘʚʘˁʝ ʩʝ ʤʦʞʝ ʩʧʨʦʚʦʜʠʪʠ ʥʘ ʦʩʥʦʚʫ ʩʪʘˁʘ, ʫ 

ʬʠʢʩʠʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ ʠ ʥʘ ʦʩʥʦʚʫ ʟʘʭʪʝʚʘʥʦʛ ʥʠʚʦʘ ʧʦʫʟʜʘʥʦʩʪʠ. 

ʆʜʨʞʘʚʘˁʝ ʥʘ ʦʩʥʦʚʫ ʩʪʘˁʘ (Condition Baseʜ Maintenance - CBM) - ʂʦʜ ʦʚʝ ʚʨʩʪʝ 

ʦʜʨʞʘʚʘˁʘ ʩʝ ʢʦʨʠʩʪʝ ʨʘʟʣʠʯʠʪʝ ʜʠʿʘʛʥʦʩʪʠʯʢʝ ʤʝʪʦʜʝ. ʄʦʥʠʪʦʨʠʥʛ ʩʪʘˁʘ ʦʧʨʝʤʝ 

ʤʦʞʝ ʙʠʪʠ ʥʝʧʨʝʢʠʜʘʥ, ʧʣʘʥʠʨʘʥ ʠʣʠ ʥʘ ʟʘʭʪʝʚ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʩʪʝ ʦʧʨʝʤʝ.  

ɹʣʦʢ ʜʠʿʘʛʨʘʤ ʥʘ ʩʣʠʮʠ 3.7 ʧʨʠʢʘʟʫʿʝ CBM ʩʠʩʪʝʤ ʢʦʿʠ ʩʝ ʠʥʪʝʛʨʠʰʝ ʩʘ 

ʩʠʩʪʝʤʦʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʦʮʝʥʝ ʩʪʘˁʘ ʩʠʩʪʝʤʘ. ʉʝʥʟʦʨʠ ʢʦʿʠ ʩʫ ʧʦʩʪʘʚˀʝʥʠ ʜʘ 

ʜʠʿʘʛʥʦʩʪʠʢʫʿʫ ʩʪʘˁʝ ʦʧʨʝʤʝ ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ ʢʘʦ ʰʪʦ ʩʫ ʧʦʜʘʮʠ ʦ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʙʨʘʮʠʿʘʤʘ, ʧʨʠʩʫʩʪʚʫ ʛʘʩʦʚʘ ʫ ʫˀʫ ʠ ʜʨ. ʂʘʜʘ ʩʫ ʧʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʦʜ 

ʩʝʥʟʦʨʘ ʠʜʝʥʪʠʬʠʢʦʚʘʥʠ ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʠ, ʧʨʝʣʘʟʠ ʩʝ ʥʘ ʬʘʟʫ ʧʨʠʢʫʧˀʘˁʘ ʧʦʜʘʪʘʢʘ, ʘ 

ʧʦʪʦʤ ʩʝ ʠʜʝʥʪʠʬʠʢʫʿʫ ʢʦʨʠʩʥʝ ʠʥʬʦʨʤʘʮʠʿʝ. ʉʣʝʜʝ˂ʘ ʬʘʟʘ ʿʝ ʧʨʦʮʝʥʘ ʩʪʘˁʘ ʠ 

ʜʠʿʘʛʥʦʩʪʠʢʦʚʘˁʝ ʧʦʛʦʨʰʘˁʘ ʩʪʘˁʘ ʦʧʨʝʤʝ, ʘ ʥʘʢʦʥ ʪʦʛʘ ʩʣʝʜʠ ʠʟʣʘʟʥʘ ʬʘʟʘ, ʛʜʝ ʩʝ 

ʦʜʨʝʹʫʿʝ ʚʨʩʪʘ ʧʦʛʦʨʰʘˁʘ ʠ ʥʝʦʧʭʦʜʥʝ ʘʢʮʠʿʝ ʢʦʨʠʩʪʝ˂ʠ ʥʝʢʝ ʦʜ ʤʝʪʦʜʘ ʚʝʰʪʘʯʢʝ 

ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʠʣʠ ʜʨʫʛʠʭ ʣʦʛʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ. ʋ ʧʦʩʣʝʜˁʦʿ ʬʘʟʠ ʩʝ ʩʧʨʦʚʦʜʠ 

ʦʜʨʞʘʚʘˁʝ, ʧʦʜʝʰʘʚʘˁʝ ʠʣʠ ʟʘʤʝʥʘ ʦʧʨʝʤʝ ʢʦʿʘ ʩʝ ʘʥʘʣʠʟʫʿʝ. 

 

ʇʦʜʘʮʠ 
ʧʨʠʢʫʧˀʝʥʠ 
ʦʜ ʩʝʥʟʦʨʘ

ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ
ʢʦʨʠʩʥʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ

ʇʨʦʮʝʥʘ ʩʪʘˁʘ ʠ

ʜʠʿʘʛʥʦʩʪʠʢʦʚʘˁʝ 
ʧʦʛʦʨʰʘˁʘ 
ʩʪʘˁʘ ʦʧʨʝʤʝ

ʋʪʚʨʹʠʚʘˁʝ 
ʥʝʦʧʭʦʜʥʠʭ
ʘʢʪʠʚʥʦʩʪʠ

ʉʧʨʦʚʦʹʝˁʝ ʤʝʨʘ
ʦʜʨʞʘʚʘˁʘ, 

ʧʦʜʝʰʘʚʘˁʘ,
ʠʣʠ ʟʘʤʝʥʝ

ʉʣʠʢʘ 3.7 ɹʣʦʢ ʜʠʿʘʛʨʘʤ ʩʠʩʪʝʤʘ ʦʜʨʞʘʚʘˁʝ ʧʨʝʤʘ ʩʪʘˁʫ 

 

ʆʜʨʞʘʚʘˁʝ ʫ ʬʠʢʩʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ (Time Based Maintenance - 

TBM)-ʦʚʦ ʦʜʨʞʘʚʘˁʝ ʩʝ ʩʧʨʦʚʦʜʠ ʧʨʝʛʣʝʜʠʤʘ, ʠʩʧʠʪʠʚʘˁʝʤ ʠ ʟʘʤʝʥʦʤ ʦʧʨʝʤʝ ʫ 

ʢʦʥʩʪʘʥʪʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ. ɺʨʝʤʝ ʦʜʨʞʘʚʘˁʘ ʧʨʦʧʠʩʫʿʝ ʧʨʦʠʟʚʦʹʘʯ 

ʦʧʨʝʤʝ ʠʣʠ ʛʘ ʦʜʨʝʹʫʿʝ ʦʧʝʨʘʪʦʨ ʥʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦʛ ʠʩʢʫʩʪʚʘ ʩʘ ʠʩʪʦʤ ʠʣʠ ʩʣʠʯʥʦʤ 

ʦʧʨʝʤʦʤ. ɸʢʦ ʿʝ ʚʨʝʤʝ ʠʟʤʝʹʫ ʦʜʨʞʘʚʘˁʘ ʢʨʘʪʢʦ, ʦʚʘʿ ʚʠʜ ʦʜʨʞʘʚʘˁʘ ˂ʝ ʫʪʠʮʘʪʠ ʥʘ 

ʧʦʚʝ˂ʘˁʝ ʪʨʦʰʢʦʚʘ ʦʜʨʞʘʚʘˁʘ ʠ ʛʫʙʠʪʢʝ ʚʨʝʤʝʥʘ ʟʘ ʟʘʤʝʥʫ ʦʧʨʝʤʝ ʢʦʿʘ ʿʝ ʫ ʨʝʣʘʪʠʚʥʦ 

ʜʦʙʨʦʤ ʩʪʘˁʫ ʠ ʤʦʛʣʘ ʙʠ ʜʘ ʨʘʜʠ ʜʫʞʝ ʦʜ ʧʨʝʜʚʠʹʝʥʦʛ ʚʨʝʤʝʥʘ. ɸʢʦ ʿʝ ʚʨʝʤʝ ʢʦʿʝ ʩʝ 

ʧʣʘʥʠʨʘ ʠʟʤʝʹʫ ʦʜʨʞʘʚʘˁʝ ʜʫʞʝ, ʤʦʛʫ ʥʘʩʪʘʪʠ ʥʝʧʣʘʥʠʨʘʥʠ ʢʚʘʨʦʚʠ.  

ʆʜʨʞʘʚʘˁʝ ʥʘ ʦʩʥʦʚʫ ʟʘʭʪʝʚʘʥʦʛ ʥʠʚʦʘ ʧʦʫʟʜʘʥʦʩʪʠ (Reliability Centʝred 

Maintenance - RCM) - ʇʨʝʜʩʪʘʚˀʘ ʩʠʩʪʝʤʘʪʩʢʠ ʧʨʦʛʨʘʤ ʦʜʨʞʘʚʘˁʘ ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ 

ʫʪʠʮʘʿʫ ʥʘʩʪʘʥʢʘ ʢʚʘʨʦʚʘ ʦʧʨʝʤʝ ʥʘ ʮʝʣʦʢʫʧʘʥ ʨʘʜ ʩʠʩʪʝʤʘ. ʇʨʠʤʝʥʦʤ ʦʚʦʛ 

ʦʜʨʞʘʚʘˁʘ, ʟʘʜʨʞʘʚʘ ʩʝ ʦʜʨʝʹʝʥʠ ʥʠʚʦ ʧʦʫʟʜʘʥʦʩʪʠ ʩʠʩʪʝʤʘ ʠ ʦʧʪʠʤʠʟʫʿʫ ʪʨʦʰʢʦʚʠ 

ʦʜʨʞʘʚʘˁʘ. 

ʇʨʝʤʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ, ʧʨʠʤʝʥʦʤ RCʄ ʦʜʨʞʘʚʘˁʘ ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ 

ʦʜʨʞʘʚʘˁʘ ʤʦʛʫ ʜʘ ʩʝ ʩʤʘˁʝ ʟʘ 30 - 40% ʩʧʨʦʚʦʹʝˁʝʤ ʩʣʝʜʝ˂ʠʭ ʘʢʪʠʚʥʦʩʪʠ: 

Å ʠʟʜʚʘʿʘˁʝʤ ʢʨʠʪʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ˁʠʭʦʚʠʭ ʬʫʥʢʮʠʿʘ ʫ ʩʠʩʪʝʤʫ, 

Å ʘʥʘʣʠʟʦʤ ʥʘʯʠʥʘ ʠ ʫʪʠʮʘʿʘ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ ʩʚʘʢʦʛ ʧʦʿʝʜʠʥʘʯʥʦʛ ʝʣʝʤʝʥʪʘ, 

Å ʫʪʚʨʹʠʚʘˁʝʤ ʠʩʪʦʨʠʿʝ ʥʘʩʪʘʥʢʘ ʢʚʘʨʦʚʘ ʠ ʧʨʦʨʘʯʫʥʦʤ ʩʨʝʜˁʝʛ ʚʨʝʤʝʥʘ 

ʠʟʤʝʹʫ ʢʚʘʨʦʚʘ, 

Å ʦʜʨʝʹʠʚʘˁʝʤ ʚʨʩʪʝ ʢʚʘʨʘ ʠ ʦʜʨʝʹʝʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʞʘʚʘˁʘ, 

Å ʩʧʨʦʚʦʹʝˁʝʤ ʦʜʨʞʘʚʘˁʘ, 

Å ʦʮʝʥʦʤ ʧʨʦʛʨʘʤʘ ʦʜʨʞʘʚʘˁʘ ʢʦʿʠ ʫʢˀʫʯʫʿʝ ʠ ʘʥʘʣʠʟʫ ʪʨʦʰʢʦʚʘ. 
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ʂʦʘʿ ʩʪʨʘʪʝʛʠʿʘ ʦʜʨʞʘʚʘˁʘ ˂ʝ ʩʝ ʩʧʨʦʚʦʜʠʪʠ ʟʘʚʠʩʠ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʬʘʢʪʦʨʘ ʢʦʿʠ 

ʩʝ ʨʘʟʤʘʪʨʘʿʫ. ʅʘ ʩʣʠʮʠ 3.8 ʿʝ ʧʨʠʢʘʟʘʥ ʤʦʜʝʣ ʩʪʨʘʪʝʛʠʿʝ ʦʜʨʞʘʚʘˁʘ ʢʦʿʠʤ ʩʝ ʫʪʚʨʹʫʿʝ 

ʢʦʿʝ ʦʜʨʞʘʚʘˁʝ ʿʝ ʥʘʿʧʦʛʦʜʥʠʿʝ ʧʨʠʤʝʥʠʪʠ ʧʨʠ ʫʪʠʮʘʿʫ ʨʘʟʣʠʯʠʪʠʭ ʬʘʢʪʦʨʘ. 

 

ʅʘʿʟʥʘʯʘʿʥʠʿʠ ʬʘʢʪʦʨʠ

ʇʨʝʧʦʨʫʢʝ 
ʧʨʦʠʟʚʦʹʘʯʘ

ʇʨʦʨʘʯʫʥʠ, ʤʝʨʝˁʘ,

ʜʠʿʘʛʥʦʩʪʠʢʘ

ɿʥʘʯʘʿ ʨʝʟʝʨʚʥʠʭ 

ʜʝʣʦʚʘ ɺʅ/ʅʅ 

ʊʉ

ʋʪʠʮʘʿ ʨʝʟʝʨʚʥʠʭ 

ʜʝʣʦʚʘ ɺʅ/ʅʅ ʊʉ 
ʥʘ ʨʘʜ ʩʠʩʪʝʤʘ

ʇʨʘ˂ʝˁʝ ʧʨʝʧʦʨʫʢʘ ʧʨʦʠʟʚʦʹʘʯʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ

ʨʝʟʝʨʚʥʠʭ ʜʝʣʦʚʘ

ʉ
ʪ
ʘˁ
ʝ
 ʦ
ʧ
ʨ
ʝ
ʤ
ʝ

ʇʣʘʥʠʨʘˁʝ ʦʜʨʞʘʚʘˁʘ

ʆʜʨʞʘʚʘˁʝ ʥʘ ʦʩʥʦʚʫ ʩʪʘˁʘ (CBM)
- ʅʝʧʨʝʢʠʜʘʥ ʠʣʠ ʧʦʚʨʝʤʝʥ ʥʘʜʟʦʨ

- ʆʜʨʞʘʚʘˁʝ ʩʝ ʩʧʨʦʚʦʜʠ ʢʘʜʘ ʿʝ

ʥʝʦʧʭʦʜʥʦ

ʆʜʨʞʘʚʘˁʝ ʥʘ ʦʩʥʦʚʫ ʟʘʭʪʝʚʘʥʦʛ

ʥʠʚʦʘ ʧʦʫʟʜʘʥʦʩʪʠ (RCM)
- ʃʠʩʪʘ ʧʨʠʦʨʠʪʝʪʘ ʟʘʤʝʥʝ ʜʝʣʦʚʘ

- ʉʪʘˁʘ ʦʧʨʝʤʝ ʠ ʫʪʠʮʘʿ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ
- ʋʧʨʘʚˀʘˁʝ ʨʠʟʠʢʦʤ

ʂʦʨʝʢʪʠʚʥʦ ʦʜʨʞʘʚʘˁʝ (CM)

- ʅʝʤʘ ʧʨʝʛʣʝʜʘ ʠ ʦʜʨʞʘʚʘˁʘ ʜʦʢ

  ʥʝ ʜʦʹʝ ʜʦ ʥʘʩʪʘʥʢʘ ʢʚʘʨa

ʆʜʨʞʘʚʘˁʝ ʫ ʬʠʢʩʥʠʤ ʚʨʝʤʝʥʩʢʠʤ

ʠʥʪʝʨʚʘʣʠʤʘ (TBM)

- ʆʜʨʞʘʚʘˁʝ ʠ ʧʨʝʛʣʝʜʠ ʩʝ ʩʧʨʦʚʦʜʝ
ʫ ʬʠʢʩʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ

ʅ
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ʘ
ʟʤ
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ʪ
ʨ
ʘ
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ʝ

ʋʪʠʮʘʿ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘʈʘʟʤʘʪʨʘ ʩʝ ʅʝ ʨʘʟʤʘʪʨʘ ʩʝ
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ʉʣʠʢʘ 3.8 ʉʪʨʘʪʝʛʠʿʝ ʦʜʨʞʘʚʘˁʘ [46] 

 

ɼʘ ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʞʘʚʘˁʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʦʙʨʦ 

ʧʦʟʥʘʚʘˁʝ ʟʥʘʯʘʿʘ ʦʧʨʝʤʝ ʢʦʿʘ ʩʝ ʦʜʨʞʘʚʘ. ʆʩʥʦʚʥʠ ʮʠˀ ʿʝ ʧʦʚʝ˂ʘˁʝ ʧʦʫʟʜʘʥʦʩʪʠ ʠ 

ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʥʘʩʪʘʥʢʘ ʢʚʘʨʦʚʘ ʥʘ ʦʧʨʝʤʠ, ʘ ʪʦ ʩʝ ʧʦʩʪʠʞʝ ʧʨʝʛʣʝʜʠʤʘ.  

ʂʚʘʨʦʚʠ ʤʦʛʫ ʥʘʩʪʘʪʠ ʠʟʥʝʥʘʜʘ ʠʣʠ ʧʦʩʪʝʧʝʥʦ, ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ 

ʧʝʨʠʦʜʘ. ʂʘʢʚʠ ˂ʝ ʢʚʘʨʦʚʠ ʥʘʩʪʘʪʠ, ʟʘʚʠʩʠ ʦʜ ʬʠʟʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʭʝʤʠʿʩʢʠʭ 

ʤʝʭʘʥʠʟʘʤʘ ʠ ʦʜ ʚʨʩʪʝ ʦʧʨʝʤʝ.  

ʂʦʜ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ ʢʚʘʨʦʚʠ ʩʫ ʨʝʪʢʠ ʠ ʠʟʥʝʥʘʜʥʠ, ʘ ʥʘʿʯʝʰ˂ʝ ʩʫ ʧʦʩʣʝʜʠʮʘ 

ʩʧʦˀʘʰˁʠʭ ʫʟʨʦʢʘ. ʀʥʪʝʥʟʠʪʝʪ ʢʚʘʨʦʚʘ ʪʝʭʥʠʯʢʠʭ ʩʠʩʪʝʤʘ, ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʩʝ ʤʦʞʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ ʥʘ ʩʣʠʮʠ 3.9.  
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ʉʣʠʢʘ 3.9 ʇʨʦʤʝʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʦʪʢʘʟʘ ʫ ʪʦʢʫ ʞʠʚʦʪʥʦʛ ʚʝʢʘ [1] 

 

ʅʘ ʜʠʿʘʛʨʘʤʫ ʩʝ ʨʘʟʣʠʢʫʿʫ ʪʨʠ ʚʨʝʤʝʥʩʢʘ ʧʝʨʠʦʜʘ. ʀʥʪʝʥʟʠʪʝʪ ʢʚʘʨʦʚʘ ʿʝ 

ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢ ʫ (I) ʧʝʨʠʦʜʫ ʫ ʪʦʢʫ ʢʦʛʘ ʜʦʣʘʟʝ ʜʦ ʠʟʨʘʞʘʿʘ ʩʢʨʠʚʝʥʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ 

ʛʨʝʰʢʝ, ʦʰʪʝ˂ʝˁʘ ʫ ʪʨʘʥʩʧʦʨʪʫ, ʛʨʝʰʢʝ ʫ ʤʦʥʪʘʞʠ ʠ ʜʨʫʛʦ. ʆʪʢʣʘˁʘˁʝʤ ʥʘʚʝʜʝʥʠʭ 

ʥʝʜʦʩʪʘʪʘʢʘ, ʩʤʘˁʫʿʝ ʩʝ ʠʥʪʝʥʟʠʪʝʪ ʦʪʢʘʟʘ ʥʘ ʧʨʠʙʣʠʞʥʦ ʢʦʥʩʪʘʥʪʘʥ ʥʠʚʦ (II) ʫ ʪʦʢʫ 

ʜʫʛʦʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ. ʋʩʣʝʜ ʩʪʘʨʝˁʘ ʦʧʨʝʤʝ ʠ ʜʫʞʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʜʦʣʘʟʠ ʜʦ 

ʥʝʧʨʝʢʠʜʥʦʛ ʧʦʨʘʩʪʘ ʠʥʪʝʥʟʠʪʝʪʘ ʦʪʢʘʟʘ (ʥʘ ʩʣʠʮʠ ʿʝ ʧʨʠʢʘʟʘʥ ʢʘʦ (III ) ʧʝʨʠʦʜ). 

ʊʝʭʥʠʯʢʠ ʚʝʢ ʦʧʨʝʤʝ ʿʝ ʟʘʚʨʰʝʥ ʢʘʜʘ ʥʘʩʪʘʥʝ ʢʚʘʨ ʢʦʿʠ ʩʝ ʥʝ ʤʦʞʝ ʦʪʢʣʦʥʠʪʠ 

ʧʦʧʨʘʚʢʦʤ ʠʣʠ ʢʘʜʘ ʪʨʦʰʢʦʚʠ ʦʜʨʞʘʚʘˁʘ ʨʘʩʪʫ ʜʦ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʙʣʠʩʢʝ ʮʝʥʠ ʥʦʚʝ 

ʦʧʨʝʤʝ, ʧʘ ʿʝ ʟʘʤʝʥʘ ʦʧʨʝʤʝ ʝʢʦʥʦʤʩʢʠ ʦʧʨʘʚʜʘʥʠʘʿ. 
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4. ɼʀʅɸʄʀʏʂʆ ʄʆɼɽʃʆɺɸɳɽ ɽʌɽʂɸʊɸ 

ʇʈɽɺɽʅʊʀɺʅʀʍ ɸʂʊʀɺʅʆʉʊʀ 
 

4.1. ʋʚʦʜ 

 

ɸʥʘʣʠʟʘ ʧʦʫʟʜʘʥʦʩʪʠ ʩʣʦʞʝʥʠʭ ʩʠʩʪʝʤʘ ʦʙʫʭʚʘʪʘ ʚʠʰʝ ʝʣʝʤʝʥʘʪʘ ʢʘʦ ʰʪʦ ʩʫ 

ʭʘʨʜʚʝʨ, ʩʦʬʪʚʝʨ, ʦʨʛʘʥʠʟʘʮʠʿʘ ʠ ˀʫʜʩʢʠ ʨʝʩʫʨʩʠ. ʆʚʠ ʝʣʝʤʝʥʪʠ ʟʥʘʯʘʿʥʦ ʫʪʠʯʫ ʥʘ 

ʩʪʨʘʪʝʛʠʿʫ ʦʜʨʞʘʚʘˁʘ. ʇʦʪʨʝʙʥʦ ʿʝ ʧʨʘʚʠʪʠ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʧʦʿʤʦʚʘ ʤʦʜʝʣ ʠ 

ʤʦʜʝʣʦʚʘˁʝ. ʄʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʦʧʠʩ ʩʠʩʪʝʤʘ ʧʨʠʤʝʥʦʤ ʤʘʪʝʤʘʪʠʯʢʠʭ ʬʫʥʢʮʠʿʘ ʢʦʿʝ 

ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ ʧʦʩʤʘʪʨʘʥʠ ʩʠʩʪʝʤ. ʄʦʜʝʣʦʚʘˁʝ ʿʝ ʧʨʦʮʝʩ ʬʦʨʤʠʨʘˁʘ 

ʧʨʝʪʧʦʩʪʘʚʢʠ ʦ ʨʝʘʣʥʦʤ ʩʠʩʪʝʤʫ, ʪʝʩʪʠʨʘˁʝ ʠʜʝʿʘ, ʦʙʿʘʰˁʝˁʝ ʧʦʿʘʚʘ, ʠʪʜ. ʥʘ ʦʩʥʦʚʫ 

ʤʦʜʝʣʘ. ʉ ʥʘʩʪʘʥʢʦʤ ʨʘʯʫʥʘʨʘ ʠ ʨʘʟʚʦʿʝʤ ʩʦʬʪʚʝʨʘ, ʧʦʚʝ˂ʘʥʘ ʿʝ ʤʦʛʫ˂ʥʦʩʪ ʬʦʨʤʠʨʘˁʘ 

ʩʣʦʞʝʥʠʭ ʤʦʜʝʣʘ.  

ʆʩʥʦʚʥʠ ʮʠˀ ʜʠʥʘʤʠʯʢʦʛ ʤʦʜʝʣʦʚʘˁʘ ʢʦʜ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ ʿʝ ʦʜʨʝʹʠʚʘˁʝ 

ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ˂ʝ ʫ ʧʨʘʚʦʤ ʪʨʝʥʫʪʢʫ ʙʠʪʠ ʩʧʨʦʚʝʜʝʥʝ. ʌʦʨʤʠʨʘˁʝʤ 

ʜʠʥʘʤʠʯʢʦʛ ʤʦʜʝʣʘ ʩʧʨʦʚʦʜʝ ʩʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʚʨʰʝ ʦʧʝʨʘʪʦʨʠ. ʅʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ 

ʫʪʚʨʜʠ˂ʝ ʩʝ ʧʨʝʮʠʟʥʠ ʪʨʝʥʫʮʠ ʟʘʤʝʥʝ ʢʨʠʪʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ [48, 49]. 

ɼʠʥʘʤʠʯʢʦ ʤʦʜʝʣʦʚʘˁʘ ʝʬʝʢʘʪʘ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ 

ʩʝ ʟʘʩʥʠʚʘ ʥʘ: ʘʥʘʣʠʟʠ ʩʪʘˁʘ, ʨʘʟʣʠʯʠʪʠʤ ʩʪʨʘʪʝʛʠʿʘʤʘ ʦʜʨʞʘʚʘˁʘ, ʫʪʚʨʹʠʚʘˁʫ 

ʦʧʪʠʤʘʣʥʦʛ ʪʨʝʥʫʪʢʘ ʟʘʤʝʥʝ ʝʣʝʤʝʥʘʪʘ, ʪʨʝʥʫʪʢʘ ʥʘʙʘʚʢʝ ʨʝʟʝʨʚʥʦʛ ʝʣʝʤʝʥʪʘ, ʢʘʦ ʠ 

ʤʠʥʠʤʠʟʘʮʠʿʠ ʪʨʦʰʢʦʚʘ ʢʦʿʠ ʥʘʩʪʘʿʫ ʧʨʠ ʩʧʨʦʚʦʹʝˁʫ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ 

ʦʜʨʞʘʚʘˁʘ. ʇʦʥʘʰʘˁʝ ʦʧʨʝʤʝ ʿʝ ʦʜ ʧʨʝʩʫʜʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʧʨʝʚʝʥʪʠʚʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʞʘʚʘˁʘ. ʇʨʠ ʜʠʥʘʤʠʯʢʦʤ ʤʦʜʝʣʦʚʘˁʫ ʧʦʫʟʜʘʥʦʩʪʠ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʬʦʨʤʠʨʘʪʠ ʧʣʘʥ ʧʦ ʢʦʤʝ ˂ʝ ʩʝ ʥʘ ʦʩʥʦʚʫ ʜʦʛʘʹʘʿʘ ʠ ʧʨʦʤʝʥʘ ʥʘ ʩʠʩʪʝʤʫ, 

ʧʨʘ˂ʝˁʝʤ ʩʪʘˁʘ ʦʜʨʝʹʝʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʫʪʚʨʜʠʪʠ ʢʦʣʠʢʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʥʘʢʘ ʥʝʢʦʛ 

ʢʚʘʨʘ ʥʘ ʪʦʤ ʝʣʝʤʝʥʪʫ. 

ʂʦʜ ʦʧʨʝʤʝ ʢʦʿʘ ʨʘʜʠ ʜʫʞʠ ʥʠʟ ʛʦʜʠʥʘ, ʤʦʜʝʣʦʚʘˁʝʤ ʩʝ ʦʜʨʝʹʫʿʫ ʤʠʥʠʤʘʣʥʠ 

ʪʨʦʰʢʦʚʠ ʦʜʨʞʘʚʘˁʘ ʠ ʧʨʝʢʠʜʠ ʫ ʠʩʧʦʨʫʮʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʨʘʿˁʠʤ ʧʦʪʨʦʰʘʯʠʤʘ 

[49, 50]. ɸʥʘʣʠʟʦʤ ʨʘʟʣʠʯʠʪʠʭ ʩʪʨʘʪʝʛʠʿʘ ʦʜʨʞʘʚʘˁʘ ʥʘ ʧʨʠʤʝʨʫ ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʫʪʚʨʜʠ˂ʝ ʩʝ ʢʦʤʙʠʥʘʮʠʿʘ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʠʤʘʿʫ ʟʘ ʮʠˀ ʤʠʥʠʤʠʟʘʮʠʿʫ 

ʪʨʦʰʢʦʚʘ ʠ ʤʘʢʩʠʤʘʣʥʫ ʨʘʩʧʦʣʦʞʠʚʦʩʪ ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ [51]. 

 

4.2 ɼʝʬʠʥʠʮʠʿʘ ʠ ʤʦʜʝʣ ʩʪʘˁʘ 

 

ʂʚʘʣʠʪʘʪʠʚʥʘ ʧʨʦʮʝʥʘ ʠʩʧʨʘʚʥʦʩʪʠ ʦʧʨʝʤʝ ʿʝ ʩʪʘˁʝ. ʄʦʜʝʣʠ ʧʦʫʟʜʘʥʦʩʪʠ ʩʝ 

ʢʦʨʠʩʪʝ ʜʘ ʙʠ ʦʙʝʟʙʝʜʠʣʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʩʪʘˁʫ ʦʧʨʝʤʝ ʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʘ ˂ʝ ʦʧʨʝʤʘ 

ʚʨʰʠʪʠ ʬʫʥʢʮʠʿʫ ʮʠˀʘ ʫ ʦʜʨʝʹʝʥʦʤ ʚʨʝʤʝʥʫ. ʆʧʨʝʤʘ ʢʦʿʘ ʩʝ ʫ ʪʨʝʥʫʪʢʫ t ʥʘʣʘʟʠ ʫ 

ʿʝʜʥʦʤ ʨʘʜʥʦʤ ʩʪʘˁʫ ʫ ʪʨʝʥʫʪʢʫ t + dt ʧʨʝʣʘʟʠ ʫ ʥʦʚʦ ʩʪʘˁʝ. ʋ ʪʦʤ ʪʨʝʥʫʪʢʫ ʩʝ ʩʪʘˁʝ 

ʦʧʨʝʤʝ ʤʝˁʘ ʫʩʣʝʜ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʫʪʠʮʘʿʘ. ʊʝʭʥʠʯʢʘ ʧʦʫʟʜʘʥʦʩʪ ʦʧʨʝʤʝ ʩʝ ʜʦʙʠʿʘ ʥʘ 

ʦʩʥʦʚʫ ʩʪʘˁʘ ʦʧʨʝʤʝ. ʅʘ ʩʣʠʮʠ 4.1 ʿʝ ʧʨʠʢʘʟʘʥ ʛʨʘʬʠʢ ʧʨʦʤʝʥʝ ʩʪʘˁʘ ʦʧʨʝʤʝ ʫʩʣʝʜ 

ʧʨʦʤʝʥʘ ʫʩʣʦʚʘ ʨʘʜʘ [52]. 

ʅʘ ʧʨʦʤʝʥʝ ʩʪʘˁʘ ʦʧʨʝʤʝ ʫʪʠʯʫ ʨʝʞʠʤ ʨʘʜʘ ʦʧʨʝʤʝ ʠ ʘʤʙʠʿʝʥʪʘʣʥʠ (ʚʨʝʤʝʥʩʢʠ) 

ʫʩʣʦʚʠ. ɸʤʙʠʿʝʥʪʘʣʥʠ ʫʩʣʦʚʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʧʨʦʤʝʥʝ ʩʪʘˁʘ ʦʧʨʝʤʝ ʩʫ ʝʢʩʪʨʝʤʥʠ 

ʚʨʝʤʝʥʩʢʠ ʫʩʣʦʚʠ ʢʘʦ ʰʪʦ ʩʫ: ʘʪʤʦʩʬʝʨʩʢʘ ʧʨʝʞˁʝˁʘ, ʚʝʪʘʨ, ʦʙʠʣʥʝ ʢʠʰʝ ʠʪʜ. 

ʇʦʛʦʨʰʘˁʝ ʩʪʘˁʘ ʦʧʨʝʤʝ ʥʝ ʤʦʨʘ ʙʠʪʠ ʩʘʤʦ ʧʦʩʣʝʜʠʮʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ, ʚʝ˂ ʤʦʞʝ ʙʠʪʠ 
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ʨʝʟʫʣʪʘʪ ʣʦʰʝʛ ʦʜʨʞʘʚʘˁʘ. ʉʧʦˀʘʰˁʠ ʫʪʠʮʘʿʠ ʢʘʦ ʰʪʦ ʩʫ ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ, ʢʨʘʪʢʠ 

ʩʧʦʿʝʚʠ ʠ ʦʢʨʫʞʝˁʝ ʥʝ ʟʘʚʠʩʝ ʦʜ ʦʧʝʨʘʪʦʨʘ ʢʦʿʠ ʨʘʜʠ ʥʘ ʦʜʨʞʘʚʘˁʫ [52]. 

 

ʈʝʞʠʤ ʨʘʜʘ 

 (t) 

ɸʤʙʠʿʝʥʪʘʣʥʠ 
ʫʩʣʦʚʠ (t) 

ʆʧʨʝʤʘ ʫ ʨʘʜʥʦʤ

ʨʝʞʠʤʫ (t) 

ʉʪʘˁʝ

 (t) 

ʇʨʦʤʝʥʘ
ʩʪʘˁʘ

 (t) 

ʆʧʨʝʤʘ ʫ ʨʘʜʥʦʤ

ʨʝʞʠʤʫ (t+dt)) 

ɸʤʙʠʿʝʥʪʘʣʥʠ 
ʫʩʣʦʚʠ (t+dt)) 

ʉʪʘˁʝ

 (t+dt) 
ʈʝʞʠʤ ʨʘʜʘ 

 (t+dt) 

 
 

ʉʣʠʢʘ 4.1 ɹʣʦʢ ʜʠʿʘʛʨʘʤ ʧʨʦʮʝʩʘ ʧʨʦʤʝʥʝ ʨʝʞʠʤʘ ʨʘʜʘ ʫʩʣʝʜ ʧʨʦʤʝʥʝ ʩʪʘˁʘ [52] 

 

ʅʘ ʦʧʨʝʤʠ ʩʝ ʫ ʪʦʢʫ ʨʘʜʘ ʤʦʛʫ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʧʨʦʤʝʥʝ. ʆʧʨʝʤʘ ʩʝ ʥʘʣʘʟʠ ʫ 

ʜʝʬʝʢʪʥʦʤ ʩʪʘˁʫ ʫʢʦʣʠʢʦ ʥʝ ʟʘʜʦʚʦˀʘʚʘ ʧʨʦʿʝʢʪʦʚʘʥʫ ʩʧʝʮʠʬʠʢʘʮʠʿʫ. ʇʦʨʝʤʝ˂ʝʥʦ 

ʩʪʘˁʝ ʩʝ ʜʝʰʘʚʘ ʫʢʦʣʠʢʦ ʩʝ ʥʝʢʠ ʦʜ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʟʘʭʪʝʚʘ ʥʝ ʤʦʛʫ ʠʩʧʫʥʠʪʠ. ɸʢʦ ʿʝ 

ʢʦʜ ʦʧʨʝʤʝ ʦʟʙʠˀʥʦ ʩʤʘˁʝʥʘ ʧʦʫʟʜʘʥʦʩʪ, ʘ ʦʧʨʝʤʘ ʠ ʜʘˀʝ ʨʘʜʠ, ʥʘʩʪʘʿʝ ʧʦʨʝʤʝ˂ʝʥʦ 

ʩʪʘˁʝ. ʊʦ ʥʝ ʤʦʨʘʥʫʞʥʦ ʜʘ ʟʥʘʯʠ ʜʘ ˂ʝ ʫʙʨʟʦ ʜʦ˂ʠ ʜʦ ʢʚʘʨʘ ʥʘ ʦʧʨʝʤʠ. ʆʧʨʝʤʘ ʤʦʞʝ ʠ 

ʜʘˀʝ ʜʘ ʬʫʥʢʮʠʦʥʠʰʝ, ʘʣʠ ʥʝ ʠʩʧʫˁʘʚʘ ʩʚʝ ʧʨʝʜʚʠʹʝʥʝ ʟʘʭʪʝʚʝ. ʋʢʦʣʠʢʦ ʥʘʩʪʘʥʝ ʢʚʘʨ 

ʥʘ ʦʧʨʝʤʠ, ʦʥʘ ʥʝ ʤʦʞʝ ʚʨʰʠʪʠ ʧʨʝʜʚʠʹʝʥʫ ʬʫʥʢʮʠʿʫ ʮʠˀʘ, ʪʘʢʦ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʘ 

ʟʘʤʝʥʘ ʠʣʠ ʧʦʧʨʘʚʢʘ [53]. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʟʘ ʜʝʬʝʢʪʥʦ ʩʪʘˁʝ (defect), ʧʦʨʝʤʝ˂ʘʿ 

(fault) ʠ ʢʚʘʨ (failure) ʜʘʪ ʿʝ ʥʘ ʩʣʠʮʠ 4.2. 

ɼʘ ʙʠ ʩʝ ʤʠʥʠʤʠʟʠʨʘʣʦ ʧʦʛʦʨʰʘˁʝ ʧʦʫʟʜʘʥʦʩʪʠ, ʢʦʜ ʪʘʢʚʝ ʢʨʠʪʠʯʥʝ ʦʧʨʝʤʝ ʿʝ 

ʧʦʪʨʝʙʥʦ ʫʛʨʘʜʠʪʠ ʫʨʝʹʘʿʝ ʟʘ ʢʦʥʪʠʥʫʘʣʘʥ ʥʘʜʟʦʨ, ʢʘʢʦ ʙʠ ʩʝ ʥʘ ʚʨʝʤʝ ʠʜʝʥʪʠʬʠʢʦʚʘʣʠ 

ʜʝʬʝʢʪʠ. 

 

ɽʣʝʤʝʥʪ ʤʦʞʝ 
ʜʘ ʨʘʜʠ ʘʣʠ ʿʝ ʧʦʫʟʜʘʥʦʩʪ 

ʩʤʘˁʝʥʘ. ʅʝʦʧʭʦʜʥʦ ʿʝ
ʧʨʝʜʫʟʠʤʘˁʝ 
ʧʨʝʚʝʥʪʠʚʥʠʭ 
ʤʝʨʘ. 

ɽʣʝʤʝʥʪ ʥʠʿʝ ʫ 
ʨʘʜʥʦʤ ʩʪʘˁʫ. ʇʦʪʨʝʙʥʘ

ʧʦʧʨʘʚʢʘ ʠʣʠ

ʟʘʤʝʥʘ.

ʅʝ ʅʝ

ɼʘ ɼʘ

ʂʚʘʨ ʇʦʨʝʤʝ˂ʝʥʦ ʩʪʘˁʝ
ʅʦʨʤʘʣʥʦ
ʩʪʘˁʝ

ʉʪʘˁʝ
ʝʣʝʤʝʥʪʘ

ɼʝʬʝʢʪʥʦ ʩʪʘˁʝ

ʇʦʫʟʜʘʥʦʩʪ ʥʠʿʝ
ʢʨʘʪʢʦʨʦʯʥʦ ʫʛʨʦʞʝʥʘ. 

ʇʦʪʨʝʙʥʦ ʿʝ ʧʨʝʜʫʟʝʪʠ ʤʝʨʝ

ʟʘ ʦʪʢʣʘˁʘˁʝ ʜʝʬʝʢʘʪʘ
ʫ ʜʫʛʦʨʦʯʥʦʤ 

ʧʦʛʣʝʜʫ.

ɼʘ

ʅʝ

 
ʉʣʠʢʘ 4.2 ɺʝʟʘ ʠʟʤʝʹʫ ʝʬʝʢʘʪʘ ʧʨʦʤʝʥʝ ʩʪʘˁʘ ʠ ˁʠʭʦʚʦʛ ʩʣʫʯʘʿʥʦʛ ʥʘʩʪʘʥʢʘ [52] 

 

4.2.1 ʄʦʜʝʣ ʩʪʘˁʘ ʝʣʝʤʝʥʘʪʘ  

 

ʇʦʥʘʰʘˁʝ ʩʠʩʪʝʤʘ ʩʝ ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʧʨʝʢʦ ʜʠʿʘʛʨʘʤʘ ʧʨʝʣʘʟʘ. ʉʠʩʪʝʤ ʤʦʞʝ 

ʙʠʪʠ ʥʝʦʙʥʦʚˀʠʚ ʠʣʠ ʦʙʥʦʚˀʠʚ. ʂʦʜ ʥʝʦʙʥʦʚˀʠʚʠʭ ʩʠʩʪʝʤʘ ʝʣʝʤʝʥʪʠ ʩʝ ʤʦʛʫ 
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ʥʘʣʘʟʠʪʠ ʫ ʜʚʘ ʦʩʥʦʚʥʘ ʩʪʘˁʘ: ʨʘʜʥʦ ʩʪʘˁʝ ʠ ʩʪʘˁʝ ʩʘ ʢʚʘʨʦʤ. ɽʣʝʤʝʥʪʠ ʦʙʥʦʚˀʠʚʠʭ 

ʩʠʩʪʝʤʘ ʩʝ ʤʦʛʫ ʥʘʣʘʟʠʪʠ ʫ ʯʝʪʠʨʠ ʦʩʥʦʚʥʘ ʩʪʘˁʘ, ʠ ʪʦ: ʨʘʜʥʦ ʩʪʘˁʝ, ʩʪʘˁʝ ʧʨʝʢʠʜʘ 

ʨʘʜʘ ʟʙʦʛ ʩʧʨʦʚʦʹʝˁʘ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ, ʩʪʘˁʝ ʢʘʜʘ ʿʝ ʝʣʝʤʝʥʪ ʚʘʥ ʧʦʛʦʥʘ ʟʙʦʛ 

ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ ʠ ʩʪʘˁʝ ʫ ʢʦʤʝ ʩʝ ʚʨʰʠ ʦʪʢʣʘˁʘˁʝ ʢʚʘʨʘ (ʩʣʠʢʘ 4.3). 
 

ʈʘʜʥʦ

ʩʪʘˁʝ
ʈʝʤʦʥʪʇʨʝʚʝʥʪʠʚʥʦ

ʦʜʨʞʘʚʘˁʝ

ɽʣʝʤʝʥʪ ʚʘʥ
ʧʦʛʦʥʘ

ɚҙɚҙ

ɚm ɚp

mɛ

swɛ

rɛ

 

ʉʣʠʢʘ 4.3 ɼʠʿʘʛʨʘʤ ʧʨʝʣʘʟʘ ʦʙʥʦʚˀʠʚʠʭ ʩʠʩʪʝʤʘ [51] 

 

ʅʘ ʩʣʠʮʠ 4.3 ʜʘʪʝ ʩʫ ʦʟʥʘʢʝ:  

al  - ʠʥʪʝʥʟʠʪʝʪ ʘʢʪʠʚʥʠʭ ʢʚʘʨʦʚʘ,  

p
l - ʠʥʪʝʥʟʠʪʝʪ ʧʘʩʠʚʥʠʭ ʢʚʘʨʦʚʘ,  

m
l  - ʠʥʪʝʥʟʠʪʝʪ ʩʧʨʦʚʦʹʝˁʘ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ,  

sw
m  - ʠʥʪʝʥʟʠʪʝʪ ʦʙʥʘʚˀʘˁʘ ʟʙʦʛ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ (ʧʨʝʣʘʟʘʢ ʠʟ ʩʪʘˁʘ ʫ ʢʦʤʝ ʿʝ 

ʥʘʩʪʘʦ ʢʚʘʨ ʫ ʩʪʘˁʝ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ),  

r
m - ʠʥʪʝʥʟʠʪʝʪ ʦʙʥʘʚˀʘˁʘ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ,  

m
m  - ʠʥʪʝʥʟʠʪʝʪ ʦʙʥʘʚˀʘˁʘ ʩʧʨʦʚʦʹʝˁʘ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ.  

ʀʥʪʝʥʟʠʪʝʪ ʘʢʪʠʚʥʦʛ ʢʚʘʨʘ 
a
l ʩʝ ʦʜʥʦʩʠ ʥʘ ʥʘʩʪʘʥʘʢ ʢʚʘʨʘ ʠ ʪʘʜʘ ʩʝ ʫʢˀʫʯʫʿʫ 

ʧʨʝʢʠʜʘʯʠ ʟʘ ʘʫʪʦʤʘʪʩʢʫ ʟʘʰʪʠʪʫ, ʥʧʨ. ʧʨʠ ʢʨʘʪʢʦʤ ʩʧʦʿʫ. ʂʘʜʘ ʩʝ ʜʝʩʠ ʜʦʛʘʹʘʿ 

ʘʢʪʠʚʥʦʛ ʢʚʘʨʘ, ʩʪʘˁʝ ʦʧʨʝʤʝ ʧʨʝʣʘʟʠ ʠʟ ʨʘʜʥʦʛ ʩʪʘˁʘ ʫ ʩʪʘˁʝ ʢʘʜʘ ʿʝ ʝʣʝʤʝʥʪ ʚʘʥ 

ʧʦʛʦʥʘ, ʘ ʧʦʪʦʤ ʧʨʝʣʘʟʠ ʫ ʩʪʘˁʝ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ. ʉʪʘˁʝ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ ʩʝ ʚʨʰʠ 

ʘʢʪʠʚʥʦʩʪʠʤʘ ʨʫʯʥʝ ʠʣʠ ʘʫʪʦʤʘʪʩʢʝ ʟʘʰʪʠʪʝ, ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʠʟʦʣʫʿʝ ʝʣʝʤʝʥʪ ʥʘ ʢʦʤʝ 

ʿʝ ʥʘʩʪʘʦ ʢʚʘʨ. 

ʂʦʜ ʥʘʩʪʘʥʢʘ ʧʘʩʠʚʥʠʭ ʢʚʘʨʦʚʘ ʥʝ ʘʢʪʠʚʠʨʘʿʫ ʩʝ ʫʨʝʹʘʿʠ ʟʘ ʟʘʰʪʠʪʫ, ʚʝ˂ ʦʧʨʝʤʘ 

ʠʟ ʨʘʜʥʦʛ ʩʪʘˁʘ ʜʠʨʝʢʪʥʦ ʧʨʝʣʘʟʠ ʫ ʩʪʘˁʝ ʦʙʥʘʚˀʘˁʘ. ʅʘ ʩʣʠʮʠ ʿʝ ʠʥʪʝʥʟʠʪʝʪ 

ʦʙʥʘʚˀʘˁʘ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ ʦʙʣʝʞʝʥ ʩʘ 
r
m, ʛʜʝ ʩʝ ʧʨʝʣʘʟʠ ʠʟ ʩʪʘˁʘ ʦʙʥʘʚˀʘˁʘ ʫ 

ʨʘʜʥʦ ʩʪʘˁʝ. 

ʇʨʝʚʝʥʪʠʚʥʝ ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʞʘʚʘˁʘ ʝʣʝʤʝʥʘʪʘ ʩʧʨʦʚʦʜʝ ʩʝ ʫ ʩʢʣʘʜʫ ʩʘ 

ʩʪʨʘʪʝʛʠʿʦʤ ʦʜʨʞʘʚʘˁʘ ʢʦʿʘ ʩʝ ʫʪʚʨʹʫʿʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʢʦʤʧʘʥʠʿʘʤʘ. ɽʣʝʤʝʥʪ ʤʦʞʝ 

ʧʨʝʣʘʟʠʪʠ ʠʟ ʨʘʜʥʦʛ ʩʪʘˁʘ ʫ ʩʪʘˁʝ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʩʘ ʠʥʪʝʥʟʠʪʝʪʦʤ 
m
l, ʘ ʠʟ 

ʩʪʘˁʘ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʫ ʨʘʜʥʦ ʩʪʘˁʝ ʩʝ ʚʨʘ˂ʘ ʩʘ ʠʥʪʝʥʟʠʪʝʪʦʤ ʦʙʥʘʚˀʘˁʘ 
m
m . 

 

4.3 ʅʘʿʟʥʘʯʘʿʥʠʿʠ ʢʚʘʨʦʚʠ ʢʦʿʠ ʥʘʩʪʘʿʫ ʥʘ ʝʥʝʨʛʝʪʩʢʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠʤʘ 

 

ʂʚʘʨʦʚʠ ʢʦʿʠ ʥʘʩʪʘʿʫ ʥʘ ʦʧʨʝʤʠ ʫ ʧʦʩʪʨʦʿʝˁʠʤʘ ʥʘʿʯʝʰ˂ʝ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘʿʫ 

ʧʨʝʢʠʜʝ ʠʣʠ ʜʝʬʠʮʠʪʝ ʫ ʠʩʧʦʨʫʮʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʜʦ ʢʨʘʿˁʠʭ ʧʦʪʨʦʰʘʯʘ. ʐʪʝʪʘ 

ʢʦʿʫ ʧʨʠ ʪʦʤ ʪʨʧʠ ʜʠʩʪʨʠʙʫʪʠʚʥʦ ʧʨʝʜʫʟʝ˂ʝ ʩʨʘʟʤʝʨʥʘ ʿʝ ʢʦʣʠʯʠʥʠ ʥʝʠʩʧʦʨʫʯʝʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʩʪʝʧʝʥʫ ʦʰʪʝ˂ʝˁʘ ʦʧʨʝʤʝ. ʇʦʪʨʦʰʘʯʠ ʪʨʧʝ ʰʪʝʪʫ ʫ ʟʘʚʠʩʥʦʩʪʠ 
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ʦʜ ʜʫʞʠʥʝ ʪʨʘʿʘˁʘ ʧʨʝʢʠʜʘ ʠ ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʂʚʘʨʦʚʠ ʢʦʿʠ 

ʥʘʩʪʘʿʫ ʥʘ ʝʥʝʨʛʝʪʩʢʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠʤʘ ʠʟʘʟʠʚʘʿʫ ʥʘʿʪʝʞʝ ʧʦʩʣʝʜʠʮʝ, ʿʝʨ ˁʠʭʦʚʦ 

ʦʪʢʣʘˁʘˁʝ ʪʨʘʿʝ ʜʫʛʦ ʠ ʧʫʥʦ ʢʦʰʪʘ. ɿʙʦʛ ʪʦʛʘ ˁʠʭʦʚʘ ʨʘʩʧʦʣʦʞʠʚʦʩʪ ʧʨʝʜʩʪʘʚˀʘ 

ʚʘʞʥʦ ʪʝʭʥʠʯʢʦ ʠ ʝʢʦʥʦʤʩʢʦ ʧʠʪʘˁʝ [54].  

ʆʪʢʣʘˁʘˁʝ ʧʦʧʨʘʚˀʠʚʠʭ ʢʚʘʨʦʚʘ ʥʘ ʝʥʝʨʛʝʪʩʢʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ ʪʨʘʿʝ 

ʨʝʣʘʪʠʚʥʦ ʢʨʘʪʢʦ ʠ ʥʝ ʟʘʭʪʝʚʘ ʫʧʦʪʨʝʙʫ ʨʝʟʝʨʚʥʠʭ ʜʝʣʦʚʘ. ɿʘ ʦʪʢʣʘˁʘˁʝ 

ʥʝʧʦʧʨʘʚˀʠʚʠʭ ʢʚʘʨʦʚʘ ʤʦʨʘ ʩʝ ʫʧʦʪʨʝʙʠʪʠ ʨʝʟʝʨʚʥʠ ʝʣʝʤʝʥʪ, ʪʘʢʦ ʜʘ ʪʨʘʿʘˁʝ 

ʦʪʢʣʘˁʘˁʘ ʟʘʚʠʩʠ ʠ ʦʜ ʨʘʩʧʦʣʦʞʠʚʦʩʪʠ ʪʦʛ ʨʝʟʝʨʚʥʦʛ ʜʝʣʘ. ʅʘʙʘʚʢʦʤ ʨʝʟʝʨʚʥʠʭ 

ʝʣʝʤʝʥʘʪʘ ʟʥʘʪʥʦ ʩʝ ʫʪʠʯʝ ʥʘ ʪʨʘʿʘˁʝ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ ʢʘʜʘ ʜʦ ˁʝʛʘ ʜʦʹʝ, ʘʣʠ ʪʘ 

ʥʘʙʘʚʢʘ ʠʟʠʩʢʫʿʝ ʟʥʘʪʥʘ ʠʥʚʝʩʪʠʮʠʦʥʘ ʩʨʝʜʩʪʚʘ [55].  

ʅʘ ʠʥʪʝʥʟʠʪʝʪ ʢʚʘʨʦʚʘ ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʤʦʞʝ ʩʝ ʫʪʠʮʘʪʠ 

ʩʧʨʦʚʦʹʝˁʝʤ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʦʜʨʝʹʝʥʦʛ ʦʙʠʤʘ ʠʣʠ ʫʛʨʘʜˁʦʤ ʩʠʩʪʝʤʘ ʟʘ 

ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ ʧʦʿʝʜʠʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʇʨʠ 

ʩʧʨʦʚʦʹʝˁʫ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʧʦʩʪʦʿʠ ʠ ʤʦʛʫ˂ʥʦʩʪ ʩʫʧʝʨʧʦʟʠʮʠʿʝ ʢʚʘʨʘ ʿʝʜʥʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʦʜʨʞʘʚʘˁʝ ʜʨʫʛʦʛ, ʰʪʦ, ʟʘʚʠʩʥʦ ʦʜ ʢʦʥʮʝʧʮʠʿʝ ʥʘʧʘʿʘˁʘ, ʤʦʞʝ ʜʘ 

ʜʦʚʝʜʝ ʜʦ ʧʦʪʧʫʥʦʛ ʧʨʝʢʠʜʘ ʠʣʠ ʨʝʜʫʢʮʠʿʝ ʫ ʥʘʧʘʿʘˁʫ ʧʦʪʨʦʰʘʯʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ 

ʧʦʪʨʝʙʥʦ ʦʜʨʝʜʠʪʠ ʧʨʝʮʠʟʥʫ ʧʨʦʮʝʜʫʨʫ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʝ ʢʦʤʙʠʥʘʮʠʿʝ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʝʨʘ ʢʦʿʘ ˂ʝ ʦʙʝʟʙʝʜʠʪʠ ʤʠʥʠʤʘʣʘʥ ʥʠʚʦ ʪʨʦʰʢʦʚʘ ʠ ʰʪʝʪʘ ʪʦʢʦʤ 

ʧʣʘʥʩʢʦʛ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʆʚʜʝ ˂ʝʤʦ ʨʘʟʤʘʪʨʘʪʠ ʰʝʩʪ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʮʝʣʠʥʘ - ʢʦʤʧʦʥʝʥʪʠ ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ: 

1. ʥʘʤʦʪʘʿʠ ʠ ʫˀʝ,  

2. ʿʝʟʛʨʦ,  

3. ʧʨʦʚʦʜʥʠ ʠʟʦʣʘʪʦʨʠ,  

4. ʢʦʪʘʦ,  

5. ʨʝʛʫʣʘʪʦʨ ʥʘʧʦʥʘ,  

6. ʦʩʪʘʣʠ ʧʨʠʙʦʨ. 

 

4.3.1 ʄʦʜʝʣ ʢʚʘʨʦʚʘ ʟʘ ʛʨʫʧʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

ʇʨʠ ʧʨʦʨʘʯʫʥʫ ʧʦʫʟʜʘʥʦʩʪʠ ʛʨʫʧʝ ʝʣʝʤʝʥʘʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʦʩʪʦʿʝ ʜʚʝ 

ʦʧʮʠʿʝ. ʋ ʧʨʚʦ ʿ ʦʧʮʠʿʠ ʧʦʫʟʜʘʥʦʩʪʠ ʝʣʝʤʝʥʘʪʘ ʩʝ ʢʦʤʙʠʥʫʿʫ ʟʘ ʩʚʘʢʠ ʝʣʝʤʝʥʪ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʫ ʧʦʩʤʘʪʨʘʥʦʿ ʛʨʫʧʠ. ʇʦʫʟʜʘʥʦʩʪ ʛʨʫʧʝ ʩʝ ʠʟʚʦʜʠ ʠʟ ʧʦʿʝʜʠʥʘʯʥʠʭ 

ʧʦʫʟʜʘʥʦʩʪʠ ʩʚʘʢʦʛ ʝʣʝʤʝʥʪʘ. ʀʟʨʘʯʫʥʘʚʘˁʝʤ ʧʦʫʟʜʘʥʦʩʪʠ ʛʨʫʧʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʫ ʧʦʫʟʜʘʥʦʩʪʠ ʝʣʝʤʝʥʘʪʘ ʧʨʫʞʘ ʩʝ ʤʦʛʫ˂ʥʦʩʪ ʠʟʙʦʨʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʦʜ ʢʦʿʠʭ 

ʩʝ ʦʯʝʢʫʿʝ ʜʘ ˂ʝ ʫʩʢʦʨʦ ʦʪʢʘʟʘʪʠ ʥʝʢʠ ʦʜ ʝʣʝʤʝʥʘʪʘ.  

ɼʨʫʛʘ ʦʧʮʠʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʦʜʨʝʹʠʚʘˁʫ ʧʦʫʟʜʘʥʦʩʪʠ ʩʘʤʦ ʝʣʝʤʝʥʘʪʘ ʫ ʛʨʫʧʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʣʝʜʠʮʘ ʢʚʘʨʦʚʘ ʤʦʛʫ ʩʝ ʦʜʨʝʜʠʪʠ ʜʘˀʠ ʧʨʘʚʮʠ 

ʧʨʦʛʨʘʤʘ ʦʜʨʞʘʚʘˁʘ. ɼʨʫʛʘ ʦʧʮʠʿʘ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʢʦʤʙʠʥʦʚʘˁʝʤ ʢʚʘʨʦʚʘ ʥʘ 

ʝʣʝʤʝʥʪʠʤʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʘ ʩʪʘʪʠʩʪʠʯʢʠʤ ʨʘʩʧʦʜʝʣʘʤʘ ʪʠʭ ʝʣʝʤʝʥʘʪʘ.  

ʋʢʫʧʥʘ ʧʦʫʟʜʘʥʦʩʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʦʜʝˀʝʥʦʛ ʥʘ ʰʝʩʪ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʮʝʣʠʥʘ 

ʦʜʨʝʹʫʿʝ ʩʝ ʧʨʝʤʘ [52]: 

.prib.ost,P.nap.reg,Pkotla,P.izol.iprov,P.jezgro,Puljai.nam,Ptot,P
RRRRRRR ³³³³³=  (4.4) 
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4.4 ʈʘʟʚʦʿ ʤʦʜʝʣʘ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʝʥʝʨʛʝʪʩʢʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ 

 

ɽʥʝʨʛʝʪʩʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩʝ ʤʦʞʝ ʥʘʣʘʟʠʪʠ ʫ ʨʘʜʥʦʤ ʠʣʠ ʫ ʥʝʨʘʜʥʦʤ ʩʪʘˁʫ. 

ʂʚʘʨʦʚʠ ʢʦʿʠ ʝʥʝʨʛʝʪʩʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʧʨʝʚʦʜʝ ʫ ʥʝʨʘʜʥʦ ʩʪʘˁʝ ʤʦʛʫ ʩʝ ʧʦʜʝʣʠʪʠ ʥʘ 

ʩʠʪʥʝ (minor failures) ʠ ʢʨʫʧʥʝ ʢʚʘʨʦʚʝ (major failures), ʟʙʦʛ ʢʦʿʠʭ ʜʦʣʘʟʠ ʜʦ ʛʫʙʠʪʢʘ 

ʿʝʜʥʝ ʠʣʠ ʚʠʰʝ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʂʚʘʨʦʚʠ ʢʦʿʠ ʩʝ ʤʦʛʫ 

ʦʪʢʣʦʥʠʪʠ ʟʘ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʢʨʘ˂ʠ ʦʜ 24 ʯʘʩʘ, ʩʤʘʪʨʘʿʫ ʩʝ ʩʠʪʥʠʤ ʢʚʘʨʦʚʠʤʘ.  

ɺʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʩʝ ʢʦʤʧʦʥʝʥʪʘ ""k  ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʣʘʟʠ ʫ ʨʘʜʥʦʤ 

ʩʪʘˁʫ ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʤʝʰʘʚʠʥʦʤ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʠ Weibull-ʦʚʝ ʨʘʩʧʦʜʝʣʝ ʜʘʪʝ ʫ 

ʿʝʜʥʘʯʠʥʠ (3.41) [63]: 

( )
k

k k ,mf k ,MF

k

t
R ( t ) exp ( ) t e xp

b

l l
a

å õå õ
æ ö= - + Ö Ö -æ ö
æ öç ÷ç ÷  (4.5) 

ʛʜʝ ʿʝ: 

MFk,l  - ʠʥʪʝʥʟʠʪʝʪ ʢʨʫʧʥʠʭ ʢʚʘʨʦʚʘ ʢʦʤʧʦʥʝʥʪʝ ""k  ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 

mf,kl  - ʠʥʪʝʥʟʠʪʝʪ ʩʠʪʥʠʭ ʢʚʘʨʦʚʘ ʢʦʤʧʦʥʝʥʪʝ ""k  ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 

ʦʜʥʦʩʥʦ, ʫʩʚʦʿʝʥʦ ʿʝ ʜʘ ʩʝ ʠʟ ʨʘʜʥʦʛ ʫ ʥʝʨʘʜʥʦ ʩʪʘˁʝ ʤʦʞʝ ʧʨʝ˂ʠ ʟʙʦʛ ʩʣʫʯʘʿʥʠʭ 

ʢʚʘʨʦʚʘ ʠ/ʠʣʠ ʟʙʦʛ ʩʪʘʨʝˁʘ ʝʣʝʤʝʥʪʘ ʨʝʩʧʝʢʪʠʚʥʦ.  

ʇʨʝʤʘ ʦʯʝʢʠʚʘʥʦʿ ʜʫʞʠʥʠ ʪʨʘʿʘˁʘ ʦʪʢʣʘˁʘˁʘ, ʧʦʩʪʦʿʝ ʪʨʠ ʢʘʪʝʛʦʨʠʿʝ ʢʚʘʨʦʚʘ [65]:  

i=1) - ʢʚʘʨʦʚʠ ʩʝ ʦʪʢʣʘˁʘʿʫ ʟʘ t Ò 1 ʜʘʥ,  

i=2) - ʢʚʘʨʦʚʠ ʩʝ ʦʪʢʣʘˁʘʿʫ ʟʘ 1 < t Ò 30 ʜʘʥʘ, 

i=3) - ʢʚʘʨʦʚʠ ʩʝ ʦʪʢʣʘˁʘʿʫ ʟʘ t > 30 ʜʘʥʘ. 

ʋ ʦʢʚʠʨʫ ʜʠʩʝʨʪʘʮʠʿʝ ˂ʝ ʩʝ ʘʥʘʣʠʟʠʨʘʪʠ ʩʣʝʜʝ˂ʠ ʧʦʿʝʜʠʥʘʯʥʠ ʩʣʫʯʘʿʝʚʠ ʠ 

ˁʠʭʦʚʝ ʢʦʤʙʠʥʘʮʠʿʝ [66, 67]: 

ʄ1) ɽʢʩʧʣʦʘʪʘʮʠʿʘ ʙʝʟ ʩʧʨʦʚʦʹʝˁʘ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ 

ʩʧʨʦʚʦʜʠ ʩʝ ʩʘʤʦ ʢʦʨʝʢʪʠʚʥʦ ʦʜʨʞʘʚʘˁʝ. 

ʄ2) ɱʝʜʥʦʜʥʝʚʥʦ ʦʜʨʞʘʚʘˁʝ. ʉʧʨʦʚʦʜʠ ʩʝ ʦʩʤʦʯʘʩʦʚʥʦ, (tpm=8h) ʪʦʢʦʤ ʢʦʛʘ ʩʝ 

ʦʪʢʣʘˁʘʿʫ ʝʚʝʥʪʫʘʣʥʘ ʦʰʪʝ˂ʝˁʘ ʠ ʟʘʤʝˁʫʿʫ ʧʦʭʘʙʘʥʠ ʜʝʣʦʚʠ (ʙʝʟ ʦʪʚʘʨʘˁʘ ʢʦʪʣʘ, ʛʜʝ 

ʥʠʩʫ ʦʙʫʭʚʘ˂ʝʥʠ ʥʘʤʦʪʘʿʠ, ʿʝʟʛʨʦ ʠ ʫˀʝ). 

ʄ3) ʈʝʛʝʥʝʨʘʮʠʿʘ ʫˀʘ. ʋʩʚʦʿʝʥʦ ʿʝ ʜʘ ʦʚʘ ʘʢʪʠʚʥʦʩʪ ʪʨʘʿʝ toil=5 ʜʘʥʘ ʠ ʜʘ ˂ʝ, 

ʪʘʢʦʹʝ, ʙʠʪʠ ʦʙʘʚˀʝʥʦ ʦʜʨʞʘʚʘˁʝ ʢʘʦ ʫ ʄ2). ʈʝʛʝʥʝʨʘʮʠʿʘ ʫˀʘ ʿʝ ʧʦʩʪʫʧʘʢ ʪʦʢʦʤ ʢʦʛʘ 

ʩʝ ʭʝʤʠʿʩʢʠʤ ʤʝʪʦʜʘʤʘ ʠ ʤʝʪʦʜʘʤʘ ʫʧʠʿʘˁʘ ʝʣʠʤʠʥʠʰʫ ʢʠʩʝʣʠʥʝ ʠ ʢʦʣʦʠʜʘʣʥʠ 

ʢʦʥʪʘʤʠʥʘʪʠ, ʢʘʦ ʠ ʩʫʙʧʨʦʜʫʢʪʠ ʨʘʟʣʘʛʘˁʘ ʫˀʘ, ʨʘʜʠ ʜʦʙʠʿʘˁʘ ʫˀʘ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ 

ʧʘʨʘʤʝʪʘʨʘ ʚʝʦʤʘ ʙʣʠʩʢʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʧʘʨʘʤʝʪʘʨʘ ʥʦʚʦʛ ʫˀʘ. 

ʄ4) ʈʝʛʝʥʝʨʘʮʠʿʘ ʠʟʦʣʘʮʠʦʥʦʛ ʩʠʩʪʝʤʘ. ʋʩʚʦʿʝʥʦ ʿʝ ʜʘ ʦʚʘ ʘʢʪʠʚʥʦʩʪ ʪʨʘʿʝ 

tins=10 ʜʘʥʘ ʠ ʜʘ ˂ʝ, ʪʘʢʦʹʝ, ʙʠʪʠ ʦʙʘʚˀʝʥʦ ʦʜʨʞʘʚʘˁʝ ʢʘʦ ʫ ʄ2). ʇʦʜ ʨʝʛʝʥʝʨʘʮʠʿʦʤ 

ʠʟʦʣʘʮʠʦʥʦʛ ʩʠʩʪʝʤʘ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʨʝʛʝʥʝʨʘʮʠʿʘ ʫˀʘ, ʦʪʢʣʘˁʘˁʝ ʥʝʯʠʩʪʦ˂ʝ ʠ 

ʩʫʰʝˁʝ ʧʘʧʠʨʥʝ ʠʟʦʣʘʮʠʿʝ ʮʠʨʢʫʣʘʮʠʿʦʤ ʩʫʚʦʛ ʪʦʧʣʦʛ ʫˀʘ. ʉʫʰʝˁʝʤ ʧʘʧʠʨʥʝ 

ʠʟʦʣʘʮʠʿʝ ʩʥʠʞʘʚʘ ʩʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʚʣʘʛʝ ʠ, ʧʨʚʝʥʩʪʚʝʥʦ, ʧʦʚʝ˂ʘʚʘ ʚʨʝʜʥʦʩʪ ʩʪʝʧʝʥʘ 

ʧʦʣʠʤʝʨʠʟʘʮʠʿʝ ʧʘʧʠʨʘ, ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʝ ˁʝʛʦʚʘ "ʪʝʭʥʠʯʢʘ ʩʪʘʨʦʩʪ". 

ʄ5) ʈʝʚʠʪʘʣʠʟʘʮʠʿʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʅʘʢʦʥ ʠʟʚʦʹʝˁʘ ʨʝʚʠʪʘʣʠʟʘʮʠʿʝ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠʤʘ ʩʚʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʘʦ ʜʘ ʿʝ ʥʦʚ. ʇʨʝʤʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ 

ʩʧʨʦʚʝʜʝʥʠʤ ʫ ɽʚʨʦʧʠ, ʉɸɼ ʠ ɱʘʧʘʥʫ, ʚʣʘʩʥʠʮʠ ʊʉ ʩʘʦʧʰʪʘʚʘʿʫ ʜʘ ʩʧʨʦʚʦʹʝˁʝ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

36 

 

ʨʝʚʠʪʘʣʠʟʘʮʠʿʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʦʩʣʝ 25 - 30 ʛʦʜʠʥʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʢʦʰʪʘ 40 - 50% 

ʮʝʥʝ ʥʦʚʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ
new

C . ɸʢʦ ʧʨʝʪʧʦʩʪʘʚʠʤʦ ʜʘ ʿʝ ʦʚʘ ʮʝʥʘ ʣʠʥʝʘʨʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʜʫʞʠʥʠ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʧʨʝ ʨʝʚʠʪʘʣʠʟʘʮʠʿʝ, ʛʦʜʠʰˁʘ ʮʝʥʘ 

ʨʝʚʠʪʘʣʠʟʘʮʠʿʝ ʠʟʥʦʩʠ ( ) god/C,,
new
Ö- 02000130 . ʊʘʢʦʹʝ, ʫʩʚʦʿʝʥʦ ʿʝ ʜʘ ʨʝʚʠʪʘʣʠʟʘʮʠʿʘ 

ʪʨʘʿʝ 28=
rev

t  ʜʘʥʘ. ʇʦʜ ʨʝʚʠʪʘʣʠʟʘʮʠʿʦʤ ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ 

ʫʪʚʨʹʠʚʘˁʝ ʩʪʘˁʘ ʩʚʠʭ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʮʝʣʠʥʘ ʠ ʜʦʚʦʹʝˁʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʫ ʩʪʘˁʝ 

"ʢʘʦ ʜʘ ʿʝ ʥʦʚ" (as good as new) ʧʦʧʨʘʚʢʦʤ ʠ/ʠʣʠ ʟʘʤʝʥʦʤ ʧʦʭʘʙʘʥʠʭ ʜʝʣʦʚʘ ʨʝʛʫʣʘʪʦʨʘ 

ʥʘʧʦʥʘ, ʚʝʥʪʠʣʘʪʦʨʘ ʠ ʧʫʤʧʠ, ʨʝʛʝʥʝʨʘʮʠʿʦʤ ʠʣʠ ʟʘʤʝʥʦʤ ʫˀʘ ʠ ʜʝʣʦʚʘ ʧʘʧʠʨʥʝ 

ʠʟʦʣʘʮʠʿʝ, ʟʘʤʝʥʦʤ ʥʘʤʦʪʘʿʘ, ʧʨʠʪʝʟʘˁʝʤ ʿʝʟʛʨʘ, ʦʪʢʣʘˁʘˁʝʤ ʢʦʨʦʟʠʿʝ ʠ ʬʘʨʙʘˁʝʤ 

ʢʦʪʣʘ, ʠʪʜ.  

ʄ6) ʋʛʨʘʜˁʘ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ ʢʦʤʧʦʥʝʥʪʠ ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʆʯʝʢʠʚʘʥʠ ʚʝʢ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʥʠʭ ʩʠʩʪʝʤʘ 

ʠʟʥʦʩʠ 10 ʛʦʜʠʥʘ, ʘ ʥʘʙʘʚʥʘ ʮʝʥʘ ʿʝ ʦʢʦ 10% ʥʘʙʘʚʥʝ ʮʝʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʦʤʧʦʥʝʥʪʝ. ʋ 

ʜʦʩʪʫʧʥʦʿ ʣʠʪʝʨʘʪʫʨʠ ʮʝʥʘ ʠ ʪʨʘʿʘˁʝ ʜʝʪʝʢʪʦʚʘʥʠʭ ʢʚʘʨʦʚʘ ʩʝ ʟʘʥʝʤʘʨʫʿʫ. ʀʟ ʨʘʟʣʦʛʘ 

ʩʠʛʫʨʥʦʩʪʠ, ʫʩʚʦʿʝʥʦ ʿʝ ʜʘ ʩʝ ʜʝʪʝʢʪʦʚʘʥʠ ʢʚʘʨʦʚʠ ʥʘ ʥʘʤʦʪʘʿʠʤʘ ʠ ʿʝʟʛʨʫ ʦʪʢʣʘˁʘʿʫ ʟʘ 

5 ʜʘʥʘ ʧʦ ʮʝʥʠ ʦʜ 5000 ɽUR, ʜʦʢ ʩʝ ʥʘ ʦʩʪʘʣʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʦʪʢʣʘˁʘʿʫ ʢʘʦ ʩʠʪʥʠ 

ʢʚʘʨʦʚʠ. 

ʄ7) ʆʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʝ ʢʦʣʠʯʠʥʝ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ. 

ʄ8) ʆʧʪʠʤʠʟʘʮʠʿʘ ʨʝʟʝʨʚʥʠʭ ʜʝʣʦʚʘ. ɿʘ ʩʚʘʢʫ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʫ ʘʢʪʠʚʥʦʩʪ 

(ʤʝʨʫ) ʙʠ˂ʝ ʫʪʚʨʹʝʥʘ ʝʢʦʥʦʤʩʢʘ ʦʧʨʘʚʜʘʥʦʩʪ ʩʧʨʦʚʦʹʝˁʘ, ʘ ʟʘʪʠʤ ˂ʝ ʙʠʪʠ ʫʪʚʨʹʝʥʘ 

ʦʧʪʠʤʘʣʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʢʦʿʘ ʦʙʝʟʙʝʹʫʿʝ ʤʠʥʠʤʘʣʥʝ ʛʦʜʠʰˁʝ ʪʨʦʰʢʦʚʝ ʠ ʰʪʝʪʝ. 

 

ʄ1) ʂʦʨʝʢʪʠʚʥʦ ʦʜʨʞʘʚʘˁʝ ʩʝ ʩʧʨʦʚʦʜʠ ʟʘ ʩʣʫʯʘʿ ʧʦʛʦʥʘ ʙʝʟ ʜʨʞʘˁʘ ʨʝʟʝʨʚʥʝ 

ʦʧʨʝʤʝ ʠ ʙʝʟ ʦʜʨʞʘʚʘˁʘ. ʊʨʦʰʢʦʚʠ ʪʦʢʦʤ ʧʣʘʥʩʢʦʛ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʩʘʩʪʦʿʝ ʩʝ 

ʩʘʤʦ ʦʜ ʪʨʦʰʢʦʚʘ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ. ʆʯʝʢʠʚʘʥʘ ʛʦʜʠʰˁʘ ʚʨʝʜʥʦʩʪ ʦʚʠʭ ʪʨʦʰʢʦʚʘ ʧʦ 

ʿʝʜʥʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ, ʪʦʢʦʤ ʧʝʨʠʦʜʘ ( )1, +tt  ʤʦʞʝ ʩʝ ʧʨʦʮʝʥʠʪʠ ʠʟ ʠʟʨʘʟʘ [63]: 
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 (4.6) 

ʛʜʝ ʩʫ: 
'

k ,iC  - ʮʝʥʘ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ "" i  ʥʘ ʢʦʤʧʦʥʝʥʪʠ ""k  ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʢʦʤʧʦʥʝʥʪʘ ""k  ʥʠʿʝ ʨʘʩʧʦʣʦʞʠʚʘ ʢʘʦ ʨʝʟʝʨʚʘ, 

tot
R  - ʬʫʥʢʮʠʿʘ ʧʦʫʟʜʘʥʦʩʪʠ (ʥʝʦʪʢʘʟʠʚʦʩʪʠ) ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

k
R  - ʬʫʥʢʮʠʿʘ ʧʦʫʟʜʘʥʦʩʪʠ (ʥʝʦʪʢʘʟʠʚʦʩʪʠ) ʢʦʤʧʦʥʝʥʪʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

k
p  - ʨʝʣʘʪʠʚʥʠ ʫʜʝʦ ʢʚʘʨʦʚʘ ʢʦʤʧʦʥʝʥʪʝ ""k  ʫ ʫʢʫʧʥʦʤ ʙʨʦʿʫ ʢʚʘʨʦʚʘ 

ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 

i,k
p  - ʨʝʣʘʪʠʚʥʠ ʫʜʝʦ ʢʘʪʝʛʦʨʠʿʝ ʢʚʘʨʘ "" i  ʫ ʫʢʫʧʥʦʤ ʙʨʦʿʫ ʢʚʘʨʦʚʘ ʢʦʤʧʦʥʝʥʪʝ 

""k  ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 
'

,ik
r  - ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ "i" ʥʘ ʢʦʤʧʦʥʝʥʪʠ "k" ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʢʦʤʧʦʥʝʥʪʘ "k" ʥʠʿʝ ʨʘʩʧʦʣʦʞʠʚʘ ʢʘʦ 

ʨʝʟʝʨʚʘ, 

b  - ʙʨʦʿ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʮʝʣʠʥʘ (ʢʦʤʧʦʥʝʥʪʠ) ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 
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ʆʯʝʢʠʚʘʥʘ ʛʦʜʠʰˁʘ ʥʝʨʘʩʧʦʣʦʞʠʚʦʩʪ ʜʦʙʠʿʘ ʩʝ ʢʘʦ: 
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 (4.7) 

ʆʯʝʢʠʚʘʥʘ ʛʦʜʠʰˁʘ ʪʨʘʿʘˁʘ ʧʨʝʢʠʜʘ ʟʙʦʛ ʠʩʧʘʜʘ ʿʝʜʥʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʟʙʦʛ 

ʠʩʧʘʜʘ ʦʙʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ( )1, +tt  ʩʫ: 

( ) ( ) []httUtt
bETb

87601,1,
,,1

Ö+=+t ,  

( ) ( ) []httUtt
bETb

87601,1,
2

,,2
Ö+=+t   (4.8) 

 

M2) ɱʝʜʥʦʜʥʝʚʥʦ ʦʜʨʞʘʚʘˁʝ. ɸʢʦ ʩʝ ʜʦ ʪʨʝʥʫʪʢʘ m ʥʠʿʝ ʜʦʛʦʜʠʦ ʢʚʘʨ, ʙʠ˂ʝ 

ʩʧʨʦʚʝʜʝʥʦ ʿʝʜʥʦʜʥʝʚʥʦ ʦʜʨʞʘʚʘˁʝ. ʆʯʝʢʠʚʘʥʠ ʪʨʦʰʢʦʚʠ ʪʦʢʦʤ ʧʨʚʝ ʛʦʜʠʥʝ ʥʘʢʦʥ 

ʩʧʨʦʚʦʹʝˁʘ ʦʜʨʞʘʚʘˁʘ ʠʟʨʘʯʫʥʘʚʘʿʫ ʩʝ ʢʘʦ: 

[ ]

( )

()1 1

1

1

1
1

kfb
'

tot tot k k ,i k ,i
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ET ,nosp. daypm.

E( m ) R ( m ) R ( m ) p p C
R m C
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Im m,m X( m )

= =

-

å õ
Ö - + Ö Öæ ö

Öç ÷
+ = +

+

ä ä

 (4.9) 
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ʛʜʝ ʿʝ: 

pmC  - ʮʝʥʘ ʩʧʨʦʚʦʹʝˁʘ ʿʝʜʥʦʜʥʝʚʥʦʛ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ 

ʆʯʝʢʠʚʘʥʘ ʛʦʜʠʰˁʘ ʥʝʨʘʩʧʦʣʦʞʠʚʦʩʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʦʤ ʧʨʚʝ ʛʦʜʠʥʝ ʧʦʩʣʝ 

ʩʧʨʦʚʦʹʝˁʘ ʦʜʨʞʘʚʘˁʘ ʙʠ˂ʝ: 
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 (4.10) 

ɸʢʦ ʿʝ ʠʩʧʫˁʝʥ ʢʨʠʪʝʨʠʿʫʤ "1" -n  ʩʠʛʫʨʥʦʩʪʠ, ʯʣʘʥ "

m
U  ʥʝʤʘ ʫʪʠʮʘʿʘ. ʋ ʦʩʪʘʣʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ, ʦʩʠʤ ʧʨʝʢʠʜʘ ʥʘʧʘʿʘˁʘ ʟʙʦʛ ʿʝʜʥʦʚʨʝʤʝʥʠʭ ʢʚʘʨʦʚʘ ʥʘ ʦʙʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʤʦʨʘ ʩʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠ ʩʫʧʝʨʧʦʟʠʮʠʿʘ ʢʚʘʨʘ ʿʝʜʥʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 
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ʥʘ ʦʜʨʞʘʚʘˁʝ ʜʨʫʛʦʛ. ɼʘʢʣʝ, ʦʯʝʢʠʚʘʥʦ ʪʨʘʿʘˁʝ ʧʨʝʢʠʜʘ ()m
mf-,2

t  ʥʘʧʘʿʘˁʘ ʧʦʪʨʦʰʘʯʘ 

ʟʙʦʛ ʩʫʧʝʨʧʦʟʠʮʠʿʝ ʢʚʘʨʘ ʥʘ ʦʜʨʞʘʚʘˁʝ ʠʟʥʦʩʠ: 

() []hUUm
mmmf

8760"

,2
ÖÖ=

-
t . (4.11) 

M3) ʈʝʛʝʥʝʨʘʮʠʿʘ ʫˀʘ ʙʠ˂ʝ ʩʧʨʦʚʝʜʝʥʘ ʘʢʦ ʩʝ ʜʦ ʪʨʝʥʫʪʢʘ oilT  ʥʠʿʝ ʜʦʛʦʜʠʦ 

ʢʚʘʨ. ʆʯʝʢʠʚʘʥʠ ʪʨʦʰʢʦʚʠ ( )1,
.,

+
--- oiloiloilregspnoET

TTC  ʠ ʥʝʨʘʩʧʦʣʦʞʠʚʦʩʪ 

( )1,., +--- oiloiloilregspnoET TTU  ʪʦʢʦʤ ʧʨʚʝ ʛʦʜʠʥʝ ʥʘʢʦʥ ʩʧʨʦʚʦʹʝˁʘ ʨʝʛʝʥʝʨʘʮʠʿʝ ʫˀʘ, ʢʘʦ ʠ 

ʦʯʝʢʠʚʘʥʦ ʪʨʘʿʘʝˁ ʧʨʝʢʠʜʘ ( )
oilTf

T
oil-,2

t  ʥʘʧʘʿʘˁʘ ʧʦʪʨʦʰʘʯʘ ʟʙʦʛ ʩʫʧʝʨʧʦʟʠʮʠʿʝ ʢʚʘʨʘ ʥʘ 

ʨʝʛʝʥʝʨʘʮʠʿʫ ʫˀʘ, ʠʟʨʘʯʫʥʘʚʘʿʫ ʩʝ ʧʨʝʤʘ ʠʟʨʘʟʠʤʘ (4.9) - (4.11) ʧʨʠ ʯʝʤʫ ʩʝ ʫʤʝʩʪʦ 

ʬʘʢʪʦʨʘ ʢʦʨʝʢʮʠʿʝ ()mE  ʢʦʨʠʩʪʠ ʬʘʢʪʦʨ ( )
oil

TE : 

( ) ( )
ùú

ø
éê

è Ö+= ä
=

b

k
oilMF,kmf,koil

TexpTE
1

ll . (4.12) 

M4) ʈʝʛʝʥʝʨʘʮʠʿʘ ʠʟʦʣʘʮʠʦʥʦʛ ʩʠʩʪʝʤʘ. ʇʦʙʦˀʰʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʛʝʥʝʨʘʮʠʿʫ 

ʫˀʘ ʿʝ ʰʪʦ ʩʝ ʩʤʘˁʫʿʝ "ʪʝʭʥʠʯʢʘ ʩʪʘʨʦʩʪ" ʧʘʧʠʨʥʝ ʠʟʦʣʘʮʠʿʝ ʟʘ ( )%3020°=x .  

ɼʘʢʣʝ, ʧʦʩʣʝ ʨʝʛʝʥʝʨʘʮʠʿʝ ʥʝʦʪʢʘʟʠʚʦʩʪ ʢʦʤʧʦʥʝʥʪʝ 1=k  ˂ʝ ʩʝ ʤʝˁʘʪʠ ʧʨʝʤʘ 

ʠʟʨʘʟʫ: 

() ( )( )[ ] ( )

ù
ù

ú

ø

é
é

ê

è

öö
÷

õ
ææ
ç

å -Ö
-Ö-Ö+-=

1

1

111

1
b

a
ll

xt
expTtexptR

regMF,mf,reg,

, (4.13) 

ʘ ʧʦʫʟʜʘʥʦʩʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʘʦ ʮʝʣʠʥʝ: 

() () ()ä
=

Ö=
b

k
kreg,reg,t

tRtRtR
2

1
.  (4.14) 

ʋ ʩʚʝʤʫ ʦʩʪʘʣʦʤ ʧʨʦʨʘʯʫʥ ʿʝ ʠʜʝʥʪʠʯʘʥ ʧʨʦʨʘʯʫʥʠʤʘ ʟʘ ʩʣʫʯʘʿʝʚʝ M2) ʠ M3). 

  

M5) ʉʧʨʦʚʦʹʝˁʝʤ ʨʝʚʠʪʘʣʠʟʘʮʠʿʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʟʘʚʨʰʘʚʘ ʩʝ ʿʝʜʘʥ ʮʠʢʣʫʩ 

ʠ ʧʦʯʠˁʝ ʜʨʫʛʠ, ʢʘʜʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠʤʘ ʩʚʝ ʦʩʦʙʠʥʝ ʢʘʦ ʜʘ ʿʝ ʥʦʚ. ʊʨʝʥʫʪʘʢ 

ʩʧʨʦʚʦʹʝˁʘ ʨʝʚʠʪʘʣʠʟʘʮʠʿʝ 
rev

T  ʩʝ ʦʜʨʝʹʫʿʝ ʪʘʢʦ ʜʘ ʪʦʢʦʤ ʧʨʚʝ ʛʦʜʠʥʝ ʧʦʩʣʝ 

ʨʝʚʠʪʘʣʠʟʘʮʠʿʝ ʦʯʝʢʠʚʘʥʠ ʪʨʦʰʢʦʚʠ ʠ ʰʪʝʪʝ ʙʫʜʫ ʤʘˁʠ ʦʜ ʪʨʦʰʢʦʚʘ ʠ ʰʪʝʪʘ ʟʘ ʩʣʫʯʘʿ 

ʜʘ ʨʝʚʠʪʘʣʠʟʘʮʠʿʘ ʥʠʿʝ ʦʙʘʚˀʝʥʘ.  

ʆʯʝʢʠʚʘʥʠ ʪʨʦʰʢʦʚʠ ʪʦʢʦʤ ʧʨʚʝ ʛʦʜʠʥʝ ʧʦʩʣʝ ʩʧʨʦʚʦʹʝˁʘ ʨʝʚʠʪʘʣʠʟʘʮʠʿʝ, ʟʘ 

ʩʣʫʯʘʿ ʧʦʛʦʥʘ ʙʝʟ ʜʨʞʘˁʘ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ, ʙʠ˂ʝ: 
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ääñ

ääñ

ää

==

==

==

---

ÖÖ-+Ö+Ö

Ö
+

+

ÖÖ-+Ö+Ö

ö
÷

õ
æ
ç

å
ÖÖ-

=+

110

11

1

0

11

1

11

11

1

 (4.15) 

ʆʯʝʢʠʚʘʥʘ ʛʦʜʠʰˁʘ ʥʝʨʘʩʧʦʣʦʞʠʚʦʩʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʦʤ ʧʨʚʝ ʛʦʜʠʥʝ ʧʦʩʣʝ 

ʩʧʨʦʚʦʹʝˁʘ ʨʝʚʠʪʘʣʠʟʘʮʠʿʝ ʙʠ˂ʝ: 
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  (4.16) 

M6) ʋʛʨʘʜˁʦʤ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ ʢʦʤʧʦʥʝʥʪʠ ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʤʦʛʫ˂ʘʚʘ ʩʝ ʜʝʪʝʢʮʠʿʘ ʢʚʘʨʦʚʘ ʫ ʥʘʿʨʘʥʠʿʦʿ ʬʘʟʠ ʨʘʟʚʦʿʘ. ʊʠʤʝ ʩʝ 

ʧʦʚʝ˂ʘʚʘ ʠʥʪʝʥʟʠʪʝʪ ʩʠʪʥʠʭ, ʘ ʩʤʘˁʫʿʝ ʠʥʪʝʥʟʠʪʝʪ ʢʨʫʧʥʠʭ ʢʚʘʨʦʚʘ ʧʦʩʤʘʪʨʘʥʝ 

ʢʦʤʧʦʥʝʥʪʝ. ʉʥʠʞʝˁʝ ʠʥʪʝʥʟʠʪʝʪʘ ʢʨʫʧʥʠʭ ʢʚʘʨʦʚʘ ʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʫ ʧʦʚʝ˂ʘˁʝ 

ʧʘʨʘʤʝʪʨʘ ʨʘʟʤʝʨʝ Weibull-ʦʚʝ ʨʘʩʧʦʜʝʣʝ. 

ʋʢʦʣʠʢʦ ʦʟʥʘʯʠʤʦ ʩʘ 2,1,, =k
k
a , ʧʘʨʘʤʝʪʨʝ ʨʘʟʤʝʨʝ ʥʘʤʦʪʘʿʘ ʠ ʿʝʟʛʨʘ ʧʦʩʣʝ 

ʫʛʨʘʜˁʝ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ, ʩʠʩʪʝʤ ʩʝ, ʧʦ ʧʨʝʪʧʦʩʪʘʚʮʠ, ʫʛʨʘʹʫʿʝ ʧʦʩʣʝ 
s

T  

ʛʦʜʠʥʘ ʧʦʛʦʥʘ ʙʝʟ ʢʚʘʨʦʚʘ. 

ʅʝʦʪʢʘʟʠʚʦʩʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʦʤ ʩʣʝʜʝ˂ʠʭ 10 ʛʦʜʠʥʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ˂ʝ ʩʝ 

ʤʝˁʘʪʠ ʧʨʝʤʘ ʠʟʨʘʟʫ: 

() () () ( ) ( ) ()Ô
=

Ö-Ö-ÖÖº
b

k
kS

'

S

'

SS

'

tot
tRTtRTtRTRTRtR

3
2121

,  (4.17) 
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ʆʯʝʢʠʚʘʥʠ ʪʨʦʰʢʦʚʠ ʠ ʥʝʨʘʩʧʦʣʦʞʠʚʦʩʪ ʪʦʢʦʤ ʧʨʚʝ ʛʦʜʠʥʝ ʧʦʩʣʝ ʧʨʚʝ ʫʛʨʘʜˁʝ 

ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ ʠʟʨʘʯʫʥʘʚʘʿʫ ʩʝ ʢʘʦ: 
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(4.19) 
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ʛʜʝ ʿʝ: 
'

k ,iC  - ʮʝʥʘ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ "i" ʥʘ ʢʦʤʧʦʥʝʥʪʠ "k" ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʢʦʤʧʦʥʝʥʪʘ "k" ʥʠʿʝ ʨʘʩʧʦʣʦʞʠʚʘ ʢʘʦ ʨʝʟʝʨʚʘ, 
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CMS b

k ,iC -  - ʮʝʥʘ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ "i" ʥʘ ʢʦʤʧʦʥʝʥʪʠ ""k  ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ʫʛʨʘʹʝʥ ʩʠʩʪʝʤ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ, 

ʘ ʢʦʤʧʦʥʝʥʪʘ "k" ʥʠʿʝ ʨʘʩʧʦʣʦʞʠʚʘ ʢʘʦ ʨʝʟʝʨʚʘ, 
CMS b

k ,ir -  - ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ "i" ʥʘ ʢʦʤʧʦʥʝʥʪʠ "k" ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ʫʛʨʘʹʝʥ ʩʠʩʪʝʤ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ, 

ʘ ʢʦʤʧʦʥʝʥʪʘ "k" ʥʠʿʝ ʨʘʩʧʦʣʦʞʠʚʘ ʢʘʦ ʨʝʟʝʨʚʘ, 
"

k ,ir  - ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ "i" ʥʘ ʢʦʤʧʦʥʝʥʪʠ "k" ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ʢʦʤʧʦʥʝʥʪʘ "k" ʨʘʩʧʦʣʦʞʠʚʘ ʢʘʦ 

ʨʝʟʝʨʚʘ,  

k ,i

CMSp  - ʨʝʣʘʪʠʚʥʠ ʫʜʝʦ ʢʘʪʝʛʦʨʠʿʝ ʢʚʘʨʘ "i" ʫ ʫʢʫʧʥʦʤ ʙʨʦʿʫ ʢʚʘʨʦʚʘ ʢʦʤʧʦʥʝʥʪʝ 

"k" ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʢʦʥ ʫʛʨʘʜˁʝ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ 

ʥʘʜʟʦʨ, 

m cond .mon.sys.C -  - ʛʦʜʠʰˁʠ ʪʨʦʰʢʦʚʠ ʦʜʨʞʘʚʘˁʘ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ. 

 

M7) ʆʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʝ ʢʦʣʠʯʠʥʝ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ. ɿʘ ʩʣʫʯʘʿ ʧʦʛʦʥʘ ʙʝʟ 

ʜʨʞʘˁʘ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ, ʩʧʨʦʚʦʹʝˁʘ ʨʝʚʠʪʘʣʠʟʘʮʠʿʝ ʠ ʫʛʨʘʜˁʝ ʩʠʩʪʝʤʘ ʟʘ 

ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ, ʪʨʦʰʢʦʚʠ ʪʦʢʦʤ ʧʣʘʥʩʢʦʛ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʩʘʩʪʦʿʝ ʩʝ ʩʘʤʦ 

ʦʜ ʪʨʦʰʢʦʚʘ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ. ʆʯʝʢʠʚʘʥʘ ʛʦʜʠʰˁʘ ʚʨʝʜʥʦʩʪ ʦʚʠʭ ʪʨʦʰʢʦʚʘ ʧʦ ʿʝʜʥʦʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ ʠ ʥʝʨʘʩʧʦʣʦʞʠʚʦʩʪ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ( )1, +tt  ʤʦʛʫ ʩʝ ʧʨʦʮʝʥʠʪʠ ʠʟ 

ʠʟʨʘʟʘ (4.6) ʠ (4.7). 

ʂʫʧʦʚʠʥʦʤ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ ʩʚʝʩʥʦ ʩʝ ʧʦʚʝ˂ʘʚʘʿʫ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠ ʪʨʦʰʢʦʚʠ ʜʘ 

ʙʠ ʩʝ ʩʥʠʟʠʣʘ ʥʝʨʘʩʧʦʣʦʞʠʚʦʩʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʦʜʥʦʩʥʦ ʰʪʝʪʘ ʢʦʿʫ ˂ʝ ʠʩʧʦʨʫʯʠʣʘʮ 

ʜʘ ʧʨʝʪʨʧʠ ʟʙʦʛ ʥʝʠʩʧʦʨʫʯʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʋʪʠʮʘʿ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ ʥʘʙʘʚˀʝʥʝ 

ʫ ʪʨʝʥʫʪʢʫ 
j

T  ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʦʙʫʭʚʘʪʘ ʩʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: ʘʢʦ ʩʝ ʜʦ ʪʨʝʥʫʪʢʘ 

j
T  ʜʦʛʦʜʠ ʢʚʘʨ ʦʥ ˂ʝ ʙʠʪʠ ʦʪʢʣʦˁʝʥ, ʘ ʘʢʦ ʥʝ, ʫ ʪʨʝʥʫʪʢʫ 

j
T  ʙʠ˂ʝ ʢʫʧˀʝʥʘ ʨʝʟʝʨʚʥʘ 

ʢʦʤʧʦʥʝʥʪʘ j  ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʊʘʜʘ ʠʟʨʘʟʠ (4.6) ʠ (4.7) ʧʦʩʪʘʿʫ, ʟʘ 
j
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(4.24) 

ʛʜʝ ʩʫ: 
"

k ,ir  - ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ "" i  ʥʘ ʢʦʤʧʦʥʝʥʪʠ ""k  ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ʢʦʤʧʦʥʝʥʪʘ ""k  ʨʘʩʧʦʣʦʞʠʚʘ ʢʘʦ ʨʝʟʝʨʚʘ, 

k,newC  - ʥʘʙʘʚʥʘ ʮʝʥʘ ʢʦʤʧʦʥʝʥʪʝ ""k  ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 
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ʆʯʝʢʠʚʘʥʘ ʛʦʜʠʰˁʘ ʪʨʘʿʘˁʘ ʠʩʧʘʜʘ ʿʝʜʥʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʦʙʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ( )1, +tt , ʟʘ ʩʣʫʯʘʿ ʜʨʞʘˁʘ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ, ʩʫ: 

( ) ( )1 1 1 8760,s ET ,st,t U t,t [ h]t + = + Ö
, 

( ) ( ) ( )2 1 1 1 8760,s ET ,b ET ,st,t U t,t U t,t [ h]t + = + Ö + Ö
 

(4.25) 

 

M8) ʆʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʝʨʘ.  

ʂʦʨʘʢ 1) ʀʟʨʘʯʫʥʘʿʤʦ ʠ ʦʟʥʘʯʠʤʦ ʩʘ ( ) 1,1,1,
1

-=+ NtttZ
M

, ʫʢʫʧʥʫ ʚʨʝʜʥʦʩʪ 

ʪʨʦʰʢʦʚʘ ʠ ʰʪʝʪʘ ʢʦʿʝ ʥʘʩʪʘʿʫ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ( )1, +tt  ʟʘ ʩʣʫʯʘʿ ʧʦʛʦʥʘ ʙʝʟ ʜʨʞʘˁʘ 

ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ, ʙʝʟ ʫʛʨʘʹʝʥʠʭ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ ʠ ʙʝʟ ʩʧʨʦʚʦʹʝˁʘ 

ʦʜʨʞʘʚʘˁʘ. ʆʚʦ ʩʫ ʧʦʯʝʪʥʝ - ʨʝʬʝʨʝʥʪʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ˂ʝ ʙʠʪʠ 

ʩʧʨʦʚʝʜʝʥʝ ʧʨʝʣʠʤʠʥʘʨʥʝ ʘʥʘʣʠʟʝ ʠʟ ʢʦʨʘʢʘ 2). 

ʂʦʨʘʢ 2) ɿʘ ʩʚʝ ʘʢʪʠʚʥʦʩʪʠ 7,2, =kM
k

 ʠʟʨʘʯʫʥʘʪʠ ʚʨʝʜʥʦʩʪʠ ( )1, +ttZ
Mk

. 

ʇʦʨʝʹʝˁʝʤ ʦʚʠʭ ʚʨʝʜʥʦʩʪʠ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ( ) 1,1,1,
1

-=+ NtttZ
M

, ʙʠ˂ʝ ʫʪʚʨʹʝʥ 

ʪʨʝʥʫʪʘʢ 
k

t
1

 ʢʘʜʘ ʿʝ ʠʩʧʣʘʪʠʚʦ ʨʝʘʣʠʟʦʚʘʪʠ ʧʨʚʠ ʧʫʪ ʩʚʘʢʫ ʦʜ ʘʢʪʠʚʥʦʩʪʠ 
k

M  

ʧʦʿʝʜʠʥʘʯʥʦ (ʘʢʪʠʚʥʦʩʪ ʿʝ ʠʩʧʣʘʪʠʚʘ ʘʢʦ ʿʝ ( ) ( )1,1,
11111
+<+

kkMkkMk
ttZttZ ). ɿʘ ʥʦʚʝ 

ʨʝʬʝʨʝʥʪʥʝ ʚʨʝʜʥʦʩʪʠ ʫʩʚʘʿʘ ʩʝ ʥʠʟ ( )1, +ttZ
Mk

 ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʘʢʪʠʚʥʦʩʪʠ ʯʠʿʝ ʿʝ 

ʩʧʨʦʚʦʹʝˁʝ ʦʧʨʘʚʜʘʥʦ ʥʘʿʨʘʥʠʿʝ ʦʜ ʩʚʠʭ ʦʩʪʘʣʠʭ. ɸʢʦ ʿʝ ʜʦʙʠʿʝʥʦ ʜʘ ʿʝ ʩʧʨʦʚʦʹʝˁʝ 

ʚʠʰʝ ʧʦʿʝʜʠʥʘʯʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʦʧʨʘʚʜʘʥʦ ʦʜ ʠʩʪʦʛ ʪʨʝʥʫʪʢʘ 
a

t  ʪʘʜʘ ʩʝ ʟʘ ʨʝʬʝʨʝʥʪʥʝ 

ʚʨʝʜʥʦʩʪʠ ʫʩʚʘʿʘ ʥʠʟ ( )1, +ttZ
Mk

 ʢʦʿʠ ʫ ʧʝʨʠʦʜʫ ( )Nt
a
,  ʦʤʦʛʫ˂ʘʚʘ ʥʘʿʚʝ˂ʫ ʫʰʪʝʜʫ. ʅʘ 

ʦʚʘʿ ʥʘʯʠʥ ʿʝ ʫʪʚʨʹʝʥʘ ʘʢʪʠʚʥʦʩʪ 
1

A  ʢʦʿʘ ˂ʝ ʧʨʚʘ ʙʠʪʠ ʩʧʨʦʚʝʜʝʥʘ ʢʘʦ ʠ ʘʢʪʠʚʥʦʩʪʠ ʯʠʿʝ 

ʿʝ ʩʧʨʦʚʦʹʝˁʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʨʘʚʜʘʥʦ. 

ʂʦʨʘʢ 3) ʇʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʘʢʪʠʚʥʦʩʪ 
1

A  ʚʨʰʠ ʩʝ ʫʪʚʨʹʠʚʘˁʝ 

ʜʨʫʛʝ ʘʢʪʠʚʥʦʩʪʠ 
2

A  ʯʠʿʝ ʿʝ ʩʧʨʦʚʦʹʝˁʝ ʦʧʨʘʚʜʘʥʦ ʫ ʪʨʝʥʫʪʢʫ 
b

t  ( )
ab

tt ² .  

ʂʦʨʘʢ 4) ʇʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʘʢʪʠʚʥʦʩʪ 
1

A  ʫ ʪʨʝʥʫʪʢʫ 
a

t  ʠ 

ʘʢʪʠʚʥʦʩʪ 
2

A  ʫ ʪʨʝʥʫʪʢʫ 
b

t  ʚʨʰʠ ʩʝ ʫʪʚʨʹʠʚʘˁʝ ʪʨʝ˂ʝ ʘʢʪʠʚʥʦʩʪʠ 
3

A  ʯʠʿʝ ʿʝ 

ʩʧʨʦʚʦʹʝˁʝ ʦʧʨʘʚʜʘʥʦ ʫ ʪʨʝʥʫʪʢʫ 
c

t  ( )
bc

tt ² , ʠʪʜ. 
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5. ʆɼʈɽɫʀɺɸɳɽ ʆʇʊʀʄɸʃʅɽ ʂʆʄɹʀʅɸʎʀɱɽ 

ʇʆɱɽɼʀʅʀʍ ʄɽʈɸ ʀ ʇʈɽɺɽʅʊʀɺʅʀʍ ɸʂʊʀɺʅʆʉʊʀ 
 

5.1 ʋʚʦʜ 

 

ʅʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ ʢʦʿʠ ʩʫ ʜʘʪʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ, ʙʠ˂ʝ ʦʜʨʝʹʝʥʘ 

ʦʧʪʠʤʘʣʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʧʦʿʝʜʠʥʠʭ ʤʝʨʘ ʠ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʪʨʝʙʘ 

ʩʧʨʦʚʝʩʪʠ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ˂ʝ ʩʝ ʫʪʚʨʜʠʪʠ ʚʝʣʠʯʠʥʝ ʰʪʝʪʘ ʠ 

ʪʨʦʰʢʦʚʘ ʢʦʿʝ ʥʘʩʪʘʿʫ ʟʘ ʩʚʝ ʧʨʝʜʣʦʞʝʥʝ ʘʢʪʠʚʥʦʩʪʠ. ʂʘʦ ʨʝʟʫʣʪʘʪ ˂ʝ ʩʝ ʦʜʨʝʜʠʪʠ 

ʦʧʪʠʤʘʣʥʦ ʚʨʝʤʝ ʥʘʙʘʚʢʝ ʨʝʟʝʨʚʥʦʛ ʜʝʣʘ ʩʚʘʢʦʛ ʝʣʝʤʝʥʘʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢʘʦ ʠ 

ʝʢʦʥʦʤʩʢʘ ʠʩʧʣʘʪʠʚʦʩʪ ʫʛʨʘʜˁʝ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʠ ʥʘʜʟʦʨ ʥʘ ʧʦʿʝʜʠʥʠʤ 

ʝʣʝʤʝʥʪʠʤʘ [68, 69]. 

ʅʘʙʘʚʢʦʤ ʨʝʟʝʨʚʥʠʭ ʜʝʣʦʚʘ ʢʦʜ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʢʚʘʨʘ ʩʝ ʟʥʘʪʥʦ 

ʩʢʨʘ˂ʫʿʝ. ʄʝʹʫʪʠʤ, ʜʨʞʘˁʝ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ ʫʪʠʯʝ ʥʘ ʪʨʦʰʢʦʚʝ ʥʘʙʘʚʢʝ ʠ ʪʨʦʰʢʦʚʝ 

ʩʢʣʘʜʠʰʪʝˁʘ. ʋʰʪʝʜʝ ʢʦʿʝ ʩʝ ʦʩʪʚʘʨʫʿʫ ʥʘʙʘʚʢʦʤ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ ʦʜ ʧʨʚʝ ʛʦʜʠʥʝ ʨʘʜʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʠʩʫ ʫʚʝʢ ʜʦʚʦˀʥʝ ʜʘ ʙʠ ʩʝ ʦʧʨʘʚʜʘʣʘ ʫʣʘʛʘˁʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ 

ʠʟʚʨʰʠʪʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʪʨʝʥʫʪʢʘ ʥʘʙʘʚʢʝ ʨʝʟʝʨʚʥʠʭ ʜʝʣʦʚʘ, ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʫ 

ʤʠʥʠʤʘʣʥʠ ʪʨʦʰʢʦʚʠ. 

ʇʦʨʝʜ ʥʘʙʘʚʢʝ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ, ʥʘ ʩʤʘˁʝˁʝ ʪʨʦʰʢʦʚʘ ʫʪʠʯʫ ʠ ʫʛʨʘʜˁʘ ʩʠʩʪʝʤʘ 

ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ. ʇʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʩʘ ʨʘʟʚʦʿʝʤ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʩʝʥʟʦʨʘ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ, ʦʤʦʛʫ˂ʝʥʦ ʿʝ ʩʤʘˁʝˁʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʚʝʥʪʠʚʥʦʛ 

ʦʜʨʞʘʚʘˁʘ. ʋʩʣʝʜ ʥʘʩʪʘʥʢʘ ʙʠʣʦ ʢʘʢʚʠʭ ʧʨʦʤʝʥʘ ʥʘ ʦʧʨʝʤʠ, ʜʦʙʠʿʘʿʫ ʩʝ ʧʦʜʘʮʠ ʢʦʿʠ 

ʫʢʘʟʫʿʫ ʜʘ ʿʝ ʧʦʪʨʝʙʥʘ ʧʨʝʚʝʥʪʠʚʥʘ ʠʥʪʝʨʚʝʥʮʠʿʘ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʨʘʟʤʘʪʨʘ ʦʧʪʠʤʘʣʥʦ 

ʚʨʝʤʝ ʫʛʨʘʜˁʝ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ ʥʘ ʩʚʘʢʦʤ ʢʨʠʪʠʯʥʦʤ ʝʣʝʤʝʥʪʫ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢʘʢʦ ʙʠ ʪʨʦʰʢʦʚʠ ʙʠʣʠ ʤʠʥʠʤʘʣʥʠ [70, 71].  

 

5.2 ʇʦʜʘʮʠ ʦ ʪʨʦʰʢʦʚʠʤʘ ʠ ʢʚʘʨʦʚʠʤʘ ʝʥʝʨʛʝʪʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʠ ʩʫ ʿʝʜʥʘ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫ ʨʘʜʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ 

ʩʠʩʪʝʤʘ. ɿʥʘʯʘʿʥʦ ʿʝ ʫʪʚʨʜʠʪʠ ʢʦʣʠʢʠ ʩʫ ʪʨʦʰʢʦʚʠ ʦʜʨʞʘʚʘˁʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʥʘ 

ʚʨʝʤʝ ʩʧʨʝʯʠʪʠ ʥʘʩʪʘʥʘʢ ʢʚʘʨʦʚʘ ʧʨʠʤʝʥʦʤ ʧʨʝʚʝʥʪʠʚʥʠʭ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ [72]. 

ʋ ʊʘʙʝʣʠ 5.1 ʜʘʪʠ ʩʫ ʧʦʜʘʮʠ ʦ ʫʜʝʣʫ ʧʦʿʝʜʠʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫ ʫʢʫʧʥʦʤ ʙʨʦʿʫ 

ʢʚʘʨʦʚʘ ʝʥʝʨʛʝʪʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢʘʦ ʠ ʚʨʝʤʝʥʘ ʪʨʘʿʘˁʘ ʦʪʢʣʘˁʘˁʘ ʧʦʿʝʜʠʥʠʭ 

ʢʘʪʝʛʦʨʠʿʘ ʢʚʘʨʦʚʘ. ɺʨʝʜʥʦʩʪʠ ʩʪʝʧʝʥʘ ʜʝʪʝʢʪʦʚʘʥʠʭ ʢʚʘʨʦʚʘ ʥʘʚʝʜʝʥʝ ʩʫ ʫ ʊʘʙʝʣʠ 5.2. 

ʋ ʠʩʪʦʿ ʪʘʙʝʣʠ ʜʘʪʝ ʩʫ ʠ ʥʘʙʘʚʥʝ ʮʝʥʝ ʢʦʤʧʦʥʝʥʪʠ ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 110kV, 

110/x kV/kV, 31,5ʄVɸ. 

ʋʩʚʦʿʝʥʦ ʿʝ ʜʘ ʿʝ ʮʝʥʘ ʥʝʠʩʧʦʨʫʯʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ kWhEURC
EN

/10,0= . ɿʘ 

ʪʨʘʿʘˁʝ ʨʝʚʠʪʘʣʠʟʘʮʠʿʝ ʫʩʚʦʿʝʥʦ ʿʝ ʜʘ ʠʟʥʦʩʠ 28=
rev

t  ʜʘʥʘ. 

ʎʝʥʘ ʬʠʣʪʨʠʨʘˁʘ ʠ ʩʫʰʝˁʘ ʫˀʘ ʿʝ 
oilnewU

CC
,

2,0 Ö= . ʎʝʥʘ ʩʧʨʦʚʦʹʝˁʘ 

ʿʝʜʥʦʜʥʝʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʠʟʥʦʩʠ EURC
pm

100= , ʮʝʥʘ ʨʝʛʝʥʝʨʘʮʠʿʝ ʫˀʘ 

EURC
oilreg

8000
.
=

-
, ʮʝʥʘ ʨʝʛʝʥʝʨʘʮʠʿʝ ʠʟʦʣʘʮʠʿʝ EURC

insreg
10000

..
=

-
, ʧʨʦʮʝʥʪʫʘʣʥʠ ʫʜʝʦ 

ʩʤʘˁʝˁʘ "ʪʝʭʥʠʯʢʝ ʩʪʘʨʦʩʪʠ" ʧʘʧʠʨʥʝ ʠʟʦʣʘʮʠʿʝ 3,0=x . 
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ʊʘʙʝʣʘ 5.1 ʋʜʝʦ ʢʦʤʧʦʥʝʥʪʠ ʫ ʫʢʫʧʥʦʤ ʙʨʦʿʫ ʢʚʘʨʦʚʘ ʝ-ʥʝʨʛʝʪʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ 

ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʦʪʢʣʘˁʘˁʘ ʧʦʿʝʜʠʥʠʭ ʢʘʪʝʛʦʨʠʿʘ ʢʚʘʨʦʚʘ 

ʂʦʤʧʦʥʝʥʪʘ kp ,% 

ñʂʘʪʝʛʦʨʠʿʘò 

ʢʚʘʨʘ ʧʨʝʤʘ 

ʪʨʘʿ ʘˁʫ 
k ,ip ,%

 

ʊʨʘʿʘˁʝ 

ʢʚʘʨʘ ʙʝʟ 

ʨʝʟʝʨʚʥʝ 

ʦʧʨʝʤʝ, 
'

,ik
r  

ʊʨʘʿʘˁʝ 

ʢʚʘʨʘ ʩʘ 

ʨʝʟʝʨʚʥʦʤ 

ʦʧʨʝʤʦʤ, 
''

,ik
r  

1) ʅʘʤʦʪʘʿʠ + ʫˀʝ 26,4 
¢30 ʜʘʥʘ 14,54 30 15 
> 30 ʜʘʥʘ 85,46 250 15 

2) ɱʝʟʛʨʦ 2,4 
1÷30 ʜʘʥʘ 50,00 30 15 
> 30 ʜʘʥʘ 50,00 180 15 

3) ʇʨʦʚʦʜʥʠ ʠʟʦʣʘʪʦʨʠ 12,0 

¢ 1 ʜʘʥ 14,82 1 1 

1÷30 ʜʘʥʘ 51,85 40 3 
> 30 ʜʘʥʘ 33,33 40 15 

4) ʂʦʪʘʦ 7,9 

¢ 1 ʜʘʥ 58,82 1 1 

1÷30 ʜʘʥʘ 23,53 3 3 
> 30 ʜʘʥʘ 17,65 90 15 

5) ʈʝʛʫʣʘʪʦʨ ʥʘʧʦʥʘ 40,7 

¢ 1 ʜʘʥ 25,61 1 1 

1÷30 ʜʘʥʘ 52,44 3 3 
> 30 ʜʘʥʘ 21,95 40 3 

6) ʆʩʪʘʣʦ 10,6 

¢ 1 ʜʘʥ 65,22 1 1 

1÷30 ʜʘʥʘ 17,39 15 15 
> 30 ʜʘʥʘ 17,39 40 15 

 

ʊʘʙʝʣʘ 5.2 ɺʨʝʜʥʦʩʪʠ ʩʪʝʧʝʥʘ ʜʝʪʝʢʪʦʚʘʥʠʭ ʢʚʘʨʦʚʘ ʠ ʮʝʥʝ ʥʦʚʠʭ ʝʣʝʤʝʥʘʪʘ TS 110/x 

kV/kV 

ʂʦʤʧʦʥʝʥʪʘ ʉʪʝʧʝʥ ʜʝʪʝʢʮʠʿʝ  

[]%d
k

 

ʎʝʥʘ  

k,new
C  [EUR] 

1) ʅʘʤʦʪʘʿʠ+ʫˀʝ 70 250 000+ 40 000 

2) ɱʝʟʛʨʦ  70 80 000 

3) ʇʨʦʚʦʜʥʠ ʠʟʦʣʘʪʦʨʠ 80 800 

4) ʂʦʪʘʦ  -  28 000 

5) ʈʝʛʫʣʘʪʦʨ ʥʘʧʦʥʘ 75 42 000 

6) ʆʩʪʘʣʦ 100 22 000 

 

ʅʘʙʘʚʥʘ ʮʝʥʘ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ ʠʟʥʦʩʠ 10% ʮʝʥʝ ʢʦʤʧʦʥʝʥʪʝ ʥʘ 

ʢʦʿʫ ʩʝ ʩʠʩʪʝʤ ʫʛʨʘʹʫʿʝ: 
knewks

CC
,,

1,0 Ö= . ɻʦʜʠʰˁʝ ʦʜʨʞʘʚʘˁʝ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ 

ʥʘʜʟʦʨ ʿʝ 1% ʥʘʙʘʚʥʝ ʮʝʥʝ. ʋ ʊʘʙʝʣʠ 5.3 ʜʘʪʝ ʩʫ ʮʝʥʝ ʦʪʢʣʘˁʘˁʘ ʧʦʿʝʜʠʥʠʭ ʢʘʪʝʛʦʨʠʿʘ 

ʢʚʘʨʦʚʘ ʥʘ ʢʦʤʧʦʥʝʥʪʘʤʘ. 

ʇʨʠʤʝʥʘ ʧʨʝʜʣʦʞʝʥʦʛ ʤʦʜʝʣʘ ʿʝ ʠʣʫʩʪʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʫ ʿʝʜʥʝ TS 110/x kV/kV, 

ʫ ʢʦʿʦʿ ʩʫ ʠʥʩʪʘʣʠʨʘʥʘ ʜʚʘ ʝʥʝʨʛʝʪʩʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʜ ʧʦ 31,5 MVA. ʃʠʥʝʘʨʠʟʦʚʘʥʠ 

ʛʦʜʠʰˁʠ ʜʠʿʘʛʨʘʤ ʪʨʘʿʘˁʘ ʦʧʪʝʨʝ˂ʝˁʘ ʟʘ ʘʥʘʣʠʟʠʨʘʥʫ TS ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 5.1. 

ʄʘʢʩʠʤʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʠʟʥʦʩʠ 80%, ʘ ʤʠʥʠʤʘʣʥʦ 40% ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ, 

635312 =Ö= ,P
inst

MVA . 
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ʊʘʙʝʣʘ 5.3 ʎʝʥʝ ʦʪʢʣʘˁʘˁʘ ʧʦʿʝʜʠʥʠʭ ʢʘʪʝʛʦʨʠʿʘ ʢʚʘʨʦʚʘ ʥʘ ʢʦʤʧʦʥʝʥʪʘʤʘ 

ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʂʦʤʧʦʥʝʥʪʘ kp ,% 

ñʂʘʪʝʛʦʨʠʿʘò 

ʢʚʘʨʘ ʧʨʝʤʘ 

ʪʨʘʿʘˁʫ 

ʎʝʥʘ ʦʪʢʣʘˁʘˁʘ 

ʢʚʘʨʘ ʙʝʟ ʨʝʟʝʨʚʥʝ 

ʦʧʨʝʤʝ '

,ik
C  

ʎʝʥʘ ʦʪʢʣʘˁʘˁʘ 

ʢʚʘʨʘ ʩʘ 

ʨʝʟʝʨʚʥʦʤ 

ʦʧʨʝʤʦʤ ''

,ik
C  

1) ʅʘʤʦʪʘʿʠ 

+ ʫˀʝ 
26,4 

¢30 ʜʘʥʘ 
10 2 new, u, C CÖ +

 uC  
> 30 ʜʘʥʘ 

10 5 new, u, C CÖ +
 uC  

2) ɱʝʟʛʨʦ 2,4 
1õ30 ʜʘʥʘ 

20 2 new, u, C CÖ +
 uC  

> 30 ʜʘʥʘ 
20 5 new, u, C CÖ +

 uC  

3) ʇʨʦʚʦʜʥʠ 

ʠʟʦʣʘʪʦʨʠ 
12,0 

¢ 1 ʜʘʥ 
30 4 new,, CÖ
 30 4 new,, CÖ

 
1õ30 ʜʘʥʘ 

3new,C
 

 -  

> 30 ʜʘʥʘ 
3new, uC C+

 uC  

4) ʂʦʪʘʦ 7,9 

¢ 1 ʜʘʥ 
40 1 new,, CÖ
 40 1 new,, CÖ

 
1õ30 ʜʘʥʘ 

40 2 new,, CÖ
 40 2 new,, CÖ

 
> 30 ʜʘʥʘ 

4new, uC C+
 uC  

5) ʈʝʛʫʣʘʪʦʨ 

ʥʘʧʦʥʘ 
40,7 

¢ 1 ʜʘʥ 
50 1 new,, CÖ
 50 1 new,, CÖ

 
1õ30 ʜʘʥʘ 

50 2 new,, CÖ
 50 2 new,, CÖ

 
> 30 ʜʘʥʘ 

50 4 new,, CÖ
 

 -  

6) ʆʩʪʘʣʦ 10,6 

¢ 1 ʜʘʥ 
60 1 new,, CÖ
 60 1 new,, CÖ

 
1õ30 ʜʘʥʘ 

60 5 new,, CÖ
 60 5 new,, CÖ

 
> 30 ʜʘʥʘ 

6new,C
 

 -  

 

ʇʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʰʪʝʪʘ ʟʙʦʛ ʥʝʠʩʧʦʨʫʯʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʿʝ: 

( ) [ ][ ]1 21 EN dodW t,t C W W W EUR / god+ = Ö + +
  (5.10)  

ʛʜʝ ʩʫ: 

( )1 1W t,t+ , ( )2 1W t,t+  - ʦʯʝʢʠʚʘʥʘ ʥʝʠʩʧʦʨʫʯʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʪʦʢʦʤ 

ʧʝʨʠʦʜʘ ( )1t ,t+  ʟʙʦʛ ʠʩʧʘʜʘ ʿʝʜʥʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʟʙʦʛ ʿʝʜʥʦʚʨʝʤʝʥʦʛ 

ʠʩʧʘʜʘ ʦʙʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʨʝʩʧʝʢʪʠʚʥʦ, 

( )1dodW t,t+  - ʦʯʝʢʠʚʘʥʘ ʥʝʠʩʧʦʨʫʯʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ 

( )1t ,t+  ʟʙʦʛ ʩʫʧʝʨʧʦʟʠʮʠʿʝ ʦʜʨʞʘʚʘˁʘ ʥʘ ʢʚʘʨ. 

ʇʘʨʘʤʝʪʨʠ ʨʘʩʧʦʜʝʣʘ ʦʜʨʝʹʝʥʠ ʩʫ ʥʘ ʦʩʥʦʚʫ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ ʧʦʜʘʪʘʢʘ ʦ 

ʛʦʜʠʰˁʝʤ ʠʥʪʝʥʟʠʪʝʪʫ ʢʨʫʧʥʠʭ ʢʚʘʨʦʚʘ ʝʥʝʨʛʝʪʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʫ ʉɸɼ (ʩʣʠʢʘ 

5.1) [64]. ɿʘ ʫʩʚʦʿʝʥʫ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ʠʥʪʝʥʟʠʪʝʪʘ ʢʚʘʨʦʚʘ ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʜ god/,
av

10150=l  ʟʘ ʧʨʚʠʭ 30 ʛʦʜʠʥʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ, ʥʘ ʦʩʥʦʚʫ 

ʢʨʠʚʝ ʩʘ ʩʣʠʢʝ 5.1 ʠ ʧʦʜʘʪʘʢʘ ʥʘʚʝʜʝʥʠʭ ʫ ʊʘʙʝʣʠ 5.1, ʤʝʪʦʜʦʤ ʤʠʥʠʤʫʤʘ ʩʫʤʝ 

ʢʚʘʜʨʘʪʘ ʦʜʩʪʫʧʘˁʘ ʜʦʙʠʿʘʿʫ ʩʝ ʧʘʨʘʤʝʪʨʠ Weibull-ʦʚʝ ʨʘʩʧʦʜʝʣʝ ʟʘ ʧʦʿʝʜʠʥʝ 

ʢʦʤʧʦʥʝʥʪʝ (ʊʘʙʝʣʘ 5.4). ʋ ʠʩʪʦʿ ʪʘʙʝʣʠ ʥʘʚʝʜʝʥʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʨʘʟʤʝʨʝ ʟʘ 

ʩʣʫʯʘʿ ʜʘ ʿʝ ʥʘ ʩʚʘʢʦʿ ʢʦʤʧʦʥʝʥʪʠ ʧʦʿʝʜʠʥʘʯʥʦ ʫʛʨʘʹʝʥ ʩʠʩʪʝʤ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ, ʘ 

ʥʘ ʦʩʥʦʚʫ ʢʨʠʚʝ ʩʘ ʩʣʠʢʝ 5.2, ʧʦʜʘʪʘʢʘ ʠʟ ʊʘʙʝʣʝ 5.1 ʠ ʊʘʙʝʣʝ 5.2 [63]. 
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ʉʣʠʢʘ 5.1 ʃʠʥʝʘʨʠʟʦʚʘʥʠ ʛʦʜʠʰˁʠ ʜʠʿʘʛʨʘʤ ʪʨʘʿʘˁʘ ʦʧʪʝʨʝ˂ʝˁʘ ( )4,0,8,0
11
== ba  

 

ʊʘʙʝʣʘ 5.4 ʇʘʨʘʤʝʪʨʠ Weibull-ʦʚʝ ʨʘʩʧʦʜʝʣʝ ʟʘ ʧʦʿʝʜʠʥʝ ʢʦʤʧʦʥʝʥʪʝ 

k  ʂʦʤʧʦʥʝʥʪʘ 
kb  
ɹʝʟ ʢʦʥʪʠʥʫʘʣʥʦʛ 

ʥʘʜʟʦʨʘ 
k
a  

ʉʘ ʢʦʥʪʠʥʫʘʣʥʠʤ 

ʥʘʜʟʦʨʦʤ 
'

k
a  

1 ʅʘʤʦʪʘʿʠ + ʫˀʝ 3,58 57,013 79,805 

2 ɱʝʟʛʨʦ 3,58 111,395 155,927 

3 ʇʨʦʚʦʜʥʠ ʠʟʦʣʘʪʦʨ 3,58 74,316 116,500 

4 ʂʦʪʘʦ  3,58 102,321 102,321 

5 ʈʝʛʫʣʘʪʦʨ ʥʘʧʦʥʘ 3,58 54,872 80,213 

6 ʆʩʪʘʣʠ ʧʨʠʙʦʨ 3,58 98,808 ¤ 
 

 
ʉʣʠʢʘ 5.2 ʉʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ ʦ ʠʥʪʝʥʟʠʪʝʪʫ 0

,MFt
l  ʢʨʫʧʥʠʭ ʢʚʘʨʦʚʘ  

ʫ ʧʝʨʠʦʜʫ 1973. - 2003. ʠ ʧʨʦʮʝʥʘ ʟʘ ʧʝʨʠʦʜ 2004. - 2015. [65] 
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5.3 ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʘ ʪʨʦʰʢʦʚʘ ʠ ʰʪʝʪʘ ʧʨʠʤʝʥʦʤ ʨʘʟʣʠʯʠʪʠʭ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʝʣʝʤʝʥʪʠʤʘ ʝʥʝʨʛʝʪʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

5.3.1 ʉʣʫʯʘʿ ʨʘʜʠʿʘʣʥʦʛ ʥʘʧʘʿʘˁʘ ʧʦʪʨʦʰʘʯʘ 

 

ɸʢʪʠʚʥʦʩʪ ɸ1 - ʋʛʨʘʜˁʘ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ ʥʘʤʦʪʘʿʘ ʠ ʿʝʟʛʨʘ - ʋ 

ʧʨʚʦʤ ʢʦʨʘʢʫ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʜʘ ʿʝ ʦʧʨʘʚʜʘʥʦ ʦʜ 1. ʛʦʜʠʥʝ ʫʛʨʘʜʠʪʠ ʩʠʩʪʝʤʝ ʟʘ 

ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ ʥʘʤʦʪʘʿʘ ʠ ʿʝʟʛʨʘ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʦʯʝʢʠʚʘʥʠ ʧʝʨʠʦʜ ʝʢʩʧʣʦʘʪʘʮʠʿʝ 

ʧʦʤʝʥʫʪʠʭ ʩʠʩʪʝʤʘ, ʦʚʠ ʩʝ ʫʛʨʘʹʫʿʫ ʥʘ ʩʚʘʢʠʭ ʜʝʩʝʪ ʛʦʜʠʥʘ ʠ ʪʦ: ʧʦʯʝʪʢʦʤ 11., 21. ʠ 31. 

ʛʦʜʠʥʝ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ʅʘ ʩʣʠʮʠ 5.3 ʧʨʠʢʘʟʘʥʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʫʢʫʧʥʠʭ 

ʦʯʝʢʠʚʘʥʠʭ ʪʨʦʰʢʦʚʘ ʠ ʰʪʝʪʘ ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ ʟʘ ʩʣʫʯʘʿ ʄ1), ( )1,
1
+ttZ

M
 (ʢʨʠʚʘ ʘ)), 

ʠ ʟʘ ʩʣʫʯʘʿ ʜʘ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʘʢʪʠʚʥʦʩʪ ɸ1, ( )1,
1
+ttZ

A
 (ʢʨʠʚʘ b)) [65]. 
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ʉʣʠʢʘ 5.3. ʋʢʫʧʥʠ ʦʯʝʢʠʚʘʥʠ ʪʨʦʰʢʦʚʠ ʠ ʰʪʝʪʝ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ( )1, +tt  ʟʘ ʩʣʫʯʘʿ ʄ1) 

(ʢʨʠʚʘ ʘ)) ʠ ʟʘ ʩʣʫʯʘʿ ʜʘ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʘʢʪʠʚʥʦʩʪ ɸ1 (ʢʨʠʚʘ b)) 

 

ɸʢʪʠʚʥʦʩʪ ɸ2 - ʋʛʨʘʜˁʘ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ ʧʨʦʚʦʜʥʠʭ ʠʟʦʣʘʪʦʨʘ - ʋ 

ʜʨʫʛʦʤ ʢʦʨʘʢʫ ʚʨʰʠʤʦ ʘʥʘʣʠʟʝ ʦʧʨʘʚʜʘʥʦʩʪʠ ʩʧʨʦʚʦʹʝˁʘ ʦʩʪʘʣʠʭ ʤʝʨʘ ʠ ʘʢʪʠʚʥʦʩʪʠ, 

ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʿʝ ʘʢʪʠʚʥʦʩʪ ɸ1 ʩʧʨʦʚʝʜʝʥʘ. ʋʛʨʘʜˁʘ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ 

ʥʘʜʟʦʨ ʧʨʦʚʦʜʥʠʭ ʠʟʦʣʘʪʦʨʘ ʚʨʰʠ ʩʝ ʦʜ 1. ʛʦʜʠʥʝ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ɺʨʝʜʥʦʩʪʠ 

( )1,
1
+ttZ

A
 (ʢʨʠʚʘ b)) ʠ ( )1,

21
+

+
ttZ

AA
 (ʢʨʠʚʘ ʩ)) ʜʘʪʝ ʩʫ ʥʘ ʩʣʠʮʠ 5.4. 

ʈʘʜʠ ʧʦʪʧʫʥʦʩʪʠ, ʚʘʞʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʜʘ ʧʦʩʣʝ ʩʧʨʦʚʦʹʝˁʘ ʘʢʪʠʚʥʦʩʪʠ ɸ1 ʠ ɸ2, 

ʪʦʢʦʤ ʧʣʘʥʩʢʦʛ ʧʝʨʠʦʜʘ ʦʜ 40 ʛʦʜʠʥʘ, ʥʠʿʝ ʦʧʨʘʚʜʘʥʦ ʩʧʨʦʚʦʜʠʪʠ ʥʠ ʿʝʜʥʦʜʥʝʚʥʦ 

ʦʜʨʞʘʚʘˁʝ, ʥʠ ʨʝʛʝʥʝʨʘʮʠʿʫ ʫˀʘ, ʥʠ ʨʝʛʝʥʝʨʘʮʠʿʫ ʠʟʦʣʘʮʠʦʥʦʛ ʩʠʩʪʝʤʘ. ʇʨʝʦʩʪʘʿʝ ʜʘ 

ʩʝ ʠʟʚʨʰʠ ʘʥʘʣʠʟʘ ʦʧʨʘʚʜʘʥʦʩʪʠ ʥʘʙʘʚʢʝ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ ʠ ʦʧʨʘʚʜʘʥʦʩʪʠ ʩʧʨʦʚʦʹʝˁʘ 

ʨʝʚʠʪʘʣʠʟʘʮʠʿʝ ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʇʨʦʨʘʯʫʥʠ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʟʘ ʩʣʫʯʘʿ ʙʝʟ ʜʨʞʘˁʘ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ ʩʧʨʦʚʦʹʝˁʝ 

ʨʝʚʠʪʘʣʠʟʘʮʠʿʝ ʦʧʨʘʚʜʘʥʦ ʧʦʩʣʝ 14. ʛʦʜʠʥʝ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʘʥʘʣʠʟʘ ʩʘʤʦ ʥʘʙʘʚʢʝ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʦʧʨʘʚʜʘʥʦ ʥʘʙʘʚʠʪʠ [63]: 

 - ʨʝʟʝʨʚʥʠ ʨʝʛʫʣʘʪʦʨ ʥʘʧʦʥʘ ʦʜ ʧʦʯʝʪʢʘ 9. ʛʦʜʠʥʝ, 
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 - ʨʝʟʝʨʚʥʝ ʥʘʤʦʪʘʿʝ ʦʜ ʧʦʯʝʪʢʘ 10. ʛʦʜʠʥʝ, 

 - ʨʝʟʝʨʚʥʠ ʢʦʪʘʦ ʦʜ ʧʦʯʝʪʢʘ 14. ʛʦʜʠʥʝ, 

 - ʨʝʟʝʨʚʥʠ ʦʩʪʘʣʠ ʧʨʠʙʦʨ ʦʜ ʧʦʯʝʪʢʘ 15. ʛʦʜʠʥʝ ʠ  

 - ʨʝʟʝʨʚʥʦ ʿʝʟʛʨʦ ʦʜ ʧʦʯʝʪʢʘ 27. ʛʦʜʠʥʝ. 
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ʉʣʠʢʘ 5.4. ʋʢʫʧʥʠ ʦʯʝʢʠʚʘʥʠ ʪʨʦʰʢʦʚʠ ʠ ʰʪʝʪʝ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ( )1, +tt  

ʟʘ ʩʣʫʯʘʿ ʜʘ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʘʢʪʠʚʥʦʩʪ ɸ1 (ʢʨʠʚʘ b)) 

ʠ ʟʘ ʩʣʫʯʘʿ ʜʘ ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʘʢʪʠʚʥʦʩʪʠ ɸ1 ʠ ɸ2 (ʢʨʠʚʘ c)) 

 

ɸʢʪʠʚʥʦʩʪ ɸ3 - ʅʘʙʘʚʢʘ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ - ʇʦʩʪʫʧʥʦʤ ʘʥʘʣʠʟʦʤ ʿʝʜʥʦʩʪʘʚʥʦ ʩʝ 

ʠʟʨʘʯʫʥʘʚʘ ʜʘ ʿʝ ʦʧʨʘʚʜʘʥʦ [63]: 

*) ʥʘʙʘʚʠʪʠ: 

 - ʨʝʟʝʨʚʥʠ ʨʝʛʫʣʘʪʦʨ ʥʘʧʦʥʘ ʦʜ ʧʦʯʝʪʢʘ 9. ʛʦʜʠʥʝ, 

 - ʨʝʟʝʨʚʥʝ ʥʘʤʦʪʘʿʝ ʦʜ ʧʦʯʝʪʢʘ 10. ʛʦʜʠʥʝ, 

 - ʨʝʟʝʨʚʥʠ ʢʦʪʘʦ ʦʜ ʧʦʯʝʪʢʘ 14. ʛʦʜʠʥʝ, 

 - ʨʝʟʝʨʚʥʠ ʦʩʪʘʣʠ ʧʨʠʙʦʨ ʦʜ ʧʦʯʝʪʢʘ 15. ʛʦʜʠʥʝ ʠ 

*) ʩʧʨʦʚʝʩʪʠ ʨʝʚʠʪʘʣʠʟʘʮʠʿʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʧʦʯʝʪʢʫ 25. ʛʦʜʠʥʝ. 

ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʝʣʠʤʠʥʠʰʝ ʧʦʪʨʝʙʘ ʥʘʙʘʚʢʝ ʨʝʟʝʨʚʥʦʛ ʿʝʟʛʨʘ. ɺʨʝʜʥʦʩʪʠ 

( )1,
21
+

+
ttZ

AA
 (ʢʨʠʚʘ c)) ʠ ( )1,

321
+

++
ttZ

AAA
 (ʢʨʠʚʘ d)) ʜʘʪʝ ʩʫ ʥʘ ʩʣʠʮʠ 5.5. 

 

ɸʢʪʠʚʥʦʩʪ ɸ4 - ʋʛʨʘʜˁʘ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ ʧʨʦʚʦʜʥʠʭ ʠʟʦʣʘʪʦʨʘ ʟʘ 

ʩʣʫʯʘʿ ʜʘ ʿʝ ʠʩʧʫˁʝʥ ʢʨʠʪʝʨʠʿʫʤ "1" -n  ʩʠʛʫʨʥʦʩʪʠ - ʆʟʥʘʯʠ˂ʝʤʦ ʩʘ 
( )( )1,

111
+

-
ttZ

nM
 

ʦʯʝʢʠʚʘʥʝ ʪʨʦʰʢʦʚʝ ʠ ʰʪʝʪʝ ʟʘ ʩʣʫʯʘʿ ʩʧʨʦʚʦʹʝˁʘ ʤʦʜʝʣʘ ʄ1). ʅʘʙʘʚʢʘ ʨʝʟʝʨʚʥʝ 

ʦʧʨʝʤʝ ʥʠʿʝ ʦʧʨʘʚʜʘʥʘ ʥʠʪʠ ʩʧʨʦʚʦʹʝˁʝ ʙʠʣʦ ʢʦʛ ʚʠʜʘ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ. ʅʘ 

ʩʣʠʮʠ 5.6 ʜʘʪ ʿʝ ʫʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʚʨʝʜʥʦʩʪʠ 
( )( )1,

111
+

-
ttZ

nM
 (ʢʨʠʚʘ ʝ)) ʠ ( )1,

4
+ttZ

A
 

(ʢʨʠʚʘ f)). 
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ɺʨʝʤʝ ʛʦʜʠʥʝ[ ]
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ʉʣʠʢʘ 5.5 ʋʢʫʧʥʠ ʦʯʝʢʠʚʘʥʠ ʪʨʦʰʢʦʚʠ ʠ ʰʪʝʪʝ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ( )1, +tt  ʟʘ ʩʣʫʯʘʿ ʜʘ ʩʫ 

ʩʧʨʦʚʝʜʝʥʝ ʘʢʪʠʚʥʦʩʪʠ ɸ1 ʠ ɸ2 (ʢʨʠʚʘ c)) ʠ  

ʟʘ ʩʣʫʯʘ ʿʜʘ ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʘʢʪʠʚʥʦʩʪʠ ɸ1, ɸ2 ʠ ɸ3 (ʢʨʠʚʘ d)) 
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ʉʣʠʢʘ 5.6 ʋʢʫʧʥʠ ʦʯʝʢʠʚʘʥʠ ʪʨʦʰʢʦʚʠ ʠ ʰʪʝʪʝ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ( )1, +tt   

ʟʘ ʩʣʫʯʘʿ ʄ1) ʠ ʢʨʠʪʝʨʠʿʫʤ "1" -n  ʩʠʛʫʨʥʦʩʪʠ (ʢʨʠʚʘ ʝ)) ʠ ʟʘ ʩʣʫʯʘʿ ʜʘ ʿʝ ʩʧʨʦʚʝʜʝʥʘ 

ʘʢʪʠʚʥʦʩʪ ɸ4 (ʢʨʠʚʘ f)) 

 

ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʩʘ ʨʝʣʘʪʠʚʥʦ ʤʘʣʠʤ ʫʣʘʛʘˁʠʤʘ ʤʦʛʫ ʧʦʩʪʠ˂ʠ ʚʝʣʠʢʝ ʫʰʪʝʜʝ. 

ʇʨʠʤʝʨʘ ʨʘʜʠ, ʘʢʦ ʙʠʩʤʦ ʚʨʰʠʣʠ ʦʜʨʝʹʠʚʘˁʝ ʩʘʤʦ ʦʧʪʠʤʘʣʥʝ ʢʦʣʠʯʠʥʝ ʨʝʟʝʨʚʥʝ 

ʦʧʨʝʤʝ ʜʦʙʠʣʠ ʙʠʩʤʦ, ʟʘ ʩʣʫʯʘʿ ʨʘʜʠʿʘʣʥʦʛ ʥʘʧʘʿʘˁʘ, ʩʣʝʜʝ˂ʝ [65]: 

 - ʥʘʙʘʚʢʘ ʨʝʟʝʨʚʥʠʭ ʥʘʤʦʪʘʿʘ ʿʝ ʦʧʨʘʚʜʘʥʘ ʦʜ 1. ʛʦʜʠʥʝ. 
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 - ʥʘʙʘʚʢʘ ʨʝʟʝʨʚʥʠʭ ʧʨʦʚʦʜʥʠʭ ʠʟʦʣʘʪʦʨʘ ʿʝ, ʪʘʢʦʹʝ, ʦʧʨʘʚʜʘʥʘ ʦʜ 1. ʛʦʜʠʥʝ. 

 - ʥʘʙʘʚʢʘ ʨʝʟʝʨʚʥʦʛ ʨʝʛʫʣʘʪʦʨʘ ʥʘʧʦʥʘ ʿʝ ʦʧʨʘʚʜʘʥʘ ʦʜ 7. ʛʦʜʠʥʝ. 

 - ʥʘʙʘʚʢʘ ʨʝʟʝʨʚʥʦʛ ʢʦʪʣʘ ʿʝ ʦʧʨʘʚʜʘʥʘ ʦʜ 11. ʛʦʜʠʥʝ. 

 - ʥʘʙʘʚʢʘ ʨʝʟʝʨʚʥʦʛ ʦʩʪʘʣʦʛ ʧʨʠʙʦʨʘ ʿʝ ʦʧʨʘʚʜʘʥʘ ʦʜ 13. ʛʦʜʠʥʝ. 

 - ʥʘʙʘʚʢʘ ʨʝʟʝʨʚʥʦʛ ʿʝʟʛʨʘ ʿʝ ʦʧʨʘʚʜʘʥʘ ʦʜ 15. ʛʦʜʠʥʝ. 

ɿʘʭʚʘˀʫʿʫ˂ʠ ʫʧʦʪʨʝʙʠ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ, ʦʤʦʛʫ˂ʝʥʦ ʿʝ ʜʘ ʩʝ 

ʨʝʟʝʨʚʥʝ ʢʦʤʧʦʥʝʥʪʝ ʢʫʧʝ ʟʥʘʪʥʦ ʢʘʩʥʠʿʝ ʧʨʠ ʯʝʤʫ ʥʝʤʘ ʧʦʪʨʝʙʝ ʥʘʙʘʚˀʘʪʠ ʨʝʟʝʨʚʥʦ 

ʿʝʟʛʨʦ. ʅʘ ʩʣʠʮʠ 5.7 ʜʘʪ ʿʝ ʫʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʫʢʫʧʥʠʭ ʦʯʝʢʠʚʘʥʠʭ ʪʨʦʰʢʦʚʘ ʠ ʰʪʝʪʘ 

ʪʦʢʦʤ ʧʝʨʠʦʜʘ ( )1, +tt  ʟʘ ʩʣʫʯʘʿ ʜʨʞʘˁʘ ʦʧʪʠʤʘʣʥʝ ʢʦʣʠʯʠʥʝ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ (ʙʝʟ 

ʧʨʠʤʝʥʝ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ) (ʢʨʠʚʘ h)), ʟʘ ʩʣʫʯʘʿ ʜʘ ʩʫ ʩʧʨʦʚʝʜʝʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ɸ1 ʠ ɸ2 (ʢʨʠʚʘ c)) ʠ ʟʘ ʩʣʫʯʘʿ ʜʘ ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʘʢʪʠʚʥʦʩʪʠ ɸ1, ɸ2 ʠ ɸ3 (ʢʨʠʚʘ 
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ʉʣʠʢʘ 5.7 ʋʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʫʢʫʧʥʠʭ ʦʯʝʢʠʚʘʥʠʭ ʪʨʦʰʢʦʚʘ ʠ ʰʪʝʪʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ 

( )1, +tt  ʟʘ ʩʣʫʯʘʿ ʜʨʞʘˁʘ ʦʧʪʠʤʘʣʥʝ ʢʦʣʠʯʠʥʝ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ (ʙʝʟ ʧʨʠʤʝʥʝ ʩʠʩʪʝʤʘ ʟʘ 

ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ) (ʢʨʠʚʘ h)), ʟʘ ʩʣʫʯʘʿ ʜʘ ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʘʢʪʠʚʥʦʩʪʠ ɸ1 ʠ ɸ2 (ʢʨʠʚʘ 

c)) ʠ ʟʘ ʩʣʫʯʘʿ ʜʘ ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʘʢʪʠʚʥʦʩʪʠ ɸ1, ɸ2 ʠ ɸ3 (ʢʨʠʚʘ d)) 
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6. ʉʀʄʋʃɸʎʀɱɽ 
 

6.1 ʋʚʦʜ 

 

ʉʠʤʫʣʘʮʠʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʮʠˀʫ ʧʦʚʝ˂ʘˁʘ ʨʘʟʫʤʝʚʘˁʘ ʩʣʦʞʝʥʠʭ ʩʠʩʪʝʤʘ ʠʣʠ 

ʧʦʩʪʫʧʘʢʘ. ʉʠʤʫʣʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʠʤʠʪʘʮʠʿʫ ʥʝʢʦʛ ʩʠʩʪʝʤʘ ʩʘ ʮʠˀʝʤ ʙʦˀʝʛ 

ʨʘʟʫʤʝʚʘˁʘ ʠʣʠ ʜʦʣʘʞʝˁʘ ʜʦ ʦʜʨʝʹʝʥʠʭ ʟʘʢˀʫʯʘʢʘ ʫ ʚʝʟʠ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ ʩʠʤʫʣʠʨʘ 

[73, 74].  

ʉʠʤʫʣʘʮʠʿʘ ʥʘʩʪʘʿʝ ʥʫʤʝʨʠʯʢʠʤ ʦʮʝˁʠʚʘˁʝʤ ʤʦʜʝʣʘ ʧʨʠʤʝʥʦʤ ʨʘʟʥʠʭ 

ʩʦʬʪʚʝʨʘ. ʇʨʠʤʝˁʫʿʝ ʩʝ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ ʩʠʩʪʝʤʘ ʠ ʚʨʰʝ ʩʝ ʦʧʪʠʤʠʟʘʮʠʿʝ. 

ʄʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʘ ʠʤʘʿʫ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʧʨʠ ʦʜʣʫʯʠʚʘˁʫ ʫ ʬʘʟʠ ʧʣʘʥʠʨʘˁʘ ʠ 

ʧʨʦʿʝʢʪʦʚʘˁʘ. 

ʇʨʠ ʨʘʟʚʦʿʫ ʩʠʤʫʣʘʮʠʿʝ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʥʠʟ ʢʦʨʘʢʘ ʢʦʿʠ ʩʫ ʜʘʪʠ ʥʘ ʩʣʠʮʠ 

6.1. ʇʨʚʘ ʬʘʟʘ ʿʝ ʜʝʬʠʥʠʩʘˁʝ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʪʨʝʙʘ ʨʝʰʠʪʠ. ɿʘʪʠʤ ʩʣʝʜʠ ʬʦʨʤʠʨʘˁʝ 

ʤʦʜʝʣʘ ʢʦʿʠ ʤʦʞʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ. ʄʦʜʝʣ ʿʝ ʥʘʿʯʝʰ˂ʝ ʫ ʦʙʣʠʢʫ 

ʤʘʪʝʤʘʪʠʯʢʠʭ ʬʫʥʢʮʠʿʘ. ʋʢʦʣʠʢʦ ʿʝ ʤʦʜʝʣ ʠʩʧʨʘʚʥʦ ʬʦʨʤʠʨʘʥ ʧʨʠʩʪʫʧʘ ʩʝ 

ʩʠʤʫʣʘʮʠʿʠ. ʉʠʤʫʣʘʮʠʿʘ ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʩʥʘ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʠ ʦʧʪʠʤʠʟʘʮʠʿʠ, ʢʘʦ ʠ ʟʘ 

ʢʨʝʠʨʘˁʝ ʚʠʨʪʫʝʣʥʠʭ ʧʨʦʪʦʪʠʧʦʚʘ ʩʠʩʪʝʤʘ. ʇʨʠʤʝˁʫʿʝ ʩʝ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʧʨʠ 

ʢʨʝʠʨʘˁʫ ʥʦʚʠʭ ʩʠʩʪʝʤʘ ʠʣʠ ʢʘʜʘ ʩʝ ʚʨʰʝ ʧʨʦʤʝʥʝ ʥʘ ʧʦʩʪʦʿʝ˂ʠʤ ʩʠʩʪʝʤʠʤʘ.  

 

ɼʝʬʠʥʠʩʘˁʝ ʧʨʦʙʣʝʤʘ

ʇʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ ʠ
ʨʘʟʚʦʿ ʤʦʜʝʣʘ

ʈʝʘʣʠʟʘʮʠʿʘ ʤʦʜʝʣʘ
ʥʘ ʨʘʯʫʥʘʨʫ

ɼʘ ʣʠ ʠʩʧʨʘʚʥʦ 
ʨʘʜʠ?

ɼʘ ʣʠ ʤʦʜʝʣ
ʟʘʜʦʚʦˀʘʚʘ ʟʘʭʪʝʚʝ?

ʅɽ

ʅE

ɼA

ɼA

ʇʨʦʿʝʢʪʦʚʘˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ

ʀʟʚʦʹʝˁʝ ʩʠʤʫʣʘʮʠʿʝ

ɸʥʘʣʠʟʘ ʠʟʣʘʟʥʠʭ ʨʝʟʫʣʪʘʪʘ

ɼʘ ʣʠ ʿʝ ʩʠʤʫʣʘʮʠʿʘ
ʟʘʚʨʰʝʥʘ?

ʅE

ʂʨʝʠʨʘˁʝ ʜʦʢʫʤʝʥʪʘʮʠʿʝ ʠ
ʧʨʠʤʝʥʘ ʩʠʤʫʣʘʮʠʿʝ

ɼA

 

ʉʣʠʢʘ 6.1 ʂʦʨʘʮʠ ʫ ʨʘʟʚʦʿʫ ʩʠʤʫʣʘʮʠʿʝ [77] 
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ʉʠʤʫʣʠʨʘʥʠ ʧʦʜʘʮʠ ʩʝ ʜʘˀʝ ʘʥʘʣʠʟʫʿ ʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ. 

ʉʚʘʢʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʞʝʣʠ ʜʘ ʙʫʜʝ ʩʠʛʫʨʥʘ ʜʘ ˂ʝ ʫʣʦʞʝʥʝ ʠʥʚʝʩʪʠʮʠʿʝ ʜʘʪʠ 

ʦʯʝʢʠʚʘʥʝ ʨʝʟʫʣʪʘʪʝ. ɿʘʪʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʩʝ ʠʟʚʨʰʠ ʧʨʝʮʠʟʥʘ ʘʥʘʣʠʟʘ, ʧʘ ʿʝ 

ʩʠʤʫʣʘʮʠʿʘ ʧʦʞʝˀʥʘ ʫ ʪʘʢʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ. ɼʘʥʘʩ ʩʝ ʩʠʤʫʣʘʮʠʿʝ ʨʝʘʣʠʟʫʿʫ ʧʨʠʤʝʥʦʤ 

ʨʘʯʫʥʘʨʘ ʠ ʨʘʟʚʦʿʝʤ ʦʜʨʝʹʝʥʠʭ ʩʦʬʪʚʝʨʘ ʟʘ ʩʠʤʫʣʘʮʠʿʫ (ʩʣʠʢʘ 6.2). 
 

ʄʦʜʝʣʦʚʘˁʝ

ɺʝʟʘ ʠʟʤʝʹʫ ʨʝʘʣʥʦʛ ʩʠʩʪʝʤʘ
ʠ ʤʦʜʝʣʘ

ʈʝʘʣʘʥ ʩʠʩʪʝʤ

ɺʝʟʘ ʠʟʤʝʹʫ ʤʦʜʝʣʘ
ʠ ʨʘʯʫʥʘʨʘ

ʄʦʜʝʣ

ʉʠʤʫʣʘʮʠʿʘ

ʈʘʯʫʥʘʨ

 

ʉʣʠʢʘ 6.2 ʌʦʨʤʠʨʘˁʝ ʤʦʜʝʣʘ ʨʝʘʣʥʦʛ ʩʠʩʪʝʤʘ ʠ ʩʠʤʫʣʘʮʠʿʘ ʥʘ ʨʘʯʫʥʘʨʫ [76] 

 

ʂʦʨʠʩʪʝ˂ʠ ʦʚʝ ʢʦʨʘʢʝ ʚʨʰʠ ʩʝ ʩʠʤʫʣʘʮʠʿʘ ʩʠʩʪʝʤʘ, ʘ ʧʦʪʦʤ ʪʝʩʪʠʨʘˁʝ ʭʠʧʦʪʝʟʘ 

ʦ ʪʦʤ ʩʠʩʪʝʤʫ. ʄʦʨʘʤʦ ʠʤʘʪʠ ʫ ʚʠʜʫ ʜʘ ʜʝʬʠʥʠʩʘˁʝ ʩʠʤʫʣʘʮʠʿʝ ʥʠʿʝ ʧʨʝʮʠʟʥʦ ʢʘʦ 

ʜʝʬʠʥʠʩʘˁʝ ʤʦʜʝʣʘ. ɼʝʬʠʥʠʩʘˁʝ ʩʠʤʫʣʘʮʠʿʝ ʟʘʚʠʩʠ ʦʜ [77]: 

¶ ʤʝʪʦʜʘ ʟʘ ʧʨʠʤʝʥʫ ʤʦʜʝʣʘ ʫ ʚʨʝʤʝʥʫ, 

¶ ʪʝʭʥʠʢʘ ʟʘ ʪʝʩʪʠʨʘˁʝ, ʘʥʘʣʠʟʫ ʠʣʠ ʦʙʫʢʫ, ʢʦʝʿ ʩʝ ʢʦʨʠʩʪʝ ʫ ʨʝʘʣʥʦʤ ʩʠʩʪʝʤʫ ʠʣʠ 

ʛʜʝ ʩʝ ʢʨʝʠʨʘ ʤʦʜʝʣ ʨʝʘʣʥʦʛ ʩʠʩʪʝʤʘ, 

¶ ʥʘʫʯʥʦʛ ʤʝʪʦʜʘ ʠʩʧʠʪʠʚʘˁʘ ʫ ʚʝʟʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʤʦʜʝʣʦʤ, ʘ ʥʝ ʩʘ ʜʝʣʦʤ 
ʩʪʚʘʨʥʦʩʪʠ ʢʦʿʝ ʤʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ, 

¶ ʤʝʪʦʜʦʣʦʛʠʿʝ ʟʘ ʠʟʜʚʘʿʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ ʠʟ ʤʦʜʝʣʘ ʧʦʩʤʘʪʨʘˁʝʤ ʧʦʥʘʰʘˁʘ 
ʤʦʜʝʣʘ ʧʨʠ ʠʟʚʨʰʘʚʘˁʫ. 

ʇʨʠʢʘʟ ʢʨʝʠʨʘʥʠʭ ʤʦʜʝʣʘ ʟʘʚʠʩʠ ʦʜ ʨʘʟʚʦʿʘ ʥʘʫʢʝ ʟʘ ʚʠʟʫʝʣʠʟʘʮʠʿʫ ʠ 

ʩʠʤʫʣʘʮʠʿʫ ʩʣʦʞʝʥʠʭ ʩʠʩʪʝʤʘ. ʄʦʜʝʣʠ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʜʘ ʧʨʝʜʩʪʘʚʝ ʩʣʦʞʝʥʝ 

ʩʠʩʪʝʤʝ ʢʦʿʠ ʠʤʘʿʫ ʭʘʦʪʠʯʥʦ ʧʦʥʘʰʘˁʝ, ʧʘ ʩʝ ʩʠʤʫʣʘʮʠʿʦʤ ʬʦʨʤʠʨʘʥʦʛ ʤʦʜʝʣʘ ʤʦʛʫ 

ʜʦʙʠʪʠ ʜʝʪʘˀʥʠʿʠ ʧʦʜʘʮʠ ʦ ʧʦʩʤʘʪʨʘʥʦʤ ʩʠʩʪʝʤʫ.  

 

6.2 ɸʥʘʣʠʪʠʯʢʘ ʩʠʤʫʣʘʮʠʿʘ ʟʘ ʪʝʭʥʠʯʢʝ ʩʠʩʪʝʤʝ 

 

ɸʥʘʣʠʪʠʯʢʝ ʩʠʤʫʣʘʮʠʿʝ ʢʦʜ ʪʝʭʥʠʯʢʠʭ ʩʠʩʪʝʤʘ ʠʤʘʿʫ ʟʘ ʮʠˀ ʧʨʦʨʘʯʫʥ ʫʪʠʮʘʿʘ 

ʩʪʘˁʘ (ʥʝʧʨʝʜʚʠʹʝʥʠʭ ʩʠʪʫʘʮʠʿʘ) ʥʘ ʩʚʘʢʠ ʝʣʝʤʝʥʘʪ ʫ ʩʠʩʪʝʤʫ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ 

ʦʜʨʝʹʫʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʥʢʘ ʥʝʢʦʛ ʜʦʛʘʹʘʿʘ ʢʦʿʦʤ ʩʝ ʧʨʝʜʚʠʹʘ ʛʦʜʠʰˁʘ ʧʦʫʟʜʘʥʦʩʪ 

ʩʚʘʢʦʛ ʝʣʝʤʝʥʪʘ ʫ ʩʠʩʪʝʤʫ. ɸʥʘʣʠʪʠʯʢʘ ʩʠʤʫʣʘʮʠʿʘ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʫ ʥʝʢʦʣʠʢʦ ʢʦʨʘʢʘ 

ʜʘʪʠʭ ʫ ʘʣʛʦʨʠʪʤʫ ʩʘ ʩʣʠʢʝ 6.3 [77]. 
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ʀʟʙʦʨ ʥʝʧʨʝʜʚʠʹʝʥʦʛ ʜʦʛʘʹʘʿʘ ʩʘ

ʠʥʪʝʥʟʠʪʝʪʦʤ ʢʚʘʨʘɚ

ʉʪʘʨʪ

ʉʠʤʫʣʠʨʘˁʝ ʨʝʘʢʮʠʿʝ ʩʠʩʪʝʤʘ ʥʘ ʥʝʧʨʝʜʚʠʹʝʥ ʜʦʛʘʹʘʿ 

ʠ ʦʜʨʝʹʠʚʘˁʝ ʫʪʠʮʘʿʘ ʥʘ ʩʚʝ ʯʚʦʨʦʚʝ ʫ ʩʠʩʪʝʤʫ

ʆʜʨʝʜʠʪʠ ʪʝʞʠʥʫ ʫʪʠʮʘʿʘ ʠ ɚ

ʥʝʧʨʝʜʚʠʹʝʥʠʭ ʜʦʛʘʹʘʿʘ

ʅɽ
ʉʚʠ ʩʣʫʯʘʿʝʚʠ ʩʠʤʫʣʠʨʘʥʠ

ɼɸ

ʂʨʘʿ

ʀʟʙʦʨ ʥʦʚʦʛ

ʥʝʧʨʝʜʚʠʹʝʥʦʛ 

ʜʦʛʘʹʘʿʘ 

 

ʉʣʠʢʘ 6.3 ɸʣʛʦʨʠʪʘʤ ʠʟʚʦʹʝˁʘ ʘʥʘʣʠʪʠʯʢʝ ʩʠʤʫʣʘʮʠʿʝ 

 

ʈʝʟʫʣʪʘʪ ʩʠʤʫʣʘʮʠʿʝ ʿʝ ʦʯʝʢʠʚʘʥʠ ʛʦʜʠʰˁʠ ʙʨʦʿ ʪʨʝʥʫʪʥʠʭ ʧʨʝʢʠʜʘ, ʜʫʞʠʭ 

ʧʨʝʢʠʜʘ ʠ ʙʨʦʿ ʯʘʩʦʚʘ ʧʨʝʢʠʜʘ ʟʘ ʩʚʘʢʠ ʝʣʝʤʝʥʪ. ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ 

ʢʦʣʠʢʦ ˂ʝ ʩʝ ʧʫʪʘ ʘʢʪʠʚʠʨʘʪʠ ʫʨʝʹʘʿʠ ʟʘ ʟʘʰʪʠʪʫ ʠ ʧʨʝʢʠʜʘʯʠ. ɸʥʘʣʠʪʠʯʢʘ ʩʠʤʫʣʘʮʠʿʘ 

ʿʝ ʤʝʪʦʜʘ ʢʦʿʦʤ ʩʝ ʧʨʦʨʘʯʫʥʘʚʘ ʧʦʫʟʜʘʥʦʩʪ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ, ʪʨʦʰʢʦʚʠ 

ʦʜʨʞʘʚʘˁʘ ʦʧʨʝʤʝ, ʠʪʜ. ʆʚʦʤ ʤʝʪʦʜʦʤ ʩʝ ʤʦʜʝʣʫʿ ʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʨʘʜʘ ʠ ʤʦʛʫ˂ʥʦʩʪ 

ʜʘ ʩʝ ʦʜʨʝʜʝ ʤʘʣʝ ʧʨʦʤʝʥʝ ʥʘ ʠʟʣʘʟʫ ʧʨʠ ʤʘʣʠʤ ʧʨʦʤʝʥʘʤʘ ʥʘ ʫʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ 

ʩʠʩʪʝʤʘ. ʆʥʘ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʢʘʢʦ ʥʘ ʨʘʜʠʿʘʣʥʝ, ʪʘʢʦ ʠ ʥʘ ʜʚʦʩʪʨʘʥʦ ʥʘʧʘʿʘʥʝ 

ʩʠʩʪʝʤʝ. 

 

6.2.1 ʇʨʠʢʘʟ ʨʘʜʠʿʘʣʥʝ ʩʪʨʫʢʪʫʨʝ ʫ ʦʙʣʠʢʫ ʩʪʘʙʣʘ 

 

ʈʘʜʠʿʘʣʥʠ ʪʝʭʥʠʯʢʠ ʩʠʩʪʝʤ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʩʠʩʪʝʤ ʫ ʢʦʤʝ ʩʚʘʢʠ ʯʚʦʨ ʠʤʘ 

ʿʝʜʠʥʩʪʚʝʥʫ ʧʫʪʘˁʫ ʜʦ ʠʟʚʦʨʘ ʥʘʧʘʿʘˁʘ. ʉʤʝʨ ʪʦʢʘ ʩʪʨʫʿʝ ʢʦʜ ʨʘʜʠʿʘʣʥʠʭ ʩʠʩʪʝʤʘ ʿʝ ʦʜ 

ʠʟʚʦʨʘ ʥʘʧʘʿʘˁʘ ʧʨʝʤʘ ʧʦʪʨʦʰʘʯʠʤʘ. ʅʝʢʠ ʩʠʩʪʝʤʠ ʩʫ ʫ ʦʙʣʠʢʫ ʨʘʜʠʿʘʣʥʝ ʪʦʧʦʣʦʛʠʿʝ 

ʥʘʧʘʿʘˁʘ, ʘ ʜʨʫʛʠ ʩʘ ʤʦʛʫ˂ʥʦʰ˂ʫ ʜʚʦʩʪʨʘʥʦʛ ʥʘʧʘʿʘˁʘ. 

ʇʨʝʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʝ ʢʦʜ ʨʘʜʠʿʘʣʥʠʭ ʩʠʩʪʝʤʘ ʤʦʛʫ ʙʠʪʠ ʦʜʦʟʜʦ ʥʘ ʛʦʨʝ 

ʠ ʦʜʦʟʛʦ ʥʘ ʛʦʨʝ (upstream searches and downstream searches). ʇʨʝʪʨʘʞʠʚʘˁʝ ʦʜʦʟʜʦ ʥʘ 

ʛʦʨʝ ʧʦʯʠˁʝ ʦʜ ʝʣʝʤʝʥʘʪʘ ʩʪʘʙʣʘ ʠ ʢʨʝ˂ʝ ʩʝ ʧʨʝʤʘ ʠʟʚʦʨʫ ʥʘʧʘʿʘˁʘ. ʂʦʨʠʩʪʝ ʩʝ ʧʨʠ 

ʠʜʝʥʪʠʬʠʢʦʚʘˁʫ ʠʟʚʦʨʘ ʥʘʧʘʿʘˁʘ, ʫʨʝʹʘʿʘ ʟʘ ʟʘʰʪʠʪʫ, ʪʘʯʢʝ ʫ ʢʦʿʦʿ ʥʘʩʪʘʿʝ ʢʚʘʨ, ʢʘʦ ʠ 

ʟʘ ʠʟʚʦʹʝˁʝ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʬʫʥʢʮʠʿʘ. ɸʣʛʦʨʠʪʘʤ ʟʘ ʦʚʫ ʚʨʩʪʫ ʧʨʝʪʨʘʞʠʚʘˁʘ ʿʝ ʜʘʪ ʥʘ 

ʩʣʠʮʠ 6.4. 

ʇʨʝʪʨʘʞʠʚʘˁʝ ʦʜʦʟʜʦ ʥʘ ʛʦʨʝ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʧʨʦʹʝ ʢʨʦʟ ʩʚʝ ʯʚʦʨʦʚʝ ʦʜ ʥʘʿʥʠʞʝʛ 

ʥʠʚʦʘ ʜʦ ʠʟʚʦʨʘ ʥʘʧʘʿʘˁʘ ʠʣʠ ʦʜ ʥʝʢʦʛ ʯʚʦʨʘ ʢʦʿʠ ʟʘʜʦʚʦˀʘʚʘ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʝ 

ʢʨʠʪʝʨʠʿʫʤʝ ʧʨʝʪʨʘʛʝ. ʅʘ ʧʨʠʤʝʨ, ʫʢʦʣʠʢʦ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʦʥʘ˂ʠ ʦʧʨʝʤʫ ʟʘ ʟʘʰʪʠʪʫ, 

ʦʚʠʤ ʘʣʛʦʨʠʪʤʦʤ ʧʨʝʪʨʘʛʘ ʩʝ ʟʘʚʨʰʘʚʘ ʫ ʦʥʦʤ ʪʨʝʥʫʪʢʫ ʢʘʜʘ ʩʝ ʧʨʦʥʘʹʝ ʧʨʚʠ ʫʨʝʹʘʿ ʟʘ 

ʟʘʰʪʠʪʫ ʢʦʿʠ ʿʝ ʥʘʿʙʣʠʞʠ ʥʘʩʪʘʣʦʤ ʢʚʘʨʫ ʠ ʥʘʣʘʟʠ ʩʝ ʣʝʚʦ ʦʜ ʤʝʩʪʘ ʢʚʘʨʘ ʧʦʩʤʘʪʨʘʥʦ 

ʦʜ ʠʟʚʦʨʘ ʥʘʧʘʿʘˁʘ. 

ʇʨʝʪʨʘʞʠʚʘˁʝ ʦʜʦʟʛʦ ʥʘ ʜʦʣʝ ʧʦʯʠˁʝ ʦʜ ʠʟʚʦʨʘ ʥʘʧʘʿʘˁʘ ʠ ʧʨʦʣʘʟʠ ʢʨʦʟ ʥʠʟ 

ʯʚʦʨʦʚʘ ʢʦʿʠ ʩʫ ʧʦʚʝʟʘʥʠ ʟʘ ʠʟʚʦʨ ʥʘʧʘʿʘˁʘ, ʩʚʝ ʜʦʢ ʩʝ ʥʝ ʧʨʦʥʘʹʝ ʯʚʦʨ ʢʦʿʠ 

ʟʘʜʦʚʦˀʘʚʘ ʪʨʘʞʝʥʠ ʢʨʠʪʝʨʠʿʫʤ. ʆʚʘʿ ʥʘʯʠʥ ʧʨʝʪʨʘʞʠʚʘˁʘ ʿʝ ʧʦʛʦʜʘʥ ʧʨʠ ʦʜʨʝʹʠʚʘˁʫ 
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ʛʨʫʧʝ ʧʦʪʨʦʰʘʯʘ ʢʦʿʠ ʠʤʘʿʫ ʧʨʝʙʣʝʤʝ ʩʘ ʠʩʧʦʨʫʢʦʤ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, 

ʠʜʝʥʪʠʬʠʢʦʚʘˁʫ ʧʨʝʢʠʜʘ, ʠʪʜ. ʂʦʜ ʦʚʝ ʚʨʩʪʝ ʧʨʝʪʨʘʞʠʚʘˁʘ ʩʝ ʢʦʨʠʩʪʝ ʜʚʘ ʦʩʥʦʚʥʘ 

ʘʣʛʦʨʠʪʤʘ ʟʘ ʧʨʝʪʨʘʞʠʚʘˁʝ, ʠ ʪʦ [78]:  

1. ʘʣʛʦʨʠʪʘʤ ʟʘ ʧʨʝʪʨʘʞʠʚʘˁʝ ʧʦ ʰʠʨʠʥʠ (Breadth First Search - BFS)  

2. ʘʣʛʦʨʠʪʘʤ ʟʘ ʧʨʝʪʨʘʞʠʚʘˁʝ ʧʦ ʜʫʙʠʥʠ (Depth First Search - DFS).  
 

ɹʨʠʩʘˁʝʩʚʠʭ ʦʟʥʘʢʘ ʩʘ ʯʚʦʨʦʚʘ

ʉʪʘʨʪ

ʇʦʯʝʪʘʢ ʧʨʝʪʨʘʞʠʚʘˁʘ ʦʜ  ʉʯʚʦʨʘ

ʇʦʩʪʘʚˀʘˁʝ ʦʟʥʘʢʝ  ʉʜʘ ʿʝ ʧʦʩʝ˂ʝʥ ʯʚʦʨ

ʂʨʠʪʝʨʠʿʫʤʠ ʠʩʧʫˁʝʥʠ
ʉ ʧʦʩʪʘʿʝ ʨʦʜʠʪʝˀʩʢʠ ʯʚʦʨ ɼɸ

ʅɽ

ʉʠʤʘʨʦʜʠʪʝˀʩʢʠ ʯʚʦʨ

ʂʨʘʿ

ʅɽ

ɼɸ

 

ʉʣʠʢʘ 6.4 ɸʣʛʦʨʠʪʘʤ ʟʘ ʧʨʝʪʨʘʞʠʚʘˁʝ ʝʣʝʤʝʥʪʘ ʤʝʪʦʜʦʤ ʦʜʦʟʜʦ ʥʘ ʛʦʨʝ 

 

BFS ʘʣʛʦʨʠʪʘʤ ʟʘʫʟʠʤʘ ʤʘˁʝ ʤʝʤʦʨʠʿʝ, ʘʣʠ ʿʝ ʧʨʦʨʘʯʫʥ ʩʢʫʧˀʠ. DFS ʟʘʭʪʝʚʘ 

ʚʝ˂ʫ ʤʝʤʦʨʠʿʫ, ʘʣʠ ʩʝ ʠʟʚʨʰʘʚʘ ʟʘ ʢʨʘ˂ʝ ʚʨʝʤʝ. ʂʦʜ BFS ʘʣʛʦʨʠʪʤʘ ʧʨʚʦ ʩʝ ʦʙʠʣʘʟʝ ʩʚʠ 

ʯʚʦʨʦʚʠ ʢʦʿʠ ʩʫ ʥʘ ʧʨʚʦʤ ʥʠʞʝʤ ʥʠʚʦʫ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʯʚʦʨʘ, ʟʘʪʠʤ ʩʝ ʠʜʝʥʪʠʬʠʢʫʿʫ 

ʩʚʠ ʯʚʦʨʦʚʠ ʢʦʿʠ ʩʫ ʥʘ ʜʨʫʛʦʤ ʥʠʞʝʤ ʥʠʚʦʫ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʯʚʦʨʘ ʠʪʜ, ʩʚʝ ʜʦʢ ʩʝ 

ʧʨʝʪʨʘʛʦʤ ʥʝ ʦʙʫʭʚʘʪʝ ʩʚʠ ʯʚʦʨʦʚʠ. ʆʚʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʿʝ ʧʦʛʦʜʥʘ ʢʘʜʘ ʩʝ ʪʨʘʞʝ 

ʯʚʦʨʦʚʠ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʙʣʠʟʫ ʧʦʯʝʪʥʦʛ ʯʚʦʨʘ (ʠʟʚʦʨʘ ʥʘʧʘʿʘˁʘ), ʘʣʠ ʘʢʦ ʩʝ ʨʘʜʠ ʦ 

ʚʝʣʠʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʧʫʥʦ ʚʨʝʤʝʥʘ ʟʘ ʧʨʝʪʨʘʛʫ. ʄʝʪʦʜʘ ʫ ʧʨʦʛʨʘʤʩʢʦʤ 

ʿʝʟʠʢʫ ɱʘvʘ ʟʘ ɺFS ʘʣʛʦʨʠʪʘʤ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 6.5, ʩʘ ʨʝʢʫʨʟʠʚʥʠʤ ʧʦʟʠʚʦʤ ʠ ʙʝʟ 

ʨʝʢʫʨʟʠʚʥʦʛ ʧʦʟʠʚʘ. 

DFS ʘʣʛʦʨʠʪʘʤ ʧʨʘʪʠ ʝʣʝʤʝʥʪʝ ʥʘʩʣʝʜʥʠʢʝ ʧʦʩʤʘʪʨʘʥʦʛ ʝʣʝʤʝʥʪʘ ʧʦ ʨʘʜʠʿʘʣʥʦʿ 

ʧʫʪʘˁʠ ʠ ʨʝʢʫʨʟʠʚʥʦ ʧʦʢʨʝ˂ʝ ʥʦʚʠ DFS ʟʘ ʩʚʝ ʥʘʩʣʝʜʥʠʢʝ ʢʦʿʠ ʥʠʩʫ ʦʙʫʭʚʘ˂ʝʥʠ 

ʧʨʚʦʙʠʪʥʦʤ ʠʪʝʨʘʮʠʿʦʤ. DFS ʿʝ ʝʬʠʢʘʩʥʠʿʠ ʘʣʛʦʨʠʪʘʤ, ʘʣʠ ʟʘʭʪʝʚʘ ʚʠʰʝ ʤʝʤʦʨʠʿʝ ʟʙʦʛ 

ʨʝʢʫʨʟʠʚʥʠʭ ʧʦʟʠʚʘ ʬʫʥʢʮʠʿʝ ʟʘ ʩʚʘʢʠ ʜʝʦ ʩʪʘʙʣʘ. ʄʝʪʦʜʘ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ ɱʘvʘ 

ʟʘ DFS ʘʣʛʦʨʠʪʘʤ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 6.6, ʩʘ ʨʝʢʫʨʟʠʚʥʠʤ ʧʦʟʠʚʦʤ ʠ ʙʝʟ ʨʝʢʫʨʟʠʚʥʦʛ 

ʧʦʟʠʚʘ [78]. 

ʈʝʟʫʣʪʘʪ ʧʨʝʪʨʘʞʠʚʘˁʘ ʦʜʦʟʛʦ ʥʘ ʜʦʣʝ ʠ ʦʜʦʟʜʦ ʥʘ ʛʦʨʝ ʧʨʠʤʝˁʝʥ ʥʘ 

ʿʝʜʥʦʩʪʘʚʥʫ ʩʪʨʫʢʪʫʨʫ ʫ ʦʙʣʠʢʫ ʩʪʘʙʣʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 6.7. ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ 

ʫʥʠʿʘ ʦʙʝ ʚʨʩʪʝ ʧʨʝʪʨʘʞʠʚʘˁʘ ʥʝ ʦʙʫʭʚʘʪʘ ʩʚʝ ʯʚʦʨʦʚʝ ʫ ʩʪʘʙʣʫ. ʈʘʟʣʦʛ ʿʝ ʰʪʦ ʫ 

ʧʨʝʪʨʘʞʠʚʘˁʫ ʦʜʦʟʜʦ ʥʘ ʛʦʨʝ ʦʜ ʯʚʦʨʘ ʉ ʩʫ ʦʙʫʭʚʘ˂ʝʥʠ ʯʚʦʨʦʚʠ ʩʘʤʦ ʿʝʜʥʝ ʛʨʘʥʝ ʢʦʿʘ 

ʠʜʝ ʜʦ ʠʟʚʦʨʘ ʥʘʧʘʿʘˁʘ. ɸʣʛʦʨʠʪʘʤ ʟʘ ʧʨʝʪʨʘʞʠʚʘˁʝ ʦʜʦʟʛʦ ʥʘ ʜʦʣʝ ʦʙʫʭʚʘʪʘ ʩʚʝ 

ʝʣʝʤʝʥʪʝ ʢʦʿʠ ʩʫ ʥʘ ʥʠʞʝʤ ʥʠʚʦʫ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʝʣʝʤʝʥʪʘ. ʆʚʘ ʜʚʘ ʘʣʛʦʨʠʪʤʘ ʩʫ 

ʦʩʥʦʚʥʠ ʘʣʛʦʨʠʪʤʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʥʝʞʝˀʝʥʠʭ ʜʦʛʘʹʘʿʘ. 
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public void bfs() {  

 // BFS ʢʦʨʠʩʪʠ ʩʪʨʫʢʪʫʨʫ ʧʦʜʘʪʘʢʘ ʫ ʦʙʣʠʢʫ ʨʝʜʘ 

 Queue queue = new LinkedList();  

 queue.add(this.rootNode);  

 System. out.println(this.rootNode);  

 visited.put(rootNode, true);  

 while (!queue.isEmpty()) {  

 Node node = (Node) queue.remove();  

 Node child = null;  

 while ((child = getUnvisitedChildNode(node)) != null) {  

 visited.put(child, true);  

 System.out.println(child);  

 queue.add(child);  

 }  

 }  

 clearNodes();// ɹʨʠʩʘˁʝ ʧʦʩʝ˂ʝʥʠʭ ʯʚʦʨʦʚʘ 

 }  

 

ʇʨʠʤʝʥʘ ʨʝʢʫʨʟʠʚʥʝ ʬʫʥʢʮʠʿʝ:  
 public void bfsRecursive(Queue queue) {  

 if (queue.isEmpty()) return;  

 Node node = (Node) queue.remove();  

 System.out.println(node);  

 visited.put(node, tru e);  

 for (Node child: node.child) {  

 queue.add(child);  

 }  

 bfsRecursive(queue);  

 }  

 

ʉʣʠʢʘ 6.5 ʀʟʚʦʨʥʠ ʢʦʜ BFS ʘʣʛʦʨʠʪʤʘ ʟʘ ʧʨʝʪʨʘʞʠʚʘˁʝ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ ɱʘvʘ [78] 

 
 public void dfs() {  

 // DFS ʢʦʨʠʩʪʠ ʩʝ ʩʪʝʢ ʢʘʦ ʩʪʨʫʢʪʫʨʘ ʧʦʜʘʪʘʢʘ 

 Stack stack = new S tack();  

 stack.push(this.rootNode);  

 visited.put(rootNode, true);  

 System.out.println(rootNode);  

 while (!stack.isEmpty()) {  

 Node node = (Node) stack.peek();  

 Node child = getUnvisitedChildNode(node);  

 if (child != null) {  

 visited.put(child, true);  

 Syst em.out.println(child);  

 stack.push(child);  

 } else {  

 stack.pop();  

 }  

 }  

 clearNodes();  

 }  

 

ʇʨʠʤʝʥʘ ʨʝʢʫʨʟʠʚʥʝ ʬʫʥʢʮʠʿʝ:  

 public void dfsRecursive(Stack stack) {  

 if (stack.empty()) return;  

 Node node = (Node) stack.peek();  

 if (visited.get(node)==null) S ystem.out.println(node);  

 visited.put(node, true);  

 Node child = getUnvisitedChildNode(node);  

 if (child != null) {  

 stack.push(child);  

 } else {  

 stack.pop();  

 }  

 dfsRecursive(stack);  

}  

ʉʣʠʢʘ 6.6 ʀʟʚʦʨʥʠ ʢʦʜ DFS ʘʣʛʦʨʠʪʤʘ ʟʘ ʧʨʝʪʨʘʞʠʚʘˁʝ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ ɱʘvʘ [78] 
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ʀʟʚʦʨ
ʥʘʧʘʿʘˁʘ

ʉ

ʇʨʝʪʨʘʞʠʚʘˁʝ ʦʜʦʟʜʦ ʥʘ ʛʦʨʝ

ʀʟʚʦʨ
ʥʘʧʘʿʘˁʘ

ʉ

ʇʨʝʪʨʘʞʠʚʘˁʝ ʦʜʦʟʛʦ ʥʘ ʜʦʣʝ

ʏʚʦʨ

ʅʝʧʨʝʹʝʥ ʧʫʪ

ʇʨʝʹʝʥ ʧʫʪ

 
 

ʉʣʠʢʘ 6.7 ʋʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʧʦʯʝʪʥʠ ʝʣʝʤʝʥʪ ʉ 

 

6.3 ʉʠʤʫʣʘʮʠʿʘ ʥʝʧʨʝʜʚʠʹʝʥʠʭ ʜʦʛʘʹʘʿʘ 

 

ʅʘʩʪʘʥʘʢ ʢʚʘʨʦʚʘ (ʥʝʧʨʝʜʚʠʹʝʥʠʭ ʜʦʛʘʹʘʿʘ) ʫ ʪʝʭʥʠʯʢʦʤ ʩʠʩʪʝʤʫ ʿʝ ʧʨʘ˂ʝʥ 

ʥʠʟʦʤ ʜʦʛʘʹʘʿʘ. ɹʠʣʦ ʢʦʿʠ ʢʚʘʨ ʤʦʞʝ ʨʘʟʣʠʯʠʪʦ ʫʪʠʮʘʪʠ ʥʘ ʧʦʪʨʦʰʘʯʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ. ʅʘʩʪʘʥʘʢ ʥʝʢʦʛ ʢʚʘʨʘ ʜʦʚʦʜʠ ʜʦ ʤʦʤʝʥʪʘʣʥʦʛ ʧʨʝʢʠʜʘ 

ʫ ʠʩʧʦʨʫʮʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʜʫʞʠʥʘ ʧʨʝʢʠʜʘ ʟʘʚʠʩʠ ʦʜ ʪʦʛʘ ʢʘʢʦ ˂ʝ ʤʝʩʪʦ ʢʚʘʨʘ 

ʙʠʪʠ ʠʩʢˀʫʯʝʥʦ ʠ ʢʦʣʠʢʦ ʿʝ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦ ʟʘ ʦʪʢʣʘˁʘˁʝ ʢʚʘʨʘ. ʅʘʠʤʝ, ʢʚʘʨ ʤʦʞʝ 

ʜʫʛʦ ʜʘ ʪʨʘʿʝ ʫʢʦʣʠʢʦ ʿʝ ʟʚʝʟʜʠʰʪʝ ʩʠʩʪʝʤʘ ʠʟʦʣʦʚʘʥʦ ʠʣʠ ʘʢʦ ʩʝ ʥʝ ʢʦʨʠʩʪʠ ʩʠʩʪʝʤ ʟʘ 

ʘʫʪʦʤʘʪʩʢʦ ʧʦʥʦʚʥʦ ʫʢˀʫʯʝˁʝ. ʆʩʥʦʚʘ ʟʘ ʨʘʟʚʦʿ ʘʥʘʣʠʪʠʯʢʝ ʩʠʤʫʣʘʮʠʿʝ ʿʝ ʦʜʨʝʹʠʚʘˁʝ 

ʧʨʝʮʠʟʥʦʛ ʤʦʜʝʣʘ ʥʠʟʘ ʜʦʛʘʹʘʿʘ ʢʦʿʠ ʥʘʩʪʘʿʫ ʥʘʢʦʥ ʠʩʧʘʜʘ ʩʠʩʪʝʤʘ ʠ ʢʘʢʘʚ ʿʝ ʫʪʠʮʘʿ ʥʘ 

ʨʘʟʣʠʯʠʪʝ ʧʦʪʨʦʰʘʯʝ [79]. ʆʧʰʪʠ ʧʨʠʢʘʟ ʥʠʟʘ ʜʦʛʘʹʘʿʘ ʧʨʠ ʥʘʩʪʘʥʢʫ ʢʚʘʨʘ ʿʝ ʜʘʪ ʫ 

ʪʘʙʝʣʠ 6.1. 

 

ʊʘʙʝʣʘ 6.1 ɸʥʘʣʠʪʠʯʢʘ ʩʠʤʫʣʘʮʠʿʘ ʥʠʟʘ ʜʦʛʘʹʘʿʘ ʥʘʢʦʥ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ 

ʈʝʜʥʠ 

ʙʨʦʿ 
ɺʨʩʪʘ ʜʦʛʘʹʘʿʘ ʆʧʠʩ 

1 ʀʩʧʘʜ ʅʘʩʪʘʥʘʢ ʢʚʘʨʘ ʫ ʩʠʩʪʝʤʫ. 

2 
ʇʦʥʦʚʥʦ 

ʫʢˀʫʯʝˁʝ 

ʋʨʝʹʘʿ ʟʘ ʧʦʥʦʚʥʦ ʫʢˀʫʯʝˁʝ ʩʝ ʦʪʚʘʨʘ ʢʘʢʦ ʙʠ ʩʝ ʝʣʠʤʠʥʠʩʘʦ 

ʢʚʘʨ. ɸʢʦ ʿʝ ʢʚʘʨ ʝʣʠʤʠʥʠʩʘʥ ʫʨʝʹʘʿ ʩʝ ʠʩʢˀʫʯʫʿʝ ʠ ʩʠʩʪʝʤ 

ʚʨʘ˂ʘ ʫ ʥʦʨʤʘʣʘʥ ʨʘʜ. 

3 
ɸʫʪʦʤʘʪʩʢʦ 

ʧʨʝʢʠʜʘˁʝ 

ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯʠ ʢʘʜʘ ʥʘʩʪʘʥʝ ʢʚʘʨ, ʧʦʢʫʰʘʚʘʿʫ ʜʘ 

ʠʟʦʣʫʿʫ ʢʚʘʨ ʦʪʚʘʨʘˁʝʤ ʨʝʢʣʦʩʝʨʘ. 

4 
ɿʘʪʚʘʨʘˁʝ 

(Lockout) 

ɸʢʦ ʢʚʘʨ ʠ ʜʘˀʝ ʪʨʘʿʝ, ʥʘʜʣʝʞʥʘ ʟʘʰʪʠʪʘ ʝʣʠʤʠʥʠʰʝ ʢʚʘʨ.  

5 

ɸʫʪʦʤʘʪʩʢʦ 

ʫʢˀʫʯʠʚʘˁʝ 

ʨʝʟʨʝʚʥʦʛ 

ʥʘʧʘʿʘˁʘ 

ʇʦʩʣʝ ʠʟʦʣʦʚʘˁʘ ʤʝʩʪʘ ʢʚʘʨʘ ʘʫʪʦʤʘʪʩʢʠʤ ʨʘʩʢʣʦʧʥʠʤ 

ʝʣʝʤʝʥʪʠʤʘ ʩʝ ʜʦʚʦʜʠ ʥʘʧʦʥ ʠʩʧʨʘʚʥʦʤ ʜʝʣʫ ʤʨʝʞʝ (ʦʚʦ ʿʝ 

ʩʣʫʯʘʿ ʪʘʤʦ ʛʜʝ ʿʝ ʦʤʦʛʫ˂ʝʥʦ ʜʚʦʩʪʨʘʥʦ ʥʘʧʘʿʘˁʝ ʧʦʪʨʦʰʘʯʘ). 

6 
ʈʫʯʥʦ 

ʤʘʥʠʧʫʣʠʩʘˁʝ 

ʈʫʯʥʠʤ ʤʘʥʠʧʫʣʘʮʠʿʘʤʘ ʥʘ ʣʠʮʫ ʤʝʩʪʘ ʩʝ ʫʩʧʦʩʪʘʚˀʘ 

ʥʘʧʘʿʘˁʝ ʧʦʪʨʦʰʘʯʘ ʢʦʿʠ ʩʫ ʟʙʦʛ ʢʚʘʨʘ ʙʠʣʠ ʠʩʢˀʫʯʝʥʠ. 

7 ʇʦʧʨʘʚʢʘ ʆʪʢʣʘˁʘˁʝ ʢʚʘʨʘ ʠ ʚʨʘ˂ʘˁʝ ʩʠʩʪʝʤʘ ʫ ʥʦʨʤʘʣʥʦ ʨʘʜʥʦ ʩʪʘˁʝ. 
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6.3.1 ʉʠʤʫʣʘʮʠʿʘ ʟʘʰʪʠʪʝ ʩʠʩʪʝʤʘ ʧʦʤʦ˂ʫ ʨʘʩʢʣʦʧʥʝ ʦʧʨʝʤʝ 

 

ɼʘ ʙʠ ʩʝ ʟʙʦʛ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ ʤʠʥʠʤʠʟʦʚʘʦ ʙʨʦʿ ʠʩʢˀʫʯʝʥʠʭ ʧʦʪʨʦʰʘʯʘ, 

ʥʝʦʧʭʦʜʥʘ ʿʝ ʫʛʨʘʜˁʘ ʨʘʩʢʣʦʧʥʝ ʦʧʨʝʤʝ ʥʘ ʧʦʿʝʜʠʥʠʤ ʜʝʣʦʚʠʤʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ 

ʩʠʩʪʝʤʘ. ʈʘʩʢʣʦʧʥʘ ʦʧʨʝʤʘ ʤʦʞʝ ʙʠʪʠ ʘʫʪʦʤʘʪʩʢʘ (ʧʨʝʢʠʜʘʯʠ, ʨʘʩʪʘʚʥʝ ʩʢʣʦʧʢʝ, 

ʫʢʣʦʧʢʝ (ʨʝʢʣʦʩʝʨʠ) ʠ ʦʜʚʘʿʘʯʠ (ʩʝʢʮʠʦʥʘʣʠʟʘʪʦʨʠ)) ʠʣʠ ʩʘ ʨʫʯʥʠʤ ʧʦʢʨʝʪʘˁʝʤ 

(ʨʘʩʪʘʚˀʘʯʠ ʩʪʘʥʜʘʨʜʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ) [79]. 

ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʩʚʠ ʨʘʩʢʣʦʧʥʠ ʝʣʝʤʝʥʪʠ ʫ ʩʚʠʤ ʬʘʟʘʤʘ ʠʩʧʨʘʚʥʠ. ʋʢʦʣʠʢʦ 

ʩʝ ʜʝʩʠ ʢʚʘʨ ʥʘ ʙʠʣʦ ʢʦʿʦʿ ʬʘʟʠ, ʨʘʩʢʣʦʧʥʠ ʝʣʝʤʝʥʪʠ ʪʨʝʙʘ ʜʘ ʫʪʚʨʜʝ ʥʘ ʢʦʿʦʿ ʩʝ ʬʘʟʠ 

ʜʝʩʠʦ ʢʚʘʨ ʠ ʜʘ ʠʩʢˀʫʯʝ ʩʘʤʦ ʪʫ ʬʘʟʫ. ʋʢʦʣʠʢʦ ʪʦ ʥʠʿʝ ʤʦʛʫ˂ʝ ʠʟ ʪʝʭʥʠʯʢʠʭ ʨʘʟʣʦʛʘ, 

ʦʥʜʘ ʩʝ ʧʨʝʢʠʜʘʿʫ ʩʚʝ ʪʨʠ ʬʘʟʝ. 

ʂʦʣʠʢʦ ʨʘʩʢʣʦʧʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʢʦʿʝ ʚʨʩʪʝ ʪʨʝʙʘ ʧʦʩʪʘʚʠʪʠ ʥʘ ʜʝʦʥʠʮʘʤʘ ʿʝ 

ʚʝʦʤʘ ʩʣʦʞʝʥ ʟʘʜʘʪʘʢ ʠ ʟʘʚʠʩʠ ʦʜ ʢʘʪʝʛʦʨʠʿʝ ʧʦʪʨʦʰʘʯʘ. ʆʚʦ ʿʝ ʦʧʪʠʤʠʟʘʮʠʦʥʠ 

ʧʨʦʙʣʝʤ ʫ ʢʦʤʝ ʩʝ ʨʝʰʝˁʝ ʪʨʘʞʠ ʤʝʪʦʜʦʤ ʧʨʝʪʨʘʞʠʚʘˁʘ. ɼʘ ʙʠ ʧʦʫʟʜʘʥʦʩʪ ʙʠʣʘ ʰʪʦ 

ʚʝ˂ʘ, ʘ ʪʨʦʰʢʦʚʠ ʫʛʨʘʜˁʝ ʨʘʩʢʣʦʧʥʝ ʦʧʨʝʤʝ ʥʠʞʠ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʚʨʰʠʪʠ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʫʛʨʘʜˁʝ ʨʘʩʢʣʦʧʥʠʭ ʫʨʝʹʘʿʘ [79].  

 

6.3.2 ʉʠʤʫʣʘʮʠʿʘ ʢʚʘʨʦʚʘ ʥʘ ʟʘʰʪʠʪʥʠʤ ʝʣʝʤʝʥʪʠʤʘ 

 

ʉʝʢʚʝʥʮʠʿʘʣʥʘ ʘʥʘʣʠʪʠʯʢʘ ʩʠʤʫʣʘʮʠʿʘ ʜʦʛʘʹʘʿʘ ʧʦʩʪʘʿʝ ʚʝʦʤʘ ʩʣʦʞʝʥʘ ʫ ʩʣʫʯʘʿʫ 

ʘʥʘʣʠʟʝ ʢʚʘʨʦʚʘ ʥʘ ʟʘʰʪʠʪʥʠʤ ʫʨʝʹʘʿʠʤʘ. ʆʚʠ ʢʚʘʨʦʚʠ ʩʝ ʢʦʥʩʪʘʪʫʿʫ ʢʘʜʘ ʝʣʝʤʝʥʪ 

ʪʨʝʙʘ ʜʘ ʨʝʘʛʫʿʝ ʟʙʦʛ ʧʦʩʪʦʿʘˁʘ ʢʚʘʨʘ ʫ ʩʠʩʪʝʤʫ, ʘʣʠ ʟʘʪʘʿʠ. ɺʝʨʦʚʘʪʥʦ˂ʘ ʪʘʢʚʦʛ 

ʜʦʛʘʹʘʿʘ ʩʝ ʥʘʟʠʚʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʧʦʛʦʥʩʢʠʭ ʢʚʘʨʦʚʘ ʠ ʦʙʝʣʝʞʘʚʘ ʩʝ ʩʘ POF (Probability of 

Operational Failure). ʆʚʠ ʢʚʘʨʦʚʠ ʩʫ ʨʘʟʣʦʛ ʜʘ ʩʝ ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʠʤʫʣʘʮʠʿʘ ʜʝʣʠ ʥʘ ʜʚʝ 

ʧʫʪʘˁʝ. ʅʘ ʿʝʜʥʦʿ ʧʫʪʘˁʠ ʩʝ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʿʝ ʥʘ ʝʣʝʤʝʥʪʫ ʜʦʰʣʦ ʜʦ ʢʚʘʨʘ ʠ ʜʘ ʿʝ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʪʦʛ ʜʦʛʘʹʘʿʘ POF, ʘ ʥʘ ʜʨʫʛʦʿ ʜʘ ʪʘʿ ʝʣʝʤʝʥʪ ʨʘʜʠ ʩʘ ʚʝʨʦʚʘʪʥʦ˂ʦʤ 1ïPOF. 

ʆʚʘ ʧʦʜʝʣʘ ʿʝ ʠʣʫʩʪʨʦʚʘʥʘ ʥʘ ʩʣʠʮʠ 6.8, ʛʜʝ ʩʝ ʨʘʟʤʘʪʨʘ ʚʠʩʦʢʦʥʘʧʦʥʩʢʠ ʦʩʠʛʫʨʘʯ ʢʦʿʠ 

ʪʨʝʙʘ ʜʘ ʨʝʘʛʫʿʝ ʟʙʦʛ ʝʣʠʤʠʥʘʮʠʿʝ ʢʚʘʨʘ.  

 
ʋʨʝʹʘʿ ʟʘ ʟʘʰʪʠʪʫ ʈ 

ʧʦʢʫʰʘʚʘ ʜʘ ʝʣʠʤʠʥʠʰʝ ʢʚʘʨ

ʂʚʘʨ ʦʪʢʣʦˁʝʥ ʂʚʘʨ ʥʠʿʝ ʦʪʢʣʦˁʝʥ

1-POFP POF
P

ʈʝʟʝʨʚʥʠ ʫʨʝʹʘʿ ʟʘ ʟʘʰʪʠʪʫ ɺ

ʧʦʢʫʰʘʚʘ ʜʘ ʝʣʠʤʠʥʠʰʝ ʢʚʘʨ
ʇʦʪʨʦʰʘʯʠ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʦʛʨʘʥʢʫ

ʠʩʧʨʝʜ ʫʨʝʹʘʿʘ ʈ

ʂʚʘʨ ʦʪʢʣʦˁʝʥ ʂʚʘʨ ʥʠʿʝ ʦʪʢʣʦˁʝʥ

POF *(1-POF)P B POF * POFP B

ʇʦʪʨʦʰʘʯʠ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʦʛʨʘʥʢʫ

ʠʩʧʨʝʜ ʫʨʝʹʘʿʘ B

 
ʉʣʠʢʘ 6.8 ʇʨʠʤʝʨ ʩʠʤʫʣʘʮʠʿʝ ʝʣʠʤʠʥʠʩʘˁʝ ʢʚʘʨʘ ʫ ʪʦʢʫ ʨʘʜʘ 

 

ʈʝʟʫʣʪʘʪ ʜʝˀʝˁʘ ʩʠʤʫʣʘʮʠʿʝ ʿʝ ʥʫʤʝʨʠʯʢʦ ʨʘʟʤʘʪʨʘˁʝ ʩʚʠʭ ʤʦʛʫ˂ʠʭ ʦʜʟʠʚʘ 

ʩʠʩʪʝʤʘ ʥʘ ʩʚʘʢʠ ʤʦʛʫ˂ʠ ʜʦʛʘʹʘʿ (ʫ ʢʦʥʪʝʢʩʪʫ ʢʚʘʨʦʚʘ ʥʘ ʟʘʰʪʠʪʥʠʤ ʝʣʝʤʝʥʪʠʤʘ). ʆʚʦ 

ʨʘʟʤʘʪʨʘˁʝ ʿʝ ʚʘʞʥʦ ʧʦʰʪʦ ʩʫ ʥʝʢʘ ʩʪʘˁʘ ʚʝʦʤʘ ʨʝʪʢʘ, ʘʣʠ ʤʦʛʫ ʠʤʘʪʠ ʚʝʣʠʢʠ ʫʪʠʮʘʿ 
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ʥʘ ʩʠʩʪʝʤ ʢʘʜʘ ʩʝ ʫ ˁʠʭ ʫʹʝ. ʊʘʢʦʹʝ, ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʿʝ ʦʤʦʛʫ˂ʝʥʦ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʘ ʣʠ ʩʫ 

ʧʦʩʣʝ ʦʪʢʣʦˁʝʥʦʛ ʢʚʘʨʘ ʩʚʠ ʧʦʪʨʦʰʘʯʠ ʚʨʘ˂ʝʥʠ ʥʘ ʩʠʩʪʝʤ, ʦʜʥʦʩʥʦ ʜʘ ʣʠ ʿʝ ʩʚʠʤʘ 

ʫʩʧʦʩʪʘʚˀʝʥʦ ʥʘʧʘʿʘˁʝ.  

ʂʚʘʨʦʚʠ ʥʘ ʟʘʰʪʠʪʥʠʤ ʝʣʝʤʝʥtʠʤʘ ʩʝ ʤʦʛʫ ʤʦʜʝʣʦʚʘʪʠ ʧʨʦʰʠʨʝˁʝʤ ʧʨʝʪʭʦʜʥʦ 

ʠʟʣʦʞʝʥʠʭ ʘʣʛʦʨʠʪʘʤʘ. ɸʣʛʦʨʠʪʘʤ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 6.9. 

 

ʉʪʘʨʪ

ʇʨʦʥʘ˂ʠ ʫʨʝʹʘʿ ʟʘ ʟʘʰʪʠʪʫ ʈ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ 

ʥʘʿʙʣʠʞʝ ʤʝʩʪʫ ʢʚʘʨʘ ʧʨʝʤʘ ʠʟʚʦʨʫ ʥʘʧʘʿʘˁʘ

ʇʨʦʥʘ˂ʠ ʨʝʟʝʨʚʥʠ ʟʘʰʪʠʪʥʠ ʫʨʝʹʘʿ ɺ ʢʦʿʠ

ʿʝ ʥʘʿʙʣʠʞʠ ʫʨʝʹʘʿʫ ʈ (ʘ ʥʘʣʘʟʠ ʩʝ ʧʨʝ ˁʝʛʘ)

ʂʨʘʿ

ʂʚʘʨ ʥʘ ʝʣʝʤʝʥʪʫʩʘ ʠʥʪʝʥʟʠʪʝʪʦʤ F ɚ
ʠʚʨʝʤʝʥʦʤ ʦʙʥʘʚˀʘˁʘ ʄʊʊR

ʋʚʝ˂ʘʪʠ ʜʫʞʝ ʧʨʝʢʠʜʝ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ 
ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʦʛʨʘʥʢʫ ʠʩʧʦʜ ʈ ʩʘ ɚ·(1-POF) 

ʋʚʝ˂ʘʪʠ ʪʨʘʿʘˁʝ ʜʫʞʠʭ ʧʨʝʢʠʜʘ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ 

ʩʝ ʥʘʣʘʟʝ ʫ ʦʛʨʘʥʢʫ ʠʩʧʦʜ ʈ ʩʘ ɚ· ·MTTR(1-POF)

ʋʚʝ˂ʘʪʠ ʜʫʞʝ ʧʨʝʢʠʜʝ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ 
ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʦʛʨʘʥʢʫ ʠʩʧʦʜ B ʩʘ ɚ·POF  

ʋʚʝ˂ʘʪʠ ʪʨʘʿʘˁʝ ʜʫʞʠʭ ʧʨʝʢʠʜʘ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ 

ʩʝ ʥʘʣʘʟʝ ʫ ʦʛʨʘʥʢʫ ʠʩʧʦʜ B ʩʘ ɚ· ·MTTRPOF    

 

ʉʣʠʢʘ 6.9 ɸʣʛʦʨʠʪʘʤ ʩʠʤʫʣʘʮʠʿʝ ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ ʦʜ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ  

ʩʘ ʨʝʟʝʨʚʥʠʤ ʫʨʝʹʘʿʝʤ ʟʘ ʟʘʰʪʠʪʫ 

 

ɸʣʛʦʨʠʪʤʦʤ ʩʘ ʩʣʠʢʝ 6.9 ʩʝ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʨʝʟʝʨʚʥʠ ʩʠʩʪʝʤ ʟʘ ʟʘʰʪʠʪʫ 100% 

ʦʪʢʣʘˁʘ ʢʚʘʨ. ʂʚʘʨ ʨʝʟʝʨʚʥʦʛ ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ ʩʝ ʤʦʞʝ ʤʦʜʝʣʦʚʘʪʠ ʨʝʢʫʨʟʠʚʥʠʤ 

ʧʦʟʠʚʦʤ ʘʣʛʦʨʠʪʤʘ ʟʘ ʩʚʘʢʠ ʢʚʘʨ ʢʦʿʠ ʥʘʩʪʘʥʝ ʫ ʩʠʩʪʝʤʫ. ʅʘ ʧʨʠʤʝʨ, ʘʢʦ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ 

ʢʚʘʨʘ ʧʨʠʤʘʨʥʦʛ ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ %POF
P

10= , ʘ ʨʝʟʝʨʚʥʦʛ ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ 

%POF
R

20= , ʧʨʠʤʘʨʥʠ ʩʠʩʪʝʤ ˂ʝ ʨʝʘʛʦʚʘʪʠ ʫ 90% ʩʣʫʯʘʿʝʚʘ, ʜʦʢ ˂ʝ ʨʝʟʝʨʚʥʠ ʩʠʩʪʝʤ 

ʠʩʧʨʘʚʥʦ ʨʝʘʛʦʚʘʪʠ ʩʘ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʦʜ ( ) %,,, 808020110 ==-Ö . 

ʄʦʜʝʣʦʚʘˁʝ ʢʚʘʨʘ ʟʘʰʪʠʪʥʠʭ ʝʣʝʤʝʥʘʪʘ ʿʝ ʩʣʦʞʝʥʠʿʝ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʝ 

ʘʫʪʦʤʘʪʩʢʠ ʨʘʩʢʣʦʧʥʠ ʝʣʝʤʝʥʪʠ. ʅʘʠʤʝ, ʘʢʦ ʧʦʩʤʘʪʨʘʥʠ ʝʣʝʤʝʥʪ ʥʝʤʘ ʨʝʟʝʨʚʥʫ 

ʟʘʰʪʠʪʫ, ʠʟʚʝʜʝʥʫ ʧʨʝʢʦ ʩʫʩʝʜʥʦʛ ʨʘʩʢʣʦʧʥʦʛ ʝʣʝʤʝʥʪʘ, ʩʚʠ ʧʨʠʚʨʝʤʝʥʠ ʢʚʘʨʦʚʠ ʢʦʿʠ 

ʩʝ ʜʦʛʦʜʝ ʥʝ˂ʝ ʠʤʘʪʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʦʪʢʣʦʥʝ ʩʘʤʠ ʦʜ ʩʝʙʝ, ʚʝ˂ ˂ʝ ʜʦ˂ʠ ʜʦ ʧʨʝʢʠʜʘ ʫ 

ʥʘʧʘʿʘˁʫ ʧʦʪʨʦʰʘʯʘ [78]. 

 

6.4 Monte Carlo ʩʠʤʫʣʘʮʠʿʘ 

 

Monte Carlo ʩʠʤʫʣʘʮʠʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʩʪʘʪʠʩʪʠʯʢʦʿ ʦʙʨʘʜʠ ʥʠʟʘ ʩʣʫʯʘʿʥʦ 

ʛʝʥʝʨʠʩʘʥʠʭ ʤʦʛʫ˂ʠʭ ʩʪʘˁʘ ʠʣʠ ʧʨʦʮʝʩʘ. ʆʚʘ ʩʠʤʫʣʘʮʠʿʘ ʟʘʭʪʝʚʘ ʧʫʥʦ ʨʘʯʫʥʘʨʩʢʦʛ 
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ʚʨʝʤʝʥʘ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ, ʿʝʨ ʦʙʫʭʚʘʪʘ ʩʚʝ ʘʩʧʝʢʪʝ ʥʝʧʦʚʦˀʥʠʭ 

ʜʦʛʘʹʘʿʘ ʧʦʩʤʘʪʨʘʥʦʛ ʩʠʩʪʝʤʘ. ɸʢʦ ʩʝ ʠʟʚʨʰʝ ʜʚʝ ʩʠʤʫʣʘʮʠʿʝ ʩʘ ʠʩʪʠʤ ʫʣʘʟʥʠʤ 

ʧʘʨʘʤʝʪʨʠʤʘ, ʠʟʣʘʟʥʠ ʧʦʜʘʮʠ ʥʝ˂ʝ ʙʠʪʠ ʠʩʪʠ. ʉʘ ʧʦʥʘʚˀʘˁʝʤ ʩʠʤʫʣʘʮʠʿʝ ʨʝʟʫʣʪʘʪʠ ˂ʝ 

ʙʠʪʠ ʩʣʠʯʥʠ ʘʥʘʣʠʪʠʯʢʠ ʜʦʙʠʿʝʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ. ʋ ʪʘʙʝʣʠ 6.2 ʿʝ ʜʘʪ ʫʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ 

ʧʨʝʜʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʘʢʘ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʠ Monte Carlo ʩʠʤʫʣʘʮʠʿʝ [82]. 

ʆʚʘ ʤʝʪʦʜʘ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʠ ʟʘ ʦʮʝʥʫ ʧʦʫʟʜʘʥʦʩʪʠ ʩʠʩʪʝʤʘ ʧʨʠ ʯʝʤʫ ʩʝ 

ʘʥʘʣʠʟʫʿʝ ʧʦʥʘʰʘˁʝ ʩʠʩʪʝʤʘ ʫ ʦʜʨʝʹʝʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ (ʦʙʠʯʥʦ ʿʝʜʥʘ ʛʦʜʠʥʘ). 

ʋʢʦʣʠʢʦ ʩʝ ʠʟʚʨʰʠ N ʩʠʤʫʣʘʮʠʿʘ, ʨʝʟʫʣʪʘʪ ʩʝ ʜʦʙʠʿʘ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʩʚʠʭ 

ʩʠʤʫʣʘʮʠʿʘ [81]: 
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 (6.1) 

ʛʜʝ ʿʝ:  

x  - ʦʯʝʢʠʚʘʥʘ ʚʨʝʜʥʦʩʪ 

i
x  - ʨʝʟʫʣʪʘʪ ʧʦʿʝʜʠʥʝ ʩʠʤʫʣʘʮʠʿʝ 

N  - ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ. 

 

ʊʘʙʝʣʘ 6.2 ʋʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʥʝʢʠʭ ʧʨʝʜʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʘʢʘ ʘʥʘʣʠʪʠʯʢʠʭ ʠ Monte 

Carlo ʩʠʤʫʣʘʮʠʿʘ 

ʉʠʤʫʣʘʮʠʦʥʝ ʤʝʪʦʜʝ 
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ɸʥʘʣʠʪʠʯʢʘ Monte Carlo 

ɼʦʙʠʿʘ ʩʝ ʪʘʯʘʥ ʨʝʟʫʣʪʘʪ ʟʘ 

ʜʝʬʠʥʠʩʘʥ ʤʦʜʝʣ. 

ɼʦʙʠʿʘ ʩʝ ʚʝʣʠʢʠ ʙʨʦʿ ʨʝʟʫʣʪʘʪʘ, ʧʘ ʩʝ 

ʠʟʨʘʯʫʥʘʚʘ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ. 

ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʘ ʩʝ ʜʦʙʠʿʘʿʫ 

ʿʝʜʥʦʩʪʘʚʥʦ ʢʘʜʘ ʿʝ ʨʘʟʚʠʿʝʥ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʤʦʜʝʣ. 

ʉʣʫʯʘʿʥʦ ʩʫ ʛʝʥʝʨʠʩʘʥʝ ʧʨʦʤʝʥˀʠʚʝ ʠ 

ʟʘʚʠʩʝ ʦʜ ʠʟʘʙʨʘʥʝ ʨʘʩʧʦʜʝʣʝ ʚʝʨʦʚʘʪʥʦ˂ʘ 

ʟʘ ʟʘʜʘʪʠ ʤʦʜʝʣ. 

ʅʝ ʤʦʨʘ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʥʘ 

ʨʘʯʫʥʘʨʫ. ɼʦʚʦˀʥʘ ʿʝ ʘʥʘʣʠʟʘ ʠ ʥʘ 

ʧʘʧʠʨʫ. 

ɱʝʜʥʦʩʪʘʚʥʘ ʿʝ ʟʘ ʧʨʠʤʝʥʫ ʠ ʤʦʞʝ ʩʝ 

ʢʦʨʠʩʪʠʪʠ ʫ ʙʠʣʦ ʢʦʿʦʿ ʥʘʫʯʥʦʿ ʦʙʣʘʩʪʠ. 
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ʇʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʧʨʝʪʧʦʩʪʘʚʢʝ (ʧʦʿʝʜʥʦʩʪʘʚˀʝˁʘ) ʜʘ 

ʙʠ ʧʨʦʙʣʝʤ ʙʠʦ ʧʨʠʣʘʛʦʜˀʠʚ 

ɿʘ ʩʠʤʫʣʘʮʠʿʫ ʿʝ ʥʝʦʧʭʦʜʘʥ ʨʘʯʫʥʘʨ. 

ʄʘˁʝ ʿʝ ʬʣʝʢʩʠʙʠʣʥʘ ʩʠʤʫʣʘʮʠʿʘ. 

ʄʦʛʫ ʧʦʩʪʦʿʘʪʠ ʦʜʨʝʹʝʥʘ 

ʦʛʨʘʥʠʯʝˁʘ ʧʨʠ ʨʘʟʚʦʿʫ ʤʦʜʝʣʘ. 

ʇʨʦʨʘʯʫʥʠ ʤʦʛʫ ʪʨʘʿʘʪʠ ʤʥʦʛʦ ʜʫʞʝ ʦʜ 

ʘʥʘʣʠʪʠʯʢʠʭ ʤʦʜʝʣʘ. 

ʄʦʜʝʣ ʤʦʛʫ ʨʘʟʫʤʝʪʠ ʩʘʤʦ ʝʢʩʧʝʨʪʠ 

ʢʦʿʠ ʜʦʙʨʦ ʧʦʟʥʘʿʫ ʤʘʪʝʤʘʪʠʯʢʝ 

ʧʨʦʙʣʝʤʝ. 

ʈʝʟʫʣʪʘʪʠ ʤʦʛʫ ʙʠʪʠ ʥʝʧʨʝʮʠʟʥʠ ʠ ʟʘʚʠʩʝ 

ʦʜ ʙʨʦʿʘ ʧʦʥʘʚˀʘˁʘ.  

 

ɹʨʦʿ ʩʠʤʫʣʘʮʠʿʘ ʟʘʚʠʩʠ ʦʜ ʨʝʟʫʣʪʘʪʘ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ, ʧʨʠ ʯʝʤʫ ʩʝ ʪʝʞʠ ʜʘ ʩʝ 

ʜʦʙʠʿʝ ʩʪʘʙʠʣʥʘ ʚʨʝʜʥʦʩʪ. ɸʢʦ ʩʝ ʩʠʤʫʣʠʨʘ ʜʦʛʘʹʘʿ ʢʦʿʠ ʩʝ ʨʝʪʢʦ ʜʝʰʘʚʘ, ʥʧʨ. ʘʢʦ ʥʝʢʠ 

ʝʣʝʤʝʥʪ ʦʪʢʘʟʫʿʝ ʿʝʜʥʦʤ ʫ 100 ʛʦʜʠʥʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ 1000 ʩʠʤʫʣʘʮʠʿʘ ʜʘ ʙʠ ʩʝ 

ʜʦʙʠʦ ʧʨʝʮʠʟʘʥ ʨʝʟʫʣʪʘʪ.  
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Monte Carlo ʩʠʤʫʣʘʮʠʿʝ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ ʜʚʘ ʦʩʥʦʚʥʘ ʪʠʧʘ:  

1. ʩʝʢʚʝʥʮʠʿʘʣʥʝ ʩʠʤʫʣʘʮʠʿʝ, 

2. ʩʠʤʫʣʘʮʠʿʝ ʩʣʫʯʘʿʥʠʭ ʩʪʘˁʘ.  

ʉʝʢʚʝʥʮʠʿʘʣʥʘ ʩʠʤʫʣʘʮʠʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʙʨʘʟʘʮʘ ʧʦʥʘʰʘˁʘ 

ʩʠʩʪʝʤʘ ʫ ʩʠʤʫʣʠʨʘʥʦʤ ʚʨʝʤʝʥʫ ʠ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʦʯʝʢʠʚʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʧʦʢʘʟʘʪʝˀʘ 

ʧʦʫʟʜʘʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ ʠʟ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʦ ʧʦʢʘʟʘʪʝˀʠʤʘ 

ʧʦʫʟʜʘʥʦʩʪʠ, ʤʦʛʫ ʩʝ ʟʘ ʜʘʪʘ ʚʨʝʤʝʥʘ ʫ ʨʘʜʫ ʠ ʦʪʢʘʟʫ ʦʜʨʝʹʝʥʠʭ ʝʣʝʤʝʥʘʪʘ ʛʝʥʝʨʠʩʘʪʠ 

ʩʣʫʯʘʿʥʝ ʚʨʝʜʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʫ ˁʠʭ ʩʝ ʤʦʛʫ ʜʦʙʠʪʠ ʨʘʩʧʦʜʝʣʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʦ ʢʚʘʨʦʚʠʤʘ 

ʝʣʝʤʝʥʘʪʘ ʠ ʚʨʝʤʝʥʫ ʦʙʥʘʚʘˀˁʘ. 

ɸʣʛʦʨʠʪʘʤ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʦʢʘʟʘʪʝˀʘ ʧʦʫʟʜʘʥʦʩʪʠ ʢʦʜ ʪʝʭʥʠʯʢʠʭ ʩʠʩʪʝʤʘ 

ʧʨʠʤʝʥʦʤ ʩʠʤʫʣʘʮʠʿʝ ʿʝ ʜʘʪ ʥʘ ʩʣʠʮʠ 6.10. 

 

ʇʨoʥʘʣʘʞʝˁʝ ʝʣʝʤʝʥʪʘ ʩʘ 
ʤʠʥʠʤʘʣʥʠʤ TTF

ɻʝʥʝʨʠʩʘˁʝ ʩʣʫʯʘʿʥʦʛ ʙʨʦʿʘ  ʫ ʠʥʪʝʨʚʘʣʫ ʦʜRn
0 ʜʦ 1 ʠ ʧʨʦʨʘʯʫʥ ʚʨʝʤʝʥʘ TTF=(-log(Rn)/ )x8760ɚ

ɼʝʬʠʥʠʩʘˁʝ ʩʠʩʪʝʤʘ, N, T

ʠ ʜʦʜʝʣʘ ʚʨʝʜʥʦʩʪʠ n=1, t=0

ʀʟʨʘʯʫʥʘʚʘˁʝ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʠʥʪʝʥʟʠʪʝʪʘ 

ʠ ʪʨʘʿʘˁʘ ʢʚʘʨʘ ʟʘ ʟʘʜʘʪʠ ʙʨʦʿ ʛʦʜʠʥʘ

t < T 

ʅE

ɼA

ɻʝʥʝʨʠʩʘˁʝ ʩʣʫʯʘʿʥʦʛ ʙʨʦʿʘ ʟʘ ʚʨʝʤʝ ʦʪʢʣʘˁʘˁʘ
ʢʚʘʨʘ  ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʬʫʥʢʮʠʿʫ ʨʘʩʧʦʜʝʣʝTTR

ʇʨʦʥʘʣʘʞʝˁʝ ʪʘʯaʢa ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʢʦʿʝ ʫʪʠʯʝ 
ʢʚʘʨ ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ ʝʣʝʤʝʥʪʫ ʠ ʝʚʠʜʝʥʪʠʨʘˁʝ ʢʚʘʨʘ 

ʆʜʨʝʜʠʪʠ ʠ ʝʚʠʜʝʥʪʠʨʘʪʠ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʢʚʘʨʘ 
ʟʘ ʩʚʘʢʫ ʪʘʯʢʫ ʦʧʪʝʨʝ˂ʝˁʘ

ɻʝʥʝʨʠʩʘˁʝ ʩʣʫʯʘʿʥʦʛ ʙʨʦʿʘ ʠ ʜʦʜʝʣʘ ʚʨʝʜʥʦʩʪʠ
 ʟʘ ʦʪʢʘʟʘʣʠ ʝʣʝʤʝʥʪ. NTTF t = t + TTR + NTTF

n=n+1

n<N 

ʅE

ɼA

ʀʟʨʘʯʫʥʘʚʘˁʝ ʧʦʢʘʟʘʪʝˀʘ ʧʦʫʟʜʘʥʦʩʪʠ

ʟʘ ʟʘʜʘʪʠ ʙʨʦʿ ʛʦʜʠʥʘ

ʂʨʘʿ

ʉʪʘʨʪ

 

ʉʣʠʢʘ 6.10 ɸʣʛʦʨʠʪʘʤ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʦʢʘʟʘʪʝˀʘ ʧʦʫʟʜʘʥʦʩʪʠ  

ʧʨʠʤʝʥʦʤ ʩʠʤʫʣʘʮʠʿʝ [82] 
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ʉʢʨʘ˂ʝʥʠʮʝ ʜʘʪʝ ʫ ʘʣʛʦʨʠʪʤʫ ʩʫ: 

ʊʊF - Time To Failure (ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʠʩʧʨʘʚʥʦʛ ʨʘʜʘ) 

ʊʊR - Time To Repair (ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ) 

NʊʊF - New Time To Failure (ʥʦʚʦ ʛʝʥʝʨʠʩʘʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʠʩʧʨʘʚʥʦʛ ʨʘʜʘ) 

 

6.4.1 ɻʝʥʝʨʠʩʘˁʝ ʩʣʫʯʘʿʥʠʭ ʙʨʦʿʝʚʘ 

 

ɻʝʥʝʨʠʩʘˁʝ ʩʣʫʯʘʿʥʠʭ ʙʨʦʿʝʚʘ ʿʝ ʦʩʥʦʚʘ ʟʘ ʩʚʝ Monte Carlo ʩʠʤʫʣʘʮʠʿʝ. 

ɻʝʥʝʨʘʪʦʨ ʩʣʫʯʘʿʥʠʭ ʙʨʦʿʝʚʘ ʤʦʨʘ ʙʠʪʠ ʚʘʣʠʜʘʥ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʿʘʣʠ ʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ, 

ʿʝʨ ʫʢʦʣʠʢʦ ʩʝ ʛʝʥʝʨʠʰʫ ʠʩʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʥʝʢʫ ʨʘʩʧʦʜʝʣʫ, ʨʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ ʥʝ˂ʝ 

ʙʠʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ. ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥ ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʿʥʠʭ ʙʨʦʿʝʚʘ ʿʝ ʦʥʘʿ ʢʦʿʠʤ ʩʝ 

ʛʝʥʝʨʠʰʫ ʚʨʝʜʥʦʩʪʠ ʦʜ ʥʫʣʘ ʜʦ ʿʝʜʘʥ. ʋ ʚʝ˂ʠʥʠ ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ ʩʝ ʢʦʨʠʩʪʠ 

ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʿʥʠʭ ʙʨʦʿʝʚʘ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ʠ ʛʝʥʝʨʠʰʝ ʥʦʚʠ ʙʨʦʿ ʥʘ 

ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦ ʛʝʥʝʨʠʩʘʥʦʛ ʙʨʦʿʘ. ʌʦʨʤʫʣʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʢʦʜ ʛʝʥʝʨʘʪʦʨʘ 

ʩʣʫʯʘʿʥʠʭ ʙʨʦʿʝʚʘ ʿʝ [83]: 

[ ] BmodCxAx
ii
+Ö=

+1
 (6.2) 

B

x
r i
i =  ʿʝ ʩʣʫʯʘʿʘʥ ʙʨʦʿ 10 <¢

i
r  (6.3) 

ʛʜʝ ʿʝ: 

A  - ʤʫʣʪʠʧʣʠʢʘʪʦʨ - ʤʥʦʞʠʣʘʮ (ʧʦʟʠʪʠʚʘʥ ʮʝʦ ʙʨʦʿ) 

B  - ʤʦʜʫʦ (ʦʩʪʘʪʘʢ ʜʝˀʝˁʘ ʜʚʘ ʙʨʦʿʘ - ʧʨʠʨʦʜʘʥ ʮʝʦ ʙʨʦʿ) 

C  - ʧʨʠʨʘʰʪʘʿ (ʧʦʟʠʪʠʚʘʥ ʮʝʦ ʙʨʦʿ) 

0x  - ʧʦʯʝʪʥʘ ʚʨʝʜʥʦʩʪ (ʧʦʟʠʪʠʚʘʥ ʮʝʦ ʙʨʦʿ) 

ʉʣʫʯʘʿʥʠ ʙʨʦʿʝʚʠ ʢʦʿʠ ʩʝ ʛʝʥʝʨʠʰʫ ʧʨʝʤʘ ʦʚʦʤ ʦʙʨʘʩʮʫ, ʤʦʛʫ ʩʝ ʧʦʥʘʚˀʘʪʠ ʢʘʦ 

ʰʘʙʣʦʥ. ɸʢʦ ʿʝ ʤʦʜʫʦ ʤʘˁʠ ʦʜ ʙʨʦʿʘ ʟʘʭʪʝʚʥʠʭ ʛʝʥʝʨʠʩʘʥʠʭ ʙʨʦʿʝʚʘ, ʧʦʥʘʚˀʘˁʝ 

ʰʘʙʣʦʥʘ ʿʝ ʥʝʤʠʥʦʚʥʦ. ʂʦʨʠʩʥʠʢ ʤʦʨʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʜʘ ʟʙʦʛ ʦʚʦʛ ʧʦʥʘʚˀʘˁʘ ʥʝ ʙʫʜʝ 

ʫʛʨʦʞʝʥʘ ʪʘʯʥʦʩʪ ʧʨʦʨʘʯʫʥʘ. 

ɸʢʦ ʩʝ ʢʦʨʠʩʪʠ ʠʩʪʘ ʧʦʯʝʪʥʘ ʚʨʝʜʥʦʩʪ, ʬʦʨʤʠʨʘ˂ʝ ʩʝ ʠʩʪʠ ʥʠʟ ʩʣʫʯʘʿʥʠʭ 

ʙʨʦʿʝʚʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʜʦʙʠʿʘʿʫ ʧʦʥʦʚˀʠʚʠ ʨʝʟʫʣʪʘʪʠ ʠ ʪʨʝʙʘʣʦ ʙʠ ʠʭ ʠʟʙʝʛʘʚʘʪʠ. 

ʂʘʜʘ ʩʝ ʢʦʨʠʩʪʠ ʚʠʰʝ ʤʠʢʨʦʧʨʦʮʝʩʦʨʘ (ʥʧʨ. ʧʨʠ ʧʘʨʘʣʝʣʥʦʤ ʠʣʠ ʜʠʩʪʨʠʙʫʠʨʘʥʦʤ 

ʧʨʦʛʨʘʤʠʨʘˁʫ), ʪʨʝʙʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʦ ʧʦʯʝʪʥʦʿ ʛʝʥʝʨʠʩʘʥʦʿ ʚʨʝʜʥʦʩʪʠ. ɼʘ ʩʝ ʥʝ ʙʠ 

ʜʦʙʠʿʘʣʠ ʙʝʩʢʦʨʠʩʥʠ ʨʝʟʫʣʪʘʪʠ, ʥʘʿʙʦˀʝ ʿʝ ʢʦʨʠʩʪʠʪʠ ʨʘʟʣʠʯʠʪʝ ʤʠʢʨʦʧʨʦʮʝʩʦʨʝ, ʢʘʢʦ 

ʩʝ ʥʝ ʙʠ ʜʝʛʨʘʜʠʨʘʣʝ ʧʝʨʬʦʨʤʘʥʩʝ ʘʣʛʦʨʠʪʤʘ. 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʠʧʘ ʬʫʥʢʮʠʿʘ ʧʨʠʤʝˁʫʿʫ ʩʝ ʠʥʚʝʨʟʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ, ʜʘ ʙʠ ʩʝ 

ʜʦʙʠʣʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʣʫʯʘʿʥʠ ʙʨʦʿʝʚʠ. ʀʟʛʣʝʜ ʜʦʙʠʿʝʥʦʛ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠ˂ʝ ʦʜ 

ʨʘʩʧʦʜʝʣʝ, ʘ ʚʨʝʜʥʦʩʪʠ ʩʝ ʢʨʝ˂ʫ ʠʟʤʝʹʫ ʥʫʣʘ ʠ ʿʝʜʘʥ (ʩʣʠʢʘ 6.11). ʊʫ ʿʝ ʧʨʠʢʘʟʘʥ 

ʧʨʠʤʝʨ ʪʨʠ ʨʘʩʧʦʜʝʣʝ, ʛʜʝ ʿʝ ʦʟʥʘʯʝʥ ʩʣʫʯʘʿʥʦ ʛʝʥʝʨʠʩʘʥ ʙʨʦʿ 0,6 ʢʦʿʠ ʦʜʛʦʚʘʨʘ 

ʦʜʨʝʹʝʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʥʦʨʤʘʣʥʝ, Weibull-ʦʚʝ ʠ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʨʘʩʧʦʜʝʣʝ. 

ʈʘʜʠ ʠʣʫʩʪʨʘʮʠʿʝ ʜʦʙʠʿʘˁʘ ʩʣʫʯʘʿʥʠʭ ʙʨʦʿʝʚʘ, ʨʘʟʤʦʪʨʠ˂ʝʤʦ ʩʠʪʫʘʮʠʿʫ ʢʘʜʘ ʩʫ 

ʧʦʞʝˀʥʠ ʩʣʫʯʘʿʥʠ ʙʨʦʿʝʚʠ ʩʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦʤ ʨʘʩʧʦʜʝʣʦʤ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʩʣʫʯʘʿʥʘ 

ʧʨʦʤʝʥˀʠʚʘ 
u

r  ʩʘ ʫʥʠʬʦʨʤʥʦʤ ʨʘʩʧʦʜʝʣʦʤ ʤʦʨʘ ʩʝ ʠʟʿʝʜʥʘʯʠʪʠ ʩʘ ʩʣʫʯʘʿʥʦʤ 

ʧʨʦʤʝʥˀʠʚʦʤ 
e

r  ʢʦʿʘ ʧʦʜʣʝʞʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦʿ ʨʘʩʧʦʜʝʣʠ 

( )eu rr Ö--= lexp1 . (6.4) 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

61 

 

ʀʟ ʿʝʜʥʘʯʠʥʝ (6.4) ʜʦʙʠʿʘ ʩʝ: 

( )
l

u
e

r
r

-
-=

1ln
 (6.5) 
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ʅʦʨʤʘʣʥʘ ʨʘʩʧʦʜʝʣʘWeibullovʘ ʨʘʩʧʦʜʝʣʘɽʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʨʘʩʧʦʜʝʣʘ

ʘ) ʙ) ʮ)

r
e re re

ru

 

ʉʣʠʢʘ 6.11 ʉʣʫʯʘʿʥʦ ʛʝʥʝʨʠʩʘʥʠ ʙʨʦʿʝʚʠ ʟʘ ʨʘʟʣʠʯʠʪʝ ʨʘʩʧʦʜʝʣʝ 

 

ʀʟʨʘʟ (6.3) ʤʦʞʝ ʩʝ ʫʧʦʪʨʝʙʠʪʠ ʨʘʜʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʛʨʘʬʠʯʢʦʛ ʨʝʰʝˁʘ ʢʦʿʝ ʿʝ 

ʧʦʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 6.11. ɸʢʦ ʿʝ 
u

r =0,6 ʠ 3,0=l  ʪʘʜʘ ʿʝ 
e

r  = 3,0543. ʆʚʘʿ ʨʝʟʫʣʪʘʪ 

ʦʜʛʦʚʘʨʘ ʚʨʝʜʥʦʩʪʠ ʩʘ ʛʨʘʬʠʢʘ ʥʘ ʩʣʠʮʠ 6.11 ʮ) ʠ ʤʦʞʝ ʩʝ ʧʨʠʤʝʥʠʪʠ ʠ ʥʘ ʜʨʫʛʝ 

ʨʘʩʧʦʜʝʣʝ. 

 

6.4.2 ʉʝʢʚʝʥʮʠʿʘʣʥʘ Monte Carlo ʩʠʤʫʣʘʮʠʿʘ 

 

ʉʝʢʚʝʥʮʠʿʘʣʥʘ Monte Carlo ʩʠʤʫʣʘʮʠʿʘ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʧʨʝʮʠʟʥʦ ʤʦʜʝʣʫʿʝ 

ʧʦʥʘʰʘˁʝ ʨʝʘʣʥʠʭ ʩʠʩʪʝʤʘ, ʢʘʦ ʥʠʟ ʩʣʫʯʘʿʥʠʭ ʜʦʛʘʹʘʿʘ ʢʦʿʠ ʩʝ ʜʦʛʘʹʘʿʫ ʥʝʟʘʚʠʩʥʦ 

ʿʝʜʘʥ ʦʜ ʜʨʫʛʦʛ ʫ ʚʨʝʤʝʥʫ. ʅʝʢʠ ʜʦʛʘʹʘʿʠ ʫ ʩʠʩʪʝʤʫ ʩʝ ʤʦʜʝʣʫʿʫ ʨʘʩʧʦʜʝʣʘʤʘ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʠ ʤʦʛʫ ʩʝ ʜʦʛʘʹʘʪʠ ʩʣʫʯʘʿʥʦ ʫ ʙʠʣʦ ʢʦʤ ʪʨʝʥʫʪʢʫ ʩʠʤʫʣʘʮʠʿʝ. ʆʩʪʘʣʠ 

ʜʦʛʘʹʘʿʠ ʩʫ ʫʩʣʦʚʥʠ, ʿʝʨ ʚʝʨʦʚʘʪʥʦ˂ʘ ˁʠʭʦʚʦʛ ʜʦʛʘʹʘˁʘ ʟʘʚʠʩʠ ʦʜ ʧʨʝʪʭʦʜʥʠʭ ʜʦʛʘʹʘʿʘ 

ʠ ʪʨʝʥʫʪʥʦʛ ʩʪʘˁʘ ʩʠʩʪʝʤʘ (ʥʘ ʧʨʠʤʝʨ, ʫʟʘʩʪʦʧʥʠ ʢʚʘʨʦʚʠ). ʅʘ ʩʣʠʯʘʥ ʥʘʯʠʥ, ʦʜʟʠʚ 

ʩʠʩʪʝʤʘ ʥʘ ʥʝʞʝˀʝʥʝ ʜʦʛʘʹʘʿʝ ʩʝ ʤʦʜʝʣʫʿʝ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ, ʜʦʟʚʦˀʘʚʘʿʫ˂ʠ ʥʘ ʪʘʿ 

ʥʘʯʠʥ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʠʩʪʝʤ ʨʝʘʛʫʿʝ ʥʘ ʤʥʦʛʦ ʨʘʟʣʠʯʠʪʠʭ ʥʘʯʠʥʘ. ɸʢʦ ʩʝ ʧʨʠʤʝʥʠ ʩʘ 

ʜʦʚʦˀʥʦ ʜʝʪʘˀʥʠʭ ʧʦʜʘʪʘʢʘ, ʩʝʢʚʝʥʮʠʿʘʣʥʘ Monte Carlo ʩʠʤʫʣʘʮʠʿʘ ʜʘʿʝ ʚʠʩʦʢʦ ʨʝʘʣʘʥ 

ʤʦʜʝʣ ʢʦʿʠ ʿʝ ʫʧʦʨʝʜʠʚ ʩʘ ʬʠʟʠʯʢʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ. ʇʨʠ ʦʚʦʿ ʩʠʤʫʣʘʮʠʿʠ, ʧʝʨʠʦʜ 

ʩʠʤʫʣʘʮʠʿʝ ʩʝ ʜʝʣʠ ʥʘ ʤʘʣʝ ʚʨeʤʝʥʩʢʝ ʠʥʪʝʨʚʘʣʝ ʠ ʩʚʘʢʠ ʜʝʦ ʩʝ ʩʠʤʫʣʠʨʘ ʫ ʥʠʟʫ ʠ 

ʠʜʝʥʪʠʬʠʢʫʿʫ ʩʝ ʥʦʚʠ ʢʚʘʨʦʚʠ. ʇʨʝʮʠʟʥʦʩʪ ʩʠʤʫʣʘʮʠʿʝ ʨʘʩʪʝ ʫʢʦʣʠʢʦ ʩʝ ʚʨʝʤʝʥʩʢʠ 

ʠʥʪʝʨʚʘʣʠ ʩʤʘˁʫʿʫ, ʘʣʠ ʩʝ ʧʦʚʝ˂ʘʚʘ ʫʢʫʧʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʩʠʤʫʣʘʮʠʿʝ.  

ɸʢʦ ʩʝ ʤʦʜʝʣʫʿʝ ʚʨʝʤʝ ʦʜ ʿʝʜʥʝ ʛʦʜʠʥʝ, ʩʘ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ ʦʜ ʩʘʪ 

ʚʨʝʤʝʥʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʜʝʣʠʪʠ ʛʦʜʠʥʫ ʥʘ 8760 ʚʨʝʤʝʥʩʢʠʭ ʠʥʪʝʨʚʘʣʘ. ɸʥʘʣʦʛʥʦ, ʧʨʠ 

ʢʨʝʠʨʘˁʫ ʤʦʜʝʣʘ ʯʠʿʝ ʩʫ ʜʫʞʠʥʝ ʠʥʪʝʨʚʘʣʘ ʦʜ ʿʝʜʥʦʛ ʤʠʥʫʪʘ, ʙʨʦʿ ʠʥʪʝʨʚʘʣʘ ˂ʝ ʙʠʪʠ 

525600. ɽʬʠʢʘʩʥʦʩʪ ʨʘʯʫʥʘʨʩʢʝ ʩʠʤʫʣʘʮʠʿʝ ʤʦʞʝ ʩʝ ʧʦʙʦˀʰʘʪʠ ʧʨʠʤʝʥʦʤ 

ʧʨʦʤʝʥˀʠʚʠʭ ʚʨʝʤʝʥʩʢʠʭ ʠʥʪʝʨʚʘʣʘ, ʛʜʝ ʩʝ ʧʨʠ ʥʦʨʤʘʣʥʦʤ ʨʘʜʫ ʫʟʠʤʘʿʫ ʜʫʞʠ 

ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣʠ, ʘ ʫʢʦʣʠʢʦ ʜʦʹʝ ʜʦ ʥʝʞʝˀʝʥʠʭ ʩʠʪʫʘʮʠʿʘ, ʫʟʠʤʘʿʫ ʩʝ ʢʨʘ˂ʠ 

ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣʠ. 

ʇʨʠʤʝʥʦʤ ʦʚʝ ʩʠʤʫʣʘʮʠʿʝ ʬʦʨʤʠʨʘ ʩʝ ʥʠʟ ʩʠʤʫʣʘʮʠʿʘ ʟʘ ʧʦʩʤʘʪʨʘʥʠ ʧʝʨʠʦʜ ʦʜ 

ʿʝʜʥʝ ʛʦʜʠʥʝ ʢʦʿʠ ʩʝ ʜʝʣʠ ʥʘ ʰʪʦ ʢʨʘ˂ʝ ʚʨʝʤʝʥʩʢʝ ʠʥʪʝʨʚʘʣʝ. ɸʣʛʦʨʠʪʘʤ ʥʘ ʩʣʠʮʠ 6.12 

[84] ʩʝ ʢʦʨʠʩʪʠ ʧʨʠ ʛʝʥʝʨʠʩʘˁʫ ʢʚʘʨʦʚʘ ʟʘ ʩʚʘʢʠ ʜʝʦ ɽɽʉ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʚʨʝʤʝʥʩʢʦʤ 
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ʧʝʨʠʦʜʫ. ʇʨʦʮʝʩ ʩʠʤʫʣʘʮʠʿʝ ˂ʝ ʙʠʪʠ ʟʘʚʨʰʝʥ ʢʘʜʘ ʩʝ ʟʘ ʩʚʘʢʠ ʧʦʩʤʘʪʨʘʥ ʚʨʝʤʝʥʩʢʠ 

ʠʥʪʝʨʚʘʣ ʦʜʨʝʜʠ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʥʢʘ ʢʚʘʨʦʚʘ. 

 

ʀʟʙʦʨ ʚʨʝʤʝʥʩʢʠʭ
ʠʥʪʝʨʚʘʣʘ N

ɺʝʨʦʚʘʪʥʦ˂a ʢʚʘʨʘ Pr
ʟʘ ʦʛʨʘʥʘʢ ʤʨʝʞʝ-D  

n=n+1

ʉʫʤʘ ʢʚʘʨʘ= ʉʫʤʘ ʢʚʘʨʘ+1

ʉʠʤʫʣʘʮʠʿʘ ʥʘʩʪʘʥʢʘ 
ʢʚʘʨʦʚʘ ʫ ʯʚʦʨʫ D

Rn<Pr 

ʅE

ɼA

ʉʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ
ʦ ʢʚʘʨʦʚʠʤʘ

ɻʝʥʝʨʠʩʘˁʝ ʩʣʫʯʘʿʥʦʛ
ʪʨʘʿʘˁʘ ʩʚʘʢʦʛ ʧʨʝʢʠʜʘ

(1-Pr)/N>Rn 
ʅE

ɼA

ɻʝʥʝʨʠʩʘˁʝ ʩʣʫʯʘʿʥʦʛ
ʙʨʦʿʘ  ʠʟʤʝʹʫ 0 ʠ 1Rn

ʋʃɸɿʅʀ ʇʆɼɸʎʀ

ʀɿʃɸɿʅʀ ʇʆɼɸʎʀ

 
 

ʉʣʠʢʘ 6.12 ɸʣʛʦʨʠʪʘʤ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ [84] 

 

ɺʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʥʢʘ ʥʝʞʝˀʝʥʦʛ ʜʦʛʘʹʘʿʘ ʫ ʥʝʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ʿʝ 

ʿʝʜʥʘʢʘ ʚʝʨʦʚʘʪʥʦ˂ʠ ʥʘʩʪʘʥʢʘ ʜʦʛʘʹʘʿʘ ʥʘ ʢʨʘʿʫ ʚʨʝʤʝʥʩʢʦʛ ʠʥʝʨʚʘʣʘ ʫʤʘˁʝʥʘ ʟʘ 

ʚʝʨʦʚʘʪʥʦ˂ʫ ʥʘʩʪʘʥʢʘ ʜʦʛʘʹʘʿʘ ʥʘ ʧʦʯʝʪʢʫ ʚʨʝʤʝʥʩʢʦʛ ʠʥʪʝʨʚʘʣʘ. ʊʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʿʝ 

ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʘ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʝ ʠʥʪʝʥʟʠʪʝʪʘ ʦʪʢʘʟʘ ʥʘ ʧʦʯʝʪʢʫ ʚʨʝʤʝʥʩʢʦʛ 

ʠʥʪʝʨʚʘʣʘ ʢʦʿʘ ʿʝ ʧʦʤʥʦʞʝʥʘ ʩʘ ʪʨʘʿʘˁʝʤ ʚʨʝʤʝʥʩʢʦʛ ʠʥʪʝʨʚʘʣʘ [85]: 

() ( ) ()tFttFtP -D+= , (6.6) 

() () ttftP DÖº , (6.7) 

ʛʜʝ ʩʫ:  

()tP  - ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʥʢʘ ʜʦʛʘʹʘʿʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ [ ]ttt D+, , 

()tF  - ʬʫʥʢʮʠʿʘ ʨʘʩʧʦʜʝʣʝ ʚʝʨʦʚʘʪʥʦ˂ʘ, 

()tf  - ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ, 

tD  - ʪʨʘʿʘˁʝ ʚʨʝʤʝʥʩʢʦʛ ʠʥʪʝʨʚʘʣʘ. 

ʂʦʜ ʥʝʢʠʭ ʨʘʩʧʦʜʝʣʘ, ʢʘʦ ʥʘ ʧʨʠʤʝʨ ʢʦʜ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ, ʠʥʪʝʥʟʠʪʝʪ ʥʘʩʪʘʥʢʘ 

ʢʚʘʨʦʚʘ ʥʝ ʤʝˁʘ ʩʝ ʫ ʚʨʝʤʝʥʫ, ʪʿ. ʢʦʥʩʪʘʥʪʘʥ ʿʝ. ʂʦʜ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ ʤʦʜʝʣʫʿʫ ʦʚʠʤ 

ʨʘʩʧʦʜʝʣʘʤʘ, ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ ʿʝ ʥʝʟʘʚʠʩʥʘ ʦʜ ʜʫʞʠʥʝ ʪʨʘʿʘˁʘ ʝʢʩʧʣʦʪʘʮʠʿʝ. 

ʂʦʜ ʦʩʪʘʣʠʭ ʨʘʩʧʦʜʝʣʘ, ʚʝʨʦʚʘʪʥʦ˂ʘ ʠʥʪʝʥʟʠʪʝʪʘ ʦʪʢʘʟʘ ʿʝ ʧʨʦʤʝʥˀʠʚʘ ʫ ʚʨʝʤʝʥʫ ʠ 

ʤʦʨʘ ʩʝ ʨʘʯʫʥʘʪʠ ʧʦʩʝʙʥʦ ʟʘ ʩʚʘʢʠ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʦʜ ʠʥʪʝʨʝʩʘ. ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ 

ʨʝʯʝʥʦ, ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦʤ ʨʘʩʧʦʜʝʣʦʤ ʩʝ ʜʦʙʨʦ ʤʦʜʝʣʫʿʫ ʦʥʠ ʜʦʛʘʹʘʿʠ ʢʦʿʠ ʩʝ ʤʦʛʫ 

ʧʨʠʧʠʩʘʪʠ ʩʧʦˀʘʰˁʠʤ ʫʪʠʮʘʿʠʤʘ (ʥʘ ʧʨʠʤʝʨ, ʦʪʢʘʟʠ ʟʙʦʛ ʜʠʨʝʢʪʥʦʛ ʘʪʤʦʩʬʝʨʩʢʦʛ 

ʧʨʘʞˁʝˁʘ). ʉʚʠʤ ʦʩʪʘʣʠʤ ʨʘʩʧʦʜʝʣʘʤʘ ʤʦʛʫ ʩʝ ʤʦʜʝʣʦʚʘʪʠ ʜʦʛʘʹʘʿʠ ʢʦʿʠ ʩʫ ʧʦʩʣʝʜʠʮʘ 

ʩʢʨʠʚʝʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʛʨʝʰʘʢʘ, ʩʪʘʨʦʩʪʠ, ʩʪʝʧʝʥʘ ʦʧʪʝʨʝ˂ʝˁʘ ʝʣʝʤʝʥʪʘ, 

ʧʨʦʤʝʥˀʠʚʦʩʪʠ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʜʨ. 
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ʅʘ ʩʣʠʮʠ 6.13 [84] ʧʨʠʢʘʟʘʥ ʿʝ ʘʣʛʦʨʠʪʘʤ ʩʠʤʫʣʘʮʠʿʝ ʚʨʝʤʝʥʘ ʦʪʢʣʘˁʘˁʘ ʩʚʘʢʦʛ 

ʢʚʘʨʘ ʫ ʥʝʢʦʤ ʟʘʜʘʪʦʤ ʯʚʦʨʫ D. ʋʢʫʧʥʦ ʪʨʘʿʘˁʝ ʧʨʝʢʠʜʘ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʧʦʥʘʚˀʘˁʝʤ 

ʩʠʤʫʣʘʮʠʿʘ ʟʘ ʥʧʨ. ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʦʜ ʿʝʜʥʝ ʛʦʜʠʥʝ, ʪʘʢʦ ʜʘ ʩʝ ʜʦʙʠʿʘʿʫ 

ʩʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ ʟʘ ʜʘˀʫ ʘʥʘʣʠʟʫ.  

 

ɺʨʝʤʝʥʘ ʧʦʧʨʘʚʢʠ ʫʩʣʝʜ ʧʨʝʢʠʜʘ ʫ 
ʠʩʧʦʨʫʮʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ

ʉʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ

ʦ ʢʚʘʨʦʚʠʤʘ

ʇʨoʨʘʯʫʥ ʬʫʥʢʮʠʿʝ ʚʝʨʦʚʘʪʥʦ˂ʝ  ʢʦʿʘ Pr

ʦʜʛʦʚʘʨʘ ʚʨʝʤʝʥʫ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ RD

ɻʝʥʝʨʠʩʘˁʝ ʩʣʫʯʘʿʥʦʛ 

ʚʨʝʤʝʥʘ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ

ʅʘʩʪʘʥʘʢ ʢʚʘʨʘ

ɻʝʥʝʨʠʩʘˁʝ ʩʣʫʯʘʿʥʦʛ 

ʙʨʦʿʘ  ʠʟʤʝʹʫ 0 ʠ 1Rn

RD ʿʝ ʚʨʝʤʝ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ

Rn<Pr 

ʅʦʚʠ

ʧʦʢʫʰʘʿ

ʅE

ɼA

 

ʉʣʠʢʘ 6.13 ɸʣʛʦʨʠʪʘʤ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʚʨʝʤʝʥʘ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʘ [84] 

 

ʇʨʠʤʝʥʘ ʩʝʢʚʝʥʮʠʿʘʣʥʝ Monte Carlo ʩʠʤʫʣʘʮʠʿʝ ʿʝ ʧʦʛʦʜʥʘ ʢʘʜʘ ʧʦʥʘʰʘˁʝ 

ʩʠʩʪʝʤʘ ʟʘʚʠʩʠ ʦʜ ʧʨʝʪʭʦʜʥʠʭ ʜʦʛʘʹʘʿʘ. ʂʘʦ ʜʦʙʘʨ ʧʨʠʤʝʨ ʤʦʛʫ ʩʝ ʨʘʟʤʘʪʨʘʪʠ 

ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ ʢʦʿʝ ʫʟʨʦʢʫʿʫ ʥʘʩʪʘʥʘʢ ʢʚʘʨʦʚʘ ʥʘ ʩʠʩʪʝʤʫ. ʊʘʜʘ ʠʩʧʘʜ ʿʝʜʥʦʛ ʜʝʣʘ 

ʠʣʠ ʝʣʝʤʝʥʪʘ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʠʩʧʘʜʘ ʠ ʜʨʫʛʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʥʠʩʫ ʜʠʨʝʢʪʥʦ 

ʧʦʛʦʹʝʥʠ (ʪʟʚ. ʢʘʩʢʘʜʥʦ ʰʠʨʝˁʝ ʢʚʘʨʦʚʘ).  

 

6.4.3 Monte Carlo ʩʠʤʫʣʘʮʠʿʘ ʩʣʫʯʘʿʥʠʭ ʩʪʘˁʘ 

 

ʉʝʢʚʝʥʮʠʿʘʣʥʘ Monte Carlo ʩʠʤʫʣʘʮʠʿʘ ʩʝ ʥʝ ʢʦʨʠʩʪʠ ʫʢʦʣʠʢʦ ʥʝʞʝˀʝʥʠ 

ʜʦʛʘʹʘʿʠ ʥʠʩʫ ʟʘʚʠʩʥʠ ʠ ʧʦʥʘʰʘˁʝ ʩʠʩʪʝʤʘ ʥʝ ʟʘʚʠʩʠ ʦʜ ʧʨʝʪʭʦʜʥʠʭ ʜʦʛʘʹʘʿʘ. ʋʢʦʣʠʢʦ 

ʥʠʿʝ ʙʠʪʘʥ ʨʝʜʦʩʣʝʜ ʥʘʩʪʘʥʢʘ ʥʝʞʝˀʝʥʠʭ ʜʦʛʘʹʘʿʘ, ʦʥʜʘ ʩʝ ʧʨʠʤʝˁʫʿʝ Monte Carlo 

ʩʠʤʫʣʘʮʠʿʘ ʩʣʫʯʘʿʥʠʭ ʩʪʘˁʘ. ʂʦʜ ʦʚʝ ʚʨʩʪʝ ʩʠʤʫʣʘʮʠʿʝ ʩʢʨʘ˂ʫʿʝ ʩʝ ʧʝʨʠʦʜ ʩʠʤʫʣʠʨʘˁʘ 

ʠ ʧʨʘʚʠʣʘ ʩʫ ʿʝʜʥʦʩʪʘʚʥʠʘʿ, ʿʝʨ ʩʫ ʜʦʛʘʹʘʿʠ ʥʝʟʘʚʠʩʥʠ. ʉʠʤʫʣʘʮʠʿʘ ʧʦʯʠˁʝ ʩʘ ʩʢʫʧʦʤ 

ʤʦʛʫ˂ʠʭ ʥʝʞʝˀʝʥʠʭ ʜʦʛʘʹʘʿʘ ʠ ʛʝʥʝʨʠʩʘˁʝʤ ʩʣʫʯʘʿʥʦʛ ʙʨʦʿʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ 

ʚʝʨʦʚʘʪʥʠ ʙʨʦʿ ʥʝʧʨʝʜʚʠʹʝʥʠʭ ʜʦʛʘʹʘʿʘ ʫ ʧʝʨʠʦʜʫ ʩʠʤʫʣʘʮʠʿʝ.  

ʇʦʰʪʦ ʿʝ ʫʦʙʠʯʘʿʝʥ ʧʝʨʠʦʜ ʩʠʤʫʣʘʮʠʿʝ ʦʜ ʛʦʜʠʥʫ ʜʘʥʘ ʟʘ ʦʮʝʥʫ ʧʦʫʟʜʘʥʦʩʪʠ, 

ʚʝ˂ʠʥʘ ʥʝʧʨʝʜʚʠʹʝʥʠʭ ʜʦʛʘʹʘʿʘ ʩʝ ʥʝ˂ʝ ʜʝʩʠʪʠ ʠʣʠ ˂ʝ ʩʝ ʜʝʩʠʪʠ ʩʘʤʦ ʿʝʜʥʦʤ. ʇʨʝʮʠʟʘʥ 

ʙʨʦʿ ʥʘʩʪʘʥʢʘ ʥʝʧʨʝʜʚʠʹʝʥʠʭ ʜʦʛʘʹʘʿʘ ʟʘʚʠʩʠ ʦʜ ʨʘʩʧʦʜʝʣʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʢʦʿʘ ʿʝ 

ʧʨʠʤʝˁʝʥʘ ʫ ʤʦʜʝʣʫ. ʅʘ ʧʨʠʤʝʨ, ʟʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʫ ʨʘʩʧʦʜʝʣʫ ʢʚʘʨʦʚʘ (ʢʦʿʘ ʠʤʘ 

ʢʦʥʩʪʘʥʪʘʥ ʠʥʪʝʥʟʠʪʝʪ ʦʪʢʘʟʘ), ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʝʣʝʤʝʥʘʪ ʦʪʢʘʟʘʪʠ x ʧʫʪʘ ʪʦʢʦʤ ʿʝʜʥʝ 

ʛʦʜʠʥʝ ʿʝ [86]: 

!x

e
P

x

x

ll -

= .  (6.8) 
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ɼʘ ʙʠ ʩʝ ʦʜʨʝʜʠʣʦ ʢʦʣʠʢʦ ʧʫʪʘ ʛʦʜʠʰˁʝ ˂ʝ ʝʣʝʤʝʥʪ ʜʘ ʦʪʢʘʞʝ, ʛʝʥʝʨʠʰʝ ʩʝ 

ʩʣʫʯʘʿʘʥ ʙʨʦʿ ʫ ʠʥʪʝʨʚʘʣʫ [0, 1]. ɸʢʦ ʿʝ ʦʚʘʿ ʙʨʦʿ ʤʘˁʠ ʦʜ l-e , ʥʝ˂ʝ ʩʝ ʜʝʩʠʪʠ ʢʚʘʨ ʫ 

ʩʠʤʫʣʠʨʘʥʦʿ ʛʦʜʠʥʠ. ɸʢʦ ʿʝ ʩʣʫʯʘʿʥʠ ʙʨʦʿ ʠʟʤʝʹʫ l-e  ʠ ll-e , ʜʝʩʠ˂ʝ ʩʝ ʿʝʜʘʥ ʢʚʘʨ. ɸʢʦ 

ʿʝ ʩʣʫʯʘʿʘʥ ʙʨʦʿ ʚʝ˂ʠ ʦʜ ll-e ʜʝʩʠ˂ʝ ʩʝ ʚʠʰʝ ʢʚʘʨʦʚʘ ʫ ʩʠʤʫʣʠʨʘʥʦʿ ʛʦʜʠʥʠ. ʇʨʠʤʝʨʘ 

ʨʘʜʠ, ʧʦʩʤʘʪʨʘʿʤʦ ʝʣʝʤʝʥʪ ʯʠʿʠ ʿʝ ʦʯʝʢʠʚʘʥʠ ʠʥʪʝʥʟʠʪʝʪ ʢʚʘʨʦʚʘ [ ]god/, 110=l . 

ɺʝʨʦʚʘʪʥʦ˂ʝ ʧʦʿʝʜʠʥʠʭ ʜʦʛʘʹʘʿʘ ʫ ʪʦʢʫ ʘʥʘʣʠʟʠʨʘʥʝ ʛʦʜʠʥʝ ʩʫ [85]: 

¶ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʥʝ˂ʝ ʜʦ˂ʠ ʜʦ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ 0,9048 

¶ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʥʘʩʪʘʪʠ ʿʝʜʘʥ ʢʚʘʨ 0,0905 

¶ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʥʘʩʪʘʪʠ ʜʚʘ ʢʚʘʨʘ 0,0045 

¶ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʥʘʩʪʘʪʠ ʪʨʠ ʢʚʘʨʘ 0,0002. 

 

6.5 ʋʪʠʮʘʿ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʥʘ ʧʦʫʟʜʘʥʦʩʪ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ 

 

ɸʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʢʦʿʠʤʘ ʩʝ ʧʨʝʜʚʠʹʘ ʧʦʫʟʜʘʥʦʩʪ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ (ʪʝʭʥʠʯʢʠʭ) 

ʩʠʩʪʝʤʘ ʪʠʧʠʯʥʦ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ ʧʨʝʪʧʦʩʪʘʚʮʠ ʜʘ ʩʫ ʩʚʠ ʢʚʘʨʦʚʠ ʤʝʹʫʩʦʙʥʦ ʠʩʢˀʫʯʠʚʠ 

(ʥʝʟʘʚʠʩʥʠ). ʆʚʦ ʿʝ ʧʨʘʢʪʠʯʥʦ ʪʘʯʥʦ ʫ ʫʩʣʦʚʠʤʘ ʥʦʨʤʘʣʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʧʨʠʣʠʢʘ ʠ 

ʘʧʩʦʣʫʪʥʦ ʧʦʛʨʝʰʥʦ ʟʘ ʝʢʩʪʨʝʤʥʝ ʚʨʝʤʝʥʩʢʝ ʫʩʣʦʚʝ. ɻʣʘʚʥʘ ʪʝʰʢʦ˂ʘ ʿʝ ʚʝ˂ ʧʦʤʝʥʫʪʘ 

ʯʠˁʝʥʠʮʘ ʜʘ ʪʦʢʦʤ ʘʪʤʦʩʬʝʨʩʢʠʭ ʧʨʘʞˁʝˁʘ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʚʠʰʝʩʪʨʫʢʠʭ 

ʿʝʜʥʦʚʨʝʤʝʥʠʭ ʢʚʘʨʦʚʘ. ʊʘʜʘ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʥʝ˂ʝ ʙʠʪʠ ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ ʧʦʪʨʝʙʘʥ ʙʨʦʿ 

ʝʢʠʧʘ, ʰʪʦ ˂ʝ ʢʘʦ ʧʦʩʣʝʜʠʮʫ ʠʤʘʪʠ ʜʫʛʦ ʪʨʘʿʘˁʝ ʧʨʝʢʠʜʘ ʥʘʧʘʿʘˁʘ ʧʦʿʝʜʠʥʠʭ 

ʧʦʪʨʦʰʘʯʘ [87].  

ʋ ʥʘʩʪʘʚʢʫ ʿʝ ʦʧʠʩʘʥʦ ʢʘʢʦ ʩʝ ʧʦʫʟʜʘʥʦʩʪ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʪʦʢʦʤ 

ʘʪʤʦʩʬʝʨʩʢʠʭ ʧʨʘʞˁʝˁʘ ʤʦʜʝʣʫʿʝ ʧʨʠʤʝʥʦʤ ʩʝʢʚʝʥʮʠʿʘʣʥʝ ʩʠʤʫʣʘʮʠʿʝ. ɺʨʝʤʝʥʩʢʝ 

ʥʝʧʦʛʦʜʝ ʩʝ ʤʦʜʝʣʫʿʫ ʢʘʦ ʣʦʰʘ ʩʪʘˁʘ, ʢʦʿʘ ʩʝ ʦʜʣʠʢʫʿʫ ʥʠʟʦʤ ʬʫʥʢʮʠʿʘ ʨʘʩʧʦʜʝʣʝ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʠ ʢʦʝʿ ʟʘʚʠʩʝ ʦʜ ʠʥʪʝʥʟʠʪʝʪʘ ʘʪʤʦʩʬʝʨʩʢʠʭ ʧʨʘʞˁʝˁʘ. ʇʘʨʘʤʝʪʨʠ ʢʦʿʠ 

ʜʝʬʠʥʠʰʫ ʧʨʘʞˁʝˁʝ ʩʫ ʠʟʦʢʝʨʘʫʥʠʯʢʠ ʥʠʚʦ, ʪʨʘʿʘˁʘ ʧʨʘʞˁʝˁʘ ʠ ʘʤʧʣʠʪʫʜʘ [87].  

 

6.5.1 ʉʠʤʫʣʘʮʠʿʘ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ 

 

ʉʠʤʫʣʘʮʠʿʘ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʚʨʰʠ ʩʝ ʢʨʦʟ ʜʚʝ ʬʘʟʝ. ʋ ʧʨʚʦʿ ʬʘʟʠ 

ʩʠʤʫʣʘʮʠʿʝ ʩʠʤʫʣʠʨʘ ʩʝ ʧʝʨʠʦʜ ʥʝʧʦʚʦˀʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʧʨʠʣʠʢʘ, ʘ ʫ ʜʨʫʛʦʿ ʩʝ 

ʩʠʤʫʣʠʨʘʿʫ ʧʦʧʨʘʚʢʝ ʠ ʦʜʨʞʘʚʘˁʘ ʢʦʿʘ ʩʝ ʩʧʨʦʚʦʜʝ ʢʘʜʘ ʧʨʝʩʪʘʥʫ ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ. 

ʋ ʪʦʢʫ ʧʨʚʝ ʬʘʟʝ ʩʠʤʫʣʘʮʠʿʝ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʨʘʩʪʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʥʢʘ ʢʚʘʨʦʚʘ 

ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʿ ʦʧʨʝʤʠ. ʅʘʿʢʨʠʪʠʯʥʠʿʠ ʘʩʧʝʢʪ ʧʨʠ ʩʠʤʫʣʘʮʠʿʠ ʫʪʠʮʘʿʘ 

ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʿʝ ʤʦʜʝʣʦʚʘˁʝ ʫʪʠʮʘʿʘ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʥʘ ʠʥʪʝʥʟʠʪʝʪ 

ʢʚʘʨʦʚʘ. ʋʢʦʣʠʢʦ ʧʦʩʪʦʿʠ ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ ʧʦʜʘʪʘʢʘ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʧʝʨʠʦʜʘ ʫ ʚʝʟʠ ʩʘ 

ʥʘʩʪʘʥʢʦʤ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ, ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʠʥʪʝʥʟʠʪʝʪʘ 

ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʠ ʢʚʘʨʦʚʘ ʥʘ ʦʧʨʝʤʠ. ʄʦʜʝʣ ʠʥʪʝʥʟʠʪʝʪʘ ʢʚʘʨʦʚʘ ʤʦʞʝ ʩʝ ʠʟʚʝʩʪʠ 

ʠʟ ʬʠʟʠʯʢʠʭ ʤʦʜʝʣʘ. ʇʨʠ ʢʨʝʠʨʘˁʫ ʤʦʜʝʣʘ ʟʘ ʩʠʤʫʣʘʮʠʿʫ, ʩʚʘʢʠ ʝʣʝʤʝʥʪ ʩʝ ʪʝʩʪʠʨʘ ʥʘ 

ʥʘʩʪʘʥʘʢ ʢʚʘʨʘ ʫ ʙʠʣʦ ʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ [86].  

ɼʘ ʙʠ ʩʝ ʧʦʩʪʠʛʣʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʨʝʟʫʣʪʘʪʠ, ʧʨʦʮʝʥʘ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʠ 

ʩʠʤʫʣʘʮʠʿʘ ʤʦʨʘʿʫ ʩʝ ʧʦʥʘʚˀʘʪʠ ʚʠʰʝ ʧʫʪʘ. ʇʦʪʦʤ ʩʝ ʦʜʨʝʹʫʿʝ ʫʪʠʮʘʿ ʚʨʝʤʝʥʩʢʠʭ 

ʥʝʧʦʛʦʜʘ ʥʘ ʫʢʫʧʥʫ ʧʦʫʟʜʘʥʦʩʪ, ʩʠʤʫʣʘʮʠʿʦʤ ʫ ʜʫʞʝʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ. ʇʨʦʮʝʥʘ 

ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʢʦʨʠʩʪʝ˂ʠ ʘʣʛʦʨʠʪʘʤ ʩʘ ʩʣʠʢʝ 6.14 [87, 88]. 

ʆʚʘʿ ʘʣʛʦʨʠʪʘʤ ʤʦʞʝ ʩʝ ʧʨʠʤʝʥʠʪʠ ʧʨʠ ʤʦʜʝʣʦʚʘˁʫ ʠ ʩʠʤʫʣʘʮʠʿʠ ʦʣʫʿʝ. ɼʘ ʙʠ 

ʩʝ ʦʜʨʝʜʠʦ ʫʪʠʮʘʿ ʦʣʫʿʘ ʥʘ ʧʦʫʟʜʘʥʦʩʪ, ʥʝʦʧʭʦʜʥʝ ʩʫ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʜʚʘ ʧʘʨʘʤʝʪʨʘ: 
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ʙʨʟʠʥʠ ʚʝʪʨʘ ʠ ʦ ʪʨʘʿʘˁʫ ʦʣʫʿʝ. ɼʘ ʙʠ ʩʝ ʦʚʝ ʚʨʝʜʥʦʩʪʠ ʦʜʨʝʜʠʣʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ 

ʧʦʩʪʦʿʝ ʧʦʜʘʮʠ ʦ ʧʨʝʪʭʦʜʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʥʝʧʦʛʦʜʘʤʘ, ʢʘʢʦ ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ʘʥʘʣʠʟʘ ʠ 

ʤʦʜʝʣʦʚʘˁʝ. ʂʘʦ ʧʦʯʝʪʥʠ ʧʘʨʘʤʝʪʨʠ ʫʟʠʤʘʿʫ ʩʝ ʧʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʚʝʪʨʘ ʠ ʤʠʥʠʤʘʣʥʦ 

ʪʨʘʿʘˁʝ ʥʝʧʦʛʦʜʘ. ʂʨʘʿˁʠ ʢʨʠʪʝʨʠʿʫʤ ʿʝ ʜʘ ʙʨʟʠʥʘ ʚʝʪʨʘ ʙʫʜʝ ʠʩʧʦʜ ʩʧʝʮʠʬʠʮʠʨʘʥʝ 

ʙʨʟʠʥʝ ʟʘ ʤʠʥʠʤʘʣʥʦ ʪʨʘʿʘˁʝ ʥʝʧʦʛʦʜʘ. ɸʣʛʦʨʠʪʘʤ ʟʘ ʠʜʝʥʪʠʬʠʢʦʚʘˁʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ 

ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʜʘʪ ʿʝ ʥʘ ʩʣʠʮʠ 6.15 [89]. 

 

ʉʪʘʨʪ

ʆʜʨʝʹʠʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʬʫʥʢʮʠʿʝ ʛʫʩʪʠʥʝ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘ ʦʩʥʦʚʫ ʨʘʥʠʿʠʭ ʧʦʜʘʪʘʢʘ

ʆʜʨʝʹʠʚʘˁʝ ʠʥʪʝʥʟʠʪʝʪʘ oʪʢʘʟʘ  ʫ ɚ
ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʬʫʥʢʮʠʿʘ f

1 2 N
, f , ..., f

ʂʨʘʿ

ʄʦʜʝʣʦʚʘˁʝ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʦʜʨʝʹʠʚʘ-

ˁʝʤ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ f , f , ..., f1 2 N

ʆʜʨʝʹʠʚʘˁʝ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʧʨʦʮʝʥʫ 

ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʫ ʬʫʥʢʮʠʿʠ f1 2 N, f , ..., f

ʠʣʠ ʥʧʨ. ʙʨʦʿ ʨʘʩʧʦʣʦʞʠʚʠʭ ʝʢʠʧʘ

ʆʜʨʝʹʠʚʘˁʝ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝʛ ʙʨʦʿʘ 
ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʢʦʿʝ ˂ʝ ʩʝ ʜʝʩʠʪʠ ʫ

ʩʠʤʫʣʠʨʘʥʦʤ ʧʝʨʠʦʜʫ

ʆʜʨʝʹʠʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʿʘʯʠʥʝ ʤʦʛʫ˂ʠʭ
ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ

ʅʘ ʦʩʥʦʚʫ ʜʝʬʠʥʠʩʘʥʠʭ ʢʨʠʪʝʨʠʿʫʤʘ

ʧʨʦʮʝˁʫʿʝ ʩʝ ʜʘ ʣʠ ʿʝ ʚʨʝʤʝʥʩʢʘ ʥʝʧʦʛʦʜʘ

ɼʘ

ʅʝ

ʀʟʚʦʹʝˁʝ ʩʠʤʫʣʘʮʠʿʝ ʫ ʧʝʨʠʦʜʫ ʪʨʘʿʘˁʘ 

ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ ʩʘ ʠʥʪʝʥʟʠʪʝʪʦʤ ʦʪʢʘʟʘ 

ɚɚ= (f ) 1 2 N , f  ,...f

ʀʟʚʦʹʝˁʝ ʩʠʤʫʣʘʮʠʿʝ ʦʜ ʧʨʝʩʪʘʥʢʘ ʚʨʝʤʝʥʩʢʝ 

ʥʝʧʦʛʦʜʝ ʜʦ ʚʨʘ˂ʘˁʘ ʩʠʩʪʝʤʘ ʫ ʥʦʨʤʘʣʥʦ 
ʩʪʘˁʝ

ɼʘ ʣʠ ʩʫ ʠʩʧʠʪʘʥʝ ʩʚʝ ʧʦʪʝʥʮʠʿʘʣʥʝ 

ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ ʟʘ ʩʠʤʫʣʠʨʘʥʠ ʧʝʨʠʦʜ 

ɼʘ

ʅʝ

ɼʦʙʠʿʘˁʝ ʨʘʩʧʦʜʝʣʝ ʧʦʫʟʜʘʥʦʩʪʠ ʟʘ 

ʟʘʜʘʪʠ ʙʨʦʿ ʩʠʤʫʣʠʨʘʥʠʭ ʛʦʜʠʥʘ 

ɼʘ

ʅʝ

 

ʉʣʠʢʘ 6.14 ɸʣʛʦʨʠʪʘʤ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ 

 

ɼʘ ʙʠ ʩʝ ʘʥʘʣʠʟʠʨʘʣʝ ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ ʧʦʪʨʝʙʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʧʘʨʘʤʝʪʨʠ: 
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v  - ʩʨʝʜˁʘ ʙʨʟʠʥʘ ʚʝʪʨʘ ʧʨʠ ʚʨʝʤʝʥʩʢʠʤ ʥʝʧʦʛʦʜʘʤʘ, 

startt  - ʚʨʝʤʝ ʧʦʯʝʪʢʘ ʥʝʧʦʛʦʜʝ, 

endt  - ʚʨʝʤʝ ʟʘʚʨʰʝʪʢʘ ʥʝʧʦʛʦʜʝ, 

minv  - ʤʠʥʠʤʘʣʥʘ ʙʨʟʠʥʘ ʚʝʪʨʘ, 

t  - ʜʫʞʠʥʘ ʪʨʘʿʘˁʘ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʫ ʯʘʩʦʚʠʤʘ, 

mint  - ʤʠʥʠʤʘʣʥʘ ʜʫʞʠʥʘ ʪʨʘʿʘˁʘ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʫ ʯʘʩʦʚʠʤʘ, 

E  - ʝʥʝʨʛʠʿʘ ʚʝʪʨʘ  

min
E  - ʤʠʥʠʤʘʣʥʘ ʝʥʝʨʛʠʿʘ ʚʝʪʨʘ. 

 

ʉʪʘʨʪ

ʆʜʨʝʹʠʚʘˁʝ ʟʘʚʠʩʥʦʩʪʠ ʜʫʞʠʥʝ ʪʨʘʿʘˁʘ 

ʚʨeʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ ʦʜ ʙʨʟʠʥʝ ʚʝʪʨʘ t v

ʂʨʘʿ

ʇʦʩʪʘʚˀʘˁʝ ʧʦʯʝʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ

v , t ,..., Emin min min

tstart = t

v  > v(t)
min

ɼA

ʅʝ

ɽʚʠʜʝʥʮʠʿʘ ʧʦʪʝʥʮʠʿʘʣʥʝ ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ 

ʩʘ ʜʫʞʠʥʦʤ ʪʨʘʿʘˁʘ ʠ ʩʨʝʜˁʦʤt tend start - 

ʙʨʟʠʥʦʤ ʚʝʪʨʘ ʢʦʿʘ ʿʝ ʿʝʜʥʘʢʘ (ɽ/(t  - t ))
2 0,5

end start

E  = 
2 2

v

E   < E
2 2

min

tend = t

ʅʝ

t=t+1

Aʢʦ ʿʝ  ʟʘ ʤʠʥʠʤʘʣʥʦ ʪʨʘʿʘˁʝv<=v min

ʚʨeʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ t
min

ɼʘ

ʅʝ

t=t+1, ʧʨʦʥʘ˂ʠ ʥʦʚʫ 

ʚʨʝʜʥʦʩʪ , v ɽ=ɽ+v
2 2 2

t=t+1

ɼA

 

ʉʣʠʢʘ 6.15 ɸʣʛʦʨʠʪʘʤ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʤʦʛʫ˂ʠʭ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ 

 

ʋʩʣʝʜ ʥʘʩʪʘʥʢʘ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʨʝʜʠʪʠ ʬʫʥʢʮʠʿʫ ʛʫʩʪʠʥʝ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʪʨʘʿʘˁʘ ʦʣʫʿʝ ʠ ʙʨʟʠʥʝ ʚʝʪʨʘ. ʆʙʠʯʥʦ ʩʝ ʢʦʨʠʩʪʠ ʣʦʛ - ʥʦʨʤʘʣʥʘ 

ʨʘʩʧʦʜʝʣʘ. ʌʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʟʘ ʪʨʘʿʘˁʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʚʨʝʤʝʥʩʢʠʭ 

ʥʝʧʦʛʦʜʘ ft ʠ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʙʨʟʠʥʝ ʚʝʪʨʘ fv ʩʫ: 

( )
( )

( )( )
ù
ú

ø
é
ê

è --
-

-
=-

2

2

min

min

min
2

ln
exp

2

1

t

t

t

t

tt

tt
ttf

s

m

ps
 (6.9) 
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( )
( )

( )( )
ù
ú

ø
é
ê

è --
-

-
=-

2

2

22

1

v

vmin

minv

minv

vvln
exp

vv
vvf

s

m

ps
  (6.10) 

ʛʜʝ ʩʫ: dm , ds , vm  ʠ vs  - ʣʦʛ - ʥʦʨʤʘʣʥʠ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ ʢʦʨʠʩʪʝ˂ʠ ʧʦʜʘʪʢʝ 

ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʧʝʨʠʦʜʘ ʦ ʚʨʝʤʝʥʩʢʠʤ ʥʝʧʦʛʦʜʘʤʘ [89]. 

ʇʨʠ ʚʝ˂ʠʤ ʙʨʟʠʥʘʤʘ ʚʝʪʨʘ ʧʦʚʝ˂ʘʚʘ ʩʝ ʠʥʪʝʥʟʠʪʝʪ ʦʪʢʘʟʘ, ʧʘ ʩʝ ʢʚʘʨʦʚʠ ʢʦʿʠ 

ʥʘʩʪʘʿʫ ʤʦʜʝʣʫʿʫ ʫ ʬʫʥʢʮʠʿʠ ʙʨʟʠʥʝ ʚʝʪʨʘ (ʥʠʩʫ ʢʦʥʩʪʘʥʪʥʝ ʚʨʝʜʥʦʩʪʠ). ʂʚʘʨʦʚʠ ʢʦʿʠ 

ʩʝ ʦʜʥʦʩʝ ʥʘ ʥʘʜʟʝʤʥʝ ʚʦʜʦʚʝ ʫʛʣʘʚʥʦʤ ʩʫ ʧʦʩʣʝʜʠʮʘ ʣʦʤˀʝˁʘ ʛʨʘʥʘ ʜʨʚʝ˂ʘ ʠʣʠ 

ʧʘʜʘˁʘ ʩʪʫʙʦʚʘ ʫʩʣʝʜ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ, ʧʘ ʿʝ ʪʘ ʚʝʣʠʯʠʥʘ ʧʨʦʧʨʦʮʠʦʥʘʣʥʘ 

ʢʚʘʜʨʘʪʫ ʙʨʟʠʥʝ ʚʝʪʨʘ. ʀʥʪʝʥʟʠʪʝʪ ʢʚʘʨʦʚʘ ʫʩʣʝʜ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʟʘ ʥʘʜʟʝʤʥʝ 

ʚʦʜʦʚʝ ʧʨʠ ʙʨʟʠʥʠ ʚʝʪʨʘ v  ʜʦʙʠʿʘ ʩʝ ʢʘʦ: 
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ʛʜʝ ʩʫ: 

basel  - ʙʘʟʥʠ ʠʥʪʝʥʟʠʪʝʪ ʢʚʘʨʦʚʘ,  

basev  - ʙʘʟʥʘ ʙʨʟʠʥʘ ʚʝʪʨʘ. 

ʇʦʜʘʪʘʢ ʦ ʠʥʪʝʥʟʠʪʝʪʫ ʢʚʘʨʦʚʘ ʥʘʜʟʝʤʥʠʭ ʚʦʜʦʚʘ ʢʦʿʠ ʥʘʩʪʘʿʫ ʟʙʦʛ ʚʝʪʨʘ ʩʝ 

ʚʝʦʤʘ ʪʝʰʢʦ ʜʦʙʠʿʘ, ʿʝʨ ʩʝ ʫ ʧʦʛʦʥʩʢʦʿ ʩʪʘʪʠʩʪʠʮʠ ʥʝ ʚʨʰʠ ʧʦʩʝʙʥʦ ʝʚʠʜʝʥʪʠʨʘˁʝ 

ʦʚʘʢʚʠʭ ʢʚʘʨʦʚʘ. ʆʚʘ ʚʨʝʜʥʦʩʪ ʩʝ ʦʜʨʝʹʫʿʝ ʧʦʩʪʘʚˀʘˁʝʤ ʙʨʟʠʥʝ ʚʝʪʨʘ ʥʘ ʜʚʦʩʪʨʫʢʫ 

ʚʨʝʜʥʦʩʪ ʩʨʝʜˁʝ ʧʨʦʨʘʯʫʥʘʪʝ ʙʨʟʠʥʝ; ʟʘʪʠʤ ʩʝ ʚʨʰʝ ʧʦʜʝʰʘʚʘˁʘ ʠʥʪʝʥʟʠʪʝʪʘ ʢʚʘʨʦʚʘ 

ʠ ʫʧʦʨʝʹʠʚʘˁʝ ʩʘ ʨʘʥʠʿʠʤ ʧʦʜʘʮʠʤʘ. ʋʢʫʧʘʥ ʦʯʝʢʠʚʘʥʠ ʙʨʦʿ ʢʚʘʨʦʚʘ 
kN  ʫ ʩʠʩʪʝʤʫ 

ʦʜʨʝʹʫʿʝ ʩʝ ʩʘʙʠʨʘˁʝʤ ʙʨʦʿʘ ʢʚʘʨʦʚʘ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʩʠʩʪʝʤʫ [84, 90]: 
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ʛʜʝ ʿʝ: n  - ʙʨʦʿ ʚʦʜʦʚʘ ʫ ʩʠʩʪʝʤʫ. 

ɿʘ ʩʚʘʢʫ ʜʝʦʥʠʮʫ ʚʦʜʘ ʜʝʬʠʥʠʰʝ ʩʝ ʠʣʠ ʿʝ ʧʦʟʥʘʪʦ ʩʨʝʜˁʝ ʚʨʝʤʝ ʪʨʘʿʘˁʘ 

ʧʦʧʨʘʚʢʝ  (Mean Time To Repair - MTTR), ʧʘ ʿʝ ʫʢʫʧʥʦ ʦʯʝʢʠʚʘʥʦ ʚʨʝʤʝ ʧʦʧʨʘʚʢʝ 

ʿʝʜʥʘʢʦ ʧʨʦʠʟʚʦʜʫ MTTR ʩʚʘʢʦʛ ʚʦʜʘ ʠ ʦʯʝʢʠʚʘʥʦʤ ʙʨʦʿʫ ʢʚʘʨʦʚʘ ʥʘ ʪʦʤ ʚʦʜʫ. ʋʢʫʧʥʦ 

ʦʯʝʢʠʚʘʥʦ ʚʨʝʤʝ ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʦʚʘ 
kT  ʫ ʪʦʢʫ ʦʣʫʝʿ ʩʝ ʦʜʨʝʹʫʿʝ ʩʫʤʠʨʘˁʝʤ ʚʨʝʤʝʥʘ 

ʦʪʢʣʘˁʘˁʘ ʢʚʘʨʦʚʘ ʥʘ ʩʚʠʤ ʚʦʜʦʚʠʤʘ ʫ ʩʠʩʪʝʤʫ: 
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ɼʘ ʙʠ ʩʝ ʩʠʤʫʣʠʨʘʣʝ ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ ʫ ʥʝʢʦʿ ʛʦʜʠʥʠ, ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʘʪʠʪʠ 

ʩʣʝʜʝ˂ʝ ʢʦʨʘʢʝ. ʇʨʚʦ ʩʝ ʛʝʥʝʨʠʰʝ ʙʨʦʿ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʢʦʿʝ ʩʫ 

ʿʝʜʥʘʢ ʧʨʦʩʝʯʥʦʤ ʙʨʦʿʫ ʥʝʧʦʛʦʜʘ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ. ʉʚʘʢʠ ʜʦʛʘʹʘʿ 

ʠʤʘ ʦʜʨʝʹʝʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʠ ʙʨʟʠʥʘ ʚʝʪʨʘ ʿʝ ʦʜʨʝʹʝʥʘ ʧʨʠʤʝʥʦʤ ʬʫʥʢʮʠʿʝ ʛʫʩʪʠʥʝ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʨʘʥʠʿʝ ʧʨʠʢʫʧˀʝʥʠʤ ʧʦʜʘʮʠʤʘ. ʋ ʜʨʫʛʦʤ ʢʦʨʘʢʫ ʫʪʚʨʹʫʿʝ ʩʝ 

ʜʘ ʣʠ ʧʦʪʝʥʮʠʿʘʣʥʘ ʚʨʝʤʝʥʩʢʘ ʥʝʧʦʛʦʜʘ ʟʘʜʦʚʦˀʘʚʘ ʢʨʠʪʝʨʠʿʫʤ ʢʦʿʠ ʿʝ ʜʝʬʠʥʠʩʘʥ ʟʘ 

ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ. ɸʢʦ ʩʫ ʟʘʜʘʪʠ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘʜʦʚʦˀʝʥʠ, ʧʨʦʛʣʘʰʘʚʘ ʩʝ ʚʨʝʤʝʥʩʢʘ 

ʥʝʧʦʛʦʜʘ. ʇʨʠ ʩʠʤʫʣʘʮʠʿʠ ʩʠʩʪʝʤʘ ʦʜʨʝʹʫʿʝ ʩʝ ʫʪʠʮʘʿ ʥʘʩʪʘʥʢʘ ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ ʥʘ 

ʙʠʣʦ ʢʦʛ ʧʦʪʨʦʰʘʯʘ ʫ ʪʦʢʫ ʧʦʩʤʘʪʨʘʥʝ ʛʦʜʠʥʝ. 
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ʉʚʘʢʘ ʚʨʝʤʝʥʩʢʘ ʥʝʧʦʛʦʜʘ ʩʝ ʤʦʨʘ ʜʝʪʘˀʥʦ ʘʥʘʣʠʟʠʨʘʪʠ ʢʘʢʦ ʙʠ ʩʝ ʦʜʨʝʜʠʣʘ 

ʧʦʫʟʜʘʥʦʩʪ ʥʘʧʘʿʘˁʘ ʩʚʘʢʦʛ ʧʦʪʨʦʰʘʯʘ ʫ ʪʦʢʫ ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ. ʊʦ ʩʝ ʧʦʩʪʠʞʝ 

ʧʨʠʤʝʥʦʤ ʩʠʤʫʣʘʮʠʿʝ ʢʦʿʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʜʚʝ ʬʘʟʝ (ʩʣʠʢʝ 6.16 ʠ 6.17). ʋ ʧʨʚʦʿ ʬʘʟʠ 

ʩʠʤʫʣʘʮʠʿʘ ʢʨʝ˂ʝ ʩʘ ʥʘʩʪʘʥʢʦʤ ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ ʠ ʟʘʚʨʰʘʚʘ ʩʝ ʩʘ ʧʨʝʩʪʘʥʢʦʤ 

ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ. ʋ ʩʣʫʯʘʿʫ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ, ʝʢʠʧʝ ʟʘ ʦʪʢʣʘˁʘˁʝ ʢʚʘʨʦʚʘ ʤʦʨʘʿʫ 

ʙʠʪʠ ʩʧʨʝʤʥʝ ʜʘ ʢʨʝʥʫ ʥʘ ʪʝʨʝʥ, ʘ ʫ ʩʣʫʯʘʿʫ ʥʝʧʨʠʤʝ˂ʝʥʦʛ ʦʰʪʝ˂ʝˁʘ ʦʧʨʝʤʝ ʤʦʛʫ ʩʝ 

ʿʘʚʠʪʠ ʧʨʦʙʣʝʤʠ ʩʠʛʫʨʥʦʩʪʠ ʫ ʪʦʢʫ ʧʦʥʦʚʥʦʛ ʫʩʧʦʩʪʘʚˀʘˁʘ ʥʘʧʘʿʘˁʘ. ɸʣʛʦʨʠʪʘʤ ʟʘ 

ʧʨʚʫ ʬʘʟʫ ʩʠʤʫʣʘʮʠʿʝ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 6.16 [91]. 

 

ʉʪʘʨʪ

ʀʟʙʦʨ ʧʦʯʝʪʥʝ ʪʨʘʩʝ

ʂʨʘʿ
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ɼʘ ʣʠ ʧʦʩʪʦʿʠ ʢʚʘʨ ʥʘ ʪʨʘʩʠ
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ʂʚʘʨ ʥʠʿʝ ʦʪʢʣʦˁʝʥ ʠ ʝʢʠʧʘ ʨʘʩʧʦʣʦʞʠʚʘ

ʉʣʘˁʝ ʝʢʠʧʝ ʥʘ ʤʝʩʪʦ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ

ʂʚʘʨ ʦʪʢʣʦˁʝʥ

ɽʢʠʧʘ ʧʦʥʦʚʦ ʨʘʩʧʦʣʦʞʠʚʘ ʠ ʥʘʩʪʘʚʘʢ

ʥʘʧʘʿʘˁʘ ʧʦʪʨʦʰʘʯʘ

ʇʨʦʚʝʨʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ 
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ʫʨʝʹʘʿʘ ʟʘ ʟʘʰʪʠʪʫ

ɼʘ ʣʠ ʩʫ ʨʘʟʤʘʪʨʘʥʝ ʩʚʝ ʪʨʘʩʝ

ʀʟʙʦʨ ʥʦʚʝ ʪʨʘʩʝ

ʇʦʚʝ˂ʘˁʝ ʪʨʘʿʘˁʘ ʧʨʝʢʠʜʘ ʢʦʜ 

ʧʦʪʨʦʰʘʯʘ ʟʘ ȹ ȹt, t=t+ t
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ʉʣʠʢʘ 6.16 ɸʣʛʦʨʠʪʘʤ ʧʨʚʝ ʬʘʟʝ ʩʠʤʫʣʘʮʠʿʝ ʦʣʫʿʥʝ ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ 
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ʇʨʚʘ ʬʘʟʘ ʩʠʤʫʣʘʮʠʿʝ ʧʦʯʠˁʝ ʧʨʠ ʥʦʨʤʘʣʥʦʤ ʨʘʜʫ ʩʠʩʪʝʤʘ. ʇʦʪʦʤ ʩʝ ʧʨʦʚʝʨʘʚʘ 

ʜʘ ʣʠ ʿʝ ʜʦʰʣʦ ʜʦ ʢʚʘʨʘ ʫ ʪʦʢʫ ʧʨʚʦʛ ʚʨʝʤʝʥʩʢʦʛ ʠʥʪʝʨʚʘʣʘ. ɸʢʦ ʩʝ ʜʝʩʠʦ ʢʚʘʨ ʠ ʝʢʠʧʘ 

ʿʝ ʨʘʩʧʦʣʦʞʠʚʘ, ʦʥʜʘ ʩʝ ʰʘˀʝ ʥʘ ʤʝʩʪʦ ʛʜʝ ʩʝ ʢʚʘʨ ʜʝʩʠʦ. ɸʢʦ ʩʫ ʩʚʝ ʝʢʠʧʝ ʥʘ ʪʝʨʝʥʫ, 

ʙʠʣʦ ʢʦʿʘ ʝʢʠʧʘ ʢʦʿʘ ʧʦʩʪʘʥʝ ʨʘʩʧʦʣʦʞʠʚʘ ʙʠ˂ʝ ʧʦʩʣʘʪʘ ʥʘ ʤʝʩʪʦ ʛʜʝ ʿʝ ʥʘʩʪʘʦ ʢʚʘʨ, 

ʧʨʠ ʯʝʤʫ ʩʝ ʦʪʢʣʘˁʘʿʫ ʧʨʚʦ ʢʚʘʨʦʚʠ ʢʦʿʠ ʩʫ ʢʨʠʪʠʯʥʠʿʠ ʟʘ ʚʝ˂ʠ ʙʨʦʿ ʧʦʪʨʦʰʘʯʘ. 

ʇʦʩʪʫʧʘʢ ʩʝ ʥʘʩʪʘʚˀʘ ʩʚʝ ʜʦʢ ʥʝ ʧʨʝʩʪʘʥʝ ʣʦʰʝ ʚʨʝʤʝ ʠ ʦʥʜʘ ʧʦʯʠˁʝ ʜʨʫʛʘ ʬʘʟʘ. 

ɼʨʫʛʘ ʬʘʟʘ ʩʠʤʫʣʘʮʠʿʝ ʨʘʟʤʘʪʨʘ ʚʨʩʪʫ ʢʚʘʨʘ ʠ ʫʩʧʦʩʪʘʚˀʘˁʝ ʥʘʧʘʿʘˁʘ 

ʧʦʪʨʦʰʘʯʘ. ʇʨʠ ʪʦʤ, ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʥʝ˂ʝ ʜʦ˂ʠ ʜʦ ʥʘʩʪʘʥʢʘ ʜʦʜʘʪʥʠʭ ʢʚʘʨʦʚʘ ʥʘ 

ʩʠʩʪʝʤʫ. ʋ ʦʚʦʿ ʬʘʟʠ ʥʘ ʩʠʩʪʝʤʫ ʤʦʛʫ ʙʠʪʠ ʥʝʦʪʢʣʦˁʝʥʠ ʢʚʘʨʦʚʠ ʢʦʿʠ ʥʠʩʫ 

ʝʣʠʤʠʥʠʩʘʥʠ ʫ ʧʨʚʦʿ ʬʘʟʠ (ʝʢʠʧʝ ʩʫ ʧʦʩʣʘʪʝ ʥʘ ʤʝʩʪʦ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ, ʦʩʠʛʫʨʘʯʠ ʩʫ 

ʧʨʝʛʦʨʝʣʠ, ʧʨʝʢʠʜʘʯʠ ʩʫ ʦʪʚʦʨʝʥʠ, ʠʪʜ.). ʇʨʚʠ ʟʘʜʘʪʘʢ ʿʝ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʜʘ ʣʠ ʩʝ ʤʦʞʝ 

ʫʩʧʦʩʪʘʚʠʪʠ ʥʘʧʘʿʘˁʝ ʫ ʧʨʝʜʚʠʹʝʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ. ʋʢʦʣʠʢʦ ʿʝ ʪʦ ʥʝʤʦʛʫ˂ʝ, ʟʘ 

ʥʝʢʝ ʧʦʪʨʦʰʘʯʝ ʩʝ ʤʦʨʘʿʫ ʧʨʦʥʘ˂ʠ ʘʣʪʝʨʥʘʪʠʚʥʠ ʠʟʚʦʨʠ ʥʘʧʘʿʘˁʘ. ʉʠʤʫʣʘʮʠʿʘ ʩʝ 

ʠʟʚʦʜʠ ʢʘʦ ʠ ʢʦʜ ʧʨʚʝ ʬʘʟʝ, ʩʘʤʦ ʰʪʦ ʫ ʦʚʦʿ ʬʘʟʠ ʥʝ ʜʦʣʘʟʠ ʜʦ ʥʘʩʪʘʥʢʘ ʥʦʚʠʭ ʢʚʘʨʦʚʘ 

ʥʘ ʩʠʩʪʝʤʫ ʠ ʝʢʠʧʘ ʟʘ ʦʪʢʣʘˁʘˁʝ ʢʚʘʨʦʚʘ ʫʩʧʦʩʪʘʚˀʘ ʥʘʧʘʿʘˁʝ ʰʪʦ ʚʨʝ˂ʝʤ ʙʨʦʿʫ 

ʧʦʪʨʦʰʘʯʘ. ɼʨʫʛʘ ʬʘʟʘ ʩʠʤʫʣʘʮʠʿʝ ʪʨʘʿʝ ʩʚʝ ʜʦʢ ʩʝ ʥʝ ʝʣʠʤʠʥʠʰʫ ʩʚʠ ʥʘʩʪʘʣʠ ʢʚʘʨʦʚʠ 

ʠ ʩʚʠʤ ʧʦʪʨʦʰʘʯʠʤʘ ʩʝ ʫʩʧʦʩʪʘʚʠ ʥʘʧʘʿʘˁʝ. ɼʨʫʛʘ ʬʘʟʘ ʩʠʤʫʣʘʮʠʿʝ ʿʝ ʧʨʠʢʘʟʘʥʘ 

ʘʣʛʦʨʠʪʤʦʤ ʥʘ ʩʣʠʮʠ 6.17 [91]. 

ʊʨʘʿʘˁʘ ʧʨʝʢʠʜʘ ʫ ʠʩʧʦʨʫʮʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʦʪʨʦʰʘʯʠʤʘ ʚʘʨʠʨʘʿʫ ʠʟ 

ʛʦʜʠʥʝ ʫ ʛʦʜʠʥʫ. ʅʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʧʨʠʢʫʧˀʝʥʠʭ ʧʨʝʪʭʦʜʥʠʭ ʛʦʜʠʥʘ, ʤʦʛʫ˂ʝ ʿʝ 

ʫʪʚʨʜʠʪʠ ʢʦʣʠʢʦ ˂ʝ ʧʨʠʙʣʠʞʥʦ ʙʠʪʠ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʧʨʝʢʠʜʘ ʟʘ ʥʘʨʝʜʥʠ ʚʨʝʤʝʥʩʢʠ 

ʧʝʨʠʦʜ. ʊʘʢʦ, ʥʘ ʧʨʠʤʝʨ, ʧʨʝʢʠʜʠ ʢʦʿʠ ʥʘʩʪʘʿʫ ʫ ʪʦʢʫ ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ 

ʩʠʩʪʝʤʘ ʩʫ ʫ ʧʨʦʩʝʢʫ ʦʢʦ 3,8 ʯʘʩʦʚʘ ʛʦʜʠʰˁʝ. ʄʝʹʫʪʠʤ, ʫʩʣʝʜ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ 

ʛʦʜʠʰˁʠ ʧʨʝʢʠʜʠ ʩʫ ʚʝ˂ʠ ʥʝʛʦ ʫ ʥʦʨʤʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʨʘʜʘ. 

 

6.5 ʇʦʩʪʦʿʝ˂ʝ ʤʝʪʦʜʝ ʟʘ ʜʠʥʘʤʠʯʢʦ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʫ ʩʠʩʪʝʤʘ  

 

ʉʠʤʫʣʘʮʠʦʥʠ ʤʦʜʝʣ ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʧʨʠʢʘʟ ʩʠʩʪʝʤʘ ʧʨʠʤʝʥʦʤ 

ʤʘʪʝʤʘʪʠʯʢʠʭ, ʣʦʛʠʯʢʠʭ ʠ ʩʠʤʙʦʣʠʯʢʠʭ ʚʝʟʘ ʠʟʤʝʹʫ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ. ʄʦʞʝ ʩʝ 

ʜʝʬʠʥʠʩʘʪʠ ʠ ʢʘʦ ʩʢʫʧ ʧʨʘʚʠʣʘ (ʿʝʜʥʘʯʠʥʘ, ʜʠʿʘʛʨʘʤʘ ʪʦʢʦʚʘ, ʩʪʘˁʘ, ʠʪʜ) ʢʦʿʠʤʘ ʩʝ 

ʜʝʬʠʥʠʰʝ ʧʦʥʘʰʘˁʝ ʩʠʩʪʝʤʘ ʫ ʟʘʜʘʪʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ. ʅʘ ʦʩʥʦʚʫ ʦʚʝ ʜʚʝ 

ʜʝʬʠʥʠʮʠʿʝ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʩʠʤʫʣʘʮʠʦʥʠ ʤʦʜʝʣ ʩʘʩʪʦʿʠ ʦʜ ʤʘʪʝʤʘʪʠʯʢʦʛ 

ʤʦʜʝʣʘ ʢʦʿʠ ʿʝ ʢʦʤʧʿʫʪʝʨʠʟʦʚʘʥ ʜʘ ʙʠ ʦʙʝʟʙʝʜʠʦ ʙʦˀʝ ʨʘʟʫʤʝʚʘˁʝ ʠʩʧʠʪʠʚʘʥʦʛ ʩʠʩʪʝʤʘ [92]. 

ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʝ ʤʝʪʦʜʝ ʩʠʤʫʣʘʮʠʿʝ ʩʫ: 

¶ ʉʠʤʫʣʘʮʠʿʘ ʜʠʩʢʨʝʪʥʠʭ ʜʦʛʘʹʘʿʘ (Discrete Event Simulation - DES),  

¶ ʉʠʤʫʣʘʮʠʿʘ ʙʘʟʠʨʘʥʘ ʥʘ ʘʛʝʥʪʠʤʘ (Agent Based Simulation - ABS), 

¶ ʉʠʤʫʣʘʮʠʿʘ ʜʠʥʘʤʠʯʢʠʭ ʩʠʩʪʝʤʘ (System Dynamic Simulation - SDS) 

ʆʚʜʝ ˂ʝ ʫʢʨʘʪʢʦ ʙʠʪʠ ʦʙʿʘʰˁʝʥʝ ʧʨʚʝ ʜʚʝ ʤʝʪʦʜʝ, ʘ ʜʝʪʘˀʥʠʿʝ ʪʨʝ˂ʘ ʢʦʿʘ ˂ʝ 

ʙʠʪʠ ʧʨʠʤʝˁʝʥʘ ʟʘ ʧʦʪʨʝʙʝ ʤʦʜʝʣʦʚʘˁʘ ʠ ʩʠʤʫʣʘʮʠʿʝ ʪʨʦʰʢʦʚʘ ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʞʘʚʘˁʘ 

ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ. 

DES ʿʝ ʤʝʪʦʜʘ ʟʘ ʜʠʥʘʤʠʯʢʦ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʫ ʢʦʿʘ ʝʿ ʥʘʩʪʘʣʘ ʧʝʜʝʩʝʪʠʭ 

ʛʦʜʠʥʘ. ʂʘʦ ʫʣʘʟʥʝ ʚʝʣʠʯʠʥʝ ʧʨʠ ʤʦʜʝʣʦʚʘˁʫ ʢʦʨʠʩʪʝ ʩʝ ʩʣʫʯʘʿʥʝ ʚʨʝʜʥʦʩʪʠ, ʧʘ ʩʝ 

ʩʠʩʪʝʤ ʘʥʘʣʠʟʫʿʝ ʫ ʜʠʩʢʨʝʪʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ. ʂʦʜ ʦʚʝ ʤʝʪʦʜʝ ʿʝ ʟʥʘʯʘʿʥʦ 

ʰʪʦ ʩʝ ʚʨʰʠ ʦʨʛʘʥʠʟʦʚʘˁʝ ʝʣʝʤʝʥʘʪʘ ʫ ʢʣʘʩʝ ʠʣʠ ʥʠʟʦʚʝ ʧʦʜʘʪʘʢʘ. ɿʘ ʤʦʜʝʣʦʚʘˁʝ 

ʩʠʩʪʝʤʘ ʧʨʠʤʝʥʦʤ DES ʩʝ ʢʦʨʠʩʪʝ ʜʠʿʘʛʨʘʤʠ ʪʦʢʦʚʘ. ʇʨʠʤʝˁʫʿʝ ʩʝ ʢʦʜ: ʧʨʦʠʟʚʦʜʥʠʭ 

ʩʠʩʪʝʤʘ, ʫʩʣʫʞʥʠʭ ʩʠʩʪʝʤʘ, ʙʘʥʢʘʨʩʢʠʭ ʩʠʩʪʝʤʘ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤʘ, ʫ ʚʦʿʥʦʿ 

ʠʥʜʫʩʪʨʠʿʠ, ʦʙʨʘʟʦʚʘˁʫ, ʟʜʨʘʚʩʪʚʫ, ʠʪʜ. ɿʘ ʩʠʤʫʣʘʮʠʿʫ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʩʦʬʪʚʝʨʩʢʠ 

ʧʘʢʝʪʠ ʢʘʦ ʰʪʦ ʩʫ: ARENA, AutoMOD, Extend, ProModel, Witness, Quest, Simul8 ʠ 
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AnyLogic. ʉʘ ʜʠʿʘʛʨʘʤʦʤ ʪʦʢʘ ʩʝ ʬʦʨʤʠʨʘʿʫ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʝʥʪʠʪʝʪʘ ʢʘʦ ʰʪʦ ʩʫ, ʥʘ 

ʧʨʠʤʝʨ: ʧʨʦʮʝʩʠ, ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ, ʯʝʢʘˁʘ ʠ ʢʘʰˁʝˁʘ. ʇʨʝʜʥʦʩʪ ʦʚʝ ʤʝʪʦʜʝ ʿʝ ʰʪʦ ʩʝ 

ʤʦʞʝ ʢʦʤʙʠʥʦʚʘʪʠ ʩʘ ʜʨʫʛʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʝʪʦʜʘʤʘ ʠ ʰʪʦ ʩʝ ʩʠʩʪʝʤ ʤʦʜʝʣʫʿʝ ʢʘʦ 

ʥʠʟ ʧʨʝʮʠʟʥʦ ʜʝʬʠʥʠʩʘʥʠʭ ʜʦʛʘʹʘʿʘ [93].  

 

ʉʪʘʨʪ

ʀʟʙʦʨ ʧʦʯʝʪʥʝ ʪʨʘʩʝ ʚʦʜʘ

ʂʨʘʿ

ʂʦʥʬʠʛʫʨʠʩʘˁʝ ʩʠʩʪʝʤʘ ʟʘ ʧʦʥʦʚʥʦ ʥʘʧʘʿʘˁʝ

ʩʚʠʭ ʜʝʣʦʚʘ ʢʦʿʠ ʩʫ ʦʩʪʘʣʠ ʙʝʟ ʥʘʧʘʿʘˁʘ

ɼʘ ʣʠ ʧʦʩʪʦʿʠ ʢʚʘʨ ʥʘ ʥʘʧʦʿʥʦʤ ʚʦʜʫ

ɼA

ʅE

ɼA

ʂʚʘʨ ʥʠʿʝ ʦʪʢʣʦˁʝʥ, ʘ ʝʢʠʧʘ ʨʘʩʧʦʣʦʞʠʚʘ
ɼA

ɽʢʠʧʘ ʧʨʦʥʘʰʣʘ  ʧʨʝʢʠʜʘʯ ʟʘ ʟʘʰʪʠʪʫ 
ʥʘʿʙʣʠʞʠ ʤʝʩʪʫ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ

ɽʢʠʧʘ ʠʟʦʣʫʿʝ ʩʚʝ ʪʨʘʩʝ ʢʦʿʝ ʚʦʜʝ ʦʜ
ʤʝʩʪʘ ʢʚʘʨʘ ʜʦ ʧʦʪʨʦʰʘʯʘ

ɼA
ɽʢʠʧʘ ʦʪʢʣʦʥʠʣʘ ʢʚʘʨ

ʇʦʚʝ˂ʘˁʝ ʪʨʘʿʘˁʘ ʟʘʩʪʦʿʘ ʫ ʥʘʧʘʿʘˁʫ ʟʘ ȹt
ʟʘ ʩʚʝ ʧʦʪʨʦʰʘʯʝ 

ɼA
ʈʘʟʤʘʪʨʘʥʠ ʩʚʠ ʚʦʜʦʚʠ

ʀʟʙʦʨ ʩʣʝʜʝ˂ʝʛ ʚʦʜʘ

ɼA

ʉʚʠ ʢʚʘʨʦʚʠ ʦʪʢʣʦˁʝʥʠ
ʅE

ʉʣʘˁʝ ʝʢʠʧʝ ʥʘ ʤʝʩʪʦ 
ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ

ʆʪʚʘʨʘˁʘ ʧʨʝʢʠʜʘʯʘ 
ʠ ʟʘʪʚʘʨʘˁʘ ʫʨʝʹʘʿʘ ʟʘ ʟʘʰʪʠʪʫ

ʅE

ʅE

ʅE

ɼA

ɿʘʪʚʘʨʘˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʧʨʝʢʠʜʘʯʘ ʠ ʫʩʧʦ-
ʩʪʘʚˀʘˁʝ ʥʘʧʘʿʘˁʘ ʰʪʦ ʚʝ˂ʝʤ ʙʨʦʿʫ ʧʦʪʨʦʰʘʯʘ

ɿʘʪʚʘʨʘˁʝ ʧʨʝʢʠʜʘʯʘ ʟʘ ʠʟʦʣʘʮʠʿʫ ʢʚʘʨʘ, ʦʪʚʘ-
ʨʘˁʝ ʩʧʦʿʥʠʮʝ ʠ ʝʢʠʧʘ ʿʝ ʧʦʥʦʚʦ ʨʘʩʧʦʣʦʞʠʚʘ

ʅE

t=t+ tȹ
ʅE

 

ʉʣʠʢʘ 6.17 ɸʣʛʦʨʠʪʘʤ ʜʨʫʛʝ ʬʘʟʝ ʩʠʤʫʣʘʮʠʿʝ ʦʣʫʿʥʝ ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ 
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ʂʘʦ ʧʨʠʤʝʨ ʦʚʝ ʤʝʪʦʜʝ ʩʠʤʫʣʘʮʠʿʝ ʤʦʞʝ ʩʝ ʨʘʟʤʘʪʨʘʪʠ ʢʨʝʪʘˁʝ ʘʚʠʦʥʘ. ɼʦʢ 

ʘʚʠʦʥ ʣʝʪʠ, ʧʨʦʤʝʥʝ ʢʨʝʪʘˁʘ ʘʚʠʦʥʘ ʩʫ ʥʝʧʨʝʢʠʜʥʝ ʫ ʚʨʝʤʝʥʫ, ʘ ʘʚʠʦʥ ʩʣʝ˂ʝ ʥʘ 

ʘʝʨʦʜʨʦʤ ʫ ʜʠʩʢʨʝʪʥʦʤ (ʩʣʫʯʘʿʥʦʤ) ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ. ʉʠʤʫʣʘʮʠʿʦʤ ʩʝ ʫʪʚʨʹʫʿʝ 

ʢʦʣʠʢʦ ʿʝ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦ ʜʘ ʙʠ ʧʨʝʣʝʪʝʦ ʟʘʜʘʪʠ ʧʫʪ, ʢʦʣʠʢʦ ʿʝ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦ ʟʘ 

ʩʣʝʪʘˁʝ ʘʚʠʦʥʘ, ʟʘ ʠʟʣʘʟʘʢ ʧʫʪʥʠʢʘ ʠʟ ʘʚʠʦʥʘ ʠʣʠ ʫʣʘʟʘʢ ʫ ʘʚʠʦʥ ʠ ʜʨʫʛʠ ʥʠʟ ʜʦʛʘʹʘʿʘ 

ʢʦʿʠ ʩʝ ʜʝʰʘʚʘʿʫ ʫ ʪʦʢʫ ʣʝʪʘ ʘʚʠʦʥʘ. ʄʦʛʫ ʘʥʘʣʠʟʠʨʘʪʠ ʥʧʨ. ʚʨʝʤʝʥʩʢʝ ʧʨʠʣʠʢʝ ʢʦʿʝ 

ʤʦʛʫ ʫʩʧʦʨʠʪʠ ʢʨʝʪʘˁʝ ʘʚʠʦʥʘ.  

ʆʚʘ ʤʝʪʦʜʘ ʩʠʤʫʣʘʮʠʿʝ ʩʝ ʧʨʠʤʝˁʫʿʝ ʯʝʩʪʦ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜ ʩʫ ʚʝʣʠʢʝ 

ʬʠʥʘʥʩʠʿʩʢʝ ʠʥʚʝʩʪʠʮʠʿʝ ʟʘ ʥʝʢʠ ʧʨʦʿʝʢʘʪ, ʢʘʦ ʥʘ ʧʨʠʤʝʨ ʩʠʤʫʣʘʮʠʿʘ ʩʣʦʞʝʥʠʭ 

ʧʨʦʠʟʚʦʜʥʠʭ ʩʠʩʪʝʤʘ. ʋʢʦʣʠʢʦ ʬʠʨʤʘ ʧʣʘʥʠʨʘ ʜʘ ʬʦʨʤʠʨʘ ʥʦʚʫ ʧʨʦʠʟʚʦʜʥʫ ʣʠʥʠʿʫ, 

ʪʨʝʙʘʣʦ ʙʠ ʩʠʤʫʣʠʨʘʪʠ ʜʘ ʣʠ ʿʝ ʝʢʦʥʦʤʩʢʠ ʠʩʧʣʘʪʠʚʘ ʪʘ ʠʥʚʝʩʪʠʮʠʿʘ ʠ ʜʘ ʣʠ ʿʝ 

ʧʨʘʢʪʠʯʥʘ ʟʘ ʧʨʠʤʝʥʫ. ʉʠʤʫʣʘʮʠʿʦʤ ʩʝ ʫʪʚʨʹʫʿʝ ʜʘ ʣʠ ʿʝ ʠʩʧʣʘʪʠʚʦ ʫʣʘʛʘˁʝ, ʙʝʟ 

ʠʟʚʦʹʝˁʘ ʨʝʘʣʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʋ ʥʝʢʠʤ ʩʠʪʫʘʮʠʿʘʤʘ DES ʿʝ ʥʝʤʦʛʫ˂ʝ ʧʨʠʤʝʥʠʪʠ, ʢʘʦ 

ʥʘ ʧʨʠʤʝʨ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʧʨʝʜʚʠʹʘˁʘ ʧʦʥʘʰʘˁʘ ˀʫʜʠ. 

ABS ʤʝʪʦʜʘ ʿʝ ʥʘʩʪʘʣʘ ʧʦʯʝʪʢʦʤ ʜʚʘʜʝʩʝʪ ʧʨʚʦʛ ʚʝʢʘ ʧʨʠʤʝʥʦʤ ʥʘ ʧʦʩʣʦʚʥʠʤ 

ʧʨʦʙʣʝʤʠʤʘ. ʄʝʪʦʜʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʚʝʰʪʘʯʢʦʿ ʠʥʪʝʣʠʛʝʥʮʠʿʠ ʢʦʨʠʰ˂ʝˁʝʤ ʤʫʣʪʠ-

ʘʛʝʥʪʥʠʭ ʩʠʩʪʝʤʘ ʠ ʨʦʙʦʪʠʢʝ. ʄʫʣʪʠ-ʘʛʝʥʪʥʠ ʩʠʩʪʝʤʠ ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʚʝ˂ʝʛ ʙʨʦʿʘ ʘʛʝʥʘʪʘ 

(ʝʥʪʠʪʝʪ ʢʦʿʠ ʠʤʘ ʜʝʬʠʥʠʩʘʥʘ ʧʨʘʚʠʣʘ ʧʦʥʘʰʘˁʘ ʠ ʤʦʞʝ ʙʠʪʠ ʿʝʜʠʥʢʘ ʠʣʠ ʛʨʫʧʘ) 

ʠʟʤʝʹʫ ʢʦʿʠʭ ʧʦʩʪʦʿʠ ʜʝʬʠʥʠʩʘʥʘ ʠʥʪʝʨʘʢʮʠʿʘ, ʛʜʝ ʩʝ ʫʥʘʧʨʝʜ ʦʜʨʝʹʫʿʫ ʧʨʘʚʠʣʘ 

ʧʦʥʘʰʘˁʘ ʠ ʘʛʝʥʪʠ ʫʯʝ ʠ ʠʟʚʦʜʝ ʟʘʢˀʫʯʢʝ ʥʘ ʦʩʥʦʚʫ ʧʦʥʘʰʘˁʘ. ʅʘ ʧʨʠʤʝʨ, ʨʘʯʫʥʘʨʩʢʝ 

ʠʛʨʝ ʩʫ ʿʝʜʘʥ ʦʜ ʧʨʠʤʝʨʘ ʩʠʩʪʝʤʘ ʩʘ ʘʛʝʥʪʠʤʘ. ʀʛʨʘʯ (ʘʛʝʥʪ) ʢʘʜʘ ʠʛʨʘ ʥʝʢʫ ʨʘʯʫʥʘʨʩʢʫ 

ʠʛʨʫ ʪʨʘʞʠ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ ʢʘʢʦ ʙʠ ʧʦʙʝʜʠʦ ʫ ʠʛʨʠ ʫʟ ʦʛʨʘʥʠʯʝʥ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ [94]. 

ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʤʦʜʝʣʦʚʘˁʘ ʤʝʪʦʜʦʤ ABS ʿʝ ʧʨʠʤʝʥʘ UML - Unified Modelling 

Language ʠʣʠ ʜʠʿʘʛʨʘʤʘ ʩʪʘˁʘ (statechart). ʇʦʤʦ˂ʫ ʜʠʿʘʛʨʘʤʘ ʩʪʘˁʘ ʩʝ ʛʨʘʬʠʯʢʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʘʟʣʠʯʠʪʘ ʩʪʘˁʘ ʫ ʢʦʿʠʤʘ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʘʛʝʥʪʠ, ʧʨʝʣʘʟʥʘ ʩʪʘˁʘ, ʜʦʛʘʹʘʿʠ 

ʢʦʿʠ ʠʟʘʟʠʚʘʿʫ ʧʨʝʣʘʟʥʘ ʩʪʘˁʘ, ʢʘʦ ʠ ʚʨʝʤʝʥʘ ʠ ʨʘʜˁʝ ʢʦʿʝ ʘʛʝʥʪʠ ʠʟʚʦʜʝ ʫ ʪʦʢʫ ʩʚʦʛ 

ʞʠʚʦʪʥʦʛ ʚʝʢʘ. 

ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ ʩʦʬʪʚʝʨʠ ʟʘ ʦʚʫ ʤʝʪʦʜʫ ʩʫ: RePast, Swarm ʠ AnyLogic. 

ʇʨʠʤʝˁʫʿʫ ʩʝ ʫ: ʢʫʣʪʫʨʠ, ʜʨʫʰʪʚʝʥʠʤ ʩʠʩʪʝʤʠʤʘ, ʬʠʟʠʯʢʠʤ, ʙʠʦʣʦʰʢʠʤ, ʝʢʦʣʦh ʢʠʤ, 

ʝʢʦʥʦʤʩʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʚʦʿʥʝ ʩʚʨʭʝ, ʠʪʜ [95]. ʅʝʜʦʩʪʘʮʠ ʦʚʝ ʤʝʪʦʜʝ ʩʫ ʩʣʘʙʠʿʘ 

ʧʨʠʤʝʥʘ ʫ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʢʘʦ ʠ ʤʘʣʠ ʙʨʦʿ ʨʘʟʚʠʿʝʥʠʭ ʩʦʬʪʚʝʨʘ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʝ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʫ ʧʨʠʤʝʥʦʤ ʦʚʝ ʤʝʪʦʜʝ. ʅʘʿʯʝ˂ʰʝ ʩʝ ʧʨʠʤʝˁʫʿʝ ʥʘ 

ʫʥʠʚʝʨʟʠʪʝʪʠʤʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʠʩʪʨʘʞʠʚʘˁʘ. 

 

6.5.1 ʄʦʜʝʣʦʚʘˁʝ ʩʪʨʫʢʪʫʨʝ ʩʠʩʪʝʤʘ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ SDS 

 

SDS ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʫ ʧʦʥʘʰʘˁʘ ʩʣʦʞʝʥʠʭ ʜʠʥʘʤʠʯʢʠʭ 

ʩʠʩʪʝʤʘ ʧʨʠʤʝʥʦʤ ʨʘʯʫʥʘʨʘ [96]. ɿʥʘʯʘʿʥʘ ʿʝ ʧʨʠʤʝʥʘ ʧʨʠ ʘʥʘʣʠʟʠ ʩʣʦʞʝʥʠʭ 

ʜʠʥʘʤʠʯʢʠʭ ʩʠʩʪʝʤʘ, ʛʜʝ ʿʝ ʤʦʛʫ˂ʝ ʫʪʚʨʜʠʪʠ ʢʘʢʚʠ ʩʝ ʝʬʝʢʪʠ ʜʦʙʠʿʘʿʫ ʥʘ ʩʠʩʪʝʤʫ ʧʨʠ 

ʜʦʥʦʰʝˁʫ ʦʜʨʝʹʝʥʠʭ ʦʜʣʫʢʘ. ɿʘ ʬʦʨʤʠʨʘˁʝ SDS ʤʦʜʝʣʘ ʟʥʘʯʘʿʥʦ ʿʝ ʨʘʟʫʤʝʪʠ ʫʟʨʦʢʝ ʠ 

ʧʦʩʣʝʜʠʮʝ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʤʦʜʝʣʠʨʘ. ʈʘʟʤʘʪʨʘˁʝʤ ʧʦʥʘʰʘˁʘ ʩʠʩʪʝʤʘ ʫʪʚʨʹʫʿʫ ʩʝ 

ʟʘʚʠʩʥʦʩʪʠ ʠ ʧʝʪˀʝ ʠʟʤʝʹʫ ʧʦʿʝʜʠʥʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʩʠʩʪʝʤʫ. 

ʆʚʫ ʤʝʪʦʜʫ ʿʝ ʨʘʟʚʠʦ 1956. ʛʦʜʠʥʝ Jay Forrester, ʧʨʦʬʝʩʦʨ ʥʘ Massachusetts 

Institute of Technology (MIT). ʇʨʚʦʙʠʪʥʦ ʿʝ ʧʨʠʤʝˁʠʚʘʥʘ ʢʦʜ ʨʘʟʚʦʿʘ ʤʦʜʝʣʘ ʟʘ 

ʫʧʨʘʚˀʘˁʝ ʧʨʦʠʟʚʦʜʥʠʤ ʠ ʧʦʩʣʦʚʥʠʤ ʩʠʩʪʝʤʘ ʠ ʟʚʘʣʘ ʩʝ ʠʥʜʫʩʪʨʠʿʩʢʘ ʜʠʥʘʤʠʢʘ, ʜʘ ʙʠ 

ʰʝʟʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʙʠʦ ʧʨʦʤʝˁʝʥ ʥʘʟʠʚ ʫ System Dynamics. ʂʘʩʥʠʿʝ ʿʝ ʧʨʠʤʝˁʠʚʘʥʘ ʥʘ 

ʨʘʟʣʠʯʠʪʠʤ ʚʨʩʪʘʤʘ ʩʠʩʪʝʤʘ: ʜʨʫʰʪʚʝʥʠʤ, ʝʢʦʣʦʰʢʠʤ, ʧʨʦʠʟʚʦʜʥʠʤ, ʫʩʣʫʞʥʠʤ, 
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ʙʠʦʣʦʰʢʠʤ, ʧʦˀʦʧʨʠʚʨʝʜʥʠʤ, ʟʜʨʘʚʩʪʚʝʥʠʤ, ʠʪʜ. ʄʦʜʝʣ SDS ʪʨʝʙʘ ʜʘ ʠʤʘ ʩʣʝʜʝ˂ʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ [97]: 

¶ ʦʧʠʩʫʿʝ ʙʠʣʦ ʢʦʿʠ ʧʨʦʙʣʝʤ ʩʘ ʫʟʨʦʯʥʦ - ʧʦʩʣʝʜʠʯʥʠʤ ʚʝʟʘʤʘ, 

¶ ʧʨʠʤʝʥʘ ʤʘʪʝʤʘʪʠʯʢʠʭ ʬʦʨʤʫʣʘ ʧʨʠ ʩʠʤʫʣʘʮʠʿʠ ʩʠʩʪʝʤʘ,  

¶ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʤʝʥʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʨʦʤʝʥˀʠʚʠʭ, 

¶ ʘʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʧʨʠ ʧʨʦʤʝʥʠ ʦʜʣʫʢʘ. 

ʉʚʘʢʠ ʤʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʫʧʨʦʰ˂ʝʥ ʧʨʠʢʘʟ ʩʠʩʪʝʤʘ. ɼʘ ʙʠ ʙʠʦ ʢʦʨʠʩʪʘʥ, ʥʝ ʤʦʨʘ 

ʜʝʪʘˀʥʦ ʜʘ ʦʜʩʣʠʢʘʚʘ ʩʠʩʪʝʤ ʠ ʟʘʚʠʩʠ˂ʝ ʦʜ ʧʨʠʤʝʥʝ ʤʦʜʝʣʘ ʟʘ ʨʝʰʘʚʘˁʝ ʥʝʢʦʛ 

ʧʨʦʙʣʝʤʘ. ɿʘ ʤʦʜʝʣ ʪʨʝʙʘ ʦʜʨʝʜʠʪʠ ʢʦʿʠ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʘ ʩʫ ʥʘʿʚʘʞʥʠʿʠ, ʜʘ ʤʦʜʝʣ ʥʝ 

ʙʫʜʝ ʩʫʚʠʰʝ ʩʣʦʞʝʥ ʟʘ ʧʨʘʢʪʠʯʥʫ ʘʥʘʣʠʟʫ. 

ʄʝʪʦʜʘ SDS ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʪʝʦʨʠʿʠ ʧʦʚʨʘʪʥʝ ʩʧʨʝʛʝ (feedback) ʠ ʢʦʥʪʨʦʣʝ, ʘ 

ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʨʝʰʘʚʘˁʝ ʩʣʦʞʝʥʠʭ ʩʠʪʫʘʮʠʿʘ. ʄʦʜʝʣʠʤʘ ʩʝ ʧʨʝʜʚʠʹʘ ʙʫʜʫ˂ʝ ʧʦʥʘʰʘˁʝ 

ʩʠʩʪʝʤʘ ʧʨʠʤʝʥʦʤ ʩʠʤʫʣʘʮʠʿʝ. ʆʚʠ ʤʦʜʝʣʠ ʧʦʩʝʜʫʿʫ ʠ ʦʜʨʝʹʝʥʘ ʦʛʨʘʥʠʯʝˁʘ ʫ ʧʦʛʣʝʜʫ 

ʥʝʧʨʝʮʠʟʥʦʩʪʠ ʠ ʛʨʝʰʘʢʘ ʢʦʿʝ ʤʦʛʫ ʥʘʩʪʘʪʠ ʟʙʦʛ ʥʝʧʨʘʚʠʣʥʦ ʢʨʝʠʨʘʥʦʛ ʤʦʜʝʣʘ. 

ɿʘ ʘʥʘʣʠʟʫ ʧʦʥʘʰʘˁʘ ʩʣʦʞʝʥʠʭ ʩʠʩʪʝʤʘ ʧʨʠ ʧʨʠʤʝʥʠ ʤʝʪʦʜʝ SDS ʥʘʿʯʝʰ˂ʝ ʩʝ 

ʢʦʨʠʩʪʝ ʩʦʬʪʚʝʨʠ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʢʘʦ ʰʪʦ ʩʫ: ɸrena, Open Modelica, DYNAMO, DYSMAP, 

iThink/STELLA, PowerSim, Vensim, ʠʪʜ.  

ʇʦʣʘʟʥʘ ʦʩʥʦʚʘ ʜʠʥʘʤʠʯʢʦʛ ʤʦʜʝʣʦʚʘˁʘ ʩʠʩʪʝʤʘ ʿʝ ʜʘ ʩʝ ʧʨʦʫʯʘʚʘʿʫ ʩʠʩʪʝʤʠ 

ʯʠʿʝ ʩʝ ʧʦʥʘʰʘˁʝ ʤʝˁʘ ʫ ʚʨʝʤʝʥʫ. ʎʠˀ ʦʚʝ ʤʝʪʦʜʝ ʿʝ ʜʘ ʩʝ ʨʘʟʫʤʝ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʘ 

ʢʦʿʠ ʩʝ ʘʥʘʣʠʟʫʿʝ ʠ ʜʘ ʩʝ ʢʨʝʠʨʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʤʦʜʝʣ. ʅʘ ʩʣʠʮʠ 6.18 ʩʫ ʜʘʪʝ ʦʩʥʦʚʥʝ 

ʬʘʟʝ ʫ ʜʠʥʘʤʠʯʢʦʤ ʤʦʜʝʣʦʚʘˁʫ ʩʠʩʪʝʤʘ. 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 6.18 ʌʘʟʝ ʫ ʜʠʥʘʤʠʯʢʦʤ ʤʦʜʝʣʦʚʘˁʫ ʩʠʩʪʝʤʘ 

 

ʇʨʚʘ ʬʘʟʘ ʢʦʜ ʜʠʥʘʤʠʯʢʦʛ ʤʦʜʝʣʦʚʘˁʘ ʿʝ ʧʨʦʫʯʘʚʘˁʝ ʩʠʩʪʝʤʘ ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ 

ʰʪʦ ʙʦˀʝ ʨʘʟʫʤʝ ˁʝʛʦʚʘ ʩʪʨʫʢʪʫʨʘ. ʂʨʝʠʨʘˁʝ ʤʦʜʝʣʘ ʥʝʢʦʛ ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʘ ʚʨʰʠ 

ʩʘʤʦ ʥʝʢʦ ʢʦ ʜʦʙʨʦ ʧʦʟʥʘʿʝ ʩʠʩʪʝʤ ʢʦʿʠ ʩʝ ʤʦʜʝʣʫʿʝ. 

ʋ ʜʨʫʛʦʿ ʬʘʟʠ ʩʝ ʚʨʰʠ ʨʘʟʚʦʿ ʜʠʥʘʤʠʯʢʠʭ ʭʠʧʦʪʝʟʘ, ʰʪʦ ʿʝ ʦʩʥʦʚʘ ʟʘ ʬʦʨʤʠʨʘˁʝ 

ʧʨʝʮʠʟʥʦʛ ʤʦʜʝʣʘ. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʘ ʩʝ ʧʨʝʜʩʪʘʚˀʘ ʧʦʤʦ˂ʫ ʜʠʿʘʛʨʘʤʘ ʢʦʿʠʤʘ ʩʝ 

ʧʨʠʢʘʟʫʿʫ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʧʨʦʤʝʥˀʠʚʠʭ ʠʣʠ ʧʦʜʩʠʩʪʝʤʘ ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ 

ʠʜʝʥʪʠʬʠʢʫʿʝ ʧʦʥʘʰʘˁʝ ʩʠʩʪʝʤʘ. 

ʊʨʝ˂ʘ ʬʘʟʘ ʿʝ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʘ ʩʠʩʪʝʤʘ. ʄʦʜʝʣ ʪʨʝʙʘ ʜʘ ʧʨʠʢʘʞʝ 

ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʫ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʘ, ʘ ʨʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ ʜʘ ʧʦʪʚʨʜʝ 

ʧʨʦʛʥʦʟʠʨʘʥʦ ʧʦʥʘʰʘˁʝ.  

ʇʦʩʣʝʜˁʘ ʬʘʟʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʘʥʘʣʠʟʫ ʠ ʚʝʨʠʬʠʢʘʮʠʿʫ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ 

ʧʨʠʤʝʥʫ ʦʜʨʝʹʝʥʝ ʩʪʨʘʪʝʛʠʿʝ. ʋʢʦʣʠʢʦ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʥʠʩʫ ʦʧʪʠʤʘʣʥʠ, ʩʧʨʦʚʦʜʝ 

ʩʝ ʥʦʚʝ ʩʪʨʘʪʝʛʠʿʝ ʠ ʧʦʥʘʚˀʘʿʫ ʬʘʟʝ ʦʚʝ ʤʝʪʦʜʝ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 6.18. 

ʈʘʟʫʤʝʚʘˁʝ 

ʩʪʨʫʢʪʫʨʝ 
ʩʠʩʪʝʤʘ

ʀʟʚʦʹʝˁʝ 
ʜʠʥʘʤʠʢʝ

ʩʪʨʫʢʪʫʨʝ
ʩʠʩʪʝʤʘ

ʄʦʜʝʣʦʚʘˁʝ

ʠ ʩʠʤʫʣʘʮʠʿʘ
ʩʠʩʪʝʤʘ

ɸʥʘʣʠʟʘ

ʜʦʙʠʿʝʥʠʭ
ʨʝʟʫʣʪʘʪʘ
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ʉʪʨʘʪʝʛʠʿʝ ʢʦʿʝ ʩʝ ʧʨʦʿʝʢʪʫʿʫ ʠ ʤʦʜʝʣʠʨʘʿʫ ʠʤʘʿʫ ʟʘ ʮʠˀ ʜʘ ʩʝ ʫʪʚʨʜʝ ˁʠʭʦʚʠ 

ʫʪʠʮʘʿʠ ʥʘ ʩʠʩʪʝʤ ʠ ʜʦʥʦʰʝˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʦʜʣʫʢʘ. ʎʝʦ ʧʨʦʮʝʩ ʩʝ ʤʦʞʝ ʧʦʥʘʚˀʘʪʠ 

ʢʘʢʦ ʙʠ ʩʝ ʧʦʪʚʨʜʠʣʘ ʠʩʧʨʘʚʥʦʩʪ ʫʚʦʹʝˁʘ ʥʦʚʝ ʩʪʨʘʪʝʛʠʿʝ. 

ʉʣʦʞʝʥʠ ʩʠʩʪʝʤʠ ʟʘʭʪʝʚʘʿʫ ʬʦʨʤʠʨʘˁʝ ʤʦʜʝʣʘ, ʧʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʩʝ ʥʘ ʦʩʥʦʚʫ 

ʤʦʜʝʣʘ ʠʟʚʨʰʠ ʠ ʩʠʤʫʣʘʮʠʿʘ ʢʦʨʠʩʪʝ˂ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʦʬʪʚʝʨʝ. ʇʨʠʢʫʧˀʘˁʝʤ 

ʧʦʜʘʪʘʢʘ ʦ ʨʘʜʫ ʥʝʢʦʛ ʩʠʩʪʝʤʘ ʜʦʙʠʿʘʿʫ ʩʝ ʧʦʜʘʮʠ ʢʦʿʠ ʩʫ ʦʩʥʦʚʘ ʟʘ ʜʘˀʫ ʘʥʘʣʠʟʫ. ɼʘ 

ʙʠ ʩʝ ʧʨʦʚʝʨʠʣʘ ʪʘʯʥʦʩʪ ʢʨʝʠʨʘʥʦʛ ʤʦʜʝʣʘ, ʥʝʧʭʦʜʥʦ ʿʝ ʚʨʰʠʪʠ ʨʘʟʣʠʯʠʪʘ ʪʝʩʪʠʨʘˁʘ 

ʧʨʠʤʝʥʦʤ ʨʝʘʣʥʦʛ ʩʠʩʪʝʤʘ.  

ɼʠʥʘʤʠʯʢʠ ʤʦʜʝʣʠ ʩʫ ʧʦʛʦʜʥʠ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʫ ʩʣʦʞʝʥʠʭ ʩʠʩʪʝʤʘ 

ʢʦʿʠ ʩʝ ʤʦʛʫ ʥʘʣʘʟʠʪʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʪʘˁʠʤʘ. ʊʘʯʥʦʩʪ ʤʦʜʝʣʘ ʠ ʠʟʣʘʟʥʠʭ ʨʝʟʫʣʪʘʪʘ ʿʝ 

ʪʝʰʢʦ ʧʨʦʮʝʥʠʪʠ. ɼʘ ʙʠ ʤʦʜʝʣ ʙʠʦ ʰʪʦ ʧʨʝʮʠʟʥʠʿʠ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʦʙʨʦ ʧʦʟʥʘʚʘˁʝ 

ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ ʤʦʜʝʣʠʨʘ, ʜʘ ʩʝ ʥʝ ʙʠ ʠʟʦʩʪʘʚʠʣʠ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʠʤʘʿʫ ʚʝʣʠʢʠ ʫʪʠʮʘʿ 

ʥʘ ʠʟʣʘʟʥʝ ʨʝʟʫʣʪʘʪʝ. 

 

6.5.2 ʉʦʬʪʚʝʨ ʟʘ ʜʠʥʘʤʠʯʢʦ ʤʦʜʝʣʦʚʘˁʝ ʩʠʩʪʝʤʘ 

 

Vensim PLE ʿʝ ʩʦʬʪʚʝʨ ʟʘ ʚʠʟʫʝʣʥʦ ʤʦʜʝʣʦʚʘˁʝ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʬʦʨʤʠʨʘˁʝ 

ʤʦʜʝʣʘ, ʢʨʝʠʨʘˁʝ ʜʦʢʫʤʝʥʪʘʮʠʿʝ, ʘʥʘʣʠʟʫ ʩʠʩʪʝʤʘ, ʩʠʤʫʣʘʮʠʿʫ ʠ ʦʧʪʠʤʠʟʘʮʠʿʫ 

ʢʨʝʠʨʘʥʠʭ ʤʦʜʝʣʘ ʜʠʥʘʤʠʯʢʠʭ ʩʠʩʪʝʤʘ. ʆʚʘʿ ʩʦʬʪʚʝʨʩʢʠ ʘʣʘʪ ʿʝ ʨʘʟʚʠʣʘ ʬʠʨʤʘ Ventana 

Systems 1985. ʛʦʜʠʥʝ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʫʧʨʘʚˀʘˁʘ ʧʨʠʤʝʥʦʤ ʩʠʤʫʣʘʮʠʿʝ. ʋ ʪʦʤ 

ʧʝʨʠʦʜʫ ʿʝ ʢʦʨʠʰ˂ʝʥ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ Pascal, ʘ ʧʦʪʦʤ Lisp ʠ C ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʢʘʢʦ ʙʠ 

ʩʝ ʩʤʘˁʠʣʦ ʚʨʝʤʝ ʟʘ ʢʨʝʠʨʘˁʝ ʤʦʜʝʣʘ. ʉʦʬʪʚʝʨ ʿʝ ʧʦʩʪʘʦ ʿʘʚʥʦ ʜʦʩʪʫʧʘʥ 1991. ʛʦʜʠʥʝ, 

ʘ ʜʦ ʜʘʥʘʩ ʿʝ ʥʝʧʨʝʢʠʜʥʦ ʫʩʘʚʨʰʘʚʘʥ ʜʦ ʧʦʩʣʝʜˁʝ ʚʝʨʟʠʿʝ 6.3 [38]. ʅʘ ʩʣʠʮʠ 6.19 ʜʘʪ ʿʝ 

ʧʨʠʢʘʟ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʦʚʦʛ ʩʦʬʪʚʝʨʘ. 

ɸʣʘʪʠ ʟʘ ʘʥʘʣʠʟʫ ʧʦʜʘʪʘʢʘ

ʀʤʝ ʬʘʿʣʘ ʫ ʢʦʤʝ ʩʫ ʩʤʝʰʪʝʥʠ 
ʨʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ

ɸʣʘʪʠ ʟʘ ʩʢʠʮʠʨʘˁʝ ʤʦʜʝʣʘ

ɽʜʠʪʦʨ 

ʿʝʜʥʘʯʠʥʘ

ɸʣʘʪ ʟʘ 

ʙʨʠʩʘˁʝ

ɸʣʘʪ ʟʘ 

ʩʠʤʫʣʘʮʠʿʫ

ɸʣʘʪ ʟʘ 
ʧʦʤʝʨʘˁʝ
ʦʙʿʝʢʘʪʘ

 

ʉʣʠʢʘ 6.19 ʈʘʜʥʦ ʦʢʨʫʞʝˁʝ Vensim PLE 
 

ʇʨʝʜʥʦʩʪ ʦʚʦʛ ʩʦʬʪʚʝʨʘ ʿʝ ʰʪʦ ʜʦʟʚʦˀʘʚʘ ʧʦʟʠʚ ʝʢʩʪʝʨʥʠʭ ʬʫʥʢʮʠʿʘ 

(ʧʨʦʛʨʘʤʠʨʘʥʠʭ ʫ ʥʝʢʦʤ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ) ʢʦʿʝ ˂ʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʩʠʤʫʣʘʮʠʿʫ 

ʬʦʨʤʠʨʘʥʦʛ ʤʦʜʝʣʘ. ɽʢʩʪʝʨʥʝ ʬʫʥʢʮʠʿʝ ʩʝ ʤʦʛʫ ʧʠʩʘʪʠ ʠ ʫ MatLab-ʫ ʠʣʠ ʥʝʢʦʤ ʜʨʫʛʦʤ 
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ʩʦʬʪʚʝʨʫ ʠ ʢʦʨʠʩʪʠʪʠ ʟʘ ʩʠʤʫʣʘʮʠʿʫ. ʄʦʛʫ˂ʝ ʿʝ ʫʚʦʟʠʪʠ ʤʦʜʝʣʝ ʢʦʿʠ ʩʫ ʢʨʝʠʨʘʥʠ ʫ 

ʜʨʫʛʠʤ ʩʦʬʪʚʝʨʠʤʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʫ ʠ ʧʨʠʣʘʛʦʜʠʪʠ 

ʩʦʧʩʪʚʝʥʠʤ ʧʦʪʨʝʙʘʤʘ. 

ʋ ʤʦʜʝʣʠʤʘ ʩʝ ʢʨʝʠʨʘʿʫ ʨʘʟʣʠʯʠʪʝ ʚʝʟʝ (ʟʘʚʠʩʥʦʩʪʠ) ʠʟʤʝʹʫ ʧʨʦʤʝʥˀʠʚʠʭ, ʘ ʥʘ 

ʦʩʥʦʚʫ ʜʝʬʠʥʠʩʘʥʦʛ ʤʦʜʝʣʘ ʩʝ ʤʦʛʫ ʚʨʰʠʪʠ ʩʠʤʫʣʘʮʠʿʝ ʨʘʟʣʠʯʠʪʠʭ ʜʦʛʘʹʘʿʘ. ʄʦʜʝʣ ʩʝ 

ʫ ʦʚʦʤ ʩʦʬʪʚʝʨʫ ʤʦʞʝ ʢʨʝʠʨʘʪʠ ʢʘʦ: 

1. ʜʠʿʘʛʨʘʤ ʫʟʨʦʯʥʠʭ ʧʝʪˀʠ (Causal Loop Diagram - CLD) ʠʣʠ  

2. ʜʠʿʘʛʨʘʤ ʪʦʢʘ ʩʠʩʪʝʤʘ (Stock and Flow Diagram - SFD). 

ɼʠʿʘʛʨʘʤ ʫʟʨʦʯʥʠʭ ʧʝʪˀʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʜʩʪʘʚˀʘˁʝ ʤʝʹʫʩʦʙʥʝ ʟʘʚʠʩʥʦʩʪʠ 

ʧʦʿʘʚʘ ʠʣʠ ʩʪʘˁʘ ʫ ʩʠʩʪʝʤʫ ʠ ʧʦʚʨʘʪʥʝ ʚʝʟʝ ʢʦʿʝ ʥʘʩʪʘʿʫ ʠʟʤʝʹʫ ʜʝʬʠʥʠʩʘʥʠʭ ʩʪʘˁʘ. 

ʆʚʘʿ ʜʠʿʘʛʨʘʤ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʜʚʝ ʠʣʠ ʚʠʰʝ ʫʟʨʦʯʥʝ ʚʝʟʝ ʢʦʿʝ ʩʧʘʿʘʿʫ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ 

ʝʣʝʤʝʥʘʪʘ ʫ ʤʦʜʝʣʫ. ɼʠʿʘʛʨʘʤʠ ʫʟʨʦʯʥʠʭ ʧʝʪˀʠ ʧʦʢʘʟʫʿʫ ʫʟʨʦʯʥʦ - ʧʦʩʣʝʜʠʯʥʝ ʚʝʟʝ 

ʠʟʤʝʹʫ ʝʣʝʤʝʥʘʪʘ.  

ʂʦʜ ʜʠʿʘʛʨʘʤʘ ʫʟʨʦʯʥʠʭ ʧʝʪˀʠ ʢʦʨʠʩʪʝ ʩʝ ʜʚʘ ʦʩʥʦʚʥʘ ʪʠʧʘ ʚʝʟʘ ʧʦʚʨʘʪʥʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ: 

1. ʧʦʟʠʪʠʚʥʝ (ʢʦʿʠʤʘ ʩʝ ʧʨʠʢʘʟʫʿʝ ʧʦʙʦˀʰʘˁʝ ʩʪʘˁʘ ʦʧʨʝʤʝ) 

2. ʥʝʛʘʪʠʚʥʝ (ʢʦʿʠʤʘ ʩʝ ʧʨʠʢʘʟʫʿʝ ʜʝʛʨʘʜʘʮʠʿʘ ʩʪʘˁʘ ʦʧʨʝʤʝ). 

ʉʪʨʝʣʠʮʦʤ ʚʝʟʝ ʩʝ ʦʟʥʘʯʘʚʘ ʩʤʝʨ, ʘ ʟʥʘʢ (+) ʠʣʠ (ï) ʫʟ ʪʫ ʩʪʨʝʣʠʮʫ ʧʨʝʜʩʪʘʚˀʘ 

ʧʦʟʠʪʠʚʥʫ ʠʣʠ ʥʝʛʘʪʠʚʥʫ ʚʝʟʫ (ʩʣʠʢʘ 6.20) [98]. ʇʦʟʠʪʠʚʥʘ ʚʝʟʘ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ 

ʚʨʝʜʥʦʩʪʠ ʧʦʩʣʝʜʠʮʝ ʥʘʩʪʘʥʢʘ ʜʦʛʘʹʘʿʘ ʫʩʣʝʜ ʧʦʚʝ˂ʘˁʘ ʚʨʝʜʥʦʩʪʠ ʫʟʨʦʢʘ ʠʣʠ ʦʙʨʘʪʥʦ, 

ʩʤʘˁʝˁʝ ʧʦʩʣʝʜʠʮʝ ʥʘʩʪʘʥʢʘ ʜʦʛʘʹʘʿʘ ʫʩʣʝʜ ʩʤʘˁʝˁʘ ʫʟʨʦʢʘ. ʅʘ ʧʨʠʤʝʨ, ʘʢʦ ʩʝ 

ʧʦʩʤʘʪʨʘ ʧʨʦʮʝʩ ʧʨʦʠʟʚʦʜˁʝ, ʪʨʦʰʢʦʚʠ ʧʨʦʠʟʚʦʜˁʝ ʨʘʩʪʫ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʧʨʦʠʟʚʝʜʝʥʦʛ 

ʙʨʦʿʘ ʧʨʦʠʟʚʦʜʘ. ʂʦʜ ʥʝʛʘʪʠʚʥʝ ʚʝʟʝ ʩʝ ʫʩʣʝʜ ʧʦʚʝ˂ʘˁʘ ʚʨʝʜʥʦʩʪʠ ʧʦʩʣʝʜʠʮʝ ʩʤʘˁʫʿʝ 

ʚʨʝʜʥʦʩʪ ʫʟʨʦʢʘ ʠ ʦʙʨʘʪʥʦ. ʅʘ ʧʨʠʤʝʨʫ ʧʨʦʠʟʚʦʜˁʝ, ʥʝʛʘʪʠʚʥʘ ʚʝʟʘ ʙʠ ʙʠʣʘ ʜʘ ʩʝ 

ʧʨʦʜʘʿʦʤ ʧʨʦʠʟʚʦʜʘ ʩʤʘˁʫʿʫ ʪʨʦʰʢʦʚʠ. 

ʋʟʨʦʢ ʇʦʩʣʝʜʠʮʘ
+

ʇʦʟʠʪʠʚʥʘ ʚʝʟʘ 

ʋʟʨʦʢ ʇʦʩʣʝʜʠʮʘ
-

ʅʝʛʘʪʠʚʥʘ ʚʝʟʘ 

ʉʣʠʢʘ 6.20 ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʧʦʟʠʪʠʚʥʝ ʠ ʥʝʛʘʪʠʚʥʝ ʚʝʟʝ 
 

ʋʢʦʣʠʢʦ ʚʠʰʝ ʚʝʟʘ ʧʦʚʝʟʫʿʫ ʫʟʨʦʢ ʠ ʧʦʩʣʝʜʠʮʫ, ʦʥʜʘ ʩʝ ʜʦʙʠʿʘ ʧʦʚʨʘʪʥʘ ʧʝʪˀʘ 

ʠ ʜʠʿʘʛʨʘʤ ʩʝ ʟʘʤʝˁʫʿʝ ʩʘ ʿʝʜʥʦʤ ʢʨʫʞʥʦʤ ʩʪʨʝʣʠʮʦʤ ʢʦʿʘ ʿʝ ʫ ʩʨʝʜʠʥʠ ʦʙʝʣʝʞʝʥʘ 

ʩʣʦʚʦʤ ʠ ʙʨʦʿʝʤ. ɹʨʦʿʝʚʠ ʩʫ ʮʝʣʦʙʨʦʿʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʦʟʥʘʯʘʚʘʿʫ ʨʝʜʥʠ ʙʨʦʿ ʧʝʪʝˀ. 

ʇʦʟʠʪʠʚʥʘ ʧʦʚʨʘʪʥʘ ʧʝʪˀʘ ʩʝ ʦʙʝʣʝʞʘʚʘ ʩʘ R (Reinforcing - ʧʦʿʘʯʘˁʝ) ʠ 

ʧʨʝʜʩʪʘʚˀʘ ʩʢʫʧ ʚʝʟʘ ʢʦʿʠʤʘ ʩʝ ʜʦʙʠʿʘ ʩʪʘʣʥʠ ʧʦʨʘʩʪ ʠʣʠ ʧʘʜ ʚʨʝʜʥʦʩʪʠ. ʂʘʦ ʧʨʠʤʝʨ, 

ʨʘʟʤʦʪʨʠ˂ʝʤʦ ʥʘʩʪʘʥʘʢ ʢʚʘʨʘ ʥʘ ʦʧʨʝʤʠ. ʋʩʣʝʜ ʧʦʚʝ˂ʘˁʘ ʙʨʦʿʘ ʢʚʘʨʦʚʘ ʪʨʦʰʢʦʚʠ 

ʦʜʨʞʘʚʘˁʘ ʨʘʩʪʫ. ʋʢʦʣʠʢʦ ʥʝʤʘ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ, ʥʘʙʘʚˀʘ ʩʝ ʦʧʨʝʤʘ ʣʦʰʝʛ ʢʚʘʣʠʪʝʪʘ 

ʿʝʨ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʦʧʨʝʤʘ ʰʪʦ ʧʨʝ ʙʫʜʝ ʟʘʤʝˁʝʥʘ. ʉ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ ʢʚʘʨʦʚʘ (ʫʟʨʦʢ), 

ʫʚʝ˂ʘʚʘʿʫ ʩʝ ʪʨʦʰʢʦʚʠ ʦʜʨʞʘʚʘˁʘ ʠ ʥʘʩʪʘʿʝ ʚʝʠ˂ ʙʨʦʿ ʧʨʝʢʠʜʘ ʫ ʨʘʜʫ (ʧʦʩʣʝʜʠʮʝ). 

ɽʣʝʤʝʥʪʠ ʥʝʛʘʪʠʚʥʝ ʧʦʚʨʘʪʥʝ ʧʝʪˀʝ B (Balancing - ʨʘʚʥʦʪʝʞʘ) ʫʪʠʯʫ ʥʘ 

ʧʨʦʤʝʥʫ ʩʤʝʨʘ ʜʝʣʦʚʘˁʘ, ʟʙʦʛ ʯʝʛʘ ʩʠʩʪʝʤ ʧʨʝʣʘʟʠ ʫ ʩʪʘʮʠʦʥʘʨʥʦ ʩʪʘˁʝ. ʅʘ ʧʨʠʤʝʨ, 

ʧʨʠ ʧʨʝʚʝʥʪʠʚʥʦʤ ʦʜʨʞʘʚʘˁʫ ʠʣʠ ʢʦʥʪʠʥʫʘʣʥʦʤ ʥʘʜʟʦʨʫ ʦʧʨʝʤʝ, ʫʪʚʨʹʫʿʝ ʩʝ ʧʦʯʝʪʘʢ 

ʥʘʩʪʘʥʢʘ ʜʝʬʝʢʘʪʘ (ʮʫʨʝˁʝ ʫˀʘ, ʚʠʙʨʘʮʠʿʝ ʠ ʩʣ.). ʆʧʨʝʤʘ ʩʝ ʧʦʚʣʘʯʠ ʠʟ ʫʧʦʪʨʝʙʝ ʠ 

ʜʝʬʝʢʪʠ ʩʝ ʦʪʢʣʘˁʘʿʫ ʧʨʝ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ. ʇʦʚʝ˂ʘˁʝʤ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ 

ʦʜʨʞʘʚʘˁʘ ʩʤʘˁʫʿʫ ʩʝ ʪʨʦʰʢʦʚʠ ʦʜʨʞʘʚʘˁʘ, ʝʣʠʤʠʥʠʰʫ ʟʘʩʪʦʿʠ ʫ ʨʘʜʫ ʠ ʧʣʘʥʠʨʘ ʩʝ 

ʥʘʙʘʚʢʘ ʨʝʟʝʨʚʥʝ ʦʧʨʝʤʝ. 
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ɸʢʦ ʩʫ ʩʚʝ ʫʟʨʦʯʥʦ - ʧʦʩʣʝʜʠʯʥʝ ʚʝʟʝ ʧʦʟʠʪʠʚʥʝ, ʦʥʜʘ ˂ʝ ʯʠʪʘʚʘ ʧʝʪˀʘ ʙʠʪʠ 

ʧʦʟʠʪʠʚʥʘ. ʋʢʦʣʠʢʦ ʫ ʧʝʪˀʠ ʠʤʘ ʥʝʛʘʪʠʚʥʠʭ ʚʝʟʘ, ʪʠʧ ʧʝʪˀʝ ˂ʝ ʟʘʚʠʩʠʪʠ ʦʜ ʙʨʦʿʘ 

ʥʝʛʘʪʠʚʥʠʭ ʚʝʟʘ. ʇʦʟʠʪʠʚʥʘ ʧʦʚʨʘʪʥʘ ʧʝʪˀʘ ʩʝ ʜʦʙʠʿʘ ʘʢʦ ʿʝ ʫ ʧʝʪˀʠ ʧʘʨʘʥ ʙʨʦʿ 

ʥʝʛʘʪʠʚʥʠʭ ʚʝʟʘ, ʘ ʘʢʦ ʿʝ ʥʝʧʘʨʘʥ ʙʨʦʿ ʥʝʛʘʪʠʚʥʠʭ ʚʝʟʘ ʜʦʙʠʿʘ ʩʝ ʥʝʛʘʪʠʚʥʘ ʧʦʚʨʘʪʥʘ 

ʧʝʪˀʘ.  

ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʿʝ ʜʝʪʘˀʥʠʿʠ ʥʘʯʠʥ ʧʨʠʢʘʟʠʚʘˁa ʩʪʨʫʢʪʫʨʝ ʩʠʩʪʝʤʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʜʠʿʘʛʨʘʤ ʫʟʨʦʯʥʠʭ ʧʝʪˀʠ. ʂʦʨʠʩʪʠ ʩʝ ʟʘ ʧʨʠʢʘʟʠʚʘˁʝ ʧʦʥʘʰʘˁʘ ʩʠʩʪʝʤʘ ʠ ʟʘʚʠʩʥʦʩʪʠ 

ʠʟʤʝʹʫ ʧʨʦʤʝʥˀʠʚʠʭ ʫ ʩʠʩʪʝʤʫ. ʅʘ ʦʩʥʦʚʫ ʦʚʦʛ ʜʠʿʘʛʨʘʤʘ ʫʪʚʨʹʫʿʫ ʩʝ ʩʪʘˁʘ ʫ ʩʠʩʪʝʤʫ 

ʠ ʜʦʙʠʿʘʫʿ ʠʥʬʦʨʤʘʮʠʿʝ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʜʦʥʦʩʝ ʦʜʣʫʢʝ. ʂʨʝʠʨʘˁʝʤ ʦʚʦʛ ʜʠʿʘʛʨʘʤʘ, 

ʬʦʨʤʠʨʘ ʩʝ ʧʨʚʠ ʢʦʨʘʢ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʤʦʜʝʣʘ, ʿʝʨ ʩʝ ʜʝʬʠʥʠʰʫ ʚʝʣʠʯʠʥʝ ʠ ʩʚʘʢʦʿ ʩʝ 

ʜʦʜʝˀʫʿʝ ʦʜʨʝʹʝʥʘ ʚʨʝʜʥʦʩʪ ʠʣʠ ʜʝʬʠʥʠʰʫ ʬʦʨʤʫʣʝ ʢʦʿʝ ʩʫ ʟʥʘʯʘʿʥʝ ʟʘ ʦʧʠʩ ʧʦʥʘʰʘˁʘ 

ʩʠʩʪʝʤʘ. ʂʦʜ ʜʠʿʘʛʨʘʤʘ ʪʦʢʘ ʜʠʥʘʤʠʯʢʠ ʤʦʜʝʣ ʩʠʩʪʝʤʘ ʩʝ ʧʨʠʢʘʟʫʿʝ ʧʦʤʦ˂ʫ ʝʣʝʤʝʥʘʪʘ 

ʧʨʠʢʘʟʘʥʠʭ ʥʘ ʩʣʠʮʠ 6.21. ɽʣʝʤʝʥʪʠ ʜʠʿʘʛʨʘʤʘ ʪʦʢʘ ʩʫ ʩʣʝʜʝ˂ʠ: 

¶ ʇʨʘʚʦʫʛʘʦʥʠʢ - ʧʨʠʢʘʟʫʿʫ ʩʝ ʦʜʨʝʹʝʥʘ ʩʪʘˁʘ ʫ ʙʠʣʦ ʢʦʤ ʪʨʝʥʫʪʢʫ t. 

¶ ʋʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ (inflows) - ʜʝʙˀʝ ʩʪʨʝʣʠʮʝ ʢʦʿʝ ʫʣʘʟʝ ʫ ʧʨʘʚʦʫʛʘʦʥʠʢ 

(ʧʦʚʝ˂ʘʚʘ ʧʘʨʘʤʝʪʨʝ ʜʝʬʠʥʠʩʘʥʦʛ ʩʪʘˁʘ). 

¶ ʀʟʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ (outflows) - ʠʟʣʘʟʝ ʠʟ ʧʨʘʚʦʫʛʘʦʥʠʢʘ ʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʧʨʦʤʝʥʝ ʩʪʘˁʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ t+dt (ʩʤʘˁʫʿʫ ʩʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ 

ʫ ʩʪʘˁʫ). 

¶ ɺʝʥʪʠʣʠ - ʦʟʥʘʢʘ ʢʦʿʘ ʚʨʰʠ ʢʦʥʪʨʦʣʫ ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. 

¶ ʆʙʣʘʮʠ - ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʟʚʦʨʝ ʠ ʦʜʨʝʜʠʰʪʘ ʟʘ ʪʦʢʦʚʝ ʠʥʬʦʨʤʘʮʠʿʘ. ʀʟʚʦʨ 

ʧʨʝʜʩʪʘʚˀʘ ʩʪʘˁʝ ʠʟ ʢʦʛʘ ʥʘʩʪʘʿʝ ʤʦʜʝʣ, ʘ ʦʜʨʝʜʠʰʪʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʪʘˁʘ ʫ 

ʢʦʠʿʤʘ ʩʝ ʧʨʠʢʫʧˀʘʿʫ ʠʥʬʦʨʤʘʮʠʿʝ.  

ʉʪʘˁʝ
ʋʣʘʟʥʝ

ʧʨʦʤʝʥˀʠʚʝ

ʀʟʣʘʟʥʝ

ʧʨʦʤʝʥˀʠʚʝ

ɺʝʥʪʠʣʠ

 
ʉʣʠʢʘ 6.21 ɽʣʝʤʝʥʪʠ ʜʠʿʘʛʨʘʤʘ ʪʦʢʘ 

 

ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʩʝ ʤʦʞʝ ʧʨʝʮʠʟʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʤʘʪʝʤʘʪʠʯʢʠʤ ʬʦʨʤʫʣʘʤʘ. ʋ 

ʜʝʬʠʥʠʩʘʥʦʤ ʩʪʘˁʫ ʩʝ ʠʥʪʝʛʨʠʰʫ ʪʦʢʦʚʠ ʠʥʬʦʨʤʘʮʠʿʘ, ʧʘ ʩʝ ʚʝʣʠʯʠʥʘ ʧʨʦʤʝʥʝ ʩʪʘˁʘ 

ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʤʘʪʝʤʘʪʠʯʢʦʤ ʬʦʨʤʫʣʦʤ [96]: 

() () ()[ ] ()
0

0

tSdssIsUtS
t

t

pp
+-=ñ  (6.14) 

ʛʜʝ ʩʫ: 

()tS  - ʧʨʦʤʝʥʘ ʩʪʘˁʘ ʫ ʪʨʝʥʫʪʢʫ t , 

()
0

tS  - ʧʨʦʤʝʥʘ ʩʪʘˁʘ ʫ ʪʨʝʥʫʪʢʫ 
0

t , 

)(sU
p

 - ʚʨʝʜʥʦʩʪ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʫ ʙʠʣʦ ʢʦʤ ʪʨʝʥʫʪʢʫ s  ʢʦʠʿ ʩʝ ʥʘʣʘʟʠ 

ʠʟʤʝʹʫ ʧʦʯʝʪʥʦʛ ʪʨʝʥʫʪʢʘ 
0

t  ʠ ʧʦʩʤʘʪʨʘʥʦʛ ʪʨʝʥʫʪʢʘ t , 

)(sI
p

 - ʚʨʝʜʥʦʩʪ ʠʟʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʫ ʙʠʣʦ ʢʦʤ ʪʨʝʥʫʪʢʫ s  ʢʦʠʿ ʩʝ ʥʘʣʘʟʠ 

ʠʟʤʝʹʫ ʧʦʯʝʪʥʦʛ ʪʨʝʥʫʪʢʘ 
0

t  ʠ ʧʦʩʤʘʪʨʘʥʦʛ ʪʨʝʥʫʪʢʘ t . 
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ʇʨʦʤʝʥʘ ʩʪʘˁʘ ʫ ʙʠʣʦ ʢʦʤ ʪʨʝʥʫʪʢʫ ʤʦʞʝ ʩʝ ʠʟʚʝʩʪʠ ʧʦʤʦ˂ʫ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ 

ʿʝʜʥʘʯʠʥʝ: 

()
() ()tItU

dt

tdS
pp

-=   (6.15) 

 

6.5.3 ɼʠʥʘʤʠʯʢʠ ʤʦʜʝʣ ʩʠʩʪʝʤʘ ʦʜʨʞʘʚʘˁʘ  

 

ʂʦʜ ʩʠʩʪʝʤʘ ʦʜʨʞʘʚʘˁʘ ʜʦʛʘʹʘʿʠ ʢʦʿʠ ʥʘʩʪʘʿʫ ʤʦʛʫ ʙʠʪʠ ʜʠʩʢʨʝʪʥʠ, ʢʘʦ ʰʪʦ ʿʝ 

ʠʟʥʝʥʘʜʥʠ ʥʘʩʪʘʥʘʢ ʢʚʘʨʦʚʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʤʦʞʝ ʢʨʝʠʨʘʪʠ ʚʝʣʠʢʠ ʙʨʦʿ ʠʥʪʝʨʘʢʪʠʚʥʠʭ 

ʧʨʦʮʝʩʘ ʢʘʦ ʰʪʦ ʩʫ: ʧʦʛʦʨʰʘˁʝ ʩʪʘˁʘ ʦʧʨʝʤʝ, ʨʝʧʘʨʘʮʠʿʘ ʦʧʨʝʤʝ ʠ ʥʘʙʘʚʢʘ ʨʝʟʝʨʚʥʠʭ 

ʜʝʣʦʚʘ. ɿʘ ʪʨʘʿʘˁʝ ʚʨʝʤʝʥʘ ʦʜʨʞʘʚʘˁʘ ʠ ʪʨʘʿʘˁʝ ʚʨʝʤʝʥʘ ʝʣʠʤʠʥʠʩʘʘˁ ʢʚʘʨʦʚʘ ʩʝ 

ʧʨʝʪʧʦʩʪʘʚʘˀ ʜʘ ʩʫ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʝ ʚʨʝʜʥʦʩʪʠ ʠ ʜʘ ʥʝʤʘ ʚʝʣʠʢʠʭ ʟʘʩʪʦʿʘ ʢʘʜʘ ʩʝ 

ʧʦʩʤʘʪʨʘ ʩʠʩʪʝʤ ʫ ʮʝʣʠʥʠ.  

ʉʠʤʫʣʘʮʠʿʦʤ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫʪʚʨʹʫʿʝ ʩʝ ʟʥʘʯʘʿ ʨʘʟʣʠʯʠʪʠʭ 

ʩʪʨʘʪʝʛʠʿʘ ʦʜʨʞʘʚʘˁʘ ʫ ʧʦʛʣʝʜʫ ʪʨʦʰʢʦʚʘ, ʨʘʩʧʦʣʦʞʠʚʦʩʪʠ ʩʠʩʪʝʤʘ ʠ ʧʦʛʦʨʰʘˁʘ 

ʩʪʘˁʘ ʩʠʩʪʝʤʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʿʝ ʦʤʦʛʫ˂ʝʥʦ ʙʦˀʝ ʨʘʟʫʤʝʚʘˁʝ ʜʠʥʘʤʠʯʢʦʛ ʤʦʜʝʣʘ 

ʬʫʥʢʮʠʿʘ ʦʜʨʞʘʚʘˁʘ ʩʠʩʪʝʤʘ. 

ʉʚʘʢʠ ʩʠʩʪʝʤ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʚʝ˂ʝʛ ʠʣʠ ʤʘˁʝʛ ʙʨʦʿʘ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ 

ʦʜʨʝʹʝʥʝ ʘʢʪʠʚʥʦʩʪʠ. ʇʣʘʥʠʨʘˁʝ ʦʜʨʞʘʚʘˁʘ ʩʠʩʪʝʤʘ ʫ ʮʝʣʠʥʠ ʟʘʚʠʩʠ ʦʜ ʤʦʜʝʣʘ 

ʩʠʩʪʝʤʘ ʦʜʨʞʘʚʘˁʘ. ɻʝʥʝʨʘʣʥʦ, ʩʠʩʪʝʤ ʦʜʨʞʘʚʘˁʘ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʥʘ ʜʚʘ 

ʧʦʜʩʠʩʪʝʤʘ: 

1. ʇʦʜʩʠʩʪʝʤ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʫ ʢʦʤʝ ʩʝ ʫʥʘʧʨʝʜ ʧʣʘʥʠʨʘʿʫ ʦʜʨʝʹʝʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʞʘʚʘˁʘ. 

2. ʇʦʜʩʠʩʪʝʤ ʢʦʨʝʢʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ ʛʜʝ ʩʝ ʘʢʪʠʚʥʦʩʪʠ ʩʧʨʦʚʦʜʝ ʫ ʩʣʫʯʘʿʫ 

ʧʦʛʦʨʰʘˁʘ ʩʠʩʪʝʤʘ ʢʦʿʠ ʜʦʚʦʜʠ ʜʦ ʥʘʩʪʘʥʢʘ ʢʚʘʨʦʚʘ. 

ʋ ʦʧʰʪʝʤ ʤʦʜʝʣʫ, ʧʨʝʚʝʥʪʠʚʥʝ ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʞʘʚʘˁʘ ʩʝ ʥʝ ʜʝʣʝ ʥʘ ʨʘʟʣʠʯʠʪʝ 

ʢʘʪʝʛʦʨʠʿʝ, ʚʝ˂ ʩʝ ʛʝʥʝʨʘʣʥʦ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʢʘʦ ʰʪʦ ʩʫ ʟʘʤʝʥʘ, 

ʧʦʜʝʰʘʚʘˁʘ, ʧʦʧʨʘʚʢʝ, ʨʝʚʠʪʘʣʠʟʘʮʠʿʘ, ʨʝʛʝʥʝʨʘʮʠʿʘ ʫˀʘ, ʫʛʨʘʜˁʘ ʩʠʩʪʝʤʘ ʟʘ 

ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ, ʠʪʜ.  

 

6.5.4 ɼʠʿʘʛʨʘʤ ʫʟʨʦʯʥʝ ʧʝʪˀʝ ʩʠʩʪʝʤʘ ʦʜʨʞʘʚʘˁʘ  
 

ʆʚʘʿ ʜʠʿʘʛʨʘʤ ʿʝ ʢʦʨʠʩʪʘʥ ʟʘ ʦʙʫʭʚʘʪʘˁʝ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʘʢʪʠʚʥʦʩʪʠ 

ʦʜʨʞʘʚʘˁʘ. ɼʠʿʘʛʨʘʤ ʫʟʨʦʯʥʝ ʧʝʪˀʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 6.22 ʿʝ ʦʧʰʪʠ ʜʠʿʘʛʨʘʤ ʩʠʩʪʝʤʘ 

ʦʜʨʞʘʚʘˁʘ ʠ ʤʦʞʝ ʩʝ ʧʨʠʤʝʥʠʪʠ ʥʘ ʚʝ˂ʠʥʫ ʪʝʭʥʠʯʢʠʭ ʩʠʩʪʝʤʘ ʩʘ ʤʘʣʠʤ ʠʟʤʝʥʘʤʘ. 

ɼʠʿʘʛʨʘʤ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʯʝʪʠʨʠ ʧʦʜʩʠʩʪʝʤʘ, ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ:  

1. ʧʨʝʚʝʥʪʠʚʥʦ ʦʜʨʞʘʚʘˁʝ,  

2. ʢʦʨʝʢʪʠʚʥʦ ʦʜʨʞʘʚʘˁʝ,  

3. ʪʦʢ ʥʘʩʪʘʥʢʘ ʢʚʘʨʦʚʘ,  

4. ʪʨʦʰʢʦʚʝ ʦʜʨʞʘʚʘˁʘ.  

ʉʚʝ ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʩʫ ʜʝʬʠʥʠʩʘʥʝ ʫ ʜʠʿʘʛʨʘʤʫ ʩʫ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʝ.  

ʇʦʚʨʘʪʥʝ ʧʝʪˀʝ ʥʘ ʩʣʠʮʠ 6.22 ʧʨʠʢʘʟʫʿʫ ʜʘ ʿʝ, ʫʩʣʝʜ ʚʝ˂ʝʛ ʦʧʪʝʨʝ˂ʝˁʘ ʦʧʨʝʤʝ 

ʠʣʠ ʧʦʛʦʨʰʘˁʘ ʩʪʘˁʘ ʦʧʨʝʤʝ, ʧʦʪʨʝʙʥʦ ʩʧʨʦʚʦʜʠʪʠ ʠʥʪʝʥʟʠʚʥʠʿʝ ʧʨʝʚʝʥʪʠʚʥʦ 

ʦʜʨʞʘʚʘˁʝ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʦʧʨʝʤʘ ʩʝ ʜʦʚʦʜʠ ʫ ʩʪʘˁʝ ʢʘʦ ʜʘ ʿʝ ʥʦʚʘ. ʄʝʹʫʪʠʤ, ʫʢʦʣʠʢʦ ʩʝ 

ʩʤʘˁʫʿʫ ʨʘʩʧʦʣʦʞʠʚʠ ʨʝʩʫʨʩʠ ʥʝʦʧʭʦʜʥʠ ʟʘ ʦʜʨʞʘʚʘˁʝ, ʜʦʣʘʟʠ ʜʦ ʦʜʣʘʛʘˁʘ 

ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʞʘʚʘˁʘ.  
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ʈʘʩʧʦʣʦʞʠʚʘ ʨʘʜʥʘ ʩʥʘʛʘ ʩʝ ʤʦʨʘ ʧʦʚʝ˂ʘʪʠ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʘʥʛʘʞʦʚʘˁʘ ʝʢʩʧʝʨʘʪʘ 

ʠʟ ʦʙʣʘʩʪʠ ʦʜʨʞʘʚʘˁʘ ʧʦʩʤʘʪʨʘʥʝ ʦʧʨʝʤʝ. ʇʨʦʜʫʞʝˁʝ ʨʘʜʥʦʛ ʚʨʝʤʝʥʘ ʦʧʨʝʤʝ ʠʣʠ 

ʧʦʛʦʨʰʘˁʝ ʩʪʘˁʘ ʦʧʨʝʤʝ ʫʪʠʯʫ ʥʘ ʨʘʩʪ ʙʨʦʿʘ ʢʚʘʨʦʚʘ. ɿʙʦʛ ʪʦʛʘ ˂ʝ ʩʝ ʧʦʚʝ˂ʘʪʠ ʦʙʠʤ 

ʢʦʨʝʢʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ. ʈʘʩʪ ʦʙʠʤʘ ʢʦʨʝʢʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫʪʠʯʝ ʥʘ ʨʘʩʪ 

ʥʝʨʘʩʧʦʣʦʞʠʚʦʩʪʠ ʨʝʩʫʨʩʘ. ʉʤʘˁʝˁʝ ʨʝʩʫʨʩʘ ʜʦʚʦʜʠ ʜʦ ʧʦʨʘʩʪʘ ʢʦʨʝʢʪʠʚʥʦʛ 

ʦʜʨʞʘʚʘˁʘ, ʰʪʦ ʫʪʠʯʝ ʥʘ ʧʦʨʘʩʪ ʘʥʛʘʞʦʚʘˁʘ ʝʢʩʧʝʨʘʪʘ ʜʘ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʘ 

ʨʘʩʧʦʣʦʞʠʚʦʩʪ ˀʫʜʩʢʠʭ ʨʝʩʫʨʩʘ. 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʩʪʝ ʪʝʭʥʠʯʢʦʛ ʩʠʩʪʝʤʘ ʤʦʛʫ˂ʝ ʿʝ ʜʦʜʘʚʘʪʠ ʦʜʨʝʹʝʥʝ ʫʟʨʦʯʥʦ - 

ʧʦʩʣʝʜʠʯʥʝ ʚʝʟʝ, ʢʘʢʦ ʙʠ ʩʝ ʢʦʤʧʣʝʪʠʨʘʦ ʜʠʿʘʛʨʘʤ. ʆʚʘʿ ʜʠʿʘʛʨʘʤ ʿʝ ʟʥʘʯʘʿʘʥ ʟʘ 

ʬʦʨʤʠʨʘˁʝ ʜʠʿʘʛʨʘʤʘ ʪʦʢʘ, ʢʦʿʠ ʤʦʨʘ ʙʠʪʠ ʿʝʜʥʦʩʪʘʚʥʠʿʠ, ʦʜʥʦʩʥʦ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘ 

ʨʘʟʣʘʛʘˁʝʤ ʦʚʦʛ ʜʠʿʘʛʨʘʤʘ ʥʘ ʤʘˁʝ ʮʝʣʠʥʝ. 

 

6.5.5 ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʩʠʩʪʝʤʘ ʦʜʨʞʘʚʘˁʘ ʦʧʨʝʤʝ 

 

ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʜʩʪʘʚˀʘˁʝ ʤʦʜʝʣʘ ʩʠʩʪʝʤʘ ʠ ʩʠʤʫʣʘʮʠʿʫ 

ʧʨʠʤʝʥʦʤ ʿʝʜʥʘʯʠʥʘ ʢʦʿʝ ʩʝ ʜʝʬʠʥʠʰʫ ʫ ʤʦʜʝʣʫ. ʇʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥ ʤʦʜʝʣ ʩʝ ʜʝʣʠ 

ʥʘ ʯʝʪʠʨʠ ʧʦʜʩʠʩʪʝʤʘ: ʧʦʜʩʠʩʪʝʤ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ (ʩʣʠʢʘ 6.23), ʧʦʜʩʠʩʪʝʤ 

ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ (ʩʣʠʢʘ 6.24), ʧʦʜʩʠʩʪʝʤ ʪʨʦʰʢʦʚʘ ʦʜʨʞʘʚʘˁʘ (ʩʣʠʢʘ 6.25) ʠ ʧʦʜʩʠʩʪʝʤ 

ʢʦʨʝʢʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ (ʩʣʠʢʘ 6.26) [99, 100]. ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʧʨʝʥʦʩʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ 

ʩʪʘˁʠʤʘ ʫ ʩʠʩʪʝʤʫ ʢʘʦ ʠ ʦ ʥʠʚʦʫ ʛʨʫʧʠʩʘˁʘ ʫ ʤʦʜʝʣʫ. ʆʚʠ ʜʠʿʘʛʨʘʤʠ ʩʝ ʬʦʨʤʠʨʘʿʫ ʥʘ 

ʦʩʥʦʚʫ ʜʠʿʘʛʨʘʤʘ ʫʟʨʦʯʥʝ ʧʝʪˀʝ ʩʘ ʩʣʠʢʝ 6.22.  
 

Zavrġeno

preventivno

odrģavanje

Zahtevano

preventivno

odrģavanje

Odloģeno

preventivno

odrģavanje

Poremeĺaji zbog
odloģenog preventivnog

odrģavanja

Zavrġen deo
preventivnog
odrģavanja

Zavrġen deo odloģenog

preventivnog odrģavanja

Kaġnjenje zavrġetka

preventivnog

odrģavanja

Trajanje preventivnog

odrģavanja
Plan preventivnog

odrģavanja

 
Poveĺanje stepena

preventivnog odrģavanja

Uticaj pogorġanja stanja
opreme na preventivno

odrģavanje

IzvoĽenje preventivnog

odrģavanja u toku rada

Radno vreme

Radno

optereĺenje

Degradacija opreme zbog
kaġnjenja preventivnog

odrģavanja

Uticaj odlaganja preventivnog
odrģavanja na pogorġanje

stanja opreme

Kaġnjenje izvoĽenja

preventivnog odrģavanja

Odlaganje
izvoĽenja

preventivnog
odrģavanja

Maksimalno raspoloģivi

ļovek-sati za odrģavanje

Degradacija

opreme

 
 

ʉʣʠʢʘ 6.23 ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ 
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Defekti

Poveĺanje

defektnih stanja

Nastanak sluļajnih

defekata

Uticaj degradacije
opreme na defektno

stanje

Zahteva se korektivno

odrģavanje zbog popravki

Ġteta

Poveĺanje

oġteĺenja opreme

Kvarovi

Poveĺanje nastanka
kvarova zbog defektnih

stanja

Srednje vreme

izmeĽu kvarova

Radno vreme

opreme

Poveĺanje nastanka

kvarova

Brzina nastanka

kvara

Smanjenje

nastanka kvara

Proseļno korektivno

odrģavanje po kvaru

Raspoloģivo vreme za

otklanjanje kvara

Zavrġeno korektivno

odrģavanje

Zastoji pri

otklanjanju kvara

Poveĺanje nastanka
kvarova zbog kolateralne

ġtete

Oġteĺenje zbog

kvarova

 
 

ʉʣʠʢʘ 6.24 ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʥʘʩʪʘʥʢʘ ʢʚʘʨʦʚʘ 

 

 

Troġkovi
preventivnog
odrģavanja

Rast troġkova

preventivnog odrģavanja

Zavrġavanje
preventivnog
odrģavanja

Odlaganje preventivnog

odrģavanja

Troġkovi nabavke

nove opreme Godiġnji troġkovi

amortizacije

Troġkovi

amortizacije

Troġkovi nabavke nove

opreme sa amortizacijom

Efektivnost troġkova

odrģavanja
Troġkovi

korektivnog
odrģavanja Rast troġkova

korektivnog odrģavanja

Ukupni troġkovi

odrģavanja

Brzina
zavrġavanja
korektivnog
odrģavanja

Troġkovi odrģavanja

po ļovek-satu

Nabavna cena Brzina zavrġavanja
odloģenog korektivnog

odrģavanja

 
 

ʉʣʠʢʘ 6.25 ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʪʨʦʰʢʦʚʘ ʦʜʨʞʘʚʘˁʘ 

 

ɿʘ ʩʚʘʢʦ ʩʪʘˁʝ (ʥʘ ʩʣʠʢʘʤʘ ʩʝ ʦʟʥʘʯʘʚʘ ʧʨʘʚʦʫʛʘʦʥʠʢʦʤ) ʩʝ ʤʦʞʝ ʠʟʚʨʰʠʪʠ 

ʩʠʤʫʣʘʮʠʿʘ ʧʨʠʤʝʥʦʤ ʤʘʪʝʤʘʪʠʯʢʠʭ ʬʦʨʤʫʣʘ ʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʝʜʥʦʩʪʠ ʚʝʣʠʯʠʥʘ 

ʢʦʿʝ ʫʪʠʯʫ ʥʘ ʜʝʬʠʥʠʩʘʥʘ ʩʪʘˁʘ.  
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Zavrġeno

korektivno

odrģavanje

Zahtevano

korektivno

odrģavanje

Odloģeno

korektivno

odrģavanje

Poveĺanje stepena

korektivnog odrģavanja

Intenzitet sprovoĽenja

korektivnog odrģavanja

Intenzitet sprovoĽenja
odloģenog korektivnog

odrģavanja

Kaġnjenje zavrġetka

korektivnog odrģavanja

Trajanje preventivnog

odrģavanja

Neplanirano vreme

u otkazu

Poveĺanje stepena

preventivnog odrģavanja

Odrģavanje zbog

nastanka kvara

Poveĺanje stepena
oġteĺenja zbog kolateralne

ġtete

Kaġnjenje izvoĽenja

korektivnog odrģavanja

Odlaganje izvoĽenja

preventivnog odrģavanja

Maksimalnbo raspoloģivi

ļovek-sati za odrģavanje

Stepen oġteĺenja

opreme

Angaģovanje

eksperata

 
ʉʣʠʢʘ 6.26 ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʢʦʨʝʢʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ 

 

6.6 ʄʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʘ ʪʨʦʰʢʦʚʘ ʦʜʨʞʘʚʘˁʘ ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

ɼʠʿʘʛʨʘʤ ʫʟʨʦʯʥʠʭ ʧʝʪˀʠ ʢʦʿʠ ʩʝ ʬʦʨʤʠʨʘ ʥʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ SDS, ʧʨʝʜʩʪʘʚˀʘ 

ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʫʟʨʦʢʘ ʠ ʧʦʩʣʝʜʠʮʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʘʨʘʤʝʪʨʝ ʩʠʩʪʝʤʘ. ʋ ʪʦʢʫ 

ʤʦʜʝʣʦʚʘˁʘ ʦʚʘʿ ʜʠʿʘʛʨʘʤ ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʣʠʤʠʥʘʨʥʫ ʩʢʠʮʫ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʦʛ ʤʦʜʝʣʘ. 

ʅʘ ʦʩʥʦʚʫ ʜʠʿʘʛʨʘʤʘ ʫʟʨʦʯʥʠʭ ʧʝʪˀʠ ʩʝ ʬʦʨʤʠʨʘʿʫ ʜʠʿʘʛʨʘʤʠ ʪʦʢʦʚʘ. ɿʘ ʨʘʟʚʠʿʝʥ 

ʜʠʥʘʤʠʯʢʠ ʤʦʜʝʣ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʞʘʚʘˁʘ ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 

ʤʦʛʫ ʩʝ ʢʨʝʠʨʘʪʠ ʜʠʿʘʛʨʘʤʠ ʫʟʨʦʯʥʠʭ ʧʝʪˀʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʪʨʦʰʢʦʚʘ ʠ ʰʪʝʪʘ ʢʦʿʝ 

ʥʘʩʪʘʿʫ ʥʘ ʝʣʝʤʝʥʪʠʤʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠʤʝʥʦʤ ʧʨʝʜʣʦʞʝʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. 

ʋʣʦʛʘ ʜʝʬʠʥʠʩʘʥʦʛ ʜʠʥʘʤʠʯʢʦʛ ʤʦʜʝʣʘ ʿʝ: 

1. ʆʜʨʝʹʠʚʘˁʝ ʪʨʦʰʢʦʚʘ ʠ ʰʪʝʪʘ ʢʦʿʝ ʪʨʧʝ ʠʩʧʦʨʫʯʠʣʘʮ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ 

ʧʦʪʨʦʰʘʯʠ ʟʙʦʛ ʥʘʩʪʘʥʢʘ ʢʚʘʨʦʚʘ. 

2. ʉʧʨʦʚʦʹʝˁʝ ʧʨʝʚʝʥʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʩʘ ʮʠˀʝʤ ʤʠʥʠʤʠʟʘʮʠʿʝ ʪʨʦʰʢʦʚʘ ʠ 
ʧʦʚʠʰʝˁʘ ʨʘʩʧʦʣʦʞʠʚʦʩʪʠ ʦʧʨʝʤʝ. 

3. ʋʛʨʘʜˁʘ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʥʘʜʟʦʨ ʧʦʿʝʜʠʥʠʭ ʝʣʝʤʝʥʘʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

 

6.6.1 ɼʠʿʘʛʨʘʤʠ ʫʟʨʦʯʥʝ ʧʝʪˀʝ ʠ ʪʦʢʦʚʘ ʪʨʦʰʢʦʚʘ ʦʜʨʞʘʚʘˁʘ ʝʥʝʨʛʝʪʩʢʠʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

ʅʘ ʦʩʥʦʚʫ ʧʨʝʜʣʦʞʝʥʦʛ ʜʠʥʘʤʠʯʢʦʛ ʤʦʜʝʣʘ ʦʜʨʞʘʚʘˁʘ ʝʥʝʨʛʝʪʩʢʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢʨʝʠʨʘʥ ʿʝ ʜʠʿʘʛʨʘʤ ʫʟʨʦʯʥʝ ʧʝʪˀʝ ʥʘ ʩʣʠʮʠ 6.27.  
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