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ɻʣʘʚʘ 1. ʋʚʦʜ. ʎʝʣ ʠ ʟʘʜʘʯʠ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ 

1.1. ʌʠʥʘʥʩʦʚʦ ʠʥʚʝʩʪʠʨʘʥʝ 

ʇʦʥʷʪʠʝʪʦ ʠʥʚʝʩʪʠʨʘʥʝ ʚ ʠʢʦʥʦʤʠʢʘʪʘ, ʫʧʨʘʚʣʝʥʠʝʪʦ ʠ ʬʠʥʘʥʩʠʪʝ ʝ ʩʚʲʨʟʘʥʦ ʩ 

ʦʪʢʘʟ ʦʪ ʩʝʛʘʰʥʦ ʧʦʪʨʝʙʣʝʥʠʝ ʠ ʧʨʠʜʦʙʠʚʘʥʝ ʥʘ ʘʢʪʠʚʠ ʩ ʮʝʣ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʙʲʜʝʱʘ 

ʧʝʯʘʣʙʘ. ʋʠʣʷʤ ʐʘʨʧ ʜʘʚʘ ʩʣʝʜʥʘʪʘ ʜʝʬʠʥʠʮʠʷ: òʀʥʚʝʩʪʠʮʠʷ ʝ ʞʝʨʪʚʘʥʝʪʦ ʥʘ ʩʠʛʫʨʥʘ 

ʩʝʛʘʰʥʘ ʩʪʦʡʥʦʩʪ ʟʘ (ʚʝʨʦʷʪʥʦ ʥʝʩʠʛʫʨʥʘ) ʙʲʜʝʱʘ ʩʪʦʡʥʦʩʪ.ò [82] 

ʌʠʥʘʥʩʦʚʘʪʘ ʠʥʚʝʩʪʠʮʠʷ ʧʨʝʜʩʪʘʚʣʷʚʘ ʧʨʠʪʝʞʘʚʘʥʝ ʥʘ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ, 

ʢʦʠʪʦ ʩʝ ʜʝʬʠʥʠʨʘʪ ʢʘʪʦ ʧʨʘʚʘ ʚʲʨʭʫ ʧʘʨʠʯʥʠ ʩʫʤʠ (ʧʨ. ʙʘʥʢʦʚʠ ʜʝʧʦʟʠʪʠ) ʠʣʠ ʢʘʪʦ 

ʧʨʘʚʘ ʚʲʨʭʫ ʜʦʭʦʜʠ ʠ/ʠʣʠ ʧʨʠʨʘʩʪ ʥʘ ʢʘʧʠʪʘʣʘ [1] (ʧʨ. ʦʙʠʢʥʦʚʝʥʠ ʘʢʮʠʠ, 

ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʠ ʘʢʮʠʠ, ʢʦʥʚʝʨʪʠʨʫʝʤʠ ʮʝʥʥʠ ʢʥʠʞʘ, ʚʟʘʠʤʥʠ ʬʦʥʜʦʚʝ; ʜʲʨʞʘʚʥʠ 

ʦʙʣʠʛʘʮʠʠ, ʦʙʱʠʥʩʢʠ ʦʙʣʠʛʘʮʠʠ, ʢʦʨʧʦʨʘʪʠʚʥʠ ʦʙʣʠʛʘʮʠʠ; ʩʲʢʨʦʚʠʱʥʠ ʙʦʥʦʚʝ, 

ʪʲʨʛʦʚʩʢʠ ʮʝʥʥʠ ʢʥʠʞʘ, ʙʘʥʢʦʚʠ ʘʢʮʝʧʪʠ, ʝʚʨʦʜʦʣʘʨʦʚʠ ʜʝʧʦʟʠʪʠ, ʢʨʘʪʢʦʩʨʦʯʥʠ 

ʦʙʱʠʥʩʢʠ ʦʙʣʠʛʘʮʠʠ, ʜʝʨʠʚʘʪʠʚʠ ʠ ʜʨʫʛʠ). 

ʀʥʚʝʩʪʠʨʘʥʝʪʦ ʚ ʮʝʥʥʠ ʢʥʠʞʘ ʦʙʭʚʘʱʘ ʜʚʝ ʦʩʥʦʚʥʠ ʬʘʟʠ: ʘʥʘʣʠʟ ʥʘ ʮʝʥʥʠʪʝ 

ʢʥʠʞʘ ʥʘ ʢʘʧʠʪʘʣʦʚʠʷ ʧʘʟʘʨ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʦʨʪʬʝʡʣ ʦʪ ʮʝʥʥʠ ʢʥʠʞʘ. ʇʲʨʚʘʪʘ ʬʘʟʘ 

ʦʙʭʚʘʱʘ ʨʘʟʣʠʯʥʠ ʘʥʘʣʠʟʠ ʟʘ ʦʮʝʥʷʚʘʥʝ ʥʘ ʘʢʪʠʚʠʪʝ ʠ ʧʨʦʛʥʦʟʠ ʟʘ ʙʲʜʝʱʦʪʦ ʠʟʤʝʥʝʥʠʝ 

ʥʘ ʩʪʦʡʥʦʩʪʪʘ ʠʤ, ʘ ʚʪʦʨʘʪʘ - ʠʟʙʦʨ ʥʘ ʧʨʠʝʤʣʠʚ ʟʘ ʠʥʚʝʩʪʠʪʦʨʘ ʧʦʨʪʬʝʡʣ, ʦʩʠʛʫʨʷʚʘʥʝ 

ʥʘ ʬʠʥʘʥʩʦʚʠ ʬʦʥʜʦʚʝ, ʟʘʢʫʧʫʚʘʥʝ ʥʘ ʮʚʥʥʠʪʝ ʢʥʠʞʘ, ʤʦʥʠʪʦʨʠʥʛ ʠ ʘʥʘʣʠʟ ʥʘ 

ʬʫʥʢʮʠʦʥʠʨʘʥʝʪʦ ʥʘ ʧʦʨʪʬʝʡʣʘ. [1] 

ɺ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʥʘʫʢʘ ʠʤʘ ʨʘʟʣʠʯʥʠ ʧʦʜʭʦʜʠ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʧʨʦʮʝʩʘ ʟʘ 

ʚʟʝʤʘʥʝ ʥʘ ʠʥʚʝʩʪʠʪʦʨʩʢʠ ʨʝʰʝʥʠʷ, ʧʨʠ ʢʦʝʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʨʝʜʠʤʥʦ ʩʣʝʜʥʠʪʝ 

ʢʣʶʯʦʚʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʧʦʥʷʪʠʷ: ʚʲʟʚʨʘʱʘʝʤʦʩʪ, ʨʠʩʢ, ʣʠʢʚʠʜʥʦʩʪ ʠ ʠʥʚʝʩʪʠʮʠʦʥʝʥ 

ʭʦʨʠʟʦʥʪ. 

1.1.1. ɺʲʟʚʨʘʱʘʝʤʦʩʪ 

ɺʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʯʝʩʪʦ ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʪʦ ʠʟʤʝʥʝʥʠʝ ʥʘ ʮʝʥʘʪʘ ʥʘ ʜʘʜʝʥ ʘʢʪʠʚ ʟʘ 

ʦʧʨʝʜʝʣʝʥ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ. 

ɿʘ ʦʮʝʥʢʘ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ ʮʝʥʥʠ ʢʥʠʞʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʦʩʥʦʚʥʦ ʜʚʘ 

ʤʝʪʦʜʘ: ʠʩʪʦʨʠʯʝʩʢʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʠ ʦʯʘʢʚʘʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ.  

ʇʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʠʩʪʦʨʠʯʝʩʢʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠʩʪʦʨʠʯʝʩʢʠ 

ʜʘʥʥʠ ʟʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʮʝʥʠʪʝ ʥʘ ʘʢʪʠʚʘ ʚ ʧʨʝʜʭʦʜʥʠ ʤʦʤʝʥʪʠ ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ 

ʠʩʪʦʨʠʯʝʩʢʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʝ ʠʟʚʝʩʪʥʘ ʚʝʣʠʯʠʥʘ. ʊʷ ʩʝ ʧʨʝʩʤʷʪʘ ʢʘʪʦ 

ʩʨʝʜʥʦʘʨʠʪʤʝʪʠʯʥʘ ʠʣʠ ʢʘʪʦ ʩʨʝʜʥʦʛʝʦʤʝʪʨʠʯʥʘ ʚʝʣʠʯʠʥʘ. 

ɿʘ ʦʮʝʥʢʘ ʥʘ ʦʯʘʢʚʘʥʘʪʘ ʧʨʦʛʥʦʟʠʨʘʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʚʝʨʦʷʪʥʦʩʪʥʠ ʨʘʟʧʨʝʜʝʣʝʥʠʷ, ʘʥʘʣʠʟ ʥʘ ʨʘʟʣʠʯʥʠ ʩʮʝʥʘʨʠʠ ʠʣʠ ʝʢʩʧʝʨʪʥʠ ʤʥʝʥʠʷ. ʇʨʠ 

ʧʲʨʚʠʷ ʧʦʜʭʦʜ ʩʝ ʧʨʠʝʤʘ, ʯʝ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠʪʝ ʠʤʘʪ ʢʦʥʢʨʝʪʥʦ ʚʝʨʦʷʪʥʦʩʪʥʦ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ: ʥʦʨʤʘʣʥʦ, ʣʦʛ-ʥʦʨʤʘʣʥʦ ʠʣʠ ʜʨʫʛʦ, ʪ.ʝ. ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪʠʪʝ ʝ ʩʪʦʭʘʩʪʠʯʥʘ ʚʝʣʠʯʠʥʘ. ʇʨʠ ʘʥʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʩʮʝʥʘʨʠʠ 

ʘʥʘʣʠʟʘʪʦʨʲʪ ʜʝʬʠʥʠʨʘ ʥʷʢʦʣʢʦ ʩʮʝʥʘʨʠʷ ʟʘ ʝʚʝʥʪʫʘʣʥʠ ʙʲʜʝʱʠ ʠʟʤʝʥʝʥʠʷ ʥʘ 

ʠʢʦʥʦʤʠʯʝʩʢʠʪʝ ʫʩʣʦʚʠʷ. ʅʘ ʚʩʝʢʠ ʩʮʝʥʘʨʠʡ ʩʝ ʧʨʠʧʠʩʚʘ ʩʫʙʝʢʪʠʚʥʘ ʚʝʨʦʷʪʥʦʩʪ, ʢʘʪʦ 

ʪʝʟʠ ʚʝʨʦʷʪʥʦʩʪʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʧʨʝʪʝʛʣʝʥʠ ʦʯʘʢʚʘʥʠ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʠ 

ʨʠʩʢ. ɺʝʨʦʷʪʥʦʩʪʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʚʝʜʝʥʠ ʠ ʦʪ ʝʤʧʠʨʠʯʥʠ ʥʘʙʣʶʜʝʥʠʷ, ʢʘʪʦ 

ʧʝʨʠʦʜʲʪ, ʟʘ ʢʦʡʪʦ ʠʤʘ ʜʘʥʥʠ, ʤʦʞʝ ʜʘ ʙʲʜʝ ʨʘʟʜʝʣʝʥ ʥʘ ʨʘʟʣʠʯʥʠ ʧʦʜʧʝʨʠʦʜʠ, 

ʦʪʢʲʜʝʪʦ ʜʘ ʩʝ ʧʨʝʩʤʝʪʥʘʪ ʩʲʦʪʚʝʪʥʠʪʝ ʚʝʨʦʷʪʥʦʩʪʠ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʝʢʩʧʝʨʪʥʠ 

ʤʥʝʥʠʷ ʝ ʧʦʜʦʙʝʥ ʧʦʜʭʦʜ: ʘʥʘʣʠʟʘʪʦʨʲʪ ʧʨʘʚʠ ʧʨʦʛʥʦʟʠ ʟʘ ʦʯʘʢʚʘʥʠʪʝ ʠʟʤʝʥʝʥʠʷ ʚ 
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ʠʢʦʥʦʤʠʯʝʩʢʦʪʦ ʨʘʟʚʠʪʠʝ ʠ ʠʟʧʦʣʟʚʘʡʢʠ ʠʥʪʫʠʮʠʷʪʘ ʩʠ, ʧʨʝʜʚʠʞʜʘ ʦʯʘʢʚʘʥʘʪʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪ. ɸʥʘʣʠʟʘʪʦʨʲʪ ʤʦʞʝ ʜʘ ʠʤʘ ʜʦʩʪʲʧ ʜʦ ʦʮʝʥʢʠ ʟʘ ʙʲʜʝʱʦʪʦ ʠʟʤʝʥʝʥʠʝ ʦʪ 

ʜʨʫʛʠ ʝʢʩʧʝʨʪʠ ʠ ʤʦʞʝ ʜʘ ʛʠ ʠʟʧʦʣʟʚʘ, ʟʘ ʜʘ ʧʦʜʢʨʝʧʠ ʠʣʠ ʦʪʭʚʲʨʣʠ ʩʚʦʷʪʘ ʧʨʦʛʥʦʟʘ; 

ʠʣʠ ʤʦʞʝ ʜʘ ʢʦʤʙʠʥʠʨʘ ʩʚʦʷʪʘ ʠ ʥʘ ʜʨʫʛʠ ʝʢʩʧʝʨʪʠ ʧʨʦʛʥʦʟʠ ʩ ʧʦʣʫʯʝʥʠʪʝ ʦʪ 

ʠʩʪʦʨʠʯʝʩʢʠʪʝ ʜʘʥʥʠ ʦʮʝʥʢʠ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ. 

 

ʇʦʧʫʣʷʨʥʦ ʠ ʝʬʝʢʪʠʚʥʦ ʩʨʝʜʩʪʚʦ ʟʘ ʦʮʝʥʢʘ ʥʘ ʘʢʪʠʚʠʪʝ ʝ ʪʝʭʥʠʯʝʩʢʠʷʪ ʘʥʘʣʠʟ, 

ʧʨʠ ʢʦʡʪʦ ʦʩʥʦʚʥʦ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʝʜʧʦʣʦʞʝʥʠʝʪʦ, ʯʝ ʧʨʦʛʥʦʟʠʪʝ ʟʘ ʙʲʜʝʱʠ ʩʲʩʪʦʷʥʠʷ 

ʥʘ ʧʘʟʘʨʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʚʝʜʝʥʠ ʦʪ ʧʨʝʜʠʰʥʠ ʜʘʥʥʠ ʟʘ ʩʲʩʪʦʷʥʠʝʪʦ ʤʫ. ɽʜʥʘ ʦʪ 

ʮʝʣʠʪʝ ʥʘ ʪʝʭʥʠʯʝʩʢʠʷ ʘʥʘʣʠʟ ʝ ʜʘ ʩʝ ʦʪʢʨʠʷʪ ʜʲʣʛʦʩʨʦʯʥʠ, ʩʨʝʜʥʦʩʨʦʯʥʠ ʠ 

ʢʨʘʪʢʦʩʨʦʯʥʠ ʪʝʥʜʝʥʮʠʠ ʚ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʮʝʥʠʪʝ ʥʘ ʮʝʥʥʠʪʝ ʢʥʠʞʘ ʠ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʚʝʨʦʷʪʥʠ ʙʲʜʝʱʠ ʮʝʥʠ, ʢʦʠʪʦ ʩʪʘʚʘʪ ʦʩʥʦʚʘ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʚʟʝʤʘʥʝ ʥʘ 

ʨʝʰʝʥʠʷ ʧʨʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ.  

1.1.2. ʀʥʚʝʩʪʠʮʠʦʥʝʥ ʨʠʩʢ 

ɿʘ ʦʮʝʥʢʘ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʨʠʩʢ ʩʝ ʠʟʧʦʣʟʚʘ ʦʩʥʦʚʥʦ ʦʪʢʣʦʥʝʥʠʝʪʦ ʥʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪʠʪʝ ʦʪ ʩʨʝʜʥʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ [4], [10], [22], [42], [46], [48]. ʇʨʠ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠ ʜʘʥʥʠ ʩʝ ʧʨʝʩʤʷʪʘʪ ʨʘʟʣʠʯʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʠʟʤʝʨʠʪʝʣʠ ï 

ʨʘʟʤʘʭ, ʜʠʩʧʝʨʩʠʷ, ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦ ʦʪʢʣʦʥʝʥʠʝ, ɓ ʢʦʝʬʠʮʠʝʥʪʠ, ʘ ʚ ʩʣʫʯʘʡ ʥʘ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʦʯʘʢʚʘʥʠ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠ ʩʝ ʧʨʝʩʤʷʪʘʪ ʨʘʟʣʠʯʥʠ ʤʦʤʝʥʪʠ ʥʘ 

ʚʝʨʦʷʪʥʦʩʪʥʠ ʨʘʟʧʨʝʜʝʣʝʥʠʷ. 

1.1.3. ʃʠʢʚʠʜʥʦʩʪ 

ʃʠʢʚʠʜʥʦʩʪʪʘ ʥʘ ʜʘʜʝʥ ʘʢʪʠʚ ʦʪʨʘʟʷʚʘ ʩʪʝʧʝʥʪʘ, ʚ ʢʦʷʪʦ ʪʦʟʠ ʘʢʪʠʚ ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʢʫʧʝʥ ʠʣʠ ʧʨʦʜʘʜʝʥ ʟʘ ʨʘʟʫʤʥʦ ʚʨʝʤʝ, ʙʝʟ ʪʦʚʘ ʜʘ ʧʦʚʣʠʷʝ ʩʲʱʝʩʪʚʝʥʦ ʥʘ ʥʝʛʦʚʘʪʘ 

ʮʝʥʘ. ɸʢʪʠʚʠʪʝ ʩ ʧʦ-ʚʠʩʦʢʘ ʣʠʢʚʠʜʥʦʩʪ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʠ ʩ ʧʦ-ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ 

ʪʲʨʛʦʚʩʢʘ ʘʢʪʠʚʥʦʩʪ. ɸʢʮʠʠʪʝ ʩʘ ʘʢʪʠʚʠ ʩ ʦʪʥʦʩʠʪʝʣʥʦ ʚʠʩʦʢʘ ʣʠʢʚʠʜʥʦʩʪ, ʢʘʪʦ ʚʘʞʝʥ 

ʝʣʝʤʝʥʪ ʦʪ ʩʪʝʧʝʥʪʘ ʥʘ ʣʠʢʚʠʜʥʦʩʪ ʝ ʮʝʥʘʪʘ ʥʘ ʪʨʘʥʟʘʢʮʠʠʪʝ. 

 

1.1.4. ʀʥʚʝʩʪʠʮʠʦʥʝʥ ʭʦʨʠʟʦʥʪ 

ɺʩʷʢʘ ʠʥʚʝʩʪʠʮʠʷ ʝ ʦʪʢʘʟ ʦʪ ʧʦʪʨʝʙʣʝʥʠʝ ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ ʦʪʢʘʟ ʦʪ ʣʠʢʚʠʜʥʦʩʪ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠ ʫʩʣʦʚʠʷ ʠʥʚʝʩʪʠʪʦʨʲʪ ʧʨʝʢʨʘʪʷʚʘ ʠʥʚʝʩʪʠʮʠʷʪʘ, ʩʣʝʜʦʚʘʪʝʣʥʦ ʚʩʷʢʘ 

ʠʥʚʝʩʪʠʮʠʷ ʠʤʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ. ʇʨʠ ʚʟʠʤʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʨʝʰʝʥʠʷ, ʦʯʘʢʚʘʥʘʪʘ 

ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʠʥʚʝʩʪʠʮʠʷʪʘ (ʪ.ʝ. ʚʨʝʤʝʪʦ, ʟʘ ʢʦʝʪʦ ʝ ʧʣʘʥʠʨʘʥ ʦʪʢʘʟ ʦʪ 

ʣʠʢʚʠʜʥʦʩʪ) ʩʝ ʥʘʨʠʯʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʭʦʨʠʟʦʥʪ. ʉʣʝʜ ʜʦʩʪʠʛʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ 

ʭʦʨʠʟʦʥʪ, ʠʥʚʝʩʪʠʪʦʨʲʪ ʧʨʝʦʮʝʥʷ ʧʨʝʜʭʦʜʥʦʪʦ ʨʝʰʝʥʠʝ ʠ ʚʟʠʤʘ ʥʦʚʦ ʪʘʢʦʚʘ. [10] 
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1.2. ʀʥʚʝʩʪʠʮʠʦʥʥʠ ʪʝʦʨʠʠ ʠ ʤʦʜʝʣʠ 

1.2.1. ʇʦʨʪʬʝʡʣʥʘ ʪʝʦʨʠʷ ʥʘ ʍ. ʄʘʨʢʦʚʠʮ (ʇʊ) 

ʆʩʥʦʚʥʘʪʘ ʢʦʥʮʝʧʮʠʷ ʚ ʧʨʝʜʣʦʞʝʥʘʪʘ ʦʪ ʍʘʨʠ ʄʘʨʢʦʚʠʮ ʪʝʦʨʠʷ [60] ʝ, ʯʝ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪʠʪʝ ʥʘ ʮʝʥʥʠʪʝ ʢʥʠʞʘ ʩʘ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ ʠ ʟʘ ʪʷʭ ʤʦʛʘʪ ʜʘ ʩʝ 

ʧʨʝʩʤʝʪʥʘʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʦʯʘʢʚʘʥʝ ʠ ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦʪʦ ʦʪʢʣʦʥʝʥʠʝ, ʢʘʪʦ 

ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦʪʦ ʦʪʢʣʦʥʝʥʠʝ ʝ ʤʷʨʢʘ ʟʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʨʠʩʢ. ɺ ʤʦʜʝʣʘ ʥʘ 

ʄʘʨʢʦʚʠʮ ʩʘ ʥʘʣʦʞʝʥʠ ʩʧʝʮʠʬʠʯʥʠ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʠʥʚʝʩʪʠʮʠʦʥʥʘʪʘ ʩʨʝʜʘ. ʇʦ ʚʘʞʥʠʪʝ 

ʦʪ ʪʷʭ ʩʘ:  

¶ ʧʨʠ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʘʤʦ ʜʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʘʢʪʠʚʠʪʝ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʦʯʘʢʚʘʥʝ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʠ ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦʪʦ 

ʦʪʢʣʦʥʝʥʠʝ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ; 

¶ ʦʯʘʢʚʘʥʠʪʝ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠ ʥʘ ʦʪʜʝʣʥʠʪʝ ʮʝʥʥʠ ʢʥʠʞʘ ʠʤʘʪ ʥʦʨʤʘʣʥʦ 
ʚʝʨʦʷʪʥʦʩʪʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ; 

¶ ʠʥʚʝʩʪʠʪʦʨʲʪ ʝ ʥʝʩʢʣʦʥʝʥ ʢʲʤ ʨʠʩʢ: ʟʘ ʜʘʜʝʥʘ ʦʯʘʢʚʘʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ 
ʧʨʝʜʧʦʯʠʪʘ ʤʠʥʠʤʫʤ ʨʠʩʢ ʠʣʠ ʟʘ ʜʘʜʝʥ ʨʠʩʢ ʧʨʝʜʧʦʯʠʪʘ ʤʘʢʩʠʤʫʤ ʦʯʘʢʚʘʥʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪ;  

¶ ʥʝ ʩʲʱʝʩʪʚʫʚʘʪ ʙʝʟʨʠʩʢʦʚʠ ʘʢʪʠʚʠ; 

¶ ʥʝ ʩʝ ʠʟʚʲʨʰʚʘʪ ʢʲʩʠ ʧʨʦʜʘʞʙʠ; 

¶ ʥʷʤʘ ʜʘʥʲʮʠ; 

¶ ʠʥʬʣʘʮʠʷʪʘ ʝ ʚʟʝʪʘ ʧʨʝʜʚʠʜ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʦʯʘʢʚʘʥʘʪʘ 

ʚʲʟʚʨʲʱʘʝʤʦʩʪ. 

 

ʆʯʘʢʚʘʥʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʟʘ ʧʦʨʪʬʝʡʣ ʦʪ m ʘʢʪʠʚʘ ʝ: 

j

m

j

jP xrERE .)()(
1

ä
=

= , 

ʦʯʘʢʚʘʥʠʷʪ ʨʠʩʢ ʥʘ ʧʦʨʪʬʝʡʣʘ ʝ: 

si

m

is
s

si

m

i

m

j

jjP xxrrx ..),cov(.
111

222 äää
¸
===

+= ss

 
ʢʲʜʝʪʦ: 

)( PRE  ʝ ʦʯʘʢʚʘʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʥʘ ʧʦʨʪʬʝʡʣʘ; 

)( jrE  ʝ ʦʯʘʢʚʘʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʥʘ j -ʪʠʷ ʘʢʪʠʚ; 

2

Ps  ʝ ʜʠʩʧʝʨʩʠʷ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ ʧʦʨʪʬʝʡʣʘ; 
2

js  ʝ ʜʠʩʧʝʨʩʠʷ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ j -ʪʠʷ ʘʢʪʠʚ; 

))]())(([(),cov( ssiisi rErrErErr --=  ʝ ʢʦʚʘʨʠʘʮʠʷ ʤʝʞʜʫ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠʪʝ 

ʥʘ i -ʪʠʷ ʠ s -ʪʠʷ ʘʢʪʠʚʠ;  

jx  - ʜʷʣ ʥʘ j -ʪʠʷ ʘʢʪʠʚ, ʢʘʪʦ ä
=

=
m

j

jx
1

1 ʠ 0²jx . 

 

ʉʧʦʨʝʜ ʇʊ ʟʘʜʘʯʘʪʘ ʟʘ ʠʟʙʦʨ ʥʘ ʧʦʨʪʬʝʡʣ ʤʦʞʝ ʜʘ ʙʲʜʝ ʬʦʨʤʫʣʠʨʘʥʘ ʢʘʪʦ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʘ ʟʘʜʘʯʘ ʚʲʨʭʫ ʤʥʦʞʝʩʪʚʦʪʦ ʥʘ ʨʝʘʣʥʠʪʝ ʯʠʩʣʘ, ʩ ʢʚʘʜʨʘʪʥʘ ʮʝʣʝʚʘ 

ʬʫʥʢʮʠʷ ʠ ʣʠʥʝʡʥʠ ʦʛʨʘʥʠʯʝʥʠʷ [61] ʧʦ ʩʣʝʜʥʠʷ ʥʘʯʠʥ: 



6 

si

m

i

m

s

siP xxrr ..),cov(min
1 1

2 ää
= =

=s , 

ʧʨʠ ʫʩʣʦʚʠʷ: 

j

m

j

jP xrERE .)()(
1

ä
=

= , 

ä
=

=
m

j

jx
1

1

, 

10 ¢¢ jx  ʟʘ mj ,,2,1 2=    (1.1) 

ʈʝʰʝʥʠʷʪʘ ʥʘ ʪʘʢʘ ʬʦʨʤʫʣʠʨʘʥʘʪʘ ʦʧʪʠʤʠʟʘʮʠʦʥʥʘ ʟʘʜʘʯʘ ʬʦʨʤʠʨʘʪ 

ʝʬʝʢʪʠʚʥʘʪʘ ʛʨʘʥʠʮʘ, ʢʘʪʦ ʚʩʝʢʠ ʧʦʨʪʬʝʡʣ ʚʲʨʭʫ ʥʝʷ ʩʝ ʥʘʨʠʯʘ ʝʬʝʢʪʠʚʝʥ ʧʦʨʪʬʝʡʣ 

(ʬʠʛ. 1.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʌʠʛʫʨʘ 1.1. ɽʬʝʢʪʠʚʥʘ ʛʨʘʥʠʮʘ. 

 

ɼʞʝʡʤʩ ʊʦʙʠʥ ʜʦʙʘʚʷ ʚ ʤʦʜʝʣʘ ʥʘ ʄʘʨʢʦʚʠʮ ʠ ʙʝʟʨʠʩʢʦʚʘ ʠʥʚʝʩʪʠʮʠʷ, ʢʦʝʪʦ 

ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʩʚʨʲʭʝʬʝʢʪʠʚʥʠ ʧʦʨʪʬʝʡʣʠ.  [88] 

ʇʨʝʟ 1990 ʄʘʨʢʦʚʠʮ, ʩʲʚʤʝʩʪʥʦ ʩ ʄʦʨʪʲʥ ʄʠʣʲʨ ʠ ʋʠʣʷʤ ʐʘʨʧ, ʝ ʫʜʦʩʪʦʝʥ ʩ 

ʅʦʙʝʣʦʚʘ ʥʘʛʨʘʜʘ ʟʘ ʩʪʘʥʘʣʘʪʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʧʦʧʫʣʷʨʥʘʪʘ ʪʝʦʨʠʷ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ 

ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ. 

1.2.2. ʄʦʜʝʣ ʟʘ ʦʮʝʥʷʚʘʥʝ ʥʘ ʢʘʧʠʪʘʣʦʚʠʪʝ ʘʢʪʠʚʠ (ʄʆʂɸ) 

ʄʆʂɸ ʝ ʧʨʝʜʣʦʞʝʥ ʦʪ ʊʨʝʡʥʲʨ [27], [89] , ʐʘʨʧ [81], ʃʠʥʪʥʝʨ  [56]. ɿʘ ʥʝʛʦʚʘ 

ʦʩʥʦʚʘ ʩʣʫʞʠ ʪʝʦʨʠʷʪʘ ʥʘ ʄʘʨʢʦʚʠʮ ʟʘ ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ ʥʘ ʨʠʩʢʘ. ʆʩʥʦʚʥʘ ʢʦʥʮʝʧʮʠʷ 

ʥʘ ʄʆʂɸ ʝ ʧʨʝʩʤʷʪʘʥʝʪʦ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ɓ ʢʦʝʬʠʮʠʝʥʪʠ, ʢʦʠʪʦ ʩʘ ʤʷʨʢʘ ʟʘ 

ʩʠʩʪʝʤʘʪʠʯʥʠʷ ʨʠʩʢ ʠ ʧʦʢʘʟʚʘʪ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ ʜʘʜʝʥ ʘʢʪʠʚ 

ʢʲʤ ʧʘʟʘʨʥʠʪʝ ʠʟʤʝʥʝʥʠʷ. ʉ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ɓ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʨʝʰʘʚʘʥʝʪʦ ʥʘ 

ʧʦʨʪʬʝʡʣʥʘʪʘ ʟʘʜʘʯʘ ʩʝ ʦʧʨʦʩʪʷʚʘ ʟʥʘʯʠʪʝʣʥʦ, ʪʲʡ ʢʘʪʦ ʩʝ ʠʟʙʷʛʚʘ ʧʨʝʩʤʷʪʘʥʝʪʦ ʥʘ 

ʢʦʨʝʣʘʮʠʠʪʝ ʚ ʤʦʜʝʣʘ ʥʘ ʄʘʨʢʦʚʠʮ. ʉʧʦʨʝʜ ʄʆʂɸ ɓ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʦʪʨʘʟʷʚʘʪ ʨʠʩʢʘ, 

ʢʦʡʪʦ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʜʠʚʝʨʩʠʬʠʮʠʨʘ ʠ ʚ ʪʦʟʠ ʩʤʠʩʲʣ ʪʝ ʩʘ ʧʦ-ʧʦʜʭʦʜʷʱʘ ʤʷʨʢʘ ʟʘ ʨʠʩʢʘ 

ʦʪ ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦʪʦ ʦʪʢʣʦʥʝʥʠʝ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ɓ ʢʦʝʬʠʮʠʝʥʪʲʪ ʝ ʧʦʢʘʟʘʪʝʣ ʟʘ 

ʧʨʠʥʦʩʘ ʥʘ ʜʘʜʝʥ ʘʢʪʠʚ ʚ ʦʙʱʠʷ ʨʠʩʢ ʥʘ ʧʦʨʪʬʝʡʣʘ. 

ʆʩʥʦʚʥʠ ʧʨʝʜʧʦʩʪʘʚʢʠ ʥʘ ʄʆʂɸ ʩʘ: 

ɽʬʝʢʪʠʚʥʘ ʛʨʘʥʠʮʘ 

Ps  

)( PRE  
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¶ ʚʩʠʯʢʠ ʠʥʚʝʩʪʠʪʦʨʠ ʩʘ ʨʘʮʠʦʥʘʣʥʦ ʥʝʩʢʣʦʥʥʠ ʢʲʤ ʨʠʩʢ; 

¶ ʚʩʠʯʢʠ ʠʥʚʝʩʪʠʪʦʨʠ ʠʤʘʪ ʦʙʱ ʚʨʝʤʝʚʠ ʭʦʨʠʟʦʥʪ ʟʘ ʚʟʝʤʘʥʝ ʥʘ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦ ʨʝʰʝʥʠʝ; 

¶ ʚʩʠʯʢʠ ʠʥʚʝʩʪʠʪʦʨʠ ʠʤʘʪ ʠʜʝʥʪʠʯʥʠ ʩʫʙʝʢʪʠʚʥʠ ʦʮʝʥʢʠ ʟʘ ʙʲʜʝʱʘʪʘ 
ʚʲʟʚʨʲʱʘʝʤʦʩʪ ʠ ʨʠʩʢʘ ʥʘ ʚʩʠʯʢʠ ʘʢʮʠʠ; 

¶ ʩʲʱʝʩʪʚʫʚʘʪ ʙʝʟʨʠʩʢʦʚʠ ʘʢʪʠʚʠ ʠ ʚʩʠʯʢʠ ʠʥʚʝʩʪʠʪʦʨʠ ʤʦʛʘʪ ʜʘ ʜʘʚʘʪ ʠʣʠ 
ʜʘ ʚʟʝʤʘʪ ʥʘ ʟʘʝʤ ʥʝʦʛʨʘʥʠʯʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʠ ʩ ʙʝʟʨʠʩʢʦʚʘ ʣʠʭʚʘ; 

¶ ʚʩʠʯʢʠ ʘʢʪʠʚʠ ʩʘ ʜʦʩʪʲʧʥʠ ʚ ʧʨʦʠʟʚʦʣʥʦ ʤʘʣʢʠ ʦʙʝʤʠ, ʥʷʤʘ ʨʘʟʭʦʜʠ ʧʦ 

ʪʨʘʥʟʘʢʮʠʠʪʝ ʠʣʠ ʜʨʫʛʠ ʪʘʢʩʠ; 

¶ ʠʥʬʦʨʤʘʮʠʷʪʘ ʝ ʙʝʟʧʣʘʪʥʘ ʠ ʜʦʩʪʲʧʥʘ ʟʘ ʚʩʝʢʠ ʠʥʚʝʩʪʠʪʦʨ. 

 

ʉʧʦʨʝʜ ʄʆʂɸ ʦʯʘʢʚʘʥʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʥʘ ʜʘʜʝʥ ʘʢʪʠʚ ʩʝ ʧʦʣʫʯʘʚʘ ʧʦ 

ʬʦʨʤʫʣʘʪʘ: 

 

( )fMjfj RRERrE -+= )()( b       (1.2) 

ʢʲʜʝʪʦ: 

)( jrE  ʝ ʦʯʘʢʚʘʥʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʥʘ j -ʷ ʘʢʪʠʚ; 

fR  ʝ ʚʲʟʚʨʲʱʘʝʤʦʩʪʪʘ ʥʘ ʙʝʟʨʠʩʢʦʚʠʷ ʘʢʪʠʚ; 

2

);cov(

M

Mj

j

Rr

s
b =  ʝ ɓ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ j -ʷ ʘʢʪʠʚ; 

( )MRE  ʝ ʧʘʟʘʨʥʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ; 
2

Ms  ʝ ʧʘʟʘʨʥʘʪʘ ʜʠʩʧʝʨʩʠʷ. 

 

ʋʨʘʚʥʝʥʠʝʪʦ (1.2) ʝ ʠʟʚʝʩʪʥʦ ʢʘʪʦ ʣʠʥʠʷ ʥʘ ʧʘʟʘʨʘ ʥʘ ʮʝʥʥʠ ʢʥʠʞʘ ʠ ʝ ʛʣʘʚʝʥ 

ʨʝʟʫʣʪʘʪ ʦʪ ʄʆʂɸ. ɸʢʦ ʧʦʨʪʬʝʡʣʲʪ ʝ ʝʬʝʢʪʠʚʝʥ, ʚʩʝʢʠ ʘʢʪʠʚ ʦʪ ʥʝʛʦ ʱʝ ʟʘʝʤʝ ʥʷʢʘʢʚʘ 

ʪʦʯʢʘ ʦʪ ʣʠʥʠʷʪʘ ʥʘ ʧʘʟʘʨʘ ʥʘ ʮʝʥʥʠ ʢʥʠʞʘ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ 

ʦʯʘʢʚʘʥʘʪʘ ʚʲʟʚʨʲʱʘʝʤʦʩʪ ʥʘ ʜʘʜʝʥ ʘʢʪʠʚ ʠ ʥʝʛʦʚʠʷʪ ʧʨʠʥʦʩ ʟʘ ʨʠʩʢʘ ʥʘ ʧʦʨʪʬʝʡʣʘ, 

ʠʟʨʘʟʝʥ ʦʪ b, ʝ ʣʠʥʝʡʥʘ. ʀʟʨʘʟʲʪ { }fM RRE -)(  ʩʝ ʥʘʨʠʯʘ ʧʘʟʘʨʥʘ ʨʠʩʢʦʚʘ ʧʨʝʤʠʷ.  

ɺ ʄʆʂɸ ʩʝ ʧʨʠʝʤʘ, ʯʝ ʧʦʨʪʬʝʡʣʲʪ ʠʤʘ ʚʲʟʚʨʲʱʘʝʤʦʩʪ, ʢʦʷʪʦ ʝ ʩʚʲʨʟʘʥʘ ʩ 

ʧʘʟʘʨʘ ʪʦʯʥʦ ʢʘʪʦ ʧʨʠ ʦʪʜʝʣʝʥ ʘʢʪʠʚ, ʢʘʪʦ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ɓ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ 

ʧʦʨʪʬʝʡʣʘ ʝ ʩʨʝʜʥʦʧʨʝʪʝʛʣʝʥʘ ʥʘ ɓ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʚʩʠʯʢʠ ʘʢʪʠʚʠ ʦʪ ʧʦʨʪʬʝʡʣʘ 

ʩ ʪʝʛʣʘ, ʩʲʦʪʚʝʪʥʦ ʨʘʚʥʠ ʥʘ ʜʷʣʦʚʝʪʝ ʠʤ. ʆʯʘʢʚʘʥʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʥʘ ʧʦʨʪʬʝʡʣʘ 

ʩʝ ʧʨʝʩʤʷʪʘ ʧʦ ʬʦʨʤʫʣʘʪʘ:  

 

{ }fMpfp RRERRE -+= )()( b      (1.3) 

ʈʠʩʢʲʪ ʧʨʠ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʚʲʟʚʨʲʱʘʝʤʦʩʪʪʘ ʥʘ ʧʦʨʪʬʝʡʣ ʦʪ m ʠʥʚʝʩʪʠʮʠʠ ʩʝ 

ʧʨʝʩʤʷʪʘ ʧʦ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 

ä
=

+=
m

j

ijMpp x
1

22222 .ssbs ,      (1.4) 

ʢʲʜʝʪʦ jx  ʝ ʜʝʣʲʪ ʥʘ j -ʷ ʘʢʪʠʚ. 



8 

1.2.3. ʅʷʢʦʠ ʚʘʨʠʘʥʪʠ ʥʘ ʧʦʨʪʬʝʡʣʥʘʪʘ ʪʝʦʨʠʷ 

ɺʘʨʠʘʥʪ 1. ʄʘʨʢʦʚʠʮ [61] ʧʨʝʜʣʘʛʘ ʜʦʙʘʚʷʥʝ ʥʘ ʦʛʨʘʥʠʯʠʪʝʣʥʦ ʫʩʣʦʚʠʝ ʟʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ ʧʦʨʪʬʝʡʣʘ - ʠʟʠʩʢʚʘʥʝ ʟʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʘ ʤʠʥʠʤʘʣʥʘ 

ʞʝʣʘʥʘ ʦʪ ʠʥʚʝʩʪʠʪʦʨʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ *R . ʊʘʢʘ ʦʩʥʦʚʥʘʪʘ ʟʘʜʘʯʘ (1.1) ʜʦʙʠʚʘ ʩʣʝʜʥʠʷ 

ʚʠʜ:  

si

m

i

m

s

siP xxrr ..),cov(min
1 1

2 ää
= =

=s , 

ʧʨʠ ʫʩʣʦʚʠʷ:   *

=

²ä Rxr j

m

j

j .
1

,

 

   ä
=

=
m

j

jx
1

1,

 

   10 ¢¢ jx  ʟʘ mj ,,2,1 2=   (1.5) 

ɺʘʨʠʘʥʪ 2. ɺ ʜʨʫʛ ʚʘʨʠʘʥʪ ʢʲʤ ʩʲʱʘʪʘ ʮʝʣʝʚʘ ʬʫʥʢʮʠʷ ʩʝ ʜʦʙʘʚʷʪ ʜʚʝ 

ʜʦʧʲʣʥʠʪʝʣʥʠ ʫʩʣʦʚʠʷ ʟʘ ʜʷʣʦʚʝʪʝ ʥʘ ʘʢʪʠʚʠʪʝ. ɽʜʥʦʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʝ ʟʘ ʙʨʦʷ ʥʘ 

ʘʢʪʠʚʠʪʝ ʚ ʧʦʨʪʬʝʡʣʘ, ʪ.ʝ. ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʝ ʟʘʜʘʜʝʥʦ ʯʠʩʣʦ mk¢ , ʪʘʢʘ ʯʝ ʙʨʦʷʪ ʥʘ 

ʘʢʪʠʚʠʪʝ, ʟʘ ʢʦʠʪʦ 0>jx  ʝ ʥʘʡ-ʤʥʦʛʦ k. ɺʪʦʨʦʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʝ ʜʝʣʲʪ ʥʘ ʚʩʝʢʠ ʘʢʪʠʚ 

ʜʘ ʩʝ ʠʟʤʝʥʷ ʚ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥ ʠʥʪʝʨʚʘʣ [ ]jj ba ; . ʊʝʟʠ ʜʚʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩʝ 

ʤʦʜʝʣʠʨʘʪ ʯʨʝʟ ʜʦʙʘʚʷʥʝ ʥʘ m ʙʠʥʘʨʥʠ ʧʨʦʤʝʥʣʠʚʠ jz  ( )mj ,,2,1 2=  ʠ ʫʩʣʦʚʠʷʪʘ: 

 ä
=

¢
m

j

j kz
1  

 jjjjj zxz .. ba ¢¢  

 { }1;0Íjz  ʟʘ mj ,,2,1 2=      (1.6) 

ʢʘʪʦ 1=jz  ʚ ʩʣʫʯʘʡ, ʯʝ j -ʷʪ ʘʢʪʠʚ ʫʯʘʩʪʚʘ ʚ ʧʦʨʪʬʝʡʣʘ ʠ 0=jz  ʚ ʩʣʫʯʘʡ, ʯʝ j -ʷʪ 

ʘʢʪʠʚ ʥʝ ʝ ʚʢʣʶʯʝʥ ʚ ʧʦʨʪʬʝʡʣʘ. [79] 

ɺʘʨʠʘʥʪ 3. ʄʘʥʯʠʥʠ ʠ ʉʧʝʨʘʥʮʘ  [59] ʨʘʟʛʣʝʞʜʘʪ ʩʲʱʝʩʪʚʝʥʦʪʦ ʦʪ 

ʧʨʘʢʪʠʯʝʩʢʘ ʛʣʝʜʥʘ ʪʦʯʢʘ ʦʛʨʘʥʠʯʝʥʠʝ, ʯʝ ʘʢʪʠʚʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʪʲʨʛʫʚʘʪ ʩʘʤʦ ʥʘ 

ʥʝʜʝʣʠʤʠ ʣʦʪʦʚʝ ʩ ʬʠʢʩʠʨʘʥʘ ʛʦʣʝʤʠʥʘ. ɿʘʜʘʯʘʪʘ (1.1) ʩʪʘʚʘ ʧʨʝʜʤʝʪ ʥʘ ʮʝʣʦʯʠʩʣʝʥʦʪʦ 

ʦʧʪʠʤʠʨʘʥʝ.  

ɺʘʨʠʘʥʪ 4. ʂʦʥʦ ʠ ʗʤʘʟʘʢʠ [52] ʧʨʝʜʣʘʛʘʪ ʚʤʝʩʪʦ ʜʠʩʧʝʨʩʠʷʪʘ ʟʘ ʠʟʤʝʨʠʪʝʣ ʥʘ 

ʨʠʩʢʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʘʙʩʦʣʶʪʥʦʪʦ ʦʪʢʣʦʥʝʥʠʝ. ʀʟʧʦʣʟʚʘʡʢʠ ʠʩʪʦʨʠʯʝʩʢʠ ʜʘʥʥʠ ʦʪ 

ʊʦʢʠʡʩʢʘʪʘ ʬʦʥʜʦʚʘ ʙʦʨʩʘ, ʪʝ ʩʨʘʚʥʷʚʘʪ ʤʦʜʝʣʘ ʥʘ ʄʘʨʢʦʚʠʮ ʩ ʪʝʭʥʠʷ ʤʦʜʝʣ ʠ 

ʧʦʢʘʟʚʘʪ, ʯʝ ʙʲʨʟʦʜʝʡʩʪʚʠʝʪʦ ʥʘ ʜʚʘʪʘ ʤʦʜʝʣʘ ʝ ʩʭʦʜʥʦ. ɺʲʧʨʝʢʠ, ʯʝ ʪʘʢʘ 

ʧʨʝʬʦʨʤʫʣʠʨʘʥʠʷʪ ʤʦʜʝʣ ʥʘ ʄʘʨʢʦʚʠʮ ʥʝ ʠʟʠʩʢʚʘ ʢʦʚʘʨʠʘʮʠʦʥʥʘ ʤʘʪʨʠʮʘ, ʧʨʝʟ 1997ʛ. 

ʉʠʤʘʘʥ ʜʦʢʘʟʚʘ, ʯʝ ʮʝʥʘʪʘ ʥʘ ʨʝʩʫʨʩʠʪʝ ʟʘ ʪʦʚʘ ʧʦ-ʧʨʝʮʠʟʥʦ ʦʮʝʥʷʚʘʥʝ ʥʘ ʨʠʩʢʘ 

ʥʘʜʚʠʰʘʚʘ ʧʦʣʟʠʪʝ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʦʜʝʣʘ [85]. 

ɺʘʨʠʘʥʪ 5. ʄʘʨʢʦʚʠʮ [62] ʧʨʝʜʣʘʛʘ ʨʘʟʣʠʯʥʘ ʮʝʣʝʚʘ ʬʫʥʢʮʠʷ - ʙʘʟʠʨʘʥʘ ʥʘ 

ʧʦʣʫʚʘʨʠʘʮʠʷʪʘ, ʧʨʠ ʢʦʝʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʘʤʦ ʦʪʢʣʦʥʝʥʠʷʪʘ ʧʦ-ʤʘʣʢʠ ʦʪ ʜʘʜʝʥʘ 

ʛʨʘʥʠʯʥʘ ʩʪʦʡʥʦʩʪ, ʚʤʝʩʪʦ ʚʩʠʯʢʠ ʦʪʢʣʦʥʝʥʠʷ. ʄʘʨʢʦʚʠʮ  [61] ʧʨʲʚ ʝ ʦʪʙʝʣʷʟʘʣ, ʯʝ 

ʤʦʜʝʣʠʪʝ ʩ ʮʝʣʝʚʘ ʬʫʥʢʮʠʷ, ʢʦʥʩʪʨʫʠʨʘʥʘ ʩ ʚʘʨʠʘʮʠʷ ʠʤʘʪ ʥʝʜʦʩʪʘʪʲʢʘ, ʯʝ ʤʥʦʛʦ 

ʛʦʣʝʤʠ ʠ ʤʥʦʛʦ ʤʘʣʢʠ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠ ʩʘ ʝʜʥʘʢʚʦ ʥʝʞʝʣʘʥʠ. ʇʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʧʦʣʫʚʘʨʠʘʮʠʷ ʩʝ ʝʣʠʤʠʥʠʨʘʪ ʤʥʦʛʦ ʤʘʣʢʠʪʝ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠ. 

ɺʘʨʠʘʥʪ 6. ʅʘʫʨʦʢʠ [66], [67] ʧʨʝʜʣʘʛʘ ʟʘ ʮʝʣʝʚʘ ʬʫʥʢʮʠʷ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ 

ʨʘʟʣʠʢʘʪʘ ʥʘ ʜʦʣʥʠʪʝ ʯʘʩʪʠʯʥʠ ʤʦʤʝʥʪʠ (LPM) ʦʪ ʚʪʦʨʠ ʨʝʜ ʠ ʦʯʘʢʚʘʥʘʪʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪ, ʫʤʥʦʞʝʥʘ ʧʦ ʢʦʝʬʠʮʠʝʥʪ: 
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(){ }PP rELPM .min ,2 l- , 

ʢʲʜʝʪʦ ( )
jjij

m

j

m

i

ijP xxrrssLPM ..,cov..
1 1

,2 ää
= =

=  ʠ js  ʝ ʢʚʘʜʨʘʪʥʠʷʪ ʢʦʨʝʥ ʥʘ ʧʦʣʫʚʘʨʠʘʮʠʷʪʘ 

ʟʘ j -ʪʠʷ ʘʢʪʠʚ. 

ɺʘʨʠʘʥʪ 7. ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʪʨʝʪʠʷ ʤʦʤʝʥʪ ʝ ʧʨʝʜʣʦʞʝʥʦ ʦʪ ʇʦʣ ʉʘʤʶʝʣʩʲʥ 

ʧʨʝʟ 1958 ʛ., ʥʦ ʧʦʨʘʜʠ ʠʟʯʠʩʣʠʪʝʣʥʠʪʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʨʝʩʤʷʪʘʥʝ ʤʫ ʟʘ ʛʦʣʷʤ ʙʨʦʡ 

ʘʢʪʠʚʠ, ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʘʩʠʤʝʪʨʠʷʪʘ ʧʨʠ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣ ʝ ʧʨʝʥʝʙʨʝʛʚʘʥʦ ʟʘ 

ʜʲʣʛʦ ʚʨʝʤʝ. ʇʨʝʟ 1995 ʛ. ʂʦʥʦ ʠ ʉʫʟʫʢʠ ʧʨʠʣʘʛʘʪ ʣʠʥʝʡʥʦ ʧʨʠʙʣʠʞʝʥʠʝ ʥʘ ʪʨʝʪʠʷ 

ʤʦʤʝʥʪ [51], [53] ʠ ʪʘʢʘ ʜʦʙʘʚʷ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʘʩʠʤʝʪʨʠʷ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʷʪʘ ʥʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪʠʪʝ ʚ ʤʦʜʝʣʘ ʥʘ ʄʘʨʢʦʚʠʮ. 

ɺʘʨʠʘʥʪ 8. ʁʦʰʠʤʦʪʦ  [92] ʨʘʟʛʣʝʞʜʘ ʩʣʫʯʘʡ ʩ ʧʲʨʚʦʥʘʯʘʣʝʥ ʧʦʨʪʬʝʡʣ ʠ 

ʜʦʙʘʚʷ ʚ ʤʦʜʝʣʘ ʮʝʥʘʪʘ ʥʘ ʨʘʟʭʦʜʠʪʝ ʟʘ ʪʨʘʥʟʘʢʮʠʠ. 

1.2.4. ʉʦʨʪʠʨʘʱʠ ʘʣʛʦʨʠʪʤʠ 

ʇʨʠ ʩʦʨʪʠʨʘʱʠʪʝ ʘʣʛʦʨʠʪʤʠ ʧʦʨʪʬʝʡʣʲʪ ʩʝ ʢʦʥʩʪʨʫʠʨʘ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʥʦ 

ʧʦʜʙʨʘʥʠ ʘʢʪʠʚʠ, ʟʘ ʢʦʠʪʦ ʩʘ ʠʟʧʲʣʥʝʥʠ ʜʘʜʝʥʠ ʫʩʣʦʚʠʷ. ʆʙʱ ʧʦʜʭʦʜ ʧʨʠ ʪʷʭ ʝ 

ʟʘʜʘʚʘʥʝ ʥʘ ʢʨʠʪʠʯʥʠ ʩʪʦʡʥʦʩʪʠ jC  ʟʘ mj ,,2,1 2= . ɺʲʨʭʫ ʠʟʙʨʘʥʠʪʝ ʩʣʝʜ ʩʦʨʪʠʨʘʥʝʪʦ 

ʘʢʪʠʚʠ ʩʝ ʧʨʠʣʘʛʘ ʦʧʪʠʤʠʟʘʮʠʦʥʥʘʪʘ ʧʨʦʮʝʜʫʨʘ (1.1). ʇʦʣʫʯʝʥʠʪʝ ʨʝʰʝʥʠʷ ʩʘ 

ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʦʧʪʠʤʘʣʥʠ. [28], [29] 

ʉʦʨʪʠʨʘʱʠʪʝ ʘʣʛʦʨʠʪʤʠ ʩʘ ʩʨʝʜʩʪʚʦ ʟʘ ʨʝʜʫʮʠʨʘʥʝ ʥʘ ʥʝʪʦʯʥʦʩʪʪʘ ʧʨʠ 

ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʦʙʨʘʪʥʘʪʘ ʤʘʪʨʠʮʘ ʥʘ ʢʦʚʘʨʠʘʮʠʦʥʥʘʪʘ ʤʘʪʨʠʮʘ ʚ ʤʦʜʝʣʘ ʥʘ ʄʘʨʢʦʚʠʮ. 

ʊʲʡ ʢʘʪʦ ʠʟʧʦʣʟʚʘʥʘʪʘ ʚ ʧʦʨʪʬʝʡʣʥʘʪʘ ʪʝʦʨʠʷ ʢʦʚʘʨʠʘʮʠʦʥʥʘ ʤʘʪʨʠʮʘ ʝ ʩʠʣʥʦ 

ʯʫʚʩʪʚʠʪʝʣʥʘ ʢʲʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʛʨʝʰʢʠ, ʪʦ ʙʨʦʷʪ ʥʘ ʥʘʙʣʶʜʝʥʠʷʪʘ ʪʨʷʙʚʘ ʟʥʘʯʠʪʝʣʥʦ 

ʜʘ ʥʘʜʚʠʰʘʚʘ ʙʨʦʷ ʥʘ ʥʝʟʘʚʠʩʠʤʠʪʝ ʧʨʦʤʝʥʣʠʚʠ (ʧʨʠʤʝʨʥʦ ʟʘ 25-30 ʘʢʪʠʚʘ ʩʘ ʥʫʞʥʠ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ 48-60 ʤʝʩʝʮʘ, ʢʦʝʪʦ ʝ ʪʚʲʨʜʝ ʜʲʣʲʛ ʧʝʨʠʦʜ ʠ ʩʲʱʝʩʪʚʝʥʦ ʠʟʢʨʠʚʷʚʘ 

ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʪʝʢʫʱʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʘʢʪʠʚʠʪʝ). ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʩʝ ʛʫʙʠ ʮʝʥʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʢʦʚʘʨʠʘʮʠʠʪʝ ʠ ʪʘʢʘ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʮʝʣʠʷʪ ʧʦʪʝʥʮʠʘʣ ʥʘ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʷʪʘ ʢʘʪʦ ʤʝʪʦʜʦʣʦʛʠʷ. [29] 

ʉʦʨʪʠʨʘʥʝ ʩ ɓ ʘʥʘʣʠʟ 

ʇʨʠ ʪʦʟʠ ʘʣʛʦʨʠʪʲʤ ʧʲʨʚʦ ʟʘ ʚʩʝʢʠ ʘʢʪʠʚ ʩʝ ʧʨʝʩʤʷʪʘʪ ʦʪʥʦʰʝʥʠʷʪʘ: 

j f

j j

E R RR

b b

è ø-ê ú=  

ɸʢʦ 
j

j

R
C

b
< , ʪʦ ʩʝ ʧʨʝʩʤʷʪʘʪ ʚʝʣʠʯʠʥʠʪʝ 

2

2

,

.
j

j

j j

R
z C

e

b

s b

*
å õ

= -æ öæ ö
ç ÷

, ʢʲʜʝʪʦ 

{ }min j
j

C C*= . 

ʊʦʛʘʚʘ 
j

j

j

z
x

z
=
ä

 ʟʘ mj ,,2,1 2= . 

ɺ ʩʣʫʯʘʷ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ ʙʝʟʨʠʩʢʦʚʠʷ  ʘʢʪʠʚ fR  ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ 

ʟʥʘʯʝʥʠʝ. ʂʦʣʢʦʪʦ fR  ʝ ʧʦ-ʛʦʣʷʤʘ, ʪʦʣʢʦʚʘ ʧʦ-ʤʘʣʢʦ ʘʢʪʠʚʠ ʚʣʠʟʘʪ ʚ ʧʦʨʪʬʝʡʣʘ. 

ɼʠʚʝʨʩʠʬʠʢʘʮʠʷ ʩʝ ʧʦʣʫʯʘʚʘ ʩ ʥʘʤʘʣʷʚʘʥʝ ʥʘ fR . 
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ʉʦʨʪʠʨʘʥʝ ʯʨʝʟ ʢʦʨʝʣʘʮʠʦʥʝʥ ʘʥʘʣʠʟ  

ʇʨʦʮʝʜʫʨʘʪʘ ʝ ʩʲʱʘʪʘ ʢʘʪʦ ʧʨʠ ʩʦʨʪʠʨʘʥʝʪʦ ʩ ʙʝʪʘ ʘʥʘʣʠʟ, ʥʦ ʠʟʧʦʣʟʚʘʥʦʪʦ 

ʦʪʥʦʰʝʥʠʝ ʝ: 

j f

j j

E R RR

V s

è ø-ê ú=

 

ʉʦʨʪʠʨʘʥʝ ʧʦ ʦʪʥʦʰʝʥʠʝʪʦ ʚʲʟʚʨʘʱʘʝʤʦʩʪ/ʨʠʩʢ  

ʇʨʦʮʝʜʫʨʘʪʘ ʝ ʘʥʘʣʦʛʠʯʥʘ ʟʘ ʦʪʥʦʰʝʥʠʷʪʘ  

  
j f

j

E R R

risk

è ø-ê ú, ʢʲʜʝʪʦ jrisk  ʝ ʢʦʷ ʜʘ ʝ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ. 

ʉʦʨʪʠʨʘʥʝ ʧʦ ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦ ʦʪʢʣʦʥʝʥʠʝ  

ʉʦʨʪʠʨʘʥʝʪʦ ʝ ʘʥʘʣʦʛʠʯʥʦ ʩʣʝʜ ʧʨʝʩʤʷʪʘʥʝ ʥʘ  
2

j f

j

E R R

s

è ø-ê ú. 

ʉʦʨʪʠʨʘʥʝ ʧʦ ʜʦʣʥʠ ʯʘʩʪʠʯʥʠ ʤʦʤʝʥʪʠ (LPM) 

ʉʦʨʪʠʨʘʥʝʪʦ ʝ ʘʥʘʣʦʛʠʯʥʦ ʩʣʝʜ ʧʨʝʩʤʷʪʘʥʝ ʥʘ  
,

j f

n j

E R R

LPM

è ø-ê ú [65] 

1.2.5. ɸʣʛʦʨʠʪʤʠ ʟʘ ʣʦʢʘʣʥʦ ʪʲʨʩʝʥʝ 

ʃʦʢʘʣʥʦ ʪʲʨʩʝʥʝ ʝ ʬʘʤʠʣʠʷ ʦʪ ʪʝʭʥʠʢʠ ʩ ʦʙʱʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʟʘ ʪʲʨʩʝʥʝ ʠ 

ʦʧʪʠʤʠʟʘʮʠʷ. ʊʝʟʠ ʪʝʭʥʠʢʠ ʥʝ ʩʘ ʠʟʯʝʨʧʘʪʝʣʥʠ ʚ ʩʤʠʩʲʣ, ʯʝ ʥʝ ʛʘʨʘʥʪʠʨʘʪ ʜʘ ʥʘʤʝʨʷʪ 

ʧʨʘʚʜʦʧʦʜʦʙʥʦ (ʠʣʠ ʦʧʪʠʤʘʣʥʦ) ʨʝʰʝʥʠʝ, ʘ ʪʲʨʩʝʥʝʪʦ ʝ ʥʝʩʠʩʪʝʤʘʪʠʯʥʦ ʠ ʧʨʦʜʲʣʞʘʚʘ, 

ʜʦʢʘʪʦ ʥʝ ʙʲʜʝ ʠʟʧʲʣʥʝʥʦ ʟʘʜʘʜʝʥʦ ʫʩʣʦʚʠʝ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʣʦʢʘʣʥʦ ʪʲʨʩʝʥʝ ʟʘ 

ʩʝʣʝʢʪʠʨʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣ ʝ ʧʨʝʜʣʦʞʝʥʦ ʦʪ ʈʦʥʘʣʜ (1997) ʠ ʏʘʥʛ (2000).  

ʅʝʢʘ p  ʝ ʩʣʫʯʘʡ ʦʪ ʟʘʜʘʯʘʪʘ P  ʠ ʥʘ ʥʝʷ ʝ ʩʲʧʦʩʪʘʚʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘ ʪʲʨʩʝʥʝ 

.S  ʅʘ ʚʩʝʢʠ ʝʣʝʤʝʥʪ SsÍ  ʦʪʛʦʚʘʨʷ ʚʲʟʤʦʞʥʦ ʨʝʰʝʥʠʝ p, ʥʘʨʝʯʝʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ p . 

ɽʣʝʤʝʥʪ s  ʦʪ S, ʥʘ ʢʦʡʪʦ ʦʪʛʦʚʘʨʷ ʨʝʰʝʥʠʝ, ʫʜʦʚʣʝʪʚʦʨʷʚʘʱʦ ʚʩʠʯʢʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʝ 

ʥʘʨʠʯʘ ʧʨʠʝʤʣʠʚʦ ʩʲʩʪʦʷʥʠʝ ʥʘ p. ʃʦʢʘʣʥʦʪʦ ʪʲʨʩʝʥʝ ʩʝ ʟʘʜʘʚʘ ʯʨʝʟ ʬʫʥʢʮʠʷ N , 

ʟʘʚʠʩʝʱʘ ʦʪ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ P  ʠ ʩʲʧʦʩʪʘʚʷʱʘ ʥʘ ʚʩʷʢʦ SsÍ  ʥʝʛʦʚʘ ʦʢʦʣʥʦʩʪ () SsN Ì . 

ɺʩʝʢʠ ʝʣʝʤʝʥʪ ()sNsÍ¡  ʩʝ ʥʘʨʠʯʘ ʩʲʩʝʜʝʥ ʥʘ s . 

ʃʦʢʘʣʥʦ ʪʲʨʩʝʥʝ ʟʘʧʦʯʚʘ ʩ ʧʲʨʚʦʥʘʯʘʣʥʦ ʩʲʩʪʦʷʥʠʝ 0s , ʢʦʝʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʩ 

ʜʨʫʛʘ ʪʝʭʥʠʢʘ ʟʘ ʪʲʨʩʝʥʝ ʠʣʠ ʩʝ ʛʝʥʝʨʠʨʘ ʩʣʫʯʘʡʥʦ, ʩʣʝʜ ʢʦʝʪʦ ʩʝ ʦʙʭʦʞʜʘ 

ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʟʘ ʪʲʨʩʝʥʝ, ʢʘʪʦ ʩʝ ʧʨʝʤʠʥʘʚʘ ʦʪ ʝʜʥʦ ʩʲʩʪʦʷʥʠʝ is  ʚ ʩʲʩʝʜʥʦʪʦ 1+is . 

ʆʙʠʢʥʦʚʝʥʦ ʦʢʦʣʥʦʩʪʪʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʣʦʢʘʣʥʦ ʠʟʤʝʥʝʥʠʝ ʥʘ ʪʝʢʫʱʦʪʦ ʩʲʩʪʦʷʥʠʝ. 

ʊʝʭʥʠʢʠʪʝ ʥʘ ʣʦʢʘʣʥʦʪʦ ʪʲʨʩʝʥʝ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʨʠʣʦʞʝʥʘʪʘ 

ʩʪʨʘʪʝʛʠʷ ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ ʟʘ ʠʟʙʦʨ ʥʘ ʭʦʜ ʟʘ ʚʩʷʢʦ ʩʲʩʪʦʷʥʠʝ ʠ ʦʪ ʜʨʫʛʘ - ʟʘ ʢʨʘʡ ʥʘ 

ʪʲʨʩʝʥʝʪʦ. ʅʦ ʧʨʠ ʚʩʠʯʢʠ ʪʝʭʥʠʢʠ ʪʲʨʩʝʥʝʪʦ ʩʝ ʫʧʨʘʚʣʷʚʘ ʦʪ ʬʫʥʢʮʠʷ ʥʘ ʮʝʥʘʪʘ f , 

ʢʦʷʪʦ ʝ ʦʮʝʥʢʘ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ ʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʤʠʥʠʤʠʟʠʨʘʥʘ. [79] 
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1.3. ʅʷʢʦʠ ʥʝʨʝʰʝʥʠ ʠʣʠ ʯʘʩʪʠʯʥʦ ʨʝʰʝʥʠ ʧʨʦʙʣʝʤʠ ʚ 

ʠʥʚʝʩʪʠʮʠʦʥʥʠʪʝ ʪʝʦʨʠʠ ʠ ʤʦʜʝʣʠ 

ʇʨʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʧʨʠʣʦʞʝʥʠʷ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠʪʝ ʨʝʰʝʥʠʷ, 

ʙʘʟʠʨʘʥʠ ʥʘ ʨʘʟʛʣʝʜʘʥʠʪʝ ʚ 1.2 ʪʝʦʨʠʠ ʠ ʤʦʜʝʣʠ ʚʲʟʥʠʢʚʘʪ ʨʝʜʠʮʘ ʪʨʫʜʥʦʩʪʠ ʠ 

ʧʨʦʙʣʝʤʠ, ʥʘʧʨʠʤʝʨ: ʩ ʜʘʥʥʠʪʝ, ʩ ʥʝʦʙʭʦʜʠʤʠʪʝ ʠʟʯʠʩʣʠʪʝʣʥʠ ʨʝʩʫʨʩʠ, 

ʥʝʩʲʱʝʩʪʚʫʚʘʥʝ ʥʘ ʙʝʟʨʠʩʢʦʚʠ ʘʢʪʠʚʠ, ʢʘʨʜʠʥʘʣʥʦʩʪ ʧʨʠ ʢʦʥʩʪʨʫʠʨʘʥʝʪʦ ʥʘ 

ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ, ʥʝʩʠʛʫʨʥʦʩʪ ʠ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪ ʥʘ ʬʠʥʘʥʩʦʚʠʪʝ ʧʘʟʘʨʠ. 

 

 ɸ. ɼʘʥʥʠ 

ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠ ʜʘʥʥʠ ʦʩʥʦʚʝʥ ʧʨʦʙʣʝʤ ʝ ʜʦʩʪʲʧʲʪ ʜʦ 

ʥʘʜʝʞʜʥʠ ʜʘʥʥʠ ʟʘ ʮʝʥʠʪʝ ʥʘ ʘʢʪʠʚʠʪʝ. ʆʬʠʮʠʘʣʥʠ ʜʘʥʥʠ ʩʝ ʧʫʙʣʠʢʫʚʘʪ ʥʘ ʩʪʨʘʥʠʮʠʪʝ 

ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʬʠʥʘʥʩʦʚʠ ʠʥʩʪʠʪʫʮʠʠ, ʥʦ ʧʲʨʚʠʷʪ ʚʲʟʥʠʢʚʘʱ ʧʨʦʙʣʝʤ ʝ ʢʘʢ ʜʘ ʙʲʜʘʪ 

ʠʟʚʣʝʯʝʥʠ ʪʝʟʠ ʜʘʥʥʠ. ɺʪʦʨʠ ʧʨʦʙʣʝʤ ʝ ʚ ʢʘʢʲʚ ʬʦʨʤʘʪ ʜʘ ʙʲʜʘʪ ʩʲʭʨʘʥʝʥʠ ʪʝʟʠ ʜʘʥʥʠ, 

ʪʘʢʘ ʯʝ ʜʘ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʩʲʦʪʚʝʪʥʦ ʩʦʬʪʫʝʨʥʦ ʧʨʠʣʦʞʝʥʠʝ. ʅʝ ʧʦ-

ʤʘʣʦʚʘʞʝʥ ʝ ʠ ʚʲʧʨʦʩʲʪ ʢʘʢʲʚ ʜʘ ʙʲʜʝ ʦʙʝʤʲʪ ʥʘ ʩʲʭʨʘʥʷʚʘʥʠʪʝ ʠ ʠʟʧʦʣʟʚʘʥʠ ʜʘʥʥʠ. 

ʉʣʝʜʚʘʱ ʧʨʦʙʣʝʤ ʚʲʟʥʠʢʚʘ ʧʨʠ ʦʮʝʥʷʚʘʥʝʪʦ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʘʢʪʠʚʠʪʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʯʝʩʪʦʪʘʪʘ ʥʘ ʩʲʙʠʨʘʥʝ ʥʘ ʜʘʥʥʠʪʝ. ʏʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʪʝ ʚʲʚ ʬʠʥʘʥʩʦʚʘʪʘ 

ʧʨʘʢʪʠʢʘ ʩʨʝʜʥʦʘʨʠʪʤʝʪʠʯʥʘ ʚʝʣʠʯʠʥʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʠ ʩʲʦʪʚʝʪʥʦʪʦ 

ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦ ʦʪʢʣʦʥʝʥʠʝ ʩʘ ʫʜʦʙʥʠ ʦʪ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʠ ʠʟʯʠʩʣʠʪʝʣʥʘ ʛʣʝʜʥʘ 

ʪʦʯʢʘ, ʥʦ ʦʪ ʠʥʚʝʩʪʠʮʠʦʥʥʘ ʥʝ ʜʘʚʘʪ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʠʩʪʠʥʩʢʦʪʦ ʠʟʤʝʥʝʥʠʝ ʥʘ ʢʘʧʠʪʘʣʘ. 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʨʝʜʥʦʛʝʦʤʝʪʨʠʯʥʘ ʚʝʣʠʯʠʥʘ ʜʘʚʘ ʥʫʞʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ, ʥʦ ʠʟʠʩʢʚʘ 

ʚʥʠʤʘʪʝʣʥʠ ʠ ʧʨʝʮʠʟʥʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠʟʯʠʩʣʝʥʠʷ.  

ʅʝ ʥʘ ʧʦʩʣʝʜʥʦ ʤʷʩʪʦ ʩʪʦʠ ʧʨʦʙʣʝʤʲʪ ʩ ʥʝʨʘʚʥʠʪʝ ʠʥʪʝʨʚʘʣʠ ʦʪ ʚʨʝʤʝ ʤʝʞʜʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʠʪʝ ʥʘʙʣʶʜʝʥʠʷ ʠʣʠ ʥʘʢʨʘʪʢʦ Ăʣʠʧʩʚʘʱʠ ʜʘʥʥʠò, ʟʘ ʯʠʝʪʦ ʚʲʟʥʠʢʚʘʥʝ 

ʠʤʘ ʧʦʥʝ ʪʨʠ ʨʘʟʣʠʯʥʠ ʧʨʠʯʠʥʠ: ʧʲʨʚʦ, ʨʘʟʣʠʯʥʠʪʝ ʙʦʨʩʠ ʠʤʘʪ ʨʘʟʣʠʯʥʠ ʧʦʯʠʚʥʠ ʠ 

ʧʨʘʟʥʠʯʥʠ ʜʥʠ, ʚ ʢʦʠʪʦ ʥʷʤʘ ʩʜʝʣʢʠ; ʚʪʦʨʦ, ʠʤʘ ʜʥʠ, ʚ ʢʦʠʪʦ ʜʘʜʝʥ ʘʢʪʠʚ ʥʝ ʝ ʪʲʨʛʫʚʘʥ 

ʠ ʪʨʝʪʦ ï ʘʢʪʠʚʲʪ ʝ ʟʘʣʠʯʝʥ ʦʪ ʙʦʨʩʘʪʘ ʧʦ ʥʷʢʘʢʚʘ ʧʨʠʯʠʥʘ.  

ʉʲʱʝʩʪʚʫʚʘʪ ʨʘʟʥʦʦʙʨʘʟʥʠ ʧʦʜʭʦʜʠ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʘ ʩ ʣʠʧʩʚʘʱʠʪʝ 

ʜʘʥʥʠ, ʥʘʧʨʠʤʝʨ: ʠʟʤʝʥʷʥʝ ʥʘ ʤʠʥʠʤʘʣʥʘʪʘ ʩʠʥʛʫʣʷʨʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʢʦʚʘʨʠʘʮʠʦʥʥʘʪʘ 

ʤʘʪʨʠʮʘ [12], ʦʮʝʥʷʚʘʱʠ ʬʫʥʢʮʠʠ, ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ ʠ ʤʥʦʛʦ ʜʨʫʛʠ.  

ɺʲʟʤʦʞʝʥ ʧʦʜʭʦʜ ʝ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʣʝʜʥʘʪʘ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ ʤʝʪʦʜʘ ʥʘ 

ʅʘʜʘʨʘʷ-ʋʦʪʩʲʥ [76], ʧʨʠ ʢʦʡʪʦ ʘʢʦ ʟʘ ʥʝʧʨʝʢʲʩʥʘʪʘ ʬʫʥʢʮʠʷ ()K x  ʩʘ ʠʟʧʲʣʥʝʥʠ 

ʫʩʣʦʚʠʷʪʘ () 0K x ²  ʠ ()ñ =1duuK , ʪʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʘʨʘʤʝʪʲʨ 0>h  ʬʫʥʢʮʠʷʪʘ ()K x  

ʩʝ ʪʨʘʥʩʬʦʨʤʠʨʘ ʧʦ ʩʣʝʜʥʠʷ ʥʘʯʠʥ: ()
1

.h

u
K x K

h h

å õ
= æ ö

ç ÷
 ʠ ()ñ =1duuKh .  

ʂʦʥʩʪʨʫʠʨʘʪ ʩʝ ʪʝʛʣʦʚʥʠ ʬʫʥʢʮʠʠ 
( )

( )
1

1

h

T

h

t

K x t

K x t
T =

-

-ä
, ʢʦʠʪʦ ʩʘ ʢʦʝʬʠʮʠʝʥʪʠ ʧʨʝʜ 

tP  ʚ ()thmĔ . ʊʘʢʘ ʬʫʥʢʮʠʷʪʘ  

()
( )

( )
1,,1:

.

Ĕ
1

1

+-=

-

-

=

ä

ä
-+

=

-+

= kTt

iK

PiK

m
kt

ti

h

kt

ti

ih

h 2

t

t

t ; 
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ʢʲʜʝʪʦ ()

2

22
1

.
2

x

h
hK x e

h p

-

= , ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʠ ʟʘ 

ʧʦʧʲʣʚʘʥʝ ʥʘ ʣʠʧʩʚʘʱʠ ʜʘʥʥʠ. 

ʆʪ ʧʨʘʢʪʠʯʝʩʢʦ ʟʥʘʯʝʥʠʝ ʧʨʠ ʠʟʙʦʨʘ ʥʘ ʧʦʜʭʦʜ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʘ ʩ 

ʣʠʧʩʚʘʱʠʪʝ ʜʘʥʥʠ ʝ ʜʦʢʦʣʢʦ ʠʟʙʨʘʥʘʪʘ ʧʨʦʮʝʜʫʨʘ ʚʦʜʠ ʜʦ ʛʦʣʷʤ ʦʙʝʤ ʜʦʧʲʣʥʠʪʝʣʥʠ 

ʠʟʯʠʩʣʝʥʠʷ, ʢʦʝʪʦ ʝ ʧʨʷʢʦ ʩʚʲʨʟʘʥʦ ʩ ʠʟʧʦʣʟʚʘʥʠʪʝ ʠʟʯʠʩʣʠʪʝʣʥʠ ʨʝʩʫʨʩʠ. 

 

 ɹ. ʀʟʯʠʩʣʠʪʝʣʥʠ ʨʝʩʫʨʩʠ 
ɹʲʨʟʠʥʘʪʘ, ʩ ʢʦʷʪʦ ʠʥʚʝʩʪʠʪʦʨʲʪ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʦʮʝʥʢʘ ʥʘ ʩʠʪʫʘʮʠʷʪʘ 

(ʚʨʝʤʝʪʦ ʟʘ ʘʥʘʣʠʟ, ʚʟʝʤʘʥʝ ʠ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʠʥʚʝʩʪʠʪʦʨʩʢʦʪʦ ʨʝʰʝʥʠʝ ʚ ʙʲʨʟʦ 

ʧʨʦʤʝʥʷʱʘʪʘ ʩʝ ʠʢʦʥʦʤʠʯʝʩʢʘ ʩʨʝʜʘ) ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ. 

ɺ ʇʊ ʟʘ ʧʦʨʪʬʝʡʣ ʦʪ m ʥʘ ʙʨʦʡ ʘʢʪʠʚʘ ʩʝ ʧʨʝʩʤʷʪʘʪ 
2

2 mm -
 ʥʘ ʙʨʦʡ 

ʢʦʚʘʨʠʘʮʠʠ ʠ ʪʲʡ ʢʘʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʪʦ ʥʘ ʙʨʦʷ ʥʘ ʘʢʪʠʚʠʪʝ ʚ ʧʦʨʪʬʝʡʣʘ, ʩʲʦʪʚʝʪʥʠʷʪ 

ʙʨʦʡ ʥʘ ʢʦʚʘʨʠʘʮʠʠʪʝ ʩʪʘʚʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʛʦʣʷʤ ʦʪ ʙʨʦʷ ʥʘ ʘʢʪʠʚʠʪʝ ( ʧʨʠʤʝʨʥʦ ʧʨʠ 

90 ʘʢʪʠʚʘ ʢʦʚʘʨʠʘʮʠʠʪʝ ʩʘ 4005), ʪʦ ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʦʧʪʠʤʠʟʘʮʠʦʥʥʘʪʘ ʟʘʜʘʯʘ ʟʘ 

ʤʠʥʠʤʠʟʠʨʘʥʝ ʥʘ ʨʠʩʢʘ ʧʨʠ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣ ʠʟʠʩʢʚʘ ʦʛʨʦʤʥʠ ʠʟʯʠʩʣʠʪʝʣʥʠ 

ʨʝʩʫʨʩʠ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʥʘʣʘʛʘ ʩʠʣʥʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚʲʨʭʫ ʙʨʦʷ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ 

ʘʢʪʠʚʠ.  

ɺ ʄʆʂɸ ʧʘʟʘʨʥʠʷʪ ʧʦʨʪʬʝʡʣ M  ʪʨʷʙʚʘ ʜʘ ʩʲʜʲʨʞʘ ʚʩʠʯʢʠ ʨʠʩʢʦʚʠ 

ʠʥʚʝʩʪʠʮʠʠ ʠ ʪʦʛʘʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʢʦʡʪʦ ʠ ʜʘ ʝ ʧʘʟʘʨʝʥ ʠʥʜʝʢʩ ʝ ʥʝʩʲʩʪʦʷʪʝʣʥʦ, 

ʟʘʱʦʪʦ ʧʦʚʝʯʝʪʦ ʧʘʟʘʨʥʠ ʠʥʜʝʢʩʠ ʩʝ ʩʲʩʪʦʷʪ ʦʪ ʥʷʢʦʠ (ʘ ʥʝ ʦʪ ʚʩʠʯʢʠ) ʘʢʪʠʚʠ. 

ʅʘʙʣʶʜʘʚʘʥʝʪʦ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʧʘʟʘʨʝʥ ʧʦʨʪʬʝʡʣ, ʩʲʩʪʘʚʝʥ ʦʪ ʚʩʠʯʢʠ ʘʢʪʠʚʠ ʝ 

ʩʚʲʨʟʘʥʦ ʩ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʦʣʢʦʚʘ ʛʦʣʝʤʠ ʠʟʯʠʩʣʠʪʝʣʥʠ ʨʝʩʫʨʩʠ, ʯʝ ʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʲʟʤʦʞʥʦ. 

ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʘʢʦ ʟʘ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʚʩʝʢʠ ʧʦʨʪʬʝʡʣ ʩʘ 

ʥʫʞʥʠ m ʥʘ ʙʨʦʡ ʦʧʝʨʘʮʠʠ ʠ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʚʩʝʢʠ ʦʪ ʚʲʟʤʦʞʥʠʪʝ ʧʦʨʪʬʝʡʣʠ ʩʝ 

ʠʟʧʦʣʟʚʘʪ h ʥʘ ʙʨʦʡ ʦʧʝʨʘʮʠʠ, ʪʦ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʚʲʟʤʦʞʥʠ ʧʦʨʪʬʝʡʣʠ ʩʘ 

ʥʫʞʥʠ 
mh  ʦʧʝʨʘʮʠʠ ʠ ʪʦʛʘʚʘ ʦʙʱʠʷʪ ʙʨʦʡ ʥʘ ʦʧʝʨʘʮʠʠʪʝ ʝ 

mhm. . ʅʝʦʙʭʦʜʠʤʦʪʦ ʚʨʝʤʝ 

ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʪʝʟʠ ʦʧʝʨʘʮʠʠ ʝ ʨʘʚʥʦ ʥʘ 
v

Nhm.
, ʢʲʜʝʪʦ v  ʝ ʩʢʦʨʦʩʪʪʘ ʥʘ 

ʠʟʧʦʣʟʚʘʥʘʪʘ ʤʘʰʠʥʘ. ɸʢʦ ʩʝ ʧʨʠʝʤʝ, ʯʝ 
12104,2 ³=v  

sec
flop

 (ʩʢʦʨʦʩʪʪʘ ʥʘ Cray T3E 

), 400ºm , 30=m  ʠ 100=h , ʪʦ ʥʝʦʙʭʦʜʠʤʦʪʦ ʚʨʝʤʝ ʝ 
50

12

30

10.67,1
10.4,2

100.400
º  sec ʠʣʠ 

ʧʨʠʙʣʠʟʠʪʝʣʥʦ 
4210.3,5  ʛʦʜʠʥʠ. 

 

 ɺ. ɹʝʟʨʠʩʢʦʚʠ ʘʢʪʠʚʠ 

ɺʘʞʥʦ ʫʩʣʦʚʠʝ ʚ ʄʆʂɸ ʝ ʩʲʱʝʩʪʚʫʚʘʥʝʪʦ ʥʘ ʙʝʟʨʠʩʢʦʚʠ ʘʢʪʠʚʠ. ʇʨʘʢʪʠʢʘʪʘ 

ʥʘ ʬʠʥʘʥʩʦʚʠʪʝ ʧʘʟʘʨʠ ʧʨʝʟ 2007-2012 ʧʦʢʘʟʚʘ, ʯʝ ʪʦʚʘ ʫʩʣʦʚʠʝ ʝ ʥʝʩʲʩʪʦʷʪʝʣʥʦ. 

 

 ɻ. ʂʘʨʜʠʥʘʣʥʦʩʪ 
ʇʨʠʝʤʘʥʝʪʦ, ʯʝ ʥʷʤʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘ ʯʘʩʪʪʘ, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʩʝ 

ʚʣʦʞʠ ʚ ʜʘʜʝʥ ʘʢʪʠʚ ʝ ʥʝʨʝʘʣʠʩʪʠʯʥʦ. ʇʨʠ ʨʝʘʣʥʦ ʪʲʨʛʫʚʘʥʝ ʥʘ ʬʦʥʜʦʚʘʪʘ ʙʦʨʩʘ ʥʝ 

ʚʩʷʢʘ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʮʝʥʥʠ ʢʥʠʞʘ ʝ ʚʲʟʤʦʞʥʘ. ʆʪ ʝʜʥʘ ʩʪʨʘʥʘ ʩ ʜʘʜʝʥʘ ʩʫʤʘ ʥʝ ʚʠʥʘʛʠ 

ʤʦʞʝ ʜʘ ʩʝ ʢʫʧʷʪ ʮʝʣʦʯʠʩʣʝʥ ʙʨʦʡ ʘʢʪʠʚʠ, ʘ ʦʪ ʜʨʫʛʘ ï ʚ ʜʘʜʝʥ ʤʦʤʝʥʪ ʞʝʣʘʥʠʷʪ ʘʢʪʠʚ 
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ʤʦʞʝ ʜʘ ʥʝ ʩʝ ʧʨʦʜʘʚʘ ʠʣʠ ʜʘ ʩʝ ʧʨʦʜʘʚʘ ʚ ʢʦʣʠʯʝʩʪʚʘ, ʨʘʟʣʠʯʥʠ ʦʪ ʧʦʣʫʯʝʥʠʪʝ ʚ 

ʤʦʜʝʣʘ. 

 

 ɼ. ʅʝʩʠʛʫʨʥʦʩʪ ʠ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪ ʥʘ ʬʠʥʘʥʩʦʚʠʪʝ ʧʘʟʘʨʠ 

ɺ ʮʝʥʠʪʝ ʥʘ ʘʢʪʠʚʠʪʝ, ʪʲʨʛʫʚʘʥʠ ʥʘ ʬʦʥʜʦʚʠʪʝ ʧʘʟʘʨʠ ʥʘʤʠʨʘʪ ʦʪʨʘʞʝʥʠʝ 

ʦʛʨʦʤʝʥ ʙʨʦʡ ʬʘʢʪʦʨʠ: ʧʦʣʠʪʠʯʝʩʢʠ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʨʝʰʝʥʠʷ ʥʘ ʧʨʘʚʠʪʝʣʩʪʚʘʪʘ, 

ʬʠʥʘʥʩʦʚʠ ʠʥʪʝʨʝʩʠ ʥʘ ʢʦʤʧʘʥʠʠʪʝ, ʪʝʦʨʠʠ, ʩʪʨʘʪʝʛʠʠ, ʧʨʦʛʥʦʟʠ, ʜʝʡʩʪʚʠʷ ʠ 

ʦʯʘʢʚʘʥʠʷ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʠ ʨʝʘʢʮʠʠ ʥʘ ʙʦʨʩʦʚʠʪʝ ʠʛʨʘʯʠ, ʥʝ ʥʘ ʧʦʩʣʝʜʥʦ ʤʷʩʪʦ 

ʧʨʠʨʦʜʥʠ ʢʘʪʘʢʣʠʟʤʠ ʠ ʙʝʜʩʪʚʠʷ. ʊʝʟʠ ʬʘʢʪʦʨʠ ʧʦʩʪʦʷʥʥʦ ʩʠ ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ, ʟʘʱʦʪʦ 

ʚʩʠʯʢʠ (ʨʝʛʫʣʘʪʦʨʥʠ ʦʨʛʘʥʠ, ʧʨʘʚʠʪʝʣʩʪʚʘ, ʙʘʥʢʝʨʠ, ʠʥʚʝʩʪʠʪʦʨʠ ʠ ʘʥʘʣʠʟʘʪʦʨʠ) ʩʘ 

ʫʯʘʩʪʥʠʮʠ ʚ ʪʦʟʠ ʧʨʦʮʝʩ ʥʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʚ ʩʨʝʜʘ, ʟʘʚʠʩʝʱʘ ʦʪ ʙʝʟʙʨʦʡ ʬʘʢʪʦʨʠ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʦʪ ʪʝʭʥʠʪʝ ʩʦʙʩʪʚʝʥʠ ʜʝʡʩʪʚʠʷ. ʅʝʩʠʛʫʨʥʦʩʪʪʘ ʠ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪʪʘ ʩʘ 

ʥʝʠʟʙʝʞʝʥ ʬʘʢʪ ʦʪ ʨʝʘʣʥʦʩʪʪʘ ʥʘ ʬʠʥʘʥʩʦʚʠʪʝ ʧʘʟʘʨʠ. ʊʘʟʠ ʥʝʩʠʛʫʨʥʦʩʪ ʥʝ ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʠʟʫʯʝʥʘ ʠ ʠʟʙʝʛʥʘʪʘ ʥʘʧʲʣʥʦ, ʥʘʡ-ʤʘʣʢʦʪʦ ʧʦʨʘʜʠ ʬʘʢʪʘ, ʯʝ ʝ ʥʝʚʲʟʤʦʞʥʦ ʜʘ ʩʝ 

ʧʨʦʚʝʜʘʪ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʠ ʥʘʧʲʣʥʦ ʠʜʝʥʪʠʯʥʠ ʫʩʣʦʚʠʷ - ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʛʣʦʙʘʣʥʘʪʘ 

ʬʠʥʘʥʩʦʚʘ ʩʠʩʪʝʤʘ ʚʲʚ ʚʩʝʢʠ ʤʦʤʝʥʪ ʝ ʫʥʠʢʘʣʥʦ ʠ ʨʘʟʣʠʯʥʦ ʦʪ ʧʨʝʜʭʦʜʥʦʪʦ.  

ɺ ʄʇʊ, ʄʆʂɸ ʠ ʜʨʫʛʠ ʤʦʜʝʣʠ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʝʜʧʦʣʦʞʝʥʠʝʪʦ, ʯʝ ʦʯʘʢʚʘʥʠʪʝ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪʠ ʥʘ ʦʪʜʝʣʥʠʪʝ ʮʝʥʥʠ ʢʥʠʞʘ ʠʤʘʪ ʥʦʨʤʘʣʥʦ ʠʣʠ ʜʨʫʛʦ ʚʝʨʦʷʪʥʦʩʪʥʦ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ.  

ɽʤʧʠʨʠʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʦʙʘʯʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʪʦʚʘ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʝ ʝ 

ʠʟʧʲʣʥʝʥʦ [2],  [6], [14],  [34]. ʇʨʠ ʧʨʦʚʝʨʢʘ ʥʘ ʭʠʧʦʪʝʟʠʪʝ ʟʘ ʩʲʱʝʩʪʚʫʚʘʥʝ ʥʘ 

ʥʦʨʤʘʣʥʦ ʠʣʠ ʣʦʛ-ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʩʲʦʪʚʝʪʥʦ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠʪʝ ʠ ʥʘ 

ʪʝʭʥʠʪʝ ʣʦʛʘʨʠʪʤʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʨʘʟʣʠʯʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʪʝʩʪʦʚʝ. ɺ [2] ʟʘ 

ʧʨʦʚʝʨʢʘ ʥʘ ʭʠʧʦʪʝʟʘʪʘ ʟʘ ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʣʦʛʘʨʠʪʤʠʯʥʠʪʝ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠ 

ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʪʝʩʪ ʥʘ ʂʦʣʤʦʛʦʨʦʚ-ʉʤʠʨʥʦʚ ʧʨʠ ʥʠʚʘ ʥʘ ʟʥʘʯʠʤʦʩʪ 1,0;05,0;01,0=a  ʠ 

ʪʝʩʪ ʥʘ ɾʘʨʢ-ɹʝʨʘ. ʇʨʠ ʪʝʩʪʘ ʥʘ ʂʦʣʤʦʛʦʨʦʚ-ʉʤʠʨʥʦʚ ʭʠʧʦʪʝʟʘʪʘ ʟʘ ʥʦʨʤʘʣʥʦ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʣʦʛʘʨʠʪʤʠʯʥʠʪʝ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠ ʥʘ ʘʢʮʠʠʪʝ ʪʲʨʛʫʚʘʥʠ ʥʘ ɹʌɹ ʩʝ 

ʦʪʭʚʲʨʣʷ ʧʨʠ ʚʩʷʢʦ ʦʪ ʪʨʠʪʝ ʥʠʚʘ ʥʘ ʟʥʘʯʠʤʦʩʪ. ʇʨʠ ʪʝʩʪʘ ʥʘ ɾʘʨʢ-ɹʝʨʘ ʩʝ ʦʮʝʥʷʚʘ 

ʝʢʩʮʝʩʘ ʠ ʘʩʠʤʝʪʨʠʷʪʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʝʤʧʠʨʠʯʥʠʪʝ ʜʘʥʥʠ. ɽʤʧʠʨʠʯʥʠʪʝ ʜʘʥʥʠ 

ʧʦʢʘʟʚʘʪ, ʯʝ ʠ ʘʩʠʤʝʪʨʠʷʪʘ ʠ ʝʢʩʮʝʩʘ ʥʘ ʣʦʛʘʨʠʪʤʠʯʥʠʪʝ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠ ʩʝ ʨʘʟʣʠʯʘʚʘʪ 

ʦʪ ʪʝʟʠ ʥʘ ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠ ʚʝʣʠʯʠʥʠ. 

 

ʉʦʬʪ ʢʦʤʧʶʪʠʥʛ ʝ ʝʜʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʩʲʚʨʝʤʝʥʥʠʷ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, 

ʧʨʝʜʣʘʛʘʱʦ ʩʨʝʜʩʪʚʘ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʧʦʜʦʙʥʠ ʩʠʪʫʘʮʠʠ. 

 

1.4. ʉʦʬʪ ʢʦʤʧʶʪʠʥʛ ʢʘʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʠʟʢʫʩʪʚʝʥʠʷ 

ʠʥʪʝʣʝʢʪ 

1.4.1. ʀʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ 

ʀʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ (ʀʀ) ʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʢʦʤʧʶʪʲʨʥʘʪʘ ʥʘʫʢʘ. ʊʝʨʤʠʥʲʪ 

ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʝ ʚʲʚʝʜʝʥ ʦʪ ɼʞʦʥ ʄʘʢʘʨʪʠ ʧʨʝʟ 1956 ʢʘʪʦ Ăʥʘʫʢʘʪʘ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ 

ʠʥʪʝʣʠʛʝʥʪʥʠ ʤʘʰʠʥʠò [63]. ʀʩʪʦʨʠʯʝʩʢʠ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʚʲʟʥʠʢʚʘ ʦʪ ʦʧʠʪʠʪʝ 

ʟʘ ʬʦʨʤʘʣʠʟʠʨʘʥʝ ʥʘ ʯʦʚʝʰʢʦʪʦ ʟʥʘʥʠʝ ʩʲʩ ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʪʘ ʣʦʛʠʢʘ ʠ 

ʧʲʨʚʦʥʘʯʘʣʥʦ ʩʝ ʧʨʠʣʘʛʘ ʟʘ ʜʦʢʘʟʚʘʥʝ ʥʘ ʪʝʦʨʝʤʠ ʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʠʛʨʠ. ʆʩʥʦʚʘ ʥʘ 

ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʩʪʘʚʘʪ ʨʘʟʣʠʯʥʠ ʥʘʫʢʠ: ʬʠʣʦʩʦʬʠʷ, ʤʘʪʝʤʘʪʠʢʘ, ʘʣʛʦʨʠʪʤʠ, 
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ʣʦʛʠʢʘ, ʧʩʠʭʦʣʦʛʠʷ, ʠʥʬʦʨʤʘʪʠʢʘ, ʣʠʥʛʚʠʩʪʠʢʘ, ʥʦ ʧʦʩʪʝʧʝʥʥʦ ʪʦʚʘ ʥʘʧʨʘʚʣʝʥʠʝ ʩʝ 

ʦʙʦʛʘʪʷʚʘ ʩ ʜʨʫʛʠ ʦʙʝʢʪʠ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʠ ʜʨʫʛʠ ʩʨʝʜʩʪʚʘ  [50].  

ɺ ʥʘʩʪʦʷʱʠʷ ʤʦʤʝʥʪ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʝ ʩʲʚʢʫʧʥʦʩʪ ʦʪ ʪʨʘʜʠʮʠʦʥʥʠʷ 

ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʦʙʦʛʘʪʝʥ ʩ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʦʣʦʛʠʠ ʟʘ ʯʠʩʣʝʥʦ ʧʨʝʩʤʷʪʘʥʝ, ʢʘʪʦ 

ʦʙʝʢʪ ʥʘ ʠʟʢʫʩʪʚʝʥʠ ̫ʠʥʪʝʣʝʢʪ (ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʥʝʠʟʢʫʩʪʚʝʥʠ ̫ʠʥʪʝʣʝʢʪ) ʩʪʘʚʘʪ ʦʩʥʦʚʥʦ 

ʦʥʝʟʠ ʟʘʜʘʯʠ, ʟʘ ʢʦʠʪʦ ʣʠʧʩʚʘʪ ʜʠʨʝʢʪʥʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠʣʠ ʣʦʛʠʯʝʩʢʠ ʘʣʛʦʨʠʪʤʠ ʠ 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʝʰʘʚʘʥʠ ʩʘʤʦ ʠʥʪʫʠʪʠʚʥʦ. ʂʲʤ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʙʘʟʠʩʥʠ ʟʘ ʠʟʢʫʩʪʚʝʥʠ ̫

ʠʥʪʝʣʝʢʪ ʥʘʫʢʠ ʩʝ ʜʦʙʘʚʷʪ ʥʦʚʠ: ʢʦʤʧʶʪʲʨʥʠ ʥʘʫʢʠ, ʥʝʚʨʦʣʦʛʠʷ, ʢʦʛʥʠʪʠʚʥʘ ʥʘʫʢʘ, 

ʦʥʪʦʣʦʛʠʷ, ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʦʧʝʨʘʮʠʠʪʝ, ʠʢʦʥʦʤʠʢʘ, ʚʝʨʦʷʪʥʦʩʪʠ, ʦʧʪʠʤʠʨʘʥʝ ʠ ʜʨʫʛʠ. 

ʆʙʣʘʩʪʠʪʝ ʥʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʩʘ 

ʠʟʢʣʶʯʠʪʝʣʥʦ ʨʘʟʥʦʦʙʨʘʟʥʠ: ʝʢʩʧʝʨʪʥʠ ʩʠʩʪʝʤʠ, ʠʛʨʠ, ʜʦʢʘʟʘʪʝʣʩʪʚʦ ʥʘ ʪʝʦʨʝʤʠ, 

ʦʙʨʘʙʦʪʢʘ ʥʘ ʝʩʪʝʩʪʚʝʥʠ ʝʟʠʮʠ, ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʨʘʟʠ, ʨʦʙʦʪʠʢʘ, ʥʘʚʠʛʘʮʠʷ, ʩʠʩʪʝʤʠ 

ʟʘ ʫʧʨʘʚʣʝʥʠʝ, ʩʠʩʪʝʤʠ ʟʘ ʧʣʘʥʠʨʘʥʝ, ʜʝʡʪʘ ʤʘʡʥʠʥʛ, ʣʦʛʠʩʪʠʢʘ ʠ ʤʥʦʛʦ ʜʨʫʛʠ. [3] 

ɿʘ ʘʣʪʝʨʥʘʪʠʚʥʦ ʥʘʟʚʘʥʠʝ ʥʘ ʥʘʫʯʥʘʪʘ ʦʙʣʘʩʪ Ăʀʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪò ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʦʱʝ ʠʟʯʠʩʣʠʪʝʣʥʘ ʠʥʪʝʣʠʛʝʥʪʥʦʩʪ, ʩʠʥʪʝʪʠʯʥʘ ʠʥʪʝʣʠʛʝʥʪʥʦʩʪ, 

ʠʥʪʝʣʠʛʝʥʪʥʠ ʩʠʩʪʝʤʠ, ʠʟʯʠʩʣʠʪʝʣʥʘ ʨʘʮʠʦʥʘʣʥʦʩʪ, ʢʘʪʦ ʪʦʚʘ ʝ ʦʧʠʪ ʜʘ ʩʝ ʨʘʟʛʨʘʥʠʯʠ 

ʪʨʘʜʠʮʠʦʥʥʠʷʪ ʀʀ, ʦʧʝʨʠʨʘʱ ʩʲʩ ʩʠʤʚʦʣʠ (ʠʣʠ ʦʱʝ GOFAI=Good-Old-Fashioned-

Artificial -Intelligence), ʦʪ ʩʲʚʨʝʤʝʥʥʦʪʦ ʤʫ ʩʲʜʲʨʞʘʥʠʝ. 

ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʠʟʯʠʩʣʝʥʠʷ (hard computing) ʦʩʥʦʚʥʠʪʝ ʮʝʣʠ ʩʘ ʪʦʯʥʦʩʪ, 

ʩʠʛʫʨʥʦʩʪ ʠ ʩʪʨʦʛʦʩʪ. ʊʦʯʥʦ ʦʙʨʘʪʥʦ, ʦʪʧʨʘʚʥʘʪʘ ʪʦʯʢʘ ʧʨʠ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛ ʝ ʪʝʟʘʪʘ, 

ʯʝ ʪʦʯʥʦʩʪʪʘ ʠ ʩʠʛʫʨʥʦʩʪʪʘ ʠʤʘʪ ʚʠʩʦʢʘ ʮʝʥʘ ʠ ʯʝ ʧʨʠ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʠʟʯʠʩʣʝʥʠʷ, 

ʨʘʟʩʲʞʜʝʥʠʷ ʠ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʜʦʧʫʩʢʘʥʘ (ʢʲʜʝʪʦ ʠ ʢʦʛʘʪʦ ʝ 

ʚʲʟʤʦʞʥʦ) ʪʦʣʝʨʘʥʪʥʦʩʪ ʢʲʤ ʥʝʪʦʯʥʦʩʪ ʠ ʥʝʩʠʛʫʨʥʦʩʪ. ʉʣʝʜʚʘʡʢʠ ʪʘʟʠ ʪʝʟʘ,  ʚ ʩʦʬʪ 

ʢʦʤʧʶʪʠʥʛʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʤʦʜʝʣ ʯʦʚʝʰʢʠʷ ʤʦʟʲʢ ʠ ʚ ʩʲʱʦʪʦ ʚʨʝʤʝ ʮʝʣʪʘ ʝ 

ʬʦʨʤʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʢʦʛʥʠʪʠʚʥʠʪʝ ʧʨʦʮʝʩʠ, ʢʦʠʪʦ ʭʦʨʘʪʘ ʫʧʦʪʨʝʙʷʚʘʪ ʪʦʣʢʦʚʘ 

ʝʬʝʢʪʠʚʥʦ ʧʨʠ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʜʝʡʥʦʩʪʠ  [94].  

ʉʦʬʪ ʢʦʤʧʶʪʠʥʛʲʪ ʩʝ ʩʲʩʪʦʠ ʦʪ ʥʷʢʦʣʢʦ ʠʟʯʠʩʣʠʪʝʣʥʠ ʧʘʨʘʜʠʛʤʠ: ʨʘʟʤʠʪʘ 

ʣʦʛʠʢʘ, ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ, ʧʨʠʙʣʠʟʠʪʝʣʥʠ ʠʟʚʦʜʠ ʠ ʥʝʜʠʬʝʨʝʥʮʠʘʣʥʠ ʤʝʪʦʜʠ ʟʘ 

ʦʧʪʠʤʠʟʘʮʠʷ ʢʘʪʦ ʛʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ ʠ ʩʠʤʫʣʠʨʘʥʦ ʟʘʢʘʣʷʚʘʥʝ  [47].  

ɺʨʲʟʢʘʪʘ ʤʝʞʜʫ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʠ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛʘ ʥʝ ʝ ʪʨʠʚʠʘʣʥʘ - 

ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʘʟʛʣʝʞʜʘʥʠ ʢʘʪʦ ʝʣʝʤʝʥʪʠ ʥʘ 

ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ, ʟʘʱʦʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʥʷʢʦʠ ʧʨʦʙʣʝʤʠ ʥʘ 

ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ. ɼʲʣʛʦʩʨʦʯʥʘʪʘ ʮʝʣ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʝ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ 

ʤʘʰʠʥʥʘ ʠʥʪʝʣʠʛʝʥʪʥʦʩʪ ʠ ʜʦʢʦʣʢʦʪʦ ʜʘʜʝʥʘ ʠʥʪʝʣʠʛʝʥʪʥʘ ʩʠʩʪʝʤʘ ʝ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ 

ʚʲʟʧʨʠʝʤʘ ʠʟʤʝʥʝʥʠʷʪʘ ʥʘ ʩʨʝʜʘʪʘ ʠ ʜʘ ʨʝʘʛʠʨʘ, ʘ ʪʲʡ ʢʘʪʦ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛʲʪ ʩʝ 

ʩʪʨʝʤʠ ʢʲʤ ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʲʱʠʷ ʤʦʜʝʣ, ʪʦ ʩʣʝʜʦʚʘʪʝʣʥʦ ʪʦʡ ʩʝ ʨʘʟʚʠʚʘ ʜʦ ʠʟʚʝʩʪʥʘ 

ʩʪʝʧʝʥ ʧʦʜ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ  [30]. 

1.4.2. ʉʦʬʪ ʢʦʤʧʶʪʠʥʛ 

ʇʨʝʟ 1991 ɿʘʜʝ ʚʲʚʝʞʜʘ ʠʜʝʷʪʘ ʟʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛ ʚ ʦʧʠʪ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʥʦʚ 

ʚʠʜ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ. 

ʅʘ 13.03.1991 ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʪʘ ʥʘ Industrial Liason Program (ILP) ʚ ɹʲʨʢʣʠ ʝ 

ʩʲʟʜʘʜʝʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ Berkley Initiative on Soft Computing (BISC). 

 

ʆʩʥʦʚʥʠʷʪ ʧʨʠʥʮʠʧ ʥʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛʘ, ʜʝʬʠʥʠʨʘʥ ʦʪ BISC, ʝ:  

ʂʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʜʦʧʫʩʪʠʤʘʪʘ ʩʪʝʧʝʥ ʥʘ ʥʝʪʦʯʥʦʩʪ, ʥʝʩʠʛʫʨʥʦʩʪ, 

ʯʘʩʪʠʯʥʘ ʠʩʪʠʥʥʦʩʪ ʠ ʧʨʠʙʣʠʞʝʥʠʝ, ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʷʩʥʦ, ʩʪʘʙʠʣʥʦ ʠ ʥʘ 

ʥʠʩʢʘ ʮʝʥʘ ʨʝʰʝʥʠʝ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʧʨʦʙʣʝʤʠ, ʩʚʲʨʟʘʥʠ ʩʲʩ 

ʩʲʚʨʝʤʝʥʥʦʪʦ ʪʝʭʥʦʣʦʛʠʯʥʦ ʨʘʟʚʠʪʠʝ ʠ ʪʘʢʘ ʜʘ ʩʝ ʢʦʤʧʝʥʩʠʨʘ ʣʠʧʩʘʪʘ ʥʘ 
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ʠʟʠʩʢʚʘʥʘʪʘ ʠʥʪʝʣʠʛʝʥʪʥʦʩʪ ʚ ʩʝʛʘʰʥʠʪʝ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʘ 

ʯʝ ʜʘ ʧʦʟʚʦʣʠ ʯʦʚʝʰʢʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ, ʪ.ʝ. ʯʦʚʝʰʢʠʷʪ ʤʦʟʲʢ ʜʘ ʙʲʜʝ 

ʠʟʧʦʣʟʚʘʥ ʟʘ ʤʦʜʝʣ. [100] 

 

ʉʦʬʪ ʢʦʤʧʶʪʠʥʛʲʪ, ʩʧʦʨʝʜ BISC, ʩʝ ʩʲʩʪʦʠ ʦʪ  

¶ ʨʘʟʤʠʪʠ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʚʘʱʠ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ ʠ ʠʛʨʘʝʱʠ ʚʦʜʝʱʘ 

ʨʦʣʷ; 

¶ ʝʚʦʣʶʮʠʦʥʥʦ ʧʨʝʩʤʷʪʘʥʝ, ʚʢʣʶʯʚʘʱʦ ʛʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ; 

¶ ʠʟʢʫʩʪʚʝʥʠ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ; 

¶ ʤʘʰʠʥʥʦ ʦʙʫʯʝʥʠʝ; 

¶ ʚʝʨʦʷʪʥʦʩʪʥʠ ʠʟʚʦʜʠ, 

ʢʘʪʦ ʪʝʟʠ ʤʝʪʦʜʦʣʦʛʠʠ ʩʝ ʜʦʧʲʣʚʘʪ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʠʩʪʝʤʠ ʩ ʚʠʩʦʢ 

MIQ (Machine Intelligence Quotient). [100]  
 

ʆʩʥʦʚʥʠʪʝ ʠʜʝʠ ʥʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛʘ ʩʘ ʦʩʥʦʚʘʥʠ ʥʘ ʢʦʥʮʝʧʮʠʷʪʘ ʟʘ ʨʘʟʤʠʪʠ 

ʤʥʦʞʝʩʪʚʘ, ʧʨʝʜʣʦʞʝʥʠ ʦʪ ɿʘʜʝ ʧʨʝʟ 1965  [95]. ʇʨʝʟ 1973 ɿʘʜʝ ʚʲʚʝʞʜʘ ʧʨʘʚʠʣʘ ʟʘ 

ʜʝʬʠʥʠʨʘʥʝ ʥʘ ʣʠʥʛʚʠʩʪʠʯʥʠ ʧʨʦʤʝʥʣʠʚʠ ʠ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʘʢʦ-ʪʦ ʧʨʘʚʠʣʘ [97]. 

ʇʨʠʣʦʞʝʥʠʝ ʥʘ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʧʨʝʜʣʘʛʘʪ ɿʘʜʝ ʠ ɹʝʣʤʘʥ [96]. 

ʇʨʝʟ 1979 ɿʘʜʝ ʜʘʚʘ ʠʜʝʠ ʟʘ ʧʨʘʚʝʥʝ ʥʘ ʠʟʚʦʜʠ ʠ ʜʝʜʫʢʪʠʚʥʠ ʨʘʟʩʲʞʜʝʥʠʷ ʦʪ 

ʧʨʠʙʣʠʟʠʪʝʣʥʘ ʠʥʬʦʨʤʘʮʠʷ  [93]; 1981 ï ʧʫʙʣʠʢʫʚʘ ʪʝʦʨʠʷ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʠ 

ʩʦʬʪʜʝʡʪʘ ʘʥʘʣʠʟ, ʧʨʝʟ 1991 ʜʘʚʘ ʠʜʝʷ ʟʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛ; ʚ 1999 ï ʠʟʯʠʩʣʝʥʠʷ ʩ ʜʫʤʠ 

ʠ eʜʠʥʥʘ ʪʝʦʨʠʷ ʥʘ ʥʝʩʠʛʫʨʥʦʩʪʪʘ, ʚ 2005 ʧʫʙʣʠʢʫʚʘ oʙʦʙʱʝʥʘ ʪʝʦʨʠʷ ʥʘ 

ʥʝʩʠʛʫʨʥʦʩʪʪʘ. 

ʈʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ ʝ ʦʩʥʦʚʘʪʘ ʥʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛʘ. ʂ̡ ʤ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ ʧʲʨʚʦ 

ʩʘ ʜʦʙʘʚʝʥʠ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ, ʘ ʧʦ-ʢʲʩʥʦ ʠ ʝʚʦʣʶʮʠʦʥʥʠ ʧʨʝʩʤʷʪʘʥʠʷ ʠ ʚʝʨʦʷʪʥʦʩʪʥʠ 

ʠʟʚʦʜʠ ʠ ʜʨʫʛʠ. 

ʇʨʝʟ 1983 ʂʨ. ɸʪʘʥʘʩʦʚ ʧʨʝʜʣʘʛʘ ʠʜʝʷʪʘ ʟʘ ʠʥʪʫʠʮʠʦʥʠʩʪʢʠ ʨʘʟʤʠʪʠ 

ʤʥʦʞʝʩʪʚʘ [18], ʚ ʢʦʠʪʦ ʦʩʚʝʥ ʩʪʝʧʝʥ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʝ ʜʦʙʘʚʝʥʘ ʠ ʩʪʝʧʝʥ ʥʘ 

ʥʝʧʨʠʥʘʜʣʝʞʥʦʩʪ. ɽʜʥʠ ʦʪ ʚʘʞʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʚʲʚʝʜʝʥʠʪʝ ʦʪ ʂʨ. 

ɸʪʘʥʘʩʦʚ ʦʧʝʨʘʪʦʨʠ: ʤʦʜʘʣʥʠʪʝ ʦʧʝʨʘʪʦʨʠ ʥʝʦʙʭʦʜʠʤʦ; ʚʲʟʤʦʞʥʦ; ʦʙʦʙʱʘʚʘʱ ʛʠ 

ʤʦʜʘʣʝʥ ʦʧʝʨʘʪʦʨ ʠ ʜʨʫʛʠ. ʊʝʦʨʠʷʪʘ ʥʘ ʠʥʪʫʠʮʠʦʥʠʩʪʢʠ ʨʘʟʤʠʪʠʪʝ ʤʥʦʞʝʩʪʚʘ 

ʧʨʝʪʲʨʧʷʚʘ ʠʥʪʝʥʟʠʚʥʦ ʠ ʧʨʦʜʲʣʞʘʚʘʱʦ ʨʘʟʚʠʪʠʝ. 

ʂ. ʇʝʝʚʘ ʚʲʚʝʞʜʘ ʠ ʠʟʩʣʝʜʚʘ ʨʘʟʤʠʪʠ ʢʨʘʡʥʠ ʘʚʪʦʤʘʪʠ, ʨʘʟʤʠʪʠ ʣʠʥʝʡʥʠ 

ʩʠʩʪʝʤʠ  ʠ ʝ ʝʜʠʥ ʦʪ ʩʲʟʜʘʪʝʣʠʪʝ ʥʘ MATLAB  Fuzzy Relational Calculus Toolbox [70]. 

1.4.3. ʆʩʥʦʚʥʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛ 

1.4.3.1. ʈʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ ʠ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ 

ɿʘʜʝ ʧʨʝʜʣʘʛʘ ʢʦʥʮʝʧʮʠʷʪʘ ʟʘ ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ ʚ 1965  [95]. ʊʝʦʨʠʷʪʘ ʥʘ 

ʨʘʟʤʠʪʠʪʝ ʤʥʦʞʝʩʪʚʘ ʜʘʚʘ ʩʠʩʪʝʤʘ ʟʘ ʣʠʥʛʚʠʩʪʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʥʝʪʦʯʥʘ ʠ ʥʝʧʲʣʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʠ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʯʠʩʣʝʥʦ ʧʨʝʩʤʷʪʘʥʝ ʩ ʣʠʥʛʚʠʩʪʠʯʥʠ ʧʨʦʤʝʥʣʠʚʠ, 

ʦʧʠʩʘʥʠ ʯʨʝʟ ʬʫʥʢʮʠʠ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ.  

ɿʘʜʝ ʧʨʝʜʣʘʛʘ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ ʩ ʮʝʣ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʝʩʪʝʩʪʚʝʥʠʪʝ ʝʟʠʮʠ ʠ 

ʪʚʲʨʜʠ, ʯʝ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ ʥʝ ʙʠʚʘ ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ ʦʪʜʝʣʥʘ ʪʝʦʨʠʷ, ʘ ʢʘʪʦ ʧʨʦʮʝʩ 

ʥʘ ʨʘʟʤʠʚʘʥʝ - ʦʙʦʙʱʝʥʠʝ ʟʘ ʚʩʷʢʘ ʪʝʦʨʠʷ ʦʪ ʜʠʩʢʨʝʪʥʘ ʢʲʤ ʥʝʧʨʝʢʲʩʥʘʪʘ. 

ʈʘʟʤʠʪʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʠʟʚʦʜʠ ʝʬʝʢʪʠʚʥʦ ʤʦʜʝʣʠʨʘʪ ʯʦʚʝʰʢʘʪʘ ʝʢʩʧʝʨʪʥʦʩʪ ʚ 

ʢʦʥʢʨʝʪʥʠ ʧʨʠʣʦʞʝʥʠʷ, ʢʘʪʦ ʢʣʶʯʦʚʘʪʘ ʠʤ ʢʦʤʧʦʥʝʥʪʘ ʝ ʤʥʦʞʝʩʪʚʦ ʦʪ ʨʘʟʤʠʪʠ Ăʘʢʦ-

ʪʦò ʧʨʘʚʠʣʘ, ʜʝʬʠʥʠʨʘʥʠ ʚʲʨʭʫ ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ. ʉʲʱʝʩʪʚʫʚʘʪ ʩʠʩʪʝʤʠ ʚʲʨʭʫ 

ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ ʦʪ ʪʠʧ 1, ʧʨʠ ʢʦʠʪʦ ʨʝʟʫʣʪʘʪʲʪ ʝ ʨʘʟʤʠʪʘ ʧʨʦʤʝʥʣʠʚʘ ʩ ʨʝʘʣʥʠ 
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ʬʫʥʢʮʠʠ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʠ ʩʠʩʪʝʤʠ ʚʲʨʭʫ ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ ʦʪ ʪʠʧ 2 ï ʨʝʟʫʣʪʘʪʲʪ ʝ 

ʨʘʟʤʠʪʘ ʧʨʦʤʝʥʣʠʚʘ ʩʲʩ ʩʪʝʧʝʥʠ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ, ʢʦʠʪʦ ʩʘ ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ ʠ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʚ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʠʪʦ ʩʪʝʧʝʥʠʪʝ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘʪ 

ʪʦʯʥʦ  [64]. 

ʆʩʥʦʚʝʥ ʥʝʜʦʩʪʘʪʲʢ ʥʘ ʨʘʟʤʠʪʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʠʟʚʦʜʠ ʝ ʣʠʧʩʘʪʘ ʥʘ ʘʜʘʧʪʠʚʥʦʩʪ 

ʟʘ ʛʲʚʢʘʚʦ ʨʝʘʛʠʨʘʥʝ ʥʘ ʧʨʦʤʝʥʠ ʚ ʫʩʣʦʚʠʷʪʘ  [47]. 

ʅʷʢʦʠ ʚʘʞʥʠ ʪʝʦʨʝʪʠʯʥʠ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʨʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʟʘ ʠʟʚʦʜʠ, ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʚ ɻʣʘʚʘ 2. 

 

1.4.3.2. ɽʚʦʣʶʮʠʦʥʥʠ ʧʨʝʩʤʷʪʘʥʠʷ  

ɺ ʝʚʦʣʶʮʠʦʥʥʠʪʝ ʧʨʝʩʤʷʪʘʥʠʷ ʩʝ ʠʟʧʦʣʟʚʘʪ ʦʧʪʠʤʠʟʘʮʠʦʥʥʠ ʘʣʛʦʨʠʪʤʠ, ʢʦʠʪʦ 

ʠʤʠʪʠʨʘʪ ʧʨʠʥʮʠʧʠ, ʥʘʙʣʶʜʘʚʘʥʠ ʚ ʧʨʠʨʦʜʘʪʘ ʠ ʜʦʢʘʟʘʣʠ ʩʚʦʷʪʘ ʧʨʠʛʦʜʥʦʩʪ ʠ 

ʧʨʠʣʦʞʠʤʦʩʪ. ʆʩʦʙʝʥʦ ʚʘʞʥʠ ʩʘ ʩʣʫʯʘʠʪʝ, ʚ ʢʦʠʪʦ ʧʨʠʨʦʜʘʪʘ ʝ ʥʘʤʝʨʠʣʘ ñʩʪʘʙʠʣʥʠ 

ʦʩʪʨʦʚʠò ʚ ñʙʫʨʥʠʷ ʦʢʝʘʥò ʦʪ ʚʲʟʤʦʞʥʠ ʨʝʰʝʥʠʷ ï ʢʘʪʦ ʧʨʦʮʝʩʘ ʥʘ ʟʘʢʘʣʷʚʘʥʝ ʥʘ 

ʩʪʦʤʘʥʘʪʘ, ʮʝʥʪʨʘʣʥʘʪʘ ʥʝʨʚʥʘ ʩʠʩʪʝʤʘ, ʙʠʦʣʦʛʠʯʥʘʪʘ ʝʚʦʣʶʮʠʷ ʠ ʜʨ.  [78] 

ʇʲʨʚʠʪʝ ʠʜʝʠ ʚ ʦʙʣʘʩʪʪʘ ʧʨʝʜʣʘʛʘʪ ʌʨʝʡʟʲʨ ʠ ɹʦʢʩ ʚ ʢʨʘʷ ʥʘ 50-ʪʝ ʛʦʜʠʥʠ ʥʘ 

20-ʪʠ ʚʝʢ.  [58] 

ʆʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʝʚʦʣʶʮʠʷʪʘ ʩʘ ʧʨʦʠʟʣʝʟʣʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʠ 

ʤʝʪʦʜʠ ʢʘʪʦ: 

¶ ʛʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ - Genetic Algorithms (GA); 

¶ ʝʚʦʣʶʮʠʦʥʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ - Evolutionary Programming (EP); 

¶ ʝʚʦʣʶʮʠʦʥʥʠ ʩʪʨʘʪʝʛʠʠ - Evolution Strategies (ES); 

¶ ʩʠʩʪʝʤʠ ʟʘ ʢʣʘʩʠʬʠʮʠʨʘʥʝ - Classifier Systems (CFS); 

¶ ʛʝʥʝʪʠʯʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ - Genetic Programming (GP), 

ʢʦʠʪʦ ʩʘ ʝʣʝʤʝʥʪʠ ʥʘ ʝʚʦʣʶʮʠʦʥʥʠʪʝ ʘʣʛʦʨʠʪʤʠ. ɺʩʠʯʢʠ ʪʝ ʩʠʤʫʣʠʨʘʪ ʝʚʦʣʶʮʠʷʪʘ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʯʨʝʟ ʧʨʦʮʝʩʠʪʝ ʩʝʣʝʢʮʠʷ, ʤʫʪʘʮʠʷ ʠ ʚʲʟʧʨʦʠʟʚʝʞʜʘʥʝ ʠ ʩʘ 

ʙʘʟʠʨʘʥʠ ʚʲʨʭʫ ʙʠʦʣʦʛʠʯʥʠ ʥʘʙʣʶʜʝʥʠʷ, ʢʘʪʦ ʪʝʦʨʠʷʪʘ ʥʘ ɼʘʨʚʠʥ ʟʘ ʝʩʪʝʩʪʚʝʥʠʷ 

ʧʦʜʙʦʨ ʠ ʦʮʝʣʷʚʘʥʝ ʥʘ ʥʘʡ-ʧʨʠʛʦʜʥʠʪʝ.  [44],  [54] 

ɽʚʦʣʶʮʠʦʥʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʧʦʧʫʣʘʮʠʷ ʦʪ ʩʪʨʫʢʪʫʨʠ, ʢʦʷʪʦ 

ʝʚʦʣʶʠʨʘ ʩʧʦʨʝʜ ʧʨʘʚʠʣʘʪʘ ʥʘ ʦʧʝʨʘʪʦʨʠ ʟʘ ʩʝʣʝʢʮʠʷ, ʪʲʨʩʝʥʝ, ʨʝʢʦʤʙʠʥʠʨʘʥʝ ʥʘ 

ʠʥʜʠʚʠʜʠ ʩ ʚʠʩʦʢʘ ʧʨʠʛʦʜʥʦʩʪ ʠ ʤʫʪʘʮʠʷ, ʢʦʷʪʦ ʧʨʦʤʝʥʷ ʠʥʜʠʚʠʜʠʪʝ. ɺʩʝʢʠ ʠʥʜʠʚʠʜ 

ʧʦʣʫʯʘʚʘ ʤʷʨʢʘ ʟʘ ʧʨʠʛʦʜʥʦʩʪ ʢʲʤ ʩʨʝʜʘʪʘ.  [86]  

ʇʨʝʟ 1975 ʍʦʣʘʥʜ ʧʨʝʜʣʘʛʘ ʛʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ, ʧʨʠ ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʥʘ 

ʠʥʜʠʚʠʜʠʪʝ ʝ ʩ ʙʠʪʦʚʝ ʠ ʧʦʧʫʣʘʮʠʷʪʘ ʩʝ ʨʘʟʚʠʚʘ ʧʨʠ ʩʧʝʮʠʬʠʯʥʠ ʧʨʘʚʠʣʘ ʟʘ ʠʟʙʦʨ ʜʦ 

ʤʦʤʝʥʪ, ʧʨʠ ʢʦʡʪʦ Ăʧʨʠʛʦʜʥʦʩʪʪʘò ʝ ʤʘʢʩʠʤʘʣʥʘ. ʇʨʝʟ 1989 ɻʦʣʜʙʲʨʛ ʧʫʙʣʠʢʫʚʘ ʪʦʟʠ 

ʧʦʜʭʦʜ ʠ ʫʩʧʝʰʥʦ ʛʦ ʧʨʠʣʘʛʘ ʚ ʛʘʟʦʧʨʦʚʦʜ. ʇʨʠ ʛʝʥʝʪʠʯʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʘʢʮʝʥʪʲʪ ʝ 

ʚʲʨʭʫ ʨʝʢʦʤʙʠʥʠʨʘʥʝʪʦ, ʘ ʤʫʪʘʮʠʠʪʝ ʩʘ ʩʲʚʩʝʤ ʩʣʘʙʠ. ɻʝʥʝʪʠʯʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʨʘʟʛʣʝʞʜʘʥʠ ʢʘʪʦ ʘʣʛʦʨʠʪʤʠ ʟʘ ʪʲʨʩʝʥʝ, ʟʘʱʦʪʦ ʧʨʠ ʪʷʭ ʩʝ ʠʟʩʣʝʜʚʘʪ ʝʣʝʤʝʥʪʠʪʝ 

ʥʘ ʜʘʜʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʝʚʨʠʩʪʠʯʥʠ ʧʦʜʭʦʜʠ, ʚʜʲʭʥʦʚʝʥʠ ʦʪ 

ʧʨʠʨʦʜʘʪʘ. ɿʘ ʨʘʟʣʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʙʠʥʘʨʥʠ ʛʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ, 

ʥʝʧʨʝʢʲʩʥʘʪʠ ʛʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ, ʧʘʨʘʣʝʣʥʠ ʛʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ, ʩʠʤʫʣʠʨʘʥʦ 

ʟʘʢʘʣʷʚʘʥʝ, Ăʨʦʝʥʝò, Ăʢʦʣʦʥʠʠ ʦʪ ʤʨʘʚʢʠò, ʛʝʥʝʪʠʯʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʝʚʦʣʶʮʠʦʥʥʠ 

ʩʪʨʘʪʝʛʠʠ. 

ʌʫʥʜʘʤʝʥʪʘʣʥʘʪʘ ʪʝʦʨʝʤʘ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʥʘ ʍʦʣʘʥʜ ʛʣʘʩʠ, ʯʝ ʘʢʦ 

ʜʘʜʝʥʘ ʭʨʦʤʦʟʦʤʘ (ʢʦʜʠʨʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʜʘʜʝʥ ʠʥʜʠʚʠʜ) ʩ ʬʠʢʩʠʨʘʥʠ ʛʝʥʠ ʠʤʘ 

ʧʨʠʛʦʜʥʦʩʪ ʥʘʜ ʩʨʝʜʥʘʪʘ, ʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʪʝʥʜʝʥʮʠʷ ʙʨʦʷʪ ʥʘ ʠʥʜʠʚʠʜʠʪʝ ʩ ʪʦʟʠ 

ʰʘʙʣʦʥ ʜʘ ʩʝ ʫʚʝʣʠʯʘʚʘ ʝʢʩʧʦʥʝʥʮʠʘʣʥʦ. ɼʦʢʘʟʘʪʝʣʩʪʚʦ ʥʘ ʪʘʟʠ ʪʝʦʨʝʤʘ ʚ ʩʣʫʯʘʡ ʥʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʩʝʣʝʢʮʠʷ ʩ ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʜʘʚʘ ʂʦʥʘʨ.  [50] 
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ɽʚʦʣʶʮʠʦʥʥʦʪʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʠ ʝʚʦʣʶʮʠʦʥʥʠʪʝ ʩʪʨʘʪʝʛʠʠ ʠʤʘʪ ʟʘ ʮʝʣ 

ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʝʜʥʦ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝʥʠʝ ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ ʩʘ ʜʦʙʨʠ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʠ ʧʨʦʙʣʝʤʠ, ʜʦʢʘʪʦ ʛʝʥʝʪʠʯʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʜʘʚʘʪ ʥʷʢʦʣʢʦ ʦʧʪʠʤʘʣʥʠ 

ʨʝʰʝʥʠʷ.  

1.4.3.3. ʅʝʚʨʦʥʥʠ ʤʨʝʞʠ 

ʀʟʢʫʩʪʚʝʥʘʪʘ ʥʝʚʨʦʥʥʘ ʤʨʝʞʘ ʝ ʤʦʜʝʣ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʚʜʲʭʥʦʚʝʥ 

ʦʪ ʠʟʫʯʘʚʘʥʝʪʦ ʥʘ ʙʠʦʝʣʝʢʪʨʠʯʥʠʪʝ ʤʨʝʞʠ ʚ ʤʦʟʲʢʘ ʥʘ ʯʦʚʝʢʘ ʠ ʞʠʚʦʪʥʠʪʝ, ʦʙʨʘʟʫʚʘʥʠ 

ʦʪ ʥʝʚʨʦʥʠ ʠ ʪʝʭʥʠʪʝ ʩʠʥʘʧʩʠ. ʀʟʢʫʩʪʚʝʥʠʪʝ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ, ʯʝʩʪʦ ʥʘʨʠʯʘʥʠ ʩʘʤʦ 

Ăʥʝʚʨʦʥʥʠ ʤʨʝʞʠò, ʩʝ ʷʚʷʚʘʪ ʛʨʫʧʘ ʚʟʘʠʤʥʦ ʩʚʲʨʟʘʥʠ ʠʟʢʫʩʪʚʝʥʠ ʥʝʚʨʦʥʠ, ʠʟʧʦʣʟʚʘʱʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠ ʠ ʠʟʯʠʩʣʠʪʝʣʥʠ ʤʝʪʦʜʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷ. 

ʅʝʚʨʦʥʥʘʪʘ ʤʨʝʞʘ ʝ ʘʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ, ʯʠʝʪʦ ʠʟʤʝʥʝʥʠʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪ 

ʦʪ ʚʲʥʰʥʘʪʘ ʠ ʚʲʪʨʝʰʥʘʪʘ (ʧʨʦʪʠʯʘʱʘ ʧʨʝʟ ʤʨʝʞʘʪʘ) ʠʥʬʦʨʤʘʮʠʷ. ɺ ʪʦʟʠ ʩʤʠʩʲʣ 

ʥʝʚʨʦʥʥʠʪʝ ʤʨʝʞʠ ʩʠʤʫʣʠʨʘʪ ʠʥʪʝʣʝʢʪ [7].  

ʇʨʝʟ 1957 ʈʦʟʝʥʙʣʘʪ ʩʲʟʜʘʚʘ ʤʦʜʝʣ ʥʘ ʧʝʨʩʝʧʪʨʦʥ ʩ ʝʜʠʥ ʩʣʦʡ ʠ ʫʯʘʩʪʚʘ ʚ 

ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʧʲʨʚʠʷ ʥʝʚʨʦʢʦʤʧʶʪʲʨ Mark I Perceptron. ʄʦʜʝʣ ʥʘ ʤʥʦʛʦʩʣʦʝʥ 

ʧʝʨʩʝʧʪʨʦʥ ʝ ʩʲʟʜʘʜʝʥ ʧʨʝʟ 1960. ʅʝʚʨʦʥʥʘ ʤʨʝʞʘ ʩ ʦʙʨʘʪʥʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ 

ʛʨʝʰʢʘʪʘ ʧʨʝʜʣʘʛʘ ʋʝʙʨʦʩ ʧʨʝʟ 1974, ʧʦ-ʢʲʩʥʦ ʦʙʦʙʱʝʥ ʦʪ ʈʫʤʝʣʭʘʨʪ ʠ ʄʘʢʣʝʣʲʥʜ 

(1986). ɺ ʤʦʜʝʣʘ ʥʘ ʍʦʧʬʠʡʣʜ (1982) ʥʝʚʨʦʥʥʘʪʘ ʤʨʝʞʘ ʝ ʩ ʝʜʠʥ ʩʣʦʡ ʠ ʥʝʚʨʦʥʠʪʝ ʩʘ 

ʥʘʧʲʣʥʦ ʩʚʲʨʟʘʥʠ ʧʦʤʝʞʜʫ ʩʠ. ɺ ʤʘʰʠʥʘʪʘ ʥʘ ɹʦʣʮʤʘʥ (1984) ʩʘ ʢʦʤʙʠʥʠʨʘʥʠ 

ʤʥʦʛʦʩʣʦʝʥ ʧʝʨʩʝʧʪʨʦʥ ʠ ʤʨʝʞʘ ʥʘ ʍʦʧʬʠʡʣʜ. ɹʨʫʤʭʝʜ ʧʨʝʜʣʘʛʘ ʤʦʜʝʣ ʥʘ ʨʘʜʠʘʣʥʘ 

ʤʨʝʞʘ ʧʨʝʟ 1988. ʇʨʝʟ 1982 ʂʦʭʦʥʝʥ ʩʲʟʜʘʚʘ ʩʘʤʦʦʨʛʘʥʠʟʠʨʘʱʠ ʩʝ ʤʨʝʞʠ.  [5]  

ʄʘʪʝʤʘʪʠʯʝʩʢʠʷʪ ʘʥʘʣʦʛ ʥʘ ʙʠʦʣʦʛʠʯʥʘʪʘ ʥʝʚʨʦʥʥʘ ʤʨʝʞʘ ʧʨʝʜʩʪʘʚʣʷʚʘ 

ʤʥʦʞʝʩʪʚʦ ʦʪ ʚʟʘʠʤʦʩʚʲʨʟʘʥʠ ʧʨʦʩʪʠ ʠʟʯʠʩʣʠʪʝʣʥʠ ʝʣʝʤʝʥʪʠ (ʥʝʚʨʦʥʠ). ɺʩʝʢʠ ʥʝʚʨʦʥ 

ʧʨʠʝʤʘ ʩʠʛʥʘʣʠ ʦʪ ʜʨʫʛʠʪʝ ʠ ʛʠ ʩʫʤʠʨʘ, ʢʘʪʦ ʩʫʤʘʪʘ ʤʠʥʘʚʘ ʧʨʝʟ ʘʢʪʠʚʘʮʠʦʥʥʘ 

ʬʫʥʢʮʠʷ ʠ ʪʘʢʘ ʩʝ ʦʧʨʝʜʝʣʷ ʩʪʝʧʝʥʪʘ ʥʘ ʘʢʪʠʚʘʮʠʷ, ʢʦʷʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʙʠʚʘ ʧʨʝʜʘʜʝʥʘ 

ʧʦ ʠʟʭʦʜʷʱʠʪʝ ʚʨʲʟʢʠ ʢʲʤ ʜʨʫʛʠʪʝ ʥʝʚʨʦʥʠ. ɺʩʷʢʘ ʚʨʲʟʢʘ ʠʤʘ ʪʝʛʣʦ, ʢʦʝʪʦ ʫʤʥʦʞʝʥʦ 

ʩʲʩ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʷ ʥʝʛʦʚʘʪʘ ʩʠʣʘ. ʊʝʛʣʘʪʘ ʥʘ ʚʨʲʟʢʠʪʝ ʩʘ ʘʥʘʣʦʛʠʯʥʠ ʥʘ ʩʠʣʘʪʘ ʥʘ 

ʩʠʥʘʧʪʠʯʥʠʪʝ ʠʤʧʫʣʩʠ, ʧʨʝʜʘʚʘʥʠ ʤʝʞʜʫ ʙʠʦʣʦʛʠʯʥʠʪʝ ʥʝʚʨʦʥʠ. ʆʪʨʠʮʘʪʝʣʥʘ 

ʩʪʦʡʥʦʩʪ ʥʘ ʪʝʛʣʦʪʦ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʧʦʪʠʩʢʘʱ ʠʤʧʫʣʩ, ʘ ʧʦʣʦʞʠʪʝʣʥʘ - ʥʘ ʚʲʟʙʫʞʜʘʱ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʝ ʜʦʢʘʟʘʥʦ, ʯʝ ʚʩʷʢʘ ʥʝʚʨʦʥʥʘ ʤʨʝʞʘ ʩ ʧʦʥʝ ʝʜʠʥ ʩʢʨʠʪ ʩʣʦʡ ʦʪ 

ʜʦʩʪʘʪʲʯʥʦ ʥʘ ʙʨʦʡ ʥʝʚʨʦʥʠ ʤʝʞʜʫ ʚʭʦʜʥʠʷ ʠ ʠʟʭʦʜʥʠʷ ʩʣʦʡ, ʤʦʞʝ ʜʘ ʤʦʜʝʣʠʨʘ 

ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʚʩʷʢʘ ʥʝʧʨʝʢʲʩʥʘʪʘ ʬʫʥʢʮʠʷ. 

ʊʝʛʣʘʪʘ ʥʘ ʚʨʲʟʢʠʪʝ ʤʝʞʜʫ ʥʝʚʨʦʥʥʠʪʝ ʦʧʨʝʜʝʣʷʪ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʪʘ ʠ 

ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʥʝʚʨʦʥʥʘʪʘ ʤʨʝʞʘ. ɿʘ ʜʘ ʙʲʜʝ ʥʝʚʨʦʥʥʘʪʘ ʤʨʝʞʘ ʠʟʧʦʣʟʚʘʝʤʘ ʠ 

ʧʨʠʣʦʞʠʤʘ ʢʲʤ ʜʘʜʝʥ ʧʨʦʙʣʝʤ, ʪʷ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʦʙʫʯʝʥʘ. ʆʙʫʯʝʥʠʝʪʦ 

ʥʘ ʥʝʚʨʦʥʥʘ ʤʨʝʞʘ ʩʝ ʧʦʩʪʠʛʘ ʯʨʝʟ ʧʨʦʤʷʥʘ ʥʘ ʪʝʛʣʘʪʘ ʥʘ ʚʨʲʟʢʠʪʝ ʤʝʞʜʫ ʥʝʚʨʦʥʥʠʪʝ ʠ 

ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʧʨʘʚʠʣʘ, ʢʦʠʪʦ ʦʧʨʝʜʝʣʷʪ ʢʘʢ ʜʘ ʩʝ ʧʨʦʤʝʥʷʪ ʪʝʟʠ ʪʝʛʣʘ. 

ɼʨʫʛʘ ʚʘʞʥʘ ʦʩʦʙʝʥʦʩʪ ʥʘ ʥʝʚʨʦʥʥʠʪʝ ʤʨʝʞʠ ʝ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʧʘʨʘʣʝʣʥʘ 

ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ. ʇʨʠ ʛʦʣʷʤ ʙʨʦʡ ʤʝʞʜʫʥʝʚʨʦʥʥʠ ʚʨʲʟʢʠ ʪʦʚʘ ʟʥʘʯʠʪʝʣʥʦ 

ʫʩʢʦʨʷʚʘ ʧʨʦʮʝʩʘ ʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʠ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ 

ʧʨʦʮʝʩʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. ʇʨʠ ʛʦʣʷʤ ʙʨʦʡ ʤʝʞʜʫʥʝʚʨʦʥʥʠ ʚʨʲʟʢʠ ʤʨʝʞʘʪʘ ʝ ʫʩʪʦʡʯʠʚʘ 

ʥʘ ʚʲʟʥʠʢʚʘʱʠ ʛʨʝʰʢʠ, ʟʘʱʦʪʦ ʬʫʥʢʮʠʠʪʝ ʥʘ ʧʦʚʨʝʜʝʥʠʪʝ ʚʨʲʟʢʠ ʩʝ ʧʦʝʤʘʪ ʦʪ ʜʨʫʛʠ 

ʪʘʢʠʚʘ. 

 

1.4.3.4. ʈʘʟʤʠʪʦ-ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ 

ɸʜʘʧʪʠʚʥʘ ʥʝʚʨʦʥʥʦ-ʨʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ (ANFIS)  
ʇʨʠ ʤʦʜʝʣʠʪʝ, ʚ ʢʦʠʪʦ ʩʝ ʢʦʤʙʠʥʠʨʘʪ ʥʝʚʨʦʥʥʘ ʤʨʝʞʘ ʠ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ, ʩʝ 

ʮʝʣʠ ʯʨʝʟ ʦʙʫʯʝʥʠʝ ʥʘ ʥʝʚʨʦʥʥʘʪʘ ʤʨʝʞʘ ʪʘʢʘ ʜʘ ʩʝ ʠʟʤʝʥʷʪ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʨʘʟʤʠʪʘʪʘ 

http://bg.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B2%D1%80%D0%BE%D0%BD
http://bg.wikipedia.org/w/index.php?title=%D0%A1%D0%B8%D0%BD%D0%B0%D0%BF%D1%81&action=edit
http://bg.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B2%D1%80%D0%BE%D0%BD
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ʩʠʩʪʝʤʘ, ʯʝ ʜʘ ʩʝ ʧʦʣʫʯʠ ʨʝʟʫʣʪʘʪ (ʨʝʰʝʥʠʝ), ʢʦʝʪʦ ʝ ʘʜʝʢʚʘʪʥʦ ʧʨʠ ʚʩʷʢʦ ʠʟʤʝʥʝʥʠʝ ʥʘ 

ʩʨʝʜʘʪʘ.  [16] 

1.4.4. ʇʨʠʣʦʞʝʥʠʷ ʥʘ ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛ 

ʆʙʣʘʩʪʠʪʝ ʥʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʤʦʜʝʣʠʪʝ, ʧʦʩʪʨʦʝʥʠ ʩʲʩ ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʩʦʬʪ 

ʢʦʤʧʶʪʠʥʛ, ʩʘ ʤʥʦʛʦʙʨʦʡʥʠ ʠ ʨʘʟʥʦʦʙʨʘʟʥʠ: ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʨʘʟʠ, ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ 

ʨʝʯ, ʢʣʘʩʠʬʠʢʘʮʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ, ʧʨʝʜʚʠʞʜʘʥʠʷ, ʧʣʘʥʠʨʘʥʝ, ʫʧʨʘʚʣʝʥʠʝ, ʢʦʤʧʶʪʲʨʥʠ 

ʩʠʩʪʝʤʠ, ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ, ʫʧʨʘʚʣʝʥʠʝ, ʠʢʦʥʦʤʠʢʘ, ʠʛʨʠ, ʢʣʠʤʘʪ, ʥʘʚʠʛʘʮʠʷ, 

ʨʦʙʦʪʠʢʘ, ʢʦʩʤʠʯʝʩʢʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʤʥʦʛʦ ʜʨʫʛʠ. ɺ ʨʘʟʣʠʯʥʠʪʝ ʧʨʠʣʦʞʝʥʠʷ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʢʘʢʪʦ ʦʪʜʝʣʥʠ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛʘ, ʪʘʢʘ ʠ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ ʪʝʟʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤʠ. 

ɸʥʛʝʣʦʚʘ ʧʨʝʜʣʘʛʘ ʧʦʜʨʦʙʝʥ ʦʙʟʦʨ ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʚ 

ʀʥʩʪʠʪʫʪʘ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ, ʚ ʢʦʠʪʦ 

ʩʝ ʧʨʠʣʘʛʘʪ ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛ, ʚ [17]. 

 

1.4.4.1. ʇʨʠʣʦʞʝʥʠʷ ʥʘ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ 

ʈʘʟʤʠʪʘ ʣʦʛʠʢʘ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʨʝʰʘʚʘʥʝ ʥʘ ʟʘʜʘʯʠ, ʩʚʲʨʟʘʥʠ ʩ ʘʚʪʦʤʘʪʠʯʥʦ 

ʫʧʨʘʚʣʝʥʠʝ  [21], ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʜʘʥʥʠ, ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʨʘʟʠ, ʘʥʘʣʠʟ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʥʘ ʬʠʥʘʥʩʦʚʠ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʩʠʩʪʝʤʠ  [20], ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʚʨʝʤʝʚʠ ʨʝʜʦʚʝ, 

ʢʣʲʩʪʝʨʠʟʘʮʠʷ [11], ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ, ʨʦʙʦʪʠʢʘ ʠ ʤʥʦʛʦ ʜʨʫʛʠ.  

ʉʠʣʚʘ, ʊʦʨʝʟ ʠ ʍʘʜʘʜ ʧʨʠʣʘʛʘʪ ʨʘʟʤʠʪʘ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ ʭʝʪʝʨʦʛʝʥʥʘ ʩʠʩʪʝʤʘ ʦʪ 

ʝʥʝʨʛʠʡʥʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʘʪʦ ʝ ʧʦʢʘʟʘʥʦ ʧʨʠʣʦʞʝʥʠʝ ʟʘ ʝʥʝʨʛʠʡʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ 

ɹʨʘʟʠʣʠʷ. ʈʘʟʤʠʪʠ ʩʘ ʢʘʢʪʦ ʮʝʣʝʚʘʪʘ ʬʫʥʢʮʠʷ, ʪʘʢʘ ʠ ʦʛʨʘʥʠʯʠʪʝʣʥʠʪʝ ʫʩʣʦʚʠʷ ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʘʪʘ ʟʘʜʘʯʘ  [84]. 

ʂʘʨʣʩʦʥ ʠ ʌʫʣʲʨ ʨʝʰʘʚʘʪ ʥʷʢʦʠ ʢʦʥʢʨʝʪʥʠ ʨʘʟʤʠʪʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʠ ʟʘʜʘʯʠ ï 

ʣʠʥʝʡʥʠ ʠ ʥʝʣʠʥʝʡʥʠ. ʈʘʟʤʠʪʠ ʩʘ ʧʨʘʚʠʣʘʪʘ ʠ ʬʫʥʢʮʠʠʪʝ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ  [23]. 

ʇʦʜʨʦʙʝʥ ʦʙʟʦʨ ʥʘ ʚʟʝʤʘʥʝʪʦ ʥʘ ʨʝʰʝʥʠʷ ʧʨʠ ʨʘʟʤʠʪʠ ʢʨʠʪʝʨʠʠ ʧʨʘʚʠ ʌʫʣʲʨ ʚ  

[33]. 

ɹʝʣʤʘʥ, ɿʘʜʝ ʚʲʚʝʞʜʘʪ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʚʟʝʤʘʥʝ 

ʥʘ ʨʝʰʝʥʠʷ ʚ ʥʝʦʧʨʝʜʝʣʝʥʘ ʩʨʝʜʘ  [96]. ʎʠʤʝʨʤʘʥ ʨʘʟʚʠʚʘ ʪʝʭʥʠʪʝ ʠʜʝʠ  [99]. 

ʈʘʟʤʠʪʠʪʝ ʤʝʪʦʜʠ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʧʨʠ ʤʥʦʛʦ ʫʩʣʦʚʠʷ ʩʝ ʢʦʥʮʝʥʪʨʠʨʘʪ 

ʚʲʨʭʫ ʨʘʟʣʠʯʥʠʪʝ ʥʘʯʠʥʠ ʟʘ ʦʮʝʥʢʘ ʥʘ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʪʝʞʝʩʪ ʥʘ ʫʩʣʦʚʠʷʪʘ: ʨʘʟʤʠʪʠ 

ʘʜʠʪʠʚʥʠ ʪʝʛʣʘ (ʂʚʘʢʝʨʥʘʢ, ɹʘʘʩ, ɼʶʙʦʘ, ʇʨʘʜ, ʏʝʥ), ʘʥʘʣʠʪʠʯʝʥ ʡʝʨʘʨʭʠʯʝʥ ʧʨʦʮʝʩ 

(ʉʘʘʪʠ, ɹʲʢʣʠ), ʨʘʟʤʠʪʠ ʢʦʥʶʥʢʮʠʠ/ʜʠʟʶʥʢʮʠʠ (ɼʶʙʦʘ, ʇʨʘʜ), ʤʘʢʩʠʤʠʥʥʠ ʤʝʪʦʜʠ 

(ɹʝʣʤʘʥ, ɿʘʜʝ, ʗʛʝʨ).  

ʇʨʠʣʦʞʝʥʠ ̫ʥʘ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ ʧʨʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʥʘ ʟʘʜʘʯʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ 

ʨʝʰʝʥʠʷ (MCDM) ʠ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʧʨʦʮʝʩʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ (MCDA) ʩʘ 

ʠʟʣʦʞʝʥʠ ʚ  [74]. 

ʈʘʟʤʠʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʩʝ ʨʘʟʚʠʚʘ ʚ ʤʥʦʞʝʩʪʚʦ ʥʘʧʨʘʚʣʝʥʠʷ: 

ʛʲʚʢʘʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ (ʊʘʥʘʢʘ, ʎʠʤʝʨʤʘʥ, ʁʦʥʦ); ʧʨʦʛʨʘʤʠʨʘʥʝ, ʙʘʟʠʨʘʥʦ ʥʘ ʪʝʦʨʠʷ ʥʘ 

ʚʝʨʦʷʪʥʦʩʪʠʪʝ (ʊʘʥʘʢʘ, ɼʶʙʦʘ, ʇʨʘʜ; ʣʠʥʝʡʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʙʘʟʠʨʘʥʦ ʥʘ ʪʝʦʨʠʷ ʥʘ 

ʚʝʨʦʷʪʥʦʩʪʠʪʝ ʩ ʨʘʟʤʠʪ ʤʘʢʩʠʤʫʤ (ɼʶʙʦʘ, ʇʨʘʜ, ʊʘʥʘʢʘ, ʈʘʤʠʢ); ʧʨʦʛʨʘʤʠʨʘʥʝ, 

ʙʘʟʠʨʘʥʦ ʥʘ ʪʝʦʨʠʷ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʩ ʨʘʟʤʠʪʠ ʧʨʝʜʧʦʯʠʪʘʥʠʷ (ɼʶʙʦʘ, ʇʨʘʜ, 

ʅʝʛʦʡʮʘ), ʣʠʥʝʡʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʙʘʟʠʨʘʥʦ ʥʘ ʪʝʦʨʠʷ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʩ ʨʘʟʤʠʪʘ 

ʮʝʣʝʚʘ ʬʫʥʢʮʠʷ (ʊʘʥʘʢʘ, ɹʲʢʣʠ).  

ʇʝʥʝʚʘ ʠ ʇʦʧʯʝʚ ʧʨʝʜʣʘʛʘʪ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʝʛʣʦʚʠ ʬʫʥʢʮʠʠ ʚʤʝʩʪʦ ʢʦʥʩʪʘʥʪʥʠ 

ʪʝʛʣʘ ʥʘ ʨʘʟʤʠʪʠʪʝ ʢʨʠʪʝʨʠʠ ʠ ʪʘʢʘ ʤʦʜʝʣʠʨʘʪ ʨʘʟʤʠʪʠ ʚʨʲʟʢʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠʪʝ 

ʘʣʪʝʨʥʘʪʠʚʠ ʚ ʧʨʦʮʝʩʘ ʥʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ [73], [71]. ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʠʤ ʚʲʨʭʫ 
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ʢʚʘʜʨʘʪʥʠ ʪʝʛʣʦʚʠ ʬʫʥʢʮʠʠ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʧʨʝʪʝʛʣʝʥʘ ʘʛʨʝʛʘʮʠʷ, ʩ ʢʦʠʪʦ ʩʝ ʧʦʩʪʠʛʘ 

ʧʨʝʮʠʟʥʦʩʪ ʧʨʠ ʨʝʰʘʚʘʥʝ ʥʘ ʥʷʢʦʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʥʠ ʧʨʦʙʣʝʤʠ ʚ ʧʨʦʮʝʩʘ ʟʘ ʚʟʝʤʘʥʝ 

ʥʘ ʨʝʰʝʥʠʷ, ʝ ʧʫʙʣʠʢʫʚʘʥʦ ʚ [72]. ɺ [74] ʧʨʝʜʣʘʛʘʪ ʩʲʦʪʚʝʪʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʠ ʧʨʦʛʨʘʤʠ 

ʟʘ ʧʨʠʣʘʛʘʥʝ ʥʘ ʤʦʜʝʣʠʪʝ ʚʲʨʭʫ ʨʝʘʣʥʠ ʜʘʥʥʠ. 

 

1.4.4.2. ʇʨʠʣʦʞʝʥʠʷ ʥʘ ʝʚʦʣʶʮʠʦʥʥʠ ʧʨʝʩʤʷʪʘʥʠʷ  

ɺ ʧʨʠʣʦʞʝʥʠʷʪʘ, ʙʘʟʠʨʘʥʠ ʥʘ ʝʚʦʣʶʮʠʦʥʥʠʷ ʧʦʜʭʦʜ ʩʝ ʘʢʮʝʥʪʠʨʘ ʚʲʨʭʫ 

ʩʣʝʜʥʠʪʝ ʦʩʥʦʚʥʠ ʧʨʝʜʠʤʩʪʚʘ: ʦʧʪʠʤʠʟʘʮʠʷʪʘ ʝ ʚʲʟʤʦʞʥʘ ʩ ʜʠʩʢʨʝʪʥʠ ʠ ʥʝʧʨʝʢʲʩʥʘʪʠ 

ʚʝʣʠʯʠʥʠ, ʥʷʤʘ ʥʫʞʜʘ ʦʪ ʠʥʬʦʨʤʘʮʠʷ ʦʪʥʦʩʥʦ ʧʨʦʠʟʚʦʜʥʠʪʝ, ʚʲʟʤʦʞʥʦ ʝ 

ʝʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʪʲʨʩʚʘʥʝ ʥʘ ʛʦʣʷʤʘ ʦʙʣʘʩʪ ʦʪ ʮʝʣʝʚʘʪʘ ʧʦʚʲʨʭʥʠʥʘ, ʚʲʟʤʦʞʥʦ ʝ 

ʦʧʝʨʠʨʘʥʝ ʩ ʛʦʣʷʤ ʙʨʦʡ ʧʨʦʤʝʥʣʠʚʠ, ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʘʨʘʣʝʣʠʟʘʮʠʷ, ʮʝʣʝʚʘʪʘ 

ʧʦʚʲʨʭʥʠʥʘ ʤʦʞʝ ʜʘ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʩʣʦʞʥʘ, ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʣʠʟʘʥʝ ʦʪ ʣʦʢʘʣʝʥ 

ʤʠʥʠʤʫʤ, ʢʘʪʦ ʨʝʟʫʣʪʘʪ ʩʝ ʧʦʣʫʯʘʚʘʪ ʥʷʢʦʣʢʦ ʦʧʪʠʤʘʣʥʠ ʩʪʦʡʥʦʩʪʠ, ʘ ʥʝ ʩʘʤʦ ʝʜʥʦ 

ʨʝʰʝʥʠʝ. [44] 

ʇʨʝʟ 1996 ʍʦʣʘʥʜ ʧʫʙʣʠʢʫʚʘ ʩʠʩʪʝʤʠ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʷ, ʙʘʟʠʨʘʥʘ ʥʘ ʛʝʥʝʪʠʯʥʠ 

ʘʣʛʦʨʠʪʤʠ, ʧʨʝʟ 1989 ɼʝʡʚʠʩ ï ʘʜʘʧʪʠʚʥʠ ʩʠʩʪʝʤʠ, ʧʨʝʟ 1990 ɻʘʨʠʩ ï ʛʝʥʝʪʠʯʥʦ 

ʧʨʦʛʨʘʤʠʨʘʥʝ.  

ʇʨʝʟ 1991 ɹʝʣʶ ʠ ɹʫʢʤʘʥ ʧʨʝʜʩʪʘʚʷʪ ʨʘʟʧʨʝʜʝʣʝʥʠ ʝʚʦʣʶʮʠʦʥʥʠ ʘʣʛʦʨʠʪʤʠ. 

ʊʲʡ ʢʘʪʦ ʧʨʠ ʝʚʦʣʶʮʠʦʥʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʦʧʝʨʘʪʦʨʠʪʝ ʩʝ ʠʟʚʲʨʰʚʘʪ ʝʜʥʦʚʨʝʤʝʥʥʦ 

ʚʲʨʭʫ ʚʩʠʯʢʠ ʠʥʜʠʚʠʜʠ ʦʪ ʧʦʧʫʣʘʮʠʷʪʘ, ʪʦ ʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʝʘʣʠʟʠʨʘʥʠ ʚʲʨʭʫ 

ʧʘʨʘʣʝʣʥʠ ʢʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ. 

 

1.4.4.3. ʇʨʠʣʦʞʝʥʠʷ ʥʘ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʥʝʚʨʦʥʥʠʪʝ ʤʨʝʞʠ ʝ ʚ ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʥʘ ʤʨʝʞʘ, 

ʧʦʜʭʦʜʷʱʘ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʥʝʣʠʥʝʡʥʘ ʬʫʥʢʮʠʷ ʥʘ ʥʷʢʦʣʢʦ ʧʨʦʤʝʥʣʠʚʠ ʟʘ ʨʝʰʘʚʘʥʝ 

ʥʘ ʨʘʟʣʠʯʥʠ ʟʘʜʘʯʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʠ ʠ ʜʨ.  [9],  

[19] 

ʇʨʠ ʟʘʜʘʯʠʪʝ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʠ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʨʘʟʠ, ʥʝʚʨʦʥʥʘʪʘ ʤʨʝʞʘ 

ʥʘʪʨʫʧʚʘ ʟʥʘʥʠʷ ʟʘ ʦʩʥʦʚʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʪʝʟʠ ʦʙʨʘʟʠ, ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʣʘʚʥʠʪʝ 

ʢʦʤʧʦʥʝʥʪʠ ʠʣʠ ʟʘ ʜʨʫʛʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʧʨʦʮʝʩʘ ʥʘ ʦʙʫʯʝʥʠʝ. [29] 

ʇʨʠ ʦʙʦʙʱʝʥʠʷʪʘ ʩʝ ʘʢʮʝʥʪʠʨʘ ʚʲʨʭʫ ʨʘʟʣʠʯʠʷʪʘ ʤʝʞʜʫ ʦʙʨʘʟʠʪʝ, ʢʦʝʪʦ ʝ 

ʦʩʥʦʚʘʪʘ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʢʣʘʩʠʬʠʢʘʮʠʦʥʥʠʪʝ ʨʝʰʝʥʠʷ. 

ʇʨʠ ʟʘʜʘʯʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʜʠʥʘʤʠʯʥʠ ʧʨʦʮʝʩʠ ʥʝʚʨʦʥʥʘʪʘ ʤʨʝʞʘ 

ʠʟʧʲʣʥʷʚʘ ʥʷʢʦʣʢʦ ʬʫʥʢʮʠʠ. ʇʲʨʚʦ, ʪʷ ʧʨʝʜʩʪʘʚʷ ʢʘʪʦ ʥʝʣʠʥʝʝʥ ʤʦʜʝʣ ʪʦʟʠ ʧʨʦʮʝʩ ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʘ ʥʝʛʦʚʠʪʝ ʦʩʥʦʚʥʠ ʧʘʨʘʤʝʪʨʠ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ 

ʩʲʦʪʚʝʪʩʪʚʘʱʠʷ ʫʧʨʘʚʣʷʚʘʱ ʩʠʛʥʘʣ. ɺʪʦʨʦ, ʤʨʝʞʘʪʘ ʠʟʧʲʣʥʷʚʘ ʬʫʥʢʮʠʷ ʥʘ ʩʠʩʪʝʤʘ, 

ʩʣʝʜʷʱʘ ʟʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʫʩʣʦʚʠʷʪʘ ʚ ʟʘʦʙʠʢʘʣʷʱʘʪʘ ʩʨʝʜʘ ʠ ʩʝ ʘʜʘʧʪʠʨʘ ʢʲʤ ʥʝʷ. ʊʷ 

ʤʦʞʝ ʜʘ ʠʛʨʘʝ ʨʦʣʷʪʘ ʥʘ ʥʝʚʨʦʥʝʥ ʨʝʛʫʣʘʪʦʨ, ʟʘʤʝʩʪʚʘʱ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ. 

ɺʘʞʥʦ ʟʥʘʯʝʥʠʝ, ʦʩʦʙʝʥʦ ʧʨʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʦʙʦʪ, ʠʤʘ ʢʣʘʩʠʬʠʢʘʮʠʷʪʘ ʥʘ ʪʝʢʫʱʦʪʦ 

ʩʲʩʪʦʷʥʠʝ ʠ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʨʝʰʝʥʠʝ ʟʘ ʧʦ-ʥʘʪʘʪʲʰʥʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʧʨʦʮʝʩʘ.  [49] 

ɺ ʟʘʜʘʯʠʪʝ ʟʘ ʘʩʦʮʠʘʮʠʘʪʠʚʥʦʩʪ ʥʝʚʨʦʥʥʘʪʘ ʤʨʝʞʘ ʠʟʧʲʣʥʷʚʘ ʨʦʣʷʪʘ ʥʘ 

ʘʩʦʮʠʘʪʠʚʥʦ ʟʘʧʦʤʥʷʱʦ ʫʩʪʨʦʡʩʪʚʦ. ɸʢʦ ʥʘ ʚʭʦʜʘ ʥʘ ʤʨʝʞʘʪʘ ʩʝ ʧʦʜʘʜʝ ʚʝʢʪʦʨ, 

ʩʲʜʲʨʞʘʱ ʰʫʤ ʠʣʠ ʚʝʢʪʦʨ ʩ ʣʠʧʩʚʘʱʠ ʦʪʜʝʣʥʠ ʬʨʘʛʤʝʥʪʠ ʦʪ ʜʘʥʥʠʪʝ, ʪʦ ʤʨʝʞʘʪʘ ʝ 

ʩʧʦʩʦʙʥʘ ʜʘ ʚʲʟʩʪʘʥʦʚʠ ʧʲʣʝʥ ʠ ʠʟʯʠʩʪʝʥ ʦʪ ʰʫʤʦʚʝ ʥʘʯʘʣʝʥ ʚʝʢʪʦʨ.  [41], 

ɺ ʦʙʣʘʩʪʪʘ ʥʘ ʧʨʦʛʥʦʟʠʨʘʥʝʪʦ ʟʘʜʘʯʘʪʘ ʥʘ ʥʝʚʨʦʥʥʘʪʘ ʤʨʝʞʘ ʝ ʬʦʨʤʫʣʠʨʘʥʝʪʦ 

ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘ ʙʲʜʝʱʦʪʦ ʧʦʚʝʜʝʥʠʝ ʥʘ ʜʘʜʝʥʘ ʩʠʩʪʝʤʘ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʥʝʡʥʠ 

ʧʨʝʜʠʰʥʠ ʩʲʩʪʦʷʥʠʷ  ʚ ʟʘʜʘʜʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ.  [15], [32] 



20 

ʌʨʠʡʤʘʥ ʠ ʉʢʘʧʫʨʘ ʨʘʟʛʣʝʞʜʘʪ ʧʨʠʣʦʞʝʥʠʷ ʥʘ Adaline ʠ Madaline ʧʨʠ 

ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʩʠʛʥʘʣʠ; ʥʘ ʥʝʚʨʦʥʥʠʪʝ ʤʨʝʞʠ ʩ ʦʙʨʘʪʥʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʛʨʝʰʢʘʪʘ 

ʟʘ ʢʦʤʧʨʝʩʠʨʘʥʝ ʥʘ ʜʘʥʥʠ, ʢʦʥʪʨʦʣ ʥʘ ʢʘʯʝʩʪʚʦ, ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʨʘʟʠ ʠ 

ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʦʙʨʘʟʠ; ʥʘ ʩʘʤʦʦʨʛʘʥʠʟʠʨʘʱʠ ʩʝ ʤʨʝʞʠ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʨʝʯ ʠ 

ʟʘʧʠʩʚʘʥʝ ʥʘ ʨʝʯʪʘ.  [32] 

 

1.4.4.4. ʇʨʠʣʦʞʝʥʠʷ ʥʘ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤʠ 

ɺ ʭʠʙʨʠʜʥʠʪʝ ʩʠʩʪʝʤʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʨʝʜʠʤʩʪʚʘʪʘ ʥʘ ʜʘʜʝʥ ʧʦʜʭʦʜ, ʟʘ ʜʘ ʩʝ 

ʢʦʤʧʝʥʩʠʨʘʪ ʥʝʜʦʩʪʘʪʲʮʠʪʝ ʥʘ ʜʨʫʛ  [16],  [21], [24],  [25].  

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ ʦʩʥʦʚʝʥ ʧʨʦʙʣʝʤ ʝ 

ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʦʧʪʠʤʘʣʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʟʘ ʜʘʜʝʥʦ ʧʨʠʣʦʞʝʥʠʝ ʠ ʪʲʡ ʢʘʪʦ ʛʝʥʝʪʠʯʥʠʪʝ 

ʘʣʛʦʨʠʪʤʠ ʩʘ ʦʩʥʦʚʘʥʠ ʥʘ ʠʜʝʷʪʘ ʟʘ ʝʚʦʣʶʮʠʷʪʘ, ʪʦ ʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʘʚʪʦʤʘʪʠʯʥʦ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʪʘʢʘʚʘ ʘʨʭʠʪʝʢʪʫʨʘ. ɸʥʘʣʦʛʠʯʥʦ ɻɸ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʧʨʠ ʨʘʟʤʠʪʠʪʝ ʩʠʩʪʝʤʠ 

ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʦʧʪʠʤʘʣʥʠʷ ʙʨʦʡ ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ ʠ ʨʘʟʤʠʪʠ ʧʨʦʤʝʥʣʠʚʠ.  

ʂʘʩʘʙʦʚ ʧʨʝʜʣʘʛʘ ʠʥʞʝʥʝʨʝʥ ʧʦʜʭʦʜ ʟʘ ʦʙʷʩʥʷʚʘʥʝ ʥʘ ʥʝʚʨʦʥʥʠʪʝ ʤʨʝʞʠ ʠ 

ʨʘʟʤʠʪʠʪʝ ʩʠʩʪʝʤʠ ʠ ʧʨʠʣʦʞʝʥʠʷʪʘ ʠʤ ʧʨʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʠʩʪʝʤʠ, ʙʘʟʠʨʘʥʠ ʥʘ ʟʥʘʥʠʷ. 

ʈʘʟʣʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʥʝʚʨʦʥʥʠʪʝ ʤʨʝʞʠ ʟʘ ʧʨʝʜʩʪʘʚʷʥʝ ʠ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʟʥʘʥʠʷ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʠ ʩʘ ʠʣʶʩʪʨʠʨʘʥʠ ʩ ʨʝʰʝʥʠ ʨʝʘʣʥʠ ʧʨʦʙʣʝʤʠ. ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʭʠʙʨʠʜʥʠ 

ʢʦʥʝʢʮʠʦʥʠʩʪʢʠ ʩʠʩʪʝʤʠ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʨʝʯ ʠ ʟʘ ʧʨʝʜʚʠʞʜʘʥʝ ʥʘ ʠʟʤʝʥʝʥʠʷ ʥʘ 

ʮʝʥʠ ʥʘ ʬʦʥʜʦʚʘʪʘ ʙʦʨʩʘ. ɼʠʩʢʫʪʠʨʘʥʦ ʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ ʠ ʨʘʟʤʠʪʠ 

ʩʠʩʪʝʤʠ ʟʘ ʧʨʝʜʚʠʞʜʘʥʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʭʘʦʪʠʯʥʠ ʩʠʩʪʝʤʠ  [49].  

ɿʠʣʫʯʠʘʥ ʠʟʩʣʝʜʚʘ ʧʨʠʣʦʞʝʥʠʷʪʘ ʥʘ ʥʝʚʨʦʥʥʠʪʝ ʤʨʝʞʠ ʚ ʨʘʟʣʠʯʥʠ 

ʥʘʧʨʘʚʣʝʥʠʷ: ʚ ʤʝʜʠʮʠʥʘʪʘ ʠ ʙʠʦʣʦʛʠʷʪʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʨʘʢʘ, ʦʪʢʨʠʚʘʥʝ ʥʘ 

ʙʠʦʣʦʛʠʯʥʠ ʩʠʛʥʘʣʠ, ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʧʨʠ ʧʣʘʥʠʨʘʥʝ ʥʘ ʣʝʯʝʥʠʝ; ʚ ʠʥʞʝʥʝʨʥʠʪʝ 

ʥʘʫʢʠ ʧʨʠ ʬʠʣʪʨʠʨʘʥʝ, ʧʨʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʤʧʶʪʲʨʥʠʪʝ ʤʨʝʞʠ, ʚ ʧʝʪʨʦʣʥʠ 

ʨʘʬʠʥʝʨʠʠ. ʆʩʚʝʥ ʪʦʚʘ ʧʨʝʜʣʘʛʘ ʨʘʟʣʠʯʥʠ ʠʥʪʝʣʠʛʝʥʪʥʠ ʩʠʩʪʝʤʠ, ʠʟʛʨʘʜʝʥʠ ʩʲʩ 

ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʉʂ ʧʨʠ ʥʘʚʠʛʘʮʠʷ ʥʘ ʘʚʪʦʥʦʤʥʠ ʥʘʟʝʤʥʠ ʨʦʙʦʪʠ, ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ ʟʘ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʘʚʪʦʥʦʤʥʠ ʧʦʜʚʦʜʥʠ ʨʦʙʦʪʠ, ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʢʣʠʤʘʪʠʯʥʠ ʠʥʩʪʘʣʘʮʠʠ, ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʨʘʟʤʠʪʦ-ʥʝʚʨʦʥʥʠ ʩʠʩʪʝʤʠ ʟʘ ʧʨʘʚʝʥʝ ʥʘ 

ʠʟʚʦʜʠ ʚ ʨʦʙʦʪʠʢʘʪʘ; ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛ ʚ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʦʙʝʟʩʦʣʷʚʘʥʝ 

ʥʘ ʚʦʜʘʪʘ, ʠʟʯʠʩʣʠʪʝʣʥʘ ʠʥʪʝʣʠʛʝʥʪʥʦʩʪ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʝʢʪʠ, ʝʚʦʣʶʮʠʦʥʥʠ 

ʧʦʜʭʦʜʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʦʙʨʘʟʠ, ʝʚʦʣʶʮʠʦʥʥʠ ʨʘʟʤʠʪʠ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʨʦʙʦʪʠ. [98] 

ʂʘʩʪʠʣʦ ʠ ʄʝʣʠʥ ʘʥʘʣʠʟʠʨʘʪ ʧʨʦʙʣʝʤʠʪʝ ʧʨʠ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʨʘʟʠ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʠʥʪʝʣʠʛʝʥʪʥʠ ʩʠʩʪʝʤʠ. ʆʩʚʝʥ ʨʘʟʤʠʪʠ ʩʠʩʪʝʤʠ, ʧʦʩʪʨʦʝʥʠ ʯʨʝʟ ʩʨʝʜʩʪʚʘʪʘ 

ʥʘ ʪʨʘʜʠʮʠʦʥʥʘʪʘ ʪʝʦʨʠʷ ʥʘ ʨʘʟʤʠʪʠʪʝ ʤʥʦʞʝʩʪʚʘ ʦʪ ʪʠʧ 1, ʩʝ ʨʘʟʣʝʞʘʪ ʠ ʪʘʢʠʚʘ ʩ 

ʠʥʪʫʠʮʠʦʥʠʩʪʢʠʪʝ ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ ʠ ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ ʦʪ ʪʠʧ 2. ʆʧʠʩʘʥʠ ʩʘ 

ʨʘʟʤʠʪʦ-ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ, ʤʦʜʫʣʥʠ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ, ʝʚʦʣʶʮʠʦʥʥʠ ʘʣʛʦʨʠʪʤʠ. 

ʇʦʢʘʟʘʥʠ ʩʘ ʧʨʠʣʦʞʝʥʠʷʪʘ ʥʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛʘ ʧʨʠ ʢʣʲʩʪʝʨʠʟʠʨʘʥʝ ʥʘ ʦʙʝʢʪʠ, 

ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʯʦʚʝʰʢʦ ʣʠʮʝ, ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʧʨʲʩʪʦʚʠ ʦʪʧʝʯʘʪʲʮʠ, ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ 

ʯʦʚʝʰʢʠ ʛʣʘʩ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʯʦʚʝʢ ʯʨʝʟ ʙʠʦʤʝʪʨʠʯʥʠ ʧʘʨʘʤʝʪʨʠ - ʣʠʮʝ, ʧʨʲʩʪʦʚʠ 

ʦʪʧʝʯʘʪʲʮʠ ʠ ʛʣʘʩ.  [25] 

ʂʘʩʪʠʣʦ ʠ ʄʝʣʠʥ ʧʨʝʜʣʘʛʘʪ ʝʚʦʣʶʮʠʦʥʝʥ ʜʠʟʘʡʥ ʥʘ ʭʠʙʨʠʜʥʠ ʠʥʪʝʣʠʛʝʥʪʥʠ 

ʩʠʪʝʤʠ, ʧʦʩʪʨʦʝʥʠ ʩ ʡʝʨʘʨʭʠʯʥʠ ʛʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ. ʇʨʠ ʡʝʨʘʨʭʠʯʥʠ ʛʝʥʝʪʠʯʥʠ 

ʘʣʛʦʨʠʪʤʠ, ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʩʪʘʥʜʘʨʪʥʠʪʝ ʛʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ, ʚʩʷʢʘ ʭʨʦʤʦʟʦʤʘ ʩʝ 

ʩʲʩʪʦʠ ʦʪ ʜʚʘ ʪʠʧʘ ʛʝʥʠ ï ʟʘ ʢʦʥʪʨʦʣ ʠ ʟʘ ʚʨʲʟʢʘ. ʇʲʨʚʠʪʝ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʧʦʙʠʪʦʚʦ ʠ 

ʩʣʫʞʘʪ ʟʘ ʘʢʪʠʚʠʨʘʥʝ, ʘ ʚʪʦʨʠʪʝ ʩʝ ʧʨʝʜʩʪʘʨʷʪ ʩ ʨʝʘʣʥʠ ʯʠʩʣʘ ʠ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʪʝʛʣʘ. 

ʆʩʥʦʚʥʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʥʘ ʪʦʟʠ ʧʦʜʭʦʜ ʩʘ ʧʨʝʦʜʦʣʷʚʘʥʝʪʦ ʥʘ ʣʦʢʘʣʥʠʪʝ ʝʢʩʪʨʝʤʫʤʠ ʠ 

ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʦ-ʛʦʣʷʤʦ ʛʝʥʝʪʠʯʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝ. ɽʚʦʣʶʮʠʦʥʥʠʷʪ ʧʦʜʭʦʜ ʝ ʠʟʧʦʣʟʚʘʥ 
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ʟʘ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʪʦʧʦʣʦʛʠʷʪʘ ʥʘ ʠʟʢʫʩʪʚʝʥʠ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ ʠ ʟʘ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ 

ʨʘʟʤʠʪʠ ʩʠʪʝʤʠ ï ʟʘ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʙʨʦʷ ʥʘ ʨʘʟʤʠʪʠʪʝ ʧʨʘʚʠʣʘ ʠ ʥʘ ʬʫʥʢʮʠʠʪʝ ʥʘ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪ. ʇʦʢʘʟʘʥʠ ʩʘ ʜʚʝ ʧʨʠʣʦʞʝʥʠʷ ï ʚ ʤʝʜʠʮʠʥʘʪʘ ʟʘ ʜʘʚʘʥʝ ʥʘ ʘʥʝʩʪʝʟʠʷ ʥʘ 

ʧʘʮʠʝʥʪ ʠ ʟʘ ʧʨʝʜʚʠʞʜʘʥʝ ʥʘ ʚʨʝʤʝʚʠ ʨʝʜ. ʇʨʠʣʦʞʝʥʠʷʪʘ ʩʘ ʨʝʘʣʠʟʠʨʘʥʠ ʚ MATLAB. 

[24]  

ʂʦʥʘʨ ʩʲʟʜʘʚʘ ʭʠʙʨʠʜʥʘ ʩʠʩʪʝʤʘ ʟʘ ʢʨʠʤʠʥʘʣʥʦ ʨʘʟʩʣʝʜʚʘʥʝ, ʢʦʷʪʦ ʝ ʦʩʥʦʚʘʥʘ 

ʥʘ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ, ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ ʠ ʛʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ ʠ ʩʝ ʩʲʩʪʦʠ ʦʪ ʤʦʜʫʣʠ ʟʘ 

ʩʲʚʧʘʜʘʥʝ ʥʘ ʦʙʨʘʟʠ, ʢʣʘʩʠʬʠʮʠʨʘʥʝ ʠ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʧʨʲʩʪʦʚʠ ʦʪʧʝʯʘʪʲʮʠ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʟʘʧʦʜʦʟʨʝʥʠ ʧʦ ʛʣʘʩ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʟʘʧʦʜʦʟʨʝʥʠ ʧʦ ʦʧʠʩʘʥʠʷ. 

[50] 

ʂʦʥʘʨ ʧʨʝʜʣʘʛʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʧʦʟʥʘʚʘʪʝʣʥʘ ʩʠʩʪʝʤʘ ʟʘ ʨʦʙʦʪʠ. ʊʫʢ ʩʝ 

ʘʢʮʝʥʪʠʨʘ ʚʲʨʭʫ ʧʨʠʜʚʠʞʚʘʥʝ ʥʘ ʨʦʙʦʪʠ ʠ ʩʚʲʨʟʘʥʠʪʝ ʩ ʪʦʚʘ ʟʘʜʘʯʠ ʟʘ ʥʘʚʠʛʘʮʠʷ. 

ʉʲʟʜʘʚʘʥʝʪʦ ʥʘ ʧʣʘʥ ʟʘ ʜʚʠʞʝʥʠʝ ʠ ʥʘʚʠʛʘʮʠʷʪʘ ʩʝ ʠʟʚʲʨʰʚʘʪ ʩ ʭʠʙʨʠʜʥʘ ʩʠʩʪʝʤʘ, 

ʙʘʟʠʨʘʥʘ ʥʘ ʛʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ, ʩʘʤʦʦʨʛʘʥʠʟʠʨʘʱʠ ʩʝ ʢʘʨʪʠ, ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ ʩ 

ʦʙʨʘʪʥʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʛʨʝʰʢʘʪʘ. ʆʩʚʝʥ ʠʥʜʫʩʪʨʠʘʣʥʠʪʝ ʧʨʠʣʦʞʝʥʠʷ ʝ ʧʦʢʘʟʘʥ ʠ 

ʤʦʜʝʣ ʥʘ ʨʦʙʦʪ, ʠʛʨʘʝʱ ʬʫʪʙʦʣ.  [50] 

ɻʦʤʝʟ-ʉʢʘʨʤʝʪʘ, ʍʠʤʝʥʝʩ ʠ ʀʙʘʥʝʩ ʩʲʟʜʘʚʘʪ ʭʠʙʨʠʜʥʘ ʩʠʩʪʝʤʘ, ʢʦʤʙʠʥʠʨʘʱʘ 

ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ ʠ ʝʚʦʣʶʮʠʦʥʥʠʪʝ ʪʝʭʥʠʢʠ ʟʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʧʨʦʤʝʥʣʠʚʠʪʝ ʚ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠ ʚ ʧʨʦʮʝʩʘ ʥʘ 

ʜʝʡʪʘ ʤʘʡʥʠʥʛ.  [39] 

ɻʫʧʪʘ ʧʨʝʜʣʘʛʘ ʤʥʦʛʦ ʠʟʯʝʨʧʘʪʝʣʥʦ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʦ ʧʨʝʜʩʪʘʚʷʥʝ 

ʥʘ ʠʟʢʫʩʪʚʝʥʠʪʝ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ ï ʩʪʘʪʠʯʥʠ ʠ ʜʠʥʘʤʠʯʥʠ. ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʤʦʜʝʣʠ ʥʘ 

ʦʙʦʙʱʝʥʠ ʜʠʥʘʤʠʯʥʠ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ (ɼʅʄ), ʠʟʦʣʠʨʘʥʠ ɼʅʄ, ɼʅʄ ʩ ʩʪʠʤʫʣʠʨʘʥʘ ʠ 

ʟʘʜʲʨʞʘʥʘ ʜʠʥʘʤʠʢʘ, ʜʠʥʘʤʠʯʥʠ ʚʲʚ ʚʨʝʤʝʪʦ (ʥʝʧʨʝʢʲʩʥʘʪ ʠ ʜʠʩʢʨʝʪʝʥ ʩʣʫʯʘʡ) ʅʄ ʥʘ 

ʍʦʧʬʠʡʣʜ, ʤʦʜʝʣ ʥʘ ʇʠʥʝʜʘ, ʘʥʘʣʠʟʠʨʘʥʠ ʩʘ ʨʘʚʥʦʚʝʩʥʠʪʝ ʪʦʯʢʠ ʠ ʩʪʘʙʠʣʥʦʩʪʪʘ 

(ʣʦʢʘʣʥʘ ʠ ʛʣʦʙʘʣʥʘ ʘʩʠʤʧʪʦʪʠʯʥʘ) ʥʘ ɼʅʄ ʠ ʥʘ ʦʙʫʯʝʥʠʝʪʦ ʠ ʘʜʘʧʪʠʨʘʥʝʪʦ ʥʘ ɼʅʄ. 

ʈʘʟʛʣʝʜʘʥʠ ʩʘ ʧʨʦʙʣʝʤʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ ʭʠʙʨʠʜʥʠʪʝ ʨʘʟʤʠʪʦ-ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ ʠ 

ʧʨʠʣʦʞʝʥʠʝʪʦ ʠʤ ʢʘʪʦ ʫʥʠʚʝʨʩʘʣʥʠ ʘʧʨʦʢʩʠʤʘʪʦʨʠ.  [41] 

ʍʫ ʠ ɺʫʢʦʚʠʯ ʧʨʝʜʣʘʛʘʪ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʘʟʤʠʪʠ ʝʚʦʣʶʮʠʦʥʥʠ ʘʣʛʦʨʠʪʤʠ ʧʨʠ 

ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʪʨʘʝʢʪʦʨʠʷ ʥʘ ʨʦʙʦʪʠ.  [91]  

 

1.4.5. ʇʨʠʣʦʞʝʥʠʝ ʥʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛ ʚʲʚ ʬʠʥʘʥʩʦʚʦʪʦ 

ʠʥʚʝʩʪʠʨʘʥʝ 

ɻʦʣʝʤʠʷʪ ʦʙʝʤ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʠ ʚʲʟʤʦʞʥʦʩʪʠ (ʦʛʨʦʤʥʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ 

ʬʠʥʘʥʩʦʚʠ ʩʨʝʜʩʪʚʘ, ʛʦʣʝʤʠʷʪ ʙʨʦʡ ʥʘ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ ʠ ʠʥʩʪʨʫʤʝʥʪʠ, 

ʨʘʟʥʦʦʙʨʘʟʥʠʪʝ ʩʦʬʪʫʝʨʥʠ ʧʨʦʜʫʢʪʠ) ʩʘ ʩʘʤʦ ʝʜʠʥ ʦʪ ʘʩʧʝʢʪʠʪʝ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪʪʘ ʥʘ 

ʬʠʥʘʥʩʦʚʠʪʝ ʧʘʟʘʨʠ. ʇʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʤʦʜʝʣʠ ʬʠʥʘʥʩʦʚʠʪʝ ʘʥʘʣʠʟʘʪʦʨʠ ʩʝ 

ʩʙʣʲʩʢʚʘʪ ʩʲʩ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʠʪʦ ʥʝ ʝ ʦʯʝʚʠʜʝʥ ʧʨʘʚʠʣʥʠʷʪ ʠʟʙʦʨ ʥʘ ʧʘʨʘʤʝʪʨʠ, ʪʲʡ 

ʢʘʪʦ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʩʠʪʫʘʮʠʷ ʩʝ ʧʨʦʤʝʥʷ ʜʠʥʘʤʠʯʥʦ ʠ ʟʥʘʯʠʤʦʩʪʪʘ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ 

ʠʟʙʨʘʥʠʪʝ ʬʘʢʪʦʨʠ ʩʲʱʦ ʩʝ ʠʟʤʝʥʷ, ʘ ʜʦʨʠ ʚʲʟʥʠʢʚʘʪ ʥʦʚʠ ʪʘʢʠʚʘ. 

ɺ ʪʘʢʠʚʘ ʦʙʩʪʦʷʪʝʣʩʪʚʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛʲʪ ʧʨʝʜʣʘʛʘ ʧʦʜʭʦʜʷʱʠ ʩʨʝʜʩʪʚʘ ʟʘ 

ʩʧʨʘʚʷʥʝ ʩ ʧʨʦʙʣʝʤʠ, ʢʦʠʪʦ ʚ ʩʚʦʷʪʘ ʩʲʱʥʦʩʪ ʩʘ ʥʝʩʪʨʫʢʪʫʨʠʨʘʥʠ ʠ ʚ ʩʣʫʯʘʠ ʥʘ 

ʥʝʧʲʣʥʘ ʠ/ʠʣʠ ʣʠʧʩʚʘʱʘ ʠʥʬʦʨʤʘʮʠʷ.  

 

1.4.5.1. ʇʨʠʣʦʞʝʥʠʝ ʥʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛ ʚʲʚ 

ʬʠʥʘʥʩʦʚʠʷ ʠʥʞʝʥʝʨʠʥʛ 

ʆʙʟʦʨ ʥʘ ʧʨʠʣʦʞʝʥʠʷʪʘ ʚ ʦʙʣʘʩʪʪʘ ʝ ʥʘʧʨʘʚʝʥ ʦʪ ʐʘʧʠʨʦ ʚ  [80] . 
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ʋʘʡʪ (1988) ʧʨʲʚ ʠʟʧʦʣʟʚʘ ʥʝʚʨʦʥʥʘ ʤʨʝʞʘ ʟʘ ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʧʘʟʘʨʘ. 

ʀʟʧʦʣʟʚʘ ʧʨʘʚʘ ʤʨʝʞʘ ʟʘ ʜʥʝʚʥʠʪʝ ʠʟʤʝʥʝʥʠʷ ʥʘ ʮʝʥʠʪʝ ʥʘ IBM, ʢʘʪʦ ʧʦʣʫʯʘʚʘ ʪʚʲʨʜʝ 

ʦʧʪʠʤʠʩʪʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʨʘʜʠ ʧʨʝʦʙʫʯʘʚʘʥʝ ʥʘ ʤʨʝʞʘʪʘ. ɿʘʢʣʶʯʝʥʠʝʪʦ ʤʫ ʝ, ʯʝ 

ʪʦʛʘʚʘʰʥʦʪʦ ʥʠʚʦ ʥʘ ʥʝʚʨʦʥʥʠʪʝ ʤʨʝʞʠ ʥʝ ʛʠ ʧʨʘʚʷʪ Ăʤʘʰʠʥʘ ʟʘ ʧʘʨʠò.  

ʏʘʥʛ (1996) ʠʟʧʦʣʟʚʘ ʧʨʘʚʘ ʤʨʝʞʘ ʩ ʦʙʨʘʪʥʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʛʨʝʰʢʘʪʘ ʟʘ 

ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʝʜʥʦʛʦʜʠʰʥʘ ʜʦʭʦʜʥʦʩʪ ʥʘ ʚʟʘʠʤʥʠ ʬʦʥʜʦʚʝ. ʇʦʣʫʯʝʥʠʪʝ ʦʪ ʥʝʛʦ 

ʨʝʟʫʣʪʘʪʠ ʩʘ ʧʦ-ʜʦʙʨʠ ʦʪ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʨʝʛʨʝʩʠʦʥʥʠ ʤʦʜʝʣʠ. 

ʂʫʦ (1996) ʧʨʝʜʣʘʛʘ ʠʥʪʝʣʠʛʝʥʪʥʘ ʩʠʩʪʝʤʘ ʟʘ ʧʨʝʜʚʠʞʜʘʥʝ ʥʘ ʧʘʟʘʨʘ ʩ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʠ ʠ ʢʘʯʝʩʪʚʝʥʠ ʜʘʥʥʠ ʚ ʠʥʪʝʛʨʠʨʘʥ ʩʠʩʪʝʤʘ ʥʘ ʥʝʚʨʦʥʥʘ 

ʤʨʝʞʘ ʠ ʨʘʟʤʠʪ ɼʝʣʬʠ ʤʦʜʝʣ ʩ ʜʘʥʥʠ ʦʪ ʊʘʡʚʘʥʩʢʠʷ ʧʘʟʘʨ. 

ʂʠʤ ʠ ʏʲʥ (1998) ʠʟʧʦʣʟʚʘʪ ʧʨʦʙʘʙʠʣʠʩʪʠʯʥʘ ʥʝʚʨʦʥʥʘ ʤʨʝʞʘ ʟʘ ʧʨʝʜʚʠʞʜʘʥʝ 

ʥʘ ʬʦʥʜʦʚʠʷ ʧʘʟʘʨ. ɺ ʪʝʭʥʠʷ ʤʦʜʝʣ ʢʘʪʦ ʨʝʟʫʣʪʘʪ ʩʝ ʧʦʣʫʯʘʚʘʪ ʥʷʢʦʣʢʦ ʩʪʦʡʥʦʩʪʠ ʩ 

ʨʘʟʣʠʯʥʠ ʩʪʝʧʝʥʠ ʥʘ ʟʥʘʯʠʤʦʩʪ, ʘ ʥʝ ʝʜʠʥʩʪʚʝʥʘ ʩʪʦʡʥʦʩʪ. 

ɸʡʢʝʥ ʠ ɹʩʘʪ (1999) ʠʟʧʦʣʟʚʘʪ ʫʩʧʝʰʥʦ ʧʨʘʚʘ ʤʨʝʞʘ ʩ ʦʙʨʘʪʥʦ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʛʨʝʰʢʘʪʘ, ʦʙʫʯʝʥʘ ʩ ʛʝʥʝʪʠʯʝʥ ʘʣʛʦʨʠʪʲʤ ʟʘ ʧʨʝʜʚʠʞʜʘʥʝ ʥʘ 

ʮʝʥʠʪʝ ʥʘ ʪʨʠʤʝʩʝʯʥʠ ʩʲʢʨʦʚʠʱʥʠ ʙʦʥʦʚʝ. 

ʊʘʥʩʝʣ (1999) ʩʨʘʚʥʷʚʘ ʣʠʥʝʡʥʘ ʦʧʪʠʤʠʟʘʮʠʷ, ʥʝʚʨʦʥʥʘ ʤʨʝʞʘ ʠ ʛʝʥʝʪʠʯʝʥ 

ʘʣʛʦʨʠʪʲʤ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʚʨʝʤʝʚʠ ʨʝʜʦʚʝ ʧʦ ʢʨʠʪʝʨʠʠʪʝ ʪʦʯʥʦʩʪ, ʫʜʦʙʩʪʚʦ ʠ ʚʨʝʤʝ 

ʟʘ ʧʨʝʩʤʷʪʘʥʠʷ. ʇʨʠ ʪʦʟʠ ʘʥʘʣʠʟ ʥʘʡ-ʣʦʰʠ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʚʘ ʥʝʚʨʦʥʥʘʪʘ ʤʨʝʞʘ. 

ʉʣʝʜ ʪʦʚʘ ʜʨʫʛʠ ʘʚʪʦʨʠ ʧʨʠʣʘʛʘʪ ʨʘʟʣʠʯʥʠ ʘʨʭʠʪʝʢʪʫʨʠ ʥʘ ʥʝʚʨʦʥʥʘʪʘ ʤʨʝʞʘ ʠ 

ʘʣʛʦʨʠʪʤʠ ʟʘ ʦʙʫʯʝʥʠʝ ʠ ʜʦʩʪʠʛʘʪ ʧʦ-ʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ.  

ɸʙʨʘʭʘʤ (2001) ʠʟʩʣʝʜʚʘ ʭʠʙʨʠʜʥʠ ʪʝʭʥʠʢʠ ʟʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʧʨʝʜʚʠʞʜʘʥʝ ʥʘ 

ʧʘʟʘʨʘ ʠ ʘʥʘʣʠʟ ʥʘ ʪʨʝʥʜʘ. ɺ ʤʦʜʝʣʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ ʟʘ ʝʜʥʦʜʥʝʚʥʠ 

ʧʨʝʜʚʠʞʜʘʥʠʷ ʠ ʨʘʟʤʠʪʦ-ʥʝʚʨʦʥʥʘ ʩʠʩʪʝʤʘ ʟʘ ʘʥʘʣʠʟ ʥʘ ʪʝʥʜʝʥʮʠʷʪʘ ʚ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ 

ʮʝʥʠʪʝ, ʢʘʪʦ ʠʟʧʦʣʟʚʘʪ 24-ʤʝʩʝʯʥʠ ʜʘʥʥʠ ʟʘ ʠʟʤʝʥʝʥʠʝ ʥʘ Nasdaq ʠ ʰʝʩʪ ʢʦʤʧʘʥʠʠ ʥʘ 

ʬʦʥʜʦʚʘʪʘ ʙʦʨʩʘ . 

ʂʦʩʘʢʘ (1991) ʧʨʝʜʣʘʛʘ ʝʬʝʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ ʦʪ ʚʠʜʘ 

Ăʢʫʧʫʚʘ/ʧʨʦʜʘʚʘò, ʧʦʩʪʨʦʝʥʘ ʩʲʩ ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ ʠ ʥʝʚʨʦʥʥʠʪʝ ʤʨʝʞʠ. 

ʋʠʣʩʲʥ (1994) ʨʘʟʚʠʚʘ ʥʘʧʲʣʥʦ ʘʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʟʘ ʪʲʨʛʦʚʠʷ ʥʘ ʬʦʥʜʦʚʘʪʘ 

ʙʦʨʩʘ, ʠʟʧʦʣʟʚʘʱʘ ʧʨʦʮʝʜʫʨʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʭʘʦʩʘ, ʩʘʤʦʦʨʛʘʥʠʟʠʨʘʱʠ ʩʝ ʢʘʨʪʠ 

(SOFM) ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʦʨʪʬʝʡʣ. 

ʂʦʩʠʯʠʯ (1997) ʠʟʩʣʝʜʚʘ ʛʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʧʨʘʚʠʣʘ ʟʘ ʪʲʨʛʫʚʘʥʝ, 

ʧʨʠʣʦʞʝʥʠ ʚʲʨʭʫ ʚʨʝʤʝʚʠ ʨʝʜʦʚʝ ʠ ʢʦʥʮʝʥʪʨʠʨʘʥʠ ʚʲʨʭʫ ʤʦʤʝʥʪʘ ʥʘ ʜʝʡʩʪʚʠʝ. 

ɹʘʙʘ (2000) ʢʦʥʩʪʨʫʠʨʘ ʩʠʩʪʝʤʘ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʩ 

ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ ʠ ʛʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʘʥʘʣʠʟ ʥʘ TOPIX.  

ʀʥʪʝʨʝʩʥʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʧʨʠʣʘʛʘʥʝ ʥʘ ʥʝʚʨʦʥʥʦ-ʭʠʙʨʠʜʥʠ ʩʠʪʝʤʠ ʉɸ 

ʧʫʙʣʠʢʫʚʘʥʠ ʚ  [19], [26] ʠ[40] . 

 

1.4.5.2. ʇʨʠʣʦʞʝʥʠʝ ʥʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ 

ʧʦʨʪʬʝʡʣʥʘʪʘ ʟʘʜʘʯʘ 

ʆʩʥʦʚʝʥ ʤʦʜʝʣ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣ, ʠʟʧʦʣʟʚʘʡʢʠ ʪʝʦʨʠʷʪʘ ʟʘ ʚʟʝʤʘʥʝ 

ʥʘ ʨʝʰʝʥʠʝ ʩ ʧʦʤʦʱʪʘ ʥʘ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ, ʝ ʧʨʝʜʣʦʞʝʥʠʷʪ ʦʪ ʈʘʤʘʩʫʘʤʠ ʤʝʪʦʜ ʚ[77], 

ʦʩʥʦʚʘʥ ʥʘ ʊʝʦʨʠʷʪʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ ʩ ʧʦʤʦʱʪʘ ʥʘ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ  [96]. 

 

ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʘʟʠ ʪʝʦʨʠʷ ʥʝ ʩʝ ʧʨʘʚʠ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʤʝʞʜʫ ʮʝʣʠ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʪ.ʝ. ʘʢʦ ʩ ʍ ʝ ʦʟʥʘʯʝʥʦ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʘʣʪʝʨʥʘʪʠʚʥʠ ʨʝʰʝʥʠʷ ʠ 

ʩʲʱʝʩʪʚʫʚʘʪ m ʨʘʟʤʠʪʠ ʮʝʣʠ Ὃ (i = 1, ..., m) ʠ n ʨʘʟʤʠʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ὅ (j = 1, ..., n), 

ʪʦʛʘʚʘ ʨʘʟʤʠʪʦʪʦ ʨʝʰʝʥʠʝ ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʪʦ ʨʘʟʤʠʪʦ ʤʥʦʞʝʩʪʚʦ Ὀ ʩ ʬʫʥʢʮʠʷ ʥʘ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪ: 



23 
 

 

ʈ ὼ = min( ʈ ὼ, ... , ʈ ὼ , ʈ ὼ , ... , ʈ ὼ ). 

 

ʆʧʪʠʤʘʣʥʦʪʦ ʨʝʰʝʥʠʝ ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʪʦ ʥʝʨʘʟʤʠʪʦ ʧʦʜʤʥʦʞʝʩʪʚʦ 

 

Ὀ  =  ὼᶻ  ȿ ὼᶻᶰ8 ȟ ὼᶻᶰÁÒÇÍÁØ ʈ Ȣ 

 

ʆʩʥʦʚʥʘʪʘ ʠʜʝʷ ʧʨʠ ʤʝʪʦʜʘ ʥʘ ʈʘʤʘʩʫʘʤʠ ʝ, ʯʝ ʠʥʚʝʩʪʠʪʦʨ ʤʦʞʝ ʜʘ ʢʦʥʩʪʨʫʠʨʘ 

ʧʦʨʪʬʝʡʣ, ʙʘʟʠʨʘʥ ʥʘ m ʧʦʪʝʥʮʠʘʣʥʠ ʩʮʝʥʘʨʠʷ ʦʪ ʠʥʚʝʩʪʠʮʠʦʥʥʘʪʘ ʩʲʚʢʫʧʥʦʩʪ ʦʪ n 

ʘʢʪʠʚʘ, ʢʘʪʦ ὼ  
ʠ ὼ  ʩʘ ʤʠʥʠʤʘʣʝʥ ʠ ʤʘʢʩʠʤʘʣʝʥ ʜʷʣ ʟʘ i-ʪʠʷ ʘʢʪʠʚ. ʅʝʢʘ Ὑ  

ʧʨʝʜʩʪʘʚʣʷʚʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ i- ʪʠʷ ʘʢʪʠʚ ʚ k-ʪʠʷ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʩʮʝʥʘʨʠʠ ʠ ʩ  

Ὑ ὼ  Ὑ ὼ 

ʝ ʦʟʥʘʯʝʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ ʧʦʨʪʬʝʡʣʘ ʟʘ k-ʪʠʷ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʩʮʝʥʘʨʠʡ ʚ ʢʨʘʷ ʥʘ 

ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʧʝʨʠʦʜ. ʆʟʥʘʯʘʚʘʡʢʠ ʩ Ὑ  
ʠ Ὑ  

 ʤʠʥʠʤʫʤʘ ʠ ʤʘʢʩʠʤʫʤʘ ʥʘ 

ʦʯʘʢʚʘʥʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʩʲʦʪʚʝʪʥʦ ʥʘ k-ʪʠʷ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʩʮʝʥʘʨʠʡ, 

ʫʜʦʚʣʝʪʚʦʨʝʥʦʩʪʪʘ ʥʘ ʠʥʚʝʩʪʠʪʦʨʘ ʦʪ ʧʦʨʪʬʝʡʣʘ x ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʧʨʝʜʝʣʝʥʘ ʩʲʩ 

ʩʣʝʜʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ: 

Õ Ὑ ὼ  

ừ
Ử
Ừ

Ử
ứ πȟ ʧʨʠ Ὑ ὼ  Ὑ

Ὑ ὼ  Ὑ

Ὑ  Ὑ
ȟʧʨʠὙ   Ὑ ὼ  Ὑ

ρȟ ʧʨʠ Ὑ ὼ  Ὑ

 

 

ʊʦʛʘʚʘ ʟʘʜʘʯʘʪʘ ʩʝ ʩʲʩʪʦʠ ʚ ʥʘʤʠʨʘʥʝʪʦ ʥʘ  

ÍÁØÕ Ὑ ὼ ȟȣȟÕ Ὑ ὼ   

ʧʨʠ ʦʛʨʘʥʠʯʠʪʝʣʥʠ ʫʩʣʦʚʠʷ 

 ὼ ρ 

ὼ    ὼ  ὼ  ȟὭ ρȟȣȟὲ Ȣ 

 

ʇʦʜʨʦʙʝʥ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʤʦʜʝʣʠ ʟʘ ʨʝʙʘʣʘʥʩʠʨʘʥʝ ʥʘ 

ʧʦʨʪʬʝʡʣ, ʠʟʧʦʣʟʚʘʱ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʝ ʧʫʙʣʠʢʫʚʘʥʦ ʚ 

ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʁʦʥ ʌʘʥʛ ʠ ʂʠʥ ʂʫʥ ʃʝʡ ʦʪ 2008 ʛʦʜʠʥʘ. ʇʨʠ ʦʮʝʥʢʘ ʥʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪʠʪʝ ʥʘ ʘʢʪʠʚʠʪʝ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʪʝʛʣʘ, ʧʨʦʤʝʥʷʱʠ ʩʝ ʚʲʚ ʚʨʝʤʝʪʦ. 

ʆʩʥʦʚʥʠʷʪ ʧʨʠʥʦʩ ʚ ʤʦʜʝʣʠʪʝ ʝ ʚʢʣʶʯʚʘʥʝʪʦ ʥʘ ʮʝʥʘʪʘ ʥʘ ʪʨʘʥʟʘʢʮʠʠʪʝ. ʇʦʢʘʟʘʥʠ ʩʘ ʠ 

ʤʦʜʝʣʠ ʟʘ ʨʝʙʘʣʘʥʩʠʨʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣʠ ʩ ʨʘʟʥʦʨʦʜʥʠ ʘʢʪʠʚʠ. [31] 

 

ʆʪ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʤʥʦʛʦʙʨʦʡʥʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʜʨʫʛʠʪʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʩʦʬʪ 

ʢʦʤʧʶʪʠʥʛ ʚ ʧʦʨʪʬʝʡʣʥʘʪʘ ʪʝʦʨʠʷ, ʪʫʢ ʱʝ ʙʲʜʘʪ ʩʧʦʤʝʥʘʪʠ ʩʘʤʦ ʥʷʢʦʠ ʦʪ ʧʲʨʚʠʪʝ 

ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʘʪʠʢʘʪʘ. 
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ʃʦʫ ʧʨʝʟ 1994 ʠʟʧʦʣʟʚʘ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ ʟʘ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ ʧʦʨʪʬʝʡʣ ʯʨʝʟ 

ʤʠʥʠʤʠʟʠʨʘʥʝ ʥʘ ʨʠʩʢʘ. 

ʋʝʥʜ ʧʨʝʟ 1995 ʧʦʩʪʨʦʷʚʘ ʧʦʨʪʬʝʡʣʥʘʪʘ ʝʬʝʢʪʠʚʥʘ ʛʨʘʥʠʮʘ ʯʨʝʟ ʛʝʥʝʪʠʯʝʥ 

ʘʣʛʦʨʠʪʲʤ. 

ɻʫʦ ʠ ʍʫʘʥʛ ʧʨʝʟ 1996 ʠʟʧʦʣʟʚʘʪ ʣʠʥʝʡʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʙʘʟʠʨʘʥʦ ʥʘ ʪʝʦʨʠʷ ʥʘ 

ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʦʧʪʠʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʘʢʪʠʚʠʪʝ, ʢʘʪʦ ʝʜʥʦʚʨʝʤʝʥʥʦ 

ʤʘʢʩʠʤʠʟʠʨʘʪ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ, ʤʠʥʠʤʠʟʠʨʘʪ ʨʠʩʢʘ ʠ ʤʘʢʩʠʤʠʟʠʨʘʪ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ 

ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-ʚʠʩʦʢʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ. 

1.5. ʂʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ, ʨʘʙʦʪʝʱʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ 

ʉʲʱʝʩʪʚʫʚʘʪ ʨʘʟʣʠʯʥʠ ʜʝʬʠʥʠʮʠʠ ʟʘ ʢʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ, ʨʘʙʦʪʝʱʠ ʚ ʨʝʘʣʥʦ 

ʚʨʝʤʝ. ʆʙʱʦʪʦ ʚ ʪʝʟʠ ʜʝʬʠʥʠʮʠʠ ʝ, ʯʝ ʩʠʩʪʝʤʘʪʘ ʪʨʷʙʚʘ ʜʘ ʩʧʘʟʠ ʦʧʨʝʜʝʣʝʥʠ ʫʩʣʦʚʠʷ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷʪʘ ʚʲʚ ʚʨʝʤʝʪʦ, ʟʘ ʜʘ ʙʲʜʘʪ ʧʦʣʫʯʝʥʠ ʢʦʨʝʢʪʥʠ ʠ ʥʘʜʝʞʜʥʠ ʨʝʟʫʣʪʘʪʠ ʦʪ 

ʨʘʙʦʪʘʪʘ ʡ. 

ɺʨʝʤʝʪʦ ʤʝʞʜʫ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʚʭʦʜʥʠʪʝ ʜʘʥʥʠ ʠ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʚʩʠʯʢʠ 

ʠʟʭʦʜʥʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʥʘʨʠʯʘ ʚʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ ʥʘ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʠʩʪʝʤʘ. 

ʂʦʤʧʶʪʲʨʥʘ ʩʠʩʪʝʤʘ ʦʧʝʨʠʨʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʘʢʦ ʫʜʦʚʣʝʪʚʦʨʠ ʩʧʝʮʠʬʠʯʥʠʪʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʟʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ, ʘ ʘʢʦ ʥʝ ʫʩʧʝʝ - ʥʘʜʝʞʜʥʦʩʪʪʘ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʪʘʟʠ ʩʠʩʪʝʤʘ ʝ ʧʦʜ ʚʲʧʨʦʩ, ʢʦʝʪʦ ʚ ʥʷʢʦʠ ʩʣʫʯʘʠ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʠ ʜʦ ʩʝʨʠʦʟʥʠ 

ʦʧʘʩʥʦʩʪʠ ʢʘʢʪʦ ʟʘ ʩʘʤʘʪʘ ʩʠʩʪʝʤʘ, ʪʘʢʘ ʠ ʟʘ ʧʦʪʨʝʙʠʪʝʣʷ.  

 

ʉʧʦʨʝʜ [55] ʩʲɦʝʩʪʚʫʚʘʪ ʪʨʠ ʚʠʜʘ ʨʝʘʣʥʦ ʚʨʝʤʝ:  

¶ soft real time ï ʧʨʠ ʥʝʩʧʘʟʚʘʥʝ ʥʘ ʦʛʨʘʥʠʯʝʥʠʷʪʘ ʚʲʚ ʚʨʝʤʝʪʦ ʨʘʙʦʪʘʪʘ ʥʘ 

ʩʠʩʪʝʤʘʪʘ ʩʝ ʚʣʦʰʘʚʘ, ʥʦ ʪʦʚʘ ʥʝ ʚʦʜʠ ʜʦ ʢʨʠʪʠʯʥʠ ʥʘʨʫʰʝʥʠʷ; 

¶ firm real time - ʥʷʢʦʣʢʦ ʥʝʩʧʘʟʝʥʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚʲʚ ʚʨʝʤʝʪʦ ʥʝ ʚʦʜʷʪ ʜʦ 

ʢʨʠʪʠʯʥʠ ʥʘʨʫʰʝʥʠʷ, ʥʦ ʧʦʚʝʯʝ ʜʦʚʝʞʜʘʪ ʜʦ ʧʲʣʥʘ ʠ ʢʘʪʘʩʪʨʦʬʘʣʥʘ ʥʝʚʲʟʤʦʞʥʦʩʪ ʥʘ 

ʩʠʩʪʝʤʘʪʘ ʜʘ ʦʧʝʨʠʨʘ ʢʦʨʝʢʪʥʦ; 

¶ hard real time ï ʝʜʥʦ ʥʝʩʧʘʟʝʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʜʦʚʝʞʜʘ ʜʦ ʧʲʣʥʘ ʠ 

ʢʘʪʘʩʪʨʦʬʘʣʥʘ ʥʝʚʲʟʤʦʞʥʦʩʪ ʥʘ ʩʠʩʪʝʤʘʪʘ ʜʘ ʦʧʝʨʠʨʘ ʢʦʨʝʢʪʥʦ.  

 

ʇʨʦʝʢʪʠʨʘʥʝʪʦ ʠ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʠ, ʨʦʙʦʪʝʱʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʠʟʠʩʢʚʘ 

ʚʥʠʤʘʥʠʝ ʚ ʥʷʢʦʣʢʦ ʧʦʩʦʢʠ: 

¶ ʠʟʙʦʨ ʥʘ ʭʘʨʜʫʝʨ ʠ ʩʦʬʪʫʝʨ ʠ ʦʮʝʥʢʘ ʥʘ ʮʝʥʘʪʘ ʥʘ ʪʲʨʩʝʥʦʪʦ ʨʝʰʝʥʠʝ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʠ ʩʠʩʪʝʤʠ ʠ ʚʲʧʨʦʩʠ, ʩʚʲʨʟʘʥʠ ʩ 

ʧʘʨʘʣʝʣʥʠ ʘʣʛʦʨʠʪʤʠ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʥʘ ʧʨʦʮʝʩʠʪʝ; 

¶ ʨʘʟʙʠʨʘʥʝ ʥʘ ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ ʝʟʠʮʠʪʝ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʩʚʲʨʟʘʥʠ ʩ 
ʧʨʝʚʦʜʘ ʥʘ ʤʘʰʠʥʝʥ ʝʟʠʢ; 

¶ ʤʘʢʩʠʤʠʟʠʨʘʥʝ ʥʘ ʪʦʣʝʨʘʥʩʘ ʢʲʤ ʛʨʝʰʢʘ ʠ ʤʘʢʩʠʤʠʟʠʨʘʥʝ ʥʘ 

ʥʘʜʝʞʜʥʦʩʪʪʘ; 

¶ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʘʜʤʠʥʠʩʪʨʠʨʘʥʝ ʥʘ ʪʝʩʪʦʚʝ; 

¶ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʝʭʥʦʣʦʛʠʷʪʘ Ăʦʪʚʦʨʝʥ ʢʦʜò; 

¶ ʠʟʤʝʨʚʘʥʝ ʠ ʧʨʝʜʚʠʞʜʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʠ ʥʘʤʘʣʷʚʘʥʝʪʦ ʤʫ ʯʨʝʟ 
ʘʥʘʣʠʟ ʥʘ ʦʧʝʨʘʮʠʠʪʝ. 

 

ʉʲʱʝʩʪʚʫʚʘʪ ʢʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʨʝʘʣʠʟʠʨʘʥʠ ʥʘ ʨʘʟʣʠʯʥʠ 

ʧʨʦʛʨʘʤʥʠ ʝʟʠʮʠ: C, C++, C#, Java, Fortran, Pascal, Ada95, ʘʩʝʤʙʣʝʨ ʠ ʧʨ. ʀʟʙʦʨʲʪ ʥʘ 

ʝʟʠʢ ʝ ʧʨʷʢʦ ʩʚʲʨʟʘʥ ʩ ʮʝʣʠʪʝ ʥʘ ʢʦʥʢʨʝʪʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ 
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1.6. ʎʝʣ ʠ ʟʘʜʘʯʠ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ 

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʥʘʩʦʯʝʥ ʢʲʤ ʩʲʟʜʘʚʘʥʝ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʤʦʜʝʣʠ ʟʘ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʚ ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʨʝʜʩʪʚʘ ʥʘ ʩʦʬʪ 

ʢʦʤʧʶʪʠʥʛ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪʠ ʦʪ ʨʘʟʤʠʪ ʚʠʜ. 

 

ʆʩʥʦʚʥʠʪʝ ʧʨʦʙʣʝʤʠ ʥʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʛʨʫʧʠʨʘʥʠ ʢʘʢʪʦ ʩʣʝʜʚʘ: 

¶ ʩʲʙʠʨʘʥʝʪʦ, ʩʲʭʨʘʥʷʚʘʥʝʪʦ ʠ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʟʘ ʮʝʥʠʪʝ ʥʘ 

ʘʢʪʠʚʠʪʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʜʦʩʪʲʧʥʠ ʠʟʯʠʩʣʠʪʝʣʥʠ 

ʨʝʩʫʨʩʠ, ʟʘ ʜʘ ʤʦʞʝ ʠʥʚʝʩʪʠʪʦʨʲʪ ʜʘ ʚʟʝʤʝ ʘʜʝʢʚʘʪʥʦ ʨʝʰʝʥʠʝ ʧʨʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʠʥʚʝʩʪʠʮʠʷʪʘ; 

¶ ʧʨʠ ʧʦʨʪʬʝʡʣʥʘ ʠʥʚʝʩʪʠʮʠʷ ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʦʪʯʝʪʝ ʧʨʦʙʣʝʤʲʪ ʩ 

ʢʘʨʜʠʥʘʣʥʦʩʪʪʘ; 

¶ ʩʲʙʠʪʠʷʪʘ ʥʘ ʬʠʥʘʥʩʦʚʠʪʝ ʧʘʟʘʨʠ ʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʦʚʪʦʨʝʥʠ ʠ 

ʧʨʝʜʚʠʜʝʥʠ, ʘ ʥʝʩʠʛʫʨʥʦʩʪʪʘ ʠ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪʪʘ ʩʘ ʥʝʠʟʙʝʞʥʠ ʥʘ ʬʠʥʘʥʩʦʚʠʪʝ 

ʧʘʟʘʨʠ. ʉʦʬʪ ʢʦʤʧʶʪʠʥʛ ʧʨʝʜʣʘʛʘ ʩʨʝʜʩʪʚʘ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʧʦʜʦʙʥʠ ʩʠʪʫʘʮʠʠ. 

 

ʎʝʣʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠ ̫ʪʨʫʜ ʝ ʜʘ ʩʝ ʩʲʟʜʘʜʘʪ, ʨʝʘʣʠʟʠʨʘʪ ʠ ʪʝʩʪʚʘʪ ʤʦʜʝʣʠ, 

ʦʩʥʦʚʘʥʠ ʥʘ ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʩʦʬʪ ʢʦʤʧʶʪʠʥʛ, ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣ ʩ ʦʛʨʘʥʠʯʝʥʠ 

ʬʠʥʘʥʩʦʚʠ ʨʝʩʫʨʩʠ. 

 

ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦʩʦʯʝʥʘʪʘ ʮʝʣ ʩʘ ʧʦʩʪʘʚʝʥʠ ʩʣʝʜʥʠʪʝ ʦʩʥʦʚʥʠ ʟʘʜʘʯʠ: 

(1) ʘʚʪʦʥʦʤʥʦ ʩʲʙʠʨʘʥʝ ʥʘ ʜʘʥʥʠ ʟʘ ʮʝʥʠ ʥʘ ʘʢʪʠʚʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ; 

ʦʪʯʠʪʘʥʝ ʥʘ ʧʨʦʙʣʝʤʘ ʩ ʣʠʧʩʚʘʱʠʪʝ ʜʘʥʥʠ; ʧʨʝʮʠʟʠʨʘʥʝ ʥʘ ʦʮʝʥʢʠʪʝ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʘʢʪʠʚʠ ʧʨʠ ʜʥʝʚʥʠ ʥʘʙʣʶʜʝʥʠʷ ʩ ʨʘʚʥʠ ʠ ʥʝʨʘʚʥʠ ʠʥʪʝʨʚʘʣʠ ʦʪ 

ʚʨʝʤʝ ʤʝʞʜʫ ʥʘʙʣʶʜʝʥʠʷʪʘ; 

(2) ʘʥʘʣʠʟ ʥʘ ʜʘʥʥʠʪʝ ʩʲʩ ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ ʟʘ ʦʮʝʥʢʘ ʥʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʠ ʨʠʩʢʘ ʥʘ ʘʢʪʠʚʠ; 

(3) ʦʪʯʠʪʘʥʝ ʥʘ ʧʨʦʙʣʝʤʘ ʩ ʢʘʨʜʠʥʘʣʥʦʩʪʪʘ ʧʨʠ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ 

ʧʦʨʪʬʝʡʣ ʩ ʦʛʨʘʥʠʯʝʥʠ ʨʝʩʫʨʩʠ; 

(4) ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʦʬʪʫʝʨʥʘ ʩʠʩʪʝʤʘ; 

(5) ʪʝʩʪʚʘʥʝ ʥʘ ʩʦʬʪʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʩ ʨʝʘʣʥʠ ʜʘʥʥʠ. 

 

ʇʨʠ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʦʧʠʩʘʥʠʪʝ ʟʘʜʘʯʠ ʩʝ ʥʘʣʘʛʘʪ ʩʣʝʜʥʠʪʝ ʦʛʨʘʥʠʯʝʥʠʷ: 

¶ ʧʨʠ ʨʝʰʘʚʘʥʝ ʥʘ ʪʘʢʘ ʜʝʬʠʥʠʨʘʥʠʪʝ ʟʘʜʘʯʠ ʩʝ ʧʨʠʝʤʘ, ʯʝ ʨʝʜʠʮʠʪʝ ʦʪ 

ʮʝʥʠ ʥʘ ʘʢʪʠʚʠ ʩʲʜʲʨʞʘʪ ʜʦʩʪʘʪʲʯʥʦ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʤʦʤʝʥʪʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ 

ʤʘʢʨʦ ʠ ʤʠʢʨʦʠʢʦʥʦʤʠʯʝʩʢʠʪʝ ʬʘʢʪʦʨʠ. ʊʘʟʠ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ ʠ 

ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʜʦʩʪʘʪʲʯʥʦ ʜʦʙʨʠ ʢʨʘʪʢʦʩʨʦʯʥʠ ʧʨʝʜʚʠʞʜʘʥʠʷ ʟʘ ʙʲʜʝʱʠʪʝ 

ʠʟʤʝʥʝʥʠʷ ʥʘ ʮʝʥʠʪʝ, ʢʦʠʪʦ ʜʘ ʧʦʜʧʦʤʦʛʥʘʪ ʧʨʦʮʝʩʘ ʥʘ ʚʟʝʤʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠ 

ʨʝʰʝʥʠʷ; 

¶ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʪʝʩʪʦʚʝʪʝ ʥʘ ʤʦʜʝʣʠʪʝ ʠ ʩʦʬʪʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʩʘ 

ʠʟʙʨʘʥʠ ʘʢʮʠʠ, ʪʲʡ ʢʘʪʦ ʪʝ ʩʘ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ ʩ ʦʪʥʦʩʠʪʝʣʥʦ ʚʠʩʦʢʘ ʣʠʢʚʠʜʥʦʩʪ ʠ 

ʤʦʛʘʪ ʜʘ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʢʨʘʪʢʦʩʨʦʯʥʦ ʠʥʚʝʩʪʠʨʘʥʝ; 



26 

¶ ʚʨʝʤʝʚʠʷʪ ʭʦʨʠʟʦʥʪ ʥʘ ʠʥʚʝʩʪʠʮʠʠʪʝ ʝ 1-3 ʤʝʩʝʮʘ. ʊʦʚʘ ʩʘ 

ʢʨʘʪʢʦʩʨʦʯʥʠ ʠʥʚʝʩʪʠʮʠʠ, ʧʦʜʭʦʜʷʱʠ ʟʘ ʧʦ-ʢʦʥʩʝʨʚʘʪʠʚʥʠ ʠʥʚʝʩʪʠʪʦʨʠ, ʘ ʥʝ ʟʘ 

ʩʧʝʢʫʣʠʨʘʥʝ ʥʘ ʬʦʥʜʦʚʘʪʘ ʙʦʨʩʘ; 

¶ ʧʨʠ ʨʝʘʣʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ  ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʘʢʪʠʚʠ ʩʘ ʚʩʠʯʢʠ ʘʢʮʠʠ, 

ʪʲʨʛʫʚʘʥʠ ʥʘ ɹʌɹ-ʉʦʬʠʷ ɸɼ, ʢʘʪʦ ʜʘʥʥʠ ʟʘ ʮʝʥʘʪʘ ʧʨʠ ʟʘʪʚʘʨʷʥʝ ʩʝ ʩʚʘʣʷʪ 

ʝʞʝʜʥʝʚʥʦ ʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʚʭʦʜʷʱʠ ʜʘʥʥʠ; 

¶ ʧʨʠʝʤʘ ʩʝ, ʯʝ ʥʷʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘ ʢʫʧʫʚʘʥʝ ʥʘ ʞʝʣʘʥʠʷ ʙʨʦʡ ʘʢʮʠʠ. 
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ɻʣʘʚʘ 2. ʌʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ. ʈʘʟʤʠʪʠ ʩʠʩʪʝʤʠ 

2.1. ʆʮʝʥʷʚʘʥʝ ʥʘ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ 

2.1.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʬʠʥʘʥʩʦʚ ʘʢʪʠʚ 

 

2.1.1.1. ɺʲʟʚʨʘʱʘʝʤʦʩʪ ʥʘ ʬʠʥʘʥʩʦʚ ʘʢʪʠʚ 

 

ʅʝʢʘ A  e ʬʠʥʘʥʩʦʚ ʘʢʪʠʚ, ʟʘ ʢʦʡʪʦ ʩʘ ʠʟʚʝʩʪʥʠ ʠʩʪʦʨʠʯʝʩʢʠʪʝ ʜʘʥʥʠ ʟʘ 

ʢʦʪʠʨʦʚʢʠʪʝ ʚ ʢʨʘʷ ʥʘ ʚʩʝʢʠ ʦʪ T  ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʤʦʤʝʥʪʘ, ʪ.ʝ. ʠʟʚʝʩʪʥʘ ʝ ʨʝʜʠʮʘʪʘ 

()() ()TPPP ,...,2,1 , ʢʲʜʝʪʦ()tP  ʝ ʧʘʟʘʨʥʘʪʘ ʮʝʥʘ ʥʘ ʘʢʪʠʚʘ ʚ ʤʦʤʝʥʪ t  ʟʘ T,...,,t 21= , ʢʘʪʦ 

ʠʥʪʝʨʚʘʣʠʪʝ ʦʪ ʚʨʝʤʝ ʤʝʞʜʫ ʤʦʤʝʥʪʠʪʝ 1-t  ʠ t  ʩʘ ʨʘʚʥʠ ʧʦʤʝʞʜʫ ʩʠ. ʊʦʛʘʚʘ ʩʧʦʨʝʜ 

[22]: 

 

ʚ̡ ʟʚʨʘʱʘʝʤʦʩʪʪʘ
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 ʥʘ A  ʟʘ ʧʝʨʠʦʜʘ [ ]tt ;1-  ʝ  
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 ʟʘ ʩʲʱʠʷ ʧʝʨʠʦʜ ʝ 
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ʟʘ Tt ,...,2= . 

 

ʇʨʠ ʦʮʝʥʷʚʘʥʝ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʟʘ ʧʝʨʠʦʜʘ [ ]T;1  ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʘ 

ʩʨʝʜʥʦ ʘʨʠʪʤʝʪʠʯʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠʪʝ 
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ʠʣʠ ʩʨʝʜʥʦ ʘʨʠʪʤʝʪʠʯʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʥʦʨʤʠʪʝ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ 
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ɺʲʧʨʝʢʠ ʣʝʢʦʪʘʪʘ, ʩ ʢʦʷʪʦ ʩʝ ʧʨʝʩʤʷʪʘʪ ʩʨʝʜʥʦʘʨʠʪʤʝʪʠʯʥʠʪʝ ʚʝʣʠʯʠʥʠ, ʚ 

ʩʣʫʯʘʷ ʥʘ ʦʮʝʥʢʘ ʥʘ ʬʠʥʘʥʩʦʚ ʘʢʪʠʚ ʧʦ-ʠʥʬʦʨʤʘʪʠʚʥʘ ʝ ʩʨʝʜʥʦʛʝʤʝʪʨʠʯʥʘʪʘ ʚʝʣʠʯʠʥʘ, 

ʪʲʡ ʢʘʪʦ ʧʦʢʘʟʚʘ ʥʘ ʠʥʚʝʩʪʠʪʦʨʘ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʠʥʚʝʩʪʠʨʘʥʘʪʘ ʩʫʤʘ. ʊʦʛʘʚʘ ʟʘ ʧʝʨʠʦʜʘ 

[ ]T;1  ʩʘ ʚ ʩʠʣʘ ʩʣʝʜʥʠʪʝ ʬʦʨʤʫʣʠ:  

 

                                                 
1 ɺʝʣʠʯʠʥʘʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʟʘʧʠʩʘʥʘ ʚ ʧʨʦʮʝʥʪʠ  ʩʣʝʜ ʫʤʥʦʞʝʥʠʝ ʩʲʩ 100%. 

2 ɺʝʣʠʯʠʥʘʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʟʘʧʠʩʘʥʘ ʚ ʧʨʦʮʝʥʪʠ  ʩʣʝʜ ʫʤʥʦʞʝʥʠʝ ʩʲʩ 100%. 

3 ʂʘʪʦ ʩʠʥʦʥʠʤ ʥʘ Ăʥʦʨʤʘ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪò ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʪʝʨʤʠʥʲʪ Ăʜʦʭʦʜʥʦʩʪò. 
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ʩʨʝʜʥʦʛʝʦʤʝʪʨʠʯʥʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʝ ʨʘʚʥʘ ʥʘ 
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ʩʨʝʜʥʦʛʝʦʤʝʪʨʠʯʥʘʪʘ ʥʦʨʤʘ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʝ ʨʘʚʥʘ ʥʘ 

 

11 1 -=-= -ʊ
TggN RRR       (2.7) 

 

ɿʘ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦʪʦ ʦʪʢʣʦʥʝʥʠʝ ʢʘʪʦ ʤʷʨʢʘ ʥʘ ʦʪʣʦʥʝʥʠʝ ʦʪ 

ʩʨʝʜʥʦʘʨʠʪʤʝʪʠʯʥʘʪʘ ʚʝʣʠʯʠʥʘ ʝ ʧʦʜʭʦʜʷʱʦ ʛʝʦʤʝʪʨʠʯʥʠʪʝ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠ ʜʘ ʩʝ 

ʣʦʛʘʨʠʪʤʫʚʘʪ, ʧʨʠ ʢʦʝʪʦ ʟʘ ʧʝʨʠʦʜʘ [ ]T;1  ʧʨʠ Tt ,...,2=  ʩʝ ʧʦʣʫʯʘʚʘʪ ʩʣʝʜʥʠʪʝ 

ʚʝʣʠʯʠʥʠ: 

 

ʣʦʛʘʨʠʪʤʠʯʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ:  
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ʣʦʛʘʨʠʪʤʠʯʥʘ ʩʨʝʜʥʦʛʝʦʤʝʪʨʠʯʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ 
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ɺ ʩʠʣʘ ʝ ʨʘʚʝʥʩʪʚʦʪʦ  
¶

= R

g eR .        (2.10) 

 

ʆʙʱʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʧʨʠ ʜʥʝʚʥʠ ʥʘʙʣʶʜʝʥʠʷ ʩ ʥʝʨʘʚʥʠ ʠʥʪʝʨʚʘʣʠ ʦʪ ʚʨʝʤʝ ʤʝʞʜʫ 

ʪʷʭ 

ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʜʥʝʚʥʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʮʝʥʠ ʥʘ ʘʢʮʠʠ ʚ ʨʝʜʠʮʘʪʘ 

()() ()TPPP ,...,2,1  ʧʦʥʷʢʦʛʘ ʠʤʘ ʣʠʧʩʚʘʱʠ ʜʘʥʥʠ, ʪ.ʝ. ʠʥʪʝʨʚʘʣʠʪʝ ʦʪ ʚʨʝʤʝ ʤʝʞʜʫ 

ʥʘʙʣʶʜʝʥʠʷʪʘ ʥʝ ʩʘ ʨʘʚʥʠ. ʊʦʟʠ ʧʨʦʙʣʝʤ ʝ ʜʠʩʢʫʪʠʨʘʥ ʚ 1.3. ɽʜʠʥ ʚʲʟʤʦʞʝʥ ʧʦʜʭʦʜ ʟʘ 

ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ ʪʦʟʠ ʧʨʦʙʣʝʤ ʝ ʬʦʨʤʫʣʠʪʝ ʜʘ ʩʝ ʢʦʨʠʛʠʨʘʪ, ʢʘʢʪʦ ʝ ʧʨʝʜʣʦʞʝʥʦ ʚ [34] 

ʠ [38] : 
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ln
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lnln    (2.9) 

 

ʢʲʜʝʪʦ tD  ʝ ʙʨʦʷʪ ʥʘ ʜʥʠʪʝ ʤʝʞʜʫ ʥʘʙʣʶʜʝʥʠʷʪʘ ( )1-tP  ʠ ()tP , ʠ ä
=

D=
T

t

tk
2

. 

ɼʨʫʛ ʚʲʟʤʦʞʝʥ ʧʦʜʭʦʜ ʝ ʠʟʧʦʣʟʚʘʥʠʷʪ ʚ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ, ʘ ʠʤʝʥʥʦ 

ʚʩʷʢʘ ʮʝʥʘ ʜʘ ʩʝ Ăʜʦʧʠʩʚʘò ʜʦ ʤʦʤʝʥʪʘ, ʚ ʢʦʡʪʦ ʝ ʦʩʲʱʝʩʪʚʝʥʘ ʥʦʚʘ ʩʜʝʣʢʘ ʟʘ 

ʩʲʦʪʚʝʪʥʠʷ ʘʢʪʠʚ. 
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ɻʦʜʠʰʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʧʨʠ ʜʥʝʚʥʠ ʥʘʙʣʶʜʝʥʠʷ ʩ ʥʝʨʘʚʥʠ ʠʥʪʝʨʚʘʣʠ ʦʪ ʚʨʝʤʝ 

ʤʝʞʜʫ ʥʘʙʣʶʜʝʥʠʷʪʘ 

ʇʨʠ ʚʟʝʤʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʨʝʰʝʥʠʷ ʝ ʧʦʜʭʦʜʷʱʦ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ 

ʩʨʘʚʥʠʪʝʣʥʘ ʤʷʨʢʘ ʟʘ ʦʮʝʥʷʚʘʥʝ ʥʘ ʘʢʪʠʚʠʪʝ ʠ ʟʘ ʮʝʣʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʘ 

ʛʦʜʠʰʥʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʥʘ ʘʢʪʠʚʠʪʝ ʠʣʠ ʛʦʜʠʰʥʘʪʘ ʠʤ ʥʦʨʤʘ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ. 

ʊʝʟʠ ʚʝʣʠʯʠʥʠ ʩʝ ʧʦʣʫʯʘʚʘʪ ʦʪ ʣʦʛʘʨʠʪʤʠʯʥʘʪʘ ʩʨʝʜʥʦʛʝʦʤʝʪʨʠʯʥʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪ, ʢʘʪʦ 

 

ʛʦʜʠʰʥʘʪʘ ʥʦʨʤʘ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʝ ʨʘʚʥʘ ʥʘ  
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,      (2.11)  

ʢʲʜʝʪʦ D  ʝ ʙʨʦʷʪ ʥʘ ʜʥʠʪʝ ʚʲʚ ʬʠʥʘʥʩʦʚʘʪʘ ʛʦʜʠʥʘ ʠ 

 

ʛʦʜʠʰʥʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʝ ʨʘʚʥʘ ʥʘ 

1+=ANRAR .       (2.12) 

 

2.1.1.2. ʈʠʩʢ ʥʘ ʘʢʪʠʚ 

ɺ ʧʨʦʮʝʩʘ ʥʘ ʚʟʝʤʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʦ ʨʝʰʝʥʠʝ ʦʩʚʝʥ ʦʮʝʥʢʘ ʥʘ ʧʦʩʪʠʛʥʘʪʘʪʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʝ ʚʘʞʥʦ ʜʘ ʠʤʘ ʜʦʩʪʦʚʝʨʥʘ ʦʮʝʥʢʘ ʠ ʟʘ ʥʝʡʥʦʪʦ ʠʟʤʝʥʝʥʠʝ. ɺ 

ʠʥʚʝʩʪʠʮʠʦʥʥʘʪʘ ʪʝʦʨʠʷ ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʘ ʤʷʨʢʘ ʟʘ ʨʠʩʢʘ ʝ ʜʠʩʧʝʨʩʠʷʪʘ ʥʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ.  

ʇʦʜʭʦʜʷʱʘ ʤʷʨʢʘ ʥʘ ʢʦʣʝʙʘʥʠʷʪʘ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠʪʝ ʝ ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦ 

ʦʪʢʣʦʥʝʥʠʝ s, ʢʦʝʪʦ ʩʝ ʧʨʝʩʤʷʪʘ ʧʦ ʩʣʝʜʥʠʪʝ ʬʦʨʤʫʣʠ: 

 

ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʨʝʜʥʦʘʨʠʪʤʝʪʠʯʥʘʪʘ ʥʘ  ʚʲʟʚʨʘʱʘʝʤʦʩʪʠʪʝ  
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 ʠ ʧʨʠ ʣʦʛʘʨʠʪʤʠʯʥʘ ʩʨʝʜʥʦʛʝʦʤʝʪʨʠʯʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ 
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s .      (2.14) 

 

ʂʦʝʬʠʮʠʝʥʪ q-ratio 

ʇʨʠ ʩʨʘʚʥʷʚʘʥʝ ʠ ʠʟʙʦʨ ʥʘ ʘʢʪʠʚʠ ʩ ʨʘʟʣʠʯʥʠ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʠ ʨʠʩʢ ʝ 

ʧʦʜʭʦʜʷʱʦ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʘ ʠ ʝʜʥʘ ʜʦʧʲʣʥʠʪʝʣʥʘ ʚʝʣʠʯʠʥʘ, ʢʦʷʪʦ ʜʘ ʜʘʚʘ 

ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʙʲʜʝ ʠʟʤʝʨʝʥʘ ʧʦʣʫʯʝʥʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʟʘ ʝʜʠʥʠʮʘ ʧʦʝʪ ʨʠʩʢ. 

ʊʘʢʘʚʘ ʚʝʣʠʯʠʥʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʯʘʩʪʥʦʪʦ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʠ ʨʠʩʢʘ. ʊʲʡ ʢʘʪʦ 

ʦʩʥʦʚʥʘ ʮʝʣ ʥʘ ʚʩʝʢʠ ʠʥʚʝʩʪʠʪʦʨ ʝ ʧʦʩʪʠʛʘʥʝ ʠʣʠ ʥʘ ʤʘʢʩʠʤʘʣʥʘ ʚʲʟʤʦʞʥʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʠʣʠ ʥʘ ʤʠʥʠʤʘʣʥʦ ʚʲʟʤʦʞʝʥ ʨʠʩʢ, ʪʦ ʯʘʩʪʥʦʪʦ ʥʘ ʜʚʝʪʝ ʚʝʣʠʯʠʥʠ ʩʲʱʦ 

ʩʣʝʜʚʘ ʜʘ ʝ ʤʘʢʩʠʤʘʣʥʦ ʚʲʟʤʦʞʥʦ.  

ɺ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ ʢʘʪʦ ʪʘʢʘʚʘ ʜʦʧʲʣʥʠʪʝʣʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ 

ʘʢʪʠʚʠʪʝ ʝ ʠʟʧʦʣʟʚʘʥ ʚʘʨʠʘʥʪ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʐʘʨʧ [83], ʘ ʠʤʝʥʥʦ ʢʦʝʬʠʮʠʝʥʪʲʪ 

ratioq- : 
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gs

AR
q= ,        (2.15) 

ʢʲʜʝʪʦ: 

AR ʝ ʛʦʜʠʰʥʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ, ʧʦʣʫʯʝʥʘ ʧʦ ʬʦʨʤʫʣʘ (2.12) ʦʪ 

ʣʦʛʘʨʠʪʤʠʯʥʘʪʘ ʩʨʝʜʥʦʛʝʦʤʝʪʨʠʯʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ 
¶R  ʠ 

gs  ʝ ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦʪʦ ʦʪʢʣʦʥʝʥʠʝ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠʪʝ, ʧʦʣʫʯʝʥʦ ʧʦ 

ʬʦʨʤʫʣʘ (2.14). 
ɺʲʟʤʦʞʥʦ ʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠ ʥʘ ʜʨʫʛʠ ʜʦʧʲʣʥʠʪʝʣʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʪʦ 

ʥʘʧʨʠʤʝʨ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʚʘʨʠʘʮʠʷ, ʢʦʚʘʨʠʘʮʠʠʪʝ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠʪʝ ʠ ʪ.ʥ.  
 

2.1.2. ʀʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ ʙʝʟ ʢʲʩʠ ʧʨʦʜʘʞʙʠ 

ʀʥʚʝʩʪʠʮʠʦʥʥʠʷʪ ʧʦʨʪʬʝʡʣ ʝ ʩʧʝʮʠʬʠʯʝʥ ʚʠʜ ʠʥʚʝʩʪʠʮʠʷ, ʢʦʷʪʦ ʩʝ ʩʲʩʪʦʠ ʦʪ 

ʥʷʢʦʣʢʦ ʘʢʪʠʚʘ ʩ ʨʘʟʣʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʧʦʜʯʝʨʪʘʝ, ʯʝ 

ʠʥʚʝʩʪʠʮʠʦʥʥʠʷʪ ʧʦʨʪʬʝʡʣ ʥʝ ʝ ʧʨʦʩʪʦ ʩʲʚʢʫʧʥʦʩʪ ʦʪ ʮʝʥʥʠ ʢʥʠʞʘ - ʟʥʘʯʝʥʠʝ ʠʤʘʪ ʥʝ 

ʩʘʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʮʝʥʥʠ ʢʥʠʞʘ, ʘ ʠ ʚʟʘʠʤʦʚʨʲʟʢʠʪʝ ʤʝʞʜʫ ʪʝʟʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʨ. ʢʦʚʘʨʠʘʮʠʠʪʝ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠʪʝ).  

ʀʟʛʨʘʞʜʘʥʝʪʦ ʠ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ ʝ ʤʝʪʦʜ ʟʘ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʨʠʩʢ, ʢʘʪʦ ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʜʠʚʝʨʩʠʬʠʢʘʮʠʷʪʘ, ʮʝʣʪʘ ʥʝ ʝ 

ʤʝʭʘʥʠʯʥʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʙʨʦʷ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠʪʝ ʥʦʩʠʪʝʣʠ, ʘ ʯʨʝʟ ʨʘʟʛʣʝʞʜʘʥʝ ʥʘ 

ʧʦʨʪʬʝʡʣʘ ʢʘʪʦ ʜʠʥʘʤʠʯʥʘ ʩʲʚʢʫʧʥʦʩʪ ʦʪ ʨʘʟʣʠʯʥʠ ʘʢʪʠʚʠ ʜʘ ʩʝ ʜʦʩʪʠʛʥʝ ʞʝʣʘʥʘʪʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪ.  [10] 

 

ɺ ʧʦʨʪʬʝʡʣʥʘʪʘ ʪʝʦʨʠʷ ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʨʘʟʣʠʯʥʠ ʦʧʠʩʘʥʠʷ ʥʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ 

ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ  [4],  [10],  [43], [68],  [69]. ʆʙʱ ʘʩʧʝʢʪ ʥʘ ʪʝʟʠ ʦʧʠʩʘʥʠʷ ʝ 

ʨʘʟʛʣʝʞʜʘʥʝʪʦ ʥʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ ʢʘʪʦ ʧʨʦʮʝʩ. ɽʪʘʧʠʪʝ ʥʘ 

ʪʘʢʲʚ ʧʨʦʮʝʩ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʙʦʙʱʝʥʠ ʜʦ ʩʣʝʜʥʠʪʝ: 

I.  ʉʪʨʘʪʝʛʠʯʝʩʢʦ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣʘ, ʧʨʠ ʢʦʡʪʦ ʩʝ 

ʨʘʟʛʣʝʞʜʘʪ ʘʢʪʠʚʠ ʦʪ ʦʙʱʠ ʛʨʫʧʠ ʠ ʩʝ ʠʟʙʠʨʘ ʛʨʫʧʘ (ʠʣʠ ʛʨʫʧʠ), ʢʦʷʪʦ ʜʘ ʩʝ 

ʠʥʚʝʩʪʠʨʘ. 

II.   ʊʘʢʪʠʯʝʩʢʦ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣʘ, ʧʨʠ ʢʦʡʪʦ ʩʝ ʘʥʘʣʠʟʠʨʘʪ 

ʘʢʪʠʚʠ ʦʪ ʝʜʥʘ ʛʨʫʧʘ. ɿʘ ʪʦʟʠ ʝʪʘʧ ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʨʘʟʥʦʦʙʨʘʟʥʠ ʤʝʪʦʜʠ ï 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʠ ʘʣʛʦʨʠʪʤʠ, ʩʦʨʪʠʨʘʱʠ ʘʣʛʦʨʠʪʤʠ, ʪʲʨʩʝʱʠ ʘʣʛʦʨʠʪʤʠ, 

ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ, ʛʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ ʠ ʪ.ʥ.  

III.   ʀʟʙʦʨ ʥʘ ʧʦʨʪʬʝʡʣ, ʢʦʡʪʦ ʤʘʢʩʠʤʠʟʠʨʘ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʠʟʛʦʜʘ ʥʘ 

ʠʥʚʝʩʪʠʪʦʨʘ. ʇʦʨʪʬʝʡʣʲʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʦʤʝʥʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʢʨʘʪʢʦʩʨʦʯʥʠʪʝ ʠʟʤʝʥʝʥʠʷ ʥʘ ʧʘʟʘʨʘ ʩ ʦʧʮʠʠ ʠ ʬʶʯʲʨʩʠ ʠʣʠ ʩ ʚʢʣʶʯʚʘʥʝʪʦ ʠʣʠ 

ʠʟʢʣʶʯʚʘʥʝ ʥʘ ʘʢʪʠʚʠ ʦʪ ʧʘʨʠʯʥʠʪʝ ʧʘʟʘʨʠ.  

IV.   ʅʘʙʣʶʜʝʥʠʝ ʠ ʦʮʝʥʢʘ ʥʘ ʧʦʨʪʬʝʡʣʘ ï ʩʣʝʜ ʠʟʙʦʨʘ ʠ ʟʘʢʫʧʫʚʘʥʝʪʦ 

ʥʘ ʧʦʨʪʬʝʡʣʘ, ʩʝ ʧʨʦʩʣʝʜʷʚʘ ʜʘʣʠ ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʤʫ ʧʦʢʨʠʚʘ ʦʯʘʢʚʘʥʠʷʪʘ ʟʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪ.  

V.  ʇʨʦʤʷʥʘ ʥʘ ʧʦʨʪʬʝʡʣʘ ï ʧʨʠ ʧʨʦʤʝʥʠ ʚ ʠʢʦʥʦʤʠʯʝʩʢʠʪʝ ʫʩʣʦʚʠʷ, 

ʧʦʨʪʬʝʡʣʲʪ ʩʝ ʧʨʦʤʝʥʷ, ʢʘʪʦ ʤʦʞʝ ʜʘ ʩʝ ʥʘʣʦʞʠ ʧʦʚʪʘʨʷʥʝ ʥʘ ʝʪʘʧʠʪʝ. 

 

ɺ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ ʘʢʮʝʥʪʲʪ ʝ ʚʲʨʭʫ ʚʪʦʨʠʷ ʝʪʘʧ. 

 

 



31 
 

2.1.2.1. ʂʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ ʙʝʟ 

ʢʲʩʠ ʧʨʦʜʘʞʙʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠ ʬʠʥʘʥʩʦʚʠ ʨʝʩʫʨʩʠ 

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʠʟʧʦʣʟʚʘʥʘ ʩʣʝʜʥʘʪʘʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘ 

ʬʦʨʤʫʣʠʨʦʚʢʘ ʥʘ ʟʘʜʘʯʘʪʘ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣ ʙʝʟ ʢʲʩʠ ʧʨʦʜʘʞʙʠ ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʠ ʬʠʥʘʥʩʦʚʠ ʨʝʩʫʨʩʠ. 

ʅʝʢʘ ʚ ʤʦʤʝʥʪʘ 0t  ʝ ʥʘʣʠʯʥʘ ʧʲʨʚʦʥʘʯʘʣʥʘ ʩʫʤʘ 0S . ʎʝʣʪʘ ʥʘ ʠʥʚʝʩʪʠʨʘʥʝʪʦ ʝ 

ʩʣʝʜ ʜʘʜʝʥ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ tD  ʪʘʟʠ ʩʫʤʘ ʜʘ ʥʘʨʘʩʥʝ ʜʦ )1(0

** += RSS , ʢʲʜʝʪʦ *R  ʝ 

ʞʝʣʘʥʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ. 

 

ʅʝʢʘ mAAA ,,, 21 2 ʩʘ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ.  

ɿʘʜʘʯʘʪʘ ʝ ʜʘ ʩʝ ʢʦʥʩʪʨʫʠʨʘ ʩʲʚʢʫʧʥʦʩʪ ʦʪ ʪʝʟʠ ʘʢʪʠʚʠ ʩʲʩ ʩʲʦʪʚʝʪʥʠ ʜʷʣʦʚʝ 

mxxx ,,, 21 2 , ʪʘʢʘ ʯʝ ʚ ʤʦʤʝʥʪʘ ttt D+=* 0  ʜʘ ʩʘ ʠʟʧʲʣʥʝʥʠ ʩʣʝʜʥʠʪʝ ʫʩʣʦʚʠʷ: 
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ʢʲʜʝʪʦ jx  ʝ ʦʪʥʦʩʠʪʝʣʥʠʷʪ ʜ̫ ʣ ʥʘ ʫʯʘʩʪʠʝ ʥʘ ʘʢʪʠʚʘ jA  ʚ ʧʦʨʪʬʝʡʣʘ, mj ,,2,1 2= ; 

*

jr  ʝ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ ʘʢʪʠʚʘ jA  ʚ ʤʦʤʝʥʪʘ 
*t ; 

0jP  ʝ ʮʝʥʘʪʘ ʥʘ ʘʢʪʠʚʘ jA  ʚ ʤʦʤʝʥʪʘ 0t ; 

jn  ʝ ʙʨʦʷʪ ʥʘ ʚʢʣʶʯʝʥʠʪʝ ʚ p  ʘʢʮʠʠ ʦʪ ʘʢʪʠʚʘ jA  ʟʘ mj ,,2,1 2= . 

 

ʉʲʚʢʫʧʥʦʩʪʪʘ ( )mxxxp ;...;; 21= , ʧʦʣʫʯʝʥʘ ʢʘʪʦ ʨʝʰʝʥʠʝ ʥʘ ʪʘʢʘ ʬʦʨʤʫʣʠʨʘʥʘʪʘ 

ʟʘʜʘʯʘ ʚ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ ʩʝ ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ ʬʠʥʘʥʩʦʚ ʧʦʨʪʬʝʡʣ. 

 

ʆʩʥʦʚʥʘ ʨʦʣʷ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʜʷʣʦʚʝʪʝ jx  ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʘʢʪʠʚʠ ʠʛʨʘʷʪ 

ʚʝʣʠʯʠʥʠʪʝ *

jr . ʊʲʡ ʢʘʪʦ ʪʦʚʘ ʩʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠ ʟʘ ʙʲʜʝʱ ʤʦʤʝʥʪ, ʪʦ ʪʝ ʩʘ ʥʝʠʟʚʝʩʪʥʠ 

ʚʝʣʠʯʠʥʠ. ʂʘʢʚʠʪʦ ʠ ʤʝʪʦʜʠ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʨʠ ʦʮʝʥʷʚʘʥʝ ʠʣʠ ʧʨʝʜʚʠʞʜʘʥʝ ʥʘ ʪʝʟʠ 

ʙʲʜʝʱʠ ʚʲʟʚʨʘʱʘʝʤʦʩʪʠ, ʚʠʥʘʛʠ ʩʲʱʝʩʪʚʫʚʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʦʮʝʥʢʘʪʘ ʠʤ ʠ ʨʝʘʣʥʠʪʝ ʠʤ 

ʩʪʦʡʥʦʩʪʠ.  

 

ʇʨʠ ʦʮʝʥʢʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʧʦʨʪʬʝʡʣ ʩʘ ʚʲʟʤʦʞʥʠ 

ʨʘʟʣʠʯʥʠ ʧʦʜʭʦʜʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʤʝʪʦʜʘ ʥʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ 

ʦʪʜʝʣʥʠʪʝ ʘʢʪʠʚʠ ʠ ʦʪ ʠʟʧʦʣʟʚʘʥʠʷ ʪʝʦʨʝʪʠʯʝʥ ʤʦʜʝʣ. ɿʘ ʮʝʣʠʪʝ ʥʘ ʥʘʩʪʦʷʱʦʪʦ 

ʠʟʩʣʝʜʚʘʥʝ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ ʧʦʨʪʬʝʡʣʘ ʝ ʨʘʟʛʣʝʜʘʥʘ ʢʘʪʦ ʣʠʥʝʡʥʘ ʢʦʤʙʠʥʘʮʠʷ ʥʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪʠʪʝ ʥʘ ʚʢʣʶʯʝʥʠʪʝ ʚ ʥʝʛʦ ʘʢʪʠʚʠ, ʘ ʧʦʨʪʬʝʡʣʥʠʷʪ ʨʠʩʢ ʝ ʧʨʝʜʩʪʘʚʝʥ ʢʘʪʦ 

ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦ ʦʪʢʣʦʥʝʥʠʝ. 
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2.1.2.2. ɺʲʟʚʨʘʱʘʝʤʦʩʪ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ 

ɺʲʟʚʨʘʱʘʝʤʦʩʪʪʘ PR  ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ ʩʝ ʧʨʝʩʤʷʪʘ ʧʦ ʬʦʨʤʫʣʘʪʘ:  

ä
=

=
m

j

jjP rxR
1

.       (2.16), 

ʢʲʜʝʪʦ jr  ʝ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ j ïʪʠʷ ʘʢʪʠʚ. ɿʘ ʮʝʣʠʪʝ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ ʢʘʪʦ 

ʦʮʝʥʢʘ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʝ ʠʟʧʦʣʟʚʘʥʘ ʩʨʝʜʥʦʛʝʦʤʝʪʨʠʯʥʘʪʘ ʚʲʟʨʚʨʘʱʘʝʤʦʩʪ gR , 

ʧʨʝʩʤʝʪʥʘʪʘ ʧʦ ʬʦʨʤʫʣʘ (2. 6 ). 

 

2.1.2.3. ʈʠʩʢ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ 

ʉʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦʪʦ ʦʪʢʣʦʥʝʥʠʝ ʝ ʨʘʚʥʦ ʥʘ: 

( )ä
=

-=
m

j

PjjP Rrxs
1

2
.      (2.17) 

 

2.1.2.4. ʂʦʝʬʠʮʠʝʥʪ q-ratio ʟʘ ʧʦʨʪʬʝʡʣ 

ʂʦʝʬʠʮʠʝʥʪʲʪ q-ratio ʝ ʦʮʝʥʢʘ ʥʘ ʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʠ ʨʠʩʢʘ ʥʘ 

ʧʦʨʪʬʝʡʣʘ: 

P

P
P

s

R
q =       (2.18) 

 

2.2. ʈʝʰʘʚʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣʥʘʪʘ ʟʘʜʘʯʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ 

ʈʘʟʨʘʙʦʪʢʠʪʝ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʨʝʰʝʥʠʷ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʩʘ 

ʢʦʥʮʝʥʪʨʠʨʘʥʠ ʧʨʝʜʠʤʥʦ ʚʲʨʭʫ ʧʨʝʜʦʩʪʘʚʷʥʝ ʠ ʦʙʨʘʙʦʪʢʘ ʥʘ ʬʠʥʘʥʩʦʚʠ ʜʘʥʥʠ ʚ 

ʨʝʘʣʥʦ ʚʨʝʤʝ, ʥʦ ʥʝ ʧʨʝʜʣʘʛʘʪ ʮʷʣʦʩʪʥʦ ʨʝʰʝʥʠʝ ʥʘ ʧʦʨʪʬʝʡʣʥʘʪʘ ʟʘʜʘʯʘ.  

ʉʲʱʝʩʪʚʫʚʘʪ ʠ ʨʘʟʣʠʯʥʠ ʩʦʬʪʫʝʨʥʠ ʩʠʩʪʝʤʠ, ʢʦʠʪʦ ʧʨʝʜʣʘʛʘʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʤʥʦʞʝʩʪʚʦ ʠʥʩʪʨʫʤʝʥʪʠ ʠ ʨʘʟʣʠʯʥʠ ʚʲʟʤʦʞʥʦʩʪʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ 

ʧʦʜʧʦʤʘʛʘʥʝ ʚʟʝʤʘʥʝʪʦ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʨʝʰʝʥʠʷ (ʧʨ. [102], [103], [104]), ʥʦ ʚ ʥʠʪʦ 

ʝʜʥʘ ʦʪ ʪʷʭ ʥʝ ʩʝ ʢʦʤʝʥʪʠʨʘ ʚʲʧʨʦʩʲʪ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣʥʘʪʘ ʟʘʜʘʯʘ ʚ ʨʝʘʣʥʦ 

ʚʨʝʤʝ.  

ɺ ʦʙʣʘʩʪʪʘ ʥʘ ʧʦʨʪʬʝʡʣʥʠʪʝ ʠʥʚʝʩʪʠʮʠʠ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʚʘ ʧʨʝʜʣʦʞʝʥʘʪʘ 

ʧʨʝʟ 2002 ʩʠʩʪʝʤʘ ʩ ʦʙʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʘʥʘ ʙʘʟʘ ʦʪ ʟʥʘʥʠʷ, ʯʠʡʪʦ ʜʦʤʝʡʥ ʝ ʦʧʠʩʘʥ ʩ 

ʡʝʨʘʨʭʠʯʥʠ ʢʣʘʩʦʚʝ ʠ ʩʲʜʲʨʞʘ ʫʝʙ ʘʛʝʥʪʠ ʟʘ ʜʦʩʪʲʧ ʜʦ ʥʫʞʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ [90]. ɺ 

ʪʘʟʠ ʩʠʩʪʝʤʘ ʝ ʚʲʚʝʜʝʥʘ ʢʦʥʮʝʧʮʠʷ ʟʘ ʩʧʝʰʥʦʩʪ ʧʨʠ ʚʟʝʤʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠʪʝ 

ʨʝʰʝʥʠʝ, ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʦʷʪʦ ʥʘʣʠʯʥʠʪʝ ʠʟʯʠʩʣʠʪʝʣʥʠ ʨʝʩʫʨʩʠ ʩʝ ʧʨʝʨʘʟʧʨʝʜʝʣʷʪ. 

ʇʦʨʪʬʝʡʣʥʘʪʘ ʦʧʪʠʤʠʟʘʮʠʷ ʢʘʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʫʩʣʫʛʘ ʚ ʠʥʪʝʨʥʝʪ ʝ 

ʧʫʙʣʠʢʫʚʘʥʘ ʚ ʤʦʥʦʛʨʘʬʠʷʪʘ ʥʘ ʊ. ʉʪʦʠʣʦʚ [12]. ɺ ʪʦʟʠ ʪʨʫʜ ʩʘ ʠʟʩʣʝʜʚʘʥʠ 

ʪʝʥʜʝʥʮʠʠʪʝ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʫʩʣʫʛʠ ʚ ʀʥʪʝʨʥʝʪ. ʅʘ 

ʪʘʟʠ ʦʩʥʦʚʘ ʝ ʨʘʟʚʠʪ ʠʥʬʦʨʤʘʮʠʦʥʝʥ ʠ ʘʣʛʦʨʠʪʤʠʯʝʥ ʤʦʜʝʣ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʣʦʞʥʦ 

ʩʪʨʫʢʪʫʨʠʨʘʥʠ ʜʘʥʥʠ, ʫʜʦʚʣʝʪʚʦʨʷʚʘ ɦʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. 

ʂʦʥʢʨʝʪʥʘ ʮʝʣ ʝ ʩʲʟʜʘʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʫʩʣʫʛʘ ʟʘ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʬʠʥʘʥʩʦʚʠ 

ʠʥʚʝʩʪʠʮʠʠ. ɿʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʘʣʛʦʨʠʪʤʠʯʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠʪʝ ʩʘ ʧʨʦʝʢʪʠʨʘʥʠ 

ʠ ʨʝʘʣʠʟʠʨʘʥʠ ʤʝʪʦʜʠ ʟʘ ʢʚʘʜʨʘʪʠʯʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʠʟʚʝʩʪʥʠ ʚ ʡʝʨʘʨʭʠʯʥʠʪʝ ʩʠʩʪʝʤʠ 
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ʢʘʪʦ ʥʝʠʪʝʨʘʪʠʚʥʘ ʢʦʦʨʜʠʥʘʮʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʩʘ ʠʟʚʝʜʝʥʠ ʤʦʜʝʣʠ ʥʘ ʧʦʨʪʬʝʡʣʥʘ 

ʦʧʪʠʤʠʟʘʮʠʷ ʩ ʥʷʢʦʣʢʦ ʚʨʝʤʝʚʠ ʭʦʨʠʟʦʥʪʘ, ʤʦʜʝʣ ʩ ʢʲʩʠ ʧʨʦʜʘʞʙʠ, ʤʦʜʝʣ ʩ ʜʲʣʛʠ 

ʧʨʦʜʘʞʙʠ. ʉʲʟʜʘʜʝʥʘ ʝ ʦʥʣʘʡʥ ʩʠʩʪʝʤʘ (http://hs9.iccs.bas.bg/) ʟʘ ʢʦʥʩʫʣʪʘʥʪʩʢʠ ʫʩʣʫʛʠ 

ʠ ʧʦʨʪʬʝʡʣʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʚ ʧʨʦʮʝʩʘ ʥʘ ʬʠʥʘʥʩʦʚʦ ʠʥʚʝʩʪʠʨʘʥʝ. 

 

 

 

2.3. ʈʘʟʤʠʪʘ ʣʦʛʠʢʘ ʠ ʨʘʟʤʠʪʠ ʩʠʩʪʝʤʠ 

ʉʣʝʜ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʠʜʝʷʪʘ ʟʘ ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ ʦʪ ʃ. ɿʘʜʝ ʧʨʝʟ 1965 ʚ [95], 

ʪʝʦʨʠʷʪʘ ʥʘ ʨʘʟʤʠʪʠʪʝ ʤʥʦʞʝʩʪʚʘ ʧʦʩʪʦʷʥʥʦ ʩʝ ʨʘʟʚʠʚʘ. ɿʘ ʥʫʞʜʠʪʝ ʥʘ ʥʘʩʪʦʷʱʦʪʦ 

ʠʟʩʣʝʜʚʘʥʝ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʧʨʝʜʠʤʥʦ ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʮʠ, ʧʨʝʜʣʘʛʘʱʠ ʧʨʠʣʦʞʝʥʠʷ 

ʥʘ ʪʘʟʠ ʪʝʦʨʠʷ [20], [21], [30], [45], [47], [49], [78], [94], [96], [97], [99] ʠ ʟʘ ʪʘʟʠ ʮʝʣ ʱʝ 

ʙʲʜʘʪ ʜʘʜʝʥʠ ʩʘʤʦ ʦʩʥʦʚʥʠ ʧʦʥʷʪʠʷ. 

2.3.1. ʈʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ 

ʅʝʢʘ U ʝ ʫʥʠʚʝʨʩʫʤ ʠ UAÌ  ʝ ʬʠʢʩʠʨʘʥʦ ʥʝʛʦʚʦ ʧʦʜʤʥʦʞʝʩʪʚʦ. ʄʥʦʞʝʩʪʚʦʪʦ  

 

(){ }Uxxxū ȷȷ Íðà= m,  

ʩʝ ʥʘʨʠʯʘ ʨʘʟʤʠʪʦ ʤʥʦʞʝʩʪʚʦ ʚʲʨʭʫ U , ʘʢʦ ʬʫʥʢʮʠʷʪʘ ȷm, ʥʘʨʝʯʝʥʘ ʩʪʝʧʝʥ ʥʘ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪ, ʟʘʜʘʚʘ ʟʘ ʚʩʷʢʦ UxÍ  ʪʦʯʥʦ ʝʜʥʦ ʨʝʘʣʥʦ ʯʠʩʣʦ, ʧʨʠʥʘʜʣʝʞʘʱʦ ʥʘ 

ʠʥʪʝʨʚʘʣʘ [ ]10 , . 

 

ʆʪ ʩʲʦʙʨʘʞʝʥʠʷ ʟʘ ʦʧʨʦʩʪʷʚʘʥʝ ʥʘ ʟʘʧʠʩʘ ʧʦ-ʥʘʜʦʣʫ ʚʤʝʩʪʦ Ăʨʘʟʤʠʪʦʪʦ 

ʤʥʦʞʝʩʪʚʦ ȷūò ʱʝ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʦ Ăʨʘʟʤʠʪʦʪʦ ʤʥʦʞʝʩʪʚʦ Aò. 

 

ʈʘʟʤʠʪʦʪʦ ʤʥʦʞʝʩʪʚʦ A  ʠʤʘ ʪʦʯʥʦ ʪʦʣʢʦʚʘ ʝʣʝʤʝʥʪʘ, ʢʦʣʢʦʪʦ ʠ ʫʥʠʚʝʨʩʫʤʘ U. 

 

ʆʙʠʢʥʦʚʝʥʦʪʦ ʤʥʦʞʝʩʪʚʦ (){ }0,s >Í= xUxx AA m  ʩʝ ʥʘʨʠʯʘ ʥʦʩʠʪʝʣ ʥʘ 

ʨʘʟʤʠʪʦʪʦ ʤʥʦʞʝʩʪʚʦ A. ʄʥʦʞʝʩʪʚʦʪʦ 
As  e ʧʨʘʟʥʦ ʤʥʦʞʝʩʪʚʦ, ʢʦʛʘʪʦ () 0=xȷm  ʟʘ 

ʚʩʷʢʦ UxÍ . 

ʆʙʠʢʥʦʚʝʥʦʪʦ ʤʥʦʞʝʩʪʚʦ (){ }1,c =Í= xUxx AA m  ʩʝ ʥʘʨʠʯʘ ʷʜʨʦ ʥʘ ʨʘʟʤʠʪʦʪʦ 

ʤʥʦʞʝʩʪʚʦ A . 

ʈʘʟʤʠʪʦʪʦ ʤʥʦʞʝʩʪʚʦ A  ʩʝ ʥʘʨʠʯʘ ʥʦʨʤʘʣʥʦ, ʘʢʦ ¸Ac ,ɲ ʪ.ʝ. ʩʲʱʝʩʪʚʫʚʘ ʧʦʥʝ 

ʝʜʥʦ Ux Í0 , ʪʘʢʦʚʘ ʯʝ ( ) .10 =xȷm  

ɸʢʦ ()1<xȷm  ʟʘ ʚʩʷʢʦ UxÍ , ʪʦ ʨʘʟʤʠʪʦʪʦ ʤʥʦʞʝʩʪʚʦ A  ʩʝ ʥʘʨʠʯʘ 

ʩʫʙʥʦʨʤʘʣʥʦ ʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʦʨʤʘʣʠʟʠʨʘʥʦ, ʢʘʪʦ ()xȷm  ʩʝ ʨʘʟʜʝʣʠ ʩʲʩ ()xȷmsup , ʪ.ʝ. 

ʤʥʦʞʝʩʪʚʦʪʦ  

()
() ý

ü
û

í
ì
ë

Íðà=
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x
xA

m

m

sup
,1  

ʝ ʥʦʨʤʘʣʥʦ ʨʘʟʤʠʪʦ ʤʥʦʞʝʩʪʚʦ. 
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ʈʘʟʤʠʪ ʩʠʥʛʣʝʪʦʥ ʩ ʝʜʠʥ ʝʣʝʤʝʥʪ Ux Í0  ʝ ʨʘʟʤʠʪʦ ʤʥʦʞʝʩʪʚʦ: 

(){ }ðà= 00 , xxA ȷm . 

 

ʈʘʟʤʠʪʦʪʦ ʤʥʦʞʝʩʪʚʦ A  ʩʝ ʥʘʨʠʯʘ ʠʟʧʲʢʥʘʣʦ ʪʦʛʘʚʘ ʠ ʩʘʤʦ ʪʦʛʘʚʘ, ʢʦʛʘʪʦ ʟʘ 

ʚʩʝʢʠ Uxx Í21,  ʠ ʚʩʷʢʦ ʨʝʘʣʥʦ ʯʠʩʣʦ [ ]1,0Íl  ʝ ʠʟʧʲʣʥʝʥʦ  

( )( ) () (){ }2121 ;min1 xxxx AAA mmllm ²-+ . 

 

ʅʦʨʤʘʣʥʦ ʠ ʠʟʧʲʢʥʘʣʦ ʨʘʟʤʠʪʦ ʤʥʦʞʝʩʪʚʦ ʚʲʨʭʫ ʤʥʦʞʝʩʪʚʦʪʦ ʥʘ ʨʝʘʣʥʠʪʝ 

ʯʠʩʣʘ R  ʩʝ ʥʘʨʠʯʘ ʨʘʟʤʠʪʦ ʯʠʩʣʦ.  

 

ʆʩʥʦʚʥʠ ʦʧʝʨʘʮʠʠ ʩ ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ 

 

ɿʘ ʨʘʟʤʠʪʠʪʝ ʤʥʦʞʝʩʪʚʘ (){ }UxxxA ȷ Íðà= m,  ʠ (){ }UxxxB B Íðà= m,  ʩʝ 

ʜʝʬʠʥʠʨʘʪ ʩʣʝʜʥʠʪʝ ʦʩʥʦʚʥʠ ʦʧʝʨʘʮʠʠ. 

 

ʈʘʟʤʠʪʦʪʦ ʤʥʦʞʝʩʪʚʦ  

(){ }UxxxA
ȷ

Íðà= m,   

ʩʝ ʥʘʨʠʯʘ ʜʦʧʲʣʥʝʥʠʝ ʥʘ A, ʘʢʦ () ()xx ɸA
mm -=1  ʟʘ ʚʩʷʢʦ UxÍ . 

 

ʈʘʟʤʠʪʦʪʦ ʤʥʦʞʝʩʪʚʦ  

(){ }UxxxC C Íðà= m,  

ʩʝ ʥʘʨʠʯʘ ʩʝʯʝʥʠʝ ʥʘ ʤʥʦʞʝʩʪʚʘʪʘ A  ʠ B  ( BAC Æ= ), ʘʢʦ () () (){ }xxx BɸC mmm ;min=  ʟʘ 

ʚʩʷʢʦ UxÍ . 

 

ʈʘʟʤʠʪʦʪʦ ʤʥʦʞʝʩʪʚʦ  

(){ }UxxxD D Íðà= m,  

ʩʝ ʥʘʨʠʯʘ ʦʙʝʜʠʥʝʥʠʝ ʥʘ ʤʥʦʞʝʩʪʚʘʪʘ A  ʠ B  ( BAD Ç= ), ʘʢʦ 

() () (){ }xxx BɸD mmm ;max=   ʟʘ ʚʩʷʢʦ UxÍ . 

 

ʈʘʟʤʠʪʦʪʦ ʤʥʦʞʝʩʪʚʦ  

(){ }UxxxE E Íðà= m,  

ʩʝ ʥʘʨʠʯʘ ʘʣʛʝʙʨʠʯʥʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘ A  ʠ B  ( BAE .= ), ʘʢʦ () () ()xxx Bɸɽ mmm .=  ʟʘ 

ʚʩʷʢʦ UxÍ . 

 

ʈʘʟʤʠʪʦʪʦ ʤʥʦʞʝʩʪʚʦ  

(){ }UxxxF F Íðà= m,  

ʩʝ ʥʘʨʠʯʘ ʩʪʝʧʝʥ g ʥʘ ʤʥʦʞʝʩʪʚʦʪʦ A  ʧʨʠ 0g> , ʘʢʦ () ()F ɸx xgm m=  ʟʘ ʚʩʷʢʦ UxÍ . 

 

ɿʘ ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ ʩʝ ʜʝʬʠʥʠʨʘʪ ʠ ʦʙʦʙʱʝʥʠ ʦʧʝʨʘʮʠʠ: ʨʘʟʤʠʪʦ 

ʜʦʧʲʣʥʝʥʠʝ, ʨʘʟʤʠʪʦ ʩʝʯʝʥʠʝ (T -ʥʦʨʤʘ) ʠ ʨʘʟʤʠʪʦ ʦʙʝʜʠʥʝʥʠʝ (S -ʥʦʨʤʘ). 
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2.3.2. ʈʘʟʤʠʪʘ ʣʦʛʠʢʘ 

ʆʩʥʦʚʥʠʪʝ ʧʦʥʷʪʠʷ ʚ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ ʩʘ ʣʠʥʛʚʠʩʪʠʯʥʠ ʧʨʦʤʝʥʣʠʚʠ, 

ʣʠʥʛʚʠʩʪʠʯʥʠ ʤʦʜʠʬʠʢʘʪʦʨʠ, ʩʲʞʜʠʪʝʣʥʘ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ, ʜʝʜʫʢʪʠʚʥʠ ʧʨʘʚʠʣʘ ʟʘ 

ʠʟʚʦʜ, ʘʧʨʦʢʩʠʤʘʮʠʠ. 

 

2.3.2.1. ʃʠʥʛʚʠʩʪʠʯʥʠ ʧʨʦʤʝʥʣʠʚʠ 

ʃʠʥʛʚʠʩʪʠʯʥʘ ʧʨʦʤʝʥʣʠʚʘ ʩʝ ʟʘʜʘʚʘ ʩ ʥʘʨʝʜʝʥʘʪʘ ʧʝʪʦʨʢʘ ()( )MGUT ,,,, hh , 

ʢʲʜʝʪʦ h ʝ ʠʤʝʪʦ ʥʘ ʧʨʦʤʝʥʣʠʚʘʪʘ; ()hT  ʝ ʪʝʨʤ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʣʠʥʛʚʠʩʪʠʯʥʠʪʝ 

ʩʪʦʡʥʦʩʪʠ (ʪʝʨʤʠ) ʥʘ ʧʨʦʤʝʥʣʠʚʘʪʘ h, ʢʘʪʦ ʚʩʷʢʘ ʦʪ ʪʝʟʠ ʣʠʥʛʚʠʩʪʠʯʥʠ ʩʪʦʡʥʦʩʪʠ ʝ 

ʨʘʟʤʠʪʦ ʤʥʦʞʝʩʪʚʦ ʚʲʨʭʫ ʫʥʠʚʝʨʩʫʤʘ U ; G  ʝ ʩʠʥʪʘʢʪʠʯʥʦ ʧʨʘʚʠʣʦ, ʢʦʝʪʦ ʛʝʥʝʨʠʨʘ 

ʪʝʨʤʠʪʝ ʥʘ ()hT  ʠ M  ʝ ʩʝʤʘʥʪʠʯʥʦ ʧʨʘʚʠʣʦ, ʢʦʝʪʦ ʘʩʦʮʠʠʨʘ ʚʩʷʢʘ ʣʠʥʛʚʠʩʪʠʯʥʘ 

ʩʪʦʡʥʦʩʪ T  ʩ ʥʝʡʥʠʷ ʩʤʠʩʲʣ ()TM , ʢʘʪʦ ()TM  ʝ ʨʘʟʤʠʪʦ ʤʥʦʞʝʩʪʚʦ ʚʲʨʭʫ U . 

 

 

2.3.2.2. ʉʲʞʜʠʪʝʣʥʘ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ  

ʅʝʢʘ (){ }Uxxx Í=K Km,  ʠ (){ }Uxxx Í=L Lm,  ʩʘ ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ. ɺ 

ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ ʦʩʥʦʚʥʦ ʩʝ ʦʧʝʨʠʨʘ ʩ ʪʨʠ ʚʠʜʘ ʩʲʞʜʝʥʠʷ: 

 (i) v  ʝ K   - ʩʲʞʜʝʥʠʝ ʚ ʢʘʥʦʥʠʯʥʘ ʬʦʨʤʘ; 

 (ii ) v  ʝ Km    - ʤʦʜʠʬʠʮʠʨʘʥʦ ʩʲʞʜʝʥʠʝ; 

 (iii) ʘʢʦ v  ʝ K, ʪʦ w  ʝ L - ʫʩʣʦʚʥʦ ʩʲʞʜʝʥʠʝ. 

 

 ʅʝʢʘ p  ʠ q  ʩʘ ʩʲʞʜʝʥʠʷ ʦʪ ʚʠʜʘ (i). 

ʉʲʞʜʝʥʠʝʪʦ qpØ  ʩʝ ʥʘʨʠʯʘ ʢʦʥʶʥʢʮʠʷ ʥʘ p  ʠ q, ʘʢʦ 

( ) () ()( )yxqp LK=Ø mm ;minv . 

ʉʲʞʜʝʥʠʝʪʦ qpÙ  ʩʝ ʥʘʨʠʯʘ ʜʠʟʶʥʢʮʠʷ ʥʘ p  ʠ q, ʘʢʦ 

( ) () ()( )yxqp LK=Ù mm ;maxv . 

ʉʲʞʜʝʥʠʝʪʦ qp­  ʩʝ ʥʘʨʠʯʘ ʠʤʧʣʠʢʘʮʠʷ
4
 ʥʘ p  ʠ q, ʘʢʦ 

( ) () ()( )yxqp LK +-=­ mm1;1minv . 

 

ʈʘʟʤʠʪʠ ɸʂʆ-ʊʆ ʧʨʘʚʠʣʘ 

 

ʈʘʟʤʠʪʦ ɸʂʆ-ʊʆ ʧʨʘʚʠʣʦ
5
 ʠʤʘ ʚʠʜʘ: 

 

ɸʂʆ x  ʝ A , ʊʆ y  ʝ B ; 

ʢʲʜʝʪʦ A  ʠ B  ʩʘ ʣʠʥʛʚʠʩʪʠʯʥʠ ʩʪʦʡʥʦʩʪʠ, ʜʝʬʠʥʠʨʘʥʠ ʩ ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ ʚʲʨʭʫ 

ʫʥʠʚʝʩʫʤʘ U  ʇʲʨʚʘʪʘ ʯʘʩʪ Ăx  ʝ Aò ʩʝ ʥʘʨʠʯʘ ʧʨʝʜʧʦʩʪʘʚʢʘ, ʘ ʚʪʦʨʘʪʘ Ăy  ʝ Bò - 

ʟʘʢʣʶʯʝʥʠʝ. ʀʟʧʦʣʟʚʘ ʩʝ ʠ ʦʟʥʘʯʝʥʠʝʪʦ BA­ . 

 

                                                 
4
 ɺʲʧʨʝʢʠ, ʯʝ ʚ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʨʘʟʣʠʯʥʦ ʜʝʬʠʥʠʨʘʥʠ ʠʤʧʣʠʢʘʮʠʠ, ʟʘ ʮʝʣʠʪʝ ʥʘ 

ʥʘʩʪʦʯʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ ʪʘʟʠ ʜʝʬʠʥʠʮʠʷ ʝ ʜʦʩʪʘʪʲʯʥʘ. 
5
 ʆʩʚʝʥ ʪʝʨʤʠʥʲʪ Ăʨʘʟʤʠʪʦ ɸʂʆ-ʊʆ  ʧʨʘʚʠʣʦò ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʪʝʨʤʠʥʠʪʝ Ăʨʘʟʤʠʪʦ ʧʨʘʚʠʣʦò, Ăʨʘʟʤʠʪʘ 

ʠʤʧʣʠʢʘʮʠʷò ʠʣʠ Ăʨʘʟʤʠʪʦ ʫʩʣʦʚʥʦ ʪʚʲʨʜʝʥʠʝò. 
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2.3.3. ʈʘʟʤʠʪʦ ʤʦʜʝʣʠʨʘʥʝ 

ʇʨʠ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʨʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ ʢʘʪʦ ʙʘʟʘ ʩʝ 

ʠʟʧʦʣʟʚʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʠʟʚʝʩʪʥʦ ʧʦʚʝʜʝʥʠʝ ʥʘ ʜʘʜʝʥʘ ʩʠʩʪʝʤʘ, ʢʘʪʦ ʨʘʟʤʠʪʘʪʘ ʩʠʩʪʝʤʘ 

ʪʨʷʙʚʘ ʜʘ ʝ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ ʥʘʧʦʜʦʙʠ ʪʦʚʘ ʧʦʚʝʜʝʥʠʝ. 

ʇʨʦʮʝʩʲʪ ʥʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʨʘʟʤʠʪʘ ʩʠʩʪʝʤʘ, ʢʦʡʪʦ ʩʝ ʥʘʨʠʯʘ ʨʘʟʤʠʪʦ 

ʤʦʜʝʣʠʨʘʥʝ, ʠʤʘ ʩʣʝʜʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

¶ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʨʘʟʤʠʪʘʪʘ ʩʠʩʪʝʤʘ ʪʨʷʙʚʘ ʜʘ ʝ ʪʘʢʘ ʧʨʦʝʢʪʠʨʘʥʘ, ʯʝ ʦʧʠʪʲʪ 

ʥʘ ʝʢʩʧʝʨʪʠʪʝ ʜʘ ʤʦʞʝ ʣʝʩʥʦ ʜʘ ʩʝ ʧʨʝʩʲʟʜʘʜʝ , ʪ.ʝ. ʨʘʟʤʠʪʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʜʘ ʩʝ 

ʚʲʟʧʦʣʟʚʘ ʤʘʢʩʠʤʘʣʥʦ ʦʪ ʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʦʙʣʘʩʪ (ʢʦʝʪʦ ʧʦʥʷʢʦʛʘ ʥʝ ʝ 

ʚʲʟʤʦʞʥʦ ʧʨʠ ʜʨʫʛʠ ʧʦʜʭʦʜʠ);  

¶ ʚ ʩʣʫʯʘʡ, ʯʝ ʩʘ ʠʟʚʝʩʪʥʠ ʚʭʦʜʥʠʪʝ ʠ ʠʟʭʦʜʥʠ ʜʘʥʥʠ, ʜʘ ʝ ʚʲʟʤʦʞʥʦ 

ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʩʪʘʥʜʘʨʪʥʠ ʪʝʭʥʠʢʠ ʟʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʪ.ʝ. 

ʯʠʩʣʝʥʠʪʝ ʜʘʥʥʠ ʩʘ ʚʘʞʥʠ ʪʦʯʥʦ ʪʦʣʢʦʚʘ, ʢʦʣʢʦʪʦ ʠ ʧʨʠ ʚʩʝʢʠ ʜʨʫʛ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʤʝʪʦʜ ʟʘ ʤʦʜʝʣʠʨʘʥʝ. 

 

ʆʩʥʦʚʥʠʪʝ ʝʪʘʧʠ, ʢʦʠʪʦ ʩʝ ʩʣʝʜʚʘʪ ʧʨʠ ʨʘʟʤʠʪʦʪʦ ʤʦʜʝʣʠʨʘʥʝ, ʩʘ ʜʚʘ. 

 

1. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʦʙʱʘʪʘ ʩʪʨʫʢʪʫʨʘ.  

ɺ ʪʦʟʠ ʝʪʘʧ ʩʝ ʠʟʧʦʣʟʚʘ ʩʦʙʩʪʚʝʥʦ ʟʥʘʥʠʝ (ʟʜʨʘʚ ʨʘʟʫʤ, ʬʠʟʠʯʥʠ ʟʘʢʦʥʠ ʠ ʪ.ʥ.), 

ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʝʢʩʧʝʨʪʠ ʠʣʠ Ăʦʧʠʪʠ ʠ ʛʨʝʰʢʠò. ʇʦʩʣʝʜʦʚʘʪʝʣʥʠʪʝ ʩʪʲʧʢʠ ʩʘ: 

a. ʠʟʙʦʨ ʥʘ ʧʦʜʭʦʜʷʱʠ ʚʭʦʜʥʠ ʠ ʠʟʭʦʜʥʠ ʧʨʦʤʝʥʣʠʚʠ; 

b. ʠʟʙʦʨ ʥʘ ʢʦʥʢʨʝʪʥʘ ʨʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʟʘ ʠʟʚʦʜʠ; 

c. ʦʧʨʝʜʝʣʷʥʝ ʙʨʦʷ ʥʘ ʣʠʥʛʚʠʩʪʠʯʥʠʪʝ ʪʝʨʤʠ ʥʘ ʚʭʦʜʥʠʪʝ ʠ 

ʠʟʭʦʜʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ; 

d. ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ Ăʘʢʦ-ʪʦò ʧʨʘʚʠʣʘ. 

 

2. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʚ ʜʲʣʙʦʯʠʥʘ ʯʨʝʟ ʦʧʠʩʘʥʠʝ ʥʘ 

ʣʠʥʛʚʠʩʪʠʯʥʠʪʝ ʪʝʨʤʠ ʯʨʝʟ: 

a. ʠʟʙʦʨ ʥʘ ʬʘʤʠʣʠʷ ʦʪ ʬʫʥʢʮʠʠ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ; 

b. ʠʟʙʦʨ ʥʘ ʩʪʦʡʥʦʩʪʠ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʟʘ ʚʩʷʢʘ ʦʪ ʬʫʥʢʮʠʠʪʝ 
ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ; 

c. ʢʦʥʢʨʝʪʠʟʠʨʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ. 

 

ʇʨʝʜʠʤʩʪʚʘʪʘ ʥʘ ʨʘʟʤʠʪʠʪʝ ʩʠʩʪʝʤʠ ʠ ʚʠʜʦʚʝʪʝ ʨʘʟʤʠʪʠ ʩʠʩʪʝʤʠ ʩʘ ʨʘʟʛʣʝʜʘʥʠ 

ʚ ʪʦʯʢʘ 3.1. 
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ɻʣʘʚʘ 3. ʈʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʟʘ ʠʟʚʦʜʠ 

3.1. ʈʘʟʤʠʪʠ ʩʠʩʪʝʤʠ ʠ ʨʘʟʤʠʪʠ ʝʢʩʧʝʨʪʥʠ ʩʠʩʪʝʤʠ 

3.1.1. ʇʨʠʥʮʠʧʠ ʥʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʨʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʟʘ ʠʟʚʦʜʠ 

ʈʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʟʘ ʠʟʚʦʜʠ (fuzzy inference system=FIS) e ʠʟʯʠʩʣʠʪʝʣʥʘ 

ʩʪʨʫʢʪʫʨʘ, ʦʩʥʦʚʘʥʘ ʥʘ ʪʝʦʨʠʷʪʘ ʥʘ ʨʘʟʤʠʪʠʪʝ ʤʥʦʞʝʩʪʚʘ, ʧʨʘʚʠʣʘ ʦʪ ʚʠʜʘ ɸʂʆ-ʊʆ ʠ 

ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ. ʊʲʡ ʢʘʪʦ ʨʘʟʤʠʪʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʠʟʚʦʜʠ ʠʤʘʪ ʨʘʟʥʦʦʙʨʘʟʥʘ ʩʪʨʫʢʪʫʨʘ 

ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ, ʟʘ ʪʷʭ ʩʝ ʠʟʧʦʣʟʚʘʪ ʨʘʟʣʠʯʥʠ ʥʘʠʤʝʥʦʚʘʥʠʷ ʢʘʪʦ: ʨʘʟʤʠʪʘ ʝʢʩʧʝʨʪʥʘ 

ʩʠʩʪʝʤʘ, ʨʘʟʤʠʪ ʤʦʜʝʣ, ʨʘʟʤʠʪʘ ʘʩʦʮʠʘʪʠʚʥʘ ʧʘʤʝʪ, ʢʦʥʪʨʦʣʝʨ ʩ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ, 

ʨʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʠ ʜʨ.  

 

ʆʩʥʦʚʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʨʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʩʲʜʲʨʞʘ ʪʨʠ ʢʦʥʮʝʧʪʫʘʣʥʠ 

ʢʦʤʧʦʥʝʥʪʘ:  

¶ ʙʘʟʘ ʦʪ ʧʨʘʚʠʣʘ, ʢʲʜʝʪʦ ʩʘ ʚʢʣʶʯʝʥʠ ʚʩʠʯʢʠ ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ ʟʘ 
ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ;  

¶ ʙʘʟʘ ʦʪ ʜʘʥʥʠ (ʨʝʯʥʠʢ), ʢʲʜʝʪʦ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʚʩʠʯʢʠ ʬʫʥʢʮʠʠ ʥʘ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪ, ʠʟʧʦʣʟʚʘʥʠ ʚ ʨʘʟʤʠʪʠʪʝ ʧʨʘʚʠʣʘ;  

¶ ʘʧʘʨʘʪ ʟʘ ʠʟʚʦʜʠ, ʢʦʡʪʦ ʠʟʧʲʣʥʷʚʘ ʧʨʦʮʝʜʫʨʘʪʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ 
ʨʝhʝʥʠʷ ʦʪ ʧʨʘʚʠʣʘʪʘ ʠ ʜʘʜʝʥʠʪʝ ʬʘʢʪʠ, ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʢʦʨʝʢʪʝʥ ʠʟʭʦʜ ʠʣʠ 

ʟʘʢʣʶʯʝʥʠʝ; 

 

ʠ ʟʘʜʲʣʞʠʪʝʣʥʦ ʩʲʩʜʲʨʞʘ ʯʝʪʠʨʠ ʦʩʥʦʚʥʠ ʤʦʜʫʣʘ: 

¶ ʤʦʜʫʣ ʟʘ ʨʘʟʤʠʚʘʥʝ ʠ ʨʘʟʤʠʪʠ ʧʨʦʤʝʥʣʠʚʠ ʟʘ ʚʭʦʜ; 

¶ ʙʘʟʘ ʦʪ ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ; 

¶ ʤʘʰʠʥʘ ʟʘ ʨʘʟʤʠʪʠ ʠʟʚʦʜʠ; 

¶ ʤʦʜʫʣ ʟʘ ʜʝʨʘʟʤʠʚʘʥʝ ʠ ʨʘʟʤʠʪʠ ʧʨʦʤʝʥʣʠʚʠ ʟʘ ʠʟʭʦʜ. 

 

ɺ ʨʝʟʫʣʪʘʪ ʦʪ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʧʨʘʚʠʣʘʪʘ ʥʘʜ ʚʭʦʜʥʠʪʝ ʨʘʟʤʠʪʠ ʧʨʦʤʝʥʣʠʚʠ 

ʤʘʰʠʥʘʪʘ ʟʘ ʨʘʟʤʠʪʠ ʠʟʚʦʜʠ ʧʨʠʩʚʦʷʚʘ ʩʪʦʡʥʦʩʪʠ ʥʘ ʠʟʭʦʜʥʠʪʝ ʨʘʟʤʠʪʠ ʧʨʦʤʝʥʣʠʚʠ. 

 

ɽʢʩʧʝʨʪʥʠ ʩʠʩʪʝʤʠ, ʚ ʢʦʠʪʦ ʩʝ ʧʨʠʣʘʛʘʪ ʤʝʪʦʜʠʪʝ ʥʘ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ, ʩʝ 

ʥʘʨʠʯʘʪ ʨʘʟʤʠʪʠ ʝʢʩʧʝʨʪʥʠ ʩʠʩʪʝʤʠ. ʇʨʠ ʪʷʭ ʩʝ ʠʟʧʦʣʟʚʘʪ ʨʘʟʤʠʪʠ ʜʘʥʥʠ, ʨʘʟʤʠʪʠ 

ʧʨʘʚʠʣʘ ʠ ʨʘʟʤʠʪʠ ʠʟʚʦʜʠ. 

ʆʩʚʝʥ ʩ ʤʦʜʫʣ ʟʘ ʨʘʟʤʠʚʘʥʝ, ʙʘʟʘ ʦʪ ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ, ʤʘʰʠʥʘ ʟʘ ʨʘʟʤʠʪʠ 

ʠʟʚʦʜʠ ʠ ʤʦʜʫʣ ʟʘ ʜʝʨʘʟʤʠʚʘʥʝ, ʨʘʟʤʠʪʘʪʘ ʝʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ ʨʘʟʧʦʣʘʛʘ ʩ 

ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʠʥʪʝʨʬʝʡʩ ʠ ʙʘʟʘ ʦʪ ʜʘʥʥʠ. ʅʘ ʬʠʛ. 3.1 ʝ ʠʟʦʙʨʘʟʝʥʘ ʧʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ 

ʨʘʟʤʠʪʘ ʝʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ. 

ʇʦʪʨʝʙʠʪʝʣʩʢʠʷʪ ʠʥʪʝʨʬʝʡʩ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʥʘ ʩʠʩʪʝʤʘʪʘ ʜʘ ʢʦʤʫʥʠʢʠʨʘ ʩ 

ʧʦʪʨʝʙʠʪʝʣʷ ʠʣʠ ʜʘ ʦʙʤʝʥʷ ʜʘʥʥʠ ʩ ʦʙʢʨʲʞʘʚʘʱʘʪʘ ʷ ʩʨʝʜʘ. 

ʄʦʜʫʣʲʪ ʟʘ ʨʘʟʤʠʚʘʥʝ ʩʣʫʞʠ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʩʪʝʧʝʥʠʪʝ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ, ʩ 

ʢʦʠʪʦ ʚʩʷʢʘ ʚʭʦʜʥʘ ʩʪʦʡʥʦʩʪ ʧʨʠʥʘʜʣʝʞʠ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʨʘʟʤʠʪʠ ʪʝʨʤʠ. ʊʝʟʠ ʨʘʟʤʠʪʠ 

ʪʝʨʤʠ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʩʲʩʪʦʷʥʠʷʪʘ ʥʘ ʝʜʥʘ ʦʪ ʨʘʟʤʠʪʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʟʘ ʚʭʦʜ. ʌʫʥʢʮʠʠʪʝ 

ʟ ʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʩʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʜʝʬʠʥʠʨʘʥʠ. 
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ɹʘʟʘʪʘ ʦʪ ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ ʠ ʬʫʥʢʮʠʠʪʝ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʠʟʛʨʘʞʜʘʪ ʙʘʟʘʪʘ ʦʪ 

ʟʥʘʥʠʷ ʥʘ ʨʘʟʤʠʪʘʪʘ ʝʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ. ʈʘʟʤʠʪʠʪʝ ʧʨʘʚʠʣʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʘʚʝʥʝ ʥʘ 

ʠʟʚʦʜʠ ʦʪ ʥʘʣʠʯʥʠʪʝ ʜʘʥʥʠ.  

ɹʘʟʘʪʘ ʦʪ ʜʘʥʥʠ ʩʲʜʲʨʞʘ ʜʘʥʥʠ ʟʘ ʪʝʢʫʱʠʷ ʧʨʦʙʣʝʤ, ʧʦʣʫʯʝʥʠ ʦʪ ʧʦʪʨʝʙʠʪʝʣʷ 

ʠʣʠ ʦʪ ʦʙʢʨʲʞʘʚʘʱʘʪʘ ʩʠʩʪʝʤʘʪʘ ʩʨʝʜʘ. ɹʘʟʘʪʘ ʦʪ ʜʘʥʥʠ ʩʝ ʠʟʧʦʣʟʚʘ ʦʪ ʥʷʢʦʠ ʨʘʟʤʠʪʠ 

ʩʠʩʪʝʤʠ ʟʘ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʜʘʥʥʠ, ʧʨʠʜʦʙʠʪʠ ʧʨʠ ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʧʨʦʙʣʝʤʠ. ʊʝʟʠ ʜʘʥʥʠ 

ʩʝ ʟʘʧʘʟʚʘʪ ʩ ʮʝʣ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʧʦʜʦʙʥʠ ʧʨʦʙʣʝʤʠ ʚ ʙʲʜʝʱʝ ʠ ʜʦʨʠ ʟʘ 

ʠʟʚʣʠʯʘʥʝʪʦ ʥʘ ʥʦʚʠ ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ. ɸʢʦ ʩʲʱʝʩʪʚʫʚʘ ʧʦʜʩʠʩʪʝʤʘ ʟʘ ʦʙʷʩʥʷʚʘʥʝ ʥʘ 

ʨʝʟʫʣʪʘʪʠʪʝ, ʥʫʞʥʠʪʝ ʡ ʤʝʞʜʠʥʥʠ ʠʟʚʦʜʠ ʩʲʱʦ ʩʝ ʟʘʧʘʟʚʘʪ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʌʠʛʫʨʘ 3.1. ʇʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʨʘʟʤʠʪʘ ʝʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ 

 

ɺ ʤʘʰʠʥʘʪʘ ʟʘ ʨʘʟʤʠʪʠ ʠʟʚʦʜʠ ʩʘ ʨʝʘʣʠʟʠʨʘʥʠ ʤʝʪʦʜʠʪʝ ʟʘ ʧʨʘʚʝʥʝ ʥʘ ʠʟʚʦʜʠ. 

ʉʲʱʝʩʪʚʫʚʘʪ ʜʚʘ ʧʦʜʭʦʜʘ ʟʘ ʧʨʘʚʝʥʝ ʥʘ ʠʟʚʦʜʠ ʦʪ ʥʘʣʠʯʥʠʪʝ ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ ʠ ʚʭʦʜʥʠ 

ʜʘʥʥʠ. ʇʨʠ ʝʜʠʥʠʷ ʩʝ ʠʟʧʲʣʥʷʚʘʪ ʚʩʠʯʢʠ ʧʨʘʚʠʣʘ ʩ ʪʝʢʫʱʠʪʝ ʥʘʣʠʯʥʠ ʜʘʥʥʠ ʠ ʩʝ 

ʠʟʚʣʠʯʘʪ ʚʩʠʯʢʠ ʚʲʟʤʦʞʥʠ ʠʟʚʦʜʠ. ʇʨʠ ʜʨʫʛʠʷ ʧʦʜʭʦʜ ʩʝ ʠʟʙʠʨʘʪ ʧʨʘʚʠʣʘʪʘ, ʩ ʢʦʠʪʦ 

ʤʦʞʝ ʜʘ ʩʝ ʜʦʩʪʠʛʥʝ ʜʦ ʨʝʰʝʥʠʝ. ʉʣʝʜ ʪʦʚʘ ʩʝ ʪʲʨʩʷʪ ʜʘʥʥʠ, ʢʦʠʪʦ ʫʜʦʚʣʝʪʚʦʨʷʚʘʪ 

ʫʩʣʦʚʥʘʪʘ ʯʘʩʪ ʥʘ ʪʝʟʠ ʧʨʘʚʠʣʘ. ʆʩʥʦʚʥʘʪʘ ʨʘʟʣʠʢʘ ʝ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʥʘ 

ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʚʩʷʢʦ ʦʪ ʧʨʘʚʠʣʘʪʘ. ɺ ʝʜʠʥʠʷ ʩʣʫʯʘʡ ʩʝ ʠʟʧʲʣʥʷʚʘ ʧʲʨʚʦ ʫʩʣʦʚʥʘʪʘ ʯʘʩʪ, 

ʩʣʝʜ ʢʦʝʪʦ ʯʘʩʪʪʘ ʟʘ ʠʟʚʦʜ, ʜʦʢʘʪʦ ʚʲʚ ʚʪʦʨʠʷ ʩʝ ʟʘʧʦʯʚʘ ʦʪ ʯʘʩʪʪʘ ʟʘ ʠʟʚʦʜ, ʘ ʩʣʝʜ ʪʦʚʘ 

ʝʚʝʥʪʫʘʣʥʦ ʩʝ ʧʨʝʤʠʥʘʚʘ ʢʲʤ ʫʩʣʦʚʠʝʪʦ. ɺʪʦʨʠʷʪ ʧʦʜʭʦʜ ʯʝʩʪʦ ʝ ʧʦ-ʧʦʜʭʦʜʷʱ, ʪʲʡ 

ʢʘʪʦ ʧʨʠ ʥʝʛʦ ʩʝ ʠʟʧʲʣʥʷʚʘʪ ʩʘʤʦ ʪʝʟʠ ʧʨʘʚʠʣʘ, ʩ ʢʦʠʪʦ ʤʦʞʝ ʜʘ ʩʝ ʜʦʩʪʠʛʥʝ ʜʦ 

ʨʝʰʝʥʠʝ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʥʝ ʩʝ ʠʟʚʝʞʜʘʪ ʪʨʫʜʥʠʪʝ ʟʘ ʜʦʙʠʚʘʥʝ ʜʘʥʥʠ, ʘʢʦ ʥʝ ʩʘ 

ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʥʘʤʠʨʘʥʝ ʥʘ ʨʝʰʝʥʠʝʪʦ. 

ʄʦʜʫʣʲʪ ʟʘ ʜʝʨʘʟʤʠʚʘʥʝ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʠʟʯʠʩʣʠ ʝʜʥʘ ʝʜʠʥʩʪʚʝʥʘ ʯʠʩʣʝʥʘ 

ʩʪʦʡʥʦʩʪ ʟʘ ʜʘʜʝʥʘ ʨʘʟʤʠʪʘ ʧʨʦʤʝʥʣʠʚʘ ʟʘ ʠʟʭʦʜ. ʊʦʚʘ ʩʝ ʠʟʚʲʨʰʚʘ ʯʨʝʟ ʧʨʠʣʘʛʘʥʝ ʥʘ 

 

ʈʘʟʤʠʪʠ ʜʘʥʥʠ/ʪʦʯʥʠ ʜʘʥʥʠ  

ʊʦʯʥʠ ʟʘʷʚʢʠ/ʨʘʟʤʠʪʠ ʟʘʷʚʢʠ 

ɹʘʟʘ ʦʪ ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ ʆʙʫʯʘʚʘʱʠ ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ 

Mʘʰʠʥʘ ʟʘ ʨʘʟʤʠʪʠ ʠʟʚʦʜʠ 

ʈʘʟʤʠʚʘʥʝ 

ɹʘʟʘ ʦʪ ʜʘʥʥʠ (ʨʘʟʤʠʪʠ) 

ɼʝʨʘʟʤʠʚʘʥʝ 

ʌʫʥʢʮʠʠ ʥʘ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪ 

ʇʦʪʨʝʙʠʪʝʣʩʢʠ ʠʥʪʝʨʬʝʡʩ 
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ʧʦʜʭʦʜʷʱ ʤʝʪʦʜ ʟʘ ʜʝʨʘʟʤʠʚʘʥʝ ʥʘʜ ʠʟʚʝʜʝʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʟʘ 

ʨʘʟʤʠʪʘʪʘ ʧʨʦʤʝʥʣʠʚʘ. 

ɹʣʦʢʲʪ ʦʙʫʯʘʚʘʱʠ ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ ʥʝ ʝ ʟʘʜʲʣʞʠʪʝʣʝʥ ʠ ʩʣʫʞʠ ʟʘ ʧʨʠʜʦʙʠʚʘʥʝ 

ʥʘ ʥʦʚʠ ʧʨʘʚʠʣʘ.  

ɸʢʦ ʩʲʱʝʩʪʚʫʚʘ ʧʦʜʩʠʩʪʝʤʘ ʟʘ ʦʙʷʩʥʷʚʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ, ʪʦ ʪʷ ʪʨʷʙʚʘ ʜʘ ʝ 

ʩʚʲʨʟʘʥʘ ʩ ʤʘʰʠʥʘʪʘ ʟʘ ʨʘʟʤʠʪ ʠʟʚʦʜ (ʠʣʠ ʩ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ) ʠ ʩ ʧʦʪʨʝʙʠʪʝʣʩʢʠʷ 

ʠʥʪʝʨʬʝʡʩ. ʇʦʜʭʦʜʷʱʦ ʤʷʩʪʦ ʟʘ ʥʝʷ ʝ ʙʣʦʢʲʪ ʟʘ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʠʥʪʝʨʬʝʡʩ. 

 

3.1.2. ɺʠʜʦʚʝ ʨʘʟʤʠʪʠ ʩʠʩʪʝʤʠ  

3.1.2.1. ɺʠʜʦʚʝ ʨʘʟʤʠʪʠ ʩʠʩʪʝʤʠ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ 

ʉʧʦʨʝʜ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʩʠ ʨʘʟʤʠʪʠʪʝ ʩʠʩʪʝʤʠ ʩʝ ʨʘʟʜʝʣʷʪ ʦʩʥʦʚʥʦ ʥʘ 

ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʩʠʩʪʝʤʠ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʧʨʦʮʝʩʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ 

ʨʝʰʝʥʠʷ. 

 

ʉʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʜʠʘʛʥʦʩʪʠʢʘ 

ʈʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʠʟʧʦʣʟʚʘ ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ ʠ 

ʤʘʰʠʥʘ ʟʘ ʨʘʟʤʠʪʠ ʠʟʚʦʜʠ ʟʘ ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʧʨʦʙʣʝʤ, ʩʚʲʨʟʘʥ ʩ ʫʧʨʘʚʣʝʥʠʝʪʦ ʠʣʠ 

ʜʠʘʛʥʦʩʪʠʢʘʪʘ. ʂʲʤ ʧʨʦʙʣʝʤʠʪʝ ʚ ʪʘʟʠ ʦʙʣʘʩʪ ʩʧʘʜʘʪ ʢʘʢʪʦ ʩʣʦʞʥʠ ʟʘʜʘʯʠ ʢʘʪʦ 

ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʦʙʦʪʠ ʯʨʝʟ ʢʦʦʨʜʠʥʠʨʘʥʝʪʦ ʥʘ ʤʥʦʞʝʩʪʚʦ ʜʝʡʩʪʚʠʷ, ʪʘʢʘ ʠ ʧʦ-

ʝʣʝʤʝʥʪʘʨʥʠ ʢʘʪʦ ʧʦʜʜʲʨʞʘʥʝ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʧʨʦʤʝʥʣʠʚʘ ʚ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʫʩʪʘʥʦʚʝʥʠ 

ʛʨʘʥʠʮʠ. 

ʇʦʧʫʣʷʨʥʦ ʥʘʟʚʘʥʠʝ ʥʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʝ ʢʦʥʪʨʦʣʝʨ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ 

ʦʙʠʢʥʦʚʝʥʠʪʝ ʢʦʥʪʨʦʣʝʨʠ ʨʘʟʤʠʪʠʪʝ ʢʦʥʪʨʦʣʝʨʠ ʩʘ ʧʨʦʝʢʪʠʨʘʥʠ ʠ ʨʝʘʣʠʟʠʨʘʥʠ  ʪʘʢʘ, 

ʯʝ ʜʘ ʧʨʠʣʘʛʘʪ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʧʨʠʜʦʙʠʪʠ ʝʢʩʧʝʨʪʥʠ ʟʥʘʥʠʷ. ʈʘʟʤʠʪʠʪʝ ʢʦʥʪʨʦʣʝʨʠ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʦʩʥʦʚʥʦ ʟʘ ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʧʨʦʙʣʝʤʠ, ʟʘ ʢʦʠʪʦ ʩʲʟʜʘʚʘʥʝʪʦ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʪʦʯʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣ ʝ ʪʨʫʜʥʦ, ʥʝʚʲʟʤʦʞʥʦ ʠʣʠ ʧʨʝʢʘʣʝʥʦ ʩʢʲʧʦ. ʇʨʠʯʠʥʘ ʟʘ 

ʪʝʟʠ ʪʨʫʜʥʦʩʪʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ: ʩʣʦʞʥʦ ʠʟʤʝʥʷʱʠ ʩʝ ʚʲʚ ʚʨʝʤʝʪʦ ʧʨʦʮʝʩʠ, ʥʘʣʠʯʠʝ ʥʘ 

ʰʫʤ, ʥʝʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʪʦʯʥʠ ʠ ʥʘʜʝʞʜʥʠ ʠʟʤʝʨʚʘʥʠʷ ʠ ʜʨ.  

ʇʨʠʥʮʠʧʲʪ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ 

ʢʘʪʦ ʮʠʢʣʠʯʥʦ ʠʟʧʲʣʥʷʚʘʥʝ ʥʘ ʩʣʝʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ ʩʪʲʧʢʠ:  

¶ ʠʟʚʲʨʰʚʘʪ ʩʝ ʥʫʞʥʠʪʝ ʠʟʤʝʨʚʘʥʠʷ, ʯʨʝʟ ʢʦʠʪʦ ʩʝ ʧʦʣʫʯʘʚʘʪ ʜʘʥʥʠ ʟʘ 

ʫʧʨʘʚʣʷʚʘʥʠʷ ʧʨʦʮʝʩ; 

¶ ʜʘʥʥʠʪʝ ʦʪ ʠʟʤʝʨʚʘʥʠʷʪʘ ʩʝ ʧʨʝʦʙʨʘʟʫʚʘʪ, ʢʘʪʦ ʩʝ ʧʨʝʩʤʷʪʘʪ ʩʪʝʧʝʥʠ ʥʘ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʢʲʤ ʧʦʜʭʦʜʷʱʠ ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ. ʊʦʟʠ ʧʨʦʮʝʩ ʩʝ ʥʘʨʠʯʘ 

ʨʘʟʤʠʚʘʥʝ; 

¶ ʨʘʟʤʠʪʠʪʝ ʜʘʥʥʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʦʪ ʤʘʰʠʥʘʪʘ ʟʘ ʨʘʟʤʠʪʠ ʠʟʚʦʜʠ ʟʘ 

ʠʟʧʲʣʥʷʚʘʥʝ ʥʘ ʧʨʘʚʠʣʘʪʘ. ɺ ʨʝʟʫʣʪʘʪ ʩʝ ʧʦʣʫʯʘʚʘ ʝʜʥʦ ʠʣʠ ʥʷʢʦʣʢʦ ʨʘʟʤʠʪʠ 

ʤʥʦʞʝʩʪʚʘ, ʜʝʬʠʥʠʨʘʥʠ ʥʘʜ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʚʲʟʤʦʞʥʠ ʜʝʡʩʪʚʠʷ;  

¶ ʨʘʟʤʠʪʦʪʦ ʤʥʦʞʝʩʪʚʦ ʩʝ ʧʨʝʦʙʨʘʟʫʚʘ ʚ ʝʜʠʥʩʪʚʝʥʘ ʪʦʯʥʘ ʩʪʦʡʥʦʩʪ. 

ʇʨʦʮʝʩʲʪ ʩʝ ʥʘʨʠʯʘ ʜʝʨʘʟʤʠʚʘʥʝ, ʘ ʩʪʦʡʥʦʩʪʠʪʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʜʝʡʩʪʚʠʷʪʘ, ʢʦʠʪʦ 

ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʠʣʦʞʘʪ ʩʧʦʨʝʜ ʩʠʩʪʝʤʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ.  

ɺʩʷʢʘ ʨʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʩʣʝʜʚʘ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʲʤ, ʥʦ 

ʮʠʢʣʠʯʥʦʪʦ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʩʪʲʧʢʠʪʝ ʝ ʭʘʨʘʢʪʝʨʥʦ ʟʘ ʨʘʟʤʠʪʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ. 
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ʈʘʟʤʠʪʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ ʠʟʚʲʨʰʚʘʪ ʠʟʤʝʨʚʘʥʠʷ, ʢʦʠʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʩʣʫʯʘʷ ʤʦʛʘʪ ʜʘ ʩʘ ʮʠʢʣʠʯʥʠ, ʝʜʥʦʢʨʘʪʥʠ ʠʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ 

ʩʠʩʪʝʤʘʪʘ, ʧʦʜʣʦʞʝʥʘ ʥʘ ʜʠʘʛʥʦʩʪʠʢʘ. 

ɺ ʩʣʫʯʘʡ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʩʠʩʪʝʤʘ ʩ ʮʝʣ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʞʝʣʘʥʘ ʩʪʦʡʥʦʩʪ ʟʘ 

ʜʘʜʝʥʘ ʧʨʦʤʝʥʣʠʚʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʰʫʤʘ ʦʪ ʦʙʢʨʲʞʝʥʠʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʫʧʨʘʚʣʷʚʘʱʘʪʘ 

ʨʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʘʚʘ ʜʚʝ ʧʨʦʤʝʥʣʠʚʠ. ɽʜʥʘʪʘ ʝ ʛʨʝʰʢʘʪʘ, ʜʝʬʠʥʠʨʘʥʘ ʢʘʪʦ 

ʨʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʪʝʢʫʱʘʪʘ ʠ ʞʝʣʘʥʘʪʘ ʩʪʦʡʥʦʩʪ ʟʘ ʧʨʦʤʝʥʣʠʚʘʪʘ, ʘ ʚʪʦʨʘʪʘ ï ʩʪʝʧʝʥʪʘ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʛʨʝʰʢʘʪʘ. ʈʘʟʤʠʪʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʝʤʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ 

ʪʝʟʠ ʧʨʦʤʝʥʣʠʚʠ ʢʘʪʦ ʚʭʦʜʥʠ, ʘ ʨʝʰʝʥʠʝʪʦ ʥʘ ʠʟʭʦʜʘ ʝ ʩʪʦʡʥʦʩʪ ʟʘ ʫʧʨʘʚʣʷʚʘʱʘʪʘ 

ʧʨʦʤʝʥʣʠʚʘ.  

 

ʉʠʩʪʝʤʠ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʧʨʦʮʝʩʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ 

ʀ ʪʝʟʠ ʩʠʩʪʝʤʠ ʩʣʫʞʘʪ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠ ʦʪ ʜʘʜʝʥʘ ʦʙʣʘʩʪ, ʥʦ ʟʘ ʨʘʟʣʠʢʘ ʦʪ 

ʩʠʩʪʝʤʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʜʠʘʛʥʦʩʪʠʢʘ, ʪʝ ʥʝ ʧʨʠʣʘʛʘʪ ʥʘʤʝʨʝʥʦʪʦ ʨʝʰʝʥʠʝ. ʊʷʭʥʘʪʘ 

ʟʘʜʘʯʘ ʝ ʜʘ ʧʨʝʜʣʦʞʘʪ ʨʝʰʝʥʠʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ, ʩ ʢʦʝʪʦ ʪʦʡ ʝʚʝʥʪʫʘʣʥʦ ʩʝ ʩʲʦʙʨʘʟʷʚʘ. 

ʉʠʩʪʝʤʠ, ʧʦʜʧʦʤʘʛʘʱʠ ʚʟʝʤʘʥʝʪʦ ʥʘ ʨʝʰʝʥʠʷ, ʩʝ ʩʲʟʜʘʚʘʪ ʧʦ ʥʷʢʦʣʢʦ ʧʨʠʯʠʥʠ. 

ɽʜʥʘ ʦʪ ʪʷʭ ʝ ʥʘʣʠʯʠʝʪʦ ʥʘ ʩʣʦʞʥʠ ʧʨʦʙʣʝʤʠ, ʟʘ ʢʦʠʪʦ ʝ ʥʝʚʲʟʤʦʞʥʦ ʦʧʨʝʜʝʣʷʥʝʪʦ ʠ 

ʩʥʘʙʜʷʚʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ ʩ ʚʩʠʯʢʠ ʥʫʞʥʠ ʜʘʥʥʠ ʟʘ ʥʘʤʠʨʘʥʝ ʥʘ ʪʲʨʩʝʥʦʪʦ ʨʝʰʝʥʠʝ. 

ʇʦʥʷʢʦʛʘ ʝʩʪʝʩʪʚʦʪʦ ʥʘ ʜʘʜʝʥ ʧʨʦʙʣʝʤ ʥʝ ʧʦʟʚʦʣʷʚʘ ʜʝʬʠʥʠʨʘʥʝʪʦ ʥʘ ʤʥʦʞʝʩʪʚʦ ʦʪ 

ʚʲʟʤʦʞʥʠʪʝ ʘʣʪʝʨʥʘʪʠʚʠ ʠʣʠ ʨʝʰʝʥʠʷ. ɼʨʫʛʘ ʧʨʠʯʠʥʘ ʝ ʥʫʞʜʘʪʘ ʦʪ ʙʝʟʧʨʠʩʪʨʘʩʪʥʦ 

ʤʥʝʥʠʝ ʠ ʧʨʝʧʦʨʲʢʘ ʧʨʠ ʚʟʝʤʘʥʝʪʦ ʥʘ ʚʘʞʥʠ ʨʝʰʝʥʠʷ, ʦʪʛʦʚʦʨʥʦʩʪʪʘ ʟʘ ʢʦʠʪʦ ʤʦʞʝ ʜʘ 

ʥʦʩʠ ʩʘʤʦ ʯʦʚʝʢ. ʉʲʱʝʩʪʚʫʚʘʪ ʩʣʫʯʘʠ, ʚ ʢʦʠʪʦ ʥʘʤʝʨʝʥʦʪʦ ʨʝʰʝʥʠʝ ʥʝ ʩʝ ʧʨʠʣʘʛʘ ʦʪ 

ʩʠʩʪʝʤʘʪʘ ʝʜʠʥʩʪʚʝʥʦ ʧʦʨʘʜʠ ʣʠʧʩʘʪʘ ʥʘ ʥʘʜʝʞʜʝʥ ʤʝʭʘʥʠʟʲʤ ʟʘ ʪʦʚʘ.  

ʍʘʨʘʢʪʝʨʥʘ ʯʝʨʪʘ ʚ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʧʨʦʮʝʩʘ ʟʘ ʚʟʝʤʘʥʝ 

ʥʘ ʨʝʰʝʥʠʷ ʝ ʥʘʣʠʯʠʝʪʦ ʥʘ ʫʜʦʙʝʥ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʠʥʪʝʨʬʝʡʩ, ʢʦʡʪʦ ʧʦʥʷʢʦʛʘ ʩʝ 

ʢʦʤʙʠʥʠʨʘ ʩ ʧʦʜʩʠʩʪʝʤʘ ʟʘ ʦʙʷʩʥʷʚʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ. 

 

3.1.2.2. ɺʠʜʦʚʝ ʨʘʟʤʠʪʠ ʩʠʩʪʝʤʠ ʩʧʦʨʝʜ ʠʟʭʦʜʥʠʪʝ 

ʧʨʦʤʝʥʣʠʚʠ 

 

ʈʘʟʤʠʪʠ ʤʦʜʝʣʠ ʦʪ ʪʠʧ ʄʘʤʜʘʥʠ 

ʈʘʟʤʠʪ ʤʦʜʝʣ ʟʘ ʠʟʚʦʜ ʦʪ ʪʠʧ ʄʘʤʜʘʥʠ ʝ ʩʨʝʜ ʧʲʨʚʠʪʝ ʩʠʩʪʝʤʠ, ʠʟʛʨʘʜʝʥʠ ʥʘ 

ʙʘʟʘ ʪʝʦʨʠʷʪʘ ʥʘ ʨʘʟʤʠʪʠʪʝ ʤʥʦʞʝʩʪʚʘ. ʊʷ ʝ ʧʨʝʜʣʦʞʝʥʘ ʧʨʝʟ 1975 ʦʪ ɽʡʙʨʘʭʘʤ 

ʄʘʤʜʘʥʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʘʨʥʘ ʤʘʰʠʥʘ ʠ ʧʘʨʝʥ ʢʦʪʝʣ ʯʨʝʟ ʣʠʥʛʚʠʩʪʠʯʥʠ ʧʨʘʚʠʣʘ, 

ʩʲʦʙʨʘʟʝʥʠ ʩ ʯʦʚʝʰʢʠʷ ʦʧʠʪ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ [57]. ʄʦʜʝʣ ʦʪ ʚʠʜʘ ʄʘʤʜʘʥʠ ʩʝ 

ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʪʦʚʘ, ʯʝ ʪʝʨʤʠʪʝ ʥʘ ʠʟʭʦʜʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʩʘ ʨʘʟʤʠʪʠ ʯʠʩʣʘ, ʢʦʠʪʦ ʩʝ 

ʜʝʨʘʟʤʠʚʘʪ ʧʦ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ.  

ʉ ʠʟʙʦʨ ʥʘ ʜʨʫʛʠ ʦʧʝʨʘʪʦʨʠ ʠ ʢʦʤʧʦʟʠʮʠʠ ʩʝ ʧʦʣʫʯʘʚʘʪ ʨʘʟʣʠʯʥʠ ʚʘʨʠʘʥʪʠ ʥʘ 

ʤʦʜʝʣʘ, ʥʦ ʦʙʱʦʪʦ ʥʘ ʨʘʟʤʠʪʠʪʝ ʤʦʜʝʣʠ ʦʪ ʪʠʧ ʄʘʤʜʘʥʠ ʝ, ʯʝ ʠʟʭʦʜʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ 

ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ ʝ ʥʫʞʥʘ ʜʝʨʘʟʤʠʚʘʥʝ. ʀʤʘ ʨʘʟʣʠʯʥʠ ʧʦʜʭʦʜʠ ʟʘ 

ʜʝʨʘʟʤʠʚʘʥʝ: 

¶ ʤʝʪʦʜ ʥʘ ʮʝʥʪʲʨʘ ʥʘ ʪʝʞʝʩʪʪʘ, ʧʨʠ ʢʦʡʪʦ ʩʝ ʧʨʝʩʤʷʪʘ  
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¶ ʤʝʪʦʜ ʥʘ ʤʝʜʠʘʥʘʪʘ, ʧʨʠ ʢʦʡʪʦ ʩʝ ʧʨʝʩʤʷʪʘ ʩʪʦʡʥʦʩʪʪʘ BoAx , ʪʘʢʘʚʘ ʯʝ 

() ()dxxdxx

BoA

BoA

x

A

x

A .. ññ =

b

a

mm , 

ʢʲʜʝʪʦ { }Xxx Í=mina  ʠ { }Xxx Í=maxb  ; 

 

¶ ʤʝʪʦʜ ʥʘ ʩʨʝʜʥʦʪʦ ʥʘ ʤʘʢʩʠʤʫʤʠʪʝ, ʧʨʠ ʢʦʡʪʦ ʩʝ ʧʨʝʩʤʷʪʘ  

ñ

ñ
=

'

'

.

X

X

MoM

dx

dxx

x ,  

ʢ̡ ʜʝʪʦ () ()( ){ }xxxX A
X

A mmmm max:' ** === ; 

 

¶ ʤʝʪʦʜ ʥʘ ʤʠʥʠʤʫʤʘ ʥʘ ʤʘʢʩʠʤʫʤʠʪʝ, ʧʨʠ ʢʦʡʪʦ ʩʝ ʧʨʝʩʤʷʪʘ 

() ()( ){ }xxxx A
X

ASoM mmmm max:min ** ===  ; 

 

¶ ʤʝʪʦʜ ʥʘ ʤʘʢʩʠʤʫʤʘ ʥʘ ʤʘʢʩʠʤʫʤʠʪʝ, ʧʨʠ ʢʦʡʪʦ ʩʝ ʧʨʝʩʤʷʪʘ  

() ()( ){ }xxxx A
X

ALoM mmmm max:max ** === . 

 

ʇʨʠ ʤʦʜʝʣ ʦʪ ʪʠʧ ʄʘʤʜʘʥʠ ʥʘ ʚʩʝʢʠ ʦʧʝʨʘʪʦʨ ʩʲʦʪʚʝʪʩʪʚʘ ʨʘʟʤʠʪʘ ʦʧʝʨʘʮʠʷ, 

ʢʘʪʦ ʥʘʡ-ʯʝʩʪʦ: 

¶ ʟʘ ʦʧʝʨʘʪʦʨʘ AND ʩʝ ʠʟʧʦʣʟʚʘ ʨʘʟʤʠʪʦ ʩʝʯʝʥʠʝ;  

¶ ʟʘ ʦʧʝʨʘʪʦʨʘ OR ʩʝ ʠʟʧʦʣʟʚʘ ʨʘʟʤʠʪʦ ʦʙʝʜʠʥʝʥʠʝ;  

¶ ʟʘ ʦʧʝʨʘʪʦʨʘ ʟʘ ʠʤʧʣʠʢʘʮʠʷ ʩʝ ʠʟʧʦʣʟʚʘ min  ʦʧʝʨʘʪʦʨ ʧʨʠ ʜʘʜʝʥʠ ʪʝʛʣʘ 

ʥʘ ʧʨʘʚʠʣʘʪʘ; 

¶ ʟʘ ʦʧʝʨʘʪʦʨʘ ʟʘ ʘʛʨʝʛʘʮʠʷ ʩʝ ʠʟʧʦʣʟʚʘ min  ʟʘ ʘʛʨʝʛʠʨʘʥʝ ʥʘ ʬʫʥʢʮʠʠʪʝ ʥʘ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʧʨʠ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʠʟʭʦʜʥʘ ʧʨʦʤʝʥʣʠʚʘ; 

¶ ʟʘ ʦʧʝʨʘʪʦʨʘ ʟʘ ʜʝʨʘʟʤʠʚʘʥʝ ʩʝ ʠʟʧʦʣʟʚʘ ʥʷʢʦʡ ʦʪ ʧʦʩʦʯʝʥʠʪʝ ʧʦ-ʛʦʨʝ 

ʧʦʜʭʦʜʠ ʟʘ ʪʨʘʥʩʬʦʨʤʠʨʘʥʝ ʥʘ ʠʟʭʦʜʥʘʪʘ ʨʘʟʤʠʪʘ ʧʨʦʤʝʥʣʠʚʘ ʜʦ ʝʜʥʘ ʪʦʯʥʘ ʩʪʦʡʥʦʩʪ. 

 

ʈʘʟʤʠʪʠ ʤʦʜʝʣʠ ʦʪ ʪʠʧ ʉʫʛʝʥʦ 

ʊʦʟʠ ʤʦʜʝʣ ʝ ʧʨʝʜʣʦʞʝʥ ʦʪ ʊʘʢʘʛʠ, ʉʫʛʝʥʦ ʠ ʂʘʥʛ ʢʘʪʦ ʦʧʠʪ ʟʘ ʩʠʩʪʝʤʘʪʠʯʝʥ 

ʧʦʜʭʦʜ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ ʦʪ ʟʘʜʘʜʝʥʠ ʤʥʦʞʝʩʪʚʘ ʦʪ ʚʭʦʜʥʠ ʠ ʠʟʭʦʜʥʠ 

ʜʘʥʥʠ  [47],  [87]. ʈʘʟʤʠʪʦʪʦ ʧʨʘʚʠʣʦ ʚ ʤʦʜʝʣ ʦʪ ʪʠʧ ʉʫʛʝʥʦ ʠʤʘ ʚʠʜʘ: 

ʘʢʦ x ʝ ɸ ʠ y ʝ ɺ, ʪʦ z = f(x;y), 

ʢʲʜʝʪʦ ɸ ʠ ɺ ʩʘ ʨʘʟʤʠʪʠ ʧʨʦʤʝʥʣʠʚʠ ʚ ʧʨʝʜʧʦʩʪʘʚʢʠʪʝ, ʘ f(x;y) ʝ ʬʫʥʢʮʠʷ.  

ʂʦʛʘʪʦ z = f(x;y) ʝ ʢʦʥʩʪʘʥʪʘ, ʤʦʜʝʣʲʪ ʩʝ ʥʘʨʠʯʘ ʤʦʜʝʣ ʥʘ ʉʫʛʝʥʦ ʦʪ ʥʫʣʝʚ ʨʝʜ 

ʠ ʠʟʭʦʜʲʪ ʝ ʩʠʥʛʣʝʪʦʥ, ʘ ʘʢʦ ʝ ʧʦʣʠʥʦʤ ʦʪ ʧʲʨʚʘ ʩʪʝʧʝʥ ï ʤʦʜʝʣ ʥʘ ʉʫʛʝʥʦ ʦʪ ʧʲʨʚʠ 

ʨʝʜ.  

ʄʦʜʝʣʠʪʝ ʦʪ ʪʠʧ ʉʫʛʝʥʦ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʥʦʞʝʩʪʚʦ ʦʪ ʣʠʥʝʡʥʠ 

ʢʦʥʪʨʦʣʝʨʠ, ʢʘʢʪʦ ʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʜʠʥʘʤʠʯʥʠ ʥʝʣʠʥʝʡʥʠ ʩʠʩʪʝʤʠ. ʈʘʟʤʠʪʠʪʝ 

ʩʠʩʪʝʤʠ ʦʪ ʪʠʧ ʉʫʛʝʥʦ ʩʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʧʦʜʭʦʜʷʱʠ ʧʨʠ ʤʘʣʢʠ ʥʝʧʨʝʢʲʩʥʘʪʠ 

ʠʟʤʝʥʝʥʠʷ, ʧʨʠʣʦʞʝʥʠ ʚʲʨʭʫ ʚʭʦʜʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʥʝʣʠʥʝʡʥʠ 

ʩʠʩʪʝʤʠ ʯʨʝʟ ʤʥʦʞʝʩʪʚʦ ʣʠʥʝʡʥʠ ʢʦʤʧʦʥʝʥʪʠ. 
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ʈʘʟʤʠʪʠ ʤʦʜʝʣʠ ʦʪ ʪʠʧ ʎʫʢʘʤʦʪʦ 

ɺ ʨʘʟʤʠʪ ʤʦʜʝʣ ʦʪ ʪʠʧ ʎʫʢʘʤʦʪʦ ʠʟʭʦʜʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʨʘʟʤʠʪʠ 

ʤʥʦʞʝʩʪʚʘ ʩ ʤʦʥʦʪʦʥʥʠ ʬʫʥʢʮʠʠ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ  [47]. ʉʣʝʜ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʚʩʷʢʦ 

ʨʘʟʤʠʪʦ ʧʨʘʚʠʣʦ ʩʝ ʧʦʣʫʯʘʚʘ ʪʦʯʥʘ ʩʪʦʡʥʦʩʪ, ʠʥʜʫʮʠʨʘʥʘ ʦʪ ʩʠʣʘʪʘ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ 

ʪʦʚʘ ʧʨʘʚʠʣʦ. ʆʢʦʥʯʘʪʝʣʥʦ ʥʘ ʠʟʭʦʜʘ ʩʝ ʧʦʣʫʯʘʚʘ ʪʦʯʥʘ ʩʪʦʡʥʦʩʪ, ʢʦʷʪʦ ʝ ʧʨʝʪʝʛʣʝʥʦ 

ʩʨʝʜʥʦ ʥʘ ʠʟʭʦʜʘ ʦʪ ʚʩʷʢʦ ʧʨʘʚʠʣʦ. ʇʨʠ ʪʦʟʠ ʤʦʜʝʣ ʜʝʨʘʟʤʠʚʘʥʝ ʥʝ ʝ ʥʫʞʥʦ. 

 

3.2. ʈʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʟʘ ʠʟʚʦʜʠ, ʠʟʧʦʣʟʚʘʱʘ ʤʦʜʝʣʘ FLQM  

ʟʘ ʦʮʝʥʢʘ ʥʘ ʬʠʥʘʥʩʦʚʦ ʘʢʪʠʚʠ 

3.2.1. ɸʨʭʠʪʝʢʪʫʨʘ ʥʘ ʨʘʟʤʠʪʘʪʘ ʩʠʩʪʝʤʘ 

ʇʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʧʨʝʜʣʦʞʝʥʘʪʘ ʚ ʪʘʟʠ ʜʠʩʝʨʪʘʮʠʷ ʨʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʟʘ 

ʠʟʚʦʜʠ ʩʘ ʩʣʝʜʚʘʥʠ ʯʝʪʠʨʠʪʝ ʝʪʘʧʘ ʥʘ ʧʨʦʮʝʩʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʠʟʚʦʜʠ: 

¶ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʚʭʦʜʥʠʪʝ ʜʘʥʥʠ ʟʘ ʚʩʷʢʦ ʧʨʘʚʠʣʦ; 

¶ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʠʟʚʦʜ ʟʘ ʚʩʷʢʦ ʧʨʘʚʠʣʦ;  

¶ ʘʛʨʝʛʠʨʘʥʝ ʥʘ ʚʩʠʯʢʠ ʠʟʚʦʜʠ;  

¶ ʜʝʨʘʟʤʠʚʘʥʝ. 

 

ɸʢʦ ʚ ʙʘʟʘʪʘ ʦʪ ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ ʠʤʘ n ʥʘ ʙʨʦʡ ʧʨʘʚʠʣʘ, Ŭ, ɓ ʠ ɔ ʩʘ ʨʘʟʤʠʪʠ 

ʧʨʦʤʝʥʣʠʚʠ,  ʤʘʰʠʥʘʪʘ ʟʘ ʨʘʟʤʠʪ ʠʟʚʦʜ ʩʣʝʜʚʘ ʩʭʝʤʘʪʘ: 

 

ʇʨʘʚʠʣʦ 1:          ɸʢʦ  Ŭ ʝ A1 ʠ  ɓ ʝ B1 , ʪʦ  ɔ e C1 

ʇʨʘʚʠʣʦ 2:          ɸʢʦ  Ŭ ʝ A2 ʠ  ɓ ʝ B2 , ʪʦ  ɔ e C2 

éééééééééééééééééé 

ʇʨʘʚʠʣʦ n:          ɸʢʦ  Ŭ ʝ An ʠ  ɓ ʝ Bn , ʪʦ  ɔ e Cn 

ʌʘʢʪ:                  Ŭ ʝ Aô ʠ  ɓ ʝ Bô 

ʀʟʚʦʜ:                  ɔ e Cô 

 

ʆʪ ʥʘʣʠʯʥʠʪʝ ʧʨʘʚʠʣʘ ʠ ʬʘʢʪʠʪʝ (Ŭ ʝ Aô ʠ  ɓ ʝ Bô) ʩʝ ʧʨʘʚʠ ʠʟʚʦʜʘ ɔ e Cô, ʢʲʜʝʪʦ ɸô, ɸi , 

Bô, Bi , Cô ʠ Ci ʩʘ ʨʘʟʤʠʪʠ ʤʥʦʞʝʩʪʚʘ. 

ɺʘʞʝʥ ʤʦʤʝʥʪ ʝ ʤʦʜʝʣʠʨʘʥʝʪʦ ʥʘ ʬʫʥʢʮʠʷ ʟʘ ʘʛʨʝʛʘʮʠʷ, ʢʦʷʪʦ ʩʣʫʞʠ ʟʘ 

ʦʙʝʜʠʥʷʚʘʥʝ ʥʘ ʥʘʧʨʘʚʝʥʠʪʝ ʠʟʚʦʜʠ ʠ ʜʝʬʠʥʠʨʘʥʝ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʥʘ ʨʘʟʤʠʪʦ ʤʥʦʞʝʩʪʚʦ 

ʟʘ ʚʩʷʢʘ ʨʘʟʤʠʪʘ ʧʨʦʤʝʥʣʠʚʘ ʟʘ ʠʟʭʦʜ. 

 

 

ʅʘ ʬʫʛʫʨʘ 3.2 ʝ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʥʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʥʘ ʩʲʟʜʘʜʝʥʘʪʘ ʨʘʟʤʠʪʘ 

ʩʠʩʪʝʤʘ ʟʘ ʠʟʚʦʜʠ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ, ʢʦʷʪʦ ʠʟʧʦʣʟʚʘ ʤʦʜʝʣʘ FLQM
6
.  

                                                 
6
 ʄʦʜʝʣʲʪ FLQM ʝ ʦʧʠʩʘʥ ʚ ʪ. 3.2.2. 
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ʌʠʛʫʨʘ 3.2. ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʨʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʟʘ ʠʟʚʦʜʠ, ʦʩʥʦʚʘʥʘ ʥʘ ʤʦʜʝʣʘ FLQM: 

(1) ʘʢʪʠʚʠʨʘʥʝ ʥʘ ʩʝʣʝʢʪʦʨʘ; 

(2) ʠʟʙʦʨ ʥʘ ʧʨʘʚʠʣʦ; 

(3) ʢʦʧʠʨʘʥʝ ʥʘ ʰʘʙʣʦʥʘ; 

(4) ʘʢʪʠʚʠʨʘʥʝ ʥʘ ʧʨʘʚʠʣʦʪʦ; 

(5) ʦʙʨʲʱʘʥʝ ʢʲʤ ʄʦʜʫʣ ʈʘʟʤʠʪʘ ʣʦʛʠʢʘ: ʈʘʟʤʠʪʠ ʧʨʦʤʝʥʣʠʚʠ, 

ʈʘʟʤʠʚʘʥʝ, ɸʛʨʝʛʘʮʠʷ, ɼʝʨʘʟʤʠʚʘʥʝ; 

(6) ʚʨʲʟʢʘ ʩ ʠʥʪʝʨʬʝʡʩʘ; 

(7) ʯʝʪʝʥʝ ʦʪ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ; 

(8) ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʩʣʝʜʚʘʱʦʪʦ ʧʨʘʚʠʣʦ; 

(9) ʟʘʧʠʩʚʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʘ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ; 

(10) ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣ. 

 

 

ʄʦʜʫʣʲʪ ʟʘ ʩʲʙʠʨʘʥʝ ʠ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʜʘʥʥʠ
7
, ʩʝ ʦʙʨʲʱʘ ʢʲʤ ʩʲʦʪʚʝʪʥʘʪʘ 

ʩʪʨʘʥʠʮʘ ʥʘ ʬʦʥʜʦʚʘʪʘ ʙʦʨʩʘ. ʇʦʣʫʯʝʥʠʪʝ ʦʪ ʪʘʤ ʜʘʥʥʠ ʠ ʜʦʧʲʣʥʠʪʝʣʥʦ ʠʟʯʠʩʣʝʥʠʪʝ 

ʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝ ʟʘʧʠʩʚʘʪ ʚ ʙʘʟʘʪʘ ʜʘʥʥʠ. ʉʣʝʜ ʪʦʚʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʤʘʰʠʥʘʪʘ ʟʘ 

                                                 
7
 ʄʦʜʫʣʲʪ ʟʘ ʩʲʙʠʨʘʥʝ ʠ ʩʫʭʨʘʥʷʚʘʥʝ ʥʘ ʜʘʥʥʠʪʝ, ʢʘʢʪʦ ʠ ʤʦʜʫʣʲʪ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣ, ʝ 

ʦʧʠʩʘʥ ʚ ʩʣʝʜʚʘʱʘʪʘ ʛʣʘʚʘ. 

ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʤʘʰʠʥʘʪʘ ʟʘ ʠʟʚʦʜʠ 

 

ʉʝʣʝʢʪʦʨ 

ʥʘ 

ʧʨʘʚʠʣʦ 

ɹʘʟʘ ʦʪ ʧʨʘʚʠʣʘ 

1. ɸʂʆ (é) ʀ (é) ʀ (é)  ʊʆ (é) 

2. ɸʂʆ (é) ʀ (é) ʀ (é)  ʊʆ (é) 

3. ɸʂʆ (é) ʀ (é) ʀ (é)  ʊʆ (é) 

 é 

 é 
 
24. ɸʂʆ (é) ʀ (é) ʀ (é)  ʊʆ (é) 

(1) 

 (2) 

(4) 

ʈʘʙʦʪʥʘ ʦʙʣʘʩʪ 

 

 ʀʥʩʪʘʥʮʠʷ (3) 

 

(5) 

(6) 

(8) 

ʈʘʟʤʠʪʠ ʧʨʦʤʝʥʣʠʚʠ 

ʈʘʟʤʠʚʘʥʝ 

ɸʛʨʝʛʘʮʠʷ 

ɼʝʨʘʟʤʠʚʘʥʝ 

(6) 

(9) 

ʄʦʜʫʣ  

ʟʘ 

ʢʦʥʩʪʨʫʠʨʘʥʝ 

ʥʘ ʧʦʨʪʬʝʡʣ 
(10) 

ʄʦʜʫʣ  

ʟʘ ʩʲʙʠʨʘʥʝ 

ʠ 

ʩʲʭʨʘʥʷʚʘʥʝ 

ʥʘ ʜʘʥʥʠ 

 

 
 

 
 

ɹʘʟʘ ʦʪ 

ʜʘʥʥʠ 

 

ʌʦʥʜʦʚʘ ʙʦʨʩʘ 

 

ʀʥʪʝʨʬʝʡʩ 

ʢʲʤ  

ʙʘʟʘ ʦʪ 

ʜʘʥʥʠ 

(7) 



44 

ʠʟʚʦʜʠ ʘʢʪʠʚʠʨʘ ʩʝʣʝʢʪʦʨʘ ʥʘ ʧʨʘʚʠʣʦ, ʢʘʪʦ ʚ ʙʘʟʘʪʘ ʦʪ ʧʨʘʚʠʣʘ ʠʤʘ 24 ʧʨʘʚʠʣʘ, ʢʦʠʪʦ 

ʩʝ ʠʟʙʠʨʘʪ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ. ʀʟʙʨʘʥʦʪʦ ʧʨʘʚʠʣʦ ʩʝ ʢʦʧʠʨʘ ʚ ʨʘʙʦʪʥʘʪʘ ʦʙʣʘʩʪ ʠ ʩʝ 

ʩʲʟʜʘʚʘ ʥʝʛʦʚʘ ʠʥʩʪʘʥʮʠʷ, ʢʘʪʦ ʩʝ ʟʘʜʝʡʩʪʚʘʪ ʠʟʯʠʩʣʠʪʝʣʥʠʪʝ ʧʨʦʮʝʜʫʨʠ, ʩʚʲʨʟʘʥʠ ʩ 

ʨʘʟʤʠʚʘʥʝ ʥʘ ʚʭʦʜʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʠ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʠʟʚʦʜ ʦʪ ʚʩʷʢʦ ʧʨʘʚʠʣʦ.  

ʉʣʝʜ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʚʩʠʯʢʠ ʧʨʘʚʠʣʘ ʩʣʝʜʚʘ ʘʛʨʝʛʘʮʠʷ ʠ ʜʝʨʘʟʤʠʚʘʥʝ. 

ʀʥʪʝʨʬʝʡʩʲʪ ʨʝʘʣʠʟʠʨʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ ʠ ʨʘʟʤʠʪʘʪʘ ʤʘʱʠʥʘ ʟʘ 

ʠʟʚʦʜʠ. 

 

3.2.2. FLQM  ʤʦʜʝʣ ʟʘ ʦʮʝʥʢʘ ʥʘ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ 

3.2.2.1. ɹʠʙʣʠʦʪʝʢʘ ʌʫʢʢʮʠʠ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ 

 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʤʦʜʝʣʘ FLQM ʝ ʧʨʝʜʚʠʜʝʥʦ ʜʘ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʬʫʥʢʮʠʠ ʟʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʠ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ ʟʘ ʘʛʨʝʛʘʮʠʷ ʠ 

ʜʝʨʘʟʤʠʚʘʥʝ, ʪ.ʝ. ʝ ʩʲʟʜʘʜʝʥʘ ʢʘʪʦ ʦʪʜʝʣʝʥ ʤʦʜʫʣ ʙʠʙʣʠʦʪʝʢʘ ʌʫʥʢʮʠʠ ʥʘ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪ. ɺʢʣʶʯʝʥʠʪʝ ʚ ʪʘʟʠ ʙʠʙʣʠʦʪʝʢʘʪʘ ʬʫʥʢʮʠʠ ʚ ʪʘʙʣʠʮʘ 3.1.  

 

ʌʫʥʢʮʠʷ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ɸʥʘʣʠʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ 
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ȿ ï ʬʫʥʢʮʠʷ 
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ʊʘʙʣʠʮʘ 3.1. ʌʫʥʢʮʠʠ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ 
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3.3.2.2. ʃʠʥʛʚʠʩʪʠʯʥʠ ʧʨʦʤʝʥʣʠʚʠ 

 

ʇʦʣʫʯʝʥʠʪʝ ʦʪ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʚʭʦʜʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʟʘ ʚʩʝʢʠ 

ʘʢʪʠʚ ʩʝ ʨʘʟʤʠʚʘʪ, ʪ.ʝ. ʩʝ ʧʨʝʩʤʷʪʘ ʩʪʝʧʝʥʪʘ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʢʲʤ ʚʩʝʢʠ ʦʪ ʪʝʨʤʠʪʝ ʥʘ 

ʩʲʦʪʚʝʪʥʠʪʝ ʚʭʦʜʥʠ ʣʠʥʛʚʠʩʪʠʯʥʠ ʧʨʦʤʝʥʣʠʚʠ. 

ɺ ʤʦʜʝʣʘ FLQM ʠʤʘ ʪʨʠ ʚʭʦʜʥʠ ʧʨʦʤʝʥʣʠʚʠ: ʚʲʟʚʨʘʱʘʝʤʦʩʪ, ʨʠʩʢ ʠ ratioq-  

ʠ ʝʜʥʘ ʠʟʭʦʜʥʘ ʧʨʦʤʝʥʣʠʚʘ - Q-measure.  

ʉʲʦʪʚʝʪʥʠʪʝ ʣʠʥʛʚʠʩʪʠʯʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʩʘ: 

 

X1ḯreturn  

X2ḯRisk 

X3ḯq-ratio 

YḯQ-measure. 

 

ɼʝʬʠʥʠʮʠʦʥʥʠʪʝ ʤʥʦʞʝʩʪʚʘ ʥʘ ʯʝʪʠʨʠʪʝ ʣʠʥʛʚʠʩʪʠʯʥʠ ʧʨʦʤʝʥʣʠʚʠ ʩʲʚʧʘʜʘʪ ʩ 

ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʨʝʘʣʥʠ ʯʠʩʣʘ, ʪ.ʝ. UX1=UX2=UX3=UY=R. 

 

ʊʝʨʤ-ʤʥʦʞʝʩʪʚʘʪʘ ʥʘ ʪʝʟʠ ʣʠʥʛʚʠʩʪʠʯʥʠ ʧʨʦʤʝʥʣʠʚʠ ʩʘ ʩʲʦʪʚʝʪʥʦ Ὕὢ ={X1j}, 

Ὕὢ ={X2j}, Ὕὢ ={X3k }, Ὕὣ={Y j} ʟʘ j=1,...,5; k=1,2,3 ʠ 

 

ὢ ḯ

ở

Ở
Ở
Ở
Ở
Ở
ờ

ὠὩὶώ ὰέύ   Ὥ ρȟς Ὦ ρ
ὒέύ     Ὥ ρȟς Ὦ ς
ὔὩόὸὶὥὰ     Ὥ ρȟς Ὦ σ
ὌὭὫὬ    Ὥ ρȟς Ὦ τ
ὠὩὶώ ὬὭὫὬ    Ὥ ρȟς Ὦ υ
Ὓάὥὰὰ Ὥ σ Ὦ ρ
ὔὩόὸὶὥὰ       Ὥ σ    Ὦ ς
ὄὭὫ        Ὥ σ    Ὦ σỢ

ỡ
ỡ
ỡ
ỡ
ỡ
Ỡ

Ƞ          ὣḯ

ở

Ở
ờ

ὄὥὨ    Ὦ ρ
ὔέὸ ὦὥὨ   Ὦ ς
ὔὩόὸὶὥὰ   Ὦ σ
ὋέέὨ Ὦ τ
ὠὩὶώ ὫέέὨὮ υỢ

ỡ
Ỡ

 

 

ɿʘ ʜʝʬʠʥʠʨʘʥʝ ʥʘ ʬʫʥʢʮʠʠʪʝ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ (MF) ʚ FLQM ʤʦʜʝʣʘ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʩʣʝʜʥʠʪʝ ʪʨʠ ʚʠʜʘ ʬʫʥʢʮʠʠ: 

 

‘ ὼ ὫὥόίίὭὥὲὼȟɼȟɻȠ 

‘ ὼ ὦὩὰὰὼȟ‌ȟ‍ȟ‎Ƞ 

‘ ὼ ίὭὫὼȟ‌ȟ‍. 

 

ʉʲʦʪʚʝʪʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʪʝʟʠ ʬʫʥʢʮʠʠ ʟʘ ʩʲʦʪʚʝʪʥʠʪʝ ʪʝʨʤʠ 

ʩʘ ʧʦʢʘʟʘʥʠ ʚ ʪʘʙʣʠʮʘ 3.2. 
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ʊʝʨʤʠ X11 X12 X13 X14 X15 X21 X22 X23 X24 X25 

MF ‘ ὼ ‘ ὼ ‘ ὼ ‘ ὼ ‘ ὼ ‘ ὼ ‘ ὼ ‘ ὼ ‘ ὼ ‘ ὼ 

Ŭ -20 0.05 0.08 0.05 20 -2 0.05 0.07 0.05 2 

ɓ 0 0 1.1 1.2 1.3 0 0.1 0.3 0.5 0.7 

ʊʝʨʤʠ X31 X32 X33  Y1 Y2 Y3 Y4 Y5  

MF ‘ ὼ ‘ ὼ ‘ ὼ ‘ ὼ ‘ ὼ ‘ ὼ ‘ ὼ ‘ ὼ 

Ŭ -0.3 20 0.3 0.1 0.1 0.1 0.1 0.1 

ɓ 20 4 60 0 0.25 0.5 0.75 1 

ɔ  40       

 

ʊʘʙʣʠʮʘ 3.2. ɺʠʜ ʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʬʫʥʢʮʠʠʪʝ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʥʘ ʪʝʨʤʠʪʝ ʥʘ 

ʣʠʥʛʚʠʩʪʠʯʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ 

 

 

ʊʘʢʘ ʜʝʬʠʥʠʨʘʥʠʪʝ ʣʠʥʛʚʠʩʪʠʯʥʠ ʧʨʦʤʝʥʣʠʚʠ ʩʘ ʠʟʦʙʨʘʟʝʥʠ ʩʲʦʪʚʝʪʥʦ ʥʘ 

ʬʠʛʫʨʠ 3.3, 3.4, 3.5 ʠ 3.6. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

ʌʠʛʫʨʘ 3.3. ɺʭʦʜʥʘ ʣʠʥʛʚʠʩʪʠʯʥʘ ʧʨʦʤʝʥʣʠʚʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ : X1ḯreturn  

 

 

 

 

 

 

 

 

 

 

1

0 0.1 0.2 0.3 0.4-0.1-0.2 0.5

Very low

Low

Neutral

High

Very high

ɛ(x) 

x 

1

0 0.1 0.2 0.3 0.4-0.1-0.2 0.5

Very low

Low

Neutral

High

Very high

x 

ɛ(x) 



48 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʌʠʛʫʨʘ 3.4. ɺʭʦʜʥʘ ʣʠʥʛʚʠʩʪʠʯʥʘ ʧʨʦʤʝʥʣʠʚʘ ʨʠʩʢ: X2ḯRisk 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʌʠʛʫʨʘ 3.5. ɺʭʦʜʥʘ ʣʠʥʛʚʠʩʪʠʯʥʘ ʧʨʦʤʝʥʣʠʚʘ ʢʦʝʬʠʮʠʝʥʪ ή ὶὥὸὭέ: X3ḯq-ratio  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʌʠʛʫʨʘ 3.6. ʀʟʭʦʜʥʘ ʣʠʥʛʚʠʩʪʠʯʥʘ ʧʨʦʤʝʥʣʠʚʘ Q-measure: YḯQ-measure 
 

 

3.3.2.3. ʈʘʟʤʠʪʠ ʧʨʘʚʠʣʘ 
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ɺ ʤʦʜʝʣʘ FLQM ʝ ʠʟʧʦʣʟʚʘʥʘ ʨʘʟʤʠʪʘ ʩʠʩʪʝʤʘ ʟʘ ʠʟʚʦʜʠ ʦʪ ʪʠʧ ʄʘʤʜʘʥʠ 

(MFIS). ʂʘʪʦ ʨʝʟʫʣʪʘʪ ʦʪ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʪʘʢʘʚʘ ʩʠʩʪʝʤʘ ʩʝ ʧʦʣʫʯʘʚʘ ʨʘʟʤʠʪʘ ʠʟʭʦʜʥʘ 

ʧʨʦʤʝʥʣʠʚʘ ʠ ʪʦʚʘ ʝ ʦʩʥʦʚʥʘʪʘ ʧʨʠʯʠʥʘ, ʧʦʨʘʜʠ ʢʦʷʪʦ MFIS ʩʘ ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʠ ʚ 

ʧʨʠʣʦʞʝʥʠʷʪʘ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ [4], [14].  

ʈʘʟʤʠʪʠʪʝ ʧʨʘʚʠʣʘ ʤʦʜʝʣʠʨʘʪ ʧʨʦʮʝʩʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʠ ʚ ʩʣʫʯʘʷ ʠʤʘʪ 

ʚʠʜʘ: 

 

 ˍ˗ ̨  ὶᶻ ̆ ὢ   ̞  ίᶻ ̆ ὢ   ̞ ήᶻ ̆ ὢ    ˟  ̨ ὗ άὩὥίόὶὩ   ̆   ὣ   

ʟʘ i=1,...,5; j=1,...,5; k=1,...,3 ʠ p=1,...,5. 

 

ʊʲʡ ʢʘʪʦ ʤʦʜʝʣʲʪ FLQM ʠʤʘ ʪʨʠ ʚʭʦʜʥʠ ʧʨʦʤʝʥʣʠʚʠ ʩʲʩ ʩʲʦʪʚʝʪʥʦ 5, 5 ʠ 3 

ʪʝʨʤʘ, ʪʦ ʚʩʠʯʢʠ ʚʲʟʤʦʞʥʠ ʧʨʘʚʠʣʘ ʩʘ 75. ʆʪ ʪʷʭ ʩʘ ʠʟʙʨʘʥʠ 24 (ʪʘʙʣ. 3.3), ʧʨʠ ʢʦʝʪʦ ʝ 

ʩʣʝʜʚʘʥʦ ʝʢʩʧʝʨʪʥʦ ʤʥʝʥʠʝ. ɺʲʧʨʝʢʠ ʯʝ ʪʝʟʠ ʧʨʘʚʠʣʘ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʚʘʪ ʥʘʡ-ʚʘʞʥʠʪʝ 

ʩʠʪʫʘʮʠʠ, ʢʦʠʪʦ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʚʲʟʥʠʢʥʘʪ ʚ ʧʨʦʮʝʩʘ ʥʘ ʚʟʝʤʘʥʝʪʦ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʦ 

ʨʝʰʝʥʠʝ, ʩʧʠʩʲʢʲʪ ʥʘ ʨʘʟʤʠʪʠʪʝ ʧʨʘʚʠʣʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʫʜʲʣʞʝʥ, ʙʝʟ ʜʘ ʩʝ ʥʘʣʘʛʘ 

ʧʨʦʤʷʥʘ ʥʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʥʘ ʤʦʜʝʣʘ. 

 

 ̄ X1ḯreturn X2ḯRisk X3ḯq-ratio 
YḯQ-

measure 
ʊʝʛʣʦ ◌ 

1 ὠὩὶώ ὬὭὫὬ ὠὩὶώ ὰέύ ὄὭὫ ὠὩὶώ ὫέέὨ 1 

2 ὠὩὶώ ὬὭὫὬ ὒέύ ὄὭὫ ὠὩὶώ ὫέέὨ 1 

3 ὌὭὫὬ ὠὩὶώ ὰέύ ὄὭὫ ὠὩὶώ ὫέέὨ 1 

4 ὌὭὫὬ ὒέύ ὄὭὫ ὠὩὶώ ὫέέὨ 1 

5 ὠὩὶώ ὬὭὫὬ ὠὩὶώ ὰέύ ὄὭὫ ὋέέὨ 0,8 

6 ὠὩὶώ ὬὭὫὬ ὔὩόὸὶὥὰ ὄὭὫ ὋέέὨ 0,8 

7 ὌὭὫὬ ὒέύ ὄὭὫ ὋέέὨ 0,8 

8 ὌὭὫὬ ὔὩόὸὶὥὰ ὄὭὫ ὋέέὨ 0,8 

9 ὠὩὶώ ὬὭὫὬ ὠὩὶώ ὰέύ ὔὩόὸὶὥὰ ὋέέὨ 0,8 

10 ὠὩὶώ ὬὭὫὬ ὒέύ ὔὩόὸὶὥὰ ὋέέὨ 0,8 

11 ὔὩόὸὶὥὰ ὔὩόὸὶὥὰ ὔὩόὸὶὥὰ ὔὩόὸὶὥὰ 0,7 

12 ὔὩόὸὶὥὰ ὒέύ ὔὩόὸὶὥὰ ὔὩόὸὶὥὰ 0,7 

13 ὒέύ ὔὩόὸὶὥὰ ὔὩόὸὶὥὰ ὔὩόὸὶὥὰ 0,7 

14 ὔὩόὸὶὥὰ ὔὩόὸὶὥὰ Ὓάὥὰὰ ὔὩόὸὶὥὰ 0,7 

15 ὠὩὶώ ὰέύ ὠὩὶώ ὬὭὫὬ Ὓάὥὰὰ ὄὥὨ 1 

16 ὠὩὶώ ὰέύ ὌὭὫὬ Ὓάὥὰὰ ὄὥὨ 1 

17 ὒέύ ὠὩὶώ ὬὭὫὬ Ὓάὥὰὰ ὄὥὨ 1 

18 ὒέύ ὌὭὫὬ Ὓάὥὰὰ ὄὥὨ 1 

19 ὠὩὶώ ὰέύ ὠὩὶώ ὬὭὫὬ Ὓάὥὰὰ ὔέὸ ὦὥὨ 0,8 

20 ὠὩὶώ ὰέύ ὠὩὶώ ὬὭὫὬ Ὓάὥὰὰ ὔέὸ ὦὥὨ 0,8 

21 ὒέύ ὌὭὫὬ Ὓάὥὰὰ ὔέὸ ὦὥὨ 0,8 
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22 ὒέύ ὔὩόὸὶὥὰ Ὓάὥὰὰ ὔέὸ ὦὥὨ 0,8 

23 ὠὩὶώ ὰέύ ὠὩὶώ ὬὭὫὬ ὔὩόὸὶὥὰ ὔέὸ ὦὥὨ 0,8 

24 ὠὩὶώ ὰέύ ὌὭὫὬ ὔὩόὸὶὥὰ ὔέὸ ὦὥὨ 0,8 

 

ʊʘʙʣʠʮʘ 3.3. ʈʘʟʤʠʪʠ ʧʨʘʚʠʣʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ. 

 

3.3.2.4. ɸʛʨʝʛʘʮʠʷ ʠ ʜʝʨʘʟʤʠʚʘʥʝ 

 

ʇʨʠ ʘʛʨʝʛʘʮʠʷʪʘ ʥʘ ʧʨʘʚʠʣʘʪʘ ʥʘ ʚʩʷʢʘ ʥʘʨʝʜʝʥʘ ʪʨʦʡʢʘ ʦʪ ʩʪʦʡʥʦʩʪʠ ʥʘ 

ʚʭʦʜʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ὶᶻȟ ίᶻȟήᶻ  ʩʝ ʩʲʧʦʩʪʘʚʷ ʩʪʝʧʝʥ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʢʲʤ 

ʩʲʦʪʚʝʪʥʠʷ ʪʝʨʤ ʥʘ ʠʟʭʦʜʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ: 

—ᶻ ÍÉÎ ‘ ὶᶻȟ‘ ίᶻȟ‘ ήᶻ  

 

ʠ ʩʲʦʪʚʝʪʥʦ ʧʨʝʪʝʛʣʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ 

—ᶻz ύȢ—ᶻ. 

 

ɸʛʨʝʛʠʨʘʥʝʪʦ ʥʘ ʩʝʜʤʦʪʦ ʧʨʘʚʠʣʦ ʝ ʠʣʶʩʪʨʠʨʘʥʦ ʥʘ ʬʠʛʫʨʘ 3.7. ɺ ʩʣʫʯʘʷ ὶᶻ ʝ 
ʛʦʜʠʰʥʘʪʘ ʥʘʚʲʟʚʨʘʱʘʝʤʦʩʪ ʠ ʝ ʨʘʚʥʘ ʥʘ 1,128, ʘ ʩ̡ ʦʪʚʝʪʥʘʪʘ ʩʪʝʧʝʥ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ 

ʢʲʤ ʪʝʨʤʘ High ʥʘ ʨʘʟʤʠʪʘʪʘ ʧʨʦʤʝʥʣʠʚʘ Return e ‘ ὶᶻ  0,8125. ʉʪʦʡʥʦʩʪʪʘ ʥʘ ίᶻ ʝ 
0,12 ʩʲʩ ʩʪʝʧʝʥ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ‘ ίᶻ 0,79 ʢʲʤ ʪʝʨʤʘ Low ʥʘ ʨʘʟʤʠʪʘʪʘ 

ʧʨʦʤʝʥʣʠʚʘ Risk. ʂʦʝʬʠʮʠʝʥʪʲʪ ήᶻ  ʠʤʘ ʩʪʦʡʥʦʩʪ 93 ʩʲʩ ʩʪʝʧʝʥ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ 

‘ ήᶻ=0,57 ʢʲʤ ʪʝʨʤʘ Big ʥʘ ʨʘʟʤʠʪʘʪʘ ʧʨʦʤʝʥʣʠʚʘ q-ratio. 

ʊʦʟʠ ʩʣʫʚʘʡ  

—ᶻ ÍÉÎπȟψρςυȠπȟχωȠπȟυχ πȟυχ 
 ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ 

—ᶻz πȟψȢπȟυχ πȟτυφ, 

ʢʦʝʪʦ ʝ ʠ ʩʪʝʧʝʥʪʘ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʢʲʤ ʪʝʨʤʘ Good ʥʘ ʠʟʭʦʜʥʘʪʘ ʨʘʟʤʠʪʘ 

ʧʨʦʤʝʥʣʠʚʘ Q-measure.  
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ʌʠʛʫʨʘ 3.7. ʇʨʘʚʠʣʦ ˉ 7: ɸʂʆ (return ʝ High) ʀ (Risk ʝ Low) ʀ (q-ratio ʝ Big)

 ʊʆ (Q-measure ʝ Good)  

 

 

 

ʉʣʝʜ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʚʩʷʢʦ ʧʨʘʚʠʣʦ ʩʘ ʧʦʣʫʯʝʥʠ ʥʷʢʦʣʢʦ ʩʪʝʧʝʥʠ ʥʘ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʟʘ ʚʩʝʢʠ ʦʪ ʪʝʨʤʠʪʝ ʥʘ ʠʟʭʦʜʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ Q-measure. ʇʨʠ 

ʘʛʨʝʛʘʮʠʷʪʘ ʦʪ ʪʝʟʠ ʩʪʦʡʥʦʩʪʠ ʩʝ ʧʦʣʫʯʘʚʘ ʠʟʭʦʜʥʘʪʘ ʚʝʣʠʯʠʥʘ (ʬʠʛ. 3.8). 
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ʌʠʛʫʨʘ 3.8. ɸʛʨʝʛʘʮʠʷ ʠ ʜʝʨʘʟʤʠʚʘʥʝ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ Q ʥʘ ʬʠʥʘʥʩʦʚ 

ʘʢʪʠʚ 

 

 

ʂʘʪʦ ʤʝʪʦʜ ʥʘ ʜʝʨʘʟʤʠʚʘʥʝ ʝ ʠʟʙʨʘʥ ʤʝʪʦʜʲʪ ʥʘ ʮʝʥʪʲʨʘ ʥʘ ʪʝʞʝʩʪʪʘ, ʧʨʠ ʢʦʡʪʦ 

ʩʝ ʧʨʝʩʤʷʪʘ ʚʝʣʠʯʠʥʘʪʘ: 

ὅὋὗ
᷿ ὼȢὗὼȢὨὼ
ᶿ

ᶿ

᷿ ὗὼȢὨὼ
ᶿ

ᶿ

 

 

ʊʲʡ ʢʘʪʦ ʬʫʥʢʮʠʠʪʝ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʚ ʤʦʜʝʣʘ FLQM ʩʘ ʛʣʘʜʢʠ, ʪʦ ʧʨʠ 

ʧʨʦʛʨʘʤʥʦʪʦ ʨʝʘʣʠʟʘʨʘʥʝ ʥʘ ʤʦʜʝʣʘ ʟʘ ʯʠʩʣʝʥʦ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʠʥʪʝʛʨʘʣʠʪʝ ʝ ʠʟʧʦʣʟʚʘʥ 

ʤʝʪʦʜʲʪ ʥʘ ʧʨʘʚʦʲʛʲʣʥʠʮʠʪʝ. 

 

ʇʨʝʩʤʝʪʥʘʪʘʪʘ ʪʦʯʥʘ ʩʪʦʡʥʦʩʪ ʥʘ Q ʟʘ ʚʩʝʢʠ ʘʢʪʠʚ ʩʝ ʟʘʧʠʩʚʘ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ 

ʠ ʩʣʝʜ ʪʦʚʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʘ ʢʘʢʪʦ ʟʘ ʦʮʝʥʢʘ ʥʘ ʠʥʜʠʚʠʜʫʘʣʝʥ ʘʢʪʠʚ ʪʘʢʘ ʠ ʟʘ 

ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ. 

 

3.3. ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʬʠʥʘʥʩʦʚ ʘʢʪʠʚ 

ʇʦʣʫʯʝʥʠʪʝ ʪʦʯʥʠ ʩʪʦʡʥʦʩʪʠ ʟʘ Q ʥʘ ʘʢʪʠʚʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʦʪ 

ʠʥʚʝʩʪʠʪʦʨʘ ʚ ʧʨʦʮʝʩʘ ʥʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ. 

ɺ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʥʘʫʢʘ ʝ ʧʨʠʝʪʦ ʜʘ ʩʝ ʩʤʷʪʘ, ʯʝ ʚʠʥʘʛʠ ʤʦʞʝ ʜʘ ʩʝ ʟʘʤʝʥʠ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʟʘ ʨʠʩʢ, ʪ.ʝ. ʧʦ-ʚʠʩʦʢʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʚʠʥʘʛʠ ʥʦʩʠ ʧʦ-ʛʦʣʷʤ ʨʠʩʢ ʠ 

ʦʙʨʘʪʥʦ. ɽʤʧʠʨʠʯʥʠʪʝ ʪʝʩʪʦʚʝ, ʧʨʦʚʝʜʝʥʠ ʩ ʜʘʥʥʠ ʦʪ ɹʲʣʛʘʨʩʢʘ ʬʦʥʜʦʚʘ ʙʦʨʩʘ 

ʧʦʪʚʲʨʞʜʘʚʘʪ ʪʦʚʘ ʩʭʚʘʱʘʥʝ.  [34,35]  

ʅʦ ʟʘ ʠʥʚʝʩʪʠʪʦʨ, ʢʦʡʪʦ ʥʝ ʠʟʚʲʨʰʚʘ ʩʧʝʢʫʣʘʪʠʚʥʠ ʩʜʝʣʢʠ ʝ ʚʘʞʥʦ ʜʘ ʧʨʦʩʣʝʜʠ 

ʥʝ ʩʘʤʦ ʤʦʤʝʥʪʥʠʪʝ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʠ ʨʠʩʢ, ʘ ʠ ʜʘ ʫʩʧʝʝ ʜʘ ʧʨʦʛʥʦʟʠʨʘ ʜʦ ʢʘʢʚʘ ʩʪʝʧʝʥ 

ʪʝʟʠ ʜʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʠ ʨʠʩʢ) ʱʝ ʙʲʜʘʪ ʩʪʘʙʠʣʥʠ ʚʲʚ ʚʨʝʤʝʪʦ. 

ʄʦʜʝʣʲʪ FLMQ ʟʘ ʦʮʝʥʢʘ ʥʘ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ ʠʟʧʦʣʟʚʘ ʠ ʝʜʥʘ ʜʦʧʲʣʥʠʪʝʣʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʠ ʨʠʩʢʘ, ʢʦʝʪʦ ʦʪʨʘʟʷʚʘ ʜʦ ʢʘʢʚʘ 

ʩʪʝʧʝʥ ʧʦʝʪʠʷʪ ʨʠʩʢ ʱʝ ʙʲʜʝ ʦʧʨʘʚʜʘʥ ʩ ʧʦ-ʚʠʩʦʢʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ. 

1.5

Very good
1

0 0.5 1

Good
1

0 0.5 1

Neutral
1

0 0.5 1

Not good
1

0 0.5 1-0.5

QCoG
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ɺʝʣʠʯʠʥʘʪʘ Q ʥʘ ʘʢʪʠʚʘ ʝ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʪʨʠ ʚʝʣʠʯʠʥʠ: ʚʲʟʚʨʘʱʘʝʤʦʩʪ, ʨʠʩʢ ʠ 

ʦʪʥʦʰʝʥʠʝʪʦ ʠʤ. ʉʣʝʜ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʠ ʝʤʧʠʨʠʯʥʠ ʪʝʩʪʦʚʝ ʩ ʨʝʘʣʥʠ 

ʜʘʥʥʠ ʥʘ ʤʦʜʝʣʘ FLQM ʚ ʨʘʟʣʠʯʥʠ ʠʥʪʝʨʚʘʣʠ ʦʪ ʚʨʝʤʝ ʠ ʟʘ ʨʘʟʣʠʯʥʠ ʘʢʪʠʚʠ ʥʘ ɹʌɹ, 

ʤʦʞʝ ʜʘ ʩʝ ʪʚʲʨʜʠ, ʯʝ Q ʝ ʧʦʢʘʟʘʪʝʣ ʟʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ  ʘʢʪʠʚʘ [36], [37],  [75], ʘ ʠʤʝʥʥʦ: 

 

¶ ʧʨʠ Q ʧʦ-ʤʘʣʢʘ ʦʪ 0,4 (ʥʝʟʘʚʠʩʠʤʦ ʢʘʢʚʠ ʩʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʠ ʨʠʩʢʘ) ʚ 

ʢʨʘʪʢʦʩʨʦʯʝʥ (ʜʦ ʦʢʦʣʦ 3 ʤʝʩʝʮʘ) ʭʦʨʠʟʦʥʪ ʥʘʩʪʲʧʚʘ ʜʨʘʤʘʪʠʯʥʦ 

ʥʘʤʘʣʝʥʠʝ ʚ ʮʝʥʘʪʘ ʥʘ ʘʢʪʠʚʘ; 

¶ ʧʨʠ Q ʤʝʞʜʫ 0,4 ʠ 0,6 ʮʝʥʘʪʘ ʥʘ ʘʢʪʠʚʘ ʥʝ ʩʝ ʧʨʦʤʝʥʷ ʩʲʱʝʩʪʚʝʥʦ ʟʘ 

ʩʲʱʠʷ ʚʨʝʤʝʚʠ ʭʦʨʠʟʦʥʪ ʠ ʜʦʨʠ ʜʘ ʩʝ ʝ ʧʦʚʠʰʠʣʘ ʠʣʠ ʥʘʤʘʣʠʣʘ, ʪʦ 

ʮʝʥʘʪʘ ʥʘ ʪʨʘʥʟʘʢʮʠʠʪʝ ʟʘ ʢʫʧʫʚʘʥʝ ʠʣʠ ʧʨʦʜʘʚʘʥʝ ʥʘ ʪʦʟʠ ʘʢʪʠʚ ʙʠ 

ʥʘʜʚʠʰʠʣʘ ʝʚʝʥʪʫʘʣʥʘʪʘ ʧʦʣʟʘ ʦʪ ʠʟʚʲʨʰʚʘʥʝʪʦ ʥʘ ʩʲʦʪʚʝʪʥʦʪʦ 

ʜʝʡʩʪʚʠʝ; 

¶ ʧʨʠ Q ʧʦ-ʛʦʣʷʤʘ ʦʪ 0,6 ʘʢʪʠʚʲʪ ʪʨʘʡʥʦ ʧʦʚʠʰʘʚʘ ʮʝʥʘʪʘ ʩʠ ʉʣʝʜ 

ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʠ ʪʝʩʪʦʚʝ ʥʘ ʤʦʜʝʣʘ FLQM, ʠ ʝ ʧʦʜʭʦʜʷʱ 

ʟʘ ʢʫʧʫʚʘʥʝ. 

 

ʊʝʟʠ ʠʟʚʦʜʠ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʨʝʰʝʥʠʷ/ʜʝʡʩʪʚʠʷ ʩʘ ʧʦʢʘʟʘʥʠ ʚ 

ʪʘʙʣʠʮʘ 3.4. 

 

Q ʂʘʯʝʩʪʚʦ ʀʥʚʝʩʪʠʮʠʦʥʥʦ ʜʝʡʩʪʚʠʝ 

Q<0,4 ʣʦʰʦ ʇʨʦʜʘʚʘ 

0,4ḶQḶ0,6 ʥʝʫʪʨʘʣʥʦ ɿʘʜʲʨʞʘ 

Q>0,6 ʜʦʙʨʦ ʂʫʧʫʚʘ 

 

ʊʘʙʣʠʮʘ 3.4. ʀʥʚʝʩʪʠʮʠʦʥʥʦ ʜʝʡʩʪʚʠʝ ʩʧʦʨʝʜ Q ʥʘ ʘʢʪʠʚʘ 
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ɻʣʘʚʘ 4. ʉʦʬʪʫʝʨʥʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ FSSAM 

4.1. ʆʙʱʘ ʩʭʝʤʘ ʥʘ FSSAM 

ɿʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʧʨʦʮʝʜʫʨʠʪʝ ʟʘ ʩʲʙʠʨʘʥʝ ʠ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʜʘʥʥʠʪʝ, ʟʘ 

ʦʮʝʥʷʚʘʥʝ ʥʘ ʘʢʪʠʚʠʪʝ ʠ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠʪʝ ʧʦʨʪʬʝʡʣʠ ʝ ʧʦʜʭʦʜʷʱʦ 

ʜʘ ʩʝ ʩʲʟʜʘʜʝ ʮʷʣʦʩʪʥʘ ʩʦʬʪʫʝʨʥʘ ʩʠʩʪʝʤʘ, ʢʦʷʪʦ ʜʘ ʨʘʙʦʪʠ ʩʘʤʦʩʪʦʷʪʝʣʥʦ.  

ʇʨʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʩʦʬʪʫʝʨʥʘʪʘ ʩʠʪʝʤʘ ʝ ʚʘʞʥʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʜʘ ʩʝ ʟʘʣʦʞʘʪ 

ʦʩʥʦʚʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʧʨʝʜʝʣʷʱʠ ʥʝʡʥʦʪʦ ʢʘʯʝʩʪʚʦ: ʢʦʨʝʢʪʥʦʩʪ, ʥʘʜʝʞʜʥʦʩʪ, 

ʩʪʘʙʠʣʥʦʩʪ, ʤʘʱʘʙʠʨʫʝʤʦʩʪ. [13] 

 

ʅʘ ʬʠʛʫʨʘ 4.1 ʝ ʧʨʝʜʩʪʘʚʝʥ ʢʦʥʮʝʧʪʫʘʣʝʥ ʤʦʜʝʣ ʥʘ ʩʦʬʪʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ FSSAM. 

 

ʉʦʬʪʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʧʨʠʣʦʞʝʥʠʝ ʩʝ ʩʲʩʪʦʠ ʦʪ ʪʨʠ ʤʦʜʫʣʘ:  

¶ ʤʦʜʫʣ ʟʘ ʩʲʙʠʨʘʥʝ ʠ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʜʘʥʥʠʪʝ; 

¶ ʤʦʜʫʣ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ; 

¶ ʤʦʜʫʣ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ.  

 

 
 

 

ʌʠʛʫʨʘ 4.1. ʉʭʝʤʘ ʥʘ ʩʦʬʪʫʝʨʥʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ 

FSSAM 

 

ʄʦʜʫʣʲʪ ʟʘ ʩʲʙʠʨʘʥʝ ʠ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʜʘʥʥʠ ʠʤʘ ʩʣʝʜʥʠʪʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ: 

¶ ʦʪʧʨʘʚʷʪ ʩʝ ʟʘʷʚʢʠ ʢʲʤ ʫʝʙ ʩʲʩʨʚʲʨʘ ʥʘ ʬʦʥʜʦʚʘʪʘ ʙʦʨʩʘ;  

¶ ʠʟʚʲʨʰʚʘ ʩʝ ʠʟʚʣʠʯʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʩʚʘʣʝʥʠʪʝ ʩʪʨʘʥʠʮʠ ʦʪ 

ʬʦʥʜʦʚʘʪʘ ʙʦʨʩʘ; 

ʄʦʜʫʣ ʟʘ ʩʲʙʠʨʘʥʝ ʠ 

ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʜʘʥʥʠ 

ʄʦʜʫʣ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ  
ʄʦʜʫʣ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ 

ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ 

ʉʪʨʘʥʠʮʘ 

 ʥʘ ʌʦʥʜʦʚʘ ʙʦʨʩʘ 
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¶ ʜʘʥʥʠʪʝ ʩʝ ʟʘʧʠʩʚʘʪ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ, 

¶ ʧʦʧʲʣʚʘʪ ʩʝ ʣʠʧʩʚʘʱʠʪʝ ʜʘʥʥʠ. 

 

ɺ ʤʦʜʫʣʘ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ: 

¶ ʟʘ ʚʩʝʢʠ ʘʢʪʠʚ ʦʪ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ ʩʝ ʠʟʚʣʠʯʘʪ ʥʝʛʦʚʠʷʪ ʢʦʜ ʠ 
ʪʨʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʚʲʟʚʨʘʱʘʝʤʦʩʪ, ʨʠʩʢ ʠ q-ratio ʠ ʩʝ ʧʨʠʣʘʛʘ 

ʤʦʜʝʣʲʪ FLQM, ʢʘʪʦ ʩʝ ʟʢʪʠʚʠʨʘ ʤʘôʠʥʘʪʘ ʟʘ ʠʟʚʦʜʠ, ʦʧʠʩʘʥʘ ʚ ʧʨʝʜʥʘʪʘ 

ʛʣʘʚʘ, ʘ ʠʤʝʥʥʦ: 

o ʧʨʝʩʤʷʪʘʪ ʩʝ ʩʲʦʪʚʝʪʥʠʪʝ ʩʪʝʧʝʥʠ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ 
ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʢʲʤ ʨʘʟʤʠʪʠʪʝ ʧʨʦʤʝʥʣʠʚʠ; 

o ʧʨʠʣʘʛʘʪ ʩʝ ʨʘʟʤʠʪʠʪʝ ʧʨʘʚʠʣʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 
ʨʘʟʤʠʪʘ ʧʨʦʤʝʥʣʠʚʘ Q-measure ; 

o ʩʣʝʜ ʜʝʨʘʟʤʠʚʘʥʝ ʟʘ ʚʩʝʢʠ ʘʢʪʠʚ ʩʝ ʧʦʣʫʯʘʚʘʪ 

ʩʲʦʪʚʝʪʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ Q, ʢʦʠʪʦ ʩʝ ʜʦʙʘʚʷʪ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ. 

 

ɺ ʤʦʜʫʣʘ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ: 

¶ ʧʦʪʨʝʙʠʪʝʣʷʪ ʚʲʚʝʞʜʘ ʜʚʝ ʩʪʦʡʥʦʩʪʠ:  

o ʠʥʚʝʩʪʠʮʠʦʥʥʘ ʩʫʤʘ S; 

o ʤʘʢʩʠʤʘʣʝʥ ʙʨʦʡ ʘʢʪʠʚʠ (K), ʦʪ ʢʦʠʪʦ ʜʘ ʙʲʜʘʪ 

ʩʲʩʪʘʚʝʥʠ ʠʥʚʝʩʪʠʮʠʦʥʥʠʪʝ ʧʦʨʪʬʝʡʣʠ; 

¶ ʟʘ ʚʩʝʢʠ ʘʢʪʠʚ ʦʪ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ ʩʝ ʠʟʚʣʠʯʘʪ ʥʝʛʦʚʠʷʪ ʢʦʜ, 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʪʦʡʥʦʩʪ ʥʘ Q; 

¶ ʘʢʪʠʚʠʪʝ ʩʝ ʩʦʨʪʠʨʘʪ ʚ ʥʘʤʘʷʚʘʱ ʨʝʜ ʩʧʦʨʝʜ Q; 

¶ ʦʪ ʪʘʢʘ ʧʦʣʫʯʝʥʠʷ ʩʧʠʩʲʢ ʩʝ ʛʝʥʝʨʠʨʘʪ ʢʦʤʙʠʥʘʮʠʠ ʦʪ 

ʧʲʨʚʠʪʝ Ὧ ʘʢʪʠʚʘ ʟʘ ʚʩʷʢʦ Ὧ ὑ; 

¶ ʟʘ ʚʩʷʢʘ ʦʪ ʢʦʤʙʠʥʘʮʠʠʪʝ ʩʝ ʠʟʯʠʩʣʷʚʘ ʦʪʥʦʩʠʪʝʣʥʠʷʪ ʜʷʣ ʚ 
ʩʲʦʪʚʝʪʥʠʷ ʧʦʨʪʬʝʡʣ ʟʘ ʚʩʝʢʠ ʘʢʪʠʚ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ S; 

¶ ʧʦʣʫʯʝʥʠʪʝ ʧʦʨʪʬʝʡʣʠ ʩʝ ʟʘʧʠʩʚʘʪ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ; 

¶ ʠʟʚʲʨʰʚʘ ʩʝ ʧʨʦʮʝʜʫʨʘ ʧʦ ʘʣʦʢʘʮʠʷ, ʘʢʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʠ 
ʥʦʚʦʧʦʣʫʯʝʥʠʪʝ ʧʦʨʪʬʝʡʣʠ ʩʝ ʜʦʧʠʩʚʘʪ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ; 

¶ ʟʘ ʚʩʠʯʢʠ ʧʦʣʫʯʝʥʠ ʜʦ ʪʦʟʠ ʤʦʤʝʥʪ ʧʦʨʪʬʝʡʣʠ ʩʝ ʧʨʝʩʤʷʪʘʪ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʚʲʟʚʨʘʱʘʝʤʦʩʪ, ʨʠʩʢ ʠ q-ratio; 

¶ ʚ ʤʦʜʫʣʘ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ ʟʘ ʚʩʝʢʠ ʧʦʨʪʬʝʡʣ ʩʝ ʧʨʠʧʨʠʣʘʛʘ 

ʤʦʜʝʣʲʪ FLQM ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ Q ʥʘ ʪʝʟʠ ʧʦʨʪʬʝʡʣʠ; 

¶ ʧʦʨʪʬʝʡʣʠʪʝ, ʟʘʝʜʥʦ ʩ ʪʝʭʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʩʲʩʪʘʚʷʱʠʪʝ ʛʠ ʘʢʪʠʚʠ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʢʠ ʠ ʜʷʣʦʚʝ ʩʝ 

ʠʟʚʝʞʜʘʪ ʥʘ ʝʢʨʘʥ. 

 

ɸʚʪʦʤʘʪʠʯʥʦʪʦ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʩʦʬʪʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʩʪʠʛʥʘʪʦ 

ʧʦ ʥʷʢʦʣʢʦ ʥʘʯʠʥʘ, ʥʘʧʨʠʤʝʨ ʯʨʝʟ: 

¶ Windows service (ʩʝʨʚʠʟ); 

¶ Windows Task Scheduler; 

¶ ʀʣʠ ʩ ʜʨʫʛʠ ʩʨʝʜʩʪʚʘ. 

ʊʲʡ ʢʘʪʦ ʩʝʨʚʠʟʲʪ ʩʪʦʠ ʚʲʚ ʬʦʥʦʚ ʨʝʞʠʤ, ʪʦ ʪʦʡ ʟʘʝʤʘ ʨʝʩʫʨʩʠ ʧʨʝʟ ʮʷʣʦʪʦ 

ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘ. ʉʝʨʚʠʟʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʩʣʫʯʘʠ ʥʘ ʧʨʝʜʦʩʪʘʚʷʥʝ ʥʘ ʫʩʣʫʛʘ ʥʘ ʤʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʠ ʠʟʠʩʢʚʘʪ ʥʷʢʦʠ ʨʘʟʰʠʨʝʥʠʷ. 
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Windows Task Scheduler ʥʝ ʠʟʠʩʢʚʘ ʜʦʧʲʣʥʠʪʝʣʝʥ ʨʝʩʫʨʩ ʠ ʜʦʧʲʣʥʠʪʝʣʥʠ 

ʨʘʟʰʠʨʝʥʠʷ, ʝʪʦ ʟʘʱʦ ʝ ʧʦ-ʧʦʜʭʦʜʷʱ ʧʨʠ ʝʞʝʜʥʝʚʥʦʪʦ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʩʦʬʪʫʝʨʥʘʪʘ 

ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ FSSAM. 

4.2. ʉʲʙʠʨʘʥʝ ʠ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʜʘʥʥʠ (ʉʉɼ) 

ʉ ʦʛʣʝʜ ʧʨʦʛʨʘʤʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠʪʝ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʝ ʧʦʜʭʦʜʷʱʦ 

ʧʨʦʮʝʩʲʪ ʥʘ ʩʲʙʠʨʘʥʝ, ʩʲʭʨʘʥʷʚʘʥʝ ʠ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠʪʝ ʜʘ ʙʲʜʝ ʨʝʘʣʠʟʠʨʘʥ ʢʘʪʦ 

ʦʪʜʝʣʝʥ ʤʦʜʫʣ. ʂʦʥʮʝʧʪʫʘʣʥʠʷʪ ʤʦʜʝʣ ʥʘ ʄʦʜʫʣ ʟʘ ʉʲʙʠʨʘʥʝ ʠ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʜʘʥʥʠ ʩʝ 

ʩʲʩʪʦʠ ʦʪ ʝʣʝʤʝʥʪʠ, ʚ ʢʦʠʪʦ ʩʝ ʠʟʚʲʨʰʚʘʪ ʧʨʦʮʝʜʫʨʠʪʝ: ʦʪʧʨʘʚʷʥʝ ʥʘ ʟʘʷʚʢʠ, ʠʟʚʣʠʯʘʥʝ 

ʥʘ ʜʘʥʥʠ, ʧʦʧʲʣʚʘʥʝ ʥʘ ʣʠʧʩʚʘʱʠ ʜʘʥʥʠ, ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʟʘʧʠʩ ʚ ʙʘʟʘ 

ʜʘʥʥʠ (ʬʠʛ. 4.2).  

ʇʲʨʚʦ ʩʝ ʦʪʧʨʘʚʷ ʟʘʷʚʢʘ ʢʲʤ ʫʝʙ ʩʲʨʚʲʨʘ ʥʘ ʩʲʦʪʚʝʪʥʠʷ ʠʟʪʦʯʥʠʢ ʥʘ ʙʦʨʩʦʚʘ 

ʠʥʬʦʨʤʘʮʠʷ. ʊʷ ʩʲʜʲʨʞʘ ʤʝʪʦʜʠ ʟʘ ʠʟʚʣʠʯʘʥʝ ʥʘ html ʢʦʜʘ ʥʘ ʩʪʨʘʥʠʮʘʪʘ, ʢʲʜʝʪʦ ʝ 

ʧʦʢʘʟʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʬʠʥʘʥʩʦʚʠʪʝ ʘʢʪʠʚʠ. ʀʟʚʣʝʯʝʥʠʷʪ html ʢʦʜ ʩʝ ʧʦʜʘʚʘ ʥʘ ʯʘʩʪʪʘ 

ʟʘ ʠʟʚʣʠʯʘʥʝ ʥʘ ʜʘʥʥʠ, ʩʲʜʲʨʞʘʱʘ ʤʝʪʦʜʠ ʟʘ ʥʝʛʦʚʘʪʘ ʦʙʨʘʙʦʪʢʘ. ʊʝʟʠ ʤʝʪʦʜʠ ʠʟʚʣʠʯʘʪ 

ʥʝʦʙʭʦʜʠʤʠʪʝ ʜʘʥʥʠ ʟʘ ʬʠʥʘʥʩʦʚʠʪʝ ʘʢʪʠʚʠ ʠ ʧʨʠ ʥʫʞʜʘ ʩʝ ʧʦʧʲʣʚʘʪ ʣʠʧʩʚʘʱʠʪʝ 

ʜʘʥʥʠ.  

ʉʣʝʜ ʪʦʚʘ ʧʦ ʘʣʛʦʨʠʪʲʤ ʩʝ ʠʟʯʠʩʣʷʚʘʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʚʩʝʢʠ ʘʢʪʠʚ. ʊʦʟʠ 

ʘʣʛʦʨʠʪʲʤ ʝ ʨʝʘʣʠʟʠʨʘʥ ʚ ʯʘʩʪʪʘ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʠʟʯʠʩʣʝʥʠʷ. ɼʘʥʥʠʪʝ ʠ ʨʝʟʫʣʪʘʪʠʪʝ 

ʦʪ ʠʟʯʠʩʣʝʥʠʷʪʘ ʧʦ ʜʘʜʝʥʠʷ ʘʣʛʦʨʠʪʲʤ ʩʝ ʩʲʭʨʘʥʷʚʘʪ ʚ ʙʘʟʘ ʦʪ ʜʘʥʥʠ. 

 

 
 

ʌʠʛʫʨʘ 4.2. ʉʭʝʤʘ ʥʘ ʤʦʜʫʣ ʟʘ ʩʲʙʠʨʘʥʝ ʠ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʜʘʥʥʠ 

 

ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 

ʆʪʧʨʘʚʷʥʝ ʥʘ ʟʘʷʚʢʠ 

ʀʟʚʣʠʯʘʥʝ ʥʘ ʜʘʥʥʠ 

ʇʦʧʲʣʚʘʥʝ ʥʘ ʣʠʧʩʚʘʱʠ 

ʜʘʥʥʠ 

 

 
 

 
 

ɹʘʟʘ ʦʪ 

ʜʘʥʥʠ 

 

ʌʦʥʜʦʚʘ ʙʦʨʩʘ 
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4.2.1. ʆʪʧʨʘʚʷʥʝ ʥʘ ʟʘʷʚʢʠ 

ʇʨʝʜʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʠ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʤʦʜʫʣʘ ʟʘ ʦʪʧʨʘʚʷʥʝ ʥʘ ʟʘʷʚʢʠ ʢʲʤ 

ʠʟʪʦʯʥʠʢʘ ʥʘ ʙʦʨʩʦʚʘ ʠʥʬʦʨʤʘʮʠʷ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ, ʜʘʣʠ ʚ ʪʦʟʠ ʠʟʪʦʯʥʠʢ 

ʩʝ ʧʨʝʜʦʩʪʘʚʷ XML ʜʦʢʫʤʝʥʪ ʠʣʠ HTML ʢʦʜ ʠ ʢʘʢʚʠ ʤʝʪʦʜʠ ʟʘ ʦʪʧʨʘʚʷʥʝ ʥʘ ʟʘʷʚʢʠ 

ʧʦʜʜʲʨʞʘ ʜʘʜʝʥʠʷʪ ʫʝʙ ʩʲʨʚʲʨ ï get, post ʠʣʠ ʜʨʫʛ ʤʝʪʦʜ. 

ʅʘʧʨʠʤʝʨ, ʩʘʡʪʲʪ ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ ʬʦʥʜʦʚʘ ʙʦʨʩʘ ʥʝ ʧʨʝʜʦʩʪʘʚʷ XML  ʜʦʢʫʤʝʥʪ 

ʩ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʘʢʪʠʚʠʪʝ, ʢʦʠʪʦ ʩʝ ʧʨʝʜʣʘʛʘʪ. ʇʨʝʛʣʝʜ ʥʘ ʢʦʜʘ ʥʘ ʩʪʨʘʥʠʮʘʪʘ ʧʦʢʘʟʚʘ, 

ʯʝ ʜʘʥʥʠʪʝ, ʢʦʠʪʦ ʩʘ ʥʫʞʥʠ ʩʝ ʧʨʝʜʦʩʪʘʚʷʪ ʚʲʚ ʚʠʜ ʥʘ ʪʘʙʣʠʮʘ (html ʪʘʛ <td>...</td>). 

ʏʘʩʪ ʦʪ ʢʦʜʘ ʥʘ ʩʪʨʘʥʠʮʘʪʘ, ʩ ʜʘʥʥʠ ʟʘ ʘʢʪʠʚʠʪʝ, ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ ʬʦʥʜʦʚʘ ʙʦʨʩʘ ʝ 

ʧʦʢʘʟʘʥ ʧʦ-ʜʦʣʫ. 

 

ɺʩʷʢʘ ʪʘʙʣʠʮʘ ʩ ʜʘʥʥʠ ʠʟʛʣʝʞʜʘ ʧʦ ʩʣʝʜʥʠʷ ʥʘʯʠʥ: 

 

 

ɼʦ ʫʝʙ ʩʲʨʚʲʨʘ ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ ʬʦʥʜʦʚʘ ʙʦʨʩʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʨʘʪʝʥʠ ʟʘʷʚʢʠ 

ʧʦʩʨʝʜʩʪʚʦʤ post ʠ get ʤʝʪʦʜʠ: 

 

 

ʉʣʝʜʦʚʘʪʝʣʥʦ, ʧʨʠ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʆʪʧʨʘʚʷʥʝ ʥʘ ʟʘʷʚʢʠ ʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʧʨʦʫʯʚʘʥʝ ʥʘ ʠʟʪʦʯʥʠʢʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷ. ʇʨʠ ʨʘʙʦʪʘ ʩ ʠʥʬʦʨʤʘʮʠʷ ʦʪ 

ɹʌɹ ʩʘ ʨʝʘʣʠʟʠʨʘʥʠ ʠ ʜʚʘʪʘ ʤʝʪʦʜʘ ʟʘ ʦʪʧʨʘʚʷʥʝ ʥʘ ʟʘʷʚʢʠ ʢʲʤ ʩʲʨʚʲʨʘ ʥʘ ʬʦʥʜʦʚʘʪʘ 

ʙʦʨʩʘ. ʉʣʝʜ ʢʘʪʦ ʢʦʜʲʪ ʝ ʠʟʚʣʝʯʝʥ, ʪʦʡ ʩʝ ʧʦʜʘʚʘ ʥʘ ʇʘʨʩʚʘʥʝ ʟʘ ʧʦʩʣʝʜʚʘʱʘ ʦʙʨʘʙʦʪʢʘ. 
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4.2.2. ʀʟʚʣʠʯʘʥʝ ʥʘ ʜʘʥʥʠ 

ʉʣʝʜ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʟʘʷʚʢʘʪʘ ʢʲʤ ʫʝʙ ʩʲʨʚʲʨʘ ʠ ʩʚʘʣʷʥʝ ʥʘ ʢʦʜʘ ʥʘ 

ʩʪʨʘʥʠʮʘʪʘ, ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʢʦʜʘ ʩʝ ʠʟʚʲʨʰʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʨʝʛʫʣʷʨʝʥ ʠʟʨʘʟ, ʧʨʠ ʯʠʝʪʦ 

ʢʦʥʩʪʨʫʠʨʘʥʝ ʩʝ ʚʟʠʤʘ ʧʦʜ ʚʥʠʤʘʥʠʝ ʪʦʯʥʦ ʢʦʠ ʜʘʥʥʠ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʠʥʪʝʨʝʩ, ʱʝ 

ʩʲʱʝʩʪʚʫʚʘ ʣʠ ʧʨʦʙʣʝʤ ʩ ʣʠʧʩʚʘʱʠ ʜʘʥʥʠ ʠ ʥʘʯʠʥʘ ʟʘ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʜʘʥʥʠʪʝ. 

4.2.3. ʇʦʧʲʣʚʘʥʝ ʥʘ ʣʠʧʩʚʘʱʠ ʜʘʥʥʠ 

ɸʣʛʦʨʠʪʲʤʲʪ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʘʢʪʠʚʠʪʝ ʥʝ ʜʦʧʫʩʢʘ 

ʥʘʣʠʯʠʝ ʥʘ ʣʠʧʩʚʘʱʠ ʜʘʥʥʠ ʟʘ ʘʢʪʠʚʠʪʝ. ʅʦ ʣʠʧʩʚʘʱʠ ʜʘʥʥʠ ʩʝ ʧʦʷʚʷʚʘʪ ʧʦ ʨʘʟʣʠʯʥʠ 

ʧʨʠʯʠʥʠ. ʊʲʡ ʢʘʪʦ ʬʦʥʜʦʚʠʪʝ ʙʦʨʩʠ ʨʘʙʦʪʷʪ ʩʘʤʦ ʧʨʝʟ ʜʝʣʥʠʯʥʠ ʜʥʠ, ʪʦ ʧʨʝʟ 

ʧʦʯʠʚʥʠʪʝ ʜʥʠ ʥʷʤʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʥʠʢʦʡ ʦʪ ʘʢʪʠʚʠʪʝ ʠ ʢʦʪʠʨʦʚʢʠʪʝ ʧʨʠ ʟʘʪʚʘʨʷʥʝ ʩʝ 

ʟʘʧʘʟʚʘʪ ʜʦ ʩʣʝʜʚʘʱʠʷ ʨʘʙʦʪʝʥ ʜʝʥ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʠʤʘ ʨʘʙʦʪʥʠ ʜʥʠ, ʚ ʢʦʠʪʦ ʜʘʜʝʥ 

ʘʢʪʠʚ ʥʝ ʝ ʪʲʨʛʫʚʘʥ ʠ ʚ ʪʦʟʠ ʩʣʫʯʘʡ ʟʘ ʥʝʛʦ ʩʲʱʦ ʣʠʧʩʚʘʪ ʜʘʥʥʠ, ʥʦ ʧʨʠʯʠʥʘʪʘ ʝ ʩʲʚʩʝʤ 

ʨʘʟʣʠʯʥʘ ï ʪʲʨʩʝʥʝʪʦ ʠ ʧʨʝʜʣʘʛʘʥʝʪʦ ʥʝ ʩʘ ʩʪʠʛʥʘʣʠ ʜʦ ʨʘʚʥʦʚʝʩʠʝ. ʉʲʱʝʩʪʚʫʚʘ ʠ ʜʨʫʛʘ 

ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʣʠʧʩʚʘʱʠ ʜʘʥʥʠ ï ʟʘʣʠʯʘʚʘʥʝ ʥʘ ʘʢʪʠʚʘ ʦʪ ʙʦʨʩʦʚʘʪʘ ʪʲʨʛʦʚʠʷ ʟʘ 

ʥʷʢʘʢʲʚ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ. 

ɺ ʪʦʟʠ ʤʦʜʝʣ ʧʨʦʙʣʝʤʲʪ ʩ ʣʠʧʩʚʘʱʠʪʝ ʜʘʥʥʠ ʩʝ ʨʝʰʘʚʘ ʢʘʪʦ ʨʝʜʠʮʘʪʘ ʩ ʮʝʥʠ ʩʝ 

ʜʦʧʲʣʚʘ, ʢʘʪʦ ʩʝ ñʜʦʧʠʰʝò ʧʦʩʣʝʜʥʘʪʘ ʢʦʪʠʨʦʚʢʘ ʩʲʦʪʚʝʪʥʠʷ ʙʨʦʡ ʧʲʪʠ, ʢʦʝʪʦ ʝ 

Ăʧʦʜʩʢʘʟʘʥʦò ʦʪ ʧʨʘʢʪʠʢʘʪʘ ʥʘ ʩʘʤʠʪʝ ʙʦʨʩʠ ʟʘ ʧʦʯʠʚʥʠʪʝ ʜʥʠ. ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʩʨʝʜʥʦʛʝʦʤʝʪʨʠʯʥʘ ʢʘʪʦ ʦʮʝʥʢʘ ʟʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ, ʪʦʚʘ ñʜʦʧʠʩʚʘʥʝò ʥʝ ʧʨʦʤʝʥʷ 

ʬʦʨʤʫʣʘʪʘ ʟʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ. ʅʘʠʩʪʠʥʘ, ʘʢʦ ʩʝ ʜʦʙʘʚʷʪ ʣʠʧʩʚʘʱʠʪʝ ʟʘ ʩʲʦʪʚʝʪʥʠʪʝ 

ʜʥʠ ʥʘʙʣʶʜʝʥʠʷ ʯʨʝʟ ʧʦʚʪʘʨʷʥʝ ʥʘ ʧʦʩʣʝʜʥʘʪʘ ʢʦʪʠʨʦʚʢʘ, ʩʝ ʧʦʣʫʯʘʚʘ ʧʦʜʨʝʜʠʮʘʪʘ 

( )() ()( )1,,,,1 +-

D

tPtPtPtP

ʙʨʦʡʥʘt

)()'& 2  ʠ ʧʨʠ ʩʣʝʜ ʝʣʝʤʝʥʪʘʨʥʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʝ ʚʠʞʜʘ, ʯʝ 

ʬʦʨʤʫʣʘ (2.9) ʟʘ ʣʦʛʘʨʠʪʤʠʯʥʘʪʘ ʩʨʝʜʥʦʛʝʦʤʝʪʨʠʯʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʝ ʦʪʥʦʚʦ ʚ ʩʠʣʘ. 

4.2.4. ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʘʢʪʠʚʠ 

ɺ ʤʦʜʝʣʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ʛʦʜʠʰʥʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ, 

ʧʦʣʫʯʝʥʘ ʧʦ ʬʦʨʤʫʣʘ (2.12), ʨʠʩʢʲʪ ʩʝ ʦʮʝʥʷʚʘ ʯʨʝʟ ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦʪʦ ʦʪʢʣʦʥʝʥʠʝ 

ʧʦ ʬʦʨʤʫʣʘ (2.14). 

ʂʘʪʦ ʜʦʧʲʣʥʠʪʝʣʥʘ ʚʲʟʤʦʞʥʦʩʪ ʝ ʧʨʝʜʚʠʜʝʥʦ ʠʥʚʝʩʪʠʪʦʨʲʪ ʜʘ ʟʘʜʘʜʝ ʛʨʘʥʠʮʘ 

ʥʘ ʞʝʣʘʥʘ ʛʦʜʠʰʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ 0r  ʠ ʜʦʧʫʩʪʠʤʘ ʛʨʘʥʠʮʘ ʥʘ ʨʠʩʢʘ 0s .  

ʊʘʢʘ ʠʟʧʦʣʟʚʘʥʘʪʘ ʚ ʤʦʜʝʣʘ ʩʪʦʡʥʦʩʪ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʝ: 

   0rARr -=A , 

ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʨʠʩʢʘ ʝ: 

   
0ssg -=As , 

ʠ ʢʦʝʬʠʮʠʝʥʪʲʪ ratioq-  ʝ ʨʘʚʝʥ ʥʘ: 

   
A

A

s

r
q= .  

 

ɼʘʥʥʠʪʝ ʠ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʚʩʠʯʢʠ ʘʢʪʠʚʠ ʩʝ 

ʩʲʭʨʘʥʷʚʘʪ ʚ ʫʜʦʙʝʥ ʬʦʨʤʘʪʚ ʨʝʣʘʮʠʦʥʥʘ ʙʘʟʘ ʦʪ ʜʘʥʥʠ.  
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4.3. ʂʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ ʩ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ Q-measure 

 
 

ʌʠʛʫʨʘ 4.3. ʉʭʝʤʘ ʥʘ ʤʦʜʫʣ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ. 

 

ʅʘ ʬʠʛʫʨʘ 4.3 ʝ ʧʦʢʘʟʘʥ ʤʦʜʫʣʲʪ, ʚ ʢʦʡʪʦ ʩʝ ʢʦʥʩʪʨʫʠʨʘʪ ʠʥʚʝʩʪʠʮʠʦʥʥʠʪʝ 

ʧʦʨʪʬʝʡʣʠ. 

ɺʭʦʜʥʠʪʝ ʜʘʥʥʠ ʩʝ ʠʟʚʣʠʯʘʪ ʦʪ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ. ʊʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʬʠʥʘʥʩʦʚʠʪʝ ʘʢʪʠʚʠ, ʩʣʝʜ ʢʘʪʦ ʝ ʧʨʠʢʣʶʯʠʣʘ ʨʘʙʦʪʘʪʘ ʥʘ ʤʦʜʫʣ 

ʈʘʟʤʠʪʘ ʣʦʛʠʢʘ. ʀʟʙʦʨ ʥʘ ʘʢʪʠʚʠ ʩʝʣʝʢʪʠʨʘ ʦʧʨʝʜʝʣʝʥ ʙʨʦʡ ʘʢʪʠʚʠ ʩʧʨʷʤʦ ʜʘʜʝʥ 

ʢʨʠʪʝʨʠʡ, ʦʧʨʝʜʝʣʝʥ ʦʪ ʠʥʚʝʩʪʠʪʦʨʘ. ʆʪ ʠʟʙʨʘʥʠʪʝ ʘʢʪʠʚʠ ʩʝ ʛʝʥʝʨʠʨʘʪ ʢʦʤʙʠʥʘʮʠʠ ʦʪ 

ʪʝʟʠ ʘʢʪʠʚʠ. ʉʣʝʜ ʪʦʚʘ ʩʝ ʢʦʥʩʪʨʫʠʨʘʪ ʧʦʨʪʬʝʡʣʠ ʦʪ ʛʝʥʝʨʠʨʘʥʠʪʝ ʢʦʤʙʠʥʘʮʠʠ ʦʪ 

ʘʢʪʠʚʠ. ʊʲʡ ʢʘʪʦ ʝ ʚʲʟʤʦʞʥʦ ʠʟʙʨʘʥʠʷʪ ʟʘ ʠʥʚʝʩʪʠʮʠʷʪʘ ʢʘʧʠʪʘʣ ʜʘ ʥʝ ʙʲʜʝ ʠʟʨʘʟʭʦʜʝʥ 

ʠʟʮʷʣʦ, ʩʝ ʧʨʠʣʘʛʘ ʧʨʦʮʝʜʫʨʘ ʧʦ ʘʣʦʢʘʮʠʷ. ʊʘʟʠ ʧʨʦʮʝʜʫʨʘ ʤʦʜʠʬʠʮʠʨʘ ʧʦʨʪʬʝʡʣʘ ʩ 

ʮʝʣ ʠʟʯʝʨʧʚʘʥʝ ʥʘ ʧʦ-ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʦʪ ʜʘʜʝʥʠʷ ʢʘʧʠʪʘʣ. ʂʦʥʩʪʨʫʠʨʘʥʠʪʝ 

ʧʦʨʪʬʝʡʣʠ ʩʝ ʩʲʭʨʘʥʷʚʘʪ ʚ ʙʘʟʘ ʦʪ ʜʘʥʥʠ ʠ ʠʥʚʝʩʪʠʪʦʨʲʪ ʤʦʞʝ ʜʘ ʚʟʝʤʝ ʩʚʦʝʪʦ 

ʨʝʰʝʥʠʝ. 

 

ʅʝʢʘ ! ˍẖ̌ ȟ ̱ ȟȣȟ ̱  ʝ ʤʥʦʞʝʩʪʚʦ ʦʪ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ. ɿʘ ʚʩʝʢʠ ʘʢʪʠʚ 

ʝ ʠʟʯʠʩʣʝʥʘ Q ʚʲʟ ʦʩʥʦʚʘʪʘ ʥʘ ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ ʠ ʨʘʟʤʠʪʘ ʠʟʭʦʜʥʘ ʧʨʦʤʝʥʣʠʚʘ, 

ʜʝʬʠʥʠʨʘʥʠ ʚ ʤʦʜʫʣʘ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ. 

ʅʝʢʘ ὑ ʝ ʤʘʢʩʠʤʘʣʥʠʷʪ ʙʨʦʡ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ, ʦʧʨʝʜʝʣʝʥʠ ʜʘ ʫʯʘʩʪʚʘʪ ʚ 

ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ.  

ʎʝʣʪʘ ʝ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ (ʧʦʜʤʥʦʞʝʩʪʚʦ ʥʘ ὃ), ʢʦʡʪʦ 
ʧʨʠʪʝʞʘʚʘ ʚʲʟʤʦʞʥʦ ʥʘʡ-ʛʦʣʷʤʘ Q. 

ɺʭʦʜʥʠ 

ʜʘʥʥʠ ʦʪ 

ʄʈʃ 
ʀʟʙʦʨ ʥʘ ʘʢʪʠʚʠ 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ 

ʢʦʤʙʠʥʘʮʠʠ ʦʪ ʘʢʪʠʚʠ 

ʂʦʥʩʪʨʫʠʨʘʥʝ ʥʘ 

ʧʦʨʪʬʝʡʣʠ 

ɸʣʦʢʘʮʠʷ 

 

 
 

 
 

ɹʘʟʘ ʦʪ 

ʜʘʥʥʠ 
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ʇʲʨʚʦ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ ʩʝ ʩʦʨʪʠʨʘʪ ʩʧʨʷʤʦ 

ʪʷʭʥʘʪʘ Q. ʆʪ ʩʦʨʪʠʨʘʥʠʪʝ ʘʢʪʠʚʠ ʩʝ ʠʟʙʠʨʘʪ ʧʲʨʚʠʪʝ ὑ ʥʘ ʙʨʦʡ, ʩʣʝʜ ʢʦʝʪʦ ʩʝ 

ʛʝʥʝʨʠʨʘʪ ʢʦʤʙʠʥʘʮʠʠ ʙʝʟ ʧʦʚʪʦʨʝʥʠʝ. ʇʲʨʚʦʥʘʯʘʣʥʦ ʩʝ ʛʝʥʝʨʠʨʘʪ ʢʦʤʙʠʥʘʮʠʠʪʝ ʦʪ 1-

ʚʠ ʢʣʘʩ ʦʪ ὑ ʝʣʝʤʝʥʪʘ, ʩʣʝʜ ʢʦʝʪʦ ʩʝ ʛʝʥʝʨʠʨʘʪ ʢʦʤʙʠʥʘʮʠʠʪʝ ʦʪ 2-ʨʠ ʢʣʘʩ ʦʪ ὑ  

ʝʣʝʤʝʥʪʘ ʠ ʪʘʢʘ ʜʦ ὑ ʝʣʝʤʝʥʪʘ ὑ -ʪʠ ʢʣʘʩ. ʊʘʢʘ ʩʝ ʠʟʯʝʨʧʚʘʪ ʚʩʠʯʢʠ ʧʦʜʤʥʦʞʝʩʪʚʘ ʦʪ 

ʠʟʙʨʘʥʠʪʝ ʘʢʪʠʚʠ. ɹʨʦʷʪ ʥʘ ʪʝʟʠ ʧʦʜʤʥʦʞʝʩʪʚʘ ʝ ςὑ ρ, ʪʲʡ ʢʘʪʦ ʥʝ ʩʝ ʚʢʣʶʯʚʘ 
ʧʨʘʟʥʦʪʦ ʤʥʦʞʝʩʪʚʦ, ʪ.ʝ. ʥʝ ʩʲʱʝʩʪʚʫʚʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ ʙʝʟ ʘʢʪʠʚʠ. ɺʩʷʢʘ ʦʪ 

ʛʝʥʝʨʠʨʘʥʠʪʝ ʢʦʤʙʠʥʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʚʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ. 

ɿʘ ʚʩʝʢʠ ʘʢʪʠʚ, ʫʯʘʩʪʚʘʱ ʚ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ, ʩʝ ʧʨʝʩʤʷʪʘ ʦʪʥʦʩʠʪʝʣʥʠʷ 

ʜʷʣ ʥʘ ʘʢʪʠʚʘ ʚ ʧʦʨʪʬʝʡʣʘ. ʊʦʟʠ ʦʪʥʦʩʠʪʝʣʝʥ ʜʷʣ ʩʝ ʦʟʥʘʯʘʚʘ ʩ ὼ ʠ ʩʝ ʧʨʝʩʤʷʪʘ ʧʦ 

ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 

ὼ  
ὗ

В ὗ
 ȟ 

 

ʢʲʜʝʪʦ ὔ ʝ ʙʨʦʷʪ ʥʘ ʬʠʥʘʥʩʦʚʠʪʝ ʘʢʪʠʚʠ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʧʦʨʪʬʝʡʣ, a ὗ ʝ ʩʪʦʡʥʦʩʪʪʘ 

ʥʘ Q ʟʘ Ὦ-ʷ ʘʢʪʠʚ. 

ɿʘ ʚʩʝʢʠ ʦʪ ʢʦʥʩʪʨʫʠʨʘʥʠʪʝ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ ʩʝ ʠʟʯʠʩʣʷʚʘʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʨʠʩʢ ʠ ʚʲʟʚʨʘʱʘʝʤʦʩʪ. ʇʦʨʪʬʝʡʣʥʘʪʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ 2  ʩʝ 

ʠʟʯʠʩʣʷʚʘ ʧʦ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 

Ὑ ὼὶȟ 

 

ʢʲʜʝʪʦ ὼ e ʦʪʥʦʩʠʪʝʣʥʠʷʪ ʜʷʣ ʥʘ Ὦ  ̠ʘʢʪʠʚ ʚ ʧʦʨʪʬʝʡʣʘ, ʘ Ò ʝ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ 

Ὦ  ̠ʘʢʪʠʚ. 

 

ʀʥʚʝʩʪʠʮʠʦʥʥʠʷʪ ʨʠʩʢ ʥʘ ʧʦʨʪʬʝʡʣʘ ʩʝ ʦʮʝʥʷʚʘ ʢʘʪʦ ʩʨʝʜʥʦ ʧʨʝʪʝʛʣʝʥʦ: 

 

„ ὼ„ 

 

ʢʲʜʝʪʦ ὼ e ʦʪʥʦʩʠʪʝʣʥʠʷʪ ʜʷʣ ʥʘ Ὦ  ̠ʘʢʪʠʚ ʚ ʧʦʨʪʬʝʡʣʘ, ʘ ʎ ʝ ʨʠʩʢʲʪ ʥʘ Ὦ  ̠ʘʢʪʠʚ. 

 

ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ Q ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʧʦʨʪʬʝʡʣ ʦʪʥʦʚʦ ʩʝ ʠʟʧʦʣʟʚʘ ʨʘʟʤʠʪʘ 

ʩʠʩʪʝʤʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ. ɺʭʦʜʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʩʠʩʪʝʤʘʪʘ ʩʘ ʨʠʩʢʲʪ ʠ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ ʧʦʨʪʬʝʡʣʘ, ʢʘʢʪʦ ʠ ʪʷʭʥʦʪʦ ʦʪʥʦʰʝʥʠʝ ή, ʢʘʪʦ: 

 

ή
Ὑ

„
Ȣ 
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4.4. ɸʣʛʦʨʠʪʲʤ ʟʘ ʤʘʢʩʠʤʘʣʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʢʘʧʠʪʘʣʘ 

ɹʨʦʷʪ ʘʢʮʠʠ ’ , ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʟʘʢʫʧʷʪ ʦʪ ʘʢʪʠʚʘ  ̱ ʩʝ ʠʟʯʠʩʣʷʚʘ ʧʦ 

ʬʦʨʤʫʣʘʪʘ: 

’ȟ
  Ὓ

 ὼὖ
ȟ 

ʢʲʜʝʪʦ ὼ ʝ ʦʪʥʦʩʠʪʝʣʥʠʷʪ ʜʷʣ ʥʘ ʘʢʪʠʚʘ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʧʦʨʪʬʝʡʣ, ὖ ʝ ʮʝʥʘʪʘ ʥʘ 

ʝʜʥʘ ʘʢʮʠʷ ʦʪ ʪʦʟʠ ʘʢʪʠʚ, Ὓ ʝ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʩʫʤʘ ʟʘ ʠʥʚʝʩʪʠʨʘʥʝ, ʘ ʩʲʩ ʩʠʤʚʦʣʘ ỗ◊Ộ ʩʝ 

ʦʟʥʘʯʘʚʘ ʥʘʡ-ʛʦʣʷʤʦʪʦ ʮʷʣʦ ʯʠʩʣʦ, ʧʦ-ʤʘʣʢʦ ʦʪ ◊ . 

ʀʟʧʦʣʟʚʘʥʠʷʪ ʥʘ ʪʦʟʠ ʝʪʘʧ ʢʘʧʠʪʘʣ Ὓ ʩʝ ʧʨʝʩʤʷʪʘ ʧʦ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 

 

Ὓ ’ὖ 

 

ɺ ʩʣʫʯʘʡ ʯʝ ʦʩʪʘʥʘʣʠʷʪ ʢʘʧʠʪʘʣ Ὓ  Ὓ ʝ ʧʦ-ʛʦʣʷʤ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʦʧʨʝʜʝʣʝʥ 

ʧʨʦʮʝʥʪ (ʪʦʣʝʨʘʥʩ) ʦʪ ʧʲʨʚʦʥʘʯʘʣʥʠʷ ʢʘʧʠʪʘʣ, ʩʝ ʧʨʠʣʘʛʘ ʧʨʦʮʝʜʫʨʘ ʧʦ ʜʦʧʲʣʥʠʪʝʣʥʘ 

ʘʣʦʢʘʮʠʷ. ʎʝʣʪʘ ʥʘ ʪʘʟʠ ʧʨʦʮʝʜʫʨʘ ʝ ʟʘʢʫʧʫʚʘʥʝʪʦ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʢʦʣʠʯʝʩʪʚʦ ʘʢʮʠʠ 

ʟʘ ʤʘʢʩʠʤʘʣʥʦ ʠʟʯʝʨʧʚʘʥʝ ʥʘ ʢʘʧʠʪʘʣʘ. ʇʲʨʚʦ ʩʝ ʩʨʘʚʥʷʚʘ ʦʩʪʘʥʘʣʠʷʪ ʢʘʧʠʪʘʣ Ὓ  Ὓ  ʩ 
ʮʝʥʘʪʘ ʥʘ ʘʢʪʠʚʘ ʩ ʥʘʡ-ʛʦʣʷʤʘ ʩʪʦʡʥʦʩʪ ʥʘ Q ʠ ʘʢʦ ʪʘʟʠ ʮʝʥʘ ʝ ʧʦ-ʛʦʣʷʤʘ ʦʪ ʦʩʪʘʪʲʢʘ, ʩʝ 

ʢʫʧʫʚʘʪ ʤʘʢʩʠʤʘʣʥʠʷʪ ʚʲʟʤʦʞʝʥ ʙʨʦʡ ʘʢʮʠʠ ʦʪ ʪʦʟʠ ʘʢʪʠʚ. ɺ ʦʙʨʘʪʥʠʷ ʩʣʫʯʘʡ 

ʩʨʘʚʥʝʥʠʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʟʘ ʩʣʝʜʚʘʱʠʷ ʧʦ ʨʝʜ ʘʢʪʠʚ ʚ ʩʧʠʩʲʢʘ. ʊʦʟʠ ʧʨʦʮʝʩ ʩʝ ʧʦʚʪʘʨʷ, 

ʜʦʢʘʪʦ ʦʩʪʘʥʘʣʠʷʪ ʢʘʧʠʪʘʣ ʝ ʜʦʩʪʘʪʲʯʥʦ ʤʘʣʲʢ ʠ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʟʘʢʫʧʷʪ ʜʦʧʲʣʥʠʪʝʣʥʠ 

ʘʢʮʠʠ.  

ʅʘ ʚʩʷʢʘ ʩʪʲʧʢʘ ʙʨʦʷʪ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʟʘʢʫʧʝʥʠʪʝ ʘʢʮʠʠ ’  ʟʘ ʜʘʜʝʥ ʘʢʪʠʚ ʩʝ 

ʠʟʯʠʩʣʷʚʘ ʧʦ ʬʦʨʤʫʣʘʪʘ: 

 

’  
ὼὛ  Ὓ

 ὖ
ȟ 

 

ʢʲʜʝʪʦ ὼ ʝ ʜʝʣʲʪ ʥʘ ʘʢʪʠʚʘ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʧʦʨʪʬʝʡʣ, ʧʨʝʜʠ ʧʨʠʣʘʛʘʥʝ ʥʘ 

ʧʨʦʮʝʜʫʨʘʪʘ ʧʦ ʘʣʦʢʘʮʠʷ, Ὓ ʝ ʥʘʯʘʣʥʠʷʪ ʢʘʧʠʪʘʣ, Ὓ ʝ ʠʟʨʘʟʭʦʜʝʥʠʷʪ ʜʦ ʤʦʤʝʥʪʘ 

ʢʘʧʠʪʘʣ, ʘ ὖ ʝ ʮʝʥʘʪʘ ʥʘ ʝʜʥʘ ʘʢʮʠʷ ʦʪ Ὦ  ̠ʘʢʪʠʚ. 

 

 

4.5. ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʤʦʜʝʣʠʪʝ 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʤʦʜʝʣʠʪʝ ʝ ʠʟʧʦʣʟʚʘʥʘ ʧʣʘʪʬʦʨʤʘʪʘ .NET Framework ʠ 

ʝʟʠʢʲʪ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ C#, ʢʦʡʪʦ ʝ ʩʧʝʮʠʘʣʥʦ ʧʨʦʝʢʪʠʨʘʥ ʟʘ ʪʘʟʠ ʧʣʘʪʬʦʨʤʘ.  

 

ʉʦʬʪʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʩʲʜʲʨʞʘ 2217 ʨʝʜʘ ʧʲʨʚʠʯʝʥ ʢʦʜ. 
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ʈʘʟʣʠʯʥʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʩʠʩʪʝʤʘʪʘ ʩʘ ʨʝʘʣʠʟʠʨʘʥʠ ʠ ʢʘʪʦ ʦʪʜʝʣʥʠ ʤʦʜʫʣʠ ʥʘ 

C++ ʠ ʚ ʧʨʦʛʨʘʤʥʘʪʘ ʩʨʝʜʘ MatLab, ʢʘʪʦ ʪʝʟʠ ʜʦʧʲʣʥʠʪʝʣʥʠ ʩʦʨʩʦʚʝ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ 

ʪʝʩʪʦʚʝʪʝ ʟʘ ʢʦʨʝʢʪʥʦʩʪ ʥʘ ʨʘʙʦʪʘ ʥʘ ʩʦʬʪʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʬʠʥʘʥʩʦʚʠ 

ʘʢʪʠʚʠ FSSAM. 

4.5.1. ʆʙʨʘʙʦʪʚʘʥʝ ʥʘ ʜʘʥʥʠʪʝ 

ʇʨʠʣʦʞʝʥʠʝʪʦ, ʩ ʢʦʝʪʦ ʩʝ ʩʲʙʠʨʘʪ, ʩʲʭʨʘʥʷʚʘʪ ʠ ʦʙʨʘʙʦʪʚʘʪ ʧʲʨʚʦʥʘʯʘʣʥʦ 

ʜʘʥʥʠʪʝ ʝ ʠʟʛʨʘʜʝʥʦ ʦʪ ʪʨʠ ʩʣʦʷ (ʬʠʛ. 4.4.). ʇʲʨʚʠʷʪ ʩʣʦʡ ʝ ʙʘʟʘ ʦʪ ʜʘʥʥʠ, ʚʪʦʨʠʷʪ ʩʣʦʡ 

ʩʲʜʲʨʞʘ ʤʝʪʦʜʠ ʟʘ ʨʘʙʦʪʘ ʩ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ ʠ ʪʨʝʪʠʷʪ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʚʘ ʙʠʟʥʝʩ ʣʦʛʠʢʘ. 
[8] 

 

 
 

ʌʠʛʫʨʘ 4.4. ʊʨʠʩʣʦʝʥ ʤʦʜʝʣ ʥʘ ʤʦʜʫʣ ʉʲʙʠʨʘʥʝ ʠ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʜʘʥʥʠ.  

 

4.5.2. ɹʘʟʘ ʦʪ ʜʘʥʥʠ 

ɹʘʟʘʪʘ ʦʪ ʜʘʥʥʠ ʝ ʨʝʣʘʮʠʦʥʥʘ ʠ ʩʲʜʲʨʞʘ 4 ʪʘʙʣʠʮʠ: Equity, EquityData, 

equityportfolio ʠ portfolio (ʬʠʛ. 4.5). 

 

ʊʘʙʣʠʮʘ equity 

ɸʪʨʠʙʫʪʲʪ EquityId ʝ ʦʪ ʪʠʧ int ʠ ʝ ʫʥʠʢʘʣʝʥ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘ ʚʩʝʢʠ ʘʢʪʠʚ. 

EquityId ʝ ʧʲʨʚʠʯʝʥ ʢʣʶʯ ʥʘ ʪʘʙʣʠʮʘʪʘ. ɸʪʨʠʙʫʪʲʪ Code e ʦʪ ʪʠʧ varchar ʠ ʚ ʥʝʛʦ ʩʝ 

ʩʲʭʨʘʥʷʚʘ ʢʦʜʲʪ ʥʘ ʘʢʪʠʚʘ. Code ʝ ʫʥʠʢʘʣʝʥ, ʪ.ʝ ʥʝ ʤʦʞʝ ʜʘ ʠʤʘ ʜʚʘ ʝʜʥʘʢʚʠ ʢʦʜʘ ʚ 

ʪʘʙʣʠʮʘʪʘ. ɸʪʨʠʙʫʪʲʪ AddDate ʝ ʦʪ ʪʠʧ datetime ʚ ʥʝʛʦ ʩʝ ʩʲʭʨʘʥʷʚʘ ʜʘʪʘʪʘ, ʥʘ ʢʦʷʪʦ ʝ 

ʜʦʙʘʚʝʥ ʩʲʦʪʚʝʪʥʠʷʪ ʘʢʪʠʚ. ɸʪʨʠʙʫʪʲʪ Return ʝ ʦʪ ʪʠʧ double ʠ ʩʲʭʨʘʥʷʚʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ ʜʘʜʝʥʠʷ ʘʢʪʠʚ. ɸʪʨʠʙʫʪʲʪ Risk ʝ ʦʪ ʪʠʧ double ʠ ʩʲʭʨʘʥʷʚʘ ʨʠʩʢʘ ʟʘ 

ʜʘʜʝʥʠʷ ʘʢʪʠʚ. ɸʪʨʠʙʫʪʲʪ AnualReturn ʝ ʦʪ ʪʠʧ double ʠ ʩʲʭʨʘʥʷʚʘ ʛʦʜʠʰʥʘʪʘ ʥʦʨʤʘ ʥʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪ. ɸʪʨʠʙʫʪʲʪ QEquity ʝ ʦʪ ʪʠʧ double ʠ ʩʲʭʨʘʥʷʚʘ Q-ʤʷʨʢʘʪʘ ʟʘ ʜʘʜʝʥʠʷ 

ʘʢʪʠʚ. ɸʪʨʠʙʫʪʲʪ QMeasure ʝ ʦʪ ʪʠʧ double ʩʲʭʨʘʥʷʚʘ ʦʪʥʦʰʝʥʠʝʪʦ ʚʲʟʚʨʘʱʘʝʤʦʩʪ-
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ʨʠʩʢ ʟʘ ʜʘʜʝʥʠʷ ʘʢʪʠʚ. ʇʦʩʣʝʜʥʠʪʝ ʧʝʪ ʘʪʨʠʙʫʪʘ ʩʝ ʟʘʧʠʩʚʘʪ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ ʩʣʝʜ 

ʧʨʝʩʤʷʪʘʥʝʪʦ ʠʤ.  

 

ʊʘʙʣʠʮʘ equitydata 

ɸʪʨʠʙʫʪʲʪ EquityDataId ʝ ʦʪ ʪʠʧ int ʠ ʝ ʧʲʨʚʠʯʝʥ ʢʣʶʯ ʟʘ ʪʘʙʣʠʮʘʪʘ. ɸʪʨʠʙʫʪʲʪ 

Date ʝ ʦʪ ʪʠʧ datetime ʠ ʚ ʥʝʛʦ ʩʝ ʩʲʭʨʘʥʷʚʘ ʜʘʪʘ. ɸʪʨʠʙʫʪʲʪ EquityId ʝ ʦʪ ʪʠʧ int ʠ ʝ 

ʚʲʥʰʝʥ ʢʣʶʯ ʟʘ ʪʘʙʣʠʮʘʪʘ. ɸʪʨʠʙʫʪʲʪ Volume ʝ ʦʪ ʪʠʧ int ʚ ʥʝʛʦ ʩʝ ʧʘʟʠ ʢʦʣʠʯʝʩʪʚʦʪʦ 

ʪʲʨʛʫʚʘʥʠ ʘʢʪʠʚʠ. ɸʪʨʠʙʫʪʲʪ EquityId e ʦʪ ʪʠʧ double ʠ ʚ ʥʝʛʦ ʩʝ ʧʘʟʠ ʧʦʩʣʝʜʥʘʪʘ ʮʝʥʘ 

ʩʣʝʜ ʟʘʪʚʘʨʷʥʝ ʥʘ ʬʦʥʜʦʚʘʪʘ ʙʦʨʩʘ ʟʘ ʜʘʜʝʥʠʷ ʘʢʪʠʚ. ɸʪʨʠʙʫʪʲʪ Ln ʝ ʦʪ ʪʠʧ double ʠ ʚ 

ʥʝʛʦ ʩʝ ʩʲʭʨʘʥʷʚʘ ʠʟʯʠʩʣʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʟʘ ʣʦʛʘʨʠʪʲʤʘ ʟʘ ʘʢʪʠʚʘ. ɼʚʦʡʢʘʪʘ ʘʪʨʠʙʫʪʠ 

EquityDataId ʠ Date ʩʘ ʫʥʠʢʘʣʥʠ ʟʘ ʪʘʙʣʠʮʘʪʘ, ʪ.ʝ ʟʘ ʝʜʥʘ ʠ ʩʲʱʘ ʜʘʪʘ ʥʝ ʤʦʞʝ ʜʘ ʠʤʘ 

ʧʦʚʝʯʝ ʦʪ ʝʜʠʥ ʟʘʧʠʩ ʟʘ ʜʘʜʝʥʠʷ ʘʢʪʠʚ. 

 

 
 

ʌʠʛʫʨʘ 4.5. ʊʘʙʣʠʮʠ ʥʘ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ. 

 

ʊʘʙʣʠʮʘ equityportfolio 

ɸʪʨʠʙʫʪʲʪ EquityPortfolioId ʝ ʦʪ ʪʠʧ int ʠ ʝ ʧʲʨʚʠʯʝʥ ʢʣʶʯ ʚ ʪʘʙʣʠʮʘʪʘ. 

ɸʪʨʠʙʫʪʲʪ EquityId ʝ ʦʪ ʪʠʧ int ʠ ʝ ʚʲʥʰʝʥ ʢʣʶʯ ʟʘ ʪʘʙʣʠʮʘʪʘ. PortfolioId ʝ ʦʪ ʪʠʧ int, 

ʟʘʱʦʪʦ ʝ ʫʥʠʢʘʣʝʥ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘ ʧʦʨʪʬʝʡʣ. ɸʪʨʠʙʫʪʲʪ Count ʝ ʦʪ ʪʠʧ int ʠ ʩʲʜʲʨʞʘ 

ʙʨʦʷ ʘʢʮʠʠ ʫʯʘʩʪʚʘʱʠ ʚ ʜʘʜʝʥʠʷ ʧʦʨʪʬʝʡʣ. 

 

ʊʘʙʣʠʮʘ portfolio 

ɸʪʨʠʙʫʪʲʪ PortfolioId ʝ ʦʪ ʪʠʧ int ʠ ʝ ʧʲʨʚʠʯʝʥ ʢʣʶʯ ʚ ʪʘʙʣʠʮʘʪʘ. ɸʪʨʠʙʫʪʲʪ 

Date  ʝ ʦʪ ʪʠʧ date ʠ ʚ ʥʝʛʦ ʩʝ ʩʲʭʨʘʥʷʚʘ ʜʘʪʘʪʘ, ʥʘ ʢʦʷʪʦ ʝ ʜʦʙʘʚʝʥ ʧʦʨʪʬʝʡʣʘ. 

ɸʪʨʠʙʫʪʲʪ Return ʝ ʦʪ ʪʠʧ double ʠ ʚ ʥʝʛʦ ʩʝ ʩʲʭʨʘʥʷʚʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʟʘ ʜʘʜʝʥʠʷ 

ʧʦʨʪʬʝʡʣ.  ɸʪʨʠʙʫʪʲʪ Risk ʝ ʦʪ ʪʠʧ double ʠ ʚ ʥʝʛʦ ʩʝ ʩʲʭʨʘʥʷʚʘ ʨʠʩʢʘ ʟʘ ʜʘʜʝʥʠʷ 

ʧʦʨʪʬʝʡʣ. ɸʪʨʠʙʫʪʲʪ QMeasure ʝ ʦʪ ʪʠʧ double ʠ ʚ ʥʝʛʦ ʩʝ ʩʲʭʨʘʥʷʚʘ Q-ʤʷʨʢʘʪʘ ʟʘ 

ʜʘʜʝʥʠʷ ʧʦʨʪʬʝʡʣ. ɸʪʨʠʙʫʪʲʪ Capital ʝ ʦʪ ʪʠʧ double ʠ ʚ ʥʝʛʦ ʩʝ ʩʲʭʨʘʥʷʚʘ ʢʘʧʠʪʘʣʲʪ, 

ʦʧʨʝʜʝʣʝʥ ʟʘ ʧʦʨʪʬʝʡʣʘ. ɸʪʨʠʙʫʪʲʪ UsedCapital ʝ ʦʪ ʪʠʧ double ʠ ʚ ʥʝʛʦ ʩʝ ʩʲʭʨʘʥʷʚʘ 

ʩʪʦʡʥʦʩʪʪʘ ʟʘ ʠʟʨʘʟʭʦʜʚʘʥʠʷ ʢʘʧʠʪʘʣ ʟʘ ʜʘʜʝʥ ʧʦʨʪʬʝʡʣ.  
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4.5.3. ʄʝʪʦʜʠ ʟʘ ʜʦʩʪʲʧ ʜʦ ʙʘʟʘ ʦʪ ʜʘʥʥʠ 

ʄʝʪʦʜʠʪʝ ʟʘ ʜʦʩʪʲʧ ʜʦ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ ʩʘ ʨʝʘʣʠʟʠʨʘʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʪʝʭʥʦʣʦʛʠʷʪʘ ADO.NET Entity Framework. Entity Framework ʝ ʙʘʟʠʨʘʥ ʥʘ ʪʝʭʥʦʣʦʛʠʷʪʘ 

ORM (Object-relational mapping) ʠ ʧʨʝʜʦʩʪʘʚʷ ʣʝʩʝʥ ʥʘʯʠʥ ʟʘ ʨʘʙʦʪʘ ʩ ʨʝʣʘʮʠʦʥʥʠ ʙʘʟʠ 

ʦʪ ʜʘʥʥʠ. ʀʥʪʝʛʨʠʨʘʥ ʝ ʚ .Nɽʊ ʧʣʘʪʬʦʨʤʘʪʘ 4.0. Entity Framework ʩʲʧʦʩʪʘʚʷ ʪʘʙʣʠʮʠʪʝ 

ʦʪ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ ʩʲʩ C# ʢʣʘʩʦʚʝ, ʪ.ʝ. ʟʘ ʚʩʷʢʘ ʝʜʥʘ ʪʘʙʣʠʮʘ ʥʘ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ Entity 

Framework ʩʲʟʜʘʚʘ ʢʣʘʩ ʩ ʧʦʣʝʪʘ ʠ ʩʚʦʡʩʪʚʘ ʦʪʛʦʚʘʨʷʱʠ ʥʘ ʘʪʨʠʙʫʪʠʪʝ ʦʪ ʚʩʷʢʘ ʝʜʥʘ 

ʪʘʙʣʠʮʘʪʘ (ʬʠʛ. 4.6).  

 
 

ʌʠʛʫʨʘ 4.6. ʉʲʧʦʩʪʘʚʷʥʝ ʥʘ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ ʩ Entity Framework. 

 

 

ʈʝʣʘʮʠʠʪʝ ʤʝʞʜʫ ʪʘʙʣʠʮʠʪʝ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʢʘʪʦ ʩʚʦʡʩʪʚʘ. ʂʣʘʩʲʪ, ʢʦʡʪʦ ʝ 

ʨʝʘʣʠʟʠʨʘʥ ʦʪ Entity Framework ʝ ʩ ʠʤʝ StockExchangeModel.Designer ʠ ʩʝ ʛʝʥʝʨʠʨʘ 

ʘʚʪʦʤʘʪʠʯʥʦ. ʅʝʛʦʚʠʪʝ ʤʝʪʦʜʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʢʣʘʩʘ StockExchangeDAL. ʂʣʘʩʦʚʝʪʝ 

StockExchangeModel.Designer ʠ StockExchangeDAL ʨʝʘʣʠʟʠʨʘʪ ʚʪʦʨʠʷ ʩʣʦʡ ʦʪ 

ʧʨʠʣʦʞʝʥʠʝʪʦ. [8] 

 

 

4.5.4. ɹʠʟʥʝʩ ʣʦʛʠʢʘ  

ɹʠʟʥʝʩ ʣʦʛʠʢʘʪʘ ʝ ʠʟʛʨʘʜʝʥʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʣʘʩʦʚʝʪʝ, ʦʧʠʩʘʥʠ ʧʦ-ʜʦʣʫ. 

ʇʲʣʥʘʪʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʢʣʘʩʦʚʝʪʝ ʝ ʧʦʢʘʟʘʥʘ ʚ ʧʨʠʣʦʞʝʥʠʝʪʦ. 
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HttpParameter 

ʂʣʘʩʲʪ HttpParameter ʠʤʘ ʧʦʣʝʪʘ ʩ ʤʦʜʠʬʠʢʘʪʦʨ ʟʘ ʜʦʩʪʲʧ private. ʇʦʣʝʪʘʪʘ 

ʠʤʘʪ ʩʚʦʡʩʪʚʘ, ʢʦʠʪʦ ʧʦʟʚʦʣʷʚʘʪ ʢʘʢʪʦ ʧʨʦʤʷʥʘʪʘ ʥʘ ʪʷʭʥʘʪʘ ʩʪʦʡʥʦʩʪ, ʪʘʢʘ ʠ ʪʷʭʥʦʪʦ 

ʠʟʚʣʠʯʘʥʝ. ʈʝʘʣʠʟʠʨʘʥ ʝ ʠ ʢʦʥʩʪʨʫʢʪʦʨ, ʢʦʡʪʦ ʩʲʟʜʘʚʘ ʦʙʝʢʪʠ ʦʪ ʢʣʘʩʘ, ʠʟʧʦʣʟʚʘʡʢʠ 

ʧʦʜʘʜʝʥʠʪʝ ʤʫ ʧʘʨʘʤʝʪʨʠ. ʊʦʡ ʧʨʠʝʤʘ ʜʚʘ ʧʘʨʘʤʝʪʲʨʘ - ʧʦ ʝʜʠʥ ʟʘ ʚʩʷʢʦ ʦʪ ʧʦʣʝʪʘʪʘ ʥʘ 

ʢʣʘʩʘ. ʇʘʨʘʤʝʪʨʠʪʝ ʧʨʠ post ʠ get ʤʝʪʦʜ ʟʘ ʟʘʷʚʢʘ ʢʲʤ ʩʲʨʚʲʨa ʩʝ ʧʦʜʘʚʘʪ ʧʦ ʩʣʝʜʥʠʷ 

ʥʘʯʠʥ: 

 

http://www.bse-sofia.bg/?page=SessionResults&month=6;day=3;&year=2012. 

 

ʇʲʨʚʠʷʪ ʧʘʨʘʤʝʪʲʨ key ( ʧʨ. page, month) ʟʘʜʘʚʘ ʢʣʶʯʘ ʚ ʜʚʦʡʢʘʪʘ ʢʣʶʯ-

ʩʪʦʡʥʦʩʪ, ʘ ʚʪʦʨʠʷʪ value  (ʧʨ. SessionResults, 6) - ʩʪʦʡʥʦʩʪʪʘ. 

HttpPostRequest 

ʂʣʘʩʲʪ HttpPostRequest ʩʣʫʞʠ ʟʘ ʦʪʧʨʘʚʷʥʝ ʥʘ post ʟʘʷʚʢʠ ʢʲʤ ʜʘʜʝʥ ʩʲʨʚʲʨ. 

ʇʦʣʝʪʦ request ʝ ʦʙʝʢʪ ʦʪ ʪʠʧ HttpWebRequest. ʏʨʝʟ ʤʝʪʦʜʠʪʝ ʥʘ ʢʣʘʩʘ 

HttpWebRequest ʩʝ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʦʪʧʨʘʚʷʥʝ ʥʘ ʟʘʷʚʢʘ ʢʲʤ ʩʲʨʚʲʨʘ, ʢʘʪʦ ʦʙʝʢʪʠʪʝ 

ʦʪ ʪʦʟʠ ʢʣʘʩ ʩʲʜʲʨʞʘʪ url ʘʜʨʝʩʘ ʥʘ ʩʪʨʘʥʠʮʘʪʘ, ʤʝʪʦʜʘ ʟʘ ʦʪʧʨʘʚʷʥʝ ʥʘ ʟʘʷʚʢʘ ʠ ʜʨʫʛʠ. 

ɺʪʦʨʦʪʦ ʧʦʣʝ ʝ ʦʪ ʪʠʧ ʤʘʩʠʚ ʦʪ HttpParameter. 

ʂʦʥʩʪʨʫʢʪʦʨʲʪ ʥʘ ʢʣʘʩa ʧʨʠʝʤʘ ʢʘʪʦ ʧʘʨʘʤʝʪʨʠ string ʠ ʤʘʩʠʚ ʦʪ params 

HttpParameter. ʂʣʶʯʦʚʘʪʘ ʜʫʤʘ params ʦʟʥʘʯʘʚʘ, ʯʝ ʢʦʥʩʪʨʫʢʪʦʨʲʪ ʤʦʞʝ ʜʘ ʧʨʠʝʤʘ 

ʧʨʦʤʝʥʣʠʚ ʙʨʦʡ ʘʨʛʫʤʝʥʪʠ ʦʪ ʪʠʧ HttpParameter[]. 

ʄʝʪʦʜʲʪ AddParametersToUrl() ʜʦʙʘʚʷ ʧʘʨʘʤʝʪʨʠʪʝ ʢʲʤ url ʘʜʨʝʩʘ. ʏʨʝʟ 

ʧʘʨʘʤʝʪʨʠʪʝ ʩʝ ʟʘʷʚʷʚʘ ʢʦʥʢʨʝʪʝʥ ʨʝʩʫʨʩ. 

GetResponse() ʝ ʤʝʪʦʜ, ʢʦʡʪʦ ʢʘʪʦ ʨʝʟʫʣʪʘʪ ʩʲʭʨʘʥʷʚʘ ʦʪʛʦʚʦʨʘ, ʚʲʨʥʘʪ ʦʪ 

ʩʲʨʚʲʨʘ. ɺʨʲʱʘʥʠʷʪ ʨʝʟʫʣʪʘʪ ʝ ʦʪ ʪʠʧ string. 
    public class HttpPostRequest 

 

HttpGetRequest 

ʂʣʘʩʲʪ HttpGetRequest ʩʣʫʞʠ ʟʘ ʦʪʧʨʘʚʷʥʝ ʥʘ get ʟʘʷʚʢʠ ʢʲʤ ʜʘʜʝʥ ʩʲʨʚʲʨ. 

ʇʦʣʝʪʘʪʘ ʥʘ ʢʣʘʩʘ ʩʘ ʩ ʤʦʜʠʬʠʢʘʪʦʨ ʟʘ ʜʦʩʪʲʧ private. ʇʦʣʝʪʦ request ʝ ʦʙʝʢʪ ʦʪ ʪʠʧ 

HttpWebRequest. ʏʨʝʟ ʤʝʪʦʜʠʪʝ ʥʘ ʢʣʘʩʘ HttpWebRequest ʩʝ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 

ʦʪʧʨʘʚʷʥʝ ʥʘ ʟʘʷʚʢʘ ʢʲʤ ʩʲʨʚʲʨʘ. ɺʪʦʨʦʪʦ ʧʦʣʝ parameters ʝ ʤʘʩʠʚ ʦʪ ʦʙʝʢʪʠ ʥʘ ʢʣʘʩʘ 

HttpParameter. ʊʨʝʪʦʪʦ ʧʦʣʝ url ʝ ʦʪ ʪʠʧ string. ɺ ʥʝʛʦ ʩʝ ʩʲʭʨʘʥʷʚʘ url ʘʜʨʝʩʘ ʥʘ ʫʝʙ 

ʩʲʨʚʲʨ. 

ʂʦʥʩʪʨʫʢʪʦʨʲʪ ʥʘ ʢʣʘʩʘ ʧʨʠʝʤʘ ʢʘʪʦ ʧʘʨʘʤʝʪʨʠ string ʠ ʤʘʩʠʚ ʦʪ params 

HttpParameter.  

ʄʝʪʦʜʲʪ AddParametersToUrl() ʜʦʙʘʚʷ ʧʘʨʘʤʝʪʨʠʪʝ ʢʲʤ url ʘʜʨʝʩʘ. ʏʨʝʟ 

ʧʘʨʘʤʝʪʨʠʪʝ ʩʝ ʟʘʷʚʷʚʘ ʢʦʥʢʨʝʪʝʥ ʨʝʩʫʨʩ. 

GetResponse() ʝ ʤʝʪʦʜ, ʢʦʡʪʦ ʢʘʪʦ ʨʝʟʫʣʪʘʪ ʩʲʭʨʘʥʷʚʘ ʦʪʛʦʚʦʨʘ ʚʲʨʥʘʪ ʦʪ 

ʩʲʨʚʲʨʘ. ɺʨʲʱʘʥʠʷʪ ʨʝʟʫʣʪʘʪ ʝ ʦʪ ʪʠʧ string. 

 

IHttpRequest 

IHttpRequest ʧʨʝʜʩʪʘʚʣʷʚʘ ʠʥʪʝʨʬʝʡʩ. ɺ C# ʝʜʠʥ ʠʥʪʝʨʬʝʡʩ ʜʝʬʠʥʠʨʘ ʢʘʢʚʦ 

ʧʦʚʝʜʝʥʠʝ ʪʨʷʙʚʘ ʜʘ ʠʤʘ ʝʜʠʥ ʦʙʝʢʪ, ʙʝʟ ʜʘ ʫʢʘʟʚʘ ʢʘʢ ʪʦʯʥʦ ʩʝ ʨʝʘʣʠʟʠʨʘ ʪʦʚʘ 

ʧʦʚʝʜʝʥʠʝ. ɺ ʨʝʘʣʠʟʠʨʘʥʠʷ ʠʥʪʝʨʬʝʡʩ ʤʝʪʦʜʲʪ GetResponse() ʫʢʘʟʚʘ ʪʠʧʘ ʥʘ ʚʨʲʱʘʥʘʪʘ 

ʩʪʦʡʥʦʩʪ. ʅʝʛʦʚʠʪʝ ʥʘʩʣʝʜʥʠʮʠ ʛʝʥʝʨʠʨʘʪ ʪʷʣʦʪʦ ʠ ʛʦ ʠʟʧʦʣʟʚʘʪ ʟʘ ʪʝʭʥʠʪʝ ʥʫʞʜʠ ( ʧʨ. 

ʢʣʘʩʦʚʝʪʝ HttpRequest, HttpPostRequest). 

 

http://www.bse-sofia.bg/?page=SessionResults&month=6;day=3;&year=2012
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Requester 

ɼʝʬʠʥʠʨʘʥʠ ʩʘ ʩʪʘʪʠʯʥʠʪʝ ʧʦʣʝʪʘ pageUrl, chartUrl ʠ pageParam. ʊʝʭʥʠʷʪ 

ʤʦʜʠʬʠʢʘʪʦʨ ʟʘ ʜʦʩʪʲʧ ʝ private. ʊʝ ʩʘ ʩʪʘʪʠʯʥʠ, ʟʘʱʦʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʘʤʦ ʦʪ ʤʝʪʦʜʠʪʝ 

ʥʘ ʢʣʘʩʘ. ʇʦʥʝʞʝ ʤʝʪʦʜʠʪʝ ʥʝ ʩʘ ʘʩʦʮʠʠʨʘʥʠ ʩ ʦʙʝʢʪ, ʪʝ ʩʲʱʦ ʩʘ ʩʪʘʪʠʯʥʠ. ʇʦʣʝʪʦ 

pageUrl ʝ ʠʥʠʮʠʘʣʠʟʠʨʘʥʦ ʩ url ʘʜʨʝʩʘ ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ ʬʦʥʜʦʚʘ ʙʦʨʩʘ. ʇʦʥʝʞʝ url ʝ 

ʧʨʦʩʪʦ ʩʠʤʚʦʣʝʥ ʥʠʟ, ʪʦ ʧʦʣʝʪʦ ʝ ʦʪ ʪʠʧ string. ʇʦʣʝʪʦ chartUrl  ʝ ʠʥʠʮʠʘʣʠʟʠʨʘʥʦ ʩ 

ʨʘʟʣʠʯʝʥ url ʘʜʨʝʩ ʥʘ ʬʦʥʜʦʚʘʪʘ ʙʦʨʩʘ ʠ ʪʦ ʩʲʱʦ ʝ ʦʪ ʪʠʧ string. ʇʦʣʝʪʦ pageParam 

ʩʲʜʲʨʞʘ ʧʘʨʘʤʝʪʲʨ, ʢʦʡʪʦ ʩʝ ʜʦʙʘʚʷ ʧʨʠ ʦʪʧʨʘʚʷʥʝ ʥʘ ʟʘʷʚʢʘ ʢʲʤ ʫʝʙ ʩʲʨʚʲʨʘ ʥʘ 

ɹʲʣʛʘʨʩʢʘʪʘ ʬʦʥʜʦʚʘ ʙʦʨʩʘ. 

ʄʝʪʦʜʲʪ BSEPageRequest() ʦʪʧʨʘʚʷ ʟʘʷʚʢʘ ʢʲʤ ʫʝʙ ʩʲʨʚʲʨʘ ʥʘ ʙʦʨʩʘʪʘ. ʊʦʡ 

ʧʦʣʟʚʘ get ʤʝʪʦʜ ʧʨʠ ʦʪʧʨʘʚʷʥʝ ʥʘ ʟʘʷʚʢʘʪʘ. ɺʨʲʱʘʥʠʷʪ ʨʝʟʫʣʪʘʪ ʝ ʦʪ ʪʠʧ string. 

ʄʝʪʦʜʲʪ BSEPageRequest(DateTime date) ʩʲʱʦ ʦʪʧʨʘʚʷ ʟʘʷʚʢʘ ʢʲʤ ʫʝʙ ʩʲʨʚʲʨʘ 

ʥʘ ʙʦʨʩʘʪʘ. ʊʦʡ ʧʦʣʟʚʘ post ʤʝʪʦʜ ʧʨʠ ʦʪʧʨʘʚʷʥʝ ʥʘ ʟʘʷʚʢʘʪʘ. ʊʘʟʠ ʬʫʥʢʮʠʷ ʧʨʠʝʤʘ 

ʧʘʨʘʤʝʪʲʨ ʦʪ ʪʠʧ DataTime. ɺʨʲʱʘʥʠʷʪ ʨʝʟʫʣʪʘʪ ʝ ʦʪ ʪʠʧ string. 

ʄʝʪʦʜʲʪ BSEChartRequest(string code) ʧʨʠʝʤʘ ʧʘʨʘʤʝʪʲʨ ʦʪ ʪʠʧ string. 

ɺʨʲʱʘʥʠʷʪ ʨʝʟʫʣʪʘʪ ʝ ʦʪ ʪʠʧ string. 

 

Parser 

ʏʨʝʟ ʢʣʘʩʘ Parser ʩʝ ʠʟʚʲʨʰʚʘ ʧʨʝʪʲʨʩʚʘʥʝʪʦ ʥʘ ʩʪʨʘʥʠʮʠʪʝ. ɺ ʥʝʛʦ ʠʤʘ 

ʨʝʘʣʠʟʠʨʘʥʠ ʜʚʘ ʤʝʪʦʜʘ. 

ʄʝʪʦʜʲʪ ICollection<EquityModel> BSEPageParse(string bsePageHtmlCode), 

ʧʨʠʝʤʘ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ ʥʠʟʘ bsePageHtmlCode. ʉ ʧʦʤʦʱʪʘ ʥʘ ʨʝʛʫʣʷʨʝʥ ʠʟʨʘʟ ʤʝʪʦʜʲʪ 

ʧʨʝʪʲʨʩʚʘ ʧʦʜʘʜʝʥʠʷ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ bsePageHtmlCode ʠ ʪʲʨʩʠ ʩʲʚʧʘʜʝʥʠʝ ʧʦ ʰʘʙʣʦʥ ʠ 

ʥʘʤʠʨʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʘʢʪʠʚʠʪʝ. ʄʝʪʦʜʲʪ ʚʨʲʱʘ ʩʧʠʩʲʢ ʦʪ ʦʙʝʢʪʠ ʦʪ ʪʠʧ 

EquityModel. 

ɺʪʦʨʠʷʪ ʤʝʪʦʜ ICollection<EquityModel> BSEChartParse(string bseChartData, 

string code) ʧʨʠʝʤʘ ʜʚʘ ʧʘʨʘʤʝʪʲʨʘ ʦʪ ʪʠʧ string. ʆʪ ʧʦʜʘʜʝʥʠʷ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ 

bseChartData, ʤʝʪʦʜʲʪ ʠʟʚʣʠʯʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʟʘ ʜʘʜʝʥʠʷ ʘʢʪʠʚ. ʊʠʧʲʪ ʥʘ ʚʨʲʱʘʥʘʪʘ 

ʩʪʦʡʥʦʩʪ ʝ ʩʧʠʩʲʢ ʦʪ ʦʙʝʢʪʠ ʦʪ ʪʠʧ EquityModel. 

 

Filler   

ɺ ʢʣʘʩʘ Filler  ʩʘ ʨʝʘʣʠʟʠʨʘʥʠ ʪʨʠ ʤʝʪʦʜʘ. ʇʲʨʚʠʷʪ ʤʝʪʦʜ  CheckEquity 

(List<EquityModel> equityList) ʧʨʠʝʤʘ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ ʩʧʠʩʲʢ ʦʪ ʪʠʧ EquityModel. ɿʘ 

ʚʩʝʢʠ ʦʪ ʘʢʪʠʚʠʪʝ ʚ ʩʧʠʩʲʢʘ, ʧʦʜʘʜʝʥ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ, ʤʝʪʦʜʲʪ ʧʨʦʚʝʨʷʚʘ ʜʘʣʠ ʪʘʢʲʚ 

ʘʢʪʠʚ ʩʲʱʝʩʪʚʫʚʘ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ. ɸʢʦ ʥʝ ʩʲʱʝʩʪʚʫʚʘ, ʠʟʚʣʠʯʘ ʜʘʥʥʠʪʝ ʟʘ ʝʜʥʘ 

ʛʦʜʠʥʘ ʥʘʟʘʜ ʟʘ ʜʘʜʝʥʠʷ ʘʢʪʠʚ ʯʨʝʟ ʤʝʪʦʜʘ FillMissingEquities. ʂʦʛʘʪʦ ʤʝʪʦʜʲʪ 

FillMissingEquities ʝ ʧʨʠʢʣʶʯʠʣ, ʠʟʚʣʠʯʘ ʜʘʥʥʠʪʝ ʟʘ ʜʝʥʷ ʟʘ ʜʘʜʝʥʠʷ ʘʢʪʠʚ. ʉʣʝʜ ʢʘʪʦ 

ʚʩʠʯʢʦ ʝ ʧʦʧʲʣʥʝʥʦ ʩʝ ʧʨʝʩʤʷʪʘʪ ʣʦʛʘʨʠʪʤʠʪʝ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʤʝʪʦʜ ʥʘ ʢʣʘʩ 

Calculator. 

ʄʝʪʦʜʲʪ FillMissingEquities(List<EquityModel> equities) ʧʨʠʝʤʘ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ 

ʩʧʠʩʲʢ ʦʪ EquityModel. ʄʝʪʦʜʲʪ ʧʦʧʲʣʚʘ ʜʘʥʥʠʪʝ ʟʘ ʣʠʧʩʚʘʱʠʪʝ ʘʢʪʠʚʠ ʦʪ ʩʧʠʩʲʢʘ, 

ʢʘʪʦ ʟʘʧʠʩʚʘ ʠ ʜʘʪʘʪʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʷʪ ʤʦʜʝʣ ʥʝ ʜʦʧʫʩʢʘ ʣʠʧʩʚʘʱʠ ʜʘʪʠ. 

ʂʦʛʘʪʦ ʥʷʤʘ ʜʘʥʥʠ ʟʘ ʜʘʜʝʥ ʘʢʪʠʚ, ʤʝʪʦʜʲʪ CopyEquityDatas(List<EquityModel>  

equities) ʢʦʧʠʨʘ ʜʘʥʥʠʪʝ ʟʘ ʘʢʪʠʚʘ ʦʪ ʧʨʝʜʭʦʜʥʠʷ ʜʝʥ. ɿʘʧʘʟʚʘ ʜʘʥʥʠʪʝ ʚ ʙʘʟʘʪʘ ʦʪ 

ʜʘʥʥʠ, ʢʘʪʦ ʠʟʧʦʣʟʚʘ ʤʝʪʦʜ ʥʘ ʢʣʘʩʘ StockExchangeDAL. ʊʦʡ ʧʨʠʝʤʘ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ 

ʩʧʠʩʲʢ ʦʪ EquityModel. 
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Calculator  

ɺ ʢʣʘʩʘ Calculator ʩʘ ʨʝʘʣʠʟʠʨʘʥʠ ʜʚʘ ʤʝʪʦʜʘ.  

ʄʝʪʦʜʲʪ LnDate(List<EquityModel> equities, string code) ʧʨʠʝʤʘ ʜʚʘ 

ʧʘʨʘʤʝʪʲʨʘ. ʇʲʨʚʠʷʪ ʧʘʨʘʤʝʪʲʨ ʝ ʦʪ ʪʠʧ ʩʧʠʩʲʢ ʦʪ EquityModel, ʚʪʦʨʠʷʪ - ʦʪ ʪʠʧ string. 

ʄʝʪʦʜʲʪ ʧʨʝʩʤʷʪʘ ʣʦʛʘʨʠʪʲʤʘ ʟʘ ʚʩʝʢʠ ʝʜʠʥ ʘʢʪʠʚ ʦʪ ʩʧʠʩʲʢʘ. 

ʄʝʪʦʜʲʪ CalcEvaluation() ʧʨʝʩʤʷʪʘ - ʨʠʩʢ, ʚʲʟʚʨʘʱʘʝʤʦʩʪ, ʛʦʜʠʰʥʘ ʥʦʨʤʘ ʥʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʠ ʦʪʥʦʰʝʥʠʝʪʦ ʚʲʟʚʨʘʱʘʝʤʦʩʪ-ʨʠʩʢ. 

 

EquityModel  

ʂʣʘʩʲʪ EquityModel  ʧʨʝʜʩʪʘʚʷ ʬʠʥʘʥʩʦʚ ʘʢʪʠʚ ʠ ʥʝʛʦʚʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ 

ʥʝʛʦ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʩʣʝʜʥʠʪʝ ʧʦʣʝʪʘ ʩ ʤʦʜʠʬʠʢʘʪʦʨ ʟʘ ʜʦʩʪʲʧ private: code, volume, last, 

date, ln. ʇʦʣʝʪʦ code ʝ ʦʪ ʪʠʧ string, ʟʘʱʦʪʦ ʚ ʥʝʛʦ ʩʝ ʩʲʜʲʨʞʘ ʢʦʜʲʪ ʥʘ ʘʢʪʠʚʘ. ʂʦʜʲʪ ʥʘ 

ʘʢʪʠʚʘ ʩʲʜʲʨʞʘ ʩʠʤʚʦʣʠ ʠ ʮʠʬʨʠ. ʇʦʣʝʪʦ volume ʝ ʦʪ ʙʘʟʦʚ ʪʠʧ int, ʟʘʱʦʪʦ ʚ ʥʝʛʦ ʩʝ 

ʩʲʜʲʨʞʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʪʲʨʛʫʚʘʥʠʪʝ ʘʢʪʠʚʠ ʟʘ ʜʘʜʝʥ ʜʝʥ. ʇʦʣʝʪʦ last ʝ ʦʪ ʪʠʧ double, 

ʟʘʱʦʪʦ ʚ ʥʝʛʦ ʩʝ ʩʲʜʲʨʞʘ ʮʝʥʘʪʘ ʥʘ ʘʢʪʠʚʘ ʩʣʝʜ ʟʘʪʚʘʨʷʥʝ ʥʘ ʙʦʨʩʘʪʘ ʠ ʪʷ ʥʝ ʝ ʮʷʣʦ 

ʯʠʩʣʦ. ʇʦʣʝʪʦ date ʝ ʦʪ ʪʠʧ DateTime, ʚ ʥʝʛʦ ʩʝ ʧʘʟʠ ʜʘʪʘʪʘ ʟʘ ʜʘʜʝʥʠʷ ʘʢʪʠʚ. ʇʦʣʝʪʦ ln 

e ʦʪ ʪʠʧ double, ʟʘʱʦʪʦ ʚ ʥʝʛʦ ʩʝ ʧʘʟʠ ʨʝʟʫʣʪʘʪʲʪ ʦʪ ʠʟʯʠʩʣʝʥʠʝʪʦ ʥʘ ʣʦʛʘʨʠʪʲʤʘ. ɺʩʷʢʦ 

ʦʪ ʧʦʣʝʪʘʪʘ ʚ ʢʣʘʩʘ ʧʨʠʪʝʞʘʚʘ ʩʚʦʡʩʪʚʘ ʟʘ ʤʦʜʠʬʠʮʠʨʘʥʝ ʠ ʠʟʚʣʠʯʘʥʝ ʥʘ ʪʝʟʠ ʧʦʣʝʪʘ. 

ʉʚʦʡʩʪʚʘʪʘ ʩʘ : Ln, Code, Volume, Last, Date. 

ʂʣʘʩʲʪ ʧʨʠʪʝʞʘʚʘ ʠ ʢʦʥʩʪʨʫʢʪʦʨ, ʢʦʡʪʦ ʩʲʟʜʘʚʘ ʦʙʝʢʪʠʪʝ ʦʪ ʜʘʜʝʥʠʷ ʢʣʘʩ. 

ʂʦʥʩʪʨʫʢʪʦʨʲʪ EquityModel() ʧʨʠʝʤʘ ʩʪʦʡʥʦʩʪʠʪʝ, ʩ ʢʦʠʪʦ ʩʝ ʠʥʠʮʠʘʣʠʟʠʨʘʪ ʧʦʣʝʪʘʪʘ. 

 

StockExchangeDAL  

ʂʣʘʩʲʪ StockExchangeDAL ʨʝʘʣʠʟʠʨʘ ʧʨʦʛʨʘʤʥʘ ʣʦʛʠʢʘ ʟʘ ʨʘʙʦʪʘ ʩ ʙʘʟʘʪʘ ʦʪ 

ʜʘʥʥʠ. ʊʦʡ ʧʨʝʜʦʩʪʘʚʷ ʤʝʪʦʜʠ ʟʘ ʠʟʚʣʠʯʘʥʝ ʠ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʜʘʥʥʠ. 

ʄʝʪʦʜʲʪ GetIdByCode(string equityCode) ʧʨʠʝʤʘ ʧʘʨʘʤʝʪʲʨ ʦʪ ʪʠʧ string, ʘ 

ʪʠʧʲʪ ʥʘ ʚʨʲʱʘʥʘʪʘ ʩʪʦʡʥʦʩʪ ʝ ʦʪ ʪʠʧ int. ʄʝʪʦʜʲʪ ʥʘʤʠʨʘ ʠʥʜʝʢʩʘ ʥʘ ʘʢʪʠʚʘ (id- ʚ 

ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ) ʧʦ ʟʘʜʘʜʝʥ ʢʦʜ ʥʘ ʘʢʪʠʚʘ. 

ʄʝʪʦʜʲʪ CreateEquity(string equityCode) ʧʨʠʝʤʘ ʧʘʨʘʤʝʪʲʨ ʦʪ ʪʠʧ string. ɼʦʙʘʚʷ 

ʥʦʚ ʟʘʧʠʩ ʟʘ ʘʢʪʠʚ, ʢʘʪʦ ʜʦʙʘʚʷ ʩʘʤʦ ʢʦʜʘ ʠ ʜʘʪʘʪʘ, ʥʘ ʢʦʷʪʦ ʝ ʜʦʙʘʚʝʥ ʥʦʚʠʷʪ ʟʘʧʠʩ. 

ʄʝʪʦʜʲʪ CreateEquity(List<EquityModel> equities) ʧʨʠʝʤʘ ʧʘʨʘʤʝʪʲʨ ʩʧʠʩʲʢ ʦʪ 

EquityModel. ʄʝʪʦʜʲʪ ʩʲʟʜʘʚʘ ʥʦʚ ʟʘʧʠʩ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ ʟʘ ʚʝʢʠ ʝʣʝʤʝʥʪ ʦʪ ʧʦʜʘʜʝʥʠʷ 

ʩʧʠʩʲʢ, ʢʘʪʦ ʜʦʙʘʚʷ ʩʘʤʦ ʢʦʜʘ ʥʘ ʘʢʪʠʚʘ ʠ ʜʘʪʘʪʘ. 

ʄʝʪʦʜʲʪ CreateEquityData(List<EquityModel> equities) ʧʨʠʝʤʘ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ 

ʩʧʠʩʲʢ ʦʪ EquityModel. ʄʝʪʦʜʲʪ ʜʦʙʘʚʷ ʚ ʪʘʙʣʠʮʘʪʘ EquityData (ʪʘʙʣʠʮʘ ʚ ʙʘʟʘʪʘ ʦʪ 

ʜʘʥʥʠ) ʜʘʥʥʠʪʝ ʟʘ ʚʩʝʢʠ ʘʢʪʠʚ ʦʪ ʩʧʠʩʲʢʘ equities. 

ʄʝʪʦʜʲʪ CreateEquityData(List<EquityModel> equities, string code) ʩʲʟʜʘʚʘ 

ʟʘʧʠʩ ʚ ʪʘʙʣʠʮʘʪʘ EquityData, ʢʘʪʦ ʩʝ ʜʦʙʘʚʷʪ ʜʘʥʥʠʪʝ ʟʘ ʘʢʪʠʚʘ ʦʪ ʩʧʠʩʲʢʲʪ equities. ɿʘ 

ʢʦʡ ʘʢʪʠʚ ʩʝ ʜʦʙʘʚʷʪ ʜʘʥʥʠʪʝ ʩʝ ʨʘʟʙʠʨʘ ʦʪ ʚʪʦʨʠʷ ʧʘʨʘʤʝʪʲʨ code, ʢʦʡʪʦ ʝ ʦʪ ʪʠʧ 

string. 

SelectYesterdayEquity(string code) e ʤʝʪʦʜ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʢʣʘʩʘ Filler. 

ʄʝʪʦʜʲʪ ʟʘ ʜʘʜʝʥ ʘʢʪʠʚ ʠʟʚʣʠʯʘ ʜʘʥʥʠʪʝ ʟʘ ʧʨʝʜʭʦʜʥʠʷ ʜʝʥ. ɸʢʪʠʚʲʪ, ʟʘ ʢʦʡʪʦ ʩʝ 

ʠʟʚʣʠʯʘʪ ʜʘʥʥʠʪʝ ʩʝ ʧʦʜʘʚʘ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ ʦʪ ʪʠʧ string. ʄʝʪʦʜʲʪ ʚʨʲʱʘ ʦʙʝʢʪ ʦʪ ʪʠʧ 

EquityModel. 

IsEquityExisting(string code) ʝ ʤʝʪʦʜ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʢʣʘʩa Filler. ʇʦ ʟʘʜʘʜʝʥ 

ʧʘʨʘʤʝʪʲʨ code ʦʪ ʪʠʧ string, ʤʝʪʦʜʲʪ ʚʨʲʱʘ ʙʫʣʝʚ ʨʝʟʫʣʪʘʪ ʜʘʣʠ ʜʘʜʝʥ ʘʢʪʠʚ 

ʩʲʱʝʩʪʚʫʚʘ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ ʠʣʠ ʥʝ. 

CopyEquityDatas(List<string> codes) ʝ ʤʝʪʦʜ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʢʣʘʩʘ Filler .  

ʄʝʪʦʜʲʪ ʧʨʠʝʤʘ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ ʩʧʠʩʲʢ ʦʪ string. ʉʧʠʩʲʢʲʪ ʩʲʜʲʨʞʘ ʢʦʜʦʚʝʪʝ ʥʘ 
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ʘʢʪʠʚʠʪʝ, ʢʦʠʪʦ ʩʘ ʪʲʨʛʫʚʘʥʠ. ʄʝʪʦʜʲʪ ʢʦʧʠʨʘ ʜʘʥʥʠʪʝ ʦʪ ʧʨʝʜʭʦʜʥʠʷ ʜʝʥ ʟʘ ʪʝʟʠ 

ʘʢʪʠʚʠ, ʢʦʠʪʦ ʥʝ ʩʘ ʚ ʩʧʠʩʲʢʘ, ʥʦ ʩʲʱʝʩʪʚʫʚʘʪ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ.  

ʄʝʪʦʜʲʪ GetEquities() ʠʟʚʣʠʯʘ ʜʘʥʥʠ ʟʘ ʘʢʪʠʚʠʪʝ ʦʪ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ. ʊʠʧʲʪ ʥʘ 

ʚʨʲʱʘʥʘʪʘ ʩʪʦʡʥʦʩʪ ʝ ʩʧʠʩʲʢ ʦʪ Equity. 

ʄʝʪʦʜʲʪ UpdateEquity(Equity e) ʧʨʠʝʤʘ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ ʦʙʝʢʪ ʦʪ ʪʠʧ Equity. 

ʄʝʪʦʜʲʪ ʘʢʪʫʘʣʠʟʠʨʘ ʟʘʧʠʩʠʪʝ ʟʘ ʘʢʪʠʚʠʪʝ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ. 

 

Program  

ʄʝʪʦʜʲʪ main ʚ ʢʣʘʩʘ Program ʨʝʘʣʠʟʠʨʘ ʧʨʦʛʨʘʤʥʘʪʘ ʣʦʛʠʢʘ ʟʘ ʠʟʚʣʠʯʘʥʝ ʠ 

ʠʟʯʠʩʣʷʚʘʥʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʘʢʪʠʚʠʪʝ ʠ ʪʷʭʥʦʪʦ ʩʲʭʨʘʥʝʥʠʝ ʚ ʩʣʝʜʥʘʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ: 

¶ ʠʥʠʮʠʘʣʠʟʠʨʘ ʩʝ ʧʨʦʤʝʥʣʠʚʘ bsePage, ʥʘ ʢʦʷʪʦ ʩʝ ʧʨʠʩʚʦʷʚʘ ʨʝʟʫʣʪʘʪʲʪ 

ʦʪ ʦʪʛʦʚʦʨʘ ʥʘ ʩʲʨʚʲʨʘ; 

¶ ʠʥʠʮʠʘʣʠʟʠʨʘ ʩʝ ʩʧʠʩʲʢ equities ʦʪ ʪʠʧ EquityModel, ʥʘ ʢʦʡʪʦ ʩʝ 

ʧʨʠʩʚʦʷʚʘ ʨʝʟʫʣʪʘʪʲʪ ʚʲʨʥʘʪ ʦʪ Parser; 

¶ ʠʟʚʠʢʚʘ ʩʝ ʦʪ ʢʣʘʩ Filler, ʯʠʡʪʦ ʤʝʪʦʜ CheckEquity ʧʨʠʝʤʘ ʩʧʠʩʲʢa 
equities, ʧʨʦʚʝʨʷʚʘ ʜʘʣʠ ʠʤʘ ʥʦʚʠ ʘʢʪʠʚʠ, ʘʢʦ ʠʤʘ - ʚʟʠʤʘ ʧʨʝʜʭʦʜʥʠʪʝ ʜʘʥʥʠ ʟʘ ʪʷʭ 

ʠ ʛʠ ʟʘʧʠʩʚʘ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ;  

¶ ʩʧʠʩʲʢʲʪ ʩʝ ʧʦʜʘʚʘ ʥʘ ʤʝʪʦʜʘ CopyEquityDatas ʦʪ ʢʣʘʩʲʪ Filler, ʢʦʡʪʦ 
ʧʨʦʚʝʨʷʚʘ ʢʦʠ ʘʢʪʠʚʠ ʥʝ ʩʘ ʚ ʩʧʠʩʲʢʘ (ʥʝ ʩʘ ʪʲʨʛʫʚʘʥʠ) ʠ ʟʘ ʪʷʭ ʢʦʧʠʨʘ ʜʘʥʥʠʪʝ ʦʪ 

ʧʨʝʜʭʦʜʥʠʷ ʜʝʥ ʠ ʛʠ ʟʘʧʠʩʚʘ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ; 

¶ ʤʝʪʦʜʲʪ CalcQEquities() ʦʪ ʢʣʘʩ Calculator ʧʨʝʩʤʷʪʘ ʟʘ ʚʩʠʯʢʠ ʘʢʪʠʚʠ ʦʪ 

ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ - ʨʠʩʢ, ʚʲʟʚʨʘʱʘʝʤʦʩʪ, ʛʦʜʠʰʥʘ ʥʦʨʤʘ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʠ 

ʦʪʥʦʰʝʥʠʝʪʦ ʚʲʟʚʨʘʱʘʝʤʦʩʪ-ʨʠʩʢ ʠ ʛʠ ʩʲʭʨʘʥʷʚʘ ʚ ʙʘʟʘʪʘ ʦʪ ʜʘʥʥʠ. 

 

4.5.5. ɸʚʪʦʤʘʪʠʯʥʦ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ  

ɸʚʪʦʤʘʪʠʯʥʦʪʦ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʩʝ ʧʦʩʪʠʛʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʙʘʯ (bach) 

ʬʘʡʣ. ʉʣʝʜ ʢʘʪʦ ʚʝʜʥʲʞ ʝ ʩʪʘʨʪʠʨʘʥ ʬʘʡʣʲʪ, ʪʦʡ ʜʦʙʘʚʷ ʚ Task Scheduler ʟʘʜʘʯʘʪʘ, 

ʢʦʷʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʧʲʣʥʷʚʘ, ʘ ʪʦʚʘ ʝ ʠʤʝʥʥʦ ʜʘ ʩʪʘʨʪʠʨʘ ʧʨʠʣʦʞʝʥʠʝʪʦ ʝʞʝʜʥʝʚʥʦ 

ʩʣʝʜ ʢʘʪʦ ʬʦʥʜʦʚʘʪʘ ʙʦʨʩʘ ʝ ʧʨʠʢʣʶʯʠʣʘ ʩʚʦʷʪʘ ʨʘʙʦʪʘ. ʂʦʜʲʪ ʥʘ ʙʘʯ ʬʘʡʣʘ ʝ ʧʦʢʘʟʘʥ 

ʧʦ-ʜʦʣʫ: 

 

at 18:15 /every:m,t,w,th,f,s,su "DataManager.exe" 

del "start.bat" 

 

Task Scheduler ʩʪʘʨʪʠʨʘ ʧʨʠʣʦʞʝʥʠʝʪʦ DataManager.exe ʝʞʝʜʥʝʚʥʦ ʚ 18:15 ʯʘʩʘ 

(ʬʠʛ. 4.7) 
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ʌʠʛʫʨʘ 4.7 

. ɼʦʙʘʚʷʥʝ ʥʘ ʟʘʜʘʯʘ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʚ Widows ʊask Scheduler. 

 

4.5.6. ʈʝʘʣʠʟʘʮʠʷ ʥʘ FQLM  ʤʦʜʝʣʘ 

 

FuzzyTerm 

ɺ ʢʣʘʩʘ FuzzyTerm ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʪʝʨʤʠʪʝ ʥʘ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ ʢʘʪʦ ʠʟʙʨʦʝʥʠ 

ʪʠʧʦʚʝ. ʀʟʙʨʦʝʥʠʪʝ ʪʠʧʦʚʝ ʚ C# ʩʝ ʩʲʩʪʦʷʪ ʦʪ ʤʥʦʞʝʩʪʚʦ ʠʤʝʥʫʚʘʥʠ ʢʦʥʩʪʘʥʪʠ ʠ ʩʝ 

ʜʝʬʠʥʠʨʘʪ ʩʲʩ ʟʘʧʘʟʝʥʘʪʘ ʜʫʤʘ enum. ɺʲʪʨʝʰʥʦ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʩ int, ʥʦ ʤʦʞʝ ʜʘ ʩʝ 

ʟʘʜʘʜʝ ʠ ʜʨʫʛ ʯʠʩʣʦʚ ʪʠʧ.  

 

MembershipFunction 

ʂʣʘʩʲʪ MembershipFunction ʝ ʜʝʬʠʥʠʨʘʥ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ public ʠ 

ʧʨʝʜʩʪʘʚʣʷʚʘ ʘʙʩʪʨʘʢʮʠʷ ʥʘ ʪʝʨʤ, ʠʟʧʦʣʟʚʘʥ ʚ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʪʝʨʤʠ ʥʘ 

ʣʠʥʛʚʠʩʪʠʯʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ. 

ɺ ʢʣʘʩʘ ʩʝ ʩʲʭʨʘʥʷʚʘʪ ʜʘʥʥʠ ʚ ʧʦʣʝʪʘ, ʦʪʨʘʟʷʚʘʱʠ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʦʙʝʢʪʘ, ʢʦʠʪʦ 

ʩʘ ʥʫʞʥʠ ʟʘ ʨʘʙʦʪʘʪʘ ʥʘ ʤʝʪʦʜʠʪʝ. ʇʦʣʝʪʘʪʘ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ 

public ʠ private. ʇʦʣʝʪʘʪʘ ʩʘ Term; Value; ParamArray; Function; truthValue. 

ɺ ʧʦʣʝʪʦ Term ʩʝ ʩʲʭʨʘʥʷʚʘ ʠʤʝʪʦ ʥʘ ʜʘʜʝʥʠʷ ʪʝʨʤ. Value ʩʲʭʨʘʥʷʚʘ 

ʧʘʨʘʤʝʪʲʨʘ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʠ ʠʟʯʠʩʣʝʥʠʝʪʦ ʥʘ ʩʪʝʧʝʥʪʘ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ. ɺ 

ParamArray ʩʝ ʩʲʜʲʨʞʘʪ ʦʩʪʘʥʘʣʠʪʝ ʧʘʨʘʤʝʪʨʠ, ʢʦʠʪʦ ʫʯʘʩʪʚʘʪ ʧʨʠ ʠʟʯʠʩʣʝʥʠʷʪʘ. 

ʇʦʣʝʪʦ truthValue ʩʲʭʨʘʥʷʚʘ ʠʟʯʠʩʣʝʥʘʪʘ ʩʪʝʧʝʥ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʩʧʨʷʤʦ ʧʦʜʘʜʝʥʠʪʝ 

ʧʘʨʘʤʝʪʨʠ. 

ɿʘ ʧʦʣʝʪʦ truthValue ʝ ʜʝʬʠʥʠʨʘʥʦ ʩʚʦʡʩʪʚʦ. ʉʚʦʡʩʪʚʘʪʘ ʩʘ ʩʧʝʮʠʘʣʥʠ 

ʝʣʝʤʝʥʪʠ, ʢʦʠʪʦ ʫʚʝʣʠʯʘʚʘʪ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʪʘ ʥʘ ʧʦʣʝʪʘʪʘ ʠ ʜʘʚʘʪ ʜʦʧʲʣʥʠʪʝʣʥʘ 
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ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʜʘʥʥʠʪʝ ʧʨʝʜʠ ʠʟʚʣʠʯʘʥʝʪʦ ʠʣʠ ʟʘʧʠʩʚʘʥʝʪʦ ʠʤ ʚ 

ʧʦʣʝʪʘʪʘ ʦʪ ʢʣʘʩʘ. ʉʚʦʡʩʪʚʘʪʘ ʤʦʛʘʪ ʜʘ ʠʤʘʪ get ʠ set ʤʝʪʦʜʠ ʟʘ ʜʦʩʪʲʧ. 

ʂʦʛʘʪʦ ʩʝ ʩʲʟʜʘʜʝ ʦʙʝʢʪ ʦʪ ʜʘʜʝʥ ʢʣʘʩ ʩʝ ʠʟʚʠʢʚʘ ʤʝʪʦʜ ʦʪ ʢʣʘʩʘ, ʥʘʨʝʯʝʥ 

ʢʦʥʩʪʨʫʢʪʦʨ. ʂʦʥʩʪʨʫʢʪʦʨʲʪ ʥʝ ʚʨʲʱʘ ʩʪʦʡʥʦʩʪ ʠ ʥʦʩʠ ʠʤʝʪʦ ʥʘ ʢʣʘʩʘ, ʟʘ ʢʦʡʪʦ ʝ 

ʜʝʬʠʥʠʨʘʥ. ɺ ʢʣʘʩʘ MembershipFunction ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʜʚʘ ʢʦʥʩʪʨʫʢʪʦʨʘ, ʢʘʪʦ ʚʩʝʢʠ 

ʝ ʩ ʨʘʟʣʠʯʥʘ ʩʠʛʥʘʪʫʨʘ (ʙʨʦʡ , ʧʦʜʨʝʜʙʘ ʠ ʪʠʧ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ).ʇʲʨʚʠʷʪ ʢʦʥʩʪʨʫʢʪʦʨ 

ʩʲʟʜʘʚʘ ʦʙʝʢʪʠ ʦʪ ʢʣʘʩʘ, ʠʟʧʦʣʟʚʘʡʢʠ ʧʦʜʘʜʝʥʠʪʝ ʤʫ ʧʘʨʘʤʝʪʨʠ. ʊʦʡ ʧʨʠʝʤʘ ʯʝʪʠʨʠ 

ʧʘʨʘʤʝʪʲʨʘ, ʢʦʠʪʦ ʟʘʧʠʩʚʘ ʚ ʯʝʪʠʨʠ ʧʦʣʝʪʘ. ʉʲʱʦ ʪʘʢʘ ʟʘʧʠʩʚʘ ʩʪʝʧʝʥʪʘ ʥʘ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʚ ʧʦʣʝʪʦ truthValue, ʢʘʪʦ ʠʟʚʠʢʚʘ ʤʝʪʦʜʘ Calculate. 

ɺʪʦʨʠʷʪ ʢʦʥʩʪʨʫʢʪʦʨ ʩʲʟʜʘʚʘ ʦʙʝʢʪʠ ʦʪ ʢʣʘʩʘ, ʢʘʪʦ ʠʟʧʦʣʟʚʘ ʧʦʜʘʜʝʥʠʪʝ ʤʫ ʜʚʘ 

ʧʘʨʘʤʝʪʲʨʘ. ʈʘʟʣʠʢʘʪʘ ʩ ʧʲʨʚʠʷ ʢʦʥʩʪʨʫʢʪʦʨ ʝ, ʯʝ ʧʨʠ ʥʝʛʦ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ ʩʝ ʧʦʜʘʚʘ 

ʚʝʯʝ ʠʟʯʠʩʣʝʥʘ ʩʪʝʧʝʥ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ.  

ʄʝʪʦʜʲʪ Calculate ʚʨʲʱʘ ʠʟʯʠʩʣʝʥʘʪʘ ʩʪʝʧʝʥ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ, ʢʘʪʦ ʠʟʧʦʣʟʚʘ 

ʧʘʨʘʤʝʪʨʠʪʝ ʠ ʬʫʥʢʮʠʷʪʘ ʟʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ. ʀʟʯʠʩʣʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʝ ʦʪ ʪʠʧ double. 

ʀʜʝʥʪʠʬʠʢʘʪʦʨʲʪ ʥʘ ʜʦʩʪʲʧ ʝ private, ʪʲʡ ʢʘʪʦ ʩʝ ʠʟʚʠʢʚʘ ʝʜʠʥʩʪʚʝʥʦ ʦʪ ʧʲʨʚʠʷ 

ʢʦʥʩʪʨʫʢʪʦʨ. 

ɼʝʬʠʥʠʨʘʥʠ ʩʘ ʬʫʥʢʮʠʠʪʝ ʟʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʩʧʨʷʤʦ ʬʦʨʤʫʣʠʪʝ ʦʪ ʪʘʙʣʠʮʘ 1. 

ʉʧʨʷʤʦ ʟʘʧʠʩʘʥʘʪʘ ʩʪʦʡʥʦʩʪ ʚ ʧʦʣʝʪʦ Function, ʤʝʪʦʜʲʪ Calculate ʠʟʚʠʢʚʘ ʩʲʦʪʚʝʪʥʠʷ 

ʤʝʪʦʜ, ʢʦʠʪʦ ʠʟʯʠʩʣʷʚʘ ʩʪʦʡʥʦʩʪʪʘ ʠʟʧʦʣʟʚʘʡʢʠ ʜʘʥʥʠʪʝ ʟʘʧʠʩʘʥʠ ʚ ʧʦʣʝʪʘʪʘ. 

 

LinguisticVariable 

ʂʣʘʩʲʪ LinguisticVariable  ʝ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ public ʠ ʧʨʝʜʩʪʘʚʣʷʚʘ 

ʘʙʩʪʨʘʢʮʠʷ ʥʘ ʣʠʥʛʚʠʩʪʠʯʥʘ ʧʨʦʤʝʥʣʠʚʘ ʩ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʪʝʨʤʠ. 

ʂʣʘʩʲʪ ʧʨʠʪʝʞʘʚʘ ʜʚʝ ʧʦʣʝʪʘ, ʢʦʠʪʦ ʦʧʠʩʚʘʪ ʣʠʥʛʚʠʩʪʠʯʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ. 

ʇʦʣʝʪʘʪʘ ʩʘ : Name; MembershipCollection. 

ɺ ʧʦʣʝʪʦ Name ʩʝ ʩʲʭʨʘʥʷʚʘ ʠʤʝʪʦ ʥʘ ʣʠʥʛʚʠʩʪʠʯʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ. 

MembershipCollection ʩʲʭʨʘʥʷʚʘ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʪʝʨʤʠ, ʩ ʢʦʠʪʦ ʩʝ ʦʧʠʩʚʘʪ 

ʣʠʥʛʚʠʩʪʠʯʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ.  
        public string Name { get; set; } 

ʂʣʘʩʲʪ LinguisticVariable  ʝ ʜʝʬʠʥʠʨʘʥ ʩ ʜʚʘ ʢʦʥʩʪʨʫʢʪʦʨʘ. 

ʇʲʨʚʠʷʪ ʢʦʥʩʪʨʫʢʪʦʨ ʧʨʠʝʤʘ ʩʘʤʦ ʝʜʠʥ ʧʘʨʘʤʝʪʲʨ ï Name, ʠʤʝʪʦ ʥʘ 

ʣʠʥʛʚʠʩʪʠʯʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ. ʎʝʣʪʘ ʤʫ ʝ ʜʘ ʩʲʟʜʘʜʝ ʘʙʩʪʨʘʢʮʠʷ ʥʘ ʣʠʥʛʚʠʩʪʠʯʥʘ 

ʧʨʦʤʝʥʣʠʚʘ ʢʘʪʦ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʩʝ ʜʦʙʘʚʷʪ ʝʜʠʥ ʧʦ ʝʜʠʥ  ʪʝʨʤʠʪʝ ʢʲʤ ʥʝʷ. 

ɺʪʦʨʠʷʪ ʢʦʥʩʪʨʫʢʪʦʨ ʠʤʘ ʜʚʘ ʧʘʨʘʤʝʪʲʨʘ, ʢʘʪʦ ʧʲʨʚʠʷʪ ʝ ʦʪʥʦʚʦ Name. 

ʉʣʝʜʚʘʱʠʷʪ ʧʘʨʘʤʝʪʲʨ ʝ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʠ ʪʝʨʤʠ.  

 

ʄʝʪʦʜʲʪ FuzzyTermTruthValue e ʦʪ ʪʠʧ double ʠ ʚʨʲʱʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʟʘ ʠʟʙʨʘʥʠʷ ʪʝʨʤ. ʀʤʘ ʝʜʠʥ ʧʘʨʘʤʝʪʲʨ term ʦʪ ʪʠʧ FuzzyTerm . 

 

FuzzyRule 

ʂʣʘʩʲʪ FuzzyRule ʝ ʩ ʥʠʚʦ ʥʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨ public ʠ ʧʨʝʜʩʪʘʚʣʷʚʘ ʘʙʩʪʨʘʢʮʠʷ 

ʥʘ ʨʘʟʤʠʪʠʪʝ ʧʨʘʚʠʣʘ ʜʝʬʠʥʠʨʘʥʠ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʠʤ ʪʝʨʤʠ. 

ʂʣʘʩʲʪ ʠʤʘ ʧʝʪ ʧʦʣʝʪʘ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ public, ʢʦʠʪʦ ʩʲʭʨʘʥʷʚʘʪ 

ʜʘʥʥʠʪʝ ʟʘ ʩʲʦʪʚʝʪʥʦʪʦ ʨʘʟʤʠʪʦ ʧʨʘʚʠʣʦ. 

ʇʦʣʝʪʘʪʘ ʩʘ : Return; Risk; QMeasure; Quality; Weight. 

Return, Risk, QMeasure, Quality ʩʘ ʦʪ ʪʠʧ FuzzyTerm ʠ ʚ ʪʷʭ ʩʝ ʩʲʭʨʘʥʷʚʘʪ 

ʪʝʨʤʠʪʝ ʩʲʦʪʚʝʪʥʦ ʟʘ ɺʲʟʚʨʲʱʘʝʤʦʩʪ, ʈʠʩʢ, ɺʲʟʚʨʲʱʘʝʤʦʩʪ-ʈʠʩʢ ʠ ʂʘʯʝʩʪʚʦ. Weight ʝ 

ʦʪ ʪʠʧ double ʠ ʩʲʜʲʨʞʘ ʪʝʛʣʦʪʦ ʟʘ ʩʲʦʪʚʝʪʥʦʪʦ ʧʨʘʚʠʣʦ. 

ʂʣʘʩʲʪ FuzzyRule ʠʤʘ ʝʜʠʥʩʪʚʝʥ ʢʦʥʩʪʨʫʢʪʦʨ, ʢʦʡʪʦ ʧʨʠʝʤʘ ʧʝʪ ʧʘʨʘʤʝʪʲʨʘ 

ʩʲʦʪʚʝʪʥʦ ʟʘ ʧʝʪʪʝ ʧʦʣʝʪʘ. 
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FuzzyEquity 

ʂʣʘʩʲʪ FuzzyEquity ʝ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ public ʠ ʧʨʝʜʩʪʘʚʣʷʚʘ 

ʘʙʩʪʨʘʢʮʠʷ ʥʘ ʘʢʪʠʚʘ ʜʝʬʠʥʠʨʘʥ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʤʫ ʣʠʥʛʚʠʩʪʠʯʥʠ ʧʨʦʤʝʥʣʠʚʠ. 

ʂʣʘʩʲʪ ʠʤʘ ʯʝʪʠʨʠ ʧʦʣʝʪʘ, ʢʦʠʪʦ ʩʲʭʨʘʥʷʚʘʪ ʜʘʥʥʠʪʝ ʟʘ ʘʢʪʠʚʘ. 

ʇʦʣʝʪʘʪʘ ʩʘ : Name; FuzzyReturn; FuzzyRisk; FuzzyQMeasure. 

ɺ ʧʦʣʝʪʦ Name ʩʝ ʩʲʭʨʘʥʷʚʘ BSE ʢʦʜʘ ʥʘ ʜʘʜʝʥʠʷ ʘʢʪʠʚ. ʇʨʠʤʝʨ ʟʘ ʪʘʢʲʚ ʢʦʜ ʝ 

Ă4CFñ, ʦʪʛʦʚʘʨʷʱ ʥʘ Ăʎʝʥʪʨʘʣʥʘ ʂʦʦʧʝʨʘʪʠʚʥʘ ɹʘʥʢʘñ. 

ʇʦʣʝʪʘʪʘ FuzzyReturn, FuzzyRisk, FuzzyQMeasure ʩʘ ʦʪ ʪʠʧ LinguisticVariable. 

ʊʝʟʠ ʧʦʣʝʪʘ ʩʲʭʨʘʥʷʚʘʪ ʣʠʥʛʚʠʩʪʠʯʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʤʥʦʞʝʩʪʚʘ ʦʪ 

ʪʝʨʤʠ ʟʘ ʜʘʜʝʥʠʷ ʘʢʪʠʚ. 

ʂʣʘʩʲʪ ʝ ʜʝʬʠʥʠʨʘʥ ʩ ʝʜʠʥʩʪʚʝʥ ʢʦʥʩʪʨʫʢʪʦʨ, ʢʦʡʪʦ ʧʨʠʝʤʘ ʯʝʪʠʨʠ ʧʘʨʘʤʝʪʲʨʘ 

ʟʘ ʩʲʦʪʚʝʪʥʠʪʝ ʯʝʪʠʨʠ ʧʦʣʝʪʘ. 

 

Logic 

ʂʣʘʩʲʪ Logic ʝ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ public. ʊʦʟʠ ʢʣʘʩ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 

ʚʭʦʜʥʘ ʪʦʯʢʘ ʥʘ ʙʠʙʣʠʦʪʝʢʘʪʘ ʟʘ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ. ɺ ʥʝʛʦ ʩʝ ʜʝʬʠʥʠʨʘʪ ʚʭʦʜʥʠʪʝ ʠ 

ʠʟʭʦʜʥʠʪʝ ʣʠʥʛʚʠʩʪʠʯʥʠ ʧʨʦʤʝʥʣʠʚʠ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʠʤ ʧʘʨʘʤʝʪʨʠ. 

ʂʣʘʩʲʪ ʠʤʘ ʝʜʠʥʩʪʚʝʥʦ ʧʦʣʝ qequity ʦʪ ʪʠʧ double ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ, 

ʢʦʝʪʦ ʩʲʜʲʨʞʘ ʨʘʟʤʠʪʘʪʘ ʯʠʩʣʦʚʘ ʩʪʦʡʥʦʩʪ ʥʘ ʩʲʦʪʚʝʪʥʠʷ ʘʢʪʠʚ. ɿʘ ʧʦʣʝʪʦ qequity ʝ 

ʜʝʬʠʥʠʨʘʥʦ ʩʚʦʡʩʪʚʦʪʦ Qequity. 

ʂʣʘʩʲʪ ʠʤʘ ʝʜʠʥʩʪʚʝʥ ʢʦʥʩʪʨʫʢʪʦʨ, ʢʦʡʪʦ ʠʤʘ ʯʝʪʠʨʠ ʧʘʨʘʤʝʪʲʨʘ ʩʲʦʪʚʝʪʥʦ ʟʘ 

ʢʦʜ ʥʘ ʘʢʪʠʚʘ, ʩʪʦʡʥʦʩʪʠ ʥʘ ʚʲʟʚʨʲʱʘʝʤʦʩʪ, ʨʠʩʢ ʠ ʚʲʟʚʨʲʱʘʝʤʦʩʪ-ʨʠʩʢ ʠʟʯʠʩʣʝʥʠ ʚ 

ʤʦʜʫʣʘ ʉʲʙʠʨʘʥʝ ʠ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʜʘʥʥʠ. 

ɺ ʥʝʛʦ ʩʝ ʜʝʬʠʥʠʨʘʪ ʨʘʟʤʠʪʠʪʝ ʧʨʘʚʠʣʘ, ʩ ʢʦʠʪʦ ʨʘʙʦʪʠ ʙʠʙʣʠʦʪʝʢʘʪʘ ʟʘ 

ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ. ʈʘʟʤʠʪʠʪʝ ʧʨʘʚʠʣʘ ʩʘ ʟʘʜʘʜʝʥʠ ʚ ʪʘʙʣʠʮʘ 8.. 

ɼʝʬʠʥʠʨʘʪ ʩʝ ʣʠʥʛʚʠʩʪʠʯʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ɺʲʟʚʨʲʱʘʝʤʦʩʪ, ʈʠʩʢ ʠ 

ɺʲʟʚʨʲʱʘʝʤʦʩʪ-ʈʠʩʢ ʟʘ ʚʭʦʜ ʠ ʂʘʯʝʩʪʚʦ ʟʘ ʠʟʭʦʜ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʪʝʨʤʠ ï 

ʥʘʠʤʝʥʦʚʘʥʠʝ ʥʘ ʪʝʨʤʘ, ʬʫʥʢʮʠʷ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʠ ʩʲʦʪʚʝʪʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʟʘ 

ʬʫʥʢʮʠʷʪʘ. 

ʀʥʠʮʠʘʣʠʟʠʨʘ ʩʝ ʦʙʝʢʪ ʥʘ ʢʣʘʩʘ Engine, ʢʘʪʦ ʤʫ ʩʝ ʧʦʜʘʚʘʪ ʢʘʪʦ ʧʘʨʘʤʝʪʨʠ 

ʜʝʬʠʥʠʨʘʥʠʪʝ ʧʨʘʚʠʣʘ ʠ ʣʠʥʛʚʠʩʪʠʯʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʟʘ ʚʭʦʜ ʠ ʠʟʭʦʜ. 

ʉʪʦʡʥʦʩʪʪʘ ʚʲʨʥʘʪʘ ʦʪ ʤʝʪʦʜʘ CalculateQMeasure ʥʘ ʢʣʘʩʘ Engine ʩʝ 

ʩʲʭʨʘʥʷʚʘ ʚ ʩʚʦʡʩʪʚʦʪʦ Qequity. 

 

Engine 

ʂʣʘʩʲʪ Engine ʝ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ public. ʂʣʘʩʲʪ ʧʨʝʜʩʪʘʚʣʷʚʘ ʷʜʨʦʪʦ 

ʥʘ  ʙʠʙʣʠʦʪʝʢʘʪʘ ʟʘ ʨʘʟʤʠʪʘ ʣʦʛʠʢʘ. ɺ ʥʝʛʦ ʩʝ ʠʟʚʲʨʰʚʘʪ ʜʝʡʩʪʚʠʷʪʘ ʟʘ ʨʘʟʤʠʚʘʥʝ ʠ 

ʜʝʨʘʟʤʠʚʘʥʝ ʜʦ ʜʦʩʪʠʛʘʥʝ ʥʘ ʝʜʥʘ ʨʘʟʤʠʪʘ ʯʠʩʣʝʥʘ ʩʪʦʡʥʦʩʪ ʟʘ ʩʲʦʪʚʝʪʥʠʷ ʘʢʪʠʚ. 

ʂʣʘʩʲʪ ʠʤʘ ʪʨʠ ʧʦʣʝʪʘ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ private, ʢʦʠʪʦ ʩʲʭʨʘʥʷʚʘʪ 

ʨʘʟʤʠʪʠʪʝ ʧʨʘʚʠʣʘ, ʨʘʟʤʠʪʠʪʝ ʚʭʦʜʥʠ ʠ ʠʟʭʦʜʥʠ ʧʨʦʤʝʥʣʠʚʠ. 

ʇʦʣʝʪʘʪʘ ʩʘ : RuleList; fuzzyEquity; ourParams. 

RuleList ʩʲʭʨʘʥʷʚʘ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ ʜʝʬʠʥʠʨʘʥʠ ʚ ʢʣʘʩʘ Logic.  

fuzzyEquity ʝ ʦʪ ʪʠʧ FuzzyEquity ʠ ʩʲʜʲʨʞʘ ʨʘʟʤʠʪʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʟʘ ʚʭʦʜ 

ʚʲʟʚʨʲʱʘʝʤʦʩʪ, ʨʠʩʢ ʠ ʚʲʟʚʨʲʱʘʝʤʦʩʪ-ʨʠʩʢ ʜʝʬʠʥʠʨʘʥʠ ʚ ʢʣʘʩʘ Logic. 

ourParams ʩʲʜʲʨʞʘ ʨʘʟʤʠʪʘʪʘ ʧʨʦʤʝʥʣʠʚʘ ʟʘ ʠʟʭʦʜ ʜʝʬʠʥʠʨʘʥʘ ʚ ʢʣʘʩʘ Logic. 
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ʂʣʘʩʲʪ Engine ʠʤʘ ʝʜʠʥ ʝʜʠʥʩʪʚʝʥ ʢʦʥʩʪʨʫʢʪʦʨ, ʢʦʡʪʦ ʧʨʠʝʤʘ ʪʨʠ ʧʘʨʘʤʝʪʲʨʘ 

ʟʘ ʩʲʦʪʚʝʪʥʠʪʝ ʪʨʠ ʧʦʣʝʪʘ: 

 
public Engine(List<FuzzyRule> rulelist, FuzzyEquity fuzzyequity, List<ArrayList>  

 

ʄʝʪʦʜʲʪ GetQList ʝ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ private ʠ ʥʝ ʧʨʠʝʤʘ ʧʘʨʘʤʝʪʨʠ. 

ʎʝʣʪʘ ʤʫ ʝ ʜʘ ʠʟʚʲʨʰʚʘ ʘʛʨʝʛʠʨʘʥʝʪʦ ʟʘ ʚʩʷʢʦ ʝʜʥʦ ʧʨʘʚʠʣʦ ʟʘ ʩʲʦʪʚʝʪʥʠʷ ʘʢʪʠʚ. 

ʄʝʪʦʜʲʪ GetQListMax ʝ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ private ʠ ʥʝ ʧʨʠʝʤʘ 

ʧʘʨʘʤʝʪʨʠ. ʄʝʪʦʜʲʪ ʚʟʠʤʘ ʤʘʢʩʠʤʘʣʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʟʘ ʚʩʝʢʠ ʪʝʨʤ ʦʪ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ 

ʨʘʟʤʠʪʠ ʧʨʘʚʠʣʘ. 

ʄʝʪʦʜʲʪ Defuzzy ʠʟʚʲʨʰʚʘ ʧʦʩʣʝʜʥʠʷ ʝʪʘʧ ʥʘ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ ï 

ʜʝʨʘʟʤʠʚʘʥʝʪʦ. ʀʟʧʦʣʟʚʘʥʠʷʪ ʤʝʪʦʜ ʟʘ ʜʝʨʘʟʤʠʚʘʥʝ ʝ ʮʝʥʪʲʨ ʥʘ ʪʝʞʝʩʪʪʘ. ʄʝʪʦʜʲʪ 

ʧʨʠʝʤʘ ʝʜʠʥ ʧʘʨʘʤʝʪʲʨ- ʩʧʠʩʲʢ ʩ ʦʛʨʘʥʠʯʝʥʠʷʪʘ, ʢʦʠʪʦ ʦʛʨʘʥʠʯʘʚʘʪ ʛʨʘʬʠʢʠʪʝ ʥʘ 

ʬʫʥʢʮʠʠʪʝ ʟʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʟʘ ʠʟʭʦʜʥʘʪʘ ʨʘʟʤʠʪʘ ʧʨʦʤʝʥʣʠʚʘ ʚ ʠʥʪʝʨʚʘʣʘ [0;1]. 

ʄʝʪʦʜʲʪ CalculateQMeasure ʝ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ public, ʢʦʡʪʦ ʥʝ 

ʧʨʠʝʤʘ ʧʘʨʘʤʝʪʨʠ. ɺ ʥʝʛʦ ʩʝ ʦʙʝʜʠʥʷʚʘʪ ʤʝʪʦʜʠʪʝ GetQList, GetQListMax  ʠ Defuzzy. 

ʈʝʟʫʣʪʘʪʲʪ ʦʪ ʠʟʧʲʣʥʝʥʠʝʪʦ ʤʫ ʝ ʝʜʥʘ ʯʠʩʣʦʚʘ ʩʪʦʡʥʦʩʪ, ʢʦʷʪʦ ʦʧʠʩʚʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʬʠʥʘʥʩʦʚʠʷ ʘʢʪʠʚ. 

 

 

4.5.7. ʂʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣʠ 

ɿʘ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʤʦʜʝʣʘ ʩʘ ʩʲʟʜʘʜʝʥʠ ʩʣʝʜʥʠʪʝ ʢʣʘʩʦʚʝ ʠ ʠʥʪʝʨʬʝʡʩʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʦʪ ʠʤʝʥʘ StockExchange.PortfolioConstruction: 

¶ PortfolioElement; 

¶ Portfolio; 

¶ IPortfolioConstructionStrategy; 

¶ FuzzyPortfolioConstructionStrategy; 

¶ PortfolioConstructor; 

¶ PortfolioUtilities. 

ʉʲʱʦ ʪʘʢʘ ʝ ʜʝʬʠʥʠʨʘʥ ʢʣʘʩ Combinations ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʦʪ ʠʤʝʥʘ 

StockExchange.Algorithms.Combinatorics. 

ɿʘ ʟʘʧʠʩ ʥʘ ʢʦʥʩʪʨʫʠʨʘʥʠʪʝ ʧʦʨʪʬʝʡʣʠ ʩʝ ʜʦʙʘʚʷʪ ʤʝʪʦʜʠ ʚ ʢʣʘʩʘ 

StockExchangeDAL ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʦʪ ʠʤʝʥʘ StockExchange.Data. 

ɺʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʪʘ ʥʘ ʙʠʙʣʠʦʪʝʢʘʪʘ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ 

ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ ʩʝ ʠʟʚʲʨʰʚʘ ʚ ʤʝʪʦʜʘ Main ʥʘ ʢʣʘʩʘ Program ʦʪ 

ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʥʘ ʠʤʝʥʘ StockExchange.DataManager. 

 

PortfolioElement 

ʇʦʣʝʪʦ equityCode ʝ ʜʝʬʠʥʠʨʘʥʦ ʦʪ ʪʠʧ string, ʪʲʡ ʢʘʪʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʤʫ ʝ 

ʜʘ ʟʘʧʘʟʚʘ ʢʦʜʘ ʥʘ ʘʢʪʠʚʘ, ʜʝʬʠʥʠʨʘʥ ʦʪ ɹʲʣʛʘʨʩʢʘʪʘ ʬʦʥʜʦʚʘ ʙʦʨʩʘ. ʇʨʠʤʝʨʠ ʟʘ ʪʘʢʠʚʘ 

ʢʦʜʦʚʝ ʩʘ: Ă3JRñ, ʦʪʛʦʚʘʨʷʱ ʥʘ Ăʉʦʬʘʨʤʘ ɸɼñ ʠ Ă57Bñ, ʦʪʛʦʚʘʨʷʱ ʥʘ Ăɹʫʣʛʘʨʪʘʙʘʢ ï 

ʍʦʣʜʠʥʛò ɸɼ. 

ʇʦʣʝʪʦ price ʩʲʭʨʘʥʷʚʘ ʮʝʥʘʪʘ ʥʘ ʝʜʥʘ ʘʢʮʠʷ ʦʪ ʜʘʜʝʥʠʷ ʘʢʪʠʚ. ʎʝʥʘʪʘ ʥʘ ʚʩʝʢʠ 

ʘʢʪʠʚ ʩʝ ʦʧʦʚʝʩʪʷʚʘ ʧʫʙʣʠʯʥʦ ʦʪ ɹʲʣʛʘʨʩʢʘʪʘ ʬʦʥʜʦʚʘ ʙʦʨʩʘ ʩ ʪʦʯʥʦʩʪ ʜʚʘ ʟʥʘʢʘ ʩʣʝʜ 

ʜʝʩʝʪʠʯʥʘʪʘ ʟʘʧʝʪʘʷ, ʪ.ʝ. ʩʪʦʡʥʦʩʪʪʘ ʝ ʨʝʘʣʥʦ ʯʠʩʣʦ. ʇʦʨʘʜʠ ʪʦʟʠ ʬʘʢʪ ʝ ʠʟʙʨʘʥ ʪʠʧ 

double ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʪʦʟʠ ʪʠʧ ʧʨʦʤʝʥʣʠʚʠ. 
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ʇʦʣʝʪʦ ret ʩʲʭʨʘʥʷʚʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ ʜʘʜʝʥ ʘʢʪʠʚ. ɿʘ ʪʘʟʠ 

ʮʝʣ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʦʤʝʥʣʠʚʘ ʦʪ ʪʠʧ double. 

ʇʦʣʝʪʦ risk ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʥʘ ʢʣʘʩʘ ʜʘ ʦʧʠʰʝ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʨʠʩʢ ʥʘ ʜʘʜʝʥ 

ʘʢʪʠʚ. ʈʠʩʢʲʪ ʝ ʨʝʘʣʥʦ ʯʠʩʣʦ, ʜʝʬʠʥʠʨʘʥʦ ʦʪ ʪʠʧ double.  

Ratio ʩʲʱʦ ʝ ʧʦʣʝ, ʜʝʬʠʥʠʨʘʥʦ ʦʪ double. ʊʦ ʩʲʭʨʘʥʷʚʘ ʦʪʥʦʰʝʥʠʝʪʦ, ʩ ʢʦʝʪʦ 

ʜʘʜʝʥʠʷʪ ʘʢʪʠʚ ʫʯʘʩʪʚʘ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʧʦʨʪʬʝʡʣ. 

ʇʦʣʝʪʦ qMeasure ʝ ʦʪ ʦʩʦʙʝʥʘ ʚʘʞʥʦʩʪ ʚ ʨʝʘʣʠʟʠʨʘʥʠʷ ʤʦʜʝʣ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ 

ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ. ʊʦ ʩʲʭʨʘʥʷʚʘ ʩʪʦʡʥʦʩʪʪʘ, ʢʦʷʪʦ ʝ ʦʩʥʦʚʝʥ ʢʨʠʪʝʨʠʠ ʟʘ 

ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʜʘʜʝʥ ʘʢʪʠʚ - Q-ʤʷʨʢʘʪʘ ʥʘ ʘʢʪʠʚʘ. ʇʦʣʝʪʦ ʝ ʜʝʬʠʥʠʨʘʥʦ ʦʪ ʪʠʧ double. 

ʂʣʘʩʲʪ PortfolioElement ʜʝʬʠʥʠʨʘ ʩʚʦʡʩʪʚʘ ʟʘ ʚʩʷʢʦ ʝʜʥʦ ʦʪ ʧʦʣʝʪʘʪʘ, 

ʜʝʬʠʥʠʨʘʥʠ ʧʦ-ʛʦʨʝ. ʊʝ ʧʦʟʚʦʣʷʚʘʪ ʢʘʢʪʦ ʧʨʦʤʷʥʘ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʧʦʣʝʪʘʪʘ ʥʘ ʢʣʘʩʘ, 

ʪʘʢʘ ʠ ʜʦʩʪʲʧ ʜʦ ʪʝʟʠ ʧʦʣʝʪʘ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʧʦʣʝʪʘʪʘ, ʩʚʦʡʩʪʚʘʪʘ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʩ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘ ʜʦʩʪʲʧ public.  ʀʟʧʦʣʟʚʘʡʢʠ ʤʦʜʠʬʠʢʘʪʦʨʘ public, ʩʝ ʫʢʘʟʚʘ ʥʘ 

ʢʦʤʧʠʣʘʪʦʨʘ, ʯʝ ʪʦʚʘ ʩʚʦʡʩʪʚʦ ʝ ʜʦʩʪʲʧʥʦ ʦʪ ʚʩʝʢʠ ʜʨʫʛ ʢʣʘʩ. 

ʂʣʘʩʲʪ PortfolioElement ʜʝʬʠʥʠʨʘ ʪʨʠ ʢʦʥʩʪʨʫʢʪʦʨʘ, ʚʩʝʢʠ ʦʪ ʢʦʠʪʦ ʧʨʠʪʝʞʘʚʘ 

ʨʘʟʣʠʯʥʘ ʩʠʛʥʘʪʫʨʘ (ʙʨʦʡ ʠ ʧʦʜʨʝʜʙʘ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ). ʊʦʚʘ ʩʝ ʧʨʘʚʠ ʩ ʮʝʣ ʫʜʦʙʩʪʚʦ 

ʧʨʠ ʨʘʙʦʪʘ ʩ ʢʣʘʩʘ ʚ ʨʘʟʣʠʯʥʠ ʩʠʪʫʘʮʠʠ.  ʂʣʘʩʲʪ PortfolioElement ʩʝ ʚʲʟʧʦʣʟʚʘ ʦʪ 

ʚʲʟʤʦʞʥʦʩʪʪʘ ʥʘ C# ʜʘ ʧʨʝʠʟʧʦʣʟʚʘ ʢʦʥʩʪʨʫʢʪʦʨʠʪʝ, ʢʘʪʦ ʝʜʠʥ ʢʦʥʩʪʨʫʢʪʦʨ ʤʦʞʝ ʜʘ 

ʠʟʚʠʢʚʘ ʜʨʫʛ ʢʦʥʩʪʨʫʢʪʦʨ, ʜʝʢʣʘʨʠʨʘʥ ʚ ʩʲʱʠʷ ʢʣʘʩ. 

ʇʲʨʚʠʷʪ ʢʦʥʩʪʨʫʢʪʦʨ ʩʲʟʜʘʚʘ ʦʙʝʢʪʠ ʦʪ ʢʣʘʩʘ, ʠʟʧʦʣʟʚʘʡʢʠ ʧʦʜʘʜʝʥʠʪʝ ʤʫ 

ʧʘʨʘʤʝʪʨʠ. ʊʦʡ ʧʨʠʝʤʘ ʩʝʜʝʤ ʧʘʨʘʤʝʪʲʨʘ - ʧʦ ʝʜʠʥ ʟʘ ʚʩʷʢʦ ʧʦʣʝ ʥʘ ʢʣʘʩʘ. 

ɺʪʦʨʠʷʪ ʢʦʥʩʪʨʫʢʪʦʨ ʩʲʟʜʘʚʘ ʦʙʝʢʪ ʦʪ ʢʣʘʩʘ, ʢʘʪʦ ʚʩʷʢʦ ʦʪ ʥʝʛʦʚʠʪʝ ʧʦʣʝʪʘ ʝ 

ʠʥʠʮʠʘʣʠʟʠʨʘʥʦ ʩʲʩ ʩʪʦʡʥʦʩʪ ʧʦ ʧʦʜʨʘʟʙʠʨʘʥʝ. ɺ ʩʣʫʯʘʷʪ ʟʘ ʢʦʜʘ ʥʘ ʘʢʪʠʚʘ (ʧʦʣʝʪʦ ʦʪ 

ʪʠʧ string) ʪʦʚʘ ʝ ʧʨʘʟʥʠʷʪ ʥʠʟ "", ʘ ʟʘ ʦʩʪʘʥʘʣʠʪʝ ʧʦʣʝʪʘ ʦʪ ʪʠʧ double ʪʦʚʘ ʝ 

ʩʪʦʡʥʦʩʪʪʘ 0. 

ʊʨʝʪʠʷʪ ʢʦʥʩʪʨʫʢʪʦʨ ʥʘ ʢʣʘʩʘ ʩʲʟʜʘʚʘ ʥʦʚ ʦʙʝʢʪ ʦʪ ʢʣʘʩʘ ʥʘ ʙʘʟʘʪʘ ʥʘ ʜʨʫʛ, 

ʚʝʯʝ ʩʲʟʜʘʜʝʥ ʦʙʝʢʪ, ʧʦʜʘʜʝʥ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ. ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʧʦʣʝʪʘʪʘ ʥʘ ʥʦʚʠʷ ʦʙʝʢʪ 

ʩʘ ʠʜʝʥʪʠʯʥʠ ʩ ʪʝʟʠ ʥʘ ʧʘʨʘʤʝʪʲʨʘ. ɽʬʝʢʪʲʪ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʦʟʠ ʢʦʥʩʪʨʫʢʪʦʨ ʝ 

ʧʦʜʦʙʝʥ ʥʘ ʢʣʦʥʠʨʘʥʝ ʥʘ ʜʘʜʝʥ ʦʙʝʢʪ. 

ʂʣʘʩʲʪ PortfolioElement ʩʲʜʲʨʞʘ ʤʝʪʦʜ ToString(), ʢʦʡʪʦ ʧʨʝʜʩʪʘʚʷ ʧʦʣʝʪʘʪʘ ʥʘ 

ʢʣʘʩʘ ʚ ʪʝʢʩʪʦʚ ʬʦʨʤʘʪ, ʫʜʦʙʝʥ ʟʘ ʦʪʧʝʯʘʪʚʘʥʝ ʥʘ ʢʦʥʟʦʣʘ. 

 

Portfolio 

ʂʣʘʩʲʪ Portfolio ʝ ʘʙʩʪʨʘʢʮʠʷ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ ʟʘ ʮʝʣʠʪʝ ʥʘ 

ʩʲʟʜʘʜʝʥʠʷ ʩʦʬʪʫʝʨʝʥ ʧʨʦʜʫʢʪ.  

ʂʣʘʩʲʪ Portfolio ʜʝʬʠʥʠʨʘ ʥʷʢʦʣʢʦ ʧʦʣʝʪʘ, ʦʧʠʩʚʘʱʠ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ. 

ɺʩʠʯʢʠ ʧʦʣʝʪʘ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ private, ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ 

ʜʦʩʪʲʧʥʠ ʩʘʤʦ ʟʘ ʪʦʟʠ ʢʣʘʩ. 

ʇʦʣʝʪʦ equities ʝ ʩʧʠʩʲʢ ʦʪ ʘʢʪʠʚʠʪʝ, ʚʟʠʤʘʱʠ ʫʯʘʩʪʠʝ ʚ ʢʦʥʢʨʝʪʝʥ 

ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ. ʀʤʝʥʥʦ ʟʘʨʘʜʠ ʪʦʚʘ ʪʦ ʝ ʜʝʬʠʥʠʨʘʥʦ ʢʘʪʦ ʩʧʠʩʲʢ ʦʪ 

PortfolioElement (ʘʙʩʪʨʘʢʮʠʷʪʘ ʟʘ ʘʢʪʠʚ, ʫʯʘʩʪʚʘʱ ʚ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ, 

ʜʝʬʠʥʠʨʘʥʘ ʧʦ-ʛʦʨʝ). ʉʧʠʩʲʢʲʪ ʝ ʧʦʜʭʦʜʷʱʘ ʩʪʨʫʢʪʫʨʘ ʦʪ ʜʘʥʥʠ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ 

ʪʘʢʲʚ ʪʠʧ ʜʘʥʥʠ, ʟʘʱʦʪʦ ʧʨʝʜʦʩʪʘʚʷ ʠʟʚʝʩʪʥʘ ʩʪʝʧʝʥ ʥʘ ʛʲʚʢʘʚʦʩʪ, ʠʜʚʘʱʘ ʦʪ ʬʘʢʪʘ, ʯʝ 

ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʜʘ ʝ ʠʟʚʝʩʪʝʥ ʙʨʦʷʪ ʥʘ ʝʣʝʤʝʥʪʠʪʝ, ʢʦʠʪʦ ʱʝ ʩʝ 

ʩʲʭʨʘʥʷʚʘʪ. 

ʇʦʣʝʪʦ capital ʩʲʭʨʘʥʷʚʘ ʢʘʧʠʪʘʣʘ, ʩ ʢʦʡʪʦ ʩʝ ʧʨʘʚʠ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʧʦʨʪʬʝʡʣ. 

ʊʦʚʘ ʧʦʣʝ ʝ ʜʝʬʠʥʠʨʘʥʦ ʦʪ ʪʠʧ double. 

ɺ ʧʦʣʝʪʦ risk ʩʝ ʩʲʭʨʘʥʷʚʘ ʨʠʩʢʲʪ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʧʦʨʪʬʝʡʣ. ʊʲʡ ʢʘʪʦ 

ʨʠʩʢʲʪ ʧʨʝʜʩʪʘʚʣʷʚʘ ʨʝʘʣʥʘ ʩʪʦʡʥʦʩʪ, ʪʷ ʙʠ ʪʨʷʙʚʘʣʦ ʜʘ ʩʝ ʩʲʭʨʘʥʠ ʚ ʧʦʣʝ ʦʪ ʪʠʧ 

double. ʇʨʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʦʙʝʢʪʠ ʦʪ ʢʣʘʩʘ, ʟʘʜʘʯʘʪʘ ʥʘ ʢʦʥʩʪʨʫʢʪʦʨa ʝ ʜʘ ʠʥʠʮʠʘʣʠʟʠʨʘ 
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ʧʦʣʝʪʘʪʘ ʥʘ ʢʣʘʩʘ. ʊʲʡ ʢʘʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʦʨʪʬʝʡʣʘ ʢʘʪʦ ʨʠʩʢ, ʚʲʟʚʨʘʱʘʝʤʦʩʪ ʠ 

ʜʨʫʛʠ ʩʘ ʟʘʚʠʩʠʤʠ ʦʪ ʘʢʪʠʚʠʪʝ, ʫʯʘʩʪʚʘʱʠ ʚ ʧʦʨʪʬʝʡʣʘ, ʟʘ ʠʥʠʮʠʘʣʠʟʠʨʘʥʝʪʦ ʥʘ 

ʧʦʣʝʪʘʪʘ ʧʨʝʜʩʪʘʚʷʱʠ ʪʝʟʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝ ʠʟʧʦʣʟʚʘ ʰʘʙʣʦʥʘ ʟʘ ʜʠʟʘʡʥ Ăʢʲʩʥʘ 

ʠʥʠʮʠʘʣʠʟʘʮʠʷñ. ʎʝʣʪʘ ʝ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʪʝʟʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘ ʙʲʜʝ ʠʟʯʠʩʣʝʥʘ ʥʝ ʧʨʠ 

ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʦʙʝʢʪ ʦʪ ʢʣʘʩʘ, ʘ ʪʦʛʘʚʘ, ʢʦʛʘʪʦ ʩʪʦʡʥʦʩʪʪʘ ʝ ʥʝʦʙʭʦʜʠʤʘ ʟʘ ʧʲʨʚʠ ʧʲʪ. 

ɿʘ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʪʦʚʘ, ʧʦʣʝʪʘʪʘ ʧʨʝʜʩʪʘʚʷʱʠ ʪʝʟʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘ ʦʪ ʪʘʢʲʚ ʪʠʧ, 

ʢʦʡʪʦ ʦʩʚʝʥ ʦʙʠʯʘʡʥʠʪʝ ʟʘ ʪʠʧʘ ʩʪʦʡʥʦʩʪʠ ʤʦʞʝ ʜʘ ʟʘʝʤʘ ʠ ʩʪʦʡʥʦʩʪʪʘ null, ʪ.ʝ. ʚʩʝ ʦʱʝ 

ʥʷʤʘ ʩʪʦʡʥʦʩʪ. ɿʘ ʪʦʚʘ ʧʦʣʝʪʦ risk ʩʝ ʜʝʬʠʥʠʨʘ ʦʪ ʪʠʧ double - ʪʠʧ ʟʘʝʤʘʱ ʦʙʠʯʘʡʥʠʪʝ 

ʟʘ ʪʠʧ double ʩʪʦʡʥʦʩʪ, ʢʘʢʪʦ ʠ ʩʪʦʡʥʦʩʪʪʘ null. 

ʇʦʣʝʪʦ ret ʩʲʭʨʘʥʷʚʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʥʘ ʜʘʜʝʥ ʠʥʚʝʩʪʠʮʠʦʥʝʥ 

ʧʦʨʪʬʝʡʣ. ɿʘ ʪʘʟʠ ʮʝʣ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʦʤʝʥʣʠʚʘ ʦʪ ʪʠʧ double. 

ʇʦʣʝʪʦ qRatio ʧʨʝʜʩʪʘʚʷ ʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪʪʘ ʠ ʨʠʩʢʘ ʥʘ 

ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʧʦʨʪʬʝʡʣ.  

ʇʦʣʝʪʦ qMeasure ʝ ʦʪ ʦʩʦʙʝʥʘ ʚʘʞʥʦʩʪ ʚ ʨʝʘʣʠʟʠʨʘʥʠʷ ʤʦʜʝʣ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ 

ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ. ʊʦ ʩʲʭʨʘʥʷʚʘ ʩʪʦʡʥʦʩʪʪʘ, ʢʦʷʪʦ ʝ ʦʩʥʦʚʝʥ ʢʨʠʪʝʨʠʠ ʟʘ 

ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʜʘʜʝʥ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ - Q-ʤʷʨʢʘʪʘ ʥʘ ʧʦʨʪʬʝʡʣʘ. ʇʦʣʝʪʦ ʝ 

ʜʝʬʠʥʠʨʘʥʦ ʦʪ ʪʠʧ double. 

ʂʣʘʩʲʪ ʜʝʬʠʥʠʨʘ ʧʫʙʣʠʯʥʦ ʩʚʦʡʩʪʚʦ ʟʘ ʚʩʷʢʦ ʦʪ ʧʦʣʝʪʘʪʘ ʥʘ ʢʣʘʩʘ. ʊʝʟʠ 

ʩʚʦʡʩʪʚʘ ʧʨʠʪʝʞʘʚʘʪ ʝʜʠʥʩʪʚʝʥʦ ʤʝʪʦʜ ʟʘ ʯʝʪʝʥʝ ʥʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʧʦʣʝʪʦ, ʟʘ ʢʦʝʪʦ 

ʦʪʛʦʚʘʨʷʪ, ʪ.ʝ. ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʚʦʡʩʪʚʘʪʘ ʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʨʦʤʝʥʷʥʠ. ʇʨʠ ʠʟʚʠʢʚʘʥʝ 

ʥʘ ʜʘʜʝʥʦ ʩʚʦʡʩʪʚʦ ʩʝ ʧʨʦʚʝʨʷʚʘ ʜʘʣʠ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʧʦʣʝʪʦ, ʟʘ ʢʦʝʪʦ ʩʚʦʡʩʪʚʦʪʦ 

ʦʪʛʦʚʘʨʷ, ʚʝʯʝ ʝ ʙʠʣʘ ʠʟʯʠʩʣʝʥʘ, ʪ.ʝ. ʜʘʣʠ ʪʷ  null ʠʣʠ ʥʝ. ɸʢʦ ʩʪʦʡʥʦʩʪʪʘ ʝ null ʩʝ 

ʠʟʚʠʢʚʘ ʤʝʪʦʜ, ʢʦʡʪʦ ʠʟʯʠʩʣʷʚʘ ʥʫʞʥʘʪʘ ʩʪʦʡʥʦʩʪ ʠ ʷ ʟʘʧʠʩʚʘ ʚ ʩʲʦʪʚʝʪʥʦʪʦ ʧʦʣʝ.  

ʂʣʘʩʲʪ ʜʝʬʠʥʠʨʘ ʢʦʥʩʪʨʫʢʪʦʨ ʩ ʜʚʘ ʧʘʨʘʤʝʪʲʨʘ. ʇʲʨʚʠʷʪ ʧʘʨʘʤʝʪʲʨ ʟʘʜʘʚʘ 

ʩʧʠʩʲʢ ʦʪ ʦʙʝʢʪʠ ʥʘ ʢʣʘʩʘ PortfolioElement, ʫʯʘʩʪʚʘʱʠ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʧʦʨʪʬʝʡʣ, 

ʢʦʡʪʦ ʩʝ ʢʦʥʩʪʨʫʠʨʘ. ɺʪʦʨʠʷʪ ʧʘʨʘʤʝʪʲʨ ʫʢʘʟʚʘ ʢʘʧʠʪʘʣʘ ʥʘ ʧʦʨʪʬʝʡʣʘ ʢʘʪʦ ʨʝʘʣʥʘ 

ʩʪʦʡʥʦʩʪ ʦʪ ʪʠʧ double. 

ʂʣʘʩʲʪ Portfolio ʩʲʜʲʨʞʘ ʤʝʪʦʜ ToString(), ʢʦʡʪʦ ʧʨʝʜʩʪʘʚʷ ʧʦʣʝʪʘʪʘ ʥʘ ʢʣʘʩʘ ʚ 

ʪʝʢʩʪʦʚ ʬʦʨʤʘʪ, ʫʜʦʙʝʥ ʟʘ ʦʪʧʝʯʘʪʚʘʥʝ ʥʘ ʢʦʥʟʦʣʘ. 

ʆʩʪʘʥʘʣʠʪʝ ʧʝʪ ʤʝʪʦʜʘ ʥʘ ʢʣʘʩʘ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ 

private. ʊʝ ʩʝ ʠʟʚʠʢʚʘʪ ʝʜʠʥʩʪʚʝʥʦ ʦʪ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʢʣʘʩʘ ʠ ʩʣʫʞʘʪ ʟʘ ʠʟʯʠʩʣʝʥʠʝ ʥʘ 

ʩʲʦʪʚʝʪʩʪʚʘʱʘʪʘ ʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ. 

 

ʀʥʪʝʨʬʝʡʩ IPortfolioConstructionStrategy 

ʊʲʡ ʢʘʪʦ ʤʝʪʦʜʠʪʝ ʥʘ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ ʥʝ ʩʘ ʝʜʠʥʩʪʚʝʥʠʷʪ ʥʘʯʠʥ, ʧʦ ʢʦʡʪʦ 

ʤʦʞʝ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʤʦʜʝʣ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ ʝ ʥʝʦʙʭʦʜʠʤʦ 

ʩʲʟʜʘʜʝʥʠʷʪ ʩʦʬʪʫʝʨ ʜʘ ʨʘʙʦʪʠ ʩ ʨʘʟʣʠʯʥʠ ʪʘʢʠʚʘ ʤʦʜʝʣʠ. ʊʦʚʘ ʩʪʘʚʘ ʢʘʪʦ ʚʩʝʢʠ ʤʦʜʝʣ 

ʠʤʧʣʝʤʝʥʪʠʨʘ ʠʥʪʝʨʬʝʡʩʘ IPortfolioConstructionStrategy. 
public interface IPortfolioConstructionStrategy 

{  

        List<List<Portfolio>> Construct(IEnumerable<Equity> equityList,  

            int portfolioSize, double capital); 

}  

ʀʥʪʝʨʬʝʡʩʲʪ ʜʝʬʠʥʠʨʘ ʝʜʠʥ ʝʜʠʥʩʪʚʝʥ ʤʝʪʦʜ Construct, ʯʠʷʪʦ ʮʝʣ ʝ ʜʘ ʩʲʟʜʘʜʝ 

ʧʦʨʪʬʝʡʣʠ. ɺʩʝʢʠ ʢʣʘʩ, ʢʦʡʪʦ ʠʤʧʣʝʤʝʥʪʠʨʘ ʠʥʪʝʨʬʝʡʩʘ, ʱʝ ʧʨʝʜʝʬʠʥʠʨʘ ʪʦʟʠ ʤʝʪʦʜ, 

ʪ.ʝ. ʱʝ ʨʝʘʣʠʟʠʨʘ ʢʦʥʢʨʝʪʝʥ ʤʦʜʝʣ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ. 

ʄʝʪʦʜʲʪ Construct ʧʨʠʝʤʘ ʪʨʠ ʧʘʨʘʤʝʪʲʨʘ. ʇʲʨʚʠʷʪ ʝ ʩʧʠʩʲʢ ʦʪ ʘʢʪʠʚʠ, ʦʪ ʢʦʡʪʦ ʱʝ ʩʝ 

ʠʟʙʠʨʘʪ ʪʘʢʠʚʘ, ʢʦʠʪʦ ʱʝ ʚʟʝʤʘʪ ʫʯʘʩʪʠʝ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʧʦʨʪʬʝʡʣ. ɺʪʦʨʠʷʪ 

ʧʘʨʘʤʝʪʲʨ ʥʘ ʬʫʥʢʮʠʷʪʘ ʝ ʮʷʣʦ ʯʠʩʣʦ (ʪʠʧ int), ʫʢʘʟʚʘʱʦ ʤʘʢʩʠʤʘʣʥʠʷ ʙʨʦʡ ʘʢʪʠʚʠ ʚ 
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ʝʜʠʥ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ. ʂʘʧʠʪʘʣʲʪ, ʩ ʢʦʡʪʦ ʩʝ ʢʦʥʩʪʨʫʠʨʘʪ ʧʦʨʪʬʝʡʣʠʪʝ, ʩʝ 

ʫʢʘʟʚʘ ʦʪ ʪʨʝʪʠʷ ʧʘʨʘʤʝʪʲʨ. 

 

FuzzyPortfolioConstructionStrategy 

ʂʣʘʩʲʪ FuzzyPortfolioConstructionStrategy ʧʨʝʜʩʪʘʚʣʷʚʘ ʘʙʩʪʨʘʢʮʠʷ ʥʘ ʤʦʜʝʣ ʟʘ 

ʢʦʥʢʫʨʠʨʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ. ʂʣʘʩʲʪ ʠʤʧʣʝʤʝʥʪʠʨʘ ʠʥʪʝʨʬʝʡʩʘ 

IPortfolioConstructionStrategy, ʢʦʝʪʦ ʤʫ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʢʦʥʩʪʨʫʠʨʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠ 

ʧʦʨʪʬʝʡʣʠ ʧʦ ʦʙʱ, ʧʫʙʣʠʯʥʦ ʠʟʚʝʩʪʝʥ ʥʘʯʠʥ, ʯʨʝʟ ʤʝʪʦʜʘ Construct ʥʘ ʠʥʪʝʨʬʝʡʩʘ. 

ʀʤʧʣʝʤʝʥʪʠʨʘʡʢʠ ʪʦʟʠ ʤʝʪʦʜ, ʢʣʘʩʲʪ ʨʝʘʣʠʟʠʨʘ ʤʦʜʝʣʘ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ 

ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ ʩʲʩ ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ. 

ʂʣʘʩʲʪ FuzzyPortfolioConstructionStrategy ʜʝʬʠʥʠʨʘ ʝʜʥʦ ʝʜʠʥʩʪʚʝʥʦ ʧʦʣʝ 

portfoliosList, ʢʦʝʪʦ ʩʲʭʨʘʥʷʚʘ ʩʲʟʜʘʜʝʥʠʪʝ ʧʦʨʪʬʝʡʣʠ. ʊʲʡ ʢʘʪʦ ʧʦʣʝʪʦ ʩʝ ʠʟʧʦʣʟʚʘ 

ʝʜʠʥʩʪʚʝʥʦʪʦ ʟʘ ʚʲʪʨʝʰʥʠ ʮʝʣʠ ʥʘ ʢʣʘʩʘ, ʪʦ ʥʷʤʘ ʥʫʞʜʘ ʜʘ ʙʲʜʝ ʜʦʩʪʲʧʥʦ ʦʪ ʜʨʫʛʠ 

ʢʣʘʩʦʚʝ. ʇʦʨʘʜʠ ʪʦʚʘ ʪʦ ʝ ʜʝʬʠʥʠʨʘʥʦ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ private.  ʊʠʧʲʪ ʥʘ 

ʧʦʣʝʪʦ ʝ ʩʧʠʩʲʢ ʦʪ ʦʙʝʢʪʠ ʥʘ ʢʣʘʩʘ Portfolio. 

ʂʣʘʩʲʪ FuzzyPortfolioConstructionStrategy ʥʝ ʜʝʬʠʥʠʨʘ ʩʚʦʡʩʪʚʘ. 

ʊʲʡ ʢʘʪʦ ʚ ʪʷʣʦʪʦ ʥʘ ʢʣʘʩʘ ʥʝ ʧʨʠʩʲʩʪʚʘ ʠʟʨʠʯʥʦ ʜʝʬʠʥʠʨʘʥ ʢʦʥʩʪʨʫʢʪʦʨ, 

ʢʦʤʧʠʣʘʪʦʨʲʪ ʩʲʟʜʘʚʘ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʘʟʝʥ ʢʦʥʩʪʨʫʢʪʦʨ ʧʦ ʧʦʜʨʘʟʙʠʨʘʥʝ (default 

constructor), ʢʦʡʪʦ ʧʨʠʩʚʦʷʚʘ ʩʪʦʡʥʦʩʪ ʧʦ ʧʦʜʨʘʟʙʠʨʘʥʝ ʥʘ ʚʩʠʯʢʠ ʧʦʣʝʪʘ ʥʘ ʢʣʘʩʘ. ɺ 

ʩʣʫʯʘʷ, ʪʦʡ ʟʘʜʘʚʘ ʩʪʦʡʥʦʩʪ null ʥʘ ʧʦʣʝʪʦ portfoliosList, ʪʲʡ ʢʘʪʦ ʪʦ ʝ ʦʪ ʨʝʬʝʨʝʥʪʝʥ 

ʪʠʧ. 

ɽʜʠʥʩʪʚʝʥʠʷʪ ʧʫʙʣʠʯʝʥ ʤʝʪʦʜ ʥʘ ʢʣʘʩʘ FuzzyPortfolioConstructionStrategy ʝ 

ʤʝʪʦʜʲʪ Construct. ʊʦʟʠ ʤʝʪʦʜ ʨʝʘʣʠʟʠʨʘ ʤʦʜʝʣ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʝʥ 

ʧʦʨʪʬʝʡʣ ʩʲʩ ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ. ʈʝʟʫʣʪʘʪ ʦʪ ʥʝʛʦʚʦʪʦ ʠʟʧʲʣʥʝʥʠʝ ʝ 

ʩʧʠʩʲʢ ʦʪ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ. ʄʝʪʦʜʲʪ Construct ʧʨʠʝʤʘ ʪʨʠ ʧʘʨʘʤʝʪʲʨʘ: 

ʩʧʠʩʲʢ ʦʪ ʘʢʪʠʚʠ, ʤʘʢʩʠʤʘʣʥʠʷ ʙʨʦʡ ʘʢʪʠʚʠ ʚ ʝʜʠʥ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ ʠ 

ʢʘʧʠʪʘʣʘ, ʩ ʢʦʡʪʦ ʩʝ ʢʦʥʩʪʨʫʠʨʘʪ ʧʦʨʪʬʝʡʣʠʪʝ. ɿʘ ʠʟʚʲʨʰʚʘʥʝʪʦ ʥʘ ʩʚʦʷʪʘ ʟʘʜʘʯʘ, 

ʤʝʪʦʜʲʪ Construct ʠʟʧʦʣʟʚʘ ʨʝʜʠʮʘ ʦʪ ʧʦʤʦʱʥʠ ʤʝʪʦʜʠ, ʜʝʬʠʥʠʨʘʥʠ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ 

ʥʘ ʜʦʩʪʲʧ private. 

ʄʝʪʦʜʲʪ ChooseTopEquities ʩʦʨʪʠʨʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʜʘʜʝʥ ʩʧʠʩʲʢ ʦʪ ʘʢʪʠʚʠ, 

ʧʦʜʘʜʝʥ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ, ʩʧʨʷʤʦ ʪʷʭʥʘʪʘ Q-ʤʷʨʢʘ ʠ ʠʟʙʠʨʘ ʥʘʡ-ʜʦʙʨʠʪʝ ʦʪ ʪʷʭ. 

ʉʧʠʩʲʢʲʪ ʩʝ ʩʦʨʪʠʨʘ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ ʟʘ ʙʲʨʟʦ ʩʦʨʪʠʨʘʥʝ (QuickSort). Oʧʠʩʘʥʠʝ ʥʘ 

ʘʣʛʦʨʠʪʲʤʘ ʝ ʜʘʜʝʥʦ ʧʦ-ʜʦʣʫ. ɹʨʦʷʪ ʥʘ ʠʟʙʨʘʥʠʪʝ ʘʢʪʠʚʠ ʩʲʱʦ ʟʘʚʠʩʠ ʦʪ ʧʘʨʘʤʝʪʲʨ. 

ʄʝʪʦʜʲʪ ʧʨʠʝʤʘ ʜʚʘ ʧʘʨʘʤʝʪʲʨʘ. ʇʲʨʚʠʷʪ ʝ ʩʧʠʩʲʢʲʪ, ʦʪ ʢʦʡʪʦ ʩʝ ʠʟʙʠʨʘʪ ʘʢʪʠʚʠ, ʘ 

ʚʪʦʨʠʷʪ ʝ ʮʷʣʦ ʯʠʩʣʦ, ʦʧʨʝʜʝʣʷʱʦ ʙʨʦʷ ʥʘ ʠʟʙʨʘʥʠʪʝ ʦʪ ʩʧʠʩʲʢʘ ʘʢʪʠʚʠ. 

ɸʣʛʦʨʠʪʤʲʪ ʟʘ ʙʲʨʟʦ ʩʦʨʪʠʨʘʥʝ ʟʘʧʦʯʚʘ ʩ ʠʟʙʠʨʘʥʝʪʦ ʥʘ Ăʛʣʘʚʝʥñ ʝʣʝʤʝʥʪ ʦʪ 

ʩʧʠʩʲʢʘ ʩ ʝʣʝʤʝʥʪʠ, ʢʦʠʪʦ ʱʝ ʙʲʜʘʪ ʩʦʨʪʠʨʘʥʠ. ʉʣʝʜ ʪʦʚʘ ʩʧʠʩʲʢʲʪ ʩʝ ʧʨʝʥʘʨʝʞʜʘ ʪʘʢʘ, 

ʯʝ ʚʩʠʯʢʠ ʝʣʝʤʝʥʪʠ, ʢʦʠʪʦ ʩʘ ʧʦ-ʤʘʣʢʠ ʦʪ Ăʛʣʘʚʥʠʷñ ʩʝ ʧʦʩʪʘʚʷʪ ʚʣʷʚʦ ʦʪ ʥʝʛʦ, ʘ 

ʚʩʠʯʢʠ, ʢʦʠʪʦ ʩʘ ʧʦ-ʛʦʣʝʤʠ - ʚʜʷʩʥʦ ʦʪ ʥʝʛʦ. ʈʝʢʫʨʩʠʚʥʦ ʩʝ ʧʦʚʪʘʨʷʪ ʛʦʨʥʠʪʝ ʩʪʲʧʢʠ 

ʚʲʨʭʫ ʩʧʠʩʲʢʘ ʩ ʧʦ-ʤʘʣʢʠʪʝ ʠ ʩʧʠʩʲʢʘ ʩ ʧʦ-ʛʦʣʝʤʠʪʝ ʝʣʝʤʝʥʪʠ. ʇʦʣʫʯʝʥʠʪʝ ʩʧʠʩʲʮʠ ʩʝ 

ʩʣʠʚʘʪ (ʢʦʥʢʘʪʝʥʘʮʠʷ) ʠ ʩʝ ʧʦʣʫʯʘʚʘ ʩʦʨʪʠʨʘʥʠʷʪ ʩʧʠʩʲʢ. 

ɻʝʥʝʨʠʨʘʥʝʪʦ ʥʘ ʢʦʤʙʠʥʘʮʠʠ ʦʪ ʘʢʪʠʚʠ ʩʝ ʠʟʚʲʨʰʚʘ ʦʪ ʤʝʪʦʜʘ 

GenerateEquityCombinations. ʊʦʡ ʧʨʠʝʤʘ ʜʚʘ ʧʘʨʘʤʝʪʲʨʘ: ʩʧʠʩʲʢ ʦʪ ʘʢʪʠʚʠ, ʯʠʠʪʦ 

ʢʦʤʙʠʥʘʮʠʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʛʝʥʝʨʠʨʘʪ ʠ ʮʝʣʦʯʠʩʣʝʥʘ ʩʪʦʡʥʦʩʪ, ʦʧʨʝʜʝʣʷʱʘ ʤʘʢʩʠʤʘʣʥʠʷ 

ʙʨʦʡ ʘʢʪʠʚʠ, ʫʯʘʩʪʚʘʱʠ ʚ ʝʜʥʘ ʢʦʤʙʠʥʘʮʠʷ. 

ʄʝʪʦʜʲʪ GeneratePortfolio ʛʝʥʝʨʠʨʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ ʥʘ ʙʘʟʘʪʘ ʥʘ 

ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʘʢʪʠʚʠ ʠ ʟʘʜʘʜʝʥ ʢʘʧʠʪʘʣ. ʄʝʪʦʜʲʪ ʧʨʠʝʤʘ ʜʚʘ ʧʘʨʘʤʝʪʲʨʘ. ʇʲʨʚʠʷʪ ʝ 

ʢʦʤʙʠʥʘʮʠʷʪʘ ʦʪ ʘʢʪʠʚʠ. ʊʝʟʠ ʘʢʪʠʚʠ ʟʘ ʟʘʧʠʩʘʥʠ ʚ ʩʧʠʩʲʢ. ɺʪʦʨʠʷʪ ʧʘʨʘʤʝʪʲʨ ʥʘ 

ʤʝʪʦʜʘ ʝ ʨʝʘʣʥʦ ʯʠʩʣʦ (ʪʠʧ double), ʟʘʜʘʚʘʱʦ ʢʘʧʠʪʘʣʘ, ʩ ʢʦʡʪʦ ʩʝ ʢʦʥʩʪʨʫʠʨʘʪ 

ʠʥʚʝʩʪʠʮʠʦʥʥʠʪʝ ʧʦʨʪʬʝʡʣʠ. ʄʝʪʦʜʲʪ ʢʦʥʩʪʨʫʠʨʘ ʝʜʠʥ ʧʦʨʪʬʝʡʣ, ʩʣʝʜ ʢʦʝʪʦ ʩʝ ʦʧʠʪʚʘ 
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ʜʘ ʛʦ ʧʦʜʦʙʨʠ, ʧʨʠʣʘʛʘʡʢʠ ʧʨʦʮʝʜʫʨʘ ʧʦ ʘʣʦʢʘʮʠʷ. ʊʘʟʠ ʧʨʦʮʝʜʫʨʘ ʩʲʟʜʘʚʘ ʥʦʚʠ 

ʧʦʨʪʬʝʡʣʠ. ʄʝʪʦʜʲʪ ʚʨʲʱʘ ʩʧʠʩʲʢ ʦʪ ʧʦʨʪʬʝʡʣʠ. 

ʇʨʦʚʝʨʢʘʪʘ, ʜʘʣʠ ʜʘʜʝʥ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ ʧʦʜʣʝʞʠ ʥʘ ʧʦʜʦʙʨʷʚʘʥʝ, ʩʝ 

ʠʟʚʲʨʰʚʘ ʦʪ ʤʝʪʦʜʘ HaveToAllocate. ʊʦʡ ʚʨʲʱʘ ʩʪʦʡʥʦʩʪ true, ʘʢʦ ʟʘ ʧʦʨʪʬʝʡʣʘ ʪʨʷʙʚʘ 

ʜʘ ʩʝ ʠʟʚʲʨʰʠ ʘʣʦʢʘʮʠʷ. ɺ ʧʨʦʪʠʚʝʥ ʩʣʫʯʘʡ ʤʝʪʦʜʲʪ ʚʨʲʱʘ ʩʪʦʡʥʦʩʪ false. ʄʝʪʦʜʲʪ 

ʧʨʠʝʤʘ ʪʨʠ ʧʘʨʘʤʝʪʲʨʘ ʦʪ ʪʠʧ double. ʇʲʨʚʠʷʪ ʧʘʨʘʤʝʪʲʨ ʟʘʜʘʚʘ ʠʟʧʦʣʟʚʘʥʠʷ ʦʪ ʜʘʜʝʥ 

ʧʦʨʪʬʝʡʣ ʢʘʧʠʪʘʣ, ʚʪʦʨʠʷʪ ʧʘʨʘʤʝʪʲʨ ʝ ʥʘʯʘʣʥʠʷ ʢʘʧʠʪʘʣ ʥʘ ʧʦʨʪʬʝʡʣʘ ʠ ʘ ʪʨʝʪʠʷʪ 

ʧʘʨʘʤʝʪʲʨ ʝ ʪʦʣʝʨʘʥʩʘ. ʊʦʣʝʨʘʥʩʲʪ ʦʧʨʝʜʝʣʷ ʤʠʥʠʤʘʣʥʠʷ ʧʨʘʛ, ʧʨʠ ʢʦʡʪʦ ʩʪʦʡʥʦʩʪʠʪʝ 

ʥʘ ʠʟʧʦʣʟʚʘʥʠʷ ʠ ʥʘʯʘʣʥʠʷ ʢʘʧʠʪʘʣ ʩʘ ʜʦʩʪʘʪʲʯʥʦ ʙʣʠʟʢʠ ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ ʥʝ ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʧʨʠʣʘʛʘ ʘʣʦʢʘʮʠʷ. 

ʉʘʤʘʪʘ ʧʨʦʮʝʜʫʨʘ ʧʦ ʘʣʦʢʘʮʠʷ ʝ ʨʝʘʣʠʟʠʨʘʥʘ ʚ ʤʝʪʦʜʘ Allocate. ʊʷ ʧʦʜʦʙʨʷʚʘ 

ʜʘʜʝʥ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ, ʢʘʪʦ ʨʘʟʧʨʝʜʝʣʷ ʦʩʪʘʥʘʣʠʷ ʥʝʠʥʚʝʩʪʠʨʘʥ ʢʘʧʠʪʘʣ, 

ʫʚʝʣʠʯʘʚʘʡʢʠ ʙʨʦʷ ʥʘ ʟʘʢʫʧʝʥʠʪʝ ʘʢʮʠʠʪʝ ʥʘ ʘʢʪʠʚʠʪʝ ʩʧʨʷʤʦ ʪʝʭʥʠʷ ʦʪʥʦʩʠʪʝʣʝʥ ʜʷʣ. 

ʄʝʪʦʜʲʪ ʧʨʠʝʤʘ ʝʜʠʥ ʧʘʨʘʤʝʪʲʨ - ʩʧʠʩʲʢ ʦʪ ʧʦʨʪʬʝʡʣʠ ʠ ʚʨʲʱʘ ʩʲʱʠʷ ʪʦʟʠ 

ʩʧʠʩʲʢ, ʢʘʪʦ ʝʚʝʥʪʫʘʣʥʦ ʝ ʜʦʙʘʚʠʣ ʥʦʚ ʝʣʝʤʝʥʪ ʚ ʢʨʘʷ ʥʘ ʩʧʠʩʲʢʘ. 

ʄʝʪʦʜʲʪ GeneratePortfolioElement ʧʨʝʦʙʨʘʟʫʚʘ ʦʙʝʢʪ ʦʪ ʪʠʧ Equity ʚ ʦʙʝʢʪ ʦʪ 

ʪʠʧ PortfolioElement. ʊʦʚʘ ʩʝ ʠʟʚʲʨʰʚʘ ʩ ʮʝʣ ʨʝʜʫʮʠʨʘʥʝ ʥʘ ʠʟʠʩʢʚʘʥʘʪʘ ʧʘʤʝʪ ʧʨʠ 

ʨʘʙʦʪʘ ʩ ʘʙʩʪʨʘʢʮʠʷ ʥʘ ʬʠʥʘʥʩʦʚ ʘʢʪʠʚ. ʂʣʘʩʲʪ Equity ʩʲʜʲʨʞʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʜʘʥʥʠ, 

ʢʦʡʪʦ ʥʝ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʚ ʢʦʥʪʝʢʩʪʘ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠʪʝ ʧʦʨʪʬʝʡʣʠ. ʄʝʪʦʜʲʪ ʧʨʠʝʤʘ 

ʝʜʠʥ ʧʘʨʘʤʝʪʲʨ - ʦʙʝʢʪ ʦʪ ʢʣʘʩʘ Equity, ʠ ʚʨʲʱʘ ʦʙʝʢʪ ʦʪ ʢʣʘʩʘ PortfolioElement. 

 

PortfolioConstructor 

ʂʣʘʩʲʪ PortfolioConstructor ʜʝʬʠʥʠʨʘ ʝʜʠʥʝʥ ʥʘʯʠʥ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ 

ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ. ʊʦʡ ʧʘʨʘʤʝʪʨʠʟʠʨʘ ʤʦʜʝʣʘ, ʯʨʝʟ ʢʦʡʪʦ ʩʝ ʩʲʟʜʘʚʘʪ 

ʧʦʨʪʬʝʡʣʠ. ʉʲʱʦ ʪʘʢʘ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ, ʧʨʠ ʥʫʞʜʘ ʪʦʟʠ ʤʦʜʝʣ ʜʘ ʩʝ ʧʦʜʤʝʥʠ, ʪ.ʝ. ʥʝ ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʥʦʚ ʦʙʝʢʪ ʦʪ ʪʠʧʘ PortfolioConstructor. 

ʂʣʘʩʲʪ PortfolioConstructor ʧʘʟʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʝʥ 

ʧʦʨʪʬʝʡʣ ʚ ʯʝʪʠʨʠ ʧʦʣʝʪʘ. ʊʝ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʜʦʩʪʲʧ private, ʢʦʝʪʦ 

ʛʠ ʧʨʘʚʠ ʜʦʩʪʲʧʥʠ ʩʘʤʦ ʟʘ ʜʝʬʠʥʠʮʠʷʪʘ ʥʘ ʪʦʟʠ ʢʣʘʩ. 

ʇʦʣʝʪʦ PortfolioConstructionStrategy ʩʲʭʨʘʥʷʚʘ ʤʦʜʝʣʘ ʟʘ ʢʦʥʢʫʨʠʨʘʥʝ ʥʘ 

ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ. ʊʠʧʲʪ ʤʫ ʝ ʠʥʪʝʨʬʝʡʩʘ IPortfolioConstructionStrategy, ʢʦʡʪʦ 

ʠʤʧʣʝʤʝʥʪʠʨʘʪ ʚʩʠʯʢʠ ʤʦʜʝʣʠ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣ. 

ɺʪʦʨʦʪʦ ʧʦʣʝ ʝ equityList. ʊʦ ʝ ʦʪ ʪʠʧ ʩʧʠʩʲʢ ʦʪ ʦʙʝʢʪʠ ʥʘ ʢʣʘʩʘ Equity, ʟʘʱʦʪʦ 

ʮʝʣʪʘ ʤʫ ʝ ʜʘ ʩʲʭʨʘʥʷʚʘ ʘʢʪʠʚʠʪʝ, ʦʪ ʢʦʡʪʦ ʱʝ ʩʝ ʠʟʙʝʨʘʪ ʪʘʢʠʚʘ, ʢʦʡʪʦ ʱʝ ʫʯʘʩʪʚʘʪ ʚ 

ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʧʦʨʪʬʝʡʣ. 

ʇʦʣʝʪʦ portfolioSize ʝ ʦʪ ʪʠʧ int ʠ ʩʲʭʨʘʥʷʚʘ ʤʘʢʩʠʤʘʣʥʠʷ ʙʨʦʡ ʬʠʥʘʥʩʦʚʠ 

ʘʢʪʠʚʠ, ʢʦʡʪʦ ʤʦʛʘʪ ʜʘ ʚʟʠʤʘʪ ʫʯʘʩʪʠʝ ʚ ʝʜʠʥ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ. 

ʂʘʧʠʪʘʣʲʪ, ʩ ʢʦʡʪʦ ʩʝ ʢʦʥʩʪʨʫʠʨʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ ʧʦʨʪʬʝʡʣ ʩʝ ʟʘʧʘʟʚʘ ʚ 

ʧʦʣʝʪʦ capital. ʊʦ ʝ ʦʪ ʪʠʧ double. 

ʂʣʘʩʲʪ ʜʝʬʠʥʠʨʘ ʝʜʥʦ ʧʫʙʣʠʯʥʦ ʜʦʩʪʲʧʥʦ ʩʚʦʡʩʪʚʦ - ConstructionStrategy. ʊʦ 

ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʦʜʤʷʥʘ ʥʘ ʤʦʜʝʣʘ, ʩ ʢʦʡʪʦ ʩʝ ʢʦʥʩʪʨʫʠʨʘʪ ʠʥʚʝʩʪʠʮʠʦʥʥʠ 

ʧʦʨʪʬʝʡʣʠ. ɿʘ ʮʝʣʪʘ ʝ ʜʦʩʪʘʪʲʯʥʦ ʥʘ ʩʚʦʡʩʪʚʦʪʦ ʜʘ ʙʲʜʝ ʧʨʠʩʚʦʝʥ ʦʙʝʢʪ ʥʘ ʢʣʘʩ, 

ʠʤʧʣʝʤʝʥʪʠʨʘʱ ʠʥʪʝʨʬʝʡʩʘ IPortfolioConstructionStrategy. 

ʂʣʘʩʲʪ ʜʝʬʠʥʠʨʘ ʝʜʠʥ ʢʦʥʩʪʨʫʢʪʦʨ ʩ ʯʝʪʠʨʠ ʧʘʨʘʤʝʪʲʨʘ, ʢʦʡʪʦ ʠʥʠʮʠʘʣʠʟʠʨʘ 

ʧʦʣʝʪʘʪʘ ʥʘ ʢʣʘʩʘ ʩʲʩ ʩʪʦʡʥʦʩʪʠʪʝ ʧʦʜʘʜʝʥʠ ʢʘʪʦ ʧʘʨʘʤʝʪʨʠ. 

ʄʝʪʦʜʲʪ ʩ ʧʫʙʣʠʯʝʥ ʠʥʜʝʪʠʬʠʢʘʪʦʨ ʟʘ ʜʦʩʪʲʧ ConstructPortfolio ʥʘ ʢʣʘʩʘ 

ʢʦʥʢʫʨʠʨʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ, ʠʥʠʮʠʘʣʠʟʠʨʘʥʠ ʧʨʠ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʦʙʝʢʪ ʦʪ ʢʣʘʩʘ. ɸʢʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʧʦʜʤʝʥʠ ʤʦʜʝʣʲʪ, ʩ ʢʦʡʪʦ ʩʝ 

ʢʦʥʩʪʨʫʠʨʘʪ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ, ʩʣʝʜ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʧʦʜʤʷʥʘʪʘ ʪʨʷʙʚʘ 
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ʧʦʚʪʦʨʥʦ ʜʘ ʩʝ ʠʟʚʠʢʘ ʤʝʪʦʜʲʪ ConstructPortfolio ʩ ʮʝʣ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʧʦʨʪʬʝʡʣʠʪʝ, 

ʠʟʧʦʣʟʚʘʡʢʠ ʥʦʚʦʟʘʜʘʜʝʥʠʷ ʤʦʜʝʣ. 

 

PortfolioUtilities 

ʊʲʡ ʢʘʪʦ ʩʲʭʨʘʥʝʥʠʝʪʦ ʥʘ ʜʘʥʥʠ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʠʪʝ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ 

ʥʝ ʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ, ʧʨʷʢʦ ʩʚʲʨʟʘʥʘ ʩ ʢʣʘʩʘ Portfolio, ʥʦ ʜʦʢʦʣʢʦʪʦ ʪʘʢʘʚʘ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʝ ʥʝʦʙʭʦʜʠʤʘ, ʪʦ ʪʷ ʝ ʠʟʥʝʩʝʥʘ ʚ ʦʪʜʝʣʝʥ ʢʣʘʩ. ʊʦʚʘ ʨʝʰʝʥʠʝ 

ʧʦʜʦʙʨʷʚʘ ʦʙʦʩʦʙʝʥʦʩʪʪʘ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʩʦʬʪʫʝʨʥʠʷ ʧʨʦʜʫʢʪ, ʢʦʝʪʦ ʧʦʜʦʙʨʷʚʘ 

ʥʝʛʦʚʦʪʦ ʢʘʯʝʩʪʚʦ. ʂʣʘʩʲʪ PortfolioUtilities ʩʲʜʲʨʞʘ ʤʝʪʦʜ ʟʘ ʟʘʧʠʩ ʥʘ ʩʧʠʩʲʢ ʦʪ 

ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ ʚ ʙʘʟʘ ʦʪ ʜʘʥʥʠ. 

ʂʣʘʩʲʪ PortfolioUtilities ʜʝʬʠʥʠʨʘ ʩʪʘʪʠʯʝʥ ʤʝʪʦʜ SavePortfolios, ʯʠʷʪʦ ʮʝʣ ʝ 

ʟʘʧʠʩ ʥʘ ʩʧʠʩʲʢ ʦʪ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ ʚ ʙʘʟʘ ʦʪ ʜʘʥʥʠ. ʄʝʪʦʜʲʪ ʧʨʠʝʤʘ ʝʜʠʥ 

ʧʘʨʘʤʝʪʲʨ - ʩʧʠʩʲʢ ʦʪ ʦʙʝʢʪʠ ʦʪ ʪʠʧ Portfolio. 

 

StockExchangeDAL 

ʆʧʠʩʘʥʠʪʝ ʜʦ ʩʝʛʘ ʢʣʘʩʦʚʝ ʠ ʠʥʪʝʨʬʝʡʩʠ ʩʘ ʯʘʩʪ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʦʪ ʠʤʝʥʘ 

PortfolioConstruction. ʊʝ ʩʲʩʪʘʚʷʪ ʷʜʨʦʪʦ ʥʘ ʙʠʙʣʠʦʪʝʢʘʪʘ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ 

ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʪʷʭ ʢʣʘʩʲʪ StockExchangeDAL ʝ ʜʝʬʠʥʠʨʘʥ ʚ 

ʨʘʟʣʠʯʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪ ʠʤʝʥʘ, ʘ ʠʤʝʥʥʦ StockExchange.Data. ɺ ʪʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʝ 

ʥʘʤʠʨʘʪ ʢʣʘʩʦʚʝ, ʩʧʦʤʘʛʘʱʠ  ʚʨʲʟʢʘʪʘ ʩ ʙʘʟʘʪʘ ʜʘʥʥʠ. ʂʣʘʩʲʪ StockExchangeDAL ʝ ʦʙʱ 

ʠ ʟʘ ʪʨʠʪʝ ʤʦʜʫʣʘ ʥʘ ʩʦʬʪʫʝʨʥʠʷ ʧʨʦʜʫʢʪ ʠ ʩʲʜʲʨʞʘ ʤʝʪʦʜʠ ʟʘ ʯʝʪʝʥʝ ʠ ʟʘʧʠʩ ʦʪ ʙʘʟʘ ʦʪ 

ʜʘʥʥʠ.  

ʄʝʪʦʜʲʪ GetIdByCode ʚʨʲʱʘ ʠʥʜʝʢʩʘ ʥʘ ʜʘʜʝʥ ʘʢʪʠʚ, ʟʘʧʠʩʘʥ ʚ ʙʘʟʘʪʘ ʦʪ 

ʜʘʥʥʠ, ʩʧʨʷʤʦ ʧʦʜʘʜʝʥ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ ʢʦʜ ʥʘ ʘʢʪʠʚʘ. ʄʝʪʦʜʲʪ ʧʨʠʝʤʘ ʝʜʠʥ ʧʘʨʘʤʝʪʲʨ 

- equityCode ʦʪ ʪʠʧ string, ʟʘʜʘʚʘʱ ʢʦʜʘ ʥʘ ʘʢʪʠʚʘ, ʯʠʠʪʦ ʠʥʜʝʢʩ ʱʝ ʩʝ ʪʲʨʩʠ. ʊʲʨʩʝʥʠʷʪ 

ʢʦʜ ʝ ʦʪ ʪʠʧ int. ɸʢʦ ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ ʣʠʧʩʚʘʱ ʘʢʪʠʚ ʤʝʪʦʜʲʪ ʥʝ ʝ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ ʚʲʨʥʝ 

ʢʦʨʝʢʪʝʥ ʨʝʟʫʣʪʘʪ, ʪʦ ʩʝ ʠʟʚʝʞʜʘ Ăʠʟʢʣʶʯʝʥʠʝò. 
ʄʝʪʦʜʲʪ GetLastPriceForEquity ʥʘʤʠʨʘ ʧʦʩʣʝʜʥʘʪʘ ʟʘʧʠʩʘʥʘ ʮʝʥʘ ʟʘ ʝʜʥʘ ʘʢʮʠʷ 

ʥʘ ʜʘʜʝʥ ʘʢʪʠʚ, ʧʦʜʘʜʝʥ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ. ʄʝʪʦʜʲʪ ʧʨʠʝʤʘ ʧʘʨʘʤʝʪʲʨ, ʫʢʘʟʚʘʱ ʘʢʪʠʚʘ 

(ʦʙʝʢʪ ʦʪ ʪʠʧ Equity), ʯʠʷʪʦ ʮʝʥʘ ʱʝ ʩʝ ʪʲʨʩʠ ʠ ʚʨʲʱʘ ʮʝʥʘʪʘ ʥʘ ʘʢʪʠʚʘ ʢʘʪʦ ʪʠʧ double. 

ɿʘʧʠʩʲʪ ʥʘ ʢʦʥʩʪʨʫʠʨʘʥʠʪʝ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʦʪ 

ʤʝʪʦʜʘ InsertPortfolio. ʊʦʡ ʧʨʠʝʤʘ ʧʘʨʘʤʝʪʨʠ, ʫʢʘʟʚʘʱʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʜʘʜʝʥ 

ʧʦʨʪʬʝʡʣ. ʄʝʪʦʜʲʪ ʚʨʲʱʘ ʮʝʣʦʯʠʩʣʝʥʘ ʩʪʦʡʥʦʩʪ ʦʪ ʪʠʧ int - ʠʥʜʝʢʩʘ ʥʘ ʚʝʯʝ ʟʘʧʠʩʘʥʠʷ 

ʧʦʨʪʬʝʡʣ. 

ɿʘʧʠʩʲʪ ʥʘ ʘʢʪʠʚʠʪʝ, ʚʟʠʤʘʱʠ ʫʯʘʩʪʠʝ ʚ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʧʦʨʪʬʝʡʣ ʩʪʘʚʘ ʯʨʝʟ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʝʪʦʜʘ InsertPortfolioElement. ʊʦʡ ʧʨʠʝʤʘ ʪʨʠ ʧʘʨʘʤʝʪʲʨʘ. ʇʲʨʚʠʷʪ 

ʫʢʘʟʚʘ ʠʥʜʝʢʩʘ ʥʘ ʧʦʨʪʬʝʡʣʘ, ʢʲʤ ʢʦʡʪʦ ʧʨʠʥʘʜʣʝʞʠ ʘʢʪʠʚʘ. ɺʪʦʨʷʪ ʝ ʢʦʜʲʪ ʥʘ ʘʢʪʠʚʘ. 

ʊʨʝʪʠʷʪ ʧʘʨʘʤʝʪʲʨ ʟʘʜʘʚʘ ʙʨʦʷ ʘʢʮʠʠ, ʩ ʢʦʠʪʦ ʘʢʪʠʚʲʪ ʫʯʘʩʪʚʘ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʠʷ 

ʧʦʨʪʬʝʡʣ. 

 

Combinations 

ɿʘ ʛʝʥʝʨʠʨʘʥʝʪʦ ʥʘ ʢʦʤʙʠʥʘʮʠʠ ʦʪ ʚʝʯʝ ʠʟʙʨʘʥʠʪʝ ʘʢʪʠʚʠ ʩʝ ʜʝʬʠʥʠʨʘ ʦʪʜʝʣʝʥ 

ʢʣʘʩ. 

ʇʦʣʝʪʦ elements ʝ ʦʪ ʪʠʧ ʩʧʠʩʲʢ ʦʪ ʦʙʝʢʪʠ ʦʪ ʧʨʦʠʟʚʦʣʝʥ ʪʠʧ. ʊʦ ʩʲʭʨʘʥʷʚʘ 

ʝʣʝʤʝʥʪʠʪʝ, ʦʪ ʢʦʠʪʦ ʱʝ ʩʝ ʛʝʥʝʨʠʨʘʪ ʢʦʤʙʠʥʘʮʠʠ. 

ɻʦʨʥʘʪʘ ʛʨʘʥʠʮʘ ʥʘ ʙʨʦʷ ʝʣʝʤʝʥʪʠ ʚ ʝʜʥʘ ʢʦʤʙʠʥʘʮʠʷ ʝ ʟʘʧʠʩʘʥʘ ʚ ʧʦʣʝʪʦ 

upperIndex. ʊʦ ʝ ʜʝʢʣʘʨʠʨʘʥʦ ʦʪ ʮʝʣʦʯʠʩʣʝʥʠʷ ʪʠʧ int. 

ʇʦʣʝʪʦ option ʩʲʭʨʘʥʷʚʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʥʘʯʠʥʘ, ʧʦ-ʢʦʡʪʦ ʩʝ ʛʝʥʝʨʠʨʘʪ 

ʢʦʤʙʠʥʘʮʠʠʪʝ - ʩ ʠʣʠ ʙʝʟ ʧʘʨʘʤʝʪʨʠ. ʊʦ ʝ ʦʪ ʪʠʧ GenerateOption. ʀʟʙʨʦʠʤʠʷʪ ʪʠʧ 

GenerateOption ʜʝʬʠʥʠʨʘ ʜʚʝ ʢʦʥʩʪʘʥʪʠ. ʇʲʨʚʘʪʘ ʫʢʘʟʚʘ ʥʘ ʢʣʘʩʘ Combinations, ʯʝ 
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ʪʨʷʙʚʘ ʜʘ ʩʝ ʛʝʥʝʨʠʨʘʪ ʢʦʤʙʠʥʘʮʠʠ ʩ ʧʦʚʪʦʨʝʥʠʝ (WithRepetition), ʘ ʚʪʦʨʘʪʘ - ʯʝ ʪʨʷʙʚʘ 

ʜʘ ʩʝ ʛʝʥʝʨʠʨʘʪ ʢʦʤʙʠʥʘʮʠʠ ʙʝʟ ʧʦʚʪʦʨʝʥʠʝ (WithoutRepetition). ʀʟʙʨʦʝʥʠʪʝ ʪʠʧʦʚʝ 

ʤʦʛʘʪ ʜʘ ʧʨʠʝʤʘʪ ʩʪʦʡʥʦʩʪʠ ʩʘʤʦ ʠʟʤʝʞʜʫ ʠʟʙʨʦʝʥʠʪʝ ʚ ʪʠʧʘ ʢʦʥʩʪʘʥʪʠ. 

ʂʣʘʩʲʪ ʜʝʬʠʥʠʨʘ ʝʜʠʥ ʢʦʥʩʪʨʫʢʪʦʨ ʩ ʪʨʠ ʧʘʨʘʤʝʪʲʨʘ, ʢʦʡʪʦ ʠʥʠʮʠʘʣʠʟʠʨʘ 

ʧʦʣʝʪʘʪʘ ʥʘ ʢʣʘʩʘ, ʩʲʩ ʩʪʦʡʥʦʩʪʠʪʝ ʧʦʜʘʜʝʥʠ ʢʘʪʦ ʧʘʨʘʤʝʪʨʠ. ʇʲʨʚʠʷʪ ʧʘʨʘʤʝʪʲʨ ʝ 

ʩʧʠʩʲʢ ʦʪ ʦʙʝʢʪʠ ʦʪ ʧʨʦʠʟʚʦʣʝʥ ʪʠʧ, ʯʠʠʪʦ ʢʦʤʙʠʥʘʮʠʠ ʱʝ ʩʝ ʛʝʥʝʨʠʨʘʪ. ɺʪʦʨʠʷʪ 

ʧʘʨʘʤʝʪʲʨ ʝ ʮʷʣʦ ʯʠʩʣʦ, ʜʝʬʠʥʠʨʘʱʦ ʤʘʢʩʠʤʘʣʥʠʷ ʙʨʦʡ ʦʙʝʢʪʠ ʚ ʝʜʥʘ ʢʦʤʙʠʥʘʮʠʷ. 

ʊʨʝʪʠʷʪ ʧʘʨʘʤʝʪʲʨ ʝ ʢʦʥʩʪʘʥʪʘ ʦʪ ʠʟʙʨʦʝʥ ʪʠʧ GenerateOption, ʫʢʘʟʚʘʱʘ ʜʘʣʠ 

ʢʦʤʙʠʥʘʮʠʠʪʝ ʱʝ ʩʝ ʛʝʥʝʨʠʨʘʪ ʩ ʧʦʚʪʦʨʝʥʠʝ ʠʣʠ ʙʝʟ. ʇʦ ʧʦʜʨʘʟʙʠʨʘʥʝ ʩʪʦʡʥʦʩʪʪʘ ʥʘ 

ʪʨʝʪʠʷ ʧʘʨʘʤʝʪʲʨ ʝ GenerateOption. WithoutRepetition ʦʧʨʝʜʝʣʷ ʛʝʥʝʨʠʨʘʥʝʪʦ ʥʘ 

ʢʦʤʙʠʥʘʮʠʠ ʙʝʟ ʧʦʚʪʦʨʝʥʠʝ. 

ʇʫʙʣʠʯʥʠʷʪ ʤʝʪʦʜ Generate ʛʝʥʝʨʠʨʘ ʩʧʠʩʲʢ ʦʪ ʢʦʤʙʠʥʘʮʠʠ ʦʪ ʦʙʝʢʪʠ. ɽʜʥʘ 

ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʦʙʝʢʪʠ ʩʝ ʧʨʝʜʩʪʘʚʷ ʢʘʪʦ ʩʧʠʩʲʢ ʦʪ ʪʝʟʠ ʦʙʝʢʪʠ. ʅʘ ʙʘʟʘʪʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ 

ʧʦʣʝʪʦ option, ʤʝʪʦʜʲʪ Generate ʠʟʚʠʢʚʘ ʝʜʠʥ ʦʪ ʜʚʘ ʜʨʫʛʠ ʤʝʪʦʜʘ, ʛʝʥʝʨʠʨʘʱʠ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʧʦʚʪʦʨʝʥʠʝ ʠ ʩʲʦʪʚʝʪʥʦ ʙʝʟ ʧʦʚʪʦʨʝʥʠʝ. 

ʄʝʪʦʜʲʪ CombinationsWithoutRepetition ʛʝʥʝʨʠʨʘ ʢʦʤʙʠʥʘʮʠʠ ʙʝʟ ʧʦʚʪʦʨʝʥʠʝ. 

ɿʘ ʮʝʣʠʪʝ ʥʘ ʤʦʜʝʣʘ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ ʩʲʩ ʩʨʝʜʩʪʚʘʪʘ ʥʘ 

ʨʘʟʤʠʪʘʪʘ ʣʦʛʠʢʘ ʩʝ ʠʟʧʦʣʟʚʘ ʠʤʝʥʥʦ ʪʦʟʠ ʤʝʪʦʜ. 

ʄʝʪʦʜʲʪ CombinationsWithRepetition ʛʝʥʝʨʠʨʘ ʢʦʤʙʠʥʘʮʠʠ ʩ ʧʦʚʪʦʨʝʥʠʝ. 

 

Program 

ʌʫʥʢʮʠʦʥʘʣʥʦʩʪʪʘ ʥʘ ʙʠʙʣʠʦʪʝʢʘʪʘ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʠ 

ʧʦʨʪʬʝʡʣʠ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʤʝʪʦʜʘ Main ʥʘ ʧʨʦʛʨʘʤʘʪʘ. ʇʲʨʚʦʥʘʯʘʣʥʦ ʩʝ ʠʥʠʮʠʘʣʠʟʠʨʘʪ 

ʧʨʦʤʝʥʣʠʚʠ, ʢʦʡʪʦ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʥʘ ʢʦʥʩʪʨʫʢʪʦʨʘ ʥʘ ʢʣʘʩʘ PortfolioConstructor. ʉʣʝʜ 

ʪʦʚʘ ʩʝ ʩʲʟʜʘʚʘ ʦʙʝʢʪ ʦʪ ʪʦʟʠ ʢʣʘʩ ʠ ʩʝ ʠʟʚʠʢʚʘ ʤʝʪʦʜʲʪ ConstructPortfolio, ʨʝʟʫʣʪʘʪʲʪ 

ʦʪ ʢʦʝʪʦ ʝ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʩʧʠʩʲʢ ʦʪ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʦʨʪʬʝʡʣʠ. ʊʦʟʠ ʩʧʠʩʲʢ ʩʝ ʟʘʧʠʩʚʘ ʚ 

ʙʘʟʘ ʦʪ ʜʘʥʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʤʝʪʦʜʘ SavePortfolios ʥʘ ʢʣʘʩʘ PortfolioUtilities. 

 

  



79 
 

ɻʣʘʚʘ 5. ʊʝʩʪʚʘʥʝ ʥʘ ʩʦʬʪʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ 

FSSAM ʩ ʨʝʘʣʥʠ ʜʘʥʥʠ 

ɿʘ ʪʝʩʪʚʘʥʝ ʥʘ ʩʲʟʜʘʜʝʥʘʪʘ ʩʦʬʪʫʝʨʥʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʬʠʥʘʥʩʦʚʠ 

ʘʢʪʠʚʠ ʩʘ ʠʟʩʣʝʜʚʘʥʠ ʩʣʝʜʥʠʪʝ ʧʘʨʘʤʝʪʨʠ: ʚʨʝʤʝ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʧʨʦʛʨʘʤʘʪʘ, 

ʜʦʩʪʦʚʝʨʥʦʩʪ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʧʦ ʤʦʜʝʣʘ FLQM ʦʮʝʥʢʠ ʥʘ ʝʜʠʥʠʯʥʠ ʘʢʪʠʚʠ, ʩʪʝʧʝʥ ʥʘ 

ʠʟʯʝʨʧʚʘʥʝ ʥʘ ʢʘʧʠʪʘʣʘ ʧʨʠ ʨʘʟʣʠʯʥʠ ʧʲʨʚʦʥʘʯʘʣʥʠ ʩʫʤʠ, ʧʦʚʝʜʝʥʠʝ ʥʘ ʧʦʨʪʬʝʡʣʠʪʝ ʚ 

ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʰʝʩʪ ʤʝʩʝʮʘ. ʀʟʧʦʣʟʚʘʥʠ ʩʘ ʜʘʥʥʠ ʦʪ ɹʬɹ-ʉʦʬʠʷ ɸɼ [101]. 

5.1. ɺʨʝʤʝ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʧʨʦʛʨʘʤʘʪʘ 

ʇʨʠ ʧʲʨʚʦʥʘʯʘʣʥʦ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʚʩʠʯʢʠ ʘʢʪʠʚʠ ʩʘ ʥʝʧʦʟʥʘʪʠ (ʪ.ʝ. 

ʥʷʤʘ ʜʘʥʥʠ ʟʘ ʪʷʭ) ʠ ʟʘ ʚʩʝʢʠ ʦʪ ʪʝʟʠ ʘʢʪʠʚʠʪʝ ʩʝ ʠʟʚʣʠʯʘʪ ʜʘʥʥʠ ʟʘ ʝʜʥʘ ʛʦʜʠʥʘ ʥʘʟʘʜ. 

ʅʘ ʬʠʛʫʨʘ 5.1 ʝ ʧʦʢʘʟʘʥʦ ʚʨʝʤʝʪʦ, ʟʘ ʢʦʝʪʦ ʩʠʩʪʝʤʘʪʘ ʠʟʚʣʠʯʘ, ʧʨʝʩʤʷʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʘʢʪʠʚʠʪʝ ʠ ʛʠ ʩʲʭʨʘʥʷʚʘ ʧʨʠ ʧʲʨʚʦʥʘʯʘʣʥʦʪʦ ʩʪʘʨʪʠʨʘʥʝ ʧʨʠ ʝʜʠʥ 

ʦʪ ʧʨʦʚʝʜʝʥʠʪʝ ʪʝʩʪʦʚʝ (ʥʘ 05.06.2012). ɺ ʩʣʫʯʘʷ ʩʘ ʦʪʢʨʠʪʠ ʜʘʥʥʠ ʟʘ 42 ʘʢʪʠʚʘ ʠ 

ʚʨʝʤʝʪʦ ʟʘ ʨʘʙʦʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʝ 21.7933038 s. 

 

 
 

ʌʠʛʫʨʘ 5.1. ɺʨʝʤʝ ʟʘ ʧʲʨʚʦʥʘʯʘʣʥʦ ʠʟʚʣʠʯʘʥʝ, ʧʨʝʩʤʷʪʘʥʝ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʘʢʪʠʚʠʪʝ ʠ ʩʲʭʨʘʥʝʥʠʝʪʦ ʠʤ ʟʘ 42 ʘʢʪʠʚʘ. 

 

ʅʘ ʬʠʛʫʨʘ 5.2 ʝ ʧʦʢʘʟʘʥʦ ʚʨʝʤʝʪʦ ʟʘ ʠʟʚʣʠʯʘʥʝ, ʧʨʝʩʤʷʪʘʥʝ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʘʢʪʠʚʠʪʝ ʠ ʪʷʭʥʦʪʦ ʩʲʭʨʘʥʝʥʠʝ ʧʨʠ ʧʦʚʪʦʨʥʦ ʩʪʘʨʪʠʨʘʥʝ ʥʘ 

ʧʨʦʛʨʘʤʘʪʘ (ʥʘ ʩʣʝʜʚʘʱʠʷ ʜʝʥ). ʅʝʧʦʟʥʘʪʠʪʝ ʘʢʪʠʚʠ ʚ ʩʣʫʯʘʷ ʩʘ 22, ʪ.ʝ. ʩʠʩʪʝʤʘʪʘ 

ʨʘʙʦʪʠ ʩ 64 ʘʢʪʠʚʘ. 

 

 
 

ʌʠʛʫʨʘ 5.2. ɺʨʝʤʝ ʟʘ ʠʟʚʣʠʯʘʥʝ, ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʘʢʪʠʚʠʪʝ ʠ 

ʩʲʭʨʘʥʝʥʠʝʪʦ ʠʤ ʟʘ 64 ʘʢʪʠʚʘ, ʢʘʪʦ 22 ʦʪ ʪʷʭ ʩʘ ʥʝʧʦʟʥʘʪʠ ʟʘ ʩʠʩʪʝʤʘʪʘ. 

 

ʇʨʠ ʪʨʝʪʦʪʦ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʩʝ ʢʘʟʚʘ, ʯʝ ʥʷʤʘ ʥʝʧʦʟʥʘʪʠ ʘʢʪʠʚʠ. ɺ 

ʪʦʟʠ ʩʣʫʯʘʡ ʚʨʝʤʝʪʦ ʥʘ ʨʘʙʦʪʘ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʤʘʣʢʦ (ʬʠʛ. 5.3). 
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ʌʠʛʫʨʘ 5.3. ɺʨʝʤʝ ʟʘ ʠʟʚʣʠʯʘʥʝ, ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʘʢʪʠʚʠʪʝ ʠ 

ʩʲʭʨʘʥʝʥʠʝʪʦ ʠʤ ʟʘ 64 ʘʢʪʠʚʘ, ʢʘʪʦ ʥʠʪʦ ʝʜʠʥ ʦʪ ʪʷʭ ʥʝ ʝ ʥʝʧʦʟʥʘʪʠ ʟʘ ʩʠʩʪʝʤʘʪʘ. 

 

ʇʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʦʙʱʦ 10 ʪʝʩʪʘ ʟʘ ʙʲʨʟʦʜʝʡʩʪʚʠʝ, ʧʦʣʫʯʝʥʦʪʦ ʚʨʝʤʝ ʝ ʦʪ 

ʧʦʜʦʙʝʥ ʧʦʨʷʜʲʢ ï ʧʦ-ʤʘʣʢʦ ʦʪ 2 ʤʠʥʫʪʠ. ʄʦʞʝ ʜʘ ʙʲʜʝ ʥʘʧʨʘʚʝʥ ʠʟʚʦʜ, ʯʝ 

ʙʲʨʟʦʜʝʡʩʪʚʠʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘʚʠʩʠ ʦʪ ʙʨʦʷ ʥʘ ʥʝʧʦʟʥʘʪʠʪʝ ʘʢʪʠʚʠ ʟʘ ʩʠʩʪʝʤʘʪʘ ʚ 

ʢʦʥʢʨʝʪʝʥ ʤʦʤʝʥʪ, ʢʘʪʦ ʧʨʠ ʚʩʷʢʦ ʩʣʝʜʚʘʱʦ ʩʪʘʨʪʠʨʘʥʝ ʚʨʝʤʝʪʦ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ 

ʧʨʦʛʨʘʤʘʪʘ ʥʘʤʘʣʷʚʘ. ʅʦ ʪʲʡ ʢʘʪʦ ʪʦʚʘ ʚʨʝʤʝ (2 ʤʠʥʫʪʠ, ʢʘʢʪʦ ʝ ʦʪʙʝʣʷʟʘʥʦ ʧʦ-ʛʦʨʝ) ʝ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʢʦ ʚ ʩʨʘʚʥʝʥʠʝ ʥʘ ʧʝʨʠʦʜʘ ʟʘ ʩʚʘʣʷʥʝ ʥʘ ʥʘʙʣʶʜʝʥʠʷ ʠ ʚʟʝʤʘʥʝ ʥʘ 

ʨʝʰʝʥʠʝ (24 ʯʘʩʘ), ʪʦ ʩʠʩʪʝʤʘʪʘ ʨʘʙʦʪʠ ʜʦʩʪʘʪʲʯʥʦ ʙʲʨʟʦ, ʩʣʝʜʦʚʘʪʝʣʥʦ ʥʘ ʧʨʘʢʪʠʢʘ ʪʷ 

ʨʘʙʦʪʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. 

5.2. ʈʝʟʫʣʪʘʪʠ ʦʪ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʤʦʜʝʣʘ FLQM ʟʘ 

ʦʮʝʥʢʘ ʥʘ ʬʠʥʘʥʩʦʚʠ ʘʢʪʠʚʠ 

ɿʘ ʜʝʤʦʥʩʪʨʠʨʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʨʘʙʦʪʘʪʘ ʥʘ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʤʦʜʝʣʘ 

FLQM ʩ ʨʝʘʣʥʠ ʜʘʥʥʠ ʦʪ ɹʲʣʛʘʨʩʢʘʪʘ ʬʦʥʜʦʚʘ ʙʦʨʩʘ ʝ ʠʟʙʨʘʥ ʘʢʪʠʚʲʪ ʩ ʢʦʜ 5IC, 

ʦʪʛʦʚʘʨʷʱ ʥʘ ɿʘʩʪʨʘʭʦʚʘʪʝʣʥʘ ʢʦʤʧʘʥʠʷ ɽʚʨʦ ʀʥʩ, ʉʦʬʠʷ. ʀʟʧʦʣʟʚʘʥʠ ʩʘ ʜʘʥʥʠ ʟʘ 

ʮʝʥʘʪʘ ʥʘ ʘʢʪʠʚʘ ʚ ʧʝʨʠʦʜʘ ʦʪ 19.10.2011ʛ. ʜʦ 15.02.2012ʛ. 

ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ X1ḯreturn, X2ḯRisk ʠ X3ḯq-ratio ʩʘ ʧʦʢʘʟʘʥʠ 

ʚ ʪʘʙʣʠʮʘ 5.1, ʢʘʪʦ ʩʪʝʧʝʥʠʪʝ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʢʲʤ ʩʲʦʪʚʝʪʥʠʪʝ ʪʝʨʤʠ ʩʘ ʚ ʪʘʙʣʠʮʠ 

5.2, 5.3 ʠ 5.4. 

 

X1ḯreturn 0,038834951 

X2ḯRisk 0,035095505 

X3ḯq-ratio 1,106550566 

 

ʊʘʙʣʠʮʘ 5.1. ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʪʨʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ 5IC. 

 

ʊʝʨʤ ʉʪʝʧʝʥ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ 

Very low 0,480592279 

Low 0,002671793 

Neutral 0 

High 0 

Very high 0 

 

ʊʘʙʣʠʮʘ 5.2. ʉʪʝʧʝʥʠ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʟʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ 0,038834951 ʢʲʤ 

ʪʝʨʤʠʪʝ ʥʘ ʨʘʟʤʠʪʘʪʘ ʧʨʦʤʝʥʣʠʚʘ X1. 
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ʊʝʨʤ ʉʪʝʧʝʥ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ 

ʤʥʦʛʦ ʤʘʣʲʢ 0,482459448 

ʤʘʣʲʢ 0,4306245498 

ʅʝʦʧʨʝʜʝʣʝʥ 0,0007765479 

ɻʦʣʷʤ 0 

ʤʥʦʛʦ ʛʦʣʷʤ 0,209190962 

 

ʊʘʙʣʠʮʘ 5.3. ʉʪʝʧʝʥʠ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʥʘ ʨʠʩʢ 0, 035095505 ʢʲʤ ʪʝʨʤʠʪʝ ʥʘ 

ʨʘʟʤʠʪʘʪʘ ʧʨʦʤʝʥʣʠʚʘ X2. 

 

 

ʊʝʨʤ ʉʪʝʧʝʥ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ 

Small 0,996557245 

Neutral 0,004865305 

Big 0 

 

ʊʘʙʣʠʮʘ 5.4. ʉʪʝʧʝʥʠ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʥʘ ʚʲʟʚʨʘʱʘʝʤʦʩʪ-ʨʠʩʢ 1,106550566 

ʢʲʤ ʪʝʨʤʠʪʝ ʥʘ ʨʘʟʤʠʪʘʪʘ X3. 
 

ʉʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʩʣʝʜ ʨʘʟʤʠʚʘʥʝʪʦ ʥʘ ʚʭʦʜʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʝ ʜʘ ʩʝ 

ʧʨʠʣʦʞʘʪ ʧʨʘʚʠʣʘʪʘ ʟʘ ʠʟʚʦʜʠ, ʢʦʝʪʦ ʝ ʦʧʠʩʘʥʦ ʧʦʜʨʦʙʥʦ ʚ ʛʣʘʚʘ 3.  

ɸʛʨʝʛʠʨʘʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʧʨʘʚʠʣʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʨʠ ʬʦʨʤʠʨʘʥʝ ʥʘ 

ʠʟʭʦʜʥʘʪʘ ʨʘʟʤʠʪʘ ʧʨʦʤʝʥʣʠʚʘ YḯQ-measure.  

ʉʣʝʜ ʜʝʨʘʟʤʠʚʘʥʝ ʥʘ ʠʟʭʦʜʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ ʢʘʪʦ ʢʨʘʝʥ ʨʝʟʫʣʪʘʪ ʦʪ ʜʝʡʩʪʚʠʝʪʦ 

ʥʘ ʩʦʬʪʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʘʢʪʠʚʘ 5IC ʩʝ ʧʦʣʫʯʘʚʘ ʩʪʦʡʥʦʩʪ 0.192199099, 

ʢʦʝʪʦ, ʩʧʦʨʝʜ ʦʧʠʩʘʥʠʪʝ ʚ ʛʣʘʚʘ 3 ʤʦʜʝʣʠ, ʧʦʢʘʟʚʘ ʜʦʩʪʘ ʣʦʰʦ ʢʘʯʝʩʪʚʦ. 

 

ʇʨʠʣʦʞʝʥʠʝʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʮʝʥʷʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʘʢʪʠʚʠ, ʟʘ ʢʦʠʪʦ ʩʘ ʩʚʘʣʝʥʠ 

ʜʘʥʥʠ ʜʦ ʢʦʥʢʨʝʪʥʠʷ ʤʦʤʝʥʪ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʦʮʝʥʷʚʘʥʝʪʦ ʥʘ 51 ʘʢʪʠʚʘ ʩ ʜʘʥʥʠ ʦʪ 

ɹʲʣʛʘʨʩʢʘʪʘ ʌʦʥʜʦʚʘ ɹʦʨʩʘ ʟʘ ʧʝʨʠʦʜʘ ʦʪ 19.10.2011ʛ. ʜʦ 15.02.2012ʛ. ʩʘ ʧʦʢʘʟʘʥʠ ʚ 

ʪʘʙʣʠʮʘ 5.5. 

 

ʂʦʜ ɺʲʟʚʨʘʱʘʝʤʦʩʪ ʈʠʩʢ 

ɻʦʜʠʰʥʘ ʥʦʨʤʘ 

ʥʘ 

ʚʲʟʚʨʘʱʘʝʤʦʩʪ 

ɺʲʟʚʨʘʱʘʝʤʦʩʪ

-ʈʠʩʢ 
Q 

3JR 0,86588 0,00878 0,59763 68,0317 0,34158 

4CF 0,80388 0,01906 0,41165 21,6024 0,19791 

4EH 0,87871 0,02594 0,63614 24,5232 0,20375 

5F4 0,84348 0,02959 0,53043 17,9287 0,20056 

6C4 0,70206 0,02366 0,10619 4,48764 0,19297 

E4A 0,86022 0,01301 0,58065 44,6162 0,28087 

1VX 1,17391 0,01598 1,52174 95,2483 0,80900 

3JU 0,98535 0,01714 0,95606 55,7954 0,34062 

3MZ 0,9636 0,03284 0,89081 27,1293 0,23761 

3NB 0,88569 0,02745 0,65706 23,9397 0,20406 

3NJ 0,92778 0,03047 0,78333 25,7124 0,21761 

3ZL 0,57388 0,03674 -0,2784 -7,5773 0,18919 




























































































