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ɺʚʝʜʝʥʠʝ 

 

ʐʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚʦ 

ʚʩʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʫʩʣʦʞʥʝʥʠʝ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʵʪʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʪʨʝʙʫʶʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ. ʃʦʛʠʯʝʩʢʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʠ ʵʪʦʤ ʧʦʥʠʤʘʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ, ʚʢʣʶʯʘʷ ʥʝ ʪʦʣʴʢʦ 

ʩʪʘʪʠʢʫ ʩʠʩʪʝʤ, ʪ.ʝ. ʠʭ ʩʪʨʫʢʪʫʨʫ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʷʟʠ, ʥʦ ʠ ʘʥʘʣʠʟ 

ʜʠʥʘʤʠʢʠ ʢʘʢ ʥʘ ʫʨʦʚʥʝ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʥʘ ʫʨʦʚʥʝ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʫʶ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚʨʝʤʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʵʣʝʤʝʥʪʦʚ ʠ ʧʝʨʝʤʝʥʥʳʭ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʤʝʪʦʜʦʚ ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʫʧʨʦʱʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʫʣʫʯʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʎʋ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʠ ʩʪʦʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʠʢʦʛʜʘ ʥʝ ʧʦʪʝʨʷʶʪ 

ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ.[1, 2] 

ʇʨʦʙʣʝʤʝ ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ 

ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʦʩʥʦʚʘʥʦ ʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʃʌ) ʚ ʪʦʯʢʘʭ ʦʙʣʘʩʪʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʠ 

ʟʥʘʯʝʥʠʷʤʠ ʣʦʛʠʯʝʩʢʦʛʦ 0 ʠʣʠ 1.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦ ʤʥʦʛʠʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʪʘʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʥʦ ʠʤʝʝʪ ʠ ʨʷʜ ʦʪʨʠʮʘʪʝʣʴʥʳʭ, ʘ ʠʤʝʥʥʦ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ 

ʧʝʨʝʤʝʥʥʳʭ, ʪʘʢ ʢʘʢ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʯʠʩʣʘ ʧʝʨʝʤʝʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʚʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʟʘʪʨʫʜʥʝʥʠʝ ʚ ʧʨʦʮʝʜʫʨʝ ʩʠʥʪʝʟʘ ʠ ʘʥʘʣʠʟʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʨʝʰʝʥʠʝʤ 

ʦʙʲʸʤʥʳʭ ʩʦʚʤʝʱʝʥʥʳʭ ʟʘʜʘʯ. ʕʪʠ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʝʥʥʳ ʥʝ ʪʦʣʴʢʦ ʧʨʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ, ʥʦ ʪʘʢʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʡ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ 

ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ. [2, 12-15] 

ɸ ʪʘʢ ʞʝ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʰʣʠ ʧʦ ʧʫʪʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, 

ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʢʦʥʮʝʧʮʠʠ ʤʥʦʛʦʟʥʘʯʥʦʛʦ ʘʣʬʘʚʠʪʘ, ʢʦʥʝʯʥʳʭ ʣʦʛʠʯʝʩʢʠʭ 
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ʰʢʘʣ, ʧʨʝʜʠʢʘʪʦʚ, ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʠ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʭ ʧʦʣʠʥʦʤʦʚ, 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʜʨ., ʢʦʪʦʨʳʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʢʘʢ ʧʨʠ ʩʠʥʪʝʟʝ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʝ ʮʠʬʨʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ. [3] 

ʂ ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʥʝʪʨʘʜʠʮʠʦʥʥʦʤʫ ʩʧʦʩʦʙʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʬʦʨʤʝ ʦʙʦʙʱʸʥʥʳʭ, ʢʦʛʜʘ 

ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʚ ʪʦʯʢʘʭ ʝʸ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʜʘʥʳ ʥʝ ʪʦʣʴʢʦ 

ʟʥʘʯʝʥʠʝʤ ʣʦʛʠʯʝʩʢʦʛʦ 0 ʠ 1, ʥʦ ʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠʣʠ ʟʘʚʠʩʠʤʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢ ʪʘʢʦʡ ʬʦʨʤʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʧʦʣʥʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʐʝʥʥʦʥʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʙʨʘʟʫʝʤʳʝ ʣʠʪʝʨʘʣʘʤʠ 

ʧʝʨʝʤʝʥʥʳʭ, ʧʦ ʢʦʪʦʨʳʤ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ, ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʢʘʢ 

ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʘ ʦʩʪʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ð ʢʘʢ 

ʧʘʨʘʤʝʪʨʘ ʦʧʨʝʜʝʣʷʶʱʠʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʚ ʵʪʠʭ ʪʦʯʢʘʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʚʝʜʸʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʯʠʩʣʘ ʪʦʯʝʢ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʯʪʦ 

ʩʣʫʞʠʪ ʦʙʣʝʛʯʝʥʠʶ ʧʨʦʮʝʜʫʨʳ ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʫʯʠʪʳʚʘʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʠ ʤʠʥʠʤʠʟʘʮʠʝʡ ʬʫʥʢʮʠʡ, 

ʩʠʥʪʝʟʦʤ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʩʭʝʤ ʠ ʘʚʪʦʤʘʪʦʚ ʩ ʧʘʤʷʪʴʶ, ʨʝʰʝʥʠʝʤ ʟʘʜʘʯ 

ʜʠʥʘʤʠʢʠ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʥʘʣʠʟʦʤ ʩʦʩʪʷʟʘʥʠʡ ʚ 

ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʩʭʝʤʘʭ, ʘ ʪʘʢʞʝ ʥʘʭʦʞʜʝʥʠʝʤ ʙʫʣʝʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʎʝʣʴ ʨʘʙʦʪʳ  ð ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʧʨʦʱʝʥʠʝ 

ʧʨʦʮʝʜʫʨʳ ʠ ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʦʙʦʙʱʸʥʥʦʡ 

ʬʦʨʤʝ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʨʘʙʦʪʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʦʜʦʚ ʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ  ʩʨʘʚʥʝʥʠʷ 

ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʡ. 
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1 ʄʝʪʦʜʳ  ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

1.1 ʇʦʥʷʪʠʝ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʡ 

 

ʆʧʪʠʤʠʟʘʮʠʷ ï ʵʪʦ ʚʳʙʦʨ ʥʘʠʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʪʝʦʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʭʦʜʠʪʴ ʥʘʠʣʫʯʰʠʡ ʚʘʨʠʘʥʪ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʚʦʟʤʦʞʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ ʙʝʟ ʠʭ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ ʠ ʩʨʘʚʥʝʥʠʷ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ 

ʪʝʦʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ, ʥʫʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ 

ʟʘʜʘʯʫ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʷʟʳʢʝ, ʪ.ʝ. ʧʦʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʦʙʲʝʢʪʘ ʦʧʪʠʤʠʟʘʮʠʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ï ʵʪʦ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʧʦʣʥʦʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʠʣʠ ʷʚʣʝʥʠʷ.[3] 

ɺʦ ʤʥʦʛʠʭ ʨʝʘʣʴʥʳʭ ʩʠʪʫʘʮʠʡ ʜʘʪʴ ʧʦʣʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ 

ʚʥʝʰʥʠʤ ʤʠʨʦʤ, ʚʩʝʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʝʝ ʯʘʩʪʝʡ, ʚʩʝʭ ʮʝʣʝʡ ʝʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʳʚʘʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, 

ʚʳʜʝʣʷʪʴ ʠ ʫʯʠʪʳʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ, ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʩʪʦʨʦʥʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʩ ʪʝʤ, ʯʪʦʙʳ ʙʳʣʦ ʚʦʟʤʦʞʥʳʤ ʝʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʝʫʯʪʝʥʥʳʝ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʬʘʢʪʦʨʳ ʥʝ ʜʦʣʞʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʪʴ ʥʘ ʠʪʦʛʦʚʳʡ ʨʝʟʫʣʴʪʘʪ 

ʦʧʪʠʤʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʡ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʦʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʛʣʫʙʦʢʠʭ 

ʟʥʘʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʣʘʩʪʠ, ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ, ʠʥʪʫʠʮʠʠ ʠ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. [17] 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʙʠʪʴ ʧʨʦʮʝʩʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ, ʪʘʢ ʢʘʢ ʦʙʱʝʛʦ ʨʝʮʝʧʪʘ 

ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 
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1.1.1 ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʦʙʲʝʢʪʘ ʦʧʪʠʤʠʟʘʮʠʠ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʵʪʦʛʦ ʵʪʘʧʘ ʜʠʢʪʫʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʫʯʝʪʘ ʠ 

ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʦʧʠʩʘʥʠʷ ʚʩʝʭ ʩʪʦʨʦʥ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʆʧʨʝʜʝʣʠʚ ʛʣʘʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʦʛʨʘʥʠʯʝʥʠʷ, ʠ ʧʝʨʝʤʝʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʙʣʠʞʝʥʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʠʩʪʝʤʫ ʢʘʢ ʥʝʢʦʪʦʨʫʶ ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʯʘʩʪʴ 

ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ ʠ ʫʧʨʦʩʪʠʪʴ ʝʝ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʦʜʥʦʛʦ ʠʟ ʮʝʭʦʚ ʧʨʝʜʧʨʠʷʪʠʷ 

ʠʥʦʛʜʘ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʚʣʠʷʥʠʝʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ 

ʮʝʭʦʚ, ʩʙʳʪʘ ʚʩʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʩʠʩʪʝʤ ʩʥʘʙʞʝʥʠʷ, ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʢʦʥʲʶʥʢʪʫʨʦʡ ʨʳʥʢʘ ʠ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ 

ʬʘʢʪʦʨʘʤʠ. ʊʦʛʜʘ ʮʝʭ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʘ 

ʝʛʦ ʩʚʷʟʠ ʩ ʚʥʝʰʥʠʤ ʤʠʨʦʤ ʣʠʙʦ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ, ʣʠʙʦ ʩʯʠʪʘʶʪʩʷ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤʠ. 

ʄʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʥʘʯʘʣʴʥʳʝ ʛʨʘʥʠʮʳ ʦʙʲʝʢʪʘ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʳʙʨʘʥʳ ʥʝ ʢʦʨʨʝʢʪʥʦ. ʕʪʦ ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʳʤ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʮʝʥʢʝ 

ʩʠʩʪʝʤʳ ʠ ʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʠʩʢʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʠʭ ʩ ʧʨʘʢʪʠʢʦʡ ʠ ʪ.ʜ. 

ʊʦʛʜʘ ʚ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʛʨʘʥʠʮʳ ʩʠʩʪʝʤʳ ʩʣʝʜʫʝʪ ʨʘʩʰʠʨʠʪʴ, ʘ ʚ ʜʨʫʛʠʭ 

ï ʩʫʟʠʪʴ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʳʷʩʥʷʝʪʩʷ, ʯʪʦ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʮʝʭʘ ʜʨʫʛʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʣʴʟʷ ʠʛʥʦʨʠʨʦʚʘʪʴ ʧʨʠ ʝʝ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʠʪʴ ʚ ʩʠʩʪʝʤʫ ʠ ʵʪʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʩʘʤ ʮʝʭ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚ 

ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʥʝʟʘʚʠʩʠʤʦ ʨʘʙʦʪʘʶʱʠʭ ʫʯʘʩʪʢʦʚ, ʢʦʪʦʨʳʝ ʙʝʟ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʧʨʦʱʝʥʠʷ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʠʟʦʣʠʨʦʚʘʥʥʦ. ʊʦʛʜʘ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʨʘʟʫʤʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʢʘʞʜʳʡ ʫʯʘʩʪʦʢ ʢʘʢ ʦʪʜʝʣʴʥʫʶ ʩʠʩʪʝʤʫ.[18] 

ɺ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʩʣʝʜʫʝʪ, ʥʘʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʦ, ʩʪʨʝʤʠʪʴʩʷ 

ʫʧʨʦʱʘʪʴ ʩʠʩʪʝʤʳ, ʧʦʜʣʝʞʘʱʠʝ ʦʧʪʠʤʠʟʘʮʠʠ, ʨʘʟʙʠʚʘʪʴ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ 

ʥʘ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʧʦʜʩʠʩʪʝʤʳ, ʝʩʣʠ ʝʩʪʴ ʫʚʝʨʝʥʥʦʩʪʴ, ʯʪʦ ʵʪʦ ʧʦʚʣʠʷʝʪ ʥʘ 

ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. 
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1.1.2 ɺʳʙʦʨ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ 

 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʥʘʡʪʠ ʨʘʟʥʠʮʫ 

ʤʝʞʜʫ ʪʝʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʠ ʦʪʜʘʚʘʪʴ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠ ʚʝʣʠʯʠʥʘʤʠ, 

ʢʦʪʦʨʳʝ ʢʦʥʩʪʘʥʪʳ ʠʣʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʅʘʭʦʞʜʝʥʠʝ ʪʝʭ 

ʟʥʘʯʝʥʠʡ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʤ ʫʤʝʩʪʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʩʠʪʫʘʮʠʷ, 

ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʆʜʥʠ ʠ ʪʝ ʞʝ ʚʝʣʠʯʠʥʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʳʭ ʛʨʘʥʠʮ 

ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʠ ʫʨʦʚʥʷ ʜʝʪʘʣʠʟʘʮʠʠ ʝʸ ʦʧʠʩʘʥʠʷ, ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 

ʣʠʙʦ ʫʧʨʘʚʣʷʝʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʣʠʙʦ ʥʝʪ. ʅʘʧʨʠʤʝʨ, ʚ ʫʧʦʤʷʥʫʪʦʡ 

ʩʠʪʫʘʮʠʠ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʨʘʙʦʪʳ ʮʝʭʘ ʦʙʲʝʤ ʧʦʩʪʘʚʦʢ ʢʘʢʦʛʦïʣʠʙʦ ʩʳʨʴʷ ʠʟ 

ʜʨʫʛʦʛʦ ʮʝʭʘ ʚ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʩʣʝʜʫʝʪ ʟʘʢʨʝʧʣʷʪʴ, ʪʦ ʝʩʪʴ ʥʝ ʟʘʚʠʩʷʱʠʭ ʦʪ 

ʥʘʰʝʛʦ ʚʳʙʦʨʘ, ʘ ʚ ʠʥʳʭ ʩʣʫʯʘʷʭ ï ʨʝʛʫʣʠʨʫʝʤʳʤ, ʪ.ʝ. ʫʧʨʘʚʣʷʝʤʦʡ 

ʧʝʨʝʤʝʥʥʦʡ. [11] 

 

1.1.3 ʆʧʨʝʜʝʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʫʧʨʘʚʣʷʝʤʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʚʳʙʦʨ ʟʥʘʯʝʥʠʡ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʘʣʦʞʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʠʤʝʶʱʠʭʩʷ 

ʨʝʩʫʨʩʦʚ, ʤʦʱʥʦʩʪʝʡ ʠ ʜʨʫʛʠʭ ʧʦʪʝʥʮʠʘʣʦʚ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʚ ʚʠʜʝ ʨʘʚʝʥʩʪʚ 

ʠ ʥʝʨʘʚʝʥʩʪʚ ʠʣʠ ʫʢʘʟʳʚʘʶʪ ʤʥʦʞʝʩʪʚʘ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʳ ʧʨʠʥʘʜʣʝʞʘʪʴ 

ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʉʫʤʤʘ ʚʩʝʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʫʧʨʘʚʣʷʝʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʜʦʧʫʩʪʠʤʦʝ ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯʠ 

ʦʧʪʠʤʠʟʘʮʠʠ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʛʦʜʦʚʦʡ ʦʙʲʝʤ ʚʳʧʫʩʢʘʝʤʦʡ ʮʝʭʦʤ ʧʨʦʜʫʢʮʠʠ ʜʘʥʥʦʛʦ 

ʚʠʜʘ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʪʦ ʝʝ ʟʥʘʯʝʥʠʷ, ʚʦïʧʝʨʚʳʭ, ʥʝ ʤʦʛʫʪ 

ʙʳʪɹ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʠ, ʚʦïʚʪʦʨʳʭ, ʦʛʨʘʥʠʯʝʥʳ ʩʚʝʨʭʫ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʩʥʘʱʝʥʠʷ (ʦʙʦʨʫʜʦʚʘʥʠʷ) ʮʝʭʘ. 
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1.1.4 ɺʳʙʦʨ ʯʠʩʣʦʚʦʛʦ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʅʝʠʟʙʝʞʥʦʡ ʯʘʩʪʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʦʧʪʠʤʠʟʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʯʠʩʣʦʚʦʡ ʢʨʠʪʝʨʠʡ, ʤʠʥʠʤʘʣʴʥʦʤʫ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʢʦʪʦʨʦʛʦ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ) ʦʪʚʝʯʘʝʪ ʣʫʯʰʘʷ ʚʘʨʠʘʮʠʷ 

ʧʦʚʝʜʝʥʠʷ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʢʨʠʪʝʨʠʷ ʮʝʣʠʢʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʨʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʪ.ʝ. ʦʥ 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʥʘʟʳʚʘʝʪʩʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ. 

ɺ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʫʧʦʪʨʝʙʣʷʝʪʩ ̫ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʢʨʠʪʝʨʠʝʚ ʦʧ-

ʪʠʤʠʟʘʮʠʠ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʨʠʪʝʨʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠʙʳʣʴ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʠ ʪ.ʜ., ʬʠʟʠʯʝʩʢʠʝ ʠʣʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʵʥʝʨʛʠʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, ʟʘʚʦʝʚʘʥʥʘʷ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠ ʜʨʫʛʠʝ. [34] 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʚʳʙʦʨ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʥʝ ʷʚʣʷʝʪʩʷ ʷʚʥʳʤ ʠ ʦʜʥʦʟʥʘʯʥʳʤ. ʏʘʩʪʦ ʙʳʚʘʝʪ ʪʨʫʜʥʦ ʧʦʩʪʘʚʠʪʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʮʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʢʘʢʦʡï

ʣʠʙʦ ʦʜʠʥ ʢʨʠʪʝʨʠʡ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʘʢʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʢʘʢ ʥʝʷʩʥʦʩʪʴ 

ʬʦʨʤʫʣʠʨʦʚʦʢ ʥʝʢʦʪʦʨʳʭ ʮʝʣʝʡ, ʤʝʰʘʶʱʘʷ ʦʧʠʩʘʥʠʶ ʠʭ ʩ ʧʦʤʦʱʴʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʣʦʞʥʦʩʪʴ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʙʦʣʴʰʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʤʝʰʘʥʥʳʭ ʮʝʣʝʡ, ʥʘʣʠʯʠʝ ʜʚʦʡʩʪʚʝʥʥʳʭ ʮʝʣʝʡ, 

ʚʘʞʥʦʩʪʴ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ ʪ.ʜ. ʅʘʧʨʠʤʝʨ, 

ʥʝʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʨʝʰʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʥʦ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. 

ɺʳʭʦʜ ʠʟ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟ ʤʥʦʛʠʭ ʢʨʠʪʝʨʠʝʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʮʝʣʠ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʚʳʙʠʨʘʶʪ ʦʜʠʥ, ʧʨʠʯʝʤ, ʩʯʠʪʘʷ ʝʛʦ ʚʘʞʥʝʡʰʠʤ, ʘ ʦʩʪʘʣʴʥʳʝ ï 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʤ. ɼʘʣʝʝ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʣʠʙʦ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ, 

ʣʠʙʦ ʫʯʠʪʳʚʘʶʪʩʷ ʯʘʩʪʠʯʥʦ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 
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ʫʧʨʘʚʣʷʝʤʳʝ ʧʝʨʝʤʝʥʥʳʝ. ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʟʤʝʥʝʥʠʝ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʚ ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʧʨʠʝʤʣʝʤʳʭ ʟʥʘʯʝʥʠʡ. 

ɼʨʫʛʦʡ ʧʫʪʴ ʩʦʩʪʦʠʪ ʚ ʬʦʨʤʫʣʠʨʦʚʢʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʠʷ, ʪ.ʝ. 

ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʩ ʨʘʟʫʤʥʦ ʚʳʙʨʘʥʥʳʤʠ ʚʝʩʦʚʳʤʠ 

ʢʦɻʬʬʠʮʠʝʥʪʘʤʠ ʮʝʣʝʚʳʝ ʬʫʥʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʮʝʣʷʤ. [28] 

 

1.1.5 ʌʦʨʤʫʣʠʨʦʚʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʉʚʷʟʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʵʪʘʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʝʝ ʚʥʦʩʷʪ ʚ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʚ 

ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʧʦʩʪʨʦʝʥʥʘʷ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʠ ʥʘʡʜʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʫʧʨʘʚʣʷʝʤʳʝ ʧʝʨʝʤʝʥʥʳʝ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ; ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

(ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ) ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʫʧʨʘʚʣʷʝʤʳʝ 

ʧʝʨʝʤʝʥʥʳʝ. 

ʇʦʜ ʤʠʥʠʤʠʟʘʮʠʝʡ (ʤʘʢʩʠʤʠʟʘʮʠʝʡ) ʬʫʥʢʮʠʠ n ʧʝʨʝʤʝʥʥʳʭ 

 ʥʘ ʟʘʜʘʥʥʦʤ ʤʥʦʞʝʩʪʚʝ  nïʤʝʨʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ  

ʧʦʥʠʤʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʠʟ ʪʦʯʝʢ ʤʠʥʠʤʫʤʘ (ʤʘʢʩʠʤʫʤʘ) ʵʪʦʡ 

ʬʫʥʢʮʠʠ ʥʘ ʤʥʦʞʝʩʪʚʝ , ʘ ʪʘʢʞʝ, ʝʩʣʠ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ 

(ʤʘʢʩʠʤʘʣʴʥʦʛʦ) ʥʘ ʤʥʦʞʝʩʪʚʝ  ʟʥʘʯʝʥʠʷ . ʇʨʠ ʟʘʧʠʩʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʦʙʱʝʤ ʚʠʜʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʩʠʤʚʦʣʠʢʘ: 

, 

 

ʛʜʝ   ï ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ, ʘ  ï ʜʦʧʫʩʪʠʤʦʝ ʤʥʦʞʝʩʪʚʦ, ʟʘʜʘʥʥʦʝ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ ʫʧʨʘʚʣʷʝʤʳʝ ʧʝʨʝʤʝʥʥʳʝ. 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʪʨʝʤʫʤʦʚ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ ʦʜʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ )(xf  ʥʫʞʥʦ ʨʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ 0)(' xf . ʅʦ ʪʦʣʴʢʦ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ, ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʥʘʡʪʠ ʚ ʷʚʥʦʤ ʚʠʜʝ. ʆʙʳʯʥʦ, 

ʝʛʦ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʢʘʢʠʤ-ʣʠʙʦ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʧʨʠʯʝʤ ʟʘʜʘʯʘ 
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ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 0)(' xf  ʧʨʠʤʝʨʥʦ ʪʘʢ ʞʝ ʩʣʦʞʥʘ, ʢʘʢ ʠ 

ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʠ  )(xf . ɹʦʣʝʝ ʪʦʛʦ, ʚ ʧʨʘʢʪʠʢʝ 

ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʫʥʢʮʠʠ )(xf , ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʤʠ.  ʇʦʵʪʦʤʫ ʨʦʞʜʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʯʠʩʣʝʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʠ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʉʣʝʜʫʝʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʛʦʜʥʳʭ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʧʨʠʭʦʜʠʪʩʷ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ  ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ, 

ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ, ʢʣʘʩʩʳ ʬʫʥʢʮʠʡ. [29] 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ 

ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʠʩʪʦʣʢʦʚʳʚʘʝʪ ʚʳʪʝʢʘʶʱʠʤʠ 

ʫʩʣʦʚʠʷʤʠ.  

ɺʦ-ʧʝʨʚʳʭ, ʪʘʢʠʝ  ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ  ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

ʧʨʦʮʝʜʫʨʳ ʚʦ ʤʥʦʛʠʭ ʘʣʛʦʨʠʪʤʘʭ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʡ ʤʥʦʛʠʭ 

ʧʝʨʝʤʝʥʥʳʭ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (1) ʤʦʞʥʦ ʥʘʭʦʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʭʝʤʳ 

ʧʦʚʪʦʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʪʦʤ, ʯʪʦ  

)),(min(min)),(min(min),(min
212121

),( 1
1

2
2

2
2

1
121

XXfXXfXXf
DXDXDXDXDXX

 

ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʤʥʦʞʝʩʪʚ 21,DD . ɿʜʝʩʴ 21, XX  - ʚʝʢʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʨʘʟʤʝʨʥʦʩʪʠ, 21 DDD  - ʜʝʢʘʨʪʦʚʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʥʦʞʝʩʪʚ 21,DD . ɽʩʣʠ 21, xx  

- ʩʢʘʣʷʨʳ, ʪʦ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʦʜʥʦʤʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʥʦ 

ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ 

),,(min)( 211
22

xxfx
Dx

 

ʘ ʟʘʪʝʤ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʪʫ ʬʫʥʢʮʠʶ ʠ ʪʝʤ ʩʘʤʳʤ ʥʘʭʦʜʠʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

).(min),(min 121
),( 112121

xxxf
DxDDDxx

 

ɸʙʩʦʣʶʪʥʦ ʘʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʧʦʩʪʫʧʘʪʴ, ʢʦʛʜʘ ʯʠʩʣʦ ʧʝʨʝʤʝʥʥʳʭ 

ʬʫʥʢʮʠʠ )(xf  ʙʦʣʴʰʝ ʜʚʫʭ. 

ɺʦ-ʚʪʦʨʳʭ, ʚʦ ʤʥʦʛʠʭ ʘʣʛʦʨʠʪʤʘʭ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʡ ʤʥʦʛʠʭ 

ʧʝʨʝʤʝʥʥʳʭ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ ʟʘʜʘʯʫ  
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min,)(Xf n

n RDxxX ),...,( 1
,                                (1) 

ʛʜʝ nRn ʤʝʨʥʦʝ ʝʚʢʣʠʜʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʠ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜ, ʟʘʜʘʚʘʝʤʳʡ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚʠʜʘ: 

,...,2,1,0,1 kHXX k

k

kk                                              (2) 

ʛʜʝ 
k

nk

n

kknk

n

kk RhhHRxxX ,),...,(,),...,( 11
ʯʠʩʣʦʚʦʡ ʧʘʨʘʤʝʪʨ. 

 ʇʨʠ ʵʪʦʤ ʢʦʥʢʨʝʪʥʳʡ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʘʥʠʝʤ ʪʦʯʢʠ  0X , 

ʧʨʘʚʠʣʘʤʠ ʚʳʙʦʨʘ ʚʝʢʪʦʨʦʚ kH  ʠ ʯʠʩʝʣ k  ʥʘ ʦʩʥʦʚʝ, ʧʦʣʫʯʝʥʥʦʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʝʤ ʦʩʪʘʥʦʚʢʠ. ɽʩʣʠ kH  

ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʫʙʳʚʘʥʠʷ ʬʫʥʢʮʠʠ )(xf  ʚ ʪʦʯʢʝ kX , ʪ.ʝ. 

)()( kkk XfHXf  ʧʨʠ ʚʩʝʭ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ 0, ʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ k  ʚ 

ʤʝʪʦʜʝ (2) ʚʳʙʠʨʘʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ 

DHXHXfHXf k

k

kkkk

k

k ),(min)(
0

 ,                          (3) 

ʣʠʙʦ ʠʟ ʫʩʣʦʚʠʷ 

),()( kk

k

k XfHXf ,...2,1,0k . 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ k , ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʥʝʨʘʚʝʥʩʪʚʫ (3), ʤʦʞʥʦ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ. 

ɺ-ʪʨʝʪʴʠʭ, ʦʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʫ ʦʛʨʘʥʠʯʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʤʦʛʫʪ 

ʚʭʦʜʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠmjvXgi ,...,1),,( , ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʝʢʪʦʨʘ ʚʘʨʴʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ },...,1,:),...,({ 1 nibxaRxxXDX iii

n

nX  ʠ ʧʘʨʘʤʝʪʨʘ 

],[ vvv . ʊʘʢʠʤ  ʧʘʨʘʤʝʪʨʦʤ ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʦʪʘ, ʚʨʝʤʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʪ.ʜ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʬʠʣʴʪʨʦʚ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʯʘʩʪʦʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ),(Xj
 ʩʚʷʟʘʥʳ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʫʩʣʦʚʠʡ 

,,...,1,),( mjX jjj
                                           (4) 

ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ],[ . ɿʜʝʩʴ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʝʢʪʦʨʘ 

ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ X  ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʝʤʢʦʩʪʝʡ, 

ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ. ʋʯʝʪ ʦʛʨʘʥʠʯʝʥʠʡ (4) ʧʨʠʚʦʜʠʪ ʢ ʘʥʘʣʠʟʫ ʥʝʨʘʚʝʥʩʪʚ 
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,),(min

,),(max

],[

],[

jj

jj

X

X

                                                   (5) 

ʪ.ʝ. ʢ ʨʝʰʝʥʠʶ ʦʜʥʦʤʝʨʥʳʭ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ. ɺʳʧʦʣʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʡ 

(5) ʦʟʥʘʯʘʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʥʝʨʘʚʝʥʩʪʚ (4) ʧʨʠ ʟʘʜʘʥʥʦʤ XDX  ʜʣʷ 

ʥʘʠʭʫʜʰʠʭ ʟʥʘʯʝʥʠʡ , ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝʨʘʚʝʥʩʪʚ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʜʣʷ ʚʩʝʭ ].,[  

ʀ, ʥʘʢʦʥʝʮ, ʢʣʘʩʩʳ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʩʣʫʞʘʪ ʫʜʦʙʥʦʡ 

ʤʦʜʝʣʴʶ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ 

ʦʧʪʠʤʠʟʘʮʠʠ. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʦʧʠʩʳʚʘʝʤʳʭ ʥʠʞʝ 

ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʶʪʩʷ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʩʤʳʩʣʝ ʦʧʪʠʤʘʣʴʥʳʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʦʩʪʘʥʦʚʠʤʩʷ ʧʦʜʨʦʙʥʝʝ ʥʘ ʧʦʜʭʦʜʝ, ʩʚʷʟʘʥʥʦʤ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ.  

ʇʫʩʪʴ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ 

 ],,[min,)( baxxf                                                (6) 

ʛʜʝ ʬʫʥʢʮʠʷ )(xf  ʧʨʠʥʘʜʣʝʞʠʪ ʥʝʢʦʪʦʨʦʤʫ ʢʣʘʩʩʫ ʬʫʥʢʮʠʡ F, ʘ ʘʣʛʦʨʠʪʤ ʝʝ 

ʨʝʰʝʥʠʷ  ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʢʣʘʩʩʘ ʘʣʛʦʨʠʪʤʦʚ ɸ. ʂʘʯʝʩʪʚʦ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (6) ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ Fxf )(  ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ  

A ʙʫʜʝʤ ʦʮʝʥʠʚʘʪʴ ʢʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

).,( fQQ  

ɿʘʤʝʪʠʤ, ʯʪʦ ʬʠʢʩʘʮʠʷ ʢʣʘʩʩʘ F ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʦʤʫ 

ʦʪʜʘʝʤ ʧʨʝʜʧʦʯʪʝʥʠʝ, ʦʧʨʝʜʝʣʝʥ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ (ʤʘʢʩʠʤʠʟʘʮʠʠ) ʤʥʦʛʠʭ 

ʬʫʥʢʮʠʡ. ɼʘʞʝ ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ (ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ) 

ʝʜʠʥʩʪʚʝʥʥʫʶ ʬʫʥʢʮʠʶ, ʥʘ ʵʪʘʧʝ ʥʘʯʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʷʪʴ  ʠʤʝʶʪʩʷ ʣʠ  ʩʚʦʡʩʪʚʘ ʬʫʥʢʮʠʠ, ʠʤʝʶʱʠʝ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʩʦ 

ʩʪʦʨʦʥʳ ʚʳʙʦʨʘ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʆʧʨʝʜʝʣʠʚ ʩʚʦʡʩʪʚʘ ʬʫʥʢʮʠʠ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʥʷʪʳ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠ ʚʳʙʦʨʝ ʘʣʛʦʨʠʪʤʘ, ʤʳ ʪʝʤ ʩʘʤʳʤ 

ʬʠʢʩʠʨʫʝʤ ʢʣʘʩʩ F. ɿʘʜʘʥʠʝ ʞʝ ʢʣʘʩʩʘ ɸ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ 

ʦʪʜʘʚʘʪʴʩʷ ʧʨʝʜʧʦʯʪʝʥʠʝ ʘʣʛʦʨʠʪʤ , ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʣʠ 

ʚʳʯʠʩʣʠʪʴ ʧʨʦʠʟʚʦʜʥʫʶ ʬʫʥʢʮʠʠ )(xf  ʠʣʠ ʪʦʣʴʢʦ ʝʝ ʟʥʘʯʝʥʠʷ, ʦʪ ʧʦʨʷʜʢʘ 
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ʧʦʩʪʫʧʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠʦʙʨʝʪʘʝʤʦʡ ʚ ʠʪʦʛʝ ʚʳʯʠʩʣʝʥʠʡ, ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʦ ʝʝ ʦʙʨʘʙʦʪʢʝ, ʭʨʘʥʝʥʠʶ ʠ ʪ.ʜ. ɺʝʣʠʯʠʥʘ ),( fQ  ʦʧʨʝʜʝʣʷʝʪ ʤʝʨʫ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ f  ʘʣʛʦʨʠʪʤʦʤ . 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ),( fQ  ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ, ʥʘʧʨʠʤʝʨ, ʯʠʩʣʦ ʰʘʛʦʚ 

ʘʣʛʦʨʠʪʤʘ ʠʣʠ ʪʦʯʥʦʩʪʴ (ʧʦʛʨʝʰʥʦʩʪʴ) ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʦʙʲʝʤʝ 

ʚʳʯʠʩʣʝʥʠʡ (ʯʠʩʣʝ ʰʘʛʦʚ ʘʣʛʦʨʠʪʤʘ), ʪʨʝʙʫʝʤʦʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ A ʥʘ ʚʩʝʤ ʢʣʘʩʩʝ ʬʫʥʢʮʠʡ F 

ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʥʝʢʦʪʦʨʦʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʚ ʩʭʝʤʫ 

ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ )(Q  

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʦʠʩʢʝ ʤʠʥʠʤʫʤʘ 

ʬʫʥʢʮʠʠ )(xf  ʠʟ ʢʣʘʩʩʘ F ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ , ʪ.ʝ. 

).,(sup)( fQQ
Ff

 

ʊʦʛʜʘ ʦʧʪʠʤʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʦʤ A*  ʙʫʜʝʪ ʘʣʛʦʨʠʪʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʝʨʥʦ  

).(min)( * QQ
A

                                                         (7) 

ɸʣʛʦʨʠʪʤ  ʥʘʟʳʚʘʝʪʩʷ  ʦʧʪʠʤʘʣʴʥʳʤ   ʥʘ   ʢʣʘʩʩʝ   ʬʫʥʢʮʠʡ   F,   

ʝʩʣʠ 

0,)(inf)( QQ
A

.                                                  (8) 

ʀʟʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʢʩʥʳʤ ʠ ʜʘʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʜʣʷ ʣʶʙʦʡ ʬʫʥʢʮʠʠ Ff  ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ (6) ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ *  ʙʫʜʝʪ ʥʝ ʭʫʞʝ, ʯʝʤ )( *Q . ʅʘʧʨʠʤʝʨ, 

ʝʩʣʠ ʚ ʨʦʣʠ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʩʪʫʧʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ, ʪʦ ʦʧʪʠʤʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʤʠʥʠʤʠʟʠʨʫʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʥʘ ʢʣʘʩʩʝ 

ʬʫʥʢʮʠʡ F ʧʦʛʨʝʰʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʤ ʩʘʤʳʤ ʜʦʩʪʠʞʝʥʠʝ ʥʘʠʣʫʯʰʝʛʦ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʢʣʘʩʩʝ F ʨʝʟʫʣʴʪʘʪʘ. [44] 

ɼʦʧʫʩʪʠʤʳ ʠ ʜʨʫʛʠʝ ʧʦʜʭʦʜʳ ʢ ʧʦʩʪʨʦʝʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʚʚʝʜʸʥʥʦʝ ʧʦʥʷʪʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʯʪʦ ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʟʦʚʘʥʳ 



15 
 

ʣʠʰʴ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ. ʊʦʛʜʘ ʦʧʪʠʤʘʣʴʥʳʝ ʤʠʥʠʤʘʢʩʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʘ, ʦ ʢʦʪʦʨʳʭ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʛʘʨʘʥʪʠʨʫʶʪ 

ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʝʩʣʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʚʳʯʠʩʣʝʥʠʡ ʬʫʥʢʮʠʷ ʧʦʣʫʯʘʝʪ ʥʘʠʭʫʜʰʝʝ, ʚʦʟʤʦʞʥʦʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʠʥʷʪʦʛʦ ʢʨʠʪʝʨʠʷ ʟʥʘʯʝʥʠʝ.  ʆʜʥʘʢʦ ʧʝʨʝʜ ʚʳʯʠʩʣʝʥʠʝʤ ʬʫʥʢʮʠʠ ʥʘ 

ʦʯʝʨʝʜʥʦʤ ʰʘʛʝ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʳʜʫʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʬʫʥʢʮʠʠ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʥʝ ʥʘʠʭʫʜʰʝʡ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʪʜʘʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʪʦʯʢʘʤ 

ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ ʥʘ ʩʣʝʜʫʶʱʠʭ ʰʘʛʘʭ ʘʣʛʦʨʠʪʤʘ ʪʘʢ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ 

ʦʧʪʠʤʘʣʴʥʦʝ, ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʜʦ ʥʘʯʘʣʘ ʚʳʯʠʩʣʝʥʠʡ, ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. [48] 

1.2 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

 

ʎʝʣʴʶ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʦʜʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ  ʚ ʫʢʘʟʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʨʷʜ 

ʯʘʩʪʥʳʭ ʟʘʜʘʯ: 

ð ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʦʜʦʚ ʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ; 

ð ʠʩʧʦʣʴʟʦʚʘʪʴ  ʤʝʪʦʜʳ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʦʙʱʸʥʥʳʭ ʬʫʥʢʮʠʡ ʦʜʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ (ʆʃʌ) ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʟʘʚʠʩʠʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; 

ð ʨʘʩʩʤʦʪʨʝʪʴ ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʬʦʨʤʫ ʆʃʌ ʩ ʟʘʚʠʩʠʤʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʞʘʪʠʠ ʠʭ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ; 

ð ʧʨʦʠʟʚʝʩʪʠ ʚʳʙʦʨ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; 

ð ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʨʫʢʪʫʨʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; 

ð ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ; 

ð ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʤʠʥʠʤʠʟʘʮʠʠ 

ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. 
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2 ɺʳʙʦʨ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʩʨʝʜʩʪʚʘ 

2.1 ɺʳʙʦʨ ʷʟʳʢʘ ʠ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʦʧʠʩʘʥʠʡ ʠ ʠʥʩʪʨʫʢʮʠʡ ʧʦ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʥʘ 

ʕɺʄ. ʇʆ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: 

 ʆʙʱʝʝ ʇʆ (ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʦʧʝʨʘʮʠʦʥʥʳʝ ʦʙʦʣʦʯʢʠ, 

ʢʦʤʧʠʣʷʪʦʨʳ, ʠʥʪʝʨʧʨʝʪʘʪʦʨʳ, ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ, ʉʋɹɼ, ʩʝʪʝʚʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʪʘʢ ʜʘʣʝʝ); 

 ʉʧʝʮʠʘʣʴʥʦʝ ʇʆ (ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ). 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ. [2]  

ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʘ 

ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ. ʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʦʚʳʚʘʶʪ ʫʧʨʘʚʣʝʥʠʝ 

ʨʘʙʦʪʦʡ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʠʭ ʨʝʩʫʨʩʘʤʠ, ʟʘʧʫʩʢʘʶʪ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʚʳʧʦʣʥʷʶʪ ʨʘʟʣʠʯʥʳʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ ʧʦ ʟʘʧʨʦʩʫ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʆʉ ʜʝʣʷʪʴʩʷ ʥʘ 

ʦʜʥʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ, ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ, ʠ ʩʝʪʝʚʳʝ. ʂ ʬʘʢʪʦʨʘʤ, 

ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʡ ʆʉ, ʦʪʥʦʩʷʪʩʷ: 

 ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

 ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʧʧʘʨʘʪʥʳʤ ʩʨʝʜʩʪʚʘʤ, 

 ʪʨʝʙʦʚʘʥʠʝ ʧʦʜʜʝʨʞʢʠ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

 ʥʘʣʠʯʠʝ ʩʧʨʘʚʦʯʥʦʡ ʩʣʫʞʙʳ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

 ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, 

 ʥʘʣʠʯʠʝ ʜʨʫʞʝʩʪʚʝʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤ ʧʦʜ Windows ʠʤʝʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜ ʨʘʟʨʘʙʦʪʢʠ, ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: VisualBasic, Visual 

ʉ+ +, Delphi, ʉ+ + Builder. 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʩʨʝʜʩʪʚ ʙʳʩʪʨʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ (RAD ï 

rapidapplicationdevelopment) ʚʦʟʥʠʢʣʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʛʦʪʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʰʘʙʣʦʥʦʚ. ʉʨʘʚʥʠʤ Delphi ʠ C++Builder, 

ʚʳʙʝʨʝʤ ʩʨʝʜʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʉʠʩʪʝʤʘ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi, ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʤʧʘʥʠʝʡ BorlandInternational ʥʘ ʙʘʟʝ ʷʟʳʢʘ ObjectPascal. ʆʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʢʦʤʧʦʥʝʥʪ ʙʳʣ ʩʝʨʴʝʟʥʳʤ ʰʘʛʦʤ 

ʚʧʝʨʝʜ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʳʠʛʨʳʰ ʦʙʝʩʧʝʯʠʚʘʣʩʷ ʟʘ ʩʯʝʪ ʥʦʨʤʘʣʴʥʦʡ 

ʢʦʤʧʠʣʷʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʣʫʯʝʥʠʝ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. 

ʇʝʨʚʳʝ ʜʚʝ ʚʝʨʩʠʠ Delphi ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʚʳʟʚʘʣʠ ʠʥʪʝʨʝʩ ʥʝ ʪʦʣʴʢʦ ʫ 

ʚʫʟʦʚʩʢʠʭ ʘʫʜʠʪʦʨʠʡ, ʛʜʝ ʚ ʦʩʥʦʚʥʦʤ ʠʟʫʯʘʣʠ Pascal, ʥʦ ʠ ʩʨʝʜʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ. ʕʪʦ ʧʦʜʪʦʣʢʥʫʣʦ ʦʜʥʦ ʠʟ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʬʠʨʤʳ 

BorlandInternational ʥʘ ʟʘʤʝʥʫ ʚʠʟʫʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʨʝʜʫ C++. ʊʘʢ, ʚ ʪʦ 

ʞʝ ʚʨʝʤʷ ʩ ʧʦʷʚʣʝʥʠʝʤ Delphi 2.0 ʥʘ ʨʳʥʢʝ ʚʦʟʥʠʢʣʘ ʧʝʨʚʘʷ ʚʝʨʩʠʷ Borland 

C++  Builder (ɺʉɺ). ʆʩʥʦʚʘʥʠʝ ʧʝʨʚʦʡ ʚʝʨʩʠʠ ɺʉɺ ʩʦʩʪʘʚʠʣʘ ʙʠʙʣʠʦʪʝʢʘ 

ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ VCL (VisualComponentLibrary), ʧʝʨʝʥʝʩʝʥʥʘʷ ʙʝʟ 

ʠʟʤʝʥʝʥʠʡ ʠʟ Delphi 2. ʀʥʪʝʨʬʝʡʩʳ ʩʨʝʜ Delphi ʠ ɺʉɺ ʧʦʭʦʞʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ 

ʢʘʢ ʙʣʠʟʥʝʮʳ, ʜʘ ʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ɺʉɺ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʷʟʳʢʝ 

ObjectPascalʚ ʩʨʝʜʝ Delphi. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʩʠʩʪʝʤʘ ɺʉɺ 

ʦʢʘʟʘʣʘʩʴ ʜʚʫʷʟʳʯʥʦʡ. ʂʨʦʤʝ ʩʚʦʝʛʦ ʦʩʥʦʚʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʥʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʜʦʨʘʙʦʪʦʢ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʳ, 

ʦʙʲʝʢʪʳ ʠ ʤʦʜʫʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʩʨʝʜʝ Delphi. ʏʪʦʙʳ ʝʱʝ ʙʦʣʴʰʝ 

ʨʘʩʰʠʨʠʪʴ ʩʬʝʨʫ ʚʣʠʷʥʠʷ ʩʨʝʜʳ ɺʉɺ, ʝʝ ʘʚʪʦʨʳ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʚʝʨʩʠʷʭ 

ʦʙʝʩʧʝʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʙʣʠʦʪʝʢʠ ʢʣʘʩʩʦʚ MFC 

(MicrosoftFoundationClasses), ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʬʠʨʤʦʡ Microsoft. 

Delphi 7 2010 ʛ.  ï ʵʪʦ ʧʨʝʢʨʘʩʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʥʦ ʚ ʪʫ ʞʝ ʤʠʥʫʪʫ ʠ 

ʩʣʦʞʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ. 
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ʉʦʩʪʦʠʪ ʠʟ ʥʦʚʦʛʦ ʠʥʪʝʨʬʝʡʩʘ Galileo, ʘ ʪʘʢʞʝ  interbase server ʠ desktop, 

remote debugger server, Model Maker, Install Shield  

ʆʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʚ Delphi ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʥʘʯʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʢʘʢ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, 

ʩʦʟʜʘʥʥʳʡ ʥʘ ʬʦʨʤʘʭ, ʝʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ (32-ʨʘʟʨʷʜʥʳʡ 

ʦʧʪʠʤʠʟʠʨʫʶʱʠʡ ʢʦʤʧʠʣʷʪʦʨ), ʦʪʣʠʯʥʘʷ ʧʦʜʜʝʨʞʢʘ ʙʘʟ ʜʘʥʥʳʭ, ʙʣʠʟʢʘʷ 

ʠʥʪʝʛʨʘʮʠʷ ʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʧʦʜ Windows ʠ ʪʝʭʥʦʣʦʛʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʅʦ ʩʘʤʦʡ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʷʚʣʷʝʪʩʷ ʷʟʳʢ ObjectPascal, ʥʘ ʬʫʥʜʘʤʝʥʪʝ ʢʦʪʦʨʦʛʦ 

ʩʪʨʦʠʪʩʷ ʚʩʝ ʦʩʪʘʣʴʥʦʝ. 

Delphi 7 2010 ʛ ʠʤʝʝʪ ʦʪʢʨʳʪʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʚʩʝʮʝʣʦ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʠ MicrosoftOLEAutomation, ActiveX, ODBC. 

ʂʦʤʧʠʣʷʪʦʨ ʨʘʟʨʝʰʘʝʪ ʠʤʝʪʴ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʨʝʩʫʨʩʘʤ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʠʥʪʝʨʬʝʡʩ Win32 (Windows ʍʈ ʠ Windows 7 ). 

ʇʨʦʛʨʘʤʤʳ Delphi ʧʨʠʤʝʥʷʶʪ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʧʦʜ ʥʘʟʚʘʥʠʝʤ VCL ï VisualComponentLibrary (ɹʠʙʣʠʦʪʝʢʘ ɺʠʟʫʘʣʴʥʳʭ 

ʂʦʤʧʦʥʝʥʪʦʚ). ʀʤʝʥʥʦ VCLʧʦʜʥʠʤʘʝʪ ʙʳʩʪʨʫʶ ʨʘʟʨʘʙʦʪʢʫ ʧʨʠʣʦʞʝʥʠʡ ʥʘ 

ʥʦʚʳʡ ʫʨʦʚʝʥʴ. ʄʦʞʥʦ ʨʘʩʰʠʨʠʪʴ ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʩʚʦʠʭ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʂ ʪʦʤʫ ʞʝ ʥʝʟʘʚʠʩʠʤʳʝ ʧʦʩʪʘʚʱʠʢʠ ʫʞʝ ʩʦʟʜʘʣʠ 

ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ ʪʘʢʦʛʦ ʨʦʜʘ. 

Delphi 7 2010ʛ  ʠʤʝʝʪ ʤʥʦʛʦ ʜʨʫʛʠʭ ʫʣʫʯʰʝʥʠʡ IDE, ʨʘʩʰʠʨʝʥʥʫʶ 

ʧʦʜʜʝʨʞʢʫ ʙʘʟ ʜʘʥʥʳʭ (ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʥʘʙʦʨʘʤ ʜʘʥʥʳʭ ADOʠ InterBase), 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʫʶ ʚʝʨʩʠʶ MIDASʩ ʧʦʜʜʝʨʞʢʦʡ ʀʥʪʝʨʥʝʪʘ, ʠʥʩʪʨʫʤʝʥʪ 

ʫʧʨʘʚʣʝʥʠʷ ʚʝʨʩʠʷʤʠ TeamSours, ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʚʦʜʘ, ʢʦʥʮʝʧʮʠʶ 

ʬʨʝʡʤʦʚ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. [22] 

ɺ ʦʩʥʦʚʝ Delphi ʣʝʞʘʪ ʪʝʭʥʦʣʦʛʠʠ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʨʦʮʝʜʫʨ ʦʙʨʘʙʦʪʢʠ ʩʦʙʳʪʠʡ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ 

ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ. 

C++Builder 6 2010 ï ʦʯʝʨʝʜʥʘʷ ʚʝʨʩʠʷ ʩʠʩʪʝʤʳ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ Windows 
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2000, WindowsXP, WindowsVista ʠ Windows 7. ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ 

ʩʠʩʪʝʤʳ (IntegratedDevelopmentEnvironment, IDE) ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʢʦʨʝʥʠʝ 

ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʦʩʪʫʧʘ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ. 

ʉʪʘʥʜʘʨʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʤʝʥʷʶʪʩʷ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʪʘʢ 

ʞʝ ʙʳʩʪʨʦ, ʢʘʢ ʠ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʆʪʢʨʳʪʦʩʪʴ ʩʨʝʜʳ IDEʧʦʟʚʦʣʷʝʪ 

ʥʘʩʪʨʘʠʚʘʪʴ ʝʝ ʩ ʫʯʝʪʦʤ ʥʘʠʙʦʣʝʝ ʤʦʜʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʛʨʘʬʠʯʝʩʢʠʭ 

ʠʥʪʝʨʬʝʡʩʦʚ. ɺʠʟʫʘʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʨʦʩʪʦʪʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʣʷ ʥʦʚʠʯʢʘ ʠ ʙʦʛʘʪʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʘ. [18] 

ʉʠʩʪʝʤʘ C++Builder 6 2010 ʛ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʝʟʜʝ. 

ʅʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʝʥʠʝ ʠʤʝʶʱʠʭʩʷ ʫʞʝ ʧʨʠʣʦʞʝʥʠʡ (ʢʘʢ ʧʨʠʢʣʘʜʥʳʝ, ʪʘʢ 

ʠ ʩʠʩʪʝʤʥʳʝ) ʨʘʩʰʠʨʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʷʟʳʢʘ C++, ʧʦʚʳʩʠʪʴ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤ, ʦʬʦʨʤʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ ʥʘ ʚʳʩʦʢʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʦ 

ʩʦʟʜʘʚʘʪʴ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʝʤʳʝ ʩʝʥʩʦʨʥʳʡ ʚʚʦʜ ʜʘʥʥʳʭ, 

ʛʨʘʬʠʯʝʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ ʠ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʂʇʂ, ʩʝʥʩʦʨʥʳʭ ʧʘʥʝʣʝʡ ʠ 

ʘʚʪʦʥʦʤʥʳʭ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʩʠʩʪʝʤ. ɸ ʪʘʢ ʞʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠʣʦʞʝʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʜʘ ʠʣʠ ʙʝʟ ʥʝʛʦ. 

ɺ ʢʦʥʪʝʢʩʪʝ C++BuilderRAD ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʨʝʘʣʴʥʦʝ 

ʫʩʢʦʨʝʥʠʝ ʪʠʧʠʯʥʦʛʦ ʮʠʢʣʘ çʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ï ʢʦʤʧʠʣʷʮʠʷ ï ʢʦʤʧʦʥʦʚʢʘ ï 

ʧʨʦʛʦʥ ï ʦʪʣʘʜʢʘè, ʥʦ ʠ ʧʨʠʜʘʝʪ ʩʦʟʜʘʚʘʝʤʳʤ ʧʨʦʝʢʪʘʤ ʠʟʷʱʝʩʪʚʦ 

ʢʦʤʧʦʥʝʥʪʥʦʡ ʤʦʜʝʣʠ. [20] 

ʋʥʠʢʘʣʴʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ C++Builder 6 2010 IDEInsight ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʱʘʪʴʩʷ ʢʦ ʚʩʝʤ ʧʦʪʝʥʮʠʘʣʘʤ, ʧʘʨʘʤʝʪʨʘʤ ʠ ʢʦʤʧʦʥʝʥʪʘʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ, ʥʝ ʪʝʨʷʷ ʚʨʝʤʷ ʥʘ ʠʭ ʧʦʠʩʢ ʚ ʤʝʥʶ ʠ 

ʜʠʘʣʦʛʦʚʳʭ ʦʢʥʘʭ; ʦʙʦʟʨʝʚʘʪʝʣʴ ʢʣʘʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʫʧʨʘʚʣʝʥʠʝ 

ʢʣʘʩʩʘʤʠ ʚ ʧʨʦʝʢʪʝ ʠ ʙʳʩʪʨʳʡ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʥʠʤʠ; ʦʙʲʝʜʠʥʷʝʪ ɼʠʟʘʡʥʝʨ 

ʬʦʨʤ, ʀʥʩʧʝʢʪʦʨ ʦʙʲʝʢʪʦʚ, ʇʘʣʠʪʨʫ ʢʦʤʧʦʥʝʥʪʦʚ, ʄʝʥʝʜʞʝʨ ʧʨʦʝʢʪʦʚ ʠ 
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ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʈʝʜʘʢʪʦʨ ʢʦʜʘ ʠ ʆʪʣʘʜʯʠʢ ï ʦʩʥʦʚʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ RAD. 

ɺ Builder C++ 6 2010 ʛ. ʜʦʙʘʚʣʝʥʳ ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʦʪʣʘʜʯʠʢʦʤ 

ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʫʧʨʦʱʘʶʱʠʝ ʦʪʣʘʜʢʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʥʘʩʪʨʘʠʚʘʪʴ ʦʪʦʙʨʘʞʝʥʠʝ ʪʠʧʦʚ ʜʘʥʥʳʭ ʚ ʦʪʣʘʜʯʠʢʝ. ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ 

ʦʪʣʘʜʯʠʢʦʤ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʟʘʤʦʨʦʟʢʫ, 

ʨʘʟʤʦʨʦʟʢʫ ʠ ʠʟʦʣʷʮʠʶ ʧʦʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʢʫ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʜʣʷ 

ʚʳʙʨʘʥʥʳʭ ʧʦʪʦʢʦʚ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʨʘʟʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ; Builder C++  6 2010 

ʩʦʜʝʨʞʠʪ ʥʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʦʪʣʘʜʯʠʢʘ: Scroll new events into view 

(çʇʨʦʢʨʫʪʢʘ ʥʦʚʳʭ ʩʦʙʳʪʠʡ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠè) ʠ Ignore non-user breakpoints 

(çʀʛʥʦʨʠʨʦʚʘʥʠʝ ʥʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢè), ʢʘʢ ʥʘ ʫʨʦʚʥʝ 

ʠʩʭʦʜʥʳʭ ʠʥʩʪʨʫʢʮʠʡ, ʪʘʢ ʠ ʥʘ ʫʨʦʚʥʝ ʘʩʩʝʤʙʣʝʨʥʳʭ ʢʦʤʘʥʜ - ʚ ʨʘʩʯʝʪʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʠʩʪʦʚ-ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ. 

ʆʧʪʠʤʠʟʠʨʫʶʱʠʡ 32-ʨʘʟʨʷʜʥʳʡ ʢʦʤʧʠʣʷʪʦʨ ʧʦʩʪʨʦʝʥ ʧʦ 

ʦʨʠʛʠʥʘʣʴʥʦʡ ʠ ʧʨʦʚʝʨʝʥʥʦʡ ʘʜʘʧʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘʜʝʞʥʫʶ ʠ ʙʳʩʪʨʫʶ ʦʧʪʠʤʠʟʘʮʠʶ, ʢʘʢ ʦʙʲʝʤʘ ʚʳʭʦʜʥʦʛʦ 

ʠʩʧʦʣʥʷʝʤʦʛʦ ʢʦʜʘ, ʪʘʢ ʠ ʪʨʝʙʫʝʤʦʡ ʧʘʤʷʪʠ. 

ɺʠʟʫʘʣʴʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʤ çʧʝʨʝʪʘʩʢʠʚʘʥʠʷè (drag-and-drop) 

ʤʥʦʛʦʢʨʘʪʥʦ ʫʧʨʦʱʘʝʪ ʠ ʫʩʢʦʨʷʝʪ ʪʨʫʜʦʝʤʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʧʨʠʣʦʞʝʥʠʡ ʉʋɹɼ. ɺ ʦʩʥʦʚʝ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʣʠʝʥʪ ï ʩʝʨʚʝʨ ʣʝʞʠʪ ʧʦʥʷʪʠʝ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ (dataset) ï ʪʘʙʣʠʮ, ʟʘʧʨʦʩʦʚ, 

ʭʨʘʥʠʤʳʭ ʧʨʦʮʝʜʫʨ ï ʦʩʥʦʚʥʳʭ ʩʫʱʥʦʩʪʝʡ ɹɼ, ʢʦʪʦʨʳʤʠ ʦʧʝʨʠʨʫʶʪ 

ʢʦʤʧʦʥʝʥʪʳ ʜʦʩʪʫʧʘ. ʐʠʨʦʢʠʡ ʚʳʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʠʟʤʝʥʷʪʴ ʚʠʜ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘʙʦʨʦʚ 

ʜʘʥʥʳʭ. C++Builderʠʩʧʦʣʴʟʫʝʪ ʧʨʦʚʦʜʥʠʢ ʙʘʟ ʜʘʥʥʳʭ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʡ 

ʩʣʦʚʘʨʴ ʜʘʥʥʳʭ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʩʪʨʦʠʪʴ ʩʨʝʜʩʪʚʘ 

ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʧʝʮʠʬʠʢʝ ʚʘʰʝʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʅʘʨʷʜʫ ʩ ʜʠʟʘʡʥʝʨʘʤʠ ʠ ʭʫʜʦʞʥʠʢʘʤʠ-ʦʬʦʨʤʠʪʝʣʷʤʠ ʢ ʧʨʠʢʣʘʜʥʳʤ 

ʨʘʟʨʘʙʦʪʢʘʤ ʚ ʢʣʶʯʝʚʳʭ ʦʙʣʘʩʪʷʭ ʩʝʪʠ ʚʩʝ ʯʘʱʝ ʧʨʠʚʣʝʢʘʶʪʩʷ 
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ʧʨʦʬʝʩʩʠʦʥʘʣʳ-ʧʨʦʛʨʘʤʤʠʩʪʳ. ʂʘʯʝʩʪʚʝʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩʧʦʩʦʙʥʦ 

ʜʠʥʘʤʠʯʝʩʢʠ ʚʳʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩ ʩʝʨʚʝʨʘ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʝʝ ʚ ʬʦʨʤʘʪʝ, 

ʫʜʦʙʥʦʤ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ, ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʩʤʦʛʣʠ ʩʦʩʪʘʚʠʪʴ 

ʩʚʦʝ ʟʘʢʣʶʯʝʥʠʝ ʠ ʧʨʠʥʷʪʴ ʘʜʝʢʚʘʪʥʦʝ ʨʝʰʝʥʠʝ ʚ ʢʨʘʪʯʘʡʰʠʡ ʩʨʦʢ. 

C++Builder 6 2010 ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʦʙʝʩʧʝʯʠʚʘʷ: 

ð ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ, ʩʪʝʧʝʥʴ ʠʥʪʝʛʨʘʮʠʠ ʠ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ; 

ð ʙʳʩʪʨʦʝ ʚʠʟʫʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ; 

ð ʧʦʜʜʝʨʞʢʫ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʠ ʜʦʩʪʫʧʘ ʢ 

ʫʜʘʣʝʥʥʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ. 

C++Builderʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʚʦʶ ʤʦʱʴ ʠ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʷʟʳʢʘ 

C++ ʚʩʝʤʫ ʩʝʤʝʡʩʪʚʫ ʩʠʩʪʝʤ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʉʠʩʪʝʤʘ C++Builderʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʝʟʜʝ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠʣʦʞʝʥʠʷ ʨʘʩʰʠʨʝʥʥʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʷʟʳʢʘ 

C++, ʧʦʚʳʩʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʧʨʠʜʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤʫ ʠʥʪʝʨʬʝʡʩʫ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʦʙʣʠʢ. 

ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ, ʬʦʨʤʳ ʠ ʤʦʜʫʣʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʘʢʦʧʠʣʠ 

ʧʨʦʛʨʘʤʤʠʩʪʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ Delphi, ʤʦʛʫʪ ʙʳʪʴ ʤʥʦʛʦʢʨʘʪʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚ ʧʨʠʣʦʞʝʥʠʷʭ C++Builderʙʝʟ ʢʘʢʠʭ ʙʳ ʪʦ ʥʠ ʙʳʣʦ ʠʟʤʝʥʝʥʠʡ. C++Builder 

ʠʜʝʘʣʴʥʦ ʧʦʜʦʡʜʝʪ ʪʝʤ ʨʘʟʨʘʙʦʪʯʠʢʘʤ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʯʠʪʘʶʪ 

ʚʳʨʘʟʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʷʟʳʢʘ C++, ʦʜʥʘʢʦ ʭʦʪʷʪ ʩʦʭʨʘʥʠʪʴ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ Delphi. ʋʥʠʢʘʣʴʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʵʪʠʭ ʩʠʩʪʝʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʠʣʦʞʝʥʠʷ ʙʝʟ ʪʨʫʜʘ 

ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʦʜʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʚ ʜʨʫʛʫʶ. 

ʂʘʢʫʶ ʩʠʩʪʝʤʫ ʚʳʙʨʘʪʴ? Delphi ʠʩʧʦʣʴʟʫʝʪ ʷʟʳʢ ʆʙʲʝʢʪʥʳʡ ʇʘʩʢʘʣʴ, 

ʢʦʪʦʨʳʡ ʧʨʝʧʦʜʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʰʢʦʣʘʭ ʠ ʫʯʝʙʥʳʭ 

ʠʥʩʪʠʪʫʪʘʭ. ʉʠʩʪʝʤʘ C++Builder, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʥʘʟʚʘʥʠʷ, ʧʦʩʪʨʦʝʥʘ ʥʘ 

ʷʟʳʢʝ C++, ʢʦʪʦʨʳʡ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʢʨʫʧʥʳʭ ʬʠʨʤʘʭ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. C++Builder ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʤʦʱʥʦʡ ʩʠʩʪʝʤʦʡ, 
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ʢʦʪʦʨʘʷ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʯʠʪʘʶʪ 

ʚʳʨʘʟʠʪʝʣʴʥʫʶ ʤʦʱʴ ʷʟʳʢʘ C++, ʦʜʥʘʢʦ ʭʦʪʷʪ ʩʦʭʨʘʥʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

Delphi. ʉʦʧʨʦʚʦʞʜʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʘʧʠʩʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ 

Delphi ʧʨʦʱʝ, ʯʝʤ ʥʘʧʠʩʘʥʥʳʭ ʚ C++Builder. 

ʇʨʦʚʝʜʝʤ ʚʳʙʦʨʘ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʵʢʩʧʝʨʪʥʦʛʦ 

ʦʮʝʥʠʚʘʥʠʷ. ɺʳʜʝʣʠʤ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺʘʞʥʦʩʪʴ 

ʢʘʞʜʦʛʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʙʳʣʘ ʦʮʝʥʝʥʘ ʵʢʩʧʝʨʪʘʤʠ ʧʦ 100 

ʙʘʣʴʥʦʡ ʰʢʘʣʝ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʘʭʦʜʠʪʩʷ ʩʨʝʜʥʠʡ ʙʘʣʣ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʪʠʟʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.1 ʠ ʚ ʪʘʙʣʠʮʝ 2.1. 

ʈʠʩ.2.1 -  ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʪʠʟʳ ʩʨʝʜ ʨʘʟʨʘʙʦʪʢʠ, ʧʝʨʚʳʡ ʵʪʘʧ 
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ʊʘʙʣʠʮʘ 2.1 -  ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʪʠʟʳ ʩʨʝʜ ʨʘʟʨʘʙʦʪʢʠ, ʚʪʦʨʦʡ ʵʪʘʧ 

ʋʯʠʪʳʚʘʷ ʚʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʪʥʳʤ 

ʦʮʝʥʠʚʘʥʠʝʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʙʦʨ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʚ ʧʦʣʴʟʫ 

Delphi, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. [36,37] 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʫ RAD Studio Professional. 

RAD Studio Professional ʚʢʣʶʯʘʝʪ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ Windows ʠ 

.NET. ɺ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ Delphi ʠ C++Builder ʩ 

ʧʦʜʜʝʨʞʢʦʡ Unicode ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚʭʦʜʷʪ ʩʦʪʥʠ 

ʛʦʪʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʬʫʥʢʮʠʡ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʝʬʘʢʪʦʨʠʥʛ, 

ʜʦʧʦʣʥʝʥʠʝ ʢʦʜʘ, ʚʳʜʝʣʝʥʠʝ ʩʠʥʪʘʢʩʠʩʘ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʰʘʙʣʦʥʳ, 

ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʪʣʘʜʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʫʣʝʡ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ 

ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Delphi Prism ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ 

ʧʣʘʪʬʦʨʤʳ .NET, ʚʢʣʶʯʘʷ ʧʦʜʜʝʨʞʢʫ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ .NET. ð 

ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʣʦʢʘʣʴʥʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ InterBaseÈ, BlackfishÊ SQL ʠ 

MySQL ʚ Delphi ʠ C++Builder. ð ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ ʚ Visual 

Studio ʩ ʧʦʤʦʱʴʶ ADO.NET, ʚʢʣʶʯʘʷ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʣʦʢʘʣʴʥʳʤ ʙʘʟʘʤ 

ʜʘʥʥʳʭ InterBase ʠ Blackfish ʚ Delphi Prism. ð ʈʘʟʚʝʨʪʳʚʘʥʠʝ Blackfish SQL 

ʚ ʩʠʩʪʝʤʘʭ ʩ ʦʜʥʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʨʘʟʤʝʨʦʤ ʙʘʟʳ ʜʘʥʥʳʭ 512 ʄɹ. ð 

ɹʠʙʣʠʦʪʝʢʘ VCL ʜʣʷ ʀʥʪʝʨʥʝʪʘ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʯʠʩʣʘ ʧʦʜʢʣʶʯʝʥʠʡ (ʥʝ 

ʙʦʣʝʝ ʧʷʪʠ). 
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2.2 ʆʧʠʩʘʥʠʝ  ʦʩʥʦʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

2.2.1 ɸʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʣʳ 

 

ɸʣʛʦʨʠʪʤ CFO ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʟʦʥʜʦʚ, 

ʜʚʠʞʫʱʠʭʩʷ ʚ ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʀʩʭʦʜʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʥʜʦʚ ʚ ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ ʷʚʣʷʝʪʩʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʠ 

ʨʘʚʥʳʤ.  

ʉʯʠʪʘʝʤ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʟʦʥʜʦʚ is  ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʫʶ ʤʘʩʩʫ, ʨʘʚʥʫʶ 

ʟʥʘʯʝʥʠʶ ʬʫʥʢʮʠʠ ʚ ʪʦʯʢʝ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʟʦʥʜʘ. ʂʦʦʨʜʠʥʘʪʳ ʟʦʥʜʦʚ 

ʠʟʤʝʥʷʝʤ ʚ ʧʨʦʮʝʩʩʝ ʠʪʝʨʘʮʠʡ ʧʦ ʬʦʨʤʫʣʝ 

jijiji axx ,,

'

,
2

1
 

 ʛʜʝ ʚʝʣʠʯʠʥʫ jia ,  ʠʥʪʝʨʧʨʝʪʠʨʫʝʤ ʢʘʢ ʪʝʢʫʱʝʝ ʫʩʢʦʨʝʥʠʝ ʟʦʥʜʘ  is  ʧʦ 

j-ʢʦʦʨʜʠʥʘʪʝ, ʨʘʚʥʦʝ 

k
c

ik

jijkb

ikikji

XX

xx
signa

,,

, ))((  

)(,:1,,,...,2,1, ll XXjikSik  

ɿʜʝʩʴ )(  - ʬʫʥʢʮʠʷ ʍʵʚʠʩʘʡʜʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʮʝʣʷʭ ʠʩʢʣʶʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʤʘʩʩʳ; ,,cb  - ʟʘʜʘʥʥʳʝ ʢʦʥʩʪʘʥʪʳ, 

ʠʟ ʢʦʪʦʨʳʭ  ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ.  

ɽʩʣʠ ʥʝʢʦʪʦʨʳʡ ʟʦʥʜ çʚʳʣʝʪʘʝʪè ʠʟ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʡ, ʪʦ ʝʛʦ ʩʣʝʜʫʝʪ 

ʚʦʟʚʨʘʪʠʪʴ ʚ ʩʝʨʝʜʠʥʫ ʤʝʞʜʫ ʝʛʦ ʧʨʝʜʳʜʫʱʠʤ ʠ ʪʝʢʫʱʝʤ (ʥʝʜʦʧʫʩʪʠʤʦʤ) 

ʧʦʣʦʞʝʥʠʠ. 

2.2.2 ɻʘʨʤʦʥʠʯʝʩʢʠʡ ʧʦʠʩʢ 

 

ɺ 2001 ʛʦʜʫ Geem ʨʘʟʨʘʙʦʪʘʣ ʠ ʧʨʝʜʣʦʞʠʣ ʩʚʦʡ ʘʣʛʦʨʠʪʤ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ (Harmony Search, ʠʣʠ HS). ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ 

ʟʘʷʚʣʷʶʪ, ʯʪʦ ʥʘʚʝʷʥ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʙʳʣ ʠʛʨʦʡ ʜʞʘʟ-ʤʫʟʳʢʘʥʪʦʚ, ʜʨʫʛʠʝ 

ʛʦʚʦʨʷʪ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʣʝʞʠʪ ʧʨʦʩʪʦ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʧʨʠʷʪʥʦʡ ʤʝʣʦʜʠʠ. 
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ɺʘʞʥʦ ʣʠʰʴ ʪʦ, ʯʪʦ ʦʧʳʪʥʳʡ ʤʫʟʳʢʘʥʪ ʤʦʞʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʢʘʢ 

ʩʳʛʨʘʪʴʩʷ ʩ ʜʨʫʛʠʤʠ ʤʫʟʳʢʘʥʪʘʤʠ, ʪʘʢ ʠ ʩʳʤʧʨʦʚʠʟʠʨʦʚʘʪʴ ʯʪʦ-ʥʠʙʫʜʴ 

ʧʨʝʢʨʘʩʥʦʝ. ʕʪʦ ʠ ʣʝʛʣʦ ʚ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʘ. 

ʂʣʘʩʩʠʯʝʩʢʠʡ HS ʦʧʝʨʠʨʫʝʪ ʧʦʥʷʪʠʝʤ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʘʤʷʪʠ (ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʨʦʜʠʪʝʣʴʩʢʠʤ ʧʫʣʦʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ). ɿʜʝʩʴ ʭʨʘʥʷʪʩʷ 

ʚʝʢʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʧʨʠʙʣʠʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʀʟʥʘʯʘʣʴʥʦ ʦʥʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ 

ʠʩʩʣʝʜʫʝʪʩʷ ʥʘ ʥʘʣʠʯʠʝ ʤʘʢʩʠʤʫʤʘ ʠʣʠ ʤʠʥʠʤʫʤʘ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, 

ʯʪʦ ʚʘʤ ʥʫʞʥʦ). ʈʘʟʤʝʨ ʵʪʦʡ ʧʘʤʷʪʠ, ʝʩʪʝʩʪʚʝʥʥʦ, ʦʛʨʘʥʠʯʝʥ. ɼʘʣʝʝ 

ʥʘʯʠʥʘʝʪʩʷ ʤʘʛʠʷ ʠʤʧʨʦʚʠʟʘʮʠʷ (ʠʪʝʨʘʪʠʚʥʘʷ ʯʘʩʪʴ ʘʣʛʦʨʠʪʤʘ). 

 ʉʘʤʘ ʠʤʧʨʦʚʠʟʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʨʦʙʥʳʡ ʚʝʢʪʦʨ (ʣʠʙʦ ʘʙʩʦʣʶʪʥʦ ʩʣʫʯʘʡʥʦ, ʣʠʙʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʢʪʦʨʦʚ ʠʟ ʧʘʤʷʪʠ), 

2. ʧʨʦʙʥʳʡ ʚʝʢʪʦʨ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ (ʧʨʦʠʩʭʦʜʠʪ ʥʝʙʦʣʴʰʦʡ ʩʜʚʠʛ ʚ 

ʢʦʤʧʦʥʝʥʪʘʭ, ʝʩʣʠ ʧʨʦʙʥʳʡ ʚʝʢʪʦʨ ʙʳʣ ʩʦʟʜʘʥ ʩ ʧʦʤʦʱʴʶ ʧʘʤʷʪʠ), 

3. ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʦʙʥʳʡ ʚʝʢʪʦʨ ʟʘʤʝʥʷʝʪ ʭʫʜʰʠʡ ʠʟ 

ʠʤʝʶʱʠʭʩʷ ʚ ʧʘʤʷʪʠ. 

ʀʪʘʢ, ʠʤʝʝʤ ʥʝʢʦʪʦʨʫʶ ʬʫʥʢʮʠʶ , ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ, ʠ ʦʙʣʘʩʪʴ ʧʦʠʩʢʘ   (ʜʣʷ 

ʧʨʦʩʪʦʪʳ ʧʨʝʜʧʦʣʘʛʘʝʤ ʝʝ ʤʥʦʛʦʤʝʨʥʳʤ ʧʨʷʤʦʫʛʦʣʴʥʳʤ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʤ), ʚ ʢʦʪʦʨʦʡ ʪʦʯʢʘ ʤʠʥʠʤʫʤʘ, ʘ ʪʦʯʥʝʝ ʝʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʠ 

ʙʫʜʝʪ ʠʩʢʘʪʴʩʷ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʛʝʥʝʨʠʨʫʝʤ ʚ ʥʘʰʝʡ ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ 

ʥʘʯʘʣʴʥʳʝ ʛʘʨʤʦʥʠʢʠ  (ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ). ɺʝʣʠʯʠʥʘ HMS 

ʟʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʠ, ʢʘʢ ʥʝʩʣʦʞʥʦ ʜʦʛʘʜʘʪʴʩʷ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʛʘʨʤʦʥʠʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʚ ʧʘʤʷʪʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʝʱʝ 

ʜʦʣʞʝʥ ʟʘʜʘʪʴ HMCRð ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʠʟ ʛʘʨʤʦʥʠʢ ʚ ʧʘʤʷʪʠ, PAR ð 

ʚʝʨʦʷʪʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʠ bw ð ʚʝʣʠʯʠʥʫ ʪʦʡ ʩʘʤʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. 

ʊʝʧʝʨʴ, ʢʦʛʜʘ ʚʩʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʜʝʣʘʥʳ, ʩ ʯʠʩʪʦʡ ʩʦʚʝʩʪʴʶ ʤʦʞʝʤ 

ʧʨʠʩʪʫʧʘʪʴ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʬʫʥʢʮʠʶ. ʀʪʝʨʘʪʠʚʥʘʷ ʯʘʩʪʴ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ 

ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʪʝʨʠʷ ʦʩʪʘʥʦʚʢʠ ʘʣʛʦʨʠʪʤʘ. ʀʤ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ 
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ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠʪʝʨʘʮʠʡ, ʣʠʙʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʦʥʦʚ ʙʝʟ 

ʦʙʥʦʚʣʝʥʠʷ ʧʘʤʷʪʠ ʛʘʨʤʦʥʠʢ, ʣʠʙʦ ʙʣʠʟʦʩʪʴ ʜʦʙʘʚʣʷʝʤʦʡ ʛʘʨʤʦʥʠʢʠ ʚ 

ʩʤʳʩʣʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʪʨʠʢʠ. ɺʩʝ ʟʘʚʠʩʠʪ ʦʪ ʚʘʰʝʛʦ ʞʝʣʘʥʠʷ. ɺ ʭʦʜʝ 

ʠʪʝʨʘʪʠʚʥʦʡ ʯʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʝʝ: 

1. ʉʦʟʜʘʝʤ ʥʫʣʝʚʫʶ ʥʦʚʫʶ ʛʘʨʤʦʥʠʢʫ . 

2. ɼʘʣʝʝ ʜʣʷ ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʳ ʛʘʨʤʦʥʠʢʠ ʚʳʧʦʣʥʷʝʤ ʩʣʝʜʫʶʱʝʝ: 

ʛʝʥʝʨʠʨʫʝʤ ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ , ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʦʪ ʥʫʣʷ ʜʦ 

ʝʜʠʥʠʮʳ. ɽʩʣʠ  ʤʝʥʴʰʝ, ʯʝʤ HMCR, ʪʦ ʚ ʪʝʢʫʱʫʶ ʢʦʤʧʦʥʝʥʪʫ ʟʘʧʠʩʳʚʘʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʦʤʧʦʥʝʥʪʫ ʠʟ ʥʘʫʛʘʜ ʚʳʙʨʘʥʥʦʡ ʛʘʨʤʦʥʠʢʠ ʠʟ ʧʘʤʷʪʠ. ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʢʦʤʧʦʥʝʥʪʘ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʣʫʯʘʡʥʦ, ʩ ʫʯʝʪʦʤ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʤʧʦʥʝʥʪʝ ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ . ɽʩʣʠ 

ʢʦʤʧʦʥʝʥʪʘ ʙʳʣʘ ʩʛʝʥʝʨʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʤʷʪʠ, ʪʦ, ʚʦʟʤʦʞʥʦ, ʦʥʘ 

ʧʦʜʣʝʞʠʪ ʤʦʜʠʬʠʢʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʦʧʷʪʴ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ , 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʦʪ ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ. ɽʩʣʠ  ʤʝʥʴʰʝ, ʯʝʤ PAR, 

ʪʦ ʢʦʤʧʦʥʝʥʪʘ ʤʝʥʷʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ  , ʛʜʝ  ð ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʦʪ  -1 ʜʦ 1. 

3. ɽʩʣʠ , ʪʦ  

ʟʘʤʝʥʷʝʪ    (ʧʨʦʠʩʭʦʜʠʪ ʦʙʥʦʚʣʝʥʠʝ ʧʘʤʷʪʠ). [48-51] 

ʇʣʶʩʳ: 

 ʧʨʦʩʪʦʪʘ (ʢʘʢ ʨʝʘʣʠʟʘʮʠʠ, ʪʘʢ ʠ ʧʦʥʠʤʘʥʠʷ). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʘʣʛʦʨʠʪʤ ʥʝ ʥʘʛʨʦʤʦʞʜʝʥ ʦʧʝʨʘʮʠʷʤʠ (ʧʦ ʩʫʪʠ ʣʠʰʴ ʛʝʥʝʨʘʮʠʷ ʩʣʫʯʘʡʥʳʭ 

ʯʠʩʝʣ ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʚʝʢʪʦʨʘ); 

 ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʥʘʣʠʯʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ; 

 ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ (ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʯʠʩʣʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʩʝ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʵʪʦʤʫ 

ʧʨʦʮʝʩʩʫ ʩʣʦʞʥʦʩʪʠ); 

 ʤʝʪʦʜ ʣʝʛʢʦ ʠ ʫʜʦʙʥʦ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʜʨʫʛʠʝ ʤʝʪʦʜʳ (ʥʘʧʨʠʤʝʨ, ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ). 

ʄʠʥʫʩʳ: 
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 ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ; 

 ʥʘ ʤʦʡ ʚʟʛʣʷʜ ʤʝʪʦʜ ʧʣʦʭʦ ʧʨʠʤʝʥʠʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʙʦʣʴʰʠʭ 

ʨʘʟʤʝʨʥʦʩʪʝʡ (ʢʘʢ ʠ ʤʝʪʦʜ ʩʠʤʫʣʷʮʠʠ ʦʪʞʠʛʘ) ʠʟ-ʟʘ ʧʨʦʩʪʦʪʳ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʤʝʪʦʜ ʦʧʝʨʘʮʠʡ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝ ʞʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʨʘʙʦʪʘʶʪ ʥʘ 

ʧʦʨʷʜʦʢ ʙʳʩʪʨʝʝ). 

 

2.2.3 ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʦʠʩʢ 

 

ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʦʠʩʢ (GS) ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʤʦʣʦʜʳʤ ʘʣʛʦʨʠʪʤʦʤ. 

ʇʦʷʚʠʣʩʷ ʦʥ ʚ 2009 ʛʦʜʫ ʠ ʷʚʣʷʣʩʷ ʣʦʛʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ ʤʝʪʦʜʘ 

ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʣʳ. ʆʩʥʦʚʫ GS ʩʦʩʪʘʚʣʷʶʪ ʟʘʢʦʥʳ ʛʨʘʚʠʪʘʮʠʠ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʩʩ.  

GS ʦʧʝʨʠʨʫʝʪ ʜʚʫʤʷ ʟʘʢʦʥʘʤʠ: 

 ʪʷʛʦʪʝʥʠʷ: ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ ʧʨʠʪʷʛʠʚʘʝʪ ʜʨʫʛʠʝ ʠ ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ 

ʤʝʞʜʫ ʜʚʫʤʷ ʯʘʩʪʠʮʘʤʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʠʭ ʤʘʩʩ ʠ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʥʠʤʠ. 

 

 

 ʜʚʠʞʝʥʠʷ: ʪʝʢʫʱʘʷ ʩʢʦʨʦʩʪʴ ʣʶʙʦʡ ʯʘʩʪʠʮʳ ʨʘʚʥʘ ʩʫʤʤʝ ʯʘʩʪʠ 

ʩʢʦʨʦʩʪʠ ʚ ʧʨʝʜʳʜʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʦʝ 

ʨʘʚʥʦ ʩʠʣʝ, ʩ ʢʦʪʦʨʦʡ ʚʦʟʜʝʡʩʪʚʫʝʪ ʩʠʩʪʝʤʘ ʥʘ ʯʘʩʪʠʮʫ, ʜʝʣʝʥʥʦʡ ʥʘ 

ʠʥʝʨʮʠʘʣʴʥʫʶ ʤʘʩʩʫ ʯʘʩʪʠʮʳ. 

 

ʀʤʝʷ ʚ ʘʨʩʝʥʘʣʝ ʵʪʠ ʜʚʘ ʟʘʢʦʥʘ, ʤʝʪʦʜ ʨʘʙʦʪʘʝʪ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʣʘʥʫ: 
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1. ʛʝʥʝʨʘʮʠʷ ʩʠʩʪʝʤʳ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ; 

2. ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ; 

3. ʦʙʥʦʚʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ, ʣʫʯʰʝʡ ʠ 

ʭʫʜʰʝʡ ʯʘʩʪʠʮ, ʘ ʪʘʢ ʞʝ ʤʘʩʩ; 

4. ʧʦʜʩʯʝʪ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʩʠʣʳ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ; 

5. ʧʦʜʩʯʝʪ ʫʩʢʦʨʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ; 

6. ʦʙʥʦʚʣʝʥʠʝ ʧʦʟʠʮʠʡ ʯʘʩʪʠʮ; 

7. ʧʦʚʪʦʨʝʥʠʡ ʰʘʛʦʚ 2 ð 6 ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʪʝʨʠʷ ʦʢʦʥʯʘʥʠʷ 

(ʣʠʙʦ ʧʨʝʚʳʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ, ʣʠʙʦ ʩʣʠʰʢʦʤ 

ʤʘʣʦʡ ʠʟʤʝʥʝʥʠʝ ʧʦʟʠʮʠʡ, ʣʠʙʦ ʣʶʙʦʡ ʜʨʫʛʦʡ ʦʩʤʳʩʣʝʥʥʳʡ ʢʨʠʪʝʨʠʡ). 

ʀʪʘʢ, ʫ ʥʘʩ ʝʩʪʴ ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ:. ʂʨʦʤʝ ʵʪʦʛʦ, ʝʩʪʴ ʦʙʣʘʩʪʴ , ʚ ʢʦʪʦʨʦʡ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʯʘʩʪʠʮ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʨʘʙʦʪʳ 

GS, ʥʘʯʠʥʘʝʪʩʷ ʚʩʝ ʩ ʛʝʥʝʨʘʮʠʠ ʩʠʩʪʝʤʳ ʯʘʩʪʠʮ 

,  ʛʜʝ N ð ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ. ʉʠʣʘ, 

ʜʝʡʩʪʚʫʶʱʘʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʥʘ i-ʶ ʯʘʩʪʠʮʫ ʩʦ ʩʪʦʨʦʥʳ j-ʡ, 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ , 

ʛʜʝ  ð ʘʢʪʠʚʥʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʤʘʩʩʘ j-ʡ ʯʘʩʪʠʮʳ,  ð ʧʘʩʩʠʚʥʘʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʤʘʩʩʘ i-ʡ ʯʘʩʪʠʮʳ,   ð ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ð ʤʘʣʘʷ ʢʦʥʩʪʘʥʪʘ,  ð ʝʚʢʣʠʜʦʚʦ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. 

ʏʪʦʙʳ ʘʣʛʦʨʠʪʤ ʙʳʣ ʥʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ, ʘ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ, ʚ 

ʬʦʨʤʫʣʫ ʨʘʩʯʝʪʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʩʠʣʳ   ʜʦʙʘʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʝ 

ʚʝʣʠʯʠʥʳ   (ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʦʪ ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ). ʊʦʛʜʘ 

ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ ʨʘʚʥʘ  . 

ʇʦʩʯʠʪʘʝʤ ʫʩʢʦʨʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ: 

, 
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ʛʜʝ  ð ʦʧʝʨʘʮʠʷ ʧʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʫʤʥʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ, ð 

ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʦʪ ʥʫʣʷ ʜʦ 

ʝʜʠʥʠʮʳ,  ð ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ i-ʡ ʯʘʩʪʠʮʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʯʠʪʘʪʴ ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮ:  

. 

ʂ ʪʝʢʫʱʝʤʫ ʤʦʤʝʥʪʫ ʦʩʪʘʣʦʩʴ ʜʚʘ ʚʦʧʨʦʩʘ: ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʠ ʢʘʢ ʨʘʩʩʯʠʪʳʚʘʪʴ ʤʘʩʩʳ ʯʘʩʪʠʮ. ɿʥʘʯʝʥʠʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʜʦʣʞʥʦ ʦʧʨʝʜʝʣʷʪʴʩʷ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʝʡ 

ʬʫʥʢʮʠʝʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʡ ʧʦʩʪʦʷʥʥʦʡ  ʠ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ t, ʪ.ʝ.  . [49] 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʦʚʝʩʪʚʦʚʘʥʠʷ: ʢ 

ʧʝʨʝʩʯʝʪʫ ʤʘʩʩ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʚʩʝ ʪʨʠ ʤʘʩʩʳ (ʧʘʩʩʠʚʥʘʷ, ʘʢʪʠʚʥʘʷ ʠ 

ʠʥʝʨʮʠʘʣʴʥʘʷ) ʧʨʠʨʘʚʥʠʚʘʶʪʩʷ:  . ʊʦʛʜʘ ʟʥʘʯʝʥʠʝ ʤʘʩʩ 

ʤʦʞʥʦ ʧʝʨʝʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: , ʛʜʝ  

.  

ʇʣʶʩʳ 

 ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʧʦʠʩʢʦʤ ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ, 

 ʥʘ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜ ʪʦʯʥʝʝ, ʯʝʤ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʩ 

ʚʝʱʝʩʪʚʝʥʥʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ ʠ ʢʣʘʩʩʠʯʝʩʢʠʡ PSO, 

 ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ, ʯʝʤ ʫ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʩ 

ʚʝʱʝʩʪʚʝʥʥʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ ʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ PSO. 

ʄʠʥʫʩʳ 

 ʥʝ ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʟʘ ʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʩʯʝʪʘ 

ʤʥʦʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

 ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʜʦʩʪʦʠʥʩʪʚ ʪʝʨʷʝʪʩʷ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʬʫʥʢʮʠʡ (ʦʩʦʙʝʥʥʦ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʥʦʩʪʝʡ), ʪʘʢ ʢʘʢ ʤʝʪʦʜ 

ʥʘʯʠʥʘʝʪ ʙʳʩʪʨʦ ʩʭʦʜʠʪʴʩʷ ʢ ʥʝʢʦʪʦʨʦʤʫ ʣʦʢʘʣʴʥʦʤʫ ʦʧʪʠʤʫʤʫ, ʠʟ ʢʦʪʦʨʦʛʦ 

http://habrahabr.ru/post/193994/
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ʩʣʦʞʥʦ ʚʳʙʨʘʪʴʩʷ, ʪʘʢ ʢʘʢ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʨʦʮʝʜʫʨʳ, ʧʦʭʦʞʠʝ ʥʘ 

ʤʫʪʘʮʠʠ ʚ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘʭ. 

 

2.3 ʈʘʟʨʘʙʦʪʢʘ  ʩʪʨʫʢʪʫʨʳ ʧʨʦʛʨʘʤʤʳ 

 

ʇʨʠʣʦʞʝʥʠʝ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ 

ʠʟʙʝʞʘʪʴ ʨʷʜʘ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʪʦʨʥʳʤ ʥʘʧʠʩʘʥʠʝʤ ʦʜʥʦʦʙʨʘʟʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʠ ʦʪʣʘʜʢʦʡ ʫʞʝ ʛʦʪʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʣʘʩʩ 

çTCustomSearchEngineè, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪ ʚ ʩʝʙʝ ʙʘʟʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʦʠʩʢʦʚʠʢʘ ʵʢʩʪʨʝʤʫʤʦʚ. ɺ ʵʪʦʤ ʢʣʘʩʩʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʬʫʥʢʮʠʠ: 

 ʉʯʝʪʯʠʢ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ; 

 ʄʝʪʦʜʳ ʥʘʢʦʧʣʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʠʩʪʦʨʠʠ ʚʳʯʠʩʣʝʥʠʡ; 

 ʄʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʠʩʪʦʨʠʝʡ ʚʳʯʠʩʣʝʥʠʡ; 

 ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʦʚ 

ʦʧʪʠʤʠʟʘʮʠʠ (ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ, ʥʘʯʘʣʴʥʘʷ ʪʦʯʢʘ ʚʳʯʠʩʣʝʥʠʡ, ʦʛʨʘʥʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ); 

 ʄʝʪʦʜʳ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. 

ɼʘʥʥʳʡ ʢʣʘʩʩ ʩʦʜʝʨʞʠʪ ʤʝʪʦʜ çSearchè, ʢʦʪʦʨʳʡ ʠ ʟʘʧʫʩʢʘʝʪ ʧʨʦʮʝʩʩ 

ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʘ. ʅʦ ʪʝʣʦ ʘʣʛʦʨʠʪʤʘ (ʜʣʷ ʥʘʩʣʝʜʥʠʢʦʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ) 

ʜʦʣʞʥʦ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʚʥʫʪʨʠ ʤʝʪʦʜʘ çInternalSearchè. ɺʥʫʪʨʠ ʤʝʪʦʜʘ 

çSearchè ʚʳʧʦʣʥʷʝʪʩʷ ʨʷʜ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ (ʦʯʠʩʪʢʘ ʠʩʪʦʨʠʠ 

ʚʳʯʠʩʣʝʥʠʡ, ʧʨʦʚʝʨʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ), ʧʦʩʣʝ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʟʘʧʫʩʢ ʘʣʛʦʨʠʪʤʘ (ʤʝʪʦʜ çInternalSearchè). 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʜʦʣʞʝʥ ʧʨʠʥʠʤʘʪʴ ʥʘ 

ʚʭʦʜ ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʫʥʢʮʠʶ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʙʳʣ ʧʨʝʜʫʩʤʦʪʨʝʥ ʠ 
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ʨʝʘʣʠʟʦʚʘʥ ʢʣʘʩʩ çTCustomFunctionè, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʬʫʥʢʮʠʶ 

ʦʪ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʤʝʥʥʳʭ. ʊ.ʝ. ʝʩʣʠ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʝʢʪ ʧʨʦʠʟʚʦʣʴʥʫʶ ʬʫʥʢʮʠʶ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʢ 

ʧʨʦʝʢʪʫ ʥʦʚʳʡ ʢʣʘʩʩ, ʥʘʩʣʝʜʫʶʱʠʡ ʩʚʦʸ ʧʦʚʝʜʝʥʠʝ ʦʪ ʢʣʘʩʩʘ 

çTCustomFunctionè ʠ ʧʝʨʝʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʬʫʥʢʮʠʶ çInternalComputeè. 

ɺʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʯʝʨʝʟ ʚʳʟʦʚ ʤʝʪʦʜʘ çComputeè, 

ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʡ/ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʙʲʝʢʪ ʢʣʘʩʩʘ 

çTFunctionVariableè.  

ʂʣʘʩʩ çTFunctionVariableè ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʡ 

ʚʳʧʦʣʥʷʶʪʩʷ ʚʩʝ ʚʳʯʠʩʣʝʥʠʷ, ʥʘʢʦʧʣʝʥʠʝ ʠʩʪʦʨʠʠ ʚʳʯʠʩʣʝʥʠʡ ʠ 

ʧʦʩʣʝʜʫʶʱʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ, ʪ.ʢ. ʚʥʫʪʨʠ ʜʘʥʥʦʛʦ 

ʢʣʘʩʩʘ ʭʨʘʥʷʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʦʚ, ʥʦ ʠ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ, ʘ 

ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʩʚʝʜʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʯʠʩʣʝʥʠʡ.  

ʂʣʘʩʩ çTFunctionVariableè ʚʢʣʶʯʘʝʪ ʧʦʣʷ, ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ. ʂ ʚʭʦʜʥʳʤ ʧʦʣʷʤ ʦʪʥʦʩʷʪʩʷ: 

 ʅʘʙʦʨ ʘʨʛʫʤʝʥʪʦʚ nxxx ,...,, 21  (ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ 

ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ); 

 ʆʛʨʘʥʠʯʝʥʠʝ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʘʨʛʫʤʝʥʪʦʚ 

(ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤʘʤʠ ʧʦʠʩʢʘ); 

ʂ ʚʳʭʦʜʥʳʤ ʧʦʣʷʤ ʦʪʥʦʩʷʪʩʷ: 

 ɿʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ (y, ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠ ʚʳʟʦʚʝ 

ʤʝʪʦʜʘ çComputeè, ʥʘʩʣʝʜʥʠʢʘʤʠ ʢʣʘʩʩʘ çTCustomFunctionè); 

 ʇʝʨʝʤʝʥʥʘʷ, ʫʢʘʟʳʚʘʶʱʘʷ ʥʘ ʪʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʙʳʣʦ 

ʚʳʯʠʩʣʝʥʦ (ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠ ʚʳʟʦʚʝ ʤʝʪʦʜʘ çComputeè, ʥʘʩʣʝʜʥʠʢʘʤʠ ʢʣʘʩʩʘ 

çTCustomFunctionè); 

 ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʪʦʯʢʠ (ʦʧʮʠʦʥʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʛʨʘʤʤʠʩʪʦʤ ʚ ʩʦʙʩʪʚʝʥʥʳʭ ʮʝʣʷʭ); 

ʊʘʢʞʝ, ʢʣʘʩʩ çTFunctionVariableè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ: 



32 
 

 ʄʝʪʦʜʳ ʢʦʧʠʨʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʡ (çGetCloneè, çCopyè); 

 ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʪʝʢʩʪʦʚʦʛʦ ʦʧʠʩʘʥʠʷ ʪʦʯʢʠ (çToStringè); 

 ʄʝʪʦʜ ʦʯʠʩʪʢʠ ʚʩʝʭ ʧʦʣʝʡ (çClearè); 

 ʄʝʪʦʜ ʨʘʩʯʝʪʘ ɽʚʢʣʠʜʦʚʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʨʛʫʤʝʥʪʘʤʠ 

(çGetEuclideanDistanceBetweenXè). 

ɺʳʰʝʦʧʠʩʘʥʥʳʝ ʢʣʘʩʩ (çTFunctionVariableè, çTCustomFunctionè, 

çTCustomSearchEngineè) ʷʚʣʷʶʪʩʷ ʙʘʟʠʩʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. ʍʦʯʫ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʢʣʘʩʩʳ 

ʦʧʠʩʳʚʘʶʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʦʜʭʦʜ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʪʨʠʦ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ɺ ʧʨʦʝʢʪʝ ʨʝʘʣʠʟʦʚʘʥʦ ʪʨʠ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ: 

 ɸʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʣʳ (çCFOè); 

 ɻʘʨʤʦʥʠʯʝʩʢʠʡ ʧʦʠʩʢ (çHSè); 

 ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʦʠʩʢ (çGSè) . 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʙʳʣʘ 

ʚʳʷʚʣʝʥʘ ʠʭ ʦʙʱʘʷ ʯʝʨʪʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʭ ʚʳʜʝʣʠʪʴ ʚ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʩ 

ï ʘʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʙʦʨʘ ʯʘʩʪʠʮ (ʘʥʘʣʦʛʠʯʥʦ: 

ʟʦʥʜʦʚ ï ʜʣʷ CFO ʠ GS, ʛʘʨʤʦʥʠʢ ï ʜʣʷ HS). ʊ.ʝ. ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ ʪʦʯʝʢ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʵʢʩʪʨʝʤʫʤʘ. 

ɼʣʷ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʙʳʣʦ ʧʨʠʥʷʪʦ ʩʦʟʜʘʪʴ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʩ 

çTParticleBasedSearchEngineè, ʥʘʩʣʝʜʫʶʱʠʡ ʧʦʚʝʜʝʥʠʝ 

çTCustomSearchEngineè.  

ʂʣʘʩʩ çTParticleBasedSearchEngineè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ 

ʬʫʥʢʮʠʠ: 

 ʌʫʥʢʮʠʶ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʩʧʠʩʢʘ ʯʘʩʪʠʮ; 

 ʌʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʧʠʩʢʦʤ ʯʘʩʪʠʮ; 

 ʌʫʥʢʮʠʠ ʥʘʚʠʛʘʮʠʠ ʧʦ ʩʧʠʩʢʫ ʯʘʩʪʠʮ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʚʳʧʦʣʥʝʥʘ ʚ ʩʣʝʜʫʶʱʠʭ 

ʢʣʘʩʩʘʭ: 



33 
 

 çTCentralForceOptimizationEngineè - ɸʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʣʳ (çCFOè); 

 çTHarmonySearchEngineè - ɻʘʨʤʦʥʠʯʝʩʢʠʡ ʧʦʠʩʢ (çHSè); 

 çTGravitationalSearchEngineè - ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʦʠʩʢ (çGSè) . 

ɼʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʬʫʥʢʮʠʡ ʤʥʦʞʝʩʪʚʘ 

ʧʝʨʝʤʝʥʥʳʭ, ʭʦʪʷ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ,  ʜʣʷ ʧʨʦʩʪʦʪʳ ʠ ʥʘʛʣʷʜʥʦʩʪʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʫʥʢʮʠʠ ʣʠʰʴ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. [46] 

 

 

ʈʠʩ.  2.1 - ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ 

 

ʆʧʠʩʘʥʠʷ ʢʣʘʩʩʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ ʥʠʞʝ. 

2.3.1 ʂʣʘʩʩ  çTFunctionVariableè 

Field Summary 

  public  Boolean Computed 

ʌʣʘʛ ʫʩʧʝʰʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

  internal  Integer FSize 

ʈʘʟʤʝʨʥʦʩʪʴ ʤʘʩʩʠʚʘ ʧʝʨʝʤʝʥʥʳʭ 

  public  Integer ID 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ 
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  public  Extended Tag 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʧʝʨʝʤʝʥʥʘʷ (ʜʣʷ ʥʫʞʜ ʧʨʦʛʨʘʤʤʠʩʪʘ) 

  public  array of 

Extended 

X 

ʄʘʩʩʠʚ ʧʝʨʝʤʝʥʥʳʭ ʬʫʥʢʮʠʠ 

  public  array of 

Extended 

Xmax 

ʆʛʨʘʥʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʩʚʝʨʭʫ 

  public  array of 

Extended 

Xmin 

ʆʛʨʘʥʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʩʥʠʟʫ 

  public  Extended Y 

ɺʳʯʠʩʣʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

  

Property Summary 

  public  Integer Size 

ʈʘʟʤʝʨʥʦʩʪʴ ʤʘʩʩʠʚʘ ʧʝʨʝʤʝʥʥʳʭ 

  

Constructor Summary 

Create(Size: Integer) 

ʂʦʥʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ  

  

Method Summary 

  public Sub  Clear() 

ʄʝʪʦʜ ʦʯʠʩʪʢʠ 

  public Sub  Copy(Source: TFunctionVariable ) 

ʂʦʧʠʨʦʚʘʪʴʜʘʥʥʳʝʠʟ Source 

  public Sub  Destroy() 

ɼʝʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ 

  public function 

TFunctionVariable 

GetClone() 

ʄʝʪʦʜ ʢʣʦʥʠʨʦʚʘʥʠʷ ʵʢʟʝʤʧʣʷʨʘ ʢʣʘʩʩʘ 

  public function 

Extended 

GetEuclideanDistanceBetweenX(P: TFunctionVariable ) 

ʌʫʥʢʮʠʷ ʨʘʩʯʝʪʘ ɽʚʢʣʠʜʦʚʘ ʨʘʩʩʪʦʷʥʠʷ 

  public function 

string 

ToString() 

ʇʝʨʝʚʦʜ ʚ ʪʝʢʩʪ 

 

2.3.2 ʂʣʘʩʩ  çTCustomFunctionè 

 

Field Summary 

  protected 

internal  Integer 
FVariableCount 
ʂʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ 

  

Property Summary 

  public  Integer VariableCount 
ʂʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ 

  

Constructor Summary 
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Create() 

ʂʦʥʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ  

  

Method Summary 

  public Sub  Compute(V: uFunctionVariable.TFunctionVariable ) 

ʊʝʣʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʬʫʥʢʮʠʠ 

  public Sub  Destroy() 

ɼʝʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ 

  protected 

internal Sub  

InternalCompute(V: uFunctionVariable.TFunctionVariable ) 

ʊʝʣʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡʬʫʥʢʮʠʠ 

 

2.3.3 ʂʣʘʩʩ  çTCustomFunctionè 

 

Field Summary 

  protected internal  Boolean FComputed 

ʌʣʘʛ ʫʩʧʝʰʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

  internal  uCustomFunction.TCustomFunction FCustomFunction 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ 

  internal  Integer FEmptyIterationLimit 

ɼʦʧʫʩʪʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʩʪʳʭ ʠʪʝʨʘʮʠʡ 

  internal  TStringList FExtremumHistory 

ʀʩʪʦʨʠʷ ʚʳʯʠʩʣʝʥʠʡ (ʜʚʠʞʝʥʠʝ ʢ 

ʵʢʩʪʨʝʤʫʤʫ) 

  internal  TExtremumType FExtremumType 

ʊʠʧ ʧʦʠʩʢʘ 

  internal  Int64 FIteration 

ʅʦʤʝʨ ʠʪʝʨʘʮʠʠ 

  internal  Int64 FIterationLimit 

ʇʨʝʜʝʣ ʜʣʷ ʠʪʝʨʘʮʠʡ (ʥʘ ʩʣʫʯʘʡ 

ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ) 

  internal  TStringList FPointSetHistory 

ʀʩʪʦʨʠʷ ʚʳʯʠʩʣʝʥʠʡ (ʩʧʠʩʢʠ) 

  internal  uFunctionVariable.TFunctionVariable FResultValue 

ʈʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʡ (ʵʢʩʪʨʝʤʫʤ) 

  internal  Boolean FSaveHistory 

ʌʣʘʛ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ, ʟʘʧʠʩʳʚʘʪʴ ʣʠ 

ʠʩʪʦʨʠʶ ʚʳʯʠʩʣʝʥʠʡ 

  internal  uFunctionVariable.TFunctionVariable FStartPoint 

ʉʪʘʨʪʦʚʘʷ ʪʦʯʢʘ ʠ ʦʙʣʘʩʪʴ ʦʛʨʘʥʠʯʝʥʠʡ 

ʪʦʯʢʠ 

  

Property Summary 

  public  Boolean Computed 

ʌʣʘʛ ʫʩʧʝʰʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

  public  uCustomFunction.TCustomFunction CustomFunction 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ 

  public  Integer EmptyIterationLimit 
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ɼʦʧʫʩʪʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʩʪʳʭ ʠʪʝʨʘʮʠʡ 

  public  TStringList ExtremumHistory 

ʀʩʪʦʨʠʷ ʚʳʯʠʩʣʝʥʠʡ (ʜʚʠʞʝʥʠʝ ʢ 

ʵʢʩʪʨʝʤʫʤʫ) 

  public  TExtremumType ExtremumType 

ʊʠʧ ʧʦʠʩʢʘ 

  public  Int64 Iteration 

ʅʦʤʝʨ ʠʪʝʨʘʮʠʠ 

  public  Int64 IterationLimit  

ʇʨʝʜʝʣ ʜʣʷ ʠʪʝʨʘʮʠʡ (ʥʘ ʩʣʫʯʘʡ 

ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ) 

  public  TStringList PointSetHistory 

ʀʩʪʦʨʠʷ ʚʳʯʠʩʣʝʥʠʡ (ʩʧʠʩʢʠ) 

  public  uFunctionVariable.TFunctionVariable ResultValue 

ʈʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʡ (ʵʢʩʪʨʝʤʫʤ) 

  public  Boolean SaveHistory 

ʌʣʘʛ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ, ʟʘʧʠʩʳʚʘʪʴ ʣʠ 

ʠʩʪʦʨʠʶ ʚʳʯʠʩʣʝʥʠʡ 

  public  uFunctionVariable.TFunctionVariable StartPoint 

ʉʪʘʨʪʦʚʘʷ ʪʦʯʢʘ ʠ ʦʙʣʘʩʪʴ ʦʛʨʘʥʠʯʝʥʠʡ 

ʪʦʯʢʠ 

  

Constructor Summary 

Create() 

ʂʦʥʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ  

  

Method Summary 

  protected 

internal Sub  

AddExtremumHistory(P: uFunctionVariable.TFunctionVariable ) 

ʄʝʪʦʜ ʟʘʧʠʩʠ ʠʩʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʢ ʵʢʩʪʨʝʤʫʤʫ 

  protected 

internal Sub  

AddPointSetHistory(L: TStringList) 

ʄʝʪʦʜ ʟʘʧʠʩʠ ʠʩʪʦʨʠʠ ʚʳʯʠʩʣʝʥʠʡ (ʩʧʠʩʢʠ) 

  public Sub  Clear() 

ʌʫʥʢʮʠʷ ʦʯʠʩʪʢʠ ʧʝʨʝʤʝʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ 

  public Sub  Destroy() 

ɼʝʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ 

  protected 

internal function 

TStringList 

GetCloneVariableList(Source: TStringList) 

ʂʦʧʠʨʦʚʘʥʠʝʣʠʩʪʘʪʦʯʝʢ 

  protected 

internal Sub  

IncIteration() 

ʀʥʢʨʝʤʝʥʪ ʜʣʷ ʠʪʝʨʘʪʦʨʘ 

  protected 

internal Sub  

InternalSearch() 

ʌʫʥʢʮʠʷ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʘ 

  public Sub  Search() 

ʌʫʥʢʮʠʷ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʘ 

  internal Sub  SetCustomFunction(Value: uCustomFunction.TCustomFunction ) 

ʎʝʣʝʚʘʷʬʫʥʢʮʠʷ 

  internal Sub  SetEmptyIterationLimit(Value: Integer) 

ʋʢʘʟʘʪʴ ʜʦʧʫʩʪʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʩʪʳʭ ʠʪʝʨʘʮʠʡ 

  internal Sub  SetIterationLimit(Value: Int64) 
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ʇʨʝʜʝʣ ʜʣʷ ʠʪʝʨʘʮʠʡ (ʥʘ ʩʣʫʯʘʡ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ) 

 

2.3.4 ʂʣʘʩʩ  çTParticleBasedSearchEngineè 

 

Field Summary 

  internal  Integer FParticleCount 

ʂʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʩʠʩʪʝʤʳ 

  internal  TStringList FParticleList 

ʅʘʙʦʨ ʯʘʩʪʠʮ 

  

Property Summary 

  public  Integer ParticleCount 

ʂʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʩʠʩʪʝʤʳ 

  public  TStringList ParticleList 

ʅʘʙʦʨ ʯʘʩʪʠʮ 

  

Constructor Summary 

Create() 

ʂʦʥʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ  

  

Method Summary 

  public Sub  Destroy() 

ɼʝʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ 

  protected internal Sub  GenerateParticleList() 

ɻʝʥʝʨʘʮʠʷ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʧʠʩʢʘ ʯʘʩʪʠʮ 

  protected internal function Boolean GetImprovement(NewExtremum: Extended; 

OldExtremum: Extended) 

ʄʝʪʦʜ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʦʛʦ, ʤʘʢʩʠʤʫʤ ʠʣʠ ʤʠʥʠʤʫʤ ʤʳ ʠʱʝʤ) 

  public function 

uFunctionVariable.TFunctionVariable 

GetMaxParticle() 

ʅʘʡʪʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʯʘʩʪʠʮʫ 

  public function 

uFunctionVariable.TFunctionVariable 

GetMinParticle() 

ʅʘʡʪʠ ʤʠʥʠʤʘʣʴʥʫʶ ʯʘʩʪʠʮʫ 

  public function 

uFunctionVariable.TFunctionVariable 

GetParticle(Index: Integer) 

ɺʳʙʨʘʪʴ ʪʦʯʢʫ ʧʦ ʠʥʜʝʢʩʫ 

  protected internal function 

uFunctionVariable.TFunctionVariable 

GetTargetExtremumParticle() 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʣʝʚʦʡ ʪʦʯʢʠ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʦʛʦ, ʤʘʢʩʠʤʫʤ ʠʣʠ ʤʠʥʠʤʫʤ ʤʳ ʠʱʝʤ) 

  protected internal Sub  InternalSearch() 

ʌʫʥʢʮʠʷ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʘ 

  internal Sub  SetParticleCount(Value: Integer) 

ɿʘʜʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʩʠʩʪʝʤʳ 

  protected internal Sub  SetParticleList(L: TStringList) 
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ʋʩʪʘʥʦʚʠʪʴ ʩʧʠʩʦʢ ʯʘʩʪʠʮ 

 

2.3.5 ʂʣʘʩʩ  çTCentralForceOptimizationEngineè 

 

Field Summary 

  protected 

internal  Extended 

FA1 

ʂʦʵʬʬʠʮʠʝʥʪ ɸ1 

  protected 

internal  Extended 

FA2 

ʂʦʵʬʬʠʮʠʝʥʪ ɸ2 

  protected 

internal  Extended 

FA3 

ʂʦʵʬʬʠʮʠʝʥʪ ɸ3 

  

Property Summary 

  public  Extended A1 

ɿʘʜʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ɸ1 

  public  Extended A2 

ɿʘʜʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ɸ2 

  public  Extended A3 

ɿʘʜʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ɸ3 

  

Constructor Summary 

Create() 

ʂʦʥʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ  

  

Method Summary 

  public Sub  Destroy() 

ɼʝʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ 

  protected 

internal Sub  

GenerateParticleList() 

ɻʝʥʝʨʘʮʠʷ ʩʧʠʩʢʘ ʯʘʩʪʠʮ 

  protected 

internal function 

Extended 

GetA(Index: Integer; Dimension: Integer) 

ʊʝʢʫʱʝʝʫʩʢʦʨʝʥʠʡʟʦʥʜʘ 

  protected 

internal function 

Extended 

GetG() 

ʌʫʥʢʮʠʷ ʚʳʯʠʩʣʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ 

  protected 

internal function 

Extended 

GetHeaviside(X: Extended) 

ʌʫʥʢʮʠʷʍʝʚʠʩʘʡʜʘ 

  protected 

internal function 

Extended 

GetSign(X: Extended) 

ʂʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʘʷ ʬʫʥʢʮʠʷ Sign 

  protected 

internal Sub  

InternalSearch() 

ʌʫʥʢʮʠʷ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʘ 

  protected 

internal Sub  

SetA1(Value: Extended) 

ɿʘʜʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ɸ1 

  protected SetA2(Value: Extended) 
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internal Sub  ɿʘʜʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ɸ2 

  protected 

internal Sub  

SetA3(Value: Extended) 

ɿʘʜʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ɸ3 

 

2.3.6 ʂʣʘʩʩ  çTHarmonySearchEngineè 

 

Field Summary 

  protected 

internal  Extended 
FBW 
ɺʝʣʠʯʠʥʘ ʤʦʜʠʬʠʢʘʮʠʠ 

  protected 

internal  Extended 
FHMCR  
ɺʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʠʟ ʛʘʨʤʦʥʠʢ ʚ ʧʘʤʷʪʠ 

  protected 

internal  Extended 
FPAR 
ɺʝʨʦʷʪʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ 

  

Property Summary 

  public  Extended BW 
ɺʝʣʠʯʠʥʘ ʤʦʜʠʬʠʢʘʮʠʠ 

  public  Extended HMCR  
ɺʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʠʟ ʛʘʨʤʦʥʠʢ ʚ ʧʘʤʷʪʠ 

  public  Extended PAR 
ɺʝʨʦʷʪʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ 

  

Constructor Summary 

Create() 

ʂʦʥʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ  

  

Method Summary 

  public Sub  Destroy() 

ɼʝʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ 

  protected 

internal Sub  

InternalSearch() 

ʌʫʥʢʮʠʷ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʘ 

  protected 

internal Sub  

SetBW(Value: Extended) 

ʋʢʘʟʘʪʴ ʚʝʣʠʯʠʥʘ ʤʦʜʠʬʠʢʘʮʠʠ 

  protected 

internal Sub  

SetHMCR(Value: Extended) 

ʋʢʘʟʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʠʟ ʛʘʨʤʦʥʠʢ ʚ ʧʘʤʷʪʠ 

  protected 

internal Sub  

SetPAR(Value: Extended) 

ʋʢʘʟʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ 

 

2.3.7 ʂʣʘʩʩ  çTGravitationalSearchEngineè 
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Field Summary 

  protected 

internal  Extended 
FSmallConstant 
ʄʘʣʘʷ ʢʦʥʩʪʘʥʪʘ 

  

Property Summary 

  public  Extended SmallConstant 
ʋʩʪʘʥʦʚʢʘ ʤʘʣʦʡ ʢʦʥʩʪʘʥʪʳ 

  

Constructor Summary 

Create() 

ʂʦʥʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ  

  

Method Summary 

  public Sub  Destroy() 

ɼʝʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ 

  protected 

internal function 

Extended 

GetG(X: Extended) 

ʌʫʥʢʮʠʷ ʚʳʯʠʩʣʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ 

  protected 

internal function 

Extended 

GetParticlePower(Index: Integer; Dimension: Integer) 

ɺʳʯʠʩʣʠʪʴʩʠʣʫʪʦʯʢʠ 

  protected 

internal function 

Extended 

GetParticleWeight(Index: Integer) 

ɺʳʯʠʩʣʠʪʴʤʘʩʩʫʪʦʯʢʠ 

  protected 

internal function 

Extended 

GetPowerBetweenParticles(Index1: Integer; Index2: Integer; Dimension: 

Integer) 

ʈʘʩʩʯʝʪʩʠʣʳʤʝʞʜʫʪʦʯʢʘʤʠ 

  protected 

internal Sub  

InternalSearch() 

ʌʫʥʢʮʠʷ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʘ 

  protected 

internal Sub  

SetSmallConstant(Value: Extended) 

ʋʩʪʘʥʦʚʢʘ ʤʘʣʦʡ ʢʦʥʩʪʘʥʪʳ 
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3 ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

3.1 ʆʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 

 

ɼʣʷ  ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʜʦʩʪʘʪʦʯʥʦ ʥʘʞʘʪʴ ʥʘ ʬʘʡʣ pSearch.exe, ʧʦʩʣʝ 

ʯʝʛʦ ʧʦʷʚʠʪʩʷ ʛʣʘʚʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ. ɺ ʛʣʘʚʥʦʤ ʦʢʥʝ ʤʦʞʥʦ ʚʳʙʨʘʪʴ 

ʤʠʥʠʤʠʟʠʨʫʝʤʫʶ ʬʫʥʢʮʠʶ, ʤʝʪʦʜ ʤʠʥʠʤʠʟʘʮʠʠ ʠ ʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥʠʷ  

ʨʝʟʫʣʴʪʘʪʘ. 

ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʤʝʪʦʜʘ ʤʠʥʠʤʠʟʘʮʠʠ ï ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ 

ʧʦʠʩʢ, ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʧʦʠʩʢ, ʦʧʪʠʤʠʟʘʮʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʣʳ. 

 

 

ʈʠʩ. 3.1 - ɻʣʘʚʥʘʷ ʬʦʨʤʘ ʧʨʦʛʨʘʤʤʳ 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʨʷʜʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʬʫʥʢʮʠʡ ʠ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. 
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ʈʠc. 3.2 - ʌʫʥʢʮʠʷ ˉ 1, ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʦʠʩʢ, ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. 

 

 

ʈʠʩ. 3.3 - ʌʫʥʢʮʠʷ ˉ 1, ʛʘʨʤʦʥʠʯʝʩʢʠʡ  ʧʦʠʩʢ, ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. 
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ʈʠʩ. 3.4 - ʌʫʥʢʮʠʷ ˉ 1, ʦʧʪʠʤʠʟʘʮʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʣʳ,  ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. 

 

ʈʠʩ. 3.5 - ʌʫʥʢʮʠʷ ˉ 2, ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʦʠʩʢ, ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. 
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ʈʠʩ. 3.6 -  ʌʫʥʢʮʠʷ ˉ 2, ʛʘʨʤʦʥʠʯʝʩʢʠʡ  ʧʦʠʩʢ, ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

 

 

ʈʠʩ. 3.7 - ʌʫʥʢʮʠʷ ˉ 2, ʦʧʪʠʤʠʟʘʮʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʣʳ,  ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ 
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ʈʠʩ. 3.8 - ʌʫʥʢʮʠʷ ˉ 3, ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʦʠʩʢ, ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ 

 

ʈʠʩ. 3.9 - ʌʫʥʢʮʠʷ ˉ 3, ʛʘʨʤʦʥʠʯʝʩʢʠʡ  ʧʦʠʩʢ, ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ 
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ʈʠʩ. 3.10 - ʌʫʥʢʮʠʷ ˉ 3, ʦʧʪʠʤʠʟʘʮʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʣʳ,  ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 3.11 - ʌʫʥʢʮʠʷ ˉ 4, ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʦʠʩʢ, ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ 
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ʈʠʩ. 3.12 - ʌʫʥʢʮʠʷ ˉ 4, ʛʘʨʤʦʥʠʯʝʩʢʠʡ  ʧʦʠʩʢ, ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ 

 

ʈʠʩ. 3.13 - ʌʫʥʢʮʠʷ ˉ 4, ʦʧʪʠʤʠʟʘʮʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʣʳ,  ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ 

 
























