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ɺɺɽɼɽʅʀɽ 

 

ʉʝʪʝʚʦʡ ʭʘʨʘʢʪʝʨ ʧʨʦʛʨʘʤʤʳ ʦʙʫʩʣʦʚʣʝʥ ʩʪʨʝʤʣʝʥʠʝʤ ʢ 

ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʟʘ ʩʯʝʪ ʦʙʲʝʜʠʥʝʥʠʷ ʫʩʠʣʠʡ 

(ʤʘʪʝʨʠʘʣʴʥʦʡ ʙʘʟʳ ʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ) ʥʝʩʢʦʣʴʢʠʭ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʋʯʘʩʪʚʫʶʱʠʝ ʚ ʩʝʪʝʚʦʡ ʧʨʦʛʨʘʤʤʝ ʫʥʠʚʝʨ-

ʩʠʪʝʪʳ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʨʘʟʥʳʝ ʚʠʜʳ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-

ʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʠʩ-

ʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʢʫʨʩʘ ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ, ʥʝ-

ʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʟ-

ʥʳʭ ʚʠʜʦʚ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ 

ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʦʙʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚ-

ʣʷʶʱʠʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ. 

ʊʨʫʜʦʝʤʢʦʩʪʴ ʜʠʩʮʠʧʣʠʥʳ çʉʠʩʪʝʤʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠè ʩʦʩʪʘʚʣʷ-

ʝʪ 180 ʯʘʩʦʚ, ʠʟ ʥʠʭ ʣʝʢʮʠʠ - 6 ʯʘʩʦʚ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ - 18 

ʯʘʩʦʚ, ʣʘʙʦʨʘʪʦʨʥʳʝ ʟʘʥʷʪʠʷ - 16 ʯʘʩʦʚ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ 

- 100 ʯʘʩʦʚ. 

ʎʝʣʴ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʩʦʩʪʦʠʪ ʚ ʦʟʥʘʢʦʤʣʝʥʠʠ ʩʪʫ-

ʜʝʥʪʦʚ ʩ ʦʩʥʦʚʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ. 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʧʨʠʟʚʘʥʦ ʧʦʤʦʯʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʣʝ-

ʜʫʶʱʠʭ ʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤ-

ʧʝʪʝʥʮʠʡ ʤʘʛʠʩʪʨʘʥʪʦʚ: 

-ʩʧʦʩʦʙʥʦʩʪʴ  ʧʨʠʤʝʥʷʪʴ  ʩʨʝʜʩʪʚʘ  ʩʠʩʪʝʤʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʫʧʨʘʚʣʷʶʱʠʭ 

ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

- ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ 

ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʨʘʟʙʠʪʦ ʥʘ ʜʚʘ ʨʘʟʜʝʣʘ. ʇʝʨʚʳʡ ʨʘʟʜʝʣ 

ʧʦʩʚʷʱʝʥ ʦʙʱʠʤ ʚʦʧʨʦʩʘʤ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ 

ʚʪʦʨʦʡ - ʚʦʧʨʦʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʨʝ-

ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴ-

ʥʳʭ ʩʨʝʜʩʪʚ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʨʘʟʜʝʣʘ ʧʨʠʚʝʜʝʥʳ ʚʦʧʨʦʩʳ ʜʣʷ ʩʘ-

ʤʦʢʦʥʪʨʦʣʷ. 

 

ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

ɾʈɺ - ʞʝʩʪʢʦʝ ʨʝʘʣʴʥʦʝ ʚʨʝʤʷ. 

ʄʈɺ - ʤʷʛʢʦʝ ʨʝʘʣʴʥʦʝ ʚʨʝʤʷ. 

ʇʃʀʉ - ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʣʦʛʠʯʝʩʢʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʭʝ-

ʤʘ. 

ʇʆ - ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ʇʌʇ - ʧʣʘʥʠʨʦʚʘʥʠʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ. 

ʈɺ - ʨʝʘʣʴʥʦʝ ʚʨʝʤʷ (ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ). 

ʉʈɺ - ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 
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1. ʆʩʥʦʚʳ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ  

1.1. ʉʠʩʪʝʤʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʫʧʨʘʚ-

ʣʷʶʱʠʝ ʩʠʩʪʝʤʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ɺʳʯʠʩʣʠʪʝʣʴʥʦʝ ʫʩʪ-

ʨʦʡʩʪʚʦ, ʘʧʧʘʨʘʪʥʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

 

ɼʣʷ ʥʘʯʘʣʘ ʦʙʨʘʪʠʤʩʷ ʢ ʥʝʢʦʪʦʨʳʤ ʙʘʟʦʚʳʤ ʧʦʥʷʪʠʷʤ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ - ʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʦ ʚʳʧʦʣʥʷʪʴ ʚʳʯʠʩʣʝʥʠʝ ʩʦʛʣʘʩʥʦ ʟʘʜʘʥʥʦʤʫ 

ʘʣʛʦʨʠʪʤʫ ʥʘ ʦʩʥʦʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪ 

ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʦʜʥʦʡ 

ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʠ ʪʦʛʜʘ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʦʩʪʦʡ ʣʦʛʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ 

(ʥʘʧʨʠʤʝʨ, çʀè, çʀʃʀè, çʀʅɽè) ʠʣʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʝ ʣʦʛʠʯʝ-

ʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʥʘʧʨʠʤʝʨ, ʩʫʤʤʘʪʦʨ, ʢʦʤʧʘʨʘʪʦʨ, ʰʠʬʨʘʪʦʨ). 

ɺ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʤʥʦʛʠʭ ʣʦʛʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʦʙʣʘʜʘʪʴ ʧʘʤʷʪʴʶ, ʚʳʧʦʣʥʷʪʴ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪ-

ʨʦʡʩʪʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ, ʦʜʥʦʢʨʠʩʪʘʣʴʥʳʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ. 

ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʚʥʝʰ-

ʥʝʡ ʧʘʤʷʪʠ, ʩʨʝʜʩʪʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʜʨʫʛʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʧʦʩʪʨʦʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ (ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʚʳʧʦʣ-

ʥʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ). ʇʨʠʤʝʨʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷ-

ʶʪʩʷ: ʢʦʤʧʴʶʪʝʨʳ, ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʢʦʥʢʦʥʪʨʦʣ-

ʣʝʨʳ, ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ, ʩʤʘʨʪʬʦʥʳ, ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʳ. 

ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʝʡʯʘʩ ʪʨʫʜʥʦ ʧʨʦʚʝʩʪʠ ʛʨʘʥʠʮʫ ʤʝʞ-

ʜʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʩʠʩʪʝʤʳ ʥʘ ʢʨʠʩʪʘʣʣʝ (system on a chip) ʤʳ 

ʠʤʝʝʤ ʜʝʣʦ ʩ ʦʜʥʦʡ ʤʠʢʨʦʩʭʝʤʦʡ, ʦʙʣʘʜʘʶʱʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʩʪʴʶ, ʩʭʦʞʝʡ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʤʘʪʝʨʠʥʩʢʦʡ ʧʣʘʪʳ ʧʝʨʩʦ-

ʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʥʝ ʙʫʜʝʤ ʜʝ-

ʣʘʪʴ ʢʘʢʠʭ-ʣʠʙʦ ʞʝʩʪʢʠʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʫʩʪ-

ʨʦʡʩʪʚʦʤ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ. 



 
ʉʀʉʊɽʄʅʆɽ ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ            

 

10 

 

ʕʣʝʢʪʨʦʥʥʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʯʘʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʫʶʪ ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ʏʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʟʤʝʥʝʥʠʠ ʘʣʛʦʨʠʪʤʘ ʚʳ-

ʯʠʩʣʝʥʠʡ. 

ɸʣʛʦʨʠʪʤ, ʚʳʧʦʣʥʷʝʤʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 

ʠʣʠ ʩʠʩʪʝʤʦʡ, ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʷ ʘʧʧʘʨʘʪʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ, ʜʦʙʘʚʣʝʥʠʷ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʥʠʤʠ. ʕʪʦʪ ʩʧʦʩʦʙ ʠʤʝʝʪ ʩʚʦʠ ʦʯʝʚʠʜʥʳʝ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ. 

ʇʦʷʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʅʘ ʚʭʦʜ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʧʦʜʘʚʘʪʴ ʜʘʥʥʳʝ ʦʩʦʙʦʛʦ ʨʦʜʘ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʫ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʚʳʯʠʩʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳ-

ʧʦʣʥʝʥ ʥʘ ʜʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. ʕʪʦ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʦʩʦʙʦʤ 

ʨʝʞʠʤʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʨʝʞʠʤʝ ʝʛʦ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʦ ʦʢʦʥʯʘʥʠʶ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʜʘʥʥʦʝ ʫʩʪ-

ʨʦʡʩʪʚʦ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʦʙʳʯʥʳʡ ʨʝʞʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʤʦʞʝʪ ʥʘʯʠʥʘʪʴ ʚʳʧʦʣʥʷʪʴ ʟʘʣʦʞʝʥʥʫʶ ʚ ʥʝʛʦ ʥʦʚʫʶ ʧʨʦʛʨʘʤʤʫ 

(ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ). ɺ ʩʣʫʯʘʝ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ ʙʳʚʘʝʪ ʩʣʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʨʝʞʠʤ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʨʝʞʠʤ ʦʙʳʯʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʥʘʧʨʠ-

ʤʝʨ, ʚ ʩʣʫʯʘʝ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʯʝʣʦʚʝʢʦʤ, ʢʦʛʜʘ 

ʦʥ ʤʦʞʝʪ ʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʦʛʨʘʤʤʳ, ʠʟʤʝʥʷʪʴ ʘʣʛʦʨʠʪʤ ʚʳ-

ʯʠʩʣʝʥʠʡ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʨʘʙʦʪʳ ʦʩʥʦʚʥʦʡ ʧʨʦʛʨʘʤʤʳ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʛʨʘʤʤ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ ʩʠʩʪʝʤʫ, ʦʙʨʘʟʫʶʪ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʠʤʘʝʤʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʘʧ-

ʧʘʨʘʪʥʳʤ ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʠʥʦʛʜʘ ʙʳʚʘʝʪ ʩʣʦʞʥʦ 

ʧʨʦʚʝʩʪʠ ʤʝʞʜʫ ʥʠʤʠ ʛʨʘʥʠʮʫ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʳ (ʇʃʀʉ) 

ʚ ʢʘʯʝʩʪʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ. ʉʯʠ-

ʪʘʪʴ ʣʠ ʠʟʤʝʥʝʥʠʝ ʣʦʛʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʇʃʀʉ ʝʝ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʝʤ, ʠʣʠ ʵʪʦ ʚʩʝʛʦ ʣʠʰʴ ʠʟʤʝʥʝʥʠʝ ʝʝ ʘʧʧʘʨʘʪʥʦʡ ʢʦʥ-

ʬʠʛʫʨʘʮʠʠ, ʪʦ ʝʩʪʴ, ʧʦ ʩʫʪʠ, ʠʟʤʝʥʝʥʠʝ ʘʧʧʘʨʘʪʥʦʛʦ, ʘ ʥʝ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ? ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʧ-

ʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʥʘʩʢʦʣʴʢʦ ʯʘʩʪʦ ʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʩʫʱʝʩʪʚ-
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ʣʷʝʪʩʷ ʵʪʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. ʊʘʢ, ʝʩʣʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʇʃʀʉ ʚʳʧʦʣʥʷʝʪʩʷ ʦʜʠʥ ʨʘʟ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʩʠʩ-

ʪʝʤʳ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʝʝ ʥʦʚʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʪʦ ʫʜʦʙʥʝʝ 

ʩʯʠʪʘʪʴ ʪʝʢʫʱʫʶ ʣʦʛʠʯʝʩʢʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʇʃʀʉ ʦʩʦʙʝʥʥʦ-

ʩʪʴʶ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ. ɽʩʣʠ ʞʝ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʩʠʩʪʝʤʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ ʇʃʀʉ ʩʦʛʣʘʩʥʦ ʟʘʜʘʥʥʳʤ ʠʥʩʪʨʫʢʮʠʷʤ, ʪʦ ʪʦʛʜʘ 

ʬʘʡʣ ʩ ʪʝʢʫʱʝʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʇʃʀʉ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʨʦ-

ʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʩʠʩʪʝʤʳ. 

 

1.1.1. ʉʠʩʪʝʤʥʦʝ ʠ ʧʨʠʢʣʘʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝ-

ʯʝʥʠʝ 

 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʙʦʣʴʰʦʡ ʦʙʲʝʤ. ʇʨʠ ʵʪʦʤ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʯʘʩʪʴ ʵʪʦʛʦ ʦʙʲʝʤʘ ʦʪʚʦʜʠʪʩʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʠʧʦʚʳʤ ʘʧʧʘʨʘʪʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʜʣʷ ʚʳ-

ʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ. 

ʅʘʧʨʠʤʝʨ, ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʚ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ 

ʫʜʦʙʥʦ ʚʳʧʦʣʥʷʪʴ ʩ ʧʦʤʦʱʴʶ ʬʘʡʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʜʝʣʴʥʳʝ ʙʣʦʢʠ ʜʘʥʥʳʭ ʩʪʘ-

ʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳ ʚ ʚʠʜʝ ʬʘʡʣʦʚ - ʣʦʛʠʯʝʩʢʠ ʝʜʠʥʳʭ ʙʣʦʢʦʚ ʜʘʥ-

ʥʳʭ, ʭʦʪʷ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʬʠʟʠʯʝʩʢʠ ʵʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʨʘʟʤʝ-

ʱʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʄʦʞʥʦ ʙʳ-

ʣʦ ʙʳ ʜʣʷ ʢʘʞʜʦʡ ʥʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʦʟʜʘʚʘʪʴ ʥʦ-

ʚʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫʝʪ ʬʘʡʣʦʚʫʶ ʩʠʩ-

ʪʝʤʫ. ʅʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʵʪʦʤ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʠ 

ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʪʦʚʳʝ ʨʝʘʣʠʟʘʮʠʠ ʬʘʡʣʦʚʳʭ ʩʠʩʪʝʤ, ʢʦʪʦ-

ʨʳʝ ʫʞʝ ʨʘʥʴʰʝ ʙʳʣʠ ʤʥʦʛʦʢʨʘʪʥʦ ʦʧʨʦʙʦʚʘʥʳ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘ-

ʥʳ. 

ɸʥʘʣʦʛʠʯʥʦ ʵʪʦʤʫ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʙʦʪʳ ʩ ʪʠʧʦʚʳʤ ʧʝʨʠʬʝʨʠʡʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʪʘʢʞʝ ʣʫʯʰʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʪʦʚʳʝ ʠ ʧʨʦʚʝʨʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʯʝʤ çʠʟʦʙʨʝ-

ʪʘʪʴ ʟʘʥʦʚʦ ʚʝʣʦʩʠʧʝʜè. 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʚ ʩʦʩʪʘʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘ-

ʥʝʝ ʠ ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪ ʪʠʧʦʚʳʝ ʬʫʥʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 
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ʨʘʙʦʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʪʦ ʝʩʪʴ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, 

ʯʪʦ ʦʥʠ ʨʝʘʣʠʟʫʶʪ ʩʠʩʪʝʤʥʳʝ ʬʫʥʢʮʠʠ. 

ɺ ʠʪʦʛʝ, ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʧʦʥʷʪʠʶ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʉʠʩʪʝʤʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) - ʵʪʦ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʧʨʦʮʝʩʩʦʨʘ-

ʤʠ, ʟʘʧʦʤʠʥʘʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ 

ʠ ʜʨ.) ʠ ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪ ʪʠʧʦʚʳʝ ʬʫʥʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʵʪʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʉʠʩʪʝʤʥʦʝ ʇʆ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝ ʜʣʷ ʦʪ-

ʜʝʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʦʜʥʦʪʠʧʥʳʭ 

ʠʣʠ ʩʭʦʞʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʚʦʟʤʦʞʝʥ 

ʠʤʝʥʥʦ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʩʠʩʪʝʤʥʦʝ ʇʆ ʨʝʘʣʠʟʫʝʪ ʪʠʧʦʚʳʝ ʬʫʥʢ-

ʮʠʠ, ʢʦʪʦʨʳʝ ʥʫʞʥʳ ʠ ʧʨʠʤʝʥʠʤʳ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ, ʥʘʧʨʠʤʝʨ: 

ʧʦʜʜʝʨʞʢʘ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ, ʫʧʨʘʚʣʝʥʠʝ ʟʘʛʨʫʟʢʦʡ ʧʨʦʛʨʘʤʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʨʝʘʣʠʟʘʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʠʧʦʚʳʤʠ ʫʩʪʨʦʡʩʪ-

ʚʘʤʠ ʚʚʦʜʘ-ʚr ʚʦʜʘ. 

ʅʦ ʦʜʥʦʪʠʧʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦ ʠ ʪʦ ʞʝ ʩʠʩʪʝʤʥʦʝ ʇʆ, 

ʯʘʩʪʦ ʚʳʧʦʣʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʟʘ ʩʯʝʪ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯ-

ʥʳʭ ʧʨʠʣʦʞʝʥʠʡ - ʧʨʦʛʨʘʤʤ, ʩʦʟʜʘʚʘʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪ-

ʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʧʨʠʣʦʞʝʥʠʡ ʬʦʨʤʠ-

ʨʫʝʪ ʧʨʠʢʣʘʜʥʦʝ ʇʆ ʜʘʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʇʆ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʨʘʟ-

ʜʝʣʠʪʴ ʥʘ ʩʠʩʪʝʤʥʦʝ ʠ ʧʨʠʢʣʘʜʥʦʝ. 

ʉʠʩʪʝʤʥʦʝ ʇʆ ʷʚʣʷʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʦʡ ʧʨʦʩʣʦʡʢʦʡ, ʠʥ-

ʪʝʨʬʝʡʩʦʤ ʤʝʞʜʫ ʘʧʧʘʨʘʪʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ ʧʨʠʢʣʘʜʥʳʤ ʇʆ. 

ʉʠʩʪʝʤʥʦʝ ʇʆ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʦʟʚʦʣʷʝʪ çʩʢʨʳʪʴè ʦʪ ʧʨʠ-

ʢʣʘʜʥʦʛʦ ʇʆ ʜʝʪʘʣʠ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʙʝʨʷ ʥʘ ʩʝʙʷ ʤʥʦʛʠʝ ʨʫʪʠʥʥʳʝ ʪʠʧʦʚʳʝ ʦʧʝʨʘʮʠʠ, ʯʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʝʣʶ ʧʨʠʢʣʘʜʥʦʛʦ ʇʆ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ 

ʥʘ ʨʝʰʝʥʠʠ ʩʚʦʝʡ ʢʦʥʢʨʝʪʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

 

 

1.1.2. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ 
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ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʩʠʩʪʝʤʥʦʛʦ ʇʆ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʥʦʚʥʳʤ 

ʪʠʧʦʚʳʤ ʬʫʥʢʮʠʷʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚ-

ʥʳʝ ʚʠʜʳ ʩʠʩʪʝʤʥʦʛʦ ʇʆ: 

-  ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ; 

-  ʟʘʛʨʫʟʯʠʢʠ; 

-  ʜʨʘʡʚʝʨʳ; 

-  ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ (ʫʪʠʣʠʪʳ, ʢʦʤʘʥʜ-

ʥʳʝ ʦʙʦʣʦʯʢʠ ʠ ʜʨ.); - ʩʠʩʪʝʤʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʊʘʢʞʝ ʠʥʦʛʜʘ ʢ ʩʠʩʪʝʤʥʦʤʫ ʇʆ ʦʪʥʦʩʷʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʇʆ (middleware), ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩ-

ʧʝʯʝʥʠʷ. ʏʘʩʪʦ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʇʆ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʡ ʩʣʦʡ ʤʝʞʜʫ ʩʠʩʪʝʤʥʳʤ ʇʆ ʠ ʧʨʠʢʣʘʜʥʳʤ ʇʆ. ɺʦ ʤʥʦ-

ʛʠʭ ʩʣʫʯʘʷʭ ʜʣʷ ʧʨʦʩʪʦʪʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʇʆ 

ʦʜʥʦʡ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʩʠʩʪʝʤʥʦʛʦ ʇʆ, ʪʘʢ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯ-

ʥʦʝ ʇʆ, ʪʘʢʞʝ ʢʘʢ ʠ ʩʠʩʪʝʤʥʦʝ ʇʆ, ʚʳʧʦʣʥʷʝʪ ʥʝʢʦʪʦʨʳʝ ʪʠʧʦ-

ʚʳʝ ʬʫʥʢʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ ʨʘʟʣʠʯʥʳʭ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʜʠʥʳʝ ʧʨʦ-

ʛʨʘʤʤʥʳʝ ʠʥʪʝʨʬʝʡʩʳ. 

 

1.1.3. ʆʛʨʘʥʠʯʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚ-

ʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠ-

ʢʦʚ. ʊʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʤʦʜʝʣʴ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ, ʬʦʨʤʠʨʫʝʤʘʷ 

ʜʣʷ ʩʝʙʷ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ, ʙʳʣʘ ʘʜʝʢʚʘʪʥʦʡ ʪʝʢʫʱʝʤʫ ʩʦ-

ʩʪʦʷʥʠʶ ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ. ʀʥʘʯʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʥʘ ʵʪʦʪ ʦʙʲʝʢʪ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚʨʝʜʥʳʤ ʠʣʠ ʜʘʞʝ ʨʘʟʨʫʰʠ-

ʪʝʣʴʥʳʤ. ʇʦʵʪʦʤʫ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʘ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʦʪʩʣʝʞʠʚʘʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʘʪʳ-

ʚʘʪʴ ʥʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʫʧʨʘʚ-

ʣʷʶʱʠʡ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʊʨʝʙʦʚʘʥʠʷ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠʥ-

ʬʦʨʤʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʡ ʚʦʟʜʝʡʩʪʚʠʡ ʚʦʟʥʠʢʘ-

ʶʪ ʠʟ-ʟʘ ʬʠʟʠʯʝʩʢʦʛʦ (ʨʝʘʣʴʥʦʛʦ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʨʝʘʣʴʥʘʷ 

ʧʨʠʨʦʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚ-
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ʣʝʥʠʷ ʧʦʨʦʞʜʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʈɺ), ʪʦ ʝʩʪʴ 

ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʅʘ-

ʧʨʠʤʝʨ, ʝʩʣʠ ʩʙʦʨʦʯʥʦʤʫ ʨʦʙʦʪʫ ʥʝ ʙʫʜʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʜʘʥʘ 

ʢʦʤʘʥʜʘ ʦʙ ʦʩʪʘʥʦʚʢʝ ʠʣʠ ʥʘʯʘʣʝ ʥʦʚʦʛʦ ʜʝʡʩʪʚʠʷ, ʪʦ ʵʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʚʨʝʞʜʝʥʠʷʤ ʦʙʲʝʢʪʘ ʩʙʦʨʢʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠ ʪʨʝ-

ʙʦʚʘʥʠʷ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʬʦʨʤʘʣʴʥʦ ʠ ʯʠʩʣʝʥʥʦ ʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ. 

ʇʨʠʤʝʨʳ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ: 

- ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʘ ʜʦʣʞʥʳ ʩʯʠʪʳʚʘʪʴʩʷ ʢʘʞʜʳʝ 10 

ʤʩ ʩ ʜʦʧʫʩʪʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚʦ ʚʨʝʤʝʥʠ ʚ 1 ʤʩ; 

- ʢʦʤʘʥʜʘ ʥʘ ʦʪʢʨʳʪʠʝ ʢʣʘʧʘʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʩʬʦʨ-

ʤʠʨʦʚʘʥʘ ʥʝ ʧʦʟʜʥʝʝ ʯʝʤ, ʯʝʨʝʟ 5 ʤʩ ʧʦʩʣʝ ʧʦʩʪʫʧʣʝʥʠʷ ʘʚʘʨʠʡ-

ʥʦʛʦ ʩʠʛʥʘʣʘ. 

 

1.1.4. ʇʦʥʷʪʠʝ ʩʠʩʪʝʤʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʉʈɺ) - ʵʪʦ 

ʪʘʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʫ ʢʦʪʦʨʦʡ ʧʨʘʚʠʣʴʥʦʩʪʴ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʣʦʛʠʯʝʩʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚʳ-

ʯʠʩʣʝʥʠʡ, ʥʦ ʠ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʬʦʨʤʠʨʫʶʪʩʷ [53]. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʘʚʠʣʴʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʦʡ ʉʈɺ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʬʦʨʤʠ-

ʨʫʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʦ ʠ ʦʪ ʪʦʛʦ, ʩʦʙʣʶʜʘʶʪʩʷ ʣʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʈɺ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʵʪʠʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʛʨʘ-

ʥʠʯʝʥʠʷ ʈɺ ʦʧʠʩʳʚʘʶʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝ-

ʤʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ ʚʨʝʤʝʥʠ. 

ɺ ʦʧʨʝʜʝʣʝʥʠʠ ʛʦʚʦʨʠʪʩʷ ʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʪʦ 

ʝʩʪʴ ʩʠʩʪʝʤʝ, ʚ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʶʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʤʦʱʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʀ ʪʘʢʫʶ 

ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʚʠʜʝ çʯʝʨʥʦʛʦ ʷʱʠʢʘè, ʥʘ ʚʭʦʜ 

ʢʦʪʦʨʦʛʦ ʧʦʩʪʫʧʘʶʪ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ, ʥʘʧʨʠʤʝʨ, ʜʘʥʥʳʝ ʩ ʜʘʪ-

ʯʠʢʦʚ, ʘ ʥʘ ʚʳʭʦʜʝ ʬʦʨʤʠʨʫʶʪʩʷ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠ 

ʵʪʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʈɺ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 1). ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʉʈɺ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʥʘ 
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ʦʩʥʦʚʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺʳʯʠʩʣʠʪʝʣʴ-

ʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʋʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʉʈɺ ʪʘʢʞʝ ʤʦʞʝʪ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʦʚʘʪʴ ʠ ʩ ʯʝʣʦʚʝʢʦʤ-ʦʧʝʨʘʪʦʨʦʤ, ʧʦʣʫʯʘʷ ʦʪ ʥʝʛʦ ʢʦ-

ʤʘʥʜʳ ʠ ʧʨʝʜʦʩʪʘʚʣʷʷ ʝʤʫ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʠ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʘʢ ʪʘʢʦʚʦʛʦ, ʤʦʞʝʪ ʠ ʥʝ ʙʳʪʴ (ʨʠʩ. 

2). ʇʨʠʤʝʨʘʤʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʚʠʨʪʫʘʣʴʥʳʝ ʪʨʝʥʘ-

ʞʝʨʳ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʠʛʨʳ. ɺ ʩʣʫʯʘʝ ʫʢʘ-

ʟʘʥʥʳʭ ʧʨʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʉʈɺ ʩʦʟʜʘʝʪʩʷ ʚʠʨ-

ʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʯʝʣʦʚʝʢ. ʕʪʘ 

ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʠʤʠʪʘʮʠʝʡ ʦʢʨʫʞʘʶʱʝʛʦ 

ʥʘʩ ʤʠʨʘ ʩ ʠʟʚʝʩʪʥʳʤʠ ʥʘʤ ʬʠʟʠʯʝʩʢʠʤʠ ʟʘʢʦʥʘʤʠ ʠʣʠ ʠʤʠʪʘʮʠ-

ʝʡ ʥʝʢʦʪʦʨʦʛʦ ʚʳʤʳʰʣʝʥʥʦʛʦ ʤʠʨʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʛʨʳ. ɺ ʣʶ-

ʙʦʤ ʩʣʫʯʘʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʜʝʡ-

ʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩʚʦʝʚʨʝʤʝʥʥʦ (ʙʝʟ ʥʝʦʧʨʘʚʜʘʥʥʳʭ ʟʘʜʝʨʞʝʢ), 

ʠʥʘʯʝ ʠʤʠʪʘʮʠʷ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ, ʠ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʥʝ ʙʫʜʝʪ 

ʧʨʠʟʥʘʥʘ ʧʨʘʚʠʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʉʈɺ. 

 

ʈʠʩ. 2. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʯʝ-

ʣʦʚʝʢ-ʦʧʝʨʘʪʦʨ 

 

ʇʨʠ ʦʙʦʙʱʝʥʥʦʤ ʧʦʜʭʦʜʝ, ʫʜʦʙʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʤ-

ʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʉʈɺ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʫʝʪ ʢʘʢ ʩ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʩ ʯʝʣʦʚʝʢʦʤ-ʦʧʝʨʘʪʦʨʦʤ 

(ʨʠʩ. 3). ʊʘʢʫʶ ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʉʈɺ. 
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ʈʠʩ.3. ʂʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʦʙʱʝʤ ʚʠʜʝ 

 

ʇʦ ʙʦʣʴʰʦʤʫ ʩʯʝʪʫ, ʧʨʦʙʣʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʧʦʥʷ-

ʪʠʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʦʟʥʠʢʘʶʪ ʠʤʝʥʥʦ ʚ ʭʦʜʝ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʉʈɺ, ʪʘʢ ʢʘʢ ʦʯʝʥʴ ʚʘʞʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʉʈɺ, ʘ ʥʝ ʪʦʣʴʢʦ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ 

ʦʜʥʦʛʦ ʠʟ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ - ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʉʈɺ. 

ɺ ʤʦʜʝʣʠ ʙʦʣʴʰʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢ-

ʦʧʝʨʘʪʦʨ ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ, ʠ ʪʦʛʜʘ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʉʈɺ, ʩʦʩʪʦʷʱʝʡ ʪʦʣʴʢʦ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ (ʩʤ. ʨʠʩ. 4). 

 

I ---------------------------------------------- 1 

Å ʂʦʤʧʣʝʢʩʥʘʷ ; 

I 

; ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ! 

I   ; 
1 ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ | 

I ʩʠʩʪʝʤʘ 

! ʨʝʘʣʴʥʦʛʦ 

' ʚʨʝʤʝʥʠ | 
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ʈʠʩ. 4. ʂʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ 

 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʚʘʞʥʳʡ ʢʣʘʩʩ ʢʦʤʧʣʝʢʩʥʳʭ 

ʉʈɺ, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʯʝʣʦʚʝʢ-ʦʧʝʨʘʪʦʨ, ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʉʈɺ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʨʝ-

ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʩʤ. ʨʠʩ. 5). 

ʂʨʦʤʝ ʪʦʛʦ, ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʉʈɺ (ʩʤ. ʧʫʥʢʪʠʨʥʳʝ ʩʪʨʝʣʢʠ 

ʥʘ ʨʠʩ. 5), ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʬʠʟʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʦʙʲʝʢʪʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʉʈɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʘʷ ʉʈɺ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦ-

ʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʉʈɺ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʉʈɺ, ʪʘʢ ʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ.  

 

ʂʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ  ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ   

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʨʝ-

ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʈʠʩ. 5. ʂʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʱʘʷ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ 

 

ʇʦʜ ʪʝʨʤʠʥʦʤ ʉʈɺ (ʙʝʟ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʧʨʠʣʘʛʘʪʝʣʴ-

ʥʦʛʦ) ʦʙʳʯʥʦ ʧʦʥʠʤʘʶʪ ʠʤʝʥʥʦ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʉʈɺ. ʆʜʥʘʢʦ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʪʝʨʤʠʥʦʤ ʉʈɺ ʪʘʢʞʝ ʦʙʦʟʥʘʯʘʶʪ ʢʦʤʧʣʝʢʩ-

ʥʫʶ ʩʠʩʪʝʤʫ ʉʈɺ, ʥʘʧʨʠʤʝʨ (ʩʤ. ʨʠʩ. 1.2) ʚ ʤʦʥʦʛʨʘʬʠʠ [28]. 

ɼʣʷ ʢʨʘʪʢʦʩʪʠ, ʚ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʣʦʞʝʥʠʷ ʪʝʨʤʠʥʦʤ 

ʉʈɺ ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴ ʠʤʝʥʥʦ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʉʈɺ. 

1.1.5. ʈʝʘʣʴʥʦʝ ʚʨʝʤʷ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʚʨʝʤʝʥʠ 
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ʆʜʥʦ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʘʙʣʫʞʜʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʉʈɺ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʨʘʙʦʪʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʝ ʚʩʝʛʜʘ ʦʟ-

ʥʘʯʘʝʪ ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʠ ʉʈɺ ʥʝ ʦʙʷ-

ʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʙʳʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʡ. ʄʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, 

ʯʪʦ ʛʦʨʘʟʜʦ ʚʘʞʥʝʝ, ʯʪʦʙʳ ʉʈɺ ʙʳʣʘ ʧʨʝʜʩʢʘʟʫʝʤʦʡ ʚ ʩʚʦʝʤ ʧʦ-

ʚʝʜʝʥʠʠ ʠ ʛʘʨʘʥʪʠʨʦʚʘʣʘ ʩʦʙʣʶʜʝʥʠʝ ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ. 

ʅʘʧʨʠʤʝʨ, ʧʫʩʪʴ ʟʘʜʘʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʈɺ, ʩʦʩʪʦʷʱʝʝ ʚ 

ʪʦʤ, ʯʪʦʙʳ ʢʦʤʘʥʜʘ ʥʘ ʦʪʢʨʳʪʠʝ ʢʣʘʧʘʥʘ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʝ 

ʧʦʟʜʥʝʝ ʯʝʤ, ʯʝʨʝʟ 5 ʤʩ ʧʦʩʣʝ ʧʦʩʪʫʧʣʝʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʀ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʠʤ, ʪʦ ʝʩʪʴ ʥʠʢʦʛʜʘ ʥʝ ʜʦʣʞʥʦ 

ʥʘʨʫʰʘʪʴʩʷ, ʠʥʘʯʝ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʦʤʢʝ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʫʩʪʴ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ 

ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪ ʢʦʤʘʥʜʫ ʩ ʟʘʜʝʨʞʢʦʡ ʦʪ 3 ʜʦ 

4 ʤʩ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʨʘʙʦʪʘʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

ʪʘʢ ʢʘʢ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʘʨʘʥʪʠʨʫʝʪ ʩʦʙʣʶʜʝʥʠʝ ʟʘʜʘʥʥʦʛʦ 

ʦʛʨʘʥʠʯʝʥʠʷ ʈɺ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʦʡ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ. ʇʫʩʪʴ ʪʘʢʞʝ 

ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʚʪʦʨʘʷ ʙʦʣʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ, 

ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪ ʢʦʤʘʥʜʫ ʚ ʦʪʚʝʪ ʥʘ ʘʚʘʨʠʡʥʳʡ ʩʠʛʥʘʣ ʩ ʟʘ-

ʜʝʨʞʢʦʡ ʚ 1 ʤʩ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʥʦ ʠʥʦʛʜʘ 

(ʧʫʩʪʴ ʜʘʞʝ ʦʯʝʥʴ ʨʝʜʢʦ) ʵʪʘ ʟʘʜʝʨʞʢʘ ʤʦʞʝʪ ʩʪʘʪʴ ʨʘʚʥʦʡ 6 ʤʩ, 

ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʚʳʧʦʣʥʝʥʠʷ ʥʝʢʦʪʦʨʦʡ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʧʨʦ-

ʛʨʘʤʤʳ. ɼʣʷ ʵʪʦʡ (ʚʪʦʨʦʡ) ʩʠʩʪʝʤʳ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʩʦʙʣʶʜʝ-

ʥʠʝ ʟʘʜʘʥʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʈɺ, ʭʦʪʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥʘ 

ʚʳʜʘʝʪ ʢʦʤʘʥʜʫ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʝʨʚʘʷ ʩʠʩʪʝʤʘ. ʀ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʧʝʨʚʘʷ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʨʘʚʠʣʴʥʦ. ɸ ʚʦʪ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʝ ʚʪʦʨʦʡ ʩʠʩʪʝʤʳ ʧʨʘʚʠʣʴʥʳʤ ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ, ʭʦʪʷ ʦʥʘ 

ʚ ʩʨʝʜʥʝʤ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʡ, ʯʝʤ ʧʝʨʚʘʷ. 

ʍʦʨʦʰʠʡ ʧʨʠʤʝʨ ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [69], ʠ ʦʥ ʦʧʠʩʳʚʘʝʪ 

ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʧʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʘʚʪʦʤʦʙʠʣʝ. ɺ ʤʦʤʝʥʪ 

ʫʜʘʨʘ ʧʦʜʫʰʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʣʞʥʘ ʨʘʩʢʨʳʪʴʩʷ ʥʝ ʧʦʟʜʥʝʝ ʦʧ-

ʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʫʩʧʝʪʴ ʟʘʱʠʪʠʪʴ ʯʝʣʦʚʝʢʘ. ʇʨʠ 

ʵʪʦʤ ʦʥʘ ʥʝ ʜʦʣʞʥʘ ʨʘʩʢʨʳʪʴʩʷ ʨʘʥʴʰʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʪʘʢ ʢʘʢ ʝʩʣʠ ʧʦʜʫʰʢʘ ʨʘʩʢʨʦʝʪʩʷ ʩʣʠʰʢʦʤ ʨʘʥʦ, ʪʦ ʢ ʤʦʤʝʥʪʫ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʯʝʣʦʚʝʢʦʤ ʦʥʘ ʤʦʞʝʪ ʫʞʝ ʥʝʤʥʦʛʦ ʩʜʫʪʴʩʷ, 

ʯʪʦ ʦʩʣʘʙʠʪ ʝʝ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʟ-

ʣʠʰʥʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʬʫʥʢ-
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ʮʠʦʥʠʨʦʚʘʥʠʶ ʉʈɺ. ʊʘʢʞʝ ʵʪʦʪ ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʛʨʘʥʠ-

ʯʝʥʠʷ ʈɺ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʤʘʢʩʠʤʘʣʴ-

ʥʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ (ʚʝʨʭʥʠʭ ʛʨʘʥʠʮ) ʜʣʷ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝ-

ʤʝʥʠ, ʥʦ ʠ ʚʠʜʝ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ (ʥʠʞʥʠʭ ʛʨʘ-

ʥʠʮ). 

 

1.1.6. ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝ-

ʥʠ 

 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʠʩʪʝʤ, ʧʨʦʮʝʩʩ 

ʨʘʟʨʘʙʦʪʢʠ ʉʈɺ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ: ʩʦʩʪʘʚʣʝ-

ʥʠʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ ʧʦʣʫʯʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʩʣʦʞʥʦʩʪʠ ʚ ʯʝʪʢʦʤ ʨʘʟʛʨʘʥʠʯʝʥʠʠ ʪʘʢʠʭ 

ʧʦʥʷʪʠʡ, ʢʘʢ ʩʧʝʮʠʬʠʢʘʮʠʷ ʠ ʨʝʘʣʠʟʘʮʠʷ ʉʈɺ. ʊʨʘʜʠʮʠʦʥʥʦ 

ʩʧʝʮʠʬʠʢʘʮʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʉʈɺ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴ, ʘ 

ʨʝʘʣʠʟʘʮʠʷ - ʵʪʦ ʪʦ, ʢʘʢ ʉʈɺ ʜʦʣʞʥʘ ʵʪʦ ʚʳʧʦʣʥʷʪʴ. ʅʦ, ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦ-

ʨʳʭ ʩʧʦʩʦʙʝʥ ʦʧʠʩʳʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʦʛʨʘʤʤ: ʦʪ ʥʘʠʙʦʣʝʝ 

ʘʙʩʪʨʘʢʪʥʳʭ (ʩʧʝʮʠʬʠʢʘʮʠʡ) ʜʦ ʠʩʧʦʣʥʷʝʤʳʭ ʧʨʦʛʨʘʤʤ (ʨʝʘʣʠ-

ʟʘʮʠʡ). ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʪʨʫʜʥʦ ʙʳʚʘʝʪ ʦʪʜʝʣʠʪʴ ʧʨʦʮʝʩʩ 

ʩʧʝʮʠʬʠʢʘʮʠʠ ʦʪ ʧʨʦʮʝʩʩʘ ʨʝʘʣʠʟʘʮʠʠ ʉʈɺ. 

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʨʘʩʰʠʨʝʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ʩʧʝʮʠʬʠʢʘ-

ʮʠʠ, ʯʘʩʪʠʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʝ ʠ ʥʘ ʨʝʘʣʠʟʘʮʠʶ. ʌʦʨʤʘʣʴʥʘʷ 

ʩʧʝʮʠʬʠʢʘʮʠʷ ʠʩʧʦʣʴʟʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʥʦʪʘʮʠʶ, ʯʪʦʙʳ ʦʧʠ-

ʩʘʪʴ ʪʦʯʥʳʤ ʦʙʨʘʟʦʤ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʠʤʝʪʴ. 

ʌʦʨʤʘʣʴʥʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʪʨʝʙʦʚʘʥʠʡ - ʵʪʦ ʦʧʠʩʘʥʠʝ ʪʦʛʦ, ʯʪʦ 

ʪʨʝʙʫʝʪʩʷ ʦʪ ʩʠʩʪʝʤʳ ʙʝʟ ʜʝʪʘʣʠʟʘʮʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʘʣʠʟʘʮʠʠ. 

ʌʦʨʤʘʣʴʥʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʨʝʘʣʠʟʘʮʠʠ - ʵʪʦ ʦʧʠʩʘʥʠʝ ʪʦʛʦ, ʢʘʢ 

ʪʨʝʙʫʝʤʳʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ, ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ. ʌʦʨʤʘʣʴʥʘʷ ʚʝʨʠʬʠʢʘ-

ʮʠʷ - ʵʪʦ ʧʨʦʮʝʩʩ ʧʦʢʘʟʳʚʘʶʱʠʡ, ʯʪʦ ʬʦʨʤʘʣʴʥʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ 

ʨʝʘʣʠʟʘʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʬʦʨʤʘʣʴʥʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ʪʨʝʙʦʚʘ-

ʥʠʡ. 

ɹʫʜʝʤ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʭ ʥʘʠʙʦʣʝʝ ʦʙʱʠʭ ʦʧ-

ʨʝʜʝʣʝʥʠʡ. 

ʉʧʝʮʠʬʠʢʘʮʠʷ - ʵʪʦ ʦʧʠʩʘʥʠʝ ʞʝʣʘʝʤʦʛʦ ʚʥʝʰʥʝʛʦ ʧʦʚʝ-

ʜʝʥʠʷ ʩʠʩʪʝʤʳ. ʈʝʘʣʠʟʘʮʠʷ - ʵʪʦ ʩʧʦʩʦʙ ʚʦʧʣʦʱʝʥʠʷ ʟʘʜʘʥʥʦʡ 

ʩʧʝʮʠʬʠʢʘʮʠʠ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ. ʇʦʜ ʪʝʨʤʠʥʘʤʠ çʩʧʝ-
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ʮʠʬʠʢʘʮʠʷè ʠ çʨʝʘʣʠʟʘʮʠʷè ʙʫʜʫʪ ʧʦʥʠʤʘʪʴʩʷ ʠʤʝʥʥʦ ʨʝʟʫʣʴʪʘ-

ʪ  rʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʘʧʦʚ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʉʈɺ, 

ʘ ʥʝ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʙʳʯʥʦ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʉʈɺ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʉʥʘʯʘʣʘ ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʉʈɺ, ʚʢʣʶʯʘʶʱʘʷ 

ʚ ʩʝʙʷ ʚ ʪʦʤ ʯʠʩʣʝ ʧʝʨʝʯʝʥʴ ʚʩʝʭ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ. ʕʪʘ ʩʧʝʮʠʬʠ-

ʢʘʮʠʷ ʣʠʙʦ ʤʦʞʝʪ ʙʳʪʴ ʷʚʥʳʤ ʦʙʨʘʟʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʝʭʥʠʯʝ-

ʩʢʦʤ ʟʘʜʘʥʠʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʉʈɺ, ʣʠʙʦ ʤʦʞʝʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʘ ʥʘ 

ʦʩʥʦʚʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ, ʢʦʥʝʯʥʦ, ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʥʘʣʠʯʠʝ ʥʝʯʝʪʢʦʛʦ ʦʧʠʩʘ-

ʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʉʈɺ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʚʝʩʪʥʳʤ ʧʨʦʙʣʝʤʘʤ 

ʠʭ ʨʘʟʣʠʯʥʳʭ ʪʦʣʢʦʚʘʥʠʡ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ. 

ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʙʫʜʫʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʉʈɺ (ʘʨʭʠʪʝʢʪʫʨʘ, 

ʚʳʙʦʨ ʘʧʧʘʨʘʪʥʦʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ) ʦʪʨʘʞʘʶʪʩʷ ʚ ʜʘʣʴʥʝʡ-

ʰʠʭ ʜʦʢʫʤʝʥʪʘʭ, ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʉʈɺ. 

ɺ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʨʝʘʣʠʟʘʮʠʷ ʉʈɺ ʜʦʣʞʥʘ ʙʳʪʴ ʦʪʨʘʞʝʥʘ ʚ ʨʘʙʦ-

ʯʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʉʈɺ. 

ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʉʈɺ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨ-

ʢʘ ʪʦʛʦ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʉʈɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʝ ʩʧʝʮʠʬʠʢʘʮʠʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʪʘʢʦʡ ʧʨʦʚʝʨʢʠ: 

-  ʬʦʨʤʘʣʴʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ (ʬʦʨʤʘʣʴʥʦʝ ʜʦʢʘʟʘ-

ʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʬʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʫʜʦʚʣʝʪʚʦ-

ʨʷʝʪ ʟʘʜʘʥʥʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ); 

-  ʪʝʩʪʠʨʦʚʘʥʠʝ (ʚʩʝʩʪʦʨʦʥʥʠʝ ʠʩʧʳʪʘʥʠʷ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʉʈɺ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ). 

ʇʦʩʢʦʣʴʢʫ ʬʦʨʤʘʣʴʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤ-

ʢʠʤ ʠ ʛʨʦʤʦʟʜʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʪʦ ʝʝ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʪʦʣʴʢʦ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʪʜʝʣʴʥʳʤ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʠ ʢʨʠʪʠʯ-

ʥʳʤ ʧʦʜʩʠʩʪʝʤʘʤ, ʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʦʩʪʘʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʠʩʧʦʣʴ-

ʟʫʶʪ ʪʝʩʪʠʨʦʚʘʥʠʝ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʦʰʠʙʦʢ ʚ ʨʝʘʣʠʟʘʮʠʠ ʉʈɺ ʚʝʜʝʪ ʢ ʧʦʚʪʦʨ-

ʥʦʤʫ ʘʥʘʣʠʟʫ ʩʧʝʮʠʬʠʢʘʮʠʠ, ʯʘʩʪʠʯʥʦʡ ʠʣʠ ʧʦʣʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ 

ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

ʋʤʝʥʴʰʝʥʠʝ ʟʘʪʨʘʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʉʈɺ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ, ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘ-

ʮʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʧʝʮʠʬʠʢʘʮʠʠ ʢ ʨʝʘʣʠʟʘʮʠʠ, ʫʧʨʦʱʝʥʠʝ 

ʬʦʨʤʘʣʴʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʠ ʪʝʩ-



 
ʉʀʉʊɽʄʅʆɽ ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ            

 

21 

 

ʪʠʨʦʚʘʥʠʠ - ʵʪʦ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʨʝʰʘʝʤʳʝ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʘʤ ʨʘʟʨʘʙʦʪʢʠ ʉʈɺ. 

 

1.1.7. ʇʦʥʷʪʠʝ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ 

 

ʋʧʨʘʚʣʷʶʱʘʷ ʉʈɺ - ʵʪʦ ʉʈɺ, ʢʦʪʦʨʘʷ ʫʧʨʘʚʣʷʝʪ ʥʝʢʦʪʦ-

ʨʳʤ ʦʙʲʝʢʪʦʤ (ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ). 

ɺ ʩʠʩʪʝʤʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1, 3, 6, ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʘʷ ʉʈɺ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʡ ʉʈɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʘʚʣʷʶʱʘʷ ʉʈɺ - ʵʪʦ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 

ʉʈɺ (ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʉʈɺ). 

ʂʘʢ ʩʦʦʪʥʦʩʷʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʥʷʪʠʷ ʫʧʨʘʚʣʷʶʱʝʡ ʉʈɺ 

ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ? ʏʪʦʙʳ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ, ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʩʧʦʤʥʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʦʛʦʚʳʭ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʝʡ. ʆʪʩʶʜʘ ʩʨʘʟʫ ʞʝ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʥʝ 

ʚʩʷʢʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʡ ʉʈɺ, ʧʨʠ 

ʵʪʦʤ ʣʶʙʘʷ ʫʧʨʘʚʣʷʶʱʘʷ ʉʈɺ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. 

ʕʪʦʪ ʚʳʚʦʜ ʩʧʨʘʚʝʜʣʠʚ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʳ ʜʦ-

ʛʦʚʘʨʠʚʘʝʤʩʷ ʦ ʪʦʤ, ʯʪʦ ʉʈɺ - ʵʪʦ ʦʙʷʟʘʪʝʣʴʥʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʉʈɺ, ʪʦ ʝʩʪʴ ʩʠʩʪʝʤʘ ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʚʳʯʠʩʣʝʥʠʷʭ ʠ ʨʝʘʣʠʟʦʚʘʥ-

ʥʘʷ ʩ ʧʦʤʦʱʴʶ ʪʝʭ ʠʣʠ ʠʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɽʩʣʠ 

ʞʝ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʉʈɺ ʤʳ ʫʙʝʨʝʤ ʫʧʦʤʠʥʘʥʠʝ ʦ ʚʳʯʠʩʣʝʥʠʠ, ʘ 

ʦʩʪʘʚʠʤ ʪʦʣʴʢʦ ʪʨʝʙʦʚʘʥʠʝ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ (ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʣʦʛʠʯʝʩʢʦʡ ʢʦʨʨʝʢʪʥʦʩʪʠ), ʪʦ ʪʦʛʜʘ ʤʳ ʧʨʠʜʝʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʣʶʙʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ - ʵʪʦ ʫʧʨʘʚʣʷʶʱʘʷ ʉʈɺ, ʠ ʥʘʦʙʦʨʦʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʉʈɺ. ʇʦ 

ʙʦʣʴʰʦʤʫ ʩʯʝʪʫ, ʵʪʦ ʚʦʧʨʦʩ ʪʝʨʤʠʥʦʣʦʛʠʠ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʉʈɺ ʢʘʢ ʥʝʢʦʪʦʨʦʤ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ 

ʉʈɺ, ʢʦʪʦʨʘʷ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʙʳʪʴ ʦʩʥʦʚʘʥʘ ʥʘ ʚʳʯʠʩʣʝ-

ʥʠʷʭ. ʀʣʠ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʧʨʠʤʝʨʘ ʠʩʭʦʜʥʦʡ ʜʦ-

ʛʦʚʦʨʝʥʥʦʩʪʠ ʦ ʪʝʨʤʠʥʘʭ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʉʈɺ ʦʙʷʟʘʪʝʣʴʥʦ 

ʜʦʣʞʥʘ ʙʳʪʴ ʦʩʥʦʚʘʥʘ ʥʘ ʚʳʯʠʩʣʝʥʠʷʭ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʥʝʢʦʪʦʨʦʡ çʦʙʦʙʱʝʥʥʦʡè ʉʈɺ. 

ʅʦ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʧʦʜ ʉʈɺ ʤʳ ʧʦʥʠʤʘʝʤ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʫʶ ʉʈɺ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩ-
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ʪʦʯʥʠʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʙʘʟʦʚʳʝ ʤʦʥʦ-

ʛʨʘʬʠʠ ʧʦ ʉʈɺ [28, 53]. 

ʆʩʪʘʚʘʷʩʴ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʣʦʛʠʯʥʦ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʫʧʨʘʚʣʷʶʱʘʷ ʉʈɺ - ʵʪʦ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ 

ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɺʘʞʥʦ ʥʘʧʦʤʥʠʪʴ, ʯʪʦ ʫʧʨʘʚʣʷʶʱʘʷ ʉʈɺ (ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʘʷ ʉʈɺ) ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝ-

ʥʠʷ, ʥʦ ʠ ʩ ʯʝʣʦʚʝʢʦʤ ʦʧʝʨʘʪʦʨʦʤ (ʩʤ. ʨʠʩ. 3), ʘ ʪʘʢʞʝ ʩ ʜʨʫʛʠʤʠ 

ʫʧʨʘʚʣʷʶʱʠʤʠ ʉʈɺ (ʩʤ. ʨʠʩ. 5). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ 

ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʩʙʦʨʢʠ ʩʣʦʞʥʦ-

ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʟʘʚʦʜʩʢʦʡ ʮʝʭ ʚʤʝʩʪʝ ʩʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʙʦ-

ʨʦʯʥʳʤʠ ʨʦʙʦʪʘʤʠ, ʟʘʛʦʪʦʚʢʘʤʠ ʠ ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤ. ʊʦʛʜʘ ʚ 

ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʪʫʧʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤ-

ʧʣʝʢʩ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: ʢʦʤʧʴʶʪʝʨʳ, ʧʨʦʤʳʰʣʝʥ-

ʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ, ʫʩʪʨʦʡʩʪʚʘ ʩʚʷʟʠ ʩ ʦʙʲʝʢʪʦʤ. ʕʪʫ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʘ ʤʦʞʥʦ ʚʳ-

ʧʦʣʥʠʪʴ ʜʝʢʦʤʧʦʟʠʮʠʶ ʠ ʠʟʫʯʘʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʫʶʱʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ 

ʜʝʣʦ ʩ ʦʜʥʦʡ ʙʦʣʴʰʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʉʈɺ, ʘ ʚʦ ʚʪʦʨʦʤ - ʩʦ ʤʥʦ-

ʞʝʩʪʚʦʤ ʫʧʨʘʚʣʷʶʱʠʭ ʉʈɺ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʀ ʚ ʪʦʤ, ʠ ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ, ʦʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʫʧʨʘʚʣʷʶʱʠʭ 

ʉʈɺ ʨʝʘʣʠʟʫʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʯʝʣʦʚʝʢʦʤ ʦʧʝʨʘʪʦʨʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʨʫʛʦʛʦ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʤʦʙʠʣʴ-

ʥʦʛʦ ʨʦʙʦʪʘ, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʥʝʟʥʘʢʦʤʦʡ ʤʝʩʪʥʦʩʪʠ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʵʪʦʛʦ ʨʦʙʦʪʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʤʠʢ-

ʨʦʢʦʥʪʨʦʣʣʝʨʦʚ, ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʡ ʉʈɺ, ʠ ʦʥʘ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʜʘʥʥʦʛʦ ʨʦ-

ʙʦʪʘ, ʩ ʫʯʝʪʦʤ ʮʝʣʠ ʧʝʨʝʤʝʱʝʥʠʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʦʙʩʪʘʥʦʚʢʠ. 

ʇʨʠ ʵʪʦʤ ʫʧʨʘʚʣʷʶʱʘʷ ʉʈɺ ʜʦʣʞʥʘ ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ 

ʥʘ ʩʦʙʳʪʠʷ ʚʦ ʚʥʝʰʥʝʤ ʤʠʨʝ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʝ ʨʦʙʦʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʫʧʨʘʚʣʷʶʱʘʷ ʉʈɺ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʜʘʣʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʯʝʣʦʚʝʢʦʤ-

ʦʧʝʨʘʪʦʨʦʤ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʢʘʟʘʥʠʡ ʦʪ ʥʝʛʦ. ɺ ʩʣʫʯʘʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʨʫʧʧʳ ʨʦʙʦʪʦʚ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʫʧʨʘʚʣʷʶʱʝʡ ʉʈɺ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʫʧʨʘʚʣʷʶʱʠʤʠ ʉʈɺ ʜʨʫʛʠʭ ʨʦʙʦʪʦʚ. 
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ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʤʝʩʪʦ ʪʝʨʤʠʥʘ çʫʧʨʘʚʣʷʶʱʘʷ ʉʈɺè ʤʦ-

ʞʝʪ ʫʧʦʪʨʝʙʣʷʪʴʩʷ ʪʝʨʤʠʥ çʉʈɺè, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʩ ʦʜʥʦʡ ʩʪʦ-

ʨʦʥʳ, ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʢʨʘʪʢʦʩʪʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʝʤ, ʯʪʦ ʤʥʦ-

ʛʠʝ ʫʪʚʝʨʞʜʝʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʫʧʨʘʚʣʷʶʱʠʭ ʉʈɺ ʩʧʨʘʚʝʜʣʠʚʳ 

ʪʘʢʞʝ ʠ ʜʣʷ ʚʩʝʛʦ ʢʣʘʩʩʘ ʉʈɺ. 

 

1.2. ʉʧʝʮʠʬʠʢʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

1.2.1.  ɿʘʜʘʯʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩ-

ʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

1.2.1.1.  ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

 

ʋʧʨʘʚʣʷʶʱʘʷ ʉʈɺ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʝʡ-

ʩʪʚʠʷ ʜʣʷ ʚʥʝʰʥʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʥʘʧʨʠʤʝʨ, ʩ ʦʙʲʝʢʪʦʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʩʚʦʝʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷ-

ʥʠʷ. ɼʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴ ʩʠʩʪʝʤʘ, ʟʘʜʘʶʪʩʷ 

ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʩʧʝʮʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʳʧʦʣ-

ʥʷʝʤʳʭ ʟʘʜʘʯ. ʇʨʠ ʵʪʦʤ ʚʳʧʦʣʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʘʯʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʚʳʧʦʣʥʝʥʠʶ ʩʠʩʪʝʤʦʡ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʝʡʩʪʚʠʡ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʨʝʘʣʠʟʫʝʪ ʜʝʢʦʤʧʦʟʠʮʠʶ ʩʠʩʪʝʤʳ ʢʘʢ ʩʦ-

ʚʦʢʫʧʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʟʘʜʘʯ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʦ-

ʱʝʥʠʝ ʘʥʘʣʠʟʘ, ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʜʝʢʦʤʧʦʟʠʮʠʠ ʤʦʞʝʪ ʚʳʙʠʨʘʪʴ-

ʩʷ ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ 

ʉʈɺ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʦʜʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴʩʷ ʦʜʥʘ ʟʘʜʘʯʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʫʥʢʮʠʶ ʉʈɺ, ʘ 

ʥʘ ʜʨʫʛʦʤ ʵʪʘʧʝ ʵʪʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʩʦʚʦ-

ʢʫʧʥʦʩʪʴ ʟʘʜʘʯ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʘʣ-

ʛʦʨʠʪʤʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʬʫʥʢʮʠʠ 

ʉʈɺ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʧʨʦʙʣʝʤʳ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʚ ʈɺ, ʧʦʵʪʦʤʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʫ-

ʜʫʪ ʧʨʠʥʠʤʘʪʴʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʣʴʢʦ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʈɺ, 

ʦʙʦʟʥʘʯʘʝʤʳʝ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʢʘʢ ʟʘʜʘʯʠ ʈɺ. 

ɺ ʨʝʘʣʴʥʦʤ ʤʠʨʝ ʚʩʝ ʧʨʦʠʩʭʦʜʠʪ ʧʘʨʘʣʣʝʣʴʥʦ, ʠ ʩʠʩʪʝʤʘ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʘʷ ʩ ʵʪʠʤ ʨʝʘʣʴʥʳʤ ʤʠʨʦʤ, ʜʦʣʞʥʘ ʠʤʠʪʠʨʦ-

ʚʘʪʴ ʪʘʢʦʝ ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʦʙʝʩʧʝʯʠ-
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ʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʠʣʠ ʭʦʪʷ ʙʳ ʠʤʠʪʘʮʠʶ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʚʳ-

ʧʦʣʥʝʥʠʷ ʟʘʜʘʯ. 

ʀʤʠʪʘʮʠʷ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʜʝ-

ʣʝʥʠʷ ʚʨʝʤʝʥʠ ʦʜʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠ ʵʪʦʤ 

ʦʥʦ ʧʦʧʝʨʝʤʝʥʥʦ ʟʘʥʷʪʦ ʚʳʧʦʣʥʝʥʠʝʤ ʪʦ ʦʜʥʦʡ, ʪʦ ʜʨʫʛʦʡ ʟʘʜʘ-

ʯʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ (ʘ ʥʝ ʝʝ ʠʤʠʪʘʮʠʷ) ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶ-

ʱʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʥʘʟʥʘ-

ʯʘʝʪʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʪʜʝʣʴʥʦʡ ʟʘʜʘʯʠ. ʆʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ 

ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʨʦʞʝ, ʘ 

ʪʘʢʞʝ ʪʘʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʯʘʩʪʦ ʩʦʧʨʷʞʝʥʘ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʩʣʦʞʥʦʩʪʷʤʠ, ʚʳʪʝʢʘʶʱʠʤʠ ʠʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʄʥʦʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʯʘʩʪʦ ʥʝ ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʩʧʝʮʠʬʠʢʘ-

ʮʠʠ. ʆʙʳʯʥʦ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʘ-

ʨʘʣʣʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʙʝʟ ʫʢʘʟʘʥʠʷ ʧʦʜʨʦʙʥʦʩʪʝʡ ʨʝʘ-

ʣʠʟʘʮʠʠ ʵʪʦʡ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ. 

ʊʘʢʞʝ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ ʦʙʳʯʥʦ ʥʝ ʫʢʘʟʳʚʘʝʪʩʷ ʦʩʥʦʚʘ 

ʨʝʘʣʠʟʘʮʠʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʟʘʜʘʯʠ. ɺʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯʠ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦʪ 

ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ: ʧʦʣʥʦʩʪʴʶ ʘʧʧʘʨʘʪʥʦ; ʧʦʣʥʦ-

ʩʪʴʶ ʧʨʦʛʨʘʤʤʥʦ; ʯʘʩʪʠʯʥʦ ʘʧʧʘʨʘʪʥʦ ʠ ʯʘʩʪʠʯʥʦ ʧʨʦʛʨʘʤʤʥʦ. 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝ-

ʩʢʦʣʴʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʷʪʴʩʷ ʟʘʜʘ-

ʯʘʤ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʉʫʞʝʥʠʝ 

ʦʙʣʘʩʪʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ, ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʤʥʦ-

ʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʩʦ ʤʥʦʛʠʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʟʘʯʘʩʪʫʶ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʳʧʦʣʥʝʥʠʷ ʥʝʩʢʦʣʴ-

ʢʠʭ ʟʘʜʘʯ ʥʘ ʦʪʜʝʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʚ ʨʘʤʢʘʭ ʪʘʢʦʡ ʢʦʤʧʣʝʢʩʥʦʡ 

ʩʠʩʪʝʤʳ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʉʈɺ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʚʪʦʨʷʝʤʦʩʪʴ, 

ʮʠʢʣʠʯʥʦʩʪʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯ. 

ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʠ ʮʠʢʣʠʯʥʦʩʪʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯ 

ʦʙʳʯʥʦ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʘʜʘʯʠ ʢʘʢ ʧʦʩʣʝ-
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ʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʧʨʦʩʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯʠ (ʚʳ-

ʧʦʣʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ) ʟʘʤʝʥʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠ-

ʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʧʨʦʩʦʚ (ʚʳʧʦʣʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʘʣʛʦ-

ʨʠʪʤʦʚ ʯʝʨʝʟ ʥʝʢʦʪʦʨʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ). ɺ ʘʥʛʣʦʷʟʳʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʪʝʨʤʠʥʫ çʟʘʧʨʦʩè ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʨʤʠʥʳ çrequestè, 

çjobè, çtask instanceè. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʦʥʷʪʠʷ ʟʘʜʘʯʠ, ʪʨʫʜʥʦ ʜʘʪʴ ʬʦʨʤʘʣʴʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʶ çʟʘʧʨʦʩʘè. ɹʝʟ ʧʦʪʝʨʠ ʦʙʱʥʦʩʪʠ ʠ ʜʣʷ 

ʫʜʦʙʩʪʚʘ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʟʘʜʘʯʘ ʬʦʨʤʠʨʫʝʪ ʟʘʧʨʦʩʳ, 

ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʠ ʨʝʘʣʠʟʫʝʪ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯʠ. ʅʘʧʨʠʤʝʨ, 

ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʘʜʘʯʫ ʢʘʢ ʥʝʢʠʡ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʳʧʦʣʥʷʝ-

ʤʳʡ ʘʣʛʦʨʠʪʤ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʝ ʦʯʝʨʝʜʥʦʛʦ ʟʘʧʨʦʩʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʯʝʨʝʜʥʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʈʘʟʜʝʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ ʥʘ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʟʘʧʨʦʩʦʚ ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʳʜʝʣʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʜʝʡʩʪ-

ʚʠʡ, ʨʘʟʜʝʣʷʝʤʳʭ ʠʥʪʝʨʚʘʣʘʤʠ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʜʘ-

ʯʘ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

ʊʘʢʞʝ ʚʘʞʥʦ ʧʦʥʷʪʴ, ʚ ʢʘʢʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʦʣʞʝʥ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʟʘʧʨʦʩ, ʠ ʧʦ ʯʴʝʡ ʠʥʠʮʠʘʪʠʚʝ ʦʥ ʬʦʨʤʠʨʫʝʪʩʷ. 

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʜʚʘ ʦʩ-

ʥʦʚʥʳʭ ʪʠʧʘ ʟʘʜʘʯ: 

-  ʟʘʜʘʯʠ, ʫʧʨʘʚʣʷʝʤʳʝ ʚʨʝʤʝʥʝʤ (time-driven). ɿʘ-

ʧʨʦʩʳ ʵʪʠʭ ʟʘʜʘʯ ʜʦʣʞʥʳ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʝ-

ʢʫʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʪʘʢʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʠʩʴ 

ʦʛʨʘʥʠʯʝʥʠʷ ʈɺ ʵʪʠʭ ʟʘʜʘʯ, 

ʫʢʘʟʘʥʥʳʝ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ; 

-  ʟʘʜʘʯʠ, ʫʧʨʘʚʣʷʝʤʳʝ ʩʦʙʳʪʠʷʤʠ (event-driven). 

ɿʘʧʨʦʩʳ ʵʪʠʭ ʟʘʜʘʯ ʜʦʣʞʥʳ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʤʦʤʝʥʪʳ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʩʦʙʳʪʠʡ, ʫʢʘʟʘʥʥʳʭ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ. 

ʆʯʝʥʴ ʯʘʩʪʦ ʟʘʜʘʯʠ, ʫʧʨʘʚʣʷʝʤʳʝ ʚʨʝʤʝʥʝʤ, ʥʘʟʳʚʘʶʪ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ, ʪʘʢ ʢʘʢ ʩʨʝʜʠ ʟʘʜʘʯ, ʫʧʨʘʚʣʷʝʤʳʭ 

ʚʨʝʤʝʥʝʤ, ʧʦʞʘʣʫʡ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʟʘ-

ʜʘʯʠ, ʟʘʧʨʦʩʳ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ, 

ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘʜʘʯʠ, 

ʫʧʨʘʚʣʷʝʤʳʝ ʩʦʙʳʪʠʷʤʠ, ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʘʧʝʨʠʦʜʠʯʝʩʢʠʤʠ 

ʠʣʠ ʩʧʦʨʘʜʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʵʪʠʭ ʪʠʧʘʭ ʟʘʜʘʯ ʙʫʜʝʪ ʠʟʣʦʞʝʥʘ ʚ ʜʘʣʴʥʝʡʰʝʤ. 
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ʍʦʪʷ ʥʝ ʚʩʝ ʟʘʜʘʯʠ, ʫʧʨʘʚʣʷʝʤʳʝ ʚʨʝʤʝʥʝʤ, ʬʦʨʤʠʨʫʶʪ 

ʟʘʧʨʦʩʳ ʩʪʨʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʠ, ʥʦ ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʜʘʯʠ, 

ʫʧʨʘʚʣʷʝʤʳʝ ʚʨʝʤʝʥʝʤ, ʤʦʛʫʪ ʠʤʝʥʦʚʘʪʴʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʟʘ-

ʜʘʯʘʤʠ. ʕʪʦ ʤʦʞʥʦ ʦʙʦʩʥʦʚʘʪʴ ʪʝʤ, ʯʪʦ ʟʘʧʨʦʩʳ ʪʘʢʠʭ ʟʘʜʘʯ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩ ʧʝʨʠʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʜʠʥʘʤʠʯʝ-

ʩʢʠ ʠʟʤʝʥʷʶʪʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʘʞʥʦ, ʯʪʦ ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʟʘ-

ʧʨʦʩʘ ʚʳʯʠʩʣʷʝʪʩʷ, ʪʦ ʝʩʪʴ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʚʳʯʠʩʣʷ-

ʝʪʩʷ ʪʝʢʫʱʠʡ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʘ. 

ʅʘʧʨʦʪʠʚ, ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠ ʩʧʦʨʘʜʠʯʝ-

ʩʢʠʭ ʟʘʧʨʦʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʧʦʷʚʣʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʩʦʙʳʪʠʡ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʫʜʦʙʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʣʝʜʫʷ ʪʨʘʜʠʮʠʠ, ʭʦ-

ʪʷ ʠ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʠʟʚʝʩʪʥʳʡ ʢʦʤʧʨʦʤʠʩʩ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʵʪʠʭ ʧʦʥʷʪʠʡ, ʟʘʜʘʯʠ, ʫʧʨʘʚʣʷʝʤʳʝ ʚʨʝʤʝʥʝʤ, ʙʫʜʫʪ ʥʘ-

ʟʳʚʘʪʴʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ. 

ɿʘʜʘʯʠ, ʫʧʨʘʚʣʷʝʤʳʝ ʩʦʙʳʪʠʷʤʠ, ʙʫʜʫʪ ʥʘʟʳʚʘʪʴʩʷ ʘʧʝ-

ʨʠʦʜʠʯʝʩʢʠʤʠ ʠʣʠ ʩʧʦʨʘʜʠʯʝʩʢʠʤʠ, ʧʨʠ ʵʪʦʤ ʚʳʙʦʨ ʪʝʨʤʠʥʘ 

çʘʧʝʨʠʦʜʠʯʝʩʢʠʡè ʠ çʩʧʦʨʘʜʠʯʝʩʢʠʡè ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘʜʘʯʠ, ʫʧʨʘʚʣʷʝʤʦʡ ʩʦʙʳʪʠʷʤʠ. 

 

1.2.1.2. ɿʘʜʘʯʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʩʠʩʪʝʤʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

 

ɿʘʜʘʯʠ ʈɺ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʦʤ, 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʩʠʩʪʝʤʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʠʤʝʥʥʦ, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʫʨʦʚʥʷ, ʥʘ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ ʈɺ: 

Å  ʥʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ (ʥʘ ʫʨʦʚʥʝ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ); 

Å  ʥʘ ʧʨʠʢʣʘʜʥʦʤ ʫʨʦʚʥʝ (ʥʘ ʫʨʦʚʥʝ ʧʨʠʣʦʞʝʥʠʷ, 

ʚʳʧʦʣʥʷʝʤʦʛʦ ʚ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ). 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʩʠʩʪʝʤʥʦʡ ʫʨʦʚʥʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯʠ ʈɺ: 

Å  ʚ ʚʠʜʝ ʧʨʦʮʝʩʩʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ; 

Å  ʚ ʚʠʜʝ ʧʦʪʦʢʘ ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ. 
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ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʦʯʝʚʠʜʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ - ʵʪʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʜʘʯʠ ʈɺ ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʳʧʦʣ-

ʥʷʝʤʦʛʦ ʚ ʨʘʤʢʘʭ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʧʣʘʥʠʨʦʚʱʠʢ ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʦʡ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘʜʦ 

ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʨʘʟʣʠʯ-

ʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʅʘ ʦʯʝʥʴ ʫʧʨʦʱʝʥʥʦʤ ʫʨʦʚʥʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʢʘʞʜʳʡ ʧʨʦʮʝʩʩ - ʵʪʦ ʦʪʜʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʩʦ ʩʚʦʠʤʠ ʧʝʨʝ-

ʤʝʥʥʳʤʠ. ʇʦʵʪʦʤʫ ʥʘʭʦʜʷʩʴ çʚʥʫʪʨʠè ʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ (ʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ) ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʧʝʨʝʤʝʥʥʳʤ ʜʨʫʛʦʡ ʧʨʦʛʨʘʤʤʳ 

(ʜʨʫʛʦʛʦ ʧʨʦʮʝʩʩʘ) ʥʝ ʪʘʢ ʧʨʦʩʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ, ʢʘʢ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪʩʷ ʜʦʩʪʫʧ ʢ ʩʦʙʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ. ʅʦ, ʢʦʥʝʯʥʦ, ʦʙ-

ʤʝʥ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʤʦʞʥʦ ʚʧʦʣʥʝ ʫʜʦʙʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

ʊʘʢʞʝ ʟʘʜʘʯʘ ʈɺ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʦʪʦʢʘ 

(thread), ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʚ ʧʝʨʝʚʦʜʝ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʥʠʪʴʶ. ɺ 

ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʧʦʪʦʢʦʚ, 

ʠ ʦʥʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʟʘʜʘʯʠ ʈɺ. ʇʨʝʠʤʫ-

ʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʦʢʦʚ ʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʧʦʪʦʢʦʚ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢ ʘʜʨʝʩʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ 

ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʦ ʝʩʪʴ, ʝʩʣʠ ʫʧʨʦʱʝʥʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʪʦʢʠ 

ʤʦʛʫʪ ʦʙʨʘʱʘʪʴʩʷ ʢ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʝʨʝʤʝʥʥʦʡ, ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʜʣʷ ʧʨʦʮʝʩʩʘ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʝʡ ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ. 

ʅʝ ʚʜʘʚʘʷʩʴ ʚ ʧʦʜʨʦʙʥʦʩʪʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʨʘʤʢʘʭ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʝʤʝʡʩʪʚʘ linux ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʨʦʮʝʩ-

ʩʘʤʠ ʠ ʧʦʪʦʢʘʤʠ çʙʦʣʝʝ ʧʣʘʚʥʦʝè, ʯʝʤ ʚ ʩʣʫʯʘʝ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʩʝʤʝʡʩʪʚʘ windows. ʊʦ ʝʩʪʴ ʚ ʩʣʫʯʘʝ windows ʠʤʝʝʪʩʷ ʙʦ-

ʣʝʝ ʨʝʟʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʨʝʘʣʠʟʘʮʠʝʡ ʟʘʜʘʯʠ ʚ ʚʠʜʝ ʧʨʦʮʝʩʩʘ ʠ 

ʨʝʘʣʠʟʘʮʠʝʡ ʟʘʜʘʯʠ ʚ ʚʠʜʝ ʧʦʪʦʢʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʚʳʙʦʨʝ ʩʧʦʩʦʙʘ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʚʠʜʝ ʧʦʪʦʢʘ ʠʣʠ ʧʨʦʮʝʩʩʘ ʥʘʜʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʪʦʛʦ, ʢʘʢ ʧʨʦʮʝʩʩʳ ʠ ʧʦ-

ʪʦʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʊʝʧʝʨʴ ʦʙʨʘʪʠʤʩʷ ʢ ʧʨʠʢʣʘʜʥʦʤʫ ʫʨʦʚʥʶ. 

ɿʜʝʩʴ ʥʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯʠ ʈɺ ʥʘ 

ʧʨʠʢʣʘʜʥʦʤ ʫʨʦʚʥʝ ʫʞʝ ʛʦʨʘʟʜʦ ʩʣʦʞʥʝʝ ʚʳʧʦʣʥʠʪʴ ʢʘʢʫʶ-ʪʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ. 



 
ʉʀʉʊɽʄʅʆɽ ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ            

 

28 

 

ʉ ʦʙʱʠʭ ʧʦʟʠʮʠʡ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ (ʚʳ-

ʧʦʣʥʷʝʤʦʝ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʧʨʦʮʝʩʩ) ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ 

ʩʚʦʝʦʙʨʘʟʥʦʛʦ çʟʘʤʝʥʠʪʝʣʷè, çʠʤʠʪʘʪʦʨʘè ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝ-

ʤʳ. ʀ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʦʨʛʘʥʠʟʫʶʪʩʷ ʩʚʦʝʛʦ ʨʦʜʘ 

çʠʤʠʪʘʪʦʨʳè ʧʨʦʮʝʩʩʦʚ, ʠ ʫʞʝ ʜʣʷ ʵʪʠʭ çʧʨʦʮʝʩʩʦʚè ʨʝʘʣʠʟʫʝʪʩʷ 

ʠʤʠʪʘʮʠʷ ʠʭ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʦʨʛʘ-

ʥʠʟʫʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʥʘʩʪʦʷʱʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʤʢʘʭ ʧʨʠʣʦʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ 

ʘʣʛʦʨʠʪʤʦʚ, ʦʬʦʨʤʣʝʥʥʳʭ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʡ (ʚ ʩʤʳʩʣʝ 

ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ). ʊʘʢʞʝ ʚ ʧʨʠʣʦʞʝʥʠʠ ʠʤʝʝʪʩʷ ʦʩʥʦʚ-

ʥʦʡ ʮʠʢʣ, ʪʝʣʦ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩ ʟʘʜʘʥʥʳʤ 

ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʫʷ ʪʝ ʠʣʠ ʠʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʥʘʧʨʠ-

ʤʝʨ, ʪʘʡʤʝʨ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʪʝʣʘ ʮʠʢʣʘ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣɹʥʦ ʚʳʟʳʚʘʶʪʩʷ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʦʪʜʝʣʴʥʳʝ ʬʫʥʢʮʠʠ. ʊʝʤ 

ʩʘʤʳʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʮʠʢʣʠʯʝʩʢʦʝ ʚʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʡ. 

ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʚʪʦʨʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ. ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʟʦʚ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʥʝ 

ʥʘ ʢʘʞʜʦʤ ʮʠʢʣʝ, ʘ ʥʘ ʢʘʞʜʦʤ k-ʤ ʮʠʢʣʝ, ʟʘʜʘʚ ʠʟʥʘʯʘʣʴʥʦ ʥʝʦʙ-

ʭʦʜʠʤʦʝ ʟʥʘʯʝʥʠʝ k. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ, ʢʘʞʜʘʷ ʠʟ ʫʢʘʟʘʥʥʳʭ 

ʬʫʥʢʮʠʡ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʪʜʝʣʴʥʘʷ ʟʘʜʘʯʘ ʈɺ, ʘ ʦʯʝ-

ʨʝʜʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʠ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʚʳʧʦʣʥʝʥʠʝʤ ʦʯʝ-

ʨʝʜʥʦʛʦ ʟʘʧʨʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʜʘʯʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʠ ʈɺ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʅʦ 

ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʘʙʩʪʨʘʢʮʠʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʛʘʪʴ ʢʦʥ-

ʢʨʝʪʥʳʤʠ ʜʝʪʘʣʷʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʘʜʘʯ ʈɺ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʤʢʘʭ ʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʤʦʜʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʩʪʦʣʴ ʚʘʞʥʦ, ʢʘʢ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘʜʘʯʘ 

(ʥʘ ʦʩʥʦʚʝ ʧʦʪʦʢʘ ʠʣʠ ʧʨʦʮʝʩʩʘ), ʠ ʵʪʠʤ ʪʦʛʜʘ ʧʨʝʥʝʙʨʝʛʘʶʪ. 

ʇʨʠ ʵʪʦʤ ʦʙʳʯʥʦ ʚʘʞʥʳʤ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ ʈɺ, ʢʦʪʦ-

ʨʳʝ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʠʤʠ ʚ ʨʘʤʢʘʭ ʧʦʜʦʙʥʳʭ ʤʦʜʝ-

ʣʝʡ. 

 

1.2.1.ɿ. ɿʘʧʨʦʩʳ, ʬʦʨʤʠʨʫʝʤʳʝ ʟʘʜʘʯʘʤʠ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ 

 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʧʨʦʩʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɺʨʝʤʷ ʧʦʷʚʣʝʥʠʷ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʟʘʧʨʦʩ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘʜʘ-
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ʯʝʡ. ʇʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʟʘʧʨʦʩ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʦʞʠʜʘʥʠʷ 

ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ. ɺʨʝʤʷ ʩʪʘʨʪʘ ʦʪʤʝʯʘʝʪ ʥʘʯʘʣʦ ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʧʨʦʩʘ. ɺʳʧʦʣʥʝʥʠʝ ʟʘʧʨʦʩʘ ʤʦʞʝʪ ʧʨʝʨʳʚʘʪʴʩʷ, ʧʦʩʣʝ ʧʨʝʨʳ-

ʚʘʥʠʷ ʟʘʧʨʦʩ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʦʞʠʜʘʥʠʷ ʚʦʟʦʙʥʦʚʣʝʥʠʷ 

ʚʳʧʦʣʥʝʥʠʷ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʮʠʢʣ ʧʨʝʨʳʚʘʥʠʷ ʠ ʚʦʟʦʙʥʦʚʣʝʥʠʷ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʝʦʜʥʦʢʨʘʪʥʦ. ʟʘ-

ʚʝʨʰʝʥʠʷ - ʵʪʦ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʟʘʧʨʦʩ ʟʘʢʘʥʯʠʚʘʝʪ ʩʚʦʝ 

ʚʳʧʦʣʥʝʥʠʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʟʘʧʨʦʩ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ, ʢʦʛʜʘ 

ʝʛʦ ʚʳʧʦʣʥʝʥʠʝ ʟʘʚʝʨʰʝʥʦ. 

 

 
 

ʈʠʩ.7. ɻʨʘʬ ʩʦʩʪʦʷʥʠʡ ʟʘʧʨʦʩʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʟʘʜʘʯʝʡ  

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

 

ʅʝʢʦʪʦʨʳʤ ʟʘʧʨʦʩʘʤ ʤʦʞʝʪ ʙʳʪʴ ʦʪʢʘʟʘʥʦ ʚ ʚʳʧʦʣʥʝʥʠʠ. 

ʇʨʠ ʦʪʢʘʟʝ ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʨʦʯʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘ-

ʧʨʦʩʘ. ʇʨʠ ʵʪʦʤ ʟʘʧʨʦʩ ʫʜʘʣʷʝʪʩʷ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʫʩʧʝʰʥʦʛʦ ʟʘ-

ʚʝʨʰʝʥʠʷ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʦʪʢʘʟ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʩʪʘʨʪʘ ʟʘʧʨʦʩʘ. ɺʨʝʤʷ ʦʪʢʘʟʘ - ʵʪʦ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʨʦ-

ʠʩʭʦʜʠʪ ʦʪʢʘʟ ʚ ʚʳʧʦʣʥʝʥʠʠ ʟʘʧʨʦʩʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʟʘʧʨʦʩ ʈɺ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʜʣʠʪʝʣʴ- ʥʦʩʪʴʶ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ. 

ɺʨʝʤʷ ʩʪʘʨʪʘ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʦ ʚʨʝʤʝʥʠ ʧʦʷʚʣʝʥʠʷ ʠ 

ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʟʘʚʝʨʰʝʥʠʷ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʟʘʧʨʦʩʘ ʤʝʥʴʰʝ ʠʣʠ 

ʨʘʚʥʘ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʟʘʚʝʨʰʝʥʠʷ ʠ ʚʨʝʤʝʥʝʤ ʩʪʘʨʪʘ 
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ʪɻʦʛʦ ʟʘʧʨʦʩʘ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ ʟʘʧʨʦʩʘ 

ʤʦʞʝʪ ʧʨʝʨʳʚʘʪʴʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʧʨʦʩʦʚ ʈɺ ʷʚ-

ʣʷʶʪʩʷ: 

Å  ʜʣʠʪʝʣʴʥʦʩʪʴ; 

Å  ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʷ; 

Å  ʚʨʝʤʷ ʩʪʘʨʪʘ; 

Å  ʚʨʝʤʷ ʟʘʚʝʨʰʝʥʠʷ ʠʣʠ ʚʨʝʤʷ ʦʪʢʘʟʘ. 

ʅʘ ʨʠʩ. 8 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʜʠʘʛʨʘʤʤʳ ʚʳʧʦʣʥʝʥʠʷ ʟʘ-

ʧʨʦʩʦʚ ʈɺ, ʘ ʪʘʢʞʝ ʫʢʘʟʘʥʳ ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʧʨʦʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʥʦʡ ʦʩʠ. 

ɿʜʝʩʴ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚʨʝʤʝʥʥʳʭ ʜʠʘ-

ʛʨʘʤʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ. ʇʨʷʤʦʫʛʦʣʴʥʠʢʘ-

ʤʠ ʦʙʦʟʥʘʯʘʶʪʩʷ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚʳʧʦʣ-

ʥʝʥʠʷ ʟʘʧʨʦʩʘ. ʆʢʨʫʞʥʦʩʪʴ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʩʠ ʦʙʦʟʥʘʯʘʝʪ ʚʨʝʤʷ 

ʧʦʷʚʣʝʥʠʷ ʟʘʧʨʦʩʘ. ʃʠʥʠʷ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʩʴʶ, ʩʦʝʜʠʥʷʶʱʘʷ ʦʢ-

ʨʫʞʥʦʩʪʴ ʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢ, ʦʙʦʟʥʘʯʘʝʪ ʠʥʪʝʨʚʘʣ ʥʘʯʘʣʴʥʦʛʦ 

ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʠ. ʃʠʥʠʷ ʥʘʜ ʚʨʝʤʝʥʥʦʡ ʦʩʴʶ, ʩʦʝʜʠʥʷʶʱʘʷ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ, ʦʙʦʟʥʘʯʘʝʪ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʨʦʠʩʭʦ-

ʜʠʪ ʧʨʝʨʳʚʘʥʠʝ ʟʘʧʨʦʩʘ. 

 

ɺʨʝʤʷ ɺʨʝʤʷ ɺʨʝʤʷ 

ʧʦʷʚʣʝʥʠʷ ʩʪʘʨʪʘ ʟʘʚʝʨʰʝʥʠʷ 

ʟʘʧʨʦʩʘ ʟʘʧʨʦʩʘ ʟʘʧʨʦʩʘ 

ʈʠʩ. 8. ʇʨʠʤʝʨ ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦ-

ʩʦʚ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

 

ɺ ʮʝʣʦʤ ʥʘʜʦ ʩʢʘʟʘʪʴ, ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʘ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦ, ʫʢʘʟʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʩʝʭ ʟʘʧʨʦʩʦʚ ʚ 

ʩʧʝʮʠʬʠʢʘʮʠʠ ʉʈɺ. ʇʦʵʪʦʤʫ ʩʪʨʝʤʷʪʩʷ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʦʧʨʝʜʝ-

ʣʠʪʴ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯ. 

 

1.2.1.4. ɹʘʟʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʙʘʟʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯ ʈɺ. ɿʜʝʩʴ ʥʘʜʦ ʩʢʘ-

ʟʘʪʴ, ʯʪʦ ʚ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʦʜʝʣʷʭ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʚʠʜʦʠʟ-

ʤʝʥʷʪʴʩʷ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʜʦʙʘʚʣʷʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪ-
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ʨʳ. ʅʦ ʚʦ ʤʥʦʛʠʭ ʙʘʟʦʚʳʭ ʤʦʜʝʣʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʤʝʥʥʦ ʪʝ ʧʘ-

ʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʩʝʡʯʘʩ ʠ ʨʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ. 

ɼʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ, ʝʩʪʝʩʪʚʝʥʥʦ, ʭʘʨʘʢʪʝʨʝʥ ʧʝʨʠ-

ʦʜ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʦʷʚʣʝʥʠʝʤ 

ʟʘʧʨʦʩʦʚ ʵʪʦʡ ʟʘʜʘʯʠ. ʂʨʦʤʝ ʧʝʨʠʦʜʘ ʪʘʢʞʝ ʯʘʩʪʦ ʫʢʘʟʳʚʘʝʪʩʷ 

ʥʘʯʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ (ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ), ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʷ 

ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʦʛʦ ʟʘʧʨʦʩʘ ʜʘʥʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠ ʩʧʦʨʘʜʠ-

ʯʝʩʢʠʭ ʟʘʜʘʯ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʜʘʯʘʤ, ʫʧʨʘʚ-

ʣʷʝʤʳʤ ʩʦʙʳʪʠʷʤʠ. ʆʙʳʯʥʦ ʟʘʨʘʥʝʝ ʥʝʣʴʟʷ ʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʢʦʛʜʘ 

ʧʨʦʠʟʦʡʜʝʪ ʪʦ ʠʣʠ ʠʥʦʝ ʩʦʙʳʪʠʝ. ʇʦʵʪʦʤʫ ʦʙʳʯʥʦ ʟʘʨʘʥʝʝ ʥʝʣʴ-

ʟʷ ʟʥʘʪʴ, ʢʦʛʜʘ ʩʬʦʨʤʠʨʫʝʪʩʷ ʟʘʧʨʦʩ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʠʣʠ ʩʧʦʨʘ-

ʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

ʏʝʤ ʞʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʧʦʨʘʜʠʯʝʩʢʠʝ ʠ ʘʧʝ-

ʨʠʦʜʠʯʝʩʢʠʝ ʟʘʜʘʯʠ? ʇʦ ʙʦʣʴʰʦʤʫ ʩʯʝʪʫ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʥʘʣʠ-

ʯʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʘʨʘʢʪʝʨʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʙʳʪʠʡ, ʦʢʘʟʳ-

ʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʭ ʟʘʧʨʦʩʦʚ. ɽʩʣʠ ʙʦʣʝʝ ʢʨʘʪ-

ʢʦ, ʪʦ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʭʘʨʘʢʪʝʨʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʭ ʟʘʧʨʦʩʦʚ. 

ɺ ʩʣʫʯʘʝ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʙʳʯʥʦ ʠʟʚʝʩʪʝʥ ʤʠʥʠ-

ʤʘʣʴʥʳʡ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʤʦʤʝʥʪʘʤʠ ʧʦʷʚʣʝʥʠʷ 

ʩʦʩʝʜʥʠʭ ʟʘʧʨʦʩʦʚ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʅʘʧʨʠʤʝʨ, ʩʧʦʨʘʜʠʯʝʩʢʘʷ ʟʘ-

ʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʩʦʙʳʪʠʝʤ ʧʦʩʪʫʧʣʝʥʠʷ ʧʘʢʝʪʘ ʜʘʥʥʳʭ 

ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʠʪʴ, ʫʯʠʪʳʚʘʷ 

ʦʙʲʝʤ ʧʘʢʝʪʘ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʥʘʣʫ, ʯʪʦ ʤʝʞʜʫ ʩʦʩʝʜ-

ʥʠʤʠ (ʧʦ ʚʨʝʤʝʥʠ) ʧʘʢʝʪʘʤʠ ʜʘʥʥʳʭ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʚʘʣʘ 

ʚʨʝʤʝʥʠ ʤʝʥʴʰʝ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ. ʊʦʛʜʘ ʵʪʦ ʟʥʘʯʝʥʠʝ ʠ ʙʫ-

ʜʝʪ ʤʠʥʠʤʘʣʴʥʳʤ ʧʝʨʠʦʜʦʤ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

ɺ ʩʣʫʯʘʝ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʙʱʝʛʦ ʚʠʜʘ, ʦʙʳʯʥʦ ʟʘ-

ʨʘʥʝʝ ʥʝʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʦʤʝʥʪʘʭ ʧʦʷʚʣʝʥʠʷ ʠʭ ʟʘʧʨʦʩʦʚ. ʇʦ-

ʵʪʦʤʫ ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʥʝʚʦʟʤʦʞʥʦ ʫʢʘʟʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʧʦʜʦʙʥʳʝ 

ʧʝʨʠʦʜʫ ʠʣʠ ʤʠʥʠʤʘʣʴʥʦʤʫ ʧʝʨʠʦʜʫ. ʆʜʥʘʢʦ, ʵʪʦ ʥʝ ʟʥʘʯʠʪ, ʯʪʦ 

ʦ ʭʘʨʘʢʪʝʨʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʚʦ-

ʦʙʱʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʠʯʝʛʦ ʠʟʚʝʩʪʥʦ. ʅʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʙʳʪʴ ʠʟ-

ʚʝʩʪʥʘ ʩʨʝʜʥʷʷ ʟʘʛʨʫʟʢʘ ʧʨʦʮʝʩʩʦʨʘ ʟʘʧʨʦʩʘʤʠ ʵʪʦʡ ʟʘʜʘʯʠ. ʅʘ 

ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʟʘʛʨʫʟʢʠ ʤʦʞʥʦ ʢʦʩʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʫ-

ʯʠʪʴ ʥʝʢʦʪʦʨʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦ-
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ʩʦʚ. ɻʣʘʚʥʦʝ ʟʜʝʩʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʥʝʣʴʟʷ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʧʝʨʠʦʜ, ʪʦ ʝʩʪʴ ʤʠʥʠ-

ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʠʥʪʝʨʚʘʣ ʩʣʝʜʦʚʘʥʠʷ ʩʦʩʝʜʥʠʭ ʟʘʧʨʦʩʦʚ ʵʪʦʡ 

ʟʘʜʘʯʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʵʪʦʪ ʤʠʥʠʤʘʣʴʥʳʡ ʧʝ-

ʨʠʦʜ ʨʘʚʝʥ ʥʫʣʶ. 

ɼʣʷ ʚʩʝʭ ʚʠʜʦʚ ʟʘʜʘʯ (ʧʝʨʠʦʜʠʯʝʩʢʠʭ, ʩʧʦʨʘʜʠʯʝʩʢʠʭ, 

ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ) ʦʙʳʯʥʦ ʟʘʨʘʥʝʝ ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʜʣʠʪʝʣʴʥʦʩʪʷʭ ʚʳʧʦʣʥʝʥʠʷ ʠʭ ʟʘʧʨʦʩʦʚ. 

ɺ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʟʘʨʘʥʝʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʚʝʩʪʥʘ ʪʦʯʥʘʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʟʘʧʨʦʩʦʚ ʟʘʜʘʯʠ. ʆʜʥʘʢʦ ʵʪʦ ʙʳ-

ʚʘʝʪ ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ. ʆʙʳʯʥʦ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳ ʥʝʢʦʪʦʨʳʝ ʦʮʝʥ-

ʢʠ (ʚʝʨʭʥʠʝ, ʥʠʞʥʠʝ, ʩʨʝʜʥʠʝ) ʜʣʠʪʝʣʴʥʦʩʪʝʡ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦ-

ʩʦʚ. ʏʘʱʝ ʚʩʝʛʦ, ʟʘʨʘʥʝʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʚʝʩʪʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʘʧʨʦʩʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʵʪʦʡ ʟʘʜʘʯʝʡ. ʊʦʛʜʘ ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʣʶʙʦʛʦ ʟʘʧʨʦʩʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʵʪʦʡ ʟʘʜʘʯʝʡ ʙʫʜʝʪ ʥʝ 

ʙʦʣʴʰʝ ʵʪʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. ɺ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝ-

ʨʘʪʫʨʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʦʙʦʟʥʘʯʝʥʠʝ ʚ ʚʠʜʝ ʘʙʙʨʝʚʠʘʪʫʨʳ WCET, ʢʦʪʦʨʘʷ 

ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʢʘʢ worst-case execution time (ʚʨʝʤʷ ʚʳʧʦʣʥʝ-

ʥʠʷ ʚ ʥʘʠʭʫʜʰʝʤ ʩʣʫʯʘʝ). 

ʅʘ ʨʠʩ. 9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʈɺ 

ʨʘʟʥʳʭ ʚʠʜʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʟʘʜʘʯ. 

 
 

ʈʠʩ.9. ʇʨʠʤʝʨ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʟʥʳʭ ʚʠ-

ʜʦʚ 
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ɺʠʜʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʤʝʞʜʫ ʤʦʤʝʥ-

ʪʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʳʡ ʠʥʪʝʨʚʘʣ, 

ʢʦʪʦʨʳʡ ʠ ʨʘʚʝʥ ʧʝʨʠʦʜʫ. 

ɺ ʩʣʫʯʘʝ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʤʦʤʝʥ-

ʪʘʤʠ ʧʦʷʚʣʝʥʠʷ ʟʘʧʨʦʩʦʚ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʟʣʠʯʥʳ. ʅʦ ʧʨʠ ʵʪʦʤ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʳʡ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʠʥʪʝʨʚʘʣ, ʢʦʪʦ-

ʨʳʡ ʠ ʨʘʚʝʥ ʤʠʥʠʤʘʣʴʥʦʤʫ ʧʝʨʠʦʜʫ ʵʪʦʡ ʟʘʜʘʯʠ. 

ɺ ʩʣʫʯʘʝ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʟʘʨʘʥʝʝ ʥʝʪ ʥʠʢʘʢʠʭ ʩʚʝ-

ʜʝʥʠʡ ʦ ʚʝʣʠʯʠʥʝ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʟʘʧʨʦʩʘʤʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʪʘʢ, ʯʪʦ ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʟʘʧʨʦʩʦʚ ʵʪʦʡ ʟʘʜʘʯʠ, ʪʦ ʝʩʪʴ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʦʷʚʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʟʘʧʨʦ-

ʩʦʚ ʵʪʦʡ ʟʘʜʘʯʠ. 

ʅʘ ʨʠʩʫʥʢʝ ʟʘʧʨʦʩʳ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʟʘ-

ʧʨʦʩʦʚ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʜʘʥʥʦʡ ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʩʤʦʜʝʣʠʨʦ-

ʚʘʥʘ ʩʠʪʫʘʮʠʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʭ ʨʘʟʥʳʭ ʟʘʜʘʯ ʥʘ ʦʜʥʦʤ ʧʨʦʮʝʩ-

ʩʦʨʝ. ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʪʦʣʴʢʦ ʢʘʢʘʷ-ʥʠʙʫʜʴ ʦʜʥʘ ʟʘʜʘʯʘ (ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʧʨʦʩ 

ʜʘʥʥʦʡ ʟʘʜʘʯʠ) ʠʣʠ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʥʠ ʦʜʥʘ ʠʟ ʪʨʝʭ ʟʘʜʘʯ. 

ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʟʘʧʨʦʩʘ ʤʦʞʝʪ ʥʝ ʩʦʚ-

ʧʘʜʘʪʴ ʩ ʚʨʝʤʝʥʝʤ ʩʪʘʨʪʘ ʵʪʦʛʦ ʟʘʧʨʦʩʘ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʤʦʤʝʥʪ 

ʧʦʷʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʟʘʧʨʦʩʘ ʧʨʦʮʝʩʩʦʨ ʟʘʥʷʪ ʚʳʧʦʣʥʝʥʠʝʤ ʜʨʫʛʦ-

ʛʦ ʟʘʧʨʦʩʘ. 

 

1.2.1.5. ɿʘʜʘʯʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

 

ʉʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʈɺ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʟʘʜʘʯ ʚ ʩʦʩʪʘʚʝ ʉʈɺ. 

ʇʦʵʪʦʤʫ ʪʨʝʙʦʚʘʥʠʷ ʈɺ ʜʣʷ ʉʈɺ ʧʨʝʜʧʦʣʘʛʘʶʪ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ 

ʪʨʝʙʦʚʘʥʠʡ ʈɺ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʟʘʜʘʯ ʚ ʩʦʩʪʘʚʝ ʉʈɺ. ʕʪʠ ʪʨʝʙʦʚʘ-

ʥʠʷ ʈɺ ʫʜʦʙʥʝʝ ʚʩʝʛʦ ʦʧʨʝʜʝʣʷʪʴ 

ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʳʭ ʫʩʣʦʚʠʡ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

ʈɺ. 

ʄʦʞʥʦ ʜʘʞʝ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʉʈɺ 

ʦʪ ʜʨʫʛʠʭ ʩʠʩʪʝʤ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʟʘʜʘʯ, 

- ʵʪʦ ʥʘʣʠʯʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ ʜʣʷ ʚʳʧʦʣʥʷʝʤʳʭ ʟʘʜʘʯ. 
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ʉ ʢʘʞʜʦʡ ʟʘʜʘʯʝʡ ʈɺ ʩʚʷʟʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʈɺ. ʅʘ-

ʧʨʠʤʝʨ, ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩ-

ʪʠʤʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʛʦ ʟʘʧʨʦʩʘ ʟʘʜʘʯʠ ʠ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ. 

ʆʛʨʘʥʠʯʝʥʠʝ ʈɺ ʜʣʷ ʟʘʜʘʯʠ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʦʞ-

ʜʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʠʭ ʩʦʙʣʶʜʝʥʠʝ ʛʘʨʘʥʪʠ-

ʨʦʚʘʣʦ ʧʨʠʝʤʣʝʤʳʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʮʝʣʦʤ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʈɺ - ʵʪʦ ʩʚʦʝʛʦ ʨʦ-

ʜʘ çʧʦʩʨʝʜʥʠʢè, çʧʨʦʤʝʞʫʪʦʯʥʳʡ ʷʟʳʢè, ʧʦʟʚʦʣʷʶʱʠʡ ʧʝʨʝʚʝʩ-

ʪʠ ʚʥʝʰʥʠʝ ʪʨʝʙʦʚʘʥʠʷ ʚ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʜʘʯʘʤ ʈɺ. 

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʧʦʩʨʝʜʥʠʯʝʩʪʚʝ ʦʙʳʯʥʦ 

ʪʝʨʷʝʪʩʷ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʨʘʟʥʳʭ ʫʧʨʦʱʝʥʠʡ. 

ʕʪʦ ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʪʝʨʷʝʪʩʷ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʦʪ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʢ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ. 

 

1.2.1.6. ɾʝʩʪʢʦʝ ʠ ʤʷʛʢʦʝ ʨʝʘʣʴʥʦʝ ʚʨʝʤʷ 

 

ɽʩʣʠ ʥʘʨʫʰʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʠʝʤʣʝʤʦ, ʪʦ 

ʦʥʦ ʥʘʟʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝʤ ʞʝʩʪʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

(ɾʈɺ). 

ɽʩʣʠ ʥʘʨʫʰʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʧʫʩʢʘʶʪʩʷ, ʥʦ ʥʝʞʝʣʘ-

ʪʝʣʴʥʳ, ʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʤʷʛʢʦʛʦ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʄʈɺ). 

ʋʜʦʙʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʦʛʨʘʥʠʯʝʥʠʠ ʄʈɺ, ʢʘʢ ʦ ʥʝʢʦʪʦʨʦʡ 

ʬʫʥʢʮʠʠ ʢʘʯʝʩʪʚʘ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 

ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʟʘʜʘʯʝ ʄʈɺ, ʜʣʷ ʢʦʪʦʨʦʡ 

ʥʘʜʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʝʝ ʟʘʧʨʦʩʦʚ. ɼʨʫʛʠʤ ʚʘʨʠʘʥʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʠ-

ʥʠʤʠʟʘʮʠʠ ʨʘʟʙʨʦʩʘ ʟʥʘʯʝʥʠʡ ʟʘʜʝʨʞʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʝʝ ʟʘ-

ʧʨʦʩʦʚ. 

ʆʙʳʯʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʟʘʜʘʯʘʤʠ ʄʈɺ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʪʠʢʘ 

çʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʩʠʣʠʷè (best effort), ʩʦʩʪʦʷʱʘʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʭʦ-

ʜʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʜʝʣʘʝʪʩʷ ʚʩʝ ʚʦʟʤʦʞʥʦʝ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ 

ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʢʘʯʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʥʝ ʜʘʝʪʩʷ 

ʥʠʢʘʢʠʭ ʛʘʨʘʥʪʠʡ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʬʫʥʢʮʠʠ ʢʘʯʝʩʪʚʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʢʣʘʩʩʘ ʦʛʨʘʥʠʯʝʥʠʡ 

ʈɺ: 

Å  ʦʛʨʘʥʠʯʝʥʠʷ ɾʈɺ; 

Å  ʦʛʨʘʥʠʯʝʥʠʷ ʄʈɺ. 

ʂʦʛʜʘ ʛʦʚʦʨʷʪ ʦ ʞʝʩʪʢʦʤ ʠʣʠ ʤʷʛʢʦʤ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ, ʠʤʝʶʪ ʚ ʚʠʜʫ ʠʤʝʥʥʦ ʥʘʣʠʯʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʞʝʩʪ-

ʢʦʛʦ ʠʣʠ ʤʷʛʢʦʛʦ ʈɺ. 

ʅʘʧʨʠʤʝʨ, ʛʦʚʦʨʷ ʦ ʟʘʜʘʯʝ ɾʈɺ (hard real-time task) ʧʦʜ-

ʨʘʟʫʤʝʚʘʶʪ ʟʘʜʘʯʫ ʈɺ, ʠʤʝʶʱʫʶ ʦʛʨʘʥʠʯʝʥʠʝ ɾʈɺ. 

ʀʣʠ ʥʘʧʨʠʤʝʨ, ʛʦʚʦʨʷ ʦ ʩʠʩʪʝʤʝ ɾʈɺ ʧʦʜʨʘʟʫʤʝʚʘʶʪ 

ʉʈɺ, ʩʦʜʝʨʞʘʱʫʶ ʭʦʪʷ ʙʳ ʦʜʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ɾʈɺ. 

 

1.2.1.7. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʧʨʠʤʝʨʳ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ 

 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʘʤ ʄʈɺ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʝ ʩʚʦʡʩʪʚʦ ʠʭ ʦʛʨʘʥʠʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝ-

ʥʠʷ ʟʘʧʨʦʩʘ ʜʘʞʝ ʧʦʩʣʝ ʥʘʨʫʰʝʥʠʷ ʵʪʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ. ɺʝʜʴ ʚ 

ʩʣʫʯʘʝ ʄʈɺ ʜʦʧʫʩʪʠʤʳ ʥʘʨʫʰʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ. ʇʦʵʪʦʤʫ 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʝʩʣʠ ʟʘʧʨʦʩ ʝʱʝ ʥʝ ʥʘʯʘʣʩʷ, ʘ ʦʛʨʘʥʠʯʝʥʠʝ 

ʫʞʝ ʥʘʨʫʰʝʥʦ, ʪʦ ʥʘʜʦ ʣʠ ʥʘʯʠʥʘʪʴ ʚʳʧʦʣʥʷʪʴ ʟʘʧʨʦʩ. ʇʦ ʵʪʦʤʫ 

ʧʨʠʥʮʠʧʫ ʨʘʟʜʝʣʷʶʪ ʟʘʜʘʯʠ ʥʘ ʦʙʷʟʘʪʝʣʴʥʳʝ (ʜʣʷ ʢʦʪʦʨʳʭ ʟʘ-

ʧʨʦʩʳ ʥʘʜʦ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʪʴ) ʠ ʥʝʦʙʷʟʘʪʝʣʴʥʳʝ (ʢʦʛʜʘ ʟʘʧʨʦʩʳ 

ʥʝ ʥʘʜʦ ʚʳʧʦʣʥʷʪʴ, ʝʩʣʠ ʦʛʨʘʥʠʯʝʥʠʝ ʄʈɺ ʥʘʨʫʰʝʥʦ). 

ʉʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʥʝʦʙʷʟʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʄʈɺ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʝʦʙʷʟʘʪʝʣʴʥʘʷ ʟʘʜʘʯʘ 

ʄʈɺ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʧʨʦʮʝʩʩʘ ɾʈɺ. ɺ ʯʘ-

ʩʪʥʦʩʪʠ ʠʟʚʝʩʪʝʥ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ɾʈɺ, 

ʩʦʩʪʦʷʱʝʛʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʟ ʜʚʫʭ ʟʘʜʘʯ ɾʈɺ ʠ ʦʜʥʦʡ ʥʝʦʙʷʟʘ-

ʪʝʣʴʥʦʡ ʟʘʜʘʯʠ ʄʈɺ [26]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʣʘʥʠʨʦʚʘʥʠʠ ʥʝʦʙʷʟʘ-

ʪʝʣʴʥʳʭ ʟʘʜʘʯ ʄʈɺ ʧʦʣʝʟʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʨʘʙʦʪʝ [26]. 

ʂʨʦʤʝ ʨʘʟʣʠʯʠʷ ʟʘʜʘʯ ʄʈɺ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʧʦʣʥʝ-

ʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ (ʦʙʷʟʘʪʝʣʴʥʳʝ ʠ ʥʝʦʙʷʟʘʪʝʣʴʥʳʝ ʟʘʜʘʯʠ) 

ʩʫʱʝʩʪʚʫʝʪ ʠʭ ʨʘʟʣʠʯʠʝ ʧʦ ʩʧʦʩʦʙʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ, ʪʦ 

ʝʩʪʴ ʚʳʜʝʣʷʶʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠ ʘʧʝʨʠʦʜʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʟʘʜʘʯ ʈɺ (ʪʘʙ-

ʣʠʮʘ 1). 
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ʊʘʙʣʠʮʘ 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʧʨʠʤʝʨʳ ʟʘʜʘʯ ʈɺ 

ɺʠʜ ʟʘʜʘʯ ʈɺ ʇʨʠʤʝʨʳ ʟʘʜʘʯʠ ʈɺ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʇʝʨʠʦʜʠʯʩʢʠʝ 

ʟʘʜʘʯʠ ɾʈɺ 

ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ 

ʢʦʥʪʫʨʝ ʜʠʩʢʨʝʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; ʢʦʥʪʨʦʣʴ ʟʘ ʧʦʚʝ-

ʜʝʥʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ; ʧʝ-

ʨʠʦʜʠʯʝʩʢʠʡ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ; 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ; 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ 

ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ. 

ʉʧʦʨʘʜʠʯʩʢʠʝ 

ʟʘʜʘʯʠ ɾʈɺ 

ʈʝʘʢʮʠʷ ʥʘ ʟʘʧʨʦʩ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ; ʨʝʘʢʮʠʷ ʥʘ ʘʚʘ-

ʨʠʡʥʳʝ ʩʠʛʥʘʣʳ; ʨʝʘʢʮʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʆʙʷʟʘʪʝʣʴʥʳʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʟʘʜʘʯʠ ʄʈɺ 

ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʦʙʥʦʚʣʝʥʠʝ ʦʪʦʙʨʘʞʘʝʤʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ ʜʣʷ ʠʥʪʝʨʬʝʡʩʘ ʩ ʦʧʝʨʘʪʦʨʦʤ; ʧʝʨʠʦʜʠʯʝʩʢʦʝ 

ʠʟʤʝʨʝʥʠʝ ʚʠʟʫʘʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ; 

ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʘ ʩʠʩʪʝʤʳ; ʧʝʨʠʦʜʠ-

ʯʝʩʢʦʝ ʘʨʭʠʚʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ; ʦʙʨʘʙʦʪʢʘ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʧʦʪʦʢʦʚ ʠʥ-

ʬʦʨʤʘʮʠʠ. 

ʆʙʷʟʘʪʝʣʴʥʳʝ 

ʘʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʟʘʜʘʯʠ ʄʈɺ 

ʈʝʘʢʮʠʷ ʥʘ ʢʦʤʘʥʜʳ ʦʧʝʨʘʪʦʨʘ; ʨʝʘʢʮʠʷ ʥʘ ʧʨʝʜʫ-

ʧʨʝʜʠʪʝʣʴʥʳʝ ʩʠʛʥʘʣʳ; ʨʝʘʢʮʠʷ ʥʘ ʫʜʘʣʝʥʥʳʝ ʟʘʧʨʦ-

ʩʳ ʦʧʝʨʘʪʦʨʘ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ. 

ʅʝʦʙʷʟʘʪʝʣʴ-

ʥʳʝ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʝ ʟʘʜʘʯʠ 

ʄʈɺ 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ɾʈɺ, ʥʘʧʨʠʤʝʨ, ʨʝʘʣʠʟʫʶʱʘʷ ʙʦʣʝʝ ʪʦʯʥʳʝ ʚʳʯʠʩ-

ʣʝʥʠʷ ʚ ʢʦʥʮʝʧʮʠʠ ʥʝʪʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ [15,58]; 

ʅʝʦʙʷʟʘʪʝʣʴ-

ʥʳʝ ʘʧʝʨʠʦʜʠ-

ʯʝʩʢʠʝ ʟʘʜʘʯʠ 

ʄʈɺ 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ɾʈɺ, ʥʘʧʨʠʤʝʨ, ʨʝʘʣʠʟʫʶʱʘʷ ʙʦʣʝʝ ʪʦʯʥʳʝ ʚʳʯʠʩ-

ʣʝʥʠʷ ʚ ʢʦʥʮʝʧʮʠʠ ʥʝʪʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ [15,58]; 

 

1.2.2. ʇʣʘʥʠʨʦʚʘʥʠʝ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 
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ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʉʈɺ ʦʛʨʘ-

ʥʠʯʝʥʠʷ ʈɺ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦ-

ʚʘʥʠʷ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʣʘʥʠʨʦʚʘʥʠʝ - ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨ-

ʩʦʚ (ʧʘʤʷʪʠ, ʚʨʝʤʝʥʠ ʜʦʩʪʫʧʘ ʢ ʧʨʦʮʝʩʩʦʨʫ, ʢ ʫʩʪʨʦʡʩʪʚʘʤ ʚʚʦ-

ʜʘ-ʚʳʚʦʜʘ) ʤʝʞʜʫ ʟʘʧʨʦʩʘʤʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ 

ʩʦʙʣʶʜʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ, ʝʩʣʠ ʥʝ ʙʫʜʝʪ ʦʩʦʙʦ ʦʛʦʚʘʨʠʚʘʪʴʩʷ, ʪʦ ʧʦʜ ʧʣʘʥʠʨʦ-

ʚʘʥʠʝʤ ʙʫʜʝʪ ʧʦʥʠʤʘʪʴʩʷ ʪʦʣʴʢʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʘ ʧʨʦʮʝʩ-

ʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ, ʪ. ʝ. ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʦʜʩʠʩʪʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʉʈɺ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʧʨʠ-

ʤʝʥʷʝʤʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʈɺ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʘʪʳ-

ʚʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ. 

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʳ ʧʨʦʙʣʝʤʘʤ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ ʟʘʜʘʯ ʈɺ. ʍʦʨʦʰʠʡ ʦʙʟʦʨ ʠʩʪʦʨʠʠ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [77]. ʆʩʥʦʚʥʳʝ ʢʣʘʩʩʠʯʝ-

ʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʙʣʝʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʉʈɺ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʘʙʦʪʝ [84]. 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʶʪʩʷ 

ʜʘʥʥʳʝ ʦ ʟʘʜʘʯʘʭ ʈɺ ʠ ʦʙ ʦʛʨʘʥʠʯʝʥʠʷʭ ʈɺ. ʈʝʟʫʣʴʪʘʪʦʤ ʚr -

ʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʭ ʨʝʩʫʨʩʦʚ ʤʝʞʜʫ ʟʘʧʨʦʩʘʤʠ ʟʘʜʘʯ ʈɺ. ʅʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ 

ʠʥʬʦʨʤʘʮʠʠ ʠʟʚʝʩʪʥʘ ʫʞʝ ʜʦ ʥʘʯʘʣʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʈɺ. 

ʊʦʛʜʘ ʯʘʩʪʴ ʥʝʦʙʭʦʜʠʤʳʭ ʚʳʯʠʩʣʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ 

ʜʦ ʟʘʧʫʩʢʘ ʉʈɺ. 

ʇʦʵʪʦʤʫ ʨʘʟʣʠʯʘʶʪ ʩʪʘʜʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʜʠʩʧʝʪʯʝʨʠ-

ʟʘʮʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʩʦʩʪʘʚʝ ʘʣʛʦʨʠʪʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʞʥʦ 

ʚʜrʝʣʠʪʴ ʘʣʛʦʨʠʪʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʘʣʛʦʨʠʪʤ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ. 

ɸʣʛʦʨʠʪʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦ-

ʜʠʤʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʦʪʦʤ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʧʨʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ. ʂ ʵʪʦʤʫ ʘʣʛʦʨʠʪʤʫ ʥʝ ʧʨʝʜʲʷʚʣʷʝʪ-

ʩʷ ʦʩʦʙʳʭ ʪʨʝʙʦʚʘʥʠʡ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʚʳʧʦʣʥʷʝʪʩʷ 

ʜʦ ʥʘʯʘʣʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʈɺ. 

ɸʣʛʦʨʠʪʤ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʦʤʝʞʫ-

ʪʦʯʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʥʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʭʦʜʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʈɺ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ 
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ʦʙ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʪʘʥʦʚʠʪʩʷ ʠʟʚʝʩʪʥʦʡ 

ʪʦʣʴʢʦ ʚ ʤʦʤʝʥʪ ʠʭ ʧʦʷʚʣʝʥʠʷ. ɸʣʛʦʨʠʪʤ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʜʦʣ-

ʞʝʥ ʟʘʥʠʤʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʜʘʯʘʤʠ ʈɺ, ʠʥʘʯʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʤʦʞʝʪ ʩʠʣʴʥʦ ʩʥʠʟʠʪʴʩʷ. 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʟʘʜʘʯ ɾʈɺ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʘʧʝʨʠʦʜʠʯʝ-

ʩʢʠʭ ʟʘʧʨʦʩʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʡ ʩʫʪʠ. ɼʝʡʩʪʚʠ-

ʪʝʣʴʥʦ, ʚ ʩʣʫʯʘʝ ʟʘʜʘʯ ɾʈɺ 

ʥʘʜʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʦʙʣʶʜʝʥʠʝ ʚʩʝʭ ʦʛʨʘʥʠʯʝʥʠʡ ɾʈɺ, ʘ 

ʚ ʩʣʫʯʘʝ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʨʝ-

ʙʦʚʘʥʠʝ ʤʠʥʠʤʠʟʘʮʠʠ ʠʣʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʥʝʢʦʪʦʨʦʛʦ ʠʥʪʝʛʨʘʣʴ-

ʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʢʘʯʝʩʪʚʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʘʧʝ-

ʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ. 

ɺ ʩʦʩʪʘʚʝ ʘʣʛʦʨʠʪʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ɾʈɺ ʤʦʞʥʦ ʚʳ-

ʜʝʣʠʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʠʤʦʩʪʠ (feasibility analysis) 

[77] ʠʣʠ ʝʛʦ ʝʱʝ ʥʘʟʳʚʘʶʪ ʘʥʘʣʠʟʦʤ ʧʣʘʥʠʨʫʝʤʦʩʪʠ ʠʣʠ ʪʝʩʪʦʤ 

(schedulability analysis ʠʣʠ schedulability  test) [28, 53]. ɸʥʘʣʠʟ 

ʚʳʧʦʣʥʠʤʦʩʪʠ - ʵʪʦ ʦʪʳʩʢʘʥʠʝ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʛʘʨʘʥʪʠ-

ʨʫʝʪʩʷ ʣʠ ʩʦʙʣʶʜʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ɾʈɺ ʧʨʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʩ 

ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʘʥʥʳʭ. ɽʩʣʠ ʘʥʘʣʠʟ ʚʳ-

ʧʦʣʥʠʤʦʩʪʠ ʜʘʝʪ ʦʪʚʝʪ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ɾʈɺ ʥʝ 

ʛʘʨʘʥʪʠʨʫʝʪʩʷ, ʪʦ ʚʦʟʤʦʞʥʳ ʧʦʚʪʦʨʥʳʝ ʧʦʧʳʪʢʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʘʧʧʘʨʘʪʥʦʛʦ ʠ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ɼʣʷ ʩʦʙʣʶʜʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ɾʈɺ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ 

ʚʳʜʝʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʮʝʥʪ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʩ-

ʪʘʣʴʥʦʝ ʚʨʝʤʷ - ʵʪʦ ʩʚʦʙʦʜʥʦʝ ʚʨʝʤʷ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʚʳʧʦʣ-

ʥʝʥʠʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ [37, 77]. 

ʉʣʦʞʥʳʝ ʉʈɺ ʩʦʜʝʨʞʘʪ ʨʘʟʥʳʝ ʚʠʜʳ ʟʘʜʘʯ ʈɺ. ʆʜʥʘ ʠʟ 

ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʩʣʦʞʥʳʭ ʉʈɺ - ʵʪʦ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʛʠʙʢʦʩʪʴʶ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴʶ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ [83]. 

ɻʠʙʢʦʩʪʴ ʦʟʥʘʯʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʘʜʘʯʠ ʩ ʠʟʥʘʯʘʣʴʥʦ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʘʧʝʨʠʦʜʠʯʝʩʢʠʝ ʟʘʧʨʦ-

ʩʳ. ʊʦʛʜʘ ʛʠʙʢʦʩʪʴ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ. ʇʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʦʙʲʝʤʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ 
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ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʈɺ. ʇʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ 

ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟʚʝʩʪʥʦ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʉʈɺ. ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʟʘʜʘʯ ɾʈɺ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʤ 

ʫʨʦʚʥʝʤ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʯʪʦ ʦʛʨʘ-

ʥʠʯʝʥʠʷ ɾʈɺ ʥʝ ʙʫʜʫʪ ʥʘʨʫʰʝʥʳ ʚ ʭʦʜʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ɾʈɺ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʨʘʟʜʝʣʝʥʠʷ ʬʫʥʢʮʠʡ 

ʤʝʞʜʫ ʩʪʘʜʠʷʤʠ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʆʪ ʵʪʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʟʘʚʠʩʷʪ 

ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ 

ʘʣʛʦʨʠʪʤʦʚ, ʦʙʲʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʘʥʥʳʭ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ. ʉ ʫʯʝʪʦʤ ʦʩʥʦʚʥʳʭ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʪʘʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʙʘʟʦʚʳʝ ʤʦʜʝʣʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ (ʠʣʠ ʦʥʠ ʝʱʝ ʤʦʛʫʪ ʥʝʬʦʨʤʘʣʴʥʦ ʥʘʟʳʚʘʪʴʩʷ ʦʩ-

ʥʦʚʥʳʤʠ ʢʦʥʮʝʧʮʠʷʤʠ ʧʣʘʥʠʨʦʚʘʥʠʷ). 

ʇʦʜʨʦʙʥʝʝ ʦ ʙʘʟʦʚʳʭ ʤʦʜʝʣʷʭ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʤ. ʧ. 1.3.4. 

 

1.2.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʟʘʜʘʯʠ ʥʝ ʷʚʣʷʶʪʩʷ ʚ ʧʦʣʥʦʤ 

ʩʤʳʩʣʝ ʥʝʟʘʚʠʩʠʤʳʤʠ. ʇʦ ʙʦʣʴʰʦʤʫ ʩʯʝʪʫ ʟʘʜʘʯʠ ʧʝʨʝʩʪʘʶʪ 

ʙʳʪʴ ʥʝʟʘʚʠʩʠʤʳʤʠ, ʢʦʛʜʘ ʨʘʟʜʝʣʷʶʪ ʚʨʝʤʷ ʦʜʥʦʛʦ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʡ 

ʟʘʜʘʯʠ ʟʘʚʠʩʠʪ ʦʪ ʦʩʚʦʙʦʞʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʜʨʫʛʦʡ ʟʘʜʘʯʝʡ. ʊʦ ʞʝ ʩʘʤʦʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʜʨʫʛʠʤ ʨʘʟʜʝʣʷʝʤʳʤ 

ʨʝʩʫʨʩʘʤ: ʧʘʤʷʪʠ, ʢʘʥʘʣʘʤ ʩʚʷʟʠ, ʫʩʪʨʦʡʩʪʚʘʤ ʚʚʦʜʘʚʳʚʦʜʘ ʠ ʪ.ʜ. 

ʅʦ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ çʟʘʚʠʩʠʤʳʤʠè ʪʦʣʴʢʦ ʦʪ ʨʘʟʜʝʣʷʝ-

ʤʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ, 

ʧʦ ʪʨʘʜʠʮʠʠ ʥʘʟʳʚʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, 

ʯʪʦ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʫʢʘʟʳʚʘʶʪʩʷ, ʪʘʢ ʢʘʢ ʵʪʠ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ ʢ ʨʝʘʣʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ ʪʘʢʠʝ 

ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʜʘʯ ʤʦʞʝʪ ʦʧʨʝʜʝ-

ʣʷʪʴʩʷ ʩʧʝʮʠʬʠʢʘʮʠʝʡ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤʠ ʨʝʘʣʠʟʘʮʠʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ ʤʦʛʫʪ ʷʚʥʦ ʫʢʘʟʳʚʘʪʴʩʷ: 



 
ʉʀʉʊɽʄʅʆɽ ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ            

 

40 

 

-  ʨʘʟʜʝʣʷʝʤʳʝ ʨʝʩʫʨʩʳ, ʚʥʝʰʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʉʈɺ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʪʦʨʳʤʠ ʉʈɺ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘ 

ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ; 

-  ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʟʘʜʘʯ ʪʘʢʠʝ, ʢʘʢ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ, ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʝʥʠʷ ʦʜ-

ʥʦʡ ʟʘʜʘʯʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʜʨʫʛʦʡ ʟʘ-

ʜʘʯʠ; 

- ʧʝʨʝʜʘʯʘ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ ʠʥʬʦʨʤʘʮʠʠ, ʷʚʣʷʶʱʝʡʩʷ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ. 

ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ʧʦʜʦʙʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʜʘʯ ʦʧʨʝʜʝʣʷʶʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʜʘʯ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʉʈɺ 

ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʜʘʯ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ, ʫʢʘʟʘʥʥʳʭ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ. 

ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʤʦʞʝʪ, ʥʘʧʨʠʤʝʨ, ʚʦʟʥʠʢʥʫʪʴ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʚ ʥʝʢʦʪʦʨʳʭ ʦʙʱʠʭ ʜʣʷ ʨʘʟʥʳʭ ʟʘʜʘʯ ʨʝʩʫʨʩʦʚ: ʧʘʤʷʪʠ, 

ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʠ ʪ.ʜ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩʧʝ-

ʮʠʬʠʢʘʮʠʠ, ʵʪʦ ʪʘʢʞʝ ʧʦʨʦʞʜʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʜʘʯ ʠ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʪʠʭ 

ʟʘʜʘʯ. 

 

1.3. ʇʣʘʥʠʨʦʚʘʥʠʝ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

1.3.1. ʇʨʦʙʣʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝ-

ʤʝʥʠ 

 

ʉʠʩʪʝʤʘ ʞʝʩʪʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴ 

ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʩʦʧʝʨʥʠʯʘʶʱʠʭ ʟʘ ʨʝʩʫʨ-

ʩʳ, ʪʘʢ, ʯʪʦʙʳ ʚʩʝ ʢʨʠʪʠʯʥʳʝ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʨʝʤʝʥʠ) ʟʘʜʘʯʠ 

ʫʢʣʘʜʳʚʘʣʠʩʴ ʚ ʦʪʚʝʜʝʥʥʳʝ ʠʤ ʢʨʘʡʥʠʝ ʩʨʦʢʠ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʶʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʨʝʩʫʨʩʳ 

ʜʘʥʥʳʭ ʠ ʧʨʦʯʠʝ ʨʝʩʫʨʩʳ, ʥʘʧʨʠʤʝʨ, ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ. ɺ 

ʤʦʥʦʛʨʘʬʠʠ [54] ʧʨʠʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʙʣʝʤʳ 

ʧʣʘʥʠʨʦʚʘʥʠʷ: ʧʨʦʙʣʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ - ʵʪʦ ʧʨʦʙʣʝʤʘ ʪʘʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦ-

ʙʣʶʜʝʥʠʝ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʅʝʤʥʦʛʦ ʙʦʣʝʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʚ ʨʘʙʦʪʝ [28]. ʉ ʥʝʙʦʣʴʰʦʡ ʧʝʨʝʬʦʨʤʫʣʠʨʦʚʢʦʡ ʠ ʫʪʦʯʥʝ-

ʥʠʝʤ ʝʛʦ ʤʦʞʥʦ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʟʜʝʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 



 
ʉʀʉʊɽʄʅʆɽ ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ            

 

41 

 

ʀʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʟ ὲ ʟʘʜʘʯ ɻ = {ʪ 1,ʪ 2, . . . ,ʪ ὲ}, 
ʦʙʦʟʥʘʯʘʝʤʦʝ ʜʣʷ ʪʘʢʞʝ ʢʘʢ { }ʪ Ὥ , ʤʥʦʞʝʩʪʚʦ ʠʟ m ʧʨʦʮʝʩʩʦʨʦʚ 

P ={ P1,P2,...,Pm}, ʘ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ ʠʟ ή ʚʠʜʦʚ ʨʘʟʜʝʣʷʝʤʳʭ ʨʝ-

ʩʫʨʩʦʚ Ὑ =  {R1,R2,. . . ,Rq}. ʆʛʨʘʥʠʯʝʥʠʷ ʧʨʝʜʰʝʩʪʚʦʚʘʥʠʷ ʤʝ-

ʞʜʫ ʟʘʜʘʯʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʚ ʚʠʜʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʮʠʢʣʠ-

ʯʝʩʢʦʛʦ ʛʨʘʬʘ. ʉ ʢʘʞʜʦʡ ʟʘʜʘʯʝʡ ʤʦʛʫʪ ʩʚʷʟʘʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʨʝ-

ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʦʛʜʘ ʧʨʦʙʣʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ - ʵʪʦ ʧʨʦʙʣʝʤʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʘʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʟʘ ʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʚʨʝ-

ʤʝʥʥʦʡ ʰʢʘʣʝ) ʧʨʦʮʝʩʩʦʨʦʚ ʠʟ ὖ ʠ ʨʝʩʫʨʩʦʚ ʠʟ Ὑ ʚʩʝʤ ʟʘʜʘʯʘʤ ʠʟ 

ɻ , ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʚʝʨʰʝʥʠʝ (ʠʣʠ ʚʳʧʦʣʥʝʥʠʝ) ʚʩʝʭ ʟʘ-

ʜʘʯ ʩʦʛʣʘʩʥʦ ʟʘʜʘʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʧʨʠʤʝʨ, ʢʦʪʦʨʳʡ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʧʨʦʙʣʝʤʫ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʇʫʩʪʴ ʥʘ ʦʜʥʦʧʨʦʮʝʩʩʦʨʥʦʤ ʢʦʥʪʨʦʣʣʝʨʝ ʚ ʩʦʩʪʘʚʝ ʩʠʩ-

ʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʜʚʝ ʟʘʜʘʯʠ ʈɺ, ʦʙʦʟʥʘʯʘʝʤʳʝ 

ʪ 1,ʪ 2 , ʜʣʷ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʥʪʫʨʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ 10ʘ). 

ʂʘʞʜʘʷ i -ʷ ʟʘʜʘʯʘ ʜʦʣʞʥʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʬʦʨʤʠʨʦʚʘʪʴ ʟʘʧʨʦʩʳ 

(ʪ ʠ,ʪ Ὥ,2, .. . ) , ʠ ʟʘʧʨʦʩʫ ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ (ʟʜʝʩʴ 

ʜʣʷ ʧʨʦʩʪʦʪʳ ʦʥʦ ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ) ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʯʝʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪ (ʨʠʩ. 10ʙ). ɺ ʩʣʫʯʘʝ ʦʪʜʝʣʴʥʦ-

ʛʦ ʧʨʦʮʝʩʩʦʨʘ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʧʨʦʙʣʝʤ ʥʝ ʚʦʟʥʠʢʘʝʪ, ʠ ʦʥʠ 

ʚʳʧʦʣʥʷʶʪʩʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10ʙ. ʆʜʥʘʢʦ ʧʨʠ ʦʙʱʝʤ ʧʨʦ-

ʮʝʩʩʦʨʝ ʚʦʟʥʠʢʘʝʪ ʚʟʘʠʤʦʚʣʠʷʥʠʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʨʘʟ-

ʜʝʣʝʥʠʷ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ ʧʨʠʤʝʥʷʝʪʩʷ 

ʢʦʥʮʝʧʮʠʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ 

(ʇʌʇ). ʀʥʬʦʨʤʘʮʠʶ ʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʭ, ʤʝʪʦʜʘʭ, ʩʬʝʨʘʭ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʇʌʇ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦʪʘʭ [27, 71, 

77, 93] ʇʫʩʪʴ ʥʘʯʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ (ὕ1,ὕ2 )  ʠ ʧʝʨʠʦʜʳ (Ὕ\ ,Ὕ2 )  
ʤʝʥʷʪʴ ʥʝʣʴʟʷ, ʪʦʛʜʘ ʚ ʨʘʤʢʘʭ ʇʌʇ ʦʩʪʘʝʪʩʷ ʣʠʰʴ ʤʝʥʷʪʴ ʧʨʠ-

ʦʨʠʪʝʪʳ (ʧ\ ,ʇ2). ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʶʪ ʪʦʣʴʢʦ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ: (ʧ\  ʚʳʰʝ ʇ2), (ʧ\  ʥʠʞʝ ʇ2), ʧʨʠʚʦʜʷʱʠʝ ʢ ʜʚʫʤ ʚʘ-

ʨʠʘʥʪʘʤ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ (ʩʤ. ʨʠʩ. 10ʚ). ʉʦʛʣʘʩʥʦ ʇʌʇ ʟʘʧʨʦʩ 

ʟʘʜʘʯʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ ʧʨʝʨʳʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʟʘ-

ʧʨʦʩʘ ʟʘʜʘʯʠ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ. ʅʘ ʨʠʩʫʥʢʝ ʦʢʨʫʞʥʦ-

ʩʪʴʶ ʦʪʤʝʯʘʝʪʩʷ ʤʦʤʝʥʪ (ὶὭ Ὦ, ) ʧʦʷʚʣʝʥʠʷ ʟʘʧʨʦʩʘ ʪ Ὥ Ὦ, ʚ ʦʯʝʨʝ-

ʜʠ ʟʘʧʨʦʩʦʚ, ʘ ʧʨʝʨʳʚʘʥʠʝ ʟʘʧʨʦʩʘ ʦʙʦʟʥʘʯʘʝʪʩʷ ʣʠʥʠʝʡ ʥʘʜ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʨʝʤʝʥʥʦʡ ʦʩʴʶ. ʇʨʠ ʵʪʦʤ 1 -ʡ ʚʘʨʠʘʥʪ ʧʨʠʚʦ-

ʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʥʘʨʫʰʝʥʠʶ ʩʪʨʦʛʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʜʣʷ 
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ʪ 2 (ɻ2,3 ὸ Ὓ2,3),ʛʜʝ Ὓ2,3 - ʥʘʯʘʣʦ ʚʳʧʦʣʥʝʥʠʷ ʪ 2,3 ). ʇʨʦʩʪʦʝ 

ʠʟʤʝʥʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ, ʧʨʠʚʦʜʷʱʝʝ ʢʦ 2-ʤʫ ʚʘʨʠʘʥʪʫ, ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʩʪʨʦʛʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʜʣʷ ʪ 2 , ʠ ʥʝʙʦʣʴʰʦʝ ʥʘʨʫʰʝʥʠʝ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʜʣʷ ʪ \. ʇʫʩʪʴ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʘʢʦʝ ʥʝʙʦʣʴʰʦʝ ʥʘ-

ʨʫʰʝʥʠʝ ʜʣʷ ʪ \ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʧʫʩʪʠʤʳʤ. ʊʦʛʜʘ ʨʝʰʝʥʠʝʤ ʧʨʦ-

ʙʣʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʫʜʝʪ 2-ʡ ʚʘʨʠʘʥʪ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ (ὕ\ ,T\ ,ʧ\ ), (ὕ2 ,T2 ,ʧ2) . 

 
 

ʈʠʩ. 10. ʇʨʠʤʝʨ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʈɺ (ɼ - ʜʘʪʯʠʢ; ʀʋ - ʠʩʧʦʣ-

ʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ) 

 

ʆʜʥʘʢʦ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ ʠʤʝʝʪʩʷ ʚʩʝʛʦ ʜʚʘ ʚʘʨʠ-

ʘʥʪʘ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʠ ʠʟ ʥʠʭ ʣʝʛʢʦ ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ. ɺʦʟ-

ʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ὕὭ ,ὝὭ ʚ ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʘ ʪʘʢʞʝ ʥʘ-

ʣʠʯʠʝ ʧ! ʚʘʨʠʘʥʪʦʚ ʥʘʟʥʘʯʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ ʜʣʷ ὲ ʟʘʜʘʯ ʧʨʠʚʦ-

ʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ ʚʘʨʠʘʥʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝʨʝʘʣʠʟʫʝʤʳʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʢʘʟʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʧʣʘʥʠʨʦ-

ʚʘʥʠʷ ʷʚʣʷʝʪʩʷ NP-ʪʨʫʜʥʦʡ [1]. ʇʦʵʪʦʤʫ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʦʜʭʦʜ ʢ 

ʝʝ ʨʝʰʝʥʠʶ - ʵʪʦ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʘʣʛʦ-

ʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʟʘ ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʥʘʭʦʜʷʪ ʟʥʘʯʝʥʠʷ 

{ὕὭ,ὝὭ,ά | ie[1,n]}, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʜʭʦʜʷʱʠʡ ʚʘʨʠʘʥʪ 

ʧʣʘʥʠʨʦʚʘʥʠʷ. ɺʘʨʠʘʥʪ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʯʠʪʘʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ, 

ʝʩʣʠ ʧʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʪ Ὥ ʚʳʧʦʣʥʷʝʪʩʷ 
ʝʝ ʠʩʭʦʜʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʈɺ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʣʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪ-
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ʢʠ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʦʚ ʠʩʭʦʜʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

ʈɺ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʟʘʜʘʯʠ. 

 

1.3.2. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʨʝʘʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʉʈɺ ʜʦʣʞʥʘ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʟʘ-

ʜʘʥʥʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ. ʈʝʘʣʠʟʘʮʠʷ ʪʨʝʙʦʚʘʥʠʡ, ʫʢʘʟʘʥʥʳʭ ʚ ʩʧʝ-

ʮʠʬʠʢʘʮʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʩ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʴʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʪʨʘʪʘʤʠ: 

- ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʛʦʪʦʚʳʭ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ; 

- ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʉʈɺ, ʚʢʣʶʯʘʶʱʫʶ ʨʘʟʨʘʙʦʪʢʫ ʚʩʝʭ 

ʚʠʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʉʈɺ, ʘ ʪʘʢʞʝ ʥʘ ʤʦʥʪʘʞʥʳʝ ʠ ʧʫʩʢʦ-

ʥʘʣʘʜʦʯʥʳʝ ʨʘʙʦʪʳ. 

ɽʩʣʠ ʪʨʝʙʦʚʘʥʠʷ ʈɺ ʥʝ ʫʜʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʚ ʟʘʜʘʥʥʳʭ ʫʩ-

ʣʦʚʠʷʭ, ʪʦ ʠʤʝʶʪʩʷ ʪʨʠ ʚʘʨʠʘʥʪʘ: 

- ʚʳʙʦʨ ʙʦʣʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝ-

ʩʫʨʩʦʚ; 

- ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ ʙʳʩʪʨʦʜʝʡ-

ʩʪʚʠʶ; 

- ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝ-

ʩʫʨʩʦʚ ʥʘ ʦʩʥʦʚʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʈɺ. 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʨʠ-

ʦʙʨʝʪʝʥʠʝ ʛʦʪʦʚʳʭ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʚʘʨʠʘʥʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘʪʳ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʉʈɺ. 

ɸʣʛʦʨʠʪʤʳ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʈɺ 

ʣʠʙʦ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ ʩʦʩʪʘʚ ʛʦʪʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ, ʣʠʙʦ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʦʟʘʪʨʘʪʳ 

ʧʨʠ ʪʨʝʪʴʝʤ ʚʘʨʠʘʥʪʝ - ʵʪʦ ʣʠʙʦ ʥʘʩʪʨʦʡʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʚ ʩʦʩʪʘʚʝ ʧʦʜʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʣʠʙʦ ʨʝʘʣʠʟʘʮʠʷ 

ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʩʦʩʪʘʚʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠʤʝʥʥʦ ʵʪʦʪ ʚʘʨʠʘʥʪ 
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ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʟʘʪʨʘʪʥʳʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʦʯʝʨʝʜʥʦʛʦ. 

ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʉʈɺ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʈɺ. ʇʨʠʤʝʥʝʥʠʝ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʨʘʟʨʘʙʘʪʳ-

ʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʙʦʣʝʝ ʙʳ-

ʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ - ʵʪʦ ʚʘʞʥʝʡʰʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʦʙʣʝʤʳ ʧʦʚʳ-

ʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʷʶʱʝʡ ʉʈɺ. 

 

 

1.3.3. ʂʨʠʪʝʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

 

ʉʪʝʧʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʥʝʢʦʪʦʨʳʭ ʢʨʠʪʝʨʠʝʚ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʧʠʩʘʥʠʝ, ʢʦʪʦʨʦʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʷʚʥʦʤ ʠʣʠ ʥʝʷʚʥʦʤ ʚʠʜʝ. ʈʘʩʧʠʩʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ. 

ʇʨʦʙʣʝʤʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʣʠ ʩʦʩʪʘʚʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʨʘʩʧʠʩʘʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʪʝʦʨʠʠ ʨʘʩʧʠʩʘʥʠʡ 

[9, 10]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʥʘʭʦʜʷʪʩʷ ʢʨʠʪʝʨʠʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʣʠ ʢʨʠʪʝʨʠʠ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ. 

ɺ ʪʝʦʨʠʠ ʨʘʩʧʠʩʘʥʠʡ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʢʨʠʪʝ-

ʨʠʠ, ʢʘʢ ʤʠʥʠʤʠʟʘʮʠʷ ʩʫʤʤʳ ʚʨʝʤʝʥ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪ, ʤʠʥʠ-

ʤʠʟʘʮʠʷ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʳ ʚʨʝʤʝʥ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪ, ʤʠʥʠʤʠ-

ʟʘʮʠʷ ʜʣʠʥʳ ʨʘʩʧʠʩʘʥʠʷ, ʤʠʥʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʪʨʝʙʫʝʤʳʭ 

ʧʨʦʮʝʩʩʦʨʦʚ, ʤʠʥʠʤʠʟʘʮʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʧʘʟʜʳʚʘʥʠʷ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʛʨʘʥʠʯʝʥʠʷ ʈɺ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʢʨʠʪʝʨʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷ-

ʝʪʩʷ ʨʘʩʧʠʩʘʥʠʝ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʷʪ ʦʪ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʮʝʣʝʡ ʠ ʟʘʜʘʯ. ʅʘʧʨʠʤʝʨ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʠʥʠʤʠʟʘʮʠʠ 

ʜʣʠʥʳ ʨʘʩʧʠʩʘʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʘʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ, ʥʝ ʫʯʠʪʳ-

ʚʘʶʱʠʤ ʈɺ, ʘ ʤʠʥʠʤʠʟʘʮʠʷ ʟʘʜʝʨʞʝʢ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ - ʵʪʦ ʛʣʘʚʥʳʝ ʢʨʠʪʝʨʠʠ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, 

ʪʘʢʞʝ ʥʝ ʫʯʠʪʳʚʘʶʱʠʭ ʈɺ. ʆʜʥʘʢʦ ʚ ʉʈɺ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʷʚʣʷ-
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ʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ, ʧʦʵʪʦʤʫ ʠ ʢʨʠʪʝʨʠʠ ʧʣʘʥʠʨʦ-

ʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚ ʩʣʫʯʘʝ ʉʈɺ [45]. 

ʂʨʠʪʝʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʉʈɺ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʟʘʚʠʩʷʪ ʪʠʧʘ ʟʘʜʘʯ ʈɺ, ʪʦ ʝʩʪʴ ʦʪ ʩʪʝʧʝʥʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʧʦʣ-

ʥʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ. 

ɼʣʷ ʟʘʜʘʯ ɾʈɺ ʥʝʦʙʭʦʜʠʤʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʦʙʣʶʜʝʥʠʝ 

ʚʩʝʭ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ. ʏʝʤ ʤʝʥʴʰʝ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʙʳʩʪʨʦ-

ʜʝʡʩʪʚʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʪʘʢʦʛʦ ʛʘʨʘʥʪʠʨʦʚʘʥʠʷ, 

ʪʝʤ ʙʦʣʴʰʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʥʘʠʙʦ-

ʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʦʧʪʠʤʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ɾʈɺ. ʕʪʦ ʪʘʢʦʡ ʘʣ-

ʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʦʙʣʶʜʝʥʠʝ ʚʩʝʭ ʦʛʨʘʥʠ-

ʯʝʥʠʡ ɾʈɺ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʠʢʘʢʦʡ ʜʨʫʛʦʡ ʘʣʛʦʨʠʪʤ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʥʝ ʤʦʞʝʪ ʵʪʦʛʦ ʦʙʝʩʧʝʯʠʪʴ [93]. 

ɼʣ̫ ʦʙʷʟʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʄʈɺ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʢʘʯʝʩʪ-

ʚʘ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʥʘʨʫʰʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘ-

ʧʨʦʩʦʚ ʵʪʠʭ ʟʘʜʘʯ. ʅʘʧʨʠʤʝʨ, ʵʪʘ ʬʫʥʢʮʠʷ ʢʘʯʝʩʪʚʘ ʤʦʞʝʪ ʟʘʚʠ-

ʩʝʪʴ ʦʪ ʠʥʪʝʨʚʘʣʦʚ ʟʘʧʘʟʜʳʚʘʥʠʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʧʨʦʩʦʚ. ʏʘ-

ʱʝ ʚʩʝʛʦ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʘʥʘʣʠʟʘ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʢʘʯʝʩʪʚʘ 

ʠʩʧʦʣʴʟʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʧʨʦʩʦʚ, 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠʥʪʝʨʚʘʣʦʚ 

ʟʘʧʘʟʜʳʚʘʥʠʷ ʚʩʝʭ ʟʘʧʨʦʩʦʚ ʦʙʷʟʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʄʈɺ ʥʘ ʥʝʢʦʪʦ-

ʨʦʤ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʢʨʘʡʥʠʡ ʩʨʦʢ ʜʣʷ ʢʘʞʜʦʛʦ ʟʘʧʨʦʩʘ ʨʘʚʝʥ ʝʛʦ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ [35]. 

ɼʣʷ ʥʝʦʙʷʟʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʄʈɺ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦ-

ʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ 

ʢʘʯʝʩʪʚʘ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʥʳʭ ʟʘʧʨʦ-

ʩʦʚ ʵʪʠʭ ʟʘʜʘʯ, ʚʝʜʴ ʚʳʧʦʣʥʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʪʠʭ ʟʘ-

ʧʨʦʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʟʘʚʝʨʰʝʥʦ ʜʦʩʨʦʯʥʦ. ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ ʫʧʨʦ-

ʱʝʥʠʷ ʘʥʘʣʠʟʘ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʮʝʥʪ 

ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʥʳʭ ʟʘʧʨʦʩʦʚ ʩʨʝʜʠ ʚʩʝʭ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʘ-

ʧʨʦʩʦʚ ʥʝʦʙʷʟʘʪʝʣʴʥʦʡ ʟʘʜʘʯʝʡ ʄʈɺ ʥʘ ʥʝʢʦʪʦʨʦʤ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ [35]. 

ɺʦʦʙʱʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ. 

ʂʨʠʪʝʨʠʡ ɾʈɺ - ʥʘʣʠʯʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ɾʈɺ. 
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ʂʨʠʪʝʨʠʡ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʄʈɺ - ʜʦʩʪʠʞʝʥʠʝ ʤʠʥʠʤʘʣʴ-

ʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʟʘʧʨʦʩʦʚ, ʬʦʨʤʠʨʫʝ-

ʤʳʭ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʄʈɺ. 

ʂʨʠʪʝʨʠʡ ʥʝʦʙʷʟʘʪʝʣʴʥʦʛʦ ʄʈɺ - ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʧʨʦʮʝʥʪʘ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʥʳʭ ʟʘʧʨʦʩʦʚ, ʬʦʨʤʠʨʫʝ-

ʤʳʭ ʥʝʦʙʷʟʘʪʝʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʄʈɺ. 

 

 

1.3.4. ɹʘʟʦʚʳʝ ʤʦʜʝʣʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ 

1.ɿ.4.1. ʇʣʘʥʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʩ-

ʧʠʩʘʥʠʷ 

 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ 

ʪʘʢʞʝ ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʪʘʙʣʠʯʥʳʤ ʧʣʘʥʠʨʦʚʘʥʠʝʤ (table-driven 

scheduling). ʀ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʜʣʷ ʢʨʘʪʢʦʩʪʠ (ʠ ʯʪʦʙʳ ʥʝ ʧʫʪʘʪʴ ʩ 

ʪʝʨʤʠʥʦʤ çʧʣʘʥʠʨʦʚʘʥʠʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠè) 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʨʤʠʥ çʪʘʙʣʠʯʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝè. 

ʊʘʙʣʠʯʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʩʪʘʚʣʝʥʠʝ ʨʘʩ-

ʧʠʩʘʥʠʷ ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʨʘʩʧʠ-

ʩʘʥʠʠ, ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʤʦʤ ʪʘʙʣʠʮʝʡ, ʫʢʘʟʳʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ ʧʦ ʚʨʝʤʝʥʠ. ɸʣʛʦʨʠʪʤ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʩʪʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʜʣʷ ʟʘʜʘʯ ɾʈɺ. 

ɸʥʘʣʠʟ ʚʳʧʦʣʥʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʞʝ ʩʘʤʠʤ ʬʘʢʪʦʤ ʥʘʣʠʯʠʷ 

ʨʘʩʧʠʩʘʥʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚʩʝ ʦʛʨʘʥʠʯʝʥʠʷ ɾʈɺ ʩʦʙʣʶʜʘ-

ʶʪʩʷ. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʜʘʥʥʳʝ - ʵʪʦ ʨʘʩʧʠʩʘʥʠʝ. ɼʠʩʧʝʪʯʝʨʠʟʘ-

ʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʨʘʩʧʠʩʘʥʠʷ. ʇʝʨʠʦʜʠʯʝʩʢʠʝ 

ʟʘʧʨʦʩʳ ʚʳʧʦʣʥʷʶʪʩʷ ʩʦʛʣʘʩʥʦ ʟʘʨʘʥʝʝ ʩʦʩʪʘʚʣʝʥʥʦʤʫ ʨʘʩʧʠʩʘ-

ʥʠʶ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʨʝʤʷ, 

ʢʦʪʦʨʦʝ ʥʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʨʘʩʧʠʩʘʥʠʠ, ʪ. ʝ. ʩʚʦʙʦʜ-

ʥʦʝ ʚʨʝʤʷ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʦʙʣʝʤʘ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʚ ʚʠʜʝ 

ʪʘʙʣʠʮʳ ʷʚʣʷʝʪʩʷ NP-ʪʨʫʜʥʦʡ [9, 10]. ʇʦʵʪʦʤʫ ʘʣʛʦʨʠʪʤ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ ʤʦʞʝʪ ʠʤʝʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʨʝʤʝʥʥʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʠ 

ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʊʘʙʣʠʯʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʧʨʝʜʩʢʘ-

ʟʫʝʤʦʩʪʴʶ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʠʦʜʠʯʝʩʢʠʤ 



 
ʉʀʉʊɽʄʅʆɽ ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ            

 

47 

 

ʟʘʜʘʯʘʤ ɾʈɺ (ʦʙʳʯʥʦ ʷʚʥʳʤ ʦʙʨʘʟʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʨʝʤʷ 

ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʨʳʚʘʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʛʦ 

ʟʘʧʨʦʩʘ), ʥʦ ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʤʝʥʴʰʫʶ ʛʠʙʢʦʩʪʴ ʠʟ-ʟʘ 

ʩʣʦʞʥʦʩʪʠ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʙʣʠʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ - ʵʪʦ ʚʳʩʦʢʘʷ 

ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ. ʊʘʢʞʝ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʙʣʠʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʩʣʦʞʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ ʟʘʜʘʯ ʈɺ, ʘ ʪʘʢʞʝ ʧʨʠ ʫʩʣʦʚʠʠ ʩʣʦʞʥʳʭ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ, ʪʘʢ ʢʘʢ 

ʚʩʝ ʵʪʦ ʤʦʞʥʦ ʫʯʝʩʪʴ ʚ ʨʘʩʧʠʩʘʥʠʠ, ʩʦʩʪʘʚʣʷʝʤʦʤ ʜʦ ʥʘ-

ʯʘʣʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʈɺ. 

ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʪʘʙʣʠʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʦʙʣʝʤʘ ʜʣʠʥʳ ʨʘʩʧʠʩʘʥʠʷ (ʪʘʙʣʠʮʳ), ʪʘʢ ʢʘʢ ʧʨʠ ʥʘʣʠʯʠʠ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʘʯ ʈɺ ʩ ʨʘʟʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ʜʣʠʥʘ ʪʘʙ-

ʣʠʮʳ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʧʨʠʝʤʣʝʤʦʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʘʣʠ-

ʟʘʮʠʡ. ɼʨʫʛʦʡ ʥʝʜʦʩʪʘʪʦʢ - ʵʪʦ ʩʣʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʘʧʝʨʠʦ-

ʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ. ɺʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʢʘʞʜʦʛʦ ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʟʘʧʨʦʩʘ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦ, ʧʦʵʪʦʤʫ ʥʝʚʦʟʤʦʞʥʦ ʟʘʨʘʥʝʝ ʩʦʩʪʘ-

ʚʠʪʴ ʪʘʙʣʠʮʫ, ʫʯʠʪʳʚʘʶʱʫʶ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʟʘʧʨʦʩʦʚ. ʇʦʵʪʦ-

ʤʫ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʞʠʜʘʥʠʷ ʠʥ-

ʪʝʨʚʘʣʘ ʩʚʦʙʦʜʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʏʘʩʪʠʯʥʦ ʫʣʫʯʰʠʪʴ ʵʪʫ ʩʠʪʫʘʮʠʶ ʧʦʤʦʛʣʠ ʨʝʰʝʥʠʷ, ʦʩ-

ʥʦʚʘʥʥʳʝ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʪʘʙʣʠʮʳ [45] . 

ʀʥʬʦʨʤʘʮʠʶ ʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʭ, ʤʝʪʦʜʘʭ, ʩʬʝʨʘʭ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʪʘʙʣʠʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʞʥʦ 

ʥʘʡʪʠ ʚ [8, 9,10, 45, 54, 71]. 

 

1.ɿ.4.2. ʇʣʘʥʠʨʦʚʘʥʠʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʨʠʦʨʠʪʝ-

ʪʘʤʠ 

 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ (ʇʌʇ) 

(fixed priority scheduling) ʧʨʝʜʧʦʣʘʛʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʯʝʨʝʜʠ, 

ʢʫʜʘ ʨʘʟʤʝʱʘʶʪʩʷ ʟʘʧʨʦʩʳ. ʀʟ ʵʪʦʡ ʦʯʝʨʝʜʠ ʟʘʧʨʦʩʳ ʚʳʙʠʨʘʶʪ-

ʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʦʛʣʘʩʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʣʷ ʥʠʭ ʧʨʠʦʨʠʪʝ-

ʪʘʤ. ɸʣʛʦʨʠʪʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʘʥʦʚʢʫ ʧʨʠʦʨʠʪʝ-

ʪʘ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ɾʈɺ, ʘ ʪʘʢʞʝ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʥʘ-

ʯʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʠ ʧʝʨʠʦʜ. ʇʨʠ ʵʪʦʤ ʧʨʠʦʨʠʪʝʪʳ ʷʚʣʷʶʪʩʷ 
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ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ, ʪ. ʝ. ʦʥʠ ʥʝ ʤʝʥʷʶʪʩʷ ʚ ʭʦʜʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʉʈɺ. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʜʘʥʥʳʝ - ʵʪʦ ʥʘʯʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ, 

ʧʝʨʠʦʜʳ ʠ ʧʨʠʦʨʠʪʝʪʳ ʟʘʜʘʯ ɾʈɺ. ɼʠʩʧʝʪʯʝʨʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʩʦʛʣʘʩʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘʯʘʣʴʥʳʤ ʩʤʝʱʝʥʠʷʤ ʠ ʧʝʨʠʦʜʘʤ, ʘ 

ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʯʝʨʝʜʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʘʧʨʦ-

ʩʦʚ, ʫʯʠʪʳʚʘʷ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʧʨʠʦʨʠʪʝʪʳ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʦʨʠʪʝʪ ʟʘʧʨʦʩʘ ʨʘʚʝʥ ʧʨʠʦʨʠʪʝʪʫ ʬʦʨ-

ʤʠʨʫʶʱʝʡ ʝʛʦ ʟʘʜʘʯʠ. 

ɺ ʩʣʫʯʘʝ ʇʌʇ ʘʥʘʣʠʟ ʚʳʧʦʣʥʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘ-

ʪʦʯʥʦ ʩʣʦʞʥʳʤ, ʚʝʜʴ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʘʙʣʠʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʫʝʪ ʨʘʩʧʠʩʘʥʠʝ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʚʳʧʦʣ-

ʥʠʤʦʩʪʠ ʚʳʷʩʥʷʝʪʩʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʩʪʴ ʩʦʙʣʶʜʝʥʠʷ ʦʛʨʘʥʠʯʝ-

ʥʠʡ ɾʈɺ ʥʘ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯ ɾʈɺ. 

ʆʪʩʫʪʩʪʚʠʝ ʨʘʩʧʠʩʘʥʠʷ ʚ ʩʣʫʯʘʝ ʇʌʇ ʫʤʝʥʴʰʘʝʪ ʧʨʝʜ-

ʩʢʘʟʫʝʤʦʩʪʴ, ʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʙʣʠʯ-

ʥʳʤ ʧʣʘʥʠʨʦʚʘʥʠʝʤ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʧʦʜʩʠʩʪʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʤʦʞʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʷʚʣʝʥʠʝ ʘʧʝʨʠʦʜʠʯʝ-

ʩʢʠʭ ʟʘʧʨʦʩʦʚ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʇʌʇ ʥʘʯʘʣʦ ʠ 

ʦʢʦʥʯʘʥʠʝ ʢʘʞʜʦʛʦ ʟʘʧʨʦʩʘ ɾʈɺ ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʬʠʢʩʠʨʦʚʘʥʳ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʩʧʦʩʦʙʦʚ 

ʚʳʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘ-

ʧʨʦʩʦʚ. ʀʥʬʦʨʤʘʮʠʶ ʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʭ, ʤʝʪʦʜʘʭ, ʩʬʝʨʘʭ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʇʌʇ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [27, 71, 77, 93]. 

 

1.3.4.3. ʇʣʘʥʠʨʦʚʘʥʠʝ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ 

 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ (dynamic 

priority scheduling) ʘʥʘʣʦʛʠʯʥʦ ʇʌʇ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ 

ʧʨʠʦʨʠʪʝʪʳ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ ʤʝʥʷʶʪʩʷ ʧʨʠ ʜʠʩʧʝʪʯʝʨʠ-

ʟʘʮʠʠ ʩʦʛʣʘʩʥʦ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝ-

ʥʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ. ʊʘʢʦʡ ʘʣʛʦʨʠʪʤ ʚʳʙʠʨʘʝʪʩʷ ʚ ʭʦʜʝ ʧʣʘʥʠʨʦ-

ʚʘʥʠʷ. ɼʠʩʧʝʪʯʝʨʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʟʘʧʨʦʩʦʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʦʛʣʘʩʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ-

ʯʘʣʴʥʳʤ ʩʤʝʱʝʥʠʷʤ ʠ ʧʝʨʠʦʜʘʤ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ʦʯʝʨʝʜʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʘʧʨʦʩʦʚ, ʫʯʠʪʳʚʘʷ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ ʩʦʛʣʘʩʥʦ ʚʳ-

ʙʨʘʥʥʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ. 



 
ʉʀʉʊɽʄʅʆɽ ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ            

 

49 

 

ɸʥʘʣʦʛʠʯʥʦ ʇʌʇ ʚ ʩʣʫʯʘʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʜʠʥʘʤʠʯʝʩʢʠ-

ʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʥʘʣʠʟʫ ʚʳʧʦʣ-

ʥʠʤʦʩʪʠ. ɺ ʭʦʜʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʩʥʷʝʪʩʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʩʪʴ 

ʩʦʙʣʶʜʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ ʜʣʷ ʟʘʜʘʯ ʈɺ ʥʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ. 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ ʦʙʣʘʜʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʛʠʙʢʦʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʴʰʫʶ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʇʌʇ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ, ʯʝʤ ʇʌʇ. ʀʥ-

ʬʦʨʤʘʮʠʶ ʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʭ, ʤʝʪʦʜʘʭ, ʩʬʝʨʘʭ ʧʨʘʢʪʠʯʝ-

ʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ [12, 29, 71, 82]. 

 

1.3.5. ʉʨʘʚʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʥʮʝʧʮʠʡ ʧʣʘʥʠʨʦʚʘʥʠʷ 

 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʝʩʫʨʩʦʚ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʥʝʢʦʪʦ-

ʨʳʝ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʈɺ. ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʦʙʣʝʤ, ʨʝʰʘʝʤʳʭ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʈɺ, - ʵʪʦ ʧʨʦʙʣʝʤʘ 

ʩʦʙʣʶʜʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ. ʇʦʵʪʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʝ - ʵʪʦ, ʚʦʟ-

ʤʦʞʥʦ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʫʝʤʳʡ ʨʘʟʜʝʣ ʚ ʦʙʣʘʩʪʠ 

ʉʈɺ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʧʨʦʙʣʝʤ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ ʚ ʉʈɺ ʷʚʣʷʝʪʩʷ NP-ʧʦʣʥʦʡ ʠʣʠ NP-ʪʨʫʜʥʦʡ. 

ʆʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦ-

ʙʣʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʉʈɺ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʦʙʟʦʨʝ [77]. 

ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʧʦʣʫʯʝʥʳ ʜʣʷ ʉʈɺ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʟʘ-

ʜʘʯʠ. ʕʪʦ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʦʙ ʵʪʠʭ ʟʘʜʘʯʘʭ ʈɺ ʠʤʝʝʪʩʷ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʪʦ ʝʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʜʝʪʝʨʤʠʥʠ-

ʨʦʚʘʥʥʳʤ. 

ʅʦ ʥʘʨʷʜʫ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ ʚ ʩʣʦʞʥʳʭ ʉʈɺ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʧʝʨʠʦʜʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʇʨʠ ʵʪʦʤ ʚ ʩʦʩʪʘʚʝ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʩʣʦʞʥʳʭ ʉʈɺ ʚʳʜʝʣʷʶʪ ʟʘʜʘʯʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʘ ʠʤʝʥʥʦ ʟʘʜʘʯʠ ɾʈɺ, ʦʙʷʟʘʪʝʣʴʥʳʝ ʠ ʥʝʦʙʷʟʘ-

ʪʝʣʴʥʳʝ ʟʘʜʘʯʠ ʄʈɺ. ʅʘʣʠʯʠʝ ʟʘʜʘʯ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
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ʩʦʚʤʝʩʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʟʘʜʘʯ. ʋʢʘʟʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʩʪʘ-

ʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʠʟ-ʟʘ ʨʘʩʪʫʱʝʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʩʣʦʞʥʳʭ ʉʈɺ. 

ʆʩʥʦʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘ-

ʥʳ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʚʤʝʱʝʥʠʷ ʨʘʟʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʣʘʥʠʨʦ-

ʚʘʥʠʷ (ʩʤ. ʧ. 1.3.3). ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʢʨʠʪʝʨʠʡ ɾʈɺ ʪʨʝʙʫʝʪ ʚʳʩʦ-

ʢʦʡ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʘ ʢʨʠʪʝʨʠʠ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʠ 

ʥʝʦʙʷʟʘʪʝʣʴʥʦʛʦ ʄʈɺ ʪʨʝʙʫʶʪ ʫʚʝʣʠʯʝʥʠʷ ʛʠʙʢʦʩʪʠ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ. ʅʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʚ̫-

ʣʷʶʪʩʷ ʚʟʘʠʤʥʦ ʧʨʦʪʠʚʦʨʝʯʘʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʧʣʘʥʠʨʦ-

ʚʘʥʠʷ - ʵʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʛʠʙ-

ʢʦʩʪʴʶ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴʶ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʪʘʢʦʛʦ ʩʦʦʪʥʦʰʝ-

ʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʟʜʝʣʝʥʠʷ ʬʫʥʢʮʠʡ ʤʝʞʜʫ 

ʘʣʛʦʨʠʪʤʘʤʠ ʚ ʩʦʩʪʘʚʝ ʘʣʛʦʨʠʪʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʢʦʥʮʝʧʮʠʡ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 - ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ 

ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʉʨʘʚʥʠʪʝʣʴ-

ʥʘʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘ 

ʆʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʊʘʙʣʠʯʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ 

ʧʨʠʦʨʠʪʝʪʘʤʠ 

(ʇʌʇ) 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʩ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʧʨʠʦʨʠʪʝʪʘʤʠ 

ɸʣʛʦʨʠʪʤ 

ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʇʦʩʪʨʦʝʥʠʝ 

ʨʘʩʧʠʩʘʥʠʷ 

(ʪʘʙʣʠʮʳ) 

ʚʳʧʦʣʥʝʥʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʟʘʜʘʯ 

ʅʘʟʥʘʯʝʥʠʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ɿʘʜʘʯʘʤ ʬʠʢʩʠ-

ʨʦʚʘʥʥʳʭ ʧʨʠ-

ʦʨʠʪʝʪʦʚ 

ɺʳʙʦʨ ʘʣʛʦ-

ʨʠʪʤʘ ʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʧʨʠʦʨʠʪʝʪʦʚ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2. 
ɸʥʘʣʠʟ 

ʧʣʘʥʠʨʫʝʤʦ-

ʩʪʠ 

ʌʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʝʪ, 

ʪʘʢ 

ʢʘʢ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ 

ʫʞʝ ʩʘʤʠʤ 

ʬʘʢʪʦʤ ʥʘʣʠʯʠʷ 

ʨʘʩʧʠʩʘʥʠʷ 

ɺʳʷʩʥʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦ-

ʙʣʶʜʝʥʠʷ ʦʛʨʘ-

ʥʠʯʝʥʠʡ ʨʚ ʥʘ 

ʦʩʥʦʚʝ ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʭ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʧʨʠʦʨʠʪʝʪʦʚ 

ɺʳʷʩʥʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦ-

ʙʣʶʜʝʥʠʷ ʦʛʨʘ-

ʥʠʯʝʥʠʡ 

ʈɺ ʥʘ ʦʩʥʦʚʝ 

ʚʳʙʨʘʥʥʦʛʦ ʘʣʛʦ-

ʨʠʪʤʘ ʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʧʨʠʦʨʠʪʝʪʦʚ 

ʇʨʦʤʝʞʫ-

ʪʦʯʥʳʝ 

ʜʘʥʥʳʝ 

ʈʘʩʧʠʩʘʥʠʝ 

ʚʳʧʦʣʥʝʥʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʟʘʜʘʯ 

ʌʠʢʩʠʨʦʚʘʥʥʳʝ 

ʇʨʠʦʨʠʪʝʪʳ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ɿʘʜʘʯ 

ɸʣʛʦʨʠʪʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʠʟʤʝʥʝʥʠʷ 

ʧʨʠʦʨʠʪʝʪʦʚ 

ɼʠʩʧʝʪʯʝʨʠ-

ʟʘʮʠʷ 

ɺʳʧʦʣʥʝʥʠʝ 

ʟʘʧʨʦʩʦʚ ʩʦ-

ʛʣʘʩʥʦ ʩʦʩʪʘʚ-

ʣʝʥʥʦʤʫ 

ʨʘʩʧʠʩʘʥʠʶ 

ʜʣʷ ʧʝʨʠʦʜʠ-

ʯʝʩʢʠʭ ʟʘʜʘʯ 

ʆʙʩʣʫʞʠʚʘʥʠʝ 

ʦʯʝʨʝʜʠ ʟʘʧʨʦ-

ʩʦʚ, 

ʫʯʠʪʳʚʘʷ 

ʬʠʢʩʠʨʦʚʘʥʥʳʝ 

ʧʨʠʦʨʠʪʝʪʳ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʟʘʜʘʯ 

ʆʙʩʣʫʞʠʚʘʥʠʝ 

ʦʯʝʨʝʜʠ ʟʘʧʨʦ-

ʩʦʚ, 

ʫʯʠʪʳʚʘʷ 

ʘʣʛʦʨʠʪʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʧʨʠ-

ʦʨʠʪʝʪʦʚ 

ʇʨʝʜʩʢʘʟʫʝ-

ʤʦʩʪʴ 

ʅʘʠʙʦʣʴʰʘʷ 

ʧʨʝʜ-

ʩʢʘʟʫʝʤʦʩʪʴ, ʪʘʢ 

ʢʘʢ ʚ ʟʘʨʘʥʝʝ 

ʩʦʩʪʘʚʣʝʥʥʦʤ 

ʨʘʩʧʠʩʘʥʠʠ 

ʩʦʜʝʨʞʠʪʩʷ 

ʙʦʣʴʰʦʡ ʦʙʲ-

ʝʤ ʠʥʬʦʨʤʘʮʠʠ 

ʦ 

ʚʳʧʦʣʥʝʥʠʠ 

ʟʘʧʨʦʩʦʚ 

ʇʨʝʜʩʢʘʟʫʝ-

ʤʦʩʪʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʘʥʘʣʠʟʘ ʧʦʨʷʜʢʘ 

ɺʳʧʦʣʥʝʥʠʷ 

ʟʘʧʨʦʩʦʚ, ʪʘʢ 

ʢʘʢ ʟʘʨʘʥʝʝ ʠʟ-

ʚʝʩʪʥʳ ʬʠʢʩʠʨʦ-

ʚʘʥʥʳʝ 

ʇʨʠʦʨʠʪʝʪʳ 

ʅʘʠʤʝʥʴʰʘʷ 

ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ, 

ʪʘʢ ʢʘʢ ʩʣʦʞʥʦ 

ʇʨʝʜʩʢʘʟʘʪʴ 

ʧʦʨʷʜʦʢ ʚʳʧʦʣ-

ʥʝʥʠʷ ʟʘʧʨʦʩʦʚ 

ʧʨʠ ʜʠʥʘʤʠʯʝ-

ʩʢʦʤ ʠʟʤʝʥʝʥʠʠ 

ʧʨʠʦʨʠʪʝʪʦʚ ʵʪʠʭ 

ʟʘʧʨʦʩʦʚ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 
ɻʠʙʢʦʩʪʴ ʅʘʠʤʝʥʴʰʘʷ 

ʛʠʙʢʦʩʪʴ, ʪʘʢ 

ʢʘʢ 

ʩʣʦʞʥʦ ʚʳʜʝ-

ʣʠʪʴ 

ʩʚʦʙʦʜʥʦʝ 

ʚʨʝʤʷ 

ʘʧʝʨʠʦʜʠʯʝ-

ʩʢʠʭ 

ʟʘʧʨʦʩʦʚ ʚ ʫʩ-

ʣʦʚʠʷʭ ʨʘʩʧʠʩʘ-

ʥʠʷ, ʢʦʪʦʨʦʝ 

ʫʞʝ ʩʦʩʪʘʚʣʝʥʦ 

ɻʠʙʢʦʩʪʴ 
ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 
ʬʠʢʩʠʨʦʚʘʥʥʳ-

ʤʠ 
ʧʨʠʦʨʠʪʝʪʘʤʠ, 
ʢʦʪʦʨʳʝ ʦʛʨʘ-

ʥʠʯʠʚʘʶʪ ʩʚʦ-

ʙʦʜʥʦʝ ʚʨʝʤʷ ʜʣʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʟʘʧʨʦʩʦʚ 

ʅʘʠʙʦʣʴʰʘʷ 

ʛʠʙʢʦʩʪʴ, ʪʘʢ 

ʢʘʢ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʦʝ ʚʳʜʝ-

ʣʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʚʨʝʤʝʥʠ ʜʣʷ ʘʧʝ-

ʨʠʦʜʠʯʝʩʢʠʭ ʟʘ-

ʧʨʦʩʦʚ 

 

ʊʘʢʞʝ, ʛʦʚʦʨʷ ʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʦʜʝʣʝʡ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʙʣʠʯʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤ ʤʦʜʝʣʷʤ ʦʬʬʣʘʡʥʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɸ ʤʦʜʝʣʠ 

ʇʌʇ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ - ʢ ʪʘʢ ʥʘ-

ʟʳʚʘʝʤʳʤ ʤʦʜʝʣʷʤ ʦʥʣʘʡʥʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʊʝʧʝʨʴ ʚʘʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ, ʢʘʢʠʤ ʦʙʨʘ-

ʟʦʤ ʬʦʨʤʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʘʟʦʚʘʷ ʤʦʜʝʣʴ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʉʜʝ-

ʣʘʝʤ ʵʪʦ ʥʘ ʠʤʝʥʥʦ ʤʦʜʝʣʠ ʇʌʇ, ʪʘʢ ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʇʌʇ [27,26], 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʤʫ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴʶ 

ʠ ʛʠʙʢʦʩʪʴʶ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʉʈɺ (ʩʤ. ʪʘʙʣʠʮʫ 1). ʕʪʘ ʢʦʥʮʝʧʮʠʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʭʦʨʦʰʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʠ ʤʥʦʞʝʩʪ-

ʚʦ ʤʝʪʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʉʈɺ [27, 28, 71, 77, 93]. 

 

1.3.6. ɹʘʟʦʚʘʷ ʤʦʜʝʣʴ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ 

1.ɿ.6.1. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʦʥ-

ʮʝʧʮʠʠ ʇʌʇ [77], ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʧʨʝʜʩʢʘ-

ʟʫʝʤʦʩʪʴʶ ʠ ʛʠʙʢʦʩʪʴʶ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʉʈɺ (ʩʤ. ʧ. 1.3.4.2). 

ʇʌʇ ʠʤʝʝʪ ʭʦʨʦʰʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʠ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦ-
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ʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʉʈɺ (ʩʤ. 

ʥʘʧʨʠʤʝʨ, [16, 18, 37, 39, 57, 76, 78, 91, 92, 93, 94, 99], ʘ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʟʜʝʣ ʦʙʟʦʨʘ [77]). ʂʨʦʤʝ ʪʦʛʦ, ʇʌʇ ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʫʜʦʙʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʯʥʝʥʠʷ ʤʦʜʝʣʠ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʦʜʦʙʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʨʘʙʦʪʳ [22, 25, 26, 

36, 46, 58, 87, 90]. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʮʝʧʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʫʜʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʠʤʝʥʥʦ ʇʌʇ. ʇʨʠ ʵʪʦʤ ʥʠʞʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ ʇʌʇ, ʢʦʪʦʨʘʷ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʘʨʠʘ-

ʮʠʷʤʠ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ʧʦ ʧʨʦʙʣʝʤʘʤ ʇʌʇ. 

ʃʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʢʦʪʦ-

ʨʳʤ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʯʠʩʣʦʤ. ʇʨʠ ʵʪʦʤ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʉʈɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ 0. ʅʘʙʣʶʜʘʝʤʳʡ ʠʥʪʝʨʚʘʣ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʈɺ - ʵʪʦ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ ʢʦʪʦ-

ʨʦʛʦ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʦʮʝʥʠʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʠʦʥʠ-

ʨʫʶʱʝʡ ʉʈɺ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʠ ʵʪʦʪ 

ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴʩʷ [0,ὸάὥὼ ], ʛʜʝ ὸάὥὼ - ʤʘʢ-
ʩʠʤʘʣʴʥʳʡ ʥʘʙʣʶʜʘʝʤʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʙʫ-

ʜʝʪ ʦʪʦʞʜʝʩʪʚʣʷʪʴʩʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʯʠʩ-

ʣʦʤ. ʇʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʥʘʧʦʤʠʥʘʥʠʷ ʦʙ ʵʪʦʤ ʤʦʞʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʚʳʨʘʞʝʥʠʝ ʚʠʜʘ çʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠ-

ʥʘʜʣʝʞʠʪ Ὑè, ʛʜʝ Ὑ - ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ. 

ʊʘʢʞʝ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʘʢʦʤʫ- ʥʠʙʫʜʴ ʩʦʙʳʪʠʶ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʦʚʦ çʚʨʝʤʷè ʚʤʝʩʪʦ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ 

çʤʦʤʝʥʪ ʚʨʝʤʝʥʠè. 

ʐʘʛ ʚʨʝʤʝʥʠ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ - ʵʪʦ ʪʘʢʦʝ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʦʝ ʯʠʩʣʦ Ã , ʯʪʦ ʚʩʝ ʩʦʙʳʪʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʣʘʥʠʨʦʚʘʥʠʝʤ, ʤʦ-

ʛʫʪ ʚʦʟʥʠʢʘʪʴ ʪʦʣʴʢʦ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ὯÃ >  0, ʛʜʝ ʢ - ʮʝʣʦʝ 
ʯʠʩʣʦ, ʠ ʢʘʞʜʳʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʙʳʪʴ 

ʤʦʤʝʥʪʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʩʦʙʳʪʠʷ, ʦʧʨʝʜʝʣʷʝʤʦ-

ʛʦ ʧʣʘʥʠʨʦʚʘʥʠʝʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʡ 

ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʦʙʳʪʠʷʤʠ ʨʘʚʝʥ Ã. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʳʨʘʞʝʥʠʝ ʚʠ-

ʜʘ çʟʥʘʯʝʥʠʝ ʢʨʘʪʥʦ Ã è, ʢʦʪʦʨʦʝ ʩʯʠʪʘʝʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʚʳ-

ʨʘʞʝʥʠʶ çʟʥʘʯʝʥʠʝ ʨʘʚʥʦ ὯÃ , ʛʜʝ Ὧ - ʮʝʣʦʝ ʯʠʩʣʦè. 
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ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ - ʦʜʥʦʧʨʦ-

ʮʝʩʩʦʨʥʘʷ, ʠ ʧʨʝʨʳʚʘʥʠʷ ʟʘʜʘʯ ʨʘʟʨʝʰʝʥʳ, ʧʨʠ ʵʪʦʤ ʟʘʜʘʯʠ ʷʚ-

ʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ. 

 

1.ɿ.6.2. ɿʘʜʘʯʠ ʞʝʩʪʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

 

ʀʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʟ ὲ ʟʘʜʘʯ ɾʈɺ ɻ= {ʪ 1,. . . ,ʪ ʧ}, 
ʢʦʪʦʨʦʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴʩʷ { }ʪ Ὥ . ɺ ʜʘʣʴʥʝʡʰʝʤ 
ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝʛʜʘ ὲ >  1. ʂʘʞʜʘʷ ʟʘʜʘʯʘ ʪ i ʠʤʝʝʪ ʦʛʨʘ-

ʥʠʯʝʥʠʝ ɾʈɺ ʠ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ ʧʝʨʠʦʜʠʯʝʩʢʦʡ, ʣʠʙʦ ʩʧʦ-

ʨʘʜʠʯʝʩʢʦʡ. ɿʘʜʘʯʘ ʪ ,ƴ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʫʝʪ ʟʘʧʨʦʩʳ, ʠ 

ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪ Ὥ ʬʦʨʤʠʨʫʝʪ ʤʥʦʞʝʩʪʚʦ ʟʘʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ 
ʪʘʢʞʝ ʤʦʛʫʪ ʥʘʟʳʚʘʪʴʩʷ ʟʘʧʨʦʩʘʤʠ ɾʈɺ. ʂʘʞʜʳʡ Ὦ -ʡ ʟʘʧʨʦʩ, 

ʦʙʦʟʥʘʯʘʝʤʳʡ ʪ Ὥ Ὦ, , ʧʨʠ ʩʚʦʝʤ ʧʦʷʚʣʝʥʠʠ ʧʦʤʝʱʘʝʪʩʷ ʚ ʦʯʝʨʝʜʴ 

ʟʘʧʨʦʩʦʚ. 

ʇʨʠ ʵʪʦʤ ὶὸ Ὦ, - ʵʪʦ ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʟʘʧʨʦʩʘ ʪ ,ƴ Ὦ, . ɺʨʝ-
ʤʷ ʩʪʘʨʪʘ ὛὭ Ὦ, - ʵʪʦ ʚʨʝʤʷ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʘ ʪ Ὥ Ὦ, , 

ʢʦʪʦʨʦʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʭʦʜʝ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ 

ʩʦʛʣʘʩʥʦ ʇʌʇ. ɺʨʝʤʷ ʟʘʚʝʨʰʝʥʠʷ ὪὭ j, - ʵʪʦ ʚʨʝʤʷ ʟʘʚʝʨʰʝʥʠʷ 
ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʘ ʪ Ὥ Ὦ, , ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʚ ʭʦʜʝ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʩʦʛʣʘʩʥʦ ʇʌʇ. ɽʩʪʝʩʪʚʝʥʥʦ, 

ʯʪʦ ὶὭ j, 
ὩὙ ,ίὭ Ὦ,ὩὙ,Ὢ Ὦ,ὩὙ , ʠ ʵʪʠ ʟʥʘʯʝʥʠʷ ʢʨʘʪʥʳ Ã. ʄʥʦʞʝʩʪʚʦ 

ʚʩʝʭ ʟʘʧʨʦʩʦʚ ʚʩʝʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʟʘʜʘʯ ʞʝʩʪ-

ʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʇ(ɻ). 

ɺʳʧʦʣʥʝʥʠʝ ʢʘʞʜʦʛʦ ʟʘʧʨʦʩʘ ʤʦʞʝʪ ʧʨʝʨʳʚʘʪʴʩʷ ʚʳʧʦʣ-

ʥʝʥʠʝʤ ʜʨʫʛʠʭ ʟʘʧʨʦʩʦʚ, ʥʦ ʥʝ ʤʦʞʝʪ ʧʨʝʨʳʚʘʪʴʩʷ ʧʦʜʩʠʩʪʝʤʦʡ 

ʧʣʘʥʠʨʦʚʘʥʠʷ. ɺʳʧʦʣʥʝʥʠʝ ʦʯʝʨʝʜʥʦʛʦ ʟʘʧʨʦʩʘ ʟʘʜʘʯʠ ʪ Ὥ ʥʝ 
ʤʦʞʝʪ ʥʘʯʘʪʴʩʷ, ʧʦʢʘ ʥʝ ʟʘʚʝʨʰʝʥʦ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʧʨʝʜʳʜʫ-

ʱʠʭ ʟʘʧʨʦʩʦʚ ʵʪʦʡ ʟʘʜʘʯʠ, ʪʦʛʜʘ ʜʣʷ 4Ὦ>  1 ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪ-

ʥʦʰʝʥʠʝ 

 

0 <  ὛὭ Ὦ,<  ὪὭ Ὦ,<  ὛὭ Ὦ,+ 1 <  ὪὭ Ὦ,+ 1.(1.1) 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʣʦʞʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʟʥʘʯʝʥʠʷ ὶὭ,0,ὛὭ,0,ὪὭ,0 ʦʧʨʝʜʝʣʝʥʳ, ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦ-

ʰʝʥʠʝ 

ὶὭ,0 <  ὛὭ,0 <  ὪὭ,0 <  0.    (1.2) 
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ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʪ i ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ 

4Ὦ > 1 
ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ  

 

ὶὭὮ,=  ὶὭὮ, 1 +  ὝὭ = ὕὭ + (Ὦ  1)7i ,                 (1.3) 

 

ʛʜʝ  ὕὭ - ʥʘʯʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʟʘʜʘʯʠ    ʪὝὭ- ʧʝʨʠʦʜ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʪ , Ὥ. 
ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ Oi , Ti ʢʨʘʪʥʳ Ã. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʫʜʦʙʩʪʚʘ, 

ʟʜʝʩʴ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ r,-,o = Oi - Ti , ʝʩʣʠ 

ʟʘʜʘʯʘ ʪ i ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ. 

ʉʧʦʨʘʜʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʪ Ὥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ 
ὠὮ > 1 ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ 

 

ὶὭὮ,>  ὶὭὮ, \  +ὝὭ , (1.4) 

 

ʛʜʝ ὝὭ - ʤʠʥʠʤʘʣʴʥʳʡ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ 

ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʪ i. ʆʯʝʚʠʜʥʦ, ʟʥʘʯʝʥʠʝ ὝὭ ʚʩʝʛʜʘ ʤʦʞʥʦ 
ʩʜʝʣʘʪʴ ʢʨʘʪʥʳʤ Ã. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʫʜʦʙʩʪʚʘ, ʟʜʝʩʴ ʠ ʚ ʜʘʣʴʥʝʡ-

ʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʟʘʜʘʯʘ ʪi ʷʚʣʷʝʪʩʷ ʩʧʦʨʘʜʠʯʝʩʢʦʡ, 

ʪʦ ὕὭ =  0,ri 0 = ὝὭ . ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʟʘʜʘʯʘ ʪ i ʚ̫-

ʣʷʝʪʩʷ ʩʧʦʨʘʜʠʯʝʩʢʦʡ, ʪʦ ʟʥʘʯʝʥʠʷ ri j , ʧʨʠ Vj > 1 ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʚʥʝʥhʠʤʠ ʩʦʙʳʪʠʷʤʠ ʠ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʠʦ-

ʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ (1.4) ʫʢʘʟʳʚʘʝʪ ʪʦʣʴʢʦ 

ʥʘ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʤʦʤʝʥʪʘʤʠ ʧʦʷʚʣʝ-

ʥʠʷ ʣʶʙʳʭ ʩʦʩʝʜʥʠʭ ʟʘʧʨʦʩʦʚ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

ʇʫʩʪʴ Ci j, ʦʙʦʟʥʘʯʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʪ Ὥ Ὦ, , ʪ. ʝ. ʩʢʦʣʴʢʦ 
ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʧʨʦʩ ʪ Ὥ Ὦ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʝʨʳʚʘʥʠʷ 
ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ὅὭ Ὦ, - ʵʪʦ ʟʥʘʯʝʥʠʝ ὪὭ Ὦ,  ίὭ Ὦ, ʧʨʠ ʦʪ-

ʩʫʪʩʪʚʠʠ ʧʨʝʨʳʚʘʥʠʷ ʪ Ὥ Ὦ, ɿʥʘʯʝʥʠʝ ὅὭ Ὦ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʪʘʥʦ-

ʚʠʪʩʷ ʠʟʚʝʩʪʥʳʤ ʧʦʩʣʝ ʤʦʤʝʥʪʘ ὪὭ Ὦ,. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʚ ʣʶʙʦʤ 
ʩʣʫʯʘʝ ὅὭ Ὦ, ʩʪʨʦʛʦ ʙʦʣʴʰʝ ʥʫʣʷ ʠ ʷʚʣʷʝʪʩʷ ʢʨʘʪʥʳʤ Ã, ʧʦʵʪʦʤʫ ʚ 

ʣʶʙʦʤ ʩʣʫʯʘʝ ὅὭ Ὦ,>  Ã. 
ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʙʳʚʘʝʪ ʩʣʦʞʥʦ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʠʪʴ 

ὅὭ Ὦ, , ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʘʣʛʦʨʠʪʤʘ ʤʦʞʝʪ ʩʣʦʞʥʳʤ ʦʙʨʘ-

ʟʦʤ ʟʘʚʠʩʝʪʴ ʦʪ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʥʝʢʦʪʦʨʳʭ ʚʥʫʪʨʝʥʥʠʭ ʧʝʨʝ-

ʤʝʥʥʳʭ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʟʘʨʘʥʝʝ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʦʙʣʶʜʝʥʠʝ ʉʆ, 
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ʚʤʝʩʪʦ ʥʝʛʦ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʨʭʥʷʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʳʭ 

ʟʥʘʯʝʥʠʡ ὅὭ Ὦ, ʧʨʠ ὠὮ , ʪ. ʝ. ʟʥʘʯʝʥʠʝ ὅ,Ὗὴ ʪʘʢʦʝ, ʯʪʦ ὅὭ Ὦ,<  ὅὭ
Ὗὴ 

ʧʨʠ ὠὮ. ʊʘʢʞʝ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʠʞʥʷʷ 
ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ὅὭ Ὦ, ʧʨʠ ὠὮ , ʪ. ʝ. ʟʥʘʯʝʥʠʝ ὅ,ὒέ ʪʘ-
ʢʦʝ, ʯʪʦ ὅ,ὒέ <  ὅὭ Ὦ, ʧʨʠ ὠὮ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ 
ʩʦʦʪʥʦʰʝʥʠʝ 

 

ὅὭ Ὦ,Ã[ὅὭὒÁ,ὅὭὟὴ ] ʧʨʠ ὠὮ. 
 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ὅ,ὒέ, ὅ,Ὗὴ  ʚʩʝʛʜʘ ʤʦʞʥʦ ʫʪʦʯ-

ʥʠʪʴ ʪʘʢ, ʯʪʦ ʦʥʠ ʙʫʜʫʪ ʩʪʨʦʛʦ ʙʦʣʴʰʝ ʥʫʣʷ ʠ ʢʨʘʪʥʳʤʠ Ã. ʇʦ-

ʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʟʥʘʯʝʥʠʷ ὅ,ὒέ, ὅὭ
Ὗὴ ʚʩʝ-

ʛʜʘ ʩʪʨʦʛʦ ʙʦʣʴʰʝ ʥʫʣʷ ʠ ʷʚʣʷʶʪʩʷ ʢʨʘʪʥʳʤʠ Ã. 

ʏʘʩʪʦ ʟʥʘʯʝʥʠʝ ὅ,Ὗὴ ʦʙʦʟʥʘʯʘʝʪʩʷ ʧʨʦʩʪʦ ὅ, . 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʘ-

ʧʨʦʩʦʚ ʥʝʣʴʟʷ ʧʦʚʣʠʷʪʴ ʩʨʝʜʩʪʚʘʤʠ ʧʦʜʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ɺ ʫʩʣʦʚʠʷʭ ʇʌʇ ʢʘʞʜʘʷ ʟʘʜʘʯʘ ʪ Ὥ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ 
ʧʨʠʦʨʠʪʝʪ. 

ʇʫʩʪʴ ʧ, - ʵʪʦ ʮʝʣʦʝ ʯʠʩʣʦ ʚ ʠʥʪʝʨʚʘʣʝ [1,ʧ], ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʝʝ ʧʨʠʦʨʠʪʝʪ ʟʘʜʘʯʠ ʪ Ὥ, ʠ ʯʝʤ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ ʧ, , ʪʝʤ 
ʚʳʰʝ ʧʨʠʦʨʠʪʝʪ ʪ Ὥ. ʊʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʧʨʠʦʨʠʪʝʪʳ 
ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ. ʇʦʣʫʯʘʝʪʩʷ, ʢʘʞʜʘʷ ʟʘʜʘʯʘ ʠʤʝʝʪ ʧʨʠʦʨʠ-

ʪʝʪ ʚ ʚʠʜʝ ʫʥʠʢʘʣʴʥʦʛʦ ʯʠʩʣʘ ʠʟ ʠʥʪʝʨʚʘʣʘ [1,ʧ]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʥʦʞʝʩʪʚʫ {ʪ ,} ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʥʦʞʝʩʪʚʦ 

{ʧ}. 

ɺ ʙʦʣʝʝ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʤʥʦʞʝʩʪʚʦ ʧʨʠʦʨʠʪʝʪʦʚ ʚ ʚʠʜʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ {ni
reaI}, ʧʨʠ 

ʵʪʦʤ ni
reaI - ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʯʠʩʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʧʨʠʦʨʠ-

ʪʝʪ ʟʘʜʘʯʠ ʪ i. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴʩʷ, ʯʪʦ ʯʝʤ 

ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ ni
reaI , ʪʝʤ ʚʳʰʝ ʧʨʠʦʨʠʪʝʪ ʟʘʜʘʯʠ ʪ i, ʪʦ ʝʩʪʴ 

ʧʨʠʦʨʠʪʝʪ ʟʘʜʘʯʠ ʪ i ʚʳʰʝ ʧʨʠʦʨʠʪʝʪʘ ʟʘʜʘʯʠ ʪ v , ʝʩʣʠ ʠ ʪʦʣʴʢʦ 

ʝʩʣʠ ni
reaI <nv

reaI . ʊʘʢʞʝ ʙʫʜʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴʩʷ, ʯʪʦ ʚʩʝ ʧʨʠʦʨʠʪʝ-

ʪʳ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ. 

ʇʫʩʪʴ ʧ - ʵʪʦ ʩʧʠʩʦʢ ʚʩʝʭ ʟʘʜʘʯ ʠʟ ʤʥʦʞʝʩʪʚʘ ɻ={ʪ 1,...,ʪ 

Ă}, ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʩʦʛʣʘʩʥʦ ʧʨʠʦʨʠʪʝʪʘʤ ʵʪʠʭ ʟʘʜʘʯ ʚ ʧʦʨʷʜʢʝ 

ʩʥʠʞʝʥʠʷ 
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ʧʨʠʦʨʠʪʝʪʦʚ, ʪʦ ʝʩʪʴ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʵʪʦʛʦ ʩʧʠʩʢʘ ʥʘʭʦ-

ʜʠʪʩʷ ʟʘʜʘʯʘ ʩ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ. 

ʇʫʩʪʴ ὲ(Ὥ)  - ʵʪʦ ʥʦʤʝʨ ʤʝʩʪʘ ʟʘʜʘʯʠ ʪ i ʚ ʩʧʠʩʢʝ ɻʧ. ʇʨʠ 

ʵʪʦʤ ʩʭʦʜʩʪʚʦ ʦʙʦʟʥʘʯʝʥʠʡ ni
reaI ʠ n(i) ʤʦʞʝʪ ʦʙʦʩʥʦʚʳʚʘʪʴʩʷ 

ʪʝʤ, ʯʪʦ ʜʣʷ ʣʶʙʦʡ ʟʘʜʘʯʠ ʪ i ʟʥʘʯʝʥʠʝ n(i), ʦʯʝʚʠʜʥʦ, ʤʦʞʝʪ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʠʦʨʠʪʝʪʘ 

ni
reaI ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʆʪʣʠʯʠʝ ʤʝʞʜʫ ni

reaI ʠ n(i) ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʚ 

ʪʦʤ, ʯʪʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʟʥʘʯʝʥʠʷ ni
reaI ʷʚʣʷʶʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʳʤʠ ʯʠʩʣʘʤʠ, ʠ ʜʣʷ ʣʶʙʳʭ i,v ʩʧʨʘʚʝʜʣʠʚʦ ʫʩʣʦʚʠʝ 

4Ὢʝ[ÁÁ], ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʟʥʘʯʝʥʠʷ ʣ(ʋ) ʷʚʣʷʶʪʩʷ ʥʘʪʫ-

ʨʘʣʴʥʳʤʠ ʯʠʩʣʘʤʠ, ʠ ʜʣʷ ʣʶʙʦʛʦ Ὥ ʩʧʨʘʚʝʜʣʠʚʦ ʫʩʣʦʚʠʝ 

ὲ(Ὥ)Ὡ [1,ʧ]. 
ʇʫʩʪʴ Ὅ(ὺ)  - ʵʪʦ ʠʥʜʝʢʩ ʟʘʜʘʯʠ ɾʈɺ, ʠʤʝʶʱʝʡ ʧʨʠʦʨʠ-

ʪʝʪ ʨʘʚʥʳʡ v. ʊʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʪ Ὥ(1)  - ʟʘʜʘʯʘ ʩ ʩʘʤʳʤ ʚʳ-

ʩʦʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ; ʪ Ὥ n( )  - ʟʘʜʘʯʘ ʩ ʩʘʤʳʤ ʥʠʟʢʠʤ ʧʨʠʦʨʠʪʝ-

ʪʦʤ; ʪ Ὥ( ( ) 1)ʧ Ὥ - - ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝ ʪ 

i ʚ ʧʦʨʷʜʢʝ ʧʦʚʳʰʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ὲ(Ὥ)  > 1. 

ʇʫʩʪʴ 1(ʘ,ʚ)  - ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʠʥʜʝʢʩʦʚ ʟʘʜʘʯ ɾʈɺ, 

ʠʤʝʶʱʠʭ ʧʨʠʦʨʠʪʝʪʳ ʚ ʜʠʘʧʘʟʦʥʝ [ʘ,ʚ], ʪ. ʝ. 1(ʘ,ʚ)  = {Ὅ(ὺ)|ὥ<
 ὺ < ʚ}. ʇʨʠ ʵʪʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʘ> ʚ, ʪʦ 1(ʘ,ʚ) = 0. ʇʫʩʪʴ 
ὍὬὴ ( )Ὥ - ʤʥʦʞʝʩʪʚʦ ʠʥʜʝʢʩʦʚ ʟʘʜʘʯ ɾʈɺ ʩ ʧʨʠʦʨʠʪʝʪʘʤʠ ʚʳ-

ʰʝ, ʯʝʤ ʫ ʟʘʜʘʯʠ ʪ ,-, ʪ. ʝ. ὍὬὴ ( )Ὥ = Ὅ(1,ὲ( )Ὥ 1)}. ʇʫʩʪʴ Ὤὴ(Ὥ)  - 
ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ ɾʈɺ ʩ ʧʨʠʦʨʠʪʝʪʘʤʠ ʚʳʰʝ, ʯʝʤ ʫ ʟʘʜʘʯʠ ʪ ,-,  ʪ. 

ʝ. Ὤὴ( )Ὥ =  {ʪ ὺ |ὺ Ὡ ὍὬὴ ( )}Ὥ . ʇʫʩʪʴ ὍὬὴ ( )Ὥ - ʤʥʦʞʝʩʪʚʦ ʠʥʜʝʢ-

ʩʦʚ ʟʘʜʘʯ ɾʈɺ ʩ ʧʨʠʦʨʠʪʝʪʘʤʠ ʥʠʞʝ, ʯʝʤ ʫ ʟʘʜʘʯʠ ʪ ,-, ʪ. ʝ. 

Ὅὴ ( )Ὥ =  Ὅ(ὲ( )Ὥ + 1,ὲ)}. ʇʫʩʪʴ 1ὴ(Ὥ)  - ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ ɾʈɺ ʩ 

ʧʨʠʦʨʠʪʝʪʘʤʠ ʥʠʞʝ, ʯʝʤ  ʫ ʟʘʜʘʯʠ ʪὭ, ʪ. ʝ. 

ὰὴ( )Ὥ =  {ʪὺ  |veIlp  ( )}i . 

ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʘʞʜʘʷ ʟʘʜʘʯʘ ʪ i ʦʧʨʝʜʝʣʷʝʪ-

ʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʧʨʠʟʥʘʢ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʠʣʠ ʩʧʦ-

ʨʘʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ, ʦʛʨʘʥʠʯʝʥʠʝ ɾʈɺ, ὕὭ ,ὝὭ ,ʧ ,0,^Á ,ὅ,Ὗὴ , ʘ 
ʪʘʢʞʝ, ʚʦʟʤʦʞʥʦ, ʜʨʫʛʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʭ ʟʘʧʨʦʩʦʚ. 

 

1.ɿ.6.ɿ. ɼʠʩʧʝʪʯʝʨʠʟʘʮʠʷ 
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ʇʨʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʯʝʨʝ-

ʜʠ ʟʘʧʨʦʩʦʚ. 

ʆʩʥʦʚʥʘʷ ʦʯʝʨʝʜʴ - ʵʪʦ ʦʯʝʨʝʜʴ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʟʘ-

ʧʨʦʩʳ, ʦʞʠʜʘʶʱʠʝ ʜʦʩʪʫʧ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ ʨʝʩʫʨʩʫ. ʆʥʠ 

ʦʞʠʜʘʶʪ ʥʘʯʘʣʦ ʚʳʧʦʣʥʝʥʠʷ ʠʣʠ ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ 

ʧʦʩʣʝ ʧʨʝʨʳʚʘʥʠʷ. ɺ ʦʜʠʥ ʢʦʥʝʮ ʦʯʝʨʝʜʠ ʧʦʩʪʫʧʘʶʪ ʟʘʧʨʦʩʳ, ʘ ʩ 

ʜʨʫʛʦʛʦ ʢʦʥʮʘ ʦʯʝʨʝʜʠ ʟʘʧʨʦʩʳ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʤʫ ʨʝʩʫʨʩʫ. 

ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʷ ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪʩʷ ʪʨʝʤʷ ʘʣʛʦʨʠʪʤʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ. 

1) ɸʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʟʘʜʘʯ {ʪ , }. 
ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʜʦʙʘʚʣʷʝʪ ʟʘʧʨʦʩ ʪ Ὥ Ὦ, ʚ ʦʩʥʦʚʥʫʶ ʦʯʝʨʝʜʴ, ʝʩʣʠ 
ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʚʝʥ ʟʥʘʯʝʥʠʶ ὶ,Ὦ, . ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 
ʟʥʘʯʝʥʠʝ ὶ,Ὦ, ʣʠʙʦ ʚʳʯʠʩʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ 

(1.3) , ʝʩʣʠ ʪ , - ʵʪʦ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʟʘʜʘʯʘ, ʣʠʙʦ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʥʝʰʥʝʤ ʩʦʙʳʪʠʠ, ʝʩʣʠ ʪ Ὥ - 
ʵʪʦ ʩʧʦʨʘʜʠʯʝʩʢʘʷ ʟʘʜʘʯʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, 

ʯʪʦ ʟʘʧʨʦʩ ʪ Ὥ Ὦ, ʬʦʨʤʠʨʫʝʪʩʷ ʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ. ʅʦ ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ ʜʣʷ ʫʜʦʙʩʪʚʘ ʪʘʢʞʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʳʨʘʞʝʥʠʷ 

ʚʠʜʘ çʟʘʧʨʦʩ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʟʘʜʘʯʝʡ ʪ Ὥè. ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʧʦ-

ʥʠʤʘʪʴ, ʯʪʦ ʟʘʧʨʦʩʳ ʬʦʨʤʠʨʫʶʪʩʷ ʫʢʘʟʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ. 

2)  ɸʣʛʦʨʠʪʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦ-

ʩʦʚ. 

ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʜʦʙʘʚʣʷʝʪ ʚ ʦʩʥʦʚʥʫʶ ʦʯʝʨʝʜʴ ʘʧʝʨʠʦʜʠ-

ʯʝʩʢʠʝ ʟʘʧʨʦʩʳ, ʥʘʟʥʘʯʘʷ ʢʘʞʜʦʤʫ ʠʟ ʥʠʭ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʠʦʨʠ-

ʪʝʪ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʝʥ ʚʘʨʠʘʥʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʰʠʝ ʘʧʝ-

ʨʠʦʜʠʯʝʩʢʠʝ ʟʘʧʨʦʩʳ ʥʝ ʩʨʘʟʫ ʧʦʩʪʫʧʘʶʪ ʚ ʦʩʥʦʚʥʫʶ ʦʯʝʨʝʜʴ, ʘ 

ʩʥʘʯʘʣʘ ʧʦʩʪʫʧʘʶʪ ʚ ʩʧʝʮʠʘʣʴʥʫʶ ʦʯʝʨʝʜʴ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘ-

ʧʨʦʩʦʚ, ʧʦʜʜʝʨʞʠʚʘʝʤʫʶ ʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʝʢʦʪʦʨʦʡ ʜʠʩʮʠʧʣʠʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɻ ʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʘʣ-

ʛʦʨʠʪʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʠʝʤʣʝʤʦʝ 

ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ ʩʦʛʣʘʩʥʦ ʟʘʜʘʥ-

ʥʦʤʫ ʢʨʠʪʝʨʠʶ, ʧʨʠ ʵʪʦʤ ʦʛʨʘʥʠʯʝʥʠʷ ɾʈɺ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʧʦʣ-

ʥʝʥʠʝʤ ʟʘʧʨʦʩʦʚ ʟʘʜʘʯ {ʪ , } ʥʝ ʜʦʣʞʥʳ ʥʘʨʫʰʘʪʴʩʷ. 

3) ɸʣʛʦʨʠʪʤ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʩʥʦʚʥʦʡ ʦʯʝʨʝʜʠ. ʕʪʦʪ 

ʘʣʛʦʨʠʪʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʟʘʧʨʦʩʦʚ ʚ ʦʩʥʦʚʥʦʡ ʦʯʝʨʝ-

ʜʠ ʠ ʜʦʩʪʫʧ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ ʨʝʩʫʨʩʫ ʩʦʛʣʘʩʥʦ ʧʨʠʦʨʠʪʝʪʘʤ 
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ʟʘʧʨʦʩʦʚ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ Ã ʟʘʧʨʦʩ ʩ ʥʘʠʚʳʩʰʠʤ ʧʨʠʦʨʠʪʝʪʦʤ ʚ 

ʦʩʥʦʚʥʦʡ ʦʯʝʨʝʜʠ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ ʫʩʪʨʦʡ-

ʩʪʚʫ ʠ ʥʘʯʠʥʘʝʪ ʚʳʧʦʣʥʷʪʴʩʷ, ʝʩʣʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʧʨʦʩʪʘʠʚʘʝʪ ʠʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʧʨʦʩ ʩ ʤʝʥʴʰʠʤ ʧʨʠʦʨʠʪʝʪʦʤ. ɺ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʝ ʟʘʧʨʦʩʘ ʩ ʤʝʥʴʰʠʤ ʧʨʠʦʨʠʪʝʪʦʤ 

ʧʨʝʨʳʚʘʝʪʩʷ, ʠ ʦʥ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʦʩʥʦʚʥʫʶ ʦʯʝʨʝʜʴ. ɽʩʣʠ ʞʝ ʚ 

ʦʩʥʦʚʥʦʡ ʦʯʝʨʝʜʠ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʟʘʧʨʦʩʦʚ ʩ ʥʘʠʚʳʩʰʠʤ 

ʧʨʠʦʨʠʪʝʪʦʤ, ʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʜʦʩʪʫʧʘ ʢ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʧʦʣʫʯʘʝʪ ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʡ ʠʟ ʵʪʠʭ ʟʘʧʨʦ-

ʩʦʚ. ʂʦʛʜʘ ʟʘʧʨʦʩ, ʧʦʣʫʯʠʚʰʠʡ ʜʦʩʪʫʧ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ ʨʝ-

ʩʫʨʩʫ, ʟʘʚʝʨʰʘʝʪ ʚʳʧʦʣʥʝʥʠʝ, ʵʪʦʪ ʟʘʧʨʦʩ ʫʜʘʣʷʝʪʩʷ, ʠ ʜʦʩʪʫʧ ʢ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ ʨʝʩʫʨʩʫ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʜʣʷ ʜʨʫʛʠʭ ʟʘʧʨʦʩʦʚ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 1-ʡ ʠ 3-ʡ ʘʣʛʦʨʠʪʤʳ ʨʝʘʣʠʟʫʶʪʩʷ 

ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʳʤ ʦʙʨʘʟʦʤ. ʏʪʦ ʢʘʩʘʝʪʩʷ 2-ʛʦ ʘʣʛʦʨʠʪʤʘ, ʪʦ 

ʟʜʝʩʴ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʧʦʜʭʦʜʦʚ ʢ ʝʛʦ ʨʝʘʣʠ-

ʟʘʮʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʤʥʦʞʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘ-

ʧʨʦʩʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʚʳ-

ʧʦʣʥʝʥʠʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ, ʘ ʪʘʢʞʝ ʠʤʝʶʱʠʭ ʨʘʟʣʠʯ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʆʧʠʩʘʥʠʷ ʢʦʥʮʝʧʮʠʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʘʧʝ-

ʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦʪʘʭ [35, 37, 46, 56, 55, 

79, 81, 90, 92]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʷ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʪʨʝʭ 

ʫʢʘʟʘʥʥʳʭ ʘʣʛʦʨʠʪʤʘʭ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʟʘʧʨʦʩʦʚ ʧʨʠ 

ʨʘʟʜʝʣʝʥʠʠ ʤʝʞʜʫ ʥʠʤʠ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦ-

ʛʦ ʨʝʩʫʨʩʘ ʩʦʛʣʘʩʥʦ ʧʨʠʦʨʠʪʝʪʘʤ ʵʪʠʭ ʟʘʧʨʦʩʦʚ. 

 

1.ɿ.6.4. ʇʣʘʥʠʨʦʚʘʥʠʝ 

 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʭʦʜʝ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʦʛʨʘʥʠʯʝ-

ʥʠʷ ɾʈɺ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʬʦʨʤʠʨʦ-

ʚʘʥʠʠ ʟʘʧʨʦʩʦʚ ʟʘʜʘʯ {ʪ , } ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʵʪʠʭ ʟʘʧʨʦʩʦʚ ʚ ʦʩ-

ʥʦʚʥʦʡ ʦʯʝʨʝʜʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʣʛʦʨʠʪʤʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʟʘʜʘʯ {                      } ʪ Ὥ 
ʫʯʠʪʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ O, , T, ʜʣʷ ʢʘʞʜʦʡ ʧʝʨʠʦ-

ʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʠʣʠ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʥʝʰʥʠʭ ʩʦʙʳʪʠʷʭ ʜʣʷ ʢʘʞ-

ʜʦʡ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʣʛʦʨʠʪʤʘ ʦʙʩʣʫʞʠ-
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ʚʘʥʠʷ ʦʩʥʦʚʥʦʡ ʦʯʝʨʝʜʠ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʣʴʢʦ ʤʥʦ-

ʞʝʩʪʚʦ {ʧ, }. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʤʥʦʞʝʩʪʚʦ 

 

{0,,ʊ, ,ὲ, |,ʝ[1,ʧ]}. 
 

ʇʫʩʪʴ ʤʥʦʞʝʩʪʚʦ {0, ,ʊ, ,ʇ, |Ὥ ʝ [1,ʧ]} ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʦʙʦ-

ʟʥʘʯʘʝʪʩʷ ʆʊʧ. 

ʄʥʦʞʝʩʪʚʦ ʆʊʧ ʧʦʨʦʞʜʘʝʪ ʥʝʢʦʪʦʨʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʦʟ-

ʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ ʟʘʜʘʯ { } ʪ Ὥ . ʈʘʟʣʠʯʠʷ 
ʤʝʞʜʫ ʚʘʨʠʘʥʪʘʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ: ʚʦʟʤʦʞʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʟʥʘ-

ʯʝʥʠʡ ὅ, Ὦ, ; ʨʘʟʣʠʯʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʚʥʝʰʥʠʭ ʩʦʙʳ-

ʪʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʦʨʘʜʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ; ʨʘʟʣʠʯʥʳʤʠ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ. ɽʩʣʠ ʚ ʩʣʫʯʘʝ 

ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʚʘʨʠʘʥʪʦʚ ʩʦʙʣʶʜʘʶʪʩʷ ʚʩʝ ʦʛʨʘʥʠʯʝʥʠʷ ɾʈɺ 

ʟʘʜʘʯ { }ʪ i , ʪʦ ʧʨʠ ʜʘʥʥʦʤ ʤʥʦʞʝʩʪʚʝ OTn ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʩʦ-

ʙʣʶʜʝʥʠʝ ʚʩʝʭ ʦʛʨʘʥʠʯʝʥʠʡ ɾʈɺ ʟʘʜʘʯ { }ʪ i . 
ʆʧʨʝʜʝʣʝʥʠʝ 1.1. ɿʘʜʘʯʘ ʪ i ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʠʤʦʡ, ʝʩʣʠ ʛʘ-

ʨʘʥʪʠʨʫʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʈɺ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʠ ʜʠʩ-

ʧʝʪʯʝʨʠʟʘʮʠʠ. 

ʂʨʦʤʝ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣʥʠʤʦʩʪʠ ʢʘʞʜʦʡ ʟʘʜʘʯʠ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʪʘʢʞʝ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʨʘʟʤʝʨʘ ʦʩʥʦʚʥʦʡ 

ʦʯʝʨʝʜʠ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʉ 

ʫʯʝʪʦʤ ʵʪʦʛʦ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ. 

ʆʧʨʝʜʝʣʝʥʠʝ 1.2. ʄʥʦʞʝʩʪʚʦ {ʪ      Ὥ } ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʠ-

ʤʳʤ, ʝʩʣʠ, ʚʦ-ʧʝʨʚʳʭ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʧʦʣʥʠʤʦʩʪʴ ʢʘʞʜʦʡ ʟʘ-

ʜʘʯʠ ʠʟ { } ʪ i , ʚʦ- ʚʪʦʨʳʭ, ʛʘʨʘʥʪʠʨʫʝʪʩʷ, ʯʪʦ ʨʘʟʤʝʨ ʦʩʥʦʚʥʦʡ 

ʦʯʝʨʝʜʠ ʚʩʝʛʜʘ ʙʫʜʝʪ ʤʝʥʴʰʝ ʥʝʢʦʪʦʨʦʛʦ ʢʦʥʝʯʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʅʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʘʧʨʦʩʦʚ ʥʝʣʴʟʷ ʧʦʚʣʠʷʪʴ ʩʨʝʜʩʪʚʘʤʠ 

ʧʦʜʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʛʨʘʥʠʯʝʥ-

ʥʦʩʪʴ ʨʘʟʤʝʨʘ ʦʯʝʨʝʜʠ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʪʦʣʴʢʦ ʚʳʙʦʨʦʤ ʟʥʘʯʝ-

ʥʠʡ {Ὕ, |ὭὩ[1,ὲ]}. 
ʊʦʛʜʘ ʧʦʥʷʪʥʦ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣʥʠʤʦʩʪʠ { } ʪ i 

ʜʦʩʪʘʪʦʯʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʦʜʭʦʜʷʱʠʝ ʟʥʘʯʝʥʠʷ ὕὭ , ὝὭ ʜʣʷ ʢʘʞ-

ʜʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʦʜʭʦʜʷʱʝʝ ʤʥʦʞʝ-

ʩʪʚʦ {ʧ,}. 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʘʧʨʦʩʦʚ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʥʝ ʟʥʘʯʝʥʠʷʤʠ ὕὭ , ὝὭ , ʘ ʚʥʝʰʥʠʤʠ ʩʦʙʳʪʠʷʤʠ, ʥʦ ʚ ʜʘʣʴ-
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ʥʝʡʰʝʤ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʙʫʜʝʪ ʫʧʦʤʠʥʘʪʴʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʥʘʯʝ-

ʥʠʡ ὕὭ , ὝὭ ʜʣʷ ʢʘʞʜʦʡ ʪ Ὥ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʧʦʨʘʜʠʯʝʩʢʦʡ. ʇʨʠ 
ʵʪʦʤ, ʝʩʣʠ ʪ Ὥ - ʵʪʦ ʩʧʦʨʘʜʠʯʝʩʢʘʷ ʟʘʜʘʯʘ,ʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ὕ,=  0, ʠ T, - ʵʪʦ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʡ ʤʠʥʠʤʘʣʴʥʳʡ ʧʝʨʠʦʜ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦ ʥʘʯʘʣʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʥʘʜʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʆʊʧ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʳʧʦʣʥʠ-

ʤʦʩʪʴ { }ʪ , , ʠʣʠ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʥʠ ʦʜʥʦʛʦ ʪʘʢʦʛʦ ʤʥʦʞʝ-

ʩʪʚʘ ʥʘʡʪʠ ʥʝ ʫʜʘʝʪʩʷ. ʀʤʝʥʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʧʣʘʥʠʨʦʚʘʥʠʝ. 

ʉʣʦʞʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʤʦʞʥʳʭ ʚʠʜʦʚ ʦʛʨʘ-

ʥʠʯʝʥʠʡ, ʪ. ʝ. ʦʪ ʮʝʣʝʚʦʛʦ ʢʣʘʩʩʘ ʦʛʨʘʥʠʯʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ 

ʚ ʢʘʯʝʩʪʚʝ ʦʛʨʘʥʠʯʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʥʪʝʨʚʘʣʳ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʚʳʧʦʣʥʝʥʠʷʤʠ ʟʘʧʨʦʩʦʚ ʟʘʜʘʯʠ, ʪʦ ʪʦʛʜʘ ʫʢʘ-

ʟʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ NP-ʪʨʫʜʥʦʡ [1, 99]. ɺ ʧʦʜʦʙʥʳʭ ʩʣʫ-

ʯʘʷʭ ʧʨʘʢʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ 

ʧʣʘʥʠʨʦʚʘʥʠʷ. ʂʦʥʢʨʝʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʟʘʚʠʩʠʪ 

ʦʪ ʮʝʣʝʚʦʛʦ ʢʣʘʩʩʘ ʦʛʨʘʥʠʯʝʥʠʡ, ʪ. ʝ. ʦʪ ʚʠʜʘ ʠʤʝʶʱʠʭʩʷ ʦʛʨʘ-

ʥʠʯʝʥʠʡ ʈɺ. ʇʦʵʪʦʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʣʘʥʠʨʦ-

ʚʘʥʠʷ ʥʘʜʦ ʚʳʜʝʣʠʪʴ ʭʦʪʷ ʙʳ ʦʜʠʥ ʚʠʜ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ. 

 

1.ɿ.6.5. ʉʪʘʥʜʘʨʪʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

 

ʆʙʳʯʥʦ (ʥʘʧʨʠʤʝʨ, ʩʤ. [44]) ʩʪʘʥʜʘʨʪʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ 

ʟʘʜʘʯʝ ʪ , - ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʩʣʦʚʠʡ: 

1)  ʢʘʞʜʦʝ ʟʥʘʯʝʥʠʝ ὶὭ Ὦ, ʦʛʨʘʥʠʯʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝʤ 

(1.3) , ʢʦʛʜʘ ʪ , - ʵʪʦ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʟʘʜʘʯʘ, ʠʣʠ ʩʦʦʪʥʦ-

ʰʝʥʠʝʤ 

(1.4) , ʢʦʛʜʘ ʪ , - ʵʪʦ ʩʧʦʨʘʜʠʯʝʩʢʘʷ ʟʘʜʘʯʘ; 

2) ʢʘʞʜʦʝ ʟʥʘʯʝʥʠʝ ὪὭ Ὦ, ʦʛʨʘʥʠʯʝʥʦ ʫʩʣʦʚʠʝʤ 

 

ὪὭ Ὦ,<  ὨὭ Ὦ,=  ɻ Ὥ Ὦ,+  ὈὭ ,ʛʜʝ ὨὭ Ὦ, - ʢʨʘʡʥʠʡ ʩʨʦʢ ʟʘʧʨʦʩʘ  

 

ʪ Ὥ Ὦ, , ʪ. ʝ. ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʚʨʝʤʷ ʟʘʚʝʨʰʝʥʠʷ 
ʟʘʧʨʦʩʘ ʪ Ὦ ;  Ὀ, - ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʢʨʘʡʥʠʡ ʩʨʦʢ ʟʘʜʘʯʠ ʪ ,. 

ʅʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ (ʉʆ). 

(1.5) 
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ɺ ʩʣʫʯʘʝ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʟʥʘʯʝʥʠʷ ὶὭ  Ὦ, ʬʦʨʤʠʨʫ-

ʶʪʩʷ ʚʥʝʰʥʠʤʠ ʩʦʙʳʪʠʷʤʠ, ʠ ʩʦʦʪʥʦʰʝʥʠʝ (1.4) ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʩʚʦʡʩʪʚʘ ʧʦʪʦʢʘ ʚʥʝʰʥʠʭ ʩʦʙʳʪʠʡ. ʇʦʵʪʦʤʫ (1.4) - ʵʪʦ ʩʢʦʨʝʝ 

ʦʜʥʘ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʘ ʥʝ ʦʛʨʘʥʠʯʝʥʠʝ ʈɺ. ʋʩ-

ʣʦʚʠʝ (1.5) ʚ ʩʣʫʯʘʝ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪ ʜʦʧʫʩʪʠ-

ʤʦʝ ʟʘʧʘʟʜʳʚʘʥʠʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʧʨʦʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʦʯʝʨʝʜʥʦʤʫ ʚʥʝʰʥʝʤʫ ʩʦʙʳʪʠʶ. ʊʦʛʜʘ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ. 

ʉʆ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʪ , - ʵʪʦ ʫʩʣʦʚʠʝ (1.5), ʢʦʪʦʨʦʝ 

ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʠ 4Ὦ < 1. 

ʇʨʠ ʵʪʦʤ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ὈὭ ʧʦʣʥʦʩʪʴʶ ʟʘʜʘʝʪ 
ʉʆ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

ɽʩʣʠ ʚ ʩʣʫʯʘʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʪ Ὥ ʚ ʢʘʯʝʩʪʚʝ ʉʆ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʩʣʦʚʠʡ (1.3) ʠ (1.5), ʪʦ ʪʦʛʜʘ ʚʦʟʥʠ-

ʢʘʝʪ ʩʣʝʜʫʶʱʘʷ ʧʨʦʙʣʝʤʘ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʧʦʤʦʱʴʶ (1.5) 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ὪὭ Ὦ, . ʏʘʩʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 
ʤʦʤʝʥʪ ὪὭ Ὦ, ʩʚʷʟʘʥ ʩ ʥʝʢʦʪʦʨʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʩʪʝʤʳ ʥʘ ʚʥʝh-

ʥʶʶ ʩʨʝʜʫ, ʥʘʧʨʠʤʝʨ, ʚ ʵʪʦʤ ʤʦʤʝʥʪ ʬʦʨʤʠʨʫʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʝ-

ʢʦʪʦʨʘʷ ʢʦʤʘʥʜʘ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ. ʊʦʛʜʘ, ʢʘʢ ʠ ʦʞʠʜʘʝʪʩʷ, ʦʛʨʘ-

ʥʠʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʥʝʢʦʪʦʨʳʝ ʧʨʘʚʠʣʘ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʚʦ 

ʚʥʝʰʥʝʡ ʩʨʝʜʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩ ʧʦʤʦʱʴʶ (1.3) ʦʛʨʘʥʠʯʝʥʠʝ 

ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ὶ,Ὦ, . ɽʩʣʠ ʪ Ὥ ï ʵʪʦ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʟʘʜʘʯʘ, ʪʦ 

ʪʦʛʜʘ ʟʥʘʯʝʥʠʝ ὶὭ Ὦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʙʦʪʳ ʧʦʜʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʦʥ-

ʮʝʧʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʪʘʙʣʠʯʥʦ-

ʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ (ʩʤ. ʧ. 1.3.4.1) ʚʦʦʙʱʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪ-

ʜʝʣʴʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ὶὭ Ὦ, , ʪʘʢ ʢʘʢ ʩʦʛʣʘʩʥʦ ʟʘʨʘʥʝʝ ʩʦʩʪʘʚʣʝʥ-

ʥʦʤʫ ʨʘʩʧʠʩʘʥʠʶ ʜʣʷ ʢʘʞʜʦʛʦ ʦʯʝʨʝʜʥʦʛʦ ʟʘʧʨʦʩʘ ʧʝʨʠʦʜʠʯʝ-

ʩʢʦʡ ʟʘʜʘʯʠ ʩʨʘʟʫ ʞʝ ʬʦʨʤʠʨʫʝʪʩʷ ίὭ Ὦ, . 
ʊʦʛʜʘ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʠʚʷʟʘʥʦ ʢ ʦʧʨʝʜʝ-

ʣʝʥʥʳʤ ʢʦʥʮʝʧʮʠʷʤ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʷ ɻ, Ὦ, . ʅʦ ʵʪʦʛʦ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ, ʚʝʜʴ ʧʣʘʥʠ-

ʨʦʚʘʥʠʝ - ʵʪʦ ʣʠʰʴ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʪʦʛʦ, ʯʪʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʙʣʶ-

ʜʝʥʠʝ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ. 

ʇʦʣʫʯʘʝʪʩʷ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʩʣʦʚʠʡ (1.3) ʠ (1.5) ʥʝʣʴʟʷ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʉʆ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. ʊʦʛʜʘ ʧʨʝʜʣʘ-

ʛʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ. 
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ʉʆ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʪὭ  - ʵʪʦ ʫʩʣʦʚʠʝ 

 

ʇʎὮ̫,> ὕὭz  +  (Ὦ 1)ὝὭz 
.Ǐ (1.6) 

ὪὭὐόὲ ,< ὕὭz  +  (Ὦ 1)Tiᶻ +  ὈὭ ʛʜʝ ὕὭᶻ,ὝὭᶻ- ʧʘʨʘʤʝʪʨʳ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ὕὭᶻ >  0, 

Ὕᶻ>  0, ʧʨʠ ʵʪʦʤ ʜʘʥʥʦʝ ʫʩʣʦʚʠʝ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ 

ʧʨʠ ὠὮ >  1. 

ʋʩʣʦʚʠʝ (1.6), ʦʧʨʝʜʝʣʷʶʱʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʈɺ, ʫʢʘʟʘʥʦ ʚ 

ʩʦʢʨʘʱʝʥʥʦʡ ʬʦʨʤʝ, ʪʘʢ ʢʘʢ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ (1.6) ʜʦʣʞʥʦ 

ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʠ ὠ Ὦ >  \ . 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʢʘʞʜʦʝ ʫʩʣʦʚʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʦʛʨʘʥʠʯʝ-

ʥʠʝ ʈɺ, ʪʘʢʞʝ ʙʫʜʝʪ ʫʢʘʟʳʚʘʪʴʩʷ ʚ ʩʦʢʨʘʱʝʥʥʦʡ ʬʦʨʤʝ, ʪ. ʝ. ʚʩʷ-

ʢʠʡ ʨʘʟ ʙʫʜʝʪ ʧʦʜʨʘ- ʟʫʤʝʚʘʪʴʩʷ, ʯʪʦ ʵʪʦ ʫʩʣʦʚʠʝ ʜʦʣʞʥʦ ʚʳʧʦʣ-

ʥʷʪʴʩʷ ʧʨʠ ὠ Ὦ > 1. 

ɺʘʞʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʠ (1.6) ʥʝʪ ʧʘʨʘʤʝʪʨʦʚ ὕ, , Ὕ ʟʘʜʘʯʠ ʪ 

,, ʘ ʝʩʪʴ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨʳ ʉʆ, ʦʙʦʟʥʘʯʘʝʤʳʝ ʆ,ᶻ,Ὕ,ᶻ, ʪ. ʝ. ʧʨʦʠʩ-

ʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʉʆ. ʇʨʠ ʵʪʦʤ 

ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʉʆ ʥʝ ʩʚʷʟʘʥʦ ʩ ʢʘʢʦʡ-ʣʠʙʦ ʢʦʥʮʝʧʮʠʝʡ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ. ʊʦʛʜʘ ʉʆ (1.6) ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʯʘʩʪʥʳʡ 

ʩʣʫʯʘʡ ʥʝʢʦʪʦʨʦʛʦ ʦʙʦʙʱʝʥʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ 

ʈɺ. 

ʉʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ ʧʦʤʦʛʘʝʪ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ 

ʚʳʙʦʨʘ ʟʥʘʯʝʥʠʡ O, , T, , ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʙʣʶʜʝʥʠʝ ʉʆ (1.6). 

ʋʪʚʝʨʞʜʝʥʠʝ 1.1. ɽʩʣʠ ʉʆ (1.6) ʩʦʙʣʶʜʘʝʪʩʷ ʧʨʠ ὠὮ > 1 

ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

O,, T,, ʪʦ ʦʥʦ ʙʫʜʝʪ ʩʦʙʣʶʜʘʪʴʩʷ ʠ ʧʨʠ ὕ,=  ὕᶻ,Ὕ,=  Ὕᶻ. 
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ ʉʆ (1.6) ʟʘʜʘʯʠ ʪ , ʩʦʙʣʶʜʘʝʪʩʷ 

ʧʨʠ ὠὮ > 1 ʜʣʷ ʥʝʢʦʪʦʨʳʭ O, , T, . ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ ʪ , 

ʧʨʠ ὠὮ > 1 ʚʦʟʤʦʞʝʥ ʦʜʠʥ ʠʟ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ: ὶ,Ὦ,<  ὕᶻ  +
 Ὦ  1 Ὕ,ᶻ, 

ὶ,Ὦ,>  ὕὭᶻ +  (Ὦ  1)Ὕ,ᶻ . 
   ὶὭ Ὦ,=  ὕὭᶻ +  ( Ὦ  1)T,ᶻ , 
ʇʫʩʪʴ ʧʨʠ ʥʝʢʦʪʦʨʦʤ j ʨʝʘʣʠʟʫʝʪʩʷ ʚʘʨʠʘʥʪ ὶ,Ὦ,<  ὕᶻ +

 (Ὦ  1)ʊ,ᶻ. ʊʘʢ ʢʘʢ ʉʆ (1.6) ʟʘʜʘʯʠ ʪ , ʩʦʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʘʥʥʦʤ Ὦ 
, ʪʦ ί,Ὦ,>  ὕᶻ +  (Ὦ  1)T,ᶻ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʢʦ-

ʛʜʘ ʚʳʧʦʣʥʝʥʠʝ ʪ i j , ʥʘʯʠʥʘʝʪʩʷ ʥʝ ʨʘʥʴʰʝ ʤʦʤʝʥʪʘ ὕ,ᶻ +  (Ὦ 
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 1)T,ᶻ ʠʟ-ʟʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ ʥʘ 
ʠʥʪʝʨʚʘʣʝ [ὶ,/ , ,ὕ,ᶻ +  (Ὦ  1)Ὕ,ᶻ). ʊʦʛʜʘ, ʦʯʝʚʠʜʥʦ, ʧʨʠ ʜʘʥʥʦʤ 
j ʫʩʣʦʚʠʝ (1.6) ʪʘʢʞʝ ʙʫʜʝʪ ʩʦʙʣʶʜʘʪʴʩʷ, ʝʩʣʠ ʟʘʧʨʦʩ ʪ , /, ʧʦ̫-

ʚʠʪʩʷ ʪʦʯʥʦ ʚ ʤʦʤʝʥʪ ὕ,ᶻ +  (Ὦ  1)T,ᶻ, ʪ. ʝ. ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 
ὶ,/ ,=  ὕ,ᶻ +  (Ὦ  1)T,ᶻ . 

ʇʫʩʪʴ ʧʨʠ ʥʝʢʦʪʦʨʦʤ j ʨʝʘʣʠʟʫʝʪʩʷ ʚʘʨʠʘʥʪ ὶ,Ὦ,>  ὕᶻ +
 (Ὦ 1) T,ᶻ . ʇʨʠ ʵʪʦʤ ʉʆ (1.6) ʟʘʜʘʯʠ ʪ , ʩʦʙʣʶʜʘʝʪʩʷ ʜʣʷ ʜʘʥ-

ʥʦʛʦ j . ʊʦʛʜʘ (1.6) ʪʘʢʞʝ ʙʫʜʝʪ ʩʦʙʣʶʜʘʪʴʩʷ ʠ ʧʨʠ ʛ,/ ,=  ὕ,ᶻ +
 (Ὦ  1)Ὕ,ᶻ ʜʣʷ ʜʘʥʥʦʛʦ Ὦ . ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʝʨʚʦʝ ʥʝʨʘʚʝʥʩʪʚʦ 
ʫʩʣʦʚʠʷ (1.6) ʦʙʷʟʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʘʢ ʢʘʢ ὛὭ Ὦ,>  ὶὭ Ὦ, . 

ɺʪʦʨʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʫʩʣʦʚʠʷ (1.6) ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʚʝʜʴ ʦʥʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ὶὭ Ὦ, 
>  ὕᶻ +  (Ὦ  1)Ὕ,ᶻ , ʠ ʟʥʘʯʝʥʠʝ ὪὭ/ , ʥʝ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ-

ʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ὶὸ / , 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʉʆ (1.6) ʟʘʜʘʯʠ ʪ , ʩʦʙʣʶʜʘʝʪʩʷ ʧʨʠ 

4Ὦ > 1 ʜʣʷ ʥʝʢʦʪʦʨʳʭ O, , T, , ʪʦ ʦʥʦ ʪʘʢʞʝ ʙʫʜʝʪ ʩʦʙʣʶʜʘʪʴʩʷ 

ʧʨʠ ʛ,/ ,=  ὕ,ᶻ +  (Ὦ 1)Ὕᶻ ʜʣʷ ʏὮ > 1, ʪ. ʝ. ʧʨʠ ὕ,=  ὕ,ᶻ,Ὕ,=
Ὕ,ᶻ, ʫʯʠʪʳʚʘʷ (1.3). ʋʪʚʝʨʞʜʝʥʠʝ 1.1 ʜʦʢʘʟʘʥʦ. 

ɽʩʣʠ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ (1.6) ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ ʧʨʠ ὕ,=
 ὕᶻ,Ὕ,= Ὕ,ᶻ, ʪʦ ʩʦʛʣʘʩʥʦ ʫʪʚʝʨʞʜʝʥʠʶ 1.1 ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʜʨʫʛʠʭ 
ὕὭ , ὝὭ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʙʣʶʜʝʥʠʝ (1.6). ʇʦʵʪʦʤʫ ʫʜʦʙʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ὕ,=  ὕ,ᶻ,T,= Ὕᶻ ʚ ʩʣʫʯʘʝ 

ʉʆ (1.6). 

ɽʩʣʠ Ὕ,> Ὕὸᶻ, ʪʦ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʙʣʶʜʝʥʠʝ 
(1.6) ʧʨʠ ὠὮ > 1. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 
ʚʩʝʛʜʘ ʥʘʡʜʝʪʩʷ ʪʘʢʦʝ Ὦ , ʯʪʦ ὕὭ +  (Ὦ  1)Ti >  ὕᶻ +  (Ὦ 
 1)T; +  ὈὭ,ʪ.ʝ.ὶὭὮ,>  ὕᶻ +  (Ὦ \ )Ὕᶻ +  ὈὭ. ʇʦʢʘʝʪʩʷ, ʯʪʦ ʧʨʠ 
ʪʘʢʦʤ j ʫʩʣʦʚʠʝ (1.6) ʥʘʨʫʰʘʝʪʩʷ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ɻ,Ὦ, <  ὪὭ ὐ, . ɽʩ-
ʣʠ Ὕ,< Ὕᶻ 

, ʠ (1.6) ʩʦʙʣʶʜʘʝʪʩʷ, ʪʦ ʪʦʛʜʘ, ʦʯʝʚʠʜʥʦ, ʙʫʜʝʪ ʧʨʦʠʩʭʦ-

ʜʠʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʦʩʥʦʚʥʦʡ ʦʯʝʨʝʜʠ. ʇʦ-

ʵʪʦʤʫ ʧʨʠ ὝὭ <  ὝὭᶻ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʠʤʦʩʪʴ 

{ʪ Ὥ}, ʫʯʠʪʳʚʘʷ ʦʧʨʝʜʝʣʝʥʠʝ 1.2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ 

ʚʘʨʠʘʥʪ ὝὭ =  ὝὭᶻ. 
ɽʩʣʠ ὕὭ <  ὕὭᶻ,ὝὭ =  ὝὭᶻ, ʠ (1.6) ʩʦʙʣʶʜʘʝʪʩʷ, ʪʦ ʚʳʧʦʣ-

ʥʝʥʠʝ ʚʩʝʭ ʟʘʧʨʦʩʦʚ ʟʘʜʘʯʠ ʪ Ὥ ʥʠʢʘʢ ʥʝ ʠʟʤʝʥʠʪʩʷ, ʝʩʣʠ ʫʩʪʘʥʦ-

ʚʠʪʴ ὕὭ =  ὕὭᶻ,ὝὭ =  ὝὭᶻ. ɺʘʨʠʘʥʪ, ʢʦʛʜʘ ὕὭ >  ὕὭᶻ,ὝὭ =  ὝὭᶻ, 
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ʦʯʝʚʠʜʥʦ, ʵʢʚʠʚʘʣʝʥʪʝʥ ʧʝʨʝʭʦʜʫ ʢ ʥʦʚʦʤʫ ʙʦʣʝʝ ʞʝʩʪʢʦʤʫ ʉʆ 

(1.6) ʩ ʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ὈὭ . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, 
ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʥʦʚʦʛʦ ʉʆ ʪʘʢʞʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ὕὭ =  ὕὭᶻ, 
ὝὭ =  ὝὭᶻ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʣʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ, ʠʤʝʶʱʝʡ ʉʆ (1.6), ʚʩʝʛʜʘ ʫʩʪʘʥʘʚʣʠʚʘ-

ʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ὕὭ , ὝὭ ʩʦʛʣʘʩʥʦ ʩʦʦʪʥʦʰʝʥʠʷʤ ὕὭ =  ὕὭᶻ,ὝὭ =
 ὝὭᶻ. 

ɽʩʣʠ ὕὭ =  ὕὭᶻ,Ὕ,=  Ὕᶻ, ʪʦ ʜʣʷ ʏ/ > 1 ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ 

ɻ/  =  ὕᶻ +  (Ὦ  1)T,ᶻ. ʊʘʢʞʝ ʩʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ ʇʌʇ ʜʣʷ 
ʏ/  > 1 ʩʧʨʘʚʝʜʣʠʚʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ὶὭ Ὦ, <  ὛὭ Ὦ, . 
ʋʪʚʝʨʞʜʝʥʠʝ 1.2. ʅʝʦʙʭʦʜʠʤʳʤ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ 

ʩʦʙʣʶʜʝʥʠʷ 

ʉʆ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʪ , ʧʨʠ ὕ,=  ὕ,ᶻ,T,= Ὕᶻ ʙʫʜʝʪ 
ʫʩʣʦʚʠʝ (1.5). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɽʩʣʠ ὕὭ =  ὕ,ᶻ,Ὕ,=  Ὕᶻ, ʪʦ ʜʣʷ ʏ/  > 1 

ʧʦʫʯʘʝʪʩʷ, ʯʪʦ r,ƴ/,=  ʆᶻ +  (Ὦ  1)Ὕ,ᶻ. ʊʦʛʜʘ ʚʪʦʨʘʷ ʩʪʨʦʢʘ ʫʩ-

ʣʦʚʠʷ (1.6) ʵʢʚʠʚʘʣʝʥʪʥʘ ʫʩʣʦʚʠʶ 

(1.5) . ʇʦʵʪʦʤʫ ʫʩʣʦʚʠʝ (1.5) ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʛʣʘʩʥʦ 

ʢʦʥʮʝʧʮʠʠ ʇʌʇ ʜʣʷ ʏ/  > 1 ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ὶ,ƴ / ,<  ί,/ , . ʊʦʛʜʘ ʧʨʠ 

ὕὭ =  ὕᶻ,Ὕ,= Ὕ,ᶻ ʧʝʨʚʘʷ ʩʪʨʦʢʘ ʫʩʣʦʚʠʷ (1.6) ʚʳʧʦʣʥʷʝʪ-

ʩʷ ʚʩʝʛʜʘ. 

ʇʦʵʪʦʤʫ ʫʩʣʦʚʠʝ (1.5) ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʠ ʜʦʩʪʘʪʦʯʥʳʤ. ʋʪ-

ʚʝʨʞʜʝʥʠʝ 1.2 ʜʦʢʘʟʘʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʥʜʘʨʪʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʟʘʜʘʯʝ, ʚʳʨʘʞʘʶʱʝʝʩʷ ʚ ʚʠʜʝ ʫʩʣʦʚʠʡ (1.3) ʠ (1.5) ʤʦʞʥʦ ʩʯʠ-

ʪʘʪʴ ʧʨʦʷʚʣʝʥʠʝʤ ʉʆ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʘ-

ʨʘʤʝʪʨʳ ὕὭ, ὝὭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʦʛʣʘʩʥʦ ʩʦʦʪʥʦʰʝʥʠʷʤ 

ὕ,=  ὕ,ᶻ,Ὕ,=  Ὕ,ᶻ. 
 

1.ɿ.6.6. ʇʣʘʥʠʨʦʚʘʥʠʝ ʧʨʠ ʥʘʣʠʯʠʠ ʪʦʣʴʢʦ ʩʪʘʥʜʘʨʪ-

ʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

 

ʄʥʦʞʝʩʪʚʦ OTn, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʳʧʦʣʥʠʤʦʩʪʴ {ʪ , }, 
ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ ʜʦʧʫʩʪʠʤʳʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ O, , T, 
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, ʣ,- ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʪ Ὥ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʘʢ, ʯʪʦʙʳ 
ʩʬʦʨʤʠʨʦʚʘʪʴ ʜʦʧʫʩʪʠʤʦʝ ʤʥʦʞʝʩʪʚʦ OTn. 

ɺ ʠʜʝʘʣʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʜʦʣʞʥʦ ʚʩʝʛʜʘ ʬʦʨʤʠʨʦʚʘʪʴ ʜʦ-

ʧʫʩʪʠʤʦʝ ʤʥʦʞʝʩʪʚʦ ʆʊʧ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʭʦʪʷ ʙʳ ʦʜʥʦ ʪʘʢʦʝ 

ʤʥʦʞʝʩʪʚʦ. ʆʯʝʚʠʜʥʦ, ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʈɺ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʠʜʘ 

ʪʘʢʦʡ ʠʜʝʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʥʝʚʦʟʤʦʞʝʥ ʥʘ ʧʨʘʢʪʠʢʝ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘʭʦʞʜʝʥʠʷ ʜʦʧʫʩʪʠʤʦʛʦ ʆʊʧ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʧʝʨʝʙʦʨ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʆʊʧ ʠ ʘʥʘʣʠʟ ʚʳʧʦʣʥʠʤʦʩʪʠ 

{ }ʪ , ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʪʦʣʴʢʦ ʉʆ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʫʧʨʦʱʘʝʪʩʷ. 

ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ ʩ ʫʯʝʪʦʤ ʩʣʝ-

ʜʫʶʱʝʛʦ ʫʪʚʝʨʞʜʝʥʠʷ. 

ʋʪʚʝʨʞʜʝʥʠʝ 1.3. ɽʩʣʠ ʚʩʝ ʦʛʨʘʥʠʯʝʥʠʷ ʈɺ ʷʚʣʷʶʪʩʷ ʉʆ, 

ʪʦ ʜʣʷ ʚʳʧʦʣʥʠʤʦʩʪʠ { ʪ Ὥ} ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʣʦʩʴ 
ʩʦʙʣʶʜʝʥʠʝ ʚʩʝʭ ʉʆ ʟʘʜʘʯ ʠʟ { }ʪ , ʧʨʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ, ʠ ʜʣʷ 
ʢʘʞʜʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʪ , ʚʳʧʦʣʥʷʣʠʩʴ ʩʦʦʪʥʦʰʝʥʠʷ 

ὕ,=  ὕ,ᶻ,Ὕ,=  Ὕᶻ. 
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɽʩʣʠ ʩʧʦʨʘʜʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʪ , ʠʤʝʝʪ ʉʆ 

(1.5), ʢʦʪʦʨʦʝ ʩʦʙʣʶʜʘʝʪʩʷ ʧʨʠ ὠ Ὦ >  1, ʪʦ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʚ 
ʦʩʥʦʚʥʦʡ ʦʯʝʨʝʜʠ ʢʘʞʜʦʛʦ ʟʘʧʨʦʩʘ ʪ , Ὦ, ʦʛʨʘʥʠʯʝʥʦ ʩʚʝʨʭʫ ʟʥʘ-

ʯʝʥʠʤ D, . ʋʯʠʪʳʚʘʷ (1.4), ʷʩʥʦ, ʯʪʦ ʟʘ ʚʨʝʤʷ ὈὭ ʚ ʦʩʥʦʚʥʦʡ ʦʯʝ-

ʨʝʜʠ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʦʩʦʚ ʟʘʜʘʯʠ 

ʪ Ὥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʦʩʦʚ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʪ 
Ὥ ʚ ʦʩʥʦʚʥʦʡ ʦʯʝʨʝʜʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʛʨʘʥʠʯʝʥʦ ʩʚʝʨ-

ʭʫ ʥʝʢʦʪʦʨʳʤ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʯʠʩʣʦʤ, ʝʩʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʉʆ ʩʦʙʣʶʜʘʝʪʩʷ. 

ɽʩʣʠ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʪ , ʠʤʝʝʪ ʉʆ (1.6), ʢʦʪʦʨʦʝ ʩʦ-

ʙʣʶʜʘʝʪʩʷ ʧʨʠ ὠ/  > 1, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʆ,= ǋ/ j = 7ô,ᶻ, ʪʦ ʪʦʛʜʘ, 
ʦʯʝʚʠʜʥʦ, ʛ, , .=  ʆᶻ +  (Ὦ 

 1)Ὕ,ᶻ ʠὪ,Ὦ,<  ὕᶻ +  (Ὦ  1)Ὕ,ᶻ +  Ὀ,=  ὶ,Ὦ,+  Ὀ,. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʚ ʦʩʥʦʚʥʦʡ ʦʯʝʨʝʜʠ ʢʘʞʜʦʛʦ ʟʘ-

ʧʨʦʩʘ ʪ i j , ʦʛʨʘʥʠʯʝʥʦ ʩʚʝʨʭʫ ʟʥʘʯʝʥʠʝʤ ὈὭ . ʋʯʠʪʳʚʘʷ (1.3), ʷʩ-

ʥʦ, ʯʪʦ ʟʘ ʚʨʝʤʷ ὈὭ ʚ ʦʩʥʦʚʥʦʡ ʦʯʝʨʝʜʠ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʦʛʨʘʥʠ-

ʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʦʩʦʚ ʟʘʜʘʯʠ ʪ i. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʦʩʦʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘ-

ʜʘʯʠ ʪ i ʚ ʦʩʥʦʚʥʦʡ ʦʯʝʨʝʜʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʛʨʘʥʠʯʝʥʦ 

ʩʚʝʨʭʫ ʥʝʢʦʪʦʨʳʤ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʯʠʩʣʦʤ, ʝʩʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʝ ʉʆ ʩʦʙʣʶʜʘʝʪʩʷ, ʠ ὕὭ =  ὕὭz, 
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Ὕ,= Ti .z 

ʄʥʦʞʝʩʪʚʦ { }ʪ , ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʩʧʦʨʘʜʠʯʝʩʢʠʝ ʠ ʧʝ-

ʨʠʦʜʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʊʦʛʜʘ ʝʩʣʠ ʚʩʝ ʵʪʠ ʟʘʜʘʯʠ ʠʤʝʶʪ ʪʦʣʴʢʦ ʉʆ, 

ʧʨʠ ʵʪʦʤ ʚʩʝ ʉʆ ʩʦʙʣʶʜʘʶʪʩʷ, ʠ ʜʣʷ ʢʘʞʜʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘ-

ʜʘʯʠ ʪ Ὥ ʚʳʧʦʣʥʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ ὕὭ =  ὕὭᶻ,ὝὭ =  ὝὭᶻ, ʪʦ ʪʦʛʜʘ 
ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʦʩʦʚ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʠʟ { ʪ Ὥ} ʚ ʦʩʥʦʚʥʦʡ ʦʯʝʨʝʜʠ 
ʚʩʝʛʜʘ ʦʛʨʘʥʠʯʝʥʦ ʥʝʢʦʪʦʨʳʤ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʯʠʩʣʦʤ, ʪ. ʝ. ʛʘ-

ʨʘʥʪʠʨʫʝʪʩʷ, ʯʪʦ ʨʘʟʤʝʨ ʦʩʥʦʚʥʦʡ ʦʯʝʨʝʜʠ ʚʩʝʛʜʘ ʙʫʜʝʪ ʤʝʥʴʰʝ 

ʥʝʢʦʪʦʨʦʛʦ ʢʦʥʝʯʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʋʯʠʪʳʚʘʷ ʦʧʨʝʜʝʣʝʥʠʷ 1.1, 1.2, 

ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚʳʧʦʣʥʷʶʪʩʷ ʦʙʘ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳ-

ʧʦʣʥʠʤʦʩʪʴ {ʪ ,}. ʋʪʚʝʨʞʜʝʥʠʝ 1.3 ʜʦʢʘʟʘʥʦ. 

ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʥʘʣʠʯʠʠ ʪʦʣʴʢʦ ʉʆ ʤʦʞʥʦ ʨʝʟʢʦ ʩʦʢʨʘ-

ʪʠʪʴ ʦʙʣʘʩʪʴ ʧʦʠʩʢʘ ʜʦʧʫʩʪʠʤʦʛʦ ὕὝὲ, ʫʩʪʘʥʦʚʠʚ ὕ,=  ὕ,z ,Ὕ,=
 Ὕ,z  ʜʣʷ ʢʘʞʜʦʡ ʪ ,. ʊʦʛʜʘ, ʝʩʣʠ ʥʠ ʦʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʥʦʞʝʩʪʚ 

{ʧ, } ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʠʤʦʩʪʴ, ʪʦ, ʫʯʠʪʳʚʘʷ ʫʪʚʝʨʞʜʝʥʠʝ 
1.1, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʠ ʦʜʥʦʛʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ὕὝὲ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʉʆ (1.6) ʧʨʦʙʣʝʤʘ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʧʫʩʪʠʤʦʛʦ ὕὝὲ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʧʦʜ-

ʭʦʜʷʱʝʛʦ ʤʥʦʞʝʩʪʚʘ {ʧ, }. 
ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʤʥʦʞʝʩʪʚʘ {ʧ, }, ʪ. ʝ. ʥʘʟʥʘʯʝʥʠʝ ʧʨʠ-

ʦʨʠʪʝʪʦʚ ʟʘʜʘʯʘʤ, ʚʳʧʦʣʥʷʝʪ ʘʣʛʦʨʠʪʤ ʥʘʟʥʘʯʝʥʠʷ ʧʨʠʦʨʠʪʝ-

ʪʦʚ. 

ɸʣʛʦʨʠʪʤ ʥʘʟʥʘʯʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ ʥʘʟʳʚʘʝʪʩʷ ʦʧʪʠʤʘʣʴ-

ʥʳʤ, ʝʩʣʠ ʚʳʧʦʣʥʠʤʦʩʪʴ ʣʶʙʦʛʦ ʟʘʜʘʥʥʦʛʦ { } ʪ Ὥ ʥʝ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪʩʷ ʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ, ʪʦʣʴʢʦ ʢʦʛʜʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ {ʧ,}, 
ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʳʧʦʣʥʠʤʦʩʪʴ {ʪ , } [17]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ, ʢʦʛʜʘ ʢʘʞʜʘʷ ʟʘʜʘʯʘ ʪ , ʠʤʝʝʪ ʉʆ, ʘ ʪʘʢʞʝ 

ὕ,=  0,Ὀ,< Ὕ,ʜʣʷ Vie[1,n], ʦʧʪʠʤʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʥʘʟʥʘʯʝ-

ʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ DM (Deadline Monotonic) 

[16]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʪʘʢʦʝ ʤʥʦʞʝʩʪʚʦ 

{ ʧ, }, ʯʪʦ ʜʣʷ ʣʶʙʳʭ ʜʚʫʭ ʟʘʜʘʯ ʪ , ʠ ʪ v ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧ,<  ʧĂ , 
ʚʩʝʛʜʘ ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ Ὀ,<  Ὀὺ . ɸʣʛʦʨʠʪʤ DM ʩʚʦ-

ʜʠʪʩʷ ʢ ʩʦʨʪʠʨʦʚʢʝ ʟʘʜʘʯ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ ὈὭ ʠ ʥʘʟʥʘʯʝ-

ʥʠʶ ʧʨʠʦʨʠʪʝʪʦʚ, ʨʘʚʥʳʭ ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʘʤ ʟʘʜʘʯ ʚ ʦʪʩʦʨʪʠ-

ʨʦʚʘʥʥʦʤ ʩʧʠʩʢʝ. ɿʘʪʝʤ, ʦʩʪʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʚʳʧʦʣʥʠʤʦ-

ʩʪʠ { }ʪ Ὥ . ɽʩʣʠ ʚʳʧʦʣʥʠʤʦʩʪʴ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ, ʪʦ ʵʪʦ ʦʟʥʘʯʘ-

ʝʪ, ʯʪʦ ʥʠ ʦʜʥʦʛʦ 
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ʜʦʧʫʩʪʠʤʦʛʦ Oʐ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ ʘʣʛʦʨʠʪʤ DM 

ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʘ-

ʥʠʨʦʚʘʥʠʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʣʠʙʦ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʚ ʚʠʜʝ ʜʦʧʫʩʪʠʤʦʛʦ 

ὕὝ̂  ʣʠʙʦ ʩ ʩʦʦʙʱʝʥʠʝʤ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʠ-

ʤʦʩʪʴ { ʪ Ὥ}. 
ɽʩʣʠ ʧʨʠ ʥʘʣʠʯʠʠ ʪʦʣʴʢʦ ʉʆ ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ ʫʩʣʦʚʠʝ, ʩʦ-

ʩʪʦʷʱʝʝ ʚ ʪʦʤ, ʯʪʦ ὕ,=  0,Ὀ,< Ὕ, ʜʣʷ ὠὭὩ[1,ὲ], ʪʦ ʘʣʛʦʨʠʪʤ DM 

ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʦʧʪʠʤʘʣʴʥʳʤ. ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ [17] ʙʳʣ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʦʤ 

ʥʘʟʥʘʯʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ, ʢʦʛʜʘ ʢʘʞʜʘʷ ʟʘʜʘʯʘ ʪ Ὥ ʠʤʝʝʪ ʉʆ, ʘ 
ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ὕὭ ,ὝὭ ,ὈὭ ʤʦʛʫʪ ʙʳʪʴ ʣʶʙʳʤʠ ʜʣʷ ὠὭὩ[1,ὲ]. 
ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʙʫʜʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴʩʷ ʟʜʝʩʴ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʦʩ-

ʥʦʚʥʦʛʦ ʧʨʠʥʮʠʧʘ, ʥʦ ʚ ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ ʬʦʨʤʝ, ʯʪʦ ʚʳʟʚʘʥʦ, ʚʦ-

ʧʝʨʚʳʭ, ʩʧʦʩʦʙʦʤ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʥʘ-

ʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʚʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʛʣʘʩʦʚʘʥʠʷ ʵʪʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʩ ʜʨʫʛʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʧʦʪʨʝʙʫʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝ-

ʣʝʥʠʝ. 

ɸʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʠʤʦʩʪʠ ʟʘʜʘʯʠ ʪ , - ʵʪʦ ʘʣʛʦ-

ʨʠʪʤ, ʢʦʪʦʨʳʡ: 

1) ʠʤʝʝʪ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʥʦʞʝʩʪʚʦ { } ʪ Ὥ , ʘ 
ʪʘʢʞʝ ʠʥʜʝʢʩ Ὥ 

ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʟʘʜʘʯʠ ʪ Ὥ ʚ ʵʪʦʤ ʤʥʦʞʝʩʪʚʝ; 2) ʚʳʜʘʝʪ ʚ 
ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʠ ʚʳʧʦʣʥʠʤʦʩʪʴ ʟʘ-

ʜʘʯʠ ʪ Ὥ. 
ʊʝʧʝʨʴ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʦʧʠʩʘʥʠʶ ʫʢʘʟʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ɸʣʛʦʨʠʪʤ 1.1. ɸʣʛʦʨʠʪʤ ʥʘʟʥʘʯʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ, ʢʦʪʦ-

ʨʳʡ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʣʛʦʨʠʪʤʘ, ʧʨʝʜʣʦʞʝʥ-

ʥʦʛʦ ʚ ʨʘʙʦʪʝ [17]. 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʘ - ʵʪʦ ʤʥʦʞʝʩʪʚʦ { } ʪ Ὥ , ʘ ʪʘʢ-

ʞʝ ʘʣʛʦʨʠʪʤʳ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʠʤʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʠʟ { } ʪ Ὥ 
. 

ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ - ʵʪʦ ʣʠʙʦ ʤʥʦʞʝʩʪʚʦ 

{ʣ, } ʠ ʩʦʦʙʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʠʷ ʈɺ ʚʩʝʭ ʟʘʜʘʯ ʠʟ { } ʪ Ὥ 
ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʩʦʙʣʶʜʘʶʪʩʷ, ʣʠʙʦ ʩʦʦʙʱʝʥʠʝ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʦʙʣʶʜʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ ʚʩʝʭ ʟʘʜʘʯ ʠʟ {ʪ , }. 
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʰʘʛʦʚ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

1. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʣ,=  Ὥ ʜʣʷ 
ʏ,ʝ [1,ʧ]. 

2. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ὺ =  ὲ, ʛʜʝ ὺ ïʦʧʨʝʜʝʣʷʝʪ ʪʝʢʫʱʠʡ ʥʘʟʥʘʯʘʝʤʳʡ ʧʨʠʦʨʠʪʝʪ. 

3. ɽʩʣʠ ὺ <  1, ʪʦ ʘʣʛʦʨʠʪʤ ʟʘʚʝʨʰʘʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘ-

ʪʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʤʥʦʞʝʩʪʚʦ {ʧ,} ʠ ʩʦʦʙʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʦʛʨʘ-

ʥʠʯʝʥʠʷ ʈɺ ʚʩʝʭ ʟʘʜʘʯ ʠʟ { }ʪ , ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʩʦʙʣʶʜʘʶʪʩʷ. 

4. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ύ =  Ὅ(ὺ),ᾀ =  Ὅ(ὺ), ʛʜʝ ύ -

ʦʧʨʝʜʝʣʷʝʪ ʠʥʜʝʢʩ ʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʠ ʩʨʝʜʠ ʟʘʜʘʯ, ʢʦʪʦʨʳʤ ʝʱʝ 

ʥʝ ʥʘʟʥʘʯʝʥ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʨʠʦʨʠʪʝʪʘ; ᾀ -ʩʦʭʨʘʥʷʝʪ 

ʠʥʜʝʢʩ ʟʘʜʘʯʠ, ʠʤʝʚʰʝʡ ʧʨʠʦʨʠʪʝʪ v, ʢ ʥʘʯʘʣʫ ʰʘʛʘ 4. 

5.  ɽʩʣʠ ύὸ ᾀ , ʪʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧᾀ = ʧ̂ ʧύ = ὺ. 
ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ὍὬὴ ύ  ʠ { }ύ ʩʦʩʪʦʠʪ ʠʟ 

ʠʥʜʝʢʩʦʚ ʚʩʝʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʤ ʝʱʝ ʥʝ ʥʘʟʥʘʯʝʥ ʦʢʦʥʯʘʪʝʣʴʥʳʡ 

ʚʘʨʠʘʥʪ ʧʨʠʦʨʠʪʝʪʘ. 

6.  ɺʳʧʦʣʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʠʤʦʩʪʠ, 

ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʟʘʜʘʯʝ ʪ w. 

ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʚʳ-

ʧʦʣʥʠʤʦʩʪʴ ʪ w, ʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʰʘʛʫ 10. 

7.  ɽʩʣʠ ὲ =  1, ʪʦ ʘʣʛʦʨʠʪʤ ʟʘʚʝʨʰʘʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘ-

ʪʦʤ ʚ ʚʠʜʝ ʩʦʦʙʱʝʥʠʷ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʦʙʣʶʜʝ-

ʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʈɺ ʚʩʝʭ ʟʘʜʘʯ ʠʟ { } ʪ Ὥ , ʪʘʢ ʢʘʢ ʫʞʝ ʧʨʦʚʝʨʝʥʳ 
ʚʩʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʤ ʝʱʝ ʥʝ ʥʘʟʥʘʯʝʥ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ 

ʧʨʠʦʨʠʪʝʪʘ, ʠ ʥʠ ʜʣʷ ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʟʘʜʘʯ ʥʝʚʦʟʤʦʞʥʦ ʛʘʨʘʥʪʠ-

ʨʦʚʘʪʴ ʚʳʧʦʣʥʠʤʦʩʪʴ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ ʧʨʠʦʨʠʪʝʪʘ, ʨʘʚʥʦʛʦ v. 

8.  ɽʩʣʠ ύὸ ᾀ , ʪʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ^  = ὲ ,ὲ=  ὺ. ʇʨʠ 
ʵʪʦʤ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ, 

ʠʤʝʚʰʝʝʩʷ ʢ ʥʘʯʘʣʫ ʰʘʛʘ 4. 

9. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ύ = 1)  ʠ ʚʳʧʦʣʥʷ-

ʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʰʘʛʫ 5. 

10. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ὺ =  ὺ 1 ʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʝʨʝʭʦʜ ʢ ʰʘʛʫ 3. 

ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 1.1 ʟʘʢʦʥʯʝʥʦ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ {ʣ,} ʘʣʛʦʨʠʪʤʫ 1.1 ʥʘʜʦ ʥʝ 

ʙʦʣʝʝ, ʯʝʤ ὲ(ὲ + 1)/ 2 ʨʘʟ ʚʳʧʦʣʥʷʪʴ ʘʥʘʣʠʟ ʚʳʧʦʣʥʠʤʦʩʪʠ. 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʦʩʫʱʝʩʪ-

ʚʣʷʪʴ ʧʝʨʝʙʦʨ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʥʘʟʥʘʯʝʥʠʷ ʧʨʠʦʨʠʪʝ-

ʪʦʚ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʨʘʚʥʦ ʧ!, ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʚʳʧʦʣʥʷʪʴ 

ʧʨʦʚʝʨʢʫ ʚʳʧʦʣʥʠʤʦʩʪʠ ʤʥʦʞʝʩʪʚʘ { } ʪ Ὥ  
ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ 1.1 ʥʘʜʦ ʫʤʝʪʴ ʦʧʨʝʜʝʣʷʪʴ 

ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʠʤʦʩʪʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʘʞʜʦʡ ʟʘʜʘ-

ʯʝ. ʉʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ. 

ʆʧʨʝʜʝʣʝʥʠʝ 1.3. ʋʩʣʦʚʠʝ ʚʳʧʦʣʥʠʤʦʩʪʠ ʟʘʜʘʯʠ ʪ , - ʵʪʦ 

ʫʩʣʦʚʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣ-

ʥʠʤʦʩʪʠ ʪ Ὥ, ʪ. ʝ. ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʦʛ-

ʨʘʥʠʯʝʥʠʷ ʈɺ ʟʘʜʘʯʠ ʪ Ὥ ʧʨʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ. 

ɺʧʦʣʥʝ ʦʯʝʚʠʜʥʦ, ʫʯʠʪʳʚʘʷ ʫʩʣʦʚʠʝ (1.5) ʠ ʫʪʚʝʨʞʜʝʥʠʝ 

1.2, ʯʪʦ ʚ ʩʣʫʯʘʝ ʉʆ ʜʣʷ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʠʣʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘ-

ʯʠ, ʘ ʪʘʢʞʝ ʧʨʠ ὕὭ =  ὕ ,zὝ,=  Ὕz  ʚ ʩʣʫʯʘʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘ-

ʯʠ, ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʠʤʦʩʪʠ ʟʘʜʘʯʠ ʪ Ὥ - ʵʪʦ ʫʩʣʦʚʠʝ 

Ὗὴ( ὪὭ/ ,  ὶ,/ ,)  <  ὈὭ, (1.7) 

ʛʜʝ Ὗὴ( ὪὭ Ὦ,  ὶ,/  ) - ʵʪʦ ʚʝʨʭʥʷʷ ʦʮʝʥʢʘ ʟʥʘʯʝʥʠʡ 

ὪὭ Ὦ,  r,/ , ʜʣʷ ʏ/  > 1, ʧʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ 

ʚʳʯʠʩʣʝʥʠʷ Ὗὴ( ὪὭ  ὶ,/ ,) [51,60,59,95,93]. 
ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ 1.3 ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʠʤʦʩʪʠ ʷʚʣʷ-

ʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʪʦʛʦ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʈɺ ʜʣʷ ʪ Ὥ ʥʝ 
ʙʫʜʝʪ ʥʘʨʫʰʝʥʦ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʪ Ὥ. ʥʦ ʦʥʦ ʩʦʚʩʝʤ ʥʝ ʦʙʷʟʘ-

ʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʵʪʦʛʦ. ʇʦʵʪʦʤʫ 

ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʪʦʯʥʳʤ ʚ 

ʩʤʳʩʣʝ ʢʦʣʠʯʝʩʪʚʘ ʦʪʚʝʨʛʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ, ʢʦʪʦʨʳʝ, ʥʘ ʩʘʤʦʤ 

ʜʝʣʝ, ʛʘʨʘʥʪʠʨʫʶʪ ʩʦʙʣʶʜʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʈɺ. 

ʅʘʧʨʠʤʝʨ, ʫʩʣʦʚʠʷ  

Ὗὴ(Ὢ,Ὦ,  ὶ,Ὦ,)  <  Ὀ,/ 2,Ὗὴ(ὪὭ Ὦ,  ὶ,Ὦ, )  <  Ὀ,/
3, .. . ,Ὗὴ(ὪὭ Ὦ,  ὶ,Ὦ,)  <  Ὀ,/ʢ ,ʛʜʝ Ὧ >  0, ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʫʩʣʦ-

ʚʠʷʤʠ ʚʳʧʦʣʥʠʤʦʩʪʠ ʪ , ʚ ʩʣʫʯʘʝ ʉʆ. ʆʜʥʘʢʦ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʙʦ-

ʣʝʝ ʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ Ὗὴ( ὪὭ Ὦ,  ὶ,Ὦ, )  <  ὈὭ, ʠ ʠʤʝʥʥʦ 
ʝʛʦ ʚʳʛʦʜʥʝʝ ʧʨʠʤʝʥʷʪʴ ʥʘ ʧʨʘʢʪʠʢʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʦʯʥʦʩʪʴ 

ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ Ὗὴ( ὪὭ Ὦ,  ὶ,Ὦ, ) , ʚʝʜʴ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʦʡ ʦʮʝʥʢʠ ʚ ʫʩʣʦʚʠʠ (1.7) ʜʝʣʘʝʪ ʵʪʦ ʫʩʣʦ-

ʚʠʝ ʜʦʩʪʘʪʦʯʥʳʤ, ʥʦ ʥʝ ʥʝʦʙʭʦʜʠʤʳʤ. 
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ʊʝʧʝʨʴ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʡ ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʳʡ ʘʣ-

ʛʦʨʠʪʤ. ɸʣʛʦʨʠʪʤ 1.2. ɸʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʠʤʦʩʪʠ ʟʘʜʘʯʠ ʪ 

,, ʠʤʝʶʱʝʡ ʉʆ. 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʘ - ʵʪʦ ʤʥʦʞʝʩʪʚʦ {ʪ , }, ʘ ʪʘʢʞʝ 
ʠʥʜʝʢʩ Ὥ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʟʘʜʘʯʠ ʪ Ὥ ʚ ʵʪʦʤ ʤʥʦʞʝʩʪʚʝ. 

ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ - ʵʪʦ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, 

ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʣʠ ʚʳʧʦʣʥʠʤʦʩʪʴ ʟʘʜʘʯʠ ʪ i. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʰʘʛʦʚ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

1. ʉ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ ʪ ,, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪ-

ʨʦʚ ʟʘʜʘʯ ʠʟ Ὤὴ(Ὥ)  ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ Ὗὴ( Ὢ,Ὦ,  ὶ, j,) . 
2. ɽʩʣʠ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʠʤʦʩʪʠ (1.7) ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ 

ʘʣʛʦʨʠʪʤ ʟʘʚʝʨʰʘʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʦʤ, ʯʪʦ ʚʳʧʦʣʥʠʤʦʩʪʴ ʪ i ʛʘ-

ʨʘʥʪʠʨʫʝʪʩʷ, ʠʥʘʯʝ ʘʣʛʦʨʠʪʤ ʟʘʚʝʨʰʘʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʦʤ, ʯʪʦ ʚʳ-

ʧʦʣʥʠʤʦʩʪʴ ʪ Ὥ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ. 

ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 1.2 ʟʘʢʦʥʯʝʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʥʘʣʠʯʠʠ ʪʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʠʡ ʉʆ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʘ Oʐ ʩʚʦʜʠʪʩʷ ʢ ʫʩʪʘʥʦʚʢʝ ὕ,=  ὕ,z
,Ὕ,= Ὕ,z  ʜʣʷ ʢʘʞʜʦʡ ʪ , ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʣʛʦʨʠʪʤʘ 1.1 ʜʣʷ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ {ʧ, } ʩ ʫʯʝʪʦʤ ʘʣʛʦʨʠʪʤʘ 1.2. ɹʦʣʝʝ ʬʦʨ-

ʤʘʣʴʥʦ ʵʪʦʪ ʧʦʜʭʦʜ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ ʘʣʛʦ-

ʨʠʪʤʘ. 

ɸʣʛʦʨʠʪʤ 1.3. ʇʣʘʥʠʨʦʚʘʥʠʝ ʧʨʠ ʥʘʣʠʯʠʠ ʪʦʣʴʢʦ ʉʆ. 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʘ - ʵʪʦ ʤʥʦʞʝʩʪʚʦ { } ʪ Ὥ ʩ ʥʝʦʧ-

ʨʝʜʝʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ {ὕὭ,ὝὭ |Ὥ ʝ [1,ὲ]}. 
ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ - ʵʪʦ ʣʠʙʦ ʤʥʦʞʝʩʪʚʦ 

{ } ʪ Ὥ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ {ὕ̂ Ὕ,^, |ὭὩ[1,ὲ]} ʠ ʩʦʦʙʱʝ-

ʥʠʝ ʦ 

ʚʳʧʦʣʥʠʤʦʩʪʠ {ʪ Ὥ}, ʣʠʙʦ ʩʦʦʙʱʝʥʠʝ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʠʤʦʩʪʴ { }ʪ Ὥ . 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʰʘʛʦʚ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

1. ɼʣʷ 

ʢʘʞʜʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʪ , ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ὕ,= ὕ ,zὝ,=
 ʊz . 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ {ὕὭ,ὝὭ |Ὥ ʝ [1,ὲ]}. 



 
ʉʀʉʊɽʄʅʆɽ ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ            

 

72 

 

2. ɺʳʧʦʣʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ 1.1, ʧʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʝʛʦ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ: ʤʥʦʞʝʩʪʚʦ { }ʪ Ὥ , ʘ ʪʘʢʞʝ ʘʣʛʦ-

ʨʠʪʤ 1.2 ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʠʟ { ʪ Ὥ}. ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 
ʚʳʧʦʣʥʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ {ʣ, } ʩʬʦʨʤʠʨʦʚʘʥʦ, ʠ 
ʦʛʨʘʥʠʯʝʥʠʷ ʈɺ ʚʩʝʭ ʟʘʜʘʯ ʠʟ { }ʪ , ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʩʦʙʣʶʜʘʶʪ-

ʩʷ, ʪʦ ʪʦʛʜʘ ʘʣʛʦʨʠʪʤ ʟʘʚʝʨʰʘʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʦʤ, ʩʦʜʝʨʞʘʱʠʤ 

ʤʥʦʞʝʩʪʚʦ { } ʪ Ὥ  ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

{ὕὭ,ὝὭ,ὲὭ |ie[1,n]} ʠ ʩʦʦʙʱʝʥʠʝ ʦ ʚʳʧʦʣʥʠʤʦʩʪʠ { }ʪ , , ʠʥʘʯʝ 

ʘʣʛʦʨʠʪʤ ʟʘʚʝʨʰʘʝʪʩʷ ʩ ʩʦʦʙʱʝʥʠʝʤ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝ-

ʯʠʪʴ ʚʳʧʦʣʥʠʤʦʩʪʴ {ʪ Ὥ}. 
ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 1.3 ʟʘʢʦʥʯʝʥʦ. 

ʋʪʚʝʨʞʜʝʥʠʝ 1.4. ʇʨʠ ʥʘʣʠʯʠʠ ʪʦʣʴʢʦ ʉʆ ʤʥʦʞʝʩʪʚʦ 

{ʪ , } ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʠʤʳʤ, ʝʩʣʠ ʘʣʛʦʨʠʪʤ 1.3 ʩ ʚʭʦʜʥʳʤʠ ʜʘʥ-

ʥʳʤʠ ʚ ʚʠʜʝ { }ʪ Ὥ  ʚʳʜʘʝʪ ʩʦʦʙʱʝʥʠʝ ʦ ʚʳʧʦʣʥʠʤʦʩʪʠ { }ʪ Ὥ . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʋʯʠʪʳʚʘʷ ʦʙʦʩʥʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʩʪʠ 

ʘʣʛʦʨʠʪʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [17] ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʘʣʛʦʨʠʪʤʫ 1.1, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʷ ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʳʡ ʘʣʛʦʨʠʪʤ 1.2, 

ʷʩʥʦ, ʯʪʦ ʩʦʦʙʱʝʥʠʝ ʦ ʚʳʧʦʣʥʠʤʦʩʪʠ { }ʪ Ὥ ʦʟʥʘʯʘʝʪ ʛʘʨʘʥʪʠʨʦ-

ʚʘʥʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʚʩʝʭ ʉʆ. ʊʦʛʜʘ ʜʣʷ ʚʳʧʦʣʥʠʤʦʩʪʠ { }ʪ Ὥ , 

ʫʯʠʪʳʚʘʷ ʦʧʨʝʜʝʣʝʥʠʷ 1.1, 1.2, ʦʩʪʘʝʪʩʷ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʨʘʟʤʝʨ ʦʩ-

ʥʦʚʥʦʡ ʦʯʝʨʝʜʠ ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥ. ʅʦ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ 

ʫʪʚʝʨʞʜʝʥʠʷ 1.3 ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʰʘʛʘ 1 

ʘʣʛʦʨʠʪʤʘ 1.3 ʜʣʷ ʢʘʞʜʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ὕ,=  ὕ,z ,Ὕ,= Ὕ .z ʋʪʚʝʨʞʜʝʥʠʝ 1.4 ʜʦʢʘʟʘʥʦ. 

 

 

1.4. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

1.4.1. ʇʨʠʤʝʨ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʤʥʦʞʝʩʪ-

ʚʘ ʟʘʜʘʯ 

 

ʅʘ ʨʠʩ. 11 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ, ʟʘʰʪʨʠʭʦʚʘʥʥʳʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʦʙʦʟʥʘ-

ʯʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʟʘʧʨʦʩʘ, ʦʢʨʫʞʥʦʩʪʴʶ - ʤʦʤʝʥʪ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʟʘʧʨʦʩʘ (ʝʛʦ ʘʢʪʠʚʘʮʠʠ), ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ - ʦʞʠʜʘʥʠʝ ʟʘ-

ʧʨʦʩʘ ʚ ʦʯʝʨʝʜʠ. ʉʪʨʝʣʢʦʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʥʠʟ, ʦʙʦʟʥʘʯʘʝʪʩʷ 

ʢʨʘʡʥʠʡ ʩʨʦʢ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʘ, ʧʨʠ ʵʪʦʤ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ, 
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ʩʦʝʜʠʥʷʶʱʘʷ ʦʢʨʫʞʥʦʩʪʴ ʠ ʩʪʨʝʣʢʫ, ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʨʝʰʝʥʥʳʡ 

ʠʥʪʝʨʚʘʣ ʟʘʧʨʦʩʘ. 

 

 

ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʪ 1 - ʩʧʦʨʘʜʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʩ ʧʘʨʘʤʝʪʨʘ-

ʤʠ: ʊ\  =  17,C =  7,Ὀ\  = 15,ʘ ʪ 2 - ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʩ ʧʘ-

ʨʘʤʝʪʨʘʤʠ: ὕ2 =  5,Ὕ2 =  25,ὅ2 = 10,Ὀ2 =  20. ɸʧʝʨʠʦʜʠʯʝ-

ʩʢʠʝ ʟʘʧʨʦʩʳ, ʦʙʦʟʥʘʯʘʝʤʳʝ ɸ, ʧʦʩʪʦʷʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʨʘʚ-

ʥʦʡ 3, ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʥʝʢʦʪʦʨʳʝ (ʟʘʨʘʥʝʝ ʥʝ ʦʧʨʝʜʝʣʝʥʥʳʝ) ʤʦ-

ʤʝʥʪʳ ʚʨʝʤʝʥʠ. ɿʜʝʩʴ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʟʘʜʘʯʝ ʪ 1 ʙʳʣ ʥʘʟʥʘʯʝʥ ʥʘʠʚʳʩʰʠʡ ʧʨʠʦʨʠʪʝʪ. ʇʨʠ ʵʪʦʤ ʟʘʧʨʦ-

ʩʳ ʠʟ ʧʦʪʦʢʘ ɸ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʬʦʥʦʚʦʤ ʨʝʞʠʤʝ, ʪʦ ʝʩʪʴ ʢʦʛʜʘ 

ʧʨʦʮʝʩʩʦʨ ʩʚʦʙʦʜʝʥ ʦʪ ʪ 1 ʠ ʪ 2 . 

ɽʩʣʠ ʟʘʜʘʯʝ ʪ 2 ʧʨʠʩʚʦʠʪʴ ʥʘʠʚʳʩʰʠʡ ʧʨʠʦʨʠʪʝʪ, ʪʦ ʪʦ-

ʛʜʘ ʟʘʧʨʦʩ ʟʘʜʘʯʠ ʪ 1 ʥʝ ʙʫʜʝʪ ʫʢʣʘʜʳʚʘʪʴʩʷ ʚ ʩʚʦʡ ʢʨʘʡʥʠʡ ʩʨʦʢ 

ʧʨʠ ʧʨʝʨʳʚʘʥʠʠ ʟʘʧʨʦʩʦʤ ʟʘʜʘʯʠ ʪ 2 . ʇʦʵʪʦʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ 

ʥʘ ʨʠʩ. 11 ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ ʪ 1 ʠ ʪ 2 - 

ʝʜʠʥʩʪʚʝʥʥʦ ʜʦʧʫʩʪʠʤʦʝ. ʉ ʧʦʤʦʱʴʶ ʨʠʩ. 11 ʤʦʞʥʦ ʧʦʥʷʪʴ ʛʘ-

ʨʘʥʪʠʨʦʚʘʥʥʦʩʪʴ ʩʦʙʣʶʜʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ (1.5) ʜʣʷ ʪ 1 ʠ ʪ 2 ʧʨʠ 

ʫʢʘʟʘʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʨʠʦʨʠʪʝʪʦʚ. ʅʦ ʚ ʦʙʱʠʭ ʠ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ, ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʪʝʩʪʘ ʚʳʧʦʣʥʠʤʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʠʟ ʨʘʙʦʪʳ [17]. 

ʊʘʢʞʝ ʠʟ ʵʪʦʛʦ ʧʨʠʤʝʨʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʤʠ-

ʥʠʤʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘʩʪʫʧʣʝʥʠʷ ʚʥʝʰʥʠʡ ʩʦʙʳʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʟʘʜʘʯʝʡ ʪ 1 (ʟʥʘʯʝʥʠʝ T1), ʙʫʜʫʪ ʥʘʨʫʰʘʪʴʩʷ ʦʛʨʘʥʠʯʝʥʠʷ (1.5) 

ʟʘʜʘʯʠ ʪ 2 . ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʟʘʧʨʦʩ ʪ 1,4 ʧʦʷʚʠʪʩʷ ʥʝ ʚ ʤʦʤʝʥʪ 97, 

ʘ ʚ ʤʦʤʝʥʪ 96, ʪʦ ʪʦʛʜʘ ʧʨʦʠʟʦʡʜʝʪ ʧʨʝʨʳʚʘʥʠʝ ʟʘʧʨʦʩʘ ʟʘʜʘʯʠ ʪ 

2 , ʠ ʦʥ ʚʳʡʜʝʪ ʟʘ ʧʨʝʜʝʣʳ ʨʘʟʨʝʰʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ [80,100), ʪʦ 

ʝʩʪʴ ʙʫʜʝʪ ʥʘʨʫʰʝʥ ʢʨʘʡʥʠʡ ʩʨʦʢ Ὠ.2,4 = 100. ɺʦʟʤʦʞʥʳʤ ʨʝ-

ʰʝʥʠʝʤ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʤʦʞʝʪ ʩʪʘʪʴ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ ʟʘʜʘʯʠ ʪ 2 , ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ 

 
 

ʈʠʩ. 11. ʇʨʠʤʝʨ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 
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ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶ-

ʱʝʛʦ ʧʨʦʮʝʩʩʦʨʘ. 

 

1.4.2. ʈʘʟʚʠʪʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʝʣʝʡ ʦʥʣʘʡʥʦʚʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚʳʰʝ ʧʨʠʤʝʨ ʤʦʜʝʣʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷ-

ʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ ʠʟ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ, 

ʘ ʠʤʝʥʥʦ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʝʱʝ ʚ 1973 ʛʦʜʫ ʚ ʨʘʙʦʪʝ [57]. 

ʇʦʟʜʥʝʝ ʧʦʷʚʠʚʰʘʷʩʷ ʩʧʦʨʘʜʠʯʝʩʢʘʷ ʤʦʜʝʣʴ [66] ʭʘʨʘʢʪʝʨʥʘ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʥʝʡ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʟʘʜʘʯ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʛʦ ʢʨʘʡʥʝʛʦ ʩʨʦʢʘ ʦʪ ʧʝʨʠʦʜʘ. ʇʦʪʦʤ ʙʳʣʘ ʧʨʝʜʣʦʞʝ-

ʥʘ ʤʫʣʴʪʠʬʨʝʡʤʦʚʘʷ ʤʦʜʝʣʴ (multiframe model) [65], ʚ ʢʦʪʦʨʦʡ 

ʟʘʜʘʯʘ ʬʦʨʤʠʨʫʝʪ ʟʘʧʨʦʩʳ ʩ ʜʣʠʪʝʣʴʥʦʩʪʷʤʠ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʥʘ-

ʙʦʨʘ ʟʥʘʯʝʥʠʷ, ʘ ʥʝ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʟʥʘʯʝʥʠʝʤ ὅὭ  . ʅʦ ʚ ʵʪʦʡ 

ʤʦʜʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʢʨʘʡʥʠʝ ʩʨʦʢʠ ʩʦʚʧʘʜʘʣʠ ʩ ʧʝʨʠʦ-

ʜʘʤʠ. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʙʳʣ ʧʦʟʜʥʝʝ ʨʝʰʝʥ ʚ ʦʙʦʙʱʝʥʥʦʡ ʤʫʣʴ-

ʪʠʬʨʝʡʤʦʚʦʡ ʤʦʜʝʣʠ (generalized multiframe model) [19]. 

ɼʘʣʴʥʝʡʰʝʝ ʦʙʦʙʱʝʥʠʝ ʤʦʜʝʣʠ ʙʳʣʦ ʦʩʥʦʚʘʥʦ ʥʘ ʪʦʤ, 

ʯʪʦ ʧʦʨʷʜʦʢ ʟʘʧʨʦʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʣʠʪʝʣʴʥʦʩʪʷʤʠ ʥʝ ʦʙʷʟʘ-

ʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʘ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʜʘʥ ʥʘʧʨʘʚʣʝʥʥʳʤ ʘʮʠʢʣʠʯʝʩʢʠʤ ʛʨʘʬʦʤ (ʤʦʜʝʣʴ ʧʦʚʪʦ-

ʨʷʶʱʠʭʩʷ ʟʘʜʘʯ) [20], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʝʪʚʣʝʥʠʝ 

ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ. ʇʘʨʘʣʣʝʣʴʥʦ, ʜʨʫʛʦʝ ʦʙʦʙʱʝʥʠʝ ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʚ ʥʝʮʠʢʣʠʯʝʩʢʦʡ ʦʙʦʙʱʝʥʥʦʡ ʤʫʣʴʪʠʬʨʝʡʤʦʚʦʡ ʤʦʜʝʣʠ [68]. 

ʆʥʦ ʦʩʥʦʚʘʥʦ ʥʘ ʪʦʤ, ʯʪʦ ʦʪʜʝʣʴʥʳʝ ʟʘʧʨʦʩʳ ʤʦʛʫʪ ʠʜʪʠ ʚ ʨʘʟ-

ʣʠʯʥʦʤ ʧʦʨʷʜʢʝ, ʪʝʤ ʩʘʤʳʤ, ʥʘʨʫʰʘʷ ʮʠʢʣʠʯʥʦʩʪʴ ʦʙʦʙʱʝʥʥʦʡ 

ʤʫʣʴʪʠʬʨʝʡʤʦʚʦʡ ʤʦʜʝʣʠ. ɼʚʘ ʵʪʠʭ ʧʦʜʭʦʜʘ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʚ 

ʥʝʮʠʢʣʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʟʘʜʘʯ [21]. ɺ ʨʘʙʦʪʝ [85] 

ʧʨʝʜʣʦʞʝʥʦ ʜʘʣʴʥʝʡʰʝʝ ʦʙʦʙʱʝʥʠʝ ʚ ʚʠʜʝ ʤʦʜʝʣʠ ʟʘʜʘʯ ʨʝʘʣʴ-

ʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʦʩʥʦʚʝ ʦʨʛʨʘʬʘ. 
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ʈʠʩ. 12 ʇʨʠʤʝʨʳ ʦʨʛʨʘʬʦʚ ʜʣʷ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ: ʘ) ʠʟ 

ʨʘʙʦʪʳ [85]; ʙ) ʦʨʛʨʘʬ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʘʜʘʯʝ ʪ 1 ʠʟ ʧʨʠʤʝʨʘ, 

ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʨʠʩʫʥʢʫ 11 

 

ʅʘ ʨʠʩ. 12 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʦʨʛʨʘʬʘ ʠʟ ʨʘʙʦʪʳ [85], 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʟʘʧʨʦʩʳ ʦʜʥʦʡ ʟʘʜʘʯʠ. ʕʪʦʪ ʦʨʛʨʘʬ, ʢʘʢ 

ʤʦʞʥʦ ʚʠʜʝʪʴ, ʩʦʜʝʨʞʠʪ ʮʠʢʣʳ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʤʦʜʝʣʴ ʠʟ ʨʘʙʦʪʳ 

[21]. ɼʘʥʥʳʡ ʦʨʛʨʘʬ ʦʪʨʘʞʘʝʪ 5 ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʟʘʧʨʦʩʦʚ, ʦʙʦ-

ʟʥʘʯʘʝʤʳʭ ὺὭ,..., ὺ5, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʦʜʥʘ ʟʘʜʘʯʘ ʪ Ὥ . 
ɼʣʷ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ ʛʨʘʬʘ, ʪʦ ʝʩʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʟʘʧʨʦʩʘ ὺὭ, 
ʟʘʜʘʝʪʩʷ ʧʘʨʘ ʯʠʩʝʣ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʟʘʧʨʦʩʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʢʨʘʡʥʠʡ ʩʨʦʢ ʜʣʷ ʜʘʥʥʦʛʦ 

ʟʘʧʨʦʩʘ. ʅʘʧʨʘʚʣʝʥʠʷ ʨʝʙʝʨ ʛʨʘʬʘ ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʳʡ ʧʦʨʷ-

ʜʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ, ʘ ʯʠʩʣʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʝʙʨʫ, 

ʦʧʨʝʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʤʝʞ-

ʜʫ ʩʦʩʝʜʥʠʤʠ ʟʘʧʨʦʩʘʤʠ. ʇʝʨʝʤʝʱʘʷʩʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʝʙʝʨ 

ʵʪʦʛʦ ʛʨʘʬʘ, ʤʦʞʥʦ ʛʝʥʝʨʠʨʦʚʘʪʴ ʙʝʩʢʦʥʝʯʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʮʠʢʣʫ ὺ1,ὺ2,ὺ3 ʠ ʦʙʨʘʪʥʦ ʢ ὺ1, ʘ ʧʦʪʦʤ ʧʝʨʝ-

ʢʣʶʯʠʪʴʩʷ ʥʘ ʮʠʢʣ ὺ1, ὺ5, ὺ4, ὺ2, ὺ3, ὺ1 ʠ ʪ.ʜ. ʈʘʟʥʳʝ ʚʠʜʳ ʟʘʧʨʦ-

ʩʦʚ ὺ1,..., ὺ5 ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʪʜʝʣʴʥʳʤ 

ʯʘʩʪʷʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪʩʷ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʦʪ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʜʘʯʠ 

ʩ ʫʯʝʪʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʚʥʝʰʥʠʭ ʩʦʙʳʪʠʡ. 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʨʘʩʰʠ-

ʨʷʝʪ ʧʨʦʩʪʫʶ ʤʦʜʝʣʴ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʦʪʥʦʩʷʱʫʶʩʷ ʢ ʨʠʩʫʥʢʫ 11, 

ʨʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʚ ʚʠʜʝ ʦʨʛʨʘʬʘ ʜʣʷ ʟʘʜʘʯʠ ʪ 1, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʫʶ ʥʘ ʨʠʩʫʥʢʫ . 12,ʙ. ʕʪʦʪ ʛʨʘʬ ʩʦʜʝʨʞʠʪ ʣʠʰʴ ʦʜʥʫ ʚʝʨʰʠʥʫ ʠ 

ʦʜʥʦ ʨʝʙʨʦ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʨʠʩʫʥʢʫ 11, 

ʟʘʜʘʯʘ ʪ 1 ʬʦʨʤʠʨʫʝʪ ʟʘʧʨʦʩ ʦʜʥʦʛʦ ʪʠʧʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʉ1 = 7 ʠ ʢʨʘʡʥʠʤ ʩʨʦʢʦʤ D1 =15. ʇʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴ-

ʥʳʡ ʧʝʨʠʦʜ T1 =  17 ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʝʜʠʥʩʪʚʝʥʥʦʤ ʨʝʙʨʝ ʛʨʘʬʘ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʤʦʜʝʣʠ, 

ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʤʦʜʝʣʠ ʠʟ ʨʘʙʦʪʳ [85], ʧʨʠʚʦʜʠʪ ʢ ʫʩ-

ʣʦʞʥʝʥʠʶ ʪʝʩʪʘ ʚʳʧʦʣʥʠʤʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟ-ʟʘ ʫʩʣʦʞʥʝʥʠʷ 

ʦʛʨʘʥʠʯʝʥʠʡ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʍʦʪʷ ʙʳ ʜʦʩʪʘʪʦʯʥʦ ʩʨʘʚʥʠʪʴ ʩʣʦʞʥʦʩʪʠ ʛʨʘʬʦʚ ʥʘ ʨʠ-
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ʩʫʥʢʝ . 12,ʘ ʠ ʨʠʩʫʥʢʝ . 12,ʙ. ʇʨʠ ʵʪʦʤ, ʥʘʜʦ ʫʯʝʩʪʴ, ʯʪʦ ʦʨʛʨʘʬ 

ʤʦʞʝʪ ʙʳʪʴ ʠ ʝʱʝ ʩʣʦʞʥʝʝ. ɺ ʮʝʣʦʤ, ʨʘʩʰʠʨʝʥʠʝ ʤʦʜʝʣʠ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʦʥʣʘʡʥʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʙʳʯ-

ʥʦʫʩʣʦʞʥʷʝʪ ʪʝʩʪ ʚʳʧʦʣʥʠʤʦʩʪʠ. 

ʄʦʜʝʣʴ ʟʘʜʘʯ ʥʘ ʦʩʥʦʚʝ ʦʨʛʨʘʬʘ ʫʢʘʟʳʚʘʝʪʩʷ ʢʘʢ ʥʘʠʙʦ-

ʣʝʝ ʦʙʦʙʱʝʥʥʘʷ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʩʝʚ-

ʜʦʧʦʣʠʥʦʤʠʘʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʪʝʩʪʘ ʚʳʧʦʣʥʠʤʦʩʪʠ, ʩʨʝʜʠ ʠʟ-

ʚʝʩʪʥʳʭ ʤʦʜʝʣʝʡ [85]. ʊʘʢʞʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ, ʧʦ 

ʦʮʝʥʢʝ ʘʚʪʦʨʦʚ, ʦʥʠ ʦʯʝʥʴ ʙʣʠʟʢʦ ʧʦʜʦʰʣʠ ʢ ʧʨʝʜʝʣʫ ʧʩʝʚʜʦʧʦ-

ʣʠʥʦʤʠʘʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʙʫʜʝʪ ʦʯʝʥʴ 

ʪʨʫʜʥʦ ʦʩʪʘʚʘʪʴʩʷ ʧʨʝʜʝʣʘʭ ʧʩʝʚʜʦʧʦʣʠʥʦʤʠʘʣʴʥʦʩʪʠ ʧʨʠ ʫʚʝ-

ʣʠʯʝʥʠʠ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʳʨʘʟʠʪʝʣʴʥʳʭ 

ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʘ ʟʘʜʘʯ (task automata) 

[43]. ʅʦ ʵʪʘ ʤʦʜʝʣʴ ʥʘʭʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʙʣʘʩʪʠ ʧʩʝʚʜʦʧʦ-

ʣʠʥʦʤʠʘʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ʘʚʪʦ-

ʤʘʪʘ ʟʘʜʘʯ, ʪʝʩʪ ʚʳʧʦʣʥʠʤʦʩʪʠ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʥʝʨʘʟʨʝ-

ʰʠʤʦʩʪʴ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʝʜʠʥʦʛʦ ʘʣʛʦ-

ʨʠʪʤʘ ʜʣʷ ʪʝʩʪʘ ʚʳʧʦʣʥʠʤʦʩʪʠ ʣʶʙʦʡ ʟʘʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʟʘʜʘʯ, ʦʧʠʩʳʚʘʝʤʦʡ ʘʚʪʦʤʘʪʦʤ ʟʘʜʘʯ [43]. 

ɼʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʣʝʝ ʚʳʨʘʟʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʙʦʣʝʝ 

ʧʨʦʩʪʳʝ ʤʦʜʝʣʠ ʪʘʢʞʝ ʥʝ ʪʝʨʷʶʪ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʪʝʩ-

ʪʳ ʚʳʧʦʣʥʠʤʦʩʪʠ ʜʣʷ ʥʠʭ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ ʩʣʦʞʥʦʩʪʴʶ, ʠ, 

ʥʘʧʨʠʤʝʨ, ʧʦʵʪʦʤʫ ʦʥʠ ʫʜʦʙʥʳ ʜʣʷ ʩʠʩʪʝʤ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠʟ-

ʤʝʥʝʥʠʷʤʠ ʤʥʦʞʝʩʪʚʘ ʟʘʜʘʯ. 

 

1.4.ɿ. ʈʘʟʨʘʙʦʪʢʘ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʝʣʝʡ ʧʣʘʥʠʨʦ-

ʚʘʥʠʷ ʟʘʜʘʯ ʞʝʩʪʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ 

ʤʦʜʝʣʝʡ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝ-

ʥʠ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʚʳʨʘʞʘʝ-

ʤʳʭ ʚ ʚʠʜʝ ʢʨʘʡʥʠʭ ʩʨʦʢʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʪʘ-

ʢʠʭ ʤʦʜʝʣʝʡ. 

ɺ ʨʘʙʦʪʝ [24] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ çʩʣʘʙʦ-ʞʝʩʪʢʠʭè 

(weakly hard) ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʨʝʰʘʝʪʩʷ 

ʥʘʨʫʰʘʪʴ ʥʝʢʦʪʦʨʳʡ, ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʡ, ʧʨʦʮʝʥʪ ʢʨʘʡʥʠʭ 
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ʩʨʦʢʦʚ. ʕʪʦ ʧʦʭʦʞʝ ʥʘ ʤʷʛʢʦʝ ʨʝʘʣʴʥʦʝ ʚʨʝʤʷ, ʥʦ ʧʨʠʥʮʠʧʠʘʣʴ-

ʥʦʝ ʦʪʣʠʯʠʝ ʟʜʝʩʴ ʚ ʪʦʤ, ʯʪʦ ʟʘʨʘʥʝʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʥʝʢʦʪʦʨʳʡ 

ʤʠʥʠʤʘʣʴʥʳʡ ʧʨʦʮʝʥʪ ʩʦʙʣʶʜʘʝʤʳʭ ʢʨʘʡʥʠʭ ʩʨʦʢʦʚ. ʊʦʛʜʘ 

ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʞʝʩʪʢʦʤ ʦʛʨʘʥʠʯʝʥʠʠ ʜʣʷ ʟʘʜʘʯʠ. ʇʨʦʩʪʦ ʵʪʦ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʝ ʥʘ ʢʘʞʜʳʡ ʟʘʧʨʦʩ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, 

ʘ ʥʘ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʘʧʨʦʩʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʜʘʥʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʨʘʙʦʪʫ [105], ʚ ʢʦʪʦʨʦʡ çʩʣʘʙʦʞʝʩʪʢʘʷè ʤʦʜʝʣʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚ ʢʦʥʪʝʢʩʪʝ ʜʠʩʢʨʝʪʥʦʩʦʙʳʪʠʡʥʳʭ ʩʠʩʪʝʤ. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʢʦʥʮʝʧʮʠʡ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʨʘʙʦʪʘʭ [99, 52]. ʆʙʱʠʡ ʧʨʠʥʮʠʧ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʦʛʨʘʥʠʯʝ-

ʥʠʷ ʞʝʩʪʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʛʘʨʘʥʪʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʛʦ ʩʦʩʪʘʚʣʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʜʣʷ ʟʘʜʘʯ ʩ 

ʵʪʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʪʦ ʝʩʪʴ ʩʥʘʯʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʥʠʨʦʚʘ-

ʥʠʝ ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʠʩʘʥʠʷ. ɿʘʪʝʤ, ʩʦʩʪʘʚʣʝʥʥʦʝ ʨʘʩʧʠʩʘʥʠʝ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʨʦʩʪʫʶ ʤʦʜʝʣʴ ʦʥʣʘʡʥʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʟʘ ʩʯʝʪ, ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʷ ʬʠʢʪʠʚʥʳʭ ʟʘʜʘʯ. ɼʘʣʝʝ, ʚ ʧʦʣʫʯʝʥ-

ʥʫʶ ʤʦʜʝʣʴ ʦʥʣʘʡʥʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʩʧʦʨʘ-

ʜʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʉʧʦʨʘʜʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʘʢʪʠʚʠʨʫʶʪʩʷ ʚʥʝʰʥʠʤʠ 

ʩʦʙʳʪʠʷʤʠ, ʧʦʵʪʦʤʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʦʩʪʘʚʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʠʩʘʥʠʷ ʜʣʷ ʥʠʭ - ʵʪʦ ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ, ʚʦ- ʧʝʨʚʳʭ, ʟʘ ʩʯʝʪ ʩʦʩʪʘʚʣʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʠʩʘʥʠʷ 

ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʩʣʦʞʥʳʭ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʦʛʨʘʥʠʯʝ-

ʥʠʡ. ɺʦ-ʚʪʦʨʳʭ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʭʦʨʦʰʘʷ ʛʠʙʢʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʥʣʘʡʥʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʘ ʧʦʩʣʝʜʫʶ-

ʱʝʡ ʩʪʘʜʠʠ. 

 

1.4.4. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʪʳʢʝ ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

 

ʋʞʝ ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʩʪʘʥʜʘʨʪʥʘʷ ʤʦ-

ʜʝʣʴ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʢʨʘʡʥʠʤʠ ʩʨʦʢʘʤʠ ʥʝ ʦʯʝʥʴ ʵʬʬʝʢ-

ʪʠʚʥʘ (ʚ ʩʤʳʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ) ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʥʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʨʝʙʦʚʘʥʠʝ 

ʩʪʨʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʣʠʰʥʠʤ ʫʞʝʩʪʦ-

ʯʝʥʠʝʤ, ʠ ʦʯʝʥʴ ʯʘʩʪʦ ʵʪʦ ʪʨʝʙʦʚʘʥʠʝ ʤʦʞʥʦ ʦʩʣʘʙʠʪʴ, ʚʳʩʚʦʙʦ-
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ʞʜʘʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʝʩʫʨʩʳ. ʆʜʥʘʢʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʣʛʦ-

ʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʪʨʦʛʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʩ ʟʘʜʘʥʥʳʤ ʧʝʨʠʦʜʦʤ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʥʝ-

ʦʙʭʦʜʠʤʳ ʨʝʰʝʥʠʷ, ʟʘʪʨʘʛʠʚʘʶʱʠʝ ʢʘʢ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʪʘʢ ʠ ʘʣ-

ʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʆʜʠʥ ʠʟ ʨʘʥʥʠʭ ʧʦʜʭʦʜʦʚ ʥʘ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [63]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʧʦʜʭʦʜʫ, ʚʤʝʩʪʦ ʦʛʨʘ-

ʥʠʯʝʥʠʷ ʩʪʨʦʛʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʨʘʟʨʝʰʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ 

ʟʘʧʨʦʩʦʚ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʙʳʣʦ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʛʠʙʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʨʝʘʣʴʥʦʛʦ ʚʨʝ-

ʤʝʥʠ (flexible timing constraints). ɻʠʙʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ 

ʜʦʧʫʩʪʠʤʳʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʤʦʤʝʥʪʘʤʠ ʩʪʘʨʪʦʚ ʜʚʫʭ ʩʦʩʝʜʥʠʭ 

ʟʘʧʨʦʩʦʚ ʟʘʜʘʯʠ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ, ʘ 

ʪʘʢʞʝ ʜʦʧʫʩʪʠʤʳʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʩʪʘʨʪʦʤ ʟʘʧʨʦʩʘ ʟʘʜʘʯʠ ʧʦ-

ʣʫʯʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʟʘʚʝʨʰʝʥʠʝʤ ʟʘʧʨʦʩʘ ʟʘʜʘʯʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ. 

ʊʝʤ ʩʘʤʳʤ, ʩʥʠʤʘʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʩʪʨʦʛʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ. ʆʜʥʦʚʨʝʤʝʥʥʦ, ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʤʦ-

ʜʠʬʠʮʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʪʘʢ, ʯʪʦʙʳ 

ʫʯʠʪʳʚʘʪʴ ʥʝʩʪʨʦʛʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ. 

ʇʨʦʩʪʝʡʰʠʤ ʚʘʨʠʘʥʪʦʤ ʚ ʩʣʫʯʘʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʙʫʜʝʪ ʜʠʥʘʤʠ-

ʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʝʨʠʦʜʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʚʣʠʷʝʪ ʥʘ ʚʳʯʠʩʣʷʝʤʦʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ. ɺ ʠʪʦʛʝ, ʜʦʩʪʠʛʘʝʪʩʷ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʯʠʩʣʠ-

ʪʝʣɹʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɽʩʪʴ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʧʨʦʜʚʠʛʘʶʪʩʷ ʜʘʣʴʰʝ ʧʦ ʧʫʪʠ ʩʦ-

ʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʪʝʦ-

ʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʠʭ 

ʧʦʜʭʦʜʦʚ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʦʩʨʝʜʥʠʯʝʩʢʦʡ ʨʦʣʠ 

ʦʛʨʘʥʠʯʝʥʠʡ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʠ ʦʧʨʝʜʝʣʷʶʪ 

ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʪʝʦʨʠʝʡ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʪʝʦʨʠʝʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦ-

ʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʂ ʧʦʜʦʙʥʳʤ ʧʦʜʭʦʜʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʝʰʝʥʠʷ, ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʩʘʤʦʘʢʪʠʚʠʨʫʶʱʠʤʠʩʷ ʟʘʜʘʯʘʤʠ (self-triggered tasks) ʜʣʷ 

ʢʦʥʪʫʨʦʚ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʯʘʩʪʦʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʘʧʨʦʩʦʚ ʫʧʨʘʚʣʷʶʱʝʡ ʟʘʜʘʯʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʫʨʘ 



 
ʉʀʉʊɽʄʅʆɽ ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ            

 

79 

 

ʫʧʨʘʚʣʝʥʠʷ [97]. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʫʤʝʥʴʰʘʪʴ ʯʘʩʪʦʪʫ ʟʘʧʨʦʩʦʚ, 

ʝʩʣʠ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ, ʘ ʧʨʠ ʚʳʭʦʜʝ ʠʟ 

ʨʘʚʥʦʚʝʩʠʷ ʯʘʩʪʦʪʘ ʟʘʧʨʦʩʦʚ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʊʦʛʜʘ ʩʫʱʝ-

ʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʴ [13, 

14]. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʩʨʝʜʥʝʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʩʣʫʯʘʝ ʤʦʙʠʣʴ-

ʥr ʭ ʫʩʪʨʦʡʩʪʚ. 

ʅʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ 

ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʦʡ ʤʦʜʝʣʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʮʝʣʦʤ, ʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʜʝʪʩʷ ʥʘ ʩʪʳʢʝ ʧʣʘʥʠʨʦ-

ʚʘʥʠʷ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʘʤʦʘʢʪʠ-

ʚʠʨʫʶʱʠʤʩʷ ʟʘʜʘʯʘʤ, ʪʘʢ ʢʘʢ ʩʘʤʦʘʢʪʠʚʘʮʠʷ ʪʨʝʙʫʝʪ ʩʦʚʤʝʩʪʥʦ-

ʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʘʢ ʧʦʜʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʘʣʛʦʨʠʪ-

ʤʦʚ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʨʘʙʦʪʫ 

[100]. 

 

1.4.5. ʇʣʘʥʠʨʦʚʘʥʠʝ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ 

 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʝʩʣʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʟʘʜʘʯ, ʟʘʜʝʡ-

ʩʪʚʦʚʘʥʥʳʭ ʚ ʢʦʥʪʫʨʘʭ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʦʚʤʝʩʪʥʦ ʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʵʪʠʭ ʢʦʥʪʫʨʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʪʦ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴ-

ʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʢʦʪʦʨʦʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʱʝ ʦʜʠʥ ʠʥʪʝ-

ʨʝʩʥʳʡ ʩʧʦʩʦʙ ʦʩʣʘʙʣʝʥʠʷ ʧʦʩʨʝʜʥʠʯʝʩʢʦʡ ʨʦʣʠ ʦʛʨʘʥʠʯʝʥʠʡ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʩʠʛ-

ʥʘʣʠʟʠʨʫʝʪ ʦ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʜʘʥʥʳʤʠ 

ʟʘʜʘʯʘʤʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʫ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ ʩʥʠʞʘʝʪʩʷ ʢʘʯʝʩʪʚʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʪʦ ʝʡ ʚʳʜʝʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʦʮʝʩʩʦʨʥʦʝ 

ʚʨʝʤʷ, ʠ ʦʥʘ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʯʘʩʪʦʪʫ ʧʦʣʫʯʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʜʘʥʥʳʭ ʠʣʠ ʫʚʝʣʠʯʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʚʦʠʭ ʟʘʧʨʦʩʦʚ, ʧʦʜʢʣʶʯʘʷ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʤʦʥʦʛʨʘʬʠʠ [104] ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʦ ʠʟʣʘʛʘʶʪʩʷ ʦʩ-

ʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʠ ʧʨʦʙʣʝʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ ʩ 
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ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ɺ ʥʝʡ ʞʝ ʤʦʞʥʦ ʥʘʡʪʠ ʙʦʣʴʰʦʡ ʧʝʨʝʯʝʥʴ ʥʘ-

ʫʯʥʳʭ ʨʘʙʦʪ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʨʘʙʦʪʳ [23, 98]. 

ʅʘʨʷʜʫ ʩ ʫʢʘʟʘʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ, ʢʦʪʦ-

ʨʳʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʟʘʨʘʥʝʝ ʪʨʫʜʥʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥ-

ʥʳʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʩʣʫʯʘʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʢʘʯʝʩʪʚʫ ʫʧʨʘʚʣʝʥʠʷ, ʘʢʪʫ-

ʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜ-

ʩʢʘʟʫʝʤʦʩʪʠ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʤʝʪʦ-

ʜʦʚ, ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ, ʪʘʢ ʢʘʢ ʦʥʦ ʦʯʝʥʴ ʜʘʣʝʢʦ ʧʨʦʜʚʠʛʘʝʪʩʷ ʧʦ ʧʫʪʠ ʩʪʳ-

ʢʦʚʢʠ ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʪʝʦʨʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʟʘ ʩʯʝʪ ʦʙʨʘʪʥʳʭ ʩʚʷ-

ʟʝʡ. ʋʯʠʪʳʚʘʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʘʨʭʠʪʝʢʪʫʨ ʩʠʩ-

ʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ ʘʜʘʧʪʠʚʥʦʩʪʠ, ʤʦʙʠʣʴ-

ʥʦʩʪʠ ʠ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʦʡ ʩʪʘʥʦʚʠʪʩʷ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʢʦʥʮʝʧʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. 

 

1.4.6. ʉʦʚʤʝʩʪʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʜʣʷ ʞʝʩʪʢʦʛʦ ʠ ʤʷʛ-

ʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

 

ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʨʘʟʚʠʪʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʧʨʦʙʣʝʤ ʧʣʘʥʠʨʦʚʘʥʠʷ - ʵʪʦ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦ-

ʜʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʩʦʙʣʶ-

ʜʝʥʠʝ ʞʝʩʪʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ, ʚʤʝʩʪʝ ʩ ʵʪʠʤ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʤʷʛʢʦʛʦ ʨʝ-

ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʀʟʥʘʯʘʣʴʥʦ ʥʘ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʧʨʦʙʣʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ ʥʘ ʬʦʥʝ ʟʘʜʘʯ 

ʞʝʩʪʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝ-

ʥʠ ʟʘʜʝʨʞʢʠ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ (ʤʷʛʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʨʝ-

ʤʝʥʠ) ʙʳʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʟʘʭʚʘʪʘ ʨʝʟʝʨʚʘ 
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(slack stealing) [38]. ʇʦʷʩʥʠʤ ʩʫʪʴ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʧʨʠʤʝʨʝ. ʅʘ 

ʨʠʩʫʥʢʝ 11 ʘʧʝʨʠʦʜʠʯʝʩʢʠʝ ʟʘʧʨʦʩʳ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʥʠʟʰʠʤ 

ʧʨʠʦʨʠʪʝʪʦʤ (ʚ ʬʦʥʦʚʦʤ ʨʝʞʠʤʝ), ʧʦʵʪʦʤʫ ʦʥʠ ʦʯʝʥʴ ʯʘʩʪʦ ʚʳ-

ʧʦʣʥʷʶʪʩʷ ʩ ʟʘʜʝʨʞʢʘʤʠ, ʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʦ ʧʝʨʚʳʤ 

ʩʝʤʠ ʟʘʧʨʦʩʘʤ ʨʘʚʥʦ (5 + 0 + 15+ 2 + 10+ 34+ 8) /  7 =
 10.57 ~  11. ɽʩʣʠ ʞʝ ʚʤʝʩʪʦ ʬʦʥʦʚʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʣʛʦʨʠʪʤ ʟʘʭʚʘʪʘ ʨʝʟʝʨʚʘ ʚ çʞʘʜʥʦʤè (greedy) ʚʘʨʠʘʥʪʝ, ʪʦ ʪʦʛʜʘ 

ʟʘʧʨʦʩʳ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴʩʷ, ʢʘʢ ʫʢʘʟʘʥʦ ʥʘ ʨʠʩ. 13. 

 

ʈʠʩ. 13 - ʇʨʠʤʝʨ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʧʨʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘʧʨʦʩʳ ʟʘʜʘʯ ʪ 1 ʠ ʪ 2 çʦʪʦʜʚʠʛʘʶʪʩʷè 

ʚʧʨʘʚʦ ʚʥʫʪʨʠ ʩʚʦʠʭ ʨʘʟʨʝʰʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʟʥʘʯʝʥʠʷʤʠ ʢʨʘʡʥʠʤʠ ʩʨʦʢʘʤʠ, ʯʪʦʙʳ çʧʨʦʧʫʩʪʠʪʴ ʚʧʝʨʝʜè ʘʧʝ-

ʨʠʦʜʠʯʝʩʢʠʝ ʟʘʧʨʦʩʳ. ʊʝʤ ʩʘʤʳʤ, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ 

 

(0 + 0 + 15+ 2 + 0 + 17+ 0) /  7 =  4.86 ~  5,  

 

ʪʦ ʝʩʪʴ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʛʘʨʘʥʪʠ-

ʨʫʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʞʝʩʪʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ (1.5) ʜʣʷ ʪ 1 ʠ ʪ 2 . 

ʕʪʦ ʧʨʠʤʝʨ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ ʜʣʷ ʞʝʩʪʢʦʛʦ ʠ ʤʷʛʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʚʝʣʦ ʢ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤ ʤʦʜʝʣʷʤ, ʚ ʢʦʪʦʨʳʭ ʫ ʦʜʥʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʠ ʞʝ-

ʩʪʢʘʷ, ʠ ʤʷʛʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʛʨʘʥʠʯʝʥʠʷ. ʊʦʛʜʘ ʤʝʪʦʜ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ ʛʘʨʘʥʪʠʨʫʝʪ ʩʦʙʣʶʜʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩ-

ʪʠʤʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ, ʚʳʨʘʞʘʝʤʦʛʦ ʞʝʩʪʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʠ ʩʪʨʝʤʠʪʩʷ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʢʘ-

ʯʝʩʪʚʘ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʤʷʛʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜ-

ʩʪʘʚʠʪʝʣʝʡ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʳ ʧʦ ʪʘʢ ʥʘʟʳ-

ʚʘʝʤʳʤ ʵʣʘʩʪʠʯʥʳʤ ʟʘʜʘʯʘʤ (elastic task) [30]. ʋ ʢʘʞʜʦʡ ʪʘʢʦʡ 

ʟʘʜʘʯʠ ʝʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʧʝʨʠʦʜ, ʚʳʧʦʣʥʝʥʠʝ ʩ ʢʦ-

ʪʦʨʳʤ ʛʘʨʘʥʪʠʨʫʝʪʩʷ (ʞʝʩʪʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ). ʅʦ, ʧʦ ʚʦʟʤʦʞʥʦ-

ʩʪʠ, ʩʠʩʪʝʤʘ ʩʪʘʨʘʝʪʩʷ ʜʝʣʘʪʴ ʧʝʨʠʦʜ ʧʦʤʝʥʴʰʝ (ʤʷʛʢʘʷ ʩʦʩʪʘʚ-

ʣʷʶʱʘʷ), ʫʯʠʪʳʚʘʷ ʨʘʟʣʠʯʠʝ ʚ çʢʦʵʬʬʠʮʠʝʥʪʘʭ ʵʣʘʩʪʠʯʥʦʩʪʠè 

ʟʘʜʘʯ. 
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ɼʨʫʛʦʡ ʧʨʠʤʝʨ - ʵʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʟʘʜʘʯ [50], ʚ 

ʢʦʪʦʨʦʡ ʢʘʞʜʘʷ ʟʘʜʘʯʘ ʧʦʜʦʙʥʦ ʤʘʷʪʥʠʢʫ, ʢʦʪʦʨʳʡ ʚʥʝ ʦʩʦʙʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ (ʙʝʟ ʜʚʠʞʝʥʠʷ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʮʝʣʝʚʫʶ ʪʦʯʢʫ ʚ ʨʘʟ-

ʨʝʰʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʟʘʧʨʦʩʘ (ʤʝʞʜʫ ʩʪʘʨʪʦʤ ʠ ʢʨʘʡʥʠʤ ʩʨʦʢʦʤ). 

ʅʦ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʟʘʜʘʯ ʚʳʥʫʞʜʘʝʪ çʤʘʷʪʥʠʢè ʩʤʝʱʘʪʴʩʷ ʦʪ ʮʝ-

ʣʝʚʦʡ ʪʦʯʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ çʢ ʧʦʜʥʷʪʠʶ ʤʘʷʪʥʠʢʘè ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʵʪʦʡ ʪʦʯʢʠ, ʛʜʝ ʝʛʦ ʵʥʝʨʛʠʷ ʤʠʥʠʤʘʣʴʥʘ. ɿʘʧʨʦʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʨʝʰʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ (ʞʝʩʪʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ), ʥʦ 

ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʵʥʝʨʛʠʷ çʟʘʜʘʯ-ʤʘʷʪʥʠʢʦʚè, ʯʪʦ ʧʨʠ-

ʙʣʠʞʘʝʪ ʠʭ ʢ ʞʝʣʘʝʤʦʡ ʪʦʯʢʝ ʚʥʫʪʨʠ ʠʥʪʝʨʚʘʣʘ (ʤʷʛʢʘʷ ʩʦʩʪʘʚ-

ʣʷʶʱʘʷ). 

 

1.4.7. ʉʧʝʮʠʬʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ ʚ ʧʨʦʝʢʪʘʭ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

 

ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʠʤʝʝʪ ʜʣʠʥʥʫʶ ʠʩʪʦʨʠʶ, ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ. ʆʜʥʘʢʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʧʨʘʚ-

ʣʷʶʱʠʭ ʉʈɺ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʣʦʞʥʦʩʪʷʤʠ. ɽʩʪʴ 

ʩʣʦʞʥʦʩʪʴ ʦʙʱʝʛʦ ʧʦʨʷʜʢʘ, ʩʦʩʪʦʷʱʘʷ ʚ ʪʦʤ, ʯʪʦ ʠʥʞʝʥʝʨʥʘʷ 

ʧʨʘʢʪʠʢʘ ʦʙʳʯʥʦ ʦʪʩʪʘʝʪ ʦʪ ʫʨʦʚʥʷ ʪʝʢʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠ 

ʠʥʦʛʜʘ ʥʘ ʤʥʦʛʠʝ ʛʦʜʳ. ʅʦ ʝʩʪʴ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ. 

ʇʝʨʚʘʷ ʩʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʦʚʳʝ ʘʣʛʦʨʠʪ-

ʤʳ ʦʥʣʘʡʥʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʧʦʜʜʝʨʞʢʠ ʩʦ ʩʪʦʨʦʥʳ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʆʉ) ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ ʯʘʩʪʦ 

ʤʝʞʜʫ ʥʦʚʳʤ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ ʚʥʝ-

ʜʨʝʥʠʝʤ ʚʦʟʥʠʢʘʝʪ ʙʘʨʴʝʨ ʚ ʚʠʜʝ ʆʉ, ʛʜʝ ʵʪʠ ʥʦʚʳʝ ʘʣʛʦʨʠʪʤʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ. ʇʨʠʯʠʥʘ ʚ ʪʦʤ, 

ʯʪʦ ʨʘʟʚʠʪʠʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʆʉ ʚ ʯʘʩʪʠ ʤʝʭʘʥʠʟʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʟʘʜʘʯ ʠʜʝʪ ʜʦʚʦʣʴʥʦ ʤʝʜʣʝʥʥʦ. ɺʦ ʤʥʦʛʦʤ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʬʫʥʢʮʠʡ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʥʘ ʫʨʦʚʥʝ 

ʘʨʭʠʪʝʢʪʫʨʳ. ʊʘʢʞʝ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʣʝʜʦʚʘʥʠʷ 

ʩʪʘʥʜʘʨʪʘʤ. ʅʘʧʨʠʤʝʨ, ʨʘʩʰʠʨʝʥʠʝ ʩʪʘʥʜʘʨʪʘ POSIX ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ (RT-POSIX) ʦʧʨʝʜʝʣʷʝʪ ʩʧʝʮʠʬʠʢʘʮʠʶ ʩʝʨʚʠʩʦʚ ʨʝʘʣʴ-

ʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʣʘʥʠʨʦʚʘʥʠʝ ʪʦʣʴʢʦ ʩ ʬʠʢʩʠʨʦ-

ʚʘʥʥʳʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ, ʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʣʠʰʴ ʩʦ ʚʨʝʤʝʥʝʤ 

RT-POSIX ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠ 
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ʛʠʙʢʠʭ ʤʝʪʦʜʠʢ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʜʠ-

ʥʘʤʠʯʝʩʢʠʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ [28]. 

ɺʪʦʨʘʷ ʩʣʦʞʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠ ʘʣ-

ʛʦʨʠʪʤʳ ʦʬʬʣʘʡʥʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ (ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʵʪʘʧ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ) ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʤʦʜʝʣʷʭ. ʇʦʵʪʦʤʫ ʦʥʠ ʪʨʝʙʫʶʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʦʩ-

ʚʦʝʥʠʷ ʠ ʧʨʠʥʷʪʠʷ ʚ ʠʥʞʝʥʝʨʥʫʶ ʧʨʘʢʪʠʢʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩ-

ʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʘʷ ʠ ʙʝʟ ʪʦʛʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞ-

ʥʦʡ ʦʙʣʘʩʪʴʶ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʏʪʦʙʳ ʚ ʵʪʦʤ ʫʙʝʜʠʪʴʩʷ, ʜʦʩʪʘʪʦʯʥʦ 

ʦʙʨʘʪʠʪʴʩʷ ʢ ʟʘʤʝʯʘʪʝʣʴʥʦʡ ʢʥʠʛʝ [102], ʧʦʢʘʟʳʚʘʶʱʝʡ ʥʘ ʢʦʥ-

ʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ ʚʩʶ ʩʣʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦ-

ʙʣʝʤ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʝʪʩʷ ʨʝʰʘʪʴ ʧʨʠ ʵʪʦʤ. ɸ ʧʨʦʙʣʝʤʘ ʧʣʘʥʠʨʦ-

ʚʘʥʠʷ - ʵʪʦ ʣʠʰʴ ʦʜʥʘ ʠʟ ʪʘʢʠʭ ʧʨʦʙʣʝʤ. ʅʦ ʦʪ ʵʪʦʛʦ ʦʥʘ ʥʝ ʩʪʘ-

ʥʦʚʠʪʩʷ ʤʝʥʝʝ ʟʥʘʯʠʤʦʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘ ʧʨʘʢʪʠʢʝ ʨʘʟʨʘʙʦʪʯʠ-

ʢʠ ʯʘʩʪʦ ʦʙʨʘʱʘʶʪʩʷ ʢ ʩʪʘʨʳʤ ʧʨʦʚʝʨʝʥʥʳʤ (ʥʦ ʤʝʥʝʝ ʵʬʬʝʢ-

ʪʠʚʥʳʤ) ʨʝʰʝʥʠʷʤ ʧʨʦʙʣʝʤ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʵʢʦʥʦʤʷ, ʪʝʤ ʩʘʤʳʤ, 

ʪʨʫʜʦʟʘʪʨʘʪʳ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʝʩʫʨʩʦʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ. 

 

1.5. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

 

1. ʏʪʦ ʪʘʢʦʝ ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ? ʄʦʞʥʦ ʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ ʩʠʩʪʝʤʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʧʦʯʝʤʫ? 

2. ʂʘʢʦʚʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

3. ʏʪʦ ʪʘʢʦʝ ʟʘʜʘʯʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ? 

4. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘʜʘʯʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ? 

5. ʏʪʦ ʪʘʢʦʝ ʟʘʧʨʦʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ? ʂʘʢʦʚʳ ʦʩ-

ʥʦʚʥʳʝ ʩʦʩʪʦʷʥʠʷ ʟʘʧʨʦʩʦʚ ʧʨʠ ʠʭ ʚʳʧʦʣʥʝʥʠʠ? 

6. ʂʘʢʠʝ ʚʳ ʟʥʘʝʪʝ ʦʩʥʦʚʥʳʝ ʙʘʟʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘ-

ʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ? 

7. ʏʪʦ ʪʘʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʠ ʢʘʢ 

ʦʥʦ ʬʦʨʤʠʨʫʝʪʩʷ? ʏʝʤ ʦʪʣʠʯʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʞʝʩʪʢʦʛʦ ʨʝʘʣʴ-

ʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪ ʦʛʨʘʥʠʯʝʥʠʡ ʤʷʛʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 
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8. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ? 

9. ʂʘʢʠʝ ʙʘʟʦʚʳʝ ʤʦʜʝʣʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʚʳʜʝ-

ʣʠʪʴ, ʠ ʚ ʯʝʤ ʩʦʩʪʦʷʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʵʪʠʭ ʙʘʟʦʚʳʭ 

ʤʦʜʝʣʝʡ? 

10. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʜʝʣʠ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ ʥʘ ʦʩʥʦʚʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ? 

11. ʂʘʢʦʚʳ ʦʩʥʦʚ-

ʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʜʝʣʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥ-

ʥʳʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ? 

12. ʂʘʢʦʚʳ ʦʩʥʦʚ-

ʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʜʝʣʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʜʠʥʘʤʠʯʝ-

ʩʢʠʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ? 

13. ɺ ʯʝʤ ʚʳʨʘʞʘʶʪʩʷ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ? ʅʘʩʢʦʣʴʢʦ ʧʨʝʜʩʢʘʟʫʝ-

ʤʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʷʚʣʷʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʘʱʠʤʠ ʜʨʫʛ ʜʨʫʛʫ ʧʦ-

ʥʷʪʠʷʤʠ? ʂʘʢʦʚʳ ʫʨʦʚʥʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ ʨʘʟ-

ʣʠʯʥʳʭ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ ʧʣʘʥʠʨʦʚʘʥʠʷ? 

14. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ  ʥʘʧʨʘʚʣʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ   

15. ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʨʝ-

ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ? 
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2. ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

2.1. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ 

2.1.1.  ʇʨʠʤʝʥʝʥʠʝ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʠʟʢʦ-

ʛʦ ʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 
 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʉʈɺ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʠʥʩʪʨʫ-

ʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ. ʉʨʝʜʠ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʙʳʯʥʦ 

ʚʳʜʝʣʷʶʪ ʜʚʘ ʢʣʘʩʩʘ ʷʟʳʢʦʚ: 

-  ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ (ʘʩ-

ʩʝʤʙʣʝʨ ʠ ʜʨʫʛʠʝ ʷʟʳʢʠ, ʙʣʠʟʢʠʝ ʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʚ ʤʘʰʠʥ-

ʥʳʭ ʢʦʜʘʭ); 

- ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ(ʷʟʳʢʠ ʩ ʜʦʩ-

ʪʘʪʦʯʥʳʤ ʫʨʦʚʥʝʤ ʘʙʩʪʨʘʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʉʠ, ʉʠ++, ʇʘʩʢʘʣʴ, 

Java, Python ʠ ʜʨ.). 

ʅʠʟʢʦʫʨʦʚʥʝʚʳʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʙʳʯʥʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʧ-

ʪʠʤʠʟʘʮʠʷ ʨʝʩʫʨʩʦʚ (ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʘʤʷʪʠ), ʠʣʠ ʢʦʛʜʘ 

ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʟʳʢʦʚ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ɺ ʦʩ-

ʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ 

ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉʠ, ʢʦ-

ʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʫʨʦʚʥʝʚʳʤ, ʭʦʪʷ ʝʛʦ ʠ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʢ ʢʣʘʩʩʫ ʷʟʳʢʦʚ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʧʨʦ-

ʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ, ʧʦʞʘʣʫʡ, ʩʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ 

ʷʟʳʢʦʤ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʵʪʦʪ ʷʟʳʢ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʷʜʨʘ Linux. ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʥʝʛʦ 

ʦʙʳʯʥʦ ʩʦʟʜʘʶʪʩʷ ʜʨʘʡʚʝʨʳ ʫʩʪʨʦʡʩʪʚ, ʯʪʦ ʯʘʩʪʦ ʙʳʚʘʝʪ ʥʝʦʙ-

ʭʦʜʠʤʳʤ ʚ ʩʣʫʯʘʝ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʠʣʠ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʷʟʳʢ ʉʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʚ ʤʦʥʦʛʨʘʬʠʠ 

[102], ʚ ʢʦʪʦʨʦʡ ʠʟʣʘʛʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɺ 

ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ [4], ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘ-
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ʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʩʪʨʦʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʷʟʳʢ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ ʉʠ. ʋʯʠʪʳʚʘʷ ʚʩʝ ʵʪʦ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦ-

ʚʦʛʦ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʠʤʝʥʥʦ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉʠ. 

ʆʩʥʦʚʳ ʠ ʜʝʪʘʣʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉʠ ʠʟʣʘʛʘʶʪʩʷ 

ʚ ʨʘʙʦʪʘʭ [2, 3, 5, 11]. 

 

2.1.2. ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ 

2.1.2.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʘʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʦʚʳ-

ʰʘʶʱʠʝ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʠʩʪ. ʇʦʞʘʣʫʡ, ʛʣʘʚʥʳʤ ʢʣʘʩ-

ʩʦʤ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷʶʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ 

ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʦ-

ʜʝʨʞʘʪ (ʠʣʠ ʠʤʝʶʪ ʩʚʷʟʠ ʜʣʷ ʟʘʧʫʩʢʘ) ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ: 

- ʢʦʤʧʠʣʷʪʦʨ; 

- ʢʦʤʧʦʥʦʚʱʠʢ; 

- ʩʨʝʜʩʪʚʘ ʦʪʣʘʜʢʠ; 

- ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ. 

ʊʘʢʞʝ ʚ ʩʣʫʯʘʝ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜ 

ʨʘʟʨʘʙʦʪʢʠ, ʤʦʞʥʦ ʢ ʥʠʤ ʧʦʜʢʣʶʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʩʪʨʫ-

ʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ. 

ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜ ʨʘʟ-

ʨʘʙʦʪʢʠ. 

 

2.1.3. ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Code::Blocks 
 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ 

ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʨʝʜʫ Code::Blocks [34]. 

ʂ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ Code::Blocks ʦʪʥʦʩʷʪʩʷ: 

-  ʩʚʦʙʦʜʥʘʷ ʣʠʮʝʥ-

ʟʠʷ GPL v3.0[48], ʚʯʘʩʪʥʦʩʪʠ, 

ʨʘʟʨʝʰʘʝʪʩʷ ʙʝʩʧʣʘʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ; 
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-  ʩʨʝʜʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʩʝʤʝʡʩʪʚ Windows, Linux, OS X (ʪʦ ʝʩʪʴ ʷʚʣʷʝʪʩʷ ʢʨʦʩʩ-

ʧʣʘʪʬʦʨʤʝʥʥʦʡ); 

-  ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʠʣʷʪʦʨʘ-

ʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʨʝʜʝ Code::Blocks ʤʦʞʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʙʘʟʝ ʤʠʢʨʦʧʨʦʮʝʩ-

ʩʦʨʦʚ ʩʝʤʝʡʩʪʚʘ AVR ʬʠʨʤʳ Atmel (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢ-

ʪʘ ʢʦʤʧʠʣʷʪʦʨʦʚ GNU AVR GCC), ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʙʘʟʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʩʝʤʝʡʩʪʚ, ʧʦʜ-

ʜʝʨʞʠʚʘʝʤʳʭ ʢʦʤʧʠʣʷʪʦʨʦʤ SDCC. 

ɺ ʩʪʘʪʴʷʭ [6, 7] ʤʦʞʥʦ ʥʘʡʪʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʩʪʨʦʡʢʝ ʠ 

ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʳ Code::Blocks ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ AVR-

ʧʨʠʣʦʞʝʥʠʡ ʠ SDCCʧʨʠʣʦʞʝʥʠʡ. ɺʩʝ ʵʪʦ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʚ ʩʣʫʯʘʝ ʚʩʪʨʦʝʥ-

ʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘʭ ʫʢʘ-

ʟʘʥʥʳʭ ʩʝʤʝʡʩʪʚ. 

ʅʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ʤʳ ʨʘʩʩʤʦʪʨʠʤ 

ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Code::Blocks ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤ ʥʘ 

ʦʙʳʯʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʪʘʢ ʢʘʢ ʵʪʦ ʫʧʨʦʱʘʝʪ ʥʘʯʘʣʴʥʦʝ ʟʥʘʢʦʤʩʪ-

ʚʦ ʩ ʜʘʥʥʦʡ ʩʨʝʜʦʡ ʨʘʟʨʘʙʦʪʢʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʯʠʪʘʪʝʣʴ ʤʦʞʝʪ 

ʦʙʨʘʪʠʪʴʩʷ ʢ ʩʪʘʪʴʷʤ [6, 7] ʠ ʧʦʧʨʦʙʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

Code::Blocks ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʚʩʪʨʦʝʥʥʳʭ ʩʠʩʪʝʤ. 

ʅʘ ʩʘʡʪʝ Code::Blocks [34] ʚ ʨʘʟʜʝʣʝ Downloads ʤʦʞʥʦ 

ʥʘʡʪʠ ʠʥʬʦʨʤʘʮʠʶ ʠ ʩʩʳʣʢʠ ʥʘ ʬʘʡʣʳ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʩʚʝʞʝʡ 

ʚʝʨʩʠʠ ʵʪʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. 

ɼʘʣʝʝ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦʙ ʫʩʪʘʥʦʚʢʝ Code::Blocks 

ʚʝʨʩʠʠ 10.05. 

ʅʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ ʜʘʥʥʦʛʦ ʪʝʢʩʪʘ ʵʪʘ ʚʝʨʩʠʷ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʩʚʝʞʝʡ ʠʟ ʦʬʠʮʠʘʣʴʥʦ ʚʳʧʫʱʝʥʥʳʭ. 

ɼʣʷ ʧʨʠʤʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩʝʤʝʡʩʪʚʘ Micro-

soft Windows (XP, Vista, 7). 

ɺ ʩʣʫʯʘʝ ʜʨʫʛʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫ-

ʯʘʝ Linux ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ Code::Blocks ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʜʣʷ 

ʥʫʞʥʦʛʦ ʜʠʩʪʨʠʙʫʪʠʚʘ ʩʨʝʜʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʘ ʵʪʦʡ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʝʡ ʩʪʨʘʥʠʮʝ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ [34]. ʊʘʢʞʝ ʩʢʦʨʝʝ ʚʩʝʛʦ 
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Code::Blocks ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʧʦʟʠʪʦʨʠʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʠʩʪʨʠʙʫ-

ʪʠʚʘ Linux. 

 

2.1.ɿ.1. ʋʩʪʘʥʦʚʢʘ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ 

 

ʉʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʢʘʯʘʪʴ ʬʘʡʣ ʫʩʪʘʥʦʚʢʠ codeblocks-

10.05mingw- setup.exe ʧʦ ʩʩʳʣʢʘʤ, ʫʢʘʟʘʥʥʳʤ ʥʘ ʩʪʨʘʥʠʮʝ 

"Download binary" ʩʘʡʪʘ Code::Blocks [34]. 

ʕʪʦʪ ʬʘʡʣ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʢʘʢ ʩʘʤʫ ʩʨʝʜʫ Code::Blocks, ʪʘʢ 

ʠ ʩʨʝʜʫ MinGW [64], ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʦʤʧʠʣʷʪʦʨʳ ʩʝʤʝʡ-

ʩʪʚʘ GCC [47]. ʉʨʝʜʘ MinGW ʪʦʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʝʤʦʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ. 

ʅʘʜʦ ʟʘʧʫʩʪʠʪʴ ʬʘʡʣ codeblocks-10.05mingw-setup.exe. 

ʇʦʷʚʠʪʩʷ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 14). 

 

 

ʅʘʜʦ ʥʘʞʘʪʴ "Next". ʇʦʷʚʠʪʩʷ ʦʢʥʦ ʩ ʪʝʢʩʪʦʤ ʩʚʦʙʦʜʥʦʡ 

ʣʠʮʝʥʟʠʠ GPL v3.0 (ʨʠʩ. 15). 

 
 

ʈʠʩ. 14 - ʇʨʦʛʨʘʤʤʘ ʫʩʪʘʥʦʚʢʠ (ʰʘʛ 1) 



 
ʉʀʉʊɽʄʅʆɽ ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ            

 

89 

 

 

 

Cancel 

 

ʈʠʩ. 16 - ʇʨʦʛʨʘʤʤʘ ʫʩʪʘʥʦʚʢʠ (ʰʘʛ 3) 

 

ʅʘʞʘʪʠʝ ʢʥʦʧʢʠ "I Agree" ʦʟʥʘʯʘʝʪ ʩʦʛʣʘʩʠʝ ʩ ʫʩʣʦʚʠʷʤʠ 

ʣʠʮʝʥʟʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʦʣʞʠʪ ʫʩʪʘʥʦʚʢʫ ʧʨʦʛʨʘʤʤʳ (ʨʠʩ. 16), 

ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʜʘʣʝʝ ʧʦʷʚʠʪʩʷ ʦʢʥʦ ʚʳʙʦʨʘ ʢʦʤʧʦʥʝʥʪʦʚ (ʨʠʩ. 

17). ɺ ʵʪʦʤ ʦʢʥʝ ʥʘʜʦ ʚʳʙʨʘʪʴ ʪʠʧ ʫʩʪʘʥʦʚʢʠ "Full: All plugins, all 

tools, just everything". 

 
 

ʈʠʩ. 15 - ʇʨʦʛʨʘʤʤʘ ʫʩʪʘʥʦʚʢʠ (ʰʘʛ 2) 
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ʈʠʩ. 17 - ʇʨʦʛʨʘʤʤʘ ʫʩʪʘʥʦʚʢʠ (ʰʘʛ 5) 

 

 

ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʜʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ "Next". ʇʦʷʚʠʪʩʷ ʦʢʥʦ ʩ 

ʠʤʝʥʝʤ ʢʘʪʘʣʦʛʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 18). ʃʫʯʰʝ, ʯʪʦʙʳ ʧʦʣʥʦʝ 

ʠʤʷ ʢʘʪʘʣʦʛʘ ʥʝ ʩʦʜʝʨʞʘʣʦ ʧʨʦʙʝʣʦʚ ʠ ʜʨʫʛʠʭ ʙʫʢʚ, ʢʨʦʤʝ ʣʘ-

ʪʠʥʩʢʠʭ. ʇʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, ʠʤʷ C:\Program Files\CodeBlocks 

ʣʫʯʰʝ ʟʘʤʝʥʠʪʴ ʥʘ ʜʨʫʛʦʝ, ʥʘʧʨʠʤʝʨ, ʥʘ C:\CodeBlocks ʠʣʠ 

C:\Programs\CodeBlocks. 

 

  -

IQJ x| L Choose Install Location  

ʀʟ Choose the folder in which to 

install CodeBlocks. 

 

 

 

Setup will install CodeBlocks in the following folder. To in-

stall in a different folder, click Browse and select another folder. 

Click Install to start the installation. 
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Space required: 159.6MB Space available: 5.4GB 

Wullsoft Install System v2.46 ------------------------------  

< Back | Install | Cancel 

ʈʠʩ. 18 - ʇʨʦʛʨʘʤʤʘ ʫʩʪʘʥʦʚʢʠ (ʰʘʛ 6) 

ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʞʥʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ "Install", ʢʦʪʦʨʘʷ ʟʘ-

ʧʫʩʢʘʝʪ ʩʦʙʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩ ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 19). 

Installing 

Please wait while CodeBlocks is being installed. 

Extract: wxDialogl6.png 

 

 

Extract: wxChoice 16. png... 100%  
Extract: wxChoice32.png... 100%  
Extract: wxChoicebookl6.png... 100%  
Extract: wxChoicebook32.png... 100%  
Extract: wxColourDialogl6.png  
Extract: wxColourDialog32.png  
Extract: wxComboBoxie.png... 100%  
Extract: wxComboBox32.png... 100%  
Extract: wxDatePickerCtrll6.png  
Extract: wxDatePickerCtrl32.png 1 

 

 

Nullsoft Install System v2.46 ï 

ʈʠʩ. 19 - ʇʨʦʛʨʘʤʤʘ ʫʩʪʘ-

ʥʦʚʢʠ (ʰʘʛ 7) 

  

 
| C:\CodeBlocks ɼBrowse. 

Cancel Next > < Back 
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ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʮʝʩʩʘ ʧʦʷʚʠʪʩʷ ʦʢʥʦ ʩ ʚʦʧʨʦʩʦʤ ʦ ʟʘ-

ʧʫʩʢʝ Code::Blocks (ʨʠʩ. 20). ʃʫʯʰʝ ʟʜʝʩʴ ʥʘʞʘʪʴ "ʅʝʪ", ʯʪʦʙʳ 

ʧʦʪʦʤ ʧʨʦʚʝʨʠʪʴ ʟʘʧʫʩʢ Code::Blocks ʦʙʳʯʥʳʤ ʧʫʪʝʤ 

 

.  

 

ʈʠʩ. 20 - ʇʨʦʛʨʘʤʤʘ ʫʩʪʘʥʦʚʢʠ (ʰʘʛ 8) 

 

ʇʦʩʣʝ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʙʫʜʝʪ ʥʘʞʘʪʴ ʢʥʦʧʢʫ "Next" (ʨʠʩ. 

21), ʘ ʧʦʪʦʤ "Finish" (ʨʠʩ. 22), ʯʪʦʙʳ ʟʘʢʦʥʯʠʪʴ ʧʨʦʮʝʩʩ ʫʩʪʘʥʦʚ-

ʢʠ. 

 

 

1 

Installation Complete 
Setup was completed successfully. 

Completed 

  



 
ʉʀʉʊɽʄʅʆɽ ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ            

 

93 

 

 Extract: mingw32-make. 1... 100% 

Output folder: 

D:\Programs\CodeBlocks\MinGW\share\man\man3 

Extract: basename.3... 100% 

Extract: dirname.3... 100% 

Output folder: 

D:\Programs\CodeBlocks\MinGW 

Output folder: D:\Programs\CodeBlocks 

Created uninstaller: 

D:\Programs\CodeBlocks\uninstall.exe 

Output folder: 

C:\Users\New\AppData\Roaming\Microsoft\Windows

\Start Menu\Prog... Create shortcut: 

C:\Users\New\AppData\Roaming\Microsoft\Windows

\Start Menu\Pr... Completed 

Nullsoft Install System v2.46 ---------------------  

< Back | j Next i> | Cancel 

 

ʈʠʩ. 21 - ʇʨʦʛʨʘʤʤʘ ʫʩʪʘʥʦʚʢʠ (ʰʘʛ 9) 

Back 

 

Completing the Code Blocks Setup A'izard 

lodeBlocks has been installed on your computer. 

Hick Finish to close this wizard. 

 

ʈʠʩ. 22 - ʇʨʦʛʨʘʤʤʘ ʫʩʪʘʥʦʚʢʠ (ʰʘʛ 10 

 

ʗʨʣʳʢ ʜʣʷ ʟʘʧʫʩʢʘ Code::Blocks ʜʦʣʞʝʥ ʧʦʷʚʠʪʴʩʷ ʥʘ ʧʘ-

ʥʝʣʠ ʙʳʩʪʨʦʛʦ ʟʘʧʫʩʢʘ. ʊʘʢʞʝ ʘʥʘʣʦʛʠʯʥʳʡ ʷʨʣʳʢ ʜʦʣʞʝʥ ʧʦʷ-

ʚʠʪʴʩʷ ʥʘ ʨʘʙʦʯʝʤ ʩʪʦʣʝ. 

Code::Blocks ʤʦʞʥʦ ʟʘʧʫʩʢʘʪʴ ʩ ʧʦʤʦʱʴʶ ʵʪʠʭ ʷʨʣʳʢʦʚ, ʘ 

ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʤʝʥʶ ʧʨʦʛʨʘʤʤ. 

ʇʨʠ ʧʝʨʚʦʤ ʟʘʧʫʩʢʝ Code::Blocks ʜʦʣʞʥʦ ʧʦʷʚʠʪʴʩʷ ʦʢʥʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʢʦʤʧʠʣʷʪʦʨʘ (ʨʠʩ. 23). 

1ʡ]ʭ 

Compiler | Status  
GNU GCC 

Compiler 

Detected  
Microsoft 

Visual C++ Toolkit 

2003 

  
Microsoft 

Visual C++ 

2005/2008 

  
Borland C++ 

Compiler (5.5, 5.82) 

  
Digital Mars 

Compiler 

  
OpenWatcom 

(W32) Compiler 

  
GNU GCC 

Compiler for 

MSP430 

  
Cygwin GCC   
LCC Compi-

ler 

  
Intel C/C++ 

Compiler 

  
SDCC Com-

piler 

  
Tiny ʉ Com-

piler 

 d GDC D Com-

piler 

 

Compi-

lers auto-

detection 
S

et as 

default 
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Default compiler: 

       GNU GCC Compiler 

 

ʈʠʩ. 23 - ʆʢʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʢʦʤʧʠʣʷʪʦʨʘ 

ɿʘʤʝʪʴʪʝ, ʯʪʦ ʚ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʜʦʣʞʥʦ ʙʳʪʴ ʩʣʦʚʦ "De-

tected". ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʡʜʝʥ ʢʦʤʧʠʣʷʪʦʨ. ʅʘʜʦ ʥʘʞʘʪʴ "OK". 

ʇʨʦʮʝʩʩ ʧʝʨʚʦʛʦ ʟʘʧʫʩʢʘ ʧʨʦʜʦʣʞʠʪʩʷ, ʠ ʙʫʜʝʪ ʟʘʧʫʱʝʥʘ ʩʨʝʜʘ 

ʨʘʟʨʘʙʦʪʢʠ. ʇʨʠ ʵʪʦʤ ʧʦʷʚʠʪʩʷ ʦʢʥʦ ʩ ʩʦʚʝʪʦʤ ʜʥʷ (ʨʠʩ. 24). 

 

Tip of the Day X

j  
- Did you know... 

 

You can disable these tips on startup if you uncheck  

the "Show tips at startup" box below 

 

ʈʠʩ. 24 - ʆʢʥʦ ʩ ʩʦʚʝʪʦʤ ʜʥʷ 

 

ɽʩʣʠ ʚʳ ʥʝ ʭʦʪʠʪʝ, ʯʪʦʙʳ ʵʪʦ ʦʢʥʦ ʧʦʷʚʣʷʣʦʩʴ ʧʨʠ ʢʘʞ-

ʜʦʤ ʥʦʚʦʤ ʟʘʧʫʩʢʝ Code::Blocks, ʪʦ ʪʦʛʜʘ ʫʙʝʨʠʪʝ ʛʘʣʦʯʢʫ "Show 

tips at startup ʚ ʵʪʦʤ ʦʢʥʝ". ʅʘʞʤʠʪʝ "Close", ʯʪʦʙʳ ʟʘʢʨʳʪʴ ʵʪʦ 

ʦʢʥʦ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʩʣʝʜʫʶʱʝʝ ʦʢʥʦ (ʨʠʩ. 25). 

 

Close Next Tip Show tjps at startup; 

 
 

ʈʠʩ. 25 - ʆʢʥʦ ʫʩʪʘʥʦʚʢʠ ʩʚʷʟʳʚʘʥʠʷ ʧʦ ʨʘʩʰʠʨʝʥʠʶ 
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ɿʜʝʩʴ ʣʫʯʰʝ ʥʘʞʘʪʴ "OK", ʯʪʦʙʳ ʬʘʡʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

C/C++, ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ Code::Blocks. 

ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʢʨʳʪʴ ʦʢʥʦ "Scripting console" (ʨʠʩ. 26). 

 

 
 

ʈʠʩ. 26 - ʆʢʥʦ çScripting consoleè 

 

ʊʝʧʝʨʴ ʧʨʦʮʝʩʩ ʧʝʨʚʦʛʦ ʟʘʧʫʩʢʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʟʘʢʦʥʯʝʥ-

ʥʳʤ, ʠ ʥʘ ʵʢʨʘʥʝ ʙʫʜʝʪ ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ Code::Blocks (ʨʠʩ. 

27). 

 

 
ʈʠʩ. 27 - ʇʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ Code::Blocks (ʥʘʯʘʣʴʥʳʡ 

ʚʠʜ) 
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2.1.ɿ.2. ʅʘʩʪʨʦʡʢʘ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ 
 

ɼʣʷ ʥʘʯʘʣʘ ʤʦʞʥʦ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʧʘʥʝʣʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʢʥʘ (ʨʠʩ. 28). 

 

 
 

ʈʠʩ. 28 - ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʘʥʝʣʝʡ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʦʢʥʘ 

 

ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʜʦ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʝʥʠʡ ʚ ʙʘʟʦʚʳʭ 

ʥʘʩʪʨʦʡʢʘʭ. ɺʳʙʝʨʠʪʝ ʤʝʥʶ "Settings=>Compiler and debugger...". 

ʇʦʷʚʠʪʩʷ ʦʢʥʦ ʥʘʩʪʨʦʝʢ (ʨʠʩ. 29). 
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ʈʠʩ. 29 - ʅʘʩʪʨʦʡʢʘ çProduce debugging symbolsè 

 

ɺ ʵʪʦʤ ʦʢʥʝ ʥʘʜʦ ʧʦʩʪʘʚʠʪʴ ʛʘʣʦʯʢʫ ʜʣʷ "Produce debug-

ging symbols" ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʧʦʟʚʦʣʠʪ ʚʳʧʦʣʥʷʪʴ ʨʝʞʠʤ ʦʪʣʘʜ-

ʢʠ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʚ ʭʦʜʝ ʦʜʥʦʡ ʠʟ ʧʦʩʣʝʜʫʶʱʠʭ 

ʣʝʢʮʠʡ. 

ʅʝ ʟʘʢʨʳʚʘʷ ʵʪʦ ʦʢʥʦ, ʥʘʜʦ ʥʘʞʘʪʴ ʚʢʣʘʜʢʫ "Other 

options" (ʨʠʩ. 30). 
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ʈʠʩ. 30 - ʅʘʩʪʨʦʡʢʘ çOther optionsè 

 

ʀ ʚ ʧʦʣʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʥʘʜʦ ʜʦʙʘʚʠʪʴ ʩʣʝʜʫʶʱʫʶ 

ʩʪʨʦʢʫ. 

-finput-charset=CP1251 -fexec-charset=CP866 

ʕʪʦ ʧʦʟʚʦʣʠʪʴ ʧʨʘʚʠʣʴʥʦ ʦʪʦʙʨʘʞʘʪʴ ʢʠʨʠʣʣʠʮʫ ʚ ʢʦʥʩʦ-

ʣʠ ʚ ʩʣʫʯʘʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʝʤʝʡʩʪʚʘ Windows. ʇʨʠ  

ʠʩʧʦʣʴʟʦʚʘʥʠʠ Code::Blocks ʚ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ 

(ʥʘʧʨʠʤʝʨ, ʚ Linux) ʵʪʫ ʩʪʨʦʢʫ ʜʦʙʘʚʣʷʪʴ ʥʝ ʥʘʜʦ. 

ʅʝ ʟʘʢʨʳʚʘʷ ʵʪʦ ʦʢʥʦ, ʥʘʜʦ ʥʘʞʘʪʴ ʩʣʝʚʘ ʥʘ ʨʠʩʫʥʦʢ ʩ 

ʥʘʜʧʠʩʴʶ "Debugger settings", ʘ ʟʘʪʝʤ ʧʦʩʪʘʚʠʪʴ ʛʘʣʦʯʢʫ ʜʣʷ 

"Evaluate expression under cursor" (ʨʠʩ. 31). 
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ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʞʤʠʪʝ "OK". ɺʩʝ ʩʜʝʣʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʜʦʣʞʥʳ ʚʩʪʫʧʠʪʴ ʚ ʩʠʣʫ. 

 

2.1.3.3. ʇʝʨʚʳʡ ʧʨʦʝʢʪ 

 

ʊʝʧʝʨʴ ʧʦʧʨʦʙʫʝʤ ʩʦʟʜʘʪʴ ʧʨʦʛʨʘʤʤʫ ʥʘ ʷʟʳʢʝ ʉʠ. 

ɼʣʷ ʵʪʦʛʦ ʥʘʜʦ ʩʦʟʜʘʪʴ ʧʨʦʝʢʪ. ɺʦʦʙʱʝ, ʧʨʦʝʢʪ ʥʫʞʝʥ ʜʣʷ 

ʦʙʲʝʜʠʥʝʥʠʷ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ ʥʝʩʢʦʣʴʢʠʭ ʬʘʡʣʦʚ. ʅʦ ʠ ʜʣʷ ʦʜʥʦʛʦ 

ʬʘʡʣʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʜʦʙʥʝʝ ʩʜʝʣʘʪʴ ʧʨʦʝʢʪ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʪʦʛʜʘ ʙʫʜʝʪ ʧʨʠʚʳʯʥʝʝ ʨʘʙʦʪʘʪʴ ʠʤʝʥʥʦ ʩ ʧʨʦʝʢʪʦʤ. 

 
 

ʈʠʩ. 31 - ʅʘʩʪʨʦʡʢʘ çDebugger settingsè 
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ʀʪʘʢ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ ʚʳʙʝʨʠʪʝ ʤʝʥʶ "File", ʟʘʪʝʤ ʚ 

ʧʦʷʚʠʚʰʝʤʩʷ ʩʧʠʩʢʝ ʚʳʙʝʨʠʪʝ "New", ʟʘʪʝʤ ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʩʧʠ-

ʩʢʝ ʚʳʙʝʨʠʪʝ "Project" (ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʧʦʜʦʙʥʦʝ ʜʝʡʩʪʚʠʝ ʤʦʞʥʦ 

ʦʙʦʟʥʘʯʠʪʴ ʢʘʢ "File=>New=>Project", ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʢʠʝ ʙʦʣʝʝ ʢʨʘʪʢʠʝ ʦʙʦʟʥʘʯʝʥʠʷ). ɺ ʠʪʦʛʝ, ʜʦʣʞʥʦ 

ʧʦʷʚʠʪʴʩʷ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ (ʨʠʩ. 

32). 

 

 

 

 

 

 

 

 

 

 

 

 

View as (*  Large icons 

zi r List 

TIP: Try right-clicking an item 

1.  Select a wizard type first on the left 

2.  Select a specific wizard from the main window (filter 

by categories if needed) 

3.  Press Go 

 

ʈʠʩ. 32 - ʆʢʥʦ ʚʳʙʦʨʘ ʚʠʜʘ ʧʨʦʝʢʪʘ 

 

ɺ ʥʝʤ ʚʳʙʝʨʠʪʝ "Console application" ʠ ʥʘʞʤʠʪʝ "Go". 

ʇʦʷʚʠʪʩʷ ʤʘʩʪʝʨ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ (ʨʠʩ. 33). 

 

 
 

Irrlicht project Kernel Mode Lightfeather Matlab project 

Driver project 

 

Console application 

 
P

rojects 

Build 

targets 

Files 

Custom 

User 

tem-

plates 

Catego-

ry: |<All cate-

gories> 

 

ʆ 

 

ARM ProjectAVR Project Code::Blocks 

plugin 

D application Direct/X Dynamic Link Empty project 

project Library 

1] So | 

C

ancel 

ʌ  G

LU

T 
FLTK project GLFW 

project GLUT project GTK+ 

project 
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Welcome to the new console application wizard! 

This wizard will guide you to create a new console applica-

tion. 

When you 're ready to proceed, please click "Next"... 

ɻ 1ʁʨĂʐ.Ä.ʈ.Äʗʝ.ʧʝʭ|.ʡʪʝ) 

Next > Cancel 

 

ʈʠʩ. 33 - ʄʘʩʪʝʨ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ (ʰʘʛ 1) 

 

ʅʘʞʤʠʪʝ "Next". ʇʦʷʚʠʪʩʷ ʩʣʝʜʫʶʱʝʝ ʦʢʥʦ (ʨʠʩ. 34). 

 

 
 

ʈʠʩ. 34 - ʄʘʩʪʝʨ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ (ʰʘʛ 2) 

 

ɿʜʝʩʴ ʥʘʜʦ ʚʳʙʨʘʪʴ C (ʘ ʥʝ C++) ʠ ʥʘʞʘʪʴ "Next". ʇʦʷʚʠʪ-

ʩʷ ʩʣʝʜʫʶʱʝʝ ʦʢʥʦ (ʨʠʩ. 35). 












