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ɸʅʆʊɸʎɯʗ 

 

ʉʝʤʢʦ ʆ.ɺ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ ʟʘ ʫʤʦʚ 

ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. - ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.06 çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾè. ï ɯʥʩʪʠʪʫʪ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 

2019. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʽ ʚʠʨʽʰʝʥʥʶ ʘʢʪʫʘʣʴʥʦʾ 

ʥʘʫʢʦʚʦʾ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ 

ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ (ʉʄ) ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ (ɺʊ), ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ (SOA) ʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ  ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʴ ʪʘ  

ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ, ʟʘ ʨʘʭʫʥʦʢ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʉɯʋ) ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ. ɼʣʷ ʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ 

ʟʘʜʘʯʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʦʶ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʦʥʬʣʽʢʪʫ, ʷʢ ʟʘʜʘʯʽ 

ʜʠʩʢʨʝʪʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʘʙʦ ʦʧʦʨʥʠʭ ʚʫʟʣʽʚ. 

ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʽ ʩʪʽʡʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɯʋ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ  ʜʘʥʠʭ (ʇɼ) ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʉʄ 

ɺʊ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʴ, ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ, ʘ 

ʪʘʢʦʞ cʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʠʥʘʤʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʟʘ  ʨʘʭʫʥʦʢ ʚʜʦʩʢʦʥʘʣʝʥʥʷ  ʽʩʥʫʶʯʠʭ  ʪʘ  ʨʦʟʨʦʙʢʠ  

ʥʦʚʠʭ  ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ: 
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1. ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜ ʦʧʠʩʫ ʪʦʧʦʣʦʛʽʾ ʉʄ  ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʬʫ, ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʽ ʥʦʪʘʮʽʾ (ʤʦʚʠ), ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʘ ʨʘʭʫʥʦʢ  

ʟʘʩʪʦʩʫʚʥʥʷ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʦʾ ʤʦʜʝʣʽ (ʊʄʄ) ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʦʜʽʾ 

ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ: 

-  ʚʠʟʥʘʯʠʪʠ ʤʝʪʦʜʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ ʉɯʋ; 

 - ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʩʠʥʪʝʟʫ ʫʧʨʘʚʣʽʥʥʷ ʪʦʧʦʣʦʛʽʻʶ ʤʝʨʝʞʽ, ʱʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʙʘʟʦʚʠʭ ʪʦʧʦʣʦʛʽʯʥʠʭ ʦʧʠʩʽʚ, ʷʢ ʪʦ  çʰʠʥʘè, çʟʽʨʢʘè ʽ 

çʢʽʣʴʮʝè; 

- ʩʬʦʨʤʫʚʘʪʠ ʤʦʜʝʣʴ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʉʄ; 

- ʚʠʟʥʘʯʠʪʠ ʤʥʦʞʠʥʠ ʩʪʘʥʽʚ ʝʣʝʤʝʥʪʽʚ ʉʄ ʚ ʧʨʦʩʪʦʨʽ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʣʽʥʽʡʥʦʩʪʽ ʘʙʦ ʥʝʣʽʥʽʡʥʦʩʪʽ ʬʦʨʤʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʮʝ ʩʝʨʝʜʦʚʠʱʝ ʚ ʩʠʩʪʝʤʽ ʦʙʤʝʞʝʥʴ, ʷʢʘ ʻ ʚʠʟʥʘʯʘʣʴʥʦʶ ʱʦʜʦ 

ʩʧʦʩʦʙʫ ʾʭ ʧʦʚʝʜʽʥʢʠ. 

2. ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜ  ʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ ʧʨʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʛʘʨʘʥʪʦʟʜʘʪʥʠʭ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʉʄ ɺʊ ʚ ʫʤʦʚʘʭ 

ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʘ ʨʘʭʫʥʦʢ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʬʦʨʤʘʣʴʥʦʛʦ ʤʥʦʞʠʥʥʦʛʦ ʫʷʚʣʝʥʥʷ ʧʨʦʩʪʦʨʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ: 

- ʚʠʟʥʘʯʠʪʠ ʤʥʦʞʠʥʫ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʫʧʨʘʚʣʽʥʥʷ; 

- ʚʠʟʥʘʯʠʪʠ ʯʠʩʝʣʴʥʝ, ʘ ʥʝ ʘʥʘʣʽʪʠʯʥʝ ʧʦʜʘʥʥʷ ʤʦʜʝʣʽ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ ʢʦʥʬʣʽʢʪʫʶʯʽʡ ʤʝʨʝʞʽ; 

- ʚʠʟʥʘʯʠʪʠ ʩʧʦʩʽʙ ʩʠʥʪʝʟʫ ʛʘʨʘʥʪʦʟʜʘʪʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʦʶ ʉʄ; 

- ʚʠʟʥʘʯʠʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʘʣʛʦʨʠʪʤʫ, ʱʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ 

ʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʫ ʟʘ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʧʨʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʤʝʨʝʞʽ; 

- ʜʦʩʣʽʜʠʪʠ ʧʦʢʘʟʥʠʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʾ ʩʝʨʚʽʩ-

ʦʨʽʻʥʪʦʚʘʥʦʾ ʉʄ ɺʊ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʜʠʥʘʤʽʯʥʦʾ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʱʦʜʦ ʨʽʰʝʥʥʷ 

ʢʦʥʬʣʽʢʪʫ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʦʶ ʛʘʨʘʥʪʦʟʜʘʪʥʦʶ ʉʄ ɺʊ ʚ 
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ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʘ ʨʘʭʫʥʦʢ ʩʠʩʪʝʤʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ ʩʠʩʪʝʤʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʷʚʠʱʘ: 

- ʜʦʩʣʽʜʠʪʠ ʦʩʥʦʚʥʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʢʦʥʬʣʽʢʪʫʶʯʦʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ  ʟ 

ʩʝʨʝʜʦʚʠʱʝʤ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ;  

- ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨ ʽ ʩʧʦʩʦʙʠ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʽ ʧʽʜʩʪʨʫʢʪʫʨ ʤʝʨʝʞʽ;  

- ʩʬʦʨʤʫʚʘʪʠ ʬʦʨʤʘʣʴʥʫ ʤʦʜʝʣʴ ʜʠʥʘʤʽʯʥʦʾ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʦʶ ʩʝʥʩʦʨʥʦʶ ʤʝʨʝʞʦʶ; 

- ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʧʨʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʜʦʚʝʜʝʥʥʽ ʦʪʨʠʤʘʥʠʭ ʥʘʫʢʦʚʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʶ ʉɯʋ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ ɺʊ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʷʛʥʫʪʽ ʟʘʚʜʷʢʠ ʢʦʨʝʢʪʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ. ɸʜʝʢʚʘʪʥʽʩʪʴ ʦʙʨʘʥʠʭ ʤʝʪʦʜʽʚ 

ʽ ʤʦʜʝʣʝʡ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʫʟʛʦʜʞʝʥʽʩʪʶ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʝʨʝʚʽʨʦʢ, ʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʚʠʩʥʦʚʢʽʚ ʚʠʪʽʢʘʻ ʟʽ ʟʤʽʩʪʫ ʨʦʙʦʪʠ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʨʦʙʦʪʠ ʧʽʜʪʚʝʨʜʞʝʥʘ ʘʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʷʭ: 

1. ʇʨʦʝʢʪʫ çʇʨʦʛʨʘʤʘ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʦʮʽʥʢʠ ʛʦʪʦʚʥʦʩʪʽ ʪʘ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʰʪʫʯʥʽ ʪʘ ʧʨʠʨʦʜʥʽ ʢʘʪʘʩʪʨʦʬʠ ʚ ENPI ʉʭʽʜʥʦʛʦ ʨʝʛʽʦʥʫ - 

EuropeAid/129397/C/SER/Multiè ʄʦʣʜʦʚʘ, ʋʢʨʘʾʥʘ, ɹʝʣʘʨʫʩʴ, ɸʨʤʝʥʽʷ, 

ɸʟʝʨʙʘʡʜʞʘʥ, ɻʨʫʟʽʷè, ʩʭʚʘʣʝʥʦʛʦ ɭʚʨʦʧʝʡʩʴʢʦʶ ʢʦʤʽʩʽʻʶ 

(Ares(2014)691843). 

2. ʇʨʦʝʢʪʫ ʟ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʦʨʛʘʥʽʚ ʚʠʢʦʥʘʚʯʦʾ 

ʚʣʘʜʠ (ʰʠʬʨ ʅɼʈ çɼʎɯʈ5-1è, ʜʝʨʞʘʚʥʠʡ ʥʦʤʝʨ ʨʝʻʩʪʨʘʮʽʾ 0115U006734). 
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3. ʇʨʦʝʢʪʫ ʟ ʨʦʟʨʦʙʢʠ ʚʠʤʦʛ ʜʦ ʘʨʭʽʪʝʢʪʫʨʠ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʜʝʨʞʘʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ (ʰʠʬʨ ʅɼʈ çʅʇ/2-2015è, 

ʜʝʨʞʘʚʥʠʡ ʥʦʤʝʨ ʨʝʻʩʪʨʘʮʽʾ 0115U007171). 

4. ʇʨʦʝʢʪʫ ʟ ʨʦʟʨʦʙʢʠ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʟʚʝʨʥʝʥʴ 

ʛʨʦʤʘʜʷʥ ʜʦ ʦʨʛʘʥʽʚ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ ʽ ʦʨʛʘʥʽʚ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ 

(ʰʠʬʨ ʅɼʈ çʅɼʈ-08/12-2015è, ʜʝʨʞʘʚʥʠʡ ʥʦʤʝʨ ʨʝʻʩʪʨʘʮʽʾ 0115U007172). 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʘʨʘʥʪʦʟʜʘʪʥʽʩʪʴ, ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʘ ʩʝʥʩʦʨʥʘ ʤʝʨʝʞʘ, 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʤʝʨʝʞʘ, ʩʠʩʪʝʤʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʚʘʨʽʘʪʠʚʥʘ ʪʦʧʦʣʦʛʽʷ, ʢʦʥʬʣʽʢʪ, ʦʙʤʝʞʝʥʥʷ, 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʤʦʜʝʣʴ, ʤʝʪʦʜ, ʘʣʛʦʨʠʪʤ. 

 

ʉʧʠʩʦʢ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʧʨʘʮʴ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ  

ʇʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ: 

1. ʉʝʤʢʦ ʆ.ɺ., ʉʝʤʢʦ ɺ.ɺ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʢʦʥʬʣʽʢʪʫ ʟʘ ʤʝʪʦʜʦʤ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʫʩʽʢʘʥʥʷ ʚʘʨʽʘʥʪʽʚ. ʇʨʦʙʣʝʤʠ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ. 2014. ˉ46. ʉ.60-71. 

2. ʉʝʤʢʦ ʆ.ɺ. ʉʝʥʩʦʨʥʘ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʘ ʤʝʨʝʞʘ ʪʝʣʝʤʝʜʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ. ʉʫʯʘʩʥʠʡ ʟʘʭʠʩʪ 

ʽʥʬʦʨʤʘʮʽʾ. 2016. ˉ4. ʉ.111-115. 

3. ʉʝʤʢʦ ʆ.ɺ. ʃʦʛʽʢʦ-ʩʝʤʘʥʪʠʯʥʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ 

ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ. ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʥʘʚʽʛʘʮʽʾ ʪʘ 

ʟʚôʷʟʢʫ. 2018. ˉ52.  ʉ.135-139. 

4. ʉʝʤʢʦ ʆ.ɺ., ʉʝʤʢʦ ɺ.ɺ., ɹʫʨʷʯʦʢ ɺ.ʃ., ʉʢʣʘʜʘʥʥʠʡ ʇ.ʄ. ʄʝʪʦʜʦʣʦʛʽʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʩʝʥʩʦʨʥʠʭ 

ʤʝʨʝʞʘʭ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ. ʉʫʯʘʩʥʘ ʩʧʝʮʽʘʣʴʥʘ ʪʝʭʥʽʢʘ. 2018. ˉ55. ʉ.64-

76. 

5. ʉʝʤʢʦ ʆ.ɺ., ʉʝʤʢʦ ɺ.ɺ. ʈʦʟʨʦʙʢʘ ʬʦʨʤʘʣʴʥʦʾ ʤʦʜʝʣʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ 

ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʝʢʦʥʦʤʽʮʽ. 2019. ˉ1. 

ʉ.5-19. 
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6. ʉʝʤʢʦ ʆ.ɺ., ɹʫʨʷʯʦʢ ɺ.ʃ., ʇʣʘʪʦʥʝʥʢʦ ɸ.ɺ. ɺʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʩʧʦʩʦʙʫ ʛʝʥʝʨʫʚʘʥʥʷ ʧʘʨʦʣʽʚ ʩʝʨʝʜ ʤʥʦʞʠʥʠ ʽʩʥʫʶʯʠʭ. ɹʝʟʧʝʢʘ ʽʥʬʦʨʤʘʮʽʾ. 

2019. ˉ1. ʉ.59-64. 

ʇʨʘʮʽ, ɦ ʦ ʟʘʩʚʽʜʯʫʶʪʴ ʘʧʨʦʙʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ: 

7. ʉʝʤʢʦ ʆ.ɺ., ʅʘʫʤʝʮʴ ʄ.ɺ. ʉʠʩʪʝʤʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʤʝʨʝʞʽ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ. ʇʦʣʽʪ. ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ 

ʥʘʫʢʠ: ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ ʍɯɯɯ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʽ ʩʪʫʜʝʥʪʽʚ (ʤ.ʂʠʾʚ, 3-4 ʢʚʽʪ. 2013 ʨ.). ʂʠʾʚ. 2013. ʉ.193. 

8. ʉʝʤʢʦ ʆ.ɺ., ʅʝʯʠʧʦʨʫʢ ʆ.ʇ., ʅʘʫʤʝʮʴ ʄ.ɺ., ɸʪʘʤʘʥʶʢ ʊ.ɺ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʚ ʤʦʜʝʣʶʚʘʥʥʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. 

Materialy IX Miedzinarodowej naukowi-practycznej konferencji ĂNaukowa 

przestrzen Europy: Nowoczesne informacyjne technologie. Nauka i studia (ʤ. 

ʇʝʨʝʤʠʰʣʴ, 7-15 ʢʚʽʪ. 2013 ʨ.). ʇʝʨʝʤʠʰʣʴ. 2013. ʉ.55-58. 

9. ɸʥʘʣʽʟ ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʟ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʚʠʪʨʘʪ: ˉ51097; ʟʘʷʚʣ. 03.07.2013; ʦʧʫʙʣ. 02.01.14, ɹʶʣ. ˉ 32. 

ʉ.17. 

10. ʆʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʜʫʨʠ ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧôʶʪʝʨʽ: ˉ48079; ʟʘʷʚʣ. 

11.02.2013; ʦʧʫʙʣ. 03.05.13, ɹʶʣ. ˉ 30. ʉ.625. 

11.  ʉʝʤʢʦ ʆ.ɺ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʩʝʨʚʽʩʽʚ ʫ ʢʽʙʝʨʥʝʪʠʯʥʦʤʫ 

ʧʨʦʩʪʦʨʽ . çɯʥʬʦʨʤʘʪʠʢʘ ʪʘ ʢʦʤʧôʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾè (ɯʂʊ-2013): ɿʙʽʨʢʘ 

ʧʨʘʮʴ ɯʍ ʤʽʞʥʘʨʦʜʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ 

ʥʘʫʢʦʚʮʽʚ (ʤ.ɼʦʥʝʮʴʢ, 4-6 ʣʠʩʪʦʧ. 2013 ʨ.). ɼʦʥʝʮʴʢ. 2013. ʉ.354-358. 

12.  ʉʝʤʢʦ ʆ.ɺ. ʆʨʛʘʥʽʟʘʮʽʷ ʟʘʭʠʱʝʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʫ 

ʤʝʨʝʞʘʭ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ. ʇʦʣʽʪ. ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʥʘʫʢʠ: ʊʝʟʠ 

ʜʦʧʦʚʽʜʝʡ ʍɯV ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʽ 

ʩʪʫʜʝʥʪʽʚ (ʤ.ʂʠʾʚ, 2-3 ʢʚʽʪ. 2014 ʨ.). ʂʠʾʚ. 2014. ʉ.76. 

13. ʉʝʤʢʦ ʆ.ɺ., ʄʘʩʣʦʚʩʴʢʠʡ ɹ.ɻ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʶ 

ʙʘʟʦʶ ʜʘʥʠʭ ʤʝʜʠʯʥʠʭ ʢʦʤʽʩʽʡ . Materialy X Miedzinarodowej naukowi-
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ANNOTATION  

 

Semko O.V. Intellectual routing information technology in sensor networks of 

variable topology in the conditions of limitations and uncertainties. - Qualifying 

scientific work on the rights of the manuscript. 

Dissertation for the degree of ʩandidate of engineering sciences in specialty 

05.13.06 çInformation technologyè. ï Institute of telecommunications and global 

information space of National Academy of Sciences of Ukraine, Kyiv, 2019. 

The dissertation is devoted to the research and solution of the actual scientific 

problem of optimal control of data flow routing in sensor networks (CM) of variant 

topology (BT), which are built on the basis of service oriented architecture (SOA) 

and operate in conditions of limitations and uncertainties, due to the functioning of 
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the distributed system of intellectual management (SIM) routing To solve this 

problem, a method of intellectual network management based on a mathematical model 

for solving the problem of conflict, as a problem of discrete dynamic discrete 

optimization, which provides decentralized management of routing in real time in the 

absence of base stations or reference nodes. 

The aim of dissertation work is an increase of fast-acting and firmness of 

functioning of the system of intellectual management routing of data streams (DS) 

in conflicting sensor networks of variant topology at the terms of limitations, 

vaguenesses and providing of warranty, and creating of information technology of 

dynamic management routing of streams given due to perfection of existing and 

development of new models and methods. 

As a result of dissertation research such scientific results are got: 

1. The method of describing the topology of the computational system in the 

form of a graph, a mathematical model and notation (languages) has been further 

developed, which has made possible the use of a set-theoretic model for describing 

the interaction processes of elements of the sensor network: 

- determine the methodology for building an intelligent management 

system; 

 - determine the possibility of synthesis and management of topologies, which 

differs from the basic topological descriptions, such as "bus", "star" and "ring"; 

- to form a model for describing the interaction processes of elements of the 

sensor network; 

- to determine the sets of states of the elements of the sensor network in the 

cybernetic space of its functioning, regardless of the linearity or nonlinearity of the 

formal relations that describe this medium in the constraint system, which is 

determinative in relation to the mode of their behavior. 

2. The method of solving conflicts during the operation of guaranteed service-

oriented computational networks of variational topology has been further 

developed in conditions of limitations and uncertainties, which allowed due to the 

integral formal multiple representation of the functioning space: 
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- define the set of guaranteed value of control parameters; 

- to determine the numerical, and not analytical, representation of the conflict 

resolution model and the constraints of the conflating system; 

- to determine the way of synthesis of optimal optimal control; 

- determine the formalized structure of the algorithm, which simplifies the 

conflict resolution process provided that the service-oriented computer network of 

the variable topology is guaranteed in the conditions of constraints and 

uncertainties; 

- study the performance indicators of a reliable service-oriented computer 

network of variable topology in conditions of conflict, limitations and 

uncertainties. 

3. For the first time, a model of dynamic discrete optimization was developed 

for solving a conflict in the management of a service-oriented, reliable, 

computational network of variational topology under conditions of limitations and 

uncertainties, which allowed for the system-structural and system-functional study 

of the phenomenon: 

- to investigate the basic interrelationships of the conflict with the 

environment in which the conflict develops; 

- determine the nature and ways of interaction of elements and substructures 

of the conflict; 

- to form a formal model of dynamic discrete optimization for managing a 

service-oriented computer network; 

- develop a mathematical model for ensuring the availability of a service-

oriented computer network. 

The practical value of work consists in taking of the got scientific results to 

information technology functioning the distributed system of  intellectual 

management routingof  data streams in sensor networks of variable topology. 

The got results are attained due to the correct use of methods of researches 

and mathematical vehicle. Adequacy of select methods and models is confirmed 
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by coordination of analytical researches, imitation design and experimental 

verifications, and accordance of conclusions follows from maintenance of work. 

 The practical value of the work is confirmed by the acts of implementation of 

the main results of the dissertation research at the enterprises and organizations: 

1. The project "Program for forecasting, assessment of preparedness and 

response to artificial and natural disasters in the ENPI of the Eastern region - 

EuropeAid / 129397 / C / SER / Multi" Moldova, Ukraine, Belarus, Armenia, 

Azerbaijan, Georgia ", approved by the European Commission (Ares (2014) 

691843). 

2. Project on the finalization of the components of the information and 

telecommunication system for electronic interaction of executive authorities (code 

of research "DTSR5-1", state registration number 0115U006734). 

3. The project on the development of requirements for the architecture of the 

electronic communication system of state information resources (the code of 

research "PE / 2-2015", state registration number 0115U007171). 4. The project to 

develop a single information resource of citizens' appeals to state authorities and 

local self-government bodies (code of research "GDR-08 / 12-2015", state 

registration number 0115U007172). 

 Keywords: reliability, service-oriented sensor network, computer network, 

intelligent control system, intelligent converter, variational topology, conflict, 

constraints, uncertainty, model, method, algorithm 
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ʉʋ - ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ; 

ʊʉ - ʪʝʭʥʽʯʥʘ ʩʠʩʪʝʤʘ; 
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ʊɽʉ - ʪʝʭʥʽʯʥʘ ʝʨʛʘʪʠʯʥʘ ʩʠʩʪʝʤʘ; 

ʌɹ - ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʙʝʟʧʝʢʘ; 

ʌʏʍ - ʬʘʟʦʚʘ ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; 

Ad hoc  - ʙʝʟʜʨʦʪʦʚʘ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʘ 

ʤʝʨʝʞʘ; 

Multihop  - ʤʝʨʝʞʘ ʟ ʙʘʛʘʪʦʨʘʟʦʚʦʶ (ʙʘʛʘʪʦ 

ʧʨʦʣʴʦʪʥʦʶ/ʙʘʛʘʪʦʩʢʘʯʢʦʚʦʶ) ʨʝʪʨʘʥʩʣʷʮʽʻʶ; 

MANET - (ʘʥʛʣ. Mobile Ad hoc Network) ð ʙʝʟʧʨʦʚʽʜʥʘ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʘ 

ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʘ ʤʝʨʝʞʘ; 

SOA - ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ; 

Multihop - ʦʙʯʠʩʣʶʚʘʣʴʥf ʤʝʨʝʞʘ ʟ ʙʘʛʘʪʦʨʘʟʦʚʦʾ ʨʝʪʨʘʥʩʣʷʮʽʻʶ; 

 

https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%81%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D1%81%D0%B0%D0%BC%D0%BE%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D0%B7%D1%83%D1%8E%D1%89%D0%B8%D0%B5%D1%81%D1%8F_%D1%81%D0%B5%D1%82%D0%B8
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ɺʉʊʋʇ 

ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʫʯʘʩʥʝ ʩʫʩʧʽʣʴʩʪʚʦ ʚʩʝ 

ʙʽʣʴʰʝ ʩʪʘʻ ʟʘʣʝʞʥʠʤ ʚʽʜ ʷʢʦʩʪʽ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʧʦʩʣʫʛ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʊ). 

ɺʘʞʣʠʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʪʘʢʠʭ ʧʦʩʣʫʛ ʻ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ ʩʝʨʚʽʩʽʚ 

ʪʘ ɯʊ-ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʽ ʧʦʩʣʫʛʠ. 

ʉʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʽ ʉʄ ʻ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʠʤʠ ʤʝʨʝʞʘʤʠ 

ʟʙʠʨʘʥʥʷ ʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʦ ʧʝʚʥʦʛʦ ʭʦʩʪʘ ʘʙʦ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʤʝʨʝʞʽ ʯʝʨʝʟ ʽʥʰʽ 

ʩʝʥʩʦʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʟʜʨʦʪʦʚʦʛʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʊʘʢʽ ʤʝʨʝʞʽ, ʷʢ 

ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʨʘʜʽʫʩʠ ʚʟʘʻʤʦʜʽʾ ʟ ʚʫʟʣʘʤʠ, ʱʦ ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ ʛʨʘʥʠʯʥʦ 

ʧʨʠʧʫʩʪʠʤʽ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʚʠʙʽʨ ʪʦʧʦʣʦʛʽʾ ʉʄ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʧʣʠʚ ʥʘ ʚʠʙʽʨ 

ʧʨʦʪʦʢʦʣʽʚ, ʧʘʨʘʤʝʪʨʽʚ ʢʘʥʘʣʽʚ ʚʟʘʻʤʦʜʽʶʯʠʭ ʚʫʟʣʽʚ ʪʘ ʤʘʨʰʨʫʪ ʇɼ. ʉʘʤʝ ʪʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʝʡ ʉʄ ɺʊ ʽ ʤʝʪʦʜʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʟʘ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɿʘʟʥʘʯʝʥʽ ʧʨʦʙʣʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʷʢ ʚʽʪʯʠʟʥʷʥʠʤʠ, ʪʘʢ ʽ 

ʟʘʨʫʙʽʞʥʠʤʠ ʚʯʝʥʠʤʠ, ʟʦʢʨʝʤʘ ɸ.ʆ.ʏʠʢʨʽʻʤ [125], ʌ.ʃ.ʏʝʨʥʦʫʩʴʢʦʤ [124], 

ɺ.ɺ.ʇʘʚʣʦʚʠʤ [78], ɺ.ʄ.ʂʫʥʮʝʚʠʯʝʤ [57], ɺ.ʉ.ʄʠʭʘʣʝʚʠʯʝʤ [67], 

ʃ.ʉ.ʇʦʥʪʨʷʛʽʥʠʤ [83], ɼ.ɸ.ʇʦʩʧʝʣʦʚʠʤ [84], ɻ.ʉ.ʇʦʩʧʝʣʦʚʠʤ [85], 

ʄ.ʄ.ʂʨʘʩʦʚʩʴʢʠʤ [54], ɸ.ɯ.ʉʫʙʦʪʽʥʠʤ [117], ɺ.ʆ.ʂʘʩʴʷʥʦʚʠʤ [41], ʂ.ʈʽʭʪʝʨʦʤ 

[89] ʪʘ ʽʥʰʠʤʠ. 

ʉʫʯʘʩʥʽ ʉɯʋ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʠʤʠ ʛʘʨʘʥʪʦʟʜʘʪʥʠʤʠ ʉʄ ʽ ʧʨʦʮʝʩʘʤʠ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʽ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ, ʩʪʨʫʢʪʫʨʥʦ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʻ ʩʢʣʘʜʥʠʤʠ ʽ 

ʙʘʛʘʪʦʤʽʨʥʠʤʠ. ɰʭ ʧʨʘʛʤʘʪʠʯʥʘ ʩʫʪʥʽʩʪʴ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʧʝʨʰ ʟʘ ʚʩʝ ʥʘʷʚʥʽʩʪʶ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ, ʧʨʘʚʠʣ ʪʘ ʚʽʜʥʦʰʝʥʴ, ʷʢ ʤʽʞ ʚʣʘʩʥʝ ʚʥʫʪʨʽʰʥʽʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʪʘʢ ʽ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ  

ʦʧʠʩʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʤʦʜʝʣʷʤʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʧʝʮʠʬʽʢʫ ʚʟʘʻʤʦʜʽʾ ʮʠʭ 

ʢʦʤʧʦʥʝʥʪ, ʝʣʝʤʝʥʪʽʚ ʪʘ ʧʽʜʩʠʩʪʝʤ ʟ ʟʦʚʥʽʰʥʽʤ ʽ ʚʥʫʪʨʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ, ʜʦʚʽʣʴʥʠʭ ʦʙʤʝʞʝʥʴ ʪʘ ʢʦʥʬʣʽʢʪʫ. ʇʨʠ ʮʴʦʤʫ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʦʙʫʤʦʚʣʝʥʽ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʶ, ʥʝʧʦʚʥʦʪʦʶ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʶ ʜʘʥʠʭ 
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ʧʨʦ ʚʝʢʪʦʨ ʩʪʘʥʫ ʽ ʧʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɯʋ; ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʟʘʚʘʜʘʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. ʟʦʚʥʽʰʥʽʤʠ ʪʘ ʚʥʫʪʨʽʰʥʽʤʠ ʟʙʫʨʝʥʥʷʤʠ; 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʨʦʩʪʦʨʫ ʽʩʥʫʚʘʥʥʷ ʉʄ; ʥʘʷʚʥʽʩʪʶ ʦʙôʻʢʪʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʩʪʘʥʽ ʢʦʥʬʣʽʢʪʫ. ʇʽʜ ʢʦʥʬʣʽʢʪʦʤ ʚ ʮʴʦʤʫ ʩʝʥʩʽ ʨʦʟʫʤʽʶʪʴ ʷʚʠʱʝ ʚʟʘʻʤʦʜʽʾ ʧʦ-

ʨʽʟʥʦʤʫ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʭ ʩʪʦʨʽʥ ï ʦʙ'ʻʢʪʽʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ (ʊʉ), ʷʢʽ ʘʙʦ ʤʘʶʪʴ 

ʩʢʣʘʜʥʠʡ ʦʧʠʩ, ʱʦ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤ ʧʨʘʢʪʠʯʥʦ ʘʙʦ ʚʟʘʛʘʣʽ ʥʝ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʦʚʥʦʶ ʤʽʨʦʶ ʦʧʠʩʘʥʠʤʠ ʷʢ ʬʦʨʤʘʣʴʥʦ, ʪʘʢ ʽ ʚʝʨʙʘʣʴʥʦ. 

ʇʨʦʙʣʝʤʘʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʨʦʮʝʩʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʩʫʯʘʩʥʠʤʠ ʤʝʨʝʞʘʤʠ ʇɼ, ʧʨʠʩʚʷʯʝʥʽ 

ʨʦʙʦʪʠ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʚʯʝʥʠʭ, ʪʘʢʠʭ ʷʢ ɼ.ɹʝʨʪʩʝʢʘʩ [11], ʃ.ʅ. 

ɹʝʨʢʤʘʥ  [118],  ɹ.ʉ.ɻʦʣʴʜʰʪʝʡʥ [31],  ɺ.ʂ. ʉʪʝʢʣʦʚ [119],  ʍ.ʇʘʧʘʜʠʤʠʪʨʫ [80], 

ɸ.ɽ.ʂʫʯʝʨʷʚʠʡ [60] ʪʘ ʽʥʰʠʭ. ɿʘ  ʾʭ  ʚʠʩʥʦʚʢʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʮʝʩʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʠʭ ʩʘʤʦʦʨʛʘʥʽʟʫʶʯʠʭ ʉʄ ɺʊ ʧʦʪʨʝʙʫʶʪʴ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʽʪʥʽʭ ʉɯʋ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʚʠʙʦʨʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʜʠʥʘʤʽʯʥʦʾ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʢʣʘʜʝʥʝ, ʪʝʤʘ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ ʉʄ ɺʊ, ʷʢ ʦʩʥʦʚʠ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʫ ʚʟʘʻʤʦʜʽʾ ʦʙôʻʢʪʽʚ ʤʝʨʝʞʽ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʴ ʽ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ï ̒  ʘʢʪʫʘʣʴʥʦʶ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʚʠʢʣʘʜʝʥʦ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, 

ʚʠʢʦʥʫʚʘʣʦʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʝʨʞʘʚʥʠʭ ʧʨʦʛʨʘʤ ʪʘ ʧʣʘʥʽʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ 

ʪʘ ʜʦʩʣʽʜʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ ɭʚʨʦʧʝʡʩʴʢʦʾ ʢʦʤʽʩʽʾ, ɼʝʨʞʘʚʥʦʛʦ 

ʘʛʝʥʪʩʪʚʘ ʟ ʧʠʪʘʥʴ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʨʷʜʫʚʘʥʥʷ ʋʢʨʘʾʥʠ: çProgramme for the 

prevention, preparedness, and response to man-made and natural disasters in the ENPI 

East Region-EuropeAid/129397/C/SER/Multiè,  PROJECT REFERENCE: EP 105044 

(2014ʨ.); ʰʠʬʨ çɼʎɯʈ5-1è ʪʝʤʘ çʇʦʩʣʫʛʠ ʟ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʦʨʛʘʥʽʚ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ ʟ ʧʨʠʜʙʘʥʥʷʤ ʧʨʠʤʽʨʥʠʢʫ ʧʨʦʛʨʘʤʥʦʾ ʧʨʦʜʫʢʮʽʾ 

ʧʝʨʝʚʽʨʢʠ/ʥʘʢʣʘʜʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ ʪʘ ʧʨʠʤʽʨʥʠʢʫ 
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ʧʨʦʛʨʘʤʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʣʘʪʬʦʨʤʠ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʩʝʨʚʝʨʽʚ VMWare vSphere 

(ESX/ESXi) ʟ ʩʠʩʪʝʤʦʶ vCenter Serverè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

0115U006734); ʰʠʬʨ çʅʇ/2-2015è (ʪʝʤʘ çʈʦʟʨʦʙʢʘ ʚʠʤʦʛ ʜʦ ʘʨʭʽʪʝʢʪʫʨʠ 

ʉʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʜʝʨʞʘʚʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚè 

(ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0115U007171); ʰʠʬʨ çʅɼʈ-08/123-2015è ʪʝʤʘ 

çɼʦʦʧʨʘʮʶʚʘʥʥʷ ɭʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʝʙ-ʨʝʩʫʨʩʫ ʟʚʝʨʥʝʥʴ ʛʨʦʤʘʜʷʥ ʜʦ 

ʦʨʛʘʥʽʚ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ ʪʘ ʦʨʛʘʥʽʚ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʚ ʯʘʩʪʠʥʽ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʜʦ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʦʨʛʘʥʽʚ 

ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0115U007172). 

ɸʚʪʦʨ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʨʘʚ ʫʯʘʩʪʴ ʫ ʮʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʪʘ 

ʜʦʩʣʽʜʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʦʪʘʭ ʚ ʷʢʦʩʪʽ ʚʠʢʦʥʘʚʮʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʘʚʪʦʨʘ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ʜʦʜʘʪʢʫ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ʈʦʣʴ ʘʚʪʦʨʘ ʚ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʦʪʘʭ ʪʘ ʧʨʦʝʢʪʘʭ 

ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʥʘʫʢʦʚʠʭ, ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʠʩʪʝʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʘ ʫʤʦʚ 

ʽʥʪʝʨʦʧʦʨʘʙʝʣʴʥʦʩʪʽ ʪʘ  ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ, 

ʤʝʪʦʜʽʚ ʪʘ ʛʘʨʘʥʪʦʚʘʥʦ ʦʮʽʥʶʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʫʧʨʘʚʣʽʥʥʷ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ  ʧʦʣʷʛʘʻ ʫ 

ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʉʄ ɺʊ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʴ, 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1) ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ, ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, 

ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʉʄ, ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ; 
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2) ʨʦʟʨʦʙʠʪʠ, ʧʨʦʚʝʩʪʠ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʉʄ ɺʊ ʟʘ 

ʫʤʦʚ ʢʦʥʬʣʽʢʪʫ ʚʟʘʻʤʦʜʽʾ ʾʭ ʚʫʟʣʽʚ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ; 

3) ʨʦʟʨʦʙʠʪʠ ʽ ʬʦʨʤʘʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʟʘʜʘʯʽ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʫ ʇɼ ʚ ʉʄ 

ɺʊ, ʷʢ ʟʘʜʘʯʽ ʜʠʩʢʨʝʪʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ; 

4) ʚʠʟʥʘʯʠʪʠ ʽ ʦʙˇʨʫʥʪʫʚʘʪʠ ʬʫʥʢʮʽʶ ʮʽʥʠ, ʷʢ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʠ 

ʩʠʥʪʝʟʽ ʽ ʚʠʙʦʨʽ ʤʘʨʰʨʫʪʫ ʇɼ, ʫ ʚʠʛʣʷʜʽ ʚʽʨʪʫʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ, 

ʱʦ ʚʨʘʭʦʚʫʻ ʦʙʤʝʞʝʥʥʷ, ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʢʦʥʬʣʽʢʪʠ ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ, ʘ ʪʘʢʦʞ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʠʪʘʤʘʥʥʽ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʶ; 

5) ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʽ ʝʚʨʠʩʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ 

ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʉɯʋ ʉʄ ɺʊ, ʷʢ NP-ʧʦʚʥʦʾ ʧʝʨʝʙʽʨʥʦʾ ʟʘʜʘʯʽ ʜʠʩʢʨʝʪʥʦʾ 

ʜʠʥʘʤʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠ ʨʽʰʝʥʥʽ ʢʦʥʬʣʽʢʪʫ ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ; 

6) ʧʨʦʚʝʩʪʠ ʽʤʽʪʘʮʽʡʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ 

ʧʦʣʦʞʝʥʴ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʉɯʋ 

ʧʨʠ ʩʠʥʪʝʟʽ ʽ ʚʠʙʦʨʽ ʩʪʨʘʪʝʛʽʡ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ ɺʊ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʙʘʛʘʪʦʤʽʨʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ ʚ ʫʤʦʚʘʭ 

ʢʦʥʬʣʽʢʪʫ, ʦʙʤʝʞʝʥʴ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʩʪʨʘʪʝʛʽʡ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ ɺʊ  ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʴ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʥʘʫʢʦʚʦʾ ʟʘʜʘʯʽ ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʜʠʥʘʤʽʯʥʠʭ ʢʦʥʬʣʽʢʪʥʠʭ ʩʠʩʪʝʤ, 

ʪʝʦʨʽʾ ʩʠʩʪʝʤ, ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʪʝʦʨʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, 

ʪʝʦʨʽʾ ʤʥʦʞʠʥ, ʪʝʦʨʽʾ ʛʨʘʬʽʚ, ʪʝʦʨʽʾ ʢʦʥʬʣʽʢʪʽʚ, ʪʝʦʨʽʾ ʘʣʛʦʨʠʪʤʽʚ, ʪʝʦʨʽʾ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʘ ʪʘʢʦʞ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʥʦʾ ʜʠʥʘʤʽʯʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʦʩʥʦʚ ʪʦʧʦʣʦʛʽʾ, 

ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʦʧʪʠʤʽʟʘʮʽʾ. 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʝʥʽ ʰʣʷʭʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʫʯʘʩʥʦʤʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʧʽʜʭʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʪʘ ʘʙʩʪʨʘʢʪʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʤʧʝʨʘʪʠʚʥʠʭ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʜʠʛʤ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ 

ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʨʽʰʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʽʚ ʜʠʩʢʨʝʪʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚ ʪʝʦʨʝʪʠʢʦ-

ʤʥʦʞʠʥʥʦʤʫ ʧʽʜʭʦʜʽ (ʊʄʇ), ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰ ʧʨʦʩʪʽ ʧʨʦʮʝʜʫʨʠ 

ʩʠʥʪʝʟʫ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʉʄ ɺʊ ʟʘ 

ʫʤʦʚ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ.  

ʅʦʚʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ,  ʦʪʨʠʤʘʥʠʤʠ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʻ: 

ï  ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʬʦʨʤʘʣʴʥʦʛʦ ʫʷʚʣʝʥʥʷ ʉʄ ɺʊ ʫ ʚʠʛʣʷʜʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʽ ʥʦʪʘʮʽʾ (ʤʦʚʠ) ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ,  

ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʦʛʦ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʦʾ ʤʦʜʝʣʽ 

(ʊʄʄ) ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʦʜʽʾ  ʚʫʟʣʽʚ ʉʄ ɺʊ, ʣʦʛʽʢʦ-ʩʝʤʘʥʪʠʯʥʦʾ ʤʦʜʝʣʽ (ʃʉʄ) 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ, ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʥʪʝʟʫ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ  ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ 

ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʉʄ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʾ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʩʫʢʫʧʥʦʩʪʽ  ʧʦʢʘʟʥʠʢʽʚ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʉʄ ʜʦʟʚʦʣʠʣʦ: ʚʠʟʥʘʯʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ 

ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʦʧʪʠʤʘʣʴʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ ʇɼ ʟʘ ʫʤʦʚʠ ʚʨʘʭʫʚʘʥʥʷ 

ʤʥʦʞʠʥʠ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʨʘʥʪʦʟʜʘʪʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ;  ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ ʇɼ ʟʛʽʜʥʦ ʢʨʠʪʝʨʽʶ 

ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʟʘ ʫʤʦʚʠ ʦʙʤʝʞʝʥʴ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ; ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ 

ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʦʧʪʠʤʘʣʴʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ ʇɼ ʟʘ 

ʫʤʦʚʠ ʚʨʘʭʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʘʨʘʥʪʦʟʜʘʪʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʚ ʫʤʦʚʘʭ ʢʦʥʬʣʽʢʪʫ, ʷʢ ʟʘʜʘʯʽ 

ʜʠʥʘʤʽʯʥʦʾ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ; 
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ï  ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ  ʩʠʥʪʝʟʫ ʪʘ ʚʠʙʦʨʫ ʩʪʨʘʪʝʛʽʡ ʛʘʨʘʥʪʦʚʘʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʦʧʪʠʤʘʣʴʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ ʇɼ ʉʄ ɺʊ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʦʛʦ ʟʘ 

ʨʘʭʫʥʦʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʽ ʥʦʪʘʮʽʾ (ʤʦʚʠ) ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʤʝʨʝʞʽ, ʤʝʪʦʜʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ 

ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ, ʤʝʪʦʜʫ ʬʦʨʤʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ  

ʧʘʨʘʤʝʪʨʽʚ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ, ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʪʘ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʫ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ, ʜʦʟʚʦʣʠʣʦ: ʚʠʟʥʘʯʠʪʠ ʯʠʩʝʣʴʥʝ  ʧʦʜʘʥʥʷ ʤʦʜʝʣʽ ʩʠʥʪʝʟʫ ʪʘ ʚʠʙʦʨʫ 

ʩʪʨʘʪʝʛʽʡ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʦʧʪʠʤʘʣʴʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ ʇɼ ʚ 

ʢʦʥʬʣʽʢʪʫʶʯʽʡ ʤʝʨʝʞʽ; ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʤʘʨʰʨʫʪ ʇɼ ʚ ʤʝʨʝʞʽ ʟʘ ʫʤʦʚ 

ʩʠʥʪʝʟʫ ʪʘ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʉɯʋ; ʚʠʟʥʘʯʠʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ 

ʘʣʛʦʨʠʪʤʫ, ʱʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ ʩʠʥʪʝʟʫ ʪʘ ʚʠʙʦʨʫ ʩʪʨʘʪʝʛʽʡ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ ʇɼ ʚ ʤʝʨʝʞʽ; ʨʦʟʨʦʙʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ 

ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ ʇɼ ʚ ʨʦʟʧʦʜʽʣʝʥʽʡ ʉɯʋ 

ʉʄ; ʚʠʟʥʘʯʠʪʠ ʧʦʢʘʟʥʠʢʠ ʩʪʽʡʢʦʩʪʽ ɯʇ ʚʫʟʣʘ ʤʝʨʝʞʽ;  

ï ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ 

ʧʨʦʩʪʦʨʫ  ʧʘʨʘʤʝʪʨʽʚ ʉʄ ɺʊ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʦʛʦ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʾ ʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ ʩʝʥʩʦʨʥʠʭ 

ʛʘʨʘʥʪʦʟʜʘʪʥʠʭ ʤʝʨʝʞʘʭ ʜʦʟʚʦʣʠʣʦ: ʚʨʘʭʫʚʘʪʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ 

ʦʙôʻʢʪʽʚ ʤʝʨʝʞʽ; ʚʠʟʥʘʯʠʪʠ ʤʥʦʞʠʥʠ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ 

ʇɼ ʚ ʤʝʨʝʞʽ; ʚʠʟʥʘʯʠʪʠ ʽʥʪʝʛʨʘʣʴʥʝ ʬʦʨʤʘʣʴʥʝ ʤʥʦʞʠʥʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦʩʪʦʨʫ 

ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʊʄʄ ʤʝʨʝʞʽ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʦʚʝʜʝʥʽ ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʣʽʟʦʚʘʥʽ ʡ ʚʧʨʦʚʘʜʞʝʥʽ (ʘʢʪʠ ʧʦʜʘʥʽ ʫ 

ɼʦʜʘʪʢʫ ɸ ʜʦ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ): 

ï ʚ  ɼʝʨʞʘʚʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ñɼʝʨʞʽʥʬʦʨʤʨʝʩʫʨʩò ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ 

ʧʠʪʘʥʴ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʨʷʜʫʚʘʥʥʷ ʧʨʠ ʜʦʦʧʨʘʮʶʚʘʥʥʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʦʨʛʘʥʽʚ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ ʋʢʨʘʾʥʠ (ɼʂʈ ʰʠʬʨ ñʅʇ/2-

2015ò, ʅɼʈ ʰʠʬʨ ñʅɼʈ-08/123-2015ò, ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜ 

05.03.2015ʨ.); 
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ï ʚ ʪʦʚʘʨʠʩʪʚʽ ʟ ʦʙʤʝʞʝʥʦʶ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʶ ñɹʄʉ-ʢʦʥʩʘʣʪʽʥʛò ʧʨʠ 

ʜʦʦʧʨʘʮʶʚʘʥʥʽ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʦʨʛʘʥʽʚ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ ʪʘ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʟ ʤʝʪʦʶ 

ʚʚʝʜʝʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ, 

ʚʽʜʧʨʘʚʣʝʥʥʷ, ʧʝʨʝʜʘʚʘʥʥʷ, ʦʜʝʨʞʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʟʥʠʱʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʢʦʧʽʡ ʧʘʧʝʨʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʚ 

ʝʣʝʢʪʨʦʥʥʦʤʫ ʚʠʛʣʷʜʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ, ʷʢʽ ʥʝ 

ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʟ ʦʙʤʝʞʝʥʠʤ ʜʦʩʪʫʧʦʤ, ʪʘ ʢʦʥʪʨʦʣʶ ʟʘ ʚʠʢʦʥʘʥʥʷʤ ʘʢʪʽʚ, 

ʧʨʦʪʦʢʦʣʴʥʠʭ ʨʽʰʝʥʴ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʠʭ ʜʦʢʫʤʝʥʪʽʚ (ɼʂʈ 

ʰʠʬʨ ñɼʎɯʈ5-1ò, ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜ 11.02.2016 ʨ.); 

ï ʚ ʪʦʚʘʨʠʩʪʚʽ ʟ ʦʙʤʝʞʝʥʦʶ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʶ ñɽʣʘʥò ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʝʢʪʫ çʇʨʦʛʨʘʤʘ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʦʮʽʥʢʠ ʛʦʪʦʚʥʦʩʪʽ ʪʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʰʪʫʯʥʽ ʪʘ ʧʨʠʨʦʜʥʽ ʢʘʪʘʩʪʨʦʬʠ ʚ ENPI 

ʉʭʽʜʥʦʛʦ ʨʝʛʽʦʥʫ - EuropeAid/129397/C/SER/Multiè ʄʦʣʜʦʚʘ, ʋʢʨʘʾʥʘ, ɹʝʣʘʨʫʩʴ, 

ɸʨʤʝʥʽʷ, ɸʟʝʨʙʘʡʜʞʘʥ, ɻʨʫʟʽʷè, ʩʭʚʘʣʝʥʦʛʦ ɭʚʨʦʧʝʡʩʴʢʦʶ ʢʦʤʽʩʽʻʶ 

(Ares(2014)691843). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ.  

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʘʚʪʦʨʦʤ ʟʜʽʡʩʥʝʥʦ: 

ï ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʰʫʢ ʪʘ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʟʘ ʪʝʤʦʶ 

ʜʠʩʝʨʪʘʮʽʾ; 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʬʦʨʤʘʣʴʥʦʛʦ ʫʷʚʣʝʥʥʷ ʉʄ ɺʊ ʫ ʚʠʛʣʷʜʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʽ ʥʦʪʘʮʽʾ (ʤʦʚʠ) ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ; 

ï ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ  

ʧʘʨʘʤʝʪʨʽʚ ʉʄ ɺʊ, ʱʦ ʚʨʘʭʦʚʫʻ ʦʙʤʝʞʝʥʥʷ, ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʢʦʥʬʣʽʢʪʠ 

ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ, ʘ ʪʘʢʦʞ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʠʪʘʤʘʥʥʽ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʶ; 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʽ ʝʚʨʠʩʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʩʠʥʪʝʟʫ ʪʘ ʚʠʙʦʨʫ 

ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʉɯʋ ʉʄ ɺʊ, ʷʢ NP-
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ʧʦʚʥʦʾ ʧʝʨʝʙʽʨʥʦʾ ʟʘʜʘʯʽ ʜʠʩʢʨʝʪʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠ ʨʽʰʝʥʥʽ 

ʢʦʥʬʣʽʢʪʫ ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ; 

 ï ʨʦʟʨʦʙʣʝʥʦ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʽ ʧʨʦʚʝʜʝʥʽ ʽʤʽʪʘʮʽʡʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ 

ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʉɯʋ ʧʨʠ ʩʠʥʪʝʟʽ ʽ ʚʠʙʦʨʽ ʩʪʨʘʪʝʛʽʡ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ ɺʊ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. 

ʅʘʫʢʦʚʽ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʟ ɹʫʨʷʯʢʦʤ ɺ.ʃ., ʉʝʤʢʦʤ 

ɺ.ɺ., ʉʢʣʘʜʘʥʥʠʤ ʇ.ʄ., ɹʫʨʷʯʦʢ ʃ.ɺ., ʇʣʘʪʦʥʝʥʢʦʤ ɸ.ɺ., ʅʘʫʤʮʝʤ ʄ.ɺ., 

ʅʝʯʠʧʦʨʫʢ ʆ.ʇ., ɸʪʘʤʘʥʶʢ ʊ.ɺ.,  ʄʘʩʣʦʚʩʴʢʠʤ ɹ.ɻ., ʗʱʫʢʦʤ ɼ.ʖ. 

ʋʩʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʽ 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʦʜʥʦʦʩʽʙʥʦ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʧʨʘʮʷʭ [99], [103], [104], [109], [106], 

[108]. 

ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʥʘʧʠʩʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ: [98] ï 

ʬʦʨʤʘʣʴʥʝ ʫʷʚʣʝʥʥʷ ʬʫʥʢʮʽʾ ʮʽʥʠ, ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʘʜʠʪʠʚʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʠʙʦʨʫ 

ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʜʠʩʢʨʝʪʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ; [110] ï ʩʪʨʫʢʪʫʨʘ ʽ ʬʫʥʢʮʽʾ 

ʝʣʝʤʝʥʪʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʷʢ ʝʣʝʤʝʥʪʘ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʩʝʥʩʦʨʥʽʡ ʤʝʨʝʞʽ; 

[111] ï ʛʨʘʬ-ʤʦʜʝʣʴ, ʾʾ ʟʚôʷʟʦʢ ʟ ʣʦʛʽʢʦ-ʩʝʤʘʥʪʠʯʥʦʶ ʽ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʦʶ 

ʤʦʜʝʣʣʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ 

ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ, ʚʠʟʥʘʯʝʥʥʷ ʽ ʬʦʨʤʘʣʴʥʠʡ ʦʧʠʩ ʩʫʪʥʦʩʪʽ 

ʧʦʥʷʪʪʷ ʚʽʨʪʫʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ, ʷʢ ʢʨʠʪʝʨʽʶ ʚʠʙʦʨʫ ʧʨʠ ʩʠʥʪʝʟʽ 

ʦʧʪʠʤʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ ʧʦʪʦʢʽʚ ʜʘʥʠʭ;  [112] ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣʠ ʄʘʻʨʩʘ ʧʨʠ 

ʬʦʨʤʘʣʴʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʚʝʢʪʦʨʫ ʧʝʨʝʚʘʛ ʧʨʠ ʛʝʥʝʨʘʮʽʾ ʤʥʦʞʠʥʠ ʧʘʨʦʣʽʚ, ʱʦ 

ʥʘʜʘʣʽ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʫ ʛʝʥʝʨʘʮʽʾ ʧʘʨʦʣʽʚ, ʷʢ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʟʘʜʘʯʫ; 

[100] ï ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʘʥʘʣʽʟʫ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʣʽʥʽʡʥʠʭ 

ʩʠʩʪʝʤ ʟ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʠʪʨʘʪ; [101] ï ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʜʫʨʠ 

ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ; [102] ï 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʚ ʟʘʭʠʱʝʥʽʡ ʨʦʟʧʦʜʽʣʝʥʽʡ ʤʝʨʝʞʽ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ; [107] ï ʤʘʪʝʤʘʪʠʯʥʘ ʪʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʽ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʢʘʟʥʠʢʽʚ 



29 
 

ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʝʨʤʽʥʘʣʽʚ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, [105] ï ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʤʝʨʝʞ ʟʚôʷʟʢʫ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. 

ʉʧʽʚʘʚʪʦʨʘʤʠ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʻ ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʪʘ ʥʘʫʢʦʚʮʽ, ʩʧʽʣʴʥʦ 

ʟ ʷʢʠʤʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʜʠʩʝʨʪʘʥʪʫ ʥʘʣʝʞʠʪʴ ʬʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʽ ʦʩʥʦʚʥʠʡ ʪʚʦʨʯʠʡ 

ʜʦʨʦʙʦʢ. 

ʉʧʽʚʘʚʪʦʨʘʤʠ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʜʠʩʝʨʪʘʥʪʘ ʟʘʭʠʱʝʥʽ ʪʘʢʽ ʜʠʩʝʨʪʘʮʽʾ: 

ɹʫʨʷʯʦʢ ɺ.ʃ. çʄʝʪʦʜʦʣʦʛʽʷ ʬʦʨʤʫʚʘʥʥʷ ʜʝʨʞʘʚʥʦʾ ʩʠʩʪʝʤʠ ʢʽʙʝʨʥʝʪʠʯʥʦʾ 

ʙʝʟʧʝʢʠ è, ʂʠʾʚ, 2013; ʉʝʤʢʦ ɺ.ɺ. çʄʝʪʦʜʦʣʦʛʽʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʦʙô̒ ʢʪʦʤ ʚ ʫʤʦʚʘʭ ʢʦʥʬʣʽʢʪʫ, ʦʙʤʝʞʝʥʴ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡè, ʂʠʾʚ, 2017, 

422ʩ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ 2 cʚʽʜʦʮʪʚʘ ʧʨʦ 

ʨʝʻʩʪʨʘʮʽʶ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʥʘ ʪʚʽʨ (ʢʦʧʽʾ ʩʚʽʜʦʮʪʚ ʧʨʦ ʨʝʻʩʪʨʘʮʽʶ 

ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʧʦʜʘʥʽ ʫ ɼʦʜʘʪʢʫ ɹ ʜʦ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ). 

ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʴ, ʦʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʽ ʨʘʟʦʤ ʟ 

ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʅʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʦʩʥʦʚʥʽ 

ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ 

ʨʝʩʧʫʙʣʽʢʘʥʩʴʢʠʭ, ʚʩʝʩʦʶʟʥʠʭ ʽ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ ʽ ʢʦʥʬʝʨʝʥʮʽʷʭ, 

ʘ ʩʘʤʝ: ʩʝʢʮʽʷʭ V ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʡ çʂʦʤʧôʶʪʝʨʥʽ 

ʩʠʩʪʝʤʠ ʪʘ ʤʝʨʝʞʥʽ ʪʝʭʥʦʣʦʛʽʾè (ʤ.ʂʠʾʚ, 2012ʨ.); ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ  ɯʥʩʪʠʪʫʪʫ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ (ʂʠʾʚ, 

2016-2018ʨ.ʨ.); ʩʝʢʮʽʷʭ XVI  ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʣʦʛʽʯʥʦʶ ʙʝʟʧʝʢʦʶ, 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷʤ, ʟʘʭʦʜʘʤʠ ʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭè (ʤ.ʂʠʾʚ, 2017ʨ.); 

ʩʝʢʮʽʷʭ ɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʊʝʦʨʝʪʠʢʦ-ʧʨʘʢʪʠʯʥʽ ʧʨʦʙʣʝʤʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʽ ʢʦʤʧôʶʪʝʨʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚ ʦʩʚʽʪʽ ʽ ʥʘʫʮʽè (ʂʠʾʚ, 2018ʨ.); ʩʝʢʮʽʷʭ ʈʝʛʽʦʥʘʣʴʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʄʉɽ 

çʇʝʨʩʧʝʢʪʠʚʳ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʥʘ ʦʩʥʦʚʝ ʩʝʪʝʡ ʧʦʩʪ-NGN, 4G ʠ 5G. 
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ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʠʭ ʧʦʩʪʨʦʝʥʠʶ ʠ ʟʘʱʠʪʝè (ʂʠʾʚ, 

2017ʨ.); ʩʝʢʮʽʷʭ VIII  ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ ʜʝʨʞʘʚʠè (ʂʠʾʚ, 2017ʨ.); ʩʝʢʮʽʷʭ XV 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʣʦʛʽʯʥʦʶ ʙʝʟʧʝʢʦʶ, ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷʤ, 

ʟʘʭʦʜʘʤʠ ʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭè (ʤ.ʂʠʾʚ, 2016ʨ.); ʩʝʢʮʽʷʭ ʥʘʫʢʦʚʦ-

ʧʨʘʧʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʢʽʙʝʨʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤè (ʤ.ʂʠʾʚ, 2016ʨ.); ʩʝʢʮʽʷʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʜʝʨʞʘʚʠè (ʤ.ʂʠʾʚ, 2016ʨ.); ʩʝʢʮʽʷʭ ʍɯɯ, ʍɯɯɯ, ʍɯV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʽ ʩʪʫʜʝʥʪʽʚ çʇʦʣʽʪ. ʉʫʯʘʩʥʽ 

ʧʨʦʙʣʝʤʠ ʥʘʫʢʠè (ʤ.ʂʠʾʚ, 2012-2014ʨ.ʨ.); ʩʝʢʮʽʷʭ ɯʍ ʄʽʞʥʘʨʦʜʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʥʘʫʢʦʚʮʽʚ çɯʥʬʦʨʤʘʪʠʢʘ ʪʘ ʢʦʤʧôʶʪʝʨʥʽ 

ʪʝʭʥʦʣʦʛʽʾè (ʤ.ɼʦʥʝʮʴʢ, 2013ʨ.); ʩʝʢʮʽʷʭ ʍ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ ĂWyksztalcenie i nauka bez granic ï 2014ò (Przemysl, 2014); 

ʩʝʢʮʽʷʭ ɯʍ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ĂNaukowa 

przestrzen Europy ï 2013ò (Przemysl, 2013). 

ʆʙʩʷʛ ʽ ʩʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 176 

ʩʪʦʨʽʥʢʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʫ, ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 4 ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ 

ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ 4 ʜʦʜʘʪʢʽʚ. ʆʙʩʷʛ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ 

ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 141 ʩʪʦʨʽʥʢʠ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ. ʈʦʙʦʪʘ ʽʣʶʩʪʨʦʚʘʥʘ 1 

ʪʘʙʣʠʮʝʶ, 25 ʨʠʩʫʥʢʘʤʠ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʤʽʩʪʠʪʴ 151 

ʥʘʡʤʝʥʫʚʘʥʥʷ, ʟ ʥʠʭ 130 ʢʠʨʠʣʠʮʝʶ ʪʘ 21 ʣʘʪʠʥʠʮʝʶ. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʉʊɸʅʋ  ʇʈʆɹʃɽʄʀ ʋʇʈɸɺʃɯʅʅʗ ʄɸʈʐʈʋʊʀɿɸʎɯɭʖ ɺ 

ʂʆʅʌʃɯʂʊʋʖʏʀʍ ʉɽʅʉʆʈʅʀʍ ʄɽʈɽɾɸʍ ɺɸʈɯɸʊʀɺʅʆɰ 

ʊʆʇʆʃʆɻɯɰ ɿɸ ʋʄʆɺ ʆɹʄɽɾɽʅʔ ɯ ʅɽɺʀɿʅɸʏɽʅʆʉʊɽʁ 

 

ɺ ʛʘʣʫʟʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ ʥʘ ʜʘʥʠʡ ʯʘʩ ʚʩʝ 

ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʤʝʨʝʞʽ ʟʚ'ʷʟʢʫ ʛʝʪʝʨʦʛʝʥʥʦʾ ʪʦʧʦʣʦʛʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʷʢʽ  ʚʢʣʶʯʘʶʪʴ ʜʦ ʩʚʦʛʦ ʩʢʣʘʜʫ ʧʽʜʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʪʘ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʨʦʪʦʚʦʾ ʽ ʙʝʟʜʨʦʪʦʚʦʾ ʩʢʣʘʜʦʚʦʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʙʝʟʜʨʦʪʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʪʦʧʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʟʘ 

ʨʘʭʫʥʦʢ ʾʭ  ʚʘʨʽʘʪʠʚʥʦʩʪʽ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʢʘʟʥʠʢʠ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯʊʉ ʽ ʂʉ. ʇʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʧʦʩʽʙ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠ ʨʽʰʝʥʥʽ 

ʟʘʜʘʯʽ ʜʠʥʘʤʽʯʥʦʾ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʬʦʨʤʘʣʴʥʦʾ ʤʦʜʝʣʽ 

ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʬʣʽʢʪʫʶʯʦʶ ʤʝʨʝʞʦʶ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʘ ʫʤʦʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʪʦʧʦʣʦʛʽʾ ʽ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 

ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ ʽ ʤʝʨʝʞʽ ʚʟʘʛʘʣʽ, ʘ ʪʘʢʦʞ ʟʤʽʥʥʫ ʚ ʯʘʩʽ ʩʠʩʪʝʤʫ ʦʙʤʝʞʝʥʴ 

ʱʦʜʦ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽ ʦʙʤʝʞʝʥʴ ʚʽʨʪʫʘʣʴʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʛʘʨʘʥʪʦʟʜʘʪʥʽʩʪʴ 

ʤʝʨʝʞʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʟʚʝʜʝʥʽ ʚ ʬʦʨʤʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʨʠʥʮʠʧ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʠ ʩʠʥʪʝʟʽ ʽ ʚʠʙʦʨʽ ʩʪʨʘʪʝʛʽʡ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʢʦʥʬʣʽʢʪʫʶʯʽʡ ʛʝʪʝʨʦʛʝʥʥʽʡ ʩʝʥʩʦʨʥʽʡ 

ʤʝʨʝʞʽ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʥʷʪʪʷ ʢʦʥʬʣʽʢʪʫ, ʷʢʝ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʧʨʦʙʣʝʤʦʶ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʩʪʽ ʽ ʮʽʣʝʜʦʩʷʞʥʦʩʪʽ ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʘʙʦ ʧʝʨʝʤʽʱʝʥʥʽ 

ʦʙôʻʢʪʽʚ ʚ ʬʽʟʠʯʥʦʤʫ ʘʙʦ ʚʽʨʪʫʘʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʻ ʦʜʥʠʤ ʟ ʟʘʩʘʜʥʠʭ ʧʦʥʷʪʴ 

ʪʝʦʨʽʾ ʩʠʩʪʝʤ [75], [78]. ɿ ʧʦʥʷʪʪʷʤ ʢʦʥʬʣʽʢʪʫ ʧʦʚ'ʷʟʘʥʝ ʽʩʥʫʚʘʥʥʷ ʥʘʧʨʷʤʫ 

ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ  ʚ ʢʽʙʝʨʥʝʪʠʮʽ. ɺ ʮʽʣʦʤʫ ʢʦʥʬʣʽʢʪ ʨʦʟʫʤʽʻʪʴʩʷ ʷʢ ʷʚʠʱʝ 
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ʚʟʘʻʤʦʜʽʾ ʧʦ-ʨʽʟʥʦʤʫ ʩʧʨʷʤʦʚʘʥʠʭ ʩʪʦʨʽʥ - ʦʙ'ʻʢʪʽʚ, ʩʠʩʪʝʤ, ʪʦʱʦ ʚ 

ʬʽʟʠʯʥʦʤʫ ʘʙʦ ʚʽʨʪʫʘʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ʽʩʥʫʚʘʥʥʷ ʪʘ ʫʷʚʣʝʥʥʷ. ʑʦʜʦ 

ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʩʝʥʩʦʨʥʠʭ ɯʊʉ ʽ ʂʉ ʤʦʜʝʣʴ ʮʽʣʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʷʢʘ ʧʦʣʷʛʘʻ 

ʚ ʧʝʨʝʤʽʱʝʥʥʽ ʘʙʦ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʦʙ'ʻʜʥʫʻ ʪʨʠ ʧʽʜʤʦʜʝʣʽ - ʧʦʧʝʨʝʜʥʶ, 

ʧʦʪʦʯʥʫ ʽ ʤʘʡʙʫʪʥʶ, ʱʦ ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʚ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ, ʽ ʩʢʣʘʜʘʶʪʴ ʪʨʠ 

ʨʽʚʥʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʤʦʜʝʣʽ ʮʽʣʽ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʮʽʣʽʩʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ 

ɯʊʉ ʚ ʮʽʣʦʤʫ. 

ɼʣʷ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ ʢʦʥʬʣʽʢʪʽʚ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʩʘʤʝ - ʪʝʦʨʽʷ ʢʦʥʬʣʽʢʪʥʦ-ʢʝʨʦʚʘʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʷʢʘ ʻ ʨʦʟʜʽʣʦʤ ʩʫʯʘʩʥʦʾ ʤʘʪʝʤʘʪʠʢʠ. 

ɺ ʪʝʦʨʽʾ ʢʦʥʬʣʽʢʪʥʦ-ʢʝʨʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʟʘʚʜʘʥʥʷ 

ʫʧʨʘʚʣʽʥʥʷ ʜʠʥʘʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʫʤʦʚʘʭ ʢʦʥʬʣʽʢʪʫ, ʦʙʤʝʞʝʥʴ ʽ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ, ʱʦ ʧʨʠʧʫʩʢʘʻ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʩʪʦʨʽʥ, ʷʢʽ ʟʜʘʪʥʽ 

ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʮʝʩ ʟ ʧʨʦʪʠʣʝʞʥʠʤʠ ʘʙʦ ʥʝʩʧʽʚʧʘʜʘʶʯʠʤʠ ʮʽʣʷʤʠ ʽ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʟʘʜʘʥʽ ʬʫʥʢʮʽʦʥʘʣʠ ʷʢʦʩʪʽ ʧʨʦʮʝʩʫ. ʇʨʠ ʮʴʦʤʫ ʜʠʥʘʤʽʯʥʽ 

ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʤʘʪʠ ʜʦʚʽʣʴʥʠʡ ʬʦʨʤʘʣʴʥʠʡ ʦʧʠʩ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʴ.  

ʄʘʨʰʨʫʪʠʟʘʮʽʷ (routʽng) ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʬʫʥʢʮʽʡ ʤʝʨʝʞʥʦʛʦ ʨʽʚʥʷ  

ʙʘʟʦʚʦʾ ʝʪʘʣʦʥʥʦʾ ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʾ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ - ʤʦʜʝʣʽ OSI (Open 

Systems Interconnection Basic Reference Model), ʷʢʘ ʻ ʘʙʩʪʨʘʢʪʥʦʶ ʤʝʨʝʞʝʚʦʶ 

ʤʦʜʝʣʣʶ ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʡ ʽ ʨʦʟʨʦʙʢʠ ʤʝʨʝʞʝʚʠʭ ʧʨʦʪʦʢʦʣʽʚ. ɺ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʧʨʦʪʦʢʦʣ ʻ ʩʧʦʩʦʙʦʤ ʚʟʘʻʤʦʜʽʾ ʽ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʫʟʣʽʚ ʉʄ ʧʨʠ ʨʦʙʦʪʽ ʫ ʤʝʨʝʞʽ. ʉʫʢʫʧʥʽʩʪʴ 

ʧʨʦʪʦʢʦʣʽʚ ʻ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʠʤ ʩʪʝʢʦʤ ʧʨʦʪʦʢʦʣʽʚ TCP/IP, ʱʦ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʯʦʪʠʨʠ ʨʽʚʥʽ, ʷʢʽ ʢʦʨʝʣʶʶʪʴʩʷ ʟ ʝʪʘʣʦʥʥʦʶ ʤʦʜʝʣʣʶ OSI. 

ʇʨʠ ʮʴʦʤʫ ʧʽʜ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʨʦʟʫʤʽʻʪʴʩʷ, ʧʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʤʝʨʝʞʽ ʦʜʥʦʛʦ ʘʙʦ ʤʥʦʞʠʥʠ ʤʘʨʰʨʫʪʽʚ (ʰʣʷʭʽʚ), 

ʦʧʪʠʤʘʣʴʥʠʭ ʫ ʨʘʤʢʘʭ ʦʙʨʘʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʤʽʞ ʟʘʜʘʥʦʶ ʧʘʨʦʶ ʘʙʦ ʤʥʦʞʠʥʦʶ 

ʤʝʨʝʞʥʠʭ ʚʫʟʣʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʨʰʨʫʪʦʤ ʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʝʨʝʞʥʠʭ ʚʫʟʣʽʚ 

ʽ ʪʨʘʢʪʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʷʢʽ ʟôʻʜʥʫʶʪʴ ʧʘʨʫ ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʚʟʘʻʤʦʜʽʾ. 

https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%80%D0%B5%D0%B6%D0%B5%D0%B2%D0%B0_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%80%D0%B5%D0%B6%D0%B5%D0%B2%D0%B0_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%80%D0%B5%D0%B6%D0%B5%D0%B2%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%82%D0%BE%D0%BA%D0%BE%D0%BB
https://uk.wikipedia.org/wiki/TCP/IP
https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%80%D0%B5%D0%B6%D0%B5%D0%B2%D0%B0_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C_OSI
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ʆʩʥʦʚʥʽ ʮʽʣʽ ʪʝʭʥʦʣʦʛʽʡ  ̔ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʣʷʛʘʶʪʴ ʫ 

ʤʽʥʽʤʽʟʘʮʽʾ (ʤʘʢʩʠʤʽʟʘʮʽʾ) ʟʥʘʯʝʥʴ ʦʙʨʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

(ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ, ʩʝʨʝʜʥʴʦʾ ʟʘʪʨʠʤʢʠ, ʜʞʠʪʝʨʘ, ʚʪʨʘʪ ʧʘʢʝʪʽʚ ʡ ʽʥ.), ʘ 

ʪʘʢʦʞ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ, ʾʾ ʢʘʥʘʣʴʥʠʭ ʽ 

ʙʫʬʝʨʥʠʭ ʨʝʩʫʨʩʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ 

ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʥʪʨʦʣʴ ʽ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʤʝʨʝʞʽ (ʪʦʧʦʣʦʛʽʾ, 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʥʠʭ ʨʝʩʫʨʩʽʚ ʪʦʱʦ), ʩʠʥʪʝʟ ʽ ʚʠʙʽʨ ʤʘʨʰʨʫʪʽʚ ʇɼ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʇɼ ʟʘ ʤʘʨʰʨʫʪʘʤʠ. 

ʄʝʨʝʞʥʠʡ ʨʽʚʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘʢʦʞ ʨʝʘʣʽʟʫʻ ʬʫʥʢʮʽʾ 

ʦʙôʻʜʥʘʥʥʷ ʤʝʨʝʞ, ʧʦʙʫʜʦʚʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʪʠʧʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʧʨʠʥʮʠʧʠ ʘʜʨʝʩʘʮʽʾ, ʧʝʨʝʩʠʣʘʥʥʷ ʜʘʥʠʭ, ʫʧʨʘʚʣʽʥʥʷ 

(ʨʠʩ. 10.4.8). ɼʣʷ ʦʙôʻʜʥʘʥʥʷ ʤʝʨʝʞ ʥʘ ʪʨʝʪʴʦʤʫ ʨʽʚʥʽ ɽʄɺɺʉ, ʷʢ ʧʨʘʚʠʣʦ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ð ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʝʨʝʞʽ, ʷʢʠʡ 

ʧʽʜʪʨʠʤʫʻ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ (ʥʘ ʨʠʩ. 10.4.8 ʪʝʭʥʦʣʦʛʽʾ Frame 

Relay ʽ Fast Ethernet) ʽ ʦʙʨʦʙʣʷʻ ʙʣʦʢʠ ʜʘʥʠʭ ʤʝʨʝʞʥʦʛʦ ʨʽʚʥʷ. ʇʨʠ ʪʘʢʦʤʫ 

ʧʽʜʢʣʶʯʝʥʥʽ ʧʨʦʪʦʢʦʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʜʽʣʷʥʢʠ 

ʤʝʨʝʞʽ, ʘ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʙʘʟʽ ʻʜʠʥʦʛʦ ʧʨʦʪʦʢʦʣʫ 

ʤʝʨʝʞʥʦʛʦ ʨʽʚʥʷ, ʷʢʠʡ ʤʘʻ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʢʦʞʥʦʤʫ ʢʽʥʮʝʚʦʤʫ 

ʧʨʠʩʪʨʦʾ. 

ʄʝʪʦʜʠ ʽ ʘʣʛʦʨʠʪʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʘʢʝʪʽʚ ʪʘ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ 

ʛʝʪʝʨʦʛʝʥʥʠʭ ʉʄ ʙʫʜʫʶʪʴʩʷ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʙʘʛʘʪʦʨʘʟʦʚʦʾ ʨʝʪʨʘʥʩʣʷʮʽʾ 

(Multihop), ̫ ʢ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʘ ʤʝʨʝʞʘ ɺʊ. 

ʇʨʠ ʫʧʨʘʚʣʽʥʥʽ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʉʄ ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦ ʧʨʠʟʥʘʯʝʥʽ ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦ 

ʨʦʟʨʦʙʣʝʥʽ ʽ ʘʧʘʨʘʪʥʦ ʽʤʧʣʝʤʝʥʪʦʚʘʥʽ ʚ ʤʝʨʝʞʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʧʝʨʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ ʽ ʻ ʩʪʘʥʜʘʨʪʘʤʠ ʜʣʷ ʪʘʢʠʭ ʤʝʨʝʞ.  
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1.1 ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ 

ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ 

 

ʄʘʨʰʨʫʪʠʟʘʮʽʷ ï ʮʝ ʧʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜ ʚʫʟʣʘ-

ʚʽʜʧʨʘʚʥʠʢʘ ʜʦ ʚʫʟʣʘ-ʦʪʨʠʤʫʚʘʯʘ ʯʝʨʝʟ ʧʨʦʤʽʞʥʽ ʝʣʝʤʝʥʪʠ ʽ ʚʫʟʣʠ ʉʄ, ʘ 

ʪʘʢʦʞ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʧʘʢʝʪʘ ʜʘʥʠʭ (ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ ʧʦʪʦʢʫ 

ʜʘʥʠʭ) ʚ ʤʝʨʝʞʽ ʘʙʦ ʟʘ ʾʾ ʤʝʞʘʤʠ. ʇʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʨʝʘʣʽʟʦʚʫʶʪʴ 

ʤʝʭʘʥʽʟʤʠ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʉʄ. ʇʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʤʘʨʰʨʫʪʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʝʣʝʤʝʥʪʠ ʉʄ ʟʜʽʡʩʥʶʶʪʴ ʦʙʤʽʥ 

ʩʣʫʞʙʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʱʦʜʦ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ 

ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ ʟ ʤʝʪʦʶ ʧʦʙʫʜʦʚʠ ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʢʘʨʪʠ ʟʚôʷʟʢʽʚ 

ʝʣʝʤʝʥʪʽʚ. 

ʉʪʚʦʨʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʉʋ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ 

ʇɼ ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʉʄ ɺʊ ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʨʽʰʝʥʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʬʫʥʢʮʽʾ ʮʽʥʠ. 

ʋʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʽ ʪʦʧʦʣʦʛʽʻʶ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʘʙʦ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ 

ʧʽʜʭʦʜʫ [12], ʧʨʠ ʷʢʦʤʫ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ʉʄ ʚʤʽʱʫʻ ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʽʙ (ʇɿ) 

ʉʋ, ʱʦ ʚʠʢʦʥʫʻ ʧʝʚʥʫ ʬʫʥʢʮʽʶ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʩʘʤʝ ʤʘʢʩʠʤʽʟʘʮʽʾ ʧʦʢʨʠʪʪʷ ʉʄ 

ɺʊ, ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘʩʦʙʽʚ ʦʙʤʽʥʫ ʩʣʫʞʙʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʽʦʢʘʥʘʣʫ ʘʙʦ ʽʥʰʦʾ ʤʝʨʝʞʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʚôʷʟʢʫ, 

ʤʽʥʽʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʟʘ ʫʤʦʚ ʟʚôʷʟʥʦʩʪʽ ʪʦʧʦʣʦʛʽʾ [68], 

[81], [90]. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ 

ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʉʄ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ ʽ ʧʨʠʥʮʠʧʘʭ ʧʦʙʫʜʦʚʠ ʉʋ ʉʄ, 

ʻ SPIN (Sensor Protocols for Information via Negotiation), DD (Directed 

Diffusion), RR (Rumor Routing), GBR (Gradient-based routing), GPSR (Greedy 

Perimeter Stateless Routing), MCF (Minimum Cost Forwarding), LEACH (Low 

Energy Adaptive Clustering Hierarchy), TEEN (Threshold sensitive Energy 
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Efficient Sensor Network), GAF (Geographic Adaptive Fidelity), TTDD (Two-Tier 

Data Dissemination). 

SPIN - ʩʽʤʝʡʩʪʚʦ ʧʨʦʪʦʢʦʣʽʚ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟ 

ʦʜʥʦʨʘʥʛʦʚʠʤʠ ʚʫʟʣʘʤʠ ʙʝʟ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʜʦʩʪʘʚʢʠ ʧʦʚʽʜʦʤʣʝʥʴ ʪʘ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʚʢʫ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʨʦʮʝʜʫʨʠ ʚʟʘʻʤʥʦʛʦ ʦʙʤʽʥʫ 

ʩʣʫʞʙʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. ʇʨʦʪʦʢʦʣʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʉʄ ɺʊ ʟ 

ʤʦʙʽʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ [134]. ʇʨʦʪʦʢʦʣ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʜʘʧʪʠʚʥʠʡ ʚʘʨʽʘʥʪ 

ʧʨʦʩʪʦʾ ʪʝʭʥʽʢʠ ʣʘʚʠʥʥʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ (flooding), ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʉʄ. ʇʨʦʪʦʢʦʣ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʘʜʘʧʪʠʚʥʠʡ ʚʘʨʽʘʥʪ ʧʨʦʩʪʦʾ ʪʝʭʥʽʢʠ ʣʘʚʠʥʥʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ (flooding), 

ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʉʄ. 

ʄʝʭʘʥʽʟʤ ʚʟʘʻʤʦʜʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʴʦʭ ʪʠʧʘʭ ʧʦʚʽʜʦʤʣʝʥʴ: ADV - ʜʣʷ 

ʽʥʬʦʨʤʫʚʘʥʥʷ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʥʦʚʠʭ ʜʘʥʠʭ ʫ ʚʫʟʣʽ ʉʄ, ʤʽʩʪʠʪʴ ʾʭ ʦʧʠʩ ʫ 

ʚʠʛʣʷʜʽ ʪʘʢ ʟʚʘʥʠʭ "ʤʝʪʘʜʘʥʠʭ"; REQ - ʜʣʷ ʟʘʧʨʦʩʫ ʜʘʥʠʭ; DATA - ʜʣʷ 

ʧʝʨʝʩʠʣʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʠʭ ʜʘʥʠʭ. ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʥʦʚʠʭ ʜʘʥʠʭ ʚʫʟʦʣ 

ʉʄ ʧʨʦʚʦʜʠʪʴ ʧʦʧʝʨʝʜʥʽʡ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʟ ʩʫʩʽʜʥʽʤʠ ʚʫʟʣʘʤʠ, ʧʦʩʠʣʘʻ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ADV ʽ ʦʯʽʢʫʻ ʚʽʜ ʥʠʭ ʚʽʜʧʦʚʽʜʴ REQ. ʆʪʨʠʤʘʚʰʠ ʟʘʧʨʦʩ ʥʘ 

ʧʝʨʝʜʘʯʫ REQ, ʚʽʥ ʪʨʘʥʩʣʶʻ ʬʘʢʪʠʯʥʽ ʜʘʥʽ. ʂʦʞʝʥ ʩʫʩʽʜʥʽʡ ʚʫʟʦʣ ʉʄ, 

ʦʪʨʠʤʘʚʰʠ ʥʦʚʽ ʜʘʥʽ, ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʧʨʦʚʦʜʠʪʴ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʟ 

ʩʫʩʽʜʥʽʤʠ ʚʫʟʣʘʤʠ ʉʄ ʽ ʨʦʟʩʠʣʘʻ ʜʘʥʽ ʚʫʟʣʘʤ, ʱʦ ʤʘʶʪʴ ʾʭ ʦʪʨʠʤʘʪʠ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʪʨʘʥʩʣʷʮʽʾ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʤʝʪʘʜʘʥʽ ʻ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʨʝʘʣʴʥʠʭ 

ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʷʢʽ ʚʫʟʦʣ ʉʄ ʫʥʝʤʦʞʣʠʚʣʶʻ ʧʦʚʪʦʨʥʫ ʧʝʨʝʜʘʯʫ 

ʦʜʥʠʭ ʽ ʪʠʭ ʜʘʥʠʭ. ɼʦ ʩʽʤʝʡʩʪʚʘ ʚʭʦʜʷʪʴ ʦʩʥʦʚʥʽ ʧʨʦʪʦʢʦʣʠ SPIN-1, SPIN-2, ʘ 

ʪʘʢʦʞ ʨʷʜ ʽʥʰʠʭ ʧʨʦʪʦʢʦʣʽʚ: SPIN-BC (ʜʣʷ ʰʠʨʦʢʦʚʽʱʘʣʴʥʦʾ ʨʦʟʩʠʣʢʠ), 

SPIN-PP (ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʪʠʧʫ çʪʦʯʢʘ-ʪʦʯʢʘè), SPIN-EC (ʟ ʦʙʣʽʢʦʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ).  

DD - ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʫ ʤʦʜʝʣʴ ʟʙʠʨʘʥʥʷ ʜʘʥʠʭ (data-

centric) ʟ ʜʦʩʪʘʚʢʦʶ ʧʦ ʟʘʧʠʪʫ (query-driven) ʪʘ ʣʦʢʘʣʴʥʫ ʚʟʘʻʤʦʜʽʶ ʝʣʝʤʝʥʪʽʚ 

(ʚʫʟʣʽʚ) ʉʄ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʠʩʦʢʦʨʽʚʥʝʚʽ ʟʘʩʦʙʠ ʽʤʝʥʫʚʘʥʥʷ ʜʘʥʠʭ [138]. 

ʎʝʥʪʨʘʣʽʟʦʚʘʥʘ ʤʦʜʝʣʴ ʦʟʥʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʫ ʤʝʨʝʞʽ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʫʟʣʘ ʟʙʦʨʫ 
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ʜʘʥʠʭ (sink), ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʚʽʜ ʤʥʦʞʠʥʠ ʜʞʝʨʝʣ ʜʘʥʠʭ ʜʦ 

ʦʜʥʦʛʦ ʦʪʨʠʤʫʚʘʯʘ.  

GBR - ʚʘʨʽʘʮʽʷ ʘʣʛʦʨʠʪʤʫ DD, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʧʘʩʠ ʝʥʝʨʛʽʾ 

ʝʣʝʤʝʥʪʘ (ʚʫʟʣʘ) ʉʄ ʟ ʤʝʪʦʶ ʡʦʛʦ ʚʠʢʣʶʯʝʥʥʷ ʟ ʤʘʨʰʨʫʪʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʘ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʜʦʩʪʘʚʢʠ ʧʦʪʦʢʽʚ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ 

ʧʦʜʽʾ [142]. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʤʘʨʰʨʫʪ ʧʝʨʝʜʘʯʽ ʧʦʪʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ ʬʦʨʤʫʻʪʴʩʷ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʫ ʥʴʦʛʦ ʚʭʦʜʠʣʠ ʪʽʣʴʢʠ ʪʽ ʚʫʟʣʠ ʉʄ, ʷʢʽ ʥʝ ʧʨʠʡʤʘʶʪʴ 

ʫʯʘʩʪʴ ʫ ʜʦʩʪʘʚʮʽ ʽʥʰʠʭ ʧʦʪʦʢʽʚ. 

GPSR ʚʽʜʥʦʩʠʪʴʩʷ  ʜʦ ʢʣʘʩʫ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʛʝʦʛʨʘʬʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʫʟʣʘ ʽ ʥʘʡʙʣʠʞʯʠʭ ʚʫʟʣʽʚ ʫ 

ʧʨʦʩʪʦʨʽ ʉʄ [138]. ʇʝʨʝʩʠʣʢʘ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʫʟʣʦʤ ʪʦʤʫ 

ʩʫʩʽʜʥʴʦʤʫ ʚʫʟʣʫ ʉʄ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʞʯʝ ʚʩʴʦʛʦ ʜʦ ʘʜʨʝʩʘʪʫ. ɼʣʷ 

ʦʙʭʦʜʫ ʟʦʥ ʚʽʜʩʫʪʥʦʩʪʽ ʟʚôʷʟʢʫ (holes, dead-ends), ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʧʦ ʧʝʨʠʤʝʪʨʫ, ʢʦʣʠ ʚʠʙʠʨʘʶʪʴʩʷ ʧʦ ʧʨʘʚʠʣʫ ñʧʨʘʚʦʾ ʨʫʢʠò 

ʚʫʟʣʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʜʘʣʽ ʚʽʜ ʚʫʟʣʘ-ʦʪʨʠʤʫʚʘʯʘ, ʥʽʞ ʚʠʭʽʜʥʠʡ ʚʫʟʦʣ-

ʚʽʜʧʨʘʚʥʠʢ.  

MCF - ʘʣʛʦʨʠʪʤ  ʚʠʭʦʜʠʪʴ ʟ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʥʘʧʨʷʤʦʢ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʟʘʚʞʜʠ ʚʽʜʦʤʠʡ ʽ ʥʝʤʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʘʜʨʝʩʥʫ ʩʭʝʤʫ ʟ ʫʥʽʢʘʣʴʥʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʉʄ [148]. ɿʘʤʽʩʪʴ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʚʫʟʝʣ ʟʙʝʨʽʛʘʻ ʧʘʨʘʤʝʪʨ ʥʘʡʤʝʥʰʦʾ ʮʽʥʠ (least cost),  ʷʢʠʡ 

ʦʮʽʥʶʻ ʤʽʥʽʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʫʟʣʘ ʉʄ ʜʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʙʦ ʧʦʭʽʜʥʦʛʦ ʫ 

ʟʘʜʘʥʽʡ ʤʝʪʨʠʮʽ. ʌʫʥʢʮʽʷ ʮʽʥʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʘ ʤʘʨʰʨʫʪʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʢʽʣʴʢʦʩʪʽ ʨʝʪʨʘʥʩʣʷʮʽʡ (hops),  ʦʜʠʥʠʮʴ 

ʣʽʥʽʡʥʦʾ ʚʽʜʩʪʘʥʽ ʚ ʧʨʦʩʪʦʨʽ ʉʄ, ʪʦʱʦ.  

LEACH ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʽʻʨʘʨʭʽʯʥʠʭ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟ 

ʙʘʣʘʥʩʫʚʘʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [132]. ʅʘʡʙʣʠʞʯʽ ʚʫʟʣʠ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʟʦʥʽ ʜʦʩʪʫʧʫ, ʦʙôʻʜʥʫʶʪʴʩʷ ʚ ʢʣʘʩʪʝʨ, ʷʢʠʡ ʚʠʢʦʥʫʻ 

ʬʫʥʢʮʽʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʻ ʦʩʥʦʚʦʶ ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʉʄ. 

ɻʦʣʦʚʥʠʡ ʝʣʝʤʝʥʪ ʢʣʘʩʪʝʨʫ ʦʙʠʨʘʻʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʽ ʧʝʨʽʦʜʠʯʥʦ 
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ʟʤʽʥʶʻʪʴʩʷ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʨʝʪʨʘʥʩʣʷʮʽʾ 

ʧʦʚʽʜʦʤʣʝʥʴ ʚʽʜ ʫʩʽʭ ʚʫʟʣʽʚ ʢʣʘʩʪʝʨʫ. 

TEEN ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʠʮʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ LEACH ʽ ʪʘʢʦʞ ʤʘʻ 

ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʪʝʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ TEEN [141]. ɸʣʛʦʨʠʪʤ 

ʦʧʝʨʫʻ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʨʦʛʫ ʚʠʤʽʨʶʚʘʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʫʟʣʽʚ ʽ ʧʝʨʝʜʘʯʝʶ ʾʭ ʚ ʮʝʥʪʨʘʣʴʥʠʡ ʚʫʟʦʣ ʤʝʨʝʞʽ.  

ʄʦʜʠʬʽʢʦʚʘʥʘ ʚʝʨʩʽʷ ʜʘʥʦʛʦ ʧʨʦʪʦʢʦʣʫ APTENN (Adaptive Periodic), 

ʜʦʜʘʻ ʧʨʦʪʦʢʦʣʫ TEEN ʙʽʣʴʰ ʛʥʫʯʢʫ ʣʦʛʽʢʫ ʽ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʜʘʥʽ ʥʝ 

ʪʽʣʴʢʠ ʧʨʠ ʚʠʭʦʜʽ ʚʝʣʠʯʠʥ, ʷʢʽ ʚʠʤʽʨʶʶʪʴʩʷ, ʟʘ ʤʝʞʽ ʧʨʠʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ, ʘ 

ʽ ʧʝʨʝʜʘʯʫ ʟʥʘʯʝʥʴ ʚʠʤʽʨʶʚʘʥʠʭ ʚʝʣʠʯʠʥ ʟ ʚʠʟʥʘʯʝʥʦʶ ʯʘʩʪʦʪʦʶ ʯʝʨʝʟ ʟʘʜʘʥʽ 

ʧʨʦʤʽʞʢʠ ʯʘʩʫ. 

GAF ʟʘʩʥʦʚʘʥʦ ʥʘ ʢʣʘʩʪʝʨʥʦʤʫ ʨʦʟʙʠʪʪʽ ʤʝʨʝʞʽ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʫʟʣʽʚ ʉʄ [143]. ɸʣʛʦʨʠʪʤ 

ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʯʫʚʘʪʠ ʚʠʪʨʘʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʤʝʨʝʞʽ ʟʘ ʨʘʭʫʥʦʢ 

ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʚʝʜʝʥʥʷ ʚʫʟʣʽʚ ʉʄ ʚ ʨʝʞʠʤ ñʩʦʥò ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʙôʻʜʥʘʥʽ 

ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʚ ʢʣʘʩʪʝʨ, ʚ ʷʢʦʤʫ ʦʙʠʨʘʻʪʴʩʷ ʚʫʟʦʣ, ʷʢʠʡ ʻ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʟʘ 

ʧʽʜʪʨʠʤʢʫ ʟʚôʷʟʥʦʩʪʽ ʤʝʨʝʞʽ ʽ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʇɼ ʟʘ ʫʤʦʚ, ʢʦʣʠ ʚʩʽ ʽʥʰʽ 

ʚʫʟʣʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʝʞʠʤʽ ñʩʦʥò. ʉʄ  ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʬʽʢʩʦʚʘʥʽ ʟʦʥʠ, ʷʢʽ 

ʬʦʨʤʫʶʪʴ ʪʘʢ ʟʚʘʥʫ çʚʽʨʪʫʘʣʴʥʫ ʩʽʪʢʫè (virtual grid), ʱʦ ʘʩʦʮʽʶʻʪʴʩʷ ʟ 

ʢʣʘʩʪʝʨʦʤ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʽ ʥʝ ʧʦʪʨʝʙʫʻ 

ʨʝʪʨʘʥʩʣʷʮʽʾ ʜʘʥʠʭ ʧʨʦ ʾʭ ʩʪʘʥ.  

TTDD ï ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻ ʜʚʦʣʘʥʢʦʚʠʡ ʤʝʭʘʥʽʟʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʚ ʉʄ [151]. ʄʦʜʝʣʴ, ʷʢʘ ʟʘʩʪʦʩʦʚʘʥʘ ʚ ʘʣʛʦʨʠʪʤʽ,  ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʚʫʟʣʠ ʉʄ ʻ 

ʩʪʘʮʽʦʥʘʨʥʠʤʠ, ʘ ʮʝʥʪʨʘʣʴʥʠʡ ʚʫʟʦʣ ʻ ʤʦʙʽʣʴʥʠʤ. ʉʽʪʢʦʚʘ ʩʪʨʫʢʪʫʨʘ 

ʬʦʨʤʫʻʪʴʩʷ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʽ ʜʦ ʪʦʯʦʢ 

ʧʝʨʝʩʽʯʝʥʥʷ ʣʽʥʽʾ ʩʽʪʢʠ. ʊʘʢʽ ʚʫʟʣʠ ʤʝʨʝʞʽ ʫʪʚʦʨʶʶʪʴ ʣʘʥʢʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ (higher-tier) ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʷʢ ʚʫʟʣʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

(dissemination nodes). ɺʫʟʣʠ ʉʄ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʦʩʝʨʝʜʢʽʚ ʩʽʪʢʠ, 

ʧʝʨʝʜʘʶʪʴ ʩʚʦʾ ʜʘʥʽ ʯʝʨʝʟ ʥʘʡʙʣʠʞʯʠʡ ʚʫʟʦʣïʨʦʟʧʦʚʩʶʜʞʫʚʘʯ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʘʥʦʢ ʥʠʞʯʦʛʦ ʨʽʚʥʷ (lower-tier). ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʽʪʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 
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ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʚʫʟʣʽʚ ʤʝʨʝʞʽ. ɼʦʩʪʘʚʢʘ ʟʘʧʠʪʽʚ ʜʦ ʜʞʝʨʝʣ 

ʜʘʥʠʭ ʚʽʜ ʮʝʥʪʨʘʣʴʥʠʭ ʚʫʟʣʽʚ ʽ ʚʽʜʧʦʚʽʜʝʡ ʫ ʟʚʦʨʦʪʥʴʦʤʫ ʥʘʧʨʷʤʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʜʚʘ ʝʪʘʧʠ. ʇʝʨʰʦʯʝʨʛʦʚʦ ï ʫʩʝʨʝʜʠʥʽ ʣʘʥʢʠ ʚʽʜ ʩʫʩʽʜʘ ʜʦ 

ʩʫʩʽʜʘ, ʧʦʪʽʤ ï ʧʦ ʚʫʟʣʘʤ ʩʽʪʢʠ. 

ʇʨʦʘʢʪʠʚʥʽ, ʨʝʘʢʪʠʚʥʽ ʘʙʦ ʛʽʙʨʠʜʥʽ ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ 

QoS (Quality of service), ʥʝ ʤʦʞʫʪʴ ʛʘʨʘʥʪʫʚʘʪʠ ʧʦʚʥʦʛʦ ʟʘʜʦʚʦʣʝʥʥʷ ʚʩʽʭ 

ʚʠʤʦʛ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʨʦʟʰʠʨʝʥʠʭ ʉʄ Ad-hoc-ʤʝʨʝʞ, ʚʫʟʣʠ ʷʢʠʭ ʤʦʞʫʪʴ 

ʚʽʣʴʥʦ ʧʝʨʝʤʽʱʘʪʠʩʴ ʚ ʤʝʞʘʭ ʤʝʨʝʞʽ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʦʙʤʽʥ ʽʟ ʟʦʚʥʽʰʥʴʦʶ 

ʤʝʨʝʞʝʶ  ʯʝʨʝʟ ʙʫʜʴ-ʷʢʠʡ ʛʨʘʥʠʯʥʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʟʘ ʦʙʨʘʥʠʤ ʤʘʨʰʨʫʪʦʤ 

ʟ ʥʘʡʢʨʘʱʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ. ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʇɼ ʚ ʪʘʢʠʭ 

ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʠʭ ʛʝʪʝʨʦʛʝʥʥʠʭ ʛʘʨʘʥʪʦʟʜʘʪʥʠʭ ʉʄ ʨʦʟʨʦʙʣʝʥʽ ʧʨʦʪʦʢʦʣʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ AODV (Ad-hoc On Demand Distance 

Vector), DSR (Dynamic Source Routing), OLSR (Optimized Link State Routing 

protocol), TORA (Temporally-Ordered Routing Algorithm), HSLS (Hazy-Sighted 

Link State), ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʋ ʧʦʪʦʢʘʤʠ ʜʘʥʠʭ ʚ ʤʝʨʝʞʽ. 

AODV ῐ ʜʠʩʪʘʥʮʽʡʥʦ-ʚʝʢʪʦʨʥʠʡ ʨʝʘʢʪʠʚʥʠʡ ʧʨʦʪʦʢʦʣ 

ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ad-hoc ʤʝʨʝʞ MANET (Mobile Ad 

hoc Network) ʪʘ ʽʥʰʠʭ ʩʝʥʩʦʨʥʠʭ ʽ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞ, ʱʦ ʧʨʠʟʥʘʯʝʥʠʡ  ʜʣʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ unicast ʽ multicast ʧʘʢʝʪʽʚ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻ ʤʘʨʰʨʫʪ ʜʦ 

ʘʜʨʝʩʘʪʘ ʟʘ ʚʠʤʦʛʦʶ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʠʭ, ʧʨʦʪʦʢʦʣ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʻ 

ʧʨʝʚʝʥʪʠʚʥʠʤʠ ʽ ʟʘʙʝʟʧʝʯʫʻ ʚʠʙʽʨ ʰʣʷʭʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʪʦʢʽʚ ʜʘʥʠʭ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʘʨʰʨʫʪʽʚ ʇɼ. ʆʙʯʠʩʣʝʥʥʷ 

ʤʘʨʰʨʫʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʩʪʘʥʮʽʡʥʦ-ʚʝʢʪʦʨʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɸʣʛʦʨʠʪʤ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ, ʱʦ ʧʨʠʪʘʤʘʥʥʘ ʽʥʰʠʤ ʧʨʦʪʦʢʦʣʘʤ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʝʡ ʘʣʛʦʨʠʪʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʨʷʜʢʦʚʠʭ ʥʦʤʝʨʽʚ ʧʨʠ ʦʥʦʚʣʝʥʥʷʭ ʤʘʨʰʨʫʪʫ. ʎʝʡ ʧʽʜʭʦʜ ʨʘʥʽʰʝ ʨʘʥʽʰʝ 

ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʚ ʧʨʦʪʦʢʦʣʽ DSDV. 

https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D1%88%D1%80%D1%83%D1%82%D0%B8%D0%B7%D0%B0%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%91%D0%B5%D0%B7%D0%B4%D1%80%D0%BE%D1%82%D0%BE%D0%B2%D0%B0_%D0%BC%D0%B5%D1%80%D0%B5%D0%B6%D0%B0
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ʇʨʦʪʦʢʦʣ DSR ʟʜʽʡʩʥʶʻ ʜʠʥʘʤʽʯʥʫ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚʽʜ  

ʜʞʝʨʝʣʘ ʜʦ ʦʪʨʠʤʫʚʘʯʘ ʜʘʥʠʭ ʜʣʷ mesh-ʤʝʨʝʞ MANET.  ʊʘʢ ʩʘʤʦ, ʷʢ ʽ 

ʧʨʦʪʦʢʦʣ AODV, ʚʽʥ ʬʦʨʤʫʻ ʤʘʨʰʨʫʪ ʥʘ ʚʠʤʦʛʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʜʘʯʽ 

broadcast ʟʘʧʠʪʫ ʟ  ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʚʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʙʝʟ ʧʨʷʤʦʛʦ ʦʙʣʽʢʫ 

ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʢʦʞʥʦʤʫ ʧʨʦʤʽʞʥʦʤʫ ʚʫʟʣʽ ʉʄ. 

 ʂʦʤʙʽʥʦʚʘʥʠʡ ʧʨʦʪʦʢʦʣ DSR-Flow ʱʦ ʧʦʻʜʥʫʻ ʚ  ʩʦʙʽ ʷʚʥʫ 

ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʽ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʟʘ ʪʘʙʣʠʮʷʤʠ. 

ʅʘ ʙʘʟʽ AODV  ̔DSR ʩʪʚʦʨʝʥʦ ʧʨʦʪʦʢʦʣ ʤʘʨʰʨʫʪʠʟʘʮʽʾ DYMO, ʷʢʠʡ 

ʬʫʥʢʮʽʦʥʫʻ ʚ ʧʨʦʘʢʪʠʚʥʦʤʫ ʽ ʨʝʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʘʭ (ʚʠʟʥʘʯʝʥʥʷ ʤʘʨʰʨʫʪʫ ʥʘ 

ʚʠʤʦʛʫ), ʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʤʝʨʝʞʘʭ. 

ɺʠʟʥʘʯʝʥʥʷ ʤʘʨʰʨʫʪʫ ʟʘ ʮʠʤ ʧʨʦʪʦʢʦʣʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʚʘ ʝʪʘʧʠ:  

ʧʦʰʠʨʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ RREQ (Route Request) ʧʦ ʤʝʨʝʞʽ ʟ ʚʽʜʩʦʨʪʦʚʘʥʠʤ 

ʩʧʠʩʦʤ ʧʨʦʡʜʝʥʠʭ ʚʫʟʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʤʘʨʰʨʫʪ ʜʦ 

ʢʦʞʥʦʛʦ ʟ ʚʫʟʣʽʚ ʟʘ ʷʢʠʤʠ ʧʨʦʡʰʣʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʽʜ ʜʞʝʨʝʣʘ; ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ 

RREQ ʚʫʟʣʘ-ʦʜʝʨʞʫʚʘʯʘ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ RREP (Routing Reply), 

ʱʦ ʧʦʟʥʘʯʘʻ ʫʩʧʽʰʥʝ ʧʨʦʭʦʜʞʝʥʥʷ ʤʘʨʰʨʫʪʫ, ʽ ʩʧʨʷʤʦʚʘʥʝ ʥʘʟʘʜ ʜʦ ʚʫʟʣʘ-

ʜʞʝʨʝʣʘ ʟʛʽʜʥʦ ʜʘʥʠʭ ʧʨʦ ʤʘʨʰʨʫʪ ʧʦʚʽʜʦʤʣʝʥʥʷ RREQ, ʜʦʧʦʚʥʶʶʯʠ 

ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ  ʚʽʜʦʤʦʩʪʷʤʠ ʧʨʦ ʧʨʦʭʦʜʞʝʥʥʷ ʚʫʟʣʽʚ ʤʝʨʝʞʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ RREP, ʜʦʧʦʚʥʶʶʯʠ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʫʟʣʽʚ ʘʥʘʣʦʛʽʯʥʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤ RREQ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ RREP ʘʜʨʝʩʠ 

ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʚʥʠʡ ʜʚʦʩʪʦʨʦʥʥʽʡ ʤʘʨʰʨʫʪ ʩʪʘʻ ʜʦʩʪʫʧʥʠʤ ʜʣʷ ʚʩʽʭ 

ʩʧʦʣʫʯʥʠʭ ʚʫʟʣʽʚ. 

OLSR - ʘʢʪʠʚʥʠʡ ʧʨʦʪʦʢʦʣ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʙʤʽʥ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʦʧʠʪʫʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʪʦʧʦʣʦʛʽʶ ʤʝʨʝʞʽ. ɺʫʟʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʶ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘ ʰʣʷʭʫ ʤʘʨʰʨʫʪʠʟʦʚʘʥʦʛʦ ʧʘʢʝʪʫ ʜʘʥʠʭ. ʇʨʦʪʦʢʦʣ ʻ 

ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞʘʭ MANET. ɸʣʛʦʨʠʪʤ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʤʝʭʘʥʽʟʤʽ ʰʠʨʦʢʦʤʦʚʥʦʛʦ ʨʦʟʩʠʣʘʥʥʷ ʟʘʧʠʪʽʚ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

https://uk.wikipedia.org/wiki/DSR
https://uk.wikipedia.org/w/index.php?title=DYMO&action=edit&redlink=1
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ʪʦʧʦʣʦʛʽʶ ʤʝʨʝʞʽ. ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʦʪʦʢʦʣʫ ʻ ʪʝ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ, ʱʦʜʦ ʷʢʦʾ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʧʠʪ, ʚʽʜʦʤʘ ʢʦʞʥʦʤʫ ʚʫʟʣʫ ʤʝʨʝʞʽ.  

ɿʘ ʧʨʦʪʦʢʦʣʦʤ ʚʫʟʦʣ ʤʝʨʝʞʽ ʚʽʜʧʨʘʚʣʷʻ ʪʘʢ ʟʚʘʥʝ HELLO-ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ɿʤʽʥʠ ʚ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ ʚʫʟʣʠ ʚʠʷʚʣʷʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʡʥʷʪʠʭ HELLO-

ʧʦʚʽʜʦʤʣʝʥʴ ʚʽʜ ʩʫʩʽʜʥʽʭ ʚʫʟʣʽʚ. ʋ ʮʠʭ ʧʦʚʽʜʦʤʣʝʥʥʷʭ ʤʽʩʪʠʪʴʩʷ ʚʣʘʩʥʘ 

ʘʜʨʝʩʘ ʚʫʟʣʘ, ʱʦ ʚʽʜʧʨʘʚʠʚ ʜʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʝʨʝʣʽʢ ʫʩʽʭ ʡʦʛʦ 

ʜʦʩʪʫʧʥʠʭ ʩʫʩʽʜʥʽʭ ʚʫʟʣʽʚ, ʾʭ ʘʜʨʝʩʠ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʪʠʧʫ ʟ'ʻʜʥʘʥʥʷ 

(ʩʠʤʝʪʨʠʯʥʝ ʘʙʦ ʘʩʠʤʝʪʨʠʯʥʝ). ʊʘʢʠʤ ʯʠʥʦʤ, ʚʫʟʦʣ ʧʦʚʽʜʦʤʣʷʻ ʩʫʩʽʜʥʽ ʚʫʟʣʠ 

ʧʨʦ ʜʦʩʪʫʧʥʽ ʡʦʤʫ ʟʚ'ʷʟʢʠ ʚ ʉʄ. ʂʦʞʝʥ ʚʫʟʦʣ ʟʙʝʨʽʛʘʻ ʫ ʩʝʙʝ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʩʚʦʾ ʦʜʥʦ-(neighbors) ʽ ʜʚʦʢʨʦʢʦʚ ̔ ʩʫʩʽʜʥʽ ʚʫʟʣʠ (two-hop neighbors) . 

ɺʽʜʧʨʘʚʢʘ HELLO-ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦʚʦʜʠʪʴʩʷ ʽʟ ʟʘʜʘʥʠʤ ʽʥʪʝʨʚʘʣʦʤ. ʋ ʨʘʟʽ, 

ʷʢʱʦ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ ʚʫʟʦʣ ʥʝ ʧʨʠʡʤʘʻ HELLO-ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʽʜ 

ʩʫʩʽʜʘ, ʪʦ ʟʚ'ʷʟʦʢ ʟ ʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʨʦʟʽʨʚʘʥʠʤ. ɺʽʜʧʦʚʽʜʥʘ ʟʤʽʥʘ ʚʥʦʩʠʪʴʩʷ ʚ 

ʪʘʙʣʠʮʶ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ ʘʙʦʥʝʥʪʘ. ʂʨʽʤ ʪʦʛʦ ʚ ʤʝʨʝʞʽ ʚʫʟʣʠ ʧʝʨʽʦʜʠʯʥʦ 

ʧʝʨʝʜʘʶʪʴ ʰʠʨʦʢʦʤʦʚʥʽ TC-ʧʦʚʽʜʦʤʣʝʥʥʷ (topology control). ʋ ʮʴʦʤʫ 

ʧʦʚʽʜʦʤʣʝʥʥʽ ʤʽʩʪʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟ'ʻʜʥʘʥʥʷ ʘʙʦʥʝʥʪʘ ʟ ʦʜʥʦʢʨʦʢʦʚʠʤʠ 

ʩʫʩʽʜʥʽʤʠ ʚʫʟʣʘʤʠ. ɿʘ ʦʪʨʠʤʘʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʟ ʊʉ  ̔HELLO-ʧʦʚʽʜʦʤʣʝʥʴ, 

ʚʫʟʦʣ ʙʫʜʫʻ ʛʨʘʬ, ʷʢʠʡ ʦʧʠʩʫʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʦʙʫʜʦʚʫ ʤʝʨʝʞʽ ʜʣʷ ʜʘʥʦʛʦ 

ʚʫʟʣʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʛʨʘʬʘ ʙʫʜʫʻʪʴʩʷ ʪʘʙʣʠʮʷ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʢʦʞʥʦʛʦ ʚʫʟʣʘ. ʅʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʦʨʛʘʥʽʟʘʮʽʾ 

ʟʚ'ʷʟʢʫ ʻ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʜʚʦʢʨʦʢʦʚʠʡ ʩʫʩʽʜʥʽʡ ʚʫʟʦʣ ʤʦʞʝ ʙʫʪʠ ʦʜʥʦʢʨʦʢʦʚʠʤ 

ʜʣʷ ʜʚʦʭ ʽ ʙʽʣʴʰʝ ʦʜʥʦʢʨʦʢʦʚʠʭ ʩʫʩʽʜʥʽʭ ʚʫʟʣʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʚʫʟʣʘ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʩʪʚʦʨʠʪʴʩʷ ʩʠʪʫʘʮʽʷ, ʚ ʷʢʽʡ ʜʚʦʢʨʦʢʦʚʠʡ ʩʫʩʽʜʥʽʡ ʚʫʟʦʣ ʙʫʜʝ 

ʦʪʨʠʤʫʚʘʪʠ ʦʜʥʝ ʽ ʪʝ ʞ HELLO-ʧʦʚʽʜʦʤʣʝʥʥʷ ʢʽʣʴʢʘ ʨʘʟʽʚ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ 

ʪʘʢʠʭ ʩʠʪʫʘʮʽʡ ʫ OLSR ʧʝʨʝʜʙʘʯʝʥʦ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʩʠʣʢʠ ʤʝʨʝʞʝʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ Multipoint Relay (MPR). ʇʦ ʪʘʙʣʠʮʽ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ ʚʫʟʦʣ 

ʚʠʙʠʨʘʻ ʪʘʢ̔ ʦʜʥʦʢʨʦʢʦʚ ̔ʩʫʩʽʜʥʽ ʚʫʟʣʠ (MPR_Relay) ʽʟ ʩʠʤʝʪʨʠʯʥʠʤ ʟʚ'ʷʟʢʦʤ, 

ʷʢʽ ʻ ʦʜʥʦʢʨʦʢʦʚʠʤʠ ʩʫʩʽʜʥʽʤʠ ʚʫʟʣʘʤʠ ʭʦʯʘ ʙ ʜʦ ʦʜʥʦʛʦ ʜʚʦʢʨʦʢʦʚʦʛʦ 

ʩʫʩʽʜʥʴʦʛʦ ʚʫʟʣʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʪʨʘʬʽʢ ʰʠʨʦʢʦʤʦʚʥʦʛʦ ʨʦʟʩʠʣʘʥʥʷ. 
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ʊʆʈɸ - ʘʣʛʦʨʠʪʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʘʥʠʭ ʚ ʙʝʟʜʨʦʪʦʚʽʡ Mesh-ʤʝʨʝʞʽ ʘʙʦ 

ʤʦʙʽʣʴʥʽʡ ʦʜʥʦʨʘʥʛʦʚʽʡ ʤʝʨʝʞʽ, ʱʦ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʛʦ 

ʩʪʫʧʝʥʷ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʥʝʽʻʨʘʨʭʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ.  ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʘʣʛʦʨʠʪʤ 

ʥʝ  ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘʡʢʦʨʦʪʰʠʡ ʤʘʨʰʨʫʪ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ɸʣʛʦʨʠʪʤ ʚʠʟʥʘʯʘʻ ʽ 

ʧʽʜʪʨʠʤʫʻ ʧʨʷʤʠʡ ʘʮʠʢʣʽʯʥʠʡ ʛʨʘʬ ʜʣʷ ʚʫʟʣʘ-ʦʪʨʠʤʫʚʘʯʘ ʇɼ. ʇʨʠ ʮʴʦʤʫ 

ʢʦʞʝʥ ʚʫʟʦʣ ʉʄ ʤʘʻ ʩʚʽʡ ʨʽʚʝʥʴ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʠʪʝʨʽʻʤ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ, 

ʆʙʤʝʞʝʥʥʷʤ ʻ ʪʝ, ʱʦ ʥʽʷʢʽ ʜʚʘ ʚʫʟʣʘ ʥʝ ʤʦʞʫʪʴ ʤʘʪʠ ʦʜʥʘʢʦʚʠʡ ʨʽʚʝʥʴ. 

ʇʨʠʥʮʠʧ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʇɼ ʧʨʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʚʫʟʣʘ ʉʄ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʜʦ ʚʫʟʣʘ ʤʝʨʝʞʽ ʟ ʙʽʣʴ 

ʥʠʟʴʢʽʤ ʨʽʚʥʝʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʣʛʦʨʠʪʤ ʧʽʜʪʨʠʤʫʻ ʙʝʟʣʽʯ ʧʦʚʥʽʩʪʶ 

ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʨʽʚʥʽʚ, ʟʘʙʝʟʧʝʯʫʻ ʧʝʪʣʝʚʫ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʫ ʤʘʨʰʨʫʪʠʟʘʮʽʶ, 

ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʧʝʨʝʭʨʝʱʝʥʥʷ ʇɼ, ʘ ʪʘʢʦʞ ʣʦʢʘʣʽʟʫʻ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʤʘʣʦʤʫ ʥʘʙʦʨʽ ʚʫʟʣʽʚ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʙʣʠʟʫ ʧʦʷʚʠ 

ʪʦʧʦʣʦʛʽʯʥʦʾ ʟʤʽʥʠ ʉʄ ʟ ʤʝʪʦʶ ʘʢʪʫʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʜʦ ʩʫʩʽʜʥʽʭ ʚʫʟʣʽʚ (one hop). ʇʨʦʪʦʢʦʣ ʚʠʢʦʥʫʻ ʪʨʠ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ:  

ʩʪʚʦʨʝʥʥʷ ʤʘʨʰʨʫʪʫ;  ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʨʰʨʫʪʫ;  ʚʠʜʘʣʝʥʥʷ ʤʘʨʰʨʫʪʫ. 

HSLS - ʛʽʙʨʠʜʥʠʡ ʧʨʦʪʦʢʦʣ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʜʽʣʴʥʫ 

ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʽ ʩʠʛʥʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʦʥʦʚʣʝʥʥʷ ʤʘʨʰʨʫʪʫ ʽ 

ʥʝʝʬʝʢʪʠʚʥʠʭ ʣʘʥʢʘʭ ʤʘʨʰʨʫʪʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʚʫʟʣʘʤʠ ʉʄ. ʇʨʠ ʮʴʦʤʫ 

ʢʦʞʝʥ ʚʫʟʦʣ ʉʄ ʤʘʻ ʧʦʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʦʧʦʣʦʛʽʶ ʉʄ. 

ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʻ ʚʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʘʣʛʦʨʠʪʤʫ TORA, ʦʩʢʽʣʴʢʠ 

ʤʝʪʨʠʢʘ ʨʽʚʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʣʦʛʽʯʥʦʛʦ ʯʘʩʫ ʚʽʜʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʘʥʘʣʫ 

ʇɼ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʘʣʛʦʨʠʪʤ ʧʨʦʪʦʢʦʣʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʨʝʘʢʪʠʚʥʫ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ. 

ʉʫʪʥʽʩʪʴ ʪʘʢʦʾ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʥʦʚʣʝʥʥʷ ʤʘʨʰʨʫʪʫ ʧʝʨʝʜʘʯʽ ʇɼ 

ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʫʟʣʘ-ʚʽʜʣʨʘʚʥʠʢʘ ʇɼ ʦʥʦʚʣʶʻʪʴʩʷ ʢʦʞʝʥ ʨʘʟ ʧʨʠ 

ʚʪʨʘʪʽ ʟʚôʷʟʢʫ ʟ ʚʫʟʣʘʤʠ ʤʘʨʰʨʫʪʫ ʘʙʦ ʟʤʽʥʽ ʾʭ ʤʽʩʮʷ ʟʥʘʭʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʟʛʽʜʥʦ ʧʦʢʘʟʥʠʢʽʚ ʪʘʡʤʝʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʤʽʥʠ ʤʘʨʰʨʫʪʫ ʇɼ ʜʦʩʪʘʥʽʤ ʻ 
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ʧʦʥʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʨʽʚʥʷ ʟʘ ʤʝʪʨʠʢʦʶ, ʱʦ ʬʘʢʪʠʯʥʦ ʦʟʥʘʯʘʻ 

ʚʠʜʘʣʝʥʥʷ ʤʘʨʰʨʫʪʫ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʝʘʢʪʠʚʥʠʭ ʽ ʧʨʦʘʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʇɼ ʟʥʠʞʫʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʪʦʧʦʣʦʛʽʾ ʉʄ, 

ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʝʨʝʞ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʨʫʭʦʤʠʭ 

ʤʝʨʝʞ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʐɯ ʥʘ ʦʩʥʦʚʽ ʙʽʦʥʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ 

ʤʦʜʝʣʶʶʪʴ ʧʨʦʮʝʩʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʽ ʝʚʦʣʶʮʽʾ, ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ.   

ʄʝʪʦʜ ʨʦʻʚʦʛʦ ʽʥʪʝʣʝʢʪʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʪʝʦʨʽʾ ʐɯ ʷʢ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ 

ʽ ʦʧʠʩʫʻ ʢʦʣʝʢʪʠʚʥʫ ʧʦʚʝʜʽʥʢʫ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʦʾ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʦʾ ʉʄ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʽʡ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ɯʇ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʨʦʻʚʦʛʦ ʽʥʪʝʣʝʢʪʫ ʧʨʠ 

ʨʽʰʝʥʥʽ NP-ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʟʘʟʚʠʯʘʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʧʨʠʚ'ʷʟʮʽ ʜʦ ʨʽʰʝʥʥʷ 

ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʚʠʙʦʨʫ [59]. ʈʘʟʦʤ ʟ ʪʠʤ, ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʫ ʨʦʻʚʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʤʘʻ ʧʝʚʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʥʘʜʣʠʰʢʦʚʽʩʪʴ. 

.ʉʝʨʝʜ ʤʝʪʦʜʽʚ ɯʐ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ 

ʚ ʉʄ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʫʨʘʰʠʥʠʡ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ  

ʤʝʪʦʜʽʚ ʧʨʠʨʦʜʥʠʭ ʦʙʯʠʩʣʝʥʴ (Natural Computing) ʽ ʤʦʜʝʣʶʻ ʧʦʚʝʜʽʥʢʫ 

ʤʫʨʘʰʦʢ [70], ʝʚʦʣʶʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ [142], ʝʚʨʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ (ʤʝʪʦʜʠ 

ʧʦʰʫʢʫ ʚ ʰʠʨʠʥʫ, ʚ ʛʣʠʙʠʥʫ ʪʘ ʝʚʨʠʩʪʠʯʥʦʛʦ ʧʦʰʫʢʫ) [48]. 

ɸʣʛʦʨʠʪʤ ACO (ant colony optimization - ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ ʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾ) -  ʦʜʠʥ ʟ ʝʬʝʢʪʠʚʥʠʭ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʚ'ʷʟʢʽʚ ʟʘʜʘʯʽ ʩʠʥʪʝʟʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ (ʟʘʜʘʯʽ 

ʢʦʤʽʚʦʷʞʝʨʘ) ʥʘ ʛʨʘʬ-ʤʦʜʝʣʷʭ. ʉʫʪʴ ʘʣʛʦʨʠʪʤʫ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ ʤʫʨʘʭ, ʱʦ ʰʫʢʘʶʪʴ ʜʦʨʦʛʠ ʚʽʜ ʢʦʣʦʥʽʾ ʜʦ ʾʞʽ. 

ɺ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʣʝʞʠʪʴ ʧʦʚʝʜʽʥʢʘ ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ ð ʤʘʨʢʫʚʘʥʥʷ 

ʚʜʘʣʠʭ ʜʦʨʽʛ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʬʝʨʦʤʦʥʫ. ʈʦʙʦʪʘ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʨʦʟʤʽʱʝʥʥʷ 

ʤʫʨʘʰʦʢ ʫ ʚʝʨʰʠʥʘʭ ʛʨʘʬʫ. ɼʘʣʽ ʧʦʯʠʥʘʻʪʴʩʷ ʨʫʭ ʤʫʨʘʰʦʢ ð ʥʘʧʨʷʤ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʤʦʚʽʨʥʽʩʥʠʤ ʤʝʪʦʜʦʤ. 

https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%B4%D0%B0%D1%87%D0%B0_%D0%BA%D0%BE%D0%BC%D1%96%D0%B2%D0%BE%D1%8F%D0%B6%D0%B5%D1%80%D0%B0
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%B4%D0%B0%D1%87%D0%B0_%D0%BA%D0%BE%D0%BC%D1%96%D0%B2%D0%BE%D1%8F%D0%B6%D0%B5%D1%80%D0%B0
https://uk.wikipedia.org/wiki/%D0%9C%D1%83%D1%80%D0%B0%D1%85%D0%B0
https://uk.wikipedia.org/wiki/%D0%9C%D1%83%D1%80%D0%B0%D1%88%D0%BD%D0%B8%D0%BA
https://uk.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D0%BE%D0%BC%D0%BE%D0%BD
https://uk.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
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ɺ ʘʣʛʦʨʠʪʤʽ ACO ʚʚʘʞʘʪ̒ʴʩʷ, ʱʦ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʤʫʨʘʭ 

ʧʨʝʜʩʪʘʚʣʷʻ ʧʦʚʥʦʟʚ'ʷʟʥʠʡ ʥʝʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ. ʂʦʞʥʝ ʨʝʙʨʦ ʤʘʻ ʚʘʛʫ, ʷʢʘ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʚʝʨʰʠʥʘʤʠ, ʱʦ ʥʠʤ ʟ'ʻʜʥʫʻʪʴʩʷ. ɻʨʘʬ ʻ 

ʜʚʦʭʩʢʝʨʦʚʘʥʠʤ, ʪʦʤʫ ʤʫʨʘʭʘ ʤʦʞʝ ʧʦʜʦʨʦʞʫʚʘʪʠ ʧʦ ʛʨʘʥʽ ʚ ʙʫʜʴ-ʷʢʦʤʫ 

ʥʘʧʨʷʤʢʫ. 

ʁʤʦʚʽʨʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʨʝʙʨʘ ʚ ʤʘʨʰʨʫʪ ʦʢʨʝʤʦʾ ʤʫʨʘʭʠ ʧʨʦʧʦʨʮʽʡʥʘ 

ʜʦ ʢʽʣʴʢʦʩʪʽ ʬʝʨʦʤʦʥʽʚ ʥʘ ʮʴʦʤʫ ʨʝʙʨʽ, ʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʢʣʘʜʝʥʦʛʦ ʬʝʨʦʤʦʥʫ 

ʧʨʦʧʦʨʮʽʡʥʝ ʜʦ ʜʦʚʞʠʥʠ ʤʘʨʰʨʫʪʫ. ʏʠʤ ʢʦʨʦʪʰʠʡ ʤʘʨʰʨʫʪ, ʪʠʤ ʙʽʣʴʰʝ 

ʬʝʨʦʤʦʥʫ ʙʫʜʝ ʚʽʜʢʣʘʜʝʥʦ ʥʘ ʡʦʛʦ ʨʝʙʨʘʭ, ʦʪʞʝ, ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʤʫʨʘʭ ʙʫʜʝ 

ʚʢʣʶʯʘʪʠ ʡʦʛʦ ʚ ʩʠʥʪʝʟ ʚʣʘʩʥʠʭ ʤʘʨʰʨʫʪʽʚ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʽʣʴʢʠ ʜʦʜʘʪʥʽʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʝʨʝʜʯʘʩʥʦʾ ʟʙʽʞʥʦʩʪʽ ð ʙʽʣʴʰʽʩʪʴ ʤʫʨʘʰʦʢ ʨʫʭʘʻʪʴʩʷ ʧʦ ʣʦʢʘʣʴʥʦ-

ʦʧʪʠʤʘʣʴʥʦʤʫ ʤʘʨʰʨʫʪʫ. 

ʋʥʠʢʥʫʪʠ ʮʴʦʛʦ ʤʦʞʥʘ ʤʦʜʝʣʶʶʯʠ ʚʽʜ'ʻʤʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʫ 

ʚʠʛʣʷʜʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʬʝʨʦʤʦʥʫ. ʇʨʠʯʦʤʫ, ʷʢʱʦ ʬʝʨʦʤʦʥ ʚʠʧʘʨʦʚʫʻʪʴʩʷ 

ʰʚʠʜʢʦ, ʪʦ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʧʘʤ'ʷʪʽ ʢʦʣʦʥʽʾ ʽ ʟʘʙʫʚʘʥʥʷ ʭʦʨʦʰʠʭ 

ʨʽʰʝʥʴ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʚʠʧʘʨʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʦʪʨʠʤʘʥʥʷ ʩʪʽʡʢʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. 

ɽʚʦʣʶʮʽʡʥʠʡ ʧʨʦʪʦʢʦʣ ʉʊʈ ʻ ʙʘʟʦʚʠʤ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ, 

ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ TinyOS. ʉʄ ʧʽʜ 

ʫʧʨʘʚʣʽʥʥʷʤ ʧʨʦʪʦʢʦʣʫ ʉʊʈ ʫʪʚʦʨʶʶʪʴ ʜʝʨʝʚʦʧʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʫ, ʚ ʷʢʦʾ 

ʰʣʶʟʠ ʻ ʢʦʨʽʥʥʷʤ, ʘ ʩʝʥʩʦʨʥʽ ʚʫʟʣʠ ï ʣʠʩʪʷʤ. ɼʣʷ ʛʝʥʝʨʘʮʽʾ ʤʘʨʰʨʫʪʽʚ ʚʫʟʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʨʘʜʽʻʥʪ ʤʘʨʰʨʫʪʠʟʘʮʽʾ - ETX. ʂʦʨʽʥʴ ʤʘʻ ʟʥʘʯʝʥʥʷ ETX 

ʨʽʚʥʝ 0. ʇʘʨʘʤʝʪʨ ETX ʚʫʟʣʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʩʫʤʘ ETX ʡʦʛʦ ʙʘʪʴʢʽʚʩʴʢʦʛʦ 

ʚʫʟʣʘ ʽ ETX ʟʚ'ʷʟʢʫ ʟ ʥʠʤ. ʇʨʠ ʚʠʙʦʨʽ ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʚʫʟʣʘ ʧʝʨʝʚʘʛʘ ʥʘʜʘʻʪʴʩʷ 

ʪʦʤʫ ʚʫʟʣʫ, ʜʝ ʟʥʘʯʝʥʥʷ ETX ʤʝʥʰʝ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʉʊʈ ʻ ʙʘʟʦʚʠʤ 

ʧʨʦʪʦʢʦʣʦʤ ʚ ʪʝʭʥʦʣʦʛʽʾ ʉʄ, ʚʽʥ ʤʘʻ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ. ʆʜʥʠʤ ʟ ʩʫʪʪʻʚʠʭ 

ʥʝʜʦʣʽʢʽʚ ʻ ʪʝ, ʱʦ ʧʨʦʪʦʢʦʣ ʥʝ ʚʨʘʭʦʚʫʻ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʚʫʟʣʽʚ ʧʨʠ 

ʨʝʪʨʘʥʩʣʷʮʽʾ ʧʘʢʝʪʽʚ ʜʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʉʄ ʚʠʥʠʢʘʻ ʧʦʩʪʽʡʥʝ 
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ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʜʝʷʢʠʭ ʚʫʟʣʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʰʚʠʜʢʦʛʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ, 

ʱʦ ʟʤʝʥʰʫʻ ʯʘʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ. 

ɽʚʨʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʻ ʘʣʛʦʨʠʪʤʘʤʠ ʧʦʰʫʢʫ (ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ) 

ʤʘʨʰʨʫʪʫ ʇɼ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʨʘʬ-ʤʦʜʝʣʽ ʉʄ. ʇʨʦʮʝʩ ʧʦʰʫʢʫ 

ʧʦʯʠʥʘʻʪʴʩʷ ʚʽʜ ʚʫʟʣʘ-ʚʽʜʧʨʘʚʥʠʢʘ ʇɼ ʽ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʩʫʩʽʜʥʽʭ ʚʫʟʣʽʚ ʜʦʢʠ 

ʥʝ ʜʦʩʷʛʥʝ ʚʫʟʣʘ-ʦʪʨʠʤʫʚʘʯʘ, ʦʪʨʠʤʘʚʰʠ ʦʧʪʠʤʘʣʴʥʠʡ ʤʘʨʰʨʫʪ ʟʛʽʜʥʦ 

ʬʫʥʢʮʽʾ ʚʠʪʨʘʪ. ɽʚʨʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʚ ʰʠʨʠʥʫ, ʚ ʛʣʠʙʠʥʫ ʪʘ 

ʝʚʨʠʩʪʠʯʥʦʛʦ ʧʦʰʫʢʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʬʦʨʤʘʣʴʥʠʤ ʫʷʚʣʝʥʥʷʤ ʽʻʨʘʨʭʽʾ 

ʨʦʟʪʘʰʫʚʘʥʥʷ, ʧʨʘʚʠʣʘʤʠ ʽ ʚʽʜʥʦʰʝʥʥʷʤʠ ʚʫʟʣʽʚ ʉʄ. ɸʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʥʘ 

ʛʨʘʬ-ʤʦʜʝʣʽ ʉʄ ʚʠʨʽʰʫʶʪʴ ʜʚʽ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ: ʧʦʰʫʢ ʤʘʨʰʨʫʪʫ ʤʽʞ ʜʚʦʤʘ 

ʚʫʟʣʘʤʠ ʥʘ ʛʨʘʬʽ, ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʨʦ ʦʧʪʠʤʘʣʴʥʠʡ ʥʘʡʢʦʨʦʪʰʠʡ ʤʘʨʰʨʫʪ. 

ɼʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʟʘʜʘʯʘʤʠ ʧʦʰʫʢʫ ʰʣʷʭʫ ʻ: 

ɸʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʫ ʰʠʨʠʥʫ  ̔ʧʦʰʫʢ ʫ ʛʣʠʙʠʥʫ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʤʘʨʰʨʫʪʫ ʤʽʞ ʜʚʦʤʘ ʚʫʟʣʘʤʠ ʥʘ ʛʨʘʬʽ ʰʣʷʭʦʤ 

ʛʨʫʙʦʛʦ ʧʝʨʝʙʦʨʫ, ʽʪʝʨʘʮʽʡʥʦ ʜʦʩʣʽʜʞʫʶʯʠ ʫʩʽ ʧʦʪʝʥʮʽʡʥʽ ʤʘʨʰʨʫʪʠ ʚʽʜ    

ʚʫʟʣʘ-ʚʽʜʧʨʘʚʥʠʢʘ ʜʦ ʚʫʟʣʘ-ʦʪʨʠʤʫʚʘʯʘ ʇɼ. 

ɽʚʨʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʢʨʘʱʠʭ ʟʘʛʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʥʘ ʛʨʘʬʫ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ. ʇʨʦʪʝ, ʚ ʧʨʘʢʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ, ʢʨʘʱʽ ʯʘʩʦʚʽ ʧʦʢʘʟʥʠʢʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʫ ʇɼ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ 

ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʷʶʪʴ ʛʨʘʬ-ʤʦʜʝʣʴ ʉʄ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʨʘʱʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʘʣʛʦʨʠʪʤ ʩʢʦʨʦʯʝʥʥʷ ʽʻʨʘʨʭʽʡ. 

ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾʶ ʇɼ ʚ ʉʄ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʴ 

ʘʣʛʦʨʠʪʤʽʚ ʽ ʧʨʦʪʦʢʦʣʽʚ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʘʤʠ ʇɼ. 

ʈʦʟʨʘʭʫʥʦʢ ʤʘʨʰʨʫʪʽʚ ʽ ʬʦʨʤʫʚʘʥʥʷ ʤʘʨʰʨʫʪʥʠʭ ʪʘʙʣʠʮʴ ʥʘ ʤʝʨʝʞʥʠʭ 

ʚʫʟʣʘʭ ʉʄ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʝʪʦʜʫ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ. ɸʣʛʦʨʠʪʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʨʝʘʣʽʟʦʚʫʻ ʤʝʪʦʜ 

ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʚʠʭʽʜʥʦʾ ʣʽʥʽʾ ʤʘʨʰʨʫʪʫ ʇɼ ʜʘʥʦʛʦ ʤʝʨʝʞʥʦʛʦ ʚʫʟʣʘ ʉʄ ʥʘ 

ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʚ ʟʘʛʦʣʦʚʢʫ ʧʘʢʝʪʘ (ʘʜʨʝʩʠ ʚʽʜʧʨʘʚʥʠʢʘ ʪʘ 

https://uk.wikipedia.org/wiki/%D0%92%D1%83%D0%B7%D0%BE%D0%BB_(%D1%96%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://uk.wikipedia.org/w/index.php?title=%D0%93%D1%80%D0%B0%D1%84_(%D0%B0%D0%B1%D1%81%D1%82%D1%80%D0%B0%D0%BA%D1%82%D0%BD%D0%B8%D0%B9_%D1%82%D0%B8%D0%BF_%D0%B4%D0%B0%D0%BD%D0%B8%D1%85)&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D1%88%D1%83%D0%BA_%D1%83_%D1%88%D0%B8%D1%80%D0%B8%D0%BD%D1%83
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D1%88%D1%83%D0%BA_%D1%83_%D0%B3%D0%BB%D0%B8%D0%B1%D0%B8%D0%BD%D1%83
https://uk.wikipedia.org/w/index.php?title=%D0%93%D1%80%D0%B0%D1%84_(%D0%B0%D0%B1%D1%81%D1%82%D1%80%D0%B0%D0%BA%D1%82%D0%BD%D0%B8%D0%B9_%D1%82%D0%B8%D0%BF_%D0%B4%D0%B0%D0%BD%D0%B8%D1%85)&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D1%88%D1%83%D0%BA_%D0%B3%D1%80%D1%83%D0%B1%D0%BE%D1%8E_%D1%81%D0%B8%D0%BB%D0%BE%D1%8E
https://uk.wikipedia.org/w/index.php?title=%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC_%D1%81%D0%BA%D0%BE%D1%80%D0%BE%D1%87%D0%B5%D0%BD%D0%BD%D1%8F_%D1%96%D1%94%D1%80%D0%B0%D1%80%D1%85%D1%96%D0%B9&action=edit&redlink=1
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ʦʜʝʨʞʫʚʘʯʘ), ʘ ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʮʴʦʛʦ ʚʫʟʣʘ ʽ ʤʝʨʝʞʽ ʫ 

ʮʽʣʦʤʫ. 

ɸʣʛʦʨʠʪʤ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ ʤʘʻ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ: 

1) ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʥʘʣʽʚ ʇɼ; 

2) ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʘʨʰʨʫʪʽʚ ʇɼ; 

3) ʨʦʟʧʦʜʽʣ ʪʨʘʬʽʢʫ ʤʽʞ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ ʇɼ, ʚʠʭʦʜʷʯʠ ʟ 

ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʘʥʘʣʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʥʪʝʟʦʚʘʥʦʛʦ 

ʤʘʨʰʨʫʪʫ ʇɼ; 

4) ʚʠʙʽʨ ʤʘʨʰʨʫʪʽʚ ʇɼ ʚʽʜʧʦʚʽʜʥʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʮʽʥʠ ʟʘ ʫʤʦʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʥʘʜʽʡʥʦʩʪʽ; 

5) ʚʨʘʭʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʝʚʦʾ ʇɼ; 

6) ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʪʨʠʤʢʠ ʽ ʚʪʨʘʪ ʧʘʢʝʪʽʚ ʜʘʥʠʭ ʧʨʠ ʇɼ ʚ ʉʄ. 

ɺʊ ʉʄ ʻ ʥʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯʊʉ ʽ ʂʉ. ʂʣʶʯʦʚʠʤ 

ʝʣʝʤʝʥʪʦʤ ʉʄ ɺʊ ʻ ʩʝʥʩʦʨʠ, ʷʢʽ ʨʝʻʩʪʨʫʶʪʴ ʟʤʽʥʠ ʧʝʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʉʄ 

ɺʊ ʤʘʻ ʟʘʜʦʚʦʣʴʥʷʪʠ ʪʘʢʠʤ ʚʠʤʦʛʘʤ, ʷʢ: ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦʢʨʠʪʪʷ ʟʘʜʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ; ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʜʘʥʽ ʧʦʢʘʟʥʠʢʠ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ; ʝʣʝʤʝʥʪʠ ʉʄ 

(ʩʝʥʩʦʨʠ) ʧʦʚʠʥʥʽ ʩʘʤʦʦʨʛʘʥʽʟʦʚʫʚʘʪʠʩʷ ʚ ʛʝʪʝʨʦʛʝʥʥʫ ʘʙʦ ʙʝʟʜʨʦʪʦʚʫ 

ʤʝʨʝʞʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟ ʥʝʦʙʭʽʜʥʦʶ ʰʚʠʜʢʽʩʪʶ ʙʝʟ ʚʪʨʘʪ ʽʥʬʦʨʤʘʮʽʾ; 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʤʦʛʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ; ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʦʜʽʾ ʚ ʟʦʥʽ 

ʧʦʢʨʠʪʪʷ; ʤʘʪʠ ʥʘʡʤʝʥʰʫ ʚʘʨʪʽʩʪʴ. ɼʦʩʷʛʥʝʥʥʷ ʮʠʭ ʚʠʤʦʛ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʪʦʢʦʣʽʚ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʝʥʩʦʨʘʤʠ ʪʘ ʘʣʛʦʨʠʪʤʽʚ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʷʢʽ ʚʦʥʠ ʧʽʜʪʨʠʤʫʶʪʴ. 

 

1.2 ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʠʭ  ʩʝʥʩʦʨʥʠʭ  ʤʝʨʝʞʘʭ 

 

ʉʫʯʘʩʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ ʉʋ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ ʻ ʤʝʪʦʜʠ, 

ʤʦʜʝʣʽ ʡ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʧʨʠʪʘʤʘʥʥʽ ʉɯʋ ʽ ʦʙʫʤʦʚʣʶʶʪʴ ʧʦʷʚʫ ʥʦʚʽʪʥʽʭ 

ʪʝʭʥʦʣʦʛʽʡ ʩʠʥʪʝʟʫ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ, ʤʦʜʝʣʝʡ ʽ 

ʘʣʛʦʨʠʪʤʽʚ  ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ  ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʪʘ ʽʥʰʠʤʠ 
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ʨʝʩʫʨʩʘʤʠ ʉʄ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʽ ʘʧʘʨʘʪʥʠʤʠ ʟʘʩʦʙʘʤʠ, 

ʜʦʟʚʦʣʷʻ:  ʟʘʙʝʟʧʝʯʠʪʠ  ʟʙʽʨ  ʽ  ʦʙʨʦʙʢʫ  ʥʝʦʙʭʽʜʥʠʭ  ʦʙʩʷʛʽʚ ʩʣʫʞʙʦʚʦʾ  

ʽʥʬʦʨʤʘʮʽʾ  ʧʨʦ  ʩʪʘʥ  ʉʄ, ʚʢʣʶʯʘʶʯʠ ʪʦʧʦʣʦʛʽʶ ʤʝʨʝʞʽ;  ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ  

ʩʪʘʥ ʢʦʥʬʣʽʢʪʫʶʯʦʾ ʉʄ ɺʊ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʪʘ 

ʟʜʽʡʩʥʶʚʘʪʠ  ʡʦʛʦ  ʧʨʦʛʥʦʟʫʚʘʥʥʷ  ʟ  ʫʨʘʭʫʚʘʥʥʷʤ  ʜʠʥʘʤʽʢʠ  ʟʤʽʥʠ ʪʦʧʦʣʦʛʽʾ 

ʤʝʨʝʞʽ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; ʚʠʟʥʘʯʘʪʠ ʤʝʨʝʞʝʚʽ ʮʽʣʴʦʚʽ 

ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʽʢʫ;  ʚʠʟʥʘʯʘʪʠ  ʩʪʨʘʪʝʛʽʾ  ʪʘ  ʩʧʦʩʦʙʠ  ʜʦʩʷʛʥʝʥʥʷ  

ʮʽʣʴʦʚʠʭ  ʬʫʥʢʮʽʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ; ʢʦʦʨʜʠʥʫʚʘʪʠ  ʫʧʨʘʚʣʽʥʩʴʢʽ  

ʨʽʰʝʥʥʷ,  ʱʦ  ʧʨʠʡʤʘʶʪʴʩʷ  ʉɯʋ ʚʫʟʣʽʚ  ʥʘ  ʤʘʨʰʨʫʪʽ  ʇɼ  ʟʘ ʫʤʦʚ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ; ʧʦʧʦʚʥʶʚʘʪʠ ʙʘʟʠ ʟʥʘʥʴ 

ʚʫʟʣʦʚʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʥʦʚʠʤʠ ʧʨʘʚʠʣʘʤʠ ʽ ʚʽʜʥʦʰʝʥʥʷʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʩʘʤʦʥʘʚʯʘʥʥʷ.  

ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʽ ʘʣʛʦʨʠʪʤʠ ʉɯʋ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ ʩʧʨʦʤʦʞʥʽ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ  ʪʽʣʴʢʠ ʦʢʨʝʤʽ ʬʫʥʢʮʽʾ ʉʋ ʱʦʜʦ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʪʦʢʽʚ ʜʘʥʠʭ, 

ʥʘʧʨʠʢʣʘʜ, ʤʫʨʘʰʠʥʠʡ ʘʣʛʦʨʠʪʤ ʽ ʨʦʡʦʚʠʡ ʽʥʪʝʣʝʢʪ, ʘʣʛʦʨʠʪʤʠ ʥʝʯʽʪʢʦʾ 

ʣʦʛʽʢʠ, ʪʦʱʦ. 

ʈʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʘʣʛʦʨʠʪʤʠ ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʚʠʨʽʰʫʶʪʴ ʦʢʨʝʤʫ ʧʨʦʙʣʝʤʫ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚʽʜ ʚʫʟʣʘ-ʚʽʜʧʨʘʥʠʢʘ ʜʦ ʚʫʟʣʘ-ʦʪʨʠʤʫʚʘʯʘ ʟʘ 

ʫʤʦʚ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʘʣʝ ʥʝ ʚʠʨʽʰʫʶʪʴ ʧʨʦʙʣʝʤʠ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʪʦʧʦʣʦʛʽʾ 

ʉʄ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʚʨʘʭʫʚʘʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʩʪʘʥʫ ʽ ʦʙʤʝʞʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʥ ʉʄ, ʘ 

ʪʘʢʦʞ ʤʦʞʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʠʪʠ ʛʘʨʘʥʪʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ 

ʚ ʤʝʞʘʭ ʧʨʠʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʫʧʨʘʚʣʽʥʥʷ. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʢʦʥʬʣʽʢʪʥʦ-ʢʝʨʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ 

ʩʫʯʘʩʥʘ ʪʝʦʨʽʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʧʦʥʫʻ ʤʝʪʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ 

ʟʘʜʘʯʫ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʨʦʟʚ'ʷʟʘʥʥʷ ʢʦʥʬʣʽʢʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʘʧʘʨʘʪʫ ʤʝʪʦʜʽʚ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʄʉʋ). 

ʄʉʋ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʧʝʨʘʮʽʡ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʟʘʜʘʯ ʫʧʦʨʷʜʢʫʚʘʥʥʷ, ʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʤʽʥʠʪʠ 
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ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʤʥʦʞʠʥʠ ʩʠʪʫʘʮʽʡ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʄ ɺʊ ʟʘ ʧʝʚʥʠʤʠ ʧʨʘʚʠʣʘʤʠ, ʤʘʢʨʦʦʧʠʩʘʤʠ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʩʠʪʫʘʮʽʡ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʟ ʜʦʩʪʘʪʥʴʦʶ ʚʽʨʦʛʽʜʥʽʩʪʶ ʚʠʟʥʘʯʘʻ ʦʜʥʝ ʟ ʤʦʞʣʠʚʠʭ 

ʨʽʰʝʥʴ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʽ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ 

ʩʢʦʨʦʪʠʪʠ ʧʝʨʝʙʽʨ ʚʘʨʽʘʥʪʽʚ ʪʘ ʧʨʠʩʢʦʨʠʪʠ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘ ʥʘʧʨʷʤʢʦʤ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʙʫʣʠ ʟʘʧʦʯʘʪʢʦʚʘʥʽ 

ɺ.ʅ.ʇʫʰʢʽʥʠʤ ʽ ɼ.ʆ.ʇʦʩʧʝʣʦʚʳʤ [86]. ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʜʥʠʤ ʟ ʥʦʚʠʭ 

ʥʘʧʨʷʤʽʚ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʦʙôʻʢʪʦʤ ʚ ʫʤʦʚʘʭ 

ʢʦʥʬʣʽʢʪʫ. ɿʘʩʘʜʥʠʤʠ ʜʣʷ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʬʣʽʢʪʥʦ-ʢʝʨʦʚʘʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʻ  ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʟʥʘʥʴ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʩʠʥʪʝʟʫʚʘʪʠ ʩʪʨʘʪʝʛʽʾ, ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ 

ʫʧʨʘʚʣʽʥʥʷ ʦʙ'ʻʢʪʦʤ ʥʘ ʦʩʥʦʚʽ ʧʨʝʜʤʝʪʥʠʭ ʟʥʘʥʴ ʟʘ ʫʤʦʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʧʦʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʦʙʤʝʞʝʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜ  ʉɯʋ ʉʄ ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʤʥʦʞʠʥʫ ʚʟʘʻʤʦʜʽʶʯʠʭ ʫ 

ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ  ʝʣʝʤʝʥʪʽʚ ʉʋ,  ʚ  ʦʩʥʦʚʽ  ʷʢʠʭ  

ʟʥʘʭʦʜʠʪʴʩʷ  ʤʘʪʝʤʘʪʠʯʥʝ (ʧʨʦʛʨʘʤʥʝ)  ʟʘʙʝʟʧʝʯʝʥʥʷ,  ʱʦ  ʟʜʘʪʥʝ  

ʨʝʘʣʽʟʫʚʘʪʠ  ʬʫʥʢʮʽʾ  ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ  ʤʝʨʝʞʝʶ  ʚ  ʫʤʦʚʘʭ  ʾʾ  

ʧʘʨʘʤʝʪʨʠʯʥʦʾ  ʪʘ  ʩʪʨʫʢʪʫʨʥʦʾ  ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʽ ʦʙʤʝʞʝʥʴ ʰʣʷʭʦʤ ʟʙʦʨʫ ʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʾʾ ʩʪʘʥ ʫ ʟʥʘʥʥʷ ʧʨʦ ʮʽʣʽ ʪʘ 

ʧʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪ (ʚʫʟʣʽʚ) ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʩʪʨʘʪʝʛʽʡ ʨʽʰʝʥʴ ʱʦʜʦ ʦʧʪʠʤʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʇɼ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ  

ʩʧʨʦʤʦʞʥʦʩʪʽ ʚʫʟʣʦʚʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪ ʉʋ ʜʦ ʘʜʘʧʪʘʮʽʾ ʪʘ 

ʩʘʤʦʥʘʚʯʘʥʥʷ. 

ʉʠʪʫʘʮʽʡʥʝ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʷʜʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴ ʡʦʛʦ ʚʽʜ 

ʫʧʨʘʚʣʽʥʥʷ, ʷʢʝ ʚʠʚʯʘʻʪʴʩʷ ʚ ʪʨʘʜʠʮʽʡʥʽʡ ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ [84], ʘ ʩʘʤʝ - 

ʥʘʷʚʥʽʩʪʶ ʝʣʝʤʝʥʪʫ, ʱʦ ʨʝʘʣʽʟʫʻ ʬʫʥʢʮʽʾ ʚʽʜʪʚʦʨʝʥʥʷ ʐɯ. ʊʘʢʠʤ ʝʣʝʤʝʥʪʦʤ ʻ 

ʩʠʩʪʝʤʘ ʬʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʦʧʠʩʫ ʟʥʘʥʴ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ (ʬʦʨʤʘʣʴʥʘ ʤʦʚʘ, 

ʧʨʘʚʠʣʘ, ʛʨʘʤʘʪʠʢʠ, ʦʙʤʝʞʝʥʥʷ, ʤʘʰʠʥʘ ʚʠʚʦʜʫ, ʪʦʱʦ).  
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʬʣʽʢʪʥʦ-ʢʝʨʦʚʘʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʚʨʘʭʦʚʫʻ ʩʠʩʪʝʤʫ ʦʙʤʝʞʝʥʴ ʧʨʠ ʩʠʥʪʝʟʽ ʪʘ ʚʠʙʦʨʽ ʨʽʰʝʥʴ, ʘ ʩʘʤʝ: 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʪʘ ʜʠʥʘʤʽʯʥʠʤʠ  

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʙôʻʢʪʽʚ, ʱʦ ʻ ʫʯʘʩʥʠʢʘʤʠ ʢʦʥʬʣʽʢʪʫ [74], [75], [78], [91], [92]; 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʮʽʣʽ ʽ ʩʧʦʩʦʙʠ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʦʙ'ʻʢʪʦʤ, ʷʢʽ 

ʦʙʫʤʦʚʣʝʥʽ ʬʘʢʪʠʯʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ ʢʦʥʬʣʽʢʪʥʦ-ʢʝʨʦʚʘʥʦʛʦ 

ʧʨʦʮʝʩʫ [79], [82], [83], [84], [87], [89], [96], [98], [94]. 

ʇʦʪʦʯʥʘ ʩʠʪʫʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʷʢ ʩʫʙ'ʻʢʪʠʚʥʘ ʦʮʽʥʢʘ 

ʢʦʥʢʨʝʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʋ, ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʩʠʪʫʘʮʽʡʥʠʭ 

ʟʤʽʥʥʠʭ) ʽ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʥʠʤʠ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʥʘ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʘʣʝ 

ʟʘʣʝʞʥʠʭ ʚʽʜ ʩʪʘʥʫ ʩʝʨʝʜʦʚʠʱʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʢʦʥʬʣʽʢʪʥʦ-ʢʝʨʦʚʘʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʚ ʷʢʦʤʫ  ʬʫʥʢʮʽʦʥʫʻ ʦʙ'ʻʢʪ ʫʧʨʘʚʣʽʥʥʷ ʚ ʯʘʩʽ ʽ ʧʨʦʩʪʦʨʽ [98].  

ʊʦʧʦʣʦʛʽʷ ʉʄ ɺʊ, ʚ ʷʢʠʭ ʤʘʶʪʴ ʤʽʩʮʝ ʢʦʥʬʣʽʢʪʥʦ-ʢʝʨʦʚʘʥʽ ʧʨʦʮʝʩʠ,  

ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʪʦʢʽʚ ʜʘʥʠʭ. 

ɯʩʥʫʶʯʽ ʧʨʦʘʢʪʠʚʥʽ ʽ ʨʝʘʢʪʠʚʥʽ ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʉʄ ɺʊ ʤʘʶʪʴ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ, ʧʽʜʪʨʠʤʫʶʪʴ Multicast ʽ QoS, ʘʣʝ ʤʝʨʝʞʽ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʩʥʫʶʯʽ ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʤʘʶʪʴ ʚʘʜʠ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ɼʣʷ ʧʨʦʘʢʪʠʚʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʮʽ ʚʘʜʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ 

ʟʨʦʩʪʘʥʥʽ ʦʙôʻʤʽʚ ʩʣʫʞʙʦʚʠʭ ʦʧʦʚʽʱʝʥʴ, ʘ ʜʣʷ ʨʝʘʢʪʠʚʥʠʭ ï ʚ  ʟʥʘʯʥʽʡ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʩʢʣʘʜʥʦʩʪʽ. ɿʘʟʥʘʯʝʥʽ ʘʣʛʦʨʠʪʤʠ ʥʘʚʽʪʴ ʟʘ ʥʘʷʚʥʦʩʪʽ  ʬʫʥʢʮʽʾ  

ʢʦʥʪʨʦʣʶ  ʷʢʦʩʪʽ  ʤʘʨʰʨʫʪʫ ʇɼ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ  ʥʝ ʧʦʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʤʘʨʰʨʫʪ, ʘ ʦʪʞʝ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʩʝʨʚʽʩ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʉʄ ɺʊ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʚʠʟʥʘʯʝʥʦ 

ʧʨʦʙʣʝʤʠ, ʱʦ ʧʨʠʪʘʤʘʥʥʽ ʤʝʪʦʜʦʤ ʤʝʪʦʜʘʤ ʫʧʨʘʚʣʽʥʥʷ ʇɼ (ʨʠʩ. 1.1), ʘ ʩʘʤʝ: 

ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʦʶ, ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞ, ʫʧʨʘʚʣʽʥʥʷ 

ʪʦʧʦʣʦʛʽʻʶ ʤʝʨʝʞ,  ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʫʧʨʘʚʣʽʥʥʷ 

ʛʘʨʘʥʪʦʟʜʘʪʥʽʩʪʶ. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʐɯ, ʘ ʩʘʤʝ - ʤʝʪʦʜʽʚ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʇɼ ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʉʄ ɺʊ ʷʢ NP-

ʩʢʣʘʜʥʫ ʟʘ ʨʘʭʫʥʦʢ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʢʦʥʬʣʽʢʪʦʫʪʚʦʨʶʶʯʠʭ 

ʬʘʢʪʦʨʽʚ ʪʘ ʚʠʙʦʨʫ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʛʘʨʘʥʪʦʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʽ, ʷʢ ʆʋ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ 

ʤʘʨʰʨʫʪʫ ʇɼ ʢʦʥʬʣʽʢʪʫʶʯʦʾ ʉʄ ɺʊ ʤʘʪʠʤʝ ʧʦʣʽʥʦʤʽʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʨʝʪʨʘʥʩʣʷʮʽʡ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ (hops).  

 

 

ʈʠʩ. 1.1. ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʩʝʥʩʦʨʥʠʤʠ 

ʤʝʨʝʞʘʤʠ 

 

ɿʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʘ ʥʘ ʨʠʩ. 1.2. 

ʉʠʥʪʝʟ ʥʝʟʘʣʝʞʥʠʭ ʤʘʨʰʨʫʪʽʚ ʧʝʨʝʜʘʯʽ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʉʄ ɺʊ ʥʘ 

ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʝʢʽʣʴʢʘ  ʢʨʠʪʝʨʽʾʚ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 
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ʧʦʢʘʟʥʠʢʠ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʽ ʟʙʽʣʴʰʠʪʠ ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʤʝʨʝʞʽ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɯʋ.  

ʌʦʨʤʘʣʴʥʦʶ ʦʩʥʦʚʦʶ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʥʬʣʽʢʪʫʶʯʠʤʠ ʉʄ ɺʊ, ʻ ʣʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʽ ʤʦʜʝʣʽ ʦʧʠʩʫ ʧʦʪʦʯʥʠʭ 

ʩʠʪʫʘʮʽʡ ʟʘ ʩʪʘʥʦʤ ʆʋ, ʷʢʠʤ ʻ ʇɼ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚʫʟʣʦʤ-ʚʽʜʧʨʘʚʥʠʢʦʤ 

ʚʫʟʣʫ-ʦʪʨʠʤʫʚʘʯʫ. ʇʨʠ ʮʴʦʤʫ ʙʫʜʝʤʦ ʚʠʟʥʘʯʘʪʠ ʜʣʷ ʉɯʋ ʆʋ ʪʽʣʴʢʠ ʤʘʨʰʨʫʪ 

ʇɼ ʚ ʉʄ ʟ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʦʜʝʣʽ OSI. 

 

ʈʠʩ. 1.2. ɿʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɺ ʷʢʦʩʪʽ ʧʨʦʪʦʢʦʣʫ ʽʥʢʘʧʩʫʣʷʮʽʾ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʤʽʱʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ 

ʜʘʥʽ, ʘ ʡ ʧʨʘʚʠʣʘ ʾʭ ʦʙʨʦʙʢʠ ʽ ʚʽʜʦʤʦʩʪʽ ʱʦʜʦ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʽʚ ʚʫʟʣʘ ʉʄ, 

ʜʦʮʽʣʴʥʠʤ ʧʨʠ ʧʦʙʫʜʦʚʽ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ ʥʘ ʩʠʛʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʧʨʦʪʦʢʦʣʫ ICMP ʪʨʝʪʴʦʛʦ ʨʽʚʥʷ ʤʦʜʝʣʽ OSI. 
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ʆʙʤʽʥ ʜʘʥʠʤʠ ʚ ʉʄ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʘʨʭʽʪʝʢʪʫʨʠ P2P,  ʚ 

ʦʩʥʦʚʽ ʷʢʦʾ ʣʝʞʠʪʴ ʧʨʠʥʮʠʧ ʨʽʚʥʦʧʨʘʚʥʦʩʪʽ ʘʚʪʦʥʦʤʥʠʭ ʚʫʟʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʤʝʨʝʞʽ ʇɼ ɺʊ.  

 

1.3 ʉʠʩʪʝʤʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ 

ʛʘʨʘʥʪʦʟʜʘʪʥʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ 

 

ʉɯʋ ʉʄ ʩʪʚʦʨʶʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʫʟʣʦʚʠʤʠ ʪʘ ʤʝʨʝʞʝʚʠʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʛʨʘʤʥʠʭ ʽ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʩʫʪʥʽʩʪʴ ʩʠʪʫʘʮʽʡʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʽ ʜʦʟʚʦʣʷʻ: ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʽʨ ʽ ʦʙʨʦʙʢʫ ʥʝʦʙʭʽʜʥʠʭ ʦʙʩʷʛʽʚ 

ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʚʫʟʣʽʚ ʽ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ; ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʽ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʪʘʥ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʢʠ ʾʾ ʟʤʽʥʠ, ʘ ʪʘʢʦʞ  

ʧʘʨʘʤʝʪʨʽʚ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; ʚʠʟʥʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ ʇɼ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʮʽʥʠ ʨʽʰʝʥʥʷ; ʚʠʟʥʘʯʘʪʠ ʮʽʣʴʦʚʽ ʬʫʥʢʮʽʾ 

ʫʧʨʘʚʣʽʥʥʷ ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʽʢʫ ʧʨʠ ʇɼ; 

ʩʠʥʪʝʟʫʚʘʪʠ ʽ ʢʦʦʨʜʠʥʫʚʘʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɯʋ ʚʫʟʣʽʚ ʥʘ ʤʘʨʰʨʫʪʽ ʇɼ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʧʨʦʩʪʦʨʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ; ʧʦʥʦʚʣʶʚʘʪʠ 

ʙʘʟʠ ʟʥʘʥʴ ʚʫʟʣʦʚʠʭ ʉɯʋ ʥʦʚʠʤʠ ʧʨʘʚʠʣʘʤʠ ʽ ʚʽʜʥʦʰʝʥʥʷʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʬʦʨʤʘʣʴʥʠʭ ʛʨʘʤʘʪʠʢ ʽ ʤʝʪʦʜʽʚ ʩʘʤʦʥʘʚʯʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʩʢʽʥʯʝʥʥʘ ʤʥʦʞʠʥʘ 

ʙʘʟʦʚʠʭ ʚʽʜʥʦʰʝʥʴ ʽ ʧʨʘʚʠʣ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʯʥʦ ʧʦʙʫʜʫʚʘʪʠ ʩʝʤʘʥʪʠʯʥʫ 

ʤʝʨʝʞʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʚʝʨʙʘʣʴʥʦʛʦ ʦʧʠʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʤʘʪʠʢʠ, ʜʦ 

ʷʢʦʾ ʚʭʦʜʷʪʴ ʙʘʟʦʚʽ ʧʨʘʚʠʣʘ ʽ ʚʽʜʥʦʰʝʥʥʷ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʧʦʽʤʝʥʦʚʘʥʽ ʚʫʟʣʠ 

ʤʝʨʝʞʽ ʻ ʦʙôʻʢʪʘʤʠ-ʧʦʥʷʪʪʷʤʠ. 

ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʩʝʤʘʥʪʠʯʥʘ ʤʝʨʝʞʘ ʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʦʧʠʩʫ ʧʦʪʦʯʥʦʛʦ 

ʩʪʘʥʫ ʉʄ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʠʥʪʝʟʫʚʘʪʠ ʤʘʨʰʨʫʪ ʇɼ, ʷʢ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʜʠʥʘʤʽʯʥʦʾ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʮʽʥʠ 

ʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ. 

ʇʨʦʮʝʩ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ  ʨʽʰʝʥʥʷ ʱʦʜʦ ʤʘʨʰʨʫʪʫ ʇɼ ʚ ʉʄ ʤʘʻ ʪʨʠ 

ʝʪʘʧʠ [81]: ʚʠʟʥʘʯʝʥʥʷ ʤʘʨʰʨʫʪʽʚ ʇɼ ʚʽʜ ʚʫʟʣʘ-ʚʽʜʧʨʘʚʥʠʢʘ ʜʦ ʚʫʟʣʘ-
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ʦʪʨʠʤʫʚʘʯʘ, ʷʢ ʤʝʪʠ; ʚʠʙʽʨ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʦʛʦ ʚʘʨʽʘʥʪʫ ʤʘʨʰʨʫʪʫ ʇɼ, 

ʷʢʠʡ ʚʝʜʝ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ, ʚʽʜʧʦʚʽʜʥʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʮʽʥʠ ʨʽʰʝʥʥʷ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ; ʨʝʘʣʽʟʘʮʽʷ ʤʘʨʰʨʫʪʫ ʇɼ ʚ 

ʉʄ, ʷʢ ʨʽʰʝʥʥʷ (ʦʙʨʘʥʦʛʦ ʚʘʨʽʘʥʪʫ ʜʽʾ). 

ʉʪʨʫʢʪʫʨʠ ʉɯʋ ʦʙ'ʻʢʪʦʤ-ʧʨʦʮʝʩʦʤ, ʷʢʠʤ ʻ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʇɼ ʚ ʉʄ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʦʙʫʜʦʚʦʶ ʤʦʜʝʣʽ ʤʝʨʝʞʽ, ʚ ʷʢʽʡ ʤʘʶʪʴ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʽ ʷʢ ʪʨʘʜʠʮʽʡʥʽ ʝʣʝʤʝʥʪʠ ʉɯʋ, ʪʘʢ ʽ ʤʦʜʝʣʽ ʦʙʨʦʙʢʠ ʟʥʘʥʴ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʫʟʣʘʤʠ ʉʄ, ʯʝʨʝʟ ʷʢʽ ʧʨʦʭʦʜʠʪʴ ʤʘʨʰʨʫʪ ʇɼ. ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʉʋ ʚ ʉɯʋ ʫʩʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʜʽʡʩʥʶʶʪʴʩʷ 

ʧʽʜʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʬʫʥʢʮʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʩʠʥʪʝʟʫ ʨʽʰʝʥʴ, 

ʘʩʦʮʽʘʪʠʚʥʦʾ ʧʘʤ'ʷʪʽ, ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ, ʩʝʤʽʦʪʠʯʥʠʭ ʤʝʨʝʞ, ʫʧʨʘʚʣʽʥʥʷ 

ʩʪʨʫʢʪʫʨʥʦʶ ʜʠʥʘʤʽʢʦʶ, ʪʦʱʦ).  

ɺʠʟʥʘʯʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʉɯʋ ʚʫʟʣʘ (ʨʠʩ. 1.3) ʻ ɯʇ ʽ ʙʘʟʦʚʘ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʽʥʥʷ. ɺʟʘʻʤʦʜʽʶʯʠ ʟ  ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʉɯʋ ʦʪʨʠʤʫʻ ʥʝʦʙʭʽʜʥʫ 

ʽʥʬʦʨʤʘʮʽʶ, ʬʦʨʤʫʻ ʤʝʪʫ, ʘʥʘʣʽʟʫʻ ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ (ʬʽʟʠʯʥʽ ʽ ʽʥʬʦʨʤʘʮʽʡʥʽ), 

ʩʠʥʪʝʟʫʻ ʤʘʨʰʨʫʪ ʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʷʛʥʝʥʥʷ ʢʽʥʮʝʚʦʾ 

ʪʝʨʤʽʥʘʣʴʥʦʾ ʤʥʦʞʠʥʠ (ʚʫʟʣʘ-ʦʪʨʠʤʫʚʘʯʘ ʇɼ). 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʉɯʋ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʯʘʩʪʠʥ:  ɯʇ (ʩʠʩʪʝʤʘ 

ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ); ʆʋ; ʧʨʠʩʪʨʦʾ ʫʧʨʘʚʣʽʥʥʷ ʉʋ (ʦʙʯʠʩʣʶʚʘʣʴʥʝ ʽ 

ʤʝʨʝʞʝʚʝ ʩʝʨʝʜʦʚʠʱʝ ʚʫʟʣʘ  ʉʄ). 

 

ʈʠʩ. 1.3. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʉɯʋ ʚʫʟʣʘ ʤʝʨʝʞʽ 
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ɯʇ ʻ  ʣʦʛʽʢʦ-ʧʝʨʝʪʚʦʨʶʶʯʠʤ  ʧʨʠʩʪʨʦʻʤ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʩʪʘʥ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʧʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʆʋ, 

ʪʨʘʥʩʬʦʨʤʫʻ ʚ ʩʠʛʥʘʣʠ ʜʣʷ ʧʨʠʩʪʨʦʶ ʫʧʨʘʚʣʽʥʥʷ ʉʋ.  

ʉɯʋ ʚʫʟʣʘ ʉʄ, ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.4, ʟʘʙʝʟʧʝʯʫʻ 

ʨʝʘʣʽʟʘʮʽʶ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʩʠʥʪʝʟʫ ʪʘ ʚʠʙʦʨʫ ʨʽʰʝʥʴ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ, ʘ ʩʘʤʝ ʧʽʜʩʠʩʪʝʤʠ ʩʠʥʪʝʟʫ ʮʽʣʽ ʪʘ ʨʽʰʝʥʴ. 

 

ʈʠʩ. 1.4. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʉɯʋ ʚʫʟʣʘ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ 

 

ʅʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʩʭʝʤʽ ʉɯʋ ʚʫʟʣʘ ʉʄ ʚʩʽ ʧʦʭʽʜʥʽ ʜʘʥʽ ʧʨʦ ʪʦʧʦʣʦʛʽʶ ʽ 

ʦʙʤʝʞʝʥʥʷ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ 

ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚôʷʟʢʽʚ ʤʽʞ ʚʫʟʣʘʤʠ, ʘ ʪʘʢʦʞ ʚʽʜʦʤʦʩʪʽ ʧʨʦ 
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ʚʫʟʦʣ-ʦʪʨʠʤʫʚʘʯ ʥʘʜʭʦʜʷʪʴ ʚ ʤʦʜʫʣʴ ʧʨʠʡʤʘʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʭʽʜʥʠʭ 

ʜʘʥʠʭ, ʘ ʩʘʤʝ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ 

ʚʚʝʜʝʥʥʷ ʧʦʭʽʜʥʠʭ ʜʘʥʠʭ. ɿʘʟʥʘʯʝʥʽ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʚʢʣʶʯʘʶʪʴ 

ʜʦ ʩʚʦʛʦ ʩʢʣʘʜʫ ʜʘʪʯʠʢʠ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʜʘʪʯʠʢʠ 

ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʫʟʣʘ-ʧʝʨʝʜʘʚʘʯʘ ʇɼ, ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ 

ʢʦʥʪʨʦʣʶ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʩʪʘʥʦʤ ʆʋ ʪʘ ʩʠʩʪʝʤ ʉɯʋ, ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ʧʦʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʚ ʮʠʬʨʦʚʽ (ʙʽʥʘʨʥʽ) ʟʥʘʯʝʥʥʷ. 

ʆʙʯʠʩʣʶʚʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʧʦʭʽʜʥʠʭ ʜʘʥʠʭ 

ʤʦʜʫʣʷ ʧʨʠʡʤʘʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʭʽʜʥʠʭ ʜʘʥʠʭ ʬʘʢʪʠʯʥʦ ʻ ʘʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʥʠʤ ʟʘʩʦʙʦʤ. ʇɿ ʤʦʜʫʣʷ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʚʠʜʽʣʝʥʥʷ 

ʚʫʟʣʽʚ ʉʄ ɺʊ, ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ 

ʜʘʥʠʭ ʧʨʦ ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʉʄ, 

ʬʽʣʴʪʨʘʮʽʶ ʧʦʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ (ʜʘʥʠʭ) ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʪʦʧʦʣʦʛʽʶ 

ʉʄ ɺʊ. 

ɸʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʭʽʜʥʠʭ ʜʘʥʠʭ ʤʦʜʫʣʷ 

ʧʨʠʡʤʘʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʭʽʜʥʠʭ ʜʘʥʠʭ ʟʜʽʡʩʥʶʶʪʴ ʧʽʜʛʦʪʦʚʢʫ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʘʩʦʙʘʤʠ ʤʦʜʫʣʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ. ɼʦ 

ʩʢʣʘʜʫ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʦʥʝʥʪ ʤʦʜʫʣʷ ʚʭʦʜʷʪʴ ʟʘʩʦʙʠ 

ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʜʘʥʠʭ ʪʘ ʽʥʪʝʨʬʝʡʩʫ ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ 

ʦʙʤʽʥʫ ʧʦʭʽʜʥʦʶ ʪʘ ʧʨʦʤʽʞʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʠ ʩʠʥʪʝʟʽ ʪʘ ʚʠʙʦʨʽ ʨʽʰʝʥʥʷ, 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʘʣʴʥʦʾ ʤʥʦʞʠʥʠ ʚʫʟʣʽʚ-ʦʪʨʠʤʫʚʘʯʽʚ ʇɼ  ʫʪʦʯʥʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʟʘʻʤʦʜʽʾ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʚʫʟʣʽʚ, ʦʙʤʝʞʝʥʴ, ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ, 

ʘ ʪʘʢʦʞ ʽʥʪʝʨʬʝʡʩʫ ʚʟʘʻʤʦʜʽʾ ʟ ʉɯʋ.  

ʄʦʜʫʣʴ ʩʠʥʪʝʟʫ ʮʽʣʽ ʪʘ ʨʽʰʝʥʥʷ ʉɯʋ ʉʄ ʟʘʙʝʟʧʝʯʫʻ ʩʠʥʪʝʟ ʩʪʨʘʪʝʛʽʡ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ. ʄʦʜʫʣʴ ʚʤʽʱʫʻ ʧʨʦʛʨʘʤʥʽ 

ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʨʝʘʣʽʟʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʩʠʥʪʝʟʫ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ. ʇʦʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʜʫʣʷ ʬʦʨʤʫʶʪʴ ʇɿ 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʪʠʚʘʮʽʾ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʇɿ ʦʧʠʩʫ ʧʨʘʚʠʣ, 

ʚʽʜʥʦʰʝʥʴ, ʦʙʤʝʞʝʥʴ, ʤʦʪʠʚʘʮʽʾ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʟʥʘʥʴ. 
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ɺʠʭʦʜʷʯʠ ʟ ʧʦʭʽʜʥʠʭ ʜʘʥʠʭ ʤʦʜʫʣʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʇɿ 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʪʠʚʘʮʽʾ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʘʜʘʥʦʛʦ ʚʫʟʣʘ-ʦʪʨʠʤʫʚʘʯʘ ʇɼ,    

ʧʨʦʛʥʦʟʫ ʧʝʨʝʤʽʱʝʥʥʷ ʚʫʟʣʽʚ ʉʄ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʧʽʟʥʘʪʠ ʩʪʘʥ ʢʦʥʬʣʽʢʪʫ 

ʚʟʘʻʤʦʜʽʾ ʤʘʨʰʨʫʪʽʚ ʇɼ ʚ ʤʝʨʝʞʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ ʦʧʠʩʫ ʉʄ ɺʊ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʧʨʠʧʫʩʪʠʤʦʛʦ ʩʪʘʥʫ ʟʚôʷʟʢʽʚ ʤʽʞ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ, 

ʷʢʽ ʻ ʟʘʩʘʜʥʠʤʠ ʧʨʠ ʩʠʥʪʝʟʽ ʣʘʥʮʶʞʢʽʚ ʩʪʨʘʪʝʛʽʡ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʇɼ ʪʘ 

ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. 

ʇɿ ʦʧʠʩʫ ʧʨʘʚʠʣ, ʚʽʜʥʦʰʝʥʴ, ʦʙʤʝʞʝʥʴ ʚʠʟʥʘʯʘʶʪʴ ʟʘʩʘʜʥʽ ʧʽʜʭʦʜʠ 

ʱʦʜʦ ʨʦʟʨʘʭʫʥʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʨʰʨʫʪʫ ʇɼ, ʘ ʪʘʢʦʞ ʩʠʥʪʝʟʫ ʪʘ 

ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʠ ʪʘ ʟʤʽʩʪʫ ʦʧʠʩʽʚ ʪʘ ʣʘʥʮʶʞʢʽʚ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʪʨʘʪʝʛʽʡ 

ʦʧʠʩʽʚ ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ ʉʄ ɺʊ. ʇʨʘʚʠʣʘ, ʚʽʜʥʦʰʝʥʥʷ ʽ ʦʙʤʝʞʝʥʥʷ ʤʦʪʠʚʘʮʽʾ 

ʚ ʪʘʢʦʤʫ ʩʝʥʩʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: ʩʪʘʣʽ ʽ ʪʘʢʽ, ʱʦ ʢʝʨʫʶʪʴʩʷ 

ʜʘʥʠʤʠ. ʆʩʪʘʥʥʽ ʻ ʩʫʪʥʽʩʪʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʩʠʥʪʝʟʫ ʩʪʨʘʪʝʛʽʡ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʚʥʠʭ ʘʙʩʪʨʘʢʮʽʡ ʚ 

ʘʣʛʦʨʠʪʤʘʭ ʝʚʨʠʩʪʠʯʥʦʛʦ ʧʦʰʫʢʫ. 

ʇɿ ʥʘʢʦʧʠʯʝʥʥʷ ʟʥʘʥʴ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʩʠʥʪʝʟ ʽ ʚʠʙʽʨ ʩʪʨʘʪʝʛʽʡ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʦʧʦʣʦʛʽʾ ʉʄ. ʆʪʨʠʤʘʥʽ ʚ 

ʧʨʦʮʝʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɯʋ ʟʥʘʥʥʷ ʚ ʚʠʛʣʷʜʽ ʧʨʘʚʠʣ, ʚʽʜʥʦʰʝʥʴ ʪʘ 

ʩʣʦʚʥʠʢʽʚ ʜʦʟʚʦʣʷʶʪʴ ʫʟʘʛʘʣʴʥʶʚʘʪʠ ʨʘʥʽʰʝ ʦʪʨʠʤʘʥʽ ʨʽʰʝʥʥʷ ʉɯʋ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ. 

ʇɿ ʚʠʟʥʘʯʝʥʥʷ ʤʦʪʠʚʘʮʽʾ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʦʧʠʩʫ ʧʨʘʚʠʣ, ʚʽʜʥʦʰʝʥʴ, 

ʦʙʤʝʞʝʥʴ ʤʦʪʠʚʘʮʽʾ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʟʥʘʥʴ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ 

ʬʦʨʤʫʶʪʴ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʷʢʽ ʻ ʧʦʭʽʜʥʠʤʠ ʜʣʷ ʇɿ ʩʠʥʪʝʟʫ ʪʘ ʘʥʘʣʽʟʫ ʤʦʚʥʠʭ 

ʩʪʨʫʢʪʫʨ. 

ɺʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʟʜʽʡʩʥʶʶʪʴ ʇɿ ʩʠʥʪʝʟʫ 

ʣʘʥʮʶʞʢʽʚ ʮʽʣʝʜʦʩʷʛʘʶʯʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ ɺʊ, ʷʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʤʘʨʰʨʫʪʽʚ ʇɼ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʧʨʦʛʥʦʟʫ ʪʘ ʜʠʥʘʤʽʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʚʫʟʣʽʚ ʉʄ ɺʊ. 
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ʇɿ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʩʠʥʪʝʟʫ ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʩʠʥʪʝʟ ʽ ʚʠʙʽʨ  

ʩʪʨʘʪʝʛʽʡ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ ʟʘ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʴ ʽ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. 

 

1.4 ʌʦʨʤʫʣʶʚʘʥʥʷ ʽ ʧʦʩʪʘʥʦʚʢʘ ʥʘʫʢʦʚʦʾ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʅʘʫʢʦʚʘ ʟʘʜʘʯʘ, ʱʦ ʻ ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʣʷʛʘʻ ʫ ʧʽʜʚʠʱʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ 

ʛʘʨʘʥʪʦʟʜʘʪʥʠʭ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʉʄ ɺʊ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʴ ʽ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʩʪʨʘʪʝʛʽʡ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʦʙôʻʢʪʘʤʠ.  

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ;   

1) ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʠʪʠ ʥʘʫʢʦʚʽ  ʽ  ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʱʦʜʦ 

ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʽ ʤʝʪʦʜʽʚ ʚʠʨʽʰʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ 

ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʉʄ ɺʊ;  

2) ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ ʪʦʧʦʣʦʛʽʾ ʉʄ ɺʊ ʫ ʚʠʛʣʷʜʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʽ ʥʦʪʘʮʽʾ (ʤʦʚʠ) ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ 

ʟʘ ʨʘʭʫʥʦʢ  ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʦʜʽʾ 

ʚʫʟʣʽʚ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ ʇɼ ʟʛʽʜʥʦ ʢʨʠʪʝʨʽʶ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ 

ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ; 

3) ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʉɯʋ ʉʄ ɺʊ; 

4) ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉɯʋ ʉʄ ɺʊ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ; 

5) ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʜʠʥʘʤʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʉʄ ɺʊ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʛʘʨʘʥʪʦʟʜʘʪʥʽʩʴ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ; 

6) ʧʨʦʚʝʩʪʠ ʽʤʽʪʘʮʽʡʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ 

ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʉʄ ɺʊ. 
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ɺ ʜʠʩʝʨʪʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ ʨʽʰʝʥʥʷ 

ʟʘʜʘʯ ʢʦʥʬʣʽʢʪʫ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʪʘ ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʷʭ. 

ʅʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʛʣʷʜʘʪʠ ʜʠʥʘʤʽʯʥʠʡ 

ʧʨʦʮʝʩ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʽ ʚʩʽ ʡʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʚʽʜʥʦʩʥʦ ʜʦ ʩʪʨʫʢʪʫʨʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʨʽʚʥʽ ʦʧʠʩʫ ʩʘʤʦʛʦ 

ʧʨʦʮʝʩʫ ʚ ʮʽʣʦʤʫ, ʥʝ ʨʦʟʜʽʣʷʶʯʠ ʡʦʛʦ ʥʘ ʢʦʤʧʦʥʝʥʪʠ.  

ʇʨʠ ʮʴʦʤʫ ʥʘ ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʨʽʰʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʚ ʉɯʋ ʉʄ ɺʊ. 

ʅʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʫ 

ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ ɺʊ ʤʝʪʦʜʘʤʠ ʩʠʪʫʘʮʽʡʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʚʪʦʤʘʪʥʠʭ ʛʨʘʤʘʪʠʢ. 

ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʚʩʽ ʧʽʜʩʠʩʪʝʤʠ ʆʋ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟ ʧʦʟʠʮʽʡ ʻʜʠʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʫʷʚʣʝʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʾʭ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʘ ʩʘʤʝ - ʙʘʛʘʪʦʟʚ'ʷʟʥʽʩʪʴ, ʥʝʦʧʫʢʣʽʩʪʴ, ʨʦʟʨʠʚʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʤʥʦʞʠʥʥʽʩʪʴ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʪʦʱʦ. 

ʇʨʠ ʩʠʥʪʝʟʽ ʽ ʚʠʙʦʨʽ ʤʘʨʰʨʫʪʫ ʇɼ ʟʘʜʘʯʫ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ 

ʜʦʮʽʣʴʥʦ ʚʠʨʽʰʫʚʘʪʠ ʥʘ ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʽ ʟʘ ʫʤʦʚʠ ʡʦʛʦ ʜʠʥʘʤʽʯʥʦʾ 

ʟʤʽʥʶʚʘʥʦʩʪʽ ʪʘ ʥʘʷʚʥʦʩʪʽ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ɺʠʭʦʜʷʯʠ ʟ ʘʥʘʣʽʟʫ 

ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʦʜʽʚ ʽ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ  ʢʦʥʬʣʽʢʪʫʶʯʽʡ ʉʄ ɺʊ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ 

ʧʦʩʪʘʥʦʚʢʠ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 1.5). 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʽʜʧʦʚʽʜʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʽʡ ʩʭʝʤʽ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʩʣʽʜ ʨʦʟʚ'ʷʟʘʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ ʉʄ ɺʊ: 

2) ʇʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʟʘʜʘʯʽ ʪʘ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʫʧʨʘʚʣʽʥʥʷ.  

3) ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʘʙʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʤʦʜʝʣʝʡ ʽ ʧʨʦʮʝʜʫʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ.  

4) ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʾ ʮʽʥʠ ʧʨʠ ʚʠʙʦʨʽ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ. 
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ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʩʠʥʪʝʟʫ ʪʘ ʚʠʙʦʨʫ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ 
ʜʘʥʠʭ ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ 

(ʪʨʝʪʽʡ ʥʘʫʢʦʚʠʡ ʨʝʟʫʣʴʪʘʪ) 
 

ʈʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ  ʩʠʥʪʝʟʫ ʪʘ ʚʠʙʦʨʫ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʟʘ ʫʤʦʚ 
ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. 

ʇʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ  ʩʪʘʥʫ ʟʘʜʘʯʽ, ʽʩʥʫʶʯʠʭ  ʤʝʪʦʜʽʚ, ʧʽʜʭʦʜʽʚ  ʜʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ 
ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ  ʜʘʥʠʭ ʚ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ..   

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʘʙʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ  ʤʝʪʦʜʽʚ, ʤʦʜʝʣʝʡ  ʽ  
ʧʨʦʮʝʜʫʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 
ʬʫʥʢʮʽʾ ʮʽʥʠ ʧʨʠ ʚʠʙʦʨʽ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ 
ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʤʝʨʝʞʘʭ 

(ʜʨʫʛʠʡ ʥʘʫʢʦʚʠʡ ʨʝʟʫʣʴʪʘʪ) 
 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ. 
ʌʦʨʤʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʚ 
ʚʽʨʪʫʘʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ʨʽʰʝʥʴ 
ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ ʬʫʥʢʮʽʾ ʮʽʥʠ ʱʦʜʦ 
ʩʠʥʪʝʟʫ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ 
ʜʘʥʠʭ ʟʘ ʫʤʦʚʠ  ʦʙʤʝʞʝʥʴ, ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʽ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʱʦʜʦ  ʫʧʨʘʚʣʽʥʥʷ 
ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ 

(ʧʝʨʰʠʡ ʥʘʫʢʦʚʠʡ ʨʝʟʫʣʴʪʘʪ) 
 

 

ʈʦʟʨʦʙʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ. 
 
 

ʈʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʽ ʩʠʥʪʝʟʫ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ 
ʧʦʪʦʢʽʚ ʜʘʥʠʭ. 
 
ʈʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʽ ʜʠʩʢʨʝʪʥʦ ʾ ʜʠʥʘʤʽʯʥʦ ʾ ʦʧʪʠʤʽʟʘʮʽʾ 
ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʢʦʥʬʣʽʢʪʫʶʯʦʶ 
ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʦʶ ʩʝʥʩʦʨʥʦʶ ʤʝʨʝʞʝʁ  ʟʘ ʫʤʦʚ 
ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ 
ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ 

 

ʈʦʟʨʦʙʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ, ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 
ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʴ, ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʽ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ. 

                                          ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ:  

ʈʆɿʈʆɹʃɽʅʅʗ ʄɽʊʆɼʋ ʆʇʊʀʄɸʃʔʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ  ʄɸʈʐʈʋʊʀɿɸʎɯɭʖ ɺ 
ʂʆʅʌʃɯʂʊʋʖʏʀʍ ʉɽʈɺɯʉ-ʆʈɯɭʅʊʆɺɸʅʀʍ ʉɽʅʉʆʈʅʀʍ ʄɽʈɽɾɸʍ ɿɸ ʋʄʆɺ ʆɹʄɽɾɽʅʔ ɯ 

ʅɽɺʀɿʅɸʏɽʅʆʉʊɽʁ   

 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʠʥʪʝʟʫ ʪʘ ʚʠʙʦʨʫ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ 
ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʣʛʦʨʠʪʤʽʚ, ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʤʦʜʝʣʝʡ 

 

ʈʠʩ. 1.5. ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

 

5) ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʩʠʥʪʝʟʫ ʪʘ ʚʠʙʦʨʫ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ.  

6) ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ. 

7) ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʠʥʪʝʟʫ ʪʘ ʚʠʙʦʨʫ 

ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

 

1. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ 

ʚ ʉʄ, ʩʬʦʨʤʦʚʘʥʦ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ: 

ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʥʘ ʦʩʥʦʚʽ ʙʽʦʥʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, 

ʷʢʽ ʤʦʜʝʣʶʶʪʴ ʧʨʦʮʝʩʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʽ ʝʚʦʣʶʮʽʾ, ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ ɺʊ; 
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ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ, ʤʦʜʝʣʝʡ ʽ ʘʣʛʦʨʠʪʤʽʚ  ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ  ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʪʘ ʽʥʰʠʤʠ ʨʝʩʫʨʩʘʤʠ ʉʄ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʧʨʦʛʨʘʤʥʠʤʠ ʽ ʘʧʘʨʘʪʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʜʦʟʚʦʣʷʻ: ʟʘʙʝʟʧʝʯʠʪʠ  ʟʙʽʨ  ʽ  ʦʙʨʦʙʢʫ  

ʥʝʦʙʭʽʜʥʠʭ  ʦʙʩʷʛʽʚ ʩʣʫʞʙʦʚʦʾ  ʽʥʬʦʨʤʘʮʽʾ  ʧʨʦ  ʩʪʘʥ  ʉʄ, ʚʢʣʶʯʘʶʯʠ ʪʦʧʦʣʦʛʽʶ 

ʤʝʨʝʞʽ; ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ  ʩʪʘʥ  ʢʦʥʬʣʽʢʪʫʶʯʦʾ ʉʄ ɺʊ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʴ ʽ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ  ʡʦʛʦ  ʧʨʦʛʥʦʟʫʚʘʥʥʷ  ʟ  ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʢʠ 

ʟʤʽʥʠ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; ʚʠʟʥʘʯʘʪʠ 

ʤʝʨʝʞʝʚʽ ʮʽʣʴʦʚʽ ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʽʢʫ; ʚʠʟʥʘʯʘʪʠ ʩʪʨʘʪʝʛʽʾ ʪʘ ʩʧʦʩʦʙʠ  ʜʦʩʷʛʥʝʥʥʷ  

ʮʽʣʴʦʚʠʭ  ʬʫʥʢʮʽʡ;  ʢʦʦʨʜʠʥʫʚʘʪʠ  ʫʧʨʘʚʣʽʥʩʴʢʽ  ʨʽʰʝʥʥʷ,  ʱʦ ʧʨʠʡʤʘʶʪʴʩʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʉʋ ʝʣʝʤʝʥʪʽʚ (ʚʫʟʣʽʚ) ʥʘ ʤʘʨʰʨʫʪʽ ʇɼ ʘʙʦ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ  

ʥʘʧʨʷʤʢʫ  ʚ  ʫʤʦʚʘʭ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʉʄ; ʧʦʧʦʚʥʶʚʘʪʠ ʚʫʟʣʦʚʽ 

ʉʋ ʥʦʚʠʤʠ ʧʨʘʚʠʣʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʩʘʤʦʥʘʚʯʘʥʥʷ; 

ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʘ ʩʘʤʝ ʤʝʪʦʜʽʚ ʩʠʪʫʘʮʽʡʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ, ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʇɼ ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʉʄ 

ɺʊ ʷʢ NP-ʩʢʣʘʜʥʫ ʟʘ ʨʘʭʫʥʦʢ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʢʦʥʬʣʽʢʪʦʫʪʚʦʨʶʶʯʠʭ 

ʬʘʢʪʦʨʽʚ ʪʘ ʚʠʙʦʨʫ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʛʘʨʘʥʪʦʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʽ, ʷʢ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ. 

8) ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʨʫʢʪʫʨʫ ʉɯʋ ʦʙ'ʻʢʪʦʤ-ʧʨʦʮʝʩʦʤ, ʷʢʠʤ ʻ ʤʘʨʰʨʫʪʠʟʘʮʽʷ 

ʇɼ ʚ ʉʄ, ʱʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʦʙʫʜʦʚʦʶ ʤʦʜʝʣʽ ʤʝʨʝʞʽ, ʚ ʷʢʽʡ ʤʘʶʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ 

ʷʢ ʪʨʘʜʠʮʽʡʥʽ ʝʣʝʤʝʥʪʠ ʉɯʋ, ʪʘʢ ʽ ʤʦʜʝʣʽ ʦʙʨʦʙʢʠ ʟʥʘʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʫʟʣʘʤʠ ʉʄ, ʯʝʨʝʟ ʷʢʽ ʧʨʦʭʦʜʠʪʴ ʤʘʨʰʨʫʪ ʇɼ. 

9) ʉʢʽʥʯʝʥʥʘ ʤʥʦʞʠʥʘ ʙʘʟʦʚʠʭ ʚʽʜʥʦʰʝʥʴ ʽ ʧʨʘʚʠʣ ʉɯʋ ʜʦʟʚʦʣʷʻ 

ʘʚʪʦʤʘʪʠʯʥʦ ʙʫʜʫʚʘʪʠ ʩʝʤʘʥʪʠʯʥʫ ʤʝʨʝʞʫ, ʷʢʘ ʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʦʧʠʩʫ ʧʦʪʦʯʥʦʛʦ 

ʩʪʘʥʫ ʉʄ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʠʥʪʝʟʫʚʘʪʠ ʤʘʨʰʨʫʪ ʇɼ, ʷʢ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʜʠʥʘʤʽʯʥʦʾ 

ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʮʽʥʠ ʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ. 

10) ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʥʘʫʢʦʚʫ ʟʘʜʘʯʫ, ʱʦ ʧʽʜʣʷʛʘʻ  ʚʠʨʽʰʝʥʥʶ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʧʮʽʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

 ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʨʦʙʦʪʘʭ [87], [90], [95], [96]. 
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ʈʆɿɼɯʃ 2 

ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ 

ʄɸʈʐʈʋʊʀɿɸʎɯɭʖ ɺ ʂʆʅʌʃɯʋʊʋʖʏʀʍ ʉɽʅʉʆʈʅʀʍ 

ɻɸʈɸʅʊʆɿɼɸʊʅʀʍ ʉɽʈɺɯʉ-ʆʈɯɭʅʊʆɺɸʅʀʍ ʄɽʈɽɾɸʍ 

ɺɸʈɯɸʊʀɺʅʆɰ ʊʆʇʆʃʆɻɯɰ ɿɸ ʋʄʆɺ ʆɹʄɽɾɽʅʔ ɯ 

ʅɽɺʀɿʅɸʏɽʅʆʉʊɽʁ 

 

2.1 ʄʝʪʦʜʦʣʦʛʽʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ 

ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ  ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ 

 

ʂʦʥʮʝʧʮʽʾ ʩʪʚʦʨʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʧʝʨʝʜʙʘʯʘʻ ʚʟʘʻʤʦʜʽʶ ʉɯʋ ʚʫʟʣʘ ʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʥʘʷʚʥʽʩʪʴ ʤʦʪʠʚʘʮʽʾ, ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʥʴ ʜʣʷ 

ʩʠʥʪʝʟʫ ʤʝʪʠ, ʦʮʽʥʢʠ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʽ ʩʠʥʪʝʟʫ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ, 

ʢʦʥʪʨʦʣʴ ʽ ʘʥʘʣʽʟ ʫʧʨʘʚʣʷʶʯʠʭ ʚʧʣʠʚʽʚ ʥʘ ʩʪʘʥ ʦʙôʻʢʪʫ ʫʧʨʘʚʣʽʥʥʷ, ʪʦʱʦ. 

ɿʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ ʚ ʩʢʣʘʜʽ ʉɯʋ ʚʠʜʽʣʷʶʪʴʩʷ ʜʚʘ ʦʩʥʦʚʥʽ ʙʣʦʢʠ: ʩʠʥʪʝʟʫ ʤʝʪʠ ʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʫ ʾʾ ʜʦʩʷʛʥʝʥʥʷ (ʨʠʩ. 2.1). 

ʉʠʩʪʝʤʘ ʜʘʪʯʠʢ̔ʚ

ʉʠʩʪʝʤʘ ʜʘʯʠʢ̔ʚ

ʄʦʪʠʚʘ-

ʮ̫̔
ɿʥʘʥʥ̫ ʄʝʪʘ
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ʥ
ʥ̫
 ʜ
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ʠ
ʥ
ʘ
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ʯ
ʥ
ʘ
 ʝ
ʢʩ
ʧ
ʝ
ʨ
ʪʥ
ʘ
 

ʩ
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ʩ
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ʤ
ʘ
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ʉ
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ʇ
ʝ
ʨ
ʝ
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ʦ
ʨʁ
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ʧ
ʨ
ʠ
ʩ
ʪʨ
ʦʾ

ɺ
ʠ
ʢʦ
ʥ
ʫʁ
ʯ̔
 

ʧ
ʨ
ʠ
ʩ
ʪʨ
ʦʾ

ɯʥʪʝʨʧʨʝʪʘʮ̫̔  

ʨʝʟʫʣɹʪʘʪʫ ʧʦ 

ʚ̔ʜʥʦh ʝʥʥʁ  ʜʦ 

ʤʝʪʠ

ʈ
ʝ
ʟʫ
ʣɹ
ʪʘ
ʪʠ
 

ʫ
ʧ
ʨ
ʘ
ʚ
ʣ̔
ʥ
ʥ̫

ʆ
ʙ
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ʢʪ
 

ʫ
ʧ
ʨ
ʘ
ʚ
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ʥ
ʥ̫

ʇ
ʘ
ʨ
ʘ
ʤ
ʝ
ʪʨ
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ʨ
ʝ
ʟʫ
ʣɹ
ʪʘ
ʪʫ

ɹʣʦʢ 1 ï ʉʠʥʪʝʟ ʤʝʪʠ ɹʣʦʢ 2 ï ʈʝʘʣ̔ʟʘʮ̫̔

ɿ
ʚ
ʦ
ʨ
ʦ
ʪʥ̔
ʡ
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ʚ
ô̫
ʟʦ
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1

ɿ
ʚ
ʦ
ʨ
ʦ
ʪʥ̔
ʡ
 ʟ
ʚ
ô̫
ʟʦ
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2

ʇ
ʫ
ʩ
ʢʦ
ʚ̔
 ʩ
ʠ
ʛʥ
ʘ
ʣ
ʠ

ɿʦʚʥ̔h ʥ̔ ʚʧʣʠʚʠ

(ɿʦʚʥ̔h ʥ̒ ʩʝʨʝʜʦʚʠɦ ʝ)

ɺʣʘʩʥʠʡ ʩʪʘʥ ʦʙô̒ʢʪʫ 

ʫʧʨʘʚʣ̔ʥʥ̫ ̔ ʩʠʩʪʝʤʠ

 

ʈʠʩ. 2.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 
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ɺ ʷʢʦʩʪʽ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽʡ ʩʠʩʪʝʤʽ, ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

1 ;T X S M Ta³ ³ ½½ ³ 3 ;C T X S R Ta³ ³ ³ ½½ ³

3 ;C T X S R Ta³ ³ ³ ½½ ³ { } { } ;T X A T X T B T U T³ = ³ ³ + ³ ³

{ } ;T Y D T X T³ = ³ ³ 4 ,T R Y C Ta³ ³ ½½ ³                                  (2.1) 

ʜʝ T  ð ʤʥʦʞʠʥʘ ʤʦʤʝʥʪʽʚ ʯʘʩʫ ,X ,S ,M C, ,R ,Y  ð ʤʥʦʞʠʥʠ ʩʪʘʥʽʚ 

ʩʠʩʪʝʤʠ, ʩʝʨʝʜʦʚʠʱʘ, ʤʦʪʠʚʘʮʽʾ, ʤʝʪʠ, ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʽ ʨʝʘʣʴʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʧʦʚʽʜʥʦ; {},A {},B {}D  ð ʤʘʪʨʠʮ ̔ʧʘʨʘʤʝʪʨʚ̔ ʩʠʩʪʝʤʠ; 
1a, 

2
,a , 

3a  ʽ 
4a  ð ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʦʧʝʨʘʪʦʨʠ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʟʥʘʥʥʷ. 

ʈʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʢʽʣʴʢʽʩʥʦʛʦ ʪʘ ʷʢʽʩʥʦʛʦ ʦʧʠʩʽʚ ʧʨʦʮʝʩʽʚ ʚ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʧʦʚ'ʷʟʘʥʝ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ʦʧʝʨʘʪʦʨʽʚ 
1a, 

2
,a , 

3a  ʽ 
4a . 

ɺʠʭʦʜʷʯʠ ʟ ʣʦʛʽʯʥʠʭ ʽ ʽʥʪʫʾʪʠʚʥʠʭ ʘʩʧʝʢʪʽʚ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʉɯʋ 

ʟʘʙʝʯʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ: ʩʠʥʪʝʟʫ ʤʝʪʠ ʥʘ ʧʽʜʩʪʘʚʽ ʤʦʪʠʚʘʮʽʾ, 

ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʜʦʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʩʪʘʥ ʩʠʩʪʝʤʠ; ʽʥʪʝʛʨʘʮʽʾ ʟ 

ʨʽʟʥʦʤʘʥʽʪʥʦʶ ʩʢʣʘʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʤʘʻ ʧʝʨʝʭʨʝʩʥʽ ʟʚ'ʷʟʢʠ ʽ ʤʽʩʪʠʪʴ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʪʘ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ (ʥʘʙʣʠʞʝʥʦʛʦ) ʨʽʰʝʥʥʷ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ; ʩʠʥʪʝʟʫ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʥʜʫʢʪʠʚʥʦ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʥʘʥʴ; ʩʠʥʪʝʟ ʩʪʨʘʪʝʛʽʡ ʪʘ ʫʧʨʘʚʣʷʶʯʠʭ ʚʧʣʠʚʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʤʝʪʠ.  

ʇʨʠ ʮʴʦʤʫ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʽ ʽʥʪʝʛʨʘʮʽʷ ʣʦʛʽʯʥʦʛʦ ʪʘ ʽʥʪʫʾʪʠʚʥʦʛʦ ʧʽʜʭʦʜʽʚ 

ʚ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʉɯʋ ʟʘʙʝʟʧʝʯʫʻ ʜʦʧʦʚʥʝʥʥʷ ʽ ʟʘʤʽʥʫ ʬʫʥʢʮʽʡ 

ʦʩʦʙʠ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ (ʆʇʈ) ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʉʋ. 

ɯʥʪʫʾʪʠʚʥʘ ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʩʠʩʠʪʝʤʘʭ ʐɯ  ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ, ʥʘʚʯʘʥʥʽ, ʩʠʥʪʝʟʽ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʢʦʥʬʣʽʢʪʫ, ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 



62 
 

ʪʝʭʥʦʣʦʛʽʡ  ʧʘʨʘʣʝʣʴʥʠʭ ʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ɯʥʪʫʾʪʠʚʥʘ ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʟʘʣʠʰʘʻʪʴʩʷ ʱʝ ʩʣʘʙʦ ʨʦʟʚʠʥʝʥʦʶ 

ʦʙʣʘʩʪʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʶʪʴ ʥʦʚʽ ʧʨʦʙʣʝʤʠ ʚ 

ʨʦʟʨʦʙʮʽ ʽ ʩʪʚʦʨʝʥʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʱʦʜʦ ʧʽʜʪʨʠʤʢʠ ʥʘʧʨʷʤʢʽʚ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʥʘʢʦʧʠʯʫʶʯʠ ʚ ʙʘʟʽ ʟʥʘʥʴ ʥʘ ʦʩʥʦʚʽ ʦʙʨʦʙʢʠ ʨʽʟʥʽ 

ʚʠʜʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʩʠʥʪʝʟʽ ʽ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʟ ʤʝʪʦʶ  ʜʦʩʷʛʥʝʥʥʷ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʽʾ ʚʩʽʻʾ ʩʠʩʪʝʤʠ.  

 

2.2 ʊʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʘ ʤʦʜʝʣʴ  ʢʦʥʬʣʽʢʪʫʶʯʦʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ 

 

ɺʠʟʥʘʯʠʤʦ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʫ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ ʉʄ ʇɼ ɺʊ 

ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʤʝʨʝʞʘ ʤʘʻ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ. ɺ ʪʘʢʦʤʫ 

ʨʘʟʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ, ʱʦ ʙʫʣʘ ʥʘʚʝʜʞʝʥʘ ʥʘ ʨʠʩ.1.3, ʩʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʉɯʋ ʚʫʟʣʘ ʤʝʨʝʞʽ (ʨʠʩ. 2.2) ʥʝ ʚʢʣʶʯʘʻ ʜʠʥʘʤʽʯʥʫ ʩʠʩʪʝʤʫ ʤʘʥʽʧʫʣʶʚʘʥʥʷ 

ʟʥʘʥʥʷʤʠ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʩʠʩʪʝʤʘ ʩʠʥʪʝʟʫ ʨʽʰʝʥʴ ʤʘʻ ʜʦʜʘʪʢʦʚʠʡ ʤʦʜʫʣʴ ʢʦʥʪʨʦʣʶ 

ʽ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʫʟʣʘ, ʷʢ ʧʘʨʘʤʝʪʨʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʘʚʠʣ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʤʦʚʫ ʦʧʠʩʫ ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ ʤʝʨʝʞʽ. 

 

 

ʈʠʩ 2.2. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʫʟʣʘ 

ʤʝʨʝʞʽ 
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ɺ ʷʢʦʩʪʽ ɯʇ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚʽʜ ʚʫʟʣʘ ʚʽʜʧʨʘʚʥʠʢʘ ʜʦ ʚʫʟʣʘ-ʦʪʨʠʤʫʚʘʯʘ ʚʽʜʧʦʚʽʜʥʦ 

ʤʽʪʦʢ ʤʘʨʰʨʫʪʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʛʽʜʥʦ ʬʫʥʢʮʽʾ ʮʽʥʠ ʥʘ ʦʩʥʦʚʽ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʥʘʜʭʦʜʷʪʴ ʟ ʪʨʘʥʟʠʪʥʠʭ ʚʫʟʣʽʚ.  

ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʉɯʋ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʯʘʩʪʠʥ:  ɯʇ 

(ʩʠʩʪʝʤʘ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ); ʆʋ, ʷʢʠʤ ʻ ʤʘʨʰʨʫʪ ʇɼ, ʱʦ ʚʠʟʥʘʯʝʥʠʡ 

ʤʽʪʢʘʤʠ ʚʫʟʣʽʚ ʉʄ; ʉʋ ʚʫʟʣʽʚ ʉʄ (ʦʙʯʠʩʣʶʚʘʣʴʥʽ,  ʧʝʨʝʪʚʦʨʶʶʯʽ ʪʘ 

ʚʠʢʦʥʘʚʯʽ ʧʨʠʩʪʨʦʾ). 

ɯʇ ʻ  ʣʦʛʽʢʦ-ʧʝʨʝʪʚʦʨʶʶʯʠʤ  ʧʨʠʩʪʨʦʻʤ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʩʪʘʥ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʧʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʆʋ, 

ʪʨʘʥʩʬʦʨʤʫʻ ʚ ʩʠʛʥʘʣʠ ʜʣʷ ʧʨʠʩʪʨʦʶ ʫʧʨʘʚʣʽʥʥʷ ʉʋ .  

ɺʠʟʥʘʯʠʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ɯʇ ʚ ʦʧʝʨʘʪʦʨʥʽʡ ʬʦʨʤʽ  

),,,,( zpwuxFY= ,                                                (2.2) 

ʜʝ (.)F  - ʦʧʝʨʘʪʦʨ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʨʦʙʦʪʫ ɯʇ; x  - ʚʝʢʪʦʨ ʩʪʘʥʫ ʉʋ; u  - ʚʝʢʪʦʨ ʫʧʨʘʚʣʽʥʥʷ;w - 

ʚʝʢʪʦʨ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; p  - ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ ʤʝʪʠ (ʮʽʣʽ); z 

- ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ ʆʋ [83]. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʆʋ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ  
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,                                                (2.3) 

ʜʝ (.)f  - ʚʝʢʪʦʨ-ʬʫʥʢʮʽʷ, ʷʢʘ ʦʧʠʩʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʆʋ; (.)C  - ʟʘʜʘʥʘ ʬʫʥʢʮʽʷ 

ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ; t - ʢʦʦʨʜʠʥʘʪʘ ʯʘʩʫ: y - ʚʠʭʽʜʥʠʡ ʚʝʢʪʦʨ (ʚʝʢʪʦʨ ʚʠʤʽʨʽʚ). 

 

ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʪʘ ʧʝʨʝʪʚʦʨʶʶʯʠ ʧʨʠʩʪʨʦʾ ʬʦʨʤʫʶʪʴ 

ʚʝʢʪʦʨ ʫʧʨʘʚʣʽʥʥʷ u  ʜʣʷ ʆʋ ʟ ʤʥʦʞʠʥʠ ʡʦʛʦ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʟʛʽʜʥʦ ʟʘʜʘʯʽ 

ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ, ʷʢʘ ʩʬʦʨʤʦʚʘʥʘ ɯʇ ʥʘ ʧʽʜʩʪʘʚʽ ʧʦʭʽʜʥʠʭ 

ʜʘʥʠʭ ʟʛʽʜʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (2.2) ʽ (2.3). 
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ɺ ʨʘʟʽ ʧʦʙʫʜʦʚʠ ɯʇ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʝʤʽʦʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʛʨʫʥʪʫʶʪʴʩʷ ʥʘ ʬʦʨʤʘʣʴʥʽʡ ʤʦʜʝʣʽ 

[92], [98], ʷʢʘ ʟʘʜʘʻʪʴʩʷ ʯʝʪʚʽʨʢʦʶ 

ʇAPTM ,,,= ,                                             (2.4) 

ʜʝ T  - ʤʥʦʞʠʥʘ ʙʘʟʦʚʠʭ ʝʣʝʤʝʥʪʽʚ; P  - ʩʠʥʪʘʢʩʠʯʥʽ ʧʨʘʚʠʣʘ; A - ʩʠʩʪʝʤʘ 

ʘʢʩʽʦʤ; ʇ - ʩʝʤʘʥʪʠʯʥʽ ʧʨʘʚʠʣʘ. 

ʂʨʽʤ ʩʝʤʽʦʪʠʯʥʦʾ ʤʦʜʝʣʽ M  ʟʘʜʘʻʪʴʩʷ ʬʦʨʤʘʣʴʥʘ ʤʦʜʝʣʴ, ʱʦ 

ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ, 

VHDZL ,,,= ,                                            (2.5) 

ʜʝ Z - ʤʥʦʞʠʥʘ ʟʥʘʯʝʥʴ, ʷʢʽ ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ, D - ʧʨʘʚʠʣʘ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʷʢʽ 

ʥʘʜʘʶʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ZT  ʪʘ ʟʚʦʨʦʪʥʻ TZ , ʪʦʙʪʦ ʧʨʠʧʠʩʫʻ ʢʦʞʥʦʤʫ 

ʚʽʜʦʙʨʘʞʝʥʥʶ T  ʜʝʷʢʝ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʱʦ ʡʦʛʦ ʽʥʪʝʨʧʨʝʪʫʻ; H  - ʧʨʘʚʠʣʘ 

ʚʽʜʦʙʨʘʞʝʥʥʷ; V  - ʧʨʘʚʠʣʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʧʠʩʫʚʘʪʠ ʜʝʷʢʝ 

ʽʥʪʝʨʧʨʝʪʫʶʯʝ ʟʥʘʯʝʥʥʷ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʩʠʥʪʘʢʩʠʯʥʦ ʧʨʘʚʠʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ 

ʙʘʟʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʩʝʤʽʦʪʠʯʥʘ ʤʦʜʝʣʴ (.)C  ʟ ʚʨʘʭʫʚʘʥʥʷʤ (2.4) ʽ (2.5) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʪʚʽʨʢʦʶ 

ʇAPT
MC cccc ,,,,= ,                                  (2.6) 

ʜʝ 
ʇAPT
cccc ,,,   ʚʽʜʧʦʚʽʜʥʦ ʻ ʧʨʘʚʠʣʘʤʠ ʟʤʽʥʠ ʇAPT .,, . 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʬʦʨʤʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʤʽʦʪʠʯʥʦʾ ʤʦʜʝʣʽ 

(.)C  ʜʦʟʚʦʣʷʻ ʚ ʧʨʦʮʝʩʽ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʤʽʥʶʚʘʪʠ ʫʩʽ ʝʣʝʤʝʥʪʠ 

ʬʦʨʤʘʣʴʥʦʾ ʤʦʜʝʣʽ M  ʽ ʬʦʨʤʫʚʘʪʠ ʤʦʜʝʣʽ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʪʦʯʥʠʡ ʩʪʘʥ 

ʉʄ.  

ʋʧʨʘʚʣʽʥʥʷ  ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ ʧʦʚôʷʟʘʥʝ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʩʠʥʪʝʟʫ 

ʽ ʚʠʙʦʨʫ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʚ ʉɯʋ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʚʫʟʣʽʚ ʤʝʨʝʞʽ. ɼʣʷ 

ʫʩʧʽʰʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʩʠʥʪʝʟʽ ʪʘ 

ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʢʦʥʬʣʽʢʪʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʤʝʪʦʜʽʚ 

ʪʝʦʨʽʾ ʽʛʦʨ [28], ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ [64] ʪʘ ʤʝʪʦʜʠ ʐɯ [98]. ʅʘʡʙʽʣʴʰ 
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ʟʘʛʘʣʴʥʦʶ ʤʦʜʝʣʣʶ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʦʜʽʾ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʩʪʦʨʽʥ ʻ ʤʦʜʝʣʴ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ [89]. 

ʇʨʠ ʽʛʨʦʚʦʤʫ ʧʽʜʭʦʜʽ ʜʣʷ ʦʧʠʩʫ ʢʦʥʬʣʽʢʪʫ ʚʚʦʜʷʪʴʩʷ ʧʦʥʷʪʪʷ [125]: 

- ʢʦʘʣʽʮʽʡ ʜʽʾ ɼ
R , ʷʢʘ ʦʙ'ʻʜʥʫʻ ʤʥʦʞʠʥʫ ʫʯʘʩʥʠʢʽʚ ʢʦʥʬʣʽʢʪʫ ʟʘ ʾʭ ʜʽʷʤʠ; 

- ʢʦʘʣʽʮʽʡ ʽʥʪʝʨʝʩʽʚ 
ʀ

R  ʷʢʘ ʦʙ'ʻʜʥʫʻ ʫʯʘʩʥʠʢʽʚ ʢʦʥʬʣʽʢʪʫ ʟʘ ʽʥʪʝʨʝʩʘʤʠ 

(ʩʧʽʣʴʥʽʩʪʶ ʤʝʪʠ); 

- ʩʪʨʘʪʝʛʽʡ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʽʰʝʥʥʷ ʢʦʘʣʽʮʽʡ K  (ʜʽʡ ɼ
R  ʽ ʢʦʘʣʽʮʽʡ 

ʽʥʪʝʨʝʩʽʚ 
ʀ

R , ʷʢʽ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʛʨʠ ʤʦʞʫʪʴ ʤʘʪʠ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʫʯʘʩʥʠʢʽʚ 

ʘʙʦ ʫʪʚʦʨʶʚʘʪʠʩʴ ʟ ʨʽʟʥʠʭ ʫʯʘʩʥʠʢʽʚ); 

- ʩʪʦʩʫʥʢʽʚ ʧʝʨʝʚʘʛʠ G, ʷʢ ʘʙʩʪʨʘʢʪʥʦʛʦ ʙʽʥʘʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʥʘ 

ʤʥʦʞʠʥʽ ʚʩʽʭ ʩʪʨʘʪʝʛʽʡ (ʯʘʩʪʦ ʩʪʦʩʫʥʢʠ ʧʝʨʝʚʘʛʠ ʟʘʜʘʶʪʴʩʷ ʬʫʥʢʮʽʻʶ 

ʚʠʛʨʘʰʫ 
K

W  ʽ ʪʦʜʽ ʢʦʘʣʽʮʽʷ K, ʷʢʱʦ ʚʦʥʘ ʚʽʜʜʘʻ ʧʝʨʝʚʘʛʫ ʩʠʪʫʘʮʽʾ x  ʜʦ 

ʩʠʪʫʘʮʽʾ y, ʚʠʟʥʘʯʘʶʪʴ ʯʝʨʝʟ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʚʘʛʠ ʫ ʚʠʛʣʷʜʽ yxG
K

 ʘʙʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʫʥʢʮʽʾ ʚʠʛʨʘʰʫ ʟʘ ʫʤʦʚʠ ʚʠʟʥʘʯʝʥʥʷ )(xWK ʽ )(yWK  ʫ ʚʠʛʣʷʜʽ 

yxW
K

). 

ʊʦʜʽ ʬʦʨʤʘʣʴʥʠʡ ʦʧʠʩ ʢʦʥʬʣʽʢʪʫ ʧʦʣʷʛʘʻ ʚ ʟʘʚʜʘʥʥʽ ʩʠʩʪʝʤʠ [109, [110] 

ʀɼ RʀRɼ
GRSSR ,,,,=G ,                                       (2.7) 

ʜʝ ɼR  - ʤʥʦʞʠʥʘ, ʷʢʘ ʦʙ'ʻʜʥʫʻ ʫʯʘʩʥʠʢʽʚ ʢʦʥʬʣʽʢʪʫ ʟʘ ʾʭ ʜʽʷʤʠ; 
ɼR

S   - 

ʤʥʦʞʠʥʘ ʩʪʨʘʪʝʛʽʡ ʢʦʘʣʽʮʽʾ ʜʽʡ; S - ʤʥʦʞʠʥʘ ʩʪʨʘʪʝʛʽʡ ʧʦʚʝʜʽʥʢʠ (ʜʽʡ) 

ʫʯʘʩʥʠʢʽʚ; 
ʀ

R  - ʤʥʦʞʠʥʘ, ʷʢʘ ʦʙ'ʻʜʥʫʻ ʫʯʘʩʥʠʢʽʚ ʢʦʥʬʣʽʢʪʫ ʟʘ ʽʥʪʝʨʝʩʘʤʠ 

(ʮʽʣʷʤʠ); 
ʀR

G  - ʤʥʦʞʠʥʘ ʚʽʜʥʦʰʝʥʴ ʢʦʘʣʽʮʽʾ ʽʥʪʝʨʝʩʽʚ. ʊʦʙʪʦ ʤʥʦʞʠʥʘ G 

ʟʛʽʜʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ (2.7) ʻ ʬʦʨʤʘʣʴʥʠʤ ʦʧʠʩʦʤ ʢʦʥʬʣʽʢʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʡʦʛʦ ʟʤʽʩʪʫ. 

ɼʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ (ʨʠʩ.2.5) ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʙ'ʻʢʪʫ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʥʦʞʠʥʦʶ ʩʪʘʥʽʚ, ʨʝʛʫʣʷʪʦʨʘ, ʧʽʜ ʷʢʠʤ ʨʦʟʫʤʽʻʪʴʩʷ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʱʦ ʚʢʣʶʯʘʻ ʝʣʝʤʝʥʪ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʦʮʽʥʢʫ ʩʪʘʥʫ 

ʦʙ'ʻʢʪʫ, ʽ ʝʣʝʤʝʥʪʫ, ʱʦ ʬʦʨʤʫʻ ʫʧʨʘʚʣʽʥʥʷ.  
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ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʚʟʘʻʤʦʜʽʾ ʆʋ ʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ 

ʚʫʟʣʘʤʠ ʉʄ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʾʭ ʚʟʘʻʤʦʜʽʾ [110]. ʇʨʠ ʮʴʦʤʫ ʯʠʥʥʠʢʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʫʤʦʚʠ ʚʟʘʻʤʦʜʽʾ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʚʫʟʣʽʚ ʉʄ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʨʦʟʛʣʷʜʶʪʴʩʷ ʟ ʧʦʟʠʮʽʡ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʜʠʩʢʨʝʪʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʨʠʩ. 2.3). 

 

 

ʈʠʩ. 2.3. ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʫʟʣʘ 

ʤʝʨʝʞʽ 

 

ɿʛʽʜʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʜʣʷ ʟʘʜʘʥʦʾ ʤʥʦʞʠʥʠ ʤʦʤʝʥʪʽʚ ʯʘʩʫ T  

ʪʘ ʤʥʦʞʠʥʠ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ X  ʤʥʦʞʠʥʘ ʚʭʽʜʥʠʭ ʚʧʣʠʚʽʚ U  ʻ ʥʝʧʦʨʦʞʥʴʦʶ 

ʤʥʦʞʠʥʦʶ ʾʭ ʧʨʠʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. 

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʥʝʧʫʩʪʘ ʤʥʦʞʠʥʘ ʧʨʠʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʚʭʽʜʥʠʭ 

ʚʧʣʠʚʽʚ { }UT=W :w , ʤʥʦʞʠʥʘ ʟʥʘʯʝʥʴ ʚʠʭʽʜʥʠʭ ʚʝʣʠʯʠʥ Y  ʪʘ ʤʥʦʞʠʥʘ 

ʾʭ ʧʨʠʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʟʚôʷʟʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ { }YXTY ³= :g . 

ʄʥʦʞʠʥʘ ʤʦʤʝʥʪʽʚ ʯʘʩʫ T  ʻ ʜʝʷʢʦʶ ʫʧʦʨʷʜʢʦʚʘʥʦʶ ʧʽʜʤʥʦʞʠʥʦʶ ʤʥʦʞʠʥʠ 

ʜʽʡʩʥʠʭ ʯʠʩʝʣ (ʥʘʧʨʷʤʦʢ ʯʘʩʫ). ɼʣʷ ʤʥʦʞʠʥʠ ʤʦʤʝʥʪʽʚ ʯʘʩʫ T ʩ̔ʥʫʻ 

ʧʝʨʝʭʽʜʥʘ ʬʫʥʢʮʽʷ { }XXTT W³³³=F :j , ʜʝ ʩʪʘʥ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 
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ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʫ [ ] Xtxtttx Í= wj ),(,,)(
00

, ʟʘʜʘʥʝ ʚʭʽʜʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ Y  

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ { }YXTY ³= :g . 

ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʩʪʘʥ ʩʠʩʪʝʤʠ )(tx  ʚ ʤʦʤʝʥʪ ʯʘʩʫ t  ʘʙʦ ʧʘʨʠ ʝʣʝʤʝʥʪʽʚ 

ʤʥʦʞʠʥʠ XT³  ʙʫʜʝ ʷʚʣʷʪʠ ʧʦʜʽʶ (ʬʘʟʫ) ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ. ʄʥʦʞʠʥʘ  

XT³ ʻ ʧʨʦʩʪʦʨʦʤ ʧʦʜʽʡ (ʬʘʟʦʚʠʤ ʧʨʦʩʪʦʨʦʤ, ʧʨʦʩʪʦʨʦʤ ʩʪʘʥʽʚ). ʋʧʨʘʚʣʷʶʯʽ 

ʜʽʾ ʧʝʨʝʚʦʜʷʪʴ ʩʠʩʪʝʤʫ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʜʝʷʢʠʡ ʽʥʰʠʡ. ʇʨʠ ʧʝʨʝʚʦʜʽ ʩʠʩʪʝʤʠ 

ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʠʭ ʜʽʡ ʦʩʪʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʩʪʘʥʽ ʨʫʭʫ, ʦʧʠʩʫʶʯʠ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʫ ʪʨʘʻʢʪʦʨʽʶ, ʘ  ʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ 

ʷʚʣʷʻ ʩʦʙʦʶ ʦʙ'ʻʢʪ ʫʧʨʘʚʣʽʥʥʷ (ʨʠʩ. 1.6). 

ɿʘʢʦʥʦʤ ʫʧʨʘʚʣʽʥʥʷ ʻ ʚʽʜʦʙʨʘʞʝʥʥʷ UXTk ³: , ʜʝ ʟʥʘʯʝʥʥʷ 

[ ])(,)( txtktu =  ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ U . ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʤʘʪʠ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʩʠʩʪʝʤʠ )(tx , ʱʦ ʧʦʪʨʝʙʫʻ ʟʜʽʡʩʥʝʥʥʷ ʦʧʝʨʘʮʽʾ 

ʟʚʦʨʦʪʥʴʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ XY:1g , ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʦʦʨʜʠʥʘʪʠ 

ʩʠʩʪʝʤʠ ʟ ʫʤʦʚʠ [ ])()( 1 tytx g= . ɼʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʦʮʽʥʶʻʪʴʩʷ 

ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ )(tx , ʪʦʙʪʦ ʦʮʽʥʶʻʪʴʩʷ ʩʪʘʥ )(
0

tx . 

ɼʣʷ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʨʽʰʝʥʥʷ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ 

ʉʄ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʙôʻʜʥʘʥʥʷ ʉɯʋ ʚʫʟʣʽʚ ʚ ʜʠʥʘʤʽʯʥʫ ʉʋ ʟ ʤʝʪʦʶ 

ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ ɯʇ ʱʦʜʦ ʩʠʥʪʝʟʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚ ʩʝʥʩʽ ʬʫʥʢʮʽʾ ʮʽʥʠ ʤʘʨʰʨʫʪʫ ʇɼ. 

ʉʪʨʘʪʝʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʚʟʘʻʤʦʜʽʻʶ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʚʫʟʣʽʚ ʉʄ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʨʝʩʫʨʩʽʚ ʉɯʋ ʚʫʟʣʽʚ ʉʄ ʪʘ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ 

ʚʫʟʣʽʚ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʉʄ ʇɼ ɺʊ. ʊʠʤ ʩʘʤʠʤ ʫʤʦʚʠ ʚʟʘʻʤʦʜʽʾ 

ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʚʫʟʣʽʚ ʧʦʨʦʜʞʫʶʪʴ ʚʠʟʥʘʯʝʥʽ ʪʘ ʥʝʚʠʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʨʘʪʝʛʽʶ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ, ʘ ʩʘʤʝ ʥʘ 

ʩʠʥʪʝʟ ʪʘ ʚʠʙʽʨ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʥʘ ʆʋ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʶ 

ʩʠʩʪʝʤʦʶ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʠʥʪʝʟʫ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ ʉʄ ʇɼ ʬʦʨʤʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʯʠʥʥʠʢʽʚ ʽ ʥʘʷʚʥʦʾ 
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ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʠʭ [78], [84], [98]. ʉʧʨʦʱʝʥʘ ʤʦʜʝʣʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ 

W= ,,,,
0

JUGYD ,                                            (2.8) 

ʜʝ Y  - ʤʥʦʞʠʥʘ ʨʝʟʫʣʴʪʘʪʽʚ, G  - ʤʦʜʝʣʴ ʧʝʨʝʚʘʛ ʨʝʟʫʣʴʪʘʪʽʚ (ʨʽʰʝʥʴ, ʱʦ 

ʧʨʠʡʤʘʶʪʴʩʷ); U  - ʤʥʦʞʠʥʘ ʩʪʨʘʪʝʛʽʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ; L  - ʤʥʦʞʠʥʘ 

ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʥʝʚʠʟʥʘʯʝʥʠʭ ʯʠʥʥʠʢʽʚ; J  - ʬʫʥʢʮʽʷ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʥʝʚʠʟʥʘʯʝʥʦʛʦ ʯʠʥʥʠʢʘ ʽ ʨʝʟʫʣʴʪʘʪ ʧʨʠʡʥʷʪʦʛʦ ʨʽʰʝʥʥʷ 

(ʬʫʥʢʮʽʷ ʮʽʥʠ, ʢʨʠʪʝʨʽʡ); W - ʚʩʷ ʽʥʰʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʽʰʝʥʥʷ, ʱʦ 

ʧʨʠʡʤʘʻʪʴʩʷ, ʫ ʬʦʨʤʘʣʽʟʦʚʘʥʦʤʫ ʚʠʜʽ  ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʢʦʥʬʣʽʢʪ (ʧʝʨʝʚʘʛʠ 

ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʚʫʟʣʽʚ ʉʄ, ʪʦʱʦ). 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ (2.8) ʚ ʫʤʦʚʘʭ ʚʟʘʻʤʦʜʽʾ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʚʫʟʣʽʚ ʉʄ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʧʨʦʩʪʦ ʽ ʥʘʦʯʥʦ ʟʚ'ʷʟʘʪʠ ʟʥʘʯʝʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʠʭ ʯʠʥʥʠʢʽʚ ʽ ʩʪʨʘʪʝʛʽʡ ʟ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ, ʱʦ 

ʨʝʘʣʽʟʦʚʫʻʪʴʩʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ. 

ʄʥʦʞʠʥʠ W,,,, LUGY  ʽ ʬʫʥʢʮʽʷ J  ʬʦʨʤʘʣʴʥʦ ʟʘʜʘʶʪʴ ʢʦʤʧʦʥʝʥʪʠ 

ʨʽʰʝʥʥʷ, ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ, ʽ ʚʠʟʥʘʯʘʶʪʴ ʟʚ'ʷʟʦʢ ʟ ʉʋ ʯʝʨʝʟ ʧʦʥʷʪʪʷ ʬʫʥʢʮʽʾ 

ʮʽʥʠ J  ʽ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ (ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʽ ʢʨʠʪʝʨʽʾʚ). 

ʇʦʢʘʟʥʠʢʦʤ ʷʢʦʩʪʽ ʘʙʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ W   ̒ ʤʽʨʘ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ Y  

ʧʦʪʨʽʙʥʦʤʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʫʧʨʘʚʣʽʥʥʷ ʚ ɯʇ ʚʫʟʣʘ-ʚʽʜʧʨʘʚʥʠʢʘ ʇɼ ʽ  

ʚʟʘʻʤʦʜʽʾ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʦʮʽʥʦʢ ʘʙʦ ʚʠʤʽʨʽʚ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʘʨʰʨʫʪ, ʽ ʧʨʝʜʩʪʘʚʣʷʻ ʣʘʥʮʶʞʦʢ  

ʦʧʪʠʤʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʘʚ ʉʄ ʥʘ ʤʘʨʰʨʫʪʽ ʚʽʜ ʚʫʟʣʘ-ʚʽʜʧʨʘʚʥʠʢʘ ʜʦ 

ʚʫʟʣʘ-ʦʪʨʠʤʫʚʘʯʘ ʇɼ ʚ ʉʄ, ʷʢ ʨʝʟʫʣʴʪʘʪʽʚ ʨʽʰʝʥʥʷ. ʂʨʠʪʝʨʽʻʤ K  [26], [32], 

[49], [75], [79], [83], [89], [91], [98] ʻ ʧʨʘʚʠʣʦ, ʚʚʝʜʝʥʝ ʥʘ ʦʩʥʦʚʽ  ʧʝʚʥʦʾ 

ʢʦʥʮʝʧʮʽʾ ʨʘʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ (ʧʨʠʜʘʪʥʦʩʪʽ, 

ʦʧʪʠʤʽʟʘʮʽʾ, ʘʜʘʧʪʠʚʥʦʩʪʽ, ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ, ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ, ʙʝʟʧʝʢʠ, ʪʦʱʦ).  
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ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʟʘʻʤʦʜʽʾ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʚʫʟʣʽʚ ʤʝʨʝʞʽ 

ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʚ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ [80] ʜʣʷ 

ʤʥʦʞʠʥʠ ʫʩʽʭ ʟʥʘʯʝʥʴ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ  

() (){ }min :j x j x x X= Í  ,                                      (2.9) 

ʜʝ X - ʧʨʠʧʫʩʪʠʤʘ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ; j - ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ; ʢʦʞʝʥ 

ʝʣʝʤʝʥʪ XxÍ - ʧʨʠʧʫʩʪʠʤʝ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ( )XJ,  ʟʘ 

ʫʤʦʚʠ ʩʢʽʥʯʝʥʥʦʩʪʽ ʤʥʦʞʠʥʠ X . 

ʆʧʪʠʤʘʣʴʥʦʤʫ ʨʽʰʝʥʥʶ Xx Í*
 ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ  

( ) (){ }* min :j x j x x X= Í  .                                  (2.10) 

ʊʦʜʽ ʜʠʩʢʨʝʪʥʠʡ ʧʨʦʮʝʩ ʜʣʷ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʤʦʞʥʘ ʫʷʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 

  ( )1, ,..., , 1,2,...,t t t s ty W y x x t T- -= = ,                            (2.11) 

ʜʝ tstst xxx ,...,, 1+--  - ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʩʪʘʥʫ 1-ty  ʝʪʘʧʫ 1-t  ʚ ʩʪʘʥ 

ty  ʝʪʘʧʫ t. ʉʪʘʥ ty  ʦʙʠʨʘʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʤʥʦʞʠʥ ʩʪʘʥʽʚ tY, ʦʙʣʘʩʪʝʡ 

ʽʩʥʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ tX  ʽ ʤʥʦʞʠʥ tZ . ʄʥʦʞʠʥʠ tX  ʩʢʽʥʯʝʥʥʽ, ʘ ʮʽʣʴʦʚʘ 

ʬʫʥʢʮʽʷ J  ʜʣʷ ʢʦʞʥʦʛʦ tʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʽʥʽʤʫʤ ʩʫʤʘʨʥʦʾ ʦʮʽʥʢʠ 

( ), ,...,j ¶  ʥʘ ʤʥʦʞʠʥʽ tstt XXY ³³³ -- ...1 . 

ɼʣʷ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ 

ʉʄ ʚʠʟʥʘʯʠʤʦ ʥʝʤʘʨʢʽʚʩʴʢʫ ʜʠʥʘʤʽʯʥʫ ʟʘʜʘʯʫ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʫ 

ʚʠʛʣʷʜʽ 

( ) ( )1 0

1

, ,..., min
T

t t t s t T

t

j y x x j y- -

=

+ ä ,                     (2.12) 

ʜʝ ( )1, ,...,t t t t s ty W y x x- -= , tt Xx Í , tt Yy Í , ( ) ttstt Zxxy Í-- ,...,,1 , Tt ,...,2,1= , 

0

tt xx = , 0,...,1 st -= , 
0

0 yy = . 

ɺʠʟʥʘʯʠʤʦ ʩʢʽʥʯʝʥʥʽ ʤʥʦʞʠʥʠ tY
a

, ʱʦ ʚʤʽʱʫʶʪʴ ʩʪʘʥʠ, ʚ ʷʢʠʭ ʤʦʞʝ 

ʟʥʘʭʦʜʠʪʠʩʴ ʧʨʦʮʝʩ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʜʠʥʘʤʽʯʥʦʾ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ 

ʚʠʟʥʘʯʝʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (2.12), ʽ ʜʣʷ ʷʢʠʭ ʻ ʩʧʨʘʚʝʜʣʠʚʠʤ ʚʢʣʶʯʝʥʥʷ: 
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( ) ( )

{ }

11 1 1

0

0

: , , , , , ,

1,2,..., ,

tt t t t t t t t t t t ty Y y W y x x X y x Z y Y

t T Y y

-- - -

ë û
Í = Í Í Íî î

ì ü
î î= =
í ý

              (2.13) 

ɺʠʭʦʜʷʯʠ ʟ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (2.9) ï (2.13), ʘʣʛʦʨʠʪʤ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ 

ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ, ʷʢ ʟʘʜʘʯʽ ʜʠʩʢʨʝʪʥʦʾ 

ʜʠʥʘʤʽʯʥʦʾ  ʦʧʪʠʤʽʟʘʮʽʾ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʧʝʚʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

1. ɼʣʷ ʫʩʽʭ TYy
a

Í ʚʠʟʥʘʯʘʻʤʦ ʬʫʥʢʮʽʶ ʮʽʥʠ ʜʣʷ ʥʝʤʘʨʢʽʚʩʴʢʦʾ 

ʜʠʥʘʤʽʯʥʦʾ ʟʘʜʘʯʽ () ()1 0tJ x j t+ = . 

2. ɼʣʷ ʫʩʽʭ 1-Í tYy
a

 ʽ { }, 1,...,1t T T= -  ʦʙʯʠʩʣʶʻʤʦ 

() ( )( ) ( ) ( )( ){ }1min , , : , , , ,t t t t t t t tJ y j y x J W y x x X W y x Y y x Z+= + Í Í Í . 

ʗʢʱʦ ʟʘʜʘʯʘ ()tJ y  ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ, ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ():tJ y +¤. 

ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʻʤʦ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ, ʷʢ ()yxt . 

3. ( )0

1J y  ʻ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʬʫʥʢʮʽʾ ʜʣʷ ʥʝʤʘʨʢʽʚʩʴʢʦʾ 

ʜʠʥʘʤʽʯʥʦʾ ʟʘʜʘʯʽ. 

4. ɺʠʟʥʘʯʘʻʤʦ ()011 : yxx  ʪʘ ( )0

1 1 1: ,y W y x= . 

5. ɼʣʷ ʫʩʽʭ { }2,3,...,t T= ʧʨʠʧʫʩʢʘʻʤʦ ( )1: -= ttt yxx , ( )1: ,t t t ty W y x-= . 

ʇʨʠ ( )0

1J y <+¤ ʥʝʤʘʨʢʽʚʩʴʢʘ ʜʠʥʘʤʽʯʥʘ ʟʘʜʘʯʘ ʤʘʻ ʦʧʪʠʤʘʣʴʥʝ 

ʨʽʰʝʥʥʷ { }T
ttt yx

11,
=- . ʂʨʦʢʠ 4 ʽ 5 ʘʣʛʦʨʠʪʤʫ ʧʦʨʦʜʞʫʶʪʴ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ 

ʦʩʢʽʣʴʢʠ ()yxt  ʚʠʟʥʘʯʘʻ ʚʽʜʧʦʚʽʜʥʝ ʦʧʪʠʤʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʧʨʦʮʝʩʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʪʘʧʽʚ Ttt ,...,1, +  ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʩʪʘʥʫ y. ʊʠʤ 

ʩʘʤʠʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʥʦʚʦʛʦ ʩʪʘʥʫ ()( ), tW y x y , ʜʣʷ ʷʢʦʛʦ ʚʽʜʦʤʦ 

ʦʧʪʠʤʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ()( )( )1 ,t tx W y x y+  ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʧʨʦʮʝʩʫ, ʷʢʠʡ 

ʚʤʽʱʫʻ ʝʪʘʧʠ { }, 1,...,t t T+ . 
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2.3 ʃʦʛʽʢʦ-ʩʝʤʘʥʪʠʯʥʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ 

ʜʘʥʠʭ ʚ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ 

 

ɺʠʟʥʘʯʠʤʦ ʩʠʥʪʘʢʩʠʯʥʽ ʧʨʘʚʠʣʘ P  ʤʦʜʝʣʽ ʉɯʋ, ʱʦ ʚʠʟʥʘʯʝʥʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (2.4) ʽ ʧʨʦʚʝʜʝʤʦ ʡʦʛʦ ʘʨʠʬʤʝʪʠʟʘʮʽʶ ʟʘ ɻʝʜʝʣʝʤ [34], 

[113]. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʬʦʨʤʘʣʴʥʘ ʤʦʜʝʣʴ M  ʤʝʨʝʞʽ ʚʤʽʱʫʻ ʩʠʥʪʘʢʩʠʯʥʽ 

ʧʨʘʚʠʣʘ P, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʢʽʥʮʝʚʦ-ʯʣʝʥʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʭʽʜʥʠʭ 

ʩʠʤʚʦʣʽʚ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʚʠʨʘʟ ʤʦʚʠ ʽ ʢʽʥʮʝʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘʢʠʭ ʚʠʨʘʟʽʚ 

ʟʘʢʦʜʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʫʟʣʠ ʤʝʨʝʞʽ, ʘ ʾʭ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʟʥʘʯʘʻ ʣʘʤʘʥʫ ʣʽʥʽʶ ʤʘʨʰʨʫʪʫ ʇɼ ʥʘ ʤʥʦʞʠʥʽ ʮʽʣʠʭ 

ʜʦʜʘʪʥʽʭ ʯʠʩʝʣ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʦʙʨʘʟʠʪʠ ʫʩʽ ʚʠʨʘʟʠ ʚ ʤʦʜʝʣʽ Mʚʽʜʦʙʨʘʟʠʪʠ 

ʥʘ ʤʥʦʞʠʥʫ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ, ʷʢ ʧʨʘʚʠʣʘ ʽ ʚʽʜʥʦʰʝʥʥʷ ʩʠʥʪʘʢʩʠʯʥʠʭ 

ʧʨʘʚʠʣ P. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʛʽʜʥʦ ʤʝʪʘʪʝʦʨʽʾ, ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʟʤʽʩʪʦʚʥʫ 

ʘʨʠʬʤʝʪʠʢʫ ʜʣʷ ʦʧʠʩʫ ʩʠʥʪʘʢʩʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʉɯʋ ʉʄ ʇɼ.  

 ɺʽʜʧʦʚʽʜʥʦ ʩʧʦʩʦʙʽʚ ʛʝʜʝʣʽʟʘʮʽʾ ʚʠʨʘʟʽʚ ʽ ʾʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʚʠʟʥʘʯʠʤʦ 

ʜʚʽ ʥʫʤʝʨʘʮʽʾ: ʥʫʤʝʨʘʮʽʶ ʬʦʨʤʘʣʴʥʠʭ ʚʠʨʘʟʽʚ ʽ ʥʫʤʝʨʘʮʽʶ ʢʽʥʮʝʚʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʬʦʨʤʘʣʴʥʠʭ ʚʠʨʘʟʽʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʽʥʜʫʢʪʠʚʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʚʝʜʝʤʦ ʚʠʭʽʜʥʽ 

ʦʙôʻʢʪʠ ʨʦʟʛʣʷʜʫ ï ʬʦʨʤʘʣʴʥʽ ʦʙôʻʢʪʠ, ʷʢʠʤʠ ʻ ʝʣʝʤʝʥʪʠ ʩʠʥʪʝʟʦʚʘʥʦʛʦ 

ʤʘʨʰʨʫʪʫ ʇɼ: 

1)  (1)D  - ʬʦʨʤʘʣʴʥʠʡ ʦʙôʻʢʪ;  

2)  ʬʦʨʤʘʣʴʥʽ ʦʙôʻʢʪʠ { }1,2,3,...i ia" = , { }1,2,3,...n nv" = ; 

3) ʷʢʱʦ  ʽ ɓ ʩʫʪʴ ʬʦʨʤʘʣʴʥʽ ʦʙôʻʢʪʠ, ʪʦ 

( ),( ),( ),( ),( )a a a a Eab b b b b+ ³ º   ʩʫʪʴ ʬʦʨʤʘʣʴʥʽ ʦʙôʻʢʪʠ. 

ɺʚʝʜʝʥʠʤ ʬʦʨʤʘʣʴʥʠʭ ʦʙôʻʢʪʘʤ, ʷʢʠʤʠ ʻ ʚʫʟʣʠ ʉʄ, ʦʜʥʦʟʥʘʯʥʠʤ ʯʠʥʦʤ 

ʩʧʽʚʧʦʪʘʚʠʤʦ ʥʘʪʫʨʘʣʴʥʽ ʯʠʩʣʘ ï ʛʝʜʝʣʽʚʩʴʢʽ ʥʦʤʝʨʘ ʮʠʭ ʬʦʨʤʘʣʴʥʠʭ 

ʦʙôʻʢʪʽʚ. ʂʦʞʥʦʤʫ ʚʠʭʽʜʥʦʤʫ ʦʙôʻʢʪʫ ʩʧʽʚʩʪʘʚʣʷʻʪʴʩʷ ʯʠʩʣʦ, ʘ ʢʦʞʥʽʡ 

ʧʦʨʦʜʞʫʶʯʽʡ ʦʧʝʨʘʮʽʾ ʘʨʠʬʤʝʪʠʯʥʘ ʦʧʝʨʘʮʽʷ, ʷʢʘ ʧʦ ʛʝʜʝʣʽʚʩʴʢʠʤ ʥʦʤʝʨʘʤ 

ʚʠʭʽʜʥʠʭ ʦʙôʻʢʪʽʚ ʜʘʻ ʛʝʜʝʣʽʚʩʴʢʠʡ ʥʦʤʝʨ ʧʦʨʦʜʞʫʻʤʦʛʦ ʦʙôʻʢʪʫ, ʘ ʩʘʤʝ: 



72 
 

ï ʛʝʜʝʣʽʚʩʴʢʠʤ ʥʦʤʝʨʦʤ ʦʙôʻʢʪʫ 1 ʙʫʜʝ 1; 

ï ʛʝʜʝʣʽʚʩʴʢʠʤ ʥʦʤʝʨʦʤ ʦʙôʻʢʪʫ ʚʠʜʫ ka  ʙʫʜʝ  14 +k ; 

ï ʛʝʜʝʣʽʚʩʴʢʠʤ ʥʦʤʝʨʦʤ ʦʙôʻʢʪʫ  ʚʠʜʫ  vk
 ʙʫʜʝ k4  . 

ʗʢʱʦ a ʻ ʛʝʜʝʣʽʚʩʴʢʠʡ ʥʦʤʝʨ ʦʙôʻʢʪʫ a, ʘ b ï ʛʝʜʝʣʽʚʩʴʢʠʡ ʥʦʤʝʨ 

ʦʙôʻʢʪʫ b, ʪʦ ʛʝʜʝʣʽʚʩʴʢʠʡ ʥʦʤʝʨ ʦʙôʻʢʪʫ  

( )a b+  ʙʫʜʝ 4. 3(1, , ) 2a bJ + , 

( )a b³  ʙʫʜʝ 4. 3(2, , ) 2a bJ + , 

( )a bº    ʙʫʜʝ 4. 3(3, , ) 3a bJ + , 

( )a b   ʙʫʜʝ 4. 3(4, , ) 3a bJ + , 

( )Eab      ʙʫʜʝ 4. 3(5, , ) 3a bJ + , 

 ʜʝ  J3
 ʻ ʯʠʩʣʦʚʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʥʫʤʝʨʫʻ ʪʨʽʡʢʠ ʯʠʩʝʣ: 

            3 2 2( , , ) ( , ( , ))J a b c J a J b c= , ʜʝ 
2

1
( , ) ( 1) ( 2)

2
J k l k l k l l= + - ³ + - +. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʛʝʜʝʣʽʟʘʮʽʾ ʜʦʟʚʦʣʷʻ ʢʦʞʥʦʤʫ ʪʠʧʫ ʬʦʨʤʘʣʴʥʠʭ 

ʦʙôʻʢʪʽʚ ʦʜʥʦʟʥʘʯʥʦ ʩʧʽʚʧʦʩʪʘʚʣʷʪʠ ʢʣʘʩʠ ʯʠʩʝʣ ï ʛʝʜʝʣʽʚʩʴʢʠʭ ʥʦʤʝʨʽʚ ʮʠʭ 

ʦʙôʻʢʪʽʚ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʉʄ ʇɼ ʬʦʨʤʘʣʴʥʠʤ ʦʙôʻʢʪʘʤ ʪʠʧʫ ὺ 

ʩʧʽʚʩʪʘʚʣʷʻʪʴʩʷ ʢʣʘʩ ʯʠʩʝʣ, ʷʢʽ ʜʽʣʷʪʴʩʷ ʙʝʟ ʦʩʪʘʯʽ ʥʘ 4. 

 ʅʘ ʤʥʦʞʠʥʽ ʬʦʨʤʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʤʝʨʝʞʽ ʨʝʢʫʨʩʠʚʥʦ ʚʠʟʥʘʯʠʤʦ 

ʩʠʥʪʘʢʩʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʬʫʥʢʮʽʾ, ʱʦ ʟʘʜʘʥʽ ʥʘ ʮʠʭ ʦʙôʻʢʪʘʭ ʤʝʨʝʞʽ. 

 ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʟʤʽʥʥʘ 1-ʛʦ ʚʠʜʫ (ʢʚʘʥʪʠʬʽʢʫʶʯʘ ʟʤʽʥʥʘ) -  

1 1( ) : ( ) ( ),n a nʇ ʘ ʇ ʘ a a<$ =           

ɿʤʽʥʥʘ 2-ʛʦ ʚʠʜʫ (ʚʽʣʴʥʘ ʟʤʽʥʥʘ) - 2 2( ) : ( ) ( ),n a nʇ ʘ ʇ ʘ a v<$ =  

ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʯʠʩʣʦʚʠʡ ʧʨʝʜʠʢʘʪ çʙʫʪʠ ʟʤʽʥʥʦʶè ()( )ʇa  ʚʠʟʥʘʯʘʻʪʴʩʷ, 

ʷʢ: 1 2( ) ( ) ( )ʇ ʘ ʇ ʘ ʇ ʘ¹ Ù . 

 ʂʦʞʥʦʤʫ ʩʠʥʪʘʢʩʠʯʥʦʤʫ ʧʨʝʜʠʢʘʪʫ, ʚʠʟʥʘʯʝʥʦʤʫ ʥʘ ʤʥʦʞʠʥʽ 

ʬʦʨʤʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ, ʣʝʛʢʦ ʩʧʽʚʧʦʩʪʘʚʠʪʠ ʫ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʥʠʡ 

ʯʠʩʣʦʚʠʡ ʧʨʝʜʠʢʘʪ, ʷʢʠʡ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʻ ʩʠʥʪʘʢʩʠʯʥʦʤʫ ʧʨʝʜʠʢʘʪʫ, 
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ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʯʠʩʣʘʭ, ʷʢʽ ʻ ʛʝʜʝʣʽʚʩʴʢʠʤʠ ʥʦʤʝʨʘʤʠ ʬʦʨʤʘʣʴʥʠʭ 

ʦʙôʻʢʪʽʚ, ʥʘ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʩʠʥʪʘʢʩʠʯʥʠʡ ʧʨʝʜʠʢʘʪ.  

 ɼʣʷ ʚʚʝʜʝʥʠʭ ʚʠʱʝ ʩʠʥʪʘʢʩʠʯʥʠʭ ʧʨʝʜʠʢʘʪʽʚ ʚʢʘʞʝʤʦ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʯʠʩʣʦʚʽ ʧʨʝʜʠʢʘʪʠ: 

 1( )aʇ  ʚʽʜʧʦʚʽʜʘʻ 1( ) ( ( ,4) 0)a rm aʇ ¹ = , 

 2( )aʇ ʚʽʜʧʦʚʽʜʘʻ 2( ) ( ( ,4) 1)a rm aʇ ¹ =, 

 ( )aʇ  ʚʽʜʧʦʚʽʜʘʻ )()()( 21 ʘʇʘʇaʇ Ù¹  

ʜʝ ( , )rm a bï ʧʨʠʤʽʪʠʚʥʦ ʨʝʢʫʨʩʠʚʥʘ ʬʫʥʢʮʽʷ ï çʦʩʪʘʯʘ ʚʽʜ ʜʽʣʝʥʥʷ a  ʥʘ 

bè. 

 ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʨʝʢʫʨʩʠʚʥʝ ʧʦʥʷʪʪʷ ʪʝʨʤʘ ()T a  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʫ 

ʚʠʛʣʷʜʽ: 

()

1

( ),

,

,

a D

ʇ ʘ
T a

a

a

b g

b g

=ë
î
î
ì
= +î

î= ³í

 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʷʚʥʦʛʦ ʟ 

ʦʙʤʝʞʝʥʠʤʠ ʢʚʘʥʪʦʨʘʤʠ: 

1( ) ( ) ( ) ( ) ( ) (( ( ) & ( ) & ( ))

( ) ( ) ( ( ) & ( ) & ( ))

ʘ ʘ

ʘ ʘ

ʊ ʘ ʘ D ʇ ʘ T T a

ʊ T a

b g b g b g

b g b g b g

= = Ù Ù $ $ = + Ù

Ù $ $ = ³
 

ɺ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʩʣʦʚʠʤ ʧʨʝʜʠʢʘʪʦʤ ʜʣʷ ʧʨʝʜʠʢʘʪʘ çʙʫʪʠ 

ʪʝʨʤʦʤè ʙʫʜʝ ʧʨʝʜʠʢʘʪ ()T a , ʚʠʟʥʘʯʝʥʠʡ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

3

3

1

,
( )

4 (1, , ) 2, ( ) ( ),

4 (2, , ) 2, ( ) ( ),

a

a ʇ
T a

ʘ J b c ʜʝʊ b ʽT c

ʘ J b c ʜʝʊ b ʽT c

=ë
î
Íî

=ì
= ³ +î

î = ³ +í

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʨʤʠ ʽ ʬʦʨʤʫʣʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʚʘʟʽʪʝʨʤʽʚ ʽ ʢʚʘʟʽʬʦʨʤʫʣ 

ʥʝ ʤʽʩʪʷʪʴ ʚʽʣʴʥʠʭ ʚʭʦʜʞʝʥʴ ʢʚʘʥʪʠʬʽʢʫʶʯʠʭ ʟʤʽʥʥʠʭ, ʪʦʙʪʦ ʟʤʽʥʥʠʭ 

ʚʠʛʣʷʜʫ kv . 



74 
 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʠʥʪʘʢʩʠʯʥʠʡ ʧʨʝʜʠʢʘʪ, ʷʢʠʤ ʜʣʷ ʉʄ ʻ ʬʫʥʢʮʽʷ, ʷʢʘ 

ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʥʝ ʟʘʯʝʥʥʷ ʝʣʝʤʝʥʪʫ ʤʘʨʰʨʫʪʫ ʇɼ, ʻ ʧʨʠʤʽʪʠʚʥʦ 

ʨʝʢʫʨʩʠʚʥʠʤ, ʽ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻ ʚʽʜʧʦʚʽʜʥʠʡ ʡʦʤʫ ʯʠʩʣʦʚʠʡ ʧʨʝʜʠʢʘʪ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʫʩʽ ʩʠʥʪʘʢʩʠʯʥʽ ʧʦʥʷʪʪʷ ʽ ʫʩʽ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʯʠʩʣʦʚʽ 

ʧʨʝʜʠʢʘʪʠ ʽ ʬʫʥʢʮʽʾ ʻ ʨʝʢʫʨʩʠʚʥʠʤʠ ʘʙʦ  ʨʝʢʫʨʩʠʚʥʦ ʧʝʨʝʦʙʯʠʩʣʝʥʠʤʠ ʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʚ ʉɯʋ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ, ʷʢʘ ʤʽʩʪʠʪʴ 

ʨʝʢʫʨʩʠʚʥʫ ʘʨʠʬʤʝʪʠʢʫ. 

 

2.4 ɺʠʟʥʘʯʝʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ  ʧʦʢʘʟʥʠʢʽʚ 

ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʩʝʥʩʦʨʥʠʭ 

ʤʝʨʝʞ 

 

ʋʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ ɺʊ ʻ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʚʜʘʥʴ 

ʦʨʛʘʥʽʟʘʮʽʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞ. ʉʠʥʪʝʟ ʽ ʚʠʙʽʨ ʨʽʰʝʥʴ ʱʦʜʦ ʩʪʨʘʪʝʛʽʡ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʽ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʫ ʇɼ ʚ ʤʝʨʝʞʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʮʽʥʠ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʝʨʝʞʽ, ʱʦ ʻ 

ʛʝʛʝʣʽʚʩʴʢʠʤ ʦʙôʻʢʪʦʤ, ʚʽʜʧʦʚʽʜʥʦ ʤʝʪʨʠʢʠ ʤʝʨʝʞʽ.  

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʦʙʨʘʥʦʾ ʤʝʪʨʠʢʠ ʤʝʨʝʞʽ ʤʝʪʦʶ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ 

ʉʄ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʣʷʭʫ ʥʘ ʛʨʘʬʽ, ʷʢʽʡ ʚʽʜʦʙʨʘʞʘʻ ʪʦʧʦʣʦʛʽʶ ʉʄ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʽ ʪʦʧʦʣʦʛʽʾ ʉʄ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ 

ʤʝʨʝʞʽ ʟʘ ʫʤʦʚ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʘʣʫʯʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ ʻ ʢʣʶʯʦʚʦʶ. ʇʨʦʮʝʩʠ 

ʚ ʉʄ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʚ ʧʨʠʧʫʱʝʥʥʽ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʨʰʨʫʪʫ ʚʫʟʣʘ 

ʜʞʝʨʝʣʘ ʜʦ ʚʫʟʣʘ-ʦʪʨʠʤʫʚʘʯʘ ʇɼ ʧʨʠ ʨʝʟʝʨʚʫʚʘʥʥʽ ʯʘʩʪʢʠ ʧʨʦʧʫʩʢʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʢʘʥʘʣʽʚ.  

ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʤʦʜʝʣʴ ʉʄ ʟ ʟʘʷʚʢʘʤʠ ʥʘ ʧʦʩʣʽʜʦʚʥʫ ʚ ʯʘʩʽ 

ʧʝʨʝʜʘʯʫ ʇɼ ʤʽʞ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʝʚʨʠʩʪʠʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʫʩʽʢʘʥʥʷ ʚʘʨʽʘʥʪʽʚ [85], [89] ʟʘ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʡʙʽʣʴʰʦʛʦ ʩʫʤʘʨʥʦʛʦ ʦʙôʻʤʫ ʪʨʘʬʽʢʫ ʽ ʤʽʥʽʤʽʟʘʮʽʾ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ  ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʇɼ.   

ɻʘʨʘʥʪʦʟʜʘʪʥʽʩʪʴ ʉʄ ʇɼ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ 
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ʪʝʭʥʦʣʦʛʽʯʥʦ ʽʤʧʣʝʤʝʥʪʦʚʘʥʠʤʠ ʚ ʇɿ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʟʘʩʦʙʘʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽ ʮʽʣʽʩʥʦʩʪʽ ʧʨʠ ʦʙʤʽʥʽ ʜʘʥʠʤʠ ï ʟʘʩʦʙʘʤʠ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʤʠ ʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ (ʂɿɯ), ʱʦ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ  ʧʨʦʬʽʣʝʤ 

ʟʘʭʠʱʝʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʚʝʥʴ ʛʘʨʘʥʪʽʡ ʙʝʟʧʝʢʠ ʤʝʨʝʞʽ [95], [96], [99], [102].  

ɿʘ ʥʘʷʚʥʦʩʪʽ ʧʨʦʘʢʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʘʥʪʠʚʽʨʫʩʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʉʄ 

ɺʊ ʇɼ ʽ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ (ʉɿɯ) ʚ ʩʢʣʘʜʽ ʇɿ ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʪʘ ʂɿɯ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʛʘʨʘʥʪʦʟʜʘʪʥʽʩʪʴ ʉɯʋ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʤʝʨʝʞʽ.  

ʄʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʤʝʨʝʞʽ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʄ ʚ ʨʘʟʽ ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, 

ʚʽʜʤʦʚ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʚʧʣʠʚʽʚ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʩʪʘʥ ʤʝʨʝʞʽ. 

ʄʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʉʄ ʇɼ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʚ'ʷʟʢʦʚʠʤ ʛʨʘʬʦʤ 

 ( ),G V E= ,                                                        (2.14) 

ʜʝ V  - ʤʥʦʞʠʥʘ ʚʫʟʣʽʚ ʛʨʘʬʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʉʄ, E - ʤʥʦʞʠʥʘ ʨʝʙʝʨ ʛʨʘʬʘ, ʱʦ 

ʟôʻʜʥʫʻ ʚʫʟʣʠ ʽ ʚʽʜʦʙʨʘʞʘʻ ʤʦʞʣʠʚʠʡ ʤʘʨʰʨʫʪ ʇɼ.  

ʂʦʞʥʦʤʫ ʨʝʙʨʫ { },ij E i j Ve Í " Íʛʨʘʬʘ G  ʧʦʩʪʘʚʣʝʥʦ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʥʝʚʽʜ'ʻʤʥʝ ʯʠʩʣʦ 0ijc ² , ʱʦ ʚʠʟʥʘʯʘʻ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʨʝʙʨʘ, ʷʢ ʬʫʥʢʮʽʷ ʮʽʥʠ 

ʧʨʠ ʧʝʨʝʜʘʯʽ ʇɼ.  ɺʚʝʜʝʤʦ ʪʘʢʝ ʧʦʥʷʪʪʷ ʇɼ f  ʤʽʞ ʚʝʨʰʠʥʘʤʠ s  ̔ t, ʷʢʘ ʻ 

ʜʦʜʘʪʥʴʦʶ ʬʫʥʢʮʽʻʶ ʥʘ ʨʝʙʨʘʭ ʛʨʘʬʘ G  0
ijf ²  ʟʘ ʫʤʦʚʠ ʪʦʛʦ, ʱʦ ʇɼ ʥʝ 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʧʨʦʤʽʞʥʠʭ ʚʫʟʣʘʭ ʤʝʨʝʞʽ ʤʽʞ ʚʫʟʣʘʤʠ  sʽ t , ʪʦʙʪʦ  

{ }, , ,
ki ij

k j

i V i s tf f= " Í ¸ä ä                                      (2.15) 

ʽ ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʢʘʥʘʣʫ ʇɼ , ʘ ʩʘʤʝ ijijf c¢  ʽ ij Ee Í . 

ɿʘʣʠʰʢʦʚʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʨʝʙʨʘ ije  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʨʝʙʨʘ ʽ ʇɼ ʧʦ ʥʴʦʤʫ, ʪʦʙʪʦ f
ij ij ij

fc c= - . ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʟ ʛʨʘʬʫ ʤʝʨʝʞʽ G  

ʦʪʨʠʤʫʻʤʦ ʟʘʣʠʰʢʦʚʫ ʤʝʨʝʞʫ ( )' , fG V E= , ʚ ʷʢʽʡ ʟʘʣʠʰʘʶʪʴʩʷ ʨʝʙʨʘ ʟ ʜʦʜʘʪʥʦʶ 

ʟʘʣʠʰʢʦʚʦʶ ʧʨʦʧʫʩʢʥʦʶ ʩʧʨʦʤʦʞʥʽʩʪʶ. 

ɺʠʥʠʢʥʝʥʥʽ ʇɼ ʚ ʉʄ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʦʷʚʘ ʟʘʷʚʢʠ ʚ ʤʝʨʝʞʽ ʤʽʞ ʧʘʨʦʶ 
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ʚʝʨʰʠʥ  ʟ ʤʥʦʞʠʥʠ { } { }{ }1 1, ,... ,n ns t s t  ʧʦʣʶʩʽʚ.  ʏʘʩ ʞʠʪʪʷ ʟʘʷʚʦʢ ʦʙʤʝʞʝʥʠʡ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʟʘʷʚʦʢ ʟʘ ʫʤʦʚʠ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʤʘʨʰʨʫʪʫ ʇɼ ʤʽʞ ʧʦʣʶʩʘʤʠ. 

ʊʠʤ ʩʘʤʠʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʚʽʣʴʥʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʨʝʙʝʨ 

ʤʝʨʝʞʽ.ʟʚʠʯʘʡʥʦ - ʷʢʱʦ ʟʘʷʚʢʘ ʙʫʣʘ ʟʘʜʦʚʦʣʝʥʘ, ʽ ʤʘʨʰʨʫʪ ʤʽʞ ʧʦʣʶʩʘʤʠ ʙʫʚ 

ʧʨʦʢʣʘʜʝʥʠʡ, ʪʦ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ ʟʘʷʚʢʘ ʩʢʠʜʘʻʪʴʩʷ, ʟʚʽʣʴʥʷʶʯʠ 

ʚʽʜʧʦʚʽʜʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʨʝʙʝʨ ʤʝʨʝʞʽ.  ʄʥʦʞʠʥʘ ʇɼ ʤʽʞ ʢʦʞʥʦʶ ʧʘʨʦʶ 

ʧʦʣʶʩʽʚ ʯʝʨʝʟ ʚʫʟʦʣ ʻ ʧʨʦʜʫʢʪʦʤ { },m ms t ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʜʫʢʪʦʤ mv . 

ɺ ʷʢʦʩʪʽ ʦʙʤʝʞʝʥʦʛʦ ʨʝʩʫʨʩʫ ʉʄ, ʱʦ ʚʠʟʥʘʯʘʻ ʬʫʥʢʮʽʶ ʮʽʥʠ, ʦʙʨʘʥʦ 

ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʢʘʥʘʣʽʚ ʟʚô̫ʟʢʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʨʝʙʨʘ (ʜʫʛʠ) ʤʦʜʝʣʽ 

ʤʝʨʝʞʽ G . 

 ʄʥʦʞʠʥʘ ʨʝʙʝʨ, ʚʠʜʘʣʝʥʥʷ ʷʢʠʭ ʨʦʟʨʠʚʘʻ ʤʝʨʝʞʫ ʥʘ ʢʽʣʴʢʘ ʥʝʟʚ'ʷʟʥʠʭ ʤʽʞ 

ʩʦʙʦʶ ʯʘʩʪʠʥ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʧʦʣʶʩʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʤʝʨʝʞʽ, 

ʚʠʟʥʘʯʘʻ ʤʥʦʞʠʥʫ mÁ  - ʤʥʦʞʠʥʫ ʤʽʥʽʤʘʣʴʥʠʭ ʨʦʟʨʽʟʽʚ ʢʦʞʥʦʛʦ ʧʨʦʜʫʢʪʫ mv  ʪʘ 

ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʮʠʭ ʨʦʟʨʽʟʽʚ - mR .  ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʤʝʨʝʞʽ ʜʠʩʢʨʝʪʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʚʫʟʣʽʚ ʉʄ 

ʇɼ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʚʨʠʩʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʫʩʽʢʘʥʥʷ ʚʘʨʽʘʥʪʽʚ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʰʫʢʫ ʤʘʨʰʨʫʪʫ ʇɼ ʥʘʡʤʝʥʰʦʾ ʚʘʨʪʦʩʪʽ, ʧʨʠʯʦʤʫ ʟʥʘʯʝʥʥʷ 

ʚʘʨʪʦʩʪʽ ʧʨʠʩʚʦʶʶʪʴʩʷ ʨʝʙʨʘʤ ʤʝʨʝʞʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʤʽʥʽʤʘʣʴʥʠʭ 

ʨʦʟʨʽʟʽʚ ʧʨʦʜʫʢʪʫ ʽ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 

(hops) ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʤʘʨʰʨʫʪʫ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʚʠʟʥʘʯʝʥʥʷ ʚʘʨʪʦʩʪʽ ʜʫʛ ʤʦʜʝʣʽ ʤʝʨʝʞʽ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʬʫʥʢʮʽʾ ʮʽʥʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʫʙʦʧʪʠʤʘʣʴʥʠʡ ʤʽʥʽʤʘʣʴʥʦ-ʨʦʟʨʽʟʥʠʡ ʘʣʛʦʨʠʪʤ, ʱʦ 

ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʩʠʥʪʝʟ ʽ ʚʠʙʽʨ ʤʘʨʰʨʫʪʫ ʇɼ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʝʙʝʨ ʛʨʘʬ-ʤʦʜʝʣʽ 

ʉʄ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʨʝʟʝʨʚ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʢʘʥʘʣʽʚ ʽ ʤʽʥʽʤʘʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʤʘʨʰʨʫʪʫ. ʊʘʢʠʡ ʘʣʛʦʨʠʪʤ ʟʘʙʝʟʧʝʯʫʻ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʷʚʦʢ. 
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 2.5 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ  ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ 

ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ 

 

ʉʠʥʪʝʟ ʽ ʚʠʙʽʨ ʨʽʰʝʥʥʷ ʉɯʋ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʴ, ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ  ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʝʚʥʦʾ ʘʣʴʪʝʨʥʘʪʠʚʠ, 

ʦʪʨʠʤʘʥʦʾ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʽ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʩʚʽʡ ʩʪʘʥ ʉʄ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʧʘʤ'ʷʪʽ ʽ ʤʦʪʠʚʘʮʽʾ ʩʠʥʪʝʟʫʻʪʴʩʷ ʤʝʪʘ, ʷʢʘ ʧʦʨʷʜ ʟ ʽʥʰʠʤʠ ʜʘʥʠʤʠ 

ʩʧʨʠʡʤʘʻʪʴʩʷ ɯʇ ʚʫʟʣʘ ʉɯʋ. 

 ʈʦʙʦʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʝʦʨʝʪʠʯʥʠʭ ʧʝʨʝʜʫʤʦʚʘʭ. 

 ɺʠʟʥʘʯʠʤʦ ʤʥʦʞʠʥʫ ʢʨʠʪʝʨʽʾʚ ʘʙʦ ʩʠʪʫʘʮʽʡ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ 

n-ʤʽʨʥʠʤ ʚʝʢʪʦʨʦʤ, ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʛʦ , 1,i i nh R
+Í " =  ʦʧʠʩʫʶʪʴ ʩʧʦʩʽʙ, 

ʷʢʽʩʪʴ ʘʙʦ ʧʝʨʝʜʫʤʦʚʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘ 

ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʥʘʣʝʞʠʪʴ ʩʢʽʥʯʝʥʥʽʡ ʚʧʦʨʷʜʢʦʚʘʥʽʡ ʤʥʦʞʠʥʽ ʤʦʞʣʠʚʠʭ 

ʟʥʘʯʝʥʴ n. ʇʨʠ ʮʴʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʥʦʞʠʥʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 

( ) 1 21 2,...,, ... nnh h h H H HÍ ³ ³ ³.                                  (2.16) 

ʅʘʙʦʨʫ ʚʝʢʪʦʨʽʚ (2.16) ʧʨʠʧʠʩʫʶʪʴ ʟʥʘʯʝʥʥʷ , 1,..., ,
j

j k k ny = ¢, ʱʦ 

ʚʩʪʘʥʦʚʣʶʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʝʚʥʦʾ ʤʥʦʞʠʥʠ ʥʘʙʦʨʽʚ ʧʝʨʝʜʫʤʦʚ ih  ʽ ʩʪʨʘʪʝʛʽʾ 

ʫʧʨʘʚʣʽʥʥʷ 
iy . 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʝ ʙʫʪʠ ʦʙʨʘʥʘ ʬʫʥʢʮʽʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʤʥʦʞʠʥʫ 

ʩʪʨʘʪʝʛʽʚʡ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ  

{ } [ ]

1 2

1 2

: ...

, ,..., 0,...,1 , 1,..., ,

n

n j

f YH H H

Y j k k ny y y y

³ ³ ³ è
é
= " Í = ¢éê

.                    (2.17) 

ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʩʠʥʪʝʟ ʽ ʚʠʙʽʨ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ 

ʬʦʨʤʘʣʴʥʦ ʤʘʻ ʚʠʛʣʷʜ ʪʘʙʣʠʮʽ, ʷʢʘʢ ʟʘʜʘʻʪʴʩʷ ʥʘʙʦʨʘʤʠ ʤʘʨʰʨʫʪʽʚ 

( )( )1 2,...,, , , 1,...,n j
j kyh h h " = .                                  (2.18) 
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 ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʪʘʙʣʠʮʷ, ʷʢʘ ʚʠʟʥʘʯʝʥʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (2.17) ʽ (2.18) ʤʘʻ ʚʝʣʠʢʠʡ ʨʦʟʤʽʨ ʤʥʦʞʠʥʫ ʩʪʨʘʪʝʛʽʡ ʜʣʷ 

ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʫ ʇɼ ʚ ʉʄ ɺʊ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʛʝʜʝʣʽʚʩʴʢʠʤʠ ʧʘʨʘʤʠ, ʷʢ 

ʨʝʙʨʘʤʠ ʛʨʘʬ-ʤʦʜʝʣʽ ʉʄ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʦʨʤʘʣʴʥʽʡ ʤʦʜʝʣʽ (2.4) 

( )( )1 2,...,, , , 1,...,n j
j kys s s " = ,                              (2.19) 

ʜʝ , 1,...,i i ns =  - ʧʽʜʤʥʦʞʠʥʘ ih , ( )1 2,...,, ns s s - ʩʪʨʘʪʝʛʽʾ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʤʘʨʰʨʫʪʠ ʇɼ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʧʦʚʥʽʡ ʩʠʩʪʝʤʽ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ (2.19) ʟʛʽʜʥʦ ʢʨʠʪʝʨʽʶ 

(2.14) ʦʙʠʨʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʤʘʨʰʨʫʪʫ ʇɼ ʚ ʤʝʨʝʞʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʡʥʷʪʦʛʦ ʨʽʰʝʥʥʷ ʚʠʨʦʙʣʷʻʪʴʩʷ ʫʧʨʘʚʣʽʥʥʷ ʱʦʜʦ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ ʉʄ ʥʘ ʤʘʨʰʨʫʪʽ ʚʽʜ ʚʫʟʣʘ-ʚʽʜʧʨʘʚʥʠʢʘ. ʇʦ 

ʟʘʢʽʥʯʝʥʥʶ ʇɼ ʚʫʟʦʣ-ʚʽʜʧʨʘʥʠʢ ʜʦ ʚʫʟʣʘ-ʦʪʨʠʤʫʚʘʯʘ ʇɼ. ʇʦ ʟʘʚʝʨʰʝʥʥʶ 

ʇɼ ʚʫʟʦʣ-ʚʽʜʧʨʘʚʥʠʢ ʟʘʚʝʨʰʫʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʷʚʢʠ ʥʘ ʇɼ. 

ɺʠʭʦʜʷʯʠ ʟ ʪʦʧʦʣʦʛʽʯʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʄ 

ɺʊ, ʩʠʥʪʝʟʫʻʤʦ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʫ ʤʦʜʝʣʴ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʨʽʰʝʥʴ ʱʦʜʦ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʚʫʟʣʽʚ ʤʝʨʝʞʽ 

ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʟʘʜʘʯʫ ʩʠʥʪʝʟʫ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʷʢ ʟʘʜʘʯʫ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʢʦʥʬʣʽʢʪʫ ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʨʠʥʮʠʧʫ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʪʘ ʧʨʘʚʠʣʫ ʟʫʧʠʥʢʠ, ʷʢ ʟʘʜʘʯʫ ʜʠʥʘʤʽʯʥʦʾ ʜʠʩʢʨʝʪʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʴ M  ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʉʄ ɺʊ ʟʘ ʫʤʦʚʠ ʟʘʤʢʥʝʥʦʩʪʽ 

ʧʨʦʩʪʦʨʫ  ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʄ ɺʊ Q  ʟ ʛʨʘʥʠʮʝʶ ( )ʛʨɻ Q. ʇʨʠ ʮʴʦʤʫ 

ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ ʧʦʚôʷʟʘʥʘ ʥʝ ʪʽʣʴʢʠ ʟ ʢʽʣʴʢʽʩʪʶ ʘʢʪʠʚʥʠʭ 

ʚʫʟʣʽʚ ʉʄ, ʘ ʽ ʟ ʛʝʪʝʨʝʛʦʥʥʽʩʪʶ ʤʝʨʝʞʽ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʤʦʞʣʠʚʽʩʪʶ ʚʠʭʦʜʫ ʚ 

ʩʝʛʤʝʥʪ ʤʝʨʝʞ Internet ʽ Intranet, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʟʘ 

ʤʦʜʝʣʣʶ OSI. 

ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʤʦʜʝʣʴ M  ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ ʉʄ ʚ ʪʦʧʦʣʦʛʽʯʥʽʡ ʩʭʝʤʽ, ʷʢʘ 

ʚʽʜʦʙʨʘʞʘʻ ʥʘʷʚʥʽʩʪʴ ʨʝʙʝʨ ʛʨʘʬʫ ʤʝʨʝʞʽ (2.14) 
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1

N
i

i

M M
=

= ,                                                  (2.20) 

ʜʝ N - ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʉʄ; iM - ʯʘʩʪʢʦʚʘ ʤʦʜʝʣʴ i-ʛʦ ʚʫʟʣʘ ʉʄ, ʷʢʘ 

ʚʽʜʦʙʨʘʞʘʻ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚôʷʟʢʽʚ ʟ ʽʥʰʠʤʠ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ - 

ʨʝʙʨʘʤʠ ʛʨʘʬʫ (2.14) ʽ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ 

, ,i i i i

ʧʨM ɹ F ɻ=  ,                                          (2.21) 

ʘ ʤʥʦʞʠʥʠ i
ʧʨɻ  ʚʠʟʥʘʯʘʶʪʴ ʛʨʘʤʘʪʠʢʫ ʪʘ ʧʨʘʚʠʣʘ ʫʪʚʦʨʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʚ ʧʨʦʩʪʦʨʽ Q .  

1

N
i

ʧʨ ʧʨ

i

ɻɻ
=

= .                                       (2.22) 

ʊʦʙʪʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (2.11) ʚʚʦʜʠʪʴʩʷ 

ʧʦʥʷʪʪʷ ʤʦʚʠ ʜʣʷ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʨʽʰʝʥʥʷʤ 

ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʪʦʧʦʣʦʛʽʾ ʉʄ ɺʊ ʚ ʧʨʦʩʪʦʨʽ Q . 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʚʘ ʻ ʥʝʩʢʽʥʯʝʥʥʦʶ ʤʥʦʞʠʥʦʶ, ʘ ʥʝʩʢʽʥʯʝʥʥʽ 

ʦʙ'ʻʢʪʠ ʚʘʞʢʦ ʟʘʜʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʩʪʠʤ ʧʝʨʝʨʘʭʫʚʘʥʥʷʤ ʝʣʝʤʝʥʪʽʚ [33], 

[38]. ɹʫʜʴ-ʷʢʠʡ ʢʽʥʮʝʚʠʡ ʤʝʭʘʥʽʟʤ ʟʘʜʘʚʘʥʥʷ ʤʦʚʠ ʻ ʛʨʘʤʘʪʠʢʦʶ. ɺ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (2.11) ʮʝ i

ʧʨɻ .  

ɺ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ (2.21) ʪʘ (2.22) ʙʘʟʠʩ iɹ ʚʠʟʥʘʯʘʻ ʧʦʪʝʥʮʽʡʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ i-ʛʦ ʚʫʟʣʘ ʉʄ ʪʘ ʽʥʰʠʤʠ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʤʦʞʣʠʚʦʩʪʝʡ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʝʪʝʨʠʩʪʠʢ ʟʚôʷʟʢʽʚ 

(ʨʝʙʝʨ ʛʨʘʬʫ ʤʝʨʝʞʽ) ʚ ʧʨʦʩʪʦʨʽ Q  

( ), ,i i i iɹ X Y A= ,                                             (2.23) 

ʜʝ 
iX  - ʤʥʦʞʠʥʠ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʦʛʦ ʤʽʩʮʷ ʟʥʘʭʦʜʞʝʥʥʷ i-ʛʦ ʚʫʟʣʘ 

ʤʝʨʝʞʽ ʚ ʧʨʦʩʪʦʨʽ Q, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʤʥʦʞʠʥʠ ʢʝʨʫʻʤʠʭ ʪʘ 

ʥʘʧʽʚʢʝʨʫʻʤʠʭ ʩʪʘʥʽʚ ʚ ʧʨʦʩʪʦʨʽ ʧʘʨʘʤʝʪʨʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʨʠʧʫʱʝʥʥʷʤ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʧʨʦʛʥʦʟʫ ʧʝʨʝʤʽʱʝʥʥʷ i-ʛʦ ʚʫʟʣʘ; ʤʥʦʞʠʥʘ 
iY  

ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨʝʤʽʱʝʥʥʷ i-ʛʦ ʚʫʟʣʘ ʚ ʧʨʦʩʪʦʨʽ ʢʝʨʦʚʘʥʠʭ 
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ʽ ʥʘʧʽʚʢʝʨʦʚʘʥʠʭ ʩʪʘʥʽʚ ʪʘ ʚʨʘʭʦʚʫʻ ʥʘʷʚʥʽ ʨʝʩʫʨʩʠ ʫʧʨʘʚʣʽʥʥʷ ʱʦʜʦ ʟʤʽʥʠ 

ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʨʰʨʫʪʠʟʘʮʽʾ (ʱʽʣʴʥʦʩʪʽ ʇɼ ʟʘ ʥʘʧʨʷʤʢʦʤ 

ʧʝʨʝʜʘʯʽ) i-ʛʦ ʚʫʟʣʘ ʤʝʨʝʞʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʨʠʧʫʱʝʥʥʷʤ 
iA, ʷʢʝ ʚʨʘʭʦʚʫʻ 

ʧʨʦʛʥʦʟ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʜʠʥʘʤʽʢʫ ʪʘ ʥʝʙʝʟʧʝʯʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ i-ʛʦ ʚʫʟʣʘ 

ʱʦʜʦ ʚʫʟʣʘ-ʚʽʜʧʨʘʚʥʠʢʘ (ʽʥʽʮʽʘʪʦʨʘ ʇɼ) ʜʣʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
iF , ʚʨʘʭʦʚʫʻ 

ʧʨʦʛʥʦʟ, ʜʠʥʘʤʽʢʫ ʪʘ ʙʝʟʧʝʯʥʽʩʪʴ ʤʘʨʰʨʫʪʫ ʇɼ ʚ ʧʨʦʩʪʦʨʽ Q  ʟ ʙʘʟʠʩʦʤ 
iɹ. 

ɼʣʷ ʉʄ ʚ ʮʽʣʦʤʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʩʪʘʥʫ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

1

N
i

i

A A
=

= . 

ɿʥʘʯʝʥʥʷ 
iF  ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (2.21) ʚʠʟʥʘʯʘʻ ʚʣʘʩʪʠʚʦʩʪʽ i-ʛʦ ʚʫʟʣʘ ʧʨʠ 

ʧʦʙʫʜʦʚʽ ʤʘʨʰʨʫʪʫ ʇɼ ʚ ʧʨʦʩʪʦʨʽ Q  

( ), ,i i i ij

x cF f f d= ,                                             (2.24) 

ʜʝ ixf  - ʟʛʣʘʜʞʝʥʽ ʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʜʣʷ i-ʛʦ ʚʫʟʣʘ ʚ ʧʨʦʩʪʦʨʽ Q  ʜʣʷ 

ʢʦʞʥʦʛʦ ʤʦʤʝʥʪʫ ʇɼ; i
cf  - ʟʛʣʘʜʞʝʥʽ ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ (ʚʝʢʪʦʨʫ 

ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʢʦʦʨʜʠʥʘʪ) ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʚʫʟʣʘ ʚ ʧʨʦʩʪʦʨʽ Q ; 
ijd  - 

ʚʽʜʩʪʘʥʴ ʚʟʘʻʤʦʜʽʾ  i-ʛʦ ʚʫʟʣʘ ʟ ʩʫʤʽʞʥʠʤ j-ʤ ʚʫʟʣʦʤ ʤʝʨʝʞʽ, ʷʢʘ ʚʨʘʭʦʚʫʻ 

ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʘʥʘʣʽʚ ʇɼ (ʨʝʙʝʨ ʛʨʘʬʫ 

ʤʝʨʝʞʽ G  ʚ ʧʨʦʩʪʦʨʽ Q ). 

ɺʠʭʦʜʷʯʠ ʟ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ  ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ 

ʉʄ (2.20) -  (2.23) ʽ ʩʠʥʪʝʟʫ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ (2.8) ï (2.13), ʚʠʟʥʘʯʠʤʦ ʤʽʥʽʤʘʣʴʥʦ-ʧʝʨʝʙʽʨʥʫ 

ʧʨʦʮʝʜʫʨʫ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʫʩʽʢʘʥʥʷ 

ʚʘʨʽʘʥʪʽʚ [91], [93], [94], [98] ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ  ʜʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʌ, 

ʷʢʠʡ ʬʘʢʪʠʯʥʦ ʻ ʘʜʠʪʠʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʚʠʙʦʨʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ  

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (2.25). 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ iC  ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (2.25) ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ 

ʢʦʞʥʦʛʦ ʚʠʜʫ ʢʦʥʬʣʽʢʪʽʚ ʦʢʨʝʤʦ. il ʚʠʟʥʘʯʘʻ "ʚʠʪʨʘʪʠ ʥʘ ʫʧʨʘʚʣʽʥʥʷ"  
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ʧʘʨʘʤʝʪʨʘʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʄ ʟʛʽʜʥʦ ʩʪʨʘʪʝʛʽʾ (2.12) ʥʘ ʤʥʦʞʠʥʽ ʨʝʙʝʨ 

ʛʨʘʬ-ʤʦʜʝʣʽ ʉʄ (2.14), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʦʨʤʘʣʴʥʽʡ ʤʦʜʝʣʽ (2.4) ʟʘ ʨʘʭʫʥʦʢ 

ʫʧʨʘʚʣʽʥʥʷ iu  ʜʣʷ i-ʛʦ ʝʣʝʤʝʥʪʘ ʤʘʨʰʨʫʪʫ ʇɼ ʚ ʧʨʦʩʪʦʨʽ Q . 
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 .              (2.25) 

ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʟʘʜʘʯʫ ʩʠʥʪʝʟʫ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʷʢ 

ʢʦʥʬʣʽʢʪ ʚʟʘʻʤʦʜʽʾ ʦʙ'ʻʢʪʽʚ (ʚʫʟʣʽʚ ʉʄ) ʛʨʘʬʫ ʤʝʨʝʞʽ G  ʚ ʧʨʦʩʪʦʨʽ Q  

, , , ,ʧʨK M Aɻ Gm= ,               (2.26) 

ʘ ʧʨʦʮʝʜʫʨʫ ʩʠʥʪʝʟʫ ʩʪʨʘʪʝʛʽʡ ʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʫ m ʟʛʽʜʥʦ ʧʨʠʥʮʠʧʫ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ c, ʷʢʠʡ ʨʝʘʣʽʟʦʚʫʻ ʚʠʤʦʛʠ ʢʨʠʪʝʨʽʶ ʌ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʚʠʛʣʷʜʽ  

, , , ,ʧʨK M A ɻ G

K

m

c m

ë =î
ì

=îí

.            (2.27) 

ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʫ *m ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʧʨʘʚʠʣʘ ʟʫʧʠʥʢʠ ʟʫʧɻ   ʬʦʨʤʫʣʶʻʪʴʩʷ ʚ ʚʠʛʣʷʜʽ  

K
ʟʫʧ
ɻ,

* infcm= .               (2.28) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.25) - (2.28) ʬʘʢʪʠʯʥʦ ʻ ʧʦʩʪʘʥʦʚʢʦʶ ʟʘʜʘʯʽ ʦʧʠʩʫ 

ʢʦʥʬʣʽʢʪʫ ʚʟʘʻʤʦʜʽʾ ʦʙ'ʻʢʪʽʚ ʪʘ ʩʠʥʪʝʟʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ Q .  

 

ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

 

1. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ  ʚ 

ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ ʟʘ ʫʤʦʚ ʥʝʚʠʟʥʘʯʝʩʪʝʡ ʽ ʦʙʤʝʞʝʥʴ 
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ʟʘʧʨʦʧʦʥʦʚʘʥʦ  ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʦʣʦʛʽʶ: ʩʠʩʪʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ 

ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʦʜʽʾ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʚʫʟʣʽʚ ʤʝʨʝʞʽ, ʷʢ ʜʦʩʣʽʜʞʝʥʥʷ ʷʚʠʱʘ ʚ 

ʮʽʣʦʤʫ, ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʩʪʝʤʠ ʧʽʜʩʪʨʫʢʪʫʨ, ʷʢʽ, ʫ ʩʚʦʶ ʯʝʨʛʫ, 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ, ʽ ʚ ʷʢʦʩʪʽ ʧʽʜʩʠʩʪʝʤ ʚʭʦʜʷʪʴ ʚ ʩʠʩʪʝʤʫ ʙʽʣʴʰ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ; ʩʠʩʪʝʤʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ, ʷʢ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʫʩʽʭ ʦʩʥʦʚʥʠʭ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʟ ʧʨʦʮʝʩʘʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ, ʷʢ ʚʥʫʪʨʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ 

ʛʝʪʝʨʦʛʝʥʥʦʾ ʤʝʨʝʞʽ, ʽ ʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʷʢʝ ʚʢʣʶʯʘʻ ʩʠʩʪʝʤʫ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʝʨʝʞ intranet/internet; ʫ ʚʠʷʚʣʝʥʥʽ ʭʘʨʘʢʪʝʨʫ ʽ ʩʧʦʩʦʙʽʚ 

ʚʧʣʠʚʫ ʦʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʧʽʜʩʪʨʫʢʪʫʨ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ ʥʘ ʽʥʰʽ. 

2. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ  ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʩʝʥʩʦʨʥʠʭ 

ʤʝʨʝʞʘʭ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ ʟʘ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ 

ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦ-ʪʦʧʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ 

ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʦʧʠʩʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʮʝʩʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ ʤʝʨʝʞ ʷʢ 

ʩʠʩʪʝʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʪʦʧʦʣʦʛʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʬʦʨʤʘʣʴʥʠʭ ʧʨʦʩʪʦʨʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʨʽʰʝʥʥʷ ʜʣʷ ʩʠʥʪʝʟʫ ʪʘ ʚʠʙʦʨʫ ʫʧʨʘʚʣʽʥʴ ʩʝʥʩʦʨʥʠʤʠ 

ʤʝʨʝʞʘʤʠ. 

3. ɯʥʪʝʛʨʘʣʴʥʦ-ʪʦʧʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ ʚ ʧʨʦʩʪʦʨʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʟʘʻʤʦʜʽʾ ʤʦʜʝʣʽ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʧʘʨʘʤʝʪʨʠ 

ʛʘʨʘʥʪʦʟʜʘʪʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠ ʩʠʥʪʝʟʽ ʪʘ ʚʠʙʦʨʽ ʨʽʰʝʥʴ ʱʦʜʦ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʽ 

ʚʟʘʻʤʦʜʽʾ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ ʧʨʦʩʪʦʨʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ ʟʘ ʫʤʦʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʽ ʦʙʤʝʞʝʥʴ. 
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5. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʩʠʩʪʝʤʠ 

ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʩʝʥʩʦʨʥʽʡ ʤʝʨʝʞʽ 

ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. 

6. ɺʠʭʦʜʷʯʠ ʟ ʪʦʧʦʣʦʛʽʯʥʦʩʪʽ ʬʦʨʤʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʫ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ 

ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʚʫʟʣʽʚ ʤʝʨʝʞʽ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʦʾ ʦʪʨʠʤʘʥʦ ʤʦʜʝʣʴ ʾʭ ʚʟʘʻʤʦʜʽʾ 

ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ.  

7. ɺʠʟʥʘʯʝʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʛʽʢʦ-ʩʝʤʘʥʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʧʠʩʫ 

ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ.  

8. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʚʽʜʦʤʣʝʥʴ ʩʠʩʪʝʤʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʛʝʪʝʨʦʛʝʥʥʽʡ 

ʩʝʥʩʦʨʥʽʡ ʤʝʨʝʞʽ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʱʦʜʦ ʩʠʥʪʝʟʫ ʽ 

ʚʠʙʦʨʫ ʨʽʰʝʥʴ. 

9. ɿʘʜʘʯʫ ʩʠʥʪʝʟʫ ʫʧʨʘʚʣʽʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʷʢ ʟʘʜʘʯʫ ʜʠʥʘʤʽʯʥʦʾ 

ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

10. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʜʠʪʠʚʥʫ ʬʦʨʤʫ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʠ ʩʠʥʪʝʟʽ 

ʽ ʚʠʙʦʨʽ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʩʝʥʩʦʨʥʠʭ 

ʤʝʨʝʞʘʭ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ. 

ʆʪʨʠʤʘʥʽ  ʨʝʟʫʣʴʪʘʪʠ  ʚʽʜʨʽʟʥʷʶʪʴʩʷ  ʚʽʜ  ʚʽʜʦʤʠʭ  ʟʜʘʪʥʽʩʪʶ  ʚʠʟʥʘʯʘʪʠ: 

NP-ʧʦʚʥʫ ʤʦʜʝʣʴ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʜʠʩʢʨʝʪʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʦʣʽʥʦʤʽʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʨʽʰʝʥʴ ʱʦʜʦ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ ʚʘʨʽʘʪʠʚʥʦʾ 

ʪʦʧʦʣʦʛʽʾ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. 

ɿʘ ʨʘʭʫʥʦʢ ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʨʽʰʝʥʥʷ 

ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʝʥʩʦʨʥʠʭ 

ʤʝʨʝʞʘʭ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ, ʷʢ ʟʘʜʘʯʽ ʜʠʩʢʨʝʪʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, 

ʪʘ  ʢʽʥʮʝʚʦʾ ʢʽʣʴʢʦʩʪʽ ʚʘʨʽʘʥʪʽʚ ʨʽʰʝʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʨʠʪʝʨʽʶ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ  ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ: 
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- ʧʨʠʥʮʠʧʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ 

ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ ʟʘ 

ʫʤʦʚ ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ; 

- ʤʝʪʦʜ ʦʧʠʩʫ ʪʦʧʦʣʦʛʽʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʫ, ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʽ ʥʦʪʘʮʽʾ (ʤʦʚʠ), ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʘ ʨʘʭʫʥʦʢ  ʟʘʩʪʦʩʫʚʥʥʷ ʪʝʦʨʝʪʠʢʦ-

ʤʥʦʞʠʥʥʦʾ ʤʦʜʝʣʽ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʤʝʨʝʞʽ ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ 

ʟʘ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ ʚʘʨʽʘʪʠʚʥʦʾ ʪʦʧʦʣʦʛʽʾ ʚ ʫʤʦʚʘʭ 

ʦʙʤʝʞʝʥʴ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ; 

- ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʪʘ ʚʠʙʦʨʫ ʨʽʰʝʥʴ ʱʦʜʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʧʫʩʢʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ; 

- ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʦʜʫ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ 

ʜʘʥʠʭ ʚ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ ʚʘʨʽʘʪʠʚʥʦʾ 

ʪʦʧʦʣʦʛʽʾ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʴ, ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ; 

- ʤʝʪʦʜ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ, ʷʢ 

ʟʘʜʘʯʽ ʜʠʥʘʤʽʯʥʦʾ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʨʦʙʦʪʘʭ [98], [99], [102], 

[104], [106], [108], [109], [110], [111]. 
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ʈʆɿɼɯʃ 3 

ʄɽʊʆɼ ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ ʄɸʈʐʈʋʊʀɿɸʎɯɭʖ ɺ 

ʂʆʅʌʃɯʂʊʋʖʏʀʍ ʉɽʅʉʆʈʅʀʍ ɻɸʈɸʅʊʆɿɼɸʊʅʀʍ ʄɽʈɽɾɸʍ 

ɺɸʈɯɸʊʀɺʅʆɰ ʊʆʇʆʃʆɻɯɰ ɿɸ ʋʄʆɺ ʆɹʄɽɾɽʅʔ ɯ 

ʅɽɺʀɿʅɸʏɽʅʆʉʊɽʁ 

 

ɼʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨhʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ ɺʊ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʴ, ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤ, 

ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʉʋ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ. ʇʨʠ ʮʴʦʤʫ ʉɯʋ 

ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʨʦʟʧʦʜʽʣʝʥʦʶ ʜʠʥʘʤʽʯʥʦʾ ʉʋ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʉʄ ɺʊ. 

ʉʫʪʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʩʠʥʪʝʟʫ ʽ ʚʠʙʦʨʫ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ ʚ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʉʋ 

ʤʝʨʝʞʘʤʠ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʘ-ʚʽʜʧʨʘʚʥʠʢʘ ʽ 

ʚʫʟʣʘ-ʦʪʨʠʤʫʚʘʯʘ ʜʘʥʠʭ ʧʦʣʷʛʘʻ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʜʠʥʘʤʽʯʥʦʾ ʜʠʩʢʨʝʪʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ.  

ɻʘʨʘʥʪʦʟʜʘʪʥʽʩʪʴ ʉʄ ɺʊ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ 

ʂɿɯ, ʚʽʨʪʫʘʣʽʟʘʮʽʻʶ ʧʨʦʩʪʦʨʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʽ ʫʧʨʘʚʣʽʥʥʷ ʱʽʣʴʥʽʩʪʶ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʨʠ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ 

ʤʝʨʝʞʽ. ʇʨʠ ʮʴʦʤʫ ʟʘʩʦʙʠ ʂɿɯ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʤʦʛʠ ʜʦʩʪʫʧʥʦʩʪʽ, ʮʽʣʽʩʥʦʩʪʽ ʽ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʧʨʠ ʦʙʤʽʥʽ. ʑʽʣʴʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʤʽʞ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ ʚʨʘʭʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʮʽʥʠ ʧʨʠ ʩʠʥʪʝʟʽ ʽ ʚʠʙʦʨʽ 

ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʇɼ. 

 

3.1 ɺʠʟʥʘʯʝʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚ ʩʝʥʩʦʨʥʠʭ ʛʘʨʘʥʪʦʟʜʘʪʥʠʭ ʤʝʨʝʞʘʭ 

 

ɺʽʜʧʦʚʽʜʥʦ ʤʦʜʝʣʽ ʉʄ ʇɼ (2.14) ʧʨʠ ʩʠʥʪʝʟʽ ʽ ʚʽʙʦʨʽ ʩʪʨʘʪʝʛʽʾ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʜʘʪʥʷ ʬʫʥʢʮʽʷ ʮʽʥʠ (2.15). 
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ʅʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʘʥʘʣʫ ʇɼ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ ʉʄ ʻ ʟʘʣʠʰʢʦʚʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʫ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʨʝʙʨʦ ʛʨʘʬʘ ʤʝʨʝʞʽ, ʱʦ 

ʚʨʘʭʦʚʘʥʦ ʟʥʘʯʝʥʥʷʤ ʢʦʨʝʛʫʶʯʦʾ ʚʽʨʪʫʘʣʴʥʦʾ ʚʽʜʩʪʘʥʴ ʜʦ j-ʛʦ ʚʫʟʣʘ ʉʄ k

ijdD  

ʟʛʽʜʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ (2.26). 

ɺʨʘʭʦʚʫʶʯʠ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ ʜʘʥʠʭ, ʱʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʘʢʝʪʥʫ ʇɼ ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʤʝʨʝʞʽ, ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʜʚʽ ʩʢʣʘʜʦʚʽ ʯʘʩʫ ʟʘʪʨʠʤʢʠ: ʟʘʪʨʠʤʢʫ ʥʘ ʧʨʦʤʽʞʥʠʭ ʚʫʟʣʘʭ ʉʄ 

ʇɼ ʽ ʟʘʪʨʠʤʢʫ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʠʘ ʩʪʘʥʦʤ ʬʽʟʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ 

ʧʘʢʝʪʽʚ ʜʘʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʧʨʦʪʦʢʦʣʽ ʽʥʢʘʧʩʫʣʷʮʽʾ ʤʦʜʝʣʽ OSI. 

ʍʦʯʘ IP ʥʝ ʻ ʥʘʜʽʡʥʠʤ ʧʨʦʪʦʢʦʣʦʤ, ʥʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ TCP/IP ʟʘʙʝʟʧʝʯʫʻ 

ʚʽʜʧʨʘʚʢʫ ʧʦʚʽʜʦʤʣʝʥʴ ʥʘʚʽʪʴ ʚ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʧʦʤʠʣʦʢ.  ʎʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ 

ICMP (Internet Control Message Protocol - ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʷʶʱʠʭ, ʠʣʠ 

ʢʦʥʪʨʦʣʴʥʳʭ, ʩʦʦʙʱʝʥʠʡ) ʽ ʡʦʛʦ ʧʦʚʽʜʦʤʣʝʥʴ (ʨʠʩ. 3.1), ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʚʫʟʣʘ ʤʝʨʝʞʽ, ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʽʩʥʫʚʘʥʥʷ (ʞʠʪʪʷ) 

ʧʘʢʝʪʫ, ʧʝʨʝʘʜʨʝʩʘʮʽʶ ʤʘʨʰʨʫʪʽʚ, ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʥʝʜʦʩʪʫʧʥʽʩʪʴ ʧʦʩʣʫʛʠ 

ʧʨʦʪʦʢʦʣʫ.  

 

 

ʈʠʩ.3.1. ɼʘʪʘʛʨʘʤʘ ʧʨʦʪʦʢʦʣʫ ICMP 

 


