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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʢʣʠʤʘʪʘ ʫʚʝʣʠʯʠʣʘʩʴ ʚʝʨʦʷʪʥʦʩʪʴ ʫʱʝʨʙʘ ʦʪ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʢʘʪʘʩʪʨʦʬ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʠʭʠʡʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʅʘʚʦʜʥʝʥʠʷ, ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ, 

ʦʧʦʣʟʥʠ, ʧʨʠʨʦʜʥʳʝ ʧʦʞʘʨʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʨʝʜʠʪʝʣʝʡ ʨʘʩʪʝʥʠʡ ï ʚʦʪ 

ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʤʝʥʝʝ ʧʨʝʜʩʢʘʟʫʝʤʳʤʠ 

ʧʦ ʤʘʩʰʪʘʙʘʤ ʠ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʫʱʝʨʙ ʧʨʠʨʦʜʝ ʥʘʥʦʩʠʪ ʠ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ. ʊʘʢ, ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ ʥʘ ʰʝʣʴʬʝ ʚʦʟʤʦʞʥʳ ʝʝ ʨʘʟʣʠʚʳ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʅʝʨʘʟʫʤʥʦʝ 

ʭʦʟʷʡʩʪʚʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ï 

ʦʧʫʩʪʳʥʠʚʘʥʠʶ ʪʝʨʨʠʪʦʨʠʠ. 

ɼʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʜʘʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʠʢ, ʤʦʜʝʣʝʡ ʠ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʜʠʥʘʤʠʢʫ. ʕʪʠ ʤʦʜʝʣʠ ʠ ʩʠʩʪʝʤʳ ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʥʮʠʧʘʭ ʧʦʩʪʨʦʝʥʠʷ (ʬʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʧʨʦʮʝʩʩʘ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʪ.ʜ.) ʠ ʠʤʝʶʪ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʥʘʟʥʘʯʝʥʠʷ 

(ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʧʝʨʘʪʠʚʥʦ-ʪʘʢʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʪ.ʜ.). 

ʆʜʥʘʢʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʦʨʴʙʦʡ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʦʣʴʢʦ ʠʭ ʜʠʥʘʤʠʢʠ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ 

ʧʦʪʨʝʙʥʦʩʪʴ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʨ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʣʠ ʙʫʜʫʪ ʧʨʝʜʧʨʠʥʷʪʳ 

ʜʣʷ ʙʦʨʴʙʳ (ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ). ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ɺʦʟʤʦʞʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʘʥʘʣʦʛʠʯʥʳ ʠ ʯʘʩʪʦ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʧʨʦʮʝʩʩʘ. ʊʘʢ, ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʝʛʦ ʬʨʦʥʪ ʩ ʮʝʣʴʶ ʩʥʠʟʠʪʴ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʣʠ ʦʩʪʘʥʦʚʠʪʴ ʝʛʦ, ʜʨʫʛʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ 

ʫʧʨʘʚʣʝʥʠʷ ï ʣʦʢʘʣʠʟʘʮʠʷ. ʃʦʢʘʣʠʟʘʮʠʷ (ʦʪ ʣʘʪ. localis - ʤʝʩʪʥʳʡ) - ʵʪʦ 

ʦʛʨʘʥʠʯʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʷʚʣʝʥʠʷ, ʧʨʦʮʝʩʩʘ ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ 
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ʪʝʩʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤʠ ʧʨʝʜʝʣʘʤʠ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʧʦʜ 

ʣʦʢʘʣʠʟʘʮʠʝʡ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʩʦʟʜʘʥʠʝ ʥʝʧʨʝʦʜʦʣʠʤʳʭ ʟʘʛʨʘʜʠʪʝʣʴʥʳʭ ʙʘʨʴʝʨʦʚ 

ʥʘ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʚʥʝʰʥʠʤ 

ʫʧʨʘʚʣʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʥʘʨʷʜʫ ʩ ʦʙʱʠʤʠ ʟʘʢʦʥʘʤʠ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʚʦʣʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʢʦʥʝʯʥʦ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʩʧʝʮʠʬʠʢʫ ʠ ʬʠʟʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠ ̫ ʠʤʠʪʘʮʠʦʥʥʦʡ ʘʛʝʥʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʠ ʧʨʝʜʣʦʞʠʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʢʘʢ ʦʙʲʝʢʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ; 

2. ʨʘʟʨʘʙʦʪʘʪʴ ʠʤʠʪʘʮʠʦʥʥʫʶ ʘʛʝʥʪʥʫʶ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ; 

3. ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ ʚ ʚʠʜʝ ʩʝʪʝʚʦʡ ʘʛʝʥʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ; 

4. ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ; 

5. ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʳʭ ʣʦʢʘʣʠʟʘʮʠʦʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ 

ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

6. ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 

ʘʛʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʧʨʦʮʝʩʩʘ, ʠ ʠʭ 

ʛʨʫʧʧʠʨʦʚʢʠ (ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ʧʦ ʣʦʢʘʣʠʟʫʝʤʳʤ ʧʨʦʮʝʩʩʘʤ.  
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʘʛʝʥʪʥʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ 

ʩʠʣʘʤʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘ ʦʩʥʦʚʝ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʩʮʝʥʘʨʠʠ 

ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ, ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ ʠ 

ʩʨʝʜʩʪʚʘʤʠ. 

2. ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, 

ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ 

ɻʘʤʠʣʴʪʦʥʘ-ʗʢʦʙʠ ʤʝʪʦʜʦʤ ʧʦʜʚʠʞʥʳʭ ʩʝʪʦʢ. ɸʣʛʦʨʠʪʤ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʦʩʥʦʚʝ 

ʘʛʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ, ʠ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʘʞʜʳʡ ʫʟʝʣ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʠʚʥʳʡ ʘʛʝʥʪ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʢʘʢ ʩ ʩʦʩʝʜʥʠʤʠ ʫʟʣʘʤʠ, 

ʪʘʢ ʠ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʘʛʝʥʪʦʚ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʘʢ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ 

ʠ ʘʥʠʟʦʪʨʦʧʥʦʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ, ʪʘʢ ʠ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʦʩʪʘʥʦʚʢʠ 

ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

3. ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʣʦʢʘʣʠʟʘʮʠʦʥʥʳʭ 

ʪʨʘʝʢʪʦʨʠʡ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʝʪʦʜʦʚ, ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪ 

ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ. 

4. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʩʭʝʤʳ ʄʀɺɽʈ (ʤʝʪʦʜ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ) ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʘʛʝʥʪʦʚ, 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʨʦʮʝʩʩʘ, ʠ ʠʭ ʛʨʫʧʧʠʨʦʚʢʠ 

(ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ʧʦ ʣʦʢʘʣʠʟʫʝʤʳʤ ʧʨʦʮʝʩʩʘʤ, ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʛʝʥʪʥʦʡ 

ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʳʭ ʣʦʢʘʣʠʟʘʮʠʦʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʩʠʩʪʝʤ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ 
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ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʘʛʝʥʪʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʣʦʢʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʠ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʣʦʢʘʣʠʟʘʮʠʦʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʚʢʣʶʯʝʥʳ ʚ ʠʪʦʛʦʚʳʡ ʦʪʯʝʪ ʧʦ ʧʨʦʛʨʘʤʤʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 18 çɸʣʛʦʨʠʪʤʳ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩʚʝʨʭʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠè, ʧʨʦʝʢʪ 1.6 

çʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʢʨʫʧʥʳʭ ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ 

ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè. ʉʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ˉ 2.5527.2017/ɹʏ çʄʝʪʦʜʳ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚ 

ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠè. ʈʝʟʫʣʴʪʘʪʳ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʌɻɹʆʋ ɺʆ çʉʠʙʠʨʩʢʦʡ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠè ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʦʙʫʯʘʶʱʠʤʠʩʷ ʬʘʢʫʣʴʪʝʪʘ ʠʥʞʝʥʝʨʦʚ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʠʩʮʠʧʣʠʥʳ 

çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʟʚʠʪʠʷ ʠ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚè. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 3 ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ ʠ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠ.̫ ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʟʘʜʘʯ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʘʛʝʥʪʥʦʛʦ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʩʝʚʜʦʙʫʣʝʚʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʩʠʩʪʝʤʥʦʛʦ ʠ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʚʣʦʞʝʥʥʳʭ ʮʚʝʪʥʳʭ ʩʝʪʝʡ ʇʝʪʨʠ, ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʝʨʠʷʤʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʢʦʨʨʝʢʪʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʘʧʨʦʙʘʮʠʝʡ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʵʢʩʧʝʨʪʠʟʦʡ 

ʩʪʘʪʝʡ ʚ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ: 

- V ʠ VII  ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çʊʝʭʥʦʣʦʛʠʠ 

ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤè (ʛ. ʊʘʛʘʥʨʦʛ, 2014, 2017); 

- ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ 

ʠʥʬʦʨʤʘʪʠʢʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ: ʨʝʘʣʠʠ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳè (ʛ. ʂʨʘʩʥʦʷʨʩʢ, 2014); 

- ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ 

ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) çʄʦʣʦʜʳʝ ʫʯʝʥʳʝ ʚ ʨʝʰʝʥʠʠ 

ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʥʘʫʢʠè (ʛ. ʂʨʘʩʥʦʷʨʩʢ, 2015); 

- XIV  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʨʝʛʠʦʥʘè (ʛ. ʂʨʘʩʥʦʷʨʩʢ, 2015); 

- V ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʦʥʠʪʦʨʠʥʛ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʧʘʩʥʳʭ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ ʠ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʡè (ʛ. ɾʝʣʝʟʥʦʛʦʨʩʢ, 2015); 

- XX ʠ XXI  ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çʉʦʧʨʷʞʝʥʥʳʝ ʟʘʜʘʯʠ ʤʝʭʘʥʠʢʠ ʨʝʘʛʠʨʫʶʱʠʭ ʩʨʝʜ, ʠʥʬʦʨʤʘʪʠʢʠ ʠ 

ʵʢʦʣʦʛʠʠè (ʛ. ʊʦʤʩʢ, 2016, 2018); 

- ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çʉʠʩʪʝʤʳ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷè (ʛ. ʂʨʘʩʥʦʷʨʩʢ, 2016); 

- 2nd Russian-Pacific Conference on Computer Technology and Applications 

RPC 2017 çYouth Scientific School on Mathematical Modeling and Computer 

Technologiesè (ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, 2017); 

- XI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦïʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ) çʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʥʘʫʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝè (ʛ. 

ʅʦʚʦʢʫʟʥʝʮʢ, 2017); 

- XVII ʠ XVIII ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ 

çʉʠʩʪʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʵʪʘʧʘʤʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 

(CAD/CAM/PDM-2017)è (ʛ. ʄʦʩʢʚʘ, 2017, 2018); 
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- ʉʝʤʠʥʘʨʘʭ çAdvanced Technologies in Aerospace, Mechanical and 

Automation Engineeringè (ʛ. ʂʨʘʩʥʦʷʨʩʢ, 2018, 2019); 

- V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʈʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠè (ʛ. ʂʨʘʩʥʦʷʨʩʢ, 2018). 

ʇʫʙʣʠʢʘʮʠʠ. ʄʘʪʝʨʠʘʣʳ, ʦʪʨʘʞʘʶʱʠʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʠ 

ʨʝʟʫʣʴʪʘʪʳ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 18 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ, ʚ ʪ. ʯ. ʚ 

7 ʩʪʘʪʴʷʭ ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʫʝʤʳʭ ɺɸʂ, 5 - ʚ ʠʟʜʘʥʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ Scopus. ʀʟ ʨʘʙʦʪ, ʚʳʧʦʣʥʝʥʥʳʭ ʩʦʚʤʝʩʪʥʦ, ʚ ʜʠʩʩʝʨʪʘʮʠʶ 

ʚʢʣʶʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʦʤ ʣʠʯʥʦ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ.  

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʆʩʥʦʚʥʦʡ ʪʝʢʩʪ ʜʠʩʩʝʨʪʘʮʠʠ ʚʢʣʶʯʘʝʪ 132 ʩʪʨʘʥʠʮ.r 

ʀʟʣʦʞʝʥʠʝ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 29 ʨʠʩʫʥʢʘʤʠ ʠ 10 ʪʘʙʣʠʮʘʤʠ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʥʘ 

19 ʩʪʨʘʥʠʮʘʭ ʩʦʜʝʨʞʠʪ 183 ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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ɻʣʘʚʘ 1. ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʢʘʢ ʦʙʲʝʢʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɻʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʢʘʢ ʦʙʲʝʢʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ.  

ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʥʷʪʳ 

ʢʘʢ ʜʦʧʫʱʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ 

ʧʨʠʨʦʜʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʦ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ (ʦʪ ʵʢʩʧʘʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʦʯʘʛʦʚ ʜʦ ʟʘʪʫʭʘʶʱʝʛʦ ʧʨʦʮʝʩʩʘ). 

ɼʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʷʜʘ ʧʦʥʷʪʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʠ 

ʧʨʠʚʝʜʝʥ ʤʝʪʦʜ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʷʟʳʢʝ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. 

ɼʘʝʪʩʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʧʦʜʚʠʞʥʳʭ ʩʝʪʦʢ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʝʤ ʘʣʛʦʨʠʪʤ 

ʧʦʩʪʨʦʝʥʠʷ ʬʨʦʥʪʘ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

1.1 ʉʚʦʡʩʪʚʘ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʧʦʩʪʦʷʥʥʦ ʧʨʦʠʩʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʘʤ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʪʘʢʠʤ ʧʨʦʮʝʩʩʦʤ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʚʘʥʦ ʣʶʙʦʝ ʷʚʣʝʥʠʝ 

(ʧʨʠʨʦʜʥʦʛʦ ʠʣʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ), ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʥʝʢʦʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ʠʣʠ ʙʝʛʫʱʝʡ ʚʦʣʥʳ, ʢʦʪʦʨʳʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠʣʠ ʜʚʠʞʝʪʩʷ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʤʦʜʝʣʝʡ:  

- ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʠʨʦʜʳ ʧʨʦʮʝʩʩʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʩʢʦʨʦʩʪʴ ʝʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ,  

- ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʦʥʪʫʨʦʚ, ʢʦʪʦʨʘʷ ʩʪʨʦʠʪ ʢʦʥʪʫʨʳ ʧʨʦʮʝʩʩʘ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ.  
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ɺʪʦʨʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʫʝʪ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʝʨʚʦʡ 

ʤʦʜʝʣʴʶ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʥʝ ʦʪʨʘʞʘʝʪ ʨʷʜʘ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥʘ ʧʨʦʩʪʘ, ʥʘʛʣʷʜʥʘ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʝʪʘ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʜʚʘ ʪʠʧʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʦʮʝʩʩʦʚ: 

- ʧʦ ʧʨʠʨʦʜʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ; 

- ʧʦ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ. 

ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʠʚʝʜʝʥʥʳʝ ʥʠʞʝ ʧʨʠʤʝʨʳ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʪʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʟʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʤʘʩʰʪʘʙʳ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʦʙʣʘʜʘʶʪ 

ʩʭʦʞʠʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʯʝʨʪʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ ʦʩʥʦʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ: 

1. ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʢʘʢ ʧʦʜʚʠʞʥʳʝ ʦʙʣʘʩʪʠ, 

ʠʤʝʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʨʘʩʰʠʨʝʥʠʶ, ʩʫʞʝʥʠʶ, ʧʝʨʝʤʝʱʝʥʠʶ, ʨʘʟʜʝʣʝʥʠʶ ʠ 

ʩʣʠʷʥʠʶ. 

2. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʛʨʘʥʠʮʳ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ ʠʣʠ ʤʥʦʞʝʩʪʚ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ (ʧʣʦʩʢʠʝ) ʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʧʦʜʯʠʥʷʶʪʩʷ 

ʧʨʠʥʮʠʧʫ ɻʶʡʛʝʥʩʘ. 

3. ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʦʚ, 

ʧʦʜʜʘʶʪʩʷ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʶ. 

4. ʄʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʢʦʩʤʠʯʝʩʢʦʛʦ) ʤʦʥʠʪʦʨʠʥʛʘ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢʦ ʚʩʝʤ ʢʣʘʩʩʘʤ ʧʦʜʦʙʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

5. ʄʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠʤʝʶʪ ʯʝʨʪʳ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʩʭʦʜʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩʦ ʤʥʦʛʠʤʠ ʠʟ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʣʦʢʘʣʠʟʘʮʠʠ, ʪ.ʝ. ʩʦʟʜʘʥʠʷ ʥʝʧʨʝʦʜʦʣʠʤʳʭ ʙʘʨʴʝʨʦʚ. ʉ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ï ʵʪʦ ʦʙʲʝʢʪʳ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. 
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ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʞʥʦ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʦʧʫʱʝʥʠʝ, 

ʧʨʠʥʷʪʦʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʛʦʚʦʨʷ ʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʫʢʘʟʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

1.1.1 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʧʨʠʨʦʜʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʂ ʧʝʨʚʦʤʫ ʢʣʘʩʩʫ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ ʦʪʥʦʩʠʪʩʷ ʯʘʩʪʴ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʵʢʟʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ: 

ʚʳʚʝʪʨʠʚʘʥʠʝ, ʜʝʥʫʜʘʮʠʷ ʠ ʘʢʢʫʤʫʣʷʮʠʷ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʧʦʩʪʦʷʥʥʦ, ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʙʦʣʴʰʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ - ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʣʝʪ [1]. ʂ ʵʪʦʤʫ ʞʝ ʢʣʘʩʩʫ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʪʘʢʠʝ ʢʘʢ ʨʘʟʣʠʚʳ 

ʣʘʚʳ. ʅʘ ʨʠʩʫʥʢʝ 1.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʘʚʦʚʳʭ ʧʦʪʦʢʦʚ 

ʊʦʣʙʘʯʠʥʩʢʦʛʦ ʪʨʝʱʠʥʥʦʛʦ ʠʟʚʝʨʞʝʥʠʷ [2,3], ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ 

ʂʘʤʯʘʪʢʘ ʚ 2012ï2013 ʛʛ. ʉʭʝʤʘ ʩʦʩʪʘʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ NASA ʠ JPL, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʝʚʳʭ ʨʘʙʦʪ. 

ɺʪʦʨʳʤ ʢʣʘʩʩʦʤ ʷʚʣʷʪʁʩʷ ʥʝʢʦʪʦʨʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʇʨʦʮʝʩʩʳ 

ʵʢʩʧʘʥʩʠʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʟʘʥʷʪʠʷ ʘʨʝʘʣʘ ʦʙʠʪʘʥʠʷ ʠ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ [4].  

ʅʘ ʨʠʩʫʥʢʝ 1.2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʦʯʘʛʦʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʙʠʨʩʢʦʛʦ 

ʰʝʣʢʦʧʨʷʜʘ ʚ ʇʨʠʝʥʠʩʝʡʩʢʦʡ ʪʝʤʥʦʭʚʦʡʥʦʡ ʪʘʡʛʝ ʚ ʧʝʨʠʦʜ ʩ 2013-2017 ʛʛ. ɺ 

2017 ʛʦʜʫ ʜʘʥʥʘʷ ʚʩʧʳʰʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʰʝʣʢʦʧʨʷʜʘ ʦʭʚʘʪʠʣʘ ʙʦʣʝʝ 800 

ʪʳʩʷʯ ʛʘ ʜʨʝʚʦʩʪʦʝʚ, ʚʢʣʶʯʘʷ 300 ʪʳʩʷʯ ʛʘ ʧʦʛʠʙʰʠʭ. ʉʪʘʨʪʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʰʝʣʢʦʧʨʷʜʘ ʩʪʘʣʠ ʚʦʟʨʦʩʰʠʝ ʟʘʩʫʰʣʠʚʦʩʪʴ ʢʣʠʤʘʪʘ, ʧʦʪʝʧʣʝʥʠʝ ʠ 

ʫʜʣʠʥʝʥʠʝ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʠ. ɺ ʧʦʚʨʝʞʜʝʥʥʳʭ ʰʝʣʢʦʧʨʷʜʦʤ ʜʨʝʚʦʩʪʦʷʭ 

ʘʢʪʠʚʠʟʠʨʦʚʘʣʠʩʴ ʩʪʚʦʣʦʚʳʝ ʚʨʝʜʠʪʝʣʠ, ʚʢʣʶʯʘʷ ʫʩʩʫʨʠʡʩʢʦʛʦ ʧʦʣʠʛʨʘʬʘ, 

ʘʛʨʝʩʩʠʚʥʦʛʦ ʞʫʢʘ-ʢʦʨʦʝʜʘ [5]. 
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ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʘʚʦʚʳʭ ʧʦʪʦʢʦʚ ʊʦʣʙʘʯʠʥʩʢʦʛʦ 

ʪʨʝʱʠʥʥʦʛʦ ʠʟʚʝʨʞʝʥʠʷ: 1 ï ʣʘʚʦʚʳʝ ʧʦʪʦʢʠ ʧʨʦʨʳʚʘ ʄʝʥʷʡʣʦʚʘ; 2 ï ʣʘʚʦʚʳʝ 

ʧʦʪʦʢʠ ʧʨʦʨʳʚʘ ʅʘʙʦʢʦ; 3 ï ʣʘʚʦʚʳʝ ʧʦʪʦʢʠ ʧʨʦʨʳʚʘ ʄʝʥʷʡʣʦʚʘ, ʧʝʨʝʢʨʳʪʳʝ 

ʧʦʪʦʢʘʤʠ ʧʨʦʨʳʚʘ ʅʘʙʦʢʦ; 4 ï ʤʝʩʪʘ ʦʪʙʦʨʘ ʧʨʦʙ; 5 ï ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ 

ʠʟʚʝʨʞʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 1.2 ï ɺʩʧʳʰʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʙʠʨʩʢʦʛʦ ʰʝʣʢʦʧʨʷʜʘ ʚ 

ʇʨʠʝʥʠʩʝʡʩʢʦʡ ʪʝʤʥʦʭʚʦʡʥʦʡ ʪʘʡʛʝ ʚ ʧʝʨʠʦʜ ʩ 2013-2017 ʛʛ. 
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ʊʨʝʪʴʠʤ ʢʣʘʩʩʦʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩʯʠʪʘʶʪʩ ̫

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ. ʉʧʝʢʪʨ ʪʘʢʠʭ 

ʷʚʣʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ, ʥʘʧʨʠʤʝʨ, ʦʧʫʩʪʳʥʠʚʘʥʠʝ, ʥʘʚʦʜʥʝʥʠʷ, ʩʝʣʠ, ʦʧʦʣʟʥʠ 

[ 6,7,8]. ʀʟʫʯʝʥʠʝ ʪʘʢʠʭ ʷʚʣʝʥʠʡ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ, ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʯʠʥʝʥʠʷ ʠʤʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʱʝʨʙʘ ʠ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ.  

ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʨʠʩʢʘ ʦʪ ʥʘʚʦʜʥʝʥʠʡ ʥʘ 

ʨʝʢʘʭ ʙʘʩʩʝʡʥʘ ʦʟʝʨʘ ɹʘʡʢʘʣ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ 2016 ʛʦʜʫ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʙʦʙʱʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʫʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʩʨʘʚʥʝʥʠʷ ʯʘʩʪʥʳʭ 

ʢʘʨʪ ʨʠʩʢʘ [9]. 

 

ʈʠʩʫʥʦʢ 1.3 ï ʂʘʨʪʘ ʥʘʚʦʜʥʝʥʠʷ (ʠʥʪʝʛʨʘʣʴʥʳʡ ʨʠʩʢ) 

ʏʝʪʚʝʨʪʳʤ ʢʣʘʩʩʦʤ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ [ 10 ]. ʂ ʪʘʢʠʤ ʧʨʦʮʝʩʩʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʣʝʩʥʳʝ 

ʧʦʞʘʨʳ, ʨʘʟʣʠʚʳ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʦʚ, ʟʘʛʨʷʟʥʝʥʠʝ 

ʚʦʜʦʝʤʦʚ ʩʙʨʦʩʘʤʠ, ʦʙʝʟʣʝʩʠʚʘʥʠʝ, ʦʧʫʩʪʳʥʠʚʘʥʠʝ, ʨʘʜʠʘʮʠʦʥʥʦʝ ʟʘʨʘʞʝʥʠʝ ʠ 

ʪ.ʜ. ʇʨʠʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 1.4 ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʥʪʫʨ ʣʝʩʥʦʛʦ ʧʦʞʘʨʘ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ MODIS ʠ LANDSAT [11]. 
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ʈʠʩʫʥʦʢ 1.4 ï ʂʦʥʪʫʨ ʣʝʩʥʦʛʦ ʧʦʞʘʨʘ (ʦʙʨʘʙʦʪʘʥʥʳʡ ʩʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ) 

ʅʘ ʨʠʩʫʥʢʝ 1.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧʦʟʠʮʠʷ ʯʝʪʳʨʝʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʩʥʠʤʢʦʚ ASAR Envisat, ʧʦʢʘʟʳʚʘʶʱʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʬʪʷʥʦʛʦ ʧʷʪʥʘ ʩ 

26.04.10 ʧʦ 2.05.10 ʚ ʄʝʢʩʠʢʘʥʩʢʦʤ ʟʘʣʠʚʝ [12]. 

 

ʈʠʩʫʥʦʢ 1.5 ï ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʬʪʷʥʦʛʦ ʧʷʪʥʘ ʚ ʦʢʝʘʥʝ (ʦʙʨʘʙʦʪʘʥʥʳʡ 

ʩʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ) 

ʀ ʚ ʟʘʢʣʶʯʝʥʠʝ ʧʨʠʚʝʜʝʤ ʧʨʠʤʝʨ (ʨʠʩʫʥʦʢ 1.6) ʧʨʦʛʥʦʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʪʝʭʥʦʛʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʘʚʘʨʠʠ ʤʝʞʜʫ 

ʦʩʪʨʦʚʘʤʠ ʉʘʭʘʣʠʥ ʠ ʍʦʢʢʘʡʜʦ (ʠʩʪʦʯʥʠʢ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʨʠʤʝʨʥʦ 

1000 ʢʤ ʩʝʚʝʨʥʝʝ ɸʕʉ çʌʫʢʫʩʠʤʘ-1è) [13]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʡ ʠ ʦʪʨʘʞʘʝʪ ʪʦʣʴʢʦ 

ʥʘʠʙʦʣʝʝ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

ʆʜʠʥ ʠ ʪʦʪ ʞʝ ʢʣʘʩʩ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʠʤʝʪʴ ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʢʣʘʩʩʘ. 
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ɺ ʯʘʩʪʥʦʩʪʠ, ʣʝʩʥʳʝ ʧʦʞʘʨʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʢʘʢ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ, 

ʪʘʢ ʠ ʧʨʠʨʦʜʥʳʤʠ ʧʨʠʯʠʥʘʤʠ. 

ʈʠʩʫʥʦʢ 1.6 ï ʇʨʦʛʥʦʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʪʝʯʝʥʠʝ 

ʛʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (0 ʤ), ʛʣʫʙʠʥʘʭ 100 ʠ 500 ʤ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʦʪ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʤʦʱʥʦʩʪʴʶ 10ʇɹʢ 

1.1.2 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʦʥʬʠʛʫʨʘʮʠʠ ʬʨʦʥʪʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ çʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳè. ɼʘʥʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʚʝʜʝʥʘ ɻ.ɸ. ɼʦʨʨʝʨʦʤ ʚ [ 14] ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ 

ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʧʨʦʮʝʩʩʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʣʠʙʦ ʚ ʧʨʦʝʢʮʠʠ ʥʘ 

ʧʣʦʩʢʦʩʪʴ.  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʦʯʘʛʘ ʢʨʫʛʦʚʦʡ 

ʬʦʨʤʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʦʪ ʫʩʣʦʚʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʦʥ ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ɺ ʧʝʨʚʦʤ ʩʪʦʣʙʮʝ ʪʘʙʣʠʮʳ 1.1 ʧʨʠʚʝʜʝʥʳ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʥʪʫʨʦʚ ʧʨʦʮʝʩʩʘ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ.  
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ʊʘʙʣʠʮʘ 1.1 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ 

 ʍʘʨʘʢʪʝʨ 

ʜʚʠʞʝʥʠʷ 

ʬʨʦʥʪʦʚ 

ɼʦʧʫʩʪʠʤʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʏʠʩʣʦ 

ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ 

ʊʠʧ ʢʦʥʫʩʘ 

ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʢʦʨʦʩʪʠ 

ɺʠʜ 

ʠʥʜʠʢʘʪʨʠʩʳ 

ɺʠʜ 

ʬʠʛʫʨʦʪʨʠʩʳ 

1 
  

 0 a0
0 

  

2 

 

- 1/4 a1
1/2

 - 

 

3 

  

1/2 a1
1
 

  

4 

  

1 a2
2
 

  

5 

  

3/2 a1
2
 

  

6 

  

2 a0
2
 

 
 

7 

  

2s a0
2
 

  

ʈʘʩʩʤʦʪʨʠʤ ʜʘʣʝʝ ʪʠʧʳ ʨʝʞʠʤʦʚ ʚ ʧʦʨʷʜʢʝ ʫʚʝʣʠʯʝʥʠʷ çʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳè. 

1. ʆʪʩʫʪʩʪʚʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 
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2. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩ ʟʘʪʫʭʘʥʠʝʤ (ʧʨʦʮʝʩʩ ʩ ʜʠʩʩʠʧʘʮʠʝʡ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʆʜʥʘʢʦ, ʧʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ, ʬʨʦʥʪ ʢʦʥʪʫʨʘ ʩʫʞʘʝʪʩʷ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʧʨʦʮʝʩʩ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

3. ʅʝʟʘʪʫʭʘʶʱʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʬʨʦʥʪ ʢʦʥʪʫʨʘ ʧʨʠʥʠʤʘʝʪ ʫʩʪʦʡʯʠʚʫʶ ʬʦʨʤʫ, ʢʦʪʦʨʘʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘʯʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʊʘʢʦʡ ʬʨʦʥʪ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ 

ʩʘʤʦʤʫ ʩʝʙʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʘʚʪʦʤʦʜʝʣʴʥʦʛʦ. 

4. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʘʚʣʝʥʠʡ (3, 4 ʠ 5 ʩʪʨʦʢʘ ʚ 

ʪʘʙʣʠʮʝ 1.1). ʇʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ ʬʨʦʥʪ ʜʚʠʞʝʪʩʷ, ʨʘʩʰʠʨʷʷʩʴ ʚʥʫʪʨʠ ʫʛʣʘ, 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʚʫʤʷ ʘʩʠʤʧʪʦʪʘʤʠ. ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʫʛʣʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 0 

ʜʦ ˊ. 

5. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (6 ʩʪʨʦʢʘ ʪʘʙʣʠʮʳ 1.1). ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʬʨʦʥʪ ʛʦʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʤʢʥʫʪʫʶ ʣʠʥʠʶ, ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʪʦʨʦʡ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ. 

6. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʦʯʘʛʦʚ (7 ʩʪʨʦʢʘ ʪʘʙʣʠʮʳ 1.1). ʇʨʠ 

ʵʪʦʤ ʢʘʢ ʦʩʥʦʚʥʦʡ ʦʯʘʛ, ʪʘʢ ʠ ʢʘʞʜʳʡ ʠʟ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʯʘʛʦʚ ʤʦʛʫʪ ʠʤʝʪʴ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʦʥʬʠʛʫʨʘʮʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 

ʧʨʦʮʝʩʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʠʩʣʦʚʘʷ ʚʝʣʠʯʠʥʘ, 

ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʦʮʝʩʩʘ. ʊ.ʢ. ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʧʣʦʩʢʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʨʘʚʥʦ ʜʚʫʤ, ʪʦ ʜʚʠʞʝʥʠʝ ʚʜʦʣʴ ʢʘʞʜʦʡ ʧʦʣʫʦʩʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʨʘʚʥʦʤʫ 1/2. ɺ ʪʘʙʣʠʮʝ 1.1 ʚʦ ʚʪʦʨʦʤ 

ʩʪʦʣʙʮʝ ʧʦʢʘʟʘʥʳ ʧʦʣʫʦʩʠ, ʚʜʦʣʴ ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ. 

ɺ ʪʨʝʪʴʝʤ ʩʪʦʣʙʮʝ ʪʘʙʣʠʮʳ 1.1 ʫʢʘʟʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʘ ʚ 

ʯʝʪʚʝʨʪʦʤ ï ʪʠʧ ʢʦʥʫʩʘ ʥʘʧʨʘʚʣʝʥʠʡ ʩʢʦʨʦʩʪʝʡ ar
m
 ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʢʦʥʪʫʨʦʚ. ʀʥʜʝʢʩ m ʦʟʥʘʯʘʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ ʩʢʦʨʦʩʪʝʡ, ʘ r ï 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʦʩʝʡ, ʧʦ ʢʦʪʦʨʳʤ ʟʘʧʨʝʱʝʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 



19 

 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʪʨʝʙʫʝʪ ʫʜʝʣʠʪʴ ʟʘʪʫʭʘʶʱʝʤʫ ʧʨʦʮʝʩʩʫ (ʚʪʦʨʘʷ ʩʪʨʦʢʘ 

ʪʘʙʣʠʮʳ 1.1). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩʥʘʯʘʣʘ ʚ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʟʘʪʝʤ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʇʦ ʪʠʧʫ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʯʠʩʣʦ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʚʥʦ 1/4, ʘ ʢʦʥʫʩ ʩʢʦʨʦʩʪʝʡ ʩʪʘʥʦʚʠʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʤ. 

ɺ ʧʷʪʦʤ ʠ ʰʝʩʪʦʤ ʩʪʦʣʙʮʝ ʪʘʙʣʠʮʳ ʧʦʢʘʟʘʥ ʚʠʜ ʠʥʜʠʢʘʪʨʠʩ ʠ ʬʠʛʫʨʦʪʨʠʩ 

ʩʢʦʨʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʥʜʠʢʘʪʨʠʩʦʡ ʩʢʦʨʦʩʪʠ (ʀʉ) ʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʧʦʣʝ 

ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʦʝ ʦʪʨʘʞʘʝʪ ʚʝʣʠʯʠʥʫ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ. ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʥʜʠʢʘʪʨʠʩʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ 

ʚʠʜʝ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʳʨʘʞʝʥʠʝʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʥʜʠʢʘʪʨʠʩʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʣʠʧʩ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʝʛʦ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ï ʵʪʦ ʫʛʦʣ 

ʧʦʚʦʨʦʪʘ ʵʣʣʠʧʩʘ ʠ ʜʚʘ ʨʘʜʠʫʩʘ.  

ʌʠʛʫʨʦʪʨʠʩʦʡ ʞʝ ʥʘʟʳʚʘʶʪ ʬʫʥʢʮʠʶ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʥʜʠʢʘʪʨʠʩʫ ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ (ʀʅʉ) ʜʚʠʞʝʥʠʷ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ 

ʜʦʩʪʠʞʠʤʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʌʠʛʫʨʦʪʨʠʩʳ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʬʫʥʢʮʠʝʡ 

ɻʘʤʠʣʴʪʦʥʘ ʫʧʨʘʚʣʷʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʫʜʦʙʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʠʩʪʝʤʳ, ʯʝʤ ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʩʢʦʨʦʩʪʝʡ ʠ 

ʠʥʜʠʢʘʪʨʠʩʳ ʩʢʦʨʦʩʪʠ. ʉʚʦʡʩʪʚʘ ʬʠʛʫʨʦʪʨʠʩ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʧʨʠʚʝʜʝʥʳ 

ʚ [15]. 

1.2 ʄʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʬʨʦʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʬʨʦʥʪʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʦʩʥʦʚʘʥʳ ʥʘ ʦʧʠʩʘʥʠʠ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʤʦʜʝʣʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʠʢ ʟʘʯʘʩʪʫʶ ʩʚʷʟʘʥʦ ʩ ʪʨʫʜʦʝʤʢʠʤʠ ʨʘʩʯʝʪʘʤʠ ʠ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʦʧʝʨʘʪʠʚʥʦ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʫʧʨʘʚʣʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜʠʢʫ, ʢʦʪʦʨʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʆʥʘ, ʚʦʟʤʦʞʥʦ, ʤʝʥʝʝ ʦʙʦʩʥʦʚʘʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ 
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ʧʨʠʨʦʜʳ ʧʨʦʮʝʩʩʘ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 

ʧʨʦʮʝʜʫʨʘʤ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʬʨʦʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʟʜʝʩʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʘ ʪʘʢʞʝ 

ʩʚʷʟʘʥʥʘʷ ʩ ʥʠʤ ʪʝʦʨʠʷ ʦʙʣʘʩʪʝʡ ʜʦʩʪʠʞʠʤʦʩʪʠ (ʆɼ) ʫʧʨʘʚʣʷʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ (ʋɼʉ). ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʡ ʘʧʧʘʨʘʪ, ʤʳ ʧʨʠʥʠʤʘʝʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʢʘʞʜʦʡ ʪʦʯʢʠ ʬʨʦʥʪʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʠʟʚʝʩʪʥʘ ʘʧʨʠʦʨʠ, ʪ.ʝ. ʯʪʦ 

ʬʨʦʥʪ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʠʥʮʠʧʫ ɻʶʡʛʝʥʩʘ (ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʘʥʠʟʦʪʨʦʧʥʦʡ ʠ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ). ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ 

ɻ.ɸ. ɼʦʨʨʝʨʦʤ ʚ [14]. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʤʳ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʨʘʩʩʤʦʪʨʝʥʥʳʝ 

ʚʳʰʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩʠʤʚʦʣʦʤ G(t). ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʘʩʰʠʨʷʶʱʝʝʩʷ ʤʥʦʞʝʩʪʚʦ ʚ ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʄʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʝʛʦ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʠʣʠ ʧʨʦʮʝʩʩʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʧʣʦʩʢʦʩʪʠ. ɺ 

ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʥʷʪʥʦ, ʦ ʯʝʤ ʠʜʝʪ ʨʝʯʴ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʧʨʦʩʪʦ ʧʨʦʮʝʩʩ. 

ɻʨʘʥʠʮʫ ‬Ὃὸ ʧʨʦʮʝʩʩʘ Ὃὸʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʬʨʦʥʪʦʤ ʠʣʠ ʢʨʦʤʢʦʡ ʧʨʦʮʝʩʩʘ. 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʝʢ ʥʘ ʛʨʘʥʠʮʝ ʧʨʦʮʝʩʩʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʙʫʜʝʤ 

ʥʘʟʳʚʘʪʴ ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʮʝʩʩʘ. 

ʇʨʦʮʝʩʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ (ʥʘ ʢʘʨʪʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʩʰʪʘʙʘ). ʂʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ ὢ ὼȟὼ  ʧʨʠʚʷʟʘʥʘ ʢ 

ʢʘʨʪʝ, X ⱦ W, ʛʜʝ W ï ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʮʝʥʘʨʥʘʷ ʦʙʣʘʩʪʴ. 

ʇʫʩʪʴ Ὓὼȟὸ π ï ʫʨʘʚʥʝʥʠʝ ʛʨʘʥʠʮʳ ʧʨʦʮʝʩʩʘ G(t), ʧʨʠʯʝʤ ʩʢʘʣʷʨʥʘʷ 

ʬʫʥʢʮʠʷ Ὓὼȟὸ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʠʤʝʶʱʝʡ ʥʝʧʨʝʨʳʚʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ 

ʚʩʝʤ ʩʚʦʠʤ ʘʨʛʫʤʝʥʪʘʤ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʫʩʣʦʚʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʛʨʘʥʠʮʳ ʠʤʝʝʪ ʚʠʜ 

π (1.1) 

ɿʜʝʩʴ: 

 ὫὶὥὨὛ ȟ ὴ ï ʛʨʘʜʠʝʥʪ ʬʫʥʢʮʠʠ Ὓὼȟὸȟ  ʩʦʚʧʘʜʘʶʱʠʡ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʥʦʨʤʘʣʴʶ ʢ ʛʨʘʥʠʮʝ ʧʨʦʮʝʩʩʘ ʚ ʪʦʯʢʝ x ⱦ W; 

 ȟ ὠ(x, t) ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʘʥʠʮʳ ʚ ʪʦʯʢʝ x ⱦ W. 
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ʇʨʦʠʟʚʝʜʝʥʠʝ Ὄὴȟὼȟὸ ὴ ὠὼȟὸ ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ɻʘʤʠʣʴʪʦʥʘ 

ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ ɻʘʤʠʣʴʪʦʥʘ-ʗʢʦʙʠ 

ὠὫὶὥὨὛ ὴὠὼȟὸ π (1.2) 

ʠ ʩʠʩʪʝʤʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ  

 
ὼ ‬ὌȾ‬ὴ
ὴ ‬ὌȾ‬ὼ

 (1.3) 

ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ὼ‌ȟὸ ὼ‌ȟὴ‌ȟὸ ὴ ‌ȟ  (1.4) 

ʟʘʜʘʶʱʠʤʠ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ ʛʨʘʥʠʮʫ ʧʨʦʮʝʩʩʘ  Ὃ  ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. ɿʜʝʩʴ ‌ᶰὃ ï ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ, A ï ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ G(t) ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʨʤʘʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʘʥʠʮʳ ʧʨʦʮʝʩʩʘ ὠ ὼȟὸ  = ὠὼȟὸ
ȿ ȿ

, ʪ.ʝ. ʧʨʦʝʢʮʠʶ 

ʩʢʦʨʦʩʪʠ  ὠὼȟὸ ʥʘ ʝʜʠʥʠʯʥʫʶ ʥʦʨʤʘʣʴ ὴ
ȿ ȿ

Ȣ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ ɻʘʤʠʣʴʪʦʥʘ-ʗʢʦʙʠ (2) ʧʨʠʤʝʪ ʚʠʜ 

ὠȿὫὶὥὨὛȿ π, (1.5) 

ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (4).  

ʋʨʘʚʥʝʥʠʝ (1.5) ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʦʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʣʦʢʘʣʠʟʘʮʠʠ. 

1.3 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ʤʦʞʝʪ ʧʨʝʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʮʝʣʠ ï ʦʩʪʘʥʦʚʢʫ ʬʨʦʥʪʘ ʧʨʦʮʝʩʩʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʝʛʦ ʣʠʢʚʠʜʘʮʠʶ, ʦʢʨʫʞʝʥʠʝ ʥʝʧʨʦʭʦʜʠʤʳʤ ʜʣʷ ʧʨʦʮʝʩʩʘ 

ʧʨʝʧʷʪʩʪʚʠʝʤ (ʣʦʢʘʣʠʟʘʮʠʷ), ʠʣʠ, ʥʘʧʨʦʪʠʚ, ʫʢʣʦʥʝʥʠʝ ʦʪ ʚʩʪʨʝʯʠ ʩ ʧʨʦʮʝʩʩʦʤ. ɺ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʙʦʨ ʪʘʢʪʠʢʠ ʦʧʠʩʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʟʘʚʠʩʠʪ ʦʪ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ ʠ ʩ ʪʨʫʜʦʤ ʧʦʜʜʘʝʪʩʷ ʬʦʨʤʘʣʠʟʘʮʠʠ. ʆʜʥʘʢʦ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 

ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʣʫʞʙ ʟʘʱʠʪʳ ʧʦʣʝʟʥʦ 
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ʠʩʩʣʝʜʦʚʘʪʴ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʣʫʯʘʠ, ʜʦʧʫʩʢʘʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ. 

ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʯʘʪʳ ʚ ʨʘʙʦʪʘʭ ʌ.ʃ. ɸʣʴʙʠʥʠ [16,17], ɻ.H. ʂʦʨʦʚʠʥʘ 

[18], ɽ.ʅ. ɻʦʨʦʚʦʡ [19,20], ʉ.ɺ. ʋʰʘʥʦʚʘ ʠ ɻ.ɸ. ɼʦʨʨʝʨʘ [21]. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʯʝʪʦʤ ʧʫʪʝʡ ʣʦʢʘʣʠʟʘʮʠʠ, ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʟʘʜʘʯ 

ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʃʦʢʘʣʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ G(t) ʥʘ ʧʣʦʩʢʦʩʪʠ ʤʳ ʙʫʜʝʤ 

ʥʘʟʳʚʘʪʴ ʦʢʨʫʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʧʨʝʦʜʦʣʠʤʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ï 

ʣʦʢʘʣʠʟʘʮʠʦʥʥʳʤ ʙʘʨʴʝʨʦʤ ʠʣʠ ʣʠʥʠʝʡ. ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʛʦ ʙʘʨʴʝʨʘ 

ʥʘʟʳʚʘʝʪʩʷ ʣʦʢʘʣʠʟʘʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. 

ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʩʪʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧʦʚʦʡ ʘʣʛʦʨʠʪʤ ʜʚʠʞʝʥʠʷ ʢʦʤʘʥʜʳ 

ʧʨʠ ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʨʦʮʝʩʩ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ”ȟ•Ȣ 

ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ὺ•  ʠ ʩʢʦʨʦʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ (ʧʦʩʪʨʦʝʥʠʷ ʙʘʨʴʝʨʘ) u 

ʧʦʩʪʦʷʥʥʳ ʜʣʷ ʚʩʝʭ ὼ ‭ ὈȢ ɺ ʧʨʦʮʝʩʩʝ ʣʦʢʘʣʠʟʘʮʠʠ ʫʯʘʩʪʚʫʝʪ ʦʜʥʘ ʢʦʤʘʥʜʘ. 

ʅʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʪʦʯʢʠ ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʡ ʢʨʠʚʦʡ (ὅ ὅ) ʩʦʚʧʘʜʘʶʪ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʦʙʭʦʜʘ Ŭ ʨʦʣʠ ʥʝ ʠʛʨʘʝʪ. ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ: 

- ” •  - ʥʘʯʘʣʴʥʫʶ ʪʦʯʢʫ ʣʦʢʘʣʠʟʘʮʠʠ; 

- ʫʨʘʚʥʝʥʠʝ ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʡ ʢʨʠʚʦʡ ” ”ὸȟ•  ʠʣʠ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʬʦʨʤʝ ” ”• , ὸ ὸ• . 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʨʘʥʦ ʚʨʝʤʷ ʣʦʢʘʣʠʟʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ: 

ˡ ᷿Ὠὸ᷿ ὸὨὸO άὭὲ (1.6) 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʰʪʨʠʭ ʦʙʦʟʥʘʯʘʝʪ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ •. 

ʆʛʨʘʥʠʯʝʥʠʷ ʟʘʜʘʯʠ: 

”• ὶ• ὶ• ὺ•ὸ (1.7) 

” ” ό ὸ ȟ”• ”• ς“ ”ȟὸ• πȢ (1.8) 

ʈʝʰʘʷ ʟʘʜʘʯʫ ʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ (1.7) ï (1.8), ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʘʷ ʣʦʢʘʣʠʟʘʮʠʦʥʥʘʷ ʣʠʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʫʯʘʩʪʢʦʚ (ʨʠʩʫʥʦʢ 1.7).  
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ʈʠʩʫʥʦʢ 1.7 ï ɺʠʜ ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʡ ʣʠʥʠʠ ʚ ʩʭʝʤʝ ʩ ʦʜʥʠʤ ʮʝʥʪʨʦʤ 

ʇʝʨʚʳʡ ʫʯʘʩʪʦʢ ï ʧʨʷʤʦʣʠʥʝʡʥʳʡ, ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʙʣʠʞʝʥʠʶ ʩʨʝʜʩʪʚʘ 

ʣʦʢʘʣʠʟʘʮʠʠ ʢ ʩʪʘʨʪʦʚʦʡ ʪʦʯʢʝ ʧʨʦʮʝʩʩʘ, ʘ ʚʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʨʦʮʝʩʩ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʠʨʘʣʴ, ʨʘʟʚʦʨʘʯʠʚʘʶʱʫʶʩʷ ʧʦ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ. 

ʋʩʣʦʚʠʷ çʩʪʳʢʦʚʢʠè ʜʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʠʤʝʶʪ ʚʠʜ: 

Ὕ • Ὕ • ȟὙ • Ὑ • ȟὙ • Ὕ • ȟ (1.9) 

ʛʜʝ Ὕ ὺὸȾὶ, Ὑ ”Ⱦὶ, Ὑ ”Ⱦὶ. 

ʀʟ (1.9) ʧʦʩʣʝ ʥʝʢʦʪʦʨʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ 

ừ
Ử
Ừ

Ử
ứ

Ѝ
ὧÓÉÎ• ÃÏÓ•

ÅØÐ ‎ ρ • ς“

Ὑ ρȾÃÏÓ•

 (1.10) 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ (1.10), ʤʦʞʥʦ ʥʘʡʪʠ ὅ, • , Ὑ  ʢʘʢ ʬʫʥʢʮʠʶ ʦʪʥʦʰʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ‎ όȾὺ. ɺ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ, ʧʨʠ • ᴼ“Ⱦς, Ὑ ᴼЊ, ʠʟ (1.6) ʩʣʝʜʫʝʪ: 

ὅ ρ ὅȾ‎ ʠʣʠ ὅ ρȾ‎ ρ, 

ʆʪʢʫʜʘ ὅ Ὡὼὴ  ὅȾ‎, ὅ πȟςχττ, ‎ σȟχχω. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʩʦʩʪʘʚʣʷʝʪ 3,779, ʧʨʠ 

ʜʘʥʥʦʤ ʠ ʤʝʥʴʰʝʤ ʦʪʥʦʰʝʥʠʠ ʣʦʢʘʣʠʟʘʮʠʷ ʥʝʚʦʟʤʦʞʥʘ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ 

ʟʥʘʯʝʥʠʡ ‎ ʚʝʣʠʯʠʥʳ ὅ, •, Ὑ, Ὑ• , Ὕ•  ʠ Ὕς“ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.2. 

0j  

cj  

0r 

()j0r

 
()jr
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ʊʘʙʣʠʮʘ 1.2 ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʡ ʢʨʠʚʦʡ ʧʨʠ ʥʝʢʦʪʦʨʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʩʢʦʨʦʩʪʝʡ 

‎ όȾὺ • ὅ Ὑ Ὑ•  Ὕ•  Ὕς“ 

100 0,351 2,816 1,065 1,004 0,0037 0,065 

20 0,761 0,160 1,381 1,048 0,0477 0,381 

10 1,043 0,726 1,985 1,172 0,1720 0,985 

5 1,402 0,388 5,952 2,198 1,1980 4,952 

3,779 1,571 0,274 ¤ ¤ ¤ ¤ 

 

1.4 ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʬʨʦʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʧʦʜʚʠʞʥʳʭ ʩʝʪʦʢ 

ʆʧʠʩʳʚʘʝʤʳʡ ʤʝʪʦʜ ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʉ.ʂ. ɻʦʜʫʥʦʚʳʤ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ [22]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʪʘʢʞʝ ʙʳʣ ʧʨʠʤʝʥʝʥ ɻ.ɸ. ɼʦʨʨʝʨʦʤ 

ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʦʚ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ [14]. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʤʝʪʦʜʘ 

ʧʦʜʚʠʞʥʳʭ ʩʝʪʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʩʯʝʪʥʘʷ ʩʝʪʦʯʥʘʷ ʦʙʣʘʩʪʴ ʥʝ ʟʘʜʘʝʪʩʷ 

ʟʘʨʘʥʝʝ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ, ʜʚʠʛʘʷʩʴ ʠ ʨʘʟʚʠʚʘʷʩʴ ʚʤʝʩʪʝ ʩ ʥʠʤ, 

ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʦʚ ʨʘʟʣʠʯʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʇʦʜ ʢʦʥʪʫʨʦʤ (ʠʣʠ ʬʨʦʥʪʦʤ) ʟʜʝʩʴ ʧʦʥʠʤʘʝʪʩʷ ʚʥʝʰʥʷʷ ʛʨʘʥʠʮʘ 

ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. ɺ ʟʘʜʘʯʘʭ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʵʪʦʪ ʤʝʪʦʜ ʙʳʣ 

ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ, ʢʦʥʪʫʨʦʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʛʦʣʦʚʥʘʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ. ʇʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ï ʚʥʝʰʥʷʷ ʛʨʘʥʠʮʘ ʬʨʦʥʪʘ ʧʦʞʘʨʘ. 

ʉʘʤ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʢʦʥʪʫʨʘ ʧʨʦʮʝʩʩʘ ʦʩʥʦʚʘʥ ʥʘ ʯʠʩʣʝʥʥʦʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʩʝʤʝʡʩʪʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʨʘʚʥʝʥʠʷ ɻʘʤʠʣʴʪʦʥʘ-ʗʢʦʙʠ: 

ὺὫὶὥὨ• ὺȿὫὶὥὨ•ȿ π, (1.11) 

ʛʜʝ ὺ ὺȟὺ  ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ, ὫὶὥὨ•Ὠ•ȾὨὼȟὨ•ȾὨώ ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ 

ʢ ʢʦʥʪʫʨʫ, ὫὶὥὨ•ȾȿὫὶὥὨ•ȿ ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʢʦʥʪʫʨʫ, ὺ
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ὫὶὥὨ•ȾȿὫὶὥὨ•ȿὺï ʚʝʣʠʯʠʥʘ ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ʉʠʤʚʦʣ T ʦʟʥʘʯʘʝʪ 

ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʟʘʜʘʥʳ ʥʘ ʥʘʯʘʣʴʥʦʤ 

ʤʥʦʛʦʦʙʨʘʟʠʠ ẒȢɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʜʚʘ ʤʘʩʩʠʚʘ: ʤʘʩʩʠʚ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʬʨʦʥʪʘ ‚ὸ ‚ὸȟ‫  ʠ ʤʘʩʩʠʚ ʥʦʨʤʘʣʝʡ ʢ ʬʨʦʥʪʫ ʚ ʵʪʠʭ 

ʪʦʯʢʘʭ ὴὸ ὴὸȟ‫ ȟὭɴ ὔὸȢʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʚʦʟʤʦʞʥʦ 

ʧʝʨʝʩʝʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʠ ʵʪʦʤ ʫʧʦʨʷʜʦʯʝʥʠʝ ʤʘʩʩʠʚʦʚ ʧʦ ʧʘʨʘʤʝʪʨʫ ɤ 

ʥʘʨʫʰʘʝʪʩʷ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʦʥʪʫʨʘ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ 

ʫʢʘʟʳʚʘʶʪʩʷ ʥʦʤʝʨʘ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʘʷ ʪʦʯʢʘ ʢʦʥʪʫʨʘ ὅὸ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʢʪʦʨʦʤ (ʨʠʩʫʥʦʢ 1.8): 

ὅὸ ‚ὸȟὴὸȟὒὭȟὙὭȟ Ὥɴ ὔὸȢ (1.12) 

ɿʜʝʩʴ ‚ὸ ὼὸȟώὸ  - ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʢʦʥʪʫʨʘ ʥʘ ʧʣʦʩʢʦʩʪʠ; 

ὴὸ ὴ ὸȟὴ ὸ  ï ʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ ʢʦʥʪʫʨʫ; ὒὭȟὙὭ - ʥʦʤʝʨʘ 

ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʦʪ Ci, ʝʩʣʠ ʩʤʦʪʨʝʪʴ ʚ 

ʩʪʦʨʦʥʫ ʜʚʠʞʝʥʠʷ ʢʦʥʪʫʨʘ; ὔὸ ï ʤʥʦʞʝʩʪʚʦ ʥʦʤʝʨʦʚ ʪʦʯʝʢ, ʦʙʨʘʟʫʶʱʠʭ ʢʦʥʪʫʨ 

ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. 

 
ʈʠʩʫʥʦʢ 1.8 ï ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʥʪʫʨʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʤʝʪʦʜʝ 

ʧʦʜʚʠʞʥʳʭ ʩʝʪʦʢ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ. 
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1. ʅʘʯʘʣʴʥʳʡ ʢʦʥʪʫʨ X0 ʚ ʚʠʜʝ ʩʧʠʩʢʘ: 

 ὅπ ‚πȟὴπȟὒὭȟὙὭȟ Ὥɴ ὔπȟ ‚ᶰὈȟ ὴᶰπȟς“ȟ ᴁὴᴁ ρȢ 

2. ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ï ʬʫʥʢʮʠʠ ὺ‚ȟὴ ʠ ὺ ‚ȟὴ, ὢᶰὈ, ὴᶰπȟς“, ᴁὴᴁ ρ. 

ɼʘʥʥʳʝ ʬʫʥʢʮʠʠ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʜʘʥʳ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʡ ʧʦʜʧʨʦʛʨʘʤʤʳ ʠʣʠ ʤʦʜʫʣʷ. 

3. ʉʧʦʩʦʙ ʠʥʪʝʨʧʦʣʷʮʠʠ ʟʥʘʯʝʥʠʡ ‚ὸ ʠ ὴὸ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ, 

ʢʦʪʦʨʳʡ ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ Ὢ‚ȟ‚ ȟ‚  ʠ Ὢ‚ȟ‚ ȟ‚ . 

4. ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ: 

- ɟmax, ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ; 

- ɟmin, ʤʠʥʠʤʘʣʴʥʦʝ ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ; 

- ȹt, ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ. 

ʉʘʤ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʧʦʜʚʠʞʥʳʭ ʩʝʪʦʢ, ʧʨʠʚʝʜʝʥ ʥʠʞʝ: 

1. ʨʘʩʯʝʪ ʪʦʯʝʢ ʥʘ ʦʯʝʨʝʜʥʦʤ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ. ɼʣʷ ʵʪʦʛʦ ʧʝʨʝʩʯʠʪʳʚʘʝʤ 

ʚʝʢʪʦʨ ʥʦʨʤʘʣʝʡ ʢ ʢʦʥʪʫʨʫ, ʟʘʪʝʤ ʚʳʯʠʩʣʷʝʤ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʢʦʥʪʫʨʘ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ, ʫʯʠʪʳʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʠ ʩʚʦʡʩʪʚʘ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʚʝʨʭʥʦʩʪʠ; 

2. ʘʥʘʣʠʟ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʷ ʢʦʥʪʫʨʘ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʥʘ ʧʝʨʝʩʝʯʝʥʠʝ 

ʤʝʞʜʫ ʢʘʞʜʳʤʠ ʦʪʨʝʟʢʘʤʠ ʢʦʥʪʫʨʘ. ɽʩʣʠ ʧʝʨʝʩʝʯʝʥʠʝ ʥʘʡʜʝʥʦ, ʪʦ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʦʙʨʝʟʢʘ ʪʦʯʝʢ ʢʦʥʪʫʨʘ, ʧʦʧʘʚʰʠʭ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʯʘʩʪʴ ʢʦʥʪʫʨʘ; 

3. ʝʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʫʨʦʚ ʧʨʠ ʨʘʩʯʝʪʝ ʙʦʣʴʰʝ ʦʜʥʦʛʦ, ʪʦ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʨʦʚʝʨʢʘ ʥʘ ʧʝʨʝʩʝʯʝʥʠʝ ʵʪʠʭ ʢʦʥʪʫʨʦʚ. ɺ ʩʣʫʯʘʝ ʥʘʡʜʝʥʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʠʷʥʠʝ ʢʦʥʪʫʨʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ, ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ 

ʢʦʥʪʫʨ ʠʟ ʜʚʫʭ; 

4. ʫʧʦʨʷʜʦʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ. ɺʳʯʠʩʣʷʶʪʩʷ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ. ɽʩʣʠ ʦʥʦ ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʪʦ ʚʚʦʜʠʪʩʷ ʥʦʚʘʷ ʪʦʯʢʘ, ʠ ʠʟʤʝʥʷʶʪʩʷ ʩʩʳʣʢʠ ʚ 

ʩʦʩʝʜʥʠʭ ʪʦʯʢʘʭ. ɽʩʣʠ ʤʝʥʴʰʝ ʤʠʥʠʤʘʣʴʥʦʛʦ, ʪʦ ʦʜʥʘ ʠʟ ʪʦʯʝʢ ʫʜʘʣʷʝʪʩʷ ʠʟ 

ʩʧʠʩʢʘ; 

5. ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʩʯʝʪʘ ʥʘ ʩʣʝʜʫʶʱʝʤ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ, 

ʧʝʨʝʡʪʠ ʢ 4, ʠʥʘʯʝ ʢ 6; 

6. ʝʩʣʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʝ ʠʟʤʝʥʠʣʠʩʴ, ʧʝʨʝʡʪʠ ʢ 1, ʠʥʘʯʝ ʢ 5; 
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7. ʚʚʝʩʪʠ ʠʟʤʝʥʠʚʰʠʝʩʷ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ʇʝʨʝʡʪʠ ʢ 1; 

8. ʟʘʢʦʥʯʠʪʴ. 

1.5 ɺʳʚʦʜʳ ʧʦ ʧʝʨʚʦʡ ʛʣʘʚʝ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʢʘʢ ʦʙʲʝʢʪ rʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ.  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʨʦʜʥʦʛʦ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʠʥʷʪʳ ʢʘʢ ʜʦʧʫʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦ ʧʨʠʨʦʜʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʦ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ (ʦʪ 

ʵʢʩʧʘʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʦʯʘʛʦʚ ʜʦ ʟʘʪʫʭʘʶʱʝʛʦ ʧʨʦʮʝʩʩʘ). 

ɼʘʥ  rʦʧʨʝʜʝʣʝʥʠ ̫ʨʷʜʫ ʧʦʥʷʪʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʘ ʪʘʢʞʝ 

ʧʨʠʚʝʜʝʥ ʤʝʪʦʜ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʷʟʳʢʝ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʩʪʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧʦʚʦʡ ʘʣʛʦʨʠʪʤ ʜʚʠʞʝʥʠʷ ʢʦʤʘʥʜʳ 

ʧʨʠ ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʧʦʜʚʠʞʥʳʭ ʩʝʪʦʢ ʠ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʝʤ ʘʣʛʦʨʠʪʤ 

ʧʦʩʪʨʦʝʥʠʷ ʬʨʦʥʪʘ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʝʜʠʥʘʷ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʦʙʱʝʤ ʧʨʠʥʮʠʧʝ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʥʪʫʨʦʚ ʧʨʦʮʝʩʩʦʚ. 
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ɻʣʘʚʘ 2. ɸʛʝʥʪʥʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ɻʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʧʨʠʨʦʜʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʘʛʝʥʪʥʦʤ ʧʦʜʭʦʜʝ. 

ɺ ʥʘʯʘʣʝ ʛʣʘʚ rʜʘʸʪʩʷ ʦʙʟʦʨ ʪʝʦʨʠʠ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʦʧʠʩʳʚʘʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ. ɿʘʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʛʝʥʪʥʘʷ ʤʦʜʝʣʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʥʝʡ. 

ʇʨʠʚʦʜʠʪʩʷ ʪʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʦʜʝʣʠ ï ʩʨʝʜʳ ʠ 

ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʥʝʡ ʘʛʝʥʪʦʚ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʚʝʪʥʳʭ ʚʣʦʞʝʥʥʳʭ ʩʝʪʝʡ 

ʇʝʪʨʠ. 

2.1 ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʧʦʥʷʪʠʡ ʘʛʝʥʪʘ ʠ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ 

2.1.1 ʇʦʥʷʪʠʝ ʘʛʝʥʪʘ, ʚʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʘʛʝʥʪʦʚ ʠ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʠʤʝʶʪ ʧʦʯʪʠ 

ʧʦʣʫʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ, ʦʜʥʘʢʦ, ʪʦʣʴʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʥʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʬʦʨʤʠʣʠʩʴ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠ ʤʥʦʛʦʧʣʘʥʦʚʳʡ ʨʘʟʜʝʣ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɼʘʥʥʘʷ ʪʝʤʘʪʠʢʘ ʧʨʠʚʣʝʢʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ. ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʠʥʪʝʨʝʩʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʦʙʰʠʨʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʢʘ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʘʛʝʥʪʦʚ, ʘ 

ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʝʥ ʮʝʣʳʡ ʨʷʜ ʦʧʨʝʜʝʣʝʥʠʡ ʧʦʥʷʪʠʷ çʘʛʝʥʪè. 

ʆʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʘʛʝʥʪʘ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ ʇ. ʈʘʩʩʝʣʘ ʠ 

ʉ. ʅʦʨʚʠʛʘ çʀʩʢʫʩʩʪʚʝʥʥʳʡ ʀʥʪʝʣʣʝʢʪ: ʩʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜè [ 23 ]. ɸʚʪʦʨʳ 

ʦʧʨʝʜʝʣʷʶʪ ʘʛʝʥʪ ʢʘʢ ʩʫʱʥʦʩʪʴ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʥʝʢʦʪʦʨʦʡ ʩʨʝʜʝ, ʢʦʪʦʨʘʷ 

ʚʦʩʧʨʠʥʠʤʘʝʪ ʝʝ ʩ ʧʦʤʦʱʴʶ ʩʝʥʩʦʨʦʚ, ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ, ʦʪʨʘʞʘʶʱʠʝ 
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ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʨʝʜʝ ʩʦʙʳʪʠʷ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʵʪʠ ʜʘʥʥʳʝ ʠ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ 

ʩʨʝʜʫ ʩ ʧʦʤʦʱʴʶ ʵʬʬʝʢʪʦʨʦʚ.  

ɹʦʣʝʝ ʫʟʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʥʦ ʄ. ɺʫʣʜʨʠʜʞʝʤ ʠ ʅ. ɼʞʝʥʥʠʥʛʩʦʤ [24]. ʆʥʠ 

ʩʯʠʪʘʶʪ, ʯʪʦ ʘʛʝʥʪ ï ʵʪʦ ʘʧʧʘʨʘʪʥʘʷ ʠʣʠ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʣʘʜʘʶʱʘʷ 

ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

- ʘʚʪʦʥʦʤʥʦʩʪʴ: ʩʧʦʩʦʙʥʦʩʪʴ ʘʛʝʥʪʘ ʜʝʡʩʪʚʦʚʘʪʴ ʙʝʟ ʚʥʝʰʥʝʛʦ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʪ.ʝ. ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʵʣʝʤʝʥʪʘ ʚʥʝʰʥʝʡ ʩʨʝʜʳ; 

- ʩʦʮʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ ʘʛʝʥʪʘʤʠ, ʝʩʣʠ 

ʪʘʢʦʚʳʝ ʠʤʝʁʪʩʷ, ʠʣʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ 

ʢʦʤʤʫʥʠʢʘʮʠʠ; 

- ʨʝʘʢʪʠʚʥʦʩʪʴ: ʩʧʦʩʦʙʥʦʩʪʴ ʘʛʝʥʪʘ ʚʦʩʧʨʠʥʠʤʘʪʴ ʦʢʨʫʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʦʥ 

ʥʘʭʦʜʠʪʩʷ (ʚʥʝʰʥʷʷ ʩʨʝʜʘ, ʧʦʣʴʟʦʚʘʪʝʣʴ, ʜʨʫʛʠʝ ʘʛʝʥʪʳ), ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʘʜʝʢʚʘʪʥʦ 

ʥʘ ʝʛʦ ʠʟʤʝʥʝʥʠʝ; 

- ʠʥʠʮʠʘʪʠʚʥʦʩʪʴ ʧʦʚʝʜʝʥʠʷ: ʘʛʝʥʪʳ ʜʝʡʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʚ ʦʪʚʝʪ ʥʘ 

ʟʘʧʨʦʩʳ ʦʢʨʫʞʝʥʠʷ, ʥʦ ʠ ʧʨʦʷʚʣʷʶʪ ʩʦʙʩʪʚʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʠʤʝʶʪ 

ʩʦʙʩʪʚʝʥʥʳʝ ʮʝʣʠ; 

- ʤʦʙʠʣʴʥʦʩʪʴ: ʘʛʝʥʪ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚ 

ʩʨʝʜʝ; 

- ʧʨʘʚʜʠʚʦʩʪʴ: ʘʛʝʥʪ ʥʝ ʜʦʣʞʝʥ ʩʦʟʥʘʪʝʣʴʥʦ ʜʘʚʘʪʴ ʣʦʞʥʳʝ ʩʦʦʙʱʝʥʠʷ; 

- ʙʣʘʛʦʩʢʣʦʥʥʦʩʪʴ: ʘʛʝʥʪ, ʝʩʣʠ ʦʥ ʷʚʣʷʝʪʩʷ ʯʣʝʥʦʤ ʢʦʣʣʝʢʪʠʚʘ, ʥʝ ʠʤʝʝʪ 

ʮʝʣʝʡ, ʧʨʦʪʠʚʦʨʝʯʘʱʠʭ ʮʝʣʷʤ, ʧʨʝʩʣʝʜʫʝʤʳʤ ʢʦʣʣʝʢʪʠʚʦʤ; 

- ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ: ʘʛʝʥʪ ʧʨʝʜʧʨʠʥʠʤʘʝʪ ʚʩʝ ʤʝʨʳ ʧʦ ʜʦʩʪʠʞʝʥʠʶ 

ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʩ ʢʦʣʣʝʢʪʠʚʦʤ ʮʝʣʠ; 

- ʘʢʪʠʚʥʦʩʪʴ: ʘʛʝʥʪ ʩʧʦʩʦʙʝʥ ʩʪʘʚʠʪʴ ʮʝʣʠ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʛʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʧʨʠʥʷʪʦ ʛʦʚʦʨʠʪʴ ʦʙ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʛʝʥʪʘʭ [ 25]. ɼʘʥʥʳʡ ʪʠʧ 

ʘʛʝʥʪʦʚ ʥʘʜʝʣʷʶʪ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʘʢ ʟʥʘʥʠʷ, ʚʝʨʘ, ʮʝʣʴ, ʞʝʣʘʥʠʷ, 

ʥʘʤʝʨʝʥʠʷ ʠ ʜʨ. 
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ʇʨʠʚʝʜʝʥʥʳʡ ʨʷʜ ʦʧʨʝʜʝʣʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʠʨʦʜʫ ʘʛʝʥʪʘ ʩʫʛʫʙʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʨʦʛʨʘʤʤʠʩʪʘ. ʊʘʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ çʩʣʘʙʳʤʠè 

[24, 26, 27], ʘ ʘʛʝʥʪʳ ʧʦʥʠʤʘʶʪʩʷ ʚ ʥʠʭ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʝʜʠʥʠʮʳ, 

ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʣʦʢʘʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʜʦʩʪʠʛʘʶʱʠʝ ʩʦʩʪʦʷʥʠʷ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʶʱʠʝ ʜʝʡʩʪʚʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʥʝʰʥʝʡ ʩʨʝʜʳ [28]. 

çʉʠʣʴʥʳʝè ʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʘʥʪʨʦʧʦʤʦʨʬʥʳʤ ʚʟʛʣʷʜʦʤ ʠ ʙʦʣʝʝ 

ʧʦʣʥʦ ʦʪʨʘʞʘʶʪ ʢʦʥʮʝʧʮʠʠ, ʧʨʠʤʝʥʠʤʳʝ ʢ ʣʶʜʷʤ, ʪʘʢʠʝ ʢʘʢ ʢʦʛʥʠʪʠʚʥʳʝ, 

ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʘʛʝʥʪʦʚ [24, 26, 27]. ɺ ʪʘʢʠʭ 

ʦʧʨʝʜʝʣʝʥʠʷʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʤʝʥʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʘʛʝʥʪʘ, ʥʘʣʠʯʠʝ ʫ ʥʠʭ 

ʚʥʫʪʨʝʥʥʠʭ ʤʝʭʘʥʠʟʤʦʚ ʤʦʪʠʚʘʮʠʠ ʠ ʮʝʣʝʧʦʣʘʛʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʦʧʨʝʜʝʣʝʥʠʡ ʧʦʥʷʪʠʷ ʘʛʝʥʪʘ ʟʘʚʠʩʷʱʝʝ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠ ʦʙʣʘʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɸʚʪʦʨʳ 

ʦʧʨʝʜʝʣʷʶʪ ʩʚʦʝʛʦ ʘʛʝʥʪʘ ʩ ʥʝʢʦʪʦʨʳʤ ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʠ ʩʨʝʜʳ ʝʛʦ ʦʙʠʪʘʥʠʷ. ʊʘʢ ɻ.ʄ. ʎʠʙʫʣʴʩʢʠʡ ʚ 

ʩʚʦʝʡ ʨʘʙʦʪʝ çʄʫʣʴʪʠʘʛʝʥʪʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʠʟʦʙʨʘʞʝʥʠʡè [26] ʦʧʨʝʜʝʣʷʝʪ 

ʘʛʝʥʪʘ ʢʘʢ ʨʝʰʘʶʱʫʶ ʩʠʩʪʝʤʫ ʚʪʦʨʦʛʦ ʨʦʜʘ (ʧʫʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ ʘʧʨʠʦʨʠ ʥʝʠʟʚʝʩʪʝʥ), ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʩʪʳʭ ʟʘʜʘʯ, 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʦʜʥʦʰʘʛʦʚʦʛʦ ʧʦʠʩʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚʳʜʝʣʷʶʪ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʘʛʝʥʪʦʚ, ʪʘʢʠʝ ʢʘʢ, ʘʚʪʦʥʦʤʥʳʝ ʘʛʝʥʪʳ, ʧʝʨʩʦʥʘʣʴʥʳʝ ʘʩʩʠʩʪʝʥʪʳ, 

ʤʦʙʠʣʴʥʳʝ ʘʛʝʥʪʳ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʛʝʥʪʳ ʠ ʜʨ.  

ʆʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʘʛʝʥʪʦʚ, ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ, 

ʷʚʣʷʶʪʩʷ ʘʚʪʦʥʦʤʥʦʩʪʴ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ʊʦ ʝʩʪʴ, ʘʚʪʦʥʦʤʥʦʝ ʚʳʧʦʣʥʝʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʜʝʡʩʪʚʠʡ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʨʝʜʝ, ʧʨʠʝʤ ʧʦʪʦʢʘ ʚʭʦʜʷʱʝʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʠʜʫʱʠʡ ʦʪ ʩʨʝʜʳ ʠʣʠ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ, ʦʙʨʘʙʦʪʢʘ ʵʪʦʛʦ ʧʦʪʦʢʘ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʪʝʨʠʝʚ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʘʛʝʥʪʦʚ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʷʚʣʷʝʪʩʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʫʨʦʚʥʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠ ʘʛʝʥʪʦʚ. ʄ. ɺʫʣʜʨʠʜʞ ʠ 
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ʅ. ɼʞʝʥʥʠʥʛʩ ʚʳʜʝʣʷʶʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʘʛʝʥʪʦʚ. ʕʪʦ ʧʨʦʩʪʳʝ ʘʛʝʥʪʳ, 

ʫʤʥʳʝ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʛʝʥʪʳ [24]. ɺ 

ʪʘʙʣʠʮʝ 2.1 ʧʨʠʚʝʜʝʥʳ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʤʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʘʛʝʥʪʳ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ. 

ʊʘʙʣʠʮʘ 2.1 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʛʝʥʪʦʚ ʧʦ ʄ. ɺʫʣʜʨʠʜʞʫ ʠ ʅ. ɼʞʝʥʥʠʥʛʩʫ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʊʠʧʳ 

ʇʨʦʩʪʳʝ ʋʤʥʳʝ ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 
ɼʝʡʩʪʚʠʪʝʣʴʥʦ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ɸʚʪʦʥʦʤʥʦʩʪʴ +  + + 

ʉʦʮʠʘʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ 

+ + + + 

ʈʝʘʢʪʠʚʥʦʩʪʴ + + + + 

ɸʢʪʠʚʥʦʩʪʴ   + + 

ɹʘʟʦʚʳʝ ʟʥʘʥʠʷ  + + + 

ɾʝʣʘʥʠʷ   + + 

ɺ.ɹ. ʊʘʨʘʩʦʚ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [27] ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʧʨʝʜʝʣʝʥʠʡ ʘʛʝʥʪʦʚ ʠ ʧʨʝʜʣʘʛʘʝʪ ʢʦʥʮʝʧʮʠʶ ʨʘʟʙʠʝʥʠʷ ʘʛʝʥʪʦʚ ʧʦ ʩʪʝʧʝʥʠ 

ʨʘʟʚʠʪʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʠʨʘ ʠ ʩʧʦʩʦʙʫ ʧʦʚʝʜʝʥʠʷ. ʇʦ 

ʵʪʠʤ ʧʨʠʟʥʘʢʘʤ ʦʥ ʚʳʜʝʣʷʝʪ ʢʦʛʥʠʪʠʚʥʳʭ ʠ ʨʝʘʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ.  

ɺ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʛʥʠʪʠʚʥʳʝ ʘʛʝʥʪʳ [24, 29, 30] ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ 

ʙʦʛʘʪʳʤ ʠ ʧʦʣʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ, ʯʝʤ ʨʝʘʢʪʠʚʥʳʝ. ʕʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʫ ʪʘʢʠʭ ʘʛʝʥʪʦʚ ʙʘʟʳ ʟʥʘʥʠʡ ʠ ʤʝʭʘʥʠʟʤʘ ʨʝʰʝʥʠʷ. ʅʘ 

ʨʠʩʫʥʢʝ 2.1 ʧʨʠʚʝʜʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʫʩʣʦʚʥʘʷ ʩʭʝʤʘ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʢʦʛʥʠʪʠʚʥʦʛʦ ʘʛʝʥʪʘ.  

ʈʝʘʢʪʠʚʥʳʝ ʘʛʝʥʪʳ, ʠʤʝʶʪ ʦʯʝʥʴ ʩʢʫʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ 

ʠʣʠ ʥʝ ʠʤʝʶʪ ʝʛʦ ʩʦʚʩʝʤ [ 31,32,33,34,35]. ʆʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʧʦʩʦʙʥʳ 

ʧʣʘʥʠʨʦʚʘʪʴ ʩʚʦʠ ʜʝʡʩʪʚʠʷ, ʪ.ʢ. ʩʘʤʦ ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʘʢʪʠʚʥʦʩʪʠ ʦʟʥʘʯʘʝʪ 

ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʥʝ ʩʦʜʝʨʞʠʪ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʛʥʦʟʘ. ʅʘ ʨʠʩʫʥʢʝ 

2.2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʝʘʢʪʠʚʥʦʛʦ ʘʛʝʥʪʘ.  
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ʈʠʩʫʥʦʢ 2.1 - ʉʭʝʤʘ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢʦʛʥʠʪʠʚʥʦʛʦ ʘʛʝʥʪʘ 

 

ʈʠʩʫʥʦʢ 2.2 - ʉʭʝʤʘ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʝʘʢʪʠʚʥʦʛʦ ʘʛʝʥʪʘ 

ʉʪʘʥʜʘʨʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
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ʦʙʨʘʪʥʘʷ 

ʩʚʷʟʴ 

ʂʘʢʦʝ ʜʝʡʩʪʚʠʝ 

ʪʝʧʝʨʴ ʚʳʧʦʣʥʠʪʴ 

ɸʛʝʥʪ 

ʮʝʣʠ  

ʦʙʫʯʝʥʠʷ 

ʠʟʤʝʥʝʥʠʷ 

ʟʥʘʥʠʷ 

ʕʬʬʝʢʪʦʨʳ 

ʉʝʥʩʦʨʳ 
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ɺ ʪʘʙʣʠʮʝ 2.2 ʧʨʠʚʝʜʝʥʳ ʩʚʦʡʩʪʚʘ ʨʝʘʢʪʠʚʥʳʭ ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʘʛʝʥʪʦʚ. 

ʊʘʙʣʠʮʘ 2.2 ʉʚʦʡʩʪʚʘ ʢʦʛʥʠʪʠʚʥʳʭ ʠ ʨʝʘʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʝʘʢʪʠʚʥʳʝ ʘʛʝʥʪʳ ʂʦʛʥʠʪʠʚʥʳʝ ʘʛʝʥʪʳ 

ɺʥʫʪʨʝʥʥʷʷ ʤʦʜʝʣʴ 

ʚʥʝʰʥʝʛʦ ʤʠʨʘ 

ʇʨʠʤʠʪʠʚʥʘʷ ʈʘʟʚʠʪʘʷ 

ʈʘʩʩʫʞʜʝʥʠʷ ʇʨʦʩʪʳʝ ʦʜʥʦʰʘʛʦʚʳʝ 

ʨʘʩʩʫʞʜʝʥʠʷ 

ʉʣʦʞʥʳʝ ʠ ʨʝʬʣʝʢʩʠʚʥʳʝ 

ʨʘʩʩʫʞʜʝʥʠʷ 

ʄʦʪʠʚʘʮʠʷ ʇʨʦʩʪʝʡʰʠʝ 

ʧʦʙʫʞʜʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʳʞʠʚʘʥʠʝʤ 

ʈʘʟʚʠʪʘʷ ʩʠʩʪʝʤʘ ʤʦʪʠʚʘʮʠʠ, 

ʚʢʣʶʯʘʶʱʘʷ  ʫʙʝʞʜʝʥʠʷ, 

ʞʝʣʘʥʠʷ, ʥʘʤʝʨʝʥʠʷ 

ʇʘʤʷʪʴ ʅʝʪ ɽʩʪʴ 

ʈʝʘʢʮʠʷ ɹʳʩʪʨʘʷ ʄʝʜʣʝʥʥʘʷ 

ɸʜʘʧʪʠʚʥʦʩʪʴ ɺʳʩʦʢʘʷ ʄʘʣʘʷ 

ʄʦʜʫʣʴʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ 

ʅʝʪ ɽʩʪʴ 

ʉʦʩʪʘʚ ʄɸʉ 

 

ɹʦʣʴʰʦʝ ʯʠʩʣʦ 

ʟʘʚʠʩʠʤʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʘʛʝʥʪʦʚ 

ʅʝʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʘʚʪʦʥʦʤʥʳʭ ʘʛʝʥʪʦʚ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʛʥʠʪʠʚʥʳʝ ʘʛʝʥʪʳ ʦʙʣʘʜʘʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ 

ʘʚʪʦʥʦʤʥʦʩʪʴʶ, ʨʘʙʦʪʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʦ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʛʠʙʢʦʝ ʧʦʚʝʜʝʥʠʝ. ʆʜʥʘʢʦ ʩʣʦʞʥʦʩʪʴ ʘʚʪʦʥʦʤʥʳʭ ʘʛʝʥʪʦʚ ʚʳʟʳʚʘʝʪ ʩʝʨʴʝʟʥʳʝ 

ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʵʪʦʤʫ ʩʠʩʪʝʤʘ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʠʟ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʦʠʪ ʠʟ ʥʝʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʘʚʪʦʥʦʤʥʳʭ ʝʜʠʥʠʮ. 

ʈʝʘʢʪʠʚʥʳʝ ʞʝ ʘʛʝʥʪʳ, ʦʙʣʘʜʘʶʪ ʧʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʞʝʩʪʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʨʝʜʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʠʭ ʘʛʝʥʪʦʚ, ʢʦʛʜʘ 

ʦʥʠ ʜʝʡʩʪʚʫʶʪ ʚ ʦʜʠʥʦʯʢʫ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʠ. ʀʤ ʣʝʛʯʝ ʬʦʨʤʠʨʦʚʘʪʴ ʛʨʫʧʧʫ 

ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʶ, ʢʦʪʦʨʘʷ ʛʠʙʢʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʩʨʝʜʳ. ʇʦʵʪʦʤʫ 

ʨʝʘʢʪʠʚʥʳʝ ʘʛʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʠʤʝʥʥʦ ʥʘ ʢʦʣʣʝʢʪʠʚʥʦʤ 

ʫʨʦʚʥʝ. ʈʝʘʢʪʠʚʥʳʝ ʘʛʝʥʪʳ, ʧʦʯʪʠ ʥʝ ʠʤʝʶʱʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ, ʟʘ ʩʯʝʪ ʩʚʦʝʛʦ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠ ʠʟʙʳʪʦʯʥʦʩʪʠ ʤʦʛʫʪ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ. 
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2.1.2 ʄʫʣʴʪʠʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʘʨʭʠʪʝʢʪʫʨʳ 

ɺ.ɹ. ʊʘʨʘʩʦʚ ʜʘʝʪ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ 

(ʄɸʉ) ʚ ʚʠʜʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʫʣʳ, ʥʝ ʜʝʪʘʣʠʟʠʨʫʷ ʩʦʜʝʨʞʘʥʠʝ ʚʭʦʜʷʱʠʭ ʚ 

ʥʝʝ ʩʦʩʪʘʚʣʷʶʱʠʭ [36] 

MAS = (A, E, R, ORG, ACT, COM, EV), 

ʛʜʝ ɸ ï ʤʥʦʞʝʩʪʚʦ ʘʛʝʥʪʦʚ, ɽ ï ʤʥʦʞʝʩʪʚʦ ʩʨʝʜ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʦʪʥʦʰʝʥʠʷʭ R ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʬʦʨʤʠʨʫʶʱʠʝ ʥʝʢʦʪʦʨʫʶ 

ʦʨʛʘʥʠʟʘʮʠʶ ORG, ʦʙʣʘʜʘʶʱʠʭ ʥʘʙʦʨʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʩʦʚʤʝʩʪʠʤʳʭ 

ʜʝʡʩʪʚʠʡ ACT, ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʳʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʜʝʡʩʪʚʠʷ COM ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʵʚʦʣʶʮʠʠ EV. 

ʉʦʛʣʘʩʥʦ [37] ʄɸʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʠʣʴʥʦ ʩʚʷʟʘʥʥʘʷ ʩʝʪʴ ʨʝʰʘʪʝʣʝʡ 

ʩʦʚʤʝʩʪʥʦ ʨʘʙʦʪʘʶʱʠʭ ʥʘʜ ʧʨʦʙʣʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʘʛʝʥʪʦʚ.  

ɼʞ. ʃʶʛʝʨ ʦʧʨʝʜʝʣʷʝʪ ʄɸʉ ʢʘʢ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʨʝʰʘʪʝʣʠ 

ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʝʢʦʪʦʨʦʡ ʩʨʝʜʝ ʠ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʩʧʦʩʦʙʝʥ ʢ ʛʠʙʢʠʤ, 

ʘʚʪʦʥʦʤʥʳʤ ʠ ʩʦʮʠʘʣʴʥʦ-ʦʨʛʘʥʠʟʦʚʘʥʥʳʤ ʜʝʡʩʪʚʠʷʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʦʡ ʮʝʣʠ [38]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʙʱʠʚ ʚʳʰʝʠʟʣʦʞʝʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ, ʄɸʉ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʥʘʙʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʘʛʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ, ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʨʠʩʫʥʦʢ 2.3).  

ʂʣʶʯʝʚʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʣʶʙʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʄɸʉ ʷʚʣʷʶʪʩʷ ʧʦʥʷʪʠʷ 

ʘʛʝʥʪʘ ʠ ʩʨʝʜʳ. ʇʝʨʚʦʝ ʙʳʣʦ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ, 

ʧʦʵʪʦʤʫ ʩʝʡʯʘʩ ʨʘʩʩʤʦʪʨʠʤ ʧʦʥʷʪʠʝ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʜʝʡʩʪʚʫʶʪ ʘʛʝʥʪʳ.  

ɼ.ɸ. ʇʦʩʧʝʣʦʚ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [39] ʧʨʦʠʟʚʦʜʠʪ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ 

ʪʠʧʦʚ ʩʨʝʜ. ʆʥ ʚʳʜʝʣʷʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ. ʇʝʨʚʳʡ ʢʣʘʩʩ ï ʵʪʦ ʟʘʤʢʥʫʪʳʝ 

ʩʨʝʜʳ. ʆʥʠ ʜʦʧʫʩʢʘʶʪ ʢʦʥʝʯʥʦʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʝ ʠʣʠ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʦʧʠʩʘʥʠʝ. 

ɸʛʝʥʪʳ ʚ ʪʘʢʠʭ ʩʨʝʜʘʭ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʧʦʣʥʳʤ ʘʧʨʠʦʨʥʳʤ ʟʥʘʥʠʝʤ ʦ ʩʨʝʜʝ, ʘ 

ʪʘʢʞʝ ʦʙ ʝʝ ʩʚʦʡʩʪʚʘʭ, ʣʠʙʦ ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʩʨʝʜʳ ʚ 
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ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʝʡ. ɺʪʦʨʦʡ ʢʣʘʩʩ ï ʦʪʢʨʳʪʳʝ ʩʨʝʜʳ. ɼʘʥʥʳʡ ʢʣʘʩʩ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʢʘʟ ʦʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʘʛʝʥʪʦʤ ʧʦʣʥʳʭ ʟʥʘʥʠʡ ʦ ʩʨʝʜʝ. 

ɺʚʦʜʠʪʩʷ ʣʦʢʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʩʨʝʜʳ. ʊʨʝʪʠʡ ʢʣʘʩʩ ʩʨʝʜ ʤʦʞʝʪ ʤʝʥʷʪʴ ʩʚʦʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʡʩʪʚʠʡ ʘʛʝʥʪʦʚ (ʧʦʨʦʞʜʝʥʠʝ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ 

ʠʣʠ ʘʛʝʥʪʦʚ) ʠ ʥʘʟʳʚʘʝʪʩʷ ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʦʡ.  

 

 

ʈʠʩʫʥʦʢ 2.3 - ʉʪʨʫʢʪʫʨʘ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ 

ʄʫʣʴʪʠʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʦʙʰʠʨʥʳʡ ʢʨʫʛ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʝʜʤʝʪʥʳʭ ʠ ʥʘʫʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʇʦʵʪʦʤʫ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʦʯʝʥʴ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪ ʤʫʣʴʪʠʘʛʝʥʪʥʳʤʠ.  

ʂʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʄɸʉ ʤʦʞʥʦ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʧʨʠʟʥʘʢʦʚ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʄɸʉ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʫʨʦʚʥʶ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠ ʚʭʦʜʷʱʠʭ ʚ ʥʝʝ ʘʛʝʥʪʦʚ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ 

ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʨʘʪʥʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʛʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ. ʇʦ ʵʪʦʤʫ ʧʨʠʟʥʘʢʫ 

ʚʳʜʝʣʷʝʪʩʷ ʜʚʘ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʄɸʉ. ʕʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʈʀʀ) ʠ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʞʠʟʥʴ (ʀɾ) 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ  

ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ  

ʩʦ ʩʨʝʜʦʡ 

ɺʥʝʰʥʷʷ ʩʨʝʜʘ 

ɸʛʝʥʪ 

ɸʛʝʥʪ 

ɸʛʝʥʪ ɸʛʝʥʪ 

ɸʛʝʥʪ 
ɸʛʝʥʪ 
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[27, 40]. ɺ ʨʘʤʢʘʭ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʄɸʉ, ʪ.ʝ. ʠʭ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʆʙʣʘʩʪʴ ʈʀʀ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʦʩʪʨʦʝʥʠʠ 

ʩʠʩʪʝʤ ʠʟ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʦʛʥʠʪʠʚʥʳʭ (ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ) ʘʛʝʥʪʦʚ 

[41, 42, 43, 44]. ʂʦʣʠʯʝʩʪʚʦ ʘʛʝʥʪʦʚ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʜʝʩʷʪʠ. ɸʛʝʥʪʳ ʟʜʝʩʴ ʨʝʰʘʶʪ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʨʘʩʩʫʞʜʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʦʙʨʘʙʦʪʢʦʡ ʩʠʤʚʦʣʦʚ, ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʥʘʥʠʷʭ. ʂʦʣʣʝʢʪʠʚʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʘʞʜʦʛʦ 

ʘʛʝʥʪʘ. ɸʨʭʠʪʝʢʪʫʨʘ ʧʦʩʪʨʦʝʥʠʷ ʄɸʉ ʟʜʝʩʴ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʜʝʣʠʙʝʨʘʪʠʚʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ (deliberative architectures) [45, 46, 47].  

ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʄɸʉ ï ʵʪʦ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʞʠʟʥʴ. 

ʆʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʈʦʜʥʠ ɹʨʫʢʩʘ 

[33, 48]. ɸʨʭʠʪʝʢʪʫʨʘ ʄɸʉ ʟʜʝʩʴ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ ʥʘ ʩʦʙʳʪʠʷ 

ʚʥʝʰʥʝʛʦ ʤʠʨʘ ʠ ʥʘʟʳʚʘʝʪʩʷ ʨʝʘʢʪʠʚʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ (reactive architectures). 

ɻʣʦʙʘʣʴʥʦʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚʩʝʡ ʩʠʩʪʝʤʳ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʢʦʣʣʝʢʪʠʚʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʨʦʩʪʳʭ ʨʝʘʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ 

[49]. ʂʦʣʠʯʝʩʪʚʦ ʘʛʝʥʪʦʚ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʦʪʝʥ ʠ ʜʘʞʝ ʪʳʩʷʯ. 

ʆʥʠ ʠʤʝʶʪ ʧʨʦʩʪʫʶ ʚʥʝʰʥʶʶ ʩʪʨʫʢʪʫʨʫ ʠ ʥʝ ʦʙʣʘʜʘʶʪ ʩʣʦʞʥʳʤ ʧʦʚʝʜʝʥʠʝʤ, 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʧʨʦʩʪʳʝ ʨʝʘʢʪʠʚʥʳʝ ʧʨʘʚʠʣʘ. ɸʛʝʥʪʳ ʟʘʤʝʯʘʶʪ 

ʨʘʟʣʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ ʠ ʧʦʜ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʥʷʶʪ ʩʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ. ʈʝʘʢʮʠʷ ʪʘʢʠʭ ʘʛʝʥʪʦʚ ʤʦʞʝʪ ʠʤʝʪʴ ʢʘʢ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ, ʪʘʢ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦʙ  rʠʤʠʪʠʨʦʚʘʪʴ ʩʣʦʞʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʛʝʥʪʦʚ.  

ʉʦʚʤʝʩʪʥʦ ʩ ʪʝʨʤʠʥʦʤ ʀɾ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʥʷʪʠʝ çʢʦʣʣʝʢʪʠʚʥʳʡ 

ʠʥʪʝʣʣʝʢʪè (collective intelligence) ʠʣʠ çʨʦʝʚʦʡ ʠʥʪʝʣʣʝʢʪè (swarm intelligence). 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʠʝ 

ʧʦʣʦʞʝʥʠʷ [32, 50, 51, 52]: 

1) ʤʫʣʴʪʠʘʛʝʥʪʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʩʪʳʭ ʠ ʟʘʚʠʩʠʤʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʘʛʝʥʪʦʚ;  
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2) ʢʘʞʜʳʡ ʘʛʝʥʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʩʦʙʳʪʠʷ ʚ ʩʨʝʜʝ ʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʨʫʛʠʤʠ ʘʛʝʥʪʘʤʠ;  

3) ʚ ʩʠʩʪʝʤʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʛʝʥʪʘ, ʢʦʪʦʨʳʡ 

ʫʧʨʘʚʣʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ;  

4) ʥʝʪ ʪʦʯʥʳʭ ʧʨʘʚʠʣ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʘʛʝʥʪʦʚ; 

5) ʛʣʦʙʘʣʴʥʦʝ ʢʦʣʣʝʢʪʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ 

ʦʪ ʣʦʢʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʛʝʥʪʦʚ. 

ʉʠʩʪʝʤʳ ʀɾ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʠʤʠʪʠʨʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ, ʧʯʝʣʠʥʳʝ ʫʣʴʠ). ʆʜʥʘʢʦ ʦʥʠ ʪʘʢʞʝ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ.  

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʜʝʣʝʥʠʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʄɸʉ ʥʝ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʝʞʜʫ ʥʠʤʠ ʝʩʪʴ ʯʝʪʢʘʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʛʨʘʥʠʮʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʚʩʝ 

ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʦʣʫʯʘʶʪ ʛʠʙʨʠʜʥʳʝ (ʩʤʝʰʘʥʥʳʝ) ʘʨʭʠʪʝʢʪʫʨʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʣʠʙʝʨʘʪʠʚʥʳʭ ʠ ʨʝʘʢʪʠʚʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨ, ʘ ʪʘʢʞʝ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʩʦʯʝʪʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʙʦʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ.  

ʇʨʠʤʝʨʦʤ ʩʠʩʪʝʤʳ ʩ ʛʠʙʨʠʜʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʄɸʉ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʠʩʪʝʤʘ 

ʩ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʙʘʟʦʡ ʟʥʘʥʠʡ [53]. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ 

ʙʘʟʫ ʟʥʘʥʠʡ, ʨʘʙʦʯʫʶ ʧʘʤʷʪʴ, ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʝʡ ʠ ʯʝʣʦʚʝʢʦ-

ʤʘʰʠʥʥʳʡ ʠʥʪʝʨʬʝʡʩ. ɸʛʝʥʪ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʘʩʩʫʞʜʝʥʠʷʤ ʠ ʢ 

ʨʝʘʢʪʠʚʥʦʤʫ ʧʦʚʝʜʝʥʠʶ. ɽʛʦ ʙʘʟʘ ʟʥʘʥʠʡ ʩʦʜʝʨʞʠʪ ʪʨʠ ʫʨʦʚʥʷ:  

1) ʟʥʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ;  

2) ʟʥʘʥʠʷ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ;  

3) ʫʧʨʘʚʣʷʶʱʠʝ ʟʥʘʥʠʷ.  

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʘʛʝʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ, ʘ ʨʝʘʢʪʠʚʥʦʝ ī ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʜʝʨʞʠʤʳʤ ʨʘʙʦʯʝʡ 

ʧʘʤʷʪʠ, ʢʦʪʦʨʘʷ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʦ ʧʨʠʥʮʠʧʫ ʛʣʦʙʘʣʴʥʦʡ ʜʦʩʢʠ ʦʙʲʷʚʣʝʥʠʡ. 

ɸʛʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʠʩʧʦʣʴʟʫʷ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʡ 

ʠʥʪʝʨʬʝʡʩ. 
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ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ ʧʦʥʷʪʠʝ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (ɸʆʉ), 

ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʰʠʨʦʢʠʤ, ʯʝʤ ʧʦʥʷʪʠʝ ʄɸʉ [54]. 

ʄ. ɺʫʣʜʨʠʜʞ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ɸʆʉ ʢʘʢ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʢʣʶʯʝʚʦʡ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʘʙʩʪʨʘʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʘʛʝʥʪ. ɸʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʪʨʘʢʪʫʶʪʩʷ ʢʘʢ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʘʨʷʜʫ ʩ ʄɸʉ ʠ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ 

(ʕʉ, ʦʙʫʯʘʶʱʠʝ ʠ ʪʝʩʪʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʦʙʲʝʢʪʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ ʠ ʪ.ʧ.). ɸʆʉ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʛʫʪ ʙʳʪʴ ʛʣʦʙʘʣʴʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʩʦʚʦʢʫʧʥʦʩʪʷʤʠ ʧʨʦʛʨʘʤʤʥʳʭ ʠ 

ʘʧʧʘʨʘʪʥʳʭ ʩʠʩʪʝʤ, ʩʦʜʝʨʞʘʱʠʤʠ ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʚʦʟʨʘʩʪʘʶʱʫʶ ʩʣʦʞʥʦʩʪʴ ʠʭ ʨʘʟʨʘʙʦʪʢʠ, ʚʥʝʜʨʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʄɸʉ ʠ ɸʆʉ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʘʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ (ʪ.ʥ. 

ʘʛʝʥʪʥʳʭ ʧʣʘʪʬʦʨʤ), ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʥʘʙʦʨ ʩʨʝʜʩʪʚ, ʢʘʢ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʠʭ 

ʨʘʙʦʪʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʈʝʘʣʠʟʦʚʘʥʳ ʵʪʠ ʧʣʘʪʬʦʨʤʳ ʚ ʨʘʟʣʠʯʥʦʤ ʚʠʜʝ: ʦʪ 

ʦʪʜʝʣʴʥʳʭ ʩʨʝʜ ʨʘʟʨʘʙʦʪʢʠ (NetLogo, Anylogic) ʜʦ ʚʩʪʨʘʠʚʘʝʤʳʭ ʤʦʜʫʣʝʡ (Repast 

Simphony), ʠ ʧʦʜʢʣʶʯʘʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʙʠʙʣʠʦʪʝʢ (JADE). ʊʘʢʞʝ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʘʛʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʦʙʳʯʥʳʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʷʟʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ Java, C++, Visual Basic ʠ ʜʨ. 

2.1.3 ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʄɸʉ ʠ ʧʨʠʤʝʨʳ 

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʢʨʫʛ ʧʨʠʤʝʥʝʥʠʷ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʦʯʝʥʴ 

ʰʠʨʦʢ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʄɸʉ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚʝʟʜʝ, ʛʜʝ ʝʜʠʥʦʝ 

ʤʦʥʦʣʠʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʩʪʝʤʳ ʧʦ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʨʠʯʠʥʝ ʥʝʚʦʟʤʦʞʥʦ, ʣʠʙʦ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʩʝʨʴʸʟʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ.  

ʀʥʪʝʨʝʩʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ [ 55 , 56 , 57 ]. ʉʦʟʜʘʥʠʝ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʄʈʉ) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʨʝʘʣʠʟʘʮʠʠ ʄɸʉ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʨʦʙʦʪʦʚ-ʘʛʝʥʪʦʚ. ʊʘʢ ʚ ʨʘʙʦʪʝ [55] ʦʧʠʩʳʚʘʝʪʩʷ 

ʚʘʨʠʘʥʪ ʄʈʉ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʦʜʥʦʩʚʷʟʥʳʭ ʣʘʙʠʨʠʥʪʦʚ. ʂʘʞʜʳʡ ʘʛʝʥʪ ʟʜʝʩʴ 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ʧʨʦʠʟʚʦʜʠʪ ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʩʝʥʩʦʨʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʥʝʰʥʶʶ ʩʨʝʜʫ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ. ʇʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ ʧʨʦʠʟʚʦʜʠʪ ʘʥʘʣʠʟ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʩ 

ʩʝʥʩʦʨʦʚ, ʩʪʨʦʠʪ ʤʦʜʝʣʴ ʚʥʝʰʥʝʛʦ ʤʠʨʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ, 

ʬʦʨʤʠʨʫʝʪ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʠ ʧʘʢʝʪʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ɹʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʄɸʉ ʧʦʣʫʯʠʣʠ ʚ ʣʦʛʠʩʪʠʢʝ [58, 59, 60], ʟʘ ʩʯʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʛʠʙʢʦʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʘʜʘʧʪʠʚʥʦʩʪʠ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʇʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʝʪʠ ʢʘʞʜʫʶ ʦʪʜʝʣʴʥʫʶ ʦʧʝʨʘʮʠʶ ʟʘʢʨʝʧʣʷʶʪ 

ʟʘ ʢʦʥʢʨʝʪʥʳʤ ʘʛʝʥʪʦʤ. ʋʯʘʩʪʥʠʢʘʤʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ 

ʧʦʩʪʘʚʱʠʢʠ, ʩʢʣʘʜʳ, ʪʨʘʥʩʧʦʨʪ, ʟʘʢʘʟʳ, ʧʦʪʨʝʙʠʪʝʣʠ ʠ ʜʨ. ʂʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ 

ʮʝʧʠ ʩʦʦʪʥʦʩʷʪ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʘʛʝʥʪʦʤ. ɺʩʝ ʘʛʝʥʪʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʪʠʧʘ. ʕʪʦ çʟʘʢʘʟʳè ʠ çʨʝʩʫʨʩʳè. ʂʘʞʜʳʡ ʟʘʢʘʟ ʠʱʝʪ ʨʝʩʫʨʩ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʠʪ 

ʝʛʦ ʥʘʠʣʫʯʰʠʤ ʩʧʦʩʦʙʦʤ. ɸ ʢʘʞʜʳʡ ʨʝʩʫʨʩ ï ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʩʝʙʷ 

ʟʘʢʘʟ. ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʩʝ ʘʛʝʥʪʳ ʩʚʦʙʦʜʥʳ ʠ ʟʘʢʘʟʳ ʣʝʛʢʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʨʝʩʫʨʩʘʤ, ʢʦʪʦʨʳʝ ʙʦʣʴʰʝ ʚʩʝʛʦ ʠʤ ʧʦʜʭʦʜʷʪ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚʩʝ 

ʨʝʩʫʨʩʳ ʩʪʘʥʦʚʷʪʩʷ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʤʠ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʟʘʢʘʟʳ ʥʘʯʠʥʘʶʪ 

ʢʦʥʬʣʠʢʪʦʚʘʪʴ. ɼʣʷ ʨʘʟʨʝʰʝʥʠʷ ʢʦʥʬʣʠʢʪʘ ʠ ʥʘʭʦʞʜʝʥʠʷ ʢʦʤʧʨʦʤʠʩʩʘ ʚʩʝ 

ʘʛʝʥʪʳ ʚʩʪʫʧʘʶʪ ʚ ʧʝʨʝʛʦʚʦʨʳ, ʪ.ʝ. ʠʥʠʮʠʠʨʫʝʪʩʷ ʚʦʣʥʘ ʧʝʨʝʛʦʚʦʨʦʚ. ʕʪʘ ʚʦʣʥʘ 

ʨʘʩʰʠʨʷʝʪʩʷ ʧʦ ʨʘʩʧʠʩʘʥʠʶ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʢʦʥʬʣʠʢʪ ʥʝ ʙʫʜʝʪ ʫʣʘʞʝʥ. 

ʀʟʚʝʩʪʥʦ ʧʨʠʤʝʥʝʥʠʝ ʄɸʉ ʚ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʛʦʨʦʜʩʢʦʛʦ 

ʜʚʠʞʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɸʚʪʦʨʳ ʨʘʙʦʪ [61, 62] 

ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʭ ʘʛʝʥʪʦʚ: ʘʛʝʥʪ-ʚʦʜʠʪʝʣʴ ʠ ʘʛʝʥʪ-ʤʝʥʝʜʞʝʨ. ɸʛʝʥʪ-ʚʦʜʠʪʝʣʴ 

ï ʵʪʦ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʫʧʨʘʚʣʷʝʤʦʝ ʯʝʣʦʚʝʢʦʤ, ʠʣʠ ʘʚʪʦʥʦʤʥʦʝ 

ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ. ɸʛʝʥʪ-ʤʝʥʝʜʞʝʨ ï ʵʪʦ ʩʠʩʪʝʤʘ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʩʚʝʪʦʬʦʨ, 

ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʘʛʝʥʪʘʤʠ-ʚʦʜʠʪʝʣʷʤʠ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʜʣʷ 

ʘʛʝʥʪʘ-ʚʦʜʠʪʝʣʷ ï ʜʦʩʪʠʛʥʫʪʴ ʧʫʥʢʪʘ ʥʘʟʥʘʯʝʥʠʷ ʟʘ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ, 
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ʠʩʧʦʣʴʟʫʷ ʩʘʤʳʡ ʢʦʨʦʪʢʠʡ ʚʦʟʤʦʞʥʳʡ ʤʘʨʰʨʫʪ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʟʘʪʨʘʪʠʪʴ 

ʤʝʥʴʰʝ ʪʦʧʣʠʚʘ ʥʘ ʧʦʝʟʜʢʫ. ʎʝʣʴ ʘʛʝʥʪʘ-ʤʝʥʝʜʞʝʨʘ ï ʫʧʨʘʚʣʝʥʠʝ ʘʛʝʥʪʘʤʠ-

ʚʦʜʠʪʝʣʷʤʠ, ʧʦʜʲʝʟʞʘʶʱʠʤʠ ʢ ʧʝʨʝʢʨʝʩʪʢʫ, ʠʭ ʧʝʨʝʩʪʨʦʝʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʥʘ 

ʧʝʨʝʢʨʝʩʪʢʝ ʙʝʩʢʦʥʬʣʠʢʪʥʦʛʦ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʝʟʜʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɺ 

ʨʘʙʦʪʝ [ 63] ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʄɸʉ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ 

ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʛʜʝ ʟʘ ʦʩʥʦʚʫ ʧʦʩʪʨʦʝʥʠʷ ʙʝʨʝʪʩʷ ʙʦʣʴʰʘʷ 

ʩʝʥʩʦʨʥʘʷ ʩʝʪʴ, ʘ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ. ɼʘʥʥʫʶ ʩʠʩʪʝʤʫ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʤʫʣʴʪʠʘʛʝʥʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʣʝʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʣʝʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ [64, 65]. ɺ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʳʜʝʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʧʦʩʪʨʦʝʥʠʶ ʄɸʉ. ɺ ʨʘʙʦʪʘʭ 

ʧʝʨʚʦʛʦ ʪʠʧʘ ʩʦʟʥʘʪʝʣʴʥʦ ʘʙʩʪʨʘʛʠʨʫʶʪʩʷ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʝʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʙʦʣʴʥʠʮʘʭ [ 66 , 67 ]. ʎʝʣʴ ʵʪʠʭ ʨʘʙʦʪ ï ʠʩʩʣʝʜʦʚʘʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʛʝʥʪʦʚ, 

ʨʘʟʥʳʭ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʡ ʠ ʪ.ʧ. ɺ ʨʘʙʦʪʘʭ ʚʪʦʨʦʛʦ 

ʪʠʧʘ ʠʪʦʛʦʚʦʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʣʝʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʨʝʘʣʴʥʳʭ ʙʦʣʴʥʠʮʘʭ [68]. ʇʨʠ 

ʵʪʦʤ ʘʛʝʥʪʳ ʙʝʨʫʪ ʥʘ ʩʝʙʷ ʪʦʣʴʢʦ çʬʦʨʤʘʣʴʥʫʶè ʨʘʙʦʪʫ, ʥʝ ʪʨʝʙʫʶʱʫʶ 

ʤʝʜʠʮʠʥʩʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. ʇʦʩʪʘʥʦʚʢʘ ʜʠʘʛʥʦʟʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʙʦʣʴʥʦʛʦ, ʚʳʙʦʨ ʤʝʜʠʮʠʥʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʦʩʪʘʝʪʩʷ ʟʘ ʚʨʘʯʘʤʠ. ɺ ʨʘʙʦʪʘʭ 

ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʤʫʣʴʪʠʘʛʝʥʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʢʦʥʢʨʝʪʥʦʡ ʙʦʣʴʥʠʮʳ [ 69 , 70 ]. ɺ ʪʘʢʦʡ ʤʦʜʝʣʠ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʪʦʯʥʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʙʦʣʴʥʠʮʳ, ʠʤʝʶʱʠʝʩʷ ʨʝʩʫʨʩʳ, ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʚ ʭʦʜʝ 

ʣʝʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʨʝʘʣʴʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʘ ʙʦʣʴʥʳʭ. 
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ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʘʤʫ ʦʨʛʘʥʠʟʘʮʠʶ ʣʝʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʫʣʴʪʠʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʧʦʣʫʯʠʣʠ ʚ ʩʠʩʪʝʤʘʭ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʉɼʆ) ʠ ʠʥʪʝʛʨʘʮʠʠ ʟʥʘʥʠʡ. ɺ ʧʨʦʝʢʪʝ ʄʆʉɼʆ [71] 

ʟʘʜʘʯʫ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʘʚʪʦʨʘʤʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʘʪʴ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʪʨʝʭ ʘʛʝʥʪʦʚ: ʧʝʨʩʦʥʘʣʴʥʳʡ ʘʛʝʥʪ, ʘʛʝʥʪ-

ʢʦʦʨʜʠʥʘʪʦʨ ʠ ʘʛʝʥʪ ʦʙʫʯʘʶʱʠʭ ʨʝʩʫʨʩʦʚ. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ MASPLANG [72] 

ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʘʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʯʝʨʝʟ 

ʀʥʪʝʨʥʝʪ. ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʢʦʣʦ ʜʝʩʷʪʠ ʪʠʧʦʚ ʘʛʝʥʪʦʚ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʨʦʣʠ ʠ ʟʘʜʘʯʠ (ʧʝʨʩʦʥʘʣʴʥʳʡ ʘʩʩʠʩʪʝʥʪ, ʦʪʩʣʝʞʠʚʘʥʠʝ 

ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʜʨ.). ʇʨʦʝʢʪ I-Help 

[73] ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʛʨʫʧʧ ʧʦʜʜʝʨʞʢʠ ʜʣʷ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʛʦ ʦʙʫʯʝʥʠʷ 

(ʜʠʩʢʫʩʩʠʦʥʥʳʭ ʬʦʨʫʤʦʚ, ʩʨʝʜʩʪʚ ʜʦʩʪʫʧʘ ʢ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʜʦʢʫʤʝʥʪʘʤ 

ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ). ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʘʛʝʥʪʦʚ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʝʡ ʫʯʘʱʠʭʩʷ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ɺ ʨʘʙʦʪʝ [74] ʧʨʝʜʣʦʞʝʥʘ 

ʤʥʦʛʦʘʛʝʥʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 8 ʪʠʧʦʚ ʘʛʝʥʪʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

ʧʨʠʥʠʤʘʶʱʠʝ ʨʝʰʝʥʠʷ, ʚʳʧʦʣʥʷʶʱʠʝ ʠʥʪʝʨʬʝʡʩʥʳʝ ʬʫʥʢʮʠʠ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʤʦʜʝʣʠ ʣʶʜʝʡ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʪʦʪʠʧ 

ʩʠʩʪʝʤʳ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʛʝʥʪʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʨʬʝʡʩʦʤ 

ʫʯʘʱʝʛʦʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʠʟʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ. ɺ ʩʪʘʪʴʝ 

[ 75 ] ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʫʣʴʪʠʘʛʝʥʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʥʪʝʨʥʝʪ ʧʦʨʪʘʣʘ çʆʧʪʠʢ-ʩʠʪʠè. ɼʣʷ ʢʘʞʜʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʚʳʜʝʣʷʝʪʩʷ ʧʝʨʩʦʥʘʣʴʥʳʡ ʘʛʝʥʪ, ʢʦʪʦʨʳʡ 

ʩʧʦʩʦʙʝʥ ʘʚʪʦʥʦʤʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ, ʧʨʠʦʙʨʝʪʘʪʴ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʟʥʘʥʠʷ, 

ʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʦʙʱʝʥʠʷ ʩ ʥʠʤ, ʘ ʪʘʢʞʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʘʛʝʥʪʘʤʠ ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʠʩʪʝʤ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʦʝʢʪʦʚ ʉɼʆ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʣʦʩʴ ʚʦʧʨʦʩʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʛʝʥʪʘʤʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʚ ʭʦʜʝ ʦʙʫʯʝʥʠʷ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʠ ʨʘʟʥʦʩʪʦʨʦʥʥʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʧʨʠʤʝʥʝʥʠʝ ʄɸʉ ʟʜʝʩʴ ʚʦʟʤʦʞʥʦ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʝʡ ʩʣʦʞʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ 

ʄɸʉ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ. ʅʘʧʨʠʤʝʨ, ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʫʤʘ ʩʣʦʞʥʳʭ 

ʬʫʥʢʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʦ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ 

ʚʳʨʘʙʦʪʢʫ ʥʝʦʙʭʦʜʠʤʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ, ʧʨʠʥʷʪʦ 

ʛʦʚʦʨʠʪʴ ʦ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ (ʄɸʉʋ). ɸʨʭʠʪʝʢʪʫʨʘ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ (ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʝʥʠʷ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ. ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʵʥʝʨʛʝʪʠʢʝ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʘʢʪʠʚʥʦ-ʘʜʘʧʪʠʚʥʳʤʠ ʩʝʪʷʤʠ (ʀʕʕʉ ɸɸʉ) ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʫʨʦʚʥʝʤ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ [76,77,78,79]. ʊʘʢʞʝ ʄɸʉʋ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʪʝʭʥʠʯʝʩʢʠʤ 

ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʠ ʨʝʤʦʥʪʦʤ ʦʙʦʨʫʜʦʚʘʥʠ,̫ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʩʣʦʞʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ, ʨʝʩʫʨʩʘʤʠ [80,81,82]. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʦʯʝʥʴ ʚʘʞʥʫʶ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʫʶ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʄɸʉ ï ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɸʛʝʥʪʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ, ʢʦʛʜʘ ʥʝ ʫʜʘʝʪʩʷ 

ʧʦʩʪʨʦʠʪʴ ʩʪʨʦʛʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʀʤʠʪʘʮʠʦʥʥʳʝ ʘʛʝʥʪʥʳʝ ʤʦʜʝʣʠ (agent-based models) ʧʦʣʫʯʠʣʠ ʥʘʠʙʦʣʴʰʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʫʙʲʝʢʪʦʚ 

(ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ), ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʚʣʠʷʥʠʷ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʬʘʢʪʦʨʦʚ. 
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ʉʫʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ 

ʥʘʙʦʨʘ ʘʛʝʥʪʦʚ ʠ ʥʝʢʦʪʦʨʦʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʭ ʧʦʚʝʜʝʥʠʷ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [83].  

ʇʨʠ ʵʪʦʤ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʥʠʛʜʝ ʥʝ ʜʝʪʝʨʤʠʥʠʨʫʝʪʩʷ, ʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʸ ʘʛʝʥʪʦʚ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʘʛʝʥʪʳ ʦʨʛʘʥʠʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʫ ʠ 

ʬʦʨʤʠʨʫʶʪ ʝʸ ʧʦʚʝʜʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʜʝʡʩʪʚʫʶʪ ʦʥʠ ʥʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʠʨʝʢʪʠʚ 

çʩʚʝʨʭʫè, ʘ ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʠʥʪʝʨʝʩʘʭ ʠ ʧʨʘʚʠʣʘʭ ʧʦʚʝʜʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʥʝ çʩʚʝʨʭʫ ʚʥʠʟè, ʘ çʩʥʠʟʫ ʚʚʝʨʭè. ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʠ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʨʘʟʚʠʪʠʝʤ ʦʙʲʝʢʪʥʦʛʦ ʧʦʜʭʦʜʘ. ɻʣʘʚʥʳʤ ʞʝ ʦʪʣʠʯʠʝʤ ʘʛʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ ʦʪ 

ʦʙʲʝʢʪʥʦʛʦ ʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʫ ʘʛʝʥʪʦʚ ʘʢʪʠʚʥʦʛʦ 

ʥʘʯʘʣʘ. ʉʨʝʜʫ ʞʝ, ʚ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʫʶʪ ʘʛʝʥʪʳ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʩʠʩʪʝʤʳ ʧʘʩʩʠʚʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʚʣʠʷʥʠʶ ʘʛʝʥʪʦʚ.  

ʂʦʥʝʯʥʦʡ ʮʝʣʴʶ ʘʛʝʥʪʦʚ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʠʩʢ 

ʥʘʠʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʥʥʦʡ ʟʘʜʘʯʠ [40]. ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʧʦʠʩʢ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ max(f) ʩ ʧʦʤʦʱʴʶ 

ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʠʣʠ ʧʨʠʙʣʠʞʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʇʨʠ ʨʝʰʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ 

ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ f ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ ʧʦʣʝʟʥʦʩʪʠ ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʵʪʘʧʥʦ. ʇʨʠ ʟʘʧʫʩʢʝ 

ʤʦʜʝʣʠ ʘʛʝʥʪʳ ʥʘʯʠʥʘʶʪ ʠʩʢʘʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ. ʂʘʞʜʳʡ ʘʛʝʥʪ ʠʱʝʪ 

ʨʝʰʝʥʠʝ, ʠʩʭʦʜʷ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʬʫʥʢʮʠʠ f, ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʠ ʜʦʩʪʫʧʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʩʨʝʜʝ. ɺ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʘʛʝʥʪʳ 

ʤʦʛʫʪ, ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʦʛʣʘʩʦʚʘʥʥʦʝ 

ʨʝʰʝʥʠʝ, ʪʘʢ ʠ ʜʝʡʩʪʚʦʚʘʪʴ ʩʦʚʝʨʰʝʥʥʦ ʥʝʟʘʚʠʩʠʤʦ. ɿʘʪʝʤ ʘʛʝʥʪʳ ʩʦʛʣʘʩʥʦ 

ʥʘʡʜʝʥʥʦʤʫ ʨʝʰʝʥʠʶ ʠʟʤʝʥʷʶʪ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʟʥʘʯʝʥʠʷ 

ʩʨʝʜʳ. ʇʦʩʣʝ ʯʝʛʦ ʩʥʦʚʘ ʠʱʫʪ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʠʩʭʦʜʷ ʠʟ ʥʦʚʳʭ 

ʫʩʣʦʚʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʦʜʠʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʧʦʚʪʦʨʝʥʠʠ ʦʧʠʩʘʥʥʳʭ ʵʪʘʧʦʚ. 
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ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʛʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ 

ʧʦʩʪʨʦʝʥʠʷ ʄɸʉ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʧʨʘʢʪʠʢʝ 

ʄɸʉ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʛʠʙʨʠʜʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʢʦʤʙʠʥʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʝʣʠʙʝʨʘʪʠʚʥʳʭ ʠ ʨʝʘʢʪʠʚʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʚ ʜʘʣʴʥʝʡʰʝʤ, ʛʦʚʦʨʷ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʢ ʢʦʥʢʨʝʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, 

ʙʫʜʝʤ ʧʦʜʨʘʟʫʤʝʚʘʪʴ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʩʠʩʪʝʤʝ ʜʝʣʠʙʝʨʘʪʠʚʥʦʛʦ ʠʣʠ ʨʝʘʢʪʠʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ʇʨʠʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʛʝʥʪʥʳʭ 

ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʨʘʟʣʠʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ. 

ʉʠʩʪʝʤʳ ʩ ʜʝʣʠʙʝʨʘʪʠʚʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʩʫʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʣʦʞʥʳʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʧʦʚʝʜʝʥʠʝʤ. 

ʅʘʧʨʠʤʝʨ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʘʥ. ʊʘʢ ʚ ʨʘʙʦʪʝ 

[84] ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ, ʚ ʢʦʪʦʨʦʡ ʛʨʫʧʧʘ 

ʘʛʝʥʪʦʚ-ʛʦʩʫʜʘʨʩʪʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʦʛʣʘʩʥʦ ʟʘʨʘʥʝʝ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ (ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʥʝʰʥʶʶ, ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠ ʚʦʝʥʥʫʶ 

ʧʦʣʠʪʠʢʫ). ʂʘʞʜʦʝ ʛʦʩʫʜʘʨʩʪʚʦ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʦʨʠʪʝʪʳ ʝʛʦ ʧʦʣʠʪʠʢʠ, ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʚʝʩ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʡ ʘʨʝʥʝ. ʀʟʤʝʥʷʷ ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʛʝʥʪʦʚ ʤʦʞʥʦ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʢʦʥʬʣʠʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝ, ʢʦʪʦʨʳʝ 

ʩʫʱʝʩʪʚʦʚʘʣʠ ʚ ʧʨʦʰʣʦʤ, ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʷʚʠʪʴʩʷ ʚ ʙʫʜʫʱʝʤ, ʘ ʪʘʢʞʝ ʪʝ, 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦ ʪʝʤ ʠʣʠ ʠʥʳʤ ʧʨʠʯʠʥʘʤ ʥʝʚʦʟʤʦʞʥʦ. 

ʉʠʩʪʝʤʳ ʩ ʨʝʘʢʪʠʚʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʧʨʦʮʝʩʩʦʚ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʧʦʚʝʜʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʫʯʘʩʪʥʠʢʦʚ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʦʙʱʫʶ ʢʘʨʪʠʥʫ. ʈʘʩʩʤʦʪʨʠʤ ʜʘʣʝʝ ʥʝʩʢʦʣʴʢʦ 

ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʤʦʜʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʥʳʭ 

ʦʙʣʘʩʪʷʭ. 

ɺ ʨʘʙʦʪʝ [ 85 ] ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʛʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʫʣʴʪʫʨʥʳʭ ʥʦʨʤ ʠ ʮʝʥʥʦʩʪʝʡ ʢʘʢ ʚ 

ʨʘʤʢʘʭ ʦʜʥʦʡ ʩʪʨʘʥʳ, ʪʘʢ ʠ ʚ ʮʝʣʦʤ ʧʦ ʤʠʨʫ. ɸʚʪʦʨ ʧʦʢʘʟʳʚʘʝʪ ʦʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʘʛʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʘʥʘʣʠʟʝ ʵʪʥʠʯʝʩʢʠʭ ʢʦʥʬʣʠʢʪʦʚ, 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʘʣʠʮʠʡ. ʇʦʩʨʝʜʩʪʚʦʤ ʘʛʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪʩʷ, ʢʘʢ ʩʦʟʜʘʪʴ ʪʘʢʠʝ ʫʩʣʦʚʠʷ, ʯʪʦʙʳ ʥʦʨʤʳ, ʢʦʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ 

ʤʦʞʝʪ ʥʝ ʨʘʟʜʝʣʷʪʴ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, 

ʨʘʩʧʨʦʩʪʨʘʥʠʣʠʩʴ ʧʦʚʩʝʤʝʩʪʥʦ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʧʦʢʘʟʘʥʦ ʘʚʪʦʨʦʤ ʩʪʘʪʴʠ ʥʘ ʧʨʠʤʝʨʝ ʩʠʪʫʘʮʠʠ ʥʘ ʋʢʨʘʠʥʝ 2015-2016 ʛʛ. 

ʉʪʘʪʴʷ [ 86] ʧʦʩʚʷʱʝʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʢʣʘʩʪʝʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩ ʧʦʤʦʱʴʶ ʘʛʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ. ʆʩʥʦʚʥʳʤ 

ʪʝʟʠʩʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʩʪʠʭʠʡʥʦʛʦ 

ʢʣʘʩʪʝʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʧʨʦʪʝʢʘʶʪ ʥʝ ʣʠʥʝʡʥʦ, ʘ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʘʛʝʥʪʥʦʛʦ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ FOREL ʠ k-means. 

ɺ ʩʪʘʪʴʝ [ 87 ] ʘʚʪʦʨʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʩʚʦʡʩʪʚʘ 

ʵʢʦʥʦʤʠʢʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʘʛʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɹʳʣ 

ʧʨʦʚʝʜʝʥ ʨʷʜ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ - ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʷʣʘʩʴ 

ʩʪʨʫʢʪʫʨʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʪʩʣʝʞʠʚʘʣʦʩʴ ʩʫʤʤʘʨʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ. ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʧʦʜʭʦʜʘ çlearning by doingè, ʢʦʪʦʨʦʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ 

ʪ.ʥ. ʵʬʬʝʢʪ ʄʘʪʬʝʷ: ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ, 

ʧʦʚʳʰʘʣʠ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʟʘʭʚʘʪʳʚʘʣʠ ʚʩʶ ʙʦʣʴʰʫʶ ʠ ʙʦʣʴʰʫʶ ʜʦʣʶ 

ʨʳʥʢʘ. ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʥ ʧʨʦʷʚʣʷʣʩʷ ʣʠʰʴ 

ʣʦʢʘʣʴʥʦ, ʚʥʫʪʨʠ ʦʪʜʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ ʨʳʥʢʘ. 

ʈʘʙʦʪʘ [ 88] ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʝʥʠʷ ʠʟʙʠʨʘʪʝʣʷ ʚ ʭʦʜʝ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʢʘʤʧʘʥʠʠ. ɸʚʪʦʨʘʤʠ 

ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ 

ʢʘʤʧʘʥʠʠ, ʩʦʮʠʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʦʨʘʪʘ, ʧʨʠʤʝʥʷʝʤʳʝ 

ʚ ʢʘʤʧʘʥʠʠ ʠʟʙʠʨʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʣʠʷʥʠʝ ʤʝʞʣʠʯʥʦʩʪʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ 

ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʠʟʙʠʨʘʪʝʣʝʡ. ʄʥʝʥʠʝ ʘʛʝʥʪʘ-ʠʟʙʠʨʘʪʝʣʷ (çʟʘè ʠʣʠ 

çʧʨʦʪʠʚè) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʝʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʣʠʷʥʠʷ 

ʤʝʞʣʠʯʥʦʩʪʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʘʥʥʫʶ ʤʦʜʝʣʴ 
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ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠ ̫ ʠʪʦʛʦʚ ʠʟʙʠʨʘʪʝʣʴʥʳʭ 

ʢʘʤʧʘʥʠʡ, ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʟʙʠʨʘʪʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʢ ʩʪʘʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʢʘʤʧʘʥʠʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʠʤʝʨʦʚ, ʘʛʝʥʪʥʳʝ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʘʢʪʠʚʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʧʦʣʫʯʠʣʠ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʥʘʫʢʘʭ. ʇʦʧʫʣʷʨʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, 

ʯʪʦ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʨʘʟʨʘʙʦʪʢʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʦʜʫʤʘʥʥʦʡ ʠ ʩʣʦʞʥʦʡ ʤʦʜʝʣʠ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʩʫʙʲʝʢʪʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʘʛʝʥʪʦʤ, ʧʦʜʯʘʩ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʩʝʨʴʝʟʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʛʦ ʘʛʝʥʪʘ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ ʪʝʦʨʠʠ ʧʩʠʭʦʣʦʛʠʠ 

ʩʫʙʲʝʢʪʦʚ, ʧʦʣʥʦʝ ʟʥʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʠʥʷʪʠʷ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʨʝʰʝʥʠʡ. ʊʦ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʧʦʣʥʦʡ ʠ ʪʦʯʥʦʡ ʤʦʜʝʣʠ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ, ʬʦʨʤʘʣʠʟʘʮʠʷ ʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʘʛʝʥʪʦʚ 

ʠ ʧʨʦʮʝʩʩʦʚ ʨʘʩʩʫʞʜʝʥʠʷ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʜʣʷ 

ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʟʘʜʘʯ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʩʪʦʡ ʩʭʝʤʳ ʜʝʡʩʪʚʠʡ ʘʛʝʥʪʘ, ʘ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʝʝ ʩʯʠʪʘʪʴ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ ʩ ʟʘʜʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. 

ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʘʛʝʥʪʥʳʭ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʦʙʣʘʩʪʴʶ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʜʦʙʥʳʝ ʤʦʜʝʣʠ ʪʘʢʞʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪɹʩ ̫ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʧʨʠʤʝʨ, 

ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʠʨʫʩʘ, ʨʘʟʣʠʯʥʳʭ ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪ.ʜ.  

2.2 ʈʘʟʨʘʙʦʪʢʘ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʧʨʠʨʦʜʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ, ʠʤʠʪʘʮʠʦʥʥʳʝ ʘʛʝʥʪʥʳʝ 

ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ. ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʝʩʪʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 
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ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʫʙʲʝʢʪʦʚ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ 

ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʬʘʢʪʦʨʦʚ. ʀʤʝʥʥʦ ʵʪʦʪ ʧʦʜʭʦʜ ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ. ʄʦʜʝʣʴ ʜʦʣʞʥʘ: 

1. ʧʦʟʚʦʣʷʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʪʴ ʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ (ʧʨʠ 

ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʨʘʩʯʝʪʘ ʜʦʣʞʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʪʴ ʨʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ); 

2. ʦʪʦʙʨʘʞʘʪʴ ʧʦʣʫʯʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʚʠʜʝ 

ʢʦʥʪʫʨʘ/ʢʦʥʪʫʨʦʚ ʥʘ ʢʘʨʪʝ ʨʝʘʣʴʥʦʡ ʤʝʩʪʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʤʘʩʰʪʘʙʘ; 

3. ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʤʦʜʝʣʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ; 

4. ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʧʨʷʤʦ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʚ ʩʝʙʷ 

ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʮʝʩʩ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʭ 

ʩʠʣ, ʪʘʢ ʠ ʝʩʪʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ (ʩʢʦʨʦʩʪʴ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʠ ʜʨ.); 

5. ʜʦʣʞʥʘ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʥʪʝʛʨʘʮʠʠ ʠʣʠ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ. 

6. ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʧʨʘʚʦʯʥʠʢʘʤ ʠ 

ʨʫʢʦʚʦʜʩʪʚʘʤ ʧʦ ʙʦʨʴʙʝ ʩʦ ʩʪʠʭʠʡʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʠʥʷʪʳʤʠ 

ʚ ʈʌ ʚ ʢʘʯʝʩʪʚʝ ʥʦʨʤʘʪʠʚʥʳʭ. 

ʊʝʧʝʨʴ ʩʬʦʨʤʫʣʠʨʫʝʤ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ 

ʤʦʜʝʣʠ: 

1. ʆʙʣʘʩʪʴ ʁʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ʥʘ ʢʘʨʪʝ ʨʝʘʣʴʥʦʡ ʤʝʩʪʥʦʩʪʠ. 

ʅʘ ʢʘʨʪʫ ʥʘʥʝʩʝʥʳ ʩʣʦʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʘʭ 
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ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʨʝʢʠ, ʦʟʝʨʘ, ʣʝʩʥʳʝ ʥʘʩʘʞʜʝʥʠʷ, ʜʦʨʦʛʠ, ʦʚʨʘʛʠ, 

ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ. 

2. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʭ ʝʤʫ ʩʠʣ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʧʣʦʩʢʦʩʪʴ. ʂʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ X = [x1, x2]
T
 ʧʨʠʚʷʟʘʥʘ ʢ ʢʘʨʪʝ; X ⱦ D, ʛʜʝ D ï 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʮʝʥʘʨʥʘʷ ʦʙʣʘʩʪʴ.  

3. ʄʠʢʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʜʨʫʛʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʢʘʨʪʳ. 

ʅʘʙʦʨ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʯʘʩʪʥʳʭ 

ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʚʳʙʠʨʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʝʛʦ ʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ.  

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʭʨʘʥʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʀʉ). 

ʊ.ʢ. ʦʙʲʝʢʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʨʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʪʦ ʚ 

ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʚʳʜʝʣʠʣʠ ʨʝʘʣʴʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʘ ʪʘʢʞʝ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʝ ʝʤʫ 

ʩʠʣʳ ʠ ʩʨʝʜʩʪʚʘ. 

ʇʨʝʜʩʪʘʚʣʷʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ ʘʛʝʥʪʥʦʤ ʚʠʜʝ 

ʚʦʟʤʦʞʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ ʩʧʦʩʦʙ ï ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʚʠʜʝ ʦʜʥʦʛʦ ʢʦʛʥʠʪʠʚʥʦʛʦ ʘʛʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʪʘʢʦʡ ʘʛʝʥʪ ʚ ʧʨʦʮʝʩʩʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʪʘʝʪʩʷ çʮʝʣʴʥʳʤè, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥ ʤʦʞʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʠʪʴʩʷ ʥʘ ʙʦʣʴʰʫʶ ʪʝʨʨʠʪʦʨʠʶ ʠ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘ ʨʘʟʥʳʭ 

ʫʯʘʩʪʢʘʭ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʦ ʩʨʝʜʦʡ ʠ ʜʨʫʛʠʤʠ ʘʛʝʥʪʘʤʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫ ʢʨʫʧʥʳʭ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʘʣʝʥʥʳʝ ʯʘʩʪʠ ʬʨʦʥʪʘ ʧʦʞʘʨʘ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ 

(ʪʠʧ ʧʦʞʘʨʘ, ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʦʨʝʥʠʷ ʠ ʪ.ʜ.), ʠ 

ʜʘʣʴʥʝʡʰʘʷ ʜʠʥʘʤʠʢʘ ʠʭ ʨʘʟʚʠʪʠʷ ʥʠʢʘʢ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʝ ʟʘʚʠʩʠʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʯʘʛʘ ʧʦʞʘʨʘ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʘʛʝʥʪʘ, ʭʦʪʴ ʠ ʚʳʛʣʷʜʠʪ ʥʘʠʙʦʣʝʝ 
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ʣʦʛʠʯʥʦʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʬʦʨʤʦʡ, ʥʦ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʩʚʷʟʘʥʥʳʝ 

ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʝʛʦ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ï ʵʪʦ ʚʳʜʝʣʝʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʥʝʙʦʣʴʰʦʛʦ ʫʯʘʩʪʢʘ ʬʨʦʥʪʘ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʢʪʠʚʥʦʛʦ ʘʛʝʥʪʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʥʘ ʚʩʝʡ 

ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʦʜʠʥʘʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʪʘʢʠʭ ʘʛʝʥʪʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩʦ ʩʨʝʜʦʡ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʜʠʥʘʤʠʢʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʥʝʜʦʩʪʘʪʢʘ ʟʜʝʩʴ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ çʦʙʲʝʜʠʥʝʥʠʷè ʪʘʢʠʭ ʘʛʝʥʪʦʚ ʚ ʦʜʠʥ ʢʦʥʪʫʨ ʧʨʠ ʨʘʩʯʝʪʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʚʪʦʨʦʡ ʩʧʦʩʦʙ ʘʛʝʥʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺʩʝʛʦ ʞʝ ʚ ʤʦʜʝʣʠ ʚʳʜʝʣʠʣʠ ʯʝʪʳʨʝ ʪʠʧʘ ʘʛʝʥʪʦʚ: 

- ʫʯʘʩʪʦʢ ʬʨʦʥʪʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʘʛʝʥʪʳ ʪʠʧʘ A); 

- ʩʠʣʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʮʝʩʩ ʩ ʮʝʣʴʶ 

ʝʛʦ ʣʦʢʘʣʠʟʘʮʠʠ (ʘʛʝʥʪʳ ʪʠʧʘ B); 

- ʩʠʣʳ ʠ ʩʨʝʜʩʪʚʘ, ʢʦʩʚʝʥʥʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ (ʘʛʝʥʪʳ ʪʠʧʘ D); 

- ʘʛʝʥʪ-ʤʝʥʝʜʞʝʨ (ʘʛʝʥʪ M). 

2.2.1 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʨʦʥʪʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ɸ-ʘʛʝʥʪʳ) 

ɸʛʝʥʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʫʯʘʩʪʦʢ ʬʨʦʥʪʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, (A-ʘʛʝʥʪ) 

ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ:  

- ʪʝʢʫʱʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ (X, Y); 

- ʥʦʤʝʨʦʤ ʢʦʥʪʫʨʘ N, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ ʜʘʥʥʳʡ ʘʛʝʥʪ; 

- ʚʝʢʪʦʨʦʤ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ ʢʦʥʪʫʨʫ n = [nx, ny]
T
; 

- ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ɡ = [ɡx, ɡy]
T
; 

- ʟʥʘʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ I; 
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- ʩʩʳʣʢʘʤʠ L ʠ R ʥʘ ʩʦʩʝʜʥʠʭ ʘʛʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ ʢʦʥʪʫʨʘ; 

- ʪʝʢʫʱʠʤ ʩʦʩʪʦʷʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ [Active, Stay, Disabled]; 

- ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʨʠʨʦʜʳ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ, ʢʦʪʦʨʦʡ A-ʘʛʝʥʪʳ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʧʨʠ ʠʩʧʦʣʥʝʥʠʠ ï ʵʪʦ 

ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ). ʆʙʣʘʩʪʴ ʚʠʜʠʤʦʩʪʠ A-

ʘʛʝʥʪʦʚ ʦʛʨʘʥʠʯʝʥʘ ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ ʩʦʩʝʜʥʠʭ ʘʛʝʥʪʦʚ ʟʘ ʩʯʝʪ ʩʩʳʣʦʢ L ʠ R. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪ r A-ʘʛʝʥʪʦʚ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ 

ʙʫʜʝʪ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʚ ʧʘʨʘʛʨʘʬʝ 2.3. ʇʦʤʠʤʦ ʨʘʩʯʝʪʘ ʧʨʠʨʘʱʝʥʠʡ 

ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʘʛʝʥʪʦʚ A ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʧʦʨʷʜʦʯʝʥʠʝ 

ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʘʛʝʥʪʥʫʶ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʧʦʧʫʣʷʮʠʝʡ A-ʘʛʝʥʪʦʚ (ʜʦʙʘʚʣʷʪʴ ʠ ʫʜʘʣʷʪʴ ʘʛʝʥʪʦʚ). 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ çʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠè ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ 

ʦʪ ʧʨʠʨʦʜʳ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʦʙʝʡ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʨʝʜʠʪʝʣʝʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʚʝʨʞʝʥʠʷ 

ʣʘʚʦʚʳʭ ʧʦʪʦʢʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʦʨʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʧʨʠʨʦʜʥʳʭ 

ʧʦʞʘʨʦʚ. 

ɼʦʙʘʚʣʝʥʠʝ A-ʘʛʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɺʦ ʚʨʝʤʷ ʠʩʧʦʣʥʝʥʠʷ ʤʦʜʝʣʠ A-ʘʛʝʥʪʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʩʨʝʜʝ, ʫʚʝʣʠʯʠʚʘʷ 

ʧʣʦʱʘʜʴ ʢʦʥʪʫʨʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʢʠ ʨʘʟ. ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʘʛʝʥʪʘʤʠ ʪʘʢʞʝ ʨʘʩʪʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʯʝʥʴ ʛʨʫʙʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʢʦʥʪʫʨʘ ʧʨʦʮʝʩʩʘ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʘʛʝʥʪʘʤʠ Ai(t) ʠ AR(i)(t), i ⱦ N(t). ɼʣʷ 

ʵʪʦʛʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ l(i) ʤʝʞʜʫ ʢʘʞʜʦʡ ʧʘʨʦʡ ʘʛʝʥʪʦʚ. ɽʩʣʠ l(i)>lmax, 

ʪʦ ʧʦʨʦʞʜʘʝʪʩʷ ʥʦʚʳʡ ʘʛʝʥʪ Aj(t), ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʧʘʨʦʡ Ai(t) ʠ 

AR(i)(t). ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʚʦʛʦ ʘʛʝʥʪʘ Aj(t) ʟʘʧʠʩʳʚʘʶʪʩʷ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʛʝʥʪʦʚ Ai(t) ʠ AR(i)(t). ʅʘ ʨʠʩʫʥʢʝ 2.4 

ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ. 

ʆʪ ʚʝʣʠʯʠʥʳ lmax ʟʘʚʠʩʠʪ ʢʦʣʠʯʝʩʪʚʦ A-ʘʛʝʥʪʦʚ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʥʪʫʨʘ. ʇʨʠ 

ʙʦʣʴʰʦʤ ʟʥʘʯʝʥʠʠ lmax ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʥʪʫʨʘ ʧʨʦʮʝʩʩʘ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʛʨʫʙʳʤ. 
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ʆʜʥʘʢʦ ʩʣʠʰʢʦʤ ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ lmax ʧʨʠʚʝʜʝʪ ʢ ʧʦʨʦʞʜʝʥʠʶ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʘʛʝʥʪʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

 

ʈʠʩʫʥʦʢ 2.4 - ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ A-ʘʛʝʥʪʘ 

ʋʜʘʣʝʥʠʝ A-ʘʛʝʥʪʦʚ ʠʟ ʦʙʱʝʛʦ ʢʦʥʪʫʨʘ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʜʘʣʝʥʠʷ ʘʛʝʥʪʦʚ ʪʠʧʘ A ʠʟ ʢʦʥʪʝʢʩʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʦʟʥʠʢʘʝʪ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ: 

1. ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ l(i) ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ Ai(t) ʠ AR(i)(t) ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ lmin, ʪʦ ʘʛʝʥʪ Ai(t) ʫʜʘʣʷʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʩʩʳʣʢʠ R ʠ L ʫ ʘʛʝʥʪʦʚ AR(i) ʠ 

AL(i) ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: R(L(i))=R(i), L(R(i))=L(i). 

2. ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʦʙʨʝʟʢʠ ʢʦʥʪʫʨʘ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ 

ʧʨʠ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʠ ʠʣʠ ʚʟʘʠʤʥʦʤ ʧʝʨʝʩʝʯʝʥʠʠ ʜʚʫʭ ʠ ʙʦʣʝʝ ʢʦʥʪʫʨʦʚ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʚ ʩʣʫʯʘʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʮʝʩʩʦʚ). ɼʣʷ ʵʪʦʛʦ, ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩ ̫ʘʥʘʣʠʟ ʧʝʨʝʩʝʯʝʥʠʡ ʠ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʡ ʢʦʥʪʫʨʦʚ. ʇʝʨʝʩʝʯʝʥʠʝ 

ʢʦʥʪʫʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʝ, ʠʤʝʝʪ ʤʝʩʪʦ, ʝʩʣʠ ʜʣʷ ʥʝʢʦʪʦʨʦʡ 

ʧʘʨʳ ʦʪʨʝʟʢʦʚ Ai, AR(i) ʠ Aj, AR(j) (i Í j, i Í R(j), j Í R(i)) ʪʦʯʢʘ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ ɝ 

ʣʝʞʠʪ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʤʝʥʷʶʪʩʷ ʩʩʳʣʢʠ ʫ ʘʛʝʥʪʦʚ Ai ʠ 

AR(j): R(i)=R(j), L(R(j))=i. ɸʛʝʥʪʳ, ʦʢʘʟʘʚʰʠʝʩʷ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ ʧʦʣʫʯʠʚʰʝʛʦʩʷ 

ʢʦʥʪʫʨʘ ʫʜʘʣʷʶʪʩʷ. 
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ʇʨʦʮʝʜʫʨʳ ʜʦʙʘʚʣʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʘʛʝʥʪʦʚ ʧʨʦʠʟʚʦʜʷʪʩʷ ʘʛʝʥʪʦʤ 

ʤʝʥʝʜʞʝʨʦʤ M (ʩʤ. ʧʘʨʘʛʨʘʬ 2.2.3). 

ʇʝʨʝʭʦʜ ʩʦʩʪʦʷʥʠʡ A-ʘʛʝʥʪʘ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʜʣʷ A-ʘʛʝʥʪʦʚ ʚʦʟʤʦʞʥʦ ʪʨʠ ʩʦʩʪʦʷʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ. ʆʙʦʟʥʘʯʠʣʠ ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

- çActiveè (ʘʛʝʥʪ ʘʢʪʠʚʝʥ, ʫʯʘʩʪʚʫʝʪ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʙʱʝʛʦ ʢʦʥʪʫʨʘ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʩʨʝʜʝ); 

- çStayè (ʘʛʝʥʪ ʘʢʪʠʚʝʥ, ʫʯʘʩʪʚʫʝʪ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʙʱʝʛʦ ʢʦʥʪʫʨʘ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʜʥʘʢʦ ʥʝ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʩʨʝʜʝ); 

- çDisabledè (ʘʛʝʥʪ ʥʝʘʢʪʠʚʝʥ, ʥʝ ʫʯʘʩʪʚʫʝʪ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʙʱʝʛʦ ʢʦʥʪʫʨʘ 

ʠ ʥʝ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʩʨʝʜʝ); 

ʇʝʨʝʭʦʜ ʘʛʝʥʪʘ ʠʟ ʩʦʩʪʦʷʥʠʷ çActiveè ʚ çStayè ʚʦʟʤʦʞʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʩʣʫʯʘʷʭ.  

ɺʦ-ʧʝʨʚʳʭ, ʘʛʝʥʪ ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʝʨʝʡʪʠ ʚ çStayè, ʢʦʛʜʘ ʧʦʧʘʜʘʝʪ ʚ 

ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʶʪ ʨʝʩʫʨʩʳ ʜʣʷ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʦʥ 

ʤʦʞʝʪ ʙʳʪʴ çʦʩʪʘʥʦʚʣʝʥè ʘʛʝʥʪʦʤ ʪʠʧʘ B, ʦʢʘʟʳʚʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝ, ʩʥʠʞʘʶʱʝʝ 

ʧʦʢʘʟʘʪʝʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ I (ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ 

ʜʘʣʝʝ). 

ʇʝʨʝʭʦʜ ʘʛʝʥʪʘ ʠʟ ʩʦʩʪʦʷʥʠʷ çActiveè ʚ çDisabledè ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʠʥʠʮʠʘʮʠʠ ʦʪ M-ʘʛʝʥʪʘ ʧʨʦʮʝʩʩʘ ʫʜʘʣʝʥʠʷ ɸ-ʘʛʝʥʪʘ. 

ʇʝʨʝʭʦʜ ʘʛʝʥʪʘ ʠʟ ʩʦʩʪʦʷʥʠʡ çDisabledè ʠʣʠ çStayè ʚ çActiveè ʚ ʜʘʥʥʦʡ 

ʤʦʜʝʣʠ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥ.  

2.2.2 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʣ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (B- ʠ D-ʘʛʝʥʪʳ) 

ʆʧʠʩʘʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ B-ʘʛʝʥʪʦʚ 

ɸʛʝʥʪʳ ʪʠʧʘ B (B-ʘʛʝʥʪʳ) ʤʦʜʝʣʠʨʫʶʪ ʜʝʡʩʪʚʠʝ ʩʠʣ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʭ 

ʧʨʦʮʝʩʩʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʦʢʘʟʳʚʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ A-ʘʛʝʥʪʦʚ. 

ʇʦʜ ʪʘʢʠʤʠ ʩʠʣʘʤʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʢʦʤʘʥʜʳ ʠʣʠ ʙʨʠʛʘʜʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ 
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ʥʝʢʦʪʦʨʦʛʦ ʯʠʩʣʘ ʩʧʝʮʠʘʣʴʥʦ ʦʙʫʯʝʥʥʳʭ ʣʶʜʝʡ. ɺ ʣʦʛʠʢʫ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʘʛʝʥʪʦʚ 

ʤʦʛʫʪ ʙʳʪʴ ʟʘʣʦʞʝʥʳ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʚʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚ ʘʛʝʥʪʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʪʘʢ ʠ ʦʙʱʠʝ ʧʨʘʚʠʣʘ ʧʦʚʝʜʝʥʠʷ ʚʩʝʡ ʢʦʤʘʥʜʳ 

(ʙʨʠʛʘʜʳ) ʚ ʮʝʣʦʤ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʦʛʦ ʘʛʝʥʪʘ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʠ ʬʦʨʤʘʣʠʟʘʮʠʠ 

ʧʩʠʭʦʣʦʛʠʠ ʧʦʚʝʜʝʥʠʷ ʣʶʜʝʡ ʚʦ ʚʨʝʤʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʩʪʠʭʠʡʥʦʤʫ 

ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ, ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʪʝʤʦʡ ʦʪʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ 

ʜʘʥʥʦʡ ʞʝ ʨʘʙʦʪʝ ʟʘʜʘʯʠ ʩʦʟʜʘʥʠʷ ʪʘʢʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʛʝʥʪʘ ʥʝ ʩʪʦʠʪ. 

ɹʦʣʝʝ ʪʦʛʦ, ʣʦʛʠʢʘ ʜʝʡʩʪʚʠʡ B-ʘʛʝʥʪʦʚ ʩʦʟʥʘʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʤʦʜʝʣʠ ʪʨʝʙʦʚʘʥʠʡ, ʘ ʠʤʝʥʥʦ ʙʳʩʪʨʦʪʘ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʝʡʩʪʚʠʡ ʘʛʝʥʪʦʚ ʜʦʢʫʤʝʥʪʘʤ ʠ ʩʧʨʘʚʦʯʥʠʢʘʤ, ʧʨʠʥʷʪʳʤ ʚ ʈʌ ʚ 

ʢʘʯʝʩʪʚʝ ʥʦʨʤʘʪʠʚʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʘʷ ʢʦʤʘʥʜʘ ʚ ʢʦʥʪʝʢʩʪʝ 

ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʣʠʰʴ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʢʨʦʤʢʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

B-ʘʛʝʥʪʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

- ʪʝʢʫʱʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ (X, Y); 

- ʟʥʘʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ʤʝʩʪʥʦʩʪʠ ɡ, ʤ/ʩ; 

- ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʙʭʦʜʘ ʢʦʥʪʫʨʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ Ŭ = [R, L]; 

- ʟʥʘʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʙʦʨʴʙʳ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ȹI (ʤʝʨʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʘʛʝʥʪʘ B ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ I ʘʛʝʥʪʘ A); 

- ʥʦʤʝʨʦʤ fc ʙʣʠʞʘʡʰʝʛʦ ʧʦ ʨʘʩʩʪʦʷʥʠʶ ʘʛʝʥʪʘ ʪʠʧʘ A; 

- ʪʝʢʫʱʠʤ ʩʦʩʪʦʷʥʠʝʤ [fight, move, stay]. 

ʇʨʠ ʠʩʧʦʣʥʝʥʠʠ, B-ʘʛʝʥʪʳ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʮʝʣʴʶ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʚʩʝ 

ʘʢʪʠʚʥʳʝ ʦʯʘʛʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʚʦʝʡ 

B-ʘʛʝʥʪ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʩʨʝʜʝ ʢ ʙʣʠʞʘʡʰʝʤʫ A-ʘʛʝʥʪʫ, ʠ ʧʨʦʠʟʚʦʜʠʪ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʝʛʦ ʧʦʢʘʟʘʪʝʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ I, ʩʥʠʞʘʷ ʝʛʦ ʟʥʘʯʝʥʠʝ. ʂʘʢ ʪʦʣʴʢʦ 

ʟʥʘʯʝʥʠʝ I ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 0, ʘʛʝʥʪ Ai ʤʝʥʷʝʪ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘ çstayè, ʘ ʘʛʝʥʪ 

B ʧʝʨʝʤʝʱʘʝʪʩʷ ʢ ʘʛʝʥʪʫ AR. 

ʂʦʣʠʯʝʩʪʚʦ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʠʝ B-ʘʛʝʥʪʦʚ ʟʘʜʘʶʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʠʩʭʦʜʷ ʠʟ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʢʦʥʢʨʝʪʥʦʤ ʩʮʝʥʘʨʠʠ.  
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ʆʙʣʘʩʪʴ ʚʠʜʠʤʦʩʪʠ B-ʘʛʝʥʪʦʚ ʥʝ ʦʛʨʘʥʠʯʝʥʘ. ʅʘʭʦʜʷʩʴ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʥʘ 

ʢʘʨʪʝ ʘʛʝʥʪ B çʚʠʜʠʪè ʚʩʝʭ ʘʢʪʠʚʥʳʭ A-ʘʛʝʥʪʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʯʝʪ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ (X, Y) ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʙʦʨʴʙʳ ʩ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. ɽʩʣʠ ʩʦʩʪʦʷʥʠʝ - çfightè, ʪʦ ʧʦ ʤʝʨʝ çʙʦʨʴʙʳè ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʦʨʜʠʥʘʪ (X, Y) B-ʘʛʝʥʪʘ ʧʨʠʥʠʤʘʶʪʩʷ ʪʝʢʫʱʠʝ ʢʦʦʨʜʠʥʘʪʳ A-ʘʛʝʥʪʦʚ. 

ɽʩʣʠ ʩʦʩʪʦʷʥʠʝ - çmoveè, ʪʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʨʘʩʩʪʦʷʥʠʷ Sji ʦʪ ʪʝʢʫʱʝʛʦ 

ʘʛʝʥʪʘ Bj ʜʦ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ Ai. ɿʘʪʝʤ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʤʝʥʴʰʝʝ ʠʟ ʵʪʠʭ ʨʘʩʩʪʦʷʥʠʡ 

ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʟʘʧʠʩʴ Bfc=i. ɺʳʩʯʠʪʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ 

N ʦʪ Bj ʜʦ Ai. ʉʘʤʠ ʢʦʦʨʜʠʥʘʪʳ BX, BY ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὄ ὸ ρ  ὄ ὸ ὔ ʑ
ὄ ὸ ρ  ὄ ὸ ὔ ʑ

      (2.1) 

ɼʦʙʘʚʣʝʥʠʝ B-ʘʛʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʘʛʝʥʪʦʚ ʪʠʧʘ B ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʝʨʝʜ 

ʥʘʯʘʣʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʣʠʙʦ ʫʞʝ ʚ ʧʨʦʮʝʩʩʝ, ʝʩʣʠ ʵʪʦʛʦ ʪʨʝʙʫʶʪ ʮʝʣʠ ʠ ʟʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʋʜʘʣʝʥʠʝ B-ʘʛʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʋʜʘʣʝʥʠʝ ʘʛʝʥʪʦʚ ʪʠʧʘ B ʠʟ ʩʮʝʥʘʨʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʝʩʣʠ ʵʪʦʛʦ ʪʨʝʙʫʶʪ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ A- ʠ B-ʘʛʝʥʪʦʚ 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʛʝʥʪʦʚ A ʠ B. ɽʩʣʠ ʘʛʝʥʪ B 

ʩʧʨʘʚʠʪʩʷ ʩʦ ʩʚʦʝʡ ʟʘʜʘʯʝʡ, ʪʦ ʘʛʝʥʪ A ʧʝʨʝʡʜʝʪ ʚ ʩʦʩʪʦʷʥʠʝ çstayè. ʇʨʦʮʝʩʩ 

ʙʦʨʴʙʳ ʥʘ ʫʯʘʩʪʢʝ ʢʨʦʤʢʠ ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʦʜʥʫ ʠʣʠ ʙʦʣʝʝ ʠʪʝʨʘʮʠʡ, ʘ ʫʩʧʝʭ 

ʘʛʝʥʪʘ B ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʦʢʘʟʘʪʝʣʷ ȹI. ʉʢʦʨʦʩʪʴ ʙʦʨʴʙʳ ʩ ʧʨʦʮʝʩʩʦʤ ȹI 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ, ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʦʩʥʘʱʝʥʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʣʶʜʝʡ ʚ 

ʢʦʤʘʥʜʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʘʛʝʥʪʦʤ Ai, ʥʘʭʦʜʷʱʠʤʩʷ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʛʝʥʪʘ Bj ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

Ὅὸ ρ Ὅὸ ЎὍὸȟ      (2.2) 
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ʛʜʝ IA(t+1) ï ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʘʛʝʥʪʘ A ʚ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ t+1, IA(t) ï ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʘʛʝʥʪʘ A ʚ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ t, ȹIB(t) ï ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʚʳʟʳʚʘʝʤʦʝ ɺ-

ʘʛʝʥʪʦʤ ʟʘ ʦʜʠʥ ʰʘʛ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʝʨʝʭʦʜ ʩʦʩʪʦʷʥʠʡ B-ʘʛʝʥʪʘ 

ɼʣʷ B-ʘʛʝʥʪʦʚ ʚʦʟʤʦʞʥʦ ʪʨʠ ʩʦʩʪʦʷʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ 

ʙʦʨʴʙʳ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. ʆʙʦʟʥʘʯʠʣʠ ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

- çfightè (ʘʛʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʙʦʨʴʙʳ ʩ ʧʨʦʮʝʩʩʦʤ); 

- çmoveè (ʘʛʝʥʪ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʩʨʝʜʝ ʢ ʙʣʠʞʘʡʰʝʤʫ A-ʘʛʝʥʪʫ); 

- çstayè (ʘʛʝʥʪ ʥʝ ʚʳʧʦʣʥʷʝʪ ʥʠʢʘʢʠʭ ʜʝʡʩʪʚʠʡ); 

ʇʝʨʝʭʦʜ ʘʛʝʥʪʘ ʠʟ ʩʦʩʪʦʷʥʠʷ çmoveè ʚ çfightè ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

B-ʘʛʝʥʪʘ ʜʦ ʘʛʝʥʪʘ Afc ʨʘʚʥʦ ʥʫʣʶ, ʪ.ʝ. ʢʦʤʘʥʜʘ ʜʦʩʪʠʛʣʘ ʢʨʦʤʢʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

ʆʙʨʘʪʥʳʡ ʧʝʨʝʭʦʜ ʚʦʟʤʦʞʝʥ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʩʝ ʘʛʝʥʪʳ ʪʝʢʫʱʝʛʦ ʢʦʥʪʫʨʘ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ çʦʙʝʟʚʨʝʞʝʥʳè, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʥʘ ʢʘʨʪʝ ʝʩʪʴ 

ʜʨʫʛʦʡ ʠʣʠ ʜʨʫʛʠʝ ʘʢʪʠʚʥʳʝ ʢʦʥʪʫʨʘ. 

ɺ ʩʦʩʪʦʷʥʠʝ çstayè B-ʘʛʝʥʪ ʧʝʨʝʭʦʜʠʪ, ʢʦʛʜʘ ʥʘ ʢʘʨʪʝ ʙʦʣʴʰʝ ʥʝ ʦʩʪʘʣʦʩʴ 

ʜʝʡʩʪʚʫʶʱʠʭ A-ʘʛʝʥʪʦʚ. 

ʆʧʠʩʘʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ D-ʘʛʝʥʪʦʚ 

ɸʛʝʥʪʳ ʪʠʧʘ D (D-ʘʛʝʥʪʳ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʣʳ ʠ ʩʨʝʜʩʪʚʘ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʢʦʩʚʝʥʥʦʤ ʤʝʪʦʜʝ ʙʦʨʴʙʳ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʟʘʛʨʘʜʠʪʝʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʧʨʠ ʣʦʢʘʣʠʟʘʮʠʠ. ɼʘʥʥʳʝ 

ʘʛʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ (ʥʘʧʨʠʤʝʨ, ʙʫʣʴʜʦʟʝʨʳ, ʢʘʪʝʨʘ, ʚʝʨʪʦʣʝʪʳ, 

ʩʘʤʦʣʝʪʳ ʠ ʜʨʫʛʠʝ), ʦʜʥʘʢʦ ʠʭ ʦʙʲʝʜʠʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ: 

- ʦʪʩʫʪʩʪʚʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɸ-ʘʛʝʥʪʘʤʠ; 

- ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʠʩʪʝʤʳ; 

- ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ɸ-ʘʛʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʦ, ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ 

ʟʘʛʨʘʜʠʪʝʣʴʥʳʭ ʙʘʨʴʝʨʦʚ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʣʦʝʚ ʥʘ ʢʘʨʪʝ). 
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʙʫʣʴʜʦʟʝʨʦʤ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʙʘʨʴʝʨʘ, ʢʦʪʦʨʳʡ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʥʝʧʨʝʦʜʦʣʠʤʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ. ʃʠʙʦ 

ʧʨʦʢʣʘʜʢʘ ʢʘʪʝʨʦʤ ʙʦʥʦʚʳʭ ʟʘʛʨʘʞʜʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʧʨʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ. 

ʈʘʟʙʝʨʝʤ ʪʠʧʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ D-ʘʛʝʥʪʘ: 

- ʪʝʢʫʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪ r(X, Y); 

- ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ʤʝʩʪʥʦʩʪʠ ɡ, ʤ/ʩ; 

- ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʢʣʘʜʢʠ ʟʘʛʨʘʜʠʪʝʣʴʥʳʭ ʙʘʨʴʝʨʦʚ V; 

- ʦʙʲʝʤʦʤ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ G, ʣʠʪʨʦʚ; 

- ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ R, ʣ/ʢʤ; 

- ʪʝʢʫʱʠʤ ʩʦʩʪʦʷʥʠʝʤ [build, move, stay]. 

ʇʨʠ ʠʩʧʦʣʥʝʥʠʠ, ʜʘʥʥʳʝ ʘʛʝʥʪʳ ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʧʨʷʤʳʝ 

ʫʢʘʟʘʥʠʷ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʢʣʶʯʘʪʴʩʷ ʣʠʙʦ ʚ ʧʝʨʝʤʝʱʝʥʠʠ ʚ 

ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ, ʣʠʙʦ ʚ ʧʦʩʪʨʦʝʥʠʠ ʟʘʛʨʘʜʠʪʝʣʴʥʦʛʦ ʙʘʨʴʝʨʘ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʦʙʲʝʤ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ, ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʜʨʫʛʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʜʘʶʪʩʷ ʩʦʛʣʘʩʥʦ ʩʧʝʮʠʬʠʢʘʮʠʷʤ ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʠʢʠ ʠ 

ʩʧʨʘʚʦʯʥʠʢʘʤ. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʯʝʪ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ X, Y ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ. ɽʩʣʠ ʩʦʩʪʦʷʥʠʝ - çbuildè, ʪʦ ʧʝʨʝʤʝʱʝʥʠʝ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʟʘʜʘʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʢʣʘʜʢʠ 

ʟʘʛʨʘʜʠʪʝʣʴʥʦʛʦ ʙʘʨʴʝʨʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʡ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ. ɽʩʣʠ ʩʦʩʪʦʷʥʠʝ - çmoveè, ʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʣʠʥʝʡʥʦ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʮʝʣʝʚʳʭ ʢʦʦʨʜʠʥʘʪ. 

ɼʦʙʘʚʣʝʥʠʝ D-ʘʛʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʂʦʣʠʯʝʩʪʚʦ ʠ ʪʠʧʳ ʜʦʩʪʫʧʥʦʡ ʪʝʭʥʠʢʠ (D-ʘʛʝʥʪʦʚ) ʟʘʜʘʶʪʩʷ ʟʘʨʘʥʝʝ, ʠʩʭʦʜʷ 

ʠʟ ʮʝʣʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʦʩʪʫʧʥʦʡ ʪʝʭʥʠʢʦʡ, ʚʳʜʘʚʘʷ ʟʘʜʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 
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ʋʜʘʣʝʥʠʝ D-ʘʛʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʋʜʘʣʝʥʠʝ D-ʘʛʝʥʪʦʚ ʠʟ ʢʦʥʪʝʢʩʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʚ 

ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʭʥʠʢʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚ ʢʦʥʢʨʝʪʥʦʤ ʩʮʝʥʘʨʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ D-ʘʛʝʥʪʦʚ ʩʦ ʩʨʝʜʦʡ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʜʘʥʥʳʡ ʪʠʧ ʘʛʝʥʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʩʦ ʩʨʝʜʦʡ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʇʦʣʫʯʠʚ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʟʘʜʘʥʠʝ ʥʘ ʧʨʦʢʣʘʜʢʫ ʟʘʛʨʘʜʠʪʝʣʴʥʦʛʦ ʙʘʨʴʝʨʘ, D-ʘʛʝʥʪ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʤʝʨʝ ʩʚʦʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ V ʜʦʙʘʚʣʷʝʪ ʥʘ ʢʘʨʪʫ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʣʠʛʦʥʳ ʰʠʨʠʥʦʡ S. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʳ ʧʦʣʫʯʘʝʤ ʥʝʢʦʪʦʨʫʶ ʧʦʣʦʩʫ 

ʥʘ ʢʘʨʪʝ, ʢʦʪʦʨʘʷ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ A-ʘʛʝʥʪʘʤʠ ʢʘʢ ʫʯʘʩʪʦʢ, ʥʘ ʢʦʪʦʨʦʤ 

ʦʪʩʫʪʩʪʚʫʶʪ ʨʝʩʫʨʩʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʇʝʨʝʭʦʜ ʩʦʩʪʦʷʥʠʡ D-ʘʛʝʥʪʘ 

ɼʣʷ D-ʘʛʝʥʪʦʚ ʚʦʟʤʦʞʥʦ ʪʨʠ ʩʦʩʪʦʷʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦʮʝʩʩ 

ʧʨʦʢʣʘʜʢʠ ʟʘʛʨʘʜʠʪʝʣʴʥʦʛʦ ʙʘʨʴʝʨʘ. ʆʙʦʟʥʘʯʠʣʠ ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

- çbuildè (ʘʛʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʨʦʢʣʘʜʢʠ ʙʘʨʴʝʨʘ); 

- çmoveè (ʘʛʝʥʪ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʢʘʨʪʝ); 

- çstayè (ʘʛʝʥʪ ʥʝ ʚʳʧʦʣʥʷʝʪ ʥʠʢʘʢʠʭ ʜʝʡʩʪʚʠʡ); 

ʇʝʨʝʭʦʜ ʘʛʝʥʪʘ ʠʟ ʩʦʩʪʦʷʥʠʷ stay ʚ build ʠʣʠ move ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʘʜʘʥʠʷ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʦ ʤʝʨʝ ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʜʘʥʠʷ ʘʛʝʥʪʦʤ ʦʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʭʦʜʠʪ ʦʙʨʘʪʥʦ ʚ ʩʦʩʪʦʷʥʠʝ stay. 

2.2.3 ɸʛʝʥʪ ʤʝʥʝʜʞʝʨ (M-ʘʛʝʥʪʳ) 

ɸʛʝʥʪ ʪʠʧʘ M ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʦʨʜʠʥʘʪʦʨʘ ʠʣʠ ʤʝʥʝʜʞʝʨʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ. ʆʥ ʨʝʛʫʣʠʨʫʝʪ ʜʝʡʩʪʚʠʷ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʠʥʭʨʦʥʠʟʠʨʫʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʘʛʝʥʪʦʚ ʧʦ ʢʘʨʪʝ, ʧʨʦʠʟʚʦʜʠʪ 

ʘʥʘʣʠʟ ʧʝʨʝʩʝʯʝʥʠʷ ʠ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʷ ʢʦʥʪʫʨʘ ʠ ʧʨʦʠʟʚʦʜʠʪ ʜʦʙʘʚʣʝʥʠʝ ʠ 

ʫʜʘʣʝʥʠʝ A-ʘʛʝʥʪʦʚ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ M-ʘʛʝʥʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʝʰʝʥʠʝ çʢʦʥʬʣʠʢʪʥʳʭè 
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ʩʠʪʫʘʮʠʡ ʤʝʞʜʫ ʜʨʫʛʠʤʠ ʘʛʝʥʪʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʘʢʦʛʦ ʢʦʥʬʣʠʢʪʘ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨ ʫʜʘʣʝʥʠʷ A-ʘʛʝʥʪʘ (ʧʝʨʝʚʦʜʘ ʚ ʩʦʩʪʦʷʥʠʝ çdisabledè). ʂʦʛʜʘ ʜʚʘ 

A-ʘʛʝʥʪʘ A1 ʠ A2 ʥʘʭʦʜʷʪʩʷ ʩʣʠʰʢʦʤ ʙʣʠʟʢʦ, ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʘʛʝʥʪʦʚ ʧʦʩʳʣʘʝʪ 

ʩʦʦʙʱʝʥʠʝ M-ʘʛʝʥʪʫ, ʯʪʦ ʩʦʩʝʜʘ ʥʫʞʥʦ ʫʜʘʣʠʪʴ. ʆʜʥʘʢʦ ʫʜʘʣʠʪʴ ʥʫʞʥʦ ʪʦʣʴʢʦ 

ʦʜʥʦʛʦ ʠʟ ʵʪʠʭ ʘʛʝʥʪʦʚ. ʂʘʢʦʡ ʠʤʝʥʥʦ ʠʟ ʘʛʝʥʪʦʚ A1 ʠʣʠ A2 ʙʫʜʝʪ ʫʜʘʣʝʥ, ʨʝʰʠʪ 

M-ʘʛʝʥʪ ʠʩʭʦʜʷ ʠʟ ʟʘʣʦʞʝʥʥʳʭ ʚ ʥʝʛʦ ʧʨʘʚʠʣ. ʄʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʦ ʫʜʘʣʝʥʠʝ 

ʧʫʪʝʤ ʩʣʫʯʘʡʥʦʛʦ ʚʳʙʦʨʘ ʠʣʠ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʢʘʢʦʡ ʘʛʝʥʪ ʧʝʨʚʳʤ ʦʪʧʨʘʚʠʣ 

ʩʦʦʙʱʝʥʠʝ ʤʝʥʝʜʞʝʨʫ. 

ɼʦʙʘʚʣʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ M-ʘʛʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ. ɺ ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʦʜʠʥ ʤʝʥʝʜʞʝʨ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʜʘʥʥʦʛʦ ʘʛʝʥʪʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʩʧʦʩʦʙʘ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

2.3 ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʬʨʦʥʪʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ɺ ʧʘʨʘʛʨʘʬʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʬʨʦʥʪʦʚ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɼʘʥʥrʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ A-ʘʛʝʥʪʦʚ. 

ʄʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʫʨʘʚʥʝʥʠʠ ɻʘʤʠʣʴʪʦʥʘ-ʗʢʦʙʠ 

(1.2), ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ, ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

X(0) = X0( )h, P(0) = P0( )h, (2.3) 

ʛʜʝ X0(Ŭ) ʠ P0(Ŭ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ 

ʢʦʥʪʫʨʘ ʧʨʦʮʝʩʩʘ ʠ ʤʥʦʞʝʩʪʚʘ ʥʦʨʤʘʣʝʡ ʢ ʥʝʤʫ, Ŭ ⱦ U, U ï ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ Ŭ. 

ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ ʧʨʦʮʝʩʩʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ, ʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ʩʢʦʨʦʩʪʴ ʬʨʦʥʪʘ ʟʘʚʠʩʠʪ 

ʦʪ ʚʣʘʞʥʦʩʪʠ ʣʝʩʥʦʛʦ ʛʦʨʶʯʝʛʦ, ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ, ʫʢʣʦʥʘ ʤʝʩʪʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʥʦʨʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʧʨʦʮʝʩʩʘ ʚ ʫʨʘʚʥʝʥʠʠ (1.5) ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʬʫʥʢʮʠʷ ʥʝʩʢʦʣʴʢʠʭ ʘʨʛʫʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, 

ὠ ὠ άȟὢȟὸȟὡȟὉȟ‍ȟ‎ȟ (2.4) 
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ʛʜʝ m ï ʚʣʘʞʥʦʩʪʴ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, W ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, E - ʫʢʣʦʥ ʤʝʩʪʥʦʩʪʠ, ɓ 

ï ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʪʨʘ  ὡᴆ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʦʨʤʘʣʠ ʢ ʣʠʥʠʠ ʬʨʦʥʪʘ P, 

ɔ - ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʩʢʣʦʥʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʦʨʤʘʣʠ ʢ ʣʠʥʠʠ ʬʨʦʥʪʘ. ɺ 

ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʥʦʨʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʧʦʞʘʨʘ ʚ ʣʶʙʦʡ 

ʪʦʯʢʝ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ 

ʬʫʥʢʮʠʡ:  

ὠ άȟὢȟὸȟὡȟὉȟ‍ȟ‎ ὠ άȟὢȟὸȟὡȟὉ …z ὖȟὡȟὉ,  (2.10) 

ʛʜʝ V0 ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʮʝʩʩʘ. 

ʄʥʦʞʠʪʝʣʴ π … ὖȟὡȟὉ ρ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʮʝʩʩʘ Vn ʚ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʕʪʘ ʬʫʥʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪ 

ʣʦʢʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʧʨʦʮʝʩʩʘ ʠ ʥʘʟʳʚʘʝʪʩʷ ʠʥʜʠʢʘʪʨʠʩʦʡ 

ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʬʨʦʥʪʘ ʠʣʠ ʬʠʛʫʨʦʪʨʠʩʦʡ [15]. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʫʟʝʣ ʩʝʪʢʠ, 

ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʤʝʪʦʜʫ ʉ. ʂ. ɻʦʜʫʥʦʚʘ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʘʛʝʥʪʦʤ 

ʪʠʧʘ A. ʌʠʟʠʯʝʩʢʠ ʘʛʝʥʪ ʥʝ ʠʤʝʝʪ ʨʘʟʤʝʨʦʚ, ʦʥ ʷʚʣʷʝʪʩʷ ʘʙʩʪʨʘʢʪʥʳʤ ʥʦʩʠʪʝʣʝʤ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʫʥʢʮʠʡ, ʦʜʥʘʢʦ ʥʘ ʨʠʩʫʥʢʘʭ ʠ ʢʘʨʪʘʭ ʦʥ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ 

ʠʟʦʙʨʘʞʘʝʪʩʷ ʥʝʢʦʪʦʨʳʤ ʫʩʣʦʚʥʳʤ ʟʥʘʯʢʦʤ (ʥʘʧʨʠʤʝʨ, ʢʨʫʞʢʦʤ). 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʩʪʨʫʢʮʠʶ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ (ʨʠʩʫʥʦʢ 2.5).  

 

ʈʠʩʫʥʦʢ 2.5 - ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʥʪʫʨʘ ʧʦʞʘʨʘ ʢʘʢ ʮʝʧʦʯʢʠ ɸ-ʘʛʝʥʪʦʚ 

ʄʥʦʞʝʩʪʚʦ ɸ-ʘʛʝʥʪʦʚ ʦʙʨʘʟʫʝʪ ʢʦʥʪʫʨ ʧʨʦʮʝʩʩʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. 

ʂʦʦʨʜʠʥʘʪʳ ʘʛʝʥʪʦʚ Xi(t) ʚʳʯʠʩʣʷʶʪʩʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ 
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ʨʠʩʫʥʢʝ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ ʧʝʨʝʤʝʱʝʥʠʝ ʘʛʝʥʪʘ Ai(t) ʥʘ ʩʣʝʜʫʶʱʝʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ 

Ai (t+1). ɺʝʢʪʦʨ Pi (t) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʨʤʘʣʴ ʢ ʣʠʥʠʠ ʬʨʦʥʪʘ ʧʨʦʮʝʩʩʘ ʚ 

ʪʦʯʢʝ Ai (t); W ï ʚʝʢʪʦʨ ʚʝʪʨʘ; V0ɢn(Pi)ȹt ï ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʝ ʧʝʨʝʤʝʱʘʝʪʩʷ 

ʘʛʝʥʪ ɸi ʟʘ ʦʜʠʥ ʰʘʛ. 

ʇʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ, ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʣʠʯʥʳʤʠ. ʀʭ ʢʦʣʠʯʝʩʪʚʦ ʠ ʥʘʠʤʝʥʦʚʘʥʠʷ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ 

ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʯʘʩʪʥʳʭ ʤʦʜʝʣʝʡ, ʪʘʢ ʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʩʠʩʪʝʤʝ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʣʷ ʨʘʩʯʝʪʘ.  

2.4 ʌʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ 

ɺ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʘʣʠʟʤʦʚ ʩʝʪʝʡ ʇʝʪʨʠ. ɺ ʨʘʙʦʪʝ ʜʣʷ ʵʪʦʡ ʮʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʮʚʝʪʥʳʝ ʚʣʦʞʝʥʥʳʝ ʩʝʪʠ ʇʝʪʨʠ (Colored Nested Petri Net) [89, 90]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ 

ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ, ʘ ʪʘʢʞʝ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʢʦʥʬʣʠʢʪʳ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʜʚʘ ʘʛʝʥʪʘ A ʦʢʘʟʳʚʘʶʪʩʷ ʩʣʠʰʢʦʤ ʙʣʠʟʢʦ, ʪʦ ʦʜʠʥ ʠʟ ʥʠʭ 

ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ. ʊʘʢʞʝ ʢʦʥʬʣʠʢʪʳ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʠ ʤʝʞʜʫ B-ʘʛʝʥʪʘʤʠ ʚ 

ʧʨʦʮʝʩʩʝ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʆʧʠʩʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʜʚʝ ʧʦʜʩʠʩʪʝʤʳ: ʙʘʟʦʚʫʶ (ʩʠʩʪʝʤʥʫʶ) ï M-

ʘʛʝʥʪ ʠ ʩʘʪʝʣʣʠʪʥʫʶ (ʘʛʝʥʪʳ ï A, B ʠ D). ʉʠʩʪʝʤʥʘʷ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʘʪʝʣʣʠʪʥʳʭ ʘʛʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʜʝʣʠʨʫʶʪ ʩʠʪʫʘʮʠʶ ʥʘ ʢʘʨʪʝ ʤʝʩʪʥʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2.6 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥ ʬʨʘʛʤʝʥʪ ʩʘʪʝʣʣʠʪʥʦʡ ʯʘʩʪʠ 

ʨʘʩʢʨʘʰʝʥʥʦʡ ʩʝʪʠ ʇʝʪʨʠ, ʧʦʢʘʟʳʚʘʶʱʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʛʝʥʪʦʚ ʪʠʧʘ A ʠ B, 

ʫʧʨʘʚʣʷʝʤʳʭ ʩʠʩʪʝʤʥʦʡ ʩʝʪʴʶ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʛʝʥʪʦʤ M. ʅʠʞʝ ʢʨʘʪʢʦ 

ʦʧʠʩʘʥʘ ʩʝʤʘʥʪʠʢʘ ʧʦʚʝʜʝʥʠʷ ʵʪʠʭ ʘʛʝʥʪʦʚ.  
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ʈʠʩʫʥʦʢ 2.6 ï ʌʨʘʛʤʝʥʪ ʩʘʪʝʣʣʠʪʥʦʡ ʩʝʪʠ ʇʝʪʨʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʘʛʝʥʪʦʚ A ʠ B ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʩʠʩʪʝʤʥʦʡ ʩʝʪʠ, ʤʦʜʝʣʠʨʫʝʤʦʡ ʘʛʝʥʪʦʤ M 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʘʛʝʥʪʘ A ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʦʜʝʣʴʶ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʢʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ. ʉʦʩʪʦʷʥʠʝ ʵʪʦʛʦ 

ʘʛʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʨʢʠʨʦʚʢʦʡ ʧʦʟʠʮʠʠ PA, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʙʫʣʝʚʫ 

ʧʝʨʝʤʝʥʥʫʶ status_A, ʦʧʨʝʜʝʣʷʶʱʫʶ ʩʪʘʪʫʩ ʘʛʝʥʪʘ, ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ intensity_A ʚ ʣʦʢʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʤʝʩʪʥʦʩʪʠ, 

ʟʘʥʠʤʘʝʤʦʤ ʘʛʝʥʪʦʤ. ʇʨʠ ʥʘʣʠʯʠʠ ʨʝʩʫʨʩʘ ʚ ʵʪʦʡ ʧʦʟʠʮʠʠ ʘʛʝʥʪ ʩʯʠʪʘʝʪʩʷ 

ʘʢʪʠʚʥʳʤ. 

ɺ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʨʝʩʫʨʩ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʧʦ ʩʠʛʥʘʣʫ ʩʠʩʪʝʤʥʦʡ ʩʝʪʠ ʧʫʪʝʤ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʝʨʝʭʦʜʘ ὸӶ  ʧʦ ʜʫʛʝ ὥ Ȣ  ɸʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʛʝʥʪʘ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦ ʜʫʛʘʤ ὥ ʠ ὥ  ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʧʝʨʝʭʦʜʘ ὸӶȢʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʫʩʣʦʚʠʡ ʜʣʷ ʥʘʯʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘ ʫʯʘʩʪʢʝ ʤʝʩʪʥʦʩʪʠ, ʟʘʥʠʤʘʝʤʦʤ 

ʘʛʝʥʪʦʤ, ʨʝʩʫʨʩ ʦʙʥʫʣʷʝʪʩʷ ʯʝʨʝʟ ʧʝʨʝʭʦʜ ὸӶ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʛʝʥʪʦʤ 

ʪʠʧʘ B ʨʝʩʫʨʩ intensity_A ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ 

ʚʝʣʠʯʠʥʫ delta_intensity_A, ʢʦʪʦʨʘʷ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʜʫʛʝ ὥ . ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ 

ʧʝʨʝʭʦʜʘ ὸӶ  ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (2.2). ʇʨʠ intensity_A=0 ʘʛʝʥʪ A ʩʪʘʥʦʚʠʪʩʷ 

ʧʘʩʩʠʚʥʳʤ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ çstayè. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ B-ʘʛʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʥʦʡ ʩʝʪʴʶ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ ʜʚʠʞʝʥʠʷ ʧʨʦʪʠʚʦʙʦʨʩʪʚʫʶʱʠʭ ʩʠʣ. ʉʦʩʪʦʷʥʠʝ 

ʘʛʝʥʪʘ ʷʚʣʷʝʪʩʷ ʙʫʣʝʚʦʡ ʧʝʨʝʤʝʥʥʦʡ status_B ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʨʢʠʨʦʚʢʦʡ 
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ʧʦʟʠʮʠʠ PB: ʧʨʠ ʥʘʣʠʯʠʠ ʨʝʩʫʨʩʘ ʚ ʵʪʦʡ ʧʦʟʠʮʠʠ ʘʛʝʥʪ ʩʯʠʪʘʝʪʩʷ ʘʢʪʠʚʥʳʤ. 

ʈʝʩʫʨʩ ʧʨʠ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʯʝʨʝʟ ʧʝʨʝʭʦʜ ὸӶ  ʧʦ ʜʫʛʝ ὥ  ʠʟ 

ʩʠʩʪʝʤʥʦʡ ʩʝʪʠ. ɸʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʛʝʥʪʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦ ʜʫʛʝ ὥ  ʧʨʠ 

ʩʨʘʙʘʪʳʚʘʥʠʠ ʧʝʨʝʭʦʜʘ ὸӶ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʛʝʥʪʦʚ ʚ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʥʘ ʷʟʳʢʝ ʮʚʝʪʥʳʭ ʚʣʦʞʝʥʥʳʭ ʩʝʪʝʡ ʇʝʪʨʠ ʧʨʠʚʝʜʝʥʦ ʚ 

ʧʨʠʣʦʞʝʥʠʠ A. 

2.5 ɺʳʚʦʜʳ ʧʦ ʚʪʦʨʦʡ ʛʣʘʚʝ 

ɼʘʥʥʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ 

ʜʠʥʘʤʠʢʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

ɺ ʥʘʯʘʣʝ ʛʣʘʚʳ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʧʦʥʷʪʠʡ ʘʛʝʥʪʘ ʠ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʄɸʉ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʜʚʘ ʢʣʶʯʝʚʳʭ ʪʠʧʘ ʘʨʭʠʪʝʢʪʫʨ ʧʦʩʪʨʦʝʥʠʷ 

ʄɸʉ ï ʜʝʣʠʙʝʨʘʪʠʚʥʘʷ ʠ ʨʝʘʢʪʠʚʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. ʈʘʩʩʤʦʪʨʝʥʘ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʥʘ ʧʨʘʢʪʠʢʝ ʛʠʙʨʠʜʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. ɺʳʜʝʣʝʥʦ ʧʦʥʷʪʠʝ 

ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (ɸʆʉ), ʢʘʢ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʝʡ 

ʥʘʨʷʜʫ ʩ ʄɸʉ ʠ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ. 

ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʛʝʥʪʥʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ.  

ɺ ʤʦʜʝʣʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 4 ʪʠʧʘ ʘʛʝʥʪʦʚ: 

- ɸ-ʘʛʝʥʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

- B-ʘʛʝʥʪʳ ʤʦʜʝʣʠʨʫʶʪ ʜʝʡʩʪʚʠʝ ʩʠʣ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʠ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ A-ʘʛʝʥʪʦʚ. 

- D-ʘʛʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʣʳ ʠ ʩʨʝʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʢʦʩʚʝʥʥʦʤ ʤʝʪʦʜʝ ʙʦʨʴʙʳ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. 

- M-ʘʛʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʦʨʜʠʥʘʪʦʨʘ ʠʣʠ ʤʝʥʝʜʞʝʨʘ ʚ ʤʦʜʝʣʠ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʫʪʝʤ ʪʝʢʩʪʦʚʦʛʦ ʦʧʠʩʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʚʣʦʞʝʥʥʦʡ ʮʚʝʪʥʦʡ ʩʝʪʠ ʇʝʪʨʠ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ 
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ʧʦʟʚʦʣʷʝʪ ʥʘ ʦʩʥʦʚʝ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʨʝʰʘʪʴ ʟʘʜʘʯʠ, ʢʘʢ ʧʦ ʨʘʩʯʝʪʫ ʜʠʥʘʤʠʢʠ 

ʧʨʦʮʝʩʩʘ, ʪʘʢ ʠ ʧʦ ʝʛʦ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʙʦʨʴʙʝ ʩ 

ʥʝʛʘʪʠʚʥʳʤ ʚʣʠʷʥʠʝʤ ʜʘʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʬʨʦʥʪʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʮʝʧʦʯʢʠ ɸ-ʘʛʝʥʪʦʚ, ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʛʘʤʠʣʴʪʦʥʦʚʦʡ 

ʤʝʭʘʥʠʢʠ ʠ ʤʝʪʦʜʘ ʧʦʜʚʠʞʥʳʭ ʩʝʪʦʢ. ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʘʛʝʥʪʥʫʶ 

ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʣʦ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʧʦʧʫʣʷʮʠʝʡ A-ʘʛʝʥʪʦʚ (ʜʦʙʘʚʣʷʪʴ ʠ 

ʫʜʘʣʷʪʴ ʘʛʝʥʪʦʚ). 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʛʣʘʚʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [91, 92,  93, 94, 

95, 96, 97, 98, 99, 100]. 
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ɻʣʘʚʘ 3. ʀʤʠʪʘʮʠʦʥʥʘ ̫ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘ ̫ʩʠʩʪʝʤʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ɻʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚʳʰʝ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ 

ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʧʨʠʤʝʨʝ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʧʨʦʮʝʩʩʦʚ (ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʘʩʪʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ. 

ɺ ʥʘʯʘʣʝ ʛʣʘʚʳ ʜʘʸʪʩʷ ʦʙʟʦʨ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʠ 

ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʧʦʞʘʨʦʫʧʨʘʚʣʝʥʠʠ. ɿʘʪʝʤ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥ r

ʪʨʝʙʦʚʘʥʠ ̫ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠʚʝʜʝʥ 

ʩʧʠʩʦʢ ʯʘʩʪʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ. ʊʘʢʞʝ ʦʧʠʩʘʥʳ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʣʫʯʠʚʰʝʛʦ ʥʘʟʚʘʥʠʝ çʊʘʡʛʘ-3è. 

ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʠʥʪʝʨʬʝʡʩʘ ʠ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ.  

ɺ ʢʦʥʮʝ ʛʣʘʚʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʥʦʡ 

ʤʦʜʝʣʠ ʚ ʩʠʩʪʝʤʝ çʊʘʡʛʘ-3è. 

1.1 ʆʙʟʦʨ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʠ ʩʠʩʪʝʤ, 

ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʧʦʞʘʨʦʫʧʨʘʚʣʝʥʠʠ 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ ʘʛʝʥʪʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʙʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʯʘʩʪʥʦʡ ʤʦʜʝʣʠ (ʤʦʜʝʣʝʡ) ʜʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ. ɺʳʙʦʨ ʪʘʢʦʡ ʤʦʜʝʣʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʘʤʦʡ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʠ ʤʦʜʝʣʠ ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ 

ʧʦʞʘʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚ ʚʠʜʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʆʜʥʘʢʦ ʧʝʨʝʜ ʪʝʤ ʢʘʢ ʧʝʨʝʡʪʠ ʢ ʩʘʤʠʤ ʤʦʜʝʣʷʤ, 
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ʜʘʜʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʥʫ çʧʦʞʘʨʦʫʧʨʘʚʣʝʥʠʝè, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚ ʜʘʣʴʥʝʡʰʝʤ. 

ɺ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʚ ʈʌ ʧʦʜ ʵʪʠʤ ʪʝʨʤʠʥʦʤ ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʤʝʨ, 

ʬʦʨʤʠʨʫʝʤʳʡ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʚʳʟʳʚʘʝʤʳʭ ʧʨʠʨʦʜʥʳʤʠ ʧʦʞʘʨʘʤʠ [101]. 

ʉʧʝʢʪʨ ʜʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

[102]: 

- ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʧʨʦʧʘʛʘʥʜʳ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ; 

- ʩʦʟʜʘʥʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʦʚ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʪʝʨʨʠʪʦʨʠʠ ʠ ʮʝʣʝʚʳʭ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʚʳʞʠʛʘʥʠʡ; 

- ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʙʦʨʴʙʳ ʩ ʧʨʠʨʦʜʥʳʤʠ ʧʦʞʘʨʘʤʠ ʠ ʪ.ʜ. 

ɺ ʫʟʢʦʤ ʧʣʘʥʝ ʧʦʜ ʧʦʞʘʨʦʫʧʨʘʚʣʝʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʷ 

ʨʘʟʚʠʪʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʘ ʠʭ ʧʦʚʝʜʝʥʠʷ 

[103,104].  

ʇʨʦʮʠʪʠʨʫʝʤ ʠʟʚʝʩʪʥʦʛʦ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʣʝʩʥʦʡ ʧʠʨʦʣʦʛʠʠ 

ʈ. ʈʦʪʝʨʤʝʣʘ [105]: çʄʦʞʥʦ ʣʠ ʨʝʘʣʴʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʨʘʟʚʠʪʠʝ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ? 

ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ, ʩ ʢʘʢʦʡ ʚʳ ʭʦʪʠʪʝ ʧʦʣʫʯʠʪʴ ʦʪʚʝʪ. ɼʚʠʞʝʥʠʝ ʧʦʞʘʨʘ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʤʠʥʫʪ, ʚʝʨʦʷʪʥʦ, ʥʠʢʦʛʜʘ ʥʝ ʩʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʢʘʟʘʥʦ ï ʭʦʪʷ ʙʳ 

ʧʦʪʦʤʫ, ʯʪʦ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʟʘ ʤʥʦʛʦ ʯʘʩʦʚ ʜʦ ʧʦʞʘʨʘ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ ʧʨʘʢʪʠʢʘ ʠ ʟʜʨʘʚʳʡ ʩʤʳʩʣ ʧʨʠ ʦʮʝʥʢʝ ʧʦʞʘʨʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʨʘʩʯʝʪʘ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ ʜʘʶʪ ʥʝʦʞʠʜʘʥʥʦ ʭʦʨʦʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳè.  

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʤʠʤʦ ʧʨʦʙʣʝʤʳ ʧʨʦʛʥʦʟʘ ʤʝʪʝʦʫʩʣʦʚʠʡ, 

ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʳʤ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ʠ 

ʚʨʝʤʝʥʥʦʡ ʧʨʝʜʝʣ ʜʣʷ ʧʨʦʛʥʦʟʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʩʦʢʠʤʠ [101]. ʕʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʟʥʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʈɻʄ), ʘ ʪʘʢʞʝ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʤʝʩʪʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʫʞʝ ʤʥʦʛʦ ʣʝʪ ʚʝʜʫʪʩʷ 



66 

 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ. 

ʄʦʜʝʣʠ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʧʦ ʩʪʝʧʝʥʠ ʧʦʜʨʦʙʥʦʩʪʠ 

ʦʧʠʩʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʨʦʜʥʦʛʦ ʧʦʞʘʨʘ. ʉʘʤʳʝ ʧʨʦʩʪʳʝ ʤʦʜʝʣʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʨʦʜʥʦʛʦ ʧʦʞʘʨʘ, ʪʘʢʠʭ ʢʘʢ ʝʛʦ 

ʧʣʦʱʘʜʴ, ʧʝʨʠʤʝʪʨ ʠʣʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʞʘʨʘ ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ. ʊʘʢʠʝ ʤʦʜʝʣʠ 

ʥʘʠʤʝʥʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ 

ʦʙʝʩʧʝʯʝʥʠʶ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʘʩʯʝʪʳ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʘ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ 

ʥʝʩʣʦʞʥʳʭ ʬʦʨʤʫʣ ʠ ʪʘʙʣʠʮ [106]. 

ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʤʦʜʝʣʠ ʧʳʪʘʶʪʩʷ ʦʧʠʩʘʪʴ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ 

ʈɻʄ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʞʘʨʘ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʨʝʜʠ ʪʘʢʠʭ ʤʦʜʝʣʝʡ 

ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʢʣʘʩʩʘ, ʵʪʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʤʦʜʝʣʠ. 

1.1.1 ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ 

ʆʙʲʝʢʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʬʠʟʠʢʝ 

ʛʦʨʝʥʠʷ ʠ ʦʧʠʩʳʚʘʶʪ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʞʘʨ ʧʨʦʮʝʩʩʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʟʫʯʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʞʘʨʘ, ʥʝ ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. ɺʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʧʨʦʮʝʩʩ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʪʝʧʣʦʚʳʭ 

ʠ ʤʘʩʩʦʚʳʭ ʧʦʪʦʢʦʚ, ʧʦʣʥʦʪʘ ʩʛʦʨʘʥʠʷ ʛʦʨʶʯʝʛʦ, ʨʘʟʤʝʨʳ ʧʣʘʤʝʥʠ, ʩʢʦʨʦʩʪʴ ʝʛʦ 

ʧʨʦʜʚʠʞʝʥʠʷ ʧʦ ʦʙʲʝʢʪʫ ʠ ʜʨʫʛʠʝ.  

ʇʨʠʤʝʨʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʦʜʝʣʴ, ʧʨʝʜʣʦʞʝʥʥʘʷ 

ɸ.ʄ. ɻʨʠʰʠʥʳʤ [107,108].  

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʫʨʘʚʥʝʥʠʡ ʠ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʨʝʭʤʝʨʥʳʝ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ, ʬʘʟʦʚʳʭ ʠ 
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ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʛʦʨʝʥʠʠ, ʘ ʪʘʢʞʝ ʜʚʠʞʝʥʠʝ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ, 

ʚʳʟʚʘʥʥʦʝ ʵʪʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʵʪʘ ʤʦʜʝʣʴ ʥʝ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ 

ʧʦʣʥʦʤ ʚʠʜʝ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʣʦʞʥʦʩʪʝʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʦʩʥʦʚʝ 

ʵʪʦʡ ʤʦʜʝʣʠ ʨʝʰʝʥʦ ʤʥʦʞʝʩʪʚʦ ʯʘʩʪʥʳʭ ʟʘʜʘʯ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʟʜʝʩʴ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʜʚʫʤʝʨʥʫʶ ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʝʨʭʦʚʳʭ ʧʦʞʘʨʦʚ [109], ʘ ʪʘʢʞʝ 

ʨʘʩʯʝʪ ʪʝʧʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʞʘʨʘ ʩ ʜʝʨʝʚʷʥʥʳʤʠ ʩʪʨʦʝʥʠʷʤʠ [110].  

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʧʦ 

ʘʵʨʦʜʠʥʘʤʠʢʝ ʘʪʤʦʩʬʝʨʳ ʧʨʠ ʢʨʫʧʥʳʭ ʧʦʞʘʨʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʖ.ɸ. ɻʦʩʪʠʥʮʝʚ ʠ 

ʃ.ɸ. ʉʫʭʘʥʦʚʘ [111]. ʊʘʢʞʝ ʟʜʝʩʴ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʠ ʤʦʜʝʣʠ ɼ. ʄʦʨʚʘʥʘ [112] ʠ 

ʈ.ʈ. ʃʠʥʥʘ [113]. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʨʦʜʥʦʛʦ 

ʧʦʞʘʨʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʮʝʣʳʡ ʨʷʜ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. ʆʩʦʙʦʝ ʨʘʟʚʠʪʠʝ ʵʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʫʯʠʣʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʪʘʢʦʛʦ ʪʠʧʘ ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ 

ʚʳʩʦʢʦʡ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴʶ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ. ʀʭ 

ʧʦʣʥʦʮʝʥʥʘʷ ʨʘʙʦʪʘ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʥʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤʘʭ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ: 

- FIRETEC [114,115]; 

- FIRESTAR [116,117]; 

- WFDS [118,119,120,121,122,123].  

1.1.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ 

ʆʙʲʝʢʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʤʦʜʝʣʷʭ ʜʘʥʥʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʧʦʞʘʨ ʚ ʮʝʣʦʤ. 

ɿʜʝʩʴ ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ, ʪ.ʝ. ʝʛʦ ʜʠʥʘʤʠʢʘ. 

ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʛʦʨʠʪʤ, ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʣʦʱʘʜʴ ʧʦʞʘʨʘ, ʜʣʠʥʫ ʝʛʦ ʧʝʨʠʤʝʪʨʘ, ʘ ʪʘʢʞʝ 

ʦʧʠʩʳʚʘʪʴ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʪʘʢʪʠʯʝʩʢʠʝ ʯʘʩʪʠ ʢʨʦʤʢʠ ʧʦʞʘʨʘ, ʪʘʢ ʠ ʚʝʩʴ ʢʦʥʪʫʨ 

ʢʨʦʤʢʠ ʧʦʞʘʨʘ ʮʝʣʠʢʦʤ.  

ɺʳʭʦʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʪʘʢʠʭ ʤʦʜʝʣʷʭ ʤʦʛʫʪ ʩʣʫʞʠʪʴ: ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʢʨʦʤʢʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʦʨʝʥʠʷ, ʚʳʩʦʪʘ ʧʣʘʤʝʥʠ. ɼʣʷ ʧʦʞʘʨʦʚ, 
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ʚʦʟʥʠʢʰʠʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʘʤ ʠʣʠ ʦʙʲʝʢʪʘʤ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟ ʚʨʝʤʝʥʠ ʜʦ ʧʦʜʭʦʜʘ 

ʧʦʞʘʨʘ ʢ ʦʙʲʝʢʪʫ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʣʘʥʦʚ ʣʠʢʚʠʜʘʮʠʠ ʧʦʞʘʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ 

ʨʫʢʦʚʦʜʠʪʝʣʠ ʪʫʰʝʥʠʷ, ʧʨʝʜʧʨʠʷʪʠʡ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

ʘʚʠʘʮʠʦʥʥʦʡ ʦʭʨʘʥʳ ʣʝʩʦʚ. 

ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʷʚʠʣʠʩʴ ʝʱʝ ʚ ʩʝʨʝʜʠʥʝ 20-ʛʦ 

ʚʝʢʘ. ʇʨʠʤʝʨʦʤ ʟʜʝʩʴ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʘ ̫ʤʦʜʝʣʴ ʌʦʥʩʘ [124]. 

ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʌʦʥʩʘ ʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʚʝ 

ʰʢʦʣʳ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʘʪʳʚʘʣʠ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ, 

ʩʪʘʚʰʠʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʥʜʘʨʪʘʤʠ. ɺ ʉʐɸ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʩʪʘʥʜʘʨʪʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʈ. ʈʦʪʝʨʤʝʣʦʤ [125]. ɺ ʂʘʥʘʜʝ ï ʤʦʜʝʣʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʫʨʘʚʥʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʞʘʨʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʤ ɻ. ɹʘʡʨʘʤʦʤ 

ʛʦʜʫ [126]. 

ɺ ʤʦʜʝʣʠ ʈ. ʈʦʪʝʨʤʝʣʘ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʪʠʧʳ ʈɻʄ, ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʈɻʄ, 

ʫʢʣʦʥ ʠ ʚʦʟʚʳʰʝʥʠʝ ʤʝʩʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʚʝʪʨʘ. ʊʘʢʞʝ ʚ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʤʝʜʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ ʦʪ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ 

[127]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʛʦʨʶʯʝʛʦ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʟʘʨʘʥʝʝ.  

ʄʦʜʝʣʴ ʈʦʪʝʨʤʝʣʘ ʧʨʦhʣʘ ʨʷʜ ʧʨʷʤʳʭ ʧʨʦʚʝʨʦʢ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ 

[105, 128, 129]. ʆʥʘ ʚʢʣʶʯʝʥʘ ʚ ʅʘʮʠʦʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʞʘʨʥʦʡ 

ʦʧʘʩʥʦʩʪʠ ʉʐɸ [130]. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʢʨʠʪʠʯʝʩʢʠʝ ʟʘʤʝʯʘʥʠʷ [129, 131], 

ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʡ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʠ ʧʨʠʟʥʘʥʘ 

ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʫʜʘʯʥʳʭ ʟʘʨʫʙʝʞʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ ʧʦ ʣʝʩʥʳʤ ʛʦʨʶʯʠʤ ʤʘʪʝʨʠʘʣʘʤ ʧʨʠ ʥʠʟʦʚʳʭ 

ʧʦʞʘʨʘʭ.  

ɽʱʝ ʦʜʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʅ.ʇ. ʂʫʨʙʘʪʩʢʠʤ ʠ ɻ.ʇ. ʊʝʣʠʮʳʥʳʤ [132]. ɼʘʥʥʳʤʠ ʘʚʪʦʨʘʤʠ 
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ʧʨʝʜʣʦʞʝʥʦ ʦʧʠʩʳʚʘʪʴ ʬʦʨʤʫ ʧʦʞʘʨʘ ʚ ʚʠʜʝ ʬʠʛʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ 

ʵʣʣʠʧʩʦʚ, ʠʤʝʶʱʠʭ ʦʙʱʫʶ ʦʩʴ. 

ʉʨʝʜʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥr ʝ ʥʘ ʧʦʜʭʦʜʝ, ʢʦʪʦʨʳʡ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʙʦʨʝ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʧʦʞʘʨʘʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʜʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ. ɿʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʠʱʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʜʦʙʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ. ʕʪʦ 

ʚʳʨʘʞʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ ʠ 

ʚʳʭʦʜʥʳʤʠ, ʘ ʬʦʨʤʠʨʫʝʪʩʷ ʦʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ, ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʤʦʜʝʣʴʶ ʧʦ ʠʟʚʝʩʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʤʦʞʥʦ ʣʫʯʰʝ (ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ) ʩʦʚʧʘʜʘʣʠ ʩ ʠʩʪʠʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɼʘʥʥʳʡ ʪʠʧ ʤʦʜʝʣʝʡ, ʠʩʭʦʜʷ ʠʟ ʩʧʦʩʦʙʘ ʠʭ ʧʦʩʪʨʦʝʥʠʷ, ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ 

ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʠʤʦʩʪʠ. ʆʥʠ ʩʧʨʘʚʝʜʣʠʚʳ ʪʦʣʴʢʦ ʜʣʷ ʪʝʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ. ʆʜʥʘʢʦ ʝʩʣʠ ʪʘʢʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʞʘʨʘ, ʚʦʟʥʠʢʰʝʛʦ ʚ ʩʭʦʞʠʭ ʫʩʣʦʚʠʷʭ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʪʦ 

ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʤʦʜʝʣʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʤʦʜʝʣʴ ɻ.ɸ. ɸʤʦʩʦʚʘ [133]. ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʧʣʘʤʝʥʥʦʝ ʠ ʙʝʩʧʣʘʤʝʥʥʦʝ ʛʦʨʝʥʠʝ ʚ ʣʝʩʫ, ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʪʝʧʣʦʪʚʦʨʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʧʣʦʪʝ ʠʭ ʛʘʟʠʬʠʢʘʮʠʠ.  

ɻ.ʅ. ʂʦʨʦʚʠʥʳʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ. ʆʩʥʦʚʘʥʘ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʦʙʨʘʙʦʪʢʠ 72 

ʦʛʥʝʚʳʭ ʦʧʳʪʦʚ [134]. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʦʛʥʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ, ʪʘʢ ʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʚʝʪʨʫ ʠ ʚʩʪʨʝʯʥʳʭ ʝʤʫ. ʇʦʤʠʤʦ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʦʛʥʷ 
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ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ ʧʣʦʱʘʜʠ, ʧʨʦʡʜʝʥʥʦʡ ʦʛʥʝʤ, ʠ ʧʝʨʠʤʝʪʨ ʧʦʞʘʨʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. 

ʄʥʦʛʦʬʘʢʪʦʨʥʘʷ ʤʦʜʝʣʴ ʩʢʦʨʦʩʪʠ ʥʠʟʦʚʦʛʦ ʧʦʞʘʨʘ ʅ.ʇ. ʂʫʨʙʘʪʩʢʦʛʦ ʠ ɻ.ɸ. 

ʀʚʘʥʦʚʦʡ [135] ʪʘʢʞʝ ʦʩʥʦʚʘʥʘ ʥʘ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʠʟʦʚʦʛʦ ʧʦʞʘʨʘ ʄ.ɸ. ʉʦʬʨʦʥʦʚʘ 

[136] ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʬʦʨʤʫʣʳ:  

ὠὼ  ὠ ὑz ὑz ὑz      (3.1) 

ʛʜʝ V0 - ʙʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʤʠʥ; KW - ʢʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ ʚʝʪʨʘ; Kr - 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ; Kű - ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʣʠʷʥʠʷ ʫʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺʣʠʷʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʳʞʠʛʘʥʠʡ ʠ ʦʛʥʝʚʳʭ ʦʧʳʪʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ V0 ʧʨʠʥʠʤʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʨʦʤʢʠ 

ʥʠʟʦʚʦʛʦ ʧʦʞʘʨʘ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ 

ʚʝʪʨʘ, ʦʪʩʫʪʩʪʚʠʷ ʫʢʣʦʥʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 40 %. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʦʧʠʩʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ ʧʦʞʘʨʦʚ, ʷʚʣʷʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʛʨʫʙʳʤʠ 

ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʣʝʩʘ, ʤʝʩʪʥʦʩʪʠ, ʣʦʢʘʣʴʥʳʭ 

ʤʝʪʝʦʜʘʥʥʳʭ. ʆʥʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʧʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ 

ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʧʦʞʘʨʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʦʜʝʣʝʡ, ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʥʘʰʣʠ ʣʠʰʴ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ (ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʴ ʈʦʪʝʨʤʝʣʘ). ʊʘʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʫʯʝʥʳʤʠ, ʪʘʢ ʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʤʠ ʩʣʫʞʙʘʤʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʟʜʝʩʴ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʠʩʪʝʤʳ: 

- BEHAVE [137]; 

- BehavePlus [138]; 

- FARSITE [139]; 

- Prometheus [140]. 
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ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʞʝ ʘʛʝʥʪʥʳʝ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʠ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʠʭ 

ʩʠʩʪʝʤʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ. 

ɺ.ɹ. ʂʫʭʪʘ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [141] ʧʨʝʜʣʘʛʘʝʪ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʠʟʦʚʦʛʦ 

ʣʝʩʥʦʛʦ ʧʦʞʘʨʘ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʧʦʜʝʣʝʥʦ ʥʘ ʢʚʘʜʨʘʪʥʳʝ 

ʷʯʝʡʢʠ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʦʜʥʦ ʠʟ ʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʩʦʩʪʦʷʥʠʡ: ʚʳʛʦʨʝʚʰʘʷ, ʛʦʨʷʱʘʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʥʝʩʛʦʨʘʝʤʘʷ, ʩʛʦʨʘʝʤʘʷ. 

ɸʛʝʥʪʘʤʠ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ ʬʨʦʥʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ, 

ʢʦʪʦʨʳʝ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʦʡ ʜʠʩʢʨʝʪʥʦ-

ʥʝʧʨʝʨʳʚʥʦʡ ʤʦʜʝʣʠ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ 

ʘʛʝʥʪʦʚ ʢ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʪ.ʢ. ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʘʛʝʥʪʦʚ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘ ʨʠʩʫʥʢʘʭ 3.1 - 3.2 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʠʤʝʨʳ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

 

ʈʠʩʫʥʦʢ 3.1 - ʇʨʝʦʜʦʣʝʥʠʝ ʬʨʦʥʪʦʤ ʦʛʥʷ ʥʝʩʛʦʨʘʝʤʦʛʦ ʧʨʝʧʷʪʩʪʚʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʠʟʦʚʦʛʦ ʧʦʞʘʨʘ 

 

ʈʠʩʫʥʦʢ 3.2 - ʄʦʜʝʣʠʨʦʚʘʥʠʷ ʥʠʟʦʚʦʛʦ ʧʦʞʘʨʘ ʩ ʫʯʘʩʪʢʦʤ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʢʦʨʦʩʪʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ 

ʚʩʝʤ ʣʘʥʜʰʘʬʪʝ 
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D. Dai ʠ Y Zhang ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [142ʆʰʠʙʢʘ! ɿʘʢʣʘʜʢʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ.] 

ʩʩʣʝʜʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ ʚ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ ʩ 

ʧʦʤʦʱʴʶ ʘʛʝʥʪʥʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ 

ʚʳʙʨʘʥ ʥʝʙʦʣʴʰʦʡ ʛʦʨʦʜ, ʦʢʨʫʞʝʥʥʳʡ ʣʝʩʥʳʤʠ ʥʘʩʘʞʜʝʥʠʷʤʠ. ʇʨʝʜʣʘʛʘʝʤʘʷ 

ʟʜʝʩʴ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʛʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʫʯʘʩʪʦʢ 

ʧʦʞʘʨʘ (çemberè ʘʛʝʥʪʳ), ʩ ʚʥʝʰʥʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ɼʘʥʥʘʷ ʩʨʝʜʘ ʩʦʩʪʦʠʪ 

ʠʟ ʜʦʤʦʚ, ʜʝʨʝʚʴʝʚ, ʣʫʞʘʝʢ, ʜʦʨʦʛ ʠ ʧʫʩʪʳʨʝʡ. ɼʦʤʘ ʠ ʜʝʨʝʚʴʷ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʪʦʧʣʠʚʘ ʜʣʷ çemberè ʘʛʝʥʪʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ 

ʤʦʜʝʣʠ, çemberè ʘʛʝʥʪʳ ʧʨʠʥʠʤʘʶʪ ʜʚʘ ʨʝʰʝʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʦʧʨʝʜʝʣʷʶʪ ʪʠʧ 

ʫʯʘʩʪʢʘ ʩʨʝʜʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʚʦʟʛʦʨʘʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʝʩʣʠ ʫʯʘʩʪʦʢ ʩʨʝʜʳ 

ʛʦʨʠʪ, ʪʦ ʘʛʝʥʪ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʚʳʛʦʨʘʥʠʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʨʝʰʘʝʪ ʜʚʠʛʘʪʴʩʷ 

ʝʤʫ ʜʘʣʴʰʝ ʠʣʠ ʥʝʪ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʫʯʘʩʪʢʘ ʩʨʝʜʳ ʦʩʥʦʚʘʥʦ ʥʘ 

ʬʠʟʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [143]. ʇʨʠʤʝʨ 

ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.3.  

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʩʠʩʪʝʤ, ʢʘʢ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʦʣʴʢʦ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʧʦʞʘʨʘ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʠʤʠʪʠʨʦʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʪʠʚʦʙʦʨʩʪʚʫʶʱʠʭ (ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ) ʩʠʣ. 

 

ʈʠʩʫʥʦʢ 3.3 - ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʘʛʝʥʪʥʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʞʘʨʘ ʚ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ 
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ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ 

ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʧʦʞʘʨʘ, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ.  

ʇʝʨʚʳʡ ʧʦʜʭʦʜ ï ʵʪʦ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ 

ʥʘ ʦʩʥʦʚʝ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ G.M. Parks ʠ 

M. Parlar [144,145]. 

ɺʪʦʨʦʡ ï ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ 

ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʥʝʧʨʝʦʜʦʣʠʤʦʛʦ ʜʣʷ ʧʨʦʮʝʩʩʘ 

ʧʨʝʧʷʪʩʪʚʠʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʙʦʪʘʭ F. Albini  [16, 17], 

ɻ.ʅ. ʂʦʨʦʚʠʥʘ [18], ɽ.ʅ. ɻʦʨʦʚʦʡ [19], ɻ.ɸ. ɼʦʨʨʝʨʘ ʠ ʉ.ɺ. ʋʰʘʥʦʚʘ [21].  

ʊʘʢʞʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʝʪʠʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʛʝʥʪʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʠʪʫʘʮʠʠ (ʩʤ. ʧʘʨʘʛʨʘʬ 3.1.4). ʇʨʠʤʝʨʦʤ ʟʜʝʩʴ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʧʨʦʝʢʪ çBushfireè [146], ʨʘʟʨʘʙʦʪʘʥʥʳʡ M. Albers, H. Boros, R. Burema, ʘ ʪʘʢʞʝ 

ʨʘʙʦʪʳ X. Hu ʠ Y. Sun [147]. ʈʘʩʩʤʦʪʨʠʤ ʜʘʥʥʳʝ ʨʘʙʦʪʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

çBushfireè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʣʝʩʥʦʡ ʧʦʞʘʨ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʫʶʱʝʝ ʪʫʰʝʥʠʝ ʦʛʥʷ ʘʛʝʥʪʘʤʠ. 

ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʜʚʘ ʪʠʧʘ ʘʛʝʥʪʦʚ - ʙʫʣʴʜʦʟʝʨ r ʠ ʘʚʠʘ ʩʨʝʜʩʪʚʘ. ʉʨʝʜʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʝʨʥʳʤʠ ʢʣʝʪʦʯʥʳʤʠ ʘʚʪʦʤʘʪʘʤʠ. ɺʩʝ ʷʯʝʡʢʠ ʚ 

ʩʠʩʪʝʤʝ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʠʧ ʛʦʨʶʯʝʛʦ (ʥʝʛʦʨʶʯʝʛʦ) ʤʘʪʝʨʠʘʣʘ. ʅʘ ʨʠʩʫʥʢʝ 

3.4 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. ɿʘʧʫʩʢ ʩʠʤʫʣʷʮʠʠ ʚʦʟʤʦʞʝʥ 

ʢʘʢ ʩ ʘʛʝʥʪʘʤʠ, ʪʘʢ ʠ ʙʝʟ ʥʠʭ. ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʩʠʤʫʣʷʮʠʠ ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ 

ʠ/ʠʣʠ ʟʘʛʨʫʟʠʪʴ. 

ɺ ʨʘʙʦʪʝ X. Hu ʠ Y. Sun ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʝʢʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʫʰʝʥʠʷ 

ʣʝʩʥʦʛʦ ʧʦʞʘʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ. ʉʨʝʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʝʩʴ, 

ʢʘʢ ʠ ʚ ʧʨʦʛʨʘʤʤʝ çBushfireè, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʩʢʨʝʪʥʦʝ ʢʣʝʪʦʯʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʘʛʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʪʨʝʭ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʪʝʛʠʷʭ ʪʫʰʝʥʠʷ, ʘ ʠʤʝʥʥʦ: ʧʨʷʤʘʷ ʘʪʘʢʘ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʘʪʘʢʘ ʠ 

ʢʦʩʚʝʥʥʘʷ ʘʪʘʢʘ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʮʝʥʘʨʠʷʭ ʧʦʞʘʨʦʪʫʰʝʥʠʷ (ʨʠʩʫʥʦʢ 3.5).  
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ʈʠʩʫʥʦʢ 3.4 ï ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ çBushfireè 

 

ʈʠʩʫʥʦʢ 3.5 ï ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ X. Hu ʠ Y. Sun ʚ 

ʨʘʟʣʠʯʥʳʡ ʩʮʝʥʘʨʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʜʚʫʭ ʩʠʩʪʝʤ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʦʝ ʢʣʝʪʦʯʥʦʝ 
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ʧʨʦʩʪʨʘʥʩʪʚʦ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʀʉ-

ʜʘʥʥʳʭ ʠ ʢʘʨʪ ʨʝʘʣʴʥʦʡ ʤʝʩʪʥʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ. 

1.2 ʈʘʟʨʘʙʦʪʢʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤ r

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ 

1.2.1 ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʩʠʩʪʝʤʳ 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʢʠ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ. ʉʬʦʨʤʫʣʠʨʫʝʤ ʪʝʧʝʨʴ 

ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʪʨʝʙʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʢ ʥʝʡ ʧʨʝʜʲʷʚʣʷʶʪʩʷ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʠʥʷʪʳʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ. 

ɺʦ-ʧʝʨʚʳʭ, ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ. ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʪʠʭʠʡʥʳʭ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ), ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʘ 

ʤʝʨ ʧʦ ʝʛʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʶ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, ʪ.ʝ. 

ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʨʘʩʯʝʪʘ ʜʦʣʞʥʦ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʪʦʯʥʦʩʪʴʶ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʳʭ, ʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʩʢʘʟʫʝʤʳ ʠ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʥʦʨʤʘʪʠʚʥʳʤ 

ʜʦʢʫʤʝʥʪʘʤ, ʧʨʠʥʷʪʳʤ ʚ ʈʌ. ɼʘʥʥʳʝ ʠʟʜʘʥʠʷ ʩʦʩʪʘʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʣʝʪʥʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɺ ʥʠʭ ʦʙʦʙʱʝʥʳ ʧʨʠʥʮʠʧʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʙʦʨʴʙʳ ʩ ʣʝʩʥʳʤʠ ʧʦʞʘʨʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʟʝʤʥʳʭ ʠ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʠʟʜʘʥʠʷ: 

1. ʋʢʘʟʘʥʠʷ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʠ ʪʫʰʝʥʠʶ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ. ʇʨʠʢʘʟ ʄʇʈ ˉ 

100 ʦʪ 30.06.95 ʛ. [148]; 
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2. çʉʧʨʘʚʦʯʥʠʢ ʧʦ ʪʫʰʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚè [149]; 

3. çʊʫʰʝʥʠʝ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚè - ʧʦʩʦʙʠʝ ʜʣʷ ʣʝʩʥʳʭ ʧʦʞʘʨʥʳʭ [150]. 

ʇʨʠʚʝʜʝʤ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ. ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ: 

1. ʧʦʟʚʦʣʷʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʧʦʞʘʨʘ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʞʘʨʘ ʚ ʧʨʦʝʢʮʠʠ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ (ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʨʘʩʯʝʪʘ ʜʦʣʞʥʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʪʴ ʨʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ); 

2. ʦʪʦʙʨʘʞʘʪʴ ʧʦʣʫʯʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʞʘʨʘ ʚ ʚʠʜʝ ʢʦʥʪʫʨʘ ʛʦʨʷʱʝʡ 

ʢʨʦʤʢʠ ʥʘ ʢʘʨʪʝ ʨʝʘʣʴʥʦʡ ʤʝʩʪʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʤʘʩʰʪʘʙʘ; 

3. ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʤʦʜʝʣʠʨʫʝʤʳʭ ʧʦʞʘʨʦʚ ʚ ʟʘʜʘʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ; 

4. ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʦʞʘʨʳ ʧʨʷʤʦ ʚ ʧʨʦʮʝʩʩʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʚ ʩʝʙʷ ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʞʘʨ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʩʠʣ, ʪʘʢ ʠ ʝʩʪʝʩʪʚʝʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ (ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, 

ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʠ ʜʨ.); 

5. ʜʦʣʞʥʘ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʥʪʝʛʨʘʮʠʠ ʠʣʠ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʊʘʢʞʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʙʳʣ ʧʨʠʥʷʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ:  

1. ʩʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʪʦʣʴʢʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʝʩʥʦʛʦ ʥʠʟʦʚʦʛʦ 

ʧʦʞʘʨʘ; 

2. ʣʝʩʥʦʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʛʦʨʶʯʝʝ ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʤ 

ʥʝʧʨʝʨʳʚʥʦ; 

3. ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʭ ʟʘʜʘʥʳ ʧʝʨʝʜ 

ʥʘʯʘʣʦʤ ʠʤʠʪʘʮʠʠ ʣʠʙʦ ʠʟʤʝʥʝʥʳ ʚ ʧʨʦʮʝʩʩʝ, ʩʯʠʪʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʚ ʢʘʞʜʦʡ 

ʪʦʯʢʝ ʥʘ ʢʘʨʪʝ (ʥʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ). ʕʪʦ ʫʧʨʦʱʝʥʠʝ ʩʥʠʞʘʝʪ 

ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʦʥʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦ 



77 

 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ; 

1.2.2 ʆʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʯʘʩʪʥʳʭ ʤʦʜʝʣʝʡ 

ʄʦʜʝʣʴ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ 

ɺ ʢʘʯʝʩʪʚʝ ʯʘʩʪʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʥʠʟʦʚʳʭ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʈ. ʈʦʪʝʨʤʝʣʘ (ʩʤ. ʧʘʨʘʛʨʘʬ 

3.1.2). ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʚ ʉʐɸ ʠ ʧʨʠʟʥʘʥʘ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ 

ʤʠʨʘ. ʄʝʪʦʜʠʢʘ ʈʦʪʝʨʤʝʣʘ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʭ ʬʦʨʤʫʣ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʠʪʴ ʧʨʦʛʥʦʟʠʨʫʝʤʫʶ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ 

ʧʦʞʘʨʘ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ, ʷʚʣʷʶʪʩʷ 

ʦʜʥʦʤʝʨʥʳʤʠ. ɼʚʫʭʤʝʨʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ (ʩʤ. ʧʘʨʘʛʨʘʬ 2.2) ʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʬʨʦʥʪʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ (ʩʤ. ʧʘʨʘʛʨʘʬ 2.3). 

ɺ ʦʨʠʛʠʥʘʣʴʥʦʤ ʚʠʜʝ ʤʦʜʝʣʴ ʈʦʪʝʨʤʝʣʘ ʠʩʧʦʣʴʟʫʝʪ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ: 

- ‫ , ʢʛ/ʤ
2
 ï ʟʘʧʘʩ ʈɻʄ ʥʘ ʤʝʩʪʥʦʩʪʠ ʚ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ;  

  ;ȟ ʤ ï ʛʣʫʙʠʥʘ ʩʣʦʷ ʈɻʄ‏ -

- s, ʤ
ī1

 ï ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʈɻʄ;  

- h, ʢʢʘʣ/ʢʛ ï ʪʝʧʣʦʪʚʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʫʭʦʛʦ ʛʦʨʶʯʝʛʦ;  

- ʍȟ ʢʛ/ʤ3
 ï ʧʣʦʪʥʦʩʪʴ ʛʦʨʶʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ;  

- ὓ  ï ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʈɻʄ;  

- Ὓ  ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚʩʝʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʈɻʄ;  

- Ὓ  ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ;  

- U, ʤ/ʩʝʢ ï ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ ʩʝʨʝʜʠʥʝ ʚʳʩʦʪʳ ʧʣʘʤʝʥʠ;  

- ÔÁÎ• ï ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʨʝʣʴʝʬʘ;  

- ὓ  ï ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʈɻʄ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʢʦʪʦʨʦʛʦ ʛʦʨʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. 
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ʊʘʢʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʘʡʥʝ ʥʝʫʜʦʙʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʧʨʘʢʪʠʢʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʠʤʠʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ [151].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʠʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʈʦʪʝʨʤʝʣʘ 

ʯʝʨʝʟ ʜʨʫʛʠʝ (ʜʦʩʪʫʧʥʳʝ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʡ çʙʘʟʠʩè ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʡ ʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

- ʪʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ;  

- ʢʣʘʩʩ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʧʦ ʫʩʣʦʚʠʷʤ ʧʦʛʦʜʳ, ʦʪ 1 ʜʦ 5 (ʟʘʜʘʝʪʩʷ ʠʩʭʦʜʷ 

ʠʟ ʣʝʩʦʧʦʞʘʨʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʟʘʩʫʭʠ ɺ.ɻ. ʅʝʩʪʝʨʦʚʘ ʠʣʠ ʇɺ-1 [152]); 

- ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ (ʧʦ ʜʘʥʥʳʤ ʙʣʠʞʘʡʰʝʡ ʤʝʪʝʦʩʪʘʥʮʠʠ); 

- ʚʝʣʠʯʠʥʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʫʢʣʦʥʘ ʤʝʩʪʥʦʩʪʠ (ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʦʥ-ʣʘʡʥ ʩʝʨʚʠʩʦʚ, ʥʘʧʨʠʤʝʨ Google Elevation API). 

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʨʝʛʠʦʥʝ ʪʠʧʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʨʘʥʝʝ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ, ʘ ʠʟ ʩʧʨʘʚʦʯʥʠʢʦʚ ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʳ 

ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʩʯʸʪʘ ʧʦ ʤʦʜʝʣʠ ʈʦʪʝʨʤʝʣʘ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʵʪʦ 

ʦʯʝʥʴ ʪʨʫʜʦʟʘʪʨʘʪʥʘʷ ʧʨʦʮʝʜʫʨʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʢʦʪʦʨʦʡ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʪʨʫʜʥʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. ʆʜʥʘʢʦ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʈʌ ʪʘʢʘʷ ʨʘʙʦʪʘ ʚʝʜʝʪʩʷ ʧʨʦʬʠʣʴʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

[153,154], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʨʘʟʣʠʯʥʳʭ ʈɻʄ. ʊʘʢʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ [155].  

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨʳ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʜʘʥʥʫʶ ɹɼ: 

1. ʣʠʰʘʡʥʠʢʠ, ʩʦʩʥʦʚʳʡ ʣʝʩ ʨʝʜʢʠʡ, ʜʝʨʝʚʴʷ ʤʦʣʦʜʳʝ ʠ ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʝ;  

2. ʟʝʣʝʥʳʝ ʤʭʠ, ʝʣʦʚʳʡ ʣʝʩ ʛʫʩʪʦʡ, ʜʝʨʝʚʴʷ ʩʧʝʣʳʝ ʠ ʧʝʨʝʩʪʦʡʥʳʝ;  

3. ʦʧʘʜ ʭʚʦʠ, ʝʣʦʚʳʡ ʣʝʩ ʨʝʜʢʠʡ, ʜʝʨʝʚʴʷ ʤʦʣʦʜʳʝ ʠ ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʝ;  

4. ʢʫʩʪʘʨʥʠʢʠ, ʣʠʩʪʚʝʥʥʳʡ ʣʝʩ ʛʫʩʪʦʡ, ʜʝʨʝʚʴʷ ʩʧʝʣʳʝ ʠ ʧʝʨʝʩʪʦʡʥʳʝ;  
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5. ʦʪʭʦʜʳ ʣʝʩʦʟʘʛʦʪʦʚʦʢ, ʩʦʩʥʦʚʳʡ ʣʝʩ ʛʫʩʪʦʡ, ʜʝʨʝʚʴʷ ʩʧʝʣʳʝ ʠ 

ʧʝʨʝʩʪʦʡʥʳʝ;  

6. ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʧʦʣʦʩʘ, ʧʦʣʷʥʘ ʙʝʟ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ;  

7. ʚʦʜʥʘʷ ʧʨʝʛʨʘʜʘ (ʨʝʢʘ, ʦʟʝʨʦ ʠ ʪ.ʧ.). 

ɺ ʪʘʙʣʠʮʝ 3.1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʯʝʥʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʜʝʣʠ ʈʦʪʝʨʤʝʣʘ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ.  

ʊʘʙʣʠʮʘ 3.1 ʇʝʨʝʯʝʥʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʜʝʣʠ ʈʦʪʝʨʤʝʣʘ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ  

ˉ w0, ʢʛ/ʤ
2
 s, ʤ

ī1
 h, ʢʢʘʣ/ʢʛ ɟp, ʢʛ/ʤ

3
 d, ʤ Mx ST Zd, ʤ f, ʢʛ/ʤ

3
 

1 1,7 2000 4300 300 0,12 0,3 0,02 15 0,07 

2 1,0 2500 4700 300 0,10 0,5 0,02 15 0,24 

3 0,3 6000 4500 512 0,10 0,3 0,02 10 0,09 

4 0,225 6560 4400 512 0,60 0,2 0,02 20 0,08 

5 0,9 4920 4400 512 0,70 0,2 0,02 20 0,08 

6 0 0 0 0 0 0 0 0 0 

ɼʣʷ ʪʠʧʘ ˉ6 ʚ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʳ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈɻʄ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʶ ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʨʝʜʳ, ʥʘ ʥʝʦʙʭʦʜʠʤʳʡ ʫʯʘʩʪʦʢ ʢʘʨʪʳ 

ʨʝʘʣʴʥʦʡ ʤʝʩʪʥʦʩʪʠ ʥʘʥʦʩʷʪʩʷ ʩʣʦʠ, ʩʦʜʝʨʞʘʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʩʨʝʜʥʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ (ʠʣʠ ʦʙ 

ʝʝ ʦʪʩʫʪʩʪʚʠʠ), ʦ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʨʝʢʘʭ, ʦʟʝʨʘʭ, ʜʦʨʦʛʘʭ, ʦʚʨʘʛʘʭ ʠ ʜʨ. ʊʘʢʠʝ 

ʩʣʦʠ ʥʘʥʦʩʷʪʩʷ ʚ ʚʠʜʝ ʧʦʣʠʛʦʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʝʨʝʩʝʢʘʪʴʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʩʨʝʜʥʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʝʚ.  

ʅʘ ʨʠʩʫʥʢʝ 3.6 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʧʘʨʘʛʨʘʬʝ. ʆʨʘʥʞʝʚʳʤ ʧʦʣʫʧʨʦʟʨʘʯʥʳʤ ʮʚʝʪʦʤ ʥʘ 

ʢʘʨʪʝ ʠʟʦʙʨʘʞʝʥʳ ʧʦʣʠʛʦʥʳ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʚ ɹɼ. ʂʘʞʜʳʡ 

ʧʦʣʠʛʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʙʦʡ 
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ʘʛʝʥʪ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʦʥ ʥʘʭʦʜʠʪʩʷ. 

 

ʈʠʩʫʥʦʢ 3.6 ï ʇʨʠʤʝʨ ʢʘʨʪʳ ʨʝʘʣʴʥʦʡ ʤʝʩʪʥʦʩʪʠ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʧʦʣʠʛʦʥʘʤʠ 

ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʨʝʢ, ʦʟʝʨ, ʜʦʨʦʛ, ʦʚʨʘʛʦʚ ʠ ʜʨ. 

ʄʦʜʝʣʴ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʦʨʝʥʠʷ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ A-ʘʛʝʥʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʘʛʝʥʪʘʤʠ B (ʩʤ. ʧʘʨʘʛʨʘʬ 2.2). ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʢʘʟʘʪʝʣʷ I ʧʨʠʤʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʦʨʝʥʠʷ ʢʨʦʤʢʠ. 

ʉʦʛʣʘʩʥʦ [125], ʠʥʪʝʥʩʠʚʥʦʩʪʴ I ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

I = QĿɡiĿɟbe,        (3.2) 

ʛʜʝ ɡi ï ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ, ʤ/ʤʠʥ; ɟbe ï ʵʬʬʝʢʪʠʚʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʛʦʨʶʯʝʛʦ, ʢʛ/ʤ
3
; Q ï ʪʝʧʣʦʪʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ (ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, 
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ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʜʦʚʝʜʝʥʠʷ ʝʜʠʥʠʮʳ ʚʝʩʘ ʛʦʨʶʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ), ɼʞ/ʢʛ. 

ʊ.ʢ. ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʠʧʘʭ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʛʦʨʶʯʝʛʦ 

ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʧʣʦʩʢʠʭ ʧʦʣʠʛʦʥʦʚ, ʪʦ ʜʣʷ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʦʨʝʥʠʷ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ Q ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʩʣʦʷ Qʉʃ, ʄɼʞ/ʤ
2
. ɿʥʘʯʝʥʠʷ Qʉʃ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʩʫʭʠ ʠ ʩʘʤʘ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥʳ ʚ 

[156]. 

ʄʦʜʝʣʴ ʨʘʩʯʝʪʘ ʟʘʜʳʤʣʝʥʥʦʩʪʠ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ 

ʧʦʷʚʣʷʪʴʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʩʯʝʪʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʥʝ 

ʙʳʣʠ ʫʢʘʟʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ A-ʘʛʝʥʪʦʚ ʧʨʠ ʦʧʠʩʘʥʠʠ ʤʦʜʝʣʠ (ʩʤ. 

ʧʘʨʘʛʨʘʬ 2.2.1).  

ɿʘʜʳʤʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʫʚʝʣʠʯʠʚʘʝʪ 

ʫʱʝʨʙ ʦʪ ʣʝʩʥʦʛʦ ʧʦʞʘʨʘ, ʘ ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʝʪ ʙʦʨʴʙʫ ʩ ʥʠʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʧʦʩʚʷʱʝʥ r ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʜʳʤʦʚʦʛʦ ʰʣʝʡʬʘ 

[157, 158]. ʆʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʪʨʝʙʫʝʪ ʚʳʩʦʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʟʘʪʨʘʪ, ʘ ʩʘʤʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʠʟʙʳʪʦʯʥʳʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʥʮʝʧʮʠʷ ʣʦʢʘʣʴʥʦʛʦ ʧʣʘʤʝʥʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ [14]. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ, ʥʝʩʢʦʣʴʢʦ ʦʛʨʫʙʣʷʷ ʬʠʟʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʳʤʦʚʦʛʦ ʦʙʣʘʢʘ, ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʢʘʞʜʦʝ ʣʦʢʘʣʴʥʦʝ ʧʣʘʤʷ (ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʢʘʞʜʳʡ ʘʛʝʥʪ ʪʠʧʘ A) ʧʦʨʦʞʜʘʝʪ ʣʦʢʘʣʴʥʳʡ ʜʳʤʦʚʦʡ ʧʦʪʦʢ, 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʦʪʦʨʦʛʦ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

ʇ ὼȟώȟὸȟʒ   ʑ ὼȟώȟʖ ὸ ὸ ʔ ʖȟʒ ʒ ,    (3.3) 

ʛʜʝ (x, y) ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚ ʦʙʣʘʩʪʠ ʘʢʪʠʚʥʦʛʦ ʛʦʨʝʥʠʷ; űɤ ï ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʝʪʨʘ, ʨʘʜ; ű ï ʪʝʢʫʱʠʡ ʫʛʦʣ, ʨʘʜ, 0 Ò ű Ò 2ˊ; t ï ʪʝʢʫʱʝʝ ʚʨʝʤʷ, ʩ, t0 Ò t Ò t0+r; t0 ï 

ʚʨʝʤʷ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʛʦʨʶʯʝʛʦ ʚ ʪʦʯʢʝ (x, y), ʩ; r ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ 

ʛʦʨʶʯʝʛʦ ʚ ʪʦʯʢʝ (x, y); ɢs(ɤ, űɤ - ű) ï ʠʥʜʠʢʘʪʨʠʩʘ ʣʦʢʘʣʴʥʦʛʦ ʜʳʤʦʚʦʛʦ ʧʦʪʦʢʘ, 
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ʦʧʨʝʜʝʣʷʶʱʘʷ ʝʛʦ ʬʦʨʤʫ; ɡs0 ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʜr ʤʦʚʦʛʦ ʦʙʣʘʢʘ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ. 

ʉʦʛʣʘʩʥʦ [157], ɡs0 ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ: 

ɡs0 = 0,28 + 0,607w ï 0,0217w
2
,      (3.4) 

ʛʜʝ w ï ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘʜ ʧʦʣʦʛʦʤ ʣʝʩʘ, ʤ/ʩ. 

ʊ.ʢ. ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ A-ʘʛʝʥʪʳ 

ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʥʦʚʫʶ ʪʦʯʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʦ r ʚʩʝʛʜʘ ʙʫʜʝʪ ʨʘʚʥʘ ʚʨʝʤʝʥʠ, 

ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʦʜʥʦʤʫ ʰʘʛʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʉʘʤ ʫʨʦʚʝʥʴ ʟʘʜʳʤʣʝʥʠʷ M ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʢʦʣʦ ʘʛʝʥʪʘ A ʧʨʠʥʷʪ ʚ ʚʠʜʝ 

ʙʝʟʨʘʟʤʝʨʥʦʡ ʚʝʣʠʯʠʥʳ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʦʨʝʥʠʷ I, ʠ ʤʦʞʝʪ 

ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʝ ʦʪ 0 (ʧʨʠ I = 0) ʜʦ 1 (ʧʨʠ I Ÿ max). 

1.2.3 ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʚʳʙʦʨʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʉʣʝʜʫʝʪ ʩʨʘʟʫ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʤ ʩʧʠʩʢʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ ʝʩʪʴ ʧʫʥʢʪʳ ʦ 

ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ɻʀʉ, ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʥʘ 

ʢʘʨʪʝ ʨʝʘʣʴʥʦʡ ʤʝʩʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʠʣʠ ʩʦʚʤʝʩʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ɼʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘʢʣʘʜʳʚʘʶʪ ʩʝʨʴʝʟʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʚ ʚʳʙʦʨʝ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ, ʫʯʠʪʳʚʘʷ ʢʦʪʦʨʳʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜ ʨʘʟʨʘʙʦʪʢʠ, 

ʪʘʢʠʭ ʢʘʢ NetLogo ʠʣʠ Anylogic, (ʩʤ. ʧʘʨʘʛʨʘʬ 2.1.2) ʩʯʠʪʘʝʤ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

ʕʪʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʪʝʤ, ʯʪʦ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʠʚʘʶʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʚ ʚʳʙʦʨʝ ʩʨʝʜʩʪʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʏʪʦ ʚ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʥʝʜʦʧʫʩʪʠʤʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʢʣʶʯʘʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʙʠʙʣʠʦʪʝʢ 

(ʪʘʢʠʭ ʢʘʢ JADE), ʧʦʟʚʦʣʠʣʦ ʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʆʜʥʘʢʦ 

ʘʛʝʥʪʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʘʢʦʝ ʨʝʰʝʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟʥʘʯʘʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʩʢʦʨʝʝ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʄɸʉ ʜʝʣʠʙʝʨʘʪʠʚʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩ 
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ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʛʥʠʪʠʚʥʳʭ ʘʛʝʥʪʦʚ (ʩʤ. ʧʘʨʘʛʨʘʬ 1.2), ʊʘʢʠʝ 

ʧʣʘʪʬʦʨʤʳ ʠʟʣʠʰʥʝ ʪʷʞʝʣʦʚʝʩʥʳ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʘʤʠ ʟʘʜʘʯʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ, ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

çʊʘʡʛʘ-3è [159,160] (ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ 

ʜʣʷ ʕɺʄ ʠ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ɹ). ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʩʝʪʝʚʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʚ 

ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʦʚʘʥʘ ʢʘʢ ʩʘʤʘ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʨʘʥʝʝ ʘʛʝʥʪʥʘʷ ʤʦʜʝʣʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʷʜʘ ʯʘʩʪʥʳʭ ʤʦʜʝʣʝʡ, ʪʘʢ ʠ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʨʘʩʯʝʪʘ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠʨʫʝʤʳʭ ʧʦʞʘʨʦʚ, ʠʥʪʝʨʬʝʡʩʳ ʨʘʙʦʪʳ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, 

ʠʥʩʪʨʫʤʝʥʪʳ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

çʊʘʡʛʘ-3è ʠʤʝʝʪ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʠ web-ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʨʘʙʦʪʳ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʙʘʟʝ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʝʡ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʧʦʣʠʛʦʥʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʛʦʨʶʯʝʛʦ, ʨʝʢ, 

ʜʦʨʦʛ ʠ ʪ.ʜ.). ʊʘʢʞʝ ʜʘʥʥʘʷ ʙʘʟʘ ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʘʭ ʚ 

ʩʠʩʪʝʤʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʠʩʧʦʣʥʝʥʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɺ ʢʘʯʝʩʪʚʝ web-ʩʝʨʚʝʨʘ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʝʨʚʝʨ LAMP (Linux+Apache+MySQL+PHP).  

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

ʘʜʘʧʪʠʚʥʦʡ ʚʝʨʩʪʢʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʫʜʦʙʩʪʚʦ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʥʘ ʣʶʙʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ɸʛʝʥʪʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ 

ʧʦʜʢʣʶʯʘʝʤʳʭ ʤʦʜʫʣʝʡ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ JavaScript, ʩʦʚʤʝʩʪʥʦ ʩ ʪʝʭʥʦʣʦʛʠʝʡ Ajax 

ʠ jQuery. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʠʝ ʘʛʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʢʣʠʝʥʪʩʢʦʡ ʤʘʰʠʥʝ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʛʨʫʟʠʪʴ ʩʝʨʚʝʨ. ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʢʘʨʪʝ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʘʛʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ OpenLayers. ɼʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ web-ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʘʭ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʩʝʨʚʝʨʘʭ. ɹʣʘʛʦʜʘʨʷ OpenLayers ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ 

ʩʦʙʩʪʚʝʥʥʫʶ ʢʘʨʪʫ, ʚʢʣʶʯʘʶʱʫʶ ʩʣʦʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ WMS (ʠ WFS) 
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ʩʝʨʚʝʨʘʤʠ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʤʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʝʨʚʠʩʦʚ Google, OpenStreetMap, 

Yandex ʠ ʜʨ. 

ʅʘ ʨʠʩʫʥʢʝ 3.7 ʧʨʝʜʩʪʘʚʣʝʥ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʠʩʪʝʤʝ çʊʘʡʛʘ-3è. ɺ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʩʠʩʪʝʤʳ ʨʘʩʧʦʣʦʞʝʥʦ ʤʝʥʶ ʣʦʢʘʣʠʟʘʮʠʠ. ɼʘʥʥʦʝ ʤʝʥʶ 

ʩʦʩʪʦʠʪ ʠʟ ʢʥʦʧʦʢ, ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʠ ʪʝʢʩʪʦʚʳʭ ʧʦʣʝʡ. ʆʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ B- ʠ D-ʘʛʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ɺ 

ʣʝʚʦʡ ʯʘʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʨʘʩʧʦʣʦʞʝʥʘ ʢʘʨʪʘ ʨʝʘʣʴʥʦʡ ʤʝʩʪʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ 

ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʤʦʜʝʣʠ. ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ 

ʢʘʨʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʫʪʥʠʢʦʚʳʝ ʩʥʠʤʢʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ Google. ɺ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʘʥʝʣʴ, ʥʘ ʢʦʪʦʨʫʶ 

ʚʳʚʦʜʠʪʩʷ ʪʝʢʫʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʦʜʝʣʠʨʫʝʤʳʭ ʧʦʞʘʨʘʭ, ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ 

ʪʘʢʞʝ ʧʦʣʝʟʥʳʝ ʩʦʦʙʱʝʥʠʷ.  

 

ʈʠʩʫʥʦʢ 3.7 - ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʳ çʊʘʡʛʘ-3è 

ʉʧʨʘʚʘ ʥʘʜ ʧʘʥʝʣʴʶ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʟʤʝʱʝʥʳ ʪʨʠ ʢʥʦʧʢʠ (+5 ʤʠʥ, +10 ʤʠʥ, 

+20 ʤʠʥ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʫʧʨʘʚʣʷʪʴ ʩʢʦʨʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʦʜʥʫ ʠʟ ʵʪʠʭ 

ʢʥʦʧʦʢ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʯʝʪ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʜʝʣʠ ʥʘ ʦʜʥʫ (+5 ʤʠʥ), ʜʚʝ 

(+10 ʤʠʥ) ʠʣʠ ʯʝʪʳʨʝ ʠʪʝʨʘʮʠʠ (+20 ʤʠʥ). ʉʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʪ ʦʪ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ. ɺʳʜʝʣʠʤ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʠʟ ʥʠʭ: 

- ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʛʝʥʪʦʚ; 

- ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

- ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʢʣʠʝʥʪʩʢʦʡ ʤʘʰʠʥʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʥʘ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʠʤʝʨʘʭ. ʈʘʟʙʝʨʝʤ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ A-ʘʛʝʥʪʦʚ, ʪ.ʝ. ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʦʜʝʣʴ 

ʩʘʤʦʛʦ ʧʦʞʘʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʨʠʩʫʥʦʢ 3.8. ʅʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ 

ʦʪʦʙʨʘʞʝʥʳ A-ʘʛʝʥʪʳ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ ʝʜʠʥʳʡ ʢʦʥʪʫʨ. ʂʘʞʜʳʡ ʘʛʝʥʪ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʢʦʥʢʠ ʚ ʚʠʜʝ ʦʛʦʥʴʢʘ. ʈʘʟʤʝʨ ʵʪʦʡ ʠʢʦʥʢʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʦʨʝʥʠʷ ʘʛʝʥʪʘ I ʠ ʟʥʘʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ɡ. ʊʘʢʞʝ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʙʣʠʦʪʝʢʠ OpenLayers 

ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʵʬʬʝʢʪʳ ʥʘ ʢʘʨʪʝ ʚʳʚʦʜʠʪʴ ʥʘ 

ʨʘʟʥʳʝ ʩʣʦʠ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʥʦ ʩʢʨʳʚʘʪʴ, ʯʪʦʙʳ ʥʝ ʧʝʨʝʛʨʫʞʘʪʴ ʢʘʨʪʫ.  

ʅʘ ʨʠʩʫʥʢʝ 3.8 ʩʣʝʚʘ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʧʦʞʘʨʘ ʩ ʦʪʦʙʨʘʞʝʥʥʳʤ 

ʩʣʦʝʤ ʟʘʜʳʤʣʝʥʠʷ, ʩʧʨʘʚʘ ʩʣʦʡ ʜʳʤʘ ʙʳʣ ʩʢʨʳʪ. 

 

ʈʠʩʫʥʦʢ 3.8 - ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʢʦʥʪʫʨʘ ʧʦʞʘʨʘ: ɸ ï ʩʣʦʡ ʜʳʤʘ ʦʪʦʙʨʘʞʝʥ, B ï ʩʣʦʡ 

ʜʳʤʘ ʩʢʨʳʪ 

ʅʘ ʨʠʩʫʥʢʝ 3.9 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʛʝʥʪʦʚ 

A, B ʠ D (ʙʫʣʴʜʦʟʝʨ). ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʨʪʘ ʩʝʨʚʠʩʘ 

OpenStreetMap.  
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ʅʘ ʨʠʩʫʥʢʝ 3.10 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʛʝʥʪʦʚ 

A ʠ D (ʩʘʤʦʣʝʪ). ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʨʪʘ ʩʝʨʚʠʩʘ Google Hybrid.  

 

ʈʠʩʫʥʦʢ 3.9 - ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ çʊʘʡʛʘ-3è: A ï ʢʨʦʤʢʘ ʧʦʞʘʨʘ (ʘʛʝʥʪʳ 

ʪʠʧʘ-A), B ï ʧʨʦʪʠʚʦʧʦʞʘʨʥʘʷ ʙʨʠʛʘʜʘ (ʘʛʝʥʪ ʪʠʧʘ-B), C ï ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʡ 

ʙʘʨʴʝʨ, D ï ʙʫʣʴʜʦʟʝʨ (ʘʛʝʥʪ ʪʠʧʘ-D), E ï ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ (ʦʙʲʝʢʪ ʟʘʱʠʪʳ), F ï 

ʨʝʢʘ (ʝʩʪʝʩʪʚʝʥʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ) 

 

ʈʠʩʫʥʦʢ 3.10 - ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ çʊʘʡʛʘ-3è: A ï ʢʨʦʤʢʘ ʧʦʞʘʨʘ (ʘʛʝʥʪʳ 

ʪʠʧʘ-A), C ï ʧʦʣʦʩʘ ʩ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʚʣʘʞʥʦʩʪʠ (ʩʙʨʦʩ ʚʦʜʳ ʩ ʩʘʤʦʣʝʪʘ), 

D ï ʩʘʤʦʣʝʪ (ʘʛʝʥʪ ʪʠʧʘ-D), E ï ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ (ʦʙʲʝʢʪ ʟʘʱʠʪʳ) 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʨʳ 

ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ 161,162. 
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1.3 ʇʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʚ ʩʠʩʪʝʤʝ çʊʘʡʛʘ-3è 

1.3.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʇʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ï ʵʪʦ ʟʘʜʘʯʘ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣʢʠʚʘʝʪʩʷ ʣʶʙʦʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʚ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʦʜ ʘʜʝʢʚʘʪʥʦʩʪʴʶ ʤʦʜʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʩʪʝʧʝʥʴ ʝʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʘʣʴʥʦʤʫ ʦʙʲʝʢʪʫ. ʆʜʥʘʢʦ ʯʘʩʪʦ 

ʚʦʟʥʠʢʘʝʪ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʜʣʷ ʪʘʢʦʡ ʧʨʦʚʝʨʢʠ 

ʩʦʧʨʷʞʝʥʦ ʩ ʥʝʤʘʣʳʤʠ ʚʨʝʤʝʥʥʳʤʠ, ʬʠʥʘʥʩʦʚʳʤʠ ʠ ʜʨʫʛʠʤʠ ʟʘʪʨʘʪʘʤʠ. ʃʠʙʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʪʨʦʠʪʩʷ ʤʦʜʝʣʴ, 

ʚʦʦʙʱʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʟʜʘʚʘʝʤʘʷ ʤʦʜʝʣʴ ʯʘʩʪʦ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʠʰʴ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ʩʚʦʡʩʪʚ ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʢʪʘ. 

ʇʦʵʪʦʤʫ ʧʦʜ ʘʜʝʢʚʘʪʥʦʩʪʴʶ ʤʦʜʝʣʠ ʤʦʞʥʦ ʧʦʜʨʘʟʫʤʝʚʘʪʴ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʝʝ ʥʝ ʩʪʦʣʴʢʦ ʨʝʘʣʴʥʦʤʫ ʦʙʲʝʢʪʫ, ʩʢʦʣʴʢʦ ʮʝʣʷʤ ʠ ʟʘʜʘʯʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ [163].  

ɼʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʧʨʠʤʝʥʠʤʦ ʠ ʢ ʤʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʨʘʤʢʘʭ 

ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʘʞʜʳʡ ʧʨʠʨʦʜʥʳʡ ʧʦʞʘʨ ï ʦʜʥʦʢʨʘʪʥʦʝ ʠ ʫʥʠʢʘʣʴʥʦʝ 

ʩʦʙʳʪʠʝ. ɼʠʥʘʤʠʢʘ ʝʛʦ ʨʘʟʚʠʪʠʷ ʟʘʚʠʩʠʪ ʦʪ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʪʨʫʜʥʦ 

ʬʦʨʤʘʣʠʟʫʝʤʳʭ ʠ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʠʤʝʝʪ ʦʩʦʙʦʛʦ ʩʤʳʩʣʘ 

ʜʦʙʠʚʘʪʴʩʷ ʦʪ ʤʦʜʝʣʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʦʜʥʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʞʘʨʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʪ.ʢ. ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʜʨʫʛʠʭ 

ʫʩʣʦʚʠʷʭ ʜʣʷ ʜʨʫʛʦʛʦ ʧʦʞʘʨʘ ʪʘʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʘʜʝʢʚʘʪʥʦʡ. 

ʇʦʵʪʦʤʫ ʚ ʧʘʨʘʛʨʘʬʝ 3.2.1 ʘʚʪʦʨʦʤ ʠ ʙʳʣʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʪʨʝʙʦʚʘʥʠʝ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʤʫ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʧʨʘʚʦʯʥʠʢʘʤ ʠ 

ʨʫʢʦʚʦʜʩʪʚʘʤ ʧʦ ʙʦʨʴʙʝ ʩ ʧʨʠʨʦʜʥʳʤʠ ʧʦʞʘʨʘʤʠ, ʧʨʠʥʷʪʳʤʠ ʚ ʈʌ ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʨʤʘʪʠʚʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ 

ʧʨʠʨʦʩʪʘʭ ʧʣʦʱʘʜʝʡ ʧʦʞʘʨʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ çʋʢʘʟʘʥʠʷʭ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʠ ʪʫʰʝʥʠʶ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚè 

(ʇʨʠʢʘʟ ʄʇʈ ˉ 100 ʦʪ 30.06.95 ʛ) ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʈʦʩʩʠʠ [148]. ʋʢʘʟʘʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.2 ʠ ʧʨʠʥʷʪʳ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʬʘʢʪʠʯʝʩʢʠʭ. 
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ɸʚʪʦʨʦʤ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ 

ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ: 

- ʢʦʤʧʣʝʢʩ ʧʨʠʨʦʜʥʳʭ ʠ ʧʦʛʦʜʥʳʭ ʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥ ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ 

ʪʘʙʣʠʮʘʭ çʋʢʘʟʘʥʠʡè ʜʘʥʥʳʤʠ; 

- ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʥʠʟʦʚʳʭ 

ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ, ʪ.ʝ. ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ A-ʘʛʝʥʪʳ;  

- ʚ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʞʘʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʝʣʠʯʠʥʘ 

ʧʣʦʱʘʜʠ, ʧʨʦʡʜʝʥʥʦʡ ʦʛʥʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʞʘʨʘ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʟ 

ʪʘʙʣʠʮʳ 3.2. 

ʊʘʙʣʠʮʘ 3.2 ʌʘʢʪʠʯʝʩʢʠʝ ʧʣʦʱʘʜʠ (ʛʘ) ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʧʨʠ ʨʘʟʥʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʭ ʜʝʡʩʪʚʠʷ ʠ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ ʧʦ ʬʨʦʥʪʫ 

ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʬʨʦʥʪʘ ʧʦʞʘʨʘ, ʤ/ʤʠʥ 
ɺʨʝʤʷ ʩ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ, ʯ 

1 2 3 4 5 6 7 8 9 10 

3,0 2,5 10,0 22,0 40,0 62,0 90,0 120,0 160,0 200,0 250,0 

2,5 1,8 7,0 16,0 28,0 42,0 63,0 86,0 112,0 142,0 175,0 

2,0 1,2 4,7 11,0 20,0 30,0 43,0 58,0 76,0 95,0 118,0 

1,5 0,7 2,9 6,6 12,0 18,0 26,0 36,0 47,0 60,0 73,0 

1,0 0,4 1,5 3,4 6,0 10,0 14,0 19,0 24,0 31,0 38,0 

0,5 0,1 0,6 1,8 2,4 3,7 5,3 7,3 9,5 12,0 14,8 

0,25 0,07 0,3 0,6 1,1 1,7 2,4 3,3 4,3 5,4 6,7 
 

ɼʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ ʧʦʞʘʨʘ ʠʟ ʪʘʙʣʠʮʳ 

3.2 ʙʳʣʦ ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʧʦ 5 ʥʠʟʦʚʳʭ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ, ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʢʦʪʦʨʳʭ ʧʨʦʜʦʣʞʘʣʦʩʴ 10 ʯʘʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʧʦʞʘʨʦʚ ï 35. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʧʦʞʘʨʘ ʧʨʦʚʦʜʠʣʦʩʴ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʚʝʪʨʘ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʛʦʨʶʯʝʛʦ. ʇʨʠʤʝʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʜʥʦʛʦ ʧʦʞʘʨʘ ʧʨʠ ʨʘʟʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʜʝʡʩʪʚʠʷ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.11. 



89 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ʇʨʠʤʝʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʞʘʨʘ (ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ 

ï 2 ʤ/ʤʠʥ, ʚʝʪʝʨ ʧʦʜ ʧʦʣʦʛʦʤ ʣʝʩʘ ï ʶ/ʟ 0.7 ʤ/ʩ); a). ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ï 2 ʯ, 

ʧʣʦʱʘʜʴ ï 4,7 ʛʘ; b). ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ï 5 ʯ, ʧʣʦʱʘʜʴ ï 35 ʛʘ; c). ʚʨʝʤʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ï 9 ʯ, ʧʣʦʱʘʜʴ ï 110 ʛʘ; 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3.3. ɺ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ʧʣʦʱʘʜʝʡ ʚ ʪʘʙʣʠʮʝ ʧʨʠʥʷʪʦ 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 5 ʧʦʞʘʨʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʧʨʠ ʨʘʚʥʦʤ 

ʟʥʘʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ. ɺ ʪʘʙʣʠʮʝ ʟʥʘʯʝʥʠʷ ʦʢʨʫʛʣʝʥʳ ʜʦ 

ʩʦʪʳʭ ʜʦʣʝʡ.  

ʊʘʙʣʠʮʘ 3.3 - ʇʣʦʱʘʜʠ (ʛʘ) ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʧʨʠ ʨʘʟʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʭ 

ʜʝʡʩʪʚʠʷ ʠ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ ʧʦ 

ʬʨʦʥʪʫ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɡʬʨ, 

ʤ/ʤʠʥ 

ɺʨʝʤʷ ʩ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ, ʯ 

1 2 3 4 5 6 7 8 9 10 

3,0 2,59 9,81 22,34 39,92 62,38 90,27 122,4 157,26 198,43 242,14 

2,5 1,70 6,56 15,39 27,66 43,2 63,17 85,45 112,52 141,2 173,25 

2,0 1,13 4,7 10,99 20,16 31,35 44,49 60,25 78,03 96,97 119,18 

1,5 0,67 2,73 6,56 12,02 18,95 27,19 36,64 47,54 59,46 72,95 

1,0 0,4 1,55 3,51 6,24 9,41 13,36 17,98 23,26 29,34 36,61 

0,5 0,1 0,56 1,45 2,68 4,12 5,78 7,63 9,72 12,1 14,77 

0,25 0,08 0,36 0,73 1,21 1,8 2,49 3,3 4,23 5,28 6,42 


















































































































