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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʝʬʪʝʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʦʪʨʘʩʣʴʶ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʜʚʠʞʫʱʫʶ ʩʠʣʫ ʠ ʟʘʣʦʛ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʨʦʮʚʝʪʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʝʸ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ 

ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʗʚʣʷʷʩʴ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ (ʅʉʆ), ʥʝʬʪʝʛʘʟʦʚʳʡ ʩʝʢʪʦʨ ʩʦʟʜʘʸʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʝʨʴʸʟʥʳʝ ʧʨʦʙʣʝʤʳ, ʦʩʪʨʦʪʘ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʦʚ 

ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʨʘʩʰʠʨʝʥʠʝʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʟʥʦʩʦʤ ʩʠʩʪʝʤ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ ʦʪʭʦʜʦʚ, ʥʝʜʦʩʪʘʪʢʘʤʠ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʫʪʠʣʠʟʘʮʠʠ ʠ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ. ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ ʚ 2023 ʛʦʜʫ ʚ ʩʝʢʪʦʨʘʭ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʚ ʵʪʦʡ ʩʬʝʨʝ ʦʙʱʘʷ ʤʘʩʩʘ ʅʉʆ ʩʦʩʪʘʚʠʣʘ 15,41 ʤʣʥ ʪʦʥʥ, 

ʠʟ ʢʦʪʦʨʳʭ ʫʪʠʣʠʟʘʮʠʠ ʧʦʜʚʝʨʛʣʠʩʴ ʪʦʣʴʢʦ 3,88 ʤʣʥ ʪʦʥʥ (25,1%). ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʦʪʭʦʜʦʚ ʨʘʟʤʝʱʝʥʘ ʚ ʭʨʘʥʠʣʠʱʘʭ ʠ ʟʘʭʦʨʦʥʝʥʘ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʣʠʛʦʥʘʭ, ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʧʨʝʚʳʩʠʣʦ 20 ʪʳʩʷʯ, ʘ ʠʭ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʝʞʝʛʦʜʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 400 ʪʳʩʷʯ ʛʘ. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʛʣʫʙʠʥʘ ʧʝʨʝʨʘʙʦʪʢʠ 

ʅʉʆ, ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ (ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʠ 

(ʠʣʠ) ʫʪʠʣʠʟʘʮʠʷ) ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʪʝʭʥʦʣʦʛʠʷʭ ʨʝʮʠʢʣʠʥʛʘ, ʨʝʢʫʧʝʨʘʮʠʠ ʠʣʠ ʨʝʛʝʥʝʨʘʮʠʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʦ ʜʘʥʥʳʤ ʄʠʥʧʨʠʨʦʜʳ ʈʌ ʟʘʛʨʷʟʥʝʥʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʝʞʝʛʦʜʥʦ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʢʦʣʦ 510 ʤʣʥ ʪʦʥʥ ʛʨʫʥʪʘ, ʯʪʦ ʫʩʫʛʫʙʣʷʝʪ ʥʝʛʘʪʠʚʥʦʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʅʉʆ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʪʨʝʙʫʝʪ ʧʨʠʥʷʪʠʷ ʩʨʦʯʥʳʭ ʤʝʨ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʩ ʦʪʭʦʜʘʤʠ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʫʩʠʣʠʚʘʶʱʝʡʩʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʈʌ 

ʤʦʞʝʪ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ ʟʘʚʦʝʚʘʥʠʝ ʠʣʠ ʩʦʭʨʘʥʝʥʠʝ 

ʚʝʜʫʱʠʭ ʧʦʟʠʮʠʡ ʚ ʤʠʨʝ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʥʜʝʥʮʠʷʤ, ʪʨʝʙʫʶʱʠʤ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʚʦʚʣʝʯʝʥʠʶ ʅʉʆ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ 
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ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʝʛʦ ʙʝʟʫʩʣʦʚʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʋʢʘʟʘʥʥʳʝ ʧʨʠʯʠʥʳ ʧʨʠʚʦʜʷʪ ʢ ʥʘʩʫʱʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʦʨʛʘʥʠʟʘʮʠʠ 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʙʘʟʝ ʨʦʩʩʠʡʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ) ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʨʘʙʦʪʢʠ (ʂʇ) ʅʉʆ, ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʥʝʬʪʝʛʘʟʦʚʳʡ ʢʦʤʧʣʝʢʩ, ʩ ʮʝʣʴʶ 

ʤʠʥʠʤʠʟʘʮʠʠ ʝʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʟʘ ʩʯʸʪ 

ʦʙʝʩʧʝʯʝʥʠʷ çʟʘʤʢʥʫʪʦʛʦè ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʘ ʮʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ 

ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣ ̫ʥʘʫʯʥʦ-

ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʷʚʣʷʶʱʠʭʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʧʦ ʢʨʠʪʝʨʠʷʤ ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʙʦʟʥʘʯʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʦʩʣʦʞʥʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʭ ʨʝʰʝʥʠʷ ʩ ʫʯʝʪʦʤ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʨʘʟʥʦʨʦʜʥʦʩʪʴʶ ʬʠʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ, ʨʘʟʣʠʯʠʝʤ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʧʨʦʤʳʰʣʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʩʦʩʪʘʚʦʚ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʩʪʦʷʥʥʦ ʫʞʝʩʪʦʯʘʶʱʠʤʠʩʷ 

ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ ʢʘʯʝʩʪʚʫ ʚʳʭʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʤʠʨʦʚʦʤ ʠ 

ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʘʭ, ʩʣʦʞʥʦʡ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ ʚʦ 

ʤʥʦʛʠʭ ʈʦʩʩʠʡʩʢʠʭ ʨʝʛʠʦʥʘʭ. 

ɺʳʰʝʠʟʣʦʞʝʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʂʇ ʅʉʆ ʢʘʢ ʩʣʦʞʥʳʭ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʧʨʦʙʣʝʤ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ. ʇʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʘ ʛʣʫʙʦʢʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʧʨʦʨʘʙʦʪʢʘ ʚʩʝʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, 

ʚʟʘʠʤʦʩʚʷʟʝʡ, ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʣʦʛʠʩʪʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʘʩʧʝʢʪʦʚ, ʢʦʪʦʨʫʶ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʥʘʫʢʦʝʤʢʠʭ ʧʦʜʭʦʜʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
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ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʦʙʨʘʱʝʥʠʶ ʩ ʅʉʆ ʦʩʥʦʚʘʥʳ ʥʘ ʢʦʥʮʝʧʮʠʷʭ ʩʦʢʨʘʱʝʥʠʷ ʠ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʦʩʥʦʚʫ 

ʢʦʪʦʨʳʭ ʧʦʣʦʞʝʥʳ ʧʨʠʥʮʠʧʳ ʢʦʥʩʝʨʚʘʮʠʠ ʨʝʩʫʨʩʦʚ ʠ ʵʥʝʨʛʠʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʙʨʘʱʝʥʠʷ ʩ ʅʉʆ ʚ ʨʘʤʢʘʭ ʪʘʢʠʭ ʢʦʥʮʝʧʮʠʡ ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʯʝʨʝʟ ʨʝʩʫʨʩʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʦʩʪʘʚʘ ʠ çʢʘʯʝʩʪʚʘè ʦʪʭʦʜʦʚ, ʥʦ 

ʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ. ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʅʉʆ, ʚʢʣʶʯʘʶʱʝʛʦ ʠʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠ ʤʘʪʝʨʠʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ ʄʝʱʝʨʷʢʦʚʘ ʉ.ɺ., ʂʦʥʦʥʝʥʢʦ ɽ.ɸ., ʄʘʟʣʦʚʦʡ ɽ.ɸ., 

ʇʠʤʝʥʦʚʘ ɸ.ɸ., ɹʳʢʦʚʘ ɼ.ɽ., ʈʫʯʢʠʥʦʚʦʡ ʆ.ʀ., ʉʚʝʨʛʫʟʦʚʦʡ ʉ.ɺ., ʄʠʥʠʛʘʟʠʤʦʚʘ 

ʅ.ʉ., ʀʙʘʪʫʣʠʥʘ ʈ.ʈ., ʗʛʘʬʘʨʦʚʦʡ ɻ.ɻ., ʉʘʭʘʙʫʪʜʠʥʦʚʘ ʂ.ɻ., ʍʝʩʠʥʦʡ ɸ.ʗ., 

ʄʫʨʟʘʢʦʚʦʡ ɸ.ʈ., ʉʫʪʫʨʠʥʦʡ ɽ.ʆ., ʗʤʘʥʠʥʦʡ ʅ.ʉ., ʉʳʨʦʚʘʨʦʚʦʡ ɸ.ʄ., ʃʠʪʚʠʥʦʚʦʡ 

ʊ.ɸ., ʉʫʭʦʥʦʩʦʚʦʡ ɸ.ʅ., ʉʦʣʦʜʢʦʚʦʡ ɸ.ɹ., ʌʝʪʠʩʦʚʘ ɼ.ɼ., ʌʠʣʠʥʦʡ ʅ.ɸ., 

ɹʦʢʦʚʠʢʦʚʦʡ ʊ.ʅ., ʐʧʝʨʙʝʨʘ ɼ.ʈ., Wang J., Gong C., Liu D., Cao C., Ding H., Pyziak 

T., Brinkman D., Fellah Jahromi A., Elektorowicz M. ʠ ʜʨʫʛʠʭ. ʇʨʝʜʣʦʞʝʥʥʳʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʪ.ʝ. 

ʥʘ ʚʳʙʦʨʝ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʩʪʦʪʳ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʙʝʟ ʫʯʸʪʘ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʭʦʜʘ ʚ ʚʠʜʝ ʧʦʣʝʟʥʦʛʦ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʨʝʩʫʨʩʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʜʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʠʩʭʦʜʷʱʝʤʫ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʭʦʜʫ ʦʪ ʧʘʨʘʜʠʛʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʪʭʦʜʘʤʠ çwaste-based 

paradigmè ʢ ʧʘʨʘʜʠʛʤʝ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ çresource-based paradigmè, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʅʉʆ. ʉʫʱʝʩʪʚʫʶʱʝʝ ʚ ʨʘʤʢʘʭ ʧʘʨʘʜʠʛʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʢʣʶʯʝʚʦʝ 

ʧʦʥʷʪʠʝ çʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣè ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʙʦʪʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ - ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʠ ʦʟʥʘʯʘʝʪ ʢʦʤʧʣʝʢʩʥʳʡ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʪʭʦʜʦʚ, ʦʮʝʥʠʚʘʝʤʳʡ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʟʥʦʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, 
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ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʣʦʛʠʩʪʠʯʝʩʢʠʭ, ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨ.). ʇʨʠ 

ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʨʝʩʫʨʩʥʘʷ ʮʝʥʥʦʩʪʴ ʅʉʆ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʝʧʝʥʴ ʧʨʠʛʦʜʥʦʩʪʠ ʦʪʭʦʜʦʚ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʚʪʦʨʠʯʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʨʝʮʠʢʣʠʥʛʦʤ, ʨʝʢʫʧʝʨʘʮʠʝʡ ʠ ʨʝʛʝʥʝʨʘʮʠʝʡ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʦʪʭʦʜʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠʟʚʝʩʪʥʳ ʧʦ 

ʨʘʙʦʪʘʤ J.Y. Park, M.R. Chertow, T.V. Velikanova, I.K. Kiforenko, A.A. Tolstonogov, 

ʄ.ʉ. ʂʫʟʥʝʮʦʚʦʡ, ʅ.ɸ. ʋʚʘʨʦʚʦʡ, ɸ.ɸ. ʇʠʤʝʥʦʚʘ, ɺ.ɺ. ɽʨʤʘʢʦʚʘ, ɺ.ɸ. ɹʫʨʣʘʢʠ, ɽ.ɺ. 

ʂʘʣʠʥʠʥʦʡ, ɸ.ɻ. ʂʦʯʢʠʥʦʡ, ɻ.ʉ. ɸʨʟʘʤʘʩʦʚʦʡ, ɺ.ɺ. ʂʘʨʤʘʥʦʚʦʡ ʠ ʜʨʫʛʠʭ. ʆʜʥʘʢʦ, 

ʚ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʩʫʪʩʪʚʫʶʪ ʩʠʩʪʝʤʥʳʝ ʧʦʜʭʦʜ rʢ ʫʯʸʪʫ ʚʟʘʠʤʦʩʚʷʟʝʡ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʨʝʩʫʨʩʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʧʨʠ ʦʮʝʥʢʝ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʚ ʮʝʣʦʤ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ Ashby M.F., Ghisellini P., Cialani C., Ulgiati S., 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʤʠʨʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʝʭʦʜʦʤ ʦʪ ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʪʭʦʜʘʤʠ ʢ 

ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʚ ʨʘʤʢʘʭ çʵʢʦʥʦʤʠʢʠ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘè. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ ʚ ʨʘʤʢʘʭ ʪʘʢʦʡ ʢʦʥʮʝʧʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʠʩʪʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʂʦʥʝʯʥʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʅʉʆ ʚ ʨʘʤʢʘʭ 

ʫʢʘʟʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʵʥʝʨʛʠʠ, ʘ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ï 

ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʥʢʨʝʪʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʩ ʫʯʸʪʦʤ ʟʘʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʇʨʦʙʣʝʤʘ ʘʥʘʣʠʟʘ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʂʇ ʅʉʆ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʸʪʘ ʤʥʦʞʝʩʪʚʘ ʨʘʟʥʦʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʦʥʝʯʥʫʶ 

ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 
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ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ ʭʨʘʥʝʥʠʷ ʅʉʆ, ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ, ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ. ʂʘʢ ʧʦʢʘʟʘʣʠ Vlachokostas Ch., 

Michailidou A.V., Achillas Ch., ʫʢʘʟʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʦʙʳʯʥʦ ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ 

ʪʝʭʥʦʣʦʛʠʡ ʩ ʫʯʸʪʦʤ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʈʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʭʦʜʦʚ ʢʘʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ 

ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ ʊ. Saaty ʠ ʘʥʘʣʦʛʠʯʥʳʭ 

ʤʝʪʦʜʦʚ (ELECTRE, PROMETHEE, TOPSIS ʠ ʪ.ʜ.), ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʥʝʜʦʩʪʘʪʦʢ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʦʮʝʥʦʢ 

ʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʥʘʟʥʘʯʘʝʤʳʭ ʵʢʩʧʝʨʪʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ 

ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʙʦʜʥʳ ʦʪ ʩʫʙʲʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ ʵʢʩʧʝʨʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʠʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʤʥʦʛʦʬʘʢʪʦʨʥʦʤʫ ʘʥʘʣʠʟʫ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤ rʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ Data Envelopment Analysis (DEA). ʄʝʪʦʜ DEA, 

ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠʟʚʝʩʪʝʥ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦ ʨʘʙʦʪʘʤ Charnes A., 

Cooper W.W., Rhodes E., Farrell M.J., Zhu J., Forsund F.R., ʂʨʠʚʦʥʦʞʢʦ ɺ.ɽ., ʈʘʪʥʝʨ 

ʉ.ɺ., ʃʳʯʝʚʘ ɸ.ɺ. ʠ ʜʨ., ʜʣʷ ʨʝʰʘʝʤʳʭ ʚ ʨʘʙʦʪʝ ʟʘʜʘʯ ʧʨʠʤʝʥʷʝʪʩʷ ʚʧʝʨʚʳʝ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʪʝʤʘʪʠʢʝ 

ʜʠʩʩʝʨʪʘʮʠʠ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʝʦʙʣʘʜʘʝʪ 

ʫʪʠʣʠʪʘʨʥʳʡ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʅʉʆ, ʢʦʪʦʨʳʡ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʫʯʠʪʳʚʘʝʪ çʨʳʥʦʯʥʳʝè ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ. ʆʪʩʫʪʩʪʚʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ (ʩʠʩʪʝʤʥʦʛʦ) ʧʦʜʭʦʜʘ ʢ 

ʧʨʦʙʣʝʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʅʉʆ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʭʦʜʘ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʦʨʷʜʢʘ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ. 

ʋʯʠʪʳʚʘʷ ʠʟʣʦʞʝʥʥʦʝ, ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʠʩʪʝʤʥʦʤʫ ʤʥʦʛʦʬʘʢʪʦʨʥʦʤʫ ʘʥʘʣʠʟʫ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʂʇ ʅʉʆ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʯʝʪʝ ʨʘʟʥʦʨʦʜʥʳʭ 
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ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ̫ ʚʣʷʝʪʩʷ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʠʡ ʭʨʘʥʠʣʠʱʘ 

ʦʪʭʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ̫ʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʩʠʩʪʝʤʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʦʩʥʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ 

ʢʦʤʧʣʝʢʩʥʳʤ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂʇ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʰʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʧʦ ʨʘʟʥʦʨʦʜʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ, 

ʣʦʛʠʩʪʠʯʝʩʢʠʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʶ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʝʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʚʦʡʩʪʚ. 

4. ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʮʝʜʫʨ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ. 

5. ʉʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʧʨʦʙʘʮʠʠ 

ʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʮʝʜʫʨ ʜʣʷ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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6. ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʚʳʙʦʨʘ ʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʚ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

7. ɸʧʨʦʙʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ, ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʦʮʝʥʢʘ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, DEA-ʤʝʪʦʜ, 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʈʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʫʯʥʦʡ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.3.1 - ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʪʘʪʠʩʪʠʢʘ (ʧʫʥʢʪʳ ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1ï5). 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʙʦʩʥʦʚʘʥʠʠ 

ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʠʩʪʝʤʥʦʤʫ ʤʥʦʛʦʬʘʢʪʦʨʥʦʤʫ ʘʥʘʣʠʟʫ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʂʇ ʅʉʆ. 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʥʘʫʯʥʦʡ 

ʥʦʚʠʟʥʦʡ: 

ī ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʨʝʰʝʥʠʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ 

ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʤʝʪʦʜʦʚ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʦʪʨʘʩʣʠ ʠ ʩʥʠʞʝʥʠʝ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ī ʇʨʝʜʣʦʞʝʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʥʝ ʠʤʝʶʱʘʷ ʠʟʚʝʩʪʥʳʭ ʘʥʘʣʦʛʦʚ ʤʝʪʦʜʠʢʘ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʚ ʢʦʪʦʨʦʤ 

ʭʨʘʥʠʣʠʱʘ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʝʜʠʥʦʡ 

ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʢʣʶʯʝʚʳʝ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʄʝʪʦʜʠʢʘ ʚʢʣʶʯʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʥʘ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ DEA ʤʝʪʦʜʘ ʚʧʝʨʚʳʝ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʨʘʙʦʪʢʦʡ ʦʪʭʦʜʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ī ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ DEA ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʦʙʦʩʥʦʚʘʥʳ ʥʦʚʳʝ ʤʦʜʝʣʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʟʘʜʘʯʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ. ʕʪʠ ʤʦʜʝʣʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ, ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʢʪʠʚʥʦ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʤʥʦʛʦʩʪʘʜʠʡʥʳʝ ʧʨʦʮʝʩʩ r ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, 

ʫʯʠʪʳʚʘʷ ʤʥʦʛʦʦʙʨʘʟʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ, ʨʝʩʫʨʩʥʳʤʠ, ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ī ʈʘʟʨʘʙʦʪʘʥʳ, ʦʙʦʩʥʦʚʘʥʳ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ, 

ʢʦʪʦʨʳʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ, ʧʦʟʚʦʣʷʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʠʪʴ ʝʸ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʤʘʩʰʪʘʙʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʨʷʜʘ 

ʢʣʶʯʝʚʳʭ ʢʨʠʪʝʨʠʝʚ: ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʘ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ 

ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ī ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʚ ʢʦʪʦʨʦʤ ʢʦʤʙʠʥʘʮʠʷ "ʭʨʘʥʠʣʠʱʝ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ" ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʮʝʥʪʨʘʣʴʥʳʡ ʦʙʲʝʢʪ 

ʩʨʘʚʥʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʪʴ ʥʦʚʳʝ 

ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʮʝʜʫʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ. 

ī ʈʘʟʨʘʙʦʪʘʥʦ ʥʝ ʠʤʝʶʱʝʝ ʠʟʚʝʩʪʥʳʭ ʘʥʘʣʦʛʦʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʙʠʙʣʠʦʪʝʢʫ ʤʦʜʫʣʝʡ ʠ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʜʫʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʘʧʨʦʙʘʮʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʘʣʛʦʨʠʪʤʦʚ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ī ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʠ ʦʙʦʩʥʦʚʘʥ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʚ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ, ʢʦʪʦʨʳʡ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ, ʧʦʟʚʦʣʷʝʪ ʚʩʝʩʪʦʨʦʥʥʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʧʝʨʘʪʠʚʥʫʶ 

ʩʠʪʫʘʮʠʶ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʠ 

ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʦʩʪʫʧʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʄʝʪʦʜʠʢʘ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʨʘʙʦʪʢʠ 

ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

2. ʇʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ DEA ʤʝʪʦʜʘ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʟʘʜʘʯʘʭ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ. 

3. ʄʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʦʞʥʦ-

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʤʘʩʰʪʘʙʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

4. ɸʣʛʦʨʠʪʤʳ ʠ ʧʨʦʮʝʜʫʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʧʦ ʨʘʟʥʦʨʦʜʥʳʤ ʢʨʠʪʝʨʠʷʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ɻ ʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ. 

5. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʘʧʨʦʙʘʮʠʠ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

6. ɸʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʩʣʦʞʥʦ-

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʦʧʝʨʘʪʠʚʥʦʤ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ 

ʫʨʦʚʥʷʭ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥ 

ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʩʪʝʤʥʦʤʫ ʤʥʦʛʦʬʘʢʪʦʨʥʦʤʫ ʘʥʘʣʠʟʫ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʦʞʥʦ-

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ DEA, 
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ʚʢʣʶʯʘʶʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʫʯʸʪ ʢʨʠʪʝʨʠʝʚ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʨʝʩʫʨʩʦ- ʠ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ 

ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʳʡ 

ʧʦʜʭʦʜ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʥʠʞʝʥʠʝ 

ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʧʦʟʚʦʣʷʷ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʚ ʫʜʦʙʥʦʡ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʬʦʨʤʝ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʘ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʤʝʪʦʜʳ, ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʮʝʜʫʨʳ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ, ʚʳʙʦʨʘ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʪʜʝʣʴʥʦ ʠʣʠ ʩʦʚʤʝʩʪʥʦ ʜʣʷ 

ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʈʌ, ʘ ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʦʢ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ, 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦʨʦʞʥʦʛʦ ʙʠʪʫʤʘ, ʚʦʜʦʨʦʜʘ ʠ ʧʨʦʜʫʢʪʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, 

ʧʝʨʝʨʘʙʦʪʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ. 

ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʅʀʈ: 

ī ʧʦ ʧʨʦʝʢʪʘʤ ʈʌʌʀ: çʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʠ 

ʥʝʬʪʝʛʘʟʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡè (ˉ20-08-00353, 2020-2022 ʛʛ.); çʈʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʩʠʩʪʝʤʥʳʤ 

ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʘʚʪʦʥʦʤʥʳʭ 

ʦʙʲʝʢʪʘʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʝʧʣʦʬʠʟʠʢʝè (ˉ20-08-00240, 2020-2022 ʛʛ.); 

ī ʚ ʨʘʤʢʘʭ ʌʎʇ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2014-2020 ʛʦʜʳè: 

çʈʘʟʨʘʙʦʪʢʘ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʢʠʩʣʝʥʥʳʭ 

ʥʝʬʪʷʥʳʭ ʙʠʪʫʤʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʦʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠè (ʧʨʦʝʢʪ 
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ˉ14.577.21.0209, 2016-2018 ʛʛ.); çʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʛʝʥʝʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʝʪʘʥʦʚʦʜʦʨʦʜʥʦʡ ʩʤʝʩʠ ʠ ʥʫʞʜ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠè (ʉʦʛʣʘʰʝʥʠʝ ʦʪ 

02.12.2019 ʛ. ˉ 05.607.21.0311, 2019-2020 ʛʛ.); 

ī ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʥʦʡ ʯʘʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʧʦ 

ʧʨʦʝʢʪʫ çʆʧʪʠʤʠʟʘʮʠʷ ʧʦ ʢʨʠʪʝʨʠʷʤ ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʪʠʣʠʟʘʮʠʠ 

ʦʪʭʦʜʦʚ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘè (ʧʨʦʝʢʪ ˉ10.3260.2017/ʇʏ, 2017-2019 ʛʛ.) ʠ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʤʳ ˉ ɸɸɸɸ-ɸ12-2110800012-0 (2022-2024 ʛʛ.). 

ɺʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ ʨʘʟʥʦʨʦʜʥʳʤ 

ʢʨʠʪʝʨʠʷʤ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʘʣʛʦʨʠʪʤ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʅʉʆ ʚʥʝʜʨʝʥʳ ʚ 

ʆʆʆ çʉʘʤʘʨʩʢʘʷ ɹʠʪʫʤʥʘʷ ʂʦʤʧʘʥʠʷè (ʛ. ʉʘʤʘʨʘ), ʆʆʆ çʕʢʦʠʥʪʝʭè (ʛ. 

ʅʝʬʪʝʶʛʘʥʩʢ, ʍʄɸʆ), ʆʆʆ çʊʨʘʥʩʆʡʣè (ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ), ʆʆʆ çʆʪʨʘʜʥʦʝè 

(ʛ. ʆʪʨʘʜʥʳʡ, ʉʘʤʘʨʩʢʘʷ ʦʙʣ.) (ʇʨʠʣʦʞʝʥʠʝ ɸ). ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʙʘʟʳ ʜʘʥʥʳʭ ʧʝʨʝʜʘʥʳ ʧʦ 8 ʣʠʮʝʥʟʠʦʥʥʳʤ ʜʦʛʦʚʦʨʘʤ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʀʥʩʪʠʪʫʪʦʤ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ ï ʦʙʦʩʦʙʣʝʥʥʳʤ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʉʘʤʘʨʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʮʝʥʪʨʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʇʋʉʉ ʈɸʅ - ʉʘʤʅʎ ʈɸʅ) ʠ 

ʆʆʆ çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷè (ʇʨʠʣʦʞʝʥʠʝ ɹ). ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʚ ʌɻɹʆʋ ɺʆ çʉʘʤɻʊʋè ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʙʘʢʘʣʘʚʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 13.03.01 çʊʝʧʣʦʵʥʝʨʛʝʪʠʢʘ ʠ 

ʪʝʧʣʦʪʝʭʥʠʢʘè ʠ ʤʘʛʠʩʪʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 13.04.01 çʆʧʪʠʤʠʟʘʮʠʷ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʝ 

ʠ ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʷʭè (ʇʨʠʣʦʞʝʥʠʝ ɺ). ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʧʦʜʪʚʝʨʞʜʝʥʥʳʡ 

ʘʢʪʘʤʠ ʚʥʝʜʨʝʥʠʷ, ʩʦʩʪʘʚʠʣ 5 ʤʣʥ. ʨʫʙ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 
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ʢʦʨʨʝʢʪʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, DEA-ʤʝʪʦʜʘ, ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʘʣʠʟʦʤ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʅʀʈ, ʚʥʝʜʨʝʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚ ʀʇʋʉʉ ʈɸʅ - ʉʘʤʅʎ ʈɸʅ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʢʪʘʤʠ ʠ ʣʠʮʝʥʟʠʦʥʥʳʤʠ ʩʦʛʣʘʰʝʥʠʷʤʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ 

ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ "ɸʚʪʦʤʘʪʠʟʘʮʠʷ" (RusAutoCon), (ʉʦʯʠ, 2022 ʛ.); International science 

and technology conference "Earth science" (Earth science), (ɺʣʘʜʠʚʦʩʪʦʢ, 2022 ʛ.); 3rd 

International Conference on Control Systems, Mathematical Modeling, Automation and 

Energy Efficiency (Summa), (ʃʠʧʝʮʢ, 2021 ʛ.); International Multi-Conference on 

Industrial Engineering and Modern technologies (FarEastCon), (ɺʣʘʜʠʚʦʩʪʦʢ, 2019-

2021 ʛʛ.); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ 

ʪʝʭʥʠʢʝ ʠ ʪʝʭʥʦʣʦʛʠʷʭ" (ʂʘʟʘʥʴ, 2020 ʠ 2024 ʛ.); III, IV, V International Scientific and 

Technical Conference "Energy Systems" (ICES), (ɹʝʣʛʦʨʦʜ, 2018-2020 ʛ.); 2019 XXI 

International Conference Complex Systems: Control and Modeling Problems (CSCMP-

2019), (ʉʘʤʘʨʘ, 2019 ʛ.); International Symposium "Engineering and Earth Sciences: 

Applied and Fundamental Research" dedicated to the 85th anniversary of H.I. Ibragimov 

(ISEES), (ɻʨʦʟʥʳʡ, 2019 ʛ.); ʈʝʛʠʦʥʘʣʴʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ 

ʵʢʦʣʦʛʠʠ çʀʥʥʦʚʘʮʠʠ ʠ "ʟʝʣʝʥʳʝ" ʪʝʭʥʦʣʦʛʠʠè, (ʉʘʤʘʨʘ, 2018 ʛ.); ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɼʦʩʪʠʞʝʥʠʷ, ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠè, ʧʦʩʚʷʱʝʥʥʦʡ 60-ʣʝʪʠʶ ʚʳʩʰʝʛʦ ʥʝʬʪʝʛʘʟʦʚʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʘʪʘʨʩʪʘʥ, (ɸʣʴʤʝʪʴʝʚʩʢ, 2016 ʛ.). ɺ ʨʘʤʢʘʭ ʂʘʟʘʥʩʢʦʡ 

ʤʫʣʴʪʠʢʦʥʬʝʨʝʥʮʠʠ ʄʄʊʊ-37 (ʂʘʟʘʥʴ, 2024 ʛ.) ʜʠʩʩʝʨʪʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʟʘʩʝʜʘʥʠʠ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʩʝʢʮʠʠ (ʇʨʠʣʦʞʝʥʠʝ ɻ). 



17 

 

ʇʫʙʣʠʢʘʮʠʠ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 42 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ, 

ʠʟ ʥʠʭ 9 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʠʟ ʧʝʨʝʯʥʷ ɺɸʂ: [1ï9]; 5 ʩʪʘʪʝʡ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʩʠʩʪʝʤʘʭ Web of Science ʠ Scopus: [10ï

14], 16 ʧʫʙʣʠʢʘʮʠʡ ʚ ʜʨʫʛʠʭ ʠʟʜʘʥʠʷʭ, ʩʙʦʨʥʠʢʘʭ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, ʤʘʪʝʨʠʘʣʦʚ 

ʢʦʥʬʝʨʝʥʮʠʡ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ: [15ï30], 7 ʩʚʠʜʝʪʝʣʴʩʪʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ ʠ ʙʘʟ ʜʘʥʥʳʭ [31ï37], 3 ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʷ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ. ʇʦʩʪʘʥʦʚʢʘ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʳ, ʧʦʩʪʘʥʦʚʢʘ ʠ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʧʨʠʥʘʜʣʝʞʘʪ ʘʚʪʦʨʫ. ɺ [5; 6; 9; 12ï30] ʘʚʪʦʨʦʤ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʘ ʠ ʘʣʛʦʨʠʪʤʳ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʦ 

ʦʙʦʩʥʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɺ [4; 7; 8; 10; 11] ʘʚʪʦʨʦʤ ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʩʠʩʪʝʤʥʦʤʫ 

ʘʥʘʣʠʟʫ, ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ [31ï37] ʘʚʪʦʨʦʤ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʙʘʟ ʜʘʥʥʳʭ, ʤʦʜʫʣʝʡ ʜʣʷ ʨʘʩʯʸʪʘ ʦʮʝʥʦʢ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ. ʈʘʙʦʪʳ [1ï3] ʚʳʧʦʣʥʝʥʳ ʙʝʟ ʩʦʘʚʪʦʨʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 5-ʪʠ 

ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʙʠʙʣʠʦʛʨʘʬʠʠ ʠ 4-ʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ʩʦʩʪʘʚʣʷʝʪ 300 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʷ 73 ʨʠʩʫʥʢʘ ʠ 63 ʪʘʙʣʠʮ.r ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ 

ʩʧʠʩʦʢ ʚʢʣʶʯʘʝʪ 171 ʥʘʠʤʝʥʦʚʘʥʠʝ. 

 

  



18 

 

1 ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʝʨʝʨʘʙʦʪʢʠ 

ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ 

ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʩʢʨʳʚʘʶʪʩʷ ʩʠʩʪʝʤʥʳʝ 

ʧʨʦʙʣʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʜʭʦʜʦʚ ʢ 

ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʛʣʘʚʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʥʘʧʠʩʘʥʠʷ ʦʙʟʦʨʦʚ ʣʠʪʝʨʘʪʫʨʳ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʘʢʪʫʘʣʴʥʦʩʪʠ ʚʦ ʚʩʝʭ ʘʚʪʦʨʩʢʠʭ 

ʧʫʙʣʠʢʘʮʠʷʭ. 

1.1 ʉʠʩʪʝʤʥʳʝ ʧʨʦʙʣʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ 

ʇʦ ʦʙʲʝʤʫ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ: ʝʞʝʛʦʜʥʳʡ ʦʙʲʝʤ ʜʦʙʳʯʠ ʥʝʬʪʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 550 

ʤʣʥ ʪʦʥʥ, ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ï 670 ʤʣʨʜ ʢʫʙ ʤ [38]. ʅʝʬʪʝʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʢʫ ʩʪʨʘʥʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʟʘ ʧʝʨʠʦʜ 2019-

2023 ʛʛ. ʚ ʩʨʝʜʥʝʤ 17% ɺɺʇ [39], ʥʦ ʧʨʠ ʵʪʦʤ ʦʥʘ ʦʢʘʟʳʚʘʝʪ ʩʝʨʴʝʟʥʦʝ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ [40]. ɺ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʟʘʯʠʩʪʢʝ ʩʨʝʜʩʪʚ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʯʠʩʪʢʝ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʦʙʨʘʟʫʶʪʩʷ 

ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʝ ʦʪʭʦʜʳ (ʅʉʆ), ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʤʝʩʠ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʨʠʤʝʩʝʡ ʠ ʧʨʦʯʠʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʢʦʤʧʦʥʝʥʪʦʚ [41].  

ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ ʩ 2003 ʧʦ 2022 ʛʦʜʳ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʦʙʨʘʟʦʚʘʣʦʩʴ ʦʢʦʣʦ 93,6 ʤʣʨʜ ʪʦʥʥ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ, ʠʟ 
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ʢʦʪʦʨʳʭ 2,6 ʤʣʨʜ ʪʦʥʥ (2,8%) ʦʪʥʦʩʷʪʩʷ ʢ ʦʧʘʩʥʳʤ (ʩ I ʧʦ IV ʢʣʘʩʩ) [42]. ʇʦ ʜʘʥʥʳʤ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʢʘʪʘʣʦʛʘ ʦʪʭʦʜʦʚ (ʌʂʂʆ) [43] ʚ 2024 ʛʦʜʫ 

ʥʘʩʯʠʪʳʚʘʝʪʩʷ 367 ʚʠʜʦʚ ʅʉʆ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ 173 ʚʠʜʘ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʦʪʦʨʳʭ ʧʦ 

ʠʩʪʦʯʥʠʢʘʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 1.1 ʠ 1.2.  

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʅʉʆ ʦʪʥʦʩʠʪʩʷ ʢ III (93 ʚʠʜʘ ʅʉʆ) ʠ IV (77 ʚʠʜʦʚ ʅʉʆ) 

ʢʣʘʩʩʘʤ ʦʧʘʩʥʦʩʪʠ (ʈʠʩʫʥʦʢ 1.3) ʠ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʜʦʙʳʯʝ ʩʳʨʦʡ ʥʝʬʪʠ ʠ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʚʢʣʶʯʘʷ ʛʘʟʦʚʳʡ ʢʦʥʜʝʥʩʘʪ ʥʝʬʪʷʥʦʛʦ (ʧʦʧʫʪʥʦʛʦ) ʛʘʟʘ, 

ʧʣʘʩʪʦʚʫʶ ʚʦʜʫ, ʥʝʬʪʝʩʦʜʝʨʞʘʱʫʶ ʵʤʫʣʴʩʠʶ ʧʨʠ ʦʯʠʩʪʢʝ ʠ ʦʩʫʰʢʝ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʘ ʠ/ʠʣʠ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ, ʦʪʨʘʙʦʪʘʥʥʳʝ ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ ʠ ʰʣʘʤʳ, ʩʪʦʯʥʳʝ 

ʚʦʜʳ ʠ ʦʪʭʦʜʳ ʨʝʤʦʥʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʣʘʩʩ ʦʧʘʩʥʦʩʪʠ ʦʪʭʦʜʦʚ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ 

ʧʨʠʥʦʩʠʤʦʛʦ ʠʤʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʨʝʜʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ 

ʯʝʣʦʚʝʢʘ [44]. 

ʂʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʅʉʆ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ 

ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʠʟʚʝʩʪʥʳʭ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, 

ʯʪʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ [45; 46], ʦʜʥʘʢʦ, ʥʝ 

ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʧʨʠʥʷʪʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1.4, ʘʛʨʝʛʘʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʅʉʆ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ 

ʥʘ 19 ʚʠʜʦʚ: ʦʪ ʨʘʟʣʠʯʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʠ ʞʠʜʢʠʭ ʵʤʫʣʴʩʠʡ ʜʦ 

ʧʘʩʪʦʦʙʨʘʟʥʦʛʦ ʠ ʪʚʸʨʜʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʘʛʨʝʛʘʪʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʅʉʆ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʠʤʝʥʷʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ 

ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 1.1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʅʉʆ ʧʦ ʠʩʪʦʯʥʠʢʘʤ ʦʙʨʘʟʦʚʘʥʠʷ 
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ʈʠʩʫʥʦʢ 1.2 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʅʉʆ ʧʦ ʠʩʪʦʯʥʠʢʘʤ ʦʙʨʘʟʦʚʘʥʠʷ 

(ʧʨʦʜʦʣʞʝʥʠʝ) 
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ʈʠʩʫʥʦʢ 1.3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʅʉʆ ʧʦ ʢʣʘʩʩʘʤ ʦʧʘʩʥʦʩʪʠ 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʅʉʆ ʧʦ ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 

 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʅʉʆ ʠ ʠʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʝʬʪʝʛʘʟʦʚʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʪʝʭʥʦʛʝʥʥʳʝ ʢʘʪʘʩʪʨʦʬʳ, ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʠʟʥʦʩ ʭʨʘʥʠʣʠʱ 

ʦʪʭʦʜʦʚ. ʀʩʪʦʯʥʠʢʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʥʳʝ ʩʨʝʜʳ ʷʚʣʷʶʪʩʷ ʩʢʚʘʞʠʥʳ, 

ʢʫʩʪʦʚʳʝ ʥʘʩʦʩʥʳʝ ʩʪʘʮʠʠ, ʛʨʫʧʧʦʚʳʝ ʟʘʤʝʨʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʪʨʫʙʦʧʨʦʚʦʜʳ ʩʠʩʪʝʤʳ 

˴͊ͫͫ͡ 
͙ͦͨ͊ͫͤͦͫͭ LLL 
(53.76%); 93˴͊ͫͫ͡ 

͙ͦͨ͊ͫͤͦͫͭ L± 
(44.51%); 77

˴͊ͫͫ͡ 
͙ͦͨ͊ͫͤͦͫͭ ± 
(1.16%); 2

˴͊ͫͫ͡ 
͙ͦͨ͊ͫͤͦͫͭ LL 
(0.58%); 1
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ʩʙʦʨʘ ʠ ʪʨʘʥʩʧʦʨʪʘ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ, ʬʘʢʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʪʦʚʘʨʥʳʝ ʧʘʨʢʠ 

ʨʝʟʝʨʚʫʘʨʦʚ ʥʝʬʪʠ, ʫʩʪʘʥʦʚʢʠ ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ, ʥʝʬʪʝʥʘʣʠʚʥʳʝ ʧʫʥʢʪʳ ʠ ʜʨʫʛʠʝ 

ʦʙʲʝʢʪʳ [47]. ʇʦ ʜʘʥʥʳʤ ʄʠʥʧʨʠʨʦʜʳ ʈʌ ʤʘʩʩʘ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʅʉʆ ʛʨʫʥʪʘ 

ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 510 ʤʣʥ ʪʦʥʥ [48], ʠ ʧʨʠ ʵʪʦʤ ʧʦʧʫʪʥʦʝ ʠ 

ʚʪʦʨʠʯʥʦʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʝ ʩʳʨʴʝ ʦʙʱʝʡ ʤʘʩʩʦʡ ʜʦ 25 ʤʣʥ ʪʦʥʥ ʩʞʠʛʘʝʪʩʷ, 

ʨʘʟʣʠʚʘʝʪʩʷ ʠ ʟʘʢʘʧʳʚʘʝʪʩʷ ʚ ʟʝʤʣʶ [49].  

ʉʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʝʤʫ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ [44; 50], 

ʅʉʆ ʧʦʜʣʝʞʘʪ ʦʙʝʟʚʨʝʞʠʚʘʥʠʶ, ʫʪʠʣʠʟʘʮʠʠ ʠʣʠ ʟʘʭʦʨʦʥʝʥʠʶ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʭʨʘʥʠʣʠʱʘʭ, ʠʩʢʣʶʯʘʶʱʠʭ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʧʨʠʨʦʜʥʳʝ ʩʨʝʜʳ (ʨʝʢʠ, ʚʦʜʦʝʤʳ ʠ ʧʦʯʚʫ). ʆʙʝʟʚʨʝʞʠʚʘʥʠʝ ʦʪʭʦʜʦʚ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʦʪʭʦʜʦʚ, ʠʟʤʝʥʝʥʠʝ ʠʭ ʩʦʩʪʘʚʘ, ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʚʢʣʶʯʘʷ ʩʞʠʛʘʥʠʝ, ʠ (ʠʣʠ) ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ) ʚ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʪʭʦʜʦʚ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʋʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʅʉʆ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʚʘʨʦʚ (ʧʨʦʜʫʢʮʠʠ), 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʦʢʘʟʘʥʠʷ ʫʩʣʫʛ, ʚʢʣʶʯʘʷ ʧʦʚʪʦʨʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʪʭʦʜʦʚ ʧʦ 

ʧʨʷʤʦʤʫ ʥʘʟʥʘʯʝʥʠʶ (ʨʝʮʠʢʣʠʥʛ), ʠʭ ʚʦʟʚʨʘʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ ʧʦʩʣʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʜʛʦʪʦʚʢʠ (ʨʝʛʝʥʝʨʘʮʠ)ʁ ʠ ʠʟʚʣʝʯʝʥʠʠ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʜʣʷ ʠʭ ʧʦʚʪʦʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ (ʨʝʢʫʧʝʨʘʮʠ)ʁ. ʇʦʜ ʧʝʨʝʨʘʙʦʪʢʦʡ ʅʉʆ ʧʦʥʠʤʘʝʪʩʷ 

ʧʨʦʮʝʩʩ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʦʤ (ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʠ (ʠʣʠ) ʫʪʠʣʠʟʘʮʠʷ) ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʦʪʭʦʜʘ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ 

ʨʝʮʠʢʣʠʥʛʘ, ʨʝʢʫʧʝʨʘʮʠʠ ʠʣʠ ʨʝʛʝʥʝʨʘʮʠʠ. ɿʘʭʦʨʦʥʝʥʠʝ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ 

ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʭʦʜʦʚ ʠʣʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʜʫ ʦʪʭʦʜʘ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ 

ʥʝʚʦʟʤʦʞʥʦ. 

ʂʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʅʉʆ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʥʝʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ (5-90%), ʚʦʜʳ (1-80%), ʪʚʝʨʜʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʚ ʚʠʜʝ 

ʧʝʩʢʘ, ʛʣʠʥʳ, ʨʞʘʚʯʠʥʳ ʠ ʪ.ʜ. (0,8-65%). ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅʉʆ 

ʪʘʢʞʝ ʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʧʣʦʪʥʦʩʪʴ ʦʪ 830 ʜʦ 1700 ʢʛ/ʤ3, ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʘʩʪʳʚʘʥʠʷ ʦʪ ï3 ʜʦ +50Áʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ ʦʪ 35 ʜʦ 120Áʉ. ʂʦʤʧʦʥʝʥʪʥʳʡ 
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ʩʦʩʪʘʚ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅʉʆ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ, ʥʦ ʠ ʦʪ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʠʭ ʥʘʢʦʧʣʝʥʠʷ ʚ 

ʭʨʘʥʠʣʠʱʘʭ. ɺ ʭʨʘʥʠʣʠʱʘʭ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘʢʦʧʣʝʥʠʷ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʬʘʟʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ, ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʢʠʩʣʝʥʠʷ 

ʠ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ [51ï53]. ɺʝʨʭʥʠʡ ʩʣʦʡ ʅʉʆ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʨʝʮʠʢʣʠʥʛʘ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʩʦʜʝʨʞʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʸʛʢʠʝ 

ʞʠʜʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʤʘʣʦʦʙʚʦʜʥʝʥʥʫ  ʁʥʝʬʪʴ) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤ 

ʤʘʩʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ: ʦʪ 0,5 % (ʜʣʷ ʣʦʚʫʰʝʯʥʳʭ 

ʥʝʬʪʝʡ) ʜʦ 1,5 % (ʜʣʷ ʘʤʙʘʨʥʳʭ ʥʝʬʪʝʡ) [54]. ɼʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʪʘʢʠʭ ʅʉʆ ʚ 

ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʦʯʠʩʪʢʘ ʦʪ ʧʨʠʤʝʩʝʡ ʠ 

ʦʙʝʟʚʦʞʠʚʘʥʠʝ). ʉʨʝʜʥʠʡ ʩʣʦʡ ʅʉʆ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʤʝʩʴ ʚʦʜʳ ʩ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʵʤʫʣʴʩʠʝʡ ʩʣʦʞʥʦʛʦ ʪʠʧʘ (çʧʨʷʤʘʷè ʠ çʦʙʨʘʪʥʘʷè) ʩ ʤʘʩʩʦʚʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ 70ï95 % ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ 1,5ï15,0%, ʧʨʠʯʸʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʧʦ ʦʙʲʝʤʫ ʭʨʘʥʠʣʠʱʘ ʷʚʣʷʝʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ. ʅʠʞʥʠʡ (ʧʨʠʜʦʥʥʳʡ) ʩʣʦʡ ʅʉʆ ʩʦʩʪʦʠʪ ʠʟ 75% ʚʣʘʞʥʦʡ ʪʚʝʨʜʦʡ 

ʬʘʟʳ, ʚʢʣʶʯʘʶʱʝʡ ʥʝʬʪʝʧʨʦʜʫʢʪʳ (ʜʦ 5ï10 %) ʠ ʚʦʜʫ (ʜʦ 25 %) [54]. ʉʦʜʝʨʞʘʥʠʝ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʣʦʷʭ ʦʪʭʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʠʤʝʩʝʡ ʨʘʩʪʝʪ ʩ ʛʣʫʙʠʥʦʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʣʦʷ, ʧʨʠ ʵʪʦʤ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ 

ʩʦʩʨʝʜʦʪʘʯʠʚʘʶʪʩʷ ʪʷʞʸʣʳʝ ʬʨʘʢʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʥʝʬʪʠ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʤʦʣʳ, ʘʩʬʘʣʴʪʝʥʳ ʠ ʯʘʩʪʠʮʳ ʪʚʸʨʜʦʡ 

ʤʠʥʝʨʘʣʴʥʦʡ ʬʘʟʳ. ʉʤʦʣʳ ʠ ʘʩʬʘʣʴʪʝʥʳ ʚ ʩʦʩʪʘʚʝ ʥʝʬʪʠ ʦʧʨʝʜʝʣʷʶʪ ʚʦ ʤʥʦʛʦʤ ʝʸ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ [55; 56]. ʇʦʵʪʦʤʫ ʰʠʨʦʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪʭʦʜʘ ʚ ʭʨʘʥʠʣʠʱʘʭ ʠ ʥʘʢʦʧʠʪʝʣʷʭ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʣʦʞʥʠʪʴ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ. 

ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ ʩ 2018 ʧʦ 2023 ʛʦʜ ʚ ʩʝʢʪʦʨʘʭ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠ ̫ʫʩʣʫʛ ʚ ʵʪʦʡ ʩʬʝʨʝ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʤʘʩʩʘ ʦʙʨʘʟʦʚʘʥʥʳʭ ʅʉʆ 

ʩʦʩʪʘʚʠʣʘ 14,4 ʤʣʥ ʪʦʥʥ (ʨʠʩʫʥʦʢ 1.5), ʠʟ ʢʦʪʦʨʳʭ ʫʪʠʣʠʟʘʮʠʠ ʧʦʜʚʝʨʛʣʠʩʴ ʪʦʣʴʢʦ 

4,17 ʤʣʥ ʪʦʥʥ (31,68%) (ʨʠʩʫʥʦʢ 1.6), ʘ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʨʘʟʤʝʱʝʥʘ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʭʨʘʥʠʣʠʱʘʭ, ʧʦʜʣʝʞʠʪ ʟʘʭʦʨʦʥʝʥʠʶ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ 
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ʧʦʣʠʛʦʥʘʭ [42]. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʧʦʣʠʛʦʥʦʚ ʫʞʝ ʧʨʝʚʳʩʠʣʦ 20 ʪʳʩʷʯ ʰʪʫʢ, 

ʠ ʦʙʱʘʷ ʠʭ ʧʣʦʱʘʜʴ ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 400 ʪʳʩʷʯ ʛʘ [48]. 

ʆʩʥʦʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʫʪʠʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʞʠʛʘʥʠʝ [41], ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʚʨʝʜʥʳʡ 

ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʵʬʬʝʢʪ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

 

ʈʠʩʫʥʦʢ 1.5 - ʆʙʨʘʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʦʪʜʝʣʴʥʳʭ 

ʩʝʢʪʦʨʘʭ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʟʘ ʧʝʨʠʦʜ 2018ï2023 ʛʛ. 

 

ɸʥʘʣʠʟ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ ʦʙʨʘʱʝʥʠʷ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʅʉʆ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʜʦʣʶ ʧʝʨʝʨʘʙʦʪʢʠ ʤʦʞʥʦ ʜʦʚʝʩʪʠ ʜʦ 90% [45; 57]. ʅʝʜʦʩʪʘʪʦʢ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʦʪʩʫʪʩʪʚʠʝ ʮʝʣʝʚʦʛʦ 

ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʙʣʝʤʘʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʙʨʘʱʝʥʠʷ ʩ 

ʅʉʆ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʪʭʦʜʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.  
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ʈʠʩʫʥʦʢ 1.6 - ɼʦʣʷ ʫʪʠʣʠʟʠʨʫʝʤʳʭ ʠ ʦʙʝʟʚʨʝʞʠʚʘʝʤʳʭ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʦʪʜʝʣʴʥʳʭ ʩʝʢʪʦʨʘʭ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʟʘ ʧʝʨʠʦʜ 

2018ï2023 ʛʛ. 

 

ɺ ʫʩʣʦʚʠʷʭ ʫʩʠʣʠʚʘʶʱʝʡʩʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʨʘʟʚʠʪʠʝ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʥʜʝʥʮʠʷʤ, 

ʪʨʝʙʫʶʱʠʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʚʦʚʣʝʯʝʥʠʶ ʅʉʆ ʚ 

ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʝʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʠʡ 

(ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ) ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʅʉʆ. ʂʘʞʜʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʨʝʘʣʠʟʫʝʪ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ.  

ɸʥʘʣʠʟ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʧʦʩʦʙʦʚ ʫʪʠʣʠʟʘʮʠʠ ʅʉʆ, ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [58], ʧʦʟʚʦʣʠʣ 

ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʥʝʬʪʝʰʣʘʤʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʧʨʦʜʫʢʪʳ 

ʫʪʠʣʠʟʘʮʠʠ. 
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ʊʝʨʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʅʉʆ ʨʘʩʩʤʦʪʨʝʥ ʚ [59], ʛʜʝ ʧʨʦʚʝʜʝʥ 

ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʦʪʭʦʜʦʚ ʠ ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʚ ʚʠʜʝ ʟʦʣʳ, ʧʨʝʜʣʦʞʝʥʳ ʤʝʨʳ ʧʦ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʫʣʫʯʰʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ. ɺ [60] ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʝʰʣʘʤʦʚ (ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʅʉʆ) ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ 

ʩʞʠʛʘʥʠʷ ʚ ʫʩʪʘʥʦʚʢʝ ʋʋʅ-0,8, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʯʴ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʟʘʤʘʟʫʯʝʥʳʭ ʛʨʫʥʪʦʚ, ʅʉʆ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʘʭ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʥʝʬʪʝʰʣʘʤʦʚ, ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘʩʝʣ 

ʠ ʜʨ. ʄʦʜʠʬʠʢʘʮʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʝʰʣʘʤʦʚ ʧʨʝʜʣʦʞʝʥʘ ʚ 

ʨʘʙʦʪʝ [61]. ʈʘʩʩʤʦʪʨʝʥʘ ʩʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ, ʫʪʠʣʠʟʘʮʠʠ ʠ ʚʦʚʣʝʯʝʥʠʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʬʪʝʰʣʘʤʦʚ. ʀʟʣʦʞʝʥʳ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʢʦʤʙʠʥʘʮʠʠ ʤʝʪʦʜʦʚ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʰʣʘʤʦʚ ʠ 

ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʚʦʜʥʝʥʥʳʭ ʪʦʧʣʠʚ ʜʣʷ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʷ 

ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ ʥʝʬʪʷʥʳʭ ʦʪʭʦʜʦʚ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʦʪʳ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʭ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʢʦʪʝʣʴʥʳʭ. ʂʦʥʝʯʥʳʡ 

ʦʙʝʟʚʦʞʝʥʥʳʡ ʧʨʦʜʫʢʪ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʩʘʜʦʢ ʢ ʢʦʪʝʣʴʥʦʤʫ 

ʪʦʧʣʠʚʫ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ 

ʛʦʨʝʥʠʷ. ɺ [62] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʤʝʪʦʜʦʤ ʫʪʠʣʠʟʘʮʠʠ ʅʉʆ ʷʚʣʷʝʪʩʷ ʩʞʠʛʘʥʠʝ. ʋʩʪʨʦʡʩʪʚʘ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʢʪʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʪʦʧʣʠʚʥʳʭ ʵʤʫʣʴʩʠʡ. ʇʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʦʟʜʘʥʠʷ 

ʪʦʧʣʠʚʥʳʭ ʵʤʫʣʴʩʠʡ ʚ ʫʩʣʦʚʠʷʭ ʤʘʟʫʪʥʳʭ ʢʦʪʝʣʴʥʳʭ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʚʦʜʳ, ʟʘʛʨʷʟʥʝʥʥʦʡ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ. 

ɺ ʨʘʙʦʪʝ [63] ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʫʪʠʣʠʟʘʮʠʠ ʦʙʝʟʚʦʞʝʥʥʦʛʦ 

ʥʝʬʪʝʰʣʘʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʪʝʨʤʦʣʠʟʘ. ʅʘʛʨʝʚ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʩʳʨʴʷ ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 550 ʉ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʥʘʛʨʝʚʘ ʧʦ ʫʯʘʩʪʢʘʤ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʣʘʚʣʠʚʘʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ (ʛʘʟʘ, ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ, ʚʦʜʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ, 

ʪʚʝʨʜʦʛʦ ʦʩʪʘʪʢʘ). 
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ɺ ʨʘʙʦʪʝ [64] ʧʝʨʝʨʘʙʦʪʢʫ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʤʘʣʦʛʘʙʘʨʠʪʥʦʡ ʫʩʪʘʥʦʚʢʝ ʋʇʇʅ-1.6-2.5-ʋ1 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 2,4 ʪ/ʩʫʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʠʨʦʣʠʟʘ ʥʘ 

ʪʨʝʭ ʫʩʪʘʥʦʚʢʘʭ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʝʞʝʛʦʜʥʦ 355 ʪ ʙʝʥʟʠʥʦʚʦʡ ʬʨʘʢʮʠʠ, 544 ʪ 

ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ ʠ 415 ʪ ʢʦʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ 

ʩʦʩʪʘʚʣʷʝʪ 800 ʢʛ ʥʘ ʦʜʥʫ ʟʘʛʨʫʟʢʫ, ʧʨʠ ʵʪʦʤ ʚʳʭʦʜ ʙʝʥʟʠʥʦʚʦʡ ʬʨʘʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 

13,7%, ʘ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ - 21%. ɹʣʘʛʦʜʘʨʷ ʤʦʱʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ, ʨʘʚʥʦʡ 13 ʢɺʪ, 

ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʠ ʚʝʪʨʷʥʳʭ ʧʦʜʩʪʘʥʮʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʋʢʘʟʘʥʦ, ʯʪʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʪʠʣʠʟʘʮʠʠ 

ʥʝʬʪʝʰʣʘʤʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʝʨʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ 

ʨʝʩʫʨʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʩʥʠʟʠʪʴ ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ, ʩʦʢʨʘʪʠʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʪʦʧʣʠʚʦ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʄʝʪʦʜ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʠʨʦʣʠʟʘ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʦʪʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʪʦʧʣʠʚ ʜʣʷ ʧʝʯʝʡ ʠ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ [65]. ʌʨʘʢʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʩʬʘʣʴʪʦ-ʩʤʦʣʠʩʪʳʭ ʚʝʱʝʩʪʚ, ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʦʨʦʞʥʳʭ ʙʠʪʫʤʦʚ. ʇʦʩʢʦʣʴʢʫ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ 

ʥʝʬʪʝʰʣʘʤʦʚ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʦʙʲʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʥʝʬʪʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʢʣʶʯʘʪʴ ʫʪʠʣʠʟʠʨʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ ʚ ʩʭʝʤʫ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ. 

ɺ ʨʘʙʦʪʘʭ [66; 67] ʚ ʮʝʣʷʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʫʪʠʣʠʟʘʮʠʠ 

ʥʝʬʪʝʰʣʘʤʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ 

ʛʘʟʦʡʣʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʞʠʜʢʠʭ ʥʝʬʪʝʰʣʘʤʦʚ ʚ ʪʦʢʝ 

ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʠ ʦʮʝʥʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ ʛʘʟʦʡʣʷ ʥʝʬʪʝʰʣʘʤʘ ʚ ʩʳʨʴʝ ʧʨʦʮʝʩʩʘ 

ʛʠʜʨʦʦʯʠʩʪʢʠ ʜʠʟʝʣʴʥʳʭ ʬʨʘʢʮʠʡ. 

ɺ ʮʝʣʷʭ ʩʦʟʜʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʘʣʦʦʪʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʝʰʣʘʤʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʧʫʪʸʤ 

ʚʘʢʫʫʤʥʦʡ ʧʝʨʝʛʦʥʢʠ ʠ ʦʢʠʩʣʝʥʠʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʦʢʠʩʣʝʥʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, 

ʙʣʠʟʢʦʛʦ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢ ʩʪʘʥʜʘʨʪʥʦʤʫ ʜʦʨʦʞʥʦʤʫ ʙʠʪʫʤʫ [68]. ɺ ʨʘʙʦʪʝ [69] 

ʦʧʠʩʘʥ ʵʢʩʧʝʨʠʤʝʥʪ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʫʙʦʚʳʭ 
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ʦʩʪʘʪʢʦʚ ʚʳʜʝʣʝʥʠʷ ʜʠʟʝʣʴʥʳʭ ʬʨʘʢʮʠʡ ʥʝʬʪʝʰʣʘʤʦʚ ʚ ʩʦʩʪʘʚʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʝʨʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʠʟʚʝʨʞʝʥʥʳʭ ʠ ʦʩʘʜʦʯʥʳʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʳ ʥʘ ʦʩʥʦʚʝ ʱʝʙʸʥʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʦʩʘʜʦʯʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʣʫʯʰʠʤ ʩʮʝʧʣʝʥʠʝʤ ʘʩʬʘʣʴʪʦʚʦʛʦ 

ʚʷʞʫʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ ʥʠʤʠ. 

ɺ ʨʘʙʦʪʝ [70] ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʝʰʣʘʤʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʨʝʘʛʝʥʪʥʦʛʦ ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʦʪʭʦʜʘ 

ʩ ʨʝʘʛʝʥʪʦʤ ï ʥʝʛʘʰʝʥʦʡ ʠʟʚʝʩʪʴʶ ï ʠ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ ʚ ʩʤʝʩʠʪʝʣʝ ʠʣʠ ʩʤʝʩʠʪʝʣʝ-

ʛʨʘʥʫʣʷʪʦʨʝ. ʇʦʩʣʝ ʚʳʟʨʝʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʠ ʙʦʣʝʝ ʦʙʨʘʟʫʶʱʠʝʩʷ ʛʨʘʥʫʣʳ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʠ ʩʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʢʘʧʩʫʣʝ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ) ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʩʥʠʞʘʝʪʩʷ ʚ ʩʦʪʥʠ ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʰʣʘʤʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʰʣʘʤ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʳʧʫʯʠʡ ʤʘʪʝʨʠʘʣ, ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ ʢʦʪʦʨʦʛʦ ʧʦʢʨʳʪʘ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʦʨʢʦʡ (ʦʙʦʣʦʯʢʦʡ) ʠʟ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ. ʇʨʠʚʝʜʝʥʳ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʩʳʧʢʠ ʧʦʜ 

ʨʝʟʝʨʚʫʘʨʳ ʪʠʧʘ ʈɺʉ ʢʘʧʩʫʣʠʨʦʚʘʥʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʠ ʥʝʬʪʝʧʘʨʘʬʠʥʦʚʳʭ ʦʩʘʜʢʦʚ ʚ ʆɸʆ çʉʝʚʝʨʥʳʝ ʤʘʛʠʩʪʨʘʣʴʥʳʝ 

ʥʝʬʪʝʧʨʦʚʦʜʳè ʚ ʛ. ʋʭʪʘ. ʋʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʢʘʨʙʦʥʘʪʥʳʭ ʦʙʦʣʦʯʝʢ ʨʘʩʪʝʪ ʩʦ 

ʚʨʝʤʝʥʝʤ, ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, 

ʪʦʢʩʠʯʥʦʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ 

ʨʝʘʛʝʥʪʥʦʛʦ ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʠ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ [71]. ɺ ʨʘʙʦʪʝ [72] ʪʘʢʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʩʦʙ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʤʝʪʦʜʝ ʨʝʘʛʝʥʪʥʦʛʦ ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ 

ʧʦ ʧʦʜʙʦʨʫ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʠ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʨʘʟʣʠʚ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʧʨʠ ʘʚʘʨʠʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ 

ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ 
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ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. ɺ ʨʘʙʦʪʝ [73] ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʥʝʬʪʷʥʦʛʦ 

ʰʣʘʤʘ ʅʇɿ, ʦʧʨʝʜʝʣʝʥ ʠʭ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʝʨʳ, 

ʨʘʩʩʯʠʪʘʥ III ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ ʦʪʭʦʜʘ. ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʚ 

ʩʦʩʪʘʚʝ ʦʙʝʟʚʨʝʞʠʚʘʶʱʝʡ ʢʦʤʧʦʟʠʮʠʠ ʩʦʜʝʨʞʠʪʩʷ ʦʢʩʠʜ ʢʘʣʴʮʠʷ, ʤʦʜʠʬʠʢʘʪʦʨ ʠ 

ʫʛʣʝʨʦʜʥʳʡ ʩʦʨʙʝʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʠʨʦʣʠʟʦʤ ʠʟʥʦʰʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ. 

ʆʧʨʝʜʝʣʝʥ IV ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ ʧʨʦʜʫʢʪʘ ʫʪʠʣʠʟʘʮʠʠ, ʠ ʦʙʦʩʥʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʝʛʦ 

ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ. ɺ ʨʘʙʦʪʝ [74] ʧʨʝʜʣʦʞʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ 

ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʦʪʭʦʜʦʚ III ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ ʤʝʪʦʜʦʤ ʨʝʘʛʝʥʪʥʦʛʦ ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ 

ʠ ʫʪʠʣʠʟʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ï ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ 

ʜʦʙʘʚʦʢ, ʪ.ʝ. ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ 

ʢʨʝʤʥʝʟʝʤʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʦʙʝʟʚʨʝʞʠʚʘʶʱʝʡ ʢʦʤʧʦʟʠʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥ 

ʦʪʨʘʙʦʪʘʥʥʳʡ ʩʦʨʙʝʥʪ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʩʪʦʯʥʳʭ ʚʦʜ ʆɼʄ-2ʌ, 

80ï85% ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. ʈʦʣʴ ʢʨʝʤʥʝʟʝʤʩʦʜʝʨʞʘʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩ ʦʢʩʠʜʦʤ ʠ 

ʛʠʜʨʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʩʠʣʠʢʘʪʦʚ ʢʘʣʴʮʠʷ, ʩʥʠʞʘʶʱʠʭ 

ʵʤʠʩʩʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟ ʧʨʦʜʫʢʪʘ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ. ɺ [75] ʫʩʪʘʥʦʚʣʝʥʘ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪʴ ʥʝʬʪʝʰʣʘʤʦʚ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʩʦʨʙʝʥʪʘ ʆɼʄ-2ʌ ʩ ʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʮʝʧʪʫʨʳ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʨʝʘʛʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʦʩʥʦʚʝ 

ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʜʫʢʪʘ ʫʪʠʣʠʟʘʮʠʠ 

ʤʝʪʦʜʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʝʰʣʘʤʦʚ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʤ ʩʝʢʪʦʨʝ ʈʦʩʩʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʅʉʆ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʘʙʦʪʝ [76]. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʆʆʆ çɻʘʟʧʨʦʤ ɺʅʀʀɻɸɿè ʧʦ ʧʦʜʙʦʨʫ 

ʧʨʝʧʘʨʘʪʘ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʧʝʨʝʨʘʙʦʪʢʠ 
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ʥʝʬʪʝʰʣʘʤʦʚ ʩʣʦʞʥʳʭ ʩʦʩʪʘʚʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʦʙʨʘʟʫʝʪʩʷ 

ʩʫʭʦʡ ʛʠʜʨʦʬʦʙʥʳʡ ʧʦʨʦʰʦʢ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʯʘʩʪʠʮʳ ʥʝʬʪʝʰʣʘʤʘ, 

ʟʘʢʣʶʯʝʥʥʳʝ ʚ ʠʟʚʝʩʪʢʦʚʳʝ ʢʘʧʩʫʣʳ. ʇʨʦʜʫʢʪ ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʝʰʣʘʤʘ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʜʦʙʨʘʥ ʨʘʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. ʇʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ 

ʫʪʠʣʠʟʘʮʠʠ ʥʘ ʜʝʡʩʪʚʫʶʱʝʡ ʫʩʪʘʥʦʚʢʝ ʆʨʝʥʙʫʨʛʩʢʦʛʦ ɻʇɿ. 

ʄʝʪʦʜʠʢʘ ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʝʰʣʘʤʦʚ ʭʠʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʥʘ ʦʩʥʦʚʝ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘʩʩ ï ʦʪʭʦʜʦʚ ʩʪʘʜʠʠ ʚʠʥʪʝʨʠʟʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ [77]. ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘʩʩ ʚ ʩʦʩʪʘʚʝ 

ʦʙʝʟʚʨʝʞʠʚʘʶʱʝʡ ʢʦʤʧʦʟʠʮʠʠ ʜʣʷ ʧʨʠʜʘʥʠʷ ʧʨʦʜʫʢʪʫ ʫʪʠʣʠʟʘʮʠʠ ʢʘʢ 

ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ ʟʘ ʩʯʝʪ ʚʦʩʢʦʚʳʭ ʚʝʱʝʩʪʚ, ʪʘʢ ʠ ʤʘʣʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʨʅ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʣʠʢʘʪʘ ʢʘʣʴʮʠʷ ʚ 

ʨʝʘʢʮʠʠ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʜʠʘʪʦʤʠʪʘ ʩ ʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ. ʉʦʚʤʝʩʪʥʦʝ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʥʝʬʪʝʰʣʘʤʘ ʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘʩʩ, ʚʳʧʦʣʥʷʶʱʠʭ ʨʦʣʴ ʠ 

ʤʦʜʠʬʠʢʘʪʦʨʘ, ʠ ʨʝʘʛʝʥʪʘ ʩ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʤʠʛʨʘʮʠʝʡ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɺ ʨʘʙʦʪʘʭ [78; 79] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʩʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ 

ʢʠʩʣʳʭ ʛʫʜʨʦʥʦʚ ʠ ʥʝʬʪʝʰʣʘʤʦʚ ʚ ʈʦʩʩʠʠ ʠ ʧʨʝʜʣʦʞʝʥʳ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʚʘʨʠʘʥʪʳ 

ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʛʠʜʨʦʬʦʙʥʦʡ ʜʦʙʘʚʢʠ ʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥ, ʢʦʪʝʣʴʥʦʛʦ ʠ 

ʚʦʜʦʵʤʫʣʴʩʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ, ʩʚʷʟʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʳʪʦʚʦʛʦ 

ʪʚʸʨʜʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʫʛʣʷ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʠʪʫʤʦʚ, ʘ ʪʘʢʞʝ ʞʠʜʢʠʭ, 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʪʚʸʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʠʭ ʪʝʨʤʦʢʨʝʢʠʥʛʘ ʚ ʩʤʝʩʷʭ ʩ ʛʦʨʶʯʠʤʠ 

ʩʣʘʥʮʘʤʠ.  

ɺ ʨʘʙʦʪʝ [76] ʫʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʨʝʘʛʝʥʪʥʦʛʦ 

ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʩʠʜʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʨʘʥʝʝ ʚ ʨʘʙʦʪʘʭ [70; 72] ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʡ ʧʦʨʦʰʦʢ, ʢʦʪʦʨʳʡ ʠʟ-ʟʘ ʩʚʦʝʡ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʤʝʝʪ ʨʷʜ 

ʥʝʜʦʩʪʘʪʢʦʚ: ʧʳʣʠʪ, ʪʨʫʜʥʦ ʜʦʟʠʨʫʝʪʩʷ, ʦʙʣʘʜʘʝʪ ʧʣʦʭʦʡ ʩʳʧʫʯʝʩʪʴʶ ʠ, ʢʘʢ 
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ʩʣʝʜʩʪʚʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʥʝʫʜʦʙʝʥ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʧʨʝʜʣʦʞʝʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʛʨʘʥʫʣʳ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʟʤʝʨʘ; ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʡ 

ʛʠʜʨʦʬʦʙʥʦʡ ʜʦʙʘʚʢʠ (ɻɻɼ) ʠ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ɻɻɼ ʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥ. 

ɺ ʨʘʙʦʪʝ [80] c ʮʝʣʴʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ 

ʧʨʝʜʣʦʞʝʥʘ ʦʙʨʘʙʦʪʢʘ ʥʝʬʪʝʰʣʘʤʦʚ ʚ ʮʝʥʪʨʦʙʝʞʥʦʤ ʧʦʣʝ ʩ ʭʠʤʠʯʝʩʢʠʤ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʥʝʬʪʝʰʣʘʤʦʚ. ɺ ʨʘʙʦʪʝ [81] 

ʦʪʤʝʯʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʦʙʨʘʙʦʪʢʠ ʦʩʘʜʢʦʚ ʅʉʆ ʠ ʠʭ ʫʪʠʣʠʟʘʮʠʠ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʦʙʨʘʙʦʪʢʠ ʰʣʘʤʦʚ ʠ ʜʨʫʛʠʭ ʦʪʭʦʜʦʚ ʧʫʪʝʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʢʘʢ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʪʘʢ ʠ ʙʝʟ ʥʝʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʙʨʘʙʦʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʨʝʘʛʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʝʥʪʨʠʬʫʛ ʥʘ ʩʪʘʜʠʠ ʦʙʨʘʙʦʪʢʠ 

ʫʢʘʟʘʥʥʳʭ ʦʪʭʦʜʦʚ ʫʜʘʝʪʩʷ ʜʦʩʪʠʛʥʫʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʨʘʟʜʝʣʝʥʠʷ ʥʘ 

ʞʠʜʢʫʶ ʠ ʪʚʝʨʜʫʶ ʬʘʟʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʮʝʣʷʤʠ. 

ɺʦʧʨʦʩ ʨʘʟʨʫʰʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʵʤʫʣʴʩʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʘʙʦʪʝ [82]. ɺ ʦʙʟʦʨʝ ʦʙʩʫʞʜʘʝʪʩʷ 

ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʚʣʠʷʥʠʶ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʚʦʜʦʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʵʤʫʣʴʩʠʡ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ʉɺʏ- ʠ ɺʏ-ʠʟʣʫʯʝʥʠʡ ʥʘ ʵʤʫʣʴʩʠʠ, 

ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʙʦʪ ʧʦ ʨʘʟʨʫʰʝʥʠʶ ʥʝʬʪʝʰʣʘʤʦʚ ʩ ʧʦʤʦʱʴʶ ɺʏ-ʫʩʪʨʦʡʩʪʚ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʨʫʰʝʥʠʷ ʚʦʜʦʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʵʤʫʣʴʩʠʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʉɺʏ- ʠ ɺʏ-ʠʟʣʫʯʝʥʠʡ, ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʧʦʢʘʟʘʣ ʚʣʠʷʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʚʦʜʦʥʝʬʪʷʥʳʭ ʵʤʫʣʴʩʠʡ. ʆʪʤʝʯʝʥ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʩʦʚʤʝʩʪʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʜʝʵʤʫʣʴʛʘʪʦʨʘ ʥʘ ʨʘʟʨʫʰʝʥʠʝ 
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ʦʙʨʘʪʥʳʭ ʥʝʬʪʷʥʳʭ ʵʤʫʣʴʩʠʡ. ʇʨʠʚʦʜʠʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʨʝʟʦʥʘʥʩʥʦʡ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʤʠʮʝʣʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ [83] ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʥʝʬʪʝʰʣʘʤʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʝʟʚʦʞʠʚʘʥʠʷ 

ʚʦʜʦʥʝʬʪʷʥʦʡ ʵʤʫʣʴʩʠʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ ʧʦʣʷʨʠʟʘʮʠʠ ʢʘʧʝʣʝʢ ʚʦʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʠʭ ʚʟʘʠʤʥʦʤʫ 

ʧʨʠʪʷʞʝʥʠʶ. ʇʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʥʝʬʪʝʰʣʘʤʦʚ, 

ʧʦʟʚʦʣʷʶʱʝʝ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʝʵʤʫʣʴʩʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʬʬʝʢʪ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʜʷʥʳʭ ʢʘʧʝʣʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʣʫʯʝʥʠʷ 

ʩʣʫʞʠʪ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʠʭ ʩʣʠʷʥʠʶ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï ʜʝʵʤʫʣʴʩʘʮʠʠ. 

ɺ ʨʘʙʦʪʝ [84] ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʝʰʣʘʤʦʚ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʰʣʘʤʘ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʫʩʪʘʥʦʚʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ Alfa Laval Oil Field, Ltd. ɼʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʫʜʘʣʝʥʠʷ ʢʨʫʧʥʳʭ ʠ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʚ ʫʩʪʘʥʦʚʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʠʣʴʪʨʘʮʠʷ 

ʥʝʬʪʝʰʣʘʤʘ ʠ ʝʛʦ ʩʝʧʘʨʘʮʠʷ ʚ ʜʚʫʭʬʘʟʥʦʡ ʜʝʢʘʥʪʝʨʥʦʡ ʮʝʥʪʨʠʬʫʛʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʤʦʞʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʚʩʝ ʚʠʜʳ 

ʥʝʬʪʝʰʣʘʤʦʚ ʚ ʮʝʥʥʳʝ ʪʦʚʘʨʥʳʝ ʧʨʦʜʫʢʪʳ. 

ɺ ʨʘʙʦʪʝ [85] ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʝʰʣʘʤʦʚ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʥʦʩʪʴʶ ʦʙʝʟʚʨʝʞʠʚʘʪʴ ʦʪʭʦʜʳ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ, ʥʦ ʦʙʣʘʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʢʦʥʢʨʝʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: ʪʝʤʧʝʨʘʪʫʨʦʡ, ʢʠʩʣʦʪʥʦʩʪʴʶ, ʪʦʣʱʠʥʦʡ 

ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʠʷ, ʘʵʨʦʙʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʝʰʣʘʤʦʚ (ʙʠʦʜʝʩʪʨʫʢʮʠʠ), ʢʦʪʦʨʳʡ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʝʥ ʧʨʠ 

ʦʯʠʩʪʢʝ ʧʦʯʚ ʦʪ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʠʡ, ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʷʜ ʧʨʝʧʘʨʘʪʦʚ-

ʙʠʦʜʝʩʪʨʫʢʪʦʨʦʚ (çʇɽʊʈʆ ʊʈʀʊè, çDECONTè, çɼʝʚʦʨʦʡʣè, çʋʥʠʚʝʨʩʘʣè, 

çʇʫʪʠʜʦʡʣè ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʝ ʢʦʤʧʦʟʠʮʠʠ çɹɸʂè). ɼʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 
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ʧʨʦʮʝʩʩʘ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʥʝʬʪʝʰʣʘʤʦʚ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʦʚʝʜʝʥʠʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʥʝʬʪʝʰʣʘʤʦʚ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ 

ʪʨʠʢʘʥʪʝʨʘʭ. 

ɼʣʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʅʉʆ ʚ ʨʘʙʦʪʝ [86] ʧʨʝʜʣʦʞʝʥ ʩʦʩʪʘʚ ʤʦʶʱʝʡ ʢʦʤʧʦʟʠʮʠʠ 

ʥʘ ʦʩʥʦʚʝ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʱʝʣʦʯʥʦʡ ʙʫʬʝʨʥʦʡ 

ʩʠʩʪʝʤʳ. ʉʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʆʪʤʳʪʳʝ 

ʥʝʬʪʝʰʣʘʤʳ ʠ ʛʨʫʥʪʳ ʥʝ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʝʨʝʨʘʙʦʪʘʥʳ ʚ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʜʩʳʧʢʠ 

ʢʫʩʪʦʚʳʭ ʧʣʦʱʘʜʦʢ ʠ ʜʦʨʦʛ. ɿʘʛʨʷʟʥʝʥʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʦʩʣʝ ʦʪʤʳʚʘ 

ʥʝʬʪʝʰʣʘʤʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʝ ʢʦʤʤʝʨʯʝʩʢʠʤ 

ʙʠʦʧʨʝʧʘʨʘʪʦʤ. ɹʠʦʜʝʩʪʨʫʢʮʠʷ ʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʦʪʨʘʙʦʪʘʥʥʦʤ 

ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 90%. ʇʦʩʣʝ ʙʠʦʜʝʩʪʨʫʢʮʠʠ, ʚʦʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʨʝʮʠʢʣʠʥʛʝ ʜʣʷ ʦʪʤʳʚʘ ʥʦʚʦʡ ʧʦʨʮʠʠ ʥʝʬʪʝʰʣʘʤʘ ʠ ʜʨʫʛʠʭ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʫʞʜ. 

ɺ ʦʙʟʦʨʥʳʭ ʨʘʙʦʪʘʭ [87ï91] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ, ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʪʠʣʠʟʘʮʠʠ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʦʪʭʦʜʦʚ. ʕʪʠ 

ʨʘʙʦʪʳ ʦʙʲʝʜʠʥʷʝʪ çʫʟʢʠʡè ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʭ ʢʣʶʯʝʚʳʭ ʧʨʠʟʥʘʢʦʚ ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʦʪʭʦʜʦʚ, 

ʠʛʥʦʨʠʨʫʶʱʠʡ ʤʥʦʛʦʬʘʢʪʦʨʥʦʩʪʴ ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʩ ʫʯʸʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʨʝʩʫʨʩʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʳʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. 

ʇʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʝʪʦʜʳ ʫʪʠʣʠʟʘʮʠʠ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʅʉʆ 

ʠʤʝʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʬʪʷʥʳʭ 

ʦʪʭʦʜʦʚ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ [92ï95]. ɺ [93] ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ 

ʧʨʦʙʣʝʤʳ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʩʬʝʨʝ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʠʭ ʢʦʤʧʣʝʢʩʥʦʡ ʫʪʠʣʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪʩʷ ɸʚʪʦʥʦʤʥʦʡ 

ʥʝʢʦʤʤʝʨʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ "ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʮʝʥʪʨ ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ 

ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʬʪʝʰʣʘʤʦʚ" (ɸʅʆ "ʄʎ ʈʇʇʅʐ"). ɺ ʨʘʙʦʪʝ [94] 
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ʧʨʝʜʣʦʞʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʩ ʫʯʝʪʦʤ ʧʨʠʥʮʠʧʦʚ ʅɼʊ 

(ʥʘʠʣʫʯʰʠʭ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ). ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ ʧʦ 

ʅɼʊ ʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ɽʉ, ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʅɼʊ ʠ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ ʤʝʨ 

ʧʦ ʧʝʨʝʭʦʜʫ ʥʘ ʧʨʠʥʮʠʧʳ ʅɼʊ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ 

ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʥʘʠʣʫʯʰʠʤʠ ʩ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ ʜʦʩʪʫʧʥʳʤʠ - ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ. ɺʳʷʚʣʝʥʳ 

ʧʦʢʘʟʘʪʝʣʠ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʠ 

ʧʨʠʛʦʜʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ɺ [95] ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ, ʩʧʦʩʦʙʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʫʪʠʣʠʟʘʮʠʠ 

ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʝʰʣʘʤʦʚ ʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʥʝʬʪʝʰʣʘʤʦʚ ʨʝʟʝʨʚʫʘʨʥʦʛʦ ʪʠʧʘ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʚʦʜʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʠ 

ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʮʠʢʣʠʥʛ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ 

ʙʝʟʦʪʭʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʝʩʴ ʩʧʝʢʪʨ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʦʙʳʯʥʦ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʧʦ ʜʚʫʤ 

ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ: ʫʪʠʣʠʟʘʮʠʠ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʶ 

[49; 73; 96ï98]. ʊʘʢʠʝ ʩʧʦʩʦʙʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʬʫʥʢʮʠʠ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦ ʦʯʠʩʪʢʝ ʞʠʜʢʠʭ ʅʉʆ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʬʠʣʴʪʨʘʮʠʠ, ʬʣʦʪʘʮʠʠ, 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠ ̫ʠ ʜʨ.) ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ, ʧʦ ʩʫʪʠ, ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʳʨʴʷ ʥʘ ʦʩʥʦʚʝ 

ʥʝʬʪʷʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [99; 100]. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ɻ ʬʬʝʢʪʫ ʦʪ ʠʭ ʧʨʠʤʝʥʝʥʠʷ [100]. ʇʦʵʪʦʤʫ ʤʦʞʥʦ 

ʧʨʝʜʣʦʞʠʪʴ ʥʦʚʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʯʝʪʳʨʝ ʢʘʪʝʛʦʨʠʠ: ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ, ʫʪʠʣʠʟʘʮʠʦʥʥʳʝ, 
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ʦʙʝʟʚʨʝʞʠʚʘʶʱʠʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ (ʨʠʩʫʥʦʢ 1.7). ʂ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ 

ʤʝʪʦʜʘʤ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʦʪʥʦʩʷʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʦʙʲʝʤʘ [101]. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʫʪʠʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʟʚʣʝʯʝʥʠʝ ʥʝʬʪʷʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʅʉʆ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʬʪʠ [102; 103]. ʍʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʅʉʆ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʝʬʪʠ [104], ʘ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʛʨʫʥʪʘ ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʷʪ ʝʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ [105]. ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ 

ʩʦʯʝʪʘʝʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʪʠʣʠʟʘʮʠʠ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ. ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1.7 ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʠʭ ʛʨʫʧʧʠʨʦʚʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ, ʧʨʠʥʷʪʦʡ ʚ ʩʧʨʘʚʦʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʥʘʠʣʫʯʰʠʤ ʜʦʩʪʫʧʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ [106; 107], ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ 

ʦʩʥʦʚʥʳʝ ʩʠʩʪʝʤʥʳʝ ʧʨʦʙʣʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1.1. 
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ʈʠʩʫʥʦʢ 1.7 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ
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ʊʘʙʣʠʮʘ 1.1 ï ʉʠʩʪʝʤʥʳʝ ʧʨʦʙʣʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ 

ɻʨʫʧʧʘ ʤʝʪʦʜʦʚ ʄʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ 

ʌʠʟʠʯʝʩʢʠʝ 

ɺʦʟʜʝʡʩʪʚʠʝ ʩʠʣʦʚʳʭ ʧʦʣʝʡ 
(ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ(ʦʪʩʪʘʠʚʘʥʠʝ), 
ʮʝʥʪʨʦʙʝʞʥʦʝ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ, 
ʤʘʛʥʠʪʥʦʝ); 
ʬʠʣʴʪʨʘʮʠʷ; 
ʥʘʛʨʝʚ, 
ʚr ʧʘʨʠʚʘʥʠʝ, 
ʚʦʜʥʘʷ ʧʨʦʤʳʚʢʘ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʪʩʪʘʠʚʘʥʠʷ; 
ʦʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʦʚ; 
ʪʨʫʜʦʝʤʢʦʩʪʴ ʦʯʠʩʪʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 
ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ; 
ʚr ʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ; 
ʩʙʨʦʩʳ ʩʪʦʯʥʳʭ ʚʦʜ; 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʢ 
ʞʠʜʢʠʤ ʦʪʭʦʜʘʤ. 

ʍʠʤʠʯʝʩʢʠʝ 

ʆʢʠʩʣʝʥʠʝ; 
ʢɻʩʪʨʘʛʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ 
ʨʘʩʪʚʦʨʠʪʝʣʝʡ; 
ʦʪʚʝʨʞʜʝʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʜʦʙʘʚʦʢ. 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʨʝʘʛʝʥʪʦʚ; 
ʦʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʦʚ; 
ʩʙʨʦʩʳ ʩʪʦʯʥʳʭ ʚʦʜ; 
ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʢ ʞʠʜʢʠʤ 
ʦʪʭʦʜʘʤ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʌʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʝ 

ɸʜʩʦʨʙʮʠʷ; 
ʢʦʘʛʫʣʷʮʠʷ; 
ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ 
(ʠʦʥʦʦʙʤʝʥʥʘʷ ʦʯʠʩʪʢʘ); 
ʢɻʩʪʨʘʢʮʠʷ; 
ʢʘʧʩʫʣʠʨʦʚʘʥʠʝ; 
ʪʝʨʤʦʚʘʢʫʫʤʥʘʷ ʩʫʰʢʘ. 

ʉʣʦʞʥʦʩʪʴ ʫʪʠʣʠʟʘʮʠʠ ʘʜʩʦʨʙʝʥʪʘ; 
ʩʣʦʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ; 
ʦʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʦʚ; 
ʩʙʨʦʩʳ ʩʪʦʯʥʳʭ ʚʦʜ; 
ʩʣʦʞʥʦʩʪʴ ʧʦʜʙʦʨʘ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʉʞʠʛʘʥʠʝ, 
ʧʠʨʦʣʠʟ, 
ʛʘʟʠʬʠʢʘʮʠʷ, 
ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʧʣʘʟʤʝʥʥʳʭ 
ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ɺʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʦʜʫʢʪʦʚ 
ʩʛʦʨʘʥʠʷ; 
ʦʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʦʚ; 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʦʪʳ 
ʩʛʦʨʘʥʠʷ; 
ʬʠʟʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 
ʩʨʝʜʫ (ʰʫʤ, ʟʘʧʘʭʠ ʠ ʪ.ʜ.). 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ 

ɹʠʦʨʝʤʝʜʠʘʮʠʷ 
(ʦʙʨʘʙʦʪʢʘ ʘʢʪʠʚʥʳʤ ʠʣʦʤ, 
ʘʥʘʵʨʦʙʥʦʝ ʩʙʨʘʞʠʚʘʥʠʝ, 
ʙʠʦʪʝʨʤʠʯʝʩʢʦʝ 
ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ, 
ʬʠʪʦʨʝʤʝʜʠʘʮʠʷ) 

ɹʦʣʴʰʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ; 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʧʣʦʱʘʜʢʠ ʜʣʷ 
ʧʝʨʝʨʘʙʦʪʢʠ; 
ʚr ʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ; 
ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ 
ʥʝʧʨʝʨʳʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ; 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʢ 
ʪʚʝʨʜʳʤ ʦʪʭʦʜʘʤ (ʟʘʛʨʷʟʥʸʥʥʳʡ ʛʨʫʥʪ) ʩ 
ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 
ʂʦʤʙʠʥʘʮʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 
ʤʝʪʦʜʦʚ. 

ʉʦʯʝʪʘʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʙʣʝʤ. 

 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1.1 ʧʨʦʙʣʝʤ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʨʦʜʥʳʭ, ʯʘʩʪʦ ʢʦʥʬʣʠʢʪʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʬʘʢʪʦʨʦʚ 

(ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʣʦʛʠʩʪʠʯʝʩʢʠʭ, ʪʝʭʥʠʯʝʩʢʠʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʜʨ.). ɼʘʣʝʝ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʅʉʆ ʚ 
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ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʣʠʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʩ ʫʯʸʪʦʤ ʠʭ 

ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ. 

1.2 ɸʥʘʣʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ 

ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ɺ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ ʧʦʣʦʞʝʥʘ ʪʝʦʨʠʷ 

ʢʦʥʩʝʨʚʘʮʠʠ (ʩʦʭʨʘʥʝʥʠʷ) ʨʝʩʫʨʩʦʚ. ʇʨʠʦʨʠʪʝʪʥʦʝ ʤʝʩʪʦ ʚ ʧʦʨʷʜʢʝ ʦʙʨʘʱʝʥʠʷ ʩ 

ʦʪʭʦʜʘʤʠ ʟʘʥʠʤʘʶʪ ʢʦʥʮʝʧʮʠʠ ʩʦʢʨʘʱʝʥʠʷ ʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʘʭ ʢʦʥʩʝʨʚʘʮʠʠ ʨʝʩʫʨʩʦʚ ʠ ʵʥʝʨʛʠʠ [44]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʤʠ, ʚ ʨʘʤʢʘʭ ʪʘʢʠʭ 

ʢʦʥʮʝʧʮʠʡ ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʯʝʨʝʟ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʡ 

ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʦʩʪʘʚʘ ʠ çʢʘʯʝʩʪʚʘè ʦʪʭʦʜʦʚ, ʥʦ ʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʅʉʆ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ (ʩʫʙʩʪʘʥʮʠʦʥʘʣʴʥʦʛʦ) ʧʦʪʝʥʮʠʘʣʘ. 

ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʅʉʆ, 

ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʧʦʜʭʦʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [108], ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʪʦʨʳʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: 

- ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʙʦʪʢʠ ʪʝʧʣʦʚʦʡ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʫʪʠʣʠʟʘʮʠʠ ʅʉʆ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ [59ï

66], ʨʝʘʣʠʟʫʝʤʳʭ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʩʞʠʛʘʥʠʝ, ʧʠʨʦʣʠʟ, ʛʘʟʠʬʠʢʘʮʠʷ); 

- ʪʝʭʥʦʣʦʛʠʠ ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʅʉʆ, ʩ ʮʝʣʴʶ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦ ʧʨʷʤʦʤʫ ʥʘʟʥʘʯʝʥʠʶ, ʢʦʪʦʨʳʝ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʬʠʟʠʯʝʩʢʠʭ 

ʤʝʪʦʜʘʭ ʨʘʟʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʅʉʆ, ʪʘʢʠʭ ʢʘʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ [80ï82]; 

- ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʥʝʬʪʝʰʣʘʤʦʚ ʠ ʛʨʫʥʪʦʚ ʧʫʪʝʤ ʨʘʟʣʦʞʝʥʠʷ ʠʣʠ 

ʩʚʷʟʳʚʘʥʠʷ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʪ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ [85; 86; 92; 109] (ʙʠʦʨʝʤʝʜʠʘʮʠʷ) ʠʣʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ ʚʥʝʩʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʦʪʭʦʜʦʚ [68ï72; 74ï79; 110] (ʤʝʪʦʜ ʨʝʘʛʝʥʪʥʦʛʦ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʷ). 
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ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚʳʰʝ ʧʦʜʭʦʜ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʡ 

ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʅʉʆ, ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʫʪʠʣʠʪʘʨʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʥ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʦʭʦʜʷʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʩʪʦʪʳ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʝʝ ʨʝʘʣʠʟʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʘʩʧʝʢʪ ʚ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʭʦʜʦʚ. 

ʇʨʦʠʩʭʦʜʷʱʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʭʦʜ ʦʪ ʧʘʨʘʜʠʛʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʦʪʭʦʜʘʤʠ çwaste-based paradigmè ʢ ʧʘʨʘʜʠʛʤʝ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ çresource-

based paradigmè ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ [111], ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʨʝʩʫʨʩʥʫʶ 

ʮʝʥʥʦʩʪʴ ʅʉʆ. ʈʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʅʉʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʳʡ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʪʭʦʜʦʚ, ʦʮʝʥʠʚʘʝʤʳʡ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʟʥʦʨʦʜʥʳʭ ʢʨʠʪʝʨʠʝʚ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʣʦʛʠʩʪʠʯʝʩʢʠʭ, ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨ.). 

ʆʜʥʠʤ ʠʟ ʯʘʩʪʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ, ʷʚʣʷʝʪʩʷ ʨʝʩʫʨʩʥʘʷ ʮʝʥʥʦʩʪʴ ʅʉʆ. ʇʦʜ ʨʝʩʫʨʩʥʦʡ 

ʮʝʥʥʦʩʪʴʶ ʦʪʭʦʜʦʚ ʧʦʥʠʤʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʩʪʝʧʝʥʴ ʧʨʠʛʦʜʥʦʩʪʠ ʦʪʭʦʜʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʨʝʮʠʢʣʠʥʛʦʤ, ʨʝʢʫʧʝʨʘʮʠʝʡ ʠ ʨʝʛʝʥʝʨʘʮʠʝʡ [112].  

ɼʣʷ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (çreuse potentialè) ʦʪʭʦʜʦʚ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʢʘʣʫ (ʈʠʩʫʥʦʢ 1.8), ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚ [113], ʪʘʢʞʝ 

ʦʪʦʙʨʘʞʘʶʱʫʶ ʝʛʦ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʉʦʛʣʘʩʥʦ ʪʘʢʦʤʫ ʧʦʜʭʦʜʫ, ʧʦʪʝʥʮʠʘʣ 

ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 (çʂʘʢ ʦʪʭʦʜè) ʜʦ 1 

(çʂʘʢ ʨʝʩʫʨʩè). ɺ ʪʦʡ ʞʝ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʦʪʝʥʮʠʘʣʘ 

ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʩ ʫʯʝʪʦʤ ʩʪʦʠʤʦʩʪʥʳʭ ʦʮʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʫʯʸʪʦʤ ʟʘʪʨʘʪ ʥʘ ʠʭ ʠʟʚʣʝʯʝʥʠʝ. 

ʉʦʛʣʘʩʥʦ ʪʘʢʦʡ ʤʝʪʦʜʠʢʝ, ʢ ʨʝʩʫʨʩʘʤ ʦʪʥʦʩʠʪʩʷ ʪʘ ʯʘʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ, ʟʘʪʨʘʪʳ ʥʘ 

ʠʟʚʣʝʯʝʥʠʝ ʢʦʪʦʨʳʭ (ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ) ʥʠʞʝ ʧʨʝʜʝʣʴʥʦʡ ʮʝʥʳ ʠʭ 

ʨʝʘʣʠʟʘʮʠʠ (ʈʠʩʫʥʦʢ 1.9). ʆʩʪʘʚʰʠʝʩʷ ʢʦʤʧʦʥʝʥʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʪʭʦʜʘʤ. 
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ʈʠʩʫʥʦʢ 1.8 ï ʐʢʘʣʘ ʦʮʝʥʠʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʪʭʦʜʦʚ [113] 

 

 

ʈʠʩʫʥʦʢ 1.9 ï ʄʝʪʦʜʦʣʦʛʠʷ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ 

[113] 

 

ʆʯʝʚʠʜʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʪʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤ ʚ ʦʮʝʥʢʝ ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ çʮʝʥʦʚʦʡè ʠʣʠ 

çʨʳʥʦʯʥʳʡè ʬʘʢʪʦʨ. ʉ ʫʯʝʪʦʤ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʮʝʥ ʥʘ ʨʝʩʫʨʩʳ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʳʥʦʯʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʦʮʝʥʢʠ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʭʦʜʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

(ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ) ʬʘʢʪʦʨʘ ʥʘ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʪʭʦʜʦʚ, ʪ. ʝ. ʦʮʝʥʢʘ 
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ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʭʦʜʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʢʦʥʢʨʝʪʥʦʤ ʨʝʛʠʦʥʝ ʠ 

ʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʣʦʢʘʣʴʥʦʤ ʨʳʥʢʝ. ɺ ʩʚʷʟʠ ʩ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʠ ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʅʉʆ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʨʝʛʠʦʥʦʚ, ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʥʝʬʪʝʰʣʘʤʦʥʘʢʦʧʠʪʝʣʝʡ ʧʨʝʜʣʦʞʝʥʘ ʚ ʨʘʙʦʪʝ [114]. ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ 

ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʩʯʝʪʝ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʥʝʬʪʝʰʣʘʤʦʚ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʙʘʟʦʚʦʡ 

ʩʪʦʠʤʦʩʪʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘ, ʠʟʚʣʝʢʘʝʤʦʛʦ ʠʟ 1 ʪ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʥʝʬʪʝʰʣʘʤʘ, 

ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʠ 

ʧʦʧʨʘʚʦʢ ʢ ʩʪʦʠʤʦʩʪʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʣʦʪʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ. 

ʈʘʥʞʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʅʉʆ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʩʪʦʠʤʦʩʪʠ 

ʥʝʬʪʝʰʣʘʤʘ ʚ ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʝ. 

ɺ ʨʘʙʦʪʝ [115] ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʦʪʜʝʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʅʉʆ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʪʝʨʤʦʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʚʘʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ 

ʚʳʜʝʣʝʥʥʳʭ ʦʩʪʘʪʢʦʚ. ʆʩʥʦʚʫ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʮʝʧʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʘʣʛʦʨʠʪʤ 

ʚʦʚʣʝʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʦʚʘʨʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʦʧʠʩʳʚʘʶʱʠʡ çʞʠʟʥʝʥʥʳʡ ʮʠʢʣè ʅʉʆ, ʧʦʜʣʝʞʘʱʠʭ ʧʝʨʝʨʘʙʦʪʢʝ. ʂʘʞʜʘʷ ʩʪʘʜʠʷ 

ʪʘʢʦʛʦ ʮʠʢʣʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʨʝʘʣʠʟʘʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʩʦʜʝʨʞʠʪ ʩʪʦʠʤʦʩʪʥʳʭ ʦʮʝʥʦʢ ʠ ʥʝ 

ʫʯʠʪʳʚʘʝʪ ʨʳʥʦʯʥʳʝ ʬʘʢʪʦʨʳ, ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʦʣʦʛʠʠ 

ʦʮʝʥʢʠ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʅʉʆ. 

ɺ ʨʘʙʦʪʝ [116] ʘʚʪʦʨʘʤʠ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʦʪʭʦʜʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʡ 

ʦʪʨʘʩʣʠ. ʆʧʠʩʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʪʭʦʜʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ (ʙʠʦʨʝʤʝʜʠʘʮʠʠ). ʇʨʠʚʝʜʝʥʥʘʷ ʚ 

ʨʘʙʦʪʝ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʙʨʘʱʝʥʠʷ ʩ ʨʘʟʥʳʤʠ ʬʨʘʢʮʠʷʤʠ ʦʪʭʦʜʦʚ ʛʘʟʦʚʦʛʦ 
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ʢʦʥʜʝʥʩʘʪʘ ʜʦʣʞʥʘ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʧʨʠʚʦʜʠʪʴ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʭʦʜʦʚ, ʧʨʠ ʵʪʦʤ ʦʥʘ 

ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʟʘ ʩʯʝʪ 

ʧʝʨʝʜʘʯʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪʭʦʜʦʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ, 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʤ ʦʪʢʨʳʪʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʣʦʱʘʜʢʠ ʙʠʦʨʝʤʝʜʠʘʮʠʠ, ʛʜʝ 

ʚʦʟʤʦʞʥʘ ʠʭ ʫʪʠʣʠʟʘʮʠʷ ʧʨʠ ʩʤʝʰʝʥʠʠ ʩ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ ʦʙʝʟʚʨʝʞʠʚʘʝʤʳʭ 

ʦʪʭʦʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʝʜʣʦʞʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʭʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʪʭʦʜʦʚ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʧʨʠʤʝʥʝʥʠʝ 

ʫʩʪʘʥʦʚʦʢ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ (ʙʠʦʨʝʘʢʪʦʨʦʚ) ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ 

ʤʘʣʦʪʦʥʥʘʞʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʢʦʥʢʨʝʪʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʦʪʭʦʜʦʚ, ʚ ʨʘʙʦʪʝ ʥʝ ʩʦʜʝʨʞʠʪʩʷ ʩʪʦʠʤʦʩʪʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʮʝʥʢʠ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʅʉʆ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʙʠʦʨʝʤʝʜʠʘʮʠʠ, ʢʘʢ ʪʦʛʦ ʪʨʝʙʫʝʪ ʧʦʜʭʦʜ, 

ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʜʠʘʛʨʘʤʤʝ (ʈʠʩʫʥʦʢ 1.9) [113]. 

ʈʘʙʦʪʘ [117] ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠʭ ʫʪʠʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʤʠ ʪʝʨʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʬʘʢʪʦʨʳ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʚʳʙʦʨ ʤʝʪʦʜʘ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʫ 

ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʦʮʝʥʠʚʘʪʴ ʧʨʦʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʡ 

ʜʝʩʪʨʫʢʮʠʠ, ʧʨʝʜʣʦʞʝʥ ʩʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʅʉʆ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʠ 

ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʪʝʨʤʠʯʝʩʢʦʡ ʫʪʠʣʠʟʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʭʨʘʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʭʦʜʦʚ. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʥʘ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʅʉʆ ʚ [117] ʪʘʢʞʝ ʥʝ ʩʦʜʝʨʞʠʪ 



44 

 

ʩʪʦʠʤʦʩʪʥʦʡ ʰʢʘʣʳ, ʢʘʢ ʠ ʚ ʨʘʙʦʪʝ [116]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʩʪʦʠʤʦʩʪʥʦʛʦ ʬʘʢʪʦʨʘ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʜʚʫʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʚʝʣʠʯʠʥʫ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʅʉʆ, ʧʨʦʚʝʜʝʥʥʳʡ 

ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ [117], ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʪʨʫʜʥʸʥ. 

ʄʝʪʦʜʳ ʨʘʩʯʸʪʘ ʮʝʥʳ ʦʪʭʦʜʦʚ ʠ ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʝ ʬʘʢʪʦʨʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʨʘʙʦʪʝ [118] ʩ ʫʯʝʪʦʤ ʧʦʜʭʦʜʦʚ ʤʝʪʦʜʦʣʦʛʠʠ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʙʘʟʦʚʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʳ ʦʪʭʦʜʦʚ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ:  

- ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʦʪʭʦʜʦʚ ʠ ʫʨʦʥʘ, 

ʥʘʥʦʩʠʤʦʛʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ; 

- ʤʝʪʦʜ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʨʠʙʳʣʴ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʭʦʜʦʚ (ʷʚʣʷʶʱʠʡʩʷ ʙʘʟʦʚʳʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʭʦʜʦʚ); 

- ʨʳʥʦʯʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʙʘʣʘʥʩʝ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ, ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ ʫʯʝʪʝ ʧʨʠʙʳʣʠ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʮʝʥʘ ʦʪʭʦʜʦʚ ʚ ʜʝʥʝʞʥʦʤ ʚʳʨʘʞʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ: 

( ) effprociiextiww CUCPCCp ³-ÖÖ=ä , 

ʟʜʝʩʴ 
iwC - ʩʦʜʝʨʞʘʥʠʝ i-ʛʦ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʦʪʭʦʜʝ, 

iextC - ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʟʚʣʝʯʝʥʠʷ i-ʛʦ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ, iP - ʮʝʥʘ i-ʛʦ 

ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʨʦʜʫʢʪʝ ʧʝʨʝʨʘʙʦʪʢʠ, procUC  - ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʜʥʦʡ ʪʦʥʥʳ ʦʪʭʦʜʦʚ, effC  - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʪʨʘʪ 

ʤʝʞʜʫ ʧʦʩʪʘʚʱʠʢʘʤʠ ʠ ʧʝʨʝʨʘʙʦʪʯʠʢʘʤʠ ʦʪʭʦʜʦʚ. 

ʇʦʣʥʘʷ ʮʝʥʘ ʦʪʭʦʜʦʚ wP  ʫʯʠʪʳʚʘʶʱʘʷ ʩʪʦʠʤʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʦʪʭʦʜʦʚ 

trʉ, ʵʢʦʥʦʤʠʶ ʟʘʪʨʘʪ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʭʨʘʥʝʥʠʝ ʥʝʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʦʪʭʦʜʦʚ F, 

ʵʢʦʥʦʤʠʶ ʟʘʪʨʘʪ ʦʪ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʭʨʘʥʝʥʠʠ 

ʥʝʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʦʪʭʦʜʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ: 

SFCʉRP rectrw ++--= , 
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ʛʜʝ ä ÖÖ= iiextiw PCCR  - ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʚʳʨʫʯʢʘ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ,  recʉ  - ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʦʪʭʦʜʦʚ. 

ɺ ʨʘʙʦʪʝ [119] ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʥʘ 

ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʨʠʩʢʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ ʦʪʭʦʜʘ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʯʝʣʦʚʝʢʘ, ʞʠʚʦʪʥʳʭ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ 

ʩʦʩʪʘʚ ʅʉʆ, ʵʬʬʝʢʪ ʪʦʢʩʠʯʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʭʦʜʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ 

ʤʝʭʘʥʠʟʤ ʠʭ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ. ʆʩʦʙʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʭʠʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʧʨʠ ʜʝʛʨʘʜʘʮʠʠ ʥʝʬʪʷʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʦʪʭʦʜʘʭ. ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʪʝʭʥʦʣʦʛʠʡ ʫʪʠʣʠʟʘʮʠʠ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʅʉʆ, 

ʢʦʪʦʨʳʝ ʤʠʥʠʤʠʟʠʨʫʶʪ ʨʠʩʢ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʬʪʷʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʦʣʷʮʠʠ, ʣʦʢʘʣʠʟʘʮʠʠ, ʨʘʟʜʝʣʝʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʤʝʣʠʦʨʘʮʠʠ ʠ ʨʝʘʙʠʣʠʪʘʮʠʠ ʧʦʯʚʳ, ʦʪʣʦʞʝʥʠʡ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʥʝʬʪʷʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ɺ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʩ ʣʶʙʳʤʠ ʦʪʭʦʜʘʤʠ, ʚʢʣʶʯʘʷ 

ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʝ, ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʵʢʦʥʦʤʠʢʠ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ [120ï

122], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʨʝʩʫʨʩʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʩʫʪʩʪʚʠʶ ʥʘʢʦʧʣʝʥʠʡ ʦʪʭʦʜʦʚ. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʪʘʪʢʦʚ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʅʉʆ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʙʠʪʫʤʥʳʭ ʩʤʝʩʝʡ [123; 124], ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [125ï127], ʪʦʧʣʠʚʘ ʜʣʷ 

ʢʦʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ [128], ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ [129] ʠ ʜʨʫʛʠʭ [73]. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʅʉʆ ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʝʦʙʣʘʜʘʝʪ ʫʪʠʣʠʪʘʨʥʳʡ ʧʦʜʭʦʜ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʅʉʆ, ʢʦʪʦʨʳʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʫʯʠʪʳʚʘʝʪ 

çʨʳʥʦʯʥʳʝè ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʅʉʆ. ʆʪʩʫʪʩʪʚʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ (ʩʠʩʪʝʤʥʦʛʦ) ʧʦʜʭʦʜʘ ʢ ʧʨʦʙʣʝʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʅʉʆ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʧʦʨʷʜʢʝ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ [44]. ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʅʉʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʬʘʢʪʦʨʥʫʶ ʟʘʜʘʯʫ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʯʝʪʝ ʨʳʥʦʯʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ 
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ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʠʛʨʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʦʪʭʦʜʦʚ. ɺ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩ ʫʯʸʪʦʤ ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʦʪʭʦʜʦʚ, ʨʝʩʫʨʩʦ- ʠ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉ ʫʯʝʪʦʤ 

ʩʫʤʤʘʨʥʳʭ ʟʘʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, ʥʘʢʦʧʣʝʥʠʝ, ʭʨʘʥʝʥʠʝ, ʫʪʠʣʠʟʘʮʠʶ ʠ 

ʟʘʭʦʨʦʥʝʥʠʝ ʅʉʆ, ʘ ʪʘʢʞʝ ʚ ʩʚʷʟʠ ʩ ʥʝʛʘʪʠʚʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʩʠʪʫʘʮʠʶ ʚ ʥʘʩʪʦʷʱʝʤ ʠ ʙʫʜʫʱʝʤ, ʵʬʬʝʢʪ ʦʪ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʰʝ, ʯʝʤ ʵʬʬʝʢʪ ʦʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʧʝʨʚʠʯʥʦʛʦ 

ʩʳʨʴʷ. 

1.3 ʉʦʜʝʨʞʘʪʝʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ 

ʇʦ ʜʘʥʥʳʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʙʟʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

[130ï133] ʥʘ ʧʨʘʢʪʠʢʝ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ. ʆʜʥʘʢʦ, 

ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʪʚʸʨʜʳʝ ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ, 

ʢʦʪʦʨʳʝ ʧʦ ʦʙʲʝʢʪʠʚʥʳʤ ʧʨʠʯʠʥʘʤ ʫʩʪʫʧʘʶʪ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʤ ʦʪʭʦʜʘʤ ʧʦ 

ʧʦʪʝʥʮʠʘʣʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʭ ʚ ʵʥʝʨʛʠʶ (ʘʥʛʣ. - Waste-to-Energy). ɺ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʙʦʪʘʭ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʦʪʣʠʯʘʶʪʩʷ ʥʝʙʦʣʴʰʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʧʠʨʘʶʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʥʘ ʩʫʙʲʝʢʪʠʚʥʳʝ ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʦʙʟʦʨ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʦʪʭʦʜʦʚ ʚ ʵʥʝʨʛʠʶ ʚʢʣʶʯʘʝʪ ʘʥʘʣʠʟ 153 ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʞʫʨʥʘʣʘʭ ʚ ʧʝʨʠʦʜ ʩ 1985 ʧʦ 2020 ʛʦʜʳ [134]. ɺ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʨʘʙʦʪʘʭ 

ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʦʪʭʦʜʦʚ (ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʜʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ) ʠ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʦʣʦʛʠʡ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʦʪ ʵʢʩʧʝʨʪʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ 

ʠʝʨʘʨʭʠʡ [135] ʠ ʘʥʘʣʦʛʠʯʥʳʭ ʤʝʪʦʜʦʚ (ELECTRE [136], PROMETHEE [137], 
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TOPSIS [138] ʠ ʪ.ʜ.), ʠʤʝʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ 

ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʦʮʝʥʦʢ ʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʥʘʟʥʘʯʘʝʤʳʭ ʵʢʩʧʝʨʪʘʤʠ, ʜʦ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʛʠʙʨʠʜʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ [137]). ʆʜʥʘʢʦ, ʦʙʣʘʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʦʙʟʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ, ʢʘʢ ʚ ʯʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʩʚʦʙʦʜʥʳʭ ʦʪ ʩʫʙʲʝʢʪʠʚʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ, ʪʘʢ ʠ ʚ ʯʘʩʪʠ 

ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ [134] 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜʨʦʙʥʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʩʠʩʪʝʤ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʭʦʜʦʚ. ɺ [139] ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʚ ʵʥʝʨʛʠʶ, ʪʦʚʘʨʥʫʶ ʧʨʦʜʫʢʮʠʶ ʠʣʠ ʙʝʟʚʨʝʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʪʭʦʜʘ. ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʠʤʝʥʷʝʤʦʛʦ ʘʚʪʦʨʘʤʠ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ 

ʦʨʠʝʥʪʘʮʠʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟ ʪʦʣʴʢʦ 

ʦʜʥʦʛʦ ʚʠʜʘ ʅʉʆ ï ʙʫʨʦʚʦʛʦ ʰʣʘʤʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ. 

ɼʣʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʧʝʨʝʨʘʙʦʪʢʦʡ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʩʠʩʪʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ Data Envelopment Analysis 

(DEA) [140ï142]. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ [143] ʦʙʟʦʨ ʧʫʙʣʠʢʘʮʠʡ ʚ ʙʘʟʝ Scopus c 2000 

ʧʦ 2021 ʛʦʜʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʨʘʙʦʪʢʦʡ ʪʚʸʨʜʳʭ ʦʪʭʦʜʦʚ ʤʝʪʦʜ 

DEA, ʧʨʠʤʝʥʷʝʤʳʡ ʩ 2000 ʛʦʜʘ, ʧʨʠʦʙʨʸʣ ʥʘʠʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ 2015-

2016 ʛʛ. ʉ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʢʦʥʪʝʥʪ-ʘʥʘʣʠʟʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ: ʘʥʘʣʠʟ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩ ʮʝʣʴʶ ʚʳʨʘʙʦʪʢʠ ʧʨʝʚʝʥʪʠʚʥʳʭ ʤʝʨ ʫʧʨʘʚʣʝʥʠʷ 

ʦʪʭʦʜʘʤʠ, ʫʯʸʪ ʩʦʮʠʘʣʴʥʳʭ ʘʩʧʝʢʪʦʚ ʚ ʘʥʘʣʠʟʝ ʠ ʠʥʪʝʛʨʘʮʠʷ ʚ ʨʘʟʣʠʯʥʳʝ ʩʝʢʪʦʨʳ 

ʦʙʱʝʩʪʚʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʝ 

ʩʪʘʪʴʠ ʚ ʦʙʟʦʨʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝʪʦʜ DEA ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʩʥʦʚʘʥʥʦ ʧʨʠʤʝʥʝʥ ʜʣʷ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʪʚʝʨʜʳʤʠ ʦʪʭʦʜʘʤʠ. ɺ ʨʘʙʦʪʝ [144] 

ʠʩʩʣʝʜʫʶʪʩʷ ʧʫʙʣʠʢʘʮʠʠ ʚ ʙʘʟʝ Web of Science ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʦʣʦʛʠʠ DEA 
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ʚ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩ 1996 ʧʦ 2016 ʛʦʜʳ ʥʘ ʦʩʥʦʚʝ ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ 

ʮʠʪʠʨʦʚʘʥʠʡ. ɸʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʢʣʶʯʝʚʦʡ ʧʫʪʴ ʧʨʠʤʝʥʝʥʠʷ DEA ʚ ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʦʮʝʥʢʝ ɻ ʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʦʜ 

ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʝʪʩʷ ʜʦʩʪʠʞʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʤ ʥʝʛʘʪʠʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʪʭʦʜʘʤʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʢ ʵʣʝʤʝʥʪ 

ʩʪʨʘʪʝʛʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ DEA. ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [145ï149] ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʪʦʜ DEA ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʠ ʨʝʛʠʦʥʘʭ 

ʤʠʨʘ. ʇʨʦʙʝʣʦʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʦʜʦʣʦʛʠʠ DEA ʢ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʅʘʫʯʥʳʤ ʟʘʜʝʣʦʤ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʤʘʪʠʢʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ [112]. ɺ 

ʨʘʙʦʪʝ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ (ʦʩʪʘʪʢʦʚ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʪʝʧʝʥʴ ʧʨʠʛʦʜʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʝ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩ ʫʯʸʪʦʤ 

ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʦʪʭʦʜʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ DEA, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʲʝʢʪʦʚ ʭʨʘʥʝʥʠʷ ʦʪʭʦʜʦʚ 

ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʠʟ 

ʨʘʥʞʠʨʦʚʘʥʥʦʡ ʚʳʙʦʨʢʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ [112] ʧʦʜʭʦʜ ʥʘʰʸʣ ʦʪʨʘʞʝʥʠʝ ʠ 

ʨʘʟʚʠʪʠʝ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [10ï13; 20; 23ï25; 28; 31ï33]. 

ɸʥʘʣʠʟ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʩʠʩʪʝʤʥʳʭ ʧʨʦʙʣʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ 

ʦʪʭʦʜʦʚ (ʅʉʆ), ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʩʚʷʟʘʥʥʳʭ 

ʩ ʫʪʠʣʠʟʘʮʠʝʡ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʤ ʩʝʢʪʦʨʝ ʟʘʜʘʯ, ʚʳʷʚʠʣ ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ 

ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʝʨʝʨʘʙʦʪʢʠ 

(ʂʇ) ʅʉʆ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʭ ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ: ʧʦʜʩʠʩʪʝʤʳ ʨʘʟʤʝʱʝʥʠʷ ʠ 

ʧʦʜʩʠʩʪʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 1.10). ʍʨʘʥʠʣʠʱʘ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʪʘʥʦʚʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʩʠʩʪʝʤ ʨʘʟʤʝʱʝʥʠʷ 

ʠ ʧʝʨʝʨʘʙʦʪʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʍʨʘʥʠʣʠʱʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʟʝʨʚʫʘʨʳ 

ʨʘʟʣʠʯʥʦʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ (ʘʤʙʘʨʳ, ʧʨʫʜʳ-ʦʪʩʪʦʡʥʠʢʠ, ʨʘʟʣʠʯʥʳʝ 

ʸʤʢʦʩʪʠ (ʮʠʩʪʝʨʥʳ, ʙʦʯʢʠ ʠ ʪ.ʧ.), ʥʝʬʪʝʣʦʚʫʰʢʠ), ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ 

ʭʨʘʥʝʥʠʷ ʚʨʝʜʥʳʭ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʅʉʆ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ 

(ʨʠʩʫʥʦʢ 1.3) ʠ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʨʠʩʫʥʦʢ 1.4). ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʪʭʦʜʦʚ ʚ ʧʨʠʛʦʜʥʳʝ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʣʠ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʳ. ʋʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʅʉʆ, ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʫʧʨʘʚʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʂʇ ʅʉʆ ̫ ʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ, ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʘʥʦʚʦʢ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʭʦʜʦʚ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʠʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʠʟʚʣʝʯʝʥʠʝʤ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʋʩʣʦʚʥʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʂʇ ʅʉʆ 

ʢʘʢ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʚ ʢʦʤʧʣʝʢʩʝ ʭʨʘʥʠʣʠʱ ʅʉʆ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʶʪʩʷ ʧʦʣʝʟʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʳ ʠ 

ʥʝʧʨʠʛʦʜʥʳʝ ʦʩʪʘʪʢʠ ʟʘ ʩʯʸʪ ʟʘʪʨʘʪ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʠ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1.10 ʫʩʣʦʚʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ 

ʚʭʦʜ ʂʇ ʅʉʆ ʨʘʟʣʠʯʥʳʝ ʨʝʩʫʨʩʳ (ʚʦʜʘ, ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ, ʘʙʩʦʨʙʝʥʪʳ, ʧʝʩʦʢ, 

ʠʟʚʝʩʪʴ ʠ ʪ.ʧ.), ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʪʦʧʣʠʚʦ (ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ 

ʠ ʪ.ʧ.), ʬʠʥʘʥʩʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ (ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ 

ʧʝʨʩʦʥʘʣʘ, ʘʨʝʥʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʧ.), ʅʉʆ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩʫʥʢʠ 

1.1 ʠ 1.2), ʠ ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ ʚʳʭʦʜʝ ʧʦʣʝʟʥʳʝ ʧʨʦʜʫʢʪʳ ʧʝʨʝʨʘʙʦʪʢʠ (ʮʝʥʥʳʝ 
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ʫʛʣʝʚʦʜʦʨʦʜʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʟʦʣʘ, ʦʯʠʱʝʥʥʘʷ ʚʦʜʘ, ʛʨʫʥʪ), ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʨʝʮʠʢʣʠʥʛʘ, ʨʝʢʫʧʝʨʘʮʠʠ ʠʣʠ ʨʝʛʝʥʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʨʝʜʥʳʝ ʦʩʪʘʪʢʠ ʧʝʨʝʨʘʙʦʪʢʠ 

(ʚʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʩʝʨʥʠʩʪʦʛʦ ʘʥʛʠʜʨʠʜʘ, ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ ʠʣʠ ʚʪʦʨʠʯʥʳʝ ʦʪʭʦʜʳ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʫʪʠʣʠʟʘʮʠʠ, ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʠʣʠ ʟʘʭʦʨʦʥʝʥʠʷ). 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ʉʪʨʫʢʪʫʨʘ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʪʝʨʤʠʥʳ 

çʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʠ çʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘè ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ 

ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʤʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʜʥʘ ʠ ʪʘ ʞʝ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʘ ʦʜʥʘ ʫʩʪʘʥʦʚʢʘ ʩʧʦʩʦʙʥʘ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʝʨʤʠʥʘ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʜʯʝʨʢʥʫʪʴ ʣʠʙʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ, ʣʠʙʦ ʪʝʭʥʠʯʝʩʢʠʡ ʘʩʧʝʢʪ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ. 

ʇʦʜ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʁʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʂʇ ʅʉʆ ʚʝʟʜʝ ʜʘʣʝʝ 

ʧʦʥʠʤʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʧʦʣʝʟʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʠʟ ʦʪʭʦʜʦʚ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʨʝʩʫʨʩʦʚ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤ 

ʥʝʛʘʪʠʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
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ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʚ ʂʇ ʅʉʆ 

ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʮʝʥʥʦʩʪʠ) ʦʙʲʝʢʪʦʚ 

ʩʨʘʚʥʝʥʠʷ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʧʦʥʠʤʘʶʪʩʷ ʭʨʘʥʠʣʠʱʘ ʅʉʆ ʠ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ 

ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè. 

ɺ ʢʘʯʝʩʪʚʝ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʮʝʥʥʦʩʪʠ) ʦʙʲʝʢʪʦʚ ʩʨʘʚʥʝʥʠʷ ʚ ʂʇ ʅʉʆ 

ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʧʦʜ 

ʢʦʪʦʨʦʤ ʚ ʩʘʤʦʤ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʥʠʤʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʳ ʚʩʝʭ 

ʧʘʨʘʤʝʪʨʦʚ (ʬʘʢʪʦʨʦʚ), ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʣʠ 

ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʢ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʝ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʬʘʢʪʦʨʦʚ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʣʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʝʜʩʪʚʘ ʠ ʨʝʩʫʨʩʳ. ʊʘʢʦʡ ʚʳʙʦʨ ʦʙʦʩʥʦʚʘʥ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ DEA ʤʝʪʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʤʝʪʦʜʦʣʦʛʠʠ 

ʩʠʩʪʝʤʥʦʛʦ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʂʇ ʅʉʆ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ 

ʚʦʟʤʦʞʥʦ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʯʝʪʝ ʨʘʟʥʦʨʦʜʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ 

ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʩʠʩʪʝʤʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʢʦʤʧʣʝʢʩʥʳʤ ʢʨʠʪʝʨʠʷʤ 

ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂʇ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʂʇ ʅʉʆ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ. ʇʦʩʢʦʣʴʢʫ ʚ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʙʲʝʢʪʦʚ ʢʘʢ ʮʝʣʦʩʪʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʪʥʦʰʝʥʠʡ ʠ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʥʠʤʠ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʤʝʪʦʜʠʢʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʘʜʝʢʚʘʪʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʥʘʫʯʥʳʭ ʟʘʜʘʯ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʳʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʠʭ ʨʝʰʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ ʨʝʰʝʥʠʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ 

ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʠ ʩʥʠʞʝʥʠʝ 
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ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ʆʩʥʦʚʫ ʤʝʪʦʜʦʣʦʛʠʠ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʠʥʪʝʛʨʘʮʠʷ ʤʝʪʦʜʦʚ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ 

ʜʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʩ ʫʯʝʪʦʤ ʢʣʶʯʝʚʳʭ ʩʚʦʡʩʪʚ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʚʠʜʝ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʚ ʭʨʘʥʠʣʠʱʘʭ ʧʦ 

ʨʘʟʥʦʨʦʜʥʳʤ ʠ ʢʦʤʧʣʝʢʩʥʳʤ ʢʨʠʪʝʨʠʷʤ ʩ ʫʯʸʪʦʤ ʧʨʠʥʷʪʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʣʦʞʥʦ-

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ DEA ʧʦʟʚʦʣʠʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʦʩʪʴ ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʤʠ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ, ʨʝʩʫʨʩʥʳʤʠ, ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʝʸ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʤʘʩʰʪʘʙʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ 

ʦʩʥʦʚʝ ʨʷʜʘ ʢʣʶʯʝʚʳʭ ʢʨʠʪʝʨʠʝʚ: ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʘ, 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʵʥʝʨʛʠʠ, ʘ 

ʪʘʢʞʝ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʂʇ ʅʉʆ ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʮʝʜʫʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ 

ʢʦʤʙʠʥʘʮʠʶ "ʭʨʘʥʠʣʠʱʝ-ʪʝʭʥʦʣʦʛʠʷ" ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʮʝʥʪʨʘʣʴʥʳʡ ʦʙʲʝʢʪ ʩʨʘʚʥʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʛʫʪ 
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ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʠ: ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʝʩʫʨʩʦ- ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʠʪ 

ʧʨʦʚʝʩʪʠ ʘʧʨʦʙʘʮʠʶ ʠ ʨʝʘʣʠʟʘʮʠʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ: ʙʘʟ ʜʘʥʥʳʭ ʭʨʘʥʠʣʠʱ ʅʉʆ, 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ; ʤʝʪʦʜʠʢʠ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ; ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ; ʘʣʛʦʨʠʪʤʦʚ 

ʠ ʧʨʦʮʝʜʫʨ ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʂʇ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɼʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ 

ʵʪʘʧʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʥʮʝʧʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʚ ʬʦʨʤʝ 

ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ ʦʧʝʨʘʪʠʚʥʦʡ ʩʠʪʫʘʮʠʠ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʨʘʟʣʠʯʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʠ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʪʝʢʫʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʦʩʪʫʧʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɸʧʨʦʙʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʮʝʥʢʫ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʥʘ ʦʩʥʦʚʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʤ ʂʇ ʅʉʆ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʛʦ ʠʟ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

1.4 ɺʳʚʦʜʳ ʧʦ ʧʝʨʚʦʡ ʛʣʘʚʝ 

1. ɸʥʘʣʠʟ ʘʢʪʫʘʣʴʥʦʩʪʠ ʪʝʤʳ, ʠʩʪʦʯʥʠʢʦʚ ʦʙʨʘʟʦʚʘʥʠʷ, ʤʝʪʦʜʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʟʚʦʣʠʣ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʝʨʝʯʝʥʴ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤʥʳʭ ʧʨʦʙʣʝʤ, ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʢʦʪʦʨʳʭ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʨʦʜʥʳʭ, ʯʘʩʪʦ ʢʦʥʬʣʠʢʪʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʬʘʢʪʦʨʦʚ 

(ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʣʦʛʠʩʪʠʯʝʩʢʠʭ, ʪʝʭʥʠʯʝʩʢʠʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʜʨ.). 

2. ʆʙʟʦʨ ʥʘʫʯʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʷʚʠʣ ʦʪʩʫʪʩʪʚʠʝ 

ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʙʣʝʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʅʉʆ, 
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ʢʦʪʦʨʳʡ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʦʨʷʜʢʘ 

ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ. 

3. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʭʦʜʦʚ 

ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩ ʫʯʸʪʦʤ ʨʝʩʫʨʩʥʦʡ 

ʮʝʥʥʦʩʪʠ ʦʪʭʦʜʦʚ ʠ ʫʯʠʪʳʚʘʪʴ ʢʨʠʪʝʨʠʠ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʦ- ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʭʦʜʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ ʵʢʦʥʦʤʠʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ. 

4. ɸʥʘʣʠʟ ʘʢʪʫʘʣʴʥʦʩʪʠ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʩʪʝʧʝʥʠ ʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ 

ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʝʸ ʩʪʨʫʢʪʫʨʳ, ʦʩʥʦʚʥʳʭ 

ʩʚʦʡʩʪʚ ʠ ʧʨʘʚʠʣ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

5. ɺ ʨʘʤʢʘʭ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʦʥʷʪʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʝʸ ʦʮʝʥʢʠ. ʇʨʠʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʭ ʪʝʨʤʠʥʦʚ çʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠè ʠ çʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘè, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʜʝʣʝʥʠʠ ʣʠʙʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ, ʣʠʙʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʘʩʧʝʢʪʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ. 

6. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʪʦʜʦʣʦʛʠʠ ʨʝʰʝʥʠʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ, ʤʝʪʦʜʠʢʠ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʮʝʜʫʨ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ ʢʦʤʧʣʝʢʩʥʳʤ 

ʢʨʠʪʝʨʠʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʘʣʛʦʨʠʪʤʘ ʚʳʙʦʨʘ ʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʘʨʭʠʪʝʢʪʫʨʳ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʜʣʷ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʂʇ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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2 ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 1.3 ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʂʇ ʅʉʆ, ʚ ʢʦʪʦʨʦʤ ʭʨʘʥʠʣʠʱʘ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ 

ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʢʣʶʯʝʚʳʝ ʩʚʦʡʩʪʚʘ ʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʄʝʪʦʜʠʢʘ ʚʢʣʶʯʘʝʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʥʘ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ DEA ʤʝʪʦʜʘ 

ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʝʨʘʙʦʪʢʦʡ ʦʪʭʦʜʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ, ʦʙʱʝʩʠʩʪʝʤʥʳʭ ʩʚʦʡʩʪʚ, ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʝʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂʇ ʅʉʆ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ (ɹɼ) 

ʭʨʘʥʠʣʠʱ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʡ 

ʩʙʦʨ, ʦʙʨʘʙʦʪʢʫ ʠ ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʝ. ʆʧʠʩʘʥ ʠ ʘʧʨʦʙʠʨʦʚʘʥ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʷʭ ʠʭ 

ʧʝʨʝʨʘʙʦʪʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ɹɼ. ʇʨʝʜʣʘʛʘʝʤʳʝ 

ʠ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʛʣʘʚʝ ʧʦʜʭʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [1ï3; 27; 34ï36]. 

2.1 ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʠ ʦʙʱʝʩʠʩʪʝʤʥʳʭ ʩʚʦʡʩʪʚ 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ 1.4, ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʈʠʩʫʥʦʢ 1.10). ʅʘʣʠʯʠʝ ʫ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤʥʳʭ ʩʚʦʡʩʪʚ (ʮʝʣʦʩʪʥʦʩʪʴ, 

ʠʥʪʝʛʨʘʪʠʚʥʦʩʪʴ, ʵʤʝʨʜʞʝʥʪʥʦʩʪʴ, ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʴ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ) ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ. 
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ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʝʝ ʩʚʦʡʩʪʚʦ ʮʝʣʦʩʪʥʦʩʪʠ (ʝʜʠʥʩʪʚʘ) ʩʠʩʪʝʤʳ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ (ʭʨʘʥʠʣʠʱ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʜʩʠʩʪʝʤ ʂʇ ʅʉʆ ʩʪʘʥʦʚʠʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʠ ʧʦʣʫʯʝʥʠʝ ʠʟ ʥʠʭ 

ʧʦʣʝʟʥʳʭ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ (ʮʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ, ʛʨʫʥʪʘ ʠ ʪ.ʧ.), ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʚʳʜʝʣʝʥʠʝʤ ʚʨʝʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʦʚ, ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʪ.ʧ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʂʇ ʅʉʆ ʦʙʲʝʜʠʥʷʝʪ ʭʨʘʥʠʣʠʱʘ ʠ ʧʨʦʮʝʩʩʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʠʣʠ ʧʨʦʮʝʩʩ ʠʛʨʘʝʪ ʩʚʦʶ 

ʨʦʣʴ ʠ ʚʣʠʷʝʪ ʥʘ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʦʙʱʝʡ ʮʝʣʠ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʭʦʜʦʚ. ɺ ʵʪʦʤ ʧʨʦʷʚʣʷʝʪʩʷ ʩʚʦʡʩʪʚʦ 

ʠʥʪʝʛʨʘʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʙʲʝʜʠʥʷʪʴ 

ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʧʨʦʮʝʩʩʳ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʭ ʩʦʚʤʝʩʪʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʇʦʤʠʤʦ ʮʝʣʦʩʪʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʚʦʡʩʪʚʦ ʠʥʪʝʛʨʘʪʠʚʥʦʩʪʠ ʪʘʢʞʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʜʩʠʩʪʝʤ ʨʘʟʤʝʱʝʥʠʷ 

ʠ ʧʝʨʝʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʚ ʂʇ ʅʉʆ ʨʘʙʦʪʘʶʪ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ ʜʦʩʪʠʛʘʪʴ ʩʚʦʝʡ ʮʝʣʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ. 

ʉʪʝʧʝʥʴ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʝʥʘ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ 

ʚ ʭʨʘʥʠʣʠʱʘʭ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʉʚʦʡʩʪʚʦ ʵʤʝʨʜʞʝʥʪʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʢʘʯʝʩʪʚʘ ʠ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝ 

ʧʨʠʩʫʱʠ ʥʠ ʦʜʥʦʤʫ ʠʟ ʵʣʝʤʝʥʪʦʚ ʵʪʦʡ ʩʠʩʪʝʤʳ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʠʟʚʣʝʢʘʶʪʩʷ ʧʦʣʝʟʥʳʝ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʳ ʠ ʥʝʧʨʠʛʦʜʥʳʝ ʦʩʪʘʪʢʠ ʩ ʥʦʚʳʤʠ ʢʦʤʧʦʥʝʥʪʥʳʤʠ 

ʩʦʩʪʘʚʘʤʠ ʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʢʘʟʘʥʳ ʠʣʠ ʦʙʲʷʩʥʝʥʳ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʠ ʠʟʫʯʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. 
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ʉʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʠ ʧʦʜʩʠʩʪʝʤʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘ ʩʯʝʪ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʨʝʟʫʣʴʪʘʪ (ʪ. ʝ. 

ʠʟʚʣʝʯʴ ʙʦʣʴʰʝ ʧʦʣʝʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʅʉʆ), ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ. 

ʆʨʛʘʥʠʟʦʚʘʥʥʦʩʪʴ ʩʠʩʪʝʤʳ ð ʵʪʦ ʩʚʦʡʩʪʚʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʡ 

ʵʬʬʝʢʪʠʚʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʠ ʜʦʩʪʠʛʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ. ʉʪʨʫʢʪʫʨʘ ʂʇ 

ʅʉʆ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.10, ʥʘ ʢʦʪʦʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ 

ʧʦʜʩʠʩʪʝʤʘʤʠ ʦʨʛʘʥʠʟʦʚʘʥʦ ʧʦ ʧʨʠʥʮʠʧʫ çʢʘʞʜʳʡ ʩ ʢʘʞʜʳʤè. ʇʨʦʮʝʩʩ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂʇ ʅʉʆ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʧʦʜʩʠʩʪʝʤ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʠ ʦʟʥʘʯʘʝʪ ʧʦʜʙʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʥʢʨʝʪʥʳʭ ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʘʭ ʩ 

ʫʯʸʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʛʨʝʛʘʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʦʪʭʦʜʦʚ (ʥʘʧʨʠʤʝʨ, 

ʦʪʜʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʩʧʦʩʦʙʥʳ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʪʦʣʴʢʦ ʞʠʜʢʠʝ 

ʅʉʆ), ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʜʝʨʞʘʥʠʷ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʢʣʘʩʩʦʤ 

ʦʧʘʩʥʦʩʪʠ ʦʪʭʦʜʘ ʠ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ, ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʇʦ ʚʨʝʤʝʥʥʦʤʫ ʧʨʠʟʥʘʢʫ ʂʇ ʅʉʆ ʦʪʥʦʩʠʪʩʷ ʢ ʵʢʩʪʝʥʩʠʚʥʳʤ ʩʠʩʪʝʤʘʤ, ʚ 

ʢʦʪʦʨʳʭ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʦʟʥʘʯʘʝʪ 

ʚʢʣʶʯʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʥʦʚʳʭ ʭʨʘʥʠʣʠʱ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʆʜʥʘʢʦ, 

ʧʨʠ ʵʪʦʤ ʂʇ ʅʉʆ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʩʣʦʚʥʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʩʪʝʤʦʡ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ 

ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ (ʭʨʘʥʠʣʠʱ ʅʉʆ), ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʭʨʘʥʝʥʠʷ ʦʪʭʦʜʦʚ ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʣʝʪ (ʧʨʠ ʢʦʥʩʝʨʚʘʮʠʠ ʦʙʲʝʢʪʘ ʭʨʘʥʝʥʠʷ). ʇʨʠ ʵʪʦʤ 

ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʅʉʆ ʪʘʢʞʝ ʤʘʣʦ ʧʦʜʚʝʨʞʝʥ ʩʝʨʴʝʟʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʠ ʫʩʣʦʚʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʭʨʘʥʠʣʠʱʘ 

ʪʦʣʴʢʦ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʦʜʥʦʪʠʧʥʳʭ ʦʪʭʦʜʦʚ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ (ʠʣʠ) ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʢʦʨʦʩʪʴʶ 
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ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʨʘʙʦʪʢʠ (ʨʘʟʜʝʣ 1.1). 

ʃʦʛʠʩʪʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʨʘʟʤʝʱʝʥʠʷ 

ʦʪʭʦʜʦʚ ʠ ʤʝʩʪʘʤʠ ʨʘʟʤʝʱʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʣʠ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ. 

ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1.1. ʩʠʩʪʝʤʥʳʭ ʧʨʦʙʣʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ 

ʚʳʷʚʠʣ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʂʇ ʅʉʆ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ. 

2.2 ɸʥʘʣʠʟ ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʝʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂʇ 

ʅʉʆ 

2.2.1 ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɻʣʝʤʝʥʪʦʚ ʧʦʜʩʠʩʪʝʤ ʨʘʟʤʝʱʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ 1.3, ʂʇ ʅʉʆ ʚʢʣʶʯʘʝʪ ʜʚʝ ʧʦʜʩʠʩʪʝʤʳ: ʨʘʟʤʝʱʝʥʠʷ 

ʠ ʧʝʨʝʨʘʙʦʪʢʠ (ʈʠʩʫʥʦʢ 1.10), ʭʨʘʥʠʣʠʱʘ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 

ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʫʢʘʟʘʥʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʜ ʭʨʘʥʠʣʠʱʘʤʠ ʅʉʆ ʧʦʥʠʤʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʦʙʦʨʫʜʦʚʘʥʥʳʝ 

ʦʙʲʝʢʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʦʪʭʦʜʦʚ ʧʫʪʸʤ ʠʭ 

ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʚ ʤʝʩʪʘʭ (ʥʘ ʧʣʦʱʘʜʢʘʭ), ʦʙʫʩʪʨʦʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʘʥʠʪʘʨʥʦ-ɻ ʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʙʣʘʛʦʧʦʣʫʯʠʷ ʥʘʩʝʣʝʥʠʷ, ʚ ʮʝʣʷʭ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ, 

ʨʘʟʤʝʱʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ [44]. ʆʙʨʘʱʝʥʠʝ ʩ ʢʘʞʜʳʤ ʚʠʜʦʤ ʦʪʭʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʅʉʆ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʫʙʩʪʨʘʪʘ, 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʥʘʩʝʣʝʥʠʷ ʠ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ [150]. ʂ ʭʨʘʥʠʣʠʱʘʤ ʅʉʆ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪʥʦʩʷʪʩʷ: ʦʪʢʨʳʪʳʝ ʧʣʦʱʘʜʢʠ ʩ 

ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʤ ʦʩʥʦʚʘʥʠʝʤ, ʨʝʟʝʨʚʫʘʨʳ, ʝʤʢʦʩʪʠ, ʘʤʙʘʨʳ, ʥʘʢʦʧʠʪʝʣʠ, 

ʧʣʦʱʘʜʢʠ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʠʣʦʚʦʛʦ ʦʩʘʜʢʘ ʦʪ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʧʦʣʠʛʦʥʳ, 

ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ. 
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ʂ ʦʩʥʦʚʥʳʤ ʩʚʝʜʝʥʠʷʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʭʨʘʥʠʣʠʱʘ ʅʉʆ, ʦʪʥʦʩʷʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʙʩʪʚʝʥʥʠʢʝ ʦʙʲʝʢʪʘ ʭʨʘʥʝʥʠʷ; 

ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ; ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ʭʨʘʥʝʥʠʷ; ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʥʘʟʥʘʯʝʥʠʝ ʦʙʲʝʢʪʘ; ʩʨʦʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ; ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʭʨʘʥʠʣʠʱʘ; ʤʘʩʩʘ 

ʦʪʭʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʜʘʥʥʦʤ ʭʨʘʥʠʣʠʱʝ; ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʪʭʦʜʘ. ɺ ʩʠʣʫ 

ʩʣʦʞʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʦʪʭʦʜʦʚ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʅʉʆ ʤʦʛʫʪ ʙʳʪʴ ʥʝʦʜʥʦʨʦʜʥʳ ʧʦ ʩʦʩʪʘʚʫ ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ ʭʨʘʥʝʥʠʷ. ɺ ʭʨʘʥʠʣʠʱʘʭ, ʛʜʝ ʩʦʜʝʨʞʘʪʩʷ ʞʠʜʢʠʝ ʅʉʆ, ʦʪʭʦʜʳ ʦʙʳʯʥʦ 

ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ, ʠʤʝʶʱʠʭ ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʘʚʦʚ ʦʪʭʦʜʦʚ (ʨʘʟʜʝʣ 1.1). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʭʨʘʥʝʥʠʷ ʫʯʠʪʳʚʘʶʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ, ʛʣʫʙʠʥʘ ʢʘʞʜʦʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʭʦʜʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʦʪʜʝʣʴʥʦ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʪʠʣʠʟʘʮʠʶ ʠ (ʠʣʠ) 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʦʪʭʦʜʦʚ, ʨʘʟʤʝʱʘʶʱʠʭʩʷ ʚ ʭʨʘʥʠʣʠʱʘʭ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʝʟʥʳʭ 

ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ; ʩʧʦʩʦʙ ʠ ʤʝʪʦʜ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʦʪʭʦʜʦʚ; ʧʝʨʝʯʝʥʴ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʦʪʭʦʜʦʚ; ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʦʩʪʘʪʢʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʪʝʭʥʦʣʦʛʠʠ ʩʦʜʝʨʞʘʪ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʧʨʠʥʮʠʧʦʚ ʝʝ ʜʝʡʩʪʚʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ; ʩʚʝʜʝʥʠʷ ʦ ʧʨʘʚʦʦʭʨʘʥʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʩʪʝʧʝʥʠ 

ʤʦʙʠʣʴʥʦʩʪʠ (ʩʪʘʮʠʦʥʘʨʥʘʷ, ʤʦʙʠʣʴʥʘʷ), ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʧʘʩʧʦʨʪʫ, 

ʧʦʪʨʝʙʣʝʥʠʠ ʫʩʪʘʥʦʚʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʧʨʦʯʠʭ ʨʝʩʫʨʩʦʚ, ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʠ ʠ 

ʧʣʦʱʘʜʠ ʨʘʟʚʸʨʪʳʚʘʥʠʷ (ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ).  

ʉʧʦʩʦʙʳ ʠ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 1.1 ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ (ʈʠʩʫʥʦʢ 1.7). ʇʦʩʢʦʣʴʢʫ 

ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʚ ʨʘʟʥʦʡ 
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ʩʪʝʧʝʥʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʠ ʧʦʯʪʠ ʚʩʝʛʜʘ ʩʦʜʝʨʞʘʪ ʵʣʝʤʝʥʪʳ ʫʪʠʣʠʟʘʮʠʠ ʠ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ, ʨʝʰʝʥʠʝ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʩʧʦʩʦʙʘ ʧʝʨʝʨʘʙʦʪʢʠ, ʜʦʣʞʥʦ 

ʧʨʠʥʠʤʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʦʛʦ ʤʥʝʥʠʷ. 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʭʨʘʥʠʣʠʱʘʭ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʅʉʆ 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʬʠʮʠʘʣʴʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʠʣʠ ʌʂʂʆ [151]. 

ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʪʩʷ ʨʝʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʪʭʦʜʘ ʠ ʚʳʙʠʨʘʝʪʩʷ ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ ʧʦʣʥʦ 

ʦʪʚʝʯʘʶʱʠʡ ʝʤʫ ʢʦʜ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʜʣʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʥʢʨʝʪʥʳʭ ʦʪʭʦʜʦʚ, ʘ ʜʣʷ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʅʉʆ 

(ʪʚʝʨʜʦʝ, ʞʠʜʢʦʝ, ʧʘʩʪʦʦʙʨʘʟʥʦʝ ʠ ʪ.ʧ.) ʠ ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ ʦʪʭʦʜʘ (II-V). ʂʨʦʤʝ 

ʵʪʦʛʦ, ʚʳʜʝʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ 

ʦʪʭʦʜʦʚ, ʚ ʦʩʥʦʚʥʦʤ, ʢ ʧʣʦʪʥʦʩʪʠ ʦʪʭʦʜʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʯʘʩʪʦ ʫʢʘʟʳʚʘʝʪʩʷ ʚ 

ʧʘʩʧʦʨʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʧʦʥʝʥʪʥʦʤʫ 

ʩʦʩʪʘʚʫ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʦʪʭʦʜʦʚ. ʅʘʧʨʠʤʝʨ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʮʝʥʪʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʚʦʜʳ ʚ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʤ ʦʪʭʦʜʝ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʮʝʥʢʠ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ. ʇʨʠ ʵʪʦʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ 

ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʥʘʠʙʦʣʝʝ ʮʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʷʚʣʷʶʪʩʷ 

ʫʛʣʝʚʦʜʦʨʦʜʳ. 

ɺʳʙʦʨ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʧʦʜʩʠʩʪʝʤ 

ʨʘʟʤʝʱʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦ 

ʦʙʲʝʢʪʠʚʥʳʤ ʧʨʠʟʥʘʢʘʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʩʣʦʚʠʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʚ ʂʇ ʅʉʆ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʧʨʠ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂʇ ʅʉʆ ʢʘʢ ʝʜʠʥʦʡ ʩʠʩʪʝʤ.r 

2.2.2 ɸʥʘʣʠʟ ʩʚʷʟʝʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʟʜʝʣʝ 2.2.1 ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʨʘʥʠʣʠʱ 

ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦʜʩʠʩʪʝʤ (ʈʠʩʫʥʦʢ 2.1), ʢʦʪʦʨʳʝ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ 
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ʚʳʙʦʨʘ ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ - ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʚʳʙʦʨ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʝʸ ʤʦʙʠʣʴʥʦʩʪʠ ʠ 

ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʭʨʘʥʠʣʠʱʘ ʅʉʆ ʠ ʫʩʪʘʥʦʚʢʠ ʧʝʨʝʨʘʙʦʪʢʠ; 

¶ ʚʳʙʦʨ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʧʦʪʨʝʙʣʷʝʤʳʤ ʫʩʪʘʥʦʚʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʝʩʫʨʩʘʤ, ʪʦʧʣʠʚʫ, 

ʚʦʜʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ ʭʨʘʥʝʥʠʷ ʅʉʆ (ʧʦʜʚʝʜʝʥʥʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, ʜʦʩʪʫʧʥʦʩʪʴ ʧʦʜʚʦʟʘ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʥʘʣʠʯʠʝ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʣʠʯʠʝ ʦʯʠʩʪʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ 

ʩʙʨʦʩʘ ʩʪʦʢʦʚ ʠ ʪ.ʧ.); 

¶ ʚʳʙʦʨ ʤʦʙʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʝʨʝʨʘʙʦʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʤʦʞʥʦʩʪʠ ʝʸ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʷʜʦʤ ʩ ʭʨʘʥʠʣʠʱʝʤ ʅʉʆ ʧʨʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʜʦʩʪʫʧʥʦʡ ʧʣʦʱʘʜʠ ʦʙʲʝʢʪʘ ʭʨʘʥʝʥʠʷ ʠ ʧʣʦʱʘʜʠ ʨʘʟʚʸʨʪʳʚʘʥʠʷ 

ʫʩʪʘʥʦʚʢʠ;  

¶ ʚʳʙʦʨ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʠ ʤʝʪʦʜʘ ʧʝʨʝʨʘʙʦʪʢʠ, 

ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʦʪʭʦʜʦʚ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʝ; 

¶ ʚʳʙʦʨ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʨʝʟʫʣʴʪʘʪʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʠ ʤʘʩʩʳ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʪʭʦʜʘ ʚ ʭʨʘʥʠʣʠʱʝ. 
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ʈʠʩʫʥʦʢ 2.1 ï ɺʟʘʠʤʦʩʚʷʟʴ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʧʦʜʩʠʩʪʝʤ 

ʂʇ ʅʉʆ 

2.3 ʉʪʨʫʢʪʫʨʠʟʘʮʠʷ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʣʝʤʝʥʪʘʭ ʂʇ 

ʅʉʆ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʚ ʨʘʟʜʝʣʝ 2.2 ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʩʥʦʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʂʇ ʅʉʆ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ɹɼ 

ʭʨʘʥʠʣʠʱ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʙʦʨ, ʦʙʨʘʙʦʪʢʫ ʠ ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. 

ɹɼ ʧʦ ʪʝʭʥʦʣʦʛʠʷʤ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʟʜʘʥʘ ʥʘ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ) Microsoft Access [35]. 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ɹɼ [152], ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʭʝʤʘ ʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 2.2). ʇʦ ʩʭʝʤʝ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʣʦʛʠʯʝʩʢʫʶ ʩʚʷʟʴ 
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ʤʝʞʜʫ ʪʘʙʣʠʮʘʤʠ ɹɼ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʪʘʙʣʠʮʳ-

ʩʧʨʘʚʦʯʥʠʢʠ, ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʪʘʙʣʠʮʳ ʠ ʪʘʙʣʠʮʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʦʩʥʦʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʭʥʦʣʦʛʠʷʭ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ. 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ɹɼ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ 

 

ɺ ɹɼ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʪʘʙʣʠʮʳ-ʩʧʨʘʚʦʯʥʠʢʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʪʝʧʝʥʴ 

ʚʘʞʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ (dImportance), ʧʘʨʘʤʝʪʨʳ (dParameters), ʪʠʧ ʧʘʨʘʤʝʪʨʘ 

(dTypeParameters), ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ (dDimensions), ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ 

(dProcess), ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ (dGroupMethod) ʠ ʩʪʝʧʝʥʴ ʤʦʙʠʣʴʥʦʩʪʠ 

(dMobility) ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

ʪʘʙʣʠʮʳ 2.1. 

 

ʊʘʙʣʠʮʘ 2.1 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʉʧʨʘʚʦʯʥʠʢè, ʩʦʜʝʨʞʘʱʘ ̫ʜʚʘ ʧʦʣʷ 

ʜʘʥʥʳʭ 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

Id ʉʯʝʪʯʠʢ 
ʇʝʨʚʠʯʥʳʡ 

ʢʣʶʯ 
ɼʘ  

Name ʊʝʢʩʪʦʚʳʡ ʅʝʪ ɼʘ  
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ʊʘʙʣʠʮʳ-ʩʧʨʘʚʦʯʥʠʢʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ (dClass), ʘʛʨʝʛʘʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ (dAgregation) ʠ ʌʂʂʆ (dFCWC) ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 2.2. 

 

ʊʘʙʣʠʮʘ 2.2 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʉʧʨʘʚʦʯʥʠʢè, ʩʦʜʝʨʞʘʱʠʝ ʪʨʠ ʧʦʣʷ 

ʜʘʥʥʳʭ 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

Id ʉʯʝʪʯʠʢ 
ʇʝʨʚʠʯʥʳʡ 

ʢʣʶʯ 
ɼʘ  

Code ʊʝʢʩʪʦʚʳʡ ʅʝʪ ɼʘ  

Name ʊʝʢʩʪʦʚʳʡ ʅʝʪ ɼʘ  

 

ʊʘʙʣʠʮʘ-ʩʧʨʘʚʦʯʥʠʢ, ʦʧʠʩʳʚʘʶʱʘʷ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʠʤʝʶʱʘʷ ʩʚʷʟʴ ʩʦ 

ʩʧʨʘʚʦʯʥʠʢʦʤ ʛʨʫʧʧ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 2.3 

 

ʊʘʙʣʠʮʘ 2.3 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʉʧʨʘʚʦʯʥʠʢ. ʄʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ dMethods 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

Id ʉʯʝʪʯʠʢ 
ʇʝʨʚʠʯʥʳʡ 

ʢʣʶʯ 
ɼʘ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʤʝʪʦʜʘ 

ʧʝʨʝʨʘʙʦʪʢʠ 

IdGroup ʏʠʩʣʦʚʦʡ 
ɺʥʝʰʥʠʡ 

ʢʣʶʯ 
ɼʘ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ 

Name ʊʝʢʩʪʦʚʳʡ ʅʝʪ ɼʘ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʝʪʦʜʘ 

ʧʝʨʝʨʘʙʦʪʢʠ 

ɹɼ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʜʦʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʘʩʩʦʮʠʘʪʠʚʥʳʤʠ 

ʪʘʙʣʠʮʘʤʠ: ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ (ʊʘʙʣʠʮʘ 2.4); ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ (ʊʘʙʣʠʮʘ 2.5); 

ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ (ʊʘʙʣʠʮʘ 2.6); ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʊʘʙʣʠʮʘ 2.7); ʦʪʭʦʜʳ 

(ʊʘʙʣʠʮʘ 2.8). 

 

ʊʘʙʣʠʮʘ 2.4 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʉʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ Process 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdTech ʏʠʩʣʦʚʦʝ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʪʝʭʥʦʣʦʛʠʠ 

IdProc ʏʠʩʣʦʚʦʝ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʩʧʦʩʦʙʘ 

ʧʝʨʝʨʘʙʦʪʢʠ 
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ʊʘʙʣʠʮʘ 2.5 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʄʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ Methods 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdTech ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʪʝʭʥʦʣʦʛʠʠ 

IdMethod ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʤʝʪʦʜʘ 

ʧʝʨʝʨʘʙʦʪʢʠ 

 

ʊʘʙʣʠʮʘ 2.6 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʂʣʘʩʩ ʦʧʘʩʥʦʩʪʠè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ Class 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdTech ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʪʝʭʥʦʣʦʛʠʠ 

IdClass ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʢʣʘʩʩʘ 

ʦʧʘʩʥʦʩʪʠ 

 

ʊʘʙʣʠʮʘ 2.7 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çɸʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ Agregation 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdTech ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʪʝʭʥʦʣʦʛʠʠ 

IdAgr ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

 

ʊʘʙʣʠʮʘ 2.8 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʆʪʭʦʜʳè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ FCWC 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdTech ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʪʝʭʥʦʣʦʛʠʠ 

IdCode ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʌʂʂʆ 

 

ɺ ʪʘʙʣʠʮʘʭ 2.9 ʠ 2.10 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʪʝʭʥʦʣʦʛʠʷʭ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʠ ʠʭ ʧʘʨʘʤʝʪʨʘʭ. 
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ʊʘʙʣʠʮʘ 2.9 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʇʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʡè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ Parameters 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdTech ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʪʝʭʥʦʣʦʛʠʠ 

IdParam ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʧʘʨʘʤʝʪʨʳ 

IdTypeParam ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʪʠʧʘ 

ʧʘʨʘʤʝʪʨʘ 

Val ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ 
ʅʦʤʠʥʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

MinVal ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ 
ʄʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

MaxVal ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ 
ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

IdDimension ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʨʘʟʤʝʨʥʦʩʪʠ 

IdImportance ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʚʘʞʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ 

 

ʊʘʙʣʠʮʘ 2.10 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʊʝʭʥʦʣʦʛʠʠè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ Technologies 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

Id ʉʯʝʪʯʠʢ 
ʇʝʨʚʠʯʥʳʡ 

ʢʣʶʯ 
ɼʘ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʪʝʭʥʦʣʦʛʠʠ 

Name ʊʝʢʩʪʦʚʳʡ ʅʝʪ ɼʘ 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ 

LawDoc ʇʦʣʝ MEMO ʅʝʪ ʅʝʪ ʇʨʘʚʦʦʭʨʘʥʥʳʡ ʜʦʢʫʤʝʥʪ 

DescriptionInternet ɻʠʧʝʨʩʩʩʳʣʢʘ ʅʝʪ ʅʝʪ ʆʧʠʩʘʥʠʝ ʚ ʩʝʪʠ Internet 

ShortDescription ʇʦʣʝ MEMO ʅʝʪ ʅʝʪ 
ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ 

IdMobility  ʏʠʩʣʦʚʦʡ 
ɺʥʝʰʥʠʡ 

ʢʦʣʶʯ 
ɼʘ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʩʪʝʧʝʥʠ 

ʤʦʙʠʣʴʥʦʩʪʠ 

 

ʉʚʷʟʠ ʤʝʞʜʫ ʪʘʙʣʠʮʘʤʠ 2.1ï2.10 ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ɹɼ ʠ ʟʘʧʦʤʠʥʘʶʪʩʷ ʚ ʩʭʝʤʝ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʩʨʝʜʩʪʚʦʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʠʩʪʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʉʦʟʜʘʥʠʝ ʩʭʝʤʳ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ 

ʫʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʤʥʦʛʦʪʘʙʣʠʯʥʳʭ ʬʦʨʤ, ʟʘʧʨʦʩʦʚ, ʦʪʯʝʪʦʚ, ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʜʜʝʨʞʘʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʚʚʦʜʝ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʜʘʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ɹɼ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʥʝʬʪʝʛʘʟʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʭʨʘʥʠʪʴ ʜʘʥʥʳʝ ʟʘ ʩʯʸʪ ʦʨʛʘʥʠʟʘʮʠʠ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʧʦ ʪʘʙʣʠʮʘʤ. ɹɼ ʣʠʰʝʥʘ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ 

ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ: ʘʥʦʤʘʣʠʡ ʚʩʪʘʚʢʠ, ʘʥʦʤʘʣʠʡ 

ʫʜʘʣʝʥʠʷ ʠ ʘʥʦʤʘʣʠʡ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɹɼ ʫʯʪʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ: ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʩʚʝʜʝʥʠʷ ʦ ʣʶʙʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʧʨʠ ʵʪʦʤ ʥʝ ʚʦʟʥʠʢʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʝʸ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʷʭ. 

ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ ʩʦʟʜʘʥʘ ʘʥʘʣʦʛʠʯʥʦ ɹɼ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ 

ʉʋɹɼ Microsoft Access [34]. ʉʪʨʫʢʪʫʨʘ ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ ʨʘʟʨʘʙʦʪʘʥʘ 

ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ [152]; ʪʘʙʣʠʮʳ ʙʘʟʳ ʜʘʥʥʳʭ ʪʘʢʞʝ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʪʘʙʣʠʮʳ-ʩʧʨʘʚʦʯʥʠʢʠ, ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʪʘʙʣʠʮʳ ʠ 

ʪʘʙʣʠʮʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʅʉʆ ʠ 

ʭʨʘʥʠʣʠʱʘʭ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʜʘʥʥʳʭ ʚ ɹɼ ʦʙʲʝʢʪʦʚ ʭʨʘʥʝʥʠʷ ʦʪʭʦʜʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.3. 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ 

 

ɺ ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ ʪʘʙʣʠʮʳ-ʩʧʨʘʚʦʯʥʠʢʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʦʩʪʦʷʥʠʝ 

ʭʨʘʥʠʣʠʱʘ (dState), ʥʘʟʥʘʯʝʥʠʝ ʦʙʲʝʢʪʘ (dPurpose), ʤʝʨʳ ʟʘʱʠʪʳ (dProtection), ʪʠʧ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ (dShield), ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ (dMonitoring), 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ (dFPurpose), ʧʘʨʘʤʝʪʨʳ (dParameters), ʝʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ (dDimensions),  ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ (dGroupMethod) ʠ ʩʪʝʧʝʥʴ 
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ʤʦʙʠʣʴʥʦʩʪʠ (dMobility), ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ (dAccuracy) ʠ ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ (dDangers) 

ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 2.1. 

ʊʘʙʣʠʮʳ-ʩʧʨʘʚʦʯʥʠʢʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ (dAgrState) ʠ 

ʌʂʂʆ (dFCWC) ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

ʪʘʙʣʠʮʳ 2.2. 

ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ ʜʦʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʘʩʩʦʮʠʘʪʠʚʥʳʤʠ ʪʘʙʣʠʮʘʤʠ: 

ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ (ʊʘʙʣʠʮʘ 2.11); ʥʘʟʥʘʯʝʥʠʝ ʦʙʲʝʢʪʘ (ʊʘʙʣʠʮʘ 2.12); ʦʪʭʦʜʳ 

(ʊʘʙʣʠʮʘ 2.13); ʤʝʨʳ ʟʘʱʠʪʳ (ʊʘʙʣʠʮʘ 2.14); ʪʠʧ ʵʢʨʘʥʠʨʦʚʘʥʠʷ (ʊʘʙʣʠʮʘ 2.15); 

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ (ʊʘʙʣʠʮʘ 2.16); ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ (ʊʘʙʣʠʮʘ 2.17); 

ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʊʘʙʣʠʮʘ 2.18); ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ (ʊʘʙʣʠʮʘ 2.19). 

 

ʊʘʙʣʠʮʘ 2.11 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʉʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ State 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdObj ʏʠʩʣʦʚʦʝ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʘ 

IdState ʏʠʩʣʦʚʦʝ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʩʦʩʪʦʷʥʠʷ 

ʦʙʲʝʢʪʘ 

 

ʊʘʙʣʠʮʘ 2.12 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʅʘʟʥʘʯʝʥʠʝ ʦʙʲʝʢʪʘè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ Purpose 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdObj ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʘ 

IdPurpose ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘʟʥʘʯʝʥʠʷ 

ʦʙʲʝʢʪʘ 

 

ʊʘʙʣʠʮʘ 2.13 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʆʪʭʦʜʳè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ FCWC 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdObj ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʘ 

IdFCWC ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʌʂʂʆ 
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ʊʘʙʣʠʮʘ 2.14 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʄʝʨʳ ʟʘʱʠʪʳè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ Protection 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdObj ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʘ 

IdProtection ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʤʝʨʳ ʟʘʱʠʪʳ 

 

ʊʘʙʣʠʮʘ 2.15 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʊʠʧ ʵʢʨʘʥʠʨʦʚʘʥʠʷè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ Shield 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdObj ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʘ 

IdShield ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʪʠʧʘ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ 

 

ʊʘʙʣʠʮʘ 2.16 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʕʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ Monitoring 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdObj ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʘ 

IdMonitoring ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ 

 

ʊʘʙʣʠʮʘ 2.17 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʂʣʘʩʩ ʦʧʘʩʥʦʩʪʠè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ Dangers 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdObj ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʘ 

IdDangers ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʢʣʘʩʩʘ 

ʦʧʘʩʥʦʩʪʠ 

 

ʊʘʙʣʠʮʘ 2.18 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çɸʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ AgrState 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdObj ʏʠʩʣʦʚʦʡ 
ɺʥʝʰʥʠʡ 

ʢʣʶʯ 
ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʘ 

IdAgrState ʏʠʩʣʦʚʦʡ 
ɺʥʝʰʥʠʡ 

ʢʣʶʯ 
ɼʘ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʘʛʨʝʛʘʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ 
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ʊʘʙʣʠʮʘ 2.19 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ FPurpose 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdObj ʏʠʩʣʦʚʦʡ 
ɺʥʝʰʥʠʡ 

ʢʣʶʯ 
ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʘ 

IdFPurpose ʏʠʩʣʦʚʦʡ 
ɺʥʝʰʥʠʡ 

ʢʣʶʯ 
ɼʘ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

 

ɺ ʪʘʙʣʠʮʘʭ 2.20ï2.23 ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʦʪʭʦʜʘʭ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʭʨʘʥʠʣʠʱʘʭ. 

 

ʊʘʙʣʠʮʘ 2.20 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʆʙʲʝʢʪʳè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ Objects 

ʀʤʷ ʧʦʣʷ 
ʊʠʧ 

ʜʘʥʥʳʭ 
ʂʣʶʯ 

ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

Id ʉʯʝʪʯʠʢ 
ʇʝʨʚʠʯʥʳʡ 

ʢʣʶʯ 
ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʘ 

Name ʊʝʢʩʪʦʚʳʡ ʅʝʪ ɼʘ ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʲʝʢʪʘ 

Reestr ʊʝʢʩʪʦʚʳʡ ʅʝʪ ʅʝʪ ɻʈʈʆ 

Address ʊʝʢʩʪʦʚʳʡ ʅʝʪ ʅʝʪ ɸʜʨʝʩ 

Latitude ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ ʐʠʨʦʪʘ 

Longitude ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ ɼʦʣʛʦʪʘ 

AddressNearest ʊʝʢʩʪʦʚʳʡ ʅʝʪ ʅʝʪ 
ɸʜʨʝʩ ʙʣʠʞʘʡʰʝʛʦ ʥʘʩʝʣʝʥʥʦʛʦ 

ʧʫʥʢʪʘ 

LenTrans ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʟʣʘ 

Throughput, ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ 
ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʟʣʘ 

Capacity  ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ ʇʨʦʝʢʪʥʘʷ ʚʤʝʩʪʠʤʦʩʪʴ 

 

ʊʘʙʣʠʮʘ 2.21 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çɿʘʤʝʨʳè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ Sample 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdObj ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʘ 

IdSample ʏʠʩʣʦʚʦʡ ɺʥʝʰʥʠʡ ʢʣʶʯ ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʤʝʨʘ 

Date Date/Time ʅʝʪ ɼʘ ɼʘʪʘ ʟʘʤʝʨʘ 

Capacity ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ ɺʤʝʩʪʠʤʦʩʪʴ 

Depth ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ ɻʣʫʙʠʥʘ ʥʘʢʦʧʠʪʝʣʷ 

Area ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

layerAmount ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ ʂʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ 

Mass ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ ʄʘʩʩʘ ʦʪʭʦʜʦʚ 

Receipt ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ ʇʦʩʪʫʧʣʝʥʠʝ ʦʪʭʦʜʦʚ 

Decrease1 ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ 
ʋʤʝʥʴʰʝʥʠʝ ʠʟ-ʟʘ 

ʫʪʠʣʠʟʘʮʠʠ 

Decrease2 ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ 
ʋʤʝʥʴʰʝʥʠʝ ʠʟ-ʟʘ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ 

Decrease3 ʏʠʩʣʦʚʦʡ ʅʝʪ ʅʝʪ 
ʋʤʝʥʴʰʝʥʠʝ ʠʟ-ʟʘ 

ʧʝʨʝʜʘʯʠ 



71 

 

ʊʘʙʣʠʮʘ 2.22 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʇʘʨʘʤʝʪʨʳè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ Parameters 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

IdSample ʏʠʩʣʦʚʦʡ 
ɺʥʝʰʥʠʡ 

ʢʣʶʯ 
ɼʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʤʝʨʘ 

IdLayer ʏʠʩʣʦʚʦʡ 
ɺʥʝʰʥʠʡ 

ʢʣʶʯ 
ɼʘ ʅʦʤʝʨ ʩʣʦʷ 

IdParam ʏʠʩʣʦʚʦʡ 
ɺʥʝʰʥʠʡ 

ʢʣʶʯ 
ɼʘ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʧʘʨʘʤʝʪʨʘ 

Value ʏʠʩʣʦʚʦʡ ʅʝʪ ɼʘ ɿʥʘʯʝʥʠʝ 

IdUnits ʏʠʩʣʦʚʦʡ 
ɺʥʝʰʥʠʡ 

ʢʣʶʯ 
ɼʘ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʝʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

IdMeter ʏʠʩʣʦʚʦʡ 
ɺʥʝʰʥʠʡ 

ʢʣʶʯ 
ɼʘ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ 

Value ʏʠʩʣʦʚʦʡ - - ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

 

ʊʘʙʣʠʮʘ 2.23 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ çʀʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʘʙʣʠʮʳ Meter 

ʀʤʷ ʧʦʣʷ ʊʠʧ ʜʘʥʥʳʭ ʂʣʶʯ 
ʆʙʷʟʘʪʝʣʴʥʦʝ 

ʧʦʣʝ 
ʇʨʠʤʝʯʘʥʠʝ 

Id ʉʯʝʪʯʠʢ 
ʇʝʨʚʠʯʥʳʡ 

ʢʣʶʯ 
ɼʘ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ 

Name ʊʝʢʩʪʦʚʳʡ ʅʝʪ ɼʘ ʅʘʠʤʝʥʦʚʘʥʠʝ 

Manufacture ʊʝʢʩʪʦʚʳʡ ʅʝʪ ʅʝʪ ʇʨʦʠʟʚʦʜʠʪʝʣʴ 

IdAccuracy ʏʠʩʣʦʚʦʡ 
ɺʥʝʰʥʠʡ 

ʢʣʶʯ 
ɼʘ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʢʣʘʩʩʘ 

ʪʦʯʥʦʩʪʠ 

Note Memo ʅʝʪ ʅʝʪ ʇʨʠʤʝʯʘʥʠʝ 

 

ʉʚʷʟʠ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʘʙʣʠʮʘʤʠ 2.1, 2.2, 2.11ï2.23 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ɹɼ ʠ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʩʭʝʤʝ 

ʜʘʥʥʳʭ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʭʨʘʥʠʪʴ ʜʘʥʥʳʝ ʟʘ ʩʯʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʪʘʙʣʠʮʘʤ. ɸʥʘʣʦʛʠʯʥʦ ɹɼ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ (ʈʠʩʫʥʦʢ 2.2), 

ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ ʣʠʰʝʥʘ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ: ʘʥʦʤʘʣʠʡ ʚʩʪʘʚʢʠ, ʘʥʦʤʘʣʠʡ ʫʜʘʣʝʥʠʷ ʠ ʘʥʦʤʘʣʠʡ ʦʙʥʦʚʣʝʥʠʷ 

ʜʘʥʥʳʭ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɹɼ ʫʯʪʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ: ʦʥʘ 

ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʩʚʝʜʝʥʠʷ ʦ ʣʶʙʦʤ ʦʙʲʝʢʪʝ ʭʨʘʥʝʥʠʷ ʦʪʭʦʜʦʚ, ʧʨʠ ʵʪʦʤ ʥʝ 

ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʝʸ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʷʭ. 
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ʇʨʠ ʚʚʝʜʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ɹɼ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʪʘʙʣʠʮʳ ʚʥʦʩʠʣʠʩʴ ʢʦʨʨʝʢʪʥʳʝ ʜʘʥʥʳʝ ʩ ʫʯʸʪʦʤ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʥʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ɺ [153] ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʝʨʚʠʯʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʦʙ ʦʪʭʦʜʘʭ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʢʦʪʦʨʦʛʦ 

ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʆʧʨʝʜʝʣʝʥʘ ʬʦʨʤʘ(ʳ) ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ. 

2. ʌʦʨʤʘʣʠʟʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʚʝʨʢʝ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʩʦʙʨʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʙʨʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

4. ʆʧʨʝʜʝʣʝʥʘ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʨʚʠʯʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʦʙ ʦʪʭʦʜʘʭ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʙʣʝʤʘ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʦʚʝʨʢʘ 

ʝʸ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʧʨʠ ʚʥʝʩʝʥʠʠ ʚ ɹɼ ʨʝʰʘʝʪʩʷ 

ʘʥʘʣʦʛʠʯʥʦ [153]. 

2.4 ɸʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʷʭ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʚ ʨʘʤʢʘʭ ʂʇ ʅʉʆ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʠ ʢʘʯʝʩʪʚʝʥʥʦʤ 

ʩʦʩʪʘʚʝ ʦʪʭʦʜʦʚ ʢʦʥʢʨʝʪʥʦʛʦ ʭʨʘʥʠʣʠʱʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ 

ʧʫʪʝʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʘʭ, ʧʨʦʚʦʜʠʪʩʷ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʭʦʜʦʚ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ɺʳʰʝʩʢʘʟʘʥʥʦʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʘʣʛʦʨʠʪʤʘ ʧʦʣʫʯʝʥʠʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʚʥʦʩʠʤʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʧʝʨʝʨʘʙʦʪʢʠ (ʨʘʟʜʝʣ 2.3), ʧʦʟʚʦʣʷʶʱʠʭ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʨʝʰʝʥʠʡ, 

ʧʨʠʥʷʪʳʭ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʠʟ 

ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʅʉʆ ʠ 

ʪʝʭʥʦʣʦʛʠʷʭ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ (ʈʠʩʫʥʢʠ 2.4 ʠ 2.5), ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ 3 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʘ.  
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ʈʠʩʫʥʦʢ 2.4 ï ɸʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʷʭ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ 
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ʈʠʩʫʥʦʢ 2.5 ï ɸʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʷʭ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ (ʧʨʦʜʦʣʞʝʥʠʝ) 
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1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʙʦʨʦʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ. 

2. ʈʘʩʯʸʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ. 

3. ʈʘʩʯʸʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠ ̫ʥʘʙʦʨʦʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʚʢʣʶʯʘʝʪ 

3 ʰʘʛʘ (ʈʠʩʫʥʦʢ 2.4), ʥʘ ʧʝʨʚʦʤ ʠʟ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʅʉʆ ʠʟ ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ, ʘ 

ʪʘʢʞʝ ʜʦʧʫʩʪʠʤʳʝ ʛʨʘʥʠʮʳ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʘ ʦʪʭʦʜʦʚ ʠʟ ɹɼ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʅʉʆ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨ ʬʠʟʠʯʝʩʢʠʭ 

ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʩʪʘʚ ʅʉʆ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ-ʩʪʨʦʢʠ: 

1( ... ... )C c c cc Y= ,    (2.1) 

ʛʜʝ c ï ʥʦʤʝʨ ʧʘʨʘʤʝʪʨʘ, 1,c Y= ; 12Y= ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʅʉʆ; c1 ï ʧʣʦʱʘʜʴ ʭʨʘʥʠʣʠʱʘ, [ʤ
2]; c2 ï ʛʣʫʙʠʥʘ ʭʨʘʥʠʣʠʱʘ ʠʣʠ 

ʪʦʣʱʠʥʘ ʩʣʦʷ, [ʤ]; c3 ï ʤʘʩʩʘ ʦʪʭʦʜʦʚ, [ʪ]; c4 ï ʧʣʦʪʥʦʩʪʴ ʦʪʭʦʜʦʚ ʧʨʠ 20 
oC, [ʢʛ/ʩʤ3]; 

c5 ï ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʦʪʭʦʜʘʭ, [% ʤʘʩʩ.]; c6 ï ʩʦʜʝʨʞʘʥʠʝ 

ʩʚʝʪʣʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, [% ʤʘʩʩ.]; c7 ï ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ, [% 

ʤʘʩʩ.]; c8 ï ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, [% ʤʘʩʩ.]; c9 ï  ʩʦʜʝʨʞʘʥʠʝ ʘʩʬʘʣʴʪʝʥʦʚ, [% ʤʘʩʩ.]; c10 

ï ʩʦʜʝʨʞʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, [% ʤʘʩʩ.]; c11 ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, [ʤʤ]; c12 ï ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʦʪʭʦʜʦʚ, [ʢɼʞ/ʢʛ]. 

ʄʘʪʨʠʮʳ minI  ʠ maxI , ʩʦʜʝʨʞʘʱʠʝ ʛʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʦʚ ʜʦʧʫʩʪʠʤʳʭ 

ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʘ , 1,cc c= Y ʜʣʷ ʢʘʞʜʦʡ m-ʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

11 1

1

min min

min min

min min

m

M M

a a

I a

a a

c

Y

Y

å õ
æ ö
æ ö=
æ ö
æ ö
ç ÷

,      

11 1

1

max max

max max

max max

m

m M

a a

I a

a a

c

Y

Y

å õ
æ ö
æ ö=
æ ö
æ ö
ç ÷

,  (2.2) 

ʛʜʝ min max , 1, , 1,
m m

a ʠ a m M
c c

c= = Y - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʠʥʠʤʘʣʴʥʳʝ ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ , 1,cc c= Y ʩʦʩʪʘʚʘ ʦʪʭʦʜʦʚ, 
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ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʥʪʝʨʚʘʣ min max[ ; ], 1, , 1,
m m

a a m M
c c

c= = Y, ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ , 1,cc c= Y, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ m-ʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʦʪʭʦʜʦʚ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʪʭʦʜʳ ʚ ʭʨʘʥʠʣʠʱʘʭ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʣʦʠ, ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʘʢʠʭ ʦʪʭʦʜʦʚ ʚʤʝʩʪʦ ʤʘʪʨʠʮʳ-ʩʪʨʦʢʠ C ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ: 

11 1

1

...

... ...

...

s

S S

l l

L l

l l

c

Y

Y

å õ
æ ö
=æ ö
æ öæ ö
ç ÷

,     (2.3) 

ʛʜʝ 1,s S=  - ʥʦʤʝʨ ʩʣʦʷ, ʧʨʠ ʫʩʣʦʚʥʦʤ ʨʘʟʜʝʣʝʥʠʠ ʥʝʬʪʷʥʳʭ ʦʪʭʦʜʦʚ ʥʘ ʩʣʦʠ; S-

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ (ʥʘʧʨʠʤʝʨ, ʞʠʜʢʠʝ ʅʉʆ ʦʙʳʯʥʦ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ S = 3 ʩʣʦʷ 

(ʨʘʟʜʝʣ 1.1)); ʩʪʦʣʙʝʮ ʩ ʥʦʤʝʨʦʤ 1,c= Y ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʘʤʝʪʨʫ ʦʪʭʦʜʦʚ 

, 1,cc c= Y; sl c - ʟʥʘʯʝʥʠʝ c-ʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ s-ʦʤ ʩʣʦʝ. 

ʂʘʢ ʠ ʚ ʤʘʪʨʠʮʝ-ʩʪʨʦʢʝ C (2.1), ʢʦʣʠʯʝʩʪʚʦ ʦʮʝʥʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦʚʧʘʜʘʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ L (2.3), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦʣʞʥʳ 

ʩʦʚʧʘʜʘʪʴ ʚʠʜʳ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʨʠʮ minI  ʠ maxI  (2.2), L (2.3), ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʡ 

ʠʥʜʝʢʩ c. ʕʣʝʤʝʥʪʳ ʚ ʩʪʨʦʢʘʭ ʤʘʪʨʠʮʳ L ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʧʦʣʦʞʝʥʠʶ ʵʣʝʤʝʥʪʦʚ 

ʤʘʪʨʠʮʳ C ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʣʦʷ s.  

ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʦʨʤʘʪʠʚʥʳʝ ʜʘʥʥʳʝ, 

ʚʢʣʶʯʘʶʱʠʝ ʜʦʧʫʩʪʠʤʳʝ ʧʝʨʠʦʜ rʜʣʷ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʧʨʠʙʦʨʦʚ, ʤʘʪʨʠʮʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʤʘʪʨʠʮʳ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʅʉʆ (ʈʠʩʫʥʦʢ 2.4). 

ɼʣʷ ʢʘʞʜʦʛʦ c-ʛʦ ʧʘʨʘʤʝʪʨʘ ʤʘʪʨʠʮʳ L (2.3) ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʡ ʧʝʨʠʦʜ tc ʤʝʞʜʫ ʜʚʫʤʷ ʝʛʦ ʠʟʤʝʨʝʥʠʷʤʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʜʘʥʥʳʝ 

ʦʙ ʵʪʦʤ ʧʘʨʘʤʝʪʨʝ ʩʯʠʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʫʶ 

ʤʘʪʨʠʮʫ: 

( )1 ... ... , 1,T t t tc cY= = Y,     (2.4) 
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ʛʜʝ 12Y= , ʘʥʘʣʦʛʠʯʥʦ (2.1). 

ɼʘʥʥʳʝ ʜʣʷ ʤʘʪʨʠʮʳ ʊ (2.4) ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʟʥʘʥʠʡ ʦ ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʦʮʝʥʦʢ ʵʢʩʧʝʨʪʦʚ, 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠ ʚʥʫʪʨʝʥʥʠʭ ʥʦʨʤʘʪʠʚʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ 

ʢʦʥʪʨʦʣʶ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʭʨʘʥʠʣʠʱʘ (ʝʩʣʠ ʪʘʢʦʚʳʝ ʠʤʝʶʪʩʷ). 

ɼʣʷ ʢʘʞʜʦʛʦ c-ʛʦ ʧʘʨʘʤʝʪʨʘ ʤʘʪʨʠʮʳ L (2.3) ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʡ ʜʠʘʧʘʟʦʥ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʵʢʩʧʝʨʪʘʤʠ ʠ(ʠʣʠ) ʦʙʲʝʢʪʠʚʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʢʦʪʦʨʳʡ ʚʥʦʩʠʪʩʷ 

ʚ ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʠʪʴ ʤʘʪʨʠʮʳ Lmin ʠ Lmax: 

min min1 min min( ... )L l l lc Y= ,   max max1 max max( ... )L l l lc Y= ,  (2.5) 

ʛʜʝ min , 1,l c c= Y - ʤʠʥʠʤʘʣʴʥʦʝ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ c-ʛʦ ʧʘʨʘʤʝʪʨʘ ʅʉʆ, 

max , 1,l c c= Y - ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ c-ʛʦ ʧʘʨʘʤʝʪʨʘ ʅʉʆ. 

ʄʘʪʨʠʮʘ-ʩʪʨʦʢʘ çʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷè D, ʩʦʜʝʨʞʘʱʘʷ ʜʘʥʥʳʝ ʦ 

ʧʦʛʨʝʰʥʦʩʪʷʭ ʧʨʠʙʦʨʦʚ, ʢʦʪʦʨʳʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘʤʝʨʳ, ʠʤʝʝʪ ʚʠʜ: 

( )1 ... ...D c Y= D D D, 1,c= Y,    (2.6) 

ʛʜʝ ʢʦʣʠʯʝʩʪʚʦ ʦʮʝʥʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ Y ʩʦʚʧʘʜʘʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʦʣʙʮʦʚ 

ʤʘʪʨʠʮʳ L (2.3); , 1,c cD = Y - ʟʥʘʯʝʥʠʷ ʜʦʧʫʩʪʠʤʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠʙʦʨʦʚ, 

ʢʦʪʦʨʳʤʠ ʧʨʦʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ , 1,cc c= Y. 

ʄʘʪʨʠʮʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʜʘʥʥʳʤ ɹɼ ʪʝʭʥʦʣʦʛʠʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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m

m M

A c

a a

a

a a
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Y

å õ
æ ö
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,     (2.7) 

ʉʪʨʦʢʘ c ʥʦʤʝʨʦʤ , 1,m m M=  ʩʦʦʪʚʝʪʩʪʚʫʝʪ m-ʦʡ ʠʟ M ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ; ʩʪʦʣʙʝʮ ʩ ʥʦʤʝʨʦʤ , 1,c c= Y ʩʦʦʪʚʝʪʩʪʚʫʝʪ c-ʤʫ 

ʧʘʨʘʤʝʪʨʫ ʦʪʭʦʜʦʚ , 1,cc c= Y, ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ mca  ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 1, ʝʩʣʠ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʯʠʩʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ cc ʜʦʣʞʥʘ ʙʳʪʴ ʫʯʪʝʥʘ ʜʣʷ ʧʨʠʥʷʪʠʷ 
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ʨʝʰʝʥʠʷ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ m-ʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠ mca  ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 0 ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. 

min max1, ;

0,

m m

m

ʝʩʣʠ a ʠ a

ʝʩʣʠ

c c

ca
$ $

=
$minm

a ʠʣʠ
c

$max .
m

a
c

ëî
ì
îí

   (2.8) 

ɼʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʅʉʆ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʩʣʦʠ ʤʘʪʨʠʮʘ ɸ (2.7) ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʷ 

ʢʘʞʜʦʛʦ s-ʛʦ ʩʣʦʷ ʦʪʜʝʣʴʥʦ: 

11 1

1

s s

s s
m

s s
m M
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a a

a

a a

Y

Y

å õ
æ ö
æ ö=
æ ö
æ ö
ç ÷

, 1,s S= ,    (2.9) 

ʛʜʝ 
s
mca  ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʬʦʨʤʫʣʝ (2.8) ʜʣʷ ʢʘʞʜʦʛʦ s-ʛʦ ʩʣʦʷ ʦʪʜʝʣʴʥʦ, 

1,s S= , ʩ ʫʯʸʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʥʠʮ ʠʥʪʝʨʚʘʣʦʚ 

min max[ ; ], 1, , 1,
m m

a a m M
c c

c= = Y. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï 

ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʚ ʂʇ ʅʉʆ, ʧʨʦʮʝʜʫʨʘ ʨʘʩʯʸʪʘ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ 3, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘʙʦʨ ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʭ ʢʦʤʙʠʥʘʮʠʡ. 

ʂʘʞʜʘʷ ʠʟ ʪʘʢʠʭ ʢʦʤʙʠʥʘʮʠʡ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʩʣʦʚʠʶ ʧʨʠʤʝʥʠʤʦʩʪʠ m-

ʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʢʘʞʜʦʤ ʭʨʘʥʠʣʠʱʝ, ʪ.ʝ. ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʫʩʣʦʚʠʷ, ʬʦʨʤʫʣʠʨʫʝʤʦʛʦ ʩ ʫʯʸʪʦʤ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ 

sA  (2.9): 

( )min max[ ; ] 1
m m

s
s ml a a

c cc caÍ Æ =, 1, , 1, , 1, .m M s Sc= = Y =   (2.10) 

ɽʩʣʠ ʫʩʣʦʚʠʝ (2.10) ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ m-ʫ  ʁ

ʪʝʭʥʦʣʦʛʠʶ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠè ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʜʣʷ ʪʘʢʠʭ ʢʦʤʙʠʥʘʮʠʡ ʦʮʝʥʢʠ ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ (ʨʘʟʜʝʣ 3.3.2), ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʨʘʟʜʝʣ 3.3.3), ʨʝʩʫʨʩʦ- ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʨʘʟʜʝʣ 3.3.4) ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʨʘʟʜʝʣ 3.3.5) 

ʧʨʠʥʠʤʘʶʪʩʷ ʨʘʚʥʳʤʠ 0. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʢʦʤʙʠʥʘʮʠʠ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
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ʫʩʣʦʚʠʶ (2.10), ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʂʇ ʅʉʆ (ʨʘʟʜʝʣʳ 3.4 ʠ 4.2). 

ʅʘ ʪʨʝʪʴʝʤ ʰʘʛʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʨʘʩʯʸʪʥʳʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʤʘʪʨʠʮ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʠʟʤʝʨʝʥʠʷʤʠ ʠ 

ʜʘʪʦʡ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʠ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʘʭ (ʈʠʩʫʥʦʢ 2.4). 

ʄʘʪʨʠʮʘ ʊʟʘʤʝʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʘʪʦʡ ʟʘʤʝʨʦʚ 

ʧʘʨʘʤʝʪʨʦʚ 2t c ʠ ʜʘʪʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʜʘʥʥʳʭ 1t c, ʚ ʩʫʪʢʘʭ: 

( )1 ... ...ʟʘʤʝʨT t t tc Y= D D D,      (2.11) 

ʛʜʝ 1 2 , 1,t t tc c ccD = - = Y. 

ʂʘʞʜʳʡ c-r ʡ ʧʘʨʘʤʝʪʨ ʤʦʞʝʪ ʠʟʤʝʨʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʘ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʧʦ ʢʘʞʜʦʤʫ ʧʘʨʘʤʝʪʨʫ ʤʦʛʫʪ ʠʤʝʪʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʚʳʙʦʨʢʫ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʠʟʤʝʨʝʥʠʡ, ʝʩʣʠ ʠʤʝʝʪʩʷ ʩʝʨʠʷ 

ʠʟʤʝʨʝʥʠʡ. ʄʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʠ ʜʣʷ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ 

ʩʣʦʷʤ ʦʙʲʝʢʪʘ, ʧʦʜʦʙʥʘʷ L (2.3), ʠʤʝʝʪ ʚʠʜ: 

11 1
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... ...

...

s
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v v
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æ ö
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æ ö
ç ÷

,       (2.12) 

ʛʜʝ , 1, , 1,sv s Sc c= = Y - ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ ʢʘʞʜʦʤʫ ʩʣʦʶ. ʇʨʠʥʠʤʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ, ʯʪʦ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʦʜʥʦʛʦ ʩʣʦʷ 1/s Scn ¢ . ɽʩʣʠ ʧʨʦʚʦʜʠʪʩʷ 

ʪʦʣʴʢʦ ʦʜʥʦ ʠʟʤʝʨʝʥʠʝ c-ʛʦ ʧʘʨʘʤʝʪʨʘ, ʪʦ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʠ (2.12) 

ʜʣʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʘʣʛʦʨʠʪʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʸʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʦʮʝʥʦʢ ʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʘʢʪʫʘʣʴʥʦʩʪʠ, 

ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ (ʈʠʩʫʥʦʢ 2.5). 

ʆʮʝʥʢʘ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʝʪʩʷ ʤʝʨʘ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ɹɼ ʜʣʷ ʘʜʝʢʚʘʪʥʦʡ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 
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ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʂʇ ʅʉʆ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪʭʦʜʦʚ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʨʝʩʫʨʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ L (2.3) 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ sA  (2.9). ʆʙʲʝʤ ʜʦʩʪʘʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʦʪʭʦʜʘʭ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʡ PA , ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ 

ʢ ʦʪʭʦʜʘʤ ʩ ʫʯʸʪʦʤ ʠʭ ʨʘʟʜʝʣʝʥʠʷ ʥʘ S ʩʣʦʸʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʢʦʤʧʦʥʝʥʪʥʦʤ ʩʦʩʪʘʚʝ , 1,sl c c= Y ʢʘʞʜʦʛʦ s-ʛʦ ʩʣʦʷ, ʪ.ʝ. ʝʩʣʠ 

| 1s
s ml c caÎÅ =, 1,s S= . ɺ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʥʘʣʠʯʠʠ ʜʘʥʥʳʭ ʦʙʦ ʚʩʝʭ ʩʣʦʷʭ 

L (2.3), ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʡ sA  (2.9), ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ 
maxPA ʄ S= Ö, ʛʜʝ M ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ɺ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝ ʚʩʝ ʪʝʭʥʦʣʦʛʠʠ sA  

(2.9) ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʦ ʩʣʦʷʤ L (2.3), ʦʮʝʥʢʘ 

ʈɸ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ: 

1 1

, { | 1 1, };
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ɽʩʣʠ 0PA =  ʧʦ (2.13), ʪʦ ʚʩʝ M ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ 

ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʂʇ ʅʉʆ ʠ ʪʨʝʙʫʝʪʩʷ ʫʪʦʯʥʠʪʴ ʚ ɹɼ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʦʪʭʦʜʘʭ ʠ ʪʝʭʥʦʣʦʛʠʷʭ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʭʨʘʥʠʣʠʱʘ 

ʅʉʆ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

P
a

A
K

ʄ S
=

Ö
.      (2.14) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʝʪʩʷ 

ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʜʦʧʫʩʪʠʤʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʘʪʘʤʠ ʠʟʤʝʨʝʥʠ̫ ʠ 

ʢʦʥʪʨʦʣ ̫ʧʦ ʢʘʞʜʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʨʠʮʳ ʊ (2.4) ʠ ʊʟʘʤʝʨ (2.10). 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʘʢʪʫʘʣʴʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʭʨʘʥʠʣʠʱʘ ʅʉʆ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ: 



81 

 

( ) ()

( )
()

max min ;

max
1 , .

min

ʟʘʤʝʨ

r ʟʘʤʝʨ

0, ʝʩʣʠ T T

K T
ʠʥʘʯʝ

T

ë ²
îî
=ì
î-
îí

    (2.15) 

ʇʦʜʜʝʨʞʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʫʪʝʤ 

ʧʨʦʚʝʜʝʥʠʷ ʧʦʚʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪʭʦʜʦʚ. 

ʆʮʝʥʢʫ ʪʦʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʝʪʩʷ ʦʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʜʦʧʫʩʪʠʤʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʩ ʫʯʸʪʦʤ ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʧʨʠʙʦʨʦʚ D (2.6), ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʘ ʦʪʭʦʜʦʚ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ 

ʪʨʝʙʦʚʘʥʠʡ ɻʆʉʊ ʈ 8.563ð2009 [154]. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʥʦʛʦ ʚ ʜʦʣʷʭ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʜʣʷ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʭʨʘʥʠʣʠʱʘ, 

scn , 1,s S=  ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 1/S, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʧʦʚʪʦʨʥʦ 

ʦʮʝʥʠʪʴ ʪʦʣʱʠʥʫ ʫʩʣʦʚʥʳʭ S ʩʣʦʸʚ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʭʨʘʥʠʣʠʱʘ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʩʪʠ ʧʦʚʪʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ ʈ 8.563ð

2009. 

ɺʳʯʠʩʣʝʥʠʝ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʭʨʘʥʠʣʠʱʘ ʅʉʆ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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(2.16) 

ʇʦʜ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʠʥʬʦʨʤʘʮʠʠ ʧʦʥʠʤʘʝʪʩʷ ʝʸ ʦʙʲʝʢʪʠʚʥʦʩʪʴ, 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʠʩʢʘʞʝʥʠʷ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʦʙʲʝʢʪʘʤ ʭʨʘʥʝʥʠʷ ʦʪʭʦʜʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʷʤ ʧʝʨʝʨʘʙʦʪʢʠ ʩʯʠʪʘʝʪʩʷ ʦʙʲʝʢʪʠʚʥʦʡ ʠ ʚʝʨʠʬʠʮʠʨʫʝʤʦʡ, ʪ. ʢ. 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʝʸ ʧʦʣʫʯʝʥʠʝ ʠʟ ʦʬʠʮʠʘʣʴʥʳʭ ʥʘʜʝʞʥʳʭ ʠ ʧʨʦʚʝʨʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ ʭʨʘʥʝʥʠʷ ʚ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɹɼ ʭʨʘʥʠʣʠʱ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʜʣʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠʥʠʤʘʷ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʠʩʢʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ 

ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʚʦʜʝ ʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʚ ɹɼ, ʧʦʜ ʦʮʝʥʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 
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ʠʥʬʦʨʤʘʮʠʠ ʧʦʥʠʤʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʚʦʜʠʤʳʭ ʚ ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ sl c ʤʘʪʨʠʮʳ L (2.3) ʜʦʧʫʩʪʠʤʳʤ ʛʨʘʥʠʮʘʤ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

Lmin ʠ Lmax (2.5), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝʤ ʜʣʷ ʢʘʞʜʦʛʦ c-ʛʦ ʧʘʨʘʤʝʪʨʘ 

ʫʩʣʦʚʠʷ: 

min maxsl l l
c cc¢ ¢ , 1,s S= .     (2.17) 

ʊʦʛʜʘ ʚʳʯʠʩʣʝʥʠʝ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʭʨʘʥʠʣʠʱʘ 

ʅʉʆ ʩ ʫʯʸʪʦʤ ʫʩʣʦʚʠʷ (2.17) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

min max1, [ ; ], 1, , 1, ;

0, .

s
re

ʝʩʣʠ l l l s S
K

ʠʥʘʯʝ

c cc cë " Í = Y =î
=ì
îí

  (2.18) 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʘʣʛʦʨʠʪʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʸʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʟʥʘʯʝʥʠʷ 

ʫʜʝʣʴʥʳʭ ʚʝʩʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʮʝʥʦʢ, ʦʧʠʨʘʷʩʴ ʥʘ ʵʢʩʧʝʨʪʥʦʝ ʤʥʝʥʠʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʯʘʤʠ, ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʉʫʤʤʘ ʚʩʝʭ ʫʜʝʣʴʥʳʭ 

ʚʝʩʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʦʡ 1: 

1a r ac reG +G +G +G =, 

ʛʜʝ ɻʘ, ɻr, ɻac, ɻre ï ʫʜʝʣʴʥʳʝ ʚʝʩʘ ʦʮʝʥʦʢ ʜʦʩʪʘʪʦʯʥʦʩʪʠ (2.14), ʘʢʪʫʘʣʴʥʦʩʪʠ (2.15), 

ʪʦʯʥʦʩʪʠ (2.16) ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ (2.18), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʮʝʥʢʠ ʨʝʣʝʚʘʥʪʥʦʩʪʠ REL ʨʘʚʥʦ 0, ʝʩʣʠ ʢʘʢʘʷ-

ʣʠʙʦ ʠʟ ʦʮʝʥʦʢ, ʦʧʠʩʘʥʥʳʭ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʘʣʛʦʨʠʪʤʘ, ʨʘʚʥʘ 0. ɺ ʩʣʫʯʘʝ ʥʝʥʫʣʝʚʳʭ 

ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ, ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʦʮʝʥʦʢ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʭʨʘʥʠʣʠʱʘ ʅʉʆ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʠʟʚʝʩʪʥʳʭ 

ʫʜʝʣʴʥʳʭ ʚʝʩʦʚ: 

( )( )( )( )0, 0 0 0 0 ;

, .

a r ac re

ʘ ʘ r r ac ac re re

ʝʩʣʠ K K K K
REL

K K K K ʠʥʘʯʝ

ë = = = =
=ì

G Ö +G Ö +G Ö +G Öí
    (2.19) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʦʧʠʩʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʷʪʩʷ ʦʙʦʙʱʝʥʥʘʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʣʝʚʘʥʪʥʦʩʪʠ REL, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʢʘʯʝʩʪʚʦ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʮʝʥʢʘ ʨʝʣʝʚʘʥʪʥʦʩʪʠ REL ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʝ ʥʠʞʝ ʜʦʧʫʩʪʠʤʦʡ minREL  ʠʣʠ ʨʘʚʥʘ 0, ʪʦ ʧʨʦʚʦʜʠʪʩʷ ʫʪʦʯʥʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ 
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ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʚʪʦʨʥʦ. ɽʩʣʠ ʧʦʩʣʝ ʵʪʦʛʦ ʦʮʝʥʢʘ 

ʨʝʣʝʚʘʥʪʥʦʩʪʠ REL ʪʘʢʞʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʥʠʞʝ ʜʦʧʫʩʪʠʤʦʡ minREL  ʠʣʠ ʨʘʚʥʘ 0, 

ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʨʘʥʠʣʠʱʘ ʅʉʆ ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʂʇ 

ʅʉʆ. 

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ (ʈʠʩʫʥʢʠ 2.4, 2.5) ʨʘʟʨʘʙʦʪʘʥʦ 

ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) [36]. ʇʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ 

ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʷʭ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʜʣʷ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ, ʚʢʣʶʯʘʶʱʝʡ N=10 ʭʨʘʥʠʣʠʱ ʅʉʆ ʠ M=5 ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʩʚʝʜʝʥʠʷ ʦ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 2.24 ʠ 2.25. 

ɺ ʭʦʜʝ ʘʧʨʦʙʘʮʠʠ ʵʪʘʧʘ 1 ʘʣʛʦʨʠʪʤʘ ʥʘ ʰʘʛʝ 1 ʩʦʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʘʪʨʠʮʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ: ʚ ʪʘʙʣʠʮʝ 2.26 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʨʠʮʘ C 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʪʘʙʣʠʮʘʭ 2.27 ʠ 2.28 ʤʘʪʨʠʮʳ ʚʝʨʭʥʠʭ Imax 

ʠ ʥʠʞʥʠʭ Imin ʜʦʧʫʩʪʠʤʳʭ ʛʨʘʥʠʮ ʧʨʠʤʝʥʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʪʘʙʣʠʮʘʭ 2.29 ʠ 2.30 ʜʣʷ ʧʨʠʤʝʨʘ ʧʦʢʘʟʘʥʳ ʤʘʪʨʠʮʳ 

L ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʭʨʘʥʠʣʠʱ ʅʉʆ ˉ1 ʠ ˉ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʊʘʙʣʠʮʘ 2.24 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦ ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʘʭ 

ʅʦʤʝʨ 

ʭʨʘʥʠ-

ʣʠɦʘ 

n 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʭʨʘʥʠʣʠʱʘ ʅʉʆ ʇʣʦʱʘʜʴ [ʤ2] 

ɻʣʫʙʠʥʘ 

ʧʦ ʜʦʢ-

ʪʘʤ, [ʤ] 

ʊʦʣʱ. 

ʚʝʨʭʥʝʛʦ 

ʩʣʦʷ (s=1), 

[ʤ] 

ʊʦʣʱ. 

ʩʨʝʜʥʝʛʦ 

ʩʣʦʷ (s=2), 

[ʤ] 

ʊʦʣʱ. 

ɼʦʥʥʦʛʦ 

ʩʣʦʷ (s=3), 

[ʤ] 

ʄʘʩʩʘ 

ʦʪʭʦʜʦʚ [ʪ] 
ɼʘʪʘ ʟʘʤʝʨʘ 

1 2 3 4 5 6 7 8 9 

1 1 ʘʤʙʘʨ ʟʘ ʃʫʛʘʥʩʢʠʤ ʪʦʚʘʨʥʳʤ ʧʘʨʢʦʤ 4800 1,52 0,1 1,04 0,38 7770 03.09.2022 

2 2 ʘʤʙʘʨ ʟʘ ʃʫʛʘʥʩʢʠʤ ʪʦʚʘʨʥʳʤ ʧʘʨʢʦʤ 1200 1,63 0,13 1,03 0,47 1740 03.09.2022 

3 3 ʘʤʙʘʨ ʟʘ ʃʫʛʘʥʩʢʠʤ ʪʦʚʘʨʥʳʤ ʧʘʨʢʦʤ 1800 1,8 0,09 1,28 0,43 2800 03.09.2022 

4 ɸʤʙʘʨ ˉ1 ʗʙʣʦʥʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 3458 5,5 1,3 1,04 1,53 19850 10.09.2022 

5 ɸʤʙʘʨ ɸɻɿʋ ˉ2 ʖʞʥʦ-ʅʝʧʨʠʢʦʚʩʢʦʛʦ ʤ/ʨ 177 0,53 0,14 0 0,39 179 13.09.2022 

6 ɸʤʙʘʨ ɸɻɿʋ ˉ356 ʇʦʜʛʦʨʥʝʥʩʢʦʛʦ ʤ/ʨ 100 0,41 0,18 0 0,23 40 17.09.2022 

7 ɸʤʙʘʨ ɸɻɿʋ ˉ356ʘ ʇʦʜʛʦʨʥʝʥʩʢʦʛʦ ʤ/ʨ 98 0,28 0,17 0 0,11 26 17.09.2022 

8 ʀʣʦʥʘʢʦʧʠʪʝʣʴ ʋʂʇʅ-1 ˉ1 5200 1,57 0,86 0,37 0,34 7775 25.09.2022 

9 ʀʣʦʥʘʢʦʧʠʪʝʣʴ ʋʂʇʅ-1 ˉ2 5200 1,61 0,85 0,41 0,34 8076 25.09.2022 

10 ʀʣʦʥʘʢʦʧʠʪʝʣʴ ʋʂʇʅ-1 ˉ3 8500 1,6 0,85 0,39 0,36 13079 25.09.2022 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.24 

n 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʅʉʆ 

ʉʣʦʡ 

s 

ɺʦʜʘ,  

[% ʤʘʩʩ.] 

ʎʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ 

[% ʤʘʩʩ.] 

ʄʠʥʝʨʘʣʴʥʳʝ 

ʧʨʠʤʝʩʠ  

[% ʤʘʩʩ.] 

ʉʝʨʘ  

[% ʤʘʩʩ.] 

ɸʩʬʘʣʴʪʝʥʳ  

[% ʤʘʩʩ.] 

ʇʣʦʪʥʦcʪɹ  

ʧʨʠ 20ʦʉ 

[ʢʛ/ʩʤ3] 

ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʧʨʠʤʝʩʠ  

[% ʤʘʩʩ.] 

ʄʘʢʩ.ʨʘʟʤ.ʯʘʩʪ.  

ʤʝʭ.ʧʨʠʤ [ʤʤ] 

1 10 11 12 13 14 15 16 17 18 

1 1 24,56 49,34 11,95 0,93 14,14 1,002 4,01 3 

2 1 25,41 41,43 12,53 0,94 20,64 1,016 9,32 6 

3 1 18,78 55,33 2,47 0,95 23,42 0,971 12,10 5 

4 1 1,14 75,58 8,52 1,58 14,76 0,939 2,89 2 

5 1 17,53 59,62 0,29 1,51 21,56 0,925 10,63 4 

6 1 24,55 54,96 3,92 0,82 16,02 0,943 5,23 3 

7 1 31,22 53,26 4,89 0,79 10,24 0,949 3,26 2 

8 1 7,22 78,88 0,23 1,17 14,13 0,947 6,36 3 

9 1 22,32 65,26 0,74 1,2 11,68 0,942 6,24 3 

10 1 21,13 64,02 0,89 0,73 13,95 0,947 7,12 2 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.24 

n 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʨʝʜʥʝʤ ʩʣʦʝ ʅʉʆ 

ʉʣʦʡ 

s 

ɺʦʜʘ,  

[% ʤʘʩʩ.] 

ʎʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ 

[% ʤʘʩʩ.] 

ʄʠʥʝʨʘʣʴʥʳʝ 

ʧʨʠʤʝʩʠ  

[% ʤʘʩʩ.] 

ʉʝʨʘ  

[% ʤʘʩʩ.] 

ɸʩʬʘʣʴʪʝʥʳ  

[% ʤʘʩʩ.] 

ʇʣʦʪʥʦcʪʴ 

ʧʨʠ 20ʦʉ 

[ʢʛ/ʩʤ3] 

ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʧʨʠʤʝʩʠ  

[% ʤʘʩʩ.] 

ʄʘʢʩ.ʨʘʟʤ.ʯʘʩʪ.  

ʤʝʭ.ʧʨʠʤ [ʤʤ] 

1 10 11 12 13 14 15 16 17 18 

1 2 98,37 0,22 1,17 0,93 0,25 1,05 1,34 2 

2 2 99,29 0,08 0,55 0,93 0,1 1,092 1,04 2 

3 2 99,23 0,08 0,62 0,93 0,07 1,091 0,98 1 

4 2 49,49 29,4 2,9 1,58 18,21 1,015 8,61 3 

5 2 - - - - - - - - 

6 2 - - - - - - - - 

7 2 - - - - - - - - 

8 2 99,89 0,07 0,03 0,93 0 0,993 0,91 1 

9 2 99,81 0,03 0,03 0,93 0,14 0,996 1,03 1 

10 2 99,86 0,08 0,01 0,05 0,05 1,005 1,01 2 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.24 

n 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʜʦʥʥʦʤ ʩʣʦʝ ʅʉʆ 

ʉʣʦʡ 

s 

ɺʦʜʘ,  

[% ʤʘʩʩ.] 

ʎʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ 

[% ʤʘʩʩ.] 

ʄʠʥʝʨʘʣʴʥʳʝ 

ʧʨʠʤʝʩʠ  

[% ʤʘʩʩ.] 

ʉʝʨʘ  

[% ʤʘʩʩ.] 

ɸʩʬʘʣʴʪʝʥʳ  

[% ʤʘʩʩ.] 

ʇʣʦʪʥʦcʪʴ 

ʧʨʠ 20ʦʉ 

[ʢʛ/ʩʤ3] 

ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʧʨʠʤʝʩʠ  

[% ʤʘʩʩ.] 

ʄʘʢʩ.ʨʘʟʤ.ʯʘʩʪ.  

ʤʝʭ.ʧʨʠʤ [ʤʤ] 

1 10 11 12 13 14 15 16 17 18 

1 3 26,9 37,35 18,13 0,93 17,62 1,125 6,01 4 

2 3 24,35 32,68 31,23 0,93 11,74 1,262 7,23 4 

3 3 28,57 40,22 20,19 0,93 11,01 1,142 6,91 5 

4 3 19,53 36,36 28,06 1,57 16,05 1,157 3,94 4 

5 3 2,4 59,44 2,31 1,49 56,41 0,98 21,34 5 

6 3 22,64 54,24 4,52 0,79 18,08 1,01 6,32 3 

7 3 27,48 53,29 3,46 0,82 15,35 0,99 5,23 3 

8 3 14,63 73,88 0,03 1,41 11,47 0,924 4,64 3 

9 3 33,31 43,65 9,07 1,16 13,97 0,99 7,02 4 

10 3 30,57 47,52 1,41 1,1 20,51 0,947 8,91 4 
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ʊʘʙʣʠʮʘ 2.25 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ 

m 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʠ 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʦʪʭʦʜʦʚ 

ʇʣʦʪʥʦʩʪʴ ʧʨʠ 20ʦʉ ʊʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ 

ɽʜ.ʠʟʤʝʨʝʥʠʷ 
ʄʠʥ. ʚʦʟʤʦʞ. 

ʟʥʘʯ. 

ʄʘʢʩ. ʚʦʟʤʦʞ. 

ʟʥʘʯ. 
ɽʜ.ʠʟʤʝʨʝʥʠʷ 

ʄʠʥ. ʚʦʟʤʦʞ. 

ʟʥʘʯ. 

ʄʘʢʩ. ʚʦʟʤʦʞ. 

ʟʥʘʯ. 
1 2 3 4 5 6 7 8 

1 ʄʝʛʘʄʘʢʩ ʢʛ/ʩʤ3 900 2800 - - - 

2 ʀʥʩʠʥʝʨʘʪʦʨ IZHTEL-2000 ʢʛ/ʩʤ3 850 1700 - - - 

3 ʋʇɹʐ-10ʉ/ʋʇɹʐ-10ʉɼ ʢʛ/ʩʤ3 1800 2400 - - - 

4 ʌʦʨʪʘʥ-ʄ / ʌʦʨʪʘʥ-ʊʄ ʢʛ/ʩʤ3 870 2300 - - - 

5 HOLO-SCRU ʢʛ/ʩʤ3 900 1800 - - - 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.25 

m 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʧʦʥʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʦʪʭʦʜʦʚ 

ʎʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ɺʦʜʘ ɸʩʬʘʣʴʪʝʥʳ ʉʝʨʘ 

ɽʜ.ʠʟʤʝʨ

ʝʥʠʷ 

ʄʠʥ. 

ʚʦʟʤʦʞ

. ʟʥʘʯ. 

ʄʘʢʩ. 

ʚʦʟʤʦʞ. 

ʟʥʘʯ. 

ɽʜ.ʠʟʤʝʨʝʥʠʷ 

ʄʠʥ. 

ʚʦʟʤʦʞ. 

ʟʥʘʯ. 

ʄʘʢʩ. 

ʚʦʟʤʦʞ. 

ʟʥʘʯ. 

ɽʜ.ʠʟʤʝʨʝʥʠʷ 

ʄʠʥ. 

ʚʦʟʤʦʞ. 

ʟʥʘʯ. 

ʄʘʢʩ. 

ʚʦʟʤʦʞ. 

ʟʥʘʯ. 

ɽʜ.ʠʟʤʝʨ

ʝʥʠʷ 

ʄʠʥ. 

ʚʦʟʤʦʞ. 

ʟʥʘʯ. 

ʄʘʢʩ. 

ʚʦʟʤʦʞ. 

ʟʥʘʯ. 
1 9 10 11 12 13 14 15 16 17 18 19 20 

1 % ʤʘʩʩ. 0 100 % ʤʘʩʩ. 5,8 15 % ʤʘʩʩ. 11 25 % ʤʘʩʩ. 1,13 1,15 

2 % ʤʘʩʩ. 30 55 % ʤʘʩʩ. 20 70 % ʤʘʩʩ. 8 20 % ʤʘʩʩ. 0,98 1,35 

3 % ʤʘʩʩ. 40 80 % ʤʘʩʩ. 6 50 % ʤʘʩʩ. 5 20 % ʤʘʩʩ. 0,91 1,74 

4 % ʤʘʩʩ. 15 98 % ʤʘʩʩ. 19 40 % ʤʘʩʩ. 0,26 25 % ʤʘʩʩ. 0,76 2 

5 % ʤʘʩʩ. 0 100 % ʤʘʩʩ. 0 100 % ʤʘʩʩ. 0,5 87 % ʤʘʩʩ. 0,15 1,21 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.25 

m 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ 

ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʧʨʠʤʝʩʝʡ (ʤʤ) 

ɿʥʘʯʝʥʠʝ  
[% ʤʘʩʩ.] 

ʄʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʝ 

ʟʥʘʯʝʥʠʝ [% ʤʘʩʩ.] 

ʄʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʝ 

ʟʥʘʯʝʥʠʝ [% ʤʘʩʩ.] 
1 21 22 23 24 

1 20 70 100 0 

2 20 50 55 30 

3 5 84 90 40 

4 150 100 100 25 

5 100 100 100 0 

 

ʊʘʙʣʠʮʘ 2.26 ï ʄʘʪʨʠʮʘ C ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ  

ʅʦʤʝʨ c, ʥʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ, ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ 

1 2 3 4 5 6 7 8 9 10 11 12 

ʇʣʦʱʘʜ

ʴ, [ʤ2] 

ɻʣʫʙʠʥʘ, 

[ʤ] 

ʄʘʩʩʘ 

ʦʪʭʦʜʦʚ, 

[ʪ] 

ʇʣʦʪʥʦʩʪʴ ʧʨʠ 

20 ʦʉ, [ʢʛ/ʩʤ3] 

ɺʦʜʘ, 

[% 

ʤʘʩʩ.] 

ʎʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ, 

[% ʤʘʩʩ.] 

ʄʠʥ ʧʨʠʤʝʩʠ,  

[% ʤʘʩʩ.] 

ʉʝʨʘ, 

[% 

ʤʘʩʩ.] 

ɸʩʬʘʣʴʪʝʥʳ, 

[% ʤʘʩʩ.] 

ʄʝʭ. 

ʧʨʠʤʝʩʠ, [% 

ʤʘʩʩ.] 

ʄʘʢʩ.ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ 

ʤʝʭ.ʧʨʠʤʝʩʝʡ, 

[ʤʤ] 

ʊʝʧʣʦʪʘ 

ʩʛʦʨʘʥʠʷ, 

[ʢɼʞ/ʢʛ] 

 

ʊʘʙʣʠʮʘ 2.27 ï ʄʘʪʨʠʮʘ Imax ʚʝʨʭʥʠʭ ʜʦʧʫʩʪʠʤʳʭ ʛʨʘʥʠʮ ʧʨʠʤʝʥʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ 

m ʇʣʦʱʘʜʴ, [ʤ2] 
ɻʣʫʙʠʥʘ, 

[ʤ] 
ʄʘʩʩʘ 

ʦʪʭʦʜʦʚ, [ʪ] 

ʇʣʦʪʥʦʩʪʴ 

ʧʨʠ 20 ʦʉ, 

[ʢʛ/ʩʤ3] 

ɺʦʜʘ, [% 

ʤʘʩʩ.] 

ʎʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦ

ʜ,r [% 

ʤʘʩʩ.] 

ʄʠʥ 

ʧʨʠʤʝʩʠ,  

[% ʤʘʩʩ.] 

ʉʝʨʘ, [% 

ʤʘʩʩ.] 
ɸʩʬʘʣʴʪʝʥʳ, 

[% ʤʘʩʩ.] 

ʄʝʭ. 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʄʘʢʩ.ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ 

ʤʝʭ.ʧʨʠʤʝʩʝʡ, 

[ʤʤ] 

ʊʝʧʣʦʪʘ 

ʩʛʦʨʘʥʠʷ, 

[ʢɼʞ/ʢʛ] 

1 - - - 2800 15 100 - 1,15 25 100 - - 

2 - - - 1700 70 55 - 1,35 20 55 - - 

3 - - - 2400 50 80 - 1,74 20 90 - - 

4 - - - 2300 40 98 - 2 25 100 - - 

5 - - - 1800 100 100 - 1,21 87 100 - - 
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ʊʘʙʣʠʮʘ 2.28 ï ʄʘʪʨʠʮʘ Imin ʥʠʞʥʠʭ ʜʦʧʫʩʪʠʤʳʭ ʛʨʘʥʠʮ ʧʨʠʤʝʥʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ 

m ʇʣʦʱʘʜʴ, [ʤ2] 
ɻʣʫʙʠʥʘ, 

[ʤ] 
ʄʘʩʩʘ 

ʦʪʭʦʜʦʚ, [ʪ] 

ʇʣʦʪʥʦʩʪʴ 

ʧʨʠ 20 ʦʉ, 

[ʢʛ/ʩʤ3] 

ɺʦʜʘ,  

[% ʤʘʩʩ.] 

ʎʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦ

ʜ,r  

[% ʤʘʩʩ.] 

ʄʠʥ 

ʧʨʠʤʝʩʠ,  

[% ʤʘʩʩ.] 

ʉʝʨʘ,  

[% ʤʘʩʩ.] 

ɸʩʬʘʣʴ-

ʪʝʥʳ,  

[% ʤʘʩʩ.] 

ʄʝʭ. 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʄʘʢʩ.ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ 

ʤʝʭ.ʧʨʠʤʝʩʝʡ, 

[ʤʤ] 

ʊʝʧʣʦʪʘ 

ʩʛʦʨʘʥʠʷ, 

[ʢɼʞ/ʢʛ] 

1 - - - 900 5,8 0 - 1,13 11 0 - - 

2 - - - 850 20 30 - 0,98 8 30 - - 

3 - - - 1800 6 40 - 0,91 5 40 - - 

4 - - - 870 19 15 - 0,76 0,26 25 - - 

5 - - - 900 0 0 - 0,15 0,5 0 - - 

 

ʊʘʙʣʠʮʘ 2.29 ï ʄʘʪʨʠʮʘ L ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʭʨʘʥʠʣʠʱʘ ʅʉʆ ˉ1 

ʅʦʤʝʨ 

ʩʣʦʷ 

s 

ʇʣʦʱʘʜʴ, 

[ʤ2] 
ɻʣʫʙʠʥʘ, 

[ʤ] 
ʄʘʩʩʘ 

ʦʪʭʦʜʦʚ, [ʪ] 

ʇʣʦʪʥʦʩʪʴ 

ʧʨʠ 20 ʦʉ, 

[ʢʛ/ʩʤ3] 

ɺʦʜʘ,  

[% ʤʘʩʩ.] 

ʎʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦ

ʜ,r 

[% ʤʘʩʩ.] 

ʄʠʥ 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʉʝʨʘ,  

[% ʤʘʩʩ.] 

ɸʩʬʘʣʴʪʝʥ

ʳ,  

[% ʤʘʩʩ.] 

ʄʝʭ. 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʄʘʢʩ.ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ 

ʤʝʭ.ʧʨʠʤʝʩʝʡ, 

[ʤʤ] 

ʊʝʧʣʦʪʘ 

ʩʛʦʨʘʥʠʷ, 

[ʢɼʞ/ʢʛ] 

1 4800 0,1 480,96 1,002 24,56 49,34 11,95 0,93 14,14 4,01 3 - 

2 4800 1,04 5241,6 1,05 98,37 0,219 1,17 0,93 0,25 1,34 2 - 

3 4800 0,38 2052 1,125 26,9 37,35 18,13 0,93 17,62 6,01 4 - 

 

ʊʘʙʣʠʮʘ 2.30 ï ʄʘʪʨʠʮʘ L ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʭʨʘʥʠʣʠʱʘ ʅʉʆ ˉ2 

ʅʦʤʝʨ 

ʩʣʦʷ 

s 

ʇʣʦʱʘʜʴ, 

[ʤ2] 
ɻʣʫʙʠʥʘ, 

[ʤ] 
ʄʘʩʩʘ 

ʦʪʭʦʜʦʚ, [ʪ] 

ʇʣʦʪʥʦʩʪʴ 

ʧʨʠ 20 ʦʉ, 

[ʢʛ/ʩʤ3] 

ɺʦʜʘ,  

[% ʤʘʩʩ.] 

ʎʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦʜ

,r [% ʤʘʩʩ.] 

ʄʠʥ 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʉʝʨʘ, [% 

ʤʘʩʩ.] 
ɸʩʬʘʣʴʪʝʥʳ, 

[% ʤʘʩʩ.] 

ʄʝʭ. 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʄʘʢʩ.ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ 

ʤʝʭ.ʧʨʠʤʝʩʝ

ʡ, [ʤʤ] 

ʊʝʧʣʦʪʘ 

ʩʛʦʨʘʥʠʷ, 

[ʢɼʞ/ʢʛ] 

1 0,26 767,624 0,976 26,3 41,49 20,71 1,36 11,5 6,21 4 3 - 

2 0,87 2694,912 1,024 98,39 0,43 0,9 0,93 0,27 0,24 1 2 - 

3 0,45 1745,122 1,2819999 26,78 31,329 31,66 1,36 10,22 6,81 4 4 - 
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ʅʘ 2-ʦʤ ʰʘʛʝ 1-ʛʦ ʵʪʘʧʘ ʘʣʛʦʨʠʪʤʘ (ʈʠʩʫʥʦʢ 2.4, 2.5) ʬʦʨʤʠʨʫʶʪʩʷ ʤʘʪʨʠʮʳ: 

ʜʦʧʫʩʪʠʤʳʭ ʧʝʨʠʦʜʦʚ ʊ (ʊʘʙʣʠʮʘ 2.31), ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ D (ʊʘʙʣʠʮʘ 2.32), 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ɸ (ʊʘʙʣʠʮʘ 2.33). 

 

ʊʘʙʣʠʮʘ 2.31 ï ʄʘʪʨʠʮʘ ʊ ʜʦʧʫʩʪʠʤʳʭ ʧʝʨʠʦʜʦʚ, [ʩʫʪʦʢ] 

ʇ
ʣ
ʦ
ʱ
ʘ
ʜ
ʴ
,
 

[ʤ
2
] 

ɻ
ʣ
ʫ
ʙ
ʠ
ʥ
ʘ
,
 

[ʤ
] 

ʄ
ʘ
ʩ
ʩ
ʘ
 
ʦ
ʪ
ʭ
ʦ
ʜ
ʦ
ʚ
,
 

[ʪ
] 

ʇ
ʣ
ʦ
ʪ
ʥ
ʦ
ʩ
ʪ
ʴ
 
ʧ
ʨ
ʠ
 
2
0
 

ʦ
ʉ
,
 

[
ʢ
ʛ
/
ʩ
ʤ

3
] 

ɺ
ʦ
ʜ
ʘ
,
 

 

[%
 
ʤ
ʘ
ʩ
ʩ
.

] 

ʎ
ʝ
ʥ
ʥ
ʳ
ʝ
 
ʫ
ʛ
ʣ
ʝ
ʚ
ʦ
ʜ
ʦ
ʨ
ʦ
ʜ
ʳ

, 

[%
 
ʤ
ʘ
ʩ
ʩ
.

] 

ʄ
ʠ
ʥ
 
ʧ
ʨ
ʠ
ʤ
ʝ
ʩ
ʠ
,

 

[%
 
ʤ
ʘ
ʩ
ʩ
.

] 

ʉ
ʝ
ʨ
ʘ
,
 

[%
 
ʤ
ʘ
ʩ
ʩ
.

] 

ɸ
ʩ
ʬ
ʘ
ʣ
ʴ
ʪ
ʝ
ʥ
ʳ
,
 

[%
 
ʤ
ʘ
ʩ
ʩ
.

] 

ʄ
ʝ
ʭ
.

 

ʧ
ʨ
ʠ
ʤ
ʝ
ʩ
ʠ
,
 

[%
 
ʤ
ʘ
ʩ
ʩ
.

] 

ʄ
ʘ
ʢ
ʩ
.
ʨ
ʘ
ʟ
ʤ
ʝ
ʨ
 
ʯ
ʘ
ʩ
ʪ
ʠ
ʮ
 

ʤ
ʝ
ʭ
.
ʧ
ʨ
ʠ
ʤ
ʝ
ʩ
ʝ
ʡ
,
 
[
ʤ
ʤ
]

 

ʊ
ʝ
ʧ
ʣ
ʦ
ʪ
ʘ
 
ʩ
ʛ
ʦ
ʨ
ʘ
ʥ
ʠ
ʷ
,
 

[ʢ
ɼ
ʞ
/
ʢ
ʛ

] 

365 365 365 365 365 365 365 365 365 365 365 365 

 

ʊʘʙʣʠʮʘ 2.32 ï ʄʘʪʨʠʮʘ D ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ 

ʇ
ʣ
ʦ
ʱ
ʘ
ʜ
ʴ
,
 

[ʤ
2
] 

ɻ
ʣ
ʫ
ʙ
ʠ
ʥ
ʘ
,
 

[ʤ
] 

ʄ
ʘ
ʩ
ʩ
ʘ
 
ʦ
ʪ
ʭ
ʦ
ʜ
ʦ
ʚ
,
 

[ʪ
] 

ʇ
ʣ
ʦ
ʪ
ʥ
ʦ
ʩ
ʪ
ʴ
 
ʧ
ʨ
ʠ
 
2
0
 

ʦ
ʉ
,
 

[
ʢ
ʛ
/
ʩ
ʤ

3
] 

ɺ
ʦ
ʜ
ʘ
,
 

 

[%
 
ʤ
ʘ
ʩ
ʩ
.

] 

ʎ
ʝ
ʥ
ʥ
ʳ
ʝ
 
ʫ
ʛ
ʣ
ʝ
ʚ
ʦ
ʜ
ʦ
ʨ
ʦ
ʜ
ʳ

, 

[%
 
ʤ
ʘ
ʩ
ʩ
.

] 

ʄ
ʠ
ʥ
 
ʧ
ʨ
ʠ
ʤ
ʝ
ʩ
ʠ
,

 

[%
 
ʤ
ʘ
ʩ
ʩ
.

] 

ʉ
ʝ
ʨ
ʘ
,
 

[%
 
ʤ
ʘ
ʩ
ʩ
.

] 

ɸ
ʩ
ʬ
ʘ
ʣ
ʴ
ʪ
ʝ
ʥ
ʳ
,
 

[%
 
ʤ
ʘ
ʩ
ʩ
.

] 

ʄ
ʝ
ʭ
.

 

ʧ
ʨ
ʠ
ʤ
ʝ
ʩ
ʠ
,
 

[%
 
ʤ
ʘ
ʩ
ʩ
.

] 

ʄ
ʘ
ʢ
ʩ
.
ʨ
ʘ
ʟ
ʤ
ʝ
ʨ

 ʯ
ʘ
ʩ
ʪ
ʠ
ʮ
 

ʤ
ʝ
ʭ
.
ʧ
ʨ
ʠ
ʤ
ʝ
ʩ
ʝ
ʡ
,
 
[
ʤ
ʤ
]

 

ʊ
ʝ
ʧ
ʣ
ʦ
ʪ
ʘ
 
ʩ
ʛ
ʦ
ʨ
ʘ
ʥ
ʠ
ʷ
,
 

[ʢ
ɼ
ʞ
/
ʢ
ʛ

] 

0,1 0,1 0,15 0,05 0,1 0,1 0,1 0,09 0,1 0,1 0,1 - 

 

ʅʘ 3-ʝʤ ʰʘʛʝ 1-ʛʦ ʵʪʘʧʘ ʘʣʛʦʨʠʪʤʘ (ʈʠʩʫʥʦʢ 2.4, 2.5) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʵʣʝʤʝʥʪʳ ʩʣʝʜʫʶʱʠʭ ʤʘʪʨʠʮ: ʊʟʘʤʝʨ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʜʣʷ ʭʨʘʥʠʣʠʱ, V 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʡ (ʜʣʷ ʧʨʠʤʝʨʘ ʧʦʢʘʟʘʥʳ ʜʘʥʥʳʝ ʜʣʷ ʭʨʘʥʠʣʠʱ ˉ1 ʠ ˉ2 ʚ 

ʪʘʙʣʠʮʘʭ 2.34 ʠ 2.35, 2.36 ʠ 2.37 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), Lmin ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʅʉʆ (ʊʘʙʣʠʮʘ 2.38), Lmax ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʅʉʆ 

(ʊʘʙʣʠʮʘ 2.39).
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ʊʘʙʣʠʮʘ 2.33 ï ʄʘʪʨʠʮʘ ɸ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ  

m 
ʇʣʦʱʘʜʴ, 

[ʤ2] 
ɻʣʫʙʠʥʘ, 

[ʤ] 
ʄʘʩʩʘ 

ʦʪʭʦʜʦʚ, [ʪ] 

ʇʣʦʪʥʦʩʪʴ 

ʧʨʠ 20 ʦʉ, 

[ʢʛ/ʩʤ3] 

ɺʦʜʘ,  

[% ʤʘʩʩ.] 

ʎʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦ-

ʜ,r [% 

ʤʘʩʩ.] 

ʄʠʥ 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʉʝʨʘ, [% 

ʤʘʩʩ.] 
ɸʩʬʘʣʴʪʝʥ

ʳ, [% ʤʘʩʩ.] 

ʄʝʭ. 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʄʘʢʩ.ʨʘʟʤʝ

ʨ ʯʘʩʪʠʮ 

ʤʝʭ.ʧʨʠʤʝʩ

ʝʡ, [ʤʤ] 

ʊʝʧʣʦʪʘ 

ʩʛʦʨʘʥʠʷ, 

[ʢɼʞ/ʢʛ] 

1 0 0 0 1 1 1 0 1 1 1 1 0 

2 0 0 0 1 1 1 0 1 1 1 1 0 

3 0 0 0 1 1 1 0 1 1 1 1 0 

4 0 0 0 1 1 1 0 1 1 1 1 0 

5 0 0 0 1 1 1 0 1 1 1 1 0 

 

ʊʘʙʣʠʮʘ 2.34 ï ʄʘʪʨʠʮʘ ʊʟʘʤʝʨ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʜʣʷ ʭʨʘʥʠʣʠʱʘ ʅʉʆ ˉ1, [ʩʫʪʦʢ] 

ʇʣʦʱʘʜʴ, 

[ʤ2] 
ɻʣʫʙʠʥʘ, 

[ʤ] 

ʄʘʩʩʘ 

ʦʪʭʦʜʦʚ, 

[ʪ] 

ʇʣʦʪʥʦʩʪʴ 

ʧʨʠ 20 ʦʉ, 

[ʢʛ/ʩʤ3] 

ɺʦʜʘ, 

[% 

ʤʘʩʩ.] 

ʎʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦ-

ʜ ,r [% ʤʘʩʩ.] 

ʄʠʥ 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʉʝʨʘ, [% 

ʤʘʩʩ.] 

ɸʩʬʘʣʴʪʝʥ

ʳ, [% 

ʤʘʩʩ.] 

ʄʝʭ. 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʄʘʢʩ.ʨʘʟʤ

ʝʨ ʯʘʩʪʠʮ 

ʤʝʭ.ʧʨʠʤʝ

ʩʝʡ, [ʤʤ] 

ʊʝʧʣʦʪʘ 

ʩʛʦʨʘʥʠʷ, 

[ʢɼʞ/ʢʛ] 

59 59 59 59 59 59 59 59 59 59 59 - 

 

ʊʘʙʣʠʮʘ 2.35 ï ʄʘʪʨʠʮʘ ʊʟʘʤʝʨ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʜʣʷ ʭʨʘʥʠʣʠʱʘ ʅʉʆ ˉ2, [ʩʫʪʦʢ] 

ʇʣʦʱʘʜʴ, 

[ʤ2] 
ɻʣʫʙʠʥʘ, 

[ʤ] 

ʄʘʩʩʘ 

ʦʪʭʦʜʦʚ, 

[ʪ] 

ʇʣʦʪʥʦʩʪʴ 

ʧʨʠ 20 ʦʉ, 

[ʢʛ/ʩʤ3] 

ɺʦʜʘ, 

[% 

ʤʘʩʩ.] 

ʎʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦ-

ʜ ,r [% ʤʘʩʩ.] 

ʄʠʥ 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʉʝʨʘ, [% 

ʤʘʩʩ.] 

ɸʩʬʘʣʴʪʝʥ

ʳ, [% 

ʤʘʩʩ.] 

ʄʝʭ. 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʄʘʢʩ.ʨʘʟʤ

ʝʨ ʯʘʩʪʠʮ 

ʤʝʭ.ʧʨʠʤʝ

ʩʝʡ, [ʤʤ] 

ʊʝʧʣʦʪʘ 

ʩʛʦʨʘʥʠʷ, 

[ʢɼʞ/ʢʛ] 

23 23 23 23 23 23 23 23 23 23 23 - 
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ʊʘʙʣʠʮʘ 2.36 ï ʄʘʪʨʠʮʘ V ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʡ ʜʣʷ ʭʨʘʥʠʣʠʱʘ ʅʉʆ ˉ1 

ʇʣʦʱʘʜʴ, 

[ʤ2] 
ɻʣʫʙʠʥʘ, [ʤ] 

ʄʘʩʩʘ 

ʦʪʭʦʜʦʚ, [ʪ] 

ʇʣʦʪʥʦʩʪʴ 

ʧʨʠ 20 ʦʉ, 

[ʢʛ/ʩʤ3] 

ɺʦʜʘ, 

[% ʤʘʩʩ.] 

ʎʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦ-

ʜ ,r [% 

ʤʘʩʩ.] 

ʄʠʥ 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʉʝʨʘ, [% 

ʤʘʩʩ.] 
ɸʩʬʘʣʴʪʝʥʳ

, [% ʤʘʩʩ.] 

ʄʝʭ. 

ʧʨʠʤʝʩʠ, [% 

ʤʘʩʩ.] 

ʄʘʢʩ.ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ 

ʤʝʭ.ʧʨʠʤʝʩʝ

ʡ, [ʤʤ] 

ʊʝʧʣʦʪʘ 

ʩʛʦʨʘʥʠʷ, 

[ʢɼʞ/ʢʛ] 

0 0,009526 0,00936 0,000585 0,008401 0,00884 0,00824 0 0,008613 0,006187 0,003333 - 

 

ʊʘʙʣʠʮʘ 2.37 ï ʄʘʪʨʠʮʘ V ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʡ ʜʣʷ ʭʨʘʥʠʣʠʱʘ ʅʉʆ ˉ2 

ʇʣʦʱʘʜʴ, 

[ʤ2] 
ɻʣʫʙʠʥʘ, [ʤ] 

ʄʘʩʩʘ 

ʦʪʭʦʜʦʚ, [ʪ] 

ʇʣʦʪʥʦʩʪʴ 

ʧʨʠ 20 ʦʉ, 

[ʢʛ/ʩʤ3] 

ɺʦʜʘ, 

[% ʤʘʩʩ.] 

ʎʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦ-

ʜ ,r [% 

ʤʘʩʩ.] 

ʄʠʥ 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʉʝʨʘ, [% 

ʤʘʩʩ.] 
ɸʩʬʘʣʴʪʝʥʳ

, [% ʤʘʩʩ.] 

ʄʝʭ. 

ʧʨʠʤʝʩʠ, [% 

ʤʘʩʩ.] 

ʄʘʢʩ.ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ 

ʤʝʭ.ʧʨʠʤʝʩʝ

ʡ, [ʤʤ] 

ʊʝʧʣʦʪʘ 

ʩʛʦʨʘʥʠʷ, 

[ʢɼʞ/ʢʛ] 

0 0,005927 0,005552 0,001504 0,008216 0,008758 0,00878 0,00204 0,008387 0,008218 0,005774 - 

 

ʊʘʙʣʠʮʘ 2.38 ï ʄʘʪʨʠʮʘ Lmin ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʅʉʆ 

ʇʣʦʱʘʜʴ, 

[ʤ2] 
ɻʣʫʙʠʥʘ, [ʤ] 

ʄʘʩʩʘ 

ʦʪʭʦʜʦʚ, [ʪ] 

ʇʣʦʪʥʦʩʪʴ 

ʧʨʠ 20 ʦʉ, 

[ʢʛ/ʩʤ3] 

ɺʦʜʘ, 

[% ʤʘʩʩ.] 

ʎʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦ-

ʜ ,r [% 

ʤʘʩʩ.] 

ʄʠʥ 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʉʝʨʘ, [% 

ʤʘʩʩ.] 
ɸʩʬʘʣʴʪʝʥʳ

, [% ʤʘʩʩ.] 

ʄʝʭ. 

ʧʨʠʤʝʩʠ, [% 

ʤʘʩʩ.] 

ʄʘʢʩ.ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ 

ʤʝʭ.ʧʨʠʤʝʩʝ

ʡ, [ʤʤ] 

ʊʝʧʣʦʪʘ 

ʩʛʦʨʘʥʠʷ, 

[ʢɼʞ/ʢʛ] 

0,01 0,01 0,01 0,1 0 10 0 0 0 0 0 - 

 

ʊʘʙʣʠʮʘ 2.39 ï ʄʘʪʨʠʮʘ Lmax ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʅʉʆ 

ʇʣʦʱʘʜʴ, 

[ʤ2] 
ɻʣʫʙʠʥʘ, [ʤ] 

ʄʘʩʩʘ 

ʦʪʭʦʜʦʚ, [ʪ] 

ʇʣʦʪʥʦʩʪʴ 

ʧʨʠ 20 ʦʉ, 

[ʢʛ/ʩʤ3] 

ɺʦʜʘ, 

[% ʤʘʩʩ.] 

ʎʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦ-

ʜ ,r [% 

ʤʘʩʩ.] 

ʄʠʥ 

ʧʨʠʤʝʩʠ, 

[% ʤʘʩʩ.] 

ʉʝʨʘ, [% 

ʤʘʩʩ.] 
ɸʩʬʘʣʴʪʝʥʳ

, [% ʤʘʩʩ.] 

ʄʝʭ. 

ʧʨʠʤʝʩʠ, [% 

ʤʘʩʩ.] 

ʄʘʢʩ.ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ 

ʤʝʭ.ʧʨʠʤʝʩʝ

ʡ, [ʤʤ] 

ʊʝʧʣʦʪʘ 

ʩʛʦʨʘʥʠʷ, 

[ʢɼʞ/ʢʛ] 

106 100 106 5 99 99 99 5 99 99 100 - 
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ʅʘ 2-ʦʤ ʠ 3-ʝʤ ʵʪʘʧʘʭ ʘʣʛʦʨʠʪʤʘ (ʈʠʩʫʥʦʢ 2.5) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʮʝʥʢʠ ʜʦʩʪʘʪʦʯʥʦʩʪʠ (2.14), ʘʢʪʫʘʣʴʥʦʩʪʠ (2.15), ʪʦʯʥʦʩʪʠ 

(2.16), ʜʦʩʪʦʚʝʨʥʦʩʪʠ (2.18) ʠ ʨʝʣʝʚʘʥʪʥʦʩʪʠ (2.19) ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ: ɻʘ=0.2, ɻr=0.2, ɻac=0.25, ɻre=0.35. ɺ ʪʘʙʣʠʮʝ 2.40 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʪʝʩʪʦʚʦʡ 

ʚʳʙʦʨʢʠ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʦʮʝʥʢʠ REL ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʩ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤ 

ʟʥʘʯʝʥʠʝʤ RELmin=0.9 ʫʩʪʘʥʦʚʣʝʥʳ ʭʨʘʥʠʣʠʱʘ ʅʉʆ n=5,6,7, ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʢʦʪʦʨʳʭ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʝʢʫʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʦʵʪʦʤʫ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʪʭʦʜʘʭ 

ʠ ʪʝʭʥʦʣʦʛʠʷʭ ʚ ɹɼ ʪʨʝʙʫʝʪʩʷ ʣʠʙʦ ʫʪʦʯʥʠʪʴ (ʥʘʧʨʠʤʝʨ, ʧʨʦʚʝʜʷ ʥʦʚʳʝ ʠʟʤʝʨʝʥʠʷ 

ʥʘ ʦʙʲʝʢʪʘʭ ʭʨʘʥʝʥʠʷ ʦʪʭʦʜʦʚ), ʣʠʙʦ ʠʩʢʣʶʯʠʪʴ ʜʘʥʥʳʝ ʭʨʘʥʠʣʠʱʘ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ 

ʘʥʘʣʠʟʘ. 

 

ʊʘʙʣʠʮʘ 2.40 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʪʝʩʪʦʚʦʡ 

ʚʳʙʦʨʢʠ 

n 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʭʨʘʥʠʣʠʱʘ 

ʅʉʆ 

ʆʮʝʥʢʘ 

ʜʦʩʪʘʪʦʯ-

ʥʦʩʪʠ 

ʆʮʝʥʢʘ 

ʘʢʪʫʘʣʴ-

ʥʦʩʪʠ 

ʆʮʝʥʢʘ 

ʪʦʯʥʦʩʪʠ 

ʆʮʝʥʢʘ 

ʜʦʩʪʦʚʝʨ-

ʥʦʩʪʠ 

ʆʮʝʥʢʘ 

ʨʝʣʝʚʘʥʪ-

ʥʦʩʪʠ 

ʂʘ ʂr ʂʘc ʂre REL 

1 
1 ʘʤʙʘʨ ʟʘ ʃʫʛʘʥʩʢʠʤ 

ʪʦʚʘʨʥʳʤ ʧʘʨʢʦʤ 
1 0,838 0,821 1 0,923 

2 
2 ʘʤʙʘʨ ʟʘ ʃʫʛʘʥʩʢʠʤ 

ʪʦʚʘʨʥʳʤ ʧʘʨʢʦʤ 
1 0,838 0,819 1 0,922 

3 
3 ʘʤʙʘʨ ʟʘ ʃʫʛʘʥʩʢʠʤ 

ʪʦʚʘʨʥʳʤ ʧʘʨʢʦʤ 
1 0,838 0,808 1 0,920 

4 
ɸʤʙʘʨ ˉ1 ʗʙʣʦʥʝʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
1 0,858 0,819 1 0,926 

5 
ɸʤʙʘʨ ɸɻɿʋ ˉ2 ʖʞʥʦ-

ʅʝʧʨʠʢʦʚʩʢʦʛʦ ʤ/ʨ 
0,667 0,866 0,817 1 0,861 

6 
ɸʤʙʘʨ ɸɻɿʋ ˉ356 

ʇʦʜʛʦʨʥʝʥʩʢʦʛʦ ʤ/ʨ 
0,667 0,877 0,823 1 0,865 

7 
ɸʤʙʘʨ ɸɻɿʋ ˉ356ʘ 

ʇʦʜʛʦʨʥʝʥʩʢʦʛʦ ʤ/ʨ 
0,667 0,877 0,822 1 0,864 

8 ʀʣʦʥʘʢʦʧʠʪʝʣʴ ʋʂʇʅ-1 ˉ1 1 0,899 0,812 1 0,933 

9 ʀʣʦʥʘʢʦʧʠʪʝʣʴ ʋʂʇʅ-1 ˉ2 1 0,899 0,804 1 0,931 

10 ʀʣʦʥʘʢʦʧʠʪʝʣʴ ʋʂʇʅ-1 ˉ3 1 0,899 0,822 1 0,935 
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2.5 ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʂʇ ʅʉʆ 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʦʙʦʩʥʦʚʘʥʠʷ ʩʠʩʪʝʤʥʳʭ ʩʚʦʡʩʪʚ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʅʉʆ, ʤʝʪʦʜʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ (ɻʣʘʚʳ 1 ʠ 2), ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʈʠʩʫʥʦʢ 2.6), ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ 

ʥʠʞʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʪʘʧʦʚ. 

1. ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʠ ʦʙʱʝʩʠʩʪʝʤʥʳʭ ʩʚʦʡʩʪʚ ʂʇ ʅʉʆ (ʨʘʟʜʝʣ 2.1). 

2. ɸʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʩʠʩʪʝʤ ʨʘʟʤʝʱʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ 

(ʨʘʟʜʝʣ 2.2.1), ʚʳʷʚʣʝʥʠʝ ʠʭ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʠʩʪʝʤʥʳʭ ʧʨʦʙʣʝʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʊʘʙʣʠʮʘ 1.1). 

3. ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʧʦʜʩʠʩʪʝʤ 

(ʨʘʟʜʝʣ 2.2.2), ʚʢʣʶʯʘʶʱʠʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʅʉʆ ʧʦ ʠʩʪʦʯʥʠʢʘʤ ʦʙʨʘʟʦʚʘʥʠʷ 

(ʈʠʩʫʥʢʠ 1.1, 1.2), ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ (ʈʠʩʫʥʦʢ 1.7). 

4. ʉʪʨʫʢʪʫʨʠʟʘʮʠʷ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʨʘʥʠʣʠʱʘʭ ʅʉʆ ʠ 

ʪʝʭʥʦʣʦʛʠʷʭ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʙʘʟ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʸ ʚʳʙʦʨʢʠ ʧʦ ʟʘʜʘʥʥʳʤ 

ʢʨʠʪʝʨʠʷʤ (ʨʘʟʜʝʣ 2.3). 

5. ɸʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʨʘʥʠʣʠʱʘʭ ʅʉʆ, ʠʭ ʩʦʩʪʘʚʝ ʠ 

ʪʝʭʥʦʣʦʛʠʷʭ ʧʝʨʝʨʘʙʦʪʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʣʛʦʨʠʪʤʝ, ʢʦʪʦʨʳʡ ʦʧʠʩʘʥ ʠ 

ʘʧʨʦʙʠʨʦʚʘʥ ʚ ʨʘʟʜʝʣʝ 2.4. 

6. ʄʥʦʛʦʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʂʇ ʅʉʆ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ DEA, ʚʢʣʶʯʘʶʱʠʡ 

ʚʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʤʝʪʦʜʘ DEA, ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʙʣʝʤʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʬʦʨʤʫʣʠʨʦʚʢʫ 

ʟʘʜʘʯ ʠ ʨʘʟʨʘʙʦʪʢʫ ʘʣʛʦʨʠʪʤʘ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʠ 

ʘʧʨʦʙʠʨʦʚʘʥʳ ʚ ʛʣʘʚʝ 3, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʬʦʨʤʝ 

ʨʘʥʞʠʨʦʚʘʥʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 
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7. ɸʥʘʣʠʟ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʨʘʟʨʘʙʦʪʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ 

ʦʩʥʦʚʝ ʉʋɹɼ Microsoft Access, ʘʥʘʣʦʛʠʯʥʦ ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʧʝʨʝʨʘʙʦʪʢʠ (ʨʘʟʜʝʣ 2.3). 

8. ʆʧʪʠʤʠʟʘʮʠʷ ʂʇ ʅʉʆ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ, ʘʧʨʦʙʠʨʦʚʘʥʥʦʛʦ ʠ 

ʦʧʠʩʘʥʥʦʛʦ ʚ ʛʣʘʚʝ 4 ʘʣʛʦʨʠʪʤʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ ʚʳʙʦʨ ʦʜʥʦʛʦ ʠʟ ʙʘʟʦʚʳʭ 

ʢʨʠʪʝʨʠʝʚ (ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘ ̫

ʙʝʟʦʧʘʩʥʦʩʪ,ɹ ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʝʩʫʨʩʦ- ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪ ɹʠʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʢʦʤʧʣʝʢʩʥʘ ̫ʵʬʬʝʢʪʠʚʥʦʩʪ)ɹ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʦʩʥʦʚʥʳʭ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʦʩʪʘʥʦʚʢʫ ʠ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʫʯʸʪʦʤ ʧʨʠʥʷʪʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʢʦʤʧʣʝʢʩʦʤ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

9. ʆʧʨʝʜʝʣʝʥʠʝ ʦʮʝʥʦʢ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʂʇ ʅʉʆ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʀʅʉ) ʜʣ ̫ʫʧʨʦʱʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʚ ʟʘʜʘʯʘʭ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ, ʢʦʪʦʨʘʷ ʦʧʠʩʘʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʚ 

ʛʣʘʚʝ 4. 

10. ɺʳʙʦʨ ʠ ʧʨʠʥʷʪʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʂʇ ʅʉʆ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ, ʢʦʪʦʨʳʡ ʦʧʠʩʘʥ ʠ ʘʧʨʦʙʠʨʦʚʘʥ ʚ 

ʛʣʘʚʝ 5, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ʩʠʩʪʝʤʫ ʠʣʠ ʦʙʦʩʥʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ. ʉʠʩʪʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʧʨʠʥʷʪʠʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʨʘʤʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʢʩʧʝʨʪʥʦʡ 

ʩʠʩʪʝʤʳ, ʘʨʭʠʪʝʢʪʫʨʘ ʢʦʪʦʨʦʡ ʚ ʦʙʱʝʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʛʣʘʚʝ 5. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʦʚ ʤʝʪʦʜʠʢʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʪʦʨʷʝʪʩʷ. ʇʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2.6 ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʵʪʘʧʘʤʠ ʤʝʪʦʜʠʢʠ ʦʧʠʩʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʣʘʚʘʭ. 

 

2.6 ɺʳʚʦʜʳ ʧʦ ʚʪʦʨʦʡ ʛʣʘʚʝ 

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʦʙʦʩʥʦʚʘʥʦ, ʯʪʦ ʦʙʲʝʢʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʝʥ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ, ʪʘʢ ʢʘʢ ʦʥ ʦʙʣʘʜʘʝʪ 
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ʦʩʥʦʚʥʳʤʠ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʮʝʣʦʩʪʥʦʩʪʴʶ, ʠʥʪʝʛʨʘʪʠʚʥʦʩʪʴʶ, 

ʵʤʝʨʜʞʝʥʪʥʦʩʪʴʶ, ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʴʶ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʵʬʬʝʢʪʦʤ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ. 

2. ʇʨʠʚʝʜʝʥʦ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʠ ʘʥʘʣʠʟ ʵʣʝʤʝʥʪʦʚ ʧʦʜʩʠʩʪʝʤ 

ʨʘʟʤʝʱʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʨʘʥʠʣʠʱ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʋʩʪʘʥʦʚʣʝʥʳ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂʇ ʅʉʆ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʢʦʤʧʣʝʢʩʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʦʪʭʦʜʦʚ 

ʩ ʧʦʤʦʱʴʶ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ - 

ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè. 

3. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʂʇ 

ʅʉʆ ʨʘʟʨʘʙʦʪʘʥʳ ʙʘʟʳ ʜʘʥʥʳʭ ʭʨʘʥʠʣʠʱ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʙʦʨ, ʦʙʨʘʙʦʪʢʫ ʠ ʭʨʘʥʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ. 

4. ʈʘʟʨʘʙʦʪʘʥ ʠ ʘʧʨʦʙʠʨʦʚʘʥ ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʅʉʆ 

ʠ ʪʝʭʥʦʣʦʛʠʷʭ ʠʭ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʦʙʦʙʱʝʥʥʳʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʜʦʩʪʘʪʦʯʥʦʩʪʴ, ʘʢʪʫʘʣʴʥʦʩʪʴ, 

ʪʦʯʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʜʘʥʥʳʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʯʠʩʣʷʝʪʩʷ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʢʦʤʧʣʝʢʩʥʫʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ 

ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦʙ ʫʪʦʯʥʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ɹɼ ʠ ʩʦʩʪʘʚʝ ʵʣʝʤʝʥʪʦʚ ʂʇ 

ʅʉʆ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

5. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʭʨʘʥʠʣʠʱʘ ʅʉʆ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʢʣʶʯʝʚʳʝ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂʇ ʅʉʆ. ʄʝʪʦʜʠʢʘ ʚʢʣʶʯʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʥʘ 

ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ DEA ʤʝʪʦʜʘ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 
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3 ʄʥʦʛʦʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʦʚʳʝ ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ. ʕʪʠ ʤʦʜʝʣʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ, ʧʦʟʚʦʣʷʶʪ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʪʴ 

ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʦʩʪʴ ʠ ʤʥʦʛʦʦʙʨʘʟʠʝ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʫʯʠʪʳʚʘʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʤʠ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ, ʨʝʩʫʨʩʥʳʤʠ, ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠ 

ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ, ʢʦʪʦʨʳʝ ʚ ʦʪʣʠʯʠʠ ʦʪ ʠʟʚʝʩʪʥʳʭ ʧʦʟʚʦʣʷʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʝʸ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʤʘʩʰʪʘʙʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʦʩʥʦʚʝ ʨʷʜʘ ʢʣʶʯʝʚʳʭ ʢʨʠʪʝʨʠʝʚ: ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʦʪʭʦʜʦʚ, ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ 

ʠ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʥʘʫʯʥʦ-

ʦʙʦʩʥʦʚʘʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʂʇ ʅʉʆ ʠ ʧʨʠʚʝʜʝʥʦ 

ʦʧʠʩʘʥʠʝ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ Data Envelopment Analysis. ʇʨʦʚʝʜʝʥʘ ʘʧʨʦʙʘʮʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʭʦʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʨʝʛʠʦʥʘ ʠ ʚʢʣʶʯʘʶʱʝʛʦ 90 ʭʨʘʥʠʣʠʱ 

ʅʉʆ ʠ 14 ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʠ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʛʣʘʚʝ 

ʧʦʜʭʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [1ï3; 5; 9; 13; 15; 16; 20ï25; 28; 29]. 

3.1 ʅʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʢʘʟʘʣ (ʛʣʘʚʘ 2), ʯʪʦ ʭʨʘʥʠʣʠʱʘ ʦʪʭʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʠʭ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʢ ʵʣʝʤʝʥʪʳ ʝʜʠʥʦʡ 

ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè 

ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʩʨʘʚʥʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʂʇ ʅʉʆ. 
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ɼʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʩʠʩʪʝʤʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʳʙʦʨʘ 

ʥʘʠʣʫʯʰʠʭ ʢʦʤʙʠʥʘʮʠʡ ʢʘʢ ʟʘʜʘʯʫ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʩʢʦʣʴʢʫ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ, ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪ.ʧ.), ʚʣʠʷʶʱʠʭ ʥʘ 

ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʨʘʙʦʪʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ ʭʨʘʥʠʣʠʱ 

ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ (ʨʘʟʜʝʣ 2.4). ɿʘʜʘʯʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʂʇ 

ʅʉʆ ʚʢʣʶʯʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʧʦ ʮʝʣʝʚʳʤ 

ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʠʭ ʨʘʥʞʠʨʦʚʢʫ ʚʥʫʪʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʩ ʫʯʸʪʦʤ ʤʘʩʰʪʘʙʥʳʭ ʩʚʦʡʩʪʚ ʠ 

ʨʘʟʥʦʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ  

ʘʣʛʦʨʠʪʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʪʘʥʦʚʠʪʴ ʧʦʨʷʜʦʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʠ 

ʢʦʨʨʝʢʪʥʦ ʧʨʠʤʝʥʷʪʴ ʚʳʙʨʘʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ. 

ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʦʣʞʥ rʙʳʪʴ ʦʩʥʦʚʘʥʳ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʧʨʠʥʮʠʧʘʭ: 

ī ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʂʇ ʅʉʆ; 

ī ʫʯʝʪ ʨʘʟʥʦʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ (ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪ.ʧ.); 

ī ʫʯʝʪ ʚʣʠʷʥʠʷ ʥʘ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ, 

ʩʪʘʪʠʯʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ; 

ī ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʪʘ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʘʣʛʦʨʠʪʤ rʜʦʣʞʥ rʦʙʝʩʧʝʯʠʪʴ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʟʘʜʘʯ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʚʨʝʤʝʥʥʳʭ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʘʣʛʦʨʠʪʤʘʭ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʚʝʩʪʥʳʤʠ ʠ ʘʧʨʦʙʠʨʦʚʘʥʥʳʤʠ, ʠ 
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ʧʦʟʚʦʣʷʪ ɹʦʙʝʩʧʝʯʠʪʴ ʧʦʣʫʯʝʥʠʝ ʦʮʝʥʦʢ ʩ ʫʯʝʪʦʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʬʘʢʪʦʨʦʚ (ʦʪ 5 ʠ ʙʦʣʝʝ) ʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʩʨʘʚʥʝʥʠʷ (ʦʪ 

20 ʠ ʙʦʣʝʝ). ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʩʨʘʚʥʝʥʠʷ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ 

ʭʨʘʥʠʣʠʱʘ ʅʉʆ, ʪʘʢ ʠ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè. 

ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ: 

¶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʭʦʜʦʚ; 

¶ ʬʠʟʠʯʝʩʢʠʝ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ, 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʠ ʜʨ. ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ ʭʨʘʥʝʥʠʷ 

ʦʪʭʦʜʦʚ;  

¶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʢʨʝʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ, 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʤʝʥʠʤʳʭ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʝ ʦʙʲʝʢʪʦʚ 

ʩʨʘʚʥʝʥʠʷ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʦʣʦʛʠʠ 

ʩʠʩʪʝʤʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. 

ʆʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʤʝʪʦʜʦʚ ʩʨʘʚʥʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʦʙʷʟʘʪʝʣʴʥʦʡ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ (ʦʜʥʦʨʦʜʥʦʩʪʠ) ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʬʘʢʪʦʨʦʚ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʮʝʥʠʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʩʦʚʦʢʫʧʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʟʥʦʨʦʜʥʳʭ, ʠʟʥʘʯʘʣʴʥʦ ʥʝʩʦʧʦʩʪʘʚʠʤʳʭ ʠ ʥʝʩʦʠʟʤʝʨʠʤʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʚʦʝʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ, ʩʤʳʩʣʫ, ʝʜʠʥʠʮʘʤ ʠʟʤʝʨʝʥʠʷ, ʩʪʝʧʝʥʠ 

ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ. 

ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʫʢʘʟʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜʠʢʘ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ DEA ʤʝʪʦʜʘ, 

ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʨʘʥʞʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ [141; 142; 155]. 

ɺʳʙʦʨ DEA ʤʝʪʦʜʘ ʢʘʢ ʦʩʥʦʚʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʂʇ ʅʉʆ ʦʙʲʷʩʥʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʦʥ ʜʘʝʪ 

ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ: ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ 
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ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʦʮʝʥʦʢ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʦʮʝʥʦʢ ʚ 

ʥʘʛʣʷʜʥʦʡ ʠ ʣʝʛʢʦʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʦʨʤʝ [156]. ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʩʴʤʘ ʩʣʦʞʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ 

ʪʝʨʤʠʥʘʭ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʠʤʝʶʱʠʭʩʷ ʫ ʥʠʭ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʨʝʟʫʣʴʪʘʪʦʚ. ʄʝʪʦʜ DEA ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʪʦʜʦʚ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘ ʧʦʣʫʯʘʝʤʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ 

ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʲʝʢʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʛʦ ʪʝʭʥʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʧʦʢʘʟʳʚʘʷ ʩʪʝʧʝʥʴ ʨʝʘʣʠʟʘʮʠʠ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ [157]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ DEA ʚʝʩʴʤʘ ʠʥʬʦʨʤʘʪʠʚʥʳ ʩ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʧʦʣʫʯʘʝʤʳʤʠ ʦʮʝʥʢʘʤʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʜʣʷ ʢʘʞʜʦʛʦ 

ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ ʠʟʚʣʝʢʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʘʚʝ ʤʥʦʞʝʩʪʚʘ ʵʬʬʝʢʪʠʚʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʠʤʝʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠ ʵʪʦʤ ʦʮʝʥʠʪʴ, ʩʢʦʣʴ ʜʘʣʝʢʦ ʧʦʩʣʝʜʥʠʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʦʪ ʧʝʨʚʳʭ [140]. 

3.2 ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ Data Envelopment Analysis 

ʉʫʪʴ DEA-ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʚʳʙʦʨʢʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʨʝʩʫʨʩʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ (inputs) ʠ ʧʝʨʝʤʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ (outputs) ʧʦ ʦʙʲʝʢʪʘʤ, 

ʣʝʞʘʱʠʤ ʥʘ ʛʨʘʥʠʮʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʥʦʞʝʩʪʚʘ, ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʢʫʩʦʯʥʦ-

ʣʠʥʝʡʥʘʷ ʦʙʦʣʦʯʢʘ ð ʛʨʘʥʠʮʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (efficiency frontier) ʠ ʥʘ ʝʝ ʦʩʥʦʚʝ 

ʦʮʝʥʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ 

ʤʥʦʞʝʩʪʚʦ [140]. ɻʨʘʥʠʮʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪ ʦʙʲʝʢʪʳ ʘʥʘʣʠʟʘ ʩ 

ʥʘʠʚʳʩʰʠʤʠ (ʨʘʚʥʳʤʠ ʝʜʠʥʠʮʝ ʠʣʠ 100%) ʦʮʝʥʢʘʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉʝʛʤʝʥʪʳ 

ʛʨʘʥʠʮʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʟʜʘʶʪ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʫʶ ʦʙʦʣʦʯʢʫ (ñenvelopeò ʚ 

ʘʥʛʣʦʷʟʳʯʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ) ʜʣʷ ʚʩʝʡ ʚʳʙʦʨʢʠ ʦʙʲʝʢʪʦʚ ʘʥʘʣʠʟʘ. ʆʪʩʶʜʘ ʠ 

ʚʳʪʝʢʘʝʪ ʥʘʟʚʘʥʠʝ ʤʝʪʦʜʘ Data Envelopment Analysis ð ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʤʝʪʦʜʦʤ ʧʦʩʪʨʦʝʥʠʷ ʦʙʦʣʦʯʢʠ ʜʘʥʥʳʭ. ɺ ʨʫʩʩʢʦʷʟʳʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʝʜʠʥʦʛʦ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʧʝʨʝʚʦʜʘ ʪʝʨʤʠʥʘ ñdata envelopment 

analysisò. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ð çʘʥʘʣʠʟ ʩʨʝʜʳ 
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ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷè [158], çʘʥʘʣʠʟ ʦʙʦʣʦʯʢʠ ʜʘʥʥʳʭè [159] ʠ çʦʙʦʣʦʯʝʯʥʳʡ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭè [160]. 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʱʫʶ ʧʦʩʪʘʥʦʚʢʫ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʬʦʨʤʫʣʠʨʦʚʢʠ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ DEA. ʂʘʞʜʘʷ ʪʘʢʘʷ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʜʘʯʫ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ɿʄʇ), ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ jR , 1j ,J=  ʩʨʘʚʥʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ 

(ʨʠʩʫʥʦʢ 3.1), ʛʜʝ J ï ʯʠʩʣʦ ʩʨʘʚʥʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ʆʙʱʠʡ ʚʠʜ j-ʛʦ ʦʙʲʝʢʪʘ ʩʨʘʚʥʝʥʠʷ 

 

ʆʮʝʥʢʘ jR  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʮʝʥʥʦʩʪʴ) j-ʛʦ ʦʙʲʝʢʪʘ ʩʨʘʚʥʝʥʠʷ 

ʪʦʣʴʢʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʦʙʲʝʢʪʘʤ ʚ ʩʦʩʪʘʚʝ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʛʨʫʧʧʳ, ʠ ʚ 

ʩʘʤʦʤ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʳ ʚʩʝʭ 

ʚʳʭʦʜʥʳʭ ( )j gjY y= , 1g ,G= , 1j ,J=  ʧʘʨʘʤʝʪʨʦʚ (ʬʘʢʪʦʨʦʚ), ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʢ 

ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʝ ʚʩʝʭ ʚʭʦʜʥʳʭ ( )j ijX x= , 1i ,I= , 1j ,J=  ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ 

(ʬʘʢʪʦʨʦʚ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʣʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʝʜʩʪʚʘ ʠ ʨʝʩʫʨʩʳ: 

1
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ʛʜʝ gju , ijn - ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʚʳʭʦʜʥʳʭ gjy  ʠ 

ʚʭʦʜʥʳʭ ijx  ʧʘʨʘʤʝʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤʠ ʠ 

ʨʘʟʣʠʯʥʳʤʠ ʜʣʷ ʚʩʝʭ J ʩʨʘʚʥʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʚ ʛʨʫʧʧʝ; I ʠ G ï ʯʠʩʣʦ ʚʭʦʜʥʳʭ ʠ 

ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʳʙʦʨ ʚʭʦʜʥʳʭ ( )j ijX x=  ʠ ʚʳʭʦʜʥʳʭ ( )j gjY y=  ʧʘʨʘʤʝʪʨʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʸʪʦʤ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ jR , 1j ,J= : 

0, 1,
j

ij

R
i I

ʭ

µ
< =

µ
,       (3.2) 

0, 1,
j

gj

R
g G

y

µ
> =

µ
.       (3.3) 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ Xj ʠ 

Yj, ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʣʶʙʳʝ ʚʝʣʠʯʠʥʳ, ʧʘʨʘʤʝʪʨʳ ʠʣʠ ʢʨʠʪʝʨʠʠ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʷʤ (3.2) ʠ (3.3), ʠʟʤʝʨʷʝʤʳʝ ʚ ʨʘʟʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʝʜʠʥʠʮʘʭ ʠ ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ, ʥʘʧʨʠʤʝʨ, ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ (0,1]jR Í , 1j ,J=  ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʚ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʛʨʫʧʧʝ ʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ gju , ijn ʬʦʨʤʫʣʠʨʫʶʪʩʷ ɿʄʇ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ʧʨʠ ʫʩʣʦʚʠʷʭ 
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ʛʜʝ ( ), ( )gj ijU u V n= =  - ʚʝʢʪʦʨʳ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ J ʦʙʲʝʢʪʦʚ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʛʨʫʧʧʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʝʪʦʜʦʣʦʛʠʠ DEA ʧʨʠʤʝʥʷʶʪʩʷ ʙʦʣʝʝ 30 ʤʦʜʝʣʝʡ, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʚʳʭʦʜʘʤʠ 

ʠ ʚʭʦʜʘʤʠ, ʫʯʸʪʦʤ ʤʘʩʰʪʘʙʥʳʭ ʩʚʦʡʩʪʚ, ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʫʤʘ ʠ ʪ. 

ʜ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʪʨʠ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ DEA 

ʤʝʪʦʜʝ: CCR [161], BCC [162] ʠ Super-Efficiency [163]. ɺʳʙʦʨ ʵʪʠʭ ʤʦʜʝʣʝʡ ʠ 

ʤʝʪʦʜʘ DEA ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʂʇ ʅʉʆ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

¶ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʉʆ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʪʚʝʯʘʶʱʠʤ ʫʩʣʦʚʠʷʤ (3.2) ʠ (3.3) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʩʪʘʚʣʝʥʥʳʤ ʚ ʨʘʙʦʪʝ ʟʘʜʘʯʘʤ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʯʸʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ (ʵʬʬʝʢʪʘ ʤʘʩʰʪʘʙʘ 

ʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ), ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʧʨʠ ʚʳʙʦʨʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʦʧʝʨʘʪʠʚʥʦʤ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ); 

¶ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʜʘʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ 

ʥʘʛʣʷʜʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ɿʄʇ ʜʣʷ 

ʨʘʥʞʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʩʨʘʚʥʝʥʠʷ. 

ɿʄʇ (3.4)-(3.5) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʣʠʥʝʡʥʫʶ ʥʝʚʳʧʫʢʣʫʶ ʟʘʜʘʯʫ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʩʦʧʨʷʞʝʥʦ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʣʦʢʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʜʘʣʝʢʠʭ ʦʪ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ [164; 165]. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʷʚʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʥʝʚʳʧʫʢʣʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʚʝʩʪʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ Charnes A. ʠ Cooper W.W. ʜʣʷ ʟʘʜʘʯ ʜʨʦʙʥʦ-ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [161], ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʦʛʦ ɿʄʇ (3.4)-(3.5) ʜʣʷ 

ʙʘʟʦʚʦʡ CCR ʤʦʜʝʣʠ ʤʝʪʦʜʘ DEA ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʚ ʣʠʥʝʡʥʫʶ ʬʦʨʤʫ 

[142]: 



105 

 

,
1

max
G

g g
W H

g

C w yj j j
=

= ­ä      (3.6) 

ʧʨʠ ʫʩʣʦʚʠʷʭ 
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ʛʜʝ jC Cj=  - ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ j-ʛʦ ʦʙʲʝʢʪʘ ʩʨʘʚʥʝʥʠʷ; 1,Jj=  ï ʠʥʜʝʢʩ 

ʮʝʣʝʚʦʛʦ ʦʙʲʝʢʪʘ ʩʨʘʚʥʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ J ʦʙʲʝʢʪʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʦʮʝʥʠʚʘʝʪʩʷ; ixj ʠ gy j ï ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʮʝʣʝʚʦʛʦ 

ʦʙʲʝʢʪʘ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ( )j ijH h=  ʠ ( )gjW w=  ï ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

CCR ʤʦʜʝʣʴ (3.6)-(3.7) ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ gjy  ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʠʟʤʝʥʝʥʠʠ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ijx , ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʩʪʦʷʥʥʳʡ ʵʬʬʝʢʪ 

ʤʘʩʰʪʘʙʘ. 

BCC ʤʦʜʝʣʴ ʤʝʪʦʜʘ DEA ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʧʝʨʝʤʝʥʥʦʤ 

ʵʬʬʝʢʪʝ ʤʘʩʰʪʘʙʘ, ʪʦ ʝʩʪʴ ʦ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤ ʠʟʤʝʥʝʥʠʝʤ ʚʳʭʦʜʥʳʭ gjy  ʠ 

ʚʭʦʜʥʳʭ ijx  ʧʘʨʘʤʝʪʨʦʚ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ɿʄʇ ʚ ʦʙʱʝʤ ʚʠʜʝ ʠʤʝʝʪ ʚʠʜ: 

  
,

1

max
G

g g
Q K

g

B q yj j j jd
=

= - ­ä      (3.8) 

ʧʨʠ ʫʩʣʦʚʠʷʭ: 

 
1 1 1

1 0 0 0
I G I

i i gj gj ij ij j ij gj
i g i

k x , q y k x ,k ,qj j d
= = =

= - - ¢ ² ²ä ä ä    (3.9) 

ʛʜʝ jB Bj=  - ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ j-ʛʦ ʦʙʲʝʢʪʘ ʩʨʘʚʥʝʥʠʷ; ( )j ijK k=  ʠ ( )gjQ q=  

ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

jjd d=  ï ʩʚʦʙʦʜʥʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʚʝʣʠʯʠʥʘ ʠʣʠ ʟʥʘʢ ʢʦʪʦʨʦʡ ʜʣʷ j-ʛʦ ʦʙʲʝʢʪʘ 

ʩʨʘʚʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʠʧ ʵʬʬʝʢʪʘ ʤʘʩʰʪʘʙʘ:  
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¶ ʧʨʠ 0jd=  ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʵʬʬʝʢʪ ʤʘʩʰʪʘʙʘ, ʦʟʥʘʯʘʶʱʠʡ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʭʦʜʥʳʭ ijx  ʠ ʚʳʭʦʜʥʳʭ gjy  ʧʘʨʘʤʝʪʨʦʚ ʚ 

(3.8)-(3.9); 

¶ ʧʨʠ 0jd<  ʥʘʙʣʶʜʘʝʪʩʷ ʫʙʳʚʘʶʱʠʡ ʵʬʬʝʢʪ ʤʘʩʰʪʘʙʘ, ʦʟʥʘʯʘʶʱʠʡ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ijx  ʧʨʠʚʦʜʠʪ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʥʴʰʝʤʫ 

ʠʟʤʝʥʝʥʠʶ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ gjy  ʚ (3.8)-(3.9); 

¶ ʧʨʠ 0jd>  ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʶʱʠʡ ʵʬʬʝʢʪ ʤʘʩʰʪʘʙʘ, ʦʟʥʘʯʘʶʱʠʡ, 

ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ijx  ʧʨʠʚʦʜʠʪ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝʤʫ ʠʟʤʝʥʝʥʠʶ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ gjy  ʚ (3.8)-(3.9). 

ɿʄʇ (3.6)-(3.7) ʠ (3.8)-(3.9) ʨʝʰʘʶʪʩʷ J ʨʘʟ, ʪ.ʝ. ʜʣʷ ʢʘʞʜʦʛʦ j-ʛʦ ʦʙʲʝʢʪʘ 

ʩʨʘʚʥʝʥʠʷ ʦʪʜʝʣʴʥʦ, ʧʨʠ ʵʪʦʤ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʦʮʝʥʦʢ 

(0,1]jʉÍ  ʠ (0,1]jB Í , ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ijh ,gjw  ʠ ijk ,gjq , ʠ ʧʝʨʝʤʝʥʥʘʷ jd. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ɿʄʇ (3.6)-(3.7) ʠʣʠ (3.8)-(3.9) ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ Cj = 1 ʠʣʠ Bj = 1 ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʦʙʲʝʢʪʦʚ 

ʩʨʘʚʥʝʥʠʷ. ɼʣʷ ʪʦʯʥʦʛʦ ʨʘʥʞʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʛʨʫʧʧʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ɿʄʇ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ Super-Efficiency 

ʤʝʪʦʜʘ DEA ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʵʬʬʝʢʪʝ ʤʘʩʰʪʘʙʘ: 
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ʧʨʠ ʫʩʣʦʚʠʷʭ 

 
1 1 1
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i i gj gj ij ij ij gj
i g i

h x , w y h x , h ,w , j f , f ,Jj j
= = =

= - ¢ ² ² ¸ Íä ä ä , (3.11) 

ʛʜʝ jSC SCj=  - ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ j-ʛʦ ʦʙʲʝʢʪʘ ʩʨʘʚʥʝʥʠʷ ʧʦ ʤʦʜʝʣʠ Super-

Efficiency; ( )j ijH h=  ʠ ( )gjW w=  ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; f ï ʥʦʤʝʨ ʦʙʲʝʢʪʘ ʩʦ ʟʥʘʯʝʥʠʝʤ ʦʮʝʥʢʠ ɻʬʬʝʢʪʠʚʥʦʩʪʠ 
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1fʉ =, 1f ,JÍ  ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʛʨʫʧʧʝ ʠʟ J ʦʙʲʝʢʪʦʚ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 

ʨʝʰʝʥʠʷ ɿʄʇ (3.6)-(3.7), ʢʦʪʦʨʳʡ ʠʩʢʣʶʯʘʝʪʩʷ ʠʟ (3.10)-(3.11). 

ʇʨʠ ʧʝʨʝʤʝʥʥʦʤ ʵʬʬʝʢʪʝ ʤʘʩʰʪʘʙʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ɿʄʇ ʥʘ 

ʦʩʥʦʚʝ ʤʦʜʝʣʠ Super-Efficiency: 
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g

SB q yj j j jd
=

= - ­ä      (3.12) 

ʧʨʠ ʫʩʣʦʚʠʷʭ 
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1 0 0 0 1
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i i gj gj ij ij j ij gj
i g i

k x , q y k x , k ,q , j z,z ,Jj j d
= = =

= - - ¢ ² ² ¸ Íä ä ä ,  (3.13) 

ʛʜʝ jSB SBj=  - ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ j-ʛʦ ʦʙʲʝʢʪʘ ʩʨʘʚʥʝʥʠʷ ʧʦ ʤʦʜʝʣʠ Super-

Efficiency; ( )j ijK k=  ʠ ( )gjQ q=  ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; z ï ʥʦʤʝʨ ʦʙʲʝʢʪʘ ʩ ʦʮʝʥʢʦʡ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ 1zB =, 

1z ,JÍ  ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʛʨʫʧʧʝ ʠʟ J ʦʙʲʝʢʪʦʚ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ɿʄʇ 

(3.8)-(3.9), ʢʦʪʦʨʳʡ ʠʩʢʣʶʯʘʝʪʩʷ ʠʟ (3.12)-(3.13). 

ɿʄʇ (3.10)-(3.11) ʠ (3.12)-(3.13) ʨʝʰʘʶʪʩʷ J ʨʘʟ, ʪ.ʝ. ʜʣʷ ʢʘʞʜʦʛʦ j-ʛʦ ʦʙʲʝʢʪʘ 

ʩʨʘʚʥʝʥʠʷ ʦʪʜʝʣʴʥʦ, ʧʨʠ ʵʪʦʤ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʦʮʝʥʦʢ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ jSC , jSB, ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ijh ,gjw ,ijk ,gjq  ʠ ʧʝʨʝʤʝʥʥʦʡ jd

. ʆʙʲʝʢʪʳ, ʧʦʣʫʯʠʚʰʠʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʮʝʥʢʠ ( )0;jSCÍ ¤ ʠ ( )0;jSBÍ ¤, ʷʚʣʷʶʪʩʷ 

ʥʘʠʣʫʯʰʠʤʠ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʛʨʫʧʧʝ ʠʟ J ʦʙʲʝʢʪʦʚ ʩʨʘʚʥʝʥʠʷ ʩ ʫʯʸʪʦʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʵʬʬʝʢʪʦʚ ʤʘʩʰʪʘʙʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʦʜʝʣʠ CCR (3.6)-(3.7), BCC (3.8)-(3.9) ʠ Super-Efficiency 

(3.10)-(3.11), (3.12)-(3.13) ʤʝʪʦʜʘ DEA ̫ ʚʣʷʶʪʩʷ ʚʭʦʜ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ, ʯʪʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʚʳʭʦʜʥʳʭ ( )j gjY y= ,

1g ,G= , 1j ,J=  ʧʘʨʘʤʝʪʨʘʭ (ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʟʘʜʘʯ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʦʤʫ ʧʦʣʫʯʘʝʤʦʤʫ ʦʙʲʝʤʫ ʧʦʣʝʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 

ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ), ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʚʭʦʜʥʳʭ 
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( )j ijX x= , 1i ,I= , 1j ,J=  ʧʘʨʘʤʝʪʨʦʚ (ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʟʘʜʘʯ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʜʝʨʞʘʥʠʶ ʚʨʝʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʪʭʦʜʝ ʠ(ʠʣʠ) ʟʘʪʨʘʯʠʚʘʝʤʳʭ 

ʨʝʩʫʨʩʦʚ ʥʘ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ). 

ʇʨʦʮʝʜʫʨʘ ʨʝʰʝʥʠʷ ʚʩʝʭ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʦʧʠʩʘʥʘ ʚ ʨʘʟʜʝʣʝ 4.3.1. 

 

3.3 ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʲʝʢʪʦʚ 

ʩʨʘʚʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʭʨʘʥʠʣʠʱʘ ʅʉʆ ʠ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ 

ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè, ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʘʪʴ ɿʄʇ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ CCR (3.6)-(3.7), BCC (3.8)-(3.9) ʠ Super-

Efficiency (3.10)-(3.11), (3.12)-(3.13), ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʝʪʦʜʝ DEA. ʀʩʭʦʜʥʳʤʠ 

ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ ʚʭʦʜʥʳʝ ijx  ʠ ʚʳʭʦʜʥʳʝ gjy  ʧʘʨʘʤʝʪʨʳ j-ʛʦ ʦʙʲʝʢʪʘ 

ʩʨʘʚʥʝʥʠʷ (ʈʠʩʫʥʦʢ 3.1), ʢʦʪʦʨʳʝ ʚʳʙʠʨʘʶʪʩʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʷʤ (3.2) ʠ (3.3), ʛʜʝ ʧʦʜ jR , 1j ,J=  ʧʦʥʠʤʘʝʪʩʷ ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ j-ʛʦ ʦʙʲʝʢʪʘ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ, ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ 

ʠ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ɿʄʇ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʦʮʝʥʢʠ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ɿʄʇ, ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʦʮʝʥʢʘ ʨʝʩʫʨʩʥʦʡ 

ʮʝʥʥʦʩʪʠ ʅʉʆ ʚ n-ʦʤ ʭʨʘʥʠʣʠʱʝ (ʨʘʟʜʝʣ 3.3.1), ʦʮʝʥʢʘ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

(ʨʘʟʜʝʣ 3.3.2), ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʨʘʟʜʝʣ 3.3.3), ʦʮʝʥʢʘ ʨʝʩʫʨʩʦ- ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʨʘʟʜʝʣ 3.3.4) ʠ ʦʮʝʥʢʘ ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʨʘʟʜʝʣ 

3.3.5) ʨ-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè, 1,p P=  

(ʈʠʩʫʥʦʢ 3.2), ʛʜʝ ʈ ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ 

ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè. 
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ʈʠʩʫʥʦʢ 3.2 ï ʆʧʨʝʜʝʣʝʥʠʝ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ j-ʛʦ ʦʙʲʝʢʪʘ ʩʨʘʚʥʝʥʠʷ ʂʇ 

ʅʉʆ 

 

ɼʘʣʝʝ ʚ ʛʣʘʚʝ ʦʧʠʩʳʚʘʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʙʣʝʤʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʦʮʝʥʦʢ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʨʘʥʠʣʠʱ ʅʉʆ ʠ ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʙʣʝʤʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʤʦʜʝʣʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ 

ʪʘʢʠʭ ʚʭʦʜʥʳʭ ijx  ʠ ʚʳʭʦʜʥʳʭ gjy  ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʩʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʝʩʫʨʩʥʫʶ ʮʝʥʥʦʩʪʴ, ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʨʝʩʫʨʩʦ- ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʦʤʧʣʝʢʩʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ. 

 

3.3.1 ʄʥʦʛʦʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ 

ʦʪʭʦʜʦʚ ʚ ʭʨʘʥʠʣʠʱʘʭ 

ʈʝʩʫʨʩʥʘʷ ʮʝʥʥʦʩʪʴ ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʧʨʠʛʦʜʥʦʩʪʠ 

ʦʪʭʦʜʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʪʝʭʥʦʣʦʛʠʷʭ 
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ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʨʝʮʠʢʣʠʥʛʦʤ, ʨʝʢʫʧʝʨʘʮʠʝʡ ʠ 

ʨʝʛʝʥʝʨʘʮʠʝʡ. ʇʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ 

ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʅʉʆ ʚ n-ʦʤ ʭʨʘʥʠʣʠʱʝ ʦʩʥʦʚʘʥʘ ʥʘ ʬʦʨʤʫʣʠʨʦʚʢʝ ʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ (3.6)-(3.7) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CCR ʤʦʜʝʣʠ (ɿʄʇ 1.1, ʈʠʩʫʥʦʢ 3.3, ʘ), ʠ ʟʘʜʘʯʠ 

(3.10)-(3.11) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ Super-Efficiency (ɿʄʇ 1.2, ʈʠʩʫʥʦʢ 3.3, ʙ). 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ʄʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʅʉʆ ʚ n-ʦʤ 

ʭʨʘʥʠʣʠʱʝ ʩ ʧʦʩʪʦʷʥʥʳʤ ʵʬʬʝʢʪʦʤ ʤʘʩʰʪʘʙʘ:  

ʘ ï ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ CCR; ʙ ï ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ Super-Efficiency 

 

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ (3.2), 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʩʥʠʞʘʶʪ ʨʝʩʫʨʩʥʫʶ ʮʝʥʥʦʩʪʴ ʅʉʆ ʚ n-ʦʤ ʭʨʘʥʠʣʠʱʝ:  

1
1nx  - ʘʩʬʘʣʴʪʝʥʦʚ ʠ ʩʤʦʣ [% ʤʘʩʩ.];  

1
2nx  - ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ [% ʤʘʩʩ.];  

1
3nx  - ʩʝʨ r[% ʤʘʩʩ.];  

1
4nx  - ʚʦʜ r[% ʤʘʩʩ.];  

ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ (3.3), 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʨʝʩʫʨʩʥʫʶ ʮʝʥʥʦʩʪʴ ʅʉʆ ʚ n-

ʦʤ ʭʨʘʥʠʣʠʱʝ:  
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1
1ny  - ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʮʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [% ʤʘʩʩ.];  

1
2ny  - ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʮʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʢ ʤʘʩʩʝ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ, 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

2

ʩʚ
n

n ʚʨ
n

M
y

M
= , 1,n N=      (3.14) 

ʛʜʝ 
1

S
ʩʚ ʩʚ
n ns

s

M M
=

=ä  - ʦʙʱʘʷ ʤʘʩʩʘ ʮʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʅʉʆ n-ʛʦ ʭʨʘʥʠʣʠʱʘ [ʪ]; 

, 1, , 5ʩʚ
ns n ns ns nsM S h b s Svr v= = =- ʤʘʩʩʘ ʮʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ s-ʦʤ ʩʣʦʝ ʅʉʆ n-

ʛʦ ʭʨʘʥʠʣʠʱʘ [ʪ]; 
3

1

ʚʨ ʚʨ
n ns

s

M M
=

=ä  - ʦʙʱʘʷ ʤʘʩʩʘ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʅʉʆ n-ʛʦ 

ʭʨʘʥʠʣʠʱʘ, [ʪ]; , 1, , 1,4ʚʨ
ns n ns ns nsM S h b s Svr v= = =- ʤʘʩʩʘ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ s-ʦʤ 

ʩʣʦʝ ʅʉʆ n-ʛʦ ʭʨʘʥʠʣʠʱʘ, [ʪ]; nS  - ʧʣʦʱʘʜʴ n-ʛʦ ʭʨʘʥʠʣʠʱʘ ʅʉʆ, [ʤ2]; nsh  - 

ʪʦʣʱʠʥʘ s-ʛʦ ʩʣʦʷ n-ʛʦ ʭʨʘʥʠʣʠʱʘ ʅʉʆ, [ʤ]; nsr  - ʧʣʦʪʥʦʩʪʴ s-ʛʦ ʩʣʦʷ n-ʛʦ 

ʭʨʘʥʠʣʠʱʘ ʅʉʆ, [ʪ/ʤ3]; nsb v, 1,5v= - ʢʦʥʮʝʥʪʨʘʮʠʷ v-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʅʉʆ ʚ s-ʦʤ 

ʩʣʦʝ n-ʛʦ ʭʨʘʥʠʣʠʱʘ ʅʉʆ, [% ʤʘʩʩ.]; N ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʭʨʘʥʠʣʠʱ ʅʉʆ ʚ 

ʩʠʩʪʝʤʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ɿʄʇ 1.1 ʠ 1.2, ʛʜʝ 1n ,N= , I=4, G=2, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʮʝʥʢʠ 1
nR, 1

nSR, ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʅʉʆ ʚ N ʭʨʘʥʠʣʠʱʘʭ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ. ʇʦ 

ʚʝʣʠʯʠʥʝ ʦʮʝʥʢʠ 1
nSR, 1n ,N=  ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ n-ʦʝ ʭʨʘʥʠʣʠʱʝ ʚ 

ʧʨʝʜʝʣʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʝʝ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʡ ʧʦ ʩʦʯʝʪʘʥʠʶ 

ʨʝʩʫʨʩʦʚ ʅʉʆ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʮʝʥʢʘ ( )1max nSR  

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʅʉʆ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʝ 

ʭʨʘʥʠʣʠʱ. 
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3.3.2 ʄʥʦʛʦʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʈʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʅʉʆ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʩ ʫʯʸʪʦʤ ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʦʪʭʦʜʘ. 

ʇʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ p-ʦʡ ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè 

ʦʩʥʦʚʘʥʘ ʥʘ ʬʦʨʤʫʣʠʨʦʚʢʝ ʠ ʨʝʰʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: (3.6)-(3.7) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CCR ʤʦʜʝʣʠ (ɿʄʇ 2.1, ʈʠʩʫʥʦʢ 3.4, ʘ), (3.8)-(3.9) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ BCC (ɿʄʇ 2.3, ʈʠʩʫʥʦʢ 3.4, ʚ), (3.10)-(3.11) ʠ (3.12)-(3.13) 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ Super-Efficiency (ɿʄʇ 2.2 ʥʘ ʈʠʩʫʥʢʝ 3.4, ʙ ʠ ɿʄʇ 2.4 ʥʘ 

ʈʠʩʫʥʢʝ 3.4, ʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʠʥʜʝʢʩʦʚ ʢʦʤʙʠʥʘʮʠʡ (p) ʩ 

ʠʥʜʝʢʩʘʤʠ ʭʨʘʥʠʣʠʱ ʅʉʆ (n) ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ (m) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʚʳʨʘʞʝʥʠʶ: 

( )1p m n M= + - Ö, 1,p P= .    (3.15) 

ɺ (3.15) ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʈ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ 

ʘʥʘʣʠʟʝ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ɹɼ ʭʨʘʥʠʣʠʱ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ (ʨʘʟʜʝʣ 

2.4) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʝʤ (2.10). 

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ (3.2), 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʪʦʨʳʭ ʩʥʠʞʘʝʪ 

ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ p-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠè:  

2
1px  - ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ, ʢʦʪʦʨʘʷ ʜʣʷ ʨ-ʦʡ ʢʦʤʙʠʥʘʮʠʠ 

çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 

ʚʳʨʘʞʝʥʠʶ: 

2
1 minm

n
p

m

Q
x T

q
= +  [ʯ],    (3.16)
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minm
T - ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ (ʧʦʜʛʦʪʦʚʢʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ) m-ʦʡ 

ʪʝʭʥʦʣʦʛʠʠ [ʯ];  

nQ  - ʤʘʩʩʘ ʅʉʆ ʚ n-ʦʤ ʭʨʘʥʠʣʠʱʝ, ʧʦʜʣʝʞʘʱʝʤ ʧʝʨʝʨʘʙʦʪʢʝ, 1,n N=  [ʪ];  

mq - ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ m-ʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʫʩʪʘʥʦʚʢʠ) ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ [ʪ/ʯ]. 

 

ʈʠʩʫʥʦʢ 3.4 ï ʄʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè: 

ʘ, ʙ - ʩ ʧʦʩʪʦʷʥʥʳʤ ʵʬʬʝʢʪʦʤ ʤʘʩʰʪʘʙʘ; ʚ, ʛ - ʩ ʧʝʨʝʤʝʥʥʳʤ ʵʬʬʝʢʪʦʤ ʤʘʩʰʪʘʙʘ. 

 

2
2px  - ʤʘʩʩʘ ʨʝʘʛʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʜʣʷ ʨ-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï 

ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ: 

2
2

1

F

p n p m mx Q CM RTR qRf f f
f=

= Ö Öä  [ʪ],    (3.17) 
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pCM f- ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ f-ʛʦ ʨʝʘʛʝʥʪʘ m-ʦʡ ʫʩʪʘʥʦʚʢʦʡ ʜʣʷ 

n-ʛʦ ʭʨʘʥʠʣʠʱʘ, ʚʭʦʜʷʱʠʭ ʚ ʨ-ʫʶ ʢʦʤʙʠʥʘʮʠʶ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʜʝʢʩʦʚ (3.15), ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʚʝʜʝʥʠʷʤ ʠʟ ʧʘʩʧʦʨʪʘ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʠʣʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ 

ʧʝʨʝʨʘʙʦʪʢʝ ʅʉʆ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʥʬʦʨʤʘʮʠʠ  ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 1, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ(ʠʭ) 

ʨʝʘʛʝʥʪʘ(ʦʚ) ʫʩʪʘʥʦʚʢʦʡ), 1,Ff=  [ʚ ʜʦʣʷʭ];  

mRTRf- ʢʦʵʬʬʠʮʠʝʥʪ ʥʦʨʤʠʨʦʚʘʥʠʷ f-ʛʦ ʨʝʘʛʝʥʪʘ m-ʦʡ ʫʩʪʘʥʦʚʢʠ 

(ʥʦʨʤʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʦʮʝʥʢʝ ʩʪʦʠʤʦʩʪʠ 1 ʪʦʥʥʳ ʨʝʘʛʝʥʪʘ(ʦʚ), 

ʧʨʠʚʝʜʝʥʥʦʡ ʢ ʩʪʦʠʤʦʩʪʠ 1 ʪʦʥʥʳ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ) [ʚ ʜʦʣʷʭ], 1,Ff= ;  

mqR f- ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ f-ʛʦ ʨʝʘʛʝʥʪʘ m-ʦʡ ʫʩʪʘʥʦʚʢʦʡ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʧʘʩʧʦʨʪʫ), 1,Ff= [ʪ/ʪ ʅʉʆ];  F - ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʘʛʝʥʪʦʚ. 

2
3px  - ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ (ʵʥʝʨʛʠʠ), ʢʦʪʦʨʳʡ ʜʣʷ ʨ-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ 

ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ: 

2
3

1

H

p n mh mh mh
h

x Q CT RTT qT
=

= Ö Öä [ʪ],    (3.18) 
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mhCT - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ h-ʛʦ ʚʠʜʘ ʪʦʧʣʠʚʘ (ʵʥʝʨʛʠʠ) m-ʦʡ 

ʫʩʪʘʥʦʚʢʦʡ, ʚʭʦʜʷʱʝʡ ʚ ʨ-ʫʶ ʢʦʤʙʠʥʘʮʠʶ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʚʝʜʝʥʠʷʤ ʠʟ 

ʧʘʩʧʦʨʪʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʠʣʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ 

ʧʝʨʝʨʘʙʦʪʢʝ ʅʉʆ, ʩ ʫʯʸʪʦʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʥʜʝʢʩʦʚ (3.15). ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʠʜʘ ʪʦʧʣʠʚʘ (ʵʥʝʨʛʠʠ) ʫʩʪʘʥʦʚʢʦʡ [ʚ ʜʦʣʷʭ], 

1,h H= ;  

mhRTT - ʢʦʵʬʬʠʮʠʝʥʪ ʥʦʨʤʠʨʦʚʘʥʠʷ h-ʛʦ ʚʠʜʘ ʪʦʧʣʠʚʘ (ʵʥʝʨʛʠʠ) ʜʣʷ m-ʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʦʮʝʥʢʝ ʩʪʦʠʤʦʩʪʠ 1 ʪʦʥʥʳ ʪʦʧʣʠʚʘ (ʝʜʠʥʠʮʳ 

ʵʥʝʨʛʠʠ), ʧʨʠʚʝʜʝʥʥʦʡ ʢ ʩʪʦʠʤʦʩʪʠ 1 ʪʦʥʥʳ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ [ʚ ʜʦʣʷʭ], 1,h H= ; 
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mhqT - ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ (ʵʥʝʨʛʠʠ) h-ʛʦ ʚʠʜʘ m-ʦʡ ʫʩʪʘʥʦʚʢʦʡ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʘʩʧʦʨʪʫ ʫʩʪʘʥʦʚʢʠ, 1,h H= [ʪ/ʪ ʅʉʆ]; H - ʯʠʩʣʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚʠʜʦʚ ʪʦʧʣʠʚʘ (ʵʥʝʨʛʠʠ). 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ (3.3), 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ p-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠè:  

2
1py  - ʤʘʩʩʘ ʧʦʣʝʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʮʠʢʣʠʥʛʘ, ʢʦʪʦʨʘʷ ʜʣʷ ʨ-ʦʡ ʢʦʤʙʠʥʘʮʠʠ 

çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 

ʚʳʨʘʞʝʥʠʶ: 

2
1

1

L

p n ʨ ʨy Q VT PRl l
l=

= Öä [ʪ],     (3.19)
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ʨVT l- ʢʦʵʬʬʠʮʠʝʥʪ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ m-ʦʡ ʫʩʪʘʥʦʚʢʦʡ l-ʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʠʟ n-ʛʦ ʭʨʘʥʠʣʠʱʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʨ-ʫʶ ʢʦʤʙʠʥʘʮʠʶ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʙʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ, ʣʠʙʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʦʪʭʦʜʘ, ʩ ʫʯʸʪʦʤ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʥʜʝʢʩʦʚ (3.15) (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 

1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʅʉʆ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʮʠʢʣʠʥʛʘ) [ʚ ʜʦʣʷʭ], 1,Ll= ;  

ʨPR l- ʢʦʵʬʬʠʮʠʝʥʪ ʥʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʝʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʮʠʢʣʠʥʛʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 

l-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʅʉʆ n-ʛʦ ʭʨʘʥʠʣʠʱʘ m-ʦʡ ʫʩʪʘʥʦʚʢʦʡ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʦʮʝʥʢʝ ʩʪʦʠʤʦʩʪʠ 1 ʪʦʥʥʳ ʧʦʣʝʟʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʨʠʚʝʜʝʥʥʦʡ ʢ ʩʪʦʠʤʦʩʪʠ 1 ʪʦʥʥʳ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ [ʚ ʜʦʣʷʭ] 1,Ll= ; L - ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪʦʚ ʅʉʆ; l - 

ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʢʦʤʧʦʥʝʥʪʘ ʚ ʅʉʆ.  

2 1
2p ny SR=  - ʦʮʝʥʢʘ ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʅʉʆ ʚ n-ʦʤ ʭʨʘʥʠʣʠʱʝ, 

ʧʦʣʫʯʝʥʥʘʷ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ɿʄʇ 1.2 (ʨʘʟʜʝʣ 3.3.1).  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ɿʄʇ 2.1 ʠ 2.2 ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʮʝʥʢʠ 2
pCP , 2

pSCP, 

1p ,P=  ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ P ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠè ʚ ʂʇ ʅʉʆ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʚʝʣʠʯʠʥʝ ʦʮʝʥʦʢ 2
pSCP ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʘʠʙʦʣʴʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʅʉʆ ʚ n-ʦʤ ʭʨʘʥʠʣʠʱʝ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ m-ʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʩ ʫʯʸʪʦʤ ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʦʪʭʦʜʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʵʬʬʝʢʪʝ ʤʘʩʰʪʘʙʘ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʚ n-ʦʤ ʭʨʘʥʠʣʠʱʝ ʦʪʭʦʜʘ ʧʦʣʫʯʘʝʤʳʡ ʧʦʩʣʝ 

ʧʝʨʝʨʘʙʦʪʢʠ m-ʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʦʙʲʝʤ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʪʘʥʝʪʩʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʟʘʪʨʘʯʝʥʥʳʤ ʥʘ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʫ ʨʝʩʫʨʩʘʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʮʝʥʦʢ 2
pSCP ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʤʙʠʥʘʮʠʡ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʘʭ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʦʧʝʨʘʪʠʚʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ. 

ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʨʝʰʝʥʠʷ ɿʄʇ 2.3 ʠ 2.4, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʮʝʥʢʠ 2
pBP  ʠ 2

pSBP, 1p ,P=  

ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ P ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠè ʚ ʂʇ ʅʉʆ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʚʝʣʠʯʠʥʝ ʦʮʝʥʦʢ 2
pSBP ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʘʠʙʦʣʴʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʅʉʆ ʚ n-ʦʤ ʭʨʘʥʠʣʠʱʝ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ m-ʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʩ ʫʯʸʪʦʤ ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʦʪʭʦʜʘ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʵʬʬʝʢʪʝ ʤʘʩʰʪʘʙʘ. ɼʣʷ 

ʢʦʤʙʠʥʘʮʠʡ ʩ ʚʦʟʨʘʩʪʘʶʱʠʤ ʵʬʬʝʢʪʦʤ ʤʘʩʰʪʘʙʘ ʧʨʠʥʷʪʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʦ ʥʘʢʦʧʣʝʥʠʠ ʅʉʆ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʭʨʘʥʠʣʠʱʝ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʧʦʟʚʦʣʷʝʪ ʚ ʙʫʜʫʱʝʤ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʧʦʣʝʟʥʳʭ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʩʭʦʜʘʭ ʨʝʩʫʨʩʦʚ. 

ʆʮʝʥʢʠ Ej ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʪʁ ʩʨʘʚʥʠʪʝʣʴʥʫʶ 

ʦʮʝʥʢʫ ʤʘʩʰʪʘʙʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʩʠʩʪʝʤʝ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʮʝʥʦʢ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 



117 

 

(ʨʘʟʜʝʣ 3.3.2) ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʨʘʟʜʝʣ 3.3.3) ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʢʪʦʨʳ ʧʨʠʥʷʪʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʝʩʣʠ ʜʨʫʛʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʘʭ, 

ʷʚʣʷʶʪʩʷ ʥʝʦʯʝʚʠʜʥʳʤʠ ʠʣʠ ʥʝʦʜʥʦʟʥʘʯʥʳʤʠ. ʆʮʝʥʢʠ Ej ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʫʪʸʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʦʮʝʥʦʢ Cj  ʠ  Bj, ʧʦʣʫʯʝʥʥʳʭ 

ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ɿʄʇ ʚ ʬʦʨʤʘʭ (3.6)-(3.7) ʠ (3.8)-(3.9), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

 1j j j jE ʉ B ,E= ¢.     (3.20) 

ɽʩʣʠ ɽj =1, ʪʦ ʤʘʩʰʪʘʙ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ. ʇʨʠ Bj =1 ʠ Ej<1 ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠ 

ʵʬʬʝʢʪʠʚʥʳʤ, ʥʦ ʥʝ ʠʤʝʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʩʰʪʘʙ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʠʣʫʯʰʠʤʠ 

ʦʙʲʝʢʪʘʤʠ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ. ʏʝʤ ʤʝʥʴʰʝ ʦʮʝʥʢʘ Ej, ʪʝʤ ʤʝʥʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʤʘʩʰʪʘʙ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʠ ʪʝʤ ʙʦʣʴʰʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʦʙʣʘʜʘʝʪ ʝʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʪʳ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʏʝʤ ʙʦʣʴʰʝ ʦʮʝʥʢʘ Ej, ʪʝʤ ʙʣʠʞʝ ʤʘʩʰʪʘʙ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ. 

 

3.3.3 ʄʥʦʛʦʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʝ ʩ ʧʦʤʦʱʴʶ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʜʥʳʭ ʜʣʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʳʙʨʦʩʦʚ ʠ ʥʝ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʦʩʪʘʪʢʦʚ ʦʪʭʦʜʦʚ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤ ʠʟʚʣʝʯʝʥʠʠ ʧʦʣʝʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʜʣʷ 

ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʙʝʟʫʩʣʦʚʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʜʝʡʩʪʚʫʶʱʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʥʦʨʤʘʤ. 

ʇʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ p-ʦʡ ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè 

ʦʩʥʦʚʘʥʘ ʥʘ ʬʦʨʤʫʣʠʨʦʚʢʝ ʠ ʨʝʰʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: (3.6)-(3.7) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CCR ʤʦʜʝʣʠ (ɿʄʇ 3.1, ʈʠʩʫʥʦʢ 3.5, ʘ), (3.8)-(3.9) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ BCC (ɿʄʇ 3.3, ʈʠʩʫʥʦʢ 3.5, ʚ), (3.10)-(3.11) ʠ (3.12)-(3.13) 
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ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ Super-Efficiency (ɿʄʇ 3.2 ʥʘ ʈʠʩʫʥʢʝ 3.5, ʙ ʠ ɿʄʇ 3.4 

ʥʘ ʈʠʩʫʥʢʝ 3.5, ʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

 

 

ʈʠʩʫʥʦʢ 3.5 ï ʄʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè: 

ʘ, ʙ - ʩ ʧʦʩʪʦʷʥʥʳʤ ʵʬʬʝʢʪʦʤ ʤʘʩʰʪʘʙʘ; ʚ, ʛ - ʩ ʧʝʨʝʤʝʥʥʳʤ ʵʬʬʝʢʪʦʤ ʤʘʩʰʪʘʙʘ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ (3.2), 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʪʦʨʳʭ ʩʥʠʞʘʝʪ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ p-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠè: 
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3
1px  - ʚʘʣʦʚʳʡ ʚʳʙʨʦʩ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ (ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʤʝʪʘʥʘ), 

ʢʦʪʦʨʳʡ ʜʣʷ ʨ-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ: 

( )3 1 1 1
1 1 1 11 2 3p n m n m n m nx Q K y K y K x= + +  [ʪ],   (3.21)

 
ʛʜʝ  

1mK - ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʜʣʷ m-ʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʝʨʝʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʪʥʳʤ ʩʧʦʩʦʙʦʤ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʩʞʠʛʘʥʠʷ 1 1mK =, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʛʦʥʢʠ, ʢʘʢ 

ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʧʠʨʦʣʠʟʘ 1 0.05mK = , ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ 1 0.2mK = , ʜʣʷ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦ ʘʥʘʣʦʛʠʠ) [ʚ ʜʦʣʷʭ];  

2mK - ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʥʘ ʜʣʷ m-ʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʪʥʳʤ ʩʧʦʩʦʙʦʤ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʩʞʠʛʘʥʠʷ 2 0mK = , ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʛʦʥʢʠ, ʢʘʢ ʯʘʩʪʥʦʛʦ 

ʩʣʫʯʘʷ ʧʠʨʦʣʠʟʘ 2 0.05mK = , ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 

2 0.6mK = , ʜʣʷ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʞʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦ ʘʥʘʣʦʛʠʠ) [ʚ ʜʦʣʷʭ];  

3mK - ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʠ ʩʞʠʛʘʥʠʠ ʜʣʷ m-ʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ (3 0.001mK = ). 

3
2px  - ʚʘʣʦʚʳʡ ʚʳʙʨʦʩ ʩʝʨʥʠʩʪʦʛʦ ʘʥʛʠʜʨʠʜʘ, ʢʦʪʦʨʳʡ ʜʣʷ ʨ-ʦʡ ʢʦʤʙʠʥʘʮʠʠ 

çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 

ʚʳʨʘʞʝʥʠʶ: 

3 1
2 34p n m nx Q K x=  [ʪ],     (3.22) 

ʛʜʝ  

4mK - ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʨʥʠʩʪʦʛʦ ʘʥʛʠʜʨʠʜʘ ʜʣʷ cm-ʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʝʨʝʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʪʥʳʤ ʩʧʦʩʦʙʦʤ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʩʞʠʛʘʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ 4 1mK =, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ 
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ʧʝʨʝʛʦʥʢʠ, ʢʘʢ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʧʠʨʦʣʠʟʘ 4 0.05mK = , ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 4 0mK = , ʜʣʷ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦ ʘʥʘʣʦʛʠʠ) [ʚ ʜʦʣʷʭ]; 

3
3px  - ʚʘʣʦʚʳʡ ʚʳʙʨʦʩ ʚ ʘʪʤʦʩʬʝʨʫ ʩʘʞʠ, ʢʦʪʦʨʳʡ ʜʣʷ ʨ-ʦʡ ʢʦʤʙʠʥʘʮʠʠ 

çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 

ʚʳʨʘʞʝʥʠʶ: 

( )3 1 1
3 1 1 11 3p m n m n m nx f Q K y K x= Ö +    [ʪ],    (3.23) 

ʛʜʝ  

1mf - ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʩʘʞʠ ʧʨʠ ʛʦʨʝʥʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʘʩʬʘʣʴʪʝʥʦʚ ʜʣʷ 

m-ʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʪʥʳʤ ʩʧʦʩʦʙʦʤ (ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʩʞʠʛʘʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ 3
1 1 10mf

-= Ö , ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʛʦʥʢʠ, ʢʘʢ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʧʠʨʦʣʠʟʘ 2
1 1 10mf

-= Ö , ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 1 0mf = , ʜʣʷ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦ ʘʥʘʣʦʛʠʠ) [ʚ ʜʦʣʷʭ]; 

3
4px  - ʤʘʩʩʘ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʟʦʣʳ, ʢʦʪʦʨʘʷ ʜʣʷ ʨ-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ 

ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ: 

3 1
4 2p n nx Q x=  [ʪ];     (3.24) 

3
5px  - ʤʘʩʩʘ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʟʘʛʨʷʟʥʝʥʥʦʡ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʜʣʷ ʨ-ʦʡ 

ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ: 

( )3 1 1 1
5 4 2 1 2 15 5 5p n m n m m n m m nx Q K x f K y f K x= + +   [ʪ],  (3.25)

 
ʛʜʝ  

5mK - ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʛʨʷʟʥʝʥʥʦʡ ʚʦʜʳ ʜʣʷ m-ʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʝʨʝʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʪʥʳʤ ʩʧʦʩʦʙʦʤ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʩʞʠʛʘʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ 5 0.7mK = , ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʧʝʨʝʛʦʥʢʠ, ʢʘʢ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʧʠʨʦʣʠʟʘ 5 1mK =, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ 
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ʙʠʦʜʝʩʪʨʫʢʮʠʠ 5 0.3mK = , ʜʣʷ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʞʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦ ʘʥʘʣʦʛʠʠ) [ʚ ʜʦʣʷʭ];  

2mf - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʙʨʘʟʦʚʘʥʠʝ ʞʠʜʢʦʡ ʚʦʜʳ ʧʨʠ ʛʦʨʝʥʠʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʘʩʬʘʣʴʪʝʥʦʚ ʜʣʷ m-ʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʪʥʳʤ ʩʧʦʩʦʙʦʤ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʩʞʠʛʘʥʠʷ 

ʧʨʠʥʠʤʘʝʪʩʷ 2 0.1mf = , ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʛʦʥʢʠ, ʢʘʢ ʯʘʩʪʥʦʛʦ 

ʩʣʫʯʘʷ ʧʠʨʦʣʠʟʘ 2 0mf = , ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 2 0.2mf = , 

ʜʣʷ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦ 

ʘʥʘʣʦʛʠʠ) [ʚ ʜʦʣʷʭ]. 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʫʩʣʦʚʠʶ (3.3), 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʧʘʨʘʤʝʪʨ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ p-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠè: 3 2
1 1p py y=  - ʤʘʩʩʘ ʧʦʣʝʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʮʠʢʣʠʥʛʘ [ʪ], 

ʩʦʚʧʘʜʘʶʱʘʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʚʳʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ɿʄʇ 2.1-2.4 ʠ 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʬʦʨʤʫʣʝ (3.19). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ɿʄʇ 3.1 ʠ 3.2 ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʮʝʥʢʠ 3
pCE  ʠ 3

pSCE

1p ,P=  ɻ ʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ P ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï 

ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʚ ʂʇ ʅʉʆ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʚʝʣʠʯʠʥʝ ʦʮʝʥʦʢ 3
pSCE 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʥʘʠʙʦʣʴʰʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʅʉʆ ʚ n-ʦʤ ʭʨʘʥʠʣʠʱʝ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

m-ʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʵʬʬʝʢʪʝ ʤʘʩʰʪʘʙʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʚ n-ʦʤ ʭʨʘʥʠʣʠʱʝ ʦʪʭʦʜʘ, ʧʦʣʫʯʘʝʤʳʡ ʧʦʩʣʝ ʧʝʨʝʨʘʙʦʪʢʠ m-ʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʦʙʲʝʤ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʪʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʚʨʝʜʥʳʤ 

ʚʳʙʨʦʩʘʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʮʝʥʦʢ 3
pSCE  ɻ ʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʤʙʠʥʘʮʠʡ 

ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʘʭ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʧʝʨʘʪʠʚʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ. 
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ɽʩʣʠ ʧʨʠʥʠʤʘʶʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʰʝʥʠʷ ɿʄʇ 3.3, 3.4 ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʮʝʥʢʠ 3
pBE  ʠ 3

pSBE , 1p ,P=  ɻ ʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ P ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʚ 

ʩʠʩʪʝʤʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʚʝʣʠʯʠʥʝ ʦʮʝʥʦʢ 3
pSBE  ɻ ʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʘʠʙʦʣʴʰʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʧʦʣʝʟʥʳʭ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʅʉʆ ʚ n-ʦʤ ʭʨʘʥʠʣʠʱʝ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ m-ʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʵʬʬʝʢʪʝ ʤʘʩʰʪʘʙʘ. ɼʣʷ ʢʦʤʙʠʥʘʮʠʡ ʩ 

ʚʦʟʨʘʩʪʘʶʱʠʤ ʵʬʬʝʢʪʦʤ ʤʘʩʰʪʘʙʘ ʧʨʠʥʷʪʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʦ 

ʥʘʢʦʧʣʝʥʠʠ ʅʉʆ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʭʨʘʥʠʣʠʱʝ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʷʝʪ ʚ 

ʙʫʜʫʱʝʤ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʧʦʣʝʟʥʳʭ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʧʦʩʣʝ ʧʝʨʝʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. 

 

3.3.4 ʄʥʦʛʦʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʨʝʩʫʨʩʦ- ʠ ʵʥʝʨʛʦɻ ʬʬʝʢʪʠʚʥʦʩʪʠ 

ʇʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ ʨʝʩʫʨʩʦ- ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ p-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠè ʦʩʥʦʚʘʥʘ ʥʘ ʬʦʨʤʫʣʠʨʦʚʢʝ ʠ ʨʝʰʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ ʩ ʫʯʸʪʦʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʵʬʬʝʢʪʦʚ ʤʘʩʰʪʘʙʘ: (3.6)-(3.7) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CCR 

ʤʦʜʝʣʠ (ɿʄʇ 4.1, ʈʠʩʫʥʦʢ 3.6, ʘ, ʠ ɿʄʇ 4.3, ʈʠʩʫʥʦʢ 3.6, ʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), 

(3.10)-(3.11) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ Super-Efficiency (ɿʄʇ 4.2 ʥʘ ʈʠʩʫʥʢʝ 3.6, ʙ 

ʠ ɿʄʇ 4.4 ʥʘ ʈʠʩʫʥʢʝ 3.6, ʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ (3.2), 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʪʦʨʳʭ ʩʥʠʞʘʝʪ 

ʨʝʩʫʨʩʥʫʶ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ p-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï 

ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè: 

4
1px  - ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, ʢʦʪʦʨʳʝ ʜʣʷ 

ʨ-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ: 
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= + +  [ʨʫʙ./ʪ],   (3.25)
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1 2 OIL PLATONn
p p pcar

r

Q
ST ST ST

M

å õ
= +æ öæ ö
ç ÷

 - ʩʪʦʠʤʦʩʪʴ ʜʦʩʪʘʚʢʠ ʅʉʆ ʢ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʫʩʪʘʥʦʚʢʝ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ [ʨʫʙ.]; 

( )2 2 OIL PLATON
p p pST ST ST= +  - ʩʪʦʠʤʦʩʪʴ ʜʦʩʪʘʚʢʠ ʤʦʙʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ 

ʧʝʨʝʨʘʙʦʪʢʝ ʢ ʭʨʘʥʠʣʠʱʫ ʅʉʆ [ʨʫʙ.]; 

3 2 OIL PLATONm
p p pcar

r

MR
ST ST ST

M

å õ
= +æ öæ ö
ç ÷

 - ʩʪʦʠʤʦʩʪʴ ʜʦʩʪʘʚʢʠ ʨʝʘʛʝʥʪʦʚ ʢ ʭʨʘʥʠʣʠʱʫ ʅʉʆ 

[ʨʫʙ.]; 

mMU - ʤʘʩʩʘ ʤʦʙʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ [ʪ]; 

mMR - ʤʘʩʩʘ ʨʝʘʛʝʥʪʦʚ, ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ ʢ ʭʨʘʥʠʣʠʱʫ ʅʉʆ, ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʙʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ [ʪ]; 

1

AR
OIL oil car
ʨ r r p

r

ST C G LR
=

= Ö Öä  - ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʘ ʜʣʷ ʜʦʩʪʘʚʢʠ ʦʪʭʦʜʦʚ ʠʣʠ 

ʤʦʙʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨ-ʦʡ ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠè [ʨʫʙ.]; 

car
rM  - ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ r-ʛʦ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʅʉʆ ʦʪ ʤʝʩʪʘ 

ʭʨʘʥʝʥʠʷ ʢ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ, 1,r AR=  [ʪ]; 

PLATON
pST - ʩʪʦʠʤʦʩʪʴ ʧʨʦʝʟʜʘ ʧʦ ʜʦʨʦʛʘʤ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʩʠʩʪʝʤʘ 

çʇʃɸʊʆʅè [166]) ʜʣʷ ʨ-ʦʡ ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠè [ʨʫʙ.]; 

oil
rC - ʩʨʝʜʥʷʷ ʨʘʩʯʝʪʥʘʷ ʩʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʘ ʜʣʷ r-ʛʦ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ, 1,r AR=  

[ʨʫʙ./ʣ]; 

car
rG - ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʧʦ ʧʘʩʧʦʨʪʥʳʤ ʜʘʥʥʳʤ r-ʛʦ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ, 

1,r AR=  [ʣ/100 ʢʤ]; 
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pLR  - ʫʜʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʟʘ ʦʜʥʫ ʧʝʨʝʚʦʟʢʫ ʜʣʷ ʨ-ʦʡ ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ 

ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè [ʢʤ/ʧʝʨʝʚʦʟʢʫ]; 

r - ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʤʦʙʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʅʉʆ ʠʣʠ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʦʪʭʦʜʦʚ ʦʪ ʭʨʘʥʠʣʠʱʘ ʅʉʆ; AR- ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ. 

 

 

ʈʠʩʫʥʦʢ 3.6 ï ʄʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʨʝʩʫʨʩʦ- ʠ ʵʥʝʨʛʦɻ ʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè: 

ʘ, ʙ - ʩ ʧʦʩʪʦʷʥʥʳʤ ʵʬʬʝʢʪʦʤ ʤʘʩʰʪʘʙʘ; ʚ, ʛ - ʩ ʧʝʨʝʤʝʥʥʳʤ ʵʬʬʝʢʪʦʤ ʤʘʩʰʪʘʙʘ. 

 

4
2px  - ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʢʦʪʦʨʘʷ ʜʣʷ ʨ-ʦʡ ʢʦʤʙʠʥʘʮʠʠ 

çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 

ʚʳʨʘʞʝʥʠʶ:  

4
2p ʨ ʨx TL TPR= +  [ʯ],    (5.53) 

ʛʜʝ  
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ʨTL - ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʦ ʢʨʘʪʯʘʡʰʝʤʫ ʤʘʨʰʨʫʪʫ ʅʉʆ ʦʪ ʭʨʘʥʠʣʠʱʘ 

ʢ ʤʝʩʪʫ ʨʘʟʤʝʱʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʠʣʠ ʤʦʙʠʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʢ ʭʨʘʥʠʣʠʱʫ ʅʉʆ [ʯ]; 

ʨTPR - ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʥʘ ʦʙʲʝʢʪʝ [ʯ]. 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ɿʄʇ 4.1 ʠ 4.2, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʫʩʣʦʚʠʶ 

(3.3), ʫʚʝʣʠʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʨʝʩʫʨʩʦ- ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ p-ʦʡ 

ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè, ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ 

ʦʮʝʥʢʫ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʤʙʠʥʘʮʠʡ ʚ ʩʠʩʪʝʤʝ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʅʉʆ 4 2
1p py SCP= , ʧʦʣʫʯʝʥʥʫʶ ʜʣʷ ʜʘʥʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ɿʄʇ 2.2 ʥʘ 

ʦʩʥʦʚʝ ʤʦʜʝʣʠ Super-Efficiency ʤʝʪʦʜʘ DEA ʩ ʧʦʩʪʦʷʥʥʳʤ ʵʬʬʝʢʪʦʤ ʤʘʩʰʪʘʙʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ɿʄʇ 4.3 ʠ 4.4, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʫʩʣʦʚʠʶ 

(3.3), ʫʚʝʣʠʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʨʝʩʫʨʩʦ- ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ p-ʦʡ 

ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè, ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ 

ʦʮʝʥʢʫ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʤʙʠʥʘʮʠʡ ʚ ʩʠʩʪʝʤʝ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʅʉʆ 4 2
1p py SBP= , ʧʦʣʫʯʝʥʥʫ  ʁʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ɿʄʇ 2.4 ʧʦ ʤʦʜʝʣʠ Super-Efficiency 

ʤʝʪʦʜʘ DEA ʩ ʧʝʨʝʤʝʥʥʳʤ ʵʬʬʝʢʪʦʤ ʤʘʩʰʪʘʙʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ɿʄʇ 4.1, 4.2, 4.3, 4.4 ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʮʝʥʢʠ {}4 I
pCN , 

{}4 I
pSCN , {}4 II

pCN , {}4 II
pSCN  1p ,P=  ʨʝʩʫʨʩʥʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʣʷ P ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʚ ʩʠʩʪʝʤʝ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦ ʚʝʣʠʯʠʥʝ ʦʮʝʥʦʢ {}4 I
pSCN  ʨʝʩʫʨʩʥʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ 

ʤʦʜʝʣʠ Super-Efficiency ʤʝʪʦʜʘ DEA ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʥʘʠʙʦʣʴʰʫʶ ʨʝʩʫʨʩʥʫʶ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʚ 

ʂʇ ʅʉʆ ʩ ʫʯʸʪʦʤ ʦʮʝʥʢʠ ʠʭ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʵʬʬʝʢʪʝ 

ʤʘʩʰʪʘʙʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʮʝʥʦʢ {}4 I
pSCN  ʨʝʩʫʨʩʥʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʙʠʥʘʮʠʡ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʘʭ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʧʝʨʘʪʠʚʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ. 
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ʇʦ ʚʝʣʠʯʠʥʝ ʦʮʝʥʦʢ {}4 II
pSCN  ʨʝʩʫʨʩʥʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ 

ʤʦʜʝʣʠ Super-Efficiency ʤʝʪʦʜʘ DEA ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʥʘʠʙʦʣʴʰʫʶ ʨʝʩʫʨʩʥʫʶ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʚ 

ʂʇ ʅʉʆ ʩ ʫʯʸʪʦʤ ʦʮʝʥʢʠ ʠʭ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʵʬʬʝʢʪʝ 

ʤʘʩʰʪʘʙʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʮʝʥʦʢ {}4 II
pSCN  ʨʝʩʫʨʩʥʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʙʠʥʘʮʠʡ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʘʭ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ. 

 

3.3.5 ʄʥʦʛʦʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʇʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ p-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè 

ʦʩʥʦʚʘʥʘ ʥʘ ʬʦʨʤʫʣʠʨʦʚʢʝ ʠ ʨʝʰʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ ʩ ʫʯʸʪʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʵʬʬʝʢʪʦʚ ʤʘʩʰʪʘʙʘ: (3.6)-(3.7) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CCR ʤʦʜʝʣʠ (ɿʄʇ 

5.1, ʈʠʩʫʥʦʢ 3.7, ʘ, ʠ ɿʄʇ 5.3, ʈʠʩʫʥʦʢ 3.7, ʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), (3.10)-(3.11) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ Super-Efficiency (ɿʄʇ 5.2 ʥʘ ʈʠʩʫʥʢʝ 3.7, ʙ ʠ ɿʄʇ 5.4 ʥʘ 

ʈʠʩʫʥʢʝ 3.7, ʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ (3.2), 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʚʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤʠ ɿʄʇ 4.1-4.4, ʫʚʝʣʠʯʝʥʠʝ ʢʦʪʦʨʳʭ ʩʥʠʞʘʝʪ ʨʝʩʫʨʩʦ- ʠ 

ʵʥʝʨʛʦɻ ʬʬʝʢʪʠʚʥʦʩʪʴ p-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠè:5 4
1 1p px x=  - ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʜʦʩʪʘʚʢʫ ʦʪʭʦʜʘ ʠʣʠ 

ʤʦʙʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ [ʨʫʙ./ʪ] ʠ 5 4
2 2p px x=  - ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʦʪʭʦʜʦʚ ʢ ʤʝʩʪʫ ʨʘʙʦʪʳ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ, ʣʠʙʦ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʢ ʤʝʩʪʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʭʨʘʥʠʣʠʱʘ ʅʉʆ [ʯ]. 
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ʈʠʩʫʥʦʢ 3.7 ï ʄʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè: 

ʘ, ʙ - ʩ ʧʦʩʪʦʷʥʥʳʤ ʵʬʬʝʢʪʦʤ ʤʘʩʰʪʘʙʘ; ʚ, ʛ - ʩ ʧʝʨʝʤʝʥʥʳʤ ʵʬʬʝʢʪʦʤ ʤʘʩʰʪʘʙʘ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ɿʄʇ 5.1 ʠ 5.2, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ 

(3.3), ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ p-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠè ʩ ʫʯʸʪʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʵʬʬʝʢʪʘ ʤʘʩʰʪʘʙʘ: 5 2
1p py SCP=  - ʦʮʝʥʢʫ 

ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʘʥʥʦʡ ʢʦʤʙʠʥʘʮʠʠ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ɿʄʇ 2.2 

ʧʦ ʤʦʜʝʣʠ Super-Efficiency ʤʝʪʦʜʘ DEA; 5 3
2p py SCE=  - ʦʮʝʥʢʫ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʦʡ ʢʦʤʙʠʥʘʮʠʠ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ɿʄʇ 3.2 ʧʦ ʤʦʜʝʣʠ 

Super-Efficiency ʤʝʪʦʜʘ DEA. 
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ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ɿʄʇ 5.3 ʠ 5.4, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ 

(3.3), ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ p-ʦʡ ʢʦʤʙʠʥʘʮʠʠ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠè ʩ ʫʯʸʪʦʤ ʧʝʨʝʤʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʤʘʩʰʪʘʙʘ: 5 2
1p py SBP=  - ʦʮʝʥʢʫ 

ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʘʥʥʦʡ ʢʦʤʙʠʥʘʮʠʠ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ɿʄʇ 2.4 

ʧʦ ʤʦʜʝʣʠ Super-Efficiency ʤʝʪʦʜʘ DEA; 5 3
2p py SBE=  - ʦʮʝʥʢʫ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʦʡ ʢʦʤʙʠʥʘʮʠʠ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ɿʄʇ 3.4 ʧʦ ʤʦʜʝʣʠ 

Super-Efficiency ʤʝʪʦʜʘ DEA.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ɿʄʇ 5.1, 5.2, 5.3, 5.4 ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʮʝʥʢʠ 
{}5 I

pCK ,

{}5 I
pSCK , 

{}5 II
pCK ,

{}5 II
pSCK , 1p ,P=  ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ P ʢʦʤʙʠʥʘʮʠʡ 

çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʚ ʩʠʩʪʝʤʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦ ʚʝʣʠʯʠʥʝ ʦʮʝʥʦʢ 
{}5 I

pSCK  ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʤʦʜʝʣʠ Super-

Efficiency ʤʝʪʦʜʘ DEA ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʘʠʙʦʣʴʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʂʇ ʅʉʆ ʩ ʫʯʸʪʦʤ ʦʮʝʥʦʢ ʠʭ ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʵʬʬʝʢʪʝ ʤʘʩʰʪʘʙʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʮʝʥʦʢ 
{}5 I

pSCK  ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʙʠʥʘʮʠʡ ʜʣʷ 

ʩʦʩʪʘʚʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʘʭ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʧʝʨʘʪʠʚʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ. 

ʇʦ ʚʝʣʠʯʠʥʝ ʦʮʝʥʦʢ 
{}5 II

pSCK  ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʤʦʜʝʣʠ Super-

Efficiency ʤʝʪʦʜʘ DEA ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʘʠʙʦʣʴʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʂʇ ʅʉʆ ʩ ʫʯʸʪʦʤ ʦʮʝʥʦʢ ʠʭ ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʵʬʬʝʢʪʝ ʤʘʩʰʪʘʙʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʮʝʥʦʢ 
{}5 II

pSCK  ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʙʠʥʘʮʠʡ ʜʣʷ 

ʩʦʩʪʘʚʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʘʭ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʝ. 
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3.4 ʄʝʪʦʜ rʠ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʠ ʦʙʦʩʥʦʚʘʥʥʳʝ ʚ ʨʘʟʜʝʣʝ 3.3 ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʂʇ ʅʉʆ ʧʦ ʨʘʟʥʦʨʦʜʥʳʤ ʠ 

ʢʦʤʧʣʝʢʩʥʳʤ ʬʘʢʪʦʨʘʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʦʞʥʦ-

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʅʉʆ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʂʇ ʅʉʆ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʝ ʨʝʰʝʥʠʝ ɿʄʇ, ʦʧʠʩʘʥʥʳʭ ʚ 

ʨʘʟʜʝʣʝ 3.3, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ (ʈʠʩʫʥʦʢ 

3.8):  

1. ʉʙʦʨ ʠ ʧʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʚ ʬʦʨʤʝ ʤʘʪʨʠʮ ʠʟ ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ (ʨʘʟʜʝʣ 

2.3). 

2. ɺʳʙʦʨ ʦʙʲʝʢʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ (N ʭʨʘʥʠʣʠʱ ʅʉʆ ʠ ʄ ʪʝʭʥʦʣʦʛʠʡ 

ʧʝʨʝʨʘʙʦʪʢʠ) ʚ ɹɼ ʭʨʘʥʠʣʠʱ ʅʉʆ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʩʦʩʪʘʚʣʝʥʠʝ 

ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ (ʨʘʟʜʝʣ 2.4); ʀʥʜʝʢʩʘʮʠʷ 

ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè, ʭʨʘʥʠʣʠʱ ʅʉʆ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʜʝʢʩʦʚ 

(3.15). 

3. ɺʳʙʦʨ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ 

ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʘʭ (ʨʘʟʜʝʣ 3.3.1), ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

(ʨʘʟʜʝʣ 3.3.2), ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʨʘʟʜʝʣ 3.3.3), ʨʝʩʫʨʩʥʦʡ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʨʘʟʜʝʣ 3.3.4), ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʤʙʠʥʘʮʠʡ (ʨʘʟʜʝʣ 3.3.5). 
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ʈʠʩʫʥʦʢ 3.8 ï ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʂʇ ʅʉʆ 

 

4. ɺʳʙʦʨ ʪʠʧʘ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʯʸʪʥʫʶ ʩʭʝʤʫ ʟʘʜʘʯ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʦʧʝʨʘʪʠʚʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʅʉʆ ʚʦ ʚʩʝʭ 

ʭʨʘʥʠʣʠʱʘʭ ʠ ʧʦʣʫʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʧʦʣʝʟʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʪʝʢʫʱʠʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʭʝʤʘ I  (ʈʠʩʫʥʦʢ 3.9), ʚ ʢʦʪʦʨʦʡ ʵʬʬʝʢʪ ʤʘʩʰʪʘʙʘ 
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ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. ʉʭʝʤʘ II  ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ (ʈʠʩʫʥʦʢ 3.10), ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʤʘʩʰʪʘʙʥʳʝ 

ʩʚʦʡʩʪʚʘ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʣʫʯʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʧʦʣʝʟʥʳʭ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʩ ʫʯʸʪʦʤ 

ʥʘʢʦʧʣʝʥʠʷ ʅʉʆ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʨʘʥʠʣʠʱʘʭ ʩ ʚʦʟʨʘʩʪʘʶʱʠʤ ʵʬʬʝʢʪʦʤ 

ʤʘʩʰʪʘʙʘ. 

5. ʈʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ɿʄʇ (ʨʘʟʜʝʣ 3.3) ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [37] ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʮʝʥʦʢ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʵʬʬʝʢʪ ʤʘʩʰʪʘʙʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʨʘʩʯʸʪʝ ʦʮʝʥʦʢ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʤʙʠʥʘʮʠʡ çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè. 

6. ʈʘʥʞʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ 

ʵʬʬʝʢʪʘ ʤʘʩʰʪʘʙʘ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʂʇ ʅʉʆ. 

7. ʇʝʨʝʜʘʯʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ ɹɼ [32], ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʦʚʪʦʨʝʥʠʝ ʵʪʘʧʦʚ ʩ 3 ʧʦ 6 ʘʣʛʦʨʠʪʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦ ʚʩʝʤ ʮʝʣʝʚʳʤ ʬʘʢʪʦʨʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʟʜʝʣʝ 3.3. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ 

ʨʠʩʫʥʢʘʭ 3.9 ʠ 3.10 ʩʭʝʤʳ ʨʘʩʯʸʪʘ I ʠ II ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʢʦʪʦʨʫʶ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʨʘʟʣʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

1) ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʅʉʆ ʚ ʭʨʘʥʠʣʠʱʘʭ ʨʝʰʘʶʪʩʷ 

ɿʄʇ 1.1 ʠ 1.2 (ʈʠʩʫʥʦʢ 3.9). 

2) ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʦʮʝʥʢʠ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʤʙʠʥʘʮʠʡ 

çʭʨʘʥʠʣʠʱʝ ʅʉʆ ï ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠè, ʪʦ ʩʥʘʯʘʣʘ ʨʝʰʘʶʪʩʷ ɿʄʇ 1.1 ʠ 

1.2 (ʐʘʛ 1), ʘ ʟʘʪʝʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʥʠʤʘʝʤʦʡ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʝʨʘʙʦʪʢʦʡ, ʨʝʰʘʶʪʩʷ ʣʠʙʦ ɿʄʇ 2.1 ʠ 2.2 ʧʨʠ ʦʧʝʨʘʪʠʚʥʳʭ ʨʝʰʝʥʠʷʭ 

(ʈʠʩʫʥʦʢ 3.9), ʣʠʙʦ ɿʄʇ 2.3 ʠ 2.4 ʧʨʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ (ʈʠʩʫʥʦʢ 3.10). 
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ʈʠʩʫʥʦʢ 3.9 ï ʉʭʝʤʘ I ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʦʧʝʨʘʪʠʚʥʳʝ ʨʝʰʝʥʠʷ):  

1-6 ï ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ɿʄʇ 1.1 ʠ 1.2 (ʨʘʟʜʝʣ 3.3.1); 7-10 ï ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ɿʄʇ 2.1 ʠ 2.2 (ʨʘʟʜʝʣ 3.3.2); 

11-15 ï ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ɿʄʇ 3.1 ʠ 3.2 (ʨʘʟʜʝʣ 3.3.3); 16-17 ï ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ɿʄʇ 4.1, 4.2 (ʨʘʟʜʝʣ 3.3.4), 5.1, 5.2 (ʨʘʟʜʝʣ 3.3.5). 












































































































































































































































































































































