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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɿɿ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʥʘ ʦʨʙʠʪʝ ʠ ʚʦʟʨʘʩʪʘʶʱʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʝʜʫʱʠʝ ʢʦʩʤʠʯʝʩʢʠʝ ʜʝʨʞʘʚʳ ʠ ʯʘʩʪʥʳʝ ʢʦʤʧʘʥʠʠ ʘʢʪʠʚʥʦ ʨʘʟʚʸʨʪʳʚʘʶʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʣʦʙʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʚʳʩʦʢʦʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʥʘʙʣʶʜʝʥʠʷ. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʘʛʝʥʪʩʪʚ, ʚ 2024 ʛʦʜʫ 

ʙʳʣʦ ʫʩʧʝʰʥʦ ʟʘʧʫʱʝʥʦ ʦʢʦʣʦ 300 ʂɸ ɼɿɿ (Bryce Space and Technology Report), ʘ 

ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʫʪʥʠʢʦʚ ɼɿɿ ʥʘ ʦʨʙʠʪʝ ʧʨʝʚʳʩʠʣʦ 1000 ʝʜʠʥʠʮ. ɺ ʧʝʨʠʦʜ 

ʩ 2024 ʧʦ 2034 ʦʞʠʜʘʝʪʩʷ ʟʘʧʫʩʢ ʙʦʣʝʝ 5400 ʂɸ ɼɿɿ, ʯʪʦ ʚ 2,8 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʧʨʦʰʣʦʝ ʜʝʩʷʪʠʣʝʪʠʝ. 

ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ɼɿɿ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ, ʥʦ ʠ ʥʘʟʝʤʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʣʫʯʝʥʠʝ, ʦʙʨʘʙʦʪʢʫ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʜʘʥʥʳʭ. ʌʘʢʪʠʯʝʩʢʠ, ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʤʧʘʭ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʩʧʫʪʥʠʢʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʥʳʡ ʜʠʩʙʘʣʘʥʩ ʤʝʞʜʫ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʧʦ 

ʩʙʦʨʫ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦ ʝʸ ʧʨʠʸʤʫ ʠ 

ʦʙʨʘʙʦʪʢʝ.  

ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʮʝʣʝʚʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʚ ʢʦʥʪʝʢʩʪʝ ʨʦʩʪʘ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ɸʨʢʪʠʯʝʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʜʣʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ, 

ʦʩʚʦʝʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ. ʕʬʬʝʢʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʣʝʜʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʚ ɸʨʢʪʠʢʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʨʝʛʠʦʥʘ. 
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ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ ʪʨʘʜʠʮʠʦʥʥʦ 

ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʦʧʪʠʤʠʟʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʧʨʦʩʳ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʨʝʛʠʦʥʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʪʘʢʠʭ ʢʘʢ ɸʨʢʪʠʢʘ, ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʨʘʙʦʪʘʥʥʳʤʠ.  

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ 

ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ 

ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ 

ʜʦʩʪʘʚʢʠ ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʥʘʟʝʤʥʳʝ ʧʫʥʢʪʳ ʧʨʠʸʤʘ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 

ʠʟʣʦʞʝʥʳ ɸ.ɸ. ʃʝʙʝʜʝʚʳʤ, ɺ.ɺ. ʄʘʣʳʰʝʚʳʤ, ɻ.3. ɼʘʚʣʝʪʰʠʥʳʤ, ʌ.ʈ. 

ʍʘʥʮʝʚʝʨʦʚʳʤ, ɹ.ʉ. ʉʢʨʝʙʫʰʝʚʩʢʠʤ ʠ ʜʨ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠ ʧʨʠʢʣʘʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ɼ.ʀ. ʂʦʟʣʦʚʘ, ɻ.ʇ. ɸʥʰʘʢʦʚʘ, ʈ.ʅ. ɸʭʤʝʪʦʚʘ, ɸ.ɺ. ʉʦʣʣʦʛʫʙʘ. 

ʄʝʪʦʜʳ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʠʩʪʝʤ ʛʣʦʙʘʣʴʥʦʛʦ ʦʙʟʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ ɻ.ɺ. ʄʦʞʘʝʚʘ, J. 

Walker, ɹ.ʈ. ɹʳʨʢʦʚʘ, L. Rider, W. Adams, T.Lang, ɺ.ʂ. ʉʘʫʣʴʩʢʦʛʦ, ʖ.ʇ. 

ʋʣʳʙʳʰʝʚʘ. ɿʘʜʘʯʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ 

ʨʝʰʘʣʘʩʴ ɸ.ɸ. ɽʤʝʣʴʷʥʦʚʳʤ, ɸ.ɺ. ʉʪʘʨʢʦʚʳʤ. ɺ ʨʘʙʦʪʘʭ ɺ.ʖ. ʂʣʶʰʥʠʢʦʚʘ, ɸ.ɺ. 

ʉʦʣʣʦʛʫʙʘ, ɸ.ʖ. ʇʦʪʶʧʢʠʥʘ, ɺ.ɺ. ɹʝʪʘʥʦʚʘ, ɺ.ɺ. ʐʠʨʦʙʦʢʦʚʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʚʦʧʨʦʩʳ ʫʧʨʘʚʣʝʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤ. ɺʦʧʨʦʩʘʤ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʥʘʟʝʤʥʳʤ ʠ ʢʦʩʤʠʯʝʩʢʠʤ 

ʩʝʛʤʝʥʪʦʤ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʞʩʧʫʪʥʠʢʦʚʳʭ ʣʠʥʠʡ ʩʚʷʟʠ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ 

ʆ.ɺ. ʂʘʨʩʘʝʚʘ, E. Ekici, S. Burleigh.  
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪ ʦʨʙʠʪʘʣʴʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ʠ ʥʘʟʝʤʥʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʦʧʪʠʤʠʟʠʨʫʝʤʳʝ ʧʦ 

ʥʝʟʘʚʠʩʠʤʳʤ ʢʨʠʪʝʨʠʷʤ, ʙʝʟ ʫʯʸʪʘ ʠʭ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʦʤʧʣʝʢʩʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ʄʝʪʦʜʳ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʨʫʧʧʠʨʦʚʦʢ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʟʘʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʙʣʶʜʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʙʝʟ ʜʝʪʘʣʴʥʦʛʦ ʫʯʸʪʘ 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘʟʝʤʥʦʛʦ ʩʝʛʤʝʥʪʘ ʧʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʟʤʝʱʝʥʠʶ ʧʫʥʢʪʦʚ ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ 

ʦʨʙʠʪʘʣʴʥʳʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ ʠ ʥʘʟʝʤʥʳʤ ʩʝʛʤʝʥʪʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʥʘ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʞʝ ʨʘʟʚʸʨʥʫʪʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʆʜʥʘʢʦ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ 

ʪʘʢʦʡ ʨʘʟʨʦʟʥʝʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʟʝʤʥʳʭ 

ʩʨʝʜʩʪʚ, ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʚ ʜʦʩʪʘʚʢʝ ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʪʨʝʙʠʪʝʣʷʤ, ʩʥʠʞʝʥʠʶ ʦʙʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴ ʚʦʧʨʦʩʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ɼɿɿ ʩ ʫʯʸʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʨʙʠʪʘʣʴʥʦʡ ʠ ʥʘʟʝʤʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʘʷ ʢʦʩʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʦʨʙʠʪʘʣʴʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ ʠ ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ ʧʨʠʸʤʘ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʢʘʟʘʪʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ.  

ʎʝʣʴ ʨʘʙʦʪʳ 

ʇʦʚʳʰʝʥʠʝ ʮʝʣʝʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ 

ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. 
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ɿʘʜʘʯʠ ʨʘʙʦʪʳ 

1. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʟʝʤʥʳʭ 

ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʦʡ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʩ ʫʯʸʪʦʤ ʜʠʥʘʤʠʢʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʮʝʥʢʠ ʢʣʶʯʝʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʚʢʣʶʯʘʶʱʠʭ 

ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʝ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ ʧʨʠʝʤʘ, 

ʫʯʠʪʳʚʘʶʱʫʶ ʧʘʨʘʤʝʪʨʳ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʧʘʨʘʤʝʪʨʳ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʧʨʦʚʦʜʠʪʴ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʩʠʩʪʝʤ. 

4. ɸʧʨʦʙʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʜʚʫʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦ ʦʮʝʥʢʝ ʮʝʣʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʛʣʦʙʘʣʴʥʳʡ ʚʳʩʦʢʦʜʝʪʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ɸʨʢʪʠʢʠ ʠ ʉʝʚʝʨʥʦʛʦ 

ʤʦʨʩʢʦʛʦ ʧʫʪʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ:  

1. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ ʜʣʷ 

ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʪʝʤ, ʯʪʦ ʚʳʙʦʨ 

ʢʦʦʨʜʠʥʘʪ ʨʘʟʤʝʱʝʥʠʷ ʩʪʘʥʮʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʞʘʜʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʩ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʝʡ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʘʥʮʠʡ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ 

ʥʝʧʝʨʝʩʝʯʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʠ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ 

ʧʦ ʩʫʪʦʯʥʦʤʫ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

2. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʩʰʪʘʙʠʨʫʝʤʘʷ ʘʛʨʝʛʠʨʦʚʘʥʥʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ 

ʦʮʝʥʢʠ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 
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ʩʠʩʪʝʤ ɼɿɿ, ʧʦʟʚʦʣʷʶʱʘʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʦ ʜʚʫʭʩʦʪ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʠ ʧʨʦʠʟʚʦʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʪʝʤ, ʯʪʦ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʨʘʙʦʪʘ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘʙʣʶʜʝʥʠʷ ʩ ʨʘʩʯʸʪʦʤ ʦʙʲʸʤʘ 

ʛʝʥʝʨʠʨʫʝʤʳʭ ʜʘʥʥʳʭ, ʩʦʩʪʦʷʥʠʝ ʙʦʨʪʦʚʦʡ ʧʘʤʷʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʧʦʩʪʫʧʣʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʮʝʣʝʚʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʝʨʝʜʘʯʠ ʥʘ ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ, ʘ ʩʝʘʥʩʳ ʩʚʷʟʠ ʤʦʜʝʣʠʨʫʶʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʯʝʨʝʜʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʩʲʸʤʢʠ. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ ʥʘ ʦʩʥʦʚʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ ʪʦʯʝʢ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʪʝʤ, ʯʪʦ ʜʣʷ 

ʢʘʞʜʦʡ ʪʦʯʢʠ ʩʝʪʢʠ ʚʳʯʠʩʣʷʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʥʘʙʣʶʜʝʥʠʡ ʩ ʨʘʩʯʸʪʦʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʨʝʜʥʷʷ, ʤʠʥʠʤʘʣʴʥʘʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ, ʚʨʝʤʷ 

ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʥʘʟʝʤʥʫʶ ʩʪʘʥʮʠʶ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʧʨʦʮʝʥʪʘ ʧʦʢʨʳʪʠʷ ʟʘʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ, ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʴʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʩʦʯʝʪʘʶʱʝʡ 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʨʙʠʪʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʥʘʙʣʶʜʝʥʠʷ, ʤʦʜʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʲʝʤʦʯʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ, ʙʦʨʪʦʚʦʛʦ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ 

ʨʘʜʠʦʣʠʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʘʟʝʤʥʳʤʠ ʧʫʥʢʪʘʤʠ ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʠʭ 

ʨʘʩʧʦʣʦʞʝʥʠʷ. 
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʤʦʜʝʣʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʢʘʢ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 

ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢ ʠ ʥʘ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʝʰʝʥʠʷ ʜʚʫʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ: ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʦʙʟʦʨʘ ʩ 

ʦʙʦʩʥʦʚʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʟʝʤʥʳʭ ʧʫʥʢʪʦʚ ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʙʦʨʘ 

ʘʨʭʠʪʝʢʪʫʨʳ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ɸʨʢʪʠʯʝʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʦʨʙʠʪʘʣʴʥʦʡ 

ʛʨʫʧʧʠʨʦʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʪʨʝʙʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʢʨʳʪʠʷ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʥʘʙʣʶʜʝʥʠʷ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʝʦʨʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ, ʪʝʦʨʠʠ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥʳ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʚʳʧʦʣʥʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʄʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ ʜʣʷ 

ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʞʘʜʥʦʤ 

ʘʣʛʦʨʠʪʤʝ ʩ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʘʥʮʠʡ 

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʥʝʧʝʨʝʩʝʯʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʠ 

ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʩʫʪʦʯʥʦʤʫ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

2. ʄʘʩʰʪʘʙʠʨʫʝʤʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʮʝʥʢʠ ʮʝʣʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʧʦʟʚʦʣʷʶʱʘʷ 
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ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʦ ʜʚʫʭʩʦʪ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ. 

3. ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ ʥʘ ʦʩʥʦʚʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ 

ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ ʪʦʯʝʢ, ʚ ʢʦʪʦʨʦʡ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʩʝʪʢʠ ʚʳʯʠʩʣʷʶʪʩʷ 

ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʥʘʙʣʶʜʝʥʠʡ ʩ ʨʘʩʯʸʪʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʘʧʨʦʙʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ, ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ. 

ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʩʧʦʨʪʘ 

ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.3.1. ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʩʪʘʪʠʩʪʠʢʘ ʚ ʯʘʩʪʠ ʧʫʥʢʪʦʚ: 3. ʈʘʟʨʘʙʦʪʢʘ ʢʨʠʪʝʨʠʝʚ ʠ ʤʦʜʝʣʝʡ 

ʦʧʠʩʘʥʠʷ ʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʦʧʪʠʤʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ; 4. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ; 5. ʈʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ, 

ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʨʨʝʢʪʥʦʩʪʴʶ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ, 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴʶ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʩ ʜʘʥʥʳʤʠ ʦ 

ʮʝʣʝʚʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ:  
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VI ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠè (VI ʂʦʟʣʦʚʩʢʠʝ ʯʪʝʥʠʷ) (ʛ. ʉʘʤʘʨʘ, ɸʆ çʈʂʎ 

çʇʨʦʛʨʝʩʩè, 30.09-03.10.2019);  

XLV ɸʢʘʜʝʤʠʯʝʩʢʠʝ ʯʪʝʥʠʷ ʧʦ ʢʦʩʤʦʥʘʚʪʠʢʝ, ʧʦʩʚʷʱʝʥʥʳʝ ʧʘʤʷʪʠ 

ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʸʚʘ ʠ ʜʨʫʛʠʭ ʚʳʜʘʶʱʠʭʩʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʝʥʳʭ - ʧʠʦʥʝʨʦʚ 

ʦʩʚʦʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ;  

I ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ - ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʩʪʦʷʥʠʝ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʤʘʣʳʝ ʢʦʩʤʠʯʝʩʢʠʝ 

ʘʧʧʘʨʘʪʳè;  

XXII ʅʘʫʯʥʦ - ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʫʯʸʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʧʦʩʚʷʱʝʥʥʘʷ 60 - ʣʝʪʠʶ ʧʦʣʝʪʘ ʖ.ɸ. ɻʘʛʘʨʠʥʘ, 75 - ʣʝʪʠʶ ʨʘʢʝʪʥʦ - ʢʦʩʤʠʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ ʠ ʦʩʥʦʚʘʥʠʶ ʇɸʆ çʈʂʂ çʕʥʝʨʛʠʷè;  

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʠ ʤʦʣʦʜʝʞʥʘʷ ʰʢʦʣʘ "ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ" (ʀʊʅʊ-2023);  

X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʠ ʤʦʣʦʜʝʞʥʘʷ ʰʢʦʣʘ "ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ" (ʀʊʅʊ-2024);  

ʆʜʠʥʥʘʜʮʘʪʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʟʝʤʣʠ ɸʆ çʂʦʨʧʦʨʘʮʠʷ çɺʅʀʀʕʄè; ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡè;  

ʉʦʚʤʝʩʪʥʘʷ III ʆʪʨʘʩʣʝʚʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʉʦʟʚʝʟʜʠʝ 

ʈʦʩʢʦʩʤʦʩʘ: ʪʨʘʝʢʪʦʨʠʷ ʥʘʫʢʠ" ʠ VIII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ "ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ" (VIII 

ʂʦʟʣʦʚʩʢʠʝ ʯʪʝʥʠʷ). 

ʅʘ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʣʫʯʝʥʳ ʩʚʠʜʝʪʝʣʴʩʪʚʘ: 

1. ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ˉ 

2023614620. ʇʨʦʛʨʘʤʤʘ Constellation modeler (ConMod) ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʮʝʣʝʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ / ɺ.ɺ. ʉʘʣʤʠʥ, 

ɺ.ʀ. ʂʫʨʝʥʢʦʚ, ʀ.ɺ. ʂʘʫʨʦʚ, ɸ.ɺ. ʂʨʝʩʪʠʥʘ, ʄ.ɸ. ʀʚʘʥʫʰʢʠʥ, ʀ.ʉ. ʊʢʘʯʝʥʢʦ,  
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ʉ.ʃ. ʉʘʬʨʦʥʦʚ ï ɿʘʷʚʢʘ ˉ2022686687. ɼʘʪʘ ʧʦʩʪʫʧʣʝʥʠʷ 29 ʜʝʢʘʙʨʷ 2022 ʛ. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʈʝʝʩʪʨʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ 03 ʤʘʨʪʘ 2023 ʛ. 

2. ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ˉ 

2023612104. ʇʨʦʛʨʘʤʤʘ Russian Space System Developer (RSSD) ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʮʝʣʝʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ / ʀ.ʉ. ʊʢʘʯʝʥʢʦ, ʉ.ʃ. ʉʘʬʨʦʥʦʚ,  

ʄ.ɸ. ʀʚʘʥʫʰʢʠʥ, ʀ.ɺ. ʂʘʫʨʦʚ. ï ɿʘʷʚʢʘ ˉ2023610597. ɼʘʪʘ ʧʦʩʪʫʧʣʝʥʠʷ 17 ʷʥʚʘʨʷ 

2023 ʛ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʈʝʝʩʪʨʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ 30 ʷʥʚʘʨʷ 2023 ʛ. 

ʇʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 12 ʨʘʙʦʪʘʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ: 4 ʩʪʘʪʴʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ; 4 ʩʪʘʪʴʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʠʟʜʘʥʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ Scopus/Web of Science; 1 ʤʦʥʦʛʨʘʬʠʷ; 1 ʩʪʘʪʴʷ, ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʚʩʝʨʦʩʩʠʡʩʢʦʛʦ ʫʨʦʚʥʷ; 2 ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ. 

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʯʝʪʳʨʸʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʰʝʩʪʠ ʧʨʠʣʦʞʝʥʠʡ. ʆʙʱʠʡ ʦʙʲʸʤ 

ʜʠʩʩʝʨʪʘʮʠʠ ï 191 ʩʪʨʘʥʠʮʘ, ʚʢʣʶʯʘʝʪ 19 ʪʘʙʣʠʮ, 72 ʨʠʩʫʥʢʘ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʩʦʜʝʨʞʠʪ 86 ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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ɻʣʘʚʘ 1. ʇʨʦʙʣʝʤʘ ʩʠʥʪʝʟʘ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʩ ʫʯʝʪʦʤ ʩʪʨʫʢʪʫʨʳ ʦʨʙʠʪʘʣʴʥʦʡ 

ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ 

1.1 ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ɼɿɿ 

ʇʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʚ 

ʩʬʝʨʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɿɿ). ʆʪʨʘʩʣʴ ʧʝʨʝʰʣʘ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʜʠʥʠʯʥʳʭ ʢʨʫʧʥʳʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʢ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʤ ʛʨʫʧʧʠʨʦʚʢʘʤ, ʚʢʣʶʯʘʶʱʠʤ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ 

ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ [1, 2]. ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ, ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ 

[2] ʙʦʣʝʝ 175 ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠ ʟʘʧʫʱʝʥʥʳʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ɼɿɿ (ʨʠʩʫʥʦʢ 1.1). ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʘʛʝʥʪʩʪʚ, ʚ 2024 ʛʦʜʫ ʙʳʣʦ ʫʩʧʝʰʥʦ ʟʘʧʫʱʝʥʦ ʦʢʦʣʦ 300 ʂɸ ɼɿɿ [3], ʘ ʩʫʤʤʘʨʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʧʫʪʥʠʢʦʚ ɼɿɿ ʥʘ ʦʨʙʠʪʝ ʧʨʝʚʳʩʠʣʦ 1000 ʝʜʠʥʠʮ. ɺ ʧʝʨʠʦʜ ʩ 2024 ʧʦ 

2034 ʦʞʠʜʘʝʪʩʷ ʟʘʧʫʩʢ ʙʦʣʝʝ 5400 ʂɸ ɼɿɿ, ʯʪʦ ʚ 2,8 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʨʦʰʣʦʝ 

ʜʝʩʷʪʠʣʝʪʠʝ [4].  

 

ʈʠʩʫʥʦʢ 1.1  ʆʙʟʦʨ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠ ʟʘʧʫʱʝʥʥʳʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 

ʧʦ ʥʘʟʥʘʯʝʥʠʶ [2] 
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ʂʣʶʯʝʚʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʙʫʩʣʦʚʠʚʰʠʤʠ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʷʚʣʷʶʪʩʷ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ 

ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʧʦʟʚʦʣʠʚʰʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʙʦʨʪʦʚʳʭ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʠʩʪʝʤ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʣʫʯʰʝʥʠʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ [5, 6]. ʐʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʣʘʪʬʦʨʤ, ʪʘʢʠʭ ʢʘʢ CubeSat, ʠ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʦ ʚʨʝʤʝʥʥʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ 

ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʘ ʧʦʷʚʣʝʥʠʝ 

ʥʦʚʳʭ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ ʠ ʨʘʟʚʠʪʠʝ ʨʳʥʢʘ ʧʦʧʫʪʥʳʭ ʟʘʧʫʩʢʦʚ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ 

ʫʜʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʚʳʚʝʜʝʥʠʷ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʨʙʠʪʫ [5, 7]. ʅʘ ʨʠʩʫʥʢʘʭ 

ʥʠʞʝ ʧʦʢʘʟʘʥʘ ʩʪʘʪʠʩʪʠʢʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʪʠʧʦʚ ʦʨʙʠʪ, ʥʘ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ (1.2 ʘ), ʠ ʬʦʨʤʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ ʩʪʨʦʷʪʩʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ (1.2 ʙ). 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.2  ʉʪʘʪʠʩʪʠʢʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʪʠʧʦʚ ʦʨʙʠʪ, ʠ 

ʬʦʨʤʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [2] 

ʇʝʨʝʭʦʜ ʢ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʤ ʛʨʫʧʧʠʨʦʚʢʘʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʷʜ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʇʦʚʳʰʝʥʠʝ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚ ʛʨʫʧʧʠʨʦʚʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʪʝʨʨʠʪʦʨʠʠ ʩ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʠʣʠ ʤʠʥʫʪ. ʋʣʫʯʰʝʥʠʝ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʘʢ ʚʦʟʨʘʩʪʘʥʠʝʤ ʯʠʩʣʘ 

ʩʧʫʪʥʠʢʦʚ, ʪʘʢ ʠ ʨʘʟʚʠʪʠʝʤ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʊʠʧʦʚʘʷ 
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ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.3 [8]. 

 

ʈʠʩʫʥʦʢ 1.3  ʊʠʧʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜ ʦʪ ʧʘʨʘʜʠʛʤʳ ʝʜʠʥʠʯʥʳʭ ʢʨʫʧʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʢ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʤ ʛʨʫʧʧʠʨʦʚʢʘʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ, ʦʧʝʨʘʪʠʚʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʠ ʛʠʙʢʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, ʯʪʦ ʩʦʟʜʘʸʪ ʥʦʚʳʝ ʚʳʟʦʚʳ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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1.1.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʚʝʩʪʥʳʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʦʧʪʠʯʝʩʢʦʛʦ 

ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ɿʝʤʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʝʨʘʪʦʨʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʥʘʟʥʘʯʝʥʠʷ. ɸʥʘʣʠʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʪʠʧʠʯʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ. 

ʉʨʝʜʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʧʝʨʘʪʦʨʦʚ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʦʩʦʙʦʝ ʤʝʩʪʦ 

ʟʘʥʠʤʘʝʪ ʢʦʤʧʘʥʠʷ Planet Labs (ʉʐɸ), ʨʝʘʣʠʟʦʚʘʚʰʘʷ ʦʜʥʫ ʠʟ ʧʝʨʚʳʭ ʤʘʩʰʪʘʙʥʳʭ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʝʞʝʜʥʝʚʥʦʛʦ 

ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [9-11]. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2024 ʛʦʜ 

ʛʨʫʧʧʠʨʦʚʢʘ Planet ʚʢʣʶʯʘʝʪ ʦʢʦʣʦ 200 ʩʧʫʪʥʠʢʦʚ ʩʝʨʠʠ Dove (SuperDove) 

ʬʦʨʤʘʪʘ 3U CubeSat, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 3-5 ʤ ʚ 

ʚʦʩʴʤʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ʧʨʠ ʧʦʣʦʩʝ ʟʘʭʚʘʪʘ ʦʢʦʣʦ 24 ʢʤ, ʘ ʪʘʢʞʝ 21 ʩʧʫʪʥʠʢ 

ʩʝʨʠʠ SkySat ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 50 ʩʤ ʚ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʠ ʜʦ 1 ʤ ʚ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʤ ʨʝʞʠʤʝ. ɻʨʫʧʧʠʨʦʚʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʞʝʜʥʝʚʥʦʝ ʧʦʢʨʳʪʠʝ 

ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʰʠ ɿʝʤʣʠ ʠ ʧʨʦʠʟʚʦʜʠʪ ʩʚʳʰʝ 3 ʤʠʣʣʠʦʥʦʚ ʩʥʠʤʢʦʚ ʚ ʩʫʪʢʠ. 

ʂʦʤʧʘʥʠʷ BlackSky (ʉʐɸ) ʵʢʩʧʣʫʘʪʠʨʫʝʪ ʛʨʫʧʧʠʨʦʚʢʫ ʠʟ 14 ʤʘʣʳʭ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʟʨʝʰʝʥʠʝ ʜʦ 1 ʤ ʚ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʤ ʨʝʞʠʤʝ [12]. ʉʠʩʪʝʤʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʦʧʝʨʘʪʠʚʥʦʝ 

ʥʘʙʣʶʜʝʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʠʟʤʝʥʝʥʠʡ ʩ ʯʘʩʪʦʪʦʡ ʧʦʚʪʦʨʥʦʡ ʩʲʸʤʢʠ ʜʦ 15 ʨʘʟ ʚ 

ʩʫʪʢʠ ʜʣʷ ʢʣʶʯʝʚʳʭ ʨʝʛʠʦʥʦʚ.  

ʆʧʝʨʘʪʦʨ Maxar Technologies (ʉʐɸ) ʵʢʩʧʣʫʘʪʠʨʫʝʪ ʛʨʫʧʧʠʨʦʚʢʫ ʩʧʫʪʥʠʢʦʚ 

ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ WorldView [13], ʚʢʣʶʯʘʶʱʫʶ ʘʧʧʘʨʘʪʳ WorldView-2 

ʠ WorldView-3 ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 0,31 ʤ ʚ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʘ ʪʘʢʞʝ 

ʩʝʨʠʶ WorldView Legion ʠʟ ʰʝʩʪʠ ʥʦʚʳʭ ʩʧʫʪʥʠʢʦʚ. ɻʨʫʧʧʠʨʦʚʢʘ ʩʧʦʩʦʙʥʘ 

ʦʙʝʩʧʝʯʠʪʴ ʩʲʸʤʢʫ ʣʶʙʦʡ ʪʦʯʢʠ ɿʝʤʣʠ ʩ ʯʘʩʪʦʪʦʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟ ʚ ʜʝʥʴ. 

ɽʚʨʦʧʝʡʩʢʠʡ ʦʧʝʨʘʪʦʨ Airbus Defence and Space ʵʢʩʧʣʫʘʪʠʨʫʝʪ ʛʨʫʧʧʠʨʦʚʢʫ 

ʩʧʫʪʥʠʢʦʚ Pleiades ʠ SPOT [14, 15], ʚʢʣʶʯʘʶʱʫʶ ʯʝʪʳʨʝ ʩʧʫʪʥʠʢʘ Pleiades Neo ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ 0,3 ʤ ʚ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʠ 1,2 ʤ ʚ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʤ 
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ʨʝʞʠʤʝ, ʘ ʪʘʢʞʝ ʜʚʘ ʩʧʫʪʥʠʢʘ SPOT-6/7 ʩʨʝʜʥʝʛʦ ʨʘʟʨʝʰʝʥʠʷ (1,5 ʤ ʚ 

ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ) ʩ ʧʦʣʦʩʦʡ ʟʘʭʚʘʪʘ 60 ʢʤ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʪʘʢʞʝ 

ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ. ɽʚʨʦʧʝʡʩʢʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʘʛʝʥʪʩʪʚʦ (ESA) ʵʢʩʧʣʫʘʪʠʨʫʝʪ 

ʛʨʫʧʧʠʨʦʚʢʫ Sentinel ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ Copernicus, ʚʢʣʶʯʘʶʱʫʶ ʢʘʢ ʨʘʜʘʨʥʳʝ, 

ʪʘʢ ʠ ʦʧʪʠʯʝʩʢʠʝ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ. ʉʠʩʪʝʤʘ Sentinel-1 [16] ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ʤʘʩʩʦʡ ʦʢʦʣʦ 2280 ʢʛ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʘ 

ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʳʭ ʦʨʙʠʪʘʭ ʚʳʩʦʪʦʡ 693 ʢʤ ʠ ʨʘʙʦʪʘʶʱʠʭ ʚ C-ʜʠʘʧʘʟʦʥʝ. 

ʉʧʫʪʥʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 5Ĭ20 ʤ ʚ ʨʝʞʠʤʝ 

Interferometric Wide Swath ʧʨʠ ʧʦʣʦʩʝ ʦʙʟʦʨʘ 250 ʢʤ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ 

6 ʜʥʝʡ ʜʣʷ ʚʩʝʛʦ ʟʝʤʥʦʛʦ ʰʘʨʘ ʠ 3 ʜʥʷ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ. 

ʂʠʪʘʡʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʚʢʣʶʯʘʝʪ 

ʦʧʪʠʯʝʩʢʠʝ ʛʨʫʧʧʠʨʦʚʢʠ Gaofen ʠ Jilin, ʨʘʜʘʨʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ Huan Jing ʠ ʤʘʣʳʝ 

ʩʧʫʪʥʠʢʠ Zhuhai-1. ʀʥʜʠʡʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ISRO) 

ʵʢʩʧʣʫʘʪʠʨʫʝʪ ʛʨʫʧʧʠʨʦʚʢʫ ʩʧʫʪʥʠʢʦʚ ɼɿɿ ʩʝʨʠʡ IRS, Cartosat ʠ RISAT. 

ʅʘʮʠʦʥʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʦʢʝʘʥʫ ʠ ʘʪʤʦʩʬʝʨʝ ʉʐɸ (NOAA) ʩʦʚʤʝʩʪʥʦ ʩ 

NASA ʨʘʟʚʸʨʪʳʚʘʝʪ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʝ ʩʧʫʪʥʠʢʦʚʳʝ 

ʩʠʩʪʝʤʳ JPSS ʠ GOES. 

ʈʦʩʩʠʡʩʢʘʷ ʦʨʙʠʪʘʣʴʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ʦʧʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʢʣʶʯʘʝʪ 

ʩʧʫʪʥʠʢʠ ʩʝʨʠʡ çʈʝʩʫʨʩ-ʇè [17], çʂʘʥʦʧʫʩ-ɺè [18], çʄʝʪʝʦʨ-ʄè [19], çʕʣʝʢʪʨʦ-

ʃè, ɸʨʢʪʠʢʘ-ʄ [20], ʪʘʢʞʝ ʥʘ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʧʨʦʝʢʪʳ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ çʉʌɽʈɸè ʠ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ ɼɿɿ çʉʤʦʪʨè 

[21]. 

ʈʦʩʩʠʡʩʢʘʷ ʦʨʙʠʪʘʣʴʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʚʢʣʶʯʘʝʪ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ çʂʦʥʜʦʨ-ʌʂɸè [22], ʨʘʙʦʪʘʶʱʠʝ ʚ S-ʜʠʘʧʘʟʦʥʝ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʟʨʝʰʝʥʠʝ ʜʦ 1 ʤ ʚ ʨʝʞʠʤʝ ʜʝʪʘʣʴʥʦʡ ʩʲʸʤʢʠ, ʘ ʪʘʢʞʝ 

ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ çʄʝʪʝʦʨ-ʄè, ʦʩʥʘʱʸʥʥʳʝ ʨʘʜʠʦʣʦʢʘʪʦʨʘʤʠ ʜʣʷ ʦʙʟʦʨʥʦʡ 

ʩʲʸʤʢʠ. ʇʣʘʥʠʨʫʝʤʘʷ ʢ ʨʘʟʚʸʨʪʳʚʘʥʠʶ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ çʉʤʦʪʨ-ʈè 

ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʩ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ X-
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ʜʠʘʧʘʟʦʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʩʝʧʦʛʦʜʥʦʛʦ ʚʳʩʦʢʦʜʝʪʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʘʢʚʘʪʦʨʠʡ. 

ɺ ʦʙʣʘʩʪʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʶʪ 

ʢʦʤʧʘʥʠʠ ICEYE (ʌʠʥʣʷʥʜʠʷ) [23] ʠ Capella Space (ʉʐɸ) [24]. ɻʨʫʧʧʠʨʦʚʢʘ 

ICEYE ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 20 ʩʧʫʪʥʠʢʦʚ ʤʘʩʩʦʡ ʦʢʦʣʦ 85 ʢʛ ʩ ʨʘʜʘʨʘʤʠ ʩ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ X-ʜʠʘʧʘʟʦʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʟʨʝʰʝʥʠʝ ʜʦ 0,25 ʤ ʚ 

ʨʝʞʠʤʝ Spotlight. ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʥʘ ʩʦʣʥʝʯʥʦ-

ʩʠʥʭʨʦʥʥʳʭ ʦʨʙʠʪʘʭ ʚʳʩʦʪʦʡ 570-580 ʢʤ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʥʘʙʣʶʜʝʥʠʷ ʘʨʢʪʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ 6-12 ʯʘʩʦʚ ʜʣʷ ʧʨʠʦʨʠʪʝʪʥʳʭ ʦʙʣʘʩʪʝʡ. 

ɸʤʝʨʠʢʘʥʩʢʘʷ ʛʨʫʧʧʠʨʦʚʢʘ Capella ʚʢʣʶʯʘʝʪ 36 ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʤʘʩʩʦʡ ʦʢʦʣʦ 112 ʢʛ, ʨʘʙʦʪʘʶʱʠʭ ʚ X-ʜʠʘʧʘʟʦʥʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ 9,3-9,9 ɻɻʮ. ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ 0,5-20 ʤ ʠ ʚʨʝʤʷ ʧʦʚʪʦʨʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʤʝʥʝʝ 6 ʯʘʩʦʚ ʜʣʷ ʣʶʙʦʡ 

ʪʦʯʢʠ ɿʝʤʣʠ. 

ʂʘʥʘʜʩʢʘʷ ʩʠʩʪʝʤʘ RADARSAT Constellation Mission (RCM) [25], 

ʟʘʧʫʱʝʥʥʘʷ ʚ 2019 ʛʦʜʫ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ 

ʘʨʢʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʨʸʭ ʠʜʝʥʪʠʯʥʳʭ ʩʧʫʪʥʠʢʦʚ ʤʘʩʩʦʡ 

ʦʢʦʣʦ 1450 ʢʛ. ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʥʘ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʳʭ 

ʦʨʙʠʪʘʭ ʚʳʩʦʪʦʡ 600 ʢʤ ʩ ʥʘʢʣʦʥʝʥʠʝʤ 97,74Á ʠ ʨʘʙʦʪʘʶʪ ʚ C-ʜʠʘʧʘʟʦʥʝ (5,405 

ɻɻʮ), ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʦʪ 1Ĭ3 ʤ ʚ ʨʝʞʠʤʝ Spotlight ʜʦ 

100Ĭ100 ʤ ʚ ʨʝʞʠʤʝ ʦʙʥʘʨʫʞʝʥʠʷ ʩʫʜʦʚ ʧʨʠ ʧʦʣʦʩʝ ʦʙʟʦʨʘ ʦʪ 3 ʢʤ ʜʦ 500 ʢʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʩʲʸʤʢʠ. ʉʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 

ʨʝʞʠʤʘʤʠ Ship Detection Mode ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʫʜʦʚ ʠ Sea Ice Monitoring ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʨʩʢʦʛʦ ʣʴʜʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ɸʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ɸʨʢʪʠʢʠ ʩʦʩʪʘʚʣʷʝʪ 4 ʜʥʷ, 

ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʣʥʫʶ ʧʦʣʷʨʠʟʘʮʠʦʥʥʫʶ ʩʲʸʤʢʫ (HH, VV, HV, VH), ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʘʥʘʣʠʟʘ ʣʝʜʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʦʙʟʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʜʦʩʪʠʞʝʥʠʶ ʪʨʝʙʫʝʤʳʭ 
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ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʠ 

ʜʦʩʪʫʧʥʳʭ ʨʝʩʫʨʩʦʚ. 

1.1.2 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 

ɼɿɿ 

ɼʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʪʘʙʣʠʮʘʭ 1.1-1.3. 

 ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʜʫʱʠʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 

ɼɿɿ ʩ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
Planet 

(Dove) 

Planet 

(SkySat) 

Maxar 

(WorldView) 

Airbus 

(Pleiades 

Neo) 

BlackSky 

ʂʦʣʠʯʝʩʪʚʦ ʩʧʫʪʥʠʢʦʚ (2024 

ʛ.) 
~200 21 4 + 6 (ʥʦʚʳʝ) 4 14 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

(ʤ), ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ 
- 0,5 0,31 0,3 - 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

(ʤ), ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʡ 

ʨʝʞʠʤ 

3-5 1,0 1,24 1,2 1,0 

ʇʦʣʦʩʘ ʟʘʭʚʘʪʘ (ʢʤ) 24 6 13,1 14 8,3 

ʂʦʣʠʯʝʩʪʚʦ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʢʘʥʘʣʦʚ 
8 4 16 6 4 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ 

(ʩʫʪʢʠ) 
1 <1 <1 <1 <1 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

(ʢʤĮ/ʩʫʪʢʠ) 

>200 

ʤʣʥ 
>1 ʤʣʥ >3 ʤʣʥ >2 ʤʣʥ >0,7 ʤʣʥ 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ɼɿɿ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʤʘʣʳʭ ʩʧʫʪʥʠʢʦʚ ʚ 

ʩʦʩʪʘʚʝ ʛʨʫʧʧʠʨʦʚʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ 

ï ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟ ʚ ʩʫʪʢʠ ʜʣʷ ʣʶʙʦʡ ʪʦʯʢʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʢʦʤʤʝʨʯʝʩʢʠʝ ʦʧʝʨʘʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ Planet Labs, ʜʝʣʘʶʪ ʘʢʮʝʥʪ ʥʘ ʤʘʩʩʦʚʦʩʪʠ 

ʛʨʫʧʧʠʨʦʚʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʝʞʝʜʥʝʚʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʫʤʝʨʝʥʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʟʨʝʰʝʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʧʝʨʘʪʦʨʳ ʩʠʩʪʝʤ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ Maxar Technologies ʠ Airbus, ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʩʦʟʜʘʥʠʠ 
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ʛʨʫʧʧʠʨʦʚʦʢ ʤʝʥʴʰʝʡ ʯʠʩʣʝʥʥʦʩʪʠ, ʥʦ ʩ ʚʳʩʦʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

 ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠ

ʢʘ 

ICEYE Capella Space Sentinel-1 COSMO-

SkyMed 

RCM 

ʂʦʣ-ʚʦ ʂɸ 54 15 (ʧʣʘʥ 36) 2 (1A ʠ 1C) 4 (ʧʝʨʚʦʝ 

ʧʦʢʦʣʝʥʠʝ) 

+ 2 ʚʪʦʨʦʛʦ 

ʧʦʢʦʣʝʥʠʷ 

3 

ɺʳʩʦʪʘ 

ʦʨʙʠʪʳ, ʢʤ 

500ï600 500ï600 693 620 600 

ʅʘʢʣʦʥʝʥʠʝ, Á ~97ï98 

(ʩʦʣʥʝʯʥʦ

-

ʩʠʥʭʨʦʥʥ

ʘʷ) 

å97ï98 

(ʩʦʣʥʝʯʥʦ-

ʩʠʥʭʨʦʥʥʘʷ) 

98.18 

(ʩʦʣʥʝʯʥʦ-

ʩʠʥʭʨʦʥʥʘʷ) 

å97ï98 

(ʩʦʣʥʝʯʥʦ-

ʩʠʥʭʨʦʥʥʘʷ) 

97.74 

(ʩʦʣʥʝʯʥʦ-

ʩʠʥʭʨʦʥʥʘʷ) 

ʈʘʟʨʝʰʝʥʠʝ, ʤ 1ï15 0.5 (Spotlight) 

ï 20 

5 (IW 

ʨʝʞʠʤ) ï 40 

1 (Spotlight) 

ï 30 

(ScanSAR) 

1×3 

(Spotlight) ï 

100×100 

ʇʦʣʦʩʘ 

ʦʙʟʦʨʘ, ʢʤ 

5ï100+ ~5ï100 80ï410 ʜʦ 200 3ï500 

ʇʦʣʷʨʠʟʘʮʠʷ VV HH, VV, HV, 

VH 

HH, HV, VV, 

VH 

HH, VV, 

HH+HV, 

VV+VH  

HH, VV, HV, 

VH 

ɼʠʘʧʘʟʦʥ 

ʨʘʙʦʯʠʭ 

ʯʘʩʪʦʪ ʇʅ 

X-

ʜʠʘʧʘʟʦʥ 

(9.6 ɻɻʮ) 

X-ʜʠʘʧʘʟʦʥ 

(9.6 ɻɻʮ) 

C-ʜʠʘʧʘʟʦʥ 

(5.405 ɻɻʮ) 

X-ʜʠʘʧʘʟʦʥ 

(9.6 ɻɻʮ) 

C-ʜʠʘʧʘʟʦʥ 

(5.405 ɻɻʮ) 

ʇʝʨʠʦʜʠʯʥʦʩʪ

ʴ ʥʘʙʣʶʜʝʥʠʡ 

ʚ ɸʨʢʪʠʢʝ 

6ï12 

ʯʘʩʦʚ 

ʅʝʩʢʦʣʴʢʦ ʨʘʟ 

ʚ ʩʫʪʢʠ 

3 ʜʥʷ ʜʦ 8 ʨʘʟ ʚ 

ʤʝʩʷʮ 

4 ʜʥʷ 
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 ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʈʦʩʩʠʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʄʝʪʝʦʨ-ʄ ʂʦʥʜʦʨ-ʌʂɸ 

ʂʦʣ-ʚʦ ʂɸ 4 2 

ɺʳʩʦʪʘ ʦʨʙʠʪʳ, ʢʤ ~830 ~620 

ʅʘʢʣʦʥʝʥʠʝ, Á 98 97-98 

ʈʘʟʨʝʰʝʥʠʝ, ʤ 500-1000  1-2 (ʜʝʪʘʣʴʥʳʡ ʧʨʦʞʝʢʪʦʨʥʳʡ), 1-

3 (ʜʝʪʘʣʴʥʳʡ ʥʝʧʨʝʨʳʚʥʳʡ), 6-12 

(ʦʙʟʦʨʥʳʡ) 

ʇʦʣʦʩʘ ʦʙʟʦʨʘ, ʢʤ 600  (10ʭ10) ï (30ʭ15), (10-30) ʭ 100, 

(20-100) ʭ 100 

ʇʦʣʷʨʠʟʘʮʠʷ VV HH, HH/VV, VV 

ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ 

ʯʘʩʪʦʪ ʇʅ 

X-ʜʠʘʧʘʟʦʥ (9.5-9,8 ɻɻʮ) S-ʜʠʘʧʘʟʦʥ (3100-3300 ʄɻʮ) 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ 

ʥʘʙʣʶʜʝʥʠʡ ʚ ɸʨʢʪʠʢʝ 

ɽʞʝʜʥʝʚʥʘʷ ʥʝ ʙʦʣʝʝ 12-14 ʯʘʩʦʚ 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʨʙʠʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʢʘʟʳʚʘʝʪ (ʪʘʙʣʠʮʘ 1.2), 

ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʶʪ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʳʝ ʦʨʙʠʪʳ ʚʳʩʦʪʦʡ 550-

700 ʢʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʨʘʟʨʝʰʝʥʠʝʤ, ʧʦʣʦʩʦʡ ʦʙʟʦʨʘ ʠ 

ʚʨʝʤʝʥʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘ ʦʨʙʠʪʝ. 

ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ɸʨʢʪʠʢʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʛʨʫʧʧʠʨʦʚʢʠ ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʧʫʪʥʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʥʘʙʣʶʜʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʜʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʜʚʠʞʝʥʠʷ ʩʫʜʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʩʲʸʤʢʠ, ʧʨʠʤʝʥʷʶʱʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ (HH) 

ʧʦʣʷʨʠʟʘʮʠʶ ʠ HV ʢʨʦʩʩʧʦʣʷʨʠʟʘʮʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʘʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʘʥʘʣʦʛʠʯʥʳʝ Capella Space, Sentinel-1, COSMO-SkyMed ʠ 

ʂʦʥʜʦʨ-ʌʂɸ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʘʙʣʠʮ 1.1-1.3. ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ɼɿɿ: 

1. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʤʘʣʳʭ ʩʧʫʪʥʠʢʦʚ ʚ ʩʦʩʪʘʚʝ ʛʨʫʧʧʠʨʦʚʦʢ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ - ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟ ʚ ʩʫʪʢʠ ʜʣʷ 

ʣʶʙʦʡ ʪʦʯʢʠ ɿʝʤʣʠ. 
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2. ʇʦʚʳʰʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʢʘʢ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ, ʪʘʢ 

ʠ ʨʘʜʘʨʥʳʭ ʩʠʩʪʝʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʨʘʟʨʝʰʝʥʠʝ ʜʦ 30 ʩʤ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʜʦ 25 ʩʤ ʜʣʷ ʨʘʜʘʨʥʳʭ ʩʠʩʪʝʤ. 

3. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʠ ʨʘʩʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʨʘʩʰʠʨʷʝʪ 

ʩʧʝʢʪʨ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. 

4. ʈʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤ, ʚʳʨʘʞʘʶʱʠʡʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʠ 

ʩʲʸʤʢʠ ʠ ʦʙʲʸʤʘ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʚʠʪʠʷ 

ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

5. ʀʥʪʝʛʨʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ (ʦʧʪʠʯʝʩʢʠʭ, ʨʘʜʘʨʥʳʭ, 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ) ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. 

1.1.3 ʅʘʟʝʤʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʠʸʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʉʦʚʨʝʤʝʥʥʘʷ ʥʘʟʝʤʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʥʳʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ï ʦʪ ʧʨʠʸʤʘ 

ʜʘʥʥʳʭ ʩ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʜʦ ʜʦʩʪʘʚʢʠ ʛʦʪʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʢʦʥʝʯʥʳʤ ʧʦʪʨʝʙʠʪʝʣʷʤ. 

ʅʘʟʝʤʥʳʡ ʢʦʤʧʣʝʢʩ ʫʧʨʘʚʣʝʥʠʷ (ʅʂʋ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ 

ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ ʠ ʚʢʣʶʯʘʝʪ ʮʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʸʪʘʤʠ ʠ ʩʪʘʥʮʠʠ 

ʢʦʤʘʥʜʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʅʘʟʝʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʠʸʤʘ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ (ʅʂʇʆʈ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ, ʦʙʨʘʙʦʪʢʫ ʠ 

ʜʦʚʝʜʝʥʠʝ ʜʦ ʧʦʪʨʝʙʠʪʝʣʝʡ ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ɼɿɿ ʠ ʚʢʣʶʯʘʝʪ ʥʘʟʝʤʥʳʝ ʧʫʥʢʪʳ 

ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ (ʅʇʇʀ), ʦʩʥʘʱʸʥʥʳʝ ʘʥʪʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʧʨʠʸʤʘ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ; ʮʝʥʪʨʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʎʆɼ) ʩ 

ʢʦʤʧʣʝʢʩʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʠ ʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ; 

ʮʝʥʪʨʳ ʭʨʘʥʝʥʠʷ ʠ ʘʨʭʠʚʠʨʦʚʘʥʠʷ ʜʣʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʢʘʪʘʣʦʛʠʟʘʮʠʠ 

ʜʘʥʥʳʭ; ʩʠʩʪʝʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʜʦʩʪʘʚʢʠ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʢʦʥʝʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ʅʘ ʨʠʩʫʥʢʝ 1.4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ 

ʧʝʨʝʜʘʯʠ ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʥʘʟʝʤʥʳʡ ʧʨʠʝʤʥʳʡ ʩʝʛʤʝʥʪ. 
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ʈʠʩʫʥʦʢ 1.4  ʉʭʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʅʇʇʀ, ʢʘʢ 

ʦʩʥʦʚʥʦʤʫ ʟʚʝʥʫ ʚ ʮʝʧʦʯʢʝ ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ ʦʪ ʩʧʫʪʥʠʢʘ ʢ ʢʦʥʝʯʥʦʤʫ 

ʧʦʪʨʝʙʠʪʝʣʶ, ʦʧʨʝʜʝʣʷʶʱʝʤʫ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ ʥʘʟʝʤʥʳʭ 

ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ ʜʘʥʥʳʭ ɼɿɿ. ʉʝʪʴ Kongsberg Satellite Services (KSAT) ʷʚʣʷʝʪʩʷ 

ʢʨʫʧʥʝʡʰʝʡ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʝʪʴʶ, ʚʢʣʶʯʘʶʱʝʡ ʙʦʣʝʝ 200 ʘʥʪʝʥʥ ʥʘ 25 ʩʪʘʥʮʠʷʭ, 

ʦʙʩʣʫʞʠʚʘʶʱʝʡ ʙʦʣʝʝ 100 ʩʧʫʪʥʠʢʦʚ. ʉʝʪʴ Swedish Space Corporation (SSC) 

ʚʢʣʶʯʘʝʪ 15 ʩʪʘʥʮʠʡ ʚ ʢʣʶʯʝʚʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʸʤ ʜʘʥʥʳʭ ʩ 

ʙʦʣʝʝ ʯʝʤ 50 ʩʧʫʪʥʠʢʦʚ. ʉʝʪʴ ʩʪʘʥʮʠʡ NASA Near Earth Network (NEN) ʩʦʩʪʦʠʪ ʠʟ 

14 ʩʪʘʥʮʠʡ ʠ ʦʙʩʣʫʞʠʚʘʝʪ ʥʘʫʯʥʳʝ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʩʧʫʪʥʠʢʠ. ɽʚʨʦʧʝʡʩʢʘʷ 

ʩʝʪʴ COPERNICUS ʦʙʩʣʫʞʠʚʘʝʪ ʛʨʫʧʧʠʨʦʚʢʫ ʩʧʫʪʥʠʢʦʚ Sentinel ʠ ʚʢʣʶʯʘʝʪ 
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ʦʩʥʦʚʥʳʝ ʩʪʘʥʮʠʠ ʚ ʀʩʧʘʥʠʠ ʠ ʀʪʘʣʠʠ. ʈʦʩʩʠʡʩʢʘʷ ɽʜʠʥʘʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-

ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ɼɿɿ (ɽʊʈʀʉ ɼɿɿ) ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ 13 

ʩʪʘʥʮʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ʂʠʪʘʡʩʢʘʷ ʩʝʪʴ ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ ʜʘʥʥʳʭ ɼɿɿ 

ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ 20 ʩʪʘʥʮʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʠʪʘʷ ʠ ʥʝʩʢʦʣʴʢʦ ʟʘʨʫʙʝʞʥʳʭ ʩʪʘʥʮʠʡ 

ʚ ɸʨʢʪʠʢʝ, ɸʬʨʠʢʝ ʠ ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʟʚʝʩʪʥʳʭ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ ʜʘʥʥʳʭ ɼɿɿ ʚ ʤʠʨʝ. 

 

ʈʠʩʫʥʦʢ 1.5  ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʚʝʩʪʥʳʭ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ 

ʧʨʠʸʤʘ ʜʘʥʥʳʭ ɼɿɿ 

ɸʥʘʣʠʟ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʤʝʱʝʥʠʶ ʩʪʘʥʮʠʡ ʚ ʧʨʠʧʦʣʷʨʥʳʭ ʨʝʛʠʦʥʘʭ 

(ʉʚʘʣʴʙʘʨʜ, ɸʣʷʩʢʘ, ɸʥʪʘʨʢʪʠʜʘ), ʛʜʝ ʩʧʫʪʥʠʢʠ ʥʘ ʧʦʣʷʨʥʳʭ ʠ ʩʦʣʥʝʯʥʦ-

ʩʠʥʭʨʦʥʥʳʭ ʦʨʙʠʪʘʭ ʧʨʦʭʦʜʷʪ ʥʘʜ ʧʦʣʶʩʘʤʠ ʧʨʠ ʢʘʞʜʦʤ ʚʠʪʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʧʨʠʸʤ ʜʘʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʢʘʞʜʦʤ ʚʠʪʢʝ ʦʨʙʠʪʳ. ʉʪʘʥʮʠʷ ʥʘ 

ʉʚʘʣʴʙʘʨʜʝ (78,9Á ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʠʜʠʤʦʩʪʴ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʥʘ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʳʭ ʦʨʙʠʪʘʭ ʚʳʩʦʪʦʡ 500-800 ʢʤ ʧʨʠ ʢʘʞʜʦʤ ʚʠʪʢʝ, 

ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʛʣʦʙʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʠʸʤʘ 

ʜʘʥʥʳʭ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʨʘʡʦʥʘʭ ʩ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʨʘʟʚʠʪʦʡ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ɺʳʙʦʨ ʤʝʩʪ ʜʣʷ ʩʪʘʥʮʠʡ ʯʘʩʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʦʣʠʪʠʢʦ-
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ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠ 

ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ. 

ʆʩʥʦʚʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ 

ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʷʚʣʷʶʪʩʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʚʨʝʤʷ ʚʠʜʠʤʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʫʛʦʣ 

ʚʦʟʚʳʰʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʪʘʥʮʠʠ X-ʜʠʘʧʘʟʦʥʘ (7-8 ɻɻʮ ʜʣʷ ʥʠʩʭʦʜʷʱʝʡ ʣʠʥʠʠ 

ʩʚʷʟʠ) ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦ 1200 ʄʙʠʪ/ʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʥʷʪʴ ʟʘ ʪʠʧʠʯʥʳʡ ʩʝʘʥʩ ʩʚʷʟʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 10 ʤʠʥʫʪ ʦʢʦʣʦ 90 ɻʙʠʪ 

ʠʥʬʦʨʤʘʮʠʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʩʪʘʥʮʠʠ Ka-ʜʠʘʧʘʟʦʥʘ (25-27 ɻɻʮ) ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦ 3600 ʄʙʠʪ/ʩ, ʯʪʦ ʚʪʨʦʝ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʸʤ 

ʧʨʠʥʠʤʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʩʝʘʥʩ. ɺʨʝʤʷ ʚʠʜʠʤʦʩʪʠ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʦʛʦ 

ʩʧʫʪʥʠʢʘ ʩ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 ʜʦ 15 ʤʠʥʫʪ ʥʘ ʦʜʠʥ ʧʨʦʭʦʜ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʦʨʙʠʪʳ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʚʦʟʚʳʰʝʥʠʷ. ʄʠʥʠʤʘʣʴʥʳʡ 

ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʝʥ ʫʩʪʦʡʯʠʚʳʡ ʧʨʠʸʤ ʜʘʥʥʳʭ, ʦʙʳʯʥʦ 

ʩʦʩʪʘʚʣʷʝʪ 5-10 ʛʨʘʜʫʩʦʚ ʠ ʦʛʨʘʥʠʯʝʥ ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ, ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʦʡ 

ʠ ʫʨʦʚʥʝʤ ʨʘʜʠʦʧʦʤʝʭ. 

ʉʫʱʝʩʪʚʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʨʘʟʚʠʪʠʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʩʦʛʣʘʩʥʦ [26, 

27], ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ. ɺ [26] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʩʪʠʛʥʫʪʳʡ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʥʦʩʪʠ ʩʨʝʜʩʪʚ ʥʘʟʝʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʸʤʘ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ (ʅʂʇʆʈ) ʜʣʷ ʧʨʠʸʤʘ ʢʦʩʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʧʫʪʸʤ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ɸʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ, 

ʯʪʦ ʜʣʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʠʟ 56 ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʘ ʩʦʣʥʝʯʥʦ-

ʩʠʥʭʨʦʥʥʳʭ ʦʨʙʠʪʘʭ ʚʳʩʦʪʦʡ 670 ʢʤ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʩʙʨʦʩʘ ʜʘʥʥʳʭ ʥʘ ʩʪʘʥʮʠʠ 

ʅʂʇʆʈ ʩʦʩʪʘʚʣʷʝʪ 30,9 ʤʠʥʫʪ ʠ ʬʦʨʤʠʨʫʝʪ 56% ʦʪ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ 

ʮʝʣʝʚʳʭ ʟʘʜʘʯ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

ɺ [27] ʘʚʪʦʨʳ ʚʳʷʚʠʣʠ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʩʝʪʴ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʥʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʦʧʝʨʘʪʠʚʥʳʤ ʧʨʠʸʤʦʤ 
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ʜʘʥʥʳʭ ʦʪ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ɼɿɿ ʧʨʦʛʨʘʤʤʳ Copernicus, ʛʝʥʝʨʠʨʫʶʱʠʭ 6 

ʪʝʨʘʙʘʡʪ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʫʪʢʠ, ʯʪʦ ʧʦʪʨʝʙʦʚʘʣʦ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ European Data 

Relay System (EDRS) ʥʘ ʦʩʥʦʚʝ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ ʩ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʦ 50 ʪʝʨʘʙʘʡʪ ʚ ʩʫʪʢʠ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʤʝʱʝʥʠʷ ʩʪʘʥʮʠʡ 

ʧʨʠʸʤʘ ʚ ʧʦʣʷʨʥʳʭ ʨʝʛʠʦʥʘʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʯʘʩʪʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʢʦʩʤʠʯʝʩʢʠʤʠ 

ʘʧʧʘʨʘʪʘʤʠ ʥʘ ʧʦʣʷʨʥʳʭ ʠ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʳʭ ʦʨʙʠʪʘʭ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ 

ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ ʜʦʚʝʜʝʥʠʷ ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦ ʧʦʪʨʝʙʠʪʝʣʷ. 

ɼʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩʦʟʜʘʶʪ ʦʙʲʝʢʪʠʚʥʳʡ ʜʠʩʙʘʣʘʥʩ ʤʝʞʜʫ ʙʳʩʪʨʦ 

ʨʘʩʪʫʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʦʨʙʠʪʘʣʴʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʧʦ ʩʙʦʨʫ ʜʘʥʥʳʭ ʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦ ʠʭ ʧʨʠʸʤʫ ʠ ʦʙʨʘʙʦʪʢʝ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʦʧʪʠʤʠʟʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʡ ʠ ʥʘʟʝʤʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

1.2 ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ 

ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʩʠʥʪʝʟʘ ʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʥʘʙʣʶʜʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [28-32] ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ [33-37]. ʄʝʪʦʜʳ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʠʩʪʝʤ ʛʣʦʙʘʣʴʥʦʛʦ ʦʙʟʦʨʘ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [38-57]. 

ɺ ɻʆʉʊ ʈ 70665-2023 [58] ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ɼɿɿ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʦʙʲʸʤʦʤ ʮʝʣʝʚʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʠ ʩʫʤʤʦʡ ʟʘʪʨʘʪ ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʂʉ ɼɿɿ ʩʣʝʜʫʝʪ ʦʮʝʥʠʚʘʪʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʫʨʦʚʥʷʭ 

ʜʝʢʦʤʧʦʟʠʮʠʠ:  

- ʩʠʩʪʝʤʥʦʤ (ʚ ʢʘʯʝʩʪʚʝ ʩʪʝʧʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʧʨʷʤʦʛʦ ʠ ʢʦʩʚʝʥʥʦʛʦ ʮʝʣʝʚʳʭ 

ʵʬʬʝʢʪʦʚ ʂʉ ɼɿɿ);  
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- ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ (ʚ ʢʘʯʝʩʪʚʝ ʩʪʝʧʝʥʠ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ ʥʘ 

ʢʘʞʜʦʤ ʵʪʘʧʝ ʮʝʣʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʂʉ ɼɿɿ);  

- ʪʝʭʥʠʯʝʩʢʦʤ (ʚ ʢʘʯʝʩʪʚʝ ʩʪʝʧʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 

ʩʦʩʪʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʂʉ ɼɿɿ). 

ʉʦʛʣʘʩʥʦ [59] ʢʘʞʜʦʤʫ ʫʨʦʚʥʶ ʜʝʢʦʤʧʦʟʠʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʙʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʇʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʥʦʛʦ ʫʨʦʚʥʷ ʜʝʢʦʤʧʦʟʠʮʠʠ: 

- ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʦʢ; 

- ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ (ʩʫʤʤʘʨʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʣʦʱʘʜʴ, ʚʳʜʘʥʥʘʷ ʧʦʪʨʝʙʠʪʝʣʷʤ); 

- ʩʦʚʦʢʫʧʥʘʷ ʮʝʥʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʦʙʨʘʙʦʪʢʠ ʦʪʩʥʷʪʳʭ ʤʘʨʰʨʫʪʦʚ; 

- ʦʩʨʝʜʥʝʥʥʘʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠʩʧʦʣʥʝʥʠʷ ʟʘʷʚʦʢ; 

- ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʘʨʭʠʚʦʚ ʥʘʟʝʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʝʤʘ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ʅʂʇʆʈ) ʠ ʜʨ 

ʇʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʜʝʢʦʤʧʦʟʠʮʠʠ: 

- ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʦʨʠʪʝʪʘ; 

- ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʟʘʷʚʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʦʨʠʪʝʪʘ; 

- ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠʩʧʦʣʥʝʥʠʷ ʟʘʷʚʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʦʨʠʪʝʪʘ; 

- ʛʣʫʙʠʥʘ ʦʙʨʘʙʦʪʢʠ ʦʪʩʥʷʪʳʭ ʤʘʨʰʨʫʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʦʨʠʪʝʪʘ; 

- ʩʫʤʤʘʨʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ, ʚʳʜʘʥʥʘʷ ʧʦʪʨʝʙʠʪʝʣʷʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʨʠʦʨʠʪʝʪʘ ʠ ʜʨ. 

ʇʦʢʘʟʘʪʝʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʜʝʢʦʤʧʦʟʠʮʠʠ: 

- ʨʘʟʨʝʰʝʥʠʝ ʦʙʨʘʙʦʪʘʥʥʳʭ ʩʥʠʤʢʦʚ; 

- ʪʦʯʥʦʩʪʴ ʧʣʘʥʦʚʦʡ ʧʨʠʚʷʟʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʩʥʠʤʢʦʚ; 

- ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʅʂʇʆʈ; 

- ʩʫʤʤʘʨʥʘʷ ʦʪʩʥʷʪʘʷ ʧʣʦʱʘʜʴ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ) ʠ ʜʨ. 

ʇʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ɼɿɿ ʟʘʚʠʩʷʪ ʦʪ 

ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʣʝʚʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʠ ʥʘʟʝʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʝʤʘ ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʦʚ ʩʠʥʪʝʟʘ ʠ ʘʥʘʣʠʟʘ 
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ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʨʠ ʧʦʢʘʟʘʪʝʣʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ, ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʠ ʧʨʦʮʝʥʪ ʧʦʢʨʳʪʠʷ ʟʘʜʘʥʥʦʡ ʟʦʥʳ ʠʥʪʝʨʝʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʪʝʣʠ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʠ ʧʨʦʮʝʥʪʘ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʧʦʟʚʦʣʷʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ï ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

(ʩʢʦʨʦʩʪʴ ʢʘʥʘʣʘ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʡ) ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʧʦʪʦʢʫ, 

ʩʦʟʜʘʚʘʝʤʦʤʫ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ɼɿɿ. 

ʄʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʠʤʠʪʘʮʠʦʥʥʳʝ [60, 61]. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʩʯʸʪʝ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʤʝʥʪʦʚ ʧʝʨʝʩʝʯʝʥʠʷ ʪʨʘʩʩʳ 

ʧʦʣʸʪʘ ʩ ʟʘʜʘʥʥʳʤ ʨʘʡʦʥʦʤ ʥʘʙʣʶʜʝʥʠʷ.  

ʀʤʠʪʘʮʠʦʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʩʥʦʚʘʥʳ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʥʘʙʣʶʜʝʥʠʷ ʩ ʫʯʸʪʦʤ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ʕʪʠ ʤʝʪʦʜʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʫʶ 

ʦʮʝʥʢʫ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ, ʥʦ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ. 

ɺ ʨʘʙʦʪʝ [62] ʠʟʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩ ʫʯʸʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʝʨʠʦʜʠʯʥʦʩʪʴ 

ʥʘʙʣʶʜʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 
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ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʡʦʥʘ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ: ʤʠʥʠʤʘʣʴʥʫʶ, ʤʘʢʩʠʤʘʣʴʥʫʶ ʠ 

ʩʨʝʜʥʶʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʦ ʨʝʛʫʣʷʨʥʦʤʫ ʥʘʙʣʶʜʝʥʠʶ ʟʘʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
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ʆʧʝʨʘʪʠʚʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʦʪ 

ʤʦʤʝʥʪʘ ʩʲʸʤʢʠ ʜʦ ʤʦʤʝʥʪʘ ʜʦʩʪʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʆʙʱʘʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ (op
T ) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ 

ʩʫʤʤʘ ʩʣʝʜʫʶʱʠʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ [42]: 

 op acq down proc del
T T T T T= + + + 

ʛʜʝ acq
T  ï ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʩʲʸʤʢʠ; 

down
T  ï ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʩʙʨʦʩʘ ʜʘʥʥʳʭ ʥʘ 

ʥʘʟʝʤʥʫʶ ʩʪʘʥʮʠʶ; proc
T  ï ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; 

del
T  ï ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ 

ʢʦʥʝʯʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ɺʨʝʤʷ ʦʞʠʜʘʥʠʷ ʩʲʸʤʢʠ acq
T  ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʡ 

ʛʨʫʧʧʠʨʦʚʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʩʲʸʤʢʠ. 

ɺʨʝʤʷ ʦʞʠʜʘʥʠʷ ʩʙʨʦʩʘ ʜʘʥʥʳʭ 
down

T  ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʩʠʩʪʝʤ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʧʫʪʥʠʢʘʤʠ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ 

ʩʙʨʦʩʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʝʥʦ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [38-57], ʚ ʦʩʥʦʚʥʦʤ ʩʬʦʢʫʩʠʨʦʚʘʥʳ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ ʢʦʤʧʣʝʢʩʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ 

ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʧʨʝʜʝʣʸʥʥʳʝ ʚ ɻʆʉʊ ʈ 70665-2023 [58] ʠ ʨʘʙʦʪʘʭ [28-

33], ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩʠʩʪʝʤʫ ʚ ʮʝʣʦʤ, ʦʜʥʘʢʦ ʥʝ ʧʨʝʜʣʘʛʘʶʪ ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʦʜʠʢ 

ʠʭ ʨʘʩʯʸʪʘ ʩ ʫʯʸʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʠ ʥʘʟʝʤʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ.  

ɺ ʮʠʢʣʝ ʨʘʙʦʪ [59, 63, 64] ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ 

ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ɼɿɿ. ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ [59] ʧʨʦʚʝʜʝʥʘ 

ʜʝʢʦʤʧʦʟʠʮʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɼɿɿ ʢʘʢ ʩʣʦʞʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʝʥʳ ʩʠʩʪʝʤʥʳʝ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʸ ʵʣʝʤʝʥʪʦʚ, ʦʙʦʩʥʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʸʨʪʳʚʘʥʠʷ ʩʠʩʪʝʤʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢ ʜʚʫʤ ʯʘʩʪʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ: ʦʧʝʨʘʪʠʚʥʦʩʪʠ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʷʚʦʢ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʩʪʦʠʤʦʩʪʠ ʛʦʪʦʚʦʛʦ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ [63] ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʨʙʠʪʘʣʴʥʦʡ 
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ʛʨʫʧʧʠʨʦʚʢʠ, ʚʢʣʶʯʘʶʱʠʝ ʤʦʜʝʣʠ ʵʚʦʣʶʮʠʠ ʦʨʙʠʪʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʘ ʠʥʪʝʨʚʘʣʦʚ ʢʦʨʨʝʢʮʠʠ ʦʨʙʠʪʳ, ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʘ ʠʥʪʝʨʚʘʣʦʚ 

ʨʘʙʦʪʳ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʠʥʪʝʨʚʘʣʦʚ ʩʙʨʦʩʘ ʜʘʥʥʳʭ ʥʘ ʥʘʟʝʤʥʳʝ ʧʫʥʢʪʳ 

ʧʨʠʸʤʘ. ɺ ʪʨʝʪʴʝʡ ʯʘʩʪʠ [64] ʦʧʠʩʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʧʦʨʷʜʦʢ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʧʨʝʜʣʦʞʝʥʥʫʶ ʤʝʪʦʜʦʣʦʛʠʶ. ɸʚʪʦʨʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦ ʵʣʝʤʝʥʪʘʤ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʫʯʸʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʨʝʩʫʨʩʳ ʦʨʙʠʪʘʣʴʥʦʛʦ ʠ ʥʘʟʝʤʥʦʛʦ ʩʝʛʤʝʥʪʦʚ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʥʘʟʝʤʥʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʟʘʜʘʥʥʘʷ, ʘ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʵʣʝʤʝʥʪʘʤ ʩʠʩʪʝʤʳ. ʇʨʠ 

ʵʪʦʤ ʥʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʤʠʥʠʤʘʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʄʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘʟʝʤʥʳʭ 

ʧʫʥʢʪʦʚ ʧʨʠʸʤʘ (ʠʭ ʢʦʣʠʯʝʩʪʚʦ, ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʘʥʘʣʦʚ ʩʚʷʟʠ) ʦʧʨʝʜʝʣʝʥʘ ʟʘʨʘʥʝʝ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʧʦʜʭʦʜ 

ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʩ ʫʯʸʪʦʤ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɸʥʘʣʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʠʭ 

ʛʨʫʧʧʠʨʦʚʦʢ ʚ ʦʩʥʦʚʥʦʤ ʩʬʦʢʫʩʠʨʦʚʘʥʳ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʪʜʝʣʴʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʥʘ ʛʨʫʧʧʠʨʦʚʢʠ 

ʙʦʣʴʰʦʡ ʯʠʩʣʝʥʥʦʩʪʠ (ʙʦʣʝʝ 100 ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ). ʇʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʶʪ 

ʤʝʪʦʜʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʩ ʫʯʸʪʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʆʪʩʫʪʩʪʚʫʶʪ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʮʝʥʠʚʘʪʴ ʮʝʣʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʚʢʣʶʯʘʶʱʠʭ ʜʦ ʜʚʫʭʩʦʪ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʠ ʧʨʦʠʟʚʦʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ.  
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ɼɿɿ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤʘʤʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʩ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʘ ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ ʧʨʠʸʤʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʘʤʠ ʚʳʙʦʨʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʘʤʠʭ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ. ɼʘʥʥʳʝ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ, ʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʜʝʣʴʥʦ. 

1.2.1 ɸʣʛʦʨʠʪʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʇʘʚʣʦʚ ʠ ʜʨ. [65] ʨʘʟʨʘʙʦʪʘʣʠ ʘʣʛʦʨʠʪʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʘ ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʠʟ 200 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ 14 ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ. ɸʚʪʦʨʳ ʨʘʩʩʤʦʪʨʝʣʠ ʧʦʩʪʘʥʦʚʢʫ 

ʟʘʜʘʯʠ ʩ ʫʯʸʪʦʤ ʩʣʝʜʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ: ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʣʠʙʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʲʸʤʢʫ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʣʠʙʦ ʧʝʨʝʜʘʚʘʪʴ 

ʜʘʥʥʳʝ ʥʘ ʩʪʘʥʮʠʶ, ʥʦ ʥʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʦʙʝ ʦʧʝʨʘʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ; ʩʪʘʥʮʠʷ 

ʥʝ ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʥʠʤʘʪʴ ʜʘʥʥʳʝ ʩ ʜʚʫʭ ʠ ʙʦʣʝʝ ʩʧʫʪʥʠʢʦʚ; ʩʧʫʪʥʠʢ ʥʝ 

ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʥʘ ʜʚʝ ʠ ʙʦʣʝʝ ʩʪʘʥʮʠʡ. ʇʨʝʜʣʦʞʝʥʳ ʜʚʘ 

ʘʣʛʦʨʠʪʤʘ: ʞʘʜʥʳʡ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʦʨʠʪʝʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ, ʠ ʪʦʯʥʳʡ ʘʣʛʦʨʠʪʤ ʥʘ ʩʝʛʤʝʥʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʰʘʪʝʣʷ CP-SAT. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʦʯʥʳʡ ʘʣʛʦʨʠʪʤ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ ʧʝʨʝʜʘʥʥʳʭ ʜʘʥʥʳʭ ʥʘ 7% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʘʜʥʳʤ ʘʣʛʦʨʠʪʤʦʤ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ ʩ 1 ʜʦ 20 ʤʠʥʫʪ. 

ɹʘʣʫʭʪʦ [66] ʧʨʝʜʣʦʞʠʣ ʪʝʭʥʦʣʦʛʠʶ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʤʘʨʰʨʫʪʠʟʘʮʠʝʡ ʜʘʥʥʳʭ ʚ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʝʪʝʚʳʭ ʩʠʩʪʝʤʘʭ ɼɿɿ. ʈʘʟʨʘʙʦʪʘʥʳ 

ʘʣʛʦʨʠʪʤʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʘʥʥʳʭ ʩ ʫʯʸʪʦʤ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ ʤʝʞʩʧʫʪʥʠʢʦʚʳʭ ʩʚʷʟʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʘʜʘʧʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʧʦʚʳʩʠʪʴ ʝʸ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʛʨʫʧʧʠʨʦʚʢʠ, ʚʦʟʥʠʢʘʶʱʠʤ ʚʩʣʝʜʩʪʚʠʝ 

ʦʪʢʘʟʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ [67] ʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʢʠʪʘʡʩʢʦʡ ʩʝʪʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (RSGS). ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʩʪʘʥʮʠʡ (ʘʥʪʝʥʥ, 
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ʜʝʤʦʜʫʣʷʪʦʨʦʚ, ʨʝʢʦʨʜʝʨʦʚ) ʤʝʞʜʫ ʤʥʦʞʝʩʪʚʦʤ ʩʧʫʪʥʠʢʦʚʳʭ ʤʠʩʩʠʡ. ʇʨʝʜʣʦʞʝʥ 

ʪʨʸʭʩʪʫʧʝʥʯʘʪʳʡ ʘʣʛʦʨʠʪʤ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʚʢʣʶʯʘʶʱʠʡ ʦʧʪʠʤʠʟʘʮʠʶ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʦʜʘ ʨʦʷ ʯʘʩʪʠʮ ʠ ʩʤʝʰʘʥʥʦʛʦ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʜʣʷ ʟʘʜʘʯ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʦʪʜʝʣʴʥʳʭ ʩʪʘʥʮʠʡ.  

Jiang ʠ ʜʨ. [68] ʧʨʝʜʣʦʞʠʣʠ ʩʪʨʘʪʝʛʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʜʣʷ 

ʩʧʫʪʥʠʢʦʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʥʘʟʝʤʥʳʤʠ 

ʩʪʘʥʮʠʷʤʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʘʪʝʛʠʷ ʚʨʝʤʝʥʥʦʡ ʚʩʪʘʚʢʠ ʩʣʦʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ 

ʤʠʥʠʤʠʟʘʮʠʶ ʚʨʝʤʝʥʥʳʭ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʩʝʘʥʩʘʤʠ ʩʚʷʟʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʛʨʫʧʧʠʨʦʚʢʝ ʠʟ 1152 ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ 40 ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʦʢʘʟʘʣʠ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ: ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʨʝʤʝʥʥʦʡ ʟʘʟʦʨ ʤʝʞʜʫ 

ʩʝʘʥʩʘʤʠ ʩʦʢʨʘʱʸʥ ʙʦʣʝʝ ʯʝʤ ʚ 500 ʨʘʟ (ʩ 2,5 ʯʘʩʦʚ ʜʦ 18 ʩʝʢʫʥʜ), ʩʨʝʜʥʠʡ 

ʚʨʝʤʝʥʥʦʡ ʟʘʟʦʨ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʫʤʝʥʴʰʝʥ ʚ 7-17 ʨʘʟ, ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ 

ʩʧʫʪʥʠʢ-ʟʝʤʣʷ ʫʚʝʣʠʯʝʥʦ ʥʘ 20-30%. 

1.2.2 ɸʣʛʦʨʠʪʤʳ ʨʘʟʤʝʱʝʥʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ 

ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʦʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʘʷ ʟʘʜʘʯʘ 

ʧʨʦʨʘʙʦʪʘʥʘ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʜʘʯʘʤʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʮʠʡ. 

Eddy ʠ ʜʨ. [69] ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ 

ʜʣʷ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʩʬʦʨʤʫʣʠʨʦʚʘʚ ʟʘʜʘʯʫ ʢʘʢ ʟʘʜʘʯʫ 

ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɸʚʪʦʨʳ ʨʘʩʩʤʦʪʨʝʣʠ ʪʨʠ ʨʘʟʣʠʯʥʳʝ ʮʝʣʝʚʳʝ 

ʬʫʥʢʮʠʠ: ʤʠʥʠʤʠʟʘʮʠʷ ʩʪʦʠʤʦʩʪʠ ʤʠʩʩʠʠ, ʤʘʢʩʠʤʠʟʘʮʠʷ ʦʙʲʸʤʘ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʜʘʥʥʳʭ, ʤʠʥʠʤʠʟʘʮʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʳʚʘ ʤʝʞʜʫ ʩʝʘʥʩʘʤʠ ʩʚʷʟʠ. 

ʄʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ ʫʩʣʫʛ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʠ 

ʢʦʥʢʨʝʪʥʳʭ ʤʝʩʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʡ ʠʟ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚʳʙʦʨʢʘ ʠʟ 91 ʩʪʘʥʮʠʠ ʦʪ ʰʝʩʪʠ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʦʧʝʨʘʪʦʨʦʚ ʅʇʇʀ. ɺʘʞʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʳʙʦʨ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʨʘʩʧʦʣʦʞʝʥʠʡ ʩʪʘʥʮʠʡ, ʘ ʥʝ 

ʠʟ ʧʨʦʠʟʚʦʣʴʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ. 
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ɺ [70] ʘʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘʟʝʤʥʦʛʦ ʩʝʛʤʝʥʪʘ ʜʣʷ ʥʝʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 

ʛʨʫʧʧʠʨʦʚʦʢ. ɸʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʤʝʪʦʜʦʣʦʛʠʶ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʢʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʨʠʪʝʨʠʷʤ. ʄʝʪʦʜʦʣʦʛʠʷ 

ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʡ ʚ ɽʚʨʦʧʝ: ʠʟ 175851 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʦʯʢʠ ʥʘ ʩʝʪʢʝ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʚʩʝʭ ʬʠʣʴʪʨʦʚ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ 

ʰʝʩʪʴ ʨʘʡʦʥʦʚ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦʜʭʦʜʷʱʠʭ ʧʦʟʠʮʠʡ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʢʦʪʦʨʳʭ ʚʳʙʨʘʥʘ ʦʜʥʘ ʩʪʘʥʮʠʷ ʥʘ ʦʩʥʦʚʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʢʣʘʩʪʝʨʘ. 

ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʠʭ ʧʦʜʭʦʜ ʥʝ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʝʡ, ʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʚʨʠʩʪʠʯʝʩʢʫʶ ʧʨʦʮʝʜʫʨʫ ʦʪʙʦʨʘ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʡ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʦʨʠʝʥʪʠʨʦʤ ʜʣʷ ʙʫʜʫʱʠʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ɸʥʘʣʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʣʛʦʨʠʪʤʦʚ ʨʘʟʤʝʱʝʥʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʄʝʪʦʜ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ [69] ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʳʙʦʨ ʠʟ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʘʥʮʠʡ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʧʝʨʘʪʦʨʦʚ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʝʭʥʠʯʝʩʢʠ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʩʪʘʥʮʠʡ ʩ ʫʯʸʪʦʤ ʩʧʝʮʠʬʠʢʠ ʢʦʥʢʨʝʪʥʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ. ʄʝʪʦʜʦʣʦʛʠʷ 

[70] ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʪʘʥʮʠʡ ʥʘ ʦʩʥʦʚʝ ʤʥʦʞʝʩʪʚʝʥʥʳʭ 

ʢʨʠʪʝʨʠʝʚ, ʦʜʥʘʢʦ ʥʝ ʚʢʣʶʯʘʝʪ ʬʦʨʤʘʣʴʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʠ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ 

ʤʠʥʠʤʠʟʘʮʠʶ ʢʦʣʠʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳʭ ʩʪʘʥʮʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ 

ʤʝʪʦʜʳ ʥʝ ʫʯʠʪʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʥʝʧʝʨʝʩʝʯʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʪʘʥʮʠʝʡ. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʡ ʚ ʨʘʙʦʪʝ [70] ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ 

ʩʨʝʜʥʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʜʠʤʳʭ ʩʧʫʪʥʠʢʦʚ, ʯʪʦ ʥʝ ʫʯʠʪʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʚʠʜʠʤʦʩʪʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʵʪʦʤ ʢʦʥʬʣʠʢʪʳ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʩʝʘʥʩʦʚ ʩʚʷʟʠ. ɸʥʘʣʦʛʠʯʥʦ, ʚ ʨʘʙʦʪʝ [69] ʧʨʠ 

ʬʦʨʤʫʣʠʨʦʚʢʝ ʦʛʨʘʥʠʯʝʥʠʡ ʫʯʠʪʳʚʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʦʜʥʘʢʦ ʜʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʩʘʤʠʭ ʩʪʘʥʮʠʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʚʳʰʝʥʥʳʤ 

ʦʮʝʥʢʘʤ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ. 



34 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʙʦʪʳ [67] ʠ [71] ʩʬʦʢʫʩʠʨʦʚʘʥʳ ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʞʝ ʨʘʟʚʸʨʥʫʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʨʝʰʘʷ ʟʘʜʘʯʠ 

ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʡ ʩʝʘʥʩʦʚ ʩʚʷʟʠ, ʘ ʥʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʦʚʳʭ ʩʪʘʥʮʠʡ. ɸʚʪʦʨʳ [67] ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʦʧʪʠʤʠʟʘʮʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʠʪʘʡʩʢʦʡ ʩʝʪʠ RSGS ʤʝʞʜʫ 

ʩʧʫʪʥʠʢʦʚʳʤʠ ʤʠʩʩʠʷʤʠ. ɸʚʪʦʨʳ ʚ [71] ʧʨʝʜʣʦʞʠʣʠ ʨʘʩʧʨʝʜʝʣʸʥʥʫʶ ʛʠʙʨʠʜʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ ʥʘʟʝʤʥʦʡ ʩʝʪʠ, ʚ ʢʦʪʦʨʦʡ ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʘʥʮʠʡ ʚʳʧʦʣʥʷʶʪ ʪʦʣʴʢʦ 

ʬʫʥʢʮʠʠ ʧʨʠʸʤʘ ʜʘʥʥʳʭ, ʘ ʤʝʥʴʰʘʷ ʯʘʩʪʴ ʩʪʘʥʮʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʝʨʝʜʘʯʫ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ SatNOGS, 

ʚʢʣʶʯʘʶʱʝʡ 173 ʩʪʘʥʮʠʠ, ʧʦʢʘʟʘʣʠ ʩʦʢʨʘʱʝʥʠʝ ʩʨʝʜʥʝʡ ʚʨʝʤʝʥʠ ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ 

ʩ 58 ʜʦ 12 ʤʠʥʫʪ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʪʘʥʮʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʟʘʜʘʥʥʳʤ, ʘ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʩʪʫʧʥʳʭ 

ʨʝʩʫʨʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʘʣʛʦʨʠʪʤʘʤ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʨʘʟʤʝʱʝʥʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʧʨʦʙʝʣʘ ʚ 

ʤʝʪʦʜʠʯʝʩʢʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ɼɿɿ. ʆʪʩʫʪʩʪʚʫʝʪ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ ʜʣʷ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ, 

ʚ ʢʦʪʦʨʦʡ ʢʦʦʨʜʠʥʘʪʳ ʨʘʟʤʝʱʝʥʠʷ ʩʪʘʥʮʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʘʥʮʠʡ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʥʝʧʝʨʝʩʝʯʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʠ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʩʫʪʦʯʥʦʤʫ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʣʠʙʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʳʙʦʨ ʠʟ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ 

ʥʘʙʦʨʘ ʩʪʘʥʮʠʡ [69], ʣʠʙʦ ʠʩʧʦʣʴʟʫʶʪ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ ʬʠʣʴʪʨʘʮʠʠ ʙʝʟ 

ʬʦʨʤʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ [70], ʣʠʙʦ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʞʝ ʨʘʟʚʸʨʥʫʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [67, 71]. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ 

ʤʝʪʦʜʠʢʠ ʩʦʩʪʘʚʣʷʝʪ ʦʜʥʫ ʠʟ ʟʘʜʘʯ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 



35 

1.3 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ɼɿɿ ʩ 

ʫʯʸʪʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʠ ʥʘʟʝʤʥʦʛʦ 

ʩʝʛʤʝʥʪʦʚ 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ɼɿɿ ʤʦʛʫʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʧʨʠʟʥʘʢʫ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʷ: ʧʨʦʮʝʥʪ ʧʦʢʨʳʪʠʷ, ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʠ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʧʦ-ʨʘʟʥʦʤʫ ʟʘʚʠʩʷʪ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʛʦ ʠ ʥʘʟʝʤʥʦʛʦ ʩʝʛʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

ʇʨʦʮʝʥʪ ʧʦʢʨʳʪʠʷ ʟʘʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ 

{ }1 2
, , ,

N
O o o o= » , ʛʜʝ ʢʘʞʜʳʡ ʂɸ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʨʙʠʪʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠ ʚʨʝʤʝʥʥʦʝ 

ʧʦʢʨʳʪʠʝ ʮʝʣʝʚʳʭ ʨʘʡʦʥʦʚ ʥʘʙʣʶʜʝʥʠʷ. 

ʆʧʝʨʘʪʠʚʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ 
delivery

T  ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ, ʟʘʚʠʩʷʱʠʤ ʢʘʢ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, ʪʘʢ ʠ ʦʪ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ { }1 2
, , ,

M
G g g g= » , ʛʜʝ ʢʘʞʜʘʷ ʩʪʘʥʮʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠʝʤʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ɼɿɿ ʪʨʝʙʫʝʪ ʫʯʸʪʘ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʨʙʠʪʘʣʴʥʳʤ ʠ 

ʥʘʟʝʤʥʳʤ ʩʝʛʤʝʥʪʘʤʠ. ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʠ ʧʨʦʮʝʥʪ ʧʦʢʨʳʪʠʷ 

ʦʧʨʝʜʝʣʷʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʧʝʨʘʪʠʚʥʦʩʪʴ 

ʜʦʩʪʘʚʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʦʪʦʢʦʤ, ʛʝʥʝʨʠʨʫʝʤʳʤ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʂɸ. ʕʪʘ 

ʚʟʘʠʤʦʩʚʷʟʴ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ɼɿɿ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʩʣʝʜʫʶʱʝʤ 

ʨʘʟʜʝʣʝ. 
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1.3.1 ɼʝʢʦʤʧʦʟʠʮʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɼɿɿ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʜʦʩʪʘʚʣʷʪʴ ʪʨʝʙʫʝʤʳʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ ɼɿɿ ʟʘʜʘʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ 

ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ ʠ ʥʘʟʝʤʥʳʤ ʩʝʛʤʝʥʪʦʤ, ʯʪʦ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ 

ʜʝʢʦʤʧʦʟʠʮʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ. 

ʄʥʦʛʦʩʧʫʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ ɼɿɿ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ( ),Z O G= , ʛʜʝ O  ï 

ʦʨʙʠʪʘʣʴʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ, G  ï ʥʘʟʝʤʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʆʨʙʠʪʘʣʴʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ { }1 2
, , ,

N
O o o o= »  ʩʦʩʪʦʠʪ ʠʟ N  ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ. ɺ ʨʘʤʢʘʭ ʪʠʧʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʚʩʝ ʂɸ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: h  ï ʚʳʩʦʪʘ 

ʦʨʙʠʪʳ; i  ï ʥʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ; ɋ
j
, 

j
M  ï ʜʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʠ ʩʨʝʜʥʷʷ 

ʘʥʦʤʘʣʠʷ ʜʣʷ j -ʛʦ ʂɸ; P  ï ʢʦʣʠʯʝʩʪʚʦ ʦʨʙʠʪʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʝʡ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʟʦʥʘ ʦʙʟʦʨʘ, ʨʘʟʨʝʰʝʥʠʝ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʘʥʘʣʳ); 
imaging

R  ï 

ʩʢʦʨʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʜʘʥʥʳʭ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʦʡ; 
memory

V  ï ʸʤʢʦʩʪʴ ʙʦʨʪʦʚʦʛʦ 

ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ; 
downlink

R  ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ. 

ʅʘʟʝʤʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ { }1 2
, , ,

M
G g g g= »  ʚʢʣʶʯʘʝʪ M  ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ 

ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ (ʅʇʇʀ). ʂʘʞʜʘʷ ʩʪʘʥʮʠʷ 
j

g  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ: 

,lat lon
j j

 ï ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʩʪʘʥʮʠʠ; 
min

j
R  ï ʤʠʥʠʤʘʣʴʥʳʡ ʫʛʦʣ 

ʚʦʟʚʳʰʝʥʠʷ ʜʣʷ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ; 
recv

j
R  ï ʩʢʦʨʦʩʪʴ ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɼɿɿ ʩ ʫʢʘʟʘʥʠʝʤ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. 
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ʈʠʩʫʥʦʢ 1.6  ɼʝʢʦʤʧʦʟʠʮʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɼɿɿ 

ʥʘ ʦʨʙʠʪʘʣʴʥʳʡ ʠ ʥʘʟʝʤʥʳʡ ʩʝʛʤʝʥʪʳ ʩ ʫʢʘʟʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʚʷʟʝʡ 

ʉʚʷʟʴ ʤʝʞʜʫ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ ʠ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʬʫʥʢʮʠʶ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ { }: 0,1V O G T³ ³ ­ , ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʂɸ 
i

o  ʥʘ ʩʪʘʥʮʠʶ 
j

g  ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t. ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʦʪ ʂɸ ʢ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʬʫʥʢʮʠʝʡ :D O G T +³ ³ ­ , ʦʧʨʝʜʝʣʷʶʱʝʡ ʦʙʲʸʤ ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

1.3.2 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺ ʥʘʠʙʦʣʝʝ ʦʙʱʝʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ 

ʩʠʩʪʝʤʳ ɼɿɿ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʅʘʡʪʠ: ( )* * *,Z O G=  

ʂʨʠʪʝʨʠʡ: ( ){ }delivery
min ,T O G , ʛʜʝ delivery

T  ï ʩʨʝʜʥʷʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʜʦʩʪʘʚʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʤʦʤʝʥʪʘ ʩʲʸʤʢʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ. 

ʇʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ: 

- ʧʨʦʮʝʥʪ ʧʦʢʨʳʪʠʷ ʟʘʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʝ ʤʝʥʝʝ ʪʨʝʙʫʝʤʦʛʦ; 

- ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʥʝ ʙʦʣʝʝ ʪʨʝʙʫʝʤʦʡ; 
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- ʢʦʣʠʯʝʩʪʚʦ ʂɸ: 
max

N N¢ ; 

- ʢʦʣʠʯʝʩʪʚʦ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ: 
max

M M¢ ; 

- ʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ: ( ) max
,C O G C¢ . 

ɼʘʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʯʝ ʩʦʚʤʝʩʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ 

ʧʘʨʘʤʝʪʨʳ ʦʙʦʠʭ ʩʝʛʤʝʥʪʦʚ ʚʘʨʴʠʨʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʆʜʥʘʢʦ ʨʘʟʤʝʨʥʦʩʪʴ 

ʪʘʢʦʡ ʟʘʜʘʯʠ ʜʝʣʘʝʪ ʝʸ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʟʨʝʰʠʤʦʡ ʜʣʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ 

ʛʨʫʧʧʠʨʦʚʦʢ ʙʦʣʴʰʦʡ ʯʠʩʣʝʥʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʝʢʦʤʧʦʟʠʨʦʚʘʪʴ 

ʦʙʱʫʶ ʟʘʜʘʯʫ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʜʟʘʜʘʯ ʤʝʥʴʰʝʡ 

ʨʘʟʤʝʨʥʦʩʪʠ. 

1) ɿʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʡ 

ʛʨʫʧʧʠʨʦʚʢʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʧʦʢʨʳʪʠʶ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ: 

ɼʘʥʦ: ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʮʝʥʪʫ ʧʦʢʨʳʪʠʷ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ 

ʅʘʡʪʠ: { }* * * *

1 2
, , ,

N
O o o o= » . 

ʂʨʠʪʝʨʠʡ: minN  (ʤʠʥʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʂɸ): 

{ }* * min

cov cov
argmin   :  , req

obs obs
O O E E T T= ² ¢ . 

ʇʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ: 

- ʧʨʦʮʝʥʪ ʧʦʢʨʳʪʠʷ ʟʘʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (
cov

E ) ʥʝ ʤʝʥʝʝ ʪʨʝʙʫʝʤʦʛʦ; 

- ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ (
obs

T ) ʥʝ ʙʦʣʝʝ ʪʨʝʙʫʝʤʦʡ. 

ɺʳʭʦʜ: ʢʦʥʬʠʛʫʨʘʮʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ 
*O , ʦʧʨʝʜʝʣʷʶʱʘʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ()I t , ʛʝʥʝʨʠʨʫʝʤʳʡ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʦʡ. 

ʂʨʠʪʝʨʠʡ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʂɸ ʩʚʷʟʘʥ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʟʘʪʨʘʪ ʥʘ 

ʩʦʟʜʘʥʠʝ ʠ ʟʘʧʫʩʢ ʦʨʙʠʪʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ. ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʩʪʘʥʦʚʠʪʩʷ 

ʠʟʚʝʩʪʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ, 

ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʥʷʪ ʥʘʟʝʤʥʳʤʠ ʩʪʘʥʮʠʷʤʠ. 
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2) ɿʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʟʝʤʥʦʛʦ ʩʝʛʤʝʥʪʘ 

ʇʨʠ ʠʟʚʝʩʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ.  

ɼʘʥʦ: ʦʨʙʠʪʘʣʴʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ 
*O , ʛʝʥʝʨʠʨʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ 

ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ɼɿɿ ()I t  ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʧʦʣʠʛʦʥ P, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ 

ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʤʥʦʞʝʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʡ ʥʘʟʝʤʥʳʭ 

ʩʪʘʥʮʠʡ. 

ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ: { }* * * *

1 2
, , ,

M
G g g g= » . 

ʂʨʠʪʝʨʠʡ: minM  (ʤʠʥʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ). 

ʇʨʠ ʵʪʦʤ ʧʦʜʤʥʦʞʝʩʪʚʦ *G PÌ  ʤʝʩʪʦʧʦʣʦʞʝʥʠʡ ʩʪʘʥʮʠʡ ʪʘʢʦʝ, ʯʪʦʙʳ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʘʥʮʠʡ 
*G  ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ 

ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ:  

{ }* * min  :  ,  
req req

F min G G P T T= Ì ² , 

ʛʜʝ 
*G  ï ʧʦʜʤʥʦʞʝʩʪʚʦ ʚʳʙʨʘʥʥʳʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʡ ʩʪʘʥʮʠʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʟʘʜʘʥʥʦʤʫ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʧʦʣʠʛʦʥʫ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ: 

* { | , }.th th

min g max
G g G lat lat lat g P= Í ¢ ¢ Í 

ʇʨʠ ʦʩʥʦʚʥʦʤ ʦʛʨʘʥʠʯʝʥʠʠ: ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ 

ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʧʨʠʸʤ ʚʩʝʭ ʜʘʥʥʳʭ, ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ.  

ʌʦʨʤʘʣʴʥʦ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʫʪʦʯʥʦʛʦ ʠʥʪʝʨʚʘʣʘ k  ʦʙʲʸʤ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʥʘ 

ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ, ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʦʙʲʸʤʘ ʜʘʥʥʳʭ, ʥʘʢʦʧʣʝʥʥʳʭ ʥʘ 

ʙʦʨʪʦʚʳʭ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʂɸ: 

 recv

ʩʝʘʥʩ, , ʥʘʢʦʧʣ,

1

:
M

j j k k

j

k R Vt
=

" Ö ²ä  

ʛʜʝ ʩʝʘʥʩ, ,j kt  ï ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʩʝʘʥʩʦʚ ʩʚʷʟʠ ʩ j -ʡ ʩʪʘʥʮʠʝʡ ʜʣʷ ʜʘʥʥʳʭ, 

ʥʘʢʦʧʣʝʥʥʳʭ ʟʘ k -ʡ ʠʥʪʝʨʚʘʣ; ʥʘʢʦʧʣ,kV  ï ʦʙʲʸʤ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ. 
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ʀʥʘʯʝ ʜʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ, ʢʘʢ ʪʨʝʙʦʚʘʥʠʝ ʢʦ 

ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʆʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʝʘʥʩʦʚ ʩʚʷʟʠ ʜʦʣʞʥʘ ʙʳʪʴ 

ʥʝ ʤʝʥʝʝ ʪʨʝʙʫʝʤʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʥʘʢʦʧʣʝʥʥʳʭ ʂʉ: 

min

req req
T T² , 

ʛʜʝ daily

req

data

D
T

R
=  ï ʦʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʝʘʥʩʦʚ ʩʚʷʟʠ, ʪʨʝʙʫʝʤʘʷ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʂʉ, ʘ 
daily

D  ï ʩʫʪʦʯʥʳʡ ʦʙʲʝʤ ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ; 
data

R  ï ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɽʩʣʠ ʜʣʷ ʥʘʡʜʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ 
*O  ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʜʦʧʫʩʪʠʤʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʟʝʤʥʦʛʦ ʩʝʛʤʝʥʪʘ 

(ʥʘʧʨʠʤʝʨ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʟʤʝʱʝʥʠʝ ʅʇʇʀ ʜʝʣʘʶʪ 

ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʠʸʤ ʚʩʝʭ ʜʘʥʥʳʭ ʙʝʟ ʧʝʨʝʧʦʣʥʝʥʠʷ ʙʦʨʪʦʚʦʡ ʧʘʤʷʪʠ), ʨʝʰʝʥʠʝ 

ʧʨʠʟʥʘʸʪʩʷ ʥʝʨʝʘʣʠʟʫʝʤʳʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʘʨʘʤʝʪʨʦʚ 

ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ: ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʜʘʥʥʳʭ (ʟʘ ʩʯʸʪ 

ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ ʩʲʸʤʢʠ), ʫʚʝʣʠʯʝʥʠʝ ʸʤʢʦʩʪʠ ʙʦʨʪʦʚʦʡ ʧʘʤʷʪʠ ʠʣʠ ʠʟʤʝʥʝʥʠʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʛʨʫʧʧʠʨʦʚʢʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1.7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʫʢʘʟʘʥʠʝʤ ʩʚʷʟʝʡ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ ʠ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 
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ʈʠʩʫʥʦʢ 1.7  ʀʝʨʘʨʭʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ɼɿɿ 

ʩ ʫʢʘʟʘʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʢʘʟʘʪʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʣʫʞʘʪ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʟʘʜʘʯʘʭ 

ʦʧʪʠʤʠʟʘʮʠʠ: 

- ʧʨʦʮʝʥʪ ʧʦʢʨʳʪʠʷ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʦʣʴʢʦ 

ʦʨʙʠʪʘʣʴʥʳʡ ʩʝʛʤʝʥʪ; 

- ʩʨʝʜʥʷʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʜʦʩʪʘʚʢʠ delivery
T  ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʩʠʩʪʝʤʫ ʚ ʮʝʣʦʤ. 

ʂʨʠʪʝʨʠʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ: 

- ʥʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ: ʤʠʥʠʤʠʟʘʮʠʷ ʩʨʝʜʥʝʡ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʜʦʩʪʘʚʢʠ 

ʠʥʬʦʨʤʘʮʠʠ; 

- ʥʘ ʫʨʦʚʥʝ ʦʨʙʠʪʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ: ʤʠʥʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʂɸ ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʢʨʳʪʠʷ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ; 
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- ʥʘ ʫʨʦʚʥʝ ʥʘʟʝʤʥʦʛʦ ʩʝʛʤʝʥʪʘ: ʤʠʥʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʅʇʇʀ ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʪʨʝʙʫʝʤʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ ʛʣʦʙʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ 

(
delivery

T ) ʩʣʫʞʠʪ ʢʦʥʝʯʥʦʡ ʤʝʨʦʡ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʘ ʯʘʩʪʥʳʝ 

ʢʨʠʪʝʨʠʠ (ὔ, ὓ) ʷʚʣʷʶʪʩʷ ʮʝʣʝʚʳʤʠ ʬʫʥʢʮʠʷʤʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʘʧʘʭ 

ʩʠʥʪʝʟʘ, ʢʦʩʚʝʥʥʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʩʪʦʠʤʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʇʨʠ ʵʪʦʤ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʝʨʝʧʣʘʥʠʨʦʚʘʥʠʷ 

ʟʘʜʘʯ ʩʲʸʤʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʩʪʫʧʥʦʩʪʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʠ ʩʦʩʪʦʷʥʠʷ 

ʙʦʨʪʦʚʦʡ ʧʘʤʷʪʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʩ ʨʘʟʚʠʪʳʤ ʙʦʨʪʦʚʳʤ ʧʣʘʥʠʨʦʚʘʥʠʝʤ 

ʤʦʛʫʪ ʘʜʘʧʪʠʚʥʦ ʠʟʤʝʥʷʪʴ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ. 

ʄʠʥʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʂɸ ʠ ʢʦʣʠʯʝʩʪʚʘ ʅʇʇʀ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʥʝʟʘʚʠʩʠʤʳʝ ʢʨʠʪʝʨʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʟʘʪʨʘʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʝʛʤʝʥʪʳ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʡ 

ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʙʦʣʝʝ ʜʦʨʦʛʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ ʩ ʤʝʥʴʰʝʡ 

ʩʢʦʨʦʩʪʴʶ ʛʝʥʝʨʘʮʠʠ ʜʘʥʥʳʭ ʠ ʙʦʣʝʝ ʜʝʰʸʚʦʡ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʠ 

ʥʘʦʙʦʨʦʪ. 

1.4 ɺʳʚʦʜʳ ʧʦ ʧʝʨʚʦʡ ʛʣʘʚʝ 

ʇʨʦʚʝʜʸʥʥʳʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢ 

ʦʮʝʥʢʝ ʧʦʢʘʟʘʪʝʣʝʡ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʮʝʣʴ ʠ 

ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʎʝʣʴ ʨʘʙʦʪʳ: 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ 

ʧʨʠʸʤʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
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1. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʟʝʤʥʳʭ 

ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʦʡ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʩ ʫʯʸʪʦʤ ʜʠʥʘʤʠʢʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʮʝʥʢʠ ʢʣʶʯʝʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʚʢʣʶʯʘʶʱʠʭ 

ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʝ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ ʧʨʠʝʤʘ, 

ʫʯʠʪʳʚʘʶʱʫʶ ʧʘʨʘʤʝʪʨʳ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʧʘʨʘʤʝʪʨʳ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʧʨʦʚʦʜʠʪʴ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʩʠʩʪʝʤ. 

4. ɸʧʨʦʙʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʜʚʫʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦ ʦʮʝʥʢʝ ʮʝʣʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʛʣʦʙʘʣʴʥʳʡ ʚʳʩʦʢʦʜʝʪʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ɸʨʢʪʠʢʠ ʠ ʉʝʚʝʨʥʦʛʦ 

ʤʦʨʩʢʦʛʦ ʧʫʪʠ. 
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ɻʣʘʚʘ 2. ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ 

ʅʘʩʪʦʷʱʘʷ ʛʣʘʚʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. 

2.1 ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ 

ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʚʢʣʶʯʘʶʱʠʭ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʝ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʥʘʟʝʤʥʳʝ 

ʩʪʘʥʮʠʠ ʧʨʠʝʤʘ, ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʣʦʩʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʩʠʩʪʝʤʝ ʠ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʝʸ ʧʘʨʘʤʝʪʨʦʚ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʤʠʪʘʮʠʦʥʥʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʫʯʠʪʳʚʘʝʪ ʧʘʨʘʤʝʪʨʳ ʧʦʩʪʨʦʝʥʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, 

ʧʘʨʘʤʝʪʨʳ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘʙʣʶʜʝʥʠʷ, ʙʦʨʪʦʚʦʛʦ ʟʘʧʦʤʠʥʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʨʘʜʠʦʣʠʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ. ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ ʧʦʢʨʳʪʠʷ ʟʘʜʘʥʥʳʭ ʟʦʥ ʠʥʪʝʨʝʩʘ, ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʥʘʙʣʶʜʝʥʠʷ, ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʛʨʫʟʢʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ 

ʧʨʠʸʤʘ ʥʘ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

2.1.1 ʌʦʨʤʘʣʠʟʘʮʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʇʨʝʜʣʘʛʘʝʤʘ ̫ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ɼɿɿ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʠʩʪʝʤʥʦʤ ʧʦʜʭʦʜʝ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɼɿɿ ʢʘʢ ʝʜʠʥʦʛʦ ʮʝʣʦʛʦ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʨʝʜʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʜʨʫʛʠʤʠ 

ʩʠʩʪʝʤʘʤʠ [60]. 

ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 

ɼɿɿ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʧʝʨʘʮʠʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʭʦʜʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʚ ʨʘʙʦʪʘʭ [27, 31, 60], 

ʩʠʩʪʝʤʘ ɼɿɿ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʦʜʝʣʝʡ, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪ ʦʧʨʝʜʝʣʸʥʥʳʡ ʘʩʧʝʢʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 
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ʇʫʩʪʴ ( )O,GZ=  ï ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ ɼɿɿ, ʛʜʝ: { }1 2 n
O o ,o , ,o= »  ï 

ʦʨʙʠʪʘʣʴʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ n  ʂɸ; { }1 2 m
G g ,g , ,g= »  ï ʥʘʟʝʤʥʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʚʢʣʶʯʘʶʱʘʷ m  ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ ʜʘʥʥʳʭ. 

ʂʘʞʜʳʡ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ 
i

o OÍ  

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʢʪʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ ( )i i i i i i i
p h ,i ,ɋ,ɤ,M,P= , ʛʜʝ: 

i
h  ï ʚʳʩʦʪʘ 

ʦʨʙʠʪʳ; 
i

i  ï ʥʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ; 
i
ɋ  ï ʜʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ; 

i
ɤ ï ʘʨʛʫʤʝʥʪ 

ʧʝʨʠʛʝʷ; 
i

M  ï ʩʨʝʜʥʷʷ ʘʥʦʤʘʣʠʷ; ( )FOV res bands data

i i i i i
P P ,P ,P ,P=  ï ʧʘʨʘʤʝʪʨʳ ʮʝʣʝʚʦʡ 

ʘʧʧʘʨʘʪʫʨʳ (ʟʦʥʘ ʦʙʟʦʨʘ, ʨʘʟʨʝʰʝʥʠʝ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʘʥʘʣʳ, ʦʙʲʝʤ ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʜʘʥʥʳʭ). 

ʂʘʞʜʘʷ ʥʘʟʝʤʥʘʷ ʩʪʘʥʮʠʷ j
g GÍ  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʢʪʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ 

( )min recv

j j j j j
q lat ,lon ,R ,R= , ʛʜʝ: ( )j j

lat ,lon  ï ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʩʪʘʥʮʠʠ; 

min

j
R  ï ʤʠʥʠʤʘʣʴʥʳʡ ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ʜʣʷ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ; 

recv

j
R  ï ʩʢʦʨʦʩʪʴ 

ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʚʷʟʴ ʤʝʞʜʫ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ ʠ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʬʫʥʢʮʠʶ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ { }V :O G T 0,1³ ³ ­ , ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪ, ʚʠʜʝʥ ʣʠ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 
i

o  ʩʦ ʩʪʘʥʮʠʠ j
g  ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t TÍ : 

 ( )
( )1, ʝʩʣʠ , ,

, ,
0, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ

min

i j j

i j

o g t R
V o g t

që ²î
=ì
îí

 

ʛʜʝ ( ), ,
i j

o g tq  ï ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ʂɸ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ ʩʪʘʥʮʠʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  

t . 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʦʪ ʂɸ ʢ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ 

D:O G T
+

³ ³ ­ , ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʩ ʂɸ 
i

o  ʥʘ 

ʩʪʘʥʮʠʶ j
g  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t : 
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 ( )
( ) (), ʝʩʣʠ , , 1 ʠ 0

, ,
0, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ

recv

j i j i

i j

R V o g t B t
D o g t

ë = >î
=ì
îí

 

ʛʜʝ ()i
B t  ï ʦʙʲʝʤ ʜʘʥʥʳʭ ʚ ʙʦʨʪʦʚʦʡ ʧʘʤʷʪʠ ʂɸ 

i
o  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t . 

ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʦʙʲʸʤʘ ʜʘʥʥʳʭ ʚ ʙʦʨʪʦʚʦʡ ʧʘʤʷʪʠ ʂɸ 
i

o  ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ: 

 
()

() ( )
1

, ,
m

i

i i j
j

dB t
G t D o g t

dt =

= -ä  

ʛʜʝ ()i
G t  ï ʩʢʦʨʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʜʘʥʥʳʭ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʂɸ 

i
o  ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t . 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ɼɿɿ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨʦʤ ʧʦʢʘʟʘʪʝʣʝʡ 

{ }1 2 k
E E ,E , ,E= » , ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʡ 

ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ: 

 ( ), , , 1,2, ,
l l

E F O G I l k= = » . 

ʅʘ ʨʠʩʫʥʢʝ 2.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ. 
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ʈʠʩʫʥʦʢ 2.1  ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ 

ɿʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ɼɿɿ ʚ ʦʙʱʝʤ ʚʠʜʝ ʤʦʞʝʪ 

ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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( )
, ,

1

, ,
k

l l
O G I

l

max w E O G I
=

Öä , 

ʛʜʝ 
l

w  ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʘʞʥʦʩʪʴ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʇʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ:  

- ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʂɸ: max
O N¢ ; 

- ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ: max
G M¢ ; 

- ʥʘ ʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ: ( ), ,
max

C O G I C¢ ; 

- ʥʘ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʪʘʥʮʠʡ: ,
j j

g A g GÍ " Í, ʛʜʝ A ï 

ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʤʝʩʪ ʨʘʟʤʝʱʝʥʠʷ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, ʚʳʙʦʨʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ, 

ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʟʜʝʣʘʭ 2.2 ʠ 2.3. 

2.1.2 ɸʣʛʦʨʠʪʤ ʩʦʚʤʝʩʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʠ 

ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ɸʣʛʦʨʠʪʤ ʩʦʚʤʝʩʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʥʘʟʝʤʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʪʝʨʘʪʠʚʥʦʤ ʧʦʜʭʦʜʝ, ʢʦʛʜʘ ʧʦʦʯʝʨʸʜʥʦ 

ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʧʘʨʘʤʝʪʨʳ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʝ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʠ ʥʘʡʪʠ ʨʝʰʝʥʠʝ, ʙʣʠʟʢʦʝ ʢ 

ʛʣʦʙʘʣʴʥʦʤʫ ʦʧʪʠʤʫʤʫ. 

ɸʣʛʦʨʠʪʤ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ: 

1) ʀʥʠʮʠʘʣʠʟʘʮʠʷ: 

- ʟʘʜʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ()0O ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʩʪ ʨʘʟʤʝʱʝʥʠʷ ʥʘʟʝʤʥʳʭ 

ʩʪʘʥʮʠʡ ɸ; 
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- ʟʘʜʘʥʠʝ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
l

w ; 

- ʫʩʪʘʥʦʚʢʘ ʩʯʸʪʯʠʢʘ ʠʪʝʨʘʮʠʡ 0k= . 

2) ʆʧʪʠʤʠʟʘʮʠʷ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ: 

- ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʝ ()kO  ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʮʠʡ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ: 

 
( ) ()( )1

1

argmax , ,
n

k k

l l
G

l

G w E O G I
+

=

= Öä . 

3) ʆʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ: 

- ʧʦʩʪʨʦʝʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

() ( )( )1
, ,

k k
O G I

+
; 

- ʨʘʩʯʸʪ ʧʦʢʘʟʘʪʝʣʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ, ʦʧʝʨʘʪʠʚʥʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

4) ʆʧʪʠʤʠʟʘʮʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ: 

- ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ( )1k
G

+
, ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʂɸ ʠ ʠʭ ʧʘʨʘʤʝʪʨʳ: 

 
( ) ( )( )1 1

1

argmax , ,
n

k k

l l
O

l

O w E O G I
+ +

=

= Öä . 

5) ʇʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ʩʭʦʜʠʤʦʩʪʠ: 

- ʝʩʣʠ ( ) ()1k k
E E e

+
- < ʠʣʠ ʜʦʩʪʠʛʥʫʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ, ʪʦ 

ʘʣʛʦʨʠʪʤ ʟʘʚʝʨʰʘʝʪʩʷ; 

- ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʫʚʝʣʠʯʠʚʘʝʤ ʩʯʸʪʯʠʢ ʠʪʝʨʘʮʠʡ 1k k= + ʠ 

ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 2. 

6) ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʘ: 

- ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʠʩʪʝʤʳ () ()( ), ,
k k

O G I ; 

- ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

() ()( ), ,
k k

l
E O G I , 1,2, ,l n= » . 
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ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʦʧʠʩʘʥʥʦʤ ʚ 

ʛʣʘʚʝ 3, ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʸʥ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ 

ʩʠʩʪʝʤ ɼɿɿ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

2.2 ʄʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʧʦʜʨʘʟʜʝʣʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʥʘʟʝʤʥʳʭ 

ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʛʨʫʧʧʠʨʦʚʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ: ʢʦʣʠʯʝʩʪʚʦ ʂɸ, ʧʘʨʘʤʝʪʨʳ 

ʠʭ ʦʨʙʠʪ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʎʝʣʴ ï ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʯʠʩʣʦ ʩʪʘʥʮʠʡ, 

ʦʙʝʩʧʝʯʠʚ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ. 

2.2.1 ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʛʨʫʧʧʠʨʦʚʢʠ ʂɸ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʂɸ ʚʩʝ ʂɸ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʳʝ: ʚʳʩʦʪʫ ʦʨʙʠʪʳ, ʥʘʢʣʦʥʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʂɸ, ʦʙʲʝʤ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʘʪʴ ʩ ʙʦʨʪʘ ʢʘʞʜʦʛʦ ʂɸ ʚ ʩʫʪʢʠ; ʚʩʝ 

ʦʨʙʠʪʳ ʢʨʫʛʦʚʳʝ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʛʨʫʧʧʠʨʦʚʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.1. 

 ʇʝʨʝʤʝʥʥʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʫʧʧʠʨʦʚʢʠ ʂɸ 

ʇʝʨʝʤʝʥʥʘʷ ʆʧʠʩʘʥʠʝ ʊʨʝʙʦʚʘʥʠʷ 

constellation
id  ʋʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ 

ʩʧʫʪʥʠʢʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʠ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʟʥʘʯʝʥʠʷ 0,1,én 

ʦʨʙ
H  ɺʳʩʦʪʘ ʦʨʙʠʪʳ ɺʳʩʦʪʘ ʜʦʣʞʥʘ ʙʳʪʴ 250-1000 ʢʤ 

i  ʅʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ ʅʘʢʣʦʥʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 0-110° 

P  ʂʦʣʠʯʝʩʪʚʦ ʧʣʦʩʢʦʩʪʝʡ ʦʨʙʠʪ ʂʦʣʠʯʝʩʪʚʦ ʧʣʦʩʢʦʩʪʝʡ ʜʦʣʞʥʦ ʙʳʪʴ Ó 1 

N  ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʂɸ ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʫʪʥʠʢʦʚ ʜʦʣʞʥʦ 

ʙʳʪʴ Ó 1 
n ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʂɸ ʉʢʦʨʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʜʘʥʘ ʚ ʄʙʠʪ/c. 

V  ʆʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʘʪʴ ʩ ʙʦʨʪʘ ʂɸ 

ʚ ʩʫʪʢʠ 

ʆʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʜʘʥ ʚ 

ʛʠʛʘʙʘʡʪʘʭ 
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2.2.2 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʂɸ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʘʷ ʤʦʜʝʣʴ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ Simplified General 

Perturbations 4 (SGP4) [72] ï ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʨʙʠʪ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʫʧʨʦʱʸʥʥʦʛʦ ʫʯʸʪʘ ʚʦʟʤʫʱʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ 

ʘʥʦʤʘʣʠʷʤʠ ɿʝʤʣʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʘʪʤʦʩʬʝʨʳ ʠ ʚʣʠʷʥʠʝʤ ʪʨʝʪʴʠʭ ʪʝʣ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʤʦʜʝʣʠ SGP4 ʠʩʧʦʣʴʟʫʶʪʩʷ Two-Line Element 

(TLE). TLE ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʤ ʬʦʨʤʘʪʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʳ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ɿʝʤʣʠ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʥʘ 

ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ. ʌʦʨʤʘʪ ʨʘʟʨʘʙʦʪʘʥ ʉʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʠʤ ʢʦʤʘʥʜʦʚʘʥʠʝʤ 

ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʦʨʦʥʳ (NORAD) ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ ʦʙ ʦʨʙʠʪʘʭ ʩʧʫʪʥʠʢʦʚ ʯʝʨʝʟ ʩʠʩʪʝʤʳ Space-Track [73] ʠ CelesTrack [74]. 

ʄʦʜʝʣʴ SGP4 ʨʝʘʣʠʟʫʝʪ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʨʙʠʪʳ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ. ʆʥʘ ʚʳʯʠʩʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʂɸ 

ʧʫʪʸʤ ʨʘʟʜʝʣʝʥʠʷ ʚʦʟʤʫʱʘʶʱʠʭ ʩʠʣ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: ʚʝʢʦʚʳʝ, 

ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʪʨʫʜʦʸʤʢʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

2.2.2.1 ɻʝʥʝʨʘʮʠʷ TLE 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ SGP4 ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʨʫʧʧʠʨʦʚʢʠ ʂɸ ʢʘʢ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʂɸ, ʠʩʧʦʣʴʟʫʷ 

NORAD ID ʫʞʝ ʟʘʧʫʱʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ TLE [74], ʪʘʢ 

ʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʛʝʥʝʨʠʨʫʷ TLE ʜʣʷ ʤʦʜʝʣʠʨʫʝʤʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ. 

ʂʘʞʜʳʡ TLE ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʩʪʨʦʢ:  

- ʩʪʨʦʢʘ 0: ʅʘʟʚʘʥʠʝ ʦʙʲʝʢʪʘ (ʥʝʦʙʷʟʘʪʝʣʴʥʘʷ, ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ);  

- ʩʪʨʦʢʘ 1: ʀʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ; 

- ʩʪʨʦʢʘ 2: ʂʝʧʣʝʨʦʚʩʢʠʝ ʵʣʝʤʝʥʪʳ ʦʨʙʠʪʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ. 

ʅʘ ʨʠʩʫʥʢʝ 2.2 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʸʥ TLE ʜʣʷ ʄʂɸ çɸʀʉʊè ʧʝʨʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ [75]. 
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ʈʠʩʫʥʦʢ 2.2  ʇʨʠʤʝʨ TLE ʜʣʷ ʄʂɸ çɸʀʉʊè 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʫ TLE ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ʈʘʩʰʠʬʨʦʚʢʘ ʧʨʠʥʷʪʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 2.2. 

 ʈʘʩʰʠʬʨʦʚʢʘ ʧʨʠʥʷʪʳʭ ʚ TLE ʦʙʦʟʥʘʯʝʥʠʡ 

ʆʙʦʟʥʘʯʝʥʠʝ ʈʘʩʰʠʬʨʦʚʢʘ ʂʦʤʤʝʥʪʘʨʠʡ 

1 ʅʦʤʝʨ ʩʪʨʦʢʠ ɺʩʝʛʜʘ 1 ʜʣʷ ʧʝʨʚʦʡ ʩʪʨʦʢʠ 

SSSSS NORAD-ʥʦʤʝʨ ʩʧʫʪʥʠʢʘ 5 ʮʠʬʨ 

U ʂʣʘʩʩʠʬʠʢʘʮʠʷ U ï ʅʝʩʝʢʨʝʪʥʳʡ, S ï 

ʉʝʢʨʝʪʥʳʡ 

JJJJJJ ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ɻʦʜ ʟʘʧʫʩʢʘ + ʥʦʤʝʨ ʟʘʧʫʩʢʘ ʚ 

ʛʦʜʫ, 6 ʩʠʤʚʦʣʦʚ 

YY ɻʦʜ ʵʧʦʭʠ ʇʦʩʣʝʜʥʠʝ ʜʚʝ ʮʠʬʨʳ ʛʦʜʘ 

LLL.BBBBBBBB  ɼʝʥʴ ʵʧʦʭʠ ʠ ʜʨʦʙʥʘʷ ʯʘʩʪʴ ʜʥʷ ʌʦʨʤʘʪ: 3 ʮʝʣʳʭ ʮʠʬʨʳ + 

ʜʨʦʙʥʘʷ ʯʘʩʪʴ ʜʦ 8 ʟʥʘʢʦʚ 

.CCCCCCCC ʇʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʩʨʝʜʥʝʛʦ ʜʚʠʞʝʥʠʷ  

DDDDD-E ɺʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʩʨʝʜʥʝʛʦ ʜʚʠʞʝʥʠʷ  

BBBBB-E ʂʦʵʬʬʠʮʠʝʥʪ ʪʦʨʤʦʞʝʥʠʷ B*   

0 ʊʠʧ ʵʬʝʤʝʨʠʜ 0 ï ʩʪʘʥʜʘʨʪʥʳʝ 

FFF ʅʦʤʝʨ ʵʣʝʤʝʥʪʘ ʜʘʥʥʳʭ  ʇʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ TLE 

K ʂʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ  ʉʫʤʤʘ ʮʠʬʨ ʩʪʨʦʢʠ ʧʦ ʤʦʜʫʣʶ 

10 

2 ʅʦʤʝʨ ʩʪʨʦʢʠ ɺʩʝʛʜʘ 2 ʜʣʷ ʚʪʦʨʦʡ ʩʪʨʦʢʠ 

SSSSS NORAD-ʥʦʤʝʨ ʩʧʫʪʥʠʢʘ 5 ʮʠʬʨ 

III.IIII  ʅʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ  ʋʢʘʟʳʚʘʝʪʩʷ ʚ ʛʨʘʜʫʩʘʭ 

AAA.AAAA   ʇʨʷʤʦʝ ʚʦʩʭʦʞʜʝʥʠʝ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʋʢʘʟʳʚʘʝʪʩʷ ʚ ʛʨʘʜʫʩʘʭ 

EEEEEEE ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ 7 ʮʠʬʨ, ʜʝʩʷʪʠʯʥʘʷ ʪʦʯʢʘ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʝʨʝʜ ʧʝʨʚʳʤ 

ʩʠʤʚʦʣʦʤ, 

ʥʘʧʨʠʤʝʨ, 0001234 Ÿ 0.0001234 

FFF.FFFF ɸʨʛʫʤʝʥʪ ʧʝʨʠʛʝʷ  ʋʢʘʟʳʚʘʝʪʩʷ ʚ ʛʨʘʜʫʩʘʭ 

GGG.GGGG  ʉʨʝʜʥʷʷ ʘʥʦʤʘʣʠʷ  ʋʢʘʟʳʚʘʝʪʩʷ ʚ ʛʨʘʜʫʩʘʭ 

HH.HHHHHHHH ʉʨʝʜʥʝʝ ʜʚʠʞʝʥʠʝ  ʂʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʚ ʩʫʪʢʠ 

RRRRR ʂʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʥʘ ʤʦʤʝʥʪ ʵʧʦʭʠ 5 ʮʠʬʨ 

K ʂʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ  ʉʫʤʤʘ ʮʠʬʨ ʩʪʨʦʢʠ ʧʦ ʤʦʜʫʣʶ 

10 

ɼʣʷ ʛʝʥʝʨʘʮʠʠ TLE ʜʣʷ ʤʦʜʝʣʠʨʫʝʤʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚ ʛʨʫʧʧʠʨʦʚʢʠ ʂɸ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ: 

1. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, 

ʟʘʜʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.1: 
constellation

id , ʦʨʙ
H , i , P , N  
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2. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʛʣʦʚ ʜʦʣʛʦʪʳ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʠ ʘʨʛʫʤʝʥʪʘ ʧʝʨʠʛʝʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʂɸ ʚ ʩʧʫʪʥʠʢʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʝ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ N ʩʧʫʪʥʠʢʦʚ 

ʥʘ M ʦʨʙʠʪʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ: 

ʋʛʣʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ: 

 
360

P

¯

DW= . 

 

ʋʛʣʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʧʫʪʥʠʢʘʤʠ ʚ ʧʣʦʩʢʦʩʪʠ: 

360

/N P
w

¯

D = , 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʳ ʜʣʷ i-ʛʦ ʩʧʫʪʥʠʢʘ ʚ j-ʡ ʧʣʦʩʢʦʩʪʠ: 

ɼʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ: 

,
 

i j
jW = ÖDW. 

ɸʨʛʫʤʝʥʪ ʧʝʨʠʛʝʷ: 

,i j
iw w= ÖD. 

3. ɼʣʷ ʢʘʞʜʦʛʦ ʩʧʫʪʥʠʢʘ ʛʨʫʧʧʠʨʦʚʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ 

ʦʨʙʠʪʘʣʴʥʳʡ ʧʝʨʠʦʜ Tʠ ʩʨʝʜʥʝʝ ʜʚʠʞʝʥʠʝ n : 

3

2
a

T
m

p= , 

ʛʜʝ 143,986004418 10   ³ / ²ʤ ʩm ³=  ï ʩʪʘʥʜʘʨʪʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ɿʝʤʣʠ, 

a  ï ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʦʨʙʠʪʳ. 

 
86400

n
T

= . 

4. ʉʦʟʜʘʪʴ TLE ʧʦʜʩʪʘʚʠʚ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 
,i j
W , ij

w , n  ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ.  

ʅʘ ʨʠʩʫʥʢʝ 2.3 ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ TLE ʜʣʷ ʛʨʫʧʧʠʨʦʚʢʠ ʂɸ 

ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʚʳʩʦʪʘ ʦʨʙʠʪʳ490
ʦʨʙ

H = ʢʤ, ʥʘʢʣʦʥʝʥʠʝ 98i= , 

ʢʦʣʠʯʝʩʪʚʦ ʧʣʦʩʢʦʩʪʝʡ 1M =, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʂɸ 4N= . 
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ʈʠʩʫʥʦʢ 2.3  ʇʨʠʤʝʨ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ TLE ʜʣʷ ʛʨʫʧʧʠʨʦʚʢʠ ʂɸ 

2.2.2.2 ɸʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

1. ʅʘ ʚʭʦʜ ʤʦʜʝʣʠ ʧʦʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʠʟ TLE: 

- ʵʧʦʭʘ  
0

t  (ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʥʘ ʢʦʪʦʨʳʡ ʟʘʜʘʥʳ ʵʣʝʤʝʥʪʳ); 

- ʩʨʝʜʥʝʝ ʜʚʠʞʝʥʠʝ 
0

n  (ʦʙʦʨʦʪʦʚ ʚ ʜʝʥʴ), ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ 
0

e, ʥʘʢʣʦʥʝʥʠʝ 
0
i , 

ʘʨʛʫʤʝʥʪ ʧʝʨʠʛʝʷ 
0
w, ʩʨʝʜʥʷʷ ʘʥʦʤʘʣʠʷ 

0
M ; 

- ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 
*B , ʩʚʷʟʘʥʥʳʡ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʘʪʤʦʩʬʝʨʳ. 

2. ʈʘʩʯʝʪ ʚʝʢʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ: ʦʙʥʦʚʣʷʶʪʩʷ ,  ,  ,  n MwW  ʩ ʫʯʝʪʦʤ ʚʪʦʨʦʡ 

ʟʦʥʘʣʴʥʦʡ ʛʘʨʤʦʥʠʢʠ ʛʝʦʧʦʪʝʥʮʠʘʣʘ 
2

J  ʠ ʚʣʠʷʥʠʷ ʘʪʤʦʩʬʝʨʳ. 

- ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ: ʜʦʙʘʚʣʷʶʪʩʷ ʯʣʝʥʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ  w ʠ M ; 

- ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ: ʫʯʠʪʳʚʘʶʪʩʷ ʛʘʨʤʦʥʠʢʠ 
3 4
,J J  ʠ ʪ.ʜ. 

3. ʈʘʩʯʸʪ ʦʩʢʫʣʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʦʨʙʠʪʳ:  

ʅʘ ʦʩʥʦʚʝ TLE ʠ ʤʦʜʝʣʝʡ ʚʦʟʤʫʱʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʦʨʙʠʪʳ: 

- ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ a, ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ e, ʥʘʢʣʦʥʝʥʠʝ i . 

- ʜʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ W, ʘʨʛʫʤʝʥʪ ʧʝʨʠʛʝʷ w, ʩʨʝʜʥʷʷ ʘʥʦʤʘʣʠʷ M . 

ʅʘ ʨʠʩʫʥʢʝ 2.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʘʩʩʳ ʧʦʣʸʪʘ ʜʣʷ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ TLE 

ʛʨʫʧʧʠʨʦʚʢʠ ʂɸ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʳʰʝ. 
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ʈʠʩʫʥʦʢ 2.4  ʊʨʘʩʩʳ ʧʦʣʸʪʘ ʜʣʷ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ TLE ʩʧʫʪʥʠʢʦʚ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

2.2.3 ɸʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʩʪʘʥʮʠʡ ʢʘʥʜʠʜʘʪʦʚ ʩ ʫʯʸʪʦʤ 

ʦʛʨʘʥʠʯʝʥʠʡ 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʩʪ ʨʘʟʤʝʱʝʥʠʷ ʥʘʟʝʤʥʳʭ 

ʧʫʥʢʪʦʚ ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ:  

- ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʠʩʦʢ ʛʦʩʫʜʘʨʩʪʚ ʠ ʨʝʛʠʦʥʦʚ, ʛʜʝ ʨʘʟʤʝʱʝʥʠʝ ʅʇʇʀ 

ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʟʘʧʨʝʪʦʚ, ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʘʥʢʮʠʡ ʠʣʠ 

ʧʦʣʠʪʠʯʝʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ;  

- ʠʩʢʣʶʯʘʶʪʩʷ ʚʦʜʦʸʤʳ, ʟʘʧʦʚʝʜʥʠʢʠ ʠ ʪʝʨʨʠʪʦʨʠʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ 

ʜʦʩʪʫʧʦʤ;  

- ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʢʣʶʯʝʥʳ ʨʝʛʠʦʥʳ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʦʩʘʜʢʦʚ, ʛʨʦʟ, 

ʩʥʝʛʦʧʘʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʨʘʜʠʦʩʚʷʟʴ;  

- ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʢʣʶʯʝʥʳ ʨʝʛʠʦʥʳ ʩ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠ 

ʚʣʘʞʥʦʩʪʴʶ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ;  

- ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʥʘʣʠʯʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ, 

ʪʨʘʥʩʧʦʨʪʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ) ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ;  
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- ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴʩʷ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ, ʘ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʸʪʩʷ 

ʨʘʚʥʠʥʥʳʤ ʫʯʘʩʪʢʘʤ ʙʝʟ ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʤʝʥʴʰʘʪʴ ʚʨʝʤʷ 

ʚʠʜʠʤʦʩʪʠ ʤʝʞʜʫ ʅʇʇʀ ʠ ʂɸ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʫʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʪʨʘʥ, ʛʜʝ ʚʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʅʇʇʀ { }1 2
, ,...,

k
C c c c= , ʛʜʝ ʜʣʷ ʢʘʞʜʦʡ  

i
c CÍ ʟʘʜʘʥ ʧʘʨʘʤʝʪʨ { }0,1

i
r Í , ʢʦʪʦʨʳʡ 

ʫʢʘʟʳʚʘʝʪ ʩʣʝʜʫʝʪ ʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʝʛʠʦʥʘʣʴʥʦʝ ʜʝʣʝʥʠʝ ʚʥʫʪʨʠ ʩʪʨʘʥʳ. 

ɼʣʷ 
i

c  ʧʨʠ 0
i

r = : ʛʝʦʤʝʪʨʠʷ ʩʪʨʘʥʳ ʟʘʛʨʫʞʘʝʪʩʷ ʢʘʢ ʝʜʠʥʳʡ ʧʦʣʠʛʦʥ 
i

P. ɼʣʷ 

i
c  ʧʨʠ 1

i
r =: ʟʘʛʨʫʞʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʳʙʨʘʥʥʳʭ ʨʝʛʠʦʥʦʚ ʫʢʘʟʘʥʥʦʡ ʩʪʨʘʥʳ 

{ }1 2
, ,...,

i i i in
R r r r=  ʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʝʜʠʥʳʡ ʧʦʣʠʛʦʥ 

i
P . 

ʀʪʦʛʦʚʳʡ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʧʦʣʠʛʦʥ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ 

ʅʇʇʀ ʚʳʨʘʞʘʝʪʩʷ: 

ʦʙʱ
1

1

, 0

, 1

in

k

i ij

i

j
i

P

P

r

R r=

=

å õ=ë
î

= æ ö
ìæ ö=æ öî
íç ÷

. 

ʄʥʦʞʝʩʪʚʦ ʅʇʇʀ-ʢʘʥʜʠʜʘʪʦʚ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩ ʰʘʛʦʤ D, ʟʘʜʘʥʥʳʤ ʚ 

ʛʨʘʜʫʩʘʭ: 

 
( ){ , | , , , , ,

},

min min min max

min max

G lat lon lat lat i lon lon j i j lat lat lat

lon lon lon

= = + ÖD = + ÖD Í ¢ ¢

¢ ¢
 

ʛʜʝ 
min

lat , 
max

lat , 
min

lon , 
max

lon  ï ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʦʙʲʝʜʠʥʸʥʥʦʛʦ ʧʦʣʠʛʦʥʘ. 

ɼʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ g GÍ  ʧʨʦʚʝʨʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ: 1) 

th th

min max
lat lat lat¢ ¢ , ʛʜʝ th

min
lat , th

max
lat  ï ʛʨʘʥʠʮʳ ʜʦʧʫʩʪʠʤʦʡ ʰʠʨʦʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʩʣʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʅʇʇʀ ʚ ʧʨʠʧʦʣʷʨʥʳʭ ʨʝʛʠʦʥʘʭ. 2) ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ 

ʟʘʜʘʥʥʦʤʫ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʧʦʣʠʛʦʥʫ, ʛʜʝ ʚʦʟʤʦʞʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʅʇʇʀ: g PÍ . 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʅʇʇʀ-

ʢʘʥʜʠʜʘʪʦʚ 
*G , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʚʩʝʤ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʛʜʝ: 

 
* { | , }th th

min g max
G g G lat lat lat g P= Í ¢ ¢ Í. 
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ʅʘ ʨʠʩʫʥʢʝ 2.4 ʧʦʢʘʟʘʥʦ ʥʘʥʝʩʝʥʠʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʘʩʩʠʚʘ G¡

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʅʇʇʀ-ʢʘʥʜʠʜʘʪʦʚ. 

 

ʈʠʩʫʥʦʢ 2.5  ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʤʘʩʩʠʚ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʅʇʇʀ-

ʢʘʥʜʠʜʘʪʦʚ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ 

ʨʠʩʫʥʢʝ 2.4, ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ: 65th

min
lat =- , 75th

max
lat =  ï ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʮ 

ʜʦʧʫʩʪʠʤʦʡ ʰʠʨʦʪʳ; ʰʘʛ ʩʝʪʢʠ 1D=; ʚ ʢʘʯʝʩʪʚʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʛʨʘʥʠʮʳ ʥʝʩʢʦʣʴʢʠʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

2.2.4 ɸʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩ ʥʘʟʝʤʥʳʤʠ ʩʪʘʥʮʠʷʤʠ 

ɸʣʛʦʨʠʪʤ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʚ ʪʝʯʝʥʠʝ 

ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʜʠʦʚʠʜʠʤʦʩʪʴ ʤʝʞʜʫ ʂɸ ʠ ʅʇʇʀ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʚʳʯʠʩʣʷʝʪʩʷ ʦʙʲʸʤ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥ ʟʘ ʩʝʘʥʩ ʩʚʷʟʠ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʩʧʫʪʥʠʢʘ ʠ ʩʪʘʥʮʠʠ ʥʝʦʙʭʦʜʠʤʦ: ï ʦʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ 

ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ʩʧʫʪʥʠʢʘ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʳʡ ʤʠʥʠʤʫʤ; ï ʨʘʩʩʯʠʪʘʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʝʘʥʩʘ ʩʚʷʟʠ ʠ ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʚʠʜʠʤʦʩʪʠ ʩʧʫʪʥʠʢʘ sat ʩ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʝʡ st 

ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1. ʈʘʩʯʸʪ ʪʨʘʝʢʪʦʨʠʠ ʂɸ ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

2. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩʪʘʥʮʠʠ st. 
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3. ɺʳʯʠʩʣʝʥʠʝ ʫʛʣʘ ʚʦʟʚʳʰʝʥʠʷ ʠ ʧʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ. 

ʋʩʣʦʚʠʝ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʂʨʠʪʝʨʠʝʤ ʚʠʜʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ: 

 ,
min

q q²  

ʛʜʝ q ï ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ʂɸ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ; 
min
q  ï ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʫʛʦʣ 

ʚʦʟʚʳʰʝʥʠʷ (ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ ʦʪ 5Á ʜʦ 10Á). 

ʋʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʯʝʨʝʟ ʨʘʟʥʦʩʪʴ ʚʝʢʪʦʨʦʚ ʧʦʣʦʞʝʥʠʷ ʂɸ (
sat

r ) 

ʠ ʩʪʘʥʮʠʠ (
st

r ) ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ: 

 .
sat st

r rr= -  

ʇʨʦʝʢʮʠʷ r ʥʘ ʤʝʩʪʥʫʶ ʚʝʨʪʠʢʘʣʴ: 

 sin ,
nr

q
r

Ö
=  

ʛʜʝ n  ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʚʝʨʪʠʢʘʣʠ ʩʪʘʥʮʠʠ. 

ɺʳʯʠʩʣʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ. ɺʨʝʤʝʥʥʦʡ ʜʠʘʧʘʟʦʥ ʨʘʟʙʠʚʘʝʪʩʷ 

ʥʘ ʜʠʩʢʨʝʪʥʳʝ ʤʦʤʝʥʪʳ ʩ ʰʘʛʦʤ tD. ɼʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ:  

- ʚʳʯʠʩʣʷʶʪʩʷ ʵʬʝʤʝʨʠʜʳ ʂɸ ʠ ʩʪʘʥʮʠʠ;  

- ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ;  

- ʧʨʦʚʝʨʷʝʪʩʷ ʫʩʣʦʚʠʝ 
min

q q² . 

ʀʥʪʝʨʚʘʣʳ ʢʦʥʪʘʢʪʦʚ ʚʳʜʝʣʷʶʪʩʷ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʙʠʥʘʨʥʦʡ ʤʘʩʢʠ ʚʠʜʠʤʦʩʪʠ 

()v t , ʛʜʝ () 1v t =  ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ʚʠʜʠʤʦʩʪʠ ʚ ʤʦʤʝʥʪ t. ʅʘʯʘʣʦ ʠ ʢʦʥʝʮ 

ʠʥʪʝʨʚʘʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʝʭʦʜʘʤ: 

 () ( ) () ( )1 1
0 1 ʠʣʠ 1 0.

i i i i
v t v t v t v t

+ +
= ­ = = ­ = 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʝʘʥʩʘ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ()iv t . ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 

ʅʘʯʘʣʦ ʩʝʘʥʩʘ ʩʚʷʟʠ: 
start i

t t=  ʧʨʠ ( ) ()1
0, 1

i i
v t v t

-
= =.  

ʂʦʥʝʮ ʩʝʘʥʩʘ ʩʚʷʟʠ: 
end i

t t=  ʧʨʠ () ( )11, 0
i i

v t v t
+

= =. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʝʘʥʩʘ ʩʚʷʟʠ:  .
session end start

t t tD = -  
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2.2.5 ɿʘʜʘʯʘ ʚʳʙʦʨʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʅʇʇʀ 

2.2.5.1 ʌʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ 

ʅʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʅʇʇʀ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: ʢʘʞʜʳʡ ʂɸ ʧʦʣʫʯʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʨʝʤʝʥʠ ʩʚʷʟʠ 

ʩ ʅʇʇʀ ʜʣʷ ʧʝʨʝʜʘʯʠ ʟʘʜʘʥʥʦʛʦ ʦʙʲʸʤʘ ʜʘʥʥʳʭ; ʩʝʘʥʩʳ ʩʚʷʟʠ, ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʚʦ 

ʚʨʝʤʝʥʠ, ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʩʪʘʥʮʠʶ ʠʣʠ ʩʧʫʪʥʠʢ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

2.2.5.2 ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʘʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ɿʘʜʘʯʘ ʚʳʙʦʨʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʅʇʇʀ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʫʪʸʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʘʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʇʫʩʪʴ ʟʘʜʘʥʦ: ʄʥʦʞʝʩʪʚʦ ʩʧʫʪʥʠʢʦʚ 
1 2

{ , , , }
n

O o o o= »  ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦ 

ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ req
( )

i
T o . ʄʥʦʞʝʩʪʚʦ ʩʪʘʥʮʠʡ 

1 2
}, , ..{ . ,

m
G g g g=  ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʚʨʝʤʝʥʥʳʝ ʦʢʥʘ ʢʦʥʪʘʢʪʦʚ 
( ) ( )

start end
( ) {[ , ]}k k

j
C g t t=  ʩʦ ʩʧʫʪʥʠʢʘʤʠ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʤʠʥʠʤʘʣʴʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʩʪʘʥʮʠʡ G G¡Ì , ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʚʳʧʦʣʥʝʥʠʝ: 

( )

( , ) (  )  ,
j

j

j i req i i
c C g

g G

t g o T o o O
Í

¡Í

D ² " Íä , 

ʛʜʝ: ( , )
j i

t g oD  ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʝʘʥʩʘ ʩʚʷʟʠ ʩʧʫʪʥʠʢʘ 
i

o  ʯʝʨʝʟ ʩʪʘʥʮʠʶ j
g , ʘ 

ʢʦʥʪʘʢʪʳ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ ʠ ʩʧʫʪʥʠʢʘ.  

ɸʣʛʦʨʠʪʤ ʨʝʘʣʠʟʫʝʪ ʩʪʨʘʪʝʛʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʤʘʢʩʠʤʠʟʘʮʠʠ ʮʝʣʝʚʦʛʦ 

ʢʨʠʪʝʨʠʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ: 

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ req
( )

i
T o  ʥʘ 

ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ ʛʨʫʧʧʠʨʦʚʢʠ: 

daily

req

data

( )
( )

( )

i

i

i

D o
T o

R o
= , 

ʛʜʝ daily
D  ï ʩʫʪʦʯʥʳʡ ʦʙʲʸʤ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʜʘʪʴ ʩʧʫʪʥʠʢʫ 

i
o , 

data
R  

ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʘ 
i

s . 
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2. ʅʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʚʳʙʠʨʘʝʪʩʷ ʩʪʘʥʮʠʷ j
g , ʤʘʢʩʠʤʠʟʠʨʫʶʱʘʷ 

ʧʨʠʨʦʩʪ ʚʨʝʤʝʥʠ ʩʝʘʥʩʦʚ ʩʚʷʟʠ: 

new

new sum req
( )

* | ( ) | min( ( ) ( , ), ( ))argmax
j i j

j i j i i
gog G G O

g O g T o t g o T oa b
¡Í Í

è ø
= Ö + Ö +Dé ù

ê ú
ä , 

ʛʜʝ: new
( )

j
O g  ï ʩʧʫʪʥʠʢʠ, ʯʴʠ ʪʨʝʙʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʫʜʦʚʣʝʪʚʦʨʝʥʳ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ j
g ; ,a b ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ; 

sum
( )

i
T o  ï ʥʘʢʦʧʣʝʥʥʦʝ ʚʨʝʤʷ 

ʧʝʨʝʜʘʯʠ ʜʣʷ 
i

o ; ( , )
j i

t g oD  ï ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʩʪʘʥʮʠʷ j
g  ʜʣʷ ʩʧʫʪʥʠʢʘ 

i
o .  

ɺ ʧʨʠʚʝʜʸʥʥʦʤ ʚʳʰʝ ʫʩʣʦʚʠʠ new
| ( ) |

j
O gaÖ  ï ʦʪʨʘʞʘʝʪ ʧʨʠʦʨʠʪʝʪ ʩʪʘʥʮʠʡ, 

ʧʦʢʨʳʚʘʶʱʠʭ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʩʧʫʪʥʠʢʦʚ, ʝʱʸ ʥʝ ʜʦʩʪʠʛʰʠʭ ʩʚʦʠʭ ʪʨʝʙʦʚʘʥʠʡ 

req
( )

i
T o ; ()minbÖä  ï ʫʯʠʪʳʚʘʝʪ ʚʢʣʘʜ ʩʪʘʥʮʠʠ ʚ ʩʫʤʤʘʨʥʦʝ ʧʦʣʝʟʥʦʝ ʚʨʝʤʷ 

ʧʝʨʝʜʘʯʠ ʜʣʷ ʥʦʚʳʭ ʩʧʫʪʥʠʢʦʚ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʢʣʘʜ ʚʨʝʤʝʥʠ, ʧʨʝʚʳʰʘʶʱʝʛʦ 

req
( )

i
T o , ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʚ ʫʱʝʨʙ ʜʨʫʛʠʤ ʩʧʫʪʥʠʢʘʤ. 

3. ɼʣʷ ʢʘʞʜʦʛʦ ʢʘʥʜʠʜʘʪʘ 
j

g  ʠ 
i

o  ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʦʛʨʘʥʠʯʝʥʠʡ ʦ ʥʝʧʝʨʝʩʝʯʝʥʠʠ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ: 

ɼʣʷ ʩʪʘʥʮʠʠ : , ( ), [ , ] [ , ]k k l l

j j start end start enl dk
g c c C g k l t t t t" Í ¸ ­ Æ =Å. 

ɼʣʷ ʩʧʫʪʥʠʢʘ : , ( ), [ , ] [ , ]k k l l

i i start end start enl dk
o c c C o k l t t t t" Í ¸ ­ Æ =Å. 

ɸʣʛʦʨʠʪʤ ʟʘʚʝʨʰʘʝʪ ʨʘʙʦʪʫ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʜʥʦʛʦ ʠʟ ʫʩʣʦʚʠʡ: 

ï ʚʩʝ ʩʧʫʪʥʠʢʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ sum req
( ) ( )

i i
T o T o² ; 

ï ʥʝʚʦʟʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʥʦʚʳʝ ʩʪʘʥʮʠʠ ʙʝʟ ʢʦʥʬʣʠʢʪʦʚ. 

ʀʪʦʛʦʚʳʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.6. 
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ʈʠʩʫʥʦʢ 2.6  ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʅʇʇʀ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʣʦʢʘʣʴʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ. 

ɺʳʙʦʨ ʩʪʘʥʮʠʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ 

ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʘ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʠʥʝʡʥʫʶ ʩʣʦʞʥʦʩʪʴ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʚʚʝʜʝʥʠʝ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Ŭ>ɓ ʩʤʝʱʘʝʪ ʬʦʢʫʩ ʥʘ ʧʦʢʨʳʪʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʯʠʩʣʘ ʩʧʫʪʥʠʢʦʚ ʧʨʦʪʠʚ ʦʧʪʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʩʪʘʥʮʠʠ 

ʪʨʝʙʦʚʘʥʠʷ req
( )

i
T o  ʫʤʝʥʴʰʘʶʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ( , )

j i
t g oD . 
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2.3 ʈʘʟʨʘʙʦʪʢʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ 

2.3.1 ʄʦʜʝʣʴ ʦʮʝʥʢʠ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

2.3.1.1 ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʦʢʨʳʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʦʮʝʥʢʠ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʂɸ ɼɿɿ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʥʘʥʦʩʠʪʩʷ ʩʝʪʢʘ ʪʦʯʝʢ, ʧʦʧʘʜʘʥʠʝ 

ʢʦʪʦʨʳʭ ʚ ʟʦʥʫ ʦʙʟʦʨʘ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʙʫʜʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴʩʷ. ʉ ʧʦʤʦʱʴʶ 

ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʧʨʦʮʝʥʪ ʩʥʠʤʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʛʠʦʥʘ. 

ʇʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʦʡ ʪʦʯʝʢ, ʛʜʝ 

ʢʦʦʨʜʠʥʘʪʳ ʟʘʜʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ: ʜʦʣʛʦʪʘ: ʦʪ ï180Á ʜʦ 180Á, ʰʠʨʦʪʘ: ʦʪ ï90Á ʜʦ 

90°. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʢʘʢ ʩʝʪʢʫ ʪʦʯʝʢ ʜʣʷ ʘʥʘʣʠʟʘ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʢʨʳʪʠʷ (ʨʠʩʫʥʦʢ 2.7), ʪʘʢ ʠ ʩʦʟʜʘʚʘʪʴ ʩʝʪʢʠ ʪʦʯʝʢ ʪʦʣʴʢʦ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʟʦʥ 

ʠʥʪʝʨʝʩʘ (ʨʠʩʫʥʦʢ 2.8). 

 

ʈʠʩʫʥʦʢ 2.7  ʉʝʪʢʘ ʪʦʯʝʢ ʜʣʷ ʦʮʝʥʢʠ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ 
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ʈʠʩʫʥʦʢ 2.8  ʉʝʪʢʘ ʪʦʯʝʢ ʜʣʷ ʦʮʝʥʢʠ ʣʦʢʘʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ɺʘʨʴʠʨʫʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ (ȹ), ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʦʮʝʥʢʫ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ. 

2.3.1.2 ʋʩʣʦʚʠʷ ʚʠʜʠʤʦʩʪʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʦʥ ʦʙʟʦʨʘ ʮʝʣʝʚʦʡ 

ʘʧʧʘʨʘʪʫʨʳ 

ɼʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʩʝʪʢʠ ʚʳʯʠʩʣʷʶʪʩʷ ʜʚʘ ʫʛʣʘ: ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ʂɸ ʠ ʫʛʦʣ 

ʚʦʟʚʳʰʝʥʠʷ ʉʦʣʥʮʘ. ʅʘ ʨʠʩʫʥʢʝ 2.9 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʝʦʤʝʪʨʠʷ ʫʩʣʦʚʠʡ ʚʠʜʠʤʦʩʪʠ 

ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 2.9  ɻʝʦʤʝʪʨʠʷ ʫʩʣʦʚʠʡ ʚʠʜʠʤʦʩʪʠ ʥʘʙʣʶʜʘʝʤʦʡ ʪʦʯʢʠ 
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ʇʫʩʪʴ 
sat
r  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʧʦʟʠʮʠʠ ʂɸ, point

r  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʧʦʟʠʮʠʠ ʪʦʯʢʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʘ n  ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʥʦʨʤʘʣʴʥʳʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. ʊʦʛʜʘ ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ʩʧʫʪʥʠʢʘ 
sat
q  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 
( )

.
sat point

sat

sat point

r r n
sin

r r
q

- Ö
=

-
 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪ ʪʦʯʢʠ ʢ ʉʦʣʥʮʫ, 

ʚʳʯʠʩʣʷʝʪʩʷ ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ʉʦʣʥʮʘ 
sun
q : 

 
( )

.
sun point

sun

sun point

r r n
sin

r r
q

- Ö
=

-
 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʪʦʯʢʘ ʩʯʠʪʘʣʘʩʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʦʡ, ʜʦʣʞʥʳ 

ʚʳʧʦʣʥʷʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ:  

1) ʋʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ʉʦʣʥʮʘ ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʴʰʝ ʟʘʜʘʥʥʦʛʦ: 

 min

sun sun
q q²  

2) ʋʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ʂɸ ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʴʰʝ ʟʘʜʘʥʥʦʛʦ: 

 min

sat sat
q q²  

2.3.1.3 ʄʦʜʝʣʠ ʢʦʥʠʯʝʩʢʦʡ ʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʟʦʥ ʦʙʟʦʨʘ 

ʌʦʨʤʘ ʟʦʥʳ ʦʙʟʦʨʘ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʘʧʧʘʨʘʪʫʨʳ ʠ ʝʸ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘ ʨʠʩʫʥʢʝ 2.10 ʧʦʢʘʟʘʥʘ ʛʝʦʤʝʪʨʠʷ ʧʨʦʩʪʝʡʰʝʡ ʤʦʜʝʣʠ 

ʥʘʙʣʶʜʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʟʦʥʘ ʦʙʟʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʫʩ ʩ 

ʫʛʣʦʤ ʧʦʣʫʨʘʩʪʚʦʨʘ a. 

 

ʈʠʩʫʥʦʢ 2.10  ɻʝʦʤʝʪʨʠʷ ʤʦʜʝʣʠ ʥʘʙʣʶʜʝʥʠʷ 
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ʄʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʪʝʨʨʠʪʦʨʠʷ ɿʝʤʣʠ, ʦʭʚʘʪʳʚʘʝʤʘʷ 

ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʜʝʣʴʥʳʤ ʫʛʣʦʤ 
maxEj : 

 
max arccos E

E

E

R

R H
j

å õ
= æ ö

+ç ÷
 

ʛʜʝ 
ER  ï ʨʘʜʠʫʩ ɿʝʤʣʠ, H  ï ʚʳʩʦʪʘ ʦʨʙʠʪʳ, 

ʆg  ï ʫʛʦʣ ʦʙʟʦʨʘ ʘʧʧʘʨʘʪʫʨʳ 

ʥʘʙʣʶʜʝʥʠʷ, 
Ej  ï ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ. 

ɸʧʧʘʨʘʪʫʨʘ ʥʘʙʣʶʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʛʣʦʤ ʦʙʟʦʨʘ 
ʆg, ʠ ʧʨʠ ʩʲʝʤʢʝ ʚ 

ʥʘʜʠʨ ʦʙʦʟʨʝʚʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩʬʝʨʠʯʝʩʢʠʡ ʩʝʛʤʝʥʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʨʘʟʤʝʨʳ ʩʥʠʤʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʫʛʣʦʤ 
Ej  

(ʨʠʩʫʥʦʢ 2.8): 

arccos sin
2

E
E ʆ ʆ

E

R H

R

p
j g g

å õ+
= - -æ ö

ç ÷
, 

ʛʜʝ 
ER  ï ʨʘʜʠʫʩ ɿʝʤʣʠ, H  ï ʚʳʩʦʪʘ ʦʨʙʠʪʳ, 

ʆg  ï ʫʛʦʣ ʦʙʟʦʨʘ ʘʧʧʘʨʘʪʫʨʳ 

ʥʘʙʣʶʜʝʥʠʷ, 
Ej  ï ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʤʦʜʝʣʴ ʟʦʥʳ ʦʙʟʦʨʘ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʦʮʝʥʢʠ 

ʧʦʢʨʳʪʠʷ ʥʝ ʪʦʣʴʢʦ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘʙʣʶʜʝʥʠʷ, ʥʦ ʠ ʘʥʪʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʂɸ. 

ɿʦʥʘ ʦʙʟʦʨʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʝʢʮʠʠ 

ʧʠʨʘʤʠʜʳ ʩ ʜʚʫʤʷ ʫʛʣʘʤʠ ʦʙʟʦʨʘ: ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 
h
Ŭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤ 

v
Ŭ 

(ʨʠʩʫʥʦʢ 2.11). 

 

ʈʠʩʫʥʦʢ 2.11  ɿʦʥʘ ʦʙʟʦʨʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ 
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʪʠʧʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, ʜʣʷ ʢʘʞʜʦʡ 

ʚʨʝʤʝʥʥʦʡ ʦʪʤʝʪʢʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʙʣʘʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ. ʌʘʢʪ ʧʦʧʘʜʘʥʠʷ ʪʦʯʝʢ ʩʝʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʪʦʯʢʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʦʙʟʦʨʘ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʅʘ ʨʠʩʫʥʢʘʭ 2.12ʘ,ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʜʥʦʛʦ ʚʠʪʢʘ 

ʦʨʙʠʪʳ ʂɸ ʩ ʢʨʫʛʦʚʦʡ (Ŭ 15= ), ʅʘ ʨʠʩʫʥʢʘʭ 2.12 ʚ,ʛ ʧʨʷʤʦʫʛʦʣʴʥʦʡ (
h
Ŭ 25= , 

v
Ŭ 3= ) ʟʦʥʘʤʠ ʦʙʟʦʨʘ ʘʧʧʘʨʘʪʫʨʳ ʥʘʙʣʶʜʝʥʠʷ, ʧʨʠ 500H =  ʢʤ ʠ ʟʘʜʘʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʷʭ: min

sun
ɗ 10= , min

sat
ɗ 20= . 

 
 

ʘ) ʙ) 

 
 

ʚ) ʛ) 

ʈʠʩʫʥʦʢ 2.12  ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʜʥʦʛʦ ʚʠʪʢʘ ʦʨʙʠʪʳ ʂɸ 

ʅʘ ʛʨʘʬʠʢʘʭ ʩʣʝʚʘ ʧʦʢʘʟʘʥʘ ʪʨʘʩʩʘ ʧʦʣʸʪʘ ʂɸ ʠ ʧʨʦʝʢʮʠʠ ʟʦʥ ʦʙʟʦʨʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʰʘʛʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʘʭ 2.12 ʙ,ʛ ʢʘʞʜʘʷ ʪʦʯʢʘ ʩʝʪʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʮʚʝʪʦʚʦʡ ʢʦʜʠʨʦʚʢʦʡ, ʦʪʨʘʞʘʶʱʝʡ ʬʘʢʪ ʧʦʧʘʜʘʥʠʷ ʚ ʟʦʥʫ ʦʙʟʦʨʘ, 

ʞʸʣʪʳʤ ʚʳʜʝʣʝʥʳ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʟʘʜʘʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʛʫʪ ʙʳʪʴ ʥʘʙʣʶʜʘʝʤʳ ʩʲʸʤʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʂɸ. 
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2.3.2 ʆʮʝʥʢʘ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʧʦʤʦʱʴʶ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʣʫʯʘʷʤʠ, ʢʦʛʜʘ ʟʘʜʘʥʥʘʷ ʪʦʯʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʟʦʥʝ ʦʙʟʦʨʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʩʧʫʪʥʠʢʘ. ɿʥʘʥʠʝ ʵʪʠʭ ʠʥʪʝʨʚʘʣʦʚ 

ʠʤʝʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʠʩʩʠʡ, ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ. ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ, ʘʥʘʣʠʟʠʨʫʷ ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʧʦʢʨʳʪʠʷ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. 

2.3.2.1 ʄʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʬʦʨʤʠʨʫʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʥʘʙʣʶʜʝʥʠʡ. ʅʘ ʦʩʥʦʚʝ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʚ ʠʥʪʝʨʚʘʣʝ [ ]0 0
,t t T+  ʩ ʰʘʛʦʤ tD  ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʩʝʪʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʫʣʝʚʳʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ: 

 ( )
1, ʝʩʣʠ ʪʦʯʢʘ  ʚʠʜʠʤʘ ʚ ʤʦʤʝʥʪ 

,
0, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ

i

i

point t
Obs point t

ë
=ì
í

 

ʇʨʠ ʵʪʦʤ N  ï ʦʙʱʝʝ ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʰʘʛʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʚʳʯʠʩʣʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʥʘʙʣʶʜʝʥʠʷʤʠ. ɼʣʷ 

ʢʘʞʜʦʡ ʪʦʯʢʠ ʩʝʪʢʠ ʠʟʚʣʝʢʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʨʝʤʝʥʥʳʭ ʤʝʪʦʢ ʥʘʙʣʶʜʝʥʠʡ: 

 ( ) ( ){ }| , 1, 1,2, ,
obs i i

T point t Obs point t i N= = = » , 

ʛʜʝ M  ï ʯʠʩʣʦ ʤʦʤʝʥʪʦʚ, ʢʦʛʜʘ ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʦʙʟʦʨʘ. ʀʥʪʝʨʚʘʣʳ ʤʝʞʜʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʘʢ: 

 ( ) ( )[ ] ( )[]1 , 1,2, , 1
j obs obs

T point T point j T point j j MD = + - = » -. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʦʯʢʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʣʠ ʥʘʙʣʶʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʝʜʠʥʦʞʜʳ, 

ʠʥʪʝʨʚʘʣ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʥʝʜʦʩʪʫʧʥʳʡ ʜʣʷ ʦʮʝʥʢʠ ʠʣʠ ʨʘʚʥʳʡ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ:  

ï ʦʨʙʠʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʧʫʪʥʠʢʘ: ʥʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ, ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ, 

ʘʨʛʫʤʝʥʪ ʧʝʨʠʛʝʷ ʠ ʧʨʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʚʣʠʷʶʪ ʥʘ ʜʠʥʘʤʠʢʫ ʧʦʢʨʳʪʠʷ; 
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ï ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ: ʪʠʧ ʟʦʥʳ ʦʙʟʦʨʘ (ʢʦʥʠʯʝʩʢʘʷ ʠʣʠ 

ʧʨʷʤʦʫʛʦʣʴʥʘʷ), ʫʛʣʳ ʦʙʟʦʨʘ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪ ʧʣʦʱʘʜʴ ʧʦʢʨʳʪʠʷ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; 

ï ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ: ʚʳʙʦʨ ʰʘʛʘ tD  ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣ, 

ʯʪʦʙʳ ʢʦʨʨʝʢʪʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʤʦʤʝʥʪʳ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʪʦʯʢʠ ʠʟ ʟʦʥʳ ʦʙʟʦʨʘ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʥʝ ʩʦʟʜʘʚʘʪʴ ʠʟʙʳʪʦʯʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. 

2.3.2.2 ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ɼʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

1) ʉʨʝʜʥʷʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʪʦʯʢʠ point : 

 ( ) ( )
1

1

1

1

M

j
j

T point T point
M

-

=

D = D
-
ä  

2) ʄʠʥʠʤʘʣʴʥʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʪʦʯʢʠ point : 

 ( ) ( )
1, , 1

min j
j M

T point min T point
= » -

D = D  

3) ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʪʦʯʢʠ point : 

 ( ) ( )
1, , 1

max j
j M

T point max T point
= » -

D = D  

4) ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʪʦʯʢʠ point : 

 ( ) ( ) ( )( )
1 2

1

1

1

M

T j
j

point T point T point
M

s
-

D
=

= D -D
-
ä  

5) ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʪʦʯʢʠ point : 

 ( )
( )

( )
T

T

point
CV point

T point

s
D

D
=
D

 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʥʘʙʣʶʜʝʥʠʷ: ʯʝʤ ʥʠʞʝ ʟʥʘʯʝʥʠʝ, ʪʝʤ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʥʘʙʣʶʜʝʥʠʝ. 

ɼʣʷ ʛʣʦʙʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʟʘʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʩʨʝʜʥʸʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʚʩʝʤ 
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ʪʦʯʢʘʤ ʩʝʪʢʠ, ʘ ʪʘʢʞʝ ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

2.3.3 ʄʦʜʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʦʡ ʂɸ ɼɿɿ 

2.3.3.1 ʄʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʦʙʲʸʤʘ ʠʥʬʦʨʤʘʮʠʠ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʨʠ 

ʩʲʸʤʢʝ 

ʆʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʧʨʠ ʩʲʸʤʢʝ ʫʯʘʩʪʢʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʲʸʤʢʠ. ɼʣʷ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ɼɿɿ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ ʩʲʸʤʢʝ 

ʝʜʠʥʠʯʥʦʛʦ ʢʘʜʨʘ, ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʧʦ ʬʦʨʤʫʣʝ: 

 ,
frame x y bands comp

V N N B N K= ³ ³ ³ ³  

ʛʜʝ: 
x

N  ʠ y
N  ï ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʚ ʩʪʨʦʢʝ ʠ ʩʪʦʣʙʮʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; B  ï 

ʙʠʪʥʦʩʪʴ (ʢʦʣʠʯʝʩʪʚʦ ʙʠʪ ʥʘ ʧʠʢʩʝʣʴ); 
bands

N  ï ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ; 

comp
K  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʘʪʠʷ ʜʘʥʥʳʭ (ʦʪʥʦʰʝʥʠʝ ʦʙʲʸʤʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢ 

ʦʙʲʸʤʫ ʩʞʘʪʳʭ ʜʘʥʥʳʭ). 

ɼʣʷ ʤʘʨʰʨʫʪʥʦʡ ʩʲʸʤʢʠ ʧʦʣʦʩʘ ʟʘʭʚʘʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʠʨʠʥʦʡ ʢʘʜʨʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʘ ʜʣʠʥʘ ʤʘʨʰʨʫʪʘ ï ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʟʘʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ 

ʩʲʸʤʢʠ. ʆʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʧʨʠ ʤʘʨʰʨʫʪʥʦʡ ʩʲʸʤʢʝ, ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥ ʧʦ ʬʦʨʤʫʣʝ: 

 ,route

route frame

frame

L
V V

L
= ³  

ʛʜʝ: 
route

L  ï ʜʣʠʥʘ ʤʘʨʰʨʫʪʘ ʩʲʸʤʢʠ; frame
L  ï ʨʘʟʤʝʨ ʧʨʦʝʢʮʠʠ ʢʘʜʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ɿʝʤʣʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ. 

2.3.3.2 ʄʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʙʦʨʪʫ ʂɸ 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʥʘ ʙʦʨʪʫ ʂɸ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ 

ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʦʚ ʩʲʸʤʢʠ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ: 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ: 

- ʧʦʣʝ ʟʨʝʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ; 
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- ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʢʦʣʠʯʝʩʪʚʦ ʠ ʰʠʨʠʥʘ ʢʘʥʘʣʦʚ); 

- ʧʘʨʘʤʝʪʨʳ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʩʞʘʪʠʷ ʜʘʥʥʳʭ. 

ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʫʨʳ: 

- ʩʲʸʤʢʘ ʚ ʥʘʜʠʨ; 

- ʩʪʝʨʝʦʩʲʸʤʢʘ; 

- ʩʲʸʤʢʘ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʥʘʜʠʨʘ; 

- ʥʝʧʨʝʨʳʚʥʘʷ ʩʲʸʤʢʘ ʠʣʠ ʩʲʸʤʢʘ ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʦʚ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʙʦʪʫ ʘʧʧʘʨʘʪʫʨʳ: 

- ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ; 

- ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʦʙʲʸʤʫ ʙʦʨʪʦʚʦʡ ʧʘʤʷʪʠ. 

ʉʫʤʤʘʨʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʂɸ ʟʘ ʩʫʪʢʠ, ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥ ʢʘʢ: 

 
1

,
sessionsN

day i
i

V V
=

=ä  

ʛʜʝ: 
sessions

N  ï ʢʦʣʠʯʝʩʪʚʦ ʩʝʘʥʩʦʚ ʩʲʸʤʢʠ ʟʘ ʩʫʪʢʠ; 
i

V  ï ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʳʡ ʚ i-ʤ ʩʝʘʥʩʝ ʩʲʸʤʢʠ. 

2.3.3.3 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʥʘ ʙʦʨʪʫ ʂɸ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

1) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʦʨʪʦʚʦʛʦ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ: 

- ʦʙʲʝʤ ʧʘʤʷʪʠ; 

- ʩʢʦʨʦʩʪʴ ʟʘʧʠʩʠ ʠ ʯʪʝʥʠʷ; 

- ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʮʠʢʣʘʤ ʧʝʨʝʟʘʧʠʩʠ. 

2) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: 

- ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

- ʧʨʦʪʦʢʦʣʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʉʦʩʪʦʷʥʠʝ ʙʦʨʪʦʚʦʡ ʧʘʤʷʪʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ 

ʬʦʨʤʫʣʝ: 

 () () () ()
0

0
,

t

memory memory in outt
V t V t r r dt t t= + -è øê úñ  
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ʛʜʝ: ()0memory
V t  ï ʦʙʲʝʤ ʟʘʥʷʪʦʡ ʧʘʤʷʪʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

0
t ; ()in

r t  ï 

ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ; ()out
r t  ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʥʘ ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ. 

ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʦʛʨʘʥʠʯʝʥʠʝ: 

 ()0 ,max

memory memory
V t V¢ ¢  

ʛʜʝ 
max

memory
V  ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʙʦʨʪʦʚʦʡ ʧʘʤʷʪʠ. 

ʉʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʜʘʥʥʳʭ ()in
r t  ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʮʝʣʝʚʦʡ 

ʘʧʧʘʨʘʪʫʨʳ: 

 ()
, ʝʩʣʠ ʚ ʤʦʤʝʥʪ  ʧʨʦʚʦʜʠʪʩʷ ʩʲʝʤʢʘ

0, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ

imaging

in

R t
r t

ë
=ì
í

 

ʛʜʝ imaging
R  ï ʩʢʦʨʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʨʠ ʨʘʙʦʪʝ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ()out
r t  ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴʶ ʥʘʟʝʤʥʳʭ 

ʩʪʘʥʮʠʡ: 

 ()
, ʝʩʣʠ ʚ ʤʦʤʝʥʪ  ʂɸ  ʚ ʟʦʥʝ ʚʠʜʠʤʦʩʪʠ ʩʪʘʥʮʠʠ

0, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ

downlink

out

R t
r t

ë
=ì
í

 

ʛʜʝ 
downlink

R  ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ. 

2.3.4 ʆʮʝʥʢʘ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ 

ʩ ʧʦʤʦʱʴʶ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

2.3.4.1 ʄʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʆʧʝʨʘʪʠʚʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʨʝʤʷ ʦʪ ʤʦʤʝʥʪʘ 

ʩʲʸʤʢʠ ʜʦ ʤʦʤʝʥʪʘ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ. ɼʣʷ ʦʮʝʥʢʠ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʣʥʳʡ ʮʠʢʣ ʧʦʣʫʯʝʥʠʷ, ʭʨʘʥʝʥʠʷ ʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʤʝʥʪʦʚ ʩʲʸʤʢʠ ʫʯʘʩʪʢʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʙʦʨʪʫ ʂɸ; 
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- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʝʘʥʩʦʚ ʩʚʷʟʠ ʩ ʥʘʟʝʤʥʳʤʠ ʩʪʘʥʮʠʷʤʠ; 

- ʨʘʩʯʸʪ ʚʨʝʤʝʥʠ ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʩʲʸʤʢʠ. 

ɺʨʝʤʷ ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ ʜʣʷ ʫʯʘʩʪʢʘ, ʩʥʷʪʦʛʦ ʚ ʤʦʤʝʥʪ imaging
t , ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʢʘʢ: 

 ,
delivery downlink imaging

T t t= -  

ʛʜʝ 
downlink

t  ï ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʜʘʥʥʳʝ ʙʳʣʠ ʧʝʨʝʜʘʥʳ ʥʘ ʥʘʟʝʤʥʫʶ ʩʪʘʥʮʠʶ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
downlink

t  ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʩ ʫʯʸʪʦʤ ʧʨʠʦʨʠʪʝʪʦʚ, ʦʯʝʨʝʜʝʡ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

downlink
t  ʟʘʚʠʩʠʪ ʦʪ: ʦʙʲʸʤʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʩʲʸʤʢʝ; ʦʙʲʸʤʘ ʜʘʥʥʳʭ, 

ʥʘʢʦʧʣʝʥʥʳʭ ʥʘ ʙʦʨʪʫ ʂɸ ʜʦ ʤʦʤʝʥʪʘ ʩʲʸʤʢʠ; ʜʦʩʪʫʧʥʦʩʪʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ 

ʧʦʩʣʝ ʤʦʤʝʥʪʘ ʩʲʸʤʢʠ; ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; ʘʣʛʦʨʠʪʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʧʨʠʦʨʠʪʝʪʳ, ʦʯʝʨʝʜʠ ʠ ʪ.ʜ.) 

2.3.4.2 ʄʦʜʝʣʴ ʩ ʦʜʥʦʡ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʝʡ 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʡ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʤʦʜʝʣʴ ʦʧʝʨʘʪʠʚʥʦʩʪʠ 

ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʤʝʥʪʦʚ ʚʠʜʠʤʦʩʪʠ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʩ ʂɸ: 

 ( ){ }, | 1,2, , ,i i

visibility start end passes
T t t i N= = »  

ʛʜʝ ( ),i i

start end
t t  ï ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ i-ʛʦ ʧʨʦʣʸʪʘ ʂɸ ʥʘʜ ʩʪʘʥʮʠʝʡ, passes

N  ï ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʣʸʪʦʚ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ. 

ʈʘʩʯʸʪ ʦʙʲʸʤʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥ ʚʦ ʚʨʝʤʷ ʢʘʞʜʦʛʦ 

ʧʨʦʣʸʪʘ: 

 ( ) ,i i i

pass downlink end start eff
V R t t K= ³ - ³  

ʛʜʝ 
downlink

R  ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, eff
K  ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʘʥʩʘ ʩʚʷʟʠ (ʫʯʠʪʳʚʘʝʪ ʚʨʝʤʷ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ, 

ʧʝʨʝʢʣʶʯʝʥʠʝ ʨʝʞʠʤʦʚ ʠ ʪ.ʜ.). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʯʝʨʝʜʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: 

- ɼʘʥʥʳʝ ʩʲʸʤʢʠ ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʦʯʝʨʝʜʴ ʧʝʨʝʜʘʯʠ ʚ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʠʷ 

ʩʲʸʤʢʠ 
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- ɺʦ ʚʨʝʤʷ ʢʘʞʜʦʛʦ ʧʨʦʣʸʪʘ ʧʝʨʝʜʘʸʪʩʷ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʡ 

i

pass
V , ʥʘʯʠʥʘʷ ʩ ʥʘʯʘʣʘ ʦʯʝʨʝʜʠ 

- ɼʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʩʲʸʤʢʠ ʬʠʢʩʠʨʫʝʪʩʷ ʤʦʤʝʥʪ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

downlink
t  

ʈʘʩʯʸʪ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʩʲʸʤʢʠ: 

 delivery downlink imaging
T t t= -  

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʜʦʩʪʘʚʢʠ:  

- ʉʨʝʜʥʷʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ: 
1

1 scenesN
j

delivery delivery
j

scenes

T T
N =

= ä   

- ʄʠʥʠʤʘʣʴʥʘʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ: 1, ,
min

scenes

min j

delivery j N delivery
T T

= »
=   

- ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ: 1, ,
max

scenes

max j

delivery j N delivery
T T

= »
= . 

2.3.4.3 ʄʦʜʝʣʴ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʥʘʟʝʤʥʳʤʠ ʩʪʘʥʮʠʷʤʠ 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʤʦʜʝʣʴ ʫʩʣʦʞʥʷʝʪʩʷ, 

ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʩʪʘʥʮʠʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʜʦʩʪʘʚʢʠ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʩʢʦʣʴʢʠʭ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʥʝʦʙʭʦʜʠʤʦ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪʳ ʚʠʜʠʤʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ g : 

 ( ){ }, ,, | 1,2, , ,g i g i

visibility start end p es

g

as

g

s
T t t i N= = »  

ʛʜʝ ( ), ,,g i g i

start end
t t  ï ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ i-ʛʦ ʧʨʦʣʸʪʘ ʂɸ ʥʘʜ ʩʪʘʥʮʠʝʡ g , 

g

passes
N  ï 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʣʸʪʦʚ ʥʘʜ ʩʪʘʥʮʠʝʡ g  ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ. 

2. ʆʙʲʝʜʠʥʠʪʴ ʚʩʝ ʠʥʪʝʨʚʘʣʳ ʚʠʜʠʤʦʩʪʠ ʚ ʦʙʱʠʡ ʥʘʙʦʨ, ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʧʦ 

ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʠʥʪʝʨʚʘʣʘ: 

 
1

,
stationsN

all

visibility visib l
g

g

i ity
T T

=

=  

3. ɺʳʧʦʣʥʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʫʯʸʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʢʘʞʜʦʡ 

ʩʪʘʥʮʠʠ: 
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- ʧʨʠʦʨʠʪʝʪʳ ʧʝʨʝʜʘʯʠ (ʧʦ ʚʨʝʤʝʥʠ ʩʲʸʤʢʠ, ʚʘʞʥʦʩʪʠ ʦʙʲʝʢʪʘ ʠ ʪ.ʜ.); 

- ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʦʙʲʸʤʫ ʜʘʥʥʳʭ, ʧʨʠʥʠʤʘʝʤʳʭ ʢʘʞʜʦʡ ʩʪʘʥʮʠʝʡ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʯʘʩʪʠʯʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʨʘʟʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʤʝʞʜʫ 

ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʘʥʮʠʷʤʠ); 

4. ʈʘʩʩʯʠʪʘʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʩʲʸʤʢʠ: 

 ,j j j

delivery downlink imaging
T t t= -  

ʛʜʝ j

downlink
t  ï ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʜʘʥʥʳʝ ʜʣʷ j-ʛʦ ʫʯʘʩʪʢʘ ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ 

ʧʝʨʝʜʘʥʳ ʥʘ ʥʘʟʝʤʥʫʶ ʩʪʘʥʮʠʶ. 

2.4 ɺʳʚʦʜʳ ʧʦ ʚʪʦʨʦʡ ʛʣʘʚʝ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʨʘʙʦʪʘʥʥʘ ̫ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʤʝʪʦʜʠʢʠ, ʘʣʛʦʨʠʪʤʳ ʠ ʤʦʜʝʣʠ: 

1. ʄʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʠ ʠʭ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩ ʫʯʸʪʦʤ 

ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʦʨʪʦʚʦʡ ʠ ʥʘʟʝʤʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ, ʧʦʣʠʪʠʯʝʩʢʠʭ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ. ʄʝʪʦʜʠʢʘ ʚʢʣʶʯʘʝʪ ʘʣʛʦʨʠʪʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʂɸ, 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʩʪʘʥʮʠʡ-ʢʘʥʜʠʜʘʪʦʚ, ʨʘʩʯʸʪʘ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʅʇʇʀ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʘʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

2. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʮʝʥʢʠ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʤʦʜʝʣʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʮʝʣʝʚʦʡ 

ʘʧʧʘʨʘʪʫʨʦʡ, ʠ ʦʮʝʥʠʚʘʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʥʘʟʝʤʥʳʝ 

ʩʪʘʥʮʠʠ. ʄʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʧʘʨʘʤʝʪʨʳ 
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ʦʨʙʠʪ, ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʂɸ, ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʵʥʝʨʛʝʪʠʢʝ ʠ ʙʦʨʪʦʚʦʡ ʧʘʤʷʪʠ, ʘ ʪʘʢʞʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ. 

  



76 

 

ɻʣʘʚʘ 3. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤ ɼɿɿ 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ, 

ʥʝʦʙʭʦʜʠʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʧʦʣʥʷʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʦʨʙʠʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʮʝʥʠʚʘʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʝʛʦ ʘʨʭʠʪʝʢʪʫʨʳ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ. 

3.1 ɸʣʛʦʨʠʪʤ ʠ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ. ɺ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʣʝʛʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ: 

1. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʜʭʦʜʷʱʝʡ ʤʦʜʝʣʠ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʂɸ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ ʦʙʣʘʩʪʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, ʥʘʠʤʝʥʦʚʘʥʠʷ ʟʘʜʘʯʠ ʠ ʫʨʦʚʥʷ ʜʝʪʘʣʴʥʦʩʪʠ 

ʥʘʙʣʶʜʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʠʩʦʢ ʧʦʜʭʦʜʷʱʠʭ ʆʕɸ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʘʩʰʪʘʙʘ, 

ʨʘʟʨʝʰʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ [76]. 

2. ɿʘʜʘʸʪʩʷ ʩʦʩʪʘʚ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʂɸ [77]. ɼʣʷ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʙʦʨʪʦʚʦʡ 

ʘʧʧʘʨʘʪʫʨʳ (ɹɸ) ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠʟʜʝʣʠʷ 

ʠʣʠ ʟʘʜʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʦʚʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʙʘʟʝ ʜʘʥʥʳʭ ʙʣʦʢʠ ɹɸ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʢʘʟʯʠʢʘ. ʆ ʢʘʞʜʦʤ ʙʣʦʢʝ 

ɹɸ ʠ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʤʦʜʫʣʴ ʨʘʩʯʸʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɸ ʧʝʨʝʜʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʤʘʩʩʘ, ʧʣʦʪʥʦʩʪʴ, ʦʙʲʝʤ, ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, ʘ ʪʘʢʞʝ 
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ʭʘʨʘʢʪʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʦʙʲʝʤ ʧʘʤʷʪʠ, ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʟʘʭʚʘʪʘ, 

ʨʘʟʨʝʰʝʥʠʝ ʠ ʪ.ʜ. 

3. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʸʪ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʂɸ, 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʤʘʩʩʫ, ʦʙʲʝʤ, ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʜʣʠʥʫ, 

ʜʠʘʤʝʪʨ. ʇʨʠ ʚʳʷʚʣʝʥʠʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʙʫʝʤʳʤ, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʂɸ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ɹɸ, ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʝʨʝʩʯʸʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɸ. 

4. ɿʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʢʦʪʦʨʳʝ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʦʣʠʯʝʩʪʚʦ ʂɸ, ʩʨʦʢ ʘʢʪʠʚʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʂɸ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʆʕɸ ʥʘ ʦʜʥʦʤ ʚʠʪʢʝ ʦʨʙʠʪʳ, ʤʠʥʠʤʘʣʴʥʫʶ ʚʳʩʦʪʫ 

ʉʦʣʥʮʘ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ ʚʦ ʚʨʝʤʷ ʩʲʸʤʢʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʫʛʦʣ 

ʦʪʢʣʦʥʝʥʠʷ ʂɸ ʚʦ ʚʨʝʤʷ ʩʲʸʤʢʠ, ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʢ ʦʪʧʨʘʚʢʝ ʥʘ 

ʥʘʟʝʤʥʳʡ ʧʫʥʢʪ ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ [78]. 

5. ʇʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʙʦʨ ʩʨʝʜʩʪʚʘ ʚʳʚʝʜʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʂɸ, ʠʭ ʤʘʩʩʦʡ ʠ ʦʙʲʸʤʦʤ. 

6. ɿʘʜʘʶʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʥʘʠʤʝʥʦʚʘʥʠʷ ʥʘʟʝʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ. 

7. ɿʘʜʘʶʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʥʘʠʤʝʥʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ 

ʥʘʙʣʶʜʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ. 

8. ʇʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨ ʦʨʙʠʪʳ ʂɸ ʠʟ ʩʧʠʩʢʘ ʜʦʩʪʫʧʥʳʭ ʦʨʙʠʪ ʠʣʠ 

ʩʦʟʜʘʸʪʩʷ ʥʦʚʘʷ ʦʨʙʠʪʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

ʚʳʩʦʪʫ ʧʝʨʠʛʝʷ, ʚʳʩʦʪʫ ʘʧʦʛʝʷ, ʥʘʢʣʦʥʝʥʠʝ, ʜʦʣʛʦʪʫ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ, ʘʨʛʫʤʝʥʪ 

ʧʝʨʠʛʝʷ ʠ ʜʘʪʫ ʟʘʧʫʩʢʘ. 

9. ʇʨʦʠʩʭʦʜʠʪ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

ʫʩʨʝʜʥʸʥʥʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ, ʫʩʨʝʜʥʸʥʥʘʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ, ʩʫʤʤʘʨʥʘʷ ʦʪʩʥʷʪʘʷ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʤʝʞʜʫ ʩʥʠʤʢʘʤʠ, ʯʠʩʣʦ 

ʧʝʨʝʜʘʥʥʳʭ ʩʥʠʤʢʦʚ ʠ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʂɸ ʥʘ ʦʨʙʠʪʝ. 

10. ɺʳʙʦʨ ʠ ʨʘʩʯʸʪ ʧʦʢʘʟʘʪʝʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʥʘʙʣʶʜʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʠʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 
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ʪʨʝʙʫʝʤʳʤ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʨʥʫʪʴʩʷ ʥʘ ʣʶʙʦʡ ʠʟ ʵʪʘʧʦʚ ʚʳʙʦʨʘ ʆʕɸ, 

ʟʘʜʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʂɸ, ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʨʙʠʪʳ ʂɸ, ʠ ʧʦʚʪʦʨʠʪʴ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʚʳʯʠʩʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʪʦʢʦʣʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʪʦʢʦʣ ʩʣʫʞʠʪ 

ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʩʦʟʜʘʚʘʝʤʫʶ 

ʢʦʩʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʘʣʠʟʫʝʪ ʠʪʝʨʘʪʠʚʥʳʡ 

ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʪʦʯʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʀʪʝʨʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʘʣʛʦʨʠʪʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʵʪʘʧʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠ 

ʚʳʷʚʣʝʥʠʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ ʠ ʙʳʩʪʨʦʛʦ ʧʝʨʝʩʯʸʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʫʯʸʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʢ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, ʪʘʢ ʠ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʘ ʥʝ 

ʦʪʜʝʣʴʥʳʭ ʝʸ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʩʪʝʤʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʤʝʪʦʜʠʢʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ, ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʠʩʢʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʥʘʟʝʤʥʦʛʦ 

ʩʝʛʤʝʥʪʘ. ɸʣʛʦʨʠʪʤ ʨʝʘʣʠʟʘʮʠʠ ʵʪʘʧʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʦʩʥʦʚʥʳʭ 

ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩʫʥʢʝ 

3.1.  
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ʈʠʩʫʥʦʢ 3.1  ɸʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʦʩʥʦʚʥʳʭ ʧʨʦʝʢʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

 



80 

 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɼɿɿ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ: ʧʝʨʠʦʜʳ ʚʠʜʠʤʦʩʪʠ ʥʘʟʝʤʥʳʭ 

ʩʪʘʥʮʠʡ, ʦʩʚʝʱʸʥʥʦʩʪʴ ʥʘʙʣʶʜʘʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʙʦʪʫ ʙʦʨʪʦʚʦʡ 

ʘʧʧʘʨʘʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʝ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʠʩʪʝʤʳ. 

3.2 ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʩʪʨʦʝʥ ʧʦ ʤʦʜʫʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝʟʘʚʠʩʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ 

ʪʝʩʪʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ. 

ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʤʦʜʫʣʠ:  

- ʤʦʜʫʣʴ ʚʳʙʦʨʘ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʥʘ ʙʘʟʝ 

ʢʦʪʦʨʳʭ ʩʪʨʦʠʪʩʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʘʷ ʢʦʩʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ;  

- ʤʦʜʫʣʴ ʚʳʙʦʨʘ ʧʨʦʝʢʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ;  

- ʤʦʜʫʣʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ;  

- ʤʦʜʫʣʴ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʩʠʩʪʝʤʳ. 

ʅʘ ʨʠʩʫʥʢʝ 3.2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 3.2  ɺʟʘʠʤʦʩʚʷʟʴ ʤʦʜʫʣʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

3.2.1 ʄʦʜʫʣʴ ʚʳʙʦʨʘ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʄʦʜʫʣʴ ʚʳʙʦʨʘ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɸ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ 

ʩʠʩʪʝʤʳ. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʢʥʘ ʤʦʜʫʣʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.3. 
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ʈʠʩʫʥʦʢ 3.3  ʄʦʜʫʣʴ ʚʳʙʦʨʘ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ 

ʄʦʜʫʣʴ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʩʢʦʣʴʢʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʠʥʪʝʨʬʝʡʩʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʝʪ ʟʘ ʦʧʨʝʜʝʣʸʥʥʳʡ ʪʠʧ ʘʧʧʘʨʘʪʫʨʳ: 

ʀʥʪʝʨʬʝʡʩ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʘʧʧʘʨʘʪʫʨʳ ʩʚʷʟʠ. ɼʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ 

ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂɸ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʧʫʪʥʠʢʘʤʠ ʠ ʥʘʟʝʤʥʳʤʠ ʧʫʥʢʪʘʤʠ, ʘ 

ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʞʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ. ɺ ʠʥʪʝʨʬʝʡʩʝ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: 

- ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʫʪʥʠʢʦʚ ʚ ʮʝʧʦʯʢʝ ʩʚʷʟʠ; 

- ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʤʝʞʩʧʫʪʥʠʢʦʚʫʶ ʩʚʷʟʴ; 

- ʤʠʥʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʥʘʜ ɿʝʤʣʸʡ, ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʤʝʞʩʧʫʪʥʠʢʦʚʫʶ ʩʚʷʟʴ; 

- ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʝʘʥʩʦʚ ʩ 

ʥʘʟʝʤʥʳʤʠ ʫʟʣʘʤʠ ʩʚʷʟʠ (ʅʋʉ). 

ʀʥʪʝʨʬʝʡʩ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʆʕɸ) ʂɸ. 

ʕʪʦʪ ʠʥʪʝʨʬʝʡʩ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ 
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ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʘʙʣʶʜʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ. 

ɿʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

- ʤʠʥʠʤʘʣʴʥʳʡ ʫʛʦʣ ʉʦʣʥʮʘ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʩʤʠʯʝʩʢʠʡ 

ʘʧʧʘʨʘʪ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴ ʩʲʸʤʢʫ; 

- ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʟʘʭʚʘʪʘ ʦʧʪʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ; 

- ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ; 

- ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ; 

- ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʥʠʤʢʦʚ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʤʝʩʪʠʪʴ ʙʦʨʪʦʚʦʝ 

ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. 

ʀʥʪʝʨʬʝʡʩ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ɼʘʥʥʳʡ 

ʠʥʪʝʨʬʝʡʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʟʘʜʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʂɸ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

- ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʟʘʭʚʘʪʘ; 

- ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ; 

- ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ; 

- ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ; 

- ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʥʠʤʢʦʚ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʤʝʩʪʠʪʴ ʙʦʨʪʦʚʦʝ 

ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. 

ɼʘʥʥʳʝ, ʬʦʨʤʠʨʫʝʤʳʝ ʚ ʵʪʠʭ ʠʥʪʝʨʬʝʡʩʘʭ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʦʜʝʣʷʭ ʧʨʠ 

ʨʘʩʯʸʪʝ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʄʦʜʫʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʭ ʧʝʨʚʠʯʥʫʶ 

ʧʨʦʚʝʨʢʫ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʬʠʟʠʯʝʩʢʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʠ ʪʝʭʥʠʯʝʩʢʠʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʟʘʚʝʜʦʤʦ ʥʝʨʝʘʣʠʟʫʝʤʳʝ ʚʘʨʠʘʥʪʳ ʥʘ 

ʨʘʥʥʝʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɺ ʬʫʥʢʮʠʦʥʘʣ ʤʦʜʫʣʷ ʚʭʦʜʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʢʘʢ ʠʟ ʢʘʪʘʣʦʛʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʨʘʟʮʦʚ ʘʧʧʘʨʘʪʫʨʳ, ʪʘʢ ʠ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʇʆ ʢʘʢ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʘʢ ʪʝʢʫʱʠʭ, 

ʪʘʢ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 
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3.2.2 ʄʦʜʫʣʴ ʚʳʙʦʨʘ ʧʨʦʝʢʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ 

ʩʠʩʪʝʤʳ 

ʄʦʜʫʣʴ ʚʳʙʦʨʘ ʧʨʦʝʢʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʩʝʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʠ 

ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʠʥʪʝʨʬʝʡʩʦʚ: 

ʀʥʪʝʨʬʝʡʩ ʚʚʦʜʘ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʩʲʸʤʢʫ ʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ. ɺ ʵʪʦʤ 

ʠʥʪʝʨʬʝʡʩʝ ʟʘʜʘʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʣʦʛʠʢʫ ʨʘʙʦʪʳ 

ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ: 

- ʟʘʜʝʨʞʢʘ ʤʝʞʜʫ ʩʲʸʤʢʦʡ ʜʚʫʭ ʦʙʲʝʢʪʦʚ; 

- ʟʘʜʝʨʞʢʘ ʤʝʞʜʫ ʧʝʨʝʜʘʯʘʤʠ ʜʘʥʥʳʭ; 

- ʟʘʜʝʨʞʢʘ ʧʝʨʝʜ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʧʦʩʣʝ ʩʲʝʤʢʠ; 

- ʟʘʜʝʨʞʢʘ ʧʝʨʝʜ ʩʲʸʤʢʦʡ ʧʦʩʣʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

- ʟʘʜʝʨʞʢʘ ʤʝʞʜʫ ʩʲʸʤʢʦʡ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʙʲʝʢʪʘ; 

- ʟʘʜʝʨʞʢʘ ʤʝʞʜʫ ʧʝʨʝʜʘʯʘʤʠ ʜʘʥʥʳʭ ʜʣʷ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ; 

- ʟʘʜʝʨʞʢʘ ʧʝʨʝʜ ʩʲʸʤʢʦʡ ʧʦʩʣʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʦʙʲʝʢʪʘ; 

- ʟʘʜʝʨʞʢʘ ʧʝʨʝʜ ʦʪʧʨʘʚʢʦʡ ʜʘʥʥʳʭ ʧʦʩʣʝ ʩʲʸʤʢʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʦʙʲʝʢʪʘ. 

ʀʥʪʝʨʬʝʡʩ ʚʳʙʦʨʘ ʜʦʩʪʫʧʥʳʭ ʥʘʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ (ʨʠʩʫʥʦʢ 3.4).  
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ʈʠʩʫʥʦʢ 3.4  ʀʥʪʝʨʬʝʡʩ ʚʳʙʦʨʘ ʜʦʩʪʫʧʥʳʭ ʥʘʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ 

ɺ ʜʘʥʥʦʤ ʠʥʪʝʨʬʝʡʩʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʥʘʟʝʤʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʙʫʜʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʢʦʩʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ: 

- ʦʙʲʝʢʪʳ ʥʘʙʣʶʜʝʥʠʷ - ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʪʦʯʢʠ ʠʣʠ ʨʘʡʦʥʳ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ɼɿɿ; 

- ʥʘʟʝʤʥʳʝ ʧʫʥʢʪʳ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ (ʅʇʇʀ) - ʩʪʘʥʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʠʝʤ ʜʘʥʥʳʭ ʩ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ; 

- ʥʘʟʝʤʥʳʝ ʫʟʣʳ ʩʚʷʟʠ (ʅʋʉ) - ʘʙʦʥʝʥʪʳ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʯʝʨʝʟ ʢʦʩʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ; 

- ʥʘʟʝʤʥʳʝ ʧʫʥʢʪʳ ʫʧʨʘʚʣʝʥʠʷ (ʅʇʋ) - ʩʪʘʥʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʫʧʨʘʚʣʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ. 

ʀʥʪʝʨʬʝʡʩ ʟʘʜʘʥʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʨʠʩʫʥʦʢ 

3.5). ɺ ʜʘʥʥʦʤ ʠʥʪʝʨʬʝʡʩʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ ʜʦʩʪʫʧʥʳʭ ʦʨʙʠʪ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʟʘʪʝʤ ʥʘʟʥʘʯʘʝʪʩʷ ʪʠʧ ʠ ʢʦʣʠʯʝʩʪʚʦ ʂɸ. ʕʪʦʪ ʠʥʪʝʨʬʝʡʩ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ. 
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ʈʠʩʫʥʦʢ 3.5  ʀʥʪʝʨʬʝʡʩ ʟʘʜʘʥʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ 

ʆʢʥʦ ʜʘʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʙʣʘʩʪʝʡ: 

1) ʧʝʨʝʯʝʥʴ ʜʦʩʪʫʧʥʳʭ ʦʨʙʠʪ. ɿʜʝʩʴ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʚʳʙʨʘʪʴ ʥʫʞʥʳʝ 

ʦʨʙʠʪʳ ʠ ʧʝʨʝʜʘʪʴ ʠʭ ʚ ʩʣʝʜʫʶʱʫʶ ʦʙʣʘʩʪʴ; 

2) ʛʨʫʧʧʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʚʳʙʨʘʥʥʦʡ 

ʦʨʙʠʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʚʳʙʨʘʪʴ ʪʠʧ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

(ʨʠʩʫʥʦʢ 3.6), ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʥʘ ʥʝʡ ʥʘʭʦʜʠʪʴʩʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʪʴ 

ʘʨʛʫʤʝʥʪ ʰʠʨʦʪʳ ʧʝʨʚʦʛʦ ʂɸ ʚ ʛʨʫʧʧʠʨʦʚʢʝ, ʘ ʪʘʢʞʝ ʫʛʣʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʂɸ ʛʨʫʧʧʠʨʦʚʢʝ. ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʣʠ 

ʥʘ ʩʧʫʪʥʠʢʘʭ ʛʨʫʧʧʠʨʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʤʝʞʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ, ʜʣʷ ʵʪʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʘʚʠʪʴ çʛʘʣʦʯʢʫè ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʷʯʝʡʢʝ; 

3) ʚʠʟʫʘʣʠʟʘʮʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʢʦʩʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; 

4) ʦʢʥʦ ʚʚʦʜʘ ʧʝʨʠʦʜʘ ʠʤʠʪʘʮʠʠ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʪʴ 

ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 3.6  ʆʙʣʘʩʪʴ ʛʨʫʧʧʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ɺ ʦʙʣʘʩʪʠ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʨʠʩʫʥʦʢ 3.7): 1 ï ʵʪʦ ʧʣʦʩʢʦʩʪʠ ʚʳʙʨʘʥʥʳʭ ʦʨʙʠʪ, 2 

ï ʧʣʦʩʢʦʩʪʴ ʦʨʙʠʪʳ ʉʦʣʥʮʘ, 3 ï ʧʣʦʩʢʦʩʪʴ ʵʢʚʘʪʦʨʘ ɿʝʤʣʠ, 4 ï ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ 

ʉʦʣʥʮʝ, 5 ï ʦʨʘʥʞʝʚʳʤʠ ʪʦʯʢʘʤʠ ʧʦʢʘʟʘʥʳ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ. 
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ʈʠʩʫʥʦʢ 3.7  ʆʙʣʘʩʪʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʫʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʟʘʜʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʫʯʠʪʳʚʘʶʱʠʭ ʢʘʢ ʦʨʙʠʪʘʣʴʥʫʶ, ʪʘʢ ʠ ʥʘʟʝʤʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʠʝ.  

ʄʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʢʘʢ ʪʠʧʦʚʳʝ, ʪʘʢ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʤʘʩʰʪʘʙʘ. ʇʨʝʜʫʩʤʦʪʨʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʠ ʟʘʛʨʫʟʢʠ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʩ 

ʪʠʧʦʚʳʤʠ ʧʨʦʝʢʪʘʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ. 



89 

 

3.2.3 ʄʦʜʫʣʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 

ʄʦʜʫʣʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ 

ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʳʧʦʣʥʝʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʄʦʜʫʣʴ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʬʝʡʩʘ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʨʠʩʫʥʦʢ 3.8). 

 

ʈʠʩʫʥʦʢ 3.8  ʀʥʪʝʨʬʝʡʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ 

ɺ ʦʩʥʦʚʝ ʤʦʜʫʣʷ ʣʝʞʘʪ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʸʪʘ ʟʦʥ ʚʠʜʠʤʦʩʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʘʩʧʠʩʘʥʠʷ ʩʝʘʥʩʦʚ ʩʚʷʟʠ. 

ʉʪʨʫʢʪʫʨʘ ʠʥʪʝʨʬʝʡʩʘ (ʨʠʩʫʥʦʢ 3.8) ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʪʨʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʦʙʣʘʩʪʠ: 

1. ʇʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʙʦʨ ʦʪʦʙʨʘʞʘʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʠ 

ʠʥʠʮʠʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

2. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʘʙʣʠʯʥʳʭ 

ʜʘʥʥʳʭ ʠ ʛʨʘʬʠʢʦʚ ʚʳʙʨʘʥʥʳʭ ʤʝʪʨʠʢ. 

3 2 
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3. ʆʙʣʘʩʪʴ ʪʨʸʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʘʷ ʨʘʙʦʪʫ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

(ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʚʨʘʱʝʥʠʝ) ʢʘʢ ʜʦ ʥʘʯʘʣʘ, ʪʘʢ ʠ ʚ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʆʙʣʘʩʪʴ ʪʨʸʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʨʠʩʫʥʦʢ 3.9) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʠʟʫʘʣʠʟʘʮʠʶ 

ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ:  

- ʪʨʸʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ɿʝʤʣʠ ʩ ʥʘʥʝʩʸʥʥʳʤʠ ʥʘ ʥʝʸ ʦʙʲʝʢʪʘʤʠ (ʅʇʇʀ, 

ʅʋʉ, ʅʇʋ, ʦʙʲʝʢʪʳ ʥʘʙʣʶʜʝʥʠʷ);  

- ʦʨʙʠʪʳ ʠ ʧʦʣʦʞʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ;  

- ʟʦʥʳ ʦʙʟʦʨʘ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʂɸ;  

- ʟʦʥʳ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ;  

- ʣʠʥʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʂɸ ʠ ʥʘʟʝʤʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʂɸ ʚ 

ʩʣʫʯʘʝ ʤʝʞʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ. 

 

ʈʠʩʫʥʦʢ 3.9  ʆʙʣʘʩʪʴ ʪʨʸʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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ʎʚʝʪʦʚʘʷ ʢʦʜʠʨʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʛʣʷʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ:  

- ʢʨʘʩʥʳʤʠ ʪʦʯʢʘʤʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʅʇʇʀ;  

- ʙʝʣʳʤʠ ʪʦʯʢʘʤʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʦʙʲʝʢʪʳ ʥʘʙʣʶʜʝʥʠʷ;  

- ʙʝʣʳʤʠ ʟʦʥʘʤʠ ʚʳʜʝʣʷʶʪʩʷ ʠʥʪʝʨʝʩʫʶʱʠʝ ʟʦʥʳ ʥʘʙʣʶʜʝʥʠʷ;  

- ʩʠʥʠʤʠ ʪʦʯʢʘʤʠ ï ʥʘʟʝʤʥʳʝ ʧʫʥʢʪʳ ʫʧʨʘʚʣʝʥʠʷ; ʛʦʣʫʙʳʤʠ ʪʦʯʢʘʤʠ ï 

ʅʋʉ;  

- ʂɸ ɼɿɿ ʩ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʦʪʦʙʨʘʞʘʶʪʩʷ ʦʨʘʥʞʝʚʳʤʠ 

ʪʦʯʢʘʤʠ, ʂɸ ʩ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ï ʟʝʣʸʥʳʤʠ ʪʦʯʢʘʤʠ;  

- ʦʨʘʥʞʝʚʳʝ ʣʠʥʠʠ ʦʪʦʙʨʘʞʘʶʪ ʚʝʢʪʦʨ ʤʝʞʜʫ ʂɸ ʠ ʅʇʇʀ, ʢʦʛʜʘ ʂɸ 

ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ;  

- ʛʦʣʫʙʳʝ ʣʠʥʠʠ ʦʪʦʙʨʘʞʘʶʪ ʚʝʢʪʦʨ ʤʝʞʜʫ ʂɸ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʚʦʟʤʦʞʥʘ ʫʩʪʘʥʦʚʢʘ ʩʚʷʟʠ. 

ɼʣʷ ʂɸ ɼɿɿ, ʦʩʥʘʱʸʥʥʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ, ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ ʦʪʦʙʨʘʞʘʝʪ ʟʦʥʫ ʦʙʟʦʨʘ ʚ ʚʠʜʝ ʢʦʥʫʩʘ, ʘ ʜʣʷ ʂɸ ʩ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʦʡ ï ʚ ʚʠʜʝ ʫʩʝʯʸʥʥʦʡ ʧʠʨʘʤʠʜʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʠʟʠʯʝʩʢʠʤ 

ʧʨʠʥʮʠʧʘʤ ʨʘʙʦʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʄʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʘʢ ʚ ʫʩʢʦʨʝʥʥʦʤ ʨʝʞʠʤʝ ʜʣʷ 

ʙʳʩʪʨʦʡ ʦʮʝʥʢʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʪʘʥʦʚʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʧʨʦʜʦʣʞʝʥʠʷ ʩ ʫʯʸʪʦʤ ʚʥʝʩʸʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

3.2.4 ʄʦʜʫʣʴ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʩʠʩʪʝʤʳ 

ʄʦʜʫʣʴ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʩʯʸʪʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʄʦʜʫʣʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʧʦʢʘʟʘʪʝʣʝʡ: 

1. ʇʦʢʘʟʘʪʝʣʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ (ʨʠʩʫʥʦʢ 3.10): 
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- ʩʠʩʪʝʤʥʳʝ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ (ʪʝʢʫʱʠʝ, ʤʠʥʠʤʘʣʴʥʳʝ, ʩʨʝʜʥʠʝ ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ); 

- ʜʝʪʘʣʠʟʘʮʠʷ ʧʦ ʦʙʲʝʢʪʘʤ ʥʘʙʣʶʜʝʥʠʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 

ʈʠʩʫʥʦʢ 3.10  ʇʦʢʘʟʘʪʝʣʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ 

2. ʇʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘʟʝʤʥʳʭ ʧʫʥʢʪʦʚ ʧʨʠʸʤʘ 

ʠʥʬʦʨʤʘʮʠʠ (ʨʠʩʫʥʦʢ 3.11): 

- ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʝʜʸʥʥʳʭ ʩʝʘʥʩʦʚ ʩʚʷʟʠ; 

- ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʥʷʪʳʭ ʩʥʠʤʢʦʚ; 

- ʦʙʲʝʤ ʧʨʠʥʷʪʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʅʇʇʀ. 
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ʈʠʩʫʥʦʢ 3.11  ʇʦʢʘʟʘʪʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʅʇʇʀ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʥʘʙʣʶʜʝʥʠʷ 

3. ʇʦʢʘʟʘʪʝʣʠ ʚʟʘʠʤʥʦʡ ʚʠʜʠʤʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ: 

- ʪʘʙʣʠʮʳ ʚʟʘʠʤʥʦʡ ʚʠʜʠʤʦʩʪʠ ʂɸ ʧʦ ʪʠʧʫ ñʢʘʞʜʳʡ ʩ ʢʘʞʜʳʤò (ʨʠʩʫʥʦʢ 

3.12ʘ); 

- ʜʠʘʛʨʘʤʤʳ ɻʘʥʪʘ, ʦʪʦʙʨʘʞʘʶʱʠʝ ʧʝʨʠʦʜʳ ʚʠʜʠʤʦʩʪʠ ʤʝʞʜʫ 

ʚʳʙʨʘʥʥʳʤ ʂɸ ʠ ʜʨʫʛʠʤʠ ʂɸ ʛʨʫʧʧʠʨʦʚʢʠ (ʨʠʩʫʥʦʢ 3.12ʙ). 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 3.12  ʇʦʢʘʟʘʪʝʣʠ ʚʟʘʠʤʥʦʡ ʚʠʜʠʤʦʩʪʠ ʂɸ 

4. ʇʦʢʘʟʘʪʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʚʷʟʠ (ʨʠʩʫʥʦʢ 3.13): 

- ʧʦʢʘʟʘʪʝʣʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʥʘʟʝʤʥʳʤʠ ʫʟʣʘʤʠ ʩʚʷʟʠ; 
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- ʧʦʢʘʟʘʪʝʣʠ ʜʦʩʪʫʧʥʦʩʪʠ ʩʚʷʟʠ ʤʝʞʜʫ ʅʋʉ ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʦʡ 

ʩʠʩʪʝʤʳ; 

- ʧʦʢʘʟʘʪʝʣʠ ʤʝʞʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ. 

 

ʈʠʩʫʥʦʢ 3.13  ʇʦʢʘʟʘʪʝʣʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʥʘʟʝʤʥʳʤʠ ʫʟʣʘʤʠ 

ʩʚʷʟʠ 

ʄʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʨʝʟʫʣʴʪʘʪ rʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʘʭ (ʪʘʙʣʠʮʳ, 

ʛʨʘʬʠʢʠ, ʜʠʘʛʨʘʤʤʳ, ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʛʣʷʜʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʦʨʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʘʟʣʠʯʥʳʝ 

ʬʦʨʤʘʪʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ. 

ʄʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʥʦ ʠ ʜʝʪʘʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʦʜʩʠʩʪʝʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʟʢʠʭ ʤʝʩʪ 

ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. 

3.3 ɺʳʚʦʜʳ ʧʦ ʪʨʝʪʴʝʡ ʛʣʘʚʝ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ɼɿɿ, ʨʝʘʣʠʟʫʶʱʠʡ ʧʨʝʜʣʦʞʝʥʥʫʶ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ 

ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. 

ʂʣʶʯʝʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʚʢʣʶʯʘʶʪ: 

1. ʈʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ 

ʦʩʥʦʚʥʳʭ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, 
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ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʠʪʝʨʘʪʠʚʥʦʝ ʫʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

2. ʉʦʟʜʘʥʘ ʤʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʤʦʜʫʣʠ ʚʳʙʦʨʘ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʂɸ, ʚʳʙʦʨʘ ʧʨʦʝʢʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʩʝʭ ʘʩʧʝʢʪʦʚ 

ʨʘʙʦʪʳ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ɼɿɿ, ʚʢʣʶʯʘʷ ʦʨʙʠʪʘʣʴʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ, 

ʮʝʣʝʚʫʶ ʘʧʧʘʨʘʪʫʨʫ, ʥʘʟʝʤʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ; ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʤʘʩʰʪʘʙʘ ʠ 

ʥʘʟʥʘʯʝʥʠʷ, ʦʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʜʦ ʛʣʦʙʘʣʴʥʳʭ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ; ʥʘʛʣʷʜʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʘʭ, ʛʨʘʬʠʢʠ, ʜʠʘʛʨʘʤʤʳ ʠ ʪʘʙʣʠʮʳ; ʚʦʟʤʦʞʥʦʩʪʴ 

ʵʢʩʧʦʨʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ɼɿɿ: ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʚʳʙʦʨʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦ ʜʝʪʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʘʧʨʦʙʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʨʠʤʝʨʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ɼɿɿ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ, ʧʦʜʪʚʝʨʜʠʣʘ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ɻʣʘʚʘ 4. ɺʳʙʦʨ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼɿɿ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʘʥʘʣʠʟʫ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʨʘʢʪʘ, ʚʳʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʳʭ ʦʨʙʠʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʨʫʧʧʠʨʦʚʢʠ ʧʦ ʢʨʠʪʝʨʠʷʤ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʠ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʥʘʟʝʤʥʳʝ ʧʫʥʢʪʳ ʧʨʠʸʤʘ. 

4.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʩʦʟʜʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʦʙʟʦʨʘ ʩʦ ʩʚʝʨʭʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ 

ɺ ʦʙʣʘʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʩ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʥʘʙʣʶʜʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʥʠʤʢʘʭ ʩʦ ʩʚʝʨʭʚʳʩʦʢʠʤ (ʤʝʥʝʝ 1,0 ʤ) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʚʳʩʦʪʳ ʨʘʙʦʯʝʡ ʦʨʙʠʪʳ (ʜʦ ʩʚʝʨʭʥʠʟʢʠʭ ʦʨʙʠʪ ʚ 

ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ ʦʪ 200 ʢʤ ʜʦ 400 ʢʤ). ʇʨʠ ʵʪʦʤ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ 

ʨʘʟʤʝʨʦʚ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ [79, 80]. ɺ ʧʨʦʝʢʪʘʭ ʂɸ ʜʣʷ 

ʩʚʝʨʭʥʠʟʢʦʦʨʙʠʪʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ɿʝʤʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʝ 

ʛʨʫʧʧʠʨʦʚʢʠ ʤʘʣʳʭ ʂɸ ɼɿɿ. ʊʦ ʝʩʪʴ ʩʥʠʞʘʶʪʩʷ ʧʨʦʝʢʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʘʩʩʳ ʠ 

ʚʳʩʦʪʳ ʦʨʙʠʪʳ ʝʜʠʥʠʯʥʦʛʦ ʂɸ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ, ʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʜʦʩʪʠʛʘʶʪʩʷ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʧʫʪʥʠʢʦʚ ʚ ʛʨʫʧʧʠʨʦʚʢʝ (ʜʝʩʷʪʢʠ ʝʜʠʥʠʮ ʚ ʛʨʫʧʧʠʨʦʚʢʝ). ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʨʦʝʢʪ (ʫʞʝ ʙʣʠʟʢʠʡ ʢ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ) 

ʩʚʝʨʭʥʠʟʢʦʦʨʙʠʪʘʣʴʥʦʡ (ʥʘ ʚʳʩʦʪʘʭ 260 õ 280 ʢʤ) ʩʧʫʪʥʠʢʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʢʦʤʧʘʥʠʠ Earth Observant (ʉʐɸ). 

ʆʨʙʠʪʘʣʴʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʧʦʨʷʜʢʘ 60 ʩʧʫʪʥʠʢʦʚ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʩ ʤʘʩʩʦʡ ʦʢʦʣʦ 300 ʢʛ [81]. ʋʢʘʟʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
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ʂɸ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ 

ʟʘʜʘʥʥʳʭ ʨʘʡʦʥʦʚ ɿʝʤʣʠ ʩ ʫʣʴʪʨʘʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘʜʘʯʘ ʥʘʩʪʦʷʱʝʛʦ ʨʘʟʜʝʣʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʮʝʥʢʫ ʧʦʢʘʟʘʪʝʣʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ɼɿɿ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ 

ʦʢʦʣʦʢʨʫʛʦʚʳʭ ʦʨʙʠʪʘʭ ʩ ʚʳʩʦʪʦʡ ʦʪ 250 ʢʤ ʜʦ 350 ʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ 

ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ ʂɸ ʛʨʫʧʧʠʨʦʚʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʘʷ 

ʘʧʧʘʨʘʪʫʨʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.1. 

 ʇʨʦʝʢʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʆʕɸ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ 

(Fʵʢʚ), ʤ 

10 

ʋʛʦʣ ʧʦʣʷ ʟʨʝʥʠʷ ʪʝʣʝʩʢʦʧʘ (2Ŭ), ʛʨʘʜ 1,5 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʇʍ, ʤʢʤ 0,45-0,80 

ʈʘʟʨʷʜʥʦʩʪʴ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (b), ʙʠʪ 

10 

ʈʘʟʤʝʨ ʧʠʢʩʝʣʷ ʇɿʉ ʵʣʝʤʝʥʪʘ (x y³ ), ʤʢʤ 7ʭ7 

ɼʣʠʥʘ ʇɿʉ ʣʠʥʝʡʢʠ (Lʇɿʉ), ʤʤ 260 

 

4.2 ɸʥʘʣʠʟ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʮʝʣʝʚʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʨʘʢʪʘ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ 

ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʚ ʧʨʦʮʝʩʩʝ 

ʩʚʦʝʛʦ ʮʝʣʝʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, 

ʢʦʪʦʨʫʶ ʛʝʥʝʨʠʨʫʝʪ ʩʲʸʤʦʯʥʘʷ ʘʧʧʘʨʘʪʫʨʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ 

ʩʲʸʤʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ (ʆʕɸ), 

ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʆʙʲʸʤ ʥʘʢʦʧʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʳʨʘʟʠʤ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʝʪʩʷ ʆʕɸ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (
ʆʕɸI ), 

ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʘʨʰʨʫʪʘ ʩʲʸʤʢʠ (
ʩʲʝʤʢʠt ): 

ʆʕɸ ʆʕɸ ʩʲʝʤʢʠV I t= Ö . 
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ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʆʕɸ, ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʦʯʥʦʡ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʙʝʛʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʦʨʙʠʪʳ ʂɸ.  

ʆʧʨʝʜʝʣʠʤ ʦʙʲʝʤ 
ʆʕɸV  ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʫʤʤʳ ʧʨʦʝʢʮʠʠ ʧʠʢʩʝʣʝʡ ʚʜʦʣʴ 

ʪʨʘʩʩʳ ʧʦʣʸʪʘ 
y

Rä  ʥʘ ʩʫʤʤʫ ʧʨʦʝʢʮʠʠ ʧʠʢʩʝʣʝʡ ʧʦʧʝʨʸʢ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ 

x
Rä  [82]. 

ʆʕɸ ʩʞ ʩʲʝʤʢʠx y
V R R b k t= Ö Ö Ö Öä ä , 

ʛʜʝ b ï ʨʘʟʨʷʜʥʦʩʪʴ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ; 
ʩʞk ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʞʘʪʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʙʦʨʪʫ ʂɸ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʦʪ 0,6é1,0. 

ʅʘ ʨʠʩʫʥʢʝ 4.1 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʣʸʪʘ ʂɸ. 

 

ʈʠʩʫʥʦʢ 4.1  ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʸʪʘ ʂɸ 

ʉʫʤʤʫ ʧʨʦʝʢʮʠʠ ʧʠʢʩʝʣʝʡ ʚʳʨʘʟʠʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʇɿʉ

x

L
R

x
=ä , 

. .ʧʪ ʩʲʝʤʢʠ

y

V t
R

y

Ö
=ä , 
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ʛʜʝ 
. .ʧ ʪV  ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʜʩʧʫʪʥʠʢʦʚʦʡ ʪʦʯʢʠ, ,x y  ï ʨʘʟʤʝʨʳ ʧʠʢʩʝʣʷ 

ʬʦʪʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʜʩʧʫʪʥʠʢʦʚʦʡ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

. .
ɿ

ʧʪ ʂɸ

ɿ ʦʨʙ

R
V V

R H
=

+
, 

ʛʜʝ 
ʂɸV  ï ʦʨʙʠʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʣʸʪʘ ʂɸ ʧʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʮʝʣʝʚʦʡ ʆʕɸ: 

. .ʆʕɸ ʇɿʉ ʧʪ
ʆʕɸ ʩʞ

ʩʲʝʤʢʠ

V L V
I b k

t x y
= = Ö Ö Ö. 

ʅʘ ʨʠʩʫʥʢʝ 4.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ 

ʆʕɸ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʳʩʦʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʣʦʛʦ ʂɸ ʧʨʠ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʩʞʘʪʠʷ 1ʩʞk = . 

 

ʈʠʩʫʥʦʢ 4.2  ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʆʕɸ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʳʩʦʪ 

ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ 250-350 ʢʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʆʕɸ 

ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʦʪ 16 ʜʦ 11,5 ɻʙʠʪ/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

4.3 ɺʳʙʦʨ ʦʨʙʠʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʨʫʧʧʠʨʦʚʢʠ ʂɸ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʳʡ ʦʙʟʦʨ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʙʠʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʨʫʧʧʠʨʦʚʢʠ ʂɸ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʳʡ ʦʙʟʦʨ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʦʨʙʠʪʘʣʴʥʳʝ 
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ʧʘʨʘʤʝʪʨʳ ʦʜʠʥʦʯʥʦʛʦ ʂɸ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʠʥʠʤʘʣʴʥʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʢʨʳʪʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [83-85]. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʜʥʠʭ ʩʫʪʦʢ ʧʦʣʸʪʘ ʂɸ ʜʣʷ ʨʘʩʯʸʪʘ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʢ ʧʨʦʮʝʥʪ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʩʨʝʜʥʝʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʘʭ 4.3 ʘ ʠ 4.3 ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʮʝʥʪʘ ʧʦʢʨʳʪʠʷ ʠ ʛʨʘʬʠʢ ʩʨʝʜʥʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʦʪ 

ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʦʨʙʠʪʳ ʠ ʥʘʢʣʦʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 4.3  ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʮʝʥʪʘ ʧʦʢʨʳʪʠʷ (ʘ) ʠ ʩʨʝʜʥʝʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ (ʙ) ʦʪ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʦʨʙʠʪʳ ʠ ʥʘʢʣʦʥʝʥʠʷ 

ʀʟ ʛʨʘʬʠʢʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʮʝʥʪ ʧʦʢʨʳʪʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʚʤʝʩʪʝ ʩ ʨʦʩʪʦʤ ʚʳʩʦʪʳ ʦʨʙʠʪʳ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠ 

ʥʘʢʣʦʥʝʥʠʠ ʜʦ 85Ü ʜʦ 97Ü. ʇʨʠ ʵʪʦʤ ʥʘʠʣʫʯʰʠʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʥʘʙʣʶʜʝʥʠʷ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʧʨʠ ʥʘʢʣʦʥʝʥʠʷʭ ʦʪ 85Ü ʜʦ 97Ü ʠ ʚʳʩʦʪʘʭ ʦʨʙʠʪ ʦʪ 340 

ʜʦ 350 ʢʤ. 

ʉʫʟʠʪʴ ʚʳʙʦʨ ʮʝʣʝʚʦʡ ʦʨʙʠʪʳ ʜʣʷ ʝʜʠʥʠʯʥʦʛʦ ʂɸ ʤʦʞʥʦ, ʧʦʣʫʯʠʚ 

ʤʥʦʞʝʩʪʚʦ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦ ʇʘʨʝʪʦ ʨʝʰʝʥʠʡ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ 

ʢʨʠʪʝʨʠʷʤʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ: 

- ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ minʧʝʨt ­ ; 
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- ʧʨʦʮʝʥʪ ʧʦʢʨʳʪʠʷ cov max­ . 

ʅʘ ʨʠʩʫʥʢʝ 4.4 ʧʨʠʚʝʜʸʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʦʪ 

ʧʨʦʮʝʥʪʘ ʧʦʢʨʳʪʠʷ, ʢʨʘʩʥʳʤ ʥʘ ʨʠʩʫʥʢʝ ʚʳʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦ 

ʇʘʨʝʪʦ. 

 

ʈʠʩʫʥʦʢ 4.4  ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʦʪ ʧʨʦʮʝʥʪʘ 

ʧʦʢʨʳʪʠʷ 

ɺ ʪʘʙʣʠʮʝ 4.2 ʧʨʠʚʝʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦ ʇʘʨʝʪʦ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ ʦʨʙʠʪʳ ʠ 

ʥʘʢʣʦʥʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ ʦʜʥʠʤ ʂɸ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ.  

 ʆʧʪʠʤʘʣʴʥʳʝ ʧʦ ʇʘʨʝʪʦ ʨʝʰʝʥʠʷ ʜʣʷ ʝʜʠʥʠʯʥʦʛʦ ʂɸ 

ʅʦʤʝʨ 

ʚʘʨʠʘʥʪʘ 

ɺʳʩʦʪʘ 

ʦʨʙʠʪʳ, 

ʢʤ 

ʅʘʢʣʦʥʝʥʠʝ, 

ʛʨʘʜ 

ʉʨʝʜʥʷʷ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʥʘʙʣʶʜʝʥʠʷ, ʩ 

ʇʨʦʮʝʥʪ ʧʦʢʨʳʪʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, 

% 

1 350 88,5 75027,4147 45,63544784 

2 350 90 74958,08065 42,43101474 

3 350 91,5 74940,1993 41,64977653 

4 350 93 75092,73568 42,2861265 

5 350 94,5 75099,30973 41,98343113 

6 350 96,85 75007,24866 42,50968582 

 

ʆʜʥʠʤ ʠʟ ʪʠʧʦʚ ʦʨʙʠʪ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʂɸ, ʦʩʥʘʱʸʥʥʳʭ ʆʕɸ, 

ʷʚʣʷʶʪʩʷ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʳʝ ʦʨʙʠʪʳ (ʉʉʆ). ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʉʉʆ ʦʪʥʦʩʠʪʩʷ 
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ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʧʦʩʪʦʷʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʨʝʜʥʝʤʫ ʵʢʚʘʪʦʨʠʘʣʴʥʦʤʫ ʉʦʣʥʮʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʂɸ ʧʨʦʣʝʪʘʝʪ ʥʘ ʟʘʜʘʥʥʦʡ 

ʪʦʯʢʦʡ ɿʝʤʣʠ ʢʘʞʜʳʡ ʧʨʠʤʝʨʥʦ ʚ ʦʜʥʦ ʠ ʪʦʞʝ ʤʝʩʪʥʦʝ ʩʦʣʥʝʯʥʦʝ ʚʨʝʤʷ. ɼʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʸʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʠʤʝʤ ʚʘʨʠʘʥʪ ˉ6, ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʪʳ 

ʦʨʙʠʪʳ ʠ ʥʘʢʣʦʥʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʣʦʚʠʶ ʉʉʆ. 

ʇʦʣʫʯʠʚ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ ʠ ʥʘʢʣʦʥʝʥʠʷ ʜʣʷ ʠʩʭʦʜʥʦʡ ʦʨʙʠʪʳ ʝʜʠʥʠʯʥʦʛʦ 

ʂɸ, ʧʨʠʩʪʫʧʠʤ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʳʡ ʦʙʟʦʨ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ.  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʛʣʦʙʘʣʴʥʦʛʦ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʦʙʟʦʨʘ ʥʘ ʦʨʙʠʪʘʭ ʩ ʣʶʙʳʤ ʥʘʢʣʦʥʝʥʠʝʤ ʚ ʨʘʙʦʪʘʭ [42-44] ʄʦʞʘʝʚʳʤ ɻ.ɺ. ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʢʠʥʠʤʘʪʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʳʭ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʘʷ 

ʥʘ ʪʝʦʨʠʠ ʛʨʫʧʧ. ɺ ʨʘʙʦʪʘʭ [45-47] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʙʘʟʝ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʧʦ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʳʭ 

ʤʥʦʛʦʩʧʫʥʠʢʦʚʳʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʛʣʦʙʘʣʴʥʳʡ ʠ ʥʝʧʨʝʨʳʚʥʳʡ ʦʙʟʦʨ 

ɿʝʤʣʠ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʜʝʣʴʪʘ-ʩʠʩʪʝʤʳ ɼʞ. ʋʦʣʢʝʨʘ. 

ʂʨʠʪʝʨʠʝʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʧʨʠ ʚʳʙʦʨʝ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤ 

ʛʣʦʙʘʣʴʥʦʛʦ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʟʦʨʘ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʂɸ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʦʨʙʠʪʳ, ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʢʨʳʪʠʷ ʟʦʥʘʤʠ ʦʙʟʦʨʘ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɼʝʣʴʪʘ-ʩʠʩʪʝʤʳ ʩʪʨʦʷʪʩʷ ʥʘ ʢʨʫʛʦʚʳʭ ʦʨʙʠʪʘʭ ʦʜʠʥʘʢʦʚʦʛʦ 

ʨʘʜʠʫʩʘ ʠ ʥʘʢʣʦʥʝʥʠʷ, ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʫʪʥʠʢʦʚ ʚ ʦʨʙʠʪʘʣʴʥʳʭ 

ʧʣʦʩʢʦʩʪʷʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʘʢ ʩʧʫʪʥʠʢʦʚ ʥʘ 

ʦʜʥʦʡ ʦʨʙʠʪʝ, ʪʘʢ ʠ ʚʦʩʭʦʜʷʱʠʭ ʫʟʣʦʚ ʦʨʙʠʪ. ʇʨʠ ʵʪʦʤ ʩʧʫʪʥʠʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʩʦʩʝʜʥʠʭ ʦʨʙʠʪʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʣʠʙʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʩʝʢʘʶʪ ʵʢʚʘʪʦʨ, ʣʠʙʦ 

ʜʝʣʘʶʪ ʵʪʦ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʩʜʚʠʛʦʤ ʧʦ ʚʨʝʤʝʥʠ ï ʩ ʨʘʩʬʘʟʠʨʦʚʢʦʡ. ɼʝʣʴʪʘ-

ʩʠʩʪʝʤʳ ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

: , , ,i N P F  

ʛʜʝ, i ï ʥʘʢʣʦʥʝʥʠʝ, N ï ʢʦʣʠʯʝʩʪʚʦ ʩʧʫʪʥʠʢʦʚ ʚ ʩʠʩʪʝʤʝ; P ï ʢʦʣʠʯʝʩʪʚʦ ʧʣʦʩʢʦʩʪʝʡ 

ʦʨʙʠʪ (ʦʜʠʥ ʠʟ ʜʝʣʠʪʝʣʝʡ ʯʠʩʣʘ N); F ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʬʘʟʠʨʦʚʢʠ ʩʧʫʪʥʠʢʦʚ ʚ 

ʩʦʩʝʜʥʠʭ ʧʣʦʩʢʦʩʪʷʭ, ( )0 ï1 .F P= »   
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ɼʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʠʣʠ ʙʣʠʟʢʠʭ ʢ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʡ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʛʨʫʧʧʠʨʦʚʢʠ ʜʣʷ ʦʜʥʠʭ ʩʫʪʦʢ ʧʦʣʝʪʘ. ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʦʢʨʳʪʠʷ ʠ ʩʨʝʜʥʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʥʘʙʣʶʜʝʥʠʷ ʰʝʩʪʠʜʝʩʷʪʠ ʦʜʥʦʡ ʜʝʣʴʪʘ-ʩʠʩʪʝʤʳ, ʚʘʨʴʠʨʫʷ ʦʪ ʦʜʥʦʛʦ ʜʦ ʜʝʩʷʪʠ 

ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʨʙʠʪʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʩʠʩʪʝʤʳ (
ʧʣN ) ʠ ʢʦʣʠʯʝʩʪʚʘ ʂɸ ʚ 

ʢʘʞʜʦʡ ʧʣʦʩʢʦʩʪʠ (
ʂɸN ). ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʦʨʙʠʪʳ ʧʨʠʥʠʤʘʝʪʩʷ ʦʨʙʠʪʘ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ: 

350ʦʨʙʅ = ʢʤ; 96,85i= . 

ʅʘ ʨʠʩʫʥʢʘʭ 4.5 ʘ ʠ 4.5 ʙ ʧʨʝʜʩʪʘʚʣʝʥ rʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʮʝʥʪʘ 

ʧʦʢʨʳʪʠʷ ɿʝʤʣʠ (ʘ) ʠ ʩʨʝʜʥʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ (ʙ) ʦʪ ʠʟʤʝʥʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʧʣʦʩʢʦʩʪʝʡ ʚ ʩʦʩʪʘʚʝ ʂʉ ʠ ʢʦʣʠʯʝʩʪʚʘ ʂɸ ʚ ʢʘʞʜʦʡ ʧʣʦʩʢʦʩʪʠ. 

 
 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 4.5  ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʮʝʥʪʘ ʧʦʢʨʳʪʠʷ ɿʝʤʣʠ (ʘ) ʠ ʩʨʝʜʥʝʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ (ʙ) ʦʪ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʣʦʩʢʦʩʪʝʡ ʚ ʩʦʩʪʘʚʝ ʂʉ 

ʠ ʢʦʣʠʯʝʩʪʚʘ ʂɸ ʚ ʢʘʞʜʦʡ ʧʣʦʩʢʦʩʪʠ 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʳʡ ʦʙʟʦʨ ʥʝʦʙʭʦʜʠʤʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ 

ʤʠʥʠʤʘʣʴʥʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 
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ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʂɸ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʥʘ 

ʚʳʚʝʜʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʂʉ ʩʣʝʜʫʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʣʦʩʢʦʩʪʝʡ ʚ 

ʩʠʩʪʝʤʝ. 

- ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ minʧʝʨt ­ ; 

- ʢʦʣʠʯʝʩʪʚʦ ʧʣʦʩʢʦʩʪʝʡ minʧʣN ­ ; 

- ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʂɸ minKAN ­ . 

ʅʘ ʨʠʩʫʥʢʝ 4.6 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʦʪ 

ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʂɸ. ʂʨʘʩʥʳʤ ʥʘ ʛʨʘʬʠʢʝ ʚʳʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦ 

ʇʘʨʝʪʦ ʨʝʰʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʝ ʧʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʢʨʠʪʝʨʠʠ. 

 
ʈʠʩʫʥʦʢ 4.6  ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʂɸ 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʥʘ ʨʠʩʫʥʢʝ 4.6 ʦʧʪʠʤʘʣʴʥʳʤʠ ʧʦ ʇʘʨʝʪʦ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠ ʩʫʤʤʘʨʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʂɸ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʫʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ, ʦʪʙʨʦʩʠʤ ʚʘʨʠʘʥʪʳ 

ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʥʘʙʣʶʜʝʥʠʡ ʙʦʣʴʰʝ, ʯʝʤ 2,5 ʯʘʩʘ. ɺ ʪʘʙʣʠʮʝ 4.3 ʧʨʠʚʝʜʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʦ ʇʘʨʝʪʦ ʨʝʰʝʥʠʷ ʜʣʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ. ʂʘʞʜʳʡ ʚʘʨʠʘʥʪ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʛʣʦʙʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩʦ ʩʨʝʜʥʝʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʥʘʙʣʶʜʝʥʠʷ ʣʫʯʰʝ 2,5 ʯʘʩʘ.  
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 ʆʧʪʠʤʘʣʴʥʳʝ ʧʦ ʇʘʨʝʪʦ ʨʝʰʝʥʠʷ ʜʣʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ 

ˉ ʚʘʨʠʘʥʪʘ 

ʆʙʱʝʝ ʢʦʣ-ʚʦ 

ʂɸ 

ʂʦʣ-ʚʦ ʂɸ ʚ 

ʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ 

ʂʦʣ-ʚʦ 

ʧʣʦʩʢʦʩʪʝʡ 

ʉʨʝʜʥʷʷ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʥʘʙʣʶʜʝʥʠʷ, ʩ 

ʉʫʤʤʘʨʥʘʷ 

ʧʣʦʱʘʜʴ 

ʥʘʙʣʶʜʝʥʠʷ, 

ʢʤ2 

ʇʨʦʮʝʥʪ 

ʧʦʢʨʳʪʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ, % 

1 42 6 7 8169,909 5,09E+08 99,85774 

2 56 8 7 7739,583 5,09E+08 99,85774 

3 54 6 9 6533,095 5,09E+08 99,85774 

4 63 7 9 6453,104 5,09E+08 99,85774 

5 72 8 9 6056,415 5,09E+08 99,85774 

6 90 10 9 5988,998 5,09E+08 99,85774 

7 70 7 10 6318,017 5,09E+08 99,85774 

 

4.4 ʆʮʝʥʢʘ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ɿʝʤʣʠ 

ʛʨʫʧʧʠʨʦʚʢʦʡ ʂɸ 

ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʚʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ, 

ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 4.3 ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʜʠʥʘʢʦʚʳʡ ʧʨʦʮʝʥʪ ʧʦʢʨʳʪʠʷ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʚʘʨʠʘʥʪʳ ˉ1, 3, 5, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʤʝʥʴʰʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʥʘʙʣʶʜʝʥʠʷ ʧʨʠ ʤʝʥʴʰʝʤ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʂɸ ʚ ʛʨʫʧʧʠʨʦʚʢʝ. ʇʨʦʚʝʜʸʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʵʪʠʭ ʩʠʩʪʝʤ ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʩʲʸʤʢʘ ʆʕɸ ʚʦʟʤʦʞʥʘ 

ʪʦʣʴʢʦ ʥʘ ʦʩʚʝʱʸʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʜʣʷ ʵʪʦʛʦ ʟʘʜʘʸʪʩʷ ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ 

ʉʦʣʥʮʘ.  

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʂɸ ɼɿɿ ʩ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ 

ʤʠʥʠʤʘʣʴʥʳʡ ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ʉʦʣʥʮʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʘ ʩʲʸʤʢʘ ʩʦʩʪʘʚʣʷʝʪ 

10º. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ 

ʟʘʜʘʥʳ: 

- ʦʙʲʝʢʪʳ ʥʘʙʣʶʜʝʥʠʷ ʚ ʚʠʜʝ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʜʦʣʛʦʪʳ ʠ ʰʠʨʦʪʳ ʩ ʰʘʛʦʤ 

10º; 

- ʫʛʦʣ ʧʦʣʷ ʟʨʝʥʠʷ ʆʕɸ  2Ŭ = 1,5Á; 

- ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʧʦ ʢʨʝʥʫ  ɔ = Ñ 30Á; 

- ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʧʦ ʪʘʥʛʘʞʫ  ◒ = ± 10°. 
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ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʘʨʠʘʥʪʦʚ ˉ1, 3, 5 ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘʜʘʥʥʦʡ 

ʩʝʪʢʠ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʝʥʠʷ (ʨʠʩʫʥʢʠ 4.7 ï 4.12). ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ ʫʩʣʦʚʠʷ ʦʩʚʝʱʸʥʥʦʩʪʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴʩʷ, ʪʝʧʣʦʚʳʝ 

ʢʘʨʪʳ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʩʫʪʦʢ ʧʦʣʸʪʘ ʦʩʝʥʴʶ ʠ ʚʝʩʥʦʡ. 

 

ʈʠʩʫʥʦʢ 4.7  ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʩʨʝʜʥʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ 

ʚʘʨʠʘʥʪʘ ˉ1 (ʦʩʝʥʴ) 

 

ʈʠʩʫʥʦʢ 4.8  ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʩʨʝʜʥʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ 

ʚʘʨʠʘʥʪʘ ˉ1 (ʚʝʩʥʘ) 
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ʈʠʩʫʥʦʢ 4.9  ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʩʨʝʜʥʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ 

ʚʘʨʠʘʥʪʘ ˉ2 (ʦʩʝʥʴ) 

 

ʈʠʩʫʥʦʢ 4.10  ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʩʨʝʜʥʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ 

ʚʘʨʠʘʥʪʘ ˉ2 (ʚʝʩʥʘ) 

 

ʈʠʩʫʥʦʢ 4.11  ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʩʨʝʜʥʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ 

ʚʘʨʠʘʥʪʘ ˉ3 (ʦʩʝʥʴ) 
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ʈʠʩʫʥʦʢ 4.12  ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʩʨʝʜʥʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ 

ʚʘʨʠʘʥʪʘ ˉ3 (ʚʝʩʥʘ) 

ɺ ʪʘʙʣʠʮʝ 4.4 ʧʨʠʚʝʜʝʥʳ ʜʦʩʪʠʛʥʫʪʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʢʨʳʪʠʷ ʧʨʠ ʫʯʸʪʝ 

ʦʩʚʝʱʸʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

 ɼʦʩʪʠʛʥʫʪʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʢʨʳʪʠʷ ʧʨʠ ʫʯʸʪʝ ʦʩʚʝʱʸʥʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

 ɺʘʨʠʘʥʪ ˉ1 ɺʘʨʠʘʥʪ ˉ3 ɺʘʨʠʘʥʪ ˉ5 

ʆʙʦʟʥʘʯʝʥʠʝ ʚ 

ʬʦʨʤʘʪʝ : , ,i N P F  

96,85: 42, 7, 0 96,85: 54, 9, 0 96,85: 72, 9, 0 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʣʦʩʢʦʩʪʝʡ ʧʦ 

ʜʦʣʛʦʪʝ 

ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ, Á 

51,4286 40 40 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʂɸ 

ʧʦ ʫʛʣʫ ʠʩʪʠʥʥʦʡ 

ʘʥʦʤʘʣʠʠ, Á 

60 60 45 

ɺʳʩʦʪʘ ʦʨʙʠʪʳ, ʢʤ 350 350 350 

ʇʨʦʮʝʥʪ ʦʪʩʥʷʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ 

ʩʫʪʢʠ 

94,5027 94,5027 94,5027 

ɺʨʝʤʷ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʦʢʨʳʪʠʷ 

21 ʯʘʩ 19 ʯʘʩʦʚ 45 ʤʠʥʫʪ 

 

19 ʯʘʩʦʚ 15 ʤʠʥʫʪ 

 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 4.4 ʚʩʝ ʪʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʟʥʘʯʝʥʠʝ ʧʨʦʮʝʥʪʘ ʧʦʢʨʳʪʠʷ ɿʝʤʣʠ. ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʚʳʟʚʘʥʳ ʪʝʤ, ʯʪʦ ʚ ʤʦʜʝʣʠʨʫʝʤʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʥʘ ʧʦʣʷʨʥʳʭ ʦʨʙʠʪʘʭ. ɺʢʣʶʯʝʥʠʝ ʪʘʢʦʡ 
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ʦʨʙʠʪʳ ʚ ʦʨʙʠʪʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʮʝʥʪ ʧʦʢʨʳʪʠʷ, ʦʜʥʘʢʦ 

ʚʦʟʨʘʩʪʸʪ ʚʝʨʦʷʪʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʡ ʚ ʧʨʠʧʦʣʷʨʥʦʤ ʨʝʛʠʦʥʝ.  

4.5 ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʟʝʤʥʳʭ ʧʫʥʢʪʦʚ ʧʨʠʸʤʘ 

ʠʥʬʦʨʤʘʮʠʠ 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 2.1 ʤʝʪʦʜʠʢʝ ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʟʝʤʥʳʭ ʧʫʥʢʪʦʚ ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʅʇʇʀ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʧʦʣʥʝʥʠʝ 

ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: - ʢʘʞʜʳʡ ʂɸ ʧʦʣʫʯʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʨʝʤʝʥʠ ʩʚʷʟʠ ʩ ʅʇʇʀ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʟʘʜʘʥʥʦʛʦ ʦʙʲʸʤʘ ʜʘʥʥʳʭ; - ʩʝʘʥʩʳ ʩʚʷʟʠ, ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʚʦ ʚʨʝʤʝʥʠ, 

ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʩʪʘʥʮʠʶ ʠʣʠ ʩʧʫʪʥʠʢ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

( )

)  ( , ) ( ,  
j

j

i req i i
c C g

g G

t c s T s s S
Í

¡Í

D ² " Íä , 

ʛʜʝ: ( , )
j i

t g sD  ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʝʘʥʩʘ ʩʚʷʟʠ ʩʧʫʪʥʠʢʘ 
i

s  ʯʝʨʝʟ ʩʪʘʥʮʠʶ j
g , ʘ 

ʢʦʥʪʘʢʪʳ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ ʠ ʩʧʫʪʥʠʢʘ, req
( )

i
T s  ï 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʠ 

ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʆʙʲʝʤ ʥʘʢʦʧʣʝʥʥʦʡ ʟʘ ʩʫʪʢʠ ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʆʕɸ ʚ ʩʫʪʢʠ: 

(ʩʫʪ)ʆʕɸ ʆʕɸ ʆʕɸV I t= Öä . 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʆʕɸ ʨʘʙʦʪʘʝʪ ʥʘ ʢʘʞʜʦʤ ʚʠʪʢʝ, ʪʦʛʜʘ: 

ʆʕɸ ʆʕɸt n t= Öä , 

ʛʜʝ n  - ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʚ ʩʫʪʢʠ, 
ʆʕɸt  - ʚʨʝʤʷ ʩʲʸʤʢʠ ʥʘ ʚʠʪʢʝ. 

ʀʩʭʦʜʷ ʠʟ ʨʠʩʫʥʢʘ 4.2, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʆʕɸ, ʬʫʥʢʮʠʦʥʠʨʫʷ ʥʘ ʚʳʩʦʪʝ 350 

ʢʤ, ʛʝʥʝʨʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ 11,5 /ʆʕɸ ɻʙʠʪ ʩI = . ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 

ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʆʕɸ ʩʦʩʪʘʚʣʷʝʪ 400 ʩ ʚ ʩʫʪʢʠ, ʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ 2,0 /ʉʇʇʀI ɻʙʠʪ c= , ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠ ʚʳʩʦʪʝ ʦʨʙʠʪʳ 350 ʢʤ, ʟʘ 16 

ʚʠʪʢʦʚ ʆʕɸ ʙʫʜʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ: 
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(ʩʫʪ) 4600ʆʕɸ ʆʕɸ ʆʕɸV I t ɻʙʠʪ= Ö =ä . 

ɺ ʪʘʙʣʠʮʝ 4.5 ʧʨʠʚʝʜʝʥʳ ʧʨʦʝʢʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʟʝʤʥʳʭ 

ʧʫʥʢʪʦʚ ʧʨʠʸʤʘ ʠʥʬʦʨʤʘʮʠʠ. 

 ʇʨʦʝʢʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ˉ 

ʚʘʨʠʘʥʪʘ 

ɺʳʩʦʪʘ 

ʦʨʙʠʪʳ, 

ʢʤ 

ʅʘʢʣʦʥʝʥʠʝ, 

ʛʨʘʜ 

ʉʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, 

ɻʙʠʪ/ʩ 

ʆʙʲʸʤ 

ʠʥʬʦʨʤʘʮʠʠ 

ʂɸ ɼɿɿ ʚ 

ʩʫʪʢʠ, ɻʙ 

ʆʙʱʝʝ 

ʢʦʣ-ʚʦ 

ʂɸ 

ʂʦʣ-ʚʦ 

ʂɸ ʚ 

ʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ 

ʂʦʣ-ʚʦ 

ʧʣʦʩʢʦʩʪʝʡ 

1 

350 96,85 2,0 575 

42 6 7 

3 54 6 9 

5 72 8 9 

ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʘ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʦʙʲʸʤʘ ʠʥʬʦʨʤʘʮʠʠ. ʅʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʪʠʭ ʩʪʘʥʮʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥ ɹʈʀʂʉ. ɸ ʪʘʢʞʝ 

ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʥʦʪʳ ʚʳʧʦʣʥʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ. 

4.5.1 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʂɸ ʛʨʫʧʧʠʨʦʚʦʢ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ 

ʦʨʙʠʪ ʜʣʷ ʢʘʞʜʦʛʦ ʂɸ ʚ ʛʨʫʧʧʠʨʦʚʢʝ. ʆʨʙʠʪʘʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʜʦʣʛʦʪʝ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʩ ʰʘʛʦʤ σφπЈȾὖ, ʛʜʝ ὖ ï ʢʦʣʠʯʝʩʪʚʦ 

ʧʣʦʩʢʦʩʪʝʡ. ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʚ ʢʘʞʜʦʡ ʧʣʦʩʢʦʩʪʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʧʦ ʘʨʛʫʤʝʥʪʫ ʰʠʨʦʪʳ ʩ ʰʘʛʦʤ σφπЈȾὔ, ʛʜʝ ὔ ï ʢʦʣʠʯʝʩʪʚʦ ʂɸ ʚ ʧʣʦʩʢʦʩʪʠ. 

ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ. ʅʘ ʨʠʩʫʥʢʝ 

4.13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʸʭʤʝʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩʫʥʢʠ 

4.13 ʘ,ʚ,ʝ) ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʠ ʪʨʘʩʩʳ ʧʦʣʸʪʘ ʩʧʫʪʥʠʢʦʚ (ʨʠʩʫʥʢʠ 

4.13 ʙ,ʛ,ʞ). 



111 

 

  

ʘ) ʙ) 

  
ʚ) ʛ) 

  

ʝ) ʞ) 

ʈʠʩʫʥʦʢ 4.13  ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 4.13 ʙ,ʛ,ʞ ʪʨʘʝʢʪʦʨʠʠ ʧʦʢʘʟʘʣʠ ʨʘʚʥʦʤʝʨʥʦʝ 

ʧʦʢʨʳʪʠʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʪʨʸʭ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʨʘʚʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʂɸ. 

 


































































































































































