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ʈʘʛʫʟʠʥ ɸʣʝʢʩʝʡ ʉʝʨʛʝʝʚʠʯ  
ʌɻɹʆʋ ɺʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʈʦʩʩʠʷ, ʉʘʤʘʨʘ1 

ɸʩʧʠʨʘʥʪ 

E-mail: ras-83@mail.ru 
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ʌɻɹʆʋ ɺʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʈʦʩʩʠʷ, ʉʘʤʘʨʘ 

ɼʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ çɸʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡè 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

E-mail: dek_fait@samgtu.ru 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʘʥʠʷ ʝʜʠʥʦʛʦ ʚʨʝʤʝʥʠ 

ʥʘ ʦʩʥʦʚʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʨʘʩʢʨʘʰʝʥʥʦʡ ʩʝʪʠ ʇʝʪʨʠ 

ɸʥʥʦʪʘʮʠʷ. ɸʚʪʦʨʳ ʧʨʦʜʦʣʞʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʜʜʝʨʞʘʥʠʷ ʝʜʠʥʦʛʦ ʚʨʝʤʝʥʠ 

ʚ ʧʦʜʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʵʥʝʨʛʦʦʙʲʝʢʪʘʭ 

ʵʣʝʢʪʨʦʩʝʪʝʚʦʡ ʢʦʤʧʘʥʠʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ, 

ʦʪʨʘʞʘʶʱʝʡ ʦʧʠʩʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʝʚʦʡ ʢʦʤʧʘʥʠʠ, ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʨʘʩʢʨʘʰʝʥʥʳʭ ʩʝʪʝʡ ʇʝʪʨʠ. ʆʩʥʦʚʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʪʴ ʩʠʩʪʝʤʥʦʝ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʫ ʧʦʜʜʝʨʞʘʥʠʷ 

ʝʜʠʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ, 

ʧʦʟʚʦʣʷʶʱʝʝ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʰʢʘʣ ʚʨʝʤʝʥʠ, ʠ ʦʪʩʫʪʩʪʚʠʝ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʦʧʠʩʘʥʠʷ ʧʦʜʦʙʥʳʭ ʤʦʜʝʣʝʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʦʪʨʘʞʘʝʪ ʩʪʨʫʢʪʫʨʫ ʦʧʝʨʘʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʤʧʘʥʠʠ, ʚ ʥʝʡ ʧʨʠʤʝʥʝʥʳ ʘʣʛʦʨʠʪʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʰʢʘʣ ʚʨʝʤʝʥʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʩʩʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʜʨʫʛʠʭ ʩʪʘʪʴʷʭ ʘʚʪʦʨʦʚ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʳʧʦʣʥʝʥʦ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʝ CPN Tools. ʇʨʠʚʝʜʝʥʦ 

ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʠ ʜʘʥ ʝʝ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʠʤʠʪʘʮʠʠ ʧʦʚʝʜʝʥʠʷ ʩʝʪʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ: ʠʟʤʝʥʷʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ ʩ ʮʝʣʴʶ 

ʫʣʫʯʰʝʥʠʷ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ ʤʦʜʝʣʠ; ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʫʯʘʝʤʦʡ 

ʩʠʩʪʝʤʳ; ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ; ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʨʘʟʣʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʘʥʠʷ ʝʜʠʥʦʛʦ ʚʨʝʤʝʥʠ; ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʰʢʘʣ 

ʚʨʝʤʝʥʠ; ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʩʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ; ʨʘʩʢʨʘʰʝʥʥʘʷ ʩʝʪʴ ʇʝʪʨʠ; CPN Tools 
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ʉʠʩʪʝʤʥʘʷ ʧʘʨʘʜʠʛʤʘ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʵʚʦʣʶʮʠʶ ʦʪ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʬʦʨʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢ ʩʝʪʝʚʳʤ ʢʦʥʮʝʧʮʠʷʤ [4, 5]. ʊʘʢʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʩʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʢʪʫʘʣʠʟʘʮʠʠ ʚʦʧʨʦʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʵʥʝʨʛʦʦʙʲʝʢʪʦʚ. ʈʝʰʝʥʠʝ ʜʘʥʥʳʭ ʚʦʧʨʦʩʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʟʥʦʨʦʜʥʳʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ɸʉʊʋ), ʚʳʧʦʣʥʷʶʱʠʤʠ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʟʘʜʘʯʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʵʥʝʨʛʦʦʙʲʝʢʪʘʤʠ: ʦʧʝʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, 

ʘʚʘʨʠʡʥʳʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ ʜʨ. ʇʨʠ ʵʪʦʤ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʵʪʠʭ ʧʦʜʩʠʩʪʝʤ, 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʩʠʛʥʘʣʦʚ ʠ ʠʟʤʝʨʝʥʠʡ, ʘ ʩʣʦʞʥʦʩʪʴ ʨʘʩʰʠʬʨʦʚʢʠ ʜʘʥʥʳʭ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʦʙʱʠʝ ʜʠʩʧʝʪʯʝʨʩʢʠʝ ʮʝʥʪʨʳ (ɼʎ), ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʩ ʧʨʦʙʣʝʤʘʤʠ ʚʨʝʤʝʥʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʙʳʪʠʷʭ [1, 3, 14]. 

ɺ ʩʪʘʪʴʷʭ [12, 13] ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʰʢʘʣ ʚʨʝʤʝʥʠ (ʉʉʐɺ) ʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʩʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ʉʄʇʉ). ʇʦ ʤʥʝʥʠʶ 

ʘʚʪʦʨʦʚ, ʵʪʠ ʜʚʝ ʧʦʜʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʘʥʠʷ 

ʝʜʠʥʦʛʦ ʚʨʝʤʝʥʠ (ʉʇɽɺ) ʥʘ ʵʥʝʨʛʦʦʙʲʝʢʪʘʭ ʵʣʝʢʪʨʦʩʝʪʝʚʦʡ ʢʦʤʧʘʥʠʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʉʇɽɺ ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ 

ʩʝʪʝʚʦʡ ʢʦʤʧʘʥʠʠ (ʈʉʂ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʩʨʘʚʥʝʥʠʷ ʰʢʘʣ ʚʨʝʤʝʥʠ (ʐɺ), 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ [11], ʥʘ ʦʩʥʦʚʝ ʨʘʩʢʨʘʰʝʥʥʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʚʨʝʤʝʥʥʦʡ ʩʝʪʠ ʇʝʪʨʠ. ʊʘʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʬʦʨʤʘʣʠʟʤʦʚ ʩʝʪʠ ʇʝʪʨʠ 

ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʦʪʨʘʞʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʦʚ, 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ (ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʰʪʘʪʥʳʝ) ʩʠʪʫʘʮʠʠ, ʠʟʫʯʘʪʴ ʠ ʦʮʝʥʠʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ 

ʨʝʰʝʥʠʡ ʥʘ ʧʦʚʝʜʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʡ ʩʠʩʪʝʤʳ [7, 8]. 

ʋʢʨʫʧʥʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ ʉʉʐɺ ʈʉʂ ʚ ʚʠʜʝ ʩʝʪʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚʝʜʫʱʠʭ ʠ 

ʚʝʜʦʤʳʭ ʫʟʣʦʚ, ʩʦʝʜʠʥʸʥʥʳʭ ʢʘʥʘʣʘʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʦʪʨʘʞʘʶʱʘʷ ʩʪʨʫʢʪʫʨʫ ʦʧʝʨʘʪʠʚʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʆʊʋ) ʈʉʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʉʪʨʫʢʪʫʨʘ ʉʉʐɺ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʧʦʣʦʛʠʝʡ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʠ ʚ ʦʙʱʝʤ ʚʠʜʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʭʝʤʫ ʜʝʨʝʚʘ, ʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʣʠʥʝʡʥʫʶ ʮʝʧʴ, ʣʠʙʦ ʩʭʝʤʫ 

çʟʚʝʟʜʘè. 

 
ʈʠʩʫʥʦʢ 1. ʋʢʨʫʧʥʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ ʉʉʐɺ (ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʘʤʠ): ɼʎ - 

ʜʠʩʧʝʪʯʝʨʩʢʠʡ ʮʝʥʪʨ; ʎʋʉ - ʮʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʷʤʠ; ʇʆ - ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʪʜʝʣʝʥʠʝ; 

ʈʕʉ - ʨʘʡʦʥ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ; ʇʉ - ʧʦʜʩʪʘʥʮʠʷ; ʃɺʉ - ʣʦʢʘʣʴʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ 
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ʉʝʨʚʝʨʳ ʚʨʝʤʝʥʠ ʚ ɼʎ ʥʘ ʫʨʦʚʥʝ ʮʝʥʪʨʘ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʷʤʠ (ʎʋʉ) ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʩʚʦʠ ʣʦʢʘʣʴʥʳʝ ʐɺ ʧʦ ʪʝʭʥʦʣʦʛʠʷʤ GPS/ɻʃʆʅɸʉʉ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʵʪʘʣʦʥʦʤ ʚʨʝʤʝʥʠ ʠ ʩʯʠʪʘʶʪʩʷ ʵʪʘʣʦʥʥʳʤʠ. ʉʝʨʚʝʨʳ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʫʨʦʚʥʷʭ ʆʊʋ 

ʩʠʥʭʨʦʥʠʟʠʨʫʶʪ ʩʚʦʠ ʐɺ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦ ʮʝʧʦʯʢʝ ʦʪ ʩʝʨʚʝʨʘ ʩ ʵʪʘʣʦʥʥʦʡ 

ʐɺ. ʆʪʜʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʫʩʪʨʦʡʩʪʚʘ ʚ ʩʦʩʪʘʚʝ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ɼʎ 

ʠ ʥʘ ʧʦʜʩʪʘʥʮʠʷʭ (ʇʉ) ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʩʚʦʠ ʣʦʢʘʣʴʥʳʝ ʐɺ ʩ ʩʝʨʚʝʨʘʤʠ, 

ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʦʜʥʦʤ ʩ ʥʠʤʠ ʵʥʝʨʛʦʦʙʲʝʢʪʝ. 

ʅʘ ʦʩʥʦʚʝ ʨʠʩʫʥʢʘ 1 ʧʦʩʪʨʦʝʥʘ ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʉʇɽɺ (ʨʠʩʫʥʦʢ 2), ʩʦʜʝʨʞʘʱʘʷ ʧʦ 

ʦʜʥʦʤʫ ʵʣʝʤʝʥʪʫ ʢʘʞʜʦʛʦ ʪʠʧʘ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʆʊʋ. ʇʝʨʝʜʘʯʘ ʤʝʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʫʟʣʘʤʠ 

ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʝʪʴ Ethernet, ʜʣʷ ʧʨʦʩʪʦʪʳ ʥʘ ʩʭʝʤʝ ʦʧʠʩʘʥʥʦʡ ʢʦʤʤʫʪʘʪʦʨʦʤ 

SW, ʚ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ. 

 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʉʇɽɺ (ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʘʤʠ) 

ʉʭʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʉʇɽɺ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

ɺʩʝ ʫʟʣʳ ʩʠʩʪʝʤʳ ʦʪʧʨʘʚʣʷʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ 

ʮʝʥʪʨʘʣʴʥʳʡ ʩʝʨʚʝʨ ʤʦʥʠʪʦʨʠʥʛʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʉʉʐɺ. 

 

ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʉʇɽɺ 

(ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʘʤʠ) 

ʄʦʜʝʣʴ ʩʭʝʤʳ ʉʇɽɺ ʈʉʂ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠʝʨʘʨʭʠʯʝʩʢʠʭ 

ʨʘʩʢʨʘʰʝʥʥʳʭ ʩʝʪʝʡ ʇʝʪʨʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ 

ʩʧʝʮʠʘʣʴʥʦʡ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʝ CPN Tools, ʫʨʦʚʝʥʴ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ ʩʝʨʚʠʩʘ ʢʦʪʦʨʦʡ 

ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʝʝ, ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʫʶ ʤʦʜʝʣʠʨʫʶʱʫʶ ʩʠʩʪʝʤʫ [2, 9]. 

 

ʈʠʩʫʥʦʢ 4. ʉʝʪʴ ʇʝʪʨʠ - ʤʦʜʝʣʴ ʉʇɽɺ (ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʘʤʠ) 
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ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʧʦʟʠʮʠʡ, ʠʟʦʙʨʘʞʸʥʥʳʭ ʵʣʣʠʧʩʘʤʠ, ʧʝʨʝʭʦʜʦʚ, ʠʟʦʙʨʘʞʸʥʥʳʭ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ, ʠ ʜʫʛ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʬʠʰʢʘʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʟʠʮʠʷʭ ʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʩʝʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʝʨʝʭʦʜʦʚ [8] 

ʄʦʜʝʣʴ ʦʪʨʘʞʘʝʪ ʧʨʦʮʝʩʩ ʫʩʪʘʥʦʚʣʝʥʠʷ ʝʜʠʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʚʩʝʭ ʫʟʣʦʚ ʩʠʩʪʝʤʳ, ʘʣʛʦʨʠʪʤ 

ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ [11]. 

ʄʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʟʘʤʝʥʫ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʢʦʤʤʫʪʘʪʦʨʘ, ʩʝʨʚʝʨʦʚ ʠ ʢʣʠʝʥʪʦʚ) ʚʣʦʞʝʥʥʳʤʠ ʩʝʪʷʤʠ (ʧʦʜʤʦʜʝʣʷʤʠ): ʢʦʤʤʫʪʘʪʦʨʘ (SW), 

ʩʝʨʚʝʨʘ ʤʦʥʠʪʦʨʠʥʛʘ (Sm), ʩʝʚʝʨʘ ʩ ʵʪʘʣʦʥʥʦʡ ʐɺ (S1), ʧʨʦʯʠʭ ʩʝʨʚʝʨʦʚ (S2, S3) ʠ ʢʣʠʝʥʪʦʚ 

(C1-C3). 

ʆʩʥʦʚʦʡ ʤʦʜʝʣʠ ʢʦʤʤʫʪʘʪʦʨʘ (SW), ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 5, ʧʦʩʣʫʞʠʣʘ ʤʦʜʝʣʴ 

ʢʦʤʤʫʪʘʪʦʨʘ ʠʟ [6]. ʄʦʜʝʣʴ ʠʤʝʝʪ ʦʪʜʝʣʴʥʳʝ ʚʭʦʜʥʳʝ (p*in) ʠ ʚʳʭʦʜʥʳʝ (p*out) ʙʫʬʝʨʳ 

ʧʘʢʝʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʨʪʘ, ʠ ʦʙʱʠʡ ʙʫʬʝʨ ʜʣʷ ʢʦʤʤʫʪʠʨʫʝʤʳʭ ʧʘʢʝʪʦʚ (Buffer). ʇʦʟʠʮʠʠ p*in 

ʠ p*out ʷʚʣʷʶʪʩʷ ʢʦʥʪʘʢʪʥʳʤʠ ʧʦʟʠʮʠʷʤʠ ʩ ʤʦʜʝʣʴʶ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. ʇʨʠʤʝʥʝʥ 

ʧʦʣʥʦʜʫʧʣʝʢʩʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. ɼʚʫʥʘʧʨʘʚʣʝʥʥʳʝ ʜʫʛʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʜʫʨ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʩʫʱʝʡ. ʆʜʥʘ ʜʫʛʘ ʧʨʦʚʝʨʷʝʪ ʩʦʩʪʦʷʥʠʝ ʢʘʥʘʣʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʘʷ 

ʚʳʧʦʣʥʷʝʪ ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʘ. ʇʦʟʠʮʠʷ ʩʣʠʷʥʠʷ RouteTable ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʥʦʞʝʩʪʚʦ ʧʦʟʠʮʠʡ 

RT1-RT7 ʠ ʤʦʜʝʣʠʨʫʝʪ ʩʪʘʪʠʯʝʩʢʫʶ ʪʘʙʣʠʮʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʛʜʝ ʢʘʞʜʘʷ ʠʟ ʬʠʰʝʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʜʥʫ ʟʘʧʠʩʴ ʚ ʵʪʦʡ ʪʘʙʣʠʮʝ. ʇʝʨʝʭʦʜʳ In* ʠ Out* ʤʦʜʝʣʠʨʫʶʪ ʦʙʨʘʙʦʪʢʫ 

ʚʭʦʜʷʱʠʭ ʠ ʠʩʭʦʜʷʱʠʭ ʧʘʢʝʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʚʥʦʩʷʪ ʚ ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ ʤʝʪʢʘʤʠ ʚʨʝʤʝʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʜʝʨʞʢʠ. 

 

ʈʠʩʫʥʦʢ 5. ʄʦʜʝʣʴ ʢʦʤʤʫʪʘʪʦʨʘ SW (ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʘʤʠ) 

ʄʦʜʝʣʠ ʢʣʠʝʥʪʦʚ ʉ1-ʉ3 ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6 ʤʦʜʝʣʴʶ 

ʢʣʠʝʥʪʘ ʉ1. ʈʘʟʣʠʯʠʷ ʤʦʜʝʣʝʡ ʩʦʩʪʦʷʪ ʚ ʟʥʘʯʝʥʠʠ ʬʠʰʝʢ ʚ ʧʦʟʠʮʠʷʭ IP ʠ DST, ʫʢʘʟʳʚʘʶʱʠʭ 

ʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʙʩʪʚʝʥʥʳʡ IP ʘʜʨʝʩ ʠ IP ʘʜʨʝʩ ʫʩʪʨʦʡʩʪʚʘ, ʩ ʢʦʪʦʨʳʤ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ. 
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ʈʠʩʫʥʦʢ 6. ʄʦʜʝʣʴ ʢʣʠʝʥʪʘ ʉ1 (ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʘʤʠ) 

ʇʦʟʠʮʠʠ LANin, LANout ʠ TL ʷʚʣʷʶʪʩʷ ʢʦʥʪʘʢʪʥʳʤʠ ʠ ʧʝʨʝʜʘʶʪ ʚʭʦʜʷʱʠʝ ʧʘʢʝʪʳ, 

ʠʩʭʦʜʷʱʠʝ ʧʘʢʝʪʳ ʠ ʧʦʢʘʟʘʥʠʷ ʣʦʢʘʣʴʥʦʡ ʐɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʤʦʜʝʣʠ. 

ʕʣʝʤʝʥʪʳ ʤʦʜʫʣʷ CLOCK ʤʦʜʝʣʠʨʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʦʢʘʣʴʥʦʡ ʐɺ. ʕʣʝʤʝʥʪʳ ʤʦʜʫʣʷ SEND 

AND RECEIVE TIME STAMPS ʤʦʜʝʣʠʨʫʶʪ ʦʪʧʨʘʚʢʫ ʚʝʜʫʱʝʤʫ ʫʩʪʨʦʡʩʪʚʫ ʟʘʧʨʦʩʘ ʠ 

ʧʦʣʫʯʝʥʠʝ ʦʪ ʥʝʛʦ ʦʪʚʝʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ ʧʝʨʝʜʘʯʠ [11]. ɺ ʤʦʜʫʣʝ 

TIME STAMPS CALCULATE ʚʳʯʠʩʣʷʝʪʩʷ ʩʤʝʱʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʐɺ ʦʪ ʚʝʜʫʱʝʡ (OFFSET), ʥʘ 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʪʝʤ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʣʦʢʘʣʴʥʘʷ ʐɺ. ʕʣʝʤʝʥʪʳ ʤʦʜʫʣʷ SEND STATISTIC 

ʦʪʧʨʘʚʣʷʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ ʩʝʨʚʝʨ ʤʦʥʠʪʦʨʠʥʛʘ 

[10]. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʨʝʘʣʠʟʦʚʘʥʘ ʦʪʧʨʘʚʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʥʘʯʝʥʠʠ ʩʤʝʱʝʥʠʷ 

OFFSET. 

ʄʦʜʝʣʠ ʩʝʨʚʝʨʦʚ S2 ʠ S3 ʪʘʢ ʞʝ, ʢʘʢ ʠ ʤʦʜʝʣʠ ʢʣʠʝʥʪʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 7 ʤʦʜʝʣʴʶ ʩʝʨʚʝʨʘ S2. ʌʫʥʢʮʠʠ ʤʦʜʫʣʝʡ CLOCK, TIME STAMPS 

CALCULATE ʠ SEND STATISTIC ʘʥʘʣʦʛʠʯʥʳ ʤʦʜʫʣʷʤ ʚ ʤʦʜʝʣʠ C1. ɸ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʤʦʜʫʣʷ SEND AND RECEIVE TIME STAMPS ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʦʛʦ ʚ ʤʦʜʝʣʠ C1 ʪʝʤ, ʯʪʦ 

ʚʳʧʦʣʥʷʝʪ ʝʱʝ ʠ ʦʪʧʨʘʚʢʫ ʦʪʚʝʪʘ ʥʘ ʟʘʧʨʦʩ ʢʣʠʝʥʪʘ ʦ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʄʦʜʝʣʴ ʩʝʨʚʝʨʘ S1 (ʨʠʩʫʥʦʢ 8) ʙʦʣʝʝ ʧʨʦʩʪʘ, ʯʝʤ ʤʦʜʝʣʠ ʜʨʫʛʠʭ ʩʝʨʚʝʨʦʚ, ʪʘʢ ʢʘʢ ʩʝʨʚʝʨ 

S1 ʪʦʣʴʢʦ ʦʪʚʝʯʘʝʪ ʥʘ ʟʘʧʨʦʩʳ ʜʨʫʛʠʭ ʫʟʣʦʚ, ʘ ʩʘʤ ʩʠʥʭʨʦʥʠʟʠʨʫʝʪ ʩʚʦʶ ʐɺ ʦʪ ʵʪʘʣʦʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʚʨʝʤʝʥʠ Tref. 

ʄʦʜʝʣʴ ʩʝʨʚʝʨʘ ʤʦʥʠʪʦʨʠʥʛʘ Sm ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 9. ɺ ʤʦʜʫʣʝ ANALITICS 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʠʩʴ ʧʦʩʪʫʧʠʚʰʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʮʝʩʩʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʙʘʟʫ 

ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʦʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ - ʧʨʝʚʳʰʝʥʠʝʤ ʦʰʠʙʢʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʚʝʜʦʤʦʡ ʠ ʚʝʜʫʱʝʡ ʐɺ ʥʝʢʦʪʦʨʦʛʦ 

ʟʘʜʘʥʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (allertoffset). 
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ʈʠʩʫʥʦʢ 7. ʄʦʜʝʣʴ ʩʝʨʚʝʨʘ S2 (ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʘʤʠ) 

 

ʈʠʩʫʥʦʢ 8. ʄʦʜʝʣʴ ʩʝʨʚʝʨʘ S1 (ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʘʤʠ) 

 

ʈʠʩʫʥʦʢ 9. ʄʦʜʝʣʴ ʩʝʨʚʝʨʘ ʤʦʥʠʪʦʨʠʥʛʘ Sm (ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʘʤʠ) 

http://naukovedenie.ru/
http://naukovedenie.ru/


Интернет-журнал «НАУКОВЕДЕНИЕ» 
http://naukovedenie.ru  

Том 9, №2 (март - апрель 2017) 
publishing@naukovedenie.ru   

 
 
 

 

ʉʪʨʘʥʠʮʘ 7 ʠʟ 10 f a 2 b 6 5 1 3 b d a d c e a 3 7 8 e 7 9 b c 4 e f 5 b 9 c 3 3 http://naukovedenie.ru   72TVN217 
 

ʆʧʠʩʘʥʠʷ ʤʥʦʞʝʩʪʚ ʮʚʝʪʦʚ (colset), ʧʝʨʝʤʝʥʥʳʭ (var), ʚʝʣʠʯʠʥ (val) ʠ ʬʫʥʢʮʠʡ (fun), 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 10. 

 

ʈʠʩʫʥʦʢ 10. ʄʥʦʞʝʩʪʚʘ ʮʚʝʪʦʚ ʤʦʜʝʣʠ (ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʘʤʠ) 

ɺʨʝʤʷ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʠʟʤʝʨʷʝʪʩʷ ʚ ʝʜʠʥʠʮʘʭ ʤʦʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (MTU), 

ʢʦʪʦʨʦʝ ʥʝ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʠ, ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʪʫʨʘʣʴʥʳʤ ʯʠʩʣʦʤ. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʚʨʝʤʝʥʠ (ʪʘʙʣʠʮʘ 1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ ʤʦʜʝʣʠ. ɼʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʤʠʥʠʤʘʣʴʥʘʷ ʚʨʝʤʝʥʥʘʷ ʚʝʣʠʯʠʥʘ MTU ʨʘʚʥʘ 10 ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 ʤʩ. 

ʊʘʙʣʠʮʘ 1 

ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

ʇʘʨʘʤʝʪʨ 
ʇʝʨʝʤʝʥʥʘʷ / 

ʕʣʝʤʝʥʪ ʤʦʜʝʣʠ 

ʈʝʘʣʴʥʦʝ 

ʚʨʝʤʷ, ʤʩ 

ʄʦʜʝʣʴʥʦʝ 

ʚʨʝʤʷ, ʝʜ. 

ɿʘʜʝʨʞʢʘ ʧʨʠʝʤʘ ʧʘʢʝʪʘ 

ʢʦʤʤʫʪʘʪʦʨʦʤ 
Swdelay / In* 0,5 5 

ɿʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ 

ʢʦʤʤʫʪʘʪʦʨʦʤ 
Dbuff() / Out* 1..10 10..100 

ɿʘʜʝʨʞʢʘ ʯʪʝʥʠʷ ʧʘʢʝʪʘ ʩʝʪʝʚʳʤ 

ʘʜʘʧʪʝʨʦʤ 

Landelay / Receive 

(Send) Packet 
1 10 

ɿʘʜʝʨʞʢʘ ʟʘʧʠʩʠ ʧʘʢʝʪʘ ʩʝʪʝʚʳʤ 

ʘʜʘʧʪʝʨʦʤ 

landelay / Receive 

(Send) Packet 
1 10 

ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʘ 

ʩʝʨʚʝʨʦʤ 
Dexec() / Exec 10..20 100..200 

ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 

ʟʘʧʨʦʩʘʤʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 
syncstep / START 1000 10000 

ʐʘʛ ʐɺ ʫʩʪʨʦʡʩʪʚʘ clockstep / RTC 1 10 

ʉʜʝʣʘʥʦ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʰʢʘʣʳ ʚʨʝʤʝʥʠ ʚʩʝʭ ʫʟʣʦʚ ʩʪʘʙʠʣʴʥʳ ʠ ʠʜʝʥʪʠʯʥʳ Ў— π [11]. 

ʅʘ ʪʦʯʥʦʩʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʐɺ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʣʠʰʴ ʟʘʜʝʨʞʢʠ ʚ ʢʘʥʘʣʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 
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ʦʧʨʝʜʝʣʷʝʤʳʝ ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ (ʪʘʙʣʠʮʘ 1, ʨʠʩʫʥʦʢ 

10). 

ʇʨʝʞʜʝ, ʯʝʤ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʤʦʜʝʣʠ, ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʝʝ ʦʪʣʘʜʢʘ, ʚʢʣʶʯʘʶʱʘʷ 

ʧʨʦʚʝʨʢʫ ʩʠʥʪʘʢʩʠʩʘ ʠ ʧʦʰʘʛʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʉʠʥʪʘʢʩʠʩ ʤʦʜʝʣʠ ʧʨʦʚʝʨʷʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʠʩʪʝʤʦʡ CPN Tools ʧʨʠ ʝʝ ʩʦʟʜʘʥʠʠ. ʇʦʰʘʛʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ 

ʜʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʢʘʞʜʳʡ ʠʟ ʫʟʣʦʚ ʩʠʩʪʝʤʳ ʧʨʦʚʝʣ ʧʦ ʦʜʥʦʤʫ ʮʠʢʣʫ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʣʦʢʘʣʴʥʦʡ ʐɺ, ʠ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʟʠʣʦ ʨʘʙʦʪʫ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ [10, 11] 

ʘʣʛʦʨʠʪʤʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʪʘʢʦʛʦ ʩʚʦʡʩʪʚʘ ʤʦʜʝʣʠ, ʢʘʢ 

ʞʠʚʦʩʪʴ, ʪ.ʝ. ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʙʘʪʳʚʘʥʠʷ ʣʶʙʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʤʦʜʝʣʠ. 

ʉʠʩʪʝʤʘ CPN Tools ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʘʥʘʣʠʟʘ ʤʦʜʝʣʝʡ: ʠʤʠʪʘʮʠʷ 

ʧʦʚʝʜʝʥʠʷ ʩʝʪʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʩʦʩʪʦʷʥʠʡ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʥʘʤʥʦʛʦ ʩʣʦʞʥʝʝ, ʯʝʤ ʤʥʦʞʝʩʪʚʦ ʜʦʩʪʠʞʠʤʦʩʪʠ ʠʣʠ ʛʨʘʬ ʜʦʩʪʠʞʠʤʳʭ 

ʤʘʨʢʠʨʦʚʦʢ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʝʪʠ ʇʝʪʨʠ, ʪʘʢ ʢʘʢ ʤʘʨʢʠʨʦʚʢʘ ʧʦʟʠʮʠʡ ʚ ʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚʝʢʪʦʨʦʤ ʚʨʝʤʝʥʥʳʭ ʤʫʣʴʪʠʤʥʦʞʝʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʩʪʦʷʥʠʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʥʝʯʥʳʤ, ʪʘʢ ʢʘʢ ʧʝʨʝʭʦʜʳ ʤʦʜʝʣʠ ʤʦʞʥʦ ʟʘʧʫʩʪʠʪʴ ʙʝʩʢʦʥʝʯʥʦʝ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟ. ɺ ʤʦʜʝʣʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʫʯʘʡʥʳʝ ʬʫʥʢʮʠʠ, ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʴʰʠʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʝʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʥʝʞʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʩʪʦʷʥʠʡ. 

ʇʦʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʳʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʩʤʝʱʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘ ʚʝʜʦʤʳʭ ʫʟʣʘʭ 

ʚ ʪʝʯʝʥʠʝ 100000 (ʦʢʦʣʦ 16 ʩ ʤʦʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ) ʠ 10000000 (ʦʢʦʣʦ 1646 ʩ ʤʦʜʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ) ʰʘʛʦʚ ʚʳʧʦʣʥʝʥʠʷ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ) ʥʝ ʚʳʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʝʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪ.ʝ. ʤʦʜʝʣʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʘ. 

ʉʤʝʱʝʥʠʝ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʚʝʜʫʱʝʡ ʠ ʚʝʜʦʤʦʡ ʐɺ ʩ ʢʘʞʜʳʤ ʧʦʩʣʝʜʫʶʱʠʤ ʮʠʢʣʦʤ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [11], ʧʦʢʘʟʘʚʰʝʝ, ʯʪʦ 

ʧʨʠ ʢʘʞʜʦʤ ʦʙʥʦʚʣʝʥʠʠ ʜʘʥʥʳʭ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʟʘʪʫʭʘʥʠʝ 

ʟʥʘʯʝʥʠʷ ʦʰʠʙʢʠ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʚʦʧʨʦʩʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ, ʪʘʢʞʝ ʢʘʢ 

ʚʳʯʠʩʣʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ. 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʠ ʧʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

 ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʤʝʱʝʥʠʷ OFFSET, ʤʩ 

ʋʟʝʣ ʤʦʜʝʣʠ ʂʣʠʝʥʪ1 ʉʝʨʚʝʨ2 ʂʣʠʝʥʪ2 ʉʝʨʚʝʨ3 ʂʣʠʝʥʪ3 

ʀʤʠʪʘʮʠʷ 100 000 ʰʘʛʦʚ 74 134 57 95 53 

ʀʤʠʪʘʮʠʷ 10 000 000 ʰʘʛʦʚ < 1 2 <1 1 <1 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʦʡ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʘʥʠʷ 

ʝʜʠʥʦʛʦ ʚʨʝʤʝʥʠ, ʘʥʘʣʠʟʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ. 
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Modeling the system for maintaining 

a single time in a hierarchical colored Petri net 

Abstract. The authors continue to research the process of maintaining a single time in the 

subsystems of the automated system of technological control at the power facilities of the power grid 

company. The article describes the task of constructing a model of the system for maintaining a single 

time of a distribution grid company using the colored Petri nets. It is necessary to do this in order to 

give a systematic description of the process of maintaining a single time at the enterprises of the 

distribution complex of the electric power industry, which will allow us to formalize the process of 

synchronization of time scales. There is no description of such models in the literature. 

The developed model contains the structure of the operational and technological management 

of the company, it uses algorithms for synchronizing time scales and monitoring the synchronization 

process, proposed in other articles of the authors on this topic. Simulation is performed in a special 

computer simulation system CPN Tools. The description of the model is given and its analysis is given 

on the basis of simulating the behavior of the network. 

The developed model allows the following: change the time scaling to improve the realism of 

the model; to study the dynamic characteristics of the system; to analyze the work of synchronization 

and monitoring algorithms; implement various behavior of the system, including contingencies. 
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