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ɸʅʆʊɸʎɯʗ 

ʉʦʢʦʣʦʚ ɺ. ʖ. ʄʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʥ̔ʬʦʨʤʘʮʽʡʥʦʾ 

ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.06 çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾè. ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ 

ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2019. 

ɼʠʩʝʨʪʘʮʽʷ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʘʢʪʫʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʧʨʦʙʣʝʤʠ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟ-ʧʝʢʠ 

ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʘʧʘʨʘʪʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʘʙʦʥʝʥʪʽʚ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʾʾ ʟʘʭʠʱʝʥʦʩʪʽ ʚʽʜ ʟʘʛʨʦʟ ʙʝʟʧʝʮʽ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʱʦ 

ʧʦʣʷʛʘʶʪʴ ʫ ʨʦʟʨʦʙʣʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚʘʭ, ʤʝʪʦʜʘʭ, ʤʦʜʝʣʷʭ ʪʘ ʟʘʩʦʙʘʭ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ. 

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʢʚʘʜʨʘʪʫʨʥʦʾ 

ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, 

ʘʜʘʧʪʠʚʥʦʛʦ ʧʽʜʙʦʨʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ, ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ 

ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʾʾ ʟʘʭʠʩʪʫ ʚʽʜ 

ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʥʽʘʪʶʨʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʪʘ ʨʦʙʦʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʧʨʠʩʢʦʨʶʶʯʦʾ ʣʽʥʟʠ ʜʣʷ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʾʾ ʟʘʪʝʤʥʝʥʥʷ ʽ 

ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʈʦʟʨʦʙʣʝʥʽ ʥʦʚʽ ʤʦʜʝʣʽ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ, ʩʠʩʪʝʤʘ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ, ʧʨʠʩʢʦʨʶʶʯʘ ʣʽʥʟʦʚʘ ʘʥʪʝʥʘ ʜʣʷ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ 

ʩʠʩʪʝʤ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʫ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ çʈʦʟʨʦʙʢʘ 

ʤʝʪʦʜʽʚ ʪʘ ʟʘʭʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʞʠʚʫʯʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚ 

ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʢʽʙʝʨʥʝʪʠʯʥʠʭ ʘʪʘʢè (ʋʢʨʘʾʥʘ) ʽ ʤʽʞʥʘʨʦʜʥʦʾ ʜʦʩʣʽʜʥʠʮʴʢʦ-

ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ BTH ˉ90520 çComputer Science: Master Programs for the 
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Swedish Institute Study Scholarshipsè ʟʘ ʬʽʥʘʥʩʦʚʘʥʦʾ ʧʽʜʪʨʠʤʢʠ ʊʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʽʥʩʪʠʪʫʪʫ ɹʣʝʢʽʥˇʝ (ʐʚʝʮʽʷ). 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʨʘʱʠʭ ʚʽʜʦʤʠʭ ʧʨʘʢʪʠʢ ʚ ʩʬʝʨʽ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ, 

ʚʠʢʣʘʜʝʥʠʭ ʚ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʘʭ BSI, PCI DSS, ISSAF, PTES, OSSTMM, 

OWASP, NIST SP 800-115 ʽ ISO 17799, ʧʨʦʚʦʜʠʣʦʩʷ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ 

ʜʣʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʟʘʧʨʦʧʦʜʦʥʘʥʠʭ ʫ ʨʦʙʦʪʽ ʤʝʪʦʜʘʭ. 

ʊʘʢʦʞ ʥʘ ʙʘʟʽ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʧʨʦʚʦʜʠʚʩʷ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʟʘʛʨʦʟ ʽ ʘʪʘʢ ʥʘ 

ʙʝʟʧʨʦʚʦʜʦʚʽ ʪʝʭʥʦʣʦʛʽʾ (ʥʘ ʧʝʨʝʜʘʚʘʯ, ʧʨʠʡʤʘʯ ʽ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʜʝʨʝʚʘ ʘʪʘʢ ʥʘ ʙʝʟʧʨʦʚʦʜʦʚʽ 

ʤʝʨʝʞʽ ʽ ʚʠʟʥʘʯʝʥʽ ʢʨʠʪʝʨʽʾ ʟʘʛʨʦʟ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʪʘʢʦʞ ʙʫʣʦ 

ʧʨʦʚʦʜʠʣʦʩʷ ʦʮʽʥʶʚʘʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ. 

ʄʝʪʦʜʘʤʠ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʩʘʤʝ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʪʝʦʨʝʤʦʶ ʐʝʥʥʦʥʘ-

ʍʘʨʪʣʽ ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ 

ʢʘʥʘʣʫ. 

ʄʝʪʦʜʠ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚ 

ʘʪʘʢ. 

ʄʝʪʦʜʠ ʪʝʦʨʽʾ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʜʦʟʚʦʣʠʣʠ ʦʮʽʥʠʪʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ, ʦʯʽʢʫʚʘʥʦʛʦ ʟʙʠʪʢʫ ʽ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ. 

ʄʝʪʦʜʘʤʠ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ ʦʮʽʥʶʚʘʣʠʩʷ ʘʜʝʢʚʘʪʥʽʩʪʴ ʝʢʩʧʝʨʪʥʦʾ ʛʨʫʧʠ, ʘ 

ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʥʢʦʨʜʘʮʽʾ ʽ ʉʪʴʶʜʝʥʪʘ ʧʨʠ ʦʙʨʦʙʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʄʝʪʦʜʘʤʠ ʪʝʦʨʽʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʟ ʥʫʣʴʦʚʠʤ ʩʝʨʝʜʥʽʤ ʢʘʥʘʣʦʤ ʦʪʨʠʤʘʥʽ 

ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨôʻ. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʡ ʋʦʣʰʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʬʫʥʢʮʽʡ ʜʽʡʩʥʦʾ ʟʤʽʥʥʦʾ. 

ʄʝʪʦʜʠ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʦʨʽʾ ʜʠʩʧʝʨʩʽʾ ʩʚʽʪʣʘ ʜʦʟʚʦʣʠʣʠ ʨʦʟʨʘʭʫʚʘʪʠ ʟʦʥʠ 

ʌʨʝʥʝʣʷ ʜʣʷ ʣʽʥʟʦʚʠʭ ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʦʜʘʤʠ ʪʝʦʨʽʾ ʤʥʦʞʠʥ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʜʽʘʛʨʘʤʠ ɺʦʨʦʥʦʛʦ ʜʣʷ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ ʟ ʨʦʫʤʽʥʛʦʤ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞʽ ʇʝʪʨʽ-ʄʘʨʢʦʚʘ ʙʘʟʫʚʘʣʦʩʷ ʥʘ ʤʝʪʦʜʘʤʠ ʪʝʦʨʽʾ ʤʝʨʝʞ 

ʇʝʪʨʽ. 
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ʄʝʪʦʜʘʤʠ ʪʝʦʨʽʾ ʩʠʩʪʝʤ ʪʘ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʚʦʜʠʣʘʩʷ ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʝʡ 

çʟʦʤʙʫʚʘʥʥʷè ʽ çʯʦʨʥʦʾè ʩʢʨʠʥʴʢʠ. ʆʢʨʝʤʦ ʧʨʦʚʦʜʠʚʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʚʘʨʪʽʩʥʠʡ 

ʘʥʘʣʽʟʫ ʜʣʷ ʧʽʜʩʠʩʪʝʤʠ ʧʦʨʪʘʪʠʚʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ. 

ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʮʝʧʮʽʷ ʧʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʝʡ ʧʦʙʫʜʦʚʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʩʧʝʢʪʨʠ ʩʠʛʥʘʣʽʚ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ, ʜʦʩʣʽʜʞʝʥʦ ʪʝʭʥʦʣʦʛʽʶ 

ʧʦʙʫʜʦʚʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, ʟʤʦʜʝʣʶʚʘʥʘ ʙʝʟʧʨʦʚʦʜʦʚʘ ʤʝʨʝʞʘ ʟ 

ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʯʘʩʪʦʪʥʠʤ ʨʦʟʜʽʣʝʥʥʷʤ ʢʘʥʘʣʽʚ. 

ʋʜʦʩʢʦʥʘʣʝʥʽ ʧʽʜʭʦʜʠ ʱʦʜʦ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʟʘ ʨʘʭʫʥʦʢ 

ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘʭʠʱʝʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ 

ʽ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʢʚʘʜʨʘʪʫʨʥʦʾ ʘʤʧʣʽʪʫʜʥʦʾ 

ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʛʦ ʧʽʜʙʦʨʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʙʝʟʧʨʦʚʦʜʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʩʢʦʨʶʶʯʠʭ ʣʽʥʟ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʧʦʣ̫ʨʠʟʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ). 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʚʽʜ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʛʨʦʟ. 

ɼʦʩʣʽʜʞʝʥʠʡ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʞʠʚʫʯʦʩʪʽ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ). 

ɼʦʩʣʽʜʞʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ ʪʘ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʤʝʨʝʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʩʢʦʨʶʶʯʠʭ ʣʽʥʟ ʽ ʾʾ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʽʢʨʦʧʨʦʛʨʘʤʫ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C ʜʣʷ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ 

ʥʘ ʙʘʟʽ Pololu Wixel. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ ʥʘ ʙʘʟʽ ʙʽʙʣʽʦʪʝʢʠ Open Flash Chart ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʟ ʤʽʥʽʘʪʶʨʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ CYW6935, Wi-

detector, TI eZ430-RF2500, Ubiquiti AirView2, Metageek Wi-Spy 2.4x ʽ Pololu Wixel. 
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ʈʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʘʢʝʪ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʥʘ ʨʘʜʽʦʤʦʜʫʣʽ 

TI CC2500+PA+LNA, ʢʦʥʪʨʦʣʝʨʽ Arduino Nano ʽ ʟ ʜʠʩʧʣʝʻʤ OLED SSD1306 ʪʘ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʉ. 

ʈʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʘʢʝʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʫ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ: ʥʘ 

ʙʘʟʽ ʧʨʠʡʤʘʯʘ D-Link DIR-320 ̔  ʧʨʠʡʤʘʯʘ D-Link DIR-300; ʥʘ ʙʘʟʽ ʧʨʠʡʤʘʯʘ ʥʘ 

ʤʽʢʨʦʩʭʝʤʽ RaLink RT2860 ʪʘ ʘʥʘʣʽʟʘʪʦʨʘ ʧʘʢʝʪʽʚ Aircrack-ng; ʥʘ ʙʘʟʽ ʧʝʨʝʜʘʚʘʯʘ 

Asus RT-N16, ʧʨʠʡʤʘʯʘ Wifly -city IDU-2850UG-G2000 ʪʘ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ 

Ubiquiti AirView2; ʥʘ ʙʘʟʽ ʧʝʨʝʜʘʚʘʯʘ Asus RT-N16, ʧʨʠʡʤʘʯʘ Atheros AR9287 ʪʘ 

ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ Popolu Wixel; ʥʘ ʙʘʟʽ ʧʝʨʝʜʘʚʘʯʘ TP-LINK TL -WR340G, 

ʧʨʠʡʤʘʯʘ Linksys WUSB54G ʪʘ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ NetStumbler. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʤʘʢʝʪ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʥʘ 

ʙʘʟʽ ʤʽʢʨʦʬʨʝʡʤʚʦʨʢʘ flask ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʜʣʷ ʦʜʥʦʧʣʘʪʥʦʛʦ 

ʢʦʤʧôʶʪʝʨʘ ʥʘ ʙʘʟʽ Raspberry Pi. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʧʨʤ̫ʦʢʫʪʥʦʾ ʢʚʘʜʨʘʪʫʨʥʦʾ ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʦʛʦ ʟʘ ʨʘʭʫʥʦʢ ʤʦʜʠʬʽʢʘʮʽʾ ʘʤʧʣʽʪʫʜʥʦ-

ʬʘʟʦʚʦʛʦ ʩʫʟʽʨôʷ ʩʠʛʥʘʣʽʚ ʜʦʟʚʦʣʠʣʦ: ʧʦʢʨʘʱʠʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʩʫʤʽʩʥʽʩʪʴ ʪʦʯʢʠ 

ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʜʦʩʪʫʧʫ ʟ ʘʙʦʥʝʥʪʦʤ ʪʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ; ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʽʜʚʠʱʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʦʨʝʪʠʯʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʚôʷʟʢʠ ʩʫʩʽʜʥʽʭ ʩʫʟʽʨôʾʚ ʥʘ 

4,5%. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʙʝʟʧʨʦʚʦʜʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʦʛʦ ʟʘ ʨʘʭʫʥʦʢ ʘʜʘʧʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʨʠʩʢʦʨʶʶʯʦʾ ʣʽʥʟʠ ʜʦ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ ʩʠʩʪʝʤ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʾʭ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʮʽʣʽʩʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʾʾ ʜʦʩʪʫʧʥʽʩʪʴ ʜʦʟʚʦʣʠʣʦ: 

ʫʟʛʦʜʠʪʠ ʘʥʪʝʥʥʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʠʡʤʘʯʘ ʟʘ ʧʦʣʷʨʠʟʘʮʽʻʶ ʪʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ; ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʚ ʪʦʯʮʽ 

ʧʨʠʡʦʤʫ ʜʦ 7 ʜɹʤɺʪ, ʘ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ï ʜʦ 4%. 

ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʛʦ ʧʽʜʙʦʨʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ 

ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʦʛʦ ʰʣʷʭʦʤ 

ʜʦʜʘʚʘʥʥʷ ʦʢʨʝʤʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʜʦ ʽʩʥʫʶʯʦʾ ʙʝʟʧʨʦʚʦʜʦʚʦʾ 
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ʤʝʨʝʞʽ ʜʦʟʚʦʣʠʣʦ: ʦʪʨʠʤʫʚʘʪʠ ʦʧʝʨʘʪʠʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ 

ʝʬʽʨʫ; ʚʠʷʚʣʷʪʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʚʘʜʠ ʽ ʩʪʦʨʦʥʥʽʡ ʢʽʙʝʨʥʝʪʠʯʥʽʡ ʚʧʣʠʚ 

ʪʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ; ʟʘʙʝʟʧʝʯʠʪʠ ʟʨʦʩʪʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʜʦ ʪʘʢʦʛʦ ʚʧʣʠʚʫ. 

ɺ ʨʦʙʦʪʽ ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʛʨʦʟ, ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʷʢʦʛʦ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʢʦʞʥʦʾ ʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʷʢ ʬʫʥʢʮʽʡ ʚʽʜ ʩʘʤʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʽʟ 

ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʢʦʨʜʘʮʽʾ ʝʢʩʧʝʨʪʽʚ ʥʝ ʥʠʞʯʝ 0,67. 

ʇʨʠʚʝʜʝʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʽʩʥʫʶ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ ʥʘ ʦʩʥʦʚʽ 

ʘʧʘʨʘʪʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʘʙʦʥʝʥʪʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ʜʚʦʭ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʋʢʨʘʾʥʠ, ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʧʨʦʝʢʪʽ ENGENSEC, 

ʧʨʠ ʨʦʟʛʦʨʪʘʥʥʽ ʯʦʪʠʨʴʦʭ ʚʽʨʪʫʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ çʅʘʯʘʣʴʥʠʡ ʢʽʙʝʨʧʦʣʽʛʦʥè, ʘ 

ʪʘʢʦʞ ʚ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʯʦʪʠʨʴʦʭ ʧʨʠʚʘʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʝʟʧʨʦʚʦʜʦʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ, ʩʠʛʥʘʣʴʥʝ 

ʩʫʟʽʨôʷ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʫʤʽʩʥʽʩʪʴ, ʘʜʘʧʪʠʚʥʠʡ ʧʽʜʙʽʨ ʢʘʥʘʣʽʚ, ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ, 

ʥʘʜʽʡʥʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ, ʮʽʣʽʩʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ, ʧʨʠʩʢʦʨʶʶʯʘ ʣʽʥʟʘ, ʧʦʣʷʨʠʟʘʮʽʷ, 

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ, ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʙʝʟʧʝʢʘ. 
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Sokolov V. Yu. Methods and Means of Enhancing Information and Functional 

Security of Wireless Data Networks. ï Manuscript. 

The dissertation for the degree of a candidate of technical sciences on the specialty 

05.13.06 ñInformation technologies.ò Institute of Telecommunications and Global 

Information Space of the National Academy of Sciences of Ukraine, Kyiv, 2019. 

The dissertation is devoted to the actual scientific and practical problem of 

developing methods for guaranteeing the reliability and functional safety of wireless 

infrastructure on based on hardware division of subscribers to increase its level of 

protection against security threats of diverse nature consisting of the developed 

theoretical foundations, methods, models and means of reliable wireless systems and 

networks. 

The dissertation proposes methods of modified rectangular quadrature amplitude 

modulation to reduce the mutual influence of wireless networks, adaptive se-lection of 

free transmission channels in wireless networks using spectrum analyzers, increase of 

functional security in wireless infrastructure and a comprehensive assessment of the state 

of its protection systems against the anthropogenic effects. Experimental studies of the 

current state of wireless technologies, the mutual influence of wireless networks, the 

efficiency of miniature spectrum analyzers and the efficiency of the accelerating lens for 

multiprocessing systems, as well as its dimming and polarization properties have been 

carried out. New models of spectrum analyzers, free channel monitoring system, 

accelerating lens antenna for multiprocessing systems have been developed. 

The dissertation was carried out within the framework of research work 

ñDevelopment of methods and measures for increasing the survivability of information 

and communication systems in the conditions of cyberattackò (Ukraine) and the 

international BTH study program #90520 ñComputer Science: Master Programs for the 

Swedish Institute Study Scholarshipsò sponsored by Blekinge Institute of Technology 

(Sweden). 

Using well-known information security practices outlined in BSI, PCI DSS, ISSAF, 

PTES, OSSTMM, OWASP, NIST SP 800-115, and ISO 17799 international standards, 

penetration testing has been conducted for wireless networks built on the methods offered 
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in the work. Also, based on international standards, the analysis of existing threats and 

attacks on wireless technologies (transmitter, receiver and medium). As a result of the 

analysis, wireless attack trees were built and criteria for threats in wireless technologies 

were determined, and vulnerabilities in wireless networks were also assessed. 

The information bandwidth of the wireless channel was calculated by the methods 

of information theory, namely the modified Shannon-Hartley theorem. 

The methods of information security theory have been applied to construct attack 

trees. 

The methods of national security theory have made it possible to estimate the 

likelihood of denial of service, the expected damage, and the state of wireless security 

systems. 

Probability theory assessed the adequacy of the expert team, as well as the 

coefficients of concordance and Student's data when processing the experimental data. 

Zero-midrange signal theory uses the signals at different frequencies to obtain signal 

values at rapid frequencies with the help of rapid Fourier transform. Signal pre-processing 

was performed using Walsh functions using methods of the theory of functions of a real 

variable. 

The methods of electronic theory of light dispersion have made it possible to 

calculate the Fresnel zones for lens antenna systems. 

The Voronoi diagrams for distributed roaming multiple access wireless networks 

were constructed using set theory methods. 

The modeling of the Petri-Markov network was based on the methods of Petri net 

theory. 

Methods of systems theory and system analysis were used to construct models of 

ñzombieò and ñblackò box. Functional-cost analysis was performed separately for the 

subsystem of portable spectrum analyzers. 

The concept of comparison of models of construction of wireless networks is 

developed, the spectra of signals in wireless networks are analyzed, the technology of 

construction of wireless networks is investigated, the wireless network with orthogonal 

frequency division of channels is modeled. 
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Improved approaches to wireless security with the objective of wireless security 

monitoring and wireless security technology. 

The method of modified rectangular quadrature amplitude modulation is developed 

to reduce the mutual influence of wireless networks. 

The method of adaptive selection of free data channels in wireless networks using 

spectrum analyzers is developed. 

A method for enhancing the functional security of wireless infrastructure using 

accelerating lenses (including polarization properties) has been developed. 

A method for assessing the status of wireless infrastructure protection systems from 

the impact of man-made and anthropogenic threats is developed. 

The influence of wireless networks on their functional security and survivability 

(using spectrum analyzers) has been investigated. 

The technology of monitoring of free data channels in wireless networks and the 

technology of increasing the security of wireless networks using accelerating lenses and 

its polarization properties are investigated. 

A C programmatic firmware for the Pololu Wixel-based spectrum analyzer has been 

developed. 

A software application based on the Open Flash Chart library has been developed to 

compare the collected data from CYW6935 miniature spectrum analyzers, Wi-detector, 

TI eZ430-RF2500, Ubiquiti AirView2, Metageek Wi-Spy 2.4x and Pololu Wixel. 

Experimental layout of spectrum analyzer on TI CC2500+PA+LNA radio module, 

Arduino Nano controllers and OLED SSD1306 display and software in C programming 

language have been developed. 

Experimental models for spectrum analysis and monitoring have been developed: 

based on the D-Link DIR-320 receiver and the D-Link DIR-300 receiver; receiver based 

on RaLink RT2860 chip and Aircrack-ng package analyzer; based on Asus RT-N16 

transmitter, Wifly-city IDU-2850UG-G2000 receiver and Ubiquiti AirView2 spectrum 

analyzer; based on Asus RT-N16 transmitter, Atheros AR9287 receiver and Popolu Wixel 

spectrum analyzers; based on the TP-LINK TL -WR340G transmitter, Linksys 

WUSB54G receiver, and NetStumbler spectrum analyzer. 
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A software layout for a Spark Analyzer Spectrum Monitoring System was developed 

in Python programming language for a single-board Raspberry Pi computer. 

According to the results of the study, we proposed a method of modified rectangular 

quadrature amplitude modulation to reduce the interference of wireless networks, the 

introduction of which due to the modification of the amplitude-phase constellation of 

signals allowed: to improve electromagnetic compatibility of wireless access points and 

from or to; ensure that the maximum theoretical spatial solution of the neighboring 

constellations is increased by 4.5%. 

A method of enhancing the functional security of wireless infrastructure was 

developed. The introduction of this method through the adaptation of the accelerator lens 

design to multipath systems and taking into account the influence of their polarization 

properties on the integrity of information and its accessibility allowed to: align the 

antenna systems of the transmitter and receiver with polarization and; to provide an 

increase in the power of the electromagnetic wave at the point of reception to 7 dBmW, 

and throughput is up to 4%. 

The method of adaptive selection of free data channels in wireless networks was 

further developed, the introduction of which, by adding separately located spectrum 

analyzers to the existing wireless network, allowed: to receive prompt information about 

the state of wireless broadcasting; detect, in real time, interferences and third-party 

cybernetic influences and, unlike existing ones; to ensure the increased stability and 

information security of wireless systems to such an impact. 

The method of estimation of the state of wireless infrastructure protection systems 

from the influence of technogenic and anthropogenic threats is improved in the work not 

lower than 0.67. 

The above methods confirm that there is a potential for further development of 

theoretical and practical methods and models of providing information and functional 

security in wireless networks based on hardware subscribers separation. 

The results of the dissertation research were implemented in the educational process 

of two higher educational institutions of Ukraine, in the international project 
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ENGENSEC, during the deployment of four virtual platforms ñCyber Range,ò as well as 

in the practical activity of four private enterprises. 

 

Keywords: wireless infrastructure, internet of things, constellation diagram, 

electromagnetic compatibility, adaptive channel selection, spectrum analyzer, reliability, 

availability, integrity, efficiency, accelerating lens, polarization, bandwidth, 

informational security, functional security.  
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

ARP ï Address Resolution Protocol óʧʨʦʪʦʢʦʣ ʚʠʟʥʘʯʝʥʥʷ ʘʜʨʝʩô 

CMS ï Content Management System óʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʤʽʩʪʦʤô 

CRC ï Cyclic Redundancy Check óʮʠʢʣʽʯʥʠʡ ʥʘʜʣʠʰʢʦʚʠʡ ʢʦʜô 

DDoS ï Distributed Denial-of-Service óʨʦʟʧʦʜʽʣʝʥʘ ʘʪʘʢʘ ʥʘ ʚʽʜʤʦʚʫ  

ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽô 

DoS ï Denial-of-Service óʘʪʘʢʘ ʥʘ ʚʽʜʤʦʚʫ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽô 

EAP ï Extensible Authentication Protocol óʧʨʦʪʦʢʦʣ ʨʦʟʰʠʨʝʥʦʾ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾô 

ERP ï Enterprise Resource Planning óʧʣʘʥʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘô 

IEEE ï Institute of Electrical and Electronics Engineers óɯʥʩʪʠʪʫʪ ʽʥʞʝʥʝʨʽʚ ʟ 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ ʝʣʝʢʪʨʦʥʽʢʠô 

IoT ï Internet of Things óʽʥʪʝʨʥʝʪ ʨʝʯʝʡô 

IP ï Internet Protocol óʤʽʞʤʝʨʝʞʝʚʠʡ ʧʨʦʪʦʢʦʣô 

ISM ï Industrial, Scientific, and Medical óʧʨʦʤʠʩʣʦʚʠʡ, ʥʘʫʢʦʚʠʡ ʪʘ 

ʤʝʜʠʯʥʠʡ [ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ]ô 

MIMO ï Multiple Input Multiple Output ó[ʩʠʩʪʝʤʘ ʟʚôʷʟʢʫ] ʟ ʨʦʟʥʝʩʝʥʠʤʠ 

ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʽ ʧʨʠʡʤʘʣʴʥʠʤʠ ʘʥʪʝʥʘʤʠô 

OFDM ï Orthogonal Frequency-Division Multiplexing óʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʟ 

ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʯʘʩʪʦʪʥʠʤ ʨʦʟʜʽʣʝʥʥʷʤ ʢʘʥʘʣʽʚô 

OSI ï Open Systems Interconnection óʚʟʘʻʤʦʟʚôʷʟʦʢ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤô 

OWASP ï Open Web Application Security Project óʚʽʜʢʨʠʪʠʡ ʧʨʦʝʢʪ ʟ ʙʝʟʧʝʢʠ 

ʚʝʙ-ʜʦʜʘʪʢʽʚô 

QAM ï Quadrature Amplitude Modulation óʢʚʘʜʨʘʪʫʨʥʦ-ʘʤʧʣʽʪʫʜʥʘ 

ʤʦʜʫʣʷʮʽʷô 

SDK ï Software Development Kit óʥʘʙʽʨ ʟʘʩʦʙʽʚ ʨʦʟʨʦʙʢʠô 

SER ï Symbol Error Rate óʢʦʝʬʽʮʽʻʥʪ ʩʠʤʚʦʣʴʥʠʭ ʧʦʤʠʣʦʢô 

SNNR ï Signal-and-Noise-to-Noise Ratio óʚʽʜʥʦʰʝʥʥʷ ʩʫʤʠ ʩʠʛʥʘʣʫ ʽ ʰʫʤʫ 

ʜʦ ʰʫʤʫô 

SQL ï Structured Query Language óʤʦʚʘ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʟʘʧʠʪʽʚô 
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SSH ï Secure Shell óʙʝʟʧʝʯʥʘ ʦʙʦʣʦʥʢʘô 

SSL ï Secure Sockets Layer óʨʽʚʝʥʴ ʟʘʭʠʱʝʥʠʭ ʩʦʢʝʪʽʚô 

STP ï Spanning Tree Protocol óʧʨʦʪʦʢʦʣ ʢʽʩʪʷʢʦʚʦʛʦ ʜʝʨʝʚʘô 

TKIP ï Temporal Key Integrity Protocol óʧʨʦʪʦʢʦʣ ʮʽʣʽʩʥʦʩʪʽ ʪʠʤʯʘʩʦʚʦʛʦ 

ʢʣʶʯʘô 

VTP ï VLAN  Trunking Protocol óʧʨʦʪʦʢʦʣ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ 

ʣʦʢʘʣʴʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞô 

WDS ï Wireless Distribution System óʙʝʟʧʨʦʚʦʜʦʚʘ ʨʦʟʧʦʜʽʣʝʥʘ ʩʠʩʪʝʤʘô 

WEP ï Wired Equivalent Privacy óʝʢʚʽʚʘʣʝʥʪ ʧʨʦʚʦʜʦʚʦʾ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽô 

Wi-Fi ï Wireless Fidelity óʙʝʟʧʨʦʚʦʜʦʚʘ ʪʦʯʥʽʩʪʴô 

WiMAX  ï Worldwide Interoperability for Microwave Access óʚʩʝʩʚʽʪʥʷ 

ʩʫʤʽʩʥʽʩʪʴ ʜʣʷ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʜʦʩʪʫʧʫô 

WLAN ï Wireless Local Area Network óʙʝʟʧʨʦʚʦʜʦʚʘ ʣʦʢʘʣʴʥʘ ʤʝʨʝʞʘô 

WPA ï Wi-Fi Protected Access óʟʘʭʠʱʝʥʠʡ ʜʦʩʪʫʧ ʜʦ Wi-Fiô 

WPAN ï Wireless Personal Area Network óʙʝʟʧʨʦʚʦʜʦʚʘ ʧʝʨʩʦʥʘʣʴʥʘ ʤʝʨʝʞʘô 

   

ɼʉ ï ʜʽʘʛʨʘʤʘ ʩʧʨʷʤʦʚʘʥʦʩʪʽ 

ɽʄɿ ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʟʘʚʘʜʘ 

ɯɹ ï ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ 

ɯʊ ï ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʂʂɼ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ 

ʆɿʇ ï ʦʧʝʨʘʮʽʡʥʠʡ ʟʘʧʘʤôʷʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

ʆʉ ï ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ 

ʇɿ ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʇʃ ï ʧʨʠʩʢʦʨʶʶʯʘ ʣʽʥʟʘ 

ʉɸʇʈ ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʉʋɹɼ ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʦʶ ʜʘʥʠʭ 

ʊɹɼ ï ʪʦʯʢʘ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʜʦʩʪʫʧʫ 

ʌʈ ï ʬʘʟʦʚʠʡ ʨʦʟʧʦʜʽʣ 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠʇʦʜʽʾ ʢʽʥʮʷ XX ï ʧʦʯʘʪʢʫ XXI ʩʪʦʨʽʯʯʷ ʧʨʦʭʦʜʷʪʴ ʥʘ ʬʦʥʽ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʫʩʧʽʣʴʩʪʚʘ ʚʽʜ ʧʦʩʪʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ. ɺʽʜʙʫʚʘʻʪʴʩʷ 

ʙʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ (ɯʊ), ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʾʭ 

ʧʨʦʥʠʢʥʝʥʥʷʤ ʫ ʚʩʽ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ: ʩʦʮʽʘʣʴʥʫ, ʝʢʦʥʦʤʽʯʥʫ, ʧʦʣʽʪʠʯʥʫ 

ʪʦʱʦ, ʟʙʽʣʴʰʝʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ ʧʨʠʚʘʪʥʠʭ ʦʩʽʙ, ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ 

ʢʨʘʾʥ ʩʚʽʪʫ ʚʽʜ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷʤ ʩʪʫʧʝʥʷ ʾʭ 

ʫʨʘʟʣʠʚʦʩʪʽ ʚʽʜ ʩʪʦʨʦʥʥʴʦʛʦ ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʚʧʣʠʚʫ. ɿʘʚʜʷʢʠ ʨʝʚʦʣʶʮʽʾ ʚ ʦʙʣʘʩʪʽ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʽ ʢʦʤʫʥʽʢʘʮʽʡ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʥʘʯʥʽ ʟʤʽʥʠ ʫ ʚʽʡʩʴʢʦʚʽʡ ʩʧʨʘʚʽ. 

ɿôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʚʠʜʠ ʦʟʙʨʦʻʥʥʷ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ 

ʽʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʽʷʭ. ɼʣʷ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʾʾ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʚʩʝ ʯʘʩʪʽʰʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ. ɺʦʥʠ ʨʦʟʛʦʨʪʘʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚ ʘʝʨʦʧʦʨʪʘʭ, 

ʫʥʽʚʝʨʩʠʪʝʪʘʭ, ʛʦʪʝʣʷʭ, ʨʝʩʪʦʨʘʥʘʭ, ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʪʘ ʩʣʫʛʫʶʪʴ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʤʝʨʝʞ ʧʨʦʚʘʡʜʝʨʽʚ ʽʥʪʝʨʥʝʪ-ʧʦʩʣʫʛ (ʟʘʤʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʜʽʣʝʥʠʭ ʧʨʦʚʦʜʦʚʠʭ ʣʽʥʽʡ ʘʙʦ ʟʘʩʪʘʨʽʣʦʛʦ ʤʦʜʝʤʥʦʛʦ ʟôʻʜʥʘʥʥʷ), ʘ ʪʘʢʦʞ 

ʦʙôʻʜʥʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʥʝʩʝʥʠʭ ʧʽʜʤʝʨʝʞ ʚ ʦʜʥʫ ʟʘʛʘʣʴʥʫ ʤʝʨʝʞʫ ï ʪʦʙʪʦ ʪʘʤ, ʜʝ 

ʢʘʙʝʣʴʥʝ ʟôʻʜʥʘʥʥʷ ʧʽʜʤʝʨʝʞ ʥʝʤʦʞʣʠʚʝ ʘʙʦ ʥʝʙʘʞʘʥʝ. 

ʊʘʢʽ ʟʤʽʥʠ ʚʝʜʫʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʩʚʽʪ ʩʪʘʻ ʥʘʜʪʦ ʫʨʘʟʣʠʚʠʤ ʚʽʜ ʧʦʷʚʠ ʥʦʚʠʭ 

ʜʝʩʪʨʫʢʪʠʚʥʠʭ ʚʧʣʠʚʽʚ ï ʚʠʢʣʠʢʽʚ, ʟʘʛʨʦʟ ʪʘ, ʬʘʢʪʠʯʥʦ, ʥʝʧʨʠʭʦʚʘʥʠʭ 

ʢʽʙʝʨʥʝʪʠʯʥʠʭ ʟʣʦʯʠʥʽʚ ʚ ɯʊ ʩʬʝʨʽ, ʷʢʽ ʟʫʤʦʚʣʶʶʪʴ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʟʙʽʣʴʰʝʥʥʷ 

ʯʘʩʪʦʪʠ ʥʘʧʘʜʽʚ ʪʘ ʟʙʠʪʢʽʚ ʚʽʜ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʽ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ 

ʟʚôʷʟʢʫ, ʘʢʪʠʚʥʝ ʧʦʰʠʨʝʥʥʷ ʧʦʩʣʫʛ ʷʢʦʛʦ (ʦʩʢʽʣʴʢʠ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʛʥʘʣʠ ʧʨʠ ʾʭ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʯʝʨʝʟ ʨʘʜʽʦʝʬʽʨ ʣʝʛʢʦʜʦʩʪʫʧʥʽ ʜʣʷ ʧʝʨʝʭʦʧʣʝʥʥʷ) ʚʠʚʝʣʦ ʥʘ 

ʧʝʨʰʠʡ ʧʣʘʥ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʪʘ ʩʧʦʩʦʙʠ 

ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʚ ʥʠʭ. ɿʚʘʞʘʶʯʠ, ʱʦ ʦʩʥʦʚʠ ʪʘʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʜʘʥʠʡ ʯʘʩ 

ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʥʝʜʦʩʪʘʪʥʴʦ, ʧʠʪʘʥʥʷ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ (ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʮʽʣʽʩʥʦʩʪʽ) ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ (ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʧʝʨʝʜʘʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʾ) ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤʠ. 
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ɺʽʜʦʤʦ, ʱʦ ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʚ 

ʮʽʣʦʤʫ, ʪʘ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʟʦʢʨʝʤʘ, ʧʨʠʩʚʷʯʝʥʦ ʧʨʘʮʽ ʚʽʜʦʤʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 

ʟʘʢʦʨʜʦʥʥʠʭ ʚʯʝʥʠʭ ʪʘ ʾʭ ʥʘʫʢʦʚʠʭ ʰʢʽʣ: ɼ. ɺ. ɸʛʝʻʚʘ, ɺ. ʄ. ɸʩʪʘʧʝʥʽ, 

ɺ. ʄ. ɹʦʛʫʰʘ, ɺ. ʃ. ɹʫʨʷʯʢʘ, ɺ. ɺ. ɼʦʤʘʨʝʚʘ, ɸ. ʂʘʨʣʩʦʥʘ, ʆ. ɻ. ʂʦʨʯʝʥʢʘ, 

ɻ. ʊ. ʄʘʨʢʦʚʘ, ʄ. ɺ. ʉʪʝʧʘʰʢʠʥʘ, ʉ. ɺ. ʊʦʣʶʧʠ, ɺ. ʆ. ʍʦʨʦʰʢʘ ʪʘ ʗ. ʉ. ʐʠʬʨʠʥʘ 

ʪʘ ʙʘʛʘʪʴʦʭ ʽʥ. ʅʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ, ʷʢʘ ʚʠʨʽʰʫʻʪʴʩʷ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ 

ʨʦʙʦʪʽ, ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʤʝʨʝʞ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʧʝʨʝʜʘʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤʘʭ ʚ ʫʤʦʚʘʭ ʽʩʥʫʶʯʠʭ ʦʙôʻʢʪʠʚʥʠʭ ʧʨʦʪʠʨʽʯ ʤʽʞ 

ʜʠʥʘʤʽʯʥʠʤʠ ʟʤʽʥʘʤʠ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʤʝʨʝʞ, ʪʘ ʥʝʜʦʩʢʦʥʘʣʽʩʪʶ, ʘ ʧʦʜʝʢʫʜʠ ʡ ʚʽʜʩʫʪʥʽʩʪʶ 

ʤʝʪʦʜʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʦ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʘʭʠʱʝʥʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʩʠʩʪʝʤ ʟ ʽʥʰʦʛʦ. ʅʘʷʚʥʽʩʪʴ ʜʘʥʠʭ ʧʨʦʪʠʨʽʯ ʽ ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

ʜʠʩʝʨʪʘʮʽʾ, ʘ ʪʦʤʫ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʟʘʜʘʯʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʤʘʻ ʚʘʞʣʠʚʝ 

ʥʘʫʢʦʚʝ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ 

ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʫ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ çʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʟʘʭʦʜʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʞʠʚʫʯʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ 

ʢʽʙʝʨʥʝʪʠʯʥʠʭ ʘʪʘʢè (ʰʠʬʨ çɿʘʭʠʩʪ ɯʂʉè, ˉ ʜ/ʨ 0114U000391), ʘ ʪʘʢʦʞ 

ʤʽʞʥʘʨʦʜʥʦʾ ʜʦʩʣʽʜʥʠʮʴʢʦ-ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ BTH ˉ90520 çComputer Science: 

Master Programs for the Swedish Institute Study Scholarshipsè ʟʘ ʬʽʥʘʥʩʦʚʘʥʦʾ 

ʧʽʜʪʨʠʤʢʠ ʊʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ɹʣʝʢʽʥˇʝ (ʐʚʝʮʽʷ). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ (ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʮʽʣʽʩʥʦʩʪʽ) ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʤʝʨʝʞ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʧʝʨʝʜʘʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʾ. 
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ɼʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʤʘʛʘʻ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ: 

ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʟʘʛʨʦʟ ʽ ʘʪʘʢ ʥʘ ʙʝʟʧʨʦʚʦʜʦʚʽ ʪʝʭʥʦʣʦʛʽʾ (ʥʘ 

ʧʝʨʝʜʘʚʘʯ, ʧʨʠʡʤʘʯ ʽ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ), ʧʦʙʫʜʦʚʫ ʜʝʨʝʚʘ ʘʪʘʢ 

ʥʘ ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ, ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʟʘʛʨʦʟ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, 

ʦʮʽʥʶʚʘʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ; 

ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʧʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʝʡ ʧʦʙʫʜʦʚʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʧʝʢʪʨʠ ʩʠʛʥʘʣʽʚ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʧʦʙʫʜʦʚʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, ʤʦʜʝʣʶʚʘʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ ʟ 

ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʯʘʩʪʦʪʥʠʤ ʨʦʟʜʽʣʝʥʥʷʤ ʢʘʥʘʣʽʚ; 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʟʘ ʨʘʭʫʥʦʢ 

ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘʭʠʱʝʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ 

ʽ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ; 

ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʢʚʘʜʨʘʪʫʨʥʦʾ ʘʤʧʣʽʪʫʜʥʦʾ 

ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ; 

ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʘʜʘʧʪʠʚʥʦʛʦ ʧʽʜʙʦʨʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ 

ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ; 

ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʙʝʟʧʨʦʚʦʜʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʩʢʦʨʶʶʯʠʭ ʣʽʥʟ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ); 

ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʛʨʦʟ; 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʞʠʚʫʯʦʩʪʽ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ); 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʤʝʨʝʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʩʢʦʨʶʶʯʠʭ ʣʽʥʟ ʽ ʾʾ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʘʢʝ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʦʙʦʪʽ ̒ ʧʨʦʮʝʩ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ. ʇʨʝʜʤʝʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʪʘ ʤʦʜʝʣʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʙʝʟʧʝʢʠ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ ʥʘ ʦʩʥʦʚʽ ʘʧʘʨʘʪʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʘʙʦʥʝʥʪʽʚ. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʪʝʦʨʝʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʪʘ ʧʨʘʢʪʠʯʥʦ ʘʧʨʦʙʦʚʘʥʠʭ ʤʝʪʦʜʘʭ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ (ʜʣʷ 

ʤʦʜʠʬʽʢʘʮʽʾ ʪʝʦʨʝʤʠ ʐʝʥʥʦʥʘ-ʍʘʨʪʣʽ), ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ (ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʜʝʨʝʚ ʘʪʘʢ), ʪʝʦʨʽʾ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ (ʜʣʷ ʦʧʠʩʫ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ, ʦʯʽʢʫʚʘʥʦʛʦ ʟʙʠʪʢʫ ʽ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ), ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ (ʜʣʷ ʦʮʽʥʢʠ ʘʜʝʢʚʘʪʥʽʩʪʴ ʝʢʩʧʝʨʪʥʦʾ 

ʛʨʫʧʠ, ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʥʢʦʨʜʘʮʽʾ ʽ ʉʪʴʶʜʝʥʪʘ), ʪʝʦʨʽʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ (ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʜʣʷ ʩʠʛʥʘʣʽʚ ʟ ʥʫʣʴʦʚʠʤ ʩʝʨʝʜʥʽʤ 

ʢʘʥʘʣʦʤ), ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʦʨʽʾ ʜʠʩʧʝʨʩʽʾ ʩʚʽʪʣʘ (ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʦʥ ʌʨʝʥʝʣʷ), ʪʝʦʨʽʾ 

ʤʥʦʞʠʥ (ʜʣʷ ʜʽʘʛʨʘʤ ɺʦʨʦʥʦʛʦ ʫ ʩʠʩʪʝʤʘʭ ʟ ʨʦʫʤʽʥʛʦʤ), ʪʝʦʨʽʾ ʬʫʥʢʮʽʡ ʜʽʡʩʥʦʾ 

ʟʤʽʥʥʦʾ (ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʬʫʥʢʮʽʡ ʋʦʣʰʘ), ʪʝʦʨʽʾ ʤʝʨʝʞ ʇʝʪʨʽ (ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʝʨʝʞʽ ʇʝʪʨʽ-ʄʘʨʢʦʚʘ), ʪʝʦʨʽʾ ʩʠʩʪʝʤ ʪʘ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ (ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ 

çʟʦʤʙʫʚʘʥʥʷè, çʯʦʨʥʦʾè ʩʢʨʠʥʴʢʠ ʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʚʘʨʪʽʩʥʦʛʦ 

ʘʥʘʣʽʟʫ) ʽ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ BSI, PCI DSS, ISSAF, PTES, OSSTMM, OWASP, 

NIST SP 800-115 ʽ ISO 17799 ʚ ʩʬʝʨʽ ʙʝʟʧʝʢʠ (ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʥʘ 

ʧʨʦʥʠʢʥʝʥʥʷ). 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ 

ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ ʥʘ ʦʩʥʦʚʽ ʘʧʘʨʘʪʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ 

ʘʙʦʥʝʥʪʽʚ. ʅʦʚʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʻ: 

ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʢʚʘʜʨʘʪʫʨʥʦʾ 

ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʦʛʦ ʟʘ ʨʘʭʫʥʦʢ ʤʦʜʠʬʽʢʘʮʽʾ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʦʛʦ ʩʫʟʽʨôʷ 

ʩʠʛʥʘʣʽʚ ʜʦʟʚʦʣʠʣʦ: ʧʦʢʨʘʱʠʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʩʫʤʽʩʥʽʩʪʴ ʪʦʯʢʠ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ 

ʜʦʩʪʫʧʫ (ʊɹɼ) ʟ ʘʙʦʥʝʥʪʦʤ ʪʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ; ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʚʠʱʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʦʨʝʪʠʯʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʚôʷʟʢʠ ʩʫʩʽʜʥʽʭ ʩʫʟʽʨôʾʚ ʥʘ 4,5%; 

ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ 

ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʦʛʦ ʟʘ ʨʘʭʫʥʦʢ ʘʜʘʧʪʘʮʽʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʩʢʦʨʶʶʯʦʾ ʣʽʥʟʠ ʜʦ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ ʩʠʩʪʝʤ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʾʭ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʮʽʣʽʩʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʾʾ ʜʦʩʪʫʧʥʽʩʪʴ 
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ʜʦʟʚʦʣʠʣʦ: ʫʟʛʦʜʠʪʠ ʘʥʪʝʥʥʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʠʡʤʘʯʘ ʟʘ ʧʦʣʷʨʠʟʘʮʽʻʶ ʪʘ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ; ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʭʚʠʣʽ ʚ ʪʦʯʮʽ ʧʨʠʡʦʤʫ ʜʦ 7 ʜɹʤɺʪ, ʘ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ï ʜʦ 4%; 

ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʛʦ ʧʽʜʙʦʨʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʚʘʥʥʷ 

ʜʘʥʠʭ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʦʛʦ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʦʢʨʝʤʦ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʜʦ ʽʩʥʫʶʯʦʾ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ ʜʦʟʚʦʣʠʣʦ: 

ʦʪʨʠʤʫʚʘʪʠ ʦʧʝʨʘʪʠʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʝʬʽʨʫ; ʚʠʷʚʣʷʪʠ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʚʘʜʠ ʽ ʩʪʦʨʦʥʥʽʡ ʢʽʙʝʨʥʝʪʠʯʥʽʡ ʚʧʣʠʚ ʪʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ, ʟʘʙʝʟʧʝʯʠʪʠ ʟʨʦʩʪʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʜʦ ʪʘʢʦʛʦ ʚʧʣʠʚʫ; 

ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʛʨʦʟ, ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʷʢʦʛʦ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʢʦʞʥʦʾ ʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʷʢ ʬʫʥʢʮʽʡ ʚʽʜ ʩʘʤʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʽʟ 

ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʢʦʨʜʘʮʽʾ ʝʢʩʧʝʨʪʽʚ ʥʝ ʥʠʞʯʝ 0,67. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʩʫʢʫʧʥʦʩʪʽ ʩʢʣʘʜʘʻ ʧʽʜˇʨʫʥʪʷ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʟʘʭʠʱʝʥʦʾ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ, ʚ ʷʢʽʡ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʟ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʪʘ ʾʾ ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ 

ʚʧʨʦʚʘʜʞʝʥʦ ʜʽʻʚʫ ʪʘ ʝʬʝʢʪʠʚʥʫ ʧʽʜʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ 

ʙʝʟʧʝʢʠ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʪʘʢʦʤʫ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʤʽʢʨʦʧʨʦʛʨʘʤʫ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C (ʧʽʜ ʢʦʤʧʽʣʷʪʦʨ SDCC 

3.6.0) ʜʣʷ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʥʘ ʙʘʟʽ Pololu Wixel. 

2. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ ʥʘ ʙʘʟʽ ʙʽʙʣʽʦʪʝʢʠ Open Flash Chart ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʟ ʤʽʥʽʘʪʶʨʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ CYW6935, Wi-

detector, TI eZ430-RF2500, Ubiquiti AirView2, Metageek Wi-Spy 2.4x ʽ Pololu Wixel. 

3. ʈʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʘʢʝʪ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʥʘ ʨʘʜʽʦʤʦʜʫʣʽ 

TI CC2500+PA+LNA, ʢʦʥʪʨʦʣʝʨʽ Arduino Nano 3.0 ʽ ʟ ʜʠʩʧʣʝʻʤ OLED SSD1306 ʪʘ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʉ (ʧʽʜ ʢʦʤʧʽʣʷʪʦʨ GCC 5.4.0). 
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4. ʈʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʘʢʝʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʫ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ: 

ʥʘ ʙʘʟʽ ʧʨʠʡʤʘʯʘ D-Link DIR-320 (ʧʨʦʰʠʚʢʘ DD-WRT mini-usb-ftp v24-

sp2.13064) ʽ ʧʨʠʡʤʘʯʘ D-Link DIR-300 (ʧʨʦʰʠʚʢʘ 1.05.a319); 

ʥʘ ʙʘʟʽ ʧʨʠʡʤʘʯʘ ʥʘ ʤʽʢʨʦʩʭʝʤʽ RaLink RT2860 (ʜʨʘʡʚʝʨ rt2800pci, ʆʉ Gentoo 

Linux 2.6.34-r1) ʪʘ ʘʥʘʣʽʟʘʪʦʨʘ ʧʘʢʝʪʽʚ Aircrack-ng 1.0; 

ʥʘ ʙʘʟʽ ʧʝʨʝʜʘʚʘʯʘ Asus RT-N16 (ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ Broadcom 4718A, ʧʨʦʰʠʚʢʘ 

DD-WRT v24-sp2 mega), ʧʨʠʡʤʘʯʘ Wifly -city IDU-2850UG-G2000 (ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 

Realtek RTL8187L) ʪʘ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ Ubiquiti AirView2; 

ʥʘ ʙʘʟʽ ʧʝʨʝʜʘʚʘʯʘ Asus RT-N16 (ʧʨʦʰʠʚʢʘ DD-WRT K2.6 14896), ʧʨʠʡʤʘʯʘ 

Atheros AR9287 ʪʘ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ Popolu Wixel (TI CC2511F32); 

ʥʘ ʙʘʟʽ ʧʝʨʝʜʘʚʘʯʘ TP-LINK TL -WR340G (ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ Atheros AR2317, 

ʧʨʦʰʠʚʢʘ Stock 4.18.19.110701), ʧʨʠʡʤʘʯʘ Linksys WUSB54G (ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 

Ralink RT2500USB) ʪʘ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ NetStumbler 0.4.0. 

5. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʤʘʢʝʪ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʥʘ 

ʙʘʟʽ ʤʽʢʨʦʬʨʝʡʤʚʦʨʢʘ flask ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python 3.7.2 ʜʣʷ ʦʜʥʦʧʣʘʪʥʦʛʦ 

ʢʦʤʧôʶʪʝʨʘ ʥʘ ʙʘʟʽ Raspberry Pi 3B. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ɼʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʂʠʾʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɹʦʨʠʩʘ 

ɻʨʽʥʯʝʥʢʘ ʚ ʨʘʤʢʘʭ ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ ʢʫʨʩʫ çʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʽ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞè (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ˉ20-ʥ ʚʽʜ 15.04.2019), ʫ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʊʝʤʧʫʩ-ʧʨʦʝʢʪ ̔ ˉ544455-TEMPUS-1-2013-1-SE-TEMPUS-JPCR 

ENGENSEC çʇʽʜʛʦʪʦʚʢʘ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ ʝʢʩʧʝʨʪʽʚ ʟ ʢʽʙʝʨʙʝʟʧʝʢʠ: ʥʦʚʘ 

ʚʠʟʥʘʥʘ ɭʉ ʤʘʛʽʩʪʝʨʩʴʢʘ ʧʨʦʛʨʘʤʘè ʚ ʨʘʤʢʘʭ ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ ʢʫʨʩʫ çWireless and 

Mobile Securityè (ʜʠʧʣʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 12.11.2017), ʧʨʠ ʨʦʟʛʦʨʪʘʥʥʽ ʯʦʪʠʨʴʦʭ 

ʚʽʨʪʫʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ çʅʘʯʘʣʴʥʠʡ ʢʽʙʝʨʧʦʣʽʛʦʥè (ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʂʠʾʚʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʨʠʩʘ ɻʨʽʥʯʝʥʢʘ, ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʽ ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ), ʘ ʪʘʢʦʞ ʚ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʊʆɺ çɸʚʪʦʨè (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 23.04.2019), ʊʆɺ çʍɽʃʉɯ ʖɸè (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 
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13.04.2019), ʊʆɺ çʉʠʩʪʝʤʘ ʊʨʝʡʜè (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 14.03.2019) ʽ ʊʆɺ 

çɼʦʤʦʬʦʥ-ʇʽʚʜʝʥʴè (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 16.02.2019). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ, ʱʦ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ʋ ʨʦʙʦʪʘʭ, 

ʥʘʧʠʩʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʘʚʪʦʨʫ ʥʘʣʝʞʘʪʴ: [1,2,19,30,32,33] ï ʧʽʜʭʦʜʠ ʱʦʜʦ 

ʨʦʟʨʦʙʢʠ ʥʠʟʴʢʦʙʶʜʞʝʪʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ; [3,23,24] ï ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʛʦ 

ʧʽʜʙʦʨʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʽ ʦʨʛʘʥʽʟʘʮʽʷ ʙʦʪʥʝʪʽʚ; [4,5,8,9] ï ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʭʠʱʝʥʦʩʪʽ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ; [6] ï 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʚʽʜ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʛʨʦʟ; [7,13] ï ʤʝʪʦʜ ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʧʨʷʤʦʢʫʪʥʦʾ ʢʚʘʜʨʘʪʫʨʥʦʾ ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ; [10,34] ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʨʝʚ ʘʪʘʢ ʜʣʷ ʘʥʘʣʽʟʫ ʟʘʭʠʱʝʥʦʩʪʽ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ; [11,21,22,25,26,31] ï ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʪʘ 

ʜʦʩʪʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʩʢʦʨʶʶʯʠʭ 

ʣʽʥʟ; [12,14,16,20,29] ï ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʢʘʥʘʣʽʚ 

ʟʚôʷʟʢʫ ʥʘ ʦʩʥʦʚʽ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ; [15,17] ï ʟʘʩʪʦʩʫʚʘʥʥʷ SDR ʜʣʷ 

ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ IoT-ʧʨʠʩʪʨʦʾʚ ʩʪʘʥʜʘʨʪʽʚ IEEE 802.15.4 ʽ 802.16.4; 

[18,35] ï ʤʝʪʦʜʠʢʘ ʧʨʦʪʠʜʽʾ ʩʦʮʽʘʣʴʥʦʤʫ ʽʥʞʠʥʽʨʠʥʛʫ ʥʘ ʦʙôʻʢʪʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ; [27,28] ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʽʘʛʨʘʤ ɺʦʨʦʥʦʛʦ ʜʣʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʟ 

ʨʦʫʤʽʥʛʦʤ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ ʩʝʤʽʥʘʨʘʭ, ʩʝʨʝʜ 

ʷʢʠʭ: Vɯ, Vɯɯɯ ʽ ɯX ʤʽʞʥʘʨ. ʥ.-ʪ. ʢʦʥʬ. ʩʪʫʜʝʥʪʩʪʚʘ ʽ ʤʦʣʦʜʽ ɼʋɯʂʊ (ʤ. ʂʠʾʚ, 2009, 

2011, 2012 ʨʨ.); VII ʽ VIII ʥʘʫʢ. ʢʦʥʬ. çʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʚ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʷʭ ʪʘ ʦʩʚʽʪʽè (ʤ. ʂʠʾʚ, 2010, 2011 ʨʨ.); Vɯɯ, Vɯɯɯ ʽ IX ʤʽʞʥʘʨ. ʥ.-ʪ. 

ʢʦʥʬ. çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾè (COMINFO, ʤ. ʂʠʾʚ, 2011, 

2012, 2015); IX, X ʽ XI ʤʽʞʥʘʨ. ʢʦʥʬ. ʟ ʪʝʦʨʽʾ ʽ ʪʝʭʥʽʢʠ ʘʥʪʝʥ (International Conference 

on Antenna Theory and Techniques, ICATT, ʤ. ʆʜʝʩʘ, 2013 ʨ., ʤ. ʍʘʨʢʽʚ, 2015 ʨ., 

ʤ. ʂʠʾʚ, 2017 ʨ.); I, II ʽ III ʤʽʞʥʘʨ. ʥ.-ʪ. ʢʦʥʬ. ʟ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ 
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(International Scientific-Technical Conference on Actual Problems of Science and 

Technology, ʤ. ʂʠʾʚ, 2015, 2016 ʨʨ.); IV ʽ V ʤʽʞʥʘʨ. ʥ.-ʧʨ. ʢʦʥʬ. çʇʨʦʙʣʝʤʠ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡ. ʅʘʫʢʘ ʽ ʪʝʭʥʽʢʘè (International Scientific and Practical Conference 

Problems of Infocommunications. Science and Technology, PIC S&T, ʤ. ʍʘʨʢʽʚ, 2017 

 ̔2018 ʨʨ.); II ʤʽʞʥʘʨ. ʥ.-ʧʨ. ʢʦʥʬ. çʄʽʞʥʘʨʦʜʥʽ ʪʝʥʜʝʥʮʽʾ ʚ ʛʘʣʫʟʽ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠè 

(International Trends in Science and Technology, ʩʪʝʥʜʦʚʘ ʜʦʧ., ʤ. ɺʘʨʰʘʚʘ, 2018 ʨ.); 

ʧʨʝʟʝʥʪʘʮʽʷ ʧʨʦʛʨʘʤʠ ʜʠʩʮʠʧʣʽʥʠ çʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʽ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞè (ʤ. ʂʘʨʣʩʢʨʦʥʘ, 2017 ʨ.); ʢʦʥʬ. ʢʨʘʾʥ ɭʚʨʦʧʠ 

 ̔ʉʅɼ çALERT Cyber Drillè (ALERT cyber drill for Europe and CIS Regions, 

ʤ. ʂʠʰʠʥʽʚ, 2017 ʨ.); IV ʤʽʞʥʘʨ. ʥ.-ʧʨ. ʢʦʥʬ. çɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʥʘʫʮʽè 

(Innovative Technologies in Science, ʩʪʝʥʜʦʚʘ ʜʦʧ., ʤ. ɼʫʙʘʡ, 2018 ʨ.); ʨʝʛʽʦʥ. ʩʝʤʽʥʘʨ 

ʄʽʞʥʘʨ. ʩʦʶʟʫ ʝʣʝʢʪʨʦʟʚôʷʟʢʫ ʜʣʷ ʢʨʘʾʥ ɭʚʨʦʧʠ ʽ ʉʅɼ çʎʠʬʨʦʚʝ ʤʘʡʙʫʪʥʻ ʥʘ 

ʦʩʥʦʚʽ 4G/5Gè (Regional Workshop of the International Telecommunication Union 

for Europe and CIS Region ñDigital Future Powered by 4G/5Gò, ʤ. ʂʠʾʚ, 2018 ʨ.); 

ʢʨʫʛʣʠʡ ʩʪʽʣ çʂʽʙʝʨʙʝʟʧʝʢʘ: ʦʩʚʽʪʥʽʡ ʘʩʧʝʢʪè (ʤ. ʂʠʾʚ, 2018 ʨ.); ʚʩʝʫʢʨ. ʥ.-ʧʨ. ʢʦʥʬ. 

çɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʧʨʦʪʠʜʽʾ ʢʽʙʝʨʟʣʦʯʠʥʥʦʩʪʽ ʪʘ ʪʦʨʛʽʚʣʽ ʣʶʜʴʤʠè (ʤ. ʍʘʨʢʽʚ, 

2018 ʨ.); ʚʩʝʫʢʨ. ʥ.-ʧʨ. ʢʦʥʬ. ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʡ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ 

çʂʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ ʽ ʢʽʙʝʨʙʝʟʧʝʢʘ: ʜʦʩʷʛʥʝʥʥʷ ʪʘ ʽʥʥʦʚʘʮʽʾè 

(ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, 2018 ʨ.); II ʤʽʞʥʘʨ. ʢʦʥʬ. ʟ ʢʦʤʧ. ʥʘʫʢ, ʽʥʞʝʥʝʨʽʾ ʪʘ ʦʩʚʽʪʥʽʭ 

ʧʨʦʛʨʘʤ (International Conference on Computer Science, Engineering and Education 

Applications, ICCSEEA2019, ʤ. ʂʠʾʚ, 2019 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 35 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʟ ʷʢʠʭ: 1 ʧʫʙʣʽʢʘʮʽʷ ï ʨʦʟʜʽʣ ʢʦʣʝʢʪʠʚʥʦʾ ʤʦʥʦʛʨʘʬʽʾ [1]; 18 ï ʫ 

ʟʘʢʦʨʜʦʥʥʠʭ [2,3] ʽ ʚʽʪʯʠʟʥʷʥʠʭ [4ï19] ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ (Index Copernicus, CORE, BASE, DBLP, 

arXiv, DiVA2, ResearchBib, PKP, OCLC ʪʦʱʦ); 5 ï ʧʫʙʣʽʢʘʮʽʡ ʫ ʤʽʞʥʘʨʦʜʥʠʭ 

ʨʝʮʝʥʟʦʚʘʥʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʙʘʟ ʜʘʥʠʭ Scopus ʪʘ Web of Science [20ï24] ʪʘ 

11 ʪʝʟ ʜʦʧʦʚʽʜʝʡ [25ï35]. ɹʝʟ ʩʧʽʚʘʚʪʦʨʽʚ ï ʦʧʫʙʣʽʢʦʚʘʥʦ 6 ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ ʽ 3 ʪʝʟʠ 

ʜʦʧʦʚʽʜʝʡ. 
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ʆʙʩʷʛ ʽ ʩʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʦʪʘʮʽʾ, ʟʤʽʩʪʫ, 

ʧʝʨʝʣʽʢʫ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ, ʚʩʪʫʧʫ, ʪʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʽʚ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (ʚ ʢʽʥʮʽ ʢʦʞʥʦʛʦ ʨʦʟʜʽʣʫ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ ʜʠʩʝʨʪʘʮʽʾ) ʽ ʤʘʻ 

161 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 89 ʨʠʩʫʥʢʽʚ, 22 ʪʘʙʣʠʮʽ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ʤʽʩʪʠʪʴ 123 ʫʥʽʢʘʣʴʥʽ ʥʘʡʤʝʥʫʚʘʥʥʷ ʽ ʟʘʡʤʘʻ 14 ʩʪʦʨʽʥʦʢ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ï 182 ʩʪʦʨʽʥʢʠ. 
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ʈʦʟʜʽʣ 1 

ʅɸʋʂʆɺʆ-ʄɽʊʆɼʀʏʅɯ ʇɯɼʍʆɼʀ ʑʆɼʆ ɿɸɹɽɿʇɽʏɽʅʅʗ ɹɽɿʇɽʂʀ 

ɺ ʉʌɽʈɯ ɹɽɿʇʈʆɺʆɼʆɺʀʍ ʊɽʍʅʆʃʆɻɯʁ 

ʂʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʜʦʩʪʫʧʫ (ʊɹɼ) ʚ ʩʚʽʪʽ ʨʦʩʪʝ ʟ ʢʦʞʥʠʤ ʜʥʝʤ, 

ʦʙʽʮʷʶʯʠ ʚ ʥʝʜʘʣʝʢʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʚʭʽʜ ʚ ʛʣʦʙʘʣʴʥʫ ʤʝʨʝʞʫ ʟ 

ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʩʚʽʪʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʟʘʭʠʩʪʫ ʚʩʽʻʾ ʙʝʟʧʨʦʚʦʜʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʥʝ ʣʠʰʝ ʦʢʨʝʤʠʭ ʊɹɼ. ʇʨʦʙʣʝʤʘ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʣʝʛʢʽʩʪʶ 

ʜʦʩʪʫʧʫ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ: ʟʣʦʚʤʠʩʥʠʢʫ ʜʦʩʪʘʪʥʴʦ ʙʫʪʠ ʚ ʟʦʥʽ 

ʧʦʢʨʠʪʪʷ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʷʤʦʚʘʥʠʭ ʘʥʪʝʥ ʨʦʟʰʠʨʶʻ ʨʘʜʽʫʩ ʥʝʙʝʟʧʝʯʥʦʾ ʟʦʥʠ ʜʦ 

ʜʝʢʽʣʴʢʦʭ ʢʽʣʦʤʝʪʨʽʚ. ɺʨʘʭʦʚʫʶʯʠ ʪʘʢʝ, ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʧʦʪʨʽʙʥʠʡ 

ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ, ʷʢʠʡ ʤʦʞʝ ʣʝʛʢʦ ʨʦʟʰʠʨʶʚʘʪʠʩʷ ʽ ʟʤʽʥʶʚʘʪʠ ʩʚʦʶ 

ʩʪʨʫʢʪʫʨʫ. 

1.1. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʟʘʛʨʦʟ ʽ ʘʪʘʢ ʥʘ ʙʝʟʧʨʦʚʦʜʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

ɼʦʩʣʽʜʞʝʥʥʶ ʟʘʛʨʦʟ ʙʝʟʧʨʦʚʦʜʦʚʠʤ ʪʝʭʥʦʣʦʛʽʷʤ ʪʘ ʘʪʘʢ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʷʢʠʭ ʟʣʦʚʤʠʩʥʠʢʠ ʦʪʨʠʤʫʶʪʴ ʜʦ ʥʠʭ ʜʦʩʪʫʧ, ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦ ʧʫʙʣʽʢʘʮʽʡ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʚ [1] ʧʨʠʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʽ ʨʦʙʦʪʠ ʟ ʜʝʨʝʚʘʤʠ ʘʪʘʢ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʝʨʝʚʘ ʥʝ ʣʠʰʝ ʜʣʷ ʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʽ ʟʤʽʰʘʥʠʭ. ɸʚʪʦʨʠ ʚ [2] ʽ [3] ʧʨʠʚʦʜʷʪʴ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʤʦʞʣʠʚʠʭ 

ʘʪʘʢ. ɸ ʚ [4] ʜʘʻʪʴʩʷ ʩʧʨʦʙʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʘʪʘʢ ʥʘ ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ, ʚ [5] ʽ [6] 

ʥʘʜʘʶʪʴʩʷ ʧʝʨʰʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʟʘʭʠʩʪʫ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. ɺ [7] 

ʧʨʠʚʝʜʝʥʦ ʩʪʘʪʠʩʪʠʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʘ ʷʢʦʶ ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʜʠʥʘʤʽʢʫ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ. 

ɼʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʤʦʞʣʠʚʠʭ ʘʪʘʢ ʥʘ ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ ʽ ʦʢʨʝʤʽ ʊɹɼ, ʷʢ ʥʘ 

ʥʘʰ ʧʦʛʣʷʜ, ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜʠʢʫ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʘʪʘʢ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʣʠʚʦ ʧʦʙʫʜʫʚʘʪʠ 

ʘʚʪʦʤʘʪʠʯʥʫ ʩʠʩʪʝʤʫ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʽ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʪʠ 

ʥʘʦʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʩʧʝʮʽʘʣʽʩʪʫ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ (ɯɹ) ʜʣʷ ʘʥʘʣʽʟʫ ʽ 

ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʚʠʜʽʚ ʘʪʘʢ ʚ ʽʩʥʫʶʯʝ ʜʝʨʝʚʦ. 
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ɼʣʷ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʘʪʘʢ ʧʦʪʨʽʙʥʦ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʚʽʜʦʤʽ ʘʪʘʢʠ. 

ʉʠʩʪʝʤʘʪʠʟʘʮʽʷ ʘʪʘʢ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʘ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. ʆʜʠʥ ʟ ʥʠʭ ʤʦʞʝ 

ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʜʦʩʣʽʜʞʝʥʥʽ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʜʝʨʝʚʘ ʘʪʘʢ ʟʘ ʪʘʢʠʤʠ ʪʨʴʦʤʘ 

ʛʨʫʧʘʤʠ: ʘʪʘʢʠ ʥʘ ʧʝʨʝʜʘʚʘʯ, ʧʨʠʡʤʘʯ ʪʘ ʩʝʨʝʜʦʚʠʱʝ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʢʦʞʥʘ ʛʨʫʧʘ 

ʤʦʞʝ ʙʫʪʠ ʧʦʜʽʣʝʥʘ ʥʘ ʧʽʜʛʨʫʧʠ. 

1.1.1. ɸʪʘʢʠ ʥʘ ʧʝʨʝʜʘʚʘʯ, ʧʨʠʡʤʘʯ ʽ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ɻʦʣʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʚʧʣʠʚʫ ʥʘ ʧʝʨʝʜʘʚʘʯ ʤʦʞʫʪʴ ʙʫʪʠ: 

ʘʪʘʢʠ ʪʠʧʫ çʚʽʜʤʦʚʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽè ʚ ʘʜʨʝʩʫ ʩʪʘʥʮʽʾ (DDoS-ʘʪʘʢʘ); 

ʧʦʚʥʘ ʽʤʧʝʨʩʦʥʘʣʽʟʘʮʽʷ ʚʽʜ ʽʤʝʥʽ ʣʝʛʽʪʠʤʥʦʾ ʩʪʘʥʮʽʾ; 

ʧʨʠʛʣʫʰʝʥʥʷ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ; 

ʬʘʣʴʩʠʬʽʢʘʮʽʷ ɯʈ-ʧʘʢʝʪʽʚ ʚʽʜ ʽʤʝʥʽ ʣʝʛʽʪʠʤʥʦʾ ʩʪʘʥʮʽʾ; 

ʘʪʘʢʘ ʧʽʜʤʽʥʠ ARP-ʟʘʧʠʩʽʚ. 

ɸʪʘʢʘ çʚʽʜʤʦʚʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽè ʚ ʘʜʨʝʩʫ ʩʪʘʥʮʽʾ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʟʘʚʘʜʠ 

ʧʨʠ ʜʦʩʪʫʧʽ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ. ʉʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ ʽʥʽʮʽʶʚʘʥʥʷ 

DDoS-ʘʪʘʢʠ ʧʦʣʷʛʘʶʪʴ ʚ ʧʝʨʝʜʘʚʘʥʥʽ ʚʝʣʠʯʝʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʬʽʢʪʠʚʥʠʭ ʧʘʢʝʪʽʚ, ʱʦ 

ʟʘʧʦʚʥʶʶʪʴ ʣʝʛʘʣʴʥʠʡ ʪʨʘʬʽʢ ʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʚʠʩʘʥʥʷ ʩʠʩʪʝʤ. 

DDoS-ʘʪʘʢʘ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ ʷʢ ʥʘ ʬʽʟʠʯʥʦʤʫ, ʪʘʢ ʽ ʥʘ ʢʘʥʘʣʴʥʦʤʫ ʨʽʚʥʽ. 

ʅʘʧʘʜ ʥʘ ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ ʫ ʙʝʟʧʨʦʚʦʜʦʚʽʡ ʤʝʨʝʞʽ ʥʘʙʘʛʘʪʦ ʧʨʦʩʪʽʰʠʡ, ʥʽʞ ʥʘ 

ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ ʚ ʧʨʦʚʦʜʦʚʽʡ ʤʝʨʝʞʽ, ʪʦʤʫ ʱʦ ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ ʚ ʙʝʟʧʨʦʚʦʜʦʚʽʡ 

ʤʝʨʝʞʽ ï ʮʝ ʘʙʩʪʨʘʢʪʥʝ ʤʽʩʮʝ ʥʘʚʢʦʣʦ ʪʦʯʢʠ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʜʦʩʪʫʧʫ (ʊɹɼ). ʌʘʢʪ 

ʧʨʦʚʝʜʝʥʥʷ DDoS-ʘʪʘʢʠ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʚ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ ʜʦʚʝʩʪʠ ʜʦʩʠʪʴ 

ʚʘʞʢʦ. ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʴʦʛʦ ʤʦʞʝ ʩʣʫʞʠʪʠ, ʥʘʧʨʠʢʣʘʜ, ʩʪʚʦʨʝʥʠʡ ʟʣʦʚʤʠʩʥʠʢʦʤ 

ʧʨʠʩʪʨʽʡ, ʱʦ ʟʘʧʦʚʥʶʻ ʚʝʩʴ ʩʧʝʢʪʨ ʥʘ ʯʘʩʪʦʪʽ 2,4 ɻɻʮ ɽʄɿ (ʥʘʧʨʠʢʣʘʜ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʝʪʨʦʥʘ ʚʽʜ ʅɺʏ-ʧʝʯʽ) ʽ ʥʝʣʝʛʘʣʴʥʠʤ ʪʨʘʬʽʢʦʤ (ʥʘʧʨʠʢʣʘʜ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʝʢʽʣʴʢʘ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʽʥʪʝʨʬʝʡʩʽʚ, ʷʢʽ ʧʦʩʪʽʡʥʦ ʦʙʤʽʥʶʶʪʴʩʷ 

ʜʘʥʠʤʠ ʤʽʞ ʩʦʙʦʶ). ʅʘ ʢʘʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʩʪʝʢʘ OSI ʘʪʘʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʝʥʰ 

çʛʨʫʙʠʤʠè ʩʧʦʩʦʙʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʽʤʽʪʘʮʽʷ ʯʫʞʦʾ MAC-ʘʜʨʝʩʠ) [8]. 

ɸʙʩʦʣʶʪʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʘʪʘʢ ʥʝ ʽʩʥʫʻ, ʘʣʝ ʜʝʷʢʽ ʟʘʭʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ 

ʥʘʩʣʽʜʢʠ ʾʭ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʚʧʣʠʚʫ. ʉʝʨʝʜ ʥʠʭ ï ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʽʞʤʝʨʝʞʝʚʦʛʦ ʝʢʨʘʥʫ 
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ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʧʽʜʦʟʨʽʣʠʭ ʧʘʢʝʪʽʚ ʽ ʘʢʪʠʚʥʦʩʪʽ; ʚʽʜʩʪʝʞʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ ʽ 

ʙʣʦʢʫʚʘʥʥʷ çʘʥʦʤʘʣʴʥʠʭè ʜʘʥʠʭ ʟʘ ʤʘʩʢʦʶ, ʪʦʱʦ [9]. 

ʇʦʚʥʫ ʽʤʧʝʨʩʦʥʘʣʽʟʘʮʽʶ ʚʽʜ ʽʤʝʥʽ ʣʝʛʽʪʠʤʥʦʾ ʩʪʘʥʮʽʾ ʫ ʙʝʟʧʨʦʚʦʜʦʚʽʡ ʤʝʨʝʞʽ 

ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜʥʽʰʝ, ʥʽʞ ʚ ʧʨʦʚʦʜʦʚʽʡ. SSID (service set identifier) ʽ MAC-ʘʜʨʝʩʠ 

ʊɹɼ ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʫ ʚʽʜʢʨʠʪʦʤʫ ʚʠʛʣʷʜʽ. ɺʨʘʭʦʚʫʶʯʠ ʪʘʢʝ, ʾʭ ʜʦʩʠʪʴ 

ʣʝʛʢʦ ʧʽʜʨʦʙʠʪʠ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʟʤʝʥʰʠʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ, ʚʩʪʘʚʣʷʪʠ 

ʥʝʧʨʘʚʠʣʴʥʽ ʬʨʝʡʤʠ ʽ ʘʪʘʢʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ, ʚʣʘʰʪʦʚʫʚʘʪʠ ʘʪʘʢʠ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʤʝʨʝʞʽ (ʥʘʧʨʠʢʣʘʜ, ARP poisoning ʜʣʷ TKIP). ɯʤʧʝʨʩʦʥʘʣʽʟʘʮʽʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʤʦʞʣʠʚʘ ʥʝ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ MAC-ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʪʘʪʠʯʥʠʭ ʢʣʶʯʽʚ, ʘʣʝ ʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʭʝʤʠ ʥʘ ʦʩʥʦʚʽ LEAP (lightweight 

extensible authentication protocol), EAP-TLS (EAP-transport layer security) ʘʙʦ PEAP 

(protected extensible authentication protocol) [10]. 

ʇʨʠʛʣʫʰʝʥʥʷ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ ʘʙʦ ʊɹɼ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʤʽʥʠʪʠ ʾʾ 

ʘʪʘʢʫʶʯʦʶ ʩʪʘʥʮʽʻʶ. ɼʣʷ ʪʠʤʯʘʩʦʚʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ ʊɹɼ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

DDoS-ʘʪʘʢʫ, ʧʽʩʣʷ ʯʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʧʽʜʤʽʥʘ ʥʘ ʊɹɼ ʟʣʦʚʤʠʩʥʠʢʘ. ɸʙʩʦʣʶʪʥʦʛʦ 

ʟʘʭʠʩʪʫ ʚʽʜ ʧʦʜʽʙʥʠʭ ʘʪʘʢ ʥʝ ʽʩʥʫʻ, ʘʣʝ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʾʭ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʙʦʨʦʤ 

ʤʽʩʮʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʊɹɼ [11]. 

ʌʘʣʴʩʠʬʽʢʘʮʽʷ IP-ʧʘʢʝʪʽʚ ʚʽʜ ʽʤʝʥʽ ʣʝʛʽʪʠʤʥʦʾ ʩʪʘʥʮʽʾ (ʘʙʦ IP-spoofing) ʧʦʣʷʛʘʻ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ IP-ʘʜʨʝʩʘ ʟ ʚʠʢʨʘʜʝʥʦʾ DNS-ʟʦʥʠ ʜʣʷ ʛʝʥʝʨʘʮʽʾ IP-ʧʘʢʝʪʽʚ, ʱʦ ʽʤʽʪʫʶʪʴ 

ʧʘʢʝʪʠ ʚʽʜ ʚʫʟʣʽʚ ʤʝʨʝʞʽ (ʥʘʩʧʨʘʚʜʽ ʞ ʮʽ ʧʘʢʝʪʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʢʨʘʜʽʞʢʠ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʟʣʦʤʫ ʨʝʩʫʨʩʽʚ). ɯʩʥʫʻ ʢʽʣʴʢʘ ʚʘʨʽʘʮʽʡ ʘʪʘʢʠ: ʧʽʜʤʽʥʘ ʥʝ 

ʚʩʣʽʧʫ (non-blind spoofing) ʽ ʧʽʜʤʽʥʘ ʚʩʣʽʧʫ (blind spoofing), ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʣʠʰʝ 

ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʟʘʛʦʣʦʚʢʽʚ ʧʘʢʝʪʽʚ [12,13]. 

ɸʪʘʢʘ ʧʽʜʤʽʥʠ ARP-ʟʘʧʠʩʽʚ (address resolution protocol) ʧʦʙʫʜʦʚʘʥʘ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʜʦʣʽʢʫ ʰʚʠʜʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʟ ʣʝʛʽʪʠʤʥʦʶ ʩʪʘʥʮʽʻʶ ʟʘ ʦʜʥʠʤ 

ʟʘʧʠʩʦʤ IP-ʘʜʨʝʩ ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ ʧʝʨʝʚʽʨʢʠ ʄɸʉ-ʘʜʨʝʩʠ. ʇʨʠ ʧʽʜʨʦʙʮʽ ʧʘʢʝʪʽʚ ʟ IP-

ʘʜʨʝʩʦʶ (ʚ ʷʢʠʭ ʙʫʜʝ ʩʪʚʝʨʜʞʫʚʘʪʠʩʷ, ʱʦ IP ʥʘʣʝʞʠʪʴ ʜʦ ʄɸʉ-ʘʜʨʝʩʠ ʽʥʰʦʛʦ 

ʢʦʤʧôʶʪʝʨʘ) ʚʩʽ ʜʘʥʽ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʦʨʦʯʝʥʦʛʦ ʤʝʪʦʜʫ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʙʽʥʘʮʽʡ ʄɸʉ/IP-ʘʜʨʝʩ, ʙʫʜʫʪʴ ʧʨʠʭʦʜʠʪʠ ʥʘ ʢʦʤʧôʶʪʝʨ 

ʟʣʦʚʤʠʩʥʠʢʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʣʦʚʤʠʩʥʠʢ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʧʘʢʝʪʠ, ʧʨʦʩʪʦ ʟʘʤʽʥʶʶʯʠ 
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ʚ ʜʘʥʦʤʫ ʣʦʢʘʣʴʥʦʤʫ ʢʝʰʽ ʢʦʤʙʽʥʘʮʽʾ MAC/IP-ʘʜʨʝʩ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʜʚʦʭ ʭʦʩʪʽʚ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʬʽʟʠʯʥʦʶ ʤʝʨʝʞʝʶ, ʚ ʷʢʽʡ ʟʘʧʫʱʝʥʘ ʊɹɼ [8]. 

ɸʪʘʢʠ ʥʘ ʧʨʠʡʤʘʯ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʧʽʜʛʨʫʧʠ: 

ʘʪʘʢʘ çʚʽʜʤʦʚʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽè ʚ ʘʜʨʝʩʫ ʊɹɼ; 

ʧʦʚʥʘ ʽʤʧʝʨʩʦʥʘʣʽʟʘʮʽʷ ʚʽʜ ʽʤʝʥʽ ʊɹɼ; 

ʧʨʠʛʣʫʰʝʥʥʷ ʢʣʽʻʥʪʩʴʢʦʾ ʩʪʘʥʮʽʾ. 

ɸʪʘʢʘ çʚʽʜʤʦʚʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽè ʚ ʘʜʨʝʩʫ ʊɹɼ ʪʘ ʧʦʚʥʘ ʽʤʧʝʨʩʦʥʘʣʽʟʘʮʽʷ ʚʽʜ 

ʽʤʝʥʽ ʊɹɼ ʟʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʦʧʠʩʘʥʠʤʠ ʚʠʱʝ ʜʣʷ ʧʝʨʝʜʘʚʘʯʘ. ʈʽʟʥʠʮʷ 

ʧʦʣʷʛʘʻ ʣʠʰʝ ʚ ʥʘʧʨʷʤʢʫ ʘʪʘʢʠ. 

ʇʨʠʛʣʫʰʝʥʥʷ ʢʣʽʻʥʪʩʴʢʦʾ ʩʪʘʥʮʽʾ ʜʘʻ ʟʣʦʚʤʠʩʥʠʢʫ ʤʦʞʣʠʚʽʩʪʴ ʟʘʤʽʥʷʪʠ 

ʢʣʽʻʥʪʘ ʥʝʣʝʛʽʪʠʤʥʦʶ ʩʪʘʥʮʽʻʶ. ʊʘʢʦʞ ʛʣʫʰʽʥʥʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʚʽʜʤʦʚʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʢʣʽʻʥʪʘ ʘʙʦ ʜʣʷ ʧʽʜʤʽʥʠ ʯʘʩʪʠʥʠ ʜʘʥʠʭ [11]. 

ʅʘʡʙʽʣʴʰʫ ʛʨʫʧʫ ʘʪʘʢ ʥʘ ʩʝʨʝʜʦʚʠʱʝ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʧʽʜʛʨʫʧʠ: 

ʟʘʧʦʚʥʝʥʥʷ ʝʬʽʨʫ ʪʘ ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ. 

ɿʘʧʦʚʥʝʥʥʷ ʝʬʽʨʫ ʧʨʦʚʦʜʠʪʴʩʷ ʛʝʥʝʨʫʚʘʥʥʷʤ ʥʘʚʤʠʩʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʟʘʚʘʜ (ɽʄɿ), ʷʢʽ ʧʦʛʽʨʰʫʶʪʴ ʷʢʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ɽʄɿ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʧʦʭʦʜʞʝʥʥʷʤ, ʩʪʨʫʢʪʫʨʦʶ ʽ ʧʨʠʨʦʜʦʶ. ʈʘʜʽʦʪʝʭʥʽʯʥʽ, 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽ ʡ ʝʣʝʢʪʨʦʥʥʽ ʟʘʩʦʙʠ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʫ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ɽʄɿ, 

ʥʘʟʠʚʘʶʪʴ ʜʞʝʨʝʣʘʤʠ ʟʘʚʘʜ (ɼɿ). 

ɺʽʜʥʦʩʥʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ɼɿ ɽʄɿ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʩʪʘʮʽʦʥʘʨʥʽ, ʽʥʜʫʩʪʨʽʘʣʴʥʽ, 

ʧʨʠʨʦʜʥʽ ʽ ʢʦʥʪʘʢʪʥʽ. ɯʥʜʫʩʪʨʽʘʣʴʥʽ ɽʄɿ ʩʪʚʦʨʶʶʪʴʩʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ, 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʘʙʦ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ (ʢʨʽʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʝʨʝʜʘʚʘʯʘ ʯʝʨʝʟ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʪʨʘʢʪ). ʗʢ ʧʨʘʚʠʣʦ, ʽʥʜʫʩʪʨʽʘʣʴʥʘ ʟʘʚʘʜʘ ʤʘʻ 

ʽʤʧʫʣʴʩʥʠʡ ʭʘʨʘʢʪʝʨ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʛʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʠʩʪʨʦʶ. ʂʦʥʪʘʢʪʥʽ ɽʄɿ ʩʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʨʘʜʽʦʧʝʨʝʜʘʚʘʯʘ ʥʘ ʤʝʭʘʥʽʯʥʠʡ ʢʦʥʪʘʢʪ ʟ ʧʝʨʝʤʽʥʥʠʤ ʦʧʦʨʦʤ, ʱʦ 

ʧʝʨʝʚʠʧʨʦʤʽʥʶʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ. 

ɿʘ ʧʨʦʷʚʦʤ ʚ ʯʘʩʽ ɽʄɿ ʙʫʚʘʶʪʴ: 

ʙʝʟʫʧʠʥʥʽ (ʨʽʚʝʥʴ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ ʥʠʞʯʝ ʚʠʟʥʘʯʝʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʨʽʚʥʷ ʜʦʚʰʝ 1 ʩ); 

ʥʝʪʨʠʚʘʣʽ (ʯʘʩ ʜʽʾ ʤʝʥʰʝ 1 ʩ); 
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ʢʦʨʦʪʢʦʯʘʩʥʽ (ʯʘʩ ʜʽʾ ʤʝʥʰʝ 0,2 ʩ); 

ʨʝʛʫʣʷʨʥʽ (ʟôʷʚʣʷʶʪʴʩʷ ʽ ʟʥʠʢʘʶʪʴ ʯʝʨʝʟ ʦʜʥʘʢʦʚʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ); 

ʥʝʨʝʛʫʣʷʨʥʽ; 

ʚʠʧʘʜʢʦʚʽ ʩʪʘʮʽʦʥʘʨʥʽ (ʧʦʪʦʯʥʠʡ ʧʨʦʮʝʩ ʤʘʻ ʚʠʧʘʜʢʦʚʫ ʧʨʠʨʦʜʫ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʽʩʪʦʪʥʠʭ ʟʤʽʥ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʟʘʚʘʜ ʚ ʯʘʩʽ); 

ʚʠʧʘʜʢʦʚʽ ʥʝʩʪʘʮʽʦʥʘʨʥʽ (ʧʦʪʦʯʥʠʡ ʧʨʦʮʝʩ ʤʘʻ ʚʠʧʘʜʢʦʚʫ ʧʨʠʨʦʜʫ). 

ʇʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ɼɿ ɽʄɿ ʙʫʚʘʶʪʴ: 

ʚʫʟʴʢʦʩʤʫʛʦʚʽ (ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʤʝʥʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʰʠʨʠʥʽ ʩʤʫʛʠ 

ʧʨʦʧʫʩʢʘʥʥʷ ɼɿ); 

ʰʠʨʦʢʦʩʤʫʛʦʚʽ (ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʙʽʣʴʰʘ ʰʠʨʠʥʠ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ɼɿ); 

ʟʦʚʥʽʰʥʽ (ʜʞʝʨʝʣʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʟʘ ɼɿ); 

ʚʥʫʪʨʽʰʥʽ (ʜʞʝʨʝʣʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ɼɿ); 

ʤʽʞʩʠʩʪʝʤʥʽ (ʜʞʝʨʝʣʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʠʩʪʝʤʽ, ʱʦ ʥʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ɼɿ); 

ʚʥʫʪʨʽʩʠʩʪʝʤʥʽ (ʜʞʝʨʝʣʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫʩʝʨʝʜʠʥʽ ʘʥʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʘʣʝ ʧʦʟʘ ɼɿ); 

ʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʽ (ʜʽʷ ʥʘ ɼɿ ʟʤʽʥʶʻ ʢʦʤʧʣʝʢʩʥʫ ʩʪʨʫʢʪʫʨʫ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘ 

ʨʘʭʫʥʦʢ ʥʘʢʣʘʜʝʥʥʷ ʾʾ ʥʘ ʢʦʤʧʣʝʢʩʥʫ ʦʛʠʥʘʶʯʫ ʜʝʷʢʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ); 

ʩʠʤʝʪʨʠʯʥʽ (ʜʽʷ ʥʘ ɼɿ ʚʠʷʚʣʷʻʪʴʩʷ ʤʽʞ ʜʚʦʤʘ ʟʘʪʠʩʢʘʯʘʤʠ ʜʞʝʨʝʣʘ 

ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʟʘʚʘʜ ʘʙʦ ʤʽʞ ʬʘʟʦʚʠʤʠ ʧʨʦʚʦʜʘʤʠ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ɼɿ); 

ʥʝʩʠʤʝʪʨʠʯʥʽ (ʜʽʷ ʥʘ ɼɿ ʚʠʷʚʣʷʻʪʴʩʷ ʤʽʞ ʚʠʭʦʜʦʤ ʜʞʝʨʝʣʘ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ 

ʟʘʚʘʜ ʽ ʟʝʤʣʽ) [3]. 

ʇʨʦʩʣʫʭʦʚʫʚʘʥʥʷ, ʷʢ ʦʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʘʪʘʢʠ ʥʘ ʩʝʨʝʜʦʚʠʱʝ, ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʽʩʣʷ ʚʠʷʚʣʝʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʚʘʛʠ ʥʘ 

ʧʦʪʨʽʙʥʦʤʫ ʢʘʥʘʣʽ ʽ ʟʙʦʨʽ ʚʩʽʭ ʜʦʩʪʫʧʥʠʭ ʧʘʢʝʪʽʚ ʦʢʨʝʤʦʾ ʤʝʨʝʞʽ. ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ, ʟʣʦʚʤʠʩʥʠʢ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ 

ʙʝʟʧʨʦʚʦʜʦʚʽ ʧʘʢʝʪʠ, ʧʝʨʝʙʫʚʘʶʯʠ ʥʘ ʟʥʘʯʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʊɹɼ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʜʣʷ ʮʴʦʛʦ ʪʘʢʽ ʧʨʦʛʨʘʤʠ, ʷʢ AirMagnet Laptop, Wildpackets Aeropeak, CommView 

(ʜʣʷ ʆʉ Windows) ʽ Ethereal, Kismet, airmon (ʜʣʷ ʆʉ Linux), ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʽ 

ʜʨʘʡʚʝʨʠ [4]. ʇʨʦʩʣʫʭʦʚʫʚʘʥʥʷ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʘʢʪʠʚʥʝ ʽ ʧʘʩʠʚʥʝ. 

ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʻ ʘʪʘʢʘ çʣʶʜʠʥʘ ʧʦʩʝʨʝʜʠʥʽè (man-in-the-

middle attack), ɺʦʥʘ, ʷʢ ʽ DDoS-ʘʪʘʢʘ, ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ 
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ʥʘʙʘʛʘʪʦ ʧʨʦʩʪʽʰʝ, ʥʽʞ ʫ ʧʨʦʚʦʜʦʚʠʭ. ɿʘʟʚʠʯʘʡ ʘʪʘʢʠ çʣʶʜʠʥʘ ʧʦʩʝʨʝʜʠʥʽè ʤʘʶʪʴ 

ʜʚʘ ʨʽʟʥʦʚʠʜʠ: ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ ʽ ʤʘʥʽʧʫʣʷʮʽʷ. ʇʨʠ ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʽ, ʟʣʦʚʤʠʩʥʠʢ 

ʧʨʦʩʪʦ ʧʨʦʩʣʫʭʦʚʫʻ ʥʘʙʽʨ ʧʝʨʝʜʘʯ ʤʽʞ ʨʽʟʥʠʤʠ ʭʦʩʪʘʤʠ, ʧʨʠ ʮʴʦʤʫ ʢʦʤʧôʶʪʝʨ 

ʟʣʦʚʤʠʩʥʠʢʘ ʥʝ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʜʥʽʻʶ ʟʽ ʩʪʦʨʽʥ ʚ ʟôʻʜʥʘʥʥʽ. ɸʪʘʢʠ ʤʘʥʽʧʫʣʷʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ ʽ ʥʝʣʝʛʘʣʴʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ʧʦʪʦʢʫ 

ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʟʤʽʥʠ ʡʦʛʦ ʚʤʽʩʪʫ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʘʪʘʢ ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʦʜʠʪʠ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ, ʙʘʞʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ SSH, SSL 

ʘʙʦ IPSEC [8]. 

ʂʨʽʤ ʪʦʛʦ, ʚ ʟʘʩʪʘʨʽʣʠʭ ʩʪʘʥʜʘʨʪʘʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ (ʥʘʧʨʠʢʣʘʜ, WEP) 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʘʢ ʟʚʘʥʽ KoreK-ʘʪʘʢʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʘʪʘʢʫʶʯʦʤʫ 

ʦʪʨʠʤʘʪʠ ʢʣʶʯ ʧʽʩʣʷ ʧʝʨʝʭʦʧʣʝʥʥʷ ʥʘʙʘʛʘʪʦ ʤʝʥʰʦʛʦ ʦʙʩʷʛʫ ʜʘʥʠʭ, ʥʽʞ ʚ 

ʦʨʠʛʽʥʘʣʴʥʦʤʫ ʚʘʨʽʘʥʪʽ [14], ʘʙʦ çʩʪʨʠʙʘʶʯʽè DoS-ʘʪʘʢʠ (jamming attack), ʢʦʣʠ 

ʟʣʦʚʤʠʩʥʠʢ ʩʧʦʯʘʪʢʫ ʘʥʘʣʽʟʫʻ ʩʧʝʢʪʨ ʤʝʨʝʞʽ, ʘ ʧʦʪʽʤ ʧʝʨʝʜʘʻ ʧʦʪʫʞʥʠʡ ʩʠʛʥʘʣ, 

ʱʦʙ ʩʪʚʦʨʠʪʠ ʟʘʚʘʜʫ [15]. 

1.1.2. ɼʝʨʝʚʦ ʘʪʘʢ ʥʘ ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɼʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʘʪʘʢ ʟʨʫʯʥʦ ʦʙôʻʜʥʘʪʠ ʚʽʜʦʤʽ ʘʪʘʢʠ ʚ ʻʜʠʥʫ ʩʭʝʤʫ ï ʜʝʨʝʚʦ 

ʘʪʘʢ. ʇʨʠ ʮʴʦʤʫ ʛʦʣʦʚʥʫ ʫʚʘʛʫ ʟʦʩʝʨʝʜʠʤʦ ʥʘ ʘʪʘʢʘʭ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʩʝʨʝʜʦʚʠʱʝ ï 

ʙʝʟʧʨʦʚʦʜʦʚʫ ʤʝʨʝʞʫ. ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʝ ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ ʤʝʨʝʞʽ ʽ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʚ 

ʾʾ ʨʦʙʦʪʫ ʤʦʞʥʘ ʟʤʦʜʝʣʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞʽ ʇʝʪʨʽ-ʄʘʨʢʦʚʘ (ʨʠʩ. 1.1), ʜʝ 

s1 ï ʛʦʪʦʚʽ ʜʦ ʨʦʙʦʪʠ ʊɹɼ ʽ ʢʣʽʻʥʪ; s2 ï ʟʣʦʚʤʠʩʥʠʢ, ʛʦʪʦʚʠʡ ʜʣʷ ʘʪʘʢʠ; t1 ï ʧʝʨʝʜʘʯʘ 

ʜʘʥʠʭ ʤʽʞ ʊɹɼ ʽ ʢʣʽʻʥʪʦʤ, ʧʝʨʝʭʦʧʣʝʥʥʷ ʜʘʥʠʭ; s3 ï ʜʘʥʽ ʦʪʨʠʤʘʥʽ ʽ ʚʠʙʨʘʥʠʡ ʚʠʜ 

ʘʪʘʢʠ; t2 ï ʧʨʦʚʝʜʝʥʥʷ ʘʪʘʢʠ; s4 ï ʫʩʧʽʰʥʘ ʘʪʘʢʘ. 

 
ʈʠʩ. 1.1. ʉʭʝʤʘ ʘʪʘʢʠ ʥʘ ʙʝʟʧʨʦʚʦʜʦʚʫ ʤʝʨʝʞʫ 

ɼʝʨʝʚʦ ʘʪʘʢ ʜʣʷ ʚʠʧʘʜʢʫ ʟ ʙʝʟʧʨʦʚʦʜʦʚʠʤʠ ʤʝʨʝʞʘʤʠ ʟʦʙʨʘʞʝʥʝ ʥʘ ʨʠʩ. 1.2. 
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ʈʠʩ. 1.2. ɼʝʨʝʚʦ ʘʪʘʢ ʥʘ ʙʝʟʧʨʦʚʦʜʦʚʫ ʤʝʨʝʞʫ 

ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʨʝʘʛʫʚʘʥʥʷ ʤʝʨʝʞʽ ʚʽʜ 

ʧʦʯʘʪʢʫ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʘʪʘʢʠ, ʤʘʶʪʴ ʚʠʛʣʷʜ: 

 ὺ

 ὸ ὸ
Ὓ ρ π
Ὓ ρ π
Ὓ ὛὸȿὛὸ ρ
Ὓ π ρ

 (1.1) 
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ɿʘʩʪʦʩʦʚʫʶʯʠ ʧʫʘʩʩʦʥʽʚʩʴʢʝ ʥʘʙʣʠʞʝʥʥʷ [16], ʦʪʨʠʤʘʻʤʦ ʩʝʨʝʜʥʽʡ ʯʘʩ t 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʤʝʨʝʞʽ ʇʝʪʨʽ-ʄʘʨʢʦʚʘ ʽʟ ʧʦʯʘʪʢʦʚʦʾ ʧʦʟʠʮʽʾ ʜʦ ʢʽʥʮʝʚʦʛʦ ʧʝʨʝʭʦʜʫ 

ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʮʴʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ: 

 ὖὸ ρ Ὡ ȟ (1.2) 

ʜʝ t ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʚʩʽʡ ʤʝʨʝʞʽ. 

ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʘʪʘʢʠ ʚʽʜ ʯʘʩʫ ʜʣʷ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.3. 

ɿʘ ʯʘʩ ʘʪʘʢʠ ʧʝʨʝʜʘʥʽ ʜʘʥʽ ʙʫʜʫʪʴ ʚʪʨʘʯʝʥʽ ʘʙʦ ʙʫʜʫʪʴ ʚʠʟʥʘʥʽ ʩʫʤʥʽʚʥʠʤʠ. ɺ 

ʪʘʙʣ. 1.1 ʧʦʢʘʟʘʥʘ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ, ʷʢʘ ʙʫʜʝ ʚʪʨʘʯʝʥʘ ʧʽʜ ʯʘʩ ʘʪʘʢʠ, ʟʘ 

ʫʤʦʚʠ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʪʽʣʴʢʠ ʩʣʫʞʙʦʚʽ ʜʘʥʽ (ʢʽʣʴʢʽʩʪʴ ʩʣʫʞʙʦʚʠʭ ʜʘʥʠʭ ʦʪʨʠʤʘʥʘ, 

ʚʠʭʦʜʷʯʠ ʟ ʯʘʩʪʦʪʠ ʧʝʨʝʜʘʚʘʥʥʷ ʩʣʫʞʙʦʚʠʭ ʧʘʢʝʪʽʚ 10 ɻʮ, ʜʦʚʞʠʥʠ ʧʘʢʝʪʘ 110 ʙʽʪ 

ʜʣʷ 802.g11 ʽ 228 ʙʽʪ ʜʣʷ 802.11n, ʘ ʪʘʢʦʞ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʘʪʘʢʠ). 

 

ʈʠʩ. 1.3. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʘʪʘʢʠ ʚʽʜ ʯʘʩʫ:  

1 ï DDoS-ʘʪʘʢʘ; 2 ï ʬʘʣʴʩʠʬʽʢʘʮʽʷ ʜʝʷʢʠʭ ʧʘʢʝʪʽʚ; 3 ï ʧʽʜʤʽʥʘ ARP-ʟʘʧʠʩʽʚ;  

4 ï ʧʦʚʥʘ ʽʤʧʝʨʩʦʥʘʣʽʟʘʮʽʷ; 5 ï ʩʢʘʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʽ ʧʨʠʛʣʫʰʝʥʥʷ; 6 ï ʟʣʦʤ ʢʣʶʯʽʚ 

ʗʢʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʧʘʢʝʪʠ ʟ ʜʘʥʠʤʠ, ʪʦ ʢʽʣʴʢʽʩʪʴ ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ ʤʦʞʝ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʥʘ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʘʙʦ ʜʝʩʷʪʢʽʚ ʪʠʩʷʯ ʧʦʨʷʜʢʽʚ. 
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ʊʘʙʣʠʮʷ 1.1 

ʄʽʥʽʤʘʣʴʥʽ ʚʪʨʘʪʠ ʜʘʥʠʭ ʧʨʠ ʨʽʟʥʠʭ ʘʪʘʢʘʭ 

ɸʪʘʢʘ 
ʉʝʨʝʜʥʽʡ ʯʘʩ 

ʧʝʨʝʤʽʱʝʥʥʷ, ʩ 

ʂʽʣʴʢʽʩʪʴ ʩʣʫʞʙʦʚʠʭ ʜʘʥʠʭ ʟʘ 

ʯʘʩ ʘʪʘʢʠ, ʢɹ 

802.11g 802.11n 

DDoS-ʘʪʘʢʘ 11,15 1,5 3,1 

ʇʦʚʥʘ ʽʤʧʝʨʩʦʥʘʣʽʟʘʮʽʷ 16,25 2,2 4,5 

ʉʢʘʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʽ ʧʨʠʛʣʫʰʝʥʥʷ 48,80 6,6 13,6 

ʌʘʣʴʩʠʬʽʢʘʮʽʷ ʜʝʷʢʠʭ ʧʘʢʝʪʽʚ 13,60 1,8 3,8 

ʇʽʜʤʽʥʘ ARP-ʟʘʧʠʩʽʚ 15,50 2,1 4,3 

ɿʣʦʤ WEP-ʢʣʶʯʽʚ 63,25 8,5 17,6 
  

ʗʢʱʦ ʚ ʢʦʤʝʨʮʽʡʥʽʡ ʙʝʟʧʨʦʚʦʜʦʚʽʡ ʤʝʨʝʞʽ ʧʨʠʩʫʪʥʷ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʽ 

ʩʠʩʪʝʤʥʠʡ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʚʽʜʩʣʽʜʢʦʚʫʻ ʩʪʘʥ ʤʝʨʝʞʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʪʦ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʚʽʜʥʦʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʘʪʘʢʠ Pʘ ʽ ʟʘʭʠʩʪʫ Pʟ: 

 ὖ ὖ̈ ρȢ (1.3) 

ɺ [16] ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʘʨʪʽʩʪʶ ʘʪʘʢʠ ʽ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ: 

 ὖ̈
Ͻ̈̈

Ͻ̈̈ Ͻ
ȟ (1.4) 

ʜʝ Cʟ ʽ Cʘ ï ʚʘʨʪʽʩʪʴ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʽ ʘʪʘʢʠ; qʟ ʽ qʘ ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʝʨʝʟ ʯʘʩ ʨʝʘʢʮʽʾ ʥʘ ʘʪʘʢʫ tʨʝʘʢ; t ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ ʜʽʡ 

ʟʣʦʚʤʠʩʥʠʢʘ ʫ ʤʝʨʝʞʽ: 

 ή̈ ή
̑̆́̋
Ȣ (1.5) 

ɿʘ ʚʽʜʥʦʰʝʥʥʷʤ ʯʘʩʫ ʨʝʘʢʮʽʾ ʜʦ ʯʘʩʫ ʘʪʘʢʠ ʧʦʙʫʜʦʚʘʥʽ ʢʨʠʚʽ (ʨʠʩ. 1.4). 

ɺʠʭʦʜʷʯʠ ʟ (1.3) ʽ (1.4), ʧʨʠ ʙʣʠʟʴʢʽʡ ʚʘʨʪʦʩʪʽ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʽ ʘʪʘʢʠ ʤʘʻʤʦ: 

 ὖ̈
Ͻ̈

Ͻ̈ ̑̆́Ͻ̋ ̑̆́̋
̈

Ȣ (1.6) 

ɿ (1.2), (1.3) ʽ (1.6) ʤʘʻʤʦ: 

 ὸ̑̆́̋†Ὡ ρȢ (1.7) 

ɿ ʢʨʠʚʠʭ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʚʠʷʚʣʝʥʽ ʘʪʘʢʠ ʚʽʜʥʦʰʝʥʥʷ ʤʘʻ ʤʘʡʞʝ 

ʣʽʥʽʡʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʯʘʩ ʨʝʘʢʮʽʾ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 c). ʇʽʩʣʷ ʨʦʟʢʣʘʜʝʥʥʷ (1.7) ʚ 

ʨʷʜ ʊʝʡʣʦʨʘ ὸ̑̆́̋В Ȧ
 ʽ ʚʠʙʦʨʽ ʧʝʨʰʦʛʦ ʯʣʝʥʫ ʨʷʜʫ ὸ̑̆́̋ὸ ʦʪʨʠʤʫʻʤʦ 

ʣʽʥʽʡʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. 
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ʈʠʩ. 1.4. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʘʪʘʢʠ ʚʽʜ ʯʘʩʫ:  

1 ï DDoS-ʘʪʘʢʘ; 2 ï ʬʘʣʴʩʠʬʽʢʘʮʽʷ ʜʝʷʢʠʭ ʧʘʢʝʪʽʚ; 3 ï ʧʽʜʤʽʥʘ ARP-ʟʘʧʠʩʽʚ; 

4 ï ʧʦʚʥʘ ʽʤʧʝʨʩʦʥʘʣʽʟʘʮʽʷ; 5 ï ʩʢʘʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʽ ʧʨʠʛʣʫʰʝʥʥʷ; 6 ï ʟʣʦʤ ʢʣʶʯʽʚ 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʯʘʩ ʨʝʘʢʮʽʾ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʘʪʘʢʠ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ ʩʪʘʥʦʚʠʪʴ 

ʙʣʠʟʴʢʦ ʭʚʠʣʠʥʠ (ʧʦʭʠʙʢʘ ʥʘʙʣʠʞʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 5%, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.5), 

ʦʪʨʠʤʫʻʤʦ ʩʪʫʧʝʥʝʚʫ ʬʫʥʢʮʽʶ [17]: 

 ὸ̑̆́̋ ὸ ὸ ὸ ὸȢ (1.8) 

 

ʈʠʩ. 1.5. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʘʪʘʢʠ ʚʽʜ ʯʘʩʫ:  

1 ï ʧʦʢʘʟʥʠʢʦʚʘ ʢʨʠʚʘ; 2 ï ʥʘʙʣʠʞʝʥʘ ʩʪʫʧʝʥʝʚʘ ʢʨʠʚʘ  
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1.1.3. ʄʦʜʝʣʽ ʪʘ ʢʨʠʪʝʨʽʾ ʟʘʛʨʦʟ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʅʘ ʩʠʩʪʝʤʠ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʟʚôʷʟʢʫ ʧʦʩʪʽʡʥʦ ʜʽʻ ʥʠʟʢʘ ʟʘʛʨʦʟ: ʧʨʠʨʦʜʥʽ, 

ʪʝʭʥʦʛʝʥʥʽ, ʣʶʜʩʴʢʽ ʥʘʚʤʠʩʥʽ ʽ ʣʶʜʩʴʢʽ ʥʝʥʘʚʤʠʩʥʽ. ʇʨʠʨʦʜʥʽ (ʢʦʩʤʽʯʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʽʦʥʽʟʘʮʽʷ ʽʦʥʦʩʬʝʨʠ) ʽ ʪʝʭʥʦʛʝʥʥʽ (ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʨʘʜʽʦʘʧʘʨʘʪʫʨʠ) ʟʘ ʨʝʟʫʣʴʪʘʪʦʤ ʜʫʞʝ ʩʭʦʞʽ: ʚʦʥʠ ʚʠʢʣʠʢʘʶʪʴ ʟʘʚʘʜʠ ʫ ʢʘʥʘʣʘʭ 

ʟʚôʷʟʢʫ. ʅʘʚʤʠʩʥʽ ʟʘʛʨʦʟʠ ʥʘʙʫʚʘʶʪʴ ʚʩʝ ʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽ 

ʧʨʦʷʚʣʷʶʪʴʩʷ, ʫ ʚʠʛʣʷʜʽ ʧʦʨʫʰʝʥʴ ʙʝʟʧʝʢʠ: ʚʚʝʜʝʥʥʷ ʚ ʩʠʩʪʝʤʫ ʰʢʽʜʣʠʚʠʭ ʢʦʜʽʚ 

(ʢʦʤʧôʶʪʝʨʥʠʭ ʚʽʨʫʩʽʚ). ʃʶʜʩʴʢʽ ʥʝʥʘʚʤʠʩʥʽ ʟʘʛʨʦʟʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʬʦʨʩ-

ʤʘʞʦʨʥʽ, ʪʦʤʫ ʚʦʥʠ ʜʫʞʝ ʚʘʞʢʦ ʧʽʜʜʘʶʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʦʧʠʩʫ [18,19]. 

ɿ ʧʝʨʰʦʛʦ ʧʦʛʣʷʜʫ ʟʜʘʻʪʴʩʷ, ʱʦ ʧʨʦʙʣʝʤʫ ʟʘʭʠʩʪʫ ʚʽʜ ʧʦʨʫʰʝʥʴ ʙʝʟʧʝʢʠ ʤʦʞʥʘ 

ʚʠʨʽʰʠʪʠ, ʟʘʭʠʱʘʶʯʠ ʩʘʤʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʤʝʨʝʞʝʶ. ɸʣʝ ʪʘʢʘ ʟʘʛʨʦʟʘ 

ʟʫʤʦʚʣʝʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚ ʘʧʘʨʘʪʫʨʽ ʣʽʥʽʡ ʟʚôʷʟʢʫ, ʷʢʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʜʽʷʥʘ ʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʤʫʣʴʪʠʧʣʝʢʩʦʨʽʚ ʽ 

ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʽʚ, ʢʦʤʫʪʘʪʦʨʽʚ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʧʽʜʩʠʣʶʚʘʯʽʚ, ʨʝʛʝʥʝʨʘʪʦʨʽʚ, 

ʧʨʠʩʪʨʦʾʚ ʢʝʨʫʚʘʥʥʷ ʪʦʱʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʚʘ ʡʜʝ ʥʝ ʪʽʣʴʢʠ ʧʨʦ ʮʽʣʽʩʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, 

ʘ ʽ ʧʨʦ ʧʨʘʮʝʩʧʨʦʤʦʞʥʽʩʪʴ ʩʠʩʪʝʤʠ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʟʚôʷʟʢʫ ʚ ʮʽʣʦʤʫ [18]. 

ʎʝ ʚʠʤʘʛʘʻ ʧʦʙʫʜʦʚʠ ʨʘʮʽʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ ʟʘʛʨʦʟ. ʅʘʚʝʜʝʤʦ ʜʝʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ 

ʜʦ ʾʭ ʬʦʨʤʫʚʘʥʥʷ. 

ʄʦʜʝʣʴ çʟʦʤʙʫʚʘʥʥʷè. ʇʦʨʫʰʝʥʥʷ ʙʝʟʧʝʢʠ ʟʘ ʪʘʢʦʶ ʤʦʜʝʣʣʶ çʟʦʤʙʫʚʘʥʥʷè 

ʤʘʶʪʴ ʯʽʪʢʦ ʚʽʜʦʢʨʝʤʣʝʥʥʽ ʩʪʘʜʽʾ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.6: ʧʦʚʝʨʭʥʝʚʝ ʚʠʚʯʝʥʥʷ 

(ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʥʥʷ), ʛʣʠʙʦʢʝ ʚʠʚʯʝʥʥʷ (ʩʢʘʥʫʚʘʥʥʷ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ), ʜʦʩʢʦʥʘʣʴʥʝ 

ʚʠʚʯʝʥʥʷ (ʩʢʣʘʜʘʥʥʷ ʢʘʨʪʠ), ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ʆʉ), 

ʨʦʟʰʠʨʝʥʥʷ ʧʦʚʥʦʚʘʞʝʥʴ, çʟʦʤʙʫʚʘʥʥʷè ʆʉ, ʤʘʥʽʧʫʣʷʮʽʾ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʽ 

ʚʠʜʘʣʝʥʥʷ ʩʣʽʜʽʚ ʟʣʦʯʠʥʫ. 

çɿʦʤʙʫʚʘʥʥʷè ʩʠʩʪʝʤʠ ʧʨʦʭʦʜʠʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʢʽʜʣʠʚʦʛʦ ʢʦʜʫ, ʷʢʠʡ 

ʚʚʦʜʠʪʴʩʷ ʚ ʆʉ ʜʣʷ ʚʽʜʜʘʣʝʥʦʛʦ ʜʦʩʪʫʧʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʟ çʟʦʤʙʦʚʘʥʦʾè ʆʉ 

ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʩʪʫʧʥʘ ʘʪʘʢʘ ʽ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʨʦʙʦʯʠʭ ʩʪʘʥʮʽʡ ʜʦ çʟʦʤʙʽè-ʤʝʨʝʞʽ 

(ʪʘʢ ʟʚʘʥʘ, ʙʦʪʥʝʪ, ʚʽʜ ʘʥʛʣ. botnet ʚʽʜ robot ʽ network). ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʘʪʘʢʠ 

ʚʠʜʘʣʷʶʪʴʩʷ ʩʣʽʜʠ ʧʝʨʝʙʫʚʘʥʥʷ ʟʣʦʚʤʠʩʥʠʢʘ ʚ ʩʠʩʪʝʤʽ. 
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ʈʠʩ. 1.6. ɽʪʘʧʠ ʤʦʜʝʣʽ çʟʦʤʙʫʚʘʥʥʷè 

ɼʣʷ ʤʦʜʝʣʽ çʟʦʤʙʫʚʘʥʥʷè ʝʬʝʢʪʠʚʥʽʩʪʴ E [ʩï1Āʛʨʥ.ï1] ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 Ὁ
Ͻ

Ͻ
 ȟ (1.9) 

ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʧʦʪʝʥʮʽʡʥʠʭ ʩʝʨʚʝʨʽʚ, ʥʘ ʷʢʠʭ ʨʝʘʣʽʟʦʚʘʥʘ ʘʪʘʢʘ; s ï ʢʽʣʴʢʽʩʪʴ 

ʢʦʤʧôʶʪʝʨʽʚ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʘʮʶʶʪʴ ʟ ʦʜʥʠʤ ʩʝʨʚʝʨʦʤ; t ï ʯʘʩ ʧʨʠʙʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʚ çʟʘʟʦʤʙʦʚʘʥʦʤʫè ʩʪʘʥʽ; C ï ʚʘʨʪʽʩʪʴ ʘʪʘʢʠ: ʚʘʨʪʽʩʪʴ ʥʘʧʠʩʘʥʥʷ ʙʦʪʥʝʪʫ, 

ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʚʚʝʜʝʥʥʷ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʨʦʛʨʘʥʦʛʦ ʢʦʜʫ, ʜʦʜʘʪʢʦʚʽ 

ʚʠʪʨʘʪʠ [19]. 

ʄʦʜʝʣʴ çʯʦʨʥʦʾ ʩʢʨʠʥʴʢʠè. ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʧʦʨʫʰʝʥʥʷ ʙʝʟʧʝʢʠ Cn ʫ ʚʠʛʣʷʜʽ 

ʤʥʦʞʠʥʠ ʧʽʜʤʥʦʞʠʥ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʙôʻʢʪ: 

 ὅ ὢȟὣȟὈȟὡ ȟ (1.10) 

ʜʝ Xn ï ʧʽʜʤʥʦʞʠʥʘ ʟʣʦʚʤʠʩʥʠʢʽʚ, Yn ï ʧʽʜʤʥʦʞʠʥʘ ʦʙôʻʢʪʽʚ, Dn ï ʧʽʜʤʥʦʞʠʥʘ ʚʪʨʘʪ, 

Wn ï ʧʽʜʤʥʦʞʠʥʘ ʟʦʚʥʽʰʥʽʭ ʜʽʡ. 

ʄʦʜʝʣʴ ʘʪʘʢʠ ʙʫʜʝ ʫ ʚʠʛʣʷʜʽ çʯʦʨʥʦʾ ʩʢʨʠʥʴʢʠè (ʜʠʚ. ʨʠʩ. 1.7): ʥʘ ʚʭʽʜ ʦʙôʻʢʪʘ 

Yn ʧʨʠʭʦʜʠʪʴ ʟʦʚʥʽʰʥʽ ʜʘʥʥʽ ʽ ʢʦʤʘʥʜʠ Wn, ʘ ʪʘʢʦʞ ʜʽʾ ʟʣʦʚʤʠʩʥʠʢʘ Xn, ʧʽʩʣʷ ʯʦʛʦ 

ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʧʦʚʽʜʴ Dn (ʟ ʚʪʨʘʪʦʶ ʘʙʦ ʙʝʟ ï ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʩʧʽʰʥʦʩʪʽ 

ʘʪʘʢʠ [20]. 
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ʈʠʩ. 1.7. ʉʭʝʤʘ ʤʦʜʝʣʽ çʯʦʨʥʦʾ ʩʢʨʠʥʴʢʠè 

1.1.4. ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʟʘʛʨʦʟ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ 

ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʮʽʥʢʠ ʟʘʛʨʦʟ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ, ʷʢ ʧʨʘʚʠʣʦ, ʻ: 

1. ʄʝʪʦʜ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ. 

2. ʄʝʪʦʜ ʦʮʽʥʢʠ ʦʯʽʢʫʚʘʥʦʛʦ ʟʙʠʪʢʫ ʚʽʜ ʟʘʛʨʦʟʠ. 

3. ʄʝʪʦʜ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʚʽʜ ʚʧʣʠʚʫ 

ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʛʨʦʟ. 

ʄʝʪʦʜ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ (ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʪʠʭʽʡʥʦʛʦ 

ʣʠʭʘ, ʬʦʨʩ-ʤʘʞʦʨʫ, ʧʦʚʥʽʡ ʘʙʦ ʯʘʩʪʢʦʚʽʡ ʚʪʨʘʪʽ ʜʘʥʠʭ, ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ 

ʪʦʱʦ). ɺʽʥ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʫ ʚʠʛʣʷʜʽ ʰʢʘʣʠ ʦʮʽʥʦʢ ʧʦʪʝʥʮʽʡʥʠʭ 

ʟʘʛʨʦʟ ʽ ʾʭ ʥʘʩʣʽʜʢʽʚ ʽ ʦʧʝʨʫʻ ʟ ʥʘʙʦʨʦʤ ʧʦʢʘʟʥʠʢʽʚ ʽ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʚʠʧʘʜʢʫ 

ʚʽʜʧʦʚʽʜʥʠʡ ʧʦʢʘʟʥʠʢ ʙʫʜʝ ʨʽʟʥʠʤ. 

ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚʠʭʦʜʷʪʴ ʧʨʠʙʣʠʟʥʽ, ʦʩʥʦʚʘʥʽ ʥʘ ʥʘʷʚʥʽʡ ʩʪʘʪʠʩʪʠʮʽ ʘʙʦ 

ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʢʘʭ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʘʥʘʣʽʟ ʧʨʠ ʤʘʣʽʡ ʢʽʣʴʢʦʩʪʽ ʥʘʢʦʧʠʯʝʥʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ [21]. 

ʄʝʪʦʜ ʦʮʽʥʢʠ ʦʯʽʢʫʚʘʥʦʛʦ ʟʙʠʪʢʫ ʚʽʜ i-ʾ ʟʘʛʨʦʟʠ ʙʫʚ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʬʽʨʤʠ IBM: 

 Ὑ ρπ ȟ (1.11) 

ʜʝ Si ʽ Vi ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʦʞʣʠʚʫ ʯʘʩʪʦʪʫ ʚʠʥʠʢʥʝʥʥʷ ʟʘʛʨʦʟʠ ʽ 

ʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʛʦ ʟʙʠʪʢʫ ʧʨʠ ʾʾ ʚʠʥʠʢʥʝʥʥʽ (ʟʥʘʯʝʥʥʷ ʦʙʦʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ï ʮʽʣ̔ 

ʯʠʩʣʘ ʚ ʧʨʦʤʽʞʢʫ [0, 7]; ʜʣʷ Si ʚʽʜʧʦʚʽʜʥʦ: 0 ï ʤʘʡʞʝ ʥʽʢʦʣʠ, 7 ï ʙʽʣʴʰʝ 

1000 ʨʘʟʽʚ/ʨʽʢ; Vi ʚʽʜʧʦʚʽʜʥʦ $1ï1 000 000) [20ï23]. 

ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʠʩʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘ ʽʥʪʝʨʚʘʣʘʭ: 
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ừ
Ử
Ừ

Ử
ứ

Ὑ ρπ  

Ὓ χϽρπϽίȟπ ί ρπ

Ὓ χȟί ρπ

ὠ χϽρπϽὺ ρȟρ ὺ ρπ

ὠ χȟὺ ρπ

 (1.12) 

ʜʝ si ï ʧʨʦʛʥʦʟʦʚʘʥʘ ʘʙʦ ʨʝʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʘʪʘʢ ʥʘ ʨʽʢ, vi ï ʩʫʤʘ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʘʙʦ 

ʨʝʘʣʴʥʦʛʦ ʟʙʠʪʢʫ ʚ ʛʨʦʰʦʚʠʭ ʦʜʠʥʠʮʷʭ. 

ɸʣʝ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʚʨʘʭʦʚʘʥʦ ʟʨʦʩʪʘʥʥʷ ʥʘ ʜʨʫʛʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʤʠ 

ʧʨʦʧʦʥʫʻʤʦ ʚʠʧʨʘʚʠʪʠ ʬʦʨʤʫʣʫ, ʚʨʘʭʦʚʫʶʯʠ ʟʨʦʩʪʘʥʥʷ ʥʘ ʚʩʽʡ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʥʦʚʽʡ ʬʦʨʤʫʣʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʽʧʝʨʙʦʣʽʯʥʠʡ 

ʪʘʥʛʝʥʩ (ʪʦʯʥʽʰʝ ʪʽʣʴʢʠ ʡʦʛʦ ʜʦʜʘʪʥʫ ʯʘʩʪʠʥʫ ʫ ʧʝʨʰʦʤʫ ʢʚʘʜʨʘʥʪʽ). ɺʠʭʦʜʷʯʠ ʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʽʾ ʛʽʧʝʨʙʦʣʽʯʥʦʛʦ ʪʘʥʛʝʥʩʫ, ʚʚʝʜʝʥʦ ʜʦʜʘʪʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ: 

 Ὢὼ Ὧ ϽὸὬ ȟ (1.13) 

ʜʝ kmax ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʫʤʫ ʰʢʘʣʠ, ʪʦʙʪʦ ç7è, ʘ bmax ï ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ 

ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʘʙʦ ʨʝʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ, ʢʦʝʬʽʮʽʻʥʪ ç2è ʚʚʝʜʝʥʦ ʜʣʷ ʢʨʘʱʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʦ ʘʙʩʮʠʩʽ. ʊʦʜʽ ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 

 

Ὑ ρπ  

Ὓ χϽὸὬ ȟ π ί

ὠ χϽὸὬ
Ͻ
ȟ ρ ὺ

 (1.14) 

ʌʦʨʤʫʣʫ ʦʯʽʢʫʚʘʥʦʛʦ ʟʙʠʪʢʫ ʚʽʜ i-ʾ ʟʘʛʨʦʟʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

 Ὑ ρπ
Ͻ Ͻ

Ͻ ȟπ ίȟρ ὺ. (1.15) 

ʄʝʪʦʜ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʚʽʜ ʚʧʣʠʚʫ 

ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʛʨʦʟ ʦʧʝʨʫʻ ʟ ʩʫʙôʻʢʪʠʚʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʚʘʛʦʤʦʩʪʽ i-ʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Wi ʽ ʙʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʞʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Gi, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʝʢʩʧʝʨʪʥʠʤʠ ʦʮʽʥʢʘʤʠ ʪʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʣʠʰʝ ʧʨʠʙʣʠʟʥʫ 

ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʧʨʦʚʦʜʦʚʠʭ ʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ. ʌʦʨʤʫʣʘ 

ʩʪʫʧʝʥʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʤʘʻ ʚʠʛʣʷʜ: 

 Ὓ В ὡ ϽὋȟ (1.16) 
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ʜʝ N ï ʢʽʣʴʢʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʄʝʪʦʜ ʤʘʻ ʜʚʘ ʥʝʜʦʣʽʢʠ: ʥʝʤʦʞʣʠʚʦ ʧʦʨʽʚʥʷʪʠ ʩʠʩʪʝʤʠ ʟ ʨʽʟʥʠʤ ʥʘʙʦʨʦʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʛʦʤʦʩʪʽ ʽ ʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜ ʩʘʤʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [21,22]. 

ʈʘʟʦʤ ʟ ʮʠʤ ʜʘʥʠʡ ʤʝʪʦʜ ʥʽʚʝʣʶʻ ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʜʚʦʭ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʽ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʽʥʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʻ ʥʘʡʙʽʣʴʰ ʘʜʝʢʚʘʪʥʠʤ (ʨʘʮʽʦʥʘʣʴʥʠʤ) 

ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʦʮʽʥʢʠ ʩʪʘʥʫ ʙʝʟʧʝʢʠ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ. 

1.2. ʇʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʝʡ ʧʦʙʫʜʦʚʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʪʘ ʾʭ ʨʝʘʣʽʟʘʮʽ ̫

ɹʘʛʘʪʦʨʽʯʥʠʡ ʜʦʩʚʽʜ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʩʚʽʜʯʠʪʴ, ʱʦ ʧʨʦʙʣʝʤʘʤ ʩʪʚʦʨʝʥʥʷ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʟʘʚʞʜʠ ʧʨʠʜʽʣʷʣʘʩʴ ʟʥʘʯʥʘ ʫʚʘʛʘ. ʋ 

20-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʟôʷʚʠʣʠʩʴ ʧʝʨʰʽ ʨʘʜʽʦʧʨʠʡʤʘʯʽ ʟ ʘʤʧʣʽʪʫʜʥʦʶ 

ʤʦʜʫʣʷʮʽʻʶ. ʋ 30-ʭ ï ʨʘʜʽʦ ʟ ʯʘʩʪʦʪʥʦʶ ʤʦʜʫʣʷʮʽʻʶ ʪʘ ʪʝʣʝʙʘʯʝʥʥʷ, ʘ ʫ 70-ʭ ï 

ʧʝʨʰʽ ʪʝʣʝʬʦʥʥʽ ʙʝʟʧʨʦʚʦʜʦʚʽ ʩʠʩʪʝʤʠ. ʋ ʮʝʡ ʯʘʩ, ʢʦʣʠ ʽʥʪʝʨʥʝʪ ʩʪʘʚ ʙʝʟʤʝʞʥʠʤ 

ʧʦ ʩʚʦʾʡ ʥʘʩʠʯʝʥʦʩʪʽ ʜʞʝʨʝʣʦʤ ʟʥʘʥʴ ʽ ʨʽʟʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʤʦʞʥʘ ʧʝʨʝʜʘʚʘʪʠ ʷʢ ʧʦ 

ʧʨʦʚʽʜʥʠʤ, ʪʘʢ ʽ ʰʠʨʦʢʦʩʤʫʛʦʚʠʤ ʙʝʟʧʨʦʚʽʜʥʠʤ ʣʽʥʽʷʤ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ï ʟʥʘʯʝʥʥʷ 

ʦʩʪʘʥʥʽʭ ʟʨʦʩʪʘʻ ʤʘʡʞʝ ʚ ʛʝʦʤʝʪʨʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ. 

1.2.1. ɸʥʘʣʽʟ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʽʚ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ 

ʗʢ ʚʽʜʦʤʦ, ʫ ʧʨʦʚʦʜʦʚʽʡ ʤʝʨʝʞʽ ʧʘʢʝʪʠ ʜʘʥʠʭ ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʬʽʟʠʯʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʪʘʢʦʤʫ ʷʢ ʤʽʜʥʠʡ ʢʘʙʝʣʴ ʘʙʦ ʚʦʣʦʢʦʥʥʘ ʦʧʪʠʢʘ. ʋ ʙʝʟʧʨʦʚʦʜʦʚʽʡ 

ʩʠʩʪʝʤʽ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʙʫʢʚʘʣʴʥʦ ʧʦ ʧʦʚʽʪʨʶ ï ʯʝʨʝʟ ʨʘʜʽʦʝʬʽʨ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, 

ʱʦ ʩʘʤʝ ʮʝ ʨʦʙʠʪʴ ʾʭ ʜʦʚʦʣʽ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʟʣʦʚʤʠʩʥʠʢʽʚ, ʟʘʭʠʩʪ ʷʢ ʩʘʤʠʭ 

ʙʝʟʧʨʦʚʽʜʥʠʭ ʤʝʨʝʞ, ʪʘʢ ʽ ʜʘʥʠʭ, ʱʦ ʥʠʤʠ ʧʝʨʝʜʘʶʪʴʩʷ ʨʦʙʠʪʴ ʦʟʥʘʯʝʥʫ ʧʨʦʙʣʝʤʫ 

ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ. 

ʑʦʙ ʩʪʚʦʨʠʪʠ ʙʝʟʧʝʯʥʠʡ ʙʝʟʧʨʦʚʦʜʦʚʠʡ ʜʦʜʘʪʦʢ, ʪʨʝʙʘ ʚʠʷʚʠʪʠ ʚʩʽ ʤʦʞʣʠʚʽ 

ʥʘʧʨʷʤʢʠ, ʟʘ ʷʢʠʤʠ ʡʪʠʤʫʪʴ ʙʝʟʧʨʦʚʦʜʦʚʽ çʘʪʘʢʠè, ʱʦ ʙʫʣʠ ʦʧʠʩʘʥʽ ʚ ʨʦʟʜʽʣʽ 1.1 

(ʪʘʙʣ. 1.2) ʪʘ ʚʠʟʥʘʯʠʪʠʩʴ ʟ ʪʠʤ, ʷʢʠʤ ʯʠʥʦʤ ʩʧʝʢʪʨ ʩʠʛʥʘʣʽʚ (ʩʫʢʫʧʥʽʩʪʴ ʟʥʘʯʝʥʴ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʮʝʩ) ʚ ʩʠʩʪʝʤʘʭ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʟʚôʷʟʢʫ ʤʦʞʝ ʙʫʪʠ 

ʧʝʨʝʭʦʧʣʝʥʠʡ ʟʣʦʚʤʠʩʥʠʢʦʤ [23]. 
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ʊʘʙʣʠʮʷ 1.2 

ʇʨʠʢʣʘʜʠ ʪʘ ʮʽʣʽ ʘʪʘʢ ʥʘ ʚʽʜʤʦʚʫ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʟʛʽʜʥʦ ʨʽʚʥʷʤ OSI 

ʈʽʚʝʥʴ 

OSI 
ɿʘʚʜʘʥʥʷ ʨʽʚʥʷ ʇʨʦʪʦʢʦʣʠ ʇʨʠʢʣʘʜʠ ʪʝʭʥʦʣʦʛʽʡ DoS ʅʘʩʣʽʜʢʠ DoS ʘʪʘʢ 

7 ʇʦʯʘʪʦʢ ʩʪʚʦʨʝʥʥʷ ʧʘʢʝʪʽʚ 

ʜʘʥʠʭ. ʇʨʠʻʜʥʘʥʥʷ ʽ ʜʦʩʪʫʧ 

ʜʦ ʜʘʥʠʭ. ʇʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦʪʦʢʦʣʠ, ʪʘʢʽ 

ʷʢ FTP, SMTP, Telnet 

FTP, HTTP, 

POP3, SMTP 

HTTP GET ʽ HTTP POST 

ʟʘʧʠʪʠ (ʬʦʨʤʠ ʚʝʙ-ʩʘʡʪʽʚ: 

ʣʦʛʽʥ, ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʦʪʦ / 

ʚʽʜʝʦ, ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ) 

ɹʨʘʢ ʨʝʩʫʨʩʽʚ. ʅʘʜʤʽʨʥʝ 

ʩʧʦʞʠʚʘʥʥʷ ʩʠʩʪʝʤʥʠʭ 

ʨʝʩʫʨʩʽʚ ʩʣʫʞʙʘʤʠ ʥʘ 

ʩʝʨʚʝʨʽ, ʱʦ ʘʪʘʢʫʻʪʴʩʷ. 

6 ʊʨʘʥʩʣʷʮʽʷ ʜʘʥʠʭ ʚʽʜ 

ʚʽʜʧʨʘʚʥʠʢʘ ʦʜʝʨʞʫʚʘʯʫ 

ʇʨʦʪʦʢʦʣʠ 

ʩʪʠʩʥʝʥʥʷ, 

ʢʦʜʫʚʘʥʥʷ 

ʜʘʥʠʭ (ASCII, 

EBCDIC) 

ʇʽʜʨʦʙʥʽ SSL ʟʘʧʠʪʠ: 

ʧʝʨʝʚʽʨʢʘ ʰʠʬʨʦʚʘʥʠʭ SSL 

ʧʘʢʝʪʽʚ ʧʦʪʨʝʙʫʻ ʙʘʛʘʪʦ 

ʨʝʩʫʨʩʽʚ, ʭʘʢʝʨʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ SSL ʜʣʷ 

HTTP-ʘʪʘʢ ʥʘ ʩʝʨʚʝʨ ʞʝʨʪʚʠ 

ʉʠʩʪʝʤʠ, ʱʦ ʘʪʘʢʫʶʪʴʩʷ, 

ʤʦʞʫʪʴ ʧʝʨʝʩʪʘʪʠ ʧʨʠʡʤʘʪʠ 

SSL ʟôʻʜʥʘʥʥʷ ʘʙʦ 

ʘʚʪʦʤʘʪʠʯʥʦ 

ʧʝʨʝʟʘʚʘʥʪʘʞʫʚʘʪʠʩʷ 

5 ʋʧʨʘʚʣʽʥʥʷ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʪʘ 

ʟʘʚʝʨʰʝʥʥʷʤ ʟôʻʜʥʘʥʥʷ, 

ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʩʝʘʥʩʽʚ 

ʟʚôʷʟʢʫ ʚ ʨʘʤʢʘʭ ʦʧʝʨʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʤʝʨʝʞʫ 

ʇʨʦʪʦʢʦʣʠ 

ʚʭʦʜʫ/ʚʠʭʦʜʫ 

(RPC, PAP) 

ɸʪʘʢʘ ʥʘ ʧʨʦʪʦʢʦʣ Telnet 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʣʘʙʢʽ ʤʽʩʮʷ 

ʧʨʦʛ ʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

Telnet-ʩʝʨʚʝʨʘ ʥʘ ʢʦʤʫʪʘʪʦʨʽ, 

ʱʦʙ ʟʨʦʙʠʪʠ ʩʝʨʚʝʨ 

ʥʝʜʦʩʪʫʧʥʠʤ 

ʋʥʝʤʦʞʣʠʚʣʶʻ ʜʣʷ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʤʫʪʘʪʦʨʦʤ 

4 ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʚʫʟʣʘʤʠ ʙʝʟ 

ʧʦʤʠʣʦʢ, ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʝʜʘʯʝʶ ʧʦʚʽʜʦʤʣʝʥʴ ʥʘ 1, 

2 ʪʘ 3 ʨʽʚʥʷʭ 

TCP, UDP SYN-flood, ʘʪʘʢʘ ICMP-

ʟʘʧʠʪʘʤʠ ʟʽ ʟʤʽʥʝʥʠʤʠ 

ʘʜʨʝʩʘʤʠ 

ɼʦʩʷʛʥʝʥʥʷ ʤʝʞʽ ʧʦ ʰʠʨʠʥʽ 

ʢʘʥʘʣʫ ʘʙʦ ʧʦ ʢʽʣʴʢʦʩʪʽ 

ʜʦʧʫʩʪʠʤʠʭ ʧʽʜʢʣʶʯʝʥʴ, 

ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ 

ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

3 ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʽ ʧʝʨʝʜʘʯʘ 

ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʨʽʟʥʠʤʠ 

ʤʝʨʝʞʘʤʠ 

IP, ICMP, ARP, 

RIP 

ICMP-flood ɿʥʠʞʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʘʪʘʢʫʻʪʴʩʷ ʤʝʨʝʞʽ ʽ 

ʤʦʞʣʠʚʘ ʧʝʨʝʚʘʥʪʘʞʝʥʽʩʪʴ 

ʙʨʘʥʜʤʘʫʝʨʘ 

2 ʋʩʪʘʥʦʚʢʘ ʪʘ ʩʫʧʨʦʚʽʜ 

ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ ʥʘ 

ʬ̔ ʟʠʯʥʦʤʫ ʨʽʚʥʽ 

802.3, 802.5 MAC-flood ï ʧʝʨʝʧʦʚʥʝʥʥʷ 

ʧʘʢʝʪʘʤʠ ʜʘʥʠʭ ʤʝʨʝʞʝʚʠʭ 

ʢʦʤʫʪʘʪʦʨʽʚ 

ʇʦʪʦʢʠ ʜʘʥʠʭ ʚʽʜ 

ʚʽʜʧʨʘʚʥʠʢʘ ʦʜʝʨʞʫʚʘʯʫ 

ʙʣʦʢʫʶʪʴ ʨʦʙʦʪʫ ʚʩʽʭ ʧʦʨʪʽʚ 

1 ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ ʫ ʬʽʟʠʯʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ 

100BaseT, 1000 

Base-X, 802.3, 

802.5 

ɻʣʫʰʽʥʥʷ ʅʝʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʯʽ ʙʫʜʴ-

ʷʢʠʭ ʧʦʚʽʜʦʤʣʝʥʴ 

  

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʩʧʝʢʪʨʽʚ ʩʠʛʥʘʣʽʚ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʫ, ʚ ʦʩʥʦʚʽ ʜʽʾ ʷʢʠʭ ʣʝʞʠʪʴ ʦʜʥʝ ʟ ʷʚʠʱ: ʽʥʪʝʨʬʝʨʝʥʮʽʷ; ʟʘʣʘʤ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʜʠʩʧʝʨʩʽʾ ʬʘʟʦʚʦʾ ʰʚʠʜʢʦʩʪʽ; ʨʝʟʦʥʘʥʩ. ɸʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʫ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʟʥʘʯʘʪʠ ʘʤʧʣʽʪʫʜʫ ʡ ʯʘʩʪʦʪʫ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ. ɰʭ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ ʨʦʟʜʽʣʴʥʽʩʪʴ 

(ʨʦʟʜʽʣʴʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ) ï ʥʘʡʤʝʥʰʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʪʦʪ ʤʽʞ ʜʚʦʤʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʣʽʥʽʷʤʠ, ʷʢʽ ʱʝ ʨʦʟʜʽʣʷʶʪʴʩʷ ʘʥʘʣʽʟʘʪʦʨʦʤ. 

ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʝʤʦ ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʫ ʚ ʜʽʘʧʘʟʦʥʽ (2,4000õ2.4835) ɻɻʮ. 

ɺ ʪʘʙʣ. 1.3 ʟʚʝʜʝʥʽ ʜʘʥʽ ʧʨʦ ʰʽʩʪʴ ʥʘʡʙʽʣʴʰ ʚʜʘʣʠʭ ʪʨʘʥʩʠʚʝʨʽʚ ʜʘʥʦʛʦ ʢʣʘʩʫ 

ʚʽʜ ʚʠʨʦʙʥʠʢʽʚ Nordic, Texas Instruments ʽ Cypress [24]. 
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ʊʘʙʣʠʮʷ 1.3 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʩʠʚʝʨʽʚ 

ʄʽʢʨʦʩʭʝʤʘ 
ʏʘʩʪʦʪʥʠʡ 

ʜʽʘʧʘʟʦʥ, ʄɻʮ 

ʈʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ, ʢɻʮ 

ɼʽʘʧʘʟʦʥ 

ʧʦʪʫʞʥʦʩʪʽ, 

ʜɹʤɺʪ 

ʈʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ, ʜɹʤɺʪ 

Nordic nRF24L01 2400ï2525 977 ï(85õ42) 1,0 

TI Chipcon CC2500 2400ï2483,5 58ï812 ï(104õ13) 0,8 

TI Chipcon CC2511-F32 2400ï2483,5 58ï812 ï(110õ6,5) 0,5 

Cypress CYRF6934 2400ï2483 1000 ï(90õ40) ~4,1 

Cypress CYRF6935 2400ï2483 1000 ï(95õ40) ~3,1 

Cypress CYRF6936 2400ï2497 1000 ï(97õ47) ~1,3 

  

ɰʭ ʫʤʦʚʥʦ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʘʢʽ ʢʣʘʩʠ: 

ʧʨʦʛʨʘʤʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʥʥʷ ʢʘʥʘʣʽʚ ʊɹɼ ʘʙʦ ʢʣʽʻʥʪʩʴʢʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ: 14 ʪʦʯʦʢ; 

ʧʨʦʛʨʘʤʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʥʥʷ ʢʘʥʘʣʽʚ Bluetooth-ʧʨʠʩʪʨʦʷʤʠ: 79 ʪʦʯʦʢ; 

ʥʠʟʴʢʦʾ ʚʘʨʪʽʩʥʽ (low cost) ʟʘ $80ï200: (170õ180) ʪʦʯʦʢ; 

ʩʘʤʦʨʦʙʥʽ ʥʘ ʤʽʢʨʦʩʭʝʤʘʭ ʪʠʧʫ CC25xx ʜʦ $100: (170õ2100) ʪʦʯʦʢ; 

ʩʝʨʝʜʥʴʦʾ ʚʘʨʪʦʩʪʽ ʟʘ $3ï10 ʪʠʩ.: 280 ʪʠʩ. ʪʦʯʦʢ; 

ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʽ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʘ $50ï100 ʪʠʩ.: ʜʦ 83,5 ʤʣʥ ʪʦʯʦʢ. 

ʇʝʨʰʠʤ ʥʘ ʨʠʥʢʫ ʟôʷʚʠʚʩʷ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ Metageek Wi-Spy 2.4i (Gen 1) ʥʘ 

ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Cypress CYRF6934 (ʨʠʩ. 1.8ʘ). 

ʅʘ ʤʽʢʨʦʩʙʦʨʮʽ CYWUSB6935, ʧʦʙʫʜʦʚʘʥʦʾ ʥʘ ʥʘʩʪʫʧʥʽʡ ʚʝʨʩʽʾ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Cypress CYRF6935, ʯʝʨʝʟ SPI ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʧʝʨʝʭʽʜʥʠʢ ʽ 

ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʘʥʘʣʽʟʘʪʦʨʫ ʯʝʨʝʟ LPT-ʧʦʨʪ (ʨʠʩ. 1.8ʙ). ʅʘ ʥʘʩʪʫʧʥʽʡ ʚʝʨʩʽʾ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Cypress CYRF6936 ʟʽʙʨʘʥʠʡ Wi-detector, ʷʢʠʡ ʜʦʩʪʫʧʥʠʡ ʚ 

ʘʧʘʨʘʪʥʠʭ ʚʝʨʩʽʷʭ 2 ʽ 3 (ʨʠʩ. 1.8ʚ). ʈʝʰʪʘ ʘʥʘʣʽʟʘʪʦʨʠ ʟʽʙʨʘʥʽ ʘʙʦ ʥʘ ʨʦʟʜʽʣʴʥʦʾ 

ʟʙʽʨʮʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʽ ʨʘʜʠʦʤʦʜʫʣʷ Chipcon CC2500 (TI eZ430-RF2500, 

ʜʠʚ. ʨʠʩ. 1.8ʛ) ʘʙʦ ʥʘ ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʚ ʦʜʥʦʤʫ ʯʽʧʽ Chipcon CC2511-F32 (Ubiquiti 

AirView2, ʜʠʚ. ʨʠʩ. 1.8ʜ; Metageek Wi-Spy 2.4x, ʜʠʚ. ʨʠʩ. 1.8ʝ; Pololu Wixel, ʜʠʚ. 

ʨʠʩ. 1.8ʞ). ɹʽʣʴʰʽʩʪʴ ʩʝʨʝʜ ʥʘʚʝʜʝʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʥʝ ʜʦʟʚʦʣʷʶʪʴ 

ʟʤʽʥʶʚʘʪʠ ʥʘʩʪʨʦʡʢʠ ʩʢʘʥʫʚʘʥʥʷ (Metageek Wi-Spy 2.4i, Wi-detector, 

CYWUSB6935, Ubiquiti AirView2), ʡ ʣʠʰʝ ʜʝʷʢʽ ʟ ʥʠʭ ʥʘʜʘʶʪʴ ʪʘʢʫ ʤʦʞʣʠʚʽʩʪʴ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, TI eZ430-RF2500 ʽ Pololu Wixel ʜʦʟʚʦʣʷʶʪʴ ʟʤʽʥʶʚʘʪʠ 
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ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʜʠʥ ʨʘʟ ʧʨʠ ʧʨʦʰʠʚʮʽ, ʘ Metageek Wi-Spy 2.4x ï ʟ ʧʨʦʧʨʽʻʪʘʨʥʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ (ʇɿ). 

 

ʈʠʩ. 1.8. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʣʘʪ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʘ: 

ʘ ï Metageek Wi-Spy 2.4i; ʙ ï CYWUSB6935 (LPT); ʚ ï Wi-detector;  

ʛ ï TI eZ430-RF2500; ʜ ï Ubiquiti AirView2;  

ʝ ï Metageek Wi-Spy 2.4x ʽ ʞ ï Pololu Wixel 

ʉʝʨʝʜ ʫʩʽʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤ ʚʠʷʚʠʚʩʷ Pololu Wixel. ɺʽʥ ʤʘʻ 

ʜʦʙʨʝ ʧʨʦʜʫʤʘʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʫʧ ʜʦ ʟʤʽʥʠ ʧʨʦʰʠʚʢʠ ʽ SDK (ʥʘ 

ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C) ʟ ʧʦʚʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ. ɼʦʩʪʫʧʥʘ ʮʽʥʘ ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ 
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ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʟʘʧʫʩʢʘʪʠ ʜʝʢʽʣʴʢʘ ʜʘʪʯʠʢʽʚ, ʟʙʠʨʘʪʠ ʽ ʧʘʨʘʣʝʣʴʥʦ ʘʥʘʣʽʟʫʚʘʪʠ 

ʦʪʨʠʤʘʥʽ ʟ ʥʠʭ ʜʘʥʽ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʧʨʘʢʪʠʯʥʦ ʢʦʞʥʦʤʫ ʽʟ ʧʨʦʪʝʩʪʦʚʘʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ 

ʚʠʷʚʠʣʘʩʴ ʧʨʠʪʘʤʘʥʥʦʶ ʧʦʤʠʣʢʘ ʫ ʨʦʟʨʘʭʫʥʢʫ ʘʤʧʣʽʪʫʜʠ, ʷʢʘ ʚʠʥʠʢʘʻ ʯʝʨʝʟ 

ʜʠʩʢʨʝʪʠʟʘʮʽʶ ʪʦʯʦʢ ʚʠʤʽʨʶʚʘʥʥʷ (ʨʠʩ. 1.9). 

 

ʈʠʩ. 1.9. ɺʠʥʠʢʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʭʠʙʢʠ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ 

ʋ ʚʠʧʘʜʢʫ ʩʫʤʽʨʥʠʭ ʰʠʨʠʥʠ ʧʽʜʢʘʥʘʣʫ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ï 312,5 ʢɻʮ) ʽ 

ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ (500 ʢɻʮ) ʮʽ ʪʦʯʢʠ ʤʦʞʫʪʴ ʥʝ ʩʧʽʚʧʘʜʘʪʠ 

ʟ ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.10. ɿôʷʚʣʷʻʪʴʩʷ ʧʦʭʠʙʢʘ ʘʤʧʣʽʪʫʜʠ, ʷʢʫ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ 

ʧʦʨʽʚʥʷʚʰʠ ʪʦʯʢʠ ʩʧʽʚʧʘʜʽʥʥʷ (ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʝʬʝʢʪʫ ʙʠʪʪʷ ʧʨʠ ʥʘʢʣʘʜʝʥʽ ʜʚʦʭ 

ʢʦʣʠʚʘʥʴ ʙʣʠʟʴʢʦʾ ʯʘʩʪʦʪʠ) ʤʘʢʩʠʤʘʣʴʥʠʭ ʽ ʤʽʥʽʤʘʣʴʥʠʭ ʯʘʩʪʦʪ. ʅʘ ʨʠʩ. 1.10 

ʧʦʢʘʟʘʥʽ ʪʦʯʢʠ ʩʧʽʚʧʘʜʽʥʥʷ: ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦʛʦʨʠ ʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ï ʚʥʠʟ. 

ɿ ʛʨʘʬʽʢʘ ʚʠʜʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʤʽʥʫʩ 46 ʜɹʤɺʪ, ʘ 

ʤʽʥʽʤʘʣʴʥʝ ï ʤʽʥʫʩ 52 ʜɹʤɺʪ. ʊʦʙʪʦ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʘʻ 

6 ʜɹʤɺʪ, ʘ ʚʽʜʥʦʩʥʘ ï 11,5% [25]. 
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ʈʠʩ. 1.10. ʄʘʢʩʠʤʫʤʠ ʽ ʤʽʥʽʤʫʤʠ, ʷʢʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʪʦʯʢʘʤʠ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ 

1.2.2. ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʧʦʙʫʜʦʚʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ 

ʉʫʯʘʩʥʽ ʙʝʟʧʨʦʚʦʜʦʚʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫʤʦʚʥʦ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ 

ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ (ʨʠʩ. 1.11). 

 

ʈʠʩ. 1.11. ʄʘʩʰʪʘʙʠ ʦʨʛʘʥʽʟʘʮʽʾ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ 

ʊʽ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʚôʷʟʢʫ ʚʩʪʘʪʢʫʚʘʥʥʷ ʚ ʤʝʞʘʭ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ, ʥʘʧʨʠʢʣʘʜ, 

ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʪʝʣʝʬʦʥʫ ʽ ʥʦʫʪʙʫʢʘ ʘʙʦ ʢʦʤʧôʶʪʝʨʘ ʽ ʧʨʠʥʪʝʨʘ, ʚʽʜʥʦʩʷʪʴ ʜʦ ʢʣʘʩʫ 

ʧʝʨʩʦʥʘʣʴʥʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ (wireless personal area network, WPAN). 

ʅʘʡʧʦʰʠʨʝʥʽʰʘ ʪʝʭʥʦʣʦʛʽʷ ʽʟ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ ï Bluetooth, ʱʦ ʤʘʻ ʪʠʧʦʚʠʡ ʨʘʜʽʫʩ ʜʽʾ ʜʦ 

10 ʤ. ʅʘʩʪʫʧʥʠʤ ʪʠʧʦʤ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʻ ʙʝʟʧʨʦʚʦʜʦʚʽ ʣʦʢʘʣʴʥʽ ʤʝʨʝʞʽ 

WLAN (wireless local area network). ɰʭ ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʦʙʫʜʦʚʽ 

ʣʦʢʘʣʴʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʦʧʝʨʘʪʦʨʩʴʢʠʭ Wi-Fi ʤʝʨʝʞ ʤʘʩʰʪʘʙʫ 
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ʦʢʨʝʤʠʭ ʧʨʠʤʽʱʝʥʴ ʷʢʽ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʧʨʦʚʽʜʥʠʭ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ ʪʘ ʩʪʚʦʨʝʥʥʷ ʪʘʢ ʟʚʘʥʠʭ ʛʘʨʷʯʠʭ ʪʦʯʦʢ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ 

ʜʦʩʪʫʧʫ ʚ ʽʥʪʝʨʥʝʪ. ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʚʘʨʪʦ ʦʯʽʢʫʚʘʪʠ ʛʣʦʙʘʣʴʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʻʜʠʥʦʾ 

ʰʠʨʦʢʦ ʩʤʫʛʦʚʦʾ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ ʤʘʩʰʪʘʙʫ ʤʽʩʪʘ ï WʄAN (wireless 

metropolitan area network). 

ʅʠʥʽ ʨʦʟʚʠʪʦʢ ʤʝʨʝʞ ʙʝʟʧʨʦʚʽʜʥʦʛʦ ʜʦʩʪʫʧʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʦʚʠʭ, 

ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʚʣʘʩʥʽ ʤʦʞʣʠʚʦʩʪʽ ʡ ʷʢʽ ʜʦʩʠʪʴ 

ʧʦʚʥʦ ʦʧʠʩʘʥʽ ʚ ʩʫʯʘʩʥʽʡ ʥʘʫʢʦʚʦ-ʧʦʧʫʣʷʨʥʽʡ ʣʽʪʝʨʘʪʫʨʽ. ʅʘʡʙʽʣʴʰ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʤʠ ʩʝʨʝʜ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 1.4 [26]. 

ʊʘʙʣʠʮʷ 1.4 

ʇʦʨʽʚʥʷʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʜʦʩʪʫʧʫ 

 CDMA 2000 Wi-Fi WiMAX  

ʊʠʧ ʪʝʭʥʦʣʦʛʽʾ ʉʪʽʣʴʥʠʢʦʚʘ 3G WLAN WMAN 

ʉʪʘʥʜʘʨʪ 3G ɯɽɽɽ 802.11 ɯɽɽɽ 802.16 

ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ, ʄʙ/c 0,4ï0,7 1ï5 1 

ʇʝʨʝʚʘʛʠ ɺʝʣʠʢʠʡ ʨʘʜʽʫʩ ʜʽʾ, 

ʤʦʙʽʣʴʥʽʩʪʴ, ʚʠʩʦʢʘ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʧʨʦʚʘʜʞʝʥʥʷ, 

ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, 

ʥʝʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ, ʧʽʜʚʠʱʝʥʘ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ  

ʫ ʧʝʨʩʧʝʢʪʠʚʽ 

ɼʣʷ ʤʦʙʽʣʴʥʦʾ ʚʝʨʩʽʾ ï 

ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ 

ʅʝʜʦʣʽʢʠ ʈʝʛʽʦʥʘʣʴʥʽ ʚʽʜʤʽʥʥʦʩʪʽ 

ʫ ʪʝʭʥʦʣʦʛʽʷʭ ï ʦʜʠʥ ʽ 

ʪʦʡ ʞʝ ʧʨʠʩʪʨʽʡ ʥʝ ʙʫʜʝ 

ʛʘʨʘʥʪʦʚʘʥʦ ʧʨʘʮʶʚʘʪʠ 

ʩʢʨʽʟʴ 

ʆʙʤʝʞʝʥʠʡ ʨʘʜʽʫʩ ʜʽʾ, ʦʙʤʝʞʝʥʘ 

ʤʦʙʽʣʴʥʽʩʪʴ, ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ 

ʷʢʽʩʪʴ ʜʣʷ ʪʝʣʝʬʦʥʽʾ ʪʘ ʚʽʜʝʦ-

ʜʦʜʘʪʢʽʚ, ʦʩʪʘʪʦʯʥʦ ʥʝ ʚʠʨʽʰʝʥʽ 

ʧʠʪʘʥʥʷ ʩʫʤʽʩʥʦʩʪʽ, ʽʩʥʫʶʪʴ ʜʝʷʢʽ 

ʧʨʦʙʣʝʤʠ ʧʦʚôʷʟʘʥʽ ʟ ʙʝʟʧʝʢʦʶ 

ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ 

ʘʙʦʥʝʥʪʩʴʢʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 

ʯʘʩʪʦʪ ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ 

  

ʉʝʨʝʜ WLAN ʪʝʭʥʦʣʦʛʽʡ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ 

ʧʦʙʫʜʦʚʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʟ ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʯʘʩʪʦʪʥʠʤ ʨʦʟʧʦʜʽʣʝʥʥʷʤ 

ʢʘʥʘʣʽʚ. ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʾʭ ʨʦʙʦʪʠ ʧʦʙʫʜʫʻʤʦ ʾʭ ʤʦʜʝʣʽ. 

1.2.3. ʄʦʜʝʣʶʚʘʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʟ ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʯʘʩʪʦʪʥʠʤ 

ʨʦʟʜʽʣʝʥʥʷʤ ʢʘʥʘʣʽʚ 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ: 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʭʝʤʠ (ʉɸʇʈ LabVIEW); 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʩʠʛʥʘʣʽʚ (ʉɸʇʈ OCG/Signals Analyzer ʽ 

MatLAB). 

ʄʦʜʝʣʽ ʧʝʨʝʜʘʚʘʯʘ (ʨʠʩ. 1.12) ʽ ʧʨʠʡʤʘʯʘ (ʨʠʩ. 1.13) ʫ ʨʽʟʥʠʭ ʤʦʜʝʣʶʶʯʠʭ 

ʉɸʇʈ ʙʫʜʫʪʴ ʚʠʛʣʷʜʘʪʠ ʤʘʡʞʝ ʦʜʥʘʢʦʚʦ. ʋ ʤʦʜʝʣʴ OFDM-ʧʝʨʝʜʘʚʘʯʘ ʚ ʷʢʦʩʪʽ 
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ʜʘʥʠʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʝʥʝʨʘʪʦʨ ʚʠʧʘʜʢʦʚʠʭ ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʛʝʥʝʨʫʚʘʪʠ 

ʮʽʣʽ ʯʠʩʣʘ ʚ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟ ʥʘʩʪʫʧʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʫ ʜʚʽʡʢʦʚʽʡ ʬʦʨʤʽ). 

ʌʦʨʤʫʚʘʥʥʷ ʽ ʤʦʜʫʣʶʚʘʥʥʷ ʢʘʥʘʣʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʩʣʦʚʘ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʤʦʜʫʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʦʨʤʫʚʘʯʽ ʚʝʢʪʦʨʽʚ ʟ ʨʽʟʥʦʶ 

ʣʦʛʽʢʦʶ, ʘ ʢʽʣʴʢʽʩʪʴ ʤʦʜʫʣʷʪʦʨʽʚ ʢʘʥʘʣʽʚ ʟ ʜʘʥʠʤʠ ʟʘʚʞʜʠ ʜʦʨʽʚʥʶʻ 48, ʢʨʽʤ ʷʢʠʭ 

ʬʦʨʤʫʶʪʴʩʷ ʯʦʪʠʨʠ ʩʣʫʞʙʦʚʽ ʧʽʜʢʘʥʘʣʠ. 

 

ʈʠʩ. 1.12. ɹʣʦʢ-ʩʭʝʤʘ ʤʦʜʝʣʽ OFDM-ʧʝʨʝʜʘʚʘʯʘ 

ɼʘʥʘ ʤʦʜʝʣʴ ʥʝ ʚʢʣʶʯʘʻ ʟʛʦʨʪʘʣʴʥʝ ʢʦʜʫʚʘʥʥʷ, ʪʘʢ ʷʢ ʚʦʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ 

ʨʦʟʧʦʜʽʣʶʚʘʯʘ ʩʣʽʚ, ʽ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʭʦʜʠʪʴ ʜʦ ʛʝʥʝʨʘʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ ʜʘʥʠʭ. 

 

ʈʠʩ. 1.13. ɹʣʦʢ-ʩʭʝʤʘ ʤʦʜʝʣʽ OFDM-ʧʨʠʡʤʘʯʘ 

ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʥʷ ʢʘʥʘʣʽʚ ʫ ʯʘʩʽ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ OCG 

(ʚʝʨʩʽʷ 1209) ʽ Signals Analyzer (ʚʝʨʩʽʷ free), ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.14, ʜʣʷ ʧʨʠʢʣʘʜʫ 

ʚʠʱʝ ʧʦʢʘʟʘʥʘ ʩʧʝʢʪʨʦʛʨʘʤʘ ʩʠʛʥʘʣʫ ʚ ʪʦʤʫ ʩʘʤʦʤʫ ʜʽʘʧʘʟʦʥʽ [27]. ʍʦʯʘ ʚ ʧʨʦʛʨʘʤʽ 

ʽ ʥʝ ʧʨʠʩʫʪʥʽ n-QAM ʤʦʜʫʣʷʮʽʾ, ʘʣʝ ʧʨʦʛʨʘʤʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʘʦʯʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʢʘʥʘʣʽʚ ʫ ʯʘʩʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ PSK-

ʤʦʜʫʣʷʮʽʶ ʩʠʛʥʘʣʫ. ɼʽʘʛʨʘʤʘ ʚʠʢʦʥʘʥʘ ʫ ʚʽʜʪʽʥʢʘʭ ʩʽʨʦʛʦ: ʯʠʤ ʙʣʠʞʯʝ ʜʦ ʯʦʨʥʦʛʦ 

ʢʦʣʴʦʨʫ, ʪʠʤ ʙʽʣʴʰʘ ʘʤʧʣʽʪʫʜʘ ʩʠʛʥʘʣʫ. ɿ ʦʙʦʭ ʙʦʢʽʚ ʩʧʝʢʪʨʫ ʚʠʜʥʦ ʨʽʟʢʝ 

ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʥʝʦʩʥʦʚʥʠʤ ʢʦʣʠʚʘʥʥʷʤ ʢʨʘʡʥʽʭ ʢʘʥʘʣʽʚ. 
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ʈʠʩ. 1.14. ʄʦʜʝʣʶʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʢʘʥʘʣʽʚ 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Modulation Toolkit OFDM ʽʟ ʧʘʢʝʪʘ 

ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ LabVIEW Professional Development System (ʚʝʨʩʽʷ 10.0) [28]. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʟʘʟʥʘʯʝʥʠʡ ʚʠʱʝ 

ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ ʽ ʫ ʩʭʝʤʫ, ʧʦʢʘʟʘʥʽʡ ʥʘ ʨʠʩ. 1.15. ɺʽʜʩʪʘʥʴ ʤʽʞ ʊɹɼ ʽ ʢʣʽʻʥʪʦʤ 

ʩʪʘʥʦʚʠʪʴ 2 ʤ, ʘ ʧʦʩʝʨʝʜʠʥʽ ʨʦʟʪʘʰʦʚʘʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ. 

 

ʈʠʩ. 1.15. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʦʜʝʣʝʡ 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʚ ʚʠʙʨʘʥʠʡ 7-ʡ ʢʘʥʘʣ ʟ ʩʝʨʝʜʠʥʦʶ ʥʘ ʯʘʩʪʦʪʽ 2,442 ɻɻʮ, 

ʪʘʢ ʷʢ ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ ʩʘʤʝ ʚ ʩʝʨʝʜʠʥʽ ʜʽʘʧʘʟʦʥʫ ʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʯʽʪʢʠʡ ʚʠʜ 

ʟʘʪʫʭʘʥʥʷ ʩʧʝʢʪʨʘ. 

ɼʣʷ ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝʜʘʯʽ ʫ ʩʪʘʥʜʘʨʪʽ 802.11g (ʪʦʯʥʽʰʝ 802.11a) 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʪʠʧʠ ʤʦʜʫʣʷʮʽʾ: ʜʣʷ 6 ʽ 9 ʄʙʽʪ/ʩ ï ʜʚʦʭʧʦʟʠʮʽʡʥʘ ʬʘʟʦʚʘ 
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ʤʦʜʫʣʷʮʽʷ (Binary Phase-Shift Keying, BPSK); ʜʣʷ 12 ʽ 18 ʄʙʽʪ/ʩ ï 

ʯʝʪʠʨʴʦʭʧʦʟʠʮʽʡʥʘ ʬʘʟʦʚʘ ʤʦʜʫʣʷʮʽʷ ʘʙʦ (Quadrature Phase-Shift Keying, QPSK ʘʙʦ 

4-PSK); ʜʣʷ 24 ʽ 36 ʄʙʽʪ/ʩ ï h ʽʩʪʥʘʜʮʷʪʠʨʽʚʥʝʚʘ ʢʚʘʜʨʘʪʫʨʥʘ ʘʤʧʣʽʪʫʜʥʘ ʤʦʜʫʣʷʮʽʷ 

(16-QAM ʘʙʦ QASK); ʜʣʷ 48 ʽ 54 ʄʙʽʪ/ʩ ï ʰʝʩʪʠʜʝʩʷʪʠʯʦʪʠʨʴʦʭʨʽʚʥʝʚʘ 

ʢʚʘʜʨʘʪʫʨʥʘ ʘʤʧʣʽʪʫʜʥʘ ʤʦʜʫʣʷʮʽʷ (64-QAM). ʇʨʠ ʧʦʛʽʨʰʝʥʽ ʫʤʦʚ ʧʨʠʡʦʤʫ ʊɹɼ 

ʤʦʞʝ ʧʝʨʝʤʠʢʘʪʠʩʷ ʥʘ ʥʠʞʯʫ ʰʚʠʜʢʽʩʪʴ, ʪʘʢ ʷʢ ʧʨʠ ʟʤʝʥʰʝʥʽ ʪʠʧʫ ʤʦʜʫʣʷʮʽʾ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʯʝʨʝʟ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʙʽʪʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ 

ʧʨʠʭʦʜʷʪʴʩʷ ʥʘ ʦʜʠʥ ʧʽʜʢʘʥʘʣ (BPSK ï 1 ʙʽʪ/ʪʘʢʪ, QPSK ï 2 ʙʽʪ/ʪʘʢʪ, 16-QAM ï 

4 ʙʽʪ/ʪʘʢʪ ʽ 64-QAM ï 6 ʙʽʪ/ʪʘʢʪ). 

ʅʘ ʨʠʩ. 1.16 ʧʦʢʘʟʘʥʽ ʨʽʟʥʽ ʪʠʧʠ ʤʦʜʫʣʷʮʽʾ: ʣʽʚʦʨʫʯ LabVIEW-ʤʦʜʝʣʴ ʽ 

ʧʨʘʚʦʨʫʯ ʩʠʛʥʘʣ ʟʥʷʪʠʡ ʟ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʟʛʦʨʪʘʣʴʥʦʛʦ ʢʦʜʫʚʘʥʥʷ. ʊʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʦʙʦʚôʷʟʢʦʚʠʤʠ ʜʣʷ 

ʩʪʘʥʜʘʨʪʫ 802.11a ʻ ʪʽʣʴʢʠ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ 6, 12 ʽ 24 ʄʙʽʪ/ʩ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʰʚʠʜʢʦʩʪʽ ʟʛʦʨʪʘʣʴʥʦʛʦ ʢʦʜʫʚʘʥʥʷ İ. ɿ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʜʥʦ, ʱʦ 

ʰʚʠʜʢʽʩʪʴ ʟʛʦʨʪʘʣʴʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʚʘʞʣʠʚʘ ʪʽʣʴʢʠ ʜʣʷ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʥʷ 

ʧʦʚʽʜʦʤʣʝʥʴ ʽ ʥʽʷʢʠʤ ʯʠʥʦʤ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʚʠʜ ʩʧʝʢʪʨʫ. ɺ ʩʪʘʥʜʘʨʪʥʽʡ ʤʦʜʝʣʽ ʧʨʠ 

ʧʦʛʽʨʰʝʥʽ ʫʤʦʚ ʧʨʠʡʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʠʡ ʧʝʨʝʭʽʜ ʥʘ ʤʝʥʰʫ ʰʚʠʜʢʽʩʪʴ 

ʟʛʦʨʪʘʣʴʥʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʜ ʤʦʜʫʣʷʮʽʾ ʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʚʝʢʪʦʨʽ 

ʩʠʛʥʘʣʽʚ (ʪʦʙʪʦ ʟ ʙʽʣʴʰʦʶ ʧʦʭʠʙʢʦʶ ʧʨʠ ʜʝʤʦʜʫʣʷʮʽʾ). 

 

ʈʠʩ. 1.16. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 64-QAM 
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ɺ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʧʝʨʝʜʘʚʘʣʦʩʷ ʦʜʥʘ ʡ ʪʘ ʩʘʤʘ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ (5,2 ʢɹ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʣʫʞʙʦʚʠʭ ʢʘʥʘʣʽʚ). ɺʩʽ 52 ʢʘʥʘʣʠ: ʟ ʥʠʭ 48 ʟ ʜʘʥʠʤʠ (data tones) ʽ 

4 ʩʣʫʞʙʦʚʠʭ (pilot tones) ï ʙʫʣʠ ʟʘʚʘʥʪʘʞʝʥʽ ʨʽʚʥʦʤʽʨʥʦ. 

ʇʽʢʠ ʟ ʦʙʦʭ ʢʽʥʮʽʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʨʦʟʨʠʚ ʧʨʠ 

ʧʝʨʝʜʘʚʘʥʥʽ ʜʚʦʭ ʧʦʩʣʽʜʦʚʥʠʭ OFDM-ʩʠʤʚʦʣʽʚ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ ʩʠʛʥʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ MatLAB 7.8/Simulink 7.3 [29]. ʋ 

ʩʢʨʠʧʪʽ ʟʘʜʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ: ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʘʥʘʣʽʚ, ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʩʠʛʥʘʣʫ 

ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʴʦʛʦ ʧʽʜʢʘʥʘʣʫ, ʨʦʟʤʽʨ ʧʘʢʝʪʘ ʜʘʥʠʭ (ʨʽʚʥʠʡ 5,2 ʢɹ, ʷʢ ʫ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ), ʰʠʨʠʥʘ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ, ʪʦʯʥʽʩʪʴ (ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ 

ʚʠʤʽʨʶʚʘʥʥʷ), ʧʽʩʣʷ ʯʦʛʦ ʛʝʥʝʨʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʤʦʜʫʣʷʮʽʾ. 

ʉʛʝʥʝʨʦʚʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʟʘ ʧʽʜʢʘʥʘʣʘʤʠ ʽ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜ 

ʬʫʥʢʮʽʾ ʋʦʣʰʘ pwelch(), ʧʽʩʣʷ ʯʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʰʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʜʣʷ 

ʩʠʛʥʘʣʽʚ ʟ ʥʫʣʴʦʚʠʤ ʩʝʨʝʜʥʽʤ ʢʘʥʘʣʦʤ fftshift(). ʉʧʝʢʪʨ ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1.17. ʂʨʽʤ ʦʩʥʦʚʥʠʭ ʧʽʜʢʘʥʘʣʽʚ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʩʧʘʜʠ ʨʽʚʥʷ 

ʩʠʛʥʘʣʫ ʥʘ ʢʽʥʮʷʭ ʩʧʝʢʪʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 16-ʢʨʘʡʥʽʭ ʧʽʜʢʘʥʘʣʽʚ. 

 

ʈʠʩ. 1.17. ʈʝʟʫʣʴʪʘʪ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 64-QAM 

ʋ ʤʦʜʝʣʽ ʥʝ ʚʨʘʭʦʚʘʥʘ ʥʝʨʽʚʥʦʤʽʨʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʣʫʞʙʦʚʠʭ 

ʢʘʥʘʣʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʘʥʘʣʽʚ ʟ ʜʘʥʠʤʠ, ʪʦʤʫ ʩʧʝʢʪʨ ʥʘʙʣʠʞʫʻʪʴʩʷ ʜʦ 

ʽʜʝʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ. ɼʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʤʦʜʫʣʷʮʽʾ ʩʧʝʢʪʨ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 
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ʧʦʪʫʞʥʽʩʪʶ ʠ ʰʚʠʜʢʽʩʪʶ ʟʘʪʫʭʘʥʥʷ ʥʘ ʢʽʥʮʷʭ, ʘʣʝ ʬʦʨʤʦʶ ʚʩʽ ʩʧʝʢʪʨʠ ʤʘʡʞʝ ʥʝ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ. 

ʆʢʨʝʤʦ ʪʨʝʙʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ 14-ʡ ʢʘʥʘʣ ʜʦʟʚʦʣʝʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ ʫ 

ʗʧʦʥʽʾ ʽ ʪʽʣʴʢʠ ʜʣʷ 802.11b, ʪʦʙʪʦ ʟ OFDM ʚʽʥ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ [30]. ɼʦ ʪʦʛʦ ʞ 

ʟ [31] ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʨʘʜʽʦʜʦʩʪʫʧ ʜʣʷ 802.11 ʦʙʤʝʞʫʻʪʴʩʷ ʯʘʩʪʦʪʦʶ 2,4835 ɻɻʮ, 

ʘ ʩʝʨʝʜʠʥʘ 14-ʛʦ ʢʘʥʘʣʫ ʧʨʦʭʦʜʠʪʴʩʷ ʥʘ ʯʘʩʪʦʪʫ 2,484 ɻɻʮ, ʪʦʙʪʦ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ 

ʩʧʝʢʪʨʫ ʢʘʥʘʣʫ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʤʝʞʝʶ ʜʽʘʧʘʟʦʥʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʥʦʾ ʤʦʜʝʣʽ ʜʣʷ 

OFDM ʧʦʜʘʥʦ ʚ [32]. ʈʘʟʦʤ ʟ ʪʠʤ, ʧʦʟʘ ʥʘ ʫʚʘʛʦʶ ʟʘʣʠʰʠʣʦʩʷ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʨʝʘʣʴʥʠʭ 

ʦʙôʻʢʪʽʚ. ʋ [33] ʥʘʤʠ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ 

ʧʨʠʩʪʨʦʾʚ 802.11b ʩʪʘʥʜʘʨʪʫ. ɺ [34] ʟʨʦʙʣʝʥʦ ʩʧʨʦʙʫ ʤʦʜʝʣʶʚʘʪʠ ʟʘʚʘʜʫ ʜʣʷ 

ʧʨʠʩʪʨʦʾʚ ʟʘ ʩʪʘʥʜʘʨʪʦʤ 802.11 ʚʽʜ 802.15 ʧʨʠʩʪʨʦʾʚ. ɿ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʜʥʦ, ʱʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʨʝʘʣʴʥʽ ʦʙôʻʢʪʠ ʥʝ ʩʧʽʚʩʪʘʚʣʷʶʪʴʩʷ ʘʙʦ ʩʧʽʚʩʪʚʣʷʶʪʴʩʷ ʥʝ ʘʜʝʢʚʘʪʥʦ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 6-ʡ ʢʘʥʘʣ ʟ ʧʝʨʝʣʽʢʫ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ  

(1-ʡ, 6-ʡ ʽ 11-ʡ) ʟ ʩʝʨʝʜʠʥʦʶ ʥʘ ʯʘʩʪʦʪʽ 2,437 ɻɻʮ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ Ubiquiti AirView2 ʥʘ ʤʽʢʨʦ ʢʦʥʪʨʦʣʝʨʽ 

Chipcon CC2511-F32 ʟ ʯʘʩʪʦʪʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 500 ʢɻʮ ʟ ʇɿ Sun Java 6 JRE (32-ʙʽʪʘ) 

ʥʘ ʆʉ Linux Ubuntu 10.04 [35]. ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʩʪʦʩʦʚʘʥʠʡ PHP-

ʩʢʨʠʧʪ (ʚʝʨʩʽʷ ʽʥʪʝʨʧʨʝʪʘʪʦʨʘ 5.3.3) ʽ ʙʽʙʣʽʦʪʝʢʘ Open Flash Chart (ʚʝʨʩʽʷ 2) [36]. 

ʇʨʠ ʘʥʘʣʽʟʽ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ ʢʘʥʘʣʫ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʘʧʦʚʥʝʥʥʷʤ ʚʠʜʥʦ, ʱʦ 

ʬʦʨʤʘ ʩʠʛʥʘʣʫ ʜʦʙʨʝ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʤʦʜʠ ʽ ʤʝʜʽʘʥʠ (ʨʠʩ. 1.18ʘ) [37]. ʅʘʡʢʨʘʱʝ ʬʦʨʤʫ ʩʧʝʢʪʨʫ ʧʝʨʝʜʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽ ʤʝʜʽʘʥʘ (ʪʘʢ ʷʢ ʩʫʤʘ ʤʦʜʫʣʽʚ ʚʽʜʭʠʣʝʥʴ ʟʥʘʯʝʥʴ ʚʽʜ ʤʝʜʽʘʥʠ 

ʤʽʥʽʤʘʣʴʥʘ). ɸʣʝ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʢʘʥʘʣʽ 

(ʤʝʥʰʝ 50% ʟʘʧʦʚʥʝʥʥʷ ʢʘʥʘʣʫ), ʨʽʟʢʦ ʧʦʛʽʨʰʫʻʪʴʩʷ ʬʦʨʤʘ ʩʧʝʢʪʨʫ, ʦʪʨʠʤʘʥʦʛʦ ʟ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʘ ʩʝʨʝʜʥʻ, ʤʦʜʘ ʽ ʤʝʜʽʘʥʘ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʨʽʚʥʷ ʰʫʤʫ 

(ʨʠʩ. 1.18ʙ). ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʧʨʠʩʫʪʥʽʡ ʩʠʛʥʘʣ ʟ OFDM-

ʢʦʜʫʚʘʥʥʷ, ʘʣʝ ʚʘʞʢʦ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʫ. 
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ʈʠʩ. 1.18. ʈʦʟʧʦʜʽʣʝʥʥʷ ʯʘʩʪʦʪ ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 12 ʄʙʽʪ/ʩ: 

ʘ ï ʜʣʷ ʧʦʪʫʞʥʦʛʦ ʩʠʛʥʘʣʫ; ʙ ï ʜʣʷ ʩʣʘʙʢʦʛʦ 

ʇʨʠ ʤʘʣʦʤʫ ʨʽʚʥʽ ʩʠʛʥʘʣʽʚ ʟʘ ʩʧʝʢʪʨʦʤ ʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ ʪʠʧ ʤʦʜʫʣʷʮʽʾ: ʪʘʢ ʥʘ 

ʨʠʩ. 1.18ʙ ʜʨʫʛʠʡ ʢʘʥʘʣ ʧʨʘʮʶʻ ʟ OFDM (802.11g), ʘ ʦʜʠʥʘʜʮʷʪʠʡ ʟ CCK 

(Complementary Code Keying, 802.11b). ʇʝʨʝʢʨʠʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʮʠʭ ʜʚʦʭ ʢʘʥʘʣʽʚ 

ʚʽʜʩʫʪʥʻ. ʅʘ ʨʠʩ. 1.19 ʜʦʙʨʝ ʚʠʜʥʦ ʢʦʨʦʪʢʠʡ ʽʤʧʫʣʴʩ ʟʘʚʘʜʠ ʟ ʰʠʨʠʥʦʶ ʩʧʝʢʪʨʫ 

(2,0õ2,5) ʄɻʮ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘʚʘʜʽ ʚʽʜ ʚʝʨʭʥʴʦʾ ʛʘʨʤʦʥʽʢʠ ʩʪʽʣʴʥʠʢʦʚʦʛʦ 

ʪʝʣʝʬʦʥʫ, ZigBee (IEEE 802.15.4) ʘʙʦ BLE-ʧʨʠʩʪʨʦʶ (Bluetooth Low Energy, 

IEEE 802.15.1) [38]. 

 

ʈʠʩ. 1.19. ʈʦʟʧʦʜʽʣʝʥʥʷ ʯʘʩʪʦʪ ʜʣʷ ʜʚʦʭ ʢʘʥʘʣʽʚ ʟʽ ʩʣʘʙʢʠʤʠ ʩʠʛʥʘʣʘʤʠ 

ʇʨʠʢʣʘʜʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʢʘʥʘʣʽʚ 

ʤʦʞʫʪʴ ʙʫʪʠ ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ ʟ ʽʻʨʘʨʭʽʯʥʦʶ ʪʦʧʦʣʦʛʽʻʶ ʘʙʦ ʟ ʨʦʫʤʽʥʛʦʤ 

ʧʦʢʨʠʪʪʷ ʟʘ ʧʨʦʪʦʢʦʣʦʤ WDS (wireless distribution system). 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʝʨʝʞ ʟ ʨʦʫʤʽʥʛʦʤ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ (ʊɹɼ), ʷʢʝ ʫ ʜʽʘʧʘʟʦʥʽ ʜʝʮʠʤʝʪʨʦʚʠʭ ʭʚʠʣʴ (ʩʝʨʝʜʥʷ 
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ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʩʪʘʥʦʚʠʪʴ 12,5 ʩʤ) ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʝʨʝʰʢʦʜ: 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʙʫʜʽʚʝʣʴ, ʜʝʨʝʚ, ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʪʦʱʦ. ʂʨʽʤ ʪʦʛʦ, 

ʷʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ (ɼʉ) ʘʥʪʝʥʠ ʽ ʾʾ 

ʩʧʦʪʚʦʨʝʥʥʷ ʯʝʨʝʟ ʚʧʣʠʚ ʟʝʤʣʽ (ʪʦʙʪʦ ʷʢʽʩʪʴ ʟʚôʷʟʢʫ ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʠʩʦʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʥʪʝʥʠ) [39]. 

ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʥʘʧʨʷʤʫ ʧʦʚôʷʟʘʥʘ ʽʟ ʮʽʣʽʩʥʽʩʪʶ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ, 

ʪʦʤʫ ʛʦʣʦʚʥʘ ʟʘʜʘʯʘ ʩʠʩʪʝʤʠ ʨʦʫʤʽʥʛʫ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʩʠʛʥʘʣʫ 

ʚ ʫʩʽʭ ʪʦʯʢʘʭ ʦʙʣʘʩʪʽ ʧʦʢʨʠʪʪʷ. ɸʣʝ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʧʨʠ 

ʪʝʩʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʧʨʦʱʝʥʫ ʩʠʩʪʝʤʫ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʟ ʽʟʦʪʨʦʧʥʠʤʠ ʘʥʪʝʥʘʤʠ ʚ 

ʜʚʦʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʅʘʥʝʩʝʤʦ ʚʩʽ ʙʘʟʦʚʽ ʩʪʘʥʮʽʾ ʽ ʨʽʚʥʽ ʾʭ ʩʠʛʥʘʣʽʚ. ʇʦʙʫʜʫʻʤʦ 

ʜʽʘʛʨʘʤʫ ɺʦʨʦʥʦʛʦ ʜʣʷ ʚʠʚʘʞʝʥʠʭ ʟʦʥ ʙʣʠʟʴʢʦʩʪʽ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.20 [40]. ɿ 

ʜʽʘʛʨʘʤʠ ʚʠʜʥʦ, ʱʦ ʯʠʤ ʧʦʪʫʞʥʽʰʘ ʙʘʟʦʚʘ ʩʪʘʥʮʽʷ, ʪʠʤ ʙʽʣʴʰʘ ʟʦʥʘ ʧʦʢʨʠʪʪʷ. 

 

ʈʠʩ. 1.20. ʇʨʠʢʣʘʜ ʧʦʢʨʠʪʪʷ (ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʟʘʟʥʘʯʝʥʠʡ ʫ ʜɹʤɺʪ) 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʧʝʨʝʚʽʨʠʪʠ ʷʢʽʩʪʴ ʧʦʢʨʠʪʪʷ (ʚʠʤʽʨʷʪʠ 

ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ) ʥʘ ʤʝʞʘʭ ʟʦʥ. ʇʨʠ ʚʠʷʚʣʝʥʽ ʨʽʚʥʷ 

ʩʠʛʥʘʣʫ ʥʘ ʦʜʥʽʡ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʢʨʠʚʠʭ ʤʝʥʰʦʛʦ ʟʘ ʤʽʥʽʤʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʡ 

ʜʦʜʘʻʤʦ ʥʦʚʫ ʙʘʟʦʚʫ ʩʪʘʥʮʽʶ ʟ ʙʽʣʴʰʠʤ ʨʽʚʥʝʤ ʩʠʛʥʘʣʫ (ʪʘʢ ʥʘ ʨʠʩ. 1.21 ʧʨʠʚʝʜʝʥʦ 

ʟʙʽʣʴʰʝʥʠʡ ʬʨʘʛʤʝʥʪ ʧʦʢʨʠʪʪʷ ʟ ʨʠʩ. 1.20) ʘʙʦ ʟʙʽʣʴʰʫʻʤʦ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ 

ʥʘʡʙʣʠʞʯʠʭ ʽʩʥʫʶʯʠʭ ʩʪʘʥʮʽʡ. ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʜʽʘʛʨʘʤʠ ɺʦʨʦʥʦʛʦ ʧʦʚʪʦʨʶʻʪʴʩʷ; 

ʜʣʷ ʥʦʚʦʛʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʚʪʦʨʥʠʡ ʘʥʘʣʽʟ ʨʽʚʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʤʝʞʘʭ. 
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ʈʠʩ. 1.21. ɼʦʜʘʚʘʥʥʷ ʥʦʚʦʾ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ (ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʟʘʟʥʘʯʝʥʠʡ ʫ ʜɹʤɺʪ) 

ʇʨʠ ʧʣʘʥʦʚʦʤʫ ʘʙʦ ʘʚʘʨʽʡʥʦʤʫ ʚʠʤʢʥʝʥʽ ʽʩʥʫʶʯʠʭ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʜʽʘʛʨʘʤʘ 

ʪʝʞ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ. ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤʠ ʩʪʽʡʢʦʾ ʜʦ ʘʚʘʨʽʡʥʦʛʦ ʚʠʤʢʥʝʥʥʷ 

ʙʫʜʴ-ʷʢʦʾ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʦʩʣʽʜʦʚʥʦ 

ʚʠʢʣʶʯʘʶʯʠ ʢʦʞʥʫ ʙʘʟʦʚʫ ʩʪʘʥʮʽʶ ʟ ʩʠʩʪʝʤʠ, ʙʫʜʫʚʘʪʠ ʜʽʘʛʨʘʤʫ ʽ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʨʽʚʥʽ ʩʠʛʥʘʣʽʚ ʥʘ ʤʝʞʘʭ. 

ʇʨʠʚʝʜʝʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʧʦʪʨʝʙʫʻ ʜʦʩʣʽʜʞʝʥʥʷ ʣʠʰʝ ʤʝʞ ʟʦʥ, ʘ ʥʝ ʚʩʽʻʾ 

ʦʙʣʘʩʪʽ ʧʦʢʨʠʪʪʷ. ʇʨʠ ʧʦʙʫʜʦʚʽ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ 

ʧʝʨʝʰʢʦʜʠ ʽ ʝʢʨʘʥʠ. ʄʝʪʦʜ ʥʝ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ʚʽʜʙʠʪʪʽ ʭʚʠʣʽ ʚʽʜ ʧʝʨʝʰʢʦʜ, ʟ ʚʧʣʠʚʦʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ ʫ ʚʠʙʨʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽ ʦʧʘʜʽʚ, ʪʦʤʫ ʥʘ ʧʨʘʢʪʠʮʽ ʢʨʘʱʝ 

ʟʙʽʣʴʰʠʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʥʘ 20ï30%. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʽʘʛʨʘʤ ɺʦʨʦʥʦʛʦ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʟ 

ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʯʘʩʪʦʪʥʠʤ ʨʦʟʜʽʣʝʥʥʷʤ ʢʘʥʘʣʽʚ ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʟʘʚʜʘʥʥʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʽ ʜʦʩʪʫʧʥʦʩʪʽ ʜʣʷ ʘʙʦʥʝʥʪʽʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ [41]. 

1.3. ʐʣʷʭʠ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ 

ʋ ʤʽʨʫ ʪʦʛʦ, ʷʢ ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ ʥʘʙʠʨʘʶʪʴ ʧʦʧʫʣʷʨʥʽʩʪʴ, ʘ ʪʝʭʥʦʣʦʛʽʾ, 

ʥʘʮʽʣʝʥʽ ʥʘ ʚʠʢʨʘʜʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʜʘʥʠʭ ʪʘ/ʘʙʦ ʧʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ 

ʨʦʙʦʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʝʨʚʽʩʽʚ ʨʦʟʚʠʚʘʶʪʴʩʷ ʬʘʢʪʠʯʥʦ ʚ ʛʝʦʤʝʪʨʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ, 

ʧʠʪʘʥʥʷ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʙʝʟʧʝʢʠ ʽ ʥʘʜʽʡʥʦʩʪʽ ʩʪʘʻ ʟʘʚʜʘʥʥʷʤ ʢʨʠʪʠʯʥʦʾ 

ʚʘʞʣʠʚʦʩʪʽ. ʇʝʨʝʭʽʜ ʚʽʜ ʦʜʠʥʦʯʥʠʭ ʘʪʘʢ ʥʘ ʚʽʜʤʦʚʫ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʜʦ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʻ ʮʴʦʤʫ ʚʽʜʤʽʥʥʠʤ ʜʦʢʘʟʦʤ: ʭʘʢʝʨʠ ʟʘʭʦʧʣʶʶʪʴ ʯʫʞʽ ʧʨʠʩʪʨʦʾ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʾʭ ʫ ʩʚʦʾʭ ʮʽʣʷʭ ʙʝʟ ʟʛʦʜʠ ʚʣʘʩʥʠʢʽʚ. 
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ʉʘʤʝ ʪʦʤʫ ʧʠʪʘʥʥʷ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʊɹɼ ʚʽʜ ʧʨʦʷʚʽʚ 

ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʚʧʣʠʚʫ ʩʪʘʶʪʴ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʦʜʥʠʤʠ ʽʟ ʥʘʡʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʠʭ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʫ ʛʽʧʦʪʝʟʫ, ʱʦ ʩʪʘʣʘ 

ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʥʘ ʞʘʣʴ, ʛʥʽʪʶʯʦʶ ʨʝʘʣʴʥʽʩʪʶ: ʯʠʤ ʙʽʣʴʰʝ ɯʊ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ 

ʽʥʪʝʛʨʫʶʪʴʩʷ ʚ ʥʘʰʝ ʧʦʚʩʷʢʜʝʥʥʝ ʞʠʪʪʷ, ʪʠʤ ʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʽ ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʚ 

ʙʫʜʴ-ʷʢʠʭ ʩʬʝʨʘʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʪʘʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ɯɹ. ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʴʦʤʫ 

ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ, ʦʧʨʠʣʶʜʥʝʥʽ ʢʦʨʧʦʨʘʮʽʻʶ Web Application 

Security Consortium (WASC), ʟʛʽʜʥʦ ʟ ʷʢʠʤʠ ʫʨʘʟʣʠʚʠʤʠ ʜʦ ʭʘʢʝʨʩʴʢʠʭ ʘʪʘʢ ʩʪʘʶʪʴ 

ʙʽʣʴʰ 96,85% ʚʝʙ-ʩʘʡʪʽʚ, ʙʣʠʟʴʢʦ 74% ʧʨʠʢʣʘʜʥʦʛʦ ʪʘ ʩʠʩʪʝʤʥʦʛʦ ʇɿ, ʧʨʠʙʣʠʟʥʦ 

68% ʩʝʨʚʝʨʥʠʭ ʜʦʜʘʪʢʽʚ [42]. ʇʨʠ ʮʴʦʤʫ ʥʝ ʪʽʣʴʢʠ ʚ ʧʨʠʢʣʘʜʥʦʤʫ ʽ ʩʠʩʪʝʤʥʦʤʫ ʇɿ, 

ʘʣʝ ʽ ʚ ʩʝʨʚʝʨʥʠʭ ʜʦʜʘʪʢʘʭ ʜʦʤʽʥʫʶʪʴ ʪʽ ʞ ʫʨʘʟʣʠʚʦʩʪʽ: ʚʽʜʤʦʚʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ, 

ʢʦʤʧʨʦʤʝʪʘʮʽʷ ʩʠʩʪʝʤʠ ʽ ʧʽʜʚʠʱʝʥʥʷ ʧʨʠʚʽʣʝʾʚ. 

ɿ ʮʠʤ ʧʦʛʦʜʞʫʶʪʴʩʷ ʽ ʬʘʭʽʚʮʽ ʟ ʤʽʞʥʘʨʦʜʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ Computer Emergency 

Response Team (CERT). ʈʘʟʦʤ ʟ ʪʠʤ ʚʦʥʠ ʩʪʚʝʨʜʞʫʶʪʴ [43], ʱʦ ʢʽʣʴʢʽʩʪʴ ʚʠʷʚʣʝʥʠʭ 

ʚʨʘʟʣʠʚʦʩʪʝʡ ʱʦʨʽʯʥʦ ʩʪʨʽʤʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʧʣʠʚʫ ʪʘʢʠʭ ʽ ʧʦʜʽʙʥʠʭ ʜʦ ʥʠʭ ʚʨʘʟʣʠʚʦʩʪʝʡ ʥʘ ʚʣʘʩʥʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʘ ʪʘʢʦʞ ʾʾ ʟʘʭʠʩʪʫ ʚʽʜ ʨʷʜʫ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʟʘʛʨʦʟ, ʙʽʣʴʰʽʩʪʴ 

ʢʨʘʾʥ ʩʚʽʪʫ ʚʠʜʽʣʷʻ ʥʠʥʽ ʢʦʣʦʩʘʣʴʥʽ ʬʽʥʘʥʩʦʚʽ ʢʦʰʪʠ [44]. ɸʣʝ, ʥʘ ʞʘʣʴ, ʜʦʩʠʪʴ 

ʯʘʩʪʦ ʙʫʚʘʻ ʪʘʢ, ʱʦ ʜʦʨʦʛʝ ʘʥʪʠʚʽʨʫʩʥʝ ʇɿ ʽ ʜʦʨʦʛʽ ʘʧʘʨʘʪʥʽ ʙʨʘʥʜʤʘʫʝʨʠ ʥʝ 

ʧʦʪʨʽʙʥʽ ʙʽʣʴʰʦʩʪʽ ʟʘʤʦʚʥʠʢʽʚ, ʢʨʽʤ ʜʣʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʢʘʟʽʚ ʪʦʛʦ, ʱʦ ʚʢʣʘʜʝʥʽ 

ʢʦʰʪʠ ʨʦʙʣʷʪʴ ʾʭ ʤʝʨʝʞʽ ʚʽʜ ʭʘʢʝʨʩʴʢʠʭ ʘʪʘʢ ʙʽʣʴʰ ʟʘʭʠʱʝʥʠʤʠ. 

1.3.1. ʊʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘʭʠʱʝʥʦʩʪʽ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ 

ʑʦʙ ʚʙʝʨʝʛʪʠʩʷ ʚʽʜ ʟʘʡʚʠʭ ʚʪʨʘʪ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʜʝʨʞʘʚʥʠʭ ʽ ʢʦʤʝʨʮʽʡʥʠʭ 

ʩʪʨʫʢʪʫʨ ʥʠʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʦʚʦʣʽ ʧʦʧʫʣʷʨʥʫ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʧʦʩʣʫʛʫ ʚ ʛʘʣʫʟʽ ɯɹ 

ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ (penetration test, ʩʢʦʨ. pentest), ʡ ʦʟʥʘʯʘʻ ʩʘʥʢʮʽʦʥʦʚʘʥʫ 

ʩʧʨʦʙʫ ʦʙʽʡʪʠ ʽʩʥʫʶʯʠʡ ʢʦʤʧʣʝʢʩ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʚʣʘʩʥʠʭ ɯʊ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ ʟ 

ʤʝʪʦʶ ʚʠʷʚʠʪʠ ʚ ʥʠʭ ʩʣʘʙʢʽ ʤʽʩʮʷ (ʟʘ ʨʘʭʫʥʦʢ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ 

ʢʽʣʴʢʦʩʪʽ ʫʨʘʟʣʠʚʦʩʪʝʡ ʟʘ ʦʙʤʝʞʝʥʠʡ ʯʘʩ ʧʨʠ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʡ ʧʦʪʦʯʥʦʤʫ ʩʪʘʥʽ) 

ʪʘ ʚʧʝʚʥʠʪʠʩʴ ʚ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ, ʷʢ ʧʨʘʚʠʣʦ, ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚʥʫʪʨʽʰʥʽʡ 
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ʽ ʟʦʚʥʽʰʥʽʡ ʧʝʨʠʤʝʪʨʠ ʤʝʨʝʞʽ, ʚʝʙ-ʩʘʡʪʠ, ʙʘʟʠ ʜʘʥʠʭ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʜʦʜʘʪʢʠ, 

ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ ʪʦʱʦ, ʘ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʢʦʥʬʽʛʫʨʘʮʽʡ ʤʝʨʝʞʝʚʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʜʦʜʘʪʢʽʚ ʽ ʩʝʨʚʝʨʽʚ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʪʘʥʜʘʨʪʘʤ ʙʝʟʧʝʢʠ, ʪʝʩʪʫʚʘʥʥʷ 

ʩʧʚ̔ʨʦʙʽʪʥʠʢʽʚ ʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʤʝʪʦʜʽʚ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ, ʬʽʟʠʯʥʝ ʧʨʦʥʠʢʥʝʥʥʷ 

ʥʘ ʪʝʨʠʪʦʨʽʶ ʦʙôʻʢʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘʥʘʣʽʟ ʢʦʜʫ ʚʝʙ-ʩʘʡʪʽʚ ʪʘ ʜʦʜʘʪʢʽʚ. 

ɺ ʭʦʜʽ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʨʦʣʴ ʟʣʦʚʤʠʩʥʠʢʘ ʚʽʜʽʛʨʘʻ ʬʘʭʽʚʝʮʴ, ʷʢʠʡ 

ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʠʪʠ ʘʪʘʢʫ ʥʘ ʚʝʙ-ʩʝʨʚʝʨ, ʩʝʨʚʝʨ ʟʘʩʪʦʩʫʚʘʥʴ ʘʙʦ ʙʘʟ ʜʘʥʠʭ, ʧʝʨʩʦʥʘʣ 

ʘʙʦ ʤʝʨʝʞʘ, ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ ʟʘʭʠʱʝʥʦʩʪʽ, ʚʠʷʚʠʪʠ ʫʨʘʟʣʠʚʦʩʪʽ, ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʽ ʰʣʷʭʠ ʟʣʦʤʫ ʽ ʚʠʟʥʘʯʠʪʠ ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʧʨʘʮʶʶʪʴ ʟʘʩʦʙʠ 

ʚʠʷʚʣʝʥʥʷ ʽ ʟʘʭʠʩʪʫ ɯʉ ʚʽʜ ʘʪʘʢ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. 

ʊʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʴ ʷʢ ʫ ʩʢʣʘʜʽ ʘʫʜʠʪʫ ɯɹ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʟʥʘʯʝʥʠʤ ʚʠʱʝ ʩʪʘʥʜʘʨʪʘʤ, ʘʥʘʣʽʟʫ ʫʨʘʟʣʠʚʦʩʪʝʡ ʘʙʦ ʘʪʝʩʪʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ (ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ) ʩʠʩʪʝʤʠ, ʪʘʢ ʽ ʫ ʚʠʛʣʷʜʽ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ. 

ʊʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʝʪʠʯʥʦʛʦ ʭʘʢʽʥʛʫ ï ʧʨʦʮʝʩʫ 

ʧʦʰʫʢʫ ʪʘ ʚʠʷʚʣʝʥʥʷ ʫʨʘʟʣʠʚʦʩʪʝʡ ɯɹ, ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʘʪʘʢ, 

ʩʧʨʷʤʦʚʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʥʘ ʦʢʨʝʤʽ ɯʊ ʩʠʩʪʝʤʠ ï CMS (Content Management 

System), CRM (Customer Relationship Management), ERP (Enterprise Resource 

Planning) ʪʘ ʽʥʪʝʨʥʝʪ ʢʣʽʻʥʪ-ʙʘʥʢ, ʪʘʢ ʽ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʦʙôʻʢʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʚ ʮʽʣʦʤʫ. 

ʇʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʻ ʪʨʫʜʦʤʽʩʪʢʠʤ ʟʘʚʜʘʥʥʷʤ. ɼʣʷ ʡʦʛʦ 

ʨʝʘʣʽʟʘʮʽʾ ʪʝʩʪʫʚʘʣʴʥʠʢ ʧʦʚʠʥʝʥ ʚʦʣʦʜʽʪʠ ʥʘʚʠʯʢʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʯʝʟʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʪʝʭʥʽʢ, ʨʦʟʫʤʽʪʠ ʚʩʽ ʥʶʘʥʩʠ ʪʝʭʥʽʯʥʦʾ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ɯɹ, ʚʦʣʦʜʽʪʠ ʥʘʚʠʯʢʘʤʠ 

ʩʦʮʽʘʣʴʥʦʾ ̔ ʥʞʝʥʝʨʽʾ ʪʘ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʧʝʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʥʘ ʢʰʪʘʣʪ: 

Penetration Testing Model (BSI); 

Payment Card Industry Data Security Standard (PCI DSS); 

Information System Security Assessment Framework (ISSAF); 

Penetration Testing Execution Standard (PTES); 

Open Source Security Testing Methodology Manual (OSSTMM); 

Open Web Application Security Project Testing Guide (OWASP); 
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NIST Special Publication 800-115: Technical Guide to Information Security 

Testing and Assessment (NIST SP 800-115). 

ʆʢʨʽʤ ʪʝʭʥʽʢ, ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʜʘʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ (ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʩʝʨʝʜ 

ʥʠʭ ʻ ʩʪʘʥʜʘʨʪ OWASP, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʦʩʴʤʠ ʙʘʟʘʭ ʜʘʥʠʭ ʚʽʜ ʩʝʤʠ ʢʦʤʧʘʥʽʡ, ʱʦ 

ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ ʢʦʥʩʘʣʪʠʥʛʦʚʽ ʬʽʨʤʠ ʽ ʪʨʴʦʭ ʚʠʨʦʙʥʠʢʽʚ SaaS ʪʘ ʤʽʩʪʠʪʴ ʧʦʥʘʜ 

500 ʪʠʩ. ʫʨʘʟʣʠʚʦʩʪʝʡ) ʚ ʭʦʜʽ ʪʝʩʪʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʡ ʧʝʨʝʚʽʨʝʥʽ ʡ 

ʽʥʰʽ ʚʝʢʪʦʨʠ ʘʪʘʢ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʩʠʩʪʝʤ (ʪʘʙʣ. 1.5), 

ʟʦʚʥʽʰʥʽʡ ʧʝʨʠʤʝʪʨ ʤʝʨʝʞʽ (ʧʝʨʠʤʝʪʨ IP-ʘʜʨʝʩ ʽ ʚʝʙ-ʩʘʡʪʽʚ), ʙʝʟʧʨʦʚʽʜʥʽ ʤʝʨʝʞʽ 

IEEE 802.11 (Wi-Fi), 802.15 (Bluetooth ʽ ZigBee) ʽ 802.16 (WiMAX), ʘ ʪʘʢʦʞ 

ʧʝʨʝʥʦʩʠʤʽ ʢʦʤʧôʶʪʝʨʠ ʪʘ ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ. 

ʊʘʙʣʠʮʷ 1.5 

ɺʝʢʪʦʨʠ ʘʪʘʢʠ ʥʘ ʢʦʨʧʦʨʘʪʠʚʥʽ ʩʠʩʪʝʤʠ 

ɺʝʢʪʦʨ ʘʪʘʢʠ ʆʧʠʩ 

ʌʽʟʠʯʥʠʡ 
ɸʪʘʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʬʽʟʠʯʥʦʛʦ ʜʦʩʪʫʧʫ ʚ ʩʝʨʝʜʠʥʫ ʧʝʨʠʤʝʪʨʘ 

ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ (ʷʢʱʦ ʪʘʢʠʡ ʻ), ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ. 

ʄʝʨʝʞʝʚʠʡ ɼʠʩʪʘʥʮʽʡʥʽ ʘʪʘʢʠ ʥʘ ʤʝʨʝʞʝʚʽ ʨʝʩʫʨʩʠ ʽ ʧʨʦʪʦʢʦʣʠ. 

ɽʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ 
ɸʪʘʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʝʣʝʤʝʥʪʘʤʠ ʩʦʮʽʘʣʴʥʦʾ 

ʽʥʞʝʥʝʨʽʾ). 

ɼʦʜʘʪʢʠ 
ɸʪʘʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʠʬʽʯʥʠʭ ʜʦʜʘʪʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ɿʘʤʦʚʥʠʢʦʤ 

(ʥʘʧʨʠʢʣʘʜ, ʚʝʙ-ʧʦʨʪʘʣ). 

ɹʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ 
ɸʪʘʢʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʙʝʟʧʨʦʚʦʜʦʚʽ ʧʨʦʪʦʢʦʣʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 802.11 (Wi-Fi), 802.15 

(Bluetooth ʽ ZigBee), 802.16 (WiMAX). 

ʂʣʽʻʥʪʩʴʢʽ ʜʦʜʘʪʢʠ ɸʪʘʢʠ ʥʘ ʢʣʽʻʥʪʩʴʢʝ ʇɿ. 

ʄʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ ɸʪʘʢʠ ʥʘ ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ (ʤʦʙʽʣʴʥʽ ʽ ʧʝʨʝʥʦʩʥʽ ʢʦʤʧôʶʪʝʨʠ, ʩʤʘʨʪʬʦʥʠ ʽ ʪ. ʽʥ.). 

ʉʦʮʽʘʣʴʥʘ ʽʥʞʝʥʝʨʽʷ ɸʪʘʢʠ ʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ. 
  

ʊʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʴ ʷʢ ʫ ʩʢʣʘʜʽ ʘʫʜʠʪʫ ɯɹ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʟʥʘʯʝʥʠʤ ʚʠʱʝ ʩʪʘʥʜʘʨʪʘʤ, ʘʥʘʣʽʟʫ ʫʨʘʟʣʠʚʦʩʪʝʡ ʘʙʦ ʘʪʝʩʪʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ (ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ) ʩʠʩʪʝʤʠ, ʪʘʢ ʽ ʫ ʚʠʛʣʷʜʽ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ. 

ɺʣʘʩʥʝ ʘʫʜʠʪ ɯɹ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʽ ʟʘʛʨʦʟ. ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʟʘʛʨʦʟ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ. ɽʣʝʤʝʥʪʠ 

ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ (ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʩʪʘʥʜʘʨʪʦʤ 

ISO 17799) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʟʘʭʠʩʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ, ʷʢ çʟʘʭʠʩʪ ʚʽʜ ʟʣʦʷʢʽʩʥʦʛʦ ʢʦʜʫè, çʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʨʝʞʝʚʦʾ ʙʝʟʧʝʢʠè ʪʘ 

ʽʥ. ɺ ʭʦʜʽ ʪʝʩʪʫʚʘʥʥʷ ʘʫʜʠʪʦʨ ʛʨʘʻ ʨʦʣʴ ʟʣʦʚʤʠʩʥʠʢʘ, ʤʦʪʠʚʦʚʘʥʦʛʦ ʥʘ ʧʦʨʫʰʝʥʥʷ 

ʙʝʟʧʝʢʠ ɯʊ-ʩʠʩʪʝʤ (ʤʝʨʝʞ) ʟʘʤʦʚʥʠʢʘ (ʜʝʨʞʘʚʥʦʾ ʘʙʦ ʢʦʤʝʨʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ). ʁʦʛʦ 

ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʥʘʡʪʠ ʚʽʜʧʦʚʽʜʽ ʥʘ ʪʘʢʽ ʧʠʪʘʥʥʷ: çʗʢ ʧʨʦʩʪʽʰʝ 
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ʧʦʪʨʘʧʠʪʠ ʚʩʝʨʝʜʠʥʫ ʩʠʩʪʝʤʠ, ʧʦʨʫʰʠʪʠ ʾʾ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʘʙʦ ʱʦ-ʥʝʙʫʜʴ 

ʦʪʨʠʤʘʪʠ?è ʪʘ çʗʢʦʶ ʤʦʞʝ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʘ ʮʽʥʘ ʟʣʦʤʫ?è. ɯʥʪʝʥʩʠʚʥʠʤ ʧʝʨʝʚʽʨʢʘʤ 

ʧʨʠ ʮʴʦʤʫ ʧʽʜʜʘʶʪʴʩʷ, ʧʝʨʰ ʟʘ ʚʩʝ, ʧʨʦʛʨʘʤʥʽ ʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ɯʊ ʩʠʩʪʝʤ 

ʪʘ ʤʝʨʝʞ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʚ ʥʠʭ ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʣʦʤʽʚ: ʥʝʟʘʢʨʠʪʠʭ 

ʚʨʘʟʣʠʚʦʩʪʝʡ ʇɿ, ʚʽʜʢʨʠʪʠʭ ʧʦʨʪʽʚ ʪʦʱʦ (ʪʘʙʣ. 1.6). ɼʣʷ ʮʴʦʛʦ ʘʫʜʠʪʦʨ ʟʘʩʪʦʩʦʚʫʻ, 

ʷʢ ʧʨʘʚʠʣʦ, ʨʷʜ ʩʪʘʥʜʘʨʪʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʨʽʟʥʦʛʦ 

ʨʦʜʫ ʟʘʛʨʦʟ [45]. 

ʊʘʙʣʠʮʷ 1.6 

ʉʪʘʥʜʘʨʪʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ 

ʇʨʠʣʘʜ ʆʧʠʩ 

Pwn Pad 

 

ʇʨʠʩʪʨʽʡ ʦʩʥʘʱʝʥʠʡ ʧʦʪʫʞʥʠʤ ʯʦʪʠʨʴʦʭ ʷʜʝʨʥʠʤ ʧʨʦʮʝʩʦʨʦʤ (Qualcomm Snapdragon S4 

Pro, 1,5 ɻɻʮ), 7-ʜʶʡʤʦʚʠʤ ʝʢʨʘʥʦʤ ʟ ʜʦʟʚʦʣʦʤ 1900Ĭ1200 ʽ ʧʦʪʫʞʥʦʶ ʙʘʪʘʨʝʻʶ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʜʦ ʜʝʚ'ʷʪʠ ʛʦʜʠʥ ʘʢʪʠʚʥʦʾ ʨʦʙʦʪʠ (3950 ʤɸ/ʛʦʜ.), 2 ɻɹ ʆɿʇ ʽ 32 ɻɹ ʚʥʫʪʨʽʰʥʴʦʾ 

ʧʘʤôʷʪʽ. ʋ ʢʦʤʧʣʝʢʪʽ ʡʜʫʪʴ ʪʨʠ ʘʜʘʧʪʝʨʠ: ʜʚʽ ʧʦʪʫʞʥʽ ʟʦʚʥʽʰʥʽ ʘʥʪʝʥʠ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʥʘ 

ʧʨʦʥʠʢʥʝʥʥʷ 802.11b/g/n ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʽ Bluetooth, ʘ ʪʘʢʦʞ ʧʝʨʝʭʽʜʥʠʢ USB-Ethernet, 

ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʷʪʠ ʥʘ ʤʽʮʥʽʩʪʴ ʧʨʦʚʽʜʥʽ ʤʝʨʝʞʽ. ʁʦʛʦ ʛʦʣʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʻ ʧʨʦʛʨʘʤʥʘ 

ʢʦʤʧʦʥʝʥʪʘ: Metasploit, SET, Kismet, Aircrack-NG, SSLstrip, Ettercap-NG, Bluelog, Wifite, 

Reaver, MDK3, FreeRADIUS-WPE, Evil AP, Strings Watch, Full-Packet Capture, Bluetooth Scan 

ʽ SSL Strip.  

CreepyDOL 

 

ʉʧʝʮʽʘʣʴʥʝ ʇɿ ʡ ʧʨʠʩʪʨʽʡ ʥʘ ʙʘʟʽ Raspberry Pi ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʤʝʨʝʞʫ, 

ʱʦ ʙʫʜʝ ʧʝʨʝʭʦʧʣʶʚʘʪʠ Wi-Fi-ʪʨʘʬʽʢ ʽ ʟʙʠʨʘʪʠ ʢʦʥʬʽʜʝʥʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʧʨʠʩʪʨʽʡ ʜʦʟʚʦʣʷʻ ʧʦʟʠʮʽʦʥʫʚʘʪʠ ʚʣʘʩʥʠʢʘ ʧʨʠʩʪʨʦʶ. ɺʩʷ 

ʽʥʬʦʨʤʘʮʽʷ ʦʙʨʦʙʣʷʻʪʴʩʷ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤʫ ʩʝʨʚʝʨʽ, ʪʘʤ ʞʝ ʤʦʞʥʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʧʝʨʝʩʫʚʘʥʥʷ ʚʣʘʩʥʠʢʘ ʪʝʣʝʬʦʥʫ ʽ ʡʦʛʦ ʧʝʨʝʭʦʧʣʝʥʽ ʜʘʥʽ. 

Demyo Power Strip 

 

ʇʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʥʘ ʤʽʮʥʽʩʪʴ Ethernet, Wi-Fi ʽ Bluetooth-ʤʝʨʝʞ. ʇʦʙʫʜʦʚʘʥʠʡ ʥʘ 

ʙʘʟʽ ʧʦʧʫʣʷʨʥʦʛʦ ʦʜʥʦʧʣʘʪʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ Raspberry Pi ʽ ʦʩʥʘʱʝʥʠʡ ARM-ʧʨʦʮʝʩʦʨʦʤ 

700 Mɻʮ, ʷʢʠʡ ʤʦʞʥʘ ʨʦʟʽʛʥʘʪʠ ʜʦ 1 ɻɻʮ. ʊʘʢʦʞ ʥʘ ʙʦʨʪʽ ʻ 512 ʄɹ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ, SD-

ʢʘʨʪʘ ʥʘ 32 ɻɹ. ʋ ʷʢʦʩʪʽ ʆʉ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Debian Linux ʟ ʥʘʙʦʨʦʤ ʧʦʧʝʨʝʜʥʴʦ 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʇɿ: Nmap, OpenVPN, w3af, aircrack-ng, btscanner, ophcrack, John the Ripper ʪʘ 

ʽʥʰʽ. 
  

ʇʨʠ ʘʥʘʣʽʟʽ ʫʨʘʟʣʠʚʦʩʪʝʡ ʝʣʝʤʝʥʪʠ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʮʽʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʚ ɯʊ-ʩʠʩʪʝʤʘʭ (ʤʝʨʝʞʘʭ) ʧʨʦʛʨʘʤʥʦʛʦ 

ʽ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʧʨʝʜʤʝʪ ʩʧʨʦʙʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʩʠʩʪʝʤʫ. 

ɺ ʭʦʜʽ ʘʪʝʩʪʘʮʽʾ ʦʙôʻʢʪʽʚ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʝʣʝʤʝʥʪʠ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʥʘ ʧʨʘʢʪʠʮʽ ʪʦʛʦ, ʱʦ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ 

ʩʪʘʥʜʘʨʪʽʚ ʘʙʦ ʽʥʰʠʤ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤ ʜʦʢʫʤʝʥʪʘʤ ʟ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ 

ʧʨʠʚʝʩʪʠ ʜʦ ʫʩʧʽʰʥʦʾ ʢʦʤʧʨʦʤʝʪʘʮʽʾ ʩʠʩʪʝʤʠ. ɺ ʭʦʜʽ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʠ 

ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟ ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʘʙʦ ʦʪʨʠʤʘʥʥʷ ʥʝʟʘʣʝʞʥʦʾ ʦʮʽʥʢʠ ʨʽʚʥʷ 

ʙʝʟʧʝʢʠ ɯʊ-ʩʠʩʪʝʤʠ. 
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ɿʘ ʤʽʩʮʝʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʫʜʠʪʦʨʘ ʚʽʜʥʦʩʥʦ ʜʦ ʤʝʨʝʞʝʚʦʛʦ ʧʝʨʠʤʝʪʨʫ 

ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ, ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʥʫʪʨʽʰʥʽʤ, 

ʟʦʚʥʽʰʥʽʤ ʘʙʦ ʢʦʤʧʣʝʢʩʥʠʤ. ɿʦʚʥʽʰʥʻ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ 

ʪʝʩʪʫʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʧʝʨʠʤʝʪʨʫ ʤʝʨʝʞʽ, ʪʝʩʪʫʚʘʥʥʷ ʚʝʙ-ʩʘʡʪʽʚ ʪʘ ʩʧʝʮ ʜʦʜʘʪʢʽʚ 

ʪʦʱʦ. ɺʥʫʪʨʽʰʥʻ ʦʨʽʻʥʪʦʚʘʥʝ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʥʘ ʚʥʫʪʨʽʰʥʽ ʨʝʩʫʨʩʠ (ʪʘʙʣ. 1.7). 

ʊʘʙʣʠʮʷ 1.7 

ʊʠʧʠ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ 

ʊʠʧ ʪʝʩʪʫʚʘʥʥʷ ʆʧʠʩ 

ɿʦʚʥʽʰʥʴʦʛʦ ʧʝʨʠʤʝʪʨʫ 

ʤʝʨʝʞʽ 

ɸʥʘʣʽʟ ʚʢʣʶʯʘʻ ʪʽʣʴʢʠ ʟʦʚʥʽʰʥʽ IP-ʘʜʨʝʩʠ ʢʦʤʧʘʥʽʡ, ʜʦʩʪʫʧʥʽ ʚ ʽʥʪʝʨʥʝʪʽ. 

ɺʝʙ-ʩʘʡʪʽʚ ɸʥʘʣʽʟ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʽʣʴʢʠ ʚʝʙ-ʩʘʡʪʠ ʽ ʩʝʨʚʽʩʠ ʢʦʤʧʘʥʽʾ, ʜʦʩʪʫʧʥʽ ʥʝʦʙʤʝʞʝʥʦʤʫ 

ʢʦʣʫ ʟʦʚʥʽʰʥʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʉʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʜʦʜʘʪʢʽʚ ɸʥʘʣʽʟ ʚʢʣʶʯʘʻ ʨʽʟʥʽ ʜʦʜʘʪʢʠ, ʜʦʩʪʫʧʥʽ ʟʦʚʥʽʰʥʽʤ ʢʦʨʠʩʪʫʚʘʯʘʤ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ 

ʩʝʨʚʝʨʘʤʠ ʢʦʤʧʘʥʽʾ. 

ʉʧʽʚʨʦʙʽʪʥʠʢʽʚ ʥʘ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʤʝʪʦʜʽʚ 

ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ 

ʉʧʨʦʙʘ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʩʠʩʪʝʤʠ ʢʦʤʧʘʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ. ʆʮʽʥʢʘ ʨʽʚʥʷ ʦʙʽʟʥʘʥʦʩʪʽ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʫ ʧʠʪʘʥʥʷʭ ɯɹ. 

ɯʤʽʪʘʮʽʷ çʚʪʨʘʯʝʥʦʛʦè 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ɸʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʧʦʪʝʥʮʽʡʥʦʛʦ ʟʣʦʚʤʠʩʥʠʢʘ, ʷʢʠʡ ʟʘʚʦʣʦʜʽʚ ʢʦʨʧʦʨʘʪʠʚʥʠʤ 

ʤʦʙʽʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ. 

ɺʥʫʪʨʽʰʥʴʦʛʦ ʧʝʨʠʤʝʪʨʫ ʆʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʝʡ ʟʣʦʚʤʠʩʥʠʢʘ, ʷʢʠʡ ʤʘʻ ʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʦʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ, ʘʥʘʣʦʛʽʯʥʠʡ ʨʽʚʥʶ ʜʦʩʪʫʧʫ ʨʷʜʦʚʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʢʘ ʘʙʦ 

ʛʦʩʪʷ, ʷʢʠʡ ʤʘʻ ʜʦʩʪʫʧ ʪʽʣʴʢʠ ʚ ʛʦʩʪʴʦʚʠʡ ʩʝʛʤʝʥʪ, ʘʙʦ ʞ ʤʘʻ ʜʦʩʪʫʧ ʪʽʣʴʢʠ ʜʦ 

ʤʝʨʝʞʝʚʦʾ ʨʦʟʝʪʢʠ. 

ʆʢʨʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ɺʝʙ-ʜʦʜʘʪʢʠ, ʩʠʩʪʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ (ERP), ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʠʥʠʭ (ʉʋɹɼ). 
  

ɿʘ ʦʙʩʷʛʦʤ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʥʘʜʘʻʪʴʩʷ ʘʫʜʠʪʦʨʫ ʧʨʦʪʝʩʪʦʚʘʥʫ ʩʠʩʪʝʤʫ 

ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʴ ʟʘ ʤʝʪʦʜʘʤʠ ʯʦʨʥʦʾ (black box) ʘʙʦ 

ʙʽʣʦʾ (white box) ʩʢʨʠʥʴʦʢ, ʘ ʟʘ ʨʽʚʥʝʤ ʽʥʬʦʨʤʦʚʘʥʦʩʪʽ ʟʘʤʦʚʥʠʢʘ ʧʨʦ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʚʽʥ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚ ʨʝʞʠʤʘʭ black hat ʘʙʦ white hat. 

ɺ ʯʦʨʥʽʡ ʩʢʨʠʥʴʮʽ ʚʠʢʦʥʘʚʝʮʴ ʽʤʽʪʫʻ ʛʨʫʧʫ ʭʘʢʝʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʣʠʰʝ ʥʘʟʚʫ 

ʢʦʤʧʘʥʽʾ ʡ ʧʨʘʢʪʠʯʥʦ ʥʫʣʴʦʚʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʩʠʩʪʝʤʫ, ʱʦ ʻ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʡʦʤʫ ʥʝʦʙʭʽʜʥʽ ʣʠʰʝ ʜʽʘʧʘʟʦʥ ʟʦʚʥʽʰʥʽʭ IP-ʘʜʨʝʩ 

ʽ, ʤʦʞʣʠʚʦ, ʘʜʨʝʩʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʢʨʠʥʴʦʢ ʚʥʫʪʨʽʰʥʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ. ɺ 

ʙʽʣʽʡ ï ʚʠʢʦʥʘʚʝʮʴ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʩʠʩʪʝʤ ʽ ʧʦʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʠʭ. ʊʘʢʘ ʤʦʜʝʣʴ 

ʪʝʩʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʯʘʩʪʠʥʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʘʫʜʠʪʫ 

ʦʨʛʘʥʽʟʘʮʽʾ ɯʊ ʽ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʽ ʧʨʦʮʝʜʫʨ. 

ʋ ʨʝʞʠʤʽ black hat ʧʨʦ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟʥʘʶʪʴ ʪʽʣʴʢʠ ʢʝʨʽʚʥʠʢʠ ʩʣʫʞʙʠ ɯɹ. 

ʇʨʠ ʮʴʦʤʫ ʟʘʚʜʘʥʥʷ ʛʨʫʧʠ ʪʝʩʪʫʚʘʣʴʥʠʢʽʚ ï ʧʦʚʥʽʩʪʶ ʽʤʽʪʫʚʘʪʠ ʜʽʾ ʟʣʦʚʤʠʩʥʠʢʘ, 

ʜʽʶʯʠ ʤʘʢʩʠʤʘʣʴʥʦ ʥʝʧʦʤʽʪʥʦ ʽ ʥʝ ʟʘʣʠʰʘʶʯʠ ʩʣʽʜʽʚ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʜʘʻʪʴʩʷ 
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ʧʝʨʝʚʽʨʠʪʠ ʨʽʚʝʥʴ ʦʧʝʨʘʪʠʚʥʦʾ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʘʪʘʢ ʤʝʨʝʞʝʚʠʭ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʽ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ɯɹ. ʋ ʨʝʞʠʤʽ white hat ʙʫʜʴ-ʷʢʠʭ ʟʘʭʦʜʽʚ ʧʨʠʭʦʚʫʚʘʥʥʷ ʘʪʘʢʫʶʯʠʭ 

ʜʽʡ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʘ ʚʠʢʦʥʘʚʮʽ ʪʝʩʪʽʚ ʧʨʘʮʶʶʪʴ ʫ ʧʦʩʪʽʡʥʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ɯɹ-

ʩʣʫʞʙʦʶ ʟʘʤʦʚʥʠʢʘ. ɰʭ ʦʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʠʭ 

ʚʨʘʟʣʠʚʦʩʪʝʡ ʽ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʩʠʩʪʝʤʫ. 

ɿʘ ʩʪʫʧʝʥʝʤ ʫʩʚʽʜʦʤʣʝʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ɯʊ-ʩʠʩʪʝʤʠ ʪʝʩʪʫʚʘʥʥʷ 

ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʴ: 

ʟ ʧʦʚʽʜʦʤʣʝʥʥʷʤ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʦʙôʻʢʪʘ; 

ʙʝʟ ʧʦʚʽʜʦʤʣʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ; 

ʙʝʟ ʧʦʚʽʜʦʤʣʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʽ ʬʘʭʽʚʮʽʚ ʟ ʙʝʟʧʝʢʠ. 

ʊʠʧʦʚʘ ʩʭʝʤʘ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.22. 

 

ʈʠʩ. 1.22. ʊʠʧʦʚʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1.23). 

 

ʈʠʩ. 1.23. ʈʦʟʰʠʨʝʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ 

1. ʆʪʨʠʤʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʝʨʝʞʫ ʟʘʤʦʚʥʠʢʘ ʪʘ ʧʣʘʥʫʚʘʥʥʷ 

ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʧʘʩʠʚʥʽ 

(Google Hacking, Google Cache, WHOIS ʽʥʬʦʨʤʘʮʽʷ, Shodan, Wayback Machine); 
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ʦʬʽʮʽʡʥʠʡ ʩʘʡʪ ʢʦʤʧʘʥʽʾ; ʧʫʙʣʽʢʘʮʽʾ ʧʨʦ ʢʦʤʧʘʥʽʶ ʪʘ ʾʾ ʩʧʽʚʨʦʙʽʪʥʠʢʘʭ ʫ ɿʄɯ; ʩʘʡʪʠ 

ʧʦʰʫʢʫ ʨʦʙʦʪʠ; ʧʨʝʩ-ʨʝʣʽʟʠ ʽʥʪʝʛʨʘʪʦʨʽʚ; ʩʪʦʨʽʥʢʠ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʫ ʩʦʮʽʘʣʴʥʠʭ 

ʤʝʨʝʞʘʭ; ʙʣʦʛʠ ʪʘ ʬʦʨʫʤʠ; ʧʦʰʫʢ ʫ ʬʽʟʠʯʥʦʤʫ ʤʫʩʦʨʽ ʢʦʤʧʘʥʽʾ ï dumpster diving 

ʪʦʱʦ), ʪʘʢ ʽ ʘʢʪʠʚʥʽ (ping sweep, fingerprint, ʩʢʘʥʫʚʘʥʥʷ ʧʦʨʪʽʚ, ʘʥʘʣʽʟ ʙʘʥʝʨʽʚ 

ʤʝʨʝʞʝʚʠʭ ʩʣʫʞʙ, ʩʢʘʥʫʚʘʥʥʷ NetBios, SNMP, LDAP, NTP, SMTP, DNS, ʩʦʮʽʘʣʴʥʘ 

ʽʥʞʝʥʝʨʽʷ ʪʦʱʦ) ʤʝʪʦʜʠ. 

ʗʢ ʨʝʟʫʣʴʪʘʪ ï ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʪʠ ʤʝʨʝʞʽ, ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʽʚ ʧʨʠʩʪʨʦʾʚ, ʆʉ, 

ʜʦʜʘʪʢʽʚ ʧʦ ʨʝʘʢʮʽʾ ʥʘ ʟʦʚʥʽʰʥʽʡ ʚʧʣʠʚ. 

2. ʇʦʰʫʢ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʫʨʘʟʣʠʚʦʩʪʝʡ ʤʝʨʝʞʝʚʠʭ ʩʣʫʞʙ ʽ ʜʦʜʘʪʢʽʚ. ʄʦʞʝ 

ʧʨʦʚʦʜʠʪʠʩʷ ʷʢ ʚʨʫʯʥʫ, ʪʘʢ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʩʢʘʥʝʨʽʚ ʚʽʜ ʢʦʤʧʘʥʽʡ 

MaxPatrol, Nessus, OpenVAC ʪʘ ʽʥ. 

ʇʝʨʝʚʽʨʷʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʽ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʨʘʟʣʠʚʠʭ ʤʽʩʮʴ, ʘ ʩʘʤʝ: 

SQL-ʽʥôʻʢʮʽʾ (SQL injection); 

ʚʠʢʦʥʘʥʥʷ ʜʦʚʽʣʴʥʦʛʦ ʢʦʜʫ (source code injection); 

ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ ʆʉ (OS commanding); 

ʘʪʘʢʠ ʥʘ ʢʣʽʻʥʪʽʚ (client-side attacks); 

ʤ̔ ʞʩʘʡʪʦʚʦʛʦ ʚʠʢʦʥʘʥʥʷ ʩʮʝʥʘʨʽʾʚ (cross-site scripting, ʩʢʦʨ. XSS); 

ʧʽʜʤʽʥʠ ʚʤʽʩʪʫ (content spoofing); 

ʧʝʨʝʧʦʚʥʝʥʥʷ ʙʫʬʝʨʘ (buffer overflow); 

ʤʝʭʘʥʽʟʤʽʚ ʘʚʪʦʨʠʟʘʮʽʾ ʪʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʽ ʽʥʰʝ. 

ɿʘ ʜʘʥʠʤʠ ʢʦʤʧʘʥʽʾ Positive Technologies [46] ʚ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʥʘ 

ʧʨʦʥʠʢʥʝʥʥʷ ʜʣʷ ʪʝʩʪʽʚ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫʨʘʟʣʠʚʦʩʪʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.24. 
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ʈʠʩ. 1.24. ɺʨʘʟʣʠʚʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʽʚ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ 

3. ɽʢʩʧʣʫʘʪʘʮʽʷ ʫʨʘʟʣʠʚʦʩʪʝʡ. ʆʪʨʠʤʘʚʰʠ ʧʝʨʝʣʽʢ ʤʦʞʣʠʚʠʭ ʫʨʘʟʣʠʚʦʩʪʝʡ 

ʘʫʜʠʪʦʨ ʧʨʦʚʦʜʠʪʴ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʶ. ʄʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʚʠʙʠʨʘʶʪʴʩʷ ʧʨʠ 

ʮʴʦʤʫ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʫʨʘʟʣʠʚʦʩʪʽ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʫ ʧʨʠʜʽʣʷʻʪʴʩʷ: 

ʧʽʜʙʦʨʫ ʧʘʨʦʣʽʚ ʜʦ ʨʽʟʥʠʭ ʤʝʨʝʞʝʚʠʭ ʩʝʨʚʽʩʽʚ; ʧʨʦʚʝʜʝʥʥʶ ʘʪʘʢ ʪʠʧʫ çʣʶʜʠʥʘ 

ʧʦʩʝʨʝʜʠʥʽè ʜʣʷ ʧʝʨʝʭʦʧʣʝʥʥʷ ʧʘʨʦʣʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʦʱʦ. 

ɸʪʘʢʠ ʪʠʧʫ çʣʶʜʠʥʘ ʧʦʩʝʨʝʜʠʥʽè (man-in-the-middle) ʧʦʣʷʛʘʶʪʴ ʫ 

ʧʝʨʝʭʦʧʣʝʥʥʽ ʟʣʦʚʤʠʩʥʠʢʦʤ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʤʽʞ ʜʚʦʤʘ ʩʠʩʪʝʤʘʤʠ, ʦʪʨʠʤʘʥʥʽ 

ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ ʪʘ ʘʢʪʠʚʥʦʤʫ ʚʪʨʫʯʘʥʥʽ ʚ ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʝʪʦʶ ʾʾ ʢʨʘʜʽʞʢʠ, ʟʥʠʱʝʥʥʷ, ʬʘʣʴʩʠʬʽʢʘʮʽʾ ʘʙʦ ʤʦʜʠʬʽʢʘʮʽʾ. 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʘʫʜʠʪʦʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʚʣʘʩʥʦʾ 

ʨʦʟʨʦʙʢʠ, ʪʘʢ ʽ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʽ ʫʪʠʣʽʪʠ ʪʘʢʽ, ʷʢ ʝʢʩʧʣʦʡʪʠ: www.exploit-db.com, 

www.rapid7.com/db/, ru.0day.today, www.ussrback.com ʪʦʱʦ, ʘ ʪʘʢʦʞ ʬʨʝʡʤʚʦʨʢʠ: 

Metasploit; Cobalt Strike; Core Impact; Immunity CANVAS. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ 

ʜʦ ʙʫʜʴ-ʷʢʦʾ ʩʠʩʪʝʤʠ ʘʫʜʠʪʦʨ ʥʘʤʘʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʨʦʟʰʠʨʠʪʠ ʩʚʦʾ ʧʨʠʚʽʣʝʾ ʡ 

ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʽʥʰʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʩʢʦʤʧʨʦʤʝʪʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ 

ʦʙʣʽʢʦʚʠʭ ʟʘʧʠʩʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɿʘ ʧʦʛʦʜʞʝʥʥʷʤ ʽʟ ʟʘʤʦʚʥʠʢʦʤ ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ ʧʝʨʝʚʽʨʢʘ: 

ʙʘʟʦʚʠʭ ʨʦʙʽʪ ʟ ʢʦʥʪʨʦʣʷ ʟʘʭʠʱʝʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ; 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʝʨʠʤʝʪʨʫ ʽ ʚʽʜʢʨʠʪʠʭ ʨʝʩʫʨʩʽʚ ʥʘ DoS (DDoS) ʘʪʘʢʠ, ʘ ʪʘʢʦʞ 

ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʩʪʽʡʢʦʩʪʽ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʤʦʞʣʠʚʦʛʦ ʟʙʠʪʢʫ ʧʨʠ ʾʭ 

ʧʨʦʚʝʜʝʥʥʽ; 

ʩʪʽʡʢʦʩʪʽ ʤʝʨʝʞʽ, ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʘʪʘʢ ʥʘ ʧʨʦʪʦʢʦʣʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ 

STP (Spanning Tree Protocol), VTP (VLAN  Trunking Protocol), CDP (Cisco Discovery 

Protocol), ARP; 

ʩʪʽʡʢʦʩʪʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʬʘʣʴʩʠʬʽʢʘʮʽʾ ʤʘʨʰʨʫʪʽʚ ʽ 

ʧʨʦʚʝʜʝʥʥʷ DoS (DDoS) ʘʪʘʢ ʧʨʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ; 

ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ, ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʚʘʞʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʧʘʨʦʣʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʢʦʥʬʽʜʝʥʮʽʡʥʽ ʜʦʢʫʤʝʥʪʠ ʪʘ ʽʥ.); 
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ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʟʣʦʚʤʠʩʥʠʢʦʤ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʽʥʬʦʨʤʘʮʽʾ ʦʙʤʝʞʝʥʦʛʦ ʜʦʩʪʫʧʫ ʟʘʤʦʚʥʠʢʘ. 

ʇʨʦʚʦʜʠʪʴʩʷ ʧʝʨʝʚʽʨʢʦʶ ʧʨʘʚ ʜʦʩʪʫʧʫ ʜʦ ʨʽʟʥʠʭ ɯʈ ʟʘʤʦʚʥʠʢʘ ʟ ʧʨʠʚʽʣʝʷʤʠ, 

ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʪʝʩʪʫʚʘʥʥʷ. 

4. ʆʪʨʠʤʘʥʘ ʚ ʭʦʜʽ ʘʥʘʣʽʟʫ ʫʨʘʟʣʠʚʦʩʪʝʡ ʽ ʩʧʨʦʙ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʬʦʨʤʘʮʽʷ 

ʜʦʢʫʤʝʥʪʫʻʪʴʩʷ ʪʘ ʘʥʘʣʽʟʫʻʪʴʩʷ ʟ ʤʝʪʦʶ ʚʠʨʦʙʣʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʫ ʬʦʨʤʽ ʟʚʽʪʫ, 

ʱʦ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʦʣʽʧʰʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ɯʊ-ʩʠʩʪʝʤ (ʤʝʨʝʞ). ʇʨʘʢʪʠʢʘ ʚʝʜʝʥʥʷ 

ʙʽʟʥʝʩʫ ʚ ʋʢʨʘʾʥʽ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟʚʽʪʫ ʻ ʡʦʛʦ 

ʨʦʟʙʠʪʪʷ ʥʘ ʪʨʠ ʨʽʚʥʽ: ʜʣʷ ʚʠʱʦʛʦ ʢʝʨʽʚʥʠʮʪʚʘ, ʜʣʷ ʤʝʥʝʜʞʝʨʽʚ ɯɹ ʽ ʜʣʷ ʪʝʭʥʽʯʥʠʭ 

ʬʘʭʽʚʮʽʚ. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫ ʤʦʞʣʠʚʽ ʟʘʣʠʰʢʦʚʽ ʩʣʽʜʠ ʪʝʩʪʫ, ʪʘʢ ʟʚʘʥʽ ʘʨʪʝʬʘʢʪʠ, 

ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʫʩʫʥʫʪʠ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʜʦʩʪʫʧ ʜʦ ʷʢʦʾ-ʥʝʙʫʜʴ 

ʩʠʩʪʝʤʠ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʟʤʽʥʫ ʧʘʨʦʣʽʚ ʜʣʷ ʚʩʽʭ ʾʾ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʋ ʨʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʫʩʽʚ ʾʭ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʠʜʘʣʠʪʠ, ʽ ʪ. ʽʥ. ʃʦʛʽʯʥʠʤ ʧʨʦʜʦʚʞʝʥʥʷʤ 

ʪʝʩʪʫ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʙʦʪʠ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʽʚʥʝʤ ʟʘʭʠʱʝʥʦʩʪʽ, ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʭʠʱʝʥʦʩʪʽ ʧʝʨʠʤʝʪʨʘ 

ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ, ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʦʙʽʟʥʘʥʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ɯɹ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ. 

ʂʨʠʪʝʨʽʷʤʠ ʟʘʚʝʨʰʝʥʥʷ ʪʝʩʪʫ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʻ ʦʪʨʠʤʘʥʥʷ: 

ʜʦʩʪʫʧʫ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʨʝʞʽ ʟ ʙʦʢʫ ʽʥʪʝʨʥʝʪʫ; 

ʜʦʩʪʫʧʫ ʜʦ ʧʝʚʥʦʛʦ ʩʝʛʤʝʥʪʫ ʤʝʨʝʞʽ (ʥʘʧʨʠʢʣʘʜ, ʩʝʛʤʝʥʪ ɸʉʋʊʇ); 

ʧʨʠʚʽʣʝʾʚ ʚ ʦʩʥʦʚʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ/ʩʝʨʚʽʩʘʭ 

(active directory, ʤʝʨʝʞʝʚʝ ʦʙʣʘʜʥʘʥʥʷ, ʉʋɹɼ, ERP ʽ ʪ. ʽʥ.); 

ʜʦʩʪʫʧʫ ʜʦ ʧʝʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ; 

ʜʦʩʪʫʧʫ ʜʦ ʧʝʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ ʜʠʨʝʢʪʦʨʘ); 

ʚʩʴʦʛʦ, ʜʦ ʯʦʛʦ ʚʜʘʩʪʴʩʷ ʜʦʪʷʛʥʫʪʠʩʷ ʟʘ ʧʝʚʥʠʡ ʯʘʩ; 

ʧʝʨʰʦʛʦ ʩʝʨʡʦʟʥʦʛʦ ʟʙʦʶ, ʚʠʢʣʠʢʘʥʦʛʦ ʜʽʷʤʠ ʘʫʜʠʪʦʨʘ. 

ʗʢʱʦ ʞ ʢʦʤʧʘʥʽʷ ʟʚʝʨʪʘʻʪʴʩʷ ʟʘ ʧʨʦʚʝʜʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʘʫʜʠʪʫ ʚʩʴʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʫʤʘ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʩʦʪʝʥʴ ʪʠʩʷʯ, ʘ ʜʣʷ ʧʦʯʘʪʢʦʚʦʛʦ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʩʘʡʪʫ ï ʪʠʩʷʯ ʜʦʣʘʨʽʚ ʽ ʪʨʠʚʘʪʠ ʜʦ ʤʽʩʷʮʷ (ʪʘʙʣ. 1.8).  
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ʊʘʙʣʠʮʷ 1.8 

ʊʨʠʚʘʣʽʩʪʴ ʟʣʦʤʫ ʨʽʟʥʠʭ ʩʘʡʪʽʚ ʽ ʩʝʨʚʽʩʽʚ 

ʇʦʩʣʫʛʘ 

ʊʝʨʤʽʥ 

ʚʠʢʦʥʘʥʥʷ, 

ʜʦʙʘ 

ɸʥʘʣʽʟ ʚʽʜʢʨʠʪʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʨʛʘʥʽʟʘʮʽʶ 7ï21 

ɺʠʚʯʝʥʥʷ ʙʘʟʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʝʨʝʞʝʚʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ 7 

ɸʥʘʣʽʟ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ 3 

ɸʥʘʣʽʟ ʚʘʢʘʥʩʽʡ, ʨʝʟʶʤʝ ʥʘ HR-ʩʘʡʪʘʭ 1ï2 

ɸʥʘʣʽʟ ʬʦʨʫʤʽʚ 10 

ʉʢʘʥʫʚʘʥʥʷ ʧʦʨʪʽʚ 1ï2 

ɺʠʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʽʚ ʽ ʚʝʙ ʜʦʜʘʪʢʽʚ <5 

ɺʠʟʥʘʯʝʥʥʷ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 9 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʤʝʨʝʞʝʚʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʽ ʤʽʞʤʝʨʝʞʝʚʠʭ ʝʢʨʘʥʽʚ 2ï3 

ʇʦʰʫʢ ʚʨʘʟʣʠʚʦʩʪʝʡ (ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʢʘʥʫʚʘʥʥʷ ʽ ʨʫʯʥʠʡ ʘʥʘʣʽʟ) 5ï10 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽ ʨʦʟʨʦʙʢʘ ʩʮʝʥʘʨʽʾʚ ʟʣʦʤʫ 2ï3 

ʇʨʦʚʝʜʝʥʥʷ ʘʪʘʢ ʥʘ ʢʦʤʧʦʥʝʥʪʠ IT ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 30 

ɺʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʜʦʜʘʪʢʽʚ ʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ 5ï10 

ʆʬʦʨʤʣʝʥʥʷ ʪʘ ʧʨʝʟʝʥʪʘʮʽʷ ʟʚʽʪʫ 1ï3 
  

ʆʪʨʠʤʘʚʰʠ ʧʝʨʝʣʽʢ ʤʦʞʣʠʚʠʭ ʚʨʘʟʣʠʚʦʩʪʝʡ ʘʫʜʠʪʦʨ ʧʨʦʚʦʜʠʪʴ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʶ. ʄʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʚʠʙʠʨʘʶʪʴʩʷ ʧʨʠ ʮʴʦʤʫ ʽʥʜʠʚʽʜʫʘʣʴʥʦ 

ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʚʨʘʟʣʠʚʦʩʪʽ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʠʪʘʥʥʶ 

ʧʝʨʝʭʦʧʣʝʥʥʷ ʧʘʨʦʣʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʰʣʷʭʦʤ ʾʭ ʧʽʜʙʦʨʫ ʜʦ ʨʽʟʥʠʭ ʤʝʨʝʞʝʚʠʭ 

ʩʝʨʚʽʩʽʚ [47], ʧʨʦʚʝʜʝʥʥʷ ʘʪʘʢ ʪʠʧʫ çʣʶʜʠʥʘ ʧʦʩʝʨʝʜʠʥʽè ʽ ʽʥ. 

ɺ ʭʦʜʽ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʚʜʘʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ: ʚʝʙ-

ʩʘʡʪʽʚ ï ʚ 50% ʚʠʧʘʜʢʽʚ; ʝʣʝʢʪʨʦʥʥʽʡ ʧʦʰʪʽ ï ʚ 40%; ʙʽʟʥʝʩ-ʧʨʦʛʨʘʤʘʤ ï ʚ 35%; IP-

ʪʝʣʝʬʦʥʽʾ ï ʚ 10%; ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʙʘʥʢʽʚʩʴʢʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ï ʚ 29%. ʇʦʚʥʠʡ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʥʠʤʠ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʚ 25% 

ʧʨʦʝʢʪʽʚ, ʘ ʚ 5% ï ʪʝʩʪʫʚʘʣʴʥʠʢʘʤ ʚʟʘʛʘʣʽ ʥʝ ʚʜʘʻʪʴʩʷ ʧʦʜʦʣʘʪʠ ʧʝʨʠʤʝʪʨ. 

ɼʦ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʚʨʘʟʣʠʚʦʩʪʝʡ ʝʢʩʧʝʨʪʠ ʚ ʦʙʣʘʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʽʜʥʦʩʷʪʴ: ʤʽʞʩʝʨʚʽʩʥʝ ʚʠʢʦʥʘʥʥʷ ʩʮʝʥʘʨʽʾʚ (50%); ʥʘʷʚʥʽʩʪʴ 

ʽʥʪʝʨʬʝʡʩʽʚ ʚʽʜʜʘʣʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ (47%); ʜʦʩʪʫʧʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʜʦʜʘʪʢʠ (45%); 

ʚʙʫʜʦʚʫʚʘʥʥʷ SQL-ʢʦʜʫ (63%). 

ʅʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʚʨʘʟʣʠʚʽʩʪʶ ʟʘ ʚʠʩʥʦʚʢʘʤʠ ʝʢʩʧʝʨʪʽʚ ʟʘʨʘʟ ʻ ʧʨʦʩʪʽ ʧʘʨʦʣʽ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ. ɺʦʥʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ 80% ʧʨʦʝʢʪʽʚ, ʽʥʦʜʽ ʥʘʚʽʪʴ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, 

ʢʦʣʠ ʚ ʦʨʛʘʥʽʟʘʮʽʷʭ ʙʫʣʠ ʚʧʨʦʚʘʜʞʝʥʽ ʧʦʣʽʪʠʢʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ 

ʧʘʨʦʣʽʚ ʜʣʷ ʨʷʜʦʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʋʨʘʟʣʠʚʦʩʪʽ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʽ ʥʝʢʦʨʝʢʪʥʦ 

ʥʘʣʘʰʪʦʚʘʥʝ ʦʙʣʘʜʥʘʥʥʷ ʥʝʩʫʪʴ ʟʘ ʩʦʙʦʶ ʟʥʘʯʥʦ ʤʝʥʰʽ ʨʠʟʠʢʠ, ʽ ʪʦʤʫ ʻ ʢʣʶʯʝʤ ʜʦ 
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ʟʣʦʤʫ ʚʽʜʧʦʚʽʜʥʦ ʚ 46 ʽ 38% ʚʠʧʘʜʢʘʭ. ɺʽʜʩʫʪʥʽʩʪʴ ʦʥʦʚʣʝʥʴ ʩʧʨʠʷʻ ʫʩʧʽʰʥʦʤʫ 

ʧʨʦʚʝʜʝʥʥʶ ʪʝʩʪʦʚʠʭ ʘʪʘʢ ʚ 25% ʢʦʤʧʘʥʽʡ, ʘ ʥʝʜʦʣʽʢʠ ʘʨʭʽʪʝʢʪʫʨʠ ï ʚ 9%. 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʘʢʝ, ʩʘʤʝ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʜʦʟʚʦʣʠʪʴ: 

ʜʽʟʥʘʪʠʩʷ ʤʦʞʣʠʚʦʩʪʽ ʟʜʽʡʩʥʝʥʥʷ ʟʘʛʨʦʟ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ; 

ʦʮʽʥʠʪʠ ʥʘʩʣʽʜʢʠ ʩʧʨʷʤʦʚʘʥʦʾ ʭʘʢʝʨʩʴʢʦʾ ʘʪʘʢʠ; 

ʚʠʟʥʘʯʠʪʠ ʫʨʘʟʣʠʚʦʩʪʽ ʚ ʟʘʭʠʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ; 

ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ; 

ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʥʝʜʞʤʝʥʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ; 

ʦʮʽʥʠʪʠ ʤʦʞʣʠʚʠʡ ʨʽʚʝʥʴ ʢʚʘʣʽʬʽʢʘʮʽʾ ʧʦʨʫʰʥʠʢʘ ʜʣʷ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʘʪʘʢʠ; 

ʦʪʨʠʤʘʪʠ ʘʨʛʫʤʝʥʪʠ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʚʢʣʘʜʝʥʥʷ ʨʝʩʫʨʩʽʚ ʚ ɯɹ; 

ʚʠʨʦʙʠʪʠ ʩʧʠʩʦʢ ʢʦʥʪʨʟʘʭʦʜʽʚ, ʟ ʪʠʤ ʱʦʙ ʟʥʠʟʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʘʪʘʢ. 

ɿʘ ʧʦʛʦʜʞʝʥʥʷʤ ʽʟ ʟʘʤʦʚʥʠʢʦʤ ʧʨʠ ʪʝʩʪʫʚʘʥʥʽ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ, ʜʦʜʘʪʢʦʚʦ, 

ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ ʧʝʨʝʚʽʨʢʘ [48ï50]: ʙʘʟʦʚʠʭ ʨʦʙʽʪ ʧʦ ʢʦʥʪʨʦʣʶ ʟʘʭʠʱʝʥʦʩʪʽ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ; ʟʦʚʥʽʰʥʴʦʛʦ ʧʝʨʠʤʝʪʨʘ ʽ ʚʽʜʢʨʠʪʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʤʦʞʣʠʚʽʩʪʴ 

DoS ʘʪʘʢ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʩʪʽʡʢʦʩʪʽ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʤʦʞʣʠʚʦʛʦ 

ʟʙʠʪʢʫ ʧʨʠ ʾʭ ʧʨʦʚʝʜʝʥʥʽ; ʩʪʽʡʢʦʩʪʽ ʤʝʨʝʞʽ, ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʘʪʘʢ ʥʘ 

ʧʨʦʪʦʢʦʣʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ STP, VTP, CDP, ARP; ʩʪʽʡʢʦʩʪʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, 

ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʬʘʣʴʩʠʬʽʢʘʮʽʾ ʤʘʨʰʨʫʪʽʚ ʽ ʧʨʦʚʝʜʝʥʥʷ DoS (DDoS) ʘʪʘʢ 

ʧʨʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ; ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ, ʟ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʧʘʨʦʣʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʪʦʱʦ; 

ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʟʣʦʚʤʠʩʥʠʢʦʤ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʽʥʬʦʨʤʘʮʽʾ ʦʙʤʝʞʝʥʦʛʦ ʜʦʩʪʫʧʫ ʟʘʤʦʚʥʠʢʘ 

(ʧʨʦʚʦʜʠʪʴʩʷ ʧʝʨʝʚʽʨʢʦʶ ʧʨʘʚ ʜʦʩʪʫʧʫ ʜʦ ʨʽʟʥʠʭ ɯʈ-ʘʜʨʝʩ ʟʘʤʦʚʥʠʢʘ ʟ ʧʨʠʚʽʣʝʷʤʠ, 

ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʪʝʩʪʫʚʘʥʥʷ) ʽ ʪ. ʽʥ. 

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʜʦʩʠʪʴ ʯʘʩʪʫ ʢʨʠʪʠʢʫ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ, ʪʝʭʥʦʣʦʛʽʷ 

ʨʝʘʣʽʟʘʮʽʾ ʷʢʦʛʦ ʥʝ ʤʦʞʝ ʛʘʨʘʥʪʫʚʘʪʠ ʟʘʤʦʚʥʠʢʫ ʪʦʛʦ, ʱʦ: ʪʝʩʪʫʚʘʣʴʥʠʢ ʚʠʷʚʠʚ ʚʩʝ 

çʜʽʨʢʠè ʚ ʩʠʩʪʝʤʽ ʙʝʟʧʝʢʠ ʟʘʤʦʚʥʠʢʘ; ʟʥʘʡʜʝʥʽ ʪʝʩʪʫʚʘʣʴʥʠʢʦʤ çʜʽʨʢʠè ʥʝ ʟʛʦʜʦʤ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʟʘʚʦʣʦʜʽʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʥʘʣʝʞʠʪʴ ʟʘʤʦʚʥʠʢʫ; ʜʽʷʣʴʥʽʩʪʴ 

ʪʝʩʪʫʚʘʣʴʥʠʢʘ ʤʦʞʝ ʙʫʪʠ ʟʘʤʦʚʥʠʢʦʤ ʧʦʚʥʽʩʪʶ ʧʨʦʢʦʥʪʨʦʣʴʦʚʘʥʘ; ʚ ʫʤʦʚʘʭ 

ʩʫʯʘʩʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʽ ʢʽʙʝʨʚʽʡʥʠ, ʷʢʘ ʚʝʜʝʪʴʩʷ ʧʨʦʪʠ ʥʘʰʦʾ ʢʨʘʾʥʠ, ʟʘʚʜʘʥʥʷ 
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ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʙôʻʢʪʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʪʘ, ʧʝʨʰ ʟʘ ʚʩʝ, ɯʊ-ʩʠʩʪʝʤ (ʤʝʨʝʞ) ʦʨʛʘʥʽʚ ʚʣʘʜʠ ʽ ʢʨʠʪʠʯʥʠʭ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨ (ʩʦʮʽʘʣʴʥʠʭ ʬʦʥʜʽʚ ʽ ʨʽʟʥʠʭ ʜʝʨʞʘʚʥʠʭ ʨʝʻʩʪʨʽʚ), ʘ ʪʘʢʦʞ 

ʦʙôʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʮʠʭ ʩʪʨʫʢʪʫʨ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʥʘ 

ʧʨʦʥʠʢʥʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝʟʜʽʡʩʥʝʥʥʘ [51]. 

1.3.2. ʊʝʭʥʦʣʦʛʽʾ ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ 

ʏʝʨʝʟ ʣʝʛʢʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʜʦʩʪʫʧʥʽʩʪʴ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʚʠʪʦʢ ʽ 

ʧʦʰʠʨʝʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʫ ʜʝʢʽʣʴʢʘ ʥʘʩʪʫʧʥʠʭ ʨʦʢʽʚ ʟʘʣʠʰʘʪʠʤʫʪʴʩʷ 

ʘʢʪʫʘʣʴʥʠʤʠ. ɿʘ ʜʘʥʠʤʠ ʥʝʧʨʠʙʫʪʢʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ Wi-Fi Alliance, ʷʢʘ ʟʘʡʤʘʻʪʴʩʷ 

ʩʝʨʪʠʬʽʢʘʮʽʻʶ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ Wi-Fi ʤʝʨʝʞ, ʫ ʩʚʽʪʽ ʚʞʝ ʨʦʟʧʦʚʩʶʜʞʝʥʦ ʧʨʠʙʣʠʟʥʦ 

1 ʤʽʣʴʷʨʜ ʧʨʠʩʪʨʦʾʚ ʟ Wi-Fi ʤʦʜʫʣʷʤʠ ʽ ʦʢʨʝʤʠʭ Wi-Fi ʤʦʜʫʣʽʚ [52]. ɸ ʟʘ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʢʦʤʧʘʥʽʾ ABI Research, ʷʢʘ ʜʦʩʣʽʜʞʫʻ ʪʝʥʜʝʥʮʽʾ ʫ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ ʽ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʨʦʟʚʠʪʦʢ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ Wi-Fi ʥʘ ʧʝʨʽʦʜ 

ʜʦ 2014 ʨʦʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʱʦʨʽʯʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʨʝʘʣʽʟʘʮʽʾ Wi-Fi ʦʙʣʘʜʥʘʥʥʷ 

ʥʘ 100 ʤʽʣʴʡʦʥʽʚ ʧʨʠʩʪʨʦʾʚ ʥʘ ʨʽʢ. 

ʂʨʽʤ ʪʦʛʦ ʫ ʜʘʥʠʡ ʯʘʩ Wi-Fi Alliance ʨʘʟʦʤ ʟ Wireless Gigabit Alliance 

ʟʘʡʤʘʶʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʥʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʟʽ ʰʚʠʜʢʽʩʪʴ ʥʘ ʧʦʨʷʜʦʢ 

ʙʽʣʴʰʦʶ ʟʘ ʽʩʥʫʶʯʽ ʘʥʘʣʦʛʠ (ʪʝʭʥʦʣʦʛʽʷ WiGig) [53], ʘ ʨʘʟʦʤ ʟ ZigBee Alliance ï 

ʝʢʦʥʦʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ (ʪʝʭʥʦʣʦʛʽʷ Smart 

Grid). ʊʘʢʝ ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʚʠʨʦʙʥʠʢʽʚ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʽʪʦʚʦʛʦ ʤʘʩʰʪʘʙʫ ʽ ʽʥʚʝʩʪʠʮʽʾ ʫ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ Wi-Fi ʪʝʭʥʦʣʦʛʽʡ 

ʦʟʥʘʯʘʻ, ʱʦ ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ ʪʨʝʙʘ ʦʯʽʢʫʚʘʪʠ ʧʦʷʚʫ ʥʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ ʧʝʨʝʜʘʯʽ ʽ 

ʧʦʢʨʘʱʝʥʥʷ ʽʩʥʫʶʯʠʭ. 

ɺ [54] ʨʦʟʛʣʷʜʘʣʠʩʷ ʟʘʛʘʣʴʥʽ ʧʠʪʘʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ Wi-Fi ʤʝʨʝʞ, ʘ ʚ ʜʘʥʽʡ 

ʨʦʙʦʪʽ ʟʨʦʙʣʝʥʦ ʩʧʨʦʙʫ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʧʨʦʪʦʢʦʣʠ ʰʠʬʨʫʚʘʥʥʷ ʽ ʘʚʪʦʨʠʟʘʮʽʾ, 

ʟʤʽʥʠ ʫ ʩʧʦʩʦʙʘʭ ʰʠʬʨʫʚʘʥʥʷ ʊɹɼ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 2008 ʨʦʢʫ, ʟ ʤʝʪʦʶ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ Wi-Fi ʤʝʨʝʞ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʧʨʦʚʝʜʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʟʦʚʥʽʰʥʴʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ (ʜʠʚ. [55]), ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʽ ʽʥʬʦʨʤʘʮʽʷ ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʛʦ Wi-Fi ʧʨʠʡʤʘʯʘ ʥʘ 

ʤʽʢʨʦʩʭʝʤʽ ʩʝʨʽʾ RaLink RT2860. ʇʨʠʡʦʤ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Wi-
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Fi ʜʨʘʡʚʝʨʘ rt2800pci (ʆʉ Gentoo Linux, ʚʝʨʩʽʷ ʷʜʨʘ 2.6.34-r1) ʪʘ ʘʥʘʣʽʟʘʪʦʨʘ ʧʘʢʝʪʽʚ 

Aircrack-ng (ʚʝʨʩʽʾ 1.0). ʇʽʜʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ 1906 

ʫʥʽʢʘʣʴʥʠʭ ʊɹɼ ʽ ʚʽʜ 540 ʢʣʽʻʥʪʩʴʢʠʭ ʤʘʰʠʥ. ʂʦʦʨʜʠʥʘʪʠ ʧʨʠʡʥʷʪʠʭ ʩʠʛʥʘʣʽʚ 

ʦʪʨʠʤʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ GPS-ʧʨʠʡʤʘʯʘ ʥʘ ʤʽʢʨʦʩʭʝʤʽ SiRFstar III ʯʝʨʝʟ ʧʦʩʣʽʜʦʚʥʠʡ 

ʽʥʪʝʨʬʝʡʩ PXA-serial ʚʝʨʩʽʷ ʷʜʨʘ ʆʉ Gentoo Linux 2.6.27 [56]. 

ʉʪʘʙʽʣʴʥʽʩʪʴ ʩʠʛʥʘʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʦʥʫ 

ʧʨʠʡʦʤʫ ʽ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɺʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ 

Wi-Fi ʤʝʨʝʞ ʻ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʫ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ ʰʚʠʜʢʽʩʪʶ ʨʦʙʦʪʠ ʊɹɼ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʰʚʠʜʢʽʩʪʴ 11 ʄʙʽʪ/ʩ ʟʘ ʩʪʘʥʜʘʨʪʦʤ 802.11b ʧʽʜʪʨʠʤʫʶʪʴ 1,8% ʽ 54 ʄʙʽʪ/ʩ ʟʘ 

ʩʪʘʥʜʘʨʪʦʤ 802.11g ï 97,6%); 

ʟʘʣʝʞʥʽʩʪʶ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʯʘ ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ; 

ʟʘʣʝʞʥʽʩʪʶ ʯʫʪʣʠʚʦʩʪʽ ʧʨʠʡʤʘʯʘ ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʨʠʡʦʤʫ; 

ʧʦʪʫʞʥʽʩʪʶ ʨʦʙʦʪʠ ʊɹɼ ʽ ʢʣʽʻʥʪʽʚ, ʪʘʢ ʥʘ ʨʠʩ. 1.25 ʟʦʙʨʘʞʝʥʽ ʨʦʟʧʦʜʽʣʠ 

ʧʦʪʫʞʥʦʩʪʝʡ ʜʣʷ ʊɹɼ ʯʦʨʥʦʶ ʢʨʠʚʦʶ ʽ ʢʣʽʻʥʪʽʚ ʧʫʥʢʪʠʨʥʦʶ ʢʨʠʚʦʶ, ʧʝʨʰʠʡ 

ʤʘʢʩʠʤʫʤ ʧʦʪʫʞʥʦʩʪʽ ʚ ʦʙʦʭ ʢʨʠʚʠʭ ʧʨʠʧʘʜʘʻ ʥʘ ʤʽʥʫʩ 72 ʜɹʤɺʪ (63 ʧɺʪ), ʘ 

ʜʨʫʛʠʡ ï ʥʘ ʤʽʥʫʩ 70 ʜɹʤɺʪ (100 ʧɺʪ); 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʘʥʪʝʥʠ ʽ ʥʘʷʚʥʽʩʪʶ ʜʦʜʘʪʢʦʚʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ; 

ʧʨʠʩʫʪʥʽʩʪʶ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʶ ʰʠʬʨʫʚʘʥʥʷ; 

ʚʽʜʜʘʣʝʥʽʩʪʶ ʢʣʽʻʥʪʽʚ ʚʽʜ ʊɹɼ (ʧʨʠʥʮʠʧ çʦʩʪʘʥʥʴʦʾ ʤʠʣʽè); 

ʧʝʨʝʰʢʦʜʘʤʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʽ ʧʦʪʨʝʙʽ ʫ ʾʭ ʧʦʚʪʦʨʥʦʤʫ ʧʝʨʝʩʠʣʘʥʥʽ; 

ʘʢʪʠʚʥʽʩʪʶ ʢʣʽʻʥʪʽʚ, ʷʢʫ ʩʢʣʘʜʥʦ ʩʧʨʦʛʥʦʟʫʚʘʪʠ. 

 
ʈʠʩ. 1.25. ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ 
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ɿ ʘʥʘʣʽʟʫ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʫʩʽ ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ ʬʘʢʪʦʨʠ 

ʽ ʢʦʥʬʽʛʫʨʫʚʘʪʠ ʤʝʨʝʞʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʦʪʨʝʙ. 

ʏʝʨʝʟ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʢʘʥʘʣʫ, 

ʜʣʷ ʢʦʞʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ ʘʢʪʠʚʥʽʩʪʴ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ. ɸʣʝ ʧʨʠ ʧʝʨʝʛʣʷʜʽ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʊɹɼ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʫʩʝʨʝʜʥʝʥʠʡ ʛʨʘʬʽʢ ʘʢʪʠʚʥʦʩʪʽ (ʜʠʚ. ʨʠʩ. 1.26), 

ʧʨʠ ʧʦʙʫʜʦʚʽ ʷʢʦʛʦ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ECHO-ʧʘʢʝʪʠ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʣʠʰʝ 

ʚʽʜ ʥʘʣʘʰʪʫʚʘʥʴ ʊɹɼ. ʊʘʢ ʫʤʦʚʥʦ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʚʩʽ ʊɹɼ ʥʘ ʤʘʣʦʘʢʪʠʚʥʽ 

(<1 ʧʘʢʝʪ/ʩ) ʽ ʘʢʪʠʚʥʽ (>2 ʧʘʢʝʪ/ʩ). ʉʝʨʝʜʥʽʡ ʥʦʨʤʦʚʘʥʠʡ ʨʦʟʤʽʨ ʧʘʢʝʪʫ ʩʪʘʥʦʚʠʪʴ 

1,5 ʢɹ. 

 

ʈʠʩ. 1.26. ɻʨʘʬʽʢ ʘʢʪʠʚʥʦʩʪʽ ʊɹɼ 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ 2008 ʨʦʢʦʤ [54] ʢʽʣʴʢʽʩʪʴ ʟʘʭʠʱʝʥʠʭ ʤʝʨʝʞ ʟʙʽʣʴʰʠʣʘʩʷ, ʘ 

ʥʘʡʛʦʣʦʚʥʽʰʝ ʜʦʣʷ ʰʠʬʨʫʚʘʥʥʷ WPA ʽ WPA2 ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 13% (ʜʠʚ. ʨʠʩ. 1.27). 

 
ʈʠʩ. 1.27. ɼʽʘʛʨʘʤʘ ʰʠʬʨʫʚʘʥʥʷ ʊɹɼ ʫ ʚʽʜʩʦʪʢʘʭ ʟʘ 2008 ʽ 2010 ʨʨ. 
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ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʯʝʪʚʽʨʢʫ ʥʘʡʰʠʨʰʝ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʥʢʫ ʚʠʨʦʙʥʠʢʽʚ, ʪʦ 

ʚʠʜʥʦ, ʱʦ D-Link ̔  Cisco ʣʠʰʠʣʠʩʷ ʬʘʚʦʨʠʪʘʤʠ, ʘ TP-Link ̔  Asus ʟʘʤʽʥʠʣʠ Motorola 

ʽ ZyXEL. ɼʘʥʽ ʦʪʨʠʤʘʥʽ ʟ MAC-ʘʜʨʝʩ ʊɹɼ ʟʘ ʧʝʨʝʣʽʢʘʤʠ: ʫʥʽʢʘʣʴʥʠʭ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʦʨʛʘʥʽʟʘʮʽʡ OUI (organizationally unique identifier) [57] ʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʙʣʦʢʽʚ ʘʜʨʝʩ IAB (individual address block) [58]. ɺ ʪʘʙʣ. 1.9 

ʧʨʠʚʝʜʝʥʦ ʜʘʥʽ ʧʨʦ ʟʤʽʥʠ ʫ ʧʨʦʪʦʢʦʣʘʭ ʰʠʬʨʫʚʘʥʥʷ. ɺʠʜʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ 

WPA ʽ WPA2 ʜʣʷ ʣʽʜʝʨʽʚ ʨʠʥʢʫ ʩʢʣʘʜʘʻ ʚ ʩʝʨʝʜʥʴʦʤʫ 18,7%. 

ʋʩʽ ʚʠʨʦʙʥʠʢʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʯʝʪʚʽʨʢʠ ʣʽʜʝʨʽʚ ʟʘ 2008 ʽ 2010 ʨʦʢʠ, ʻ ʘʙʦ 

ʩʧʦʥʩʦʨʘʤʠ, ʘʙʦ ʧʦʩʪʽʡʥʠʤʠ ʯʣʝʥʘʤʠ ʦʨʛʘʥʽʟʘʮʽʾ Wi-Fi Alliance. 

ʅʘ ʩʫʯʘʩʥʠʭ ʊɹɼ ʚʩʪʘʥʦʚʣʶʶʪʴ ʬʫʥʢʮʽʶ ʟʘʤʽʥʠ ʽ ʢʣʦʥʫʚʘʥʥʷ MAC-ʘʜʨʝʩʠ. 

ɸʣʝ ʪʘʢʦʶ ʬʫʥʢʮʽʻʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʢʦʨʠʩʪʫʻʪʴʩʷ ʥʝʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ (ʮʷ ʬʫʥʢʮʽʷ ʜʫʞʝ ʟʨʫʯʥʘ ʧʨʠ ʨʦʙʦʪʽ ʟʽ ʩʪʘʮʽʦʥʘʨʥʦʶ 

ʤʝʨʝʞʝʶ, ʢʦʣʠ ʪʨʝʙʘ ʟʘʤʽʥʠʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʡʰʣʦ ʟ ʣʘʜʫ ʘʙʦ ʟʘʩʪʘʨʽʣʦ, ʙʝʟ 

ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʝʨʝʞʽ). ʇʦʭʠʙʢʘ ʩʪʘʥʦʚʠʪʴ 4,2%. 

ʊʘʙʣʠʮʷ 1.9 

ɺʠʨʦʙʥʠʢʠ ʊɹɼ, ʥʘʡʰʠʨʰʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʥʢʫ 

ʉʧʦʩʽʙ ʰʠʬʨʫʚʘʥʥʷ 

ʏʘʩʪʢʘ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ*, % 

D-Link Cisco TP-Link Asus 

2010 ʨ. 

(717)** 

2008 ʨ. 

(626) 

2010 ʨ. 

(345) 

2008 ʨ. 

(219) 

2010 ʨ. 

(287) 

2008 ʨ. 

(16) 

2010 ʨ. 

(118) 

2008 ʨ. 

(42) 

WEP Ź 29,15 43,29 Ź 21,74 29,22 ŷ 53,31 50,00 Ź 13,56 40,48 

WPA/WPA2 ŷ 64,02 44,89 ŷ 60,87 46,58 ŷ 40,42 31,25 ŷ 79,66 47,62 

ɹʝʟ ʰʠʬʨʫʚʘʥʥʷ 6,83 11,82 17,39 24,20 6,27 18,75 6,78 11,90 

* ʉʪʨʽʣʢʠ ŷ ʽ Ź ʚʢʘʟʫʶʪʴ ʥʘ ʜʠʥʘʤʽʢʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤ ʚʠʤʽʨʶʚʘʥʥʷʤ. 

** ɺ ʜʫʞʢʘʭ ʚʢʘʟʘʥʘ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʊɹɼ ʜʘʥʦʛʦ ʚʠʨʦʙʥʠʢʘ ʟʘ ʚʽʜʧʦʚʽʜʥʠʡ ʨʽʢ. 

  

ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʦʙʣʘʜʥʘʥʥʷ ʢʣʽʻʥʪʽʚ, ʪʦ ʯʝʪʚʽʨʢʘ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ 

ʚʠʨʦʙʥʠʢʽʚ ʙʫʜʝ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʣʽʜʝʨʽʚ ʚʠʨʦʙʥʠʢʽʚ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʊɹɼ. ʊʘʢ ʟ 

ʪʘʙʣ. 1.9 ʽ 1.10 ʚʠʜʥʦ, ʱʦ ʫ ʦʙʠʜʚʽ ʯʝʪʚʽʨʢʠ ʚʭʦʜʠʪʴ ʣʠʰʝ D-Link, ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʰʠʨʦʢʠʤ ʘʩʦʨʪʠʤʝʥʪʦʤ ʽ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʦʶ ʮʽʥʦʶ ʤʝʨʝʞʥʠʭ ʧʨʠʩʪʨʦʾʚ D-Link ʥʘ 

ʨʠʥʢʫ (ʭʦʯʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʾʚ ʮʴʦʛʦ ʙʨʝʥʜʫ ʚʠʟʠʚʘʻ ʥʘʨʽʢʘʥʥʷ ʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ). ʂʦʤʧʘʥʽʷ Hon Hai Precision (ʪʦʨʛʽʚʝʣʴʥʘ ʤʘʨʢʘ Foxconn) ʚʠʨʦʙʣʷʻ 

ʤʦʜʫʣʽ ʽ ʟʘʢʽʥʯʝʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʢʦʤʧʘʥʽʡ Apple, Dell ʽ Hewlett Packard, ʪʦʤʫ ʚʘʞʢʦ 

ʚʠʟʥʘʯʠʪʠ ʧʽʜ ʷʢʠʤ ʩʘʤʝ ʙʨʝʥʜʦʤ ʙʫʣʦ ʧʨʦʜʘʥʝ ʦʙʣʘʜʥʘʥʥʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʚʠʜʥʦ, ʱʦ 
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ʩʝʨʝʜ ʩʪʘʮʽʦʥʘʨʥʠʭ (ʜʝʩʢʪʦʧʽʚ) ʽ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʣʝʧʪʦʧʽʚ) ʧʝʨʝʚʘʞʘʻ Intel, ʘ ʩʝʨʝʜ 

ʧʦʨʪʘʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ ï Apple. 

ʊʘʙʣʠʮʷ 1.10 

ɺʠʨʦʙʥʠʢʠ ʢʣʽʻʥʪʩʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʥʘʡʰʠʨʰʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʥʢʫ 

ɺʠʨʦʙʥʠʢ  

ʢʣʽʻʥʪʩʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʂʽʣʴʢʽʩʪʴ 

ʘʙʩʦʣʶʪʥʘ, ʦʜ. ʚʽʜʥʦʩʥʘ, % 

Intel 111 20,6 

Hon Hai Precision (Foxconn) 96 17,8 

Apple 56 10,4 

D-Link 56 10,4 
  

ʇʨʠ ʰʠʬʨʫʚʘʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ WPA ʽ WPA2 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʪʠʧʠ 

ʧʨʦʪʦʢʦʣʽʚ: ʰʠʬʨʫʚʘʥʥʷ ʡ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. ɼʝʪʘʣʴʥʽʰʝ ʧʨʦʪʦʢʦʣʠ ʦʧʠʩʘʥʽ ʚ [54] 

 ̔[59]. ʊʘʢ ʧʨʦʪʦʢʦʣ ʮʽʣʽʩʥʦʩʪʽ ʪʠʤʯʘʩʦʚʦʛʦ ʢʣʶʯʘ TKIP (temporal key integrity 

protocol) ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ WPA, ʘ ʧʨʦʪʦʢʦʣ ʙʣʦʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

CCMP (counter mode with cipher block chaining message authentication code 

protocol) ï ʜʣʷ WPA2 ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʘ TKIP, ʘʣʝ ʩʧʝʮʠʬʽʢʘʮʽʷ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ WPA ʽ WPA2 ʙʫʜʴ-ʷʢʠʡ ʧʨʦʪʦʢʦʣ: TKIP ʘʙʦ CCMP (ʘ ʪʘʢʦʞ ʽ 

ʜʝʷʢʽ ʽʥʰʽ), ʘʙʦ ʜʝʢʽʣʴʢʘ ʦʜʥʦʯʘʩʥʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʣʽʻʥʪʩʴʢʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʢʣʶʯʘʤʠ PSK (pre-

shared keys), ʜʝ ʥʘ ʢʣʽʻʥʪ ʽ ʊɹɼ ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʢʣʶʯʽ, ʷʢʽ ʧʽʟʥʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟôʻʜʥʘʥʥʷ, ʘʙʦ ʯʝʨʝʟ ʚʠʜʽʣʝʥʠʡ ʩʝʨʚʝʨ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ 802.1x 

ʘʙʦ RADIUS-ʩʝʨʚʝʨ (remote authentication in dial-in user service) [60]. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 1077 ʊɹɼ ʟ WPA ʘʙʦ WPA2 (ʜʝʷʢʽ ʊɹɼ ʤʦʞʫʪʴ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ ʜʚʘ ʩʧʦʩʦʙʠ, ʘʣʝ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʚʨʘʭʦʚʫʻʪʴʩʷ ʣʠʰʝ 

ʧʨʦʪʦʢʦʣ ʟʘ ʷʢʠʤ ʧʨʦʚʦʜʠʣʘʩʷ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʚ ʤʦʤʝʥʪ ʧʨʠʡʦʤʫ). ʗʢ ʚʠʜʥʦ ʟ 

ʧʦʧʝʨʝʜʥʴʦʾ ʜʽʘʛʨʘʤʠ (ʨʠʩ. 1.27) ʨʽʟʥʠʮʷ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ WPA ʽ WPA2 ʩʢʣʘʜʘʻ 1%. 

ɺ ʪʘʙʣ. 1.11 ʧʨʠʚʝʜʝʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʧʨʦʪʦʢʦʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʰʠʬʨʫʚʘʥʥʷ ʽ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. ʊʘʢ ʟ ʪʘʙʣʠʮʽ ʚʠʜʥʦ, ʱʦ TKIP ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ WPA, ʘ CCMP ï ʫ WPA2, ʪʘʢʦʞ ʧʽʟʥʽʰʠʡ WPA2 ʫ 2,6 ʨʘʟʠ 

ʯʘʩʪʽʰʝ ʧʽʜʪʨʠʤʫʻ ʦʙʠʜʚʘ ʧʨʦʪʦʢʦʣʠ ʰʠʬʨʫʚʘʥʥʷ. ɼʣʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʪʦʢʦʣ ʟʘ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʢʣʶʯʘʤʠ 

(>96%). 
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ʊʘʙʣʠʮʷ 1.11 

ʈʦʟʧʦʜʽʣ ʧʨʦʪʦʢʦʣʽʚ ʰʠʬʨʫʚʘʥʥʷ ʽ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʜʣʷ WPA ʽ WPA2 

 ʉʧʦʩʽʙ ʰʠʬʨʫʚʘʥʥʷ 

WPA WPA2 

ʂʽʣʴʢʽʩʪʴ ʊɹɼ ʟ ʧʨʦʪʦʢʦʣʘʤʠ ʰʠʬʨʫʚʘʥʥʷ, ʦʜ. 

TKIP 386 
}110 

56 
}286 

CCMP 39 192 

ɯʥʰʽ 8  0  

ʂʽʣʴʢʽʩʪʴ ʊɹɼ ʟ ʧʨʦʪʦʢʦʣʘʤʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʰʪ. 

PSK 526 525 

802.1x  17 9 

ɺʩʴʦʛʦ: 543 534 
  

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʊɹɼ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʽʥʪʝʛʨʘʣʴʥʫ ʜʽʘʛʨʘʤʫ 

ʨʦʟʧʦʜʽʣʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʽʜʩʪʘʥʽ. ʉʫʤʘʨʥʘ ʚʽʜʩʪʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʣʘ ʤʘʡʞʝ 45 ʢʤ, ʘ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʘʻ 1 ʤ ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ GPS-ʩʠʩʪʝʤʠ ʟʘʛʘʣʴʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʥʥʷ. ʊʘʢʦʞ ʥʝ ʚʜʘʣʦʩʷ ʚʠʟʥʘʯʠʪʠ ʚʽʨʥʽ ʢʦʦʨʜʠʥʘʪʠ ʜʣʷ ʧʨʠʙʣʠʟʥʦ 1% ʊɹɼ 

ʯʝʨʝʟ ʧʝʨʝʰʢʦʜʠ: ʙʫʜʠʥʢʠ, ʜʝʨʝʚʘ ʪʦʱʦ, ʪʘʢʽ ʊɹɼ ʥʝ ʚʨʘʭʦʚʘʥʽ ʥʘ ʜʽʘʛʨʘʤʽ 

(ʜʠʚ. ʨʠʩ. 1.28). ʅʘ ʜʽʘʛʨʘʤʽ ʦʢʨʝʤʦ ʧʦʢʘʟʘʥʽ ʨʦʟʧʦʜʽʣʠ ʜʣʷ ʚʽʜʢʨʠʪʠʭ ʊɹɼ (ʨʠʩ. 1.28a), 

ʟ WEP (ʨʠʩ. 1.28ʙ) ʽ WPA/WPA2 (ʨʠʩ. 1.28ʚ) ʰʠʬʨʫʚʘʥʥʷʤ. ɼʽʘʛʨʘʤʘ ʟ ʽʥʪʝʛʨʘʣʴʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʱʽʣʴʥʽʩʪʴ ʧʦʢʨʠʪʪʷ. 

ʑʽʣʴʥʽʩʪʴ ʧʦʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ [61]: 

 ὡ
˗˗ϽˑЎϽЎ

ȟ (1.17) 

ʜʝ P ï ʧʦʪʫʞʥʽʩʪʴ, ɺʪ; Nʂʂɼ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʘʥʪʝʥʠ; ȹS ï ʧʣʦʱʘ ʦʭʦʧʣʝʥʥʷ 

ʘʥʪʝʥʠ, ʤ2; ȹf ï ʰʠʨʠʥʘ ʢʘʥʘʣʫ, ʄɻʮ. ʊʦʜʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ ʱʽʣʴʥʽʩʪʴ ʧʦʪʦʢʫ 

ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʰʠʬʨʫʚʘʥʥʷ, ʜʝ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ, ʪʘʢ ʷʢ ʧʦʪʫʞʥʽʩʪʴ ʚʞʝ ʚʠʤʽʨʷʥʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʂʂɼ, ʜʦʨʽʚʥʶʻ: 

 ὡᶻ
ЎϽЎ ᶻ

В ὖ
ᶻ

ȟ (1.18) 

ʜʝ n* ï ʢʽʣʴʢʽʩʪʴ ʊɹɼ ʟ ʟʘʜʘʥʠʤ ʪʠʧʦʤ ʰʠʬʨʫʚʘʥʥʷ, ʘ ʧʦʪʫʞʥʦʩʪʽ ʚʠʤʽʨʶʻʪʴʩʷ, ʜɹʤɺʪ. 

ɼʣʷ ʥʘʰʦʛʦ ʚʠʧʘʜʢʫ ȹS = 0,022 ʤ2 (ʧʣʦʱʘ ʢʦʥʪʫʨʫ ʥʘʚʢʦʣʦ 8,9-ʜʶʡʤʦʚʦʛʦ 

ʤʦʥʽʪʦʨʫ) ʽ ȹf = 20 ʄɻʮ (ʜʣʷ ʩʪʘʥʜʘʨʪʫ 802.11b ʰʠʨʠʥʫ ʢʘʥʘʣʫ ʩʪʘʥʦʚʠʪʴ 22 ʄɻʮ, 

ʘ ʜʣʷ 802.11g ï 20 ʄɻʮ, ʷʢ ʧʦʢʘʟʘʥʦ ʨʘʥʽʰʝ, ʜʨʫʛʠʡ ʩʪʘʥʜʘʨʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

97,6% ʊɹɼ, ʪʦʤʫ ʚʠʙʠʨʘʻʤʦ ʚʽʜʧʦʚʽʜʥʫ ʰʠʨʠʥʫ ʢʘʥʘʣʫ). ʊʦʜʽ ʱʽʣʴʥʦʩʪʽ ʧʦʪʦʢʽʚ 

ʧʦʪʫʞʥʦʩʪʽ ʩʢʣʘʜʘʶʪʴ: 
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ὡ̃ ̨̅̋̑ρφπȟπ ςȟσ
̅ˎ̍ˏ̓

̍Ͻ̇ː̗
ȟ

ὡ ρφπȟχ ςȟσ
̅ˎ̍ˏ̓

̍Ͻ̇ː̗
ȟ

ὡ Ⱦ ρφπȟς ςȟσ
̅ˎ̍ˏ̓

̍Ͻ̇ː̗
ȟ

, (1.19) 

ʨʽʟʥʠʮʷ ʤʽʞ ʷʢʠʤʠ ʥʝ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ: ʜʣʷ ʚʩʽʭ 

ʧʨʦʪʦʢʦʣʽʚ ʰʠʬʨʫʚʘʥʥʷ ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʱʽʣʴʥʦʩʪʽ ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʦʜʠʥ ʡ ʪʦʡ 

ʩʘʤʠʡ. ɸ ʪʘʢʦʞ ʟ ʨʦʟʨʘʭʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʥʦʨʤʠ 

(ʧʦʪʫʞʥʽʩʪʴ ʊɹɼ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʦʶ ʟʘ 100 ʤɺʪ, ʟʥʘʭʦʜʠʪʠʩʷ ʚʠʢʣʶʯʥʦ 

ʚʩʝʨʝʜʠʥʽ ʙʫʜʽʚʝʣʴ ʽ ʱʽʣʴʥʽʩʪʴ ʧʦʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʽʜʩʪʘʥʽ 100 ʤ ʚʽʜ ʟʦʚʥʽʰʥʽʭ 

ʬʘʩʘʜʥʠʭ ʩʪʽʥ ʙʫʜʽʚʝʣʴ ʥʝ ʧʝʨʝʚʠʱʫʻ ʤʽʥʫʩ 110 ʜɹʤɺʪ/ʤ2/ʄɻʮ). 

ɿ ʜʽʘʛʨʘʤʠ (ʨʠʩ. 1.28) ʚʠʜʥʦ, ʱʦ ʤʘʢʩʠʤʫʤʠ ʚʽʜʢʨʠʪʠʭ ʤʝʨʝʞ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʤʽʥʽʤʫʤʘʤ ʤʝʨʝʞ ʟ WEP ʰʠʬʨʫʚʘʥʥʷʤ. ʑʦ ʧʦʷʩʥʶʻʪʴʩʷ ʟʘʩʪʘʨʽʣʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, 

ʷʢʝ ʧʽʜʪʨʠʤʫʻ ʚʠʙʽʨ ʪʽʣʴʢʠ ʮʠʭ ʜʚʦʭ ʨʝʞʠʤʽʚ, ʽ ʦʜʥʦʯʘʩʥʦ ʥʝʩʝʨʡʦʟʥʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʧʠʪʘʥʴ ʟʘʭʠʱʝʥʦʩʪʽ ʤʝʨʝʞ, ʪʘʢ ʷʢ ʫ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʧʨʦʛʨʘʥʫ ʨʝʘʣʽʟʘʮʽʶ WPA/WPA2 ʰʠʬʨʫʚʘʥʥʷ. 

 

ʈʠʩ. 1.28. ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʊɹɼ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʽʜʩʪʘʥʽ 
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ʇʦʭʠʙʢʫ ʚʥʦʩʠʪʴ ʧʨʠʩʫʪʥʽʩʪʴ ʥʘʚʤʠʩʥʦ ʚʽʜʢʨʠʪʠʭ ʤʝʨʝʞ, ʥʘʧʨʠʢʣʘʜ, ʚ 

ʟʘʢʣʘʜʘʭ ʛʨʦʤʘʜʩʴʢʦʛʦ ʭʘʨʯʫʚʘʥʥʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʟʘʢʨʠʪʽ ʤʝʨʝʞʽ ʟ WPA/WPA2 

ʰʠʬʨʫʚʘʥʥʷʤ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʜʥʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʊɹɼ ʽ ʢʣʽʻʥʪʽʚ ʧʨʘʮʶʶʪʴ ʥʘ 

ʦʧʪʠʤʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʤʽʥʫʩ (70õ72) ʜɹʤɺʪ, ʘ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʧʨʠʩʪʨʦʾʚ 

ʧʽʜʪʨʠʤʫʻ ʩʪʘʥʜʘʨʪ 802.11g (ʩʫʯʘʩʥʽʰʠʡ ʩʪʘʥʜʘʨʪ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ). ɹʽʣʴʰʽʩʪʴ ʊɹɼ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʝʞʠʤʽ ʦʯʽʢʫʚʘʥʥʷ. ʁ ʭʦʯʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʢʨʠʪʠʭ ʤʝʨʝʞ ʽ ʟʤʝʥʰʫʻʪʴʩʷ 

ʫ ʚʽʜʩʦʪʢʦʚʦʤʫ ʝʢʚʽʚʘʣʝʥʪʽ, ʘʣʝ ʘʙʩʦʣʶʪʥʘ ʢʽʣʴʢʽʩʪʴ ʟʨʦʩʪʘʻ ʯʝʨʝʟ ʟʨʦʩʪʘʶʯʫ 

ʧʦʧʫʣʷʨʥʽʩʪʴ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʎʴʦʤʫ ʩʧʨʠʷʻ ʚʠʩʦʢʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʨʘʜʽʦʣʽʥʽʡ [64], ʧʦʤʽʪʥʠʡ ʚʥʝʩʦʢ ʫ ʷʢʠʡ ʜʘʶʪʴ ʘʥʪʝʥʠ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʽ 

ʧʨʠʡʤʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ὖ̐̑
̐̆Ͻ̑̆Ȣ̐̕ Ȣ̌̐ Ͻ̑

ϽϽ̈̃
ὖ̐̆ȟ̑     (1.20) 

ʜʝ Gʧʝʨ ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥʠ ʧʝʨʝʜʘʚʘʯʘ; Aʝʬ.ʧʣ.ʧʨ ï ʝʬʝʢʪʠʚʥʘ ʧʣʦʱʘ 

ʘʥʪʝʥʠ ʧʨʠʡʤʘʯʘ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʯʝʨʝʟ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ɚ ʽ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥʠ ʧʨʠʡʤʘʯʘ Gʧʨ 

 ὃ̆ Ȣ̐̕ Ȣ̌̐ ̑
Ͻ̐ ̑
Ƞ (1.21) 

ɖ ï ʢʦʝʬʽʮʽʻʥʪ ʫʟʛʦʜʞʝʥʥʷ ʟʘ ʧʦʣʷʨʠʟʘʮʽʻʶ; ɔ ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʨʽʟʥʝʥʥʷ; Rʟʚ ï 

ʜʘʣʴʥʽʩʪʴ ʟʚôʷʟʢʫ; Pʧʝʨ ï ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ. (ʄʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ ʘʥʪʝʥʠ 

ʦʨʽʻʥʪʦʚʘʥʽ ʤʘʢʩʠʤʫʤʘʤʠ ɼʉ ʦʜʥʘ ʥʘ ʦʜʥʫ). 

ʇʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʠʣʝʥʥʽ ʘʥʪʝʥʠ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʙʽʣʴʰʝʥʥʷʤ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʚʥʦʤʽʨʥʠʭ ʘʤʧʣʽʪʫʜ ʨʦʟʧʦʜʽʣʽʚ ʩʪʨʫʤʽʚ. 

ʑʦʧʨʘʚʜʘ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʨʷʤʦʚʘʥʠʭ ʘʥʪʝʥ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ 

ʝʥʝʨʛʽʷ ʧʦʣʷ ʟʘ ʤʝʞʘʤʠ ʙʫʜʽʚʝʣʴ ʙʫʜʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʥʦʨʤʠ, ʚʩʪʘʥʦʚʣʝʥʽ 

ʟʘʢʦʥʦʜʘʚʯʦ [62]. ʊʘʢʦʞ ʟ ʦʛʣʷʜʫ ʥʘ ʨʝʟʦʣʶʮʽʶ ʇʘʨʣʘʤʝʥʪʩʴʢʘ ʘʩʘʤʙʣʝʷ ʈʘʜʠ 

ɭʚʨʦʧʠ ʱʦʜʦ ʚʧʣʠʚʫ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ 

[14], ʧʦʩʪʘʻ ʟʘʚʜʘʥʥʷ ʧʦ ʟʤʝʥʰʝʥʥʶ ʥʝʩʧʨʷʤʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʜʘʚʘʯʽʚ ʟʽ ʟʥʠʞʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. ʄʽʞ ʪʠʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʪʦ 

ʩʧʨʷʤʦʚʘʥʠʭ ʘʥʪʝʥ ʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʚʩʪʫʧʘʻ ʫ ʧʨʦʪʠʨʽʯʯʷ ʟ 

ʦʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʪʘʢʠʭ ʩʠʩʪʝʤ: ʟʘʙʝʟʧʝʯʠʪʠ ʟʚôʷʟʦʢ ʽʟ ʟʘʜʘʥʦʶ ʢʽʣʴʢʽʩʪʶ 
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ʘʙʦʥʝʥʪʩʴʢʠʭ ʪʝʨʤʽʥʘʣʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʘʟʠʤʫʪʘʣʴʥʦʛʦ (ʽ ʯʘʩʪʢʦʚʦ ʢʫʪʦʤʽʩʥʦʛʦ) 

ʨʦʟʪʘʰʫʚʘʥʥʷ, ʱʦ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʩʧʨʷʤʦʚʘʥʦʾ ʘʥʪʝʥʠ ʽ ʧʦʟʙʘʚʣʷʻ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʨʽʻʥʪʫʚʘʪʠ ʟʘ ʢʫʪʘʤʠ ʘʙʦʥʝʥʪʩʴʢʝ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʝʚʥʠʤ ʢʨʦʢʦʤ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʴʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ 

ʬʦʢʫʩʫʶʯʦʾ ʣʽʥʟʠ, ʷʢʘ ʙʫʜʝ ʚʠʨʽʚʥʶʚʘʪʠ ʬʨʦʥʪ ʭʚʠʣʽ, ʟʙʽʣʴʰʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ 

ʱʽʣʴʥʽʩʪʴ ʧʦʪʦʢʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʚ ʧʝʚʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʝ 

ʧʦʪʨʝʙʫʻ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʟʤʽʥʠ ʽʩʥʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʣʽʥʟʘ ʻ ʘʚʪʦʥʦʤʥʠʤ 

ʜʦʧʦʚʥʝʥʥʷʤ. ʇʝʨʝʚʘʛʫ ʜʦʮʽʣʴʥʦ ʚʽʜʜʘʪʠ ʧʨʠʩʢʦʨʶʶʯʽʡ ʣʽʥʟʽ (ʇʃ), ʷʢʘ ʣʝʛʢʘ ʽ ʧʨʦʩʪʘ 

ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʫʧʦʚʽʣʴʥʶʶʯʦʶ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʇʃ ʤʦʞʝ ʟʘʩʪʦʩʫʚʘʪʠ 

ʘʙʦʥʝʥʪ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʭʦʜʽ ʩʚʦʛʦ ʧʨʠʡʤʘʯʘ 

ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʰʫʤʦʚʦʛʦ ʬʦʥʫ ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ (1.20). ɸʙʦʥʝʥʪʫ ʣʠʰʝ ʧʦʪʨʽʙʥʦ ʟʦʨʽʻʥʪʫʚʘʪʠ ʫ ʥʘʧʨʷʤʢʫ ʊɹɼ 

ʩʠʩʪʝʤʫ: ʰʪʘʪʥʘ ʘʥʪʝʥʘ ʟ ʇʃ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʇʃ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʫ ʩʢʣʘʜʽ ʊɹɼ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʟʚôʷʟʢʫ ʟ ʦʢʨʝʤʠʤ ʘʙʦʥʝʥʪʦʤ ʟʘ ʨʘʭʫʥʦʢ ʬʦʢʫʩʫʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʡʦʛʦ 

ʥʘʧʨʷʤʢʫ (ʥʘʧʨʠʢʣʘʜ, ʫ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ ʜʣʷ ʧʦʢʨʠʪʪʷ ʚʽʜʜʘʣʝʥʠʭ ʘʙʦ ʚʘʞʢʦ 

ʜʦʩʪʫʧʥʠʭ ʯʘʩʪʠʥ ʙʫʜʽʚʣʽ). ɿʚʠʯʘʡʥʦ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʦʞ ʧʦʪʨʽʙʥʦ ʦʨʽʻʥʪʫʚʘʪʠ 

ʇʃ ʚ ʥʝʦʙʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʘʣʝ ʚ ʪʝʦʨʝʪʠʢʦ-ʧʨʠʢʣʘʜʥʦʤʫ ʧʣʘʥʽ ʫ ʮʽʡ ʩʠʪʫʘʮʽʾ 

ʛʦʩʪʨʽʰʝ ʧʦʩʪʘʻ ʧʦʪʨʝʙʘ ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʧʣʠʚʫ ʇʃ ʥʘ ɼʉ ʘʥʪʝʥʠ, ʪʦʙʪʦ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ɼʉ ʩʠʩʪʝʤʠ ʽʟ ʰʪʘʪʥʦʾ ʘʥʪʝʥʠ ʊɹɼ ʽ ʇʃ. ʅʠʞʯʝ ʧʨʠʚʝʜʝʥʽ ʜʝʷʢʽ 

ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʃ ʚ 

ʟʘʟʥʘʯʝʥʠʡ ʚʠʱʝ ʫʤʦʚʘʭ. 

ʅʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʝʢʽʣʴʢʘ ʰʣʷʭʽʚ ʨʦʟʚʠʪʢʫ ʇʃ: 

ʚʠʙʽʨ ʽ ʘʜʘʧʪʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ [66]; 

ʚʠʷʚʣʝʥʥʷ ʽ ʫʩʫʥʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʥʝʜʦʣʽʢʽʚ [67]; 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ ʘʙʦ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʩʠʩʪʝʤ [68]; 

ʫʟʛʦʜʞʝʥʥʷ ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʠʡʤʘʯʘ ʟʘ ʥʘʧʨʷʤʢʦʤ ʛʦʣʦʚʥʦʛʦ 

ʧʝʣʶʩʪʢʘ, ʧʦʣʷʨʠʟʘʮʽʻʶ ʪʦʱʦ [69]. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

ɺ ʋʢʨʘʾʥʽ ʪʘ ʚʩʴʦʤʫ ʩʚʽʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ Wi-Fi ʤʝʨʝʞ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ 

ʟʘʢʦʥʦʜʘʚʯʠʭ ʽʥʽʮʽʘʪʠʚʘʭ. ɿ ʧʦʜʘʣʴʰʠʤ ʧʦʚʩʶʜʥʠʤ ʧʝʨʝʭʦʜʦʤ ʥʘ ʩʪʘʥʜʘʨʪ 802.11n ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ 300 ʄʙʽʪ/ʩ ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʪʨʽʤʢʠʡ ʧʝʨʝʭʽʜ 

ʧʨʦʚʘʡʜʝʨʽʚ ʥʘ ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʪʦʜʠ ʥʘʜʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ. ʈʘʟʦʤ ʟ ʪʠʤ, 

ʧʦʰʠʨʝʥʽʩʪʴ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʥʘʚʽʪʴ ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯʽ ʧʨʘʮʶʶʪʴ ʟʘ 

ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʨʦʙʦʯʠʤʠ ʩʪʘʥʮʽʷʤʠ, ʘʣʝ ʚ ʤʝʨʝʞʫ ʚʭʦʜʠʪʴ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʝʛʤʝʥʪʽʚ ʪʘ ʥʝʩʧʨʦʤʦʞʥʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʧʨʦʪʠʜʽʷʪʠ 

ʩʪʦʨʦʥʥʴʦʤʫ ʢʽʙʝʨʥʝʪʠʯʥʦʤʫ ʚʧʣʠʚʫ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʧʦ-ʧʝʨʰʝ, ʚʠʤʘʛʘʻ ʟʘʭʠʩʪʫ ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʽ ʚʽʜʜʘʣʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʡ, ʧʦ-ʜʨʫʛʝ, ʩʪʘʚʠʪʴ ʧʽʜ ʟʘʛʨʦʟʫ ʽʥʬʦʨʤʘʮʽʶ, ʪʘ ʚʣʘʩʥʝ 

ʩʘʤʽ ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ ʚ ʷʢʠʭ ʽʥʬʦʨʤʘʮʽʾ ʮʠʨʢʫʣʶʻ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʽʩʥʫʶʯʠʭ ʪʠʧʽʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ (ʜʦʤʘʰʥʽʭ, 

ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʽ ʢʦʨʧʦʨʘʪʠʚʥʠʭ) ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ ʷʢ ʚʣʘʩʥʘ ʤʦʜʝʣʴ ʟʘʛʨʦʟ, ʪʘʢ ʽ 

ʚʣʘʩʥʝ ʜʝʨʝʚʦ ʘʪʘʢ. ɼʝʨʝʚʘ ʘʪʘʢ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ ʊɹɼ-ʧʨʠʤʘʥʢʘʤʠ (AP Honeypots), 

ʩʧʝʮʽʘʣʴʥʠʤ ʩʢʘʥʫʶʯʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʘ ʪʘʢʦʞ SSL ʽ SSH ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʩʚʦʻʯʘʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʘʪʝʛʦʨʽʾ ʥʘʧʘʜʫ ʥʘ ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʘʢʝ, ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʧʝʚʥʠʭ ʧʨʘʚʠʣ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ 

ʞʠʚʫʯʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʠʡʦʤʫ ʽ/ʘʙʦ ʨʦʟʰʠʨʝʥʥʷ ʟʦʥʠ ʧʦʢʨʠʪʪʷ, ʘ 

ʩʘʤʝ: 

1) ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʽʨʪʫʘʣʴʥʽ ʢʘʥʘʣʠ, 802.1X, RADIUS-ʩʝʨʚʝʨʠ ʽ ʤʝʨʝʞʝʚʽ 

ʝʢʨʘʥʠ; 

2) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʧʨʠʩʢʦʨʶʶʯʫ ʤʝʪʘʣʦʧʣʘʩʪʠʥʯʘʩʪʫ 

ʮʠʣʽʥʜʨʠʯʥʫ ʣʽʥʟʫ [63ï65]; 

3) ʧʨʦʚʦʜʠʪʠ ʧʣʘʥʦʚʝ ʦʥʦʚʣʝʥʥʷ ʇɿ ʽ ʤʽʢʨʦʧʨʦʛʨʘʤ ʤʝʨʝʞʝʚʦʛʦ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ; 

4) ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ (ʧʦ ʤʦʞʣʠʚʦʩʪʽ) DHCP-ʩʝʨʚʝʨʠ ʽ ʩʪʘʥʜʘʨʪʥʽ ʟʘʩʦʙʠ 

ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. 

ʎʝ ʜʦʟʚʦʣʠʪʴ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʘ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʟʽʩʪʘʚʥʦʶ ʟ ʰʠʨʠʥʦʶ ʧʽʜʢʘʥʘʣʽʚ, ʦʧʝʨʘʪʠʚʥʦ ʟʙʠʨʘʪʠ ʜʘʥʽ (ʜʣʷ ʮʴʦʛʦ ʟ ʤʝʪʦʶ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʚʥʦʛʦ ʢʘʥʘʣʫ ʜʦʩʪʘʪʥʴʦ ʥʝ ʙʽʣʴʰʝ 1 ʭʚ.) ʪʘ ʦʧʝʨʘʪʠʚʥʦ ʧʨʦʪʠʜʽʷʪʠ 
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ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʜʚʘ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʠ ʨʽʰʝʥʴ: ʧʨʦʚʦʜʠʪʠ ʧʝʨʝʚʽʨʢʫ ʫ ʧʝʚʥʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ ʜʣʷ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʩʝʘʥʩʫ ʘʙʦ ʚʠʙʠʨʘʪʠ ʯʘʩʪʦʪʠ ʩʪʘʮʽʦʥʘʨʥʦʾ ʊɹɼ. ɰʭ 
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ʊɽʍʅʆʃʆɻɯɰ ɿɸɹɽɿʇɽʏɽʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʊɸ ʌʋʅʂʎɯʆʅɸʃʔʅʆɰ 

ɹɽɿʇɽʂʀ ɹɽɿʇʈʆɺʆɼʆɺʆɰ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ 

ʈʦʟʚʠʪʦʢ ʽ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʩʪʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʧʨʠʩʪʨʦʾʚ. ʇʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʚʝʜʝ ʜʦ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʤʝʨʝʞ ʦʜʥʘ ʥʘ ʦʜʥʫ, ʘ 

ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʦʙʤʝʞʝʥʦʤʫ ʯʘʩʪʦʪʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ï ʜʦ ʤʽʞʢʘʥʘʣʴʥʦʾ ʽ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʪʝʨʬʝʨʝʥʮʽʾ. ʎʝ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ 

ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʢʘʥʘʣʽʚ ʽ ʥʘʚʽʪʴ ʥʘ ʾʭ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʚ 

ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʥʘ ʩʪʫʧʝʥʴ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʚʽʜ ʧʨʦʷʚʽʚ ʩʪʦʨʦʥʥʴʦʛʦ 

ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʚʧʣʠʚʫ. 

2.1. ʄʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ 

ʅʘ ʩʪʘʥ ʙʝʟʧʝʢʠ ʩʠʩʪʝʤ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʟʚôʷʟʢʫ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ, ʚ ʨʘʟʽ ʧʦʪʨʝʙʠ, ʷʢ ʊɹɼ (ʥʘʧʨʠʢʣʘʜ, ʤʦʜʫʣʽ ʩʽʤʝʡʩʪʚʘ ESP8266 ʪʘ 

ESP32). ɿ ʜʠʥʘʤʽʢʦʶ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʊɹɼ ʽ ʾʭ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʦʶ ʢʽʣʴʢʽʩʪʶ 

ʚ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ (ʥʘ ʨʠʩ. 2.1 ʪʝʦʨʝʪʠʯʥʘ ʢʨʠʚʘ ʧʦʢʘʟʘʥʘ ʰʪʨʠʭʦʚʠʤ 

ʧʫʥʢʪʠʨʦʤ, ʘ ʨʝʘʣʴʥʘ ï ʩʫʮʽʣʴʥʦʶ ʣʽʥʽʻʶ) ʤʦʞʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʟ 2001 ʧʦ 2016 ʨʦʢʠ, ʱʦ ʙʫʣʠ ʟʽʙʨʘʥʽ ʪʘ ʦʧʨʠʣʶʜʥʝʥʽ 

ʢʦʤʧʘʥʽʻʶ Wireless Geographic Logging Engine [1]. 

 

ʈʠʩ. 2.1. ɿʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʊɹɼ 
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ʇʨʦʮʝʩ ʨʦʩʪʫ ʢʽʣʴʢʦʩʪʽ ʊɹɼ ʥʘ ʢʽʥʝʮʴ ʢʦʞʥʦʛʦ ʨʦʢʫ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ 

ʩʪʫʧʝʥʝʚʦʶ ʬʫʥʢʮʽʻʶ: 

 ὔὣ ὣ ςπππȟ στυπȟ (2.1) 

ʜʝ Y ï ʦʙʣʽʢʦʚʠʡ ʨʽʢ. ɽʢʩʪʨʘʧʦʣʶʶʯʠ ʛʨʘʬʽʢ, ʪʘʢ ʜʦ ʧʦʯʘʪʢʫ 2018 ʨʦʢʫ ʩʣʽʜ 

ʦʯʽʢʫʚʘʪʠ ʤʘʡʞʝ 400 ʤʣʥ ʊɹɼ. 

ʊʘʢʠʡ ʩʪʘʥ ʩʧʨʘʚ ʤʦʞʝ ʢʽʥʝʮʴ-ʢʽʥʮʝʤ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʨʦʟʧʦʜʽʣ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʫ, ʚʨʝʛʫʣʶʚʘʪʠ ʷʢʽ ʘʥʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ 

ʧʣʘʥʫʚʘʥʥʷʤ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘʥʽ ʨʝʛʫʣʷʪʦʨʥʠʤ ʤʦʥʽʪʦʨʠʥʛʦʤ ʪʘ 

ʘʜʘʧʪʘʮʽʻʶ ʩʠʩʪʝʤ ʚʨʫʯʥʫ, ʘʥʽ ʚʚʝʜʝʥʥʷʤ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘ 

ʨʽʚʥʽ ʧʨʦʪʦʢʦʣʽʚ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʘʚʪʦʢʦʨʝʛʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʧʨʠʡʤʘʣʴʥʦʛʦ ʪʨʘʢʪʫ, 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ 

ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʩʠʩʪʝʤʠ, ï ʟʨʦʙʠʪʠ ʙʫʜʝ ʧʨʦʩʪʦ ʥʝʤʦʞʣʠʚʦ. 

2.1.1. ʄʝʪʦʜ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʢʚʘʜʨʘʪʫʨʥʦʾ ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ 

ʇʨʷʤʦʢʫʪʥʘ ʢʚʘʜʨʘʪʫʨʥʘ ʘʤʧʣʽʪʫʜʥʘ ʤʦʜʫʣʷʮʽʷ ʥʝ ʻ ʝʥʝʨʛʝʪʠʯʥʦ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʢʦʜʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ 2k-ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʘʣʝ ʚʦʥʘ ʦʪʨʠʤʘʣʘ 

ʧʦʰʠʨʝʥʥʷ ʯʝʨʝʟ ʚʽʜʥʦʩʥʫ ʧʨʦʩʪʦʪʫ ʨʝʘʣʽʟʘʮʽʾ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧʨʠʡʥʷʪʘ ʫ 

ʩʪʘʥʜʘʨʪʘʭ IEEE 802.11a ʽ 802.16 (Wi-Fi ʽ WiMAX). ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʰʣʷʭʽʚ 

ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʢʘʥʘʣʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʦʜʥʽʡ ʯʘʩʪʦʪʥʽʡ ʩʤʫʟʽ: 

ʤʘʢʩʠʤʘʣʴʥʝ ʨʦʟʥʝʩʝʥʥʷ ʥʝʩʫʯʠʭ ʯʘʩʪʦʪ ʘʙʦ ʤʝʨʝʞ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʨʘʚʣʝʥʠʭ 

ʘʥʪʝʥ ʽ ʢʦʜʽʚ ʟʛʦʨʪʢʠ. ɺʩʽ ʮʽ ʤʝʪʦʜʠ ʥʝ ʚʠʨʽʰʫʶʪʴ ʛʦʣʦʚʥʦʾ ʧʨʦʙʣʝʤʠ ʥʝʚʽʨʥʦ 

ʧʝʨʝʜʘʥʠʭ ʩʣʽʚ (ʜʣʷ 2k-QAM ʢʦʞʥʝ ʩʣʦʚʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ k ʙʽʪʽʚ), ʘ ʣʠʰʝ ʟʤʝʥʰʫʶʪʴ 

ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ (symbol error rate, SER). 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʤʫʛʠ ʯʘʩʪʦʪ ʧʦʪʨʽʙʥʦ ʤʦʜʠʬʽʢʫʚʘʪʠ ʽʩʥʫʶʯʫ 

ʧʨʷʤʦʢʫʪʥʫ ʢʚʘʜʨʘʪʫʨʥʫ ʘʤʧʣʽʪʫʜʥʫ ʤʦʜʫʣʷʮʽʶ ʟʘ ʧʨʦʩʪʠʤʠ ʧʨʘʚʠʣʘʤʠ ʽ ʜʦʩʷʛʪʠ 

ʥʘʡʙʽʣʴʰʦʾ ʝʚʢʣʽʜʦʚʦʾ ʤʝʪʨʠʢʠ (ʜʠʩʪʘʥʮʽʾ) ʤʽʞ ʙʘʟʦʚʠʤ ʽ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʚʝʢʪʦʨʘʤ 

(ʜʦʚʞʠʥʘ ʚʝʢʪʦʨʫ ʧʦʤʠʣʢʠ). 

ɼʣʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʠʡʤʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʣʫʞʙʦʚʽ 

ʧʽʜʢʘʥʘʣʠ, ʥʘ ʷʢʠʭ ʤʦʞʥʘ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʾ ʽ ʧʨʦ ʚʠʜ ʚʝʢʪʦʨʫ: ʙʘʟʦʚʠʡ ʘʙʦ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ. ʂʦʞʥʠʡ ʚʠʜ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʥʝʩʝʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ, ʽ ʪʽʣʴʢʠ ʚ ʪʘʢʦʤʫ 
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ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʤʦʞʣʠʚʝ ʜʣʷ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʜʣʷ ʙʝʟʧʨʦʚʽʜʥʠʭ ʤʝʨʝʞ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʤʦʜʠʬʽʢʘʮʽʾ ʙʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʢʦʤʧʣʝʢʩʥʠʭ 

ʚʝʢʪʦʨʽʚ ʧʽʜʢʘʥʘʣʽʚ. ɺ ʷʢʦʩʪʽ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ 

ʝʚʢʣʽʜʦʚʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʚʩʝʨʝʜʠʥʽ ʚʝʢʪʦʨʥʦʛʦ ʙʘʟʦʚʦʛʦ ʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʧʨʦʩʪʦʨʫ. ɺʝʢʪʦʨ ʟʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

 Ὑ ὗ ὭϽὍȟ (2.2) 

ʜʝ Q ï ʜʽʡʩʥʘ ʢʦʦʨʜʠʥʘʪʘ, ʘ I ï ʫʷʚʥʘ. 

ɼʣʷ ʙʘʟʦʚʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʝʢʪʦʨʘʤʠ 

ʩʪʘʥʦʚʠʪʴ ὶ̃̎ ςȟπππ ʜʣʷ ʚʝʢʪʦʨʥʠʭ ʧʨʦʩʪʦʨʽʚ, ʷʢʽ ʩʪʘʥʜʘʨʪʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ 2k-QAM, ʘ ʟʦʚʥʽʰʥʷ ï ὶ̈̏̃̎πȟπππ. ʊʦʤʫ ʚʽʜʜʘʣʝʥʥʷ ʩʢʣʘʜʘʻ: 

 Ў̎ ̏̍ ὶ̃̎ ὶ̈̏̃̎ςȟπππȟ (2.3) 

ʱʦ ʦʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʧʝʨʝʢʨʠʪʪʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʚʦʭ ʩʠʩʪʝʤ ʟ ʙʘʟʦʚʠʤ 

ʚʝʢʪʦʨʥʠʤ ʧʨʦʩʪʦʨʦʤ. ʏʠʤ ʤʝʥʰʝ ʚʽʜʜʘʣʝʥʥʷ, ʪʠʤ ʩʪʘʙʽʣʴʥʽʰʝ ʙʫʜʫʪʴ ʧʨʘʮʶʚʘʪʠ 

ʦʙʠʜʚʽ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʥʦʨʤʫʚʘʥʥʷ (scaling 

factor) ʜʣʷ ʥʦʨʤʘʣʽʟʘʮʽʾ ʩʝʨʝʜʥʴʦʾ ʝʥʝʨʛʽʾ ʜʦ ʦʜʠʥʠʮʽ (ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʦʙʝʨʥʝʥʠʡ ʟʘʧʠʩ ʢʦʝʬʽʮʽʻʥʪʘ ʥʦʨʤʫʚʘʥʥʷ). ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʚʢʘʟʫʻ ʥʘ ʝʥʝʨʛʝʪʠʯʥʫ 

ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʯʠʤ ʢʦʝʬʽʮʽʻʥʪ ʤʝʥʰʠʡ, ʪʠʤ ʦʧʪʠʤʘʣʴʥʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʥʝʨʛʽʷ ʩʠʛʥʘʣʫ. ʇʦʨʽʚʥʶʚʘʪʠ ʤʦʞʥʘ ʣʠʰʝ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʚʠʜʫ ʤʦʜʫʣʷʮʽʾ. 

ɹʘʟʦʚʠʡ ʚʝʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ ʤʦʞʥʘ ʦʧʠʩʘʪʠ Ὑ ςά ρ  ςά ρὭ, 

άᶰὤ, άᶰρȟὥ, ʜʝ ὥ Ѝς
ς ς  ï ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ, ʷʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʨʦʝʢʮʽʷ ʢʦʞʥʦʾ ʘʤʧʣʽʪʫʜʠ ʚʝʢʪʦʨʫ ʥʘ ʜʽʡʩʥʫ ʽ ʫʷʚʥʫ ʚʽʩʽ, ʷʢʘ ʟ ʬʽʟʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʣʦʚʠʥʫ ʩʪʦʨʦʥʠ ʢʚʘʜʨʘʪʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ. 

ɼʣʷ ʙʘʟʦʚʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʢʦʝʬʽʮʽʻʥʪ ʥʦʨʤʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ [2,3] (ʪʘʢ 

ʷʢ ʩʝʨʝʜʥʷ ʝʥʝʨʛʽʷ ʜʽʡʩʥʦʾ ʽ ʫʷʚʥʦʾ ʧʨʦʝʢʮʽʡ ʦʜʥʘʢʦʚʘ ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʪʦ ʫʷʚʥʘ ʯʘʩʪʠʥʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʜʽʡʩʥʽʡ): 
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Ὧ Ὁ̒ ̆ȿ̑Ὑȿ Ὁ̒ ̆2̑ÅȿὙȿ Ὁ̒ ̆)̑ÍȿὙȿ ςὉ̒ ̆2̑ÅȿὙȿ

ςϽВ ςά ρ ςϽϽϽὥϽτὥ ρ Ͻ Ͻτὥ ρ

Ͻ
Ͻ

ϽτϽς Ͻ ρ ς ρȟ

 (2.4) 

ʜʝ ὲ ς
τ ς  ï ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʚ ʢʦʞʥʦʤʫ ʢʚʘʜʨʘʥʪʽ; ʪʘʙʣʠʯʥʘ ʩʫʤʘ ʩʪʫʧʝʥʽʚ 

ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ ʻ В ςά ρ ϽὥϽτὥ ρ [4]. 

ʊʦʜʽ ʜʣʷ ʜʚʦʭ ʚʠʜʽʚ ʤʦʜʫʣʷʮʽʾ ʤʘʻʤʦ Ὧ Ѝρπ σȟρφς  

ʽ Ὧ Ѝτς φȟτψρ. 

ʅʘʡʧʨʦʩʪʽʰʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʪʨʠʤʫʻʪʴʩʷ ʦʙʝʨʪʘʥʥʷʤ ʙʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘ 45Á 

(ʜʠʚ. ʨʠʩ. 2.2ʘ ʜʣʷ 16-QAM, ʢʚʘʜʨʘʪʘʤʠ ʚʢʘʟʘʥʦ ʙʘʟʦʚʠʡ ʚʝʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ, ʘ 

ʨʦʤʙʘʤʠ ï ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʷ), ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʩʠʩʪʝʤʦʶ: 

 
ὗ ὗ ὍÃÏÓ‌ ȟ

Ὅ ὗ ὍÓÉÎ‌ ȟ
 (2.5) 

ʜʝ ὗȟὍ  ï ʧʦʯʘʪʢʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʫ; ÔÇ‌  ʜʣʷ ‌ ςʌ (ʟʥʘʢ ç+è ʦʟʥʘʯʘʻ 

ʦʙʝʨʪʘʥʥʷ ʧʨʦʪʠ, ʘ çïè ï ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ). 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ 

ὶ̃̎ ςȟπππ, ʟʦʚʥʽʰʥʷ ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʜʣʷ 16-QAM ï ὶ̈̏̃̎  

ςρπχЍς πȟττψ, ʘ ʜʣʷ 64-QAM ï ὶ̈̏̃̎ ςυψτρЍς πȟρψφ. 

ʊʦʙʪʦ Ў̏ ̂ ρȟυυς ʽ Ў̏ ̂ ρȟψρτ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʯʘʩʪʢʦʚʝ ʧʝʨʝʪʠʥʘʥʥʷ 

ʚʝʢʪʦʨʥʠʭ ʧʨʦʩʪʦʨʽʚ. ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʟʤʽʥʶʻʪʴʩʷ ʣʠʰʝ ʧʦʣʷʨʠʟʘʮʽʷ ʚʝʢʪʦʨʥʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʘ ʢʦʝʬʽʮʽʻʥʪ ʥʦʨʤʫʚʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʢʠʤ ʩʘʤʠʤ, ʷʢ ʽ ʫ ʙʘʟʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ. 
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ʈʠʩ. 2.2. ʄʦʜʠʬʽʢʘʮʽʷ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ 16-QAM: ʦʙʝʨʪʘʥʥʷ ʥʘ 45Á (ʘ);  

ʟʤʽʱʝʥʥʷ ʧʨʦʪʠ (ʙ) ʪʘ ʟʘ (ʚ) ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ; ʥʦʨʤʘʣʴʥʝ (ʛ) ʪʘ ʢʦʤʧʘʢʪʥʝ (ʜ) 

ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ; ʦʙʝʨʪʘʥʥʷ ʛʨʫʧʠ ʥʘ 45Á (ʝ) 

ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʩʠʤʝʪʨʽʶ ʚ ʢʦʞʥʦʤʫ ʽʟ ʢʚʘʜʨʘʥʪʽʚ ʙʫʣʦ ʟʙʝʨʝʞʝʥʦ, ʘʣʝ 

ʷʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʩʠʤʝʪʨʽʻʶ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʚʘ ʧʝʨʝʪʚʦʨʝʥʥʷ: ʟʤʽʱʝʥʥʷ ʧʨʦʪʠ ʽ 

ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ (ʜʠʚ. ʨʠʩ. 2.2ʙ ʽ 2.2ʚ, ʢʚʘʜʨʘʪʘʤʠ ʚʢʘʟʘʥʦ ʙʘʟʦʚʠʡ 

ʚʝʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ, ʘ ʪʨʠʢʫʪʥʠʢʘʤʠ ï ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʷ). ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʢʚʘʜʨʘʥʪʽʚ 

ʧʨʠ ʟʤʽʱʝʥʽ (ʧʝʨʰʠʡ ʟʥʘʢ ʫ ʚʽʜʧʦʚʽʜʘʻ ʟʤʽʱʝʥʥʶ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ, ʘ 

ʜʨʫʛʠʡ ï ʟʘ) ʤʘʻʤʦ ʩʫʢʫʧʥʽʩʪʴ ʚʠʜʫ: 

 

)
))
)))
)6ụ
Ụ
Ụ
ợ
Ὑ Ὑ ρᴜ Ὥȟ

Ὑ Ὑ ρᴜᴜ Ὥȟ

Ὑ Ὑ ρᴜ Ὥȟ

Ὑ Ὑ ρ ὭȢ

 (2.6) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʥʦʨʤʫʚʘʥʥʷ ʧʨʠʚʝʜʝʤʦ ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʽʚ ʜʣʷ 

ʧʝʨʰʦʛʦ ʢʚʘʜʨʘʥʪʘ (ʜʣʷ ʟʤʽʱʝʥʥʷ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ, ʘʣʝ ʜʣʷ ʦʙʦʭ 

ʚʘʨʽʘʥʪʽʚ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʜʥʘʢʦʚʽ): 
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ρφ1!-ȡςὭȠτὭȠς ςὭȠς τὭȠ

φτ1!-ȡ

ςὭȠτὭȠφὭȠψὭ
ς ςὭȠς τὭȠς φὭȠς ψὭ
τ ςὭȠτ τὭȠτ φὭȠτ ψὭ
φ ςὭȠφ τὭȠφ φὭȠφ ψὭ

ȟ
 (2.7) 

ʊʦʜʽ ʟ (2.4) ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʥʦʨʤʫʚʘʥʥʷ: 

 

Ὧ ̈̍ ς τ ς ς ς τ ςЍσ σȟτφτȟ

Ὧ ̈ ̍ ψϽς ψϽτ ψϽφ τϽψ ςЍρρ φȟφσσȢ

 (2.8) 

ɸʥʘʣʦʛʽʯʥʦ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʩʠʤʝʪʨʽʾ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ 

ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ (ʜʠʚ. ʨʠʩ. 2.2ʛ) ʟʘ ʧʨʘʚʠʣʦʤ: 

 

)
))
)))
)6ụ
Ụ
Ụ
ợ
Ὑ Ὑ ρ Ὥȟ

Ὑ Ὑ ρ Ὥȟ

Ὑ Ὑ ρ Ὥȟ

Ὑ Ὑ ρ ὭȢ

 (2.9) 

ɼʣʷ ʚʩʽʭ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʩʪʘʥʦʚʠʪʴ  

ὶ̃̎ ςȟπππ, ʘ ʟʦʚʥʽʰʥʷ ï ὶ̈̏̃̎Ѝς ρȟτρτ. ɺʽʜʜʘʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ  

Ў̈ ̍ πȟυψφЎ̏ ̂ Ў̏ ̂ Ў̎ ̏,̍ ʱʦ ʥʘʙʘʛʘʪʦ ʢʨʘʱʝ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ 

ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ. 

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʟʤʽʱʝʥʴ ʧʨʦʪʠ ʽ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪʠ ʥʦʨʤʫʚʘʥʥʷ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʮʝʥʪʨʫ. ʂʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʽʚ ʜʣʷ ʧʝʨʰʦʛʦ 

ʢʚʘʜʨʘʥʪʘ: 

 

ρφ1!-ȡς ςὭȠς τὭȠτ ςὭȠτ τὭȠ

φτ1!-ȡ

ς ςὭȠς τὭȠς φὭȠς ψὭ
τ ςὭȠτ τὭȠτ φὭȠτ ψὭ
φ ςὭȠφ τὭȠφ φὭȠφ ψὭ
ψ ςὭȠψ τὭȠψ φὭȠψ ψὭ

ȟ
 (2.10) 

ʊʦʜʽ ʟ (2.4) ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʥʦʨʤʫʚʘʥʥʷ: 

 

Ὧ ̨̃̅ τϽς τϽτ ςЍυ τȟτχςȟ

Ὧ ̨̃̅ ψϽς ψϽτ ψϽφ ψϽψ ςЍρυ χȟχτφȢ

 (2.11) 
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ʂʨʽʤ ʧʨʦʩʪʦʛʦ ʟʤʽʱʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧʘʢʪʥʽ ʤʦʜʠʬʽʢʘʮʽʾ 

ʟʤʽʱʝʥʥʷ, ʧʨʠʢʣʘʜ ʷʢʦʛʦ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2.2ʜ, ʘʣʝ ʚʦʥʠ ʩʢʣʘʜʥʽ ʚ ʨʝʘʣʽʟʘʮʽʾ. 

ʂʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʽʚ ʜʣʷ ʧʝʨʰʦʛʦ ʢʚʘʜʨʘʥʪʘ ʢʦʤʧʘʢʪʥʦʛʦ ʚʽʜʜʘʣʝʥʥʷ: 

 

ρφ1!-ȡςὭȠτὭȠς ςὭȠτ τὭȠ

φτ1!-ȡ

ừ
Ử
Ừ

Ử
ứ

ςὭȠτὭȠφὭȠψὭ
ς ςὭȠς τὭȠς φὭ

τ ςὭȠτ τὭȠτ φὭȠτ ψὭ
φ ςὭȠφ τὭȠφ φὭ
ψ φὭȠψ ψὭ ữ

Ử
Ữ

Ử
ử

ȟ
 (2.12) 

ʊʦʜʽ ʟ (2.4) ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʥʦʨʤʫʚʘʥʥʷ: 

 

Ὧ ̨̃Ȣ̅̋̏̍̐ σϽς σϽτ Ѝρυ σȟψχσȟ

Ὧ ̨̃Ȣ̅̋̏̍̐ χϽς ωϽτ χϽφ υϽψ φȟψρωȢ

 (2.13) 

ɸʣʝ ʚ ʢʦʞʥʦʤʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʪʨʽʙʥʝ ʟʙʽʣʴʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʘʤʧʣʽʪʫʜʠ ʦʢʨʝʤʠʭ ʚʝʢʪʦʨʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʤʘʻ ʥʘʚʽʪʴ ʤʝʥʰʫ ʤʘʢʩʠʤʘʣʴʥʫ 

ʘʤʧʣʽʪʫʜʫ (ʥʘ χЍς ςσχφЍς πȟσφρ), ʟʘʣʠʰʘʻʪʴʩʷ ʩʠʤʝʪʨʠʯʥʦʶ ʽ ʥʝ 

ʧʦʪʨʝʙʫʻ ʩʢʣʘʜʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʊʘʢ ʷʢ ʙʘʟʦʚʠʡ ʚʝʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʢʚʘʜʨʘʪʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʦ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ʤʦʞʥʘ ʦʙʝʨʪʘʪʠ ʥʘ 45Á ʦʢʨʝʤʦ ʚʽʜ ʽʥʰʠʭ 

(ʜʠʚ. ʨʠʩ. 2.2e, ʢʚʘʜʨʘʪʘʤʠ ʚʢʘʟʘʥʦ ʙʘʟʦʚʠʡ ʚʝʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ, ʘ ʨʦʤʙʘʤʠ ï ʡʦʛʦ 

ʤʦʜʠʬʽʢʘʮʽʷ). ʈʽʚʥʷʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 

 
ὗ ὗ̗ ὶϽÃÏÓ‌ ȟ

Ὅ Ὅ̗ ὶϽÓÉÎ‌ ȟ
 (2.14) 

ʜʝ ὗ̗ȟὍ̗  ʽ ὗȟὍ  ï ʮʝʥʪʨ ʦʙʝʨʪʘʥʥʷ ʽ ʧʦʯʘʪʢʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʫ, ÔÇ‌ ̗

̗
 

ʜʣʷ ‌ ςʌ, ὶ Ѝς ï ʨʘʜʽʫʩ ʦʙʝʨʪʘʥʥʷ (ʟʥʘʢ ç+è ʦʟʥʘʯʘʻ ʦʙʝʨʪʘʥʥʷ ʧʨʦʪʠ, ʘ çïè ï 

ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ). 

ɼʣʷ ʚʩʽʭ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʩʪʘʥʦʚʠʪʴ  

ὶ̃̎ ςς Ѝς ρȟρχς, ʘ ʟʦʚʥʽʰʥʷ ï ὶ̈̏̃̎Ѝὶ̃̎ ςς Ѝς ρȟπψς. 
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ɺʽʜʜʘʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ Ў̏ Ȣ̂̄ ̑ πȟπωπЎ̈ ̍ Ў Ў Ў̎ ̏,̍ ʱʦ ʻ 

ʥʘʡʢʨʘʱʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʜʠʬʽʢʘʮʽʷʤʠ, ʨʦʟʛʣʷʥʫʪʠʤʠ ʨʘʥʽʰʝ. 

ʂʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʽʚ ʜʣʷ ʧʝʨʰʦʛʦ ʢʚʘʜʨʘʥʪʘ ʦʙʝʨʪʘʥʥʷ ʛʨʫʧʠ ʥʘ 45Á: 

 

ρφ1!-ȡς ς ЍςὭȠς Ѝς ςὭȠ

φτ1!-ȡ

ừ
Ử
Ừ

Ử
ứ
ς ς ЍςὭȠς Ѝς ςὭ

ς φ ЍςὭȠς Ѝς φὭ

φ ς ЍςὭȠφ Ѝς ςὭ

φ φ ЍςὭȠφ Ѝς φὭữ
Ử
Ữ

Ử
ử

ȟ
 (2.15) 

ʊʦʜʽ ʟ (2.21) ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʥʦʨʤʫʚʘʥʥʷ: 

 

Ὧ ̏ Ȣ̂̄̑
Ѝ Ѝ

Ѝρπ σȟρφςȟ

Ὧ ̏ Ȣ̂̄̑
Ͻ Ͻ Ͻ Ѝ Ѝ Ѝ Ѝ

φȟυρωȢ

 (2.16) 

ʊʝʦʨʝʪʠʯʥʠʡ ʚʠʛʨʘʰ ʧʨʠ ʟʘʤʽʥʽ ʜʚʦʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʦʚʦʤʫ ʚʝʢʪʦʨʽ, ʜʚʦʤʘ 

ʩʠʩʪʝʤʘʤʠ ʥʘ ʙʘʟʦʚʦʤʫ ʽ ʤʦʜʠʬʽʢʦʚʘʥʦʤʫ ʚʝʢʪʦʨʘʭ ʩʪʘʥʦʚʠʪʴ: 

‏ 
Ў̂ Ў̍

Ў̂
ϽρππϷȟ (2.17) 

ʜʝ ȹʙ ʽ ȹʤ ï ʚʽʜʜʘʣʝʥʥʷ ʜʣʷ ʙʘʟʦʚʦʛʦ ʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʚʝʢʪʦʨʥʠʭ ʧʨʦʩʪʦʨʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʦʨʤʫʚʘʥʥʷ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.1, ʟʚʽʜʢʠ 

ʚʠʜʥʦ, ʱʦ ʟ ʫʩʽʭ ʚʠʜʽʚ ʟʤʽʱʝʥʥʷ (ʚʽʜʜʘʣʝʥʥʷ) ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʥʝʨʛʽʷ 

ʩʧʝʢʪʨʫ ʫ ʚʽʜʜʘʣʝʥʥʽ ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʦʙʝʨʪʘʥʥʷ ʛʨʫʧʠ 

ʧʦʢʘʟʘʚ ʥʝʟʥʘʯʥʝ ʧʦʛʽʨʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʠʤ 

ʚʝʢʪʦʨʥʠʤ ʧʨʦʩʪʦʨʦʤ, ʽ ʣʠʰʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 64-QAM. 

  



94 

ʊʘʙʣʠʮʷ 2.1 

ʂʦʝʬʽʮʽʻʥʪʠ ʥʦʨʤʫʚʘʥʥʷ ks, ʚʽʜʜʘʣʝʥʥʷ ȹ ʽ ʚʠʛʨʘʰ ŭ 

ɺʝʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ: Ὧ  Ὧ  ῳ  ῳ ‏  ‏ %, ,% 

ɹʘʟʦʚʠʡ 3,162 6,481 2,000 ï 

ʆʙʝʨʪʘʥʥʷ ʥʘ 45Á 3,162 6,481 1,552 1,814 22,4 9,3 

ɿʤʽʱʝʥʥʷ 3,464 6,633 

0,586 70,7 ɺʽʜʜʘʣʝʥʥʷ 4,472 7,746 

ʂʦʤʧʘʢʪʥʝ ʚʽʜʜʘʣʝʥʥʷ 3,873 6,819 

ʆʙʝʨʪʘʥʥʷʤ ʛʨʫʧʠ ʥʘ 45Á 3,162 6,519 0,090 95,5 
  

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʽʚʥʷ ʟʘʚʘʜ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʧʽʜʯʘʩ ʧʨʠʡʤʘʥʥʷ 

ʩʠʛʥʘʣʫ. ʄʦʞʥʘ ʟʤʝʥʰʠʪʠ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘ ʜʣʷ ʢʦʞʥʦʛʦ ʚʝʢʪʦʨʫ, ʘʣʝ ʪʘʢʝ 

ʟʤʝʥʰʝʥʥʷ ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʦʢ ʚʽʜ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʚʝʢʪʦʨʽʚ. ʈʽʰʝʥʥʷʤ ʻ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘ ʤʦʜʫʣʷʮʽʶ ʟ ʤʝʥʰʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ k. 

ɼʦ ʪʦʛʦ ʞ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʧʝʨʝʥʘʣʘʰʪʦʚʫʚʘʪʠʩʷ ʦʙʦʤ ʩʠʩʪʝʤʘʤ: ʥʘʧʨʠʢʣʘʜ, 

ʧʨʦʩʪʦʨʠ ʚʝʢʪʦʨʽʚ ʙʘʟʦʚʦʛʦ 16-QAM ʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 64-QAM ʪʘʢʦʞ ʥʝ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ [5]. 

ɿ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʥʘʡʢʨʘʱʦʶ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʙʝʨʪʘʥʥʷ ʛʨʫʧʠ, ʪʘʢ 

ʷʢ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʩʠʤʝʪʨʽʷ, ʤʘʢʩʠʤʘʣʴʥʘ ʘʤʧʣʽʪʫʜʘ ʤʘʡʞʝ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ, ʚʠʢʦʨʠʩʪʦʚʫʶ ʜʦʩʠʪʴ ʧʨʦʩʪʝ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʜʦʩʠʪʴ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʫ ʧʨʦʩʪʦʨʽ ʽ ʟʘʣʠʰʘʻ ʤʽʩʮʝ ʜʣʷ ʪʨʝʪʴʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʙʘʟʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʛʨʫʧʠ ʤʘʡʞʝ ʥʝ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʙʘʟʦʚʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʪʦʤʫ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʧʨʘʢʪʠʮʽ 

ʤʦʞʥʘ ʥʝ ʟʤʽʥʶʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ ʚʭʽʜʥʠʭ ʣʘʥʦʢ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘ ʧʨʦʩʪʦʨʫ 

ʚʝʢʪʦʨʽʚ ʪʨʝʪʴʦʛʦ ʽ ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʪʘʢʦʞ ʷʚʣʷʻʪʴʩʷ 

ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʤʝʥʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ 256-QAM (k = 8) ʽ 1024-QAM (k = 10). 

2.1.2. ʄʝʪʦʜ ʘʜʘʧʪʠʚʥʦʛʦ ʧʽʜʙʦʨʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ 

ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʠ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ 

ʤʦʞʝ ʙʫʪʠ ʘʜʘʧʪʠʚʥʠʡ ʧʽʜʙʽʨ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ. ɹʘʛʘʪʦ ʚʠʨʦʙʥʠʢʽʚ 

ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʮʴʦʛʦ ʚʙʫʜʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʙʦʨʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ. ɸʣʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʩʢʘʥʫʚʘʪʠ ʩʧʝʢʪʨ 



95 

ʣʠʰʝ ʚ ʦʙʣʘʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʊɹɼ, ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʦʩʦʙʣʠʚʦʩʪʽ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ (ʯʘʩʪʦʪʥʫ ʦʙʩʪʘʥʦʚʢʫ ʚ ʤʽʩʮʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʩʽʭ ʘʙʦ ʚʠʙʽʨʢʦʚʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ). ʊɹɼ ʧʦʯʠʥʘʻ ʧʨʘʮʶʚʘʪʠ ʥʘ ʩʘʤʦʤʫ ʚʽʣʴʥʦʤʫ ʢʘʥʘʣʽ ʚ ʤʽʩʮʽ ʾʾ 

ʨʦʟʪʘʰʫʚʘʥʥʷ (ʜʠʚ. ʨʽʚʥʽ ʷʢʦʩʪʽ ʚ ʪʘʙʣ. 2.2), ʱʦ ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʧʦʢʨʘʱʫʻ ʨʦʙʦʪʫ ʚʩʽʻʾ 

ʤʝʨʝʞʽ, ʘʣʝ ʥʝ ʨʦʙʠʪʴ ʾʾ ʦʧʪʠʤʘʣʴʥʦʶ (ʪʘʢ ʷʢ ʥʝʤʦʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ ʚʩʽ ʧʘʨʘʤʝʪʨʠ ʚ 

ad hoc ʤʝʨʝʞʽ: ʧʦʣʷʨʠʟʘʮʽʶ, ʚʠʩʦʪʫ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʝʢʨʘʥʫʚʘʥʥʷ ʽ ʧʝʨʝʚʽʜʙʠʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ). 

ɼʣʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ 

ʥʘʨʷʜʫ ʟ ʚʞʝ ʽʩʥʫʶʯʠʤʠ ʙʝʟʧʨʦʚʦʜʦʚʠʤʠ ʘʜʘʧʪʝʨʘʤʠ, ʦʙʣʘʩʪʴ ʚʠʜʠʤʦʩʪʽ ʷʢʠʭ ʯʘʩʪʦ 

ʦʙʤʝʞʝʥʘ ʣʠʰʝ ʤʝʨʝʞʘʤʠ ʩʪʘʥʜʘʨʪʫ IEEE 802.11 (ʘ ʜʝʷʢʽ ʢʘʨʪʠ ʥʘʚʽʪʴ ʥʝ ʙʘʯʘʪʴ 

çʧʨʠʭʦʚʘʥʠʭè ʤʝʨʝʞ), ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʜʦʜʘʪʢʦʚʠʭ ʥʝʟʘʣʝʞʥʠʭ 

ʧʨʠʩʪʨʦʾʚ (ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ). ʊʘʢʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʪʠʤʝʪʴʩʷ ʟ ʊɹɼ (ʘʙʦ ʚ ʜʝʷʢʠʭ 

ʩʠʩʪʝʤʘʭ ʟ ʨʦʫʤʽʥʛʫ) ʢʣʽʻʥʪʽʚ ʽ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ, ʷʢʽ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ 

ʢʦʥʪʨʦʣʝʨʘ ʘʙʦ ʜʦ ʢʣʽʻʥʪʘ ʯʝʨʝʟ ʧʨʦʚʽʜʥʽ ʟʚôʷʟʢʠ (ʟ PoE). 

ʊʘʙʣʠʮʷ 2.2 

ʈʽʚʥʽ ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ ʜʣʷ ʊɹɼ 

ʈʽʚʝʥʴ ʩʠʛʥʘʣʫ, 

ʜɹʤɺʪ 
ʗʢʽʩʪʴ ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʝʥʰʝ ï90 ʅʝʧʨʠʧʫʩʪʠʤʘ 
ɹʣʠʟʴʢʠʡ ʜʦ ʰʫʤʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʬʦʥʫ. ɹʫʜʴ-ʷʢʘ ʨʦʙʦʪʘ 

ʤʘʣʦʡʤʦʚʽʨʥʘ 

ʚʽʜ ï90 ʜʦ ï81 ʇʦʛʘʥʘ 
ʄʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʮʽʣʽʩʥʦʩʪʽ ʤʝʨʝʞʽ. 

ɼʦʩʪʘʚʢʘ ʧʘʢʝʪʽʚ ʤʦʞʝ ʙʫʪʠ ʥʝʥʘʜʽʡʥʠʤ 

ʚʽʜ ï80 ʜʦ ï71 ʇʨʠʡʥʷʪʥʘ 
ʄʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʜʣʷ ʥʘʜʽʡʥʦʾ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ, ʤʝʨʝʞʽ 

ʚʽʜ ï70 ʜʦ ï67 ɼʫʞʝ ʜʦʙʨʘ 
ʉʠʣʘ ʩʠʛʥʘʣʫ ʜʣʷ ʧʨʦʛʨʘʤ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʜʫʞʝ ʥʘʜʽʡʥʦʾ, ʩʚʦʻʯʘʩʥʦʾ 

ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʽʚ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʧʦʪʦʢʦʚʝ ʘʫʜʽʦ ʽ ʚʽʜʝʦ 

ʙʽʣʴʰʝ ï67 ɺʽʜʤʽʥʥʘ 
ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʩʷʞʥʠʡ ʩʠʛʥʘʣ. ʂʣʽʻʥʪ ʟʥʘʭʦʜʠʪʴʩʷ  

ʚ ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʘʭ ʚʽʜ ʧʝʨʝʜʘʚʘʯʘ. ʅʝʪʠʧʦʚʘ ʩʠʪʫʘʮʽʷ 
 

ʉʭʝʤʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.3, ʤʦʞʝ ʘʙʦ ʥʝ ʤʦʞʝ ʤʽʩʪʠʪʠ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ ʥʘ 

ʩʪʦʨʦʥʽ ʊɹɼ. ʇʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʚʽʜʦʙʨʘʞʘʻ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ, ʷʢʠʡ ʘʙʦ ʟôʻʜʥʘʥʠʡ ʟ 

ʊɹɼ, ʘʙʦ ʻ ʾʾ ʯʘʩʪʠʥʦʶ. 



96 

 

ʈʠʩ. 2.3. ʉʭʝʤʘ ʟ ʘʥʘʣʽʟʘʪʦʨʘʤʠ ʩʧʝʢʪʨʫ 

ʉʭʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ: 

ʢʦʥʪʨʦʣʝʨʫ, ʷʢʠʡ ʨʦʟʧʦʜʽʣʷʻ ʢʘʥʘʣʠ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʤʝʨʝʞʽ, ʢʝʨʫʶʯʠ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʟʚôʷʟʢʫ; 

ʊɹɼ, ʷʢʘ ʧʝʨʝʤʠʢʘʻʪʴʩʷ ʚ ʪʠʭʠʡ ʨʝʞʠʤ, ʜʘʥʽ ʟʙʠʨʘʶʪʴʩʷ ʟ ʜʦʩʪʫʧʥʠʭ 

ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʘʙʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʟʽʙʨʘʥʽ ʜʘʥʽ 

ʥʘʜʩʠʣʘʶʪʴʩʷ ʢʦʥʪʨʦʣʝʨʫ, ʊɹɼ ʤʦʞʝ ʙʫʪʠ ʜʝʢʽʣʴʢʘ; 

ʢʣʽʻʥʪʘ, ʷʢʠʡ ʟʙʠʨʘʻ ʜʘʥʽ ʟʽ ʩʚʦʻʾ ʚʣʘʩʥʦʾ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʝʚʦʾ ʢʘʨʪʠ ʘʙʦ 

ʟ ʚʙʫʜʦʚʘʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʽ ʚʽʜʧʨʘʚʣʷʻ ʾʭ ʜʦ ʢʦʥʪʨʦʣʝʨʘ; 

ʦʢʨʝʤʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ, ʷʢʠʡ ʤʘʻ Ethernet-ʽʥʪʝʨʬʝʡʩ ʽ ʧʝʨʝʜʘʻ ʜʘʥʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʢʦʥʪʨʦʣʝʨʘ. 

ʂʦʥʪʨʦʣʝʨ ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʜʚʦʭ ʪʠʧʽʚ: ʚʽʜ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ, ʢʦʞʝʥ ʽʟ 

ʷʢʠʭ ʟʘʣʝʞʥʦ ʚʽʜ ʚʘʞʣʠʚʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʘʻ ʚʣʘʩʥʠʡ ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽ ʚʽʜ 

ʤʝʨʝʞʝʚʠʭ ʢʘʨʪ (ʬʦʨʤʘʪ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ, ʘʣʝ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ 

ʜʦʩʪʘʪʥʴʦ ʧʝʨʝʜʘʪʠ ʚ ʢʦʥʪʨʦʣʝʨ ʩʧʠʩʦʢ ʢʘʥʘʣʽʚ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʨʽʚʥʝʤ ʩʠʛʥʘʣʫ). 

ʂʦʥʪʨʦʣʝʨ ʚʠʙʠʨʘʻ ʚʽʣʴʥʠʡ ʢʘʥʘʣ ʜʣʷ ʢʦʞʥʦʾ ʊɹɼ ʜʦ ʤʝʨʝʞʽ ʡ ʽʥʽʮʽʘʣʽʟʫʻ ʧʝʨʝʜʘʯʫ 

ʧʦ ʥʦʚʦʤʫ ʢʘʥʘʣʫ. ʇʨʦʮʝʩ ʩʢʘʥʫʚʘʥʥʷ ʧʦʚʪʦʨʶʻʪʴʩʷ. ɸʣʛʦʨʠʪʤ ʟʙʦʨʫ ʜʘʥʠʭ 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2.4. 
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ʈʠʩ. 2.4. ɸʣʛʦʨʠʪʤ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʽʚ 

ʈʽʚʝʥʴ ʩʠʛʥʘʣʫ ʚ ʢʘʥʘʣʽ j ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʠʡ ʧʨʠ ʮʴʦʤʫ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ὒ В ὒȟ (2.18) 

ʜʝ ʽʥʜʝʢʩ ch ï ʥʦʤʝʨ ʢʘʥʘʣʫ; N ï ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ, ʱʦ ʥʘʣʝʞʘʪʴ ʦʜʥʦʤʫ ʢʘʥʘʣʫ; Lij ï 

ʚʠʤʽʨʶʚʘʥʥʷ ʚ i-ʡ ʪʦʯʮʽ ʜʣʷ j-ʛʦ ʢʘʥʘʣʫ, ʜɹʤɺʪ. ɿʘ ʦʜʠʥ ʮʠʢʣ ʚʠʤʽʨʶʚʘʥʥʷ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʦʧʠʪʫʚʘʥʥʷ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʧʨʠʙʣʠʟʥʦ ʚ 100 ʨʘʟʽʚ, ʪʦʤʫ 

ʱʦ ʟʘʤʽʩʪʴ Li ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʯʠʩʣʘ ʚʠʤʽʨʶʚʘʥʴ. 

ʉʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʚʽʜ ʫʩʽʭ ʟʦʚʥʽʰʥʽʭ ʧʨʠʩʪʨʦʾʚ ʜʦʨʽʚʥʶʚʘʪʠʤʝ: 

 ὒ̈ ̏̃̎ В ‘ὒ ȟ (2.19) 

ʜʝ ʄ ï ʢʽʣʴʢʽʩʪʴ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ; ɛj - ʟʚʘʞʫʚʘʥʥʷ ʚʘʞʣʠʚʦʩʪʽ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʠʩʪʨʦʶ; Lj
ch ï ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ (2.18). 
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ʉʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʚʽʜ ʚʙʫʜʦʚʘʥʦʛʦ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʘʜʘʧʪʝʨʫ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʣʠʰʝ ʯʝʨʝʟ ʨʽʚʥʽ ʢʘʥʘʣʽʚ (ʽ ʣʠʰʝ ʜʣʷ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʦʜʥʠʤ 

ʩʪʘʥʜʘʨʪʦʤ) ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ὒ̃ ̎ В ‘В ’ ὒȟ (2.20) 

ʜʝ H ï ʢʽʣʴʢʽʩʪʴ ʚʙʫʜʦʚʘʥʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʘʜʘʧʪʝʨʽʚ; K ï ʢʽʣʴʢʽʩʪʴ ʩʢʘʥʦʚʘʥʠʭ 

ʊɹɼ; ɜk
ch ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʠʥʫ ʢʘʥʘʣʽʚ ʯʝʨʝʟ ʰʠʨʠʥʫ ʢʘʥʘʣʫ 20 ʄɻʮ ʽ ʽʥʪʝʨʚʘʣ ʤʽʞ 

ʢʘʥʘʣʘʤʠ ï 5 ʄɻʮ (ʜʠʚ. ʪʘʙʣ. 2.3); Lk ï ʨʽʚʥʽ ʩʠʛʥʘʣʫ ʜʦ k-ʾ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ. 

ʊʘʙʣʠʮʷ 2.3 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʪʠʥʫ ʢʘʥʘʣʽʚ 

|chïk| 0 1 2 3 >4 

ɜkch
 1 Ĳ İ ı 0 

  

ʈʦʟʛʣʷʥʝʤʦ ʪʨʠ ʚʘʨʽʘʥʪʠ ʩʪʚʦʨʝʥʥʷ ʧʦʨʪʘʪʠʚʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ: 

1. ʇʨʠʡʤʘʯ ʽ ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ (ʚʽʜʦʢʨʝʤʣʝʥʽ ʽ ʥʘ ʦʜʥʦʤʫ ʯʽʧʽ). 

2. ʇʨʠʡʤʘʯ ʟ ʚʠʟʥʘʯʝʥʠʤ ʨʽʚʥʝʤ ʩʠʛʥʘʣʫ ʥʘ ʜʚʦʭ ʩʪʘʥʘʭ ʽ ʙʣʦʮʽ ʫʧʨʘʚʣʽʥʥʷ. 

3. ɯʥʪʝʛʨʦʚʘʥʽ ʢʣʽʻʥʪʩʴʢʽ ʙʝʟʧʨʦʚʦʜʦʚʽ ʢʘʨʪʠ. 

ʆʩʢʽʣʴʢʠ ʚ ʩʠʩʪʝʤʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽ ʨʽʟʥʽ ʪʠʧʠ ʦʙʣʘʜʥʘʥʥʷ ʟ ʨʽʟʥʠʤʠ 

ʦʧʝʨʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ ʽ ʟ ʨʽʟʥʦʶ ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʫʥʽʬʽʢʘʮʽʷ ʧʦʚʠʥʥʘ ʧʨʦʚʦʜʠʪʠʩʷ ʥʘ ʝʪʘʧʽ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʩʘʤʝ ʚ ʘʥʘʣʽʟʘʪʦʨʘʭ ʩʧʝʢʪʨʫ 

ʟ ʨʦʟʜʽʣʝʥʠʤ ʧʨʠʡʤʘʯʝʤ ʽ ʤʦʜʫʣʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟ USB, ʟ ʚʙʫʜʦʚʘʥʠʤ ʧʨʠʡʤʘʯʝʤ ʽ 

ʤʦʜʫʣʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟ USB ʪʘ ʟ ʨʦʟʜʽʣʝʥʠʤ ʧʨʠʡʤʘʯʝʤ ʽ ʤʦʜʫʣʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟ Ethernet. 

ʇʝʨʰʽ ʜʚʘ ʪʠʧʠ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʘ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʨʘʟʦʤ ʟ ʢʣʽʻʥʪʦʤ, ʟ ʊɹɼ ʘʙʦ 

ʦʢʨʝʤʦ. ʊʨʝʪʽʡ ʪʠʧ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʢʨʝʤʦ. 

ʇʦʙʫʜʫʻʤʦ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ ʜʣʷ ʦʢʨʝʤʦʾ ʩʭʝʤʠ. ɹʣʦʢ ʢʝʨʫʚʘʥʥʷ ʨʝʘʣʽʟʫʻʤʦ 

ʥʘ Arduino Nano (ʚʝʨʩʽʾ 3.0 ʟ ʞʠʚʣʝʥʥʷʤ 3,3 ɺ) ʪʘ ʧʨʠʡʤʘʯʝʚʽ ï ʥʘ TI 

CC2500+PA+LNA ʤʦʜʫʣʴ ʽʟ ʟʦʚʥʽʰʥʴʦʶ ʘʥʪʝʥʦʶ [6]. ʉʭʝʤʘ ʦʩʥʘʱʝʥʘ OLED 0,96" 

128Ĭ64 SSD1306 (ʯʝʨʝʟ I2C ʘʙʦ SPI) ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ. ʇɿ 

ʥʘʧʠʩʘʥʝ ʚ IDE Arduino ʽ ʟʢʦʤʧʽʣʴʦʚʘʥʘ ʟ GCC. 

ʅʘ ʨʠʩ. 2.5 ʽ 2.6 ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʧʽʜʢʣʶʯʝʥʥʷ ʤʦʜʫʣʷ ʽ ʞʠʚʣʝʥʥʷ ʧʨʠʩʪʨʦʶ. 

ʎʝʡ ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ ʢʦʥʪʨʦʣʝʨʦʤ, ʷʢʠʡ ʧʨʠʡʤʘʻ ʜʘʥʽ ʯʝʨʝʟ USB-
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ʽʥʪʝʨʬʝʡʩ. ʅʘ ʜʚʦʭ ʝʢʨʘʥʘʭ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʜʽʘʧʘʟʦʥ ʚʽʜ 2400,01 ʜʦ 2503,40 ʄɻʮ ʟ 

ʽʥʪʝʨʚʘʣʦʤ ʚ 405,5 ʢɻʮ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʘʤôʷʪʪʶ ʙʣʦʢʫ 

ʫʧʨʘʚʣʽʥʥʷ ʥʝʜʦʩʪʘʪʥʴʦ (ʚʩʴʦʛʦ 2 ʂʙ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ) ʜʣʷ ʘʥʘʣʽʟʫ ʜʦʩʪʫʧʥʠʭ 

ʢʘʥʘʣʽʚ. ʂʨʽʤ ʪʦʛʦ, ʮʝʡ ʧʨʠʩʪʨʽʡ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʤʫ ʟ ʚʠʤʦʛ ï ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʥʝʥʘʧʨʘʚʣʝʥʦʶ ʘʥʪʝʥʦʶ, ʘ ʥʘʧʽʚʭʚʠʣʴʦʚʠʡ ʜʠʧʦʣʴ ʤʘʻ ʯʽʪʢʫ ʧʦʣʷʨʠʟʘʮʽʶ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʥʘ ʻʜʠʥʦʤʫ ʯʽʧʽ ʙʫʚ ʦʙʨʘʥʠʡ Pololu 

Wixel, ʨʦʟʤʽʨ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʷʢʦʛʦ 4 ʂɹ, ʥʝʥʘʧʨʘʚʣʝʥʘ ʘʥʪʝʥʘ, ʚ ʧôʷʪʴ ʨʘʟʽʚ 

ʤʝʥʝh ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʤʘʡʞʝ ʚ ʧʽʚʪʦʨʘ ʨʘʟʠ ʢʨʘʱʝ ʜʦʟʚʽʣ ʽ SDK ʟ ʜʝʪʘʣʴʥʦʶ 

ʜʦʢʫʤʝʥʪʘʮʽʻʶ [7]. 

 

ʈʠʩ. 2.5. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʨʦʟʜʽʣʝʥʦʛʦ ʧʨʠʡʤʘʯʘ ʽ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ 

 

 

ʈʠʩ. 2.6. ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʧʨʠʡʤʘʯ ʽʟ ʟʦʚʥʽʰʥʴʦʶ ʘʥʪʝʥʦʶ ʽ ʙʣʦʢʦʤ ʫʧʨʘʚʣʽʥʥʷ 

ʅʘ ʨʠʩ. 2.7 ʽ 2.8 ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʟôʻʜʥʘʥʥʷ ʤʦʜʫʣʷ ʽ ʞʠʚʣʝʥʥʷ ʧʨʠʩʪʨʦʶ. ʅʘ 

ʜʚʦʭ ʝʢʨʘʥʘʭ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʜʽʘʧʘʟʦʥ 2403,47ï2476,50 ʄɻʮ ʟ ʽʥʪʝʨʚʘʣʦʤ ʚ 

286,4 ʢɻʮ, ʘ ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʢʘʥʘʣʘʭ Wi-Fi ʽ ZigBee, 
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ʦʙʯʠʩʣʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ (2.14). ʅʘ ʨʠʩ. 2.9 ʧʦʢʘʟʘʥʦ ʧʨʠʢʣʘʜ ʩʢʣʘʜʘʥʥʷ ʧʨʠʩʪʨʦʶ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʧʨʦʟʦʨʦʤʫ ʢʦʨʧʫʩʽ ʟ ʜʦʜʘʪʢʦʚʠʤ ʧʝʨʝʤʠʢʘʯʝʤ ʜʣʷ ʨʝʞʠʤʫ ʧʘʫʟʠ. 

 

ʈʠʩ. 2.7. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʨʦʟʜʽʣʝʥʦʛʦ ʧʨʠʡʤʘʯʘ ʽ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ 

 

 

ʈʠʩ. 2.8. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʨʠʡʤʘʯʘ ʽ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʦʜʥʦʤʫ ʯʽʧʽ 

ɺʽʥ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʦʮʽʥʢʠ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʽ ʤʦʜʫʣʷ, ʚ 

ʷʢʦʤʫ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʮʽʥʢʦʶ ʥʝʧʨʷʤʠʭ ʤʝʪʦʜʽʚ. ʅʘ ʤʦʜʫʣʽ 

nRF24L01 (ʘʙʦ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʾ ʟ ʧʦʪʫʞʥʠʤʠ ʽ ʤʘʣʦʰʫʤʥʠʤʠ ʧʽʜʩʠʣʶʚʘʯʘʤʠ) ʙʘʟʫ 

ʚ ʆʉ Raspbian ʜʣʷ ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤ ʧʣʘʪʬʦʨʤʠ Raspberry Pi. ɺʠʙʨʘʥʠʡ ʷʢ 

ʧʨʦʪʦʪʠʧ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ, ʷʢʠʡ ʙʫʚ ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

Broadcom BCM2837 SoC (ʷʜʨʦ ARM Cortex A53 CPU) ʷʜʨʦ ʟ ʧʨʘʧʦʨʘʤʠ -march = 

armv8-a + crc -mtune = cortex-a53 -mfpu = neon-fp-armv8. ɼʣʷ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʧʨʠʩʪʨʦʶ 

ʚ ʦʧʝʨʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʦʨʦʥʥʻ ʇɿ ʙʽʙʣʽʦʪʝʢʠ RF24. 

ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʠʡʦʤʫ ʜʘʥʠʭ ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ nRF24L01 ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʮʝ 

ʣʠʰʝ ʦʜʠʥ ʧʨʘʧʦʨ (_NRF24_RPD), ʱʦ ʚʢʘʟʫʻ, ʱʦ ʨʽʚʝʥʴ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʚʠʱʝ 

ʘʙʦ ʥʠʞʯʝ ʨʽʚʥʷ ʤʽʥʫʩ 64 ʜɹʤɺʪ. ɿʤʽʥʽʪʴ ʨʝʞʠʤ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
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ʟʤʽʥ ʫ ʙʽʙʣʽʦʪʝʮʽ bcm2835 (ʚʝʨʩʽʾ 1.50). ʉʢʘʥʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʞʥʽ 976,5625 ʢɻʮ, 

ʪʘʢʠʤ ʯʠʥʦʤ, ʦʭʦʧʣʶʻ ʜʽʘʧʘʟʦʥ 2,400ï2,525 ɻɻʮ (128 ʪʦʯʦʢ ʚʠʤʽʨʶʚʘʥʥʷ). 

 

ʈʠʩ. 2.9. ʇʨʠʡʤʘʯ ʽ ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʦʜʥʦʤʫ ʯʽʧʽ 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʯʘʩʪʦʪʠ ʯʫʪʣʠʚʦʩʪʽ ʧʨʠʡʤʘʯʘ ʤʽʥʫʩ 85 ʜɹʤɺʪ [8], ʪʦ ʧʨʠ 

ʦʪʨʠʤʘʥʥʽ 200 ʚʠʤʽʨʶʚʘʥʴ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʚ i-ʡ ʪʦʯʮʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ὖ ὒ
̒̆̑ В ὴȟ (2.21) 

ʜʝ Lmin ï ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ, ʜɹʤɺʪ; Lʩʝʨ ï ʨʽʚʝʥʴ ʪʨʠʛʝʨʘ ʧʨʘʧʦʨʘ, ʜɹʤɺʪ; N ï 

ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ; pij ï ʨʝʟʫʣʴʪʘʪ ʦʜʠʥʦʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ (ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʜʚʘ 

ʟʥʘʯʝʥʥʷ: 0 ʘʙʦ 1). 

ɿ (2.21) ʤʘʻʤʦ ʦʩʦʙʣʠʚʠʡ ʚʠʧʘʜʦʢ ʜʣʷ ʮʴʦʛʦ ʚʠʤʽʨʫ: 

 ὖ ψυπȟςρВ ὴȢ (2.22) 

ʅʘ ʝʢʨʘʥʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʫ ʪʦʯʦʢ 

ʚʠʤʽʨʶʚʘʥʥʷ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʤʘʣʠ 128 ʪʦʯʦʢ ʚʠʤʽʨʶʚʘʥʥʷ, ʽ ʤʠ ʧʦʙʘʯʠʤʦ 

ʤʘʩʠʚ ʟ 128 ʟʥʘʯʝʥʴ ʫ ʢʦʤʘʥʜʥʦʤʫ ʨʷʜʢʫ. 

ʅʘ ʤʦʜʫʣʽ ʙʫʣʘ ʟʽʙʨʘʥʘ ʧʦʚʥʦʤʘʩʰʪʘʙʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.10. Arduino 

Nano (ʚʝʨʩʽʷ 3) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ʽ ʜʘʥʽ ʚʠʚʦʜʷʪʴʩʷ ʥʘ OLED 

SSD1306. ʑʦʙ ʧʨʠʩʢʦʨʠʪʠ ʦʙʨʦʙʢʫ, ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ ʧʘʨʘʣʝʣʽʟʦʚʘʥʠʡ [9,10]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʧʽʜʙʦʨʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʤʦʞʝ ʤʽʩʪʠʪʠ ʢʽʣʴʢʘ 

ʩʝʛʤʝʥʪʽʚ, ʷʢʽ ʨʦʟʜʽʣʝʥʽ ʢʘʥʘʣʘʤʠ ʪʘ/ʘʙʦ ʬʽʟʠʯʥʦ ʨʦʟʜʽʣʝʥʽ. 
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ʈʠʩ. 2.10. ʇʨʠʡʤʘʯ nRF24L01 ʟ ʙʣʦʢʦʤ ʫʧʨʘʚʣʽʥʥʷ Arduino Nano 

ʎʝ ʜʦʟʚʦʣʠʪʴ ʣʝʛʢʦ ʤʘʩʰʪʘʙʫʚʘʪʠ ʩʠʩʪʝʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʫʤʽʥʛʫ ʡ ʨʘʟʦʤ ʟ ʪʠʤ 

ʥʘʢʣʘʜʘʻ ʨʷʜ ʦʙʤʝʞʝʥʴ: 

1. ʉʝʛʤʝʥʪʠ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʩʪʘʮʽʦʥʘʨʥʦ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʚ ʢʣʶʯʦʚʠʭ 

ʪʦʯʢʘʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʤʽʩʮʷʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

2. ɼʉ ʘʥʪʝʥʠ ʧʦʚʠʥʥʘ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʩʬʝʨʠʯʥʦʾ. 

3. ɼʣʷ ʧʝʨʝʜʘʯʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʙʝʟʧʨʦʚʦʜʦʚʽ ʘʙʦ 

ʧʨʦʚʦʜʦʚʽ ʢʘʥʘʣʠ ʟʚôʷʟʢʫ, ʷʢʽ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʦʙôʻʢʪʫ ʩʢʘʥʫʚʘʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

4. ʄʽʥʽʤʘʣʴʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʘʚʪʦʥʦʤʥʦʛʦ ʞʠʚʣʝʥʥʷ) [11,12]. 

ʅʘ ʦʩʥʦʚʽ ʩʭʝʤʠ ʪʘ ʘʣʛʦʨʠʪʤʫ, ʥʘʚʝʜʝʥʦʛʦ ʚ [9] ʨʝʘʣʽʟʫʻʤʦ ʧʽʜʩʠʩʪʝʤʫ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ ʜʣʷ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʩʠʩʪʝʤʠ ʩʪʘʥʜʘʨʪʫ IEEE 802.11 (ʨʠʩ. 2.11). 

 
ʈʠʩ. 2.11. ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʽʜʩʠʩʪʝʤʠ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ɹʝʟʧʨʦʚʦʜʦʚʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʪʨʴʦʭ ʩʪʘʥʘʭ: 

ʨʝʞʠʤ ̔ʨʝʛʫʣʷʨʥʦʾ ʨʦʙʦʪʠ; 
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ʢʨʠʪʠʯʥʦʤʫ ʨʝʞʠʤ;̔ 

ʚʽʜʤʦʚʽ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ. 

ɺʚʝʜʝʥʥʷ ʫ ʙʝʟʧʨʦʚʦʜʦʚʫ ʩʠʩʪʝʤʫ ʧʽʜʩʠʩʪʝʤʠ ʟ ʘʥʘʣʽʟʘʪʦʨʘʤʠ ʩʧʝʢʪʨʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʥʘʩʪʘʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʤʝʥʰ ʡʤʦʚʽʨʥʦ, ʪʘʢ 

ʷʢ ʘʙʦʥʝʥʪʠ ʥʘ ʧʝʨʝʚʘʥʪʘʞʝʥʠʭ ʊɹɼ ʧʝʨʝʥʘʧʨʘʚʣʷʶʪʴʩʷ ʥʘ ʩʫʩʽʜʥʽ ʊɹɼ ʥʝ ʪʽʣʴʢʠ 

ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʽʚʥʝʤ ʩʠʛʥʘʣʫ, ʘʣʝ ʘʣʛʦʨʠʪʤʠ ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʯʥʦ ʩʢʣʘʜʥʽʰʠʤʠ [7]. 

ɺʠʟʥʘʯʠʤʦ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʩʠʩʪʝʤʠ: 

 ὑ Ὁ
ὅȟ (2.23) 

ʜʝ ɽ ï ʝʬʝʢʪʠʚʥʽʩʪʴ, ʘ C ï ʚʘʨʪʽʩʪʴ. 

ɺʠʟʥʘʯʠʤʦ ʚʘʨʪʽʩʪʴ ʟʚʠʯʘʡʥʦʾ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʩʠʩʪʝʤʠ: 

 ὅ ὖ̨ ̎̕ ὖ̏ ̂̒ȟ̌ (2.24) 

ʜʝ Pʽʥʬ ï ʚʘʨʪʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; Pʦʙʩʣ ï ʚʘʨʪʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɸ ʚʘʨʪʽʩʪʴ ʩʠʩʪʝʤʠ ʟ ʤʽʥʽʘʪʶʨʥʠʤʠ ʘʥʘʣʽʟʘʪʦʨʘʤʠ ʩʧʝʢʪʨʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤʠ (2.24): 

 ὅ ὖ̨ ̎̕ ὖ̏ ̂̒̌ὖ̱ ˞ ὅ ὖ̱ ȟ˞ (2.25) 

ʜʝ Pɸʉ ï ʚʘʨʪʽʩʪʴ ʧʽʜʩʠʩʪʝʤʠ ʟ ʘʥʘʣʽʟʘʪʦʨʘʤʠ ʩʧʝʢʪʨʫ. ɺʘʨʪʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʬʦʨʤʫʻʪʴʩʷ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʟ ʧʦʩʪʽʡʥʦʾ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ 

ʧʝʨʩʦʥʘʣʫ, ʪʦʤʫ ʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ. 

ɹʝʟʧʨʦʚʦʜʦʚʠʭ ʘʙʦʥʝʥʪʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʙʦ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʠ ʮʴʦʤʫ ʤʦʞʥʘ 

ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʽʾ: ʨʫʭʦʤʽ (ʩʪʽʣʴʥʠʢʦʚʽ ʪʝʣʝʬʦʥʠ, ʧʣʘʥʰʝʪʠ ʪʦʱʦ); ʫʤʦʚʥʦ 

ʨʫʭʦʤʽ (ʥʦʫʪʙʫʢʠ) ʪʘ ʥʝʨʫʭʦʤʽ (ʩʪʘʮʽʦʥʘʨʥʽ ʧʝʨʩʦʥʘʣʴʥʽ ʢʦʤʧôʶʪʝʨʠ). ɺʠʟʥʘʯʠʤʦ 

ʢʽʣʴʢʽʩʪʴ ʨʫʭʦʤʠʭ ʷʢ Nʨʫʭ, ʫʤʦʚʥʦ ʨʫʭʦʤʠʭ ï Nʫʤʦʚ ʽ ʥʝʨʫʭʦʤʠʭ ï Nʥʝʨʫʭ. ʂʽʣʴʢʽʩʪʴ 

ʨʫʭʦʤʠʭ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʩʫʤʘʨʥʽʡ ʢʽʣʴʢʦʩʪʽ ʫʤʦʚʥʦ ʨʫʭʦʤʠʭ ʽ ʥʝʨʫʭʦʤʠʭ, ʙʦ 

ʧʨʘʢʪʠʯʥʦ ʢʦʞʥʠʡ ʨʦʙʽʪʥʠʢ ʤʘʻ ʦʩʦʙʠʩʪʠʡ ʤʦʙʽʣʴʥʠʡ ʪʝʨʤʽʥʘʣ (ʷʢʱʦ ʧʨʘʚʠʣʘʤʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʦʟʧʦʨʷʜʢʫ ʥʝ ʧʝʨʝʜʙʘʯʝʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ): 

 ὔ̑ ̖̔ ὔ̔ ̍̏̃ὔ̎ ̖̆̑̔Ȣ (2.26) 
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ɺʘʨʪʽʩʪʴ ʧʽʜʩʠʩʪʝʤʠ ʟ ʘʥʘʣʽʟʘʪʦʨʘʤʠ ʩʧʝʢʪʨʫ ʩʪʘʥʦʚʠʪʴ: 

 ὖ̱ ˞ ὔ̔ ̍̏̃ὔ̎ ̆̑̔ὖ̖̱ ˞
ᶻ ὖ̋̏̎ȟ̓ (2.27) 

ʜʝ P*
ɸʉ ï ʚʘʨʪʽʩʪʴ ʦʜʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ, Pʢʦʥʪ ï ʚʘʨʪʽʩʪʴ ʢʦʥʪʨʦʣʝʨʘ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʙʽʨ, ʘʥʘʣʽʟ ʜʘʥʠʭ ʟ ʫʩʽʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʪʘ ʚʠʨʦʙʣʷʻ ʧʦʨʘʜʠ ʜʣʷ 

ʦʩʥʦʚʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ. ʂʽʣʴʢʽʩʪʴ ʨʫʭʦʤʠʭ ʘʙʦʥʝʥʪʽʚ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ, ʪʘʢ ʷʢ ʥʘ ʥʠʭ ʚʩʪʘʥʦʚʠʪʠ ʜʦʜʘʪʢʦʚʝ ʦʙʣʘʜʥʘʥʥʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ. 

ɺʘʨʪʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʘʙʦʥʝʥʪʽʚ: 

 ὖ̨ ̎ͯ̕ὔ̑ ̖̔ ὔ̔ ̍̏̃ὔ̎ ̆̑̔ ὔ̖̄ ̏̒ȟ̓ (2.28) 

ʜʝ Nʛʦʩʪ ï ʢʽʣʴʢʽʩʪʴ ʛʦʩʪʴʦʚʠʭ ʘʙʦʥʝʥʪʽʚ. 

ɺʚʝʜʝʤʦ ʧʦʢʘʟʥʠʢ ʚʽʜʢʨʠʪʦʩʪʽ ů ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʩʠʩʪʝʤʠ: 

 ὔ̄ ̏̒̓„ὔ̑ ̔Ȣ̖ (2.29) 

ʊʦʜʽ ʟ (2.26), (2.28) ʽ (2.29) ʤʘʻʤʦ ʧʦʚʥʫ ʢʽʣʴʢʽʩʪʴ ʘʙʦʥʝʥʪʽʚ: 

 ὔ ς „ ὔ̔ ̍̏̃ὔ̎ ̆̑̔Ȣ̖ (2.30) 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʚʠʯʘʡʥʦʾ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʯʘʩʫ ʜʦʩʪʫʧʫ ʘʙʦʥʝʥʪʘ ʜʦ ʨʝʩʫʨʩʽʚ ʊɹɼ: 

 Ὁͯ Ὕ
Ў
ȟ (2.31) 

ʜʝ ȹT ï ʨʦʟʤʽʨ ʯʘʩʦʚʦʛʦ ʚʽʢʥʘ ʧʝʨʝʜʘʚʘʥʥʷ, Nmax ï ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʢʽʣʴʢʽʩʪʴ 

ʘʙʦʥʝʥʪʽʚ ʥʘ ʦʜʥʫ ʊɹɼ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʨʦʙʥʠʢʘ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 30 ʜʦ 50). 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ ʟ ʘʥʘʣʽʟʘʪʦʨʘʤʠ ʩʧʝʢʪʨʫ: 

 Ὁ̱ ˞ͯ
˟ˎˑЎὝȟ (2.32) 

ʜʝ Nʊɹɼ ï ʢʽʣʴʢʽʩʪʴ ʊɹɼ. 

ʆʮʽʥʠʪʠ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʤʦʞʥʘ ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ [10]: 

 
ˍ˞

Ͻ̱ ˞

ˍ Ͻ˞ ˟ˎˑ
Ͻ Ͻρ ˍ˞

̨̎̕ ̏̂̒̌
Ȣ (2.33) 

  



105 

2.2. ʄʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʇʨʠʢʣʘʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʇʃ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2.12, ʷʢʘ ʧʨʘʮʶʻ ʟ 

ʚʝʨʪʠʢʘʣʴʥʠʤ ʥʝʩʠʤʝʪʨʠʯʥʠʤ ʚʽʙʨʘʪʦʨʦʤ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʣʘʩʪʠʥ ʙʫʜʝ ʧʘʨʘʣʝʣʴʥʠʤ ʧʣʦʱʠʥʽ ʧʦʣʷʨʠʟʘʮʽʾ ʭʚʠʣʽ. 

ʏʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʜʣʷ ʩʪʘʥʜʘʨʪʫ IEEE 802.11b/g (/n ʯʘʩʪʢʦʚʦ) ʧʨʠʧʘʜʘʻ ʥʘ 

(2,4000..2,4835) ɻɻʮ, ʜʣʷ ʷʢʦʛʦ ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʩʪʘʥʦʚʠʪʴ ɚʩʝʨ = 0,123 ʤ. 

 

ʈʠʩ. 2.12. ʉʭʝʤʘʪʠʯʥʝ ʚʟʘʻʤʦʨʦʟʪʘʰʫʚʘʥʥʷ ʘʥʪʝʥʠ ʽ ʇʃ (ʚʠʜ ʟʚʝʨʭʫ), 

ʜʝ F ï ʬʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ, t = tǋ + tǌ ï ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʧʨʦʬʽʣʶ, 

d ï ʰʠʨʠʥʘ, a ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʢʨʝʤʠʤʠ ʧʨʦʬʽʣʷʤʠ 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʧʨʦʬʽʣʷʤʠ (ʧʣʘʩʪʠʥʘʤʠ): 

 ὥ
̒̆̑

Ѝ
πȟπχχȟ̍ (2.34) 

ʜʝ n ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʦʤʣʝʥʥʷ ʇʃ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʠʞʯʠʤ ʟʘ 1 ʽ ʟ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʧʨʠʡʥʷʪʠʡ ʨʽʚʥʠʤ 0,6 [13]. ʊʘʢʦʞ ʚʽʜʩʪʘʥʴ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʽ: ɚ/2 < a < ɚ. ʏʝʨʝʟ 

ʥʝʚʝʣʠʢʫ ʪʦʯʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʇʃ ʜʦʧʫʩʢ ʚʽʜʧʦʚʽʜʘʻ 1 ʤʤ (ʤʽʥʽʤʘʣʴʥʘ ʮʽʥʘ 

ʧʦʜʽʣʢʠ ʜʦʨʽʚʥʶʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʠʢʨʠʚʣʝʥʥʶ ʧʨʦʬʽʣʶ ʽ ʩʢʣʘʜʘʻ 1 ʤʤ). ɯʟ 

ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ ʤʦʞʥʘ ʚʠʛʦʪʦʚʠʪʠ ʜʚʽ ʇʃ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʚʠʙʨʘʥʠʡ ʜʽʘʧʘʟʦʥ 

ʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʚʦʤ ʢʘʥʘʣʘʤ: 5-ʤʫ (f5 = 2,4334 ɻɻʮ ʽ a5 å 0,077 ʤ) ʽ 12-ʤʫ 

(f12 = 2,4654 ɻɻʮ ʽ a12 å 0,076 ʤ). 

ʐʠʨʠʥʘ ʇʃ ʜʣʷ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ: 

 
Ὠ χὥ πȟυσωȟ̍
Ὠ χὥ πȟυσςȢ̍

 (2.35) 

ʌʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ ʇʃ ʜʣʷ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ: 
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Ὂ Ὠ πȟυσωȟ̍
Ὂ Ὠ πȟυσςȢ̍

 (2.36) 

ɿʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ, ʧʨʠʚʝʜʝʥʠʤʠ ʚ [14], ʧʨʠʡʤʘʻʤʦ F å d. ɻʣʠʙʠʥʫ 

ʝʣʝʤʝʥʪʽʚ ʙʫʜʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ὸᴂ ὥ
Ͻ

ȟ (2.37) 

ʟʚʽʜʢʠ ʦʪʨʠʤʫʻʤʦ ʧʦʚʥʠʡ ʧʨʦʬʽʣʴ t = tǋ + tǌ (ʜʝ tǌ = 0,045 ʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʤʽʥʽʤʘʣʴʥʫ ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ): 

 

ὸᴂ  ̊̋ ́̎́̌ὸ  ̊̋ ́̎́̌πȟπρπ̍ ὸ πȟπυυ̍ȟ

ὸᴂ  ̊̋ ́̎́̌ὸ  ̊̋ ́̎́̌πȟπσπ̍ ὸ πȟπχυȟ̍

ὸᴂ  ̊̋ ́̎́̌ὸ  ̊̋ ́̎́̌πȟπυπ̍ ὸ πȟπωυȟ̍

ὸᴂ  ̊̋ ́̎́̌ὸ  ̊̋ ́̎́̌πȟπχπ̍ ὸ πȟρρυȢ̍

 (2.38) 

ʇʦʭʠʙʢʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ̃‏ ̉̄
̒̆̑
ςϷ, ʘ ʧʦʭʠʙʢʘ ʦʢʨʫʛʣʝʥʥʷ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ï ̏‏ ̋̑
̏̋̑

̒̆̑

ȟ

ȟ
ρϷ, ʱʦ ʚ ʩʫʤʽ ʜʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʧʦʭʠʙʢʫ ʚ 3%. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʧʦʭʠʙʢʘ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ ʢʘʥʘʣʫ ʧʝʨʝʜʘʚʘʥʥʷ ʫ ʤʝʞʘʭ 

ʜʽʘʧʘʟʦʥʫ ̏‏ ̋̑
Ў

̒̆̑

ȟ

ȟ
σϷ, ʱʦ ʙʣʠʟʴʢʦ ʜʦ ̃̄̉‏ ‏̏ ̋  ̑[15]. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʧʝʨʰʦʾ ʟʦʥʠ ʌʨʝʥʝʣʷ: 

 Ὑ̈ ˡ
̐̆Ͻ̑̐ ̑

̐̆̑̐̑
‗ ὒϽ‗

Ͻ
ȟ (2.39) 

ʜʝ rʧʝʨ ʽ rʧʨ ï ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʠʡʤʘʯʘ ʜʦ ʤʦʞʣʠʚʦʾ ʧʝʨʝʰʢʦʜʠ, ɚmax ï 

ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʜʽʘʧʘʟʦʥʫ (fmin ï ʚʽʜʧʦʚʽʜʥʘ ʤʽʥʽʤʘʣʴʥʽ ʯʘʩʪʦʪʘ, c ï 

ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ ʫ ʧʦʚʽʪʨʽ). ʇʨʠʡʤʘʻʤʦ ʧʦʚʥʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʨʠʡʤʘʯʝʤ ʽ 

ʧʝʨʝʜʘʚʘʯʝʤ ʟʘ L = rʧʨ + rʧʝʨ = 2r. ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʧʣʠʚ ʧʝʨʝʰʢʦʜʠ ʧʝʚʥʦʾ ʚʠʩʦʪʠ ʫ 

ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʙʫʜʝ ʥʘʡʙʽʣʴʰʠʤ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʯʘʩʪʦʪʽ ʽ 

ʨʽʚʥʦʚʽʜʜʘʣʝʥʦʩʪʽ ʚʽʜ ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʠʡʤʘʯʘ, ʪʦʙʪʦ r = rʧʨ = rʧʝʨ = İL [16ï18]. 

2.2.1. ɸʜʘʧʪʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʩʢʦʨʶʶʯʠʭ ʣʽʥʟ ʜʦ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ ʩʠʩʪʝʤ 

ʉʢʣʘʜʥʽʰʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʇʃ ʜʣʷ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʟ ʨʦʟʥʝʩʝʥʠʤʠ 

ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʽ ʧʨʠʡʤʘʣʴʥʠʤʠ ʘʥʪʝʥʘʤʠ (multiple input multiple output, MIMO), ʚ 

ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʽ ʘʥʪʝʥʠ (ʽ ʙʽʣʴʰʝ). ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʚʠʙʦʨʫ 
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ʧʘʨʘʤʝʪʨʽʚ ʇʃ, ʷʢʽ ʜʦʟʚʦʣʷʣʠ ʙ ʧʽʜʚʠʱʠʪʠ ʧʦʢʘʟʥʠʢʠ ʜʦʩʪʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʦʙʦʭ ʢʘʥʘʣʘʭ, ʘʥʪʝʥʠ ʷʢʠʭ ʤʘʶʪʴ ʧʦʧʝʨʝʯʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʥʦʩ ʽ ʥʝ ʤʦʞʫʪʴ 

ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʫ ʬʦʢʫʩʽ ʇʃ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʷ ʜʚʦʷʢʠʡ 

ʧʨʦ: ʟʙʽʣʴʰʝʥʥʷʤ ʬʦʢʫʩʥʦʾ ʚʽʜʩʪʘʥʽ ʇʃ; ʤʦʜʠʬʽʢʘʮʽʻʶ ʧʨʦʬʽʣʶ ʇʃ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʚʽʥ ʟʘʜʦʚʦʣʴʥʷʚ ʚʠʤʦʛʫ ʦʜʥʘʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ɼʉ, ʬʦʨʤʦʚʘʥʠʭ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʤʽʱʝʥʠʭ ʷʢ ʚʣʽʚʦ, ʪʘʢ ʽ ʚʧʨʘʚʦ ʚʽʜ ʬʘʟʦʚʦʛʦ ʮʝʥʪʨʫ ʇʃ, 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ. 

ʇʃ ʟʽ ʟʤʽʱʝʥʠʤʠ ʚʽʜʥʦʩʥʦ ʬʦʢʫʩʘ ʦʧʨʦʤʽʥʶʚʘʯʘ ʨʦʟʛʣʷʥʫʪʘ ʚ [13], ʘʣʝ ʜʣʷ 

ʮʽʣʝʡ ʩʢʘʥʫʚʘʥʥʷ ɼʉ ʽ ʙʝʟ ʚʢʘʟʽʚʢʠ ʤʝʪʦʜʠʢʠ ʦʙʯʠʩʣʝʥʴ ʧʨʦʬʽʣʶ ʇʃ ʽ ʬʘʟʦʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ (ʌʈ) ʚ ʘʧʝʨʪʫʨʽ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʤʦʛʘ ʧʨʦʪʠʣʝʞʥʘ: ɼʉ ʧʦʚʠʥʥʽ 

ʤʽʥʽʤʘʣʴʥʦ ʚʽʜʭʠʣʷʪʠʩʷ ʽ ʤʽʥʽʤʘʣʴʥʦ ʩʧʦʪʚʦʨʶʚʘʪʠʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʞʥʦʛʦ ʟ 

ʦʧʨʦʤʽʥʶʚʘʯʽʚ. ʊʦʤʫ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʽʚ ʩʧʦʪʚʦʨʝʥʴ ʌʈ ʚ 

ʨʦʟʢʨʠʚʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʇʃ ʽ ʚʽʜʭʠʣʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ɼʉ, ʦʙʫʤʦʚʣʝʥʠʭ ʟʤʽʱʝʥʥʷʤ 

ʧʦʣʦʞʝʥʥʷ ʦʧʨʦʤʽʥʶʚʘʯʽʚ ʱʦʜʦ ʬʘʟʦʚʦʛʦ ʮʝʥʪʨʘ ʇʃ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʽ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ (ʜʠʚ. ʨʠʩ. 2.13). 

 

ʈʠʩ. 2.13. ɿʩʫʚ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʟ ʬʦʢʫʩʫ ʇʃ 

ɼʣʷ ʇʃ ʟ ʢʣʘʩʠʯʥʠʤ ʾʤ ʧʨʦʬʽʣʝʤ (ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʦʧʨʦʤʽʥʶʚʘʯʘ ʫ ʬʦʢʫʩʽ), 

ʦʮʽʥʶʚʘʣʦʩʷ ʚʽʜʤʽʥʫ ʚ ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʰʣʷʭʫ (ȹr) ʭʚʠʣʽ ʚʽʜ ʟʤʽʱʝʥʦʛʦ ʚʣʽʚʦ ʥʘ 

ʚʝʣʠʯʠʥʫ s ʚʽʙʨʘʪʦʨʘ ʜʦ ʦʧʨʦʤʽʥʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʇʃ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ЎὶὨ Ὢ ὸὨ Ὠ ί Ὢ ὸ Ὀ
ς ί ȟ (2.40) 
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ʜʝ f ï ʬʦʢʘʣʴʥʘ ʚʽʜʩʪʘʥʴ; D ï ʨʦʟʢʨʠʚ ʇʃ; d ï ʧʦʪʦʯʥʠʡ ʨʦʟʢʨʠʚ,  

Ὠᶰ Ὀ
ςȠ

Ὀ
ς; s ï ʟʤʽʱʝʥʥʷ ʦʧʨʦʤʽʥʶʚʘʯʘ ʚʽʜ ʬʦʢʫʩʘ; tmax ï ʤʘʢʩʠʤʘʣʴʥʘ 

ʛʣʠʙʠʥʘ ʇʃ. ʇʨʦʬʽʣʴ ʇʃ t ʷʚʣʷʻ ʩʦʙʦʶ ʬʫʥʢʮʽʶ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʧʣʘʩʪʠʥʠ ʚ 

ʨʦʟʢʨʠʚʽ d, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʢʣʘʩʠʯʥʦʾ (2.38): 

 ὸὨ ȟ (2.41) 

ʜʝ n ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʦʤʣʝʥʥʷ [18,19]. 

ʅʘ ʧʨʦʪʠʣʝʞʥʽʡ ʟʤʽʱʝʥʥʶ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʩʪʦʨʦʥʽ ʘʧʝʨʪʫʨʠ ʇʃ ʤʘʻ ʤʽʩʮʝ 

ʚʽʜʩʪʘʚʘʥʥʷ ʧʦ ʬʘʟʽ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʱʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ɼʉ ʚ ʩʪʦʨʦʥʫ, 

ʧʨʦʪʠʣʝʞʥʫ ʟʩʫʚʫ ʦʧʨʦʤʽʥʶʚʘʯʘ. ʇʨʠ ʜʚʦʭ ʦʧʨʦʤʽʥʶʚʘʯʘʭ (ʦʜʠʥ ʟʤʽʱʝʥʠʡ ʚʣʽʚʦ, 

ʘ ʜʨʫʛʠʡ ï ʚʧʨʘʚʦ) ʩʠʩʪʝʤʘ ʤʘʪʠʤʝ ʜʚʘ ʤʘʢʩʠʤʫʤʠ ɼʉ, ʟʤʽʱʝʥʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʧʨʘʚʦ 

ʽ ʚʣʽʚʦ. ɺʝʣʠʯʠʥʘ ȹr ʻ ʚʠʟʥʘʯʘʣʴʥʦʶ ʜʣʷ ʦʮʽʥʢʠ ʟʩʫʚʫ ʤʘʢʩʠʤʫʤʫ ɼʉ. 

ʋ ʨʘʤʢʘʭ ʜʨʫʛʦʛʦ ʧʽʜʭʦʜʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʯʠʩʣʝʥʥʷ ʧʨʦʬʽʣʽʚ ʇʃ ʜʣʷ ʣʽʚʦʛʦ 

ʽ ʧʨʘʚʦʛʦ ʦʧʨʦʤʽʥʶʚʘʯʘ ʦʢʨʝʤʦ, ʚʚʘʞʘʶʯʠ ʾʭ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʫ ʬʦʢʫʩʘʭ 

ʚʽʜʧʦʚʽʜʥʠʭ ʇʃ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʥʦ ʫʩʝʨʝʜʥʝʥʥʷ ʛʣʠʙʠʥ ʦʢʨʝʤʠʭ ʧʣʘʩʪʠʥ. 

ɺʽʜʥʦʩʥʠʡ ʟʩʫʚ ʇʃ ʚ ʧʦʧʝʨʝʯʥʽʡ ʧʣʦʱʠʥʽ ʩʪʘʥʦʚʠʚ 2a. 

ɼʣʷ ʇʃ ʟ ʫʩʝʨʝʜʥʝʥʥʷʤ ʧʨʦʬʽʣʶ ʚʝʣʠʯʠʥʠ ʚʽʜʭʠʣʝʥʴ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜ 

ʥʝʦʙʭʽʜʥʠʭ ʢʣʘʩʠʯʥʠʭ ʧʨʦʬʽʣʽʚ ʜʣʷ ʧʨʘʚʦʛʦ ʽ ʣʽʚʦʛʦ ʦʧʨʦʤʽʥʶʚʘʯʘ ʧʦʨʽʚʥʶʚʘʚʩʷ ʟ 

ʜʦʧʫʩʪʠʤʦʶ ʧʦʤʠʣʢʦʶ ʚʠʙʦʨʫ ʛʣʠʙʠʥʠ ʇʃ. 

ɺʠʷʚʠʣʦʩʷ, ʱʦ ʟʘʟʥʘʯʝʥʽ ʚʽʜʭʠʣʝʥʥʷ ʩʫʤʽʩʥʽ ʘʙʦ ʤʝʥʰʽ ʟʘ ʜʦʧʫʩʪʠʤʫ ʚʝʣʠʯʠʥʫ 

ʜʣʷ ʇʃ ʟ ʬʦʢʫʩʥʦʶ ʚʽʜʩʪʘʥʥʶ f =  3D, ʧʨʠ n =  0,5. ʇʨʠ f =  1,6D ʪʽʣʴʢʠ ʜʣʷ ʧʝʨʰʦʾ 

ʚʽʜ ʮʝʥʪʨʫ ʧʣʘʩʪʠʥʠ. ʊʦʙʪʦ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʬʦʢʫʩʥʦʾ ʚʽʜʩʪʘʥʽ ʇʃ ʟ ʫʩʝʨʝʜʥʝʥʠʤ 

ʧʨʦʬʽʣʝʤ ʩʪʘʻ ʤʝʥʰ ʯʫʪʣʠʚʘ ʜʦ ʧʦʤʠʣʦʢ ʚʠʙʦʨʫ ʧʨʦʬʽʣʶ ʇʃ. 

ɼʣʷ ʦʙʦʭ ʪʠʧʽʚ ʇʃ ʚ ʤʝʞʘʭ ʚʠʧʨʦʤʽʥʶʶʯʦʾ ʧʦʚʝʨʭʥʽ ʌʈ ʚʠʷʚʠʣʦʩʷ 

ʥʝʣʽʥʽʡʥʠʤ ʟ ʫʚʽʛʥʫʪʽʩʪʶ. ʅʘ ʨʠʩ. 2.14 ʧʦʢʘʟʘʥʽ ʧʨʦʬʽʣʽ ʇʃ ʪʘ ʌʈ, ʧʦʙʫʜʦʚʘʥʽ ʟʘ 

ʬʦʨʤʫʣʘʤʠ (2.40) ʽ (2.41). ʅʘ ʚʩʽʭ ʨʠʩʫʥʢʘʭ ʩʫʮʽʣʴʥʽ ʣʽʥʽʾ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʇʃ ʟ 

ʢʣʘʩʠʯʥʠʤ ʧʨʦʬʽʣʝʤ, ʘ ʧʫʥʢʪʠʨʥʽ ï ʜʣʷ ʇʃ ʟ ʫʩʝʨʝʜʥʝʥʠʤ ʧʨʦʬʽʣʝʤ [19,20]. 
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ʈʠʩ. 2.14. ʇʨʦʬʽʣʽ ʇʃ: ʢʣʘʩʠʯʥʦʾ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʽ ʟ ʫʩʝʨʝʜʥʝʥʥʷʤ (ʧʫʥʢʪʠʨʥʘ), 

ʘ ʪʘʢʦʞ ʌʈ ʚ ʨʦʟʢʨʠʚʽ 

2.2.2. ɺʧʣʠʚ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ ʩʠʩʪʝʤ ʥʘ 

ʮʽʣʽʩʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʾʾ ʜʦʩʪʫʧʥʽʩʪʴ 

ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʧʦʨʷʜ ʟ 

ʽʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʫʣʷʮʽʾ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʪʘ ʚʠʧʨʦʤʽʥʝʥʥʽ ʘʙʦ ʧʽʜ ʚʧʣʠʚʦʤ ʚʟʘʻʤʦʜʽʾ ʭʚʠʣʽ ʟ ʦʙôʻʢʪʘʤʠ ʪʘ 

ʩʝʨʝʜʦʚʠʱʝʤ ʧʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ, ʻ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʘʙʦ ʪʘʢʠʤʠ, ʱʦ 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʷʢʦʩʪʽ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʠʭ ʟʘʚʘʜ. ʊʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ 

ʚʨʘʭʫʚʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʽ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʨʦʟʛʣʷʥʫʪʽ ʫ ʨʷʜʽ 

ʧʨʘʮʴ. ʅʘ ʥʘʰ ʧʦʛʣʷʜ ʥʘʡʙʽʣʴʰ ˇʨʫʥʪʦʚʥʦ ʮʝ ʟʨʦʙʣʝʥʦ ʫ [21ï25]. ɺʽʜʦʤʽ ʧʨʠʢʣʘʜʠ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʪʽʣʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʚ ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʫ ʨʘʜʽʦʣʦʢʘʮʽʾ 

ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʦʟʥʘʢ ʦʙôʻʢʪʽʚ (ʣʽʪʘʢʽʚ, ʙʦʡʦʚʠʭ ʛʦʣʦʚʦʢ 

ʙʘʣʽʩʪʠʯʥʠʭ ʨʘʢʝʪ, ʩʫʧʫʪʥʠʢʽʚ ʽ ʪ. ʽʥ.) [22,23], ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤʘʭ ʟʚôʷʟʢʫ, ʜʝ 

ʧʦʣʷʨʠʟʘʮʽʷ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʭʚʠʣʴ ʯʝʨʝʟ ʽʦʥʦʩʬʝʨʫ, ʫ ʜʝʢʘʤʝʪʨʦʚʠʭ 

ʨʘʜʽʦʣʽʥʽʷʭ, ʜʝ ʧʦʣʷʨʠʟʘʮʽʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘ ʜʽʣʷʥʮʽ 

ʽʦʥʦʩʬʝʨʥʦʾ ʨʝʬʨʘʢʮʽʾ. ʄʽʞ ʪʠʤ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ, 

ʦʩʦʙʣʠʚʦ ʾʾ ʥʘʡʙʽʣʴʰ ʜʦʩʢʦʥʘʣʦʾ ʬʦʨʤʠ ï ʘʜʘʧʪʠʚʥʦʾ ʧʦʣʷʨʠʟʘʮʽʡʥʦ-ʧʨʦʩʪʦʨʦʚʦʾ 

ʪʘ ʧʦʣʷʨʠʟʘʮʽʡʥʦ-ʯʘʩʦʚʦʾ ʦʙʨʦʙʢʠ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʪʘʢʦʞ ʧʨʠʜʫʰʝʥʥʷ ʟʘʚʘʜ, ʱʦ 

ʤʘʶʪʴ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʫ ʩʠʩʪʝʤʘʭ ʟʚôʷʟʢʫ 

ʟʜʝʙʽʣʴʰʝ ʦʙʤʝʞʫʻʪʴʩʷ ʫʟʛʦʜʞʝʥʥʷʤ ʟʘ ʧʦʣʷʨʠʟʘʮʽʻʶ ʧʨʠʡʤʘʣʴʥʦʾ ʘʥʪʝʥʠ ʟ 
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ʭʚʠʣʝʶ, ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ, ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʡʤʘʣʴʥʠʭ ʘʥʪʝʥ, ʽʥʚʘʨʽʘʥʪʥʠʭ ʜʦ 

ʚʠʧʘʜʢʦʚʦʾ ʘʙʦ ʝʣʽʧʪʠʯʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʭʚʠʣʽ ʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʘ ʜʝʢʘʤʝʪʨʦʚʠʭ 

ʢʘʥʘʣʘʭ (ʩʧʽʨʘʣʴʥʽ ʪʘ ʪʫʨʥʽʢʝʪʥʽ ʘʥʪʝʥʠ). ʋ ʩʠʩʪʝʤʘʭ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʪʘ 

ʤʦʙʽʣʴʥʦʛʦ ʽʥʪʝʨʥʝʪʫ ʩʪʘʥʜʘʨʪʽʚ IEEE 802.11n (Wi-Fi), 4G, 3GPP LTE, WiMAX ʽ 

HSPA+ ʚʨʘʭʫʚʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʣʷ ʧʦʢʠ ʱʦ ʥʝ ʟʜʦʙʫʣʦ ʧʦʤʽʪʥʦʛʦ 

ʧʦʰʠʨʝʥʥʷ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʮʝ ʦʙʫʤʦʚʣʝʥʦ ʟʥʘʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ: ʧʦ-ʧʝʨʰʝ, 

ʧʝʚʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʽ ʧʨʠʡʤʘʣʴʥʠʭ 

ʘʥʪʝʥ, ʧʦ-ʜʨʫʛʝ, ʩʢʣʘʜʥʦʶ ʧʦʣʷʨʠʟʘʮʽʡʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʧʦʣʷ, ʦʩʦʙʣʠʚʦ ʫ 

ʧʨʠʤʽʱʝʥʥʷʭ, ʷʢʫ ʚʘʞʢʦ ʤʦʜʝʣʶʚʘʪʠ, ʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʾʾ ʥʘʧʝʚʥʦ ʚʘʞʢʦ ʫʟʘʛʘʣʴʥʶʚʘʪʠ. ʍʦʯʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʦʰʫʢʫ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʜʥʦʯʘʩʥʦ ʧʨʘʮʶʶʯʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʫʱʽʣʴʥʝʥʥʷ ʩʠʛʥʘʣʽʚ) ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʽʚ (ʘʙʦ ʭʦʯʘ ʙ ʟʘʧʦʙʽʛʘʥʥʷ ʟʥʠʞʝʥʥʶ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ) ʟʛʘʜʘʥʠʭ ʩʠʩʪʝʤ ʟʨʦʩʪʘʻ [26]. 

ɺʽʜʦʤʦ, ʱʦ ʦʜʥʠʤ ʟ ʚʠʨʽʰʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʠʡ ʦʙʫʤʦʚʣʶʻ ʧʨʠʥʮʠʧʦʚʫ 

ʤʦʞʣʠʚʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʽ ʙʘʛʘʪʦʩʪʘʥʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ 

ʩʫʧʫʪʥʠʢʦʚʽ ʘʙʦ ʥʘʟʝʤʥʽ ʩʠʩʪʝʤʠ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ, ʘ ʪʘʢʦʞ ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪʫ, ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ 

ʩʠʛʥʘʣʽʚ ʦʢʨʝʤʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ [27]. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʮʝ ʚʠʨʽʰʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʯʘʩʪʦʪʥʦʛʦ, ʯʘʩʦʚʦʛʦ, ʢʦʜʦʚʦʛʦ ʧʦʜʽʣʫ (ʨʦʟʜʽʣʝʥʥʷ) ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʚʥʦʾ 

ʢʦʤʙʽʥʘʮʽʾ ʮʠʭ ʤʝʪʦʜʽʚ. ɼʫʞʝ ʦʙʤʝʞʝʥʠʤʠ ʻ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʥʝʩʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ (ʦʩʦʙʣʠʚʦ 

ʫ Wi-Fi ʤʝʨʝʞʘʭ). ʄʽʞ ʪʠʤ ʩʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʪʘ ʾʭ ʱʽʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʫ ʤʝʞʘʭ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʧʦʪʨʝʙʫʻ ʧʦʰʫʢʫ 

ʰʣʷʭʽʚ ʧʦʜʦʣʘʥʥʷ ʧʨʦʙʣʝʤʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʧʦʜʽʣʫ ʦʜʥʦʯʘʩʥʦ 

ʧʨʘʮʶʶʯʠʭ ʘʙʦʥʝʥʪʽʚ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʩʫʪʪʻʚʦʛʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ (ʰʚʠʜʢʦʩʪʽ) 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ (ʟʥʠʞʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʽʚ). ɯʩʥʫʶʯʽ 

ʧʨʦʪʦʢʦʣʠ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʯʘʩʦʚʦʤʫ ʧʦʜʽʣʽ ʧʘʢʝʪʽʚ, ʷʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ, ʤʘʡʞʝ 

ʚʠʯʝʨʧʘʣʠ ʩʚʦʾ ʤʦʞʣʠʚʦʩʪʽ [26]. 

ɼʦʜʘʪʢʦʚʠʤ ʩʪʫʧʝʥʝʤ ʩʚʦʙʦʜʠ ʜʣʷ ʦʨʪʦʛʦʥʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʽʚ ʟ ʤʝʪʦʶ ʧʦʜʽʣʫ 

ʘʙʦʥʝʥʪʽʚ ʫ ʩʠʩʪʝʤʘʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʘʜʽʦʢʘʥʘʣʠ, ʤʦʞʝ ʙʫʪʠ ʧʦʣʷʨʠʟʘʮʽʷ 
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ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ. ɿ ʪʝʦʨʝʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʦʨʪʦʛʦʥʘʣʽʟʘʮʽʷ ʩʠʛʥʘʣʽʚ ʟʘ 

ʧʦʣʷʨʠʟʘʮʽʻʶ ʫ ʣʽʥʽʡʥʦʤʫ ʘʙʦ ʢʨʫʛʦʚʦʤʫ ʙʘʟʠʩʽ ʥʝ ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚʽʚ [21,24,25] 

ʢʦʣʠ ʡʜʝʪʴʩʷ ʧʨʦ ʙʽʣʴʰ-ʤʝʥʰ ʧʨʦʩʪʽ ʫʤʦʚʠ ʥʘ ʪʨʘʩʽ: ʚʽʜʢʨʠʪʘ ʤʽʩʮʝʚʽʩʪʴ, ʤʘʣʘ 

ʢʽʣʴʢʽʩʪʴ ʚʽʜʙʠʚʘʶʯʠʭ ʦʙôʻʢʪʽʚ, ʦʜʥʦʨʽʜʥʝ ʪʘ ʽʟʦʪʨʦʧʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʋʤʦʚʠ, ʫ ʷʢʠʭ 

ʬʫʥʢʮʽʦʥʫʶʪʴ ʤʝʨʝʞʽ ʩʪʘʥʜʘʨʪʫ IEEE 802.11, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʥʝʩʪʠ ʜʦ ʪʘʢʠʭ ʚʘʞʢʦ. 

ʇʝʚʥʽ ʩʧʨʦʙʠ ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʝʬʝʢʪʠ ʫ MIMO ʩʠʩʪʝʤʘʭ ʚʽʜʦʤʽ [28ï

31], ʘʣʝ ʘʚʪʦʨʠ ʦʙʤʝʞʠʣʠʩʴ ʣʠʰʝ ʘʥʘʣʽʟʦʤ ʚʧʣʠʚʫ ʩʪʫʧʝʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ 

ʧʦʣʷʨʠʟʘʮʽʾ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʽ ʧʨʠʡʤʘʣʴʥʠʭ ʘʥʪʝʥ ʥʘ ʨʽʚʝʥʴ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ, ʥʝ 

ʪʦʨʢʘʶʯʠʩʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʠʩʪʝʤʫ ʫ ʮʽʣʦʤʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʘ ʽʟ ʤʦʞʣʠʚʠʭ ʥʘʧʨʷʤʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʭʚʠʣʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʨʘʜʽʦʩʠʩʪʝʤ ʪʠʧʫ 

IEEE 802.11n ʫ ʧʨʠʤʽʱʝʥʥʷʭ. ʇʝʨʰʝ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʧʦʜʽʣʫ 

ʩʠʛʥʘʣʽʚ, ʪʦʙʪʦ ʫʱʽʣʴʥʝʥʥʷ ʢʘʥʘʣʫ (ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʥʽʡʥʦʛʦ 

ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʙʘʟʠʩʫ; ʫ ʧʦʜʘʣʴʰʦʤʫ ʟʘʧʣʘʥʦʚʘʥʦ ʜʦʩʣʽʜʠʪʠ ʢʨʫʛʦʚʠʡ ʙʘʟʠʩ), ʱʦ 

ʚ ʨʝʰʪʽ ʨʝʰʪ ʚʝʜʝ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ʫ ʮʽʣʦʤʫ. ɼʨʫʛʝ: 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʦʟʥʝʩʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʦʢʨʝʤʦʛʦ ʢʘʥʘʣʫ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʣʷ. ʆʩʥʦʚʥʘ 

ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʪʘ ʾʭ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʫʤʦʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʭʚʠʣʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʥʪʝʥ ʟ ʣʽʥʽʡʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ ï 

ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʚʽʙʨʘʪʦʨʽʚ. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥʠ ʨʽʚʥʽʚ ʩʠʛʥʘʣʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʨʠʡʤʘʣʴʥʦʾ ʽ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʘʥʪʝʥ ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʠʡʤʘʯʘ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʢʘʥʘʣ ʟʚôʷʟʢʫ. ʅʘ ʨʠʩ. 2.15 ʧʦʢʘʟʘʥʽ ʩʭʝʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɺ 

ʷʢʦʩʪʽ ʧʝʨʝʜʘʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʊɹɼ ʪʠʧʫ TP-LINK TL -WR340G (ʘʧʘʨʘʪʥʘ 

ʚʝʨʩʽʷ 4 ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ Atheros AR2317, 200 ʄɻʮ) ʟʽ ʩʪʘʥʜʘʨʪʥʦʶ ʧʨʦʰʠʚʢʦʶ 

Stock 4.18.19.110701. ɺ ʷʢʦʩʪʽ ʧʨʠʡʤʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʟʦʚʥʽʰʥʽʡ 

ʙʝʟʧʨʦʚʦʜʦʚʠʡ ʧʨʠʩʪʨʽʡ Linksys WUSB54G (ʘʧʘʨʘʪʥʘ ʚʝʨʩʽʷ 4 ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ 

Ralink RT2500USB). ʆʙʠʜʚʽ ʩʪʦʨʦʥʠ ʙʫʣʠ ʧʝʨʝʦʙʣʘʜʥʘʥʽ ʦʜʥʘʢʦʚʠʤʠ 

ʯʚʝʨʪʴʭʚʠʣʴʦʚʠʤʠ ʚʽʙʨʘʪʦʨʘʤʠ ʟ ʧʦʚʦʨʦʪʥʠʤ ʤʝʭʘʥʽʟʤʦʤ. ɺʽʜʩʪʘʥʴ ʤʽʞ 

ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʽ ʧʨʠʡʤʘʣʴʥʦʶ ʘʥʪʝʥʘʤʠ ʚʽʜʧʦʚʽʜʘʻ ʜʘʣʴʥʽʡ ʟʦʥʽ, ʘ ʚʠʤʽʨʶʚʘʥʥʷ 
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ʧʨʦʚʦʜʷʪʴʩʷ ʫ ʧʝʨʰʽʡ ʟʦʥʽ ʌʨʝʥʝʣʷ. ɸʥʘʣʽʟ ʨʽʚʥʽʚ ʩʠʛʥʘʣʽʚ ʧʨʦʚʦʜʠʚʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ NetStumbler (ʚʝʨʩʽʾ 0.4.0). 

 

ʈʠʩ. 2.15. ʉʭʝʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʘʥʪʝʥʘʤʠ ʚ ʧʣʦʱʠʥʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʭʚʠʣʽ: 

ʘ ï ʧʘʨʘʣʝʣʴʥʝ; ʙ, ʚ ï ʧʽʜ ʢʫʪʘʤʠ Ñˊ/4; ʛ, ʜ ï ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʝ ʨʦʟʤʽʱʝʥʥʷ 

ɺ ʷʢʦʩʪʽ ʙʘʟʦʚʦʛʦ ʦʙʨʘʥʝ ʧʘʨʘʣʝʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʽʙʨʘʪʦʨʽʚ ʥʘ ʦʜʥʽʡ ʚʠʩʦʪʽ, 

ʧʨʠ ʷʢʦʤʫ ʢʦʞʝʥ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʫʟʛʦʜʞʝʥʽʩʪʴ (ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʟʝʤʣʽ) ʟʘ 

ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ (ʨʠʩ. 2.15ʘ). ɺ ʙʘʟʦʚʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ 

ʩʪʘʥʦʚʠʪʴ ʤʽʥʫʩ 18 ʜɹʤɺʪ (ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʚ ʘʥʪʝʥʽ 1 ʤɺ, 

ʜʠʚ. ʪʘʙʣ. 2.4). 

ʊʘʙʣʠʮʷ 2.4 

ʈʽʚʥʽ ʩʠʛʥʘʣʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʟʘʻʤʥʦʛʦ ʢʫʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʜɹʤɺʪ 

ʊʠʧʠ ʧʨʠʤʽʱʝʥʴ 
ʂʫʪʠ ʤʽʞ ʘʥʪʝʥʘʤʠ, ʨʘʜ 

0 ˊ/4 ḯ /4 Ñˊ/2 

ɹʝʟ ʧʝʨʝʚʽʜʙʠʪʪʷ 
ï18 

ï16 ï22 ï33 

ɿ ʧʝʨʝʚʽʜʙʠʪʪʷʤ ï20 ï20 ï22 
  

ʇʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʘʥʪʝʥʠ ʧʽʜ ḯ /4 (ʨʠʩ. 2.15ʙ) ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 

ʤʽʥʫʩ 16 ʜɹʤɺʪ, ʘ ʧʨʠ ˊ/4 (ʨʠʩ. 2.15ʚ ʘʙʦ 2.15ʛ) ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʤʽʥʫʩ 22 ʜɹʤɺʪ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ Mmana-Gal basic 

(ʚʝʨʩʽʾ 3.0.0.15) ʦʪʨʠʤʫʻʤʦ ɼʉ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, ʧʦʢʘʟʘʥʫ ʥʘ ʨʠʩ. 2.16. 

ɿ ɼʉ ʚʠʜʥʦ, ʱʦ ʨʽʟʥʠʮʷ ʨʽʚʥʽʚ ʩʠʛʥʘʣʽʚ ʤʽʞ ʢʫʪʘʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ Ñˊ/4 ʩʪʘʥʦʚʠʪʴ 

ʙʣʠʟʴʢʦ 6 ʜɹʤɺʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʝʟʫʣʴʪʘʪʘʤ ʦʪʨʠʤʘʥʠʤ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ. 
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ʈʠʩ. 2.16. ɼʉ ʘʥʪʝʥʠ ʧʽʜ Ñˊ/4 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʝʤʣʽ 

ʇʨʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫ ʧʨʠʤʽʱʝʥʥʽ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʝʨʝʚʽʜʙʠʪʪʽʚ 

ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʚʽʜʧʦʚʽʜʘʻ 2 ʜɹʤɺʪ ʧʨʠ ʥʘʭʠʣʝʥʥʽ ʥʘ ʢʦʞʥʽ 45Á, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʫ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [28]. 

ɺ ʥʘʩʪʫʧʥʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʚʽʨʷʚʩʷ ʚʧʣʠʚ ʦʨʪʦʛʦʥʘʣʽʟʘʮʽʾ ʟʘ ʧʦʣʷʨʠʟʘʮʽʻʶ 

ʧʨʠʡʤʘʣʴʥʦʾ ʘʥʪʝʥʠ ʥʘ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ (ʜʠʚ. ʨʠʩ. 2.17). ʇʨʠ ʧʦʚʦʨʦʪʽ ʥʘ ˊ/4 ʨʽʚʝʥʴ 

ʩʠʛʥʘʣʫ ʩʪʘʥʦʚʠʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ʤʽʥʫʩ 23 ʜɹʤɺʪ, ʘ ˊ/2 ï ʤʽʥʫʩ 31 ʜɹʤɺʪ. ʇʽʜ ʯʘʩ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʘʥʪʝʥʘ ʧʦʚʝʨʪʘʣʘʩʷ ʚ ʜʚʘ ʙʦʢʠ, ʘʣʝ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʣʠʰʘʚʩʷ ʙʝʟ ʟʤʽʥ, 

ʱʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʚʧʣʠʚʫ ʧʝʨʝʚʽʜʙʠʪʪʽʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʫ ʧʨʠʤʽʱʝʥʥʽ ʟ ʧʝʨʝʚʽʜʙʠʪʪʷʤʠ ʞʦʜʥʦʾ ʟʤʽʥʠ ʧʨʠ ʧʦʚʦʨʦʪʽ ʘʥʪʝʥʠ ʚ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʧʣʦʱʠʥʽ ʥʝ ʙʫʣʦ ʧʦʤʽʯʝʥʦ, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʷʚʥʽʩʪʶ 

ʩʢʣʘʜʦʚʠʭ ʧʦʣʷ ʟ ʨʽʟʥʦʤʘʥʽʪʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʚʝʢʪʦʨʫ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʟ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ. 

 

ʈʠʩ. 2.17. ʉʭʝʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʘʥʪʝʥʘʤʠ ʚ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ 

ʧʽʜ ˊ/4 (ʘ) ʽ ʧʽʜ ˊ/2 (ʙ) 
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ʋ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ (ʥʘʧʨʠʢʣʘʜ, MIMO) ʧʦʨʷʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʫʙʣʶʚʘʥʥʷ ʧʘʢʝʪʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʟʚôʷʟʢʫ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʝʬʝʢʪʠ. ʋ ʜʽʘʧʘʟʦʥʽ ʫʣʴʪʨʘʚʠʩʦʢʠʭ ʯʘʩʪʦʪ ʪʘʢʽ ʩʠʩʪʝʤʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʟʽ ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʽ ʥʘ 

ʥʝʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ. ɼʣʷ ʦʧʠʩʫ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʘʥʘʣʴʥʘ ʤʘʪʨʠʮʷ 

H, ʨʦʟʤʽʨʥʽʩʪʴ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʽ ʧʨʠʡʤʘʣʴʥʠʭ ʘʥʪʝʥ 

[30,31]. ʋ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʚʽ ʊɹɼ ʪʠʧʫ TP-Link TL-WR1043ND, 

ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʨʝʞʠʤ ʨʦʙʦʪʠ MIMO 3Ĭ3. ʂʘʥʘʣʴʥʘ ʤʘʪʨʠʮʷ ʜʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ 

ʙʫʜʝ ʢʚʘʜʨʘʪʥʦʶ ʨʦʟʤʽʨʥʽʩʪʶ N = 3: 

 ╗

Ὤ Ὤ Ὤ
Ὤ Ὤ Ὤ
Ὤ Ὤ Ὤ

Ȣ (2.42) 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʘʡʜʝʤʦ 

ʢʦʝʬʽʮʽʻʥʪʠ ʫʟʛʦʜʞʝʥʥʷ ʜʣʷ ʚʩʽʭ ʚʠʧʘʜʢʽʚ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʥʪʝʥ ʽ ʚʽʣʴʥʠʭ 

ʨʦʟôʻʤʽʚ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʘʨʘʟʠʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʘʥʘʣʴʥʫ 

ʤʘʪʨʠʮʶ ʥʘ ʤʘʣʠʭ ʚʽʜʩʪʘʥʷʭ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʨʦʟôʻʤʠ ʪʠʧʫ SMA Plug (Male) 

ʚʠʧʨʦʤʽʥʶʚʘʣʠ ʚ ʥʘʧʨʷʤʢʫ ʧʨʠʡʤʘʣʴʥʦʾ ʘʥʪʝʥʠ (ʨʠʩ. 2.18). 

 

ʈʠʩ. 2.18. ʂʫʪ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ SMA-ʨʦʟôʻʤʫ 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ, ʧʨʠ ʷʢʽʡ ʜʚʘ ʨʦʟôʻʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʟʘ 

ʨʘʭʫʥʦʢ ʧʘʨʘʟʠʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ [26]: 

 Ὠ
̒̆̑
ρπ

̐̑ ̐̆̑̑̏̈

ȟ (2.43) 

ʜʝ c ï h ʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ; fʩʝʨ ï ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʫ ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʪʠ; Pʧʨ ï ʤʘʢʩʠʤʘʣʴʥʘ 

ʯʫʪʣʠʚʽʩʪʴ ʧʨʠʡʤʘʯʘ, Pʧʝʨ ï ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʡʤʘʯʘ, Pʨʦʟ ï ʢʦʝʬʽʮʽʻʥʪ 

ʦʩʣʘʙʣʝʥʥʷ ʨʦʟôʻʤʫ (ʜʣʷ ʥʘʡʛʽʨʰʠʭ ʟʨʘʟʢʽʚ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʫʩ 40 ʜɹʤɺʪ). ʇʽʩʣʷ 
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ʨʦʟʨʘʭʫʥʢʫ ʦʪʨʠʤʫʻʤʦ ʤʘʢʩʠʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ ʫ 2,5 ʤ, ʘ ʚʽʜʩʪʘʥʴ ʫ ʝʢʩʧʝʨʠʤʝʥʪʽ 

ʩʢʣʘʣʘ 8,36 ʤ, ʪʦʤʫ ʚʟʘʻʤʥʠʤ ʚʧʣʠʚʦʤ ʜʚʦʭ ʨʦʟôʻʤʽʚ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ɽʣʝʤʝʥʪʠ ʢʘʥʘʣʴʥʦʾ ʤʘʪʨʠʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 Ὤ ̐

̂
Ѝρπ̐ ȟ̂ (2.44) 

ʜʝ Pʧ ʽ Pʙ ï ʨʽʚʥʽ ʩʠʛʥʘʣʽʚ ʫ ʜʚʦʭ ʧʦʣʦʞʝʥʥʷʭ (ʧʦʪʦʯʥʦʤʫ ʽ ʙʘʟʦʚʦʤʫ), ʤɺʪ; pʧ  ̔pʙ ï 

ʨʽʚʥʽ ʩʠʛʥʘʣʽʚ, ʜɹʤɺʪ. 

ʇʽʩʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ (2.42) ʦʪʨʠʤʫʻʤʦ ʢʦʝʬʽʮʽʻʥʪʠ ʫʟʛʦʜʞʝʥʥʷ, ʧʨʠʚʝʜʝʥʽ 

ʚ ʪʘʙʣ. 2.5. 

ʊʘʙʣʠʮʷ 2.5 

ʂʦʝʬʽʮʽʻʥʪʠ ʫʟʛʦʜʞʝʥʥʷ 

ɺʘʨʽʘʥʪʠ ʨʦʟʤʽʱʝʥʥʷ ʘʥʪʝʥ hij 

ʇʘʨʘʣʝʣʴʥʽ ʘʥʪʝʥʠ 1,00 

ɸʥʪʝʥʠ ʧʽʜ ʢʫʪʘʤʠ Ñˊ/4 0,32 

ʇʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʘʥʪʝʥʠ 0,05 

ɸʥʪʝʥʘ ʜʦ ʚʽʣʴʥʦʛʦ ʨʦʟôʻʤʫ 0,01 

ɼʚʘ ʚʽʣʴʥʽ ʨʦʟôʻʤʠ 10ï9é10ï8 

  

ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʨʦʟʛʣʷʜʘʣʠʩʷ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʥʪʝʥ, 

ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʢʘʥʘʣʴʥʘ ʤʘʪʨʠʮʷ. ʇʨʠʢʣʘʜ ʚʟʘʻʤʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʥʪʝʥ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.19. 

 

ʈʠʩ. 2.19. ʇʨʠʢʣʘʜ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʇʽʩʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.42) ʽ (2.44) ʢʘʥʘʣʴʥʘ ʤʘʪʨʠʮʷ ʜʣʷ ʜʘʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 

 ╗
ρȟπππȟσςπȟπυ
πȟπρπȟπρπȟπρ
πȟπυπȟσςρȟππ

Ȣ (2.45) 

ʋ [32] ʽ [33] ʧʨʠʚʝʜʝʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʪʝʦʨʝʤʠ ʐʝʥʥʦʥʘ-ʍʘʨʪʣʽ, ʟʘ ʷʢʦʶ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʫ (ʽʟ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥ ʛʝʨʮ): 
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 ὅ ÌÏÇÄÅÔὍ Ͻ╗╗ ȟ (2.46) 

ʜʝ IN ï ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʥʽʩʪʶ N; ɟ ï ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ; HT ï 

ʪʨʘʥʩʧʦʥʦʚʘʥʘ ʢʘʥʘʣʴʥʘ ʤʘʪʨʠʮʷ. ɺʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 ” ̒̉̄̎

̙̔̍
Ѝρπ̙̒̉̄̎ ̔ȟ̍ (2.47) 

ʜʝ Pʩʠʛʥ ʽ Pʰʫʤ ï ʨʽʚʥʽ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʰʫʤʫ, ʤɺʪ; pʩʠʛʥ ʽ pʰʫʤ ï ʨʽʚʥʽ ʩʠʛʥʘʣʽʚ, 

ʜɹʤɺʪ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ pʩʠʛ ʧʨʠʡʥʷʪʦ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʧʨʠ 

ʧʘʨʘʣʝʣʴʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʘʥʪʝʥ, ʘ ʟʘ ʨʽʚʝʥʴ ʰʫʤʫ pʰʫʤ ʧʨʠʡʥʷʪʦ ʤʽʥʽʤʘʣʴʥʠʡ 

ʨʦʙʦʯʠʡ ʨʽʚʝʥʴ ʧʨʠʡʤʘʯʘ ʤʽʥʫʩ 68 ʜɹʤɺʪ ʜʣʷ ʨʝʞʠʤʽʚ ʧʝʨʝʜʘʯʽ (54õ270) ʄʙʽʪ/ʩ, ʥʘ 

ʷʢʠʭ ʧʨʦʚʦʜʠʣʘʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ. 

ɺ ʪʘʙʣ. 2.6 ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.46) ʽ (2.47) 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʘʥʘʣʽʚ, ʟ ʷʢʦʾ ʚʠʜʥʦ, ʱʦ ʚʦʥʘ 

ʟʘʣʝʞʠʪʴ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʽʜ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʽ ʧʨʠʡʤʘʣʴʥʦʾ 

ʘʥʪʝʥ, ʘ ʥʝ ʚʽʜ ʾʭ ʢʽʣʴʢʦʩʪʽ. ɺ ʜʦʩʣʽʜʞʝʥʽ ʨʦʟʛʣʷʜʘʣʠʩʷ ʥʝ ʫʩʽ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ, ʘ 

ʣʠʰʝ ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʽ. ʉʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠʭʦʜʷʪʴʩʷ ʥʘ ʚʟʘʻʤʥʦ ʧʘʨʘʣʝʣʴʥʫ 

ʦʨʽʻʥʪʘʮʽʶ ʘʥʪʝʥ (ʚ ʪʘʙʣʠʮʽ ʧʦʤʽʯʝʥʽ ʟʽʨʢʦʶ) ʟ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʙʣʠʟʴʢʦ 

16 ʙʽʪ ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʩʠʤʚʦʣ, ʥʘʡʢʨʘʱʽ (~35 ʙʽʪ) ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ ʚʘʨʽʘʥʪʠ ʟ 

ʥʘʭʠʣʝʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʘʥʪʝʥ (ʚ ʪʘʙʣʠʮʽ ʧʦʤʽʯʝʥʽ ʜʚʦʤʘ ʟʽʨʢʘʤʠ) [34ï36]. 

ʊʘʙʣʠʮʷ 2.6 

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʘʥʪʝʥ 

ʂʽʣʴʢʽʩʪʴ 

ʘʥʪʝʥ 

ɺʟʘʻʤʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʘʥʪʝʥ 

ʇʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ, ʙʽʪ 

ʂʽʣʴʢʽʩʪʴ 

ʘʥʪʝʥ 

ɺʟʘʻʤʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʘʥʪʝʥ 

ʇʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ, ʙʽʪ 

1 (1:0) | : Ĭ 3,4594 6 (3:3) \ | / : | | | 16,8784 

2 (2:0) | | : Ĭ 4,3923 4 (2:2)* | | : | | 17,0253 

2 (2:0) \ / : Ĭ 4,3923 5 (3:2)* | | | : | | 17,6097 

3 (3:0) | | | : Ĭ 4,9542 4 (3:1) \ | / : | 17,9065 

3 (3:0) \ | / : Ĭ 4,9542 5 (3:2) \ | / : | | 18,1249 

3 (2:1) \ / : | 12,7500 6 (3:3) | | | : | | | 18,1946 

4 (2:2) \ / : | | 13,7432 4 (2:2)** \ / : \ / 30,0445 

2 (1:1)* | : | 15,0272 5 (3:2)** \ | / : \ / 30,8029 

3 (2:1)* | | : | 16,0260 6 (3:3)** \ | / : \ | / 44,4410 

4 (3:1)* | | | : | 16,6099    
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2.3. ʄʝʪʦʜ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜ ʚʧʣʠʚʫ 

ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʛʨʦʟ 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, ʦʪʨʠʤʘʥʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ, ʦʧʠʩʘʥʦʛʦ ʫ ʨʦʟʜʽʣʽ 

1.1.4. ɺ̔ ʜʦʤʦ, ʱʦ ʙʫʜʴ-ʷʢʘ ʟʘʛʨʦʟʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʙʦʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚʠʩʥʦʚʢʠ ʝʢʩʧʝʨʪʽʚ ʙʫʜʫʪʴ ʢʦʨʝʣʶʚʘʪʠʩʷ ʯʝʨʝʟ ʩʫʙôʻʢʪʠʚʥʽʪʴ, ʘ 

ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ̔  ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʙʫʜʫʪʴ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ, ʚʠʟʥʘʯʠʤʦ 

ʬʫʥʢʮʽʶ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʢʩʧʝʨʪʘ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʥʦʨʤʦʚʘʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ S* ʽ ʦʜʥʦʯʘʩʥʦ ʨʦʟʛʣʷʥʝʤʦ ʩʫʙôʻʢʪʠʚʥʽ ʦʮʽʥʢʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ i-ʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 
ὡ  Ὢ ὼȟ

Ὃ  Ὢ ὼȠ
 (2.48) 

ʜʝ fW ʽ fG ï ʬʫʥʢʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʚʽʜ ʩʫʙôʻʢʪʠʚʥʦʾ 

ʦʮʽʥʢʠ ʦʢʨʝʤʦʛʦ ʝʢʩʧʝʨʪʘ xi. 

ɿʘʛʘʣʴʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʤʦʥʦʪʦʥʥʦʾ fW ʽ ʥʝʧʝʚʥʦʾ ʬʫʥʢʮʽʾ fG ʤʘʻ ʚʠʛʣʷʜ: 

 Ὓᶻ В ὡᶻὼ ϽὋᶻὼȟ (2.49) 

ʜʝ W*(xi) ï ʥʦʨʤʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʘʛʦʤʦʩʪʽ ʩʫʙôʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʫ xi: 

 ὡᶻὼ
 

ȟ (2.50) 

ʘ G*(xi) ï ʥʦʨʤʦʚʘʥʝ ʙʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ: 

 Ὃᶻὼ
 

Ȣ (2.51) 

ʇʨʦʤʽʞʥʽ ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʽʥʪʝʛʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 
Ὃ ᷿ Ὢ ὼὨὼ

̘̐̏

̨̋̎ ȟ

Ὃ ᷿ Ὢ ὼὨὼȠ
 (2.52) 

ʜʝ xi
ʧʦʯ ʽ xi

ʢʽʥ ï ʧʦʯʘʪʦʢ ʽ ʢʽʥʝʮʴ ʽʥʪʝʨʚʘʣʫ ʟʥʘʯʝʥʴ ʜʣʷ ʟʘʜʘʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʘ 

ʽʩʥʫʻ ʽ ʥʝʧʝʨʝʨʚʥʘ ʥʘ ʧʨʦʤʽʞʢʫ ʚʽʜ xi
min ʜʦ xi

max. 
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ɿʚʘʞʘʶʯʠ, ʱʦ ʚ ʧʨʠʚʝʜʝʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʦʧʝʨʫʚʘʪʠ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ, ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʚʘʨʪʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʦʮʽʥʠʤʦ ʘʜʝʢʚʘʪʥʽʩʪʴ 

ʝʢʩʧʝʨʪʥʦʾ ʛʨʫʧʠ. ɼʣʷ ʮʴʦʛʦ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʜʦʚʽʣʴʥʘ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ N 

ʩʫʪʪʻʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʤʥʦʞʠʥʠ X ʚʩʽʭ ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

ὼρȟὼςȣὼὔ ᶰὢ. ɼʦʩʣʽʜʥʠʤ ʘʙʦ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʚʠʟʥʘʯʠʤʦ ʽʥʪʝʨʚʘʣʠ ʟʥʘʯʝʥʴ ʜʣʷ 

ʚʩʽʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʤʽʥʽʤʘʣʴʥʝ ʽ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ), ʘ ʪʘʢʦʞ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ (ʷʢʝ 

ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʙʫʜʝ ʩʧʽʚʧʘʜʘʪʠ ʟ ʩʝʨʝʜʥʽʤ ʘʨʠʬʤʝʪʠʯʥʠʤ ʤʽʥʽʤʘʣʴʥʦʛʦ ʽ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʴ). 

ɺ ʟʥʘʡʜʝʥʠʭ ʽʥʪʝʨʚʘʣʘʭ ʝʢʩʧʝʨʪʘʤʠ ʤʘʶʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʙʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʞʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Gi ʪʘ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ Ὃ  Ὢ ὼ : 

 

ụ
Ụ
Ụ
Ụ
ợὋ  Ὢ ὼȟὼ ὼ ȟὼ

̒̆̑
ȟὼ

Ὃ  Ὢ ὼȟὼ ὼ ȟὼ
̒̆̑
ȟὼ

ȣ

Ὃ  Ὢ ὼȟὼ ὼ ȟὼ
̒̆̑
ȟὼ

 (2.53) 

ɺʘʛʦʤʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʚʠʟʥʘʯʘʻʤʦ ʤʝʪʦʜʦʤ ʨʦʟʩʪʘʥʦʚʢʠ ʧʨʽʦʨʠʪʝʪʽʚ, ʟʛʽʜʥʦ ʟ 

ʷʢʠʤ ʧʨʽʦʨʠʪʝʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʟʥʘʯʘʻ ʝʢʩʧʝʨʪʥʘ ʛʨʫʧʘ (M ï ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʪʽʚ), 

ʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʪʘʙʣ. 2.7 ʧʦʨʽʚʥʷʥʥʷ, ʚ ʷʢʽʡ ʩʝʨʝʜʥʷ ʦʮʽʥʢʘ 

ʧʨʠʚʦʜʠʪʴʩʷ ʜʦ ʯʠʩʣʦʚʦʾ ʬʦʨʤʠ ʟʘ ʧʨʠʥʮʠʧʦʤ: ç>è ʚʽʜʧʦʚʽʜʘʻ 1,5; ç=è ï 1,0 ʽ ç<è ï 

0,5. 

ʊʘʙʣʠʮʷ 2.7 

ʇʨʠʢʣʘʜ ʧʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʝʢʩʧʝʨʪʽʚ 

ʇʘʨʘʤʝʪʨʠ 
ɽʢʩʧʝʨʪʠ ʉʝʨʝʜʥʷ 

ʦʮʽʥʢʘ 

ʏʠʩʣʦʚʝ 

ʟʥʘʯʝʥʥʷ 1 2 3 é M 

ὼȿὼ = = > é > > 1,5 

ὼȿὼ > > > é > > 1,5 

é é é é é é é é 

ὼ ȿὼ  > > > é > > 1,5 
  

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʟʘʧʦʚʥʶʻʪʴʩʷ ʪʘʙʣ. 2.8 ʧʨʽʦʨʠʪʝʪʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʜʣʷ 

ʧʘʨ ὼȿὼ ʧʨʠʡʤʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ 1,0). 
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ʊʘʙʣʠʮʷ 2.8 

ʇʨʽʦʨʠʪʝʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʘʞʣʠʚʽʩʪʴ ɺʘʛʦʤʽʩʪʴ 

1x  
2x  é ix  é Nx  

ib  
ij 

ib¡ i iW j¡=  

1x  1,0 1,5 é 1,5 é 1,5 7 0,28 34 0,292 

2x  0,5 1,0 é 1,5 é 1,5 5 0,2 22,5 0,193 

é é é é é é é é é é é 

ix  0,5 0,5 é 1,0 é 1,5 4,5 0,18 20,5 0,176 

é é é é é é é é é é é 

Nx  0,5 0,5 é 0,5 é 1,0 3 0,12 14 0,12 

ʅ   1,0  1,0 
  

ʉʪʫʧʽʥʴ ʚʘʞʣʠʚʦʩʪʽ 
ij ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʫ: 

 •
В

, (2.54) 

 ὦ В ὥ , (2.55) 

ʜʝ bi ï ʚʘʛʘ i-ʛʦ ʧʘʨʘʤʝʪʨʫ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ; 
ija  ï ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ 

ʧʨʽʦʨʠʪʝʪʫ. 

ʂʦʝʬʽʮʽʻʥʪ 
iW  ʚʘʛʦʤʦʩʪʽ i-ʛʦ ʧʘʨʘʤʝʪʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ: 

 ὡ •
В

, (2.56) 

 ὦ В ὥ ϽὦȢ (2.57) 

ʆʮʽʥʢʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʝʢʩʧʝʨʪʥʦʾ ʛʨʫʧʠ ʧʨʦʚʦʜʠʪʴʩʷ ʧʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ ʙʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷʤʠ ʢʦʞʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜ ʩʘʤʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

ʬʫʥʢʮʽʷ ʟ ʜʠʩʢʨʝʪʥʦʾ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʥʝʧʝʨʝʨʚʥʫ ʟ (2.53). 

ʉʫʤʘ ʨʘʥʛʽʚ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ: 

 Ὑ В ὶȟ (2.58) 

ʜʝ r ij ï ʨʘʥʛ -̔ʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʠʟʥʘʯʝʥʠʡ j-ʤ ʝʢʩʧʝʨʪʦʤ. 

ʇʝʨʝʚʽʨʢʘ ʟʘʛʘʣʴʥʦʾ ʩʫʤʠ ʨʘʥʛʽʚ, ʷʢʘ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ: 

 Ὑ ϽὓϽὔϽὔ ρȢ (2.59) 

ʉʝʨʝʜʥʷ ʩʫʤʘ ʨʘʥʛʽʚ Rʩʝʨ: 

 Ὑ̒ ̆̑ ϽὙȢ (2.60) 
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ɺʽʜʭʠʣʝʥʥʷ ʩʫʤʠ ʨʘʥʛʽʚ ʜʣʷ ʢʦʞʥʦʾ -̔ʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʩʫʤʠ 

(ʩʫʤʘ ʚʽʜʭʠʣʝʥʴ ʟʘ ʚʩʽʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ): 

 ɝ Ὑ Ὑ̒ ̆Ȣ̑ (2.61) 

ɿʘʛʘʣʴʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʚʽʜʭʠʣʝʥʴ D̔2: 

 Ὓ В ɝȢ (2.62) 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʥʢʦʨʜʘʮʽʾ ʂʝʥʜʘʣʘ: 

 ὡ
Ͻ

Ͻ
Ȣ (2.63) 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʥʢʦʨʜʘʮʽʾ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ: 0 ¢ W ¢ 1. ʋ ʚʠʧʘʜʢʫ ʧʦʚʥʦʾ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ʧʦʛʣʷʜʽʚ ʝʢʩʧʝʨʪʽʚ ʢʦʝʬʽʮʽʻʥʪ ʩʪʘʥʦʚʠʪʴ: W = 1. ʗʢʱʦ W ² Wʥʦʨʤ. ʚʠʟʥʘʯʝʥʽ 

ʜʘʥʽ ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘ ʜʦʚʽʨʫ ʠ ʧʨʠʜʘʪʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɼʣʷ ʟʘʩʦʙʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʧʨʠʡʥʷʪʦ Wʥʦʨʤ. = 0,67, ʪʝ ʩʘʤʝ ʟʥʘʯʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ ʜʣʷ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʨʦʚʦʜʦʛʦ ʟʚôʷʟʢʫ [37ï39]: 

 Wʨʦʟʧʦʜ. ʩʠʩʪ. ʨʫʭ. ʟʚôʷʟʢʫ ² 0,67. (2.64) 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʫ ʧʨʠʚʝʜʝʥʦʤʫ ʚʠʧʘʜʢʫ ʥʦʨʤʦʚʘʥʠʡ ʩʪʫʧʝʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʟʘʚʞʜʠ ʙʫʜʝ S* Ò 1 (S* ï ʘʙʩʦʣʶʪʥʦ ʟʘʭʠʱʝʥʘ ʩʠʩʪʝʤʘ, ʢʦʣʠ 

ʨʦʟʛʣʷʥʫʪʽ ʫʩʽ ʽʩʥʫʶʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ xi) ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ 

ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʚʽʜ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʛʨʦʟ 

ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʫʚʘʪʠ ʥʦʨʤʦʚʘʥʫ ʦʮʽʥʢʫ ʩʪʘʥʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ 

ʩʠʩʪʝʤ ʙʝʟʧʨʦʚʦʜʦʛʦ ʟʚôʷʟʢʫ ʪʘ ʧʨʦʚʦʜʠʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟ 

ʨʽʟʥʠʤ ʥʘʙʦʨʦʤ (ʘʣʝ ʥʝ ʤʝʥʰʝ 3) ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʞʠʚʫʯʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, 

ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʠʡʦʤʫ ʽ/ʘʙʦ ʨʦʟʰʠʨʝʥʥʷ ʟʦʥʠ ʧʦʢʨʠʪʪʷ, ʚ ʨʦʟʜʽʣʽ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʦʪʨʠʤʘʚ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʤʝʨʝʞ, ʤʝʪʦʜ ʤʦʜʫʣʷʮʽʡ ʩʠʛʥʘʣʽʚ ʽ ʘʜʘʧʪʠʚʥʦʛʦ ʧʽʜʙʦʨʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ 

ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ 

ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤʘʭ. 
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ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʢʚʘʜʨʘʪʫʨʥʦʾ 

ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, ɦ ʦ 

ʜʦʟʚʦʣʠʣʦ ʟʘ ʨʘʭʫʥʦʢ ʤʦʜʠʬʽʢʘʮʽʾ ʦʙʣʘʩʪʽ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʦʛʦ ʩʫʟʽʨôʷ ʩʠʛʥʘʣʽʚ 

ʧʦʢʨʘʱʠʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʩʫʤʽʩʥʽʩʪʴ ʪʦʯʢʠ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʜʦʩʪʫʧʫ ʟ ʘʙʦʥʝʥʪʦʤ 

ʪʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʚʠʱʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʦʨʝʪʠʯʥʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʚôʷʟʢʠ ʩʫʩʽʜʥʽʭ ʩʫʟʽʨôʾʚ ʥʘ 4,5%. 

ɺʧʝʨʰʝ ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʛʦ ʧʽʜʙʦʨʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ 

ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʟʘʪʦʨʽʚ 

ʩʧʝʢʪʨʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʜʦ ʽʩʥʫʶʯʦʾ 

ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ ʦʪʨʠʤʫʚʘʪʠ ʦʧʝʨʘʪʠʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ 

ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʝʬʽʨʫ, ʚʠʷʚʣʷʪʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʚʘʜʠ ʽ ʩʪʦʨʦʥʥʽʡ 

ʢʽʙʝʨʥʝʪʠʯʥʽʡ ʚʧʣʠʚ ʪʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʨʦʩʪʘʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʜʦ ʪʘʢʦʛʦ ʚʧʣʠʚʫ. 

ɺʧʝʨʰʝ ʚʧʨʦʚʘʜʞʝʥʦ ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ 

ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʘ ʨʘʭʫʥʦʢ ʘʜʘʧʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʨʠʩʢʦʨʶʶʯʦʾ ʣʽʥʟʠ ʜʦ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ ʩʠʩʪʝʤ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʾʭ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʮʽʣʽʩʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʾʾ ʜʦʩʪʫʧʥʽʩʪʴ ʫʟʛʦʜʠʪʠ 

ʘʥʪʝʥʥʽ ʩʠʩʪʝʤ ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʠʡʤʘʯʘ ʟʘ ʧʦʣʷʨʠʟʘʮʽʻʶ ʪʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪ̔ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʚ ʪʦʯʮʽ ʧʨʠʡʦʤʫ ʜʦ 

7 ʜɹʤɺʪ, ʘ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ï ʜʦ 4%. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʛʨʦʟ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʛʦʤʦʩʪʽ ʪʘ ʙʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʾ 

ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʷʢ ʬʫʥʢʮʽʡ ʚʽʜ ʩʘʤʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʽʟ ʟʥʘʯʝʥʥʷʤ 

ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʢʦʨʜʘʮʽʾ ʝʢʩʧʝʨʪʽʚ ʥʝ ʥʠʞʯʝ 0,67. 

ɺ ʩʫʢʫʧʥʦʩʪʽ ʟʘʟʥʘʯʝʥʽ ʤʝʪʦʜʠ ʩʢʣʘʜʘʶʪʴ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ (ʷʢ ʟ ʨʦʫʤʽʥʛʦʤ, ʪʘʢ ʽ 

ʙʝʟ ʥʴʦʛʦ) ʧʽʜʧʨʠʻʤʩʪʚʘ: ʥʘ ʬʽʟʠʯʥʦʤʫ (ʧʫʥʢʪʠ 2.1.1 ʽ 2.2), ʢʘʥʘʣʴʥʦʤʫ 
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(ʧʫʥʢʪ 2.1.2), ʪʨʘʥʩʧʦʨʪʥʦʤʫ (ʧʫʥʢʪ 2.1.2) ʽ ʧʨʝʜʩʪʘʚʥʠʮʴʢʦʤʫ (2.3) ʨʽʚʥʷʭ OSI-

ʤʦʜʝʣʽ. 
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ʈʦʟʜʽʣ 3 

ʊɽʍʅɯʏʅɯ ɸʉʇɽʂʊʀ ɿɸɹɽɿʇɽʏɽʅʅʗ ʌʋʅʂʎɯʆʅɸʃʔʅʆɰ ɹɽɿʇɽʂʀ 

ʊɸ ɾʀɺʋʏʆʉʊɯ ɹɽɿʇʈʆɺʆɼʆɺʀʍ ʄɽʈɽɾ 

3.1. ɺʟʘʻʤʥʠʡ ʚʧʣʠʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʙʝʟʧʝʢʠ ʪʘ ʞʠʚʫʯʦʩʪʽ 

ʈʦʟʛʣʷʥʝʤʦ ʚʘʨʽʘʥʪ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʜʚʦʭ ʤʝʨʝʞ (ʰʫʤ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʤʽʥʽʤʽʟʦʚʘʥʠʡ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʜʘʣʝʥʥʷ ʤʽʩʮʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʽʜ ʽʥʰʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, ʝʢʨʘʥʫʚʘʥʥʷ ʤʽʩʮʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ 

ʧʨʦʚʝʜʝʥʥʷ ʟʘʤʽʨʽʚ ʚ ʥʽʯʥʠʡ ʯʘʩ): ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʟ ʧʝʨʝʜʘʯʝʶ ʜʘʥʠʭ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʽʡ ʰʚʠʜʢʦʩʪʽ ʪʘ ʤʝʨʝʞʽ ʜʦʩʪʫʧʫ ʟ ʽʤʽʪʘʮʽʻʶ ʨʦʙʦʪʠ 

ʢʦʨʠʩʪʫʚʘʯʘ (ʧʝʨʝʜʘʯʘ IP-ʧʘʢʝʪʽʚ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ ʚ 64 ʢɹ ʽʟ 

ʟʘʧʦʚʥʝʥʥʷʤ ʢʘʥʘʣʫ ʥʘ 40ï60% ʚʽʜ ʤʘʢʩʠʤʫʤʫ). 

ʇʨʦʚʝʜʝʤʦ ʝʢʩʧʝʨʠʤʝʥʪ, ʚ ʷʢʦʤʫ ʤʝʨʝʞʘ ʜʦʩʪʫʧʫ ʧʨʘʮʶʚʘʪʠʤʝ ʚ ʨʝʞʠʤʽ 

ʪʦʯʢʘ-ʪʦʯʢʘ (peer to peer ʘʙʦ ad hoc) ʟ ʙʘʟʦʚʠʤ ʥʘʙʦʨʦʤ ʧʦʩʣʫʛ (independent basic 

service set, IBSS), ʘ ʪʨʘʥʩʧʦʨʪʥʘ ʤʝʨʝʞʘ ï ʚ ʨʝʞʠʤʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (infrastructure 

mode) ʟ ʨʦʟʰʠʨʝʥʠʤ ʥʘʙʦʨʦʤ ʧʦʩʣʫʛ (extended service set, ESS). ʇʨʠ ʮʴʦʤʫ 

ʪʨʘʥʩʧʦʨʪʥʘ ʤʝʨʝʞʘ ʙʫʜʝ ʽʤʽʪʫʚʘʪʠ ʧʝʨʝʜʘʯʫ ʟʽ ʰʚʠʜʢʽʩʪʶ 54 ʄʙ/ʩ (ʩʪʘʥʜʘʨʪ 

802.11g) ʟ OFDM ʪʘ ʯʘʩʦʤ ʪʨʠʚʘʣʦʩʪʽ ʦʜʥʦʛʦ ʩʠʤʚʦʣʫ ʨʘʟʦʤ ʟ ʦʭʦʨʦʥʥʠʤ 

ʽʥʪʝʨʚʘʣʦʤ 3,2 ʤʢʩ. ʆʪʞʝ, ʯʘʩʪʦʪʘ ʧʨʦʭʦʜʞʝʥʥʷ ʽʤʧʫʣʴʩʽʚ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

312,5 ʢɻʮ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ʢʦʞʥʦʤʫ ʟ ʧʽʜʢʘʥʘʣʽʚ ʢʦʜʫʻʪʴʩʷ ʧʦ ʦʜʥʦʤʫ ʩʠʤʚʦʣʫ, 

ʘ ʚʩʴʦʛʦ ʪʘʢʠʭ ʧʽʜʢʘʥʘʣʽʚ Mʨʦʙ = 48 (ʽ Mʩʣ = 4 ï ʩʣʫʞʙʦʚʠʭ ʧʽʜʢʘʥʘʣʠ), ʦʪʨʠʤʘʻʤʦ 

ʩʫʤʘʨʥʝ ʟʘʧʦʚʥʝʥʥʷ ʫʩʽʤʘ ʢʘʥʘʣʘʤʠ: (48 + 4) Ĭ 312,5 ʢɻʮ = 6,25 ʄɻʮ < 22 ʄɻʮ ï 

ʰʠʨʠʥʠ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʦʜʠʥ ʪʘʢʪ 

ʜʦʨʽʚʥʶʻ [ʙĀʪʘʢʪï1]: 

 ὔ ’̈̄̏Ͻ̑ὲϽὓ̑ ̏̂ ςρφȟ (3.1) 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʟʛʦʨʪʘʣʴʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ɜʟʛʦʨ = Ĳ (ʥʘ ʢʦʞʥʽ ʪʨʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪʘ ʜʦʜʘʻʪʴʩʷ ʦʜʠʥ ʩʣʫʞʙʦʚʠʡ); n = log2R =6 ï ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʥʘ 

ʩʠʤʚʦʣ (ʜʣʷ ʰʚʠʜʢʦʩʪʽ 54 ʄʙ/ʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 64-QAM, ʱʦ ʜʘʻ R = 64 

ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʩʠʛʥʘʣʫ) [1]. 
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ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʘʻʤʦ ʪʝʭʥʦʣʦʛʽʶ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʜʘʥʠʭ (WDS) ʥʘ ʜʚʦʭ ʊɹɼ D-Link DIR-320 ʟ ʧʨʦʰʠʚʢʦʶ ʚʽʜ DD-WRT 

mini-usb-ftp v24-sp2.13064 [2], ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʨʝʞʠʤʽ ʨʝʣʝʡʥʠʭ ʩʪʘʥʮʽʡ (wireless 

bridging). ʊɹɼ ʟʥʘʭʦʜʠʣʠʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 3 ʤ. ʊʘʢ ʷʢ ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʧʽʜʪʨʠʤʫʻ ʤʘʢʩʠʤʫʤ 11 ʢʘʥʘʣʽʚ (2,400ï2,462 ɻɻʮ), ʪʦ ʚ ʷʢʦʩʪʽ 

ʨʦʙʦʯʦʾ ʦʙʝʨʝʤʦ ʯʘʩʪʦʪʫ ʚ 2,442 ɻɻʮ (7-ʛʦ ʢʘʥʘʣʫ), ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʩʝʨʝʜʠʥʽ 

ʟʘʨʝʟʝʨʚʦʚʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʅʘ ʤʘʢʩʠʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ ʢʘʥʘʣʫ 54 ʄʙ/ʩ (ʨʝʞʠʤ 

802.11g) ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ ʊɹɼ ʩʢʣʘʜʘʪʠʤʝ 

(13Ñ2) ʜɹʤɺʪ, ʘ ʯʫʪʣʠʚʽʩʪʴ ʧʨʠʡʤʘʯʘ ï ʤʽʥʫʩ 68 ʜɹʤɺʪ. 

ʋ ʤʝʨʝʞʽ ʜʦʩʪʫʧʫ ʊɹɼ ʚʠʢʦʨʠʩʪʘʻʤʦ ʚ ʷʢʦʩʪʽ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʧʦʩʣʫʛ ʽ ʢʣʽʻʥʪʘ. 

ʆʙʨʘʥʘ ʊɹɼ D-Link DIR-300 ʟʽ ʩʪʘʥʜʘʨʪʥʦʶ ʧʨʦʰʠʚʢʦʶ 1.05.a319 [3] ʧʽʜʪʨʠʤʫʻ 

ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʥʘ 13 ʢʘʥʘʣʽʚ (2,400ï2,483 ɻɻʮ), ʯʦʛʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ 

ʧʝʨʝʛʣʷʜʫ ʚʩʴʦʛʦ ʜʦʟʚʦʣʝʥʦʛʦ ʜʽʘʧʘʟʦʥʫ (14-ʡ ʢʘʥʘʣ ʟ ʯʘʩʪʦʪʦʶ 2,484 ɻɻʮ ʬʦʨʤʘʣʴʥʦ 

ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʜʦʟʚʦʣʝʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʪʦʪ, ʪʦʤʫ ʾʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ). ʅʘ 

ʤʘʢʩʠʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ ʢʘʥʘʣʫ 54 ʄʙ/ʩ (ʨʝʞʠʤ 802.11g) ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʭʽʜʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ ʊɹɼ ʩʢʣʘʜʘʪʠʤʝ 12 ʜɹʤɺʪ, ʘ ʯʫʪʣʠʚʽʩʪʴ ʧʨʠʡʤʘʯʘ ï ʤʽʥʫʩ 

65 ʜɹʤɺʪ. ʂʣʽʻʥʪ ʧʨʘʮʶʚʘʚ ʥʘ ʙʝʟʧʨʦʚʦʜʦʚʦʤʫ ʘʜʘʧʪʝʨʽ Atheros AR9285 ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʚʠʭʽʜʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʧʝʨʝʜʘʚʘʯʘ (24Ñ1,5) ʜɹʤɺʪ ʽ ʯʫʪʣʠʚʽʩʪʶ 

ʧʨʠʡʤʘʯʘ ʤʽʥʫʩ 73 ʜɹʤɺʪ (ʜʣʷ ʰʚʠʜʢʦʩʪʽ 54 ʄʙ/ʩ) [4]. 

ɼʦ ʢʦʞʥʦʾ ʟ ʊɹɼ ʥʝʦʙʭʽʜʥʦ ʧʽʜʢʣʶʯʠʪʠ ʜʠʧʦʣʴʥʫ ʘʥʪʝʥʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʴ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ 2 ʜɹʤɺʪ. ʄʽʞ ʘʥʪʝʥʘʤʠ ʊɹɼ 1 ʽ 

ʊɹɼ 2 ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʥʘ ʨʽʚʥʦʤʫ ʚʠʜʘʣʝʥʥʽ ʚʽʜ ʢʦʞʥʦʾ ʨʦʟʪʘʰʫʻʤʦ ʘʥʪʝʥʫ 

ʊɹɼ 3 ʤʝʨʝʞʽ ʜʦʩʪʫʧʫ, ʢʣʽʻʥʪʩʴʢʠʡ ʪʝʨʤʽʥʘʣ ʨʦʟʪʘʰʫʻʤʦ ʟʘ ʧʽʚʤʝʪʨʘ ʚʽʜ ʡʦʛʦ 

ʘʥʪʝʥʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.1. 

ɺʠʤʽʨʠ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʥʘ ʊɹɼ 1 ʽ ʊɹɼ 2 ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʙʫʜʝʤʦ ʧʨʦʚʦʜʠ 

ʟ ʽʥʪʝʨʚʘʣʦʤ ʚ 1 ʩ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʭʚʠʣʠʥʠ, ʟʤʽʥʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʯʘʩʪʦʪʫ (ʥʦʤʝʨ 

ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ) ʫ ʤʝʨʝʞʽ ʜʦʩʪʫʧʫ, ʽ ʧʨʦʮʝʜʫʨʫ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʩʠʛʥʘʣʫ. 
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ʈʠʩ. 3.1. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʆʙʯʠʩʣʠʤʦ ʪʝʦʨʝʪʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ 

 ὖ̓̆̏̑ὖ̐̑̅ ὖ́̎̓ ὖ̒̑ȟ̅ (3.2) 

ʜʝ Pʧʨʜ å 13 ʜɹʤɺʪ ï ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ; Pʘʥʪ = 2 ʜɹʤɺʪ ï ʧʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥʠ; Pʩʨʜ ï 

ʚʪʨʘʪʠ ʚ ʩʝʨʝʜʦʚʠʱʽ. ɺʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʩʝʨʝʜʦʚʠʱʽ ʜʣʷ 7-ʛʦ ʢʘʥʘʣʫ ʩʪʘʥʦʚʣʷʪʴ: 

 ὖ̒̑̅ ςπÌÇ Ὢ̎ϽὪ̃ ȟ (3.3) 

ʜʝ d = 3 ʤ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʨʠʡʤʘʯʘ ʜʦ ʧʝʨʝʜʘʚʘʯʘ; c ï ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ ʚ ʧʦʚʽʪʨʽ; 

fʥ = 2,431 ɻɻʮ ʽ fʚ = 2,453 ɻɻʮ ï ʥʠʞʥʷ ʽ ʚʝʨʭʥʷ ʤʝʞʽ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ [5]. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʙʝʟ ʟʦʚʥʽʰʥʽʭ ʧʝʨʝʰʢʦʜ ʩʢʣʘʜʘʻ  

Pʪʝʦʨ = (ï34,7Ñ2,0) ʜɹʤɺʪ, ʱʦ ʽ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ Pʝʢʩʧ > Pʪʝʦʨ. 

ɿʘ ʜʽʘʛʨʘʤʦʶ ʫʩʝʨʝʜʥʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʨʠʩ. 3.2 ʚʠʜʥʦ, ʱʦ 

ʟʘʚʘʜʠ ʚʽʜ ʢʘʥʘʣʽʚ ʟ ʨʽʟʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. 

 

ʈʠʩ. 3.2. ɿʘʣʝʞʥʽʩʪʴ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʚʽʜ ʚʠʙʦʨʫ ʢʘʥʘʣʫ 
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ʊʘʢ ʥʘʡʙʽʣʴʰʝ ʟʥʠʞʝʥʥʷ ʩʠʛʥʘʣʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ 

ʧʨʠʩʪʨʦʾʚ ʥʘ 7-ʤʫ ʢʘʥʘʣʽ. ʅʘʩʪʫʧʥʽ ʜʚʘ ʤʽʥʽʤʫʤʠ ʩʠʛʥʘʣʫ ʧʨʠʧʘʜʘʶʪʴ ʥʘ 2-ʤʫ ʽ 12-

ʤʫ ʢʘʥʘʣʠ, ʭʦʯʘ ʮʽ ʢʘʥʘʣʠ ʽ ʥʝ ʧʝʨʝʩʽʢʘʶʪʴʩʷ ʟ 7-ʤ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ Pʩʝʨ 

ʧʨʠʡʤʝʤʦ ʜʦʚʽʨʯʫ ʡʤʦʚʽʨʥʽʩʪʴ ʨʽʚʥʦʶ ɔ = 0,95 ʽ ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ï ű å 60 

(ʪʘʢ ʷʢ ʢʦʞʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʭʚʠʣʠʥʠ ʟ ʽʥʪʝʨʚʘʣʦʤ ʚ 

ʦʜʥʫ ʩʝʢʫʥʜʫ). ʊʦʜʽ ʢʦʝʬʽʮʽʻʥʪ ʉʪʴʶʜʝʥʪʘ t0,95;60 = 2,000 [6]. 

ɺʠʭʦʜʷʯʠ ʟ ʬʦʨʤʫʣʠ: 

 Ўὖ̒̆̑ὸȠ
В ̒̆̑

ȟ (3.4) 

ʚʠʟʥʘʯʠʤʦ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʤʽʨʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʭʠʙʢʘ ʩʢʣʘʣʘ 0,19 ʜɹʤɺʪ ʜʣʷ ʊɹɼ 1 ʽ 0,24 ʜɹʤɺʪ ʜʣʷ ʊɹɼ 2, ʘ ʩʝʨʝʜʥʷ 

ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ʩʪʘʥʦʚʠʣʘ 0,4% ʜʣʷ ʊɹɼ 1 ʽ 0,5% ʜʣʷ ʊɹɼ 2. 

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʝʨʝʜʘʚʘʯ ʤʝʨʝʞʽ ʜʦʩʪʫʧʫ ʙʫʚ ʨʦʟʤʽʱʝʥʠʡ ʥʘʤʠ 

ʨʽʚʥʦʚʽʜʜʘʣʝʥʦ ʚʽʜ ʦʙʦʭ ʊɹɼ, ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʥʘ ʜʨʫʛʠʡ ʊɹɼ ʚʠʷʚʠʚʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʥʘ 1,42 ʜɹʤɺʪ ʥʠʞʯʠʤ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʧʝʨʝʜʘʚʘʯʘ (1,42 ʜɹʤɺʪ < 2 ʜɹʤɺʪ). 

ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʨʝʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 

10 ʄʙ/ʩ (ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʪʝʦʨʝʪʠʯʥʽʡ ï 54 ʄʙ/ʩ). ʇʨʠ ʨʦʟʛʣʷʜʽ ʯʘʩʦʚʦʾ ʜʽʘʛʨʘʤʠ 

(ʨʠʩ. 3.3) ʷʚʥʦ ʚʠʜʥʦ ʟʤʽʥʫ ʫ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʧʨʠ ʧʝʨʝʤʠʢʘʥʥʽ ʤʽʞ ʢʘʥʘʣʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʜʘʥʦʾ ʜʽʘʛʨʘʤʠ ʟ ʨʠʩ. 3.2 ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʽ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʧʦʚôʷʟʘʥʽ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ. ɼʚʽ ʧʽʚʭʚʠʣʠʥʥʽ ʜʽʣʷʥʢʠ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʽʦʜʘʤ ʧʝʨʝʤʠʢʘʥʥʷ ʤʽʞ ʢʘʥʘʣʘʤʠ, 

ʪʦʙʪʦ ʥʘ ʥʠʭ ʧʝʨʝʰʢʦʜʘ ʚʽʜ ʤʝʨʝʞʽ ʜʦʩʪʫʧʫ ʙʫʣʘ ʚʽʜʩʫʪʥʷ. ʋ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʥʷ 

ʥʦʚʦʛʦ ʢʘʥʘʣʫ (ʟʘʧʘʜʠʥʠ ʧʽʩʣʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʨʽʚʥʽʚ ʩʠʛʥʘʣʫ) ʧʝʨʝʜʘʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʰʠʨʦʢʦʤʦʚʥʠʭ ʧʘʢʝʪʽʚ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʤʽʥ ʜʘʥʠʤʠ 

ʩʣʫʞʙʦʚʠʤʠ ʧʽʜʢʘʥʘʣʘʤʠ. 
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ʈʠʩ. 3.3. ʆʮʽʥʢʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʤʝʨʝʞ ʥʘ ʙʣʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ 

ɼʣʷ ʚʩʽʭ ʚʠʤʽʨʶʚʘʥʴ ʨʽʚʝʥʴ ʰʫʤʫ ʩʢʣʘʚ ʤʝʥʰʝ ʤʽʥʫʩ 92 ʜɹʤɺʪ. ʐʠʬʨʫʚʘʥʥʷ 

ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʽ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ. ɺʦʥʦ 

ʧʨʠʟʚʦʜʠʪʴ ʣʠʰʝ ʜʦ ʟʥʠʞʝʥʥʷ ʧʝʨʝʜʘʥʦʛʦ ʦʙʩʷʛʫ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʩʘʤʠʭ 

ʧʨʦʪʦʢʦʣʽʚ ʰʠʬʨʫʚʘʥʥʷ. ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʰʠʬʨʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʠʰʝ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʧʦʪʦʢʦʚʠʭ ʜʘʥʠʭ ʟ ʧʨʦʛʨʘʤʥʠʤ ʰʠʬʨʫʚʘʥʥʷʤ/ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʥʘ 

ʧʨʦʮʝʩʦʨʘʭ ʟ ʯʘʩʪʦʪʘʤʠ ʥʠʞʯʝ 1,5 ɻɻʮ. 

ɼʽʘʧʘʟʦʥʠ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʜʣʷ Bluetooth ʽ Wi-Fi ʟʙʽʛʘʶʪʴʩʷ 2,4008ï2,4835 ɻɻʮ, 

ʪʘʢʠʤ ʯʠʥʦʤ, ʧʦʯʠʥʘʻ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ [7]. 

ɺʨʘʭʦʚʫʶʯʠ ʪʘʢʝ, ʢʨʽʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ Wi-Fi ʤʝʨʝʞ, ʜʦʮʽʣʴʥʠʤ 

ʚʠʷʚʠʣʦʩʴ ʨʦʟʛʣʷʥʫʪʠ ʚʘʨʽʘʥʪ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʚʦʭ Bluetooth ʧʨʠʩʪʨʦʾʚ ʤʽʞ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʊɹɼ ʪʘ ʚʠʤʽʨʷʪʠ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʚ ʪʨʘʥʩʧʦʨʪʥʽʡ Wi-Fi ʤʝʨʝʞʽ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʦʙʝʨʝʤʦ Bluetooth (ʚʝʨʩʽʾ 2.0), ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ 

ʜʦ ʧʝʨʰʦʛʦ ʢʣʘʩʫ (ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʧʝʨʝʜʘʯʽ 20 ʜɹʤɺʪ), ʧʽʜʪʨʠʤʫʶʪʴ 

ʪʝʭʥʦʣʦʛʽʶ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (enhanced data rate, EDR) ʽ ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʚʠʙʽʨʢʘ ʯʘʩʪʦʪ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʗʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 3.4, ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʟʥʠʟʠʚʩʷ ʜʦ  

(ï30,48Ñ0,25) ʜɹʤɺʪ ʥʘ ʧʝʨʰʽʡ ʊɹɼ ʽ ʜʦ (ï28,92Ñ0,22) ʜɹʤɺʪ ʥʘ ʜʨʫʛʽʡ. ɿʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʩʢʣʘʣʦ ʧʨʠ ʮʴʦʤʫ ʙʣʠʟʴʢʦ 10%; ʱʦ ʧʦʨʽʚʥʷʥʦ ʟ ʜʘʥʠʤʠ [8] ʜʣʷ 

Bluetooth (ʚʝʨʩʽʾ 1.1) ʥʘ 5% ʤʝʥʰʝ ʧʨʠ ʘʥʘʣʦʛʽʯʥʽʡ ʚʽʜʩʪʘʥʽ ʤʽʞ ʊɹɼ. 
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ʈʠʩ. 3.4. ɿʘʣʝʞʥʽʩʪʴ ʨʦʙʦʪʠ Wi-Fi ʚʽʜ ʧʨʠʩʫʪʥʦʩʪʽ Bluetooth 

ʊʘʢ ʷʢ ʢʘʥʘʣ ʚ Bluetooth ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʪʦʪʦʶ 1600 ʨʘʟʽʚ/ʩ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʧʝʨʝʙʫʜʦʚʠ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ (frequency-hopping spread spectrum, 

FHSS), ʪʦ ʚʧʣʠʚ ʥʘ 7-ʡ ʢʘʥʘʣ ʪʨʘʥʩʧʦʨʪʥʦʾ Wi-Fi ʤʝʨʝʞʽ ʨʦʟʤʠʚʘʻʪʴʩʷ ʥʘ ʚʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ʅʘ ʨʠʩ. 3.5 ʧʦʢʘʟʘʥʦ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʥʷ ʧʝʨʝʜʘʯʽ ʫ Bluetooth 

ʢʘʥʘʣʽ, ʱʦ ʤʘʣʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʬʦʨʤʠ ʩʠʛʥʘʣʫ ʧʨʠ ʥʘʢʣʘʜʝʥʥʽ ʜʚʦʭ Wi-Fi ʢʘʥʘʣʽʚ 

(ʜʠʚ. ʨʠʩ. 3.3). ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʠ ʚʢʣʶʯʝʥʥʽ Wi-Fi ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ Bluetooth 

ʢʘʥʘʣʫ, ʦʩʪʘʥʥʽʡ ʟʘʚʠʩʘʻ ʥʘ ʢʽʣʴʢʘ ʩʝʢʫʥʜ, ʘʜʘʧʪʫʶʯʠʩʴ ʜʦ ʥʦʚʦʾ ʟʘʚʘʜʠ. 

 

ʈʠʩ. 3.5. ʆʮʽʥʢʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʤʝʨʝʞ 

ʥʘ ʦʜʥʘʢʦʚʠʭ ʯʘʩʪʦʪʘʭ ʜʣʷ 802.11g ʽ 802.15.1 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʦʯʥʦ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ 

ʩʫʤʽʩʥʦʩʪʽ Wi-Fi ʽ Bluetooth ʤʝʨʝʞ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʞʠʤ ʩʧʽʣʴʥʦʾ 

ʨʦʙʦʪʠ (Bluetooth coexistence mode) ʥʘ Wi-Fi ʊɹɼ (ʚʽʜʦʤʠʡ ʪʘʢʦʞ ʧʽʜ ʥʘʟʚʦʶ çlisten 

before transmitè). ɸʣʝ, ʥʘʞʘʣʴ, ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ 

ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʚʠʙʦʨʽ ʢʘʥʘʣʽʚ ʽ ʦʟʥʘʯʘʻ ʧʦʧʝʨʝʜʥʻ ʩʢʘʥʫʚʘʥʥʷ ʊɹɼ ʩʠʛʥʘʣʽʚ 

Bluetooth. ʇʽʩʣʷ ʘʥʘʣʽʟʫ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʽʚ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʠʙʠʨʘʻʪʴʩʷ 

ʦʧʪʠʤʘʣʴʥʠʡ ʢʘʥʘʣ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ [9]. 



132 

3.2. ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʙʠ ʧʽʜʪʚʝʨʜʠʪʠ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʘʜʘʧʪʠʚʥʦʛʦ ʧʽʜʙʦʨʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ 

ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ ʙʫʣʦ ʦʙʨʘʥʦ ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʫ ʟ 

ʪʨʘʥʩʠʚʝʨʘʤʠ ʚʽʜ ʢʦʤʧʘʥʽʡ Texas Instruments (TI), Cypress ʪʘ Nordic. ʅʘʡʙʽʣʴʰ 

ʚʜʘʣʠʤʠ ʩʝʨʝʜ ʥʠʭ ʻ ʪʨʘʥʩʠʚʝʨʠ ʬʽʨʤʠ TI ʽ Cypress. ʄʦʜʫʣʴ Nordic nRF24L01 

ʧʦʨʽʚʥʷʥʦ ʟ ʥʠʤʠ ʤʘʻ ʥʘʜʪʦ ʤʘʣʠʡ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʫ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʽ ʯʝʨʝʟ ʮʝ 

ʜʦʩʠʪʴ ʤʘʣʽ ʤʝʞʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʘʢʝ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʦʩʝʨʝʜʠʤʦ ʫʚʘʛʫ ʥʘ ʧʦʨʽʚʥʷʥʽ ʨʦʙʦʪʠ 

ʪʨʘʩʠʚʝʨʽʚ ʪʽʣʴʢʠ ʜʚʦʭ ʬʽʨʤ, ʪʘʢʠʭ ̫ ʢ TI ̔  Cypress. ɿ ʮʽʻʶ ʤʝʪʦʶ ʨʦʟʛʣʷʥʝʤʦ ʯʦʪʠʨʠ 

ʘʧʘʨʘʪʥʽ ʨʝʘʣʽʟʘʮʽʾ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʥʘ ʙʘʟʽ: 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʉʉ2500 (ʟ USB-ʽʥʪʝʨʬʝʡʩʦʤ); 

ʤʦʜʫʣʷ ʉʉ2500 (USB); 

ʤʦʜʫʣʷ CYWUSB6935 (LPT); 

ʤʦʜʫʣʷ CYWUSB6935 (USB). 

3.2.1. ʇʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʙʘʟʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʉʉ2500, ʤʽʢʨʦʟʙʽʨʦʢ MD7105-SY ʽ CYWUSB6935 

ɼʣʷ ʘʥʘʣʽʟʫ ʮʽʣʽʩʥʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʘʻʤʦ ʘʧʘʨʘʪʥʠʡ ʘʥʘʣʽʟʘʪʦʨ 

ʩʧʝʢʪʨʫ, ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʨʘʜʽʦʯʘʩʪʦʪʥʦʤʫ ʪʨʘʥʩʠʚʝʨʽ, ʘ ʩʘʤʝ Chipcon CC2500. 

ʉʭʝʤʫ ʧʨʠʩʪʨʦʶ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.6, ʘ ʧʝʨʝʣʽʢ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ï ʚ ʪʘʙʣ. 3.1. 
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ʈʠʩ. 3.6. ɽʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʥʘ Chipcon CC2500 

ʊʘʙʣʠʮʷ 3.1 

ʉʧʠʩʦʢ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʥʘ Chipcon CC2500 

ʇʦʟʥʘʯʝʥʥʷ ɿʥʘʯʝʥʥʷ ʆʧʠʩ ʂʽʣʴʢʽʩʪʴ 

C1 1 ʤʢʌ ʢʦʥʜʝʥʩʘʪʦʨ 1 

C2, C5, C6, C8 220 ʧʌ ʢʦʥʜʝʥʩʘʪʦʨ 4 

C3, C4, C7, C9ïC11, C16, C20 100 ʥʌ ʢʦʥʜʝʥʩʘʪʦʨ 8 

C12, C13 100 ʧʌ ʢʦʥʜʝʥʩʘʪʦʨ 2 

C14, C17 12 ʧʌ ʢʦʥʜʝʥʩʘʪʦʨ 2 

C15 10 ʥʌ ʢʦʥʜʝʥʩʘʪʦʨ 1 

C18, C19 22 ʧʌ ʢʦʥʜʝʥʩʘʪʦʨ 2 

J1 ISP 6-ʢʦʥʪʘʢʪʥʠʡ ʟôʻʜʥʫʚʘʯ 1 

J2 USB USB-ʨʦʟôʻʤ 1 

J3 SMA SMA-ʟôʻʜʥʫʚʘʯ 1 

L2, L1 10 ʤʢɻʥ ʽʥʜʫʢʪʠʚʥʽʩʪʴ 2 

R1 47 ʢʆʤ ʨʝʟʠʩʪʦʨ 1 

R2 1 ʢʆʤ ʨʝʟʠʩʪʦʨ 1 

R3 390 ʆʤ ʨʝʟʠʩʪʦʨ 1 

R4, R5 10 ʢʆʤ ʨʝʟʠʩʪʦʨ 2 

T1 HHM1521 ʪʨʘʥʩʬʦʨʤʘʪʦʨ 2,4 ɻɻʮ 1 

U1 ATmega48 ATmega48 TQFP 1 

U2 CC2500 CC2500 ʪʨʘʥʩʠʚʝʨ 1 

U3 CP2102 USB-UART ʢʦʥʪʨʦʣʝʨ 1 

Y1 8 ʄɻʮ ʢʚʘʨʮ 1 

Y2 27 ʄɻʮ ʢʚʘʨʮ 1 
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ɿʛʽʜʥʦ ʩʭʝʤʠ, ʧʨʠʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. 3.6, ʨʦʟʨʦʙʠʤʦ ʜʨʫʢʦʚʘʥʫ ʜʚʦʩʪʦʨʦʥʥʶ ʧʣʘʪʫ 

(ʨʠʩ. 3.7ʘ). 

 

ʈʠʩ. 3.7. ɼʨʫʢʦʚʘʥʘ ʧʣʘʪʘ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʥʘ Chipcon CC2500: 

ʘ ï ʧʨʦʝʢʪ ʚ ʛʨʘʬʽʯʥʦʤʫ ʨʝʜʘʢʪʦʨʽ; ʙ ï ʪʝʨʤʦʧʘʧʽʨ ʟ ʥʘʜʨʫʢʦʚʘʥʦʶ ʧʣʘʪʦʶ; 

ʚ ï ʚʠʪʨʘʚʣʝʥʘ ʧʣʘʪʘ 

ʅʘ ʨʠʩ. 3.7ʙ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʪʝʨʤʦʧʘʧʽʨ ʟ ʥʘʜʨʫʢʦʚʘʥʦʶ ʧʣʘʪʦʶ. ʇʣʘʪʘ 

ʚʠʢʦʥʘʥʘ ʥʘ ʩʢʣʦʪʝʢʩʪʦʣʽʪʽ ʨʦʟʤʽʨʘʤʠ 96Ĭ71 ʤʤ ʽ ʪʦʚʱʠʥʦʶ 1 ʤʤ. ʇʣʘʪʘ, ʧʦʚʥʽʩʪʶ 

ʛʦʪʦʚʘ ʜʣʷ ʤʦʥʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 3.7ʚ. 

ʇʽʩʣʷ ʤʦʥʪʘʞʫ ʝʣʝʤʝʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ USB-ʧʨʦʛʨʘʤʘʪʦʨʘ ʜʣʷ AVR (ʥʘ 

ʨʠʩ. 3.8) ʧʨʦʚʝʜʝʤʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Atmega48 [10,11]. 

 

ʈʠʩ. 3.8. ʇʨʦʛʨʘʤʘʪʦʨ ʜʣʷ AVR ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 

ʅʘ ʨʠʩ. 3.9 ʧʦʜʘʥʦ ʟʘʧʨʦʛʨʘʤʦʚʘʥʫ ʜʨʫʢʦʚʘʥʫ ʧʣʘʪʫ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʥʘ 

Chipcon CC2500 ʧʦʚʥʽʩʪʶ ʛʦʪʦʚʫ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟ ʚʤʦʥʪʦʚʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 
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ʈʠʩ. 3.9. ʇʨʦʪʦʪʠʧ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʥʘ Chipcon CC2500: 

ʘ ï ʽʟ ʟʤʦʥʪʦʚʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ; ʙ ï ʚʩʪʘʥʦʚʣʝʥʘ ʚ ʢʦʨʧʫʩ; 

ʚ ï ʟ ʧʨʠʧʘʷʥʠʤ ʝʢʨʘʥʦʤ 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.10. 

 

ʈʠʩ. 3.10. ɸʥʘʣʽʟ ʩʧʝʢʪʨʫ, ʦʪʨʠʤʘʥʦʛʦ ʚʽʜ Chipcon CC2500: 

ʘ ï ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʪʝʥʠ ʽ ʝʢʨʘʥʫ; 

ʙ ï ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʨʘʥʫ, ʘʣʝ ʙʝʟ ʘʥʪʝʥʠ; 

ʚ ï ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʪʝʥʠ, ʘʣʝ ʙʝʟ ʝʢʨʘʥʫ; 

ʛ ï ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʪʝʥʠ ʽ ʝʢʨʘʥʫ 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʟʽ ʟʤʽʥʥʠʤ ʪʨʘʥʩʠʚʝʨʦʤ ʟʘʜʽʻʤʦ 

ʤʽʢʨʦʟʙʽʨʢʠ MD7105-SY, A7105 ʘʙʦ ʾʭʥʽ ʘʥʘʣʦʛʠ (ʨʠʩ. 3.11). 
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ʈʠʩ. 3.11. ɿʦʚʥʽʰʥʽ ʚʠʛʣʷʜ ʤʦʜʫʣʷ ʪʨʘʥʩʠʚʝʨʘ MD7105-SY 

ʇʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤ ʟʨʘʟʢʦʤ 

ʟʤʽʥʝʥʦ ʽ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 3.12. 

 

ʈʠʩ. 3.12. ɼʨʫʢʦʚʘʥʘ ʧʣʘʪʘ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʥʘ ʤʦʜʫʣʽ MD7105-SY: 

ʘ ï ʧʨʦʝʢʪ ʚ ʛʨʘʬʽʯʥʦʤʫ ʨʝʜʘʢʪʦʨʽ; ʙ ï ʚʠʪʨʘʚʣʝʥʘ; ʚ ï ʫ ʛʦʪʦʚʦʤʫ ʧʨʠʩʪʨʦʶ 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʟʘ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʠʤ ʧʨʠʥʮʠʧʦʤ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʽʢʨʦʟʙʽʨʢʫ Cypress CYWUSB6935 [12]. ʅʘ ʨʠʩ. 3.13 ʧʦʢʘʟʘʥʦ 

ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ, ʚ ʪʘʙʣ. 3.2 ï ʧʝʨʝʣʽʢ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʥʘ ʨʠʩ. 3.14 ï ʟʽʙʨʘʥʠʡ ʥʘ 

ʤʦʥʪʘʞʥʽʡ ʧʣʘʪʽ ʧʝʨʝʭʽʜʥʠʢ. 

 

ʈʠʩ. 3.13. ɽʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʽʜôʻʜʥʘʥʥʷ ʜʦ ʤʦʜʫʣʷ CYWUSB6935 
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ʊʘʙʣʠʮʷ 3.2 

ʉʧʠʩʦʢ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦ USB-ʘʥʘʣʽʟʘʪʦʨʘ ʥʘ ʤʦʜʫʣʽ CYWUSB6935 

ʇʦʟʥʘʯʝʥʥʷ ɿʥʘʯʝʥʥʷ ʆʧʠʩ ʂʽʣʴʢʽʩʪʴ 

R1ïR4 10 ʢʆʤ ʨʝʟʠʩʪʦʨ 1 

R5ïR8 15 ʢʆʤ ʨʝʟʠʩʪʦʨ 4 

VD1ïVD3 1N4001 ʜʽʦʜ 3 

  

 

ʈʠʩ. 3.14. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʛʦʪʦʚʦʛʦ LPT-ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ  

ʥʘ ʤʦʜʫʣʽ CYWUSB6935 

ʇʨʠ ʟʯʠʪʫʚʘʥʥʽ ʥʘʧʨʷʤʫ ʟ LPT-ʧʦʨʪʘ ʦʪʨʠʤʘʥʦ ʜʘʥʥʽ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ 

(ʯʘʩʪʠʥʘ ʧʘʢʝʪʽʚ ʟ ʨʽʚʥʝʤ RSSI): 

frame: [0,0,1,1,0,0,2,1,0,2,0,0,4,31,30,29,0,0,0,0,0,3,0,0,0,0,0,0,0,0,0,0,1,1,0,0,0,1,0,2,0, 

 0,0,0,0,0,0,1,0,0,2,0,0,0,2,0,0,0,1,0,4,5,1,1,0,0,1,1,0,1,1,1,0,0,0,0,3,2,1,0,0,0,0,1,] 

ʇʽʩʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʦʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʫʶʯʫ ʢʘʨʪʠʥʢʫ ʩʧʝʢʪʨʫ, ʧʦʢʘʟʘʥʫ ʥʘ 

ʨʠʩ. 3.15. 

 
ʈʠʩ. 3.15. ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʚʽʜ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ 

ʥʘ ʤʦʜʫʣʽ CYWUSB6935 
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ʂʦʥʩʪʨʫʢʮʽʷ ʤʘʻ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ ï ʨʦʙʦʪʘ ʥʘ ʟʘʩʪʘʨʽʣʦʤʫ LPT-ʽʥʪʝʨʬʝʡʩʽ, 

ʷʢʠʡ ʥʝʯʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʘʭ. ʂʨʽʤ ʪʦʛʦ, ʧʦʪʨʽʙʥʝ ʜʦʜʘʪʢʦʚʝ 

ʞʠʚʣʝʥʥʷ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʴ ʞʠʚʣʝʥʥʷ ʚʽʜ USB-ʧʦʨʪʘ ʧʦʩʣʽʜʦʚʥʦ 

ʧʽʜʢʣʶʯʝʥʠʤʠ ʪʨʴʦʤʘ ʜʽʦʜʘʤʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ. 

ʇʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.16. ʆʩʢʽʣʴʢʠ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʤʘʻ ʚ ʩʦʙʽ ʚʩʝ ʥʝʦʙʭʽʜʥʝ ʜʣʷ USB, ʚ ʪʦʤʫ ʯʠʩʣʽ ʩʪʘʙʽʣʽʟʘʪʦʨ 

ʥʘʧʨʫʛʠ 3,3 ɺ, ʙʫʬʝʨ ʧʘʤôʷʪʽ ʽ ʧʨʠʡʤʘʯ, ʚʩʝ ʱʦ ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ ï ʧʽʜʢʣʶʯʠʪʠ 

USB-ʢʘʙʝʣʴ ʜʦ ʚʠʭʦʜʽʚ 15 ʽ 16 ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʽ ʢʦʥʜʝʥʩʘʪʦʨ ʜʦ ʚʠʚʦʜʫ 14 ʜʣʷ 

ʬʽʣʴʪʨʘʮʽʾ ʥʘʧʨʫʛʠ 3,3 ɺ ʚʽʜ ʚʙʫʜʦʚʘʥʦʛʦ ʩʪʘʙʽʣʽʟʘʪʦʨʘ. 

 
ʈʠʩ. 3.16. ɽʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʦʜʫʣʝʤ CYWUSB6935 

ʊʘʢʪʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʚʽʜ ʢʚʘʨʮʦʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

20 ʄɻʮ ʟ ʜʚʦʤʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ 15 ʧʌ. ɺʥʫʪʨʽʰʥʽʡ ʜʽʣʴʥʠʢ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʜʽʣʠʪʴ ʧʨʠ ʮʴʦʤʫ ʪʘʢʪʦʚʫ ʯʘʩʪʦʪʫ ʥʘ 5, ʱʦʙ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ 

ʯʘʩʪʦʪʠ 4 ʄɻʮ, ʷʢʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʬʘʟʦʚʦʛʦ ʘʚʪʦʧʽʜʣʘʰʪʫʚʘʥʥʷ 

ʯʘʩʪʦʪʠ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʯʘʩʪʦʪʽ 48 ʄɻʮ. ʎʝ ʦʩʥʦʚʥʘ ʪʘʢʪʦʚʘ ʯʘʩʪʦʪʘ, ʥʘ ʷʢʽʡ 

ʧʨʘʮʶʶʪʴ USB ʽʥʪʝʨʬʝʡʩ ʽ ʷʜʨʦ. ʈʝʟʠʩʪʦʨ ʥʦʤʽʥʘʣʦʤ 10 ʢʆʤ, ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ 

ʚʠʚʦʜʫ 1 ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʧʽʜʪʷʛʫʻ ʚʠʚʽʜ MCLR (ʩʢʠʜʘʥʥʷ) ʜʦ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ.  

ɾʠʚʣʝʥʥʷ ʩʢʘʥʝʨ ʦʪʨʠʤʫʻ ʚʽʜ ʽʥʪʝʨʬʝʡʩʫ USB, ʪʘʢ ʷʢ ʩʭʝʤʘ ʩʧʦʞʠʚʘʻ 

ʥʝʟʥʘʯʥʠʡ ʩʪʨʫʤ. ɼʣʷ ʞʠʚʣʝʥʥʷ ʨʘʜʽʦʤʦʜʫʣʷ ʥʝʦʙʭʽʜʥʦ ʥʘʧʨʫʛʫ ʚʽʜ 2,7 ʜʦ 3,6 ɺ. 

ʅʘʧʨʫʛʫ ʧʦʨʷʜʢʫ 3,0 ɺ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜ ʰʠʥʠ 5 ɺ, ʚʢʣʶʯʠʚʰʠ ʧʦʩʣʽʜʦʚʥʦ 
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3 ʜʽʦʜʘ ʪʠʧʫ IN4001 (ʥʘ ʢʦʞʥʦʤʫ ʜʽʦʜʽ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʙʣʠʟʴʢʦ 0,7 ɺ). ʎʝ, 

ʟʚʠʯʘʡʥʦ ʞ, ʥʘʡʧʨʦʩʪʽʰʠʡ ʽ ʜʝʰʝʚʠʡ, ʘʣʝ ʨʘʟʦʤ ʟ ʪʠʤ ʮʽʣʢʦʤ ʥʘʜʽʡʥʠʡ ʩʧʦʩʽʙ. 

CYWUSB6935 ʤʘʻ ʥʘ ʚʭʦʜʘʭ ʟʘʭʠʩʥʽ ʜʽʦʜʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 5-ʚʦʣʴʪʦʚʽ ʣʦʛʽʯʥʽ ʩʠʛʥʘʣʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʚʢʣʶʯʠʚʰʠ 

ʧʦʩʣʽʜʦʚʥʽ ʨʝʟʠʩʪʦʨʠ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʩʪʨʫʤʫ. ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʦʙʨʘʥʦ 

ʨʝʟʠʩʪʦʨʠ ʟ ʦʧʦʨʦʤ 3,3 ʢʆʤ. ʇʝʨʝʣʽʢ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʪʘʙʣ. 3.3. 

ʊʘʙʣʠʮʷ 3.3 

ʉʧʠʩʦʢ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦ LPT-ʘʥʘʣʽʟʘʪʦʨʘ ʥʘ ʤʦʜʫʣʽ CYWUSB6935 

ʇʦʟʥʘʯʝʥʥʷ ɿʥʘʯʝʥʥʷ ʆʧʠʩ ʂʽʣʴʢʽʩʪʴ 

C1, C2 15 ʧʌ ʢʦʥʜʝʥʩʘʪʦʨ 2 

C3 220 ʥʌ ʢʦʥʜʝʥʩʘʪʦʨ 1 

C4 100 ʥʌ ʢʦʥʜʝʥʩʘʪʦʨ 1 

C5 100 ʤʢʌ ʢʦʥʜʝʥʩʘʪʦʨ 1 

J1 ISP 6-ʢʦʥʪʘʢʪʥʠʡ ʟôʻʜʥʫʚʘʯ 1 

J2 USB USB-ʨʦʟôʻʤ 1 

J3 ISP 10-ʢʦʥʪʘʢʪʥʠʡ ʟôʻʜʥʫʚʘʯ 1 

R1 10 ʢʆʤ ʨʝʟʠʩʪʦʨ 1 

R2ïR5 3,3 ʢʆʤ ʨʝʟʠʩʪʦʨ 4 

U1 PIC18F2550-I/SP ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 1 

VD1ïVD3 1N4001 ʜʽʦʜ 3 

Y1 20 ʄɻʮ ʢʚʘʨʮ 1 

  

ʊʘʢ ʷʢ ʩʭʝʤʘ ʻ ʥʝ ʥʘʜʪʦ ʩʢʣʘʜʥʦʶ, ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʧʨʠʩʪʨʦʶ ʦʙʝʨʝʤʦ 

ʥʘʡʧʨʦʩʪʽʰʠʡ ʰʣʷʭ: ʤʘʢʝʪʥʘ ʧʣʘʪʘ (ʜʠʚ. ʨʠʩ. 3.17). ɼʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʨʘʜʠʦʤʦʜʫʣʷ 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʩʧʝʮʽʘʣʴʥʠʡ ʙʘʛʘʪʦʧʽʥʦʚʠʡ USB-ʨʦʟôʻʤ [11]. 

 

ʈʠʩ. 3.17. ɻʦʪʦʚʠʡ ʧʨʠʩʪʨʽʡ 
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ʏʝʨʝʟ ʧʨʦʛʨʘʤʘʪʦʨ (ʨʠʩ. 3.18) ʟʘʧʨʦʛʨʘʤʫʻʤʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ PIC18F2550-I/SP. 

 

ʈʠʩ. 3.18. ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

3.2.2. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʪʘ ʾʭ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʇʨʦʛʨʘʤʘ ʘʥʘʣʽʟʘʪʦʨʫ ʩʧʝʢʪʨʫ Low-Cost Spectrum Analyzer (LCSA) ï ʮʝ 32-ʙʽʪʥʠʡ 

ʜʦʜʘʪʦʢ ʜʣʷ ʆʉ Windows XP (ʥʝ ʚʠʤʘʛʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ). ʇʨʠ ʨʦʙʦʪʽ ʟ ʆʉ Windows 7 

ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʠʪʠ VP Windows XP Mode, ʱʦʙ ʫʩʫʥʫʪʠ ʧʨʦʙʣʝʤʫ ʟ ʜʨʘʡʚʝʨʘʤʠ. 

ʇʝʨʝʜ ʧʝʨʰʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇɿ, ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʜʨʘʡʚʝʨ ʜʣʷ ʤʽʢʨʦʩʭʝʤʠ 

ʘʜʘʧʪʝʨʘ COM2USB Silicon Labs CP2102. ʇʽʩʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʨʘʡʚʝʨʘ ʜʣʷ CP2102 ʽ ʟʘʧʫʩʢʫ LCSA, ʇɿ ʧʦʚʠʥʥʦ ʥʝʛʘʡʥʦ ʨʦʟʧʦʯʘʪʠ ʟʙʽʨ 

ʜʘʥʠʭ ʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʝʤʦʥʩʪʨʫʚʘʪʠ ISM-ʜʽʘʧʘʟʦʥ ʩʧʝʢʪʨʫ ʥʘ 2,4 ɻɻʮ. ʅʘ 

ʚʢʣʘʜʮʽ View ʜʦʩʪʫʧʥʽ ʪʘʢʽ ʬʫʥʢʮʽʾ: ʫʪʨʠʤʘʥʥʷ ʧʽʢʫ, ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʧʽʢʫ, ʘ ʪʘʢʦʞ ʚʠʙʽʨ 

ʬʦʥʽʚ (ʯʦʨʥʦʛʦ ʘʙʦ ʙʽʣʦʛʦ). ʅʘ ʚʢʣʘʜʮʽ Plotting Options ʻ ʬʫʥʢʮʽʾ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʽ ʯʘʩʪʦʪʠ. 

ʇʨʠ ʨʦʙʦʪʽ ʟ ʚʽʨʪʫʘʣʴʥʠʤʠ COM-ʧʦʨʪʘʤ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ 

ʧʦʪʨʽʙʥʦ ʟʘʜʘʚʘʪʠ ʚʨʫʯʥʫ ʥʦʤʝʨ ʧʦʨʪʫ ʚ ʨʝʻʩʪʨʽ ʩʠʩʪʝʤʠ: 

REGEDIT4 

[HKEY_LOCAL_MACHINE\HARDWARE\DEVICEMAP\SERIALCOMM] 

"\\device\\slabser0"="COM20" 

ʅʘʦʯʥʦ ʇɿ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʝ ʥʘ ʨʠʩ. 3.19. 
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ʈʠʩ. 3.19. ɻʦʣʦʚʥʽ ʬʫʥʢʮʽʾ ʇɿ LCSA 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʘʥʜʘʨʪʥʠʡ USB-ʽʥʪʝʨʬʝʡʩ ʧʽʜʢʣʶʯʠʤʦʩʷ ʜʦ ʙʫʜʴ-ʷʢʦʛʦ 

ʢʦʤʧôʶʪʝʨʘ, ʥʘ ʷʢʦʤʫ ʚʩʪʘʥʦʚʣʝʥʘ ʆʉ Windows XP/Vista/7. ʇʝʨʝʜ ʪʠʤ ʷʢ 

ʧʽʜʢʣʶʯʘʪʠ ʧʨʠʩʪʨʽʡ ʜʦ ʢʦʤʧôʶʪʝʨʘ ʧʝʨʝʚʽʨʠʤʦ ʘʧʘʨʘʪʥʫ ʯʘʩʪʠʥʫ (ʤʦʥʪʘʞ ʽ 

ʧʽʜʢʣʶʯʝʥʥʷ USB-ʢʘʙʝʣʶ), ʧʦʪʽʤ ʚʩʪʘʥʦʚʠʤʦ ʇɿ, ʨʘʟʦʤ ʟ ʷʢʠʤ ʙʫʜʝ ʚʩʪʘʥʦʚʣʝʥʦ ʽ 

ʜʨʘʡʚʝʨ ʩʢʘʥʝʨʘ. ʊʽʣʴʢʠ ʧʽʩʣʷ ʮʴʦʛʦ ʩʢʘʥʝʨ ʤʦʞʥʘ ʧʽʜʢʣʶʯʘʪʠ ʜʦ ʢʦʤʧôʶʪʝʨʘ. ʋ 

ʜʠʩʧʝʪʯʝʨʽ ʧʨʠʩʪʨʦʾʚ, ʚ ʨʦʟʜʽʣʽ ɯʥʰʽ ʧʨʠʩʪʨʦʾ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʧʽʜʢʣʶʯʝʥʠʡ ʚ 

ʩʠʩʪʝʤʽ ʩʢʘʥʝʨ ISM-ʜʽʘʧʘʟʦʥʫ. 

ʂʥʦʧʢʘ Export ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʝʢʩʧʦʨʪʫ ʧʦʪʦʯʥʠʭ ʚʽʜʣʽʢʽʚ ʚ ʬʘʡʣ *.csv, ʷʢʠʡ 

ʤʦʞʝ ʙʫʪʠ ʟʘʚʘʥʪʘʞʝʥʠʡ ʚ ʧʨʦʛʨʘʤʫ Exʩel ʜʣʷ ʦʙʨʦʙʢʠ ʽ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ. 

ʇʨʠ ʟʘʧʫʩʢʫ ʇɿ ʧʦʪʨʽʙʥʦ ʧʝʨʝʚʽʨʠʪʠ, ʱʦ ʧʨʠʩʪʨʽʡ ʧʽʜʢʣʶʯʝʥʠʡ: çConnected to 

Geoffôs 2.4 GHz Scannerè. ʇʦʚʽʜʦʤʣʝʥʥʷ çScanner not foundè ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠʩʪʨʽʡ 

ʘʙʦ ʥʝ ʧʽʜʢʣʶʯʝʥʠʡ, ʘʙʦ ʥʝ ʧʨʘʮʶʻ. 

ʇʨʠ ʟʘʧʫʩʢʫ ʇɿ ʽ ʧʽʜʢʣʶʯʝʥʥʽ ʩʢʘʥʝʨʘ ʜʦ USB ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʢʥʽ ʧʨʦʛʨʘʤʠ 

ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʩʧʝʢʪʨ ʩʠʛʥʘʣʫ ʜʽʘʧʘʟʦʥʫ 2,4 ɻɻʮ. ʗʢʱʦ ʧʦʙʣʠʟʫ ʥʝʤʘʻ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ISM-ʜʽʘʧʘʟʦʥʫ, ʩʧʝʢʪʨ ʙʫʜʝ ʚʽʜʦʙʨʘʞʘʪʠ ʬʦʥʦʚʠʡ ʰʫʤ ʽ 

ʰʫʤ ʨʘʜʽʦʯʘʩʪʦʪʥʦʾ ʯʘʩʪʠʥʠ CYWUSB6935.  

ɺʝʨʪʠʢʘʣʴʥʘ ʰʢʘʣʘ (ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ) ʥʝ ʚʽʜʢʘʣʽʙʨʦʚʘʥʘ, ʚʦʥʘ ʤʘʻ ʚʽʜʥʦʩʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʦʩʢʽʣʴʢʠ ʚʽʜʦʙʨʘʞʘʻ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʧʦʩʠʣʘʻ ʨʘʜʽʦʤʦʜʫʣʴ. ʉʧʝʢʪʨ 

ʩʠʛʥʘʣʫ (ʨʠʩ. 3.20) ʚʽʜʦʙʨʘʞʘʻ ʨʦʙʦʪʫ ʊɹɼ Wi-Fi ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ (ʩʪʘʥʜʘʨʪʫ IEEE 
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802.11n), ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʥʘ 8-ʡ ʢʘʥʘʣ ʟ ʮʝʥʪʨʘʣʴʥʦʶ ʯʘʩʪʦʶ 2,447 ɻɻʮ ʽ 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ ʚʽʜʩʪʘʥʽ ʫ 10 ʤ. 

 

ʈʠʩ. 3.20. ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ IEEE 802.11n 

ʅʘ ʨʠʩ. 3.21ʘ ʽ 3.21ʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠʡʦʤʫ ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ 

ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʚ ʙʣʠʞʥʽʡ ʟʦʥʽ ʧʝʨʝʜʘʚʘʯʘ ʜʣʷ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʧʦ 

ʙʝʟʧʨʦʚʦʜʦʚʦʤʫ ʢʘʥʘʣʫ Bluetooth, ʘ ʥʘ ʨʠʩ. 3.21ʚ ʽ 3.21ʛ ï Wi-Fi ʜʽʘʧʘʟʦʥʫ 2,4 ɻɻʮ. 

ɿ ʨʠʩʫʥʢʽʚ ʣʝʛʢʦ ʙʘʯʠʪʠ, ʱʦ ʩʫʮʽʣʴʥʘ ʟʙʽʨʢʘ ʧʦʢʘʟʘʣʘ ʥʘʙʘʛʘʪʦ ʷʢʽʩʥʽʰʽ ʨʝʟʫʣʴʪʘʪʠ 

ʯʝʨʝʟ ʪʝ, ʱʦ ʚ ʥʽʡ ʷʢʽʩʥʽʰʝ ʧʨʦʚʝʜʝʥʘ ʟʙʽʨʢʘ, ʚʠʢʦʨʠʩʪʘʥʠʡ ʝʢʨʘʥ ʽ ʟʦʚʥʽʰʥʷ ʘʥʪʝʥʘ. 

 

ʈʠʩ. 3.21. ʇʨʠʢʣʘʜʠ ʩʧʝʢʪʨʽʚ ʜʣʷ ʨʽʟʥʠʭ ʟʙʽʨʦʢ: 

ʘ ï Bluetooth ʜʣʷ ʤʦʜʫʣʴʥʦʾ; ʙ ï Bluetooth ʜʣʷ ʩʫʮʽʣʴʥʦʾ; 

ʚ ï Wi-Fi ʜʣʷ ʤʦʜʫʣʴʥʦʾ; ʛ ï Wi-Fi ʜʣʷ ʩʫʮʽʣʴʥʦʾ 
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ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʟʙʽʨʢʠ, ʪʝʩʪʫʚʘʥʥʷ ʽ ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʨʠʩʪʨʦʾ ʛʦʪʦʚʽ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʫ ʪʝʭʥʽʯʥʠʡ, ʪʘʢ ʽ ʫ ʥʘʫʢʦʚʠʭ ʟʘʜʘʯʘʭ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʫʩʽʭ ʪʨʴʦʭ 

ʧʨʠʩʪʨʦʾʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.22 [13]. 

 

ʈʠʩ. 3.22. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʫʩʽʭ ʧʨʠʣʘʜʽʚ 

ɺ [14ï17] ʥʘʚʝʜʝʥʽ ʽʥʰʽ ʧʨʠʢʣʘʜʠ ʨʝʘʣʽʟʘʮʽʾ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ. 

3.3. ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ  

ʅʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʭʦʜʽ ʥʘʪʫʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʤʽʨʶʚʘʣʘʩʴ 

ʟʘ ʪʘʢʠʤʠ ʢʨʠʪʝʨʽʷʤʠ: 

ʢʽʣʴʢʽʩʪʴ ʢʨʠʪʠʯʥʠʭ ʧʦʤʠʣʦʢ ʧʽʜ ʯʘʩ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʧʨʦʪʷʛʦʤ 

10 ʛʦʜʠʥ; 

ʢʽʣʴʢʽʩʪʴ ʥʝʚʜʘʣʠʭ ʜʠʥʘʤʽʯʥʠʭ ʚʽʜʢʣʶʯʝʥʴ ʤʦʜʫʣʽʚ ʧʨʦʪʷʛʦʤ 30 ʩʧʨʦʙ; 

ʢʽʣʴʢʽʩʪʴ ʥʝʚʜʘʣʠʭ ʜʠʥʘʤʽʯʥʠʭ ʧʽʜʢʣʶʯʝʥʴ ʤʦʜʫʣʽʚ ʧʨʦʪʷʛʦʤ 30 ʩʧʨʦʙ. 

ɿʘ ʩʚʦʻʶ ʩʫʪʪʶ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʩʝʥʩʦʨʥʦʾ 

ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʙʝʟʧʝʨʝʨʚʥʦ ʧʨʘʮʶʚʘʪʠ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ, ʷʢʘ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʨʦʢʘʭ. ʉʘʤʝ ʪʦʤʫ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʫ 

ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʥʘ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ.  

ɺʠʭʦʜʷʯʠ ʟ ʪʘʢʦʛʦ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ, ʦʧʠʨʘʪʠʩʴ ʥʘ ʟʥʘʯʝʥʥʷ ʚ 10 ʛʦʜʠʥ, 

ʷʢʝ ʻ, ʷʢ ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʩʘʤʠʤ ʦʧʪʠʤʘʣʴʥʠʤ ʯʘʩʦʤ ʚ ʨʝʞʠʤʘʭ ʘʢʪʠʚʥʦʾ ʨʦʟʨʦʙʢʠ. 

ʗʢ ʨʝʟʫʣʴʪʘʪ, ʚʩʽ ʪʨʠ ʚʝʨʩʽʾ ʩʠʩʪʝʤʠ ʫʩʧʽʰʥʦ ʧʨʦʡʰʣʠ ʪʝʩʪʫʚʘʥʥʷ. ɿʘ ʚʝʩʴ ʯʘʩ 
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ʨʦʙʦʪʠ, ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʞʦʜʥʦʾ ʧʦʤʠʣʢʠ, ʟʚôʷʟʘʥʦʾ ʟ ʧʨʦʮʝʩʦʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. 

ʇʝʚʥʽ ʦʩʪʨʘʭʠ ʙʫʣʠ ʧʦʚôʷʟʘʥʽ ʣʠʰʝ ʤʦʜʫʣʷʤʠ Pololu Wixel, ʢʦʣʠ ʩʠʩʪʝʤʘ ʽʥʢʦʣʠ ʥʘ 

ʜʝʷʢʠʡ ʯʘʩ ʧʨʠʟʫʧʠʥʷʣʘ ʨʦʙʦʪʫ, ʘ ʧʦʪʽʤ ʚ ʜʦʚʽʣʴʥʦʤʫ ʨʝʞʠʤʽ ʾʾ ʟʥʦʚʫ 

ʧʨʦʜʦʚʞʫʚʘʣʘ. ɭ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʪʘʢʫ ʩʠʪʫʘʮʽʶ ʤʽʛ ʩʧʨʠʯʠʥʠʪʠ ʥʝʧʨʘʚʠʣʴʥʦ 

ʟʘʢʨʠʪʠʡ ʧʦʨʪ ʤʦʜʫʣʷ ʧʽʜ ʯʘʩ ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ, ʚ ʨʝʟʫʣʴʪʘʪʽ, ʇɿ ʤʦʛʣʦ ʜʦʚʛʦ 

ʯʝʢʘʪʠ ʥʘ ʧʦʚʪʦʨʥʝ ʟôʻʜʥʘʥʥʷ ʟ ʮʠʤ ʤʦʜʫʣʝʤ, ʘʜʞʝ ʚ ʜʨʫʛʽʡ ʚʝʨʩʽʾ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʡʤʘʫʪ ʥʘ ʦʯʽʢʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʟôʻʜʥʘʥʥʷ. 

ɿ ʽʥʰʠʤʠ ʪʝʩʪʘʤʠ ʧʝʨʰʘ ʚʝʨʩʽʷ (ʨʠʩ. 3.23) ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʚʧʦʨʘʣʘʩʴ 

ʪʘʢʦʞ ʘʞ ʟʘʥʘʜʪʦ ʜʦʙʨʝ. 

 

ʈʠʩ. 3.23. ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʝʨʰʦʾ ʚʝʨʩʽʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ɿʘʚʜʷʢʠ ʬʫʥʢʮʽʦʥʫʶʯʽʡ ʚ ʩʠʩʪʝʤʽ ʤʦʥʽʪʦʨʠʥʛʫ ʩʭʝʤʽ ʟʫʧʠʥʢʠ ʨʦʙʦʪʠ ʟ 

ʤʦʜʫʣʷʤʠ, ʙʫʣʦ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦ ʧʨʦʮʝʩ ʦʜʥʦʯʘʩʥʦʛʦ ʙʝʟʧʝʯʥʦʛʦ ʧʽʜôʻʜʥʘʥʥʷ/ 

ʚʽʜôʻʜʥʘʥʥʷ ʤʦʜʫʣʶ(-ʽʚ) ʜʦ/ʚʽʜ ʩʠʩʪʝʤʠ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʥʝ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʦʤʠʣʦʢ 

ʜʣʷ ʞʦʜʥʦʾ ʟ ʦʧʝʨʘʮʽʡ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʝ ʥʝ ʟʦʚʩʽʤ ʢʦʨʝʢʪʥʠʡ ʪʝʩʪ ʩʘʤʝ ʜʣʷ 

ʧʝʨʰʦʾ ʚʝʨʩʽʾ, ʘʜʞʝ ʚʦʥʘ ʥʝ ʥʘʜʘʚʘʣʘ ʤʦʞʣʠʚʦʩʪʽ ʜʠʥʘʤʽʯʥʦʛʦ ʚʽʜôʻʜʥʘʥʥʷ ʪʘ 

ʧʨʠʻʜʥʘʥʥʷ ʤʦʜʫʣʽʚ. 

ɼʨʫʛʘ ʚʝʨʩʽʷ ʟʘʟʥʘʣʘ ʚʝʣʠʢʦʾ ʥʝʚʜʘʯʽ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ ʪʝʩʪʽʚ (ʨʠʩ. 3.24). 
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ʈʠʩ. 3.24. ɺʝʙ-ʽʥʪʝʨʬʝʡʩ ʧʝʨʰʦʾ ʚʝʨʩʽʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʇʨʠʙʣʠʟʥʦ 90% ʩʧʨʦʙ ʜʠʥʘʤʽʯʥʦ ʚʽʜôʻʜʥʘʪʠ ʤʦʜʫʣʴ ʟʘʢʽʥʯʫʚʘʣʠʩʴ ʢʨʠʪʠʯʥʦʶ 

ʧʦʤʠʣʢʦʶ ʟ ʧʦʜʘʣʴʰʦʶ ʟʫʧʠʥʢʦʶ ʨʦʙʦʪʠ ʚʫʟʣʘ. ʊʨʦʭʠ ʢʨʘʱʠʤ ʚʠʷʚʠʚʩʷ ʨʝʟʫʣʴʪʘʪ 

ʜʣʷ ʟʚʦʨʦʪʥʦʾ ʦʧʝʨʘʮʽʾ, ʧʨʠʙʣʠʟʥʦ ʚ 25% ʩʧʨʦʙ, ʚʠʥʠʢʘʣʠ ʪʘʢʽ ʞ ʢʨʠʪʠʯʥʽ ʧʦʤʠʣʢʠ. 

ʆʜʥʘʢ ʦʙʠʜʚʘ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʥʝʧʨʠʧʫʩʪʠʤʽ ʜʣʷ ʥʘʜʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ. 

ɼʞʝʨʝʣʦʤ ʧʨʦʙʣʝʤʠ ʚʠʷʚʠʣʘʩʴ ʥʝʢʦʨʝʢʪʥʘ ʦʙʨʦʙʢʘ ʚʠʢʣʶʯʝʥʴ ʚ ʢʦʜʽ. 

ʗʢ ʽ ʧʝʨʰʘ ʚʝʨʩʽʷ, ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʨʝʪʴʦʾ ʚʝʨʩʽʾ ʚʧʦʨʘʣʘʩʴ ʟ ʥʘʩʪʫʧʥʠʤʠ 

ʪʝʩʪʘʤʠ ʚʽʜʤʽʥʥʦ. ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʦʪʦʢʠ ʜʣʷ ʨʦʙʦʪʠ ʟ 

ʢʦʞʥʠʤ ʤʦʜʫʣʝʤ, ʧʦʤʠʣʢʠ, ʱʦ ʚ ʥʠʭ ʚʠʥʠʢʘʣʠ, ʥʝ ʟʘʛʨʦʞʫʚʘʣʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʶ 

ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʚ ʭʦʜʽ 30 ʩʧʨʦʙ ʜʣʷ ʢʦʞʥʦʾ ʟ ʦʧʝʨʘʮʽʡ ʚʽʜôʻʜʥʘʥʥʷ 

ʪʘ ʧʨʠʻʜʥʘʥʥʷ ʤʦʜʫʣʽʚ ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʞʦʜʥʦʾ ʧʦʤʠʣʢʠ. 

ɼʦʜʘʪʢʦʚʦ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʪʝʩʪ ʜʣʷ ʪʨʝʪʴʦʾ ʚʝʨʩʽʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

(ʨʠʩ. 3.25). ʊʘʢ ʷʢ, ʜʘʥʘ ʨʝʘʣʽʟʘʮʽʷ ʚʽʜʧʦʚʽʜʘʣʘ ʧʦʩʪʘʚʣʝʥʠʤ ʚʠʤʦʛʘʤ ʧʨʠ 

ʧʦʯʘʪʢʦʚʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʚʜʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʧʨʦʪʝʩʪʫʚʘʪʠ, ʥʘʩʢʽʣʴʢʠ ʩʠʩʪʝʤʘ ʻ 

ʚʽʜʤʦʚʦʩʪʽʡʢʦʶ ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʾʾ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʫ ʘʨʭʽʪʝʢʪʫʨʫ. ʉʫʪʴ ʪʝʩʪʫ ï 

ʚʧʝʚʥʠʪʠʩʴ, ʱʦ ʚʽʜʢʣʶʯʝʥʥʷ ʚʫʟʣʘ ʚʽʜ ʩʠʩʪʝʤʠ ʦʙʨʦʙʣʷʻʪʴʩʷ ʢʦʨʝʢʪʥʦ ʽ ʥʝ 

ʚʠʢʣʠʢʘʻ ʧʦʤʠʣʦʢ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʩʠʩʪʝʤʘ ʫʩʧʽʰʥʦ ʚʠʢʦʥʘʣʘ ʜʘʥʫ ʦʧʝʨʘʮʽʶ, ʘ ʯʘʩ 

ʥʘ ʨʝʘʛʫʚʘʥʥʷ ʩʪʘʥʦʚʠʚ ʧʨʠʙʣʠʟʥʦ 1ï4 ʩ. 
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ʈʠʩ. 3.25. ʉʭʝʤʘ ʨʦʙʦʪʠ ʪʨʝʪʴʦʾ ʚʝʨʩʽʾ 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʪʝʩʪʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʰʘ ʚʝʨʩʽʷ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ 

ʥʝʚʜʘʣʫ ʘʨʭʽʪʝʢʪʫʨʫ ʽ ʣʦʛʽʢʫ ʨʦʙʦʪʠ, ʚʩʝ ʞ ʚʧʦʨʘʣʘʩʴ ʟ ʟʘʚʜʘʥʥʷʤ ʜʦʩʠʪʴ ʥʘ 

ʧʨʠʩʪʦʡʥʦʤʫ ʨʽʚʥʽ. ɼʨʫʛʘ ʚʝʨʩʽʷ ʧʦʢʘʟʘʣʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ ʙʝʟ 

ʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜôʻʜʥʘʥʥʷ ʪʘ ʚʽʜôʻʜʥʘʥʥʷ ʤʦʜʫʣʽʚ, ʱʦ ʧʦʪʨʝʙʫʚʘʣʦ ʟʥʘʯʥʠʭ ʟʤʽʥ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʴ. ʊʨʝʪʷ ʚʝʨʩʽʷ ʽʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʽ ʟʙʦʷʤʠ ʨʦʙʠʪʠ ʜʘʪʯʠʢʽʚ ʚʧʦʨʘʣʘʩʴ 

ʥʘʡʢʨʘʱʝ. ʉʠʩʪʝʤʘ ʩʪʘʣʘ ʧʨʘʮʶʚʘʪʠ ʩʪʘʙʽʣʴʥʦ ʪʘ ʦʯʽʢʫʚʘʥʦ. ɼʝʮʝʥʪʨʘʣʽʟʦʚʘʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘ ʧʨʦʩʪʦʶ ʩʭʝʤʦʶ, ʱʦ ʧʽʜʚʠʱʫʻ ʾʾ ʥʘʜʽʡʥʽʩʪʴ ʪʘ 

ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ. 

ɺ ʭʦʜʽ ʨʦʙʦʪʠ, ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʛʦʪʦʚʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʷʢ 

ʚʫʟʣʽʚ, ʪʘʢ ʽ ʤʦʜʫʣʽʚ ʥʘ ʢʦʞʥʦʤʫ ʟ ʥʠʭ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʣʦʱʽ ʦʙôʻʢʪʘ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʘ ʩʢʣʘʜʥʦʩʪʽ ʤʝʨʝʞʽ, ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʨʽʟʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ. ʊʫʪ ʛʦʣʦʚʥʝ ʟʘʙʝʟʧʝʯʠʪʠ ʛʥʫʯʢʽʩʪʴ ʩʠʩʪʝʤʠ, ʥʘʜʘʪʠ ʟʤʦʛʫ 

ʣʝʛʢʦ ʜʦʧʨʘʮʶʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʘʙʦ ʰʚʠʜʢʦ ʥʘʣʘʛʦʜʠʪʠ ʧʘʨʘʤʝʪʨʠ 

ʩʠʩʪʝʤʠ ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ. ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʧʘʨʘʪʥʽ 

ʨʝʩʫʨʩʠ. ʅʘ ʞʘʣʴ, ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʢʦʞʥʦʾ ʽʟ ʚʝʨʩʽʡ ʩʠʩʪʝʤ, ʧʨʦʚʦʜʠʚʩʷ ʩʚʽʡ ʥʘʙʽʨ 

ʪʝʩʪʫʚʘʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʦʩʪʫʧʥʽ ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ. ʊʦʙʪʦ, ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ 
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ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʚʝʨʩʽʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʤʠ ʥʝ ʤʘʣʠ ʟʤʦʛʠ ʚʠʢʦʨʠʩʪʘʪʠ 

ʤʽʢʨʦʢʦʤʧôʶʪʝʨʠ Raspberry Pi, ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʢʦʤʧôʶʪʝʨʘʭ (ʨʠʩ. 3.26). 

 

ʈʠʩ. 3.26. ɺʝʙ-ʽʥʪʝʨʬʝʡʩ ʪʨʝʪʴʦʾ ʚʝʨʩʽʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ɼʣʷ ʧʝʨʰʦʾ ʚʝʨʩʽʾ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʚʠʤʦʛʠ ʧʽʜʪʨʠʤʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ ʜʦ 5 

ʢʣʽʻʥʪʩʴʢʠʭ ʜʦʜʘʪʢʽʚ ʪʘ ʜʦ 5 ʤʦʜʫʣʽʚ ʥʘ ʢʦʞʥʦʤʫ ʟ ʥʠʭ. ʏʝʨʝʟ ʧʨʦʙʣʝʤʠ ʚ 

ʘʨʭʽʪʝʢʪʫʨʽ ʪʘ ʧʦʛʘʥʦ ʧʨʦʜʫʤʘʥʽʡ ʣʦʛʽʮʽ, ʟ 10 ʩʧʨʦʙ ʧʽʜôʻʜʥʘʪʠ ʢʣʽʻʥʪʩʴʢʠʡ ʜʦʜʘʪʦʢ, 

7ï9 ʽʟ ʥʠʭ ʟʘʢʽʥʯʫʚʘʣʠʩʴ ʢʨʠʪʠʯʥʦʶ ʧʦʤʠʣʢʦʶ ʨʘʟʦʤ ʽʟ ʟʫʧʠʥʢʦʶ ʩʝʨʚʝʨʘ. ʆʜʥʘʢ, 

ʟʘʚʜʷʢʠ ʧʨʦʩʪʽʡ ʧʦʩʣʽʜʦʚʥʽʡ ʩʭʝʤʽ ʨʦʙʦʪʠ ʟ ʤʦʜʫʣʷʤʠ ʤʠ ʣʝʛʢʦ ʤʦʛʣʠ ʧʽʜʪʨʠʤʫʚʘʪʠ 

5 ʽ ʙʽʣʴʰʝ ʤʦʜʫʣʽʚ ʥʘ ʦʜʥʦʤʫ ʢʣʽʻʥʪʽ, ʱʦʧʨʘʚʜʘ, ʮʝ ʥʝ ʥʝʩʣʦ ʦʩʦʙʣʠʚʦʛʦ ʩʝʥʩʫ. 

ʉʪʦʩʦʚʥʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʽʥʪʝʨʧʨʝʪʘʪʦʨ Python ʟʘʡʤʘʻ ʧʨʠʙʣʠʟʥʦ 9 ʄɹ ʆɿʇ. ʈʘʟʦʤ 

ʟ ʤʽʢʨʦʬʨʝʡʤʚʦʨʢʦʤ flask, ʮʝ ʟʥʘʯʝʥʥʷ ʟʨʦʩʪʘʻ ʜʦ 20. ʆʪʞʝ ʩʝʨʚʝʨʥʠʡ ʜʦʜʘʪʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʧʨʠʙʣʠʟʥʦ 25 ʄɹ ʆɿʇ ʚ ʧʨʦʮʝʩʽ ʩʚʦʻʾ ʨʦʙʦʪʠ, ʧʨʠ ʦʙʨʦʙʮʽ ʟʘʧʠʪʽʚ 

ʤʦʛʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʦʜʘʪʢʦʚʘ ʧʘʤôʷʪʴ ʚ ʨʦʟʤʽʨʽ 3ï5 ʄɹ. ʂʣʽʻʥʪʩʴʢʠʡ 

ʜʦʜʘʪʦʢ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ ʧʦʟʥʘʯʢʠ ʫ 15 ʄɹ. ʊʝʩʪʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ 

ʥʘ ʧʨʦʮʝʩʦʨʽ Intel Core i5 3317U. ʎʝ ʤʦʙʽʣʴʥʠʡ ʧʨʦʮʝʩʦʨ, ʧʦʙʫʜʦʚʘʥʠʡ ʟʘ 22 ʥʤ 

ʪʝʭʥʦʣʦʛʽʻʶ, ʱʦ ʤʘʻ ʙʘʟʦʚʫ ʪʘʢʪʦʚʫ ʯʘʩʪʦʪʫ 1,7 ɻɻʮ. ʉʝʨʚʝʨʥʠʡ ʜʦʜʘʪʦʢ, ʚ 

ʩʝʨʝʜʥʴʦʤʫ, ʩʪʚʦʨʶʚʘʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʤʝʞʘʭ 2ï6% ʧʨʠ ʨʦʙʦʪʽ ʟ 1 ʢʣʽʻʥʪʦʤ. 

ʂʣʽʻʥʪʩʴʢʠʡ ʜʦʜʘʪʦʢ ʤʽʛ ʥʘʚʘʥʪʘʞʠʪʠ ʧʨʦʮʝʩʦʨ ʥʘ 30ï40%, ʽʥʦʜʽ ʟʥʘʯʝʥʥʷ ʩʷʛʘʣʦ 

80%. ʊʘʢʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʨʠʯʠʥʷʚ ʥʝ ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʟ 

ʤʦʜʫʣʽʚ. ɿ ʪʦʯʢʫ ʟʦʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʤôʷʪʽ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʤʘʻ ʧʨʠʡʥʷʪʥʽ 

ʧʦʢʘʟʥʠʢʠ. ʆʜʥʘʢ, ʩʠʩʪʝʤʘ ʩʪʚʦʨʶʻ ʟʥʘʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʚʽʪʴ ʥʘ ʜʦʩʠʪʴ 

ʧʨʦʜʫʢʪʠʚʥʽʡ ʘʧʘʨʘʪʥʽʡ ʯʘʩʪʠʥʽ, ʷʢ ʜʣʷ ʪʘʢʦʛʦ ʨʽʚʥʷ ʇɿ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʝʩʪʫʚʘʥʥʷ, 
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ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʠʩʪʝʤʘ ʧʦʟʙʘʚʣʝʥʘ ʤʦʞʣʠʚʦʩʪʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʘ 

ʟʥʘʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ ʥʝ ʜʦʟʚʦʣʠʪʴ ʧʨʘʮʶʚʘʪʠ ʩʠʩʪʝʤʽ ʥʘ 

ʤʽʢʨʦʢʦʤʧôʶʪʝʨʘʭ. 

ɼʨʫʛʘ ʚʝʨʩʽʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʤʘʻ ʧʦʚʥʽʩʪʶ ʘʥʘʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ 

ʪʦʛʦ ʞ ʥʘʙʦʨʫ ʪʝʩʪʫʚʘʥʴ. ʆʜʥʘʢ, ʥʘ ʚʫʟʣʘʭ, ʚ ʷʢʠʭ ʧʨʘʮʶʚʘʚ ʩʝʨʚʝʨʥʠʡ ʧʦʪʽʢ 

ʚʠʪʨʘʪʘ ʧʘʤôʷʪʽ ʙʫʣʘ ʟʥʘʯʥʦ ʙʽʣʴʰʦʶ. ɺʫʟʣʠ ʙʝʟ ʩʝʨʚʝʨʥʦʛʦ ʧʦʪʦʢʫ ʟʘʡʤʘʣʠ 

ʧʨʠʙʣʠʟʥʦ 20 ʄɹ ʆɿʇ ʚ ʭʦʜʽ ʨʦʙʦʪʠ. ɼʦʜʘʪʦʢ ʟ ʩʝʨʚʝʨʦʤ ʧʽʩʣʷ ʟʘʧʫʩʢʫ ʟʘʡʤʘʚ 30ï

35 ʄɹ ʆɿʇ. ʎʝ ʪʘʢʦʞ ʙʫʣʦ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʧʨʘʮʶʚʘʚ ʥʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʟʥʘʯʝʥʴ ʨʽʚʥʷ ʩʠʛʥʘʣʫ. ɺ ʭʦʜʽ ʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʦʤʽʯʝʥʦ, ʱʦ 

ʚʠʪʨʘʪʘ ʧʘʤôʷʪʽ ʟʨʦʩʪʘʻ ʣʽʥʽʡʥʦ. ʏʝʨʝʟ 4ï5 ʛʦʜʠʥ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ, ʜʦʜʘʪʦʢ ʤʽʛ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 45ï50 ʄɹ ʧʘʤôʷʪʽ. ʎʷ ʩʠʪʫʘʮʽʷ ʙʫʣʘ ʜʦʩʠʪʴ ʜʠʚʥʦʶ, ʘʜʞʝ Python 

ʤʘʻ ʚʙʫʜʦʚʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ ʟʙʦʨʫ ʩʤʽʪʪʷ (ʘʚʪʦʤʘʪʠʯʥʝ ʦʯʠʱʝʥʥʷ ʧʘʤôʷʪʽ ʚʽʜ 

ʨʝʩʫʨʩʽʚ, ʱʦ ʙʽʣʴʰʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ), ʪʦʙʪʦ, ʚʠʪʽʢ ʧʘʤôʷʪʽ ʚʢʨʘʡ 

ʤʘʣʦʡʤʦʚʽʨʥʠʡ. ʅʘ ʞʘʣʴ, ʚ ʪʦʡ ʤʦʤʝʥʪ ʯʘʩʫ ʤʠ ʥʝ ʟʤʦʛʣʠ ʥʘʡʪʠ ʚʽʜʧʦʚʽʜʴ ʥʘ ʮʝ 

ʧʠʪʘʥʥʷ, ʘʣʝ ʬʘʢʪ ʪʦʛʦ, ʱʦ ʩʠʩʪʝʤʘ ʤʘʣʘ ʧʨʦʙʣʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʤôʷʪʽ, ʥʘ 

ʧʨʘʢʪʠʮʽ ʨʦʙʠʣʦ ʜʨʫʛʫ ʚʝʨʩʽʶ ʩʠʩʪʝʤʠ ʤʝʥʰ ʝʬʝʢʪʠʚʥʦʶ ʥʽʞ ʧʝʨʰʘ, ʥʝ ʜʠʚʣʷʯʠʩʴ 

ʥʘ ʙʽʣʴʰ ʧʨʠʤʽʪʠʚʥʫ ʨʝʘʣʽʟʘʮʽʶ. ɺʩʝ ʮʝ ʩʧʨʠʷʣʦ ʪʦʤʫ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʥʦʚʫ ʩʠʩʪʝʤʫ, 

ʷʢʘ ʙʫʣʘ ʙ ʧʦʟʙʘʚʣʝʥʘ ʤʠʥʫʣʠʭ ʧʨʦʙʣʝʤ. 

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʪʨʝʪʴʦʾ ʚʝʨʩʽʾ ʤʠ ʤʦʛʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʢʨʦʢʦʤʧôʶʪʝʨʠ 

Raspberry, ʪʦʤʫ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʩʘʤʝ ʥʘ ʥʠʭ. ʅʘ ʮʝʡ ʨʘʟ ʥʘʤ ʚʜʘʣʦʩʷ 

ʩʪʚʦʨʠʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʱʦ ʫʩʧʽʰʥʦ ʧʽʜʪʨʠʤʫʚʘʣʘ ʦʜʥʦʯʘʩʥʫ ʨʦʙʦʪʫ ʙʽʣʴʰʝ, ʥʽʞ 

4 ʚʫʟʣʽʚ. ʊʝʧʝʨ ʧʦʜʘʣʴʰʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʣʝʞʘʣʦ ʚʽʜ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʊɹɼ ʪʘ 

ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɿ ʮʠʤ ʟʘʚʜʘʥʥʷʤ ʩʠʩʪʝʤʘ ʚʧʦʨʘʣʘʩʴ, ʚʦʥʘ ʤʦʞʝ 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʟ ʚʝʣʠʯʝʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʽʚ ʦʜʥʦʯʘʩʥʦ. ʉʪʦʩʦʚʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ, ʧʽʜ ʯʘʩ ʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ, ʜʦʜʘʪʦʢ ʩʪʘʙʽʣʴʥʦ ʚʠʪʨʘʯʘʻ 22ï

26 ʄɹ. ʎʝ ʜʦʩʠʪʴ ʧʨʠʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʥʘʚʽʪʴ ʜʣʷ ʚʠʙʘʛʣʠʚʠʭ ʜʦ ʨʝʩʫʨʩʽʚ ʩʠʩʪʝʤ. 

ɿʘʚʜʷʢʠ ʥʦʚʦʤʫ ʤʝʪʦʜʫ ʟʙʦʨʫ ʜʘʥʠʭ ʟ ʤʦʜʫʣʽʚ, ʤʠ ʜʦʩʷʛʣʠ ʪʦʛʦ, ʱʦ ʟʥʠʟʠʣʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ ʜʦ ʟʥʘʯʝʥʴ 0ï4%. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʽʣʴʰ 

ʧʦʪʫʞʥʽ ʩʠʩʪʝʤʠ, ʥʘ ʢʰʪʘʣʪ ʩʪʘʮʽʦʥʘʨʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʘʙʦ ʥʦʫʪʙʫʢʽʚ, ʮʝʡ ʧʦʢʘʟʥʠʢ 

ʥʝ ʧʝʨʝʚʠʱʫʻ 2%. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʪʘʢʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʙʫʜʴ ʷʢʦʾ 
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ʢʽʣʴʢʦʩʪʽ ʦʜʥʦʯʘʩʥʦ ʧʽʜʢʣʶʯʝʥʠʭ ʤʦʜʫʣʽʚ ʜʦ ʚʫʟʣʘ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʧʘʨʘʪʥʽ ʨʝʩʫʨʩʠ ʥʘʜʟʚʠʯʘʡʥʦ ʝʬʝʢʪʠʚʥʦ 

ʙʝʟ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʟʨʦʩʪʠ, ʷʢʱʦ 

ʜʦ ʚʫʟʣʘ ʙʫʜʫʪʴ ʥʘʜʭʦʜʠʪʠ ʟʘʧʠʪʠ ʟ ʚʝʙ ʙʨʘʫʟʝʨʽʚ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʪʨʠ ʨʽʟʥʽ 

ʢʣʽʻʥʪʩʴʢʽ ʚʝʙ-ʙʨʘʫʟʝʨʠ, ʦʜʥʦʯʘʩʥʦ ʧʦʯʥʫʪʴ ʥʘʜʩʠʣʘʪʠ ʟʘʧʠʪʠ ʥʘ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ 

ʧʨʦ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦʮʝʩʦʨ ʥʝ ʧʝʨʝʚʠʱʫʻ 8ï10%. ʅʘ ʥʘʰʫ 

ʜʫʤʢʫ, ʮʝ ʯʫʜʦʚʠʡ ʨʝʟʫʣʴʪʘʪ, ʚʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʩʠʩʪʝʤʘ ʧʨʘʮʶʻ ʥʘ 

ʤʽʢʨʦʢʦʤʧôʶʪʝʨʘʭ. ʄʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʢʦʣʫ WebSocket ʟʤʦʞʝ 

ʧʦʢʨʘʱʠʪʠ ʮʝʡ ʨʝʟʫʣʴʪʘʪ. ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʦʢ, ʚ ʪʨʝʪʽʡ ʚʝʨʩʽʾ ʤʠ ʜʦʩʷʛʣʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ʉʠʩʪʝʤʘ ʯʫʜʦʚʦ ʤʘʩʰʪʘʙʫʻʪʴʩʷ, ʱʦ ʚ ʨʘʟʠ ʧʽʜʚʠʱʫʻ ʟʘʭʠʱʝʥʽʩʪʴ ʪʘ ʧʦʪʫʞʥʽʩʪʴ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʄʘʶʯʠ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ, ʩʠʩʪʝʤʘ ʚʩʝ ʦʜʥʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ [18]. 

3.4. ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʩʢʦʨʶʶʯʠʭ ʣʽʥʟ 

3.4.1. ʇʝʨʝʚʽʨʢʘ ʨʦʙʦʪʠ ʧʨʠʩʢʦʨʶʶʯʦʶ ʣʽʥʟʠ ʥʘ ʯʘʩʪʦʪʽ 2,4 ɻɻʮ 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʇʃ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʥʘ ʙʦʮʽ ʧʨʠʡʤʘʯʘ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʢʘʥʘʣ ʟʚôʷʟʢʫ ʤʽʞ ʧʝʨʝʜʘʚʘʯʝʤ ʽ ʧʨʠʡʤʘʯʝʤ. ʅʘ ʨʠʩ. 3.27 

ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɺ ʷʢʦʩʪʽ ʧʝʨʝʜʘʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʊɹɼ Asus 

RT-N16 (ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ Broadcom 4718A, 533 ʄɻʮ) ʟ ʧʨʦʰʠʚʢʦʶ DD-WRT 

v24-sp2 mega ʽ ʥʝʩʠʤʝʪʨʠʯʥʠʤ ʚʽʙʨʘʪʦʨʦʤ ʚ ʷʢʦʩʪʽ ʥʝʩʧʨʷʤʦʚʘʥʦʾ ʘʥʪʝʥʠ. ʄʘʢʝʪ 

ʇʃ ʧʦʙʫʜʦʚʘʥʦ ʟ ʢʘʨʪʦʥʫ, ʚʢʨʠʪʦʛʦ ʘʣʶʤʽʥʽʻʚʦʶ ʬʦʣʴʛʦʶ, ʥʘ ʧʽʥʦʧʦʣʽʩʪʝʨʦʣʦʚʦʤʫ 

ʢʘʨʢʘʩʽ. ɺ ʷʢʦʩʪʽ ʧʨʠʡʤʘʯʘ ʚʠʢʦʨʠʩʪʘʥʦ ʟʦʚʥʽʰʥʽʡ ʙʝʟʧʨʦʚʦʜʦʚʠʡ ʧʨʠʩʪʨʽʡ Wifly -

city IDU-2850UG-G2000 (ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ Realtek RTL8187L) ʟ ʥʝʩʧʨʷʤʦʚʘʥʦʶ 

ʘʥʪʝʥʦʶ. ɸʥʘʣʽʟ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ 

Ubiquiti AirView2. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʫ: ʰʠʨʠʥʘ ʩʧʝʢʪʨʫ 10 ʄɻʮ, ʩʭʝʤʘ ʤʦʜʫʣʷʮʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʜʫ (CCK) ʟ ʦʜʥʽʻʶ ʥʝʩʫʯʦʶ ʟʘ ʩʪʘʥʜʘʨʪʦʤ 802.11b. 
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ʈʠʩ. 3.27. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʇʃ ʥʘ ʙʦʮʽ ʢʦʨʠʩʪʫʚʘʯʘ 

ʊʘʢ ʟʛʽʜʥʦ ʟ (2.40) ʜʣʷ ʚʽʜʩʪʘʥʽ Rʟʚ = 11 ʤ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʧʝʨʰʦʾ ʟʦʥʠ 

ʌʨʝʥʝʣʷ ʩʪʘʥʦʚʠʪʴ Rʟʌ1 = 0,586 ʤ. ɿ ʮʽʻʾ ʟʦʥʠ ʙʫʣʦ ʚʠʣʫʯʝʥʦ ʫʩʽ ʟʘʡʚʽ ʧʨʝʜʤʝʪʠ. 

ʇʃ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʩʪʦʨʦʥʽ ʢʦʨʠʩʪʫʚʘʯʘ (ʘʣʝ ʾʾ ʤʦʞʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʽ ʥʘ 

ʊɹɼ ʟ ʥʝʩʧʨʷʤʦʚʘʥʦʶ ʘʥʪʝʥʦʶ ʜʣʷ ʬʦʢʫʩʫʚʘʥʥʷ ʚ ʷʢʦʤʫʩʴ ʚʠʙʨʘʥʦʤʫ ʥʘʧʨʷʤʢʫ). 

ɼʘʥʽ ʧʨʦ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʦʪʨʠʤʘʥʽ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʚ [19], ʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.28. ʇʨʠ ʨʦʟʛʣʷʜʽ ʢʨʠʚʦʾ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʠʜʥʦ, 

ʱʦ ʫ ʩʠʛʥʘʣʘʭ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʟʘʚʘʜʠ (ʥʘʡʙʽʣʴʰʽ ʥʘ ʯʘʩʪʦʪʘʭ 2,417 ʽ 

2,452 ɻɻʮ), ʘ ʧʨʠ ʨʦʟʛʣʷʜʽ ʢʨʠʚʦʾ ʟ ʤʝʜʽʘʥʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ï ʩʪʘʮʽʦʥʘʨʥʽ ʟʘʚʘʜʠ 

(ʥʘʡʙʽʣʴʰʽ ʥʘ ʯʘʩʪʦʪʘʭ 2,400 ʽ 2,448 ɻɻʮ). 

 

ʈʠʩ. 3.28. ʉʧʝʢʪʨ ʩʠʛʥʘʣʽʚ ʟ ʇʃ ʽ ʙʝʟ 
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ɿ ʢʨʠʚʦʾ ʟ ʤʝʜʽʘʥʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʠʜʥʦ, ʱʦ ʩʝʨʝʜʥʻ ʧʽʜʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ ʚ 

ʧʦʣʦʩʽ ʧʝʨʝʜʘʚʘʥʥʷ (10 ʄɻʮ) ʩʪʘʥʦʚʠʪʴ 5ï7 ʜɹ. ʊʘʢʝ ʧʦʢʨʘʱʝʥʥʷ ʨʽʚʥʷ ʩʠʛʥʘʣʫ 

ʜʦʟʚʦʣʷʻ ʧʦʢʨʠʪʠ ʚʘʞʢʦ ʜʦʩʪʫʧʥʽ ʜʽʣʷʥʢʠ, ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʦʩʥʦʚʥʦʾ ʟʦʥʠ ʧʦʢʨʠʪʪʷ ʫ 

1,8ï2,2 ʨʘʟʠ. ʂʨʽʤ ʪʦʛʦ ʧʨʠ ʧʝʨʝʜʘʚʘʥʥʽ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʩʘʤʦʛʦ ʧʦʪʦʢʫ ʜʘʥʠʭ ʟ ʇʃ ʽ 

ʙʝʟ ʟʤʽʥʶʚʘʣʘʩʷ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ: 

ʙʝʟ ʇʃ ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʩʪʘʥʦʚʠʪʴ ʤʽʥʫʩ 85 ʜɹʤɺʪ, ʘ ʩʝʨʝʜʥʷ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ 680 ʢʙ/ʩ; 

ʟ ʇʃ ï ʤʽʥʫʩ 78 ʜɹʤɺʪ ʽ 710 ʢʙ/ʩ ʚʽʜʧʦʚʽʜʥʦ. 

ʊʦʙʪʦ ʚʚʝʜʝʥʥʷ ʇʃ ʚ ʨʦʙʦʯʫ ʩʠʩʪʝʤʫ ʚ ʧʨʦʚʝʜʝʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʧʦʢʨʘʱʠʣʦ 

ʰʚʠʜʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʥʘ 4%. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʇʃ ʥʘ ʜʘʣʴʥʽʩʪʴ ʧʨʠʡʦʤʫ ʧʨʠ ʛʨʘʥʠʯʥʽʡ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʝʨʝʜʘʚʘʯʝʤ ʽ ʧʨʠʡʤʘʯʝʤ. ʅʘ ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʩʪʦʨʦʥʽ (ʊɹɼ) ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʥʝʩʧʨʷʤʦʚʘʥʫ ʘʥʪʝʥʫ ʟ ʧʽʜʩʠʣʝʥʥʷʤ ʫ 5 ʜɹ, ʘ ʥʘ ʧʨʠʡʤʘʣʴʥʽʡ ʩʪʦʨʦʥʽ 

(ʢʦʨʠʩʪʫʚʘʯ) ï ʩʧʨʷʤʦʚʘʥʫ ʘʥʪʝʥʫ ʫ 10 ʜɹ.  

ʅʘ ʨʠʩ. 3.29 ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

 

ʈʠʩ. 3.29. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʇʃ ʥʘ ʙʦʮʽ ʊɹɼ 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʧʝʨʝʜʘʚʘʯ ʙʫʚ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʚʠʩʦʪʽ h1 = 8 ʤ, ʘ ʧʨʠʡʤʘʯ ï 

h2 = 2 ʤ, ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʜʣʷ 5-ʛʦ ʢʘʥʘʣʫ ʩʪʘʥʦʚʠʣʘ ɚ = 0,123 ʤ, ʘ ʚʽʜʩʪʘʥʴ ʙʫʣʦ 

ʦʙʨʘʥʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʠʙʣʠʟʥʦʾ ʽʥʞʝʥʝʨʥʦʾ ʬʦʨʤʫʣʠ: 

 ὖᴂ̐̑ ρχυςπÌÇὙ̈ ̃ ὖ̐̆̑Ὃᴂ̐̑ Ὃᴂ̐̆̑Ўᴂ ȟ (3.5) 
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ʜʝ Pǋʧʨ, Pǋʧʝʨ, Gǋʧʨ ʽ Gǋʧʝʨ ï ʯʫʪʣʠʚʽʩʪʴ ʧʨʠʡʤʘʯʘ, ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ, ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥʠ ʧʨʠʡʤʘʯʘ ʽ ʧʝʨʝʜʘʚʘʯʘ ʚ ʜʝʮʠʙʝʣʘʭ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʣʘʜʽʚ 

ʜʠʚ. ʥʠʞʯʝ); ȹǋmax = 1 ʜɹ ï ʤʘʢʩʠʤʘʣʴʥʘ ʤʦʞʣʠʚʘ ʧʦʭʠʙʢʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʥʪʝʥ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʘʢʝ ʽʥʪʝʨʚʘʣ ʚʽʜʩʪʘʥʝʡ, ʧʨʠ ʷʢʠʭ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʟʨʠʚ 

ʟʚôʷʟʢʫ, ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ (3.5) ʩʪʘʥʦʚʠʪʠʤʝ 168..188 ʤ. ʇʨʠʡʤʘʻʤʦ ʚʽʜʩʪʘʥʴ ʚ 

ʩʝʨʝʜʠʥʽ ʽʥʪʝʨʚʘʣʫ Rʟʚ = 175 ʤ. ʅʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ ʊɹɼ Asus RT-

N16 ʩʪʘʥʦʚʠʪʴ 19,5 ʜɹʤɺʪ (ʟ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʚʠʨʦʙʥʠʢʘ), ʧʽʜʩʠʣʝʥʥʷ 

ʩʪʘʮʽʦʥʘʨʥʦʾ ʘʥʪʝʥʠ ï 5 ʜɹ, ʘ ʧʽʜʩʠʣʝʥʥʷ ʇʃ ʟ ʦʪʨʠʤʘʥʠʭ ʨʘʥʽʰʝ ʨʝʟʫʣʴʪʘʪʽʚ ï 6 ʜɹ. 

ʊʦʜʽ ʟ ʬʦʨʤʫʣʠ ɺʚʝʜʝʥʩʴʢʦʛʦ [20] ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʨʠʡʤʘʯʽ ʚ 

ʜʝʮʠʙʝʣʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʟʝʤʣʽ: 

 

ὖ̐̑ ὖ̐̆̑Ὃ̐̑ Ὃ̐̆̑ὑ˔̨̆̍̌

ὖ̐̆̑Ὃ̐̑ Ὃ̐̆̑ςπÌÇ
̈̃
ςπÌÇὪ̒̆̑ωσ

ὖ̐̆̑Ὃ̐̑ Ὃ̐̆̑ςπÌÇτʌ
Ͻ

Ͻ̈̃
ρφπȟχυȟ

 (3.6) 

ʜʝ K'ʩʝʨ ï ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʧʣʠʚʫ ʟʝʤʣʽ ʽ ʚʽʜʩʪʘʥʽ 

ʤʽʞ ʧʝʨʝʜʘʚʘʯʝʤ ʽ ʧʨʠʡʤʘʯʝʤ; fʩʝʨ = 2,442 ɻɻʮ ï ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ; ὠ τʌ
Ͻ

Ͻ̈̃
 ï 

ʢʦʝʬʽʮʽʻʥʪ ɺʚʝʜʝʥʩʴʢʦʛʦ, ʚ ʷʢʦʤʫ ʚʨʘʭʦʚʘʥʽ h1 ʽ h2 ï ʚʠʩʦʪʠ ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʠʡʤʘʯʘ 

ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ, ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʣʦʩʷ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɯʟ ʟʘʛʘʣʴʥʦʾ ʬʦʨʤʫʣʠ (3.6) ʦʪʨʠʤʫʻʤʦ ʧʦʪʫʞʥʽʩʪʴ ʙʝʟ ʇʃ ʽ ʟ ʥʝʶ: 

 
ὖᴂ̐̑ ωφȟψ πȟς ̅ ˎ̍ˏ̓ȟ

ὖᴂ̐Ȣ̨̑̌̎̈́ ωπȟψ πȟς ̅ ˎ̍ˏ̓Ȣ
  

ʄʘʢʩʠʤʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʧʨʠʡʤʘʯʘ ʥʘ RTL8187L ʩʪʘʥʦʚʠʪʴ  

P'ʧʨ.max = ï91 ʜɹʤɺʪ (ʟ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʚʠʨʦʙʥʠʢʘ ʜʣʷ ʩʪʘʥʜʘʨʪʫ 802.11b), ʘ 

ʟ ʨʦʟʨʘʭʫʥʢʽʚ ʩʧʨʷʤʦʚʘʥʦʾ ʧʨʠʡʤʘʣʴʥʦʾ ʘʥʪʝʥʠ ʦʪʨʠʤʘʥʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ 14 ʜɹ. ʊʦʤʫ ʙʝʟ ʇʃ ʤʘʻʤʦ P'ʧʨ < P'ʧʨ.max ï ʟʚôʷʟʦʢ ʥʝʤʦʞʣʠʚʠʡ, ʘ ʟ ʇʃ ï 

P'ʧʨ.ʣʽʥʟʘ < P'ʧʨ.max ï ʤʦʞʣʠʚʠʡ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʛʨʘʬʽʢ ʟʨʠʚʫ ʧʝʨʝʜʘʚʘʥʥʷ 

(ʜʠʚ. ʨʠʩ. 3.30) ʜʣʷ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ: 

ʩʧʨʷʤʦʚʘʥʦʾ ʘʥʪʝʥʠ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ 10 ʜɹ ʙʝʟ ʇʃ; 

ʩʧʨʷʤʦʚʘʥʦʾ ʘʥʪʝʥʠ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ 10 ʜɹ ʟ ʇʃ; 
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ʥʝʩʧʨʷʤʦʚʘʥʦʾ ʘʥʪʝʥʠ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ 5 ʜɹ ʟ ʇʃ, ʜʣʷ ʷʢʦʶ ʟʚôʷʟʦʢ 

ʙʝʟ ʇʃ ʥʝʤʦʞʣʠʚʠʡ. 

 

ʈʠʩ. 3.30. ɿʘʣʝʞʥʽʩʪʴ ʷʢʦʩʪʽ ʟʚôʷʟʢʫ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʯʘ 

ɺʽʜʦʤʦ, ʱʦ ʷʢʽʩʪʴ ʟʚôʷʟʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʨʠʡʥʷʪʠʭ 

ʧʘʢʝʪʽʚ ʜʘʥʠʭ ʜʦ ʢʽʣʴʢʦʩʪʽ ʚʽʜʧʨʘʚʣʝʥʠʭ. ɿ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ. 3.30 ʚʠʜʥʦ, ʱʦ ʯʝʨʝʟ 

ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʇʃ ʢʨʽʤ ʚʠʨʽʚʥʶʚʘʥʥʷ ʬʘʟʠ ʥʘ ʚʠʭʦʜʽ ʪʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʬʝʢʪ ʯʘʩʪʢʦʚʦʛʦ ʝʢʨʘʥʫʚʘʥʥʷ ʽ ʨʦʟʩʽʶʚʘʥʥʷ. ʊʘʢ ʧʝʨʝʜʘʚʘʥʥʷ ʟʽ 

ʩʧʨʷʤʦʚʘʥʦʶ ʘʥʪʝʥʦʶ ʥʘ 10 ʜɹ ʜʘʻ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ, ʥʽʞ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʩʧʨʷʤʦʚʘʥʦʾ ʘʥʪʝʥʠ ʥʘ 5 ʜɹ ʟ ʇʃ ʥʘ 6 ʜɹ (ʥʘ ʨʠʩ. 3.31 ʧʦʢʘʟʘʥʦ ɼʉ ʜʘʥʦʾ ʘʥʪʝʥʥʦʾ 

ʩʠʩʪʝʤʠ, ʦʪʨʠʤʘʥʦʾ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʘʥʪʝʥ Mmana-Gal 

basic ʚʝʨʩʽʾ 3.0.0.15). 

 
ʈʠʩ. 3.31. ɼʉ ʣʽʥʟʦʚʦʾ ʘʥʪʝʥʠ ʟ ʥʝʩʠʤʝʪʨʠʯʥʠʤ ʚʽʙʨʘʪʦʨʦʤ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 
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ʄʽʞ ʪʠʤ ʟʨʠʚ ʧʝʨʝʜʘʚʘʥʥʷ ʩʧʨʷʤʦʚʘʥʦʾ ʘʥʪʝʥʠ ʟ ʇʃ ʧʦʯʠʥʘʻʪʴʩʷ ʥʘʚʽʪʴ 

ʨʘʥʽʰʝ, ʥʽʞ ʫ ʥʝʩʧʨʷʤʦʚʘʥʦʶ. ʎʝʡ ʝʬʝʢʪ ʢʨʽʤ ʝʢʨʘʥʫʚʘʥʥʷ ʽ ʨʦʟʩʽʶʚʘʥʥʷ (ʦʩʦʙʣʠʚʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʧʦʷʩʥʶʻʪʴʩʷ ʪʘʢʦʞ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʨʦʟʧʦʜʽʣʫ ʘʤʧʣʽʪʫʜ ʩʪʨʫʤʽʚ ʫ ʨʦʟʢʨʠʚʽ ʇʃ. ʇʦʯʘʪʢʦʚʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʇʃ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʜʣʷ ʥʝʩʧʨʷʤʦʚʘʥʦʶ ʘʥʪʝʥʠ, ʪʦʤʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʧʨʷʤʦʚʘʥʦʾ ʨʦʟʧʦʜʽʣ ʙʫʜʝ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʢʦʩʽʥʫʩʦʾʜʘʣʴʥʦʛʦ. ʅʘ ʨʠʩ. 3.32 

ʧʦʢʘʟʘʥʽ ɼʉ ʜʣʷ ʜʚʦʭ ʚʠʜʽʚ ʨʦʟʧʦʜʽʣʫ. 

 

ʈʠʩ. 3.32. ʇʦʨʽʚʥʷʥʥʷ ɼʉ ʜʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʽ ʢʦʩʽʥʫʩʦʾʜʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʘʤʧʣʽʪʫʜ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ɿ ɼʉ ʚʠʜʥʦ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʟʤʝʥʰʝʥʥʷ ʧʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʢʦʩʽʥʫʩʦʾʜʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ  ̔ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘʜʥʽʡ ʧʝʣʶʩʪʦʢ. ɿ ʤʦʜʝʣʽ 

ʘʙʩʦʣʶʪʥʝ ʧʽʜʩʠʣʝʥʥʷ ʫ ʥʘʧʨʷʤʽ ʛʦʣʦʚʥʦʛʦ ʧʝʣʶʩʪʢʘ ʩʢʣʘʜʘʻ  

ȹG = Gʨʽʚʥ ï Gʢʦʩ = 15,85 ï 14,58 å 1,3 ʜɹ [21,22]. 

ʅʝ ʤʝʥʰ ʮʽʢʘʚʠʤʠ ʻ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʧʦʣʷ ʚ ʘʟʠʤʫʪʥʦʤʫ ʩʝʢʪʦʨʽ (ʜʦ 60Á) ʚʽʜ ʦʩʽ ʇʃ, ʦʨʽʻʥʪʦʚʘʥʦʾ ʥʘ ʧʨʽʦʨʠʪʝʪʥʦʛʦ 

ʘʙʦʥʝʥʪʘ. ʁʦʛʦ ʤʝʪʦʶ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ çʟʘʪʝʤʥʝʥʥʷè ʇʃ ʥʘ ʘʙʦʥʝʥʪʽʚ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʽʥʰʠʭ ʘʟʠʤʫʪʘʣʴʥʠʭ ʥʘʧʨʷʤʢʘʭ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʽ 

ʚʠʛʦʪʦʚʣʝʥʦ ʤʘʢʝʪ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʋʄʃ; ʧʨʠʩʪʨʽʡ ʬʦʨʤʫʚʘʥʥʷ ʧʘʢʝʪʘ ʜʘʥʠʭ ʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʠʛʥʘʣʫ; ʥʘʙʽʨ ʧʨʠʡʦʤʥʠʭ ʜʘʪʯʠʢʽʚ; ʥʝʦʙʭʽʜʥʝ ʦʙʣʘʜʥʘʥʥʷ ʽ ʇɿ 

ʜʣʷ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʨʠʡʤʘʣʴʥʽ ʜʘʪʯʠʢʠ ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʧʦ ʜʫʟʽ ʨʘʜʽʫʩʘ 6,5 ʤʝʪʨʽʚ (ʚ ʜʘʣʝʢʽʡ ʟʦʥʽ 

ʣʥ̔ʟʦʚʦʾ ʘʥʪʝʥʠ), ʢʫʪʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʷʢʠʭ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.33. ʂʫʪ 30Á ʙʫʚ 
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ʚʠʙʨʘʥʠʡ ʚʠʭʦʜʷʯʠ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷ ʬʦʢʫʩʘ ʇʃ ʽ ʧʦʧʝʨʝʯʥʠʭ ʨʦʟʤʽʨʽʚ ʨʦʟʢʨʠʚʫ ʇʃ 

ʷʢ ʤʝʞʘ çʛʝʦʤʝʪʨʠʯʥʽʡè ʪʽʥʽ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʚʠʙʠʨʘʣʦʩʷ ʟ ʤʽʨʢʫʚʘʥʴ 

ʧʝʨʝʜʙʘʯʫʚʘʥʦʾ ʰʠʨʠʥʠ ɼʉ, ʧʦʣʦʞʝʥʥʷ ʧʨʦʚʘʣʽʚ ʽ ʙʽʯʥʠʭ ʧʝʣʶʩʪʦʢ. ʈʦʟʪʘʰʫʚʘʥʥʷ 

ʜʘʪʯʠʢʘ ʚ ʥʘʧʨʷʤʢʫ 60Á ʚʠʙʨʘʥʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʮʽʥʠʪʠ ʚʢʣʘʜ ʙʽʯʥʦʾ ʧʝʣʶʩʪʢʠ. 

 

ʈʠʩ. 3.33. ʈʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʘʢʝʪʘ (ʚ ʤʘʩʰʪʘʙʽ) 

ʄʝʪʘʣʦʧʣʘʩʪʠʥʯʘʪʘ ʇʃ ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʤʝʪʦʜʠʢʦʶ ʟ ʧʫʥʢʪʫ 2.4.1 ʜʣʷ 

ʯʘʩʪʦʪʠ 2,45 ɻɻʮ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʽʙʨʘʥʘ ʥʦʚʘ (ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ [23]) 

ʮʠʣʽʥʜʨʠʯʥʘ ʇʃ, ʧʣʘʩʪʠʥʠ ʷʢʦʾ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʜʽʝʣʝʢʪʨʠʢʘ, ʧʦʢʨʠʪʦʛʦ ʘʣʶʤʽʥʽʻʚʦʶ 

ʬʦʣʴʛʦʶ. ʂʘʨʢʘʩ ï ʟ ʩʧʽʥʝʥʦʛʦ ʧʦʣʽʩʪʠʨʦʣʫ. ʇʦʧʝʨʝʯʥʠʡ ʨʦʟʤʽʨ ʨʦʟʢʨʠʚʫ ʇʃ ï 

52 ʩʤ, ʚʠʩʦʪʘ ï 33,5 ʩʤ. 

ʏʘʩʪʦʪʘ ʧʝʨʝʜʘʚʘʯʘ 2449,58 ʄɻʮ (162-ʡ ZigBee ʢʘʥʘʣ) ʦʙʨʘʥʘ ʚʠʭʦʜʷʯʠ ʟ 

ʤʽʥʽʤʘʣʴʥʦʾ ʟʘʡʥʷʪʦʩʪʽ ʩʧʝʢʪʨʘ. ʐʠʨʠʥʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʩʪʘʥʦʚʠʪʴ 600 ʢɻʮ. ʗʢ 

ʧʨʠʡʤʘʯ ʽ ʧʝʨʝʜʘʚʘʯ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʜʫʣʽ Popolu Wixel ʥʘ ʙʘʟʽ ʤʽʢʨʦʩʭʝʤʠ TI 

CC2511F32, ʷʢʘ ʧʨʘʮʶʻ ʟʘ ʩʪʘʥʜʘʨʪʦʤ IEEE 802.15.4 ʟ MSK. ʋ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʽ 

ʧʨʠʡʦʤʥʠʭ ʤʦʜʫʣʷʭ ʚʙʫʜʦʚʘʥʽ ʧʣʘʥʘʨʥʽ ʘʥʪʝʥʠ. 

ʇʨʠʩʪʨʽʡ ʬʦʨʤʫʚʘʥʥʷ ʧʘʢʝʪʘ ʜʘʥʠʭ ʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʠʛʥʘʣʫ ʚʢʣʶʯʘʚ 

ʧʝʨʝʜʘʚʘʯ, ʱʦ ʧʨʘʮʶʻ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʡʤʘʶʯʦʾ ʩʪʦʨʦʥʠ. ʇʨʠʡʤʘʯʽ ʧʽʜʢʣʶʯʝʥʽ 

ʯʝʨʝʟ USB (ʝʤʫʣʷʮʽʷ ʚʽʨʪʫʘʣʴʥʦʛʦ COM-ʧʦʨʪʫ) ʜʦ ʦʜʥʦʧʣʘʪʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ ʥʘ 

ʙʘʟʽ Raspberry Pi. ʇʨʦʰʠʚʢʠ ʜʣʷ ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʠʡʤʘʯʘ ʨʽʟʥʽ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʦʜʠʥ 

ʤʦʜʫʣʴ ʥʘʣʘʰʪʦʚʘʥʠʡ ʪʽʣʴʢʠ ʥʘ ʧʝʨʝʜʘʯʫ, ʘ ʨʝʰʪʘ - ʥʘ ʧʨʠʡʦʤ, ʽ ʥʘʧʠʩʘʥʽ ʥʘ 

ʜʽʘʣʝʢʪʽ ʤʦʚʠ C# ʜʣʷ ʢʦʤʧʽʣʷʪʦʨʘ SDCC. ɸʚʪʦʤʘʪʠʯʥʠʡ ʧʦʰʫʢ ʧʽʜʢʣʶʯʝʥʠʭ 
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ʜʘʪʯʠʢʽʚ, ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʽ ʟʙʽʨ ʜʘʥʠʭ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʨʠʧʪʽʚ ʥʘ ʤʦʚʽ 

Python (ʚʝʨʩʽʷ 3). ɿʽʙʨʘʥʽ ʜʘʥʽ ʧʝʨʝʜʘʚʘʣʠʩʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ ʧʦ 

ʧʨʦʚʽʜʥʽʡ ʤʝʨʝʞʽ ʽ ʦʙʨʦʙʣʶʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ PHP ʩʢʨʠʧʪʽʚ (ʜʠʚ. ʨʠʩ. 3.34). 

 

ʈʠʩ. 3.34. ɸʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʘʢʝʪ 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʚ ʦʬʽʩʥʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʫ ʧʦʟʘʨʦʙʦʯʠʡ ʯʘʩ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʩʷʪʴ ʩʝʘʥʩʽʚ ʧʨʠʡʦʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇʃ ʽ 

ʧôʷʪʴ ï ʙʝʟ ʥʝʾ, ʢʦʞʝʥ ʪʨʠʚʘʣʽʩʪʶ ʚ ʦʜʥʫ ʭʚʠʣʠʥʫ. ɿʘ ʦʜʠʥ ʩʝʘʥʩ ʚʽʜʧʨʘʚʣʷʣʦʩʷ 

350 ʧʘʢʝʪʽʚ. ʊʝʩʪʦʚʠʡ ZigBee ʧʘʢʝʪ (ʘʥʘʣʦʛ UDP-ʧʘʢʝʪʫ) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.35. 

 

ʈʠʩ. 3.35. ʉʪʨʫʢʪʫʨʘ ʪʝʩʪʦʚʦʛʦ ʧʘʢʝʪʫ 

ʃʽʯʠʣʴʥʠʢ ʚ ʧʘʢʝʪʽ ʟʤʽʥʶʚʘʚʩʷ ʟ ʽʥʢʨʝʤʝʥʪʦʤ, ʪʦʤʫ ʤʦʞʥʘ ʦʜʥʦʟʥʘʯʥʦ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʘʢʝʪ, ʦʪʨʠʤʘʥʠʡ ʥʘ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ. ʇʨʠʢʣʘʜ ʪʘʢʦʛʦ ʧʘʢʝʪʘ: 

/dev/ttyACM2: 13-B5-6F-CC ?&?EFGHIJKLMNOPQ    -69  -85 1001261B45464748494A4B4C4D4E4F5051 162 

/dev/ttyACM4: 2F-E1-FE-2B ?&?EFGHIJKLMNOPQ    -74  -96 1001261B45464748494A4B4C4D4E4F5051 162 

/dev/ttyACM0: 74-95-F4-DB ?&?EFGHIJKLMNOPQ    -74  -99 1001261B45464748494A4B4C4D4E4F5051 162 

/dev/ttyACM1: 88-5B-12-6F ?&?EFGlHJKLMNOPQ !  -76  -89 1001261B4546476C484A4B4C4D4E4F5051 162 

/dev/ttyACM5: A9-FA-F5-78 ?&?EFGHIJKLMNOPQ    -71  -93 1001261B45464748494A4B4C4D4E4F5051 162 

/dev/ttyACM3: 80-BB-85-9C ?&?EFGHIJKLMNOPQ    -76  -87 1001261B45464748494A4B4C4D4E4F5051 162 
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ɿʘʟʥʘʯʝʥʽ ʜʘʪʯʠʢʠ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʫʩʝʨʝʜʥʝʥʠʡ ʨʽʚʝʥʴ 

ʩʠʛʥʘʣʫ ʨʘʟʦʤ ʟ ʰʫʤʦʤ (ʱʦʜʦ 1 ʤɺʪ) ʟʘ ʯʘʩ ʧʨʠʡʦʤʫ ʧʘʢʝʪʘ. ʊʘʢʦʞ ʚʠʤʽʨʶʚʘʚʩʷ 

ʫʩʝʨʝʜʥʝʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ ʟʘ ʯʘʩ ʧʘʫʟʠ ʤʽʞ ʧʘʢʝʪʘʤʠ (ʱʦʜʦ 1 ʤɺʪ). ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʚʠʟʥʘʯʠʪʠ ʧʦʢʘʟʥʠʢ ʚʽʜʥʦʰʝʥʥʷ ʩʫʤʠ ʩʠʛʥʘʣʫ S ʽ ʰʫʤʫ N ʜʦ ʰʫʤʫ (ʜʘʣʽ ï SNNR, 

ʧʦʨʽʚʥ. SNR): 

 ὛὔὔὙρπÌÇ ρπÌÇὛὔὙρȟ (3.6) 

ɼʘʥʽ ʦʙʨʦʙʣʷʣʠʩʷ ʧʦ ʢʦʞʥʦʤʫ ʧʘʢʝʪʫ ʦʢʨʝʤʦ. ʗʢʱʦ ʚ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʘʙʦ 

ʟʘʢʽʥʯʝʥʥʷ ʨʝʻʩʪʨʘʮʽʾ ʜʘʥʠʭ ʜʝʷʢʽ ʧʘʢʝʪʠ ʥʝ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ ʚʩʽʭ ʧʨʠʩʪʨʦʷʭ ʘʙʦ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟ ʧʦʤʠʣʢʘʤʠ, ʪʦ ʪʘʢʽ ʧʘʢʝʪʠ ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠʩʴ. ʊʦʤʫ ʫʩʝʨʝʜʥʝʥʥʷ 

ʚ ʢʦʞʥʦʤʫ ʢʫʪʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʚʠʨʦʙʣʷʣʦʩʷ ʣʠʰʝ ʜʣʷ ʧʘʢʝʪʽʚ ʙʝʟ ʧʦʤʠʣʦʢ, 

ʦʪʨʠʤʘʥʠʭ ʫʩʽʤʘ ʧʨʠʩʪʨʦʷʤʠ. 

ʅʘ ʛʨʘʬʽʢʫ (ʨʠʩ. 3.36) ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʥʘʧʨʷʤʢʫ 

ʚʝʣʠʯʠʥʠ SNNR ʽ ʜʣʷ ʥʘʦʯʥʦʩʪʽ ʚʢʘʟʘʥʦ ʫʩʝʨʝʜʥʝʥʠʡ ʨʽʚʝʥʴ SNNR (ʙʣʠʟʴʢʦ 

9 ʜɹʤɺʪ), ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʇʃ. 

 
ʈʠʩ. 3.36. ʈʦʟʧʦʜʽʣ SNNR ʟʘ ʢʫʪʦʚʠʤʠ ʥʘʧʨʷʤʢʘʤʠ 

ʂʨʽʤ ʪʦʛʦ, ʦʮʽʥʶʚʘʣʘʩʷ (ʫ ʚʽʜʩʦʪʢʘʭ) ʯʘʩʪʢʘ ʧʘʢʝʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʧʦʤʠʣʢʘʤʠ ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʫʪʦʚʠʭ ʥʘʧʨʷʤʢʘʭ ʟʘ ʚʩʽ ʩʝʘʥʩʠ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʇʃ. ʎʷ 

ʟʘʣʝʞʥʽʩʪʴ ʧʦ ʢʫʪʘʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.37. 
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ʈʠʩ. 3.37. ʈʦʟʧʦʜʽʣ ʧʦʤʠʣʦʢ ʟʘ ʢʫʪʦʚʠʤʠ ʥʘʧʨʷʤʢʘʤʠ 

ʅʘ ʨʠʩ. 3.38 ʧʨʠʚʝʜʝʥʦ ɼʉ ʜʣʷ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ ʟ ʪʦʯʢʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʽ 

ʇʃ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʚʽʜʙʠʚʘʥʥʷ, ʷʢʘ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʘʥʪʝʥ Mmana-Gal basic (ʚʝʨʩʽʾ 3.0.0.15). 

ʉʽʨʠʡ ʩʝʢʪʦʨ ɼʉ ʚʢʘʟʫʻ ʥʘ ʢʫʪ ʚ 6Á, ʦʪʨʠʤʘʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɺ ʤʝʞʘʭ ʢʫʪʘ ʫ 30Á ʽʩʥʫʻ ʜʨʫʛʠʡ ʤʽʥʽʤʫʤ ɼʉ. ʉʘʤʝ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ SNNR. ɺ ʥʘʧʨʷʤʢʫ 60Á, ʜʝ ɼʉ 

ʩʠʩʪʝʤʠ ʤʘʻ ʤʘʢʩʠʤʫʤ ʯʦʪʠʨʠ ʧʝʣʶʩʪʢʠ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʣʠʟʴʢʽʩʪʴ ʚʝʣʠʯʠʥʠ SNNR 

ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ, ʪʘʢ ʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʇʃ. 

 

ʈʠʩ. 3.38. ʊʝʦʨʝʪʠʯʥʘ ɼʉ 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʚ ʤʝʞʘʭ ʛʦʣʦʚʥʦʾ ʧʝʣʶʩʪʢʠ ɼC ʇʃ SNNR 

ʚʠʱʝ, ʥʽʞ ʚ ʦʙʣʘʩʪʽ ʙʽʯʥʠʭ ʧʝʣʶʩʪʦʢ. ʊʘʢʠʡ ʞʝ ʚʠʩʥʦʚʦʢ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʡ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʨʦʙʦʪʠ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 2,4ï2,5 ɻɻʮ ʫ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ 

ʇʃ. 
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ʋ ʟʦʥʽ ʢʫʪʽʚ ʧʦʥʘʜ 60Á ʚʽʜʥʦʰʝʥʥʷ ʩʫʤʠ ʩʠʛʥʘʣʫ S ʽ ʰʫʤʫ N ʜʦ ʰʫʤʫ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʷʚʠʣʦʩʷ ʜʫʞʝ ʩʭʦʞʠʤ ʷʢ ʜʣʷ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʃ, ʪʘʢ ʽ ʙʝʟ ʥʝʾ (ʨʠʩ. 3.36). ɺʽʜʧʦʚʽʜʥʦ, ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʟ 

ʧʦʤʠʣʢʘʤʠ ʻ ʤʽʥʽʠʘʣʴʥʦʶ ʚ ʤʝʞʘʭ ʛʦʣʦʚʥʦʾ ʧʝʣʶʩʪʢʠ ʽ, ʥʘʚʧʘʢʠ, ʤʘʢʩʠʤʘʣʴʥʦʶ ʚ 

ʟʦʥʽ ʙʣʠʞʥʽʭ ʙʽʯʥʠʭ ʧʝʣʶʩʪʦʢ.  

ʉʝʢʪʦʨ çʟʘʪʽʥʝʥʥʷè ʪʘʢʦʞ ʦʮʽʥʶʚʘʚʩʷ ʟʘ ʨʽʚʥʝʤ SNNR ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʇʃ ʪʘ ʙʝʟ ʥʝʾ 

(ʨʠʩ. 3.36). ʎʝʡ ʩʝʢʪʦʨ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʟ 6Á ʱʦʜʦ ʦʩʽ ʇʃ ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ ʥʘ 30Á. 

ʇʦʯʘʪʦʢ ʩʝʢʪʦʨʘ ʜʣʷ ʜʘʥʦʾ ʇʃ (ʚ ʧʨʠʧʫʱʝʥʥʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʘʤʧʣʽʪʫʜʥʦʛʦ ʨʦʟʧʦʜʽʣʫ) 

ʚʽʜʧʦʚʽʜʘʻ ʩʧʘʜʘʶʯʽʡ ʟʦʥʽ ʛʦʣʦʚʥʦʾ ʧʝʣʶʩʪʢʠ ɼC [22]. ʇʨʘʚʘ ʤʝʞʘ ʩʝʢʪʦʨʘ ʚʽʜʧʦʚʽʜʘʻ 

ʥʘʧʽʚʰʠʨʠʥʽ ʢʫʪʦʚʦʛʦ ʨʦʟʤʽʨʫ ʇʃ ʱʦʜʦ ʬʦʢʫʩʫ. ɿʘ ʤʝʞʘʤʠ ʮʴʦʛʦ ʢʫʪʦʚʦʛʦ ʩʝʢʪʦʨʘ 

ʢʽʣʴʢʽʩʪʴ ʚʠʷʚʣʝʥʠʭ ʧʦʤʠʣʦʢ ʚ ʧʘʢʝʪʘʭ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʦ ʷʢ ʜʣʷ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʃ, ʪʘʢ ʽ ʙʝʟ ʥʝʾ. ʗʢʱʦ ʚ ʩʝʢʪʦʨʽ çʟʘʪʽʥʝʥʥʷè ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʝʤʘʻ, ʪʦ ʇʃ 

ʤʦʞʥʘ ʨʦʟʪʘʰʦʚʫʚʘʪʠ ʙʣʠʟʴʢʦ ʜʦ ʊɹɼ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʇʃ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʜʦʧʦʚʥʶʚʘʪʠ ʦʙʣʘʜʥʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʩʢʣʘʜʥʽʰʝ ʚʠʪʨʠʤʘʪʠ ʚʠʤʦʛʠ 

ʧʦ ʚʟʘʻʤʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʶ ʧʨʠʡʤʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦʥʝʥʪʘ ʽ ʇʃ, ʘ ʪʘʢʦʞ ʾʭ 

ʦʨʽʻʥʪʘʮʽʾ ʱʦʜʦ ʊɹɼ [24]. 

3.4.2. ʇʝʨʝʚʽʨʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ ʩʠʩʪʝʤ ʥʘ ʮʽʣʽʩʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʾʾ ʜʦʩʪʫʧʥʽʩʪʴ 

ɺʠʭʦʜʷʯʠ ʟ ʨʦʟʨʘʭʫʥʢʫ ʫ ʧʫʥʢʪʽ 2.4.2, ʥʘ ʨʠʩ. 3.39 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʟʤʽʱʝʥʥʷ 

ʤʘʢʩʠʤʫʤʫ ɼʉ ʚʽʜ ʥʦʨʤʘʣʽ, ʘ ʥʘ ʨʠʩ. 3.40 ï ʤʘʢʩʠʤʫʤ ʫʚʽʛʥʫʪʦʩʪʽ ʌʈ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʬʦʢʫʩʥʦʾ ʚʽʜʩʪʘʥʽ ʇʃ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʣʦʤʣʝʥʥʷ. 

 

ʈʠʩ. 3.39. ɿʩʫʚ ʤʘʢʩʠʤʫʤʫ ɼʉ ʚʽʜ ʥʦʨʤʘʣʽ 
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ʈʠʩ. 3.40. ʄʘʢʩʠʤʫʤ ʫʚʽʛʥʫʪʦʩʪʽ ʌʈ 

ɿ ʛʨʘʬʽʢʽʚ (ʨʠʩ. 3.40) ʚʠʧʣʠʚʘʻ, ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ f/D 

ʟʤʝʥʰʫʶʪʴʩʷ ʢʫʪʦʚʽ ʟʩʫʚʠ ʤʘʢʩʠʤʫʤʽʚ ɼʉ, ʪʦʙʪʦ ʟʨʦʩʪʘʻ ʨʽʚʝʥʴ ʩʠʛʥʘʣʽʚ, 

ʧʨʠʡʥʷʪʠʭ ʘʙʦʥʝʥʪʦʤ ʚʽʜ ʢʦʞʥʦʾ ʘʥʪʝʥʠ ʊɹɼ (ʘʙʦʥʝʥʪ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʣʽʥʽʾ, ʱʦ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʽʩʩʶ ʇʃ). ɿʤʝʥʰʝʥʥʶ ʢʫʪʦʚʠʭ ʟʩʫʚʽʚ ɼʉ ʪʘʢʦʞ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʣʦʤʣʝʥʥʷ. ʆʩʦʙʣʠʚʦ ʮʝ ʚʽʜʯʫʪʥʦ ʧʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ f/D. ʊʘʢʘ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʜʣʷ ʇʃ ʟ ʫʩʝʨʝʜʥʝʥʠʤ ʧʨʦʬʽʣʝʤ. ʇʨʠ ʮʴʦʤʫ ʷʢ 

ʚʽʜʭʠʣʝʥʥʷ ɼʉ, ʪʘʢ ʽ ʫʚʽʛʥʫʪʽʩʪʴ ʌʈ ʜʣʷ ʇʃ ʟ ʫʩʝʨʝʜʥʝʥʠʤ ʧʨʦʬʽʣʝʤ ʤʘʶʪʴ ʚʝʣʠʢʽ 

ʟʥʘʯʝʥʥʷ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʥʝʜʦʮʽʣʴʥʽʩʪʴ ʚʠʙʦʨʫ ʫʩʝʨʝʜʥʝʥʦʛʦ ʧʨʦʬʽʣʶ. 

ʇʨʠ f/D = 1,2 ʚʽʜʭʠʣʝʥʥʷ ɼʉ ʥʝ ʧʝʨʝʚʠʱʫʻ 8 ʛʨʘʜ. (ʱʦ ʻ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʜʣʷ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʣʦʤʣʝʥʥʷ ʇʃ 

0,5 Ò n Ò 0,7). ɼʣʷ ʇʃ ʟ D = 7a h ʠʨʠʥʘ ɼʉ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʙʣʠʟʴʢʦ 20 ʛʨʘʜ. ʋ ʪʘʢʦʤʫ 

(ʛʽʨʰʦʤʫ) ʚʠʧʘʜʢʫ ʟʘʟʥʘʯʝʥʝ ʟʩʫʚ ʤʘʢʩʠʤʫʤʫ ɼʉ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʚ ʨʽʚʥʦʩʠʛʥʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ (ʫ ʤʽʩʮʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʘʙʦʥʝʥʪʘ) ʤʝʥʰ, ʥʽʞ ʥʘ 3 ʜɹ. ʇʨʠ f/D = 2 ʚʽʜʭʠʣʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 ʛʨʘʜ., ʱʦ 

ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʥʝ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ 2 ʜɹ. ʗʢʱʦ ʘʙʦʥʝʥʪ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʜʝʷʢʦʤʫ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʦʩʽ ʇʃ, ʪʦ ʚʽʥ ʙʫʜʝ ʚ ʢʨʘʱʦʤʫ ʩʪʫʧʝʥʽ 

ʧʨʠʡʤʘʪʠ ʩʠʛʥʘʣ ʚʽʜ ʦʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ. ʇʨʠ ʮʴʦʤʫ ʢʫʪʦʚʝ ʚʽʜʭʠʣʝʥʥʷ ʡʦʛʦ 

ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʽʜ ʦʩʽ ʇʃ ʥʝ ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʝʣʠʯʠʥʠ ʚʽʜʭʠʣʝʥʥʷ ɼʉ. 

ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʙʫʜʝ ʙʣʠʟʴʢʘ ʜʦ ʚʠʧʘʜʢʫ ʨʦʙʦʪʠ ʚ ʦʜʥʦʤʫ ʢʘʥʘʣʽ. 
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ʅʘʷʚʥʽʩʪʴ ʫʚʽʛʥʫʪʦʛʦ ʌʈ, ʙʣʠʟʴʢʦʛʦ ʜʦ ʩʠʤʝʪʨʠʯʥʦʛʦ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʥʘʭʠʣʫ ʌʈ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʚʫʞʝʥʥʷ ʛʦʣʦʚʥʦʾ ʧʝʣʶʩʪʢʠ ɼʉ. ɻʨʘʬʽʢʠ (ʨʠʩ. 3.40) 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʫʤʦʚ ʷʢ ʧʦ n, ʪʘʢ ʽ ʧʦ f/D ʟʘʟʥʘʯʝʥʘ ʫʚʽʛʥʫʪʽʩʪʴ 

ʤʘʻ ʛʣʠʙʠʥʫ ʙʽʣʴʰʝ ˊ/8, ʪʦʙʪʦ ʟʥʝʭʪʫʚʘʪʠ ʥʝʶ ʥʝ ʤʦʞʥʘ. ʃʠʰʝ ʧʨʠ n = 0,5 ʽ f/D = 3 

ʫʚʽʛʥʫʪʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ʥʝ ʙʽʣʴʰʝ 90 ʛʨʘʜ., ʱʦ ʥʝʩʫʪʪʻʚʦ ʟʚʫʞʫʻ ɼʉ. ɺ ʷʢʦʩʪʽ ʤʽʨʠ 

ʧʦʜʦʣʘʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʥʝʜʦʣʽʢʫ ʧʨʦʬʽʣʴ ʇʃ ʙʘʞʘʥʦ ʨʦʙʠʪʠ ʙʽʣʴʰ ʧʣʦʩʢʠʤ 

(ʛʣʠʙʠʥʫ ʇʃ ʟʤʝʥʰʫʚʘʪʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʦʶ). 

ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʜʽʘʧʘʟʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʇʃ ʜʦʮʽʣʴʥʦ ʾʾ ʟʦʥʫʚʘʥʥʷ. ʎʝ, ʫ 

ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ ʢʦʤʧʝʥʩʫʚʘʪʠ ʫʚʽʛʥʫʪʽʩʪʴ ʌʈ. ʆʩʪʘʥʥʻ ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʦʛʦ 

ʜʝʪʘʣʴʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ [25]. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʘ ʨʦʟʨʦʙʢʘ ʥʦʚʦʾ, ʥʘʙʽʨʥʦʾ ʇʃ ʟ 

ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʾ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʟ ʪʨʴʦʭ ʘʥʪʝʥ 

ʧʨʦʤʠʩʣʦʚʦʾ ʊɹɼ Asus RT-N16 (2Ĭ3:2 MIMO), ʷʢʽ ʚʠʡʥʷʪʽ ʟ ʢʦʨʧʫʩʫ ʽ ʜʦʜʘʪʢʦʚʦ 

ʨʦʟʥʝʩʝʥʽ ʥʘ ʚʽʜʩʪʘʥʴ 2a. ʇʨʠ ʮʴʦʤʫ ʊɹɼ ʤʘʻ ʙʫʪʠ ʧʦʧʝʨʝʜʥʴʦ ʤʦʜʠʬʽʢʦʚʘʥʘ. ɼʦ 

ʥʝʾ ʤʘʻ ʙʫʪʠ ʜʦʜʘʥʠʡ ʚʥʫʪʨʽʰʥʽʡ ʞʦʨʩʪʢʠʡ ʥʘʢʦʧʠʯʫʚʘʯ, ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ 

ʽʥʰʽ ʥʝʟʥʘʯʥʽ ʤʦʜʠʬʽʢʘʮʽʾ, ʘ ʩʪʘʥʜʘʨʪʥʘ ʧʨʦʰʠʚʢʘ ʟʘʤʽʥʝʥʘ ʥʘ DD-WRT K2.6 Big 

Generic (ʨʝʚʽʟʽʷ 14896). ɺ ʷʢʦʩʪʽ ʧʨʠʡʤʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʦʮʽʣʴʥʠʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʦʾ ʢʘʨʪʠ ʥʘ ʦʩʥʦʚʽ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʢʦʥʪʨʦʣʝʨʫ Atheros 

AR9287 (2Ĭ2:2 MIMO), ʘ ʚ ʨʦʣʽ ʜʘʪʯʠʢʽʚ ʧʦʣʷ ï Popolu Wixel (ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ 

TI CC2511F32). ɼʘʥʽ ʙʫʜʫʪʴ ʦʙʨʦʙʣʷʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʇɿ MDRV, 

ʷʢʝ ʟʙʠʨʘʻ ʜʘʥʽ ʟ ʜʘʪʯʠʢʽʚ ʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚʽʜʦʙʨʘʞʘʻ ʨʝʟʫʣʴʪʘʪ ʫ 

ʟʚʝʜʝʥʽʡ ʬʦʨʤʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʷʚʥʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ, ʜʚʦʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʚ ʩʠʩʪʝʤʘʭ MIMO 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʣʘʜʥʦʱʽʚ ʚ ʯʘʩʪʠʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇʃ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʜʦʩʪʫʧʫ 

ʚʽʜʜʘʣʝʥʦʛʦ ʘʙʦʥʝʥʪʫ. 

ɺ ʷʢʦʩʪʽ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʟʘʭʦʜʫ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʜʦʩʷʛʥʝʥʥʶ ʧʦʟʠʪʠʚʥʦʛʦ 

ʝʬʝʢʪʫ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇʃ ʚ ʩʠʩʪʝʤʽ MIMO, ʩʣʽʜ ʚʚʘʞʘʪʠ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ 

f/D. ʎʝ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ɼʉ ʚʽʜ ʥʦʨʤʘʣʽ ʽ ʟʤʝʥʰʝʥʥʷ ʫʛʥʫʪʦʩʪʽ 

ʌʈ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʬʦʢʫʩʥʦʾ ʚʽʜʩʪʘʥʽ ʧʨʦʬʽʣʴ ʇʃ ʩʪʘʻ ʙʣʠʞʯʝ ʜʦ ʧʣʦʩʢʦʛʦ, ʱʦ, ʷʢ 

ʨʝʟʫʣʴʪʘʪ, ʧʦʣʝʛʰʠʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʪʘʢʦʾ ʇʃ ʪʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʟʙʽʣʴʰʝʥʥʷ f/D ʩʧʨʠʷʪʠʤʝ ʟʤʝʥʰʝʥʥʶ ʩʝʢʪʦʨʫ ʟʘʪʽʥʝʥʥʷ 
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ʽʥʰʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʥʘʜʘʩʪʴ ʜʦʩʪʫʧ ʙʽʣʴʰʦʤʫ ʯʠʩʣʫ ʘʙʦʥʝʥʪʽʚ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ 

ʢʦʨʠʩʪʫʚʘʯʽ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʙʽʯʥʠʭ ʧʝʣʶʩʪʦʢ ʇʃ, ʙʫʜʫʯʠ ʬʦʨʤʘʣʴʥʦ 

ʧʦʟʘ ʦʙʣʘʩʪʽ ʪʽʥʽ, ʤʦʞʫʪʴ ʦʧʠʥʠʪʠʩʷ ʚ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʩʠʛʥʘʣ ʙʫʜʝ ʧʨʠʭʦʜʠʪʠ ʜʦ ʥʠʭ 

ʧʦ ʜʚʦʭ ʰʣʷʭʘʭ: ʧʨʷʤʠʤ ʽ ʚʽʜ ʙʽʯʥʦʾ ʧʝʣʶʩʪʢʠ ʇʃ. ʊʦʙʪʦ, ʙʫʜʝ ʤʘʪʠ ʤʽʩʮʝ 

ʜʚʦʧʨʦʤʝʥʝʚʠʡ ʧʨʠʡʦʤ, ʷʢʠʡ ʦʙʫʤʦʚʣʝʥʠʡ ʩʘʤʝ ʥʘʷʚʥʽʩʪʶ ʇʃ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʚʽʜʯʫʚʘʪʠʤʝʪʴʩʷ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʽ ʥʘ ʤʽʩʮʝʚʦʩʪʽ, ʜʝ ʧʨʠʩʫʪʥʽ ʪʘʢ ʯʠ ʽʥʘʢʰʝ 

ʚʽʜʦʙʨʘʞʘʪʠʤʫʪʴ ʧʣʦʱʠʥʠ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʝʚʥʦʶ ʤʽʨʦʶ ʫʩʢʣʘʜʥʶʚʘʪʠʤʝ 

ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʫ ʢʘʨʪʠʥʫ [26,27]. 

ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʝʨʝʚʽʨʝʥʦ ʜʝʢʽʣʴʢʘ, ʥʘ ʥʘʰ 

ʧʦʛʣʷʜ, ʭʘʨʘʢʪʝʨʥʠʭ ʩʠʪʫʘʮʽʡ, ʚ ʷʢʠʭ ʨʦʟʛʣʷʜʘʣʠʩʷ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʥʪʝʥ ʟ ʜʦʩʠʪʴ ʚʠʨʘʞʝʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ, ʘ ʩʘʤʝ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʚʽʙʨʘʪʦʨʽʚ ʪʘ 

ʚʠʟʥʘʯʘʚʩʷ ʚʧʣʠʚ ʧʦʣʷʨʠʟʘʮʽʾ ʥʘ ʨʽʚʥʽ ʩʠʛʥʘʣʽʚ ʧʨʠʡʤʘʣʴʥʠʭ ʽ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʫ 

ʜʚʦʭ ʪʠʧʘʭ ʧʨʠʤʽʱʝʥʴ: 

ʧʦ-ʧʝʨʰʝ, ʫ ʧʦʨʽʚʥʷʥʦ ʦʜʥʦʨʽʜʥʠʭ ʪʘ ʤʘʣʦʥʘʩʠʯʝʥʠʭ ʧʝʨʝʚʠʧʨʦʤʽʥʶʶʯʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʧʨʠʤʽʱʝʥʥʷʭ, ʫ ʷʢʠʭ, ʢʨʽʤ ʪʦʛʦ, ʧʨʠʩʫʪʥʽʡ ʥʝʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʪʦʨʦʥʥʽʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʫ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ; 

ʧʦ-ʜʨʫʛʝ, ʫ ʥʝʦʜʥʦʨʽʜʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ, ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʤʝʪʘʣʝʚʠʭ 

ʧʨʝʜʤʝʪʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ (ʧʨʠʣʘʜʽʚ, ʢʦʨʧʫʩʽʚ, ʫʩʪʘʪʢʫʚʘʥʥʷ, ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʩʪʽʥʦʚʠʭ ʽ ʩʪʝʣʴʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʪʦʱʦ). 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʪʨʠʤʘʥʦ ʛʨʘʬʽʢ ʚʽʜʥʦʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʜʦ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʘʥʘʣʫ, 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.41. ɿ ʛʨʘʬʽʢʫ ʚʠʜʥʦ, ʱʦ ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʧʦʚʦʨʦʪʽ ʘʥʪʝʥ ʥʘ ˊ/4. 

 

ʈʠʩ. 3.41. ɺʽʜʥʦʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʜʦ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 
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ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʊɹɼ ʟʥʘʭʦʜʠʣʠʩʷ ʫ ʧʨʷʤʽʡ ʚʠʜʠʤʦʩʪʽ ʽ ʧʦʤʠʣʢʠ ʚ ʢʘʥʘʣʽ 

ʟʥʠʢʘʣʠ ʚʞʝ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʭʦʯʘ ʙ ʧʦ ʦʜʥʽʡ ʘʥʪʝʥʽ ʟ ʢʦʞʥʦʛʦ ʙʦʢʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʜʘʚʘʥʥʷ ʥʘ ʤʽʥʽʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ. 

ʅʘ ʨʠʩ. 3.42 ʧʦʢʘʟʘʥʝ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʦʢ ʚʽʜ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʘʥʘʣʫ. ʗʢ ʚʠʜʥʦ, ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ ʛʨʘʬʽʢʫ 

ʧʦʷʩʥʶʻʪʴʩʷ ʧʝʨʝʜʫʩʽʤ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʥʦʩʪʽ ʢʦʜʦʚʦʛʦ ʩʫʟʽʨôʷ ʽ ʟʤʝʥʰʝʥʥʷʤ 

ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʢʦʜʽʚ ʟʛʦʨʪʢʠ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʟʨʦʩʪʘʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʩʠʛʥʘʣʫ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ ʫ ʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʦʟʥʝʩʝʥʥʷ 

ʘʥʪʝʥ, ʷʢʝ ʜʦʟʚʦʣʠʣʦ ʧʨʠʡʤʘʪʠ ʭʚʠʣʽ ʧʨʠ ʾʭ ʨʽʟʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ [28,29]. 

 

ʈʠʩ. 3.42. ɺʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʦʢ ʜʦ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ 

ʇʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʽ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʯʽʚ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʽʟʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʧʝʨʝʰʢʦʜ, ʦʩʦʙʣʠʚʦ ʚ ʛʫʩʪʦʥʘʩʝʣʝʥʠʭ 

ʨʘʡʦʥʘʭ. ʏʘʩʪʢʦʚʠʤ ʚʠʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ ʥʘʢʣʘʜʝʥʥʷ ʯʘʩʪʦʪ ʻ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʽʚ 

ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ, ʘ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ 

ʩʪʠʩʥʝʥʥʷ ʽ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʞʝ ʽʩʥʫʶʯʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʇʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ 

ʦʜʥʦʯʘʩʥʦ ʧʨʘʮʶʶʯʠʭ ʢʘʥʘʣʽʚ, ʷʢʽ ʥʝ ʧʝʨʝʩʽʢʘʶʪʴʩʷ, ʤʦʞʝ ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ ʪʨʴʦʭ. ɯ ʭʦʯʘ 

ʟʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʥʘʡʤʝʥʰʠʡ ʚʧʣʠʚ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ ʥʘʜʘʶʪʴ ʥʘʡʙʽʣʴʰ ʚʽʜʜʘʣʝʥʽ 

ʢʘʥʘʣʠ, ʥʘʧʨʠʢʣʘʜ, 1ï7ï13 (ʘʙʦ ʭʦʯʘ ʙ ʥʝ ʧʝʨʝʩʽʯʥʽ, ʥʘʧʨʠʢʣʘʜ, 1ï6ï11, ʷʢʱʦ 

ʦʙʣʘʜʥʘʥʥʷ ʧʽʜʪʨʠʤʫʻ ʪʽʣʴʢʠ 11 ʢʘʥʘʣʽʚ), ʧʨʦʪʝ, ʷʢ ʧʦʢʘʟʘʣʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʡʤʝʥʰʠʡ 

ʚʧʣʠʚ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ ʥʘʜʘʣʠ ʢʘʥʘʣʠ, ʱʦ ʚʽʜʩʪʘʶʪʴ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʘ 3ï4 ʢʘʥʘʣʠ, 

ʟʘʤʽʩʪʴ 5ï6. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʦʟʥʘʯʘʻ, ʱʦ ʨʝʢʦʤʝʥʜʦʚʘʥʫ ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ ʤʦʞʥʘ 

ʟʙʽʣʴʰʠʪʠ, ʜʦʚʽʚʰʠ ʜʦ 4 ʢʘʥʘʣʽʚ: 1ï5ï8ï13. 
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ɺ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʥʘʣʽʟʘʪʦʨʽʚ 

ʩʧʝʢʪʨʫ ʥʘ ʛʦʪʦʚʠʭ ʢʦʤʧʦʥʝʥʪʘʭ (ʤʽʢʨʦʩʭʝʤʠ-ʪʨʘʥʩʠʚʝʨʠ ʜʣʷ ʩʪʘʥʜʘʨʪʫ IEEE 

802.15.4/ZigBee). ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʨʫʢʦʚʘʥʠʭ 

ʧʣʘʪ, ʟʙʽʨ ʧʨʠʣʘʜʽʚ ʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. ʇʨʦʚʝʜʝʥʦ ʪʝʩʪʫʚʘʥʥʷ ʽ 

ʚʥʝʩʝʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʴ ʫ ʽʩʥʫʶʯʽ ʧʨʠʣʘʜʠ. ʇʨʠ ʨʦʟʚʦʜʮʽ ʧʣʘʪ ʚʠʷʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ 

ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʧʨʠʣʘʜʫ ʚʽʜ ʷʢʦʩʪʽ ʡʦʛʦ ʟʙʽʨʢʠ, ʥʘʷʚʥʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʝʢʨʘʥʫ ʽ ʪʠʧʫ 

ʘʥʪʝʥʠ. ɼʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʩ ʨʽʟʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ 

ʷʢ ʩʪʦʨʦʥʥʻ ʇɿ, ʪʘʢ ʽ ʨʦʟʨʦʙʣʝʥʝ ʥʘ ʢʘʬʝʜʨʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʢʽʙʝʨʥʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ 

ʂʠʾʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɹʦʨʠʩʘ ɻʨʽʥʯʝʥʢʘ [30]. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤ 

ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʟʚôʷʟʢʫ. ʎʝ ʧʦʢʨʘʱʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʠʤ 

ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʚʪʦʥʦʤʥʦʾ ʧʨʠʩʪʘʚʢʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʜʣʷ ʥʝʩʧʨʷʤʦʚʘʥʦʾ 

ʘʥʪʝʥʠ ʢʦʨʠʩʪʫʚʘʯʘ (ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʽ ʊɹɼ) ʫ ʚʠʛʣʷʜʽ ʇʃ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʾʾ 

ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʘ ʪʘʢʦʞ ʦʨʪʦʛʦʥʘʣʽʟʘʮʽʾ ʧʨʠʡʤʘʣʴʥʠʭ ʽ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʘʥʪʝʥ 

ʪʘ ʾʭ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʦʟʥʝʩʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʧʦʪʫʞʥʽʩʪʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʚ ʪʦʯʮʽ ʧʨʠʡʦʤʫ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 5ï7 ʜɹ, ʘ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ï ʥʘ 4%, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʫʧʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʠʩʪʝʤʘʭ 

ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʜʦʩʪʫʧʫ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʟʙʽʣʴʰʝʥʥʽ 

ʜʘʣʴʥʦʩʪʽ ʟʚôʷʟʢʫ ʧʨʠ ʡʦʛʦ ʬʽʢʩʦʚʘʥʽʡ ʷʢʦʩʪʽ ʚ 1,8ï2,2 ʨʘʟʠ. 

ʗʢ ʨʝʟʫʣʴʪʘʪ, ʨʦʟʨʦʙʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʠʤʠ ʚ ʧʨʦʛʨʘʤʥʠʡ 

ʢʦʤʧʣʝʢʩ ʩʠʪʫʘʮʽʡʥʦʛʦ ʮʝʥʪʨʫ, ʷʢʠʡ ʢʦʥʩʦʣʽʜʫʻ ʚ ʩʦʙʽ ʨʦʙʦʪʫ ʟ ʨʽʟʥʠʤʠ 

ʥʠʟʴʢʦʙʶʜʞʝʪʥʠʤʠ ʤʦʜʝʣʷʤʠ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʟʘʜʘʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ 
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ɺʀʉʅʆɺʂʀ 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʟʘʜʘʯʫ, ʱʦ ʧʦʣʷʛʘʻ 

ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʙʝʟʧʨʦʚʦʜʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʘʧʘʨʘʪʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʘʙʦʥʝʥʪʽʚ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʙʦʪʠ ʻ ʪʘʢʽ: 

1. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʟʘʛʨʦʟ ʽ ʘʪʘʢ ʥʘ ʙʝʟʧʨʦʚʦʜʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

(ʧʝʨʝʜʘʚʘʯ, ʧʨʠʡʤʘʯ ʽ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ) ʽ ʧʦʙʫʜʦʚʘʥʦ ʜʝʨʝʚʦ 

ʘʪʘʢ ʥʘ ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ. 

2. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʤʽʩʪʦʚʥʦʩʪʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʧʨʦʮʝʩʽ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʦʨʫ ʧʽʜʭʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʙʫʣʠ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʦʜʝʣʽ ʪʘ ʢʨʠʪʝʨʽʾ ʟʘʛʨʦʟ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʽ ʤʝʪʦʜʠ 

ʦʮʽʥʢʠ ʟʘʛʨʦʟ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ. 

3. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʝʡ ʧʦʙʫʜʦʚʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʽʚ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʧʦʙʫʜʦʚʠ 

(ʘʨʭʽʪʝʢʪʫʨʠ) ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʟ 

ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʯʘʩʪʦʪʥʠʤ ʨʦʟʜʽʣʝʥʥʷʤ ʢʘʥʘʣʽʚ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʰʣʷʭʠ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘʭʠʱʝʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʟʘʭʠʱʝʥʦʩʪʽ (ʨʽʚʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ). 

5. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʢʚʘʜʨʘʪʫʨʥʦʾ 

ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ. 

6. ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʛʦ ʧʽʜʙʦʨʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ 

ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ. 

7. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ 

ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

8. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʛʨʦʟ. 

9. ʋʜʦʩʢʦʥʘʣʝʥʦ ʧʽʜʭʽʜ ʱʦʜʦ ʟʘʭʠʩʪʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʟʘ ʨʘʭʫʥʦʢ 

ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘʭʠʱʝʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ 

ʽ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ. 



169 

10. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʥʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʞʠʚʫʯʦʩʪʽ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ). 

11. ɼʦʩʣʽʜʞʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʤʝʨʝʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʩʢʦʨʶʶʯʠʭ ʣʽʥʟ ʽ ʾʾ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

12. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʨʝʘʣʽʟʦʚʘʥʦ ʤʽʢʨʦʧʨʦʛʨʘʤʫ ʥʘ 

ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C ʜʣʷ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʥʘ ʙʘʟʽ Pololu Wixel, ʧʨʦʛʨʘʤʥʠʡ 

ʜʦʜʘʪʦʢ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʟ ʤʽʥʽʘʪʶʨʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʨʽʟʥʠʭ 

ʚʠʨʦʙʥʠʢʽʚ, ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʘʢʝʪ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʥʘ 

ʨʘʜʽʦʤʦʜʫʣʽ ʟ OLED-ʜʠʩʧʣʝʻʤ. 

13. ʅʘ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʠʭ ʘʧʘʨʘʪʥʠʭ ʧʣʘʪʬʦʨʤ ʧʨʦʛʨʘʤʥʠʡ ʤʘʢʝʪ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ, ʘʜʘʧʪʦʚʘʥʠʡ ʜʣʷ ʣʝʛʢʦʛʦ ʚʙʫʜʦʚʫʚʘʥʥʷ ʚ 

ʽʩʥʫʶʯʽ ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ. 

ɿʘʟʥʘʯʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ 

ʩʠʩʪʝʤʥʠʭ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʩʠʪʫʘʮʽʡʥʠʭ ʮʝʥʪʨʽʚ. 

ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʥʦʾ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ 

ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʜʠʩʮʠʧʣʽʥ 

çɹʝʟʧʝʢʘ ʙʝʟʧʨʦʚʦʜʦʚʠʭ, ʤʦʙʽʣʴʥʠʭ ʪʘ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡè ʪʘ çɹʝʟʧʝʢʘ ʚʝʙ-

ʨʝʩʫʨʩʽʚè ʧʝʨʰʦʛʦ (ʙʘʢʘʣʘʚʨʩʴʢʦʛʦ) ʨʽʚʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ ʪʘ çWireless and Mobile 

Securityè ʜʨʫʛʦʛʦ (ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ) ʨʽʚʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 

125 çʂʽʙʝʨʙʝʟʧʝʢʘè. 

ʈʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ 

(ʜʠʚ. çɼʦʜʘʪʦʢ ɸ. ɸʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷè). 
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ɼʦʜʘʪʦʢ ɸ. ɸʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ 
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