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ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʬʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) ʨʘʟʥʦʦʙʨʘʟʥʳ. ʂʘʞʜʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɹʇʃɸ ʨʝʰʘʝʪ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʘʜʘʯʠ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʝʛʦ 

ʙʦʨʪ. ʆʜʥʘʢʦ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʠʧʘ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʙʦʨʪ ɹʇʃɸ [1]. ʆʩʥʦʚʥʳʤ 

ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʜʘʪʯʠʢʦʤ, ʢʦʪʦʨʳʤ ʦʩʥʘʱʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʪʠʧʳ ɹʇʃɸ, 

ʷʚʣʷʝʪʩʷ ʩʧʫʪʥʠʢʦʚʳʡ ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʧʨʠʝʤʥʠʢ. ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʬʘʢʪʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʟʘʷʚʣʝʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ, ʯʪʦ 

ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ ʢʘʢ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ɹʇʃɸ, ʪʘʢ ʠ ʥʘ ʨʝʟʫʣʴʪʘʪʝ 

ʚr ʧʦʣʥʷʝʤʦʡ ʟʘʜʘʯʠ [2]. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʣʘ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʘʢʪʠʯʝʩʢʠʭ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʝʤʥʠʢʦʚ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ɹʇʃɸ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ɹʇʃɸ DJI Air  2S. ɺʳʙʦʨ 

ʜʘʥʥʦʛʦ ɹʇʃɸ ʷʚʣʷʝʪʩʷ ʥʝ ʩʣʫʯʘʡʥʳʤ. ɺ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ [3] ʫʢʘʟʘʣ ʪʦʯʥʦʩʪʴ ʩʧʫʪʥʠʢʦʚʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ Ñ0,5 ʤʝʪʨʘ, ʢʦʛʜʘ ʢʘʢ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ Ñ1,5 ʤʝʪʨʘ. ʇʨʠ ʵʪʦʤ ʥʘʚʠʛʘʮʠʦʥʥʘʷ 

ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʦ ʩʠʩʪʝʤʘʤ GPS, GALILEO ʠ ɻʃʆʅɸʉʉ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʀʟ 

ʨʘʙʦʪ [4, 5] ʩʣʝʜʫʝʪ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʚʩʝʛʜʘ ʭʫʞʝ, ʯʝʤ 

ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ, ʯʪʦ ʝʱʝ ʨʘʟ ʧʦʜʯʝʨʢʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʤʝʝʪ ʠʥʪʝʨʝʩ ʩʨʘʚʥʝʥʠʷ ʪʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʝʤʥʠʢʦʚ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʧʨʠʝʤʥʠʢʘ ʙʳʣ ʚʳʙʨʘʥ ATGM336H, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʧʦʨʪʘʪʠʚʥʳʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʙʦʨʪ ɹʇʃɸ. ɺ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʜʘʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʴʰʝ ʜʚʫʭ ʤʝʪʨʦʚ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ. ʇʨʠʝʤʥʠʢ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʨʝʰʝʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʧʦ ʩʦʟʚʝʟʜʠʷʤ ʩʠʩʪʝʤʘʤ ɻʃʆʅɸʉʉ, GPS, 

Beidou ʠ QZSS. ʀʥʪʝʨʬʝʡʩ ʧʨʠʝʤʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʚʳʙʠʨʘʪʴ ʨʘʙʦʯʠʝ ʩʦʟʚʝʟʜʠʷ, 

ʢʦʛʜʘ ʢʘʢ ʚ ɹʇʃɸ DJI Air  2S ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʪ. ʇʦʵʪʦʤʫ ʩʨʘʚʥʝʥʠʝ 

ʬʘʢʪʠʯʝʩʢʠʭ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʫʪʥʠʢʦʚʳʭ ʧʨʠʝʤʥʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ 

ʩ ʨʘʟʥʳʤʠ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʩʦʟʚʝʟʜʠʷʤʠ, ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʚ ʤʫʣʴʪʠʩʠʩʪʝʤʥʦʤ ʨʝʞʠʤʝ. 

 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ɼʣʷ ʦʮʝʥʢʠ ʬʘʢʪʠʯʝʩʢʠʭ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʶʙʦʛʦ 

ʩʧʫʪʥʠʢʦʚʦʛʦ ʧʨʠʝʤʥʠʢʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʝʰʝʥʠʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʩ ʠʩʪʠʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʧʨʠʚʷʟʢʫ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʪʫʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʦʣʠʛʦʥʝ 

ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʪʘʨʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡè (ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʠʡ ʬʠʣʠʘʣ 
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ʌɻʋʇ çɺʅʀʀʌʊʈʀè). ʅʘ ʧʦʣʠʛʦʥʝ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻʋʇ 

çɺʅʀʀʌʊʈʀè ʩʬʦʨʤʠʨʦʚʘʥ ʙʘʟʠʩ ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʝʥ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʱʝʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ WGS-84. ɹʇʃɸ ʠ 

ʧʨʠʝʤʥʠʢ ATGM336H ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʚ ʦʜʥʫ ʪʦʯʢʫ ʙʘʟʠʩʘ (ʨʠʩʫʥʦʢ 1) ʩ 

ʠʩʭʦʜʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 52↔ 13ô 08,3199ôô ʉ.ʐ. 104↔ 19ô 00,43080ôô ɺ.ɼ. ʠ 

ʚʳʩʦʪʦʡ 501,6969 ʤ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ 01.07.2022 ʥʘ ʜʚʫʭʯʘʩʦʚʦʤ 

ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʩ 06:10 ʜʦ 08:10 ʧʦ UTC. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ ʠʟ ʧʨʠʝʤʥʠʢʦʚ, ʘ ʠʤʝʥʥʦ: ʛʝʦʜʝʟʠʯʝʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʳ; ʢʦʣʠʯʝʩʪʚʦ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʝʰʝʥʠʠ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ; ʟʥʘʯʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ (HDOP) ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (VDOP). ʏʘʩʪʦʪʘ ʚʳʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʝʤʥʠʢʘʤʠ 

ʩʦʩʪʘʚʣʷʣʘ 3 ɻʮ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚʳʙʦʨʢʘ ʧʨʠʤʝʨʥʦ ʠʟ 20000 

ʦʪʯʝʪʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ.  

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫ ɹʇʃɸ ʙʳʣʠ ʚʳʢʣʶʯʝʥʳ 

ʵʣʝʢʪʨʦʤʦʪʦʨʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʵʢʦʥʦʤʠʪʴ ʟʘʨʷʜ ʙʘʪʘʨʝʠ. ʇʨʠ ʵʪʦʤ ɹʇʃɸ 

ʨʝʛʠʩʪʨʠʨʫʝʪ ʜʘʥʥʳʝ ʦʪ ʩʧʫʪʥʠʢʦʚʦʛʦ ʧʨʠʝʤʥʠʢʘ ʚ ʧʨʦʪʦʢʦʣʝ ʧʦʣʝʪʘ ʩ 

ʨʘʩʰʠʨʝʥʠʝʤ DAT. ɼʣʷ ʝʛʦ ʨʘʩʰʠʬʨʦʚʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʨʝʢʦʤʝʥʜʫʝʪ 

ʟʘʛʨʫʟʠʪʴ ʧʨʦʪʦʢʦʣ ʥʘ ʚʝʙʩʘʡʪʝ [6] ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʡʜʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘ ʜʘʥʥʦʤ ʚʝʙʩʘʡʪʝ ʥʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʦʪʩʯʝʪʳ ʩ ʧʨʠʝʤʥʠʢʘ, ʢʨʦʤʝ ʢʦʦʨʜʠʥʘʪ ʩʪʘʨʪʦʚʦʡ 

(ʜʦʤʘʰʥʝʡ) ʪʦʯʢʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʠʟ 

ʧʨʦʪʦʢʦʣʘ ʧʦʣʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʛʨʘʤʤʦʡ Datcon, ʢʦʪʦʨʘʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ. ʇʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʧʨʦʛʨʘʤʤʦʡ Datcon ʠʟ ʧʨʦʪʦʢʦʣʘ ʧʦʣʝʪʘ, ʠʟʣʦʞʝʥ ʚ ʠʩʪʦʯʥʠʢʝ [7].  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʋʩʪʘʥʦʚʢʘ ɹʇʃɸ ʠ ATGM336H ʥʘ ʪʦʯʢʫ ʙʘʟʠʩʘ 

 

ʇʨʠʝʤʥʠʢ ATGM336N ʬʦʨʤʠʨʫʝʪ ʚʳʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʧʨʦʪʦʢʦʣʝ 

ʬʦʨʤʘʪʘ NMEA0183. ʇʨʦʪʦʢʦʣ NMEA0183 ʩʦʜʝʨʞʠʪ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʨʝʰʝʥʠʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʠ ʷʚʣʷʝʪʩʷ ʣʝʛʢʠʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ. 
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ʌʘʢʪʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝʤ 

ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ (ʉʂʇ). ʆʮʝʥʢʘ ʉʂʇ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪ, ʚʳʜʘʚʘʝʤʳʭ ʧʨʠʝʤʥʠʢʘʤʠ, ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ [4, 5]: 

 

2

0

1

( )

1

N

i

i

x

x x

N
s =

-

=
-

ä
 

 

ʛʜʝ N ï ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ, xi ï ʠʟʤʝʨʝʥʥʦʝ ʧʨʠʝʤʥʠʢʦʤ ʥʘ i-ʤ ʰʘʛʝ 

ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ, x0 ï ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʝʤʥʠʢʘ. 

ɼʘʣʝʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝʩʪʠ ʚ ʤʝʪʨʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ: 

 

0 0( ) ( )i iB B B a Hd = - Ö + 

 

0 0 0( ) ( ) cos( )i iL L L a H Bd = - Ö + Ö  

 

ʛʜʝ ŭBi , ŭLi ï ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʨʠʝʤʥʠʢʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ ʥʘ i-ʤ ʰʘʛʝ ʠʟʤʝʨʝʥʠʡ; Bi , Li ï ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʝʤʥʠʢʘ, 

ʠʟʤʝʨʝʥʥʳʝ ʥʘ i-ʤ ʰʘʛʝ; B0, L0 ï ʠʩʪʠʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ (ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ) 

ʧʨʠʝʤʥʠʢʘ; ʘ=6378245 ʤ ï ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ; H0 ï ʚʳʩʦʪʘ 

ʘʥʪʝʥʥʳ ʧʨʠʝʤʥʠʢʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ. 

ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ  

 

0i iH H Hd = -  

 

ʛʜʝ ŭHi ï ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʧʨʠʝʤʥʠʢʦʤ; Hi ï ʚʳʩʦʪʘ 

ʧʨʠʝʤʥʠʢʘ, ʠʟʤʝʨʝʥʥʳʝ ʥʘ i-ʤ ʰʘʛʝ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʦ ʰʠʨʦʪʝ ʠ ʜʦʣʛʦʪʝ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʨʘʟʙʨʦʩ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʝʤʥʠʢʦʤ ATGM336H, ʢʦʛʜʘ ʢʘʢ ʧʨʠʝʤʥʠʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ 

ʥʘ ɹʇʃɸ, ʠʤʝʝʪ ʙʦʣʝʝ ʢʫʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʉʂʇ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ (ʪʘʙʣʠʮʘ 1) ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʚ 

ʤʫʣʴʪʠʩʠʩʪʝʤʥʦʤ ʨʝʞʠʤʝ GALILEO+ɻʃʆʅɸʉʉ+GPS ʭʫʞʝ ʥʘ 1 ʤʝʪʨ ʧʦ 

ʰʠʨʦʪʝ ʠ ʥʘ 0,5 ʤʝʪʨʘ ʧʦ ʜʦʣʛʦʪʝ. ɸʥʘʣʠʟʠʨʫʷ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ 

(ʨʠʩʫʥʦʢ 3), ʪʘʢʞʝ ʚʠʜʥʳ ʧʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʚ ʤʫʣʴʪʠʩʠʩʪʝʤʥʦʤ 

ʨʝʞʠʤʝ Beidou+ɻʃʆʅɸʉʉ+GPS, ʢʨʠʚʘʷ 1 ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -13 ʜʦ 10,5 ʤʝʪʨʦʚ. 

ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ɹʇʃɸ (ʨʠʩʫʥʦʢ 3, ʢʨʠʚʘʷ 2) ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ -3 ʜʦ 5,9 ʤʝʪʨʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʉʂʇ ʠʟ 

ʪʘʙʣʠʮʳ 1. 
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ʘ) 

 
ʙ) 

 

ʈʠʩʫʥʦʢ 2 ï ɼʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʰʠʙʦʢ 

ʘ) ʧʨʠʝʤʥʠʢ ATGM336H; ʙ) ʧʨʠʝʤʥʠʢ ɹʇʃɸ DJI Air  2S 

 

 

ʈʠʩʫʥʦʢ 3 ï ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ (ʘ) ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ (ʙ) ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʅʉ (ʚ), 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʝʰʝʥʠʠ, ʛʜʝ ʢʨʠʚʳʝ 1, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠʝʤʥʠʢʦʤ ATGM336H, ʘ 

ʢʨʠʚʳʝ 2 ï ʧʨʠʝʤʥʠʢʦʤ ɹʇʃɸ. ʂʦʣʠʯʝʩʪʚʦ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʝʰʝʥʠʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʧʦ ʩʠʩʪʝʤʘʤ Beidou+ɻʃʆʅɸʉʉ+GPS (ʨʠʩʫʥʦʢ 4, ʚ). 

ʆʜʥʘʢʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ HDOP ʜʣʷ ʜʚʫʭ ʧʨʠʝʤʥʠʢʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ,r 

ʢʦʛʜʘ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ VDOP ʣʫʯʰʝʝ ʫ ʧʨʠʝʤʥʠʢʘ ATGM336H. ʇʨʠ ʵʪʦʤ, 

ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʧʨʠʝʤʥʠʢʦʤ ɹʇʃɸ 

ʦʢʘʟʘʣʘʩʴ ʣʫʯʰʝ, ʯʝʤ ʟʥʘʯʝʥʠʷ VDOP, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ʊʘʙʣʠʮʘ 1 ï ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 
 

 ATGM336H 

(Beidou+ɻʃʆʅɸʉʉ+GPS) 

DJI Air 2S 

(GALILEO+ɻʃʆʅɸʉʉ+GPS) 

ʉʂʇ ʰʠʨʦʪʳ, ʤ 1,16 2,93 

ʉʂʇ ʜʦʣʛʦʪʳ, ʤ 1,08 1,59 

ʉʂʇ ʚʳʩʦʪʳ, ʤ 2,43 1,65 

ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʅʉ 30,29 26,37 

ʉʨʝʜʥʠʡ VDOP 0,66 0,87 

ʉʨʝʜʥʠʡ HDOP 0,55 0,53 

 

 
ʘ) 

 
ʙ) 

  

 
ʚ) 

 

ʈʠʩʫʥʦʢ 4 ï ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ  

ʘ) ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʬʘʢʪʦʨ; 

ʙ) ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʬʘʢʪʦʨ; ʚ) ʢʦʣʠʯʝʩʪʚʦ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʧʫʪʥʠʢʦʚ ʚ ʨʝʰʝʥʠʠ  

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ 4, ʘ, ʙ ʠ ʚ, ʢʨʠʚʳʝ 2 ʚʠʜʥʳ ʬʣʫʢʪʫʘʮʠʠ ɻʌ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʥʝʩʪʘʙʠʣʴʥʳʤ ʩʣʝʞʝʥʠʝʤ ʟʘ ʥʝʢʦʪʦʨʳʤʠ ʩʧʫʪʥʠʢʘʤʠ. ɺ ʨʘʙʦʪʝ [5] 

ʫʢʘʟʳʚʘʣʠʩʴ ʧʨʦʙʣʝʤʳ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʩʣʝʞʝʥʠʷ ʟʘ ʥʝʢʦʪʦʨʳʤʠ ʅʉ, ʯʪʦ 

ʧʨʠʚʦʜʠʣʦ ʢ ʫʭʫʜʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʫʯʘʩʪʢʝ ʚʨʝʤʝʥʠ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘʷʚʣʝʥʥʘʷ 

ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ɹʇʃɸ ʧʦ ʩʧʫʪʥʠʢʦʚʦʤʫ ʢʘʥʘʣʫ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ. 

ʉʂʇ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʚʳʰʝ 0,5 ʤʝʪʨʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ 1,65 ʤʝʪʨʘ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʝʥʠʷ ʉʂʇ ʰʠʨʦʪʳ (2,93 ʤʝʪʨʘ) ʠ ʜʦʣʛʦʪʳ (1,59 ʤʝʪʨʘ) ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʟʘʷʚʣʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 1,5 ʤʝʪʨʘ. 

ʌʘʢʪʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ ATGM336H ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʷʚʣʝʥʥʦʡ 

ʪʦʣʴʢʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʉʂʇ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʩʦʩʪʘʚʠʣʦ 2,43 

ʤʝʪʨʘ, ʯʪʦ ʙʦʣʴʰʝ ʜʚʫʭ ʤʝʪʨʦʚ. 

ʇʨʠ ʨʘʙʦʪʝ ʧʦ ʩʠʩʪʝʤʘʤ Beidou+ɻʃʆʅɸʉʉ+GPS ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʠʜʠʤʳʭ ʅʉ ʩʦʩʪʘʚʠʣʦ ʧʨʠʤʝʨʥʦ 30 ʅʉ, ʢʦʛʜʘ ʢʘʢ ʧʨʠʝʤʥʠʢ ɹʇʃɸ, 

ʨʘʙʦʪʘʶʱʠʡ ʧʦ ʩʠʩʪʝʤʘʤ GALILEO+ɻʃʆʅɸʉʉ+GPS, ʚ ʩʨʝʜʥʝʤ ʩʣʝʜʠʣ ʟʘ 26 

ʅʉ. ʆʜʥʘʢʦ ʧʨʠʝʤʥʠʢ ATGM336H ʦʙʣʘʜʘʝʪ ʥʝʩʦʚʝʨʰʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ 

ʩʣʝʞʝʥʠʷ ʟʘ ʟʘʜʝʨʞʢʦʡ ʠ ʜʦʧʣʝʨʦʚʩʢʠʤ ʩʜʚʠʛʦʤ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʤʛʥʦʚʝʥʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʦʰʠʙʦʢ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʫʯʘʩʪʢʘʭ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʜʥʦʟʥʘʯʥʦ ʦʪʚʝʪʠʪʴ, ʢʘʢʦʡ ʩʧʫʪʥʠʢʦʚʳʡ ʧʨʠʝʤʥʠʢ 

ʣʫʯʰʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʨʘʙʦʪʝ ʧʦ 

ʩʠʩʪʝʤʘʤ GPS+ɻʃʆʅɸʉʉ ʠʣʠ ʨʘʟʜʝʣʴʥʦ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʦʙʣʶʩʪʠ ʦʜʠʥʘʢʦʚʳʝ 

ʫʩʣʦʚʠʷ ʨʝʰʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʠ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 
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ʅʆʈʄʀʈʆɺɸʅʀɽ ʌɸɿʆʏɸʉʊʆʊʅʆʁ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ɸʅɸʃʆɻʆɺʓʍ ʆʂʆʅʏɸʅʀʁ ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʆʅʅʓʍ ʉɽʊɽʁ 

 

ɹʘʪʝʥʢʦʚ ʂ. ɸ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

 

ɸʢʘʜʝʤʠʷ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʦʭʨʘʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

(ʛ. ʆʨʸʣ) 

 
ɸʥʥʦʪʘʮʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʨʝʥʠʝ ʬʘʟʦʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʣʝʜʩʪʚʠʝ 

ʨʘʟʥʝʩʝʥʥʦʩʪʠ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʯʨʝʟʚʳʯʘʡʥʦ 

ʟʘʪʨʫʜʥʝʥʦ, ʧʦʵʪʦʤʫ ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪ ʠʟʤʝʨʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ, ʯʪʦ ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʥʦʨʤʠʨʫʝʪʩʷ ʚ ʬʦʨʤʝ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʘʥʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʦʢʦʥʯʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʟʦʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʢʘʥʘʣ ʪʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ, 

ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ, ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ, ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ. 

 

PHASE FREQUENCY CHARACTERISTICS NORMALIZATION OF 

TELECOMMUNICATION NETWORKS ANALOG TERMINA TIONS 

 

Batenkov K. A., Doctor of Technical Sciences 

 

Academy of the Federal Guard Service of Russian Federation 

(Oryol) 

 
Abstract. It is shown that the measurement of the phase frequency response due to the 

diversity of reception and transmission of multichannel transmission systems is extremely difficult, 

therefore, the measurement of the group transit time is usually carried out. It is shown that the group 

transit time is normalized in the form of a minimum value for channels with different types of 

terminations. 

Keywords: phase frequency response, tonal frequency channel, group transit time, 

transmission systems, quality parameters. 

 

ʌʘʟʦʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʟʘʚʠʩʠʤʦʩʪʴ ʧʦ ʯʘʩʪʦʪʝ ʨʘʟʥʦʩʪʠ 

ʥʘʯʘʣʴʥʳʭ ʬʘʟ ʨʝʘʢʮʠʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ [1]. ʀʟʤʝʨʝʥʠʝ ʬʘʟʦʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʝʩʝʥʥʦʩʪʠ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ 

ʯʨʝʟʚʳʯʘʡʥʦ ʟʘʪʨʫʜʥʝʥʦ. ʇʦʵʪʦʤʫ ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪ ʠʟʤʝʨʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ 

ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ. 

ʉʢʘʯʢʦʦʙʨʘʟʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʚ ʢʘʥʘʣʝ ʪʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʩʣʝʜʫʝʪ 

ʠʟʤʝʨʷʪʴ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʝʨʝʜʘʯʠ. ɺ ʢʘʥʘʣ ʩʚʷʟʠ ʧʦʜʘʶʪ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʩʠʛʥʘʣ ʩ ʫʨʦʚʥʝʤ ʥʝ ʚʳʰʝ ρπ ̅ˎ̍π ʠ ʯʘʩʪʦʪʦʡ 1020 ɻʮ. ʈʝʛʠʩʪʨʠʨʫʶʪ 

ʢʦʣʠʯʝʩʪʚʦ ʩʢʘʯʢʦʚ ʬʘʟʳ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 5 ʤʩ ʠ ʙʦʣʝʝ ʚʳʰʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ 

ʧʦʨʦʛʘ 15Á ʧʨʠ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦʤ ʠʟʤʝʥʝʥʠʠ ʬʘʟʳ (ʟʘ 20 ʤʩ 100Á ʠ ʤʝʥʝʝ). ʅʝ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩʢʘʯʢʠ ʬʘʟʳ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʤʝʥʝʝ 4 ʤʩ [2] ʠ ʯʝʨʝʩʯʫʨ 

ʤʝʜʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ (ʟʘ 50 ʤʩ 100Á ʠ ʙʦʣʝʝ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 
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ʧʦʜʩʯʝʪʘ ʩʢʘʯʢʦʚ ʬʘʟʳ ï 8 ʨʘʟ ʚ ʩʝʢʫʥʜʫ: ʚʨʝʤʷ, ʧʦ ʧʨʦʰʝʩʪʚʠʠ ʢʦʪʦʨʦʛʦ 

ʧʨʠʙʦʨ ʛʦʪʦʚ ʬʠʢʩʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʩʢʘʯʦʢ ʬʘʟʳ (çʤʝʨʪʚʦʝè ʚʨʝʤʷ), ʨʘʚʥʦ 

(125Ñ25) ʤʩ. ʀʥʪʝʨʚʘʣ ʮʠʢʣʘ ʠʟʤʝʨʝʥʠʷ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 24 ʯ. 

ʂʘʞʜʳʝ 15 ʤʠʥʫʪ ʧʨʦʚʦʜʠʪʩʷ ʩʯʠʪʳʚʘʥʠʝ ʠʣʠ ʨʝʛʠʩʪʨʘʮʠʷ ʨʝʟʫʣʴʪʘʪʘ 

ʠʟʤʝʨʝʥʠʷ. 

ɺ ʢʘʥʘʣʝ ʪʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 12 500 ʢʤ (ʧʨʠ ʩʦʨʦʢʘ 

ʜʝʚʷʪʠ ʪʨʘʥʟʠʪʘʭ ʥʘ ʪʦʥʘʣʴʥʦʡ ʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʘʭ) ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʯʘʱʝ ʦʜʥʦʛʦ ʨʘʟʘ ʟʘ 1,5 ʯ. 

ʀʟʤʝʥʝʥʠʝ ʬʘʟʳ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ ʪʨʘʥʟʠʪʦʚ ὲ, ʤʝʥʴʰʝʤ 49, ʥʝ ʜʦʣʞʥʦ 
ʧʨʝʚʳʰʘʪʴ ʦʜʥʦʛʦ ʨʘʟʘ ʟʘ 

 

ὔ ρȟυ
τω

ὲ
Ȣ 

 

ɻʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ὸ (absolute group delay) ï ʧʨʦʠʟʚʦʜʥʘʷ 

ʬʘʟʦʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʯʘʩʪʦʪʝ.  

ɻʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ὸȟ̍  ̒ʥʦʨʤʠʨʫʝʪʩʷ ʚ ʬʦʨʤʝ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ (ʜʣʷ ʘʥʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤ ʟʥʘʯʝʥʠʝ ὸȟ ʥʘ ʯʘʩʪʦʪʝ 1,9 ʢɻʮ) ʜʣʷ ʢʘʥʘʣʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʦʢʦʥʯʘʥʠʡ (ʪʘʙʣ. 1) [3, 4] 

 

ὸ ÍÉÎὸȟ 

 

ʛʜʝ ὸ ï ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʥʘ -ʡ ʯʘʩʪʦʪʝ. 

 

ʊʘʙʣʠʮʘ 1 ï ʅʦʨʤʳ ʥʘ ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ὸ 
 

ʪʠʧʳ ʦʢʦʥʯʘʥʠʡ 

ʧʝʨʝʜʘʯʠ 

ʪʠʧʳ ʦʢʦʥʯʘʥʠʡ 

ʧʨʠʝʤʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʛʨʫʧʧʦʚʦʝ 

ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ, ʤʩ 

ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʳʝ 

ʘʥʘʣʦʛʦʚʳʝ 

ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʳʝ 

ʘʥʘʣʦʛʦʚʳʝ 
0,6 

ʜʚʫʭʧʨʦʚʦʜʥʳʝ 

ʘʥʘʣʦʛʦʚʳʝ 

ʜʚʫʭʧʨʦʚʦʜʥʳʝ 

ʘʥʘʣʦʛʦʚʳʝ 
0,75 

ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʳʝ 

ʘʥʘʣʦʛʦʚʳʝ 
ʮʠʬʨʦʚʳʝ 0,36 

ʮʠʬʨʦʚʳʝ 
ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʳʝ 

ʘʥʘʣʦʛʦʚʳʝ 
0,24 

ʜʚʫʭʧʨʦʚʦʜʥʳʝ 

ʘʥʘʣʦʛʦʚʳʝ 
ʮʠʬʨʦʚʳʝ 0,45 

ʮʠʬʨʦʚʳʝ 
ʜʚʫʭʧʨʦʚʦʜʥʳʝ 

ʘʥʘʣʦʛʦʚʳʝ 
0,3 
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ʊʘʢʞʝ ʥʦʨʤʠʨʫʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ Ўὸ 
ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ ʦʪ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʯʘʩʪʦʪʝ 

1,9 ʢɻʮ (ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ) ʚ ʧʨʦʩʪʦʤ 

(ʥʝʩʦʩʪʘʚʥʦʤ) ʢʘʥʘʣʝ ʪʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʘʥʘʣʦʛʦʚʳʭ 

ʩʠʩʪʝʤ ʧʝʨʝʜʘʯ) (ʨʠʩ. 1) [5, 6] 

 

Ўὸ ὸ ὸȟȟ 

 

ʛʜʝ ὸ ï ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʪʝʢʫʱʝʡ ʯʘʩʪʦʪʳ Ὢ; 

ὸȟ ï ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʯʘʩʪʦʪʦʡ 1,9 ʢɻʮ 

 
 

ʈʠʩʫʥʦʢ 1 ï ʅʦʨʤʳ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ Ўὸ 
ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ ʦʪ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʯʘʩʪʦʪʝ 

1,9 ʢɻʮ (ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ) ʚ ʧʨʦʩʪʦʤ 

(ʥʝʩʦʩʪʘʚʥʦʤ) ʢʘʥʘʣʝ ʪʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ (ʘʥʘʣʦʛʦʚʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ) 

 

ʂʨʦʤʝ ʪʦʛʦ, ʥʦʨʤʠʨʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ 

Ўὸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ὸ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʦʢʦʥʯʘʥʠʡ, 
ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯ: ʜʣʷ ʘʥʘʣʦʛʦʚʳʭ 

ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʳʭ (ʨʠʩ. 2, ʘ) ʠ ʜʚʫʭʧʨʦʚʦʜʥʳʭ (ʨʠʩ. 2, ʙ) ʠ ʜʣʷ ʩʤʝʰʘʥʥʳʭ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʭ ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʳʭ (ʨʠʩ. 3, ʘ) ʠ ʜʚʫʭʧʨʦʚʦʜʥʳʭ (ʨʠʩ. 3, ʙ) 

ʦʢʦʥʯʘʥʠʡ 

 

Ўὸ ὸ ὸȟ 

 

ʛʜʝ ὸ ï ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʪʝʢʫʱʝʡ ʯʘʩʪʦʪʳ Ὢ; 

ὸ ÍÉÎὸ ï ʤʠʥʠʤʘʣʴʥʦʝ ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʯʘʩʪʦʪʘʭ. 

0
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ʈʠʩʫʥʦʢ 2 ï ʅʦʨʤʳ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ Ўὸ 
ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʢʘʥʘʣʝ (ʮʠʬʨʦʚʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ) ʚ 

ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʦʤ (ʘ) ʠ ʜʚʫʭʧʨʦʚʦʜʥʦʤ (ʙ) ʘʥʘʣʦʛʦʚʳʭ ʦʢʦʥʯʘʥʠʷʭ ʢʘʥʘʣʘʭ 

ʪʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 

 
 

ʈʠʩʫʥʦʢ 3 ï ʅʦʨʤʳ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ Ўὸ 
ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʢʘʥʘʣʝ (ʮʠʬʨʦʚʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ) ʚ 

ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʦʤ (ʘ) ʠ ʜʚʫʭʧʨʦʚʦʜʥʦʤ (ʙ) ʩʤʝʰʘʥʥʳʭ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʭ 

ʦʢʦʥʯʘʥʠʷʭ ʢʘʥʘʣʘʭ ʪʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 

0,75

2,61 2,8

0,25

1,5

0,50

Ўὸ,̍  ̒ 

Ὢ,̋ː̗ 0,6

a

0,9

2,61 2,8

0,3

1,8

0,50

Ўὸ,̍  ̒ 

Ὢ,̋ː̗ 0,6
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1,5

0,38

2,61 2,8

0,13

0,75

0,50
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Ὢ,̋ː̗ 0,6

a

0,45

2,61 2,8
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ʇʨʠʤʝʨ. 

ɿʥʘʯʝʥʠʷ ʛʨʫʧʧʦʚʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ, ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʪʨʝʭ ʯʘʩʪʦʪʘʭ 

0,8 ʢɻʮ, 1,9 ʢɻʮ ʠ 2,7 ʢɻʮ ʜʣʷ ʜʚʫʭʧʨʦʚʦʜʥʳʭ ʘʥʘʣʦʛʦʚʳʭ ʦʢʦʥʯʘʥʠʡ, ʩʦʩʪʘʚʠʣʠ 

50 ʤʢʩ, 70 ʤʢʩ ʠ 580 ʤʢʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʧʨʝʜʝʣʠʪʴ ʦʪʢʣʦʥʝʥʠʷ ʛʨʫʧʧʦʚʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʠʭ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʤ ʜʣʷ ʢʘʥʘʣʘ ʪʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʦʛʦʚʳʭ ʠ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ. 

ɼʘʥʦ: Ὢ πȟψ ̋ː̗, Ὢ ρȟω ̋ː̗, Ὢ ςȟχ ̋ː̗, ὸ υπ ̍̋̒, ὸ χπ ̍̋̒, 
ὸ υψπ ̍̋̒. 

ʅʘʡʪʠ: ὸ, ὸ, Ўὸ, Ўὸ, Ўὸ, Ўὸ. 

ɼʣʷ ʘʥʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʘʙʩʦʣʶʪʥʦʝ ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʠʟʤʝʨʷʝʪʩʷ ʥʘ ʯʘʩʪʦʪʝ 1,9 ʢɻʮ 

ὸ ὸȟ ὸ χπ ̍ ̋Ȣ̒ 
ɼʣʷ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʘʙʩʦʣʶʪʥʦʝ ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʠʟ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ὸ ÍÉÎ
ȟȟ
ὸ ÍÉÎυπȟχπȟυψπ υπ ̍ ̋Ȣ̒ 

ʀ ʜʣʷ ʘʥʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤ, ʠ ʜʣʷ ʮʠʬʨʦʚʳʭ ʚʝʣʠʯʠʥʳ ʘʙʩʦʣʶʪʥʳʭ 

ʛʨʫʧʧʦʚʳʭ ʚʨʝʤʝʥ ʧʨʦʭʦʞʜʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʥʦʨʤʘʤ ʜʣʷ ʜʚʫʭʧʨʦʚʦʜʥʳʭ 

ʦʢʦʥʯʘʥʠʡ (ʪʘʙʣ. 1): πȟπυ πȟπχ πȟχυ. 
ɼʣʷ ʘʥʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤ ʦʪʢʣʦʥʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ 

Ўὸ ὸ ὸȟ υπχπ ςπ ̍ ̋ȟ̒ 
Ўὸ ὸ ὸȟ υψπχπ υρπ ̍ ̋Ȣ̒ 

ɼʣʷ ʯʘʩʪʦʪʳ Ὢ πȟψ ̋ː̗ ʦʪʢʣʦʥʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ 
ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʥʦʨʤʝ (ʨʠʩ. 1): πȟπς πȟφ, ʘ ʜʣʷ ʯʘʩʪʦʪʳ Ὢ ςȟχ ̋ː̗ ʥʝʪ: 
πȟυρ πȟτυ (ʪʘʙʣ. 2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʥʘʣ ʪʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ, ʧʦʩʪʨʦʝʥʥʳʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ, ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʦʨʤʘʤ. 

 

ʊʘʙʣʠʮʘ 2 ï ʉʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʤ ʥʘ ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ 
 

ʩʠʩʪʝʤʳ 

ʧʝʨʝʜʘʯʠ 
ʘʥʘʣʦʛʦʚʳʝ ʮʠʬʨʦʚʳʝ 

ʯʘʩʪʦʪʘ, ʢɻʮ 1,9 0,8 2,7 0,8 1,9 2,7 

ʧʦʢʘʟʘʪʝʣʴ 

ʘʙʩʦʣʶʪʥʦ

ʝ 

ʛʨʫʧʧʦʚʦʝ 

ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝ

ʥʠʷ ὸ, ʤʩ 

ʦʪʢʣʦʥʝʥʠ

ʝ 

ʛʨʫʧʧʦʚʦʛ

ʦ ʚʨʝʤʝʥʠ 

ʧʨʦʭʦʞʜʝ

ʥʠʷ Ўὸ, 

ʤʩ 

ʦʪʢʣʦʥʝʥʠ

ʝ 

ʛʨʫʧʧʦʚʦʛ

ʦ ʚʨʝʤʝʥʠ 

ʧʨʦʭʦʞʜʝ

ʥʠʷ Ўὸ, 

ʤʩ 

ʘʙʩʦʣʶʪʥ

ʦʝ 

ʛʨʫʧʧʦʚʦʝ 

ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝ

ʥʠʷ ὸ, ʤʩ 

ʦʪʢʣʦʥʝʥʠ

ʝ 

ʛʨʫʧʧʦʚʦʛ

ʦ ʚʨʝʤʝʥʠ 

ʧʨʦʭʦʞʜʝ

ʥʠʷ Ўὸ, 

ʤʩ 

ʦʪʢʣʦʥʝʥʠ

ʝ 

ʛʨʫʧʧʦʚʦʛ

ʦ ʚʨʝʤʝʥʠ 

ʧʨʦʭʦʞʜʝ

ʥʠʷ Ўὸ, 

ʤʩ 

ʥʦʨʤʘ 0,75 0,6 0,45 0,75 0,9 1,5 

ʠʟʤʝʨʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ 
0,07 -0,02 0,51 0,05 0,02 0,53 



20 

ɼʣʷ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʦʪʢʣʦʥʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ 

Ўὸ ὸ ὸ χπυπ ςπ ̍ ̋ȟ̒ 
Ўὸ ὸ ὸ υψπυπ υσπ ̍ ̋Ȣ̒ 

ɼʣʷ ʦʙʝʠʭ ʯʘʩʪʦʪ Ὢ ρȟω ̋ː̗ ʠ Ὢ ςȟχ ̋ː̗ ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʡ 
ʛʨʫʧʧʦʚʳʭ ʚʨʝʤʝʥ ʧʨʦʭʦʞʜʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʥʦʨʤʝ (ʨʠʩ. 2, ʙ): πȟπς πȟω, 
πȟυσ ρȟυ (ʪʘʙʣ. 2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʥʘʣ ʪʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ, ʧʦʩʪʨʦʝʥʥʳʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʦʨʤʘʤ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʘʵʨʦʜʨʦʤʘʭ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. ɺʳʷʚʣʝʥ ʨʷʜ ʧʨʦʪʠʚʦʨʝʯʠʡ ʚ 

ʪʨʝʙʦʚʘʥʠʷʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʋʯʸʪ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʘʵʨʦʜʨʦʤʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ, ʘʵʨʦʜʨʦʤʥʦʝ ʜʠʩʧʝʪʯʝʨʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ, ʫʜʘʣʝʥʥʦʝ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ, ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʩʨʝʜʩʪʚʘ. 
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Abstract. The article presents the results of the analysis of the use of visual surveillance 

equipment at civil aviation airfields. A number of shortcomings of the requirements of regulatory 

documents and shortcomings of Russian and foreign technical solutions have been identified. The 

results obtained make it possible to increase the efficiency of the use of visual observation 

equipment. 

Keywords: air traffic control, airfield dispatcher service, remote video surveillance, 

optoelectronic means. 
 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʆʨɺɼ) ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ (ʆʕʉ) ʜʣʷ ʘʵʨʦʜʨʦʤʥʦʛʦ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

(ɸɼʆ). ɺ ʥʘʰʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʸʪʦʚ ʥʘ ʤʥʦʛʠʭ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ 

ʘʵʨʦʜʨʦʤʘʭ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʥʦʩʠʪʩʷ ʢ ʘʵʨʦʜʨʦʤʘʤ ʚ 

ʉʠʙʠʨʠ, ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ ʠ ʚ ɸʨʢʪʠʢʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʆʕʉ ʚ 

ʠʥʪʝʨʝʩʘʭ ɸɼʆ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʦʩʪʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʘʵʨʦʜʨʦʤʦʚ, ʘ ʪʘʢʞʝ ʚ ʧʦʚʳʰʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʨʝʛʫʣʷʨʥʦʩʪʠ ʧʦʣʝʪʦʚ. ʎʝʣʴʶ ʥʘʧʠʩʘʥʠʷ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ 

ʆʕʉ ʚ ʠʥʪʝʨʝʩʘʭ ɸɼʆ.  
 

ɸʥʘʣʠʟ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʜʦʢʫʤʝʥʪʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʨʷʜʦʢ ʠ ʧʨʘʚʠʣʘ ʧʨʠʤʝʥʝʥʠʷ ʆʕʉ ʥʘ ʘʵʨʦʜʨʦʤʘʭ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. ʊʘʢ, ʚ çʈʘʙʦʯʝʤ ʜʦʢʫʤʝʥʪʝ ʊʝʭʥʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʠ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ (ICAO) ʘʩʩʘʤʙʣʝʷ ï 40 

ʩʝʩʩʠʷ ʦʪ 21.08.2019è [1] ʢʨʘʪʢʦ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ɸɼʆ ʥʘ 

ʘʵʨʦʜʨʦʤʘʭ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ: çɺ ʈʦʩʩʠʠ ʵʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʦʪʜʘʣʝʥʥʳʭ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʦʚ, ʛʜʝ ʙʦʣʝʝ 80% 

ʘʵʨʦʜʨʦʤʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝ ʙʦʣʝʝ ʜʝʩʷʪʠ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʚ 

ʩʫʪʢʠ. ʇʦʵʪʦʤʫ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʤ ʧʣʘʥʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʵʪʘʧʥʦʝ ʚʥʝʜʨʝʥʠʝ ʠ ʧʝʨʝʭʦʜ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʆɺɼ) ʩ ʫʜʘʣʝʥʥʳʭ ʢʦʥʪʨʦʣʴʥʦ-

ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʧʫʥʢʪʦʚ (ʂɼʇ) ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʚʠʟʫʘʣʴʥʦʛʦ 

(ʚʠʜʝʦ) ʥʘʙʣʶʜʝʥʠʷè.  

ʆʩʥʦʚʥʳʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʩʪʘʚʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʘʢʪʠʢʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʦʧʠʩʘʥʳ ʚ ʪʘʢʦʤ ʜʦʢʫʤʝʥʪʝ, ʢʘʢ 

ʀʥʩʪʨʫʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ 

ʫʜʘʣʝʥʥʳʭ ʘʵʨʦʜʨʦʤʘʭ ʦʪ 15.02.2019 [2]. ɺ ʵʪʦʤ ʜʦʢʫʤʝʥʪʝ ʦʪʨʘʞʝʥʳ 
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ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʪʨʝʙʫʝʤʳʝ ʫʩʣʦʚʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʩʠʩʪʝʤʳ. 

ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠ ʚ [1] ʠ ʚ [2] ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʆɺɼ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ (ʉɺʅ), ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ 

ʩʨʝʜʩʪʚʘ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʥʘ ʘʵʨʦʜʨʦʤʝ, ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʚʠʜʝʦʧʦʪʦʢʦʚ, ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʜʠʩʧʝʪʯʝʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʢʘʢ ʥʘ 

ʵʪʦʤ ʘʵʨʦʜʨʦʤʝ, ʪʘʢ ʠ ʥʘ ʫʜʘʣʸʥʥʦʤ ʂɼʇ.  

ʆʩʥʦʚʥʳʤ ʨʦʩʩʠʡʩʢʠʤ ʜʦʢʫʤʝʥʪʦʤ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʆʕʉ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʘʵʨʦʜʨʦʤʥʦʛʦ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʷʚʣʷʪʁʩʷ ʌʝʜʝʨʘʣʴʥʳʝ 

ʘʚʠʘʮʠʦʥʥʳʝ ʧʨʘʚʠʣʘ (ʌɸʇ) çʈʘʜʠʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʣʝʪʦʚ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʠ ʘʚʠʘʮʠʦʥʥʘʷ ʵʣʝʢʪʨʦʩʚʷʟʴ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠè [3]. ɺ 

ʥʠʭ ʦʧʠʩʘʥʘ ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ (ʆɺʅ): 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʪʝʣʝʚʠʟʠʦʥʥʳʭ, 

ʪʝʧʣʦʚʠʟʦʨʥʳʭ ʠ ʜʨʫʛʠʭ ʚʠʟʫʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʚʠʜʠʤʦʩʪʠ ʟʘ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ, ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʜʨʫʛʠʤʠ 

ʦʙʲʝʢʪʘʤʠ ʥʘ ʧʣʦʱʘʜʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʘʵʨʦʜʨʦʤʘ, ʘ ʪʘʢʞʝ ʟʘ ʚʦʟʜʫʰʥʳʤʠ 

ʩʫʜʘʤʠ, ʩʦʚʝʨʰʘʶʱʠʤʠ ʚʟʣʝʪ ʠ ʧʦʩʘʜʢʫ. 

ʂʨʦʤʝ ʆɺʅ ʚ [3] ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ (ʂʉɸ) 

ʫʢʘʟʘʥ ʂʉɸ ʫʜʘʣʸʥʥʦʛʦ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ (ʋɺʅ). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [3] ʆɺʅ ʠ ʂʉɸ ʋɺʅ ʷʚʣʷʶʪʩʷ ʨʘʟʥʳʤʠ ʠʟʜʝʣʠʷʤʠ. ʆʩʥʦʚʥʳʤ 

ʠʭ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʆɺʅ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʘʵʨʦʜʨʦʤʝ ʠ 

ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʆʕʉ ʝʛʦ ʩʦʩʪʘʚʘ ʤʦʞʝʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ (ɸʈʄ) ʜʠʩʧʝʪʯʝʨʦʚ, ʢʦʪʦʨʳʝ ʫʞʝ ʝʩʪʴ ʥʘ ʵʪʦʤ ʘʵʨʦʜʨʦʤʝ. ɺ ʪʦ 

ʚʨʝʤʷ, ʢʘʢ ʂʉɸ ʋɺʅ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ɸʈʄ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ 

ʫʜʘʣʸʥʥʦʤ ʘʵʨʦʜʨʦʤʝ. 

ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʨʦʩʩʠʡʩʢʠʤ ʜʦʢʫʤʝʥʪʦʤ ʷʚʣʷʶʪʩʷ 

çʉʝʨʪʠʬʠʢʘʮʠʦʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ (ʙʘʟʠʩ) ʢ ʢʦʤʧʣʝʢʩʫ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʫʜʘʣʸʥʥʦʛʦ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ, ʪʨʘʥʩʧʦʨʪʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʠ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘ ʧʣʦʱʘʜʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʘʵʨʦʜʨʦʤʘ, ʘ 

ʪʘʢʞʝ ʟʘ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ, ʩʦʚʝʨʰʘʶʱʠʤʠ ʚʟʣʝʪ ʠ ʧʦʩʘʜʢʫè [4].  

ʊʝʭʥʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ ʥʘ ʠʟʜʝʣʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʩʥʘʱʝʥʠʷ 

ʧʨʦʝʢʪʘ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʘʢʠʤ ʜʦʢʫʤʝʥʪʦʤ, ʢʘʢ ɻʆʉʊ ʈ 59971ï

2021 çʉʨʝʜʩʪʚʘ ʥʘʙʣʶʜʝʥʠʷ, ʥʘʚʠʛʘʮʠʠ, ʩʚʷʟʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠè ʦʪ 

01.03.2022 [5]. 

ɺ ʭʦʜʝ ʥʘʧʠʩʘʥʠʷ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʜʦʢʫʤʝʥʪʘʣʴʥʦ 
ʧʨʠʟʥʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʜʘʣʝʥʥʦʛʦ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ 

ʥʘ ʘʵʨʦʜʨʦʤʘʭ; 

- ʨʦʩʩʠʡʩʢʠʝ ʜʦʢʫʤʝʥʪʳ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʪʩʫʪʩʪʚʫʶʪ ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ; ʧʦʥʷʪʠʝ ʪʠʧʦʚʦʛʦ ʦʙʲʝʢʪʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʧʠʩʘʥʦ 

ʦʛʨʘʥʠʯʝʥʥʝʝ, ʯʝʤ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʜʦʢʫʤʝʥʪʘʭ (ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʜʦʢʫʤʝʥʪʝ 
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ʪʠʧʦʚʦʡ ʦʙʲʝʢʪ ʨʘʟʣʠʯʘʝʪʩʷ ʧʦ ʨʘʟʤʝʨʫ, ʪʠʧʫ, ʚ ʨʦʩʩʠʡʩʢʠʭ ʜʦʢʫʤʝʥʪʘʭ ʦʙʲʝʢʪ 

ï çʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦè); ʥʝ ʠʤʝʝʪʩʷ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʝ 

ʧʘʥʦʨʘʤʳ ʜʣʷ PTZ ʠ ʠʥʜʠʢʘʮʠʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦ ʩʢʦʨʦʩʪʠ ʦʙʥʦʚʣʝʥʠʷ 

ʠʥʜʠʢʘʪʦʨʘ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʪʦʯʥʦʩʪʠ ʝʛʦ ʥʘʚʝʜʝʥʠʷ; 

- ʚ [3] ʦʪʩʫʪʩʪʚʫʝʪ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʆɺʅ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ 

ʩʠʪʫʘʮʠʦʥʥʦʡ ʦʩʚʝʜʦʤʣʸʥʥʦʩʪʠ ʫʜʘʣʸʥʥʦʛʦ ʜʠʩʧʝʪʯʝʨʘ ʠʣʠ ʜʣʷ ʜʠʩʧʝʪʯʝʨʘ, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʘʵʨʦʜʨʦʤʝ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʦ ʆɺʅ; 

- ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ [4] ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʪʨʝʙʦʚʘʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 
ʢʦʥʢʨʝʪʥʦʝ ʠʟʜʝʣʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʝʩʘʤ ʧʦʪʨʝʙʠʪʝʣʷ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ 

ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ, ʟʦʥʳ ʦʙʟʦʨʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʥʘʜʸʞʥʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʲʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- [5] ʩʦʩʪʘʚʣʝʥ ʩ ʧʨʦʪʠʚʦʨʝʯʠʷʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʳʰʝʩʪʦʷʱʝʤʫ 
ʜʦʢʫʤʝʥʪʫ [3], ʘ ʠʤʝʥʥʦ: ʚ ʥʸʤ ʫʧʦʤʷʥʫʪʦ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ï 

ʉɺʅ (ʩʠʩʪʝʤʘ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ) ʠ ʆɺʅ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ çʌɸʇè ʆɺʅ ʚʭʦʜʠʪ 

ʚ ʩʦʩʪʘʚ ʉɺʅ, ʧʨʠ ʵʪʦʤ ʂʉɸ ʋɺʅ (ʢʦʤʧʣʝʢʩ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʫʜʘʣʝʥʥʦʛʦ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ) ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦʡ ʝʜʠʥʠʮʝʡ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ. ʊʘʢ ʢʘʢ ʆɺʅ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʉɺʅ, ʦʥʦ ʥʝ ʤʦʞʝʪ ʠʤʝʪʴ 

ʠʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʧʠʩʘʥʥʳʭ 

ʩʨʦʢʦʚ ʚ [5]. 

- ʚ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷ 

ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʘ ʩʣʫʞʙʳ ʆɺɼ ʜʣʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤʠ 

ʩʫʜʘʤʠ. 

 

ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʂʉɸ ʋɺʅ ʚ ʈʦʩʩʠʠ 

ɺ ʨʘʤʢʘʭ ʜʝʣʦʚʦʡ ʧʨʦʛʨʘʤʤʳ ʄɸʂʉ-2019 ʈʦʩʘʚʠʘʮʠʝʡ ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ 

ʢʨʫʛʣʳʡ ʩʪʦʣ ʥʘ ʪʝʤʫ: çʇʨʠʤʝʥʝʥʠʝ ʫʜʘʣʝʥʥʳʭ ʢʦʤʘʥʜʥʦ-ʜʠʩʧʝʪʯʝʨʩʢʠʭ 

ʧʫʥʢʪʦʚ, ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠè. 

ɸʆ çʂʦʥʮʝʨʥ çʄɸʅʉè ʩʝʨʪʠʬʠʮʠʨʦʚʘʣ ʂʉɸ ʋɺʅ. ʉʝʨʪʠʬʠʢʘʪ ʵʪʦʛʦ 

ʠʟʜʝʣʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʘʡʪʝ ʈʦʩʘʚʠʘʮʠʠ. 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ. 

- ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʠʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʂʉɸ ʋɺʅ ʙʳʣ 
ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʘʥʠʝʡ ʥʝ ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʛʦ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʚʝʜʝʥʥʦʤ ʥʘ ʫʜʘʣʝʥʥʦʝ ʜʠʩʧʝʪʯʝʨʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʘʵʨʦʜʨʦʤʝ, ʘ ʚ ʨʦʣʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʋɺɼ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʩʠʪʫʘʮʠʦʥʥʦʡ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʜʠʩʧʝʪʯʝʨʦʚ ʥʘ ʙʦʣʴʰʠʭ 

ʘʵʨʦʜʨʦʤʘʭ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʧʮʠʠ ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʠ ʚ 

ʈʦʩʩʠʠ: ʂʉɸ ʋɺʅ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʳ ʥʘ ʫʜʘʣʝʥʥʳʭ ʘʵʨʦʜʨʦʤʘʭ ʩ 

ʥʝʙʦʣʴʰʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

- ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʩʦʙʳʪʠʝʤ ʠ ʝʛʦ ʦʪʦʙʨʘʞʝʥʠʝʤ ʩ ʫʯʝʪʦʤ 

ʟʘʜʝʨʞʢʠ ʚ ʢʘʥʘʣʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʙʦʣʝʝ 1ʩ, ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʜʦʢʫʤʝʥʪʘ [2] ʠ ʧʨʦʪʠʚʦʨʝʯʠʪ ʢʦʥʮʝʧʮʠʠ ʩʦʟʜʘʥʠʷ ʂʉɸ ʋɺʅ 

(ʩʥʠʞʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʸʪʦʚ). 
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- ʋʢʘʟʘʥʥʳʝ ʚ ʩʝʨʪʠʬʠʢʘʪʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʫ ʦʪ ʤʠʥʫʩ 40Áʉ ʜʦ +50Á ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʪʁ ʪʨʝʙʦʚʘʥʠʷʤ 

[2, 4, 5], ʛʜʝ ʫʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʫʨʳ ʉɺʅ, ʨʘʟʤʝʱʘʝʤʦʡ ʥʘ 

ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ, ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ʤʠʥʫʩ 50Áʉ ʜʦ +50Áʉ, ʪʘʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʶʪ ʩʧʠʩʦʢ ʘʵʨʦʜʨʦʤʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʙʫʜʝʪ 

ʚʦʟʤʦʞʥʦ ʧʦʣʥʦʮʝʥʥʦʝ ʢʨʫʛʣʦʛʦʜʠʯʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʫʜʘʣʝʥʥʦʛʦ ʂɼʇ. 

- ʆʪʦʙʨʘʞʝʥʠʝ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʜʠʩʧʝʪʯʝʨʦʚ ʠʤʝʝʪ ʟʘʤʝʪʥʦʝ 

ʚʠʟʫʘʣʴʥʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʨʠʚʳʯʥʳʤ ʜʣʷ ʜʠʩʧʝʪʯʝʨʘ ʚʠʜʦʤ ʠʟ ʦʢʥʘ, ʵʪʦ 

ʢʘʩʘʝʪʩʷ ʢʘʢ ʮʚʝʪʦʧʝʨʝʜʘʯʠ, ʪʘʢ ʠ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʆʪ ʩʪʝʧʝʥʠ 

ʨʘʩʭʦʞʜʝʥʠʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʚʠʜʘ ʠʟ ʦʢʥʘ ʟʘʚʠʩʠʪ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʦʙʫʯʝʥʠʷ ʜʠʩʧʝʪʯʝʨʦʚ, ʪʘʢ ʠ ʩʨʦʢʦʚ ʦʙʫʯʝʥʠʷ. 

- ʋʢʘʟʘʥʥʳʝ ʚ ʩʝʨʪʠʬʠʢʘʪʝ ʢʘʤʝʨʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʦʪʤʝʪʢʫ, 

ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ɼʞʦʥʩʦʥʘ [2]. 

- ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʧʦʩʪʘʚʱʠʢʘ ʚʠʜʝʦʢʘʤʝʨ. ɺ ʩʣʫʯʘʝ ʂɸʉ ʋɺʅ ɸʆ çʂʦʥʮʝʨʥ çʄɸʅʉè ʢʘʤʝʨʳ 

ʟʘʢʫʧʘʶʪʩʷ ʫ ʰʚʝʜʩʢʦʡ ʬʠʨʤʳ çAxisè. ɺ ʥʠʭ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʤʧʣʝʢʪʫʶʱʠʝ ʠʟ 

ʉʐɸ ʠ ɽʉ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʉɺʅ ʪʘʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʠʤʝʥʷʪʴ ʥʝʣʴʟʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʂʉɸ ʋɺʅ ɸʆ çʂʦʥʮʝʨʥ çʄɸʅʉè 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʦ ʚ ʪʘʢʦʤ ʚʠʜʝ, ʢʦʪʦʨʳʡ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʧʮʠʠ ʨʘʟʚʠʪʠʷ 

ʘʚʠʘʮʠʠ: ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʝʛʫʣʷʨʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʝʪʦʚ 

ʘʚʠʘʮʠʠ. ʅʘ ʨʳʥʢʝ ʈʌ ʧʦʷʚʠʣʘʩʴ ʢʦʤʧʘʥʠʷ çʄʵʧ ʄʝʡʢʝʨè, ʢʦʪʦʨʘʷ 

ʨʘʟʨʘʙʦʪʘʣʘ ʠ ʫʞʝ ʟʘʥʠʤʘʝʪʩʷ ʧʨʦʜʘʞʝʡ ʂʉɸ ʋɺʅ. çʄʵʧ ʄʝʡʢʝʨè ʥʝ 

ʧʫʙʣʠʢʫʝʪ ʊʊʍ ʢʘʤʝʨ ʠ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ, ʥʦ 

ʘʥʘʣʠʟ ʩʘʡʪʘ ʢʦʤʧʘʥʠʠ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʇʝʨʝʜʘʚʘʝʤʦʝ ʥʘ ʵʢʨʘʥ ʠʟʦʙʨʘʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʦ ʢ 
ʨʝʘʣʴʥʦʤʫ ʚʠʜʫ ʠʟ ʂɼʇ. 

- ʉʰʠʚʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʠʟʚʝʜʝʥʘ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ. 

- ʋʛʦʣ ʦʙʟʦʨʘ ʦʜʥʦʡ çʫʜʘʣʝʥʥʦʡ ʙʘʰʥʠè 180Á, ʧʦʵʪʦʤʫ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʵʢʨʘʥʝ ʮʝʣʦʩʪʥʦʡ ʢʘʨʪʠʥʳ ʘʵʨʦʜʨʦʤʘ ʢʦʤʧʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪ 

ʫʩʪʘʥʦʚʢʫ ʜʚʫʭ çʚʳʰʝʢè ʂʉɸ ʋɺʅ ʥʘ ʘʵʨʦʜʨʦʤʝ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɼʘʞʝ ʧʨʠ 

ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʊʊʍ ʩʠʩʪʝʤʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʠ ʨʦʩʩʠʡʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʠʜʝʷ ʚʦʟʚʝʜʝʥʠʷ, ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʜʚʫʭ ʂʉɸ 

ʋɺʅ ʷʚʣʷʝʪʩʷ ʥʝʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ. 

ɸʆ çʂʦʥʮʝʨʥ ɺʂʆ çɸʣʤʘʟ-ɸʥʪʝʡè ʧʦ ʟʘʢʘʟʫ ʌɻʋʇ çɻʦʩʢʦʨʧʦʨʘʮʠʷ ʧʦ 

ʆʨɺɼè ʟʘʥʠʤʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʂʉɸ ʋɺʅ ʥʘ ʘʵʨʦʜʨʦʤʝ 

ʄʘʛʘʥ. ʇʠʣʦʪʥʳʡ ʧʨʦʝʢʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʩʥʘʱʝʥʠʝ ʘʵʨʦʜʨʦʤʘ ʄʘʛʘʥ 

ʩʠʩʪʝʤʦʡ ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʦʟʜʘʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ 

ʧʫʥʢʪʘ ʚ ʗʢʫʪʩʢʦʤ ʮʝʥʪʨʝ ʆɺɼ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʠ 

ʫʜʘʣʝʥʥʦʛʦ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ.  

ʇʦʣʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʂʉɸ ʋɺʅ ʥʘ ʘʵʨʦʜʨʦʤʝ ʄʘʛʘʥ ʟʘʧʣʘʥʠʨʦʚʘʥʘ ʥʘ 

ʢʦʥʝʮ 2022 ʛʦʜʘ. ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʦʚ ʧʦ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʝʛʫʣʷʨʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʸʪʦʚ ʥʘ ʘʵʨʦʜʨʦʤʝ ʄʘʛʘʥ, ʢʦʣʠʯʝʩʪʚʦ ʘʵʨʦʜʨʦʤʦʚ, 

ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʂʉɸ ʋɺʅ, ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʦ. 
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ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʂʉɸ ʋɺʅ ʟʘ ʨʫʙʝʞʦʤ 

ʋʞʝ ʩʝʡʯʘʩ ʝʩʪʴ ʙʦʣʴʰʦʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ. ʊʘʢʠʤʠ ʩʪʨʘʥʘʤʠ ʷʚʣʷʶʪʩʷ: ʅʦʨʚʝʛʠʷ, ɻʝʨʤʘʥʠʷ, 

ʅʠʜʝʨʣʘʥʜʳ, ɺʝʥʛʨʠʷ ʠ ʜʨʫʛʠʝ. ʉʧʠʩʦʢ ʩʪʨʘʥ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʚʩʣʝʜʩʪʚʠʝ ʚʩʝ ʙʦʣʴʰʝʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʚ ʤʠʨʝ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʅʦʨʚʝʛʠʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 4 ʘʵʨʦʧʦʨʪʘ ʩ ʚʚʝʜʝʥʥʳʤ 

ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʫʜʘʣʝʥʥʳʤ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝʤ. ʂ ʢʦʥʮʫ 2022 ʛʦʜʘ ʚ ʧʣʘʥʘʭ 

ʩʪʨʘʥʳ ʫʩʪʘʥʦʚʢʘ ʂʉɸ ʋɺʅ ʚ 15 ʘʵʨʦʧʦʨʪʘʭ ʅʦʨʚʝʛʠʠ, ʟʘʪʝʤ ʜʦʚʝʜʝʥʠʝ ʯʠʩʣʘ 

ʦʩʥʘʱʝʥʥʳʭ ʘʵʨʦʜʨʦʤʦʚ ʜʦ 21 ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʤʝʨ, 

ʦʭʚʘʪʳʚʘʶʱʝʝ ʚʩʸ ʥʝʦʙʭʦʜʠʤʦʝ ʧʦʣʝ ʟʨʝʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʩʪʦʪʫ ʫʩʪʘʥʦʚʢʠ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ʆʜʥʘ ʠʟ ʢʘʤʝʨ ʷʚʣʷʝʪʩʷ 

ʧʘʥʦʨʘʤʥʦʡ ʠ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 5 ʦʙʦʨʦʪʦʚ ʚ ʩʝʢʫʥʜʫ ʥʘ 360 

ʛʨʘʜʫʩʦʚ, ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʙʦʨʦʪʦʚ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʧʘʜʘʥʠʝ ʦʩʘʜʢʦʚ ʢ 

ʩʪʝʢʣʫ. ɺʪʦʨʘʷ ʢʘʤʝʨʘ ï ʠʥʬʨʘʢʨʘʩʥʘʷ. ɼʠʩʧʣʝʡ ʥʘ ʣʦʙʦʚʦʤ ʩʪʝʢʣʝ ï ʧʦʣʥʦʩʪʴʶ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʩʝʥʩʦʨʥʳʤʠ ʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʯʠʢʘʤʠ ʧʘʣʴʮʝʚ. 

ʉʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʧʦ ʬʫʥʢʮʠʦʥʘʣʫ ʢʘʤʝʨʳ, ʯʪʦ 

ʠʩʢʣʶʯʘʝʪ ʠʭ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʴ ʚ ʩʣʫʯʘʝ ʩʙʦʷ. ʆʙʥʦʚʣʝʥʠʝ ʠʥʜʠʢʘʪʦʨʘ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʦʙʲʝʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʟʘʤʝʪʥʳʤ ʦʪʩʪʘʚʘʥʠʝʤ: ʯʝʤ ʚʳʰʝ 

ʩʢʦʨʦʩʪʴ ʦʙʲʝʢʪʘ, ʪʝʤ ʙʦʣʴʰʝʝ ʦʪʩʪʘʚʘʥʠʝ ʨʘʤʢʠ ʚʳʜʝʣʝʥʠʷ ʦʪ ʥʝʛʦ. 

ʂʦʥʩʪʨʫʢʮʠʷ, ʥʘ ʢʦʪʦʨʫʶ ʢʨʝʧʠʪʩʷ PTZ-ʤʦʜʫʣʴ, ʩʦʟʜʘʝʪ ʚʝʩʴʤʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ (ʚʚʠʜʫ ʝʛʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʠʤʝʥʷʪʴ ʤʘʩʩʠʚʥʫʶ ʦʧʦʨʫ) ʟʘʪʝʥʝʥʠʝ ʩʝʢʪʦʨʘ. 

ɺ ɻʝʨʤʘʥʠʠ ʩ 2018 ʛʦʜʘ ʘʵʨʦʧʦʨʪʳ ʪʘʢʠʭ ʛʦʨʦʜʦʚ, ʢʘʢ ʉʘʘʨʙʨʶʢʢʝʥ, 

ʕʨʬʫʨʪ-ɺʝʡʤʘʨ ʠ ɼʨʝʟʜʝʥ ʫʞʝ ʦʩʥʘʱʝʥʳ ʫʜʘʣʝʥʥʳʤʠ ʂɼʇ, ʫʧʨʘʚʣʝʥʠʝ 

ʢʦʪʦʨʳʤʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʛʦʨʦʜʘ ʃʝʡʧʮʠʛ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʂʉɸ ʋɺʅ ʚ ɻʝʨʤʘʥʠʠ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ 

ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ, ʧʦʟʚʦʣʠʣʘ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʦ ʩʠʩʪʝʤʝ. 

ʆʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʢʘʤʝʨʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʥʘ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʝʙʦʣʴʰʠʭ ʧʦ ʨʘʟʤʝʨʫ ʵʢʨʘʥʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦʡ 

ʵʨʛʦʥʦʤʠʯʝʩʢʦʡ ʩʪʦʨʦʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʷ ʜʠʩʧʝʪʯʝʨʘʤ ʚʦʩʧʨʠʥʷʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʩ ʦʜʥʦʛʦ ʫʛʣʘ ʦʙʟʦʨʘ. ʇʨʠ ʵʪʦʤ ʧʘʥʦʨʘʤʘ ʥʘʭʦʜʠʪʩʷ 

ʚʳhʝ ʫʨʦʚʥʷ ʛʣʘʟ, ʘ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʧʨʠʙʣʠʞʝʥʥʳʤ ʦʙʲʝʢʪʦʤ ï ʥʘ ʩʪʦʣʝ, ʯʪʦ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʤʥʦʛʦʟʘʜʘʯʥʦʩʪʠ ʜʠʩʧʝʪʯʝʨʘ. ʉʰʠʚʢʘ ʤʝʞʜʫ ʵʢʨʘʥʘʤʠ ʟʨʠʤʦ 

ʨʘʟʥʠʪʩʷ ʧʦ ʫʨʦʚʥʶ (ʛʦʨʠʟʦʥʪʘʣʠ). ʉʢʦʨʦʩʪʴ ʦʢʥʘ ʚʳʜʝʣʝʥʠʷ ʟʘ ʥʘʙʣʶʜʘʝʤʳʤ 

ʦʙʲʝʢʪʦʤ ʥʠʞʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʜʘʣʝʢʦ, ʠ ʚ 

ʩʣʦʞʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʷʭ (ʥʦʯʥʦʝ ʚʨʝʤʷ, ʪʫʤʘʥ). 

ʉʣʝʜʫʶʱʝʡ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʂʉɸ ʋɺʅ 

ʩʪʨʘʥʦʡ ʷʚʣʷʶʪʩʷ ʅʠʜʝʨʣʘʥʜʳ. ʅʘ ʙʦʣʴʰʦʤ ʵʢʨʘʥʝ ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʦʙʱʘʷ 

ʢʘʨʪʠʥʘ ʤʝʩʪʥʦʩʪʠ ʩ ʜʫʙʣʠʨʦʚʘʥʠʝʤ ʦʙʲʝʢʪʘ (ʩʘʤʦʣʝʪʘ) ʥʘ ʪʦʤ ʞʝ ʵʢʨʘʥʝ ʚ 

ʦʪʜʝʣʴʥʦʤ ʦʢʥʝ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʥʠʜʝʨʣʘʥʜʩʢʦʡ ʩʠʩʪʝʤʳ ʫʜʘʣʝʥʥʦʛʦ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʪʘʢʞʝ 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʟʘʤʝʯʘʥʠʷ. ʀʩʢʘʞʝʥʠʝ ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʣʦʩʢʦʩʪʷʤ 

ʥʘ ʤʝʩʪʝ ʩʪʳʢʦʚ ʵʢʨʘʥʦʚ ʩʣʫʞʠʪ ʬʘʢʪʦʨʦʤ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʱʠʤ ʥʘ 
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ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʟʣʝʪʦʚ ʠ ʧʦʩʘʜʦʢ. ʇʨʠʙʣʠʞʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ, 

ʚʳʧʦʣʥʷʶʱʝʡ ʬʫʥʢʮʠʶ ʙʠʥʦʢʣʷ, ʦʙʲʝʢʪ ʥʘʙʣʶʜʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʢʥʝ ʩ 

ʦʙʱʝʡ ʧʘʥʦʨʘʤʦʡ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʝʨʝʢʨʳʪʠʝʤ ʚʘʞʥʦʡ ʟʦʥʳ. ʈʘʩʩʣʦʝʥʠʝ 

ʨʘʤʢʠ ʥʘ ʦʙʲʝʢʪʝ (ʜʚʝ ʚʤʝʩʪʦ ʦʜʥʦʡ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʩʪʘʭ), ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʥʠ ʦʙʲʝʢʪʘ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʦʙʲʝʢʪ. 

ʉʘʤʳʤ ʥʝʩʪʘʥʜʘʨʪʥʳʤ ʧʦʜʭʦʜʦʤ ʚ ʩʦʟʜʘʥʠʠ ʂʉɸ ʋɺʅ ʦʙʣʘʜʘʝʪ ɺʝʥʛʨʠʷ. 

ʂʘʤʝʨʳ ʥʘ ʘʵʨʦʜʨʦʤʝ ɹʫʜʘʧʝʰʪʘ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝ ʥʘ ʦʜʥʦʡ çʚʳʰʢʝè, ʘ ʥʘ ʪʨʝʭ 

ʦʪʜʝʣʴʥʳʭ. 

ʉʦʜʝʨʞʠʤʦʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʛʠʛʘʥʪʩʢʦʡ ʚʠʜʝʦʩʪʝʥʝ ʩ 32 ʵʢʨʘʥʘʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦ. ʉʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ 14 ʢʘʤʝʨ, 3 

ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʚʘʨʠʦʦʙʲʝʢʪʠʚ ʠ ʨʘʙʦʪʘʶʪ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ 

ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʢʘʤʝʨ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʨʘʤʢʠ-ʚʳʜʝʣʠʪʝʣʷ 

ʜʣʷ ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʷ. ʉʠʩʪʝʤʘ ʥʝ ʜʦʙʘʚʣʷʝʪ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʝʠʤʫʱʝʩʪʚ ʢ 

ʦʙʳʯʥʦʤʫ ʚʠʜʫ ʠʟ ʦʢʥʘ, ʪʘʢ ʢʘʢ ʠʥʬʨʘʢʨʘʩʥʳʝ ʢʘʤʝʨʳ ʚʢʣʶʯʘʶʪʩʷ ʥʝ ʚʩʝʛʜʘ, 

ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʪʝʤʥʦʪʳ. ʇʨʠ ʵʪʦʤ ʦʙʱʘʷ ʢʘʨʪʠʥʘ ʥʝ ʩʦʟʜʘʝʪ ʚʠʜʠʤʦʩʪʴ 

ʧʘʥʦʨʘʤʳ ʜʠʩʧʝʪʯʝʨʘ, ʪʘʢ ʢʘʢ ʢʘʤʝʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʘʵʨʦʜʨʦʤʘ 

(ʧʘʥʦʨʘʤʘ ʩʦʩʪʦʠʪ ʠʟ 32 ʥʝ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪʦʚ). 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ ʧʦʚʳʰʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ 

ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʚʥʝʜʨʝʥʠʝ ʂʉɸ ʋɺʅ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʝʛʫʣʷʨʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʸʪʦʚ ʥʘ ʘʵʨʦʜʨʦʤʘʭ ʈʌ. ʕʪʦ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʥʦʩʠʪʩʷ ʢ ʘʵʨʦʜʨʦʤʘʤ ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦʣʸʪʦʚ. ɺ 

ʭʦʜʝ ʘʥʘʣʠʟʘ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʧʨʦʪʠʚʦʨʝʯʠʷ, ʙʝʟ 

ʫʩʪʨʘʥʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʛʨʘʤʦʪʥʦ ʩʦʩʪʘʚʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʂʉɸ ʋɺʅ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʠ ʦʜʥʘ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ 

ʨʳʥʢʝ ʈʌ ʩʠʩʪʝʤ ʥʝ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʥʘ ʘʵʨʦʜʨʦʤʝ. ʇʨʠ ʵʪʦʤ ʝʩʪʴ 

ʙʦʣʴʰʦʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. ʉʧʠʩʦʢ ʩʪʨʘʥ ʩ 

ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʚʩʸ ʙʦʣʴʰʝʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʚ ʤʠʨʝ. 
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ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

(ʛ. ʄʦʩʢʚʘ) 
 

ɸʥʥʦʪʘʮʠʷ. ʆʧʨʝʜʝʣʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʤ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʢʦʣʝʙʘʥʠʝʤ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʧʝʢʪʨ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-

ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ. ɸʤʧʣʠʪʫʜʘ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʠ 

ʘʤʧʣʠʪʫʜʳ ʙʦʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʝʣʠʯʠʥʳ ʜʝʚʠʘʮʠʠ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ 

ʠ ʝʛʦ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʜʝʚʠʘʮʠʠ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ. ʕʣʣʠʧʩ ʧʦʣʷʨʠʟʘʮʠʠ 

ʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ ʦʨʪʦʛʦʥʘʣʝʥ ʵʣʣʠʧʩʫ ʥʝʯʝʪʥʳʭ. ʋʛʦʣ ʦʨʠʝʥʪʘʮʠʠ ʦʩʝʡ ʵʣʣʠʧʩʘ ʯʝʪʥʳʭ 

ʛʘʨʤʦʥʠʢ ʩʦʚʧʘʜʘʝʪ ʩ ʫʛʣʦʤ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ, ʘ ʫ ʥʝʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ ʝʛʦ 

ʦʩʠ ʦʨʪʦʛʦʥʘʣʴʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʩʷʤ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʯʝʪʥʳʭ ʠ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʤʦʜʫʣʷʮʠʷ, ʫʛʦʣ ʵʣʣʠʧʪʠʯʥʦʩʪʠ, ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʘʥʘʣʠʟ. 
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Abstract. The spectral composition of orthogonal linearly polarizing components of the 

field is determined when the ellipticity angle is modulated by an elementary sinusoidal oscillation. 

Analysis of the spectrum of orthogonal components of the polarization-modulated 

oscillation depends significantly on the initial values of the polarization structure parameters of the 

unmodulated oscillation. Amplitude of the carrier oscillation and amplitudes of the side components 

depend significantly on the ellipticity angle deviation and its initial value. Selection of the deviation 

value during modulation leads to a repartition of energy between the harmonic components. The 

polarization ellipse of even harmonics is orthogonal to the ellipse of uneven harmonics. The 

orientation angle of the ellipse axes of even harmonics coincides with the orientation angle of the 

carrier oscillation ellipse, and axes of uneven harmonics are orthogonal to the corresponding axes of 

the polarization ellipse of even harmonics and carrier oscillations. 

Keywords: polarization modulation, ellipticity angle, spectral analysis. 



28 

ɺʚʝʜʝʥʠʝ 

ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʭʤʝʨʥʳʤʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-

ʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʧʨʠʚʝʣ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʦ ʝʩʪʴ ʘʥʘʣʠʟʘ ʘʤʧʣʠʪʫʜʥʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʧʝʢʪʨʘ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʚʩʝʛʦ 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ. 

ʇʨʠ ʤʦʜʫʣʷʮʠʠ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʷ ʦʩʝʡ ʵʣʣʠʧʩʘ 

ʧʦʣʷʨʠʟʘʮʠʠ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʟʘʢʦʥʦʤ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʠʜʦʠʟʤʝʥʷʝʪʩʷ ʬʦʨʤʘ ʵʣʣʠʧʩʘ. 

 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ 

ʆʧʨʝʜʝʣʠʤ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ 

ʵʣʝʤʝʥʪʘʨʥʳʤ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʢʦʣʝʙʘʥʠʝʤ. 

ɺʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [1] 

 

Ὡὸ Ὁ ὧέί•ὧέί‫ὸὭίὭὲ•ίὭὲ‫ὸὩ ,   (1) 

 

ʛʜʝ Ὡ ὧέί—ὭίὭὲ—; 

 •, — ï ʫʛʣʳ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ 
ʧʦʣʷʨʠʟʘʮʠʠ. 

ʀʟ ʬʦʨʤʫʣʳ (1) ʩʣʝʜʫʝʪ: 

 
Ὡ ὸ Ὁ ὧέί•ὧέί—ὧέί‫ὸᶸίὭὲ•ίὭὲ—ίὭὲ‫ὸȠ

Ὡ ὸ Ὁ ὧέί•ίὭὲ—ὧέί‫ὸίὭὲ•ὧέί—ίὭὲ‫ὸȢ
   (2) 

 

ɺʳʨʘʞʝʥʠʷ (2) ʠʤʝʶʪ ʦʯʝʥʴ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ 

ʤʦʜʫʣʷʮʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʧʘʨʘʤʝʪʨʳ • ʠ — ʩʜʝʣʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ 
ʦʙʨʘʟʦʤ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʪʦ ʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʩʧʦʩʦʙ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʤʦʜʫʣʷʮʠʠ. ʅʘʧʨʠʤʝʨ, 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ 

(ʇʄʅű). 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣʳ (2), ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʦʜʫʣʷʮʠʠ 

ʧʦ ʫʛʣʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ [1, 2]: 

 
Ὡ ὸ Ὁ ὧέί•ὸὧέί—ὧέί‫ὸᶸίὭὲ•ὸίὭὲ—ίὭὲ‫ὸȠ

Ὡ ὸ Ὁ ὧέί•ὸίὭὲ—ὧέί‫ὸίὭὲ•ὸὧέί—ίὭὲ‫ὸȟ
 (3) 

 

ʛʜʝ — ï ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ 

ʧʦʣʷʨʠʟʘʮʠʠ. 

ʇʫʩʪʴ 

•ὸ • Ὢ ὸ (4) 
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ʛʜʝ Ὢ ὸ ï ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʠʟʤʝʥʷʶʱʝʝʩʷ ʚʦ ʚʨʝʤʝʥʠ 

ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ; 

 •  ï ʥʘʯʘʣʴʥʦʝ (ʩʨʝʜʥʝʝ) ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʝʞʠʤʫ çʥʝʩʫʱʝʡè. 

ʇʨʠ ʤʦʜʫʣʷʮʠʠ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʝʤ 

ʠʟʤʝʥʷʶʱʫʶʩʷ ʯʘʩʪʴ ʚʳʨʘʞʝʥʠʷ (4) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 

 

Ὢ ὸ ὯὟ ÓÉÎ ὸ   ȟ (5) 

 

ʛʜʝ Ὧ Ў•Ὗϳ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʫʪʠʟʥʳ ʤʦʜʫʣʷʮʠʦʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

 Ў• ï ʜʝʚʠʘʮʠʷ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ; 

 Ὗ  ï ʘʤʧʣʠʪʫʜʘ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ; 

    ï ʯʘʩʪʦʪʘ ʤʦʜʫʣʷʮʠʠ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ; 

    ï ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʫʶ ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʨʘʚʥʦʡ ʥʫʣʶ. 

ʀʤʝʝʤ 

 

•ὸ • Ў•ίὭὲ ὸ. (6) 

 

ʇʨʦʠʟʚʝʜʷ ʧʦʜʩʪʘʥʦʚʢʫ ʚʳʨʘʞʝʥʠʷ (6) ʚ ʬʦʨʤʫʣʳ (3), ʧʦʣʫʯʘʝʤ: 

Ὡ ὸ Ὁ ὧέί• Ў•ίὭὲ ὸὧέί—ὧέί•‫ὸᶸίὭὲ Ў•ίὭὲ ὸίὭὲ—ίὭὲ‫ὸȠ 

Ὡ ὸ Ὁ ὧέί• Ў•ίὭὲ ὸίὭὲ—ὧέί•‫ὸίὭὲ Ў•ίὭὲ ὸὧέί—ίὭὲ‫ὸȢ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʧʨʝʜʩʪʘʚʠʤ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩ ʫʯʝʪʦʤ ʬʘʟʦʚʦʛʦ ʩʧʝʢʪʨʘ [1, 3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʨʘʞʝʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʧʦ ʫʛʣʫ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩ ʫʯʝʪʦʤ 

ʘʤʧʣʠʪʫʜʥʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʧʝʢʪʨʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ. 

ʇʨʠ ʧʨʘʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

 
Ὡ ὸ ὉÃÏÓ—ÃÏÓ•ὐЎ•ÓÉÎ‫ὸ “ςϳ

ὉÃÏÓ—ÃÏÓ• ὐ Ў• ÓÉÎὃ “ςϳ ÓÉÎὄ “ςϳ

ὉÃÏÓ—ÓÉÎ• ὐ Ў• ÓÉÎὅ “ ÓÉÎὈ

ὉÓÉÎ—ÓÉÎ•ὐЎ•ÓÉÎ‫ὸ “

ὉÓÉÎ—ÓÉÎ• ὐ Ў• ÓÉÎὓ “ ÓÉÎὔ “

              χ 
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ὉÓÉÎ—ÃÏÓ• ὐ Ў• ÓÉÎὊ “ςϳ ÓÉÎὋ “ςϳ ȟ      

 

ʛʜʝ A = ‫ ςὲ  ὸ;  B = ‫ ςὲ  ὸ; 

 C = ‫ ςὲ ρ  ὸ;  D = ‫ ςὲ ρ  ὸ; 

 M = ‫ ςὲ  ὸ;  N = ‫ ςὲ  ὸ; 

 F = ‫ ςὲ ρ  ὸ;  G = ‫ ςὲ ρ  ὸ; 

 ὐЎ•ȟȣȟὐЎ•  ï ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʨʘʟʥʳʭ ʧʦʨʷʜʢʦʚ 

(n) ʩ ʠʥʜʝʢʩʘʤʠ Ў• ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 
Ὡ ὸ ὉÓÉÎ—ÃÏÓ•ὐЎ•ÓÉÎ‫ὸ “ςϳ

ὉÓÉÎ—ÃÏÓ• ὐ Ў• ÓÉÎὃ “ςϳ ÓÉÎὄ “ςϳ

ὉÓÉÎ—ÓÉÎ• ὐ Ў• ÓÉÎὅ “ ÓÉÎὈ

ὉÃÏÓ—ÓÉÎ• ὐЎ•ÓÉÎ‫ὸ

ὉÃÏÓ—ÓÉÎ• ὐ Ў• ÓÉÎὓ “ ÓÉÎὔ “

ὉÃÏÓ—ÃÏÓ• ὐ Ў• ÓÉÎὊ “ςϳ ÓÉÎὋ “ςϳ Ȣ

       ψ 

 

ʇʨʠ ʣʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

 
Ὡ ὸ ὉÃÏÓ—ÃÏÓ•ὐЎ•ÓÉÎ‫ὸ “ςϳ

ὉÃÏÓ—ÃÏÓ• ὐ Ў• ÓÉÎὃ “ςϳ ÓÉÎὄ “ςϳ

ὉÃÏÓ—ÓÉÎ• ὐ Ў• ÓÉÎὅ “ ÓÉÎὈ

ὉÓÉÎ—ÓÉÎ•ὐЎ•ÓÉÎ‫ὸ

ὉÓÉÎ—ÓÉÎ• ὐ Ў• ÓÉÎὃ ÓÉÎὄ

ὉÓÉÎ—ÃÏÓ• ὐ Ў• ÓÉÎὅ “ςϳ ÓÉÎὊ “ςϳ Ȣ

       ω 
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ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ὉÓÉÎ—ÃÏÓ• ὐ Ў• ÓÉÎὃ “ςϳ ÓÉÎὄ “ςϳ  

 

ὉÓÉÎ—ÓÉÎ• ὐ Ў• ÓÉÎὅ “ ÓÉÎὈ  

 

ὉÃÏÓ—ÓÉÎ•ὐЎ•ÓÉÎ‫ὸ “  

 

ὉÃÏÓ—ÓÉÎ• ὐ Ў• ÓÉÎὓ “ ÓÉÎὔ “  

 

ὉÃÏÓ—ÃÏÓ• ὐ Ў• ÓÉÎὊ “ςϳ ÓÉÎὋ “ςϳ Ȣ 

 

(10) 

 

ʉʧʝʢʪʨ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ 

ʢʦʣʝʙʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ. 

ʇʨʠ — π, ʪʦ ʝʩʪʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʩʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ 
ʦʢʘʟʳʚʘʶʪʩʷ ʩʦʚʤʝʱʝʥʥʳʤʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʩʷʤʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

XOY, ʩʧʝʢʪʨ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 

 

Ὡ ὸ ὉÃÏÓ•ὐЎ•ÓÉÎ‫ὸ “ςϳ  

 

ὉÃÏÓ• ὐ Ў• ÓÉÎὃ “ςϳ ÓÉÎὄ “ςϳ  

 

ὉÓÉÎ• ὐ Ў• ÓÉÎὅ “ ÓÉÎὈȢ 

(11) 

 

ɺʳʨʘʞʝʥʠʝ (11) ʩʧʨʘʚʝʜʣʠʚʦ ʢʘʢ ʜʣʷ ʩʣʫʯʘʷ ʧʨʘʚʦʛʦ, ʪʘʢ ʠ ʣʝʚʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ Ὡ ὸ ʨʘʟʣʠʯʥʳ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʨʘʞʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ: 

ï ʧʨʠ ʧʨʘʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ 
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Ὡ ὸ ὉÓÉÎ•ὐЎ•ÓÉÎ‫ὸ

ὉÓÉÎ• ὐ Ў• ÓÉÎὃ ÓÉÎὄ

ὉÃÏÓ• ὐ Ў• ÓÉÎὅ “ςϳ ÓÉÎὈ “ςϳ Ƞ

                 ρς 

 

ï ʧʨʠ ʣʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ 
 

Ὡ ὸ ὉÓÉÎ•ὐЎ•ÓÉÎ‫ὸ “                                ρσ 

ὉÓÉÎ• ὐ Ў• ÓÉÎὃ “ ÓÉÎὄ “

ὉÃÏÓ• ὐ Ў• ÓÉÎὅ “ςϳ ÓÉÎὈ “ςϳ Ȣ

 

 

ɸʤʧʣʠʪʫʜʘ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʠ ʘʤʧʣʠʪʫʜʳ ʙʦʢʦʚʳʭ 

ʢʦʤʧʦʥʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʬʫʥʢʮʠʷʤ ɹʝʩʩʝʣʷ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ 

ʦʪ ʚʝʣʠʯʠʥʳ ʜʝʚʠʘʮʠʠ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʠ ʝʛʦ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ • . 

ɺʳʙʦʨ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ •  ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʢʣʘʜʳʚʘʝʪ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʜʝʚʠʘʮʠʠ Ў•. ʇʫʩʪʴ • π, ʪʦ ʝʩʪʴ ʠʩʭʦʜʥʳʤ 
ʩʦʩʪʦʷʥʠʝʤ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʷʚʣʷʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʚʦʣʥʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʫʣʷʮʠʠ ʫʛʣʘ 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ (ʥʦ ʥʝʩʠʤʤʝʪʨʠʯʥʦʤ ʠʟʤʝʥʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ) 

ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 100-ʧʨʦʮʝʥʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʘʤʧʣʠʪʫʜʳ ʢʘʞʜʦʡ 

ʠʟ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʜʝʚʠʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ “Ⱦς. 
ʇʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ, ʢʨʦʤʝ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʬʦʨʤʳ ʵʣʣʠʧʩʘ, ʙʫʜʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʩʦʩʪʘʚʣʷʶʱʝʡ Ὡ ὸ. 

ʉʦʚʝʨʰʝʥʥʦ ʘʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʧʨʠ ῳ• “Ⱦς ʠ 
• “Ⱦς (ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʙʫʜʝʪ ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʚʦʣʥʳ) ʩ ʪʦʡ 
ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ •  ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ 

ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʢʦʤʧʦʥʝʥʪʘ Ὡ ὸ.  

ʇʨʠ • “Ⱦτ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ 
ʷʚʣʷʝʪʩʷ ʚʦʣʥʘ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʟʥʘʯʝʥʠʷ ʫʛʣʘ 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ. 

ʇʨʠ • π ʢʦʤʧʦʥʝʥʪʘ Ὡ ὸ ʦʢʘʟʳʚʘʝʪʩʷ ʩ ʧʦʜʘʚʣʝʥʥʦʡ ʛʘʨʤʦʥʠʢʦʡ 

ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ. ɺ ʢʦʤʧʦʥʝʥʪʝ Ὡ ὸ ʦʩʪʘʣʠʩʴ ʪʦʣʴʢʦ ʯʝʪʥʳʝ, ʘ ʚ ʩʦʩʪʘʚʝ 

Ὡ ὸ ï ʥʝʯʝʪʥʳʝ ʛʘʨʤʦʥʠʢʠ. 
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ʇʨʠ • “Ⱦς: 
ï ʝʩʣʠ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʢʦʣʝʙʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʚʦʣʥʘ, ʪʦ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʩʪʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʩʣʫʯʘʶ 

• π ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʩʧʝʢʪʨ ʩʦʩʪʘʚʣʷʶʱʝʡ Ὡ ὸ ʙʫʜʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʧʝʢʪʨʫ Ὡ ὸ, ʘ ʩʧʝʢʪʨ Ὡ ὸ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʧʝʢʪʨʫ 

Ὡ ὸ, ʥʦ ʧʨʠ • “Ⱦς; 
ï ʝʩʣʠ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʦʣʥʘ ʩ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ (• “Ⱦτ), ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʧʝʢʪʨ ʢʦʣʝʙʘʥʠʷ 
ʢʦʤʧʦʥʝʥʪ Ὡ ὸ ʠ Ὡ ὸ ʩʦʜʝʨʞʠʪ ʚʩʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. 

ɺʤʝʩʪʦ ʯʣʝʥʘ ίὭὲ•  ʠ ὧέί•  ʙʫʜʫʪ ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ЍςȾς. 
ʆʙʱʝʝ ʯʠʩʣʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʦʭʨʘʥʷʝʪʩʷ. 

ɸʤʧʣʠʪʫʜʥʳʡ ʠ ʬʘʟʦʚʳʡ ʩʧʝʢʪʨ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʡ (7) ï (10). 

ʇʘʨʘʤʝʪʨʳ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʘʞʜʦʡ ʛʘʨʤʦʥʠʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʦ ʟʥʘʯʝʥʠʷʤ ʘʤʧʣʠʪʫʜ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʨʘʟʥʦʩʪʠ ʬʘʟ ʤʝʞʜʫ 

ʥʠʤʠ. ʈʘʩʯʝʪ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʦʨʪʦʛʦʥʘʣʴʥʦ ʣʠʥʝʡʥʦʤ ʙʘʟʠʩʝ ʨʘʟʣʦʞʝʥʠʷ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ [3]. 

ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʪʦʣʴʢʦ ʜʣʷ ʩʣʫʯʘʷ ʧʨʘʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ •  ʦʪ 0 ʜʦ “Ⱦτ, 
ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʩʧʝʢʪʨ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʣʠʥʝʡʥʦʛʦ 

(• π) ʜʦ ʩʧʝʢʪʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʪʦʣʴʢʦ ʠʟ ʛʘʨʤʦʥʠʢ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 
(• “Ⱦτ). ʇʨʠ • π ʣʠʥʝʡʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʛʘʨʤʦʥʠʢ, ʯʝʨʝʜʫʷʩʴ, ʩʦʚʧʘʜʘʝʪ 
ʣʠʙʦ ʩ ʦʩʴʶ OX, ʣʠʙʦ ʩ ʦʩʴʶ OY, ʪʦ ʝʩʪʴ ʥʘ ʦʜʥʦʡ ʣʶʙʦʡ ʯʘʩʪʦʪʝ ʩʧʝʢʪʨʘ 

ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʛʘʨʤʦʥʠʢʘ. ʇʨʠ ʜʨʫʛʠʭ 

ʟʥʘʯʝʥʠʷʭ •  ʥʘ ʢʘʞʜʦʡ ʯʘʩʪʦʪʝ ʩʧʝʢʪʨʘ ʠʤʝʶʪʩʷ ʜʚʝ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ ʤʝʞʜʫ ʥʠʤʠ. 

ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʜʚʫʭʤʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʢʘʞʜʦʡ ʛʘʨʤʦʥʠʢʠ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʵʪʠʭ ʛʘʨʤʦʥʠʢ ʩ ʵʣʣʠʧʪʠʯʝʩʢʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ. ʂʘʞʜʳʡ ʵʣʣʠʧʩ ʛʘʨʤʦʥʠʢ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʠ ʫʛʦʣ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 

ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ῳ• ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ 
ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ. 

ɽʩʣʠ ῳ• “Ⱦτ, ʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʩʦʡ 
ʯʘʩʪʦʪ ‫  , ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʛʣʫʙʦʢʘʷ ʤʦʜʫʣʷʮʠʷ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʛʘʨʤʦʥʠʢʝ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ. 

ʇʨʠ ῳ• “Ⱦς ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʛʣʫʙʦʢʘʷ ʤʦʜʫʣʷʮʠʷ, ʧʨʠ ʵʪʦʤ ʩʧʝʢʪʨ 

ʨʘʩʰʠʨʷʝʪʩʷ ʠ ʧʦʣʦʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʩʦʡ ʯʘʩʪʦʪ ‫ ς  . 

ʅʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʝ 

ʠʜʝʥʪʠʯʥʦ ʫ ʛʘʨʤʦʥʠʢ ʩʧʝʢʪʨʘ ʠ ʯʝʨʝʜʫʝʪʩʷ ʧʦ ʩʧʝʢʪʨʫ. ʋ ʛʘʨʤʦʥʠʢ ʯʘʩʪʦʪ 

‫    ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʛʘʨʤʦʥʠʢʠ ʥʝʩʫʱʝʡ 
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ʯʘʩʪʦʪʳ, ʘ ʥʘ ʯʘʩʪʦʪʘʭ ‫ ς   ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ 

ʧʦʣʷ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ. ʅʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠ ̫ ʚʝʢʪʦʨʘ ʧʦʣʷ 

ʛʘʨʤʦʥʠʢʠ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʚ ʨʝʞʠʤʝ ʤʦʜʫʣʷʮʠʠ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʫ 

ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʚʩʝʛʜʘ ʠʜʝʥʪʠʯʥʳ. 

ʇʨʠ ʚʝʢʪʦʨʝ •  ʚ ʧʨʝʜʝʣʘʭ ʦʪ “Ⱦτ ʜʦ “Ⱦς ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʩʦʭʨʘʥʷʝʪʩʷ. ʆʜʥʘʢʦ ʦʨʠʝʥʪʘʮʠʷ ʦʩʝʡ ʵʣʣʠʧʩʘ 

ʧʦʣʷʨʠʟʘʮʠʠ ʛʘʨʤʦʥʠʢ ʤʝʥʷʝʪʩʷ ʥʘ “Ⱦς, ʘ ʩʧʝʢʪʨ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 
ʢʦʤʧʦʥʝʥʪ ʧʨʠ • “Ⱦς ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʛʘʪʠʚʥʳʤ ʩʧʝʢʪʨʫ ʧʨʠ • π. 

ɽʩʣʠ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʢʦʣʝʙʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʣʥʫ ʣʝʚʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ, ʪʦ ʚʩʝ ʚʳʚʦʜʳ ʧʦ ʘʥʘʣʠʟʫ ʩʧʝʢʪʨʘ ʩʦʭʨʘʥʷʶʪʩʷ ʩ ʪʦʡ 

ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʦʚ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʛʘʨʤʦʥʠʢ ʩʧʝʢʪʨʘ ʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʤʦʜʫʣʷʮʠʠ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʚ ʢʨʫʛʦʚʦʤ ʙʘʟʠʩʝ 

ʨʘʟʣʦʞʝʥʠʷ. 

ʊʘʢʦʡ ʘʥʘʣʠʟ ʥʝʦʙʭʦʜʠʤ ʧʨʠ ʧʨʠʝʤʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ 

ʢʦʣʝʙʘʥʠʷ ʥʘ ʜʚʝ ʘʥʪʝʥʥʳ ʢʨʫʛʦʚʦʡ, ʥʦ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ʅʘʡʜʝʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪʜʝʣʴʥʳʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʝʢʪʨʘ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ [2, 4, 5]: 

 

Ὡ ὸ ρЍςϳ Ὡ ὸ ὩȋὸȠ

Ὡ ὸ ρЍςϳ Ὡ ὸ Ὡȋὸȟ
 (14) 

 
ʛʜʝ Å Ô ï ʩʠʛʥʘʣ, ʩʦʧʨʷʞʝʥʥʳʡ ʧʦ ɻʠʣʙɹʝʨʪʫ ʩ ʩʠʛʥʘʣʦʤ Ὡ ὸ. 

ʇʨʦʠʟʚʝʜʷ ʧʦʜʩʪʘʥʦʚʢʫ (3) ʚ (14) ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ “Ⱦτ •ὸ “Ⱦτ, ʘ 
Ὸὸ Ὸ ὧέὲίὸ, ʣʝʞʘʱʝʝ ʚ ʧʨʝʜʝʣʘʭ π Ὸ “, ʧʦʣʫʯʠʤ: 

 
Ὁ ὸ Ὁὐῳ•ὧέί• “Ⱦτ

ςὉὧέί• “Ⱦτ ὐ ῳ•ὧέίςὲ ὸ

ςὉίὭὲ• “Ⱦτ ὐ ῳ•ίὭὲςὲ ρ ὸȠ

                  ρυ 

 
Ὁ ὸ Ὁὐῳ•ὧέί• “Ⱦτ

 ςὉὧέί• “Ⱦτ ὐ ῳ•ὧέίςὲ ὸ

 ςὉίὭὲ• “Ⱦτ ὐ ῳ•ίὭὲςὲ ρ ὸȢ

                  ρφ 
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ʇʘʨʘʤʝʪʨʳ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʘʨʤʦʥʠʢ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ: 

 

ὸὫ• ȿÃÏÓὛȿ ȿÃÏÓὝȿ ȿÃÏÓὛȿ ȿÃÏÓὝȿϳ Ƞ

ὸὫ• ȿÓÉÎὛȿ ȿÓÉÎὝȿ ȿÓÉÎὛȿ ȿÓÉÎὝȿϳ ȟ
                       ρχ 

 

ʛʜʝ Ὓ • “τϳ ; Ὕ • “τϳ . 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʳʨʘʞʝʥʠʝ (17) ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1) ʵʣʣʠʧʩ ʧʦʣʷʨʠʟʘʮʠʠ ʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ ʦʨʪʦʛʦʥʘʣʝʥ ʵʣʣʠʧʩʫ ʥʝʯʝʪʥʳʭ; 

2) ʫʛʦʣ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʚʩʝʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʜʠʥʘʢʦʚ ʠ 

ʪʦʯʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʫʛʣʦʤ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʠ ʫʛʣʦʤ 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʚ ʨʝʞʠʤʝ ʤʦʜʫʣʷʮʠʠ; 

3) ʫʛʦʣ ʦʨʠʝʥʪʘʮʠʠ ʦʩʝʡ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ 

ʩʦʚʧʘʜʘʝʪ ʩ ʫʛʣʦʤ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ, ʘ ʫ ʥʝʯʝʪʥʳʭ 

ʛʘʨʤʦʥʠʢ ʝʛʦ ʦʩʠ ʦʨʪʦʛʦʥʘʣʴʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʩʷʤ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ 

ʯʝʪʥʳʭ ʠ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ; 

4) ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʥʝʩʫʱʝʛʦ 

ʢʦʣʝʙʘʥʠʷ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʧʦʣʷ ʥʝʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʠʤ; 

5) ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʩʧʝʢʪʨ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʠʥʜʝʢʩʘ ʤʦʜʫʣʷʮʠʠ; 

6) ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨʦʤ •ȟῸ  ʠ 

ῳ•. 
ʇʦʣʫʯʝʥʥʳʝ ʚʳʚʦʜʳ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ ʘʥʘʣʠʟʦʤ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ 

ʢʦʣʝʙʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʣʠʥʝʡʥʦʤ ʙʘʟʠʩʝ ʨʘʟʣʦʞʝʥʠʷ. 
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ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ  

(ʛ. ʄʦʩʢʚʘ) 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʤʦʜʫʣʷʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʜʫʣʠʨʫʶʪʩʷ 

ʢʘʢ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʪʘʢ ʠ ʠʭ ʬʘʟʳ, ʧʨʠ ʵʪʦʤ ʩʫʤʤʘ 

ʢʚʘʜʨʘʪʦʚ ʘʤʧʣʠʪʫʜ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʫʣʷʮʠʠ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʷʤʠ ʤʦʜʫʣʷʮʠʝʡ ʫʛʣʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ. ʆʧʨʝʜʝʣʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ ʧʨʠ ʪʘʢʦʡ ʤʦʜʫʣʷʮʠʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʙʦʨʦʤ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʦʜʫʣʷʮʠʠ) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʘ ʜʝʚʠʘʮʠʠ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʩʧʝʢʪʨ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʯʣʝʥʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʘʤʧʣʠʪʫʜ ʛʘʨʤʦʥʠʢ ʠ ʬʘʟ. ʅʘʣʠʯʠʝ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ 

ʤʝʞʜʫ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʛʘʨʤʦʥʠʢ ʧʨʠʚʦʜʠʪ ʢ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

ʵʪʠʭ ʛʘʨʤʦʥʠʢ. ʅʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʩʝʭ ʛʘʨʤʦʥʠʢ 

ʠʜʝʥʪʠʯʥʦ ʠ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʧʦʣʷ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʤʦʜʫʣʷʮʠʷ, ʫʛʦʣ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ, 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ. 

 

SPECTRAL STRUCTURE OF SIGNALS WITH MODULATION OF THE 

SPATIAL ORIENTATION ANGLE OF THE POLARIZATION ELLIPSE  

 

Vlasyuk A. P. 

Sirbo V. A. 

Yamanov D. N., Candidate of Technical Sciences  

 

Moscow State Technical University of Civil Aviation 

(Moscow) 

 
Abstract. Parameters of the polarization structure (amplitudes and phases of the polarization 

orthogonal components) are modulated, and the sum of the squares of the amplitudes of the 

orthogonal components remains constant during modulation. 

Issues of control of oscillations by modulation of the spatial orientation angle of the 

polarization ellipse are considered in this article. The spectral composition of orthogonal linearly 

polarizing components with this modulation is determined. 

Selection of the orientation angle (without modulation) determines the orientation angle 

deviation. It affects the spectrum of the polarization orthogonal components of the modulated 

oscillation. A change in the number of terms of the spectral decomposition leads to a change in the 

amplitudes of harmonics and phases. The presence of phase shifts between the orthogonal 
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components of harmonics leads to elliptical polarization of these harmonics. The direction of 

rotation of the electric field vector of all harmonics is identical and coincides with the direction of 

rotation of the field vector of the carrier oscillation. 

Keywords: polarization modulation, ellipse orientation angle, spectral analysis. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʢʦʣʝʙʘʥʠʝ ʷʚʣʷʝʪʩʷ ʜʚʫʭʤʝʨʥʳʤ 

ʩʠʛʥʘʣʦʤ. 

ʇʨʦʮʝʩʩ ʤʦʜʫʣʷʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʳʤ ʚʠʜʦʤ ʤʦʜʫʣʷʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʜʫʣʠʨʫʶʪʩʷ ʢʘʢ ʘʤʧʣʠʪʫʜʳ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʪʘʢ ʠ ʠʭ ʬʘʟʳ, ʧʨʠ ʵʪʦʤ ʩʫʤʤʘ 

ʢʚʘʜʨʘʪʦʚ ʘʤʧʣʠʪʫʜ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚ 

ʧʨʦʮʝʩʩʝ ʤʦʜʫʣʷʮʠʠ. 

ʇʨʠ ʤʦʜʫʣʷʮʠʠ ʫʛʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ 

ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʫʛʦʣ ʵʣʣʠʧʪʠʯʥʦʩʪʠ, ʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ 

ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʫʛʦʣ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ. 

 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ 

ʆʧʨʝʜʝʣʠʤ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʫʛʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ. 

ɺʳʨʘʞʝʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʨʠ 

ʪʘʢʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʤʦʜʫʣʷʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 

[1]: 

 
Ὡ ὸ Ὁ ÃÏÓ•ÃÏÓ—ὸÃÏÓ‫ὸᴜ ÓÉÎ•ÓÉÎ—ὸÓÉÎ‫ὸȠ

Ὡ ὸ Ὁ ÃÏÓ•ÓÉÎ—ὸÃÏÓ‫ὸ ÓÉÎ•ÃÏÓ—ὸÓÉÎ‫ὸȟ
 (1) 

 

ʛʜʝ •  ï ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ 

ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ. 

ʇʫʩʪʴ 

 

—ὸ — Ὢὸȟ 
 

ʛʜʝ Ὢὸ ï ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʠʟʤʝʥʷʶʱʝʝʩʷ ʚʦ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʝ 

ʫʛʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ; 

— ï ʫʛʦʣ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʦʜʫʣʷʮʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʫʶ ʤʦʜʫʣʷʮʠʶ ʫʛʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʢʦʣʝʙʘʥʠʝʤ. 

ʌʫʥʢʮʠʷ Ὢ ὸ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʨʘʞʝʥʠʝʤ 

 

Ὢ ὸ ὯὟÓÉÎ ὸ   ȟ 
 

ʛʜʝ Ὧ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʫʪʠʟʥʳ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 



38 

 Ὗ  ï ʘʤʧʣʠʪʫʜʘ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ; 

    ï ʯʘʩʪʦʪʘ ʤʦʜʫʣʷʮʠʠ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ; 

    ï ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʫʶ ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʨʘʚʥʦʡ ʥʫʣʶ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʨʫʪʠʟʥʳ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ 

 

Ὧ
Ў—̍ ́̋̒

Ὗ
ȟ 

 

ʛʜʝ Ў—̍ ́̋̒ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʝʚʠʘʮʠʠ ʫʛʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʤ 

 

—ὸ — Ў—ÓÉÎ ὸȢ (2) 

 

ʆʧʨʝʜʝʣʠʤ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ. 

ʇʨʦʠʟʚʝʜʝʤ ʧʦʜʩʪʘʥʦʚʢʠ ʬʦʨʤʫʣʳ (2) ʚ ʩʦʦʪʥʦʰʝʥʠʷ (1). ɺʳʨʘʞʝʥʠʷ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-

ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʧʨʝʜʩʪʘʚʠʤ ʩ ʫʯʝʪʦʤ ʘʤʧʣʠʪʫʜʥʦʛʦ ʠ ʬʘʟʦʚʦʛʦ 

ʩʧʝʢʪʨʦʚ [1-3]. 

ɼʣʷ ʧʨʘʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʦʣʫʯʠʤ 

 
Ὡ ὸ ὉÃÏÓ•ÃÏÓ—ὐЎ•ÓÉÎὃ

ὉÃÏÓ• ÃÏÓ— ὐ Ў— ÓÉÎὄ
“

ς
ÓÉÎὅ

“

ς

ὉÃÏÓ•ÓÉÎ— ὐ Ў— ÓÉÎὈ “ ÓÉÎὓ

ὉÓÉÎ•ÓÉÎ—ὐЎ•ÓÉÎὔ

ὉÓÉÎ•ÓÉÎ— ὐ Ў— ÓÉÎὄ “ ÓÉÎὅ “

ὉÓÉÎ•ÃÏÓ— ὐ Ў— ÓÉÎὈ
“

ς
ÓÉÎὓ

“

ς
ȟ

            σ 

ʛʜʝ A = ‫ὸ ;  B = ‫ ςὯ  ὸ;  C = ‫ ςὯ  ὸ; 

 D = ‫ ςὯ ρ  ὸ;  M = ‫ ςὯ ρ  ὸ; 
 N = ‫ὸ “. 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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Ὡ ὸ ὉÃÏÓ•ÓÉÎ—ὐЎ•ÓÉÎὃ

ὉÃÏÓ• ÓÉÎ— ὐ Ў— ÓÉÎὄ
“

ς
ÓÉÎὅ

“

ς

ὉÃÏÓ•ÃÏÓ— ὐ Ў— ÓÉÎὈ ÓÉÎὓ “

ὉÓÉÎ•ÃÏÓ—ὐЎ—ÓÉÎ‫ὸ

ὉÓÉÎ•ÃÏÓ— ὐ Ў— ÓÉÎὄ ÓÉÎὅ

ὉÓÉÎ•ÓÉÎ— ὐ Ў— ÓÉÎὈ
“

ς
ÓÉÎὓ

“

ς
Ȣ

            τ 

ɼʣʷ ʣʝʚʦʛʦ ʚʨʘʱʝʥʠʷ ʧʦʣʫʯʠʤ 
Ὡ ὸ ὉÃÏÓ—ÃÏÓ•ὐЎ—ÓÉÎὃ

ὉÃÏÓ—ÃÏÓ• ὐ Ў— ÓÉÎὄ
“

ς
ÓÉÎὅ

“

ς

ὉÃÏÓ—ÓÉÎ• ὐ Ў— ÓÉÎὈ “ ÓÉÎὓ

ὉÓÉÎ—ÓÉÎ•ὐЎ—ÓÉÎ‫ὸ

ὉÓÉÎ—ÓÉÎ• ὐ Ў— ÓÉÎὄ ÓÉÎὅ

ὉÓÉÎ—ÃÏÓ• ὐ Ў— ÓÉÎὈ
“

ς
ÓÉÎὓ

“

ς
Ȣ

            υ 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 
Ὡ ὸ ὉÃÏÓ•ÓÉÎ—ὐЎ—ÓÉÎὃ

ὉÃÏÓ• ÓÉÎ— ὐ Ў— ÓÉÎὄ
“

ς
ÓÉÎὅ

“

ς

ὉÃÏÓ•ÃÏÓ— ὐ Ў— ÓÉÎὈ ÓÉÎὓ “

ὉÓÉÎ•ÃÏÓ—ὐЎ—ÓÉÎὔ

ὉÓÉÎ•ÃÏÓ— ὐ Ў— ÓÉÎὄ “ ÓÉÎὅ “

ὉÓÉÎ•ÓÉÎ— ὐ Ў— ÓÉÎὈ
“

ς
ÓÉÎὓ

“

ς
Ȣ

            φ 
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ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʝʪ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ 

ʢʦʣʝʙʘʥʠʷ (• , — . ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ, ʥʘʧʨʠʤʝʨ, ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʝ 

ʢʦʣʝʙʘʥʠʝ ʙʫʜʝʪ ʙʣʠʟʢʦ ʢ ʚʦʣʥʝ ʩ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ (• “τϳ ), ʪʦ 

ʤʦʜʫʣʷʮʠʷ ʫʛʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʙʫʜʝʪ 

ʥʝʛʣʫʙʦʢʦʡ. ɽʩʣʠ •  ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʪʦ ʛʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʙʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʦ ʤʦʜʫʣʷʮʠʷ ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʫʶ ʤʦʜʫʣʷʮʠʶ ʫʛʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ. ɺʳʙʦʨʦʤ — ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ 

ʜʝʚʠʘʮʠʠ ʫʛʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ, ʯʪʦ ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʧʝʢʪʨ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ 

ɺʳʷʩʥʠʤ ʚʣʠʷʥʠʝ •  ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʦʣʝʙʘʥʠʷ. ɽʩʣʠ • π ʠ 
ʤʦʜʫʣʷʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʨʘʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ, ʪʦ 

 
Ὡ ὸ ὉÃÏÓ—ὐЎ—ÓÉÎὃ

ὉÃÏÓ— ὐ Ў— ÓÉÎὄ
“

ς
ÓÉÎὅ

“

ς

ὉÓÉÎ— ὐ Ў— ÓÉÎὈ “ ÓÉÎὓ Ȣ

                         χ 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 
Ὡ ὸ ὉÓÉÎ—ὐЎ—ÓÉÎὃ

ὉÓÉÎ— ὐ Ў— ÓÉÎὄ
“

ς
ÓÉÎὅ

“

ς

ὉÃÏÓ— ὐ Ў— ÓÉÎὈ ÓÉÎὓ “ Ȣ

                        ψ 

 

ɼʣʷ ʣʝʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʦʪʣʠʯʠʷ ʩʧʝʢʪʨʦʚ ʙʫʜʫʪ ʪʦʣʴʢʦ ʚ 

ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʧʦʩʣʝʜʥʝʛʦ ʩʣʘʛʘʝʤʦʛʦ ʚʳʨʘʞʝʥʠʷ (8). 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʠ • “ςϳ  ʧʦʣʫʯʠʤ 

 
Ὡ ὸ ὉÓÉÎ—ὐЎ—ÓÉÎὔ

ὉÓÉÎ— ὐ Ў— ÓÉÎὄ “ ÓÉÎὅ “

ὉÃÏÓ— ὐ Ў— ÓÉÎὈ
“

ς
ÓÉÎὓ

“

ς
Ƞ

                        ω 
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Ὡ ὸ ὉÃÏÓ—ὐЎ•ÓÉÎ‫ὸ

ὉÃÏÓ— ὐ Ў— ÓÉÎὄ ÓÉÎὅ
                                     ρπ 

ὉÓÉÎ— ὐ Ў— ÓÉÎὈ
“

ς
ÓÉÎὓ

“

ς
Ȣ                  

 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʦʣʝʙʘʥʠʷ ʣʝʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʬʘʟʦʚʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ Ὡ ὸ ʠ Ὡ ὸ. 

ʇʨʠ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʣʝʙʘʥʠʷ ʚ ʚʠʜʝ ʚʦʣʥʳ ʩ ʢʨʫʛʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ ʩʦʭʨʘʥʠʪʩʷ ʚʝʩʴ ʩʦʩʪʘʚ ʩʧʝʢʪʨʘ. 

ʇʨʝʜʩʪʘʚʠʤ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪ Ὡ ὸ ʠ Ὡ ὸ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʫʛʣʘ Ὸ  ʠ ʨʘʩʩʤʦʪʨʠʤ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʨʤʫʣʘʤʠ. 

ʇʨʠ Ὸ π ʠ ʧʨʘʚʦʤ ʚʨʘʱʝʥʠʠ: 

 
Ὡ ὸ Ὁὧέί•ὐῳῸίὭὲὃ

Ὁὧέί• ὐ ῳῸίὭὲὄ
“

ς
ίὭὲὅ

“

ς

ὉίὭὲ• ὐ ῳῸίὭὲὈ
“

ς
ÓÉÎὓ

“

ς
Ƞ

               ρρ 

 
Ὡ ὸ ὉίὭὲ• ὐῳῸίὭὲ‫ὸ

Ὁὧέί• ὐ ῳῸίὭὲὈ ίὭὲὓ “

ὉίὭὲ• ὐ ῳῸίὭὲὄ ίὭὲὅȢ

                   ρς 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠ ʣʝʚʦʤ ʚʨʘʱʝʥʠʠ: 

 
Ὡ ὸ Ὁὧέί•ὐῳῸίὭὲὃ

Ὁὧέί• ὐ ῳῸίὭὲὄ
“

ς
ίὭὲὅ

“

ς

ὉίὭὲ• ὐ ῳῸίὭὲὈ ίὭὲὓ “ Ƞ

                   ρσ 
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Ὡ ὸ ὉίὭὲ•ὐῳ•ίὭὲὔ

ὉίὭὲ• ὐ ῳῸίὭὲὄ “ ίὭὲὅ “

Ὁὧέί• ὐ ῳῸίὭὲὈ ίὭὲὓ “ Ȣ

                   ρτ 

 

ʇʨʠ Ὸ “ςϳ  ʠ ʧʨʘʚʦʤ ʚʨʘʱʝʥʠʠ: 
Ὡ ὸ ὉίὭὲ•ὐῳ•ίὭὲὔ

ὉίὭὲ• ὐ ῳῸίὭὲὄ “ ίὭὲὅ “

Ὁὧέί• ὐ ῳῸίὭὲὈ “ ίὭὲὓȠ

                  ρυ 

Ὡ ὸ Ὁὧέί•ὐῳῸίὭὲὃ

Ὁὧέί• ὐ ῳῸίὭὲὄ
“

ς
ίὭὲὅ

“

ς

ὉίὭὲ• ὐ ῳῸίὭὲὈ
“

ς
ίὭὲὓ

“

ς
Ȣ

                ρφ 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʣʝʚʦʤ ʚʨʘʱʝʥʠʠ: 
Ὡ ὸ ὉίὭὲ•ὐῳ•ίὭὲὔ

ὉίὭὲ• ὐ ῳῸίὭὲὄ ÓÉÎὅ

Ὁὧέί• ὐ ῳῸίὭὲὈ
“

ς
ίὭὲὓ

“

ς
Ƞ

                ρχ 

 
Ὡ ὸ Ὁὧέί• ὐῳῸίὭὲὃ

Ὁὧέί• ὐ ῳῸίὭὲὄ
“

ς
ίὭὲὅ

“

ς

ὉίὭὲ• ὐ ῳῸίὭὲὈ
“

ς
ίὭὲὓ

“

ς
Ȣ

                    ρψ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ (11)ï(18), ʚʳʙʦʨ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʚʣʠʷʝʪ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʣʝʙʘʥʠʷ. 
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ʇʨʠ ʚʳʙʦʨʝ Ὸ π ʠʣʠ Ὸ “ςϳ  ʯʠʩʣʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚʜʚʦʝ. 

ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʯʣʝʥʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʘʤʧʣʠʪʫʜ ʛʘʨʤʦʥʠʢ ʠ ʠʭ ʬʘʟ, ʘ ʥʘʣʠʯʠʝ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʤʝʞʜʫ 

ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʛʘʨʤʦʥʠʢ ʧʨʠʚʦʜʠʪ ʢ ʵʣʣʠʧʪʠʯʝʩʢʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʵʪʠʭ ʛʘʨʤʦʥʠʢ. 

ɿʥʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʜʝʣʴʥʦ 

ʘʤʧʣʠʪʫʜʥʳʡ, ʬʘʟʦʚʳʡ, ʘ ʪʘʢʞʝ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʩʧʝʢʪʨʳ. 

ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ • ʦʪ 0 ʜʦ “τϳ  ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʩʧʝʢʪʨ 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʣʠʥʝʡʥʦʛʦ ʜʦ ʢʨʫʛʦʚʦʛʦ. ʇʨʠ 

• π ʛʘʨʤʦʥʠʢʠ ʠʤʝʶʪ ʣʠʥʝʡʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ. ʋʛʦʣ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ 

ʧʦʣʷʨʠʟʘʮʠʠ ʥʝʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ ʠ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʠʜʝʥʪʠʯʝʥ, ʘ 

ʦʨʠʝʥʪʘʮʠ ̫ʦʩʝʡ ʵʣʣʠʧʩʘ ʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ ʦʨʪʦʛʦʥʘʣʴʥʘ ʠʤ. 

ʇʨʠ ʚʩʝʭ ʜʨʫʛʠʭ ʟʥʘʯʝʥʠʷʭ •  ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʛʘʨʤʦʥʠʢ ʭʘʨʘʢʪʝʨʥʘ 

ʚʨʘʱʘʶʱʘʷʩʷ ʧʦʣʷʨʠʟʘʮʠʷ. ʇʨʠ π • “τϳ  ʠʤʝʝʪ ʤʝʩʪʦ ʵʣʣʠʧʪʠʯʝʩʢʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ, ʘ ʧʨʠ • “τϳ  ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʧʝʢʪʨʘ ʦʙʣʘʜʘʶʪ ʢʨʫʛʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ. 

ɺʝʣʠʯʠʥʘ ʠʥʜʝʢʩʘ ʤʦʜʫʣʷʮʠʠ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ • , ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦ ʩʧʝʢʪʨʫ. 

ʇʦʣʦʩʘ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʧʨʠ ῳῸ̍ ́̋̒“ςϳ  ʙʣʠʟʢʦ ʩʦʚʧʘʜʘʝʪ ʩ 

ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʯʘʩʪʦʪʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʤʝʨʥʦ ʜʠʘʧʘʟʦʥʦʤ ‫ ς . ʀʟʤʝʥʝʥʠʝ Ὸ  ʧʨʠʚʦʜʠʪ ʢ 

ʠʜʝʥʪʠʯʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ 

ʩʘʤʦʛʦ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ, ʥʦ ʠ ʵʣʣʠʧʩʦʚ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʤʦʜʫʣʷʮʠʠ ʫʛʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʢʨʫʛʦʚʦʤ ʙʘʟʠʩʝ ʨʘʟʣʦʞʝʥʠʷ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ 

 

Ὸὸ Ὸ ῳῸίὭὲ  ὸ 
 

ʠ 

 

•ὸ • ὧέὲίὸȟ 
 

ʚ ʢʨʫʛʦʚʦʤ ʙʘʟʠʩʝ ʨʘʟʣʦʞʝʥʠʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 
Ὡ ὸ ὉὧέίὛὧέί‫ὸ Ὸ ῳῸίὭὲ  ὸȠ
Ὡ ὸ ὉὧέίὝὧέί‫ὸ Ὸ ῳῸίὭὲ  ὸȟ

                       ρω 

 

ʛʜʝ Ὓ • “τϳ, ʘ Ὕ • “τϳ . 

ʆʧʨʝʜʝʣʠʤ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ 

[1, 4, 5] 
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Ὡ ὸ ὉὧέίὛὐῳῸὧέί‫ὸ Ὸ

ςὧέί‫ὸ Ὸ ὐ ῳῸὧέίςὯ ὸ

ςὧέί‫ὸ Ὸ
“

ς
ὐ ῳῸίὭὲςὯ ρ ὸȢ

                  ςπ 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 
Ὡ ὸ ὉὧέίὝὐῳῸὧέί‫ὸ Ὸ

ςὧέί‫ὸ Ὸ ὐ ῳῸὧέίςὯ ὸ

ςὧέί‫ὸ Ὸ
“

ς
ὐ ῳῸίὭὲςὯ ρ ὸȢ

                  ςρ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʚʳʨʘʞʝʥʠʡ (19)ï(21) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1) ʫʛʦʣ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʣʶʙʦʡ ʠʟ ʛʘʨʤʦʥʠʢ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ 

ʦʜʠʥ ʠ ʪʦʪ ʞʝ, ʯʪʦ ʠ ʫ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ 
 

ὸὫ• ȿὧέίὛȿ ȿὧέίὝȿ ȿὧέίὛȿ ȿὧέίὝȿϳ ὸὫ•Ƞ 
 

2) ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʩʝʭ ʛʘʨʤʦʥʠʢ 

ʠʜʝʥʪʠʯʥʦ ʠ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʧʦʣʷ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ; 

3) ʫʛʦʣ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ ʩʦʚʧʘʜʘʝʪ ʩ 

ʫʛʣʦʤ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ, ʘ ʦʩʠ ʵʣʣʠʧʩʘ 

ʥʝʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ ʨʘʟʚʝʨʥʫʪʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʦʩʝʡ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ 

ʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ ʠ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʥʘ ʫʛʦʣ “ςϳ, ʪʦ ʝʩʪʴ  
 

Ὸ Ὸ “ςϳȠ 
 

4) ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʩʧʝʢʪʨ ʥʝ ʟʘʚʠʩʠʪ ʥʠ ʦʪ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ, ʥʠ ʦʪ 

ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʤʦʜʫʣʷʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʪʫʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ 
ʨʘʜʠʦʩʚʷʟʠ ʚ ʟʦʥʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʐʤʠʜʪʦʚʩʢʦʛʦ ʮʝʥʪʨʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ 
ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʷʨʥʦʤ ʨʘʡʦʥʝ. ɹʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʪʝʢʫʱʘʷ 
ʩʠʪʫʘʮʠʷ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʠ 
ʧʨʝʜʣʦʞʝʥʳ ʚʘʨʠʘʥʪʳ ʧʦ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʩʚʷʟʠ. ʇʨʝʜʣʦʞʝʥʳ ʩʠʩʪʝʤʳ ʟʝʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ NVIS ʠ 
ʢʦʣʴʮʝʚʳʝ ʬʘʟʠʨʦʚʘʥʥʳʝ ʘʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʏ ʜʠʘʧʘʟʦʥ, ʧʦʜʚʠʞʥʘʷ ʨʘʜʠʦʩʚʷʟʴ, NVIS, ʬʘʟʠʨʦʚʘʥʥʘʷ ʘʥʪʝʥʥʘʷ 
ʨʝʰʝʪʢʘ. 
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Abstract. The current situation analysis in the field of radio communications in the Shmidt 
air traffic service center controlled area located in the polar region was made. It was demonstrated 
that the current situation does not meet the requirements for ensuring flight safety, and options were 
proposed to solve this problem by using the perspective technologies in the field of radio 
communications. Near Vertical Incidence Skywave systems and ring phased antenna arrays are 
proposed. 

Keywords: HF range, mobile radio communication, NVIS, phased array antenna. 
 

ɺʚʝʜʝʥʠʝ 
ɸʚʠʘʮʠʦʥʥʘʷ ʵʣʝʢʪʨʦʩʚʷʟʴ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ï ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʋɺɼ ʠ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʘʚʠʘʧʨʝʜʧʨʠʷʪʠʡ, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʢʦʪʦʨʳʭ 
ʷʚʣʷʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʨʝʛʫʣʷʨʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʦʣʝʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʨʘʜʠʦʩʚʷʟʠ ʚ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 
ʥʘʭʦʜʠʪʩʷ ʚ ʧʣʘʯʝʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʦ ʚʨʝʤʷ ʉʉʉʈ ʥʘ ʩʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʙʳʣ 
ʨʘʟʚʝʨʥʫʪ ʢʦʤʧʣʝʢʩ ʠʟ 46 ʪʨʦʧʦʩʬʝʨʥʳʭ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʪʘʥʮʠʡ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 
çʉʝʚʝʨè, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʣʠʥʠʷʤʠ ʩ ʦʙʱʝʡ 
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ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 13000 ʢʠʣʦʤʝʪʨʦʚ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʪʦʪ 
ʢʦʤʧʣʝʢʩ ʚʳʚʝʜʝʥ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥ [1]. 

ʆʩʥʦʚʥʳʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ ʚ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 
(ɸɿʈʌ) ʷʚʣʷʝʪʩʷ ʤʘʣʘʷ ʘʚʠʘʮʠʷ. ʇʦʣʝʪʳ ʯʘʱʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 
ʚʝʨʪʦʣʝʪʘʤʠ ʄʠ-8ʊ, ʩʘʤʦʣʝʪʘʤʠ ɸʥ-24, ɸʥ-26 ʠ DHC-6. ʆʩʥʦʚʥʘʷ ʩʚʷʟʴ ʚʦ 
ʚʨʝʤʷ ʧʦʣʝʪʘ ʤʝʞʜʫ ʜʠʩʧʝʪʯʝʨʦʤ ʠ ʧʠʣʦʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʆɺʏ-ʜʠʘʧʘʟʦʥʝ, 
ʘ ʩʚʷʟʴ ʤʝʞʜʫ ʧʠʣʦʪʦʤ ʠ ʦʧʝʨʘʪʦʨʦʤ ʨʘʜʠʦʙʶʨʦ ï ʚ ɺʏ-ʜʠʘʧʘʟʦʥʝ. 
ʌʠʢʩʠʨʦʚʘʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʦʧʝʨʘʪʦʨʘʤʠ ʨʘʜʠʦʙʶʨʦ ʮʝʥʪʨʦʚ ʠ ʦʪʜʝʣʝʥʠʡ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ɺʏ-ʜʠʘʧʘʟʦʥʝ, ʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʝʢʘʤʝʪʨʦʚʦʡ 
ʨʘʜʠʦʩʚʷʟʴʶ ʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʵʢʠʧʘʞʠ 
ɺʉ ʠ ʜʠʩʧʝʪʯʝʨʳ ʆɺɼ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʳ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ 
ʏʫʢʦʪʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ, ʩ ʢʦʪʦʨʳʤʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʨʘʜʠʦʦʙʤʝʥ 
ʤʝʞʜʫ ʨʘʜʠʦʦʧʝʨʘʪʦʨʘʤʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʘʨʪʘ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʏʫʢʦʪʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʩʝʪʴ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʠʣʠ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʨʘʜʠʦʩʨʝʜʩʪʚʘ, ʥʝʨʘʚʥʦʤʝʨʥʘʷ, ʠʤʝʶʪʩʷ ʦʙʰʠʨʥʳʝ 

ʥʝʦʙʞʠʪʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʢʨʦʤʝ ʪʦʛʦ ʯʘʩʪʴ ʚʦʟʜʫʰʥʳʭ ʪʨʘʩʩ ʧʨʦʭʦʜʠʪ ʥʘʜ 

ʘʢʚʘʪʦʨʠʝʡ ʚʜʘʣʠ ʦʪ ʙʝʨʝʛʘ. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ ʠ 

ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʜʠʦʩʚʷʟʴ ʆɺʏ-ʜʠʘʧʘʟʦʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʚʪʦʥʦʤʥʳʭ 

ʨʘʜʠʦʨʝʪʨʘʥʩʣʷʪʦʨʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ 

ʨʝʛʠʦʥʝ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʧʦʣʷʨʥʳʭ ʨʘʡʦʥʘʭ ʈʦʩʩʠʠ ʧʨʠʦʨʠʪʝʪ ʠʤʝʝʪ 

ʜʝʢʘʤʝʪʨʦʚʘʷ ʨʘʜʠʦʩʚʷʟʴ. ʕʪʘ ʪʝʥʜʝʥʮʠʷ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʜʦ ʤʦʤʝʥʪʘ 

ʚʥʝʜʨʝʥʠʷ ʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʘ ʚʳʩʦʢʠʭ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʦʣʷʨʥʳʭ ʨʘʡʦʥʘʭ ʩʠʪʫʘʮʠʷ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʨʘʜʠʦʩʚʷʟʠ ʩʪʦʠʪ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ. ʉʦʛʣʘʩʥʦ ʦʧʨʦʩʫ ʣʝʪʥʳʭ ʵʢʠʧʘʞʝʡ, 

ʜʠʩʧʝʪʯʝʨʦʚ ʠ ʦʧʝʨʘʪʦʨʦʚ ʨʘʜʠʦʙʶʨʦ ʐʤʠʜʪʦʚʩʢʦʛʦ ʮʝʥʪʨʘ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʆɺɼ) ʠʤʝʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʝʨʝʙʦʠ ʩʦ ʩʚʷʟʴʶ ʚ ɺʏ-

ʜʠʘʧʘʟʦʥʝ: ʵʢʠʧʘʞ ʤʦʞʝʪ ʥʝ ʩʣʳʰʘʪʴ ʜʠʩʧʝʪʯʝʨʘ ʠʣʠ ʥʘʦʙʦʨʦʪ. ʊʘʢʞʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʦʝ ʷʚʣʝʥʠʝ, ʢʘʢ çʥʝʧʨʦʭʦʞʜʝʥʠʝ ʩʠʛʥʘʣʘè, ʢʦʪʦʨʦʝ ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʪʨʝʥʥʠʝ ʯʘʩʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʣʷʨʥʦʤ ʩʠʷʥʠʠ. ʀʟ-ʟʘ ʵʪʦʛʦ 

ʵʢʠʧʘʞʘʤ ʧʨʠʭʦʜʠʪʩʷ ʣʝʪʝʪʴ ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʠʝʤʘ ʢʦʤʘʥʜ, ʘ ʜʠʩʧʝʪʯʝʨʘʤ ʧʨʠʭʦʜʠʪʩʷ ʧʦʩʪʦʷʥʥʦ ʚʳʟʳʚʘʪʴ 
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ʙʦʨʪ ʜʦ ʤʦʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʜʠʦʦʙʤʝʥʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʦʚʳʰʘʝʪ ʟʘʛʨʫʟʢʫ ʠ ʩʥʠʞʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ 

ʫʢʘʟʘʥʥʳʭ ʩʣʫʯʘʝʚ ʷʚʣʷʶʪʩʷ [2, 3]: 

1. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ɺʏ-ʜʠʘʧʘʟʦʥʘ. 

2. ʄʦʨʘʣʴʥʦ ʠ ʬʠʟʠʯʝʩʢʠ ʫʩʪʘʨʝʚʰʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʜʠʦʩʚʷʟʠ. 

3. ʅʝʧʦʣʥʦʝ ʧʦʢʨʳʪʠʝ ʨʘʜʠʦʩʚʷʟʴʶ ʨʝʛʠʦʥʘ. 

4. ʇʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ (ʩʝʚʝʨʥʦʝ ʩʠʷʥʠʝ, ʧʫʨʛʘ, ʩʥʝʛ ʩ ʜʦʞʜʝʤ, ʥʠʟʢʠʝ 
ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪ.ʜ.). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ ɺʏ-ʜʠʘʧʘʟʦʥʘ ʚ ʧʦʣʷʨʥʳʭ ʨʘʡʦʥʘʭ. ɺ 

ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ 

ʟʝʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (near vertical incidence skywave, NVIS), ʘ ʪʘʢʞʝ 

ʬʘʟʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ  

 

ʉʠʩʪʝʤʳ ʟʝʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ NVIS 

ɼʣʷ ʩʚʷʟʠ ʠʦʥʦʩʬʝʨʥʦʡ ʚʦʣʥʦʡ ʚ ɺʏ-ʜʠʘʧʘʟʦʥʝ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʦʣʥʳ 

ʦʪʨʘʞʘʣʠʩʴ ʦʪ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ ʠ ʥʝ ʧʨʝʪʝʨʧʝʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʚʳʙʠʨʘʶʪ ʦʧʪʠʤʘʣʴʥʳʝ ʨʘʙʦʯʠʝ ʯʘʩʪʦʪʳ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ ʫʛʣʘ ʚʭʦʜʘ ʨʘʜʠʦʚʦʣʥʳ ʚ ʠʦʥʦʩʬʝʨʫ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʦʙʥʦʚʠʣʩʷ ʠʥʪʝʨʝʩ ʢ ʩʠʩʪʝʤʘʤ ʟʝʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ NVIS, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʟʦʥʫ 

ʜʝʡʩʪʚʠʷ ʨʘʜʠʦʩʚʷʟʠ ɺʏ-ʜʠʘʧʘʟʦʥʘ ʙʝʟ çʤʝʨʪʚʳʭ ʟʦʥè (ʨʠʩ. 2). ʇʨʠ ʪʘʢʦʤ ʪʠʧʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥʳ ʧʨʦʭʦʜʷʪ ʩʣʦʡ D ʠʦʥʦʩʬʝʨʳ ʧʦ ʢʨʘʪʯʘʡʰʝʤʫ 

ʧʫʪʠ ʠ ʧʨʝʪʝʨʧʝʚʘʶʪ ʤʠʥʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ [4, 5]. 

ɺ ʩʠʩʪʝʤʘʭ ʟʝʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ NVIS ʧʨʠʤʝʥʷʶʪ ʥʠʞʥʶʶ ʯʘʩʪʴ ɺʏ-

ʜʠʘʧʘʟʦʥʘ (ʢʘʢ ʧʨʘʚʠʣʦ ʯʘʩʪʦʪʳ ʥʝ ʚʳʰʝ 10 ʄɻʮ), ʨʘʜʠʦʚʦʣʥʳ ʠʟʣʫʯʘʶʪʩʷ ʧʦʜ 

ʫʛʣʘʤʠ ʙʣʠʟʢʠʤʠ ʢ ʟʝʥʠʪʥʳʤ.  

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʨʘʜʠʦʮʝʥʪʨʦʚ ʠ ʨʘʜʠʦʙʶʨʦ ʚʳʜʝʣʷʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʝ 

ʨʘʙʦʯʠʝ ʯʘʩʪʦʪʳ: ʜʥʝʚʥʫʶ ʠ ʥʦʯʥʫʶ (ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʟʥʘʯʝʥʠʝ ʯʝʪʳʨʝʭ 

ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʜʣʷ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʩʬʝʨʳ ʚ ʣʝʪʥʝʝ ʠ ʟʠʤʥʝʝ ʚʨʝʤʷ, ʘ 

ʪʘʢʞʝ ʜʚʝ ʨʝʟʝʨʚʥʳʝ ʯʘʩʪʦʪʳ). ʇʨʠ ʵʪʦʤ ʜʣʷ ʨʘʙʦʪʳ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 

ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 10 ʄɻʮ, ʘ ʜʣʷ ʨʘʙʦʪʳ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ï 4 ʄɻʮ [6]. 
 

  

ʘ       ʙ 
 

ʈʠʩʫʥʦʢ 2 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥ ʜʝʡʩʪʚʠʷ ʩʨʝʜʩʪʚ ʨʘʜʠʦʩʚʷʟʠ ɺʏ-ʜʠʘʧʘʟʦʥʘ:  

ʘ ï ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ɺɻ, ɺɻɼ, ʋɻɼ ʠ ʜʨ.;  

ʙ ï ʜʣʷ ʘʥʪʝʥʥ ʟʝʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 
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ʇʦʩʢʦʣʴʢʫ ʩʪʨʫʢʪʫʨʘ ʩʣʦʝʚ ʠʦʥʦʩʬʝʨʳ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ (ʨʠʩ. 3) ʠ 

ʟʘʚʠʩʠʪ ʦʪ ʩʝʟʦʥʘ, ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʮʠʢʣʠʯʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʳ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʨʘʩʯʝʪ ʨʘʟʤʝʨʦʚ ʟʦʥʳ 

ʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʠʥʞʝʥʝʨʥʫʶ ʟʘʜʘʯʫ. ʆʜʥʘʢʦ, ʜʣʷ 

ʫʧʨʦʱʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʩʨʝʜʥʠʝ ʚʳʩʦʪʳ ʦʪʨʘʞʘʶʱʠʭ ʩʣʦʝʚ: 105 

ʢʤ ʜʣʷ ʩʣʦʷ ɽ ʠ 320 ʢʤ ʜʣʷ ʩʣʦʷ F2. ʇʦʣʫʯʝʥʥʳʝ ʜʠʩʪʘʥʮʠʠ ʩʢʘʯʢʘ ʚʦʣʥʳ, ʘ 

ʪʘʢʞʝ ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʩʠʩʪʝʤ ʟʝʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʫʛʣʳ ʠʟʣʫʯʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1 [7].  

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɺʳʩʦʪʘ ʩʣʦʝʚ ʠʦʥʦʩʬʝʨʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʝʟʦʥʦʚ, ʜʥʝʚʥʦʛʦ ʠ 

ʥʦʯʥʦʛʦ ʚʨʝʤʝʥʠ 

 

ʀʟ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʟʝʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

(ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʜʠʫʩʘ ʟʦʥʳ ʜʝʡʩʪʚʠʷ ʥʝ ʤʝʥʝʝ 350 ʢʤ) ʪʨʝʙʫʶʪʩʷ ʘʥʪʝʥʥʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʛʦʣ ʠʟʣʫʯʝʥʠʷ 30é75Á ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʨʘʜʠʦʚʦʣʥ ʦʪ ʩʣʦʷ ɽ ʠ 

60é85Á ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʨʘʜʠʦʚʦʣʥ ʦʪ ʩʣʦʷ F2 [7]. 

 

ʊʘʙʣʠʮʘ 1 ï ɼʠʩʪʘʥʮʠʷ ʩʢʘʯʢʘ ʚʦʣʥʳ 
 

ʋʛʦʣ ʠʟʣʫʯʝʥʠʷ 

q, ʛʨʘʜ. 

ɼʠʩʪʘʥʮʠʷ ʩʢʘʯʢʘ ʚʦʣʥʳ, ʢʤ 

ʦʪʨʘʞʝʥʠʝ ʦʪ 

ʩʣʦʷ ɽ 

ʦʪʨʘʞʝʥʠʝ ʦʪ 

ʩʣʦʷ F2 

30 350 1000 

35 280 835 

40 240 700 

45 205 585 

50 170 500 

55 140 420 

60 120 345 

65 95 280 

70 75 220 

75 55 160 

80 35 100 

85 20 50 
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ʊʘʢʠʝ ʫʛʣʳ ʠʟʣʫʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʩʧʝʮʠʘʣʴʥʳʤʠ ʘʥʪʝʥʥʘʤʠ 

ʟʝʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɸɿʀ), ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʰʪʳʨʝʚʳʭ, 

ʜʠʧʦʣʴʥʳʭ, ʇ-ʦʙʨʘʟʥʳʭ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʚʠʙʨʘʪʦʨʦʚ, 

ʤʘʛʥʠʪʥʳʭ ʨʘʤʦʯʥʳʭ ʘʥʪʝʥʥ ʠ ʜʨ. [5]. ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʙʠʣʴʥʳʭ ʧʫʥʢʪʦʚ 

ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʩʚʷʟʠ ʩ ɺʉ ʠʟ ʘʚʪʦʤʦʙʠʣʷ, ʢ ɸɿʀ ʜʦʙʘʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ 

ʢʦʤʧʘʢʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʤʘʩʩʝ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʦʜʭʦʜʷʪ ʘʥʪʝʥʥʳ 

ʩʝʨʠʠ çʄʈɺè [8]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʘʥʪʝʥʥ ʟʝʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʭ ʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, 

ʜʠʘʧʘʟʦʥʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʧʫʪʝʡ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʬʘʟʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʢʦʣʴʮʝʚʳʭ ʬʘʟʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ (ʂʌɸʈ). 
 

ʂʦʣʴʮʝʚʳʝ ʬʘʟʠʨʦʚʘʥʥʳʝ ʘʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ 

ɺ ʨʘʙʦʪʝ [1] ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʚʷʪʠʵʣʝʤʝʥʪʥʘʷ ʂʌɸʈ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʟʝʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ NVIS. ʅʘ ʨʠʩ. 4 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʨʝʰʝʪʢʠ ʠ ʝʝ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ [1]. 

ɼʝʚʷʪʠʵʣʝʤʝʥʪʥʘʷ ʂʌɸʈ ʦʪʣʠʯʘʝʪʩʷ ʢʦʤʧʘʢʪʥʦʩʪʴʶ, ʧʨʦʩʪʦʪʦʡ ʚ 

ʧʦʩʪʨʦʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʉʦʩʪʘʚʣʷʶʱʠʝ ʂʌɸʈ ʠʟʣʫʯʘʶʱʠʝ ʵʣʝʤʝʥʪʳ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʦʣʞʥʳ ʠʤʝʪʴ ʢʨʫʛʦʚʫʶ ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ 

ʘʟʠʤʫʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʂʌɸʈ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʠʝʤʘ ʠ ʠʟʣʫʯʝʥʠʷ ʚ ʘʟʠʤʫʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 
 

    

ʘ       ʙ 
 

ʈʠʩʫʥʦʢ 4 ï ɼʝʚʷʪʠʵʣʝʤʝʥʪʥʘʷ ʢʦʣʴʮʝʚʘʷ ʬʘʟʠʨʦʚʘʥʥʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ: 

ʘ ï ʤʦʜʝʣʴ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʝ MMANA ; ʙ ï ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ  
 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʩʝʥʘʧʨʘʚʣʝʥʥʳʭ ɸɿʀ, ʜʘʥʥʘʷ ʘʥʪʝʥʥʘ 

ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʩʢʘʞʝʪʩʷ ʥʘ ʥʘʜʝʞʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʝ ʩʚʷʟʠ ʠ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʦʣʝʪʦʚ ʚ ʧʦʣʷʨʥʳʭ ʨʘʡʦʥʘʭ. 
 

ɿʘʢʣʶʯʝʥʠʝ 

ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʚ ʧʦʣʷʨʥʳʭ ʨʘʡʦʥʘʭ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʡ 

ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʧʣʦʰʥʦʛʦ ʨʘʜʠʦʩʚʷʟʥʦʛʦ ʧʦʣʷ 
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ɺʏ-ʜʠʘʧʘʟʦʥʘ ʙʝʟ çʤʝʨʪʚʳʭ ʟʦʥè, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʐʤʠʜʪʦʚʩʢʦʤ ʮʝʥʪʨʝ ʆɺɼ, 

ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʟʝʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ NVIS. ʆʩʥʦʚʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʪʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ:  

 ʤʘʣʳʡ ʫʨʦʚʝʥʴ ʧʦʤʝʭ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʠʦʥʦʩʬʝʨʥʦʡ ʚʦʣʥʳ ʠ 
ʦʨʛʘʥʠʟʘʮʠʠ ʦʜʥʦʩʢʘʯʢʦʚʳʭ ʨʘʜʠʦʪʨʘʩʩ; 

 ʤʘʣʘʷ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʤʝʭʠ ʜʣʷ 

ʜʨʫʛʠʭ ʦʧʝʨʘʪʦʨʦʚ ʨʘʜʠʦʩʝʪʠ, ʘ ʪʘʢʞʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʙʦʨʪʦʚʳʭ ʨʘʜʠʦʩʪʘʥʮʠʡ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʚʠʘʮʠʠ; 

 ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʣʦʞʥʦʤ ʨʝʣʴʝʬʝ ʟʘ ʩʯʝʪ ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʨʠʝʤʘ ʨʘʜʠʦʚʦʣʥ ʧʦʜ ʫʛʣʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʟʝʥʠʪʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ 

ʩʠʩʪʝʤʳ NVIS ʚ ʛʦʨʥʦʡ ʠ ʭʦʣʤʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʜʠʦʦʙʤʝʥ ʩ 

ɺʉ, ʚʳʧʦʣʥʷʶʱʠʤʠ ʧʦʣʝʪ ʥʘ ʤʘʣʦʡ ʚʳʩʦʪʝ. 

ɺ ʢʘʯʝʩʪʚʝ ɸɿʀ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʰʪʳʨʝʚʳʭ, ʜʠʧʦʣʴʥʳʭ, ʇ-ʦʙʨʘʟʥʳʭ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʚʠʙʨʘʪʦʨʦʚ, ʤʘʛʥʠʪʥʳʭ ʨʘʤʦʯʥʳʭ ʘʥʪʝʥʥ, ʘ 

ʪʘʢʞʝ ʘʥʪʝʥʥ ʩʝʨʠʠ çʄʈɺè. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʝʤʘ ʨʘʜʠʦʚʦʣʥ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʣʴʮʝʚʳʭ 

ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʦʣʴʰʝʝ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ, ʣʫʯʰʝʝ 

ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʜʠʦʩʚʷʟʠ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ 

ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʚ ʧʦʣʷʨʥʳʭ ʨʘʡʦʥʘʭ. 
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ɸʥʥʦʪʘʮʠʷ. ʄʦʙʠʣʴʥʳʝ ʫʩʣʫʛʠ ʜʣʷ ʘʚʠʘʧʘʩʩʘʞʠʨʦʚ ʠ ʵʢʠʧʘʞʝʡ ʩʘʤʦʣʝʪʦʚ ʚ ʤʠʨʝ ʚ 

ʦʩʥʦʚʥʦʤ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʩʚʷʟʴʶ, ʢʦʪʦʨʘʷ ʦʨʛʘʥʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʥʘʟʝʤʥʳʭ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ (ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʨʘʜʠʦʢʘʥʘʣ ʩʚʷʟʠ ʧʦ ʧʨʦʪʦʢʦʣʫ LTE) ʠ ʩ 

ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. ʈʘʟʨʘʙʦʪʢʠ ʧʦʜʦʙʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʚʝʜʫʪʩʷ 

ʠ ʚ ʈʦʩʩʠʠ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʜʠʦʢʘʥʘʣʝ ʩʚʷʟʠ ʧʦ ʧʨʦʪʦʢʦʣʫ LTE ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʩ ʢʚʘʜʨʘʪʫʨʥʦʡ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ (ʂɸʄ), ʚ 

ʩʧʫʪʥʠʢʦʚʳʭ ʢʘʥʘʣʘʭ ʩʚʷʟʠ ï ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ (ɸʌʄ) ʩ ʢʦʣʴʮʝʚʦʡ ʬʦʨʤʦʡ 

ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ. ʉʥʠʞʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʚʷʟʠ ʩ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʥʘʤʠ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʨʘʟʥʦʛʦ ʨʦʜʘ ʧʦʤʝʭ ʠ ʘʧʧʘʨʘʪʫʨʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, 

ʪʘʢʠʭ ʢʘʢ ʧʦʛʨʝʰʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʪʨʘʢʪʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. ʎʝʣʴ 

ʨʘʙʦʪʳ ï ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʦʤʝʭ ʠ ʘʧʧʘʨʘʪʫʨʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʜʣʷ 

ʘʚʠʘʧʘʩʩʘʞʠʨʦʚ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʥʝʬʣʫʢʪʫʘʮʠʦʥʥʳʭ ʧʦʤʝʭ: ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʘʷ, 

ʩʢʘʥʠʨʫʶʱʘʷ ʧʦ ʯʘʩʪʦʪʝ ʠ ʨʝʪʨʘʥʩʣʠʨʦʚʘʥʥʘʷ. ʇʦʛʨʝʰʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ ʦʧʦʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤ ʬʘʟʦʚʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʪʘʢʪʦʚʦʡ ʨʘʩʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʚ ʧʨʠʝʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʨʠʝʤʥʦʛʦ ʪʨʘʢʪʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʥʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ 

ʘʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʆʮʝʥʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ 

ʂɸʄ ʠ AʌM ʚ ʩʠʩʪʝʤʘʭ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʫʩʣʫʛ 

ʧʘʩʩʘʞʠʨʘʤ ʠ ʵʢʠʧʘʞʘʤ ʘʚʠʘʢʦʤʧʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ. ɺ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʡ 

ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʬʘʟʦʚʳʭ ʘʧʧʘʨʘʪʫʨʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʨʘʜʠʦʢʘʥʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ɸʌʄ ʩʠʛʥʘʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʩʪʫʧʘʶʪ ʩʠʩʪʝʤʘʤ ʩʚʷʟʠ ʧʦ ʧʨʦʪʦʢʦʣʫ LTE ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂɸʄ ʩʠʛʥʘʣʦʚ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʘʭ ʚ 

ʧʨʠʝʤʥʦʤ ʪʨʘʢʪʝ, ʧʨʝʚʦʩʭʦʜʷʪ ʠʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ, ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʘʷ 

ʤʘʥʠʧʫʣʷʮʠʷ, ʢʚʘʜʨʘʪʫʨʥʘʷ ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ, ʩʧʫʪʥʠʢʦʚʘʷ ʩʚʷʟʴ, ʥʝʬʣʫʢʪʫʘʮʠʦʥʥʳʝ 

ʧʦʤʝʭʠ, ʘʧʧʘʨʘʪʫʨʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ. 
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 Abstract. Mobile services for air passengers and aircraft crews in the world are mainly 

provided by broadband communication, which is organized with the help of ground base stations 

(usually using LTE radio channel communication protocol) and with the help of satellite 

communication channels. The development of similar domestic systems is underway in Russia. At 

the same time in LTE protocol radio channel communication multiposition signals with quadrature 

amplitude modulation (QAM) are used, in satellite communication channels - amplitude-phase 

manipulation (APSK) with a ring form of signal constellation. Reduced reliability of 

communication with aircraft during transmission of information occurs due to the presence of 

various kinds of interference and hardware inaccuracy, such as synchronization errors and 

nonlinearities of signal processing paths. The purpose of the work is a comparative analysis of the 

effect of interference and hardware inaccuracy on the quality of information transmission in the 

prospective system of broadband access for air passengers. 

  The following types of non-fluctuating interference were considered: phase-manipulated, 

frequency scanning and retransmitted. The synchronization errors were modeled by the phase shift 

of the reference oscillations in the operation of the phase synchronization systems and the clock 

desynchronization in the receiving device. A logarithmic amplitude response was used as a model 

of the nonlinearity of the receiving signal processing path. The values of energy losses arising in 

these cases have been estimated and analyzed. The research has shown that the use of QAM and 

APSK signals in broadband access systems to provide mobile services to airline passengers and 

crews is very promising. In a complex interference environment and in the presence of amplitude 

and phase hardware inaccuracy the main parameters of the noise immunity of the satellite radio 

channel using APSK signals are almost as good as LTE communication systems using QAM 

signals, and in some cases, for example, with nonlinear effects in the receiver path, surpass them. 

Keywords: broadband access system, amplitude-phase manipulation, quadrature amplitude 

modulation, satellite communication, non-fluctuating interference, hardware inaccuracy. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʙʠʣʴʥʳʝ ʫʩʣʫʛʠ ʜʣʷ ʘʚʠʘʧʘʩʩʘʞʠʨʦʚ ʠ ʵʢʠʧʘʞʝʡ 

ʩʘʤʦʣʝʪʦʚ ʚ ʤʠʨʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʩʪʨʝʙʦʚʘʥʳ. ʈʘʟʨʘʙʦʪʢʠ ʧʦʜʦʙʥʳʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʚʝʜʫʪʩʷ ʠ ʚ ʈʦʩʩʠʠ. ʆʥʠ ʚ ʦʩʥʦʚʥʦʤ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʩʚʷʟʴʶ, ʢʦʪʦʨʘʷ ʦʨʛʘʥʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʩ 

ʧʦʤʦʱʴʶ ʥʘʟʝʤʥʳʭ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ (ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʨʘʜʠʦʢʘʥʘʣ ʩʚʷʟʠ ʧʦ 

ʧʨʦʪʦʢʦʣʫ LTE) ʠ ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ [1]. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʙʠʣʴʥʳʭ ʫʩʣʫʛ ʜʣʷ ʘʚʠʘʧʘʩʩʘʞʠʨʦʚ ʠʤʝʝʪ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʩʘʤʦʣʝʪʘ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ, 

ʠ ʦʥ ʙʳʩʪʨʦ ʚʳʭʦʜʠʪ ʠʟ ʟʦʥʳ ʜʝʡʩʪʚʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ. ʋʢʘʟʘʥʥʦʝ ʚʳʰʝ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʧʨʠʟʚʘʥʦ ʨʘʟʨʝʰʠʪʴ ʵʪʠ ʪʨʫʜʥʦʩʪʠ.  
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ɺ ʨʘʜʠʦʢʘʥʘʣʝ ʩʚʷʟʠ ʧʦ ʧʨʦʪʦʢʦʣʫ LTE ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʝ 

ʩʠʛʥʘʣʳ ʩ ʢʚʘʜʨʘʪʫʨʥʦʡ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ (ʂɸʄ), ʚ ʩʧʫʪʥʠʢʦʚʳʭ 

ʢʘʥʘʣʘʭ ʩʚʷʟʠ ï ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ (ɸʌʄ) ʩ ʢʦʣʴʮʝʚʦʡ ʬʦʨʤʦʡ 

ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ. ʆʙʘ ʚʠʜʘ ʤʦʜʫʣʷʮʠʠ ʷʚʣʷʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʘʤʧʣʠʪʫʜʥʦ-

ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʫʶ ʩʭʝʤʫ ʤʦʜʫʣʷʮʠʠ ʜʣʷ 

ʮʠʬʨʦʚʦʡ ʧʝʨʝʜʘʯʠ ʧʦ ʥʝʣʠʥʝʡʥʳʤ ʩʧʫʪʥʠʢʦʚʳʤ ʢʘʥʘʣʘʤ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʠʩʫʱʝʡ ʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʥʝʣʠʥʝʡʥʳʤ ʠʩʢʘʞʝʥʠʷʤ. 

ʉʥʠʞʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʚʷʟʠ ʩ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʥʘʤʠ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ. 

ɺʦ-ʧʝʨʚʳʭ, ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʢʘʥʘʣʘʭ ʩʚʷʟʠ ʧʦʤʝʭ. ʇʨʠ ʧʝʨʝʜʘʯʝ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʜʠʦʣʠʥʠʠ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʤʝʩʪʝ ʩ 

ʧʦʣʝʟʥʳʤ ʩʠʛʥʘʣʦʤ ʠ ʰʫʤʦʤ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʥʝʬʣʫʢʪʫʘʮʠʦʥʥʳʭ ʧʦʤʝʭ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʝʢʦʪʦʨʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʵʪʦ ʚʟʘʠʤʥʳʝ ʧʦʤʝʭʠ, ʩʦʟʜʘʚʘʝʤʳʝ 

ʩʦʩʝʜʥʠʤʠ ʨʘʜʠʦʩʪʘʥʮʠʷʤʠ; ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʦʤʝʭʠ, ʧʝʨʝʦʪʨʘʞʝʥʥʳʝ ʩʠʛʥʘʣʳ 

ʦʪ ʧʦʜʚʠʞʥʳʭ ʠ ʥʝʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʪ.ʧ. ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʘʷ, ʩʢʘʥʠʨʫʶʱʘʷ ʧʦʤʝʭʘ ʠ ʨʝʪʨʘʥʩʣʠʨʦʚʘʥʥʘʷ ʧʦʤʝʭʘ. 

ɺʦ-ʚʪʦʨʳʭ, ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʫʣʷʮʠʠ ʷʚʣʷʶʪʩʷ 

ʘʤʧʣʠʪʫʜʘ ʠ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ, ʧʦʵʪʦʤʫ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚ ʦʙʝʠʭ ʩʠʩʪʝʤʘʭ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʧʨʠʝʤʥʦʛʦ 

ʪʨʘʢʪʘ, ʥʝʪʦʯʥʦʩʪʴʶ ʩʠʩʪʝʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʵʬʬʝʢʪʦʤ ɼʦʧʣʝʨʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʦʤʝʭ ʠ ʘʧʧʘʨʘʪʫʨʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʝ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʜʣʷ ʘʚʠʘʧʘʩʩʘʞʠʨʦʚ. 

 

ʄʦʜʝʣʠ ʩʠʛʥʘʣʦʚ, ʧʦʤʝʭ ʠ ʘʧʧʘʨʘʪʫʨʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 
 

1. ʄʦʜʝʣʴ ʩʠʛʥʘʣʘ ʂɸʄ ʠʤʝʝʪ ʚʠʜ [2]: 

() 0 0 0
( cos sin ), 0,1,... 1i i is t A I t Q t i Mw w= - = -. 

 ʉʠʛʥʘʣ ɸʌʄ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ [2]: 

() (0 0
,cos( ), 0, 0,1,... 1sii is t A r t t T i Mw j ø
ú

= + Í = -. 

 ɿʜʝʩʴ A0 ï ʩʨʝʜʥʷʷ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ; ɤ0 ï ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ; I i ʠ Qi ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʘʤʧʣʠʪʫʜʳ ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʘ; r i 

ʠ űi ï ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʘʤʧʣʠʪʫʜʫ ʠ ʬʘʟʫ ʩʠʛʥʘʣʴʥʦʡ ʧʦʩʳʣʢʠ; ʄ 

ï ʧʦʟʠʮʠʦʥʥʦʩʪʴ ʩʠʛʥʘʣʘ. 
 

2.   ʄʦʜʝʣʠ ʥʝʬʣʫʢʪʫʘʮʠʦʥʥʳʭ ʧʦʤʝʭ:  

 ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʘʷ ʧʦʤʝʭʘ 

() (ʧ ʧ ʧ ʧʧ 0 0
) ,cos ( , ( 1) , 1,...ja t js t A t j T jT Nè ø ø

é ù ùê ú ú
+= +D Í - =m w w j , 

ʛʜʝ ʧDw ï ʨʘʩʩʪʨʦʡʢʘ ʧʦʤʝʭʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʩʧʝʢʪʨʘ 

ʩʠʛʥʘʣʘ; ű̐ ï ʩʣʫʯʘʡʥʘʷ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʧʦʤʝʭʠ; Õ ï ʝʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ; N ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʦʤʝʭʠ; 
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 ʩʢʘʥʠʨʫʶʱʘʷ ʧʦ ʯʘʩʪʦʪʝ ʧʦʤʝʭʘ 

() ʧ ʧ0ʧ ( ;)cos t ts t A è øê ú+=m w j 

 ʨʝʪʨʘʥʩʣʠʨʦʚʘʥʥʘʷ ʧʦʤʝʭʘ 

()ʧ ( ),i ts t s -= tm  

ʛʜʝ Ű ï ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ. 
 

3. ɺʣʠʷʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʬʘʟʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʅʘʣʠʯʠʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ȹű ʦʧʦʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ 

ʬʘʟʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʂɸʄ ʩʠʛʥʘʣʘʤʠ ʟʘʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

()ʦʧ 0 0
cos( ) sin( ), 0,1,... 1i is t I t Q t i M= +D - +D = -w j w j , 

ʘ ʜʣʷ ʩʠʩʪʝʤʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʛʥʘʣʦʚ ɸʌʄ: 

()ʦʧ 0 0
,cos( ) 0,1,... 1iis t A r t i M+D= + = -jw j . 

 

4. ɺʣʠʷʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʪʘʢʪʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ɼʣʷ ʦʙʦʠʭ ʚʠʜʦʚ ʩʠʛʥʘʣʦʚ ʪʘʢʪʦʚʘʷ ʨʘʩʩʠʥʭʨʦʥʠʟʘʮʠʷ ʚ ʧʨʠʝʤʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʘ ʩ ʧʦʤʦʱʴʶ ʚʝʣʠʯʠʥʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ 

ʪʘʢʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ ȹTs. 
 

5. ɺʣʠʷʥʠʝ ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʨʠʝʤʥʦʛʦ ʪʨʘʢʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʨʠʝʤʥʦʛʦ ʪʨʘʢʪʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʘʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʨʠ 

ʥʘʣʠʯʠʠ ʫʢʘʟʘʥʥʳʭ ʧʦʤʝʭ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ Õ=0,1 ʜʣʷ ʦʙʦʠʭ 

ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ ʂɸʄ [3] ʠ ɸʌʄ [4-6] ʧʨʠ ʚʝʣʠʯʠʥʝ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ 

ʦʰʠʙʢʠ 10
-3
. 

 

ʊʘʙʣʠʮʘ 1 ï ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʬʣʫʢʪʫʘʮʠʦʥʥʳʭ ʧʦʤʝʭ 
 

ʇʦʤʝʭʠ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ (ʜɹ) 

ʂɸʄ ɸʌʄ 

ʄ=16 ʄ=32 ʄ=16 ʄ=32 

ʌʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʘʷ 0,9 1,5 1,1 2,5 

ʈʝʪʨʘʥʩʣʠʨʦʚʘʥʥʘʷ 1,0 2,0 1,7 4,5 

ʉʢʘʥʠʨʫʶʱʘʷ 0,7  1,0 1,1 2,0 

 

ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʧʦʤʝʭ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ 

ɸʌʄ ʠ ʂɸʄ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʝʪʨʘʥʩʣʠʨʦʚʘʥʥʦʡ ʧʦʤʝʭʠ, 

ʢʦʪʦʨʘʷ ʙʦʣʝʝ ʦʧʘʩʥʘ ʜʣʷ ʩʠʛʥʘʣʘ ɸʌʄ. ʈʘʟʥʠʮʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʷʭ 

ʤʝʞʜʫ ʂɸʄ ʠ ɸʌʄ ʩʠʛʥʘʣʘʤʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 1 ʜɹ.  

ʈʘʩʯʝʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʬʘʟʦʚʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʪʘʢʪʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠ ʚʝʣʠʯʠʥʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ 10
-3 
ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 
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ʊʘʙʣʠʮʘ 2 ï ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʬʘʟʦʚʦʡ ʠ 

ʪʘʢʪʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠʸʤʥʠʢʦʚ ɸʌʄ ʠ ʂɸʄ ʩʠʛʥʘʣʦʚ 
 

ʇʦʛʨʝʰʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

 

ʟʥʘʯʝʥʠʝ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ (ʜɹ) 

ʂɸʄ ɸʌʄ 

ʄ=16 ʄ=32 ʄ=16 ʄ=32 

ʇʦʛʨʝʰʥʦʩʪʴ ʬʘʟʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ȹű (ʨʘʜʠʘʥ) 

0,05 0,5 1,0 0,85 1,1 

0,15 4,0 6,5 6,0 9,0 

ʇʦʛʨʝʰʥʦʩʪʴ ʪʘʢʪʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ȹTs (%) 

3 0,7 1,2 0,5 1,0 

5 1,3 2,5 1,2 2,0 
 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʠʩʪʝʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

(ȹű=0,05 ʨʘʜ.) ʧʨʠʝʤʥʠʢʠ ʩʠʛʥʘʣʦʚ ɸʌʄ ʠ ʂɸʄ ʧʦʢʘʟʳʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʦʝ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʬʘʟʦʚʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ȹűÓ0,15 ʨʘʜ. ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʜʣʷ ɸʌʄ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʟʘʤʝʪʥʳʤʠ. ɺʣʠʷʥʠʝ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʪʘʢʪʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ȹTs ʩʢʘʟʳʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ ʧʨʠ ʘʤʧʣʠʪʫʜʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʨʠʝʤʥʦʛʦ ʪʨʘʢʪʘ ʚ ʚʠʜʝ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʩʠʛʥʘʣʦʚ ɸʌʄ ʠ ʂɸʄ (ʧʨʠ ʚʝʣʠʯʠʥʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ 10
-3
). 

 

ʊʘʙʣʠʮʘ 3 ï ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʨʠ ʘʤʧʣʠʪʫʜʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ 

ʧʨʠʸʤʥʠʢʦʚ ɸʌʄ ʠ ʂɸʄ ʩʠʛʥʘʣʦʚ 
  

ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ 

ʘʤʧʣʠʪʫʜʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʨʠʝʤʥʦʛʦ ʪʨʘʢʪʘ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ (ʜɹ) 

ʂɸʄ ɸʌʄ 

ʄ=16 ʄ=32 ʄ=16 ʄ=32 

5,5 >10 4,5 >8 
 

ɺʠʜʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʩʚʷʟʠ ʩ ʩʠʛʥʘʣʘʤʠ ɸʌʄ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʘ ʢ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʘʤʧʣʠʪʫʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʝʤ ʂɸʄ: ʧʨʠ ʄ=16 ʝʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʤʝʥʴʰʝ ʥʘ 1 ʜɹ, ʘ ʧʨʠ ʄ=32 ʧʦʪʝʨʠ ʦʙʝʠʭ ʩʠʩʪʝʤ ʦʯʝʥʴ 

ʚʝʣʠʢʠ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ɸʌʄ ʚʳʠʛʨʳʚʘʝʪ ʫ ʂɸʄ ʥʝ ʤʝʥʝʝ 2-3 ʜɹ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʂɸʄ ʠ AʌM ʚ ʩʠʩʪʝʤʘʭ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʜʦʩʪʫʧʘ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʫʩʣʫʛ ʧʘʩʩʘʞʠʨʘʤ ʠ ʵʢʠʧʘʞʘʤ 

ʘʚʠʘʢʦʤʧʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʡ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʘʤʧʣʠʪʫʜʥʳʭ ʠ 

ʬʘʟʦʚʳʭ ʘʧʧʘʨʘʪʫʨʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʨʘʜʠʦʢʘʥʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸʌʄ 

ʩʠʛʥʘʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʩʪʫʧʘʶʪ ʩʠʩʪʝʤʘʤ ʩʚʷʟʠ ʧʦ ʧʨʦʪʦʢʦʣʫ LTE ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂɸʄ ʩʠʛʥʘʣʦʚ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʝʣʠʥʝʡʥʳʭ 

ʵʬʬʝʢʪʘʭ ʚ ʧʨʠʝʤʥʦʤ ʪʨʘʢʪʝ, ʧʨʝʚʦʩʭʦʜʷʪ ʠʭ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦ ʥʘ ʙʦʣʴʰʠʭ ʠ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ.  
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ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, ʨʝʞʠʤʳ ʠ ʘʣʛʦʨʠʪʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʩʨʝʜʩʪʚʦʤ ʫʜʘʣʝʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʝʪʩʷ ʚʪʦʨʠʯʥʳʡ ʨʘʜʠʦʣʦʢʘʪʦʨ, ʥʦ ʚ 

ʨʘʡʦʥʘʭ ʩ ʙʦʣʴʰʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʴʶ ʘʚʠʘʮʠʦʥʥʦʛʦ ʪʨʘʬʠʢʘ, ʘ ʪʘʢʞʝ ʨʘʡʦʥʦʚ ʩ ʥʠʟʢʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ ʥʘʙʣʶʜʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʠʭ, ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʨʝʞʠʤʘʤʠ 

ʨʘʙʦʪʳ, ʷʚʣʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ. ɺʥʝʜʨʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʦʛʦ 

ʨʝʞʠʤʘ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʠ ʨʝʛʫʣʷʨʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʣʝʪʦʚ. ɺʥʝʜʨʝʥʠʝ 

ʥʦʚʦʛʦ ʨʝʞʠʤʘ ʚ ʩʠʩʪʝʤʫ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʘʥʘʣʠʟʘ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʪʦʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ, ʢʦʪʦʨʦʝ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʫʩʪʨʦʡʩʪʚʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʪʦʨʠʯʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʷ, ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʳʡ ʨʝʞʠʤ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ LabVIEW. 

https://doi.org/10.18127/j20700814-201807-04
http://jre.cplire.ru/jre/nov21/7/text.pdf
https://doi.org/10.30898/1684-1719.2021.11.7
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Abstract. Technical means using various methods, modes and algorithms of operation 

operating in the ultrahigh frequency range are used to control aircraft. The most widely used means 

of remote monitoring of objects is a secondary radar, but in areas with heavy traffic congestion, as 

well as areas with a low number of ground-based surveillance equipment, their use with standard 

operating modes is ineffective. The introduction of a promising discrete-address mode will 

significantly improve the efficiency of air traffic management, flight safety and the regularity of 

flights. The introduction of a new mode into the secondary radar system is associated with the need 

to analyze the performance of the specified characteristics in terms of bandwidth, noise immunity 

and observation accuracy, determines the relevance of the study of the process of using the radar 

channel, which is possible by creating a model of a signal generation device. 

Keywords: secondary radar, discrete-address mode, modeling in LabVIEW. 

 

ɺʚʝʜʝʥʠʝ 

ʂʘʞʜʳʡ ʛʦʜ ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʟʦʚʳʭ ʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʥʝʫʢʣʦʥʥʦ 

ʨʘʩʪʝʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʥʘ ʮʝʥʪʨʳ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ 

ʜʚʠʞʝʥʠʝʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠ ̫ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʆʨɺɼ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ICAO (International Civil 

Aviation Organization) ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪ ʢʦʥʮʝʧʮʠʶ CNS/ATM 

(Communications, Navigation, Surveillance; Air Traffic Management) [1]. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʚʦʟʤʦʞʥʘ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ATM ʚ ʮʝʣʷʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʧʦʩʪʨʦʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, ʠʭ 

ʨʝʛʫʣʷʨʥʦʩʪʠ ʠ ʚ ʢʦʥʝʯʥʦʤ ʩʣʫʯʘʝ, ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ 

ʧʝʨʝʚʦʟʦʢ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʊʝʨʨʠʪʦʨʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ ʋʨʘʣʘ ʜʦ ʂʘʤʯʘʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʙʰʠʨʥʳʝ, ʧʨʦʪʷʞʝʥʥʳʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʨʘʡʦʥʳ ʩ ʥʠʟʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʦʟʜʫʰʥʳʭ ʪʨʘʩʩ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʨʝʜʩʪʚ ʥʘʙʣʶʜʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʫʧʨʘʚʣʝʥʠʝ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ. ʅʘ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʨʘʙʦʪʘ ʜʠʩʧʝʪʯʝʨʦʚ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʜʦʢʣʘʜʘʭ ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ ʦ ʤʝʩʪʝ, ʚʳʩʦʪʝ ʧʦʣʝʪʘ ʠ ʨʘʩʯʝʪʥʦʤ 

ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʦʯʝʨʝʜʥʳʭ ʧʫʥʢʪʦʚ [2]. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʤʝʥʝʥʠʶ 

ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʫʚʝʣʠʯʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʤʝʞʜʫ ɺʉ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʷʭ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʩʣʫʞʙʳ ʜʚʠʞʝʥʠʷ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʪʘʢʠʭ 

ʨʘʡʦʥʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ, ʚ ʨʘʤʢʘʭ 

ʢʦʥʮʝʧʮʠʠ CNS, ʜʦʣʞʥʦ ʦʧʝʨʝʞʘʪʴ ʤʦʜʝʨʥʠʟʘʮʠʶ ATM. 
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ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ, ʚ ʯʘʩʪʥʦʩʪʠ ʉʠʙʠʨʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʦʙʫʩʣʦʚʣʝʥʘ 

ʮʝʣʳʤ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ: 

1) ʥʝ ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ 

ʩʫʜʦʚ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʠʟ-ʟʘ ʤʘʣʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʦʟʜʫʰʥʳʭ ʪʨʘʩʩ; 

2) ʥʝ ʧʦʢʨʳʪʠʝ ʧʨʦʪʷʞʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤ ʢʦʥʪʨʦʣʝʤ, 
ʩʚʷʟʘʥʥʦʝ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʩʨʝʜʩʪʚ ʥʘʙʣʶʜʝʥʠʷ; 

3) ʦʪʩʫʪʩʪʚʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ ʟʦʥʘʤʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʩʣʫʞʙʳ 

ʜʚʠʞʝʥʠʷ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʥʘʣʦʚ 

ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ; 

4) ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʩʚʷʟʠ ʚ ʨʝʛʠʦʥʝ ʠʟ-ʟʘ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ. 

ɺ ʩʚʷʟʠ ʩ ʦʪʤʝʯʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʩʠʩʪʝʤʳ ATM ʚ ʉʠʙʠʨʩʢʦʤ ʨʝʛʠʦʥʝ 

ʦʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

1) ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʠ ʝʛʦ 

ʧʦʚʳʰʝʥʠʝ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʦʛʦ ʨʝʞʠʤʘ 

ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ; 

2) ʦʨʛʘʥʠʟʘʮʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ɺʉ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʣʝʪʘ, ʯʪʦ 

ʧʦʚʳʩʠʪ ʩʧʨʦʩ ʥʘ ʘʚʠʘʧʝʨʝʚʦʟʢʠ; 

3) ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ 
ʟʘʪʨʘʪ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ;  

4) ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ɺʉ ʙʝʟ ʧʦʚʳʰʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʶ; 

5) ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʨʝʜʩʪʚ ʩʚʷʟʠ ʟʘ ʩʯʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʥʘʣʦʚ 
ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʚʳʩʦʢʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ATM ʚ ʉʠʙʠʨʩʢʦʤ 

ʨʝʛʠʦʥʝ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʦʛʦ 

ʨʝʞʠʤʘ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʙʝʩʧʝʯʝʥʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʟʘʧʨʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʢʘʞʜʦʤʫ ʫʯʘʩʪʥʠʢʫ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʥʘʭʦʜʷʪʩʷ. 

 

1. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʧʨʠʥʷʪʳʝ ʜʦʧʫʱʝʥʠʷ. 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ɺʈʃ 

ɺʪʦʨʠʯʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ï ʮʝʣʝʡ, ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ: ʦʙʥʘʨʫʞʝʥʠʷ, ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ (ʜʘʣʴʥʦʩʪʠ ʠ ʘʟʠʤʫʪʘ), ʘ ʪʘʢʞʝ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʟʘ ʩʯʝʪ ʧʦʣʫʯʝʥʠʷ ʩ ʙʦʨʪʘ ɺʉ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ 

ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʘʟʝʤʥʦʛʦ ʠ ʙʦʨʪʦʚʦʛʦ ʩʝʛʤʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ ʥʘ ʟʝʤʣʝ ʚʪʦʨʠʯʥʳʡ ʨʘʜʠʦʣʦʢʘʪʦʨ 

(ɺʈʃ) ʚ ʚʠʜʝ ʟʘʧʨʦʩʯʠʢʘ, ʘ ʥʘ ʙʦʨʪʫ ʦʪʚʝʪʯʠʢʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʪʦ ʝʩʪʴ ʚʥʝʜʨʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʨʘʜʠʦʣʦʢʘʮʠʠ ʩ ʘʢʪʠʚʥʳʤ 

ʦʪʚʝʪʦʤ. ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ 

 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ɺʈʃ ʚʢʣʶʯʘʝʪ: 

- ʇʨʜ ï ʧʝʨʝʜʘʪʯʠʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 

ʟʘʧʨʦʩʘ ʥʘ ʯʘʩʪʦʪʝ 1030 ʄɻʮ; 

- ʇʨʤ ï ʧʨʠʝʤʥʠʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ, 

ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʫʩʠʣʝʥʠʷ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʯʘʩʪʦʪʝ 1090 ʄɻʮ; 

- ʈʌ ï ʨʘʟʜʝʣʠʪʝʣʴʥʳʡ ʬʠʣʴʪʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʘʟʚʷʟʢʠ 

ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʦʜʥʫ ʘʥʪʝʥʥʫ; 

- ʋʋ ï ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʟʘʧʨʦʩʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʟʘʧʨʦʩʦʚ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ; 

- ʋʆʉ ï ʫʩʪʨʦʡʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʜʝʣʝʥʠʝ 

ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʧʨʠʥʷʪʦʛʦ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʉʘʤʦʣʝʪʥʳʡ ʦʪʚʝʪʯʠʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʙʦʨʪʫ ɺʉ: 

- ʇʨʤ ï ʧʨʠʝʤʥʠʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ, 

ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʫʩʠʣʝʥʠʷ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʯʘʩʪʦʪʝ 1030 ʄɻʮ; 

- ʈʌ ï ʨʘʟʜʝʣʠʪʝʣʴʥʳʡ ʬʠʣʴʪʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʘʟʚʷʟʢʠ 

ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʦʜʥʫ ʘʥʪʝʥʥʫ; 

- ʇʨʜ ï ʧʝʨʝʜʘʪʯʠʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 

ʦʪʚʝʪʘ ʥʘ ʯʘʩʪʦʪʝ 1090 ʄɻʮ; 

- ɼʐ ï ʜʝʰʠʬʨʘʪʦʨ, ʚʳʜʝʣʷʝʪ ʩʤʳʩʣʦʚʫʶ ʥʘʛʨʫʟʢʫ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ; 

- ʐ ï ʰʠʬʨʘʪʦʨ, ʬʦʨʤʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʯʘʩʪʴ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʅʘʟʝʤʥʳʡ ʩʝʛʤʝʥʪ ʚ ʚʠʜʝ ɺʈʃ ʬʦʨʤʠʨʫʝʪ ʟʘʧʨʦʩʥʳʡ ʩʠʛʥʘʣ ʥʘ ʯʘʩʪʦʪʝ 

fʟʘʧʨ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ: ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ 

(ʋʋ) ʦʧʨʝʜʝʣʷʝʪ ʩʤʳʩʣʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʟʘʢʣʘʜʳʚʘʝʤʫʶ ʚ ʟʘʧʨʦʩʥʳʡ ʩʠʛʥʘʣ 

(ʟʘʧʨʘʰʠʚʘʝʤʳʡ ʧʘʨʘʤʝʪʨ), ʘ ʧʝʨʝʜʘʪʯʠʢ ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ ʚ ʚʠʜʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʡ ʯʝʨʝʟ 

ʨʘʟʜʝʣʠʪʝʣʴʥʳʡ ʬʠʣʴʪʨ ʧʦʩʪʫʧʘʝʪ ʚ ʘʥʪʝʥʥʫʶ ʩʠʩʪʝʤʫ ʠ ʠʟʣʫʯʘʝʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦ.  

ʉʘʤʦʣʝʪʥʳʝ ʦʪʚʝʪʯʠʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʥʘʟʝʤʥʦʡ ɺʈʃ, 

ʧʨʠʥʠʤʘʷ ʟʘʧʨʦʩʥʳʡ ʩʠʛʥʘʣ ʥʘ ʯʘʩʪʦʪʝ fʟʘʧʨ, ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʨʘʟʜʝʣʠʪʝʣʴʥʳʡ 

ʬʠʣʴʪʨ ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʠʝʤʥʠʢ. ɺ ʧʨʠʝʤʥʠʢʝ ʦʪʚʝʪʯʠʢʘ ʚʳʧʦʣʥʷʶʪʩʷ 
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ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʮʝʜʫʨʳ ʩʝʣʝʢʮʠʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʦʪʳ, ʫʩʠʣʝʥʠʷ ʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʥʳʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʦʜʘʚʣʝʥʠʝ ʩʠʛʥʘʣʦʚ, ʠʟʣʫʯʝʥʥʳʭ 

ʙʦʢʦʚʳʤʠ ʣʝʧʝʩʪʢʘʤʠ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʟʝʤʥʦʡ 

ɺʈʃ (ʧʦʜʘʚʣʝʥʠʝ ʧʦ ʟʘʧʨʦʩʫ). ɼʘʣʝʝ ʜʝʰʠʬʨʘʪʦʨ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ 

ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʚʳʜʝʣʷʝʪ ʩʤʳʩʣʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʟʘʧʨʦʩʘ (ʟʘʧʨʘʰʠʚʘʝʤʳʡ ʧʘʨʘʤʝʪʨ: ʥʦʤʝʨ ʨʝʡʩʘ, ʚʳʩʦʪʘ ʠ ʪ.ʜ.). ʐʠʬʨʘʪʦʨ 

ʦʪʚʝʪʯʠʢʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʟʘʧʨʘʰʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʬʦʨʤʠʨʫʝʪ 

ʠʤʧʫʣʴʩʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʠʯʝʤ ʩʦʩʪʘʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʞʠʤʦʤ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ (ʋɺɼ, 

RBS ʠʣʠ S). ɺ ʧʝʨʝʜʘʪʯʠʢʝ ʦʪʚʝʪʯʠʢʘ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʠʤʧʫʣʴʩʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʜʫʣʠʨʫʝʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, 

ʫʩʠʣʠʚʘʝʪʩʷ ʯʝʨʝʟ ʨʘʟʜʝʣʠʪʝʣʴʥʳʡ ʬʠʣʴʪʨ, ʧʦʩʪʫʧʘʝʪ ʚ ʘʥʪʝʥʥʫ ʠ ʠʟʣʫʯʘʝʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʯʘʩʪʦʪʝ fʦʪʚ. 

ɸʥʪʝʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘʟʝʤʥʦʡ ɺʈʃ, ʧʨʠʥʠʤʘʷ ʦʪʚʝʪʥʳʡ ʩʠʛʥʘʣ ʩ ʙʦʨʪʘ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʥʘʧʨʘʚʣʷʝʪ ʝʛʦ ʯʝʨʝʟ ʨʘʟʜʝʣʠʪʝʣʴʥʳʡ ʬʠʣʴʪʨ ʚ ʧʨʠʝʤʥʠʢ, 

ʛʜʝ ʢʨʦʤʝ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʮʝʜʫʨ: ʩʝʣʝʢʮʠʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʦʪʳ, ʫʩʠʣʝʥʠʷ 

ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʪʚʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʜʘʚʣʝʥʠʝ ʧʨʠʥʷʪʳʭ 

ʙʦʢʦʚʳʤʠ ʣʝʧʝʩʪʢʘʤʠ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʠʛʥʘʣʦʚ (ʧʦʜʘʚʣʝʥʠʝ ʧʦ 

ʦʪʚʝʪʫ) [3]. ɺʦʧʨʦʩʳ ʧʦʜʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥ rʜʘʣʝʝ. ɺ ʫʩʪʨʦʡʩʪʚʝ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ (ʋʆʉ) ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʥʦʡ 

ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʟʘʧʨʦʩʥʳʤ ʠ ʦʪʚʝʪʥʳʤ ʩʠʛʥʘʣʦʤ (ʚʳʯʠʩʣʷʝʪʩʷ ʜʘʣʴʥʦʩʪʴ) ʠ 

ʬʠʢʩʘʮʠʠ ʪʝʢʫʱʝʛʦ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʤʦʤʝʥʪ ʧʨʠʝʤʘ 

ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ (ʘʟʠʤʫʪ). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʋʆʉ ʠʟʚʣʝʢʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʟʥʘʯʝʥʠʠ ʟʘʧʨʦʰʝʥʥʦʛʦ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʝʜʘʥʥʦʛʦ ʩ ʙʦʨʪʘ ɺʉ ʧʘʨʘʤʝʪʨʘ 

(ʥʦʤʝʨ ʨʝʡʩʘ, ʚʳʩʦʪʘ ʠ ʪ.ʜ.). ʀʟʤʝʨʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʢʦʤʘʥʜʥʦ-ʜʠʩʧʝʪʯʝʨʩʢʠʡ ʧʫʥʢʪ (ʂɼʇ) ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʪʤʝʪʢʠ ʦʪ ɺʉ ʥʘ ʠʥʜʠʢʘʪʦʨʝ ʜʠʩʧʝʪʯʝʨʘ ʩʣʫʞʙʳ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ 

ʜʚʠʞʝʥʠʷ. ʋʆʉ ʪʘʢʞʝ ʫʧʨʘʚʣʷʝʪ ʧʝʨʝʜʘʪʯʠʢʦʤ ʥʘʟʝʤʥʦʡ ɺʈʃ, ʦʧʨʝʜʝʣʷʷ 

ʦʯʝʨʝʜʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʟʘʧʨʦʩʥʳʭ ʩʠʛʥʘʣʦʚ. 

ʉʠʩʪʝʤʘ ɺʈʃ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʚʠʜʫ ʨʷʜʘ ʧʨʝʠʤʫʱʝʩʪʚ: 

- ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʮʝʣʝʡ, ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʜʚʠʞʝʥʠʷ ɺʉ; 

- ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʜʫʰʥʦʤ ʩʫʜʥʝ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʝʛʦ ʜʚʠʞʝʥʠʷ; 

- ʥʠʟʢʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʟʘʪʨʘʪʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʚʠʯʥʳʤʠ ʈʃʉ; 

- ʙʦʣʴʰʘʷ ʜʘʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ. 

 

2. ɼʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʳʡ ʨʝʞʠʤ ʩʠʩʪʝʤʳ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ 

ɼʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʥʝʜʨʷʝʪʩʷ 

ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʳʡ ʨʝʞʠʤ (ɼɸʈ) ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʛʨʫʟʠʪʴ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʧʫʪʝʤ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ ʟʘʧʨʦʩʦʚ 

ʠ ʦʪʚʝʪʦʚ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʬʦʨʤʠʨʫʝʤʳʡ ʟʘʧʨʦʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʢʦʥʢʨʝʪʥʳʤ ɺʉ, 
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ʠʤʝʶʱʠʤ ʩʚʦʡ ʧʝʨʩʦʥʘʣʴʥʳʡ ʥʦʤʝʨ. ʉʠʛʥʘʣ ʟʘʧʨʦʩʘ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʯʘʩʪʦʪʝ 

1030 ʄɻʮ, ʘ ʦʪʚʝʪʘ ʥʘ ʯʘʩʪʦʪʝ 1090 ʄɻʮ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʘʚʠʘʮʠʦʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʫʩʣʦʚʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʥʦʚʦʛʦ 

ʨʝʞʠʤʘ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʝʟ ʨʝʟʢʦʛʦ ʩʢʘʯʢʘ ʟʘʪʨʘʪ ʥʘ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʟʘʧʨʦʩʥʳʭ ʩʠʛʥʘʣʦʚ: 

- ʟʘʧʨʦʩ ʦʙʱʝʛʦ ʚʳʟʦʚʘ (ʨʠʩʫʥʦʢ 1.ʘ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 
ʦʧʨʦʩʘ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʝ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ɺʈʃ ʥʘ ʧʨʝʜʤʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʦʪʚʝʪʯʠʢʘ (ʋɺɼ, RBS ʠʣʠ 

ɼɸʈ); 

- ʟʘʧʨʦʩ ʨʝʞʠʤʘ S (ʨʠʩʫʥʦʢ 1.ʙ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʪʦʣʴʢʦ ʜʣʷ ɺʉ, 

ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʦʪʚʝʪʯʠʢʘʤʠ ɼɸʈ, ʠ ʩʦʜʝʨʞʠʪ ʧʝʨʩʦʥʘʣʴʥʳʡ 24 ʙʠʪʥʳʡ ʥʦʤʝʨ, 

ʧʨʠʩʚʦʝʥʥʳʡ ICAO. 

ʆʪʚʝʪʥʳʝ ʩʠʛʥʘʣʳ ʬʦʨʤʠʨʫʶʪʩʷ ʦʪʚʝʪʯʠʢʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʨʝʞʠʤʘʤʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʘʥʜʘʨʪʥʦʝ ʩʦʦʙʱʝʥʠʝ, ʚʠʜ 

ʩʦʦʙʱʝʥʠʷ ɼɸʈ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.ʚ. 

 

 

ʘ) 

 
ʙ) 

 
ʚ) 
 

ʈʠʩʫʥʦʢ 2 ï ʉʠʛʥʘʣʳ ʟʘʧʨʦʩʘ ʠ ʦʪʚʝʪʘ ɼɸʈ ɺʈʃ: ʘ) ʦʙʱʝʛʦ ʚʳʟʦʚʘ; 

ʙ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ɼɸʈ ɺʈʃ; ʚ) ʘʜʨʝʩʥʦʛʦ ʦʪʚʝʪʘ  

 

ʅʘ (ʨʠʩʫʥʢʝ 1.ʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʛʥʘʣ ʟʘʧʨʦʩʘ ʦʙʱʝʛʦ ʚʳʟʦʚʘ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʠʤʧʫʣʴʩʦʚ: ʧʝʨʚʳʝ ʪʨʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʪʚʝʪʯʠʢʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʨʝʞʠʤʘʭ ʋɺɼ ʠ RBS, ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʦʧʨʝʜʝʣʷʝʪ ʩʤʳʩʣʦʚʫʶ ʥʘʛʨʫʟʢʫ ʟʘʧʨʦʩʘ. ʏʝʪʚʝʨʪʳʡ ʠʤʧʫʣʴʩ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʪʚʝʪʯʠʢʦʚ ɼɸʈ ɺʈʃ. 
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ɿʘʧʨʦʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ɼɸʈ (ʨʠʩ.1.ʙ) ʚʢʣʶʯʘʝʪ ʧʨʝʘʤʙʫʣʫ, ʩʦʩʪʦʷʱʫʶ 

ʠʟ ʜʚʫʭ ʠʤʧʫʣʴʩʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʙʣʦʢʠʨʦʚʢʠ ʦʪʚʝʪʯʠʢʦʚ ʨʝʞʠʤʦʚ ʋɺɼ 

ʠ RBS, ʪʘʢ ʢʘʢ ʦʥʠ ʚʦʩʧʨʠʥʠʤʘʶʪ ʵʪʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʢ ʩʠʛʥʘʣ, 

ʠʟʣʫʯʝʥʥʳʡ ʙʦʢʦʚʳʤ ʣʝʧʝʩʪʢʦʤ ɼʅɸ. ʉʣʝʜʫʶʱʘʷ ʯʘʩʪʴ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ 

ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʴʶ, ʩʦʩʪʦʷʱʘʷ ʠʟ 56 ʠʣʠ 112 ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ. ʄʦʜʫʣʷʮʠʷ ʬʘʟʳ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʥʝʩʫʱʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 4 ʄʙʠʪ/ʩ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʪʴ 112- ʙʠʪʦʚʦʝ ʩʦʦʙʱʝʥʠʝ ʟʘ ʚʨʝʤʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʙʣʦʢʠʨʦʚʢʝ ʦʙʳʯʥʳʭ ʦʪʚʝʪʯʠʢʦʚ [4]. 

ʆʪʚʝʪ ɼɸʈ (ʨʠʩʫʥʦʢ 1.ʚ) ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʠʤʧʫʣʴʩʦʚ (ʧʨʝʘʤʙʫʣʳ), 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʚʩʝʭ ʦʪʚʝʪʦʚ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʠʤʧʫʣʴʩʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 56 ʠʣʠ 112 ʙʠʪʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʚʨʝʤʝʥʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʠʤʧʫʣʴʩʘ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʙʠʪʘ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʥʘʯʝʥʠʠ 

ʜʚʦʠʯʥʦʛʦ ʩʠʤʚʦʣʘ. 

 

3. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʟʘʧʨʦʩʥʳʝ ʩʠʛʥʘʣʳ ʜʠʩʢʨʝʪʥʦ-

ʘʜʨʝʩʥʦʛʦ ʨʝʞʠʤʘ ʩʠʩʪʝʤʳ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ 

LabVIEW.  

LabVIEW (ʘʥʛʣ. Laboratory Virtual Instrumentation Engineering Workbench) 

ï ʵʪʦ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤ, ʩʦʟʜʘʥʥʳʭ ʥʘ 

ʛʨʘʬʠʯʝʩʢʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ çGè ʬʠʨʤʳ National Instruments (ʉʐɸ) 

[5]. ɺ ʜʘʥʥʦʡ ʩʨʝʜʝ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʠʛʥʘʣʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ: ʘʤʧʣʠʪʫʜʘ, ʯʘʩʪʦʪʘ, ʬʘʟʘ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ, ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʠ ʙʘʟʘ ʩʠʛʥʘʣʘ. 

ʄʦʜʝʣʴ ʩʠʛʥʘʣʘ ʦʙʱʝʛʦ ʚʳʟʦʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. ʀʤʧʫʣʴʩ P2 

ʩʣʫʞʠʪ ʜʣʷ ʟʘʱʠʪʳ ʦʪʚʝʪʯʠʢʘ ʦʪ ʧʨʠʝʤʘ ʟʘʧʨʦʩʦʚ ʧʦ ʙʦʢʦʚʳʤ ʣʝʧʝʩʪʢʘʤ ɼʅɸ, 

P4 ʩʜʝʣʘʥ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʦʪʚʝʪʯʠʢʦʚ ɼɸʈ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ P1 ʜʦ P3 ʥʘʟʳʚʘʝʪʩʷ 

ʢʦʜʦʚʳʤ ʠʥʪʝʨʚʘʣʦʤ Tʢ.ʟ. ʠ ʧʨʝʜʥʘʟʥʘʯʘʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ɺʉ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ 8 ʤʢʩ ʠ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʦʤʝʨʝ ʨʝʡʩʘ 

(çʉʢʚʦʢè). 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɺʠʜ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʛʦ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʦʙʱʝʛʦ ʚʳʟʦʚʘ 
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ʄʦʜʝʣʴ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʜʠʩʢʨʝʪʥʦ ʘʜʨʝʩʥʦʛʦ ʨʝʞʠʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4, ʧʝʨʚʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʧʨʦʩʫ, ʠʟʣʫʯʝʥʥʦʤʫ 

ʦʩʥʦʚʥʳʤ ʣʝʧʝʩʪʢʦʤ ɼʅɸ ʥʘʟʝʤʥʦʡ ɺʈʃ (ʨʠʩʫʥʦʢ 4.ʘ), ʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʥʘ 

ʨʠʩʫʥʢʝ 4.ʙ ʙʦʢʦʚʳʤ ʣʝʧʝʩʪʢʦʤ, ʧʨʠ ʵʪʦʤ ʠʤʧʫʣʴʩ ʧʦʜʘʚʣʝʥʠʷ, ʩʦʚʤʝʱʝʥʥʳʡ ʩ 

ʧʝʨʚʳʤ ʧʝʨʝʚʦʨʦʪʦʤ ʬʘʟʳ ʠʤʧʫʣʴʩʘ ʈ6 ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦ ʘʤʧʣʠʪʫʜʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʙʣʦʢʠʨʦʚʢʠ ʚ ʦʪʚʝʪʯʠʢʝ 

ʩʠʛʥʘʣʦʚ, ʠʟʣʫʯʝʥʥʳʭ ʙʦʢʦʚʳʤʠ ʣʝʧʝʩʪʢʘʤʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ çʨʘʟʛʨʫʞʘʝʪè 

ʨʘʙʦʪʫ ʦʪʚʝʪʯʠʢʘ, ʩʦʢʨʘʱʘʷ ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʳʭ ʦʪʚʝʪʦʚ. 

 

 
 

 
 

ʈʠʩʫʥʦʢ 4 ï ɺʠʜ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ɼɸʈ: ʘ) ʙʝʟ ʧʦʜʘʚʣʝʥʠʷ; ʙ) ʩ ʧʦʜʘʚʣʝʥʠʝʤ 

 

ʀʥʬʦʨʤʘʮʠʷ ʚ ʠʤʧʫʣʴʩʝ P6 ʢʦʜʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʠ (ʆʌʄ, DPSK ï Differential Phase Shift Keying) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʜʚʦʠʯʥʦʛʦ ʩʠʤʚʦʣʘ ʠʟʤʝʥʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʬʘʟʳ ʩʠʛʥʘʣʘ 

ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʩʠʤʚʦʣʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʳʜʫʱʝʛʦ, ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ 

ʘʤʧʣʠʪʫʜʝ ʠ ʯʘʩʪʦʪʝ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʯʘʩʪʴ ʩʠʛʥʘʣʘ ʟʘʧʨʦʩʘ, ʧʝʨʝʜʘʚʘʝʤʘʷ 

ʠʤʧʫʣʴʩʦʤ ʈ6 (ʨʠʩʫʥʦʢ 5) ʩʦʜʝʨʞʠʪ: 

· ʜʚʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʧʦʩʳʣʢʠ (1,25 ʠ 0,5 ʤʢʩ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 
ʧʦʜʩʪʨʦʡʢʠ ʧʦ ʬʘʟʝ ʛʝʪʝʨʦʜʠʥʘ ʙʦʨʪʦʚʦʛʦ ʦʪʚʝʪʯʠʢʘ; 

· 32 ʠʣʠ 88 ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʦʜʘ ʟʘʧʨʦʩʘ; 

· 24 ʠʤʧʫʣʴʩʘ ʘʜʨʝʩʘ ʟʘʧʨʦʩʘ [6]. 
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ʈʠʩʫʥʦʢ 5 ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʆʌʄ ʚ ʟʘʧʨʦʩʥʦʤ ʩʠʛʥʘʣʝ ʠʤʧʫʣʴʩʘ P6 
 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʥʝʜʨʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʦʛʦ ʨʝʞʠʤʘ ɺʈʃ, ʚ ʦʩʥʦʚʫ 

ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ɺʈʃ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʤʠʥʠʤʘʣʴʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ (ʙʝʟ ʧʦʣʝʪʦʚ ɺʉ) ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʥʘʙʦʨʝ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʫʭʫʜʰʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʌʆʈʄʀʈʆɺɸʊɽʃʗ ʉʀɻʅɸʃɸ ʉʀʉʊɽʄʓ 

ʇɽʈɽɼɸʏʀ ɼɸʅʅʓʍ LDACS-1  

 

ʄʝʞʝʪʦʚ ʄ. ɸ., ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ 

ɼʨʘʛʘʡʣʦ ʃ. ʇ. 

 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ  

(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ: ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʚʳʜʚʠʛʘʝʪ ʥʦʚʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʉʇɼ), ʢʦʪʦʨʳʝ ʩʚʷʟʘʥ r ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʤʦʥʠʪʦʨʠʥʛ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʦʧʝʨʘʪʠʚʥʦʤ 

ʨʝʞʠʤʝ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʉʇɼ ʥʝ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʵʪʦ ʚʚʠʜʫ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʧʦ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʯʘʩʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, 

ʢʦʪʦʨʳʡ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʉʇɼ. ʊʘʢʠʝ 

ʫʯʘʩʪʢʠ ʩʧʝʢʪʨʘ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʤʝʞʜʫ ʟʘʧʨʦʩʥʳʤ ʠ ʦʪʚʝʪʥʳʤ ʩʠʛʥʘʣʘʤʠ DME ʚ L 

ʜʠʘʧʘʟʦʥʝ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ LDACS-1 ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʩʠʛʥʘʣʘ ʉʇɼ 

LDACS-1, ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Labview2010. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: OFDM, LDACS-1, ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʤʦʜʫʣʷʮʠʷ. 

 

SIGNAL GENERATOR SIMULATION  OF THE DATA TRANSMISSION 

SYSTEM LDACS-1 

 

Mezhetov M. A., Candidate of Physical and Mathematical Sciences 

Dragailo L. P. 

 

Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 

 
Abstract. The rapid development of the aviation industry puts forward new requirements for 

data transmission systems (DTS) associated with an increase in controlled parameters, monitoring 

of which must be carried out online. The existing DTSs do not allow it to be implemented due to 

the limited speed of information transmission. At the same time, the problem arises of choosing a 

particular range meeting the high-speed DTSs requirements. Such sections of the spectrum can be 

located between the DME request and response signals in the L band. Therefore, the development 

of a promising LDACS-1 system is relevant today. The article considers the LDACS-1 DTS signal 

generator simulation in the Labview 2010 software environment. 

Keywords: OFDM, LDACS-1, data transmission system, modulation. 

 

ɺʚʝʜʝʥʠʝ 

ʉʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʩʝʛʜʘ ʦʪʥʦʩʠʣʠʩʴ ʢ ʩʠʩʪʝʤʘʤ, ʙʝʟ ʢʦʪʦʨʳʭ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʦʚʨʝʤʝʥʥʫʶ ʞʠʟʥʴ. ʋʩʢʦʨʝʥʠʝ ʧʦʪʦʢʦʚ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʩʠʪʫʘʮʠʠ, ʪʨʝʙʫʶʱʠʝ ʥʝʤʝʜʣʝʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. ʇʦʪʦʤʫ 

ʯʪʦ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʠ ʧʨʘʚʠʣʴʥʦʩʪʴ 
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ʧʨʠʥʷʪʦʛʦ ʨʝʰʝʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʭ ʩʠʩʪʝʤ ʦʙʤʝʥʘ 

ʠʥʬʦʨʤʘʮʠʝʡ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʩʠʪʫʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʠʥʷʪʦʝ ʨʝʰʝʥʠʝ ʥʝ 

ʙʫʜʝʪ ʘʢʪʫʘʣʴʥʳʤ. ʊʘʢʠʝ ʩʠʪʫʘʮʠʠ ʥʝ ʜʦʧʫʩʪʠʤʳ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʛʠʙʝʣʠ ʣʶʜʝʡ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʠʩʪʝʤ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʙʦʨʪʫ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ (ɺʉ). 

ʉʦʚʨʝʤʝʥʥʳʡ ʩʘʤʦʣʸʪ ʥʘ ʩʚʦʸʤ ʙʦʨʪʫ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʆʪʢʣʦʥʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʘʪʘʩʪʨʦʬʝ ʩʘʤʦʣʸʪʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʝ ʩʠʩʪʝʤʳ ʩʘʤʦʣʝʪʘ ʦʩʥʘʱʝʥʳ ʠʥʜʠʢʘʮʠʝʡ, 

ʚʳʚʝʜʝʥʥʦʡ ʚ ʢʘʙʠʥʫ ʧʠʣʦʪʦʚ. ʆʪʢʘʟ ʦʜʥʦʡ ʠʟ ʩʠʩʪʝʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʚʫʢʦʚʦʡ ʠ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣʠʟʘʮʠʝʡ ʚ ʢʘʙʠʥʝ ʧʠʣʦʪʘ, 

ʢʦʪʦʨʘʷ ʥʝ ʚʩʝʛʜʘ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʯʝʣʦʚʝʢʦʤ. ʈʘʟʚʠʪʠʶ ʘʚʘʨʠʡʥʦʡ 

ʩʠʪʫʘʮʠʠ ʥʘ ʙʦʨʪʫ ʩʘʤʦʣʸʪʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʝ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʨʘʥʥʠʡ (ʦʧʝʨʘʪʠʚʥʳʡ) ʤʦʥʠʪʦʨʠʥʛ 

ʧʦʟʚʦʣʠʪ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʚʳʷʚʠʪʴ ʦʪʢʣʦʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʦʪ 

ʟʘʜʘʥʥʳʭ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʨʝʜʩʪʚʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ 

ʟʘ ʜʠʥʘʤʠʢʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʧʦʪʦʤʫ ʯʪʦ ʦʙʲʸʤʳ ʜʘʥʥʳʭ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ 

ʘʥʘʣʠʟʫ, ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʫʪ, ʘ ʩʫʱʝʩʪʚʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ɺʉ ʥʝ ʩʧʦʩʦʙʥʦ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ɺʳʭʦʜʦʤ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʙʦʨʪʘ ʧʦ ʣʠʥʠʠ çʩʘʤʦʣʝʪ-ʟʝʤʣʷè ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʠ 

ʘʥʘʣʠʟʦʤ ʚ ʥʘʟʝʤʥʦʤ ʩʝʛʤʝʥʪʝ ʩʠʩʪʝʤʳ [1]. 

 

1. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʪʨʦʚʳʭ ʚʦʣʥ VDL-2 ʠ VDL-4 

ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʦʛʨʘʥʠʯʝʥʳ ʚʳʜʝʣʝʥʥʳʤ ʯʘʩʪʦʪʥʳʤ ʨʝʩʫʨʩʦʤ ʚ 25ʢɻʮ. ʇʨʠ ʵʪʦʤ, ʥʘʠʙʦʣʴʰʘʷ 

ʩʢʦʨʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 31500 ʙʠʪ/ʩ, ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ ʩʠʩʪʝʤʦʡ ʧʝʨʝʜʘʯʠ VDL 

ʨʝʞʠʤʘ ʜʚʘ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʉʇɼ, ʦʙʣʘʜʘʷ ʪʘʢʠʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʢʘʢ 

ʛʣʦʙʘʣʴʥʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʜʦʨʦʛʦʚʠʟʥʦʡ ʪʨʘʬʠʢʘ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʚ ʩʨʝʜʥʝʤ 144 ʢʙʠʪ/ʩ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʙʦʨʪʘ ʩʘʤʦʣʸʪʘ ʥʘ ʟʝʤʣʶ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʉʇɼ ʷʚʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪʳ LDACS-

1, LDACS-2 [2]. ʀʭ ʦʙʲʝʜʠʥʷʝʪ ʯʘʩʪʦʪʥʳʡ ʨʝʩʫʨʩ, ʢʦʪʦʨʳʡ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ. 

ʆʪʣʠʯʠʝ ʵʪʠʭ ʩʠʩʪʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʝ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ ʧʨʠ 

ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢ ʚ LDACS-2 ʧʨʠʤʝʥʷʝʪʩʷ GMSK ï ʜʚʫʭʧʦʟʠʮʠʦʥʥʘʷ c 

ʤʠʥʠʤʘʣʴʥʳʤ ʯʘʩʪʦʪʥʳʤ ʩʜʚʠʛʦʤ, ʥʝʧʨʝʨʳʚʥʦʡ ʬʘʟʦʡ, ʩ ʠʥʜʝʢʩʦʤ ʤʦʜʫʣʷʮʠʠ 

h = 0,5, ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʛʘʫʩʩʦʚʩʢʦʡ ʬʠʣʴʪʨʘʮʠʝʡ. ʇʨʦʪʦʪʠʧ ʩʠʩʪʝʤʘ ï 

GSM. 

LDACS-1 ʠʩʧʦʣʴʟʫʝʪ ʩʧʝʢʪʨʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʤʦʜʫʣʷʮʠʠ 

OFDM (OFDM ï ʘʥʛʣ. Orthogonal frequency-division multiplexing). OFDM 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʯʘʩʪʦʪʥʳʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ, ʨʝʘʣʠʟʫʶʱʠʤ ʰʠʨʦʢʦʧʦʣʦʩʥʫʶ ʧʝʨʝʜʘʯʫ. ʇʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ 500 ʢɻʮ ʜʦ 2,6 ʄɻʮ, ʢʘʢ ʜʣʷ ʧʨʷʤʦʡ, ʪʘʢ ʠ ʜʣʷ ʦʙʨʘʪʥʦʡ 

ʣʠʥʠʠ ʩʚʷʟʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʫʧʣʝʢʩʥʘʷ ʧʝʨʝʜʘʯʘ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦ ʯʘʩʪʦʪʝ 

(FDD ï ʘʥʛʣ. Frequency-Division Duplex), ʢʘʞʜʘʷ ʧʦʜʥʝʩʫʱʘʷ ʤʦʜʫʣʠʨʫʝʪʩʷ 

BPSK, QPSK, 16-QAM ʠʣʠ 64-QAM ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ ʢʘʥʘʣʘ 

(ʘʜʘʧʪʠʚʥʦ), ʢʦʜʠʨʦʚʘʥʠʝ ʩʚʝʨʪʦʯʥʦʝ ʩ ʧʝʨʝʤʝʞʝʥʠʝʤ ʠ/ʠʣʠ ʪʫʨʙʦ-

ʢʦʜʠʨʦʚʘʥʠʝ. ʇʨʦʪʦʪʠʧʘʤʠ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʩʚʷʟʠ B-AMC, P34, 

IEEE 802.16m (WiMAX  2009) [3].  

ɼʣʷ ʨʘʙʦʪʳ ʵʪʠʭ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʡ ʯʘʩʪʦʪʥʳʡ ʨʝʩʫʨʩ, 

ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤ DME, ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʦʢʥʘʭ ʤʝʞʜʫ ʟʘʧʨʦʩʥʳʤʠ (ʧʦʣʦʩʘ ʯʘʩʪʦʪ 1025-1150 ʄɻʮ) ʠ ʦʪʚʝʪʥʳʤʠ (962-

1024 ʄ ɻʮ ʠ 1151-1213 ʄɻʮ) ʩʠʛʥʘʣʘʤʠ. ɼʣʷ LDACS-1 ʚʳʜʝʣʝʥ ʜʠʘʧʘʟʦʥ 960-

1164 ʄɻʮ. ʉʠʩʪʝʤʘ LDACS-1, ʘʥʘʣʠʟʠʨʫʷ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʢʘʥʘʣʘ, ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴ ʧʦʣʦʞʝʥʠʝ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ʊʘʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʦʟʚʦʣʠʪ 

ʫʚʝʣʠʯʠʪʴ ʰʠʨʠʥʫ ʢʘʥʘʣʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ 

[4].  

ʋʯʘʩʪʦʢ ʩʧʝʢʪʨʘ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʧʝʨʝʜʘʯʘ LDACS-1 ʠ DME, 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʝʨʝʜʘʯʘ LDACS-1 ʠ DME 
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2. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʇɼ LDACS-1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ LDACS-1 

 

ɺ ʝʝ ʩʦʩʪʘʚ ʚʭʦʜʷʪ: ʌʀʉ ï ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʘ; 

ʌʂʂʉ ï ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʢʦʦʨʜʠʥʘʪ ʢʦʥʩʪʝʣʷʮʠʦʥʥʦʛʦ ʩʦʟʚʝʟʜʠʷ; ʈʉ ï ʨʝʛʠʩʪʨ 

ʩʜʚʠʛʘ; ʆʇʌ ï ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ; ʂʚ. ʄʦʜ. ï ʢʚʘʜʨʘʪʫʨʥʳʡ 

ʤʦʜʫʣʷʪʦʨ. 

ɺ LDACS-1 ʚ ʬʦʨʤʠʨʦʚʘʪʝʣʝ ʩʠʛʥʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʝʘʣʠʟʫʝʪʩʷ 

ʯʘʩʪʦʪʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʤʥʠʤʦʡ ʠ ʨʝʘʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʠʛʥʘʣ Re ʠ Im ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʢʦʦʨʜʠʥʘʪ ʢʦʥʩʪʝʣʷʮʠʦʥʥʦʛʦ ʩʦʟʚʝʟʜʠʷ. ʈʝʛʠʩʪʨ ʩʜʚʠʛʘ 

ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ, ʢʘʢʠʝ ʛʘʨʤʦʥʠʢʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ 

ʌʫʨʴʝ. ʆʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʯʘʩʪʦʪʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚʦ ʚʨʝʤʝʥʥʳʝ. ʉʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʢʚʘʜʨʘʪʫʨʥʳʡ ʤʦʜʫʣʷʪʦʨ 

ʧʝʨʝʜʘʪʯʠʢʘ. ɺ ʢʘʥʘʣʝ ʧʨʦʠʩʭʦʜʠʪ ʩʣʦʞʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʰʫʤʘ [5]. 

 

3. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʚ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʨʝʜʝ LabVIEW. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʉʇɼ LDACS-1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3-8. 

ʌʀʉ (ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ) ï ʚ ʵʪʦʤ ʙʣʦʢʝ 

ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʠʛʥʘʣʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ. ʉʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʌʀʉ 

ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. ʈʝʞʠʤ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ QPSK. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʌʦʨʤʠʨʦʚʘʪʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ 
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ʌʂʂʉ (ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʢʦʦʨʜʠʥʘʪ ʢʦʥʩʪʝʣʷʮʠʦʥʥʦʛʦ ʩʦʟʚʝʟʜʠʷ) ï ʵʪʦʪ 

ʙʣʦʢ ʬʦʨʤʠʨʫʝʪ ʢʦʦʨʜʠʥʘʪʳ ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ 4 ʦʪʣʠʯʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ çʟʚʝʟʜʳè, ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (1;1),(1;ï

1),(ï1;1),(ï1;ï1). ɺʳʙʦʨ ʢʦʦʨʜʠʥʘʪ ʟʘʚʠʩʠʪ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʉʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʌʂʂʉ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.  

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʌʦʨʤʠʨʦʚʘʪʝʣʴ ʢʦʦʨʜʠʥʘʪ ʢʦʥʩʪʝʣʷʮʠʦʥʥʦʛʦ ʩʦʟʚʝʟʜʠʷ 
 

ʆʇʌ (ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ) ï ʧʨʝʦʙʨʘʟʫʝʪ ʯʘʩʪʦʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʚʦ ʚʨʝʤʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʉʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʆʇʌ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʆʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ  

 

ʂʚ.ʄʦʜ ï (ʢʚʘʜʨʘʪʫʨʥʳʡ ʤʦʜʫʣʷʪʦʨ) ï ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʘ ʧʦʣʫʯʘʝʤ ɺʏ 

ʩʦʩʪʘʚʣʷʶʱʫʶ. ʉʠʛʥʘʣ ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʧʦʜʘʚʣʝʥʥʦʡ ʥʝʩʫʱʝʡ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ 

ʤʝʩʪʦ ʩʤʝʥʳ ʬʘʟ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʯʝʨʝʟ ʥʦʣʴ. 

ʉʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ 
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ʉʧʝʢʪʨ OFDM ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʚʩʝʭ ʧʦʜʥʝʩʫʱʠʭ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 7. 
 

 
 

ʈʠʩʫʥʦʢ 7 ï ʉʧʝʢʪʨ OFDM ʩʠʛʥʘʣ ʚ ʢʘʥʘʣʝ 
 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʪʝʣʷ OFDM ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʠʪ 

ʧʦʥʷʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʩʪʘʪʴ ʦʜʥʦʡ ʠʟ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʤʦʜʝʣʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʠʩʪʝʤʳ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʧʦ ʣʠʥʠʠ 

ʩʘʤʦʣʸʪ-ʟʝʤʣʷ. ʊʝʭʥʦʣʦʛʠʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷʮʠʠ OFDM 

ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʷ ʧʨʠ ʵʪʦʤ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʧʝʢʪʨ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʧʦʜ ʚʳʜʝʣʝʥʥʳʝ ʫʯʘʩʪʢʠ ʜʠʘʧʘʟʦʥʘ DME. 
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ʈɽɸʃʀɿɸʎʀʗ ɸʃɻʆʈʀʊʄɸ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʉʀɻʅɸʃʆɺ ɺ 
ʉʀʉʊɽʄɽ ʄʆʅʀʊʆʈʀʅɻɸ ɸɺʀɸʎʀʆʅʅʓʍ ʃʀʅʀʁ ʉɺʗɿʀ 

 

ʄʝʞʝʪʦʚ ʄ. ɸ., ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ 
ʐʘʣʘʝʚ ɸ. ɸ. 

 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 
(ʛ. ʀʨʢʫʪʩʢ) 

 

ɸʥʥʦʪʘʮʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʛʨʫʟʢʠ ʧʦʣʦʩ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʜʠʦʯʘʩʪʦʪ ʥʝʠʟʙʝʞʥʦ 
ʨʘʩʪʸʪ ʠ ʯʠʩʣʦ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʧʦʤʝʭ, ʚʳʟʳʚʘʝʤʳʭ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʙʦʪʳ ʨʘʜʠʦʩʠʩʪʝʤ. 
ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʪʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʢʠʙʝʨʧʨʝʩʪʫʧʥʦʩʪʠ, ʢʘʢ 
çʨʘʜʠʦʭʘʢʠʥʛè ï ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʚ ʨʘʜʠʦʢʘʥʘʣ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ ʩ 
ʮʝʣʴʶ ʢʨʘʞʠ, ʧʦʜʤʝʥʳ ʠʣʠ ʧʦʨʯʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠʤʝʥʠʤʦ ʢ ʘʚʠʘʮʠʦʥʥʳʤ 
ʣʠʥʠʷʤ ʨʘʜʠʦʩʚʷʟʠ, ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʬʘʢʪʦʨʳ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʸʪʦʚ, 
ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʧʨʦʷʚʣʷʷ ʩʝʙʷ ʥʘ ʵʪʘʧʝ ʚʟʣʸʪʘ ʠ ʧʦʩʘʜʢʠ ï ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʵʪʘʧʘʭ ʧʦʣʸʪʘ, 
ʛʜʝ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʝʨʳʚʥʦ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʳʩʪʨʦʝ 
ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʤʝʰʘʶʱʠʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʫʩʪʨʘʥʠʪʴ 
ʠʩʪʦʯʥʠʢʠ ʤʝʰʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʠ, ʪʝʤ ʩʘʤʳʤ, ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʸʪʦʚ. ɹʦʣʝʝ ʪʦʛʦ, 
ʥʘ ʙʘʟʝ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʩʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʦʮʝʥʢʫ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʦʚ ʢʦʪʦʨʳʭ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʧʫʪʝʡ ʚʦʟʤʦʞʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʧʦ ʪʠʧʫ ʤʦʜʫʣʷʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʠʥʬʘʟʥʦʡ ʠ ʢʚʘʜʨʘʪʫʨʥʦʡ 
ʢʦʤʧʦʥʝʥʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʠʪʦʨʠʥʛ ʨʘʜʠʦʵʬʠʨʘ, ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʘʷ ʨʘʟʚʝʜʢʘ, ʘʥʘʣʠʟ 
ʩʠʛʥʘʣʦʚ, ʦʙʥʘʨʫʞʝʥʠʝ ʧʦʤʝʭ. 
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Abstract. With the increase in the load of the bands of the radio frequencies used, the number 
of unintentional interference caused by the peculiarities of the operation of radio systems inevitably 
increases. In addition, such a direction of cybercrime as "radio hacking" is rapidly developing - 
unauthorized access to the radio channel of professional communication lines for the purpose of theft, 
substitution or damage of transmitted information. Applicable to aviation radio communication lines, 
the above factors directly affect flight safety, most strongly manifesting themselves at the takeïoff and 
landing stage - the most difficult stages of flight, where information exchange is carried out almost 
continuously. In turn, the rapid detection and recognition of interfering radio signals allows you to 
quickly eliminate sources of interfering influences, and thereby improve flight safety. Moreover, on 
the basis of signal recognition systems, it is possible to carry out indirect monitoring and evaluation of 
the operability of radio equipment which signal parameters are known in advance. 

The purpose of this work is to describe the ways of possible signal recognition algorithm 
implementation by type of modulation based on the in-phase and quadrature components analysis. 

Keywords: radio broadcast monitoring, radio engineering intelligence, signal analysis, 
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ɺʚʝʜʝʥʠʝ 

ɿʘ ʜʚʘ ʧʨʦʰʝʜʰʠʭ ʜʝʩʷʪʠʣʝʪʠʷ ʨʘʟʚʠʪʠʝ ʨʘʜʠʦʪʝʭʥʠʢʠ ʜʦʩʪʠʛʣʦ 

ʥʝʙʳʚʘʣʳʭ ʚʳʩʦʪ: ʧʦʷʚʠʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʥʦʚʳʝ ʩʪʘʥʜʘʨʪʳ ʠ ʤʝʪʦʜʳ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʧʝʨʝʜʘʶʱʠʝ ʠ 

ʧʨʠʸʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʭ ʪʠʧʦʚ ʠ ʥʘʟʥʘʯʝʥʠʡ ï ʦʪ ʩʦʪʦʚʳʭ 

ʪʝʣʝʬʦʥʦʚ ʠ ʢʘʨʤʘʥʥʳʭ ʨʘʜʠʦʩʪʘʥʮʠʡ ʜʦ Wi-Fi ʤʦʜʫʣʝʡ ʠ ʢʦʤʧʘʢʪʥʳʭ SDR 

ʧʣʘʪʬʦʨʤ. ʈʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ʠ ʜʝʰʝʚʠʟʥʘ ʧʨʦʠʟʚʦʜʠʤʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ 

ʩʜʝʣʘʣʘ ʚʩʝ ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʰʠʨʦʢʠʭ ʩʣʦʸʚ ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ. 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʠ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʝ ʦʪʨʘʩʣʠ ʨʘʜʠʦʪʝʭʥʠʢʠ ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʜʚʠʥʫʣʠʩʴ ʚʧʝʨʸʜ ʚ ʩʚʦʸʤ ʨʘʟʚʠʪʠʠ: ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʤʝʪʦʜʳ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʘʚʠʘʮʠʠ, ʥʦʚʳʡ ʩʪʘʥʜʘʨʪ ʩʦʪʦʚʦʡ ʩʚʷʟʠ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʷʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʩʧʫʪʥʠʢʦʚʘʷ ʦʪʨʘʩʣʴ, ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʥʘʚʠʛʘʮʠʠ ʠ 

ʩʚʷʟʠ [1]. 

ʆʪʨʠʮʘʪʝʣʴʥʦʡ ʩʪʦʨʦʥʦʡ ʧʨʦʛʨʝʩʩʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʩʠʩʪʝʤ 

ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʧʦʣʦʩ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʨʘʜʠʦʯʘʩʪʦʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʯʠʩʣʘ ʢʘʢ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʧʦʤʝʭ, ʪʘʢ ʠ 

ʥʝʟʘʢʦʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʨʘʙʦʪʫ ʨʘʜʠʦʩʠʩʪʝʤ ʩʦ ʩʪʦʨʦʥʳ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. ʇʨʠʤʝʥʠʤʦ ʢ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ, ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʸʪʦʚ, ʧʦʵʪʦʤʫ ʚʦʧʨʦʩʳ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚ ʨʘʜʠʦʦʙʤʝʥʝ ʧʦʣʦʩ ʯʘʩʪʦʪ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʠʧʘ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʩʠʥʬʘʟʥʦʡ ʠ 

ʢʚʘʜʨʘʪʫʨʥʦʡ ʢʦʤʧʦʥʝʥʪ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɸʥʘʣʠʟ ʪʠʧʦʚ ʤʦʜʫʣʷʮʠʠ 

ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʣʶʙʦʡ ʨʘʜʠʦʩʠʩʪʝʤʳ ʣʝʞʠʪ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

ʠʣʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝʡ. ʂʘʞʜʳʡ ʠʟ ʪʠʧʦʚ ʤʦʜʫʣʷʮʠʠ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ 

ʜʦʩʪʦʠʥʩʪʚʘʤʠ, ʥʝʜʦʩʪʘʪʢʘʤʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ 

ʟʘʜʘʯʠ, ʚʳʙʠʨʘʝʪʩʷ ʪʦʪ ʠʣʠ ʠʥʦʡ ʪʠʧ ʤʦʜʫʣʷʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʨʝʜʝʣʠʚ ʪʠʧ 

ʤʦʜʫʣʷʮʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʢ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʤʦʜʫʣʷʮʠʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʘʥʘʣʠʟʦʤ ʬʦʨʤʳ 

ʩʧʝʢʪʨʘ, ʪʘʢ ʠ ʘʥʘʣʠʟʦʤ ʩʠʥʬʘʟʥʦʡ ʠ ʢʚʘʜʨʘʪʫʨʥʦʡ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʘ. ʇʝʨʚʳʡ 

ʤʝʪʦʜ ʪʨʫʜʥʦ ʨʝʘʣʠʟʫʝʤ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʧʦʩʪʨʦʝʥʠʷ ʩʣʦʞʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʥʘʣʠʯʠʝ ʰʫʤʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

ʠʩʢʘʞʘʶʱʠʭ ʩʧʝʢʪʨ ʠ ʠʩʢʣʶʯʘʶʱʝʛʦ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʨʠ ʘʥʘʣʠʟʝ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʠʛʥʘʣʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʡ ʘʣʛʦʨʠʪʤ ʥʝ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʜʝʤʦʜʫʣʷʮʠʶ ʩʠʛʥʘʣʘ, ʪʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʥʘʟʥʘʯʝʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ [2]. ɸʣʛʦʨʠʪʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʩʠʥʬʘʟʥʳʭ 

(I) ʠ ʢʚʘʜʨʘʪʫʨʥʳʭ (Q) ʢʦʤʧʦʥʝʥʪ ʚ ʵʪʦʤ ʧʣʘʥʝ ʚʳʠʛʨʳʚʘʶʪ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʦʠʟʚʦʜʷʪ ʜʝʤʦʜʫʣʷʮʠʶ ʩʠʛʥʘʣʘ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʞʝ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, 

ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ I/Q ʢʦʤʧʦʥʝʥʪʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʨʝʘʣʠʟʦʚʘʪʴ 
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ʧʨʦʱʝ, ʯʝʤ ʨʝʘʣʠʟʦʚʘʪʴ ʘʥʘʣʠʟ ʬʦʨʤ ʩʧʝʢʪʨʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʝʯʴ ʧʦʡʜʸʪ 

ʪʦʣʴʢʦ ʦʙ ʘʣʛʦʨʠʪʤʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʥʘʣʠʟʝ I/Q ʢʦʤʧʦʥʝʥʪ. 

ʆʩʥʦʚʥʦʡ ʠʜʝʝʡ, ʥʘ ʢʦʪʦʨʦʡ ʩʪʨʦʠʪʩʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʠʛʥʘʣʘ ʧʦ ʝʛʦ 

ʩʦʩʪʘʚʣʷʶʱʠʤ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʫ ʢʘʞʜʦʛʦ ʠʟ ʪʠʧʦʚ ʤʦʜʫʣʷʮʠʠ I(in-phase) ʠ 

Q(quadrature) ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʦʩʦʙʳʤ, ʫʥʠʢʘʣʴʥʳʤ ʧʨʘʚʠʣʘʤ: 

 ɼʣʷ ɸʄ ʩʠʛʥʘʣʘ I ʠ Q ʢʦʤʧʦʥʝʥʪʳ ʙʫʜʫʪ ʚʩʝʛʜʘ ʧʨʠʧʦʜʥʷʪʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 0, ʘ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʬʘʟ ʛʝʥʝʨʘʪʦʨʘ ʧʝʨʝʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʧʨʠʥʠʤʘʶʱʝʛʦ ʙʫʜʫʪ ʧʦʚʪʦʨʷʪʴ ʜʨʫʛ ʜʨʫʛʘ ʧʦ ʬʦʨʤʝ. 

 ɼʣʷ ɹʄ ʩʠʛʥʘʣʘ I ʠ Q ʢʦʤʧʦʥʝʥʪʳ ʥʝ ʙʫʜʫʪ ʠʤʝʪʴ ʩʤʝʱʝʥʠʷ ʠ ʧʨʠ 

ʩʠʥʬʘʟʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʧʝʨʝʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʠʥʠʤʘʶʱʝʛʦ ʙʫʜʫʪ ʪʘʢʞʝ 

ʧʦʚʪʦʨʷʪʴ ʜʨʫʛ ʜʨʫʛʘ ʧʦ ʬʦʨʤʝ, ʢʘʢ ʠ ʚ ɸʄ ʩʠʛʥʘʣʝ. 

 ɼʣʷ ʏʄ ʠ ʌʄ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ 
I ʠ Q ʢʦʤʧʦʥʝʥʪʳ ʙʫʜʝʪ ʚʩʝʛʜʘ ʨʘʚʥʘ 0, ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʥʬʘʟʥʦʩʪʠ 

ʛʝʥʝʨʘʪʦʨʦʚ. 

 ɼʣʷ ʆʄ ʩʠʛʥʘʣʘ I ʠ Q ʢʦʤʧʦʥʝʥʪʳ ʙʫʜʫʪ ʩʜʚʠʥʫʪʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʘ ʧʦ ʬʘʟʝ ʠ ʥʝ ʙʫʜʫʪ ʠʤʝʪʴ ʩʤʝʱʝʥʠʷ [3]. 

 

ɸʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʠʧʘ ʤʦʜʫʣʷʮʠʠ 
ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʩʚʦʡʩʪʚʘ I/Q 

ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʠʧʘ ʤʦʜʫʣʷʮʠʠ, ʧʨʠʚʝʜʸʥ ʥʠʞʝ: 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʠʧʘ ʤʦʜʫʣʷʮʠʠ 

ʇʝʨʚʦʝ ʫʩʣʦʚʠʝ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʏʄ ʠ ʌʄ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ, 

ʧʦʩʢʦʣʴʢʫ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʠʭ ʢʦʤʧʦʥʝʥʪ ʚʩʝʛʜʘ ʙʫʜʝʪ ʜʘʚʘʪʴ ʧʦʩʪʦʷʥʥʫʶ, ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʥʦʩʪʠ ʬʘʟ ʛʝʥʝʨʘʪʦʨʦʚ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʸʤʥʠʢʘ. ɽʩʣʠ ʞʝ 

ʧʝʨʚʦʝ ʫʩʣʦʚʠʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʥʦʨʤʠʨʦʚʢʘ ʢʦʤʧʦʥʝʥʪ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʩʨʘʚʥʝʥʠʷ ʧʦ ʬʦʨʤʝ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ɹʄ ʠ ɸʄ ʢʦʤʧʦʥʝʥʪʳ 

ʚʩʝʛʜʘ ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʳʤʠ ʧʦ ʬʦʨʤʝ, ʘ ʨʘʟʥʦʩʪʴ ʬʘʟ ʛʝʪʝʨʦʜʠʥʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʢʣʘʜʘ ʢʦʤʧʦʥʝʥʪ ʚ ʩʠʛʥʘʣ, ʪʦ ʥʦʨʤʠʨʦʚʢʘ 
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ʠ ʩʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʦʪʣʠʯʠʪʴ ɹʄ ʠ ɸʄ ʩʠʛʥʘʣ ʦʪ ʦʩʪʘʣʴʥʳʭ 

ʪʠʧʦʚ ʤʦʜʫʣʷʮʠʠ. ʆʪʩʫʪʩʪʚʠʝ ʦʜʥʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ 

ɸʄ ʠ ɹʄ ʩʠʛʥʘʣʦʚ ʠ ʛʦʚʦʨʠʪ ʦ ʨʘʩʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʛʝʪʝʨʦʜʠʥʦʚ 

ʥʘ Ñ45 ʛʨʘʜʫʩʦʚ. ɿʘʪʝʤ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʥʘʣʠʯʠʷ ʧʦʩʪʦʷʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʢʦʤʧʦʥʝʥʪʘʭ. ɽʩʣʠ ʢʦʤʧʦʥʝʥʪʳ ʚʩʝʛʜʘ ʙʦʣʴʰʝ 0, ʪʦ ʵʪʦ 

ʛʦʚʦʨʠʪ ʦʙ ɸʄ ʩʠʛʥʘʣʝ. ɽʩʣʠ ʞʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝ ʠʤʝʶʪ ʩʤʝʱʝʥʠʷ ï ʪʦ ʦ ɹʄ 

ʩʠʛʥʘʣʝ. ʆʄ ʞʝ ʭʘʨʘʢʪʝʨʥʘ ʪʝʤ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʥʝ ʪʦʣʴʢʦ ʥʝʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ, 

ʥʦ ʠ ʥʝ ʧʦʚʪʦʨʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʧʦ ʬʦʨʤʝ, ʧʦʜʦʙʥʦ ʏʄ ʠ ʌʄ ʩʠʛʥʘʣʘʤ. ʆʜʥʘʢʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʩʫʤʤʘ ʠʭ ʢʚʘʜʨʘʪʦʚ ʥʝ ʨʘʚʥʘ ʧʦʩʪʦʷʥʥʦʡ, ʠ ʚʦ ʚʨʝʤʝʥʠ 

ʠʟʤʝʥʷʝʪʩʷ ʧʦʜʦʙʥʦ ɸʄ ʠ ɹʄ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ ʧʝʨʚʳʭ 

ʜʚʫʭ ʫʩʣʦʚʠʡ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʆʄ ʩʠʛʥʘʣʝ [4].  

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ ʧʨʘʢʪʠʢʝ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʷʚʣʷʝʪʩʷ ʥʝʪʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ I/Q ʢʦʤʧʦʥʝʥʪ ʥʘ ʧʨʠʸʤʥʦʡ ʩʪʦʨʦʥʝ. ɺ 

ʮʠʬʨʦʚʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʚʢʣʘʜ ʚ ʥʝʪʦʯʥʦʩʪʴ ʚʥʦʩʷʪ ʦʰʠʙʢʠ ʦʢʨʫʛʣʝʥʠʷ 

ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ ʕɺʄ ʠ ʦʰʠʙʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʠʩʢʨʝʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʌʫʨʴʝ (ɼʇʌ) ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʚʭʦʜ ʩʠʛʥʘʣʘ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʰʘʛʘ ʯʘʩʪʦʪʳ [5].  

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʳʜʝʣʝʥʠʷ I/Q ʢʦʤʧʦʥʝʥʪ ʩ ʮʠʬʨʦʚʳʤ ʬʠʣʴʪʨʦʤ ʥʘ 

ʦʩʥʦʚʝ ɼʇʌ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ. 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʳʜʝʣʠʪʝʣʷ I/Q ʢʦʤʧʦʥʝʥʪ 
 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ çʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚè ʥʘ ʢʨʘʷʭ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʥʘʙʦʨʘ ʪʦʯʝʢ (ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ) ʠ ʥʝʙʦʣʴʰʦʤʫ 

ʠʩʢʘʞʝʥʠʶ ʢʦʤʧʦʥʝʥʪ. ʆʰʠʙʢʠ ʚʳʯʠʩʣʝʥʠʡ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʟʘ ʩʯʸʪ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʟʥʘʢʦʚ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʦʩʣʝ ʟʘʧʷʪʦʡ. ɺ ʩʣʫʯʘʝ ʩ 

ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ï ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʝʡ ʢʚʘʥʪʦʚʘʥʠʷ ʥʘ ɸʎʇ. ʆʰʠʙʢʠ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ɼʇʌ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʦʪʯʸʪʦʚ ʚ 

ʩʠʛʥʘʣʝ ʠʣʠ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ.  

ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʪʦʯʝʢ ʢʦʤʧʦʥʝʥʪʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ 

ʦʰʠʙʢʠ ʧʨʠ ʬʠʣʴʪʨʦʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ɼʇʌ.  

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʦʪʩʯʸʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʫʶ 

ʦʰʠʙʢʫ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʦʤʧʦʥʝʥʪ, ʦʜʥʘʢʦ ʥʝ ʠʩʢʣʶʯʘʝʪ ʝʸ ʧʦʣʥʦʩʪʴʶ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʥʝʦʙʭʦʜʠʤʦ: 
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 ʀʟʙʘʚʠʪʴʩʷ ʦʪ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʠʩʢʘʞʸʥʥʳʭ ʯʘʩʪʝʡ ʢʦʤʧʦʥʝʥʪ ʥʘ 
ʢʨʘʷʭ ʚʳʙʦʨʢʠ (ʚʳʨʝʟʘʪʴ çʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳè ʠʟ ʤʘʩʩʠʚʦʚ ʪʦʯʝʢ). 

 ɺ ʙʣʦʢʠ ʧʨʦʚʝʨʢʠ ʫʩʣʦʚʠʡ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʠʛʥʘʣʘ ʦʜʥʦʤʫ ʠʟ ʪʠʧʦʚ 
ʤʦʜʫʣʷʮʠʠ ʟʘʣʦʞʠʪʴ ʦʧʨʝʜʝʣʸʥʥʳʡ çʟʘʧʘʩè ʥʘ ʦʰʠʙʢʫ. 

 ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʧʨʦʚʝʨʢʝ ʫʩʣʦʚʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʠʛʥʘʣʘ ʫʛʣʦʚʦʡ 
ʤʦʜʫʣʷʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʦʟʚʝʜʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʚ ʢʚʘʜʨʘʪ, ʘ ʟʘʪʝʤ ʠ ʠʭ 

ʩʣʦʞʝʥʠʝ, ʵʪʦ ʫʩʣʦʚʠʝ ʙʫʜʝʪ ʜʘʚʘʪʴ ʥʘʠʙʦʣʴʰʫʶ ʦʰʠʙʢʫ. ʇʦʵʪʦʤʫ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʤʝʥʷʪʴ ʝʛʦ ʤʝʩʪʘʤʠ ʩ ʫʩʣʦʚʠʝʤ ʧʨʦʚʝʨʢʠ ʥʘ ɹʄ ʠ ɸʄ, ʪʘʢ ʢʘʢ 

ʚʣʠʷʥʠʝ ʦʰʠʙʢʠ ʥʘ ʝʛʦ ʨʘʙʦʪʫ ʤʝʥʴʰʝ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ 

ʯʠʩʣʦ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʘʣʛʦʨʠʪʤʘ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʣʝʚʘ ʨʘʩʭʦʞʜʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ɸʄ ʩʠʛʥʘʣʘ ʧʨʠ 40ʪʳʩ. ʦʪʩʯʸʪʦʚ ʟʘ 

ʩʯʸʪ ʦʰʠʙʦʢ ʧʨʠ ɼʇʌ, ʩʧʨʘʚʘ ʧʨʘʚʠʣʴʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪ (I=Q ʜʣʷ 

ɸʄ) ʟʘ ʩʯʸʪ ʤʠʥʠʤʘʣʴʥʦʡ ʦʰʠʙʢʠ ɼʇʌ ʧʨʠ 1ʤʣʥ ʦʪʩʯʸʪʦʚ 

 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʫʩʣʦʚʠʝ ʧʨʦʚʝʨʢʠ ʥʘʣʠʯʠʷ ʩʠʛʥʘʣʘ ʠ 

ʚʳʧʦʣʥʷʪʴ ʘʣʛʦʨʠʪʤ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʵʪʦ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʡ ʘʣʛʦʨʠʪʤ 

ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʇʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʠʧʘ 

ʤʦʜʫʣʷʮʠʠ 



76 

3. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʇʨʦʚʝʨʢʘ ʥʘʣʠʯʠʷ ʩʠʛʥʘʣʘ ʧʦ ʢʦʤʧʦʥʝʥʪʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʠʟ ʤʘʩʩʠʚʘ ʦʪʯʸʪʦʚ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠ ʥʘʠʤʝʥʴʰʝʝ 

ʟʥʘʯʝʥʠʝ, ʟʘʪʝʤ ʥʘʭʦʜʠʪʩʷ ʠʭ ʨʘʟʥʦʩʪʴ. ɽʩʣʠ ʩʠʛʥʘʣʘ ʥʝʪ, ʪʦ ʨʘʟʥʦʩʪʴ ʙʫʜʝʪ 

ʥʝʙʦʣʴʰʦʡ, ʠ ʩʠʩʪʝʤʘ ʚʳʜʘʩʪ ʩʦʦʙʱʝʥʠʝ çʅʝʪ ʠʟʣʫʯʝʥʠʷè. ʇʦʨʦʛ ʩʨʘʙʘʪʳʚʘʥʠʷ 

ʟʘʜʘʸʪʩʷ ʟʥʘʯʝʥʠʝʤ çʋʨʦʚʝʥʴ 1è, ʢʦʪʦʨʦʝ ʧʦʜʙʠʨʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʇʨʦʚʝʨʢʘ ʥʘʣʠʯʠʷ ʩʠʛʥʘʣʘ. ʋʨʦʚʝʥʴ 1 = 0,75 

 

ɼʣʷ ʥʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪ ʠʟ ʤʘʩʩʠʚʦʚ ʪʦʯʝʢ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ 

ʧʦ ʤʦʜʫʣʶ ʟʥʘʯʝʥʠʝ, ʠ ʚʝʩʴ ʤʘʩʩʠʚ ʪʦʯʝʢ ʜʝʣʠʪʩʷ ʥʘ ʥʝʛʦ. ʅʦʨʤʠʨʦʚʢʘ 

ʢʦʤʧʦʥʝʥʪ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʬʘʟʦʚʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʨʠʸʤʥʠʢʘ 

ʠ ʧʝʨʝʜʘʪʯʠʢʘ ʥʘ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ.  

ʇʨʦʚʝʨʢʘ ʠʜʝʥʪʠʯʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪ ʧʦ ʬʦʨʤʝ ʧʨʦʚʦʜʠʪʩʷ ʥʘʭʦʞʜʝʥʠʝʤ 

ʨʘʟʥʦʩʪʠ ʠʭ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ. ɽʩʣʠ ʢʦʤʧʦʥʝʥʪʳ ʦʜʠʥʘʢʦʚʳ, ʪʦ ʵʪʘ 

ʨʘʟʥʦʩʪʴ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ 0 ʠ ʥʝ ʧʨʝʚʳʩʠʪ ʧʦʨʦʛʘ, ʢʦʪʦʨʳʡ ʟʘʜʘʸʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɸʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʙʝʨʸʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ 

ʚʣʠʷʥʠʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʬʘʟ ʥʘ ʧʝʨʝʜʘʶʱʝʡ ʠ ʧʨʠʸʤʥʦʡ ʩʪʦʨʦʥʝ ʥʘ ʨʘʙʦʪʫ 

ʘʣʛʦʨʠʪʤʘ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʘʟʥʦʩʪʠ ʬʘʟ ʦʜʥʘ ʠʟ 

ʢʦʤʧʦʥʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʦʡ 0, ʟʘʜʘʸʪʩʷ ʫʩʣʦʚʠʝ ʩʨʘʚʥʝʥʠʷ ʨʘʟʥʦʩʪʠ 

ʢʦʤʧʦʥʝʥʪ (ʢʦʪʦʨʘʷ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʙʫʜʝʪ ʨʘʚʥʘ ʩʘʤʦʡ ʢʦʤʧʦʥʝʥʪʝ) ʩ ʩʘʤʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. ʆʪ ʤʘʩʩʠʚʘ ʪʦʯʝʢ ʨʘʟʥʦʩʪʝʡ ʚʳʙʠʨʘʶʪʩʷ ʥʘʠʙʦʣʴʰʠʝ ʠ 

ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʠ ʝʩʣʠ ʦʜʥʦ ʠʟ ʥʠʭ ʤʝʥʴʰʝ ʧʦʨʦʛʘ, ʢʦʪʦʨʳʡ ʟʘʜʘʸʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʪʦ ʫʩʣʦʚʠʝ ʧʨʦʚʝʨʢʠ ɸʄ/ɹʄ ʚʳʧʦʣʥʷʝʪʩʷ, ʠ ʩʠʩʪʝʤʘ 

ʧʝʨʝʭʦʜʠʪ ʢ ʧʨʦʚʝʨʢʝ ʫʩʣʦʚʠʷ ʥʘʣʠʯʠʷ ʩʤʝʱʝʥʠʷ ʚ ʢʦʤʧʦʥʝʥʪʘʭ. ɽʩʣʠ ʫʩʣʦʚʠʝ 

ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʢʦʤʧʦʥʝʥʪ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʇʨʦʚʝʨʢʘ ʠʜʝʥʪʠʯʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪ. ʇʦʨʦʛ = 0,1 
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ʇʨʦʚʝʨʢʘ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʢʦʤʧʦʥʝʥʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʧʨʠʥʮʠʧʘʤ, 

ʘʥʘʣʦʛʠʯʥʳʤ ʧʨʝʜʳʜʫʱʠʤ ʧʨʦʚʝʨʢʘʤ: ʧʦʩʣʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʩʫʤʤʳ 

ʢʚʘʜʨʘʪʦʚ ʠʟ ʤʘʩʩʠʚʘ ʪʦʯʝʢ ʚʳʙʠʨʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʧʦʨʦʛʦʤ çʋʨʦʚʝʥʴ 2è, ʟʘʜʘʚʘʝʤʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɽʩʣʠ 

ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ ʤʘʣʦ, ʪʦ ʧʦʨʦʛ ʥʝ ʧʨʝʚʳʰʘʝʪʩʷ, ʠ ʩʠʩʪʝʤʘ ʚʳʜʘʸʪ 

ʩʦʦʙʱʝʥʠʝ çʋʛʣʦʚʘʷ ʤʦʜʫʣʷʮʠʷè, ʝʩʣʠ ʧʦʨʦʛ ʧʨʝʚʳʰʝʥ, ʪʦ ʚʳʜʘʸʪʩʷ 

ʩʦʦʙʱʝʥʠʝ çʆʙʥʘʨʫʞʝʥʦ ʠʟʣʫʯʝʥʠʝè, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʝ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʳʤ 

ʘʣʛʦʨʠʪʤʘʤ ʪʠʧʘʤ ʤʦʜʫʣʷʮʠʠ (OFDM, ʤʦʥʦʪʦʥʘʣʴʥʳʝ ʩʠʛʥʘʣʳ, ʆʄ).  

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʇʨʦʚʝʨʢʘ ʧʨʦʠʟʚʦʜʥʦʡ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʢʦʤʧʦʥʝʥʪ. ʇʦʨʦʛ = 800 
 

ʇʨʦʚʝʨʢʘ ʥʘʣʠʯʠʷ ʩʤʝʱʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʸʤ ʩʨʘʚʥʝʥʠʷ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪ. ɽʩʣʠ ʠ ʦʙʘ ʟʥʘʯʝʥʠʷ 

ʙʦʣʴʰʝ 0 ʠʣʠ ʦʙʘ ʤʝʥʴʰʝ 0, ʪʦ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʤʝʱʝʥʠʝ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʠ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʪʩʷ ʚʘʨʠʘʥʪ ʦʪʩʫʪʩʪʚʠʷ 

ʦʜʥʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ ʚ ʩʠʛʥʘʣʝ ʧʨʠ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʠ ʬʘʟ ʥʘ ʧʨʠʸʤʥʦʡ ʠ 

ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʘʭ ï ʝʩʣʠ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʜʥʦʡ ʠʟ 

ʢʦʤʧʦʥʝʥʪ ʨʘʚʥʳ 0. ɺʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʫʩʣʦʚʠʡ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ 

ʘʤʧʣʠʪʫʜʥʫʶ ʤʦʜʫʣʷʮʠʶ, ʠ ʩʠʩʪʝʤʘ ʚʳʜʘʸʪ ʩʦʦʙʱʝʥʠʝ çɸʤʧʣʠʪʫʜʥʘʷ 

ʤʦʜʫʣʷʮʠʷè, ʝʩʣʠ ʫʩʣʦʚʠʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʩʠʩʪʝʤʘ ʚʳʜʘʸʪ ʩʦʦʙʱʝʥʠʝ 

çɹʘʣʘʥʩʥʘʷ ʤʦʜʫʣʷʮʠʷè.  

 

 
 

ʈʠʩʫʥʦʢ 8 ï ʇʨʦʚʝʨʢʘ ʥʘʣʠʯʠʷ ʫ ʢʦʤʧʦʥʝʥʪ ʩʤʝʱʝʥʠʷ 
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ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʙʣʦʢ-ʜʠʘʛʨʘʤʤʘ ʚʩʝʛʦ ʘʣʛʦʨʠʪʤʘ ʮʝʣʠʢʦʤ. 

 

 
 

ʈʠʩʫʥʦʢ 9 ï ɸʣʛʦʨʠʪʤ ʚ ʩʨʝʜʝ Labview 

 

ʃʠʮʝʚʘʷ ʧʘʥʝʣʴ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 10. 

 

 
 

ʈʠʩʫʥʦʢ 10 ï ʃʠʮʝʚʘʷ ʧʘʥʝʣʴ ʧʨʦʛʨʘʤʤʳ 

 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

 ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʪʦʯʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʘ. 

 ʅʘʣʠʯʠʝ ʚ ʩʭʝʤʝ ʘʜʘʧʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʰʠʨʠʥʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʝʢʪʨʘ. 

 ʊʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʚʠʩʠʪ ʦʪ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

 ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʠʧʳ ʤʦʜʫʣʷʮʠʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʦʧʠʩʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘʠʙʦʣʝʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʫʩʣʦʚʠʠ ʝʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʩ ʘʣʛʦʨʠʪʤʦʤ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʨʝʘʣʠʟʦʚʘʪʴ ʘʜʘʧʪʠʚʥʳʡ ʬʠʣʴʪʨ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ 

ʰʠʨʠʥʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʝʢʪʨʦʚ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʠʧʦʚ 

ʤʦʜʫʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʟʘ ʩʯʸʪ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʦʙʦʠʭ ʘʣʛʦʨʠʪʤʦʚ.  
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ɺʚʝʜʝʥʠʝ 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʩʦʙ ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʝ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʦʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 
ʟʘʚʠʩʠʤʦʝ ʥʘʙʣʶʜʝʥʠʝ (ADS-B), ʚ ʨʘʤʢʘʭ ʵʪʦʡ ʨʘʙʦʪʳ ʥʘʟʳʚʘʝʤʳʡ 
ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʛʠʙʨʠʜʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ AHS-B (Automatic 
Hybrid SurveillanceïBroadcast). AHS-B, ʚ ʦʪʣʠʯʠʝ ʦʪ ADS-B, ʠʩʧʦʣʴʟʫʝʪ ʵʣʝʤʝʥʪʳ 
ʥʝʟʘʚʠʩʠʤʦʛʦ ʦʪ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ. AHS-B ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʜʘʯʫ ʩ 
ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ (ɺʉ) ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ, ʢʦʪʦʨʘʷ 
ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʠʪʴ ʜʘʣʴʥʦʩʪʴ ɺʉ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 
ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ ʧʦ ʢʨʠʪʝʨʠʶ ʜʘʣʴʥʦʩʪʠ. ɼʚʝ ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ 
AHS-B ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 
ɺʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʨʘʟʥʠʮʳ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ (TDOA). 

AHS-B, ʦʙʣʘʜʘʷ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ADS-B, ʣʠʰʝʥʦ ʤʥʦʛʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʵʪʦʛʦ 
ʩʧʦʩʦʙʘ ʥʘʙʣʶʜʝʥʠʷ. AHS-B ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 
ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʡ ʩ ʙʦʨʪʘ ɺʉ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ, ʘ ʪʘʢʞʝ 
ʥʝʟʘʚʠʩʠʤʫʶ ʧʨʦʚʝʨʢʫ ʝʝ ʪʦʯʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ AHS-B ʚ ʢʘʯʝʩʪʚʝ 
ʦʩʥʦʚʥʦʛʦ ʠ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʝʥʠʷ ʚ ʟʦʥʘʭ 
ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʆɺɼ), ʛʜʝ ʫʩʪʘʥʦʚʢʘ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ 
ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ ʠʣʠ ʥʝʚʦʟʤʦʞʥʘ. AHS-B ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ ʙʝʟ ʨʘʜʠʦʣʦʢʘʪʦʨʘ ʠʣʠ 
ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ (ʄʇʉʅ). ʂʨʦʤʝ ʪʦʛʦ, AHS-B ʤʦʞʝʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 
ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘʟʝʤʥʳʤ ʜʚʠʞʝʥʠʝʤ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʥʠʤ 
(ɸ-SMGCS) ʥʘ ʘʵʨʦʜʨʦʤʘʭ ʩʦ ʩʨʝʜʥʝʡ ʩʣʦʞʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʥʠʟʢʦʟʘʪʨʘʪʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʥʘʟʝʤʥʳʤ ʜʚʠʞʝʥʠʝʤ ʥʘ ʪʘʢʠʭ 
ʘʵʨʦʜʨʦʤʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʣʦʙʘʣʴʥʳʤ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʤ ʧʣʘʥʦʤ ʀʂɸʆ [1, 2]. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ AHS-B ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʦʙʝʩʧʝʯʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʚ ʨʝʛʠʦʥʘʭ ʆɺɼ, ʛʜʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʦʪʩʫʪʩʪʚʫʝʪ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ.  

ʉʠʩʪʝʤʘ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʚʠʩʠʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ (ADS-
B) ï ʵʪʦ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʷ ʆɺɼ, ʢʦʪʦʨʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [3, 4] ʤʦʞʝʪ 
ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʆɺɼ ʣʠʙʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘʙʣʶʜʝʥʠʷ, ʣʠʙʦ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ ɺʉ. 



81 

ʅʝʜʦʩʪʘʪʢʘʤʠ ADS-B, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠ ʆɺɼ, ʷʚʣʷʶʪʩʷ [5, 6]: 

1) ADS-B ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʜʘʥʥʳʭ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʠ ʩʢʦʨʦʩʪʠ ʧʦʣʘʛʘʶʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʛʣʦʙʘʣʴʥʫʶ ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʩʧʫʪʥʠʢʦʚʫʶ ʩʠʩʪʝʤʫ GNSS. 

ʇʦʵʪʦʤʫ ʚʦʟʤʦʞʥʳ ʦʪʢʘʟʳ ADS-B ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʫʨʦʚʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʣʠ 

ʛʝʦʤʝʪʨʠʷ ʩʧʫʪʥʠʢʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʚʠʜʘ ʧʨʠʤʝʥʝʥʠʷ.  

2) ʉʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ADS-B ʧʦʜʚʝʨʞʝʥʳ ʠʩʢʘʞʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ 

ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ ADS-B ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʠʤʝʨ, c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ ʠ ʩʠʩʪʝʤ ʤʫʣʴʪʠʣʘʪʝʨʘʮʠʠ (ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ, 

ʄʇʉʅ), ʝʩʣʠ ʦʥʠ ʠʤʝʶʪʩʷ. 

3) ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ADS-B ʥʝʦʙʭʦʜʠʤʘ ʥʝʟʘʚʠʩʠʤʘʷ ʧʨʦʚʝʨʢʘ ʪʦʯʥʦʩʪʠ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʚʠʜ ʥʘʙʣʶʜʝʥʠʷ, ʘ ʠʤʝʥʥʦ 

ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʦʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʛʠʙʨʠʜʥʦʝ ʥʘʙʣʶʜʝʥʠʝ AHS-B (Automatic Hybrid 

Surveillance-Broadcast), ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʝ ʟʘʚʠʩʠʤʦʝ ʥʘʙʣʶʜʝʥʠʝ ADS-B ʩ ʵʣʝʤʝʥʪʘʤʠ ʥʘʙʣʶʜʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʝʟʘʚʠʩʠʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ.  

 

ʈʘʜʠʦʚʝʱʘʪʝʣʴʥʦʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʛʠʙʨʠʜʥʦʝ ʥʘʙʣʶʜʝʥʠʝ AHS-B 

ʈʘʜʠʦʚʝʱʘʪʝʣʴʥʦʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʛʠʙʨʠʜʥʦʝ ʥʘʙʣʶʜʝʥʠʝ AHS-B 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʦʡ ʥʘʟʝʤʥʳʤʠ 

ʩʪʘʥʮʠʷʤʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʢʫ ʪʦʯʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʜʘʥʥʳʭ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ AHS-B ʧʨʠ ʆɺɼ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ ɺʉ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

AHS-B ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ  

1. ʇʝʨʝʜʘʯʫ ʩ ʙʦʨʪʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ɺʉ ʠʣʠ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
ʩʨʝʜʩʪʚʘ (ʊʉ) ʚʤʝʩʪʝ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ, ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʚʳʩʦʢʦʪʦʯʥʦʤ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ ʚ ʵʬʠʨ TOT (Time of Transmission) [7].  

2. ʈʘʩʯʝʪ ʨʘʩʩʪʦʷʥʠʷ (ʥʘʢʣʦʥʥʦʡ ʜʘʣʴʥʦʩʪʠ) ʤʝʞʜʫ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʦʡ 

ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʝʡ AHS-B ʠ ɺʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʳʩʦʢʦʪʦʯʥʦʤ 

ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ AHS-B ʠ ʚʨʝʤʝʥʠ ʝʛʦ ʧʨʠʝʤʘ ʚ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ [7]. 

3. ʈʘʩʯʝʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʝʡ AHS-B ʠ ɺʉ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʢʣʦʥʥʦʡ ʜʘʣʴʥʦʩʪʠ ʠ ʘʙʩʦʣʶʪʥʦʡ 

(ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ) ʚʳʩʦʪʳ ɺʉ, ʧʨʠ ʵʪʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ɺʉ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʦ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʝ ʧʦʣʝʪʘ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʦʙ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ ʚ ʪʦʯʢʝ ʧʦʣʝʪʘ ɺʉ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʝʥʠʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʨʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʴʮʝʚʦʛʦ ʩʪʨʦʙʘ ʚʝʨʦʷʪʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ, ʢʦʪʦʨʳʡ 
ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʤʝʞʜʫ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʝʡ ʠ ɺʉ ʠ ʦ ʝʛʦ ʚʳʩʦʪʝ, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʝʥʠʷ [8]. 

5. ʇʨʦʚʝʨʢʫ ʧʦʧʘʜʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ (ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʩʦʦʙʱʝʥʠʠ 
AHS-B) ʚ ʢʦʣʴʮʝʚʦʡ ʩʪʨʦʙ ʚʝʨʦʷʪʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʜʦ ɺʉ. 

ʉʭʝʤʘʪʠʯʥʦ AHS-B ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʜʠʦʚʝʱʘʪʝʣʴʥʦʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʛʠʙʨʠʜʥʦʝ ʥʘʙʣʶʜʝʥʠʝ AHS-B 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ AHS-B ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʥʝʟʘʚʠʩʠʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʙʦ ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ (ʚʪʦʨʠʯʥʦʛʦ ʦʙʟʦʨʥʦʛʦ 

ʨʘʜʠʦʣʦʢʘʪʦʨʘ ɺʆʈʃ, ʧʝʨʚʠʯʥʦʛʦ ʨʘʜʠʦʣʦʢʘʪʦʨʘ ʇʈʃ, ʄʇʉʅ), ʣʠʙʦ ʜʨʫʛʠʭ 

ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ AHS-B ʚ ʟʦʥʘʭ ʧʝʨʝʢʨʳʪʠʷ. ʇʨʦʚʝʨʢʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ 

AHS-B ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʫʪʝʤ ʧʨʦʚʝʨʢʠ ʧʦʧʘʜʘʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʩʦʦʙʱʝʥʠʠ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʚʦʟʜʫʰʥʳʡ ʢʦʨʠʜʦʨ (ʨʠʩʫʥʦʢ 1). 

ɽʩʣʠ ɺʉ ʚʳʧʦʣʥʷʝʪ ʧʦʣʝʪ ʧʦ ʪʨʘʩʩʝ, ʚ ʧʫʥʢʪʘʭ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʜʦʥʝʩʝʥʠʷ 

ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ AHS-B ʪʘʢ, ʯʪʦ ʤʝʞʜʫ ʥʠʤʠ ʠʤʝʝʪʩʷ ʟʦʥʘ 

ʧʝʨʝʢʨʳʪʠʷ, ʢʘʢ ʵʪʦ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2, ʪʦ ʚ ʟʦʥʝ ʧʝʨʝʢʨʳʪʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʨʘʟʥʠʮʳ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ (TDOA) ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʠʧʝʨʙʦʣʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ 

ʧʦʩʪʦʷʥʥʫʶ ʨʘʟʥʠʮʫ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ɺʉ ʠ ʜʚʫʤʷ ʩʪʘʥʮʠʷʤʠ AHS-B.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʪʦʡ ʛʠʧʝʨʙʦʣʦʡ ʠ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ɺʉ ʥʘ ʧʣʦʩʢʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʜʦʧʫʩʪʠʤʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʪʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ɺʉ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦ ʢʨʠʪʝʨʠʶ TDOA. 

ʆʯʝʚʠʜʥʦ ʪʘʢʞʝ, ʯʪʦ ʤʝʪʦʜ TDOA ʧʦʟʚʦʣʷʝʪ ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʣʦʞʥʳʝ ʮʝʣʠ.  
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ʈʠʩʫʥʦʢ 2 ï ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ AHS-B ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʧʝʨʙʦʣʳ ʚʝʨʦʷʪʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ 

 

 

 

ʈʠʩʫʥʦʢ 3 ï ʇʝʨʝʩʝʯʝʥʠʝ ʜʚʫʭ ʢʦʣʴʮʝʚʳʭ ʩʪʨʦʙʦʚ ʚʝʨʦʷʪʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ɺʉ 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ɺʉ ʜʚʫʤʷ ʥʘʟʝʤʥʳʤʠ ʩʪʘʥʮʠʷʤʠ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭʤʝʨʥʳʭ 

ʦʙʣʘʩʪʝʡ ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʫʭ ʢʦʣʴʮʝʚʳʭ ʩʪʨʦʙʦʚ (ʨʠʩʫʥʦʢ 3). ɼʚʝ ʩʪʘʥʮʠʠ AHS-B 

ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʦʙʣʘʩʪʠ A1 ʠ A2 ʚʝʨʦʷʪʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʝʨʝʩʝʯʝʥʠʝ ʢʦʣʴʮʝʚʳʭ ʩʪʨʦʙʦʚ. ʇʦ ʠʩʪʦʨʠʠ ʜʚʠʞʝʥʠʷ 

ɺʉ ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʚ ʢʘʢʦʡ ʠʟ ʦʙʣʘʩʪʝʡ A1 ʠʣʠ A2 ʥʘʭʦʜʠʪʩʷ ɺʉ. 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʧʦʧʘʜʘʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʩʦʦʙʱʝʥʠʠ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ ʚ ʦʙʣʘʩʪʴ A. ɽʩʣʠ ʪʨʝʭʤʝʨʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ɺʉ, ʧʝʨʝʜʘʥʥʘʷ ʚ 

ʩʦʦʙʱʝʥʠʠ, ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ A, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʝʜʘʚʘʝʤʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ɺʉ ʷʚʣʷʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʜʦʩʪʦʚʝʨʥʦʡ, ʠ ʚʦ-

ʚʪʦʨʳʭ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʪʦʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ.  

 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʦʛʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ. ʅʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

 ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ (ʜʘʣʴʥʦʩʪʠ, ʚʳʩʦʪʳ) ʩʝʥʩʦʨʦʤ; 

 ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʩʝʥʩʦʨʦʚ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ; 
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 ʛʝʦʤʝʪʨʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʥʩʦʨʦʚ; 

 ʦʰʠʙʢʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʥʩʦʨʦʚ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʝʢʪʦʨ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ:  

 

Ἲ  Ὢὀ ἶ      (1) 

 

ʛʜʝ Ἲ ï ʚʝʢʪʦʨ ʠʟʤʝʨʝʥʠʡ;  

ὀ ï ʢʦʦʨʜʠʥʘʪʳ ɺʉ, ʧʦʜʣʝʞʘʱʠʝ ʦʧʨʝʜʝʣʝʥʠʶ; 

Ὢὀ ï ʠʟʚʝʩʪʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ; 

ἶ ï ʚʝʢʪʦʨ ʘʜʜʠʪʠʚʥʦʛʦ ʰʫʤʘ ʩ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ.  

 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ AHS-B ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

 ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ɺʉ; 

 ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʧʨʠ ʦʮʝʥʢʝ ʢʦʦʨʜʠʥʘʪ. 

ʕʪʠ ʟʘʜʘʯʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʀʟ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ɺʉ 

ʤʦʞʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʧʦʣʫʯʠʪʴ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʦʰʠʙʢʘʭ 

ʠʟʤʝʨʝʥʠʡ, ʥʦ ʵʪʦ ʥʝ ʜʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʮʝʥʦʢ ʪʦʯʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʟʘʚʠʩʠʪ ʦʪ 

ʘʣʛʦʨʠʪʤʘ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʝʡ ʦʰʠʙʦʢ, ʢʦʪʦʨʘʷ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʥʝʩʤʝʱʝʥʥʳʭ ʦʮʝʥʦʢ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ ʦʙʨʘʱʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʌʠʰʝʨʘ [9, c. 85]. 

ʆʛʨʘʥʠʯʠʤʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʛʨʘʥʠʮ ʦʰʠʙʦʢ ʧʨʠ ʦʮʝʥʢʝ ʧʘʨʘʤʝʪʨʦʚ, ʪʦ 

ʝʩʪʴ ʨʘʩʩʯʠʪʘʝʤ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʦʰʠʙʢʘʭ ʠʟʤʝʨʝʥʠʡ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʥʝʨʘʚʝʥʩʪʚʦʤ ʈʘʦ-ʂʨʘʤʝʨʘ.  

ɺ ʪʝʦʨʠʠ ʦʮʝʥʠʚʘʥʠʷ [10, ʩ. 36] ʛʨʘʥʠʮʘ ʂʨʘʤʝʨʘ-ʈʘʦ (Cramer-Rao Bound, 

CRB) ʠʣʠ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʂʨʘʤʝʨʘ-ʈʘʦ (Cramer-Rao Lower Bound, CRLB) ï ʵʪʦ 

ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʢʠ.  

ʇʫʩʪʴ  ɡȟɡȟȢȢȢȟɡ  ï ʩʣʫʯʘʡʥʘʷ ʚʳʙʦʨʢʘ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ 

ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ὢ ɡȿὢȟ  
ʛʜʝ ὢ ï ʧʘʨʘʤʝʪʨ ʩʢʘʣʷʨ.  

ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʂʨʘʤʝʨʘ-ʈʘʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ:  

 

ὠὥὶὢ  ρ ȾὍὢ, 

 

ʛʜʝ ὠὥὶὢ ïʜʠʩʧʝʨʩʠʷ ʦʮʝʥʢʠ ʜʣʷ ὢ; 

Ὅὢ ï ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʌʠʰʝʨʘ [9,10]. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʌʠʰʝʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ: 

 

Ὅὢ  Ὁ ЋὰɡȠ ὢ ȾЋὢ    ,     (2) 

 

ʛʜʝ ὰɡȠ ὢ  ï ʥʘʪʫʨʘʣʴʥʳʡ ʣʦʛʘʨʠʬʤ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʦʪ Ū, ʪ.ʝ. ʦʪ 

ʦʮʝʥʠʚʘʝʤʦʛʦ ʤʥʦʞʝʩʪʚʘ; 
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ὰɡȠ ὢ ï ʬʫʥʢʮʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʧʘʨʘʤʝʪʨʘ ὢ;  

ЋὰɡȠ ὢȾЋὼ ï ʯʘʩʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ὢ.  

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʦʰʠʙʢʠ n ʷʚʣʷʶʪʩʷ ʥʦʨʤʘʣʴʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʤʦʞʥʦ ʚʳʧʠʩʘʪʴ ʫʩʣʦʚʥʫʶ N-ʤʝʨʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ 

ʦʮʝʥʝʥʥʳʭ ʚʝʣʠʯʠʥ [10, ʩ. 64].  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʧʨʠʥʮʠʧʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʮʝʣʠ 

ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʫʩʪʴ ὀ ὼ ώ ᾀ ï ʥʝʠʟʚʝʩʪʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʮʝʣʠ  ̉ὀ ὼώᾀ  ï ʠʟʚʝʩʪʥʳʝ ʢʦʦʨʜʠʥʘʪʳ i-ʛʦ ʩʝʥʩʦʨʘ, i = 1,2, . . 

., N, ʛʜʝ N  3 ʝʩʪʴ ʯʠʩʣʦ ʩʝʥʩʦʨʦʚ.  

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʣʴʶ ʠ i-ʤ ʩʝʥʩʦʨʦʤ, ʦʙʦʟʥʘʯʘʝʤʦʝ Ὠ, ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʢʘʢ: 

 

Ὠ  ὼ  ὼ   ώ  ώ  ᾀ  ᾀ .    (3) 

 

ɹʝʟ ʧʦʪʝʨʠ ʦʙʱʥʦʩʪʠ, ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʮʝʣʴ ʠʟʣʫʯʘʝʪ ʩʠʛʥʘʣ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0 ʠ i-ʡ ʩʝʥʩʦʨ ʧʨʠʥʠʤʘʝʪ ʝʛʦ ʚ ʤʦʤʝʥʪ ὸ. ʅʘ ʧʨʘʢʪʠʢʝ ὸ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʰʠʙʢʘʤʠ ʠʟʤʝʨʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʟʤʝʨʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʮʝʣʠ ὶ ʚʳʨʘʞʘʶʪʩʷ ʬʦʨʤʫʣʦʡ: 

 

ὶ  ὸ ὧz  ὲ,      (4) 

 

ʛʜʝ ὲ ï ʵʪʦ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ὶ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʰʫʤʘ ʚ ʠʟʤʝʨʝʥʠʠ ὸ.  

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʩʦʩʪʦʠʪ ʚ ʠʭ ʦʮʝʥʢʝ ʧʦ 

ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ὶ.  

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ὲ ï ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʡ ɻʘʫʩʩʦʚ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʩ 

ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ ʠ ʜʠʩʧʝʨʩʠʝʡ ʎ. ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ 
ʩʢʘʣʷʨʥʦʡ ʩʣʫʯʘʡʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ὶ, ʦʙʦʟʥʘʯʘʝʤʘʷ ὖὶ, ʠʤʝʝʪ ʚʠʜ: 

 

ὴὶ  Ὡ  , 

 

ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ Ὠ ʠ ʜʠʩʧʝʨʩʠʝʡ ʎ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ ʚʝʢʪʦʨʥʦʡ ʩʣʫʯʘʡʥʦʡ ʧʝʨʝʤʝʥʥʦʡ Ἲ, 
ʦʙʦʟʥʘʯʝʥʥʘʷ ʢʘʢ ὖἺ, ʝʩʪʴ  

 

ὖἺ  
ȿἍȿ

Ὡ ἺἬ Ἅ ἺἬ 
 ,     (5) 

 

ʛʜʝ ȿἍȿï ʵʪʦ ʦʧʨʝʜʝʣʠʪʝʣʴ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʉ ʜʣʷ Ἲ, ʢʦʪʦʨʘʷ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʨʘʞʝʥʠʶ  
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Ἅ Ἇ Ἲ Ἤ Ἲ Ἤἢ Ἇἶἶἢ  .     (6) 

 

ʀʩʧʦʣʴʟʫʷ (6), ʚʳʨʘʞʝʥʠʝ (5) ʫʧʨʦʱʘʝʪʩʷ ʜʦ:  

 

ὖἺ  
ȾБ

Ὡ
В

 

.    (7) 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

 

Ὠ ὼ ὼ ώ ώ ᾀ ᾀ  

 

Ὠ ὼ ὼ ώ ώ ᾀ ᾀ  

 

Ὠ ὼ ὼ ώ ώ ᾀ ᾀ , 

 

ʛʜʝ ὼȟώȟᾀ, ὼȟώȟᾀ ʠ ὼȟώȟᾀ ï ʢʦʦʨʜʠʥʘʪʳ ʩʝʥʩʦʨʦʚ; 

ὼȟώȟᾀ ï ʢʦʦʨʜʠʥʘʪʳ ɺʉ. 

ʇʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʌʠʰʝʨʘ ʠ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʦʰʠʙʦʢ, ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (2) ʠ ʧʦʜʩʪʘʚʣʷʷ ʚ 

ʥʝʛʦ ʣʦʛʘʨʠʬʤ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ (7). ʕʣʝʤʝʥʪʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʌʠʰʝʨʘ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ: 

 

Ὅ Ὄʎ ,̊ 

 

ʛʜʝ Ὄ ï ʤʘʪʨʠʮʘ, ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ ‬ὨȾ‬ὼ; 

ʎ ï ʤʘʪʨʠʮʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʰʠʙʦʢ; 

Ὥ ρȟȣȟὔ, ʛʜʝ ὔ ï ʯʠʩʣʦ ʩʝʥʩʦʨʦʚ; 

Ὦ ρȟςȟσ ï ʥʦʤʝʨ ʢʦʦʨʜʠʥʘʪʳ. 

 

ɼʣʷ ʥʦʨʤʘʣʴʥʳʭ ʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʙʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʦʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʌʠʰʝʨʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʤʘʪʨʠʮʳ ʦʰʠʙʦʢ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ AHS-B. 

ʂʦʣʠʯʝʩʪʚʦ ʩʝʥʩʦʨʦʚ ʚ ʤʦʜʝʣʠ ὔ σ. ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ 
ʩʦʩʪʘʚʣʷʝʪ ʎ ςυ ʤʝʪʨʦʚ, ʘ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʎ σπ ʤʝʪʨʦʚ. ɺʉ 
ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʳʩʦʪʝ Ὤ υπππ ʤʝʪʨʦʚ. ʆʙʣʘʩʪʴ ʨʘʩʯʝʪʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ʢʚʘʜʨʘʪ ʩʦ ʩʪʦʨʦʥʦʡ Ὠ τππ ʢʤ. ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʦʰʠʙʦʢ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.  

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ 

ʚʳʩʦʪʝ ʧʦʣʝʪʘ 5000 ʧʨʠ ʜʚʫʭ ʩʝʥʩʦʨʘʭ, ʠʟʤʝʨʷʶʱʠʭ ʜʘʣʴʥʦʩʪʴ ʩ ʦʰʠʙʢʦʡ 25 

ʤʝʪʨʦʚ ʠ ʚʳʩʦʪʫ ʩ ʦʰʠʙʢʦʡ 30 ʤʝʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 
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ʈʠʩʫʥʦʢ 4 ï ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʥʘ ʚʳʩʦʪʝ ʧʦʣʝʪʘ 5000 ʤ ʧʨʠ ʪʨʝʭ ʩʝʥʩʦʨʘʭ, ʠʟʤʝʨʷʶʱʠʭ ʜʘʣʴʥʦʩʪʴ ʩ 

ʦʰʠʙʢʦʡ 25 ʤʝʪʨʦʚ ʠ ʚʳʩʦʪʫ ʩ ʦʰʠʙʢʦʡ 30 ʤʝʪʨʦʚ. ʎʠʬʨʘʤʠ 1, 2, 3 ʦʙʦʟʥʘʯʝʥʳ 

ʧʦʣʦʞʝʥʠʷ ʩʝʥʩʦʨʦʚ 

 
 

ʈʠʩʫʥʦʢ 5 ï ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʥʘ ʚʳʩʦʪʝ ʧʦʣʝʪʘ 5000 ʤ ʧʨʠ ʜʚʫʭ ʩʝʥʩʦʨʘʭ, ʠʟʤʝʨʷʶʱʠʭ ʜʘʣʴʥʦʩʪʴ 

ʩ ʦʰʠʙʢʦʡ 25 ʤʝʪʨʦʚ ʠ ʚʳʩʦʪʫ ʩ ʦʰʠʙʢʦʡ 30 ʤʝʪʨʦʚ 
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ʈʠʩʫʥʦʢ 6 ï ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʥʘ ʚʳʩʦʪʝ ʧʦʣʝʪʘ 5000 ʤ ʧʨʠ ʪʨʝʭ ʩʝʥʩʦʨʘʭ, ʠʟʤʝʨʷʶʱʠʭ ʪʦʣʴʢʦ 

ʜʘʣʴʥʦʩʪʴ ʩ ʦʰʠʙʢʦʡ 25 ʤʝʪʨʦʚ (ʙʝʟ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʳʩʦʪʝ) 

 
 

ʈʠʩʫʥʦʢ 7 ï ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʥʘ ʚʳʩʦʪʝ ʧʦʣʝʪʘ 5000 ʤ ʚ ʄʇʉʅ ʧʨʠ ʯʝʪʳʨʝʭ ʩʝʥʩʦʨʘʭ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʧʘʩʩʠʚʥʦʤ ʨʝʞʠʤʝ, ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ 25 ʤʝʪʨʦʚ 
 

ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʚʳʩʦʪʝ ʧʦʣʝʪʘ 5000 ʤ ʧʨʠ ʪʨʝʭ ʩʝʥʩʦʨʘʭ, 

ʠʟʤʝʨʷʶʱʠʭ ʪʦʣʴʢʦ ʜʘʣʴʥʦʩʪʴ ʩ ʦʰʠʙʢʦʡ 25 ʤʝʪʨʦʚ (ʙʝʟ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʳʩʦʪʝ). 
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ʅʘ ʨʠʩʫʥʢʝ 7 ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 
ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʚʳʩʦʪʝ ʧʦʣʝʪʘ 5000 ʤ ʚ ʄʇʉʅ 
ʧʨʠ ʯʝʪʳʨʝʭ ʩʝʥʩʦʨʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʧʘʩʩʠʚʥʦʤ ʨʝʞʠʤʝ, ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ 
ʜʘʣʴʥʦʩʪʠ 25 ʤʝʪʨʦʚ. 

ʀʟ ʨʠʩʫʥʢʘ 4 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 
ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʪʨʝʭ ʘʢʪʠʚʥʳʭ ʩʝʥʩʦʨʘʭ, ʠʟʤʝʨʷʶʱʠʭ 
ʜʘʣʴʥʦʩʪʴ ʩ ʦʰʠʙʢʦʡ 25 ʤʝʪʨʦʚ ʠ ʚʳʩʦʪʫ ʩ ʦʰʠʙʢʦʡ 30 ʤʝʪʨʦʚ, ʩʦʩʪʘʚʣʷʝʪ 
60 ʤʝʪʨʦʚ ʚ ʟʦʥʝ ʥʘʙʣʶʜʝʥʠʷ, ʘ ʧʨʠ ʜʚʫʭ ʩʝʥʩʦʨʘʭ (ʨʠʩʫʥʦʢ 5) ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 
ʧʘʨʘʤʝʪʨʘʭ ʦʰʠʙʦʢ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 200 ʤʝʪʨʦʚ. ʏʠʩʪʦ 
ʜʘʣʴʥʦʤʝʨʥʘʷ ʩʠʩʪʝʤʘ (ʙʝʟ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ) ʜʣʷ ʪʨʝʭ ʩʝʥʩʦʨʦʚ ʜʘʝʪ 
ʤʘʢʩʠʤʘʣʴʥʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʰʠʙʢʫ 90 ʤʝʪʨʦʚ ʜʣʷ ʪʨʝʭ ʩʝʥʩʦʨʦʚ (ʨʠʩʫʥʦʢ 
6). ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʜʚʫʭ ʩʝʥʩʦʨʘʭ ʠʤʝʶʪʩʷ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ 
ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʨʷʤʦʡ, ʩʦʝʜʠʥʷʶʱʠʝ ʵʪʠ ʩʝʥʩʦʨʳ, ʛʜʝ ʦʰʠʙʢʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ. 
ɸʥʘʣʠʟ ʨʠʩʫʥʢʦʚ 6 ʠ 7 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʦʯʥʦʩʪʴ AHS-B ʩ ʪʨʝʤʷ ʩʝʥʩʦʨʘʤʠ 
ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ ʪʦʯʥʦʩʪʠ ʄʇʉʅ ʩ ʯʝʪʳʨʴʤʷ ʩʝʥʩʦʨʘʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʦʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʛʠʙʨʠʜʥʦʝ ʟʘʚʠʩʠʤʦʝ 
ʥʘʙʣʶʜʝʥʠʝ AHS-B ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʥʝ ʭʫʞʝ, ʯʝʤ ʄʇʉʅ. AHS-B 
ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʪʦʯʥʦʩʪʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʠʩʪʝʤʘʤ 
ʥʘʙʣʶʜʝʥʠʷ ʆɺɼ. 
 

ɿʘʢʣʶʯʝʥʠʝ 
ʇʨʝʜʣʘʛʘʝʤʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʥʘʟʳʚʘʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʛʠʙʨʠʜʥʳʤ ʟʘʚʠʩʠʤʳʤ ʥʘʙʣʶʜʝʥʠʝʤ AHS-B, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 
ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ADS-B: 

1. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʩʧʦʩʦʙʝ ʥʘʙʣʶʜʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʘʷ (ʦʪ 
ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ) ʧʨʦʚʝʨʢʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ɺʉ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ ʚ ʵʬʠʨ, ʘ ʪʘʢʞʝ ʩ 
ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ TDOA ʚ ʟʦʥʘʭ ʧʝʨʝʢʨʳʪʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ AHS-B. 

2. ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʙʦʣʝʝ ʟʘʱʠʱʝʥ ʦʪ ʧʨʝʜʥʘʤʝʨʝʥʥʦʛʦ ʠʣʠ 
ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

3. AHS-B ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʦʡ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ 
ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ɺʉ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʩ 
ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʩʦʦʙʱʝʥʠʷ ʠ ʠʟʤʝʨʝʥʥʦʡ ʜʘʣʴʥʦʩʪʠ ɺʉ. 

4. ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ AHS-B ʜʣʷ ʆɺɼ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ ɺʉ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʠ ʝʜʠʥʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ 
ʚ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ, ʛʜʝ ʫʩʪʘʥʦʚʢʘ 
ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ, ʠʟ-ʟʘ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʠ ʠʣʠ ʠʟ-
ʟʘ ʜʨʫʛʠʭ ʧʨʠʯʠʥ ʟʘʪʨʫʜʥʝʥʘ.  

5. ʂʨʦʤʝ ʪʦʛʦ, AHS-B ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ 
ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ, ʯʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʦʙʝʩʧʝʯʠʪ ʧʦʚʳʰʝʥʠʝ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʚ ʩʣʫʯʘʷʭ ʠʭ ʦʪʢʘʟʦʚ. 

6. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ AHS-B ʚ ʢʘʯʝʩʪʚʝ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘʙʣʶʜʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʨʠʤʝʥʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʥʦʨʤ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ 10 ʢʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʦʥ ʆɺɼ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ 
ʪʦʧʣʠʚʘ. 
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7. ʀʩʧʦʣʴʟʦʚʘʥʠʝ AHS-B ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʠʟʢʦʟʘʪʨʘʪʥʦʛʦ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʥʘʟʝʤʥʳʤ ʜʚʠʞʝʥʠʝʤ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʥʠʤ (ɸ-SMGCS) ʥʘ 

ʘʵʨʦʜʨʦʤʘʭ ʩʦ ʩʨʝʜʥʝʡ ʠ ʥʠʟʢʦʡ ʩʣʦʞʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ.  

8. AHS-B ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʚ 

ʟʦʥʘʭ ʠ ʨʝʛʠʦʥʘʭ ʆɺɼ ʩ ʥʠʟʢʦʡ ʠ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʦʟʜʫʰʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɺʆʈʃ ʠ ʄʇʉʅ) 

ʥʝʙʦʣʴʰʠʭ ʟʘʪʨʘʪ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʪʦʯʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʦʛʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʩʝʥʩʦʨʦʚ ʠ 

ʦʰʠʙʢʘʭ ʠʟʤʝʨʝʥʠʷ. 

ʈʘʩʩʯʠʪʘʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ AHS-B ʥʘ ʚʳʩʦʪʝ 

ʧʦʣʝʪʘ 5000 ʤ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ AHS-B ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʟʘʪʨʘʪʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʥʘʙʣʶʜʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ ʚ ʟʦʥʘʭ ʠ 

ʨʝʛʠʦʥʘʭ ʆɺɼ, (ʚʢʣʶʯʘʷ ʘʵʨʦʜʨʦʤʥʦʝ ʜʚʠʞʝʥʠʝ), ʛʜʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʩʨʝʜʩʪʚʘ ʥʘʙʣʶʜʝʥʠʷ. 
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(ʛ. ʄʫʨʦʤ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʨʘʜʠʦʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʜʣʷ ʦʮʝʥʢʠ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʚʦʡʩʪʚ ʘʥʪʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʥʘʟʝʤʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʫʜʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʤʥʦʛʦʯʘʩʪʦʪʥʳʝ ʤʠʢʨʦʚʦʣʥʦʚʳʝ 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʘʪʤʦʩʬʝʨʳ, ʚʦʟʜʫʰʥʳʝ ʩʫʜʘ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. 

 

THE USE OF CIVIL AVIATION AIRCRAFT RADIO -THERMAL 

RADIATION TO STUDY THE DIRECTIONAL PROPERTIES OF THE 

MIRROR ANTENNAS OF THE MICROWAVE RADIOMETRIC SYSTEMS  

 

Rostokin I. N., Doctor of Technical Sciences 

Fedoseeva E. V., Doctor of Technical Sciences 

Rostokina E. A., Candidate of Technical Sciences 

Romanov A. S. 

 

Vladimir State University named after A. Grigorevich and N. Stoletovy,  

Murom Branch 

(Murom) 

 
Abstract. The report considers the possibility of using the own radio-thermal radiation of 

civil aircraft to assess the directional properties of the antenna systems of ground-based 

microwave radiometric systems. Experimental results of estimation of own radio-thermal 

radiation of civil aviation aircraft, obtained with the help of multi-channel microwave radiometric 

system are presented. 

Keywords: radio-thermal radiation, multifrequency microwave radiometric systems, remote 

sensing of the atmosphere, civil aircraft. 
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ʄʝʪʦʜʳ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ (ʨʘʜʠʦʪʝʧʣʦʣʦʢʘʮʠʷ ʚ ʤʝʪʝʦʨʦʣʦʛʠʠ) ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʠʙʦʨʦʚ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʦʧʘʩʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʷʚʣʝʥʠʡ, 

ʨʘʜʠʦʪʝʧʣʦʥʘʚʠʛʘʮʠʠ ʠ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʨʝʜ ʠ ʦʙʲʝʢʪʦʚ. 

ʄʠʢʨʦʚʦʣʥʦʚʘʷ ʨʘʜʠʦʤʝʪʨʠʷ ï ʵʪʦ ʩʨʝʜʩʪʚʦ ʧʘʩʩʠʚʥʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʩʨʝʜ ʠ ʦʙʲʝʢʪʦʚ ʠ ʦʮʝʥʢʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʟʤʝʨʝʥʠʡ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʨʝʜ ʠ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʦʝ 

ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʧʘʩʩʠʚʥʦʡ ʨʘʜʠʦʪʝʧʣʦʣʦʢʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʪʠʚʥʳʤʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʘʙʩʦʣʶʪʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʝʟʘʤʝʪʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ 

ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ; ʤʠʢʨʦʤʠʥʠʘʪʶʨʠʟʘʮʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʤʘʣʦʰʫʤʷʱʠʭ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʝʤʥʠʢʦʚ 

ʧʨʷʤʦʛʦ ʫʩʠʣʝʥʠʷ. 

ɸʥʪʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʧʨʝʦʙʨʘʟʫʝʪ ʨʘʜʠʦʷʨʢʦʩʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʘʪʤʦʩʬʝʨʳ, ʦʩʨʝʜʥʝʥʥʫʶ ʚ ʧʨʝʜʝʣʘʭ 

ʛʣʘʚʥʦʛʦ ʣʝʧʝʩʪʢʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ ˟̠ ̄  ̌ ʚ ʘʥʪʝʥʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ 4, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʘʥʪʝʥʥʦʛʦ 
ʩʛʣʘʞʠʚʘʥʠʷ [1]: 

 

4 ɡȟʒ ˟̠ ̄ ɡ̌ȟʒ ρ ɼ̄ ʂ̌ ˟̠
̕
ɡȟʒ ɼ̄ ʂ̌ ˟ ρ ʂȟ (1) 

 

ʛʜʝ ˟̠
̕
  ï ʦʩʨʝʜʥʝʥʥʘʷ ʨʘʜʠʦʷʨʢʦʩʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʧʨʠʥʠʤʘʝʤʦʛʦ ʧʦ ʙʦʢʦʚʳʤ ʠ ʟʘʜʥʠʤ ʣʝʧʝʩʪʢʘʤ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʘʥʪʝʥʥʳ (ɼʅɸ); ˟  ï ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʦʛʦ 

ʪʨʘʢʪʘ; ɡȟ ̉ ʒ  ï ʟʝʥʠʪʥʳʡ ʠ ʘʟʠʤʫʪʘʣʴʥʳʡ ʫʛʣʳ ʚʠʟʠʨʦʚʘʥʠʷ ʘʥʪʝʥʥʳ; ʂ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʦʛʦ ʪʨʘʢʪʘ. 

ʆʪʢʫʜʘ 

 

˟̠ ̄̌  
̄̌
˟́ ˟̠

̕
ɼ̄ ʂ̌ ˟ ρ ʂ .    (2) 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ˟̠ ̄  ̌ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ ˟́ ʠ ˟, ʘ 

ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ˟̠
̕
.  

ɺʘʨʠʘʥʪ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʤʥʦʛʦʯʘʩʪʦʪʥʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʨʝʘʣʠʟʫʶʱʝʡ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1 [3, 4].  

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1 [5]. 
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̂˽̉˿ʕ  ̉
͍͔ͦͤͪͭͦͪ͟

˨͍ ͻͯͣ ͍ͦ͒ͦ·͚  
ͦ͋ͯ͡;͔͊ͭ Έ͡ ˨˻  ˽7.5 ͫ ͣ

˻˿ -˹ˤ˩˾́ 7.5 ͫ ͣ

˻˿ -˹˥˻  ˾7.5 ͫ ͣ

˻˿ -˹ˤ˩˾́ 3.2 ͫ ͣ

˨˻  ˽3.2 ͫ ͣ

˻˿ -˹˥˻  ˾3.2 ͫ ͣ

F͍ ͻ=3.4-4.2˥˥ͼ, F͍ ·ͻ=0.95-1.75˥˥ͼ, F͎ ͔ͭ=5.15˥˥ͼ,
́́Җмоϲ˴, ˴ ͯͫҗ60͒x,

190ͣs @10...24ˤ

F͍ ͻ ͤ=10.7-11.7˥˥ͼ, F͍ ·ͻ ͤ=0.95-1.95˥˥ͼ, F͎ ͔ͭ ͤ=9.75˥˥ͼ,
F͍ ͻ ͍=11.7-12.7˥˥ͼ, F͍ ·ͻ ͍=1.10-2.15˥˥ͼ, F͎ ͔ͭ ͍=10.6˥˥ͼ,

˴́ Җ0.2͒x, ˴ ͯͫҗ60͒x,
110ͣs @11...20ˤ

˿ʕ  ̉͋͡ ͦ͟ 3.2 ͫ ͣ

˿ʕ  ̉
͍͔ͦͤͪͭͦͪ͟

̂˽̉

˿ʕ  ̉
͍͔ͦͤͪͭͦͪ͟

̂˽̉

˽˽ ̅

˽˽̅

˽˽̅

˿ʕ  ̉͋͡ ͦ͟ 7.5 ͫ ͣ ˢ̇ ˽

˽˴

 N ͻ͍=32 ͟ ͊ͤ͊͊͡
ˢ̇ =˽12͙͋ͭ

˴ͯ =ͫ1,10,100,200
R͍ ͻ=10˸˻ͣ
ɲF=30͟˥ͼ

Fͦ ͨͪ=60͟˥ͼ
U ͻ͍=ҕмлʕ;ҕмʕ;ҕлΦмʕ;

ҕлΦлрʕ;
USB2.0

˸͔͔ͭͦͫͭ͊ ͼ͙ͤΎ
 Fͪ =868˸ ͼ˥

=́-плϲΧ+срϲ˿, ɲ́=ҕмϲ, ̀ =́лΣмϲ
=˹10%...90%, ɲ˹ =ҕр҈,ˋ˹ =1%

=˾300͎˽ .͊..1100͎˽ ,͊ 
ɲ˾=ҕо͎˽͊, ̀ =˾0,1͎˽͊

R=0...9999ͣͣ , ɲR=10%
W=0...160ͣ͟ /;, ɲW=ҕ1 /ͣc

100ͣs @6ˤ
USB2.0

мтлϲ(F=2.5, f=2.3mm) (x2)
2xFull HD 1080p 

(1920x1080)@30fps
MPEG4 1 @s5ˤ

USB2.0

ˤ͙͔͒ͦͤ͊͋ Ό͒͡ ͔͙͔ͤ

˴˨

˿ʕ  ̉͋͡ ͦ͟ 1.35 ͫ ͣ

F͍ ͻ=21.55-22.35˥˥ͼ, F͍ ·ͻ=0.95-1.75˥˥ͼ, F͎ ͔ͭ=20.6˥˥ͼ,
˴́ Җ1.3͒x, ˴ ͯͫҗ53.5͒x,

˴˿ˤ˹ ͻ͍Җ1.8, ˴ ˿ʕ˹͍·ͻҖ1.4, ˾ ·͍ͻҗ16͒x ,ͣ 
350ͣs @8...15ˤ

˻˿
-˹ˤ˩
˾́
 1

.3
5
 ͫ
ͣ

˨˻
 ˽1

.3
5
 ͫ
ͣ

˻˿
-˹˥˻
 ˾1

.3
5
 ͫ
ͣ

˨˻

˻˿  ˹- ʕ ˩˾́

˻˿  ˹- ˥ ˻˾

˨˻ ˽

ˢͤ ͔ͭͤͤ Ύ͊ ͙ͫ ͔ͫͭ ͣ͊

˥̊

ˢ́́

3˸1305-4
11.7-17.9˥˥ͼ

˿˽˸ =̊33͒x/kTo
I =ͪ20...50ͣs
U =ͨ20...60ˤ

ʤʥʦʛʦʯʘʩʪʦʪʥr ʡ 

ʚʦʣʥʦʚʦʜʥr ʡ 

ʉɺʏ ʢʘʣʠʙʨʘʪʦʨ 

ʜʠʘʧʘʟʦʥʘ

 7.5 -1.35 ʩʤ.

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʥʦʛʦʯʘʩʪʦʪʥʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: ɻʐ ï ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʛʝʥʝʨʘʪʦʨ ʰʫʤʘ; ɸʊʊ ï 

ʚʦʣʥʦʚʦʜʥʳʡ ʫʧʨʘʚʣʷʝʤʳʡ ʘʪʪʝʥʶʘʪʦʨ; ɼʆ ï ʜʚʫʭʤʦʜʦʚʳʡ ʦʙʣʫʯʘʪʝʣʴ; ʇʇʌ ï 

ʚʦʣʥʦʚʦʜʥʳʡ ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʡ ʬʠʣʴʪʨ; ʋʇʏ ï ʫʩʠʣʠʪʝʣʴ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ; ʂɼ ï ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʢʚʘʜʨʘʪʠʯʥʳʡ ʜʝʪʝʢʪʦʨ; ɸʎʇ ï 

ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; ʇʂ ï ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʜʣʷ 

ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʆʉʅ-ɻʆʈ ï ʩʠʛʥʘʣ ʦʩʥʦʚʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ; ʆʉʅ-ɺɽʈʊ ï ʩʠʛʥʘʣ 

ʦʩʥʦʚʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ; ɼʆʇ ï ʩʠʛʥʘʣ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ. 

 

ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ ʤʥʦʛʦʯʘʩʪʦʪʥʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ 
 

ʇʘʨʘʤʝʪʨ ʉ Ku Ka 

1. ɼʣʠʥʘ ʚʦʣʥʳ, ɚ ʩʤ. 7.5 2.7 1.35 

2. ʈʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ȹT, 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ Ű = 1ʩ. 

0.03 0.04 0.05 

3. ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ, ȹf ʄɻʮ. 800 1000 800 

4. ʐʫʤʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʝʤʥʠʢʘ, ʊʐ ʇʈ Áʂ 13 13 101 

5. ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʠʝʤʥʠʢʘ, G ʜɹ. 60 60 53 

6. ʐʠʨʠʥʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʦ 

ʫʨʦʚʥʶ -3 ʜɹ, ʧʨʠ (D = 2400 ʤʤ, F = 900 ʤʤ). 

2.13 0.76 0.38 

7. ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ, ʂʋʉ ʜɹ. 39 48 54 
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʜʠʦʪʝʧʣʦʚʳʭ ʢʦʥʪʨʘʩʪʦʚ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʝʨʚʠʩʘ çFlightradar 24è, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. 

 

 

ʘ)                                                                  ʙ) 
 

ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʜʠʦʪʝʧʣʦʚʳʭ 

ʢʦʥʪʨʘʩʪʦʚ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

 

 

ʘ)                                                                                 ʙ) 
 

ʈʠʩʫʥʦʢ 3 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʥʝʪ ʩʝʨʚʠʩʘ çFlightradar 24è 

 

ʉʫʪʦʯʥʘʷ ʟʘʧʠʩʴ ʨʘʜʠʦʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʦʪ 05.05.2016 ʛ., 

ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʥʦʛʦʯʘʩʪʦʪʥʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 4, ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʥʘʣʠʯʠʝ ʜʚʫʭ ʦʪʤʝʪʦʢ ʚ 10:34:50 ʠ 15:41:50 ʦʪ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʦʙʲʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ (ʨʠʩ. 5).  

ʋʚʝʣʠʯʝʥʥʳʡ ʤʘʩʰʪʘʙ ʟʘʧʠʩʠ ʨʘʜʠʦʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦʟʜʫʰʥʳʭ 

ʩʫʜʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 6 ʠ 7. 
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ʈʠʩʫʥʦʢ 4 ï ʉʫʪʦʯʥʳʡ ʭʦʜ ʨʘʜʠʦʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʧʦʣʫʯʝʥʥʳʡ 

ʩ ʧʦʤʦʱʴʶ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʦʪ 05.05.2016 ʛ. 05:37 ï 23:59 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʀʟʦʙʨʘʞʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʚ 

ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ ʦʪ 05.05.2016 ʛ. 10:34:50 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʆʪʢʣʠʢ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʨʘʜʠʦʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

ʦʪ 05.05.2016 ʛ. 10:34 ï 10:35 
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ʈʠʩʫʥʦʢ 7 ï ʆʪʢʣʠʢ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʨʘʜʠʦʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʦʪ 

05.05.2016 ʛ. 15:41 ï 15:42 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʥʘʛʣʷʜʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʩʚʦʡʩʪʚ ʙʦʣʴʰʠʭ ʟʝʨʢʘʣʴʥʳʭ ʘʥʪʝʥʥ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʧʦ ʩʦʙʩʪʚʝʥʥʦʤʫ ʨʘʜʠʦʪʝʧʣʦʚʦʤʫ ʠʟʣʫʯʝʥʠʶ ʩʫʜʦʚ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

ˉ 21-19-00378, https://rscf.ru/project/21-19-00378/. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠ 

ʫʩʪʨʦʡʩʪʚ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʤʝʪʨʠʠ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʥʦʤʥʦʡ ʥʘʚʠʛʘʮʠʠ ʙʝʩʧʠʣʦʪʥʳʭ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʩʣʦʞʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʷʭ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʘʚʪʦʥʦʤʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʩʠʩʪʝʤʘʭ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʤʠ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠʚʷʟʦʢ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʤʝʩʪʥʦʩʪʠ ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ 

ʩʢʨʳʪʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʝʩʪʝʩʪʚʝʥʥʦʝ ʨʘʜʠʦʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʤʥʦʛʦʯʘʩʪʦʪʥʳʝ 

ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ. 

 

ANALYSIS OF THE PROSPECTS FOR THE USE OF  

THE MICROWAVE RADIOMETRIC METHOD OF AUTONOMOUS 

NAVIGATION OF DRONE AIRCRAFT SYSTEMS IN COMPLEX 

METEOROLOGICAL CONDITIONS  
 

Fedoseeva E. V., Doctor of Technical Sciences 

Rostokin I. N., Doctor of Technical Sciences 

Rostokina E. A., Candidate of Technical Sciences 

Romanov A.S. 
 

Vladimir State University named after A. Grigorevich and N. Stoletovy 

Murom Branch 

(Murom) 
 

Abstract. The report studies the possibility of using methods and devices of microwave 

radiometry in the tasks of autonomous navigation of unmanned aircraft systems in difficult weather 

conditions. Application of radiophysical characteristics of own radio-thermal radiation of the 

underlying surface as an additional source of navigation information in the systems of unmanned 

aerial vehicles joint control will increase the accuracy of navigation references. 

Keywords: radio-thermal radiation, multi-frequency microwave radiometric systems, drone 

aircraft systems. 
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ɺʚʝʜʝʥʠʝ 
 

ʅʘʨʷʜʫ ʩ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ 

ʨʝʰʝʥʠʷ ʦʙʦʨʦʥʥʳʭ ʟʘʜʘʯ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʛʨʘʞʜʘʥʩʢʦʝ ʠ ʢʦʤʤʝʨʯʝʩʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʠ ʥʘʚʠʛʘʮʠʶ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʩʣʦʞʥʳʭ 

ʤʝʪʝʦʫʩʣʦʚʠʷʭ, ʧʨʠ ʤʘʣʳʭ ʛʘʙʘʨʠʪʘʭ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ ʘʚʪʦʥʦʤʥʦʡ 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 
 

ʐʠʨʦʢʦʤʫ ʚʥʝʜʨʝʥʠʶ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʨʘʟʣʠʯʥʳʝ 

ʩʬʝʨʳ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʥʘ ʦʙʰʠʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʚ ʩʣʦʞʥʦ ʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ ʈʦʩʩʠʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʣʝʪʦʚ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʦʙʦʨʫʜʫʶʪʩʷ ʩʠʩʪʝʤʘʤʠ 

ʛʣʦʙʘʣʴʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ, ʦʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʫʚʝʨʝʥʥʦʝ ʧʦʢʨʳʪʠʝ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʪʦʚ 

ʜʘʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ. 

ʆʜʥʘʢʦ, ʧʨʠ ʧʦʣʝʪʘʭ ʥʘ ʤʘʣʳʭ ʚʳʩʦʪʘʭ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʩʣʦʞʥʳʭ 

ʤʝʪʝʦʫʩʣʦʚʠʷʭ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʧʘʩʥʦʩʪʠ ʩʪʦʣʢʥʦʚʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʦʧʝʨʘʪʠʚʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʝʧʷʪʩʪʚʠʷʭ ʥʘ ʧʫʪʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɺ ʧʦʜʦʙʥʳʭ 

ʩʣʫʯʘʷʭ ʦʩʦʙʝʥʥʦ ʦʩʣʦʞʥʝʥʳ ʧʦʣʝʪʳ ʚ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʨʘʜʠʦʪʝʧʣʦʣʦʢʘʮʠʠ ʠ ʉɺʏ ʨʘʜʠʦʤʝʪʨʦʚ, ʢʘʢ ʧʨʠʙʦʨʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʘʩʩʠʚʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʠʟʤʝʨʷʶʱʠʭ ʩʣʘʙʳʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʠʛʥʘʣʳ, ʚʳʟʚʘʥʥʳʝ ʩʦʙʩʪʚʝʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʜʣʷ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʥʘ ʤʘʣʳʭ ʚʳʩʦʪʘʭ, ʠʟʤʝʨʝʥʠʷ ʧʫʪʝʚʦʡ ʩʢʦʨʦʩʪʠ ʠ 

ʧʦʩʘʜʢʠ ʚ ʩʣʦʞʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʷʭ [2].  

ʉʫʱʝʩʪʚʫʶʪ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʨʘʜʠʦʪʝʧʣʦʚʳʭ ʢʘʨʪ ʧʦʜʩʪʠʣʘʶʱʠʭ 

ʧʦʢʨʦʚʦʚ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤ ʧʘʩʩʠʚʥʦʡ ʣʦʢʘʮʠʠ, ʪʦ ʝʩʪʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʘʢʪʠʚʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʫʩʣʦʚʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʠʛʥʘʣʳ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʜʦʣʞʝʥ 

ʦʙʣʘʜʘʪʴ ʘʚʪʦʥʦʤʥʳʤ ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ 

ʝʩʪʝʩʪʚʝʥʥʦʝ ʨʘʜʠʦʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠʚʷʟʦʢ ʩ ʙʦʨʪʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʧʨʠʤʝʥʷʶʪʩʷ ʩʠʩʪʝʤʳ ʦʧʪʠʯʝʩʢʦʛʦ ʠ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ. ɺ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʵʬʬʝʢʪʠʚʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ.  

ʇʨʠʙʦʨʳ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʦʧʪʠʯʝʩʢʦʛʦ, 

ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʘʪʤʦʩʬʝʨʥʳʭ ʷʚʣʝʥʠʡ (ʪʫʤʘʥ, ʜʦʞʜʴ), ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʀʥʦʝ ʜʝʣʦ ʦʙʩʪʦʠʪ ʩ ʤʠʢʨʦʚʦʣʥʦʚʳʤ 
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ʜʠʘʧʘʟʦʥʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʘʪʤʦʩʬʝʨʥʳʝ ʷʚʣʝʥʠʷ ʥʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʚʣʠʷʥʠʷ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ.  

ʇʨʠ ʨʘʜʠʦʪʝʧʣʦʣʦʢʘʮʠʦʥʥʦʤ ʤʝʪʦʜʝ ʧʦʩʪʨʦʝʥʠʷ ʨʝʣʴʝʬʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʦʙʩʪʚʝʥʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʙʲʝʢʪʦʚ ï ʧʝʨʝʧʘʜ ʷʨʢʦʩʪʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʨʘʜʠʦʪʝʧʣʦʢʦʥʪʨʘʩʪ) ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ (ʦʢʦʣʦ 300 ʂ) ʠ ʥʝʙʘ 

(ʦʢʦʣʦ 10 ʂ). ʇʦʩʪʨʦʝʥʠʝ ʨʘʜʠʦʪʝʧʣʦʚʳʭ ʢʘʨʪ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʢʨʦʚʦʚ ʠ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʝʧʷʪʩʪʚʠʷ ʥʘ ʧʫʪʠ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʠʢʨʦʚʦʣʥʦʚʦʡ 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʨʘʟʤʝʱʝʥʥʦʡ ʥʘ ʙʦʨʪʫ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ [3, 4]. 

 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ 
 

ʈʘʜʠʦʜʠʘʧʘʟʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʛʨʦʤʥʳʡ ʠʥʪʝʨʚʘʣ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʨʘʜʠʦʚʦʣʥʳ ï ʝʝ ʜʣʠʥʳ ʠ ʦʙʲʝʢʪʦʚ ʪʝʭʥʦʛʝʥʥʦʛʦ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʙʩʪʦʷʪʝʣʴʩʪʚʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʨʘʙʦʪʘʶʪ ʚ ʣʶʙʳʭ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʜʘʞʝ ʥʘ ʜʨʫʛʠʭ ʧʣʘʥʝʪʘʭ. ʆʥʠ ʩʧʦʩʦʙʥʳ 

ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʪʦʣʱʫ ʦʙʲʝʢʪʘ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʜʝʪʘʣʷʭ, ʦʪʩʪʨʘʠʚʘʪʴʩʷ ʦʪ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ. ʆʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚ ʵʪʦʤ 

ʦʪʥʦʰʝʥʠʠ ʛʦʨʘʟʜʦ ʙʝʜʥʝʝ, ʭʦʪʷ ʦʥʠ ʥʘʚʝʨʩʪʳʚʘʶʪ ʜʘʥʥʦʝ ʦʪʩʪʘʚʘʥʠʝ ʚ 

ʥʘʫʯʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʛʜʝ ʨʘʟʤʝʨʳ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ ʚʘʨʴʠʨʫʶʪʩʷ ʚ 

ʰʠʨʦʯʘʡʰʠʭ ʧʨʝʜʝʣʘʭ, ʥʦ ʫʞʝ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ.  

ɺ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ ʢʣʘʩʩ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʣʝʛʯʝ ʠ ʙʳʩʪʨʝʝ ʘʜʘʧʪʠʨʫʶʪʩʷ ʢ ʫʩʣʦʚʠʷʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ɺ ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʨʝʜʳ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʝʜʦʩʪʠʞʠʤʳʤʠ ʜʣʷ ʦʧʪʠʢʠ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʷʪʴ ʞʝ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʫ ʨʘʜʠʦʩʠʛʥʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ 

çʜʠʩʢʨʝʪʠʟʠʨʦʚʘʪʴè ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʠ 

ʚʢʨʘʧʣʝʥʠʷʤʠ. 

ʈʘʜʠʦʩʠʩʪʝʤʳ ʠʤʝʶʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʛʦʨʘʟʜʦ ʤʝʥʴʰʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʟʣʫʯʝʥʥʦʡ ʠʣʠ ʧʨʠʥʠʤʘʝʤʦʡ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ɼʣʷ ʨʘʜʠʦʩʠʩʪʝʤ ʧʦʚʳʰʝʥʠʝ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ çʧʦʜʢʨʘʩʢʝè ʦʪʜʝʣʴʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘ ʩʯʝʪ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ (ʩʠʩʪʝʤʳ ʧʨʷʤʦʛʦ ʠ 

ʦʙʨʘʪʥʦʛʦ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ) [5]. 

ʈʘʟʚʠʪʠʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ, ʥʘʫʢʦʝʤʢʠʭ ʚʠʜʦʚ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ, ʬʦʨʤʠʨʫʝʪ 

ʘʢʪʫʘʣʴʥʫʶ ʥʘʫʯʥʫʶ ʧʨʦʙʣʝʤʫ ʠ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ, 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʘʚʪʦʥʦʤʥʦʡ ʥʘʚʠʛʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʥʘʫʢʦʝʤʢʠʭ ʟʥʘʥʠʡ.  

ɺʚʠʜʫ ʥʝʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʘʩʧʝʢʪʘʭ, ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ 
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ʩʦʟʜʘʥʠʷ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʠʥʮʠʧʘʭ. ɺ ʟʘʜʘʯʝ ʘʚʪʦʥʦʤʥʦʡ ʥʘʚʠʛʘʮʠʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʩʠʩʪʝʤʘʤʠ ʘʢʪʠʚʥʦʡ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ 

ʦʙʣʘʜʘʶʪ ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ [6, 7]. 

 

ɿʘʢʣʶʯʝʥʠʝ 
 

ʇʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʨʝʜʩʪʚʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʨʘʜʠʦʪʝʧʣʦʚʳʭ ʢʦʥʪʨʘʩʪʦʚ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʧʣʦʚʠʟʦʨʘʤʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʧʨʦʩʪʦʪʫ ʠ ʚʳʩʦʢʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʥʬʨʘʢʨʘʩʥʳʝ ʨʘʜʠʦʤʝʪʨʳ ʥʝ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʧʣʦʭʠʭ 

ʤʝʪʝʦʫʩʣʦʚʠʷʭ ï ʚʦʣʥʳ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʚʝʨʞʝʥʳ 

ʚʣʠʷʥʠʶ ʘʪʤʦʩʬʝʨʥʳʭ ʷʚʣʝʥʠʡ ʚ ʚʠʜʝ ʪʫʤʘʥʘ, ʜʦʞʜʷ ʠ ʪ.ʜ.  

ʇʨʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʷʚʣʝʥʠʡ 

(ʦʩʘʜʢʦʚ) ʚʚʠʜʫ ʤʘʣʦʛʦ ʟʘʪʫʭʘʥʠʷ, ʜʦʩʪʘʪʦʯʥʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

ˉ 21-19-00378, https://rscf.ru/project/21-19-00378/. 
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ʆ ʇʈʀʄɽʅɽʅʀʀ ɿɸʂʆʅɸ ɸɹɽʈʈɸʎʀʀ 

ɺ ɸɺʊʆʄɸʊʀʏɽʉʂʆʄ ɿɸɺʀʉʀʄʆʄ ʅɸɹʃʖɼɽʅʀʀ 

 

ʈʫʙʮʦʚ ɽ. ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

 

ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘ (ʄʀʀʊ) 

(ʛ. ʄʦʩʢʚʘ) 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʦʥʘ ʘʙʝʨʨʘʮʠʠ (ʦʪʢʣʦʥʝʥʠʷ 

ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʠʣʠ ʦʪ 

ʥʘʙʣʶʜʘʪʝʣʷ) ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʩʪʝʤʘʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʚʠʩʠʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʚʝʱʘʪʝʣʴʥʦʛʦ 

ʪʠʧʘ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʳʭ ʠ ʠʩʪʠʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ. ʈʘʩʯʝʪʳ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʜʣʷ ʩʢʦʨʦʩʪʝʡ 250 ʠ 600 ʤ/ʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʫʱʝʩʪʚʫʶʱʠʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʚʦʟʜʫʰʥʳʤ ʩʫʜʘʤ. ʕʬʬʝʢʪ ʘʙʝʨʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʷʚʣʝʥ ʜʣʷ ʚʝʣʠʯʠʥ, ʥʘʙʣʶʜʘʝʤʳʭ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʤʝʞʜʫ ʩʦʦʙʱʝʥʠʷʤʠ ɸɿʅ-ɺ. ʇʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʧʦʛʨʝʰʥʦʩʪʷʤ 

ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʙʝʨʨʘʮʠʷ, ʠʩʪʠʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ, ɸɿʅ-ɺ. 

 

ON THE APPLICATION OF THE ABERRATION LAW IN AUTOMATIC 

DEPENDENT SURVEILLANCE  

 

Rubtsov E. A., Candidate of Technical Sciences 

 

Russian University of Transport (MIIT) 

(Moscow) 

 
Annotation. Carried out the analysis of the possibility of the aberration law (deviation of the 

measured parameters of the object of observation when it moves towards or away from the 

observer) applying in relation to automatic dependent surveillance broadcast. The dependences of 

the difference between the observed and the true object parameters are obtained. The calculations 

were made for velocities of 250 and 600 m/s, which corresponds to existing and perspective 

aircraft. The effect of aberration can be detected for quantities, which observed with high accuracy 

with a sufficient dynamic range, in particular for the time interval between ADS-B messages. An 

assessment of the sensitivity to errors in the measured value and the velocity of the object of 

observation was made. 

Keywords: aberration, true parameters, observed parameters, ADS-B. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʩʪʦʷʥʥʳʡ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʝʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʥʝʜʨʷʪʴ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʪʝʨʚʘʣʘʤ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ ʥʘ ʚʦʟʜʫʰʥʳʭ 

ʪʨʘʩʩʘʭ ʠ ʚ ʘʵʨʦʜʨʦʤʥʦʡ ʟʦʥʝ, ʘ ʪʘʢʞʝ ʫʞʝʩʪʦʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ (ɺʉ) ʠ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʜʚʠʞʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʈʊʉ) ʥʘʙʣʶʜʝʥʠʷ. ʇʦʵʪʦʤʫ 

ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ.  
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ɺ ʨʘʙʦʪʘʭ [1, 2] ʧʨʝʜʣʦʞʝʥ ʟʘʢʦʥ ʘʙʝʨʨʘʮʠʠ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʙʣʶʜʘʪʝʣʷ ʚʦʟʥʠʢʘʝʪ 

ʦʪʢʣʦʥʝʥʠʝ ʝʛʦ ʠʟʤʝʨʷʝʤʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ (ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ) ʦʪ 

ʠʩʪʠʥʥʦʛʦ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʜʚʠʞʝʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʙʣʶʜʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʟʘʜʝʨʞʢʦʡ ʧʦʩʪʫʧʣʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʶ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʦʙʲʝʢʪʘ ʠʟ-ʟʘ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʧʨʦʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʘʙʝʨʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ 

ɼʦʧʣʝʨʘ, ʦʜʥʘʢʦ, ʧʦʤʠʤʦ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʷ ʠ ʚ 

ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʥʘʧʨʠʤʝʨ, ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʦʪʨʘʞʝʥʥʳʤʠ ʠʣʠ 

ʧʝʨʝʜʘʚʘʝʤʳʤʠ ʦʪ ʦʙʲʝʢʪʘ ʩʠʛʥʘʣʘʤʠ. 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ 

ʟʘʢʦʥʘ ʘʙʝʨʨʘʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʚʠʩʠʤʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ ʚʝʱʘʪʝʣʴʥʦʛʦ ʪʠʧʘ (ɸɿʅ-ɺ). 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʕʬʬʝʢʪʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ, 

ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚ ʦʙʱʝʤ ʚʠʜʝ ʢʘʢ [1, 2]: 

 

ʠʩʪ
ʥʘʙ

ʠʩʪ1

Q
Q

v
c

=

°

, (1) 

 

ʛʜʝ  Qʥʘʙ, Qʠʩʪ ï ʥʘʙʣʶʜʘʝʤʳʝ ʠ ʠʩʪʠʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ; 

vʠʩʪ ï ʠʩʪʠʥʥʘʷ ʩʢʦʨʦʩʪʴ ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʷ. 

ɺ ʚʳʨʘʞʝʥʠʠ (1) ʟʥʘʢ ç+è ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʩʪʘʚʠʪʩʷ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʙʲʝʢʪʘ 

ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ, ʟʥʘʢ çïè ï ʚ ʩʣʫʯʘʝ ʧʨʠʙʣʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʢ ʥʘʙʣʶʜʘʪʝʣʶ. ʇʨʠ 

ʧʦʣʫʯʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʷ ʠ ʝʛʦ ʩʢʦʨʦʩʪʠ ʚʦʟʤʦʞʥʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʪʠʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ: 

 

ʠʩʪ
ʠʩʪ ʥʘʙ1

v
Q Q

c
å õ= °æ ö
ç ÷

, (2) 

 

ʈʘʟʥʠʮʘ ʤʝʞʜʫ Qʥʘʙ ʠ Qʠʩʪ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʝʣʠʯʠʥʝ ʠʟʤʝʥʝʥʠʷ 

ʠʩʪʠʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʝʛʦ ʜʚʠʞʝʥʠʝʤ. ɼʣʷ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ ʨʘʟʥʦʩʪʴ Qʥʘʙ ï Qʠʩʪ ʙʫʜʝʪ ʠʤʝʪʴ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʧʨʠʙʣʠʞʘʝʪʩʷ ʦʙʲʝʢʪ ʢ ʥʘʙʣʶʜʘʪʝʣʶ ʠʣʠ ʫʜʘʣʷʝʪʩʷ. ɼʣʷ 

ʩʢʦʨʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ 

ʤʦʜʫʣʴ ʨʘʟʥʦʩʪʠ Qʥʘʙ ï Qʠʩʪ ʥʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʦʛʦ, ʧʨʠʙʣʠʞʘʝʪʩʷ ʦʙʲʝʢʪ ʢ 

ʥʘʙʣʶʜʘʪʝʣʶ ʠʣʠ ʫʜʘʣʷʝʪʩʷ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʯʝʪʘʭ ʧʨʠʤʝʤ, ʯʪʦ ʦʙʲʝʢʪ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʘʙʣʶʜʘʪʝʣʶ (ɺʉ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ɸɿʅ-ɺ), 

ʪʦʛʜʘ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʚʳʨʘʞʝʥʠʡ (1) ʠ (2) ʥʝʦʙʭʦʜʠʤʦ ʩʪʘʚʠʪʴ ʟʥʘʢ çïè. 

ʉ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (2) ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʝʛʦ ʜʚʠʞʝʥʠʝʤ. ʀʩʭʦʜʷ ʠʟ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʩʦʦʙʱʝʥʠʷʤʠ 

ɸɿʅ-ɺ tɸɿʅ-ɺ, ʧʝʨʝʜʘʚʘʝʤʳʤʠ ʧʦ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 1090ES: 
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ʠʩʪ
ɸɿʅ-ɺ_ʠʩʪ ɸɿʅ-ɺ_ʥʘʙ1

v
t t

c
å õ= -æ ö
ç ÷

, (3) 

 

ɺ ʩʦʩʪʘʚ (3) ʧʦʤʠʤʦ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʭʦʜʠʪ ʠʩʪʠʥʥʘʷ ʩʢʦʨʦʩʪʴ 

ɺʉ. ʉʦʛʣʘʩʥʦ (1) ʧʨʠ ʜʚʠʞʝʥʠʠ ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʷ ʢ ʈʊʉ ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ 

ʥʘʙʣʶʜʘʝʤʦʡ (ʠʟʤʝʨʷʝʤʦʡ) ʩʢʦʨʦʩʪʠ ɺʉ [1, 2]: 
 

ʠʩʪ
ʥʘʙ

ʠʩʪ1

v
v

v
c

=

-

, (4) 

 

ʘ ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʙʫʜʝʪ ʨʘʚʥʦ: 
 

ʥʘʙ
ʠʩʪ

ʥʘʙ1

v
v

v
c

=

+

. (5) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʦʮʝʥʢʘ ʨʘʟʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʳʭ ʠ 

ʠʩʪʠʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ Qʥʘʙ ï Qʠʩʪ ʩʦʛʣʘʩʥʦ (3) ʠ (5). 

ʅʘʙʣʶʜʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʘʨʘʤʝʪʨʳ ʢʘʢ 

ʧʨʘʚʠʣʦ ʠʟʤʝʨʷʶʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ DQ; ʦʙʦʙʱʝʥʥʦ ʠʭ ʤʦʞʥʦ 

ʚʳʨʘʟʠʪʴ ʢʘʢ: 
 

*
ʥʘʙ ʥʘʙQ Q Q= +D, (6) 

 

ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ɺʉ Dvʥʘʙ, 

ʢʦʪʦʨʫʶ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʠʩʪʠʥʥʦʡ ʩʢʦʨʦʩʪʠ: 
 

* ʥʘʙ ʥʘʙ
ʠʩʪ

ʥʘʙ ʥʘʙ

( )

1

v v
v

v v

c

+D
=

+D
+

. (7) 

 

ʇʦʜʩʪʘʚʣʷʷ (6) ʠ (7) ʚ (3) ʤʦʞʥʦ ʥʘʡʪʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʥʘʙʣʶʜʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ; ʦʙʦʙʱʝʥʥʦ ʠʭ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʢʘʢ:  
 

*
* * ʠʩʪ
ʠʩʪ ʥʘʙ1

v
Q Q

ʩ

å õ
= -æ ö

æ ö
ç ÷

 (8) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʮʝʥʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ S ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʢ 

ʧʦʛʨʝʰʥʦʩʪʷʤ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʢʘʢ: 
 

( )( )* *
ʥʘʙ ʠʩʪ ʥʘʙ ʠʩʪS Q Q Q Q= - - -  (9) 

 

ʇʨʠ ʵʪʦʤ ʟʘʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ. 

ɼʣʷ ʵʪʦʛʦ ʚ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʠʭ ʚʝʣʠʯʠʥʳ ʥʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠʪʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʚʳʨʘʞʝʥʠʡ. 
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ʈʝʟʫʣʴʪʘʪʳ 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʢʦʥʘ ʘʙʝʨʨʘʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ, 

ʦʮʝʥʠʤ ʨʘʟʥʦʩʪʴ ʥʘʙʣʶʜʘʝʤʳʭ ʠ ʠʩʪʠʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ Qʥʘʙ ï Qʠʩʪ, ʠʟʤʝʨʷʝʤʳʭ 

ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ ɸɿʅ-ɺ. ʈʘʩʯʝʪʳ ʙʫʜʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ɺʉ, ʢʨʝʡʩʝʨʩʢʘʷ ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 900 

ʢʤ/ʯ ʠʣʠ 250 ʤ/ʩ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ɺʉ ʩ ʢʨʝʡʩʝʨʩʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʧʦʨʷʜʢʘ 2 ʄʘʭʘ ʠʣʠ 600 ʤ/ʩ [3, 4].  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʘʟʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʳʭ ʠ ʠʩʪʠʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ  

Qʥʘʙ ï Qʠʩʪ ʩʦʛʣʘʩʥʦ (3) ʠ (5) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1, ʛʜʝ ʪʦʯʢʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʢʦʨʦʩʪʠ ɺʉ 250 ʤ/ʩ, ʪʦʯʢʠ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ï 600 ʤ/ʩ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʘʟʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʳʭ ʠ ʠʩʪʠʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ Qʥʘʙ ï Qʠʩʪ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʩʦʦʙʱʝʥʠʷʤʠ ɸɿʅ-ɺ  

 

ɺ ʩʠʩʪʝʤʘʭ ɸɿʅ-ɺ ʧʝʨʝʜʘʯʘ ʩʦʦʙʱʝʥʠʡ ʧʦ ʣʠʥʠʠ 1090ES ʢʘʢ ʧʨʘʚʠʣʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʞʠʤʝ ʩʘʤʦʛʝʥʝʨʘʮʠʠ (ʪʘʢʞʝ ʚʦʟʤʦʞʥʘ ʧʝʨʝʜʘʯʘ ʩʦʦʙʱʝʥʠʷ 

ɸɿʅ-ɺ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʠʛʥʘʣʘ ʟʘʧʨʦʩʘ ʦʪ ʚʪʦʨʠʯʥʦʛʦ ʨʘʜʠʦʣʦʢʘʪʦʨʘ ʠʣʠ 

ʥʘʟʝʤʥʦʛʦ ʨʘʜʠʦʤʘʷʢʘ). ʉʦʦʙʱʝʥʠʷ ɸɿʅ-ɺ ʚ ʨʝʞʠʤʝ ʩʘʤʦʛʝʥʝʨʘʮʠʠ ʤʦʛʫʪ 

ʧʝʨʝʜʘʚʘʪʴʩʷ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʦʪ ʦʜʥʦʛʦ ʨʘʟʘ ʚ ʩʝʢʫʥʜʫ ʜʦ ʦʜʥʦʛʦ ʨʘʟʘ ʚ 10 ʩ 

[5, 6, 7]. ʇʨʠ ʥʘʢʦʧʣʝʥʠʠ ʜʘʥʥʳʭ ʚ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʠʣʠ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ 

ʩʦʦʙʱʝʥʠʡ ɸɿʅ-ɺ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ (ʜʝʩʷʪʢʠ 

ʩʝʢʫʥʜ). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʧʨʠʤʝʤ ʟʥʘʯʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ 

ʩʦʦʙʱʝʥʠʷʤʠ ɸɿʅ-ɺ 1é60 ʩ (ʨʠʩ. 1). ʈʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʥʘʢʦʧʣʝʥʠʠ 

ʩʦʦʙʱʝʥʠʡ ɸɿʅ-ɺ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʘʥʘʣʠʟʝ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ 
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ʩʦʦʙʱʝʥʠʷʤʠ ʚʦʟʤʦʞʥʦ ʚʳʷʚʣʝʥʠʝ ʵʬʬʝʢʪʦʚ ʘʙʝʨʨʘʮʠʠ: ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʩʦʦʙʱʝʥʠʷʤʠ ɸɿʅ-ɺ, ʜʦʩʪʠʛʘʶʱʝʛʦ 

ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʩʝʢʫʥʜ. ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ 

ʩʧʫʬʠʥʛʘ [8], ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʟʘʜʘʯʘ ʧʨʠʤʝʥʝʥʠʷ ʵʬʬʝʢʪʘ ʘʙʝʨʨʘʮʠʠ ʥʘ 

ʧʨʘʢʪʠʢʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʝʜʥʘʤʝʨʝʥʥʦ 

ʬʦʨʤʠʨʫʶʱʠʭ ʣʦʞʥʳʝ ʩʠʛʥʘʣʳ ɸɿʅ-ɺ [9]. ʊʝʭʥʠʯʝʩʢʘʷ ʜʦʨʘʙʦʪʢʘ ʥʘʟʝʤʥʦʡ 

ʩʪʘʥʮʠʠ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʦʜʥʘʢʦ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʪʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ 

ʟʘʜʘʥʠʷ ʧʝʨʠʦʜʘ ʛʝʥʝʨʘʮʠʠ ʩʦʦʙʱʝʥʠʡ ɸɿʅ-ɺ ʚ ʙʦʨʪʦʚʦʤ ʦʪʚʝʪʯʠʢʝ.  

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʧʦʛʨʝʰʥʦʩʪʠ ʧʫʪʝʤ ʦʮʝʥʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ S ʩʦʛʣʘʩʥʦ (9). ʅʘ ʨʠʩ. 2 

ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʦʮʝʥʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚʨʝʤʝʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʩʦʦʙʱʝʥʠʷʤʠ ɸɿʅ-ɺ, ʨʘʚʥʦʛʦ 10 ʩ, ʧʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʠʩʴ 

ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʦʡ ʚʝʣʠʯʠʥʳ Dtɸɿʅ-ɺ_ʥʘʙ (ʚ ʜʠʘʧʘʟʦʥʝ 0é0,01 ʩ) ʠ 

ʩʢʦʨʦʩʪʠ ʦʙʲʝʢʪʘ DVʥʘʙ (ʚ ʜʠʘʧʘʟʦʥʝ 0é20 ʤ/ʩ).  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ S ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚʨʝʤʝʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʩʦʦʙʱʝʥʠʷʤʠ ɸɿʅ-ɺ 

 

ʉʦʛʣʘʩʥʦ ʨʠʩ. 2, ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ S ʦʪ ʧʦʛʨʝʰʥʦʩʪʝʡ ʣʠʥʝʡʥʘʷ, 

ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚʥʦʩʠʪ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ DVʥʘʙ. ʉʘʤʘ 

ʚʝʣʠʯʠʥʘ S ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,6 ʤʢʩ 

ʠʣʠ 8 % ʦʪ ʨʘʟʥʦʩʪʠ tɸɿʅ-ɺ_ʥʘʙ ï tɸɿʅ-ɺ_ʠʩʪ.   
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ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʦʥʘ 

ʘʙʝʨʨʘʮʠʠ ʜʣʷ ʩʠʩʪʝʤ ɸɿʅ-ɺ. ʈʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ ʧʨʠʙʣʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʢ 

ʥʘʙʣʶʜʘʪʝʣʶ (ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ɺʉ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʥʘ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ) ʩʦ ʩʢʦʨʦʩʪʷʤʠ 250 ʠ 600 ʤ/ʩ. ʇʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʨʘʟʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʳʭ ʠ ʠʩʪʠʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ Qʥʘʙ ï Qʠʩʪ.  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʘʙʝʨʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʚʝʣʠʯʠʥʳ, 

ʥʘʙʣʶʜʘʝʤʳʝ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʩʦʦʙʱʝʥʠʷʤʠ ɸɿʅ-ɺ. 

ɼʣʷ ʩʠʩʪʝʤ ɸɿʅ-ɺ ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ 

ʩʦʦʙʱʝʥʠʷʤʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʬʦʨʤʠʨʫʶʱʠʭ ʣʦʞʥʳʝ ʩʠʛʥʘʣʳ ɸɿʅ-ɺ, ʧʨʠ ʵʪʦʤ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʜʦʨʘʙʦʪʢʘ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ. 

ʇʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʩʦʦʙʱʝʥʠʷʤʠ ɸɿʅ-ɺ ʧʫʪʝʤ ʫʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʠ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ɺʉ. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪ ʧʦʛʨʝʰʥʦʩʪʝʡ ʣʠʥʝʡʥʘʷ (ʨʠʩ. 2). 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʦʥʘ ʘʙʝʨʨʘʮʠʠ 

ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʩʠʩʪʝʤʘʭ ɸɿʅ-ɺ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ɺʉ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʤʝʶʱʝʛʦʩʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

(ʛ. ʄʦʩʢʚʘ) 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʝʢʪʦʨʦʤ 

ʚʠʜʝʥʠʷ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʝʨʪʦʣʝʪʦʚ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʦʨʦʪʘ ʙʦʨʪʦʚʦʡ ʢʘʤʝʨʳ ʦʧʝʨʘʪʦʨʦʤ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʚʳʧʦʣʥʝʥʠʶ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ ʚ ʩʦʩʪʘʚʝ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʫʩʪʨʦʡʩʪʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʦʨʦʪʦʤ ʛʦʣʦʚʳ ʧʠʣʦʪʘ ʥʘ ʦʩʥʦʚʝ 

ʠʥʬʦʨʤʘʮʠʠ ʜʘʪʯʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 

ʘʚʠʘʮʠʦʥʥʦʡ ʛʘʨʥʠʪʫʨʝ. ʋʧʨʘʚʣʝʥʠʝ ʙʦʨʪʦʚʦʡ ʢʘʤʝʨʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʚʫʤʷ 

ʩʝʨʚʦʤʦʪʦʨʘʤʠ ʯʝʨʝʟ ʢʦʥʪʨʦʣʣʝʨ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʦʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʝʢʪʦʨʦʤ ʚʠʜʝʥʠʷ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʉʦʙʨʘʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʫʩʪʨʦʡʩʪʚʘ 
ʫʧʨʘʚʣʝʥʠʷ ʩʝʢʪʦʨʦʤ ʚʠʜʝʥʠʷ. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʦʜʭʦʜʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʦʨʪʦʚʘʷ ʩʠʩʪʝʤʘ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʩʝʢʪʦʨ ʚʠʜʝʥʠʷ, ʘʚʠʘʮʠʦʥʥʘʷ 

ʛʘʨʥʠʪʫʨʘ, ʛʠʨʦʜʘʪʯʠʢ. 
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Abstract. Approaches for the automation control of the vision sector of the onboard 

imaging system of helicopters are considered. The currently used manual channel for controlling the 

rotation of the onboard camera limits the possibilities for using these devices and performing the 

aircraft piloting. To automate the work as part of the onboard imaging system, it is proposed to use 

a set of devices associated with the rotation of the pilot's head based on the information of the 

sensor for determining the position in space located in the aviation headset. The board camera is 

proposed to be controlled by two servomotors through the control controller. The paper describes 

the hardware and software of control devices. An algorithm for the automation control of the vision 

sector of the onboard imaging system is proposed. A prototype of the vision sector control device 

has been assembled. Experiments have been carried out showing the possibilities of a promising 

implementation of the proposed approaches. 

Keywords: onboard imaging system, vision sector, aviation headset, gyro sensor. 
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ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʝʢʪʦʨʦʤ ʚʠʜʝʥʠʷ ʪʠʧʦʚʦʡ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʧʦʣʝʪʝ ʚʝʨʪʦʣʝʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʧʦʚʦʨʦʪʘ 

ʙʦʨʪʦʚʦʡ ʢʘʤʝʨʳ ʧʫʪʝʤ ʦʪʨʘʙʦʪʢʠ ʢʦʤʘʥʜ ʦʧʝʨʘʪʦʨʘ ʦʪ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ 

(ʜʞʦʡʩʪʠʢʘ) (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʘ) 
 

 
 

ʙ) 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʢʘʤʝʨʳ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʜ 

ʬʶʟʝʣʷʞʝʤ ʚʝʨʪʦʣʝʪʘ (ʘ) ʠ ʪʠʧʦʚʦʡ ʢʦʤʧʣʝʢʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʧʫʣʴʪʦʤ ʫʧʨʘʚʣʝʥʠʷ (ʜʞʦʡʩʪʠʢʦʤ) (ʙ) 

 

ʆʯʝʚʠʜʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʤʝʨʦʡ ʩ ʧʦʤʦʱʴʶ ʧʫʣʴʪʘ 

ʦʧʝʨʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʵʪʠʭ 

ʫʩʪʨʦʡʩʪʚ ʚ ʧʦʣʝʪʝ ʠ ʚʳʧʦʣʥʝʥʠʶ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʚ ʪʘʢʠʭ ʟʘʜʘʯʘʭ ʤʦʞʝʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ ʚ ʧʦʣʝʪʝ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʙʦʨʪʦʚʦʡ ʢʘʤʝʨʦʡ ʠ ʧʝʨʝʭʦʜ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʄʝʪʦʜ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʪ ʤʝʥʝʝ ʥʘʧʨʷʞʝʥʥʳʡ ʨʝʞʠʤ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʠ ʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʣʝʪʘ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʦʣʝʪʝ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʪʩʷ. 
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ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʦʚʦʨʦʪ ʙʦʨʪʦʚʦʡ ʢʘʤʝʨʳ ʧʦ ʢʦʤʘʥʜʘʤ ʛʠʨʦʜʘʪʯʠʢʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʥʘ 

ʘʚʠʘʮʠʦʥʥʦʡ ʛʘʨʥʠʪʫʨʝ ʧʠʣʦʪʘ (ʨʠʩʫʥʦʢ 2). ʉ ʧʦʤʦʱʴʶ ʛʠʨʦʜʘʪʯʠʢʘ ʠ 

ʢʦʥʪʨʦʣʣʝʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʛʦʣʦʚʳ ʧʠʣʦʪʘ ʠ ʝʛʦ 

ʟʨʠʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʇʦ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ 

ʙʦʨʪʦʚʦʡ ʢʘʤʝʨʳ ʧʦ ʫʛʣʫ ʤʝʩʪʘ ʠ ʘʟʠʤʫʪʘ. ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʟʘʜʘʯ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʩʚʷʟʠ ʛʘʨʥʠʪʫʨʳ ʠ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩʫʥʦʢ 3).  
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʠʨʦʜʘʪʯʠʢʘ ʥʘ ʘʚʠʘʮʠʦʥʥʦʡ ʛʘʨʥʠʪʫʨʝ 

 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʣʝʢʪʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ. 

 

 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʩʚʷʟʠ ʛʘʨʥʠʪʫʨʳ ʠ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ: 1 ï ʘʚʠʘʮʠʦʥʥʘʷ 

ʛʘʨʥʠʪʫʨʘ, 2 ï ʛʠʨʦʜʘʪʯʠʢ, 3 ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ, 4 ï ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, 5 ï 

ʩʝʨʚʦʤʦʪʦʨ (ʧʦʚʦʨʦʪ ʧʦ ʫʛʣʫ ʤʝʩʪʘ), 6 ï ʩʝʨʚʦʤʦʪʦʨ (ʧʦʚʦʨʦʪ ʧʦ ʘʟʠʤʫʪʫ) 
 

ʀʟʤʝʨʝʥʠʷ ʠ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʷʪʩʷ ʚ ʧʝʨʚʦʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ, 

ʫʧʨʘʚʣʝʥʠʝ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʪʦʨʦʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. ʉʠʛʥʘʣ ʦʙ 

ʦʪʢʣʦʥʝʥʠʠ ʧʦ ʫʛʣʫ ʤʝʩʪʘ ʠ ʘʟʠʤʫʪʘ ʩʯʠʪʳʚʘʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ ʠ 

ʧʝʨʝʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʩʝʨʚʦʤʦʪʦʨʦʚ ʫʛʣʘ ʤʝʩʪʘ ʠ ʘʟʠʤʫʪʘ ʢʘʤʝʨʳ 

ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʘ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʄʝʞʜʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʙʝʩʧʨʦʚʦʜʥʘʷ ʩʚʷʟʴ. 
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ʅʘʧʨʘʚʣʝʥʠʝ ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ ʚʠʜʝʦʢʘʤʝʨʳ ʟʘʜʘʸʪʩʷ ʚ ʘʙʩʦʣʶʪʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʩʚʷʟʘʥʥʦʡ ʩ ʟʝʤʣʝʡ), ʘ ʝʸ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ [1, 2]. 

ʇʝʨʝʭʦʜ ʦʪ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʘʙʩʦʣʶʪʥʦʡ, ʢ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ, ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮ ʧʦʚʦʨʦʪʘ ʪʦʯʝʢ ʚʦʢʨʫʛ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ (ʨʠʩʫʥʦʢ 4) [3, 4]. 
 

 

ʈʠʩʫʥʦʢ 4 ï ʇʦʣʦʞʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ɺʨʘʱʝʥʠʝ ʦʙʲʝʢʪʘ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʢʦʤʧʦʟʠʮʠʝʡ ʧʦʚʦʨʦʪʦʚ ʥʘ ʫʛʣʳ ʫʛʣʦʚ ʰΣ ʲΣ ʴ  ʚʦʢʨʫʛ ʪʨʸʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʦʩʝʡ 

X, Y. Z. ʊʘʢʦʡ ʢʦʤʧʦʟʠʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʪʨʠʮʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʸʭ ʤʘʪʨʠʮ ʧʦʚʦʨʦʪʘ [5, 6] 

 

ὓ̖ ‌
ρ π π
π ὧέί‌ ίὭὲ‌
π ίὭὲ‌ ὧέί‌

, 

ὓ  ‍
ὧέί‍ π ίὭὲ‍
π ρ π
ÓÉÎ‍ π ὧέί‍

, 

ὓ ‎
ὧέί‎ ίὭὲ‎ π
ίὭὲ‎ ὧέί‎ π
π π ρ

. 

ɼʘʥʥʳʝ ʤʘʪʨʠʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʧʝʨʚʦʤ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʚ ʮʠʢʣʝ ʧʨʦʠʟʚʦʜʠʪ ʠʟʤʝʨʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʚʳʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʩ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʚʳʯʠʩʣʷʝʪ ʟʥʘʯʝʥʠʝ ʫʛʣʦʚ ʰΣ ʲΣ ʴΦ ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ ʢʘʤʝʨʳ, ʜʚʠʞʫʱʝʡʩʷ ʚʤʝʩʪʝ ʩ ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ, ʧʦ 

ʟʘʜʘʥʥʦʤʫ ʚʝʢʪʦʨʫ ʚ ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ [7, 8].  
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ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʳʜʝʨʞʠʚʘʝʪ ʥʘʯʘʣʴʥʦʝ ʟʘʜʘʥʥʦʝ 

ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʚʦʨʦʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʚ 

ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʜʝʡʩʪʚʠʷʭ (ʨʠʩʫʥʦʢ 5): 

1. ʇʝʨʚʦʤʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ (ʄʂ1) ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩ ʜʘʪʯʠʢʘ 

ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ; 

 

ʈʠʩʫʥʦʢ 5 ï ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

 

2. ʇʝʨʚʦʤʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ ʚʳʯʠʩʣʠʪʴ ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʘ ʜʣʷ 

ʧʝʨʝʭʦʜʘ ʦʪ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ ʠʥʝʨʮʠʘʣʴʥʦʡ; 

3. ʇʝʨʚʦʤʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ ʦʪʧʨʘʚʠʪʴ ʫʛʣʳ ʠʟ ʤʘʪʨʠʮ ʧʦʚʦʨʦʪʘ ʠ 

ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʦʚ ʚʦ ʚʪʦʨʦʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʧʦ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ; 

4. ɺʪʦʨʦʤʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ (ʄʂ2) ʦʙʨʘʙʦʪʘʪʴ ʫʛʣʳ ʠ ʩʢʦʨʦʩʪʠ, 
ʚʳʜʘʪʴ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʝʨʚʦʧʨʠʚʦʜʳ ʧʦʚʦʨʦʪʥʦʡ ʧʣʘʪʬʦʨʤʳ; 

5. ʇʦʚʪʦʨʷʪʴ ʧ. 4-5 ʧʨʠ ʧʦʚʦʨʦʪʝ ʩʝʢʪʦʨʘ ʚʠʜʝʥʠʷ ʩʠʩʪʝʤʳ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʰʘʛʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʜʦ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʦʡ 

ʨʝʞʠʤ ʨʘʙʦʪʳ. ʇʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʝʢʪʦʨʦʤ 

ʚʠʜʝʥʠʷ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʦʩʪʘʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ 

Arduino ʥʘ ʦʜʥʦʠʤʝʥʥʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [9].  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʙʨʘʥʘ ʤʦʜʝʣʴ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩ 

ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ:  

1. ʄʦʜʫʣʴ GY-521; 

2. IoT-ʧʣʘʪʬʦʨʤʘ ESP-WROOM-32 DevKit v1; 

3. ʄʦʜʫʣʴ ESP32-CAM. 

4. ʉʝʨʚʦʧʨʠʚʦʜʳ SG90 ʘʟʠʤʫʪʘ ʠ ʫʛʣʘ ʤʝʩʪʘ ʩ ʚʠʜʝʦʢʘʤʝʨʦʡ. 
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ɺ ʤʦʜʫʣʝ GY-521 ʥʘ ʙʘʟʝ ʤʠʢʨʦʩʭʝʤʳ MPU6050 ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʪʯʠʢ 

ʘʢʩʝʣʝʨʦʤʝʪʨ ʠ ʛʠʨʦʩʢʦʧ [10]. ʕʪʠ ʜʘʪʯʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʘʚʠʘʮʠʦʥʥʦʡ ʛʘʨʥʠʪʫʨʳ 

(ʨʠʩʫʥʦʢ 6ʘ). 

ʅʘ ʙʘʟʝ IoT-ʧʣʘʪʬʦʨʤʳ ESP-WROOM-32 DevKit v1 ʨʝʘʣʠʟʦʚʘʥ ʧʝʨʚʳʡ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʘ ʘʚʠʘʮʠʦʥʥʦʡ ʛʘʨʥʠʪʫʨʝ 

ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʩʠʛʥʘʣʳ ʄʂ1 ʩ ʛʠʨʦʜʘʪʯʠʢʘ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʚʪʦʨʳʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʄʂ2 (ʨʠʩʫʥʦʢ 6ʙ). 

 

  

ʘ). ʙ). 
 

ʈʠʩʫʥʦʢ 6 ï ʇʣʘʪʘ ʤʦʜʫʣʷ ʩ ʤʠʢʨʦʩʭʝʤʦʡ MPU-6050 (ʘ), IoT-ʧʣʘʪʬʦʨʤʘ ESP-

WROOM-32 DevKit v1 (ʙ) 

 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ ʚʳʙʨʘʥ ʚʪʦʨʦʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʥʘ ʙʘʟʝ 

ʤʦʜʫʣʷ ESP32-CAM (ʨʠʩʫʥʦʢ 7ʘ). ʄʦʜʫʣʴ ESP32-CAM ʠʩʧʦʣʥʷʝʪ 

ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʫʛʣʦʚʳʤ ʧʦʣʦʞʝʥʠʝʤ, ʧʨʠʝʤ 

ʜʘʥʥʳʭ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʪʨʦʣʣʝʨʘ, ʦʪʧʨʘʚʢʫ ʜʘʥʥʳʭ ʩ ʚʠʜʝʦʢʘʤʝʨʳ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ ʧʦʚʦʨʦʪʘ ʚʠʜʝʦ ʢʘʤʝʨʳ ʧʦ ʘʟʠʤʫʪʫ ʠ ʫʛʣʫ ʤʝʩʪʘ 

ʚ ʤʦʜʝʣʠ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʝʨʚʦʧʨʠʚʦʜʳ SG90 ʩ 

ʚʠʜʝʦʢʘʤʝʨʦʡ (ʨʠʩʫʥʦʢ 7ʙ). ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʚʦʤʦʪʦʨʘ 

ʧʦʟʚʦʣʷʶʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʙʦʪʝ ʩʦʚʤʝʩʪʥʦ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ ʠ 

ʚʠʜʝʦʢʘʤʝʨʦʡ. 

 

 

 

   
ʘ). ʙ). 

 

ʈʠʩʫʥʦʢ 7 ï ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ESP32-CAM (ʘ), ʩʝʨʚʦʧʨʠʚʦʜʳ ʘʟʠʤʫʪʘ ʠ ʫʛʣʘ 

ʤʝʩʪʘ SG90 ʩ ʚʠʜʝʦʢʘʤʝʨʦʡ (ʙ) 
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ʇʦʜʢʣʶʯʝʥʠʝ ʤʦʜʫʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʘʚʠʘʮʠʦʥʥʦʡ ʛʘʨʥʠʪʫʨʝ 

ʚʳʧʦʣʥʝʥʦ ʧʦ ʩʭʝʤʝ (ʨʠʩʫʥʦʢ 8). ɼʣʷ ʧʠʪʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥ 

ʘʢʢʫʤʫʣʷʪʦʨ Panasonic NCR18650B ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 3.7 ɺ. 

 

 

ʈʠʩʫʥʦʢ 8 ï ʇʦʜʢʣʶʯʝʥʠʝ ʤʦʜʫʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʥʘʰʣʝʤʥʦʡ ʛʘʨʥʠʪʫʨʝ 

 

ʄʦʜʫʣʴ MPU6050 ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʣʘʪʬʦʨʤʦʡ ESP-WROOM-32 DevKit v1 

ʧʦ ʧʨʦʪʦʢʦʣʫ I2C. ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʧʨʦʚʦʜʘ. ʂʦʥʪʘʢʪʳ 

SCL ʠ SDA MPU6050 ʧʦʜʢʣʶʯʝʥʳ ʢ ʢʦʥʪʘʢʪʘʤ GPIO22 ʠ GPIO21 ESP32 

(ʢʦʥʪʘʢʪʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ). ʃʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʝʜʠʥʠʮʳ ï 

3,3 ɺ, ʘ ʢʦʥʪʘʢʪʳ VCC ʠ GND MPU6050 ʧʦʜʢʣʶʯʝʥʳ ʢ 3,3 ɺ ʠ ʟʘʟʝʤʣʝʥʠʶ 

ESP32.  

ʇʦʜʢʣʶʯʝʥʠʝ ʤʦʜʫʣʝʡ ʧʦʚʦʨʦʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ʚʳʧʦʣʥʝʥʦ ʧʦ ʩʭʝʤʝ 

(ʨʠʩʫʥʦʢ 9). 

 

 

ʈʠʩʫʥʦʢ 9 ï ʇʦʜʢʣʶʯʝʥʠʝ ʤʦʜʫʣʝʡ ʧʦʚʦʨʦʪʥʦʡ ʧʣʘʪʬʦʨʤʳ 
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ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʩʝʨʚʦʧʨʠʚʦʜʘ SC90 ʚʳʭʦʜʳ ʩʦʝʜʠʥʝʥʳ: 

- ʟʘʟʝʤʣʝʥʠʝ (ʩʝʨʚʦʧʨʠʚʦʜ, ʯʝʨʥʳʡ ʧʨʦʚʦʜ) ï ʢ ʢʦʥʪʘʢʪʫ GND (ESP32 ʉAM); 

- ʧʠʪʘʥʠʝ (ʩʝʨʚʦʧʨʠʚʦʜ, ʢʨʘʩʥʳʡ ʧʨʦʚʦʜ) ï ʢ ʢʦʥʪʘʢʪʫ VCC (ESP32 CAM); 

- ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ (ʩʝʨʚʦʧʨʠʚʦʜ, ʦʨʘʥʞʝʚʳʡ ʧʨʦʚʦʜ) ï ʢ GPIO12 ʠʣʠ 
ʣʶʙʦʤʫ ʜʨʫʛʦʤʫ ʐʀʄ-ʢʦʥʪʘʢʪʫ; 

- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ U0R ʠ U0T (ʢʦʥʪʘʢʪʳ TX ʠ RX). 
ʇʦʩʢʦʣʴʢʫ ESP32 CAM ʥʝ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʘʪʦʨʘ, ʵʪʠ ʚʳʭʦʜʳ 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʟʘʛʨʫʟʢʠ ʢʦʜʘ ʠ ʩʚʷʟʠ ʩ ʧʣʘʪʦʡ. 

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 
ʊʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʧʦʢʘʟʘʣʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʠ ʘʣʛʦʨʠʪʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʝʢʪʦʨʦʤ ʚʠʜʝʥʠʷ 
ʢʘʤʝʨʳ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʳʜʝʨʞʠʚʘʣʘ 
ʥʘʯʘʣʴʥʦʝ ʟʘʜʘʥʥʦʝ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʤʦʜʝʣʠ ʧʦʚʦʨʦʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ʚʠʜʝʦ 
ʢʘʤʝʨʳ. ʇʦʣʦʞʝʥʠʝ ʣʠʥʠʷ ʚʠʟʠʨʦʚʘʥʠʷ ʚʠʜʝʦʢʘʤʝʨʳ ʩʦʚʧʘʜʘʣʦ ʩʦ ʟʨʠʪʝʣʴʥʳʤ 
ʥʘʧʨʘʚʣʝʥʠʝʤ. ʇʨʠ ʧʦʚʦʨʦʪʝ ʛʦʣʦʚʳ ʩ ʛʘʨʥʠʪʫʨʦʡ ʚʳʧʦʣʥʷʣʩʷ ʧʦʚʦʨʦʪ ʩʝʢʪʦʨʘ 
ʚʠʜʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 
ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʦʜʭʦʜʦʚ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʝʢʪʦʨʘ ʚʠʜʝʥʠʷ 
ʙʦʨʪʦʚʦʡ ʢʘʤʝʨʳ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ. 
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(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʦʛʦ ʨʝʞʠʤʘ (ʨʝʞʠʤ S) ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 

ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʳʭ ʪʨʝʚʦʛ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʮʝʣʝʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʛʨʫʟʠʪʴ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʢʘʥʘʣ ʠ 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʰʠʨʝʥʥʦʛʦ 

ʩʢʚʠʪʪʝʨʘ, ʚ ʨʝʞʠʤʝ S, ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʩʣʝʜʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ: ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ (ʚ ʚʦʟʜʫʭʝ ʠʣʠ ʥʘ ʟʝʤʣʝ), ʚʝʨʪʠʢʘʣʴʥʘ ̫ʩʢʦʨʦʩʪʴ, ʢʦʦʨʜʠʥʘʪʳ (ʰʠʨʦʪʫ ʠ 

ʚʳʩʦʪʫ) ʠ ʪ.ʜ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʚʦʟʜʫʭʝ ʧʨʠʤʝʥʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ 

ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦ ʰʠʨʦʪʝ/ʜʦʣʛʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʘʢʪʥʦʛʦ 

ʜʦʥʝʩʝʥʠʷ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ. ɸʣʛʦʨʠʪʤʳ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʜʝʣʷʪʩʷ ʥʘ ʘʣʛʦʨʠʪʤʳ ʤʝʩʪʥʦʛʦ ʠ 

ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʳʡ ʨʝʞʠʤ, ʨʘʩʰʠʨʝʥʥʳʡ ʩʢʚʠʪʪʝʨ, ʰʠʨʦʪʘ, 

ʜʦʣʛʦʪʘ, ʢʦʦʨʜʠʥʘʪʳ, ʙʠʪ. 

 

SOFTWARE IMPLEMENTATION OF THE ALGORITHM FOR CODING 

AND DECODING THE LOCATION OF THE TARGET IN THE DISCRETE -

ADDRESS MODE OF SECONDARY RADIOLOCATION  

 

Turintsev S. V., Candidate of Technical Sciences 

Turintseva M. S. 

 

Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 

 
Abstract. The use of discrete-address mode (mode S) in air traffic control reduces the 

likelihood of false alarms when solving the problem of detecting aerial targets, significantly relieves 

the radar channel and increases the accuracy of determining coordinates. When using the extended 

squitter, in S mode, the following information can be transmitted: the current position of the aircraft 

(in the air or on the ground), vertical speed, coordinates (latitude and altitude), etc. When 

transmitting location in the air, algorithms are used to encode and decode latitude/longitude data 

using compact location reporting. Decoding algorithms are divided into algorithms of local and 

global scales. The use of one or another algorithm affects the accuracy of determining the 

coordinates of the location of the aircraft. 

Keywords: discrete-address mode, advanced squitter, latitude, longitude, coordinates, bit. 
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ɺʚʝʜʝʥʠʝ 

ʂʘʥʘʣ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʧʦ ʣʠʥʠʠ "ʟʝʤʣʷ ï ʚʦʟʜʫʭ", "ʚʦʟʜʫʭ ï ʚʦʟʜʫʭ", 

"ʚʦʟʜʫʭ ï ʟʝʤʣʷ" ʠ ʥʘʟʝʤʥʳʝ ʧʝʨʝʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʨʝʞʠʤʝ S, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʳʤ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʡ ʥʘʙʦʨ 

ʬʫʥʢʮʠʡ (ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʛʥʘʣ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 56 ʙʠʪ), ʪʘʢ 

ʠ ʨʘʩʰʠʨʝʥʥʳʡ (ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʛʥʘʣ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 112 

ʙʠʪ, ʪʘʙʣʠʮʘ 1 [1]. ʉʦʦʙʱʝʥʠʷ ʧʦ ʢʘʥʘʣʫ "ʚʦʟʜʫʭ ï ʟʝʤʣʷ" ʬʦʨʤʠʨʫʶʪʩʷ ʧʫʪʝʤ 

ʧʦʣʫʯʝʥʠʷ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʠʣʠ ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʦʡ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ. ɺ ʨʘʩʰʠʨʝʥʥʦʤ ʩʢʚʠʪʪʝʨʝ 

ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ (ɺʉ) ʢʘʢ ʥʘ 

ʟʝʤʣʝ, ʪʘʢ ʠ ʚ ʚʦʟʜʫʭʝ [2]. 

 

ʊʘʙʣʠʮʘ 1 ï ʌʦʨʤʘʪ ʨʘʩʰʠʨʝʥʥʦʛʦ ʩʢʚʠʪʪʝʨʘ 
 

ʇʦʣʷ ʬʦʨʤʘʪʦʚ 

1-5 ʙʠʪ 6-8 ʙʠʪ 9-32 ʙʠʪ 33-88 ʙʠʪ 89-112 ʙʠʪ 

DF:5 CA:3 AA:24 ME:56 PI:24 

MSB 

LSB 

MSB 

LSB 

MSB 

LSB 

MSB 

LSB 

MSB 

LSB 

 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʢʦʤʧʘʢʪʥʦʛʦ ʜʦʥʝʩʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʚ ʜʚʦʠʯʥʦʡ ʬʦʨʤʝ ʩʪʘʨʰʠʝ ʨʘʟʨʷʜʳ ʵʪʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʜʦʣʛʦʝ ʚʨʝʤʷ ʤʦʛʫʪ 

ʦʩʪʘʚʘʪʴʩʷ ʥʝʠʟʤʝʥʥʳʤʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʤʦʞʥʦ ʥʝ ʧʝʨʝʜʘʚʘʪʴ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʛʦ ʰʘʨʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʨʝʰʘʪʴʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʝʪʥʦʩʪʠ ʠ ʥʝʯʝʪʥʦʩʪʠ ʚ ʩʦʦʙʱʝʥʠʠ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ɺʉ ʦʜʥʦʟʥʘʯʥʦ ʩ ʧʝʨʠʦʜʦʤ ʩʣʝʜʦʚʘʥʠʷ ʧʦʨʷʜʢʘ 10 

ʩʝʢʫʥʜ; 

- ʧʨʠ ʧʨʠʝʤʝ ʦʜʠʥʦʯʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʚʦʟʤʦʞʥʦ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʙʝʟ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʟʥʘʢʘ ʯʝʪʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʨʘʟʥʝʩʝʥʥʦʤ ʧʨʠʝʤʝ, ʧʨʠ ʵʪʦʤ ʟʘʜʘʯʘ ʦʜʥʦʟʥʘʯʥʦʛʦ ʤʝʩʪʦʦʧʨʝʜʝʣʝʥʠʷ 

ʨʝʰʘʝʪʩʷ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ 360 ʤ. ʤʠʣʴ. 

ʏʝʪʥʳʡ ʠ ʥʝʯʝʪʥʳʡ ʪʠʧ ʩʦʦʙʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʟʥʘʯʝʥʠʶ 22 ʙʠʪʘ (F) 

ʧʦʣʷ ʄɽ (ʪʘʙʣʠʮʘ 2). 

ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʨʘʩʩʤʦʪʨʝʪʴ ʩʧʦʩʦʙʳ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ ʚ 

ʚʦʟʜʫʭʝ, ʨʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʢʦʜʠʨʦʚʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʧʨʝʜʧʦʣʦʞʠʤ, 

ʯʪʦ ɺʉ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʡʦʥʝ ʀʨʢʫʪʩʢʦʛʦ ʘʵʨʦʧʦʨʪʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ï ʰʠʨʦʪʘ 

52,27 ʠ ʜʦʣʛʦʪʘ 104,39. ʎʝʣʴ ʘʣʛʦʨʠʪʤʘ ʢʦʜʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʯʝʪʝ 

ʢʦʦʨʜʠʥʘʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ XZ ʠ YZ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʰʠʨʦʪʳ ʠ 

ʜʦʣʛʦʪʳ. ʏʠʩʣʦ ʙʠʪ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʚʦʟʜʫʭʝ Nb, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʳʤ 17 (Nb=17), ʯʠʩʣʦ 

ʙʠʪʦʚ ʦʧʨʝʜʝʣʷʝʪ ʪʦʯʥʦʩʪʴ ʢʦʜʠʨʦʚʘʥʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʜʣʷ ʢʦʦʨʜʠʥʘʪ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʚʦʟʜʫʭʝ ʪʦʯʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 5ʤ [3]. 
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ɸʣʛʦʨʠʪʤ ʢʦʜʠʨʦʚʘʥʠʷ 

ʇʨʦʩʪʨʘʥʩʪʚʦ ʦʪ ʵʢʚʘʪʦʨʘ ʜʦ ʧʦʣʶʩʦʚ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ NZ =15 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʰʠʨʦʪʥʳʭ ʟʦʥ, ʪʘʢʦʝ ʜʝʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʦʜʥʦʟʥʘʯʥʫʶ 

ʜʘʣʴʥʦʩʪʴ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʚʦʟʜʫʭʝ ʚ 360 ʤ. ʤʠʣʴ. ʊʘʢʞʝ 

ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ "ʯʠʩʣʦ ʜʦʣʛʦʪʥʳʭ ʟʦʥ" NL(x), ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ 

ʰʠʨʦʪʥʳʡ ʫʛʦʣ x. ɿʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʬʫʥʢʮʠʝʡ NL(x), ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʜʠʘʧʘʟʦʥʦʤ 1-59.[4]. 

 

ὔὒὰὥὸὪὰέέὶς“ÁÒÃÃÏÓρ
Ј
ȿ ȿ

ȟ (1) 

 

ʛʜʝ floor(x) ʦʙʦʟʥʘʯʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʮʝʣʦʝ ʯʠʩʣʦ, ʥʝ ʧʨʝʚʦʩʭʦʜʷʱʝʝ ʭ, 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʥʘʠʙʦʣʴʰʝʝ ʮʝʣʦʝ ʟʥʘʯʝʥʠʝ k, ʢʘʢ ʥʘʧʨʠʤʝʨ k < x; lat 

ʟʥʘʯʝʥʠʝ ʰʠʨʦʪʳ ɺʉ. ɼʣʷ ʰʠʨʦʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʣʠ ʙʣʠʟʢʠʭ ʢ ʩʝʚʝʨʥʦʤʫ 

ʠʣʠ ʶʞʥʦʤʫ ʧʦʣʶʩʘʤ, ʠʣʠ ʥʘ ʵʢʚʘʪʦʨʝ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʦʯʢʠ: 

 

ʜʣʷ lat = 0 (ʵʢʚʘʪʦʨ), NL = 59; 

ʜʣʷ lat = +87
ʦ
, NL = 2; 

ʜʣʷ lat = ï87
ʦ
, NL = 2; 

ʜʣʷ lat> +87
ʦ
, NL = 1; 

ʜʣʷ lat< ï87
ʦ
, NL = 1. 

 

ʆʧʨʝʜʝʣʠʤ ʨʘʟʤʝʨ ʰʠʨʦʪʥʦʡ ʟʦʥʳ ʚ ʛʨʘʜʫʩʘʭ. 

 

Ὀὰὥὸ
Ј

 Ö  ɀ
 (2) 

 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʨʘʟʤʝʨ ʰʠʨʦʪʥʦʡ ʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ 6 

ʛʨʘʜʫʩʦʚ. 

ʅʘ ʦʩʥʦʚʝ Dlati ʠ lat ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ YZi  

 

9: ÆÌÏÏÒς
ȟ

ȟ (3) 

 

ʛʜʝ MOD(x, y) ʦʙʦʟʥʘʯʘʝʪ ʬʫʥʢʮʠʶ "ʤʦʜʫʣʴ", ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ:  

-/$ØȟÙ  Ø ɀ Ù  ÆÌÏÏÒ, ʛʜʝ y ̧0. ɼʣʷ ʟʘʜʘʥʥʦʡ ʰʠʨʦʪʳYZ0=9.328*10
4
, 

i=0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʝʪʥʦʤʫ ʩʦʦʙʱʝʥʠʶ (ʩʤ. ʪʘʙʣʠʮʫ 2, ʙʠʪ F=0), i=1 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʯʝʪʥʦʤʫ ʪʠʧʫ ʩʦʦʙʱʝʥʠʷ (F=1). 

ɼʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ Rlati (ʰʠʨʦʪʘ, ʜʘʥʥʳʝ ʦ ʢʦʪʦʨʦʡ ʧʨʠʝʤʥʘʷ ʩʠʩʪʝʤʘ 

ADS-ɺ ʚʳʜʝʣʷʝʪ ʠʟ ʧʝʨʝʜʘʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ) ʥʘ ʦʩʥʦʚʝ lat, YZi ʠ Dlati 
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ὙὰὥὸὈὰὥὸ Ὢὰέέὶ ȟ (4) 

 

ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ Rlat0=52.27, ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʨʘʟʤʝʨ ʜʦʣʛʦʪʥʦʡ ʟʦʥʳ 

 

Ὀὰέὲ

Ј
ȟὔὒὙὰὥὸὭ π

σφπЈȟὔὒὙὰὥὸὭ π
 (5) 

 

Dlon0=10, ʜʘʣʝʝ ʥʘʭʦʜʠʤ XZ 

 

ὢὤ Ὢὰέέὶς
ȟ

 (6) 

 

XZ0=5.754*10
4
. ʅʘ ʵʪʦʤ ʘʣʛʦʨʠʪʤ ʢʦʜʠʨʦʚʘʥʠʷ ʟʘʚʝʨʰʘʝʪʩʷ, ʧʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ XZ ʠ YZ ʚʩʪʘʚʣʷʶʪʩʷ ʚ ʧʝʨʝʜʘʚʘʝʤʦʝ ʩʦʦʙʱʝʥʠʝ (ʪʘʙʣʠʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2 ï ʉʦʜʝʨʞʘʥʠʝ ʧʦʣʷ ʄɽ ʚ ʩʦʦʙʱʝʥʠʠ çʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚ ʚʦʟʜʫʭʝè 
 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚ ʚʦʟʜʫʭʝ ʧʦʣʝ ʄɽ 

1-5 

ɹʠʪ 

6-7  

ʙʠʪ 

8 

ʙʠʪ 

9-20 

ʙʠʪ  

21 

ʙʠʪ 

22 

ʙʠʪ 

23-39 

ʙʠʪ 

40-56 

ʙʠʪ 

ʂ
ʦ
ʜ 

ʪ
ʠ
ʧ
ʘ

 

ʉ
ʪ
ʘ
ʪ
ʫ
ʩ

 

ʥ
ʘ
ʙ
ʣ
ʶ
ʜ
ʝ
ʥ
ʠ
ʷ

 

ɼ
ʦ
ʧ
ʦ
ʣ
ʥ
ʝ
ʥ
ʠ
ʝ

 

ɸ
ʙ
ʩ
ʦ
ʣ
ʶ
ʪ
ʥ
ʘ
ʷ
 

ʚ
ʳ
ʩ
ʦ
ʪ
ʘ

 

ɺ
ʨ
ʝ
ʤ
ʷ

 

ʌ
ʦ
ʨ
ʤ
ʘ
ʪ
 

F
 

ʂ
ʦ
ʜ
ʠ
ʨ
ʦ
ʚ
ʘ
ʥ

-ʥ
ʘ
ʷ
 

ʰ
ʠ
ʨ
ʦ
ʪ
ʘ

 

ʂ
ʦ
ʜ
ʠ
ʨ
ʦ
ʚ
ʘ
ʥ

-ʥ
ʘ
ʷ
 

ʜ
ʦ
ʣ
ʛ
ʦ
ʪ
ʘ

 

 

ʆʜʥʦʟʥʘʯʥʦʝ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʚ ʚʦʟʜʫʭʝ (ʩʧʦʩʦʙ 1) 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ 17-ʙʠʪʥʦʛʦ ʜʦʥʝʩʝʥʠʷ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʚ ʚʦʟʜʫʭʝ, 

ʟʘʢʦʜʠʨʦʚʘʥʥʦʛʦ ʚ ʯʝʪʥʦʤ ʬʦʨʤʘʪʝ (XZ0, YZ0), ʠ ʜʨʫʛʦʛʦ ʩʦʦʙʱʝʥʠʷ, 

ʟʘʢʦʜʠʨʦʚʘʥʥʦʛʦ ʚ ʥʝʯʝʪʥʦʤ ʬʦʨʤʘʪʝ (XZ1, YZ1), ʩ ʠʥʪʝʨʚʘʣʦʤ ʥʝ ʙʦʣʝʝ ʯʝʤ 10 

ʩ (= 3 ʤ. ʤʠʣʠ), ʘʣʛʦʨʠʪʤ ʢʦʤʧʘʢʪʥʦʛʦ ʜʦʥʝʩʝʥʠʷ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ (CPR) 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʜʠʨʦʚʘʥʥʳʭ 

ʜʦʥʝʩʝʥʠʡ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

- ʧʦ ʬʦʨʤʫʣʝ 2 ʨʘʩʩʯʠʪʳʚʘʝʤ ʟʥʘʯʝʥʠʝ Dlati ʧʨʠ i ʨʘʚʥʳʤ 0 ʠ 1, 

Dlat1=6.102, Dlat0=6; 

- ʨʘʩʩʯʠʪʳʚʘʝʤ ʠʥʜʝʢʩ ʰʠʨʦʪʳ 

 

Ὦ Ὢὰέέὶ
ᶻ ᶻ

ȟ (7) 
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- ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ j ʠ Dlati, ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʝ ʜʝʢʦʜʠʨʦʚʘʥʥʦʡ 

ʰʠʨʦʪʳ 

 

ὙὰὥὸὈὰὥὸzὓὕὈὮȟφπὭ ȟ (8) 

 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Rlat0= Rlat1=52.27. ʈʘʚʝʥʩʪʚʦ ʟʥʘʯʝʥʠʡ Rlat0 ʠ Rlat1 

ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʨʘʩʯʝʪ ʜʘʣʴʰʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʭʦʜʠʤ ʨʘʟʤʝʨ ʜʦʣʛʦʪʥʦʡ ʟʦʥʳ 

 

Ὀὰέὲ ȟ (9) 

 

ʛʜʝ ni ʧʨʠʥʠʤʘʝʪ ʙʦʣʴʰʝ ʠʟ ʩʨʘʚʥʠʚʘʝʤʳʭ ʟʥʘʯʝʥʠʡ NL(Rlati)-i ʠ 1. 

ʅʘʭʦʜʠʤ ʠʥʜʝʢʩ ʜʦʣʛʦʪʳ 

 

ά Ὢὰέέὶ
ᶻ

ȟ (10) 

 

ʛʜʝ NL=NL(Rlati). 

ʇʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ ʥʘʭʦʜʠʤ ʛʣʦʙʘʣʴʥʫʶ ʜʦʣʛʦʪʫ, Rlon0 ʠʣʠ Rlon1, c ʫʯʝʪʦʤ 

ʪʦʛʦ, ʙʳʣʦ ʣʠ ʧʦʩʣʝʜʥʝʝ ʧʦʣʫʯʝʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʚ ʚʦʟʜʫʭʝ 

ʟʘʢʦʜʠʨʦʚʘʥʦ ʚ ʯʝʪʥʦʤ ʬʦʨʤʘʪʝ (ʪ. ʝ. i = 0) ʠʣʠ ʥʝʯʝʪʥʦʤ ʬʦʨʤʘʪʝ (i = 1): 

 

Ὑὰέὲ ὈὰέὲzὓὕὈάȟὲ ȟ (11) 

 

ʛʜʝ ni ʧʨʠʥʠʤʘʝʪ ʙʦʣʴʰʝ ʠʟ ʩʨʘʚʥʠʚʘʝʤʳʭ ʟʥʘʯʝʥʠʡ NL(Rlati)-i ʠ 1. 

 

Ὑὰέὲ ρπτȢσω 
 

ʆʜʥʦʟʥʘʯʥʦʝ ʚ ʤʝʩʪʥʦʤ ʤʘʩʰʪʘʙʝ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ 

ʚʦʟʜʫʭʝ (ʩʧʦʩʦʙ 2) 

ʈʘʟʤʝʨ ʰʠʨʦʪʥʦʡ ʟʦʥʳ, ʢʘʢ ʠ ʧʨʠ ʧʝʨʚʦʤ ʩʧʦʩʦʙʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 2, Dlat1=6.102, Dlat0=6. 

ʅʦʤʝʨ ʠʥʜʝʢʩʘ ʰʠʨʦʪʥʦʡ ʟʦʥʳ, j, ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ lats, Dlati ʠ YZi 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 

Ὦ Ὢὰέέὶ Ὢὰέέὶ
ȟ

ȟ (12) 

 

ʛʜʝ lats ʰʠʨʦʪʘ ʦʧʦʨʥʦʡ ʪʦʯʢʠ, j=8. 

ɼʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʝʢʦʜʠʨʦʚʘʥʥʘʷ ʰʠʨʦʪʘ 

 

ὙὰὥὸὈὰὥὸzὮ ȟ (13) 

 

ὙὰὥὸὙὰὥὸ52,27. 
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ʈʘʟʤʝʨ ʜʦʣʛʦʪʥʦʡ ʟʦʥʳ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ ʩʧʦʩʦʙʝ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 5, Ὀὰέὲρπ, Ὀὰέὲρπȟςψφ. 
ʀʥʜʝʢʩ ʜʦʣʛʦʪʥʦʡ ʟʦʥʳ ʥʘʭʦʜʠʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 
 

ά Ὢὰέέὶ Ὢὰέέὶ
ȟ

ȟ (14) 

 

ʛʜʝ Lons ʜʦʣʛʦʪʘ ʦʧʦʨʥʦʡ ʪʦʯʢʠ, m0=m1=m=10. 

ʇʦʩʣʝʜʥʠʤ ʰʘʛʦʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʝʢʦʜʠʨʦʚʘʥʥʘʷ ʜʦʣʛʦʪʘ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

 

Ὑὰέὲ Ὀὰέὲzά ȟ (15) 

 

Ὑὰέὲ Ὑὰέὲ ρπτȟσω. 
 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪʳ ʦʧʦʨʥʦʡ ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ ʙʳʣʠ 

ʚʟʷʪʳ ʨʘʚʥʳʤʠ lats=51, lons=105 (ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ʦʧʦʨʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʤʦʛʣʠ ʙʳʪʴ ʚʟʷʪʳ ʧʦʩʣʝʜʥʠʝ ʠʟʚʝʩʪʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ɺʉ). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʌʨʘʛʤʝʥʪ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ 

ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ 
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ɺ ʦʙʦʠʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʣʛʦʨʠʪʤʘʭ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠʩʭʦʜʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ɺʉ, ʰʠʨʦʪʘ 52,27 ʠ ʜʦʣʛʦʪʘ 104,39. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʪʘʪʴʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʘ ʩʫʱʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʢʦʤʧʘʢʪʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʚʦʟʜʫʭʝ. ʀʩʧʦʣʴʟʫʷ ʪʘʢʫʶ ʩʨʝʜʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʢ Labview 

(ʨʠʩʫʥʦʢ 1), ʤʦʞʥʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʦʩʚʦʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ [5]. 
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ʉɽʂʎʀʗ 

çʇʈʆɹʃɽʄʓ, ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʀ ʇʈʀʄɽʅɽʅʀʗ 

ɹɽʉʇʀʃʆʊʅʓʍ ɸɺʀɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄè 
 

ʇʨʝʜʩʝʜʘʪʝʣʴ ï ʐʘʙʣʦʚ ɸ. ɺ., ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʀʨʢʫʪʩʢʦʛʦ ʬʠʣʠʘʣʘ ʄɻʊʋ ɻɸ ʧʦ ʋʄʈ, 

ʢʘʥʜ ʧʝʜ. ʥʘʫʢ 

 

 

ʋɼʂ 621.3.08:621.3.089.2:621.311.6 

 

DC/DC ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʔ ʉ ʅɸʂɸʏʂʆʁ ɿɸʈʗɼɸ 

ɼʃʗ ʋʉʊʈʆʁʉʊɺ ʉ ɹɸʊɸʈɽʁʅʓʄ ʇʀʊɸʅʀɽʄ 

 

ɹʘʙʝʥʢʦ ɺ. ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɹʠʪʶʢʦʚ ɺ. ʂ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

ʃʘʚʨʝʥʦʚ ɸ. ʀ. 

 

ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʛ. ʄʦʩʢʚʘ) 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʥʘʢʘʯʢʠ ʟʘʨʷʜʘ ʚ DC/DC 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʩ ʢʦʤʤʫʪʠʨʫʝʤʳʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. ɼʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʙʠʙʣʠʦʪʝʯʥʦʡ ʤʦʜʝʣʠ IRFZ44N ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ ʩ 

ʜʨʘʡʚʝʨʦʤ ʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʠʭ ʧʘʨʘʤʝʪʨʘʤʠ ʠʟ Datasheet. ɺʳʧʦʣʥʝʥʦ ʪʘʢʞʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʜʚʦʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ. ʆʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʭʝʤʳ ʠ ʝʝ ʨʝʛʫʣʠʨʦʚʢʠ. ɸ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʟʚʦʣʠʣʦ ʫʪʦʯʥʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʦʚ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʢʘ ʥʘʛʨʫʟʢʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ: ʥʘʛʨʫʟʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʝʤʢʦʩʪʠ 

çʣʝʪʘʶʱʝʛʦè ʢʦʥʜʝʥʩʘʪʦʨʘ 0,5 ʤʢʌ ʠ 1,0 ʤʢʌ, ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʂʇɼ. ʇʦʣʫʯʝʥʥʘʷ 

ʥʘʛʨʫʟʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ DC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʤʝʝʪ ʣʠʥʝʡʥʦ ʫʙʳʚʘʶʱʠʡ ʭʘʨʘʢʪʝʨ. 

ʇʫʣʴʩʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʜʚʫʭ ʫʯʘʩʪʢʦʚ: ʫʯʘʩʪʢʘ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʥʘʨʘʩʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʟʘʨʷʜʦʤ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʤʦʤʝʥʪ ʧʦʜʢʣʶʯʝʥʠʷ çʣʝʪʘʶʱʝʛʦè ʢʦʥʜʝʥʩʘʪʦʨʘ ʢ ʠʩʪʦʯʥʠʢʫ ʚʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʠ ʫʯʘʩʪʢʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʤʝʥʴʰʘʶʱʝʛʦʩʷ ʥʘʧʨʷʞʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʨʘʟʨʷʜʦʤ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʂʇɼ ~91 % ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʚʳʭʦʜʥʳʭ ʪʦʢʘʭ 

~50 ʤɸ. ɼʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʥʘʛʨʫʟʦʯʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

DC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʤʢʦʩʪʠ çʣʝʪʘʶʱʝʛʦè ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʠ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʠ ʝʤʢʦʩʪʠ ~1,0 ʤʢʌ ʩʥʠʞʘʝʪʩʷ ʜʦ ~2 ʆʤ, ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʧʦʪʝʨʷʤʠ ʚ MOSFET ʢʣʶʯʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: DC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʥʘʢʘʯʢʘ ʟʘʨʷʜʘ, çʣʝʪʘʶʱʠʡè 

ʢʦʥʜʝʥʩʘʪʦʨ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʭʝʤʦʪʝʭʥʠʢʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʝʢʦʤʝʥʜʘʮʠʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʤʧʦʥʝʥʪʥʘʷ ʙʘʟʘ. 
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Abstract. The results of the analysis of the charge pumping process in switched-capacitors 

DC/DC converters, as well as specific processes in transient operating modes are presented. Prior to 

carrying out simulation of a converter, the main parameters of the library model IRFZ44N transistor 

were determined, when working together with the driver, and then these parameters were compared 

with those from the Datasheet. As a results of the simulation of a voltage doubler, that was also 

carried out, some of the practical features of the circuit and its adjustment were noticed. The circuit 

modeling allows for specifying the processes characteristics, minimizing conversion losses, 

formulating recommendations concerning the choice of the parameters of converter components, 

and generating of control signals. The dependences of the energy characteristics of the converter on 

the load current were studied. These were the load characteristic for the capacitance of the "flying" 

capacitor of 0.5 ɛF and 1.0 ɛF, output power, and efficiency. The resulting load characteristic of the 

DC/DC converter is of a linearly decreasing character. The output voltage ripples consist of two 

parts: one is exponentially increasing voltage associated with the charge of the storage capacitor at 

the moment the ñflyingò capacitor is connected to the input voltage source, and the other is 

exponentially decreasing voltage associated with the discharge of the storage capacitor on the load 

resistance. It has been found that the maximum efficiency, ~91%, is achieved at relatively low 

output currents of ~50 mA. The dynamic resistance, which characterizes the load characteristic of 

the DC / DC converter, decreases with an increase in the capacitance of the ñflyingò capacitor and 

the conversion frequency, and with a capacitance of ~ 1.0 ɛF, it decreases to ~2 Ohm, limited by 

MOSFET switching losses. 

Keywords: DC/DC converter, charge pumping, "flying" capacitor, efficiency, circuit design, 

simulation, recommendations, energy characteristics, electronic component base. 

 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʧʦʩʪʨʦʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʠʭ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ [1]. ɸ 

ʵʬʬʝʢʪʠʚʥʦʝ ʝʝ ʨʝʰʝʥʠʝ ʧʨʠ ʤʘʣʳʭ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʚʦʟʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ DC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ [2].  

ʊʨʘʜʠʮʠʦʥʥʦ ʩʭʝʤʦʪʝʭʥʠʢʘ ʫʩʪʨʦʡʩʪʚ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤ ʩ 

ʙʘʪʘʨʝʡʥʳʤ ʧʠʪʘʥʠʝʤ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʨʦʩʩʝʣʴʥʳʭ DC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ. 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʠʩʫʱʠʭ ʪʘʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʚʳʩʦʢʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴ DC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʙʝʟ 

ʠʥʜʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚʳʧʦʣʥʷʶʪ ʪʝ ʞʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʠ ʜʨʦʩʩʝʣʴʥʳʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ 

ʧʨʝʚʦʩʭʦʜʥʳʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʳʩʦʢʠʡ ʂʇɼ, ʩʦʚʤʝʩʪʠʤʳ ʩ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʜʦʨʦʛʠʝ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʘʣʴʚʘʥʠʯʝʩʢʫʶ ʨʘʟʚʷʟʢʫ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʮʝʧʝʡ. 

ʊʦʧʦʣʦʛʠʷ ʙʘʟʦʚʳʭ DC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʨʘʩʩʤʦʪʨʝʥʘ ʚ [3é5], ʛʜʝ 

ʠʩʩʣʝʜʦʚʘʥʳ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ 

çʣʝʪʘʶʱʠʤè ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʠ ʠʥʚʝʨʪʠʨʫʶʱʝʛʦ ʧʦʚʪʦʨʠʪʝʣʷ, ʦʙʣʘʜʘʶʱʠʭ 
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ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʦʡ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʮʝʧʝʡ, ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ 

ʫʜʚʦʠʪʝʣʝʤ ʥʘʧʨʷʞʝʥʠʷ, ʥʦ ʙʝʟ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ 

ʮʝʧʝʡ. 

ʉʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Electronics Workbench, ʘ ʩʘʤʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʚʝʜʝʥʦ ʧʦ ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʠ ʨʝʘʣʠʟʦʚʘʥʥʦʤʫ ʚ [6]. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ DC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʥʘʢʘʯʢʦʡ ʟʘʨʷʜʘ ʙʳʣ 

ʚʳʙʨʘʥ n-ʢʘʥʘʣʴʥʳʡ MOSFET [7] ʪʨʘʥʟʠʩʪʦʨ IRFZ44N ʠʟ ʙʠʙʣʠʦʪʝʢʠ Intrtnl ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ Datasheet: ʥʘʧʨʷʞʝʥʠʝ ʩʪʦʢ-ʠʩʪʦʢ Ὗ̒  ̉ʜʦ 60 ɺ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʢʘʥʘʣʘ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ Ὑ̒ =̉28 ʤʆʤ, ʧʦʨʦʛʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʪʚʦʨʝ 
4 ɺ, ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʚʢʣʶʯʝʥʠʷ 12 ʥʩ, ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ 60 ʥʩ, ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ 

ʚʳʢʣʶʯʝʥʠʷ 44 ʥʩ, ʚʨʝʤʷ ʩʧʘʜʘ 45 ʥʩ. 

ʇʨʝʞʜʝ ʯʝʤ ʚʳʧʦʣʥʷʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʫʪʦʯʥʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʙʠʙʣʠʦʪʝʯʥʦʡ ʤʦʜʝʣʠ IRFZ44N ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ 

ʩ ʜʨʘʡʚʝʨʦʤ ʠ ʩʦʧʦʩʪʘʚʠʪʴ ʠʭ ʩ ʧʘʨʘʤʝʪʨʘʤʠ Datasheet. ʉʭʝʤʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʣʶʯʝʚʳʭ ʩʚʦʡʩʪʚ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʶʯʝʚʳʭ ʩʚʦʡʩʪʚ ʙʠʙʣʠʦʪʝʯʥʦʡ ʤʦʜʝʣʠ 

IRFZ44N  
 

ʀʩʩʣʝʜʫʝʤʳʡ ʪʨʘʥʟʠʩʪʦʨ Q1 ʢʦʤʤʫʪʠʨʫʝʪ ʪʦʢ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ V1=10 ɺ 

ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ R1=10 ʆʤ. ɺ ʢʘʯʝʩʪʚʝ ʜʨʘʡʚʝʨʘ ʢʣʶʯʘ ʠʩʧʦʣʴʟʦʚʘʥ 

ʙʠʙʣʠʦʪʝʯʥʳʡ ʢʦʤʧʦʥʝʥʪ V4 ï Voltage-Controlled Voltage Source, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʪʘʢʦʝ ʞʝ 

ʥʘʧʨʷʞʝʥʠʝ (ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 1 V/V) ʤʝʞʜʫ ʟʘʪʚʦʨʦʤ ʠ ʠʩʪʦʢʦʤ 

ʪʨʘʥʟʠʩʪʦʨʘ Q1, ʥʦ ʩ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʮʝʧʝʡ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʢʦʤʤʫʪʘʮʠʠ. 
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ʇʝʨʝʢʣʶʯʘʪʝʣʴ S1 ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʭʝʤʳ. ʇʨʠ ʧʦʣʦʞʝʥʠʠ ʢʥʦʧʦʯʥʦʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʷ S1 ʚ ʧʦʣʦʞʝʥʠʠ ç2è, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʩʭʝʤʘ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʶʯʘ. ʉ ʫʟʣʘ V3 (Pull-up resistor) ʥʘ ʚʭʦʜ ʜʨʘʡʚʝʨʘ V4 ʧʦʜʘʝʪʩʷ 

ʚʳʩʦʢʠʡ ʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʣʥʦʝ ʦʪʢʨʳʪʠʝ ʪʨʘʥʟʠʩʪʦʨʘ 

Q1. ʇʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʘʥʘʣʝ ʦʪʢʨʳʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʠʟʤʝʨʷʝʪʩʷ 

ʚʦʣʴʪʤʝʪʨʦʤ ʄ1. 

ʇʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ S1 ʚ ʧʦʣʦʞʝʥʠʝ ç1è ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ ʩ 

ʛʝʥʝʨʘʪʦʨʘ V2 ʘʤʧʣʠʪʫʜʦʡ 5 ɺ ʠ ʯʘʩʪʦʪʦʡ 1 ʄɻʮ ʧʦʩʪʫʧʘʶʪ ʥʘ ʜʨʘʡʚʝʨ V4, 

ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪ ʛʘʣʴʚʘʥʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʧʦʜʘʚʘʝʤʦʝ ʥʘ 

ʚʭʦʜ ʟʘʪʚʦʨ-ʠʩʪʦʢ ʢʣʶʯʘ Q1. ɸʥʘʣʦʛʠʯʥʳʡ ʜʨʘʡʚʝʨ V5, ʧʦʜʢʣʶʯʝʥʥʳʡ 

ʧʘʨʘʣʣʝʣʴʥʦ ʚʳʚʦʜʘʤ ʩʪʦʢ-ʠʩʪʦʢ ʪʨʘʥʟʠʩʪʦʨʘ Q1, ʛʘʣʴʚʘʥʠʯʝʩʢʠ ʨʘʟʚʷʟʳʚʘʝʪ ʠ 

ʧʨʝʦʙʨʘʟʫʝʪ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʘʥʘʣʝ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʪʘʢʦʝ ʞʝ ʥʘʧʨʷʞʝʥʠʝ, ʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʡ ʰʠʥʳ, ʧʦʟʚʦʣʷʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʵʪʦ ʥʘʧʨʷʞʝʥʠʝ ʩ 

ʧʦʤʦʱʴʶ ʦʩʮʠʣʣʦʛʨʘʬʘ. ʇʦʣʫʯʝʥʥʳʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ 

ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʷ ὸ̃̋ ̌= 10 ʥʩ ʠ ʚʳʢʣʶʯʝʥʠʷ ὸ̜̃̋=̌ 30 ʥʩ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʢʣʶʯʘ, 
ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ Datasheet ʪʨʘʥʟʠʩʪʦʨʘ.  

ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʢʦʛʜʘ ʤʝʞʜʫ ʟʘʪʚʦʨʦʤ ʠ ʠʩʪʦʢʦʤ 

ʧʦʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ Ὗ̈ =̉ +5 ɺ, ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ Ὗ̒  ̉ ʥʘ 

ʦʪʢʨʳʪʦʤ ʪʨʘʥʟʠʩʪʦʨʝ (ʚʦʣʴʪʤʝʪʨ ʄ1) ʩʦʩʪʘʚʣʷʝʪ å21 ʤɺ, ʯʪʦ ʧʨʠ ʪʦʢʝ ʚ 

ʥʘʛʨʫʟʢʝ Ὅ̎ Ὗ̃ ̖Ὑ̎ ϳ =1 ɸ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʢʘʥʘʣʘ ʦʪʢʨʳʪʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ Ὑ̒ ̉ Ὗ̒ ̉Ὅ̎ϳ πȟπςρ ̨ .̍ ʊʘʢʦʝ ʟʥʘʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʘʤʝʪʨʫ Ὑ̒ ,̉ ʨʘʚʥʦʤ 28 ʤʆʤ ʠʟ Datasheet, ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʳʙʦʨʘ ʪʨʘʥʟʠʩʪʦʨʘ IRFZ44N ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʫʜʚʦʝʥʠʝʤ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʭʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʶ ʢʣʶʯʝʡ ʚʳʧʦʣʥʷʣʠ MOSFET. 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ. 2, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʦʤʤʫʪʘʮʠʶ ʪʦʢʦʚ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ çʣʝʪʘʶʱʝʛʦè ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ1 ʢʣʶʯʝʚʳʤʠ 

ʪʨʘʥʟʠʩʪʦʨʘʤʠ Q1éQ4, ʫʧʨʘʚʣʷʝʤʳʤʠ ʜʨʘʡʚʝʨʘʤʠ V4éV7. 

ʉʭʝʤʘ ʜʦʧʦʣʥʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʵʣʝʢʪʨʦʥʥʳʤ ʦʙʨʘʤʣʝʥʠʝʤ ʠ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʪʨʦʣʷ. ʀʩʪʦʯʥʠʢʦʤ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʙʠʙʣʠʦʪʝʯʥʳʡ ʢʦʤʧʦʥʝʥʪ Battery V1 ʩ ʥʘʧʨʷʞʝʥʠʝʤ Ὗ̃  ̖= 10 ɺ. ɺʳʭʦʜ 
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʛʨʫʞʝʥ ʥʘ ʨʝʟʠʩʪʦʨ ʥʘʛʨʫʟʢʠ R3 ʠ ʥʘʢʦʧʠʪʝʣʴʥʳʡ 

ʢʦʥʜʝʥʩʘʪʦʨ ʉ2. 

ʇʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ ʩ ʛʝʥʝʨʘʪʦʨʘ V2 ʧʦʩʪʫʧʘʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʪʝʣʴ 

ʠʤʧʫʣʴʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʘʤʠ ï ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ U1, U2 ʠ ʵʣʝʤʝʥʪ 

ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ R1C3. ʅʘ ʚʳʭʦʜʝ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ U1, U2 

ʬʦʨʤʠʨʫʶʪʩʷ ʠʤʧʫʣʴʩʳ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʘʤʠ ʌ1 ʠ ʌ2, ʩʜʚʠʥʫʪʳʝ ʧʦ ʬʘʟʝ ʥʘ 

180Á ʠ ʠʤʝʶʱʠʝ ʙʣʦʢʠʨʫʶʱʠʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ DT ʜʣʷ ʟʘʱʠʪʳ 

ʦʪ ʩʢʚʦʟʥʳʭ ʪʦʢʦʚ (ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ çDead Timeè ï çʤʝʨʪʚʦʝ ʚʨʝʤʷè). 

ʅʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ DT ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʛʫʣʠʨʦʚʢʦʡ ʧʦʩʪʦʷʥʥʦʡ 

ʚʨʝʤʝʥʠ ʮʝʧʠ R1C3. ʉʠʛʥʘʣʳ ʌ1 ʠ ʌ2 ʧʦʩʪʫʧʘʶʪ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʭʦʜʳ 

ʜʨʘʡʚʝʨʦʚ V4éV6, ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪ ʣʦʛʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʛʘʣʴʚʘʥʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʧʦʜʘʚʘʝʤʦʝ ʤʝʞʜʫ ʟʘʪʚʦʨʦʤ ʠ ʠʩʪʦʢʦʤ 

MOSFET ʢʣʶʯʝʡ. 
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ʂʣʶʯʠ Q1, Q2 ʠ Q3 ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʥʘ 

ʩʪʦʢʝ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʵʪʠʭ ʢʣʶʯʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ MOSFET ʩ 

n-ʢʘʥʘʣʦʤ ʪʠʧʘ IRFZ44N, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʪʦʨʳʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʨʘʡʚʝʨʳ 

V4éV6 ʩ ʝʜʠʥʠʯʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʊʨʘʥʟʠʩʪʦʨʥʳʝ ʢʣʶʯʠ 

ʦʪʧʠʨʘʶʪʩʷ ʧʨʠ ʧʦʜʘʯʝ ʤʝʞʜʫ ʟʘʪʚʦʨʦʤ ʠ ʠʩʪʦʢʦʤ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʜʨʘʡʚʝʨʘ ʦʪʧʠʨʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ (Ὗ̈ =̉Ó+4 ɺ) ʠ ʟʘʧʠʨʘʶʪʩʷ ʧʨʠ ʧʦʜʘʯʝ 

ʚʳʢʣʶʯʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ (Ὗ̈ =̉0 ɺ).  
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʥʘʢʘʯʢʦʡ ʟʘʨʷʜʘ ʚ 

ʨʝʞʠʤʝ ʫʜʚʦʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ 

 

ɸ ʢʣʶʯ Q4 ʚ ʩʭʝʤʝ ʚʳʧʦʣʥʷʝʪ ʢʦʤʤʫʪʘʮʠʶ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʯʪʦ ʧʦʪʨʝʙʦʚʘʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʡ MOSFET ʩ ʨ-ʢʘʥʘʣʦʤ ʪʠʧʘ 

IRFR9014. ʆʜʥʘʢʦ ʜʣʷ ʝʛʦ ʥʘʜʝʞʥʦʛʦ ʦʪʧʠʨʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ Ὗ̈  ̉

ʧʨʝʚʳʰʘʶʱʝʝ -5 ɺ, ʯʪʦ ʧʦʪʨʝʙʦʚʘʣʦ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʠʪʴ ʧʦʣʷʨʥʦʩʪʴ 

ʧʦʜʢʣʶʯʝʥʠʷ ʜʨʘʡʚʝʨʘ V7, ʥʦ ʠ ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʙʳʣʦ ʫʯʪʝʥʦ ʥʘʣʠʯʠʝ ʫ MOSFET çʧʘʨʘʟʠʪʥʦʛʦè 

ʜʠʦʜʘ, ʢʦʪʦʨʳʡ ʰʫʥʪʠʨʫʝʪ ʢʘʥʘʣ ʪʨʘʥʟʠʩʪʦʨʘ ʠ ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʥʠʟʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʣʶʯʘ ʧʨʠ ʩʤʝʥʝ ʧʦʣʷʨʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʩʪʦʢʦʤ ʠ 

ʠʩʪʦʢʦʤ. ʆʜʥʘʢʦ, ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʭʝʤʳ ʦʙʨʘʪʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʣʶʯʘ ʥʝ 

ʜʦʧʫʩʪʠʤʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ 

ʢʣʶʯʘʤʠ Q1, Q4 ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʠʦʜʥʳʭ ʢʣʶʯʝʡ D1, D2, ʙʣʦʢʠʨʫʶʱʠʭ 

MOSFET ʧʨʠ ʩʤʝʥʝ ʧʦʣʷʨʥʦʩʪʠ. ʏʪʦʙʳ ʜʠʦʜʥʳʝ ʢʣʶʯʠ ʥʝ ʩʣʠʰʢʦʤ 

ʫʚʝʣʠʯʠʚʘʣʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʦʜʳ ʩ 

ʤʘʣʳʤʠ ʧʦʪʝʨʷʤʠ. ʅʘ ʢʣʶʯʘʭ Q2, Q3 ʧʨʠ ʨʘʙʦʪʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʳ 

ʧʦʣʷʨʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ, ʠ ʦʥʠ ʥʝ ʪʨʝʙʫʶʪ ʙʣʦʢʠʨʦʚʢʠ ʜʠʦʜʘʤʠ. 

ʇʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ Ὗ̎  ʠ ʪʦʢʘ ʚʭʦʜʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʚʦʣʴʪʤʝʪʨʦʤ ʄ3 ʠ ʘʤʧʝʨʤʝʪʨʦʤ ʄ2. ʂʦʥʪʨʦʣʴ 

ʧʝʨʝʤʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʳʧʦʣʥʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʦʩʮʠʣʣʦʛʨʘʬʘ. ʅʦ 
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ʦʩʮʠʣʣʦʛʨʘʬ ʤʦʞʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʥʘʧʨʷʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ 

ʚʳʚʦʜʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʦʩʮʠʣʣʦʛʨʘʬʦʤ ʚʭʦʜʥʦʛʦ ʪʦʢʘ ʚ ʪʦʢʦʚʫʶ 

ʮʝʧʴ ʠʩʪʦʯʥʠʢʘ V1 ʚʢʣʶʯʝʥ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʪʦʢ-ʥʘʧʨʷʞʝʥʠʝ V3 (Current 

Controlled Voltage Source), ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʪʦʢ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʛʘʣʴʚʘʥʠʯʝʩʢʠ ʨʘʟʚʷʟʘʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

Ὧ Ὗ̎ Ὅ̖̃ ρ "! ρϳ ˛̍ϳ . 

ʇʦʢʘʟʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ (ʨʠʩ. 2) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʞʠʤʫ ʩ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʪʦʢʦʤ ʥʘʛʨʫʟʢʠ Ὅ̎=340,8 ʤɸ ʧʨʠ R3=50 ʆʤ. ɺʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʣʦ Ὗ̎=17,04 ɺ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʦʢʘ ʥʘʛʨʫʟʢʠ 
ʜʦ 1...3 ʤɸ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʦʩʪʠʛʘʣʦ ~20 ɺ ʧʨʠ ʚʭʦʜʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 

10 ɺ, ʪ.ʝ. ʵʬʬʝʢʪ ʫʜʚʦʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʦʩʪʠʛʘʣʩʷ. 

ʈʝʛʫʣʠʨʦʚʢʘ ʩʭʝʤʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʚʳʙʦʨʝ ʠʥʪʝʨʚʘʣʘ 

ʟʘʜʝʨʞʢʠ DT, ʧʨʠ ʢʦʪʦʨʦʤ ʠʤʧʫʣʴʩʳ ʩʢʚʦʟʥʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʢʣʶʯʠ ʚ ʤʦʤʝʥʪ 

ʢʦʤʤʫʪʘʮʠʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ ʠʟʦʣʷʮʠʷ ʚʭʦʜʥʦʡ ʠ 

ʚʳʭʦʜʥʦʡ ʮʝʧʝʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ.  

ʇʦ ʣʦʛʠʯʝʩʢʦʤʫ ʧʝʨʝʧʘʜʫ ρO π  ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟʘʤʳʢʘʶʪʩʷ ʢʣʶʯʠ 

Q1 ʠ Q2 ʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘʨʷʜ çʣʝʪʘʶʱʝʛʦè ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ1 ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ V1. ʇʦ ʣʦʛʠʯʝʩʢʦʤʫ ʧʝʨʝʧʘʜʫ πO ρ  ʪʘʢʪʦʚʦʛʦ 
ʛʝʥʝʨʘʪʦʨʘ ʟʘʤʳʢʘʶʪʩʷ ʢʣʶʯʠ Q3 ʠ Q4, ʘ çʣʝʪʘʶʱʠʡè ʢʦʥʜʝʥʩʘʪʦʨ ʉ1 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢ ʚʭʦʜʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʥʘʧʨʷʞʝʥʠʷ V1.  

ɺʨʝʤʝʥʥrӢʝ ʜʠʘʛʨʘʤʤr  ʨʘʙʦʪr DC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩ. 3. ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ ʠʤʧʫʣʴʩʦʚ ὸ̈  ʚ ʩʭʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʤʫʪʘʪʦʨʘʤʠ 
ʩʚʷʟʘʥʦ ʩ ʠʩʢʘʞʝʥʠʝʤ ʬʨʦʥʪʦʚ ʠʥʪʝʛʨʠʨʫʶʱʝʡ RC-ʮʝʧʦʯʢʦʡ R1C3 (ʜʠʘʛʨ. ʙ 

ʨʠʩ. 3). 

ʃʦʛʠʯʝʩʢʦʝ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʥʘ ʵʣʝʤʝʥʪʘʭ U1 ʠ U2 ʚʭʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ 

(ʜʠʘʛʨ. ʘ, ʨʠʩ. 3) ʠ ʠʤʧʫʣʴʩʘ, ʟʘʜʝʨʞʘʥʥʦʛʦ ʧʦʩʣʝ RC-ʮʝʧʠ (ʜʠʘʛʨ. ʙ, ʨʠʩ. 3), 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʠʤʧʫʣʴʩʳ ʫʧʨʘʚʣʝʥʠʷ ʌ1 ʠ ʌ2 ʩ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʦʡ DT 

(ʜʠʘʛʨ. ʚ, ʛ, ʨʠʩ. 3). ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ ʢʦʤʤʫʪʠʨʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʩʦʩʪʘʚʣʷʣʦ 

ʦʢʦʣʦ ὸ̈ ψπ ̎ ,̒ ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʙʣʦʢʠʨʦʚʘʥʠʷ ʩʢʚʦʟʥʳʭ ʪʦʢʦʚ ʯʝʨʝʟ 
ʢʣʶʯʠ. 

ʇʦʢʘʟʘʥʥʘʷ ʥʘ ʜʠʘʛʨ. ʜ, ʨʠʩ. 3 ʬʦʨʤʘ ʚʭʦʜʥʦʛʦ ʪʦʢʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʩʦʜʝʨʞʠʪ ʢʦʨʦʪʢʠʝ ʠʤʧʫʣʴʩʳ ʪʦʢʘ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʤʦʤʝʥʪ ʟʘʨʷʜʘ çʣʝʪʘʶʱʝʛʦè 

ʢʦʥʜʝʥʩʘʪʦʨʘ. ʇʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚʭʦʜʥʦʛʦ ʪʦʢʘ ʜʦʩʪʠʛʘʣʦ 80 ɸ. ʇʦʩʪʦʷʥʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʭʦʜʥʦʛʦ ʪʦʢʘ Ὅ̃=̖0,687 ɸ, ʠʟʤʝʨʷʝʤʘʷ ʘʤʧʝʨʤʝʪʨʦʤ ʄ1, 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʙʨʦʩʢʦʚ ʪʦʢʘ ʠ ʥʘ ʜʠʘʛʨʘʤʤʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʤʝʪʥʘ. 

ʇʫʣʴʩʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ЎὟ̎ ςππ ̍  ˏ (ʜʠʘʛʨ. ʝ, ʨʠʩ. 3) 

ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʫʯʘʩʪʢʘ ç1è ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʥʘʨʘʩʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʟʘʨʷʜʦʤ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ2 ʚ ʤʦʤʝʥʪ ʧʦʜʢʣʶʯʝʥʠʷ çʣʝʪʘʶʱʝʛʦè 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ1 ʢ ʠʩʪʦʯʥʠʢʫ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ V1 ʠ ʫʯʘʩʪʢʘ ç2è ï ʨʘʟʨʷʜʘ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ2 ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ R3. 

ʇʨʠ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʦʢʘ Ὅ̎ 

ʥʘʛʨʫʟʢʠ ʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ Ὗ̎  ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʧʨʠʙʦʨʘʤʠ ʄ3 ʠ ʄ4, ʘ 

ʬʦʨʤʘ ʧʫʣʴʩʘʮʠʡ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʦʩʮʠʣʣʦʛʨʘʬʦʤ, 

ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʙʳʣ ʚʢʣʶʯʝʥ ʚ ʨʝʞʠʤʝ ɸʉ (ʙʝʟ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ). ʊʦʢ 

ʥʘʛʨʫʟʢʠ ʚʘʨʴʠʨʦʚʘʣʩʷ ʚʳʙʦʨʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ R3. 
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ʈʠʩʫʥʦʢ 3 ï ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ: ʘ ï ʪʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʛʝʥʝʨʘʪʦʨʘ V2;  

ʙ ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʝ ʉ1; ʚ, ʛ ï ʥʘʧʨʷʞʝʥʠʝ ʟʘʜʝʨʞʘʥʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʥʘ ʚʳʭʦʜʝ ʃʕ U1 ʠ U2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʜ ï ʚʭʦʜʥʦʡ ʪʦʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ;  

ʝ ï ʥʘʧʨʷʞʝʥʠʝ ʧʫʣʴʩʘʮʠʡ ῳὟ̎ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 
 

ʇʦʣʫʯʝʥʥʘʷ ʥʘʛʨʫʟʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ DC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 4 (ʛʨʘʬ. 1 ʠ 2). ɺ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʚʳʭʦʜʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʦʥʠ ʠʤʝʶʪ 

ʣʠʥʝʡʥʦ ʫʙʳʚʘʶʱʠʡ ʭʘʨʘʢʪʝʨ, ʪʝʤʧ ʢʦʪʦʨʦʛʦ ʫʜʦʙʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Ὑ ȿЎὟ̎ȾЎὍ̎ȿ, ʛʜʝ ЎὟ̎  ï ʠʟʤʝʥʝʥʠʝ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ЎὍ̎ ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ ʥʘʛʨʫʟʢʠ. ʋʩʪʘʥʦʚʣʝʥʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Ὑ ʦʪ ʝʤʢʦʩʪʠ çʣʝʪʘʶʱʝʛʦè ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ1 ʠ 

ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ f. ʇʨʠ ʯʘʩʪʦʪʝ Ὢ υππ ̋ː ̗ ʠ ʝʤʢʦʩʪʠ ʉ1=0,5 ʤʢʌ 

ʚʝʣʠʯʠʥʘ Ὑ 11,2 ʆʤ, ʘ ʧʨʠ ʉ1=1 ʤʢʌ ï Ὑ ωȟπ ̨ .̍ ʇʨʠ ʤʘʣʳʭ ʚʳʭʦʜʥʳʭ 

ʪʦʢʘʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʨʝʞʠʤʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʚʝʣʠʯʠʥʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʜʦʩʪʠʛʘʝʪ 19,8 ɺ, ʪ.ʝ. ʧʨʘʢʪʠʯʝʩʢʠ ʫʜʚʦʝʥʥʦʛʦ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʉ ʨʦʩʪʦʤ ʪʦʢʘ Ὅ̎ ʥʘʛʨʫʟʢʠ ʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ 

ὖ̎ (ʨʠʩ. 4, ʛʨʘʬ. 3). ʂʇɼ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ (ʩʚʳʰʝ 90 %) ʧʨʠ ʪʦʢʝ ʥʘʛʨʫʟʢʠ  

25é30 ʤɸ ʠ ʧʘʜʘʝʪ ʜʦ ~80 % ʧʨʠ ʪʦʢʘʭ 350 ʤɸ (ʨʠʩ. 4, ʛʨʘʬ. 4). 
 

 
 

ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʦʢʘ Ὅ̎ ʥʘʛʨʫʟʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ: ʥʘʛʨʫʟʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ç1è ʜʣʷ ʉ1 = 0,5 ʤʢʌ ʠ ç2è ï ʜʣʷ 

ʉ1=1,0 ʤʢʌ; 3 ï ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ὖ̎; 4 ï ʂʇɼ 
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ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ ʦʪ ʝʤʢʦʩʪʠ ʉ1 çʣʝʪʘʶʱʝʛʦè 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Ὢ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5.  
 

 
 

ʈʠʩʫʥʦʢ 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ  

ʦʪ ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ1 ʧʨʠ f = 200 (1), 500 (2) ʠ 1000 ʢɻʮ (3) 
 

ɺʝʣʠʯʠʥʘ Ὑ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʤʢʦʩʪʠ çʣʝʪʘʶʱʝʛʦè 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ1 ʠ ʯʘʩʪʦʪʳ ʢʦʤʤʫʪʘʮʠʠ f ʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ1 ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩʪʨʝʤʠʪʩʷ ʢ ʚʝʣʠʯʠʥʝ ~2 ʆʤ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʧʦʪʝʨʷʤʠ ʚ ʢʣʶʯʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʙʘʟʝ ʘʥʘʣʠʟʘ ʪʦʧʦʣʦʛʠʠ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ DC/DC 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʥʘʢʘʯʢʦʡ ʟʘʨʷʜʘ, ʚʳʧʦʣʥʝʥʦ ʠʭ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ MOSFET ʢʣʶʯʘʤʠ, ʠ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʂʇɼ ~91 % 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʚʳʭʦʜʥʳʭ ʪʦʢʘʭ ~50 ʤɸ. 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʥʘʛʨʫʟʦʯʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

DC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʤʢʦʩʪʠ çʣʝʪʘʶʱʝʛʦè 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʠ ʝʤʢʦʩʪʠ ~1,0 ʤʢʌ ʩʥʠʞʘʝʪʩʷ ʜʦ 

~2 ʆʤ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦʪʝʨʷʤʠ ʚ MOSFET ʢʣʶʯʘʭ. 
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ɸʥʥʦʪʘʮʠʷ. ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ɹʇʃɸ) ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʥʘʙʣʶʜʝʥʠʷ, ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ ʟʥʘʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʦʨʠʝʥʪʘʮʠʶ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘʚʠʛʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ɹʇʃɸ 

ʦʪʣʠʯʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʩʪʨʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʙʣʶʜʘʪʴ ʤʘʩʩʘ-ʛʘʙʘʨʠʪʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʠʥʝʨʮʠʘʣʴʥʦ-ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʥʘʚʠʛʘʮʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ ɹʇʃɸ, ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, 

ʠʥʝʨʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ, ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ, ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʥʘʚʠʛʘʮʠʠ, ʤʘʣʳʝ ʠ ʩʨʝʜʥʠʝ ɹʇʃɸ, ʢʦʤʧʣʝʢʩʥʘʷ ʦʙʨʘʙʦʪʢʘ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
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Abstract. Unmanned aerial vehicles (UAVs) are promising means of observation, mapping 

and exploration of the earth's surface. To perform the assigned tasks, it is necessary to know exactly 

the location, orientation in space and the nature of the change in these parameters. UAV navigation 

support is distinguished primarily by the urgent need to comply with weight and size indicators. An 

analysis of existing navigation systems has shown that the use of inertial satellite navigation 

systems is promising. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩʫ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʝʪʦʚ ɹʇʃɸ ʚ ʦʙʱʝʤ 

ʚʦʟʜʫʰʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ. ɺʩʸ ʯʘʱʝ ʚʦʟʜʫʰʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʥʠʤʘʶʪ ɹʇʃɸ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʤʘʣʳʤʠ (ʜʦ 

25 ʢʛ) ʠʣʠ ʩʨʝʜʥʠʤʠ (ʦʪ 25 ʜʦ 150 ʢʛ). ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ɹʇʃɸ ʚ ʛʦʨʦʜʩʢʦʡ 

ʤʝʩʪʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ çʚʠʜʝʪʴè ʧʨʝʧʷʪʩʪʚʠʷ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ, ʦʩʦʙʝʥʥʦ ʚ 

ʫʩʣʦʚʠʷʭ çʧʣʦʪʥʦʡè ʟʘʩʪʨʦʡʢʠ, ʘ ʪʘʢʞʝ çʧʨʦʪʠʚʦʩʪʦʷʪʴè ʝʩʪʝʩʪʚʝʥʥʳʤ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʨʘʜʠʦʧʦʤʝʭʘʤ. ɺʘʞʥʝʡʰʠʤʠ ʟʘʜʘʯʘʤʠ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ɹʇʃɸ ʷʚʣʷʶʪʩʷ: ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʟʘʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ; 

ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ; ʢʦʨʨʝʢʮʠʷ 

ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ; ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʵʪʘʧʝ 

ʧʝʨʝʭʦʜʘ ʥʘ ʥʦʚʳʡ ʤʘʨʰʨʫʪ, ʧʨʝʜʧʦʩʘʜʦʯʥʦʛʦ ʵʪʘʧʘ ʠ ʵʪʘʧʘ ʧʦʩʘʜʢʠ; 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʠʥʜʠʢʘʪʦʨʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʛʨʫʧʧʦʚʦʛʦ ʧʦʣʸʪʘ. ʀʩʭʦʜʷ ʠʟ 

ʚʳʧʦʣʥʷʝʤʳʭ ʠʤʠ ʟʘʜʘʯ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʳʧʦʣʥʝʥʠʷ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʷʚʣʷʶʪʩʷ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩʚʦʸ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʦʨʠʝʥʪʘʮʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʩʚʦʸ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʝʨʭʣʸʛʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ɹʇʃɸ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʠʢʣʘʜʥʦʡ 

ʟʘʜʘʯʝʡ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʙʦʨʪʦʚʦʡ 

ʠʥʝʨʮʠʘʣʴʥʦ-ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ (ʀʉʉʅ). ʉʪʨʫʢʪʫʨʫ ʀʉʉʅ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚ ʦʙʦʙʱʸʥʥʦʤ ʚʠʜʝ (ʨʠʩʫʥʦʢ 1) [3]. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʆʙʦʙʱʸʥʥʘʷ ʩʭʝʤʘ ʥʘʚʠʛʘʮʠʠ ɹʇʃɸ 



132 

ʀʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ (ʀʅʉ) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

(ʄʇ) ɹʇʃɸ ʧʫʪʸʤ ʥʘʢʦʧʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʤʝʥʝʥʠʠ ʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦ ʦʩʠ x, y, z, 

ʧʫʪʝʚʫʶ ʩʢʦʨʦʩʪʴ, ʢʫʨʩ, ʪʘʥʛʘʞ, ʢʨʝʥ [1]. ɿʥʘʷ ʵʚʦʣʶʮʠʶ ʧʦʣʦʞʝʥʠʷ ɹʇʃɸ ʠ 

ʥʘʯʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʤʦʞʥʦ ʨʘʩʯʠʪʘʪʴ ʝʛʦ ʪʝʢʫʱʝʝ ʄʇ ʠ ʜʘʞʝ ʙʫʜʫʱʝʝ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʠʟʤʝʥʝʥʠʡ (ʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʙʭʦʜʠʪʴ ʧʨʝʛʨʘʜʳ, ʩʣʝʜʠʪʴ 

ʟʘ ʜʚʠʞʫʱʠʤʝʩʷ ʮʝʣʷʤʠ ʠ ʪ.ʧ.) [5]. ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦ 

ʚʥʝʥhʠʭ ʦʨʠʝʥʪʠʨʘʭ, ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʦʡ.  

ʅʝʜʦʩʪʘʪʢʘʤʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ: ʥʘʢʦʧʣʝʥʠʝ ʦʰʠʙʢʠ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʷʝʤʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʯʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʪʦʯʥʦʩʪʴ ʚ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʸʪ ʢ ʚʳʩʦʢʦʡ ʦʰʠʙʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ ʜʨʫʛʠʭ ʜʘʥʥʳʭ. 

ʅʝʜʦʩʪʘʪʢʠ ʵʪʦʡ ʩʠʩʪʝʤʳ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʫʛʠʭ 

ʩʠʩʪʝʤ (ʚ ʯʘʩʪʥʦʩʪʠ ʩʧʫʪʥʠʢʦʚʦʡ), ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ ʠ 

çʦʙʥʫʣʝʥʠʠè ʥʘʢʦʧʠʚʰʝʡʩʷ ʦʰʠʙʢʠ.  

ʀʥʬʦʨʤʘʮʠ ʁ ʚ ʚʠʜʝ ʘʵʨʦʬʦʪʦ ʠʣʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, ʮʠʬʨʦʚʦʡ 

ʨʝʣʴʝʬ ʠ ʚʠʜʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠ ʢʦʦʨʜʠʥʘʪ (ʆʅʉ). ɺ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʠʥʬʦʨʤʘʮʠʷ 

ʧʨʠʭʦʜʠʪ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ, ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʮʠʬʨʦʚʳʤʠ 

ʢʘʨʪʘʤʠ, ʠ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ. 

ʇʦʛʨʝʰʥʦʩʪʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʘʥʳ ʩ ʪʦʯʥʦʩʪʴʶ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ 

(ʮʠʬʨʦʚʳʭ ʢʘʨʪ), ʘ ʪʘʢʞʝ ʠʟʤʝʥʯʠʚʦʩʪʴ  ʁ ʦʨʠʝʥʪʠʨʦʚ (ʦʙʲʝʢʪʳ, 

ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʦʯʝʢ ʠʥʪʝʨʝʩʘ). ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʩʣʝʜʷʱʠʭ ʩʠʩʪʝʤ ɹʇʃɸ (ʨʠʩʫʥʦʢ 2) [5]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ: ʦʩʚʝʱʸʥʥʦʩʪʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʣʠʯʠʷ ʦʨʠʝʥʪʠʨʦʚ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʤʝʩʪʥʦʩʪʠ; ʠʩʢʘʞʸʥʥʦʩʪʠ ʦʙʲʸʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ; ʫʤʝʥʴʰʝʥʠ ̫ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʷʝʤʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ; ʫʤʝʥʴʰʝʥʠ ̫

ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʨʝʰʝʥʠʷ 

ʧʦʣʫʯʘʝʤʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʀʟ-ʟʘ ʜʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʧʦʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʝʩʪʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʙʦʣʴʰʠʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʤʦʱʥʦʩʪʷʤʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʘʩʩʠʚʦʚ ʠʟʦʙʨʘʞʝʥʠʡ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʄʇ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʫʧʨʘʚʣʷʝʤʳʭ ʦʙʲʝʢʪʦʚ ʚ ɻʣʦʙʘʣʴʥʳʭ ʅʘʚʠʛʘʮʠʦʥʥʳʭ ʉʧʫʪʥʠʢʦʚʳʭ ʉʠʩʪʝʤʘʭ 

(ɻʅʉʉ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʥʮʠʧ ʙʝʟʟʘʧʨʦʩʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʩʧʫʪʥʠʢʦʤ ʠ ʧʦʪʨʝʙʠʪʝʣʝʤ. ʇʦʪʨʝʙʠʪʝʣʴ (ɺʉ, ɹʇʃɸ) ʚʳʯʠʩʣʷʝʪ ʜʘʣʴʥʦʩʪʴ ʜʦ 

ʩʧʫʪʥʠʢʘ ʟʘ ʩʯʸʪ ʚʳʯʠʩʣʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ 

(ʨʠʩʫʥʦʢ 3). ɿʥʘʷ ʧʦʣʦʞʝʥʠʝ ʢʘʞʜʦʛʦ ʩʧʫʪʥʠʢʘ ʠ ʜʘʣʴʥʦʩʪʴ ʜʦ ʥʝʛʦ, ɹʇʃɸ 

ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʸ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ (ʨʠʩʫʥʦʢ 4). 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʠʟ-ʟʘ ʜʘʣʸʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʠ ʧʦʪʨʝʙʠʪʝʣʷ ʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʠʛʥʘʣ; ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ 
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ʧʝʨʝʜʘʯʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ çʟʘʪʝʥʝʥʠʷè ʩʠʛʥʘʣʦʚ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ (ʅʉ) ʧʨʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʷʭ ʧʦ ʜʘʥʥʳʤ 

ɻʅʉʉ ʥʘ ʙʦʨʪʫ ɹʇʃɸ. ɼʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʨʝʰʘʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʥʘʚʠʛʘʮʠʠ (ʠʥʝʨʮʠʦʥʥʦʡ ʠ ʦʧʪʠʯʝʩʢʦʡ).  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɸʣʛʦʨʠʪʤ ʧʨʝʜʩʢʘʟʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʸʪʘ ɹʇʃɸ ʥʘ ʧʨʠʤʝʨʝ 

ʩʣʝʞʝʥʠʝʤ ʟʘ ʮʝʣʴʶ 
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ʈʠʩʫʥʦʢ 3 ï ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʦʧʨʝʜʝʣʝʥʠʝ ʄʇ ɹʇʃɸ ʚ ɻʅʉʉ, 

ʀʩʪʦʯʥʠʢ: https://present5.com/naznachenie-globalnyx-sistem-sputnikovogo-

pozicionirovaniya-gssp-i-ix/ 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʉʧʫʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ ʥʘʚʠʛʘʮʠʠ ɹʇʃɸ, 

ʀʩʪʦʯʥʠʢ: https://journals.eco-

vector.com/files/journals/35/articles/11452/supp/11452-25013-1-SP.jpg 

 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ (ʂʆʅʀ) ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʂʘʣʤʘʥʦʚʩʢʦʡ 

ʪʝʦʨʠʠ ʬʠʣʴʪʨʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚʝʢʪʦʨ ʠʟʤʝʨʷʝʤʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʤʝʥʥʳʝ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɹʇʃɸ.  

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɹʇʃɸ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ 

ʧʫʪʝʤ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ (ʀʉʅ) 

ʧʨʠʝʤʥʠʢʘ ɻʅʉʉ, ʪʨʘʥʩʧʦʥʜʝʨʘ ʩʠʩʪʝʤʳ ɸɿʅ-ɺ ʠ ʀʅʉ ʠʣʠ 

ʙʝʩʧʣʘʪʬʦʨʤʝʥʥʫʶ ʀʅʉ (ɹʀʅʉ), ʧʨʠ ʵʪʦʤ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʩʪʘʚʠʤ ʚ 

ʚʠʜʝ:  
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T
ɺɸɿʅɻʅʉʉɹɺɹʀʅʉʀʉʅ -

= ɚɚɚɚ ,,
/ , 

 

ʛʜʝ ɹɺɹʀʅʉ/l  ï ʚʝʢʪʦʨ ʦʰʠʙʦʢ ɹʀʅʉ ʠ ʙʘʨʦʚʳʩʦʪʦʤʝʨʘ (ɹɺ); ɻʅʉʉ
l , 

ɺɸɿʅ-l  ï ʚʝʢʪʦʨʘ, ʦʰʠʙʦʢ ɻʅʉʉ ʠ ɸɿʅ-ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʀʉʅɚ  ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

 

1,1,1,1,, ---- += nnnnn ʀʉʅʀʉʅʀʉʅʀʉʅʀʉʅ WGɚFɚ , 

 

ʛʜʝ ʀʉʅF  ʠ ʀʉʅG  ï ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʥʦʩʘ ʠ ʜʠʬʬʫʟʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 1, -nʀʉʅW  ï ʚʝʢʪʦʨ ʜʠʩʢʨʝʪʥʳʭ ʙʝʣʳʭ ʛʘʫʩʩʦʚʩʢʠʭ ʰʫʤʦʚ 

(ɼɹɻʐ) ʩ ʥʫʣʝʚʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʞʠʜʘʥʠʷʤʠ ʠ ʝʜʠʥʠʯʥʳʤʠ 

ʜʠʩʧʝʨʩʠʷʤʠ.  

ʋʨʘʚʥʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ: 
 

 nnn ,,, ʀʉʅʀʉʅʀʉʅ ɚxŭ +=     

 

ʛʜʝ ʀʉʅx  ï ʚʝʢʪʦʨ ʅɺʇ, ʀʉʅɚ  ï ʚʝʢʪʦʨ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʅɺʇ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ɸɿʅ-ɺ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ: 
 

.,...,
)1(

,,...,
1

T

mll nnnnn
xxxx

+
=ɝ  

 

ʛʜʝ l ï ʢʦʣʠʯʝʩʪʚʦ ʅʉ, m ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʅʉ ʠ ʅʆʊ. 

ʇʨʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʷ ʥʘʙʣʶʜʝʥʠʷ ʦʪ j-ʦʛʦ ʅʉ ɻʅʉʉ 

ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʧʩʝʚʜʦʜʘʣʴʥʦʤʝʨʥʦʛʦ ʠʟʤʝʨʝʥʠʷ: 
 

xnnnnnnn nTDnxxsɝ ++=+= ct ʅʆʊɜ ),,( , ,     

 

ʛʜʝ TT
jjjʅʆʊj zyxzyx ],,[,],,[, == nn xx  ï ʚʝʢʪʦʨʘ ʢʦʦʨʜʠʥʘʪ j-ʪʦʛʦ ʅʉ ʠ 

ɹʇʃɸ; nTc  ï ʩʤʝʱʝʥʠʝ ʰʢʘʣʳ ʚʨʝʤʝʥʠ;
 

2/1222 ])()()[( jjj zzyyxxD -+-+-=n ï 

ʜʘʣʴʥʦʩʪʴ; xnn  ï m-ʤʝʨʥʳʡ ʚʝʢʪʦʨ ɼɹɻʐ ʩ ʠʟʚʝʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, n ï 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʀʉʅ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ: 
 

nnn ,,, ʀʉʅʀʉʅʀʉʅ ɚxɖ +=  

 

ʛʜʝ 
T

TTT
aVXx ,,=  ï ʚʝʢʪʦʨ ʅɺʇ, 

T
ZYX t,,,=X  ï ʢʦʦʨʜʠʥʘʪʳ ʠ 
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ʩʤʝʱʝʥʠʷ ʐɺ, 
T

VVVV zyx t,,,=V  ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʝʡ ʠ ʩʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʷ 

ʐɺ, 
T

zyx aaa ,,=a  ï ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʡ; 
T

ZYXZYXk aaaVVVVZYX ddddddddtddd t ,,,,,,,,,,=ɚ  ï ʚʝʢʪʦʨ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʚʝʢʪʦʨʦʚ ʩʦʩʪʦʷʥʠʷ ʠ 

ʥʘʙʣʶʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʘʢʪʫʘʣʴʥʫʶ ʥʘʫʯʥʫʶ ʟʘʜʘʯʫ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ɹʇʃɸ ʧʫʪʝʤ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʂʆʅʀ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɹʇʃɸ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝʚʠʣʠʨʦʚʘʪʴ ʥʝʜʦʩʪʘʪʢʠ ʦʜʥʦʡ 

ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʜʦʩʪʦʠʥʩʪʚ ʜʨʫʛʦʡ. ʇʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʤʝʱʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ, ʧʦʣʫʯʘʝʤʫʶ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʚ ʨʘʟʥʦʤ ʬʦʨʤʘʪʝ, ʯʪʦ 

ʫʩʣʦʞʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʵʪʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʨʝʙʫʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ɹʇʃɸ ʧʦʢʘʟʘʣ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʠʪʝʣʝʡ ʚ ʩʦʩʪʘʚʝ ʀʉʅ ʠ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʂʆʅʀ ʥʘ 

ʦʩʥʦʚʝ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʦʧʪʠʤʘʣʴʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʚʨʝʤʝʥʥʳʭ 

ʦʧʨʝʜʝʣʝʥʠʡ ɹʇʃɸ ʧʨʠʚʦʜʠʪ ʢ ʥʘʠʣʫʯʰʠʤ ʘʣʛʦʨʠʪʤʘʤ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʠʩʧʝʨʩʠʠ ʦʰʠʙʢʠ ʬʠʣʴʪʨʘʮʠʠ. 
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ʅɸʇʈɸɺʃɽʅʅɸʗ ɸʅʊɽʅʅɸ ɼʃʗ ʉɺʗɿʀ ʉ ɹɺʉ 

 

ʀʚʘʥʦʚ ʀ. ʄ.  

ʄʘʡʦʨʦʚ ʀ. ɺ. 

 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ  

(ʛ. ʀʨʢʫʪʩʢ) 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʳ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʩʚʷʟʠ 

ʩ ɹɺʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʳ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ 

ʚʳʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʘʷ ʘʥʪʝʥʥʘ, ʧʦʚʦʨʦʪʥʳʡ ʤʝʭʘʥʠʟʤ ʠ ʙʣʦʢ ʥʘʚʝʜʝʥʠʷ ʘʥʪʝʥʥʳ ʥʘ ɹɺʉ. 

ɿʘʜʘʯʘ ʧʝʨʚʦʡ ï ʧʦʜʜʝʨʞʘʥʠʝ ʩʚʷʟʠ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʩ ɹɺʉ. ɿʘʜʘʯʘ ʚʪʦʨʦʡ ï ʧʦʜʜʝʨʞʘʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʘʥʪʝʥʥʳ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʜʣʷ ʩʚʷʟʠ ʩʦʩʪʦʷʥʠʠ. ɿʘʜʘʯʘ ʪʨʝʪʴʝʡ ï ʚʳʨʘʙʘʪʳʚʘʥʠʝ 

ʢʦʤʘʥʜ ʜʣʷ ʤʝʭʘʥʠʟʤʘ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʨʝʘʣʠʟʘʮʠʠ 

ʘʣʛʦʨʠʪʤʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʮʝʧʮʠʷ, ɹɸʉ, ɹɺʉ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʘʥʪʝʥʥʘ. 

 

DIRECTIONAL ANTENNA FOR THE UAV COMMUNICATION  

Mayorov I. V. 

Ivanov I. M.  

 

Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 

 
Abstract. The concept of a directional antenna for the UAV communication complex using 

a directional antenna is considered. At the same time, a directional antenna, a rotary mechanism and 

an antenna guidance unit for the UAV are allocated as the main blocks. The first task is to maintain 

communication between the base station and the UAV. The second task is to maintain the position 

of the antenna in an optimal state for communication. The third one is to develop commands for the 

control mechanism. The principal solutions for the implementation of algorithms are given. 

Keywords: concept, UAS, UAV, directional antenna. 

 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ɹɸʉ, ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʦʩʪʴ ʧʨʷʤʦʡ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ɹɺʉ. ʆʜʥʠʤ ʠʟ 

ʩʧʦʩʦʙʦʚ ʫʚʝʣʠʯʝʥʠʷ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʳ.  

ʅʘʧʨʘʚʣʝʥʥʘʷ ʘʥʪʝʥʥʘ (ʘʥʛʣ. Directional antenna) ʠʣʠ ʣʫʯʝʚʘʷ ʘʥʪʝʥʥʘ 

(ʘʥʛʣ. beam antenna) ï ʵʪʦ ʘʥʪʝʥʥʘ, ʢʦʪʦʨʘʷ ʠʟʣʫʯʘʝʪ ʠʣʠ ʧʨʠʥʠʤʘʝʪ ʙʦʣʴʰʫʶ 

ʯʘʩʪʴ ʤʦʱʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʥʠʟʠʪʴ ʧʦʤʝʭʠ ʦʪ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʅʘʧʨʘʚʣʝʥʥʳʝ ʘʥʪʝʥʥʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʧʦʣʴʥʳʤʠ ʠʣʠ ʚʩʝʥʘʧʨʘʚʣʝʥʥʳʤʠ ʘʥʪʝʥʥʘʤʠ ʚ ʮʝʣʦʤ, ʢʦʛʜʘ 

ʞʝʣʘʪʝʣʴʥʘ ʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
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ʈʝʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʩʚʷʟʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʳ ʜʘʩʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʫʩʪʦʡʯʠʚʦʡ ʨʘʜʠʦʩʚʷʟʠ ʩ 

ʙʝʩʧʠʣʦʪʥʳʤ ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹɸʉ ʠ ʫʚʝʣʠʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʣʝʪʦʚ. ʊʘʢʞʝ, ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʳ ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʘ 

ʧʦʤʝʭʦʟʘʱʠʱʸʥʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ. 

 

ʂʦʤʧʣʝʢʩ ʩʚʷʟʠ ʩ ɹɺʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʳ  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ ʩʚʷʟʠ ʩ ɹɺʉ, ʧʨʠʤʝʥʷʶʱʠʝ ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʘʥʪʝʥʥʳ. 

ɸʥʪʝʥʥʘ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʙʝʩʧʠʣʦʪʥʠʢʦʤ UAV Factory Ltd. Europe. ï 

ʛʦʪʦʚʳʡ ʧʨʦʝʢʪ, ʨʘʙʦʪʘʶʱʠʡ ʩ ʟʘʚʦʜʩʢʦʡ ʮʠʬʨʦʚʦʡ IP-ʣʠʥʠʝʡ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ Airlink. ʄʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʠʜʝʦ, ʘ ʪʘʢʞʝ ʢʦʤʘʥʜ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦ 12 ʄʙʠʪ/ʩ. ɹʳʣʘ ʫʩʧʝʰʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʚʠʜʝʦʩʠʛʥʘʣʘ ʙʦʣʝʝ 115 ʢʤ. ʂ 

ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʪʨʘʥʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʉʐɸ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ, ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʙʦʪʳ ʙʫʜʝʪ 

ʫʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ, ʚʳʧʦʣʥʠʪʴ ʠʩʧʦʣʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ɹɸʉ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʦʥʮʝʧʮʠʷ ʢʦʤʧʣʝʢʩʘ ʩʚʷʟʠ ʩ ɹɺʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʘʥʪʝʥʥʳ 
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ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʎʝʣʴʶ ʩʦʟʜʘʥʠʷ ʂʦʤʧʣʝʢʩʘ ʩʚʷʟʠ ʩ ɹɺʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʘʥʪʝʥʥʳ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʚʷʟʠ ʩ ɹɺʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʘʥʪʝʥʥʳ.  

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ: 

1) ʨʘʟʨʘʙʦʪʢʘ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʳ ʜʣʷ ʯʘʩʪʦʪ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʚʷʟʠ 

ʩ ɹɺʉ; 

2) ʨʘʟʨʘʙʦʪʢʘ ʤʝʭʘʥʠʟʤʘ ʥʘʚʝʜʝʥʠʷ ɸʥʪʝʥʥʳ ʥʘ ɹɺʉ, ʪ.ʢ. ɹɺʉ ʥʝ 
ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʥʳʤ ʦʙʲʝʢʪʦʤ, ʠ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʩʪʦʷʥʥʦ 

ʠʟʤʝʥʷʝʪʩʷ; 

3) ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʤ ʥʘʚʝʜʝʥʠʷ; 

4) ʩʦʭʨʘʥʝʥʠʝ ʤʦʙʠʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ɹɺʉ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʰʝʥʠʝ ʧʝʨʚʦʡ ʠʟ ʟʘʜʘʯ. 

 

ʇʨʦʚʝʨʢʘ ʨʘʩʯʸʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʥʪʝʥʥʳ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʯʸʪ ʘʥʪʝʥʥʳ, ʚʦʣʥʦʚʦʡ ʢʘʥʘʣ ʢʦʥʩʪʨʫʢʮʠʠ DL6WU 

ʩ ʙʫʤ ʢʦʨʨʝʢʮʠʝʡ (ʧʦʧʨʘʚʢʘ ʥʘ ʚʣʠʷʥʠʝ ʥʝʩʫʱʝʡ ʩʪʨʝʣʳ), ʧʨʦʠʟʚʝʜʸʥ ʧʦ 

ʤʝʪʦʜʫ ʠʟ ʚʪʦʨʦʛʦ ʪʦʤʘ ʂ. ʈʦʪʭʘʤʤʝʣʷ [1]. ɸʥʪʝʥʥʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʧʦ 

ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʩʠʣʝʥʠʷ.  

ʇʦʩʣʝ ʯʝʛʦ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ 

MMANA -GAL_Basic ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʘʥʪʝʥʥʳ ʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ 

ʠʪʦʛʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʥʪʝʥʥʳ ʧʨʠ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ.  
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʄʦʜʝʣʴ ʘʥʪʝʥʥʳ ʚ ʩʨʝʜʝ MMANA -GAL 
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ʈʠʩʫʥʦʢ 4 ï ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʩʯʸʪʘʭ ʧʘʨʘʤʝʪʨʳ ʘʥʪʝʥʥʳ 

 

MMANA -GAL_Basic ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 3D ʤʦʜʝʣʠ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʉʫʪʴ ʧʨʦʩʪʘ: ʚʢʣʶʯʘʝʤ ʢʚʘʜʨʦʢʦʧʪʝʨ, ʟʘʪʝʤ ʨʝʪʨʘʥʩʣʷʪʦʨ. 

ʅʘʩʪʨʘʠʚʘʝʤ ʨʝʪʨʘʥʩʣʷʪʦʨ ʥʘ ʧʨʠʝʤ ʯʘʩʪʦʪʳ 2.4 ɻɻʮ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ 

ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ. ʇʦʜʦʡʜʝʪ ʣʶʙʦʡ ʨʝʧʠʪʝʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʦʠʤʦʩʪʠ, 

ʛʣʘʚʥʦʝ, ʯʪʦʙʳ ʦʥ ʨʘʙʦʪʘʣ ʥʘ ʯʘʩʪʦʪʝ 2.4 ɻɻʮ. 

 

   
 

ʈʠʩʫʥʦʢ 5 ï 3D ʤʦʜʝʣʴ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʦʡ MMANA -GAL ʚʠʙʨʘʪʦʨ, 

ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ ʜʠʧʦʣʷ ʚ ʦʩʥʦʚʘʥʠʠ ʚʦʣʥʦʚʦʛʦ ʢʘʥʘʣʘ, ʙʳʣ ʟʘʤʝʥʸʥ ʥʘ 

ʧʝʪʣʝʚʦʡ ʚʠʙʨʘʪʦʨ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʢʦʥʩʪʨʫʢʮʠʶ, ʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʪʦʛʦʚʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ. 

 

ʉʦʟʜʘʥʠʝ ʨʘʙʦʯʝʛʦ ʯʝʨʪʝʞʘ ʘʥʪʝʥʥʳ ʠ ʙʫʤʘ 

ʊʘʢ ʢʘʢ ʩʨʝʜʘ MMANA -GAL ʥʝ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝ ʠʟʣʫʯʘʶʱʠʝ 

ʵʣʝʤʝʥʪʳ ʘʥʪʝʥʥʳ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʯʝʨʪʝʞʝʡ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʨʝʜʘ ʂʦʤʧʘʩ-3D. 

ʂʦʥʩʪʨʫʢʮʠʷ ʘʥʪʝʥʥʳ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ:  

1) ʚʦʣʥʦʚʦʡ ʢʘʥʘʣ ï ʩʦʩʪʦʠʪ ʠʟ ʤʝʜʥʳʭ ʪʨʫʙʦʢ ʜʠʘʤʝʪʨʦʤ 4ʤʤ, ʢʦʪʦʨʳʡ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʩʪʦʠʪ ʠʟ: 

a. ʨʝʬʣʝʢʪʦʨʘ 

b. ʚʠʙʨʘʪʦʨʘ 

c. ʜʠʨʝʢʪʦʨʦʚ 1-8. 

2) ʥʠʞʥʷʷ ʯʘʩʪʴ ʦʩʥʦʚʥʦʡ ʩʪʨʝʣʳ ʙʫʤʘ ï ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʠʟ 

ʣʶʙʳʭ ʜʦʩʪʫʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ; 

3) ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʦʩʥʦʚʥʦʡ ʩʪʨʝʣʳ ʙʫʤʘ ï ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʠʟ 

ʣʶʙʳʭ ʜʦʩʪʫʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ; 

4) ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʙʫʤʘ ï ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʠʟ 

ʣʶʙʳʭ ʜʦʩʪʫʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ; 
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5) ʥʠʞʥʷʷ ʯʘʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʙʫʤʘ ï ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʠʟ 

ʣʶʙʳʭ ʜʦʩʪʫʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ; 

6) ʠʟʦʣʷʮʠʦʥʥʘʷ ʚʪʫʣʢʘ ï ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʥʝ ʧʨʦʚʦʜʷʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ ʤʘʪʝʨʠʘʣʘ, 11 ʰʪ.; 

7) ʙʦʣʪ 2ʄ5x24.61 ʆʉʊ 92-0749-72, 3 ʰʪ.; 

8) ʙʦʣʪ ʄ5x30 ɻʆʉʊ ʈ 50794-95, 3 ʰʪ.;  

9) ʰʘʡʙʘ ɻʆʉʊ ʈ ʀʉʆ 10673 - N - 5 - 25CrMo4, 6 ʰʪ.; 

10) ʛʘʡʢʘ ʰʝʩʪʠʛʨʘʥʥʘʷ ʥʠʟʢʘʷ ɻʆʉʊ ISO 4035 - M5, 6ʰʪ.  

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʄʦʜʝʣʴ. ʅʦʨʤʘʣʴʥʳʡ ʚʠʜ 
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ʈʠʩʫʥʦʢ 9 ï ʄʦʜʝʣʴ. ɺʠʜ ʩʙʦʢʫ 
 

 
 

ʈʠʩʫʥʦʢ 10 ï ʏʝʨʪʸʞ ʘʥʪʝʥʥʳ ʚ ʤʘʩʰʪʘʙʝ 1:2,5 
 

ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʘʥʪʝʥʥʳ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʟʘʤʝʨʦʚ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʘʥʪʝʥʥʳ.  
 

ɿʘʢʣʶʯʝʥʠʝ 

ʋʚʝʣʠʯʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʩʚʷʟʠ ʚ ɹɸʉ ʦʩʪʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʜʣʷ 

ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʳ 

ʩ ʯʘʩʪʦʪʦʡ 915 ʄɻʮ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʘʤ ʨʘʙʦʪʳ ɹɸʉ ʩʝʨʠʠ ɻʝʦʩʢʘʥ. 
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ʋɼʂ 629.7 
 

ʋɺɽʃʀʏɽʅʀɽ ɼɸʃʔʅʆʉʊʀ ʇʀʃʆʊʀʈʆɺɸʅʀʗ ɹɽʉʇʀʃʆʊʅʆɻʆ 

ɺʆɿɼʋʐʅʆɻʆ ʉʋɼʅɸ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʈɽʊʈɸʅʉʃʗʎʀʀ 

ʉʀɻʅɸʃʆɺ ʋʇʈɸɺʃɽʅʀʗ 
 

ʄʘʡʦʨʦʚ ʀ. ɺ. 
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ɹʦʨʦʟʜʠʥ ɼ. ɺ. 
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ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ  

(ʛ. ʀʨʢʫʪʩʢ) 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʨʝʪʨʘʥʩʣʷʪʦʨʘ, ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʷ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʸʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹɺʉ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʦʚ ʠ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʫʥʠʬʠʢʘʮʠʠ ʨʝʪʨʘʥʩʣʷʪʦʨʘ, 

ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʥʘʣʦʚ ɹɺʉ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʫʜʘʣʸʥʥʦʛʦ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʧʦ ʩʝʪʠ ʠʥʪʝʨʥʝʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʪʨʘʥʩʣʷʪʦʨ ʜʠʘʧʘʟʦʥʘ 2.4. ʠ 5.8 ɻɻʮ, ʫʚʝʣʠʯʝʥʠʝ ʜʘʣʴʥʦʩʪʠ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ɹɺʉ, ʫʜʘʣʸʥʥʦʝ ʧʠʣʦʪʠʨʦʚʘʥʠʝ. 

 

INCREASING THE PILOT ING RANGE OF UNMANNED AIRCRAFT 

USING THE RELAY OF CONTROL SIGNAL S  
 

Maiorov I. V. 

Ilyin D. N. 

Borozdin D. V. 

Klyueva A. A. 
 

Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 
 

Abstract. This article provides a description of the relay, the results of testing a prototype 

and the prospects for application. A feature of the device is an increase in the flight characteristics 

of the UAV by increasing the line of sight of signal transmission and their energy characteristics. 

The tasks of unifying the relay, increasing the noise immunity of UAV channels, as well as remote 

piloting via the Internet are being solved. 

Keywords: 2.4 and 5.8 GHz relay, increased UAV piloting range, remote piloting. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʨʳʥʦʢ ʙʝʩʧʠʣʦʪʥʳʭ ʚʦʟʜʫʰʥʳʭ ʩʠʩʪʝʤ (ɹɺʉ) ʚʳʨʦʩ 

ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʀʟ ʬʘʟʳ ʚʩʝʦʙʱʝʛʦ ʥʝʧʦʥʠʤʘʥʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʥ ʧʝʨʝʰʝʣ ʚ ʬʘʟʫ 

ʫʚʝʨʝʥʥʦʛʦ ʨʦʩʪʘ ʠ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ [1, 2, 3]. 

ʇʦ ʧʨʦʛʥʦʟʘʤ ʘʥʘʣʠʪʠʢʦʚ, ʦʙʲʝʤ ʨʳʥʢʘ ʫʩʣʫʛ ɹɺʉ ʚʳʨʘʩʪʝʪ ʜʦ 63,6 

ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ ʫʞʝ ʢ 2025 ʛʦʜʫ. ɽʱʝ 4 ʛʦʜʘ ʥʘʟʘʜ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ 

ʚʩʝʛʦ 10,72 ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ. 
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ɹɺʉ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʙʣʘʛʦʜʘʨʷ ʧʦʚʳʰʝʥʥʦʤʫ 

ʫʨʦʚʥʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ. ʇʦʩʢʦʣʴʢʫ 

ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʪʘʥʮʠʦʥʥʦ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʦʧʘʩʥʳʭ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ, ʨʘʚʥʦ ʢʘʢ ʠ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ ʧʦʠʩʢʫ ʠ ʩʧʘʩʝʥʠʶ.  

ʉʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ ɹɺʉ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ: ʦʪ ʚʠʜʝʦʩʲʝʤʢʠ ʤʝʨʦʧʨʠʷʪʠʡ 

ʠ ʪʦʨʞʝʩʪʚ ʜʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʜʠʢʠʤʠ ʞʠʚʦʪʥʳʤʠ ʥʘ ʦʪʜʘʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ 

ʟʝʤʣʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʩʢʘʣʘʭ, ʢʫʜʘ ʥʝʚʦʟʤʦʞʥʦ ʧʦʧʘʩʪʴ ʩ 

ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ. 
 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ɹɺʉ ʷʚʣʷʝʪʩʷ ʧʦʪʝʨʷ ʩʠʛʥʘʣʦʚ 

ʫʧʨʘʚʣʝʥʠʷ, ʩʠʛʥʘʣʦʚ ʥʘʚʠʛʘʮʠʠ ʠ ʩʠʛʥʘʣʘ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ ʠ ʪʝʣʝʤʝʪʨʠʠ. 

ʉʠʛʥʘʣ ʦʪ ɹɺʉ ʩ ʦʧʝʨʘʪʦʨʦʤ ʪʝʨʷʝʪʩʷ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʨʘʩʪʸʪ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʥʠʤʠ, ʘ ʪʘʢʞʝ ʚʦʟʥʠʢʘʶʪ ʧʨʝʧʷʪʩʪʚʠʷ ʥʘ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʨʘʜʠʦʚʦʣʥ, ʚ ʜʠʘʧʘʟʦʥʝ 2.4.ɻɻʮ ʠ 5.8 ɻɻʮ (ʵʪʦ ʫʩʣʦʚʠʝ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ). ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ɹɺʉ ʧʨʠʟʝʤʣʝʥʠʷ ʠʣʠ ʜʘʞʝ ʧʘʜʝʥʠʷ ʚ ʤʝʩʪʝ, 

ʛʜʝ ʥʘʡʪʠ ʝʛʦ ʙʫʜʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ʂʦʛʜʘ ɹɺʉ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ, ʧʝʨʚʦʝ, ʯʪʦ ʚʳ 

ʪʝʨʷʝʪʝ, ï ʵʪʦ ʚʠʜʝʦʩʚʷʟʴ. ɽʩʣʠ ʧʨʦʜʦʣʞʠʪʝ ʧʦʣʝʪ, ʪʦ ʧʦʪʝʨʷʝʪʝ ʫʞʝ ʩʠʛʥʘʣ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʪʝʣʝʤʝʪʨʠʠ, ʘ ʵʪʦ ʢʨʠʪʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʘ ʫʪʨʘʪʘ ɹɺʉ.  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʠʭ 

ʧʦʣʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʚʥʝʜʨʠʪʴ ʚ ʫʩʪʨʦʡʩʪʚʦ ʤʦʱʥʳʡ ʧʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢ ʟʥʘʯʠʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ, ʘ ʟʥʘʯʠʪ 

ʩʥʠʟʠʪʴ ʚʨʝʤʷ ʠ ʜʘʣʴʥʦʩʪʴ ʧʦʣʸʪʘ, ʧʨʠ ʵʪʦʤ ʚʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʩʦʚʩʝʤ 

ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʣʸʪ ʘʧʧʘʨʘʪʘ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʫʩʣʦʚʠʷ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ. ɼʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʧʦʣʸʪʘ ɹɺʉ ʠ ʜʣʷ ʙʦʨʴʙʳ ʩ ʥʝʛʘʪʠʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ɹɺʉ, ʪʘʢʠʤʠ ʢʘʢ: ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ, ʥʘʣʠʯʠʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʦʤʝʭ, ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, Wi-Fi ʠʟʣʫʯʝʥʠʷ, GPRS, ʤʦʙʠʣʴʥʘʷ ʨʘʜʠʦʩʚʷʟʴ ʠ ʪ.ʧ., ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘʤʝʨʝʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʧʦʤʝʭ ʫʧʨʘʚʣʝʥʠʶ ʠ ʥʘʚʠʛʘʮʠʠ ɹɺʉ, ʩʪʦʷʣʘ 

ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʩʤʦʞʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʫʚʝʨʝʥʥʫʶ ʩʚʷʟʴ 

ʤʝʞʜʫ ʧʫʣʴʪʦʤ ʦʧʝʨʘʪʦʨʘ ʠ ɹɺʉ.  

ʈʝʘʣʠʟʘʮʠʷ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʠʩʪʝʤʳ ʩ ʚʥʝʰʥʠʤʠ ʘʥʪʝʥʥʘʤʠ ʠ 

ʫʩʠʣʠʪʝʣʝʤ, ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʦʚ. ʅʦ ʵʪʠ ʧʫʪʠ ʦʪʚʝʨʛʘʣʠʩʴ 

ʧʦ ʧʨʠʯʠʥʝ ʙʦʣʴʰʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʢʘʥʘʣʘ ʠ ʥʝʫʜʦʙʩʪʚʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʋʯʠʪʳʚʘʷ ʵʪʠ ʬʘʢʪʦʨʳ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ 

ʨʝʪʨʘʥʩʣʷʪʦʨʘ, ʢʦʪʦʨʳʡ ʫʩʠʣʠʚʘʝʪ ʩʠʛʥʘʣ ʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʚʝʨʝʥʥʫʶ 

ʩʚʷʟʴ ʤʝʞʜʫ ɹɺʉ ʠ ʦʧʝʨʘʪʦʨʦʤ, ʥʝ ʚʤʝʰʠʚʘʷʩʴ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʧʫʣʴʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʘʤʦʛʦ ɹɺʉ. 

ʈʝʪʨʘʥʩʣʷʪʦʨ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʚʳʧʦʣʥʝʥʥʦʝ ʚ ʝʜʠʥʦʤ ʢʦʤʧʣʝʢʩʝ, 

ʩʦʜʝʨʞʘʱʝʝ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʫʶ ʩʠʩʪʝʤʫ, ʧʨʠʝʤʦ-ʧʝʨʝʜʘʶʱʝʝ ʠ 

ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, 
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ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ. ʈʝʪʨʘʥʩʣʷʪʦʨ ʧʨʠʥʠʤʘʝʪ ʩʠʛʥʘʣ ʦʪ ʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʝʛʦ ʩʠʛʥʘʣ ʩ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʴʶ, ʙʝʟ ʧʦʪʝʨʠ ʠ ʠʩʢʘʞʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʧʝʨʝʜʘʝʪ ʫʩʠʣʝʥʥʳʡ ʩʠʛʥʘʣ ʧʦʩʨʝʜʩʪʚʦʤ ʩʨʝʜʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʜʨʫʛʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

ʈʝʪʨʘʥʩʣʷʪʦʨ ʨʝʰʘʝʪ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʄʘʣʦʝ ʚʨʝʤʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʳʡ 

ʦʧʝʨʘʪʦʨʫ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʠ ʟʘʧʫʩʢ ɹɺʉ ʚ ʚʦʟʜʫʭ. 

2. ɹʦʣʴʰʘʷ ʜʘʣʴʥʦʩʪʴ ʧʦʣʸʪʘ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘʟʝʤʥʦʡ 
ʧʝʨʝʜʘʶʱʝʡ ʩʠʩʪʝʤʳ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʸʤʥʠʢʘ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʥʪʝʥʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʧʨʘʚʣʝʥʥʳʭ.  

3. ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ ʨʝʪʨʘʥʩʣʷʪʦʨʘ ʟʘ ʩʯʸʪ 

ʧʨʠʤʝʥʝʥʠʷ ʤʘʯʪ, ʘʵʨʦʩʪʘʪʦʚ, ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʳʩʦʪ ʤʝʩʪʥʦʩʪʠ (ʜʝʨʝʚʴʝʚ, ʩʢʘʣ ʠ 

ʪ.ʧ.). 

4. ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ. ʇʨʠ ʫʩʣʦʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʦʤʝʭʠ ʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ, ʩʠʛʥʘʣ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ, ʠʣʠ ʧʦ-ʜʨʫʛʦʤʫ 

ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ, ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴʩʷ ɹɺʉ ʠ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʙʘʪʳʚʘʪʴʩʷ. 

5. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʢʨʳʪʥʦʩʪʴ 

ʦʧʝʨʘʪʦʨʘ, ʜʦʩʪʘʪʦʯʥʦ ʦʙʝʩʧʝʯʠʪʴ ʫʩʣʦʚʠʷ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʨʝʪʨʘʥʩʣʷʪʦʨʘ, 

ʢʦʪʦʨʳʡ ʩʪʘʮʠʦʥʘʨʝʥ, ʧʨʠ ʵʪʦʤ ʧʝʣʝʥʛ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʷʚʥʦ ʦʧʨʝʜʝʣʠʪ ʥʝ 

ʦʧʝʨʘʪʦʨʘ, ʘ ʨʝʪʨʘʥʩʣʷʪʦʨ. 

6. ɺʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʡ ʩʤʝʥʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʥʪʝʥʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
ʦʪ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʝʥʠʷ. 

7. ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ. 

ɹɺʉ ʠ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʩʪʦʨʦʥʥʝʡ ʩʚʷʟʠ: 

ʧʝʨʝʜʘʯʘ ʠ ʧʨʠʝʤ ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ ʜʚʫʤʷ ʦʙʲʝʢʪʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʙʦʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. ʂ ɹɺʉ ʫʭʦʜʷʪ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʦʪ ʥʝʛʦ ʧʨʠʭʦʜʷʪ ʩʠʛʥʘʣʳ 

ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ ʠ ʪʝʣʝʤʝʪʨʠʠ. 

ʈʝʪʨʘʥʩʣʷʪʦʨ ʣʝʛʢʦ ʧʝʨʝʤʝʱʘʪʴ ʧʦ ʤʝʩʪʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʥʝʙʦʣʴʰʠʤ 

ʛʘʙʘʨʠʪʘʤ. ɿʘ ʩʯʝʪ ʘʚʪʦʥʦʤʥʦʛʦ ʧʠʪʘʥʠʷ, ʝʛʦ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʥʘ ʣʶʙʦʡ 

ʪʦʯʢʝ, ʥʘʧʨʠʤʝʨ, ʥʘ ʤʘʯʪʝ, ʚʝʨʭʫʰʢʝ ʜʝʨʝʚʘ ʠʣʠ ʘʵʨʦʩʪʘʪʝ. 

ʇʨʠʙʦʨ ʧʨʦʩʪ ʚ ʫʩʪʘʥʦʚʢʝ, ʦʙʣʘʜʘʝʪ ʥʝʙʦʣʴʰʠʤʠ ʛʘʙʘʨʠʪʘʤʠ ʠ ʚʝʩʦʤ, 

ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʠ ʟʦʥʫ ʧʦʢʨʳʪʠʷ ʨʘʜʠʦʩʚʷʟʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣ ʩʜʝʣʘʥ ʦʙʨʘʟʝʮ ʨʝʪʨʘʥʩʣʷʪʦʨʘ, 

ʢʦʪʦʨʳʡ ʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʝʪ ʩ ɹɺʉ DJI Tello. ɺʳʙʦʨ ɹɺʉ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ 

ʦʥ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ ʚ ʥʘʩʪʨʦʡʢʘʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. ɹɺʉ ʫʜʘʣʷʣʩʷ ʦʪ ʦʧʝʨʘʪʦʨʘ ʜʦ ʤʦʤʝʥʪʘ, ʧʦʢʘ 

ʥʝ ʧʨʦʧʘʜʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʩʤʘʨʪʬʦʥʝ ʠ ʦʧʝʨʘʪʦʨ ʧʦʪʝʨʷʝʪ ʫʧʨʘʚʣʝʥʠʝ. 

ʆʧʨʝʜʝʣʷʣʦʩʴ ʤʝʩʪʦ, ʛʜʝ ɹɺʉ ʪʝʨʷʣ ʩʠʛʥʘʣ, ʥʘ ʵʪʦ ʤʝʩʪʦ ʫʩʪʘʥʘʚʣʠʚʘʣʠ 

ʨʝʪʨʘʥʩʣʷʪʦʨ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʧʠʩʳʚʘʣʠʩʴ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ɹɺʉ, ʚʢʣʶʯʘʣʠ ʨʝʪʨʘʥʩʣʷʪʦʨ ʠ ʫʧʨʘʚʣʷʣʠ ɹɺʉ ʫʞʝ ʥʘ ʫʚʝʣʠʯʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʝʪʨʘʥʩʣʷʪʦʨʘ. 

ɺ ʩʪʘʥʜʘʨʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ DJI Tello ʫʣʝʪʘʣ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 150-200 ʤʝʪʨʦʚ 

ʦʪ ʦʧʝʨʘʪʦʨʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʪʨʘʥʩʣʷʪʦʨʘ ʨʘʩʩʪʦʷʥʠʝ ʫʚʝʣʠʯʠʣʦʩʴ ʙʦʣʝʝ 2 

ʨʘʟ ʠ ʩʦʩʪʘʚʠʣʦ 300-400 ʤʝʪʨʦʚ. 
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ɺʪʦʨʘʷ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ï ʦʧʝʨʘʪʦʨ ʠ ɹɺʉ ʥʘʭʦʜʠʣʠʩʴ ʚ ʨʘʟʥʳʭ ʟʜʘʥʠʷʭ, 

ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʩʠʛʥʘʣʘ ʤʝʞʜʫ ʧʫʣʴʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ɹɺʉ. 

ʆʧʝʨʘʪʦʨ ʧʦʜʢʣʶʯʘʣʩʷ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʚ ʦʜʥʦʡ ʩʝʪʠ ʩ 

ʪʦʡ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʦʤʝʱʝʥʠʠ ʩ ɹɺʉ. ʇʨʠʤʝʥʷʣʩʷ ʩʝʪʝʚʦʡ ʢʦʤʤʫʪʘʪʦʨ, ʩ 

ʢʦʪʦʨʳʤ ʩʦʝʜʠʥʷʣʩʷ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ɹɺʉ. ʏʝʨʝʟ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ, 

ʧʦʜʢʣʶʯʝʥʥʫʶ ʢ ʢʦʤʤʫʪʘʪʦʨʫ, ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʩʚʷʟʴ ʩ ʨʝʪʨʘʥʩʣʷʪʦʨʦʤ, 

ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ʪʦʡ ʞʝ ʩʝʪʠ, ʨʝʪʨʘʥʩʣʷʪʦʨ ʧʦʜʢʣʶʯʘʣʩʷ ʢ ɹɺʉ, ʧʨʦʧʠʩʳʚʘʣʩʷ 

çʪʦʥʥʝʣʴè ʦʪ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʢ ɹɺʉ ʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʠʣʦʪʠʨʦʚʘʥʠʝ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʰʝʣ ʫʩʧʝʰʥʦ. 

 

ʈʝʟʫʣʴʪʘʪʳ 
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Abstract. Unmanned aircraft (UA) were used to study the modern relief of the Yarky coastal 

bar. Orthophotoplanes, morphological characteristics of this relief, digital relief model were obtained, 

relief changes have been evaluated. The methodology for processing orthophotoplans was proposed. 
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purpose of environmental monitoring and rational nature management has been formulated. 

Keywords: unmanned aircraft, orthophotoplan, relief, Lake Baikal 



148 

ɺʚʝʜʝʥʠʝ 

ʇʝʩʯʘʥʳʡ ʦʩʪʨʦʚ ʗʨʢʠ ï ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ ʙʝʨʝʛʦʚʦʡ ʙʘʨ, ʦʪʜʝʣʷʶʱʠʡ ʦʪ 

ɹʘʡʢʘʣʘ ʜʝʣʴʪʦʚʫʶ ʣʘʛʫʥʫ ɸʥʛʘʨʩʢʠʡ ʉʦʨ, ʨʘʩʧʦʣʦʞʝʥ ʚ ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ ʨ. 

ɺʝʨʭʥʷʷ ɸʥʛʘʨʘ ʚ ʩʝʚʝʨʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʦʟʝʨʘ (ʨʠʩʫʥʦʢ 1). ɺʦʪ ʫʞʝ ʦʢʦʣʦ 60 

ʣʝʪ ʵʪʦʪ ʨʘʡʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ 

(ʟʘʨʝʛʫʣʠʨʦʚʘʥʥʦʛʦ ʫʨʦʚʥʷ ʦʟʝʨʘ). ɸʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʩʚʷʟʘʥʘ ʢʘʢ ʩ 

ʪʝʭʥʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʠʩʪʝʤʫ, ʪʘʢ ʠ ʩ ʘʢʪʠʚʥʳʤ 

ʨʘʩʰʠʨʝʥʠʝʤ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʠ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʤʝʰʘʪʝʣʴʩʪʚʦʤ ʚ ʝʩʪʝʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʳ ʨʘʡʦʥʘ ʩʪʘʣʦ 

ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ɹʘʡʢʘʣʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 0.8 ʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʚʦʜʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʀʨʢʫʪʩʢʦʡ ɻʕʉ (1959ï1962). ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ ʜʝʣʴʪʳ ʠ ʟʘʪʦʧʣʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʙʘʨʘ ʗʨʢʠ, ʫʩʠʣʝʥʠʶ 

ʚʦʣʥʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʘʨ ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʝʛʦ ʨʘʟʤʳʚʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʥ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʨʫʰʘʪʴʩʷ ʠ ʤʦʞʝʪ ʠʩʯʝʟʥʫʪʴ ʧʦʣʥʦʩʪʴʶ [1-2]. ʆʜʥʘʢʦ ʥʝ 

ʪʦʣʴʢʦ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩʧʨʦʚʦʮʠʨʦʚʘʥʦ ʨʘʟʨʫʰʝʥʠʝ ʵʪʦʛʦ 

ʦʩʪʨʦʚʘ. ɽʛʦ ʨʘʟʤʳʚʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ (ʚʝʪʨʦ-ʚʦʣʥʦʚʳʝ, 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ, ʟʘʙʦʣʘʯʠʚʘʥʠʝ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʜʨ.), ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ ʨ. ɺʝʨʭʥʷʷ ɸʥʛʘʨʘ.  

ʄʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʜʠʥʘʤʠʢʫ ʛʠʜʨʦʣʦʛʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ ʨ. ɺʝʨʭʥʷʷ ɸʥʛʘʨʘ, ʧʨʠʚʝʣʠ ʢ 

ʨʷʜʫ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʡ. ʋʚʝʣʠʯʠʣʘʩʴ ʟʘʙʦʣʦʯʝʥʥʦʩʪʴ ʜʝʣʴʪʳ. ɽʩʣʠ ʩʪʦ ʣʝʪ 

ʥʘʟʘʜ ʚʩʷ ʪʝʨʨʠʪʦʨʠʷ ʜʝʣʴʪʳ ʙʳʣʘ ʟʘʥʷʪʘ ʧʦʜ ʩʝʥʦʢʦʩʳ, ʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʵʪʦ ʙʦʣʦʪʘ. ɿʘʪʦʧʣʝʥʠʝ ʙʝʨʝʛʦʚ ʜʝʣʴʪʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʩʰʠʨʝʥʠʶ ʘʢʚʘʪʦʨʠʠ 

ʣʘʛʫʥʳ ɸʥʛʘʨʩʢʠʡ ʉʦʨ. ɺ ʢʦʥʮʝ 1940-ʭ ʛʛ. ʧʣʦʱʘʜʴ ʣʘʛʫʥʳ ʩʦʩʪʘʚʣʷʣʘ 23 ʢʤ
2
, ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʥʘ ʦʢʦʣʦ 100 ʢʤ
2
. ɹʝʨʝʛʦʚʦʡ ʙʘʨ ʗʨʢʠ ʩʪʦ ʣʝʪ ʥʘʟʘʜ ʙʳʣ 

ʝʜʠʥʦʡ ʢʦʩʦʡ. ʐʠʨʠʥʘ ʩʘʤʦʡ ʫʟʢʦʡ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʦʩʪʨʦʚʘ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 

200 ʤ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʢ ʚʳʭʦʜʘʤ ʨʝʢ ʜʦ 500-700 ʤ.  
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʙʝʨʝʛʦʚʦʛʦ ʙʘʨʘ ʗʨʢʠ ʚ ʉʝʚʝʨʥʦʤ ɹʘʡʢʘʣʝ 
 

ʉʦ ʩʪʦʨʦʥʳ ʦʟʝʨʘ ʙʘʨ ʦʢʘʡʤʣʷʣ ʰʠʨʦʢʠʡ (15-20 ʤ) ʧʣʷʞ. ʇʦ ʦʙʝ ʩʪʦʨʦʥʳ 

ʚʳʭʦʜʘ ʚʦʜ ʨ. ʂʠʯʝʨʘ ʥʘʭʦʜʠʣʘʩʴ ʜʝʨʝʚʥʷ ʏʝʯʝʚʢʠ, ʢʦʪʦʨʦʡ ʫʞʝ ʥʝʪ. ʉ 

ʪʝʭʥʦʛʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʦʟʝʨʝ ʥʘʯʘʣʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʨʘʟʤʳʚ ʠ 
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ʩʦʢʨʘʱʝʥʠʝ ʧʣʦʱʘʜʠ ʙʘʨʘ, ʧʦʩʪʝʧʝʥʥʦ ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʦʚʳʝ ʧʨʦʤʦʠʥʳ ʚ ʪʝʣʝ 

ʙʘʨʘ. ʊʘʢ, ʚ 1990-ʝ ʛʦʜʳ ʰʠʨʠʥʘ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʦʩʪʨʦʚʘ ʩʦʩʪʘʚʣʷʣʘ ʫʞʝ ʦʢʦʣʦ 

100 ʤ, ʘ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 15-30 ʤ.  

ɺ ʥʘʫʯʥʳʭ ʠ ʦʢʦʣʦʥʘʫʯʥʳʭ ʢʨʫʛʘʭ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ï ʥʝ 

ʧʨʠʚʝʜʝʪ ʣʠ ʨʘʟʨʫʰʝʥʠʝ ʙʘʨʘ ʗʨʢʠ ʢ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ ʚ ʩʝʚʝʨʥʦʡ 

ʯʘʩʪʠ ɹʘʡʢʘʣʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʤʦʥʠʪʦʨʠʥʛ ʠ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʦʨʬʦʣʦʛʠʠ ʨʝʣʴʝʬʘ ʙʝʨʝʛʦʚʦʛʦ ʙʘʨʘ ʗʨʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʢʘʢ ʜʣʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ, ʪʘʢ ʠ ʜʣʷ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʮʝʣʝʡ. 
 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʘʚʛʫʩʪʝ 2022 ʛ. ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʙʝʨʝʛʦʚʦʛʦ ʙʘʨʘ ʗʨʢʠ, ʚʳʷʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʠ 

ʧʦʣʫʯʝʥʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʦʟʜʘʥʠʷ ʎʄʈ (ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ 

ʨʝʣʴʝʬʘ) ʠ ʦʨʪʦʬʦʪʦʧʣʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʝʩʧʠʣʦʪʥʳʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ:  

· ʚʝʨʪʦʣʝʪʥʦʛʦ ʪʠʧʘ DJI Air  2S , DJI Mavic 2 Pro, DJI Phantom 4 Pro, 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʨʨʠʪʦʨʠʡ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ, 

ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʠʜʝʦʩʲʝʤʢʠ ʫʯʘʩʪʢʦʚ ʙʘʨʘ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʤʘʣʦʚʳʩʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʩʲʝʤʢʠ ʧʘʥʦʨʘʤ; 

· ʩʘʤʦʣʝʪʥʦʛʦ ʪʠʧʘ ɻʝʦʩʢʘʥ 101 ʠ ɻʝʦʩʢʘʥ Lite, ʭʦʨʦʰʦ ʩʝʙʷ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʜʣʷ ʩʨʝʜʥʠʭ ʧʦ ʧʣʦʱʘʜʠ ʪʝʨʨʠʪʦʨʠʡ (ʜʦ 100 ʢʤ
2
), 

ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ ʙʘʨʘ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʚʳʧʦʣʥʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ DJI Air  2S ʠ ɻʝʦʩʢʘʥ 101. 

ɹʝʩʧʠʣʦʪʥʦʝ ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ (ɹɺʉ) DJI Air 2S ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, ʠʤʝʶʱʠʤ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʢʘʤʝʨʘ ʩ ʤʘʪʨʠʮʝʡ CMOS 1 ʜʶʡʤ, 20 ʄʧ, 

ʦʙʲʝʢʪʠʚʦʤ ʩ ʫʛʣʦʤ ʦʙʟʦʨʘ 88Á. ʂʘʢ ʧʨʘʚʠʣʦ, ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ ʦʪ 3 ʜʦ 100 ʤʝʪʨʦʚ, ʚ ʨʝʞʠʤʝ 3:2, 5472Ĭ3648 ʧʠʢʩʝʣʝʡ, ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ 72 ʪʦʯʢʠ ʥʘ ʜʶʡʤ, ʘ ʩʦʭʨʘʥʝʥʠʝ ʬʦʪʦʛʨʘʬʠʡ ʚ ʜʚʫʭ ʬʦʨʤʘʪʘʭ 

JPEG ʠ DNG (RAW). ɺʠʜʝʦʩʲʝʤʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʩʪʘʥʜʘʨʪʝ 4K Ultra HD, ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ 3840Ĭ2160 ʧʨʠ 30 ʢʘʜʨʦʚ/ʩ. 
 

 

ʘ) ʙ) 
 

ʈʠʩʫʥʦʢ 2 ï ɹɺʉ DJI Air 2S: ʘ ï ʦʩʥʦʚʥʦʡ ʠʩʧʦʣʴʟʫʝʤʳʡ ʢʦʤʧʣʝʢʪ; 

ʙ ï ʧʨʠʤʝʨ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʤʘʣʦʚʳʩʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 
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ʋ ɹɺʉ ɻʝʦʩʢʘʥ 101 ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ ʚʳʩʪʫʧʘʣʘ ʢʘʤʝʨʘ Sony A6000. ʌʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ISO AUTO, ʢʦʨʨʝʢʮʠʡ ʵʢʩʧʦʟʠʮʠʠ EV 0 ʠ ʩʦʭʨʘʥʝʥʠʝʤ 

ʬʦʪʦʛʨʘʬʠʡ ʚ ʬʦʨʤʘʪʝ JPG. ʉʲʝʤʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʚʳʩʦʪ 150 ʠ 500 ʤʝʪʨʦʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 3 ʩʤ ʥʘ 

ʧʠʢʩʝʣʴ ʠ 10 ʩʤ ʥʘ ʧʠʢʩʝʣʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
 

 

ʘ) ʙ) 
 

ʈʠʩʫʥʦʢ 3 ï ɹɺʉ ɻʝʦʩʢʘʥ: ʘ ï ɹɺʉ ɻʝʦʩʢʘʥ Lite; ʙ ï ɻʝʦʩʢʘʥ Lite ʛʦʪʦʚ ʢ ʧʦʣʝʪʫ, 

ʜʣʷ ɻʝʦʩʢʘʥ 101 ʛʦʪʦʚʠʪʩʷ ʧʦʣʝʪʥʦʝ ʟʘʜʘʥʠʝ 
 

ʇʦʣʫʯʝʥʥʳʝ ʩʥʠʤʢʠ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʚ Agisoft Metashape, ʘ ʪʘʢʞʝ 

ʧʘʨʘʣʣʝʣʴʥʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ ʚ ArcGIS Drone2Map. Agisoft Metashape 

ʣʫʯʰʝ ʩʧʨʘʚʠʣʩʷ ʩ ʟʘʜʘʯʝʡ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʥʠʤʢʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʚʦʜʘ/ʩʫʰʘ, ʠ ʢʘʢ ʠʪʦʛ, ʧʦʣʫʯʝʥʥʳʝ ʦʨʪʦʬʦʪʦʧʣʘʥʳ ʦʭʚʘʪʳʚʘʶʪ ʪʝʨʨʠʪʦʨʠʶ 

ʦʩʪʨʦʚʦʚ ʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʫʶ ʧʨʠʙʨʝʞʥʫʶ ʯʘʩʪʴ ʤʝʣʢʦʚʦʜʴʷ. ʂʨʦʤʝ 

ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ ʧʦʣʫʯʝʥʳ ʧʣʦʪʥʳʝ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʧʨʦʚʝʜʝʥʘ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

ʧʦʩʪʨʦʝʥʳ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʤʝʩʪʥʦʩʪʠ (ʎʄʄ) ʠ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ 

(ʎʄʈ). ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ 

ʚ QGIS ʠ ArcGIS Pro. ʆʨʪʦʬʦʪʦʧʣʘʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ 

ʩʥʠʤʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.  
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɹɺʉ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʩʥʠʤʢʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ, ʘ ʦʨʪʦʬʦʪʦʧʣʘʥʳ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤ ʘʥʘʣʦʛʦʤ ʢʦʩʤʦʩʥʠʤʢʦʚ. 

ʉʧʦʩʦʙ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʨʝʣʴʝʬʘ ʠ ʩʪʘʪʴ ʧʝʨʚʠʯʥʦʡ 

ʦʩʥʦʚʦʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʮʠʬʨʦʚʳʭ ʢʘʨʪ, ʤʦʜʝʣʝʡ, ʙʘʟʳ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʷ 

ʨʝʣʴʝʬʘ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ (ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ, 

ʧʦ ʛʦʜʘʤ, ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʦʟʝʨʘ ʠ ʪ.ʜ.). ʄʦʥʠʪʦʨʠʥʛ ʨʝʣʴʝʬʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɺʉ ʷʚʣʷʝʪʩʷ ʥʘʤʥʦʛʦ ʵʬʬʝʢʪʠʚʥʝʝ ʚʠʟʫʘʣʴʥʳʭ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʦ ʦʨʪʦʬʦʪʦʧʣʘʥʘʤ ʦʧʨʝʜʝʣʝʥʘ ʧʣʦʱʘʜʴ ʦ. ʗʨʢʠ ʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ 

ʬʨʘʛʤʝʥʪʦʚ. ʂʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʦʝ ʧʣʦʪʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 

ʪʨʝʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʩʪʨʦʚʝ. ʎʄʈ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʚʳʩʦʪʳ ʦʩʪʨʦʚʘ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʜʠʮʠʡ ʵʪʦ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ 

ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ ʦʩʪʨʦʚʘ. 
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ʘ) ʙ) 
 

   

ʚ) 
 

ʈʠʩʫʥʦʢ 4 ï ʆʨʪʦʬʦʪʦʧʣʘʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ: ʘ ï 

ʦʙʱʠʡ ʚʠʜ; ʙ ʠ ʚ ï ʬʨʘʛʤʝʥʪʳ ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ 
 

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʧʨʦʬʠʣʷ 

ʤʝʩʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. 
 

 

ʘ) 

 

ʙ) ʚ) 

ʈʠʩʫʥʦʢ 5 ï ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʧʦʩʪʨʦʝʥʠʝʤ 

ʧʨʦʬʠʣʷ ʤʝʩʪʥʦʩʪʠ: ʘ ï 3D ʢʘʨʪʘ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʣʦʪʥʦʛʦ 

ʦʙʣʘʢʘ ʪʦʯʝʢ; ʙ ï ʧʨʦʬʠʣʴ ʤʝʩʪʥʦʩʪʠ; ʚ ï ʦʪʨʝʟʦʢ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʧʦʣʫʯʝʥ ʧʨʦʬʠʣʴ 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʨʦʚʦʜʠʪʴ ʩʲʝʤʢʫ, ʥʦ 

ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʝʩʪʴ ʠ ʥʝʜʦʩʪʘʪʢʠ ʵʪʦʛʦ ʤʝʪʦʜʘ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʧʨʠʚʷʟʢʠ ʢ ʤʝʩʪʥʦʩʪʠ ʧʦ ʨʝʧʝʨʘʤ ʧʦʣʫʯʝʥʥʳʝ ʦʨʪʦʬʦʪʦʧʣʘʥʳ ʠʤʝʶʪ ʩʜʚʠʛ 

ʧʣʶʩ/ʤʠʥʫʩ 5 ʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʘʣʴʥʦʡ ʤʝʩʪʥʦʩʪʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʚʝʜʝʥʠʝ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʩ ʢʦʩʤʦʩʥʠʤʢʘʤʠ. ʎʄʈ ʠʤʝʝʪ ʩʝʨʴʝʟʥʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ ʧʦ ʚʳʩʦʪʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʥʠʤʘʶʱʠʝ ʬʦʪʦʢʘʤʝʨʳ ʠʤʝʶʪ 

ʚʩʪʨʦʝʥʥʳʡ GPS-ʜʘʪʯʠʢ, ʝʛʦ ʪʦʯʥʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ. 

ɺʦ ʚʨʝʤʷ ʩʲʝʤʢʠ ʧʦʛʨʝʰʥʦʩʪʴ ʥʘʢʘʧʣʠʚʘʝʪʩʷ, ʠ ʚ ʠʪʦʛʝ ʧʦʩʪʨʦʝʥʥʘʷ ʎʄʈ 

ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʦʙʱʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦ ʚʳʩʦʪʝ, ʥʦ ʠ ʯʘʩʪʥʫʶ ʚ ʦʪʜʝʣʴʥʳʭ 

ʯʘʩʪʷʭ. ʊʘʢ, ʦʜʥʘ ʯʘʩʪʴ ʦʩʪʨʦʚʘ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʧʦʜʥʷʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʦʡ ʯʘʩʪʠ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʵʪʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ. ɺʳʩʦʪʳ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʝʟʘ ʚʦʜʳ. ʆʨʪʦʬʦʪʦʧʣʘʥʳ ʠʤʝʶʪ 

ʭʦʨʦʰʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ. 

ʆʪʩʯʝʪ ʚʳʩʦʪ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʷʪʴ ʠʤʝʥʥʦ ʦʪ ʵʪʦʡ ʣʠʥʠʠ. 

QGIS ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʩʪʨʦʠʪʴ 

ʧʨʦʬʠʣʠ ʚ ʟʘʜʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ ʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝ ʪʦʣʴʢʦ ɹɺʉ ʩʘʤʦʣʝʪʥʦʛʦ ʪʠʧʘ, ʥʦ ʠ 

ʢʚʘʜʨʦʢʦʧʪʝʨʦʚ (ɹɺʉ ʚʝʨʪʦʣʝʪʥʦʛʦ ʪʠʧʘ), ʧʦʣʫʯʝʥʳ ʬʦʪʦ ʠ ʚʠʜʝʦ ʤʘʪʝʨʠʘʣʳ, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʧʦʷʩʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʝʩʪʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʘʥʜʰʘʬʪʘ ʦʩʪʨʦʚʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʙʫʜʫʱʝʤ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ɹɺʉ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʨʝʣʴʝʬʘ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʢʦʩ, ʧʝʨʝʩʳʧʝʡ, ʦʩʪʨʦʚʦʚ) 

ʦʟʝʨʘ ɹʘʡʢʘʣ, ʚʳʷʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʡ, ʧʦʣʫʯʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʷ 

ʨʝʣʴʝʬʘ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ ʠ, ʚʦʟʤʦʞʥʦ ʚ 

ʧʝʨʩʧʝʢʪʠʚʝ, çɸʪʣʘʩʘ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʙʝʨʝʛʦʚ ʦʟ. ɹʘʡʢʘʣè. ʈʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ 

ʚʘʞʥʳ ʜʣʷ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʠ ʚ ʮʝʣʷʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʠʚʷʟʢʠ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʨʘʥʝʝ ʨʝʰʘʪʴ ʚʦʧʨʦʩʳ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʝʧʝʨʦʚ (ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʠʭ ʜʦʣʞʥʦ ʙʳʪʴ ʤʠʥʠʤʫʤ ʧʷʪʴ) ʠ ʤʘʨʢʝʨʦʚ ʧʦ ʚʩʝʡ ʟʦʥʝ ʩʲʝʤʢʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʊɿ ʅʀʈ çɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚ 

ʦʟʝʨʝ ɹʘʡʢʘʣ ʥʘ ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʫʱʝʨʙʘ ʦʙʲʝʢʪʘʤ 

ʵʢʦʥʦʤʠʢʠ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʠʙʨʝʞʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ, 

ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʝʡ ʦʟʝʨʘ ʠ ʩʙʨʦʩʦʚ ʀʨʢʫʪʩʢʦʡ 

ɻʕʉè. 

 

ʉʇʀʉʆʂ ʀʉʊʆʏʅʀʂʆɺ 
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376. 
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ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ ɺ ʋʃɸɺʃʀɺɸʖʑʋʖ ʉɽʊʔ  

 

ʉʪʫʢʘʣʦʚ ʉ. ɹ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʂʦʩʪʝʥʢʦʚ ɺ. ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɻʘʚʨʶʰʠʥ ʈ. ʉ.  

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

(ʛ. ʄʦʩʢʚʘ) 

 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʪʦʯʥʦʡ ʧʦʩʘʜʢʠ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) ʚ ʫʣʘʚʣʠʚʘʶʱʫʶ ʩʝʪʴ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʧʦʩʘʜʢʫ ʩ 

ʟʘʭʚʘʪʦʤ ʚ ʫʣʘʚʣʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʪʝʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʬʨʘʢʨʘʩʥʳʭ (ʀʂ) ʦʨʠʝʥʪʠʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʱʥʳʭ ʩʚʝʪʦʜʠʦʜʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʝʪʷʭ. ʇʦ ʠʥʬʦʨʤʘʮʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʀʂ-ʦʨʠʝʥʪʠʨʦʚ ʚʳʧʦʣʥʷʝʪʩʷ 

ʢʦʨʨʝʢʮʠʷ ʜʚʠʞʝʥʠʷ ɹʇʃɸ ʧʨʠ ʧʦʩʘʜʢʝ. ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʀʂ-ʦʨʠʝʥʪʠʨʦʚ ʜʝʣʘʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ 

OpenCV. ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ ʙrʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ Pyton, 

ʩʦʙʨʘʥ ʤʘʢʝʪ ʧʦʩʘʜʦʯʥʦʡ ʧʣʦʱʘʜʢʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʫʣʘʚʣʠʚʘʶʱʝʡ ʩʝʪʴʶ ʠ ʀʂ-

ʦʨʠʝʥʪʠʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʤʦʱʥʳʭ ʀʂ-ʩʚʝʪʦʜʠʦʜʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʪʦʯʥʦʡ ʧʦʩʘʜʢʠ ʚ 

ʫʣʘʚʣʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʪʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʀʂ 

ʦʨʠʝʥʪʠʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʝʪʷʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʩʘʜʢʘ ɹʇʃɸ, ʫʣʘʚʣʠʚʘʶʱʘʷ ʩʝʪʴ, ʀʂ-ʦʨʠʝʥʪʠʨʳ, ʩʚʝʪʦʜʠʦʜʥʳʝ 

ʠʩʪʦʯʥʠʢʠ. 
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Abstract. Approaches to ensuring the accurate landing of unmanned aerial vehicles (UAVs) in 

the trapping network are considered. It is proposed to perform a landing with a capture in the trapping 

devices in the form of vertical and horizontal networks using infrared (IR) landmarks based on powerful 

LEDs located on the networks. According to the information of the location of the IR landmarks, the 

UAV movement is corrected during landing. Image processing of IR landmarks is done using a modern 

package of OpenCV image processing applications. To analyze the proposed solutions, a program was 

developed in the Python language, a layout of the landing pad was assembled with an installed trapping 

network and IR landmarks based on powerful IR LEDs. Experimental results show the efficiency of the 

proposed approaches to ensure accurate landing in the trapping devices in the form of vertical and 

horizontal networks using IR landmarks located on the networks. 

Keywords: UAV landing, trapping network, IR landmarks, LED sources. 
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ɺʚʝʜʝʥʠʝ 

ɺʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ɹʇʃɸ ʷʚʣʷʝʪʩʷ ʧʦʩʘʜʢʘ. ʕʪʦʪ ʵʪʘʧ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʣʦʞʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ɸʥʘʣʠʟ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʘ ʵʪʘʧʝ ʧʦʩʘʜʢʠ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 12ï15 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʨʦʠʩʰʝʩʪʚʠʡ, ʠʟ ʥʠʭ ʙʦʣʝʝ 40 % 

ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʧʦʪʝʨʷʤʠ ɹʇʃɸ [1].  

ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʧʦʩʘʜʢʠ ɹʇʃɸ ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʜʝʥʳ ʢ ʩʣʝʜʫʶʱʠʤ 

ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʘʤ: ʧʦʩʘʜʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʰʶʪʘ, ʧʦʩʘʜʢʘ ʧʦ 

ʩʘʤʦʣʝʪʥʦʤʫ ʩʧʦʩʦʙʫ (ʥʘ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʫʶ ʧʦʣʦʩʫ), ʧʦʩʘʜʢʘ ʧʦ 

ʚʝʨʪʦʣʝʪʥʦʤʫ ʩʧʦʩʦʙʫ (ʥʘ ʧʣʦʱʘʜʢʫ), ʧʦʩʘʜʢʘ ʚ ʫʣʘʚʣʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 

(ʨʠʩ. 1) [2]. 

 

  

ʘ) ʙ) 

  

  

ʚ) ʛ) 
 

ʈʠʩʫʥʦʢ 1 ï ʉʧʦʩʦʙʳ ʧʦʩʘʜʢʠ ɹʇʃɸ: ʧʦʩʘʜʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʰʶʪʘ (ʘ), 

ʧʦʩʘʜʢʘ ʧʦ ʩʘʤʦʣʝʪʥʦʤʫ ʩʧʦʩʦʙʫ (ʙ), ʧʦʩʘʜʢʘ ʧʦ ʚʝʨʪʦʣʝʪʥʦʤʫ ʩʧʦʩʦʙʫ (ʚ), 

ʧʦʩʘʜʢʘ ʚ ʫʣʘʚʣʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ (ʛ), ʀʩʪʦʯʥʠʢ: 

https://www.geoscan.aero/ru/blog/ispolzovanie-bpla-dlya-monitoringa-ekspluatacii-

geotermalnykh-resursov-na-primere-khankalskogo 

 

ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ 

ʇʦʩʘʜʢʘ ʩ ʟʘʭʚʘʪʦʤ ʚ ʫʣʘʚʣʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʪʝʡ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʀʂ-ʦʨʠʝʥʪʠʨʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʝʪʷʭ (ʨʠʩ. 2). ɺ ʢʘʯʝʩʪʚʝ ʀʂ-ʦʨʠʝʥʪʠʨʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʨʠʤʝʥʠʪʴ ʩʚʝʪʦʜʠʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʦ ʠʥʬʦʨʤʘʮʠʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʚʳʧʦʣʥʷʪʴ ʢʦʨʨʝʢʮʠʶ ʜʚʠʞʝʥʠʷ ɹʇʃɸ ʧʨʠ ʧʦʩʘʜʢʝ. 
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ʈʠʩʫʥʦʢ 2 ï ʇʦʩʘʜʢʘ ɹʇʃɸ ʩ ʟʘʭʚʘʪʦʤ ʚ ʫʣʘʚʣʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 

 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢ ʠʟʚʝʩʪʥʳʤ ʩʧʦʩʦʙʘʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʩʘʜʢʠ ʩ 

ʦʨʠʝʥʪʠʨʘʤʠ ʥʘ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʫʶ ʧʦʣʦʩʫ. ɺʝʨʦʷʪʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ɹʇʃɸ 

ʧʨʠ ʧʦʩʘʜʢʝ ʙʫʜʝʪ ʩʥʠʞʝʥʘ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʜʚʠʞʝʥʠʷ ʥʘ 

ʫʣʘʚʣʠʚʘʶʱʫʶ ʩʝʪʴ. 

ʊʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ ʫʛʣʦʚ 

ʦʨʠʝʥʪʘʮʠʠ (ʫʛʣʘ ʨʳʩʢʘʥʠʷ, ʢʨʝʥʘ ʠ ʪʘʥʛʘʞʘ) ɹʇʃɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚ 

ʫʣʘʚʣʠʚʘʶʱʝʡ ʩʝʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʧʦ ʠʟʣʫʯʝʥʠʶ ʀʂ-ʦʨʠʝʥʪʠʨʦʚ ʧʨʠ 

ʧʦʤʦʱʠ ʤʘʪʨʠʯʥʦʛʦ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ɹʇʃɸ. ʀʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ 

ʢʦʦʨʜʠʥʘʪʳ ʠʟʦʙʨʘʞʝʥʠʡ ʦʨʠʝʥʪʠʨʦʚ ʥʘ ʬʦʪʦʤʘʪʨʠʮʝ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʚ 

ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠʝʤʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ Y
I
, O

I
, 

X
I
) (ʨʠʩ. 3) [3, 4]. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʦʨʠʝʥʪʠʨʦʚ ʥʘ ʬʦʪʦʤʘʪʨʠʮʝ 

 

ʇʦ ʥʠʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʘʣʴʥʦʩʪʴ ʜʦ ʪʦʯʢʠ ʢʘʩʘʥʠʷ ʫʣʘʚʣʠʚʘʶʱʝʡ 

ʩʝʪʠ, ʚʳʩʦʪʫ ʧʦʣʝʪʘ, ʙʦʢʦʚʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʷʶʱʝʡ ʦʩʠ 

ʫʣʘʚʣʠʚʘʶʱʝʡ ʩʝʪʠ, ʫʛʣʳ ʢʨʝʥʘ, ʪʘʥʛʘʞʘ, ʨʳʩʢʘʥʠʷ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ [4]. ʅʝʧʦʜʚʠʞʥʘʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 
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OXYZ ʩʚʷʟʘʥʘ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʫʣʘʚʣʠʚʘʶʱʝʡ ʩʝʪʠ ʥʘ ʧʦʩʘʜʦʯʥʦʡ ʧʣʦʱʘʜʢʝ. 

ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ O
I
X

I
Y

I
Z

I
 ʧʦʜʚʠʞʥʘʷ, ʩʚʷʟʘʥʘ ʩ ʬʦʪʦʤʘʪʨʠʮʝʡ ʧʨʠʝʤʥʦʡ 

ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ɹʇʃɸ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ ʫʛʣʦʚ 

ʦʨʠʝʥʪʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʨʠʮʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ [5, 6]. 

 
ὥ Ὂ ὥ ώ ὼ̂ Ὠ ὥ Ὂ ὥ ώ ώ̂ Ὠ ὥ Ὂ ὥ ώ ᾀ̂ Ὠ πȟ 

ὥ Ὂ ὥ ᾀ ὼ̂ Ὠ ὥ Ὂ ὥ ώ ώ̂ Ὠ ὥ Ὂ ὥ ᾀ ᾀ̂ Ὠ πȟ 

ὥ Ὂ ὥ ώ ὼ̂ Ὠ ὥ Ὂ ὥ ώ ώ̂ Ὠ ὥ Ὂ ὥ ώ ᾀ̂ Ὠ πȟ 

ὥ Ὂ ὥ ᾀ ὼ̂ Ὠ ὥ Ὂ ὥ ᾀ ώ̂ Ὠ ὥ Ὂ ὥ ᾀ ᾀ̂ Ὠ πȟ 

ὥ Ὂ ὥ ώ ὼ̂ Ὠ ὥ Ὂ ὥ ώ ώ̂ Ὠ ὥ Ὂ ὥ ώ ᾀ̂ Ὠ πȟ 

ὥ Ὂ ὥ ᾀ ὼ̂ Ὠ ὥ Ὂ ὥ ᾀ ώ̂ Ὠ ὥ Ὂ ὥ ᾀ ᾀ̂ Ὠ πȟ 

 

ʛʜʝ F ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʨʠʝʤʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɹʇʃɸ; 

dxn, dyn, dzn ï ʨʘʩʩʪʦʷʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʀʂ-ʦʨʠʝʥʪʠʨʦʚ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʢʘʩʘʥʠʷ ʧʦ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʦʩʷʤ ʧʦʩʘʜʦʯʥʦʡ 

ʧʣʦʱʘʜʢʠ (n=1, 2, 3 ï ʥʦʤʝʨ ʀʂ-ʦʨʠʝʥʪʠʨʘ); 

yn, zn ï ʢʦʦʨʜʠʥʘʪʳ ʠʟʦʙʨʘʞʝʥʠʡ ʀʂ ʦʨʠʝʥʪʠʨʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ 

ʬʦʪʦʤʘʪʨʠʮʝ; 

aij ï ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ A ʚʠʜʘ 

 

ὃ
ὧέίɰ ὧέίɾ ίὭὲɰ ίὭὲɾ ὧέίɰ ίὭὲʑ ὧέίɾ ίὭὲɰ ὧέίɾ ὧέίɰ ίὭὲɾ ὧέίʑ
ίὭὲʑ ὧέίʑ ὧέίɾ ὧέίʑ ίὭὲɾ
ίὭὲɰ ὧέίʑ ὧέίɰ ίὭὲɾ ίὭὲɰ ίὭὲʑ ὧέίɾ ὧέίɰ ὧέίɾ ίὭὲɰ ίὭὲʑ ίὭὲɾ

, 

 

ʛʜʝ Ɋ, ɔ, ɡ ï ʫʛʣʳ ʨʳʩʢʘʥʠʷ, ʢʨʝʥʘ ʠ ʪʘʥʛʘʞʘ ɹʇʃɸ; 

xʙ, yʙ, zʙ ï ʢʦʦʨʜʠʥʘʪʳ ɹʇʃɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʘʜʦʯʥʦʡ ʧʣʦʱʘʜʢʠ. 

 

ʀʥʬʦʨʤʘʮʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʜʘʪʴ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʩʘʜʢʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ [7, 8]. ʆʙʨʘʙʦʪʢʫ ʠʟʦʙʨʘʞʝʥʠʡ ʀʂ ʦʨʠʝʥʪʠʨʦʚ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ 

ʧʨʦʛʨʘʤʤ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ OpenCV (Open Source Computer Vision 

Library). ʕʪʦ ʙʠʙʣʠʦʪʝʢʘ ʘʣʛʦʨʠʪʤʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ. ʋʯʝʪ ʬʣʫʢʪʫʘʮʠʡ ʷʨʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ 

ʩʪʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ [9, 10]. ʊʘʢʦʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʠʪ ʚʳʜʝʣʠʪʴ ʀʂ-ʦʨʠʝʥʪʠʨʳ, ʚʳʯʠʩʣʠʪʴ ʫʛʣʦʚʳʝ ʠ ʣʠʥʝʡʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ɹʇʃɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʣʘʚʣʠʚʘʶʱʝʡ ʩʝʪʠ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʵʪʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʘʚʪʦʧʠʣʦʪ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʥʝʤ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ ʙʘʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ 

Pyton, ʩʦʙʨʘʥ ʤʘʢʝʪ ʧʦʩʘʜʦʯʥʦʡ ʧʣʦʱʘʜʢʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʫʣʘʚʣʠʚʘʶʱʝʡ 

ʩʝʪʴʶ ʠ ʀʂ-ʦʨʠʝʥʪʠʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʀʂ-ʩʚʝʪʦʜʠʦʜʦʚ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 

850 ʥʤ (ʨʠʩ. 4) [11]. 
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ʈʠʩʫʥʦʢ 4 ï ʄʘʢʝʪ ʧʦʩʘʜʦʯʥʦʡ ʧʣʦʱʘʜʢʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʫʣʘʚʣʠʚʘʶʱʝʡ 

ʩʝʪʴʶ ʠ ʀʂ ʦʨʠʝʥʪʠʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʀʂ ʩʚʝʪʦʜʠʦʜʦʚ  

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʦʡ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ɹʇʃɸ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ web-ʢʘʤʝʨʘ Rombica CameraFHD B2 (ʨʠʩ. 5): 

· ʢʘʯʝʩʪʚʦ ʚʠʜʝʦʩʲʝʤʢʠ ï FullHD (1920x1080ʇʠʢʩ); 

· ʨʘʟʨʝʰʝʥʠʝ ʤʘʪʨʠʮʳ ï 2 ʄʇʠʢʩ; 

· ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʢʘʜʨʦʚ ï 30 ʢʘʜʨ/ʩʝʢ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʇʨʠʝʤʥʘʷ web-ʢʘʤʝʨʘ 

 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʢʘʤʝʨʳ ʚ ʨʘʙʦʪʝ ʠʟ ʥʝʝ ʙʳʣ ʚʩʪʘʚʣʝʥ 

ʦʧʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ, ʧʨʦʧʫʩʢʘʶʱʠʡ ʪʦʣʴʢʦ ʀʂ-ʠʟʣʫʯʝʥʠʝ ʩʚʝʪʦʜʠʦʜʥʳʭ 

ʦʨʠʝʥʪʠʨʦʚ.  
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ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʠʙʣʠʦʪʝʢʠ: 

 OpenCV, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʙʣʠʦʪʝʢʫ ʘʣʛʦʨʠʪʤʦʚ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ; 

 NumPy (Numerical Python), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʜʜʝʨʞʢʫ ʤʥʦʛʦʤʝʨʥʳʭ ʤʘʩʩʠʚʦʚ ʚʢʣʶʯʘʷ ʤʘʪʨʠʮʳ ʠ ʧʦʜʜʝʨʞʢʫ 

ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʤʥʦʛʦʤʝʨʥʳʤʠ ʤʘʩʩʠʚʘʤʠ. 

ʇʨʦʛʨʘʤʤʘ ʙʳʣʘ ʧʦʤʝʱʝʥʘ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Geany, ʪʘʢ ʢʘʢ ʦʥʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

 ʧʦʜʩʚʝʪʢʘ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʩ ʫʯʝʪʦʤ ʩʠʥʪʘʢʩʠʩʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʷʟʳʢʘ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚ ʥʝʡ ʷʟʳʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʨʘʩʰʠʨʝʥʠʶ 

ʬʘʡʣʘ; 

 ʧʨʦʩʪʦʡ ʤʝʥʝʜʞʝʨ ʧʨʦʝʢʪʦʚ; 

 ʛʠʙʢʠʡ ʠʥʪʝʨʬʝʡʩ;  

 ʧʦʜʜʝʨʞʢʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʜʠʨʦʚʦʢ; 

 ʧʦʜʜʝʨʞʢʘ ʧʣʘʛʠʥʦʚ; 

 ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦʜʩʪʘʥʦʚʢʘ ʟʘʢʨʳʚʘʶʱʠʭ ʪʝʛʦʚ XML; 

 ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦʜʩʪʘʥʦʚʢʘ ʩʪʘʥʜʘʨʪʥʳʭ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ 

ʦʪʢʨʳʪʳʭ ʬʘʡʣʘʭ ʬʫʥʢʮʠʡ. 

ʅʘʧʠʩʘʥʦ ʜʚʘ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʜʘ, ʦʜʠʥ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʚʪʦʨʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦ. ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʧʨʦʛʨʘʤʤʳ ʠʟʦʙʨʘʞʝʥʠʝ ʯʝʨʝʟ 

ʢʘʤʝʨʫ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (ʨʠʩ. 6). 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʀʟʦʙʨʘʞʝʥʠʷ ʀʂ-ʦʨʠʝʥʪʠʨʦʚ ʜʦ ʦʙʨʘʙʦʪʢʠ 
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ʉ ʟʘʧʫʩʢʦʤ ʧʨʦʛʨʘʤʤʳ ʥʘʯʠʥʘʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʷ (ʨʠʩ. 7). ʇʨʠ 

ʧʦʤʦʱʠ ʢʦʤʧʦʥʝʥʪʘ OpenCV ʚʳʜʝʣʷʶʪʩʷ ʠʟʣʫʯʝʥʠʷ ʪʨʝʭ ʀʂ-ʦʨʠʝʥʪʠʨʦʚ. 

ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦ ʘʣʛʦʨʠʪʤʘʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʙʠʙʣʠʦʪʝʢ NumPy ʠ Math. ʇʦʩʣʝ ʵʪʦʛʦ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʨʠʩ. 8). 
 

 
 

ʈʠʩʫʥʦʢ 7 ï ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʜʚʠʞʝʥʠʷ 

 

 Distance ʦʙʦʟʥʘʯʘʝʪ ʜʠʩʪʘʥʮʠʶ ʜʦ ʮʝʥʪʨʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ 

ʀʂ ʩʚʝʪʦʜʠʦʜʘʤʠ; 

 Angle ʦʙʦʟʥʘʯʘʝʪ ʦʪʢʣʦʥʝʥʠʝ ʚʣʝʚʦ ʠʣʠ ʚʧʨʘʚʦ ʚ ʛʨʘʜʫʩʘʭ; 

 Kren ʦʙʦʟʥʘʯʘʝʪ ʫʛʦʣ ʢʨʝʥʘ, ʨʝʟʫʣʴʪʘʪ ʚʳʜʘʝʪʩʷ ʚ ʛʨʘʜʫʩʘʭ; 

 Kyrs ʦʙʦʟʥʘʯʘʝʪ ʫʛʦʣ ʨʳʩʢʘʥʠʷ, ʨʝʟʫʣʴʪʘʪ ʚʳʜʘʝʪʩʷ ʚ ʛʨʘʜʫʩʘʭ; 

 Tangahg ʦʙʦʟʥʘʯʘʝʪ ʫʛʦʣ ʪʘʥʛʘʞʘ, ʨʝʟʫʣʴʪʘʪ ʚʳʜʘʝʪʩʷ ʚ ʛʨʘʜʫʩʘʭ; 

 Y, X, dZ ʵʪʦ ʦʙʦʟʥʘʯʝʥʠʝ ʠʟʚʝʩʪʥʳʭ ʢʦʦʨʜʠʥʘʪ ʀʂ-ʦʨʠʝʥʪʠʨʦʚ V = 

(ɜ1, ɜ2, ɜ3), ʧʨʠ ʧʦʩʘʜʢʝ ʢʘʤʝʨʘ ʚʠʜʠʪ ʚʩʝ ʪʨʠ ʤʘʷʢʘ. 

ʇʨʠ ʩʙʣʠʞʝʥʠʠ ʩ ʫʣʘʚʣʠʚʘʶʱʝʡ ʩʝʪʴʶ ʚʳʜʘʚʘʝʤʳʝ ʥʘ ʵʢʨʘʥ ʜʘʥʥʳʝ 

ʠʟʤʝʥʷʶʪʩʷ, ʢʘʢ ʵʪʦ ʚʠʜʥʦ ʥʘ ʨʠʩ. 8. 
 

 
 

ʈʠʩʫʥʦʢ 8 ï ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʨʝʜ ʫʣʘʚʣʠʚʘʶʱʝʡ ʩʝʪʴʶ 
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ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʪʦʯʥʦʡ ʧʦʩʘʜʢʠ 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʫʣʘʚʣʠʚʘʶʱʫʶ ʩʝʪʴ. 
 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʠʜʝʦ ʠʥʬʦʨʤʘʮʠʠ ʧʦʢʘʟʳʚʘʶʪ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦ ʧʦʩʘʜʢʝ ʩ ʟʘʭʚʘʪʦʤ ʚ 

ʫʣʘʚʣʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʪʝʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʀʂ-ʦʨʠʝʥʪʠʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʝʪʷʭ. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʧʨʠʝʤʥʦʡ ʚʠʜʝʦʢʘʤʝʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚ ʫʣʘʚʣʠʚʘʶʱʝʡ ʩʝʪʠ ʫʚʝʨʝʥʥʦ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʠʟʣʫʯʝʥʠʶ ʀʂ-ʦʨʠʝʥʪʠʨʦʚ ï ʩʚʝʪʦʜʠʦʜʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ Pyton ʧʦ ʘʣʛʦʨʠʪʤʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʧʦʟʚʦʣʠʣʘ ʦʙʨʘʙʦʪʘʪʴ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʀʂ-ʦʨʠʝʥʪʠʨʦʚ ʠ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ (ʫʛʣʘ ʨʳʩʢʘʥʠʷ, ʢʨʝʥʘ ʠ 

ʪʘʥʛʘʞʘ) ɹʇʃɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚ ʫʣʘʚʣʠʚʘʶʱʝʡ ʩʝʪʠ. 
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airlines are studied. The main indicators of the quality of passenger transportation, the development 
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ɻʣʘʚʥʘʷ ʮʝʣʴ ʜʣʷ ʘʚʠʘʢʦʤʧʘʥʠʡ ï ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ, ʩʧʦʩʦʙʥʳʭ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ.  

ʈʝʟʫʣʴʪʘʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʘʚʠʘʢʦʤʧʘʥʠʡ ʥʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ, ʝʩʣʠ 

ʧʦʪʨʝʙʠʪʝʣʠ ʥʝ ʙʫʜʫʪ ʧʦʣʫʯʘʪʴ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ɻʣʘʚʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʦʜʫʢʪʘ ʘʚʠʘʢʦʤʧʘʥʠʡ ï ʙʝʟʦʧʘʩʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ. 

ʂʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (ʀʉʆ). ʂʘʯʝʩʪʚʦ ï ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʧʨʠʩʫʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ ʪʨʝʙʦʚʘʥʠʷʤ [3]. 
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ʇʦʢʘʟʘʪʝʣʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛʠ ʠʣʠ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ 

ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʟʥʘʯʝʥʠʝ, ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ 

ʢʘʯʝʩʪʚʦ [4]. 

ʇʦʚʳʰʝʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʘʢ ʥʘ 

ʚʥʫʪʨʝʥʥʝʤ, ʪʘʢ ʠ ʥʘ ʚʥʝʰʥʝʤ ʨʳʥʢʝ.  

ʂʘʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʩʩʘʞʠʨʩʢʠʭ, 

ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʠʣʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʵʢʩʧʝʜʠʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʧʨʠʛʦʜʥʦʩʪʴ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʧʘʩʩʘʞʠʨʦʚ, ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʝʡ ʠ ʛʨʫʟʦʧʦʣʫʯʘʪʝʣʝʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʚʦʟʢʘʭ ʠ ʨʘʙʦʪʘʭ [2]. 

ɸʙʩʦʣʶʪʥʦʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢʣʠʝʥʪʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ [7]. 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʛʨʘʞʜʘʥʩʢʘʷ ʘʚʠʘʮʠʷ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʦʡ, 

ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʣʝʪʳ, ʘ ʩ ʠʥʦʡ ʩʪʦʨʦʥʳ, ʦʥʘ ʦʢʘʟʳʚʘʝʪ ʪʨʘʥʩʧʦʨʪʥʫʶ 

ʫʩʣʫʛʫ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʘ ʀʉʆ ʩʫʱʝʩʪʚʫʝʪ 11 ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʧʨʦʜʫʢʮʠʠ (ʨʠʩʫʥʦʢ 1). 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʨʦʜʫʢʮʠʠ 

 

ʊʘʢʞʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʛʦ 

ʦʪʨʘʩʣʝʚʳʭ ʩʪʘʥʜʘʨʪʦʚ: ʆʉʊ 54-3-62-93, ʆʉʊ 54-3-63-93, ʆʉʊ 54-3-283.64-94, 

ʆʉʊ 54-3-61-93. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʥʦʨʤʘʤʠ ʠ ʧʨʘʚʠʣʘʤʠ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʧʣʝʢʩʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ ʥʘ 

ʢʘʞʜʦʤ ʵʪʘʧʝ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʧʘʩʩʘʞʠʨʦʚ [1] (ʨʠʩʫʥʦʢ 2). 

 
 

ʈʠʩʫʥʦʢ 2 ï ʕʪʘʧʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ 
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ʆʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʘʚʠʘʧʝʨʝʚʦʟʦʢ: 

1. ɹʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ. 

2. ʈʝʛʫʣʷʨʥʦʩʪʴ ʧʦʣʝʪʦʚ. 

3. ʆʙʝʩʧʝʯʝʥʠʝ ʩʦʭʨʘʥʥʦʩʪʠ ʧʝʨʝʚʦʟʠʤʳʭ ʙʘʛʘʞʘ, ʛʨʫʟʘ ʠ ʧʦʯʪʳ. 

4. ʉʚʦʝʚʨʝʤʝʥʥʘʷ ʜʦʩʪʘʚʢʘ ʙʘʛʘʞʘ, ʛʨʫʟʘ ʠ ʧʦʯʪʳ. 

5. ɺʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʬʦʨʤʘʣʴʥʦʩʪʝʡ ʚʦ ʚʨʝʤʷ ʚʳʣʝʪʘ ʠ ʧʨʠʣʝʪʘ. 

6. ɺʨʝʤʷ ʦʞʠʜʘʥʠʷ ʧʦʣʫʯʝʥʠʷ ʙʘʛʘʞʘ ʚ ʟʦʥʝ ʚʳʜʘʯʠ ʙʘʛʘʞʘ. 

7. ʂʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ, ʘ ʪʘʢʞʝ ʩʦʙʣʶʜʝʥʠʝ ʚʨʝʤʝʥʠ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨ. 

8. ʇʨʝʜʦʩʪʘʚʣʷʪʴ ʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʡʩʝ ʜʣʷ ʧʘʩʩʘʞʠʨʘ. 

9. ʉʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʨʠ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʧʘʩʩʘʞʠʨʦʚ ʚ ʩʙʦʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ɼʘʥʥʳʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʦʟʜʘʶʪ ʨʝʧʫʪʘʮʠʶ 

ʘʚʠʘʢʦʤʧʘʥʠʠ ʠ ʧʦʤʦʛʘʶʪ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʘʩʩʘʞʠʨʦʚ, ʞʝʣʘʶʱʠʭ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʩʣʫʛʘʤʠ ʜʘʥʥʦʡ ʘʚʠʘʢʦʤʧʘʥʠʠ.  

ɺʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʧʨʦʚʝʨʢʠ ʧʨʦʚʦʜʷʪʩʷ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʮʝʣʷʤʠ. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʢʘʟʘʥʠʝ ʧʦʪʨʝʙʠʪʝʣʷʤ ʥʝʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠʣʠ 

ʫʩʣʫʛʠ, ʧʨʦʚʦʜʠʪʩʷ ʤʦʥʠʪʦʨʠʥʛ. ʇʦʩʣʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʝ ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʜʝʡʩʪʚʠʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʢʘʯʝʩʪʚʫ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʘʚʠʘʢʦʤʧʘʥʠʷʤʠ: 

1) ʇʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ: ʨʝʛʫʣʷʨʥʦʩʪʴ ʦʪʧʨʘʚʣʝʥʠʡ (ʥʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʜʝʨʞʝʢ ʙʦʣʝʝ 15 ʤʠʥʫʪ), ʪʨʘʥʩʬʝʨ (ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʩʪʳʢʦʚʦʯʥʳʤ ʚʨʝʤʝʥʝʤ), ʙʘʛʘʞ (ʟʘʩʳʣʢʘ ʙʘʛʘʞʘ, ʤʘʢʩʠʤʫʤ 0,1% 

ʥʘ 1000 ʨʝʡʩʦʚ). 

2) ʇʝʨʨʦʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ: ʧʝʨʨʦʥ: ʧʨʠʣʝʪ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʨʝʜʩʪʚʘ 

ʥʘʟʝʤʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʥʘ ʧʦʟʠʮʠʠ ʟʘ 5 ʤʠʥʫʪ ʜʦ 

ʫʩʪʘʥʦʚʢʠ ɺʉ ʥʘ ʩʪʦʷʥʢʫ, ʚʳʩʘʜʢʘ ʧʘʩʩʘʞʠʨʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʯʘʪʘ ʚ ʪʝʯʝʥʠʝ 3-

ʭ ʤʠʥʫʪ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʢʦʣʦʜʦʢ), ʦʩʦʙʳʝ ʢʘʪʝʛʦʨʠʠ ʧʘʩʩʘʞʠʨʦʚ 

(ʦʙʩʣʫʞʠʚʘʶʱʘʷ ʢʦʤʧʘʥʠʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʚʩʪʨʝʯʫ/ʧʦʩʘʜʢʫ ʧʘʩʩʘʞʠʨʦʚ 

ʦʩʦʙʳʭ ʢʘʪʝʛʦʨʠʠ), ʦʙʨʘʙʦʪʢʘ ʙʘʛʘʞʘ ï ʧʨʠʣʝʪ (ʧʝʨʚʳʡ ʙʘʛʘʞ ʧʘʩʩʘʞʠʨʦʚ 

ʙʠʟʥʝʩ-ʢʣʘʩʩʘ ʜʦʩʪʘʚʣʷʝʪʩʷ ʚ ʟʦʥʫ ʚʳʜʘʯʠ ʙʘʛʘʞʘ ʯʝʨʝʟ 25 ʤʠʥʫʪ ʧʦʩʣʝ ʪʦʛʦ, 

ʢʘʢ ʫʩʪʘʥʦʚʷʪ ʢʦʣʦʜʢʠ; ʧʦʩʣʝʜʥʝʝ ʤʝʩʪʦ ʙʘʛʘʞʘ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘʚʣʝʥʦ ʯʝʨʝʟ 

30 ʤʠʥʫʪ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʢʦʣʦʜʦʢ. ʇʝʨʚʦʝ ʤʝʩʪʦ ʙʘʛʘʞʘ ʧʘʩʩʘʞʠʨʦʚ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘʚʣʝʥʦ ʯʝʨʝʟ 30 ʤʠʥʫʪ ʧʦʩʣʝ 

ʫʩʪʘʥʦʚʢʠ ʢʦʣʦʜʦʢ; ʧʦʩʣʝʜʥʝʝ ʤʝʩʪʦ ʙʘʛʘʞʘ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘʚʣʝʥʦ ʯʝʨʝʟ 40 

ʤʠʥʫʪ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʢʦʣʦʜʦʢ). 

3) ʆʙʩʣʫʞʠʚʘʥʠʝ ʧʘʩʩʘʞʠʨʦʚ ʠ ʙʘʛʘʞʘ: ʨʝʛʠʩʪʨʘʮʠʷ (ʨʝʛʠʩʪʨʘʮʠʷ ʥʘ 

ʨʝʡʩʳ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʫʧʥʘ ʢʨʫʛʣʦʩʫʪʦʯʥʦ ʥʘ 

ʜʚʫʭ ʩʪʦʡʢʘʭ ʨʝʛʠʩʪʨʘʮʠʠ. ʈʝʛʠʩʪʨʘʮʠʷ ʧʘʩʩʘʞʠʨʦʚ ʦʪʢʨʳʚʘʝʪʩʷ ʟʘ 2 ʯʘʩʘ ʜʦ 

ʪʦʛʦ, ʢʘʢ ʦʪʧʨʘʚʠʪʩʷ ʨʝʡʩ ʧʦ ʫʪʚʝʨʞʜʝʥʥʦʤʫ ʨʘʩʧʠʩʘʥʠʶ. ʈʝʛʠʩʪʨʘʮʠʷ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʟʘ 40 ʤʠʥʫʪ ʜʦ ʦʪʧʨʘʚʣʝʥʠʷ ʜʣʷ ʨʝʡʩʦʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ), ʚʨʝʤʷ ʚ ʦʯʝʨʝʜʠ, ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʝʢ (ʜʦʩʪʫʧʥʦ ʥʝ 

ʤʝʥʝʝ ʦʜʥʦʡ ʩʪʦʡʢʠ ʙʠʟʥʝʩ-ʢʣʘʩʩʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʪʨʝʭ 
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ʨʝʡʩʦʚ. ɼʦʩʪʫʧʥʦ ʥʝ ʤʝʥʝʝ ʦʜʥʦʡ ʩʪʦʡʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʜʣʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ 65 ʧʘʩʩʘʞʠʨʦʚ ʚ ʯʘʩ), ʨʘʩʩʘʜʢʘ ʧʘʩʩʘʞʠʨʦʚ, ʧʦʩʘʜʢʘ, ʜʦʩʪʘʚʢʘ 

ʧʘʩʩʘʞʠʨʦʚ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʘʚʠʘʢʦʤʧʘʥʠʡ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʳʭ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʫʩʣʫʛ. ɺ ʢʦʤʧʘʥʠʠ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʙʝʩʧʨʝʨʳʚʥʦʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʫʩʣʫʛ ʠʣʠ ʧʨʦʜʫʢʪʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʪʦ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʢʣʠʝʥʪʦʚ. ɻʣʘʚʥʳʡ 

ʵʧʠʮʝʥʪʨ ʜʣʷ ʚʥʠʤʘʥʠʷ ʠ ʟʘʙʦʪʳ ʚ ʘʚʠʘʢʦʤʧʘʥʠʷʭ ï ʧʘʩʩʘʞʠʨ. 

ʇʦʣʠʪʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʣʠʯʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ 

ʧʝʨʩʦʥʘʣʘ, ʠʭ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʩʪʨʦʛʠʤ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʩʪʘʥʜʘʨʪʦʚ 

ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ (ʉʄʂ) [6]. 

ʉʄʂ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʢʣʠʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʧʨʦʱʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʝʥʠʝ ʠ 

ʢʦʥʪʨʦʣʴ ʟʘ ʢʘʯʝʩʪʚʦʤ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʠʥʮʠʧʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʢʫʣʴʪʫʨʳ, ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʧʨʠʜʝʨʞʠʚʘʥʠʷ ʧʨʠʥʮʠʧʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʚʠʘʢʦʤʧʘʥʠʠ. 

ʋʢʨʝʧʣʝʥʠʝ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʢʫʣʴʪʫʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʫʣʴʪʫʨʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʚʠʘʢʦʤʧʘʥʠʠ. 

ʂʘʯʝʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʯʝʪʘʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʣʫʛ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʘʚʠʘʢʦʤʧʘʥʠʷ. ʕʪʠ ʫʩʣʫʛʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ, ʯʪʦʙʳ ʙʳʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ 

ʥʘ ʨʳʥʢʝ ʘʚʠʘʧʝʨʝʚʦʟʦʢ [5]. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʪʨʫʜʥʦʩʪʠ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʘʩʩʘʞʠʨʳ, ʢʦʛʜʘ 

ʧʨʠʙʳʚʘʶʪ ʚ ʟʜʘʥʠʝ ʘʵʨʦʚʦʢʟʘʣʘ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ 

ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ (ʨʠʩʫʥʦʢ 3).  
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʊʨʫʜʥʦʩʪʠ ʧʘʩʩʘʞʠʨʦʚ ʚ ʘʵʨʦʧʦʨʪʫ 
 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʫʩʣʫʛ ʙʳʣʦ ʦʧʨʦʰʝʥʦ 310 ʯʝʣʦʚʝʢ. 

ʇʘʩʩʘʞʠʨʳ ʥʘʟʳʚʘʣʠ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʦʥʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʨʠ 

ʧʨʝʙʳʚʘʥʠʠ ʚ ʘʵʨʦʧʦʨʪʫ. ʀʟ 310 ʦʧʨʦʰʝʥʥʳʭ ʧʘʩʩʘʞʠʨʦʚ 136 ʯʝʣʦʚʝʢ ʦʩʪʘʣʠʩʴ 

ʧʦʣʥʦʩʪʴʶ ʜʦʚʦʣʴʥʳ ʢʘʯʝʩʪʚʦʤ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ; 58 ʯʝʣʦʚʝʢ 

ʚʳʨʘʟʠʣʠ ʥʝʜʦʚʦʣʴʩʪʚʦ, ʯʪʦ ʠʟ-ʟʘ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʢʠʦʩʢʦʚ ʩʘʤʦʨʝʛʠʩʪʨʘʮʠʠ ʥʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʝʯʘʪʘʪʴ ʧʦʩʘʜʦʯʥʳʡ ʪʘʣʦʥ, ʧʨʠʭʦʜʠʪʩʷ ʦʙʨʘʱʘʪʴʩʷ ʥʘ ʩʪʦʡʢʠ 

ʨʝʛʠʩʪʨʘʮʠʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʩʩʘʞʠʨʘʤ ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʯʠʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘ ʦʞʠʜʘʥʠʝ ʩʚʦʝʡ ʦʯʝʨʝʜʠ; 47 ʯʝʣʦʚʝʢ ʧʦʞʘʣʦʚʘʣʠʩʴ ʥʘ 
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ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʘʙʣʦ ʚ ʟʘʣʝ ʚʳʣʝʪʘ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʚʳʭʦʜʦʚ ʥʘ ʧʦʩʘʜʢʫ; 43 ʯʝʣʦʚʝʢʘ ʠʩʧʳʪʳʚʘʣʠ ʪʨʫʜʥʦʩʪʠ ʧʨʠ 

ʥʘʭʦʞʜʝʥʠʠ ʚʳʭʦʜʦʚ ʥʘ ʧʦʩʘʜʢʫ. 

ʇʨʠ ʥʘʭʦʞʜʝʥʠʠ ʚ ʘʵʨʦʧʦʨʪʫ ʧʘʩʩʘʞʠʨ ʠʩʧʳʪʳʚʘʝʪ ʩʪʨʝʩʩʦʚʫʶ 

ʩʠʪʫʘʮʠʶ, ʧʦʵʪʦʤʫ ʨʘʙʦʪʥʠʢʠ ʘʚʠʘʢʦʤʧʘʥʠʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ 

ʢʦʤʬʦʨʪʥʦʩʪʴ, ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʘ ʧʨʝʙʳʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʚ 

ʘʵʨʦʧʦʨʪʫ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ 

ʚʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʥʦʚʦʚʚʝʜʝʥʠʷ: 

- ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʦʡʢʠ ʨʝʛʠʩʪʨʘʮʠʠ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ, 

ʩʦʚʝʨʰʘʶʱʠʭ ʧʝʨʝʣʝʪ ʙʝʟ ʙʘʛʘʞʘ; 
- ʧʝʯʘʪʴ ʥʘ ʧʦʩʘʜʦʯʥʳʭ ʪʘʣʦʥʘʭ QR-ʢʦʜʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʨʝʡʩʝ; 
- ʨʘʟʤʝʱʝʥʠʝ ʥʘ ʦʙʦʨʦʪʥʦʡ ʩʪʦʨʦʥʝ ʧʦʩʘʜʦʯʥʦʛʦ ʪʘʣʦʥʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʚʳʭʦʜʦʚ ʥʘ ʧʦʩʘʜʢʫ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʟʦʥʝ ʘʵʨʦʧʦʨʪʘ ʇʫʣʢʦʚʦ; 
- ʨʘʟʨʘʙʦʪʢʘ ʙʘʥʥʝʨʦʚ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʨʘʚʠʣʘʭ ʧʦʚʝʜʝʥʠʷ 

ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʧʦʩʘʜʢʝ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʦʢʫʤʝʥʪʘʭ ʜʣʷ ʧʨʝʜʲʷʚʣʝʥʠʷ 

ʩʦʪʨʫʜʥʠʢʫ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʩʘʜʢʠ; 
- ʧʨʝʜʣʦʞʝʥʠʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʥʘʜʧʠʩʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʪʘʙʣʦ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʚʳʭʦʜʘ ʥʘ ʧʦʩʘʜʢʫ ʥʘ ʨʝʡʩ; 
- ʚʚʝʜʝʥʠʝ ʫʩʣʫʛʠ çʀʥʪʝʨʥʝʪ ʥʘ ʙʦʨʪʫè ʥʘ ʨʝʡʩʘʭ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʙʦʣʝʝ 

ʯʝʪʳʨʝʭ ʯʘʩʦʚ. 
ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʘʚʠʘʢʦʤʧʘʥʠʡ ʜʦʣʞʥʦ ʷʚʣʷʪʴʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʙʝʟʦʧʘʩʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʫʩʣʫʛ. ɺʚʝʜʝʥʠʝ ʜʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦʟʚʦʣʠʪ 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ. ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʚʚʝʜʝʥʠʷ ʥʦʚʳʭ 

ʫʩʣʫʛ ʷʚʣʷʝʪʩʷ ʩʜʝʣʘʪʴ ʧʫʪʴ ʧʘʩʩʘʞʠʨʦʚ ʦʪ ʩʪʦʡʢʠ ʨʝʛʠʩʪʨʘʮʠʠ ʜʦ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ ʧʦʥʷʪʥʳʤ ʠ ʧʨʦʩʪʳʤ, ʘ ʪʘʢʞʝ ʧʨʝʙʳʚʘʥʠʝ ʧʘʩʩʘʞʠʨʦʚ ʚʥʫʪʨʠ ʘʵʨʦʧʦʨʪʘ 

ʠ ʥʘ ʙʦʨʪʫ ʩʘʤʦʣʝʪʘ ʢʦʤʬʦʨʪʥʳʤ. 
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ʋɼʂ 65-05 

 

ʄɽʊʆɼʓ ʇʈʀɺʃɽʏɽʅʀʗ ʄʆʃʆɼʓʍ ʉʇɽʎʀɸʃʀʉʊʆɺ ɼʃʗ 

ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ ʅɸ ʇʈɽɼʇʈʀʗʊʀɽ (ʅɸ 

ʇʈʀʄɽʈɽ ʋʇʈɸɺʃɽʅʀʗ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɻʆ ɸɺʀɸʎʀʆʅʅʆɻʆ 

ʅɸɼɿʆʈɸ ʀ ʅɸɼɿʆʈɸ ɿɸ ʆɹɽʉʇɽʏɽʅʀɽʄ ʊʈɸʅʉʇʆʈʊʅʆʁ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ʇʆ ʉɽɺɽʈʆ-ɿɸʇɸɼʅʆʄʋ ʌɽɼɽʈɸʃʔʅʆʄʋ 

ʆʂʈʋɻʋ ʌɽɼɽʈɸʃʔʅʆʁ ʉʃʋɾɹʓ ʇʆ ʅɸɼɿʆʈʋ ɺ ʉʌɽʈɽ 

ʊʈɸʅʉʇʆʈʊɸ) 
 

ɸʣʬʝʨʦʚʘ ɸ. ɸ. 

ʄʘʨʠʭʠʥ ʉ. ɺ., ʜ-ʨ ʧʝʜ. ʥʘʫʢ 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 

 
ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥʳ ʧʦʜʭʦʜʳ,  ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʨʠʚʣʝʯʝʥʠʝ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʚ ʋʧʨʘʚʣʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʜʟʦʨʘ ʠ ʥʘʜʟʦʨʘ ʟʘ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤʫ ʬʝʜʝʨʘʣʴʥʦʤʫ ʦʢʨʫʛʫ ʌʝʜʝʨʘʣʴʥʦʡ 

ʩʣʫʞʙʳ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʘ. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʣʦʜʸʞʥʦʛʦ ʨʳʥʢʘ ʪʨʫʜʘ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʧʨʝʜʝʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʝ, ʜʘʥ 

ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪʜʝʣʘ ʢʘʜʨʦʚ ʥʘ ʘʚʠʘʮʠʦʥʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʩʦʥʘʣ, ʤʦʣʦʜʳʝ ʩʧʝʮʠʘʣʠʩʪʳ, ʧʨʝʜʧʨʠʷʪʠʝ, ʫʧʨʘʚʣʝʥʠʝ, ʨʘʙʦʪʘ. 
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Abstract. Various approaches attracting young professionals to The Federal Service for 

Supervision of Transport (Rostransnadzor) are studied in this article. The features of the youth labor 

market and professional competencies of young specialists in modern conditions are revealed. The 

analysis of the activity of the personnel department at the aviation state enterprise is given. The 

features of the work of young specialists in the public service are determined. 

Keywords: Staff, young professionals, enterprise, management, work. 

 

ɺ ʨʘʤʢʘʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ 

ʜʝʪʝʨʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʯʝʣʦʚʝʢʫ. ʉʪʘʚʢʫ ʜʝʣʘʶʪ ʥʘ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʪʨʘʥʳ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʳʥʢʝ. ʈʘʟʚʠʪʠʝ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʩʦʜʝʡʩʪʚʠʷ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ.  
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʜʝʬʠʮʠʪʦʤ ʤʦʣʦʜʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʦʧʣʘʪʳ ʪʨʫʜʘ, ʚʳʧʫʩʢʥʠʢʠ ʚʳʥʫʞʜʝʥʳ 

ʠʩʢʘʪʴ ʨʘʙʦʪʫ ʥʝ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʘ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ. 

ɻʦʩʫʜʘʨʩʪʚʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʝʘʣʠʟʫʝʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʧʨʠʚʣʝʯʝʥʠʷ ʤʦʣʦʜʝʞʠ ʚ ʦʩʦʙʦ ʧʨʦʙʣʝʤʥʳʝ ʦʪʨʘʩʣʠ, ʦʩʫʱʝʩʪʚʣʷʷ ʬʠʥʘʥʩʦʚʫʶ 

ʧʦʜʜʝʨʞʢʫ ʥʘ ʧʝʨʚʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ [2]. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʵʪʦʛʦ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʠ ʤʥʦʛʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠʩʧʳʪʳʚʘʶʪ ʦʩʪʨʳʡ ʜʝʬʠʮʠʪ 

ʢʘʜʨʦʚ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʘʥʥʳʝ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʬʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʦʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ 

ʫʨʦʚʥʷ ʩʪʘʨʝʥʠʷ ʨʘʙʦʪʥʠʢʦʚ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ ʟʘ ʢʨʘʡʥʠʝ ʜʝʩʷʪʴ ʣʝʪ. 

ʉʪʘʨʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʚ ʪʨʫʜʦʩʧʦʩʦʙʥʦʤ ʚʦʟʨʘʩʪʝ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ ʠ 

ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʦ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʛʜʝ ʚʳʩʦʢʦ ʮʝʥʠʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʠ ʥʠʟʢʦʤ ʫʨʦʚʥʝ 

ʦʧʣʘʪʳ ʪʨʫʜʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʠʩʢ ʥʦʚʳʭ, 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʚʣʝʯʝʥʠʷ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ [1].  
ʇʦʪʝʤʢʠʥ ɺ. ʂ. ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʚʦʟʨʘʩʪ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʦʤ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʘʙʠʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʞʠʟʥʠ ʠ ʩʝʤʴʝ. ɺ ʵʪʦ ʚʨʝʤʷ 

ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʪʨʫʜʦʚʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʚʦʟʨʘʩʪʘʝʪ ʫʨʦʚʝʥʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ [5]. 

ʇʦ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ Hays salary guide ʫ 92% ʣʶʜʝʡ, ʢʦʪʦʨʳʝ 

ʠʱʫʪ ʨʘʙʦʪʫ, ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ, 75% ʣʶʜʝʡ 

ʦʪʚʝʪʠʣʠ, ʯʪʦ ʭʦʪʷʪ ʫʩʪʨʦʠʪʴʩʷ ʥʘ ʠʥʪʝʨʝʩʥʫʶ ʨʘʙʦʪʫ, 69% ï ʢʘʨʴʝʨʥʳʡ ʨʦʩʪ, 

ʊʘʢʞʝ 50% ʦʧʨʦʰʝʥʥʳʭ ʧʨʝʜʧʦʯʠʪʘʶʪ ʭʦʨʦʰʠʡ ʩʦʮʠʘʣʴʥʳʡ ʧʘʢʝʪ (ʨʠʩʫʥʦʢ 1). 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʌʘʢʪʦʨʳ, ʠʤʝʶʱʠʝ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʩʤʝʥʝ ʤʝʩʪʘ ʨʘʙʦʪʳ, 

ʀʩʪʦʯʥʠʢ: https://www.hays.com/ 
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ɽʩʣʠ ʤʦʣʦʜʳʝ ʣʶʜʠ ʚʳʙʠʨʘʶʪ ʨʘʙʦʪʫ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ 

ʩʣʫʞʙʝ, ʪʦ ʦʥʠ ʧʦʣʫʯʘʶʪ çʨʘʙʦʪʫ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫè, ʞʝʣʘʷ ʚʳʨʘʩʪʠ ʜʦ 

ʨʫʢʦʚʦʜʠʪʝʣʷ, ʪʘʢ ʢʘʢ ʠʟʥʘʯʘʣʴʥʦ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʩʦʪʨʫʜʥʠʢʘ ʥʝ ʚʳʩʦʢʘ. 

ʋʧʨʘʚʣʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʜʟʦʨʘ ʠ ʥʘʜʟʦʨʘ ʟʘ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤʫ ʬʝʜʝʨʘʣʴʥʦʤʫ 

ʦʢʨʫʛʫ (ʉɿʌʆ) ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ 

ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʈʦʩʪʨʘʥʩʥʘʜʟʦʨʘ ʧʦ 

ʢʦʥʪʨʦʣʶ (ʥʘʜʟʦʨʫ) ʟʘ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʚ ʩʬʝʨʝ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʈʌ, ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʈʌ, ʘʚʠʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʠʩʢʦʚʦʛʦ, ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʛʦ ʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʝʪʦʚ, ʟʘ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʉɿʌʆ. 

ʉʪʨʫʢʪʫʨʘ ʋʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʪʜʝʣʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʶʪʩʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ: çʊʨʘʥʩʧʦʨʪʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè ʠ çɻʦʩʘʚʠʘʥʘʜʟʦʨè, ʢʦʪʦʨʳʝ 

ʚʦʟʛʣʘʚʣʷʶʪ ʟʘʤʝʩʪʠʪʝʣʠ ʥʘʯʘʣʴʥʠʢʘ ʋʧʨʘʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 2).  
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʋɻɸʅ ʅʆʊɹ ʉɿʌʆ ʈʦʩʪʨʘʥʩʥʘʜʟʦʨʘ 


