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ɺʚʝʜʝʥʠʝ 

ʇʨʦʙʣʝʤʘ ʠʥʪʝʛʨʘʮʠʠ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʦʙʱʝʝ 

ʚʦʟʜʫʰʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ɺʇ) ʨʝʰʘʝʪʩʷ ʧʦʵʪʘʧʥʦ ʢʘʢ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ 

ʫʨʦʚʥʝ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʊʘʢ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ICAO çʜʦʧʫʩʢ ɹɺʉ (ʙʝʩʧʠʣʦʪʥʳʝ ʚʦʟʜʫʰʥʳʝ ʩʠʩʪʝʤʳ) ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʙʱʝʛʦ ɺʇ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʦʢʫʤʝʥʪʘʤʠ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤʠ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʠʣʦʪʠʨʫʝʤʦʡ ʘʚʠʘʮʠʝʡ, ʠ ʦʧʠʨʘʪʴʩʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʤʢʘʭ ʙʣʦʯʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ASBU ï 

Aviation System Block Upgrades) ʠ ʥʘʚʠʛʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

PBN (Performance Based Navigation)è [3, 8]. ʇʨʠ ʵʪʦʤ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʠʧʦʚ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʢʦʥʮʝʧʮʠʠ PBN ʷʚʣʷʶʪʩʷ ʩʧʫʪʥʠʢʦʚʳʝ 

ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ [4]. 

ɺ ʩʦʩʪʘʚ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ɹʇʃɸ (ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ) ʚʭʦʜʷʪ ʧʨʠʝʤʥʠʢʠ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʜʣʷ ʚʳʜʝʨʞʠʚʘʥʠʷ 

ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʩʠʛʥʘʣʘʤ ʦʪ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ (ʅʉ) [5, 7]. 

ʉʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʧʨʠʝʤʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʩʣʘʙʘʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ. ɺ ʩʣʫʯʘʝ ʚʣʠʷʥʠʷ 

ʫʟʢʦʧʦʣʦʩʥʦʡ ʧʦʤʝʭʠ ʥʘ ɻʅʉʉ (ʛʣʦʙʘʣʴʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ 

ʩʠʩʪʝʤʳ) ʧʨʠʝʤʥʠʢ, ɹʇʃɸ ʥʝ ʩʤʦʞʝʪ ʚʝʨʥʫʪʴʩʷ ʚ ʪʦʯʢʫ ʚʳʣʝʪʘ ʠ ʧʝʨʝʢʣʶʯʠʪʩʷ 

ʚ ʨʫʯʥʦʡ ʨʝʞʠʤ ʫʧʨʘʚʣʝʥʠʷ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʠʣʠ ʝʛʦ ʙʣʦʢʠʨʦʚʘʥʠʷ [1, 6]. ɺ ʩʣʫʯʘʝ ʚʣʠʷʥʠʷ çʩʧʫʬʠʥʛè ʘʪʘʢʠ 

(ʧʦʜʤʝʥʘ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʩʦʟʚʝʟʜʠʷ) ʦʙʳʯʥʳʡ ʩʧʫʪʥʠʢʦʚʳʡ ʧʨʠʝʤʥʠʢ ɹʇʃɸ 

ʥʝ ʧʨʝʢʨʘʪʠʪ ʩʚʦʶ ʨʘʙʦʪʫ ʚʳʜʘʚʘʷ ʩʠʛʥʘʣʳ ʚ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ, ʯʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʩʤʝʥʝ ʪʨʘʝʢʪʦʨʠʠ ʠ ʫʛʦʥʫ ɹʇʃɸ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ 

ʧʨʠʝʤʥʠʢʦʚ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝ ʵʬʬʝʢʪʠʚʥʳʤ. 

ʈʝʰʝʥʠʝʤ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-

ʦʧʨʝʜʝʣʷʝʤʳʭ (SDR ï Software-defined radio) ʧʨʠʸʤʥʠʢʦʚ. ʆʩʥʦʚʥʳʤ 

ʜʦʩʪʦʠʥʩʪʚʦʤ SDR ʧʨʠʸʤʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʘʷ ʩʪʨʫʢʪʫʨʘ ʘʣʛʦʨʠʪʤʦʚ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʦʪ ɻʅʉʉ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣ ʨʝʰʘʝʤʳʭ 

ʟʘʜʘʯ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʦʜʝʣʷʤʠ ʧʨʠʝʤʥʠʢʦʚ: ʚ ʯʘʩʪʥʦʩʪʠ, 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʝʤʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʇʂ) ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʦʪʨʝʙʠʪʝʣʷ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʩʠʩʪʝʤʘʤ 

ʥʘʚʠʛʘʮʠʠ ʥʘ ʦʩʥʦʚʝ SDR ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩ 

ʧʦʤʦʱʴʶ ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʂ ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ (ʇʆ) GNSS-SDR ʠ 

ʩʦʙʩʪʚʝʥʥʦʤ ʚʪʦʨʠʯʥʦʤ ʧʨʠʣʦʞʝʥʠʠ. GNSS-SDR ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʛʥʘʣʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʩ SDR ʧʣʘʪʬʦʨʤʳ, ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʟʘʭʚʘʪʘ ʩʠʛʥʘʣʦʚ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʩʣʝʞʝʥʠʷ ʟʘ ʠʭ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʜʝʤʦʜʫʣʷʮʠʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ, ʨʝʰʝʥʠʷ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʠ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʕʪʦ ʇʆ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʢʦʪʦʨʦʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʠʤʝʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʩʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʠʦʥʘʣʘ. 
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GNSS-SDR ʧʦʟʚʦʣʷʝʪ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴʩʷ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʥʠʟʢʦʫʨʦʚʥʝʚʳʭ 

ʨʝʰʝʥʠʡ ʧʦ ʧʨʠʸʤʫ ʠ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ ʚ ʧʦʣʴʟʫ ʧʨʠʦʨʠʪʝʪʘ ʚ ʩʪʦʨʦʥʫ 

ʨʝʰʝʥʠʷ ʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ. ɺʪʦʨʠʯʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦ ʥʘ ʨʘʩʰʠʨʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʘ GNSS-SDR, ʦʪʢʨʳʪʠʷ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʮʝʣʦʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ ʨʘʙʦʪʳ 

ʩ GNSS-SDR [11]. 

ɺ ʧʝʨʝʯʝʥʴ ʜʦʩʪʦʠʥʩʪʚ GNSS-SDR ʚʭʦʜʷʪ: 

- ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʠʛʥʘʣʳ ɻʅʉʉ (GPS, ɻʃʆʅɸʉʉ, BeiDou, 
Galileo) ʢʘʢ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʘʝʤʳʝ ʩ SDR ʧʣʘʪʬʦʨʤʳ, ʪʘʢ ʠ ʠʟ 

ʟʘʧʠʩʘʥʥʦʛʦ ʬʘʡʣʘ ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʚʘʜʨʘʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ I/Q; 

- ɻʠʙʢʦʩʪʴ ʙʣʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʘʷ ʧʫʪʸʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ; 

- ɺʦʟʤʦʞʥʦʩʪʴ ʟʘ ʩʯʸʪ ʤʝʭʘʥʠʟʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ UDP ʦʪʩʣʝʞʠʚʘʪʴ 25 ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʢʦʪʦʨʳʝ ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʙʦʪʝ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʠʸʤʥʠʢʘ; 

- ɻʝʥʝʨʘʮʠʷ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 
ʬʦʨʤʘʪʘʭ (NMEA, RAW, KML , GPX, GeoJSON ʠ ʜʨ.); 

- ʆʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʡ ʧʦʜ ʣʠʮʝʥʟʠʝʡ GPL v3, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʮʝʣʷʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʤʝʥʷʪʴ ʠ ʨʘʩʰʠʨʷʪʴ ʬʫʥʢʮʠʦʥʘʣ ʇʆ ʧʦʜ 

ʩʚʦʠ ʟʘʜʘʯʠ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʩʦ ʩʪʦʨʦʥʳ ʧʨʘʚʦʦʙʣʘʜʘʪʝʣʝʡ ʠ ʘʚʪʦʨʦʚ; 

- ɺʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʟʘ ʩʯʸʪ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʢʘʢ ʥʘ ʎʇ, ʪʘʢ ʠ ʥʘ ɻʇ ʦʪ ʢʦʤʧʘʥʠʠ Nvidia (ʜʘʥʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣ ʥʘʭʦʜʠʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʘʜʠʠ); 

- ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩʦ ʚʩʝʤʠ SDR ʧʣʘʪʬʦʨʤʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ 

ʧʨʦʛʨʘʤʤʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ GNU Radio; 

- ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʇʆ ʩ ʆʉ ʥʘ ʙʘʟʝ ʷʜʨʘ Linux ʩ ʨʘʟʥʳʤʠ 

ʧʨʦʮʝʩʩʦʨʥʳʤʠ ʘʨʭʠʪʝʢʪʫʨʘʤʠ, ʚʢʣʶʯʘʷ ʢʘʢ x86, ʪʘʢ ʠ ARM, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʇʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʘʢʪʥʳʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʦʚ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʇʆ ʜʣʷ ʨʝʰʝʥʠʷ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ɹʇʃɸ. 

ʆʜʥʘʢʦ GNSS-SDR ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʚ ʯʠʩʣʦ ʢʦʪʦʨʳʭ 

ʚʭʦʜʷʪ: 

- ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++ ʧʦʤʠʤʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠ ʩʣʦʞʥʦʩʪʠ ʚ ʜʦʨʘʙʦʪʢʝ ʇʆ, ʢʦʪʦʨʳʝ ʧʨʠ ʤʘʣʦʤ ʦʧʳʪʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʥʝʟʥʘʢʦʤʩʪʚʝ ʩ ʮʠʢʣʦʤ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʇʆ ʥʝʩʫʪ ʚ 

ʩʝʙʝ ʨʠʩʢ ʧʦʣʫʯʝʥʠʷ ʫʪʝʯʝʢ ʧʘʤʷʪʠ, ʦʰʠʙʦʢ ʩʝʛʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʰʠʙʦʢ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʙʠʪʦʚʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ʠ ʦʙʨʘʙʦʪʢʦʡ ʠʩʢʣʶʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʙʨʦʰʝʥʳ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ;  

- ʇʆ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʩ ʪʝʢʩʪʦʚʳʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʚ 

ʪʝʨʤʠʥʘʣʝ ʠ ʬʘʡʣʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʦʪʩʫʪʩʪʚʫʝʪ; 
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- ɸʢʪʠʚʥʘʷ ʩʪʘʜʠʷ ʨʘʟʨʘʙʦʪʢʠ. ɼʘʥʥʳʡ ʇʂ ʥʝ ʷʚʣʷʝʪʩʷ ʬʠʥʘʣʴʥʳʤ 
ʨʝʰʝʥʠʝʤ, ʘ ʟʥʘʯʠʪ ʠʤʝʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ 

ʚʦʟʤʦʞʥʦ ʦʧʝʨʘʪʠʚʥʦ ʦʙʥʘʨʫʞʠʪʴ ʠ ʠʩʧʨʘʚʠʪʴ ʜʘʞʝ ʧʨʠ ʩʦʜʝʡʩʪʚʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

 

1. ʉʪʨʫʢʪʫʨʘ ʇʂ 
ʇʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʠʝʥʪ-ʧʨʠʣʦʞʝʥʠʝ GNSS-SDR-GUI, ʥʘʧʠʩʘʥʥʦʝ 

ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python, ʢʦʪʦʨʦʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʛʨʘʬʠʯʝʩʢʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʧʦʟʚʦʣʷʶʱʠʡ: 

- ɺʠʟʫʘʣʴʥʦ ʦʮʝʥʠʪʴ ʧʦʤʝʭʦʚʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ ʟʘʜʘʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʩ 
ʫʯʸʪʦʤ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʫʩʠʣʝʥʠʷ; 

- ʉʬʦʨʤʠʨʦʚʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʜʣʷ ʟʘʧʫʩʢʘ GNSS-SDR ʠ ʟʘʧʫʩʪʠʪʴ 

GNSS-SDR ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

- ɺ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ, 
ʧʦʣʫʯʘʝʤʳʝ ʠʟ GNSS-SDR ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʟʘʧʫʩʢʘ ʇʆ. 

ʉʪʨʫʢʪʫʨʘ ʇʂ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʇʂ 

 

ʃʠʮʝʚʘʷ ʧʘʥʝʣʴ ʦʢʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʨʩʠʠ ʧʨʠʣʦʞʝʥʠʷ GNSS-SDR-

GUI ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʃʠʮʝʚʘʷ ʧʘʥʝʣʴ GNSS-SDR-GUI 
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ʃʠʮʝʚʘʷ ʧʘʥʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʩʫʙʧʘʥʝʣʝʡ: 

- çVisual Dataè ï ʩʦʜʝʨʞʠʪ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʠ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ GNSS-SDR; 

- çHackRF One configurationè ï ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʧʦʜʢʣʶʯʝʥʠʷ SDR ʧʣʘʪʬʦʨʤʳ ʠ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠ ʧʨʠʸʤʝ ʩʠʛʥʘʣʘ (ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, 

ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ, ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʠ ʪ.ʜ.);  

- çGNSS-SDR configurationè ï ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 

ʫʢʘʟʘʥʠʷ ʧʫʪʠ ʢ ʬʘʡʣʫ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʘʤʦʤ ʬʘʡʣʝ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ GNSS-SDR ʨʝʘʣʠʟʦʚʘʥʘ ʩ 

ʧʦʤʦʱʴʶ ʧʦʜʭʦʜʘ, ʠʤʝʥʫʝʤʦʛʦ ʢʘʢ çʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭè 

(Dataflow programming). ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʨʠʸʤʥʠʢ ɻʅʉʉ ʢʘʢ ʧʦʪʦʢʦʚʳʡ ʛʨʘʬ, ʚ ʢʦʪʦʨʦʤ ʣʠʥʠʠ ï ʧʦʪʦʢ ʜʘʥʥʳʭ, ʘ ʫʟʣʳ ï 

ʵʪʦ ʙʣʦʢʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. ʉʪʨʫʢʪʫʨʘ ʧʦʪʦʢʦʚʦʛʦ ʛʨʘʬʘ GNSS-SDR ʜʣʷ 

ʨʝʰʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʚ ʩʚʷʟʢʝ ʩ SDR-ʧʣʘʪʬʦʨʤʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʘ ʧʦʪʦʢʦʚʦʛʦ ʛʨʘʬʘ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʚ 

ʩʚʷʟʢʝ ʩ SDR-ʧʣʘʪʬʦʨʤʦʡ, ʛʜʝ: ɸ ï ʘʥʪʝʥʥʘ; ʈʀ ï ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʠʥʪʝʨʬʝʡʩ; ʀʉ 

ï ʠʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ; ʌʉ ï ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʩʠʛʥʘʣʘ; N ï ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ 

ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ; ʆɿʉ ï ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʟʘʭʚʘʪ ʩʠʛʥʘʣʘ; 

ʉʇʉ ï ʩʣʝʞʝʥʠʝ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʛʥʘʣʘ; ɼ ï ʜʝʤʦʜʫʣʷʪʦʨ; ʀʇʉ ï ʠʟʤʝʨʠʪʝʣʴ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ; ʈʅɿɺʈ ï ʨʝʰʝʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʠ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʘ 

 

ʉʪʨʫʢʪʫʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʥʪʝʥʥʫ, ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʠʥʪʝʨʬʝʡʩ (ʪ.ʝ. ʩʘʤ 

SDR-ʧʨʠʸʤʥʠʢ), ʘ ʪʘʢʞʝ ʙʣʦʢʠ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ, ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʩʠʛʥʘʣʘ, 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʟʘʭʚʘʪʘ ʩʠʛʥʘʣʘ, ʩʣʝʞʝʥʠʷ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʛʥʘʣʘ, 

ʜʝʤʦʜʫʣʷʪʦʨ, ʠʟʤʝʨʠʪʝʣʴ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʠ ʙʣʦʢ ʨʝʰʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʟʘʜʘʯʠ ʩ ʚʳʚʦʜʦʤ ʨʝʟʫʣʴʪʘʪʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʘʥʪʝʥʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʠʚʥʫʶ 

GPS/ɻʃʆʅɸʉʉ ʘʥʪʝʥʥʫ ʩ ʤʘʣʦʰʫʤʷʱʠʤ ʫʩʠʣʠʪʝʣʝʤ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ 

ʟʘʧʠʪʘʥʘ ʣʠʙʦ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ, ʣʠʙʦ SDR ʧʣʘʪʬʦʨʤʦʡ ʩ ʫʯʸʪʦʤ 

ʪʨʝʙʫʝʤʳʭ ʥʦʤʠʥʘʣʦʚ ʧʠʪʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʳ. 
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ɹʣʦʢ ʀʉ ʨʝʘʣʠʟʫʝʪ ʘʧʧʘʨʘʪʥʳʡ ʜʨʘʡʚʝʨ, ʪ.ʝ. ʪʫ ʯʘʩʪʴ ʢʦʜʘ, ʢʦʪʦʨʘʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʘʜʠʦʯʘʩʪʦʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʧʨʠʥʠʤʘʝʪ ʚʳʙʦʨʢʠ ʩʠʛʥʘʣʘ, 

ʧʦʩʪʫʧʘʶʱʠʝ ʩ ɸʎʇ. ʕʪʘ ʩʚʷʟʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʰʠʥʝ USB. ɺ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʤ ʬʘʡʣʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʙʣʦʢʘ ʀʉ, ʪʘʢʠʝ 

ʢʘʢ ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2 ʜʦ 20 ʄɻʮ, ʪʠʧ ʜʘʥʥʳʭ ʠ ʜʨ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʦʪʯʸʪʳ ʩʠʛʥʘʣʘ ʧʦʩʪʫʧʘʶʪ ʚ ʙʣʦʢ ʌʉ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ çʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢ ʪʨʝʙʫʝʤʦʤʫ ʬʦʨʤʘʪʫ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʬʠʣʴʪʨʘʮʠʠ ʦʪ ʰʫʤʦʚ ʠ ʧʦʤʝʭè [2]. 

ɿʘʪʝʤ ʦʪʯʸʪʳ ʧʦʩʪʫʧʘʶʪ ʚ ʧʘʨʘʣʣʝʣʴʥʳʝ ʢʘʥʘʣʳ. ʇʘʨʘʣʣʝʣʴʥʳʡ ʢʘʥʘʣ ï 

ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ, ʩʦʜʝʨʞʘʱʘʷ ʙʣʦʢʠ ʆɿʉ, ʉʇʉ ʠ ʜʝʤʦʜʫʣʷʮʠʠ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʩʦʦʙʱʝʥʠʷ ʜʣʷ ʦʜʥʦʛʦ ʩʧʫʪʥʠʢʘ. ʂʘʥʘʣ ʨʘʙʦʪʘʝʪ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʢʘʥʘʣʘʤʠ ʩʚʦʝʛʦ ʤʥʦʞʝʩʪʚʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʘʥʘʣʦʚ ʟʘʜʘʸʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ, ʘ ʠʩʧʦʣʴʟʫʝʤʦʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʟʘʭʚʘʯʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʢʘʥʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʦʣʥʝʥʳ 

ʨʘʟʣʠʯʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʘʜʨʝʩʦʚʘʥʥʳʤʠ ʣʶʙʦʤʫ ʧʦʜʭʦʜʷʱʝʤʫ ʩʠʛʥʘʣʫ ɻʅʉʉ. 

ɹʣʦʢ ʆɿʉ çʧʦ ʛʨʫʙʳʤ ʦʮʝʥʢʘʤ ʬʘʟʳ ʢʦʜʘ ʠ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ 

ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʥʘʣʠʯʠʝ/ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʘ ʦʪ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʩʧʫʪʥʠʢʘ. 

ɼʣʷ ʵʪʦʛʦ ʚʭʦʜʥʦʡ ʦʮʠʬʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʧʝʨʘʮʠʠ ʮʠʢʣʠʯʝʩʢʦʡ 

ʩʚʝʨʪʢʠ ʩ ʢʦʧʠʝʡ ʵʪʦʛʦ ʩʠʛʥʘʣʘè [2]. 

ɹʣʦʢ ʉʇʉ çʦʙʝʩʧʝʯʠʚʘʝʪ ʩʣʝʞʝʥʠʝ ʟʘ ʟʘʜʝʨʞʢʦʡ ʢʦʜʘ ʩʠʛʥʘʣʘ, 

ʜʦʧʣʝʨʦʚʩʢʠʤ ʩʜʚʠʛʦʤ ʠ ʬʘʟʦʡ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ. ʇʝʪʣʷ ʩʣʝʞʝʥʠʷ ʚ ʥʸʤ 

ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ ʢʦʨʨʝʣʷʮʠʠè [2]. 

ɹʣʦʢ ʜʝʤʦʜʫʣʷʪʦʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʦʦʙʱʝʥʠʡ ʠʟ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʨʘʙʦʪʝ 

ʧʦ ʢʦʥʢʨʝʪʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʜʝʤʦʜʫʣʷʪʦʨ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʬʘʡʣʘ. 

ʇʦʩʣʝ ʚʩʝʭ ʚʳʯʠʩʣʝʥʠʡ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʘʥʘʣʘʭ ʙʣʦʢ ʀʇʉ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʠ, ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ, ʬʘʟʳ 

ʥʝʩʫʱʝʡ). ɹʣʦʢ ʀʇʉ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʜʣʷ ʨʘʙʦʪʳ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ. 

ʂʦʦʨʜʠʥʘʪʳ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʜʨʫʛʠʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʘ ʈʅɿɺʈ ʚ ʬʦʨʤʘʪʘʭ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ. 

 

2. ʇʦʣʫʯʝʥʠʝ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ ʇʆ 
ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʩ ʙʣʦʢʘ ʈʅɿɺʈ ʠ ʩ ʤʝʭʘʥʠʟʤʘ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʈʅɿɺʈ ʚʳʜʘʸʪ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ 

ʚʢʣʁʯʘʶʪ ʚ ʩʝʙʷ ʜʘʪʫ ʠ ʚʨʝʤʷ, ʢʦʦʨʜʠʥʘʪʳ (ʰʠʨʦʪʘ, ʜʦʣʛʦʪʘ, ʚʳʩʦʪʘ), ʘ ʪʘʢʞʝ 

ʥʘʧʨʘʚʣʝʥʠʝ (ʧʦ ʩʪʦʨʦʥʘʤ ʩʚʝʪʘ) ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ. 

ɹʣʦʢ ʈʅɿɺʈ ʧʦʟʚʦʣʷʝʪ ʦʬʦʨʤʣʷʪʴ ʨʝʟʫʣʴʪʘʪ ʚ ʩʣʝʜʫʶʱʠʭ ʬʦʨʤʘʪʘʭ: 

- KML , GeoJSON, GPX ï ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʌʘʡʣʳ ʚ ʜʘʥʥʳʭ 

ʬʦʨʤʘʪʘʭ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ; 

- RINEX ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ ʧʦʩʪʦʙʨʘʙʦʪʢʠ. ʀʩʧʦʣʴʟʫʝʤʘʷ 

ʚʝʨʩʠʷ ʬʦʨʤʘʪʘ ï 3.02; 
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- NMEA-0183 ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʘʪʯʠʢʘʤʠ. ʉʦʦʙʱʝʥʠʷ 

NMEA ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪ; 

- RTCM-104 ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʚʦʜʘ ʩʦʦʙʱʝʥʠʡ RTCM ʟʘʧʫʩʢʘʝʪʩʷ 

TCP/IP ʩʝʨʚʝʨ, ʥʘ ʢʦʪʦʨʳʡ ʠ ʧʝʨʝʜʘʶʪʩʷ ʩʦʦʙʱʝʥʠʷ. ʕʪʠ ʩʦʦʙʱʝʥʠʷ ʤʦʛʫʪ 

ʧʦʣʫʯʘʪʴ ʧʨʠʣʦʞʝʥʠʷ-ʢʣʠʝʥʪʳ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʜʘʥʥʦʤʫ ʩʝʨʚʝʨʫ; 

- ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʬʦʨʤʘʪʘʤ ʚʳʚʦʜʘ, ʙʣʦʢ ʈʅɿɺʈ 

ʧʨʝʜʣʘʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʤʝʭʘʥʠʟʤ ʜʣʷ ʧʦʪʦʢʦʚʦʡ ʧʝʨʝʜʘʯʠ ʩʚʦʠʭ 

ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ ʣʦʢʘʣʴʥʳʤ ʠʣʠ ʫʜʘʣʝʥʥʳʤ ʢʣʠʝʥʪʘʤ ʧʦ 

ʧʨʦʪʦʢʦʣʫ UDP ʯʝʨʝʟ ʧʦʨʪ ʤʦʥʠʪʦʨʠʥʛʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʚʢʣʶʯʠʪʴ ʚ ʬʘʡʣʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. ʕʪʘ ʬʫʥʢʮʠʷ ʦʯʝʥʴ ʧʦʣʝʟʥʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʙʣʦʢʘ ʈʅɿɺʈ ʠ ʝʛʦ 

ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʜʘʥʥʳʝ 

ʧʝʨʝʜʘʶʪʩʷ ʧʦʪʦʢʦʤ ʥʘ ʘʜʨʝʩ ʣʦʢʘʣʴʥʦʛʦ ʭʦʩʪʘ ʯʝʨʝʟ ʧʦʨʪ 1234. ɼʘʥʥʳʝ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʠʟ ʦʙʲʝʢʪʦʚ ʚ ʧʦʪʦʢʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʟʘʜʘʥʥʦʤ ʬʦʨʤʘʪʝ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʨʫʛʠʤ ʧʨʠʣʦʞʝʥʠʷʤ ʩʯʠʪʳʚʘʪʴ ʵʪʠ ʩʦʦʙʱʝʥʠʷ. 

ʕʣʝʤʝʥʪʳ ʧʦʪʦʢʦʚʳʭ ʜʘʥʥʳʭ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

- ɺʨʝʤʷ ʥʝʜʝʣʠ ʪʝʢʫʱʝʛʦ ʩʠʤʚʦʣʘ [ʤʩ]; 

- ʊʦʯʥʦʝ ʚʨʝʤʷ ʧʦ GPS; 

- ʉʤʝʱʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʯʘʩʦʚ, ʚ [ʩ]; 

- ɻʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ (x, y, z ʢʦʤʧʦʥʝʥʪʳ) [ʤ]; 

- ʉʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ ʚʳʨʘʞʝʥʥʳʝ ʚ [ʤ/ʩ]; 

- ɼʠʩʧʝʨʩʠʷ ʧʦʟʠʮʠʠ ʧʦ ʢʦʤʧʦʥʝʥʪʝ X; 

- ɼʠʩʧʝʨʩʠʷ ʧʦʟʠʮʠʠ ʧʦ ʢʦʤʧʦʥʝʥʪʝ Y; 

- ɼʠʩʧʝʨʩʠʷ ʧʦʟʠʮʠʠ ʧʦ ʢʦʤʧʦʥʝʥʪʝ Z; 

- ʂʦʚʘʨʠʘʮʠʷ ʧʦʟʠʮʠʠ ʚ ʧʣʦʩʢʦʩʪʠ XY; 

- ʂʦʚʘʨʠʘʮʠʷ ʧʦʟʠʮʠʠ ʚ ʧʣʦʩʢʦʩʪʠ YZ; 

- ʂʦʚʘʨʠʘʮʠʷ ʧʦʟʠʮʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ZX; 

- ʐʠʨʦʪʘ [ʛʨʘʜʫʩʳ]. ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ: ʉʝʚʝʨ; 

- ɼʦʣʛʦʪʘ [ʛʨʘʜʫʩʳ]. ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ: ɺʦʩʪʦʢ; 

- ɺʳʩʦʪʘ [ʤ]; 

- ʂʦʣʠʯʝʩʪʚʦ ʜʝʡʩʪʚʫʶʱʠʭ ʩʧʫʪʥʠʢʦʚ; 

- ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʟʨʝʰʝʥʠʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʜʣʷ ʚʘʣʠʜʘʮʠʠ; 

- ʇʦʨʦʛ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʨʝʰʝʥʠʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʜʣʷ ʧʨʦʚʝʨʢʠ; 

- ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ (GDOP); 

- ʇʦʟʠʮʠʦʥʥʦʝ (3D) ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ (PDOP); 

- ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ (HDOP); 

- ɺʝʨʪʠʢʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ (VDOP); 

 

3. ʊʝʩʪʠʨʦʚʘʥʠʝ ʇʂ ʧʦʣʫʥʘʪʫʨʥʳʤ ʤʝʪʦʜʦʤ 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʂ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʠʸʤʥʠʢʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʠʟ 2 ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʛʥʘʣʦʚ 

ʅʉ ɻʃʆʅɸʉʉ ʠ GPS. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʣʫʥʘʪʫʨʥʳʤ ʤʝʪʦʜʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ 

 

ɺʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʩ ʧʨʠʝʤʥʠʢʘ ʷʚʣʷʣʩʷ ʧʨʦʪʦʢʦʣ ʚ ʬʦʨʤʘʪʝ NMEA. 

ɼʘʣʝʝ ʧʨʦʪʦʢʦʣ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʩʷ ʚ ʩʪʦʣʙʮʳ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʟʥʘʯʝʥʠʷʤʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ. 

ʂʘʞʜʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ~1 ʯʘʩ. ʆʪʩʯʸʪʳ ʟʘʧʠʩʳʚʘʣʠʩʴ ʩ 

ʠʥʪʝʨʚʘʣʦʤ ʚ 1 ʩʝʢʫʥʜʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʙʦʪʝ ʧʨʠʸʤʥʠʢʘ ʩ ʅʉ 

ɻʃʆʅɸʉʉ. ɼʠʘʛʨʘʤʤʳ ʠ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʢʠ ʧʦ ʜʦʣʛʦʪʝ/ʰʠʨʦʪʝ, 

ʦʰʠʙʢʠ ʧʦ ʰʠʨʦʪʝ, ʜʦʣʛʦʪʝ, ʚʳʩʦʪʝ/ʦʪʩʯʸʪʳ ʠ HDOP, DOP/ʦʪʩʯʸʪʳ ʧʦʢʘʟʘʥʳ 

ʥʘ ʨʠʩʫʥʢʘʭ 5, 6 ʠ 7 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ ʧʦ ʜʦʣʛʦʪʝ ʢ ʦʰʠʙʢʘʤ ʧʦ 

ʰʠʨʦʪʝ 
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ʈʠʩʫʥʦʢ 6 ï ɻʨʘʬʠʢ ʦʰʠʙʦʢ ʧʦ ʰʠʨʦʪʝ, ʜʦʣʛʦʪʝ ʠ ʚʳʩʦʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʦʤʝʨʘ ʦʪʩʯʸʪʘ. ʉʠʥʷʷ ʟʘʚʠʩʠʤʦʩʪʴ ï ʦʰʠʙʢʘ ʧʦ ʰʠʨʦʪʝ, ʢʨʘʩʥʘʷ ï ʧʦ ʜʦʣʛʦʪʝ, 

ʟʝʣʸʥʘʷ ï ʧʦ ʚʳʩʦʪʝ 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ɻʨʘʬʠʢ ɻʌ DOP, HDOP ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʦʪʩʯʸʪʘ. ʉʠʥʷʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ï HDOP, ʢʨʘʩʥʘʷ ï DOP 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ 1-ʯʘʩʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʩʠʛʥʘʣʦʚ ʦʪ ʅʉ 

ɻʃʆʅɸʉʉ 

ůɺ 4,41 

ůL 3,48 

ůH 8,02 

ʉʨʝʜʥʠʡ HDOP 1,31 

ʉʨʝʜʥʠʡ DOP 1,77 

ʉʨ. ʢʦʣ-ʚʦ ʅʉ 5,5 

 

ʉʦʛʣʘʩʥʦ ʚʩʝʤ ʨʝʟʫʣʴʪʘʪʘʤ, HDOP < DOP. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʪ 

ʤʦʤʝʥʪʘ ʟʘʭʚʘʪʘ ʩʧʫʪʥʠʢʦʚ (ʩʧʫʩʪʷ ~5 ʤʠʥʫʪ) ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʦʰʠʙʢʠ 

ʧʦ ʚʳʩʦʪʝ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɼʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʩʥʦʚʘʥ ʥʝʜʦʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

GNSS-SDR. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʬʠʣʴʪʨʘ 

ʂʘʣʤʘʥʘ ʜʣʷ ʨʝʞʠʤʘ ʧʨʠʸʤʘ ʩʠʛʥʘʣʦʚ ʦʪ ʅʉ ɻʃʆʅɸʉʉ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʟʙʨʦʩʫ ʦʰʠʙʦʢ ʚ ʜʠʘʛʨʘʤʤʝ ʦʰʠʙʦʢ ʧʦ ʰʠʨʦʪʝ ʠ ʜʦʣʛʦʪʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʙʦʪʝ ʧʨʠʸʤʥʠʢʘ ʩ ʅʉ GPS. 

ɼʠʘʛʨʘʤʤʳ ʠ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʢʠ ʧʦ ʜʦʣʛʦʪʝ/ʰʠʨʦʪʝ, ʦʰʠʙʢʠ ʧʦ 

ʰʠʨʦʪʝ, ʜʦʣʛʦʪʝ, ʚʳʩʦʪʝ/ʦʪʩʯʸʪʳ ʠ HDOP, DOP/ʦʪʩʯʸʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 

8, 9, 10 ʠ 11 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 8 ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ ʧʦ ʜʦʣʛʦʪʝ ʢ ʦʰʠʙʢʘʤ ʧʦ 

ʰʠʨʦʪʝ 

 

 
 

ʈʠʩʫʥʦʢ 9 ï ɻʨʘʬʠʢ ʦʰʠʙʦʢ ʧʦ ʰʠʨʦʪʝ, ʜʦʣʛʦʪʝ ʠ ʚʳʩʦʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʦʤʝʨʘ ʦʪʩʯʸʪʘ (ʥʘʯʠʥʘʷ ʩ 0 ʦʪʩʯʸʪʘ). ʉʠʥʷʷ ʟʘʚʠʩʠʤʦʩʪʴ ï ʦʰʠʙʢʘ ʧʦ ʰʠʨʦʪʝ, 

ʢʨʘʩʥʘʷ ï ʧʦ ʜʦʣʛʦʪʝ, ʟʝʣʸʥʘʷ ï ʧʦ ʚʳʩʦʪʝ 

 

 
 

ʈʠʩʫʥʦʢ 10 ï ɻʨʘʬʠʢ ʦʰʠʙʦʢ ʧʦ ʰʠʨʦʪʝ, ʜʦʣʛʦʪʝ ʠ ʚʳʩʦʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʦʤʝʨʘ ʦʪʩʯʸʪʘ (ʥʘʯʠʥʘʷ ʩ 200 ʦʪʩʯʸʪʘ). ʉʠʥʷʷ ʟʘʚʠʩʠʤʦʩʪʴ ï ʦʰʠʙʢʘ ʧʦ 

ʰʠʨʦʪʝ, ʢʨʘʩʥʘʷ ï ʧʦ ʜʦʣʛʦʪʝ, ʟʝʣʸʥʘʷ ï ʧʦ ʚʳʩʦʪʝ 
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ʈʠʩʫʥʦʢ 11 ï ɻʨʘʬʠʢ ɻʌ DOP, HDOP ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʦʪʩʯʸʪʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ 1-ʯʘʩʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʩʠʛʥʘʣʦʚ ʦʪ ʅʉ GPS 
 

ůɺ 0,27 

ůL 0,78 

ůH 3,62 

ʉʨʝʜʥʠʡ HDOP 0,97 

ʉʨʝʜʥʠʡ DOP 1,64 

ʉʨ. ʢʦʣ-ʚʦ ʅʉ 8,77 

 

ʉʦʛʣʘʩʥʦ ʚʩʝʤ ʨʝʟʫʣʴʪʘʪʘʤ, HDOP<DOP. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʪ ʤʦʤʝʥʪʘ 

ʟʘʭʚʘʪʘ ʩʧʫʪʥʠʢʦʚ (ʩʧʫʩʪʷ ~20 ʤʠʥʫʪ) ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʦʰʠʙʢʠ ʧʦ 

ʚʳʩʦʪʝ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɼʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʩʠʛʥʘʣʘʤʠ ʩ ʅʉ ɻʃʆʅɸʉʉ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʦʩʥʦʚʘʥ ʥʝʜʦʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ GNSS-SDR. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʜʣʷ ʨʝʞʠʤʘ GPS ʨʘʙʦʪʘʝʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʨʘʟʙʨʦʩʫ ʦʰʠʙʦʢ ʚ ʜʠʘʛʨʘʤʤʝ ʦʰʠʙʦʢ ʧʦ ʰʠʨʦʪʝ ʠ ʜʦʣʛʦʪʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʦʪ ʩʠʛʥʘʣʦʚ ʩ ʅʉ ɻʃʆʅɸʉʉ. 

 

ɺʳʚʦʜ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʘ ʧʨʠʚʝʜʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʇʂ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʧʦʪʨʝʙʠʪʝʣʷ ʧʦ ɻʅʉʉ ʠ ʦʮʝʥʢʠ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ. ɹʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʣʫʥʘʪʫʨʥʳʤ ʤʝʪʦʜʦʤ ʩ ʅʉ ɻʃʆʅɸʉʉ ʠ GPS, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ. ʇʂ 

ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ, ʯʪʦ ʧʦʢʘ ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʸʤʥʠʢʘ. ʇʣʘʥʠʨʫʝʪʩʷ 

ʧʝʨʝʧʠʩʳʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʜʨʘʡʚʝʨʘ SDR ʧʣʘʪʬʦʨʤʳ HackRF One ʩ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C ʥʘ Rust ʠ ʢʣʠʝʥʪ-ʧʨʠʣʦʞʝʥʠʷ GNSS-SDR-GUI ʩ Python ʥʘ 

Rust ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʩʝʛʦ ʇʂ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ SDR ʧʣʘʪʬʦʨʤʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ. 
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ɸʅɸʃʀɿ ʉʆʆʊɺɽʊʉʊɺʀʗ ɼʆʃɻʆɺʈɽʄɽʅʅʓʄ ʅʆʈʄɸʄ 

ʉɽʊɽɺʆɻʆ ʊʈɸʂʊɸ ʇʈʀ ʀɿʄɽʈɽʅʀʀ ɸʉʀʅʍʈʆʅʅʓʄ ʄɽʊʆɼʆʄ 

 

ɹʘʪʝʥʢʦʚ ʂ. ɸ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

 

ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʛ. ʄʦʩʢʚʘ) 

 
ɸʥʥʦʪʘʮʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʴʥʳʭ ʨʘʩʯʝʪʥʳʭ ʥʦʨʤ ʥʘ 

ʧʦʢʘʟʘʪʝʣʠ ʦʰʠʙʦʢ ʧʦ ʫʯʘʩʪʢʘʤ ʪʨʘʢʪʘ ʠʣʠ ʢʘʥʘʣʘ ʧʝʨʚʠʯʥʦʡ ʩʝʪʠ ʚʟʘʠʤʦʫʚʷʟʘʥʥʦʡ ʩʝʪʠ 

ʩʚʷʟʠ ʈʦʩʩʠʠ ʩʣʝʜʫʶʱʝʝ: ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʧʨʠʭʦʜʠʪʩʷ 0,2 ʦʪ ʧʨʝʜʝʣʴʥʳʭ ʥʦʨʤ, 

ʥʘ ʚʥʫʪʨʠʟʦʥʦʚʳʝ ʠ ʤʝʩʪʥʳʝ ï ʧʦ 0,0375 (ʩ ʦʙʦʠʭ ʩʪʦʨʦʥ), ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʪʦʣʴʢʦ ʜʣʷ 

ʦʩʥʦʚʥʳʭ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʥʘ ʘʙʦʥʝʥʪʩʢʠʝ ʣʠʥʠʠ ï ʧʦ 0,075. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʰʠʙʦʢ, ʮʠʬʨʦʚʦʡ 

ʢʘʥʘʣ, ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʥʦʨʤʳ, ʢʘʪʝʛʦʨʠʠ ʜʣʠʥʳ. 

 

NETWORK PATH COMPLIANCE ANALYSIS WITH LONG -TERM 

NORMS WHEN MEASURED BY ASYNCHRONOUS METHOD  

 

Batenkov K. A., Doctor of Technical Sciences 

 

MIREA ï Russian Technological University 

(Moscow) 

 
Abstract. It is shown that the distribution of the maximum calculated norms for error 

indicators along the sections of the tract or channel of the primary network of the interconnected 

communication network of Russia is as follows: the trunk section accounts for 0.2 of the 

maximum norms, for intra-zone and local ï 0.0375 (on both sides), additionally only for the main 

digital channels on subscriber lines ï 0.075. 

Keywords: quality of functioning, error rate, digital channel, long-term norms, length 

categories. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʚʚʦʜʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʠ ʪʨʘʢʪʦʚ, ʘ ʪʘʢʞʝ ʚʦ 

ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʝʨʘʪʦʨʘʤ ʩʚʷʟʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ 

ʫʩʣʫʛ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʠ ʧʨʦʚʝʨʷʪʴ ʠʭ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʥʦʨʤʘʤ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʨʘʩʩʤʦʪʨʝʪʴ 

ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʠ ʪʨʘʢʪʦʚ. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʥʦʨʤʳ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʦʰʠʙʦʢ, ʠ ʥʘ 

ʧʨʠʤʝʨʝ ʧʦʢʘʟʘʪʴ ʩʧʦʩʦʙ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʤʘʤ ʩʝʪʝʚʳʭ ʪʨʘʢʪʦʚ. 
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ɼʦʣʛʦʚʨʝʤʝʥʥʳʝ ʥʦʨʤʳ 

ʆʩʥʦʚʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʥʦʨʤ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʘʥʘʣʘ 

ʠʣʠ ʪʨʘʢʪʘ ʷʚʣʷʶʪʩʷ ʦʙʱʠʝ ʨʘʩʯʝʪʥʳʝ (ʵʪʘʣʦʥʥʳʝ) ʥʦʨʤʳ ʜʣʷ ʧʦʣʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ (end-to-end) ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʦʰʠʙʦʢ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 27 500 ʢʤ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1, ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʦʰʠʙʦʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʮʠʬʨʦʚʦʛʦ ʢʘʥʘʣʘ ʠʣʠ ʪʨʘʢʪʘ (ʅʦʨʤʳ 

ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʠ ʪʨʘʢʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʠ 

ʚʥʫʪʨʠʟʦʥʦʚʳʭ ʧʝʨʚʠʯʥʳʭ ʩʝʪʝʡ : ʋʪʚ. ʄ-ʚʦʤ ʩʚʷʟʠ ʈʌ 01.10.96. ï ʄ. : ʄʂ-

ʇʦʣʠʛʨʘʬ, 1996. ï 72 ʩ.) [1, 2]. ʆʪʤʝʪʠʤ, ʯʪʦ ʪʦʣʴʢʦ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʩʝʪʝʚʦʛʦ 

ʪʨʘʢʪʘ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥ ʨʘʟʤʝʨ ʙʣʦʢʘ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ITU-T G.826 

(End-to-end error performance parameters and objectives for international, constant 

bit-rate digital paths and connections. ï 2002ï12. ï Geneva : ITU-T, 2002. ï 34 p.) 

[3, 4, 5], ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʪʨʘʢʪʦʚ ʩʫʱʝʩʪʚʫʶʪ ʣʠʰʴ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ 

ʜʠʘʧʘʟʦʥʳ, ʘ ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʊʘʙʣʠʮʘ 1 ï ɼʦʣʛʦʚʨʝʤʝʥʥʳʝ ʥʦʨʤʳ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʦʰʠʙʦʢ ʜʣʷ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 27 500 ʢʤ 

ʪʠʧ ʢʘʥʘʣʘ ʠʣʠ ʪʨʘʢʪʘ 
ʩʢʦʨʦʩʪʴ, 

ʄʙʠʪ/ʩ 

ʨʘʟʤʝʨ 

ʙʣʦʢʘ, ʢʙʠʪ 

ESR 

 

SESR 

 

BBER 

 
ʦʩʥʦʚʥʦʡ ʮʠʬʨʦʚʦʡ ʢʘʥʘʣ 0,064 ï 0,08 0,002 ï 

ʧʝʨʚʠʯʥʳʡ ʩʝʪʝʚʦʡ ʪʨʘʢʪ 2,048 2,048 0,04 0,002 3Ŀ10
-4
 

ʚʪʦʨʠʯʥʳʡ ʩʝʪʝʚʦʡ ʪʨʘʢʪ 8,448 2ï8 0,05 0,002 2Ŀ10
-4
 

ʪʨʝʪʠʯʥʳʡ ʩʝʪʝʚʦʡ ʪʨʘʢʪ 34,368 4ï20 0,075 0,002 2Ŀ10
-4
 

ʯʝʪʚʝʨʠʯʥʳʡ ʩʝʪʝʚʦʡ ʪʨʘʢʪ 139,264 6ï20 0,16 0,002 2Ŀ10
-4
 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʴʥʳʭ ʨʘʩʯʝʪʥʳʭ ʥʦʨʤ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʦʰʠʙʦʢ ʧʦ 

ʫʯʘʩʪʢʘʤ ʪʨʘʢʪʘ ʠʣʠ ʢʘʥʘʣʘ ʧʝʨʚʠʯʥʦʡ ʩʝʪʠ ʚʟʘʠʤʦʫʚʷʟʘʥʥʦʡ ʩʝʪʠ ʩʚʷʟʠ ʈʦʩʩʠʠ 

ʪʘʢʦʚʳ: ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʧʨʠʭʦʜʠʪʩʷ 0,2 ʦʪ ʧʨʝʜʝʣʴʥʳʭ ʥʦʨʤ, ʥʘ 

ʚʥʫʪʨʠʟʦʥʦʚʳʝ ʠ ʤʝʩʪʥʳʝ ï ʧʦ 0,0375 (ʩ ʦʙʦʠʭ ʩʪʦʨʦʥ), ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʪʦʣʴʢʦ 

ʜʣʷ ʦʩʥʦʚʥʳʭ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʥʘ ʘʙʦʥʝʥʪʩʢʠʝ ʣʠʥʠʠ ï ʧʦ 0,075 [6, 7, 8]. 

 

ʂʘʪʝʛʦʨʠʠ ʜʣʠʥʳ 

ʂʘʪʝʛʦʨʠʠ ʜʣʠʥʳ  ʟʘʜʘʶʪʩʷ ʠʥʪʝʨʚʘʣʘʤʠ, ʢʨʘʪʥʳʤʠ 50, 100, 250 ʠ 

500 ʢʤ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 100, 600 ʠ 12 500 ʢʤ ʜʣʷ ʤʝʩʪʥʦʡ, 

ʚʥʫʪʨʠʟʦʥʦʚʦʡ ʠ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʧʝʨʚʠʯʥʳʭ ʩʝʪʝʡ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʣʠʥʳ ʜʣʷ 

ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʧʝʨʚʠʯʥʦʡ ʩʝʪʠ 

 



21 

ʛʜʝ  ï ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʧʝʨʚʠʯʥʦʡ ʩʝʪʠ, ʪʳʩ. ʢʤ; 

 ï ʦʢʨʫʛʣʝʥʠʝ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ . 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʣʠʥʳ ʜʣʷ ʚʥʫʪʨʠʟʦʥʦʚʦʡ ʧʝʨʚʠʯʥʦʡ ʩʝʪʠ 

 

 
 

ʛʜʝ  ï ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʚʥʫʪʨʠʟʦʥʦʚʦʡ ʧʝʨʚʠʯʥʦʡ ʩʝʪʠ, ʪʳʩ. ʢʤ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʣʠʥʳ ʜʣʷ ʤʝʩʪʥʦʡ ʧʝʨʚʠʯʥʦʡ ʩʝʪʠ ï , ʜʣʷ 

ʘʙʦʥʝʥʪʩʢʠʭ ʣʠʥʠʡ ï  [7, 8]. 

ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʩʦʩʪʘʚʝ ʢʘʥʘʣʘ ʠʣʠ ʪʨʘʢʪʘ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʥʟʠʪʥʳʭ 

ʫʯʘʩʪʢʦʚ ʦʜʥʦʛʦ ʪʠʧʘ ʧʝʨʚʠʯʥʦʡ ʩʝʪʠ ʜʣʠʥʦʡ , , ʢʘʞʜʳʡ ʠʟ 

ʫʯʘʩʪʢʦʚ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʥʦʨʤʘʤ, ʢʘʢ ʠ ʚʝʩʴ ʩʦʩʪʘʚʥʦʡ ʢʘʥʘʣ ʠʣʠ ʪʨʘʢʪ 

ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʳ 

 

 
 

ʇʨʠʤʝʨ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʩʝʪʝʚʳʭ ʪʨʘʢʪʦʚ 

ʊʨʝʪʠʯʥʳʡ ʮʠʬʨʦʚʦʡ ʪʨʘʢʪ ʚʟʘʠʤʦʫʚʷʟʘʥʥʦʡ ʩʝʪʠ ʩʚʷʟʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʦʙʨʘʟʦʚʘʥ ʜʚʫʤʷ ʫʯʘʩʪʢʘʤʠ ʤʝʩʪʥʦʡ ʩʝʪʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 30 ʢʤ ʠ 

100 ʢʤ, ʜʚʫʤʷ ʫʯʘʩʪʢʘʤʠ ʚʥʫʪʨʠʟʦʥʦʚʦʡ ʩʝʪʠ ʜʣʠʥʦʡ 190 ʢʤ ʠ 550 ʢʤ, ʠ ʜʚʫʤʷ 

ʫʯʘʩʪʢʘʤʠ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʩʝʪʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 4 800 ʢʤ ʠ 1 670 ʢʤ, ʚ 

ʧʦʩʣʝʜʥʝʤ ʠʟ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʯʘʩʪʦʢ ʩʦ ʩʧʫʪʥʠʢʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʧʝʨʝʜʘʯʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʈʘʟʤʝʨ ʙʣʦʢʘ ï 4296 ʙʠʪ. 

ʅʦʤʝʨʘ ʦʰʠʙʦʯʥʳʭ ʙʣʦʢʦʚ: 18ï2560, 368 365ï417 390. 

ʆʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ 

ʥʦʨʤʘʤ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʰʠʙʦʢ ʵʪʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʢʪʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʘʩʠʥʭʨʦʥʥʳʤ ʤʝʪʦʜʦʤ. 

ɼʘʥʦ: , , , , 

, , , 

. 
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ʂʦʵʬʬʠʮʠʝʥʪ ʜʣʠʥʳ ʫʯʘʩʪʢʘ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʩʝʪʠ 

 

 
 

 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʣʠʥʳ ʚʩʝʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʢʪʘ 

 

 
 

ʇʨʝʜʝʣʴʥʳʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʥʦʨʤʳ ʜʣʷ ʪʨʝʪʠʯʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʢʪʘ 

(ʪʘʙʣ. 1) 

 

 
 

ɼʦʣʛʦʚʨʝʤʝʥʥʳʝ ʥʦʨʤʳ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ  ʩʝʢʫʥʜ ʩ ʦʰʠʙʢʘʤʠ ESR 

 

 
 

ɼʦʣʛʦʚʨʝʤʝʥʥʳʝ ʥʦʨʤʳ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ  ʩʝʢʫʥʜ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʦʰʠʙʢʘʤʠ SESR 
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ɼʦʣʛʦʚʨʝʤʝʥʥʳʝ ʥʦʨʤʳ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ  ʙʣʦʢʦʚ ʩ ʬʦʥʦʚʳʤʠ 

ʦʰʠʙʢʘʤʠ BBER 

 

 
 

ʉʢʦʨʦʩʪʴ ʪʨʝʪʠʯʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʪʨʘʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 34,368 ʄʙʠʪ/ʩ. 

ɿʥʘʯʠʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ:  ʙʣʦʢʦʚ ʚ ʩʝʢʫʥʜʫ. 

ʇʨʠ ʘʩʠʥʭʨʦʥʥʦʤ ʤʝʪʦʜʝ ʟʘ ʧʝʨʚʫʶ ʩʝʢʫʥʜʫ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ (ʦʪ 1 ʜʦ 8 

000 ʙʣʦʢʘ)  ʦʰʠʙʦʯʥʳʭ ʙʣʦʢʘ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʦʰʠʙʦʯʥʳʭ ʙʣʦʢʦʚ 

 

 
 

ɿʥʘʯʠʪ, ʵʪʘ ʩʝʢʫʥʜʘ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʩʝʢʫʥʜʘʤ ʩ ʦʰʠʙʢʘʤʠ ES ʠ ʢ ʩʝʢʫʥʜʘʤ 

ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʦʰʠʙʢʘʤʠ SES. 

ɿʘ 47-ʫʶ ʩʝʢʫʥʜʫ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ (ʦʪ 368 001 ʜʦ 376 000 ʙʣʦʢʘ) 

 ʦʰʠʙʦʯʥʳʭ ʙʣʦʢʦʚ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʦʰʠʙʦʯʥʳʭ ʙʣʦʢʦʚ 

 

 
 

ɿʥʘʯʠʪ, ʵʪʘ ʩʝʢʫʥʜʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʩʝʢʫʥʜʘʤ ʩ ʦʰʠʙʢʘʤʠ ES ʠ ʢ 

ʩʝʢʫʥʜʘʤ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʦʰʠʙʢʘʤʠ SES. 

ɹʣʦʢʠ ʩ 376 001 ʧʦ 416 000 ʚʩʝ ʦʰʠʙʦʯʥʳʝ, ʟʥʘʯʠʪ ʚ ʩʝʢʫʥʜʳ ʩ 48 ʧʦ 52 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʰʠʙʦʯʥʳʭ ʙʣʦʢʦʚ . ɿʥʘʯʠʪ, ʵʪʠ 

ʩʝʢʫʥʜʳ ʦʪʥʦʩʷʪʩʷ ʠ ʢ ʩʝʢʫʥʜʘʤ ʩ ʦʰʠʙʢʘʤʠ ES ʠ ʢ ʩʝʢʫʥʜʘʤ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʦʰʠʙʢʘʤʠ SES. 

ɿʘ 53-ʫʶ ʩʝʢʫʥʜʫ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ (ʦʪ 416 001 ʜʦ 417 390 ʙʣʦʢʘ) 

 ʦʰʠʙʦʯʥʳʭ ʙʣʦʢʘ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʦʰʠʙʦʯʥʳʭ ʙʠʪʦʚ 

 

 
 

ɿʥʘʯʠʪ, ʵʪʘ ʩʝʢʫʥʜʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʢʫʥʜʘʤ ʩ ʦʰʠʙʢʘʤʠ ES. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʠʥʪʝʨʚʘʣ ʠʟʤʝʨʝʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚʦʩʝʤʴ ʩʝʢʫʥʜ ʩ 

ʦʰʠʙʢʘʤʠ  ʠ ʩʝʤʴ ʩʝʢʫʥʜ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʦʰʠʙʢʘʤʠ . ɹʣʦʢʠ ʩ 

ʬʦʥʦʚʳʤʠ ʦʰʠʙʢʘʤʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ 53-ʝʡ ʩʝʢʫʥʜʝ: . 

ʇʝʨʠʦʜʦʚ ʥʝʛʦʪʦʚʥʦʩʪʠ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ, ʪʘʢ ʢʘʢ ʥʝʪ ʜʝʩʷʪʠ ʧʦʜʨʷʜ ʩʝʢʫʥʜ ʩ 
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ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʦʰʠʙʢʘʤʠ (ʪʦʣʴʢʦ ʰʝʩʪʴ ʩ 47-ʡ ʧʦ 52-ʫʶ). ʀʥʪʝʨʚʘʣ ʠʟʤʝʨʝʥʠʷ 

, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʜʘʯʝ  ʩʝʢʫʥʜ. 

ʂʦʵʬʬʠʮʠʝʥʪ  ʩʝʢʫʥʜ ʩ ʦʰʠʙʢʘʤʠ ESR 

 

 
 

ʂʦʵʬʬʠʮʠʝʥʪ  ʩʝʢʫʥʜ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʦʰʠʙʢʘʤʠ SESR 

 

 
 

ɺʩʝʛʦ ʧʝʨʝʜʘʥʥʳʭ ʙʣʦʢʦʚ ʟʘ ʠʥʪʝʨʚʘʣ ʠʟʤʝʨʝʥʠʷ 

. ʂʦʵʬʬʠʮʠʝʥʪ  ʙʣʦʢʦʚ ʩ ʬʦʥʦʚʳʤʠ 

ʦʰʠʙʢʘʤʠ BBER 

 

 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʪʠʯʥʳʡ ʩʝʪʝʚʦʡ ʪʨʘʢʪ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʦʨʤʘʤ 

(ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2 ï ʉʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʤ ʧʘʨʘʤʝʪʨʦʚ ʦʰʠʙʦʢ ʪʨʝʪʠʯʥʦʛʦ ʩʝʪʝʚʦʛʦ 

ʪʨʘʢʪʘ 

ʧʦʢʘʟʘʪʝʣʴ ESR  SESR  BBER  

ʥʦʨʤʘ 0,028 3,8Ŀ10
-4
 7,4Ŀ10

-5
 

ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 2,222Ŀ10
-3
 1,994Ŀ10

-3
 4,826Ŀ10

-5
 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʩʝʪʝʚʳʭ ʪʨʘʢʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʠ ʥʘʛʣʷʜʥʦ ʧʨʦʚʝʨʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʭ ʢʘʯʝʩʪʚʘ 

ʥʦʨʤʘʤ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤ ʨʫʢʦʚʦʜʷʱʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʦʪʨʘʩʣʠ. 
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ɺʚʝʜʝʥʠʝ 

ʇʨʦʚʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʘʢʪʠʢʠ ʨʘʙʦʪʳ ʢʦʤʠʩʩʠʡ ʧʦ ʨʘʩʩʣʝʜʦʚʘʥʠʶ 

ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ (ɸʇ) ʠ ʘʚʠʘʮʠʦʥʥʳʭ ʠʥʮʠʜʝʥʪʦʚ (ɸʀ) 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʩʦʙʳʪʠʷ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʦʮʝʥʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʯʣʝʥʦʚ ʢʦʤʠʩʩʠʠ, 

ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʨʘʙʦʪʳ ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʧʨʠʯʝʤ ʙʝʟ ʢʘʢʦʡ-

ʣʠʙʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʳʷʚʣʷʝʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʠʣʠ ʥʘʨʫʰʝʥʠʡ [1]. 

ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʦʡ 

çʟʥʘʯʠʤʦʩʪʠè ʨʘʩʩʣʝʜʫʝʤʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʰʠʙʦʯʥʦʛʦ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʯʠʥ ʠ ʚʟʘʠʤʦʩʚʷʟʝʡ. ʏʣʝʥʳ ʢʦʤʠʩʩʠʠ ʧʦ ʨʘʩʩʣʝʜʦʚʘʥʠʶ ʚ 

ʦʩʥʦʚʥʦʤ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ ʦʧʳʪʦʤ ʠ ʣʠʯʥʳʤʠ ʧʨʝʜʧʦʯʪʝʥʠʷʤʠ, 

ʢʦʪʦʨʳʝ ʧʦʨʦʡ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʲʝʢʪʠʚʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʩʣʝʜʦʚʘʥʠʷ. ɺʩʝ 

ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʮʝʥʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʘʢʪʳ ʢʦʤʠʩʩʠʠ ʥʦʩʷʪ 

ʦʧʠʩʘʪʝʣʴʥʳʡ, ʘ ʥʝ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ.  

ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʩʣʝʜʦʚʘʥʠʡ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʦʙʳʪʠʡ (ɸʉ) ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ [2]: 

- ʉʫʛʫʙʦ ʩʫʙʲʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸʉ ʧʦ ʩʪʝʧʝʥʠ ʠʭ 

ʪʷʞʝʩʪʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʨʝʜʠ ʧʦʩʪʘʚʱʠʢʦʚ ʘʚʠʘʮʠʦʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʤʦʪʠʚʘʮʠʶ ʩʢʨʳʚʘʪʴ ʬʘʢʪʳ ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘʨʫʰʝʥʠʡ.   

- ʅʝʦʙʲʝʢʪʠʚʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʘʣʴʥʳʭ ʧʨʠʯʠʥ ʧʨʦʠʟʦʰʝʜʰʠʭ 

ʩʦʙʳʪʠʡ (ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʩʪʦʡ ʧʦʠʩʢ çʚʠʥʦʚʥʳʭ ʣʠʮè ʠʟ ʯʠʩʣʘ çʤʝʥʝʝ 

ʟʘʱʠʱʝʥʥʳʭè). 

- ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ 

ʟʘʜʝʨʞʢʘʭ ʚ ʨʘʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝʢʦʪʦʨʳʝ ʬʘʢʪʦʨʳ ʦʧʘʩʥʦʩʪʠ ʤʦʛʫʪ ʩʪʘʪʴ ʪʨʫʜʥʦ 

ʦʧʨʝʜʝʣʠʤʳʤʠ.  
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʪʘʪʴʠ ʦʙʫʩʣʦʚʣʝʥʘ ʦʪʩʫʪʩʪʚʠʝʤ ʝʜʠʥʦʛʦ 

ʦʙʲʝʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʚʝʜʝʥʠʶ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ɸʀ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʘʨʫʰʝʥʠʝʤ ʠʥʪʝʨʚʘʣʦʚ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ ï ʦʪʩʫʪʩʪʚʠʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʦʮʝʥʦʢ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺʦʧʨʦʩʳ ʩʭʦʞʝʡ ʪʝʤʘʪʠʢʠ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʟʘʪʨʘʛʠʚʘʣʠʩʴ ʥʝ ʯʘʩʪʦ. 

ʇʨʦʙʣʝʤʘʤʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ɸʀ, ʤʝʨʘʤʠ ʧʦʚʳʰʝʥʠʷ ʠʭ ʢʘʯʝʩʪʚʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʘʤʠ ʠʥʪʝʛʨʘʮʠʠ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʦʣʝʪʦʚ ʟʘʥʠʤʘʣʠʩʴ ɸ.ɻ. ɻʫʟʠʡ, ɸ.ɺ. ʄʠʰʠʥ, ɹ.ʇ. 

ɽʣʠʩʝʝʚ, ʖ.ɸ. ʄʘʡʦʨʦʚʘ, ɸ.ʄ. ʃʫʰʢʠʥ, ɺ.ɸ. ʉʚʠʨʢʠʥ. ɼʘʥʥʳʝ ʘʚʪʦʨʳ ʚ ʩʚʦʠʭ 

ʨʘʙʦʪʘʭ ʧʨʝʜʣʘʛʘʶʪ ʛʣʫʙʦʢʠʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʪʝʥʜʝʥʮʠʡ ʚ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʦʡ ʙʘʟʝ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʝʡ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ɸʇ ʠ ɸʀ [1-5]. ʖ.ɺ. ʇʦʧʦʚ, 

ʀ.ɸ. ʋʚʘʨʦʚ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ɺʉ ʜʣʷ ʮʝʣʝʡ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ɸʇ [6]. ɻ.ɸ. ʂʨʳʞʘʥʦʚʩʢʠʡ, ɺ.ɺ. 

ʂʫʧʠʥ ʠʟʫʯʘʣʠ ʚʦʧʨʦʩʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʩʠʩʪʝʤʝ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ [7]. ɺ.ɽ ɹʦʨʠʩʦʚ, ɼ.ɸ. ɽʚʩʝʚʠʯʝʚ 

ʠʩʩʣʝʜʦʚʘʣʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʦʙʫʯʝʥʠʷ ʠ ʦʮʝʥʠʚʘʥʠʷ 

ʫʨʦʚʥʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʘʚʠʘʜʠʩʧʝʪʯʝʨʦʚ [8, 9]. ʆʜʠʥ ʠʟ ʘʚʪʦʨʦʚ 

ʩʪʘʪʴʠ ʨʘʥʝʝ ʧʨʝʜʣʘʛʘʣ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʝʨʠʷ 

ʦʧʘʩʥʦʩʪʠ ʩʙʣʠʞʝʥʠʷ (ʆʉ) ɺʉ [10]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʦʧʨʦʩ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʦʮʝʥʢʠ ɸʉ ʧʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʥʠʢʝʤ ʥʝ ʨʘʩʢʨʳʚʘʣʩʷ. 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʩʣʝʜʦʚʘʥʠʡ ʘʚʠʘʮʠʦʥʥʳʭ ʩʦʙʳʪʠʡ 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʪʝʥʜʝʥʮʠʡ ʧʨʦʭʦʜʷʱʠʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʩʬʝʨʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

(ɻɸ) ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʈʌ) ʷʚʣʷʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʡ, ʥʦ ʫʩʪʦʡʯʠʚʳʡ 

ʧʝʨʝʭʦʜ ʦʪ ʧʨʠʥʮʠʧʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʚʠʘʮʠʠ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ 

ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʛʣʘʚʥʦʡ ʮʝʣʠ ï ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʣʝʪʦʚ (ɹʇ), ʢ ʧʨʠʥʮʠʧʫ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʦʝ ʩʘʤʦ ʧʦ ʩʝʙʝ ʫʞʝ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʛʘʨʘʥʪ ɹʇ [1]. 

ʊʘʢʫʶ ʞʝ ʪʝʥʜʝʥʮʠʶ ʠʤʝʝʪ ʧʨʦʮʝʩʩ ʦʮʝʥʢʠ ʜʝʡʩʪʚʠʡ ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʩʣʝʜʦʚʘʥʠʡ ɸʉ. ʊ.ʝ. ʢʦʤʠʩʩʠʷ ʧʨʠ ʜʘʥʥʦʡ ʦʮʝʥʢʝ ʚʩʝ 

ʙʦʣɹh ʝ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤ ʧʨʘʚʘ, ʘ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʝʟʫʩʣʦʚʥʦʤ 

ʚʳʧʦʣʥʝʥʠʝʤ ʜʝʡʩʪʚʫʶʱʠʭ ʨʝʛʣʘʤʝʥʪʦʚ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʩʧʨʘʚʝʜʣʠʚ ʪʦʣʴʢʦ ʧʨʠ ʧʦʣʥʦʤ ʩʦʚʝʨʰʝʥʩʪʚʝ 

ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʘʚʠʣ ʠ ʠʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ. ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʠʪʫʘʮʠʡ, ʢʦʪʦʨʳʝ ʘʙʩʦʣʶʪʥʦ ʥʝʚʦʟʤʦʞʥʦ ʥʠ ʧʨʝʜʫʩʤʦʪʨʝʪʴ, 

ʥʠ ʪʝʤ ʙʦʣʝʝ ʦʧʠʩʘʪʴ ʚ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʵʪʦʪ ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʦʢʫʤʝʥʪʘʭ. 

ʇʨʠʩʚʘʠʚʘʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʜʝʡʩʪʚʠʷʤ ʩʪʘʪʫʩ ʦʙʷʟʘʪʝʣʴʥʳʭ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ, 

ʟʘʢʦʥʦʜʘʪʝʣʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʵʪʠʭ ʜʝʡʩʪʚʠʡ ʥʘ ʩʝʙʷ. ʀʩʧʦʣʥʠʪʝʣʶ ʙʫʜʝʪ ʧʨʦʩʪʦ ʚʳʛʦʜʥʦ ʩʣʝʜʦʚʘʪʴ 

ʜʝʡʩʪʚʫʶʱʝʤʫ ʨʝʛʣʘʤʝʥʪʫ, ʧʦʩʢʦʣʴʢʫ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʩʣʝʜʩʪʚʠʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʥʠʭ ʦʥ ʥʝʩʪʠ ʥʝ ʙʫʜʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʯʘʩʪʘʷ ʩʤʝʥʘ 

https://www.elibrary.ru/item.asp?id=23697262
https://www.elibrary.ru/item.asp?id=23697262
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ʫʧʦʣʥʦʤʦʯʝʥʥʳʭ ʦʨʛʘʥʦʚ ʚ ʦʙʣʘʩʪʠ ɻɸ ʧʨʠʚʝʣʘ ʢ ʩʦʟʜʘʥʠʶ ʤʥʦʞʝʩʪʚʘ 

ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ, ʢʦʪʦʨʳʝ ʣʠʙʦ ʜʫʙʣʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʣʠʙʦ ʧʨʦʪʠʚʦʨʝʯʘʪ 

ʜʨʫʛ ʜʨʫʛʫ, ʘ ʜʣʷ ʤʥʦʛʠʭ ʘʩʧʝʢʪʦʚ ʦʩʪʘʚʣʷʶʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʧʨʘʚʦʚʦʡ 

ʚʘʢʫʫʤ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪ. 95 ɺʦʟʜʫʰʥʦʛʦ ʂʦʜʝʢʩʘ (ɺʂ) ʈʌ ɸʇ ʠʣʠ ɸʀ ʩ 

ʛʨʘʞʜʘʥʩʢʠʤ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ɺʉ ʈʌ, ʣʠʙʦ ʩ ɺʉ 

ʠʥʦʩʪʨʘʥʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʧʦʜʣʝʞʘʪ ʦʙʷʟʘʪʝʣʴʥʦʤʫ 

ʨʘʩʩʣʝʜʦʚʘʥʠʶ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʜʘʥʥʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʠʥʷʪʠʝ ʤʝʨ ʧʦ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʚ ʙʫʜʫʱʝʤ. ʋʧʦʣʥʦʤʦʯʝʥʥʳʝ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʜʣʷ ʮʝʣʝʡ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʳ ʥʝʩʤʦʪʨʷ ʥʘ ʚʥʝʜʨʷʝʤʫʶ 

ʧʨʘʢʪʠʢʫ ʧʝʨʝʭʦʜʘ ʢ ʧʨʦʘʢʪʠʚʥʳʤ ʤʝʪʦʜʘʤ ʘʥʘʣʠʟʘ ɸʉ [11], ʪʝʤ ʥʝ ʤʝʥʝʝ, 

ʧʨʦʜʦʣʞʘʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʘʢʪʠʢʫ ʨʝʘʛʠʨʫʶʱʝʛʦ ʧʦʜʭʦʜʘ, ʠ ʟʘʥʠʤʘʶʪʩʷ 

ʚʳʷʚʣʝʥʠʝʤ ʩʦʚʝʨʰʝʥʥʳʭ ʘʚʠʘʮʠʦʥʥʳʤ ʧʝʨʩʦʥʘʣʦʤ ʦʰʠʙʦʢ, ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ, 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʝʨʴʝʟʥʦʩʪʴʶ ʵʪʠʭ ʦʰʠʙʦʢ, ʩʘʥʢʮʠʷʤʠ. ʇʨʠʪʦʤ, ʯʪʦ ʚ ɺʂ 

ʫʢʘʟʘʥʦ, ʯʪʦ çʫʩʪʘʥʦʚʣʝʥʠʝ ʯʴʝʡ-ʣʠʙʦ ʚʠʥʳ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʮʝʣʴʶ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʨʦʠʩʰʝʩʪʚʠʷ ʠʣʠ ʠʥʮʠʜʝʥʪʘè. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʚ ʦʪʯʝʪʘʭ ʢʦʤʠʩʩʠʡ ʧʦ ʨʘʩʩʣʝʜʦʚʘʥʠʶ ʫʢʘʟʳʚʘʶʪʩʷ ʜʦʧʫʱʝʥʥʳʝ 

ʜʦʣʞʥʦʩʪʥʳʤʠ ʣʠʮʘʤʠ ʥʘʨʫʰʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ, ʦʢʘʟʘʚʰʠʭ 

ʚʣʠʷʥʠʝ ʠʣʠ ʧʨʠʚʝʜʰʠʭ ʢ ʧʦʩʣʝʜʩʪʚʠʷʤ ɸʇ ʠʣʠ ɸʀ. ɺ ʠʪʦʛʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ, ʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʦʨʷʜʢʦʤ, 

ʧʨʦʚʦʜʷʪʩʷ ʩʣʝʜʩʪʚʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʫʧʦʣʥʦʤʦʯʝʥʥʳʭ ʚʝʜʦʤʩʪʚ, ʠ 

ʥʘʨʫʰʠʪʝʣʠ ʧʨʠʚʣʝʢʘʶʪʩʷ ʢ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʠʣʠ ʫʛʦʣʦʚʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. 

ɼʘʥʥʘʷ ʧʨʘʢʪʠʢʘ ʠʤʝʝʪ ʩʚʦʠʤ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʥʘʮʝʣʝʥʥʦʩʪʴ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʢʨʳʪʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ɸʉ ʬʘʢʪʦʨʦʚ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʫʣʴʪʫʨʳ ɹʇ ʩʨʝʜʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʪʨʝʙʦʚʘʥʠʷ ʇʨʠʣʦʞʝʥʠʡ 13 ʠ 19 ʢ ʏʠʢʘʛʩʢʦʡ ʢʦʥʚʝʥʮʠʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ 

ʢʘʞʜʦʝ ʛʦʩʫʜʘʨʩʪʚʦ ʜʦʣʞʥʦ ʩʦʟʜʘʪʴ ʦʙʷʟʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʩʙʦʨʘ ʩʦʦʙʱʝʥʠʡ ʦʙ 

ɸʉ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʘʢʪʠʯʝʩʢʠʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷʭ ʚ ʩʬʝʨʝ ɹʇ, ʘ ʪʘʢʞʝ ʜʦʙʨʦʚʦʣʴʥʫʶ ʩʠʩʪʝʤʫ ʩʙʦʨʘ ʩʦʦʙʱʝʥʠʡ 

ʦʙ ʠʥʮʠʜʝʥʪʘʭ ʜʣʷ ʪʝʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʯʝʨʝʟ 

ʦʙʷʟʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ [12, 13], ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʠʤʳ. ɺ ʨʦʩʩʠʡʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʰʝʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʤʝʥʪʘʣʠʪʝʪʘ, ʧʨʘʢʪʠʢʘ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʙʨʦʚʦʣʴʥʳʭ ʩʦʦʙʱʝʥʠʡ ʪʘʢʞʝ ʥʝ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 

ɺʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʬʠʢʩʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ɹʇ ʚ ʮʝʣʦʤ. 

ɽʩʣʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʘʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʥʮʠʧʘ çʦʙʲʝʢʪʠʚʥʦʩʪʠè 

ʧʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʷʭ ɸʉ, ʪʦ ʜʘʥʥʳʡ ʧʨʠʥʮʠʧ ʨʝʘʣʠʟʫʝʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ 

ʪʦʤ, ʯʪʦ ʬʘʢʪʳ ʠ ʩʦʙʳʪʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ, 

ʜʦʣʞʥʳ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʠʤʝʥʥʦ ʪʘʢʠʤʠ, ʢʘʢʠʤʠ ʦʥʠ ʙʳʣʠ ʚ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ 

ʦʩʦʙʦʡ ʩʠʪʫʘʮʠʠ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʯʣʝʥʦʚ ʢʦʤʠʩʩʠʠ ʧʦ 

ʨʘʩʩʣʝʜʦʚʘʥʠʶ ʙʫʜʫʯʠ ʩʚʦʙʦʜʥʳʤ ʠ ʥʝʟʘʚʠʩʠʤʳʤ, ʙʫʜʝʪ ʧʨʠʭʦʜʠʪʴ ʢ 
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ʠʜʝʥʪʠʯʥʳʤ ʦʮʝʥʢʘʤ ʠ ʚʳʚʦʜʘʤ, ʪ.ʝ. ʨʝʟʫʣʴʪʘʪ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ 

ʦʪ ʪʦʛʦ, ʛʜʝ ʠ ʢʝʤ ʵʪʦ ʨʘʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʟʘʯʘʩʪʫʶ ʨʝʘʣʠʟʫʝʪʩʷ ʩʫʛʫʙʦ ʩʫʙʲʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʪ.ʢ. ʧʨʠ 

ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʜʦʤʠʥʠʨʫʶʱʝʛʦ 

ʤʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʯʣʝʥʦʚ ʢʦʤʠʩʩʠʠ, ʦʩʦʙʝʥʥʦ, ʝʩʣʠ ʵʪʦ ʤʥʝʥʠʝ ʧʦʣʫʯʠʣʦ 

ʬʦʨʤʘʣʴʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʘʢʪʝ ʦʪʜʝʣʴʥʦʡ ʧʦʜʢʦʤʠʩʩʠʠ. 

ʉʥʠʞʝʥʠʝ ʩʫʙʲʝʢʪʠʚʠʟʤʘ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʯʠʥʳ ɸʇ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʚʩʝʩʪʦʨʦʥʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ. ʇʦ 

ʤʥʝʥʠʶ ʵʢʩʧʝʨʪʦʚ, ʫʞʝ ʜʘʚʥʦ ʚʦʟʥʠʢʣʘ ʩʝʨʴʝʟʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʨʝʥʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʧʦʜʭʦʜʦʚ ʢ ʧʨʘʚʦʚʦʡ ʧʦʜʛʦʪʦʚʢʝ ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʨʘʩʩʣʝʜʦʚʘʥʠʶ ɸʇ ʠ ɸʀ [2]. 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʥʘʨʫʰʝʥʠʡ ʠʥʪʝʨʚʘʣʦʚ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤʠ ʘʢʪʘʤʠ ʜʠʩʧʝʪʯʝʨ 

ʦʙʷʟʘʥ ʥʝ ʜʦʧʫʩʢʘʪʴ ʥʘʨʫʰʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ɸʉ ʋɺɼ ʧʦʟʚʦʣʷʶʪ ʬʠʢʩʠʨʦʚʘʪʴ 

ʣʶʙʫʶ çʢʦʥʬʣʠʢʪʥʫʶ ʩʠʪʫʘʮʠʶè (ʂʉ) ʠʣʠ ʬʘʢʪ ʥʘʨʫʰʝʥʠʷ ʠʥʪʝʨʚʘʣʘ 

ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ. ʂʘʞʜʳʡ ʬʘʢʪ ʧʦʜʦʙʥʦʡ ʬʠʢʩʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʦʙ ɸʀ (ʧ.24, ʧʨʠʣʦʞʝʥʠʝ 1 ʇʈɸʇʀ-98). ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʘʥʘʣʠʟʦʚ ʧʦ ɹʇ, ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʥʘʨʫʰʝʥʠʡ ʠʥʪʝʨʚʘʣʦʚ 

ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 80% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʨʦʚʦʜʠʤʳʭ 

ʨʘʩʩʣʝʜʦʚʘʥʠʡ ɸʉ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʜʦʩʪʘʪʢʘʤʠ ʆɺɼ [14, 15]. 

ɸʣʛʦʨʠʪʤʳ ʞʝ ʪʘʢʠʭ ʨʘʩʩʣʝʜʦʚʘʥʠʡ, ʢʘʢ ʫʞʝ ʩʢʘʟʘʥʦ, ʩʚʦʜʷʪʩʷ ʢ 

ʚʳʷʚʣʝʥʠʶ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʵʢʩʧʝʨʪʥʳʤ ʦʮʝʥʢʘʤ ʯʣʝʥʦʚ 

ʢʦʤʠʩʩʠʡ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʚʧʦʣʥʝ ʤʦʛʣʦ ʙʳ ʙʳʪʴ 

ʥʘʭʦʞʜʝʥʠʝ ʧʨʝʜʧʦʩʳʣʦʢ ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ. 

ʆʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʝʟʫʣʴʪʘʪ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʦʠʩʢʘʤʠ ʚʠʥʦʚʥʦʛʦ 

ʣʠʮʘ, ʜʝʡʩʪʚʠʷ ʠʣʠ ʙʝʟʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʣʠ ʢ ʠʥʮʠʜʝʥʪʫ. ʇʨʠ ʵʪʦʤ, ʥʘʜʦ 

ʧʦʥʠʤʘʪʴ, ʯʪʦ ʦʮʝʥʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʧʨʠʥʷʪʳʭ ʜʝʡʩʪʚʠʡ, 

ʢʦʤʧʝʪʝʥʮʠʷ ʠʣʠ ʘʣʛʦʨʠʪʤʳ ʧʨʠʥʷʪʠʷ ʜʠʩʧʝʪʯʝʨʦʤ ʨʝʰʝʥʠʡ ʦʮʝʥʝʥʳ ʙʳʪʴ ʥʝ 

ʤʦʛʫʪ. ʆʧʘʩʥʦʩʪʴ ʜʦʧʫʱʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʯʣʝʥʘʤʠ ʢʦʤʠʩʩʠʠ 

ʩʫʙʲʝʢʪʠʚʥʦ. 

ɺ ʠʪʦʛʝ ʪʘʢʦʡ ʧʦʜʭʦʜ ʦʮʝʥʠʚʘʥʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʫ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʜʠʩʧʝʪʯʝʨʦʤ ʥʝ ʜʦʧʫʱʝʥʦ ʥʘʨʫʰʝʥʠʡ, ʪʦ ʝʛʦ ʜʝʡʩʪʚʠʷ 

ʦʮʝʥʠʚʘʶʪʩʷ ʢʘʢ ʧʨʘʚʠʣʴʥʳʝ, ʘ ʧʨʠ ʥʘʣʠʯʠʠ ʥʘʨʫʰʝʥʠʡ ï ʥʝʧʨʘʚʠʣʴʥʳʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʚʥʝʜʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʠʢ ʧʨʦʮʝʩʩʫʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʩʩʣʝʜʦʚʘʥʠʡ ʥʘʨʫʰʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʥʘʟʨʝʣʘ ʫʞʝ ʜʘʚʥʦ.  

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʥʘʨʫʰʝʥʠʡ ʠʥʪʝʨʚʘʣʦʚ 

ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ 

ʆʙ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʝ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʪʦʣʴʢʦ ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʜʠʩʧʝʪʯʝʨʘ, ʧʨʠʯʝʤ ʠʟʤʝʨʝʥʠʷ ʙʝʟ 

ʫʯʘʩʪʠʷ ʜʨʫʛʦʛʦ ʯʝʣʦʚʝʢʘ. ʉʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʤʠʤʦ ʩʘʤʦʡ ʬʠʢʩʘʮʠʠ 

ʬʘʢʪʘ ʥʘʨʫʰʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʠʪʴ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, 
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ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʵʪʦʤʫ ʥʘʨʫʰʝʥʠʶ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʠ, ʩ 

ʧʦʤʦʱʴʶ ʚʳʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʩʨʘʚʥʠʚʘʪʴ ʜʝʡʩʪʚʠʷ ʜʠʩʧʝʪʯʝʨʦʚ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʚ ʨʘʩʩʣʝʜʫʝʤʳʭ ʠʥʮʠʜʝʥʪʘʭ, ʦʮʝʥʠʚʘʪʴ ʠʭ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʠ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʪʦʯʥʦ. 

ʇʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʥʘʨʫʰʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʘʥʘʣʠʟ ʜʦʧʫʱʝʥʥʦʛʦ ʩʙʣʠʞʝʥʠʷ ʤʝʞʜʫ ɺʉ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʜʦ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ 

ʠʭ ʨʘʩʭʦʞʜʝʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʬʘʢʪʘ ʥʘʨʫʰʝʥʠʷ ʠʥʪʝʨʚʘʣʘ, ʢʦʥʮʘ 

ʂʉ. ʂʦʤʠʩʩʠʷ ʧʦ ʨʘʩʩʣʝʜʦʚʘʥʠʶ ʚ ʦʪʯʝʪʝ ʫʢʘʟʳʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ɺʉ ʢʘʢ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ, ʪʘʢ ʠ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʠʥʦʛʜʘ ʫʢʘʟʳʚʘʶʪʩʷ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ɺʉ ʚ ʪʦʪ ʩʘʤʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʥʘʯʠʥʘʝʪʩʷ 

ʨʘʩʭʦʞʜʝʥʠʝ ɺʉ. ʆʜʥʘʢʦ ʢʘʢʠʝ-ʣʠʙʦ ʚʳʚʦʜʳ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʥʘ ʵʪʠʭ 

ʜʘʥʥʳʭ ʥʝ ʧʨʦʠʟʚʦʜʷʪʩʷ. ʂʘʢ ʙʫʜʪʦ ʵʪʠʤ ʧʨʦʩʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ, ʠʪʘʢ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʬʘʢʪ ʥʘʨʫʰʝʥʠʷ ʠʥʪʝʨʚʘʣʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʧʘʩʥʦʩʪʴ, ʢʦʪʦʨʦʡ ʧʦʜʚʝʨʛʘʣʠʩʴ ʞʠʟʥʠ 

ʣʶʜʝʡ ʥʘ ɺʉ, ʠ ʨʠʩʢʠ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʨʫʰʝʥʠʷ 

ʠʥʪʝʨʚʘʣʦʚ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ ʙʫʜʫʪ ʨʘʟʥʳʤʠ. ʏʝʤ ʙʣʠʞʝ ɺʉ ʥʘʭʦʜʠʣʠʩʴ ʜʨʫʛ ʢ 

ʜʨʫʛʫ, ʪʝʤ ʦʧʘʩʥʦʩʪʴ ʠ ʨʠʩʢ ʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷ ʙʳʣʠ ʚʳʰʝ, ʠ ʫʨʦʚʝʥʴ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʥʘʨʫʰʝʥ ʢʫʜʘ ʩʝʨʴʝʟʥʝʝ. ʇʨʠ ʩʙʣʠʞʝʥʠʠ ɺʉ 

ʥʘ ʠʥʪʝʨʚʘʣ ʤʝʥʝʝ ʧʦʣʦʚʠʥʳ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʦʨʤʳ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ (çʦʧʘʩʥʦʤ 

ʩʙʣʠʞʝʥʠʠè), ʛʜʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʆʉ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʙʫʜʝʪ 

ʚʦʟʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʛʦʚʦʨʠʪʴ ʦ çʩʝʨʴʝʟʥʦʤ ʘʚʠʘʮʠʦʥʥʦʤ ʠʥʮʠʜʝʥʪʝè. ɽʩʣʠ 

ʧʦʜʦʙʥʦʝ ʥʘʨʫʰʝʥʠʝ ʷʚʠʣʦʩʴ ʩʣʝʜʩʪʚʠʝʤ ʦʰʠʙʦʯʥʳʭ ʜʝʡʩʪʚʠʡ ʜʠʩʧʝʪʯʝʨʘ, ʪʦ 

ʧʦ ʩʪʝʧʝʥʠ ʦʮʝʥʝʥʥʦʡ ʆʉ ɺʉ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʩʝʨʴʝʟʥʦʩʪʠ ʦʰʠʙʢʠ, 

ʜʦʧʫʱʝʥʥʦʡ ʵʪʠʤ ʜʠʩʧʝʪʯʝʨʦʤ ʠʣʠ ʦʨʛʘʥʦʤ ʆɺɼ ʚ ʮʝʣʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʥʘʷ ʩʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦ-ʚʦʟʤʦʞʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʦʮʝʥʢʠ 

ʜʝʡʩʪʚʠʡ ʜʠʩʧʝʪʯʝʨʦʚ ʋɺɼ, ʥʝ ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʪʦʣʴʢʦ ʩʘʤʠʤ ʬʘʢʪʦʤ 

ʜʦʧʫʱʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤ ʠ ʪʨʝʙʦʚʘʥʠʡ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʪʦʯʥʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʠʚʘʥʠʷ ʦʧʘʩʥʦʩʪʠ ʂʉ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʦʪʩʯʝʪʘ (ʅʉʆ), ʫʞʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʦʜʥʠʤ ʠʟ ʘʚʪʦʨʦʚ ʨʘʥʝʝ [10]. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʱʝʠʟʚʝʩʪʥʦʡ ɼʝʢʘʨʪʦʚʦʡ 

ʪʨʝʭʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʪʝʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʙʝʨʫʪʩʷ 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʦʨʤʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ. ʉ 

ʧʦʤʦʱʴʶ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ɺʉ (ʠʭ ʮʝʥʪʨʘʤʠ ʤʘʩʩ) ʚ ʤʦʤʝʥʪ ʨʘʩʭʦʞʜʝʥʠʷ, ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʨʠʩʢʦʚ ʆʉ ʟʥʘʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ 

ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʦʪ ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʌ ʩʠʩʪʝʤʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ ɺʉ, ʘ ʠʤʝʥʥʦ ʝʜʠʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʦʚ ʥʘʭʦʞʜʝʥʠʷ ɺʉ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. 

ʅʘʧʨʠʤʝʨ, ʚʤʝʩʪʦ 8.8 ʢʤ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʠ 120 ʤ ʧʦ ʚʝʨʪʠʢʘʣʠ ʧʨʠ 

ʨʘʡʦʥʥʦʤ ʜʠʩʧʝʪʯʝʨʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ (ʈɼʆ) ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʟʥʘʯʝʥʠʷ 

0.88 ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ 0.4 ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ (ʥʦʨʤʳ 

ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ 10 ʢʤ ʠ 300 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʠʣʠ, ʚʤʝʩʪʦ 4.2 ʢʤ ʧʦ 
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ʛʦʨʠʟʦʥʪʘʣʠ ʠ 180 ʤ ʧʦ ʚʝʨʪʠʢʘʣʠ ʧʨʠ ʘʵʨʦʜʨʦʤʥʦʤ ʜʠʩʧʝʪʯʝʨʩʢʦʤ 

ʦʙʩʣʫʞʠʚʘʥʠʠ (ɸɼʆ) ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ï 0.84 ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ 0.6 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ (ʥʦʨʤʳ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ 5 ʢʤ ʠ 300 ʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʅʉʆ ʫʞʝ ʚʳʨʘʞʘʝʪʩʷ ʩʪʝʧʝʥʴ ʜʦʧʫʱʝʥʥʦʛʦ 

ʥʘʨʫʰʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ɺʉ, ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ɺʉ, ʪʘʢʦʝ ʚʳʨʘʞʝʥʠʝ ʚ ʩʝʙʝ ʫʞʝ ʩʦʜʝʨʞʠʪ ʦʮʝʥʦʯʥʳʡ 

ʧʦʪʝʥʮʠʘʣ, ʧʨʠʤʝʥʝʥʠʝ ʅʉʆ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʜʣʷ ʮʝʣʝʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʆʉ. 

ɽʩʣʠ, ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʘʝʤʳʝ ʦʪ ʩʨʝʜʩʪʚ ʥʘʙʣʶʜʝʥʠʷ ʜʠʥʘʤʠʯʥʦ 

ʠʟʤʝʥʷʶʱʠʝʩʷ ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʬʣʠʢʪʫʶʱʠʭ ɺʉ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʦʮʝʥʠʚʘʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ɺʉ ʩ ʤʦʤʝʥʪʘ ʥʘʩʪʫʧʣʝʥʠʷ ʢʦʥʬʣʠʢʪʘ ʜʦ 

ʝʛʦ ʦʢʦʥʯʘʥʠʷ ʚ ʅʉʆ, ʪʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʆʉ ʵʪʠʭ ɺʉ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

  (1) 

 

ʛʜʝ: 

CH ï ʆʉ ʢʦʥʬʣʠʢʪʫʶʱʠʭ ɺʉ (Collision Hazard);  

i, j ï ʠʥʜʝʢʩʳ ʜʚʫʭ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʢʦʥʬʣʠʢʪʝ ɺʉ; 

n ï ʠʥʜʝʢʩ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʡ ɺʉ; 

ï ʢʦʦʨʜʠʥʘʪʳ ɺʉ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

 

ɺʝʣʠʯʠʥʳ _N ̉  _N  ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʘʤ: 

 

 _N =  /  (2) 

 

 _N =  /  (3) 

 

ʛʜʝ: 

  ɀ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʥʬʣʠʢʪʫʶʱʠʤʠ ɺʉ; 

  ɀ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʥʬʣʠʢʪʫʶʱʠʤʠ ɺʉ; 

 ï ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʦʨʤʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ; 

 ï ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʦʨʤʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʩʪʘʪʴʝ ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʧʨʦʚʝʜʝʥʠʶ ʨʘʩʩʣʝʜʦʚʘʥʠʡ ʥʘʨʫʰʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʧʝʨʝʭʦʜʘ ʦʪ ʨʝʘʛʠʨʫʶʱʝʛʦ ʢ ʧʨʦʘʢʪʠʚʥʦʤʫ ʧʦʜʭʦʜʫ 

ʦʙʝʩʧʝʯʝʥʠʷ ɹʇ ʥʝʦʙʭʦʜʠʤʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʤʝʥʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ 
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ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʮʝʥʠʚʘʶʱʠʭ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʚʦʡ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʦʧʘʩʥʦʩʪʠ ʜʦʧʫʱʝʥʥʳʭ ʧʨʠ 

ʆɺɼ ʥʘʨʫʰʝʥʠʡ ʠʥʪʝʨʚʘʣʦʚ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʘʥʥʘʷ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʤʝʪʦʜʘʭ ʦʮʝʥʠʚʘʥʠʷ, ʦʥʘ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʨʘʟʣʠʯʥʳʭ ɸʀ ʠ ʦʧʨʝʜʝʣʷʪʴ ʧʫʪʠ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʘʚʠʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʋʩʪʘʥʦʚʠʚʰʘʷʩʷ ʧʨʘʢʪʠʢʘ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥ ɸʉ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʦʜʠʪʩʷ ʢ 

ʩʫʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʝ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʘʚʠʘʮʠʦʥʥʳʤ ʧʝʨʩʦʥʘʣʦʤ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ 

ʚʳʷʚʣʷʝʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʠʣʠ ʥʘʨʫʰʝʥʠʡ. ʊʘʢʞʝ ʥʝ ʦʮʝʥʠʚʘʝʪʩʷ çʟʥʘʯʠʤʦʩʪʴè 

ʨʘʩʩʣʝʜʫʝʤʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʦʯʥʦʤʫ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʨʝʘʣʴʥʳʭ ʧʨʠʯʠʥ ʧʨʦʠʟʦʰʝʜʰʝʛʦ. ʅʝʦʙʲʝʢʪʠʚʥʦʩʪʴ ʞʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʠʩʢʣʶʯʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʮʝʥʥʦʩʪʴ ʠ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʟʘʜʘʯ ʧʦ ʧʨʠʥʷʪʠʶ ʤʝʨ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚ ʙʫʜʫʱʝʤ ɸʉ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʞʝ ʧʨʦʠʟʦʰʝʜʰʠʤ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʘʥʘʣʠʟʦʚ ʠ 

ʨʘʩʩʣʝʜʦʚʘʥʠʡ ɸʉ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʡ ʙʝʟ ʥʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ɸʀ ʥʘʨʫʰʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʨʦʠʟʦʰʝʜʰʝʡ ʆʉ ʤʝʞʜʫ ɺʉ. 

ʇʦʩʢʦʣʴʢʫ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʠʩʢʠ ɹʇ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʥʘʨʫʰʝʥʠʷ 

ʠʥʪʝʨʚʘʣʦʚ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ ʙʫʜʫʪ ʨʘʟʥʳʤʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʦ ʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʦʮʝʥʠʚʘʪʴ ʆʉ ɺʉ ʚ ʪʘʢʠʭ ɸʀ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʜʣʷ ʦʮʝʥʢʠ ʆʉ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦʧʫʱʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ 

ʠʥʪʝʨʚʘʣʦʚ ʚ ʅʉʆ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (1). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʅʉʆ 

ʬʘʢʪʠʯʝʩʢʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ɺʉ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʥʘʨʫʰʝʥʥʳʤʠ ʥʦʨʤʘʤʠ 

ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʣʦʩʢʦʩʪʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʡ 

(2, 3). ʇʨʠʤʝʥʝʥʠʝ ʅʉʆ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʚʳʨʘʞʘʪʴ ʩʪʝʧʝʥʴ 

ʜʦʧʫʱʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʠʥʪʝʨʚʘʣʘ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ɺʉ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʆʉ ɺʉ, 

ʧʦʩʢʦʣʴʢʫ ʫʞʝ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʩʨʘʚʥʠʪʝʣʴʥʦ-ʦʮʝʥʦʯʥʳʡ ʧʦʪʝʥʮʠʘʣ.  

ɽʩʣʠ ʥʘʨʫʰʝʥʠʝ ʥʦʨʤ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʰʠʙʦʯʥʳʭ 

ʜʝʡʩʪʚʠʡ ʜʠʩʧʝʪʯʝʨʘ ʋɺɼ (ʘ ʟʘʯʘʩʪʫʶ ʪʘʢ ʠ ʙʳʚʘʝʪ), ʪʦ ʦʮʝʥʢʘ ʆʉ ʤʝʞʜʫ ɺʉ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʦʮʝʥʢʠ ʜʝʡʩʪʚʠʡ ʩʘʤʦʛʦ 

ʜʠʩʧʝʪʯʝʨʘ ʋɺɼ ʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʬʘʢʪʦʤ ʜʦʧʫʱʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ. 

ʏʝʤ ʚʳʰʝ ʆʉ ɺʉ, ʪʝʤ ʙʦʣʴʰʝ ʦʧʘʩʥʦʩʪʴ ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʠ ʙʦʣʴʰʝ 

ʩʪʝʧʝʥʴ ʩʝʨʴʝʟʥʦʩʪʠ ʦʰʠʙʢʠ, ʜʦʧʫʱʝʥʥʦʡ ʜʠʩʧʝʪʯʝʨʦʤ ʋɺɼ.  

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʩʨʦʢʦʚ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚ ʮʝʣʷʭ ʙʦʣʴʰʝʡ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʝʨ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʮʝʥʢʠ ʆʉ ɺʉ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʮʝʥʢʠ ʆʉ ɺʉ ʤʦʞʝʪ ʙʳʪʴ 

ʚʝʩʴʤʘ ʧʦʣʝʟʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʣʴʥʳʭ ʨʘʩʩʣʝʜʦʚʘʥʠʡ ɸʀ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʘʨʫʰʝʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʝʝ ʦʮʝʥʠʚʘʪʴ ʜʝʡʩʪʚʠʷ ʧʝʨʩʦʥʘʣʘ ʆɺɼ 
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ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʜʦʧʫʱʝʥʥʳʭ ʠʤ ʥʘʨʫʰʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤ. 

ɹʦʣʝʝ ʣʦʷʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʠʥʪʝʨʚʘʣʦʚ, 

ʙʣʘʛʦʜʘʨʷ ʩʥʠʞʝʥʠʶ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʧʝʨʩʦʥʘʣ ʆɺɼ, ʧʦʟʚʦʣʠʪ 

ʩʥʠʟʠʪʴ ʟʘʯʘʩʪʫʶ ʯʨʝʟʤʝʨʥʦ ʟʘʚʳʰʘʝʤʳʝ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠ ʨʘʟʚʝʜʝʥʠʠ ɺʉ. ʕʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʥʠʟʠʪ ʚʨʝʤʷ ʟʘʜʝʨʞʝʢ ʨʝʡʩʦʚ ʠ ʧʦʚʳʩʠʪ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʩʩʣʝʜʦʚʘʥʠʡ ɸʉ ʠ ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʲʝʢʪʠʚʥʦʡ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʆʉ ɺʉ ʜʣʷ ʮʝʣʝʡ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʩʣʝʜʦʚʘʥʠʡ ɸʀ ʥʘʨʫʰʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʆʉ 

ɺʉ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʝʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʩ 

ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ, ʩʪʘʪʴ ʧʦʣʝʟʥʳʤ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ɸʀ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ 

ʩʪʘʪʴʝ ʧʦʜʭʦʜ ʪʘʢʞʝ ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʦʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ ʜʝʡʩʪʚʠʡ ʩʣʫʞʙ ʆɺɼ ʠʣʠ ʢʦʥʢʨʝʪʥʦʛʦ ʜʠʩʧʝʪʯʝʨʘ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʠ ʦʮʝʥʢʝ ʝʛʦ ʜʝʡʩʪʚʠʡ ʥʘ ʜʠʩʧʝʪʯʝʨʩʢʦʤ ʪʨʝʥʘʞʝʨʝ.  
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʮʝʩʩ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥ ʩ 

ʥʘʙʣʶʜʝʥʠʝʤ ʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʚʪʦʨʠʯʥʳʭ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʂʘʯʝʩʪʚʦ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʪʦʙʨʘʞʘʝʤʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʠʥʜʠʢʘʪʦʨʝ ʩʣʫʞʙʳ ʜʚʠʞʝʥʠʷ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʨʝʙʫʝʤʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ, ʠʭ ʨʝʛʫʣʷʨʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɺʣʠʷʥʠʝ ʧʦʤʝʭ ʥʘ ʧʨʦʮʝʩʩ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʨʘʙʦʪʫ ʜʠʩʧʝʪʯʝʨʘ, ʚ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʝʰʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʪʦʨʠʯʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʷ, ʥʝʩʠʥʭʨʦʥʥʘʷ ʠʤʧʫʣʴʩʥʘʷ ʚʟʘʠʤʥʘʷ 

ʧʦʤʝʭʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ LabVIEW. 
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Abstract. The process of organizing air traffic is inextricably linked with monitoring the 

spatial position of objects using secondary radar systems. The quality and reliability of the radar 

information displayed on the traffic service indicator must ensure the required flight safety, 

regularity and efficiency. The influence of interference on the air traffic control process 

significantly complicates the work of the dispatcher; in this regard, studying the nature of the 

occurrence of interfering influences is an urgent task. 

Keywords: secondary radar, fruit pulse, modeling in LabVIEW. 

 

ɺʚʝʜʝʥʠʝ 

ɿʘʜʘʯʘ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʳʜʝʨʞʠʚʘʥʠʷ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʚʳʩʦʢʦʡ ʨʝʛʫʣʷʨʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ [1, 5]. ʂʘʯʝʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʧʦʤʦʱʠ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʝʨʚʠʩ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ. ʇʨʦʮʝʩʩ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʚʦʟʜʫʰʥʳʭ 

ʩʫʜʦʚ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ. 

ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʠʟʤʝʨʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ (ʮʝʣʝʡ), ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠ ʧʨʠʥʠʤʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʫʯʘʩʪʥʠʢʘʤ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʂʘʢ ʧʨʝʜʧʠʩʳʚʘʝʪ ʛʣʦʙʘʣʴʥʳʡ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʡ ʧʣʘʥ ʪʨʘʝʢʪʦʨʠʠ, 

ʜʚʠʞʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʙʣʠʞʘʪʴ ʢ ʦʧʪʠʤʘʣʴʥʳʤ ʩ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʡ ʩʣʫʞʙʦʡ ʜʚʠʞʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʢʘʯʝʩʪʚʝʥʥʦ ʨʝʰʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʦʣʝʪʘ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʇʨʠʯʝʤ ʧʦʜ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʚʦʡʩʪʚʦ ʈʃʉ ʩʦʭʨʘʥʷʪʴ ʥʝ 

ʭʫʞʝ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʠ ʠ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʤʝʭ, ʥʦ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʘʚʣʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʨʘʟʥʝʩʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ. 
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1. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʧʨʠʥʷʪʳʝ ʜʦʧʫʱʝʥʠʷ. 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʦʚ ʨʘʜʠʦʣʦʢʘʮʠʠ 

ʇʨʦʮʝʩʩ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ 

ʥʘʙʣʶʜʝʥʠʝʤ ʟʘ ʦʙʲʝʢʪʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʨʘʜʠʦʣʦʢʘʮʠʠ. ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ, ʨʝʰʘʶʱʠʤ ʟʘʜʘʯʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʷʚʣʷʶʪʩʷ ʚʪʦʨʠʯʥʳʝ ʨʘʜʠʦʣʦʢʘʪʦʨʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʤʝʪʦʜ ʘʢʪʠʚʥʦʡ 

ʨʘʜʠʦʣʦʢʘʮʠʠ ʩ ʘʢʪʠʚʥʳʤ ʦʪʚʝʪʦʤ. ɻʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʪʘʢʠʭ ʩʨʝʜʩʪʚ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʙʦʨʪʘ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʯʘʩʪʥʠʢʝ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʙʦʨʪʦʚʦʡ 

ʥʦʤʝʨ) ʠ ʧʘʨʘʤʝʪʨʘʭ ʧʦʣʝʪʘ (ʚʳʩʦʪʘ, ʩʢʦʨʦʩʪʴ ʠ ʪ.ʜ.). ʅʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʨʝʞʠʤʘ ʚʪʦʨʠʯʥʦʡ 

ʨʘʜʠʦʣʦʢʘʮʠʠ: ʋɺɼ, RBS ʠ ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʳʡ (S) [3]. ʈʝʞʠʤ ʋɺɼ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʦʣʝʪʘʭ ʧʦ ʤʘʨʰʨʫʪʘʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʩʪʥʳʭ ʘʚʠʘʣʠʥʠʡ. 

ʈʝʞʠʤ RBS ʷʚʣʷʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʤ, ʙʦʨʪʦʚʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʢʦʪʦʨʦʛʦ 

ʦʩʥʘʱʝʥʳ ʚʩʝ ɺʉ, ʚʳʧʦʣʥʷʶʱʠʝ ʧʦʣʝʪʳ ʚ ʚʝʨʭʥʝʤ ʚʦʟʜʫʰʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

(ʧʦ ʚʦʟʜʫʰʥʳʤ ʪʨʘʩʩʘʤ), ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ 

ʜʚʠʞʝʥʠʷ. ɼʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʳʡ ʨʝʞʠʤ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʨʝʘʣʠʟʦʚʘʥ ʚ 

ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ. 

ɺ ʦʩʥʦʚʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʧʦʣʦʞʝʥ ʧʨʠʥʮʠʧ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʥʘʟʝʤʥʦʡ ʯʘʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʝ ʟʘʧʨʘʰʠʚʘʝʤʳʭ ʜʘʥʥʳʭ, ʠ ʠʟʣʫʯʝʥʠʷ ʝʛʦ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. ɹʦʨʪʦʚʘʷ ʯʘʩʪʴ (ʩʘʤʦʣʝʪʥʳʡ ʦʪʚʝʪʯʠʢ), ʧʨʠʥʠʤʘʷ ʟʘʧʨʦʩʥʳʡ 

ʩʠʛʥʘʣ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʤʳʩʣʦʚʦʡ ʥʘʛʨʫʟʢʠ 

ʟʘʧʨʘʰʠʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʟʥʘʯʝʥʠʝ ʟʘʧʨʘʰʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʅʘʟʝʤʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʠʥʠʤʘʷ 

ʦʪʚʝʪʥʳʡ ʩʠʛʥʘʣ, ʨʝʰʘʝʪ ʜʚʝ ʟʘʜʘʯʠ:  

- ʦʧʨʝʜʝʣʷʝʪ ʢʦʦʨʜʠʥʘʪʳ ʦʙʲʝʢʪʘ, ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʦʪʚʝʪʯʠʢʦʤ, ʧʫʪʝʤ 
ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʟʘʧʨʦʩʥʳʤ ʠ ʦʪʚʝʪʥʳʤ ʩʠʛʥʘʣʘʤʠ 

(ʚʳʯʠʩʣʷʝʪʩʷ ʜʘʣʴʥʦʩʪʴ) ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʭʦʜʘ ʦʪʚʝʪʘ (ʘʟʠʤʫʪ); 

- ʧʦʣʫʯʘʝʪ ʠʟ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ ʧʦʣʝʪʘ ɺʉ.  

ʉʪʨʫʢʪʫʨʘ ʟʘʧʨʦʩʥʦʛʦ ʠ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʦʚ ʨʝʞʠʤʘ RBS ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. ɺ ʟʘʧʨʦʩʥʦʤ ʩʠʛʥʘʣʝ (ʨʠʩ. 1.ʘ) ʩʤʳʩʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ 

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʈ1 ʠ ʈ3 (Űʟ=8 ʤʢʩ ʟʘʧʨʦʩ ʙʦʨʪʦʚʦʛʦ 

ʥʦʤʝʨʘ, Űʟ=21 ʤʢʩ ʟʘʧʨʦʩ ʚʳʩʦʪʳ ʧʦʣʝʪʘ). 

 

 
 

ʈʠʩʫʥʦʢ 1.ʘ) ï ʉʪʨʫʢʪʫʨʘ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʨʝʞʠʤʘ RBS 
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ʆʪʚʝʪʥʳʡ ʩʠʛʥʘʣ (ʨʠʩ. 1.ʙ) ʩʦʩʪʦʠʪ ʠʟ ʢʦʦʨʜʠʥʘʪʥʦʡ ʯʘʩʪʠ (ʠʤʧʫʣʴʩʳ 

F1 ʠ F2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʯʘʣʫ ʠ ʢʦʥʮʫ ʢʦʜʦʚʦʛʦ ʩʦʦʙʱʝʥʠʷ) ʠ ʜʚʝʥʘʜʮʘʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʧʦ ʪʨʠ ʨʘʟʨʷʜʘ 

ʚ ʢʘʞʜʦʡ (A1, A2, A4; B1, B2, B4; C1, C2, C4; D1, D2, D4) ʩʦʜʝʨʞʘʱʠʝ 

ʟʥʘʯʝʥʠʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʙʦʨʪʦʚʦʡ ʥʦʤʝʨ ʠʣʠ ʙʘʨʦʤʝʪʨʠʯʝʩʢʘʷ 

ʚʳʩʦʪʘ ɺʉ) [6]. 

 

 
 

ʈʠʩʫʥʦʢ 1.ʙ) ï ʉʪʨʫʢʪʫʨʘ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʨʝʞʠʤʘ RBS 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʦʙʩʪʘʥʦʚʢʠ ʚ ʟʦʥʝ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʥʘ ʵʢʨʘʥʝ ʜʠʩʧʝʪʯʝʨʘ. ɽʩʣʠ ʪʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʜʠʦʣʦʢʘʪʦʨʘ, ʪʦ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʧʨʘʚʥʦʩʪʴʶ ʩʘʤʦʣʝʪʥʦʛʦ ʦʪʚʝʪʯʠʢʘ ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʧʦʤʝʭ ʚ ʢʘʥʘʣʝ ɺʈʃ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʧʦʤʝʭʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʟʤʦʞʥʦ ʚʟʘʠʤʥʳʤ 

ʚʣʠʷʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʥʝʩʝʥʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʧʦʟʠʮʠʡ. ʊʘʢ, ʚ 

ʨʝʛʠʦʥʘʣʴʥʦʤ ʮʝʥʪʨʝ ʆʨɺɼ, ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ ʠʥʬʦʨʤʘʮʠʷ 

ʧʦʩʣʝ ʪʨʝʪʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʳʜʘʚʘʣʘʩʴ ʥʘ ʠʥʜʠʢʘʪʦʨ ʜʠʩʧʝʪʯʝʨʘ ʦʪ ʜʚʫʭ 

ʪʨʘʩʩʦʚʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʘ ʥʘ ʫʜʘʣʝʥʠʠ å400 ʢʤ. ʉʦʛʣʘʩʥʦ ʧʣʘʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘʭʦʜʠʣʦʩʴ ʦʜʥʦ ɺʉ, ʦʪʤʝʪʢʘ ʦʪ ʢʦʪʦʨʦʛʦ ʚʤʝʩʪʝ ʩ ʬʦʨʤʫʣʷʨʦʤ 

ʦʪʦʙʨʘʞʘʣʘʩʴ ʥʘ ʵʢʨʘʥʝ ʜʠʩʧʝʪʯʝʨʘ (ʨʠʩ. 2). 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʆʪʤʝʪʢʘ ʦʪ ɺʉ ʥʘ ʵʢʨʘʥʝ ʜʠʩʧʝʪʯʝʨʘ 

 

ɺ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʠʣʠʩʴ ʝʱʝ ʜʚʝ ʮʝʣʠ, 

ʠʤʝʶʱʠʝ ʪʘʢʦʡ ʞʝ ʬʦʨʤʫʣʷʨ, ʦʙʨʘʟʫʷ ʚ ʘʟʠʤʫʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 
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ʨʘʚʥʦʩʪʦʨʦʥʥʠʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʥʘ ʘʚʪʦʩʦʧʨʦʚʦʞʜʝʥʠʝ (ʨʠʩ. 3). 

ʇʨʠʯʝʤ ʩʪʨʦʠʣʠʩʴ ʪʨʝʢʠ, ʜʠʥʘʤʠʢʘ ʧʝʨʝʤʝʱʝʥʠʷ ʮʝʣʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʘ ʦ 

ʩʙʣʠʞʝʥʠʠ ʚʩʝʭ ʪʨʝʭ ʦʪʤʝʪʦʢ ʥʘ ʦʜʥʦʡ ʚʳʩʦʪʝ, ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ 

ʢʦʥʬʣʠʢʪʥʦʡ ʩʠʪʫʘʮʠʠ. ʆʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʬʘʢʪ ʧʨʠʩʫʪʩʪʚʠʷ ʥʘ ʵʢʨʘʥʝ ʦʜʥʦʡ 

ʠʩʪʠʥʥʦʡ ʠ ʜʚʫʭ ʣʦʞʥʳʭ ʮʝʣʝʡ, ʪʘʢ ʢʘʢ ʧʦ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ ʥʘʭʦʜʠʣʦʩʴ ɺʉ ʩ ʙʦʨʪʦʚʳʤ ʥʦʤʝʨʦʤ 3301. ʃʦʞʥʳʝ ʮʝʣʠ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʢ ʥʝʩʠʥʭʨʦʥʥʳʤ ʧʦʤʝʭʘʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʪʦʨʳʭ 

ʷʚʠʣʦʩʴ ʚʟʘʠʤʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʥʝʩʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʧʦʟʠʮʠʡ, ʪʦ ʝʩʪʴ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʣʦʞʥʳʝ ʦʪʚʝʪʳ, ʥʝʩʠʥʭʨʦʥʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʟʘʧʨʦʩʥʳʤ ʩʠʛʥʘʣʘʤ. 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʆʪʤʝʪʢʠ ʦʪ ʪʨʝʭ ɺʉ ʥʘ ʵʢʨʘʥʝ ʜʠʩʧʝʪʯʝʨʘ 

 

2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʅʝʩʠʥʭʨʦʥʥʳʝ ʠʤʧʫʣʴʩʥʳʝ ʧʦʤʝʭʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʜʦʤ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʚ ʩʠʩʪʝʤʘʭ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʦʟʜʫʰʥʳʤʠ ʮʝʣʷʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ, 

ʯʘʩʪʦʪ ʧʦʚʪʦʨʝʥʠʷ ʟʘʧʨʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʤʝʰʘʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʟʘʧʨʦʩʥʳʭ 

ʩʠʛʥʘʣʦʚ ʚʪʦʨʠʯʥʦʡ ʈʃʉ ʭʘʨʘʢʪʝʨ ʧʨʦʷʚʣʝʥʠʷ ʪʘʢʠʭ ʧʦʤʝʭ ʥʘ ʵʢʨʘʥʘʭ 

ʠʥʜʠʢʘʪʦʨʦʚ ʩʣʫʞʙʳ ʜʚʠʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʘʤʳʤ ʨʘʟʥʦʦʙʨʘʟʥʳʤ. ʆʪ 

ʦʜʥʦʢʨʘʪʥʦʛʦ ʧʦʷʚʣʝʥʠʷ ʦʪʤʝʪʢʠ ʦʪ ʮʝʣʠ ʜʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʪʨʝʢʘ 

ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʫʯʘʩʪʢʝ ʥʘʙʣʶʜʝʥʠʷ, ʧʨʠʯʝʤ ʚʪʦʨʠʯʥʘʷ ʈʃʉ ʤʦʞʝʪ 

ʚʥʦʩʠʪʴ ʧʦʤʝʭʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʤʝʰʘʶʱʝʤʫ ʠʩʪʦʯʥʠʢʫ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʧʦʜʘʚʣʝʥʠʷ ʥʝʩʠʥʭʨʦʥʥʳʭ ʧʦʤʝʭ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ 

ʧʝʨʚʠʯʥʳʭ ʈʃʉ, ʪʘʢʠʝ ʢʘʢ: ʠʟʤʝʥʝʥʠʝ ʧʦʨʦʛʘ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʨʦʚʥʷ ʰʫʤʦʚ ʚ ʢʘʥʘʣʝ; ʚʳʜʝʨʞʠʚʘʥʠʝ ʧʦʩʪʦʷʥʩʪʚʘ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ 

ʪʨʝʚʦʛʠ ʧʨʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ (ʜʘʣʴʥʦʩʪʠ); ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʞʧʝʨʠʦʜʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (ʢʦʨʨʝʣʷʮʠʠ); ʧʨʠʤʝʥʝʥʠʝ ʬʠʣʴʪʨʦʚʳʭ ʩʭʝʤ ʩ 

ʨʘʟʥʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʪʠʧʘ ʧʦʣʷʨʠʟʘʮʠʠ ʜʣʷ ʚʪʦʨʠʯʥʳʭ 

ʈʃʉ ʷʚʣʷʶʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʬʦʨʤʠʨʫʝʤʳʡ ʩ 

ʙʦʨʪʘ ɺʉ ʦʪʚʝʪ ʥʝ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʪʦʯʥʠʢʝ ʟʘʧʨʦʩʘ ʠ ʧʨʠ ʧʨʠʝʤʝ 

ʪʘʢʦʛʦ ʩʠʛʥʘʣʘ ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʨʨʝʣʷʮʠʷ ʩ ʧʦʨʦʞʜʘʶʱʠʤ ʝʛʦ ʟʘʧʨʦʩʦʤ. 
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ɺʟʘʠʤʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʥʝʩʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʪʦʨʠʯʥʳʭ ʈʃʉ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʣʝʞʘʱʝʛʦ ʚ ʟʦʥʝ ʦʙʟʦʨʘ ʦʙʦʠʭ ɺʈʃ [2]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ ʧʨʠʥʠʤʘʝʪ ʟʘʧʨʦʩʥʳʝ ʩʠʛʥʘʣʳ ʦʪ ʜʚʫʭ ʈʃʉ, ʬʦʨʤʠʨʫʷ ʥʘ ʥʠʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʚʝʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʥʘʟʝʤʥʳʤʠ ʟʘʧʨʦʩʯʠʢʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʯʘʩʪʴ ʠʟ ʥʠʭ ʥʝ ʙʫʜʫʪ ʠʩʪʠʥʥʳʤʠ. ʊʘʢʠʝ ʩʠʛʥʘʣʳ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʧʦʤʝʭʦʚʳʤʠ ʠ 

ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʦʪʚʝʪʳ ʚʳʟʚʘʥʳ 

ʟʘʧʨʦʩʘʤʠ ʜʨʫʛʠʭ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ, ʦʥʠ ʙʫʜʫʪ ʥʝʩʠʥʭʨʦʥʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʟʘʧʨʦʩʘʤ, ʧʦʩʳʣʘʝʤʳʤ ʜʘʥʥʳʤ ʨʘʜʠʦʣʦʢʘʪʦʨʦʤ. ɺ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʥʝʩʠʥʭʨʦʥʥʳʝ ʧʦʤʝʭʠ ʪʘʢʦʛʦ ʪʠʧʘ ʦʙʦʟʥʘʯʘʶʪ ʪʝʨʤʠʥʦʤ FRUIT (ʣʦʞʥʳʝ 

ʦʪʚʝʪʳ, ʥʝʩʠʥʭʨʦʥʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʧʨʦʩʥʳʤ ʩʠʛʥʘʣʘʤ). ʅʝʩʠʥʭʨʦʥʥʳʝ 

ʧʦʤʝʭʠ FRUIT ʚʦʟʥʠʢʘʶʪ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʥʘ ʮʝʣʴ ʥʘʭʦʜʠʪʩʷ 

ʚ ʛʣʘʚʥʳʭ ʣʫʯʘʭ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʜʚʫʭ ʟʘʧʨʦʩʯʠʢʦʚ. ʇʦʜʦʙʥʦ ʩʠʥʭʨʦʥʥʳʤ 

ʠʩʢʘʞʝʥʠʷʤ, ʪʘʢʠʝ ʧʦʤʝʭʠ, ʙʫʜʫʯʠ ʥʝʩʠʥʭʨʦʥʥʳʤʠ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʪʝʨʝ 

ʦʪʚʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʠʭ ʥʘʣʦʞʝʥʠʠ ʚʦ ʚʨʝʤʝʥʠ. ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ FRUIT 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʠʥʷʪʳʭ ʦʪʚʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʥʝ ʷʚʣʷʶʪʩʷ 

ʦʞʠʜʘʝʤʳʤʠ ʠ ʧʨʝʜʥʘʟʥʘʯʘʶʪʩʷ ʜʨʫʛʦʤʫ ʟʘʧʨʦʩʯʠʢʫ [8]. 

ʊʘʢ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʠʪʫʘʮʠʠ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ, ʥʘʙʣʶʜʘʣʩʷ ʬʘʢʪ 

ʧʨʠʩʫʪʩʪʚʠʷ ɺʉ ʥʘ ʪʨʘʩʩʝ, ʧʨʠʯʝʤ ʧʨʦʠʟʦʰʣʦ ʩʦʚʧʘʜʝʥʠʝ ʚʨʘʱʝʥʠʷ ʘʥʪʝʥʥʳʭ 

ʩʠʩʪʝʤ ɺʈʃ1 ʠ ɺʈʃ2 ʪʘʢ, ʯʪʦ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʫʯʘʩʪʢʝ ʧʫʪʠ ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʘʤʦʣʝʪ ʩ ʥʦʤʝʨʦʤ 3301 ʧʦʣʫʯʘʣ ʟʘʧʨʦʩʳ ʦʪ ʜʚʫʭ 

ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ, ʩʜʚʠʥʫʪʳʭ ʧʦ ʚʨʝʤʝʥʠ ʥʘ ʠʥʪʝʨʚʘʣ ȹt (ʨʠʩ. 4). 
 

 
 

ʈʠʩʫʥʦʢ 4 ï ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ ʮʝʣʠ ʠ ʧʦʤʝʭʠ 

 

ʊʘʢ ʢʘʢ ʟʘʧʨʦʩʳ ʦʪ ɺʈʃ1 ʠ ɺʈʃ2 ʧʦ ʚʨʝʤʝʥʠ ʥʝ ʩʦʚʧʘʜʘʶʪ, ʪʦ ʥʘ ʢʘʞʜʳʡ 

ʠʟ ʥʠʭ ʦʪʚʝʪʯʠʢ ʩʬʦʨʤʠʨʫʝʪ ʥʝʟʘʚʠʩʠʤʳʝ ʦʪʚʝʪʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʥʷʪʳ 

ɺʈʃ1 ʩ ʨʘʟʥʳʤ ʚʨʝʤʝʥʝʤ ʟʘʜʝʨʞʢʠ tʟʇ ʠ tʟʎ, ʯʪʦ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʪʤʝʪʢʘʤ 

ʦʪ ʜʚʫʭ ʮʝʣʝʡ ʩ ʦʜʠʥʘʢʦʚʳʤ ʬʦʨʤʫʣʷʨʦʤ, ʥʦ ʩ ʨʘʟʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʘʣʴʥʦʩʪʠ: 

 

ʛʜʝ tʟʎ ï ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʝ 

ʤʝʞʜʫ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʟʘʧʨʦʩʦʤ ɺʈʃ1 ʠ ʧʦʣʫʯʝʥʥʳʤ ʦʪʚʝʪʦʤ ʦʪ ʮʝʣʠ ʥʘ ʵʪʦʪ 

ʟʘʧʨʦʩ; ʩ ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʘʣʴʥʦʩʪʴ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʤʝʭʦʚʦʤʫ ʩʠʛʥʘʣʫ: 
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ʛʜʝ tʟʇ ï ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʝ 

ʤʝʞʜʫ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʟʘʧʨʦʩʦʤ ɺʈʃ2 ʠ ʧʦʣʫʯʝʥʥʳʤ ʦʪʚʝʪʦʤ ʦʪ ʮʝʣʠ ʥʘ ʵʪʦʪ 

ʟʘʧʨʦʩ, ʥʦ ʫʞʝ ɺʈʃ1. ʇʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʣʴʶ ʠ ʧʦʤʝʭʦʡ ʙʫʜʝʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʟʘʧʨʦʩʘʤʠ ɺʈʃ1 ʠ ɺʈʃ2, ʘ ʪʘʢʞʝ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʮʝʣʠ ʜʦ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ. 

ʊʘʢʘʷ ʞʝ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʪʦʨʦʡ ʧʦʤʝʭʠ, 

ʪʦʣʴʢʦ ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʨʦʝʥʠʠ ʪʨʘʝʢʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʧʨʠʙʣʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʪʠʥʥʦʡ ʦʪʤʝʪʢʠ, ʪʘʢ ʢʘʢ ʟʘʧʨʦʩ ʦʪ ɺʈʃ1 

ʦʧʝʨʝʞʘʝʪ ʟʘʧʨʦʩ ɺʈʃ2. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ ʦʪʦʙʨʘʞʝʥʠʝ ʥʘ ʵʢʨʘʥʝ ʜʠʩʧʝʪʯʝʨʘ ʦʪʤʝʪʦʢ, ʦʙʨʘʟʫʶʱʠʭ 

ʨʘʚʥʦʩʪʦʨʦʥʥʠʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ, ʘ ʜʚʝ ʜʨʫʛʠʭ 

ʧʦʤʝʭʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʚʦ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʚʦʟʤʦʞʥʦ 

ʧʫʪʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 
ʅʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʥʦʡ ʟʘʜʘʯʠ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʠʪʫʘʮʠʦʥʥʦʡ 

ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʜʠʩʧʝʪʯʝʨʘ ʩʣʫʞʙʳ ʜʚʠʞʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʚʪʦʨʠʯʥʦʡ 

ʨʘʜʠʦʣʦʢʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

çNI LabVIEWè. ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʙʰʠʨʥʦʡ ʙʘʟʳ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 

ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚ ʨʝʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ [4]. ʊʘʢ ʢʦʦʨʜʠʥʘʪʳ ɺʈʃ1 ʠ ɺʈʃ2 ʠʟʚʝʩʪʥʳ, ʪʦ ʥʘ ʢʘʨʪʫ 

ʥʘʥʝʩʝʥʳ ʦʪʤʝʪʢʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ, ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʝ ʯʝʨʥʳʭ ʣʠʥʠʡ (ʨʠʩ. 5).  

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʄʦʜʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʚʫʭ ɺʈʃ 

 



41 

ʊʘʢ ʢʘʢ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ ʚʨʘʱʘʶʪʩʷ ʩ 

ʙʣʠʟʢʠʤʠ ʧʦ ʟʥʘʯʝʥʠʶ ʯʘʩʪʦʪʘʤʠ, ʪʦ ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩʫʥʢʝ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʨʘʝʢʪʦʨʠʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʜʚʫʭ ɺʈʃ 

ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʟʦʥʝ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ [7]. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʨʠʯʥʳʭ 

ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ ʠʟʚʝʩʪʥʳ ʠ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʦʥʠ ʠʜʝʥʪʠʯʥʳ, ʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʧʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʱʝʥʠʷ ʮʝʣʠ ʚ ʟʦʥʝ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʜʚʫʭ ɺʈʃ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʄʦʜʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʱʝʥʠʷ ʮʝʣʠ 

 

ʅʘʙʣʶʜʘʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ʮʝʣʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʝʝ 

ʢʦʦʨʜʠʥʘʪ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʥʘ ʢʘʨʪʝ ʤʝʩʪʥʦʩʪʠ, ʦʜʥʘʢʦ ʚ ʪʦʯʢʝ ʥʘʭʦʞʜʝʥʠʷ 

ʮʝʣʠ (ʦʪʤʝʪʢʘ ʎ) ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʩʝʯʝʥʠʝ ʣʫʯʝʡ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ɺʈʃ1 ʠ ɺʈʃ2 (ʯʝʨʥʳʝ ʣʠʥʠʠ), ʧʨʠʯʝʤ ʪʘʢʦʝ ʧʝʨʝʩʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦ ʠ ʜʣʷ 

ʜʨʫʛʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ, ʣʠʥʠʷ ʵʪʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʥʠʤ ʮʚʝʪʦʤ 

(ʣʠʥʠʷ ʧʦʣʦʞʝʥʠʷ). ʊʦ ʝʩʪʴ, ʝʩʣʠ ʮʝʣʴ ʙʫʜʝʪ ʠʤʝʪʴ ʪʨʘʝʢʪʦʨʠʶ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʣʠʥʠʠ ʧʦʣʦʞʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

ʪʝʢʫʱʝʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʫʛʣʦʚ ʚʨʘʱʝʥʠʷ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ ɺʈʃ1 ʠ ɺʈʃ2, ʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʣʦʞʥʳʭ ʦʪʤʝʪʦʢ ʇ1 ʠ ʇ2, ʚʳʟʚʘʥʥʳʭ ʚʟʘʠʤʥʳʤ 

ʚʣʠʷʥʠʝʤ ʜʚʫʭ ʚʪʦʨʠʯʥʳʭ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʚ ʨʘʟʥʳʭ 

ʮʝʥʪʨʘʭ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ. ʇʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʜʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 7, 

8. 
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ʈʠʩʫʥʦʢ 7 ï ɺʥʝʰʥʠʡ ʚʠʜ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʜʠʢʘʮʠʠ 

 

 
 

ʈʠʩʫʥʦʢ 8 ï ɺʥʝʰʥʠʡ ʚʠʜ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʜʠʢʘʮʠʠ 
 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʨʘʟʙʦʨʘ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʨʘʙʦʪʘ ʜʠʩʧʝʪʯʝʨʘ ʩʣʫʞʙʳ 

ʜʚʠʞʝʥʠʷ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʝʥʘ ʜʝʡʩʪʚʠʝʤ ʥʝʩʠʥʭʨʦʥʥʳʭ ʧʦʤʝʭ ʚ ʭʦʜʝ 

ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʜʚʫʭ ʨʘʟʥʝʩʝʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ, 

ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʧʦʷʚʣʝʥʠʝʤ ʣʦʞʥʳʭ ʦʪʤʝʪʦʢ ʥʘ ʠʥʜʠʢʘʪʦʨʝ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʨʦʜʳ ʧʦʷʚʣʝʥʠʷ ʧʦʤʝʭ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ (ʢʦʦʨʜʠʥʘʪ ɺʈʃ, ʧʘʨʘʤʝʪʨʦʚ ʟʘʧʨʦʩʥʳʭ 

ʩʠʛʥʘʣʦʚ ɺʈʃ ʠ ʪ.ʜ.).  
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ʄɽʊɽʆʈʆʃʆɻʀʏɽʉʂʆʄ ʈɸɼʀʆʃʆʂɸʎʀʆʅʅʆʄ ʂʆʄʇʃɽʂʉɽ 
 

ɻʘʣʘʝʚʘ ʂ. ʀ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

(ʛ. ʄʦʩʢʚʘ) 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʚʝʪʨʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ 

ʠʤʝʥʥʦ: ʩʜʚʠʛʦʚ ʚʝʪʨʘ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʋʢʘʟʘʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʜʚʠʛʦʚ ʚʝʪʨʘ ʠ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚʥʝʜʨʸʥ ʚ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ çʄʦʥʦʢʣʴè, ʚ 

ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʜʚʠʛʘ ʚʝʪʨʘ ʥʘ 600 ʤʝʪʨʦʚ, 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʜʚʠʛʘ ʚʝʪʨʘ ʥʘ 30 ʤʝʪʨʦʚ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʝʜʠʥʠʮʘʭ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʠʩʩʠʧʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʵʥʝʨʛʠʠ. ʄʝʪʦʜ ʦʮʝʥʢʠ ʩʜʚʠʛʦʚ ʚʝʪʨʘ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩʦʩʪʦʠʪ ʠʟ 

3 ʵʪʘʧʦʚ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʜʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʝʸ ʜʠʩʧʝʨʩʠʠ ï 

ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʨʘʜʠʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʸʪʘ ʩʜʚʠʛʦʚ 

ʚʝʪʨʘ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʜʚʠʛʦʚ ʚʝʪʨʘ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

ʧʦ ʛʨʘʜʘʮʠʷʤ ʦʧʘʩʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʚʝʪʨʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʦʪʘʥʳ 

ʘʣʛʦʨʠʪʤʳ ʦʮʝʥʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʜʚʠʛʦʚ ʚʝʪʨʘ, ʧʘʨʘʤʝʪʨʦʚ ʫʜʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʜʠʩʩʠʧʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʵʥʝʨʛʠʠ. ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʮʝʥʦʢ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʩʜʚʠʛʦʚ ʚʝʪʨʘ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʩʦʚʨʝʤʝʥʥʳʤ ʩʫʱʝʩʪʚʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʝʦʣʦʢʘʪʦʨ, ʤʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤʳ ʦʮʝʥʢʠ, ʚʝʪʨʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʵʥʝʨʛʠʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ 

ʩʜʚʠʛ ʚʝʪʨʘ, ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʜʚʠʛ ʚʝʪʨʘ, ʛʨʘʜʘʮʠʷ ʧʦ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ. 
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Annotation. The article shows the developed method for assessing wind characteristics, 

namely: wind shear and turbulence. The specified method for assessing wind shear and turbulence 

has been introduced into the Monocle meteorological radar complex, which determines horizontal 

wind shear by 600 meters, vertical wind shear by 30 meters, and turbulence in units of the eddy 

dissipation rate. The method for estimating wind shear and turbulence consists of 3 stages, during 

which the measured values of the radial velocity and its dispersion - the width of the radial velocity 

spectrum - are the input data for calculating wind shear and turbulence. Next, wind shear and 

turbulence are classified according to hazard levels. Based on the method for estimating wind 

characteristics, algorithms for estimating horizontal and vertical wind shears and eddy dissipation 

rate have been developed. The article shows that the obtained values of the standard deviation of 

turbulence and wind shear estimates satisfy modern existing requirements. 
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ɺʚʝʜʝʥʠʝ 

ʉ 2014 ʧʦ 2022 ʛʦʜ ʧʨʠ ʩʣʦʞʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʷʭ ʙʝʟ ʤʝʪʝʦʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʣʸʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʧʨʦʠʩʭʦʜʠʣʦ 34,4% ʘʚʠʘʮʠʦʥʥʳʭ ʩʦʙʳʪʠʡ [1], 

ʘ ʠʭ ʧʨʠʯʠʥʘʤʠ ʷʚʣʷʣʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʤʝʪʝʦʦʙʝʩʧʝʯʝʥʠʷ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʦʧʘʩʥʳʭ ʩʜʚʠʛʦʚ ʚʝʪʨʘ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʇʨʠ 

ʵʪʦʤ ʫʥʠʢʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʘʥʥʳʭ ʦ ʩʜʚʠʛʘʭ ʚʝʪʨʘ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʨʘʜʠʦʣʦʢʘʪʦʨ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ. ʆʨʛʘʥʠʟʘʮʠʝʡ ɸʆ çɹʦʨʪʦʚʳʝ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè ʙʳʣ ʩʦʟʜʘʥ ʥʘʟʝʤʥʳʡ ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ çʄʦʥʦʢʣʴè (ʜʘʣʝʝ ï ʄʈʃʂ), 

ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʰʸʣ ʵʪʘʧʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ, 

ʧʨʠʸʤʦʯʥʳʭ, ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʦʧʳʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʄʈʃʂ 

ʩʧʦʩʦʙʝʥ ʩ ʚʳʩʦʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥ·ʡ ʜʝʪʘʣʠʟʘʮʠʝʡ ʦʮʝʥʠʚʘʪʴ 

ʦʯʘʛʠ ʩʜʚʠʛʦʚ ʚʝʪʨʘ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʛʨʘʜʘʮʠʝʡ ʥʘ ʩʣʘʙʳʡ, 

ʫʤʝʨʝʥʥʳʡ, ʩʠʣʴʥʳʡ, ʯʨʝʟʚʳʯʘʡʥʳʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʦʣʸʪʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʯʘʛʦʚ ʩʜʚʠʛʦʚ ʚʝʪʨʘ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʦʩʣʝ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʮʝʥʢʠ ʚʝʪʨʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
 

ʄʝʪʦʜ ʦʮʝʥʢʠ ʚʝʪʨʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʩʝʢʪʦʨʥʦʛʦ ʨʝʞʠʤʘ ʚ 

ʄʈʃʂ 

ɼʣʷ ʦʮʝʥʢʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʦʙʣʘʯʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʘʨʘʤʝʪʨ EDR ï ʝʜʠʥʠʮʘ ʢʫʙʠʯʝʩʢʦʛʦ ʢʦʨʥʷ ʠʟ ʩʢʦʨʦʩʪʠ ʟʘʪʫʭʘʥʠʷ ʚʠʭʨʷ ʠʣʠ 

ʩʢʦʨʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʵʥʝʨʛʠʠ [2-3], ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʜʚʠʛ ʚʝʪʨʘ 

(ʜʘʣʝʝ ï ɺʉɺ) ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ 30 ʤ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʜʚʠʛ ʚʝʪʨʘ (ʜʘʣʝʝ ï 

ɻʉɺ) ʥʘ 600 ʤ, ʦʮʝʥʢʠ ʩʜʚʠʛʦʚ ʚʝʪʨʘ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʀʂɸʆ, ʈʦʩʛʠʜʨʦʤʝʪʘ ʈʌ, ɺʄʆ [2-6]. 

ʅʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʦʮʝʥʢʠ ʩʜʚʠʛʦʚ ʚʝʪʨʘ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

ʷʚʣʷʶʪʩʷ ʨʘʜʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʦʪʨʘʞʸʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ 

ʨʘʜʠʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ. ɼʘʣʝʝ ʧʦ ʚʭʦʜʥʳʤ ʩʠʛʥʘʣʘʤ ʨʘʜʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʝʸ 

ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʢʦʥʠʯʝʩʢʠʭ ʩʝʯʝʥʠʡ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ ʜʘʣʴʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʦʮʝʥʢʠ ɻʉɺ, ɺʉɺ, EDR ʩ ʟʘʜʘʥʥʳʤʠ ʜʠʘʧʘʟʦʥʦʤ ʠ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʚ ʷʯʝʡʢʘʭ 

ʚʳʙʨʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʇʦʩʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʛʨʘʜʘʮʠʷ ɻʉɺ, ɺʉɺ ʠ EDR ʧʦ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʀʂɸʆ [3]. ɺʳʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʠʥʜʠʢʘʪʦʨʝ ʢʨʫʛʦʚʦʛʦ 

ʦʙʟʦʨʘ ʄʈʃʂ ʚ ʚʠʜʝ ʦʧʘʩʥʳʭ ʢʦʥʪʫʨʦʚ ɻʉɺ, ɺʉɺ ʠ EDR. ʅʘ ʨʠʩʫʥʢʝ 1 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʭʝʤʘ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʦʧʘʩʥʳʭ ʚʝʪʨʦʚʳʭ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ: ɻʉɺ, ɺʉɺ, EDR, ʨʘʟʜʝʣʸʥʥʘʷ ʥʘ ʪʨʠ ʵʪʘʧʘ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʦʧʘʩʥʳʭ ʚʝʪʨʦʚʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ (ɻʉɺ, ɺʉɺ, EDR) ʚ ʄʈʃʂ 

 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʩʜʚʠʛʦʚ ʚʝʪʨʘ 

ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʦʮʝʥʢʠ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʠʩʩʠʧʘʮʠʠ 

ʪʫʨʙʫʣʝʥʪʥʦʡ ʵʥʝʨʛʠʠ, ʦʮʝʥʢʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʜʚʠʛʦʚ ʚʝʪʨʘ. 

 

ɸʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʜʣʷ ʩʝʢʪʦʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʄʈʃʂ 

ʅʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʘʣʛʦʨʠʪʤʘ EDR ʷʚʣʷʶʪʩʷ: ʦʮʝʥʢʠ ʨʘʜʠʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʚ ʢʘʥʘʣʘʭ ʜʘʣʴʥʦʩʪʠ, ʦʮʝʥʢʠ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʩʢʦʨʦʩʪʝʡ ʚ ʢʘʥʘʣʘʭ 

ʜʘʣʴʥʦʩʪʠ  

ɺʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʶʪʩʷ ʦʮʝʥʢʠ EDR ʚ ʢʘʥʘʣʘʭ 

ʜʘʣʴʥʦʩʪʠ. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʄʈʃʂ 
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ɸʣʛʦʨʠʪʤʳ ʦʮʝʥʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʜʚʠʛʦʚ ʚʝʪʨʘ 

ʜʣʷ ʩʝʢʪʦʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʄʈʃʂ 

ɼʘʣʝʝ ʧʨʠʚʝʜʝʥʳ ʘʣʛʦʨʠʪʤʳ ʦʮʝʥʢʠ ʩʜʚʠʛʦʚ ʚʝʪʨʘ: ʥʘ ʨʠʩʫʥʢʝ 3 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʦʚ ʩʜʚʠʛʦʚ ʚʝʪʨʘ. ʋʩʣʦʚʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ ʩʜʚʠʛʦʚ ʚʝʪʨʘ ʘʥʘʣʦʛʠʯʥʳ ʘʣʛʦʨʠʪʤʫ 

ʦʮʝʥʢʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ ʩʜʚʠʛʦʚ ʚʝʪʨʘ ʚ ʄʈʃʂ 

 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʄʈʃʂ ʜʠʩʢʨʝʪʥʦʩʪʴ ʦʮʝʥʢʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʜʚʠʛʘ 

ʚʝʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʥʝ ʙʦʣʝʝ 0,5 ʤ/ʩ ʚ ʜʠʘʧʘʟʦʥʝ 

ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɺʉɺ ʥʘ 30 ʤ ʦʪ ʥʝ ʙʦʣʝʝ 0,5 ʤ/ʩ ʜʦ ʥʝ ʤʝʥʝʝ 6,0 ʤ/ʩ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʄʈʃʂ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʛʨʘʜʘʮʠʠ 

ʦʧʘʩʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʜʚʠʛʘ ʚʝʪʨʘ ʧʦ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʠʩʫʥʢʦʤ 1 ʠ ʪʨʝʙʦʚʘʥʠʷʤ [2-10].  

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʘ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʚʩʝʡ ʟʦʥʳ ʩʝʢʪʦʨʥʦʛʦ ʦʙʟʦʨʘ ʄʈʃʂ (ʩ ʰʠʨʠʥʦʡ ʩʝʢʪʦʨʘ 

0é70Á) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʪʨʠʮʳ ʟʥʘʯʝʥʠʡ ʜʣʷ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʠʩʩʠʧʘʮʠʠ 

ʪʫʨʙʫʣʝʥʪʥʦʡ ʵʥʝʨʛʠʠ EDR (ʨʠʩʫʥʦʢ 4), ʘ ʪʘʢʞʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ɻʉɺ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ɺʉɺ ʩʜʚʠʛʠ ʚʝʪʨʘ (ʨʠʩʫʥʦʢ 5). 
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ʈʠʩʫʥʦʢ 4 ï ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ (ʘ) ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ (ʙ) ʩʝʯʝʥʠʷ EDR ʚ ʩʝʢʪʦʨʥʦʤ 

ʨʝʞʠʤʝ ʚ ʄʈʃʂ 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʂʘʨʪʘ ɻʉɺ (ʩʣʝʚʘ) ʠ ɺʉɺ (ʩʧʨʘʚʘ) ʚ ʨʝʞʠʤʝ çʉʝʢʪʦʨè ʚ ʄʈʃʂ 

 

ʈʠʩʫʥʢʠ 4-5 ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʝʨʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʧʦ ʬʘʢʪʠʯʝʩʢʦʡ ʧʦʛʦʜʝ ʜʣʷ ʘʵʨʦʜʨʦʤʘ ʆʨʣʦʚʢʘ (ʊʚʝʨʩʢʘʷ ʦʙʣʘʩʪʴ). 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʩʜʚʠʛʦʚ 

ʚʝʪʨʘ ʚ ʄʈʃʂ, ʚ ʢʦʪʦʨʦʤ ʧʦʵʪʘʧʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʜʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʠ ʝʸ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ï ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʨʘʜʠʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ. 

ɼʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʚ ʝʜʠʥʠʮʘʭ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 
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ʜʠʩʩʠʧʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʵʥʝʨʛʠʠ EDR, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʜʚʠʛ ʚʝʪʨʘ ʥʘ 600 

ʤʝʪʨʦʚ, ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʜʚʠʛ ʚʝʪʨʘ ʥʘ 30 ʤʝʪʨʦʚ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʀʂɸʆ, ʩ 

ʛʨʘʜʘʮʠʷʤʠ ʩʪʝʧʝʥʝʡ ʦʧʘʩʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʠʩʩʠʧʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʡ 

ʵʥʝʨʛʠʠ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʜʚʠʛʦʚ ʚʝʪʨʘ. ʅʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʦʮʝʥʢʠ EDR, ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʜʚʠʛʦʚ ʚʝʪʨʘ 

ʷʚʣʷʶʪʩʷ: ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ ʜʘʣʴʥʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʦʚʳʭ ʠ ʘʟʠʤʫʪʘʣʴʥʳʭ 

ʫʛʣʦʚ, ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ, ʟʥʘʯʝʥʠʷ ʚ ʢʘʥʘʣʘʭ 

ʜʘʣʴʥʦʩʪʠ V ʠ W. ɺʳʭʦʜʥʳʝ ʤʘʩʩʠʚʳ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʮʝʥʢʠ 

EDR ʠ ʦʮʝʥʢʠ ʩʜʚʠʛʦʚ ʚʝʪʨʘ ʚ ʢʘʥʘʣʘʭ ʜʘʣʴʥʦʩʪʠ.  

ʇʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʜʣʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʜʚʠʥʫʪʳʤ ʚ ʨʘʙʦʪʝ ʪʨʝʙʦʚʘʥʠʷʤ. 

 

ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʧʦʜʜʝʨʞʘʥʥʦʛʦ ʛʨʘʥʪʦʤ ʈʦʩʩʠʡʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʧʨʦʝʢʪʘ ˉ 23-29-00450 çʀʩʩʣʝʜʦʚʘʥʠʝ ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʠ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʪʤʦʩʬʝʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʣʠʞʥʝʡ 

ʟʦʥʳ çʄʦʥʦʢʣʴè ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʚ ʠʥʪʝʨʝʩʘʭ ʧʦʚʳʰʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʧʘʩʥʳʭ ʤʝʪʝʦʷʚʣʝʥʠʡè. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʮʝʩʩ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʨʝʙʫʝʪ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, ʠʭ ʨʝʛʫʣʷʨʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɼʦʩʪʠʞʝʥʠʝ ʵʪʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. 

ʋʜʘʣʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʩʨʝʜʩʪʚ ʥʘʙʣʶʜʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʧʝʨʘʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠ 

ʧʘʨʘʤʝʪʨʘʭ ʜʚʠʞʝʥʠʷ. ʈʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʘ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʦʛʦ ʨʝʞʠʤʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʩʣʫʞʙʦʡ ʜʚʠʞʝʥʠʷ (çʟʝʤʣʷè) ʠ 

ʵʢʠʧʘʞʝʤ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ (çʙʦʨʪè). ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ 

ʧʫʪʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʨʛʘʥʠʟʘʮʠʷ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ, ʟʘʧʨʦʩʥʳʡ 

ʩʠʛʥʘʣ, ʦʪʚʝʪʥʳʡ ʩʠʛʥʘʣ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ LabVIEW. 
 

MODEL OF A SECONDARY RADAR CHANNEL BASED ON DISCRETE -
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Abstract. Air traffic management (ATM) requires high flight safety, regularity and 

efficiency. These targets can be achieved by using promising technologies and technical means. The 

remote control of aircraft can be provided by implementing surveillance systems ensuring operative 

information of spatial coordinates and motion parameters. The secondary radar based on discrete-

address mode recommended by ICAO for implementation provides high-speed ground-to-air data 

exchange (between the traffic control and the aircraft crew). Assessment of the concept 

implementation efficiency by mathematical modelling is an urgent technical problem.  

Keywords: air traffic management, aircraft, interrogation signal, reply signal, LabVIEW 

software. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʦʩʪʦʷʥʥʦ ʫʞʝʩʪʦʯʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʆʨɺɼ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʝʨʚʠʩ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ (ʋɺɼ). ɿʘʜʘʯʘ ʥʘʟʝʤʥʳʭ ʩʣʫʞʙ ʩʦʩʪʦʠʪ ʚ 
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ʧʦʩʪʨʦʝʥʠʠ ʠ ʢʦʥʪʨʦʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʟʘʜʘʥʥʳʭ ʤʘʨʰʨʫʪʦʚ ʜʚʠʞʝʥʠʷ ʚ ʟʦʥʝ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʠʩʢʣʶʯʘʷ ʦʧʘʩʥʦʝ ʩʙʣʠʞʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ (ɺʉ) ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʚʝʨʪʠʢʘʣʠ. 

ʉʘʤʦʣʝʪʦʚʦʞʜʝʥʠʝ ʠ ʋɺɼ ʦʪ ʚʟʣʝʪʘ ʜʦ ʧʦʩʘʜʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʡ ʧʨʦʮʝʩʩ, ʦʙʝʩʧʝʯʠʚʘʝʤʳʡ 

ʩʣʦʞʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʠ 

ʥʘʚʠʛʘʮʠʠ, ʥʘʟʝʤʥʳʭ, ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʫʧʨʘʚʣʝʥʠʷ. ɻʣʫʙʦʢʘʷ 

ʚʟʘʠʤʦʩʚʷʟʴ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʦʙʲʝʢʪʘʤʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʧʨʦʮʝʩʩʝ ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ ʠ ʋɺɼ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʚ ʩʦʩʪʘʚʝ ʘʚʠʘʮʠʦʥʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ 

(ɸʊʉ) ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩ ʋɺɼ [2, 5, 9]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʮʝʩʩ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʦʣʞʝʥ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʟʝʤʥʦʛʦ ʠ ʚʦʟʜʫʰʥʦʛʦ 

(ʙʦʨʪʦʚʦʛʦ) ʩʝʛʤʝʥʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʙʝʟʦʧʘʩʥʦʛʦ, 

ʨʝʛʫʣʷʨʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʟʘʜʘʯ ʨʝʛʠʦʥʘʣʴʥʦʡ, ʬʝʜʝʨʘʪʠʚʥʦʡ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʵʨʦʥʘʚʠʛʘʮʠʠ. 

ʉʠʩʪʝʤʳ ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʪʫʱʠʭ ʦʙʲʝʤʦʚ ʝʱʝ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ 

ʜʚʠʞʝʥʠʷ [1]. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʸʪʦʚ.  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʫʜʝʣʝʥʦ ʥʘʟʝʤʥʦʤʫ 

ʩʝʛʤʝʥʪʫ, ʢʘʢ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ, ʷʚʣʷʶʱʝʤʫʩʷ ʥʘʠʙʦʣʝʝ ʟʘʪʨʘʪʥʳʤ, 

ʦʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ɺʉ, 

ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦʡ ʧʨʦʙʣʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʠ ʙʦʨʪʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʷʚʣʷʶʱʝʛʦʩʷ ʧʨʝʜʤʝʪʦʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʫʯʘʩʪʥʠʢʦʚ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʚʠʜʝ ʘʚʠʘʢʦʤʧʘʥʠʡ ʠ ʶʨʠʜʠʯʝʩʢʠʭ 

ʩʦʙʩʪʚʝʥʥʠʢʦʚ ɺʉ. 
 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʠʭ ʬʫʥʢʮʠʶ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ɼʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʳʡ 

ʨʝʞʠʤ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ 

ɺʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʦʟʜʫʰʥʦʡ ʦʙʩʪʘʥʦʚʢʦʡ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʂʦʤʠʪʝʪʦʤ ʧʦ ʙʫʜʫʱʠʤ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ FANS ʪʝʨʤʠʥʦʤ ï Surveillance System, 

ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ: 

- ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ; 

- ʩʠʩʪʝʤʳ ʥʝʟʘʚʠʩʠʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ. 

ɺ ʩʠʩʪʝʤʘʭ ʟʘʚʠʩʠʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ɺʉ ʠʣʠ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʜʨʫʛʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʙʦʨʪʫ, ʠ ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʦʨʛʘʥʫ ʆʨɺɼ.  

ʂ ʩʠʩʪʝʤʘʤ ʟʘʚʠʩʠʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʝʨʝʜʘʯʠ 

ʨʝʯʝʚʳʭ ʩʦʦʙʱʝʥʠʡ ʵʢʠʧʘʞʝʡ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ɺʉ VPR (Voice Position 

Reports) [8]. ʅʘʙʣʶʜʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʜʘʯʠ ʨʝʯʝʚʳʭ ʜʦʥʝʩʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʪʘʤ, ʛʜʝ ʧʦ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʧʨʠʤʝʥʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ. ʏʘʱʝ ʚʩʝʛʦ ʪʘʢʦʡ ʚʠʜ ʥʘʙʣʶʜʝʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʚʦʟʜʫʰʥʦʤ ʦʢʝʘʥʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʣʠ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʦʙʰʠʨʥʳʤʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʩʫʰʠ. ʕʢʠʧʘʞʠ ɺʉ 

ʧʝʨʝʜʘʶʪ ʩʦʦʙʱʝʥʠʷ ʦ ʩʚʦʝʤ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʦʨʛʘʥʘʤ ʆʨɺɼ ʩ ʧʦʤʦʱʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʨʘʜʠʦʩʚʷʟʠ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʠʣʠ ʯʝʨʝʟ ʩʪʘʥʮʠʶ 

ʘʚʠʘʮʠʦʥʥʦʡ ʩʚʷʟʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʨʝʪʨʘʥʩʣʷʮʠʝʡ ʦʨʛʘʥʘʤ ʋɺɼ. ɼʣʷ ʩʚʷʟʠ ʚ 

ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʣʠ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ HF (High 

Frequency), ʠʣʠ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ VHF (Very High Frequency). ʆʩʥʦʚʥʳʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ ʪʘʢʦʛʦ ʚʠʜʘ ʥʘʙʣʶʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʤʘʣʘʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ, 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʝʜʘʯʘ 

ʨʝʯʝʚʳʭ ʩʦʦʙʱʝʥʠʡ ʪʨʝʙʫʝʪ ʦʪ ʵʢʠʧʘʞʝʡ ɺʉ ʠ ʦʩʦʙʝʥʥʦ ʦʪ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʥʘʟʝʤʥʳʭ ʩʣʫʞʙ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ, ʦʪʚʣʝʢʘʷ ʠʭ ʦʪ 

ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʠʭ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ [7]. ʂʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ 

CNS/ATM ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʘʤʝʥʫ ʵʪʦʛʦ ʚʠʜʘ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʙʦʣʝʝ ʩʦʚʝʨʰʸʥʥʳʝ 

ʩʠʩʪʝʤʳ. 

ʆʜʥʘʢʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʘʥʘʣʦʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ 

ʩʠʩʪʝʤʘʭ ɸɿʅ-ɺ ʠ ʩʠʩʪʝʤʘʭ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʥʘʚʠʛʘʮʠʠ ʦʩʪʘʝʪʩʷ ʙʦʨʪʦʚʦʡ 

ʩʝʛʤʝʥʪ ʚ ʚʠʜʝ ʩʘʤʦʣʝʪʥʦʛʦ ʦʪʚʝʪʯʠʢʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʳʡ 

ʨʝʞʠʤ ʠʣʠ S ʨʝʞʠʤ ʥʘ ʯʘʩʪʦʪʝ 1090 ʄɻʮ [4]. 

ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʥʝʟʘʚʠʩʠʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʝ 

ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʤʝʪʦʜ ʨʘʜʠʦʣʦʢʘʮʠʠ ʩ ʘʢʪʠʚʥʳʤ ʦʪʚʝʪʦʤ, 

ʧʨʠʯʝʤ ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʜʦʩʪʘʚʢʠ 

ʩʚʝʜʝʥʠʡ ʦ ʧʦʣʝʪʝ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʝʪʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʥʝʜʨʝʥʠʝ ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʦʛʦ ʨʝʞʠʤʘ ʚʪʦʨʠʯʥʦʡ 

ʨʘʜʠʦʣʦʢʘʮʠʠ (ɺʈʃ). 

ɼʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʥʝʜʨʷʝʪʩʷ 

ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʳʡ ʨʝʞʠʤ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʛʨʫʟʠʪʴ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʧʫʪʝʤ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ ʟʘʧʨʦʩʦʚ 

ʠ ʦʪʚʝʪʦʚ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʬʦʨʤʠʨʫʝʤʳʡ ʟʘʧʨʦʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʢʦʥʢʨʝʪʥʳʤ ɺʉ, 

ʠʤʝʶʱʠʤ ʩʚʦʡ ʧʝʨʩʦʥʘʣʴʥʳʡ ʥʦʤʝʨ. ʉʠʛʥʘʣ ʟʘʧʨʦʩʘ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʯʘʩʪʦʪʝ 

1030 ʄɻʮ, ʘ ʦʪʚʝʪʘ ʥʘ ʯʘʩʪʦʪʝ 1090 ʄɻʮ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʀʂɸʆ 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 [6]: 

- ʟʘʧʨʦʩ ʦʙʱʝʛʦ ʚʳʟʦʚʘ (ʨʠʩ. 1.ʘ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʦʧʨʦʩʘ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʝ 

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

S); 

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

ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʦʪʚʝʪʯʠʢʘʤʠ S, ʠ ʩʦʜʝʨʞʠʪ ʧʝʨʩʦʥʘʣʴʥʳʡ 24 ʙʠʪʥʳʡ ʥʦʤʝʨ, 

ʧʨʠʩʚʦʝʥʥʳʡ ʀʂɸʆ. 

ʆʪʚʝʪʥʳʝ ʩʠʛʥʘʣʳ ʬʦʨʤʠʨʫʶʪʩʷ ʦʪʚʝʪʯʠʢʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʨʝʞʠʤʘʤʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʘʥʜʘʨʪʥʦʝ ʩʦʦʙʱʝʥʠʝ, ʚʠʜ 

ʩʦʦʙʱʝʥʠʷ ʨʝʞʠʤʘ S ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.ʚ. 
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ʘ) 

 
ʙ) 

 
ʚ) 

 

ʈʠʩʫʥʦʢ 1 ï ʉʠʛʥʘʣʳ ʟʘʧʨʦʩʘ ʠ ʦʪʚʝʪʘ ʨʝʞʠʤʘ S ɺʈʃ:  

ʘ) ʦʙʱʝʛʦ ʚʳʟʦʚʘ; ʙ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʞʠʤ S 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 ʨʝʞʠʤʘ S ɺʈʃ. 

ɿʘʧʨʦʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʞʠʤʘ S (ʨʠʩ. 1.ʙ) ʚʢʣʶʯʘʝʪ ʧʨʝʘʤʙʫʣʫ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʠʤʧʫʣʴʩʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʙʣʦʢʠʨʦʚʢʠ ʦʪʚʝʪʯʠʢʦʚ 

ʨʝʞʠʤʦʚ ʋɺɼ ʠ RBS, ʪʘʢ ʢʘʢ ʦʥʠ ʚʦʩʧʨʠʥʠʤʘʶʪ ʵʪʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʢ 

ʩʠʛʥʘʣ, ʠʟʣʫʯʝʥʥʳʡ ʙʦʢʦʚʳʤ ʣʝʧʝʩʪʢʦʤ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ 

(ɼʅɸ). ʉʣʝʜʫʶʱʘʷ ʯʘʩʪʴ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʯʘʩʪʴʶ, ʩʦʩʪʦʷʱʘʷ ʠʟ 56 ʠʣʠ 112 ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʠʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ. ʄʦʜʫʣʷʮʠʷ ʬʘʟʳ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʥʝʩʫʱʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 4 ʄʙʠʪ/ʩ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʪʴ 112-ʙʠʪʦʚʦʝ ʩʦʦʙʱʝʥʠʝ ʟʘ ʚʨʝʤʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʙʣʦʢʠʨʦʚʢʝ ʦʙʳʯʥʳʭ ʦʪʚʝʪʯʠʢʦʚ [10]. 

ʆʪʚʝʪ ʨʝʞʠʤʘ S (ʨʠʩ. 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 (ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʣʦʢ). 
 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʧʨʠʥʷʪʳʝ ʜʦʧʫʱʝʥʠʷ. 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ɺʈʃ 

ʉʦʛʣʘʩʥʦ ʨʫʢʦʚʦʜʷʱʠʤ ʜʦʢʫʤʝʥʪʘʤ ʚʩʝ ɺʉ, ʚʳʧʦʣʥʷʶʱʠʝ ʧʦʣʝʪʳ ʚ 

ʚʝʨʭʥʝʤ ʚʦʟʜʫʰʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʧʦʣʝʪʳ ʧʦ ʧʨʠʙʦʨʘʤ), ʦʙʷʟʘʥʳ ʠʤʝʪʴ ʥʘ 
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ʙʦʨʪʫ ʧʨʠʝʤʦʦʪʚʝʪʯʠʢʠ ʨʝʞʠʤʦʚ RBS ʠʣʠ S. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʧʦʣʥʦʮʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʢʘʥʘʣʘ ɺʈʃ çʚʦʟʜʫʭ-ʟʝʤʣʷè ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʦʛʦ 

ʨʝʞʠʤʘ (ʨʝʞʠʤʘ S), ʘ ʠʤʝʥʥʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ, ʦʪʚʝʯʘʶʱʝʛʦ 

ʪʨʝʙʦʚʘʥʠʷʤ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʘ.  

ʉʠʩʪʝʤʘ ɺʈʃ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʚʠʜʫ ʨʷʜʘ ʧʨʝʠʤʫʱʝʩʪʚ: 

· ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʮʝʣʝʡ; 

· ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʜʫʰʥʦʤ ʩʫʜʥʝ (ʥʦʤʝʨ 

ʙʦʨʪʘ, ʚʳʩʦʪʘ ʠ ʪ.ʜ.); 

· ʤʘʣʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʠʯʥʳʤʠ ʈʃʉ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ; 

· ʙʦʣʴʰʘʷ ʜʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʘʥʥʦʝ ʩʨʝʜʩʪʚʦ ʥʘʙʣʶʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʚ ʨʘʙʦʪʝ ʩʣʫʞʙʳ ʜʚʠʞʝʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʇʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ, ʥʝʩʫʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʫʩʧʝʰʥʦʡ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ɺʈʃ, ʚʢʣʶʯʘʶʱʘʷ 

ʥʘʟʝʤʥʳʡ ʠ ʙʦʨʪʦʚʦʡ ʩʝʛʤʝʥʪ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ɺʈʃ: ʋʋ ï ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ;  

ʇʨʜ.ï ʧʝʨʝʜʘʪʯʠʢʠ; ʈʌ ï ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ ʬʠʣʴʪʨʳ; ʇʨʤ. ï ʧʨʠʝʤʥʠʢʠ;  

ʋʆʉ ï ʫʩʪʨʦʡʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ; ʐ ï ʰʠʬʨʘʪʦʨ; ɼʐ ï ʜʝʰʠʬʨʘʪʦʨ 
 

ʅʘʟʝʤʥʳʡ ʩʝʛʤʝʥʪ ʚ ʚʠʜʝ ʚʪʦʨʠʯʥʦʛʦ ʨʘʜʠʦʣʦʢʘʪʦʨʘ (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, 

ʧʨʠʥʠʤʘʶʪ ʟʘʧʨʦʩʥʳʡ ʩʠʛʥʘʣ ʥʘ ʯʘʩʪʦʪʝ fʟʘʧʨ, ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʨʘʟʜʝʣʠʪʝʣʴʥʳʡ 

ʬʠʣʴʪʨ ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʠʝʤʥʠʢ. ɺ ʧʨʠʝʤʥʠʢʝ ʦʪʚʝʪʯʠʢʘ ʚʳʧʦʣʥʷʶʪʩʷ 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 
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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). 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 ʆʨɺɼ. 

ʋʆʉ ʪʘʢʞʝ ʫʧʨʘʚʣʷʝʪ ʧʝʨʝʜʘʪʯʠʢʦʤ ʥʘʟʝʤʥʦʡ ɺʈʃ, ʦʧʨʝʜʝʣʷʷ ʦʯʝʨʝʜʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʟʘʧʨʦʩʥʳʭ ʩʠʛʥʘʣʦʚ. 

ʅʘʟʝʤʥʳʡ ʩʝʛʤʝʥʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʥʷʪʥʳʤ ʠ 

ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʘʭ ʩʣʫʞʙʳ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʚʷʟʠ (ʕʈʊʆʉ), ʦʜʥʘʢʦ ʚ ʙʦʨʪʦʚʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ɺʈʃ, ʨʝʘʣʠʟʫʶʱʝʤ ʨʝʞʠʤ S ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʩʪʴ 

ʩʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʥʘʣʦʛʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʙʝʟʦʧʘʩʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʩʝʡ ʩʠʩʪʝʤʳ ʆʨɺɼ. 
 

ʈʝʟʫʣʴʪʘʪʳ. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʢʘʥʘʣʘ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ 

ʇʨʦʮʝʩʩ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʥʘʣʘ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʨʝʘʣʠʟʫʶʱʝʛʦ 

ʨʝʞʠʤ S ɺʈʃ, ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. 

ʆʜʥʘʢʦ, ʧʨʠʤʝʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʦʟʜʘʚʘʪʴ ʘʜʘʧʪʠʚʥʳʝ ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ɺʈʃ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʩʪʨʫʢʪʫʨʫ ʩʠʛʥʘʣʦʚ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʝʞʠʤʘ S. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʟʘʧʨʦʩʥʳʝ ʠ 

ʦʪʚʝʪʥʳʝ ʩʠʛʥʘʣʳ ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʦʛʦ ʨʝʞʠʤʘ ʩʠʩʪʝʤʳ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ 

ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ LabVIEW. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ LabVIEW (Laboratory Virtual Instrumentation 

Engineering Workbench) ï ʵʪʦ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʛʨʘʤʤ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ çGè ʬʠʨʤʳ 

National Instruments. 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 [3]. 
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ʄʦʜʝʣʴ ʩʠʛʥʘʣʘ ʦʙʱʝʛʦ ʚʳʟʦʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. ɺʨʝʤʝʥʥʦʡ 

ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ P1 ʠ P3 (Tʢ.ʟ.) ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʝ 

ʟʘʧʨʘʰʠʚʘʝʤʦʛʦ ʩ ʙʦʨʪʘ ɺʉ ʧʘʨʘʤʝʪʨʘ, ʟʥʘʯʝʥʠʝ 8 ʤʢʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʧʨʦʩʫ 

ʥʦʤʝʨʘ ɺʉ (çʉʢʚʦʢè). ʀʤʧʫʣʴʩ P2 ʩʣʫʞʠʪ ʜʣʷ ʟʘʱʠʪʳ ʦʪʚʝʪʯʠʢʘ ʦʪ ʧʨʠʝʤʘ 

ʟʘʧʨʦʩʦʚ ʧʦ ʙʦʢʦʚʳʤ ʣʝʧʝʩʪʢʘʤ ɼʅɸ, ʠʤʧʫʣʴʩ P4 ʧʨʝʜʥʘʟʥʘʯʝʥ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ 

ʦʪʚʝʪʯʠʢʦʚ ʨʝʞʠʤʘ S [11]. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɺʠʜ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʦʙʱʝʛʦ ʚʳʟʦʚʘ 

 

ʄʦʜʝʣʴ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʚʳʟʦʚʘ ʨʝʞʠʤʘ S ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4 ʙʝʟ ʧʦʜʘʚʣʝʥʠʷ (ʘ), ʩ ʧʦʜʘʚʣʝʥʠʝʤ (ʙ). ʀʤʧʫʣʴʩʳ ʈ1 ʠ ʈ2, 

ʠʟʣʫʯʘʝʤʳʝ ʦʩʥʦʚʥʳʤ ʣʝʧʝʩʪʢʦʤ ɼʅɸ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʘʤʧʣʠʪʫʜʳ ʠ ʥʝʩʫʪ 

ʧʨʠʟʥʘʢ ʜʣʷ ʦʪʚʝʪʯʠʢʦʚ ʨʝʞʠʤʦʚ ʋɺɼ ʠ RBS, ʢʘʢ ʠʟʣʫʯʝʥʥʳʝ ʙʦʢʦʚʳʤ 

ʣʝʧʝʩʪʢʦʤ ɼʅɸ, ʟʘʢʨʳʚʘʷ ʠʭ ʜʣʷ ʧʨʠʝʤʘ ʜʘʥʥʦʛʦ ʟʘʧʨʦʩʘ, ʜʣʷ ʥʠʭ ʥʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ. ɼʣʷ ʟʘʱʠʪʳ ʘʜʨʝʩʥʦʛʦ ʦʪʚʝʪʯʠʢʘ ʦʪ ʧʨʠʝʤʘ ʟʘʧʨʦʩʦʚ ʧʦ 

ʙʦʢʦʚʳʤ ʣʝʧʝʩʪʢʘʤ ɼʅɸ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʧʫʣʴʩ ʈ5, ʠʟʣʫʯʘʝʤʳʡ ʢʘʥʘʣʦʤ 

ʧʦʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʦʚʤʝʱʝʥ ʩ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʧʝʨʚʦʛʦ çʧʝʨʝʚʦʨʦʪʘè 

ʬʘʟʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʫʣʶ ʥʘ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʝ ʢʦʜʦʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʦʷʚʣʝʥʠʝ ʠʤʧʫʣʴʩʘ ʈ5 ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʘʤʧʣʠʪʫʜʝ 

ʟʘʪʝʥʷʝʪ ʦʧʨʦʢʠʜʳʚʘʥʠʝ ʩʠʥʭʨʦʬʘʟʳ ʚ ʘʜʨʝʩʥʦʤ ʦʪʚʝʪʯʠʢʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʠʥʬʦʨʤʘʮʠʷ ʥʝ ʜʝʢʦʜʠʨʫʝʪʩʷ (ʨʠʩ. 4.ʙ). 
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ʈʠʩʫʥʦʢ 4 ï ɺʠʜ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʨʝʞʠʤʘ S: ʘ) ʙʝʟ ʧʦʜʘʚʣʝʥʠʷ;  

ʙ) ʩ ʧʦʜʘʚʣʝʥʠʝʤ 

 

ʀʤʧʫʣʴʩ P6, ʥʝʩʫʱʠʡ ʧʝʨʩʦʥʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ɺʉ ʩ ʦʪʚʝʪʯʠʢʦʤ 

ʨʝʞʠʤʘ S, ʢʦʜʠʨʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ (ʆʌʄ, DPSK ï 

Differential Phase Shift Keying) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʠʟʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʬʘʟʘ ʩʠʛʥʘʣʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʘʤʧʣʠʪʫʜʝ ʠ ʯʘʩʪʦʪʝ 

(ʨʠʩ. 5). ʇʨʠʯʝʤ ʢʘʞʜʦʤʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʙʠʪʫ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʝ 

ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʬʘʟʳ, ʘ ʝʝ ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʳʜʫʱʝʛʦ 

ʟʥʘʯʝʥʠʷ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʯʘʩʪʴ ʩʠʛʥʘʣʘ ʟʘʧʨʦʩʘ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʠʤʧʫʣʴʩʦʤ ʈ6, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5 ʠ 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]. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʉʪʨʫʢʪʫʨʘ ʠʤʧʫʣʴʩʘ P6 ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʨʝʞʠʤʘ S 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʚ ʢʘʥʘʣʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʰʫʤʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ. ʐʫʤʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʣʳʡ ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ, ʩʧʝʢʪʨ ʢʦʪʦʨʦʛʦ ʠʟʦʙʨʘʞʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 6. 
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ʈʠʩʫʥʦʢ 6 ï ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʩ ɹɻʐ 

 

ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʰʫʤʘ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʚ 

ʢʘʥʘʣʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʉʤʝʩʴ ʟʘʧʨʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ɹɻʐ 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʨʝʞʠʤʘ S ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʦʩʥʦʚʝ 

ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 8, ʧʨʠʯʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʠʤʧʫʣʴʩ 

ʠʩʧʦʣʴʟʫʝʪ ʤʦʜʫʣʷʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʥʘ ʦʜʠʥ ʙʠʪ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʚʳʜʝʣʷʝʪʩʷ ʜʚʦʡʥʦʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ, ʝʩʣʠ ʠʤʧʫʣʴʩ ʨʘʟʤʝʱʝʥ ʚ ʥʘʯʘʣʝ 

ʠʥʪʝʨʚʘʣʘ, ʪʦ ʧʝʨʝʜʘʝʪʩʷ ʜʚʦʠʯʥʘʷ ʝʜʠʥʠʮʘ (ç1è), ʝʩʣʠ ʚ ʢʦʥʮʝ, ʪʦ ʣʦʛʠʯʝʩʢʠʡ 

ʥʦʣʴ (ç0è). 

ʊʘʢʦʡ ʤʝʪʦʜ ʢʦʜʠʨʦʚʘʥʠʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʵʢʦʥʦʤʠʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʝʨʝʜʘʪʯʠʢʘ, ʪʘʢ ʢʘʢ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʝʨʝʜʘʚʘʝʤʦʡ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʚ 

ʧʦʩʳʣʢʝ ʧʦʩʪʦʷʥʥʦ. ɺʦʟʤʦʞʥʳ ʜʚʘ ʪʠʧʘ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ: ʢʦʨʦʪʢʦʝ 

ʩʦʦʙʱʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʥʦʤʝʨ ɺʉ, ʠ ʜʣʠʥʥʦʝ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʤʝʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ. 
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ʈʠʩʫʥʦʢ 8 ï ʉʪʨʫʢʪʫʨʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʚʝʪʥʦʛʦ ʨʘʩʰʠʨʝʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ 

 

ɺ ʦʩʥʦʚʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 9, ʟʘʣʦʞʝʥ ʧʨʠʥʮʠʧ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʣʦʚʘ, ʠʤʝʶʱʝʛʦ ʥʝʟʘʚʠʩʠʤʳʝ ʯʘʩʪʠ. 

ʅʘʯʘʣʦ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʨʝʘʤʙʫʣʫ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʢ 

ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʦʤʫ ʨʝʞʠʤʫ, ʠ ʫ ʚʩʝʭ ʦʪʚʝʪʦʚ ʦʜʠʥʘʢʦʚʘʷ, ʩʦʜʝʨʞʘʱʘʷ 8 ʙʠʪ, 

ʛʝʥʝʨʠʨʫʝʤʘʷ ʬʦʨʤʠʨʦʚʘʪʝʣʝʤ ʧʨʝʘʤʙʫʣʳ (ʌʇ). ɼʘʣʝʝ, ʠʩʭʦʜʷ ʠʟ ʩʪʨʫʢʪʫʨʳ 

ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʦʟʜʘʸʪʩʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʬʦʨʤʘʪʘ ʚ ʌʀʌ, ʥʝʩʫʱʠʡ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʝ ʩʦʦʙʱʝʥʠʷ (ʢʦʨʦʪʢʦʝ 56 ʙʠʪ ʠʣʠ ʜʣʠʥʥʦʝ 112 ʙʠʪ). 

ʉʣʝʜʫʶʱʠʝ 27 ʙʠʪ ʦʙʨʘʟʫʶʪʩʷ ʬʦʨʤʠʨʦʚʘʪʝʣʝʤ ʧʨʦʚʝʨʦʯʥʳʭ ʩʠʤʚʦʣʦʚ (ʌʇʉ), 

ʩʦʜʝʨʞʘʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʩʣʝʞʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ. ɿʘʪʝʤ ʙʣʦʢ ʬʦʨʤʠʨʦʚʘʪʝʣʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ (ʌʀʏ) ʛʝʥʝʨʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʯʘʩʪʴ, ʩʦʩʪʦʷʱʫʶ 

ʠʟ 56 ʠʣʠ 112 ʙʠʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʌʀʌ. ʆʢʦʥʯʘʥʠʝʤ ʩʦʦʙʱʝʥʠʷ ʷʚʣʷʶʪʩʷ 24 

ʙʠʪ, ʬʦʨʤʠʨʫʝʤʳʝ ʚ ʌʀʅ, ʩʦʜʝʨʞʘʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʦʤʝʨʝ ɺʉ (ʨʠʩ. 10). 
 

 
 

ʈʠʩʫʥʦʢ 9 ï ʌʦʨʤʠʨʦʚʘʪʝʣʴ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ: ʌʀʏ ï ʬʦʨʤʠʨʦʚʘʪʝʣʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ; ʌʇ ï ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʧʨʝʘʤʙʫʣʳ; 

ʌʀʌ ï ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʬʦʨʤʘʪʘ; ʌʇʉ ï ʬʦʨʤʠʨʦʚʘʪʝʣʴ 

ʧʨʦʚʝʨʦʯʥʳʭ ʩʠʤʚʦʣʦʚ; ʌʀʅ ï ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʥʦʤʝʨʘ;  

ʄ ï ʤʦʜʫʣʷʪʦʨ; ɻɺʏ ï ʛʝʥʝʨʘʪʦʨ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ; ʋʄ ï ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʠ 

 

ʇʦʩʣʝ ʩʣʦʞʝʥʠʷ ʚʩʝʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʚ ʩʫʤʤʘʪʦʨʝ ʚʳʧʦʣʥʷʶʪʩʷ 

ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʮʝʜʫʨʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ (ʤʦʜʫʣʷʮʠʠ) ʠ ʫʩʠʣʝʥʠʷ 

ʚ ʋʄ ʜʣʷ ʧʝʨʝʜʘʯʠ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʨʘʥʩʣʷʮʠʝʡ ʥʘ ʥʘʟʝʤʥʳʡ 

ʩʝʛʤʝʥʪ ʩʨʝʜʩʪʚʘ ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʆʨɺɼ. 
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ʈʠʩʫʥʦʢ 10 ï ʉʬʦʨʤʠʨʦʚʘʥʥʦʝ ʦʪʚʝʪʥʦʝ ʩʦʦʙʱʝʥʠʝ ʨʝʞʠʤʘ S 

 

ʆʙʩʫʞʜʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʮʝʧʮʠʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʪʚʝʯʘʶʱʝʛʦ ʩʦʚʨʝʤʝʥʥʳʤ ʟʘʧʨʦʩʘʤ ʧʦʩʪʨʦʝʥʠʷ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʨʘʜʠʦʢʘʥʘʣʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʦʙʣʝʛʯʘʝʪ ʧʦʥʠʤʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʵʪʠ ʧʨʦʮʝʩʩʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʟʘʧʨʦʩʥʦʤ 

ʩʠʛʥʘʣʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʫ çʟʝʤʣʷ-

ʙʦʨʪè. ʅʘʣʠʯʠʝ ʚ ʩʦʦʙʱʝʥʠʠ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 24 ʙʠʪʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʦʛʦ 

ʥʦʤʝʨʘ ɺʉ, ʧʨʠʩʝʚʘʝʤʦʛʦ ʀʂɸʆ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʛʨʫʟʠʪʴ 

ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʟʘʧʨʦʩ ʧʨʝʜʥʘʟʥʘʯʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦʤʫ 

ɺʉ. ʇʦʩʪʨʦʝʥʠʝ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩ 

ʘʢʪʠʚʥʦʡ ʧʘʫʟʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ ʧʦʩʪʨʦʝʥʠʷ 

ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʩʣʫʞʙʦʡ ʆʨɺɼ ʠ ʵʢʠʧʘʞʘʤʠ ɺʉ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʥʳʭ ʧʦʤʝʭʦʚʳʭ ʩʠʪʫʘʮʠʡ ʦʮʝʥʠʚʘʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʙʦʨʪʦʚʦʤ ʠ ʥʘʟʝʤʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, 

ʨʝʘʣʠʟʫʶʱʝʤ ʢʦʥʮʝʧʮʠʶ CNS/ATM. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʢ ʚʥʝʜʨʝʥʠʶ ʀʂɸʆ ʢʦʥʮʝʧʮʠʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʘʷ ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʳʡ ʨʝʞʠʤ (ʨʝʞʠʤ S) 

ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʩ ʘʢʪʠʚʥʳʤ 

ʦʪʚʝʪʦʤ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, 

ʨʝʛʫʣʷʨʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʟʜʫʰʥʳʭ ʧʝʨʝʚʦʟʦʢ. ɸ ʘʜʘʧʪʘʮʠʷ ʚʥʝʜʨʝʥʠʷ 

ʜʠʩʢʨʝʪʥʦ-ʘʜʨʝʩʥʦʛʦ ʨʝʞʠʤʘ ʚ ʩʠʩʪʝʤʫ ʚʪʦʨʠʯʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʧʦʟʚʦʣʠʪ 

ʦʙʝʩʧʝʯʠʪʴ ʨʝʘʣʠʟʘʮʠʶ ʝʜʠʥʳʭ ʤʝʪʦʜʦʚ ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ ʚ ʤʠʨʦʚʦʤ 

ʚʦʟʜʫʰʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
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ʂʫʣʠʢʦʚ ɻ. ɺ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

ɼʘʥʛ ʉʫʘʥ ʍʘʥʛ 

 

ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʛ. ʄʦʩʢʚʘ) 

 
ɸʥʥʦʪʘʮʠʷ. ʄʦʙʠʣʴʥʳʝ ʫʩʣʫʛʠ, ʦʩʦʙʝʥʥʦ ʜʦʩʪʫʧ ʚ ʀʥʪʝʨʥʝʪ ʥʘ ʙʦʨʪʫ ʚʦʟʜʫʰʥʳʭ 

ʩʫʜʦʚ, ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʚʷʟʠ ʩ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʀʥʪʝʨʥʝʪʫ ʚ ʧʦʣʝʪʝ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʩ 

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ (ɸʌʄ) ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʦʙʣʘʩʪʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʚʝʱʘʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦ ʩʚʦʝʤʫ ʧʦʪʝʥʮʠʘʣʫ ʦʥʠ ʧʨʝʚʦʩʭʦʜʷʪ ʜʨʫʛʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʪʢʨʳʚʘʪʁ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʪʦʡ ʫʩʣʫʛʠ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ɸʌʄ ʩʠʛʥʘʣʳ, ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʛʣʦʙʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ, 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʜʨ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ 16-ɸʌʄ ʩ ʬʦʨʤʘʪʦʤ ʩʦʟʚʝʟʜʠʷ ʩ 

ʪʦʯʢʦʡ ʥʫʣʝʚʦʡ ʘʤʧʣʠʪʫʜʳ (1,4,11) ʠ (1,5,10), ʘ ʪʘʢʞʝ ʩʠʛʥʘʣʦʚ 32-ɸʌʄ ʩ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ ʬʦʨʤʘʪʦʤ ʚ ʛʘʫʩʩʦʚʩʢʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʘʤʧʣʠʪʫʜ ʨʘʟʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ ʩʦʟʚʝʟʜʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʦʠʩʢʘ 

ʤʠʥʠʤʫʤʘ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʬʦʨʤʘʪʘʤʠ ɸʌʄ ʩʠʛʥʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʜʨʫʛʠʭ 

ʩʠʩʪʝʤʘʭ ʩʧʫʪʥʠʢʦʚʦʛʦ ʚʝʱʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʟʚʝʟʜʠʡ ʩ ʪʦʯʢʦʡ ʥʫʣʝʚʦʡ 

ʘʤʧʣʠʪʫʜʳ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʝʤʘ ɸʌʄ ʩʠʛʥʘʣʦʚ ʟʘ 

ʩʯʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʩʠʛʥʘʣʴʥʳʤʠ ʪʦʯʢʘʤʠ ʩʦʟʚʝʟʜʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʢʨʳʚʘʶʪ ʧʦʪʝʥʮʠʘʣ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʦʧʪʠʤʘʣʴʥʳʭ ʬʦʨʤʘʪʦʚ ʩʦʟʚʝʟʜʠʡ ʩʠʛʥʘʣʦʚ 16-ɸʌʄ ʠ 32-ɸʌʄ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʤʦʙʠʣʴʥʳʭ ʫʩʣʫʛ ʧʘʩʩʘʞʠʨʘʤ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʧʪʠʤʠʟʘʮʠʷ ʩʠʛʥʘʣʴʥʳʭ ʩʦʟʚʝʟʜʠʡ ʩʠʛʥʘʣʦʚ 16-ɸʌʄ ʠ 32-ɸʌʄ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʜʣʷ ʘʚʠʘʧʘʩʩʘʞʠʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ, ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʘʷ 

ʤʘʥʠʧʫʣʷʮʠʷ, ʩʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ, ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʩʧʫʪʥʠʢʦʚʘʷ ʩʚʷʟʴ. 
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Abstract. Currently, mobile services, especially Internet access on board aircraft, are an 

important aspect of the modern aviation industry. When implementing high-speed communication 
with aircraft, various specific problems often arise. In these conditions, satellite systems play a key 
role in providing broadband Internet access in flight. The practical use of signals with amplitude-
phase shift keying (APSK) for high-speed transmission of information in the field of satellite 
broadcasting has shown that they surpass other technologies in their potential and opens up 
prospects for improving this service. 

The main advantages of such systems using APSK signals are high bandwidth, high noise 
immunity, global coverage, efficient use of frequency resources, etc. 

The paper considers the possibility of transmitting a 16-APSK signal with a constellation 
format with a zero amplitude point (1,4,11) and (1,5,10), as well as 32-APSK signals with an 
optimized format in a Gaussian communication channel. The choice of optimal amplitude ratios of 
different circles is carried out by searching for the minimum probability of a bit error. The noise 
immunity characteristics are compared with standard APSK signal formats used in some other 
systems. It is shown that the use of constellations with a point of zero amplitude increases the noise 
immunity of receiving APSK signals due to a more uniform distribution of energy between the 
signal points of the constellation. The obtained results reveal the potential of practical application of 
the proposed optimal formats of constellations of signals 16-APSK and 32-APSK for the provision 
of mobile services to passengers of civil aviation. 

The aim of the work is to optimize the signal constellations of 16-APSK and 32-APSK 
signals for use in a promising broadband access system for air passengers. 

Keywords: broadband access system, amplitude-phase shift keying, signal constellation, 
noise immunity, satellite communication. 

 

ɺʚʝʜʝʥʠʝ 
ɻʨʘʞʜʘʥʩʢʘʷ ʘʚʠʘʮʠʷ, ʢʘʢ ʪʨʘʥʩʧʦʨʪʥʘʷ ʦʪʨʘʩʣʴ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʈʦʩʩʠʠ, ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʠ 
ʚʘʞʥʳʭ ʩʧʦʩʦʙʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʢ ʚʥʫʪʨʠ ʩʪʨʘʥʳ, ʪʘʢ ʠ ʤʝʞʜʫ ʩʪʨʘʥʘʤʠ. 
ʅʘʨʷʜʫ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ, 
ʘʚʠʘʢʦʤʧʘʥʠʠ ʧʦʩʪʦʷʥʥʦ ʩʪʨʝʤʷʪʩʷ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʢʦʤʬʦʨʪʘ ʧʘʩʩʘʞʠʨʦʚ. 
ʄʦʙʠʣʴʥʳʝ ʫʩʣʫʛʠ, ʦʩʦʙʝʥʥʦ ʜʦʩʪʫʧ ʚ ʀʥʪʝʨʥʝʪ ʥʘ ʙʦʨʪʫ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, 
ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʨʦʚʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. 
ʆʙʩʣʫʞʠʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʘʙʦʥʝʥʪʦʚ ʩ ʤʥʦʞʝʩʪʚʦʤ ʧʨʠʣʦʞʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 
ʙʳʩʪʨʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʥʘʢʣʘʜʳʚʘʝʪ ʥʘ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʝ 
ʩʠʩʪʝʤʳ ʩʝʨʴʝʟʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʩʦʦʪʥʦʰʝʥʠʶ 
ʩʠʛʥʘʣ/ʰʫʤ ʠ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 
ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʀʥʪʝʨʥʝʪʫ ʚ ʧʦʣʝʪʝ [1-3].  

ɺ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʝ 
ʩʠʛʥʘʣʳ ʩ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ: 16-ɸʌʄ ʠ 32-ɸʌʄ. 
ʊʨʘʜʠʮʠʦʥʥʳʝ ʪʠʧʳ ʩʦʟʚʝʟʜʠʡ ʠʤʝʶʪ ʚʠʜ (4,12) ʜʣʷ 16-ɸʌʄ ʠ (4,12,16) ʜʣʷ 
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32-ɸʌʄ [4]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʪʦʯʢʠ ʩ ʥʫʣʝʚʦʡ ʘʤʧʣʠʪʫʜʦʡ ʚ ʮʝʥʪʨʝ 
ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʠʛʥʘʣʴʥʳʭ 
ʧʦʩʳʣʦʢ ʠ ʩʨʝʜʥʶʶ ʵʥʝʨʛʠʶ, ʥʦ ʥʝ ʠʟʤʝʥʷʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 
[4]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʦʩʳ 
ʯʘʩʪʦʪʳ ʠ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʟʥʘʯʝʥʠʷ ʧʠʢ-ʬʘʢʪʦʨʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʛʥʘʣʴʥʳʭ ʩʦʟʚʝʟʜʠʡ ʩʠʛʥʘʣʦʚ 16-ɸʌʄ ʠ 
32-ɸʌʄ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ 
ʜʣʷ ʘʚʠʘʧʘʩʩʘʞʠʨʦʚ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʬʦʨʤʘʪʦʚ ʩʦʟʚʝʟʜʠʡ ɸʌʄ ʩʠʛʥʘʣʦʚ 

ʇʦʩʳʣʢʫ ʄ-ʧʦʟʠʮʠʦʥʥʦʛʦ ɸʌʄ ʩʠʛʥʘʣʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ Ts ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [4]: 

() ( ]
c 0p

0 , 0 ,1, ... 1 .co s( ), ,
i i i s

t T i Ms t r tA w j Í = -= +  

ɺʦʟʤʦʞʥʳʝ ʬʦʨʤʘʪʳ ʩʠʛʥʘʣʴʥʳʭ ʩʦʟʚʝʟʜʠʡ 16-ɸʌʄ ʩ ʪʦʯʢʦʡ ʥʫʣʝʚʦʡ 

ʘʤʧʣʠʪʫʜʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. ʆʙʦʟʥʘʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ ʫʨʦʚʥʝʡ (ʨʘʜʠʫʩʦʚ 

ʦʢʨʫʞʥʦʩʪʝʡ) ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ k: A3=kA2. ɼʣʷ ʬʦʨʤʘʪʘ 32-ɸʌʄ (4,12,16) ʩ 

ʪʨʝʤʷ ʫʨʦʚʥʷʤʠ ʘʤʧʣʠʪʫʜʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʤʝʝʤ ʩʦʦʪʥʦʰʝʥʠʷ: A2=k2A1 ʠ 

A3=k3A1. ʆʧʪʠʤʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʘʤʧʣʠʪʫʜ ʤʝʞʜʫ ʦʢʨʫʞʥʦʩʪʷʤʠ ʩʦʟʚʝʟʜʠʡ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʦʠʩʢʘ ʤʠʥʠʤʫʤʘ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ, 

ʚʳʯʠʩʣʷʝʤʦʡ ʧʦ ʤʝʪʦʜʠʢʝ [5]. 

ʄ = 16 (1,5,10)
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ʄ = 16 (1,4,11)
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ʈʠʩʫʥʦʢ 1 ï ɺʘʨʠʘʥʪʳ ʩʠʛʥʘʣʴʥʳʭ ʩʦʟʚʝʟʜʠʡ 16-ɸʌʄ ʩ ʪʦʯʢʦʡ ʥʫʣʝʚʦʡ 

ʘʤʧʣʠʪʫʜʳ 
 

ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʯʘʩʪʦʪʝ ʧʦʷʚʣʝʥʠʷ ʚʩʝʭ ʪʦʯʝʢ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʫʣʷʮʠʠ 

ʩʨʝʜʥʶʶ ʵʥʝʨʛʠʶ ʩʠʤʚʦʣʘ Es ʩʨ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʩʨʝʜʥʶʶ ʵʥʝʨʛʠʶ ʧʦ 

ʩʦʟʚʝʟʜʠʶ. ʕʪʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʠ 

ʧʦʟʚʦʣʷʝʪ ʘʜʝʢʚʘʪʥʦ ʩʨʘʚʥʠʪʴ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʪʳ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʊʘʢ, ʜʣʷ ʩʦʟʚʝʟʜʠʷ (1, 4, 11): 
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ɼʣʷ ʩʦʟʚʝʟʜʠʷ (1,5,10): 
22
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ɼʣʷ 32-ɸʌʄ ʩ ʬʦʨʤʘʪʦʤ (4,12,16) ʠʤʝʝʤ ʜʚʘ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ 

ʘʤʧʣʠʪʫʜʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘ k2 ʠ k3: 
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ɺ ʢʘʯʝʩʪʚʝ ʧʦʤʝʭʠ ʨʘʩʩʤʦʪʨʠʤ ʙʝʣʳʡ ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ n(t) ʩ 

ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ N0: 

0

1 2 2 1
( ) 0; ( ) ( ) ( ).

2

N
n t n t n t t td= = -  

ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ k = 2 ʜʣʷ 

ʩʦʟʚʝʟʜʠʡ 16-ɸʌʄ (1,4,11) ʠ (1,5,10). ʅʘ ʨʠʩ. 2 ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ɸʌʄ ʩʠʩʪʝʤ ʩ ʪʘʢʠʤʠ ʩʦʟʚʝʟʜʠʷʤʠ, 

ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʜʣʷ ʬʦʨʤʘʪʘ (4, 12) ʩ 

ʘʤʧʣʠʪʫʜʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ A2=2.7A1, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ 

ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ ʩʪʘʥʜʘʨʪʘ DVB-S2. ɺʠʜʥʦ, ʯʪʦ ʬʦʨʤʘʪ (1, 5, 10) ʠʤʝʝʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʚʳʠʛʨʳʰ ʧʦ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 0.5 ʜɹ, 

ʬʦʨʤʘʪ (1, 4, 11) ʪʦʞʝ ʠʤʝʝʪ ʥʝʙʦʣʴʰʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʩʦʟʚʝʟʜʠʝʤ (4, 12). 
 

 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʦʪ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ ʨʘʟʥʳʭ ʬʦʨʤʘʪʦʚ ʩʦʟʚʝʟʜʠʡ 16-ɸʌʄ 
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ɺ ʩʣʫʯʘʝ 32-ɸʌʄ ʧʦʣʫʯʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ k2 = 2.5 ʠ k3 = 3.9. 

ʅʘ ʨʠʩ. 3 ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ɸʌʄ 

ʩʠʩʪʝʤʳ ʩ ʪʘʢʠʤ ʩʦʟʚʝʟʜʠʝʤ, ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʙʠʪʦʚʦʡ 

ʦʰʠʙʢʠ ʜʣʷ ʬʦʨʤʘʪʘ ʩʦʟʚʝʟʜʠʷ cʦ ʘʤʧʣʠʪʫʜʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: A2=2.64A1, 

A3=4.64A1, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʩʠʩʪʝʤʝ DVB-S2. ɺʠʜʥʦ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʬʦʨʤʘʪʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 1 ʜɹ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʦʪ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ ʨʘʟʥʳʭ ʬʦʨʤʘʪʦʚ ʩʦʟʚʝʟʜʠʡ 32-ɸʌʄ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʩʠʛʥʘʣʦʚ ɸʌʄ ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʥʘʣʘʭ ʮʠʬʨʦʚʦʡ 

ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʙʦʨʪʦʚʦʛʦ ʨʘʜʠʦʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʦʪʢʨʳʚʘʝʪ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ 

ʘʚʠʘʧʘʩʩʘʞʠʨʦʚ ʢ ʤʦʙʠʣʴʥʳʤ ʫʩʣʫʛʘʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʀʥʪʝʨʥʝʪʫ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʬʦʨʤʘʪʳ ʩʠʛʥʘʣʴʥʳʭ ʩʦʟʚʝʟʜʠʡ ʧʦʟʚʦʣʷʪ 

ʧʦʚʳʩʠʪʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʜʝʞʥʫʶ ʩʚʷʟʴ ʥʘ ʜʣʠʥʥʳʭ ʪʨʘʩʩʘʭ ʧʦʣʝʪʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. 
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ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ: ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʮʠʬʨʦʚʳʝ ʩʧʦʩʦʙʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʣʘʪʬʦʨʤʫ 

ʧʨʦʛʨʘʤʤʥʦ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʨʘʜʠʦ SDR (Software-defined radio). ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ 

ʟʘʤʝʥʠʪʴ ʦʛʨʦʤʥʝʡʰʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʠʸʤʦʧʝʨʝʜʘʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʥʘ 

ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʣʝʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ɸʥʘʣʦʛʦʚʘʷ ʯʘʩʪʴ 

ʪʘʢʠʭ ʧʨʠʸʤʥʠʢʦʚ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʣʠʰʴ ʢʘʩʢʘʜʳ ʫʩʠʣʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʦʪʳ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣ ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʤʫ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ, ʠ ʜʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ ʚʝʜʝʪʩʷ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ. ʂʦʥʮʝʧʮʠʷ SDR 

ʟʘʣʦʞʝʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʤ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʝ ʥʘ ʙʘʟʝ ʧʣʘʪʬʦʨʤʳ ʬʠʨʤʳ National 

Instruments NI PXIe-1065, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʟʘʜʘʯʘʭ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʘʥʘʣʠʟʘ ʘʚʠʘʮʠʦʥʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʡ ʧʣʘʪʬʦʨʤʳ ʷʚʣʷʪʁʩʷ ʝʸ 

ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʠ ʜʦʨʦʛʦʚʠʟʥʘ. National Instruments NI PXIe-1065 ʢʦʥʬʠʛʫʨʠʨʫʝʪʩʷ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ LabVIEW 2010, ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜ ʟʘʜʘʥʥʫʶ 

ʧʣʘʪʬʦʨʤʫ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʩʦʧʨʷʞʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʨʘʜʠʦ ʥʘ ʙʘʟʝ 

ʧʣʘʪʬʦʨʤʳ HackRF One ʩʦ ʩʨʝʜʦʡ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ LabVIEW 2010. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: LabVIEW 2010, HackRF One, hackrf tools, libhackrf. 
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Abstract. At the present stage of development, digital methods for generating and 

processing signals using the SDR (Software-defined radio) platform have become widespread. 

This technology makes it possible to replace a huge variety of existing and developed transceiver 

devices, since the main processing and signal formation with this approach is carried out in 

software, using electronic computers on which specialized software is installed. The analog part 

of such receivers can only contain amplification and frequency conversion stages. As a rule, after 

frequency converters, the signal undergoes analog-to-digital conversion, and further signal 

processing is carried out in digital form. The SDR concept is embedded in a hardware-software 

transceiver based on the National Instruments NI PXIe-1065 platform, which has extensive 

capabilities in the detection and analysis of aviation communication lines. The main disadvantage 

of this platform is its large dimensions and high cost. National Instruments NI PXIe-1065 is 

configured using the LabVIEW 2010 programming language, adapted for a given platform. The 

article discusses a method for pairing a software-defined radio based on the HackRF One 

platform with the LabVIEW 2010 programming environment. 
Keywords: LabVIEW 2010, HackRF One, hackrf tools, libhackrf. 

 

ɺʚʝʜʝʥʠʝ 

ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ hackrf tools ʠ ʙʠʙʣʠʦʪʝʢʘ libhackrf ʠʟ ʦʬʠʮʠʘʣʴʥʦʛʦ 

ʨʝʧʦʟʠʪʦʨʠʷ ʨʘʟʨʘʙʦʪʯʠʢʘ HackRF One ʧʦʟʚʦʣʷʶʪ ʢʘʢ ʥʘʧʨʷʤʫʶ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʬʫʥʢʮʠʦʥʘʣʦʤ SDR ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʨʠʸʤʘ ʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ, ʪʘʢ ʠ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʵʪʦʪ ʬʫʥʢʮʠʦʥʘʣ ʚ ʩʪʦʨʦʥʥʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ [6]. 

ɿʥʘʷ ʵʪʦ ʠ ʬʘʢʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ LabVIEW ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪʘʭ, 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʥʪʝʛʨʘʮʠʠ libhackrf, ʯʪʦʙʳ ʧʨʝʜʦʩʪʘʚʠʪʴ ʚʩʝʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ LabVIEW ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʩʚʦʠ ʧʨʦʛʨʘʤʤʥʳʝ 

ʨʝʘʣʠʟʘʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ, ʘ ʪʘʢʞʝ ʧʨʠʸʤʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʧʨʠʚʳʯʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

LabVIEW ʧʦʟʚʦʣʷʝʪ ʚʳʟʳʚʘʪʴ ʬʫʥʢʮʠʠ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C, 

C++, C# ʠ Rust ʠʟ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʳʭ ʩʙʦʨʦʢ ʙʠʙʣʠʦʪʝʢ DLL [4], ʦʜʥʘʢʦ 

ʤʥʦʞʝʩʪʚʦ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʤʝʥʘ ʤʝʞʜʫ DLL ʠ LabVIEW 

ʦʛʨʘʥʠʯʝʥʦ. ʉʦʛʣʘʩʥʦ ʩʧʨʘʚʢʝ ʩ ʩʘʡʪʘ ʧʦʜʜʝʨʞʢʠ NI ʙʣʦʢ çCall Library 

Function Nodeè ʥʝ ʨʘʙʦʪʘʝʪ ʩ ʪʠʧʦʤ ʜʘʥʥʳʭ char** (ʫʢʘʟʘʪʝʣʴ ʥʘ ʫʢʘʟʘʪʝʣʴ 

ʪʠʧʘ char) [8]. ɼʘʥʥʳʡ ʪʠʧ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ hackrf_device_list ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʩʩʠʚʘ ʩʪʨʦʢ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʝʨʠʡʥʳʤʠ ʥʦʤʝʨʘʤʠ ʧʦʜʢʣʶʯʝʥʥʳʭ 

SDR ʧʣʘʪʬʦʨʤ (ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʦʜʥʦʛʦ ʠ ʙʦʣʝʝ ʧʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢʦʚ) [7]. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝ ʧʦʣʫʯʠʪʩʷ ʦʧʨʝʜʝʣʷʪʴ 

ʥʘʣʠʯʠʝ ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʩ ʥʠʤ. 
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ʇʨʦʙʣʝʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʪʠʧʠʟʘʮʠʠ LabVIEW ʧʨʠ ʚʳʟʦʚʝ ʩʪʦʨʦʥʥʝʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʘʧʧʘʨʘʪʥʳʤʠ ʠ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɺ ʢʦʥʪʝʢʩʪʝ ʟʘʜʘʯʠ ʠʥʪʝʛʨʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 

libhackrf ʚ LabVIEW ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʣʠʙʦ 

ʧʝʨʝʧʠʩʳʚʘʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʙʠʙʣʠʦʪʝʢʠ ʥʘ Rust, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʝʨʝʣʦʞʠʪʴ 

ʟʘʜʘʯʠ ʪʠʧʠʟʘʮʠʠ ʥʘ ʩʨʝʜʫ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ ʢʦʜʘ ʥʘ ʷʟʳʢʝ ʉ, ʣʠʙʦ ʨʝʘʣʠʟʘʮʠʝʡ 

ʦʙʸʨʪʢʠ ʚʳʟʦʚʦʚ ʬʫʥʢʮʠʡ ʙʠʙʣʠʦʪʝʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ C#, ʢʦʪʦʨʳʡ 

ʠʤʝʝʪ ʩʚʦʶ ʦʙʱʝʷʟʳʢʦʚʫʶ ʩʨʝʜʫ ʠʩʧʦʣʥʝʥʠʷ (CLR ï Common Language 

Runtime) ʚ ʨʘʤʢʘʭ ʧʣʘʪʬʦʨʤʳ .NET, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ 

ʨʝʘʣʠʟʘʮʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʸʥ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʪʠʧʦʚ ʜʘʥʥʳʭ ʜʣʷ ʦʙʤʝʥʘ ʤʝʞʜʫ LabVIEW ʠ ʜʨʫʛʠʤʠ ʩʨʝʜʘʤʠ ʠʩʧʦʣʥʝʥʠʷ 

ʧʫʪʸʤ ʦʙʝʨʪʢʠ ʬʫʥʢʮʠʡ ʠ ʪʠʧʦʚ ʜʘʥʥʳʭ libhackrf ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʧʦʪʦʢʦʚ 

ʧʨʠʸʤʘ ʠ ʧʝʨʝʜʘʯʠ ʩʨʝʜʩʪʚʘʤʠ ʷʟʳʢʘ C#. 

 

1. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʧʨʠʥʷʪʳʝ ʜʦʧʫʱʝʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʠʥʪʝʛʨʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ HackRF One ʚ LabVIEW  

ʉʨʝʜʘ LabVIEW ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʬʫʥʢʮʠʠ ʜʣʷ ʟʘʛʨʫʟʢʠ ʩʙʦʨʦʢ DLL 

ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʨʝʜʦʡ ʠʩʧʦʣʥʝʥʠʷ CLR. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʙʨʘʪʴ DLL 

ʙʠʙʣʠʦʪʝʢʫ ʩ ʦʙʸʨʪʢʦʡ ʬʫʥʢʮʠʡ libhackrf ʠ VI  ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʙʸʨʥʫʪʳʭ ʬʫʥʢʮʠʡ libhackrf. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʦʙʱʸʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʩʨʝʜʳ. 

 

ʆʙʸʨʪʢʘ ʥʘ C#

(ʩʨʝʜʘ ʠʩʧʦʣʥʝʥʠʷ 

CLR)

HackRF One
ʉʨʝʜʘ ʠʩʧʦʣʥʝʥʠʷ 

LabVIEW

ʕɺʄ

libhackrf

(ʩʨʝʜʘ ʠʩʧʦʣʥʝʥʠʷ

ʢʦʜʘ ʥʘ C)

 
 

ʈʠʩʫʥʦʢ 1 ï ʆʙʦʙʱʸʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ 

ʩʨʝʜʳ 

 

ɺʝʩʴ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ 

ʤʝʞʜʫ HackRF One ʠ LabVIEW. ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚʦʟʣʦʞʝʥʦ ʥʘ 

ʩʨʝʜʫ ʠʩʧʦʣʥʝʥʠʷ CRL ʩ ʢʦʜʦʤ ʥʘ ʷʟʳʢʝ C#, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʦʩʨʝʜʥʠʢʦʤ 

ʤʝʞʜʫ ʢʦʜʦʤ libhackrf ʥʘ ʷʟʳʢʝ C ʠ ʢʦʜʦʤ ʧʨʦʛʨʘʤʤʳ ʧʦʣʴʟʦʚʘʪʝʣʷ LabVIEW 

ʥʘ ʷʟʳʢʝ G. 

ɺ ʩʨʝʜʝ LabVIEW ʧʦʣʴʟʦʚʘʪʝʣʴ ʨʝʘʣʠʟʫʝʪ ʣʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʧʨʠʸʤʘ ʠʣʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʷ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ VI ʬʘʡʣʳ ʧʨʦʛʨʘʤʤ 

ʚʳʟʦʚʘ ʬʫʥʢʮʠʡ .NET ʩʙʦʨʢʠ DLL. VI  ʬʘʡʣʳ ʚʳʟʳʚʘʶʪ ʬʫʥʢʮʠʠ DLL ʢʦʜʘ ʥʘ 

ʷʟʳʢʝ C#, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʶʪ ʢʦʜ libhackrf ʥʘ ʷʟʳʢʝ C. 
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ʈʝʧʦʟʠʪʦʨʠʡ ʩ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʩʙʦʨʢʘʤʠ DLL, VI  ʬʘʡʣʘʤʠ ʠ ʛʦʪʦʚʳʤʠ 

ʬʘʡʣʘʤʠ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Microsoft Windows ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʫʙʣʠʯʥʦʤ ʜʦʩʪʫʧʝ ʥʘ GitHub [5]. 

 

ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʣʠʩʪʠʥʛʘ ʧʨʦʛʨʘʤʤʳ ʚ LabVIEW  

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʩʧʠʩʦʢ ʧʦʜʢʣʶʯʝʥʥʳʭ HackRF 

ʫʩʪʨʦʡʩʪʚ. ʕʪʦ ʜʝʣʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ NetHackrf.HackrfDeviceList() 

ʢʦʪʦʨʘʷ ʚʦʟʚʨʘʱʘʝʪ ʤʘʩʩʠʚ ʦʙʲʝʢʪʦʚ ʢʣʘʩʩʘ NetHackrf.hackrf_device_info. 

ʂʘʞʜʳʡ ʦʙʲʝʢʪ NetHackrf.hackrf_device_info ʠʤʝʝʪ ʤʝʪʦʜ OpenDevice(), 

ʢʦʪʦʨʳʡ ʚʦʟʚʨʘʱʘʝʪ ʦʙʲʝʢʪ ʢʣʘʩʩʘ NetHackrf. 

ɼʣʷ ʟʘʧʫʩʢʘ ʧʨʠʸʤʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʤʝʪʦʜ StartRX(), ʘ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ï StartTX(). ʆʙʘ ʵʪʠʭ ʤʝʪʦʜʘ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ NetHackrf ʠ 

ʚʦʟʚʨʘʱʘʶʪ ʦʙʲʝʢʪ System.IO.Stream. ʆʙʲʝʢʪ Stream ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʧʠʩʠ ʠ 

ʯʪʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʢʚʘʜʨʘʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘ (I ʠ Q). 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢʘ ʨʝʘʣʠʟʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʚ ʢʣʘʩʩʝ NetHackrf: 

- double FilterBandwidthMHz ï ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ (ʄɻʮ); 

- double CarrierFrequencyMHz ï ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʛʦ 

(ʮʝʥʪʨʘʣʴʥʦʛʦ) ʢʦʣʝʙʘʥʠʷ (ʄɻʮ); 

- double SampleFrequencyMHz ï ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

(ʄɻʮ); 

- bool AntPower ï ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʪʚʝʯʘʝʪ ʟʘ ʚʢʣʶʯʝʥʠʝ ʧʠʪʘʥʠʷ 

ʘʥʪʝʥʥʳ; 

- bool ClkOut ï ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʪʚʝʯʘʝʪ ʟʘ ʧʝʨʝʢʣʶʯʝʥʠʝ ʚʳʜʘʯʠ 

ʩʠʛʥʘʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʳʙʦʨʦʯʥʦ ʥʘ ʧʦʨʪ CLKOUT ʠʣʠ CLKIN; 

- double LNAGainDb ï ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʄʐʋ ʥʘ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʝ (ʜɹ); 

- double VGAGainDb ï ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʫʩʠʣʠʪʝʣʷ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ʚ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʧʨʠ ʧʨʠʸʤʝ 

(ʜɹ); 

- double TXVGAGainDb ï ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʫʩʠʣʠʪʝʣʷ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ʚ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʧʨʠ ʧʝʨʝʜʘʯʝ 

(ʜɹ); 

- bool AMPEnable ï ʟʥʘʯʝʥʠʝ, ʦʪʚʝʯʘʶʱʝʝ ʟʘ ʚʢʣʶʯʝʥʠʝ ʫʩʠʣʠʪʝʣʷ 

ʩʠʛʥʘʣʘ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʯʘʩʪʦʪ ʧʨʠ ʧʨʠʸʤʝ. 

 

2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʧʨʠʸʤʘ ʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʠʸʤʘ ʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ. ʃʠʩʪʠʥʛʠ VI ʠ ʠʭ ʣʠʮʝʚʳʝ ʧʘʥʝʣʠ 

ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2-5. 
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ʈʠʩʫʥʦʢ 2 ï ʃʠʩʪʠʥʛ VI ʜʣʷ ʧʨʠʸʤʘ ʩʠʛʥʘʣʘ ʩ ʚʳʚʦʜʦʤ ʩʧʝʢʪʨʘ 

 

 

ʈʠʩʫʥʦʢ 3 ï ʃʠʮʝʚʘʷ ʧʘʥʝʣʴ VI ʜʣʷ ʧʨʠʸʤʘ ʩʠʛʥʘʣʘ ʩ ʚʳʚʦʜʦʤ ʩʧʝʢʪʨʘ 

 

 

ʈʠʩʫʥʦʢ 4 ï ʃʠʩʪʠʥʛ VI ʜʣʷ ʧʝʨʝʜʘʯʠ ʌʄ ʩʠʛʥʘʣʘ ʩ ʚʳʚʦʜʦʤ ʩʧʝʢʪʨʘ ʠ ʩʠʛʥʘʣʘ 

ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ 
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ʈʠʩʫʥʦʢ 5 ï ʃʠʮʝʚʘʷ ʧʘʥʝʣʴ VI ʜʣʷ ʧʝʨʝʜʘʯʠ ʌʄ ʩʠʛʥʘʣʘ ʩ ʚʳʚʦʜʦʤ ʩʧʝʢʪʨʘ ʠ 

ʩʠʛʥʘʣʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ 

 

ɿʘʢʣʶʯʝʥʠʝ 
ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʠʥʠʤʘʪʴ ʠ 

ʧʝʨʝʜʘʚʘʪʴ ʨʘʜʠʦʩʠʛʥʘʣʳ, ʠʩʧʦʣʴʟʫʷ SDR ʧʣʘʪʬʦʨʤʫ HackRF One ʠ ʩʨʝʜʫ 

ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ LabVIEW. ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʘʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʩʠʩʪʝʤ ʧʨʠʸʤʘ ʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʙʘʟʝ ʧʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢʘ 

HackRF One ʠ ʕɺʄ [2; 3]. ʄʦʜʫʣʴ ʩʦʧʨʷʞʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʫʯʝʙʥʦʤ 

ʧʨʦʮʝʩʩʝ ʢʘʢ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʠʥʮʠʧʦʚ ʮʠʬʨʦʚʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʧʨʠ ʠʭ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʨʘʤʢʘʭ ʢʫʨʩʦʚʳʭ ʠ ʜʠʧʣʦʤʥʳʭ ʨʘʙʦʪ [1]. 
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ɺʘʭʨʫʰʝʚʘ ʋ. ʉ. 

 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ: ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʜʸʪ ʧʦ ʧʫʪʠ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ 

ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʬʦʨʤʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ. ɼʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʩʠʛʥʘʣʘ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʚʥʝʜʨʝʥʠʶ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʧʣʘʪʬʦʨʤ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʣʶʙʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʧʣʘʪʬʦʨʤ ʧʦʟʚʦʣʠʣʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʦʚ. ʕʪʦ ʧʦʩʣʫʞʠʣʦ ʰʠʨʦʢʦʤʫ ʚʥʝʜʨʝʥʠʶ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʘʜʠʦʢʘʥʘʣʳ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʠ ʩʜʝʣʘʣʦ ʚʦʟʤʦʞʥʳʤ ʦʧʝʨʘʪʠʚʥʦ ʚʥʦʩʠʪʴ 

ʠʟʤʝʥʝʥʠʷ ʚ ʘʣʛʦʨʠʪʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʠʸʤʘ ʩʠʛʥʘʣʘ. ʅʝ ʦʩʪʘʣʠʩʴ ʚ ʩʪʦʨʦʥʝ ʠ ʢʘʥʘʣʳ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɹɸʉ), ʢ ʢʦʪʦʨʳʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʞʸʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʥʘʜʸʞʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʬʦʨʤʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʝʛʦ ʚʦ ʚʨʝʤʝʥʥʫʶ ʦʙʣʘʩʪʴ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʚʧʝʨʚʳʝ ʙʳʣ 

ʧʨʠʤʝʥʸʥ ʚ ʩʝʪʷʭ ʯʝʪʚʸʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ LTE, ʠʩʧʦʣʴʟʫʶʱʠʭ ʤʦʜʫʣʷʮʠʶ OFDM, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʧʠʣʦʪʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ 

ʘʧʧʘʨʘʪ, ʣʠʥʝʡʥʘʷ ʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ. 
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Abstract. The development of information transmission systems is moving along the 

path of introducing digital signal generation methods, which make it possible to ensure high 

electrical quality indicators of the generated signal. Achieving high signal quality indicators has 

become possible thanks to the widespread introduction of software and hardware platforms that 

make it possible to obtain an output signal of any configuration in a wide frequency range. The 

use of such platforms made it possible to implement a software method for synthesizing signals. 

This led to the widespread introduction of such approaches in many areas that use radio 

channels for information transmission, and made it possible to quickly make changes to the 

signal generation and reception algorithms. The information transmission channels of 

unmanned aircraft systems (UAS), which are subject to fairly stringent requirements for the 

reliability and reliability of the transmitted information, have not been left out. The article 

discusses the spectral method of synthesizing the generated signal with its subsequent 

conversion into the time domain. This approach was first used in fourth-generation LTE 

networks using OFDM modulation, the formation of which is carried out using synthetic 

spectrum. 
Keywords: unmanned aerial systems, unmanned aerial vehicle, linear frequency 

modulation. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʚʦʣʶʮʠʷ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩʣʝʜʫʝʪ ʧʦ 

ʧʫʪʠ ʮʠʬʨʦʚʳʭ ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʠ ʧʨʝʜʣʘʛʘʝʪ ʚʩʸ ʥʦʚʳʝ 

ʩʧʦʩʦʙʳ ʝʛʦ ʩʠʥʪʝʟʘ. ʀʟʜʘʚʥʘ ʯʝʣʦʚʝʢ ʧʳʪʘʣʩʷ ʧʨʠʜʫʤʘʪʴ ʩʧʦʩʦʙʳ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ. ʇʝʨʚʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʚʠʟʫʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʘʛʘʣʘ ʥʘʣʠʯʠʝ 

ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʸʤʘ, ʧʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʝʪʦʚʳʝ ʚʦʣʥʳ, ʥʘ ʩʤʝʥʫ ʢʦʪʦʨʳʤ ʧʨʠʰʣʠ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ɸ.ʉ. ʇʦʧʦʚʘ, ʢʦʪʦʨʳʡ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʚ 1895 

ʛʦʜʫ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʩʢʨʦʚʦʡ ʧʝʨʝʜʘʪʯʠʢ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʦʙʱʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʧʦ ʩʫʪʠ ʧʦʤʝʭʦʚʳʡ ʩʠʛʥʘʣ, ʬʠʢʩʠʨʫʝʤʳʡ 

ʧʨʠʸʤʥʠʢʦʤ. ʅʘ ʩʤʝʥʫ ʠʩʢʨʦʚʦʤʫ ʧʝʨʝʜʘʪʯʠʢʫ ʧʨʠʰʣʠ ʵʣʝʢʪʨʦʤʘʰʠʥʥʳʝ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʛʨʦʤʦʟʜʢʠ ʠ ʥʝ ʵʬʬʝʢʪʠʚʥʳ. 

ʀʟʦʙʨʝʪʝʥʠʝ ʣʘʤʧ ʬʘʢʪʠʯʝʩʢʠ ʩʦʚʝʨʰʠʣʦ ʨʝʚʦʣʶʮʠʶ ʚ ʩʭʝʤʦʪʝʭʥʠʢʝ 

ʧʝʨʝʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʩʜʝʣʘʚ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʘʙʘʨʠʪʥʳʤʠ ʠ ʙʦʣʝʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ. ʅʝʢʦʪʦʨʳʝ ʣʘʤʧʦʚʳʝ ʧʝʨʝʜʘʪʯʠʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʠ ʧʦ ʩʝʡ 

ʜʝʥʴ. ʆʥʠ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʝʨʝʜʘʪʯʠʢʘʭ ʉɺʏ ʜʠʘʧʘʟʦʥʘ.  
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ʀʟʦʙʨʝʪʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʦʩʣʫʞʠʣʦ ʪʦʣʯʢʦʤ ʢ ʨʘʟʚʠʪʠʶ 

ʤʠʢʨʦʩʭʝʤʥʦʡ, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʝʣʦ ʢ ʨʘʟʚʠʪʠʶ ʤʥʦʞʝʩʪʚʘ 

ʧʨʦʛʨʘʤʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʠʥʪʝʟʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ. ʉʪʘʣʠ 

ʧʦʷʚʣʷʪʴʩʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʧʣʘʪʬʦʨʤʳ, 

ʬʫʥʢʮʠʦʥʘʣ ʢʦʪʦʨʳʭ ʮʝʣʠʢʦʤ ʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʧʨʦʛʨʘʤʤʦʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʷʪʴ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʛʥʘʣʘ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʠʥʮʠʧ ʩʠʥʪʝʟʘ ʩʠʛʥʘʣʘ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʠʩʪʝʤ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ. 

 

1. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʧʨʠʥʷʪʳʝ ʜʦʧʫʱʝʥʠʷ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʙʝʩʧʠʣʦʪʥʳʝ 

ʘʚʠʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɹɸʉ), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ 

ʢʨʫʛʘ ʟʘʜʘʯ [4]. ʂ ʪʘʢʠʤ ʟʘʜʘʯʘʤ ʦʪʥʦʩʷʪʩʷ: ʤʦʥʠʪʦʨʠʥʛ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ 

ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʠʣʠ ʠʥʳʭ ʩʦʙʳʪʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʧʘʪʨʫʣʠʨʦʚʘʥʠʷ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ɹʇʃɸ); ʜʦʩʪʘʚʢʘ 

ʛʨʫʟʦʚ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʨʘʡʦʥʳ; ʦʙʥʘʨʫʞʝʥʠʝ ʛʨʫʧʧ ʣʶʜʝʡ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ; ʤʦʥʠʪʦʨʠʥʛ ʜʦʨʦʞʥʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʠ ʚʳʷʚʣʝʥʠʝ ʥʘʨʫʰʠʪʝʣʝʡ ʧʨʘʚʠʣ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʟʘʜʘʯʘʭ 

ɻʀɹɼɼ; ʦʙʩʣʝʜʦʚʘʥʠʝ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʚ ʟʘʜʘʯʘʭ ʚʳʷʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 

ʮʝʣʦʩʪʥʦʩʪʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʠ. ʪ. ʜ. 

ʊʘʢʦʡ ʰʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ɹɸʉ, ʧʨʝʜʲʷʚʣʷʝʪ ʦʯʝʥʴ ʚʳʩʦʢʠʝ 

ʫʩʣʦʚʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʳʜʚʠʛʘʝʪ 

ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʛʥʘʣʘʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʣʠʥʠʶ ɿɽʄʃʗ-

ɹʇʃɸ. ʂ ʪʘʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʥʦʩʷʪʩʷ: ʚʳʩʦʢʘʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ; 

ʧʨʦʩʪʦʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ; ʧʨʦʩʪʦʪʘ ʧʨʠʸʤʘ; ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʘʧʪʠʚʥʦ 

ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ; ʥʠʟʢʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ. 

ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʯʘʝʪ ʤʦʜʫʣʷʮʠʷ LORA [1]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ 

ʤʦʜʫʣʷʮʠʠ LORA ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʥʝʡʥʦ ʯʘʩʪʦʪʥʦ 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ (ʃʏʄʉ) [5]. ʇʨʠʯʝʤ ʚ ʧʨʝʘʤʙʫʣʝ ʵʪʦʛʦ ʩʠʛʥʘʣʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʦʧʦʨʥʳʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʃʏʄʉ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʠʣʠ ʫʙʳʚʘʥʠʝʤ 

ʯʘʩʪʦʪʳ, ʘ ʚ ʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʩʜʚʠʥʫʪʳʡ ʃʏʄʉ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʘʢʝʪʘ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʤʦʜʫʣʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ. ʇʝʨʚʳʝ ʰʝʩʪʴ ʩʠʤʚʦʣʦʚ 

ʧʨʝʘʤʙʫʣʳ ʠʤʝʶʪ ʤʦʜʫʣʠʨʫʶʱʫʶ ʬʫʥʢʮʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʚʦʟʨʘʩʪʘʥʠʶ 

ʯʘʩʪʦʪʳ. ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʝʱʸ ʜʚʘ ʩʠʤʚʦʣʘ ʧʨʝʘʤʙʫʣʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠʸʤʥʠʢʘ, ʫ ʢʦʪʦʨʳʭ ʯʘʩʪʦʪʳ ʣʠʥʝʡʥʦ ʫʙʳʚʘʝʪ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʯʘʩʪʴ ʧʘʢʝʪʘ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʧʘʢʝʪʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʦʜʫʣʷʮʠʠ LORA 

 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʢʝʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʥʝʨʘʪʦʨ ʣʠʥʝʡʥʦ ʯʘʩʪʦʪʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʫ ʢʦʪʦʨʦʛʦ 

ʯʘʩʪʦʪʘ ʜʦʣʞʥʘ ʚ ʥʝʢʦʪʦʨʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʚʦʟʨʘʩʪʘʪʴ, ʘ ʥʝʢʦʪʦʨʳʝ ï 

ʫʙʳʚʘʪʴ [2]. ʇʨʠ ʧʝʨʝʜʘʯʝ ʞʝ ʜʘʥʥʳʭ ʚ ʥʝʢʦʪʦʨʳʭ ʪʦʯʢʘʭ ʤʦʜʫʣʠʨʫʶʱʘʷ 

ʬʫʥʢʮʠʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʧʝʨʝʩʢʦʢ ʧʦ ʯʘʩʪʦʪʝ, ʧʦʢʘʟʳʚʘʶʱʠʡ, ʢʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʧʝʨʝʜʘʸʪʩʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ʕʪʦʪ ʧʝʨʝʩʢʦʢ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ 

ʩʜʚʠʛʦʚʳʡ ʨʝʛʠʩʪʨ, ʢʦʪʦʨʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʬʦʨʤʘʮʠʠ ʠʟʤʝʥʷʝʪ ʩʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʜʚʠʛʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʅʦ 

ʩʫʱʝʩʪʚʫʝʪ ʠ ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʢʝʪʘ ʚ 

ʤʦʜʫʣʷʮʠʠ LORA, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ [3]. 

ʇʦʥʷʪʠʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ 

ʯʝʪʚʝʨʪʦʛʦ ʠ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʛʥʘʣʘ ʩ 

OFDM ʤʦʜʫʣʷʮʠʝʡ. ʀʜʝʷ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦʜʥʝʩʫʱʠʭ ʤʦʜʫʣʠʨʫʶʪʩʷ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 

ʧʦ ʘʤʧʣʠʪʫʜʝ ʩ ʜʘʣʴʥʝʡʰʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʠʭ ʚʦ ʚʨʝʤʝʥʥʫʶ ʦʙʣʘʩʪʴ, 

ʠʩʧʦʣʴʟʫʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʚ ʤʦʜʫʣʷʪʦʨʝ 

LORA ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʘʤʙʫʣʳ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ. ʀʜʝʷ 

ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 2, 3. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʘʤʙʫʣʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʢʝʪʘ 
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ʅʘ ʨʠʩʫʥʢʝ, ʚ ʣʝʚʦʡ ʝʛʦ ʯʘʩʪʠ, ʮʠʬʨʘʤʠ 1, 2, 3, 4 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ. ʎʠʬʨʘʤʠ I, II , III , IV  ʧʨʠʚʝʜʝʥʳ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ 

ʧʦʣʦʞʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʚʳʭʦʜʘ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʌʫʨʴʝ (ʆʇʌ). ʀ ʝʩʣʠ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʠʪ ʧʦʣʦʞʝʥʠʷ I, II , III , IV, ʪʦ ʥʘ ʚʳʭʦʜʝ ʆʇʌ 

ʦʙʨʘʟʫʶʪʩʷ ʩʠʥʫʩʦʠʜʳ ʩ ʚʦʟʨʘʩʪʘʶʱʝʡ ʯʘʩʪʦʪʦʡ, ʢʦʪʦʨʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʩʠ t. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʃʏʄʉ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ ʨʘʩʪʸʪ. ʇʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʠʩʢʨʝʪʥʦʛʦ ʃʏʄʉ, 

ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʪʦ ʠʟʤʝʥʠʪʴ ʧʦʨʷʜʦʢ 

ʩʣʝʜʦʚʘʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʝʢʪʨʘ ʥʘ ʦʙʨʘʪʥʫʶ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʪ ʬʦʨʤʠʨʦʚʘʪʴ ʦʧʦʨʥʳʡ ʠ 

ʩʠʛʥʘʣ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʦʜʫʣʷʮʠʠ LORA ʩ ʣʠʥʝʡʥʦ ʥʘʨʘʩʪʘʶʱʝʡ ʠ ʣʠʥʝʡʥʦ 

ʫʙʳʚʘʶʱʝʡ ʯʘʩʪʦʪʦʡ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʠʟʦʙʨʘʞʝʥ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʦʦʙʱʝʥʠʷ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʚʳʩʪʨʘʠʚʘʪʴ ʵʣʝʤʝʥʪʳ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. 

ʅʘʧʨʠʤʝʨ, ʩʥʘʯʘʣʘ ʠʜʸʪ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ III, ʟʘʪʝʤ VI, 

ʜʘʣʝʝ I ʠ II. ʈʘʩʩʪʘʥʦʚʢʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʦʩʠ ʯʘʩʪʦʪ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ ʧʦʟʚʦʣʠʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʦʙʱʝʥʠʝ. ʇʦʩʪʨʦʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʠʩʪʝʤʘ ʘʜʘʧʪʠʚʥʘ 

ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʥʦ ʫʧʨʘʚʣʷʪʴ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʧʨʦʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʤʦʜʫʣʷʮʠʠ LORA ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. ɺ 

ʝʸ ʩʦʩʪʘʚ ʚʭʦʜʷʪ: 
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ʌʉʉ ï ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ; 

ʌʇʇʀ ï ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʧʘʢʝʪʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

ɹʆʇʌ ï ʙʣʦʢ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʌʫʨʴʝ; 

ɹʌʇ ï ʙʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʘʤʙʫʣʳ; 

ɹʌʀʇ ï ʙʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʋʧʨʦʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʤʦʜʫʣʷʮʠʠ LORA ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ 

 

ʉʠʛʥʘʣ ʩ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʧʘʢʝʪʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʦʛʦ, ʢʘʢʘʷ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʧʝʨʝʜʘʸʪʩʷ, ʚʳʩʪʨʘʠʚʘʝʪ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʣʠʙʦ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ, ʣʠʙʦ ʚ 

ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ. ʈʘʩʩʪʘʥʦʚʢʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʠʛʥʘʣʦʤ, ʧʦʩʪʫʧʘʶʱʠʤ ʩ ʙʣʦʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʘʤʙʫʣʳ. ʈʘʩʩʪʘʥʦʚʢʘ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʧʘʢʝʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʠʛʥʘʣʦʤ ʩ ʙʣʦʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʘʢʝʪ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʟʘʪʝʤ ʧʝʨʝʚʦʜʠʪʩʷ 

ʚʦ ʚʨʝʤʝʥʥʫʶ, ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʘʞʜʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʩʠʛʥʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʣʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʢʝʪʘ ʤʦʜʫʣʷʮʠʠ LORA. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ɼʃʏʄ ʩʠʛʘʣ ʩ ʚʦʟʨʘʩʪʘʶʱʝʡ ʠ 

ʫʙʳʚʘʶʱʝʡ ʯʘʩʪʦʪʦʡ ʤʦʜʫʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʝʛʦ 

ʯʘʩʪʴ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʠʤ ʚ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ 

ʧʣʘʪʬʦʨʤʘʭ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʠʟʤʝʥʷʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʠʛʥʘʣʘ 

ʥʘ ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʝ, ʘ ʪʘʢʞʝ ʠ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʨʠʸʤʥʦʡ ʩʪʦʨʦʥʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʚ ʢʘʥʘʣʘʭ ʧʝʨʝʜʘʯʠ 

ɹɸʉ [6] ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ. 
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ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 
 

ɸʥʥʦʪʘʮʠʷ. ʉʪʨʝʤʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʘ ʪʘʢʞʝ ʨʦʩʪ ʝʸ 

ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʧʦʚʩʝʤʝʩʪʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʵʢʦʥʦʤʠʢʫ ʠ ʭʦʟʷʡʩʪʚʦ, ʥʝʠʟʙʝʞʥʦ ʚʝʜʫʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʟʘʛʨʫʟʢʠ ʨʘʜʠʦʜʠʘʧʘʟʦʥʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʝʞʩʠʩʪʝʤʥʳʭ 

ʧʦʤʝʭ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ SDR-ʩʠʩʪʝʤ, ʜʝʣʘʪʁ 

ʨʘʜʠʦʭʘʢʠʥʛ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦʚʝʨʰʝʥʠʷ ʧʨʘʚʦʥʘʨʫʰʝʥʠʡ ʜʣʷ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʙʨʦʤ ʚʩʪʘʸʪ ʚʦʧʨʦʩ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʜʠʦʢʘʥʘʣʦʚ ʜʣʷ ʧʝʨʝʜʘʯʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ 

ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʩʞʘʪʳʡ ʩʨʦʢ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʢʦʛʥʠʪʠʚʥʦʛʦ ʨʘʜʠʦ. 

ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʨʘʜʠʦʢʦʥʪʨʦʣʷ ʠ ʨʝʘʣʠʟʘʮʠʷ ʢʦʥʮʝʧʮʠʠ ʢʦʛʥʠʪʠʚʥʦʛʦ ʨʘʜʠʦ 

ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʠ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛʘ. 

ʈʘʩʩʤʦʪʨʝʥʠʶ ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʪʘʢʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʧʦʩʚʷʱʝʥʘ 

ʜʘʥʥʘʷ ʩʪʘʪʴʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʠʪʦʨʠʥʛ ʨʘʜʠʦʵʬʠʨʘ, ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʘʷ ʨʘʟʚʝʜʢʘ, ʘʥʘʣʠʟ 

ʩʠʛʥʘʣʦʚ, ʦʙʥʘʨʫʞʝʥʠʝ ʧʦʤʝʭ, ʢʦʛʥʠʪʠʚʥʦʝ ʨʘʜʠʦ, ʨʘʜʠʦʢʦʥʪʨʦʣʴ. 
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Abstract. Rapid progress in the field of radio electronics, as well as the increase in its 

availability and widespread implementation in the economy, inevitably leads to an increase in the 

load on radio bands, and, as a result, the emergence of intersystem interference. Moreover, the use 

of data transmission systems to monitor and manage complex industries, as well as the proliferation 

of SDR systems, makes radio hacking an attractive tool for criminals to commit crimes. At the same 

time, the issue of ensuring maximum throughput of radio channels to transmit the maximum 

amount of information in the shortest possible time through the use of cognitive radio systems is 
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devoted to considering one of the possible approaches to creating such a tool. 
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ɺʚʝʜʝʥʠʝ 
ʀʟʦʙʨʝʪʝʥʠʝ ʩʨʝʜʩʪʚ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʝʨʝʜʘʯʠ, ʧʨʠʸʤʘ, ʜʝʤʦʜʫʣʷʮʠʠ ʠ 

ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʧʦʩʣʫʞʠʣʦ ʥʘʯʘʣʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʦʪʥʳʭ ʨʝʩʫʨʩʦʚ, 
ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʦʜʥʦʛʦ ʘʙʦʥʝʥʪʘ ʢ 
ʜʨʫʛʦʤʫ [2]. ʕʚʦʣʶʮʠʷ ʵʪʠʭ ʩʨʝʜʩʪʚ ʧʨʠʚʝʣʘ ʢ ʪʦʤʫ, ʯʪʦ ʩʪʘʣʠ ʦʩʚʘʠʚʘʪʴʩʷ ʚʩʝ 
ʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ ʨʘʜʠʦʚʦʣʥ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʩʪʘʣʦ ʘʢʪʫʘʣʴʥʦ ʩ 
ʨʘʟʚʠʪʠʝʤ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, 
ʪʨʝʙʫʶʱʠʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 
ʚ ʭʦʜʝ ʠʭ ʨʘʙʦʪʳ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠ 
ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ, ʠ ʫʧʨʘʚʣʝʥʠʝ ʦʙʲʝʢʪʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ 
ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, ʪʨʝʙʫʶʱʠʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 
ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʳ [3]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʪʨʝʙʫʶʪ ʧʝʨʝʜʘʯʠ ʢʦʣʦʩʩʘʣʴʥʳʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʠʟʳʩʢʠʚʘʪʴ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ 
ʩʧʝʢʪʨʘ ʧʫʪʝʤ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʧʦʪʦʢʦʚ ʚ ʟʘʜʘʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ [4]. ʅʝ ʦʩʪʘʣʘʩʴ ʚ ʩʪʦʨʦʥʝ ʠ ʘʚʠʘʮʠʦʥʥʘʷ 
ʦʪʨʘʩʣʴ. ʂʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ ʘʚʠʘʮʠʦʥʥʳʤ ʣʠʥʠʷʤ ʩʚʷʟʠ 
ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ, ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, 
ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʘ ʚʚʠʜʫ 
ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʨʘʜʠʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʪʘʶʱʝʛʦ 
ʚ ʵʬʠʨʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʦʩʦʙʦ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʠʩʪʝʤ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ 
ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʤʝʭ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 
ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʩʢʘʞʝʥʠʶ ʠʣʠ ʢ ʧʦʣʥʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ 
ʥʝʜʦʧʫʩʪʠʤʦ, ʪʘʢ ʢʘʢ ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʸʪʦʚ [1]. 

 
1. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʧʨʠʥʷʪʳʝ ʜʦʧʫʱʝʥʠʷ 
ʄʥʦʞʝʩʪʚʦ ʩʠʩʪʝʤ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʫʶʱʠʭ ʯʘʩʪʦʪʥʳʡ ʨʝʩʫʨʩ, 

ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʠ ʘʚʠʘʮʠʦʥʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʠ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʘʢʠʭ ʩʠʪʫʘʮʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʜʥʘ ʩʠʩʪʝʤʘ 
ʚʣʠʷʝʪ ʥʘ ʜʨʫʛʫʶ. ʇʨʠ ʩʫʱʝʩʪʚʫʶʱʝʤ ʜʝʬʠʮʠʪʝ ʯʘʩʪʦʪʥʳʭ ʨʝʩʫʨʩʦʚ ʚʦʟʥʠʢʘʝʪ 
ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʥʮʠʧʘ 
ʢʦʛʥʠʪʠʚʥʦʛʦ ʨʘʜʠʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʤʝʞʩʠʩʪʝʤʥʳʤʠ ʧʦʤʝʭʘʤʠ, 
ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʨʘʜʠʦʩʨʝʜʩʪʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ 
ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ɺ ʟʘʜʘʯʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʘʚʠʘʮʠʦʥʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ 
ʚʳʷʚʣʝʥʠʝ ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʧʦʤʝʭ ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʤʝʰʘʶʱʠʝ 
ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʨʠʤʝʥʷʪʴ ʤʝʨʳ ʢ ʠʭ ʫʩʪʨʘʥʝʥʠʶ. ɺ ʟʘʜʘʯʘʭ ʦʧʪʠʤʠʟʘʮʠʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʦʪʥʳʭ ʨʝʩʫʨʩʦʚ ʤʦʥʠʪʦʨʠʥʛ ʧʦʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 
ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʧʦʣʦʩʦʡ ʠʟʣʫʯʝʥʠʷ ʨʘʙʦʪʘʶʱʠʭ ʨʘʜʠʦʩʨʝʜʩʪʚ. 
ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʦʥʪʨʦʣʴ ʦʧʝʨʘʪʠʚʥʦʛʦ 
ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʜʠʦʩʨʝʜʩʪʚ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 
ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʬʘʢʪʳ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 
ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʨʘʙʦʪʫ ʘʚʠʘʮʠʦʥʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʚʝʩʪʠ ʥʝʧʨʝʨʳʚʥʳʡ 
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ʤʦʥʠʪʦʨʠʥʛ ʨʘʜʠʦʵʬʠʨʘ ʚ ʟʘʜʘʯʘʭ ʚʳʷʚʣʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 
ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 
ʦʮʝʥʢʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʜʠʦʩʨʝʜʩʪʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, 
ʦʮʝʥʠʚʘʷ ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʶʶ ʤʦʱʥʦʩʪʴ ʠ ʰʠʨʠʥʫ ʩʧʝʢʪʨʘ ʠʟʣʫʯʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. 

ʆʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʝʪʩʷ 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʜʠʦʜʠʘʧʘʟʦʥʘ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 
ʣʝʛʢʦ ʚʳʷʚʣʷʪʴ ʯʘʩʪʦʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʝʩʪʴ ʠʟʣʫʯʝʥʠʝ, ʠ ʩʨʘʟʫ ʞʝ ʧʨʦʠʟʚʦʜʠʪʴ 
ʦʮʝʥʢʫ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʠʛʥʘʣʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʣʘʚʥʳʤʠ 
ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʝʩʪʠ ʧʝʨʚʠʯʥʫʶ ʦʮʝʥʢʫ ʟʘʜʘʥʥʦʛʦ 
ʜʠʘʧʘʟʦʥʘ ʠ ʚʳʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʝʰʘʶʱʠʝ ʠʟʣʫʯʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʥʘ 
ʟʘʜʘʥʥʳʭ ʯʘʩʪʦʪʘʭ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʰʠʨʠʥʘ. 

ʉʘʤʳʤ ʧʨʦʩʪʳʤ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 
ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʵʬʠʨʘ ʚ ʮʝʣʷʭ ʨʘʜʠʦʢʦʥʪʨʦʣʷ ʩʣʫʞʠʪ ʩʦʟʜʘʥʠʝ 
çʤʘʩʢʠ ʩʧʝʢʪʨʘè ï ʚʳʜʝʣʝʥʠʝ ʦʙʣʘʩʪʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʠʟʣʫʯʝʥʠʝ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 
ʰʠʨʠʥʦʡ ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʦʩʳ ʨʘʟʨʝʰʝʥʦ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʥʘʣʠʯʠʠ 
ʠʟʣʫʯʝʥʠʷ ʚʥʝ ʵʪʠʭ ʧʦʣʦʩ, ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʚʳʜʘʸʪ ʦʪʯʸʪ ʦ ʥʘʣʠʯʠʠ 
ʧʦʜʦʟʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʥʝʨʘʟʨʝʰʸʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʦʜʦʙʥʘʷ 
ʧʨʦʛʨʘʤʤʘ ʢʨʘʡʥʝ ʧʨʦʩʪʘ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʠ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʩʦʚʨʝʤʝʥʥʦʡ SDR-
ʧʣʘʪʬʦʨʤʦʡ ʠ ʢʦʤʧʴʶʪʝʨʦʤ, ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʦʮʝʥʢʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 
ʦʙʩʪʘʥʦʚʢʠ ʥʝʧʨʝʨʳʚʥʦ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʸʥ ʚʦʟʤʦʞʥʳʡ 
ʘʣʛʦʨʠʪʤ ʧʦʜʦʙʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛʘ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʸʥ ʚʥʝʰʥʠʡ ʚʠʜ ʣʠʮʝʚʦʡ ʧʘʥʝʣʠ ʧʨʦʛʨʘʤʤʳ, 

ʨʝʘʣʠʟʫʶʱʝʡ ʠʟʦʙʨʘʞʸʥʥʳʡ ʚʳʰʝ ʘʣʛʦʨʠʪʤ. 
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ʈʠʩʫʥʦʢ 2 ï ʃʠʮʝʚʘʷ ʧʘʥʝʣʴ ʩ ʛʠʩʪʦʛʨʘʤʤʘʤʠ 

 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʘ ʩ SDR-ʧʨʠʸʤʥʠʢʘ ʠ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʧʨʦʛʨʘʤʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʮʝʥʢʫ ʰʫʤʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʠ ʝʸ ʫʜʘʣʝʥʠʝ ʧʫʪʸʤ ʚʳʯʠʪʘʥʠʷ ʢʦʥʩʪʘʥʪʳ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʫʨʦʚʥʶ ʰʫʤʦʚ, 

ʧʦʩʪʨʦʝʥʠʝ ʩʧʝʢʪʨʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʥʘ ʨʠʩ. 2 ʣʦʤʘʥʘʷ ʣʠʥʠʷ, ʞʸʣʪʳʡ 

ʮʚʝʪ) ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʝʪʠʢʠ 

(ʥʘ ʨʠʩ. 2 ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ). ʕʪʘ ʛʠʩʪʦʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʵʪʘʣʦʥʥʦʡ ʛʠʩʪʦʛʨʘʤʤʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʩ 

ʬʘʡʣʘ ʠʣʠ ʟʘʜʘʥʥʦʡ ʚ ʧʨʦʛʨʘʤʤʝ ʚʨʫʯʥʫʶ (ʥʘ ʨʠʩ. 2 ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ 

ʟʝʣʸʥʦʛʦ ʮʚʝʪʘ), ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʬʦʨʤʠʨʫʝʪ ʦʪʯʸʪ ʦʙ ʠʟʣʫʯʝʥʠʷʭ, ʥʝ 

ʚʭʦʜʷʱʠʭ ʚ ʦʙʣʘʩʪʴ ʵʪʘʣʦʥʥʦʡ ʛʠʩʪʦʛʨʘʤʤʳ. ɸʣʛʦʨʠʪʤ ʩʨʘʚʥʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʸʪʘ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ɸʣʛʦʨʠʪʤ ʩʨʘʚʥʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ 
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ʉʨʘʚʥʝʥʠʝ ʛʠʩʪʦʛʨʘʤʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʮʠʢʣʝ, ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ ʢʦʪʦʨʦʛʦ 

ʨʘʚʥʦ ʯʠʩʣʫ ʪʦʯʝʢ ʚ ʛʠʩʪʦʛʨʘʤʤʘʭ. ʉʥʘʯʘʣʘ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʩʩʠʚ ʣʦʛʠʯʝʩʢʦʛʦ 

ʠʣʠ ʦʪ ʛʠʩʪʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʛʠʩʪʦʛʨʘʤʤʳ ʵʪʘʣʦʥʥʦʛʦ ʩʧʝʢʪʨʘ, 

ʟʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʣʦʛʠʯʝʩʢʦʝ ʚʳʯʠʪʘʥʠʝ ʵʪʘʣʦʥʘ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʥʘ 

ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʩʫʤʤʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʛʠʩʪʦʛʨʘʤʤʫ ʠʟʣʫʯʝʥʠʷ, 

ʚʳʭʦʜʷʱʝʛʦ ʟʘ ʧʨʝʜʝʣʳ ʨʘʟʨʝʰʸʥʥʳʭ ʵʪʘʣʦʥʦʤ ʦʙʣʘʩʪʝʡ. ɿʘʪʝʤ, ʚ ʮʠʢʣʝ ʧʨʠ 

ʧʦʤʦʱʠ ʙʣʦʢʦʚ ʫʩʣʦʚʠʡ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʠʩʢ ʥʘʯʘʣʘ ʵʪʠʭ ʠʟʣʫʯʝʥʠʡ, ʧʦ ʧʝʨʝʭʦʜʫ 

ʧʦʣʫʯʝʥʥʦʡ ʛʠʩʪʦʛʨʘʤʤʳ ʠʟ 0 ʚ 1, ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʩʯʸʪ ʰʠʨʠʥʳ 

ʠʟʣʫʯʝʥʠʷ. ʅʘ ʚʳʭʦʜʝ ʠʭ ʧʨʦʛʨʘʤʤʳ ʬʦʨʤʠʨʫʶʪʩʷ ʜʚʘ ʤʘʩʩʠʚʘ ʪʦʯʝʢ st(k) ï 

ʯʘʩʪʦʪʳ ʥʘʯʘʣʘ, ʚʳʭʦʜʷʱʝʛʦ ʟʘ ʧʨʝʜʝʣʳ ʵʪʘʣʦʥʥʦʡ ʛʠʩʪʦʛʨʘʤʤʳ ʫʯʘʩʪʢʘ 

ʩʧʝʢʪʨʘ ʠ sp(k) ï ʰʠʨʠʥʘ ʚʳʭʦʜʷʱʝʛʦ ʟʘ ʧʨʝʜʝʣʳ ʵʪʘʣʦʥʥʦʡ ʛʠʩʪʦʛʨʘʤʤʳ 

ʫʯʘʩʪʢʘ ʩʧʝʢʪʨʘ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʠ ʦʧʠʩʘʥʥʦʡ 

ʩʠʩʪʝʤʳ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛʘ 

 

ʌʫʥʢʮʠʝʡ ʧʨʠʟʥʘʢʘ ʠʟʣʫʯʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʠʠ, ʵʪʘʣʦʥʥʘʷ ʠ ʧʦʣʫʯʝʥʥʘʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʠʚʝʜʝʥʘ ʣʠʮʝʚʘʷ ʧʘʥʝʣʴ ʧʨʦʛʨʘʤʤʳ ʠ ʧʨʠʤʝʨ ʚʳʚʦʜʠʤʳʭ 

ʜʘʥʥʳʭ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʃʠʮʝʚʘʷ ʧʘʥʝʣʴ ʧʨʦʛʨʘʤʤʳ ʩ ʦʪʯʸʪʦʤ 
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ʊʘʢʦʡ ʩʧʦʩʦʙ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛʘ ʥʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʦʮʝʥʠʚʘʶʪʩʷ ʪʠʧ ʤʦʜʫʣʷʮʠʠ 

ʩʠʛʥʘʣʘ ʠ ʧʝʨʝʜʘʚʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʣʦʞʥʳʤ 

ʩʨʘʙʘʪʳʚʘʥʠʷʤ, ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʥʝ ʦʙʥʘʨʫʞʝʥʠʶ ʧʦʤʝʭʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʧʨʦʩʪʳʤʠ, 

ʦʜʥʘʢʦ ʧʦʟʚʦʣʷʶʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʤʝʰʘʶʱʠʝ ʠʟʣʫʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʦʤʝʭʠ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʪʳ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʪʦʯʥʦʤ ʟʘʭʦʜʝ ʥʘ 

ʧʦʩʘʜʢʫ. ɽʩʣʠ ʚʦʚʨʝʤʷ ʥʝ ʦʙʥʘʨʫʞʠʪʴ ʪʘʢʦʝ ʤʝʰʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʪʦ ʵʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʸʤʘ ʩʠʛʥʘʣʘ ʦʪ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 

ʥʘʚʠʛʘʮʠʠ, ʯʪʦ ʧʦʚʣʠʷʝʪ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʸʪʦʚ [5]. ʇʦʜʦʙʥʳʡ ʧʨʠʥʮʠʧ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ ñDrone Alertò, ʧʦʟʚʦʣʷʶʱʝʡ ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʘʙʦʪʫ 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 
 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ ɸɿʅ-ɺ 

ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ 

ɸɿʅ-ɺ. ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ɸɿʅ-ɺ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʝʥʠʷ.  
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Abstract. The article proposes a methodology for confirming the reliability of ADS-B 

messages, based on data received from the aircraft and information from the ground station of ADS-

B. Creation of the methodology will allow solving the issue of information validation, which will 

provide an opportunity to use ADS-B as the only source of surveillance information.  
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ɺʚʝʜʝʥʠʝ 
ʉʦʛʣʘʩʥʦ ʜʦʢʫʤʝʥʪʫ ʀʂɸʆ 4444: ʉʠʩʪʝʤʘ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʦʛʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʚʠʩʠʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ (ɸɿʅ-ɺ) ï ʵʪʦ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʣʠʙʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘʙʣʶʜʝʥʠʷ ʪʘʢʠʤʠ ʢʘʢ ʄʇʉʅ ʠʣʠ ɺʆʈʃ. 
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ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ɸɿʅ-ɺ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʪʦʨʠʯʥʳʤʠ ʨʘʜʠʦʣʦʢʘʪʦʨʘʤʠ (ɺʈʃ) ʠ 

ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘʙʣʶʜʝʥʠʷ (ʄʇʉʅ). ɹʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ 

ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸɿʅ-ɺ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ ʵʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʭʦʜʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʫʩʪʘʥʦʚʢʦʡ, ʪʝʭʥʠʯʝʩʢʠʤ 

ʦʙʩʣʫʞʠʚʘʥʠʝʤ, ʧʦʣʥʳʤ ʮʠʢʣʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʘʩʰʠʨʝʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʣʦʢʘʪʦʨʘ ʩʦʛʣʘʩʥʦ 

ʛʣʦʙʘʣʴʥʦʤʫ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʤʫ ʧʣʘʥʫ ʀʂɸʆ. ɺʳʩʦʢʦʪʦʯʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ 

ʜʘʪʯʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʠʩʪʝʤʝ ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ɸɿʅ-ɺ ʪʦʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʥʝ ʭʫʞʝ, ʯʝʤ ʫ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ [1]. 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ɸɿʅ-ɺ ʷʚʣʷʝʪʩʷ ʫʷʟʚʠʤʦʩʪʴ ʢ ʩʧʫʬʠʥʛʫ (ʠʩʢʘʞʝʥʠʶ ʠ 

ʧʦʜʤʝʥʝ ʜʘʥʥʳʭ ʚ ʩʦʦʙʱʝʥʠʷʭ ɸɿʅ-ɺ), ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩ ʙʦʨʪʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ 

ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʠʝ ʦʰʠʙʢʠ [2]. ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʧʫʬʠʥʛ, 

ʤʦʛʫʪ ʠʤʠʪʠʨʦʚʘʪʴ ʩʪʦʣʢʥʦʚʝʥʠʝ ʩʘʤʦʣʝʪʦʚ ʥʘ ʵʢʨʘʥʝ ʘʚʠʘʜʠʩʧʝʪʯʝʨʘ ʠʣʠ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʪʳʩʷʯʠ ʩʘʤʦʣʝʪʦʚ, ʢʦʪʦʨʳʭ ʥʝʪ ʥʘ ʵʢʨʘʥʝ ʜʠʩʧʝʪʯʝʨʘ, ʠʩʧʦʣʴʟʫʷ 

ʧʦʜʣʠʥʥʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʜʨʫʛʠʭ ʩʫʜʦʚ, ʪʨʘʥʩʣʠʨʦʚʘʪʴ ʣʦʞʥʳʝ ʜʘʥʥʳʝ [3]. 

ɼʦʢʫʤʝʥʪ ʀʂɸʆ 4444 ʜʦʧʫʩʢʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɸɿʅ-ɺ ʚ ʢʘʯʝʩʪʚʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʝʥʠʷ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʦʪ ɸɿʅ-ɺ ʜʘʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ɺʈʃ ʠʣʠ ʄʇʉʅ ʠʟ-ʟʘ ʦʪʢʨʳʪʦʩʪʠ ʩʠʩʪʝʤʳ ʦʪ ʢʠʙʝʨʘʪʘʢ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʳʭ ʜʨʫʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʜʝʣʘʝʪ ʪʝʭʥʦʣʦʛʠʶ ɸɿʅ-ɺ ʤʝʥʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ [1].  

ɿʘʜʘʯʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ ɸɿʅ-ɺ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʥʘʙʣʶʜʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʨʷʜ ʧʨʦʚʝʨʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʫʜʘʣʝʥʠʶ, ʧʦ ʚʳʩʦʪʝ, ʧʦ 

ʘʟʠʤʫʪʫ, ʧʦ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ 

ʤʝʪʦʜʠʢʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ ɸɿʅ-ɺ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴ ʦʜʥʫ ʠʟ ʧʨʦʚʝʨʦʢ. ʈʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʨʠʤʝʥʷʪʴ ɸɿʅ-ɺ ʚ ʢʘʯʝʩʪʚʝ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʝʥʠʷ, ʯʪʦ, ʫʯʠʪʳʚʘʷ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘʙʣʶʜʝʥʠʷ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʦʢʫʤʝʥʪʘʤʠ ʀʂɸʆ ʧʦ ʨʘʟʚʠʪʠʶ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʝʨʤʠʥʳ. 

ʈʘʩʩʪʦʷʥʠʝ ʜʦ ɺʉ ʧʦ ʜʘʥʥʳʤ ɸɿʅ-ɺ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʅʉ ʜʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ɺʉ ʧʦ ʜʘʥʥʳʤ ʩʦʦʙʱʝʥʠʷ ɸɿʅ-ɺ. ʕʪʦ ʨʘʩʩʪʦʷʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʦʨʜʠʥʘʪ ɺʉ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪʩʷ ʚ ʩʦʦʙʱʝʥʠʠ ɸɿʅ-ɺ. 

ʈʘʩʩʯʠʪʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ɺʉ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʅʉ ʜʦ ɺʉ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ToA (Time of Arrival). ʕʪʦ ʨʘʩʩʪʦʷʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʘʢʣʦʥʥʫʶ ʜʘʣʴʥʦʩʪʴ ʤʝʞʜʫ ʅʉ ʠ ɺʉ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʜʘʣʴʥʦʤʝʨʥʳʤ ʩʧʦʩʦʙʦʤ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʠʮʳ ʚʨʝʤʝʥʠ ʧʨʠʝʤʘ ʠ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ 

ɸɿʅ-ɺ. 
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1 ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

1.1 ʄʝʪʦʜ ToA 

ɼʘʣʴʥʦʤʝʨʥʳʡ ʤʝʪʦʜ ToA (Time of Arrival) ï ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʨʘʜʠʦʣʦʢʘʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʦʪ ʥʘʟʝʤʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʜʦ ʦʙʲʝʢʪʘ, ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ.  

ɺ ToA ʦʮʝʥʢʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ 

ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʫʛʦʚ ʠʣʠ ʩʬʝʨ, ʮʝʥʪʨʳ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʥʘʟʝʤʥʳʭ 

ʩʪʘʥʮʠʷʭ, ʘ ʨʘʜʠʫʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʮʝʥʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʮʝʣʠ [4]. 

ɺ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ ʜʘʣʴʥʦʤʝʨʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʘʣʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: ʟʘʧʨʦʩʥʦʤ ʠ ʙʝʟʟʘʧʨʦʩʥʦʤ. ɺ ʧʝʨʚʦʤ 

ʤʝʩʪʦʦʧʨʝʜʝʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʘ ʟʘʧʨʦʩʘ ʪ.ʝ. ʦʪ ʧʝʨʝʜʘʪʯʠʢʘ-ʟʘʧʨʦʩʯʠʢʘ ʜʦ ʧʨʠʝʤʥʠʢʘ-ʦʪʚʝʪʯʠʢʘ ʠ 

ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʦʪʚʝʪʯʠʢʦʤ ʧʨʠ ʧʨʠʝʤʝ ʩʠʛʥʘʣʘ ʟʘʧʨʦʩʯʠʢʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʪʚʝʪʥʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʦʪʨʘʞʝʥʥʳʡ ʩʠʛʥʘʣ, ʯʪʦ ʠʤʝʝʪ 

ʤʝʩʪʦ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʜʘʣʴʥʦʩʪʠ ʘʢʪʠʚʥʦʡ ʈʃʉ ʠʣʠ ʚʳʩʦʪʳ ʨʘʜʠʦʚʳʩʦʪʦʤʝʨʦʤ 

ʩʦʛʣʘʩʥʦ ʫʯʝʙʥʠʢʫ ʖ.ʄ. ʂʘʟʘʨʠʥʦʚʘ çʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳè. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɿʘʧʨʦʩʥʳʡ ʠ ʙʝʟʟʘʧʨʦʩʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʣʴʥʦʩʪʠ 

 

ʇʨʠ ʙʝʟʟʘʧʨʦʩʥʦʤ ʜʘʣʴʥʦʤʝʨʥʦʤ ʤʝʪʦʜʝ, ʠʩʧʦʣʴʟʫʝʤʦʤ, ʥʘʧʨʠʤʝʨ, ʚ 

ʩʧʫʪʥʠʢʦʚʳʭ ʈʅʉ, ʜʘʣʴʥʦʩʪʴ ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚʨʝʤʝʥʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʠʟʣʫʯʘʝʤʦʛʦ ʧʝʨʝʜʘʪʯʠʢʦʤ ʜʦ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ. 

ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʨʘʩʩʪʦʷʥʠʶ (ʨʠʩ. 1ʙ), ʩ 

ʧʦʤʦʱʴʶ ʙʝʟʟʘʧʨʦʩʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʷʝʪʩʷ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʨʘʜʠʦʣʠʥʠʠ ʚ 

ʤʦʤʝʥʪ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ. ʅʘʯʘʣʦ ʵʪʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤ ʤʦʤʝʥʪʦʤ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʡ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦ 

ʚʨʝʤʝʥʠ ʜʦʣʞʝʥ ʩʦʚʧʘʜʘʪʴ ʩ ʤʦʤʝʥʪʦʤ ʠʟʣʫʯʝʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʧʝʨʝʜʘʶʱʝʡ 

ʩʪʦʨʦʥʝ ʨʘʜʠʦʣʠʥʠʠ (ʩʦʛʣʘʩʥʦ ʫʯʝʙʥʠʢʫ çʆʩʥʦʚʳ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. 

ʏʘʩʪʴ 2è ʂʦʨʘʙʝʡʥʠʢʦʚ, ɼ. ʅ.). 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʙʝʟʟʘʧʨʦʩʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʠʡ 

ʧʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʤʝʪʦʜ ʨʝʘʣʠʟʫʝʪʩʷ ʙʝʟ ʦʪʚʝʪʯʠʢʘ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʙʝʟʟʘʧʨʦʩʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʯʝʥʴ ʪʦʯʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʰʢʘʣ ʚʨʝʤʝʥʠ ʥʘ ʧʨʠʝʤʥʦʡ ʠ ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʘʭ (ʩʦʛʣʘʩʥʦ 

ʫʯʝʙʥʠʢʫ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʠè ʉ.ɺ. 
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ɻʨʠʛʦʨʴʝʚ). ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʤʝʪʢʠ ʚʨʝʤʝʥʠ ʥʘ 

ʙʦʨʪʫ ɺʉ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʙʳ ʦʪʢʘʣʠʙʨʦʚʘʥʦ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʘʪʦʤʥʳʤ ʯʘʩʘʤ, 

ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ ʩ ʚʩʝʤʠʨʥʳʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ 

ʚʨʝʤʝʥʝʤ (UTC). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʆʧʨʝʜʝʣʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʤʝʪʦʜʦʤ ToA (Time of Arrival) ʘ) ʧʨʠ 

ʦʜʥʦʡ ʅʉ, ʙ) ʧʨʠ ʜʚʫʭ ʅʉ 

 

ʄʝʪʦʜ ToA ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʨʘʟʥʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʠʝʤʘ ʩʦʦʙʱʝʥʠʷ 

ʤʝʞʜʫ ʙʦʨʪʦʚʦʡ ʩʪʘʥʮʠʝʡ ʠ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ɺʉ. 

ɼʘʥʥʳʝ ʜʣʷ ʦʮʝʥʢʠ ʨʘʩʩʪʦʷʥʠʷ ʧʦʣʫʯʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʨʝʤʝʥʠ ʧʨʠʙʳʪʠʷ 

ʨʘʜʠʦʩʠʛʥʘʣʘ ʥʘ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʠʝʤʥʠʢʦʚ, ʛʜʝ  ï ʚʨʝʤʷ ʦʪʧʨʘʚʣʝʥʠʷ 

ʩʦʦʙʱʝʥʠʷ ʩ ɺʉ ʩ ʧʦʤʦʱʴʶ ʤʝʪʢʠ ʚʨʝʤʝʥʠ,  ï ʚʨʝʤʷ ʧʨʠʝʤʘ ʩʦʦʙʱʝʥʠʷ 

ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʝʡ,  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʅʉ ʜʦ ɺʉ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ToA (Time of Arrival).  ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ɺʉ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʜʠʫʩʝ ʜʝʡʩʪʚʠʷ 

ʜʚʫʭ ʅʉ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʦʪʩʯʝʪʘ, ʦʜʥʘʢʦ ʜʘʣʴʥʦʩʪʴ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʦʡ. ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʨʘʜʠʫʩʝ ʜʝʡʩʪʚʠʷ ʙʦʣʝʝ ʜʚʫʭ 

ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʩʚʦʜʠʪʩʷ ʢ ʪʦʯʥʦʤʫ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ (ʧʝʨʝʩʝʯʝʥʠʶ 3-ʭ ʠ ʙʦʣʝʝ ʨʘʜʠʫʩʦʚ). ʅʘʢʣʦʥʥʘʷ ʜʘʣʴʥʦʩʪʴ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

 
 

ʛʜʝ  ï ʥʘʢʣʦʥʥʘʷ ʜʘʣʴʥʦʩʪʴ, ʚ ʤʝʪʨʘʭ; 

 ï ʚʨʝʤʷ ʦʪʧʨʘʚʣʝʥʠʷ ʩʦʦʙʱʝʥʠʷ; 

 ï ʚʨʝʤʷ ʧʨʠʝʤʘ ʩʦʦʙʱʝʥʠʷ; 

 ïʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʦʟʜʫʭʝ 299 704 000 . 

 

ʇʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʦʠʜ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʣʷ 

ʧʨʠʚʝʜʝʥʠʷ  ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ (ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ) 

ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʝʛʦ ʢʨʠʚʠʟʥʫ.  
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1.2. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ɺʉ ʠ ʅʉ ʧʦ ʜʘʥʥʳʤ ʠʟ 

ʩʦʦʙʱʝʥʠʷ ɸɿʅ-ɺ  

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ɺʉ ʠ ʅʉ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʩʦʦʙʱʝʥʠʷ ɸɿʅ-ɺ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʛʘʚʝʨʩʠʥʫʩʦʚ ʩ ʤʦʜʠʬʠʢʘʮʠʝʡ ʜʣʷ ʘʥʪʠʧʦʜʦʚ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʙʦʨʪʫ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʩ 

ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʉʅʉ). ɺ ʩʦʦʙʱʝʥʠʠ ɸɿʅ-ɺ 

ʵʣʝʤʝʥʪ ʜʘʥʥʳʭ I062/105, ʨʘʩʯʝʪʥʘʷ ʧʦʟʠʮʠʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ WGS-84 

ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ɺʉ. ʉʦʛʣʘʩʥʦ ʨʫʢʦʚʦʜʩʪʚʫ ʧʦ 

WGS84 ʢʦʦʨʜʠʥʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʛʨʘʜʫʩʘʭ. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ ʧʨʦʝʢʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ.  

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʨʤʫʣʳ ʛʘʚʝʨʩʠʥʫʩʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ 

ʢʦʦʨʜʠʥʘʪʳ ʚ ʨʘʜʠʘʥʳ. ɼʣʷ ʧʝʨʝʚʦʜʘ ʜʝʩʷʪʠʯʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʨʘʜʠʘʥʳ 

ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ: 

 

  

 

ʛʜʝ  ï ʢʦʦʨʜʠʥʘʪʘ ʚ ʨʘʜʠʘʥʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ; 

 ï ʟʥʘʯʝʥʠʝ ʛʨʘʜʫʩʦʚ; 

 ï ʟʥʘʯʝʥʠʝ ʤʠʥʫʪ; 

  ï ʟʥʘʯʝʥʠʝ ʩʝʢʫʥʜ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ 

ʛʘʚʝʨʩʠʥʫʩʦʚ. ʂʘʞʜʘʷ ʪʦʯʢʘ ʟʝʤʣʠ ʠʤʝʝʪ ʩʚʦʡ ʘʥʪʠʧʦʜ ï ʜʠʘʤʝʪʨʘʣʴʥʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʤʝʩʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʣʠʥʠʷ, ʥʘʨʠʩʦʚʘʥʥʘʷ ʠʟ ʦʜʥʦʛʦ 

ʤʝʩʪʘ ʚ ʜʨʫʛʦʝ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨ ɿʝʤʣʠ ʠ ʬʦʨʤʠʨʫʝʪ ʥʘʩʪʦʷʱʠʡ ʜʠʘʤʝʪʨ. 

ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʘʥʪʠʧʦʜʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʬʦʨʤʫʣʳ ʛʘʚʝʨʩʠʥʫʩʦʚ 

ʜʣʷ ʘʥʪʠʧʦʜʦʚ. 

 

 

 

ʛʜʝ ,  ï ʰʠʨʦʪʳ; 

, ï ʜʦʣʛʦʪʳ; 

 ï ʨʘʟʥʠʮʘ ʜʦʣʛʦʪ: 

ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ, ʠʟʤʝʨʷʝʤʦʝ ʚ ʨʘʜʠʘʥʘʭ ʜʣʠʥʦʡ ʜʫʛʠ 

ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʟʝʤʥʦʛʦ ʰʘʨʘ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʘʥʮʠʝʡ ʠ ʧʨʦʝʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪ ɺʉ ʥʘ ʧʣʦʩʢʦʩʪʴ, 

ʠʟʤʝʨʷʝʤʦʝ ʚ ʢʠʣʦʤʝʪʨʘʭ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

 

 

ʛʜʝ R = 6 371 000 ʤ ï ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʟʝʤʥʦʛʦ ʰʘʨʘ. 
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ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʠʜʝʘʣʴʥʫʶ 

ʩʬʝʨʫ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʦ 0,5%. 

 

1.3 ʆʙʦʩʥʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ 

ʉʦʦʙʱʝʥʠʝ ɸɿʅ-ɺ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʜʘʥʥʳʝ ʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ, ʚʳʩʦʪʝ ʧʦʣʝʪʘ, ʤʝʪʢʠ ʚʨʝʤʝʥʠ ʩʦʦʙʱʝʥʠʷ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʙʦʨʪʫ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʩ ʧʦʤʦʱʴʶ ɻʅʉʉ, 

ʚʳʩʦʪʘ ʧʦʣʝʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʟʘʥʠʤʘʝʤʦʛʦ ʵʰʝʣʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʤʦʨʷ.  

ʅʘʟʝʤʥʘʷ ʧʨʠʝʤʥʘʷ ʩʪʘʥʮʠʷ ɸɿʅ-ɺ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʦʦʙʱʝʥʠʷ ʬʠʢʩʠʨʫʝʪ 

ʚʨʝʤʷ ʧʨʠʝʤʘ ʧʘʢʝʪʘ ʜʘʥʥʳʭ. ʂʦʦʨʜʠʥʘʪʳ ʢʘʞʜʦʡ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʠʟʚʝʩʪʥʳ 

ʠ ʩʪʘʪʠʯʥʳ.  

ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʩʦʦʙʱʝʥʠʷ ɸɿʅ-ɺ ʚʳʧʦʣʥʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʨʘʚʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʜʘʣʴʥʦʤʝʨʥʳʤ ʩʧʦʩʦʙʦʤ (ToA) 

ʧʨʠʚʝʜʝʥʥʦʤʫ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ɺʉ ʠ ʅʉ ʧʦ 

ʢʦʦʨʜʠʥʘʪʘʤ.  

ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʨʘʩʩʪʦʷʥʠʷʤʠ ToA ʠ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ɺʉ ʠ ʅʉ ʧʦ 

ʢʦʦʨʜʠʥʘʪʘʤ  ʨʝʘʣʠʟʫʝʪ ʧʨʦʚʝʨʢʫ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʩʦʦʙʱʝʥʠʷ ɸɿʅ-ɺ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʪʬʠʣʴʪʨʦʚʳʚʘʪʴ ʣʦʞʥʳʝ ʤʝʪʢʠ ʠ 

ʧʦʜʪʚʝʨʞʜʘʪʴ ʨʝʘʣʴʥʳʝ ʚʦʟʜʫʰʥʳʝ ʩʫʜʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʪ 

ʧʝʨʝʡʪʠ ʢ ʩʠʩʪʝʤʘʤ ʟʘʚʠʩʠʤʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʙʝʟ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʦʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʙʣʶʜʝʥʠʷ. 

 

1.4 ʄʝʪʦʜʠʢʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ ɸɿʅ-ɺ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʳʭ ɸɿʅ-ɺ ʥʝʦʙʭʦʜʠʤʳ 

ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ:  

1) ɼʘʥʥʳʝ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʚ ʩʦʦʙʱʝʥʠʠ ɸɿʅ-ɺ:  

- ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ; 

- ʂʦʦʨʜʠʥʘʪʳ ɺʉ (ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ); 

- ɺʨʝʤʷ ʦʪʧʨʘʚʣʝʥʠʷ ʩʦʦʙʱʝʥʠʷ . 

2) ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ɸɿʅ-ɺ: 

- ɺʨʝʤʷ ʧʨʠʝʤʘ ʩʦʦʙʱʝʥʠʷ ; 

- ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʩʪʘʥʮʠʠ ɸɿʅ-ɺ (ʰʠʨʦʪʘ  ʠ ʜʦʣʛʦʪʘ 

). 

- ʇʨʝʚʳʰʝʥʠʝ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ . 

ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ ɸɿʅ-ɺ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

1. ʆʧʨʝʜʝʣʷʶʪ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʅʉ ʜʦ ɺʉ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ToA 

(Time of Arrival) ʤʝʞʜʫ ʦʪʧʨʘʚʣʝʥʠʝʤ ʩʦʦʙʱʝʥʠʷ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʦʡ ɸɿʅ-ɺ ʠ 

ʧʨʠʝʤʦʤ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʝʡ ɸɿʅ-ɺ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʘʢʣʦʥʥʦʡ ʜʘʣʴʥʦʩʪʠ 

ʜʘʣʴʥʦʤʝʨʥʳʤ ʩʧʦʩʦʙʦʤ. 
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  (1) 

 

ʛʜʝ  ï ʥʘʢʣʦʥʥʘʷ ʜʘʣʴʥʦʩʪʴ, ʚ ʤʝʪʨʘʭ; 

 ï ʚʨʝʤʷ ʦʪʧʨʘʚʣʝʥʠʷ ʩʦʦʙʱʝʥʠʷ; 

 ï ʚʨʝʤʷ ʧʨʠʝʤʘ ʩʦʦʙʱʝʥʠʷ; 

 ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʦʟʜʫʭʝ 299 704 000 . 

2. ɺʳʯʠʩʣʷʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʚʳʩʦʪʫ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʚ 

ʩʦʦʙʱʝʥʠʠ ɸɿʅ-ɺ, ʚʳʯʠʩʣʷʝʪʩʷ ʙʦʨʪʦʚʳʤ ʧʨʠʝʤʥʠʢʦʤ ɻʅʉʉ ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ WGS84. ɺ ʩʦʦʙʱʝʥʠʠ ʩʪʘʥʜʘʨʪʘ 1090ES ʟʥʘʯʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʚʳʩʦʪʳ ʧʝʨʝʜʘʝʪʩʷ ʚ ʧʦʣʝ çGNSS Height (ʅɸɽ)è ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ Minimum 

operational performance standards for 1090 MHz extended squitter automatic 

dependent surveillance ï broadcast (ADS-B) and traffic information services ï 

broadcast (TIS-B). 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʳʩʦʪʳ ʧʦʣʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ɸɿʅ-ɺ, 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʦʡ ʧʦʣʝʪʘ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʠ ʧʨʝʚʳʰʝʥʠʷ ʩʪʘʥʮʠʠ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʚʳʩʦʪʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʧʝʨʝʜʘʝʪʩʷ ʚ ʩʦʦʙʱʝʥʠʠ ɸɿʅ-ɺ. ɺʦʧʨʦʩ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʳ ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʘʙʦʪʝ [1]. 

 

  (2) 

 

ʛʜʝ  ï ʚʳʩʦʪʘ ɺʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ ʅʉ, ʚ ʤʝʪʨʘʭ; 

 ï ʚʳʩʦʪʘ ɺʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ ʤʦʨʷ, ʚ ʤʝʪʨʘʭ; 

 ï ʧʨʝʚʳʰʝʥʠʝ ʅʉ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʚ ʤʝʪʨʘʭ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʇʨʠʤʝʨ ʦʪʦʙʨʘʞʝʥʠʷ ʚʳʩʦʪʳ ɺʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ ʤʦʨʷ ʠ 

ʫʨʦʚʥʷ ʅʉ 
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3. ʆʧʨʝʜʝʣʷʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʝʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪ 

ɺʉ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʠ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʝʡ ɸɿʅ-ɺ, ʩ ʧʦʤʦʱʴʶ 

ʪʝʦʨʝʤʳ ʇʠʬʘʛʦʨʘ: 

 

  (3) 

 

ʛʜʝ   ï ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ɺʉ ʜʦ ʩʪʘʥʮʠʠ ɸɿʅ-ɺ, ʚ ʤʝʪʨʘʭ; 

 ï ʥʘʢʣʦʥʥʘʷ ʜʘʣʴʥʦʩʪʴ, ʚ ʤʝʪʨʘʭ; 

 ï ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʚ ʤʝʪʨʘʭ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʇʨʠʤʝʨ ʚʳʯʠʩʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

 

4. ʆʧʨʝʜʝʣʷʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʘʥʮʠʝʡ ɸɿʅ-ɺ ʠ ɺʉ, 

ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠʟ ʧʦʣʷ çData Item I021/130, Positionin WGS-

84 Co-ordinatesè ʩʦʛʣʩʘʥʦ ʩʪʘʥʜʘʨʪʫ Minimum operational performance standards 

for 1090 MHz extended squitter automatic dependent surveillance ï broadcast (ADS-

B) and traffic information services ï broadcast (TIS-B), ʠ ʢʦʦʨʜʠʥʘʪ ʥʘʟʝʤʥʦʡ 

ʩʪʘʥʮʠʠ. ʉʦʛʣʘʩʥʦ ʫʯʝʙʥʠʢʫ çʉʬʝʨʠʯʝʩʢʘʷ ʪʨʠʛʦʥʦʤʝʪʨʠʷè, ʄ.ʂ. ɺʝʥʪʮʝʣʴ, 

ʟʘʢʦʥʳ ʩʬʝʨʠʯʝʩʢʦʡ ʪʨʠʛʦʥʦʤʝʪʨʠʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʩʬʝʨʝ. ʂʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʪʦʯʢʘʤʠ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ 

ʛʘʚʝʨʩʠʥʫʩʦʚ ʩ ʤʦʜʠʬʠʢʘʮʠʝʡ ʜʣʷ ʘʥʪʠʧʦʜʦʚ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

 

  (4) 

 

ʛʜʝ ,  ï ʰʠʨʦʪʳ; 

, ï ʜʦʣʛʦʪʳ; 

 ï ʨʘʟʥʠʮʘ ʜʦʣʛʦʪ: 

ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ, ʠʟʤʝʨʷʝʤʦʝ ʚ ʨʘʜʠʘʥʘʭ ʜʣʠʥʦʡ ʜʫʛʠ 

ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʟʝʤʥʦʛʦ ʰʘʨʘ. 
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ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʘʥʮʠʝʡ ʠ ʧʨʦʝʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪ ɺʉ ʥʘ ʧʣʦʩʢʦʩʪʴ, 

ʠʟʤʝʨʷʝʤʦʝ ʚ ʢʠʣʦʤʝʪʨʘʭ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

  (5) 

 

ʛʜʝ R = 6 371 000 ʤ ï ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʟʝʤʥʦʛʦ ʰʘʨʘ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʇʨʠʤʝʨ ʩʨʘʚʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ TʦA ʠ ʬʦʨʤʫʣʳ 

ʛʘʚʝʨʩʠʥʫʩʦʚ 

 

5. ɺʳʧʦʣʥʷʶʪ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ  ʠ . ʇʨʠ ʵʪʦʤ 

ʤʦʜʫʣʴ ʨʘʟʥʦʩʪʠ ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ ʟʘʜʘʥʥʦʛʦ 

ʫʨʦʚʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ:  

 

  (6) 

 

ʆʙʦʩʥʦʚʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ  

ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʤ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ 

ʤʝʞʜʫ ʨʘʩʩʪʦʷʥʠʷʤʠ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 300 ʤʝʪʨʦʚ ʧʨʠ ʧʦʣʝʪʘʭ 

ʜʦ ʵʰʝʣʦʥʘ 265, ʠ 500 ʤʝʪʨʦʚ ʧʨʠ ʧʦʣʝʪʘʭ ʚ ʚʝʨʭʥʝʤ ʚʦʟʜʫʰʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɼʣʷ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʟʘʚʠʩʠʤʳʤ ʩʠʩʪʝʤʘʤ ʥʘʙʣʶʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʦ ʧʦ ʢʨʘʡʥʝ ʤʝʨʝ ʥʝ ʭʫʞʝ, ʯʝʤ 

ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʠʜʦʚ ʧʨʠʤʝʥʝʥʠʷ. 

ɽʩʣʠ ʨʘʟʥʦʩʪʴ ʨʘʩʩʪʦʷʥʠʡʤʝʥʴʰʝ , ʜʘʥʥʳʝ ɸɿʅ-ɺ 

ʧʦʜʪʚʝʨʞʜʝʥʥʳʤʠ, ʘ ʩʦʦʙʱʝʥʠʝ ɸɿʅ-ɺ ʩʯʠʪʘʶʪ ʜʦʩʪʦʚʝʨʥʳʤ, ʯʪʦ ʠʩʢʣʶʯʠʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʨʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʥʘʙʣʶʜʝʥʠʷ. ɺ ʦʙʨʘʪʥʦʤ ʩʣʫʯʘʝ ʜʘʥʥʳʝ ʩʦʦʙʱʝʥʠʷ ɸɿʅ-ɺ ʩʯʠʪʘʶʪʩʷ 

ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ, ʠʥʬʦʨʤʘʮʠʠ ɸɿʅ-ɺ ʜʦʚʝʨʷʪʴ ʥʝʣʴʟʷ ʠ ʥʝʦʙʭʦʜʠʤʦ ʣʠʙʦ 

ʧʨʠʤʝʥʷʪʴ ʠʥʳʝ ʩʨʝʜʩʪʚʘ ʥʘʙʣʶʜʝʥʠʷ, ʣʠʙʦ ʧʨʦʮʝʜʫʨʥʳʝ ʤʝʪʦʜʳ ʋɺɼ. 

 

ʆʙʩʫʞʜʝʥʠʝ 

ɺ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ɸɿʅ-ɺ. ʋʚʝʣʠʯʝʥʠʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʙʲʸʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʫʤʝʥʴʰʝʥʠʠ 

ʠʥʪʝʨʚʘʣʦʚ ʙʝʟʦʧʘʩʥʦʛʦ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʝ ʩʠʩʪʝʤʳ ɸɿʅ-ɺ. ʈʝʰʝʥʠʝ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʝʜʦʩʪʘʪʢʘʤʠ ɸɿʅ-ɺ, ʪʘʢʠʭ ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ GNSS, ʦʪʩʫʪʩʪʚʠʝ ʘʣʛʦʨʠʪʤʦʚ ʟʘʱʠʪʳ ʦʪ ʢʠʙʝʨʘʪʘʢ, ʧʦʟʚʦʣʷʪ 

ʧʝʨʝʡʪʠ ʢ ʩʠʩʪʝʤʘʤ ʟʘʚʠʩʠʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʩʦʛʣʘʩʥʦ ʛʣʦʙʘʣʴʥʦʤʫ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʤʫ ʧʣʘʥʫ ʀʂɸʆ. ʇʨʦʙʣʝʤʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʳʭ ɸɿʅ-ɺ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʇʣʘʥʠʨʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʩʦʟʜʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʤʝʪʦʜʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʦʙʱʝʥʠʡ ɸɿʅ-ɺ ʧʦ ʩʢʦʨʦʩʪʠ ʩʘʤʦʣʝʪʘ ʩ ʮʝʣʴʶ 

ʠʩʢʣʶʯʝʥʠʷ ʣʦʞʥʳʭ ʩʦʦʙʱʝʥʠʡ. ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʦʪʢʣʦʥʝʥʠʷ , ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʦʪʦʨʦʛʦ ʜʠʩʧʝʪʯʝʨ 

ʋɺɼ ʜʦʣʞʝʥ ʙʳʪʴ ʠʥʬʦʨʤʠʨʦʚʘʥ ʦ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ɸɿʅ-

ɺ. ʊʘʢʞʝ ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʧʣʘʥʠʨʫʝʪʩʷ ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ, ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ ʄʇʉʅ ʢʘʢ 

ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘʙʣʶʜʝʥʠʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʩʪʘʪʴʝ ʤʝʪʦʜʠʢʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʩʨʘʚʥʠʚʘʝʪ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ɺʉ ʠ ʅʉ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʅʉ ʜʦ ɺʉ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʩ 

ʧʦʤʦʱʴʶ ToA (Time of Arrival), ʯʪʦ ʨʝʘʣʠʟʫʝʪ ʧʨʦʚʝʨʢʫ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʧʦʣʫʯʘʝʤʦʛʦ ʩʦʦʙʱʝʥʠʷ. 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʝʥʠʷ ɸɿʅ-ɺ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʩʦʦʙʱʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʝʥʠʷ. 
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ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

(ʋʟʙʝʢʠʩʪʘʥ, ʛ. ʊʘʰʢʝʥʪ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʟʣʝʪʥʦ-

ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ ʘʵʨʦʜʨʦʤʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʘʵʨʦʧʦʨʪʦʚ ʋʟʙʝʢʠʩʪʘʥʘ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʧʦʣʦʩ ʠ 

ʨʫʣʝʞʥʳʭ ʜʦʨʦʞʝʢ ʤʝʞʜʫʥʘʨʦʜʥʦʳʭ ʘʵʨʦʧʦʨʪʦʚ ʊʘʰʢʝʥʪ ʠ ʅʘʚʦʠ. ʉʢʦʨʦʩʪʥʳʝ ʨʫʣʝʞʥʳʝ 

ʜʦʨʦʞʢʠ ʩʘʤʳʭ ʟʘʛʨʫʞʝʥʥʳʭ ʘʵʨʦʧʦʨʪʦʚ ʤʠʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ. ɺ ʫʩʣʦʚʠʷʭ 

ʨʦʩʪʘ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʥʘʣʠʯʠʝ ʩʢʦʨʦʩʪʥʳʭ ʨʫʣʝʞʥʳʭ ʜʦʨʦʞʝʢ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ ʘʵʨʦʜʨʦʤʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ. 

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ ʘʵʨʦʜʨʦʤʘ 

ʚ ʫʩʣʦʚʠʷʭ ʩʝʟʦʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʦʢʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʢʦʨʦʩʪʥʦʛʦ ʈɼ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʦʩʴ ʩʦʢʨʘʪʠʪʴ 

ʨʘʩʩʪʦʷʥʠʝ ʠ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʨʪʦʣʝʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʘʜʢʠ ʩ ʤʦʤʝʥʪʘ ʢʘʩʘʥʠʷ ɺʇʇ ʜʦ 

ʤʦʤʝʥʪʘ ʫʭʦʜʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʫʶ ʧʦʣʦʩʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʚʦʟʜʫʰʥʦʝ ʜʚʠʞʝʥʠʝ, ʘʵʨʦʜʨʦʤ, 

ʧʘʩʩʘʞʠʨʳ, ʩʠʩʪʝʤʘ. 
 

EFFICIENCY ENHANCE OF RUNWAY CAPACITY IN CONDITIONS OF A 

SEASONAL INCREASE OF AIRCRAFT FLOW  

 

Saidumarov I.M., Candidate of Physical and Mathematical Sciences 

Boymanov I. Zh. 

 

Tashkent State Transport University 

(Uzbekistan, Tashkent) 

 
Abstract. The work analyzes the process of functioning of the runway of the airfield of 

international airports in Uzbekistan in conditions of increasing air flow. An analysis of the 

functioning of runways and taxiways at Tashkent and Navoi international airports was carried out.If 

you look at the world's busiest airports in terms of aircraft movement onto airfield runways, high-

speed taxiways are widely used. It turned out that in conditions of increasing air flow, high-speed 

taxiways have a positive effect on increasing the capacity of the airfield runway and ensuring 

uninterrupted operation.In order to increase the capacity of the airfield runway in conditions of a 

seasonal increase in the flow of aircraft, a method has been developed to increase the efficiency of 

the capacity of a high-speed taxiway. As a result, it was possible to reduce the distance and time 

spent by helicopters during the landing process from the moment they touched down on the runway 

until the moment they left. This allowed efficient use of the runway. 

Keywords: capacity, air traffic, airfield, passengers, system. 
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ɺ ʫʩʣʦʚʠʷʭ ʩʝʟʦʥʥʦʛʦ ʨʦʩʪʘ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʤʠʨʝ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʨʘʙʦʪʘʤ ʧʦ ʧʦʚʳʰʝʥʠʶ ʠ 

ʫʣʫʯʰʝʥʠʶ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʧʦʣʦʩ ʘʵʨʦʜʨʦʤʘ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 

ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʟʣʝʪʥʦ-

ʧʦʩʘʜʦʯʥʳʭ ʧʦʣʦʩ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʚʠʞʝʥʠʡ ʧʦ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʝ 

ʘʵʨʦʜʨʦʤʘ, ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʥʦʨʤ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ, ʠ ʪ.ʜ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʥʝʜʨʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʦʮʝʥʢʠ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ 

ʘʵʨʦʜʨʦʤʘ ʚ ʫʩʣʦʚʠʷʭ ʩʝʟʦʥʥʦʛʦ ʨʦʩʪʘ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʝʡ ʟʘʜʘʯʝʡ. 

ɺ ʮʝʣʷʭ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ ʚ ʨʝʩʧʫʙʣʠʢʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʫʜʦʙʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ, 

ʨʝʘʣʠʟʫʝʪʩʷ ʨʷʜ ʤʝʨ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʦʚ ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʥʘ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʝ, ʠʭ ʚʩʪʨʝʯʠ ʠ ʥʘʙʣʶʜʝʥʠʷ.  

ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʦʪ 7 ʬʝʚʨʘʣʷ 2017 ʛʦʜʘ ˉ 

ʇʌ-4947 çʆ ʩʪʨʘʪʝʛʠʠ ʜʝʡʩʪʚʠʡ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʈʝʩʧʫʙʣʠʢʠ 

ʋʟʙʝʢʠʩʪʘʥè, ʋʢʘʟ ʦʪ 30 ʠʶʥʷ 2017 ʛʦʜʘ ˉ ʇʌ-5099 çʆ ʤʝʨʘʭ ʧʦ ʢʦʨʝʥʥʦʤʫ 

ʫʣʫʯʰʝʥʠʶ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʬʝʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʨʝʩʧʫʙʣʠʢʝè, ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʌ-5349 ʦʪ 19 ʬʝʚʨʘʣʷ 2018 ʛʦʜʘ çʆ ʤʝʨʘʭ ʧʦ 

ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʬʝʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʡè, ʋʢʘʟ ʦʪ 28 ʷʥʚʘʨʷ 2022 ʛʦʜʘ ˉ ʇʌ-60 çʆ ʥʦʚʦʡ ʩʪʨʘʪʝʛʠʠ 

ʨʘʟʚʠʪʠʷ ʋʟʙʝʢʠʩʪʘʥʘ ʥʘ 2022-2026 ʛʦʜʳè, ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʦʪ 30 ʘʧʨʝʣʷ 2021 

ʛʦʜʘ ˉ ʇʌ-5100 çʆ ʤʝʨʘʭ ʧʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʧʦʜʜʝʨʞʢʝ ʧʨʝʜʧʨʠʷʪʠʡ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠè, ʩʪʘʪʴʷ 44 ʏʠʢʘʛʩʢʦʡ ʢʦʥʚʝʥʮʠʠ ʀʂɸʆ 

(ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ), ʘ ʪʘʢʞʝ ʠʥʳʭ 

ʢʨʠʪʝʨʠʘʣʴʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ, ʢʘʩʘʶʱʠʭʩʷ ʜʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʩʘʤʳʝ ʟʘʛʨʫʞʝʥʥʳʝ ʘʵʨʦʧʦʨʪʳ ʤʠʨʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʥʘ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʧʦʣʦʩʘʭ ʘʵʨʦʜʨʦʤʦʚ, ʪʦ 

ʩʢʦʨʦʩʪʥʳʝ ʨʫʣʝʞʥʳʝ ʜʦʨʦʞʢʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ 

ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʩʢʦʨʦʩʪʥʳʝ ʨʫʣʝʞʥʳʝ ʜʦʨʦʞʢʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʟʣʝʪʥʦ-

ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ ʘʵʨʦʜʨʦʤʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ. 

ʀʟ ʛʦʜʘ ʚ ʛʦʜ ʘʚʠʘʧʝʨʝʚʦʟʢʠ ʧʘʩʩʘʞʠʨʦʚ ʠʥʪʝʥʩʠʚʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 

ʇʦʵʪʦʤʫ ʜʘʥʥʘʷ ʪʝʤʘ ʰʠʨʦʢʦ ʠʟʫʯʘʝʪʩʷ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʫʯʝʥʳʤʠ. ɺ 

ʠʟʫʯʝʥʥʦʡ [1] ʩʪʘʪʴʝ ʘʥʘʣʠʪʠʯʝʩʢʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʦʯʠʩʪʢʠ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʧʦʣʦʩ ʘʵʨʦʜʨʦʤʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ. ɺ 

ʨʘʙʦʪʝ [2] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʦʙʟʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʙʣʝʤ 

ʜʚʠʞʝʥʠʷ ʪʷʞʝʣʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʘʤʦʣʝʪʦʚ ʧʦ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʤ 

ʧʦʣʦʩʘʤ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʤ ʨʘʟʣʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʄʝʪʦʜ ʦʮʝʥʢʠ ʷʚʣʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʫʯʝʥʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʘʤʦʣʝʪʘ ʩ ʧʦʢʨʳʪʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ɺʇʇ ʩ ʧʦʤʦʱʴʶ 
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ʩʠʩʪʝʤʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ, ʧʨʝʜʣʦʞʝʥ ʚ 

ʨʘʙʦʪʝ [3], ʚ ʨʘʙʦʪʝ [4] ʦʧʠʩʘʥ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʦʩʪʦʨʦʥʥʠʭ 

ʦʙʲʝʢʪʦʚ ʥʘ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʝ ʘʵʨʦʧʦʨʪʘ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʷ 

ʦʙʲʝʜʠʥʝʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʩʪʘʪʴʝ [5] ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ ʘʵʨʦʜʨʦʤʘ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʠʜʠʤʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʥʜʝʢʩʥʦʛʦ ʨʝʞʠʤʘ. ʈʦʩʪ ʘʚʠʘʧʝʨʝʚʦʟʦʢ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʧʝʯʘʪʣʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ 

ʧʦʩʣʝʜʥʠʭ ʵʧʦʭ. ʉʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʯʠʩʣʘ ʘʚʠʘʧʝʨʝʣʝʪʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʩʝʨʴʝʟʥʳʤ ʧʨʦʙʢʘʤ ʚ ʘʵʨʦʧʦʨʪʘʭ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ, ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʜʣʷ ʙʳʩʪʨʦ ʨʘʩʪʫʱʠʭ ʚʥʫʪʨʝʥʥʠʭ 

ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʨʳʥʢʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ [6] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʧʦʩʢʦʣʴʢʫ 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʘʵʨʦʧʦʨʪ ʏʝʥʥʘʠ ʙʫʜʝʪ ʧʦʣʦʥ ʢ 2015 ʛʦʜʫ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʘʵʨʦʧʦʨʪ ɻʨʠʥʬʠʣʜ ʚ ʐʨʠʧʝʨʫʤʙʫʜʫʨʝ. ɺʩʝʩʪʦʨʦʥʥʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʩʪʨʫʢʪʫʨʘ ʠ ʩʧʦʩʦʙʳ ʧʦʚʨʝʞʜʝʥʠʷ ʘʵʨʦʜʨʦʤʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʘ ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [7] ʠ 

ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʘʵʨʦʜʨʦʤʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʦʨʦʩʪʥʳʝ 

ʨʫʣʝʞʥʳʝ ʜʦʨʦʞʢʠ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʣʠʷʶʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ 

ʘʵʨʦʜʨʦʤʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ, ʧʨʝʜʣʘʛʘʝʤ ʚʥʝʜʨʠʪʴ 

ʧʦʣʦʩʳ ʙʳʩʪʨʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʉʧʦʩʦʙ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ɺʇʇ ʚ ʫʩʣʦʚʠʷʭ ʩʝʟʦʥʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʦʢʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʮʝʜʫʨʳ ʚʟʣʝʪʘ ʠ 

ʧʦʩʘʜʢʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚ ʘʵʨʦʧʦʨʪʫ. 

ʇʘʨʘʤʝʪʨʳ ʩʧʦʩʦʙʘ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʚʟʣʝʪʥʦ-

ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ ʘʵʨʦʜʨʦʤʘ ʩʣʝʜʫʶʱʠʝ: 

 ï ʧʨʦʮʝʩʩ ʧʨʠʙʳʪʠʷ ʢ ʤʝʩʪʫ ʚʳʧʦʣʥʝʥʠʷ ʨʝʡʩʘ ɺʉ; 

 ï ʧʨʦʮʝʩʩ ʦʩʪʘʥʦʚʢʠ ʚ ʤʝʩʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʝʡʩʘ ɺʉ; 

 ï ʧʨʦʮʝʩʩ ʨʘʟʛʦʥʘ (ʦʙʢʘʪʘ) ʥʘ ʧʨʦʣʝʪʝ ɺʉ ʥʘ ɺʇʇ, ʨʘʟʛʦʥ ʜʦ 

ʦʪʨʳʚʘ; 

 ï ʧʨʦʮʝʩʩ ʧʦʜʲʝʤʘ ʥʘ ʚʳʩʦʪʫ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʣʝʪʷʱʝʛʦ ɺʉ ʥʘ 

ɺʇʇ (ʜʦ 10,7 ʤʝʪʨʘ); 

 ï ʧʨʦʮʝʩʩ ʥʘʙʦʨʘ ʚʳʩʦʪʳ ʦʪ ʪʦʯʢʠ ʦʢʦʥʯʘʥʠʷ ʧʦʣʝʪʘ ɺʉ ʜʦ ʪʦʯʢʠ 

ʩʪʘʨʪʘ ʥʘ ɺʇʇ; 

 ï ʤʠʥʠʤʘʣʴʥʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ɺʉ ʧʨʠ ʚʟʣʝʪʝ ʠ ʧʦʩʘʜʢʝ ʩ 

ʫʯʝʪʦʤ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʩʦʟʜʘʶʱʝʛʦ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ; 

 ï ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʩʘʤʦʣʝʪʘ ʧʦ ʛʣʠʩʩʘʜʝ ʚ ʧʨʦʮʝʩʩʝ, ʩʚʷʟʘʥʥʦʤ ʩ ʧʦʩʘʜʢʦʡ; 

 ï ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪ ʪʦʯʢʠ ʦʪʧʨʘʚʣʝʥʠʷ ɺʉ ʜʦ ʚʪʦʨʦʛʦ 

ʧʦʚʦʨʦʪʘ ʜʦ ʥʘʯʘʣʘ ɺʇʇ; 

 ï ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ ɺʉ ʦʪ ʥʘʯʘʣʘ ɺʇʇ ʜʦ ʪʦʯʢʠ ʢʘʩʘʥʠʷ ʟʝʤʣʠ; 

 ï ʧʨʦʮʝʩʩ ʩʢʦʨʦʩʪʥʦʛʦ ʤʝʪʘʥʠʷ ɺʉ ʧʦ ɺʇʇ; 
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 ï ʧʨʦʮʝʩʩ ʚʳʭʦʜʘ ɺʉ ʩ ɺʇʇ. 

ɺ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ ʘʵʨʦʧʦʨʪʘ ʥʘ ʨʠʩ. 1 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʩʢʦʨʦʩʪʥʳʭ ʨʫʣʸʞʥʳʭ ʜʦʨʦʞʝʢ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ ʘʵʨʦʜʨʦʤʘ 

 

ɺʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʧʦʣʦʩ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʘʵʨʦʧʦʨʪʦʚ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 

ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʧʨʦʛʨʘʤʤʝ ʕʂʉʇʆ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʘʵʨʦʧʦʨʪ ʊʘʰʢʝʥʪ ʙʳʣ ʚʳʙʨʘʥ, ʧʦʪʦʤʫ ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ 

ʘʵʨʦʧʦʨʪʦʤ ʩ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚ 

ʈʝʩʧʫʙʣʠʢʝ, ʘ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʘʵʨʦʧʦʨʪ ʅʘʚʦʠ ʷʚʣʷʝʪʩʷ ʘʵʨʦʧʦʨʪʦʤ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʨʫʟʦʚʳʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʷʚʣʝʥʠʶ ʠ ʩʨʘʚʥʝʥʠʶ ʩʘʤʦʣʝʪʦʚ ʪʷʞʝʣʦʛʦ ʪʠʧʘ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʚʟʣʝʪ ʠ ʧʦʩʘʜʢʫ ʥʘ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʝ ʘʵʨʦʜʨʦʤʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʵʨʦʧʦʨʪʘ ʊʘʰʢʝʥʪ, ʢʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʪʘʢ ʠ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʢʦʨʦʩʪʥʳʭ ʈɼ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2 ʥʘ ʧʨʠʤʝʨʝ ɺʉ 

ʪʷʞʝʣʦʛʦ ʪʠʧʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʢʦʨʦʩʪʥʳʭ ʈɼ ʩʘʤʦʣʝʪʘʤʠ ʪʷʞʝʣʳʭ ʪʠʧʦʚ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ 53%, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʢʦʨʦʩʪʥʳʭ ʈɼ, ʜʣʷ ʩʤʝʞʥʦʡ ʦʧʝʨʘʮʠʠ (ʚʟʣʝʪ-ʧʦʩʘʜʢʘ ʠ ʧʦʩʘʜʢʘ-ʚʟʣʝʪ) ʥʘ 10% 

(ʨʠʩ. 3 ʠ 4). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʢʦʨʦʩʪʥʳʭ ʈɼ ʢʦʣʠʯʝʩʪʚʦ ʩʤʝʰʘʥʥʳʭ ʚʟʣʝʪʦʚ 

ʠ ʧʦʩʘʜʦʢ ʟʘ ʯʘʩ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 21 ʜʦ 23, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʝʨʰʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 48 ʚʟʣʝʪʦʚ ʠ ʧʦʩʘʜʦʢ ʟʘ 24 ʯʘʩʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʟʣʝʪʦʚ ʠ ʧʦʩʘʜʦʢ ʟʘ ʛʦʜ ʜʦ 17 520. ʂʦʣʠʯʝʩʪʚʦ ʧʦʩʘʜʦʢ 
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ʧʦʩʣʝ ʧʨʠʟʝʤʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 19 ʜʦ 29 ʟʘ ʦʜʠʥ ʯʘʩ ʠ ʜʦ 240 ʟʘ ʩʫʪʢʠ, ʝʩʣʠ 

ʧʦʩʘʜʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝ ʧʨʠʟʝʤʣʝʥʠʷ ʥʘ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʫʶ ʧʦʣʦʩʫ. 

 
 

ʈʠʩʫʥʦʢ 2 ï ɻʣʘʚʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ ʕɺʄ 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦʩʣʝ ʧʨʠʟʝʤʣʝʥʠʷ ɺʉ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʦʯʝʨʝʜʥʦ (ʩʤʝʰʘʥʥʦʝ) ʚ ʧʨʦʛʨʘʤʤʝ ʵʢʩʧʦʟʠʮʠʠ ʕɺʄ 

 

ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʘʵʨʦʧʦʨʪʫ çʅʘʚʦʠè ʚ ʫʩʣʦʚʠʷʭ ʩʝʟʦʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʧʦʪʦʢʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʢʦʨʦʩʪʥʳʭ ʈɼ ʢʘʢ ʬʘʢʪʦʨʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ ʘʵʨʦʜʨʦʤʘ. 

50 % ʚʟʣʝʪʘ ʠ ʧʦʩʘʜʢʠ ʩʨʝʜʥʠʭ ʠ 50 % ʪʷʞʝʣʳʭ ʩʘʤʦʣʝʪʦʚ ʥʘ ʚʟʣʝʪʥʦ-

ʧʦʩʘʜʦʯʥʫʶ ʧʦʣʦʩʫ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʵʨʦʧʦʨʪʘ çʅʘʚʦʠè ʦʙʝʩʧʝʯʝʥʳ 32 % ʠ 5 

% ʧʨʠ ʩʤʝʰʘʥʥʳʭ (ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ) ʦʧʝʨʘʮʠʷʭ. ʂʦʣʠʯʝʩʪʚʦ ʩʤʝʰʘʥʥʳʭ 
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ʚʟʣʝʪʦʚ ʚ ʯʘʩ ʫʚʝʣʠʯʠʪʩʷ ʩ 21 ʜʦ 22, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʢʦʨʦʩʪʥʳʭ ʨʫʣʸʞʥʳʭ ʜʦʨʦʞʝʢ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ 24 ʚʟʣʝʪʘ ʚ ʩʫʪʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʟʣʝʪʦʚ 

ʠ ʧʦʩʘʜʦʢ ʚ ʛʦʜ ʜʦ 8760. ʂʦʣʠʯʝʩʪʚʦ ʧʦʩʘʜʦʢ ʧʦʩʣʝ ʧʨʠʟʝʤʣʝʥʠʷ ʥʘ ʚʟʣʝʪʥʦ-

ʧʦʩʘʜʦʯʥʫʶ ʧʦʣʦʩʫ ʫʚʝʣʠʯʠʪʩʷ ʩ 19 ʜʦ 25 ʚ ʯʘʩ ʠ 144 ʚ ʩʫʪʢʠ. 

ʅʘ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʵʨʦʧʦʨʪʘ çʅʘʚʦʠè ʟʘ 1 

ʯʘʩ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʢʦʨʦʩʪʥʦʛʦ ʈɼ ʜʦʩʪʠʛʥʫʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʘʜʦʢ ɺʉ ʧʦʩʣʝ 

ʧʨʠʟʝʤʣʝʥʠʷ ʥʘ 5õ67% ʠ ʥʘ 5 õ10% ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʤʝʰʘʥʥʳʭ ʚʟʣʝʪʦʚ. 

ʊʘʢʞʝ ʜʦʩʪʠʛʥʫʪʦ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʣʝʛʢʦʚʳʭ ʩʘʤʦʣʝʪʦʚ 

ʥʘ ʧʦʩʘʜʢʝ ʥʘ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʫʶ ʧʦʣʦʩʫ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʵʨʦʧʦʨʪʘ 

çʅʘʚʦʠè ʥʘ 73-84% ʦʪ ʧʦʩʘʜʢʠ ʜʦ ʚʳʣʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʥʳʭ 

ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʧʦʣʦʩ. 

ɺ ʫʩʣʦʚʠʷʭ ʩʝʟʦʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʦʢʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ɺʂʉ ʩʦʟʜʘʥʘ 

ʤʝʪʦʜʠʢʘ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ɺʇʇ 

ʘʵʨʦʜʨʦʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʢʦʨʦʩʪʥʦʛʦ ʈɼ, ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ɺʇʇ ʠ 

ʦʙʝʩʧʝʯʝʥʘ ʙʝʩʧʝʨʝʙʦʡʥʘʷ ʨʘʙʦʪʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʘʥʜʝʤʥʦʡ 

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʤʝʱʝʥʠʷ 

ʯʘʩʪʦʪʳ ʠ ʫʛʣʘ ʧʨʠʭʦʜʘ ʦʪʨʘʞʝʥʥʦʛʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʠʤʝʶʱʠʭ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʦʙʩʫʞʜʘʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʣʦʢʘʮʠʷ, ʨʘʜʠʦʬʦʪʦʥʠʢʘ, ʪʘʥʜʝʤʥʘʷ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʘʷ 

ʤʦʜʫʣʷʮʠʷ, ʜʦʧʣʝʨʦʚʩʢʦʝ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ, ʫʛʦʣ ʧʨʠʭʦʜʘ. 

 

RADIO -PHOTONIC METHODS FOR  DETERMINING THE DOPP LER 

FREQUENCY SHIFT AND ANGLE OF ARRIVAL FOR DETEC TING AIR 

OBJECTS 

 

Silakov K. A. 

Vikulov K. V. 

Denisenko P. E., Candidate of Technical Sciences 

 

Kazan National Research Technical University named after A. N. Tupolev ï KAI 

(Kazan) 
 

Abstract. The paper describes the features of the use of tandem amplitude-phase 

modulation in systems for determining the Doppler frequency shift and angle of arrival of the 

reflected radar signal, which have a number of advantages over currently presented 

technologies. The prospects for the development of the considered systems are discussed. 

Keywords: radar, radio-photonics, tandem amplitude-phase modulation, Doppler 

frequency shift, angle of arrival. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʨʘʜʠʦʬʦʪʦʥʠʢʠ ʚ ʟʘʜʘʯʘʭ ʨʘʜʠʦʣʦʢʘʮʠʠ 

ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʣʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ 

ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʣʫʯʰʠʪʴ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʦʜʥʘʢʦ ʜʣʷ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 
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ʨʘʜʠʦʬʦʪʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ 

(ɼʉʏ) ʠ ʫʛʣʘ ʧʨʠʭʦʜʘ (ʋʇ) ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʭʘʨʘʢʪʝʨʥʘ ʧʨʦʙʣʝʤʘ 

ʧʦʜʘʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʥʝʩʫʱʝʡ, ʷʚʣʷʶʱʝʡʩʷ ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʤ ʠ 

ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʩʠʛʥʘʣʦʤ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝʛʘʪʠʚʥʦ 

ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʇʨʦʙʣʝʤʘ ʧʦʜʘʚʣʝʥʠʷ ʥʝʩʫʱʝʡ ʦʙʫʩʣʦʚʣʝʥʘ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʚʠʜʘ ʤʦʜʫʣʷʮʠʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩʪʨʫʢʪʫʨ, ʘ ʝʝ ʨʝʰʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ 

ʙʣʦʢʦʚ ʪʘʥʜʝʤʥʦʡ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ (ʊɸʌʄ), 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʣʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʥʝʩʫʱʝʡ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʫʶ 

ʩʧʝʢʪʨʘʣʴʥʫʶ ʯʠʩʪʦʪʫ ʧʨʦʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʦʙʣʘʩʪʠ 

ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ [1, 2]. 

 

ʈʘʜʠʦʬʦʪʦʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ 

ʥʘ ʦʩʥʦʚʝ ʊɸʌʄ 

ʇʝʨʚʦʡ ʩʭʝʤʦʡ ʠʟʤʝʨʝʥʠʷ ɼʉʏ, ʧʦʩʪʨʦʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʣʦʢʦʚ 

ʊɸʌʄ, ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [1]. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʦʪʨʝʪʴ ʙʦʣʝʝ ʥʦʚʫʶ ʩʭʝʤʫ ʚʚʠʜʫ ʝʝ ʦʙʣʝʛʯʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʷ ʙʦʣʴʰʠʭ ʚʝʣʠʯʠʥ ʜʦʧʣʝʨʦʚʩʢʦʛʦ 

ʩʤʝʱʝʥʠʷ. ʉʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ ʥʘ ʦʩʥʦʚʝ ʊɸʌʄ 

 

ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʛʝʥʝʨʠʨʫʝʤʦʝ ʣʘʟʝʨʥʳʤ ʜʠʦʜʦʤ 

ʃɼ, ʨʘʟʜʝʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʠʤ ʨʘʟʚʝʪʚʠʪʝʣʝʤ ʆʈ ʥʘ ʜʚʘ ʢʘʥʘʣʘ: ʚʝʨʭʥʠʡ ʢʘʥʘʣ, 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʠʨʫʝʤʳʤʠ ʚ ʥʝʤ ʯʘʩʪʦʪʘʤʠ, ʥʘʟʳʚʘʝʪʩʷ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤ, ʘ ʥʠʞʥʠʡ ʢʘʥʘʣ ï ʦʧʦʨʥʳʤ. ʆʙʘ ʢʘʥʘʣʘ ʩʭʝʤʳ ʩʦʜʝʨʞʘʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʝ ʘʤʧʣʠʪʫʜʥʳʝ ʠ ʬʘʟʦʚʳʝ ʤʦʜʫʣʷʪʦʨʳ, 

ʬʦʨʤʠʨʫʶʱʠʝ ʙʣʦʢʠ ʊɸʌʄ, ʢ ʢʦʪʦʨʳʤ ʧʦʜʚʦʜʠʪʩʷ ʩʠʛʥʘʣ ʦʪ ʧʝʨʝʜʘʪʯʠʢʘ 

(ʟʦʥʜʠʨʫʶʱʠʡ) ʚ ʥʠʞʥʝʤ ʢʘʥʘʣʝ ʠ ʩʠʛʥʘʣ ʩ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ (ʦʪʨʘʞʝʥʥʳʡ 

ʦʪ ʮʝʣʠ ʵʭʦ-ʩʠʛʥʘʣ) ʚ ʚʝʨʭʥʝʤ ʢʘʥʘʣʝ. ʇʨʦʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʚ ʙʣʦʢʘʭ ʊɸʌʄ 

ʩʠʛʥʘʣʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʧʪʠʯʝʩʢʦʤ ʦʙʲʝʜʠʥʠʪʝʣʝ ʆʆ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 ï ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʧʦʩʣʝ ʤʦʜʫʣʷʮʠʠ ʠ ʦʙʲʝʜʠʥʝʥʠʷ 

 

ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʩʦʜʝʨʞʠʪ ʧʦ ʜʚʝ ʯʘʩʪʦʪʳ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʧʦʣʥʦʩʪʴʶ 

ʧʦʜʘʚʣʝʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʥʝʩʫʱʝʡ: ʟʦʥʜʠʨʫʶʱʘʷ ʯʘʩʪʦʪʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ, ʘ 

ʩʧʨʘʚʘ ʠʣʠ ʩʣʝʚʘ ʦʪ ʥʝʝ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʤʝʱʝʥʠʷ) 

ʥʘʭʦʜʠʪʩʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ɼʉʏ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʢʘ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʚ ʜʘʥʥʦʡ ʩʭʝʤʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ ʚ ʚʠʜʝ ʩʧʝʢʪʨʘ ʦʪʨʘʞʝʥʠʷ ʚʦʣʦʢʦʥʥʦʡ 

ʨʝʰʝʪʢʠ ɹʨʵʛʛʘ (ɺɹʈ) ʩ ʦʜʥʠʤ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ. ʏʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʧʦʜʘʶʪʩʷ ʥʘ 

ʧʨʘʚʳʡ ʠʣʠ ʣʝʚʳʡ ʩʢʣʦʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺɹʈ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʯʘʩʪʦʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʤʝʶʪ ʨʘʟʥʫʶ ʤʦʱʥʦʩʪʴ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʏʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ ʠ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ 
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ʉʠʛʥʘʣ ʧʦʩʣʝ ʦʧʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʬʦʪʦʜʝʪʝʢʪʦʨʦʤ ʌɼ, 

ʬʦʨʤʠʨʫʶʱʠʤ ʩʠʛʥʘʣ ʙʠʝʥʠʡ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ 

ʟʥʘʯʝʥʠʠ ɼʉʏ. ʅʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ (ʨʠʩʫʥʦʢ 3) ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʦʜʥʦʟʥʘʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʙʠʝʥʠʡ ʚʝʣʠʯʠʥʝ ʠ ʟʥʘʢʫ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -2 ʄɻʮ ʜʦ +2 ʄɻʮ, ʧʨʠʯʝʤ ʜʣʷ 

ʩʣʫʯʘʷ ʦʪʩʫʪʩʪʚʠʷ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ ʚ ʧʨʠʥʠʤʘʝʤʦʤ ʵʭʦ-ʩʠʛʥʘʣʝ ʤʦʱʥʦʩʪʴ 

ʩʠʛʥʘʣʘ ʙʠʝʥʠʡ ʨʘʚʥʘ ʥʫʣʶ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɼʉʏ 

 

ʈʘʜʠʦʬʦʪʦʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʨʠʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʊɸʌʄ 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʚʠʪʠʝ ʩʭʝʤʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʜʚʫʭ 

ʤʦʜʫʣʷʭ ʪʘʥʜʝʤʥʦʡ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʩ ʦʜʥʠʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ 

ʢʘʥʘʣʦʤ [3], ʢʦʪʦʨʘʷ ʙʳʣʘ ʚʟʷʪʘ ʟʘ ʦʩʥʦʚʫ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ ʷʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʜʘʚʣʷʪʴ ʥʝʩʫʱʫʶ ʩʠʛʥʘʣʘ, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʳʤ ʦʪ ʘʤʧʣʠʪʫʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʩʠʛʥʘʣʘ, ʠ ʵʪʦ, ʥʘʧʨʦʪʠʚ, ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʦʛʨʝʰʥʦʩʪʝʡ. ʇʦʵʪʦʤʫ ʙʳʣʦ 

ʨʝʰʝʥʦ ʨʘʙʦʪʘʪʴ ʩʦ ʩʭʝʤʦʡ, ʚ ʢʦʪʦʨʦʡ ʝʩʪʴ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʥʘʣ, ʥʦ 

ʠ ʢʘʥʘʣ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʨʠʭʦʜʘ ʩ 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʤ ʢʘʥʘʣʦʤ. 
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ʈʠʩʫʥʦʢ 5 ï ʆʧʨʝʜʝʣʝʥʠʝ ʋʇ ʩ ʢʦʤʧʝʥʩʘʮʠʝʡ ʘʤʧʣʠʪʫʜʳ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʙʣʦʢʠ ʊɸʌʄ 1 ʠ ʊɸʌʄ N ʬʦʨʤʠʨʫʶʪ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʢʘʥʘʣ, ʘ ʊɸʌʄ 2 ʠ ʊɸʌʄ N ï ʢʦʤʧʝʥʩʠʨʫʶʱʠʡ. ʇʝʨʚʦʡ ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʳ 

ʚʳʨʘʞʝʥʠʷ ʚʳʭʦʜʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʜʘʥʥʳʭ ʢʘʥʘʣʦʚ. ɼʘʣʝʝ ʚ ʙʣʦʢʝ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʳ ʩʦʦʪʥʦʩʷʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʀ ʪʘʢ ʢʘʢ ʩʠʛʥʘʣʳ ʦʪʣʠʯʘʶʪʩʷ 

ʣʠʰʴ ʬʘʟʦʚʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ, ʪʦ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʤʧʣʠʪʫʜʳ ʩʦʢʨʘʱʘʶʪʩʷ. 

ʅʘ ʚʳʭʦʜʝ ʧʦʣʫʯʠʪʩʷ ʣʠʰʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʂ, ʢʦʪʦʨʳʡ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʷʪʴ ʫʛʦʣ ʧʨʠʭʦʜʘ. ʅʘ ʨʠʩʫʥʢʝ 6 ʠʟʦʙʨʘʞʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂ ʦʪ ʚʝʣʠʯʠʥʳ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ 

ʩʠʛʥʘʣʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʜʚʠʛʫ ʬʘʟʳ 
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ʊʘʢ ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʴ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 6, ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ, ʪʦ 

ʦʥʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʧʦʩʯʠʪʘʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ, ʤʳ ʩʪʨʦʠʤ ʧʨʷʤʫʶ ʣʠʥʠʶ, 

ʧʨʦʭʦʜʷʱʫʶ ʧʦ ʦʜʥʦʤʫ ʫʨʦʚʥʶ ʩʦ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ. ɽʩʣʠ ʧʨʷʤʘʷ 

ʧʨʦʭʦʜʠʪ ʪʦʣʴʢʦ ʯʝʨʝʟ ʪʦʯʢʫ ʠ ʥʝ ʢʘʩʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ, ʪʦ ʧʦʛʨʝʰʥʦʩʪʴ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʝʩʣʠ ʧʨʷʤʘʷ ʧʨʦʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʯʝʨʝʟ ʪʦʯʢʫ, ʥʦ ʠ ʣʦʞʠʪʩʷ ʥʘ 

ʯʘʩʪʴ ʣʠʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ, ʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʥʝ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ, ʘ ʥʝʢʦʪʦʨʳʡ ʜʠʘʧʘʟʦʥ, ʯʪʦ 

ʷʚʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʧʦʛʨʝʰʥʦʩʪʠ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʟʥʘʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʙʳʣʠ 

ʧʝʨʝʩʯʠʪʘʥʳ ʥʘ ʟʥʘʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʫʛʣʘ ʧʨʠʭʦʜʘ. ʅʘ ʨʠʩʫʥʢʝ 7 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʨʠʭʦʜʘ. 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʨʠʭʦʜʘ 

 

ʉʨʝʜʥʷʷ ʧʦʛʨʝʰʥʦʩʪʴ ʫʛʣʘ ʧʨʠʭʦʜʘ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʜʘʥʥʳʤ ʛʨʘʬʠʢʘ 

ʠ ʩʦʩʪʘʚʠʣʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0,25Á. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʪʦ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʷʚʥʳʡ ʚʳʠʛʨʳʰ ʚ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʨʠʭʦʜʘ, ʢʦʪʦʨʳʡ ʜʣʷ 

ʦʜʥʦʛʦ ʤʝʪʦʜʘ [4] ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0,6Á, ʘ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ 

[5-7] ʫʩʪʫʧʘʶʪ ʚ ʪʦʯʥʦʩʪʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 2Á. ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʲʷʩʥʷʶʪʩʷ ʪʝʤ, 

ʯʪʦ ʩʠʩʪʝʤʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʙʣʦʢʘʭ ʊɸʌʄ, ʘ ʥʝ ʤʦʜʫʣʷʪʦʨʘʭ ʄʘʭʘ-ʎʝʥʜʝʨʘ, 

ʢʦʪʦʨʳʝ ʥʝ ʩʧʦʩʦʙʥʳ ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʣʷʪʴ ʥʝʩʫʱʫʶ ʩʠʛʥʘʣʘ. ʊʘʢʞʝ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʦʚʣʠʷʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ 

ʢʦʤʧʝʥʩʘʮʠʠ ʘʤʧʣʠʪʫʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʥʪʝʥʥʳ ʙʳʣʘ ʚʟʷʪʘ L-ʦʙʨʘʟʥʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʙʳʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʷʪʴ ʫʛʦʣ ʧʨʠʭʦʜʘ ʥʝ ʪʦʣʴʢʦ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʥʦ ʠ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ. ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʦʤʫ ʪʠʧʫ ʘʥʪʝʥʥʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 6, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʪʨʝʭʤʝʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪʥʦʰʝʥʠʡ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʦʚ ʢ ʬʘʟʦʚʦʤʫ ʩʜʚʠʛʫ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʝʝ ʠ ʥʘʤʥʦʛʦ ʧʨʦʱʝ ʦʧʨʝʜʝʣʷʪʴ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʦʙʲʝʢʪʘ. 

ʉʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 8. 
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ʈʠʩʫʥʦʢ 9 ï ʊʨʝʭʤʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʥʦʰʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠ 

ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʦʚ 

 

ʅʘ ʨʠʩʫʥʢʝ 9 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʠʯʝʩʢʦʝ ʧʦʷʩʥʝʥʠʝ ʢ ʨʠʩʫʥʢʫ 8. 

 
 

ʈʠʩʫʥʦʢ 9 ï ɻʨʘʬʠʯʝʩʢʦʝ ʧʦʷʩʥʝʥʠʝ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʧʨʠʭʦʜʘ ʚ ʜʚʫʭ  

ʇʨʦʝʢʮʠʷʭ, ʀʩʪʦʯʥʠʢ: 

https://www.researchgate.net/publication/347626113_Photonic_2-D_angle-of-

arrival_estimation_based_on_an_L-

shaped_antenna_array_for_an_early_radar_warning_receiver  



109 

ʆʙʥʘʨʫʞʝʥʠʝ ʜʚʫʭ ʫʛʣʦʚ Ŭ ʠ ɓ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʨʠʪʝʣʴʥʦ ʧʨʠ ʧʦʤʦʱʠ 

ʧʝʨʚʦʡ (ɸ1 ʠ ɸ2) ʠ ʚʪʦʨʦʡ (ɸ1 ʠ ɸ3) ʢʦʤʙʠʥʘʮʠʠ ʘʥʪʝʥʥ, ʘ ʪʨʝʪʠʡ ʫʛʦʣ ɔ 

ʥʘʭʦʜʠʪʩʷ ʠʩʭʦʜʷ ʠʟ ʨʘʩʯʸʪʦʚ ʧʦ ʬʦʨʤʫʣʝ (1). 

 

 (1) 

 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʈʘʟʚʠʪʠʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʜʠʦʬʦʪʦʥʥʳʭ ʩʠʩʪʝʤ ʚʠʜʠʪʩʷ ʚ ʠʭ 

ʩʦʚʤʝʱʝʥʠʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ X-ʘʥʪʝʥʥʳ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 10. 

 

 
 

ʈʠʩʫʥʦʢ 10 ï X-ʘʥʪʝʥʥʘ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ɼʉʏ ʠ ʋʇ 

 

ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʷ ɼʉʏ ʠ ʋʇ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ 

ʮʝʣʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʪʝʭʥʦʣʦʛʠʠ ʊɸʌʄ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʷ ʠʭ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ.  
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(ʛ. ʄʦʩʢʚʘ) 

 
ɸʥʥʦʪʘʮʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʦʙʱʝʥʠʡ, 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʥʘ ʦʜʥʦʡ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʜʚʫʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʈʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʢʚʘʜʨʘʪʠʯʥʦʤ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʥʘʢʣʘʜʳʚʘʝʪ ʚʝʩʴʤʘ ʞʝʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʜʝʚʠʘʮʠʠ ʢʘʢ ʧʦ ʫʛʣʫ ʵʣʣʠʧʪʠʯʥʦʩʪʠ, 

ʪʘʢ ʠ ʧʦ ʫʛʣʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ. 

ʄʦʜʫʣʷʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʛʣʫʙʦʢʦʡ. ɽʩʣʠ ʜʦʧʫʩʪʠʤʳʝ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʦʨʷʜʢʘ 

10%, ʪʦ ʜʝʚʠʘʮʠʷ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʠ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ 

ʤʝʥʴʰʝ 35Á. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʤʦʜʫʣʷʮʠʷ, ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪ, 

ʢʚʘʜʨʘʪʠʯʥʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ, ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ. 
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QUADRATIC DETECTION OF TWO INDEPENDENT MESSAGES 

TRANSMITTED ON THE SAME FREQUENCY BY SIMULTANEOUS 

MODULATION OF TWO POLARISATION PARAMETERS  
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Abstract. The possibilities of isolating two independent messages transmitted at one 

carrier frequency by simultaneously modulating two polarizing parameters are determined. The 

processing of the received signal during quadratic detection is considered. A significant 

advantage of this processing method is its exceptional simplicity. 

The analysis showed that the use of the quadratic detection method imposes very 

stringent restrictions on the amount of deviation both in the angle of ellipticality and in the 

angle of spatial orientation of the ellipse of the polarization of the electromagnetic wave. The 

modulation should not be deep. If the permissible nonlinear distortions are about 10%, then the 

deviation of the angle of ellipticality and the orientation angle of the polarization ellipse should 

be less 35Á. 

Keywords: polarization modulation, frequency reuse, quadratic detection, nonlinear 

distortion. 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʝʤʘ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʩʦʦʙʱʝʥʠʡ, ʧʝʨʝʜʘʥʥʳʭ ʥʘ ʦʜʥʦʡ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ (ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʯʘʩʪʦʪ ʇʀʏ) ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ű ʠ ʫʛʣʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ɗ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ (ʕʄɺ). 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ [1]: 

1) ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʢʪʨʘ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ; 

2) ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʥʠʠ ʩʚʷʟʠ; 

3) ʫʧʨʦʱʝʥʠʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

 

ʅʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʨʠ ʢʚʘʜʨʘʪʠʯʥʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ʇʫʩʪʴ ʤʦʜʫʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʝʥʳ ʚʳʨʘʞʝʥʠʷʤʠ: 
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ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʣʷ ʝʜʠʥʠʯʥʦʡ ʘʤʧʣʠʪʫʜʳ ʩ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ()c 1
tj  ʠ ()c 2

tq  ʚ ʦʨʪʦʛʦʥʘʣʴʥʦ ʣʠʥʝʡʥʦʤ 

ʙʘʟʠʩʝ ʨʘʟʣʦʞʝʥʠʝ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ [2, 3] 
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  (4) 

 

ï ʬʘʟʳ ʩʠʛʥʘʣʦʚ () (),
x y

e t e t  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʡ (1) ï (4), ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʦʙʦʠʭ ʩʠʛʥʘʣʦʚ ʧʨʠ 

ʪʘʢʦʤ ʙʘʟʠʩʝ ʨʘʟʣʦʞʝʥʠʷ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ, ʪʘʢ ʠ ʦʪ ʫʛʣʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʣʥʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 

ʧʨʠʝʤʝ ʩʠʛʥʘʣʘ, ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʨʘʟʣʠʯʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʘ ʣʠʥʝʡʥʳʝ ʘʥʪʝʥʥʳ ʚʳʜʝʣʝʥʠʝ ʧʦʣʝʟʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙʳʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʝʚʦʟʤʦʞʥʦ. 

ɽʩʣʠ ʧʨʠʝʤ ʚʝʜʝʪʩʷ ʥʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʘʥʪʝʥʥʳ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ 
ʧʨ ʧʨ

,q jʠ 
ʧʨ ʧʨ

,
2

p
j q- + , ʪʦ ʩʠʛʥʘʣʳ ʥʘ ʚʳʭʦʜʝ ʵʪʠʭ ʘʥʪʝʥʥ ʙʫʜʫʪ 

ʠʤʝʪʴ ʚʠʜ:  
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ʀʟ (5) ʠ (6) ʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʧʦʣʦʞʠʪʴ  

 
 

ʧʨ
co s 2 0 ,j =  

 

ʪʦ ʝʩʪʴ ( )ʧʨ
2 1 ,

4
n

p
j = +  ʛʜʝ 0,1, ... ,n = ʪʦ ʠʥʬʦʨʤʘʮʠʷ ()S t

j
ʙʫʜʝʪ ʟʘʢʣʶʯʝʥʘ ʚ 

ʘʤʧʣʠʪʫʜʘʭ, ʘ ()S t
q
ï ʚ ʬʘʟʘʭ ʧʨʠʥʠʤʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʪʠ ʜʚʘ 

ʚʠʜʘ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ.   

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ 
ʧʨ

4j p= , ʪʦ ʝʩʪʴ ʧʨʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʘʥʪʝʥʥʳ ʧʨʘʚʦ- ʠ ʣʝʚʦʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ʀʟ ʚʳʨʘʞʝʥʠʷ (5) ʠ (6) ʩʣʝʜʫʝʪ, 

ʯʪʦ 
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1
1 c o s ;

2

1
1 c o s ,

22

e t F t t t

e t F t t t

w q q pc

p
w q q pc

è ø= + + - +
ê ú

è ø
= - - + + +

é ù
ê ú

 (7) 

 

ʛʜʝ ()0
s in 2 ;F S t

j
j jè ø= + D
ê ú

 

 

 

()

()

I

II

0 ʧʨʠ sin 0,

1 ʧʨʠ sin 0;

0 ʧʨʠ cos 0,

1 ʧʨʠ cos 0;

z
t

z

z
t

z

c

c

²ë
ì

<í

²ë
ì

<í

  (8) 

 

 ()
4

z t
p

j= + . 

 

ɺ ʚʳʨʘʞʝʥʠʷʭ (7) ʙʝʨʫʪʩʷ ʪʦʣʴʢʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʨʥʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʢʚʘʜʨʘʪʠʯʥʦʤ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ. 

ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʚʘʜʨʘʪʫ 

ʦʛʠʙʘʶʱʝʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ: 

 

 
()

()

ʚʳʭI

ʚʳʭII

1 ;

1 .

U t F

U t F

= +

= -
 

 

ʈʘʟʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

 

 () ʚʳʭI ʚʳʭII
2U t U U F

j
= - =  (9) 
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ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ ʩʠʛʥʘʣʘ ()S t
j
. ʆʜʥʘʢʦ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʥʝ ʩʘʤʦʤʫ ʧʦʣʝʟʥʦʤʫ ʩʠʛʥʘʣʫ, ʘ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʦʪ 

ʥʝʛʦ. ʕʪʦ ʚʥʦʩʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʚʳʜʝʣʝʥʠʠ ʬʫʥʢʮʠʡ, ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʝʡ ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  

ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʘʨʛʫʤʝʥʪʘ, ʪʦ ʝʩʪʴ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʜʝʚʠʘʮʠʠ, ʢʦʛʜʘ 

sin x xº , ʠ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʜʦʧʫʱʝʥʠʷʭ ʚ ʠʩʢʘʞʝʥʠʠ ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʧʨʠʥʷʪʴ 

ʧʦʣʫʯʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʟʘ ʠʩʢʦʤʳʡ ʩʠʛʥʘʣ ʠ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʥʝ ʜʝʣʘʪʴ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʧʫʩʪʠʤʦ ʪʘʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ. 

ʇʨʝʜʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʝ (9) ʚ ʚʠʜʝ 
 

 () () ()0 0
2 sin 2 co s 2 co s 2 sin 2 .U t S t S t

j j j
j j j jè ø= D + D

ê ú
 (10) 

 

ʇʫʩʪʴ ()S t
j

-ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ, ʪʦ ʝʩʪʴ () ()s inS t t
j j

= W . ʊʦʛʜʘ 

ʬʫʥʢʮʠʷ ()co s 2 s in t
j

jD W ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʯʝʪʥʳʝ ʛʘʨʤʦʥʠʢʠ ʯʘʩʪʦʪʳ 
j

W  ʠ ʥʝ 

ʩʦʜʝʨʞʠʪ i-ʡ ʛʘʨʤʦʥʠʢʠ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʪʘʢ ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ 

ʬʦʨʤʳ ʵʣʣʠʧʩʘ 
0
j , ʯʪʦʙʳ 

0 0
s in 2 0 ,

2
k
p

j j= = , ʛʜʝ 0 ,1k = , ʪʦ ʝʩʪʴ ʠʩʭʦʜʥʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʣʠʥʝʡʥʦʡ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
 

 () () ( ) ( ) ()2 1

0

2 s in 2 s in 4 2 s in 2 1 .
n

n

U t t J n t
j j j

j j

¤

+

=

è ø= D W = D Ö + W
ê ú ä  (11) 

 

ʇʨʠ 2 2jD <  ʧʷʪʦʡ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʛʘʨʤʦʥʠʢʘʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʊʦʛʜʘ ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 
 

 () ( ) () ( ) ()1 3
2 sin 2 s in 3 ,U t k J t J t

j j j
j jè øD W + D W

ê ú
 (12) 

 

ʛʜʝ k ï ʦʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʧʨʠʝʤʥʦʛʦ ʪʨʘʢʪʘ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʨʘʚʝʥ 
 

 
( )

( )

3

1

2

2

J
K

J
j

j

j

D
=

D
 

 

 

ʠ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʚʝʣʠʯʠʥʳ ʜʝʚʠʘʮʠʠ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ. ɻʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ ( )K f
j

j= D  ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʜʦʧʫʩʪʠʤʳ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʤʝʪʦʜʝ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʨʷʜʢʘ 10%, ʪʦ 

ʜʝʚʠʘʮʠʷ ʫʛʣʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ 3 5 .̄ ʇʨʠ 4 5jD = ,̄ ʪʦ ʝʩʪʴ, 

ʢʦʛʜʘ ʚʦ ʚʨʝʤʷ ʤʦʜʫʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ 

ʜʠʘʛʨʘʤʤʳ ʦʪ ʣʠʥʠʠ ʜʦ ʢʨʫʛʘ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ ʚʨʘʱʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʙʫʜʝʪ ʥʝ ʤʝʥʝʝ 12%. 
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ɺʳʜʝʣʝʥʠʝ ʤʝʪʦʜʦʤ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ()S t
q

 ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦ, ʥʦ ʧʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʭʫʞʝ, ʯʝʤ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ. ʇʨʠʝʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ 

ʘʥʪʝʥʥʳ ʣʠʥʝʡʥʦʡ, ʘ ʥʝ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟ (12) ʩʣʝʜʫʝʪ, 

ʯʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʦʩʣʘʙʠʪʴ ʩʠʛʥʘʣ ()S t
j

 (ʧʦʜʘʚʠʪʴ ʧʝʨʚʫʶ 

ʛʘʨʤʦʥʠʢʫ () ()s inS t t
j j

= W ), ʩʣʝʜʫʝʪ ʧʦʣʦʞʠʪʴ 
ʧʨ

s in 2 0j = , ʪʦ ʝʩʪʴ 

ʧʨ
, 0 ,1, ....

2
k k
p

j = = . 

 

0,2 0,4 0,6 0,8 1,0 1,2 1,4

,%Kj

, ʨʘʜjD

10

20

30

40

50

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ( )K f

j
j= D

 
 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʛʠʙʘʶʱʠʝ ʩʠʛʥʘʣʦʚ ʥʘ ʚʳʭʦʜʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʘʥʪʝʥʥ 

ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ [4, 5] 
 

 

() () ()

() () ()

I ʧʨ

II ʧʨ

1
1 co s 2 co s 2 ;

2

1
1 co s co s 2 .

2

E t t t

E t t t

j q q

j q q

è ø= + -
ê ú

è ø= - -
ê ú

 (13) 

 

ʀʟ ʚʳʨʘʞʝʥʠʡ (13) ʚʠʜʥʘ ʚʪʦʨʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ 

()S t
q
ʤʝʪʦʜʦʤ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ: ʥʝ ʫʜʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ 

ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʤʝʰʘʶʱʝʛʦ ʚʣʠʷʥʠʷ ʩʠʛʥʘʣʘ ()S t
j
. ʕʪʦ ʥʘʢʣʘʜʳʚʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʜʝʚʠʘʮʠʠ ʧʦ ű. 

ʅʘ ʚʳʭʦʜʝ ʢʚʘʜʨʘʪʠʯʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʫʜʝʤ ʠʤʝʪʴ: 
 

 
()

()

ʚʳʭI

ʚʳʭII

1 c o s c o s 2 ;

1 c o s 2 c o s 2 ,

U t K L

U t K L

= +

= -
  (14) 

 

ʛʜʝ () ()0 0 ʧʨ
s in ; s inK t L t

j q
j j q q q= + D W = - + D W. 
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ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʘʤʧʣʠʪʫʜʫ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ ʩʠʛʥʘʣʘ 

()S t
q
, ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʦʞʠʪʴ  ( ) ( )0 ʧʨ

2 1 , 0 ,1, ...
4

k k
p

q q- = + = . ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʥʘʠʣʫʯʰʝʛʦ ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ ()S t
j

 ʥʝʦʙʭʦʜʠʤʦ ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ 
0
j  ʚʟʷʪʴ 

ʨʘʚʥʳʤ , 0 ,1, ...
2

k k
p

= . 

ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠʤʝʝʤ 
 

 
()

()

ʚʳʭI

ʚʳʭII

1 ;

1

U t P T

U t P T

= + Ö

= - Ö
  (15) 

 

ʠ ʪʦʛʜʘ  
 

 

() () () ( ) ( ) ( ) ()

( ) ( ) ( ){

( ) }

0 ʚʳʭI ʚʳʭII 0 2 1

0

2 2 1

1 0

2 4 2 2 s in 2 1

4 2 2 s in 2 2 1

s in 2 1 2 ,

k

k

n k

n k

U t U t U t P T J J k t

J J n k t

k n t

q

j q

q j

j q

j q

¤

+

=

¤ ¤

+

= =

= - = Ö = D D + W +

è ø+ D D W + + W +
ê ú

è ø+ + W - W
ê ú

ä

ä ä  (16) 

 

ʛʜʝ  () ()co s 2 sin , s in 2 s in .P t T t
j q

j qè ø= D W = D Wè øê úê ú
 

ʆʮʝʥʠʤ ʚʝʣʠʯʠʥʫ ʥʝʣʠʥʝʡʥʳʭ ʠ ʧʝʨʝʢʨʝʩʪʥʳʭ ʠʩʢʘʞʝʥʠʡ. ʇʨʠ ʵʪʦʤ 

ʧʦʣʘʛʘʝʤ, ʯʪʦ ,
4 4

p p
q jD < D < ʠ ʚʣʠʷʥʠʝʤ ʛʘʨʤʦʥʠʢ ʚʳʰʝ ʪʨʝʪʴʝʡ 

ʧʨʝʥʝʙʨʝʛʘʝʤ. 

ʊʦʛʜʘ  
 

 

() ( ) ( ) () ( ) ( ) ()

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

0 0 1 0 3

2 1

2 3

4 2 2 s in 4 2 2 s in 3

4 2 2 s in 2 s in 2

4 2 2 s in 3 2 s in 3 2 .

U t J J t J J t

J J t t

J J t t

q q

q j q j

q j q j

j q j q

j q

j q

= D D W + D D W +

è ø+ D D W + W + W - W +
ê ú

è ø+ D D W + W + W - W
ê ú

 (17) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ 
 

( )

( )

( )

( )

( )

( )

2 2
2

3 2 3

2

1 0 1

2 2 2
2 1 .

2 2 2

J J J
K

J J J
q

q j q

q j q

è ø è ø è øD D D
= + +é ù é ù é ù

D D Dê ú ê ú ê ú

    (18) 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ( )K
q

qD ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ jD . 

ɺʠʜʥʦ, ʯʪʦ ʛʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ ʧʦ j ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʘ ()S t
q

.  



117 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ 1 0 %K
q
¢  ʜʝʚʠʘʮʠʷ jD  ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ  

2 0 ,̄ ʘ 25qD ¢ .̄ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ()S t
q

 ʤʝʪʦʜʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʘʢʣʘʜʳʚʘʝʪ ʚʝʩʴʤʘ 

ʞʝʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʜʝʚʠʘʮʠʠ ʢʘʢ ʧʦ j, ʪʘʢ ʠ ʧʦ q. ʄʦʜʫʣʷʮʠʷ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʛʣʫʙʦʢʦʡ. 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʥʪʝʥʥ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ()S t
j

 ʠ 

()S t
q

 ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʣʠʯʥʳ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪ ʣʠʙʦ 

ʧʨʠʤʝʥʝʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʘʥʪʝʥʥ, ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, 

ʧʨʠʥʷʪʳʭ ʥʘ ʘʥʪʝʥʥʳ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ( )K

q
qD

 
 

ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʩʠʛʥʘʣʘ ()S t
q

 ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʚʳʛʦʜʥʳʤ. ʂʚʘʜʨʘʪʠʯʥʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ()S t
j
ʧʨʠ ʥʘʣʦʞʝʥʥʳʭ ʚʳʰʝ ʦʛʨʘʥʠʯʝʥʠʷʭ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʣʠʥʠʷʭ ʩʚʷʟʠ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʛʦ ʤʝʪʦʜʘ 

ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ()S t
q

 ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʜʨʫʛʦʡ ʤʝʪʦʜ. 

ʍʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʝʪ ʩʦʯʝʪʘʥʠʝ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ()S t
j

 ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʢʚʘʜʨʘʪʠʯʥʳʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ()S t
q

. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ()S t
q

 ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʥʘʜʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʥʷʪʴ 

ʤʦʜʫʣʷʮʠʶ ʧʦ j. ʇʦʢʘʞʝʤ, ʯʪʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʠ ʥʘʣʦʞʝʥʥʳʭ 

ʚʳʰʝ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʚʝʣʠʯʠʥʫ ʧʘʨʘʤʝʪʨʦʚ 
0
j  ʠ jD . 
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ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʠʛʥʘʣʳ ʥʘ ʚʳʭʦʜʝ ʜʚʫʭ ʢʨʫʛʦʚʳʭ ʘʥʪʝʥʥ ʧʨʠ ʫʩʣʦʚʠʠ 

0 ʧʨ
0 , ,

4 4

p p
j j j= = D < ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ 

 

 

() () ()

() () ()

ʚʳʭ I ʧʨ

ʚʳʭ II ʧʨ
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p
j w q q

p
j w q q

è ø
è ø= + D W + -
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è ø
è ø= - + D W - +
ê úé ù

ê ú

 (19) 

 

ʧʦʩʢʦʣʴʢʫ ʧʨʠ 
4

p
jD <  
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()

s in s in 0 ,
4

co s s in 0 .
4

t

t

j

j

p
j

p
j

è ø
+ D W >

é ù
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è ø
+ D W >

é ù
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ʊʘʢ ʢʘʢ ʵʪʠ ʬʫʥʢʮʠʠ ʥʝ ʜʦʩʪʠʛʘʶʪ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʪʦ ʩʠʛʥʘʣʳ ()I
e t  ʠ 

()I I
e t  ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴ ʜʦ ʫʨʦʚʥʷ, ʢʦʛʜʘ ʤʦʜʫʣʷʮʠʷ ʧʦ j ʙʫʜʝʪ ʩʨʝʟʘʥʘ 

ʧʦʣʥʦʩʪʴʶ. ʊʦʛʜʘ 
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ʠʣʠ 
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ʛʜʝ ()II
tc ʠʤʝʝʪ ʚʠʜ, ʘʥʘʣʦʛʠʯʥʳʡ (8). 

ʂʚʘʜʨʘʪʠʯʥʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʜʘʝʪ  

 

 () ()( )0 0 ʧʨ

1
1 s in 2 s in .

2
U t t

q
q q qè ø= + - + D W

ê ú
 (21) 
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ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ()S t
j

 ʩʣʝʜʫʝʪ ʧʦʣʦʞʠʪʴ 

 

 
0 ʧʨ

, 0 ,1, 2 , ...
2

k k
p

q q- = = . 

 

ʊʦʛʜʘ ʧʝʨʝʤʝʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ʙʫʜʝʪ ʠʤʝʪʴ ʪʦʪ ʞʝ ʩʘʤʳʡ ʚʠʜ, ʯʪʦ ʠ ʥʘ ʚʳʭʦʜʝ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ʩʠʛʥʘʣʘ ()S t
j
, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʩʝ ʚʳʚʦʜʳ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʳʜʝʣʝʥʠʷ ()S t
j

 ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ()S t
j

 ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʚʘʜʨʘʪʠʯʥʳʤ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ()S t
q

 ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

1) ʧʨʠʝʤ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʜʚʝ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʢʨʫʛʦʚʳʝ 

ʘʥʪʝʥʥʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ( )ʧʨ 0 ʧʨ
2 1 , , 0 ,1, 2 ...

4 2
k k k

p p
j q q= + - = = ; 

2) ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 
0

;
2

k
p

j =  

3) ʜʝʚʠʘʮʠʷ ,j qD D  ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ 
4

p
; 

4) ʧʨʠ ʜʦʧʫʩʪʠʤʳʭ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʷʭ 
,

1 0 %K
q j
=  ʜʝʚʠʘʮʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 35qD <  ̄ʠ 3 5jD < .̄ 
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ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

(ʛ. ʄʦʩʢʚʘ) 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʦʨʪʦʚʦʛʦ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʩʠʩʪʝʤ ʧʦʩʘʜʢʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) 
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ʩʚʝʪʦʩʠʛʥʘʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʆʧʠʩʘʥ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʘʜʦʯʥʦʡ ʧʣʦʱʘʜʢʠ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʪʦʯʥʦʡ ʧʦʩʘʜʢʠ, ʩʧʦʩʦʙ ʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʝʪʦʚʳʭ ʢʦʥʪʨʘʩʪʦʚ, ʦʛʥʝʡ ʟʦʥʳ ʢʦʥʝʯʥʦʛʦ ʵʪʘʧʘ ʟʘʭʦʜʘ ʥʘ ʧʦʩʘʜʢʫ ʠ ʚʟʣʝʪʘ 

(FATO), ʦʛʥʝʡ ʟʦʥʳ ʧʨʠʟʝʤʣʝʥʠʷ ʠ ʦʪʨʳʚʘ (TLOF).  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʤʘʢʝʪʘ ʚʝʨʪʦʣʝʪʥʦʡ ʧʣʦʱʘʜʢʠ ʩʦ ʩʚʝʪʦʩʠʛʥʘʣʴʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʟʦʥʝ ʧʦʩʘʜʢʠ. 

ʆʙʦʩʥʦʚʘʥ ʘʣʛʦʨʠʪʤ ʬʠʣʴʪʨʘʮʠʠ ʚʠʜʠʤʦʛʦ ʠ ʀʂ ʜʠʘʧʘʟʦʥʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ 

ʩʚʝʪʦʩʠʛʥʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, ʧʦʣʫʯʝʥʥʦʛʦ ʯʝʨʝʟ ʢʘʤʝʨʫ.  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ 

ʣʝʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʢʦʤʧʣʝʢʩʘ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʩʘʜʢʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʚʝʨʪʦʣʝʪʳ, ɹʇʃɸ ʚʝʨʪʦʣʝʪʥʦʛʦ ʪʠʧʘ, 

ʤʫʣʴʪʠʢʦʧʪʝʨʳ, ʩʚʝʪʦʩʠʛʥʘʣʴʥʳʝ ʤʘʷʢʠ, ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ. 
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Abstract. Approaches to the use of an on-board optoelectronic complex for landing systems 

of unmanned aerial vehicles (UAVs) of helicopter type, multicopters, helicopters on landing pads 

equipped with lighting equipment are considered. A method is described for determining the spatial 

and relative position of the aircraft relative to the landing pad for performing an accurate landing, a 

method for accurate spatial positioning relative to light contrasts, the lights of the final stage of 

approach and takeoff (FATO), the lights of the landing and separation zone (TLOF).  

The results of the development of a helicopter pad layout with lighting equipment and an 

onboard optical-electronic positioning system in the landing zone are presented. The algorithm for 

filtering the visible and IR range and determining the labels of the light-signaling equipment in the 

image obtained through the camera is substantiated.  

The results of image processing obtained during laboratory and flight tests are presented. 

Keywords: aircraft landing, helicopters, helicopter-type UAVs, multicopters, signal 

beacons, optoelectronic positioning. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʥʘʚʠʛʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʩʪʘʣʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ 

ʘʣʛʦʨʠʪʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ 

ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤ ʧʦʩʘʜʢʠ ʚʝʨʪʦʣʝʪʥʦʛʦ ʪʠʧʘ. 

ʆʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʠʟʤʝʨʷʪʴ ʧʘʨʘʤʝʪʨʳ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʩʢʘʥʠʨʦʚʘʪʴ ʧʨʦʬʠʣʴ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʘʥʥʳʭ ʦʨʠʝʥʪʠʨʦʚ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʟʘʜʘʥʥʳʝ ʦʙʲʝʢʪʳ.  

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʥʴʰʠʝ ʛʘʙʘʨʠʪʳ, 

ʤʘʩʩʫ ʠ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʧʦʩʘʜʢʫ ʩ ʨʫʯʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, 

ʪʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

- ʚʦʟʨʘʩʪʘʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʦʩʘʜʢʠ; 

- ʠʩʢʣʶʯʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ; 

- ʠʩʢʣʶʯʝʥʠʝ ʨʠʩʢʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʫʭʫʜʰʝʥʠʝʤ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠʣʠ ʧʦʪʝʨʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʆʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ, ʘʚʠʘʮʠʦʥʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ. ʄʦʛʫʪ ʩʣʫʞʠʪʴ 

ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, 

ʥʘʚʠʛʘʮʠʠ ʠʣʠ ʥʘʚʝʜʝʥʠʷ.  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʦʪʥʦʩʠʪʩʷ ʤʥʦʞʝʩʪʚʦ 

ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ ʚʥʝʜʨʝʥʠʷ ʟʨʠʪʝʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ ʚ 

ʢʦʥʪʫʨʳ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯ.  

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʩʠʩʪʝʤʝ ʧʦʩʘʜʢʠ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚʝʨʪʦʣʝʪʥʦʛʦ ʪʠʧʘ ɹʇʃɸ ʚʝʨʪʦʣʝʪʥʦʛʦ ʪʠʧʘ (ʤʫʣʴʪʠʢʦʧʪʝʨʳ, 

ʚʝʨʪʦʣʝʪʳ) ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʚʳʩʦʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʩʘʜʦʯʥʳʤ 

ʧʣʦʱʘʜʢʘʤ. 

 

ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ɹʇʃɸ ʚʝʨʪʦʣʝʪʥʦʛʦ 

ʪʠʧʘ ʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʧʦ ʘʚʪʦʥʦʤʥʦʤʫ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʶ ʠ ʧʦʩʘʜʢʝ ʥʘ 

ʚʝʨʪʦʣʝʪʥʫʶ ʧʣʦʱʘʜʢʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʩʦ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ [1].   

ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʙʦʨʪʦʚʦʛʦ ʠ ʥʘʟʝʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1.  
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ʈʠʩʫʥʦʢ 1 ï ʂʦʤʧʣʝʢʪ ʥʘʟʝʤʥʦʛʦ ʠ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

 

ʂ ʙʦʨʪʦʚʦʡ ʯʘʩʪʠ ʦʪʥʦʩʠʪʩʷ ʢʦʤʧʣʝʢʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʟʦʥʝ ʧʦʩʘʜʢʠ. ʂ ʥʘʟʝʤʥʦʡ ʯʘʩʪʠ ʦʪʥʦʩʷʪʩʷ 

ʩʠʩʪʝʤʘ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʩʘʜʦʯʥʦʡ ʧʣʦʱʘʜʢʠ ʠ ʩʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʧʦʩʘʜʢʠ ʦʧʝʨʘʪʦʨʘ ɹʇʃɸ. ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʙʦʨʪʦʚʦʡ 

ʢʦʤʧʣʝʢʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʟʦʥʝ 

ʧʦʩʘʜʢʠ ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʦʙʦʩʦʙʣʝʥʥʳʝ ʯʘʩʪʠ, ʩʠʩʪʝʤʫ ʚʠʜʝʥʠʷ ʩ ʤʠʢʨʦ ʕɺʄ ʠ 

ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʧʦʩʘʜʢʠ. ʆʙʝ ʦʥʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʥʦʤ ʧʦʜʚʝʩʥʦʤ 

ʢʦʥʪʝʡʥʝʨʝ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩ. 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɹʦʨʪʦʚʦʡ ʢʦʤʧʣʝʢʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʪʦʯʥʦʡ ʧʦʩʘʜʢʠ ɹʇʃɸ ʥʘ 

ʚʝʨʪʦʣʝʪʥʫʶ ʧʦʩʘʜʦʯʥʫʶ ʧʣʦʱʘʜʢʫ ʩʦ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʢʘʤʝʨʳ ʚʠʜʠʤʦʛʦ ʠ ʀʂ ʩʧʝʢʪʨʦʚ, ʘ ʪʘʢʞʝ 

ʤʠʢʨʦ ʕɺʄ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘ ʥʝʤ ʥʘʟʝʤʥʳʭ 

ʩʚʝʪʦʚʳʭ ʤʘʷʢʦʚ ʟʦʥʳ ʧʦʩʘʜʢʠ.  

ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʚʳʧʦʣʥʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʠ ʚʳʜʝʣʝʥʠʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 

ʩʚʝʪʦʩʠʛʥʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʤʘʷʢʦʚ ʟʝʣʝʥʦʛʦ ʠʣʠ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ) ʟʦʥ 

FATO ʠ TLOF; 

- ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʨʠʩʦʚʢʘ ʢʦʥʪʫʨʘ ʧʦʩʘʜʦʯʥʦʡ ʟʦʥʳ TLOF, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʙʥʘʨʫʞʝʥʥʳʭ ʤʘʷʢʘʭ; 

- ʚʳʯʠʩʣʷʝʪʩʷ ʮʝʥʪʨ ʢʦʥʪʫʨʘ ʧʦʩʘʜʦʯʥʦʡ ʟʦʥʳ TLOF; 

- ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ɹʇʃɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ʧʦʩʘʜʦʯʥʦʡ ʟʦʥʳ TLOF; 

- ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʢʫʨʩʘ, ʢʨʝʥʘ, ʪʘʥʛʘʞʘ, ʚʳʩʦʪʳ ʥʘʭʦʞʜʝʥʠʷ 

ɹʇʃɸ ʥʘʜ ʧʦʩʘʜʦʯʥʦʡ ʧʣʦʱʘʜʢʦʡ, ʧʣʦʱʘʜʠ ʟʦʥ FATO ʠ TLOF. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʵʪʘʧʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʩʘʜʢʠ ʚ 

ʧʨʦʩʪʳʭ ʠ ʩʣʦʞʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʷʭ. 
 

ʆʙʦʩʥʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʬʠʣʴʪʨʘʮʠʠ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ 

ʟʦʥʝ ʧʦʩʘʜʢʠ 

ɹʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ ɹʇʃɸ ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʚʝʢʪʦʨʝ ʩʤʝʱʝʥʠʷ ɹʇʃɸ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʙʦʨʪʦʚʳʤ 

ʢʦʤʧʴʶʪʝʨʦʤ ɹʇʃɸ.  

ɸʣʛʦʨʠʪʤ ʬʠʣʴʪʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʥʪʫʨʦʚ 

ʩʚʝʪʦʩʠʛʥʘʣʴʥʳʭ ʤʘʷʢʦʚ ʥʘ ʧʦʩʘʜʦʯʥʦʡ ʧʣʦʱʘʜʢʝ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʧʦʩʘʜʢʠ ɹʇʃɸ [1]. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʩʠʩʪʝʤʦʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʢʦʪʦʨʘʷ ʥʫʞʥʘ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʦʨʠʝʥʪʠʨʦʚ ʧʦʩʘʜʦʯʥʦʡ ʧʣʦʱʘʜʢʠ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʦʨʷʜʦʢ ʬʠʣʴʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʢʘʤʝʨʳ:     

- ʧʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʢʘʤʝʨʳ; 

- ʧʝʨʝʚʦʜ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʮʚʝʪʦʚʫʶ ʤʦʜʝʣʴ; 

- ʬʠʣʴʪʨʘʮʠʷ ʧʦ ʮʚʝʪʫ; 

- ʦʮʝʥʢʘ ʛʘʫʩʩʦʚʘ ʨʘʟʤʳʪʠʷ; 

- ʚʳʧʦʣʥʝʥʠʝ ʙʠʥʘʨʠʟʘʮʠʠ; 

- ʚʳʧʦʣʥʝʥʠʝ ʜʠʣʘʪʘʮʠʷ; 

- ʧʦʣʫʯʝʥʠʝ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʩʚʝʪʦʚʳʤʠ 

ʤʘʷʢʘʤʠ; 
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- ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʧʝʨʘʪʦʨʘ ʦʙʥʘʨʫʞʝʥʠʷ ʛʨʘʥʠʮ 

ʠʟʦʙʨʘʞʝʥʠʷ ʂʵʥʥʠ (Canny). 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʮʚʝʪʦʚʫʶ ʤʦʜʝʣʴ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʚʣʝʯʝʥʠʷ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʮʚʝʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ.  

ɸʣʛʦʨʠʪʤ ʬʠʣʴʪʨʘʮʠʠ ʨʝʘʣʠʟʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʢʨʳʪʦʡ 

ʙʠʙʣʠʦʪʝʢʠ OpenCV ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʥʘ ʷʟʳʢʝ Python. ʈʘʙʦʪʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʚʳʧʦʣʥʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʠ ʚʳʜʝʣʝʥʠʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 

ʩʚʝʪʦʩʠʛʥʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʤʘʷʢʦʚ) ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʮʚʝʪʘ; 

- ʚʳʧʦʣʥʷʝʪʩʷ ʚʳʨʠʩʦʚʢʘ ʢʦʥʪʫʨʘ ʧʦʩʘʜʦʯʥʦʡ ʧʣʦʱʘʜʢʠ, ʦʩʥʦʚʳʚʘʷʩʴ 

ʥʘ ʦʙʥʘʨʫʞʝʥʥʳʝ ʤʘʷʢʠ; 

- ʥʘʭʦʜʠʪʩʷ ʮʝʥʪʨ ʢʦʥʪʫʨʘ ʧʦʩʘʜʦʯʥʦʡ ʧʣʦʱʘʜʢʠ; 

- ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ɹʇʃɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ʧʣʦʱʘʜʢʠ; 

- ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʚʦʜ ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʵʢʨʘʥ. 

ʀʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʝʨʝʜʘʚʘʝʤʦʝ ʩ ʢʘʤʝʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3ʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʘʣʛʦʨʠʪʤʫ ʬʠʣʴʪʨʘʮʠʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3ʙ. 

 

  
ʘ ʙ 

 

ʈʠʩʫʥʦʢ 3 ï ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʩʘʜʦʯʥʦʡ ʧʣʦʱʘʜʢʠ: ʘ ï ʠʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ,  

ʙ ï ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʜʘ 

 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʨʠ 

ʧʨʦʩʤʦʪʨʝ ʩ ʢʘʤʝʨʳ ʚʠʟʫʘʣʴʥʦʡ ʧʦʩʘʜʢʠ ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʷʝʪ ʠ ʦʪʦʙʨʘʞʘʝʪ 

ʩʚʝʪʦʩʠʛʥʘʣʴʥʳʝ ʤʘʷʢʠ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ, ʥʦ ʥʝ ʦʧʨʝʜʝʣʷʝʪ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ 

ʩʫʪʦʢ, ʦʯʝʥʴ ʙʦʣʴʰʠʝ ʟʘʩʚʝʪʢʠ. ʊʘʢ ʢʘʢ ʧʨʠ ʧʝʨʝʚʦʜʝ ʯʝʨʝʟ HSV ʤʘʷʢʠ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʙʝʣʳʤ ʮʚʝʪʦʤ, ʧʦʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʤʥʦʛʦ ʣʦʞʥʳʭ ʤʝʪʦʢ, ʪʘʢʞʝ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʝʪ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ.  

ʇʨʠ ʧʨʦʩʤʦʪʨʝ ʩ ʢʘʤʝʨʳ ʩ ʀʂ- ʬʠʣʴʪʨʦʤ ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʷʝʪ ʠ 

ʦʪʦʙʨʘʞʘʝʪ ʚ ʥʦʯʥʦʝ ʠ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʩʚʝʪʦʩʠʛʥʘʣʴʥʳʝ ʤʘʷʢʠ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʧʦʷʚʣʝʥʠʷ ʣʦʞʥʳʭ ʤʝʪʦʢ. ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʣʴʪʨʦʚʘʪʴ 

ʤʘʷʢʠ ʧʦ ʮʚʝʪʫ ʠ ʦʧʨʝʜʝʣʷʪʴ ʢʘʢ ʢʨʘʩʥʳʝ, ʪʘʢ ʠ ʟʝʣʝʥʳʝ ʤʘʷʢʠ. ʉʠʩʪʝʤʘ 
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ʙʝʟʦʰʠʙʦʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʠ ʚʳʯʠʩʣʷʝʪ ʢʘʢ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʚ ʧʦʣʝʪʥʳʡ ʢʦʥʪʨʦʣʣʝʨ, ʪʘʢ ʠ ʚʠʟʫʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʘʜʢʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʧʦʜʭʦʜʦʚ ʧʦ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʤʫ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʶ ʜʣʷ ʩʠʩʪʝʤ ʧʦʩʘʜʢʠ 

ʚʝʨʪʦʣʝʪʥʦʛʦ ʪʠʧʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʚʝʪʦʩʠʛʥʘʣʴʥʳʭ ʤʘʷʢʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ Pyton ʧʦ ʘʣʛʦʨʠʪʤʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʦʪʘʪʴ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʚʝʪʦʩʠʛʥʘʣʴʥʳʭ ʤʘʷʢʦʚ ʠ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ. ʇʨʦʠʟʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʳ 

ʘʣʛʦʨʠʪʤʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ 

ʨʝʟʫʣʴʪʘʪʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʛʥʘʣʳ, ʧʨʠʥʷʪʳʝ ʠ ʦʙʨʘʙʦʪʘʥʥʳʝ ʩ 
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ʨʝʬʣʝʢʪʦʨʘ 12 ʤ) ʠ ʋʀʂ-ʄ (ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ, ʩ 
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ɺʚʝʜʝʥʠʝ 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ 

ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʙʳʣʘ ʠ ʦʩʪʘʸʪʩʷ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʦʧʨʝʜʝʣʝʥʠʡ, ʢʦʪʦʨʘʷ ʨʝʰʘʝʪʩʷ ʢʘʢ ʟʘ ʩʯʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʠ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʪʘʢ ʠ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʜʦʧʦʣʥʝʥʠʷ ɻʅʉʉ [4]. 

ʌʝʜʝʨʘʣʴʥʘʷ ʮʝʣʝʚʘʷ ʧʨʦʛʨʘʤʤʘ ɻʃʆʅɸʉʉ ʥʘ 2021-2030 ʛʦʜʳ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʨʦʩʩʠʡʩʢʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ. ʀʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ 

ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʦʩʥʘʱʝʥʠʷ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ "ɻʃʆʅɸʉʉ-ʂ2" 

ʚʳʩʦʢʦʪʦʯʥʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʯʘʩʘʤʠ, ʢʦʪʦʨʳʝ ʚ 10 ʨʘʟ ʪʦʯʥʝʝ ʨʫʙʠʜʠʝʚʳʭ ʠ 

ʮʝʟʠʝʚʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʠʥʪʝʛʨʘʮʠʠ ʩ ʥʦʚʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ, ʥʘʧʨʠʤʝʨ ʥʘʚʠʛʘʮʠʝʡ ʥʘ ʙʘʟʝ ʘʥʦʤʘʣʠʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ 

ʟʝʤʣʠ ʠ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ [2]. ʆʩʫʱʝʩʪʚʣʷʝʤʳʡ ʧʝʨʝʭʦʜ ʩʠʩʪʝʤʳ 

ɻʃʆʅɸʉʉ ʦʪ ʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʢ ʢʦʜʦʚʦʤʫ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʢʦʜʦʚ ʜʘʣʴʥʦʩʪʠ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʢʦʜʦʚ ʜʘʣʴʥʦʩʪʠ 

ʜʣʷ ʯʘʩʪʦʪʥʦʛʦ ʠ ʢʦʜʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʤʧʣʝʢʩʦʚ ʄʂ ʆʕʍ ʠ ʋʀʂ-ʄ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʦʩʤʠʯʝʩʢʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ 

ʨʘʙʦʪʘʝʪ ʚ ʩʦʩʪʘʚʝ 26 ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʧʦ ʮʝʣʝʚʦʤʫ 

ʥʘʟʥʘʯʝʥʠʶ 24 ʘʧʧʘʨʘʪʘ, 2 ʘʧʧʘʨʘʪʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʵʪʘʧʝ ʚʚʦʜʘ ʚ ʩʠʩʪʝʤʫ (ʵʪʦ 

ʩʧʫʪʥʠʢʠ ɻʃʆʅɸʉʉ-ʂ, ʟʘʧʫʱʝʥʥʳʡ 10.10.2022 ʛ., ʠ ɻʃʆʅɸʉʉ-ʂ2, 

ʟʘʧʫʱʝʥʥʳʡ 07.08.2023 ʛ.) [5]. 

ʉʧʫʪʥʠʢʠ ɻʣʦʥʘʩʩ-ʂ, ʢʨʦʤʝ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʯʘʩʪʦʪʥʳʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʚ ʜʠʘʧʘʟʦʥʘʭ L1 ʠ L2, ʧʝʨʝʜʘʶʪ ʩʠʛʥʘʣ ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʚ 

ʜʠʘʧʘʟʦʥʝ L3, ʘ ʩʧʫʪʥʠʢ, ʟʘʧʫʱʝʥʥʳʡ 10.10.2022ʛ ʠ ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʵʪʘʧʝ 

ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʧʝʨʝʜʘʝʪ ʩʠʛʥʘʣ ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʠ ʚ ʜʠʘʧʘʟʦʥʝ 

L2 [1; 3]. ʅʘ ʩʧʫʪʥʠʢ ɻʃʆʅɸʉʉ-ʂ2, ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ, ʮʝʣʝʫʢʘʟʘʥʠʝ ʥʝ 

ʚʳʜʘʝʪʩʷ. 

ʇʨʦʮʝʜʫʨʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʩʧʫʪʥʠʢʦʚ ʚ ʜʠʘʧʘʟʦʥʘʭ L1, L2 ʠ L3 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʧʝʨʝʥʦʩ 

ʩʧʝʢʪʨʘ ʧʨʠʥʷʪʦʛʦ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʥʫʣʝʚʫʶ ʯʘʩʪʦʪʫ ʩ ʧʦʜʩʪʨʦʡʢʦʡ ʧʦ 

ʬʘʟʝ, ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʠʩʘʥʥʳʤʠ ʚ ICD ʘʣʛʦʨʠʪʤʘʤʠ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʦʜʳ ʜʘʣʴʥʦʩʪʠ ʜʣʷ ʯʘʩʪʦʪʥʦʛʦ ʠ ʢʦʜʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʘʭ L1, L2 ʠ L3.  

ʂʦʜʳ ʜʘʣʴʥʦʩʪʠ ʧʨʠ ʯʘʩʪʦʪʥʦʤ ʨʘʟʜʝʣʝʥʠʠ ʩʠʛʥʘʣʦʚ ʚ ʜʠʘʧʘʟʦʥʘʭ L1 ʠ 

L2 ʬʦʨʤʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʜʠʥʦʛʦ ʧʦʣʠʥʦʤʘ G(x)=1+x5+x9. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʢʦʜʘ ʜʘʣʴʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 511 ʩʠʤʚʦʣʦʚ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ t=1,957ʤʢʩ, ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ ʢʦʜʘ ʜʘʣʴʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ 1ʤʩ. ɿʘ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʦʜʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʤʚʦʣʘ ʜʘʥʥʳʭ 
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ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʘʜʮʘʪʴ ʧʝʨʠʦʜʦʚ ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʢʦʜʘ. ʈʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ L1 ʩ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʢʦʜʦʤ ʜʘʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1 (ʨʝʟʫʣʴʪʘʪ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ L2 ʜʘʝʪ ʪʘʢʦʡ ʞʝ ʨʝʟʫʣʴʪʘʪ). 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʢʦʨʨʝʣʷʪʦʨʘ 
 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʢʦʜʘ ʚ ʜʠʘʧʘʟʦʥʝ L3 (ʨʠʩʫʥʦʢ 2.), ʧʨʠ 

ʢʦʜʦʚʦʤ ʨʘʟʜʝʣʝʥʠʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʜʘ ʜʘʣʴʥʦʩʪʠ 

ʧʨʠ ʯʘʩʪʦʪʥʦʤ ʨʘʟʜʝʣʝʥʠʠ [6].  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʜʘ ʜʘʣʴʥʦʩʪʠ ʠ ʩʠʛʥʘʣʘ L3 ʚ ʮʝʣʦʤ 

ʥʘ ʙʦʨʪʫ ʩʧʫʪʥʠʢʘ 

 



129 

ɼʣʠʥʘ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʢʦʜʘ ʜʘʣʴʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 10230 ʩʠʤʚʦʣʦʚ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ t=9,775ɽ-8ʩ, ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ ʢʦʜʘ ʜʘʣʴʥʦʩʪʠ, 

ʢʘʢ ʠ ʜʣʷ ʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ, ʩʦʩʪʘʚʣʷʝʪ 1ʤʩ. ɿʘ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʦʜʥʦʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʤʚʦʣʘ ʜʘʥʥʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʜʝʩʷʪʴ ʧʝʨʠʦʜʦʚ 

ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʢʦʜʘ. 

ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʝʨʪʢʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʜʠʘʧʘʟʦʥʝ L3 ʩ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʢʦʜʦʤ ʜʘʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʘ) 
 

 
ʙ) 
 

ʈʠʩʫʥʦʢ 3 ï ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʢʦʨʨʝʣʷʪʦʨʘ: ʘ ï ʧʦ ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʝ,  

ʙ ï ʧʦ ʨʝʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʝ 
 

ʈʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʦʪʢʣʠʢʘ ʧʨʠ ʢʦʜʦʚʦʤ ʠ ʯʘʩʪʦʪʥʦʤ 

ʨʘʟʜʝʣʝʥʠʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʈʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʦʪʢʣʠʢʦʚ 

 

ʀʟ ʨʠʩʫʥʢʘ 4 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʯʘʩʪʦʪʥʦʤ ʨʘʟʜʝʣʝʥʠʠ ʩʠʛʥʘʣʦʚ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʦʪʢʣʠʢ ʠʤʝʝʪ ʙʦʣʝʝ ʧʣʦʩʢʫʶ ʚʝʨʰʠʥʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʧʨʠ ʢʦʜʦʚʦʤ ʨʘʟʜʝʣʝʥʠʠ 

ʚ ʜʠʘʧʘʟʦʥʘʭ L2 ʠ L3 ʤʦʞʥʦ ʥʘʡʪʠ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʦʣʴʢʦ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʢʦʜʘ. ɺ ʜʠʘʧʘʟʦʥʝ L2 ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʢʦʜʘ ʘʥʘʣʦʛʠʯʥʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʜʘ ɼʂL30Cp ʥʘ ʨʠʩʫʥʢʝ 2. 

ɺʩʪʨʘʠʚʘʥʠʝ ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʢʦʜʘ ʚ ʧʝʨʝʜʘʚʘʝʤʳʡ ʩʠʛʥʘʣ ʧʦʷʩʥʷʝʪ ʨʠʩʫʥʦʢ 5 [7]. 
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ʈʠʩʫʥʦʢ 5 ï ɺʨʝʤʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ L2q  

ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠʟʣʫʯʘʝʤʦʛʦ ʩʧʫʪʥʠʢʦʤ ʩʠʛʥʘʣʘ 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʉʨʘʚʥʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʦʪʢʣʠʢʦʚ: 1 ï ʯʘʩʪʦʪʥʦʝ ʨʘʟʜʝʣʝʥʠʝ L1, 

2 ï ʢʦʜʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ L3, 3 ï ʢʦʜʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ L2 

 
ɿʘʢʣʶʯʝʥʠʝ 
ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ɸʎʇ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʦʮʠʬʨʦʚʢʝ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ, ʨʘʚʥʷʝʪʩʷ 56.25ʄɻʮ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʠʢʘ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʩʠ ʚ ʜʠʘʧʘʟʦʥʝ 

L1, ʧʨʠ ʯʘʩʪʦʪʥʦʤ ʨʘʟʜʝʣʝʥʠʠ ʩʠʛʥʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ, 5.333ɽ-8 (ʛʨʘʬʠʢ 1 ʥʘ 

ʨʠʩʫʥʢʝ 6), ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ 

ʧʠʢʘ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʩʠ ʚ ʜʠʘʧʘʟʦʥʝ L3, ʧʨʠ ʢʦʜʦʚʦʤ ʨʘʟʜʝʣʝʥʠʠ ʩʠʛʥʘʣʦʚ 

ʩʦʩʪʘʚʣʷʝʪ, 1.778ɽ-9 (ʛʨʘʬʠʢ 2 ʥʘ ʨʠʩʫʥʢʝ 6), ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʠʢʘ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʩʠ ʚ ʜʠʘʧʘʟʦʥʝ 

L2, ʧʨʠ ʢʦʜʦʚʦʤ ʨʘʟʜʝʣʝʥʠʠ ʩʠʛʥʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ, 2.489ɽ-8 (ʛʨʘʬʠʢ 3 ʥʘ 

ʨʠʩʫʥʢʝ 6). 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʝʨʝʚʦʟʦʯʥʦʡ ʨʘʙʦʪʳ ʣʦʢʦʤʦʪʠʚʦʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʞʠʤʦʚ ʚʝʜʝʥʠʷ ʧʦʝʟʜʘ ʩ 

ʫʯʸʪʦʤ ʪʦʨʤʦʟʥʳʭ ʩʠʣ ʝʛʦ ʧʦ ʜʘʥʥʳʤ ʩʢʦʨʦʩʪʝʤʝʨʥʦʡ ʣʝʥʪʳ ʜʣʷ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. ʇʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ 

ʫʢʘʟʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʣʦʢʦʤʦʪʠʚʦʚ ʜʠʟʝʣʴʥʦʡ ʪʷʛʠ ʥʘ ʦʜʥʦʤ ʠʟ ʨʝʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʋʟʙʝʢʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤ ʮʝʭʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. 
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Abstract. A methodology is proposed for determining the parameters of the energy 

indicators of the transportation work of locomotives and the indicators of the operating modes 

of the train, taking into account its braking forces according to the data of the speedmeasure 

tape for real operating conditions of railways. An example of the implementation of this 

technique for locomotives of diesel traction on one of the real sections of the Uzbek railway is 

given. It is recommended for specialists in the railway locomotive complex operation 

workshop. 
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ʈʘʟʨʘʙʦʪʢʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʝʨʝʚʦʟʦʯʥʦʡ ʨʘʙʦʪʳ ʣʦʢʦʤʦʪʠʚʦʚ ʪʨʝʙʫʝʪ ʦʙʲʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʬʘʢʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʥʘ ʫʯʘʩʪʢʘʭ ʠ ʜʦʩʪʠʛʥʫʪʳʭ ʧʨʠ ʵʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʦʙʳʯʥʦ ʚʝʜʫʪ ʥʘ ʦʩʥʦʚʝ 

ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ, ʪʦ ʝʩʪʴ 

 

  (1) 

 

ʛʜʝ V ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ; 

S ï ʧʫʪʴ (ʨʘʩʩʪʦʷʥʠʝ), ʧʨʦʭʦʜʠʤʳʡ ʧʦʝʟʜʦʤ; 

u ï ʧʦʟʠʮʠʷ ʢʦʥʪʨʦʣʣʝʨʘ ʤʘʰʠʥʠʩʪʘ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1) ʷʚʣʷʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ V (S, u) ʠ ʚʨʝʤʝʥʠ ʭʦʜʘ t (S, u) ʧʦʝʟʜʘ, ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ E (S, u) 

ʣʦʢʦʤʦʪʠʚʦʤ ʠ ʜʨʫʛʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʘʩʯʸʪʘʤʠ ʜʘʥʥʳʝ ʥʝ 

ʚʩʝʛʜʘ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʬʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʜʣʷ ʜʘʥʥʦʡ, ʢʦʥʢʨʝʪʥʦʡ 

ʧʦʝʟʜʢʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʢʘʢ ʩʣʦʞʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʨʘʟʠʪʴ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʦʡ ʧʦʝʟʜʢʠ. 

ɿʘʚʠʩʠʤʦʩʪʠ V (S, u) ʠ t (S, u), ʤʦʤʝʥʪʳ ʪʦʨʤʦʞʝʥʠʡ ʠ ʜʨʫʛʠʝ, ʟʘʧʠʩʘʥʥʳʝ 

ʥʘ ʩʢʦʨʦʩʪʝʤʝʨʥʦʡ ʣʝʥʪʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʲʝʢʪʠʚʥʦʝ ʦʪʨʘʞʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʤʘʰʠʥʠʩʪʦʤ ʫʢʘʟʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʝʟʜʢʠ ʩ ʫʯʸʪʦʤ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʚʝʜʝʥʠʷ ʧʦʝʟʜʘ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ 

ʨʘʙʦʪʳ ʤʘʰʠʥʠʩʪʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ. ʅʘ ʩʢʦʨʦʩʪʝʤʝʨʥʦʡ ʣʝʥʪʝ ʬʠʢʩʠʨʫʶʪʩʷ ʠ ʢʦʥʢʨʝʪʥʳʝ 

ʫʩʣʦʚʠʷ ʧʝʨʝʚʦʟʦʯʥʦʡ ʨʘʙʦʪʳ ʣʦʢʦʤʦʪʠʚʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. 

ʇʦʵʪʦʤʫ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʟʘʧʠʩʘʥʥʳʭ ʥʘ ʩʢʦʨʦʩʪʝʤʝʨʥʦʡ ʣʝʥʪʝ, ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʄʝʪʦʜʠʢʘ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʝʟʜʦʢ ʧʦ 

ʜʘʥʥʳʤ ʩʢʦʨʦʩʪʝʤʝʨʥʦʡ ʣʝʥʪʳ ʧʨʠʚʦʜʠʣʘʩʴ ʨʘʥʝʝ [1; 2]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʠʟʣʦʞʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʷʤ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʨʘʙʦʪʳ ʪʦʨʤʦʟʥʳʭ ʩʠʣ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʷʜʘ ʨʝʘʣʴʥʳʭ ʧʦʝʟʜʦʢ ʧʦ ʜʘʥʥʳʤ ʩʢʦʨʦʩʪʝʤʝʨʥʦʡ ʣʝʥʪʳ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʝʟʜʢʠ ʩʣʝʜʫʝʪ ʛʨʫʧʧʠʨʦʚʘʪʴ ʧʦ 

ʚʘʨʠʘʥʪʘʤ ʨʘʙʦʪʳ (ɺʈ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʠʜ ʨʘʙʦʪʳ (ʛʨʫʟʦʚʘʷ, 

ʧʘʩʩʘʞʠʨʩʢʘʷ ʠ ʜʨʫʛʠʝ), ʨʦʜ ʧʦʝʟʜʦʚ (ʛʨʫʞʸʥʳʝ, ʧʦʨʦʞʥʠʝ ʠ ʜʨʫʛʠʝ), ʩʝʨʠʶ 

ʣʦʢʦʤʦʪʠʚʘ, ʫʯʘʩʪʦʢ ʠ ʥʘʧʨʘʚʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʥʦʤʝʨʘʤ 

ʣʦʢʦʤʦʪʠʚʦʚ, ʤʘʰʠʥʠʩʪʘʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚʳʷʚʣʷʪʴ ʩʦʩʪʦʷʥʠʝ ʢʦʥʢʨʝʪʥʳʭ 

ʣʦʢʦʤʦʪʠʚʦʚ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʘʰʠʥʠʩʪʘ. 

ʌʘʢʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʢʦʥʢʨʝʪʥʦʡ ʧʦʝʟʜʢʠ ï ʤʘʩʩʘ ʩʦʩʪʘʚʘ Q, ʯʠʩʣʦ 

ʚʘʛʦʥʦʚ (ʦʩʝʡ) m, ʚʨʝʤʷ ʭʦʜʘ (ʜʚʠʞʝʥʠʷ) t ʧʦʝʟʜʘ, ʚʨʝʤʷ ʩʪʦʷʥʦʢ ʥʘ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʘʥʮʠʷʭ ʠ ʫ ʩʠʛʥʘʣʦʚ tc, ʯʠʩʣʦ ʦʩʪʘʥʦʚʦʢ z ʠ ʚʨʝʤʝʥʥʳʭ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʡ n, ʯʠʩʣʦ ʧʨʦʙ ʪʦʨʤʦʟʦʚ ʚ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ nʪ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʧʦ ʟʘʧʠʩʷʤ ʥʘ ʩʢʦʨʦʩʪʝʤʝʨʥʦʡ ʣʝʥʪʝ ʙʝʟ ʦʩʦʙʳʭ ʟʘʪʨʫʜʥʝʥʠʡ. 
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ɺʘʞʥʳʡ ʨʝʟʫʣʴʪʘʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʟʘ ʧʦʝʟʜʢʫ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʘʩʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʣʦʢʦʤʦʪʠʚʘ ʧʦ 

ʧʝʨʝʜʚʠʞʝʥʠʶ ʧʦʝʟʜʘ [1] ʥʘ ʫʯʘʩʪʢʝ (ʅ ʢʤ, ʢʛʩ ʢʤ): 

 

  =  (2) 

 

ʛʜʝ  ï ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʩʠʣ ʦʩʥʦʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʶ ʣʦʢʦʤʦʪʠʚʘ ʠ ʩʦʩʪʘʚʘ; 

 ï ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʩʠʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ 

ʧʦʝʟʜʘ; 

 ï ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʪʦʨʤʦʟʥʳʭ ʩʠʣ ʟʘ ʧʦʝʟʜʢʫ. 

ɺʝʣʠʯʠʥʳ  ʠ  ʤʦʞʥʦ ʥʘʡʪʠ, ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ, ʧʨʠʚʝʜʸʥʥʳʝ 

ʚ [3] 

 

  (3) 

 

  (4) 

 

  (5) 

 

ʛʜʝ ʈ ʠ Q ï ʤʘʩʩʘ ʣʦʢʦʤʦʪʠʚʘ ʠ ʩʦʩʪʘʚʘ, ʪ; 

L ï ʜʣʠʥʘ ʫʯʘʩʪʢʘ, ʢʤ; 

Ŭ' ï ʧʦʢʘʟʘʪʝʣʴ ʨʝʞʠʤʘ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʩʠʣ ʦʩʥʦʚʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʣʦʢʦʤʦʪʠʚʘ; 

iʢʩ ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʧʦ ʧʫʪʠ ʧʨʠʚʝʜʸʥʥʳʡ ʧʦʜʲʸʤ (ʫʢʣʦʥ) ʥʘ ʫʯʘʩʪʢʝ, 

ă; 

 ï ʫʩʣʦʚʥʦʝ ʫʜʝʣʴʥʦʝ ʦʩʥʦʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʣʦʢʦʤʦʪʠʚʘ 

ʧʨʠ ʩʨʝʜʥʝʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʟʘ ʧʦʝʟʜʢʫ, ʅ/ʢʅ (ʢʛʩ/ʪ). ɿʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ 

 = 0,5  + 0,5 , ʪʦ ʝʩʪʴ ʨʘʚʥʦ ʩʫʤʤʝ ʧʦʣʦʚʠʥʳ ʦʩʥʦʚʥʳʭ ʫʜʝʣʴʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʚʠʞʝʥʠʶ ʣʦʢʦʤʦʪʠʚʘ ʧʨʠ ʨʘʙʦʯʝʤ  ʠ ʭʦʣʦʩʪʦʤ  ʭʦʜʝ, 

ʢʦʪʦʨʳʝ ʙʝʨʫʪ ʩʦʛʣʘʩʥʦ [4]. 

 ï ʫʜʝʣʴʥʦʝ ʦʩʥʦʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʩʪʘʚʘ ʧʨʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʡ ʧʦ 

ʧʫʪʠ ʩʢʦʨʦʩʪʠ ʟʘ ʧʦʝʟʜʢʫ, ʅ/ʢʅ (ʢʛʩ/ʪ); 

Kt ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. ʄʦʞʥʦ 

ʧʨʠʥʠʤʘʪʴ ʧʦ ʜʘʥʥʳʤ [4]. 

ɺʝʣʠʯʠʥʘ Ŭ', ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʥʳʭ ʪʷʛʦʚʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʘʩʯʸʪʦʚ, ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʘʢʪʠʯʝʩʢʦʡ, ʥʘʡʜʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʨʘʩʰʠʬʨʦʚʢʠ 

ʩʢʦʨʦʩʪʝʤʝʨʥʦʡ ʣʝʥʪʳ. ʇʦʵʪʦʤʫ ʚʝʣʠʯʠʥʘ Ŭ' ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʸʪʦʤ 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʝʛʦ ʩ 

ʚʢʣʶʯʝʥʥʦʡ ʪʷʛʦʚʦʡ ʤʘʰʠʥʦʡ Sʨ ʢ ʦʙʱʝʡ ʜʣʠʥʝ L ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. 
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ʄʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʪʦʨʤʦʟʥʳʭ ʩʠʣ ʟʘ ʧʦʝʟʜʢʫ ɸʪ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 

ʨʘʙʦʪʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʦʩʪʦʷʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʩʢʦʨʦʩʪʠ, 

ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʦʙʦʡ ʪʦʨʤʦʟʦʚ ʧʦʩʣʝ ʦʪʧʨʘʚʣʝʥʠʷ ʩ ʫʯʘʩʪʢʦʚʦʡ ʩʪʘʥʮʠʠ ʠ 

ʪʦʨʤʦʞʝʥʠʝʤ ʧʨʠ ʦʩʪʘʥʦʚʢʝ ʥʘ ʢʦʥʝʯʥʦʡ ʩʪʘʥʮʠʠ ɸʪʦ; ʥʘ ʪʦʨʤʦʟʥʫʶ ʨʘʙʦʪʫ ʧʦ 

ʚʨʝʤʝʥʥʳʤ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷʤ ʠ ʧʦ ʞʝʣʪʳʤ ʩʠʛʥʘʣʘʤ ɸʪʧ; ʥʘ ʪʦʨʤʦʟʥʫʶ ʨʘʙʦʪʫ 

ʧʨʠ ʦʩʪʘʥʦʚʢʘʭ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʘʥʮʠʷʭ ʠ ʫ ʩʠʛʥʘʣʦʚ ɸʪz, ʘ ʪʘʢʞʝ ʥʘ 

ʪʦʨʤʦʟʥʫʶ ʨʘʙʦʪʫ ʧʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʙʝ ʪʦʨʤʦʟʦʚ ʚ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʣʝ 

ʜʣʠʪʝʣʴʥʳʭ ʩʪʦʷʥʦʢ ɸʪʧʪ ʠ ʜʨʫʛʠʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

 

  (6) 

 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ , ,  ʧʦʟʚʦʣʷʶʪ ʟʘʪʝʤ ʥʘʡʪʠ ʧʦ ʢʘʞʜʦʤʫ 

ʚʘʨʠʘʥʪʫ ʨʘʙʦʪʳ ɺʈ ʟʘʪʨʘʪʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʪʦʨʤʦʟʥʳʭ ʩʠʣ ʥʘ ʦʜʥʫ 

ʦʩʪʘʥʦʚʢʫ , ʥʘ ʦʜʥʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ , ʥʘ ʦʜʥʫ ʧʨʦʙʫ ʪʦʨʤʦʟʦʚ , 

ʯʪʦ ʫʪʦʯʥʷʝʪ ʦʮʝʥʢʫ ʨʝʞʠʤʘ ʚʦʞʜʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʘʰʠʥʠʩʪʘ, ʘ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʫʩʣʦʚʠʡ ʧʝʨʝʚʦʟʦʯʥʦʡ ʨʘʙʦʪʳ ʥʘ ʫʯʘʩʪʢʝ. 

ʅʘʡʜʝʥʥʳʝ, ʩʦʛʣʘʩʥʦ ʧʨʠʚʝʜʸʥʥʳʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ, ʩʣʘʛʘʝʤʳʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʟʘ ʧʦʝʟʜʢʫ ʧʦʟʚʦʣʷʶʪ ʦʙʦʩʥʦʚʘʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʦʙʱʫʶ ʝʸ 

ʚʝʣʠʯʠʥʫ , ʠʩʢʣʶʯʘʷ ʢʘʢʠʝ-ʣʠʙʦ ʩʣʫʯʘʡʥʦʩʪʠ ʚ ʚʳʷʚʣʝʥʠʠ ʦʩʥʦʚʥʦʡ ʟʘʪʨʘʪʳ 

ʵʥʝʨʛʠʠ ʥʘ ʫʯʘʩʪʢʝ ʧʦ ʧʝʨʝʜʚʠʞʝʥʠʶ ʧʦʝʟʜʘ. ʅʘ ʚʝʣʠʯʠʥʫ  ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʬʘʢʪʠʯʝʩʢʦʝ ʚʨʝʤʷ ʭʦʜʘ ʧʦʝʟʜʘ ʥʘ ʫʯʘʩʪʢʝ tʭ, ʘ ʪʘʢʞʝ 

ʟʘʪʨʘʪʳ ʥʘ ʪʦʨʤʦʞʝʥʠʝ , ʢʦʪʦʨʳʝ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ 

ʧʝʨʝʚʦʟʦʯʥʦʡ ʨʘʙʦʪʳ ʠ ʩ ʨʝʞʠʤʦʤ ʚʝʜʝʥʠʷ ʧʦʝʟʜʘ. 

ʇʨʠ ʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʝ ɸʧ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʘʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʝʟʜʦʢ, ʦʮʝʥʠʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʦʢʦʤʦʪʠʚʦʚ, ʨʝʞʠʤʳ 

ʚʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʟʘ ʧʦʝʟʜʢʫ 

ʬʘʢʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʧʝʨʝʚʦʟʦʯʥʦʡ ʨʘʙʦʪʳ, ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʠʥʷʪʳʭ ʚ 

ʣʦʢʦʤʦʪʠʚʥʦʤ ʜʝʧʦ ʥʦʨʤ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʥʘ ʪʷʛʫ ʧʦʝʟʜʦʚ ʠ ʜʨ. 

ʅʝʦʙʭʦʜʠʤʘʷ ʟʘʪʨʘʪʘ ʵʥʝʨʛʠʠ ʥʘ ʩʦʟʜʘʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʨʘʙʦʪʳ ʟʘ ʧʦʝʟʜʢʫ 

 

  (7) 

 

ʛʜʝ ʂɻ ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ [3], ʢʛ/ʅ ʢʤ 

(ʢʛ/ʢʛʩ ʢʤ) ʠʣʠ ʢɺʪ-ʯ/ʅ ʢʤ (ʢɺʪ-ʯ/ʢʛʩ ʢʤ); 

ɖ ï ʩʨʝʜʥʠʡ ʟʘ ʧʦʝʟʜʢʫ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʠʣʦʚʦʡ ʮʝʧʠ 

ʣʦʢʦʤʦʪʠʚʘ [3; 5]. 

ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʷʜʘ 

ʩʢʦʨʦʩʪʝʤʝʨʥʳʭ ʣʝʥʪ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʟʘ 

ʧʦʝʟʜʢʫ ɸʧ, ʥʘʡʜʝʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ʩʢʦʨʦʩʪʝʤʝʨʥʦʡ ʣʝʥʪʳ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʪʦʯʥʦ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʧʦʝʟʜʢʠ ʦʧʨʝʜʝʣʷʪʴ ʚʩʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʣʦʢʦʤʦʪʠʚʦʚ. 
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ʇʦ ʜʘʥʥʳʤ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʟʘ ʧʦʝʟʜʢʫ 

ɸʧ ʠ ʧʦʢʘʟʘʪʝʣʴ ʩʠʣʦʚʦʡ ʟʘʛʨʫʟʢʠ ɛ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʚ ʥʝʯʸʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠ ʧʨʠʤʝʨʥʦ ʪʝʭ ʞʝ ʚʝʣʠʯʠʥʘʭ Q, ʪ, tʭ ʠ ʧʨʠ ʩʦʚʝʨʰʝʥʥʦ 

ʦʜʠʥʘʢʦʚʦʤ ʣʠʥʝʡʥʦʤ ʧʨʦʙʝʛʝ ʣʦʢʦʤʦʪʠʚʦʚ. ʀʟʥʦʩʳ ʞʝ ʩʠʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʧʨʠ 

ʵʪʦʤ ʙʫʜʫʪ ʨʘʟʣʠʯʥʳ, ʧʦʵʪʦʤʫ ʧʨʠ ʫʪʦʯʥʝʥʠʠ ʤʝʞʨʝʤʦʥʪʥʳʭ ʧʨʦʙʝʛʦʚ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʯʠʪʳʚʘʪʴ ʬʘʢʪʠʯʝʩʢʫʶ ʩʠʣʦʚʫʶ ʟʘʛʨʫʟʢʫ ʣʦʢʦʤʦʪʠʚʦʚ ʥʘ 

ʦʩʥʦʚʝ ʨʘʩʰʠʬʨʦʚʢʠ ʩʢʦʨʦʩʪʝʤʝʨʥʦʡ ʣʝʥʪʳ. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʰʠʬʨʦʚʢʠ ʩʢʦʨʦʩʪʝʤʝʨʥʳʭ ʣʝʥʪ ʜʣʷ ʫʯʘʩʪʢʘ ʀ ï ʋ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʜʣʠʥʘ ʫʯʘʩʪʢʘ L = 115 ʢʤ, ʪʝʧʣʦʚʦʟʳ 2ʊʕ10ʃ 
 

 ̄

ʧ/ʧ 

 

ˉ 

ʪʝʧʣʦʚʦʟʘ, 

ʤʘʰʠʥʠʩʪ 

ʋʩʣʦʚʠʷ 

ʧʝʨʝʚʦʟʦʯʥʦʡ 

ʨʘʙʦʪʳ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ 

ʇʦʢʘʟʘʪʝʣʠ ʨʝʞʠʤʘ 

ʚʝʜʝʥʠʷ ʧʦʝʟʜʘ 

Q z, n tʭ ɸʧ ɽ ɛ Ŭ' ɸʪʦ ɽʢ 

m nʪ tʩ ɸ
" 

ɖɻ ɓ" Ŭ
" 

ɸʪ ɖ 

1 2 3 4 5 6 7 8 9 10 11 

ʅʘʧʨʘʚʣʝʥʠʝ ʀ ï ʋ, ʯʸʪʥʦʝ, iʢʩ = - 1,39 ă 

1 
ˉ 1, 

ɺʘʩʠʣʴʝʚ 

4435 3;1 138 511000 602,0 0,178 0,97 215000 402,0 

212 1 118 132000 0,198 0,258 1,04 318000 0,298 

2 
ˉ 1, 

ʀʚʘʥʦʚ 

3328 5;1 182 494000 732,0 0,130 1,00 76000 468,0 

208 3 166 137000 0,158 0,278 1,06 310000 0,248 

3 
ˉ 2, 

ɺʘʩʠʣʴʝʚ 

3410 4;1 178 457600 635,0 0,123 1,01 821000 413,0 

204 3 115 106000 0,169 0,232 1,04 300000 0,260 

ʅʘʧʨʘʚʣʝʥʠʝ ʀ ï ʋ, ʥʝʯʸʪʥʦʝ, iʢʩ = + 1,63 ă 

4 
ˉ 3, 

ʊʠʪʦʚ 

3721 1;0 155 1602000 1314 0,500 0,91 59300 1148 

196 0 10 1370000 0,286 0,856 1,03 85000 0,328 

5 
ˉ 4, 

ʇʝʪʨʦʚ 

1235 8;0 180 940000 1048 0,252 0,92 15000 771,0 

204 5 197 695000 0,210 0,736 1,08 113000 0,286 

 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʫʯʘʝʚ 1 ʠ 2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʪʝʧʣʦʚʦʟʝ ˉ 1 ʤʘʰʠʥʠʩʪ ɺʘʩʠʣʴʝʚ ʜʦʙʠʣʩʷ ʣʫʯʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘ ʩʯʸʪ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʚʦʞʜʝʥʠʷ, ʯʝʤ ʤʘʰʠʥʠʩʪ ʀʚʘʥʦʚ. ʊʦʪ ʞʝ ʤʘʰʠʥʠʩʪ 

ɺʘʩʠʣʴʝʚ ʥʘ ʪʝʧʣʦʚʦʟʝ ˉ 2 ʚ ʩʣʫʯʘʝ 3 ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʤ ʨʝʞʠʤʝ ʚʝʜʝʥʠʷ 

(  = 1,04) ʧʦʣʫʯʠʣ ʚʝʣʠʯʠʥʫ ʢ.ʧ.ʜ. ʩʠʣʦʚʦʡ ʮʝʧʠ ʪʝʧʣʦʚʦʟʘ ɖ = 0,26, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʭʫʜʰʝʥʥʦʤ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʵʪʦʛʦ ʪʝʧʣʦʚʦʟʘ. 
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ɺ ʩʣʫʯʘʷʭ 4 ʠ 5 (ʥʝʯʸʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ) ʪʝʧʣʦʚʦʟʳ ˉ 3 ʠ ˉ 4 ʠʤʝʶʪ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ, ʪʘʢ ʢʘʢ 

ʚʝʣʠʯʠʥʳ ʢ.ʧ.ʜ. ʩʠʣʦʚʦʡ ʮʝʧʠ ʪʝʧʣʦʚʦʟʘ ʨʘʚʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɖ = 0,286 ʠ ɖ = 

0,328. ɺ ʩʣʫʯʘʝ 5 ʠʤʝʣʦʩʴ ʚʦʩʝʤʴ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʩʪʘʥʦʚʦʢ, ʯʪʦ, ʝʩʪʝʩʪʚʝʥʥʦ, 

ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʟʥʘʯʝʥʠʠ ʚʝʣʠʯʠʥʳ ʢ.ʧ.ʜ. ʩʠʣʦʚʦʡ ʮʝʧʠ ʪʝʧʣʦʚʦʟʘ ɖ. ɽʩʣʠ ʙʳ 

ʫʜʘʣʦʩʴ ʦʨʛʘʥʠʟʦʚʘʪʴ ʙʝʟʦʩʪʘʥʦʚʦʯʥʳʡ ʭʦʜ ʵʪʦʤʫ ʧʦʝʟʜʫ ʥʘ ʫʯʘʩʪʢʝ, ʪʦ ʠʤʝʣʠ 

ʙʳ ʚʝʣʠʯʠʥʫ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʟʘ ʧʦʝʟʜʢʫ ɸʧ = 928 000 ʢʛʩ-ʢʤ, ʘ ʚʝʣʠʯʠʥʫ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʪʦʨʤʦʟʥʳʭ ʩʠʣ ʟʘ ʧʦʝʟʜʢʫ ɸʪ = 15 000 ʢʛʩ-ʢʤ ʠ ʦʙʱʠʡ 

(ʧʦʣʥʳʡ) ʨʘʩʭʦʜ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ɽ = 809 ʢʛ ʧʨʠ ʨʘʩʭʦʜʝ ʝʛʦ ʥʘ ʢʘʩʘʪʝʣʴʥʫʶ 

ʨʘʙʦʪʫ ɽʢ = 703 ʢʛ ʠ ʢ.ʧ.ʜ. ʩʠʣʦʚʦʡ ʮʝʧʠ ʪʝʧʣʦʚʦʟʘ ʨʘʚʥʳʤ ɖ = 0,31. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʘ ʥʘ 28 ʧʨʦʮʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʧʦʝʟʜʘ ʠ ʜʦʩʪʠʛʥʫʪʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ 23 ʧʨʦʮʝʥʪʘ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ 5. ʋʣʫʯʰʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʯʥʦʡ ʨʘʙʦʪʳ 

ʪʝʧʣʦʚʦʟʦʚ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʵʪʦʪ ʧʨʠʤʝʨ, ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʥʷʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʚʦʟʦʯʥʦʡ ʨʘʙʦʪʳ ʣʦʢʦʤʦʪʠʚʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʨʝʚʦʟʦʯʥʦʡ ʨʘʙʦʪʳ ʣʦʢʦʤʦʪʠʚʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʨʘʩʰʠʬʨʦʚʢʠ ʩʢʦʨʦʩʪʝʤʝʨʥʳʭ ʣʝʥʪ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʦʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ, 

ʢʘʢ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ, ʪʘʢ ʠ ʬʘʢʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʷʛʦʚʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʨʘʙʦʪʳ ʠ ʩʠʣʦʚʦʡ ʟʘʛʨʫʟʢʠ ʠʭ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʷʛʦʚʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ ʩʪʘʣʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʦʩʨʝʜʥʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʢʘʩʘʪʝʣʴʥʦʡ ʩʠʣʳ ʪʷʛʠ ʣʦʢʦʤʦʪʠʚʘ ʠ 

ʪʦʨʤʦʟʥʳʭ ʩʠʣ ʧʦʝʟʜʘ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʦʢʦʤʦʪʠʚʦʚ ʩ ʫʯʸʪʦʤ ʟʘʧʠʩʝʡ ʥʘ ʩʢʦʨʦʩʪʝʤʝʨʥʳʭ ʣʝʥʪʘʭ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʪ ʦʙʲʝʢʪʠʚʥʳʡ ʠ ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ 

ʣʦʢʦʤʦʪʠʚʦʚ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ.  
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ʩʣʦʞʥʦʩʪʷʤʠ ʧʨʠ ʣʠʟʠʥʛʝ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʜʦʣʞʘʶʪʩʷ ʠ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʦʧʨʦʩʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʜʠʥʘʤʠʢʝ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʨʫʧʥʝʡʰʠʭ ʣʠʟʠʥʛʦʚʳʭ ʢʦʤʧʘʥʠʡ ʈʦʩʩʠʠ. 

ɸʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʩʠʥʪʝʟ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʦʥʥʦʛʦ ʣʠʟʠʥʛʘ ʚ ʈʦʩʩʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʟʠʥʛ, ʚʦʟʜʫʰʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʘʚʠʘʮʠʦʥʥʘʷ ʣʠʟʠʥʛʦʚʘʷ ʢʦʤʧʘʥʠʷ, 

ʣʠʟʠʥʛʦʜʘʪʝʣʴ. 
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ʃʠʟʠʥʛʦʚʳʝ ʩʦʛʣʘʰʝʥʠʷ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʵʢʦʥʦʤʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟʜʫʰʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. ʃʠʟʠʥʛ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʭʦʟʷʡʩʪʚʫʶʱʠʤ ʩʫʙʲʝʢʪʘʤ ʵʢʦʥʦʤʠʢʠ ʧʨʠʦʙʨʝʪʘʪʴ ʥʦʚʝʡʰʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʘ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʨʝʜʦʚʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠʤʫʱʝʩʪʚʘ ʚ ʣʠʟʠʥʛ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʪʩʨʦʯʢʦʡ ʧʣʘʪʝʞʘ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ ʩʫʙʲʝʢʪʘ 

ʵʢʦʥʦʤʠʢʠ, ʩʥʠʞʘʷ ʝʛʦ ʟʘʪʨʘʪʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ [1]. 

ɸʚʠʘʮʠʦʥʥʳʡ ʣʠʟʠʥʛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʠʥʘʥʩʦʚʫʶ ʤʦʜʝʣʴ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʫʶ ʜʦʣʛʦʩʨʦʯʥʫʶ ʘʨʝʥʜʫ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʘʚʠʘʢʦʤʧʘʥʠʝʡ 
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(ʦʧʝʨʘʪʦʨʦʤ ʩʘʤʦʣʝʪʦʚ) ʫ ʜʨʫʛʦʡ ʘʚʠʘʢʦʤʧʘʥʠʠ ʠʣʠ ʫ ʣʠʟʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ. 

ʃʠʟʠʥʛ ʩʘʤʦʣʝʪʦʚ ʯʘʩʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʚ ʨʘʩʧʦʨʷʞʝʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʪʝʭʥʠʢʠ, ʥʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʢʦʤʧʣʝʢʪʘʮʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʘ ʪʘʢʞʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʫʩʣʫʛ [2]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʩʦʩʪʦʠʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʦʩʥʦʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʨʫʧʥʝʡʰʠʭ ʘʚʠʘʮʠʦʥʥʳʭ ʣʠʟʠʥʛʦʚʳʭ ʢʦʤʧʘʥʠʡ 

ʈʦʩʩʠʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʘʚʪʦʨʘʤ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʧʦ ʧʦʣʫʯʝʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʚʦʟʤʦʞʥʳʭ ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʣʠʟʠʥʛʘ ʚ ʈʦʩʩʠʠ. 

ɸʚʠʘʮʠʦʥʥʳʝ ʣʠʟʠʥʛʦʚʳʝ ʢʦʤʧʘʥʠʠ ï ʵʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʘʨʝʥʜʦʡ ʠ ʣʠʟʠʥʛʦʤ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʨʘʟʥʳʭ 

ʪʠʧʦʚ (ʩʘʤʦʣʝʪʦʚ ʠ ʚʝʨʪʦʣʝʪʦʚ). ʆʥʠ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʢʘʢ ʬʠʥʘʥʩʦʚʳʡ, ʪʘʢ 

ʠ ʦʧʝʨʘʮʠʦʥʥʳʡ ʣʠʟʠʥʛ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʫʩʣʫʛʠ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʘ ʪʘʢʞʝ ʧʦ ʧʨʦʜʘʞʝ ʠ ʧʦʢʫʧʢʝ 

ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʩʘʤʦʣʝʪʦʚ.  

ɼʦ ʥʘʯʘʣʘ 2022 ʛʦʜʘ ʚ ʈʦʩʩʠʠ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʠʩʴ 515 ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ 67 ʠʥʦʩʪʨʘʥʥʳʤ ʣʠʟʠʥʛʦʜʘʪʝʣʷʤ. ʉʘʤʳʡ ʢʨʫʧʥʳʡ 

ʣʠʟʠʥʛʦʜʘʪʝʣʴ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ï ʠʨʣʘʥʜʩʢʘʷ AerCap, ʧʝʨʝʜʘʣʘ ʨʦʩʩʠʡʩʢʠʤ 

ʢʦʤʧʘʥʠʷʤ 152 ʚʦʟʜʫʰʥʳʭ ʩʫʜʥʘ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʴʶ 2,4 ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ 

ʉʐɸ (ʦʢʦʣʦ 5% ʚʩʝʛʦ ʧʦʨʪʬʝʣʷ ʘʢʪʠʚʦʚ ʢʦʤʧʘʥʠʠ). ɺʦʟʜʫʰʥʳʝ ʩʫʜʘ 

ʨʦʩʩʠʡʩʢʠʭ ʘʚʠʘʢʦʤʧʘʥʠʡ ʥʦʩʷʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʝ ʟʥʘʢʠ 

ɹʝʨʤʫʜʩʢʠʭ ʦʩʪʨʦʚʦʚ, ʀʨʣʘʥʜʠʠ ʠ ʈʦʩʩʠʠ. ʅʝʢʦʪʦʨʳʝ ʚʦʟʜʫʰʥʳʝ ʩʫʜʘ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʛʨʘʞʜʘʥʘʤ ʈʦʩʩʠʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʠʤʝʨʥʦ ʚ 45 

ʛʦʩʫʜʘʨʩʪʚʘʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ɸʚʩʪʨʠʠ, ʃʶʢʩʝʤʙʫʨʛʝ ʠ ʪ.ʜ. ʨʦʩʩʠʡʩʢʠʝ ɺʉ 

ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʵʢʦʥʦʤʠʢʠ ʪʨʘʥʩʧʦʨʪʘ ʠʣʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʝʸ ʯʘʩʪʴ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʥʠʤʘʝʤʳʭ ʈʌ ʤʝʨ, ʦʥʠ ʨʝʢʚʠʟʠʨʫʶʪʩʷ ʠ ʘʨʝʩʪʦʚʳʚʘʶʪʩʷ ʥʘ 

ʫʩʣʦʚʠʷʭ çʜʦʧʫʩʪʠʤʦʛʦ ʫʜʝʨʞʘʥʠʷè ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʝʩʪʨʘ ʩʪʨʘʥʳ ʨʝʛʠʩʪʨʘʮʠʠ 

[3]. 

ʉʨʝʜʠ ʢʨʫʧʥʝʡʰʠʭ ʈʦʩʩʠʡʩʢʠʭ ʘʚʠʘʮʠʦʥʥʳʭ ʣʠʟʠʥʛʦʚʳʭ ʢʦʤʧʘʥʠʡ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

- ʇʉɹ ʃʠʟʠʥʛ;  

- ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʣʠʟʠʥʛʦʚʘʷ ʢʦʤʧʘʥʠʷ (ɻʊʃʂ) [4]; 

- ɻʘʟʧʨʦʤʙʘʥʢ ʃʠʟʠʥʛ; 

- ʈʝʛʠʦʥ ʃʠʟʠʥʛ; 

- ʉʙʝʨʙʘʥʢ ʃʠʟʠʥʛ; 

- ɺʊɹ ʃʠʟʠʥʛ; 

- ʂʫʟʙʘʩʩ ʌʠʥʘʥʩ ʃʠʟʠʥʛ. 

ʆ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʫʩʧʝʰʥʦʩʪʠ ʣʠʟʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ ʤʦʞʥʦ ʩʫʜʠʪʴ 

ʧʦ ʦʙʲʝʤʫ ʣʠʟʠʥʛʦʚʦʛʦ ʧʦʨʪʬʝʣʷ. ʃʠʟʠʥʛʦʚʳʡ ʧʦʨʪʬʝʣʴ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʦʙʲʝʢʪʦʚ ʣʠʟʠʥʛʘ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʣʠʟʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ ʠ 

ʩʜʘʶʪʩʷ ʚ ʘʨʝʥʜʫ ʜʨʫʛʠʤ ʢʦʤʧʘʥʠʷʤ ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʷʤ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʃʠʟʠʥʛʦʚʳʡ ʧʦʨʪʬʝʣʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʬʠʥʘʥʩʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʦʣʫʯʘʪʴ ʜʦʭʦʜ ʦʪ ʘʨʝʥʜʳ 
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ʠʤʫʱʝʩʪʚʘ ʠ ʫʧʨʘʚʣʷʪʴ ʨʠʩʢʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʝʡ. ʅʘ ʨʠʩʫʥʢʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʦʙʲʝʤʘ ʣʠʟʠʥʛʦʚʦʛʦ ʧʦʨʪʬʝʣʷ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ ʚ 

ʯʘʩʪʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʟʘ 2021-2022 ʛʛ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʆʙʲʝʤ ʣʠʟʠʥʛʦʚʦʛʦ ʧʦʨʪʬʝʣʷ ʥʘ ʧʨʠʤʝʨʝ ʘʚʠʘʮʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʟʘ 2021-2022 ʛʛ. ʚ ʤʣʥ ʨʫʙ. 
 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ, ʫ ʧʦʣʦʚʠʥʳ ʢʦʤʧʘʥʠʡ ʧʨʦʠʟʦʰʣʦ ʟʘʤʝʪʥʦʝ 

ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʣʠʟʠʥʛʦʚʦʛʦ ʧʦʨʪʬʝʣʷ. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʚʣʠʷʥʠʝʤ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʠ ʩʘʥʢʮʠʡ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʜʠʥʘʤʠʢʘ 

ʦʙʲʝʤʘ ʧʦʨʪʬʝʣʷ ʣʠʟʠʥʛʦʚʳʭ ʢʦʤʧʘʥʠʡ (ʃʂ) ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 ï ʊʝʤʧʳ ʧʨʠʨʦʩʪʘ ʦʙʲʝʤʘ ʣʠʟʠʥʛʦʚʦʛʦ ʧʦʨʪʬʝʣʷ ʟʘ 2020-2022 ʛʛ. 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʃʂ 
ʊʝʤʧʳ ʧʨʠʨʦʩʪʘ, % 

2020 2021 2022 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʪʨʘʥʩʧʦʨʪʥʘʷ 

ʣʠʟʠʥʛʦʚʘʷ 

ʢʦʤʧʘʥʠʷ (ɻʊʃʂ) 

9,23 -1,49 -22,88 

ʇʉɹ ʃʠʟʠʥʛ  12,81 425,59 37,26 

ɻʘʟʧʨʦʤʙʘʥʢ 

ʃʠʟʠʥʛ 116,98 11,37 0,39 

ʉʙʝʨʙʘʥʢ ʃʠʟʠʥʛ 5,02 16,63 -88,40 

ɺʊɹ ʃʠʟʠʥʛ 2,03 -15,65 -99,00 

ʈʝʛʠʦʥ ʃʠʟʠʥʛ 10,16 100,52 -40,45 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʚ 2022 ʛʦʜʫ ʠʤʝʶʪ 4 ʢʦʤʧʘʥʠʠ ʠʟ 6 

ʠʩʩʣʝʜʫʝʤʳʭ: ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʣʠʟʠʥʛʦʚʘʷ ʢʦʤʧʘʥʠʷ (ɻʊʃʂ) ï 

22,88%, ʉʙʝʨʙʘʥʢ ʃʠʟʠʥʛ ï 88,40%, ɺʊɹ ʃʠʟʠʥʛ ï 99,00% ʠ ʈʝʛʠʦʥ ʃʠʟʠʥʛ- 

40,45%. ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʫ ʢʦʤʧʘʥʠʠ çʇʉɹ ʃʠʟʠʥʛè ʠ 

ʩʦʩʪʘʚʣʷʝʪ 37,26%. ɻʘʟʧʨʦʤʙʘʥʢ ʃʠʟʠʥʛ ʥʝ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʠʨʦʩʪʘ, ʪʝʤ 

ʥʝ ʤʝʥʝʝ ʥʝ ʫʭʦʜʠʪ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ï 0,39%. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 2021 

ʛʦʜʦʤ ʚ 2022 ʛʦʜʫ ʦʪʤʝʯʘʶʪʩʷ ʨʝʟʢʠʝ ʩʥʠʞʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʫ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʣʠʟʠʥʛʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʢʨʠʟʠʩʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʜʘʥʥʦʡ 

ʦʪʨʘʩʣʠ ʙʠʟʥʝʩʘ. 

ʊʘʢʞʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʚʠʪʠʝ ʣʠʟʠʥʛʦʚʦʛʦ ʧʦʨʪʬʝʣʷ ʢʦʤʧʘʥʠʡ ʚ ʯʘʩʪʠ 

ʙʠʟʥʝʩʘ, ʩʢʣʘʜʳʚʘʶʱʝʛʦʩʷ ʚ ʥʦʚʳʭ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. ʊʝʤʧ ʧʨʠʨʦʩʪʘ ʣʠʟʠʥʛʦʚʦʛʦ ʙʠʟʥʝʩʘ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʩʬʝʨʝ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʦ ʜʘʥʥʳʤ ʘʛʝʥʪʩʪʚʘ çʕʢʩʧʝʨʪ ʈʘè ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ï 60,9% [5]. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʫʧʥʳʝ ʣʠʟʠʥʛʦʚʳʝ 

ʢʦʤʧʘʥʠʠ ʚ ʯʘʩʪʠ ʙʠʟʥʝʩʘ ʚ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʡ ʚ 2021 ʠ 2022 ʛʛ. 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ʆʙʲʝʤ ʣʠʟʠʥʛʦʚʦʛʦ ʙʠʟʥʝʩʘ ʚ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʡ ʚ ʯʘʩʪʠ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʟʘ 2021-2022 ʛʛ. ʚ ʤʣʥ ʨʫʙ. 

 

ʊʘʢʦʝ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʣʠʟʠʥʛʦʚʦʛʦ ʙʠʟʥʝʩʘ ʚ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʦʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʜʦʩʨʦʯʥʳʤ ʨʘʩʪʦʨʞʝʥʠʝʤ ʨʷʜʘ ʢʨʫʧʥʳʭ ʩʜʝʣʦʢ, ʘ ʪʘʢʞʝ 

ʧʝʨʝʬʦʨʤʘʪʠʨʦʚʘʥʠʝʤ ʜʦʛʦʚʦʨʦʚ ʣʠʟʠʥʛʘ ʩʘʤʦʣʝʪʦʚ. ʆʜʥʘʢʦ ʫʭʦʜ ʩ ʨʳʥʢʘ 

ʟʘʨʫʙʝʞʥʳʭ ʣʠʟʠʥʛʦʚʳʭ ʢʦʤʧʘʥʠʡ ʤʦʞʝʪ ʩʪʘʪʴ ʪʦʣʯʢʦʤ ʜʣʷ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʙʠʟʥʝʩʘ. ʈʘʩʩʤʦʪʨʠʤ ʪʝʤʧʳ ʧʨʠʨʦʩʪʘ ʦʙʲʝʤʦʚ 

ʣʠʟʠʥʛʦʚʦʛʦ ʙʠʟʥʝʩʘ ʚ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʡ ʚ ʪʘʙʣʠʮʝ 2. 
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ʃʠʜʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ ʧʦ ʪʝʤʧʘʤ ʧʨʠʨʦʩʪʘ ʣʠʟʠʥʛʦʚʦʛʦ ʙʠʟʥʝʩʘ ʚ 

ʨʘʟʨʝʟʝ ʘʚʠʘʮʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ 2022 ʛʦʜʫ ʟʘʥʷʣ ʂʫʟʙʘʩʩ ʌʠʥʘʥʩ ʃʠʟʠʥʛ ï 

90,43%, ʧʦʢʘʟʘʪʝʣʴ ʫ ɻʘʟʧʨʦʤʙʘʥʢ ʃʠʟʠʥʛ ʙʦʣʴʰʝ 50%. ʋ ʦʩʪʘʣʴʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʣʠʟʠʥʛʦʚʳʭ ʢʦʤʧʘʥʠʡ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʤʧʳ 

ʧʨʠʨʦʩʪʘ: ʇʉɹ ʃʠʟʠʥʛ ï 38,87%, ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʣʠʟʠʥʛʦʚʘʷ 

ʢʦʤʧʘʥʠʷ ï 67,04%, ʈʝʛʠʦʥ ʃʠʟʠʥʛ ï 37,20%. 

 

ʊʘʙʣʠʮʘ 2 ï ʊʝʤʧʳ ʧʨʠʨʦʩʪʘ ʙʠʟʥʝʩʘ ʚ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʡ ʟʘ 2020-2022 ʛʛ. 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʃʂ 
ʊʝʤʧ ʧʨʠʨʦʩʪʘ, % 

2020 2021 2022 

ʇʉɹ ʃʠʟʠʥʛ  1 113,21 160,19 -38,87 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʪʨʘʥʩʧʦʨʪʥʘʷ ʣʠʟʠʥʛʦʚʘʷ 

ʢʦʤʧʘʥʠʷ (ɻʊʃʂ) 

-53,67 50,45 -67,04 

ɻʘʟʧʨʦʤʙʘʥʢ ʃʠʟʠʥʛ  71,25 -84,39 59,36 

ʈʝʛʠʦʥ ʃʠʟʠʥʛ -80,14 403,71 -37,20 

ʂʫʟʙʘʩʩ ʌʠʥʘʥʩ ʃʠʟʠʥʛ 496,82 -20,84 90,43 

 

ʆʜʥʘʢʦ ʩʝʢʪʦʨ ʘʚʠʘʮʠʦʥʥʦʛʦ ʣʠʟʠʥʛʘ ʩʪʘʣ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ 

ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʊʘʢ, ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʩʦ ʩʪʦʨʦʥʳ ɽʚʨʦʩʦʶʟʘ ʠ 

ʉʐɸ ʧʝʨʝʜ ʘʚʠʘʧʝʨʝʚʦʟʯʠʢʘʤʠ ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʝʨʥʫʪʴ ʚʦʟʜʫʰʥʳʝ 

ʩʫʜʘ ʣʠʟʠʥʛʦʜʘʪʝʣʷʤ. ʆʜʥʘʢʦ ʩʦʛʣʘʩʥʦ ʦʧʝʨʘʪʠʚʥʳʤ ʨʝʰʝʥʠʷʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʈʌ (ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 19.03.2022 N 411 çʆʙ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʦʚ 

ʛʨʘʞʜʘʥʩʢʠʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʨʝʝʩʪʨʝ ʛʨʘʞʜʘʥʩʢʠʭ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʘʚ ʥʘ ʚʦʟʜʫʰʥʳʝ ʩʫʜʘ ʠ ʩʜʝʣʦʢ ʩ ʥʠʤʠè), ʨʦʩʩʠʡʩʢʠʤ 

ʘʚʠʘʢʦʤʧʘʥʠʷʤ ʫʜʘʣʦʩʴ ʫʩʢʦʨʝʥʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʘʤʦʣʝʪʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʌ ʠ ʧʦʣʫʯʠʪʴ ʩʝʨʪʠʬʠʢʘʪʳ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʦʪ ʘʚʠʘʢʦʤʧʘʥʠʡ ʥʝ 

ʪʨʝʙʦʚʘʣʠ ʜʦʢʫʤʝʥʪʳ ʦ ʧʨʘʚʝ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʜʣʷ ʚʥʝʩʝʥʠʷ ʚ ʨʦʩʩʠʡʩʢʠʡ 

ʨʝʝʩʪʨ, ʘ ʪʘʢʞʝ ʜʦʢʫʤʝʥʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʠʩʢʣʶʯʝʥʠʝ ɺʉ ʠʟ ʠʥʦʩʪʨʘʥʥʦʛʦ 

ʨʝʝʩʪʨʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʧʨʦʚʦʟʥʳʭ ʝʤʢʦʩʪʝʡ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʥʘ ʬʦʥʝ 

ʧʘʥʜʝʤʠʠ Covid-19, ʢʦʪʦʨʳʡ ʩʥʠʟʠʣ ʩʧʨʦʩ ʥʘ ʘʚʠʘʮʠʦʥʥʳʝ ʫʩʣʫʛʠ ʠ ʫʚʝʣʠʯʠʣ 

ʨʠʩʢʠ ʜʣʷ ʣʠʟʠʥʛʦʜʘʪʝʣʝʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʘʥʢʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ 

ʪʘʢʞʝ ʦʢʘʟʘʣʠ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʣʠʟʠʥʛʘ. ɽʱʸ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʥʘ ʨʳʥʢʝ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʮʝʥ ʥʘ ʣʠʟʠʥʛʦʚʳʝ ʫʩʣʫʛʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʧʨʠʙʳʣʠ ʜʣʷ 

ʢʦʤʧʘʥʠʡ. 
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ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ çʈʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʠʩʪʝʤʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʣʴʛʦʪʥʦʛʦ ʣʠʟʠʥʛʘ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʩʦʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤè ɻʊʃʂ ʧʦʜʧʠʩʘʣʘ ʜʦʛʦʚʦʨʳ ʬʠʥʘʥʩʦʚʦʡ ʘʨʝʥʜʳ (ʣʠʟʠʥʛʘ) 

ʩ ʨʦʩʩʠʡʩʢʠʤʠ ʘʚʠʘʢʦʤʧʘʥʠʷʤʠ ʥʘ ʧʦʩʪʘʚʢʫ ʯʝʪʳʨʝʭ ʥʦʚʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʚʝʨʪʦʣʝʪʦʚ ʄʠ-8ʄʊɺ-1 ʧʦ ʧʨʦʛʨʘʤʤʝ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ. 

ʊʘʢ, ʧʣʘʥʠʨʫʝʪʩʷ, ʯʪʦ ʜʦ ʢʦʥʮʘ ʦʢʪʷʙʨʷ 2023 ʛʦʜʘ ɻʊʃʂ ʧʦʩʪʘʚʠʪ 3 ʚʝʨʪʦʣʝʪʘ 

ʘʚʠʘʢʦʤʧʘʥʠʠ çʂʦʤʠʘʚʠʘʪʨʘʥʩè ʠ ʝʱʝ ʦʜʠʥ ʙʦʨʪ ï çɼʘʣʴʥʝʨʝʯʝʥʩʢ ɸʚʠʘè.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʟʘʜʘʯ, 

ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʦ ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʘʟʚʠʪʠʷ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʣʠʟʠʥʛʘ ʚ ʈʦʩʩʠʠ. ʋʯʠʪʳʚʘʷ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ 

ʣʠʟʠʥʛʦʚʦʛʦ ʧʦʨʪʬʝʣʷ ʫ ʚʝʜʫʱʠʭ ʣʠʟʠʥʛʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʜʘʣʴʥʝʡʰʠʡ ʧʨʠʨʦʩʪ 

ʣʠʟʠʥʛʦʚʦʛʦ ʙʠʟʥʝʩʘ ʤʦʞʝʪ ʟʘʤʝʜʣʠʪʴʩʷ ʚ ʩʚʷʟʠ ʩ ʨʘʩʪʦʨʞʝʥʠʝʤ ʜʦʛʦʚʦʨʦʚ ʩ 

ʈʦʩʩʠʝʡ, ʥʦ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʧʨʦʜʦʣʞʘʪʴ ʨʘʟʚʠʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ 

ʢʣʠʝʥʪʩʢʦʡ ʙʘʟʳ ʠ ʧʦʠʩʢʘ ʥʦʚʳʭ ʨʳʥʢʦʚ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʳʥʢʘʭ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ 

ʮʝʥ ʠ ʫʤʝʥʴʰʝʥʠʶ ʧʨʠʙʳʣʠ ʜʣʷ ʣʠʟʠʥʛʦʜʘʪʝʣʝʡ. ɺ ʮʝʣʦʤ, ʪʝʤʧʳ ʧʨʠʨʦʩʪʘ 

ʣʠʟʠʥʛʦʚʦʛʦ ʙʠʟʥʝʩʘ ʚ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʤʥʦʛʠʭ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʚ 

ʩʪʨʘʥʘʭ-ʧʘʨʪʥʝʨʘʭ, ʧʦʣʠʪʠʯʝʩʢʠʝ ʠ ʧʨʘʚʦʚʳʝ ʨʠʩʢʠ, ʢʦʥʢʫʨʝʥʮʠʶ ʥʘ ʨʳʥʢʝ ʠ 

ʜʝʡʩʪʚʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʟʠʥʛʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʧʝʥʪʘʧʪʠʭʝ ʜʦʢʣʘʜʦʚ 

ʜʘʥʥʦʡ ʧʦʯʪʝʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʨʠʫʨʦʯʝʥʥʦʡ ʢ ʩʪʦʣʝʪʠʶ ʨʦʩʩʠʡʩʢʦʡ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ, ʧʨʦʛʨʘʤʤʘ ʧʦʩʪʨʦʝʥʠʷ ʜʫʙʘʡʩʢʦʛʦ ʢʨʫʧʥʝʡʰʝʛʦ ʘʵʨʦʧʦʨʪʘ ʤʠʨʘ çʐʝʡʭ ʉʘʠʜ ʙʠʥ 

ʄʘʢʪʫʤ ʙʠʥ ʍʘʰʝʨ ɸʣʴ ʄʘʢʪʫʤè, ʧʨʦʝʢʪ ʢʦʪʦʨʦʛʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʄʘʨʠʠʥʩʢʘʷ ʘʢʘʜʝʤʠʷ ʠʤʝʥʠ ʄ.ɼ. ʐʘʧʦʚʘʣʝʥʢʦ, ʯʝʤʫ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ. ʇʦʩʣʝ ʚʩʝʩʪʦʨʦʥʥʝʡ ʵʢʩʧʝʨʪʠʟʳ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʩʦ ʩʪʦʨʦʥʳ ʉʤʘʨʪ ʄʝʜʞʣʠʩʘ 

ʐʝʡʭʘ ɼʫʙʘʷ ʄʦʭʘʤʤʝʜʘ ʙʠʥ ʈʘʰʠʜʘ ɸʣʴʄʘʢʪʫʤʘ, ʘ ʪʘʢʞʝ ʬʦʥʜʘ ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ɼʫʙʘʷ 

çɼʫʙʘʡ ʌʴʶʯʝ ʌʘʫʥʜʝʡʰʥè, ʚ ʩʣʫʯʘʝ ʫʩʧʝʭʘ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ ʢ ʨʝʘʣʠʟʘʮʠʠ ʚ ɼʫʙʘʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʣʸʢʦʛʦ ʙʫʜʫʱʝʛʦ. 
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Abstract. This article presents the program for building Dubai's largest airport in the world 

ôSheikh Saeed bin Maktoum bin Hasher Al Maktoumô, the project of which is being developed by 

the International Mariinsky Academy named after M.D. Shapovalenko, which is given attention in 

this study. After a comprehensive examination of this project by the Smart Majlis of Dubai Sheikh 

Mohammed bin Rashid Al Maktoum, as well as the Dubai Future Foundation, if successful, it can 

be accepted for implementation in Dubai in a relatively near future. 

Keywords: airport óSheikh Saeed bin Maktoum bin Hasher Al Maktoumô, air terminal, air 

hub, terminal, concourse, wingspan, airliner. 

 

Introduction  

Currently, the needs of residents, guests of Dubai, as well as transit passengers 

are served simultaneously by three airports, which will potentially be connected by a 

new blue metropolitan line. Its introduction into operation will allow you to move 

from one air harbor to another without the risk of being stuck in a traffic jam for a 

long time. Taking into account the significant expansion of the residential area of 

Dubai under the Dubai 2040 program and the corresponding increase in the number 

of residents of this metropolis, we propose, in addition to the three currently 

operating airports, to build the world's largest non-class civil international airport 

capable of combining passenger and cargo air hubs. In this work, the project operates 

under the official name ñSheikh Saeed bin Maktoum bin Hasher Al Maktoumò, as 

well as under the working title ñThe Sunò. This name is explained by the arrangement 

of eighteen runways in a circle so that the angle between two adjacent strips is only 

20Á. This will eliminate the slightest possibility of an aircraft landing with a 

crosswind, which will significantly improve the operational characteristics of this 

airport. At the same time, the angle between the runway and the terminal building 

should not be straight in order to avoid emergency situations with airliners that could 

cause harm to the terminal building and the people in it. In order to correctly 

calculate the maximum ñinclinationò angle of the runway to the projection of the 

terminal building, additional experiments and approvals will be required. 

 

Main part  

Just like highways in Dubai, the material basis for casting runways should be 

basalt, which is characterized by both high wear resistance and resistance to high air 

temperatures and direct pressure from sunlight. Despite the fact that the existing civil 

international airport in Dubai has paved runways, it seems advisable to take into 

account the prospect of heavier airliners and the load they place on the runways, as 

well as additional warming of Dubai's climate in line with global warming. 

Each of the eighteen runways at Sheikh Saeed bin Maktoum bin Hasher Al 

Maktoum Airport should have a length of fifteen thousand meters, not counting the 

length of the end safety strip, the area behind the displaced threshold and the 

threshold itself, with a corresponding number of taxiways of varying levels of 

complexity. The width of each of the eighteen runways should be five hundred 

meters based on the progressive increase in the carrying capacity of airliners, wing 

span, as well as their many other operational characteristics. One of them should be 

the use of these strips for landing reusable spacecraft, the fleet of which in Dubai will 

be progressively expanded. Already in 2019, a US-made aircraft carrier, Scaled 
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Composites Stratolaunch Model 351, designed by Elbert Leander (ñBerthaò) Rutan 

with a wingspan of 117 meters, appeared, which is an element of the Stratolaunch 

aerospace air launch system. From this we can conclude that the further emergence of 

increasingly lighter and stronger structural materials will lead to a significant 

expansion of this characteristic in the foreseeable future. 

This width of the runways will determine the circumference of eighteen 

kilometers, inside which a complex of air terminal buildings will be located under a 

common roof - the largest infinity pool in the world. At the same time, the walls of 

the airport terminal building will be a solar power plant. 

Its operation will partially reduce the energy consumption traditionally spent 

on lighting, ventilation, operation of automatic security systems, computer passenger 

service systems, etc. An additional means of reducing ventilation costs will be 

provided by eighteen natural ventilation towers, simultaneously forming walls in 

pairs to secure canopies at the entrance of each of the eighteen passenger terminals, 

designed to accommodate thirty million passengers per year each, with the 

subsequent possibility of increasing throughput. The centers of the circles, which in 

the projection will represent ventilation towers, will be spaced over a kilometer 

distance. The ventilation towers will be distributed evenly along the entire 

circumference of the terminal building projection. In addition, they will also serve as 

a kind of ñstiffening ribsò adjacent to the round outer wall of the worldôs largest 

airport building, protruding up to half of their circumference beyond the boundaries 

of this wall. As in the case of the Burj Khalifa tower, the rather geometrically 

complex terrain of the terminal building will create the outlines of vertical waves on 

its outer surface, significantly changing the trajectory of natural flows of intensely 

moving air, and thereby preventing dust and sand storms from causing damage to the 

terminal building. 

Sheikh Saeed bin Maktoum bin Hasher Al Maktoum Airport must have 

parking for a total of three thousand aircraft, which will be evenly distributed over the 

area free of runways and terminal buildings out of a total of more than five hundred 

square kilometers that the airport is intended to occupy. . 

The largest part of the terminal building, a kilometer in depth, will be located 

underground, which will significantly reduce the cost of cooling the complex. This 

will make it possible to accommodate an internal multi-storey underground parking 

lot for three hundred thousand spaces with combined natural-artificial ventilation, 

which not all ordinary Dubai parking lots currently have enough of. 

In general, it is necessary to achieve, as far as possible in a rapidly changing 

climate, predominantly natural ventilation of the airport building to a kilometer depth 

in such a way that all services located above and below ground level constantly 

receive streams of fresh air, not burdened by air conditioning errors. 

For calm weather, forced air conditioning is provided in the terminal building. 

On numerous underground floors there will be reservoirs with spring water and melt 

water formed as a result of the melting of ice prisms sawed off from Antarctic 

icebergs, in case of prolonged dust and sand storms that could disrupt the airportôs 

water supply for a sufficiently long period. The water supply will be replenished from 

the airportôs own well through a set of necessary multi-stage filtering systems, since 
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the construction of a water pipeline from the central part of Dubai will be expensive 

and quite problematic [1]. 

At the same time, the underground floors should contain extensive food 

warehouses, which will be required for the uninterrupted operation of restaurants, 

cafeterias in the terminal building, for retail trade in airport duty-free stores and 

grocery hypermarkets, evenly distributed throughout the underground area of each 

terminal in the terminal building. 

In the event of a change in weather that does not allow flights to be sent on 

time, the widest possible choice of forms of employment should be provided for the 

forced additional time spent by passengers, so that the time spent at a given airport 

can be remembered by each flight participant exclusively with positive emotions. 

Cinemas, gyms, amusement parks, museums and exhibition halls must offer their 

services to passengers regardless of the class of flight and the length of time they will 

spend inside the terminal building. At earlier Dubai airports, it was customary to 

provide transfers for transit passengers who had a certain pause between flights to 

visit markets and hypermarkets in Dubai. In this case, it seems possible to create a 

multi-storey underground, the world's largest hypermarket "Carefoor", under the 

airport terminal building, many times larger in area than Dubai Mall. The cargo air 

hub of Sheikh Saeed bin Maktoum bin Hasher Al Maktoum Airport will allow us to 

constantly update and expand the range of goods and services that can be found in 

this hypermarket [2]. 

Such an approach to organizing retail outlets will, to a certain extent, reduce 

overhead costs for transporting passengers throughout Dubai and parallel delivery of 

goods to the hypermarkets they visit in the center of Dubai. 

Similarly, it is possible to significantly reduce the transportation costs of 

passengers arriving in Dubai to participate in conferences, symposiums, congresses, 

and other forums, regardless of duration. The presence of conference rooms with 

high-quality sound and vibration insulation in each of the eighteen terminals will 

allow uninterrupted holding of the most important global and regional events in the 

field of science, culture, education, business, technology, etc., without leaving the 

terminal building. In general, it should contain absolutely all the necessary services 

that passengers might need when traveling around the city. As for sightseeing in 

Dubai, the ideology of building an airport should provide for the maximum saturation 

of its truly immense areas from the point of view of ordinary human consciousness 

with the maximum number of all kinds of entertainment that a passenger with a fixed 

period of time will not have to look for in the center of Dubai. The same should apply 

to cognitive forms of passenger activity, so that every inquisitive passenger can find 

not only virtual, but at the same time real objects that meet the needs of all his senses 

[3]. This will be a clear step forward in comparison with the implementation 

algorithm for the Expo 2020 exhibition project, where the bulk of the area of the vast 

majority of pavilions of various countries was occupied by screens - on the walls, 

ceilings, floors, in shop windows and individual exhibits. In this case, a passenger 

who has recently experienced special sensations in flight, for whom the earth and 

everything connected with it has consciously or subconsciously become even closer 

and dearer, should receive in the internal space of the terminal building the maximum 
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number of emotions, feelings and sensations that additionally convince his is that, 

albeit for a short period of time, he is finally on earth. 

The airport terminal building should become the embodiment of a high sound 

culture. It should not contain loudly inviting slot machines, the rather low-grade 

sounds of which are most often heard by passengers who never intend to play them. 

A foreign passenger intending to use the services of Dubai Airport must understand 

that he is flying to an Islamic country where gambling is prohibited. The widespread 

delivery of messages to passengers' smartphones will also eliminate the need for 

hours of listening to announcements that have nothing to do with it. 

Transport connections will be provided to Sheikh Saeed bin Maktoum bin 

Hasher Al Maktoum Airport through twenty lines of express buses, which should be 

supplemented by city bus routes providing for the delivery of passengers, meeting or 

seeing off persons to each district of Dubai, as well as to each city of every UAE 

emirate. 

In addition, concourses of two stations ñSheikh Saeed bin Maktoum bin Hasher 

Al Maktoumò under the distinguishing names ñSouthò and ñNorthò of the 

underground line of the Dubai Metro should be built in the underground floor of the 

airport building. These names correspond to the southern and northern ends of the 

terminal building. This line should provide connections to metro lines going to all 

areas of Dubai and beyond. 

In addition, helicopter connections should also be provided between the airport 

and the centers of Dubai and other emirates. It is intended for passengers who do not 

want or do not have the opportunity to use the services of the metro, taxis, buses and 

other modes of transport connecting the airport, the center of Dubai and other 

metropolitan areas of the UAE. 

For the period between arrival and departure, passengers can use the services 

of automatic luggage storage facilities. Luggage check-in and check-out windows are 

located in each terminal to eliminate the need for passengers to make excessive 

movements between different terminals. In reality, the luggage deposited by them is 

chipped, placed on automatic conveyor belts and sent to underground storage 

facilities, from where it is then sent in the same way to the baggage claim window 

upon the passengerôs first request. Each passengerôs luggage barcode is sent to their 

smartphone or email, depending on the ownerôs wishes. 

Eighteen helipads should be located at significant intervals between the start of 

two adjacent runways. Passengers are transported to the helipads through 

underground tunnels, the structure and location of which will be described in the 

following parts of the pentaptych of reports on this airport. 

The need for transit passengers to travel to the center of Dubai to receive 

various spa services should be completely or almost completely eliminated. To do 

this, branches of all spas should be opened in each of the eighteen terminals working 

in Dubai and other emirates in such a way as to take into account all possible 

character preferences quality, consistency and volume of spa treatments received, 

which each passenger can choose for himself. 

Crew members of aircraft that undergo repairs, painting or preventative 

maintenance by Dubai Airport employees can also benefit from a wide range of 
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airport services along with passengers, but there should be bonus programs for them. 

They may provide for the provision of a fixed list of services to pilots and flight 

attendants completely free of charge, while outside this list, crew members can 

receive numerous services with significant discounts. Since their appearance at the 

airport is regular, this category of persons should be considered as regular users of its 

services who can qualify for participation in discount programs. In turn, their long 

stay at the airport guarantees many services a certain number of regular customers in 

the form of pilots and flight attendants. Thanks to this, the risk of a wide range of 

services not being in demand is significantly reduced, which also makes it possible to 

reduce prices for using these services. 

Traditionally, for the tourist flow, the airport is a place of short-term pastime. 

However, in the case of this airport the situation changes dramatically. Due to its 

simultaneous occupancy of many lines in the Guinness Book of Records, this airport 

is an independent attraction that actively participates in increasing the level of tourist 

attractiveness of Dubai as a tourism center of global importance. In addition to 

numerous quantitative indicators that make this airport an architectural structure 

unprecedented in world practice, it differs significantly from every other airport in the 

world in the number of high-quality functional units. Moreover, they are either rarely 

found at airports in principle, or not found at all. Moreover, such a wide range of 

shopping, entertainment, recreational, educational and many other objects of 

passenger attention is not found not only in any other airport in the whole world, but 

also in no other individual institution or organization. Over time, an increasing 

number of potential passengers, choosing a flight direction, will focus their attention 

on this particular airport due to the significant number of services it is possible to use 

while staying within its borders, either free of charge or at the lowest prices in the 

world without damage to quality. 

Even those who have no other needs in Dubai can fly here, but intend to 

thoroughly get acquainted with this miracle of the third millennium, and experience a 

sense of involvement in the fate of a unique structure that responds to a dizzying 

number of the most diverse human requests. 

In order to make acquaintance with the widest possibilities of the airport as 

exciting and lasting as possible for such users, animation programs can be organized 

by airport staff and volunteers. During their implementation, each passenger takes 

part in a multi-level game with a well-thought-out hierarchy of prizes, bonuses, 

meetings with fairy-tale characters, heroes of legends and fantasy series. 

At the same time, he is constantly presented with exclusive souvenirs, he 

receives numerous autographs of his idols and favorites, and is invited to test himself 

in many theatrical performances that are completely unexpected for him. The 

passenger's participation in such performances is recorded by video cameras, and at 

the end of the program he is given a video disc about his travels into the unknown. 

Paying for such animation programs generally frees the passenger from 

exploring the possibilities of the airport on his own, and does not require him to think 

about where to go and what to do here himself, since numerous algorithms for 

comprehending the beauty and revolutionary technologies collected at one airport are 

already well written in advance scriptwriters, directors and approved by producers. 
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Passengers less inclined to participate in theatrical performances can limit 

themselves to a guided tour of the numerous underground and above-ground floors. 

And in the event of a fundamental climate change, if the territory of Dubai is subject 

to flooding by rising waters of the world ocean, they will also be able to enjoy the 

views from the windows of the underwater floors of the airport terminal building. 

Individual passengers or entire families of passengers can take a guide. which 

will introduce them to the aesthetic riches of the airport terminal building, the 

technological innovations and advanced architectural solutions used during its 

construction to give this largest building in the world greater stability, reliability, 

fundamentality, and at the same time, emphasized elegance of form. 

Finally, the passenger who is inclined to independently explore all the airport 

facilities he needs will be provided with an audio guide upon request, as well as use 

numerous signs, boards and tips from the kind employees of this multifunctional 

organization. 

In the second part of the pentaptych of reports, we intend to consider the 

possibilities of servicing passenger traffic at Dubaiôs largest airport in the world, 

Sheikh Saeed bin Maktoum bin Hasher Al Maktoum. These opportunities are based 

on traditions and algorithms that already exist at the moment, with the expectation of 

making the necessary adjustments and additions if, during the period separating us 

from the construction of this airport, innovations are introduced that allow us to 

optimize work with passengers in accordance with the new requirements of the time. 

In turn, we plan to rely on deep knowledge about human nature, his primary 

needs and ways to properly satisfy them, which helped us gain Doctor of Medical 

Sciences Nasir Javad Hamad Almukhtar, academician, professor at the University of 

Babylon in Al-Hillah, Iraq, as well as Ghulam Rasool Mashori, Academician, 

Professor at People's University of Medicine and Women's Health Sciences, 

Islamabad, Pakistan. 

Thanks to this, we will build the third report of the pentaptych in the order of 

considering individual technical and technological solutions that the authors believe 

are possible to implement at Dubai, the largest airport in the world. Each such 

solution will make using the airportôs facilities as comfortable and completely safe as 

possible. 

Further, based on the rich life experience accumulated by Italian doctors of 

medical sciences Massimo Coppolino, professor of forensic genetics at the State 

University of Rome-Cosenza and Riccardo Benzi Cipelli, director of the dental clinic 

ñBENZI Studioò, Vigevano, we propose to consider ways to increase competitiveness 

through the functioning of a public council ñAeromejlisò, which the authors believe is 

possible to implement at Dubai, the largest airport in the world. 

The final, fifth report of the pentaptych will also help us to correctly complete 

the knowledge of two doctors of medical sciences. This is Giulio Tarro, President of 

the T&L de Beaumont Bonelli Cancer Research Foundation, Naples, Italy, Head of 

the Virology Center and Academician of the International Mariinsky Academy. M.D. 

Shapovalenko, Naples, Italy, and Farhan Ahmad Khan, Professor, Department of 

Pharmacology, Medical College. Jawaharlal Nehru, Aligarh, Uttar Pradesh, India. 
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It is safe to say that at the same time we will be able to consider issues not 

covered in the previous four reports by the Mariinsky Academy team, directly related 

to the construction and operational work that the authors believe can be implemented 

at Dubaiôs largest airport in the world, Sheikh Saeed bin Maktoum bin Hasher Al 

Maktoum. . 

But our entire team of authors is fully aware that the project for the 

construction and organization of the operation of this airport can be presented 

exclusively in abstract terms, requiring additional years of research to bring it to the 

required state. 

 

Conclusion 

It is planned that this airport should become the largest in the world and will be 

able to serve 540 million passengers annually. The initial number of destinations that 

Sheikh Saeed bin Maktoum bin Hasher Al Maktoum Airport will serve will exceed 

400, with a subsequent increase in their number as new destinations open around the 

world, until its capacity is reached. 

Further details of this topic will be revealed in the pentaptych of reports at the 

conference dedicated to the centenary of Russian civil aviation. In addition, they can 

also become the subject of discussion and joint design if your interest arises, dear 

reader. We will be happy to receive your letters at: papa888@list.ru. 

In conclusion, let me thank the staff of the International Mariinsky Academy 

named after M.D. Shapovalenko, starting with the organizing committee of this 

conference, for invaluable help and support in preparing the material for this work. 
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Abstract. This article proposes to consider the possibility of servicing passenger traffic in 

the Dubai largest airport in the world ñSheikh Saeed bin Maktoum bin Hasher Al Maktoumò, the 

project of which is being developed by the International Mariinsky Academy named after M.D. 

Shapovalenko, which is given attention in this study. After a comprehensive examination of this 

project by the Smart Majlis of Dubai Sheikh Mohammed bin Rashid Al Maktoum, as well as the 

Dubai Future Foundation, if successful, it can be accepted for implementation in Dubai in a 

relatively near future. 

Keywords: airport ñSheikh Saeed bin Maktoum bin Hasher Al Maktoumò, air terminal, air 

hub, terminal, concourse, wingspan, airliner. 

 

Introduction  

The authors of this paper tend to understand the fact that in the foreseeable 

future, three Dubai airports will no longer meet the needs of the growing passenger 

traffic and cope with the volume of cargo transported by international airlines. We 

have already reported in the first article about the world's largest airport "Sheikh 
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Saeed bin Maktoum bin Hasher Al Maktoum" in Dubai, bearing the name of the 

Sheikh, in which Dubai received significant opportunities for rapid and 

unprecedented development. This airport, in our opinion, needs to be built for the 

successful implementation of the Dubai-2040 program. It will take advantage of all 

currently available passenger traffic capabilities and then adjust to the latest 

inventions that may take place during the implementation of the seventh development 

plan of Dubai. 

 

Main part  

Taking into account that the area that the airport is intended to occupy should 

be 500 kilometers2, it is necessary to consider the possibility of including a non-

operating automated system for transporting passengers and their luggage in this air 

hub in order to quickly connect the terminal building with different areas of the 

airport. 

In addition to the 300,000 parking spaces described in the above paper, 

attention should also be paid to those passengers arriving in Dubai who did not leave 

their cars in this parking lot and whose stay in Dubai includes leaving the terminal 

building. To this end, it is planned to place in the underground tiers of the terminal 

also the capacities of numerous agencies specializing in renting cars from various 

manufacturers in order to meet the taste and special needs of each individual 

customer and large families in general who decide to visit Dubai. 

In addition to transit passengers, to meet the diverse needs of which the wide-

screen capabilities of the terminal building should be sufficient, despite its wide 

functionality, however, a special audience of airport service users will be formed. It is 

for its short-term or final movement that a sixteen-lane special-purpose highway will 

be required, which will have no other destinations except for the terminal building 

and downtown Dubai [1]. 

Passengers arriving in Dubai on international flights, for which this metropolis 

is the final destination, have the opportunity to receive baggage in one of several 

ways. For those who will be heading to the center of Dubai by the airport terminal 

property bus, luggage will be loaded into the special trunks of this vehicle. 

All those who come to meet relatives or friends in their own vehicles can get 

their luggage at the exit from the airport. Those who left their car in the parking lot in 

the underground floors of the airport terminal will receive it along with the car from 

special airport employees. 

For those who decide to rent a car from one of the agencies in the terminal 

building, the luggage will be delivered by the staff of Sheikh Saeed bin Maktoum bin 

Hasher Al Maktoum Airport, which has the short working name "Sun" according to 

the form of its plan, to the place where the rented vehicle is received at the moment 

prior to the boarding of passengers. 

Those who wish to use the Dubai Metro services can collect their luggage on a 

conveyor belt, which will be carried directly to the wide and fairly spacious metro 

station boarding platform under the terminal building. 

In each of the eighteen terminals, in terms of the vertices of equilateral 

triangles converging to each other in the terminal building, it is possible to get into 
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the atrium called the "Meeting Point". This large open area under a beautiful stained-

glass ceiling will be designed specifically for passengers of various flights who want 

to see their relatives, friends or acquaintances directly at the airport, and, possibly, 

continue their journey together. 

  Numerous benches, cafeteria tables where you can organize a long-awaited 

meeting, ATMs of all banks operating in the United Arab Emirates will be located on 

the territory of the atrium. Travelators and escalators, as well as elevators for 

ascending to the above-ground and descending to the underground floors of the 

terminal, will be sent to all 18 directions from the atrium. 

Also, it is in the atrium that the main checkpoint is located, allowing those 

meeting, seeing off and the passengers themselves to pass control immediately before 

the meeting in the atrium. In case of accumulation in the atrium of the number of 

people exceeding the sanitary and hygienic standards and preventing the normal 

movement of the users of its services staying in this room, it is possible to use 

additional levels of the atrium in the underground floors of the terminal building. 

This redistribution will not discriminate against natural light, since natural 

sunlight will be delivered to each level of the building through oversized fiber optics. 

It should be noted that the atrium will not be overloaded with passengers, seeing off 

and meeting, who need to move from one terminal to another, because continuous 

travelators passing through the entire diameter of the atrium hall will not be designed. 

At the same time, in order to get from one travolator to the next, going in the 

same direction, one would have to move around along an absolutely unfavorable 

trajectory. Instead, the triangular-shaped halls of all 18 terminals are interconnected 

by an underground transport corridor, which is located on the ñminus firstò floor of 

the terminal building. In this transport corridor, you can go down the escalator, which 

has a common canvas with the travolator, and return to the first floor of the 

diametrically opposite terminal along the same escalator connected in one chain with 

the travolator. 

Such a combined design "escalator-travolator-escalator" allows you to quickly 

and without additional risk on the descent from the escalator and the ascent to the 

next speeds up the process of movement of passengers and their accompanying 

persons from one terminal to another. Also on the ñminus firstò floor there is also a 

circular transport corridor, along which you can move between any neighboring 

terminals in a similar way. 

For an unmistakable entry into the transport corridor of passengers and their 

accompanying persons, it passes under the center of each of the 18 triangular halls 

[2]. There are also short passages between the adjacent halls of all 18 terminals, 

which allow passengers and their accompanying persons to pass without returning to 

the center of the hall to enter the transport corridor. 

Before landing in Dubai, the passenger can indicate his future direction of 

travel when buying a ticket, which will allow him to use the services of an automated 

passenger transportation system in the building of the Dubai Air Terminal. After 

passing through the screening in the center of the atrium, this system allows the 

passenger to get to any of the terminals he needs without additional actions on his 

part. 
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This international airport "Sheikh Saeed bin Maktoum bin Hasher Al 

Maktoum" in Dubai is a hub airport, as it is used by numerous airlines in the world as 

a transfer point for passengers, and, accordingly, has the highest percentage of 

"connecting" flights on the entire globe. 

The transportation complexes are designed for location in the directions of the 

settlement of Saruq Al Hadid of the emirate of Dubai itself - with subsequent access 

to the intersection with the E75 highway, and in the direction of the settlement of the 

emirate of Abu Dhabi - Al Faqa' - with access to the intersection with the E66 

highway. 

Each of these transportation complexes will be located around the Sheikh 

Saeed bin Maktoum bin Hasher Al Maktoum airport and will be designed to deliver 

passengers meeting and seeing off from the terminal building directly to the city 

center of Dubai, as well as other cities of the emirate of the same name and all other 

emirates of the UAE. The location of the new Sheikh Saeed bin Maktoum bin Hasher 

Al Maktoum Airport to the southeast of the current Al Maktoum International Airport 

will allow the use of a much larger portion of the as-yet undeveloped area, while the 

possibility of a significant expansion of Al Maktoum International Airport to the 

scales stipulated by us is already quite limited. This is due to the large-scale plans for 

nearby civilian buildings under the Dubai 2040 program, which the city needs in 

view of the massive influx of new population due to well-known modern events. 

Each of the transportation complexes surrounding the territory of the airport 

should include five lines designed for cars of various types, buses owned by the 

airport, as well as taxis of various departmental affiliation and private vehicles, 

allowing to make the flow of passengers in both directions uninterrupted. 

Shuttles are planned to be used to transport passengers to the territory of each 

of the transportation complexes. They will follow the land route. Their path must be 

laid between two divergent adjacent runways. And in each case, where it seems 

unacceptable for one reason or another, the shuttle passes through underground 

transport corridors - tunnels built exclusively for the needs of passengers, as well as 

those accompanying them. This shuttle or shuttle free route does not involve any 

intermediate stops, which significantly speeds up the delivery of its users to the 

required point. 

The baggage handling system, as well as in other ultra-modern airports in the 

world, must be equipped with carts with individual codes, allowing at any stage of 

their journey through the territory of the Sheikh Saeed bin Maktoum bin Hasher Al 

Maktoum airport to track the route of baggage. More than a thousand video cameras 

and monitors must be used in the baggage area to maximize the efficiency of this 

segment of the airport. 

Passengers should be able to check in their luggage several hours and even 

days before the flight, which will allow them, bypassing the time spent on visiting 

luggage rooms and the additional costs of paying for them, to begin to get acquainted 

with the terminal building, its many attractions and revolutionary recreational 

advantages. 

The passenger also saves time to get acquainted with the territory of the airport 

"Sheikh Saeed bin Maktoum bin Hasher Al Maktoum" as a whole due to the ascent to 
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the observation deck, organized on the top floor of the terminal building, towering 

over the fantastic "mirror" of the world's largest infinity pool . 

This pool occupies the rest (minus the foundation of the observation deck) area 

of the roof of the terminal, allowing around the clock to admire the indescribable 

beauty of thousands of multi-colored lights on the territory of the airport and nearby 

settlements. In addition, those who visited the pool can imprint in the memory of the 

ever-changing colors of the sky, the smooth outlines of the dunes in the desert 

approaching the airport from the side of the emirate of Abu Dhabi, as well as from 

the part of the emirate of Dubai that is still being developed. 

  The electronic system introduced at the airport allows its employees to 

correctly place all pieces of baggage and subsequently transfer them either to the 

desired aircraft or to the shuttle that brings passengers to the transportation complex. 

In the event that the passenger and his accompanying persons decide to use the 

Sheikh Saeed bin Maktoum bin Hasher Al Maktoum airport bus to the end point of 

their journey, the baggage route is also programmed based on this circumstance. 

The direction of the successive narrowing of the walls of the terminal halls 

serves to indicate the direction from the drop-off point to the atrium with the main 

checkpoint and a meeting place with relatives and friends. 

The winter garden is arranged in an ascending spiral along the inner walls of 

the atrium hall to the glass vaulted roof, and includes a set of alternately flowering 

trees and shrubs in such a way that for a long period of time every year, visitors to the 

atrium can enjoy the reproduction of the riches of wildlife directly in the middle of 

the desert outside the window. 

In the tunnels, through which the shuttles bring passengers and their 

accompanying persons to the transportation complexes, along the entire 15-kilometer 

route of their journey, an underground garden is ñbrokenò, which is able to create a 

feeling of abundance and well-being for the emirate of Dubai and the UAE generally. 

Passengers can consider its landings during their short trip. 

The plans of the Sheikh Saeed bin Maktoum bin Hasher Al Maktoum airport 

administration are to make the prices for food and industrial goods at the Airport 

correspond to the minimum prices that exist for them in the shops of Dubai. She also 

intends to equate the prices of the entire range of dishes of cafes and restaurants in 

general, located on the territory of the airport, to the prices corresponding to the 

status of public catering establishments in this metropolis. 

In addition to catering facilities, each terminal of the Sheikh Saeed bin 

Maktoum bin Hasher Al Maktoum airport has a 10,000 mĮ shopping area. In addition, 

there is also a duty-free zone - also with an area of 10,000 mĮ. Finally, there is also 

about 10,000 mĮ of services of various profiles and diverse institutions that are widely 

demanded by passengers. Among them are full-fledged representations of all banks 

operating in the UAE, business centers, broadband Internet access points, etc. 

Ten underground floors, from minus three to minus twelfth, will house the 

world's largest Carrefour Hypermarket, which will sell the freshest products from 

farms and food factories from around the world around the clock, delivered by cargo 

planes through the cargo terminal of the airport. 
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For small wholesale buyers of this "Carrefour Hypermarket" there is a unique 

opportunity to attach purchases made here to the luggage of each client. If the weight 

of purchases in Carrefour Hypermarket exceeds the weight allowed for transportation 

on civil aviation liners, delivery by cargo aircraft to the country of destination of this 

passenger can be issued. 

The commercial area in each terminal thus covers a total of 30,000 mĮ. And all 

terminals at the same time - 540,000 mĮ. This, in terms of each square meter of area, 

gives a thousand served visitors to the Sheikh Saeed bin Maktoum bin Hasher Al 

Maktoum airport during the year, with a total throughput of this air hub of 540 

million passengers per year. 

The World Trade Center occupies five underground floors of the terminal 

building. This will make it possible to carry out commercial transactions in a timely 

manner with agents of the world's trading corporations flying to Dubai without 

having to move them to the center of Dubai to complete transactions, and to regularly 

re-export goods with a relatively short shelf life, and even perishable products, thanks 

to the significant capacity of the airport. Numerous contracts will also be concluded 

here for the supply of food and industrial products of UAE enterprises in various 

fields of production to foreign countries. 

Sheikh Saeed bin Maktoum bin Hasher Al Maktoum Airport Exhibition Center 

includes five underground and five overground floors. Many exhibits of exhibitions, 

such as paintings, graphics, arts and crafts, can be exhibited here directly for sale. 

The exhibition of marine animal shells at the airport exhibition center should also 

provide an opportunity for departing travelers to purchase any exhibit they like as a 

keepsake. At the same time, each shell will be beautifully and safely packaged for 

long-distance transportation, provided with special information about the place of 

origin of marine animals - the owners of the purchased shells. 

The axial zone of each floor of the exhibition center is occupied by a 

cylindrical aquarium, which contains numerous species of fish, crabs, octopuses, 

hermit crabs, corals, other marine animals, as well as algae of various colors, shapes 

and sizes. Aquariums not only decorate the premises of the exhibition center, but also 

allow trade in its inhabitants, who are not subject to a ban on export from the UAE, 

since they are not representatives of the wild fauna. 

For the transportation of "live" purchases, special unbreakable containers are 

designed to allow a marine animal or plant to stay in it for a short period of time, 

equivalent to the time of a flight from the UAE to its native or another country. 

Twenty underground floors of the terminal are reserved for hotels of various 

companies from two to five stars. They are intended for transit passengers who have a 

significant gap between connecting flights, or those who have a significantly delayed 

departure of the flight. In addition, if desired, participants of various forums taking 

place directly in the conference halls of the airport terminals can also be 

accommodated in them, if they have not chosen hotels that are widely known around 

the world in the center of Dubai or another city of the UAE. 

The terminal building also provides a significant number of amenities for 

passengers that are not exclusive to this airport. For complete clarity, it should be 

pointed out that here, as in many advanced airports in the world, traditional three-pole 
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electrical Euro sockets with grounding for 220 and 127 volts are also installed at each 

seat in the waiting room. 

At the same time, under each seat there are USB sockets for recharging various 

gadgets, as well as Internet sockets for using unlimited wired Internet directly in the 

seat of the waiting room. To access high-speed Internet, as already mentioned above, 

the passenger will have to contact the access point to this airport service. 

The airport terminal is served by one thousand two hundred elevators. A third 

of them is intended only for airport employees and the movement of goods and 

luggage. Another third serves only underground floors, the area of which is much 

wider than that of the above-ground floors of the terminal. Two hundred elevators, 

the shafts of which are surrounded on all sides by 18 ventilation towers, are intended 

to move along the above-ground floors. And finally. only the remaining two hundred 

elevators, located in the central part of the airport complex, connect all floors of the 

terminal - from the lowest underground to the highest above ground. 

Ascending and descending escalators are structured in such a way that in order 

to move several floors in a row, their users do not need to make a large number of 

steps from the previous escalator to the next [3]. 

In turn, along the central axis of each of the 18 terminals there are travolators 

moving in opposite directions. They allow passengers to move along the entire length 

of the terminal. Of course, each restroom provides a special room, which is intended 

for a mother and child, or for a single father and child. Here, diapers can be changed, 

ointments, sprays, creams and other materials necessary for treating the skin and 

mucous membranes of the child's body can be used. For passengers who are 

characterized by limited physical health, special rooms are also provided. On the 

other hand, if such passengers prefer an inclusive type of stay on the territory of the 

terminal, they have the right to choose it, being in any area of this architectural 

structure. 

 

Conclusion 

The limiting volume provided for this work does not allow any full coverage of 

various aspects of the functioning of the construction of the world's largest airport 

"Sheikh Saeed bin Maktoum bin Hasher Al Maktoum" in Dubai proposed by its 

authors. Therefore, above, we were able to dwell only on the features of passenger 

service, which clearly do not exhaust all areas of activity of airport services. 

Therefore, in the future, with the invitation of additional specialists from among the 

full members of the International Mariinsky Academy named after M.D. 

Shapovalenko is also invited to highlight the technical and technological aspects of 

the above-mentioned airport. It is planned to pay special attention to the issue of the 

use of unmanned vehicles for the delivery of passengers and persons accompanying 

them, luggage, cargo, etc. to the territory of the airport and to various cities of the 

UAE. In conclusion, let me thank the staff of the International Mariinsky Academy 

named after M.D. Shapovalenko, starting in the organizing committee of this 

conference, for invaluable help and support in preparing the material for this work. 
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Abstract. This article proposes to consider individual technical and technological solutions 

that the authors consider possible at the Dubai largest airport in the world "Sheikh Saeed bin 

Maktoum bin Hasher Al Maktoum", the project of which is being developed by the International 

Mariinsky Academy named after M.D. Shapovalenko, which is given attention in this study. After a 

comprehensive examination of this project by the Smart Majlis of Dubai Sheikh Mohammed bin 

Rashid Al Maktoum, as well as the Dubai Future Foundation, if successful, it can be accepted for 

implementation in Dubai in a relatively near future. 

Keywords: airport, air terminal, air hub, terminal, vertical plant, workshop, hangar, airliner. 

 

Introduction  

To describe the nature of the technical and technological solutions that can be 

applied in the construction of the terminal building by 2040, one should have a much 

clearer idea of what path the development of each technology of interest to the 

authors of this study will take. Since the period from 2023, when it is planned to 

publish this work, until 2040, when the terminal building should receive the first 

passengers, is quite large, the presentation should be more methodological than 

methodical in nature in order to maximize the degree of objectivity of the proposed 

judgments and the conclusions that follow from them. 

 

Main part  

Integral blocks of the underground floors of the terminal building must be 

allocated for the organization of a center for the repair and maintenance of aviation 

equipment. It belongs to both the owners of the airport and partner airline companies. 

In our opinion, workshops for the manufacture of analogues of licensed spare parts 

for engines and other structural elements of aircraft should be attached to them. To do 

this, it seems necessary to conclude appropriate agreements with aircraft 

manufacturers in each country of the world and transnational corporations associated 

with this field of activity. 

Parts manufacturing conveyors are an integral part of vertical factories in the 

underground floors of an airport, and can be elevator shafts in which a product moves 

smoothly from one assembly phase to the next. The filtration of gaseous and liquid 

wastes at such enterprises has been brought to perfection in such a way that the same 

water and any other liquid necessary for production in the production cycle can be 

used almost endlessly. 

Various underground facilities should also be set aside to accommodate 

multidisciplinary service units that will be ready to approach aircraft maintenance 

with the highest possible level of skill, regardless of the nature of the damage that has 

occurred along the way. When sending an aircraft on a flight, each airline cooperating 

with Dubai airport in the world must be sure that if the aircraft gets into a storm or 

other emergency situations after landing in Dubai, it will be completely returned to its 

original state according to the full list of technical characteristics initially put into it 

by the developers. 

The engineering service of each such airline should rely on the fact that upon 

arrival at the Sheikh Saeed bin Maktoum bin Hasher Al Maktoum International 

Airport in Dubai, it should expect that its liner will pass all the necessary diagnostic, 

preventive and repair measures in this case on corresponding stand (polygon). 
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Such a site should be intended primarily for maintenance of aircraft engines 

and their associated repairs, as well as the provision of the widest possible range of 

technical services that may be required for preventive maintenance and current 

scheduled maintenance of all long-term aircraft landing at the airport. 

The current infrastructure, which should be dedicated to aircraft maintenance at 

Dubai Airport, consists of fifty-four aircraft hangars, initially adapted to the 

dimensions of the Airbus A380 with a certain amount of horsepower and height, in 

order to further meet the ever-increasing dimensions of more and more new airliners 

[1] . 

In addition, hangars should also be built at the airport, which should be 

intended for painting aircraft, including those belonging to partner companies that, 

for one reason or another, are not provided with such equipment. 

Along with this, the structure of the airport provides for the construction of 

industrial assembly shops, which should be designed for quick replacement of 

deformed fuselage parts or other structural elements when an airliner hits a 

snowstorm or other extreme conditions during a flight. 

A stand for maintenance of aircraft engines of aircraft making a long stop at the 

Dubai airport can be intended primarily for liners that are involved in servicing the 

longest flights [2]. 

The service for carrying out a full cycle of aircraft technical inspection 

procedures after each flight and their corresponding maintenance, in addition to the 

underground floors of the terminal, may also use underground rooms under some of 

the least used runways. 

The aircraft engine test chamber should be suitable for both the airport's own 

aircraft and those making long stops at the airport. This structural unit of the airport 

infrastructure can be used in case of doubts about the expediency of continuing the 

flight in conditions of deviations from the standard characteristics of the operation of 

one or another aircraft engine. 

Another of the organic components of the airport architecture should be called 

a constantly replenishing warehouse of spare parts for aircraft engines and other 

structural elements of each liner landing at the airport in this way. in order to 

promptly replace the non-conforming part with a new one that has passed the proper 

test procedures without postponing the flight [3]. 

The transition between all eighteen terminals is carried out in such a way that it 

should not require passengers and their accompanying persons to leave the so-called 

ñsafeò zone in order to then again undergo inspection at the destination terminal, 

which can significantly speed up the process of servicing passengers at the airport. 

Dr. Fateh Mebarek Udina presented at the international scientific-practical 

conference "Energy and Materials Science 2022" at the University of Skikda, 

Algeria, our joint report, which highlights our proposals for energy supply of the 

Dubai airport building using multiple energy-saving technologies at the same time. In 

rethinking in relation to the building of this terminal, they look as follows. 

Project "Sunshine House" Strategically, every square centimeter of the terminal 

building area in the exterior and interior, as well as the roofs of the autobahns, along 

which passengers and cargo are brought to the airport, as well as any other structures, 
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should generate electricity through solar panels transformed into cladding, decor and 

all hard surfaces. In preparation for finishing the terminal building, a competition 

should be held among companies that specialize in the production and installation of 

solar panels, attached inventory, batteries and other components. Solar panels need to 

be of various sizes and configurations to make efficient use of every square decimeter 

of a building to generate solar energy for lighting, cooling, and a variety of electrical 

appliances. At the same time, solar panels must be placed on the internal and external 

walls, floors of internal premises and sidewalks in the territory adjacent to the 

building, as well as, as it is legally fixed and should be carried out by 2030 in Dubai, 

on the roofs. Windows, in which electric glass will be placed instead of ordinary 

glass, should also perform the functions of solar panels. Despite the fact that at the 

moment the efficiency of electric windows is still significantly inferior to wall-

mounted solar panels, the key principle in this case is the full use of the building area 

for energy generation, and all components of its design, regardless of the level of 

efficiency achieved, are included into a common energy chain. At the same time, 

electric windows can completely replace the outer skin of the building, due to which 

the required amount of light will enter it, although part of it will be taken away by the 

electric windows. Their rather low efficiency is compensated by the fact that they 

take on part of the energy flow of sunlight. This will be all the more effective as the 

electric windows will be fixed at an angle to further reduce the level of natural 

overheating of the building. This reduces the natural heating of the building structure 

during particularly hot months of the year. At the same time, electricity for the 

operation of air conditioners and fans will be consumed to a much lesser extent. 

Although the efficiency of using electric glass at the moment traditionally does not 

exceed 7%, this will not prevent the entire building from being a solar power plant at 

the same time. In the years that will separate from the implementation of this project, 

it will be necessary to find the best ways to increase the efficiency of electric 

windows so that not only the building itself, but also the electric cars of its users can 

be recharged in the underground parking of the terminal building while the owners 

are not going anywhere. 

Project "Mighty Wind". Wind generators should be included in all structural 

elements of the terminal building and other airport facilities, the presence of which 

allows maintaining the proper level of safety for workers, passengers and the comfort 

of their stay in this building. Another important component of the energy supply, 

which is designed to serve as compact wind turbines installed on roofs and any other 

suitable surfaces. To do this, it is necessary to find an elegant architectural solution, 

as a result of which the wind turbines will not only not spoil the original architectural 

design, but will also add a piquant interesting addition to it. For example, the shape 

and design of an air terminal building can imitate a certain aircraft, and wind 

turbines, respectively, can be propellers on its surface. Since the abundance of wind 

turbines on the surface of the building will cause significant noise, as the project is 

introduced into the metropolitan urban environment, it will be necessary to find 

sufficiently effective means of noise reduction. 

Project "Green Noise". Special membranes will collect the energy of noise 

emitted by the human voices of employees and passengers, as well as artificial noise 
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sources, and will allow this energy flow to be used for human needs. Quite a wide 

application in a modern energy-saving project for the terminal building will find the 

use of noise flow, for example, emitting a lot of noise landing and taking off airliners 

as an energy source. To do this, special membranes are installed near wind turbines, 

in conference halls, cinemas of the airport terminal, its production workshops, on 

highways leading to it and other objects whose operation is accompanied by noise, 

the impact of the noise effect on which leads to the generation of electrical energy. 

Project "Green Light". Sunlight and the light of lamps in the terminal building 

is intended to become a secondary resource, which at the moment is mostly not used 

in any way. But built into all surfaces of its interior, solar panels of various colors and 

configurations allow the same light to be used repeatedly. Sunlight that has 

penetrated inside the terminal building, as well as the light of electric lamps operating 

inside it, is captured by the now opaque solar panels placed on the internal walls, 

doors, floors and ceilings of each room of this building. At the same time, it should 

be noted that the usual appearance of solar panels placed in the interior of the 

terminal building would hardly have been able to arouse enthusiasm among its users. 

Therefore, during the implementation of this project, it will be necessary to achieve a 

highly aesthetic performance of solar panels, capable of pleasing the eyes of all those 

who are in this room due to the appropriate design solution. At the same time, in the 

future it will be necessary to find a type of solar panels that will meet the 

environmental requirements for non-residential premises, along with this, solar panels 

must be durable, especially those located on the floor, so that their service life 

increases the profitability of this material, given the significant the amount of 

passenger traffic. Also, according to the intention of the authors, furniture and 

household appliances in the building are also sheathed with solar panels. Household 

electrical appliances are designed to at least to some extent provide their own need 

for electricity, and the furnishings of hotel rooms inside the airport terminal will have 

to transfer the energy they have accumulated to batteries. 

The project "Air terminal asset" or "Air terminal plus energy". Ideally, this 

project should use the entire range of renewable energy sources - both directly and 

indirectly. It is possible, for example, not in every room of a hotel, cafe or restaurant 

of an airport terminal, a station for obtaining biofuel can be installed. The raw 

material for its work will be the numerous wastes remaining as a result of serving 

hundreds of millions of passengers annually. But in this case, all the missing fuels 

must come from centralized stations located on underground floors of the terminal 

building specially equipped for this purpose. The new regulation on energy saving 

and energy efficiency of buildings in operation will allow commissioning, at a 

minimum, only zero-energy consumption buildings - 0 kW/m2 per year. And ideally, 

ñactive housesò, or ñhouse plus energyò, which will be designed to generate 

electricity not only for their own needs, but also for extraneous needs. A natural 

addition to the zero-energy house, as well as the active terminal building, will be each 

highway leading to it, equipped with Capture Mobility wind turbines combined with 

solar panels, the author of which was the winner of the UN Prize Sanwal Muneer. 

They are driven by the wind generated by fast-moving cars on the roads, as well as by 

fast takeoffs and landings of airliners. In addition to this, every square meter of 
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highways is covered with transparent concrete, under which solar panels are laid. 

Given the significant length of roads leading to the terminal building, it should be 

noted that this is a significant contribution to the emirate's clean energy strategy. 

The Road to the Airport project involves rethinking the world's best practices 

for building roads capable of generating electricity. Thus, scientists believe that the 

revolutionary projects of Solar Roadways, Qilu Transportation Development Group 

and others should be significantly improved. This should be done in such a way that 

between the layer of transparent concrete proposed in such projects and the insulating 

underlying layer, solar panels are installed at an optimal angle of inclination. For each 

geographical area, this angle is specific, and is directly dependent on the latitude of 

the area for which the roadway is made. In the section, this structural layer will be a 

series of equilateral triangles, the value of equal angles in which will also be 

determined by the expediency of the angle of inclination of the solar battery for a 

given geographic latitude. It is also desirable to develop an appropriate device that 

allows you to create a change in the angle of the solar panel, depending on the time of 

year. For example, from 30-40 degrees in summer to 70 or more in winter. Regarding 

the project developed for the Chinese city of Jinan by the Qilu Transportation 

Development Group, the authors of this study consider it their duty to provide the 

following impressive data: ña kilometer section with two lanes can generate up to 1 

million kWh of electricity per year. This volume is enough to feed 800 residential 

buildings. The resulting electricity is used to light the highway, illuminate billboards, 

power CCTV cameras and toll machines. Unlike numerous high-profile projects, it is 

much better not to place solar panels under the wheels of cars, where they will 

quickly become unusable, but to make the roofs of the autobahns leading to the 

terminal building with an adjustable angle of inclination, for which the solar panels 

placed on them must be significantly more lightweight design. On the road, only a 

rail should be left for recharging cars and electric vehicles while driving. 

Vibrolight project. Noise is often either accompanied by vibration or is its 

consequence. It can also be used to obtain vibrational energy for the power supply of 

the terminal building and convert it into electrical energy. It seems possible to attach 

energy to solar panels, wind generators and recuperators thanks to the generator of 

electricity from vibration. The membranes of such devices, as well as noise 

absorption membranes, can be included in the decoration of the walls and ceiling of 

the terminal halls. In this concept, wind has already been presented twice as a source 

of energy. The third time it is mentioned is in connection with the significant 

vibration that it produces, which means that it can also serve as a source of 

vibrational energy. Such an energy source will increasingly deserve attention as more 

devices are developed for the maintenance of the terminal, requiring minimal power 

consumption. In this case, we are not talking about the transfer of energy over any 

significant distance, but at the same time it can be fully used at the same place where 

it was received. Just like cars moving on the road can "recharge" economical LED 

traffic lights. 

Project "Light of human steps". Pedestrians walking along the sidewalk, as 

well as on the ground, underground or elevated pedestrian crossing of the terminal 

building, can induce the sidewalk, the pedestrian crossing, as well as economical 
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LED traffic lights to shine with the energy of their steps (cumulative source - 

vibration and pressure). From these achievements of modern invention, a new culture 

of using the terminal building can grow. It is necessary to saturate this building with 

the maximum number of devices and devices that will not be powered from the 

central electrical network of the airport terminal, but will be limited by the efforts of 

passengers produced at the time of using these devices. 

The Sandstorm Energy project overlaps with the Mighty Wind and Vibrolight 

projects, and can, if necessary, form a single whole with them. Heat from the hot sand 

that surrounds the airport complex in abundance and friction from the surface of the 

terminal building can heat water for steam turbines, and noise and vibration energy 

can be converted into electrical current. Modern technologies will make it possible to 

withstand sandstorms, an increase in the level of water in the world's oceans, and the 

level of maximum air temperature. Moreover, none of these factors will have to be 

resisted. Each of them will be rationally used by all architectural structures of the 

airport to convert the totality of natural influences into electrical energy. It will be 

transformed into wind pressure on the walls of buildings, and hot air through the 

transformation of thermal energy into electric current, and air vibration into outdoor 

and indoor lighting. 

Biolight project. The combination of primary and secondary energy flows 

becomes possible due to the introduction of a cycle of the most complete processing 

of raw materials, as well as the direction of the steam leaving the plant to steam 

turbines. During this period, biogenerator stations in the basement of the airport 

terminal can be significantly improved, so that the result of processing biological fuel 

in them can be attached to additional processing to such a stage when none of the 

biological waste can adversely affect the environment. Very fine filtration is required 

so that only water vapor is produced at the outlet. And he, too, can produce electricity 

by building a combined power plant that combines its biological nature with the 

nature of a steam power plant. in addition, the need to expend any amount of energy 

for garbage disposal will automatically be exhausted. the almost endless flow of 

passengers and accompanying persons remaining after servicing, given the 

uninterrupted round-the-clock nature of the airport's work. 

The structure of the airport should also include a so-called business aviation 

center with a special infrastructure designed to provide services to passengers and 

crews of private jets, including a separate waiting room, in which they will not 

interfere in any way with users of the traditional common airport services. 

The infrastructure of the business aviation center also includes separate offices, 

bathrooms and showers, a separately serviced business center, aircraft maintenance 

that does not overlap with the general flow, its own baggage service for the center, a 

separate gas station, a specially trained and prepared security service, its own 

customs, and and finally, its own flight planning service. The airport also initially 

provides hangars intended for private jets for the needs of the business aviation 

center. 

In order to properly handle the progressive increase in passenger traffic, the 

operator of this airport is also adopting a so-called "push and pull through" strategy. 

The latter, however, significantly contributes to attracting more and more new 
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sources of passengers and cargo. This happens even despite a certain discordant 

image of the proposed action. At the same time, they do not go into alternative 

competing networks, which ultimately make such competition meaningless for 

opponents. 

The airport management is actively engaged in the constant attraction of more 

and more new passenger and cargo flows from fast-growing markets throughout the 

globe. The regular improvement of transport links with all the emirates and 

neighboring countries includes the opening of new bus stations, as well as automatic 

capsule delivery systems for passengers in vacuum tubes. 

Linear maintenance carried out on the territory of this airport involves not only 

urgent, but at the same time also calendar maintenance of aviation equipment. At the 

same time, maintenance is carried out in accordance with a wide range of 

requirements that exist in relation to each specific type to which this or that aircraft 

belongs. Basic maintenance of aviation equipment involves a complete and, at the 

same time, a fairly extensive range of works. 

The complex, located in the center of the airfield, is directly responsible for air 

traffic control. It employs more than a thousand air traffic controllers and employees 

of the complex, who, despite the fairly high level of automation of the vast majority 

of production processes, ensure safe air traffic. 

The control tower of the newly built Dubai International Airport is 

programmed to operate 24 hours a day, seven days a week, all year round, regardless 

of the season. The only thing that can change depending on the size of the tourist 

flow is the ratio of passengers carried and accompanying cargo. If the passenger flow 

is large enough, then the airliner only takes on board the luggage of each passenger. 

But as soon as the size of the passenger flow decreases, cargo can appear in the cargo 

compartments of aircraft that is not correlated with the first-time passengers. The 

second control tower, which serves as a backup in the event of a sudden increase in 

airport capacity to its limits, may come into use if the first control tower is unable to 

operate normally. However, the task of the existence of the second control tower is 

not limited to the backup function, since this tower is also used for the professional 

training of air traffic controllers. 

The airport fire department also performs the function of a rescue service. At 

the same time, 75 uniformed employees are on duty at each of the nine fire stations, 

as well as 75 at each of the nine search and rescue stations for 24 hours a day. They 

have 150 units of fire equipment at their disposal. Each brigade is able to respond to 

the news of a fire in 2 minutes in case of normal visibility. This indicator complies 

with ICAO requirements. 

Of course, the technical and technological solutions presented in this paper in 

the construction of the newest Dubai airport far from exhaust all the possibilities of 

building an innovative architectural complex. It seems that the development of this 

topic in various perspectives can still take place in the future. 
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ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ ʢ ʨʝʘʣʠʟʘʮʠʠ ʚ ɼʫʙʘʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʣʸʢʦʛʦ ʙʫʜʫʱʝʛʦ.  
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Abstract. This article proposes to consider ways to increase competitiveness through the 

functioning of the Aeromajlis public council, which the authors find it possible to implement at the 

Dubai largest airport in the world, Sheikh Saeed bin Maktoum bin Hasher Al Maktoum. This 

project is being developed by the International Mariinsky Academy named after M.D. 

Shapovalenko, which is given attention in this study. After a comprehensive examination of this 

project by the Smart Majlis of Dubai Sheikh Mohammed bin Rashid Al Maktoum, as well as the 

Dubai Future Foundation, if successful, it can be accepted for implementation in Dubai in a 

relatively near future. 

Keywords: Aeromajlis, airport, air terminal, air hub, terminal, competitiveness. 

 

AeroMejlis is the public council of the airport, and the airport administration 

carefully monitors not only compliance with the rules of passenger service in each 

structural unit of its organization. At the same time, they regularly review the lists of 

initial and newly introduced services at all airports in the world in such a way as to 

adopt best practices in every worthy case. Moreover, they strive to bring the 

implementation of such experience to an even higher level, practically unattainable 

for any airport in the world. The key to success in constantly improving the 

competitiveness of the airport should be called not so much the formal copying of 

other people's services, but their qualitative rethinking until the complete processing 

of the unsurpassed high level of service culture offered to passengers, accompanying 

persons and carrier companies using the airport's capabilities, providing them with 

the undivided long-term disposal of everything required inventory, machines and 

mechanisms. Along with this, in support of carrier companies, the airport also offers 

specialists of the highest level of qualifications who can help use the material and 

intellectual benefits of the airport with the greatest efficiency. At the same time, the 

key guiding line is also to comprehensively study the shortcomings in the design and 

operation of all other airports in the world, prompting carrier companies to refuse 

cooperation with them and reorient themselves to using other airports. All such cases 

receive collegial consideration, after which a wide range of mutually agreed measures 

are taken to prevent such errors in the operation of this airport. Representatives of all 

the major passenger airlines of each continent are invited to constantly interact with 

the airport administration and work in its public council "aeromajlis" in order to 

jointly improve daily not only the appearance of the airport, but also all the organic 

components of the working atmosphere at each site of its operation. It is thanks to 

this, in many respects, that for any such company this airport is a world-class hub, 

which every day becomes more and more modern in terms of the widest range of 

indicators. Dubai Airport does not seek to compete with any of the airports in the 

world in terms of any list of indicators, but is initially inaccessible and moving away 

from all the others into an increasingly tangible gap in the competitive distance. 

The AeroMejlis is considering a plan to build an air city encircling a circle 

along the end safety strips of the runways, in which all airport staff can live, as well 

as the entire range of social infrastructure facilities, reflecting its diverse needs. 

In order for airport employees and passengers using it to quickly and 

comfortably travel to the center of Dubai, by decision of the Aero Mejlis, a 

magnetoplane route is being built, which is also known as maglev - from the English 

phrase ñmagnetic levitationò, which translated into Russian means ñmagnetic 
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levitationò. Improved magnetic trains on this line should reach speeds of more than 

five hundred km/h, making communication with the historical center of Dubai as fast 

as possible. The magnetic levitation train is connected by the Aero Majlis to the 

previously agreed upon combination of a fifteen-lane highway in each direction and 

Dubai Metro stations at opposite terminals. A train and tram combined in a 

magnetoplane must be held above the road surface thanks to the force of the 

electromagnetic field, which is the source of its movement and control. This 

composition, which is important for the desert zone, unlike conventional trains and 

trams, does not touch the surface of the rail when moving. 

According to the decision of the Aero Mejlis, it is advisable to equip the 

terminal building with eighteen bridge crossings, which will allow passengers and 

their accompanying persons to move between all the terminals they need without 

leaving the selected level of movement. Another means to reduce the energy costs 

and time of airport users should be the double gates that the Aero Mejlis proposes to 

make to accommodate double-decker airliners, the number of which is increasing 

every year. 

Well-equipped recreation areas in each of the eighteen terminals, by decision of 

the Aero Mejlis, are equipped with televisions, a library, a music library, a video 

library, as well as a multi-functional playroom for children, which helps increase the 

tourist attractiveness of the terminal building and convenience for passengers. 

The airport's retail areas, including the world's largest Carrefour hypermarket, 

are used by travelers, crew members and residents of the airport, each of whom has 

permanent passes to the airport as a whole, and the retail area is in the public area and 

does not require a pass system. If prices at airports around the world are usually much 

higher than store prices, in this case they are much lower than store prices, since trade 

at the airport occurs without intermediaries, on its own territory, and goods are 

delivered by its own planes. 

Our own post office allows passengers to send parcels and parcels if they do 

not want to carry with them items and products purchased at the airport that have a 

fairly long shelf life. The airport is assigned a special ZIP code; all necessary public 

services operate on its territory. We offer the widest range of household services, 

from repairing shoes, clothes, bags, watches, to washing clothes and outerwear. You 

can also use dental prosthetics services at the airport clinic. 

This is the only airport in the world that is equipped with two control towers. 

Given the record size of each runway, one control tower is responsible for servicing 

only two runways at a time. And only in case of force majeure can they start working 

with a limited number of additional runways, provided that they are located to the left 

or right of one of the two runways that traditionally serve as their main area of 

responsibility. This is due to the high frequency of aircraft arriving and departing 

from the same runways to maintain the airport's ultra-high capacity at the most 

advanced global standards. Also, everything has been done at the airport to minimize 

the time it takes to process personal documentation, check luggage, and carry out 

anti-terrorism prevention. 

Along with this, the abundance of taxiways of various levels of complexity 

allows aircraft to be taken away from runways at high speed in order to make room in 
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advance for the next airliner to land and to eliminate the possibility of aircraft 

collisions under any circumstances. This is all the more important because due to 

frequent fog, some planes are forced to linger on the runways, while return flights, 

which could also be handled by Dubai airport, are forced to be completed by pilots at 

other airports. 

However, the Aero Majlis has a significant resource of influence on the 

situation, and through joint efforts with environmentalists they are able to largely 

counteract the transformation of fog into smog by minimizing harmful emissions into 

the sky of Dubai. The main measures include the total introduction of free filling 

stations for electric vehicles, which encourages residents and guests of the metropolis 

to switch to electric vehicles and stop polluting the air with the exhaust of their cars, 

especially those often stuck in traffic jams. 

As we have previously reported, the tradition of combining office, residential 

and retail space in one skyscraper is strengthening in Dubai in order to minimize the 

need to spend time, effort, money and personal transport capabilities of company 

employees crossing significant distances within the city. 

Placing the above and broader opportunities directly in the airport terminal 

frees the vast majority of transit passengers from the need to travel to the center of 

the metropolis. Moreover, this airport may well deserve the title of the fastest 

growing in the world, since the airport management is very attentive to all 

technologically advanced solutions that can help make the work of their brainchild 

faster and more efficient. Therefore, despite the initial full staffing with all the 

necessary structural elements, services and highly qualified personnel, the airport 

administration regularly replaces outdated equipment and accepts the world's most 

advanced equipment that has just appeared for experimental testing in the daily 

activities of the airport in agreement with manufacturing companies. Each 

manufacturer of advanced technical products from among the partner companies 

considers it a great honor to test all their new products at this airport, because all its 

innovations are instantly visible - both to reputable employees and influential users. 

Each of the 18 terminals has its own color scheme, which from terminal to 

terminal inherits in turn all the successive colors of the rainbow and their traditional 

halftones. Also, a unique aromatic composition has been developed for each of them, 

designed to evoke inspiration and high spirits among arriving passengers and 

wonderful memories among departing passengers. 

It was decided to build all the runways of this airport in such a way as to 

significantly minimize the distance that usually exists between a car carrying 

passengers and an airplane, which can significantly reduce the movement of these 

vehicles around the terminals. 

The AeroMejlis Airport Public Council has a vested interest in the success of 

each stage of development of carrier companies cooperating with the airport. 

Therefore, they are making all the necessary efforts to create most favored nation 

treatment for each such company, the opportunity to pay for airport services at the 

lowest prices through the conclusion of cooperation agreements for significant 

periods. Carrier companies, represented by their own management, are clearly aware 

of the level of unsinkability of this airport and understand that they will never need to 
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transfer their flights from here anywhere in the future. On this basis, they can pay for 

airport services in advance, while significantly saving their own resources, and at the 

same time investing in the constant development of the airportôs capabilities, which 

they themselves will use as proactively as possible in the first place. 

The fate of many airports around the world has a certain similarity, which is 

expressed in the fact that expensive areas for residential development, surrounding 

the airport on all sides, are very quickly built up, depriving the airport of the 

opportunity for further extensive development. Despite the fact that the airport in 

question has numerous initial characteristics that are significantly ahead of the 

modern needs of the international community in their broad totality, nevertheless, the 

possibility for its subsequent development is also provided for by the Aero Majlis. 

But the areas adjacent to the modern outlines of the airport are not reserved. They are 

filled with low-rise, diverse technical structures that do not interfere with the takeoff 

and landing of aircraft. These structures are ready for quick and inexpensive 

reconstruction in case of emergency. Thus, the airport has significant potential for 

reconstruction, which does not require its complete closure and the construction of a 

new airport due to the lack of free space surrounding it for expansion. 

Such areas, for example, thanks to the construction of quickly rebuilt 

prefabricated building structures, can be occupied by so-called catering enterprises, 

so named after their anglicism, derived from the word ñcateringò, which is translated 

into Russian literally as ñcateringò or, somewhat less the commonly used option is 

ñbanquet serviceò. 

Thus, the land that the airport may at any time require for the consistent 

expansion of its capacity can be temporarily occupied by numerous catering 

enterprises belonging to the same airport. 

This will make it possible to provide services to passengers in a timely manner 

and with consistently high quality, delivering food directly to aircraft, and to provide 

contract catering services to employees of all enterprises and services involved in the 

airport, both in the terminal building and on flights. 

Events for various purposes held in restaurants and cafeterias of the airport 

terminal can also be served by catering companies, simultaneously carrying out retail 

sales of finished culinary products in each cafeteria. Catering companies can be 

responsible not only for preparing food and its timely delivery on board each airliner, 

but also for serving and decorating tables during coffee breaks, banquets and buffets 

held during conferences, symposiums, congresses and other events in conference 

rooms of terminals air terminal. At the same time, such enterprises undertake the 

bottling and serving of drinks to each conference participant. 

Each of the eighteen terminals will have over 100 check-in counters, 50 jet 

bridges, 10 aircraft stands, 75 immigration control points, as well as 25 x-ray areas to 

speed up the service for passengers at this stage of their stay at the airport. The more 

immigration control capacity can be put into operation, the more quickly the airportôs 

maximum capacity will be reached, which will significantly increase the level of 

impact from each of its structural units and allow for a faster transition to a 

comprehensive upgrade. 
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Also, as the return from the airport increases from the moment it is put into 

operation, it will be possible to allocate as many terminals as possible to low-cost 

airlines, which will increase the turnover of funds, since the number of gold card 

holders can never be infinite, and in return they will need to invite passengers from 

other social strata. 

Considering the location of this airport in a Muslim state, a special terminal 

should be allocated for pilgrims. Considering the special respect that exists in Islam 

for the number ñ7,ò it seems appropriate to allocate terminal No. 7 specifically for 

pilgrims. In this case, one should be guided by the fact that the very First Sura, which 

reveals the wisdom of the Great Quran to everyone ready to comprehend it, bearing 

the name ñAl Hamdò, which is translated from Arabic as ñThe Opening Oneò, 

consists of seven ayats, as the Revelations of the Almighty are called here. ñWe have 

given you seven frequently recited verses and the reading (!) of the Great Quranò 

(18:77), this is what this Holy Book says. 

For pilgrims who go to Hajj every year, the Aero Majlis invites all partner 

airlines to land their planes at a special seventh terminal, which will allow the flow of 

pilgrims to in no way intersect with passengers of other religions. Terminal No. 7, as 

well as any other terminal operating at full capacity, should have a capacity of up to 

thirty million passengers per year who, in addition to the pilgrimage to Mecca, also 

want to see the Muslim shrines of the United Arab Emirates. 

The cargo terminal of this airport is designed to serve all cargo operations, 

having an impeccable and most precise organization of the cargo handling system 

throughout the world. The airport terminal building as a whole, in terms of the total 

area of premises, can take first place in the list of the largest buildings and structures 

in the whole world. As its configuration is rethought in the future according to the 

growth of passenger traffic needs, as well as possible changes in global standards of 

its service, this building may become even larger. Since, as already mentioned above, 

for its extensive development, quite significant prospects are initially created and 

areas are provided that are used for another purpose until such a need arises. With the 

emergence of the need for additional space for the airport complex, the catering 

enterprises belonging to it are completely painlessly moved to free territories, and 

new functional divisions of the airport appear in their place. 

However, the Aero Majlis considers it its duty to provide not only for the 

extensive development of the airport, but also for the redistribution of the areas of the 

terminal building and separately located ground services according to the updated list 

of needs of passengers and staff. For example, in the future, during pandemics, the 

number of passengers may significantly decrease, as well as in the event of hostilities 

in regions of the world with which Dubai Airport has regular connections. 

In this case, short-term or long-term changes in the functionality of various 

structural divisions of the airport become possible. In individual terminals, given their 

high and versatile equipment, as well as compliance with the highest sanitary and 

hygienic requirements, fire and anti-terrorist safety requirements, etc., temporary 

hospitals can be set up for victims of pandemics or wars. 

In addition, centers for professional training and retraining of junior and mid-

level medical workers from among volunteers can also be temporarily deployed here 
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if the existing staff of hospitals and clinics turns out to be insufficient to cope with the 

constantly worsening epidemiological situation in the world. Medical teams trained 

here can directly from this airport, as a gesture of goodwill, go to help residents of 

friendly powers who, for one reason or another, are not yet able to quickly, highly 

qualifiedly and within an acceptable time frame solve the problems facing them in 

improving the health of their population. 

At the same time, if necessary, in terminals that are vacated due to the lack of 

flights to warring countries, peacekeeping brigades can be trained to support law and 

order and security on the territory of friendly powers by volunteers from the United 

Arab Emirates and other countries expressing sympathy for the victims of military 

conflicts. 

The significant size of each such terminal makes it possible to recreate with 

sufficient accuracy the conditions in which local acts of assistance can be carried out 

to countries suffering a humanitarian catastrophe and capable of maintaining their 

sovereignty with support from the UAE and other friendly states. 

Also important is the ability to use suddenly empty passenger terminals as 

additional cargo terminals intended for completing shipments of humanitarian aid to 

citizens of countries suffering from the consequences of pandemics, military 

operations, natural disasters, crop failures, etc. 

To this end, in freed passenger terminals, production facilities suitable for rapid 

dismantling can be urgently assembled, designed for careful handling of cargo, their 

correct sorting at destination and the order of dispatch to the addressee, as well as 

maintaining the entire set of control standards for cargo leaving the airport. 

On the contrary, if the terminals operate with full direct efficiency in normal 

mode, and at this time another world-class event is taking place in the UAE, the 

sharply increased volume of passenger traffic can lead to certain difficulties in the 

timely service of each flight and its forced delay for this reason. To prevent the 

occurrence of such disruptions to the airportôs operating regime, it is proposed to 

strengthen in advance the most critical areas in terms of overload in passenger traffic. 

In our opinion, this should be done through the attraction and timely training of 

volunteers from among UAE citizens and foreign employees of companies who 

express their willingness to temporarily release a certain number of their employees 

from performing their main job duties to provide support to the airport in receiving 

passengers. To do this, employees of various airport services responsible for this 

training go to enterprises and organizations, carry out the necessary explanatory work 

among employees there, appropriate trainings, and at the final stage of preparation, 

teams of volunteers arrive at the airport before the start of an event of global 

significance. Here they learn to navigate the terrain, operate equipment and devices 

that could not, for one reason or another, be made available to them during volunteer 

training, pass exams and are enrolled in a volunteer detachment at the location where 

they need support from them [1]. 

In turn, the Dubai police and paramilitary units also conduct retraining courses to 

participate in high-quality enhanced security of such a strategic facility, which is the 

airport. This allows traditional airport security to continue working as usual even during 

special public events in the country. In general, taking into account the special tourist 
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appeal of the UAE and specifically Dubai almost throughout the world, it seems possible 

to say with confidence that the Aero Majlis will be able to make high-quality and far-

sighted decisions in each such case. They will allow the airport staff to meet and conduct 

even the largest flows of guests and participants in mass events in the UAE with honor 

and dignity. 

In technical terms, the increase in the load on the airport in terms of passenger traffic and 

higher than traditional flight intensity, high-speed basalt taxiways, which are also called 

high-speed taxiways, which can allow each new aircraft to quickly clear the runway, will 

help cope with the situation. landing strip at high speed. This will ensure the smooth 

landing of the next aircraft, which will require a relatively short period of time [2]. 

If in the coming decades, world interest in Dubai and the UAE as a whole 

continues to increase, there will be a gradual intensification of the development of 

this airport, where construction and upgrades will not stop literally for a minute. 

However, even at the same time, all rules for passenger service will continue to be 

observed throughout the entire airport, and being at the airport under any 

circumstances will allow each passenger to be in a zone of mental and physical 

comfort all this time. 

Essentially, this is what ultimately boils down to the main tasks of the 

functioning of such a well-coordinated, highly qualified team, which should be called 

the ñAero Majlisò. If its work is successful over a long period of time, training may 

be organized to disseminate the experience of similar public councils to other leading 

airports in the world. From our point of view, this should happen with the consistent 

delegation of representatives of the Dubai Airport Aero Majlis to other airports to 

organize their activities according to the proven algorithms of the work of this public 

council [3]. 

It is quite possible that in the future the work of the Aero Majlis will become a 

model for organizing the most highly qualified, well-coordinated team at every 

airport in the world, which will require constant visits of their representatives to the 

Dubai airport, in addition to the fact that representatives of carrier companies whose 

flights also land will continue to work at the Aero Majlis at other partner airports 

around the world. In this case, it will become possible for the emergence of an 

integral, harmonious system of professional training for work in the air mejlis of each 

airport that has chosen a similar model for managing its business as the most 

acceptable option for further existence and maximum successful development. 

This will allow the very fact of the existence of the airport to impart branding 

characteristics to this airport and help raise the standards of passenger service around 

the world to a qualitatively new level. 
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Abstract. This article proposes to consider issues related to construction and operational 

work that were not covered in the previous four reports by the Mariinsky Academy team, which the 

authors consider possible to implement at Dubaiôs largest airport in the world, Sheikh Saeed bin 

Maktoum bin Hasher Al Maktoum. This project is being developed by the International Mariinsky 

Academy named after M.D. Shapovalenko, what attention is paid to in this study. After a 

comprehensive examination of this project by the Smart Majlis of Sheikh of Dubai Mohammed bin 

Rashid Al Maktoum, as well as the Dubai Future Foundation, if successful, it can be accepted for 

implementation in Dubai in the relatively near future. 

Keywords: Aeromajlis, airport, air terminal, air hub, terminal, competitiveness. 

 

The authors of this study, as well as the entire pentaptych, the individual five 

parts-reports of which are interconnected according to an initially defined 

compositional and general thematic principle, understand that the report offered to the 

readerôs attention should only conditionally be called final. Firstly, scientific research 

in this direction is still ongoing, which daily offers new constructive solutions in the 

field of preparation of design and estimate documentation, as well as innovative 

approaches to the implementation of the worldôs largest airport project. 

Secondly, regardless of this research, there is a rapid development of technology 

throughout the world, which will radically change the vision in the field of aeronautics, 

aviation and the numerous ground-based structures that serve its interests. Thanks to 

this, many solutions will become less expensive, the speed of construction and its 

reliability will increase many times, and the operating life of the airport in Dubai will 

become significantly longer than the real need for such buildings and their 

accompanying infrastructure. 

And finally, thirdly, the reaction of the world scientific community with 

numerous comments, wishes and suggestions will make it possible to present to the 

grateful reader at the next conference a qualitatively new vision of the issues raised in 

this pentaptych of articles. Nevertheless, even after the four previous works, it seems 

possible to polish certain aspects of solving some previously raised problems, as well 

as propose to illuminate a series of new ones. For example, all 18 terminals should be 

directly connected to a common transit area for all users of the terminal building so 

that passengers do not have to go through immigration control multiple times just 

because they want to visit a cafe or cinema in a neighboring terminal rather than in 

terminal where they will be served. We have already begun to touch on this issue 

earlier. Therefore, the possibility of unhindered movement of passengers between 

terminals, provided in advance, will significantly expand the range of goods and 

services offered to them in the terminal building, giving the opportunity to numerous 

services here to increase their own attractiveness and level of profitability. 
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Each terminal has its own cinema, which has an individual repertoire, which 

allows passengers to choose films at their own request from a fairly wide repertoire 

list, and watch an almost unlimited number of films if they have the time, means and 

desire for this. 

Inside each terminal there should be laid out not only the kind of garden that was 

previously reported in connection with the description of the structure of the central 

atrium hall, but also a garden traditional for premises with a wide glazed surface of the 

walls and ceiling. In terms of the composition of trees and shrubs, it does not resemble 

any of the other seventeen gardens in other terminals. Each terminal would feature one 

of the world's largest series of plasma displays, which would provide each user with a 

full understanding of the wide, if not exhaustive, range of services available to them. 

In order to sufficiently compensate for the "technological" impression created by 

the predominant materials in the construction of each terminal, such as steel and glass, 

walls of natural greenery organically complement the impression that gardens with 

numerous fountains, as well as floors in the terminal building, can give to visitors of 

the terminal building. natural natural tones. The roof of the terminal building, which is 

also the bottom of the world's largest infinity pool, must be constructed of organic glass 

or a material that is significantly more advanced at the time of construction. It is 

expected that such material will be widely available and more durable in the near 

future. This way, the roof could let in as much natural light as possible. The light, 

refracted in the water of the pool and acquiring unusual shades when passing through 

its thickness, will be moderately bright, which for a building built in an arid desert 

climate will best meet the initially set objectives of the designers. The figures of people 

swimming in the pool will be an absolutely fantastic sight for every user of the 

terminal building services if he has the time and energy to look up. In reality, floating 

people may appear to those looking at them from below to be literally flying, and in 

this case, without the help of aircraft. This will allow the infinity pool to add to the 

symbolism of the airport. 

The departure terminal, along with the arrival terminal, should always be 

determined by the destination of the flight, based on the wind rose traditional for the 

area. If the wind direction at the time of arrival turns out to be unconventional and 

requires a prompt change of the runway to accept the flight, the number of the arrival 

terminal must be confirmed at least two hours before the arrival of the airliner so that 

sudden changes cannot cause any inconvenience to passengers . 

In accordance with the concept of ñFast and Smooth Travelò (FAST), which is 

quickly and widely spreading throughout the cultural and civilized world, the terminal 

building will necessarily provide options for self-check-in, which can be quickly 

mastered by almost every passenger, or, in extreme cases, an accompanying passenger 

with disabled person. 

In addition to this, automated baggage drop-off systems should be universally 

implemented in the airport terminal building, and along with this, also immigration 

clearance and boarding systems, if such independence does not contradict the 

passengerôs ideas about the level of impeccable airport service. For passengers who are 

ready to take on the maximum degree of independence and engage in self-service in 

most functional areas of the terminal building, an incentive program for providing 
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bonus cards will be provided. Thanks to it, each most independent passenger will save 

his money, since he will actually independently perform part of the work of several 

airport employees at the same time. Such programs will allow passengers to 

significantly save time on interacting with airport employees, and in a large number of 

cases, also remove the language barrier. Also, the growing degree of independence of 

passengers will allow the airport administration to increasingly repurpose its 

employees from providing traditional services to passengers to providing 

fundamentally new services that passengers cannot yet use at their own discretion and 

absolutely independently. 

The interior of each terminal should use items of cultural and historical heritage 

characteristic of the groups of countries from which passengers traditionally arrive at 

the terminal. This will help each passenger initially feel in familiar conditions, and 

make the atmosphere of his service more ñhomelyò, as comfortable as possible. 

Kindergartens and schools at the airport are designed both for the children of 

numerous employees of this enterprise, and for the children of passengers who fly to 

Dubai for official needs, and at the same time do not have the opportunity to leave their 

children at home in the care of family and friends. The educational cycle for such 

children can continue at both the preschool and school levels. At the same time, the 

issue of synchronizing the study of material at the airport school with the study of 

material at the childôs home school must be resolved. Which seems to many to be a 

rather difficult undertaking that requires coverage in separate articles, which our team 

of authors may appear in the foreseeable future. 

In order to significantly reduce the size of landing fees, service charges and fees 

accepted at a given airport, the opportunities that open up for the airport due to its 

broadband passenger traffic are used. All purchases of office consumables, food, fuels 

and lubricants, medicines and many other substances required to serve passengers are 

carried out at large wholesale prices. At the same time, their distribution to passengers 

at retail outlets and service centers at the airport is carried out at retail prices, which do 

not need to be artificially inflated. Thanks to relatively low prices for goods and 

services, many passengers can choose this airport to fulfill their many needs, and on a 

regular basis. It is also possible to introduce bonus programs for passengers who decide 

to use the services of this airport again, and an additional reduction in the cost of 

service for anyone who wants to return here a third time, etc. 

Each terminal, identical in size and design to all the other seventeen, will be 

designed to ensure efficient processing of diverse passenger requests for various forms 

of service and, at the same time, a sufficiently rapid turnaround of aircraft. 

The terminal building, as has been discussed many times, has an exclusive 

infrastructure designed to provide every passenger with the maximum number of 

amenities, including fields for playing football, basketball, volleyball, golf, many other 

sports games, and the world's largest training center. In addition, passengers have 

access to a therapeutic gymnastics center, a physiotherapy department, rooms for 

classical, reflex-segmental and other numerous types of massage, healing mineral 

baths, etc. 

All gates of this airport must serve not only the currently existing double-decker 

Airbus A380, but also provide for the possibility of further increasing the carrying 
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capacity of airliners and their ability to take on board an increasing number of 

passengers and an increase in the number of ñdecksò. 

In each terminal, in order to maximize the speed of passenger service, it is 

planned to construct ten counters for individual security checks, 2 quarantine and 

biological control zones. The structure of each terminal should also include five 

stationary and fifteen mobile quarantine counters, one hundred passport control 

counters and ten security zones, which are intended for checking arriving passengers. 

For each of the eighteen terminals, there are also twenty-five security zones, 

which are necessary for checking passengers before the departure of the airliner, two 

hundred check-in counters and one hundred and fifty passport control counters for 

departing passengers. 

One of the features of each terminal, given the construction of the terminal 

building in the hottest, arid climate, is the so-called ñcold floorò system. This will 

significantly reduce the load on existing air conditioning systems, since cold water 

pipes must be laid under the stone floor slabs without additional insulation. 

The flight control tower rises above the roof of the airport terminal building, 

located in the center of the infinity pool, and is included in the Guinness Book of 

Records as the tallest in the world - five hundred meters. The terminal buildingôs own 

water treatment facilities are capable of processing up to three thousand cubic meters 

of water per day, which is subsequently redistributed to all airport air conditioning 

systems, and is also supplied for drip irrigation of winter gardens and lawns in front of 

the terminal building. 

An additional source of cold water supply to the terminal building should be its 

direct and constant involvement in the implementation of our project, well known in 

the scientific literature under the working name ñtraveling icebergò. As we have 

previously reported, numerous controversial proposals to tow icebergs for further 

processing off the coast of the Arabian Gulf in order to obtain drinking water from 

them require significant improvements. It seems more expedient to load on board 

airliners returning from flights to Australia, South Africa and the countries of the 

southern tip of South America, parts of icebergs that were initially lifted aboard the 

ship off the coast of Antarctica, pre-sawed off at special enterprises in these countries. 

The surface layers of iceberg fragments can provide water that requires significant 

processing due to their certain contamination, and is suitable mainly for technical 

purposes, of which there are quite a lot in the work of the world's largest airport. 

Deeper layers of the iceberg can be unloaded from aircraft into large containers located 

in the underground floors of the airport terminal building. During the process of 

gradual melting, these ice prisms will be able to cool the air, floors, and other parts of 

the terminal building. The melting water will be filtered and then filled into tanks for 

later use. At the same time, the natural ice of these blocks can be useful for medical 

purposes, the restaurant industry, etc. 

When constructing an airport terminal building, it seems advisable to take 

advantage of the capabilities of another project we previously outlined, to which we 

gave the name ñ3D-printer-trainò. Combining the functions of a 3D printer and a short 

but maneuverable train will significantly simplify the process of installing and 

dismantling industrial construction 3D printers. In addition, this will immediately lead 
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to a significant acceleration of the process of printing construction projects on the 

airport premises. Moreover, such a 3D printer can carry out its work on several objects 

located within the radius of the airport, alternately. 

If the texture of the building mixture, which is used in the process of 

construction 3D printing, requires a certain time for hardening and shrinkage, and the 

3D printer has not yet reached a state of ñfatigueò of the structural elements of the 

materials included in its composition, then it can move to a new area of the airport for 

that period of time while hardening and shrinkage of the building mixture occurs in the 

previous section. In addition, he can move away from the constructed fragment of the 

construction site at a respectful distance until the gaps between the lattice structural 

elements he has built are completely filled with filler as desert sand. Unless the 3D 

printer is transported a significant distance, even minimal winds can lift desert sand 

into the air and clog the 3D printer's structural components, requiring significant time, 

effort, and material costs to restore it to working order. The rails on which the 3D 

printer will move will also have a 3D character, since first the 3D printer will have to 

rise above the section of the construction site it has built, move above it to free space, 

driving along the upper or perpendicular rails, depending on the configuration of the 

construction site airport. And then, returning to the starting position, move along the 

lower rails to the next area of work. When the initial construction project no longer 

requires the participation of a 3D printer, it will move to the next airport construction 

site, and will move in this way until it reaches a state of complete material and moral 

wear and tear of its structural elements, or until it has built everything. what needs to 

be built at this airport in this way. The ñcarsò of this composition will be containers 

with elements of building mixtures, since further improvement of the practice of 3D 

printing will involve the connection of such elements immediately before the moment 

of 3D printing. Otherwise, a chemical reaction will occur between the individual 

elements of the building mixtures, leading to their premature hardening inside the tank, 

and not on the plane of the building structure. This ñ3D railway trainò should also 

include ñconcrete mixersò, since even individual elements of building mixtures will 

also be able to harden prematurely in difficult desert conditions. The rails that remain 

after the completion of 3D printing on the airport premises are not dismantled, but 

become elements of the ñexoskeletonò of the terminal building, given that significant 

wind loads during desert sandstorms will continue to be a serious challenge for such a 

large building. Despite the fact that in Dubai, over time, desert sand can be preserved 

only as an element of ethnography in a desert landscape reserve, in the surrounding 

emirates, and even more so in other Arab countries, deserts will not only continue to 

exist, but their area may expand due to a sharp progressive climate warming [1]. 

Moreover, this can happen if the above-mentioned ñiceberg-travelerò project is not 

quickly implemented, the indirect result of which will be some mitigation of the very 

hot arid climate of the UAE and neighboring countries. One of the serious scientific 

and inventive tasks for the implementation of this mobile ñ3D-printer-trainò project 

should include the development of such construction mixtures, where, in order to avoid 

their premature hardening, a hardener or a chemical reaction catalyst can be added and 

evenly distributed on the eve of 3D printing , signifying timely hardening of the 

building mixture [2]. 
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The general compositional structure of the pentaptych of reports at the venerable 

conference dedicated to the centenary of Russian civil aviation requires the introduction 

of an extensive set of explanations, clarifications and the presentation of detailed models 

of the airport complex proposed for construction. However, many of them will require 

additional research, experiments, approvals within the international team of authors, as 

well as an invitation to participate in its work of new doctors of sciences, postdocs, and 

holders of other academic degrees. The composition of the authors should also expand in 

relation to the totality of areas of scientific specialization, since at the moment the 

coverage of socio-political, economic, medical, chemical, physical and many other 

scientific issues, one way or another related to the need for the flawless functioning of 

the world's largest airport, seems completely insufficient [3]. 

Summing up only intermediate results, since the airport construction strategy 

must be consistently deepened until the end of its construction, you should pay 

attention to the obvious shortcomings of each part of the pentaptych brought to your 

attention, independently identified by the authors. 

The prologue report should have clarified the height of each of the eighteen 

basalt runways above sea level, since as the climate warms there is still no guarantee 

that Dubai, especially its famous Downtown, will not be flooded by the waters of the 

Persian (Arab) Gulf . Therefore, not only the runways themselves, but also the key 

characteristics of the basement and first floors of the terminal building should be 

calculated based on the possibility of fairly rapid and inevitable climate changes. 

Letôs assume that the organic component of the airport project, which should be 

called the ñtraveling icebergò project, begins to be implemented, and many Antarctic 

icebergs, instead of uncontrolled chaotic melting in the worldôs oceans, will be able to 

be processed in a timely manner in Dubai. However, it should be assumed that the 

production capacity of the UAE alone may not be enough to maintain the previous 

water level in the worldôs oceans, unless other countries of the world follow the 

example of this state in this regard and begin to transport and process iceberg 

fragments in their direct interests. Therefore, if the threat of flooding of at least part of 

the territory of Dubai continues, it is necessary to introduce an underwater segment 

between its underground and ground sectors into the design of the airportôs ground 

services. 

In addition, it is necessary to experimentally calculate the most acceptable angle 

at which the runways will be ñtangentiallyò in relation to the terminal building in the 

event that untimely braking of at least one of the airliners arriving at the Dubai airport 

could cause significant physical damage to it . This angle must be calculated 

simultaneously for all eighteen basalt runways in such a way as to completely 

eliminate the possibility of intersection of at least two runways. This is all the more 

relevant because individual airports in the world currently need to be rebuilt for the 

sole reason that when an aircraft lands on one of its runways, none of the intersecting 

runways can be safely used at the same time as the first one. 

In the second part of the pentaptych of reports, it is proposed to consider the 

possibilities of servicing passenger traffic at Dubai, the largest airport in the world. 

However, by the time of its possible inclusion in the conference program, it becomes 

clear that amendments to the peculiarities of serving passengers according to their 
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religious affiliation have not yet been taken into account to a completely sufficient 

extent. Despite the fact that all terminals at this airport are structurally identical, the 

religious feelings of each airport user should be respected in such a way that he can 

experience psychological comfort throughout his entire stay at the airport. The same 

applies to issues of age, gender, race and nationality, political preferences, commitment 

to certain sports clubs, public associations, etc. One way or another, the operation of the 

terminal building must be designed in such a way that a passenger with any combination 

of the above and other preferences feels equally at home at the Dubai airport. 

Refinement and even complete reworking of the entire set of technical and 

technological solutions set forth in the third part of the pentaptych may be required 

long before the project is implemented, since the emergence of any new revolutionary 

material, technology, problem-solving algorithm, etc. can qualitatively change the 

entire strategy of actions proposed by our team. 

Assuming that we have found the most optimal ways to increase 

competitiveness through the functioning of the public council "Aeromejlis", which are 

reflected in the previous, fourth part of the pentaptych, its entire team of authors must 

also be aware of the fact that the work of such a self-government body will only be 

possible if that all airlines currently using the services of Dubai airports will express a 

desire to continue cooperation with the aviation administration of this venerable 

emirate and with the advent of a qualitatively new airport. In turn, this will become 

possible only if in the foreseeable future, separating the present moment in time from 

the moment of construction of the airport, it is possible to overcome the consequences 

of smog, which often makes it difficult for planes to land at Dubai airports. To do this, 

in the short term, it is necessary to transfer the maximum number of Dubai transport to 

electric traction, introduce finer filtration of waste from industrial enterprises of this 

emirate, up to the introduction of total closed cycles for the production of any product 

and the provision of any services, regardless of the breadth of their list. 

The above allows us to conclude that the success of the project to create a new 

airport in Dubai will directly depend on the quality and timeliness of solving modern 

environmental and socio-economic issues. Their fast and highly qualified permitting 

will make Dubai Airport an excellent opportunity for the emergence of qualitatively 

new environmental and socio-political initiatives in this emirate. 

Expressing hope for continued cooperation with the organizing committee of the 

venerable conference and its wonderful participants in the new seasons of its holding, 

the team of authors thanks for your attention to our scientific and social quests, and 

hopes to receive questions, wishes, comments and suggestions for the maximum 

correct implementation of the project proposed here. 
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ɺ ʩʪʘʪʴʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʧʨʠʚʣʝʯʝʥʠʷ ʢʣʠʝʥʪʦʚ 

ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ. ʈʝʰʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʧʦ ʧʦʜʙʦʨʫ ʨʘʟʣʠʯʥʳʭ 

ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʠʩʢʘ ʢʣʠʝʥʪʦʚ.  
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ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʦʚʘʨʦʦʙʦʨʦʪʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʦʚʘʨʦʚ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʣʦʛʠʩʪʠʢʠ, ʢʘʢ ʛʣʘʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʤʝʭʘʥʠʟʤʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʨʝʩʫʨʩʦʚ ʜʦ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ. ʅʝ ʪʘʢ ʜʘʚʥʦ ʧʦʜ 

ʧʝʨʝʚʦʟʢʦʡ ʧʦʥʠʤʘʣʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʘʤ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʠʟ ʪʦʯʢʠ ɸ ʚ 

ʪʦʯʢʫ ɹ. ʅʦ ʚʩʝ ʠʟʤʝʥʠʣʦʩʴ. ɺ ʵʧʦʭʫ ʛʣʦʙʘʣʠʟʘʮʠʠ ʢʦ ʚʩʝʤ ʫʩʣʫʛʘʤ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠ ʟʘʚʝʨʰʝʥʥʦʩʪʠ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʵʪʘʧʝ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʪʨʘʥʩʧʦʨʪʥʘʷ ʫʩʣʫʛʘ ʠʩʢʣʶʯʘʝʪ ʦʜʥʫ ʪʦʣʴʢʦ ʧʝʨʝʚʦʟʢʫ 

ʛʨʫʟʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ, ʚ ʵʪʫ ʫʩʣʫʛʫ ʩʝʛʦʜʥʷ ʚʭʦʜʠʪ ʠ ʣʶʙʘʷ ʦʧʝʨʘʮʠʷ, ʢʦʪʦʨʘʷ 

ʥʝ ʚʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʝʨʝʚʦʟʦʯʥʳʡ ʧʨʦʮʝʩʩ, ʥʦ ʩʚʷʟʘʥʘ ʩ ʝʛʦ 

ʧʦʜʛʦʪʦʚʢʦʡ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ. ɸʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʣʦʛʠʩʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʩʪʨʫʤʝʥʪ ʤʝʥʝʜʞʤʝʥʪʘ, 

ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʝʨʘʪʠʚʥʳʭ, ʪʘʢʪʠʯʝʩʢʠʭ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʧʫʪʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ, ʬʠʥʘʥʩʦʚʳʤʠ ʠ ʩʝʨʚʠʩʥʳʤʠ ʧʦʪʦʢʘʤʠ 

[1]. 

ʉ ʨʘʟʚʠʪʠʝʤ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʤʧʘʥʠʠ ʩʪʘʣʠ 

ʨʘʟʚʠʚʘʪʴ ʩʧʝʢʪʨ ʩʚʦʠʭ ʫʩʣʫʛ, ʜʦʧʦʣʥʷʷ ʠʭ ʫʩʣʫʛʘʤʠ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ 

ʧʝʨʝʚʦʟʢʝ ʠʣʠ ʟʘʚʝʨʰʘʶʱʠʤʠ ʝʸ, ʦʩʚʦʙʦʞʜʘʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʪ ʪʘʢʠʭ ʟʘʜʘʯ, 

ʢʘʢ ʫʧʘʢʦʚʳʚʘʥʠʝ, ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʠ ʪ.ʜ. ʀ ʠʤʝʥʥʦ ʧʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʨʠʷʪʠʶ ʨʘʮʠʦʥʘʣʴʥʦ ʨʘʩʧʦʨʷʞʘʪʴʩʷ 

ʠʤʝʶʱʠʤʠʩʷ ʫ ʥʝʛʦ ʨʝʩʫʨʩʘʤʠ [2]. 

ɺʦʟʤʦʞʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʵʢʦʥʦʤʠʢ. ɼʣʷ ʠʭ ʨʘʟʚʠʪʠʷ ʩʫʱʝʩʪʚʫʝʪ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʪʨʘʪʝʛʠʷ 

ʈʌ, ʦʜʥʦʡ ʠʟ ʮʝʣʝʡ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʥʘʨʘʱʠʚʘʥʠʝ ʦʙʲʝʤʘ ʠ ʙʳʩʪʨʦʪʳ 

ʪʨʘʥʟʠʪʘ ʛʨʫʟʦʚ ʠ ʧʨʦʜʚʠʞʝʥʠʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ, ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʩʣʝʜʫʶʱʠʡ ʢʫʨʩ ʨʘʟʚʠʪʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ: ʘ ʠʤʝʥʥʦ, ʚ 

ʯʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ: ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʩʣʫʛ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ, ʠ ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʛʨʫʟʦʚʳʭ 

ʧʝʨʝʚʦʟʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʫʞʜʳ ʛʨʫʟʦʚʣʘʜʝʣʴʮʝʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦ 

ʫʨʦʚʥʶ ʩʝʨʚʠʩʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʛʨʫʟʦʚ; ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʜʦʩʪʘʚʢʠ 

ʛʨʫʟʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʥʦʨʤʘʪʠʚʳ; ʚ ʯʘʩʪʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ 

ʮʠʬʨʦʚʳʝ: ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʨʦʚʥʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʛʨʫʟʦʚʳʭ 

ʧʝʨʝʚʦʟʦʢ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʟʜʝʨʞʝʢ, ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ; ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ ʜʣʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ  ʢʣʠʝʥʪʦʚ ʠ ʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʫʩʣʫʛ ʛʨʫʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʷʚʣʷʶʪʩʷ ʛʨʫʟʦʚʣʘʜʝʣʴʮʳ, ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʶʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ, ʢʦʪʦʨʳʝ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʦʚʳʝ ʠʣʠ ʨʝʛʫʣʷʨʥʳʝ ʦʪʧʨʘʚʢʠ ʛʨʫʟʦʚ ʧʦ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʀ ʫʞʝ ʩʝʛʦʜʥʷ, ʛʣʘʚʥʳʤ ʫʩʣʦʚʠʝʤ ʥʘ ʨʳʥʢʝ ʩʪʘʥʦʚʷʪʩʷ 

ʫʩʣʦʚʠʷ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʘ: ʚ ʥʫʞʥʦʝ ʚʨʝʤʷ, ʚ ʥʫʞʥʦʤ ʤʝʩʪʝ, ʩ ʭʦʨʦʰʠʤʠ 
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ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʗʨʢʠʤ 

ʧʨʠʤʝʨʦʤ ʪʦʤʫ ʷʚʣʷʝʪʩʷ çʂʦʥʪʝʡʥʝʨʥʳʡ ʢʨʠʟʠʩè. ɺ ʥʘʯʘʣʝ 2020 ʛʦʜʘ, ʚʦ 

ʚʨʝʤʷ ʧʠʢʘ ʵʧʠʜʝʤʠʠ, ʚ ʉʐɸ, ʢʘʢ ʚ ʦʩʥʦʚʥʦʤ ʧʦʪʨʝʙʠʪʝʣʝ ʪʦʚʘʨʦʚ ʠʟ ɸʟʠʠ, 

ʩʢʦʧʠʣʦʩʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʝʡʥʝʨʦʚ ʠʟ-ʟʘ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʨ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʧʨʦʩ ʥʘ ʠʤʧʦʨʪʥʳʝ ʪʦʚʘʨʳ ʩʦʭʨʘʥʷʣʩʷ ʠ ʜʘʞʝ ʚʳʨʦʩ ʚ ʪʦ 

ʚʨʝʤʷ, ʢʘʢ ʥʝ ʙʳʣʦ ʨʝʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʥʷʪʴ ʤʠʣʣʠʦʥʳ ʢʦʥʪʝʡʥʝʨʦʚ. 

ʂʘʢ ʠʪʦʛ ï ʛʨʫʟʳ ʥʝʧʨʝʨʳʚʥʦ ʥʘʧʨʘʚʣʷʣʠʩʴ ʠʟ ɸʟʠʠ ʚ ɸʤʝʨʠʢʫ, ʥʦ ʦʙʨʘʪʥʦ 

ʢʦʥʪʝʡʥʝʨʳ ʥʝ ʚʦʟʚʨʘʱʘʣʠʩʴ. ʋʞʝ ʚ ʘʚʛʫʩʪʝ ʚ ʂʠʪʘʝ ʥʘʯʘʣʘʩʴ ʥʝʭʚʘʪʢʘ 

ʢʦʥʪʝʡʥʝʨʦʚ. ʏʪʦʙʳ ʢʘʢ-ʪʦ ʫʤʝʥʴʰʠʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʢʨʠʟʠʩʘ, ʂʠʪʘʡ ʩʪʘʣ 

ʜʦʧʣʘʯʠʚʘʪʴ ʪʨʘʥʩʧʦʨʪʥʳʤ ʢʦʤʧʘʥʠʷʤ ʟʘ ʫʩʢʦʨʝʥʥʫʶ ʧʝʨʝʚʦʟʢʫ ʧʫʩʪʳʭ 

ʢʦʥʪʝʡʥʝʨʦʚ ʠʟ ɸʤʝʨʠʢʠ. ʇʦʜʦʙʥʳʝ ʜʝʡʩʪʚʠʷ ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ 

ʰʠʧʧʠʥʛʦʚʳʝ ʢʦʤʧʘʥʠʠ ʧʦʪʝʨʷʣʠ ʠʥʪʝʨʝʩ ʢ ʜʨʫʛʠʤ ʚʠʜʘʤ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʦʚ ʠʟ 

ɸʤʝʨʠʢʠ, ʪʘʢ ʢʘʢ ʚʳʛʦʜʘ ʟʘ ʧʝʨʝʚʦʟʢʫ ʧʫʩʪʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ. ʇʨʠʥʮʠʧ çʚ ʥʫʞʥʦʝ ʚʨʝʤʷ, ʚ ʥʫʞʥʦʤ ʤʝʩʪʝè ʧʨʦʷʚʠʣ ʩʝʙʷ ʢʘʢ ʥʝʣʴʟʷ 

ʷʨʯʝ.  

ʇʦʜʦʙʥʳʝ ʩʠʪʫʘʮʠʠ ʚʳʜʚʠʛʘʶʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʧʦʩʦʙʘ ʜʦʩʪʘʚʢʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʛʜʝ ʚʩʝ ʧʨʦʮʝʩʩʳ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ 

ʙʳʩʪʨʝʝ, ʪʨʘʥʩʧʦʨʪʥʳʤ ʢʦʤʧʘʥʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ ʪʘʢ ʞʝ ʙʳʩʪʨʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʝʩʷ ʟʘʧʨʦʩʳ ʠ ʪʨʝʙʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ, 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʦʩʪʘʚʘʪʴʩʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ, ʥʫʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʠ ʧʨʝʜʣʘʛʘʪʴ ʘʢʪʫʘʣʴʥʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʩʣʫʛʠ.  

ʊʨʘʥʩʧʦʨʪʥʘʷ ʫʩʣʫʛʘ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʳʤ ʚʠʜʦʤ ʪʦʚʘʨʘ. ɺʩʝ ʫʯʘʩʪʥʠʢʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴ ʠ ʩʦʭʨʘʥʷʪʴ ʧʨʦʜʫʢʮʠʶ 

ʪʨʘʥʩʧʦʨʪʘ, ʪʘʢ ʢʘʢ ʦʥʘ ʥʝʦʪʜʝʣʠʤʘ ʦʪ ʩʘʤʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʫʩʣʫʛʘ ʥʝ ʤʦʞʝʪ ʠʤʝʪʴ ʤʘʪʝʨʠʘʣʴʥʫʶ ʦʙʦʣʦʯʢʫ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʪʦʚʘʨʘ. 

ʏʪʦʙʳ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʪʨʘʥʩʧʦʨʪʥʫʶ ʫʩʣʫʛʫ, ʢʘʢ ʣʶʙʫʶ ʜʨʫʛʫʶ 

ʫʩʣʫʛʫ, ʪʨʝʙʫʝʪʩʷ ʝʸ ʧʨʦʜʚʠʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʩʚʦʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʪ.ʢ. ʜʦʣʞʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʮʝʣʝʚʫʶ ʘʫʜʠʪʦʨʠʶ, ʥʦ 

ʠ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ.  

ʇʨʠʚʣʝʯʝʥʠʝ ʢʣʠʝʥʪʦʚ ʢ ʫʩʣʫʛʘʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ ʷʚʣʷʝʪʩʷ ʪʘʢʦʡ 

ʞʝ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʢʘʢ ʠ ʩʘʤʘ ʧʝʨʝʚʦʟʢʘ.  

ɼʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ ʤʘʣʦ ʨʘʟʤʝʱʘʪʴ ʨʝʢʣʘʤʫ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ 

ʜʦʨʦʛʦ ʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʪʘʥʦʚʠʪʩʷ 

ʘʥʘʣʠʟ ʢʦʥʢʫʨʝʥʪʦʚ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʩʪʦʨʦʥ, ʤʝʪʦʜʦʚ ʨʘʙʦʪʳ ʠ 

ʮʝʥ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʩʧʦʩʦʙʦʚ ʧʨʦʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʥʠ ʧʨʠʤʝʥʷʶʪ. ʀʩʭʦʜʷ 

ʠʟ ʵʪʦʛʦ, ʩʦʟʜʘʶʪʩʷ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʫʥʠʢʘʣʴʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʤʧʘʥʠʠ ʠ ʚʳʜʝʣʷʶʪ ʝʝ ʩʨʝʜʠ ʧʨʦʯʠʭ.  

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ 

ʧʨʦʜʘʶʱʝʝʩʷ ʢʦʤʤʝʨʯʝʩʢʦʝ ʧʨʝʜʣʦʞʝʥʠʝ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʤʝʪʦʜ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʠʟ ʜʨʫʛʠʭ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʥʪʝʨʥʝʪʘ ʠ ʉʄʀ, ʩ 

ʜʘʣʴʥʝʡʰʝʡ ʘʜʘʧʪʘʮʠʝʡ ʧʦʜ ʩʚʦʶ ʥʠʰʫ.  

ʅʘ ʨʳʥʢʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ 

ʧʨʦʜʚʠʞʝʥʠʷ:  
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1. ʆʜʥʠʤ ʠʟ ʥʝʤʘʣʦʚʘʞʥʳʭ ʷʚʣʷʝʪʩʷ ʨʝʢʣʘʤʘ. 

ɼʘ, ʫʩʧʝʭ ʣʶʙʦʛʦ ʙʠʟʥʝʩʘ ʟʘʚʠʩʠʪ ʦʪ ʨʝʢʣʘʤʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʝʸ 

ʥʘʧʦʣʥʝʥʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʚʠʩʷʪ ʦʪ ʦʧʳʪʥʦʩʪʠ ʚ ʧʨʦʜʚʠʞʝʥʠʠ. 

ɺ ʦʙʣʘʩʪʠ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʪʨʫʜʥʦ ʫʛʘʜʘʪʴ, ʢʦʛʜʘ, ʢʦʤʫ ʠ ʥʘ ʢʘʢʦʤ ʵʪʘʧʝ 

ʧʦʥʘʜʦʙʠʪʩʷ ʪʘʢʦʡ ʚʠʜ ʫʩʣʫʛʠ. ʇʦʵʪʦʤʫ ʚ ʨʝʢʣʘʤʥʳʭ ʧʨʝʜʣʦʞʝʥʠʷʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʪʨʝʙʠʪʝʣʶ ʩʨʘʚʥʠʚʘʪʴ ʤʝʞʜʫ 

ʩʦʙʦʡ ʨʝʢʣʘʤʥʳʝ ʦʙʨʘʱʝʥʠʷ ʨʘʟʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʂʘʢ ʩʢʘʟʘʣ ʌ. 

ʂʦʪʣʝʨ, çʨʝʢʣʘʤʘ ʜʦʣʞʥʘ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʨʝʰʝʥʠʶ 

ʧʦʪʨʝʙʠʪʝʣʷ ʧʨʠʦʙʨʝʩʪʠ ʪʦʚʘʨ ʠʣʠ ʫʩʣʫʛʫ, ʘ ʥʝ ʟʘʩʪʘʚʣʷʪʴ ʝʛʦ ʥʘʩʠʣʴʥʦ 

ʩʦʚʝʨʰʠʪʴ ʧʦʢʫʧʢʫè. ʊʨʘʥʩʧʦʨʪʥʳʝ ʢʦʤʧʘʥʠʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʉɽʆ-ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʠʪʦʢ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʢʦʨʨʝʢʪʥʦʡ 

ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʙʨʝʥʜʘ. ɼʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʘʷ 

ʨʘʙʦʪʘʝʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʥʠʰʝ ʨʳʥʢʘ, ʧʨʦʮʝʩʩ ʧʨʦʜʚʠʞʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʙʣʝʛʯʘʝʪʩʷ. ʂʨʫʧʥʳʤ ʢʦʤʧʘʥʠʷʤ ʧʦ ʛʨʫʟʦʧʝʨʝʚʦʟʢʘʤ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʩʢʨʫʪʢʠ ʚ ʢʦʤʧʣʝʢʩʝ ʠ ʧʨʦʜʚʠʛʘʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ 

ʢʦʥʢʫʨʝʥʮʠʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʥʦʚʳʤ ʢʣʠʝʥʪʘʤ ʚʘʞʥʦʝ ʚʥʠʤʘʥʠʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʫʜʝʣʝʥʦ ʛʨʘʤʦʪʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʜʠʟʘʡʥʫ ʠ ʬʫʥʢʮʠʦʥʘʣʫ ʩʘʡʪʘ ʠ 

ʧʦʠʩʢʦʚʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʆʩʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʧʨʦʜʚʠʞʝʥʠʷ ʚʥʝʜʨʷʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ.  

2. ʉʣʝʜʫʶʱʠʤ ʧʨʦʜʚʠʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʩʙʳʪʘ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʩʙʳʪʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʝʢʣʘʤʳ, ʷʚʣʷʝʪʩʷ 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʤ ʩʨʝʜʩʪʚʦʤ ʠ ʧʦʙʫʞʜʘʝʪ ʧʦʪʨʝʙʠʪʝʣʷ ʢ ʥʝʤʝʜʣʝʥʥʦʤʫ 

ʜʝʡʩʪʚʠʶ: ʧʨʠʦʙʨʝʩʪʠ ʫʩʣʫʛʫ ʠʤʝʥʥʦ ʟʜʝʩʴ ʠ ʩʝʡʯʘʩ, ʘ ʥʝ ʚ ʙʦʣʝʝ ʧʦʟʜʥʝʝ 

ʚʨʝʤʷ. ʈʘʟʣʠʯʥʳʝ ʩʨʝʜʩʪʚʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʙʳʪʘ 

ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʠʥʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʡ. ɽʞʝʛʦʜʥʳʝ ʨʘʩʭʦʜʳ ʪʘʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʦʮʝʥʠʚʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʚ $100 ʤʣʨʜ ʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʯʝʥʴ ʙʳʩʪʨʦ ʨʘʩʪʫʪ. 

ʈʘʥʴʰʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʨʝʢʣʘʤʫ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʩʙʳʪʘ ʙʳʣʦ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 60:40. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʩʙʳʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʦʩʪʘʚʣʷʝʪ 60 ʠʣʠ 70% ʚʩʝʭ ʨʘʩʭʦʜʦʚ ʥʘ ʤʘʨʢʝʪʠʥʛ. ʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʩʙʳʪʘ 

ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʢʣʘʤʫ ʠ 

ʧʝʨʩʦʥʘʣʴʥʳʝ ʧʨʦʜʘʞʠ. ɺ ʩʬʝʨʝ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʙʳʚʘʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʩʢʠʜʦʢ ʟʘ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʝʨʝʚʦʟʦʢ. ʆʜʥʘʢʦ, ʥʘʜʦ 

ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚ ʩʪʠʤʫʣʠʨʦʚʘʥʠʠ ʩʙʳʪʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʤʝʨʫ. 

ʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʩʙʳʪʘ ʩʦʚʤʝʩʪʥʦ ʩ ʨʝʢʣʘʤʦʡ ʦʙʨʘʟʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʫʶ 

ʢʦʤʙʠʥʘʮʠʶ: ʨʝʢʣʘʤʘ ʜʘʝʪ ʦʙʲʷʩʥʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʶ, ʧʦʯʝʤʫ ʝʤʫ ʩʣʝʜʫʝʪ 

ʢʫʧʠʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʪʦʚʘʨ ʠʣʠ ʫʩʣʫʛʫ, ʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʧʦʙʫʞʜʘʝʪ ʝʛʦ ʩʜʝʣʘʪʴ 

ʵʪʦ ʥʝʤʝʜʣʝʥʥʦ.  

3. ɺʘʞʥʳʤ ʧʨʦʜʚʠʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʷʤʘʷ ʧʨʦʜʘʞʘ. 

ʏʪʦʙʳ ʦʨʛʘʥʠʟʦʚʘʪʴ ʣʠʯʥʳʝ ʧʨʦʜʘʞʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ:  

- ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʷʚʣʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʧʨʦʜʘʞʠ (ʤʝʪʦʜ 

ʘʛʨʝʩʩʠʚʥʳʭ ʧʨʦʜʘʞ, ʢʦʪʦʨʳʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʠʩʢʨʝʜʠʪʘʮʠʶ ʢʦʥʢʫʨʝʥʪʦʚ, 

ʧʨʝʫʚʝʣʠʯʝʥʠʝ ʜʦʩʪʦʠʥʩʪʚ ʩʦʙʩʪʚʝʥʥʳʭ ʪʦʚʘʨʦʚ ʠ ʩʢʠʜʢʠ ʟʘ ʥʝʤʝʜʣʝʥʥʫʶ 

ʧʦʢʫʧʢʫ);  
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- ʉʣʝʜʫʶʱʠʤ ʷʚʣʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʢʣʠʝʥʪʘ (ʤʝʪʦʜ ʫʯʘʩʪʠʷ ʚ 

ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʢʣʠʝʥʪʦʚ, ʚʳʷʚʣʝʥʠʝ ʠʭ ʥʫʞʜ ʠ ʧʨʝʜʣʦʞʝʥʠʝ ʩʧʦʩʦʙʦʚ ʠʭ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ). 

ʆʜʥʦʟʥʘʯʥʦ ʣʠʯʥʳʝ ʧʨʦʜʘʞʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʚʳʷʚʣʝʥʠʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʣʠʝʥʪʦʚ, ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʳʥʢʝ ʠ ʝʩʪʝʩʪʚʝʥʥʦ ʧʦʟʚʦʣʷʶʪ 

ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʘʢʪʳ ʩ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʠ ʢʘʢ ʤʦʞʥʦ 

ʙʳʩʪʨʝʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʨʳʥʦʯʥʦʡ ʩʠʪʫʘʮʠʠ. ʋʤʝʥʠʝ 

ʧʨʦʜʘʚʘʪʴ ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ ʧʨʘʚʠʣʴʥʦ ï ʘ ʵʪʦ ʟʥʘʯʠʪ, ʩ ʚʳʛʦʜʦʡ ʜʣʷ ʧʝʨʝʚʦʟʯʠʢʘ, 

ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʥʝʛʦ ʥʝ ʚ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ. ʃʶʙʘʷ ʩʜʝʣʢʘ ʧʦ ʧʨʦʜʘʞʝ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ, ʥʝʩʦʤʥʝʥʥʦ, ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʩʦʢʦʜʦʭʦʜʥʦʡ ʜʣʷ ʢʦʤʧʘʥʠʠ 

ʠʩʧʦʣʥʠʪʝʣʷ ʠʣʠ ʧʨʦʜʘʚʮʘ. ʊʨʘʜʠʮʠʦʥʥʦ, ʠʥʜʫʩʪʨʠʷ ʛʨʫʟʦʚʳʭ ʘʚʠʘʧʝʨʝʚʦʟʦʢ 

ʙʳʣʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʦʜʥʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʤ ʢʘʥʘʣʝ ʧʨʦʜʘʞ ʩʚʦʠʭ 

ʛʨʫʟʦʚʳʭ ʝʤʢʦʩʪʝʡ ï ʯʝʨʝʟ ʵʢʩʧʝʜʠʪʦʨʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʣʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʠʘʧʝʨʝʚʦʟʯʠʢʦʚ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʷʤ. ɸʚʠʘʢʦʤʧʘʥʠʠ ʧʨʦʜʦʣʞʘʶʪ 

ʧʳʪʘʪʴʩʷ ʠʟʤʝʥʠʪʴ ʵʪʫ ʩʭʝʤʫ, ʚʳʭʦʜʷ ʥʘʧʨʷʤʫʶ ʢ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʶ, 

ʘʚʠʘʧʝʨʝʚʦʟʯʠʢʠ ʭʦʪʷʪ ʧʝʨʝʡʪʠ ʦʪ ʦʧʪʦʚʳʭ ʧʨʦʜʘʞ ʢ ʙʦʣʝʝ ʨʦʟʥʠʯʥʦʡ ʤʦʜʝʣʠ 

ʧʨʦʜʘʞ, ʠʤʝʷ ʜʝʣʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʷʤʠ. ʉʪʨʝʤʷʩʴ ʜʦʙʠʪʴʩʷ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʜʦʭʦʜʥʦʩʪʠ, ʘʚʠʘʢʦʤʧʘʥʠʠ ʫʞʝ ʦʪʯʘʩʪʠ ʤʝʥʷʶʪ ʩʚʦʶ 

ʤʘʨʢʝʪʠʥʛʦʚʫʶ ʧʦʣʠʪʠʢʫ.  

4. ʅʫ ʠ ʥʘʢʦʥʝʮ, ʪʘʢʦʡ ʩʧʦʩʦʙ ʧʨʠʚʣʝʯʝʥʠʷ, ʢʘʢ ʧʨʦʧʘʛʘʥʜʘ. 

ɼʘʥʥʳʡ ʚʠʜ ʧʨʠʚʣʝʯʝʥʠʷ ʢʣʠʝʥʪʦʚ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ 

ʢʘʯʝʩʪʚʘ:  

1) ʧʦʣʥʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ (ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩʯʠʪʘʝʪʩʷ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʤ ʠ ʧʨʘʚʜʦʧʦʜʦʙʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʝʢʣʘʤʥʳʤ ʦʙʲʷʚʣʝʥʠʝʤ); 

2) ʦʛʨʦʤʥʳʡ ʦʭʚʘʪ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ (ʧʨʦʧʘʛʘʥʜʘ ʤʦʞʝʪ ʜʦʩʪʠʯʴ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʢʫʧʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ, ʚʦʟʤʦʞʥʦ, 

ʧʳʪʘʶʪʩʷ ʠʟʙʝʛʘʪʴ ʢʦʥʪʘʢʪʦʚ ʩ ʧʨʦʜʘʚʮʘʤʠ ʠ ʨʝʢʣʘʤʦʡ, ʧʦʪʦʤʫ ʯʪʦ ʦʙʨʘʱʝʥʠʝ 

ʢ ʥʠʤ ʧʨʠʭʦʜʠʪ ʚ ʚʠʜʝ ʥʦʚʦʩʪʠ, ʘ ʥʝ ʚ ʚʠʜʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʪʦʨʛʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ);  

3) ʷʨʢʦʩʪʴ ʠ ʙʨʦʩʢʦʩʪʴ (ʧʦʜʦʙʥʦ ʨʝʢʣʘʤʝ, ʧʨʦʧʘʛʘʥʜʘ ʦʙʣʘʜʘʝʪ 

ʙʦʣʴʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʵʬʬʝʢʪʥʦʛʦ ʠ ʙʨʦʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠʣʠ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʧʘʛʘʥʜʘ, ʦʯʝʥʴ ʪʱʘʪʝʣʴʥʦ ʩʧʣʘʥʠʨʦʚʘʥʥʘʷ ʠ ʛʣʫʙʦʢʦ 

ʧʨʦʜʫʤʘʥʥʘʷ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʡ.  

ʆʛʨʦʤʥʳʡ ʘʩʩʦʨʪʠʤʝʥʪ ʫʩʣʫʛ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʚ ʨʘʤʢʘʭ 

ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ, ʥʝʦʙʳʢʥʦʚʝʥʥʦ ʨʘʟʥʦʦʙʨʘʟʝʥ ʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ ʠ ʚʝʣʠʯʠʥʫ ʠʟʜʝʨʞʝʢ. ʀ 

ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʝ ʫʩʣʫʛʠ ʥʦʩʷʪ ʩʠʩʪʝʤʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʀ ʧʦʵʪʦʤʫ, ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʘʪʝʛʠʶ ʚ ʦʙʣʘʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʆʩʥʦʚʥʦʡ ʠʜʝʝʡ ʧʨʦʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʥʘ ʨʳʥʢʝ ʧʝʨʝʚʦʟʦʢ ʦʩʪʘʝʪʩʷ 

ʨʘʟʚʠʪʠʝ ʙʠʟʥʝʩʘ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʮʠʠ, ʫʜʝʨʞʘʥʠʝ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʭ ʜʣʷ 

ʢʦʤʧʘʥʠʠ ʧʦʟʠʮʠʡ ʥʘ ʨʳʥʢʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ [3]. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʫʩʧʝʰʥʦʝ ʨʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʳʥʢʘ ʫʩʣʫʛ ʠ 

ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 
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ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʝʜʣʦʞʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʧʨʝʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʥʘ ʵʪʠ 

ʫʩʣʫʛʠ. ʇʨʠ ʚʩʝʤ ʧʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʧʫʙʣʠʯʥʦʩʪʠ 

ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʪʢʨʳʪʦʩʪʠ ʨʳʥʢʘ ʧʦ ʮʝʥʘʤ ʠ ʢʘʯʝʩʪʚʫ ʫʩʣʫʛ. ʕʪʠ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦʟʚʦʣʷʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʪʨʝʙʠʪʝʣʷʤ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ 

ʚʳʙʦʨʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ, ʟʘʩʪʘʚʷʪ ʨʘʙʦʪʘʪʴ ʤʝʭʘʥʠʟʤ çʮʝʥʘ-ʢʘʯʝʩʪʚʦè ʠ 

ʝʩʪʝʩʪʚʝʥʥʦ, ʩʜʝʣʘʶʪ ʠ ʮʝʥʫ, ʠ ʢʘʯʝʩʪʚʦ ʧʨʝʜʤʝʪʦʤ ʢʦʥʢʫʨʝʥʮʠʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʮʝʩʩʫ ʩʘʤʦʦʢʫʧʘʝʤʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʘʢ ʢʘʢ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʩʪʦʷʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ.   

ʉʦʛʣʘʩʥʦ ʂʦʥʮʝʧʮʠʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʈʦʩʩʠʠ ʚ ʦʙʣʘʩʪʠ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛ, ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʚ XXI ʚ. ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʢʘʯʝʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʢʦʤʧʘʥʠʡ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʜʦʣʞʥʦ ʩʪʘʪʴ ʧʨʠʚʣʝʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ 

ʧʝʨʝʚʦʟʦʢ ʟʘ ʩʯʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʫʩʣʫʛ, ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʫʩʢʦʨʝʥʠʷ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʩ ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʛʨʫʟʦʚʣʘʜʝʣʴʮʝʚ ʦʪ 

ʦʛʨʦʤʥʦʛʦ ʯʠʩʣʘ ʦʧʝʨʘʮʠʡ ʧʦ ʩʜʘʯʝ ʠ ʧʨʠʝʤʫ ʛʨʫʟʦʚ ʢ ʧʝʨʝʚʦʟʢʝ, ʦʬʦʨʤʣʝʥʠʶ 

ʧʝʨʝʚʦʟʦʯʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʢʠ. ʇʨʠ 

ʵʪʦʤ ʵʢʩʧʝʜʠʪʦʨʳ ʜʦʣʞʥʳ ʩʦʙʣʶʜʘʪʴ ʢʘʢ ʠʥʪʝʨʝʩʳ ʢʣʠʝʥʪʦʚ, ʪʘʢ ʠ ʚʣʘʜʝʣʴʮʝʚ 

ʪʨʘʥʩʧʦʨʪʘ. ʕʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʮʝʩʩʫ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʣʦʛʠʩʪʠʯʝʩʢʠʭ 

ʮʝʥʪʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʮʠʦʥʥʳʝ ʫʩʣʫʛʠ [4]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʥʘ ʨʳʥʢʝ ʊʕʆ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʦ-

ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ. 
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ʋɼʂ 656.078.1 
 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʂʊʋɸʃʔʅʓʍ ʇʈʆɹʃɽʄ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆɻʆ 

ʆɹʈɸɿʆɺɸʅʀʗ. ʀʅʊɽʈɽʉʓ ʈɸɹʆʊʆɼɸʊɽʃɽʁ 
 

ʄʘʢʩʠʤʦʚʘ ʀ. ɸ. 
 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʀʨʢʫʪʩʢ) 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʫʯʘʶʱʠʝʩʷ ʜʦʣʞʥʳ ʧʦʣʫʯʠʪʴ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʘʢʪʠʢʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʪʘʢʠʝ ʥʘʚʳʢʠ ʠ 

ʫʤʝʥʠʷ. ʉʣʦʞʥʦʩʪʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʧʨʘʢʪʠʢ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩʦʤ 

ʘʢʪʫʘʣʴʥʳʤ, ʥʦ ʨʝʰʘʝʤʳʤ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʀʨʢʫʪʩʢʦʤ ʬʠʣʠʘʣʝ ʄɻʊʋ ɻɸ ʦʯʝʥʴ 

ʩʣʦʞʥʦ ʨʝʰʘʣʠʩʴ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʦʙʫʯʘʶʱʠʭʩʷ. ʅʝ ʙʳʣʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʩʪʠ ʧʨʘʢʪʠʢʠ ʙʦʣʝʝ, ʯʝʤ ʥʘ ʦʜʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ, ʘ ʥʘ ʵʪʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʥʝ 

ʙʳʣʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʣʦʞʠʪʴ ʧʨʘʢʪʠʢʘʥʪʘʤ ʙʦʣʴʰʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʅʝ ʙʳʣʦ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʩʦ ʩʪʦʨʦʥʳ ʨʘʙʦʪʦʜʘʪʝʣʝʡ. ʉʣʦʞʠʚʰʠʝʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ ʚ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʟʘʢʨʳʪʠʝ ʥʝʢʦʪʦʨʳʭ ʘʵʨʦʧʦʨʪʦʚ ʧʦ ʚʧʦʣʥʝ ʦʙʲʝʢʪʠʚʥʳʤ ʧʨʠʯʠʥʘʤ ʠ 

ʥʝʧʦʤʝʨʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʜʨʫʛʠʝ ʘʵʨʦʧʦʨʪʳ ʧʦʟʚʦʣʠʣʠ ʯʘʩʪʠʯʥʦ ʨʝʰʠʪʴ ʚʳʰʝʫʢʘʟʘʥʥʳʝ 

ʧʨʦʙʣʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʜʣʷ ʀʨʢʫʪʩʢʦʛʦ 

ʬʠʣʠʘʣʘ ʩʪʘʣʘ ʚʧʦʣʥʝ ʨʝʰʘʝʤʳʤ ʚʦʧʨʦʩʦʤ. ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʝʨʝʚʦʟʦʢ ʧʦʟʚʦʣʠʣʦ 

ʀʨʢʫʪʩʢʦʤʫ ʘʵʨʦʧʦʨʪʫ ʧʦ-ʥʦʚʦʤʫ, ʢʘʢ ʥʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚʟʛʣʷʥʫʪʴ ʥʘ ʦʙʫʯʘʶʱʠʭʩʷ ʬʠʣʠʘʣʘ, 

ʠ ʧʨʠʚʣʝʯʴ ʠʭ ʢ ʨʘʙʦʪʝ, ʢʘʢ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʤʦʛ ʨʝʰʠʪʴ ʘʵʨʦʧʦʨʪʫ ʢʘʜʨʦʚʳʡ 

ʚʦʧʨʦʩ, ʘ ʚʳʧʫʩʢʥʠʢʘʤ ʬʠʣʠʘʣʘ ʧʦʣʫʯʠʪʴ ʙʝʩʮʝʥʥʳʡ ʦʧʳʪ ʨʘʙʦʪʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʙʷʟʘʥʥʦʩʪʠ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ, 

ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʦ. 
 

RESEARCH OF CURRENT PROBLEMS OF PROFESSIONAL 

EDUCATION. INTERESTS OF EMPLOYERS  
 

Maksimova I. A. 
 

Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 
 

Abstract. The article discusses issues of professional education that are closely related to 

the practical skills that students must acquire during their education. Industrial internships provide 

an opportunity to acquire such skills. The complexity of organizing such practices today is a topical 

issue, but can be solved. Until now, the Irkutsk branch had a very difficult time in resolving issues 

related to students' practical training. It was not possible to conduct an internship at more than one 

enterprise. And this enterprise was not able to offer students more production facilities. There was 

no interest from employers. The current conditions in civil aviation, the closure of some airports 

and the excessive load on other airports, make it possible to partially solve our problems. Currently, 

organizing industrial practice for the Irkutsk branch has become a completely solvable problem. 

The increase in traffic volume at Irkutsk airport attracts our college students and specialists in a new 

way and also attracts them as future specialists. This approach helped to resolve the staff issue at the 

airport, and our graduates gained valuable work experience. 

Keywords: industrial practice, vocational education, educational program, work 

responsibilities, practical training, employment. 
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ʇʨʦʮʝʩʩ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʩʝʛʦʜʥʷ ʦʜʥʠʤ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʨʘʟʚʠʪʠʷ ʤʦʱʥʦʛʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ʈʫʢʦʚʦʜʩʪʚʦ ʥʘʰʝʡ ʩʪʨʘʥʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʦʷʚʣʷʝʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʢ ʧʦʠʩʢʫ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʦʟʷʡʩʪʚʫʶʱʠʤʠ ʩʫʙʲʝʢʪʘʤʠ [1].  

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʦʩʩʠʡʩʢʦʝ ʦʙʱʝʩʪʚʦ ʚʠʜʠʪ ʚ ʩʠʩʪʝʤʝ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ ʟʘʜʘʯʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʩʚʦʝʥʠʷ ʦʩʥʦʚʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ 

ʧʨʠʦʙʨʝʪʘʝʤʳʝ ʚʳʧʫʩʢʥʠʢʘʤʠ ʢʦʤʧʝʪʝʥʮʠʠ, ʪ.ʝ. ʛʦʪʦʚʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ, 

ʥʘʚʳʢʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʦʙʱʠʭ ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʨʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʛʦʚʦʨʠʪʴ, 

ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʫʯʝʙʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʩʥʦʚʥʫʶ ʨʦʣʴ 

ʠʛʨʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ, ʧʨʠʦʙʨʝʪʘʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. ɺ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʤʥʦʛʦʦʙʨʘʟʠʠ ʠʟʫʯʘʝʤʳʭ ʜʠʩʮʠʧʣʠʥ ʦʙʷʟʘʪʝʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʙʫʜʫʱʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦʣʫʯʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ, 

ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʥʦ ʙʳʣʦ ʧʨʠʤʝʥʠʪʴ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʏʪʦʙʳ ʜʦʩʪʠʯʴ ʜʘʥʥʦʡ ʮʝʣʠ, ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʦʙʫʯʘʶʱʠʭʩʷ. ɼʘʥʥʳʡ ʚʠʜ ʧʨʘʢʪʠʢʠ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʧʦʜʛʦʪʦʚʢʝ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʷʚʣʷʶʪʩʷ:  

- ʟʘʢʨʝʧʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ;  

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʦʙʨʝʪʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʧʳʪʘ ʚ ʩʚʦʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʫʪⱪʤ ʣʠʯʥʦʛʦ ʫʯʘʩʪʠʷ ʚ ʨʘʙʦʪʝ;  

- ʨʘʟʚʠʪʠʝ ʩʦʮʠʘʣʴʥʦ-ʣʠʯʥʦʩʪʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʝ [2]. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʧʝʨʝʜ 

ʦʙʫʯʘʶʱʠʤʠʩʷ ʩʪʦʷʪ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʧʦʢʘʟʘʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʝʥʠʝ 

ʟʥʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʣʝʢʮʠʷʭ; ʧʨʦʷʚʠʪʴ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʝʰʝʥʠʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʠʜʘʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ; ʧʦʣʫʯʠʪʴ ʦʧʳʪ ʚ ʚʳʙʨʘʥʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʀʩʭʦʜʷ ʠʟ ʩʢʘʟʘʥʥʦʛʦ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ 

ʯʘʩʪʴʶ ʦʩʥʦʚʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʬʦʨʤ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ 

ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʙʘʟʘʭ ʧʨʘʢʪʠʢʠ (ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʘʵʨʦʧʦʨʪʘʭ, 

ʘʚʠʘʢʦʤʧʘʥʠʷʭ).  

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʜʣʷ ʩʨʝʜʥʝ-ʩʧʝʮʠʘʣʴʥʳʭ ʫʯʝʙʥʳʭ 

ʫʯʨʝʞʜʝʥʠʡ ï ʵʪʦ ʫʥʠʢʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʜʠʥʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ 

ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʫ ʦʙʫʯʘʶʱʠʭʩʷ 

ʜʣʷ ʥʘʠʙʦʣʝʝ ʣʝʛʢʦʛʦ ʚʳʭʦʜʘ ʠʭ ʥʘ ʨʳʥʦʢ ʪʨʫʜʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʠʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʦ ʢʘʯʝʩʪʚʝ ʦʙʫʯʝʥʠʷ ʦʪ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʢʦʤʧʘʥʠʡ, 

ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʣʠ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʧʨʘʢʪʠʢʫ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ï ʩʚʦʝʦʙʨʘʟʥʳʡ ʙʘʨʦʤʝʪʨ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʚʳʧʫʩʢʥʠʢʦʚ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʨʳʥʢʘ ʪʨʫʜʘ. ɼʣʷ ʵʪʦʛʦ ʦʯʝʥʴ ʚʘʞʥʦ 
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ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʫʞʝ ʩ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʢʦʣʣʝʜʞʘ ʧʦʩʪʘʚʠʪʴ ʧʨʘʚʠʣʴʥʦ ʙʫʜʫʱʠʝ 

ʮʝʣʠ ʠʭ ʢʘʨʴʝʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʨʦʩʪʘ.  

ɸʥʘʣʠʟ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʘʢʪʠʢ ʚ ʩʠʩʪʝʤʝ 

ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʣʫʯʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʉʇʆ 

ʪʨʝʙʫʶʪ ʧʦʚʳʰʝʥʠʷ ʨʦʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʚ ʧʦʜʛʦʪʦʚʢʝ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʪ.ʢ. ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʩʨʝʜʥʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ ʫʩʠʣʝʥʠʝ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ.  

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ 

ʉʇʆ ʚʩʝʛʜʘ ʷʚʣʷʣʘʩʴ ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʦʩʥʦʚʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʧʨʦʛʨʘʤʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ 

ʚʦʟʨʦʩʣʘ ʝʱʝ ʙʦʣʴʰʝ. ʀ ʵʪʦ ʚʦʟʨʘʩʪʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʢʘʢ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʛʦʪʦʚʥʦʩʪʠ ʚʳʧʫʩʢʥʠʢʦʚ ʢ ʚʳʧʦʣʥʝʥʠʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʠʭ ʩʢʦʨʝʡʰʝʡ ʘʜʘʧʪʘʮʠʠ ʢ ʨʝʘʣʴʥʳʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ, ʥʦ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʚʘʞʥʳʭ 

ʢʘʯʝʩʪʚ ʣʠʯʥʦʩʪʠ ʩʧʝʮʠʘʣʠʩʪʘ, ʢʦʪʦʨʦʝ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʪʝʩʥʦʡ ʩʚʷʟʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʨʘʙʦʪʦʜʘʪʝʣʷʤʠ, ʙʝʟ ʩʦʟʜʘʥʠʷ ʠʤʠ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ.  

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʦʨʛʘʥʠʟʫʝʪʩʷ ʠ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ  

ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʦʡ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥ ʦʩʥʦʚʥʦʡ ʧʝʨʝʯʝʥʴ ʚʦʧʨʦʩʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʥʠʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, 

ʩʪʦʨʦʥʥʠʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʦʨʛʘʥʠʟʘʮʠʷʭ, ʠʣʠ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʙʣʘʜʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʤ ʢʘʜʨʦʚʳʤ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʚ ʫʯʨʝʞʜʝʥʠʷʭ, ʦʨʛʘʥʠʟʘʮʠʷʭ, ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʦʛʦʚʦʨʦʚ ʤʝʞʜʫ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʵʪʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʦ ʧʨʦʭʦʞʜʝʥʠʠ ʧʨʘʢʪʠʢʠ 

ʦʙʫʯʘʶʱʠʤʠʩʷ [2]. ɺ ʧʝʨʠʦʜ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ, ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʦʙʫʯʘʶʱʠʝʩʷ ʚʳʧʦʣʥʷʶʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʜʘʥʠʷ, 

ʚʳʜʘʚʘʝʤʳʝ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʧʨʘʢʪʠʢʠ, ʟʘʧʦʣʥʷʶʪ ʜʥʝʚʥʠʢ ʠ ʩʦʙʠʨʘʶʪ 

ʤʘʪʝʨʠʘʣ ʜʣʷ ʦʪʯʝʪʘ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʝ ʤʝʩʪʦ 

ʧʨʘʢʪʠʢʠ, ʥʘʟʥʘʯʘʝʪ ʨʫʢʦʚʦʜʠʪʝʣʷ ʧʨʘʢʪʠʢʠ ʠʟ ʯʠʩʣʘ ʩʚʦʠʭ ʨʘʙʦʪʥʠʢʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʦʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ. 

ʂʦʥʪʨʦʣʴ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ ʧʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʧʨʘʢʪʠʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʟʘʯʝʪʘ. ɼʘʣʝʝ, ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʟʘʯʝʪʘ ʧʨʦʚʝʨʷʝʪʩʷ ʜʥʝʚʥʠʢ ʧʨʘʢʪʠʢʠ, ʧʠʩʴʤʝʥʥʳʡ ʦʪʯʝʪ ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ. ʉʨʦʢʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʢʠ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʯʝʙʥʳʤ ʧʣʘʥʦʤ ʠ ʛʨʘʬʠʢʦʤ ʫʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʯʝʙʥʳʡ ʛʦʜ. 

ʆʯʝʥʴ ʯʘʩʪʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʉʇʆ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʦ 

ʩʣʦʞʥʦʩʪʷʤʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ [3]. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʚʩʝ ʵʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʦ ʩʨʝʜʥʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 
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ʚʳʧʫʩʢʥʠʢʦʚ ʥʘ ʨʳʥʢʝ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʤʦʙʠʣʴʥʦʩʪʠ 

ʠ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʱʝʥʥʦʩʪʠ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ 

ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ 

ʧʨʘʢʪʠʢʦʡ. 

ʀʟ ʠʤʝʶʱʝʛʦʩʷ ʦʧʳʪʘ ʨʫʢʦʚʦʜʩʪʚʘ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʘʢʪʠʢ ʦʙʫʯʘʶʱʠʭʩʷ ʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ 

ʨʷʜ ʧʨʦʙʣʝʤ, ʠʤʝʶʱʠʭʩʷ ʚ ʜʘʥʥʦʤ ʚʦʧʨʦʩʝ: 

1. ʆʯʝʥʴ ʩʣʦʞʥʦ ʥʘʡʪʠ ʤʝʩʪʘ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʘʢʪʠʢʠ, ʪ.ʢ. 

ʙʦʣʴʰʠʥʩʪʚʦ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʡ ʢʨʘʡʥʝ ʥʝʦʭʦʪʥʦ ʚʳʜʝʣʷʶʪ 

ʨʘʙʦʪʥʠʢʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʢʠ ʩ ʦʙʫʯʘʶʱʠʤʠʩʷ.  

2. ʅʘ ʤʥʦʛʠʭ ʨʝʞʠʤʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʘʪʴ ʚ 

ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʠʥʬʦʨʤʘʮʠʶ ʠ ʜʦʢʫʤʝʥʪʘʮʠʶ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʩʩʳʣʘʷʩʴ ʥʘ ʢʦʤʤʝʨʯʝʩʢʫʶ ʪʘʡʥʫ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ, ʜʦʢʫʤʝʥʪʳ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʦʤʤʝʨʯʝʩʢʫʶ ʪʘʡʥʫ. 

3. ʆʙʫʯʘʶʱʠʤʩʷ ʦʯʝʥʴ ʩʣʦʞʥʦ ʨʘʙʦʪʘʪʴ ʚ ʪʨʫʜʦʚʦʤ ʢʦʣʣʝʢʪʠʚʝ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠ ʨʘʙʦʪʥʠʢʘʤʠ ʩʣʫʞʙ, ʦʪʩʪʘʠʚʘʪʴ ʩʚʦʠ 

ʠʥʪʝʨʝʩʳ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʧʳʪʘ. 

4. ɺ ʚʠʜʫ ʦʛʨʦʤʥʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʘʚʠʘʮʠʦʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ, ʚʳʩʦʢʦʛʦ ʪʝʤʧʘ ʠ ʩʣʦʞʥʦʩʪʠ ʨʘʙʦʪ ʚʦʟʥʠʢʘʶʪ 

ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʨʫʢʦʚʦʜʠʪʝʣʠ ʧʨʘʢʪʠʢ ʩʦ ʩʪʦʨʦʥʳ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʦʩʪʦ 

ʬʠʟʠʯʝʩʢʠ ʥʝ ʤʦʛʫʪ ʫʜʝʣʠʪʴ ʜʦʩʪʘʪʦʯʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʚʨʝʤʝʥʠ ʧʨʘʢʪʠʢʘʥʪʘʤ. 

5. ʉʣʘʙʘʷ ʶʨʠʜʠʯʝʩʢʘʷ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴ ʜʦʛʦʚʦʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʠ ʨʘʙʦʪʦʜʘʪʝʣʷʤʠ [4, 5]. 

ɼʘʥʥʳʡ ʩʧʠʩʦʢ ʧʨʦʙʣʝʤ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʦʜʦʣʞʠʪʴ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝ 

ʪʘʢ ʙʝʟʥʘʜʝʞʥʦ. ɾʠʟʥʴ ʧʦʩʪʦʷʥʥʦ ʚʥʦʩʠʪ ʩʚʦʠ ʢʦʨʨʝʢʪʠʚʳ, ʤʝʥʷʶʪʩʷ 

ʧʨʦʛʨʘʤʤʳ ʦʙʫʯʝʥʠʷ ʠ ʧʨʦʛʨʘʤʤʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʘʢʪʠʢ, ʨʘʩʢʨʳʚʘʶʪʩʷ 

ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʀʨʢʫʪʩʢʦʤ ʬʠʣʠʘʣʝ ʄɻʊʋ ɻɸ ʛʦʪʦʚʷʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʝʨʚʠʩʘ ʥʘ ʚʦʟʜʫʰʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʜʣʷ ʙʫʜʫʱʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʯʝʥʴ ʚʘʞʥʘ. ɽʱʝ ʥʝ ʪʘʢ ʜʘʚʥʦ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʜʣʷ ʚʳʧʫʩʢʥʠʢʦʚ ʬʠʣʠʘʣʘ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʀʨʢʫʪʩʢʠʡ ʘʵʨʦʧʦʨʪ ʥʝʦʭʦʪʥʦ ʧʨʠʥʠʤʘʣ ʥʘ ʧʨʘʢʪʠʢʫ 

ʦʙʫʯʘʶʱʠʭʩʷ, ʩʩʳʣʘʷʩʴ ʥʘ ʙʦʣʴʰʫʶ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ, ʥʝʜʦʩʪʘʪʦʢ 

ʧʣʦʱʘʜʝʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʥʠʢʦʚ, 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʝʩʪʘʭ, 

ʚʭʦʜʷʱʠʭ ʚ ʧʨʦʛʨʘʤʤʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ, ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ɺʩʝ ʵʪʠ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʰʘʣʠ ʧʦʣʫʯʝʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʪ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʘʢʪʠʢʠ. 

ʆʜʥʘʢʦ, ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʨʠʤʝʨʳ ʙʳʣʠ ʠ ʩʫʱʝʩʪʚʫʶʪ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ. ʊʘʢ, ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʘʵʨʦʧʦʨʪʫ ʇʫʣʢʦʚʦ ʨʘʟʨʘʙʦʪʘʥʘ ʮʝʣʘʷ ʧʨʦʛʨʘʤʤʘ 

ʧʦ ʨʘʙʦʪʝ ʩ ʧʨʘʢʪʠʢʘʥʪʘʤʠ çɺʟʣʝʪʥʘʷ ʧʦʣʦʩʘè, ʷʚʣʷʶʱʘʷʩʷ ʫʥʠʢʘʣʴʥʦʡ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʩʤʦʪʨʝʪʴ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʘʵʨʦʧʦʨʪ ʠʟʥʫʪʨʠ, ʧʦʣʫʯʠʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ ʠ ʙʝʩʮʝʥʥʳʡ ʦʧʳʪ. ʇʨʦʛʨʘʤʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʯʘʩʪʠʝ 

25 ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʘʵʨʦʧʦʨʪʘ, ʩʧʦʩʦʙʥʳʭ ʠ ʞʝʣʘʶʱʠʭ ʧʨʠʥʷʪʴ ʙʦʣʝʝ 300 
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ʧʨʘʢʪʠʢʘʥʪʦʚ ʚ ʛʦʜ. ʇʨʘʢʪʠʢʘʥʪʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʛʠʙʢʠʡ ʛʨʘʬʠʢ ʧʨʦʭʦʞʜʝʥʠʷ 

ʧʨʘʢʪʠʢʠ (ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʨʫʢʦʚʦʜʠʪʝʣʝʤ), ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʦʨ ʤʝʩʪʘ 

ʩʪʘʞʠʨʦʚʢʠ, ʘ ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʘʵʨʦʧʦʨʪ, ʥʦ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ ʘʚʠʘʢʦʤʧʘʥʠʡ, 

ʙʠʟʥʝʩ ʮʝʥʪʨʳ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʧʣʦʱʘʜʢʠ. ɽʩʪʝʩʪʚʝʥʥʦ, ʘʵʨʦʧʦʨʪ ʠʤʝʝʪ 

ʧʘʨʪʥʝʨʦʚ ï ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʧʨʦʛʨʘʤʤʫ ʦʙʫʯʝʥʠʷ ʧʦ 

ʘʚʠʘʮʠʦʥʥʳʤ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ, ʘ ʪʘʢʞʝ ʛʦʪʦʚ ʧʨʠʥʷʪʴ ʧʨʘʢʪʠʢʘʥʪʦʚ ʠʟ ʜʨʫʛʠʭ 

ʨʝʛʠʦʥʦʚ. 

ɽʱʝ ʦʜʥʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʘʵʨʦʧʦʨʪ ɸʣʤʘʪʳ, ʟʘʢʣʶʯʠʚʰʠʡ ʜʦʛʦʚʦʨ ʩ ʘʚʠʘʮʠʦʥʥʳʤ ʢʦʣʣʝʜʞʝʤ ʧʨʠ 

ɸʢʘʜʝʤʠʠ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʚ ɸʣʤʘʪʳ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʤʝʩʪʘ ʜʣʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʘʢʪʠʢʠ ʚ ʩʣʫʞʙʘʭ ʀɸʉ, ʉʆʇʇ ʠ ʉʆɻʇ. ʈʘʙʦʪʥʠʢʠ ʜʘʥʥʳʭ 

ʩʣʫʞʙ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʧʨʦʛʨʘʤʤʳ ʩʪʘʞʠʨʦʚʢʠ, ʥʘʟʥʘʯʘʶʪ 

ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʨʘʢʪʠʢʠ ʠʟ ʯʠʩʣʘ ʦʧʳʪʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʞʝʣʘʶʱʠʭ ʜʝʣʠʪʴʩʷ 

ʩʚʦʠʤ ʦʧʳʪʦʤ ʠ ʟʥʘʥʠʷʤʠ ʩ ʤʦʣʦʜʝʞʴʶ. 

ɹʫʢʚʘʣʴʥʦ, ʢʘʢʠʭ-ʪʦ ʧʘʨʫ ʣʝʪ ʥʘʟʘʜ ʚʦʧʨʦʩ ʧʨʦʭʦʞʜʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʩʪʦʷʣ ʦʯʝʥʴ ʦʩʪʨʦ ʜʣʷ ʥʘʰʝʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ. 

ɽʞʝʛʦʜʥʦ ʚʳʧʫʩʢʘʷ ʧʦʨʷʜʢʘ 100 ʩʧʝʮʠʘʣʠʩʪʦʚ, ʜʣʷ ʨʫʢʦʚʦʜʩʪʚʘ ʙʳʣʦ 

ʧʨʦʙʣʝʤʦʡ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʘʢʪʠʢʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʳ. ʀʨʢʫʪʩʢʠʡ ʘʵʨʦʧʦʨʪ ʥʝ ʤʦʛ ʠʣʠ ʥʝ ʭʦʪʝʣ ʨʝʰʘʪʴ 

ʧʨʦʙʣʝʤʳ ʬʠʣʠʘʣʘ, ʧʦʩʪʦʷʥʥʦ ʩʩʳʣʘʷʩʴ ʥʘ ʥʝʫʜʦʙʥʦʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʘʢʪʠʢ (ʚʝʩʥʘ ï ʥʘʯʘʣʦ ʨʘʙʦʪʳ ʘʵʨʦʧʦʨʪʘ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʯʪʦ 

ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʨʝʡʩʦʚ, ʥʦ ʥʝ ʧʝʨʩʦʥʘʣʘ), ʦʪʩʫʪʩʪʚʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʚʨʝʤʝʥʠ ʫ ʨʘʙʦʪʥʠʢʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʯʝʪʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʮʝʣʝʡ ʠ ʟʘʜʘʯ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʘʢʪʠʢ ʧʨʠʰʣʦʩʴ ʧʝʨʝʩʤʦʪʨʝʪʴ ʧʦʜʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʘʢʪʠʢ, ʨʘʩʰʠʨʝʥʠʶ ʛʝʦʛʨʘʬʠʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʢ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʶ ʠ 

ʨʘʟʥʦʦʙʨʘʟʠʶ ʤʝʩʪ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʢ, ʥʝ ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʪʦʣʴʢʦ ʦʜʥʠʤ 

ʀʨʢʫʪʩʢʠʤ ʘʵʨʦʧʦʨʪʦʤ. 

ʉʝʛʦʜʥʷ ʫʞʝ ʧʦʣʦʞʝʥʦ ʥʘʯʘʣʦ ʥʦʚʦʤʫ ʵʪʘʧʫ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ, ʚ ʢʦʪʦʨʦʤ ʦʩʥʦʚʥʘʷ ʨʦʣʴ ʦʪʚʝʜʝʥʘ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʧʦʠʩʢʫ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʘʵʨʦʧʦʨʪʘʤʠ, ʧʨʝʜʣʘʛʘʷ ʠʤ ʜʣʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʘʢʪʠʢʠ ʦʙʫʯʘʶʱʠʭʩʷ ʬʠʣʠʘʣʘ. ʄʥʦʛʠʝ ʘʵʨʦʧʦʨʪʳ ʩ 

ʫʜʦʚʦʣʴʩʪʚʠʝʤ ʦʪʚʝʯʘʶʪ ʩʦʛʣʘʩʠʝʤ, ʥʦ ʦʧʷʪʴ ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ 

ʥʝʧʨʝʦʜʦʣʠʤʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ. ʅʝ ʤʥʦʛʠʝ ʦʙʫʯʘʶʱʠʝʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʦʧʣʘʪʠʪʴ ʧʨʦʝʟʜ ʠ ʧʨʦʞʠʚʘʥʠʝ, ʭʦʪʷ ʞʝʣʘʥʠʝ ʧʦʝʭʘʪʴ ʠ ʧʦʨʘʙʦʪʘʪʴ ʝʩʪʴ ʫ 

ʤʥʦʛʠʭ. ʇʦʵʪʦʤʫ, ʠʟ 100 ʚʳʧʫʩʢʥʠʢʦʚ ʙʦʣʴʰʝ 80 ʦʩʪʘʶʪʩʷ ʚ ʀʨʢʫʪʩʢʝ ʠ 

ʝʩʪʝʩʪʚʝʥʥʦ ʧʦʡʜʫʪ ʥʘ ʧʨʘʢʪʠʢʫ ʚ ʘʵʨʦʧʦʨʪ. 

ʆʜʥʘʢʦ, ʦʛʨʦʤʥʫʶ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ 

ʦʢʘʟʘʣ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʘʵʨʦʧʦʨʪ ʉʦʯʠ. ɺʦʪ ʫʞʝ ʚʪʦʨʦʡ ʛʦʜ ʧʦʜʨʷʜ, ʚ ʨʘʤʢʘʭ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʢʠ, ʘʵʨʦʧʦʨʪ ʪʨʫʜʦʫʩʪʨʘʠʚʘʝʪ ʦʙʫʯʘʶʱʠʭʩʷ, ʧʨʠʯʝʤ 

ʦʬʠʮʠʘʣʴʥʦ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʙʫʯʝʥʠʝ, ʩʜʘʯʫ ʵʢʟʘʤʝʥʦʚ ʠ ʚʳʜʘʯʫ 

ʩʝʨʪʠʬʠʢʘʪʦʚ, ʜʦʧʫʩʢʘʶʱʠʭ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ 

ʥʘ ʦʙʲʝʢʪʘʭ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʅʝʣʴʟʷ ʥʝ ʩʢʘʟʘʪʴ ʠ ʧʨʦ ʀʨʢʫʪʩʢʠʡ ʘʵʨʦʧʦʨʪ. ɺ ʵʪʦʤ ʛʦʜʫ, ʠʩʧʳʪʳʚʘʷ 

ʟʘʪʨʫʜʥʝʥʠʷ ʚ ʢʘʜʨʘʭ, ʨʫʢʦʚʦʜʩʪʚʦ ʘʵʨʦʧʦʨʪʘ ʦʙʨʘʪʠʣʦʩʴ ʩ ʧʨʝʜʣʦʞʝʥʠʝʤ ʦ 
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ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʦʙʣʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ, ʩʫʱʝʩʪʚʫʶʱʘʷ ʜʦ ʵʪʦʛʦ 

ʚʨʝʤʝʥʠ, ʩʪʘʣʘ ʤʝʥʝʝ ʘʢʪʫʘʣʴʥʦʡ. 

ʀ ʦʧʷʪʴ ʚʦʟʚʨʘʱʘʷʩʴ ʢ ʧʨʦʙʣʝʤʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʚ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʨʘʙʦʯʠʭ ʤʝʩʪ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ 

ʚʳʧʫʩʢʥʠʢʘʤʠ. ɿʘʤʝʪʴʪʝ, ʨʘʙʦʯʠʭ ʤʝʩʪ (ʢʘʢ ʵʪʦ ʜʝʣʘʝʪ ʉɸɹ ʘʵʨʦʧʦʨʪʘ), ʘ ʥʝ 

ʵʢʩʢʫʨʩʠʡ. ʂʘʢ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʨʘʙʦʪʦʜʘʪʝʣʝʡ? ʂʘʢ ʩʜʝʣʘʪʴ, ʯʪʦʙʳ ʚ ʘʵʨʦʧʦʨʪʫ 

ʧʨʦʷʚʠʣʠ ʥʝʧʦʜʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ ʚʳʧʫʩʢʥʠʢʘʤ, ʘ ʚʝʨʥʝʝ ʩʢʘʟʘʪʴ ʢ 

ʩʧʝʮʠʘʣʠʩʪʘʤ? ʄʦʞʝʪ ʥʝʦʙʭʦʜʠʤʦ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʠ ʨʘʙʦʪʥʠʢʦʚ ʘʵʨʦʧʦʨʪʘ?  

ʅʘʧʨʠʤʝʨ, ʢʨʦʤʝ ʦʧʣʘʪʳ ʨʫʢʦʚʦʜʠʪʝʣʶ ʧʨʘʢʪʠʢʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʩʦʚʤʝʩʪʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʧʨʘʢʪʠʢʠ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʦʪʨʘʞʝʥʳ ʨʝʘʣʴʥʳʝ ʚʦʧʨʦʩʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ.  

ʀʣʠ, ʚ ʪʝʯʝʥʠʝ ʦʙʫʯʝʥʠʷ, ʨʘʙʦʪʥʠʢʫ ʘʵʨʦʧʦʨʪʘ ʧʨʦʚʝʩʪʠ ʥʝʩʢʦʣʴʢʦ 

ʩʝʤʠʥʘʨʩʢʠʭ ʟʘʥʷʪʠʡ ʠʣʠ çʢʨʫʛʣʳʭ ʩʪʦʣʦʚè ʩ ʦʙʫʯʘʶʱʠʤʠʩʷ, ʪʝʤʦʡ ʢʦʪʦʨʳʭ 

ʜʦʣʞʥʘ ʦʙʷʟʘʪʝʣʴʥʦ ʙʳʪʴ ʧʨʘʢʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʜʘʶʱʘʷ ʙʦʣʝʝ ʧʦʣʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʝʜʤʝʪʝ ʙʫʜʫʱʝʡ ʧʨʘʢʪʠʢʠ. 

ʇʨʦʚʦʜʠʪʴ ʵʢʩʢʫʨʩʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʟʘʨʘʥʝʝ ʟʥʘʢʦʤʷ ʦʙʫʯʘʶʱʠʭʩʷ ʩ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʩ ʢʦʣʣʝʢʪʠʚʦʤ ʨʘʙʦʪʥʠʢʦʚ, ʙʫʜʫʱʠʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʤʝʩʪʘʤʠ.  

ʀ ʵʪʦ ʪʦʣʴʢʦ ʤʘʣʘʷ ʯʘʩʪʴ ʧʨʝʜʣʦʞʝʥʠʡ, ʥʦ, ʢʘʞʝʪʩʷ, ʚʧʦʣʥʝ 

ʦʩʫʱʝʩʪʚʠʤʘʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʴʢʦ ʩʦʚʤʝʩʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦʤʦʛʫʪ 

ʨʝʰʠʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ, ʠ ʪʦʣʴʢʦ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʘʵʨʦʧʦʨʪʘ ʩʤʦʞʝʪ, ʭʦʪʷ ʙʳ 

ʯʘʩʪʠʯʥʦ, ʧʨʦʙʣʝʤʫ ʧʨʝʚʨʘʪʠʪʴ ʚʦ ʚʧʦʣʥʝ ʨʝʰʘʝʤʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ. ɸ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʠʪʴ ʛʝʦʛʨʘʬʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʘʢʪʠʢ, ʥʘʡʪʠ 

ʧʦʜʜʝʨʞʢʫ ʫ ʨʫʢʦʚʦʜʩʪʚʘ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦʟʚʦʣʠʪ ʦʙʫʯʘʶʱʠʤʩʷ ʧʦʯʫʚʩʪʚʦʚʘʪʴ 

ʩʝʙʷ ʙʫʜʫʱʠʤʠ ʧʦʣʥʦʮʝʥʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. 

ʅʝ ʩʝʢʨʝʪ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʥʘʚʳʢʦʚ ʷʚʣʷʝʪʩʷ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʝ ʚʳʧʫʩʢʥʠʢʦʚ. ʃʶʙʦʤʫ 

ʧʨʝʜʧʨʠʷʪʠʶ ʥʫʞʝʥ ʨʘʙʦʪʥʠʢ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʠʩʪʫʧʠʪʴ ʢ ʚʳʧʦʣʥʝʥʠʶ 

ʩʚʦʠʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʩʨʘʟʫ, ʥʝ ʟʘʪʨʘʯʠʚʘʥʠʷ ʚʨʝʤʝʥʠ ʥʘ ʝʛʦ ʦʙʫʯʝʥʠʝ ʠʣʠ 

ʧʝʨʝʦʙʫʯʝʥʠʝ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʨʝʰʠʪʴ, ʝʩʣʠ ʩʠʩʪʝʤʥʦ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦ 

ʧʦʜʭʦʜʠʪʴ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ.  ʂ ʪʘʢʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩʝʛʦʜʥʷ ʛʦʪʦʚʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ. ɼʘʥʥʳʡ 

ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʚʳʧʫʩʢʥʠʢʘʤ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʫʩʣʦʚʠʷʤ ʨʳʥʢʘ 

ʪʨʫʜʘ ʠ ʫʩʧʝʰʥʦ ʪʨʫʜʦʫʩʪʨʘʠʚʘʪʴʩʷ. ʆʪʟʳʚʳ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʦ ʭʦʨʦʰʝʡ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʚʳʧʫʩʢʥʠʢʦʚ ʛʦʚʦʨʷʪ ʩʘʤʠ ʟʘ ʩʝʙʷ: ʪʦʣʴʢʦ ʚ ʵʪʦʤ 

ʛʦʜʫ ʚʳʧʫʩʢʥʠʢʠ ʀʨʢʫʪʩʢʦʛʦ ʬʠʣʠʘʣʘ ʪʨʫʜʦʫʩʪʨʦʠʣʠʩʴ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʚ 

ʘʚʠʘʢʦʤʧʘʥʠʶ S7 Airlines; ʚ ʘʚʠʘʢʦʤʧʘʥʠʶ çɸʵʨʦʬʣʦʪ ï ʨʦʩʩʠʡʩʢʠʝ 

ʘʚʠʘʣʠʥʠʠè; ʚ ʩʣʫʞʙʳ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʠ ʘʚʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʘʵʨʦʧʦʨʪʘ ʀʨʢʫʪʩʢ; ʚ ʘʚʠʘʢʦʤʧʘʥʠʶ çʀʨɸʵʨʦè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʨʝʜʥʝʛʦ ʟʚʝʥʘ ʚ ʩʨʝʜʥʠʭ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ï ʢʦʣʣʝʜʞʘʭ ï ʦʪʥʦʩʠʪʩʷ 

ʢ ʯʠʩʣʫ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʭ. ɺ ʩʠʩʪʝʤʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 
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ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ. ʀʜʝʪ 

ʧʦʠʩʢ ʬʦʨʤ ʠ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ. ɺʦʟʨʘʩʪʘʝʪ ʨʦʣʴ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʨʘʟʚʠʪʠʝ ʪʚʦʨʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʣʠʯʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʷ ʝʝ ʘʢʪʠʚʥʦʩʪʠ, 

ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʤʦʩʪʠ ʠ ʘʜʘʧʪʠʨʫʝʤʦʩʪʠ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʫʨʦʚʥʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ ʜʣʷ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʧʨʠʯʠʥ ʫʱʝʨʙʘ ʜʣʷ ʙʶʜʞʝʪʘ ʩʪʨʘʥʳ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʚʝʨʪʦʣʝʪʦʚ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʚʦʟʜʫʰʥʳʭ 

ʩʫʜʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʧʠʣʦʪʥʦʝ ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ, ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ, ʣʝʩʥʳʝ 

ʧʦʞʘʨʳ, ʘʚʠʘʮʠʷ, ʪʦʧʣʠʚʥʳʝ ʨʘʩʭʦʜʳ. 
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Abstract. The article examines the dynamics of the level of material damage to the national 

economy and environmental protection activities, which is caused by various reasons, and presents 

an analysis of the structure of the causes of damage to the budget of our country. This issue presents 

a comparative analysis of the use of helicopters and unmanned aircraft in terms of fuel efficiency. 

Keywords: unmanned aircraft, material damage, forest fires, aviation, fuel costs. 

 

ʆʭʨʘʥʘ ʣʝʩʦʚ ʦʪ ʧʦʞʘʨʦʚ ʷʚʣʷʝʪʩʷ ʦʩʪʨʦʡ ʧʨʦʙʣʝʤʦʡ ʢʘʢ ʜʣʷ ʣʝʩʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʪʘʢ ʠ ʜʣʷ ʙʶʜʞʝʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʫʱʝʨʙ ʦʪ 

ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʝ 1,26 ʤʣʨʜ ʨʫʙ., ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʚʣʝʢʘʪʴ ʙʝʩʧʠʣʦʪʥʳʝ ʚʦʟʜʫʰʥʳʝ ʩʫʜʘ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ 

ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʬʠʥʘʥʩʦʚʳʡ ʫʱʝʨʙ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ. ɺ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʨʝʰʘʶʪ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠ ʩʪʨʫʢʪʫʨʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʧʦ ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʫʱʝʨʙʫ ʦʪ ʧʨʠʨʦʜʥʳʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ; ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘʤʦʣʝʪʦʚ ʠ 

ʚʝʨʪʦʣʝʪʦʚ ʄʏʉ ʧʨʠ ʘʚʠʘʮʠʦʥʥʦʤ ʧʘʪʨʫʣʠʨʦʚʘʥʠʠ (ʤʦʥʠʪʦʨʠʥʛʝ); ʧʨʦʠʟʚʝʩʪʠ ʠ 

ʩʨʘʚʥʠʪʴ ʨʘʩʯʝʪʳ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʨʪʦʣʝʪʘ ɺʂ 117 ʉ-1 ʠ 

ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ Inspire ʠ ʩʜʝʣʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʚʦʜʳ. 

ʉʪʘʪʠʩʪʠʢʘ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ ʦʪ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʟʘ 2015-2021 ʛʦʜʳ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 [1].  
 

 
 

ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʠʢʘ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ ʦʪ ʧʦʞʘʨʦʚ ʟʘ ʧʝʨʠʦʜ 2015-2021 ʛ. 
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ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʦʪ ʣʝʩʥʳʭ 

ʧʦʞʘʨʦʚ ʙʳʣ ʧʦʣʫʯʝʥ ʚ 2017 ʛʦʜʫ, ʚʩʣʝʜʩʪʚʠʝ ʞʘʨʢʦʡ ʧʦʛʦʜʳ ʠ ʜʝʬʠʮʠʪʘ 

ʦʩʘʜʢʦʚ, ʘ ʪʘʢʞʝ ʪʝʧʣʦʡ ʠ ʤʘʣʦʩʥʝʞʥʦʡ ʟʠʤʳ ʚ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ. ɺ 

2016 ʛʦʜʫ ʥʝʩʤʦʪʨʷ ʥʘ ʜʚʘ ʢʨʫʧʥʳʭ ʣʝʩʥʳʭ ʧʦʞʘʨʘ ʙʳʣ ʧʨʠʥʝʩʝʥ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʘ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ (ʚ 11 ʨʘʟ) ʚ 2020ï2021 ʛʦʜʳ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʨʘʩʩʯʠʪʘʝʤ ʧʨʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʦʪ ʦʜʥʦʛʦ 

ʧʦʞʘʨʘ ʚ 2020 ʠ 2021 ʛʦʜʘʭ, ʢʦʪʦʨʳʡ ʚʳʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʙʱʝʛʦ 

ʯʠʩʣʘ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ ʢ ʢʦʣʠʯʝʩʪʚʫ ʧʦʞʘʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

ʟʘ 2020 ʛʦʜ ï 127,54 / 25 = 5,1 ʤʣʥ ʨʫʙ.; 

ʟʘ 2021 ʛʦʜ 1461,02 / 24 = 60,9 ʤʣʥ ʨʫʙ. 

ɺ 2021 ʜʦʣʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ ʦʪ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʩʦʩʪʘʚʠʣʘ 3,28% 

ʦʪ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʏʉ ʠ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2020 ʛʦʜʦʤ ï 

1,03%. ʉʪʨʫʢʪʫʨʘ ʧʨʠʨʦʜʥʳʭ ʏʉ ʟʘ 2020 ʠ 2021 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʘ ʧʨʠʨʦʜʥʳʭ ʏʉ ʟʘ 2021 ʛ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʘ ʧʨʠʨʦʜʥʳʭ ʏʉ ʟʘ 2020 ʛ. 

 

ʉʘʤʳʡ ʢʨʫʧʥʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʟʘ 2020 ʠ 2021 ʛʦʜʳ ʧʨʠʥʦʩʷʪ 

ʟʘʤʦʨʦʟʢʠ ʠ ʟʘʩʫʭʘ ʠ ʩʦʩʪʘʚʣʷʶʪ 56,31% ʠ 93,6% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʚʝʣʠʯʝʥʠʶ 

ʜʦʣʠ ʢʨʫʧʥʳʭ ʧʦʞʘʨʦʚ ʦʪ ʚʩʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʏʉ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʩʫʭʘ. 

ɼʣʷ ʪʫʰʝʥʠʷ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ, ʧʨʦʚʝʜʝʥʠʷ ʘʚʠʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʠ 

ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʫʯʘʩʪʢʦʚ ʤʝʩʪʥʦʩʪʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʚʠʘʮʠʷ ʄʏʉ. ʇʦ 

ʩʦʩʪʦʷʥʠʶ ʥʘ 2022 ʛ. ʥʘ ʦʩʥʘʱʝʥʠʠ ʘʚʠʘʮʠʠ ʄʏʉ ʈʦʩʩʠʠ ʩʦʩʪʦʠʪ 84 
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ʚʦʟʜʫʰʥʳʭ ʩʫʜʥʘ, ʠʟ ʥʠʭ 23 ʩʘʤʦʣʸʪʘ ʠ 61 ʚʝʨʪʦʣʸʪ [2]. ʆʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʢ 

ʨʘʥʥʝʤʫ ʚʳʷʚʣʝʥʠʶ ʣʝʩʥʳʭ ʠ ʩʪʝʧʥʳʭ ʧʦʞʘʨʦʚ ï ʠʭ ʤʦʥʠʪʦʨʠʥʛ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʧʦʤʦʱʴʶ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) [3, ʩ. 7]. ɹʇʃɸ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʚʭʦʜʷʪ ʚ ʯʠʩʣʦ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʚʠʜʦʚ ʪʝʭʥʠʢʠ. ʆʥʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʄʏʉ ʠ ʜʨʫʛʠʭ ʚʝʜʦʤʩʪʚʘʭ, ʘ ʪʘʢʞʝ 

ʥʘʭʦʜʷʪ ʩʚʦʸ ʧʨʠʤʝʥʝʥʠʝ ʚ ʛʨʘʞʜʘʥʩʢʦʤ ʢʦʤʤʝʨʯʝʩʢʦʤ ʩʝʢʪʦʨʝ [4]. ʊʘʢʞʝ ʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʘʪʨʫʣʠʨʦʚʘʥʠʷ ʤʝʩʪʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʙʝʩʧʠʣʦʪʥʳʝ ʚʦʟʜʫʰʥʳʝ ʩʫʜʘ. 

ɹʝʩʧʠʣʦʪʥʦʝ ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ (ɹɺʉ) ï ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ, ʫʧʨʘʚʣʷʝʤʦʝ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʚ ʧʦʣʝʪʝ ʧʠʣʦʪʦʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚʥʝ ʙʦʨʪʘ ʪʘʢʦʛʦ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ (ʚʥʝʰʥʠʡ ʧʠʣʦʪ) (ʧ. 5 ʚʚʝʜʝʥ ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʦʪ 30.12.2015 ʛ. ˉ 

462-ʌɿ; ʚ ʨʝʜ. ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 03.07.2016 ˉ 291-ʌɿ). 

ɸʚʠʘʮʠʦʥʥʦʝ ʧʘʪʨʫʣʠʨʦʚʘʥʠʝ ʨʝʛʫʣʠʨʫʝʪʩʷ ʇʨʠʢʘʟʦʤ ʄʠʥʧʨʠʨʦʜʳ 

ʈʦʩʩʠʠ ʦʪ 15.11.2016 ʛ. ˉ 597 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʦʨʷʜʢʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʧʦ ʦʭʨʘʥʝ ʣʝʩʦʚ ʦʪ ʧʦʞʘʨʦʚ ʠ ʇʦʨʷʜʢʘ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʚʳʧʦʣʥʝʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʧʦ ʟʘʱʠʪʝ ʣʝʩʦʚè ʠ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ:  

ï ʦʙʥʘʨʫʞʝʥʠʝ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʤʘʩʰʪʘʙʦʚ; 

ï ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠʨʦʜʥʦʛʦ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 
ʭʘʨʘʢʪʝʨʘ ʥʘ ʣʝʩʘ; 

ï ʦʪʩʣʝʞʠʚʘʥʠʝ ʩʦʙʣʶʜʝʥʠʷ ʧʨʘʚʠʣ ʧʦʞʘʨʥʦʡ ʠ ʩʘʥʠʪʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʣʝʩʘʭ; 

ï ʦʧʦʚʝʱʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʦ ʚʳʷʚʣʝʥʥʳʭ 
ʥʘʨʫʰʝʥʠʷʭ ʠ ʧʦʞʘʨʘʭ ʚ ʣʝʩʘʭ. 

ʉʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘʤʦʣʝʪʦʚ ʠ ʚʝʨʪʦʣʝʪʦʚ ʧʨʠ 

ʘʚʠʘʮʠʦʥʥʦʤ ʧʘʪʨʫʣʠʨʦʚʘʥʠʠ, ʪʘʢʠʝ ʢʘʢ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʚʨʝʤʷ ʟʘʪʨʘʪ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʢ ʧʦʣʝʪʫ, ʧʦʜʭʦʜʷʪ ʥʝ ʜʣʷ ʚʩʝʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʷʚʣʷʶʪʩʷ ɹɺʉ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚʦ ʚʩʝʭ ʵʪʘʧʘʭ 

ʧʦʞʘʨʥʦʡ ʩʠʪʫʘʮʠʠ, ʚʳʷʚʣʷʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʟʥʠʮʳ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʯʘʛʘ ʚʦʟʛʦʨʘʥʠʷ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʠʤʝʥʝʥʠʝ ʙʝʩʧʠʣʦʪʥʠʢʦʚ ʚ ʩʠʩʪʝʤʝ ʄʏʉ ʈʦʩʩʠʠ 

ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʟʘʜʘʯ, ʚ ʯʘʩʪʥʦʩʪʠ: ʤʦʥʠʪʦʨʠʥʛ ʣʝʩʥʳʭ 

ʤʘʩʩʠʚʦʚ ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʣʠ ʚʳʷʚʣʝʥʠʷ ʦʯʘʛʦʚ ʚʦʟʛʦʨʘʥʠʷ; ʦʮʝʥʢʘ 

ʫʱʝʨʙʘ ʦʪ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʪ.ʜ. [5, ʩ. 164] 

ɸʚʠʘʮʠʷ ʄʏʉ ʈʦʩʩʠʠ ʦʩʥʘʱʝʥʘ ɹɺʉ ʩʘʤʦʣʝʪʥʦʛʦ, ʚʝʨʪʦʣʝʪʥʦʛʦ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʪʠʧʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ 464 ʝʜʠʥʠʮʳ ʪʝʭʥʠʢʠ. ʄʏʉ ʈʦʩʩʠʠ ʟʘ 

2021 ʛʦʜ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʩʦʧʦʞʘʨʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ɹɺʉ 1820 

ʨʘʟ [6]. 

ɻʣʘʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʷʚʣʷʶʪʩʷ ʨʘʩʭʦʜʳ ʥʘ ʪʦʧʣʠʚʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʸʤ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ (ʧʦʜ ʪʦʧʣʠʚʦʤ ʧʦʥʠʤʘʝʪʩʷ ʘʚʠʘʮʠʦʥʥʳʡ ʢʝʨʦʩʠʥ ʠ ʟʘʨʷʜ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ) ʚʝʨʪʦʣʝʪʘ ɺʂ 117 ʉ-1 [7] ʠ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ Inspire 1 V2.0 [8].  

ʈʘʩʯʝʪ ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ ʟʘ 20 ʤʠʥʫʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʨʪʦʣʝʪʘ ɺʂ 11 

ʉ-1:  
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ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʛ/ʯ: 215 = 3 583,333 ʛʨ/ʤʠʥ.  

ʉʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʘʚʠʘʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ 62 890 ʨʫʙ. ʟʘ ʪʦʥʥʫ [9]. 

ɺʨʝʤʷ ʧʦʣʝʪʘ 20 ʤʠʥʫʪ. 

ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ ʟʘ 20 ʤʠʥʫʪ = 20*3 583,333=71666,66 ʛʨ. = 0,071 ʪ. 

ʉʪʦʠʤʦʩʪʴ 20 ʤʠʥʫʪʥʦʛʦ ʧʦʣʝʪʘ ʩʦʩʪʘʚʣʷʝʪ: 62 890 * 0,071= 4465,19 ʨʫʙ. 

ʈʘʩʯʝʪ ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ ʟʘ 20 ʤʠʥʫʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ Inspire 1 V2.0: 

ʀʩʭʦʜʷ ʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʨʘʩʩʯʠʪʘʝʤ ʤʦʱʥʦʩʪʴ 

ʘʢʢʫʤʫʣʷʪʦʨʘ, ʨʘʚʥʫʶ ʧʨʦʠʟʚʝʜʝʥʠʶ ʝʤʢʦʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʠ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʜʝʣʝʥʥʦʝ ʥʘ ʚʨʝʤʷ ʨʘʟʨʷʜʢʠ (ʚʨʝʤʷ ʨʘʟʨʷʜʢʠ 

ʧʨʠʥʠʤʘʝʪʩʷ ʚʨʝʤʝʥʝʤ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ):   

(5,7ɸ* 22,8ɺ) / 0,33ʯ= 393,8 ɺʘʪʪ. 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʦʜʥʦʡ ʟʘʨʷʜʢʝ ʧʨʠʥʠʤʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʘʢʢʫʤʫʣʷʪʦʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 393,8 = 400 ɺʪ = 0,4 

ʂɺʪ, ʝʩʣʠ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʜʥʝʚʥʦʡ ʟʘʨʷʜʢʝ ʦʜʠʥ ʂɺʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʪʦʠʪ 

6,5 ʨʫʙʣʝʡ, ʪʦ ʩʪʦʠʤʦʩʪʴ ʟʘʨʷʜʢʠ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʨʘʚʥʷʝʪʩʷ 6,5 ʨʫʙ. *0,4 ʂɺʪ = 

2,6 ʨʫʙ. [10]. 

ʀʟ ʨʘʩʯʝʪʦʚ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ ʥʘʠʙʦʣʝʝ 

ʚʳʛʦʜʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ Inspire 1 

V2.0, ʯʝʤ ʚʝʨʪʦʣʝʪʘ ɺʂ 11 ʉ-1. ɺʳʛʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 99,9%. 

ɺʥʝʜʨʝʥʠʝ ɹɺʉ ʩʯʠʪʘʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʝʩʣʠ ʦʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʛʦʨʘʥʠʷ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʝʩʧʠʣʦʪʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʠʩʭʦʜʷ ʠʟ ʝʛʦ 

ʢʘʪʝʛʦʨʠʠ ʠ ʪʠʧʘ ʜʣʷ ʨʝʰʝʥʠʷ ʣʝʩʦʦʭʨʘʥʥʳʭ ʟʘʜʘʯ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʧʨʦʚʝʜʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʨʘʩʯʝʪʦʚ 

ʧʦʜʪʚʝʨʜʠʣʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ɹɺʉ, ʪʘʢ ʢʘʢ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʛʦʨʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɹɺʉ ʜʣʷ ʦʮʝʥʢʠ ʧʦʞʘʨʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʩʦʧʦʞʘʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 
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Abstract. Based on an analysis of modern challenges and threats, issues of increasing the 

role and place of risk management in the air transport field are considered. In the context of the 

rapid development of technology and the increase in the number of air transport operations, the 

need for continuous improvement of risk management processes is substantiated, the main stages in 

the development of risk management in aviation are described, and existing approaches to carrying 

out air transport risk management activities are systematized. 
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ɺʚʝʜʝʥʠʝ 

ɸʚʠʘʮʠʦʥʥʘʷ ʦʪʨʘʩʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʛʜʝ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʛʨʘʝʪ ʜʦʤʠʥʠʨʫʶʱʫʶ 

ʨʦʣʴ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ ʚʳʟʦʚʦʚ ʠ ʫʛʨʦʟ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʘʚʠʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʠʘʧʝʨʝʚʦʟʦʢ 

ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ. 

 

ʈʠʩʢʠ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩʦʧʨʦʚʦʞʜʘʶʪ ʣʶʙʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʇʨʠʥʷʪʠʝ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, 

ʚʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʥʝʠʟʚʝʩʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʥʘʩʪʫʧʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ, ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʩʪʝʧʝʥʴ 

ʙʫʜʫʱʝʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝʝ ʦʙʦʩʪʨʝʥʠʝ 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʫʩʠʣʝʥʠʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʘʢʪʫʘʣʠʟʠʨʫʶʪ 

ʚʦʧʨʦʩʳ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ. ɺʩʝ ʙʦʣʝʝ ʢʨʠʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ 

ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʠ ʚ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ 

ʈʠʩʢ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʚʥʝʰʥʠʭ ʠʣʠ ʚʥʫʪʨʝʥʥʠʭ 

ʘʩʧʝʢʪʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʷʚʣʝʥʠʶ ʚʝʨʦʷʪʥʳʭ ʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʪʝʨʴ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʠʤʝʶʱʠʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʠʯʠʥʳ ʠ ʩʣʝʜʩʪʚʠʷ, ʚʳʨʘʞʘʶʱʠʝʩʷ ʯʝʨʝʟ ʫʱʝʨʙ 

(ʧʨʠʦʙʨʝʪʝʥʠʝ) ʠ ʚʝʣʠʯʠʥʫ ʚʝʨʦʷʪʥʦʩʪʠ. ʈʠʩʢ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʩʦʦʪʥʦʰʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʠʩʢʦʚʳʭ ʩʠʪʫʘʮʠʡ ʠ ʚʦʟʤʦʞʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʠʩʢʦʚʦʛʦ ʩʦʙʳʪʠʷ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʢʣʦʥʝʥʠʶ ʨʝʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪ 
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ʧʣʘʥʠʨʫʝʤʳʭ. ʈʠʩʢ-ʤʝʥʝʜʞʤʝʥʪ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ. 

ɺʘʞʥʳʤ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ ʘʩʧʝʢʪʦʤ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ 

ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʠʩʢʦʚ. ʇʦ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʠʩʢʦʚʦʡ ʩʠʪʫʘʮʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʠʩʪʳʝ (ʥʝʬʠʥʘʥʩʦʚʳʝ) ʠ 

ʩʧʝʢʫʣʷʪʠʚʥʳʝ (ʬʠʥʘʥʩʦʚʳʝ) ʨʠʩʢʠ [1]. ʊʘʢʞʝ, ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦ 

ʧʨʠʯʠʥʘʤ (ʠʩʪʦʯʥʠʢʘʤ) ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʠʩʢʘ ï ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ; 

ʬʘʢʪʦʨʘʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ (ʧʦʣʠʪʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ, 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʢʦʤʤʝʨʯʝʩʢʠʝ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʠ ʜʨ.); 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ï ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʠ ʥʝʧʨʦʛʥʦʟʠʨʫʝʤʳʝ; 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ï ʢʨʘʪʢʦʩʨʦʯʥʳʝ, ʩʨʝʜʥʝʩʨʦʯʥʳʝ ʠ ʜʣʠʪʝʣʴʥʳʝ; 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʮʝʥʢʠ ï ʦʮʝʥʠʚʘʝʤʳʝ ʠ ʥʝʦʮʝʥʠʚʘʝʤʳʝ; ʦʙʲʝʢʪʘʤ ʚʣʠʷʥʠʷ ʨʠʩʢʘ 

ï ʥʘ ʧʨʝʜʧʨʠʷʪʠʝ ʚ ʮʝʣʦʤ, ʥʘ ʥʝʢʦʪʦʨʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʥʘ ʧʝʨʩʦʥʘʣ; ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʨʠʩʢʘ ï ʧʨʠʝʤʣʝʤʳʡ 

(ʜʦʧʫʩʪʠʤʳʡ) ʠ ʥʝʧʨʠʝʤʣʝʤʳʡ (ʥʝʜʦʧʫʩʪʠʤʳʡ) ʫʨʦʚʝʥʴ ʨʠʩʢʘ; ʪʠʧʘʤ ʧʦʪʝʨʴ 

(ʧʨʷʤʳʝ ʠʣʠ ʢʦʩʚʝʥʥʳʝ); ʨʘʟʤʝʨʫ ʧʦʪʝʨʴ (ʜʦʧʫʩʪʠʤʳʝ, ʢʨʠʪʠʯʝʩʢʠʝ, 

ʬʘʪʘʣʴʥʳʝ); ʚʦʟʤʦʞʥʦʩʪʷʤ ʩʪʨʘʭʦʚʘʥʠʷ ï ʩʪʨʘʭʫʝʤʳʝ, ʥʝʩʪʨʘʭʫʝʤʳʝ; 

ʭʘʨʘʢʪʝʨʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ï ʦʙʲʝʢʪʠʚʥʳʝ ʠ ʩʫʙʲʝʢʪʠʚʥʳʝ; ʵʬʬʝʢʪʫ ʥʘ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ ï ʧʦʟʠʪʠʚʥʳʝ, ʥʝʛʘʪʠʚʥʳʝ, ʥʫʣʝʚʳʝ; ʧʦ ʤʘʩʰʪʘʙʘʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ï 

ʣʦʢʘʣʴʥʳʝ, ʦʪʨʘʩʣʝʚʳʝ, ʨʝʛʠʦʥʘʣʴʥʳʝ, ʥʘʮʠʦʥʘʣʴʥʳʝ, ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʠ ʜʨ. 

ʉʦʛʣʘʩʥʦ ɻʆʉʊ ʈ ʀʉʆ 31000-2019, ʦʮʝʥʢʘ ʨʠʩʢʘ ʚʢʣʶʯʘʝʪ ʧʨʦʮʝʩʩʳ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʘʥʘʣʠʟʘ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʘ [2]. ɺʩʝ ʵʪʦ ʜʦʣʞʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ, ʠʪʝʨʘʮʠʦʥʥʦ ʠ ʢʦʤʧʣʝʢʩʥʦ, ʩ ʦʧʦʨʦʡ ʥʘ 

ʟʥʘʥʠʷ ʠ ʤʥʝʥʠʷ ʫʯʘʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʪʦʚ, ʥʘ ʦʩʥʦʚʝ ʨʝʣʝʚʘʥʪʥʦʡ ʠʤʝʶʱʝʡʩʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʥʦʚʳʭ ʜʘʥʥʳʭ. ʅʘ ʜʘʥʥʦʡ 

ʦʩʥʦʚʝ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʨʠʩʢʘ, 

ʧʨʠʦʨʠʪʝʪʘʭ ʦʙʨʘʙʦʪʢʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʜʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ. 

ɿʥʘʯʠʤʳʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʠʩʢʠ ʧʦʜʣʝʞʘʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ.  

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʢʦʤʧʘʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʮʝʩʩʦʚ, ʤʝʨʦʧʨʠʷʪʠʡ, ʤʝʪʦʜʠʢ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʧʨʠʤʝʥʷʝʤʳʭ ʩʠʣ ʠ ʩʨʝʜʩʪʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ ʠ 

ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. ʆʥʘ ʚʢʣʶʯʘʝʪ: ʧʨʦʮʝʜʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʦʤ; 

ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʩʦʙʳʪʠʡ ʨʠʩʢʘ; ʙʘʟʫ ʩʦʙʳʪʠʡ; ʢʦʥʪʨʦʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʚʥʷ 

ʨʠʩʢʘ; ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʨʠʩʢʘ, ʩʙʦʨ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʦ ʚʳʷʚʣʝʥʥʦʤ ʨʠʩʢʝ; ʦʮʝʥʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʨʠʩʢʦʚ, ʨʘʟʨʘʙʦʪʢʫ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʣʠʷʥʠʷ ʨʠʩʢʘ; ʤʦʥʠʪʦʨʠʥʛʘ ʫʨʦʚʥʷ ʨʠʩʢʘ ʠ ʪ.ʧ.  

ʈʘʟʚʠʪʠʝ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ ʥʘʯʘʣʦʩʴ ʝʱʝ ʚ ʥʘʯʘʣʝ 

XX ʚʝʢʘ, ʢʦʛʜʘ ʘʚʠʘʮʠʷ ʩʪʘʣʘ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʧʘʩʩʘʞʠʨʦʚ ʠ ʛʨʫʟʦʚ. ʂʦʤʧʘʥʠʠ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʘʩʧʠʩʘʥʠʷ ʨʝʡʩʦʚ, ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ ʪʦʧʣʠʚʘ, ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. ʉʝʨʴʝʟʥʳʤʠ ʰʘʛʘʤʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʢʘ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʙʫʯʝʥʠʝ ʧʠʣʦʪʦʚ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ɼʣʷ ʠʭ ʢʦʥʪʨʦʣʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʠʘʮʠʠ. 
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ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʤʦʤʝʥʪʦʚ ʚ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ (ʄʆɻɸ), ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ 1944 ʛʦʜʫ ʩ ʮʝʣʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʟʘʜʘʯʠ ʜʣʷ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʘ, ʪʘʢʠʝ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʘʚʠʘʮʠʦʥʥʳʤ ʪʨʘʬʠʢʦʤ, ʫʧʨʘʚʣʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʘʚʠʘʩʠʩʪʝʤʘʤʠ ʠ ʜʨ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʳʡ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ, ʩʪʘʥʜʘʨʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʙʫʯʝʥʠʝ 

ʧʝʨʩʦʥʘʣʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʠ ʫʧʨʘʚʣʷʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʨʠʩʢʘʤʠ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʚʘʨʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʘʚʠʘʧʝʨʝʚʦʟʦʢ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚ ʢʘʞʜʦʡ ʨʘʟʚʠʪʦʡ ʩʪʨʘʥʝ ʩʫʱʝʩʪʚʫʶʪ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ 

ʙʘʟʘ ʧʦ ʚʦʧʨʦʩʘʤ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʦʜʭʦʜʳ ʠ ʩʧʝʮʠʘʣʴʥʳʝ 

ʩʪʘʥʜʘʨʪʳ. ɺ ʈʦʩʩʠʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʟʘʢʨʝʧʣʝʥʳ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʘʭ: ʩʪʘʪʴʷʭ ɹʶʜʞʝʪʥʦʛʦ ʢʦʜʝʢʩʘ, 

ʇʦʩʪʘʥʦʚʣʝʥʠʷʭ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʩʪʘʪʴʷʭ ʌʝʜʝʨʘʣʴʥʳʭ 

ʟʘʢʦʥʦʚ, ʧʨʠʢʘʟʘʭ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʧʦ ʬʠʥʘʥʩʦʚʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ, 

ʜʦʢʫʤʝʥʪʘʭ ʎʝʥʪʨʘʣʴʥʦʛʦ ʙʘʥʢʘ, ʤʠʥʠʩʪʝʨʩʪʚʘ ʬʠʥʘʥʩʦʚ ʠ ʜʨ. 

ɿʘʢʦʥʦʜʘʪʝʣʴʥʳʤ ʜʦʢʫʤʝʥʪʦʤ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤ ʧʨʘʚʦʚʳʝ ʦʩʥʦʚʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʈʌ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʷʚʣʷʝʪʩʷ ɺʦʟʜʫʰʥʳʡ ʢʦʜʝʢʩ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʩʦʩʪʦʠʪ ʠʟ ʌʝʜʝʨʘʣʴʥʳʭ 

ɿʘʢʦʥʦʚ, ʋʢʘʟʦʚ ʇʨʝʟʠʜʝʥʪʘ ʠ ʇʦʩʪʘʥʦʚʣʝʥʠʡ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʌʝʜʝʨʘʣʴʥʳʭ ɸʚʠʘʮʠʦʥʥʳʭ ʇʨʘʚʠʣ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʝʤʳʭ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ. ɺ 2004 ʛʦʜʫ ʚ ʈʦʩʩʠʠ ʚʩʪʫʧʠʣ ʚ ʩʠʣʫ ʌʝʜʝʨʘʣʴʥʳʡ 

ʟʘʢʦʥ çʆʙ ʦʙʷʟʘʪʝʣʴʥʦʤ ʩʪʨʘʭʦʚʘʥʠʠ ʛʨʘʞʜʘʥʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʚʣʘʜʝʣʴʮʝʚ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚè, ʢʦʪʦʨʳʡ ʦʙʷʟʳʚʘʝʪ ʘʚʠʘʢʦʤʧʘʥʠʠ ʠ ʚʣʘʜʝʣʴʮʝʚ ʯʘʩʪʥʳʭ 

ʩʘʤʦʣʝʪʦʚ ʩʪʨʘʭʦʚʘʪʴ ʩʚʦʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʚʦʟʤʦʞʥʳʡ ʫʱʝʨʙ, ʧʨʠʯʠʥʝʥʥʳʡ 

ʧʘʩʩʘʞʠʨʘʤ, ʛʨʫʟʫ ʠ ʪʨʝʪʴʠʤ ʣʠʮʘʤ. ɺ 2010 ʛʦʜʫ ʙʳʣʦ ʩʦʟʜʘʥʦ ʈʦʩʩʠʡʩʢʦʝ 

ʘʛʝʥʪʩʪʚʦ ʧʦ ʘʚʠʘʮʠʦʥʥʳʤ ʨʠʩʢʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ (ʈɸɸʈʊ), ʟʘʥʠʤʘʶʱʝʝʩʷ 

ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʚʥʝʜʨʝʥʠʝʤ ʩʠʩʪʝʤ ʨʠʩʢʦʚʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʚ ʘʚʠʘʮʠʠ. ɺ ʨʘʤʢʘʭ 

ʵʪʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʨʦʚʦʜʷʪʩʷ ʦʮʝʥʢʘ ʨʠʩʢʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʨ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʠʭ 

ʧʦʩʣʝʜʩʪʚʠʡ. ʊʘʢʞʝ ʚ ʈʦʩʩʠʠ ʨʘʙʦʪʘʝʪ ʌʝʜʝʨʘʣʴʥʘʷ ʩʣʫʞʙʘ ʧʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʘ (ʈʦʩʪʨʘʥʩʥʘʜʟʦʨ), ʦʪʚʝʪʩʪʚʝʥʥʘʷ 

ʟʘ ʢʦʥʪʨʦʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʠʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʨʦʚʝʜʝʥʠʝ 

ʨʘʩʩʣʝʜʦʚʘʥʠʡ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ. 

ʋʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʠʥʜʫʩʪʨʠʠ ʦʩʥʦʚʘʥʦ ʥʘ ʩʪʨʦʛʦʤ 

ʩʦʙʣʶʜʝʥʠʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʧʨʘʚʠʣ ʘʚʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʠʩʢʦʚ ʠ ʫʤʝʥʴʰʘʶʪ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ ʚ ʩʣʫʯʘʝ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. 
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ʂʨʠʟʠʩʥʳʝ ʷʚʣʝʥʠʷ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʥʘʯʘʣʠʩʴ ʚ 

2020 ʛʦʜʫ, ʚ ʩʚʷʟʠ ʩ ʧʘʥʜʝʤʠʝʡ COVID-19 [3]. ɺ 2022 ʛʦʜʫ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʉʧʝʮʠʘʣʴʥʦʡ ɺʦʝʥʥʦʡ ʆʧʝʨʘʮʠʠ ʩʪʨʘʥʳ ɿʘʧʘʜʘ ʟʘʢʨʳʣʠ ʩʚʦʝ ʚʦʟʜʫʰʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʘʚʠʘʢʦʤʧʘʥʠʡ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʯʪʦ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʦʟʨʘʩʪʘʥʠʝ ʨʠʩʢʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʘʚʠʘʢʦʤʧʘʥʠʡ [4]. ɺ ʦʪʥʦʰʝʥʠʠ ʈʦʩʩʠʠ ʙʳʣʠ ʚʚʝʜʝʥʳ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ 

ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʩʘʥʢʮʠʠ, ʟʘʧʨʝʱʘʶʱʠʝ ʧʦʩʪʘʚʢʫ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. ʅʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʩʧʝʮʠʘʣʠʩʪʳ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʨʘʙʦʪʘʶʪ 

ʥʘʜ ʫʤʝʥʴʰʝʥʠʝʤ ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʚʦʟʜʫʰʥʦʤ 

ʪʨʘʥʩʧʦʨʪʝ, ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʦʣʫʯʝʥʠʷ ʛʘʨʘʥʪʠʡ ʥʝ 

ʟʘʜʝʨʞʘʥʠʷ ʩʘʤʦʣʝʪʦʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚʠʘʢʦʤʧʘʥʠʡ, ʫʚʝʣʠʯʝʥʠʷ 

ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʚʥʫʪʨʠ ʩʪʨʘʥʳ, ʪʘʢ ʢʘʢ ʧʦʣʝʪʳ ʟʘ ʨʫʙʝʞ ʬʘʢʪʠʯʝʩʢʠ ʙʳʣʠ 

ʦʩʪʘʥʦʚʣʝʥʳ. ʇʨʝʜʣʦʞʝʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ ʘʚʠʘʢʦʤʧʘʥʠʡ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʚʳʟʚʘʥʥʳʭ ʩʘʥʢʮʠʷʤʠ, ʧʨʦʨʘʙʘʪʳʚʘʝʪʩʷ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʊʨʘʥʩʧʦʨʪʘ, ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʦʨʛʦʚʣʠ, ʌʝʜʝʨʘʣʴʥʳʤ ʘʛʝʥʪʩʪʚʦʤ 

ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʘʚʠʘʮʠʦʥʥʳʤ ʢʦʤʠʪʝʪʦʤ. 

ɺ ʮʝʣʦʤ, ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʠʩʢ-

ʤʝʥʝʜʞʤʝʥʪʘ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʶʪ: 

1. ʇʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ 
ʨʠʩʢʘʤʠ. ɺ ʘʚʠʘʮʠʦʥʥʦʡ ʠʥʜʫʩʪʨʠʠ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʨʠʩʢʘʤʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʠ ʩʧʦʩʦʙʘʤʠ.  

2. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʪʨʝʥʠʨʦʚʦʢ ʧʝʨʩʦʥʘʣʘ. 

ɸʚʠʘʢʦʤʧʘʥʠʠ ʜʦʣʞʥʳ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʦʙʫʯʝʥʠʝ ʧʠʣʦʪʦʚ, ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʝʨʩʦʥʘʣʘ ʠ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʵʪʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʭ ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ. 

ɸʚʠʘʢʦʤʧʘʥʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩʪʘʥʜʘʨʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʩʦʙʣʶʜʘʪʴʩʷ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ 

ʩʝʙʷ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʘʤʦʣʝʪʦʚ, ʧʨʦʮʝʜʫʨʳ ʙʝʟʦʧʘʩʥʦʡ 

ʧʦʩʘʜʢʠ ʠ ʚʟʣʝʪʘ, ʧʨʦʮʝʜʫʨʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʘʩʩʘʞʠʨʦʚ ʠ ʜʨ. 

4. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ, 
ʘʚʠʘʢʦʤʧʘʥʠʠ ʥʘʯʠʥʘʶʪ ʚʩʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠʤʝʥʷʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ. 

5. ʅʝʧʨʝʨʳʚʥʦʝ ʫʣʫʯʰʝʥʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ. ɸʚʠʘʢʦʤʧʘʥʠʠ ʜʦʣʞʥʳ 
ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʚʦʠ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʠ ʙʳʩʪʨʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ. 

6. ʋʢʨʝʧʣʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ɺ ʩʚʝʪʝ ʛʣʦʙʘʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʘʚʠʘʮʠʠ, ʨʘʟʚʠʪʠʝ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ ʪʨʝʙʫʝʪ 

ʫʢʨʝʧʣʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ, ʯʪʦʙʳ 

ʫʣʫʯʰʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ ʚʦ ʚʩʝʤ ʤʠʨʝ. 

7. ʅʝʧʨʝʨʳʚʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. ʅʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʘʚʠʘʢʦʤʧʘʥʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩʪʨʘʪʝʛʠʠ 
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ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʤʝʨʳ ʧʦ ʩʥʠʞʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʠʩʢʦʚ ʠ ʩʥʠʞʝʥʠʶ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʚ ʩʣʫʯʘʝ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. ʕʪʘ ʩʪʨʘʪʝʛʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʨʠʩʢʠ 

ʩʫʱʝʩʪʚʫʶʪ ʚ ʘʚʠʘʢʦʤʧʘʥʠʠ, ʢʘʢʦʚʘ ʠʭ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʢʘʢʠʝ 

ʤʝʨʳ ʤʦʞʥʦ ʧʨʝʜʧʨʠʥʷʪʴ ʜʣʷ ʠʭ ʩʥʠʞʝʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʪʝʩʥʦ ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʚʦʧʨʦʩʘʤʠ 

ʘʥʪʠʢʨʠʟʠʩʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ, ʦʧʝʨʠʨʫʶʱʝʛʦ ʢʨʠʟʠʩʘʤʠ ʢʘʢ ʥʝʦʙʭʦʜʠʤʳʤ 

ʫʩʣʦʚʠʝʤ ʨʘʟʚʠʪʠʷ [5]. ɺʘʞʥʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʜʦʩʪʠʛʘʷ 

ʤʘʢʩʠʤʫʤʘ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʛʦʩʫʜʘʨʩʪʚ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʨʘʥʝʝ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʠʨʦʚʳʤ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʢʨʠʟʠʩʘʤ [6]. ɼʨʫʛʠʤ 

ʦʙʦʩʥʦʚʘʥʥʳʤ ʨʘʥʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʦʙʲʝʜʠʥʝʥʠʝ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ, ʘʥʪʠʢʨʠʟʠʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʝʜʠʥʦʤ ʫʧʨʘʚʣʝʥʯʝʩʢʦʤ ʢʦʥʪʫʨʝ [7]. ɿʜʝʩʴ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʢʨʠʪʝʨʠʝʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ ʚ ʮʝʣʦʤ [8]. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚ 

ʠʥʪʝʨʝʩʘʭ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʘʥʪʠʨʦʩʩʠʡʩʢʠʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʩʘʥʢʮʠʷʤ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʮʝʣʦʤ, ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʘʷ ʦʪʨʘʩʣʴ, ʷʚʣʷʷʩʴ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʤ 

ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʘʩʧʝʢʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʨʝʟʚʳʯʘʡʥʦ 

ʢʨʠʪʠʯʥʳ, ʦʩʪʨʦ ʥʫʞʜʘʝʪʩʷ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʠʩʢ-

ʤʝʥʝʜʞʤʝʥʪʘ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʚʠʪʠʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ, ʥʦʚʦʝ ʢʘʯʝʩʪʚʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ, 

ʪʝʭʥʠʯʝʩʢʦʛʦ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ, ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 
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(ʛ. ʄʦʩʢʚʘ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. ʉʜʝʣʘʥ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʩʪʨʫʢʪʫʨ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʚʳʷʚʣʝʥʳ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʠ 

ʨʘʙʦʪʝ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʠʜʳ 

ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʠʧʘ ʥʝʡʨʦʩʝʪʝʡ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʩʦʟʜʘʥʠʷ ʠ ʚʚʝʜʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʜʘʥʥʦʛʦ ʪʠʧʘ. ʆʧʨʝʜʝʣʝʥ ʦʩʥʦʚʥʦʡ ʚʘʨʠʘʥʪ ʧʦʜʭʦʜʷʱʝʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʜʣʷ ʘʚʠʘʢʦʤʧʘʥʠʡ ʠ ʘʵʨʦʧʦʨʪʦʚ. ʉʦʟʜʘʥ ʘʣʛʦʨʠʪʤ 

ʚʥʝʜʨʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʥʝʡʨʦʩʝʪʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʛʥʦʟʘ ʧʦʪʦʢʘ ʧʘʩʩʘʞʠʨʦʚ. ʂʘʢ ʠʪʦʛ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ 

ʩʪʨʫʢʪʫʨʳ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ ʚ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʩʝʪʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʧʘʩʩʘʞʠʨʦʧʦʪʦʢ, ʘʚʠʘʢʦʤʧʘʥʠʷ, 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ.  
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Abstract. The article discusses the use of neural networks as a technology for predicting 

passenger flows in civil aviation. An analytical review of the structures of neural networks was 

made, and general patterns in the operation of the specified software product were identified. 

The article analyzes existing types of predictive models, and also considers the choice of the 

optimal type of neural networks, the formation of an algorithm for creating and putting into 

operation a software product of this type. The main variant of a suitable structure for solving the 

problem of predicting passenger traffic for airlines and airports is determined. An algorithm has 

been created for introducing the proposed version of the neural network into the technological 

processes of determining the passenger flow forecast. As a result of the work done, the 

development of a neural network structure for predicting passenger flows in the air transport 

industry is presented. 

Keywords: neural networks, forecasting, passenger traffic, airline, software product. 

 

ʆʙʱʠʝ ʪʝʥʜʝʥʮʠʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʙʝʱʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʩʘʤʦʦʙʫʯʘʶʱʠʭʩʷ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʝʩʣʠ ʥʝ ʟʘʯʘʪʢʘʤʠ, ʪʦ, ʢʘʢ ʤʠʥʠʤʫʤ, ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʧʨʠʤʝʥʝʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ.  

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ï ʵʪʦ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʠʤʠʪʠʨʫʶʪ ʨʘʙʦʪʫ ʥʝʡʨʦʥʦʚ ʚ ʤʦʟʛʝ ʯʝʣʦʚʝʢʘ. ʆʥʠ ʤʦʛʫʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ 

ʦʙʲʝʤʳ ʜʘʥʥʳʭ, ʦʙʥʘʨʫʞʠʚʘʪʴ ʩʢʨʳʪʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʘ 

ʪʘʢʞʝ ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʟʳ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ. ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʠʥʪʝʣʣʝʢʪ ʢʘʢ ʦʜʥʘ ʠʟ 

ʚʝʪʚʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʘ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦ 

ʧʨʝʮʝʜʝʥʪʘʤ [1]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʢʘʟʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ 

ʨʝʰʝʥʠʷ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ. ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʮʝʩʩʘʭ ʦʧʝʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʘʚʠʘʧʨʝʜʧʨʠʷʪʠʡ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʙʱʝʡ 

ʪʝʥʜʝʥʮʠʝʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʪʨʘʩʣʠ, ʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʢ ʬʘʢʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʨʦʛʥʦʟʘ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ. ʊʘʢ ʢʘʢ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʯʥʳʭ ʜʘʥʥʳʭ ʧʨʦʛʥʦʟʘ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʬʘʢʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʬʠʥʘʥʩʦʚʳʝ 

ʧʦʪʦʢʠ ʚʥʫʪʨʠ ʦʪʨʘʩʣʠ ʠ ʩʥʠʞʘʪʴ ʦʙʱʠʝ ʨʠʩʢʠ. 

ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (artificial neural network) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʤʥʦʞʝʩʪʚʘ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʮʝʩʩʦʨʦʚ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʫʪʝʡ 
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(ʨʠʩ. 1). ɺ ʦʩʥʦʚʥʦʤ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʘʚʠʘʮʠʠ 

ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ ʜʠʘʛʥʦʩʪʠʢ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʤʠ ʣʝʪʘʪʝʣʴʥʳʤʠ 

ʘʧʧʘʨʘʪʘʤʠ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ 

ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ, ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʣʠʩʴ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʫʪʠ ʜʣʷ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʩʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʘʚʠʘʪʨʘʥʩʧʦʨʪʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʦʙʱʝʡ 

ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ ʜʝʡʩʪʚʠʡ ʘʵʨʦʧʦʨʪʘ, ʘʚʠʘʢʦʤʧʘʥʠʠ ʠ ʧʨʦʯʠʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʦʪʨʘʩʣʠ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʧʨʦʮʝʩʩʥʦʛʦ ʧʦʜʭʦʜʘ ʦʪ ʜʨʫʛʠʭ ʷʚʣʷʝʪʩʷ 

ʥʘʮʝʣʝʥʥʦʩʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ ʠ ʦʧʪʠʤʘʣʴʥʳʡ ʩʧʦʩʦʙ ʝʛʦ ʜʦʩʪʠʞʝʥʠʷ. ɹʠʟʥʝʩ-

ʧʨʦʮʝʩʩ ï ʫʩʪʦʡʯʠʚʘʷ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʚʠʜʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪ), ʢʦʪʦʨʘʷ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʝʦʙʨʘʟʫʝʪ ʚʭʦʜʳ (ʨʝʩʫʨʩʳ) ʚ ʚʳʭʦʜʳ (ʧʨʦʜʫʢʪʳ, ʫʩʣʫʛʠ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʮʝʥʥʦʩʪʴ ʜʣʷ ʢʣʠʝʥʪʘ [2]. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʙʦʪʳ ʘʵʨʦʧʦʨʪʘ ʠʣʠ ʘʚʠʘʢʦʤʧʘʥʠʠ ʟʘʯʘʩʪʫʶ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʜʠʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʧʨʠ ʵʪʦʤ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʢʘʞʜʘʷ ʠʟ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʜʧʨʦʮʝʩʩʳ, ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʘʚʪʦʥʦʤʥʦ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʚʥʫʪʨʠ ʘʚʠʘʢʦʤʧʘʥʠʠ ʠʣʠ ʘʵʨʦʧʦʨʪʘ ʧʦʜʥʠʤʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʡʨʦʩʝʪʝʡ ʥʘ 

ʫʨʦʚʥʝ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʩʪʨʘʥʳ ï ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʝʶ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ: 

1 ï ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ, 2, 3, 4 ï ʧʨʦʮʝʩʩʦʨʳ, 5 ï ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ 
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ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ: 

1) ʆʧʪʠʤʠʟʘʮʠʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʘʚʠʘʨʝʡʩʦʚ ʠ ʨʘʩʧʠʩʘʥʠʷ.  

ɸʚʠʘʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʥʝʡʨʦʩʝʪʴ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʙʠʣʝʪʦʚ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʝʡʩʳ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʝʨʝʧʦʣʥʝʥʠʷ ʥʘ 

ʙʦʨʪʫ ʠʣʠ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʨʝʡʩʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʟʘʧʦʣʥʷʶʪʩʷ ʧʦ ʧʦʣʥʦʡ. 

ʊʘʢʞʝ ʘʵʨʦʧʦʨʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʦʙ ʦʯʝʨʝʜʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʝʡʩʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʘʩʩʘʞʠʨʦʚ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʨʝʡʩʳ, ʥʘ ʢʦʪʦʨʳʭ ʧʣʘʥʠʨʫʝʪʩʷ 

ʥʘʠʙʦʣʴʰʠʡ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢ, ʙʫʜʫʪ ʦʙʩʣʫʞʝʥʳ ʙʝʟ ʟʘʜʝʨʞʝʢ. 

2) ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ.  

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʧʦʟʚʦʣʠʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʧʘʩʩʘʞʠʨʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʘʵʨʦʧʦʨʪ ʟʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʙʫʜʝʪ 

ʩʧʣʘʥʠʨʦʚʘʪʴ ʛʨʘʬʠʢ ʨʘʙʦʪʳ ʧʝʨʩʦʥʘʣʘ (ʥʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʩʪʦʝʢ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʦʯʝʨʝʜʝʡ), ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʧʘʩʦʚ. ʕʪʦ ʧʦʤʦʞʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ 

ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʘʩʩʘʞʠʨʦʚ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

3) ɹʝʟʦʧʘʩʥʦʩʪʴ. 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʧʠʢʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʘʵʨʦʧʦʨʪ. ʅʘ 

ʦʩʥʦʚʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦʪʨʫʜʥʠʢʠ ʩʣʫʞʙʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʵʨʦʧʦʨʪʘ ʩʤʦʛʫʪ 

ʨʘʩʧʨʝʜʝʣʠʪʴ ʩʚʦʠ ʩʠʣʳ ʠ ʧʘʪʨʫʣʠʨʦʚʘʪʴ ʚ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʭ ʪʦʯʢʘʭ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʚʳʩʰʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʧʘʩʩʘʞʠʨʦʚ. ʕʪʦ ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʤʦʞʥʳʝ ʫʛʨʦʟʳ ʠʣʠ ʧʨʝʩʪʫʧʥʳʝ ʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ 

ʫʣʫʯʰʠʪʴ ʨʘʙʦʪʫ ʩʣʫʞʙʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʮʝʣʦʤ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ 

ʥʝʡʨʦʩʝʪʷʤʠ, ʪ.ʢ. ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʘʨʠʘʥʪʦʚ ʨʘʩʯʝʪʘ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ, ʢʘʢ 

ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ, ʩʝʟʦʥʥʦʩʪʴ ʠ ʪ. ʜ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ 

ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʵʨʦʧʦʨʪʦʚ. 

ʊʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʛʫʪ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʦʛʨʦʤʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʦʪʦʢ ʧʘʩʩʘʞʠʨʦʚ ʩ ʙʦʣʴʰʝʡ 

ʪʦʯʥʦʩʪʴʶ, ʥʝʞʝʣʠ ʵʪʦ ʤʦʛ ʙʳ ʩʜʝʣʘʪʴ ʯʝʣʦʚʝʢ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ANN ʤʦʞʝʪ 

ʩʪʘʪʴ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʚʠʘʢʦʤʧʘʥʠʡ ʠ ʘʵʨʦʧʦʨʪʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʤʦʛʘʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʣʝʝ ʪʦʯʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʘʵʨʦʧʦʨʪʘ.  

ɿʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʝʣʠʯʠʥʳ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʪʨʘʜʠʮʠʦʥʥʦ 

ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʣʶʙʦʛʦ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ, ʠ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʝʝ 

ʨʝʰʝʥʠʶ. ʉʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʢʨʘʪʢʦʩʨʦʯʥʦʝ ʠ ʜʦʣʛʦʩʨʦʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʤʝʪʦʜʦʣʦʛʠʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʥʦʟʥʦʛʦ ʩʮʝʥʘʨʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʧʝʨʝʚʦʟʦʢ ï ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʚʩʝʭ ʘʚʠʘʮʠʦʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʩʦʚʝʨʰʸʥʥʳʭ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʧʝʨʠʦʜʘ 
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ʚʨʝʤʝʥʠ. ʉʮʝʥʘʨʠʡ ʘʚʠʘʮʠʦʥʥʳʭ ʧʝʨʝʚʦʟʦʢ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʨʝʰʝʥʠʷ ʮʝʣʦʛʦ 

ʨʷʜʘ ʚʘʞʥʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʠ ʵʢʩʧʣʫʘʪʘʥʪʘʤʠ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʪʘʢʠʝ, ʢʘʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʘʨʢʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʫʨʦʚʥʝ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ [3]. 

ʋʥʠʚʝʨʩʘʣʴʥʦʛʦ, ʪʦ ʝʩʪʴ ʦʧʪʠʤʘʣʴʥʦ ʧʦʜʭʦʜʷʱʝʛʦ ʜʣʷ ʚʩʝʭ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ, ʤʝʪʦʜʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʇʨʠ 

ʚʳʙʦʨʝ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʯʠʪʳʚʘʶʪʩʷ ʪʘʢʠʝ ʢʨʠʪʝʨʠʠ ʩʠʩʪʝʤʳ ʢʘʢ: 

ʧʝʨʠʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ; ʦʙʲʝʤ ʜʘʥʥʳʭ; ʚʝʣʠʯʠʥʘ ʜʦʧʫʩʪʠʤʦʡ ʦʰʠʙʢʠ; 

ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʚʠʛʘʮʠʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʝʛʠʦʥʝ. 

ʆʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʛʨʫʧʧʳ 

(ʪʘʙʣʠʮʘ 1).  

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ, ʯʘʩʪʴ ʫʢʘʟʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʧʫʩʢ ʜʘʥʥʳʭ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʡʨʦʩʝʪʝʡ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʤʝʶʪ ʧʨʦʮʝʥʪ ʦʰʠʙʢʠ. ʇʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʥʝʡʨʦʩʝʪʝʡ, ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʧʦʣʥʷʪʴ 

ʦʪʩʣʝʞʠʚʘʥʠʝ ʦʰʠʙʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʥʠʞʘʪʴ ʧʨʦʮʝʥʪ 

ʦʰʠʙʢʠ.  

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʥʝʡʨʦʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ 

ʘʨʭʠʪʝʢʪʫʨʦʡ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʬʝʨʘʤʠ ʧʨʠʤʝʥʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʟʘʜʘʯʘʤ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ:  

1. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (Feed forward neural 
networks, FFNN).  

2. ʉʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (Convolutional neural network, CNN).  

3. ʈʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (Recurrent neural network, RNN).  

ʏʪʦʙʳ ʧʨʠʤʝʥʠʪʴ ʤʦʜʝʣʴ ʢ ʜʘʥʥʳʤ, ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ, ʢ ʢʘʢʦʤʫ 

ʨʝʟʫʣʴʪʘʪʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʣʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʙʝʟ ʫʯʠʪʝʣʷ ï ʦʪ ʵʪʠʭ ʢʨʠʪʝʨʠʝʚ ʙʫʜʝʪ 

ʟʘʚʠʩʝʪʴ ʚʳʙʦʨ ʪʠʧʘ ʥʝʡʨʦʩʝʪʠ [4]. ɺ ʩʣʫʯʘʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʡ ʩʣʝʜʫʝʪ ʚʟʷʪʴ ʟʘ ʦʩʥʦʚʫ ʘʨʭʠʪʝʢʪʫʨʫ CNN.   

çʆʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʧʨʦʚʝʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ 

ʪʦʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʥʘ ʨʘʟʨʘʙʦʪʢʘ ʛʠʙʨʠʜʥʳʭ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʪʘʢʠʭ ʢʘʢ ʩʚʝʨʪʦʯʥʳʝ ʠ ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠè [5]. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʜʘʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ: 

1) ʉʙʦʨ ʜʘʥʥʳʭ. ʇʝʨʚʳʡ ʰʘʛ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ï ʵʪʦ ʩʙʦʨ ʜʘʥʥʳʭ ʦ ʢʦʣʠʯʝʩʪʚʝ ʧʘʩʩʘʞʠʨʦʚ, ʧʨʠʙʳʚʘʶʱʠʭ ʠ 

ʫʙʳʚʘʶʱʠʭ ʨʝʡʩʦʚ, ʚʨʝʤʝʥʘʭ ʨʝʡʩʦʚ, ʜʥʷʭ ʥʝʜʝʣʠ, ʧʨʘʟʜʥʠʢʘʭ, ʢʫʨʦʨʪʥʳʭ 

ʩʝʟʦʥʘʭ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 
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ʧʘʩʩʘʞʠʨʦʚ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʙʦʪʳ ʥʝʡʨʦʩʝʪʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ 

ʢʨʠʪʝʨʠʝʚ, ʘ ʪʘʢʞʝ ʧʦʩʣʝ ʧʝʨʚʠʯʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʫʚʝʣʠʯʠʚʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʘʢʪʦʨʦʚ, ʧʦʚʳʰʘʷ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ. 

2) ʇʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʜʘʥʥʳʝ ʩʦʙʨʘʥʳ, ʥʝʦʙʭʦʜʠʤʦ 
ʦʯʠʩʪʠʪʴ ʠʭ, ʯʪʦʙʳ ʫʙʨʘʪʴ ʦʰʠʙʢʠ, ʚʳʙʨʦʩʳ ʜʘʥʥʳʭ ʠ ʫʩʪʘʥʦʚʠʪʴ 

ʩʪʘʥʜʘʨʪʥʳʡ ʬʦʨʤʘʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ. 

3) ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ï ʵʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʥʝʡʨʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, 

ʧʦʣʫʯʘʷ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʠ ʛʝʥʝʨʠʨʫʶʪ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ. ɼʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ, ʚʢʣʶʯʘʷ ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʩʚʸʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʠʣʠ ʢʦʤʙʠʥʘʮʠʠ ʵʪʠʭ ʜʚʫʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ CNN, 

ʜʣʷ ʦʙʦʙʱʝʥʠʷ ʜʘʥʥʳʭ ʠ ʜʦʙʘʚʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʫʯʝʪ ʢʨʠʪʝʨʠʝʚ, ʦʪ ʪʠʧʘ 

RNN, ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʯʠʩʪʢʠ ʬʨʦʥʪʘ ʧʨʦʛʥʦʟʘ ʧʦʵʪʘʧʥʦ ʚʚʦʜʷ 

ʢʨʠʪʝʨʠʠ. ʆʧʨʝʜʝʣʠʤ ʧʦʜʦʙʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʘʢ ʛʠʙʨʠʜʥʫʶ. 

4) ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʇʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʠ ʩʦʟʜʘʥʠʷ 
ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʫʯʝʥʘ ʥʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʦʥʘ 

ʤʦʛʣʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩʚʷʟʠ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ ʠ 

ʜʝʣʘʪʴ ʧʨʦʛʥʦʟʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ. ʆʙʫʯʝʥʠʝ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʚ 

ʦʥʣʘʡʥ-ʨʝʞʠʤʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʝ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ ʜʘʥʥʳʤ.  

5)  ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʤʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ ʙʳʣʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ, ʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ, 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝʤ ʧʨʦʛʥʦʟʦʚ ʩ ʨʝʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʙʣʠʟʢʦ ʧʨʦʛʥʦʟ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʧʨʦʠʟʚʝʜʝʥʥʳʤ ʚ ʨʝʘʣʴʥʦʩʪʠ (ʨʠʩ. 2). ʊʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ, ʪʨʝʙʫʝʤʘʷ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʙʣʝʤʳ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʛʥʦʟʠʨʫʶʱʫʶ ʩʠʩʪʝʤʫ. ʊʘʢʞʝ 

ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʛʥʦʟ ʦʢʘʟʳʚʘʝʪ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ. ʇʦʵʪʦʤʫ, ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʡʨʦʩʝʪʠ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʧʨʦʮʝʥʪ ʦʰʠʙʢʠ, ʬʦʨʤʠʨʫʝʤʳʡ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʚʝʨʥʦʡ ʚʳʙʦʨʢʠ.  

ʇʨʦʮʝʥʪ ʦʰʠʙʢʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʛʥʦʟʘ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʢʘʢ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʘʚʠʘʢʦʤʧʘʥʠʠ, ʦʜʥʘʢʦ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʛʥʦʟʥʳʭ ʜʘʥʥʳʭ ʥʝʡʨʦʩʝʪʷʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʯʘʨʪʝʨʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʩʥʠʟʠʪʴ 

ʧʨʦʮʝʥʪ ʦʰʠʙʢʠ ʜʦ ʤʠʥʠʤʫʤʘ. ʏʪʦʙʳ ʧʨʠʤʝʥʠʪʴ ʤʦʜʝʣʴ ʢ ʜʘʥʥʳʤ, ʪʨʝʙʫʝʪʩʷ 

ʦʧʨʝʜʝʣʠʪʴ, ʢ ʢʘʢʦʤʫ ʨʝʟʫʣʴʪʘʪʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ 

ʩʣʫʯʘʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʡ ʩʣʝʜʫʝʪ ʚʟʷʪʴ 

ʟʘ ʦʩʥʦʚʫ ʘʨʭʠʪʝʢʪʫʨʫ CNN.   

ʊʘʢʞʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʥʝʡʨʦʩʝʪʠ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʬʘʢʪʦʨʦʚ ʧʨʦʛʥʦʟʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʪʨʫʢʪʫʨʫ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʵʪʘʧʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʧʨʦʛʥʦʟʥʳʭ ʜʘʥʥʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ (ʨʠʩ. 3)  
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ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ 

 

ʄʦʜʝʣʴ ʆʩʦʙʝʥʥʦʩʪʠ ʄʝʪʦʜʳ ʇʨʠʥʮʠʧ ʨʘʩʯʝʪʦʚ 

ʕʢʩʪʨʘʧʦʣʷ-

ʮʠʦʥʥʳʝ 

ʤʦʜʝʣʠ 

ʈʘʩʧʨʦʩʪʨʘʥʝ

ʥʠʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ 

ʧʨʦʰʣʦʤ 

ʪʝʥʜʝʥʮʠʡ ʥʘ 

ʙʫʜʫʱʠʡ ʧʝʨʠʦʜ. 

¶ ʤʝʪʦʜ 
ʩʢʦʣʴʟʷʱʝʛʦ 

ʩʨʝʜʥʝʛʦ; 

¶ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ
ʝ ʩʛʣʘʞʠʚʘʥʠʝ; 

¶ ʤʦʜʝʣʠ ɻʨʝʷ. 

çʇʨʦʪʷʛʠʚʘʥʠʝè 

ʜʘʥʥʳʭ ʥʘ ʙʫʜʫʱʠʡ 

ʧʝʨʠʦʜ, ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʠ 

ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʧʨʝʜʳʜʫʱʠʭ ʧʝʨʠʦʜʦʚ. 

ʈʝʛʨʝʩʩʠ-

ʦʥʥʳʝ 

ʤʦʜʝʣʠ 

ɺʳʷʚʣʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʦʪ 

ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ. 

¶ ʧʨʦʩʪʘʷ 
ʨʝʛʨʝʩʩʠʷ; 

¶ ʤʥʦʞʝʩʪʚʝʥʥʘʷ 
ʨʝʛʨʝʩʩʠʷ; 

¶ ʬʘʢʪʦʨʥʘʷ 
ʨʝʛʨʝʩʩʠʷ; 

¶ ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ 
ʨʝʛʨʝʩʩʠʷ; 

¶ ʨʝʛʨʝʩʩʠʷ 
ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʢʣʠʢʘ; 

¶ ʨʝʛʨʝʩʩʠʷ 
ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʤʝʩʠ; 

¶ ʦʜʥʦʬʘʢʪʦʨʥʳʡ 
ʜʠʩʧʝʨʩʠʦʥʥʳʡ 

ʘʥʘʣʠʟ. 

ʇʦʠʩʢ ʜʘʥʥʳʭ 

ʤʝʪʦʜʦʤ ʧʨʠʙʣʠʞʝʥʠʷ 

ʢ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ. 

ɻʨʘʚʠʪʘʮʠ-

ʦʥʥʳʝ 

ʤʦʜʝʣʠ 

ʆʩʥʦʚʘʥʳ ʥʘ 

ʙʘʣʘʥʩʝ 

ʧʨʠʙʳʪʠʷ-

ʦʪʧʨʘʚʣʝʥʠʷ 

ʤʝʞʜʫ ʜʚʫʤʷ  

ʪʨʘʥʩʧʦʨʪʥʳʤʠ 

ʮʝʥʪʨʘʤʠ. 

¶ ʨʘʩʯʝʪ 
ʧʦʢʘʟʘʪʝʣʝʡ 

ʫʜʘʣʝʥʥʦʩʪʠ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʮʝʥʦʚʳʭ 

ʠʥʜʝʢʩʦʚ;  

¶ ʥʝʣʠʥʝʡʥʦʝ 
ʦʮʝʥʠʚʘʥʠʝ 

ɸʥʜʝʨʩʦʥʘ ʠ ɺʘʥ 

ɺʠʥʢʦʦʧʘ 

¶ ʣʠʥʝʡʥʘʷ 
ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ɹʘʡʝʨʘ ʠ 

ɹʝʨʛʩʪʨʘʥʘ. 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʚʝʣʠʯʠʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʧʨʦʠʟʚʝʜʝʥʠʶ 

ʧʦʢʘʟʘʪʝʣʝʡ 

ʟʥʘʯʠʤʦʩʪʠ (ʚʝʣʠʯʠʥʳ, 

ʢʦʣʠʯʝʩʪʚʘ) ʦʙʲʝʢʪʦʚ ʠ 

ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ 

ʥʠʤʠ. 

ʀʤʠʪʘʮʠ-

ʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ 

ʀʟʫʯʘʝʤʘʷ 

ʩʠʩʪʝʤʘ 

ʟʘʤʝʥʷʝʪʩʷ 

ʤʦʜʝʣʴʶ, ʩ 

¶ ʜʠʥʘʤʠʯʝʩʢʠʝ 
ʩʠʩʪʝʤʳ; 

¶ ʩʠʩʪʝʤʥʘʷ 

ʇʨʦʧʫʩʢ ʜʘʥʥʳʭ ʯʝʨʝʟ 

ʛʨʫʧʧʫ ʘʣʛʦʨʠʪʤʦʚ. 
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ʜʦʩʪʘʪʦʯʥʦʡ 

ʪʦʯʥʦʩʪʴʶ 

ʦʧʠʩʳʚʘʶʱʝʡ 

ʨʝʘʣʴʥʫʶ 

ʩʠʩʪʝʤʫ, ʩ 

ʢʦʪʦʨʦʡ 

ʧʨʦʚʦʜʷʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʵʪʦʡ ʩʠʩʪʝʤʝ. 

ʜʠʥʘʤʠʢʘ; 

¶ ʜʠʩʢʨʝʪʥʦ-

ʩʦʙʳʪʠʡʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ; 

¶ ʤʫʣʴʪʠʘʛʝʥʪʥʳʝ 
ʩʠʩʪʝʤʳ. 

ʈʘʩʧʨʝʜʝ-

ʣʝʥʠʝ 

ʧʦʪʦʢʦʚ ʧʦ 

ʩʝʪʠ 

ɿʘ ʦʩʥʦʚʫ 

ʙʝʨʫʪʩʷ ʤʦʜʝʣʠ ʠ 

ʘʣʛʦʨʠʪʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʦʪʦʢʦʚ ʚ ʩʝʪʠ 

ʢʨʫʧʥʦʛʦ ʛʦʨʦʜʘ 

ʠʣʠ ʘʛʣʦʤʝʨʘʮʠʠ. 

¶ ʨʘʚʥʦʚʝʩʥʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ; 

¶ ʦʧʪʠʤʘʣʴʥʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʀʟʫʯʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ 

ʘʣʛʦʨʠʪʤʦʚ. 

 

ɹʘʟʘ 

ʜʘʥʥʳʭ

ɺʳʙʦʨ 

ʧʨʠʤʝʨʘ

ʅʘʣʠʯʠʝ 

ʦʰʠʙʢʠ

ʇʦʜʩʪʨʦʡʢʘ 

ʚʝʩʦʚ ʩʝʪʠ 

1

2

3

4

5

ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʠ

ʉʝʪʴ ʦʙʫʯʝʥʘ

ʆʰʠʙʢʘ ʚ ʦʙʣʘʩʪʠ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ

ʆʰʠʙʢʘ ʚʥʝ ʦʙʣʘʩʪʠ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʪʘʥʜʘʨʪʥʳʡ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʠ 

 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚʝʨʩʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʨʘʥʝʥʠʷ ʥʝʪʦʯʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʘʞʥʦʩʪʴ 

ʧʝʨʠʦʜʘ ʚʚʦʜʘ ʚ ʜʝʡʩʪʚʠʝ. ʅʝʡʨʦʩʝʪʴ ʧʨʠ ʦʙʫʯʝʥʠʠ ʤʦʞʝʪ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʢʨʠʪʝʨʠʝʚ, ʦʜʥʘʢʦ, ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʠ 

ʦʪʨʘʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʦʪʩʝʚ ʢʘʢʦʛʦ-ʣʠʙʦ ʵʪʘʧʘ ʨʘʩʯʝʪʦʚ. 
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ʈʠʩʫʥʦʢ 3 ï ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʩʝʪʠ ʜʣʷ 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʚ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ: 
1, 2, 7, 8, 11, 10, 14, 15, 16 ï ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ; 

3, 4, 5, 9, 12, 13, 18 ï ʧʨʦʮʝʩʩʦʨʳ; 19 ï ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ, ʥʘ ʠʭ ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʩʝʪʝʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ ʚ 

ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ. ɺʳʙʨʘʥ ʪʠʧ ʥʝʡʨʦʩʝʪʠ, ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʛʥʦʟʦʚ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʚ 

ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ. ʆʧʨʝʜʝʣʝʥ ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ 

ʚʚʝʜʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʫʢʘʟʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ 

ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʚ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʚʠʘʢʦʤʧʘʥʠʠ. 
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ʊɸʈʀʌʅɸʗ ʇʆʃʀʊʀʂɸ ʀ ʈɸɿʈɸɹʆʊʂɸ ʊɸʈʀʌʆɺ 

ɸɺʀɸʂʆʄʇɸʅʀʀ  
 

ʉʫʰʢʦ ʆ. ʇ., ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ  
 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ  

(ʛ. ʄʦʩʢʚʘ) 
 

ɸʥʥʦʪʘʮʠʷ. ʊʘʨʠʬʥʘʷ ʧʦʣʠʪʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʫʩʧʝʭʘ 

ʘʚʠʘʢʦʤʧʘʥʠʠ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʮʝʥʳ ʥʘ ʙʠʣʝʪʳ, ʧʨʠʙʳʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʠ ʠ ʝʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʨʳʥʢʝ ʘʚʠʘʧʝʨʝʚʦʟʦʢ. ʏʝʨʝʟ ʪʘʨʠʬʥʫʶ ʧʦʣʠʪʠʢʫ ʘʚʠʘʢʦʤʧʘʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪ ʮʝʥʳ ʥʘ ʙʠʣʝʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ, ʩʧʨʦʩʘ, ʢʦʥʢʫʨʝʥʪʦʚ ʠ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʠ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʶ ʧʨʠʙʳʣʴ ʠ ʫʜʝʨʞʠʚʘʪʴ ʩʚʦʠʭ 

ʢʣʠʝʥʪʦʚ. ʎʝʣʴ ʪʝʦʨʝʪʠʢʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʘʣʛʦʨʠʪʤʘ ʨʘʟʨʘʙʦʪʢʠ ʪʘʨʠʬʥʦʡ ʧʦʣʠʪʠʢʠ, ʚ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʪʘʨʠʬʥʦʡ ʧʦʣʠʪʠʢʠ 

ʘʚʠʘʢʦʤʧʘʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʪʘʨʠʬʥʦʡ ʩʠʩʪʝʤʳ ʘʚʠʘʢʦʤʧʘʥʠʡ. 

ʇʨʦʚʝʜʷ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʚʠʘʢʦʤʧʘʥʠʠ N, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʪʘʨʠʬʦʚ ʥʝ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ 

ʧʨʠʯʠʥʝ ʥʝʧʦʣʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʳʥʢʘ, ʦʪʩʫʪʩʪʚʠʷ ʘʥʘʣʠʟʘ ʢʦʥʢʫʨʝʥʪʦʚ ʘʚʠʘʢʦʤʧʘʥʠʠ ʠ 

ʦʪʩʫʪʩʪʚʠʷ ʥʝʢʦʪʦʨʳʭ ʬʘʢʪʦʨʦʚ ʚ ʩʘʤʦʤ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʪʘʨʠʬʦʚ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʪʘʨʠʬʥʳʝ ʛʨʫʧʧʳ ʥʝʵʬʬʝʢʪʠʚʥʳ ʠ ʥʝʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ 

ʨʳʥʢʝ. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʪʘʨʠʬʥʳʝ ʛʨʫʧʧʳ ʜʣʷ ʘʚʠʘʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʥʘ ʧʦʪʨʝʙʥʦʩʪʠ ʧʘʩʩʘʞʠʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʪʘʨʠʬʳ 

ʩʧʦʩʦʙʥʳ ʦʢʘʟʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ: ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʜʘʞ ʙʠʣʝʪʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʨʝʡʩʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʨʳʥʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʘʨʠʬʥʘʷ ʧʦʣʠʪʠʢʘ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʪʘʨʠʬʘ, ʪʘʨʠʬʥʳʝ 

ʛʨʫʧʧʳ. 

 

TARIFF POLICY AND DEVELOPMENT OF AIRLINE FARES  
 

Sushko O. P., Candidate of Economic Sciences 
 

Moscow State Technical University of Civil Aviation  

(Moscow) 
 

Abstract. Tariff policy is one of the key aspects of the airline's success. It allows you to 

determine ticket prices, the profitability of the company and its competitiveness in the air 

transportation market. Through the tariff policy, the airline determines ticket prices depending on 

the time of year, demand, competitors and other factors. This allows the company to maximize its 

profits and retain its customers. The purpose of the theoretical and practical research is to analyze 

the tariff policy of airlines, to determine the possibilities of optimizing the tariff system of airlines. 

After conducting a comprehensive analysis of Airline N's activities, it was revealed that the existing 

business process of tariff development does not show high efficiency, due to incomplete market 

research, lack of analysis of airline competitors and the absence of some factors in the tariff 

development process itself, as well as the existing tariff groups are inefficient and uncompetitive for 

the current market situation. New fare groups have been developed for the airline, which are 

focused on the needs of passengers. 

Keywords: tariff policy, tariff planning and development, tariff groups. 
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ɺʚʝʜʝʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ ʪʘʨʠʬʦʚ ʠ ʪʘʨʠʬʥʘʷ ʧʦʣʠʪʠʢʘ ʚ ʘʚʠʘʢʦʤʧʘʥʠʷʭ ʠʤʝʶʪ 

ʦʛʨʦʤʥʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʦʥʥʦʡ ʠʟʦʣʷʮʠʠ ʠ ʞʝʩʪʢʦʡ 

ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʨʳʥʢʝ ʘʚʠʘʧʝʨʝʚʦʟʦʢ. ʂʦʥʢʫʨʝʥʮʠʷ ʦʙʦʩʪʨʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ 

ʥʠʟʢʦʙʶʜʞʝʪʥʳʭ ʘʚʠʘʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʮʝʥʳ ʥʘ 

ʙʠʣʝʪʳ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʚʠʘʧʝʨʝʚʦʟʯʠʢʦʚ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʩʪʨʘʪʝʛʠʠ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʛʠʙʢʠʤʠ ʪʘʨʠʬʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʪʘʨʠʬʥʦʡ ʧʦʣʠʪʠʢʠ ʠ ʩʪʨʘʪʝʛʠʠ ʘʚʠʘʢʦʤʧʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

ʩʧʨʦʩʘ ʥʘ ʧʨʝʜʣʦʞʝʥʠʷ ʘʚʠʘʢʦʤʧʘʥʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʦʥʪʝʥʪ-ʘʥʘʣʠʟ ʪʘʨʠʬʦʚ 

ʥʘ ʧʘʩʩʘʞʠʨʩʢʠʝ ʘʚʠʘʧʝʨʝʚʦʟʢʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʥʝʛʘʪʠʚʥʳʝ ʧʨʦʷʚʣʝʥʠʷ: 

1. ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʙʠʣʝʪʦʚ ʚʥʫʪʨʠ ʈʦʩʩʠʠ: ʘʚʠʘʧʝʨʝʚʦʟʢʠ ʚ ʈʦʩʩʠʠ 

ʩʯʠʪʘʶʪʩʷ ʜʦʨʦʛʠʤʠ, ʧʦʵʪʦʤʫ ʤʥʦʛʠʝ ʘʚʠʘʨʝʡʩʳ ʦʩʪʘʶʪʩʷ ʥʝʨʝʥʪʘʙʝʣʴʥʳʤʠ. 

2. ʅʝʧʨʦʟʨʘʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ʪʘʨʠʬʦʚ: ʨʦʩʩʠʡʩʢʠʝ ʘʚʠʘʢʦʤʧʘʥʠʠ 

ʧʨʦʜʦʣʞʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʧʦʥʷʪʥʳʝ ʠ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʪʘʨʠʬʦʚ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʧʦʥʠʤʘʥʠʝ ʠ ʚʳʙʦʨ ʧʘʩʩʘʞʠʨʘʤʠ ʫʩʣʦʚʠʡ ʧʝʨʝʚʦʟʢʠ. 

3. ʅʝʜʦʩʪʘʪʦʢ ʛʠʙʢʠʭ ʪʘʨʠʬʦʚ: ʤʥʦʛʠʝ ʨʦʩʩʠʡʩʢʠʝ ʘʚʠʘʧʝʨʝʚʦʟʯʠʢʠ ʥʝ 
ʤʦʛʫʪ ʧʨʝʜʣʦʞʠʪʴ ʧʘʩʩʘʞʠʨʘʤ ʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠʭ ʪʘʨʠʬʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʤʝʥʷʪʴ ʜʘʪʳ ʠ ʚʨʝʤʷ ʚʳʣʝʪʘ ʙʝʟ ʙʦʣʴʰʠʭ ʰʪʨʘʬʦʚ. 

4. ʅʘʣʠʯʠʝ ʩʢʨʳʪʳʭ ʢʦʤʠʩʩʠʡ: ʤʥʦʛʠʝ ʘʚʠʘʢʦʤʧʘʥʠʠ ʚ ʈʦʩʩʠʠ ʤʦʛʫʪ 
ʫʩʪʘʥʦʚʠʪʴ ʩʢʨʳʪʳʝ ʢʦʤʠʩʩʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʘʩʭʦʜʘʤ ʜʣʷ 

ʧʘʩʩʘʞʠʨʦʚ ʚʦ ʚʨʝʤʷ ʙʨʦʥʠʨʦʚʘʥʠʷ ʙʠʣʝʪʦʚ. 

ʎʝʣʴ ʪʝʦʨʝʪʠʢʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʘ ʨʘʟʨʘʙʦʪʢʠ ʪʘʨʠʬʥʦʡ ʧʦʣʠʪʠʢʠ, ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʘʥʘʣʠʟʘ ʪʘʨʠʬʥʦʡ ʧʦʣʠʪʠʢʠ ʘʚʠʘʢʦʤʧʘʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʪʘʨʠʬʥʦʡ ʩʠʩʪʝʤʳ ʘʚʠʘʢʦʤʧʘʥʠʡ. ʊʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ 

ʙʘʟʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʘʥʘ ʥʘ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʘʟʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʜʘʥʥʳʝ ʘʚʠʘʢʦʤʧʘʥʠʡ ʠ 

ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʪʝʤʳ ʪʘʨʠʬʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʘʚʠʘʧʝʨʝʚʦʟʢʘʭ 

ʧʘʩʩʘʞʠʨʦʚ ʠ ʛʨʫʟʦʚ ʈʦʩʩʠʠ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʨʝʜʠ 

ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʨʦʙʣʝʤ ʨʘʟʚʠʪʠʷ ʨʘʟʨʘʙʦʪʢʠ 

ʪʘʨʠʬʦʚ ʘʚʠʘʢʦʤʧʘʥʠʡ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʝʪʦʜʠʢʫ ʧʦʩʪʨʦʝʥʠʷ ʪʘʨʠʬʥʦʡ 

ʩʠʩʪʝʤʳ ʘʚʠʘʢʦʤʧʘʥʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʫʶ ɸ.ɸ. ɼʫʙʨʦʚʦʡ [1] ʠ ʖ. ɸ. ʐʫʤʠʣʦʚʦʡ 

[1], ʧʦʜʭʦʜʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʘʩʩʘʞʠʨʩʢʠʭ ʪʘʨʠʬʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʛʨʫʧʧʦʡ 

ʫʯʸʥʳʭ ʖ. ɸ. ʐʫʤʠʣʦʚʦʡ [2], ʃ. ɽ. ɿʘʤʫʨʘʝʚʦʡ [2], ʅ. ɸ. ʄʝʣʢʦʙʨʦʜʦʚʦʡ [2]. 

ɸ. ɺ. ʄʥʠʰʢʦ [3] ʧʨʦʚʦʜʠʣʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʨʠʬʦʚ ʚ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʥʠʟʢʦʙʶʜʞʝʪʥʳʭ ʘʚʠʘʢʦʤʧʘʥʠʷʭ. ɸ. ɸ. ɸʣʘʜʴʝʚ [4] ʠ ɸ. ʉ. 

ʊʘʥʢʝʚʠʯ [5] ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʘʚʠʘʢʦʤʧʘʥʠʡ. ʖ. ɺ. ʅʝʩʪʝʨʦʚ [6] 

ʠ ɸ. ɹ. ʌʨʘʡʤʘʥ [6] ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ ʪʘʨʠʬʥʦʡ ʧʦʣʠʪʠʢʠ ʘʚʠʘʢʦʤʧʘʥʠʡ. ʀ. 

ʇ. ʀʣʴʠʥ [7] ʚʳʜʝʣʠʣ ʪʝʥʜʝʥʮʠʠ ʪʘʨʠʬʥʦʡ ʧʦʣʠʪʠʢʠ ʤʝʞʨʝʛʠʦʥʘʣʴʥʳʭ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ. ɸ. ʃ. ɻʘʣʠʯ [8] ʠʩʩʣʝʜʦʚʘʣʘ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʭʦʜʥʦʩʪʴʶ ʚ ʘʚʠʘʢʦʤʧʘʥʠʷʭ. ʋʯʸʥʳʤ ʄ. ɽ. ʃʠʧʘʪʦʚʦʡ [9] ʦʧʨʝʜʝʣʝʥʳ 
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ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʮʝʥʦʚʦʡ ʩʠʩʪʝʤʳ ʘʵʨʦʧʦʨʪʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʧʦʣʠʪʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʤʘʢʨʦʨʝʛʠʦʥʦʚ, ʨʳʥʢʦʚ 

ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʨʠʬʦʚ ʥʘ ʘʚʠʘʧʝʨʝʚʦʟʢʠ, ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ 

ʪʘʨʠʬʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʨʠʬʥʦʡ ʧʦʣʠʪʠʢʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʠ 

ʚʢʣʶʯʘʶʪ ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ, ʘʥʘʣʠʟ ʩʧʨʦʩʘ ʠ 

ʧʨʝʜʣʦʞʝʥʠʷ ʥʘ ʨʳʥʢʝ, ʫʯʘʩʪʥʠʢʦʚ ʢʘʥʘʣʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʠʟʜʝʨʞʝʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩ 

çʇʣʘʥʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʪʘʨʠʬʦʚè ʤʦʞʥʦ ʜʝʢʦʤʧʦʟʠʨʦʚʘʪʴ ʥʘ ʨʷʜ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ: 

- ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʳʥʢʘ. ɸʚʠʘʢʦʤʧʘʥʠʷ ʧʨʦʚʦʜʠʪ ʘʥʘʣʠʟ ʩʧʨʦʩʘ 

ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʘʥʘʣʠʟʠʨʫʝʪ ʜʝʡʩʪʚʫʶʱʠʝ ʪʘʨʠʬʳ 

ʢʦʥʢʫʨʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʝʪ ʧʦʧʫʣʷʨʥʳʝ ʜʥʠ ʠ ʚʨʝʤʷ ʚʳʣʝʪʘ, ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ 

ʜʘʥʥʳʭ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʪʘʨʠʬʳ. 

- ʆʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ. ʂʦʤʧʘʥʠʷ ʚʳʜʝʣʷʝʪ ʛʨʫʧʧʳ 

ʧʘʩʩʘʞʠʨʦʚ ʧʦ ʚʦʟʨʘʩʪʫ, ʩʝʤʝʡʥʦʤʫ ʧʦʣʦʞʝʥʠʶ, ʧʨʦʬʝʩʩʠʠ, ʜʦʭʦʜʫ, ʮʝʣʷʤ 

ʧʦʝʟʜʢʠ ʠ ʜʨ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʪʴ ʪʘʨʠʬʳ, ʥʘʠʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʦʪʨʝʙʥʦʩʪʷʤ ʠ ʦʞʠʜʘʥʠʷʤ ʢʦʥʢʨʝʪʥʳʭ ʛʨʫʧʧ ʢʣʠʝʥʪʦʚ. 

- ʈʘʟʨʘʙʦʪʢʘ ʪʘʨʠʬʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʧ. 1 ʠ ʧ. 2 
ʢʦʤʧʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʪʘʨʠʬʳ, ʫʯʠʪʳʚʘʷ ʨʘʟʣʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʝʚʦʟʦʢ, 

ʪʘʢʠʝ ʢʘʢ ʢʣʘʩʩʳ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚʨʝʤʷ ʚʳʣʝʪʘ, ʩʝʟʦʥʥʦʩʪʴ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʛʦʨʦʜʘ, ʩʨʦʢʠ ʙʨʦʥʠʨʦʚʘʥʠʷ ʠ ʪ.ʜ. 

- ʊʝʩʪʠʨʦʚʘʥʠʝ ʪʘʨʠʬʦʚ. ʂʦʤʧʘʥʠʷ ʧʨʦʚʦʜʠʪ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʦʚʳʭ 
ʪʘʨʠʬʦʚ ʥʘ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʘʩʩʘʞʠʨʦʚ, ʯʪʦʙʳ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʘʢʮʠʶ ʧʘʩʩʘʞʠʨʦʚ. 

- ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʪʘʨʠʬʥʳʭ ʧʣʘʥʦʚ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʨʝʢʣʘʤʥʳʝ ʙʘʥʥʝʨʳ, ʵʣʝʢʪʨʦʥʥʳʝ 

ʧʠʩʴʤʘ, ʩʦʙʳʪʠʷ ʚ ʤʝʩʪʘʭ ʧʨʦʜʘʞ ʠ ʜʨ. 

- ʄʦʥʠʪʦʨʠʥʛ ʠ ʧʦʚʪʦʨʥʳʡ ʘʥʘʣʠʟ. ʂʦʤʧʘʥʠʷ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪ 

ʤʦʥʠʪʦʨʠʥʛ ʨʳʥʢʘ, ʘʥʘʣʠʟʠʨʫʝʪ ʧʨʦʜʘʞʠ ʥʦʚʳʭ ʪʘʨʠʬʦʚ ʠ ʧʨʦʚʦʜʠʪ 

ʧʦʚʪʦʨʥʳʡ ʘʥʘʣʠʟ, ʯʪʦʙʳ ʚʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʘʨʠʬʳ ʠ ʫʩʣʦʚʠʷ 

ʧʝʨʝʚʦʟʦʢ. 

ɺ ʦʙʦʙʱʸʥʥʦʤ ʚʠʜʝ ʨʘʟʨʘʙʦʪʢʘ ʪʘʨʠʬʥʦʡ ʧʦʣʠʪʠʢʠ ʧʨʦʭʦʜʠʪ ʚ ʨʘʤʢʘʭ 

ʘʣʛʦʨʠʪʤʘ (ʨʠʩ. 1). 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʘʨʠʬʥʘʷ ʧʦʣʠʪʠʢʘ ʧʘʩʩʘʞʠʨʩʢʠʭ ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʜʦʣʞʥʘ 

ʩʪʨʦʠʪʴʩʷ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʚ ʧʨʝʜʝʣʘʭ ʪʘʨʠʬʥʦʛʦ ʢʦʨʠʜʦʨʘ. ɹʘʟʦʚʘʷ 

ʯʘʩʪʴ ʩʪʦʠʤʦʩʪʠ ʘʚʠʘʙʠʣʝʪʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʙʦʨʝ ʪʘʨʠʬʘ ʚ ʧʨʝʜʝʣʘʭ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʨʠʜʦʨʘ. ɺʪʦʨʘʷ ʯʘʩʪʴ ʩʪʦʠʤʦʩʪʠ ʚʘʨʠʘʪʠʚʥʘʷ 

ʠ ʚʢʣʶʯʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʫʛʠ, ʩʧʝʮʠʘʣʴʥʳʝ ʣʴʛʦʪʳ ʠ ʜʨʫʛʠʝ ʦʧʮʠʠ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʦʣʝʝ ʛʠʙʢʦʡ [11]. 
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ʈʠʩʫʥʦʢ 1 ï ɸʣʛʦʨʠʪʤ ʨʘʟʨʘʙʦʪʢʠ ʪʘʨʠʬʥʦʡ ʧʦʣʠʪʠʢʠ ʘʚʠʘʢʦʤʧʘʥʠʡ 

 

ʉʫʱʝʩʪʚʫʝʪ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʪʘʨʠʬʦʚ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ 

ʩʣʝʜʫʶʱʠʝ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʛʠʙʢʠʭ ʪʘʨʠʬʦʚ. ɻʠʙʢʠʝ ʪʘʨʠʬʳ ï ʵʪʦ ʚʘʨʠʘʥʪʳ 

ʘʚʠʘʙʠʣʝʪʦʚ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʘʚʠʘʢʦʤʧʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʘʩʩʘʞʠʨʘʤ 

ʠʟʤʝʥʷʪʴ ʜʘʪʳ, ʚʨʝʤʷ ʠ ʤʝʩʪʦ ʚʳʣʝʪʘ ʙʝʟ ʰʪʨʘʬʥʳʭ ʩʘʥʢʮʠʡ. ɻʠʙʢʠʡ ʪʘʨʠʬ 

ʘʚʠʘʙʠʣʝʪʘ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʘʩʩʘʞʠʨʫ 

ʠʟʤʝʥʠʪʴ ʩʚʦʠ ʧʣʘʥʳ ʧʦʝʟʜʢʠ, ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʠʪʴ ʜʘʪʫ ʠʣʠ ʚʨʝʤʷ ʚʳʣʝʪʘ, ʥʦ 

ʥʝ ʦʪʤʝʥʠʪʴ ʝʛʦ ʧʦʣʥʦʩʪʴʶ. ʆʙʳʯʥʦ ʪʘʢʦʡ ʙʠʣʝʪ ʩʪʦʠʪ ʜʦʨʦʞʝ, ʥʦ ʧʦʟʚʦʣʷʝʪ 

ʧʘʩʩʘʞʠʨʫ ʩʦʭʨʘʥʠʪʴ ʛʠʙʢʦʩʪʴ ʚ ʩʚʦʠʭ ʧʣʘʥʘʭ ʠ ʠʟʙʝʞʘʪʴ ʰʪʨʘʬʥʳʭ ʩʘʥʢʮʠʡ ʟʘ 

ʠʟʤʝʥʝʥʠʷ. 
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ɽʩʣʠ ʫ ʧʘʩʩʘʞʠʨʘ ʚʦʟʥʠʢʘʶʪ ʥʝʦʪʣʦʞʥʳʝ ʜʝʣʘ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʠʟʤʝʥʝʥʠʷ 

ʧʣʘʥʦʚ, ʪʦ ʛʠʙʢʠʡ ʙʠʣʝʪ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʦʯʝʥʴ ʧʦʣʝʟʥʳʤ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ 

ʛʠʙʢʦʩʪʴ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʩʚʦʝʡ ʧʦʝʟʜʢʠ ʠ ʠʟʙʝʞʘʪʴ ʢʨʫʧʥʳʭ ʧʦʪʝʨʴ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʢʫʧʢʠ ʥʦʚʳʭ ʘʚʠʘʙʠʣʝʪʦʚ. 

2. ɺʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʣʦʷʣʴʥʦʩʪʠ. ʉʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʳ, ʚ ʢʦʪʦʨʦʡ 
ʧʘʩʩʘʞʠʨʳ ʩʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʙʦʥʫʩʳ ʟʘ ʯʘʩʪʳʝ ʧʝʨʝʣʝʪʳ ʩ ʚʘʰʝʡ ʘʚʠʘʢʦʤʧʘʥʠʝʡ. 

ʅʘʧʨʠʤʝʨ, ʟʘ ʢʘʞʜʳʡ ʧʝʨʝʣʝʪ ʤʦʞʥʦ ʥʘʯʠʩʣʷʪʴ ʙʘʣʣʳ-ʤʠʣʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʦʙʤʝʥʷʪʴ ʥʘ ʙʝʩʧʣʘʪʥʳʝ ʙʠʣʝʪʳ, ʫʣʫʯʰʝʥʥʳʡ ʩʝʨʚʠʩ ʠ ʪ.ʜ. 

3. ʋʣʫʯʰʝʥʠʝ ʩʝʨʚʠʩʘ. ʆʙʥʦʚʣʝʥʠʝ ʫʩʣʫʛ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʘʚʠʘʢʦʤʧʘʥʠʷ, ʯʪʦʙʳ ʧʨʠʚʣʝʯʴ ʙʦʣʴʰʝ ʧʘʩʩʘʞʠʨʦʚ. ʅʘʧʨʠʤʝʨ, ʩʜʝʣʘʪʴ WiFi 

ʙʝʩʧʣʘʪʥʳʤ ʥʘ ʙʦʨʪʫ, ʧʨʝʜʦʩʪʘʚʠʪʴ ʙʦʣʴʰʝ ʤʝʩʪʘ ʜʣʷ ʥʦʛ, ʫʣʫʯʰʠʪʴ ʧʨʦʚʦʜʢʫ ʜʣʷ 

ʟʘʨʷʜʢʠ ʛʘʜʞʝʪʦʚ ʠ ʪ.ʜ. 

4. ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʜʨʫʛʠʤʠ ʘʚʠʘʢʦʤʧʘʥʠʷʤʠ. ʋʩʪʘʥʦʚʠʪʴ ʧʘʨʪʥʝʨʩʪʚʦ ʩ 

ʜʨʫʛʠʤʠ ʘʚʠʘʢʦʤʧʘʥʠʷʤʠ, ʯʪʦʙʳ ʧʨʝʜʣʘʛʘʪʴ ʩʚʦʠʤ ʧʘʩʩʘʞʠʨʘʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʤʘʨʰʨʫʪʳ ʠ ʪʘʨʠʬʳ ʥʘ ʘʚʠʘʙʠʣʝʪʳ. 

5. ɺʥʝʜʨʠʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʪʘʨʠʬʳ. ʆʧʨʝʜʝʣʠʪʴ ʜʘʪʳ ʠ ʚʨʝʤʷ, 
ʢʦʛʜʘ ʧʝʨʝʣʝʪʳ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʳ, ʠ ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʦʨʦʛʠʝ ʪʘʨʠʬʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʩʧʨʦʩʦʤ ʠ 

ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʧʨʠʙʳʣʴ. 

6. ʇʦʣʠʪʠʢʘ ʧʨʦʜʚʠʞʝʥʠʷ ʘʚʠʘʢʦʤʧʘʥʠʠ ʠ ʧʨʠʚʣʝʯʝʥʠʝ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ. 
ʇʨʦʚʦʜʠʪʴ ʘʢʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʩʢʠʜʢʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʥʦʚʳʭ 

ʢʣʠʝʥʪʦʚ ʢ ʚʳʙʦʨʫ ʜʘʥʥʦʡ ʘʚʠʘʢʦʤʧʘʥʠʠ. ʅʘʧʨʠʤʝʨ, ʧʨʝʜʦʩʪʘʚʠʪʴ ʩʢʠʜʢʫ ʥʘ 

ʧʝʨʚʳʡ ʧʝʨʝʣʝʪ ʠʣʠ ʙʦʥʫʩʥʳʡ ʙʘʣʣ ʧʘʩʩʘʞʠʨʘʤ, ʢʦʪʦʨʳʝ ʚʧʝʨʚʳʝ 

ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʩʣʫʛʘʤʠ.  

ʇʣʘʥʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʪʘʨʠʬʘ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʜʣʷ 

ʘʚʠʘʢʦʤʧʘʥʠʠ, ʪʘʢ ʢʘʢ ʦʪ ʫʩʧʝʰʥʦʩʪʠ ʧʨʦʜʘʞ ʟʘʚʠʩʠʪ ʝʸ ʬʠʥʘʥʩʦʚʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʪʘʨʠʬʘ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴʩʷ ʥʘ ʬʦʥʝ ʢʦʥʢʫʨʝʥʪʦʚ, ʧʨʠʚʣʝʯʴ 

ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ ʠ ʫʚʝʣʠʯʠʪʴ ʜʦʭʦʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʘʚʠʣʴʥʦ ʩʧʣʘʥʠʨʦʚʘʥʥʳʡ ʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʪʘʨʠʬ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʣʫʯʰʝʥʠʶ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʢʣʠʝʥʪʦʚ, 

ʧʦʚʳʰʝʥʠʶ ʣʦʷʣʴʥʦʩʪʠ ʠ ʫʢʨʝʧʣʝʥʠʶ ʠʤʠʜʞʘ ʢʦʤʧʘʥʠʠ. ʆʜʥʘʢʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʰʠʙʢʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʘʨʠʬʘ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʛʘʪʠʚʥʦʤʫ 

ʚʣʠʷʥʠʶ ʥʘ ʠʤʠʜʞ ʢʦʤʧʘʥʠʠ ʠ ʫʙʳʪʢʘʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʫʜʘʯʥʳʭ ʧʨʦʜʘʞ, ʧʦʵʪʦʤʫ 

ʵʪʦʪ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʩʝʨʴʝʟʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʪʱʘʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʘʧʨʦʙʘʮʠʠ ʨʘʟʨʘʙʦʪʢʠ ʪʘʨʠʬʦʚ ʚʳʙʨʘʥʘ ʦʜʥʘ ʠʟ ʢʨʫʧʥʳʭ 

ʘʚʠʘʢʦʤʧʘʥʠʡ ʈʦʩʩʠʠ ï ʘʚʠʘʢʦʤʧʘʥʠʷ N. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ 

ʨʘʟʨʘʙʦʪʢʠ ʪʘʨʠʬʦʚ ʘʚʠʘʢʦʤʧʘʥʠʠ N ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʘʨʠʬʘ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʚʩʝ ʬʘʢʪʦʨʳ ʠʣʠ ʧʦʢʘʟʘʪʝʣʠ, 
ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʨʠʬʘ. ʊʝʤ ʩʘʤʳʤ ʪʘʨʠʬʥʘʷ ʧʦʣʠʪʠʢʘ 

ʢʦʤʧʘʥʠʠ ʧʦʣʫʯʘʝʪʩʷ ʥʝ ʪʘʢʦʡ ʵʬʬʝʢʪʠʚʥʦʡ. 

2. ɺ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʝ çʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʘʨʠʬʦʚè ʥʝ ʫʯʪʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʠʪʠʢʠ 

ʢʦʤʧʘʥʠʠ ʚ ʦʙʣʘʩʪʠ ʪʘʨʠʬʦʚ. ʅʘʧʨʠʤʝʨ, ʦʪʩʫʪʩʪʚʫʝʪ ʬʘʢʪʦʨ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʥʢʫʨʝʥʪʦʚ ʥʘ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʮʝʣʠ ʧʦʩʪʨʦʝʥʠʷ ʪʘʨʠʬʘ ʥʘ ʚʳʙʨʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʚʳʙʦʨ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʪʘʨʠʬʘ. 
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3. ɸʚʠʘʢʦʤʧʘʥʠʝʡ ʥʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʢʦʥʢʫʨʝʥʪʦʚ. ʂʦʤʧʘʥʠʷ 

ʘʥʘʣʠʟʠʨʫʝʪ ʪʘʨʠʬʳ ʠ ʫʩʣʦʚʠʷ ʧʝʨʝʚʦʟʦʢ ʢʦʥʢʫʨʝʥʪʦʚ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʩʚʦʠʭ ʪʘʨʠʬʦʚ. ʊʦ ʝʩʪʴ ʪʘʢʦʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ 

ʫʩʠʣʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʪʘʨʠʬʦʚ 

ʘʚʠʘʢʦʤʧʘʥʠʠ N ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʜʘʥʥʳʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ. 

ɼʣʷ ʥʘʯʘʣʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ, ʧʦʤʠʤʦ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʫʜʝʣʠʪʴ 

ʚʥʠʤʘʥʠʝ ʜʨʫʛʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʘʥʘʣʠʟʝ ʨʳʥʢʘ. ʅʘʧʨʠʤʝʨ, ʵʪʦ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ, ʨʘʟʚʠʪʦʩʪʴ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ ʠ ʪ.ʜ. ʇʘʨʘʣʣʝʣʴʥʦ 

ʵʪʦʤʫ ʜʦʣʞʝʥ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʘʥʘʣʠʟ ʨʳʥʢʘ ʩ ʚʳʙʦʨʦʤ ʫʞʝ ʮʝʣʝʚʦʛʦ ʩʝʛʤʝʥʪʘ. 

ʊʘʢʞʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʷʪʴ ʮʝʣʠ ʧʦʩʪʨʦʝʥʠʷ ʪʘʨʠʬʦʚ ʥʘ 

ʚʳʙʨʘʥʥʦʤ ʤʘʨʰʨʫʪʝ ʠ ʚʳʙʠʨʘʪʴ ʩʪʨʘʪʝʛʠʠ ʪʘʨʠʬʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʠʭ. ɼʘʣʝʝ ʘʚʠʘʢʦʤʧʘʥʠʷ ʧʨʦʚʦʜʠʪ ʘʥʘʣʠʟ ʟʘʪʨʘʪ ʠ ʫʞʝ ʚʳʙʠʨʘʝʪ ʤʝʪʦʜ 

ʧʦʩʪʨʦʝʥʠʷ ʪʘʨʠʬʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ ʜʦʙʘʚʣʝʥ ʘʥʘʣʠʟ ʢʦʥʢʫʨʝʥʪʦʚ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʪʘʨʠʬʘʭ. ʀ ʨʘʟʨʘʙʦʪʢʘ ʪʘʨʠʬʘ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʫʞʝ ʧʦʩʪʨʦʝʥʠʝʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʘʨʠʬʦʚ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʘʨʠʬʦʚ ʘʚʠʘʢʦʤʧʘʥʠʠ ʪʘʢʞʝ ʧʦʢʘʟʘʣ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ, ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. ʋ ʘʚʠʘʢʦʤʧʘʥʠʠ N ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ 

ʪʘʨʠʬʘ: çʃʘʡʪè, çʕʢʦʥʦʤè ʠ çʉʪʘʥʜʘʨʪè (ʪʘʙʣ. 1), ʯʪʦ ʦʪʣʠʯʘʝʪ ʦʪ ʪʘʢʠʭ 

ʢʦʤʧʘʥʠʡ ʢʘʢ çɸʵʨʦʬʣʦʪè ʠʣʠ çS7è. ʋ ʘʚʠʘʢʦʤʧʘʥʠʠ N ʦʪʩʫʪʩʪʚʫʝʪ ʙʘʟʦʚʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʥʘ çʕʢʦʥʦʤè ʠ çɹʠʟʥʝʩè. ɸʥʘʣʠʟ ʪʘʨʠʬʦʚ ʘʚʠʘʢʦʤʧʘʥʠʠ N 

ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʪʘʨʠʬʘʤʠ çʃʘʡʪè ʠ çʕʢʦʥʦʤè ʚ ʯʝʪʳʨʝʭ ʧʫʥʢʪʘʭ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʚʦʟʚʨʘʪʦʤ ʠʣʠ ʦʙʤʝʥʦʤ ʙʠʣʝʪʘ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʘʩʩʘʞʠʨ 

ʟʘʭʦʯʝʪ ʦʙʤʝʥʷʪʴ ʙʠʣʝʪ ʜʦ ʦʢʦʥʯʘʥʠʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦ ʪʘʨʠʬʫ çʃʘʡʪè ʦʥ ʜʦʣʞʝʥ 

ʟʘʧʣʘʪʠʪʴ 1500 ʨʫʙ., ʘ ʧʦ ʪʘʨʠʬʫ çʕʢʦʥʦʤè 1000 ʨʫʙ. ʀʣʠ ʦʩʫʱʝʩʪʚʠʪʴ ʚʦʟʚʨʘʪ 

ʙʠʣʝʪʘ ʙʦʣʝʝ ʯʝʤ ʟʘ 24 ʯʘʩʘ ʜʦ ʚʳʣʝʪʘ ʧʦ ʧʝʨʚʦʤʫ ʪʘʨʠʬʫ ʥʝʚʦʟʤʦʞʥʦ, ʘ ʧʦ 

ʚʪʦʨʦʤʫ ʪʘʨʠʬʫ ʚʦʟʤʦʞʥʦ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʪʘʨʠʬʘʤʠ çʕʢʦʥʦʤè ʠ çʉʪʘʥʜʘʨʪè 

ʚʳʷʚʣʝʥʘ ʣʠʰʴ ʚ ʦʜʥʦʤ ʧʫʥʢʪʝ ï ʠ ʵʪʦ ʙʘʛʘʞ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʥ ʦʪʩʫʪʩʪʚʫʝʪ ʠ 

ʟʘ ʥʝʛʦ ʥʫʞʥʦ ʜʦʧʣʘʪʠʪʴ, ʚʦ ʚʪʦʨʦʤ ʝʩʪʴ 1 ʤʝʩʪʦ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʛʘʙʘʨʠʪʘʤ. 

 

ʊʘʙʣʠʮʘ 1 ï ʊʘʨʠʬʥʳʝ ʛʨʫʧʧʳ ʘʚʠʘʢʦʤʧʘʥʠʠ N 
 

  ʃʘʡʪ ʕʢʦʥʦʤ ʉʪʘʥʜʘʨʪ 

ʈʫʯʥʘʷ ʢʣʘʜʴ 1 ʤʝʩʪʦ 10 ʢʛ, 1 ʤʝʩʪʦ 10 ʢʛ, 1 ʤʝʩʪʦ 10 ʢʛ, 

 
ʛʘʙʘʨʠʪʳ 

55ʭ40ʭ25 ʩʤ 

ʛʘʙʘʨʠʪʳ 

55ʭ40ʭ25 ʩʤ 

ʛʘʙʘʨʠʪʳ 

55ʭ40ʭ25 ʩʤ 

ʈʫʯʥʘʷ ʢʣʘʜʴ ʜʣʷ ʜʝʪʝʡ 

ʜʦ 2 ʣʝʪ ʙʝʟ ʤʝʩʪʘ 
- - - 

ɺʝʱʠ ʧʨʠ ʧʘʩʩʘʞʠʨʝ ʚ 

ʩʘʣʦʥ ʩʚʝʨʭ ʨʫʯʥʦʡ 

ʢʣʘʜʠ 

ʉʦʛʣʘʩʥʦ 

ʩʧʠʩʢʫ ʌɸʇ-82 

ʉʦʛʣʘʩʥʦ 

ʩʧʠʩʢʫ ʌɸʇ-82 

ʉʦʛʣʘʩʥʦ 

ʩʧʠʩʢʫ ʌɸʇ-82 

ʈʝʛʠʩʪʨʘʮʠʷ ʙʘʛʘʞʘ ʇʣʘʪʥʦʩʪʴ ʇʣʘʪʥʦʩʪʴ ʜʦ 20 ʢʛ 

ʂʦʤʧʣʝʢʪ ʛʦʨʥʦʣʳʞʥʦʛʦ 

ʩʥʘʨʷʞʝʥʠʷ 

ʇʣʘʪʥʦ ʇʣʘʪʥʦ ʇʣʘʪʥʦ 

ʚʥʫʪʨʠ ʈʌ ʧʨʠ 

ʦʬʦʨʤʣʝʥʠʠ: 

ʚʥʫʪʨʠ ʈʌ ʧʨʠ 

ʦʬʦʨʤʣʝʥʠʠ: 

ʚʥʫʪʨʠ ʈʌ ʧʨʠ 

ʦʬʦʨʤʣʝʥʠʠ: 

ʙʦʣʝʝ 3 ʯʘʩʦʚ ʜʦ 

ʚʳʣʝʪʘ 2500 ʨʫʙ. 

ʙʦʣʝʝ 3 ʯʘʩʦʚ ʜʦ 

ʚʳʣʝʪʘ 2500 ʨʫʙ. 

ʙʦʣʝʝ 3 ʯʘʩʦʚ ʜʦ 

ʚʳʣʝʪʘ 2500 ʨʫʙ. 
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ʂʦʤʧʣʝʢʪ ʛʦʨʥʦʣʳʞʥʦʛʦ 

ʩʥʘʨʷʞʝʥʠʷ 

ʤʝʥʝʝ 3 ʯʘʩʦʚ ʜʦ 

ʚʳʣʝʪʘ 3400 ʨʫʙ. 

ʤʝʥʝʝ 3 ʯʘʩʦʚ ʜʦ 

ʚʳʣʝʪʘ 3400 ʨʫʙ. 

ʤʝʥʝʝ 3 ʯʘʩʦʚ ʜʦ 

ʚʳʣʝʪʘ 3400 ʨʫʙ. 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ: 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ: 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʨʠ 

ʦʬʦʨʤʣʝʥʠʠ: 

ʙʦʣʝʝ 3 ʯʘʩʦʚ ʜʦ 

ʚʳʣʝʪʘ 2700 ʨʫʙ. 

ʙʦʣʝʝ 3 ʯʘʩʦʚ ʜʦ 

ʚʳʣʝʪʘ 2700 ʨʫʙ. 

ʙʦʣʝʝ 3 ʯʘʩʦʚ ʜʦ 

ʚʳʣʝʪʘ 2700 ʨʫʙ. 

ʤʝʥʝʝ 3 ʯʘʩʦʚ ʜʦ 

ʚʳʣʝʪʘ 3600 ʨʫʙ. 

ʤʝʥʝʝ 3 ʯʘʩʦʚ ʜʦ 

ʚʳʣʝʪʘ 3600 ʨʫʙ. 

ʤʝʥʝʝ 3 ʯʘʩʦʚ ʜʦ 

ʚʳʣʝʪʘ 3600 ʨʫʙ. 

ɺʳʙʦʨ ʤʝʩʪʘ ʧʨʠ 

ʙʨʦʥʠʨʦʚʘʥʠʠ ʠʣʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʨʝʡʩ 

ʇʣʘʪʥʦ ʇʣʘʪʥʦ ʇʣʘʪʥʦ 

ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʣʠʯʥʳʭ 

ʜʘʥʥʳʭ ʧʘʩʩʘʞʠʨʘ ʚ 

ʙʨʦʥʠʨʦʚʘʥʠʠ 

1000 ʨʫʙ. 

ʆʙʤʝʥ ʜʦ ʦʢʦʥʯʘʥʠʷ 

ʨʝʛʠʩʪʨʘʮʠʠ 

ʉʦ ʩʙʦʨʦʤ 

500 ʨʫʙ.+ ʜʦʧʣʘʪʘ, 

ʝʩʣʠ ʥʦʚʳʡ ʙʠʣʝʪ 

ʩʪʦʠʪ ʜʦʨʦʞʝ 

ʉʦ ʩʙʦʨʦʤ 

1000 ʨʫʙ. 

+ ʜʦʧʣʘʪʘ, ʝʩʣʠ 

ʥʦʚʳʡ ʙʠʣʝʪ ʩʪʦʠʪ 

ʜʦʨʦʞʝ 

ʉʦ ʩʙʦʨʦʤ 1000 ʨʫʙ. 

+ ʜʦʧʣʘʪʘ, ʝʩʣʠ 

ʥʦʚʳʡ ʙʠʣʝʪ ʩʪʦʠʪ 

ʜʦʨʦʞʝ 

ʆʙʤʝʥ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 

ʨʝʛʠʩʪʨʘʮʠʠ 
ɿʘʧʨʝʱʸʥ 

ʉʦ ʩʙʦʨʦʤ 1500ʨʫʙ. 

+ ʜʦʧʣʘʪʘ, ʝʩʣʠ 

ʥʦʚʳʡ ʙʠʣʝʪ ʩʪʦʠʪ 

ʜʦʨʦʞʝ 

ʉʦ ʩʙʦʨʦʤ 1500 ʨʫʙ. 

+ ʜʦʧʣʘʪʘ, ʝʩʣʠ 

ʥʦʚʳʡ ʙʠʣʝʪ ʩʪʦʠʪ 

ʜʦʨʦʞʝ 

ɺʦʟʚʨʘʪ ʙʦʣʝʝ, ʯʝʤ ʟʘ 24 

ʯʘʩʘ ʜʦ ʚʳʣʝʪʘ 
ɿʘʧʨʝʱʸʥ 

ʈʘʟʨʝʰʸʥ ʩʦ ʩʙʦʨʦʤ 

1500 ʨʫʙ. 

ʈʘʟʨʝʰʸʥ ʩʦ ʩʙʦʨʦʤ 

1500 ʨʫʙ. 

ɺʦʟʚʨʘʪ ʤʝʥʝʝ 24 ʯʘʩʦʚ 

ʜʦ ʚʳʣʝʪʘ, ʥʦ ʜʦ 

ʦʢʦʥʯʘʥʠʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ɿʘʧʨʝʱʸʥ 
ʈʘʟʨʝʰʸʥ ʩʦ ʩʙʦʨʦʤ 

2000 ʨʫʙ. 

ʈʘʟʨʝʰʸʥ ʩʦ ʩʙʦʨʦʤ 

2000 ʨʫʙ. 

ɺʦʟʚʨʘʪ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 

ʨʝʛʠʩʪʨʘʮʠʠ 
ɿʘʧʨʝʱʸʥ 

ʉʦʧʨʦʚʦʞʜʝʥʠʝ ʜʝʪʝʡ 5000 ʨʫʙ. 

 
ʅʘʧʨʠʤʝʨ, ʥʘ ʥʘʧʨʘʚʣʝʥʠʠ ʋʬʘ ï ʄʦʩʢʚʘ ʙʘʟʦʚʳʡ ʪʘʨʠʬ ʩʦʩʪʘʚʣʷʝʪ 2700 

ʨʫʙ., ʚ ʢʦʪʦʨʳʡ ʘʚʠʘʢʦʤʧʘʥʠ ̫ ʚʢʣʶʯʠʣʘ ʤʥʦʞʝʩʪʚʦ ʧʦʢʘʟʘʪʝʣʝʡ, ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ 60% ʟʘʛʨʫʟʢʠ ʨʝʡʩʘ ʧʦ ʪʘʢʦʤʫ ʪʘʨʠʬʫ ʙʫʜʝʪ 

ʜʦʩʪʠʛʥʫʪʘ ʙʝʟʫʙʳʪʦʯʥʦʩʪʴ ʠ ʧʦʚʳʰʝʥʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʘʚʠʘʢʦʤʧʘʥʠʷ ʜʦʣʞʥʘ ʧʨʝʜʣʦʞʠʪʴ ʙʦʣʝʝ ʚʳʛʦʜʥʳʝ ʪʘʨʠʬʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʢʫʨʝʥʪʘʤʠ. ɺʘʨʴʠʨʫʷ ʵʣʝʤʝʥʪʘʤʠ ʪʘʨʠʬʘ (ʩʢʠʜʢʠ, ʥʘʜʙʘʚʢʠ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ), ʤʦʞʥʦ ʩʦʟʜʘʪ ɹ ʩʠʩʪʝʤʫ ʪʘʨʠʬʦʚ, ʫʯʠʪʳʚʘʶʱʫʶ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʳʥʦʯʥʦʛʦ ʩʝʛʤʝʥʪʘ. ʊʘʨʠʬ çɹʠʟʥʝʩè ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʚʳʩʦʢʦ 

ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʛʦ ʧʘʩʩʘʞʠʨʘ, ʥʦ ʤʦʞʥʦ ʯʘʩʪʠʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʧʨʠʚʠʣʝʛʠʠ 

ʥʘ ʩʨʝʜʥʝ ʧʣʘʪʸʞʝʩʧʦʩʦʙʥʳʭ ʧʘʩʩʘʞʠʨʦʚ ʟʘ ʤʝʥʴʰʫʶ ʩʪʦʠʤʦʩʪʴ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʤʠʤʦ ʦʩʥʦʚʥʳʭ ʜʚʫʭ ʪʘʨʠʬʦʚ ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ, ʚ ʢʦʪʦʨʳʝ ʙʫʜʝʪ ʟʘʣʦʞʝʥʘ ʦʩʥʦʚʘ ʧʦʜ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʛʠʙʢʠʝ 

ʪʘʨʠʬʳ. ɻʠʙʢʠʝ ʪʘʨʠʬʳ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ ʙʠʣʝʪʘ ï 

ʚʦʟʚʨʘʪʥʳʝ ʙʠʣʝʪʳ ʠ ʙʠʣʝʪ ʩ ʦʪʢʨʳʪʦʡ ʜʘʪʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʨʠʬʥʘʷ ʩʠʩʪʝʤʘ 

ʚʢʣʶʯʘʝʪ 4 ʪʘʨʠʬʥʳʭ ʛʨʫʧʧʳ: çɹʘʟʦʚʳʡ ʵʢʦʥʦʤè, çɻʠʙʢʠʡ ʵʢʦʥʦʤè, çɹʘʟʦʚʳʡ 

ʙʠʟʥʝʩè ʠ çɻʠʙʢʠʡ ʙʠʟʥʝʩè. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ 

ʢʘʞʜʦʡ ʪʘʨʠʬʥʦʡ ʛʨʫʧʧʳ. 
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ʊʘʙʣʠʮʘ 2 ï ʅʦʚʳʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʪʘʨʠʬʥʳʝ ʛʨʫʧʧʳ ʜʣʷ ʘʚʠʘʢʦʤʧʘʥʠʠ 
 

  
çɹʘʟʦʚʳʡ 

ʵʢʦʥʦʤè 
çɻʠʙʢʠʡ ʵʢʦʥʦʤè 

çɹʘʟʦʚʳʡ 

ʙʠʟʥʝʩè 

çɻʠʙʢʠʡ 

ʙʠʟʥʝʩè 

ʈʫʯʥʘʷ ʢʣʘʜʴ 
1 ʤʝʩʪʦ 10 ʢʛ, 

ʛʘʙʘʨʠʪʳ 55ʭ40ʭ25 ʩʤ 

1 ʤʝʩʪʦ 15 ʢʛ, 

ʛʘʙʘʨʠʪʳ 55ʭ40ʭ25 ʩʤ 

ɹʘʛʘʞ 
ʟʘ ʦʪʜʝʣʴʥʫʶ 

ʧʣʘʪʫ 

1 ʤʝʩʪʦ ʜʦ 20 ʢʛ, 

ʛʘʙʘʨʠʪʳ ʧʦ 

ʩʫʤʤʝ ʪʨʸʭ 

ʠʟʤʝʨʝʥʠʡ 158 

ʩʤ 

1 ʤʝʩʪʦ ʜʦ 20 ʢʛ, 

ʛʘʙʘʨʠʪʳ ʧʦ 

ʩʫʤʤʝ ʪʨʸʭ 

ʠʟʤʝʨʝʥʠʡ 158 

ʩʤ 

2 ʤʝʩʪʘ ʜʦ 20 

ʢʛ, ʛʘʙʘʨʠʪʳ ʧʦ 

ʩʫʤʤʝ ʪʨʸʭ 

ʠʟʤʝʨʝʥʠʡ 158 

ʩʤ 

ɺʳʙʦʨ ʤʝʩʪʘ ʚ 

ʩʘʣʦʥʝ 
300 ï 500 ʨʫʙ. ʙʝʩʧʣʘʪʥʦ 

ʆʙʤʝʥ ʙʠʣʝʪʘ ʥʝʚʦʟʤʦʞʝʥ 

ʉʦ ʩʙʦʨʦʤ 

1500 ʨʫʙ. 

+ ʜʦʧʣʘʪʘ, ʝʩʣʠ 

ʥʦʚʳʡ ʙʠʣʝʪ 

ʩʪʦʠʪ ʜʦʨʦʞʝ 

ʉʦ ʩʙʦʨʦʤ 

1000 ʨʫʙ. 

+ ʜʦʧʣʘʪʘ, ʝʩʣʠ 

ʥʦʚʳʡ ʙʠʣʝʪ 

ʩʪʦʠʪ ʜʦʨʦʞʝ 

ʙʝʩʧʣʘʪʥʦ 

ɺʦʟʚʨʘʪ ʙʠʣʝʪʘ ʥʝʚʦʟʤʦʞʝʥ 2000 ʨʫʙ. 1500 ʨʫʙ. ʙʝʩʧʣʘʪʥʦ 

ʇʠʪʘʥʠʝ ʟʘʢʫʩʢʘ/ʛʦʨʷʯʝʝ ʩʧʝʮʠʘʣʴʥʦʝ ʤʝʥʶ/ʥʘʧʠʪʢʠ 

ʂʦʨʨʝʢʪʠʨʦʚʢʘ 

ʣʠʯʥʳʭ 

ʜʘʥʥʳʭ 

ʧʘʩʩʘʞʠʨʘ ʚ 

ʙʨʦʥʠʨʦʚʘʥʠʠ 

1000 ʨʫʙ. 1000 ʨʫʙ. ʙʝʩʧʣʘʪʥʦ ʙʝʩʧʣʘʪʥʦ 

 

ʀʪʘʢ, ʧʦ ʚʩʝʤ 4-ʤ ʪʘʨʠʬʥʳʤ ʛʨʫʧʧʘʤ ʚʠʜʥʦ ʯʝʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ, ʠ 

ʧʘʩʩʘʞʠʨʫ ʣʝʛʯʝ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʚʦʠʭ ʧʨʝʜʧʦʯʪʝʥʠʷʭ. 

ʍʦʪʴ ʪʘʨʠʬʥʳʭ ʛʨʫʧʧ ʥʝʤʥʦʛʦ, ʥʦ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʪʴ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ ʪʘʨʠʬʥʳʭ ʛʨʫʧʧ ʜʣʷ ʧʘʩʩʘʞʠʨʘ. ʋ ʘʚʠʘʢʦʤʧʘʥʠʠ 

N ʝʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʫʩʣʫʛʘ ï ʵʪʦ ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʩʪʦʠʤʦʩʪʴ ʙʠʣʝʪʘ, ʢʦʪʦʨʫʶ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʦʩʪʘʚʠʪʴ. ʋʩʣʫʛʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʢʩʠʨʦʚʘʪʴ 

ʚʳʙʨʘʥʥʳʡ ʪʘʨʠʬ ʥʘ ʩʨʦʢ ʜʦ 48 ʯʘʩʦʚ ï ʧʦʢʘ ʧʘʩʩʘʞʠʨ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ 

ʧʝʨʝʣʝʪʝ, ʘʚʠʘʙʠʣʝʪʳ ʥʘ ʚʳʙʨʘʥʥʳʝ ʨʝʡʩʳ ʥʝ ʙʫʜʫʪ ʨʘʩʧʨʦʜʘʥʳ. ʋʩʣʫʛʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʠ ʬʠʢʩʠʨʫʝʪ ʩʪʦʠʤʦʩʪʴ ʙʠʣʝʪʘ 

(ʪʘʨʠʬ, ʘʵʨʦʧʦʨʪʦʚʳʝ ʩʙʦʨʳ, ʩʙʦʨʳ ʧʝʨʝʚʦʟʯʠʢʘ). ʇʨʠ ʵʪʦʤ ʥʝ ʬʠʢʩʠʨʫʶʪʩʷ 

ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʪʘʨʠʬʘ ʢʘʢ: ʢʫʨʩ ʚʘʣʶʪʳ, ʥʘʣʦʛ ʥʘ ʜʦʙʘʚʣʝʥʥʫʶ ʩʪʦʠʤʦʩʪ.ɹ 
 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʨʠʬʥʘʷ ʧʦʣʠʪʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʫʩʧʝʭʘ 

ʘʚʠʘʢʦʤʧʘʥʠʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʚʳʩʠʪʴ ʧʨʠʙʳʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʠ ʠ ʝʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʨʳʥʢʝ ʘʚʠʘʧʝʨʝʚʦʟʦʢ. ʂʦʥʢʫʨʝʥʮʠʷ ʚ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʘʚʠʘʧʝʨʝʚʦʟʢʘʭ ʚʳʩʦʢʘ, ʧʦʵʪʦʤʫ ʘʚʠʘʢʦʤʧʘʥʠʠ ʜʦʣʞʥʳ ʩʣʝʜʠʪʴ ʟʘ ʪʘʨʠʬʘʤʠ 

ʢʦʥʢʫʨʝʥʪʦʚ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ. ʊʘʨʠʬʥʘʷ ʧʦʣʠʪʠʢʘ ʧʦʟʚʦʣʷʝʪ 

ʫʧʨʘʚʣʷʪʴ ʧʨʝʜʣʦʞʝʥʠʝʤ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʭ ʨʳʥʦʯʥʳʭ ʩʝʛʤʝʥʪʘʭ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʩʧʨʦʩ ʥʘ ʘʚʠʘʙʠʣʝʪʳ.  
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ʇʨʦʚʝʜʷ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʚʠʘʢʦʤʧʘʥʠʠ N, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʪʘʨʠʬʦʚ ʥʝ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʧʨʠʯʠʥʝ ʥʝʧʦʣʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʳʥʢʘ, ʦʪʩʫʪʩʪʚʠʷ ʘʥʘʣʠʟʘ 

ʢʦʥʢʫʨʝʥʪʦʚ ʘʚʠʘʢʦʤʧʘʥʠʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʥʝʢʦʪʦʨʳʭ ʬʘʢʪʦʨʦʚ ʚ ʩʘʤʦʤ ʧʨʦʮʝʩʩʝ 

ʨʘʟʨʘʙʦʪʢʠ ʪʘʨʠʬʦʚ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʘʨʠʬʥʳʝ ʛʨʫʧʧʳ ʥʝʵʬʬʝʢʪʠʚʥʳ ʠ 

ʥʝʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʨʳʥʢʝ. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʥʦʚʳʝ ʪʘʨʠʬʥʳʝ ʛʨʫʧʧʳ ʜʣʷ ʘʚʠʘʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʧʦʪʨʝʙʥʦʩʪʠ ʧʘʩʩʘʞʠʨʦʚ. ʆʩʥʦʚʦʡ ʥʦʚʳʭ ʪʘʨʠʬʥʳʭ ʛʨʫʧʧ ʩʪʘʣʦ ʨʘʟʜʝʣʝʥʠʝ ʠʭ ʥʘ 4 

ʢʘʪʝʛʦʨʠʠ: çʉʪʘʥʜʘʨʪ ʵʢʦʥʦʤè, çɻʠʙʢʠʡ ʵʢʦʥʦʤè, çʉʪʘʥʜʘʨʪ ʙʠʟʥʝʩè ʠ çɻʠʙʢʠʡ 

ʙʠʟʥʝʩè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʪʘʨʠʬʳ ʩʧʦʩʦʙʥʳ 

ʦʢʘʟʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ: ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʜʘʞ ʙʠʣʝʪʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʨʝʡʩʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʨʳʥʢʘ. 
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ɺʃʀʗʅʀɽ ɺʈɽʄɽʅʀ ɼʆʉʊɸɺʂʀ ɻʈʋɿɸ ʅɸ ɺʓɹʆʈ ʄɸʈʐʈʋʊɸ 

ʇɽʈɽɺʆɿʂʀ 
 

ʏʫʤʘʢʠʥʘ ɸ. ɽ. 

ʏʝʨʪʢʦʚʘ ɽ. ɽ. 

ʏʝʨʥʷʝʚʘ ʊ. ʅ., ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ 
 

ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ 

(ʛ. ʀʨʢʫʪʩʢ) 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʥʷʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʩʪʘʚʢʦʡ ʛʨʫʟʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʈʘʩʧʠʩʘʥʘ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʩʨʦʢʘ ʜʦʩʪʘʚʢʠ, ʢʦʪʦʨʳʡ 

ʠʟʤʝʨʷʝʪʩʷ ʚ ʩʫʪʢʘʭ. ɿʘʜʘʥ ʤʘʨʰʨʫʪ (ʩʪʘʥʮʠʷ ʋʩʪʴ-ʀʣʠʤʩʢ ï ʩʪʘʥʮʠʷ ɿʘʙʘʡʢʘʣʴʩʢ). ʀʩʭʦʜʷ 

ʠʟ ʨʘʩʯʝʪʦʚ, ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʡ ʚʘʨʠʘʥʪ ʜʦʩʪʘʚʢʠ ɿʘʙʘʡʢʘʣʴʩʢʦʡ ʠʣʠ ɺʦʩʪʦʯʥʦ-

ʉʠʙʠʨʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʨʦʢ ʜʦʩʪʘʚʢʠ, ʛʨʫʟ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʜʘʣʴʥʦʩʪʴ 

ʧʝʨʝʚʦʟʢʠ, ʧʫʪʴ ʩʣʝʜʦʚʘʥʠʷ, ʤʘʨʰʨʫʪʥʘʷ ʩʢʦʨʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ. 
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ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʚʳʙʦʨʝ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʛʦ ʤʘʨʰʨʫʪʘ 

ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʘ, ʠʩʭʦʜʷ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢʘʯʝʩʪʚʘ, ʢʘʢ ʚʨʝʤʷ 

ʜʦʩʪʘʚʢʠ ʛʨʫʟʘ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʫʩʣʦʚʠʡ ʜʦʛʦʚʦʨʘ ʧʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʶ 

ʛʨʫʟʦʚ ʷʚʣʷʝʪʩʷ çʩʨʦʢ ʜʦʩʪʘʚʢʠè. ʕʪʦ ʧʦʥʷʪʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, 

ʢʦʪʦʨʳʡ ʠʩʯʠʩʣʷʝʪʩʷ ʦʪ ʤʦʤʝʥʪʘ ʠ ʤʝʩʪʘ ʦʪʧʨʘʚʣʝʥʠʷ ʛʨʫʟʘ ʦʪ 

ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʷ ʜʦ ʤʦʤʝʥʪʘ ʠ ʤʝʩʪʘ ʝʛʦ ʚʳʜʘʯʠ ʛʨʫʟʦʧʦʣʫʯʘʪʝʣʶ. 

ɺ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʨʦʢ ʜʦʩʪʘʚʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʨʘʞʝʥʠʝ 

ʩʪʝʧʝʥʠ ʙʳʩʪʨʦʪʳ ʧʝʨʝʚʦʟʢʠ, ʘ ʪʘʢʞʝ ʫʨʦʚʥʷ ʝʝ ʥʘʜʝʞʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠʩʧʦʣʥʷʪʴ ʚʟʷʪʳʝ ʥʘ ʩʝʙʷ ʦʙʷʟʘʪʝʣʴʩʪʚʘ. ʉʨʦʢ ʜʦʩʪʘʚʢʠ ʩʚʷʟʘʥ ʩ ʟʘʪʨʘʪʘʤʠ ʢʘʢ 

ʛʨʫʟʦʚʣʘʜʝʣʴʮʘ, ʪʘʢ ʠ ʛʨʫʟʦʧʦʪʨʝʙʠʪʝʣʷ. ʇʦʵʪʦʤʫ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʩʥʠʞʝʥʠʷ 

ʩʨʦʢʦʚ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʘʢʪʫʘʣʴʥʦ ʚ ʥʳʥʝʰʥʝʝ ʚʨʝʤʷ [3]. 
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ɺʨʝʤʷ ʜʦʩʪʘʚʢʠ ï ʦʜʠʥ ʠʟ ʙʘʟʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ. ʇʦʥʷʪʠʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʣʘʩʩʘ ʦʧʝʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦʩʣʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʪʦʚʘʨʘ ʢ ʧʝʨʝʚʦʟʢʝ ʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʝʛʦ ʧʦʪʨʝʙʠʪʝʣʝʤ. ɺ ʵʪʠ 

ʦʧʝʨʘʮʠʠ ʚʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʚʦʟʢʘ, ʥʦ ʠ ʦʧʝʨʘʮʠʠ ʧʦ ʧʨʠʝʤʫ, ʩʦʨʪʠʨʦʚʢʝ 

ʛʨʫʟʘ, ʩʢʣʘʜʠʨʦʚʘʥʠʶ ʠ ʭʨʘʥʝʥʠʶ. ʊʘʢʞʝ ʚʭʦʜʷʪ ʠ ʩʦʧʨʷʞʝʥʥʳʝ ʦʧʝʨʘʮʠʠ, ʢ 

ʧʨʠʤʝʨʫ, ʚʳʙʦʨ ʤʘʨʰʨʫʪʘ. 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʘ ï ʵʪʦ ʟʥʘʯʠʤʘʷ ʟʘʜʘʯʘ ʧʨʠ 

ʦʢʘʟʘʥʠʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʪʦʨʩʢʠʭ ʫʩʣʫʛ [5]. 

ɻʨʫʟ ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʘʚʣʝʥʥʳʤ ʚ ʩʨʦʢ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʦ ʦʢʦʥʯʘʥʠʷ, 

ʫʢʘʟʘʥʥʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʦʢʫʤʝʥʪʘʭ ʩʨʦʢʘ ʧʝʨʝʤʝʱʝʥʠʷ, ʧʝʨʝʚʦʟʯʠʢ 

ʩʦʚʝʨʰʠʣ ʚʳʛʨʫʟʢʫ ʥʘ ʩʪʘʥʮʠʠ ʥʘʟʥʘʯʝʥʠʷ.  

ʉʨʦʢ ʜʦʩʪʘʚʢʠ ʛʨʫʟʘ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ. ʅʘʠʙʦʣʴʰʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʠʤʝʶʪ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʠ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʨʦʜʚʠʞʝʥʠʷ, 

ʫʩʨʝʜʥʝʥʥʘʷ ʚ ʩʫʪʦʯʥʦʤ ʤʘʩʰʪʘʙʝ. ʅʝʠʟʙʝʞʥʳ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʥʘʯʘʣʴʥʦ-

ʢʦʥʝʯʥʳʝ ʦʧʝʨʘʮʠʠ: ʧʨʠʝʤ, ʧʦʛʨʫʟʢʘ, ʦʪʧʨʘʚʣʝʥʠʝ, ʧʨʠʙʳʪʠʝ, ʚʳʛʨʫʟʢʘ, ʚʳʜʘʯʘ 

ʛʨʫʟʘ. ɺ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʜʝʨʞʢʠ: ʥʘ 

ʧʨʦʭʦʞʜʝʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʥʘ ʧʝʨʝʚʘʣʢʠ ʚ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ 

ʧʝʨʝʚʦʟʢʘʭ, ʥʘ ʧʘʨʦʤʥʳʝ ʧʝʨʝʧʨʘʚʳ, ʥʝʧʨʝʜʚʠʜʝʥʥʳʝ çʦʢʥʘè ʜʣʷ ʨʝʤʦʥʪʥʦ-

ʧʫʪʝʚʳʭ ʨʘʙʦʪ ʠ ʪ.ʧ. [4]. 

ɺʨʝʤʷ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʮʠʢʣʘ ʥʝʦʙʭʦʜʠʤʳʭ ʦʧʝʨʘʮʠʡ ʠ ʧʘʩʩʠʚʥʳʭ ʧʨʦʩʪʦʝʚ. ʀʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʨʝʤʷ ʥʘ ʦʞʠʜʘʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ [4]. 

 

ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʩʨʦʢʘ ʜʦʩʪʘʚʢʠ ʛʨʫʟʘ 

ʇʦʛʨʫʟʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʩʪʘʥʮʠʠ ʋʩʪʴ-ʀʣʠʤʩʢ, ʢʦʪʦʨʘʷ ʧʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʛʨʫʟʦʚʦʡ ʠ ʧʨʠʥʘʜʣʝʞʠʪ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʡ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ (ɺʉɾɼ) ʥʘʟʥʘʯʝʥʠʝʤ ʥʘ ʩʪʘʥʮʠʶ ɿʘʙʘʡʢʘʣʴʩʢ ï ʩʪʘʥʮʠʷ 

ʫʯʘʩʪʢʦʚʘʷ, ʥʦ ʦʥʘ ʦʪʢʨʳʪʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʨʫʟʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʧʨʠʥʘʜʣʝʞʠʪ 

ɿʘʙʘʡʢʘʣʴʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ [2].  

ʅʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ ʩʦʩʪʘʚ, ʚ ʢʦʪʦʨʦʤ ʩʣʝʜʫʝʪ ʚʘʛʦʥ, ʙʫʜʝʪ 

ʧʨʦʭʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ ʨʘʙʦʪʥʠʢʘʤʠ ʚʘʛʦʥʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʩʤʝʥʫ ʣʦʢʦʤʦʪʠʚʥʦʡ 

ʙʨʠʛʘʜʳ, ʨʦʩʧʫʩʢ (ʧʨʦʧʫʩʢ ʯʝʨʝʟ ʩʦʨʪʠʨʦʚʦʯʥʳʝ ʧʫʪʠ) ʠ ʟʘʥʦʚʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʦʩʪʘʚʘ ʩ ʚʘʛʦʥʦʤ ʚ ʩʙʦʨʥʳʡ ʧʦʝʟʜ ʠ ʜʘʣʝʝ ʩʣʝʜʦʚʘʥʠʝ ʜʦ ʩʪʘʥʮʠʠ ʥʘʟʥʘʯʝʥʠʷ 

çʩʦʛʣʘʩʥʦ ʀʥʩʪʨʫʢʮʠʠ ʧʦ ʩʦʩʪʘʚʣʝʥʠʶ ʤʝʩʷʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʥʦʨʤ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳè. 

ʅʘ ʩʪʘʥʮʠʠ ʧʦʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʢʠ ʙʫʜʝʪ ʟʘʪʨʘʯʝʥʦ ʚʨʝʤʷ ʥʘ ʛʨʫʟʦʚʳʝ 

ʦʧʝʨʘʮʠʠ. 

ʇʝʨʝʚʦʟʠʪʩʷ ʛʨʫʟ ï ʮʝʣʣʶʣʦʟʘ. ɻʨʫʟʦʦʪʧʨʘʚʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʬʠʣʠʘʣ ɸʆ 

çʀʣʠʤè ʚ ʛ. ʋʩʪʴ-ʀʣʠʤʩʢʝ, ʢʦʣʠʯʝʩʪʚʦ ʦʪʧʨʘʚʦʢ 107 ʚ ʤʝʩʷʮ. 

ʈʘʩʯʝʪ ʩʨʦʢʘ ʜʦʩʪʘʚʢʠ 

L  ï ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʚʦʟʢʠ; 

ʤ
V  ï ʤʘʨʰʨʫʪʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ;  

ʥʢ
T  ï ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʥʘʯʘʣʴʥʦ-ʢʦʥʝʯʥʳʝ ʦʧʝʨʘʮʠʠ; 

ʜʦʧ
T  ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʜʝʨʞʢʠ.  
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ɺ ʬʦʨʤʫʣʝ (1) ʟʘʣʦʞʝʥʦ ʥʘʭʦʞʜʝʥʠʝ ʧʝʨʠʦʜʘ ʜʦʩʪʘʚʢʠ ʛʨʫʟʘ 

 

ʜʦʧʥʢʤʞʜ
TTVLT ++= /

 
(1) 

ɼʣʷ ʚʳʙʦʨʘ ʙʦʣʝʝ ʚʳʛʦʜʥʦʡ ʜʦʩʪʘʚʢʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ: 

ʇʝʨʚʳʡ (ʥʘ ʨʠʩʫʥʢʝ 1 ï ʦʙʦʟʥʘʯʝʥ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ):  

ʉʦʩʪʘʚ ʦʪʧʨʘʚʣʷʝʪʩʷ ʩʦ ʩʪʘʥʮʠʠ ʋʩʪʴ-ʀʣʠʤʩʢ ʯʝʨʝʟ ʩʪʘʥʮʠʶ ʊʘʡʰʝʪ ʧʦ 

ʛʣʘʚʥʦʤʫ ʭʦʜʫ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. ʊʘʡʰʝʪ ï 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʫʟʝʣ ʠ ʢʨʫʧʥʘʷ ʚʥʝʢʣʘʩʩʥʘʷ ʉʦʨʪʠʨʦʚʦʯʥʘʷ ʩʪʘʥʮʠʷ. 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʩʜʘʯʘ ʧʦ ʩʪʳʢʫ ʇʝʪʨʦʚʩʢʠʡ ʟʘʚʦʜ, ʨʘʩʩʪʦʷʥʠʝ ʩʦʩʪʘʚʠʪ 

2933 ʢʠʣʦʤʝʪʨʦʚ, ʤʘʨʰʨʫʪʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ 200 ʢʤ/ʩʫʪʢʠ. ʇʝʪʨʦʚʩʢʠʡ ʟʘʚʦʜ ï 

ʷʚʣʷʝʪʩʷ ʩʪʘʥʮʠʝʡ ʪʨʝʪʴʝʛʦ ʢʣʘʩʩʘ (2). 

 
.1812/200/2933 ʩʫʪʩʫʪʩʫʪʩʫʪʢʤʢʤT

ʞʜ
=++=

 

(2) 

ɺʪʦʨʦʡ (ʥʘ ʨʠʩʫʥʢʝ 1 ï ʦʙʦʟʥʘʯʝʥ ʩʠʥʠʤ ʮʚʝʪʦʤ):  

ʆʪʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʘ ʩʦ ʩʪʘʥʮʠʠ ʋʩʪʴ-ʀʣʠʤʩʢ ʧʦ ʩʝʚʝʨʥʦʤʫ ʭʦʜʫ 

ɿʘʙʘʡʢʘʣʴʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. 

ʉʜʘʯʘ ʧʦ ʩʪʳʢʘʤ ʍʘʥʠ, ʐʪʫʨʤ ʠ ʪʘʢʞʝ ʢʘʢ ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʧʨʠʙʳʚʘʝʪ 

ʥʘ ʩʪʘʥʮʠʶ ɿʘʙʘʡʢʘʣʴʩʢ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ ï 3611 ʢʠʣʦʤʝʪʨʦʚ, ʤʘʨʰʨʫʪʥʘʷ 

ʩʢʦʨʦʩʪʴ ï 200 ʢʤ/ʩʫʪʢʠ (3). 
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