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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʦʩʪʦʤ ʦʙʲʝʤʦʚ 

ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʨʘʬʠʢʘ ʫʩʪʦʡʯʠʚʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʚ ʦʪʨʘʩʣʠ ʧʦʜʚʠʞʥʦʡ ʩʚʷʟʠ ʷʚʣʷʶʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʩʦʪʦʚʦʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ 4G (4th Generation) ʠ 5G (5th Generation) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʫʢʘʟʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʷʜ ʪʝʭʥʦʣʦʛʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʯʘʩʪʦʪʥʦʛʦ (Frequency Division Duplex, FDD) ʠ ʚʨʝʤʝʥʥʦʛʦ (Time Division Duplex, TDD) 

ʜʫʧʣʝʢʩʘ. ʆʙʩʣʫʞʠʚʘʥʠʝ ʘʙʦʥʝʥʪʩʢʠʭ ʩʪʘʥʮʠʡ (ɸʉ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʦʛʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʩʪʘʥʜʘʨʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʜʠʦʨʝʩʫʨʩʘʤʠ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ (ɹʉ), ʥʘʟʳʚʘʝʤʳʭ ʩʪʨʘʪʝʛʠʷʤʠ. ʉʪʨʘʪʝʛʠʠ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ 

ʫʩʣʦʚʠʷʭ ʤʦʙʠʣʴʥʦʩʪʠ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʪʨʝʙʦʚʘʥʠʝ ʫʯʠʪʳʚʘʪʴ ʙʳʩʪʨʦ ʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʣʷ ʵʪʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠ ̫ʘʜʘʧʪʠʚʥʦʡ 

ʧʦʜʩʪʨʦʡʢʠ ʩʭʝʤʳ ʤʦʜʫʣʷʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʨʘʜʠʦʢʘʥʘʣʘ. ʇʨʠʤʝʥʝʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʜʫʧʣʝʢʩʘ ʩʦʚʤʝʩʪʥʦ ʩ ʫʢʘʟʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʟʘʜʝʨʞʝʢ, ʛʠʙʢʦʛʦ ʚʳʙʦʨʘ ʧʦʨʷʜʢʘ ʤʦʜʫʣʷʮʠʠ ʠ 

ʩʢʦʨʦʩʪʠ ʢʦʜʘ. ʆʜʥʘʢʦ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʚʦʟʥʠʢʘʝʪ ʟʘʜʝʨʞʢʘ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʚʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ ʙʳʩʪʨʳʭ ʟʘʤʠʨʘʥʠʡ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʙʦʨʴʙʳ ʩ 

ʙʳʩʪʨʳʤʠ ʟʘʤʠʨʘʥʠʷʤʠ ʚ ʨʘʜʠʦʢʘʥʘʣʝ. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʘʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʩʠʩʪʝʤʘʭ ʩʦʪʦʚʦʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʩ ʯʘʩʪʦʪʥʳʤ 

ʜʫʧʣʝʢʩʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʚʳʰʘʪʴ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʨʘʜʠʦʢʘʥʘʣʘ. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʦʨʴʙʳ ʩ ʙʳʩʪʨʳʤʠ ʟʘʤʠʨʘʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʀʅʉ), ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ, ʛʠʙʢʦʡ 

ʧʦʜʩʪʨʦʡʢʝ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʥʠʟʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʨʷʜʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ʇʨʦʙʣʝʤʘʪʠʢʝ ʚʣʠʷʥʠ ̫ ʙʳʩʪʨʳʭ ʟʘʤʠʨʘʥʠʡ ʚ 

ʨʘʜʠʦʢʘʥʘʣʝ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [1...7]. ʉʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ 
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ʚʢʣʘʜ ʪʘʢʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʝʥʳʭ ʢʘʢ: ʖ. ʉ. ʐʠʥʘʢʦʚ, ɺ. ɹ. ʂʨʝʡʥʜʝʣʠʥ, ʄ. ɸ. ɹʳʭʦʚʩʢʠʡ, ʅ. 

ɽ. ʇʦʙʦʨʯʘʷ, ɽ. ʀ. ɸʣʛʘʟʠʥ. 

ʇʨʦʙʣʝʤʝ ʙʦʨʴʙʳ ʩ ʚʣʠʷʥʠʝʤ ʙʳʩʪʨʳʭ ʟʘʤʠʨʘʥʠʡ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ ʘʙʦʥʝʥʪʩʢʠʭ ʩʪʘʥʮʠʡ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʪʘʢʠʭ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ ʢʘʢ: A. 

Duel-Hallen, S. Hu, H. Hallen; D. Aronsson; Z. Shi, Z. Wu, Z. Yin, S. Zhuang; L. Thiele, M. Olbrich, 

M. Kurras, B. Matthiesen; R. Apelfrojd; S. Mekki, M. Amara, A. Feki, S. Valentin; C. Luo, J. Ji, Q. 

Wang, X. Chen, P. Li; R. A. Akl, G. Wunder, S. Stanczak; W. Peng, W. Li , W. Wang, X. Wei, T. Jiang; 

V. DAmico, B. Melis, H. Halbauer, S. Saur, N. Gresset, M. Khanfouci, W. Zirwas, D. Gesbert, P. D. 

Kerret, M. Sternad, M. L. Pablo, R. Fritzsche, H. Khanfir, S. B. Halima, T. Svensson, T. R. Lakshmana, 

J. Li , B. Makki, T. Eriksson; F. L. Luo, W. Jiang, H. D. Schotten, J. Xiang; K. P. Saishankar, Kalyani 

Sheetal, K. Narendran [8...19]. 

ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʳʩʦʢʘ ̫ʩʪʝʧʝʥʴ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʚʣʠʷʥʠʷ ʟʘʜʝʨʞʝʢ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʙʳʩʪʨʳʭ 

ʟʘʤʠʨʘʥʠʡ ʚ ʨʘʜʠʦʢʘʥʘʣʝ [8...16]. ɼʣʷ ʙʦʨʴʙʳ ʩ ʫʢʘʟʘʥʥʳʤ ʧʘʨʘʟʠʪʥʳʤ ʵʬʬʝʢʪʦʤ ʧʨʝʜʣʘʛʘʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʦʢʘʥʘʣʘ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʚʨʝʤʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ɻʘʫʩʩʘ [17], ʬʠʣʴʪʨʘ 

ʂʘʣʤʘʥʘ [10...12, 18] ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ [15], ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

[15, 19]. 

ɸʥʘʣʠʟ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʳʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʥʦʟʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ 

ʩʠʣʫ ʥʘʣʠʯʠʷ ʩʣʝʜʫʶʱʠʭ ʧʨʝʠʤʫʱʝʩʪʚ: ʚʳʩʦʢʘʷ ʜʦʩʪʠʞʠʤʘʷ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ, ʛʠʙʢʘʷ 

ʧʦʜʩʪʨʦʡʢʘ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ 

ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʘʙʦʪʳ ʟʘʯʘʩʪʫʶ ʥʝ ʚʢʣʶʯʘʶʪ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʨʘʟʨʘʙʦʪʢʠ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʧʦʜʦʙʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʦʩʥʦʚʘʥʠʠ ʚʳʙʦʨʘ ʷʜʨʘ ʠ ʩʪʨʫʢʪʫʨʳ ʥʦʚʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʚ 

ʚʳʧʦʣʥʝʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʧʨʠʨʦʩʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʩʦʪʦʚʦʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ 4G ʠ 5G ʩ 

ʯʘʩʪʦʪʥʳʤ ʜʫʧʣʝʢʩʦʤ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʦʙʨʘʪʥʫ  ʁʩʚʷʟ ɹʦʪ ʘʙʦʥʝʥʪʩʢʠʭ ʩʪʘʥʮʠʡ ʧʨʠ ʚʳʙʦʨʝ ʩʭʝʤʳ 

ʤʦʜʫʣʷʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʫʩʣʦʚʠʷʭ ʚʣʠʷʥʠʷ ʙʳʩʪʨʳʭ ʟʘʤʠʨʘʥʠʡ ʚ ʨʘʜʠʦʢʘʥʘʣʝ. 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤ ʩʦʪʦʚʦʡ ʤʦʙʠʣʴʥʦʡ 

ʩʚʷʟʠ 4G ʠ 5G, ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʦʪ ʘʙʦʥʝʥʪʩʢʠʭ ʩʪʘʥʮʠʡ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʨʘʜʠʦʢʘʥʘʣʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʘʤʠ ʠ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʨʘʜʠʦʢʘʥʘʣʘ; 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʷʜʨʘ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ; 

3. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʦʨʴʙʳ 

ʩ ʙʳʩʪʨʳʤʠ ʟʘʤʠʨʘʥʠʷʤʠ ʚ ʨʘʜʠʦʢʘʥʘʣʝ; 

4. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. 

1. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʜʣʠʥʳ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʟʥʘʯʝʥʠʡ çʩʠʛʥʘʣ/ʰʫʤè, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʛʥʦʟ ʠʥʜʠʢʘʪʦʨʘ ʢʘʯʝʩʪʚʘ ʨʘʜʠʦʢʘʥʘʣʘ, ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʥʝʡʨʦʥʦʚ ʨʝʢʫʨʨʝʥʪʥʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʜʦʣʛʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʦʨʴʙʳ ʩ ʟʘʜʝʨʞʢʘʤʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʥʜʠʢʘʪʦʨʘ ʢʘʯʝʩʪʚʘ 

ʨʘʜʠʦʢʘʥʘʣʘ. 

2. ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʧʨʦʛʥʦʟʠʨʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʚʳʩʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʟʘ ʩʯʝʪ ʙʦʨʴʙʳ ʩ ʚʣʠʷʥʠʝʤ ʙʳʩʪʨʳʭ ʟʘʤʠʨʘʥʠʡ ʚ ʨʘʜʠʦʢʘʥʘʣʝ. 

3. ɼʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʟʥʘʯʝʥʠʡ çʩʠʛʥʘʣ/ʰʫʤè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʩʚʝʨʪʦʯʥʳʭ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʬʠʣʴʪʨʦʚ ʩʦʚʤʝʩʪʥʦ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʨʝʢʫʨʨʝʥʪʥʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ ʩ ʜʦʣʛʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ ʚ ʩʦʩʪʘʚʝ ʥʦʚʦʡ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʨʘʜʠʦʢʘʥʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʩʧʦʩʦʙʥʦʛʦ ʫʩʪʦʡʯʠʚʦ ʨʘʙʦʪʘʪʴ 
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ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʙʦʥʝʥʪʩʢʠʭ ʩʪʘʥʮʠʡ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʠʟʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ; 

- ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʠʢʘʪʦʨʘ ʢʘʯʝʩʪʚʘ ʨʘʜʠʦʢʘʥʘʣʘ ʥʘ ʩʪʦʨʦʥʝ 

ʘʙʦʥʝʥʪʩʢʦʡ ʩʪʘʥʮʠʠ; 

-  ʜʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʨʘʟʙʨʦʩʘ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ 

ʟʥʘʯʝʥʠʡ çʩʠʛʥʘʣ/ʰʫʤè ʩʚʝʨʪʦʯʥʳʤʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʩ ʨʘʟʣʠʯʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʬʠʣʴʪʨʦʚ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ: 

- ʚʳʨʘʙʦʪʢʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ 

ʩʪʨʫʢʪʫʨʳ ʥʘ ʩʪʦʨʦʥʝ ʘʙʦʥʝʥʪʩʢʠʭ ʩʪʘʥʮʠʡ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ 

ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çɺʝʢʪʦʨè, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʄʊʋʉʀ, ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʥʝʛʦ 

ʤʦʜʫʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʡ ʨʘʜʠʦʢʘʥʘʣʦʚ; 

- ʧʨʠʤʝʥʝʥʠʠ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʜʠʩʩʝʨʪʘʮʠʠ ʜʣʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʘʬʝʜʨʳ 

çʈʘʜʠʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʭʝʤʦʪʝʭʥʠʢʠè ʄʊʋʉʀ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʢʪʘʤʠ ʦ ʚʥʝʜʨʝʥʠʠ (ʇʨʠʣʦʞʝʥʠʝ 1). 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ 

ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ, ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʨʘʜʠʦʪʝʭʥʠʢʠ, 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʦʨʠʠ ʩʚʷʟʠ, ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ, ʪʝʦʨʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 6 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 

çINTERMATIC-2015è (ʄʦʩʢʚʘ, 2015 ʛ.), çʊʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘè (ʄʦʩʢʚʘ, 

2016, 2019 ʛʛ.), çʉʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚ 

ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʷʭè çʉʀʅʍʈʆʀʅʌʆè (ʂʘʟʘʥʴ, 2017 ʛ.), çSystems of Signals Generating and 

Processing in the Field of on Board Communicationsè (ʄʦʩʢʚʘ, 2019, 2020 ʛʛ.). 

ʇʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ʠʤʝʝʪʩʷ 3 ʧʫʙʣʠʢʘʮʠʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʷʭ ʠʟ ʧʝʨʝʯʥʷ ɺʳʩʰʝʡ 
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ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʢʦʤʠʩʩʠʠ ï ʞʫʨʥʘʣʘʭ çʕʣʝʢʪʨʦʩʚʷʟʴè (2019, 2020 ʛʛ.) ʠ çT-Comm - 

ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʪʨʘʥʩʧʦʨʪè (2017 ʛ.). ɺ ʤʘʪʝʨʠʘʣʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ 

ʦʧʫʙʣʠʢʦʚʘʥʦ 5 ʨʘʙʦʪ. ɺʩʝʛʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 8 ʨʘʙʦʪ, ʠʟ ʢʦʪʦʨʳʭ 4 ʠʥʜʝʢʩʠʨʫʶʪʩʷ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ Scopus, ʘ 2 ʨʘʙʦʪʳ ʠʥʜʝʢʩʠʨʫʶʪʩʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ 

Web of Science. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1) ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʦʢʘʥʘʣʘ ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝʩʢʦʣʴʢʠʤʠ ʩʚʝʨʪʦʯʥʳʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʩ 

ʬʠʣʴʪʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʨʝʢʫʨʨʝʥʪʥʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʜʦʣʛʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʘʤʠ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʟʘ ʩʯʝʪ 

ʙʦʨʴʙʳ ʩ ʟʘʜʝʨʞʢʘʤʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʩʠʩʪʝʤʘʭ ʩʦʪʦʚʦʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ 4G ʠ 5G ʩ ʯʘʩʪʦʪʥʳʤ 

ʜʫʧʣʝʢʩʦʤ. 

2) ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʥʦʟʠʨʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦ 30% ʜʣʷ ʧʨʦʬʠʣʷ ʟʘʤʠʨʘʥʠʡ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʜʚʠʞʝʥʠʝ 

ʧʝʰʝʭʦʜʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 3 ʢʤ/ʯ. 

3) ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʚʝʨʪʦʯʥʳʤʠ 

ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʦʨʴʙʳ ʩ ʟʘʤʠʨʘʥʠʷʤʠ ʠ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʧʨʠʨʦʩʪʘ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʜʦ 10% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʡ ʨʝʢʫʨʨʝʥʪʥʦʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʜʦʣʛʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ çʩʠʛʥʘʣ/ʰʫʤè ʥʝ ʥʠʞʝ 12 ʜɹ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʦʨʨʝʢʪʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʷʭ, ʚʳʥʦʩʠʤʳʭ 

ʥʘ ʟʘʱʠʪʫ, ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʀʟ ʨʘʙʦʪ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ 

ʜʠʩʩʝʨʪʘʮʠʶ ʚʢʣʶʯʝʥʘ ʪʘ ʠʭ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʝʥʘ ʘʚʪʦʨʦʤ ʣʠʯʥʦ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʨʘʟʜʝʣʦʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ, ʩʧʠʩʢʘ ʪʝʨʤʠʥʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ 

ʠʟ 125 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ 4 ʧʨʠʣʦʞʝʥʠʡ, ʩʦʜʝʨʞʠʪ 116 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʷ ʧʨʠʣʦʞʝʥʠʷ, 67 ʨʠʩʫʥʢʦʚ 

ʠ 20 ʪʘʙʣʠʮ. 
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1. ɸʅɸʃʀɿ ʇʈʆʎɽʉʉɸ ʋʇʈɸɺʃɽʅʀʗ ʈɸɼʀʆʈɽʉʋʈʉɸʄʀ 

 

ɺ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ɹʉ ʠ ɸʉ. ʇʨʠ ʵʪʦʤ ʨʝʘʣʠʟʫʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʩʧʝʮʠʬʠʮʠʨʫʶʪʩʷ ʠ ʷʚʣʷʶʪʩʷ 

ʩʦʙʩʪʚʝʥʥʦʩʪʴ ʁʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʠʟʚʝʩʪʥʳʭ ʦʙʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ, ʚ 

ʢʦʪʦʨʳʭ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ 

ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ ɸʉ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʨʘʜʠʦʢʘʥʘʣʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʷʪʳʭ ʧʠʣʦʪʥʳʭ ʩʠʛʥʘʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʮʝʥʢʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʠʥʜʠʢʘʪʦʨʳ, ʢʦʥʢʨʝʪʥʳʡ ʥʘʙʦʨ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʠʟ 10 ʨʝʞʠʤʦʚ ʧʝʨʝʜʘʯʠ ʚ 

ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʈʝʞʠʤʳ ʧʝʨʝʜʘʯʠ ʦʧʨʝʜʝʣʷʶʪ ʧʦʨʷʜʦʢ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

MIMO (Multiple-Input-Multiple-Output). ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ ʧʦ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ɹʉ 

ʠʥʬʦʨʤʠʨʫʝʪ ɸʉ ʦʙ ʠʪʦʛʦʚʦʤ ʚʳʙʦʨʝ ʩʭʝʤʳ ʤʦʜʫʣʷʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʚʘʨʠʘʥʪʘ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ MIMO ʧʦʩʨʝʜʩʪʚʦʤ ʫʧʨʘʚʣʷʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʥʠʩʭʦʜʷʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (Downlink 

Control Information, DCI). ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʜʘʯʘ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ. 

 

1.1. ɸʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʨʘʜʠʦʢʘʥʘʣʘ 

 

ʉ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʥʠʩʭʦʜʷʱʝʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʩʠʩʪʝʤʘʭ ʩʦʪʦʚʦʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ 4G ʠ 5G ʩ ʯʘʩʪʦʪʥʳʤ ʜʫʧʣʝʢʩʦʤ ʨʝʘʣʠʟʦʚʘʥʘ 

ʢʦʥʮʝʧʮʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʨʘʜʠʦʢʘʥʘʣʘ ʠ ʘʜʘʧʪʠʚʥʦ 

ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʦʙʩʣʫʞʠʚʘʥʠʷ [20]. ɸʉ ʦʮʝʥʠʚʘʝʪ ʧʠʣʦʪʥʳʝ ʩʠʛʥʘʣʳ 

ʠ ʬʦʨʤʠʨʫʝʪ ʜʦ 5 ʠʥʜʠʢʘʪʦʨʦʚ ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʦʢʘʥʘʣʘ [21, 22]. ɼʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʩʪʦʨʦʥʝ ɹʉ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ. 

ɹʉ ʦʪʧʨʘʚʣʷʝʪ ʚʩʝʛʦ ʰʝʩʪʴ ʪʠʧʦʚ ʧʠʣʦʪʥʳʭ ʩʠʛʥʘʣʦʚ: ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (Cell-specific 

Reference Signal, CRS), ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (Multimedia Broadcast and multicast 

service Single Frequency Network reference signal, MBSFN); ʜʝʤʦʜʫʣʷʮʠʠ ʢʘʥʘʣʘ PDSCH 

(DeModulation Reference Signal associated with Physical Downlink Shared CHannel, DM-RS 

PDSCH); ʜʝʤʦʜʫʣʷʮʠʠ ʢʘʥʘʣʘ EPDCCH ʠʣʠ MPDCCH (DeModulation Reference Signal associated 

with Enhanced Physical Downlink Control CHannel or Machine-type communications Physical 

Downlink Control CHannel, DM-RS EPDCCH/MPDCCH); ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɸʉ 

(Positioning Reference Signal, PRS); ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʦʢʘʥʘʣʘ (Channel State Information 

Reference Signal, CSI-RS) [23]. ʀʟ ʥʠʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ ɸʉ ʘʥʘʣʠʟʠʨʫʝʪ ʪʦʣʴʢʦ 

CRS ʠʣʠ CSI-RS, ʧʨʠ ʵʪʦʤ ʧʠʣʦʪʥʳʝ ʩʠʛʥʘʣʳ CRS ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʥʝ ʙʦʣʝʝ 
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ʯʝʪʳʨʝʭ ʪʨʘʢʪʦʚ ʧʝʨʝʜʘʯʠ. ʇʠʣʦʪʥʳʝ ʩʠʛʥʘʣʳ CSI-RS ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʠʩʧʦʣʴʟʫʶʱʠʝ ʠ ʥʝ 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ. ʇʠʣʦʪʥʳʝ ʩʠʛʥʘʣʳ CSI-RS ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ (CSI reporting class A) ʚʚʝʜʝʥʳ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʩʠʛʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝ ʤʝʥʝʝ ʚʦʩʴʤʠ ʪʨʘʢʪʦʚ ʧʝʨʝʜʘʯʠ. ʅʘʯʠʥʘʷ ʩ ʨʝʣʠʟʘ 13 ʩʧʝʮʠʬʠʢʘʮʠʡ 

ʢʦʥʩʦʨʮʠʫʤʘ 3GPP (The 3rd Generation Partnership Project), ʨʘʟʨʘʙʦʪʘʚʰʝʛʦ ʩʪʘʥʜʘʨʪʳ 4G ʠ 5G, 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʧʨʘʚʣʷʪʴ ʧʠʣʦʪʥʳʝ ʩʠʛʥʘʣʳ CSI-RS ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ 

ʢʦʜʠʨʦʚʘʥʠʝʤ (CSI reporting class B) ʜʣʷ ʚʳʙʦʨʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʣʫʯʘ (beam) ʥʘ ʩʪʦʨʦʥʝ ɸʉ. 

ɺ ʨʝʣʠʟʝ 15 ʩʧʝʮʠʬʠʢʘʮʠʡ 3GPP ʥʘʙʦʨ CSI (Channel State Information) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʠʥʜʠʢʘʪʦʨʳ: ʢʘʯʝʩʪʚʘ ʨʘʜʠʦʢʘʥʘʣʘ (Channel Quality Indicator, CQI), ʤʘʪʨʠʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ (Precoding Matrix Indicator, PMI), ʪʠʧʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ (Precoding 

Type Indicator, PTI), ʧʠʣʦʪʥʳʭ ʩʠʛʥʘʣʦʚ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʨʘʜʠʦʢʘʥʘʣʘ (Channel state 

information reference signal Resource Indicator, CRI), ʨʘʥʛʘ (Rank Indicator, RI). 

 

1.1.1. ʀʥʜʠʢʘʪʦʨ ʨʘʥʛʘ 

 

ɼʘʥʥʳʡ ʠʥʜʠʢʘʪʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʮʝʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʧʝʨʝʜʘʯʠ 

(ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ) ʚ ʩʭʝʤʘʭ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝʤ. ɺ ʨʝʞʠʤʝ ʧʝʨʝʜʘʯʠ 3 RI 

ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩ ʨʘʟʦʤʢʥʫʪʦʡ 

ʧʝʪʣʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (Open-Loop Spatial Multiplex, OLSM). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʭʝʤ ʩ 

ʨʘʟʥʝʩʝʥʥʦʡ ʧʝʨʝʜʘʯʝʡ (Transmit Diversity, TX diversity) ʧʨʠʥʠʤʘʝʪʩʷ ʝʜʠʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʘʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ [20, 24]. ɺ 4 ʨʝʞʠʤʝ ʧʝʨʝʜʘʯʠ RI ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʩʭʝʤ ʩ ʟʘʤʢʥʫʪʦʡ ʧʝʪʣʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (Close-Loop Spatial Multiplex, CLSM). ɺ ʨʝʞʠʤʘʭ 

ʧʝʨʝʜʘʯʠ 8ï10 ʦʥ ʦʪʧʨʘʚʣʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʩʪʨʦʡʢʠ ʦʪ ɹʉ. 

RI ʩʦʜʝʨʞʠʪ ʜʦ 3 ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʠʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ ʢʦʣʠʯʝʩʪʚʝ 

ʩʣʦʝʚ ʧʝʨʝʜʘʯʠ ʥʝ ʙʦʣʝʝ 8 [25]. ɽʛʦ ʥʘʟʥʘʯʝʥʠʝ - ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦ 

ʚʩʝʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʟʘ ʩʯʝʪ ʘʜʝʢʚʘʪʥʦʡ ʧʦʜʩʪʨʦʡʢʠ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʚ ʨʘʜʠʦʢʘʥʘʣʝ [24]. 

ʊʘʢʞʝ RI ʚʳʧʦʣʥʷʝʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʨʦʣʴ ʜʣʷ PMI ʚ ʨʘʙʦʪʝ ʩ ʢʦʜʦʚʳʤʠ ʢʥʠʛʘʤʠ ʠ ʪʘʙʣʠʮʘʤʠ 

ʠʥʜʝʢʩʦʚ, ʦʪʨʘʞʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ɸʉ ʨʘʟʣʠʯʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʧʝʨʝʜʘʯʠ. 

RI ʬʦʨʤʠʨʫʝʪʩʷ ʜʣʷ ʚʩʝʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ. ʏʘʩʪʦʪʥʘʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʥʝʜʦʩʪʫʧʥʘ, 

ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʩʣʦʠ ʧʝʨʝʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʝ ʨʝʩʫʨʩʳ [26]. 
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1.1.2. ʀʥʜʠʢʘʪʦʨ ʤʘʪʨʠʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ 

 

ɼʘʥʥʳʡ ʠʥʜʠʢʘʪʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʤʦʱʠ ɹʉ ʚ ʚʳʙʦʨʝ ʤʘʪʨʠʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʘʜʝʢʚʘʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʫʯʝʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (beamforming). ɺ 

ʨʝʞʠʤʘʭ ʧʝʨʝʜʘʯʠ 4ï6 PMI ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ. 

ʂʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʠʪ ʜʣʷ PMI ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʪʨʘʢʪʦʚ ʧʝʨʝʜʘʯʠ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʩʴʤʠ ʪʨʘʢʪʦʚ ʧʝʨʝʜʘʶʪʩʷ ʜʚʘ ʥʘʙʦʨʘ ʧʦ 4 ʙʠʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʪʨʠʮʘʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ W1 ʠ W2, ʠʟ ʢʦʪʦʨʳʭ ɹʉ ʬʦʨʤʠʨʫʝʪ ʧʦʣʥʫʶ ʤʘʪʨʠʮʫ W [27]. ɼʣʷ 

ʨʝʞʠʤʦʚ ʧʝʨʝʜʘʯʠ 4ï6, ʠʩʧʦʣʴʟʫʶʱʠʭ ʢʦʜʦʚʫʶ ʢʥʠʛʫ, PMI ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʨʦʢʫ, ʠʥʜʠʢʘʪʦʨ RI 

ʦʧʨʝʜʝʣʷʝʪ ʩʪʦʣʙʝʮ ʚ ʢʥʠʛʝ, ʘ ʚ ʫʢʘʟʘʥʥʦʡ ʷʯʝʡʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʤʘʪʨʠʮʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ W. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʳʭ ʨʝʞʠʤʦʚ ʧʝʨʝʜʘʯʠ ɹʉ 

ʦʪʧʨʘʚʣʷʝʪ ʚ ʩʦʩʪʘʚʝ DCI ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʤʘʪʨʠʮʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʠʥʜʠʢʘʪʦʨʘ TPMI (Transmitted Precoding Matrix Indicator). ɼʣʷ ʨʝʞʠʤʦʚ 

ʧʝʨʝʜʘʯʠ 8ï10, ʥʝ ʠʩʧʦʣʴʟʫʶʱʠʭ ʢʦʜʦʚʫʶ ʢʥʠʛʫ, ʤʘʪʨʠʮʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ W 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʪʘʙʣʠʮʝ ʥʘ ʦʩʥʦʚʝ PMI, ʢʦʪʦʨʳʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʘʙʦʨ ʠʥʜʝʢʩʦʚ ʤʘʪʨʠʮ W1 ʠ W2, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʦʪ 0 ʜʦ 

15. ʂʦʜʦʚʳʝ ʢʥʠʛʠ ʠʩʧʦʣʴʟʫʶʪ ʩ ʮʝʣʴʶ ʧʦʥʠʞʝʥʠʷ ʩʠʛʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʙʣʠʮʳ ʩ ʠʥʜʝʢʩʘʤʠ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʚʝʩʦʚ ʤʘʪʨʠʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ 

W. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʪʘʙʣʠʮ ʩ ʠʥʜʝʢʩʘʤʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʠʛʥʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʚ 

ʚʦʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠ ʨʘʙʦʪʝ ʥʝ ʤʝʥʝʝ ʚʦʩʴʤʠ ʪʨʘʢʪʦʚ ʧʝʨʝʜʘʯʠ (Full-Dimension Multiple 

Input Multiple Output, FD-MIMO) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʜʦʚʳʭ ʢʥʠʛ. ʏʘʩʪʦ ʪʘʙʣʠʮʳ 

ʩ ʠʥʜʝʢʩʘʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʘʪʨʠʮʘʤʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ 

ʥʘʟʳʚʘʶʪʩʷ ʢʦʜʦʚʳʤʠ ʢʥʠʛʘʤʠ. ʕʪʦ ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʝ ʪʦʣʴʢʦ ʢ ʤʝʪʦʜʫ ʜʝʤʦʜʫʣʷʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ɸʉ ʧʠʣʦʪʥʳʭ ʩʠʛʥʘʣʦʚ: ʚ ʫʢʘʟʘʥʥʳʭ ʨʝʞʠʤʘʭ ʧʝʨʝʜʘʯʠ, ʙʣʘʛʦʜʘʨʷ ʜʦʙʘʚʣʝʥʠʶ ʧʠʣʦʪʥʳʭ 

ʩʠʛʥʘʣʦʚ DM-RS ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ 

ʥʝ ʪʨʝʙʫʝʪʩʷ ʟʥʘʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʤʘʪʨʠʮʳ, ʘ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ DM-RS. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʙʣʠʮʳ ʠʥʜʝʢʩʦʚ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʫʨʦʚʥʝʡ ʧʝʨʝʜʘʯʠ (ʨʘʥʛ). 

PMI ʬʦʨʤʠʨʫʝʪʩʷ ɸʉ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʠʣʦʪʥʳʭ ʩʠʛʥʘʣʦʚ CRS ʠʣʠ CSI-RS, ʩ ʥʘʙʦʨʦʤ ʢʦʜʦʚʦʡ ʢʥʠʛʠ ʠʣʠ ʪʘʙʣʠʮʝʡ 

ʠʥʜʝʢʩʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʯʠʪʳʚʘʝʪʩʷ RI. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʠʨʘʶʪʩʷ ʢʦʥʢʨʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʦʪʧʨʘʚʣʷʶʪʩʷ ʚ ʚʦʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɹʉ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ 

ʥʘʙʦʨ ʤʘʪʨʠʮ, ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚʳʙʦʨ ʥʘ ʩʪʦʨʦʥʝ ɸʉ [28]. 
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ʇʦʩʢʦʣʴʢʫ ʢʦʥʢʨʝʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʚʳʙʦʨʘ ʥʝ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʳ ʠ ʦʩʪʘʶʪʩʷ ʥʘ ʫʩʤʦʪʨʝʥʠʝ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ɸʉ, ɹʉ ʥʝ ʦʙʷʟʘʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʡ PMI [27]. 

 

1.1.3. ʀʥʜʠʢʘʪʦʨ ʪʠʧʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ 

 

ɼʘʥʥʳʡ ʠʥʜʠʢʘʪʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ɸʉ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʚ ʨʘʜʠʦʢʘʥʘʣʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝ ʤʝʥʝʝ ʚʦʩʴʤʠ ʪʨʘʢʪʦʚ ʧʝʨʝʜʘʯʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ PTI ʩʚʷʟʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʚʝʩʦʚ ʤʘʪʨʠʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʜʠʥʘʤʠʯʝʩʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ 2 ʤʘʪʨʠʮ W1 ʠ W2 ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʥʳʭ ʜʣʷ ʨʝʞʠʤʦʚ ʧʝʨʝʜʘʯʠ 3ï6 ʢʦʜʦʚʳʭ ʢʥʠʛ [29]. W1 ʩʦʜʝʨʞʠʪ 

ʠʥʜʝʢʩʳ ʢʦʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʤʘʩʩʠʚʘ ʘʥʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ W2 ï ʠʥʜʝʢʩʳ ʩʠʥʬʘʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʠʥʜʝʢʩʳ W1 ʠ W2 ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ, ʜʣʷ ʠʭ ʧʝʨʝʜʘʯʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ PTI, ʩʦʜʝʨʞʘʱʠʡ ʦʜʠʥ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʠʪ [24]. ʅʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʪʧʨʘʚʢʠ ʠʥʜʝʢʩʦʚ PMI, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ W1 ʠ W2. ɽʩʣʠ ʦʪʧʨʘʚʣʷʶʪʩʷ 

ʪʦʣʴʢʦ ʠʥʜʝʢʩʳ ʤʘʪʨʠʮʳ W2, ʪʦ PTI=1. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʥʝʝ ʚʦʩʴʤʠ ʪʨʘʢʪʦʚ ʧʝʨʝʜʘʯʠ ʚ 

ʨʝʞʠʤʘʭ ʧʝʨʝʜʘʯʠ 9 ʠ 10 ʤʘʪʨʠʮʘ W1 ʩʪʘʥʦʚʠʪʩʷ ʝʜʠʥʠʯʥʦʡ ʠ PTI=1. 

 

1.1.4. ʀʥʜʠʢʘʪʦʨ ʧʠʣʦʪʥʳʭ ʩʠʛʥʘʣʦʚ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʨʘʜʠʦʢʘʥʘʣʘ 

 

ɺ ʨʝʞʠʤʘʭ ʧʝʨʝʜʘʯʠ 9 ʠ 10 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʘ ʦʪʯʝʪʥʦʩʪʠ ɹ ʜʦʩʪʫʧʝʥ CRI ʜʣʷ 

ʫʢʘʟʘʥʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʣʫʯʘ (beam), ʚʳʙʨʘʥʥʦʛʦ ɸʉ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʠʣʦʪʥʳʭ 

ʩʠʛʥʘʣʦʚ CSI-RS. ɼʘʥʥʳʡ ʠʥʜʠʢʘʪʦʨ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʜʦ 3 ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʠʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ ʚʳʙʦʨʝ ʦʜʥʦʛʦ ʠʟ ʚʦʩʴʤʠ ʣʫʯʝʡ [21]. CRI ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ 

ʧʦʢʨʳʪʠʷ, ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʤʝʭ ʩʦʩʝʜʥʠʤ ɸʉ, ʫʣʫʯʰʝʥʠʷ ʧʘʨʘʤʝʪʨʘ çʩʠʛʥʘʣ/ʰʫʤè (Signal-to-

Interference-plus-Noise Ratio, SINR), ʙʦʨʴʙʳ ʩ ʟʘʤʠʨʘʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʙʦʣʝʝ ʛʠʙʢʦʡ ʧʦʜʩʪʨʦʡʢʠ 

ʢ ʨʘʟʣʠʯʥʳʤ ʩʮʝʥʘʨʠʷʤ ʦʙʩʣʫʞʠʚʘʥʠʷ. CRI ʬʦʨʤʠʨʫʝʪʩʷ ʜʣʷ ʚʩʝʡ ʜʦʩʪʫʧʥʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ 

ʧʦʜʦʙʥʦ RI [26]. 

 

1.1.5. ʀʥʜʠʢʘʪʦʨ ʢʘʯʝʩʪʚʘ ʨʘʜʠʦʢʘʥʘʣʘ 

 

ʀʥʜʠʢʘʪʦʨ CQI ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʘʞʥʳʤ, ʧʦʵʪʦʤʫ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚʦ 

ʚʩʝʭ ʨʝʞʠʤʘʭ ʧʝʨʝʜʘʯʠ [30]. ʆʥ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʦʪʥʦʰʝʥʠʠ ʥʘʠʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ 
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ʤʦʜʫʣʷʮʠʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʢʦʜʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ 

ʚʝʣʠʯʠʥʘ ʙʣʦʢʦʚʦʡ ʦʰʠʙʢʠ (Block Error Rate, BLER) ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʥʝ ʧʨʝʚʳʩʠʪ 10%. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʭʝʤ ʩʦʦʪʚʝʪʩʪʚʠʷ ʟʥʘʯʝʥʠʷ CQI ʧʦʨʷʜʢʫ ʤʦʜʫʣʷʮʠʠ ʠ ʩʢʦʨʦʩʪʠ ʢʦʜʘ [21]. 

ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʤʦʞʥʦʩʪʝʡ ɸʉ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʘʪʝʛʦʨʠʝʡ [31, 32]. ʅʘʯʠʥʘʷ ʩ 12 ʨʝʣʠʟʘ ʩʧʝʮʠʬʠʢʘʮʠʡ ʩʪʘʥʜʘʨʪʘ LTE (Long-Term 

Evolution), ʢʘʪʝʛʦʨʠʠ ɸʉ ʧʨʠʚʦʜʷʪʩʷ ʨʘʟʜʝʣʴʥʦ ʜʣʷ ʚʦʩʭʦʜʷʱʝʛʦ ʠ ʥʠʩʭʦʜʷʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʡ 

[32]. 

ɼʣʷ ʧʝʨʝʜʘʯʠ CQI ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦ 4 ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʠʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʙʦʨ 

ʦʜʥʦʛʦ ʠʟ 16 ʟʥʘʯʝʥʠʡ. ʅʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʦʟʥʘʯʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʄʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʠʪ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʥʝʩʢʦʣʴʢʠʭ ʫʟʢʠʭ ʧʦʣʦʩ ʯʘʩʪʦʪ. ʇʨʠʯʠʥʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ CQI ʚʤʝʩʪʦ ʟʥʘʯʝʥʠʡ çʩʠʛʥʘʣ/ʰʫʤè ʷʚʣʷʶʪʩʷ ʫʯʝʪ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʠʟʘʮʠʡ 

ʧʨʠʝʤʥʠʢʘ ʚ ɸʉ ʠ ʫʤʝʥʴʰʝʥʠʝ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʢʘʥʘʣʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ʀʥʜʠʢʘʪʦʨ CQI ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʦʨʝʩʫʨʩʦʚ 

ʙʫʜʝʪ ʧʣʘʥʠʨʦʚʘʪʴʩʷ ʥʘ ʩʪʦʨʦʥʝ ɹʉ ʩ ʫʯʝʪʦʤ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ RI, PMI ʠ CRI ʧʨʠ 

ʠʭ ʥʘʣʠʯʠʠ. ɼʣʷ ʦʪʧʨʘʚʢʠ ʜʘʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʚ ʚʦʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʠ/ʠʣʠ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʡ ʨʝʞʠʤ ʜʣʷ ʰʠʨʦʢʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʫʟʢʠʭ ʧʦʣʦʩ ʯʘʩʪʦʪ 

[33]. ʅʝʧʝʨʠʦʜʠʯʝʩʢʠʡ ʨʝʞʠʤ ʦʪʧʨʘʚʢʠ CQI ʠʤʝʝʪ ʥʘʠʚʳʩʰʠʡ ʧʨʠʦʨʠʪʝʪ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʚʩʝʭ 

ʥʘʩʪʨʦʝʢ ʠ ʧʦʨʷʜʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʬʠʟʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ PUSCH (Physical Uplink Shared 

CHannel) ʠ PUCCH (Physical Uplink Control CHannel) ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2. ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʵʪʦʤ ʨʝʞʠʤʳ ʧʝʨʝʜʘʯʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3 [21]. 

ʊʘʙʣʠʮʘ 1. ʂʦʥʬʠʛʫʨʘʮʠʠ CQI ʜʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ PUSCH 

ʈʝʞʠʤ ʦʪʧʨʘʚʢʠ CQI 
1) ʅʝʧʝʨʠʦʜʠʯʝʩʢʠʡ (ʠʥʠʮʠʠʨʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ DCI); 

2) ʇʝʨʠʦʜʠʯʝʩʢʠʡ, ʝʩʣʠ ʚʝʜʝʪʩʷ ʧʝʨʝʜʘʯʘ ʧʦ ʢʘʥʘʣʫ PUSCH 

ʊʠʧ ʢʦʥʬʠʛʫʨʘʮʠʠ ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ 
ɼʠʘʧʘʟʦʥʥʳʡ 

ʆʧʨʝʜʝʣʷʝʪʩʷ ɸʉ ʆʧʨʝʜʝʣʷʝʪʩʷ ɹʉ 

ʀʥʜʠʢʘʪʦʨ 

PMI  

ʆʪʩʫʪʩʪʚʫʝʪ  1-0 2-0 3-0 

ʆʜʠʥʦʯʥʘʷ 

ʧʝʨʝʜʘʯʘ  
1-1 ʅʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 3-1 

ʄʥʦʞʝʩʪʚʝʥʥʘʷ 

ʧʝʨʝʜʘʯʘ  
1-2 2-2 3-2 

 

ʊʘʙʣʠʮʘ 2. ʂʦʥʬʠʛʫʨʘʮʠʠ CQI ʜʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ PUCCH 

ʈʝʞʠʤ ʦʪʧʨʘʚʢʠ CQI ʇʝʨʠʦʜʠʯʝʩʢʠʡ 

ʊʠʧ ʢʦʥʬʠʛʫʨʘʮʠʠ ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ ɼʠʘʧʘʟʦʥʥʳʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ɸʉ 

ʀʥʜʠʢʘʪʦʨ 

PMI  

ʆʪʩʫʪʩʪʚʫʝʪ  1-0 2-0 

ʆʜʠʥʦʯʥʘʷ 

ʧʝʨʝʜʘʯʘ  
1-1 2-1 
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ʊʘʙʣʠʮʘ 3. ʉʦʦʪʚʝʪʩʪʚʠʝ ʢʦʥʬʠʛʫʨʘʮʠʡ CQI ʠ ʨʝʞʠʤʦʚ ʧʝʨʝʜʘʯʠ 

ʈʝʞʠʤ ʧʝʨʝʜʘʯʠ 1/2/3/7 4/6 5 8/9/10 

ʅʝʧʝʨʠʦʜʠʯʝʩʢʠʡ 

ʨʝʞʠʤ ʦʪʧʨʘʚʢʠ 

CQI 

ʇʨʠʩʫʪʩʪʚʫʶʪ PMI /RI  1-0, 2-0, 

3-0 

1-1, 1-2, 2-2, 

3-1, 3-2 

1-1, 

3-1 

1-1, 1-2, 2-2, 

3-1, 3-2 

ʆʪʩʫʪʩʪʚʫʶʪ PMI /RI  1-0, 2-0, 3-0 

ʇʝʨʠʦʜʠʯʝʩʢʠʡ 

ʨʝʞʠʤ ʦʪʧʨʘʚʢʠ 

CQI 

ʇʨʠʩʫʪʩʪʚʫʶʪ PMI /RI  

1-0, 2-0 1-1, 2-1 

1-1, 2-1 

ʆʪʩʫʪʩʪʚʫʶʪ PMI /RI  1-0, 2-0 

 

ʀʟ ʪʘʙʣʠʮ 1-3 ʚʠʜʥʦ, ʯʪʦ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʡ ʨʝʞʠʤ ʦʪʧʨʘʚʢʠ CQI ʜʦʩʪʫʧʝʥ ʪʦʣʴʢʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ PUSCH, ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʩʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ CQI, ʢʨʦʤʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 2-1. 

ʂʦʥʬʠʛʫʨʘʮʠʠ CQI ʠʟ ʪʘʙʣʠʮʳ 2 ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʝ ʚʝʜʝʪʩʷ ʧʝʨʝʜʘʯʘ ʧʦ 

ʢʘʥʘʣʫ PUSCH. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʙʨʘʥʥʘʷ ʚ ʠʪʦʛʝ ʩʭʝʤʘ ʤʦʜʫʣʷʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ ʤʦʞʝʪ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʦʦʙʱʝʥʥʦʛʦ CQI, ʧʦʩʢʦʣʴʢʫ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʘʤʠ ɹʉ (Radio 

Resource Management, RRM) ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʚʩʝ CQI, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʚʩʝʭ ɸʉ ʚ ʟʦʥʝ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʝʜʦʩʪʫʧʥʫʶ ʜʣʷ ɸʉ, ʥʘʧʨʠʤʝʨ, ʦʙʲʝʤ 

ʜʘʥʥʳʭ, ʦʞʠʜʘʶʱʠʭ ʧʝʨʝʜʘʯʠ, ʣʠʙʦ ʥʘʣʠʯʠʝ ʧʦʤʝʭ ʦʪ ʩʦʩʝʜʥʠʭ ʘʙʦʥʝʥʪʦʚ [26]. 

 

1.2. ɸʥʘʣʠʟ ʨʝʞʠʤʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

 

ʂʦʥʢʨʝʪʥʳʡ ʥʘʙʦʨ ʠʥʜʠʢʘʪʦʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʘʤʠ, ʟʘʜʘʝʪʩʷ ʥʘ ʩʪʦʨʦʥʝ ɹʉ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʠʟ 10 ʨʝʞʠʤʦʚ 

ʧʝʨʝʜʘʯʠ ʚ ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʈʝʞʠʤʳ ʧʝʨʝʜʘʯʠ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦʨʷʜʦʢ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ MIMO ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʦʙʩʣʫʞʠʚʘʥʠʷ [21]. ʆʧʠʩʘʥʠʝ ʨʝʞʠʤʦʚ ʧʝʨʝʜʘʯʠ 

ʥʠʩʭʦʜʷʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4. ʆʧʠʩʘʥʠʝ ʨʝʞʠʤʦʚ ʧʝʨʝʜʘʯʠ ʜʣʷ ʢʘʥʘʣʘ PDSCH 

ʈʝʞʠʤ 

ʧʝʨʝʜʘʯʠ 
CSI ʆʧʠʩʘʥʠʝ 

1 CQI ʀʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʪʨʘʢʪ ʧʝʨʝʜʘʯʠ. 

2 CQI ʈʘʟʥʝʩʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ. 

3 

CQI ʈʘʟʥʝʩʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ. 

CQI, RI 
OLSM, ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʩ ʮʠʢʣʠʯʝʩʢʦʡ ʟʘʜʝʨʞʢʦʡ (Cyclic Delay 

Diversity, CDD). 

4 CQI ʈʘʟʥʝʩʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ. 
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CQI, RI, PMI CLSM. 

5 
CQI ʈʘʟʥʝʩʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ. 

CQI, PMI CLSM, ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʨʝʞʠʤ. 

6 
CQI ʈʘʟʥʝʩʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ. 

CQI, PMI CLSM, ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʫʯʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

7 

CQI ʀʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʪʨʘʢʪ ʧʝʨʝʜʘʯʠ. 

CQI ʈʘʟʥʝʩʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ. 

CQI ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʫʯʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩ ʦʜʥʠʤ ʩʣʦʝʤ. 

8 

CQI ʀʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʪʨʘʢʪ ʧʝʨʝʜʘʯʠ. 

CQI ʈʘʟʥʝʩʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ. 

CQI, RI, PMI 

CLSM, ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʫʯʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦ 2 ʩʣʦʝʚ. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʨʝʞʠʤ. 

9 

CQI ʀʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʪʨʘʢʪ ʧʝʨʝʜʘʯʠ. 

CQI ʈʘʟʥʝʩʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ. 

CQI, RI, PMI, 

PTI, CRI 

CLSM, ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʫʯʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦ 8 ʩʣʦʝʚ. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʨʝʞʠʤ. 

10 

CQI ʀʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʪʨʘʢʪ ʧʝʨʝʜʘʯʠ. 

CQI ʈʘʟʥʝʩʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ. 

CQI, RI, PMI, 

PTI, CRI 

CLSM, ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʫʯʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦ 8 ʩʣʦʝʚ. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʨʝʞʠʤ ʠ ʪʝʭʥʦʣʦʛʠʷ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ 

ʧʝʨʝʜʘʯʠ (Coordinated MultiPoint, CoMP). 

 

ʀʟ ʪʘʙʣʠʮʳ 4 ʚʠʜʥʦ, ʯʪʦ ʨʝʞʠʤʳ ʧʝʨʝʜʘʯʠ 3-10 ʚʢʣʶʯʘʶʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʜʣʷ 

ʛʠʙʢʦʡ ʧʦʜʩʪʨʦʡʢʠ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʀʥʬʦʨʤʠʨʦʚʘʥʠʝ ɸʉ ʦ ʚʳʙʦʨʝ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʫʧʨʘʚʣʷʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʥʠʩʭʦʜʷʱʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ (DCI) [25, 28, 34]. ʆʧʠʩʘʥʠʝ DCI ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 5. 

ʊʘʙʣʠʮʘ 5. ʅʘʟʥʘʯʝʥʠʝ DCI 

ʌʦʨʤʘʪ 

DCI 
ʆʧʠʩʘʥʠʝ 

0 ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʚ ʢʘʥʘʣʝ PUSCH. 

0A 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʚ ʢʘʥʘʣʝ PUSCH ʚʦ 

ʚʪʦʨʠʯʥʦʡ ʩʦʪʝ ʩ ʜʦʩʪʫʧʦʤ ʢ ʥʝʣʠʮʝʥʟʠʨʫʝʤʦʤʫ ʫʯʘʩʪʢʫ ʩʧʝʢʪʨʘ ʧʨʠ ʧʦʤʦʱʠ 

ʣʠʮʝʥʟʠʨʫʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ (License-Assisted Access, LAA) ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʲʝʜʠʥʝʥʠʷ ʢʘʥʘʣʦʚ (Carrier Aggregation, CA), ʣʠʙʦ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ ʧʝʨʝʜʘʯʠ ʚ ʚʦʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ 

(Autonomous UpLink, AUL).  

0B / C 
ʀʩʧʦʣʴʟʫʪʁʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʚ ʢʘʥʘʣʝ PUSCH ʚ 

ʢʘʞʜʦʤ ʧʦʜʢʘʜʨʝ ʧʝʨʚʠʯʥʦʡ ʩʦʪʳ ʠʣʠ ʚʪʦʨʠʯʥʦʡ ʩʦʪʳ LAA . 
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1 
ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʜʣʷ ʦʜʥʦʛʦ ʢʦʜʦʚʦʛʦ 

ʩʣʦʚʘ ʚ ʢʘʥʘʣʝ PDSCH ʚ ʦʜʥʦʡ ʩʦʪʝ. 

1A 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʢʦʤʧʘʢʪʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʜʣʷ 

ʦʜʥʦʛʦ ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ ʚ ʢʘʥʘʣʝ PDSCH ʚ ʦʜʥʦʡ ʩʦʪʝ ʠ ʜʣʷ ʧʨʦʮʝʜʫʨʳ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʜʦʩʪʫʧʘ, ʠʥʠʮʠʠʨʦʚʘʥʥʦʡ ʧʦ ʢʘʥʘʣʫ PDCCH (Physical Downlink Control CHannel). 

1B / D 

ʀʩʧʦʣʴʟʫʪʁʩʷ ʧʨʠ ʢʦʤʧʘʢʪʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʜʣʷ 

ʦʜʥʦʛʦ ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ ʚ ʢʘʥʘʣʝ PDSCH ʚ ʦʜʥʦʡ ʩʦʪʝ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʢʦʜʠʨʦʚʘʥʠʠ ʠ/ʠʣʠ ʩʤʝʱʝʥʠʠ ʤʦʱʥʦʩʪʠ. 

1C 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʠʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ 

ʜʣʷ ʦʜʥʦʛʦ ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ ʚ ʢʘʥʘʣʝ PDSCH, ʫʚʝʜʦʤʣʝʥʠʷ ʦʙ ʠʟʤʝʥʝʥʠʠ ʚ ʢʘʥʘʣʘʭ 

MCCH (Multicast Control CHannel), ʧʨʷʤʳʭ ʫʢʘʟʘʥʠʡ ɹʉ, ʥʘʩʪʨʦʡʢʠ ʨʝʞʠʤʘ ʧʝʨʝʜʘʯʠ 

ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ, ʧʝʨʝʜʘʯʠ ʦʙʱʝʡ ʠʥʬʦʨʤʘʮʠʠ LAA . 

2 / 2A 
ʀʩʧʦʣʴʟʫʁʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʚ ʢʘʥʘʣʝ PDSCH ʜʣʷ 

ɸʉ ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ CLSM ʠʣʠ OLSM. 

2B 
ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʚ ʢʘʥʘʣʝ PDSCH ʩ 

ʧʦʜʜʝʨʞʢʦʡ ʜʦ 2 ʩʣʦʝʚ ʧʝʨʝʜʘʯʠ. 

2C / D 
ʀʩʧʦʣʴʟʫʪʁʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʚ ʢʘʥʘʣʝ PDSCH ʩ 

ʧʦʜʜʝʨʞʢʦʡ ʜʦ 8 ʩʣʦʝʚ ʧʝʨʝʜʘʯʠ. ɼʦʧʫʩʢʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ CoMP. 

3 / 3A 

ʀʩʧʦʣʴʟʫʪʁʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʴʶ ʧʝʨʝʜʘʪʯʠʢʘ ʚ ʢʘʥʘʣʘʭ 

PUCCH ʜʣʷ ʦʜʥʦʛʦ ʩʣʦʪʘ ʠʣʠ ʧʦʜʩʣʦʪʘ ʢʘʥʘʣʦʚ PDSCH ʠ PUSCH ʠ ʩ 2-ʙʠʪʦʚʦʡ ʠʣʠ 

1-ʙʠʪʦʚʦʡ ʥʘʩʪʨʦʡʢʦʡ ʤʦʱʥʦʩʪʠ ʦʜʥʦʛʦ ʧʦʜʢʘʜʨʘ ʢʘʥʘʣʘ PUSCH. 

3B 
ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʴʶ ʟʦʥʜʠʨʫʶʱʠʭ ʧʠʣʦʪʥʳʭ 

ʩʠʛʥʘʣʦʚ ʚʦʩʭʦʜʷʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (Sounding Reference Signals, SRS). 

4 
ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʚ ʢʘʥʘʣʝ PUSCH ʚ 

ʦʜʥʦʡ ʩʦʪʝ ʜʣʷ ʨʝʞʠʤʘ ʧʝʨʝʜʘʯʠ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʪʨʘʢʪʘʤʠ. 

4A 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʚ ʢʘʥʘʣʝ PUSCH 

ʚʪʦʨʠʯʥʦʡ ʩʦʪʳ LAA, ʣʠʙʦ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ 

ʧʝʨʝʜʘʯʠ AUL, ʝʩʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʪʨʘʢʪʦʚ. 

4B 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʚ ʢʘʥʘʣʝ PUSCH ʜʣʷ 

ʨʝʞʠʤʘ ʧʝʨʝʜʘʯʠ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʪʨʘʢʪʘʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʜʢʘʜʨʘ ʚʦ ʚʪʦʨʠʯʥʦʡ ʩʦʪʝ 

LAA . 

5 ʠ 5ɸ 
ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʧʨʠ ʧʨʷʤʦʤ 

ʩʦʝʜʠʥʝʥʠʠ ʤʝʞʜʫ ɸʉ (Proximity-based Services, ProSe). 

6-0A, B, 

6-1A, B 

ʠ 6-2 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ɸʉ ʤʝʞʤʘʰʠʥʥʦʡ 

ʩʚʷʟʠ (Bandwidth reduced Low complexity User Equipment, BL/CE UE). 

7-0A / B 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʩʣʦʪʘ ʠʣʠ ʧʦʜʩʣʦʪʘ ʚ 

ʢʘʥʘʣʝ PUSCH ʚ ʦʜʥʦʡ ʩʦʪʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʨʝʞʠʤʘ ʧʝʨʝʜʘʯʠ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʪʨʘʢʪʘʤʠ. 

7-1A, B, 

C, D, E, 

F, G 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʩʣʦʪʘ ʠʣʠ ʧʦʜʩʣʦʪʘ 

ʜʣʷ ʦʜʥʦʛʦ ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ ʚ ʢʘʥʘʣʝ PDSCH ʚ ʦʜʥʦʡ ʩʦʪʝ. 
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ʀʟ ʪʘʙʣʠʮʳ 5 ʚʠʜʥʦ, ʯʪʦ ʪʨʝʙʦʚʘʥʠʝ ʩʬʦʨʤʠʨʦʚʘʪʴ CSI ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʬʦʨʤʘʪʘʭ 

DCI 0, 0ɸ, 0ɺ, 0ʉ, 4, 4ɸ, 4ɺ, 7-0ɸ, 7-0ɺ. ɼʘʥʥʳʝ ʬʦʨʤʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʚ ʚʦʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ʉʦʦʪʚʝʪʩʪʚʠʝ DCI ʠ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʞʠʤʘ ʧʝʨʝʜʘʯʠ ʥʠʩʭʦʜʷʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʦ 

ʚ ʪʘʙʣʠʮʝ 6 [24]. 

ʊʘʙʣʠʮʘ 6. ʉʦʦʪʚʝʪʩʪʚʠʝ DCI ʠ ʨʝʞʠʤʘ ʧʝʨʝʜʘʯʠ ʚ ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʈʝʞʠʤ 

ʧʝʨʝʜʘʯʠ 
1/2 3 4 5 6 7 8 9 10 1/2 

ʌʦʨʤʘʪ 

DCI 

1, 1A, 

7-1A 

1A, 

2A,  

7-1B 

1A, 2, 

7-1C 
1A, 1D 

1A, 1B, 

7-1D 
1, 1A 

1A, 2B, 

7-1E 

1A, 2C, 

7-1F 

1A, 

2D,  

7-1G 

1, 1A, 

7-1A 

 

ɺ ʪʘʙʣʠʮʝ 6 ʧʦʢʘʟʘʥʳ ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʞʠʤʘ ʧʝʨʝʜʘʯʠ ʥʘʙʦʨʳ ʬʦʨʤʘʪʦʚ DCI. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʝʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʠ MIMO ʦʧʨʝʜʝʣʝʥʦ ʜʚʘ ʚʠʜʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ï ʩ ʨʘʟʦʤʢʥʫʪʳʤ (OLSM) ʠʣʠ ʟʘʤʢʥʫʪʳʤ (CLSM) 

ʢʦʥʪʫʨʦʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ.  

ʇʨʠ CLSM ʧʦ ʫʤʦʣʯʘʥʠʶ ʠʩʧʦʣʴʟʫʝʪʩʷ PMI, ʧʦʣʫʯʝʥʥʳʡ ʦʪ ɸʉ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ PMI 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʢʦʤʝʥʜʘʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ MIMO ʚ ʥʠʩʭʦʜʷʱʝʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʆʜʥʘʢʦ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʥʘ ʩʪʦʨʦʥʝ ɹʉ. ɽʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

PMI, ʦʪʣʠʯʥʳʡ ʦʪ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ, ʪʦ ɸʉ ʫʟʥʘʝʪ ʦʙ ʵʪʦʤ ʠʟ ʧʝʨʝʜʘʥʥʦʛʦ ʚ ʥʠʩʭʦʜʷʱʝʤ 

ʥʘʧʨʘʚʣʝʥʠʠ TPMI. 

ʇʨʠ OLSM ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʢʣʠʯʝʩʢʘʷ ʟʘʜʝʨʞʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʢʪʦʚ 

ʧʝʨʝʜʘʯʠ (CDD). ʕʪʦʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ CSI ʯʘʩʪʠʯʥʦ ʠʣʠ 

ʧʦʣʥʦʩʪʴʶ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ɹʉ [35]. 

 

1.3. ɸʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʘʤʠ 

 

ɺ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʘʤʠ ɹʉ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ ʚʳʜʝʣʝʥʠʠ ʯʘʩʪʦʪʥʦ-

ʚʨʝʤʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ɸʉ. ʈʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʟʘʥʠʤʘʝʪʩʷ 

ʦʪʜʝʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ ɹʉ (ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, çschedulerè). ɽʛʦ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʘʞʜʦʡ ɸʉ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʘʯʝʩʪʚʫ ʦʙʩʣʫʞʠʚʘʥʠʷ (Quality Of Service, QoS) ʠ ʥʘʩʪʨʦʡʢʘʤʠ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ.  
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ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɹʉ ʠ ɸʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 [26, 36, 37]. 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʘʟʦʚʦʡ ʠ ʘʙʦʥʝʥʪʩʢʦʡ ʩʪʘʥʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʚ ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʦ ʚʳʜʝʣʝʥʠʠ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʨʝʩʫʨʩʦʚ 

ʧʨʠʥʠʤʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ ɹʉ ʥʘ ʦʩʥʦʚʝ ʦʞʠʜʘʶʱʠʭ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʥʳʭ 

ʜʘʥʥʳʭ ʚ ʙʫʬʝʨʝ ʠ ʩ ʫʯʝʪʦʤ ʠʥʜʠʢʘʪʦʨʘ CQI, ʧʦʣʫʯʝʥʥʦʛʦ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ɸʉ ʧʦ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʠʨʘʝʪʩʷ ʧʦʜʭʦʜʷʱʘʷ ʩʭʝʤʘ ʤʦʜʫʣʷʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ ʚ ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʚ ʦʙʱʝʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʈʠʩʫʥʦʢ 2. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʚ ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʨʠʩʫʥʢʦʚ 1 ʠ 2 ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ɸʉ ʠ ɹʉ ʚ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ [37]:  

1) ɸʉ ʧʨʠʥʠʤʘʝʪ ʠ ʦʮʝʥʠʚʘʝʪ ʧʠʣʦʪʥʳʝ ʩʠʛʥʘʣʳ;  

2) ɸʉ ʚʳʙʠʨʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʥʜʠʢʘʪʦʨ CQI ʠ ʦʪʧʨʘʚʣʷʝʪ ʝʛʦ ɹʉ;  

3) ɹʉ ʚʳʙʠʨʘʝʪ ʧʦʜʭʦʜʷʱʫʶ ʩʭʝʤʫ ʤʦʜʫʣʷʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʠʥʜʠʢʘʪʦʨʘ CQI ʠ 

ʥʘʣʠʯʠʷ ʦʞʠʜʘʶʱʠʭ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʥʳʭ ʜʘʥʥʳʭ ʚ ʙʫʬʝʨʝ; 

4) ɹʉ ʦʪʧʨʘʚʣʷʝʪ DCI ʜʣʷ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ɸʉ ʦ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʷʭ;  

5) ɹʉ ʧʝʨʝʜʘʝʪ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ɸʉ. 

ɸʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘʟʳʚʘʶʪ ʩʪʨʘʪʝʛʠʷʤʠ. ɺʩʝ ʩʪʨʘʪʝʛʠʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ 

ʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʜʠʢʘʪʦʨʳ ʢʘʯʝʩʪʚʘ ʨʘʜʠʦʢʘʥʘʣʘ, ʧʦʣʫʯʘʝʤʳʝ ʧʦ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ ʚʩʝʭ ɸʉ. ʃʶʙʘʷ ʩʪʨʘʪʝʛʠʷ 

ʧʣʘʥʠʨʦʚʱʠʢʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʩʦʪʦʚʦʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ 4G ʠ 5G ʧʨʠʥʠʤʘʝʪ ʚʦ ʚʥʠʤʘʥʠʝ 

ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ: ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ (Quality of Service Class 

Identifier, QCI), ʠʥʜʠʢʘʪʦʨ CQI, ʩʦʩʪʦʷʥʠʝ ʙʫʬʝʨʘ, ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ 

(Acknowledge/Negative Acknowledge, ACK/NACK), ʘ ʪʘʢʞʝ ʩʦʦʙʱʝʥʠʷ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ (Discontinuous Transmission, DTX) [38, 39]. ʅʘʙʦʨ QCI ʩʧʝʮʠʬʠʮʠʨʦʚʘʥ, ʘ ʢʦʥʢʨʝʪʥʳʡ 

QCI ʫʢʘʟʳʚʘʝʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ɸʉ ʧʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ: ʪʠʧ ʨʝʩʫʨʩʘ (ʪʨʝʙʫʝʪ ʠʣʠ ʥʝʪ ʧʝʨʝʜʘʯʫ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ), ʧʨʠʦʨʠʪʝʪ, 

ʮʝʣʝʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʜʝʨʞʢʝ ʠ ʧʦʪʝʨʷʤ ʧʘʢʝʪʦʚ ʧʨʠ ʧʝʨʝʜʘʯʝ [40]. ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ 

ʙʫʬʝʨʘ ʦʪʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʙʫʬʝʨʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʩʧʣʘʥʠʨʦʚʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʦʩʪʫʧʥʳʤʠ ʨʘʜʠʦʨʝʩʫʨʩʘʤʠ [41]. 

ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʪʨʘʪʝʛʠʠ, ʫʯʠʪʳʚʘʶʱʠʝ CQI: ʤʘʢʩʠʤʠʟʘʮʠʷ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ (çʄʇʉè, Maximum Throughput), ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʩʧʨʘʚʝʜʣʠʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʝʩʫʨʩʦʚ (çʇʉʈʈè, Proportional Fair), ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʧʨʘʚʠʣʦ (çʕʇè, Exponential Rule), 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʝ ʧʨʘʚʠʣʦ (çʃʇè, Logarithmic Rule), ʧʨʘʚʠʣʦ ʫʯʝʪʘ ʥʘʠʙʦʣʴʰʝʡ ʚʟʚʝʰʝʥʥʦʡ 

ʚʝʣʠʯʠʥʳ ʟʘʜʝʨʞʢʠ (çʇʋʅɺɺɿè, Modified Largest Weighted Delay First). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʙʠʣʴʥʦʩʪʠ ɸʉ, ʚʣʠʷʥʠʷ ʵʬʬʝʢʪʘ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʠʟ-ʟʘ 

ʠʟʤʝʥʝʥʠʡ ʚ ʩʘʤʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ ʟʘʤʠʨʘʥʠʡ ʚ ʨʘʜʠʦʢʘʥʘʣʝ. ʇʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʜʠʥʘʤʠʯʝʩʢʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʚʳʜʝʣʝʥʠʝ 

ʢʘʥʘʣʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʪʦʣʴʢʦ ʜʣʷ ɸʉ ʩ ʥʘʠʣʫʯʰʠʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʠʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʦʙʱʝʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʘʣʛʦʨʠʪʤ çʄʇʉè, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʩʨʘʚʥʝʥʠʝ CQI ʦʪ ʚʩʝʭ ɸʉ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʩʣʝʜʫʶʱʝʛʦ 
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ʮʠʢʣʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ɸʉ ʩ ʥʘʠʚʳʩʰʠʤ CQI. ʊʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚ ʢʘʞʜʦʤ 

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩ ʥʘʠʚʳʩʰʝʡ ʜʦʩʪʫʧʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ë ÁÒÇÍÁØ#1)ȟ         (1) 

ʛʜʝ k ï ʥʦʤʝʨ ɸʉ, ʜʣʷ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʶʪʩʷ ʨʘʜʠʦʨʝʩʫʨʩʳ; i ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ɸʉ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʥʝ ʧʦʤʝʥʷʝʪʩʷ, ʧʦʢʘ ʥʝ ʦʩʚʦʙʦʜʠʪʩʷ ʦʯʝʨʝʜʴ, ʟʘʥʠʤʘʝʤʘʷ 

ɸʉ ʩ ʥʘʠʚʳʩʰʠʤ CQI, ʣʠʙʦ ʜʨʫʛʘ ̫ ɸʉ ʥʝ ʩʦʦʙʱʠʪ ʦ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʟʥʘʯʝʥʠʠ CQI. ʅʦ 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʣʦʭʠʭ ʫʩʣʦʚʠʷʭ ʨʘʜʠʦʢʘʥʘʣʘ ɸʉ ʙʫʜʫʪ ʠʩʧʳʪʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʚ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚ ʠʪʦʛʝ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʙʫʜʫʪ ʨʘʟʦʨʚʘʥʳ, ʥʘʧʨʠʤʝʨ, ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʝʚʳʰʝʥʠʷ ʪʘʡʤ-ʘʫʪʦʚ, ʠ ʩʝʪʴ ʥʝ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ QoS. ʅʝʢʦʪʦʨʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʦʣʫʯʘʶʪ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʩʫʨʩʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʧʦʣʫʯʘʶʪ ʤʘʣʦ ʠʣʠ ʥʠʯʝʛʦ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʝʚʦʟʤʦʞʥʘ ʧʦʜʜʝʨʞʢʘ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʩʝʨʚʠʩʦʚ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʚʝʣʠʯʠʥʝ 

ʟʘʜʝʨʞʢʠ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʦʙʩʣʫʞʠʚʘʪʴ ʧʦʪʦʢʠ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ [26]. 

ɿʘʜʘʯʝʡ ʘʣʛʦʨʠʪʤʘ çʇʉʈʈè ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʤʘʢʩʠʤʠʟʘʮʠʝʡ 

ʦʙʱʝʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴʶ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʨʘʜʠʦʨʝʩʫʨʩʦʚ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʠ ʚʳʙʦʨʝ ɸʉ, ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʚʳʜʝʣʝʥʳ ʨʘʜʠʦʨʝʩʫʨʩʳ, ʫʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʧʦʣʫʯʝʥʥʳʡ CQI, ʪʘʢ ʠ 

ʩʨʝʜʥʷʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘ ʧʨʦʰʝʜʰʠʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ: 

Ë ÁÒÇÍÁØ
ȟ
ȟ        (2) 

ʛʜʝ k ï ʥʦʤʝʨ ɸʉ, ʜʣʷ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʶʪʩʷ ʨʘʜʠʦʨʝʩʫʨʩʳ; i ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ɸʉ; ri ï 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʣʫʯʝʥʥʦʤʫ CQI ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ i-ʦʡ ɸʉ; Ri(t, T) - ʩʨʝʜʥʷʷ 

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ i-ʦʡ ɸʉ ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ T, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

2 Ôȟ4 ρ Ͻ2 Ô ρ ϽÒÔ ρȢ      (3) 

 ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʳ ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʚʝʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ ʚʳʙʠʨʘʝʤʦʡ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ çʩʧʨʘʚʝʜʣʠʚʦʩʪʴè ʚ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ɸʉ ʩ ʨʘʟʣʠʯʥʳʤʠ CQI, ʥʦ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʜʜʝʨʞʢʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ 

ʩʝʨʚʠʩʦʚ ʧʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ, ʯʪʦ ʠ ʜʣʷ ʘʣʛʦʨʠʪʤʘ çʄʇʉè [37, 42...45]. 

ɸʣʛʦʨʠʪʤ çʕʇè ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ 

ʨʝʰʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʫʯʝʪʘ ʚʝʣʠʯʠʥʳ ʟʘʜʝʨʞʢʠ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠʦʨʠʪʝʪʘ 
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ɸʉ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʦʙʣʶʜʝʥʠʝ QoS ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʢʫ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ 

ʩʝʨʚʠʩʦʚ. ʇʨʠ ʜʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʧʨʠʦʨʠʪʝʪ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ë ÁÒÇÍÁØÂϽ+ ÔϽÅØÐ
Ͻ

В
ȟ       (4) 

ʛʜʝ k ï ʥʦʤʝʨ ɸʉ, ʜʣʷ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʶʪʩʷ ʨʘʜʠʦʨʝʩʫʨʩʳ; i ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ɸʉ; ai ʠ 

bi ï ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʦʜʙʠʨʘʝʤʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ; K i ï ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ i-ʦʡ ɸʉ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʟʥʘʯʝʥʠʶ CQI [24]; N ï ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ 

ʧʦʪʦʢʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʚ ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ; Wi ï ʚʝʣʠʯʠʥʘ 

ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʘ ʜʘʥʥʳʭ ʚ ʦʯʝʨʝʜʠ (Head-Of-Line packet delay, HOL).  

ɺʝʣʠʯʠʥʘ ʟʘʜʝʨʞʢʠ HOL ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʪʝʢʫʱʠʤ ʚʨʝʤʝʥʝʤ ʠ ʚʨʝʤʝʥʝʤ 

ʧʦʩʪʫʧʣʝʥʠʷ ʧʘʢʝʪʘ. ʇʣʘʥʠʨʦʚʱʠʢ ɹʉ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʜʦʣʞʝʥ ʦʪʩʣʝʞʠʚʘʪʴ 

ʚʭʦʜʷʱʠʝ ʧʘʢʝʪʳ ʜʘʥʥʳʭ ʠ ʩʦʩʪʦʷʥʠʝ ʦʯʝʨʝʜʠ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʜʝʨʞʢʠ ʨʘʟʣʠʯʥʳʭ ʪʨʝʙʦʚʘʥʠʡ QoS ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ [41, 43, 46]. 

ɸʣʛʦʨʠʪʤ çʃʇè ʩʦʟʜʘʥ ʜʣʷ ʨʝʰʝʥʠʷ ʩʭʦʞʠʭ ʩ ʘʣʛʦʨʠʪʤʦʤ çʕʇè ʟʘʜʘʯ. ʇʨʠ ʜʘʥʥʦʡ 

ʩʪʨʘʪʝʛʠʠ ʧʨʠʦʨʠʪʝʪ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ë ÁÒÇÍÁØÂϽ+ ÔϽÌÇρ ÁϽ7 Ô ȟ       (5) 

ʛʜʝ k ï ʥʦʤʝʨ ɸʉ, ʜʣʷ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʶʪʩʷ ʨʘʜʠʦʨʝʩʫʨʩʳ; i ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ɸʉ; ai ʠ 

bi ï ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʦʜʙʠʨʘʝʤʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ; K i ï ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ i-ʦʡ ɸʉ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʟʥʘʯʝʥʠʶ CQI [24]; Wi ï ʚʝʣʠʯʠʥʘ ʟʘʜʝʨʞʢʠ 

ʧʘʢʝʪʘ ʜʘʥʥʳʭ ʚ ʦʯʝʨʝʜʠ (HOL). 

ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʭʦʞʠ ʩ ʘʣʛʦʨʠʪʤʦʤ çʕʇè, ʦʜʥʘʢʦ ʘʣʛʦʨʠʪʤ 

çʃʇè ʚ̫ʣʷʝʪʩʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʢ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʪʨʘʬʠʢʘ ʠʣʠ ʠʟʤʝʥʝʥʠʷʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʘʥʘʣʘ [37, 41, 43, 46, 47]. 

ɸʣʛʦʨʠʪʤ çʇʋʅɺɺɿè ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ QoS. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠʦʨʠʪʝʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʫʯʠʪʳʚʘʶʪʩʷ CQI, ʩʨʝʜʥʷʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, 

ʚʝʣʠʯʠʥʘ ʟʘʜʝʨʞʢʠ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʟʘʜʝʨʞʢʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ QoS 

ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ɸʉ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʘʣʘʥʩʘ ʤʝʞʜʫ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ çʩʧʨʘʚʝʜʣʠʚʦʩʪʴʶè ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʦʚ ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ QoS: 
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Ë ÁÒÇÍÁØÄϽ7 ÔϽ
ȟ
ȟ        (6) 

ʛʜʝ k ï ʥʦʤʝʨ ɸʉ, ʜʣʷ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʶʪʩʷ ʨʘʜʠʦʨʝʩʫʨʩʳ; i ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ɸʉ; Wi ï 

ʚʝʣʠʯʠʥʘ ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʘ ʜʘʥʥʳʭ ʚ ʦʯʝʨʝʜʠ (HOL); ri ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʣʫʯʝʥʥʦʤʫ CQI 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ i-ʦʡ ɸʉ; Ri(t, T) - ʩʨʝʜʥʷʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ i-ʦʡ ɸʉ ʥʘ 

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ T (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ çʇʉʈʈè); di ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʯʝʪʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ QoS ʢ ʚʝʣʠʯʠʥʝ ʟʘʜʝʨʞʢʠ, ʢʦʪʦʨʳʡ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ: 

Ä ȟ          (7) 

ʛʜʝ Űi ï ʦʧʨʝʜʝʣʷʝʤʦʝ QoS ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʜʝʨʞʢʠ; ŭi ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʜʣʷ i-

ʦʡ ɸʉ ʟʥʘʯʝʥʠʝ HOL ʧʨʝʚʳʩʠʪ ʚʝʣʠʯʠʥʫ Űi [37, 41, 43, 45, 48]. 

 

1.4. ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 1 

 

1. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʨʝʞʠʤʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ, ʥʝʩʫʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʨʘʜʠʦʢʘʥʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʢʣʶʯʝʚʦʡ ʨʦʣʠ ʠʥʜʠʢʘʪʦʨʘ CQI ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʘʞʜʦʡ ɸʉ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ.  

2. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʘʤʠ ʧʣʘʥʠʨʦʚʱʠʢʘ ɹʉ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʠʥʜʠʢʘʪʦʨʳ CQI, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ɸʉ. ʇʨʠʚʝʜʝʥʦ 

ʥʘʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ ʧʨʠʦʨʠʪʝʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ɸʉ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʪ ʘʜʝʢʚʘʪʥʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ CQI ʨʝʘʣʴʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ ʨʘʜʠʦʢʘʥʘʣʘ. 
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2. ʄɽʊʆɼʓ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʄɽʍɸʅʀɿʄɸ 

ʆɹʈɸʊʅʆʁ ʉɺʗɿʀ 

 

ʇʦ ʠʪʦʛʘʤ ʦʮʝʥʢʠ ʧʠʣʦʪʥʳʭ ʩʠʛʥʘʣʦʚ ɸʉ ʜʦʣʞʥʘ ʬʦʨʤʠʨʦʚʘʪʴ ʠʥʜʠʢʘʪʦʨ CQI ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʟʚʦʣʠʪʴ ɹʉ ʫʯʠʪʳʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ çʩʠʛʥʘʣ/ʰʫʤè ʧʨʠ ʚʳʙʦʨʝ ʩʭʝʤʳ 

ʤʦʜʫʣʷʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʚʣʠʷʥʠʷ ʙʳʩʪʨʳʭ ʟʘʤʠʨʘʥʠʡ. ʆʜʥʘʢʦ 

ʩʫʱʝʩʪʚʫʝʪ ʠʟʚʝʩʪʥʘʷ ʧʨʦʙʣʝʤʘ ʜʣʷ ʩʠʩʪʝʤ ʩʦʪʦʚʦʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ 4G ʠ 5G ʩ ʯʘʩʪʦʪʥʳʤ 

ʜʫʧʣʝʢʩʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ: ʚʩʣʝʜʩʪʚʠʝ ʟʘʜʝʨʞʝʢ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʟʘʪʨʘʪ 

ʚʨʝʤʝʥʠ ʥʘ ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʘ ʠ ʧʝʨʝʢʣʶʯʝʥʠʝ ʪʨʘʢʪʦʚ ʧʝʨʝʜʘʯʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʩʪʦʨʦʥʝ ɹʉ 

ʠʥʜʠʢʘʪʦʨʳ ʙʳʩʪʨʦ ʪʝʨʷʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ [11, 19]. ʆʧʠʩʘʥʥʳʡ ʧʘʨʘʟʠʪʥʳʡ ʵʬʬʝʢʪ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʥʘʟʳʚʘʝʪʩʷ CSI-Ageing ʠʣʠ CSI-Outdating. ɼʣʷ ʙʦʨʴʙʳ ʩ ʜʘʥʥʳʤ ʵʬʬʝʢʪʦʤ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʷʜ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʟʥʘʯʝʥʠʡ ʠʥʜʠʢʘʪʦʨʦʚ 

CSI ʜʣʷ ʙʫʜʫʱʝʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ [16...19]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ, ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ [17...18, 49, 50].  

 

2.1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʜʠʦʢʘʥʘʣʘ 

 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʩʦʪʦʚʦʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʘʜʝʢʚʘʪʥʦ ʫʯʠʪʳʚʘʪʴ 

ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʫʪʝʡ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʧʝʨʝʜʘʪʯʠʢʘ ʢ ʧʨʠʝʤʥʠʢʫ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʚʩʣʝʜʩʪʚʠʝ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʧʝʨʝʦʪʨʘʞʝʥʠʡ ʠ ʧʨʠʚʦʜʷʱʠʭ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʘʨʘʟʠʪʥʦʛʦ 

ʵʬʬʝʢʪʘ ʟʘʤʠʨʘʥʠʡ ʩʠʛʥʘʣʘ ʚ ʨʘʜʠʦʢʘʥʘʣʝ [51...53]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ ʥʘ 

ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʠʥʫʩʦʠʜ, ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʱʝʛʦ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʡ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʙʳʩʪʨʳʤʠ ʨʝʣʝʝʚʩʢʠʤʠ ʟʘʤʠʨʘʥʠʷʤʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ 

ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [54...61]: 

È Ô ϽВ ÃÏÓ ςϽʌϽÆȟϽÔ ʒȟ ȟ      (8) 

ʛʜʝ i = 1, 2 (1 ï ʩʠʥʬʘʟʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, 2 ï ʢʚʘʜʨʘʪʫʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ); k - 

ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʘʷ ʯʘʩʪʦʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ (k = 1, 2, ..., K); . ï ʢʦʣʠʯʝʩʪʚʦ ʩʠʥʫʩʦʠʜ; Æȟ ï 

ʜʦʧʣʝʨʦʚʩʢʠʡ ʨʘʟʙʨʦʩ ʯʘʩʪʦʪ rʜʣʷ n-ʦʡ ʩʠʥʫʩʦʠʜʳ ʩʠʥʬʘʟʥʦʡ ʠʣʠ ʢʚʘʜʨʘʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

k-ʦʡ ʢʦʤʧʦʥʝʥʪʳ; ʒȟ ï ʟʥʘʯʝʥʠʝ ʬʘʟʳ n-ʦʡ ʩʠʥʫʩʦʠʜʳ ʩʠʥʬʘʟʥʦʡ ʠʣʠ ʢʚʘʜʨʘʪʫʨʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ k-ʦʡ ʢʦʤʧʦʥʝʥʪʳ. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Æ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʙʱʝʥʥʳʡ ʤʝʪʦʜ ʪʦʯʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʨʘʟʙʨʦʩʘ (Generalized Method of Exact Doppler Spread, 

GMEDS): 

Æȟ Æ ϽÃÏÓ
ϽϽ Ȣ

Ͻ

ϽϽ

Ͻ Ͻ
ȟ       (9) 

ʛʜʝ q ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʫʛʣʘ ʧʘʜʝʥʠʷ ʨʘʜʠʦʚʦʣʥʳ, Ñɴ

πȟρȟς. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʘʢʝʪʝ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ çMatlabè 

ʚ ʢʘʯʝʩʪʚʝ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ ʧʦ ʫʤʦʣʯʘʥʠʶ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ 

ɼʞʝʡʢʩʘ ʤʝʪʦʜ çGMEDSè ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʪʨʦʛʦ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʯʘʩʪʦʪʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʨʝʣʝʝʚʩʢʠʭ ʟʘʤʠʨʘʥʠʡ [53]. 

 

2.2. ʄʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʦʢʘʥʘʣʘ 

 

2.2.1. ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

 

2.2.1.1. ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

 

ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ) ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʠʥʠʤʠʟʘʮʠʶ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʦʛʦ ʧʨʦʛʥʦʟʘ x, ʢʦʪʦʨʳʡ ʧʨʠ ʠʪʦʛʦʚʦʡ ʧʦʜʩʪʘʥʦʚʢʝ ʥʘʠʣʫʯʰʠʤ 

ʦʙʨʘʟʦʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ [62, 63]: 

Ú (ϽØ,          (10) 

ʛʜʝ z ï ʠʟʚʝʩʪʥʳʡ ʚʝʢʪʦʨ ʠʟʤʝʨʝʥʠʡ; H ï ʠʟʚʝʩʪʥʘʷ ʤʘʪʨʠʮʘ ʠʟʤʝʨʝʥʠʡ; x - ʥʝʠʟʚʝʩʪʥʳʡ 

ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʡ.  

ʈʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʘ ʠʟʤʝʨʝʥʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ ʨʘʟʤʝʨʥʦʩʪʠ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʡ. 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʦʰʠʙʢʘʤʠ ʠʟʤʝʨʝʥʠʡ ʦʮʝʥʢʘ Ø ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʡ ʜʦʣʞʥʘ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʚʝʣʠʯʠʥʫ ʚʝʢʪʦʨʘ ʦʰʠʙʦʢ: 

Úȡ Ú (ϽØȟ         (11) 

ʛʜʝ Ú ï ʚʝʢʪʦʨ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ.  

ʄʝʨʦʡ ʚʝʢʪʦʨʘ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʝʚʢʣʠʜʦʚʘ ʥʦʨʤʘ ᴁÚᴁ, ʢʚʘʜʨʘʪ ʢʦʪʦʨʦʡ ʨʘʚʝʥ 

ʩʫʤʤʝ ʢʚʘʜʨʘʪʦʚ ʦʰʠʙʦʢ: 
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ᴁÚᴁ В Úȟ          (12) 

ʛʜʝ r ï ʨʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʘ ʠʟʤʝʨʝʥʠʡ. 

ɼʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʦʣʞʥʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʤʠʥʠʤʫʤʫ, ʦʪʢʫʜʘ ʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʟʚʘʥʠʝ 

ʦʧʠʩʳʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʛʨʘʜʠʝʥʪ ʬʫʥʢʮʠʠ ʜʦʣʞʝʥ ʙʳʪʴ 

ʥʫʣʝʚʳʤ: 

ÚᶻϽÚ ςϽÚᶻϽ(ϽØ ØᶻϽ(ᶻϽ(ϽØ πȟ      (13) 

ςϽÚᶻϽ( ςϽØᶻϽ(ᶻϽ( πȢ        (14) 

ʊʦʛʜʘ ʠʪʦʛʦʚʦʝ ʚʳʨʘʞʝʥʠʝ ʧʦʩʣʝ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ ʧʨʠʥʠʤʘʝʪ ʠʟʚʝʩʪʥʳʡ ʚʠʜ: 

Ø (ᶻϽ( Ͻ(ᶻϽÚȢ         (15) 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʛʥʦʟʘ Ø ʦʪ ʠʩʪʠʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ x ʠ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ 

v ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚʝʢʪʦʨ ʠʟʤʝʨʝʥʠʡ z ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ú (ϽØ Öȟ          (16) 

ʊʦʛʜʘ: 

Ø Ø (ᶻϽ( Ͻ(ᶻϽÖȢ        (17) 

 

2.2.1.2. ʆʧʠʩʘʥʠʝ ʨʝʢʫʨʩʠʚʥʦʛʦ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ 

ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ ʄʅʂ, ʥʘʟʳʚʘʝʤʘʷ ʨʝʢʫʨʩʠʚʥʦʡ (ʈʄʅʂ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʧʦʩʪʫʧʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʘʣʛʦʨʠʪʤ ʄʅʂ 

ʪʨʝʙʫʝʪ ʧʦʚʪʦʨʠʪʴ ʟʘʥʦʚʦ ʚʩʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʥʦʩʪʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ, ʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʈʄʅʂ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʪʝʢʫʱʝʛʦ ʠʟʤʝʨʝʥʠʷ ʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ. 

ɺʳʨʘʞʝʥʠʝ ʄʅʂ ʜʣʷ ʰʘʛʘ (n+1) ʠʤʝʝʪ ʚʠʜ [64]: 

Ø (ᶻ Ͻ( Ͻ(ᶻ Ͻ: Ȣ      (18) 

ɽʩʣʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ: 

(ᶻ Ͻ( (ᶻϽ( Èᶻ ϽÈ ȟ      (19) 

ɸ ʪʘʢʞʝ ʚʚʝʩʪʠ: 

0 (ᶻϽ(ȟ         (20) 
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ʊʦʛʜʘ: 

0 (ᶻ Ͻ( 0 Èᶻ ϽÈ Ȣ     (21) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʦʞʜʝʩʪʚʦʤ ʐʝʨʤʘʥʘ-ʄʦʨʨʠʩʦʥʘ-ɺʫʜʙʝʨʠ [65]: 

0 0 Èᶻ ϽÈ         

0 0ϽÈᶻ ϽÈ Ͻ0 Ͻρ 0ϽÈᶻ ϽÈ Ȣ    (22) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ [64]: 

Ø 0 Ͻ(ᶻ Ͻ:         

0 0ϽÈᶻ ϽÈ Ͻ0 Ͻρ 0ϽÈᶻ ϽÈ Ͻ(ᶻϽ: Èᶻ ϽÚ  

Ø 0ϽÈᶻ Ͻρ 0ϽÈᶻ ϽÈ ϽÚ È ϽØ Ȣ    (23) 

ɽʩʣʠ ʚʳʜʝʣʠʪʴ ʤʘʪʨʠʮʫ ʫʩʠʣʝʥʠʷ: 

+ 0ϽÈᶻ Ͻρ 0ϽÈᶻ ϽÈ ȟ     (24) 

ʊʦʛʜʘ ʠʪʦʛʦʚʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦʛʥʦʟʘ ʧʨʠʤʝʪ ʠʟʚʝʩʪʥʳʡ ʚʠʜ ʈʄʅʂ [66]: 

Ø Ø + ϽÚ È ϽØ Ȣ      (25) 

 

2.2.1.3. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʢʫʨʩʠʚʥʦʛʦ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʚʨʝʤʝʥʥʳʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʨʝʢʫʨʩʠʚʥʳʡ ʄʅʂ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʙʥʦʚʣʝʥʠʷ (ʈʄʅʂ ʩ ʇʂʆ) [17]. 

ʄʝʪʦʜ ʈʄʅʂ ʩ ʇʂʆ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʤʠʨʘʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 3. 



27 

 

 

ʈʠʩʫʥʦʢ 3. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʈʄʅʂ ʩ ʇʂʆ 

ʇʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 3 ʘʣʛʦʨʠʪʤʫ ʚʠʜʥʦ, ʯʪʦ ʵʪʘʧ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʟʘʤʠʨʘʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʤʝʪʦʜʦʤ ʈʄʅʂ ʩ ʇʂʆ ʧʨʠʤʝʥ̫ ʝʪʩʷ ʤʦʜʝʣ ɹ

ʊʝʡʣʦʨʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (FIrst Taylor prediction model, FIT). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ ʊʝʡʣʦʨʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʚʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʤʠʨʘʥʠʡ: 

ÆÔ ЎÔ ÆÔ ÆÔЎÔ ×Ôȟ       (26) 

ʛʜʝ f ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʤʠʨʘʥʠʡ; ЎÔ ï ʦʢʨʝʩʪʥʦʩʪʴ ʤʦʤʝʥʪʘ t; w ï ʚʝʢʪʦʨ ʦʰʠʙʢʠ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ 

ʧʠʣʦʪʥʳʭ ʩʠʛʥʘʣʦʚ, ʦʪʨʘʚʣʝʥʥʳʭ ɸʉ ʚ ʚʦʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʢʦʨʨʝʢʮʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʨʘʜʠʦʢʘʥʘʣʘ (CSI) ʚ ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʘʣʛʦʨʠʪʤʘ ʈʄʅʂ ʩ ʇʂʆ [17, 65]: 

Æ ÁÒÇÍÉÎВ Б ʔϽÅ ȟ       (27) 

ʛʜʝ ʔ ï ʧʝʨʝʤʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʥʦʚʣʝʥʠʷ (ʇʂʆ), 0 < ʔ < 1; Å ï ʢʚʘʜʨʘʪ ʬʫʥʢʮʠʠ 

ʦʰʠʙʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦɻʬʬʠʮʠʝʥʪʦʚ ʟʘʤʠʨʘʥʠʡ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ CSI. 
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ʉʭʦʜʠʤʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʥʝ ʤʝʥʴʰʝ 10 ʧʨʠ ʟʥʘʯʝʥʠʠ 

çʩʠʛʥʘʣ/ʰʫʤè ʥʝ ʤʝʥʴʰʝ 10 ʜɹ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʈʄʅʂ ʩʦʧʨʷʞʝʥʦ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʙʦʣʴʰʦʛʦ 

ʦʙʲʝʤʘ ʚʳʯʠʩʣʝʥʠʡ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʦʚʨʝʤʝʥʥʳʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʈʄʅʂ ʩ 

ʇʂʆ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʧʨʦʚʝʜʝʥʠʝ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʦʙʨʘʙʦʪʢʠ ʧʠʣʦʪʥʳʭ 

ʩʠʛʥʘʣʦʚ, ʦʪʧʨʘʚʣʝʥʥʳʭ ɸʉ ʚ ʚʦʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʜʝʨʞʢʠ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʫʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʢʪʦʚ ʧʝʨʝʜʘʯʠ ɹʉ. 

 

2.2.2. ʄʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ 

 

2.2.2.1. ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ 

 

ʄʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʦʢʘʥʘʣʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʵʪʘʧʘ: ʥʘ ʧʝʨʚʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʛʥʦʟ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ, ʥʘ ʚʪʦʨʦʤ ï 

ʫʪʦʯʥʝʥʠʝ ʧʨʦʛʥʦʟʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʰʫʤʣʝʥʥʦʛʦ ʪʝʢʫʱʝʛʦ ʠʟʤʝʨʝʥʠ ̫[10, 67]. 

ʇʨʦʮʝʩʩ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

ʈʠʩʫʥʦʢ 4. ʄʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʦʢʘʥʘʣʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4 ʵʪʘʧʳ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʦʢʘʥʘʣʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ. 

ʅʘ ʵʪʘʧʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ø ˡ ϽØ ' ϽÕ × ȟ      (28) 
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ʛʜʝ x(k+1) ï ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʪʝʢʫʱʝʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ (ʥʝʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ 

ʧʨʦʛʥʦʟ); ʌ(k+1) ï ʧʝʨʝʭʦʜʥʘʷ ʤʘʪʨʠʮʘ ʩʦʩʪʦʷʥʠʡ; xk ï ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʧʨʝʜʳʜʫʱʝʛʦ 

ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ; G(k+1) ï ʤʘʪʨʠʮʘ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ; u(k+1) ï ʚʝʢʪʦʨ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ; w(k+1) ï ʥʦʨʤʘʣʴʥʳʡ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʩ ʥʫʣʝʚʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ʠ 

ʠʟʚʝʩʪʥʦʡ ʢʦʚʘʨʠʘʮʠʝʡ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

1 %× Ͻ×ᶻ ȟ         (29) 

ʛʜʝ Q(k+1) ï ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʩʦʩʪʦʷʥʠʡ; ×ᶻ  ï ʩʦʧʨʷʞʝʥʥʘʷ w(k+1) ʚʝʣʠʯʠʥʘ. 

ʇʝʨʝʤʝʥʥʘʷ w ʦʪʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʴʶ ʦʙʲʝʢʪʠʚʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ. 

ʅʘ ʵʪʘʧʝ ʫʪʦʯʥʝʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʨʝʟʫʣʴʪʘʪ ʟʘʰʫʤʣʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ: 

Ú (ϽØ Ö ȟ        (30) 

ʛʜʝ z(k+1) ï ʚʝʢʪʦʨ ʠʟʤʝʨʝʥʠʡ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; H ï ʤʘʪʨʠʮʘ ʠʟʤʝʨʝʥʠʡ; v(k+1) ï 

ʥʦʨʤʘʣʴʥʳʡ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʩ ʥʫʣʝʚʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ʠ ʠʟʚʝʩʪʥʦʡ 

ʢʦʚʘʨʠʘʮʠʝʡ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

2 %Ö ϽÖᶻ ȟ        (31) 

ʛʜʝ R ï ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʠʟʤʝʨʝʥʠʡ; Öᶻ  ï ʩʦʧʨʷʞʝʥʥʘʷ v(k+1) ʚʝʣʠʯʠʥʘ; 

ʧʝʨʝʤʝʥʥʘʷ v(k+1) ʦʪʨʘʞʘʝʪ ʰʫʤ ʠʟʤʝʨʝʥʠʷ. 

ʀʪʦʛʦʚʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʝʟʫʣʴʪʘʪʘ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʧʦ ʤʝʪʦʜʫ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʠʤʝʝʪ ʚʠʜ: 

Ø ˡ ϽØ ' ϽÕ + ϽÚ (Ͻl ϽØ (Ͻ' ϽÕ ȟ (32) 

ʛʜʝ K ï ʤʘʪʨʠʮʘ ʫʩʠʣʝʥʠʷ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ, ʧʦʣʫʯʘʝʤʘʷ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ: 

- ˡ Ͻ0Ͻl ᶻ 1 Ƞ

+ - Ͻ(ᶻϽ(Ͻ- Ͻ(ᶻ 2

0 - - Ͻ+ Ͻ(ȟ

Ƞ    (33) 

ʛʜʝ P ï ʘʧʦʩʪʝʨʠʦʨʥʘʷ ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʦʰʠʙʦʢ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ; M ï ʘʧʨʠʦʨʥʘʷ 

ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʦʰʠʙʦʢ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ; lᶻ  ï ʩʦʧʨʷʞʝʥʥʘʷ ʌ(k+1) ʚʝʣʠʯʠʥʘ; (ᶻ ï 

ʩʦʧʨʷʞʝʥʥʘʷ H ʚʝʣʠʯʠʥʘ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʤʘʪʨʠʮʳ ʫʩʠʣʝʥʠʷ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʚʘʨʠʘʮʠʦʥʥʘ ̫ʤʘʪʨʠʮʘ 

P ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠʪʦʛʦʚʦʝ ʚʳʨʘʞʝʥʠʝ 

ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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Ø ˡ ϽØ + ϽÚ (Ͻl ϽØ Ȣ    (34) 

 

2.2.2.2. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʚʨʝʤʝʥʥʫ  ʁ ʤʦʜʠʬʠʢʘʮʠ ʁ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʠʟʚʝʩʪʥʳʤ ʘʣʛʦʨʠʪʤʦʤ EM (Expectation Maximization) [18]. ʅʘ ʨʠʩʫʥʢʝ 5 

ʧʦʢʘʟʘʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʝʪʦʜʘ KEM (Kalman filter with Expectation-Maximization).  

 

ʈʠʩʫʥʦʢ 5. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʝʪʦʜʘ KEM 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʥʘ ʚʭʦʜʝ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʫʪʦʯʥʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʦʙʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʤ ɽʄ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɿʘ ʩʯʝʪ 

ʵʪʦʛʦ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʤʦʜʝʣʴʶ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʠ ʨʝʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

ʨʘʜʠʦʢʘʥʘʣʘ ʩ ʟʘʤʠʨʘʥʠʷʤʠ. 

ɸʣʛʦʨʠʪʤ EM h ʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʮʝʥʦʢ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʩʢʨʳʪʳʭ 

ʧʝʨʝʤʝʥʥʳʭ. ɺ ʤʝʪʦʜʝ KEM ʪʘʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ, 

ʥʘʯʘʣʴʥʘʷ ʦʮʝʥʢʘ ʢʦʪʦʨʳʭ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʧʠʣʦʪʥʳʭ ʩʠʤʚʦʣʦʚ, ʠʪʝʨʘʪʠʚʥʦ ʦʙʥʦʚʣʷʝʪʩʷ. 

ʈʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ EM ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩʫʥʦʢ 6. ʈʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ EM ʚ ʩʦʩʪʘʚʝ ʤʝʪʦʜʘ ʂɽʄ 

ʅʘ ʨʠʩʫʥʢʝ 6 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʬʠʣʴʪʨʘ 

ʂʘʣʤʘʥʘ ʦʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ: ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʚʳʯʠʩʣʷʝʪʩʷ ʦʞʠʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʘ ʥʘ ʚʪʦʨʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦ 

ʦʮʝʥʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʥʦʟ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ, ʢʦʪʦʨʳʡ 

ʧʘʨʘʤʝʪʨʠʟʦʚʘʥ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ EM [18, 68].  

ʉʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ ʂɽʄ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʥʝ ʤʝʥʴʰʝ 5 ʧʨʠ ʟʥʘʯʝʥʠʠ 

çʩʠʛʥʘʣ/ʰʫʤè ʥʝ ʤʝʥʴʰʝ 10 ʜɹ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʰʫʤʘ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
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2.2.3. ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

 

ʀʟ ʢʣʘʩʩʘ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʀʅʉ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʝʢʫʨʨʝʥʪʥʦʡ ʀʅʉ 

(ʈʀʅʉ) (ʇʨʠʣʦʞʝʥʠʝ 2) [15, 19, 69...72]. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʩʦʢʨʘʱʘʝʪʩʷ ʦʙʲʝʤ 

ʚʳʯʠʩʣʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʯʝʪ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʠ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʦʙʫʯʝʥʠʠ ʧʦʟʚʦʣʷʝʪ 

ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʘʧʨʠʦʨʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʨʘʜʠʦʢʘʥʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʚʣʠʷʥʠʷ ʙʳʩʪʨʳʭ ʟʘʤʠʨʘʥʠʡ (ʇʨʠʣʦʞʝʥʠʝ 3) [49].  

 

2.2.3.1. ʈʝʢʫʨʨʝʥʪʥʘʷ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩ ʜʦʣʛʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʫʯʝʥʠʷ ʀʅʉ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʣʛʦʨʠʪʤʝ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ [73]. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʦʯʝʨʝʜʥʦʤ ʨʘʩʯʝʪʝ ʛʨʘʜʠʝʥʪʘ ʬʫʥʢʮʠʠ 

ʧʦʪʝʨʴ ʦʪ ʧʦʩʣʝʜʥʝʛʦ ʩʣʦʷ ʀʅʉ ʢ ʧʝʨʚʦʤʫ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ ʪʝʢʫʱʝʛʦ ʩʣʦʷ. ʆʜʥʘʢʦ ʦʙʫʯʝʥʠʝ 

ʘʨʭʠʪʝʢʪʫʨʳ ʈʀʅʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ ʟʘʪʨʫʜʥʝʥʦ 

ʚʩʣʝʜʩʪʚʠʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʛʨʘʜʠʝʥʪʘ: ʫʜʘʣʝʥʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ 

ʥʝʘʜʝʢʚʘʪʥʦ ʚʣʠʷʶʪ ʥʘ ʨʝʟʫʣʴʪʘʪ ʦʙʫʯʝʥʠʷ [74]. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʚʨʝʤʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʈʀʅʉ ʩ ʜʦʣʛʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ (Long Short-Term 

Memory, LSTM) [75]. ɺ ɻʪʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʳ (ʀʅ) ʟʘʤʝʥʝʥʳ ʥʘ ʦʩʦʙʳʝ 

ʷʯʝʡʢʠ ʧʘʤʷʪʠ, ʩʦʜʝʨʞʘʱʠʝ ʟʘʪʚʦʨ rʩʪʠʨʘʥʠʷ ʜʘʥʥʳʭ (ʟʘʙʚʝʥʠʷ) ʠ ʩʦʙʩʪʚʝʥʥʦ ʟʘʧʦʤʠʥʘʶʱʠʝ 

ʵʣʝʤʝʥʪ r- ʀʅ ʧʘʤʷʪʠ. ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ ʷʯʝʡʢʘʤʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʭʦʜʥʳʭ ʠ 

ʚʳʭʦʜʥʳʭ ʟʘʪʚʦʨʦʚ. ʉʪʨʫʢʪʫʨʘ LSTM ʚ ʦʙʱʝʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7. 
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ʈʠʩʫʥʦʢ 7. ʉʪʨʫʢʪʫʨʘ LSTM ʚ ʦʙʱʝʤ ʚʠʜʝ 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʧʨʘʚʣʝʥʠʝ ʧʘʤʷʪʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʟʘʪʚʦʨʦʚ. ɺʭʦʜʥʦʡ ʟʘʪʚʦʨ ʦʧʨʝʜʝʣʷʝʪ, ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʚʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʩʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʩʦʩʪʦʷʥʠʝ ʷʯʝʡʢʠ ʧʘʤʷʪʠ. ɿʘʪʚʦʨ ʩʪʠʨʘʥʠʷ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʫʶ 

ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʩʦʭʨʘʥʠʪʴ ʚ ʀʅ ʧʘʤʷʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ɺʳʭʦʜʥʦʡ ʟʘʪʚʦʨ 

ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʩʦʩʪʦʷʥʠʷ ̫ ʯʝʡʢʠ ʧʘʤʷʪʠ ʥʘ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ. ɼʦʧʫʩʢʘʝʪʩʷ ʩʢʚʦʟʥʦʝ 

ʧʨʦʭʦʞʜʝʥʠʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜ. 

 ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʷʯʝʡʢʘʤ, LSTM ʩʧʦʩʦʙʥʘ ʘʜʝʢʚʘʪʥʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʟʥʝʩʝʥʥʳʭ ʧʦ 

ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜ. ʌʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʷʯʝʡʢʠ ʧʘʤʷʪʠ ʚʢʣʶʯʘʝʪ 

ʧʝʨʝʤʝʥʥʳʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʦʩʪʦʷʥʠʷ ʟʘʪʚʦʨʦʚ ʠ ʀʅ ʧʘʤʷʪʠ [76, 77]: 

Ã Ã ἄÆ ÇἄÉȟ         (35) 

ʛʜʝ ct ï ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʩʦʩʪʦʷʥʠʡ ʷʯʝʡʢʠ ʧʘʤʷʪʠ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; c(t-1) ï 

ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʩʦʩʪʦʷʥʠʡ ʷʯʝʡʢʠ ʧʘʤʷʪʠ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; ṩ - 

ʧʨʦʠʟʚʝʜʝʥʠʝ ɸʜʘʤʘʨʘ; f ï ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʩʦʩʪʦʷʥʠʡ ʟʘʪʚʦʨʘ ʩʪʠʨʘʥʠʷ ʜʘʥʥʳʭ; g ï ʚʝʢʪʦʨ 

ʟʥʘʯʝʥʠʡ-ʢʘʥʜʠʜʘʪʦʚ ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ; i ï ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʩʦʩʪʦʷʥʠʡ ʚʭʦʜʥʦʛʦ ʟʘʪʚʦʨʘ. 

ɺʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʩʦʩʪʦʷʥʠʷ ʷʯʝʡʢʠ ʧʘʤʷʪʠ ʚ ʪʝʢʫʱʠʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʩʦʩʪʦʷʥʠʝ ʚʳʭʦʜʥʦʛʦ ʟʘʪʚʦʨʘ: 

Ù ÔÁÎÈÃ ἄÏȟ         (36) 
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ʛʜʝ tanh ï ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ çʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩè; ct ï ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ 

ʩʦʩʪʦʷʥʠʡ ʷʯʝʡʢʠ ʧʘʤʷʪʠ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; ṩ - ʧʨʦʠʟʚʝʜʝʥʠʝ ɸʜʘʤʘʨʘ; o - ʚʝʢʪʦʨ 

ʟʥʘʯʝʥʠʡ ʩʦʩʪʦʷʥʠʡ ʚʳʭʦʜʥʦʛʦ ʟʘʪʚʦʨʘ. 

 

2.2.3.2. ɸʣʛʦʨʠʪʤʳ ʦʙʫʯʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʜʦʣʛʦʡ 

ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ 

 

ɼʣʷ ʦʙʫʯʝʥʠʷ LSTM ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʷʜ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ: ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪʥʳʡ ʩʧʫʩʢ ʩ 

ʤʦʤʝʥʪʦʤ (çʉɻʉʄè, Stochastic Gradient Descent with Momentum), ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ (çʉʂʈè, Root Mean Square PROPagation) ʠ ʘʜʘʧʪʠʚʥʘʷ ʦʮʝʥʢʘ ʤʦʤʝʥʪʦʚ 

(çɸʆʄè, ADAptive Moment estimation). ʍʦʪʷ ʨʘʟʨʘʙʦʪʢʘ ʢʘʞʜʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʧʳʪʢʦʡ ʫʩʪʨʘʥʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ, ʚʩʝ ʫʢʘʟʘʥʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʧʦʢʘʟʳʚʘʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʧʨʘʢʪʠʢʝ [78]. 

ɿʘʜʘʯʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ (çʉɻʉè, Stochastic Gradient Descent) ʧʦʩʚʷʱʝʥ ʨʷʜ ʨʘʙʦʪ [79...81]. ʐʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ çʉɻʉʄè. ɽʩʣʠ ʚ ʘʣʛʦʨʠʪʤʝ çʉɻʉè ʩ ʢʘʞʜʦʡ 

ʠʪʝʨʘʮʠʝʡ ʦʙʫʯʝʥʠʷ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʢʦʣʝʙʘʪʴʩʷ, ʪʦ ʦʩʥʦʚʥʘʷ ʠʜʝʷ 

ʘʣʛʦʨʠʪʤʘ çʉɻʉʄè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ ʛʨʘʜʠʝʥʪʘ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʠʪʝʨʘʮʠʡ 

ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʚʝʣʠʯʠʥʳ ʪʘʢʠʭ ʢʦʣʝʙʘʥʠʡ [82].  

ɼʣʷ ʘʣʛʦʨʠʪʤʘ çʉɻʉè ʧʨʘʚʠʣʦ ʦʙʥʦʚʣʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

Õ Õ ɻϽɳ&Õȟ        (37) 

ʛʜʝ u ï ʚʝʢʪʦʨ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ; t ï ʥʦʤʝʨ ʠʪʝʨʘʮʠʠ; ɻ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ 

ʦʙʫʯʝʥʠʷ; F ï ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ; &ɳÕ  ï ʛʨʘʜʠʝʥʪ ʚʳʯʠʩʣʝʥʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʝ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ. 

ɼʣʷ ʘʣʛʦʨʠʪʤʘ çʉɻʉʄè ʧʨʘʚʠʣʦ ʦʙʥʦʚʣʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Õ Õ ɻϽɳ&Õ ÇÕ Õ ȟ      (38) 

ʛʜʝ g Õ Õ  ï ʧʘʨʘʤʝʪʨ, ʦʪʨʘʞʘʶʱʠʡ ʩʪʝʧʝʥʴ ʚʢʣʘʜʘ ʛʨʘʜʠʝʥʪʘ ʧʨʝʜʳʜʫʱʝʡ 

ʠʪʝʨʘʮʠʠ ʧʨʠ ʩʛʣʘʞʠʚʘʥʠʠ ʢʦʣʝʙʘʥʠʡ. 
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ɸʣʛʦʨʠʪʤ çʉɻʉʄè ʠʩʧʦʣʴʟʫʝʪ ʦʜʥʫ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʜʣʷ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʪʨʫʜʥʦ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʛʦ ʘʣʛʦʨʠʪʤ çʉʂʈè ʚʢʣʶʯʘʝʪ ʨʘʩʯʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ v, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʚʥʦ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʢ ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ 

ʧʦʪʝʨʴ ʠ ʚ ʠʪʦʛʝ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ [83]. 

ʉʥʘʯʘʣʘ ʚʳʯʠʩʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ: 

Ö ɼϽÖ ρ ɼ Ͻ &ɳÕ ȟ      (39) 

ʛʜʝ ɼ ï ʨʘʟʤʝʨ ʦʢʥʘ ʥʘʢʦʧʣʝʥʠʷ, π ɼ ρ. 

ɿʘʪʝʤ ʘʣʛʦʨʠʪʤ çʉʂʈè ʥʦʨʤʘʣʠʟʫʝʪ ʚʝʣʠʯʠʥʳ ʦʙʥʦʚʣʝʥʥʳʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ 

ʢʘʞʜʦʤʫ ʧʘʨʘʤʝʪʨʫ. ʇʨʘʚʠʣʦ ʦʙʥʦʚʣʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

Õ Õ
Ͻɳ

ȟ         (40) 

ʛʜʝ ʀ ï ʤʘʣʘʷ ʢʦʥʩʪʘʥʪʘ, ʚʚʝʜʝʥʥʘʷ ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʝʣʝʥʠʷ ʥʘ ʥʦʣʴ; ʦʧʝʨʘʮʠʷ 

ʜʝʣʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʵʣʝʤʝʥʪʥʦ [82]. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ çɸʆʄè ʙʳʣʠ ʫʯʪʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ çʉɻʉʄè ʠ 

çʉʂʈè [84]. ʊʘʢʞʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ. 

ɸʥʘʣʦʛʠʯʥʦ ʘʣʛʦʨʠʪʤʫ çʉɻʉʄè ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʛʣʘʞʠʚʘʥʠʝ ʚʝʣʠʯʠʥʳ ʢʦʣʝʙʘʥʠʡ ʚʝʩʦʚʳʭ 

ʢʦɻʬʬʠʮʠʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, ʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʮʝʥʢʠ ʧʝʨʚʦʛʦ ʤʦʤʝʥʪʘ 

(ʚʟʚʝʰʝʥʥʦʛʦ ʩʨʝʜʥʝʛʦ):  

Í ɼϽÍ ρ ɼ Ͻ &ɳÕ ȟ      (41) 

ʛʜʝ m ï ʦʮʝʥʢʘ ʧʝʨʚʦʛʦ ʤʦʤʝʥʪʘ; ɼ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʛʣʘʞʠʚʘʥʠʷ. 

ɸʥʘʣʦʛʠʯʥʦ ʘʣʛʦʨʠʪʤʫ çʉʂʈè ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʜʘʧʪʠʚʥʘʷ ʥʘʩʪʨʦʡʢʘ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ 

[82]: 

Ö ɼϽÖ ρ ɼ Ͻ &ɳÕ Ȣ      (42) 

ʇʨʘʚʠʣʦ ʦʙʥʦʚʣʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Õ Õ
Ͻ
Ȣ         (43) 
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2.2.3.3. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʚʨʝʤʝʥʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ LSTM ʚ ʙʦʨʴʙʝ ʩ 

ʧʘʨʘʟʠʪʥʳʤ ʵʬʬʝʢʪʦʤ ʟʘʜʝʨʞʢʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (CSI-Ageing). ɺ ʨʘʙʦʪʝ [19] ʧʨʝʜʣʦʞʝʥʘ 

ʦʨʠʛʠʥʘʣʴʥʘ ̫ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ CSI ʚ ʩʠʩʪʝʤʝ ʩʦʪʦʚʦʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ 5G, 

ʥʘʟʚʘʥʥʘ ̫ ʘʚʪʦʨʘʤʠ çOCEANè. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ 

ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (Convolutional Neural Network, CNN) ʠ LSTM. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ CNN 

ʠ LSTM [85...88]. 

ʆʙʳʯʥʦ CNN ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʠ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʚ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ï ʠʪʝʨʘʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʩʚʝʨʪʢʠ ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʧʨʠʟʥʘʢʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ 

ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ [80]. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ CNN ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 8. 

 

ʈʠʩʫʥʦʢ 8. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ CNN 

ʅʘ ʨʠʩʫʥʢʝ 8 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʥʘ ʚʭʦʜʝ (çʠʟʦʙʨʘʞʝʥʠʝè) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ 6 ʷʜʨʘʤʠ ʩʚʝʨʪʦʯʥʦʛʦ ʩʣʦʷ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ 17ʭ17. ʗʜʨʘ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪʩʷ 

ʬʠʣʴʪʨʘʤʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʨʠʮʳ ʚʝʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʩʚʝʨʪʢʠ 

ʧʦʣʫʯʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ 50 ʷʜʨʘʤʠ ʩ 

ʨʘʟʤʝʨʥʦʩʪʴʶ 9ʭ9. ɼʚʘ ʩʚʝʨʪʦʯʥʳʭ ʩʣʦʷ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʬʦʨʤʠʨʫʶʪ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ ʜʣʷ 

ʧʦʣʥʦʩʚʷʟʥʳʭ ʩʣʦʝʚ ʀʅʉ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (FeedForward Neural Network, FFNN). ʅʘ 

ʚʳʭʦʜʝ CNN ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʮʝʥʢʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʣʘʩʩʫ. 
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ɺ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʝ çOCEANè ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʩʚ̫ʟʢʘ ʠʟ 2 CNN ʤʠʥʠʤʠʟʠʨʫʝʪ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʠʟʤʝʨʝʥʥʳʭ ʠ ʨʝʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ CSI, ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʡʩʪʚʫ CNN ʚʳʜʝʣʷʪʴ ʢʣʶʯʝʚʳʝ ʧʨʠʟʥʘʢʠ ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜ ʜʘʥʥʳʭ. ɿʘ ʚʳʧʦʣʥʝʥʠʝ 

ʩʦʙʩʪʚʝʥʥʦ ʧʨʦʛʥʦʟʘ CSI ʦʪʚʝʯʘʝʪ LSTM. ʅʘ ʚʳʭʦʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʦʠ FFNN. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʦʙʫʯʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ çOCEANè ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʜʚʝ ʬʘʟʳ: 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʦʙʫʯʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 9. 

 

ʈʠʩʫʥʦʢ 9. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ çOCEANè 

ʅʘ ʨʠʩʫʥʢʝ 9 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʶʱʘʷ 

ʩʪʨʫʢʪʫʨʘ çOCEANè ʠʩʧʦʣʴʟʫʝʪ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʵʪʘʣʦʥʥʳʭ ʧʨʠʤʝʨʦʚ (CSI). 

ʇʨʠʤʝʥʷʝʪʩʷ ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦ ʘʣʛʦʨʠʪʤʫ çʉʂʈè. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʀʅʉ, ʘ ʧʨʠ ʦʙʫʯʝʥʠʠ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʪʩʷ ʠʭ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ [19]: 

7 7 ɼϽɳ7ȟ         (44) 

ʛʜʝ Wh ï ʤʘʪʨʠʮʘ ʟʥʘʯʝʥʠʡ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ; ɼ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʨʝʛʫʣʠʨʫʶʱʠʡ ʚʝʣʠʯʠʥʫ ʢʦʨʨʝʢʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʦʢʘʥʘʣʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʝʜʦʩʪʘʪʢʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʥʘ ʦʩʥʦʚʝ ʈʄʅʂ ʠ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ, ʫʩʧʝʰʥʦ ʧʨʝʦʜʦʣʝʚʘʝʤʳʝ 

ʤʝʪʦʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʀʅʉ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩʠʚʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ [49, 89]. ʆʜʥʘʢʦ 
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ʩʦʚʨʝʤʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʀʅʉ ʪʘʢʞʝ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: 

ʧʨʦʛʥʦʟʠʨʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ çOCEANè ʠʩʧʦʣʴʟʫʝʪ ʜʦʦʙʫʯʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʪʝʨʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʦʙʱʝʥʠʶ ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

 

2.3. ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 2 

 

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʨʘʜʠʦʢʘʥʘʣʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʀʅʉ ʚ ʩʠʣʫ ʩʣʝʜʫʶʱʠʭ ʧʨʠʯʠʥ: 

ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʘʧʨʠʦʨʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, 

ʛʠʙʢʘ ̫ʧʦʜʩʪʨʦʡʢʘ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʳʩʦʢʘ ̫ʩʢʦʨʦʩʪ ɹʨʘʙʦʪʳ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʠʟʢʘ ̫ ʚʳʯʠʩʣʠʪʝʣʴʥʘ ̫ ʩʣʦʞʥʦʩʪ.ɹ ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʀʅʉ, ʩʧʦʩʦʙʳ ʠ 

ʘʣʛʦʨʠʪʤʳ ʠʭ ʦʙʫʯʝʥʠʷ. 

2. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʦʢʘʥʘʣʘ. ʄʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʈʄʅʂ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʠʣʦʪʥʳʭ ʩʠʛʥʘʣʦʚ, ʦʪʧʨʘʚʣʝʥʥʳʭ ɸʉ ʚ ʚʦʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʜʝʨʞʢʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʦʟʨʘʩʪʘʶʱʝʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʫʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʢʪʦʚ 

ʧʝʨʝʜʘʯʠ ɹʉ. ʄʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʠʩʧʦʣʴʟʫʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʦʨʤʘʣʴʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʰʫʤʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʦʛʥʦʟʠʨʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ çOCEANè ʠʩʧʦʣʴʟʫʝʪ ʜʦʦʙʫʯʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʡ ʧʦʪʝʨʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʦʙʱʝʥʠʶ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 
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3. ʈɸɿʈɸɹʆʊʂɸ ʅʆɺʆʁ ʇʈʆɻʅʆɿʀʈʋʖʑɽʁ ʉʊʈʋʂʊʋʈʓ 

 

ʂʣʘʩʩ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʅʉ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ [15, 19, 49]. ʆʜʥʘʢʦ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʧʨʦʛʥʦʟʠʨʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ 

çOCEANè ʠʩʧʦʣʴʟʫʝʪ ʜʦʦʙʫʯʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʟʘʜʝʨʞʢʘʤ ʠ ʧʦʩʪʦʷʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʥʘ ʚʭʦʜ 

ʝʜʠʥʠʯʥʳʭ ʚʳʙʦʨʦʢ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʛʨʘʜʠʨʫʝʪ ʦʙʦʙʱʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ 

ʩʪʨʫʢʪʫʨʳ. ʂʨʦʤʝ ʵʪʦʛʦ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʀʅʉ ʣʠʙʦ ʥʝ ʧʨʦʚʦʜʷʪ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʀʅʉ, ʣʠʙʦ ʧʨʦʚʦʜʪ̫ ʝʛʦ ʚ ʩʦʩʪʘʚʝ ʢʦʥʝʯʥʦʡ 

ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʮʝʥʢʫ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ ʥʘʜʩʪʨʦʝʢ ʚ ʧʨʠʨʦʩʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʉ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ ʧʨʠʦʙʨʝʪʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ 

ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʘʨʭʠʪʝʢʪʫʨʳ ʈʀʅʉ, ʜʦʩʪʫʧʥʳʝ ʚ ʧʘʢʝʪʝ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ çMatlabè: LSTM, 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʘʷ LSTM (Bidirectional Long Short-Term Memory, BLSTM) ʠ ʘʨʭʠʪʝʢʪʫʨʫ 

ʥʝʣʠʥʝʡʥʦʡ ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʭʦʜʦʤ (Nonlinear AutoRegressive eXogenous 

model, NARX).  

ɸʨʭʠʪʝʢʪʫʨʘ BLSTM ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʧʘʨʳ LSTM. ʈʘʟʚʝʨʥʫʪʘʷ 

ʩʪʨʫʢʪʫʨʘ BLSTM ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 10 [90]. 

 

ʈʠʩʫʥʦʢ 10. ʈʘʟʚʝʨʥʫʪʘʷ ʩʪʨʫʢʪʫʨʘ BLSTM 
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ʅʘ ʨʠʩʫʥʢʝ 10 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʚʝ LSTM ʧʨʦʧʫʩʢʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ 

ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʲʝʜʠʥʷʶʪʩʷ, ʘ ʟʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʙʦʪʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ.   ɼʣʷ ʦʙʫʯʝʥʠʷ BLSTM ʧʦʜʭʦʜʷʪ ʪʝ ʞʝ ʘʣʛʦʨʠʪʤʳ, ʯʪʦ 

ʠ ʜʣʷ LSTM. 

ɸʨʭʠʪʝʢʪʫʨʘ NARX ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʳʯʥʫʶ ʈʀʅʉ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʫʢʘʟʘʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʩʪʫʧʥʳʝ ʚ ʧʘʢʝʪʝ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ çMatlabè ʘʣʛʦʨʠʪʤʳ 

çʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʘʨʜʪʘè (çʃ-ʄè) ʠ çʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʘʨʜʪʘ ʩ ʈʝʛʫʣʷʨʠʟʘʮʠʝʡ ɹʘʡʝʩʘè (çʃ-ʄ ʩ 

ʈɹè). 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ NARX ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚ ʘʣʛʦʨʠʪʤʦʚ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʠ ɻʘʫʩʩʘ-ʅʴʶʪʦʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʧʨʦʛʥʦʟʥʳʤʠ ʠ ʵʪʘʣʦʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. ɽʩʣʠ ʦʰʠʙʢʘ 

ʤʘʣʘ, ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ɻʘʫʩʩʘ-ʅʴʶʪʦʥʘ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʘʜʠʝʥʪʥʳʡ 

ʩʧʫʩʢ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʝʥʠʡ.  

ʌʫʥʢʮʠʝʡ ʧʦʪʝʨʴ ʘʣʛʦʨʠʪʤʘ çʃ-ʄè ̫ʚʣʷʝʪʩʷ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʦʰʠʙʢʠ, ʧʦʣʫʯʝʥʥʘʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʥʦʚʣʝʥʥʳʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʠʪʝʨʘʮʠʠ [91]: 

%Õ В ÙÕ Ù ȟ       (45) 

ʛʜʝ ÙÕ  ï ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ; Ù ï ʵʪʘʣʦʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

 ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʦʙʫʯʝʥʠʠ FFNN [89, 92, 

93]. ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʦʙʫʯʝʥʠ ̫NARX ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʨʘʟʦʤʢʥʫʪʦʡ ʧʝʪʣʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ʇʨʘʚʠʣʦ ʦʙʥʦʚʣʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [91]: 

Õ Õ
ᶻ
 ȟ        (46) 

ʛʜʝ g ï ʛʨʘʜʠʝʥʪ ʦʰʠʙʢʠ; (ᶻ - ʧʨʠʙʣʠʞʝʥʥʘʷ ʤʘʪʨʠʮʘ ɻʝʩʩʝ, ʚʳʯʠʩʣʷʝʤʘʷ ʩ ʧʦʤʦʱʴʶ 

ʤʘʪʨʠʮ ʗʢʦʙʠ, (ᶻ *ᶻ*; ʈ ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʃʝʚʝʥʙʝʨʛʘ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʭʘʨʘʢʪʝʨ ʨʘʙʦʪʳ 

ʘʣʛʦʨʠʪʤʘ çʃ-ʄè; I ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ. 

ɸʣʛʦʨʠʪʤ çʃ-ʄ ʩ ʈɹè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʠʬʠʢʘʮʠʶ ʘʣʛʦʨʠʪʤʘ çʃ-ʄè ʩ ʮʝʣʴʶ 

ʫʣʫʯʰʝʥʠʷ ʦʙʦʙʱʘʶʱʠʭ ʩʚʦʡʩʪʚ ʀʅʉ. ɺ ʜʘʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʥʝʡʥʘ ̫ʢʦʤʙʠʥʘʮʠʶ ʢʚʘʜʨʘʪʦʚ ʦʰʠʙʢʠ ʠ ʢʚʘʜʨʘʪʦʚ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʦʙʥʦʚʣʷʝʤʳʭ ʧʦʩʣʝ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ. ɺʢʣʘʜ ʢʘʞʜʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʠʧʝʨʧʘʨʘʤʝʪʨʘʤʠ [89, 94...96]. ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ ʘʣʛʦʨʠʪʤʘ çʃ-ʄ ʩ ʈɹè ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ [91]: 
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& ɼ% ɻ%ȟ         (47) 

ʛʜʝ E - ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʦʰʠʙʢʠ; %  ï ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ; ɻ ʠ ɼ ï

ʛʠʧʝʨʧʘʨʘʤʝʪʨʳ. 

 

3.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʨʝʢʫʨʨʝʥʪʥʳʭ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

 

ɼʣʷ ʦʮʝʥʢʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʝʝ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʦʚʦʡ 

ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ: 

çɸʆʄè, çʉʂʈè ʠ çʉɻʉʄè ʜʣʷ LSTM ʠ BLSTM; çʃ-ʄè ʠ çʃ-ʄ ʩ ʈɹè ʜʣʷ NARX [22, 97]. ʉʫʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʩʦʩʪʦʠʪ ʚ ʧʨʦʚʝʜʝʥʠʠ ʦʙʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2 

ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ~10000 ʠ ~100000 ʧʘʨ ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʳʝ ʤʘʩʩʠʚʳ 

ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ɸʉ ʬʦʨʤʠʨʦʚʘʪʴ ʠʥʜʠʢʘʪʦʨʳ CQI ʚ 

ʫʩʣʦʚʠʷʭ ʚʣʠʷʥʠʷ ʟʘʤʠʨʘʥʠʡ ʚ ʨʘʜʠʦʢʘʥʘʣʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʝʰʝʭʦʜʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 3 ʢʤ/ʯ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ (ʕɺʄ) ʥʘ 

ʙʘʟʝ ʢʦʥʬʠʛʫʨʘʮʠʠ Intel Core i5-6440HQ 2.6 ɻɻʮ, ʆɿʋ 8 ɻɹ, ʆʉ çWindows 10è 64 ʙʠʪ. 

ʆʮʝʥʠʚʘʣʠʩʴ ʚʝʣʠʯʠʥʘ ʜʝʚʠʘʮʠʠ (Mean Squared Error, MSE) ʠ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʦʙʫʯʝʥʠʝ. ɹʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʟʚʝʩʪʥʘʷ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʜʝʚʠʘʮʠʠ: 

-3% ϽВ Ù Ù ȟ        (48) 

ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ; Ù ï ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ CQI; y ï ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ CQI. 

ʆʮʝʥʢʘ ʜʝʚʠʘʮʠʠ ʜʣʷ ʦʙʫʯʝʥʥʳʭ ʀʅʉ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʪʝʩʪʦʚʳʭ ʦʙʨʘʟʮʘʭ, ʢʦʪʦʨʳʝ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʫʯʝʥʠʠ NARX ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ çʃ-ʄè ʠ çʃ-ʄ ʩ ʈɹè ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʦʰʠʙʢʠ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʷʭ ʧʦʪʝʨʴ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ ʜʝʚʠʘʮʠʠ [98]. ʇʦʵʪʦʤʫ 

ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ LSTM ʠ BLSTM, ʥʘ ʚʩʝʭ ʧʨʠʚʦʜʠʤʳʭ 

ʛʨʘʬʠʢʘʭ ʧʨʦʮʝʩʩʦʚ ʦʙʫʯʝʥʠʷ ʙʫʜʝʪ ʦʪʦʙʨʘʞʝʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʜʝʚʠʘʮʠʠ. ɺʚʠʜʫ 

ʪʦʛʦ, ʯʪʦ ʥʘ ʚʳʭʦʜʝ NARX ʩʪʨʦʠʪʩʷ ʨʝʛʨʝʩʩʠʷ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʜʝʢʚʘʪʥʦʛʦ ʩʨʘʚʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʪʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʝʚʠʘʮʠʠ ʙʫʜʫʪ ʦʢʨʫʛʣʝʥʳ ʜʦ ʮʝʣʦʯʠʩʣʝʥʥʳʭ. 

ʉ ʮʝʣʴʶ ʩʦʩʪʘʚʣʝʥʠʷ ʦʙʫʯʘʶʱʝʛʦ ʤʘʩʩʠʚʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʦʩʪʫʧʥʘʷ ʚ ʧʘʢʝʪʝ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ çMatlabè ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʩʚʷʟʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʢʦʥʬʦʨʤʥʦʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʷ CQI ʩʦʛʣʘʩʥʦ ʩʧʝʮʠʬʠʢʘʮʠʷʤ 3GPP [33, 99, 100]. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 11. 
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ʈʠʩʫʥʦʢ 11. ʄʦʜʝʣʴ ʩʠʩʪʝʤʳ ʩʚʷʟʠ 

ʅʘ ʨʠʩʫʥʢʝ 11 ʧʦʢʘʟʘʥʳ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʨʘʙʦʪʳ ʤʦʜʝʣʠ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʠʣʦʪʥʳʭ 

ʩʠʛʥʘʣʦʚ (1) ʥʘ ʩʪʦʨʦʥʝ ɹʉ ʠ ʠʭ ʦʪʧʨʘʚʢʘ ʚ ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ; ʦʙʨʘʙʦʪʢʘ ʧʠʣʦʪʥʳʭ 

ʩʠʛʥʘʣʦʚ (1) ʤʦʜʝʣʴʶ ʨʘʜʠʦʢʘʥʘʣʘ; ʧʨʠʝʤ ʧʠʣʦʪʥʳʭ ʩʠʛʥʘʣʦʚ (2) ʥʘ ʩʪʦʨʦʥʝ ɸʉ, ʠʭ ʦʙʨʘʙʦʪʢʘ ʠ 

ʦʮʝʥʢʘ ʩʦʦʪʥʦʰʝʥʠʷ çʩʠʛʥʘʣ/ʰʫʤè; ʚʳʙʦʨ ʠʥʜʠʢʘʪʦʨʘ CQI ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ 

ʩʦʦʪʥʦʰʝʥʠʷ çʩʠʛʥʘʣ/ʰʫʤè ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʙʣʦʢʝ ɸʉ; ʦʪʧʨʘʚʢʘ 

ʚʳʙʨʘʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ CQI ʚ ʚʦʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʨʠ ʠʪʦʛʦʚʦʤ ʚʳʙʦʨʝ ʥʘ ʩʪʦʨʦʥʝ ɹʉ 

ʩʭʝʤʳ ʤʦʜʫʣʷʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ ʫʯʠʪʳʚʘʶʪʩʷ 

ʠʥʜʠʢʘʪʦʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ɸʉ ʧʦ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ʅʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 7 

(ʇʨʠʣʦʞʝʥʠʝ 4) [99]. 

ʊʘʙʣʠʮʘ 7. ʅʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʩʚʷʟʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɿʥʘʯʝʥʠʝ 

ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ 10 ʄɻʮ 

ʈʝʞʠʤ ʧʝʨʝʜʘʯʠ 1 

ʇʨʦʬʠʣʴ ʟʘʤʠʨʘʥʠʡ 

ʄʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʧʝʰʝʭʦʜʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 

3 ʢʤ/ʯ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ ʜʦʧʣʝʨʦʚʩʢʠʤ 

ʩʜʚʠʛʦʤ 5 ɻʮ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʩʫʱʝʡ 
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ʯʘʩʪʦʪʝ ~1.8 ɻɻʮ (Extended Pedestrian A model 

with maximum Doppler shift 5 Hz, EPA 5) [101] 

ʂʦʣʠʯʝʩʪʚʦ ʪʨʘʢʪʦʚ ʧʝʨʝʜʘʯʠ 1 

ʂʦʣʠʯʝʩʪʚʦ ʪʨʘʢʪʦʚ ʧʨʠʝʤʘ 2 

ʉʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʪʨʘʢʪʦʚ MIMO ɺʳʩʦʢʘ ̫

çʉʠʛʥʘʣ/ʰʫʤè 6 ʜɹ 

ʈʝʞʠʤ ʦʪʯʝʪʥʦʩʪʠ CQI PUCCH 1-0 

ʇʝʨʠʦʜ ʦʪʧʨʘʚʢʠ CQI 2 ʤʩ 

ɿʘʜʝʨʞʢʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 8 ʤʩ 

ʂʦʣʠʯʝʩʪʚʦ ʢʘʜʨʦʚ 20000 

ʌʠʟʠʯʝʩʢʠʡ ʢʘʥʘʣ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʪʧʨʘʚʢʠ 

CQI 
PUSCH [33] 

ʐʘʙʣʦʥ ʵʪʘʣʦʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ çRMC R.3è, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ çRC.1è 

ʄʦʜʝʣʴ ʨʘʜʠʦʢʘʥʘʣʘ çGMEDSè 

ʈʝʞʠʤ ʛʠʙʨʠʜʥʦʡ ʨʝʪʨʘʥʩʣʷʮʠʠ  

(Hybrid Automatic Repeat Request, HARQ) 
ɺʳʢʣʶʯʝʥ 

ɿʥʘʯʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʜʣʷ 

ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʤʠʨʘʥʠʡ 
10 

 

ʀʟ ʪʘʙʣʠʮʳ 7 ʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʢʘʜʨʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 20000 ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

100000 ʧʘʨ ʦʙʨʘʟʮʦʚ. ɸʣʛʦʨʠʪʤ ʧʦʣʫʯʝʥʠʷ ʦʙʫʯʘʶʱʝʛʦ ʤʘʩʩʠʚʘ ʟʥʘʯʝʥʠʡ çʩʠʛʥʘʣ/ʰʫʤè ʠ CQI, 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 12 [102]. 
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ʈʠʩʫʥʦʢ 12. ɸʣʛʦʨʠʪʤ ʧʦʣʫʯʝʥʠʷ ʦʙʫʯʘʶʱʝʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ 

ʅʘ ʨʠʩʫʥʢʝ 12 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ ʦʮʝʥʢʠ ɸʉ ʩʦʦʪʥʦʰʝʥʠʷ çʩʠʛʥʘʣ/ʰʫʤè ʠ ʚʳʙʦʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ CQI ʦʥʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʤʘʩʩʠʚ ʜʘʥʥʳʭ. ʇʝʨʝʜ ʦʙʫʯʝʥʠʝʤ 

ʘʨʭʠʪʝʢʪʫʨ ʀʅʉ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ - ʩʦʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ 

ʟʥʘʯʝʥʠʡ çʩʠʛʥʘʣ/ʰʫʤè ʩ ʝʜʠʥʠʯʥʳʤ ʩʜʚʠʛʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʘ ʪʘʢʞʝ ʚʥʝʩʝʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʜʚʠʛ ʜʣʷ ʟʥʘʯʝʥʠʡ ʠʥʜʠʢʘʪʦʨʘ CQI. 
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ʉ ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʠʷ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ 

ʢʘʞʜʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʀʅʉ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦ 2 ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʩ 2 ʧʦʧʳʪʢʘʤʠ ʚ ʢʘʞʜʦʤ. ɺ 

ʧʝʨʚʦʤ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ~10000 ʧʘʨ ʦʙʨʘʟʮʦʚ ʠʟ ʚʩʝʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, ʚʦ ʚʪʦʨʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ~100000 ʧʘʨ ʦʙʨʘʟʮʦʚ. ʇʦʨʷʜʦʢ ʦʙʲʝʤʘ ʦʙʫʯʘʶʱʠʭ ʤʘʩʩʠʚʦʚ ʚʳʙʨʘʥ ʧʦ ʘʥʘʣʦʛʠʠ 

ʩ ʦʙʲʝʤʦʤ ʙʘʟʳ ʜʘʥʥʳʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ʅʘʮʠʦʥʘʣʴʥʳʤ ʠʥʩʪʠʪʫʪʦʤ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʉʐɸ ʜʣʷ ʦʙʫʯʝʥʠʷ ʀʅʉ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. ɺʩʝ ʀʅʉ ʩʦʜʝʨʞʘʣʠ 

ʧʦ 100 ʀʅ ʩʢʨʳʪʦʛʦ ʩʣʦʷ [89]. ʇʨʦʛʥʦʟ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ CQI ʚʳʧʦʣʥʷʣʩʷ ʥʘ ʦʩʥʦʚʝ ʚʨʝʤʝʥʥʦʛʦ 

ʨʷʜʘ ʠʟ 100 ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ çʩʠʛʥʘʣ/ʰʫʤè. ʅʘʯʘʣʴʥʘʷ ʜʣʠʥʘ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ 

ʚʳʙʠʨʘʣʘʩʴ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʦʣʠʯʝʩʪʚʘ ʟʥʘʯʝʥʠʡ ʢʦʣʠʯʝʩʪʚʫ ʀʅ. ʂʦʣʠʯʝʩʪʚʦ 50 

ʵʧʦʭ ʦʙʫʯʝʥʠʷ ʚʳʙʨʘʥʦ, ʠʩʭʦʜʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 

ʦʮʝʥʢʠ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ ʀʅʉ [98]. ʀʩʧʦʣʴʟʦʚʘʥʳ ʧʨʝʜʣʘʛʘʝʤʳʝ ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 8-12. 

ʊʘʙʣʠʮʘ 8. ʇʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ NARX ʧʦ ʘʣʛʦʨʠʪʤʫ çʃ-ʄè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɿʥʘʯʝʥʠʝ 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ɻʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ (tanh) 

ʂʦʵʬʬʠʮʠʝʥʪ ɛ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 10-3 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʤʝʥʴʰʝʥʠʷ ɛ 0.1 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ɛ 10 

ʆʛʨʘʥʠʯʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ ʆʪʩʫʪʩʪʚʫʝʪ 

ʊʠʧ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʷʜʨʘ ʎʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ 

ʄʝʪʦʜ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʅʛʫʝʥʘ-ɺʠʜʨʦʫ [103] 

 

ʊʘʙʣʠʮʘ 9. ʇʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ NARX ʧʦ ʘʣʛʦʨʠʪʤʫ çʃ-ʄ ʩ ʈɹè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɿʥʘʯʝʥʠʝ 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ɻʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ 

ʂʦʵʬʬʠʮʠʝʥʪ ɛ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 5Ŀ10-3 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʤʝʥʴʰʝʥʠʷ ɛ 0.1 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ɛ 10 

ʂʦʵʬʬʠʮʠʝʥʪ çssXè ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 3Ŀ102 

ʂʦʵʬʬʠʮʠʝʥʪ çgamkè ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 1.03Ŀ104 

ʆʛʨʘʥʠʯʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ ʆʪʩʫʪʩʪʚʫʝʪ 

ʊʠʧ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʷʜʨʘ ʎʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ 
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ʄʝʪʦʜ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʅʛʫʝʥʘ-ɺʠʜʨʦʫ [103] 

 

ʊʘʙʣʠʮʘ 10. ʇʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ LSTM ʠ BLSTM ʧʦ ʘʣʛʦʨʠʪʤʫ çʉɻʉʄè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɿʥʘʯʝʥʠʝ 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʩʦʩʪʦʷʥʠʷ ɻʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʟʘʪʚʦʨʦʚ ʉʠʛʤʦʠʜʘ 

ʄʝʪʦʜ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɻʣʦʨʦʪ [104] 

ʄʝʪʦʜ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʪʣʠ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 
ʄʝʪʦʜ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʘʪʨʠʮ [105] 

ʈʘʟʤʝʨ ʧʘʢʝʪʘ ʜʘʥʥʳʭ ʜʣʷ ʦʜʥʦʡ ʠʪʝʨʘʮʠʠ 128 

ʊʠʧ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʷʜʨʘ ʎʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ 

ʂʦʵʬʬʠʮʠʝʥʪ g 0.9 

ʇʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ 10-3 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʊʠʭʦʥʦʚʘ 10-4 

 

ʊʘʙʣʠʮʘ 11. ʇʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ LSTM ʠ BLSTM ʧʦ ʘʣʛʦʨʠʪʤʫ çʉʂʈè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɿʥʘʯʝʥʠʝ 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʩʦʩʪʦʷʥʠʷ ɻʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʟʘʪʚʦʨʦʚ ʉʠʛʤʦʠʜʘ 

ʄʝʪʦʜ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɻʣʦʨʦʪ [104] 

ʄʝʪʦʜ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʪʣʠ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 
ʄʝʪʦʜ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʘʪʨʠʮ [105] 

ʈʘʟʤʝʨ ʧʘʢʝʪʘ ʜʘʥʥʳʭ ʜʣʷ ʦʜʥʦʡ ʠʪʝʨʘʮʠʠ 128 

ʊʠʧ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʷʜʨʘ ʎʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ 

ʂʦʵʬʬʠʮʠʝʥʪ  10-8 

ʂʦʵʬʬʠʮʠʝʥʪ  0.9 

ʇʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ 10-3 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʊʠʭʦʥʦʚʘ 10-4 

 

ʊʘʙʣʠʮʘ 12. ʇʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ LSTM ʠ BLSTM ʧʦ ʘʣʛʦʨʠʪʤʫ çɸʆʄè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɿʥʘʯʝʥʠʝ 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʩʦʩʪʦʷʥʠʷ ɻʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ 
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ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʟʘʪʚʦʨʦʚ ʉʠʛʤʦʠʜʘ 

ʄʝʪʦʜ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ çɻʣʦʨʦʪè [104] 

ʄʝʪʦʜ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʪʣʠ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 
ʄʝʪʦʜ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʘʪʨʠʮ [105] 

ʈʘʟʤʝʨ ʧʘʢʝʪʘ ʜʘʥʥʳʭ ʜʣʷ ʦʜʥʦʡ ʠʪʝʨʘʮʠʠ 128 

ʊʠʧ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʷʜʨʘ ʎʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ 

ʂʦʵʬʬʠʮʠʝʥʪ  10-8 

ʂʦʵʬʬʠʮʠʝʥʪ  0.9 

ʂʦʵʬʬʠʮʠʝʥʪ  0.999 

ʇʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ 10-3 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʊʠʭʦʥʦʚʘ 10-4 

 

ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨ LSTM ʠ BLSTM ʧʦ ʫʤʦʣʯʘʥʠʶ ʨʘʟʙʠʪ ʥʘ ʠʪʝʨʘʮʠʠ. 

ʈʘʟʤʝʨ ʧʘʢʝʪʘ ʜʘʥʥʳʭ ʜʣʷ ʦʜʥʦʡ ʠʪʝʨʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚ ʢʘʞʜʦʡ ʵʧʦʭʝ. 

 

3.1.1. ʆʙʫʯʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ 

 

ʉ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʨʘʟʤʝʨʘ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʦʙʫʯʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, 

ʩʦʜʝʨʞʘʱʝʛʦ ~10000 ʧʘʨ ʦʙʨʘʟʮʦʚ. 

ʇʨʠ ʦʙʫʯʝʥʠʠ NARX ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ çʃ-ʄè ʠ ʥʘʩʪʨʦʝʢ, ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 

8, ʜʦʩʪʠʛʥʫʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʝʚʠʘʮʠʠ 0.233. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʜʝʚʠʘʮʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʜʣʷ ʜʚʫʭ ʧʦʧʳʪʦʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 13 ʠ 14 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 13. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ NARX ʩ çʃ-ʄè ʥʘ ʤʘʣʦʤ ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ (ʧʦʧʳʪʢʘ 1) 

 

ʈʠʩʫʥʦʢ 14. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ NARX ʩ çʃ-ʄè ʥʘ ʤʘʣʦʤ ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ (ʧʦʧʳʪʢʘ 2) 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ 13 ʠ 14 ʛʨʘʬʠʢʦʚ ʜʣʷ ʜʚʫʭ ʧʦʧʳʪʦʢ ʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ 

ʜʝʚʠʘʮʠʠ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 20 ʵʧʦʭʠ ʥʘʯʠʥʘʝʪ ʚʦʟʨʘʩʪʘʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʘʣʛʦʨʠʪʤ çʃ-ʄè ʥʝ ʩʭʦʜʠʪʩʷ. 

ʇʨʠ ʦʙʫʯʝʥʠʠ NARX ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ çʃ-ʄ ʩ ʈɹè ʠ ʥʘʩʪʨʦʝʢ, ʫʢʘʟʘʥʥʳʭ ʚ 

ʪʘʙʣʠʮʝ 9, ʜʦʩʪʠʛʥʫʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʝʚʠʘʮʠʠ 0.134. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʜʝʚʠʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʜʣʷ ʜʚʫʭ ʧʦʧʳʪʦʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 15 ʠ 16 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 15. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ NARX ʩ çʃ-ʄ ʩ ʈɹè ʥʘ ʤʘʣʦʤ ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ (ʧʦʧʳʪʢʘ 1) 

 

ʈʠʩʫʥʦʢ 16. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ NARX ʩ çʃ-ʄ ʩ ʈɹè ʥʘ ʤʘʣʦʤ ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ (ʧʦʧʳʪʢʘ 2) 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ 15 ʠ 16 ʛʨʘʬʠʢʦʚ ʜʣʷ ʜʚʫʭ ʧʦʧʳʪʦʢ ʚʠʜʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ 

çʃ-ʄ ʩ ʈɹè ʩʭʦʜʠʪʩʷ. 

ʇʨʠ ʦʙʫʯʝʥʠʠ LSTM ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ çʉɻʉʄè ʠ ʥʘʩʪʨʦʝʢ, ʫʢʘʟʘʥʥʳʭ ʚ 

ʪʘʙʣʠʮʝ 10, ʜʦʩʪʠʛʥʫʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʝʚʠʘʮʠʠ 0.338. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʜʝʚʠʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʜʣʷ ʜʚʫʭ ʧʦʧʳʪʦʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 17 ʠ 18 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 17. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ LSTM ʩ çʉɻʉʄè ʥʘ ʤʘʣʦʤ ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ (ʧʦʧʳʪʢʘ 1) 

 

ʈʠʩʫʥʦʢ 18. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ LSTM ʩ çʉɻʉʄè ʥʘ ʤʘʣʦʤ ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ (ʧʦʧʳʪʢʘ 2) 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ 17 ʠ 18 ʛʨʘʬʠʢʦʚ ʜʣʷ ʜʚʫʭ ʧʦʧʳʪʦʢ ʚʠʜʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ 

çʉɻʉʄè ʩʭʦʜʠʪʩʷ. 

ʇʨʠ ʦʙʫʯʝʥʠʠ LSTM ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ çʉʂʈè ʠ ʥʘʩʪʨʦʝʢ, ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 

11, ʜʦʩʪʠʛʥʫʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʝʚʠʘʮʠʠ 0.198. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʜʝʚʠʘʮʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʜʣʷ ʜʚʫʭ ʧʦʧʳʪʦʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 19 ʠ 20 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 19. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ LSTM ʩ çʉʂʈè ʥʘ ʤʘʣʦʤ ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ (ʧʦʧʳʪʢʘ 1) 

 






































































































































