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(ʛ. ʄʦʩʢʚʘ) 

 

ɸʥʥʦʪʘʮʠʷ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ ʚ 

ʚʠʜʝ, ʫʜʦʙʥʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʧʨʦʩʦʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʫʣʷʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʚʦʣʥʳ. ɿʥʘʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʙʘʟʠʩ ʨʘʟʣʦʞʝʥʠʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ, 

ʤʦʞʥʦ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟ ʩʠʛʥʘʣʦʚ ʥʘ ʚʳʭʦʜʝ ʘʥʪʝʥʥ ʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʷʨʠʟʘʮʠʶ ʧʦʣʷ ʥʘ ʚʭʦʜʝ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ. ʉʦʩʪʘʚʣʷʶʱʠʤʠ ʙʘʟʠʩʦʚ 

ʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ, ʩʥʷʪʳʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ.  

ʕʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʫʶ ʚʦʣʥʫ ʯʘʩʪʦ ʦʧʠʩʳʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ 

ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʚʦʣʥ. ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ ʚ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʠ 

ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ ʠ ʚʦʣʥʳ ʩ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʫʜʦʙʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʙʘʟʠʩ; ʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʤʦʜʫʣʷʮʠʷ; 

ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʚʦʣʥʘ; ʩʫʧʝʨʧʦʟʠʮʠʷ ʚʦʣʥ ʩ ʣʠʥʝʡʥʦʡ ʠ ʢʨʫʛʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ. 
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Abstract. An analytical representation of an elliptically polarized wave in a form convenient 

for further consideration of information transfer issues is of particular interest when modulation of 

the parameters of the polarization structure of the wave is used. Knowing the polarization basis of 

the decomposition of two-component receiving antennas, it is possible to determine the polarization 

of the field at the input of the antenna system by the ratio of the amplitudes and phases of the 

signals at the output of the antennas of the receiving devices. The components of the bases are the 

signals taken from the corresponding receiving antennas. 

An elliptically polarized wave is often described using two orthogonally polarized waves. 

This view is not the only one. The presentation of an elliptically polarized wave in the form of a 

superposition of a linearly polarized wave and a wave with circular polarization is considered. This 

representation is convenient for analyzing some types of polarization manipulation. 

Keywords: polarization basis; polarization modulation; elliptically polarized wave; 

superposition of waves with linear and circular polarization. 

 

ʈʘʩʩʤʦʪʨʠʤ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ 

ʚʦʣʥʳ ʚ ʚʠʜʝ, ʫʜʦʙʥʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʧʨʦʩʦʚ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʤʦʜʫʣʷʮʠʝʡ (ʤʘʥʠʧʫʣʷʮʠʝʡ) ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚʦʣʥʳ [ɸʥʠʢʠʥ, 2015]. 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʟʣʫʯʘʝʤʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʣʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʦʡ. 

ɿʥʘʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʙʘʟʠʩ ʨʘʟʣʦʞʝʥʠʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʧʨʠʝʤʥʳʭ 

ʘʥʪʝʥʥ, ʤʦʞʥʦ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟ ʩʠʛʥʘʣʦʚ ʥʘ ʚʳʭʦʜʝ ʘʥʪʝʥʥ 

ʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʷʨʠʟʘʮʠʶ ʧʦʣʷ ʥʘ ʚʭʦʜʝ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʉʦʩʪʘʚʣʷʶʱʠʤʠ ʙʘʟʠʩʦʚ ʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ, ʩʥʷʪʳʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ. 

ʆʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ 

ʷʚʣʷʶʪʩʷ: ʣʠʥʝʡʥʳʡ ʙʘʟʠʩ ʨʘʟʣʦʞʝʥʠʷ; ʢʨʫʛʦʚʦʡ ʙʘʟʠʩ ʨʘʟʣʦʞʝʥʠʷ. 

ʈʘʟʣʦʞʝʥʠʝʤ ʚ ʣʠʥʝʡʥʦʤ ʙʘʟʠʩʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ ʜʚʫʤʷ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʚʝʢʪʦʨʘʤʠ, ʘ ʚ ʢʨʫʛʦʚʦʤ ʙʘʟʠʩʝ ʜʚʫʤʷ ʚʦʣʥʘʤʠ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʦʚ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʕʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʫʶ ʚʦʣʥʫ ʯʘʩʪʦ ʦʧʠʩʳʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ 

ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʚʦʣʥ. ʆʜʥʘʢʦ ʪʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ. ɺʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ 

ʚ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʠ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ ʠ ʚʦʣʥʳ ʩ ʢʨʫʛʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ (ʨʠʩ. 1). 
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ʈʠʩʫʥʦʢ 1 ï ʉʫʧʝʨʧʦʟʠʮʠʷ ʚʦʣʥ ʩ ʣʠʥʝʡʥʦʡ ʠ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʷʤʠ 

 

ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʫʜʦʙʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ, ʥʘʧʨʠʤʝʨ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ ʩ 

ʥʝʧʨʝʨʳʚʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʠ [ɸʥʠʢʠʥ, 2015]. 

ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʥʘʣʦʞʠʤ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʣʦʚʠʷ ʥʘ 

ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʦʜʥʦʡ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʘʟʣʦʞʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʥʘ ʢʨʫʛʦʚʫʶ 

ʧʦʣʷʨʠʟʘʮʠʶ. ʊʦʛʜʘ ʜʨʫʛʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʘʟʣʦʞʝʥʠʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʘ 

ʦʜʥʦʟʥʘʯʥʦ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘʢʘʷ ʩʫʧʝʨʧʦʟʠʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ [ɻʫʩʝʚ, 1974]: 

 

Ὡȇ̞̌ὸ ὼȇὩ̌ ὸ ὼȇᴜ ώȇὩȇ̋̑ ὸ, 

 

ʛʜʝ ὼȇ, ώȇ ï ʦʨʪʳ ʦʩʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʶʱʠʝ ʩ 
ʙʦʣʴʰʦʡ ʠ ʤʘʣʦʡ ʦʩʷʤʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʣʥʳ; 

 

Ὡ͡ ὸ Ὁ͡Ὡὼὴ‫ὸ ‌͡ ; 

 

Ὡ͟ ὸͪ Ὁ͟ Ὡͪὼὴ‫ὸ ‌͟ .ͪ   

 

ʂʨʫʛʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʘʤʧʣʠʪʫʜʘ  Ὁ͟ ͪ ʙʳʣʘ 

ʨʘʚʥʘ ʤʘʣʦʡ ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʝʝ ʩʦʚʧʘʜʘʣʦ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʨʘʱʝʥʠʷ ʬʦʨʤʠʨʫʝʤʦʡ ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʣʠʥʝʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʦʨʠʝʥʪʘʮʠʶ ʙʦʣʴʰʦʡ 

ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʘ, ʘʤʧʣʠʪʫʜʘ ʝʝ ʙʫʜʝʪ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʜʣʠʥ ʧʦʣʫʦʩʝʡ, ʪ.ʝ. ɽʤʘʢʩ ï 

ɽʤʠʥ ʠ ʬʘʟʘ ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʬʘʟʦʡ ʧʨʦʝʢʮʠʠ ʢʨʫʛʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ 

ʙʦʣʴʰʫʶ ʧʦʣʫʦʩʴ ʵʣʣʠʧʩʘ [ʂʦʟʣʦʚ, 2008]. 



11 

ʇʨʝʜʩʪʘʚʠʤ ʦʨʪʦʛʦʥʘʣʴʥʦ ʣʠʥʝʡʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʵʣʣʠʧʪʠʯʝʩʢʠ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠ: 

 

Ὡ ὸ Ὁ ὧ̌έί—ὧέί‫ὸ Ὁ ̋ὧ̑έί‫ὸ —; 

                 (1) 

Ὡ ὸ Ὁ ί̌Ὥὲ—ὧέί‫ὸ Ὁ ̋ί̑Ὥὲ‫ὸ —, 

 

ʛʜʝ Ὁ  ̌ï ʘʤʧʣʠʪʫʜʘ ʚʝʢʪʦʨʘ ʧʦʣʷ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ; 

      Ὁ ̋ ̑ï ʘʤʧʣʠʪʫʜʘ ʚʝʢʪʦʨʘ ʧʦʣʷ ʚʦʣʥʳ ʩ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ.  

ʆʧʨʝʜʝʣʠʤ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʣʠʥʝʡʥʦ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ ʧʦ ʦʩʷʤ XOY. ɿʥʘʢ — ʟʘʚʠʩʠʪ ʦʪ ʥʫʣʝʚʦʛʦ 
ʧʦʣʦʞʝʥʠʷ ʛʣʘʚʥʦʡ ʦʩʠ ʵʣʣʠʧʩʘ. ɿʘ ʥʫʣʝʚʫʶ ʬʘʟʫ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʬʘʟʫ 

ʢʦʣʝʙʘʥʠʷ ʚ ʤʦʤʝʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ.  

ʂʦʤʧʦʥʝʥʪʘ Ὡ ὸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 

Ὡ ὸ Ὁ ̋ί̑Ὥὲ— Ὁ ̌ Ὁ ̋ ὧ̑έί—ȾὉ ̋ί̑Ὥὲ—ὧέί‫ὸᴜ ίὭὲ‫ὸ.      (2) 

 

ʌʘʟʘ ‌ͻ ʢʦʤʧʦʥʝʥʪʳ Ὡ ὸ  

 

‌ ὥὶὧὧὸὫρȾὯὧὸὫ—, 

 

ʛʜʝ Ὧ = Eʤʠʥ / ɽʤʘʢʩ ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʣʠʧʪʠʯʥʦʩʪʠ. 

ʌʘʟʘ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʷ ʨʘʚʥʘ 

 

                             ‫ὸ ὥὶὧὸὫὉ ̌ Ὁ ̋ Ⱦ̑Ὁ ὧ̌ὸὫ—.                                   (3) 

 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʢʦʤʧʦʥʝʥʪʳ  Ὡ ὸ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 

 

             Ὁ Ὁ ̋ί̑Ὥὲ—ȾίὭὲ‌ .                                 (4) 

 

ɸʥʘʣʦʛʠʯʥʦ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʘʟʫ ʠ ʘʤʧʣʠʪʫʜʫ Ὡ ὸ ʢʦʤʧʦʥʝʥʪʳ. 

ʀʟ (1) ʠʤʝʝʤ 

 

Ὡ ὸ Ὁ ̋ὧ̑έί— Ὁ ̌ Ὁ ̋ ί̑Ὥὲ—ȾὉ ̋ὧ̑έί—ὧέί‫ὸᴜ ίὭὲ.‫ὸ 

                

ʌʘʟʘ ʢʦʣʝʙʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ 

 

  ‫ὸᴜ ὥὶὧὸὫὉ ̌ Ὁ ̋ Ⱦ̑Ὁ ὸ̌Ὣ—.                           (5) 

 

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ Ὡ ὸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ  

 

Ὁ Ὁ ̋ὧ̑έί—ȾίὭὲ‌ .                                  (6) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʫʣʳ (3), (4) ʠ (5), (6) ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʘʤʧʣʠʪʫʜʳ Ὁ , Ὁ  ʠ ʬʘʟʳ   ,    ʢʦʤʧʦʥʝʥʪ Ὡ ὸ, Ὡ ὸ ʵʣʣʠʧʪʠʯʝʩʢʠ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʦʨʪʦʛʦʥʘʣʴʥʦ ʣʠʥʝʡʥʦʤ ʙʘʟʠʩʝ 

ʨʘʟʣʦʞʝʥʠʷ 

 

ὩȇΉ ὸ͡ ὼȇὩ ὸ ώȇὩ ὸ, 

 

ʦʙʨʘʟʦʚʘʥʥʦʡ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ ʠ ʚʦʣʥʳ ʢʨʫʛʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ. 

ʇʨʝʜʩʪʘʚʠʤ ὩȇΉ ὸ͡ ʚ ʢʨʫʛʦʚʦʤ ʙʘʟʠʩʝ ʨʘʟʣʦʞʝʥʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ  

 

ὩȇΉ ὸ͡ Ὁ Ὡὼὴ‫ὸ Ὸ Ὁ Ὡὼὴ‫ὸ Ὸ  

 

ʠʤʝʝʤ  

Ὡ ὸ Ὁ ὧέί  ; 
 

Ὡ ὸ Ὁ ὧέί  , 

 

ʛʜʝ ʘʤʧʣʠʪʫʜʳ ʜʣʷ ʩʣʫʯʘʷ ʧʨʘʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ 

 

Ὁ ρȾЍς Ὁ ̌ ςὉ ̋  ̑ʠ Ὁ ρȾЍςὉ ,̌ 

 

ʠ ʘʤʧʣʠʪʫʜʳ ʜʣʷ ʩʣʫʯʘʷ ʣʝʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ 

 

Ὁ ρȾЍςὉ ʠ Ὁ ρȾЍς Ὁ ̌ ςὉ ̋ ,̑ 

 

ʘ ʬʘʟʳ  

  ‫ὸ Ὸ; 

             (7) 

  ‫ὸ Ὸ. 

 

 ʆʧʨʝʜʝʣʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʠ ʫʛʣʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ. 

 ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ 

 

Ὁ̍ ̉̎ ρȾЍςὉ ̋;̑ ʠ Ὁͣ ͊ͫ͟ ρȾЍς Ὁ͡ ςὉ͟ .ͪ 

 

 ʇʦʣʫʯʠʤ 

 

Ὧ Ὁ Ὁ ȾὉ Ὁ . 

 

ʊʘʢ ʢʘʢ Ὧ ὸὫ•, ʪʦ 
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                          • ὥὶὧὸὫὉ Ὁ ȾὉ Ὁ ,                               (8) 

 

ʛʜʝ • ï ʫʛʦʣ ʵʣʣʠʧʪʠʯʥʦʩʪʠ. 

ʋʛʦʣ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥ ʧʫʪʝʤ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (7), ʦʪʢʫʜʘ ʠʤʝʝʤ 

 

                                           Ὸ     Ⱦς                                                 (9) 

ɺʳʨʘʞʝʥʠʷ (8) ʠ (9) ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʘ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ɸʃɻʆʈʀʊʄɸ ɺ ʈɸɿʅʓʍ ʇʈʆɻʈɸʄʄʅʓʍ ʉʈɽɼɸʍ ʀ ʅɸ ʈɸɿʅʓʍ 

ʅɸɹʆʈɸʍ ɼɸʅʅʓʍ ɺ ɿɸɼɸʏɸʍ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ɺʆɿɼʋʐʅʓʍ 

ʉʋɼʆɺ 

 

ɸʨʝʬʴʝʚ ʈ. ʆ., ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ 

ʂʘʨʝʣʠʥ ɺ. ɽ. 

ʄʘʨʝʥʠʥʦʚ ʅ. ʉ. 

 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʤʘ ʘʢʪʫʘʣʴʥʦʩʪʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʙʦʨʪʦʚʦʡ ʘʚʠʦʥʠʢʠ ʠ ʝʸ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ï ʩʠʩʪʝʤʳ 

ʫʣʫʯʰʝʥʥʦʛʦ ʚʠʜʝʥʠʷ (EVS). ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʤʝʩʪʦ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ MobileNet v2 

ʠʩʧʦʣʴʟʫʝʪʩʷ YOLO v4 tiny, ʢʦʪʦʨʘʷ ʧʨʝʚʦʩʭʦʜʠʪ ʧʝʨʚʫʶ ʚ ʦʪʥʦʰʝʥʠʠ ʪʦʯʥʦʩʪʠ ʢ ʩʢʦʨʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʜʘʥʥʦʡ ʤʦʜʝʣʠ. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʙʫʯʝʥʘ ʩ 

ʧʦʤʦʱʴʶ ʬʨʝʡʤʚʦʨʢʘ Darknet ʥʘ ʜʚʫʭ ʨʘʟʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ ʩ ʜʘʣʴʥʝʡʰʝʡ ʩ ʧʦʤʦʱʴʶ 

ʥʘʙʦʨʘ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ TensorRT. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʧʦ ʦʩʥʦʚʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ, 

darknet, python, tensorrt, yolo. 
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COMPARISON OF THE RESULTS OF THE NEURAL NETWORK 

ALGORITHM IN DIFFERENT SOFTWARE ENVIRONMENTS AND ON 

DIFFERENT DATASET S IN AIRCRAFT CLASSIFICATION TASKS  

 

Arefyev R. O., Candidate of Technical Sciences 

Karelin V. E. 

Mareninov N. S. 

 

Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 

 
Abstract. The article discusses the topic of the relevance of the improvement of the avionics 

and its hardware and software systems, in particular, the Enhanced Vision System (EVS). In the 

study, instead of the MobileNet v2 neural network model, YOLO v4 tiny is used, which surpasses 

the first one in terms of accuracy to speed. The key features of the architecture of this model are 

considered. The neural network is trained using the Darknet framework on two different datasets 

with further training using the TensorRT development kit. The evaluation of the learning process 

according to the main indicators and the analysis of test results were performed. 

Keywords: computer vision, neural network, object detection, darknet, python, tensorrt, 

yolo. 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʥʝʝ ʫʞʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚʠʨʪʫʘʣʴʥʳʡ ʩʪʝʥʜ-ʧʨʦʪʦʪʠʧ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ 

ʦʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʟʘʜʘʯʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʚ ʟʦʥʝ ʘʵʨʦʜʨʦʤʘ ʠ ʚʙʣʠʟʠ ʥʝʸ ʚ EVS (Enhanced Vision System, 

ʩʠʩʪʝʤʘ ʫʣʫʯʰʝʥʥʦʛʦ ʚʠʜʝʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ SSD MobileNet v2 

[ʂʘʨʝʣʠʥ, ɸʨʝʬʴʝʚ, 2021]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʝʛʦ ʥʝʜʦʩʪʘʪʢʠ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʪʘʢʠʝ, ʢʘʢ ʤʘʣʘʷ ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ 

ʧʨʦʮʝʩʩʦʨʝ (ʎʇ) ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ LabVIEW ʠ ʟʘʢʨʳʪʦʩʪʴ ʝʸ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʎʇ ʠ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʦʨʝ (ɻʇ). ɺ ʵʪʦʡ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʚʳʠʛʨʳʚʘʝʪ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ ʪʦʯʥʦʩʪʠ ʢ ʩʢʦʨʦʩʪʠ, ʘ ʠʤʝʥʥʦ ï YOLO v4 tiny [Scaled-YOLOv4: 

Scaling Cross Stage Partial Network, 2020], ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʜʘʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʅʉ), ʦʙʫʯʝʥʥʦʡ ʘʚʪʦʨʘʤʠ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ MS COCO 

[COCO ï Common Objects in Context, 2014] ʠ ʥʘʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ YOLO v4 tiny 

ʩ ʥʝʤʥʦʛʦ ʠʟʤʝʥʸʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ. 

 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʤʦʜʝʣʠ 

YOLO v4 tiny ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʅʉ ʩʝʨʠʠ Scaled YOLO v4.  

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʘʨʭʠʪʝʢʪʫʨ ʠ ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʅʉ 

ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʧʦʜʭʦʜʳ YOLO ʠ Cross-Stage-

Partial (CSP) Network ʷʚʣʷʶʪʩʷ ʣʫʯʰʠʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʢ ʘʙʩʦʣʶʪʥʦʡ 

ʪʦʯʥʦʩʪʠ, ʪʘʢ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʢ ʩʢʦʨʦʩʪʠ. [Scaled-YOLOv4: Scaling 

Cross Stage Partial Network, 2020]. ʂʣʶʯʝʚʦʝ ʦʪʣʠʯʠʝ YOLO v4 tiny ʦʪ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ YOLO v4 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ CSP-ʩʦʝʜʠʥʝʥʠʷ, 
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ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʩʷ ʢʦ ʚʩʝʤ 

ʅʉ. ʇʨʠʤʝʨ ʪʘʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ CSP-ʩʦʝʜʠʥʝʥʠʷ: 

ʘ ï ʦʙʳʯʥʘʷ ʩʝʪʴ; ʙ ï CSP-ʩʝʪʴ 

 

ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʙʦʣʴʰʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʙʦʣʴʰʠʤ ʨʝʮʝʧʪʠʚʥʳʤ ʧʦʣʝʤ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʷʪʴ ʙʦʣʴʰʝ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʤʘʣʳʤ ʨʝʮʝʧʪʠʚʥʳʤ ʧʦʣʝʤ ʟʘ ʩʯʸʪ ʧʦʩʳʣʢʠ ʦʜʥʦʡ ʧʦʣʦʚʠʥʳ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʦʩʥʦʚʥʦʤʫ ʧʫʪʠ, ʘ ʜʨʫʛʫʶ ʧʦʣʦʚʠʥʫ ï ʧʦ ʦʙʭʦʜʥʦʤʫ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʦʙʲʸʤʘ ʚʳʯʠʩʣʝʥʠʡ, ʧʦʚʳʰʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʚʳʚʦʜʘ ʠ ʪʦʯʥʦʩʪʠ [Scaled-YOLOv4: Scaling Cross Stage Partial 

Network, 2020]. 

 ʇʘʨʘʤʝʪʨʳ ʢʦʥʬʠʛʫʨʘʮʠʠ YOLO v4 tiny ʦʪ ʘʚʪʦʨʦʚ ʩʝʨʠʠ Scaled YOLO 

v4 ʠ ʥʘʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 (ʧʘʨʘʤʝʪʨʳ max batches, 

steps, ʘ ʪʘʢʞʝ filters ʚ ʢʨʘʡʥʠʭ ʩʣʦʷʭ conv ʧʝʨʝʜ yolo ʠ classes ʚ ʩʘʤʠʭ yolo 

ʫʩʪʘʥʦʚʣʝʥʳ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʥʘʩʪʨʦʡʢʝ ʅʉ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʘ 1 

ʢʣʘʩʩʝ) [Scaled-YOLOv4: Scaling Cross Stage Partial Network, 2020]. 

 

ʊʘʙʣʠʮʘ 1 ï ʂʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʬʠʛʫʨʘʮʠʡ ʅʉ 
 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʆʨʠʛʠʥʘʣʴʥʘʷ ʅʘʰʘ 

batch size 64 32 

subdivisions 16 8 

learning rate 0,00261 0,0013 

classes ʚ yolo 1 

filters ʚ conv ʧʝʨʝʜ yolo 18 

max batches 9000 

steps 7200,8100 

decay 0,0005 
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ʈʘʟʤʝʨ ʧʘʢʝʪʘ ʜʘʥʥʳʭ (batch size) ʠ ʢʦʣ-ʚʘ ʤʠʥʠ-ʧʘʢʝʪʦʚ (subdivisions) 

ʚʳʙʨʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʵʬʬʝʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʙʲʸʤ ʚʠʜʝʦʧʘʤʷʪʠ ɻʇ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʅʉ (NVIDIA  RTX 2070 Super 8 GB). Learning rate (LR, ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ 

ʦʙʫʯʝʥʠʷ) ʧʦʜʦʙʨʘʥ ʤʝʥʴʰʝ, ʯʪʦʙʳ ʧʨʦʧʫʩʢʘʪʴ ʤʝʥʴʰʝ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ 

ʧʨʠ ʛʨʘʜʠʝʥʪʥʦʤ ʩʧʫʩʢʝ ʚʦ ʚʨʝʤʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚʝʩʦʚ ʩ ʫʯʸʪʦʤ ʬʫʥʢʮʠʠ 

ʧʦʪʝʨʴ. ʇʘʨʘʤʝʪʨ classes (ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ) ʨʘʚʝʥ 1, ʪ.ʢ. ʜʝʪʝʢʪʠʨʫʝʤʳʡ 

ʢʣʘʩʩ ʚʩʝʛʦ ʦʜʠʥ (airplane, ʩʘʤʦʣʸʪ). Filters (ʢʦʣʠʯʝʩʪʚʦ ʬʠʣʴʪʨʦʚ) 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: filters=(classes+5)ẗ3. Max batches (ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʯʠʩʣʦ ʧʘʢʝʪʦʚ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ) ʟʘʜʘʥʦ 9000, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠʟ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʜʘʞʝ ʩ 

ʫʯʸʪʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʘʫʛʤʝʥʪʘʮʠʠ (ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʪʘʢʦʡ ʢʘʢ 

ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ, ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʦʙʨʝʟʢʘ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʪ.ʜ.). ʇʘʨʘʤʝʪʨ steps ʟʘʜʘʥ ʥʘ ʧʘʨʫ ʠʟ ʜʚʫʭ ʟʥʘʯʝʥʠʡ: 7200 ʠ 

8100. ʕʪʦ 80% ʠ 90% ʦʪ max batches. ʇʦʩʣʝ ʧʦʩʳʣʢʠ 7200 ʧʘʢʝʪʦʚ ʧʣʘʥʠʨʦʚʱʠʢ 

ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʫʤʝʥʴʰʘʝʪ learning rate ʥʘ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ decay (0,0005, 

ʟʥʘʯʝʥʠʝ ʩʧʘʜʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ). ʇʦʩʣʝ ʧʦʩʳʣʢʠ 8100 ʧʘʢʝʪʦʚ 

ʧʣʘʥʠʨʦʚʱʠʢ ʧʦʚʪʦʨʷʝʪ ʫʤʝʥʴʰʝʥʠʝ learning rate ʥʘ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ (ʟʥʘʯʝʥʠʝ 

decay). 

  

ʅʘʙʦʨʳ ʜʘʥʥʳʭ 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʠ ʚʘʣʠʜʘʮʠʠ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 2 ʨʘʟʥʳʭ ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʘ ʦʙʫʯʝʥʠʷ ʥʘ ʙʦʣʝʝ ʠ ʤʝʥʝʝ ʚʘʨʠʘʪʠʚʥʳʭ 

ʜʘʥʥʳʭ: 

 MS COCO 2017 (train/val) [COCO ï Common Objects in Context, 2014]; 

 ʅʘʰ ʩʦʙʩʪʚʝʥʥʳʡ, ʩʦʙʨʘʥʥʳʡ ʠʟ 7150 ʢʘʜʨʦʚ ɺʉ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 
ʨʘʟʥʳʭ ʚʠʜʝʦ ʩ ʚʝʙ-ʩʘʡʪʘ youtube.com ʠ ʨʘʟʜʝʣʸʥʥʳʭ ʥʘ ʚʳʙʦʨʢʠ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʠ ʚʘʣʠʜʘʮʠʠ ʚ ʦʪʥʦʰʝʥʠʠ 8:2. 

ʇʨʠʤʝʨʳ ʢʘʜʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

   

   
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨʳ ʢʘʜʨʦʚ ʠʟ ʥʘʰʝʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 
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ʆʙʫʯʝʥʠʝ ʅʉ ʠ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʙʫʯʝʥʠʝ ʅʉ ʧʨʦʭʦʜʠʣʦ ʥʘ ʬʨʝʡʤʚʦʨʢʝ Darknet ʚ ʪʝʯʝʥʠʝ 9000 ʠʪʝʨʘʮʠʡ 

ʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʝʩʘ ʩ N*1000 ʠʪʝʨʘʮʠʡ, ʛʜʝ N=1é9. [AlexeyAB/darknet: 

YOLOv4 / Scaled-YOLOv4é, 2021]. ɼʘʥʥʳʡ ʬʨʝʡʤʚʦʨʢ ʚʳʙʨʘʥ ʧʦ ʧʨʠʯʠʥʝ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʷʟʳʢʝ C, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʠʛʨʘʪʴ ʚ ʩʢʦʨʦʩʪʠ 

ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʟʘ ʩʯʸʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʬʨʝʡʤʚʦʨʢʘʤʠ (ʥʘʧʨʠʤʝʨ, YOLO v4 tiny ʥʘ PyTorch, 

ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ Python API, ʙʫʜʝʪ ʦʙʫʯʘʪʴʩʷ ʤʝʜʣʝʥʥʝʝ ʧʨʠ ʪʝʭ ʞʝ 

ʧʘʨʘʤʝʪʨʘʭ). 

ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʅʉ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʨʝʜʥʷʷ ʪʦʯʥʦʩʪʴ (mAP, mean 

Average Precision) ʠ ʦʪʥʦʰʝʥʠʝ ʧʝʨʝʩʝʯʝʥʠʡ ʠ ʦʙʲʝʜʠʥʝʥʠʡ (IoU, intersection 

over union. ʊʘʢʞʝ ʠʟʚʝʩʪʝʥ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ɾʘʢʢʘʨʘ, ʯʠʩʣʦ ʦʪ 0 ʜʦ 1, 

ʧʦʢʘʟʳʚʘʶʱʝʝ, ʥʘʩʢʦʣʴʢʦ ʫ ʜʚʫʭ ʤʝʪʦʢ (ʵʪʘʣʦʥʥʦʡ ʠ ʪʝʩʪʦʚʦʡ) ʚʝʣʠʢʘ ʤʝʨʘ 

ʩʭʦʜʩʪʚʘ, ʨʠʩʫʥʦʢ 3). 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ IoU 

 

ɿʘʚʠʩʠʤʦʩʪʠ mAP ʠ ʧʦʪʝʨʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʦʪʨʝʟʢʘ ʠʪʝʨʘʮʠʡ 

ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʅʉ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5. 
 

 

ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʅʉ: 

ʘ ï mAP ʦʪ ʠʪʝʨʘʮʠʡ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, 

ʙ ï ʧʦʪʝʨʠ ʦʪ ʠʪʝʨʘʮʠʡ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ 
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ʂʘʢ ʚʠʜʥʦ ʥʘ ʛʨʘʬʠʢʘʭ, mAP ʥʘ ʥʘʰʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʥʘʙʦʨʝ ʜʘʥʥʳʭ 

ʠʟʤʝʥʷʝʪʩʷ ʙʦʣʝʝ ʧʣʘʚʥʦ, ʥʝʞʝʣʠ ʯʝʤ ʥʘ MS COCO. ʉʚʷʟʘʥʦ ʵʪʦ ʤʘʣʦʡ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ ʥʘʰʝʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʪ.ʢ. ʚ ʥʸʤ ʝʩʪʴ ʜʝʩʷʪʢʠ ʢʘʜʨʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʚʠʜʝʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ MS COCO ʧʦʯʪʠ ʚʩʝ 

ʢʘʜʨʳ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʢ ʦʜʥʦʤʫ ʚʟʣʸʪʫ ʠʣʠ 

ʧʦʩʘʜʢʝ ʢʦʥʢʨʝʪʥʦʛʦ ɺʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʥʘʰʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʤʝʥʴʰʝ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ ʠʟʚʣʝʢʘʶʪʩʷ ʚ ʩʚʸʨʪʦʯʥʳʭ ʩʣʦʷʭ ʅʉ [COCO 

ï Common Objects in Context, 2014]. ʊʘʢʞʝ ʤʘʣʳʡ LR ʪʦʞʝ ʜʝʣʘʝʪ ʩʚʦʡ ʚʢʣʘʜ ʟʘ 

ʩʯʸʪ ʙʦʣʝʝ ʧʣʘʚʥʦʛʦ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ, ʦʜʥʘʢʦ ʵʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʜʠʥʘʤʠʢʝ 

ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ. ʇʦʪʝʨʠ ʞʝ ʫ ʥʘʰʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʦʣʴʰʝ, ʪ.ʢ. ʢʦʣʠʯʝʩʪʚʦ 

ʠʪʝʨʘʮʠʡ ʬʠʢʩʠʨʦʚʘʥʥʦʝ (9000), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʪʝʨʴ ʧʨʠ ʥʘʰʝʤ LR ʧʦʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʠʪʝʨʘʮʠʡ, ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʘ ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʨʴ ʚʣʠʷʝʪ ʨʘʟʤʝʨ ʧʘʢʝʪʘ ʜʘʥʥʳʭ (ʯʝʤ ʙʦʣʴʰʝ ʨʘʟʤʝʨ, ʪʝʤ 

ʙʳʩʪʨʝʝ ʦʙʫʯʝʥʠʝ, ʥʦ ʧʦʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʚʠʜʝʦʧʘʤʷʪʠ). 

 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʅʉ 

ɼʣʷ ʪʝʩʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʟʤʝʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʥʘʙʦʨʘ ʜʘʥʥʳʭ FGVC 

Aircraft 2013 [FGVC-Aircraft Benchmark, 2013], ʩʦʩʪʦʷʱʠʡ ʠʟ 3219 ʢʘʜʨʦʚ. 

ɼʣʷ ʪʝʩʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʝ 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ NVIDIA  Jetson Nano ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ 

ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ 
 

ʎʇ 4-ʷʜʝʨʥʳʡ ARM Cortex-A57 

ɻʇ NVIDIA Tegra X1 

ʆɿʋ 4 ɻɹ 64-ʙʠʪ LPDDR4 1600 ʄɻʮ 25.6 ɻɹ/ʩʝʢ. 

ʇɿʋ SSD ʥʘʢʦʧʠʪʝʣʴ Kingston skc600/256g 256 ɻɹ 

ʆʉ Linux Ubuntu 18.04 L4T (ʩ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʳʤ JetPack 

4.6 ʠ ʦʢʦʥʥʳʤ ʤʝʥʝʜʞʝʨʦʤ Openbox) 

 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʅʉ ʥʘ ʢʘʜʨʘʭ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ Darknet detector ʠ 

ʦʪʜʝʣʴʥʦ ʩ ʧʦʤʦʱʴʶ OpenCV ʠ TensorRT ʩ ʧʣʘʛʠʥʦʤ YOLO, ʧʨʠ ʵʪʦʤ 

ʧʘʨʘʤʝʪʨʳ batch size ʠ subdivisions ʨʘʚʥʳ 1, ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʦʙʲʝʢʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [Tensorrt_demos: TensorRT MODNeté, 2021]. 

OpenCV ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʧʨʝʜ- ʠ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ 

ʧʣʘʛʠʥ YOLO ʥʫʞʝʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʧʨʦʠʟʚʝʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʚʝʩʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʠʤʝʥʥʦ ʩʪʨʫʢʪʫʨʝ YOLO v4 (TensorRT ʨʝʘʣʠʟʫʝʪ ʪʦʣʴʢʦ 

ʦʩʥʦʚʥʳʝ ʩʣʦʠ ʠ ʦʧʝʨʘʮʠʠ ʩ ʥʠʤʠ, ʧʦʵʪʦʤʫ ʩʪʨʫʢʪʫʨʫ YOLO v4 tiny 

ʨʝʘʣʠʟʦʚʘʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʣʘʛʠʥʘ).  ɺʠʟʫʘʣʴʥʦ ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʚʳʛʣʷʜʷʪ ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 5.  
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ʈʠʩʫʥʦʢ 5 ï ɺʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʘ ʜʝʪʝʢʪʦʨʘ 

 

ʉʠʥʠʝ ʨʘʤʢʠ ï ʵʪʘʣʦʥʥʳʝ ʤʝʪʢʠ (ground-truth, ʤʝʪʢʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʩʦʟʜʘʥʳ ʧʨʠ ʨʘʟʤʝʪʢʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ), ʘ ʟʝʣʸʥʳʝ ʨʘʤʢʠ ï ʪʝʩʪʦʚʳʝ ʤʝʪʢʠ 

(ʤʝʪʢʠ ʧʦʩʣʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ). 

ʉʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʤʦʜʝʣʝʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ 

ʯʠʩʣʦʤ FPS (Frames Per Second ï ʢʘʜʨʦʚʘʷ ʯʘʩʪʦʪʘ, ʯʠʩʣʦ ʩʤʝʥʷʝʤʳʭ ʢʘʜʨʦʚ ʟʘ 

ʩʝʢʫʥʜʫ) ʩ ʦʪʢʣʶʯʝʥʥʳʤ ʠ ʚʢʣʶʯʝʥʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ 

ʠʥʪʝʨʬʝʡʩʦʤ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 3.  

 

ʊʘʙʣʠʮʘ 3 ï ʉʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʅʉ 
 

ʆʧʪʠʤʠʟʘʮʠʷ ʙʝʟ GUI, FPS OpenBox WM + lightdm, FPS 

ɼʦ (FP32) 19 16.5 

ʇʦʩʣʝ (FP16) 28,7 26 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3, ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʤʦʜʝʣʝʡ ʅʉ ʥʘ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʤ ʥʘʙʦʨʝ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ (SDK, software 

development kit) NVIDIA  TensorRT, ʦʙʨʘʱʝʥʠʝ ʢ ʢʦʪʦʨʦʤʫ ʠʜʸʪ ʯʝʨʝʟ ʤʝʪʦʜʳ 

Python API, ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʚʳʰʝ, ʥʝʞʝʣʠ ʯʝʤ ʚ Darknet. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ TensorRT ʟʘʧʫʩʢʘʝʪ ʅʉ ʚ ʨʝʞʠʤʝ ʧʦʥʠʞʝʥʥʦʡ ʪʦʯʥʦʩʪʠ (low-precision 

inference). ʇʦ ʫʤʦʣʯʘʥʠʶ ʚʝʩʘ ʅʉ ʦʙʫʯʘʶʪ ʠ ʩʦʭʨʘʥʷʶʪ ʩ ʯʠʩʣʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʪʠʧʘ float32, ʥʦ ʯʘʱʝ ʚʩʝʛʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʙʳʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ ʟʘ 

ʩʯʸʪ ʠʟʣʠʰʥʠʭ ʩʦʪʝʥ ʟʥʘʢʦʚ ʧʦʩʣʝ ʟʘʧʷʪʦʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʠʟʙʳʪʦʯʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥ TensorRT, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʝʩʪʠ float32 ʚʝʩʘ ʚ 
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float16, ʯʪʦʙʳ ʫʩʢʦʨʠʪʴ ʤʦʜʝʣʴ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ 10-25% ʠ ʫʤʝʥʴʰʠʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʤʷʪʠ ʚ 2 ʨʘʟʘ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʩ 

ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʚʦʟʤʦʞʥʘ ʠ ʘʢʪʫʘʣʴʥʘ ʪʦʣʴʢʦ ʜʣʷ ɻʇ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʪʝʥʟʦʨʥʳʝ ʷʜʨʘ (ʘ ʠʤʝʥʥʦ ï ɻʇ ʦʪ NVIDIA  ʩ CUDA ʷʜʨʘʤʠ ʠ 

ʠʥʜʝʢʩʦʤ CUDA Compute Capability >= 5.0) [NVIDIA  TensorRT | NVIDIA  

Developer, 2021; Support Matrixé, 2021]. 

ɺ ʪʘʙʣʠʮʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ mAP ʧʨʠ ʨʝʟʫʣʴʪʘʪʘʭ ʩ ʟʘʜʘʥʥʳʤ ʧʦʨʦʛʦʤ 

IoU=0,5. 

 

ʊʘʙʣʠʮʘ 4 ï ʉʨʝʜʥʷʷ ʪʦʯʥʦʩʪʴ 
 

ʆʧʪʠʤʠʟʘʮʠʷ mAP@IoU=0.5 ï 

ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʥʘ 

MS COCO, % 

mAP@IoU=0.5 ï ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ ʥʘ ʥʘʰʝʤ 

ʥʘʙʦʨʝ ʜʘʥʥʳʭ, % 

ʂʦʣ-ʚʦ ʠʪʝʨʘʮʠʡ 

ʦʙʫʯʝʥʠʷ ʚʝʩʦʚ 

ɼʦ (FP32) 80,79 72,78 
9000 

ʇʦʩʣʝ (FP16) 78,55 70,91 

ɼʦ (FP32) 86,23 79,64 
6000 

ʇʦʩʣʝ (FP16) 85,02 77,25 

 

ʀʟ ʪʘʙʣʠʮʳ 4 ʤʳ ʚʠʜʠʤ, ʯʪʦ mAP@IoU=0.5 ʧʨʠ ʟʘʧʫʩʢʝ ʅʉ ʧʦʩʣʝ 

ʫʩʢʦʨʝʥʠʷ ʚ TensorRT ʥʝʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʟʘʧʫʩʢʝ ʩ ʧʦʤʦʱʴʶ Darknet 

detector. ʈʘʥʝʝ ʤʳ ʫʞʝ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʠʯʠʥʫ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʠ ʫʩʢʦʨʝʥʠʠ, ʦʜʥʘʢʦ, ʜʘʞʝ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʅʉ ʧʦʩʣʝ 

ʫʩʢʦʨʝʥʠʷ ʥʝ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʤʳ ʥʝ ʤʦʞʝʤ 

ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʢʦʥʚʝʨʪʘʮʠʷ float32 ʚ float16 ʷʚʣʷʝʪʩʷ ʧʣʦʭʠʤ ʨʝʰʝʥʠʝʤ. 

ʉʢʦʨʝʝ ʥʘʦʙʦʨʦʪ, ʪʘʢʦʡ ʩʧʦʩʦʙ ʦʧʪʠʤʠʟʘʮʠʠ ʅʉ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʧʦʪʝʨʝ ʪʦʯʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʳ ʩʜʝʣʘʣʠ ʩʨʘʚʥʝʥʠʝ ʩ ʚʝʩʘʤʠ ʧʦʩʣʝ ʢʨʘʡʥʝʡ ʠʪʝʨʘʮʠʠ 

(9000) ʠ ʪʝʤʠ ʚʝʩʘʤʠ, ʢʦʪʦʨʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʣʠ ʣʫʯʰʫʶ ʪʦʯʥʦʩʪʴ ʥʘ 

ʪʝʩʪʦʚʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ (ʧʦʩʣʝ 6000 ʠʪʝʨʘʮʠʡ). ɺʝʩʘ ʧʦʩʣʝ 6000 ʠʪʝʨʘʮʠʠ 

ʣʫʯʰʝ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ çʪʦʯʢʝ ʨʘʥʥʝʡ ʦʩʪʘʥʦʚʢʠè (ʨʠʩʫʥʦʢ 6). 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ɻʨʘʬʠʢ ʩ ʪʦʯʢʦʡ ʨʘʥʥʝʡ ʦʩʪʘʥʦʚʢʠ, ʚʝʩʘ ʠʟ ʢʦʪʦʨʦʡ ʣʫʯʰʝ ʩʝʙʷ 

ʧʦʢʘʟʳʚʘʶʪ ʥʘ ʪʝʩʪʦʚʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ 
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ʊʦʯʢʘ ʨʘʥʥʝʡ ʦʩʪʘʥʦʚʢʠ ï ʵʪʦ ʪʦʯʢʘ ʥʘ ʪʘʢʦʤ ʯʠʩʣʝ ʠʪʝʨʘʮʠʡ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʅʉ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʭʦʨʦʰʫʶ ʦʙʦʙʱʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʪ.ʝ. ʜʘʸʪ 

ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʫʯʝʥʠʷ, ʥʦ ʠ ʥʘ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʚʳʙʦʨ 

çʧʝʨʝʦʙʫʯʝʥʥʳʭè ʚʝʩʦʚ, ʫ ʢʦʪʦʨʳʭ ʦʙʦʙʱʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʣʘ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʜʨʫʛʠʤʠ ʚʝʩʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʭʦʜʝ ʦʙʫʯʝʥʠʷ ʅʉ. 
 

ɺʳʚʦʜ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʅʉ YOLO v4 tiny ʙʣʘʛʦʜʘʨʷ CSP-ʩʦʝʜʠʥʝʥʠʷʤ ʠ 

ʥʝʢʦʪʦʨʳʤ ʜʨʫʛʠʤ ʦʧʪʠʤʠʟʘʮʠʷʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʜʝʪʝʢʪʦʨʦʚ ʚ 

ʦʪʥʦʰʝʥʠʠ ʪʦʯʥʦʩʪʴ/ʩʢʦʨʦʩʪʴ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʘ ʙʣʘʛʦʜʘʨʷ TensorRT ʧʦʣʫʯʘʝʪʩʷ 

ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʝʣʠ ʢʘʢ ʤʠʥʠʤʫʤ ʝʱʸ ʚ 1.5-2 ʨʘʟʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ 

ʚʘʣʠʜʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʙʦʣʴʰʝ ʨʘʟʣʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʘ ʟʥʘʯʠʪ, 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʩʨʝʜʥʶʶ ʪʦʯʥʦʩʪʴ ʧʨʠ ʠʥʬʝʨʝʥʩʝ. ɼʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʪʘʢʞʝ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʘʫʛʤʝʥʪʘʮʠʶ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʠʩʢʫʩʩʪʚʝʥʥʦ ʟʘ ʩʯʸʪ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʠʟʦʙʨʘʞʝʥʠʷ ʫʚʝʣʠʯʠʪʴ ʦʙʲʸʤ 

ʫʥʠʢʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʳʙʦʨʢʘʭ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʣʘʥʠʨʫʝʪʩʷ 

ʟʘʤʝʥʘ ʜʚʫʭ CSP-ʙʣʦʢʦʚ ʥʘ ʙʣʦʢʠ ResBlock-D, ʫʜʘʣʝʥʠʝ ʩʚʸʨʪʦʯʥʳʭ ʩʣʦʸʚ, 

ʦʢʘʟʳʚʘʶʱʠʭ ʥʘʠʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʤʦʜʝʣʠ ʠ ʨʝʘʣʠʟʘʮʠʷ ʠʥʬʝʨʝʥʩʘ ʚ 

TensorRT ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ C++ API ʚʤʝʩʪʦ Python API [Real-time object 

detection method based on improved YOLOv4-tiny, 2020]. 
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ɸʥʥʦʪʘʮʠʷ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʧʫʪʥʠʢʦʚʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɻʅʉʉ) ʫʞʝ ʜʘʚʥʦ 

ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ (ɺʉ) ʠ ʢʦʤʧʣʝʢʩʘ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ ʚ ʮʝʣʦʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʘʪʝʛʠʝʡ ʛʣʦʙʘʣʴʥʦʛʦ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʣʘʥʘ, ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ ʷʚʣʷʝʪʩʷ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʩʠʩʪʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʜʦʧʦʣʥʝʥʠʷ ɻʅʉʉ. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ GBAS (Ground Based Augmentation System) ï 

ʥʘʟʝʤʥʘʷ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʜʦʧʦʣʥʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ GBAS ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʝʤʥʠʢʘ ɻʅʉʉ ʩ ʠʟʚʝʩʪʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʠ ʜʦ ʥʘʙʣʶʜʘʝʤʳʭ ʩʧʫʪʥʠʢʦʚ. ɺʳʯʠʩʣʝʥʥʳʝ ʦʰʠʙʢʠ ʧʦ 

ʋʂɺ ʢʘʥʘʣʫ ʧʝʨʝʜʘʶʪʩʷ ʧʦʪʨʝʙʠʪʝʣʷʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʨʠʝʤʥʠʢʘ ʚ ʧʨʝʜʝʣʘʭ 

40 ʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ GBAS ʚʦ ʤʥʦʛʠʭ ʈʦʩʩʠʡʩʢʠʭ ʘʵʨʦʧʦʨʪʘʭ ʨʘʟʚʝʨʥʫʪʘ 

ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʣʦʢʘʣʴʥʘʷ ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ ʩʪʘʥʮʠʷ (ʃʂʂʉ-2000), ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ ʚ ʨʘʡʦʥʝ 

ʘʵʨʦʜʨʦʤʘ, ʪʘʢ ʠ ʟʘʭʦʜ ʥʘ ʧʦʩʘʜʢʫ ʧʦ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʧʫʪʝʤ ʧʝʨʝʜʘʯʠ ʜʦ ʰʝʩʪʠ ʪʠʧʦʚ 

ʩʦʦʙʱʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦʣʝʪʦʚ ɺʉ ʚ ʨʘʡʦʥʝ ʘʵʨʦʧʦʨʪʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʦʦʙʱʝʥʠʡ ʦʪ 

ʃʂʂʉ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʪʦʜʦʚ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʦʙʱʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʝ ʢʦʜʠʨʦʚʘʥʠʝ, ʧʦʨʦʞʜʘʶʱʠʡ ʧʦʣʠʥʦʤ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʣʝ, ʦʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ, ʧʦʣʝ ɻʘʣʫʘ, ʨʝʛʠʩʪʨ. 
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Abstract. Existing satellite navigation systems (GNSS) have been an integral part of the on-

board equipment of the aircraft and the air traffic control complex as a whole for a long time. In 

accordance with the strategy of the global air navigation plan, one of the directions for improving 

the accuracy of aircraft location determination is the deployment of GNSS functional augmentation 

systems. One of such systems is the GBAS (Ground Based Augmentation System) ï a ground-

based system of functional addition. The main idea of GBAS is to use a GNSS receiver with known 

coordinates, which makes it possible to determine the errors of determining the pseudo-range to the 

observed satellites. Calculated errors on the VHF channel are transmitted to consumers located at a 

distance from the receiver within 40 km. As a GBAS system, many Russian airports have deployed 

a domestic local correction station system (local monitoring and correction station -2000), which 

provides both an increase in the accuracy of determining the location of aircraft in the airport traffic 

area and a landing approach in the first category by transmitting up to six types of messages. Due to 

the high intensity of aircraft flights in the airport area, the possibility of distortion of information 

during the transmission of messages from the local monitoring and correction station should be 

completely excluded. A promising direction for solving this problem is the use of noise-resistant 

coding methods in the formation of messages. 

Keywords: antinoise coding, generating polynomial, data field, remainder in division, 

Galois field, register. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʪʦʜʘʤ ʧʦʚʳʰʝʥʠʷ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ 

ʩʠʛʥʘʣʘʤʠ ʠ ʧʦʤʝʭʘʤʠ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ 

ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʠ ʧʦʤʝʭʘʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʜʦʢʘʟʘʥʘ ʂʣʦʜʦʤ ʐʝʥʥʦʥʦʤ ʚ ʝʛʦ ʪʝʦʨʝʤʝ ʜʣʷ ʢʘʥʘʣʘ ʩ 

ʧʦʤʝʭʘʤʠ. ʇʨʦʮʝʩʩ ʚʚʝʜʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚ ʧʝʨʚʠʯʥʳʡ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ 

ʥʘʟʳʚʘʝʪʩʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʜʦʚ ʧʦʟʚʦʣʷʝʪ 

ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠʣʠ ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʝ 

ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨʳ ʪʨʘʥʩʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʧʦ ʢʘʥʘʣʫ 

ʩʚʷʟʠ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʤʝʭ, ʧʦʵʪʦʤʫ ʵʪʠ ʢʦʜʳ ʥʘʟʳʚʘʶʪ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʤʠ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʭ ʢʦʜʦʚ 

ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ ʃʂʂʉ-2000 ʠʩʢʣʶʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ [Akmaikin et al., 2021]. 

ʎʝʣʴ ʩʪʘʪʴʠ: ʨʝʰʝʥʠʝ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʜʠʨʦʚʘʥʠʷ ʩʦʦʙʱʝʥʠʡ ʃʂʂʉ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʜʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʰʠʙʦʢ ʧʨʠ ʧʝʨʝʜʘʯʝ ʚʩʝʭ ʪʠʧʦʚ ʩʦʦʙʱʝʥʠʡ, ʦʙʱʠʡ 

ʬʦʨʤʘʪ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1, ʦʪ ʃʂʂʉ ʢ ʧʦʪʨʝʙʠʪʝʣʷʤ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʢʦʜʠʨʦʚʘʥʠʷ: (25, 20) ʙʣʦʯʥʦʛʦ ʢʦʜʘ; 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ (255, 249) ʢʦʜʘ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ (R-S) ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ; 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʜʘ (CRC). ɺ ʩʦʦʙʱʝʥʠʷʭ ʪʠʧ 1, ʪʠʧ4 ʠ ʪʠʧ 101 ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʬʝʤʝʨʠʜʘʭ ʩʧʫʪʥʠʢʦʚ, 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʧʨʠ ʟʘʭʦʜʝ ʥʘ ʧʦʩʘʜʢʫ) 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʮʠʢʣʠʯʝʩʢʠʡ ʠʟʙʳʪʦʯʥʳʡ ʢʦʜ (CRC). 

 

https://translate.academic.ru/generating%20polynomial/ru/en/
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ʊʘʙʣʠʮʘ 1 ï ʉʦʜʝʨʞʘʥʠʝ ʧʘʢʝʪʘ ʩʦʦʙʱʝʥʠʷ 
 

 
 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʢʦʜʠʨʦʚʘʥʠʷ. 

 

ɹʣʦʯʥʳʡ ʢʦʜ (25,20) 

FEC (Forward Error Correction) ʫʩʪʘʥʦʚʦʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ 

ʢʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʣʷʤ çʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʩʪʘʥʮʠʠ 

(SSID)è ʠ çʜʣʠʥʘ ʧʝʨʝʜʘʯʠè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (25, 20) ʙʣʦʯʥʦʛʦ ʢʦʜʘ. 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʩʪʘʥʮʠʠ (SSID). ɼʘʥʥʳʡ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩʦʜʝʨʞʠʪ ʧʘʨʘʤʝʪʨ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʚʠʜʝ 

ʙʫʢʚʝʥʥʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ ʦʪ ɸ ʜʦ H ʥʘʯʘʣʴʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, 

ʚʳʜʝʣʝʥʥʦʛʦ ʜʣʷ ʥʘʟʝʤʥʦʡ ʧʦʜʩʠʩʪʝʤʳ GBAS, ʧʨʠʯʝʤ ʠʥʪʝʨʚʘʣʫ ɸ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0, ʘ ʦʩʪʘʣʴʥʳʤ ʙʫʢʚʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʮʠʬʨʳ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ. 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʧʝʨʝʜʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʜʝ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʥʘʭʦʜʠʪʩʷ 

ʤʣʘʜʰʠʡ ʨʘʟʨʷʜ. 

ɼʣʠʥʘ ʧʝʨʝʜʘʯʠ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʜʝʨʞʠʪ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʪʦʚ, 

ʢʘʢ ʚ ʜʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷ, ʪʘʢ ʠ ʚ FEC ʧʨʠʣʦʞʝʥʠʠ. ʇʝʨʝʜʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ 

ʧʨʝʜʳʜʫʱʝʤʫ ʧʘʨʘʤʝʪʨʫ ï ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʥʘʭʦʜʠʪʩʷ ʤʣʘʜʰʠʡ ʨʘʟʨʷʜ. 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ FEC ʫʩʪʘʥʦʚʦʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʠʤʝʝʪ ʚʠʜ 

 

[P1, ..., P5] = [SSID1, ..., SSID3, TL1, ..., TL17] HT, 

 

ʛʜʝ ʈn ï n-ʡ ʙʠʪ FEC ʫʩʪʘʥʦʚʦʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʈ1 ʧʝʨʝʜʘʝʪʩʷ 

ʧʝʨʚʳʤ); 

SSIDn ï n-ʡ ʙʠʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʩʪʘʥʮʠʠ (SSID = LSB); 

TLn ï n-ʡ ʙʠʪ ʚ ʜʣʠʥʝ ʧʝʨʝʜʘʯʠ (TL1 = LSB); 

HT ï ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʘʷ ʤʘʪʨʠʮʳ ʯʝʪʥʦʩʪʠ,   
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HT =  

 

ɺ ʪʘʙʣʠʮʝ D7 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʩʦʦʙʱʝʥʠʷ ʪʠʧ1, ʧʦʣʝ SIDD ʩʦʜʝʨʞʠʪ 

ʙʠʪʳ ï 100, ʧʦʣʝ ʜʣʠʥʘ ʧʝʨʝʜʘʯʠ ʩʦʜʝʨʞʠʪ ʙʠʪʳ 00000001000011000. 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʠʟ ʵʪʠʭ ʜʚʫʭ ʧʦʣʝʡ ʚʝʢʪʦʨ 00100011000010000000 

ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʤʘʪʨʠʮʫ HT, ʨʝʟʫʣʴʪʘʪʦʤ ʫʤʥʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ P1, ..., P5, 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʧʨʠ ʧʝʨʝʜʘʯʝ ʚ ʧʦʣʝ çFEC ʫʩʪʘʥʦʚʦʯʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠè (ʤʣʘʜʰʠʤ ʨʘʟʨʷʜʦʤ ʩʧʨʘʚʘ) ʚ ʪʘʙʣʠʮʝ D7 ʵʪʦ 10000. ʅʘ 

ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʤʘʪʨʠʮʘ HT ʜʦʧʦʣʥʷʝʪʩʷ ʝʜʠʥʠʯʥʦʡ ʤʘʪʨʠʮʝʡ ʠ  ʫʤʥʦʞʘʝʪʩʷ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʫʞʝ ʪʨʝʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʣʝʡ 

 

[SSID1, ..., SSID3, TL1, ..., TL17, P1, ..., P5] HT, 

 

HT =  

 

ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ ʠʩʢʘʞʝʥʠʝ ʩʠʤʚʦʣʦʚ ʚ ʵʪʠʭ ʧʦʣʷʭ 

ʥʝ ʧʨʦʠʟʦʰʣʦ, ʪʦ ʨʝʟʫʣʴʪʘʪʦʤ ʫʤʥʦʞʝʥʠʷ ʙʫʜʝʪ ʚʝʢʪʦʨ, ʚʩʝ ʨʘʟʨʷʜʳ ʢʦʪʦʨʦʛʦ 

ʙʫʜʫʪ ʩʦʜʝʨʞʘʪʴ ʥʫʣʠ (00000).  

ɼʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʛʦ ʢʦʜʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʷʚʣʷʪʴ 75 ʠʟ 300 

ʚʦʟʤʦʞʥʳʭ ʜʚʦʡʥʳʭ ʙʠʪʦʚʳʭ ʦʰʠʙʦʢ ʠ ʠʩʧʨʘʚʣʷʪʴ ʚʩʝ ʝʜʠʥʠʯʥʳʝ ʙʠʪʦʚʳʝ 

ʦʰʠʙʢʠ. 

 

CRC ʢʦʜ 

CRC32 (cyclic redundancy code) ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ ʧʝʨʝʜʘʚʘʝʤʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ ʠ ʠʩʧʨʘʚʠʪʴ ʝʜʠʥʠʯʥʫʶ ʦʰʠʙʢʫ. ʆʩʥʦʚʥʦʡ 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʠʭ ʢʦʜʝʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʦʦʙʱʝʥʠʷ ʚ 

ʜʚʦʠʯʥʦʤ ʚʠʜʝ, ʜʝʣʝʥʠʠ ʵʪʦʛʦ ʯʠʩʣʘ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʜʚʦʠʯʥʦʝ ʯʠʩʣʦ ʠ 

ʦʩʪʘʪʦʢ ʦʪ ʧʨʦʚʝʜʝʥʥʦʛʦ ʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʩʪʘʪʢʘ ʦʪ 

ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ. ʅʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʦʛʠʯʥʦʝ 

ʜʝʡʩʪʚʠʝ, ʠ ʝʩʣʠ ʧʦʣʫʯʝʥʥʳʡ ʦʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ ʨʘʚʝʥ ʥʫʣʶ, ʪʦ ʦʰʠʙʢʠ ʚ 
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ʜʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʦʪʩʫʪʩʪʚʫʶʪ. ɼʣʷ ʣʠʥʠʠ VDB ʦʙʨʘʟʫʶʱʠʡ ʧʦʣʠʥʦʤ, ʥʘ 

ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

 

Ὃὼ ὼ ὼ ὼ ὼ ὼ ὼ ὼ ὼ ὼ ὼ ὼ ρ. 
 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʧʦʣʶ CRC M(x) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʨʘʞʝʥʠʝ: 

 

ὓὼ άὼ άὼ άὼ Ễ ά ὼȢ 

 

M(x) ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ 48-ʙʠʪʦʚʦʛʦ ʟʘʛʦʣʦʚʢʘ ʙʣʦʢʘ ʩʦʦʙʱʝʥʠʷ GBAS ʠ 

ʚʩʝʭ ʙʠʪʦʚ ʩʦʦʙʱʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ, ʠʩʢʣʶʯʘʷ CRC. ɹʠʪʳ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʧʦʨʷʜʢʝ ʧʝʨʝʜʘʯʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ mi ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʝʨʚʦʤʫ ʧʝʨʝʜʘʚʘʝʤʦʤʫ ʙʠʪʫ ʟʘʛʦʣʦʚʢʘ ʙʣʦʢʘ ʩʦʦʙʱʝʥʠʷ, ʘ mn ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʩʣʝʜʥʝʤʫ ʧʝʨʝʜʘʚʘʝʤʦʤʫ ʙʠʪʫ ʠʟ (n-48) ʙʠʪʦʚ ʩʦʦʙʱʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ mi ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʣʷ çʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʙʣʦʢʘ ʩʦʦʙʱʝʥʠʷè m1= 0, m2= 1, m3= 0, m4= 1, m5= 0, m6= 1, m7= 0, m8= 1 ʠ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʙʠʪʘʤʠ ʧʦʩʣʝʜʥʝʛʦ ʧʦʣʷ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʦʦʙʱʝʥʠʷ. 

CRC ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʦʩʪʘʪʦʢ, R(x), ʦʪ ʜʝʣʝʥʠʷ ʧʦ ʤʦʜʫʣʶ 2 ʜʚʫʭ ʜʚʦʠʯʥʳʭ 

ʧʦʣʠʥʦʤʦʚ: 

 

ὼὓὼ

Ὃὼ
ὗὼ

Ὑὼ

Ὃὼ
 

 

ʛʜʝ k ï ʢʦʣʠʯʝʩʪʚʦ ʙʠʪʦʚ ʚ ʢʦʥʢʨʝʪʥʦʤ ʢʦʜʝ CRC; 

M(x) ï ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʵʣʝʤʝʥʪʳ ʜʘʥʥʳʭ, 

ʧʦʜʣʝʞʘʱʠʭ ʟʘʱʠʪʝ; 

G(x) ï ʧʦʨʦʞʜʘʶʱʠʡ ʧʦʣʠʥʦʤ; 

Q(x) ï ʯʘʩʪʥʦʝ ʦʪ ʜʝʣʝʥʠʷ; 

R(x) ï ʦʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ. 

 

Ὑὼ ὶὼ ὶὼ ὶὼ Ễ ὶὼ 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʜʣʠʥʘ ʧʦʣʷ çCRC ʙʣʦʢʘ ʩʦʦʙʱʝʥʠʷè 

ʩʦʩʪʘʚʣʷʝʪ 32 ʙʠʪʘ, ʪʦ ʫʤʥʦʞʝʥʠʝ ὼὓὼ ὼ ὓὼ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 

ʦʧʝʨʘʮʠʶ ʜʦʙʘʚʣʝʥʠʷ 32 ʥʫʣʝʡ ʢ ʚʝʢʪʦʨʫ M(x). ʆʩʪʘʪʦʢ ʦʪ ʦʧʝʨʘʮʠʠ ʜʝʣʝʥʠʷ 

R(x) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʧʦʣʝ çCRC ʙʣʦʢʘ ʩʦʦʙʱʝʥʠʷè, ʚ ʪʘʙʣʠʮʝ ʵʪʦ ʟʥʘʯʝʥʠʝ 

11000010111100110000101111001010. 

ʆʧʝʨʘʮʠʷ ʜʝʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʨʝʛʠʩʪʨʘʭ, ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʝ 1 [ɺʣʘʩʦʚ, 2016]. 
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ʈʠʩʫʥʦʢ 1 ï ʈʝʘʣʠʟʘʮʠʷ ʦʧʝʨʘʮʠʠ ʜʝʣʝʥʠʷ ʥʘ ʧʦʨʦʞʜʘʶʱʠʡ ʧʦʣʠʥʦʤ G(x) 

 

ʇʨʠ ʢʦʜʠʨʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʝʯʥʦʤ ʫʯʘʩʪʢʝ ʟʘʭʦʜʘ ʥʘ ʧʦʩʘʜʢʫ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʧʨʠʤʝʥʷʝʪʩʷ CRC ʢʦʜ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ 

ʚʳʰʝ, ʘ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʬʝʤʝʨʠʜʘʭ ʩʧʫʪʥʠʢʦʚ ʧʨʠʤʝʥʷʝʪʩʷ 

ʢʦʜ CRC-16 ʩ ʧʦʨʦʞʜʘʶʱʠʤ ʧʦʣʠʥʦʤʦʤ 

 

Ὃὼ ὼ ὼ ὼ ρ. 
 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʢʦʜʘ ʩʦʩʪʦʷʪ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʨʦʩʪʦʪʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

 

ʂʦʜ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ (R-S) 

ɼʘʥʥʳʡ ʢʦʜ ʷʚʣʷʝʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʢʦʜʦʚ ɹʏʍ ʥʘʜ ʧʦʣʝʤ GF(Q) ʜʣʠʥʳ 

n=Q-1, ʛʜʝ Q=qm (q-ʧʨʦʩʪʦʝ ʯʠʩʣʦ, m- ʥʘʪʫʨʘʣʴʥʦʝ) [ʉʢʨʳʧʥʠʢ, 2014]. 

ɺ ʩʣʫʯʘʝ ʢʦʛʜʘ a ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʧʦʣʷ GF(qm), ʧʨʠ 

ʠʩʧʨʘʚʣʝʥʠʠ t ʦʰʠʙʦʢ, ʵʣʝʤʝʥʪʳ ʧʦʣʷ GF(qm), ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʩʣʝʜʫʶʱʝʤʫ 

ʤʥʦʞʝʩʪʚʫ (a, a2, a3,é, a2t) ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʢʦʨʥʷʤʠ ʧʦʨʦʞʜʘʶʱʝʛʦ 

ʤʥʦʛʦʯʣʝʥʘ g(x) ʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʜʘ ʜʣʠʥʳ qm-1 ʥʘʜ GF(qm). 

FEC ʧʨʠʣʦʞʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʢʦʜʘ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ (R-S) ʧʦʩʪʦʷʥʥʦʡ ʜʣʠʥʳ, ʩ ʧʘʨʘʤʝʪʨʘʤʠ: 255 ï ʦʙʱʘʷ 

ʜʣʠʥʘ ʢʦʜʘ, 249 ï ʜʣʠʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʠʜ ʧʦʣʠʥʦʤʘ R-S ʢʦʜʘ: 

 

ὴὼ ὼ ὼ ὼ ρȢ              (1) 

 

ʆʙʨʘʟʫʶʱʠʡ (ʧʦʨʦʞʜʘʶʱʠʡ) ʧʦʣʠʥʦʤ R-S ʢʦʜʘ, g(x), ʦʧʠʩʳʚʘʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ: 

 

g(x)=Б Ø  ɻ  = x6 +Ŭ176x5 +Ŭ186x4 +Ŭ244x3 +Ŭ176x2 +Ŭ156x +Ŭ225  (2), 
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ʛʜʝ Ŭ ʷʚʣʷʝʪʩʷ ʢʦʨʥʝʤ  p(x), ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʷ ɻʘʣʫʘ ʨʘʟʤʝʨʦʤ 

28 (ʪʘʙʣʠʮʘ 2), GF(256), ʘ Ŭi ï ʵʪʦ i-ʡ ʧʨʠʤʠʪʠʚʥʳʡ ʵʣʝʤʝʥʪ ʚ GF(256). 
 

ʊʘʙʣʠʮʘ 2 ï ʇʦʣʝ ɻʘʣʫʘ 

 
 

ɼʣʷ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ (1) ʧʦʣʝ ɻʘʣʫʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

Ŭ8 ʧʦʣʫʯʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʨ(ʭ)= x8 + x7 + x2 +x +1, ʧʫʪʝʤ ʧʝʨʝʥʦʩʘ x8 ʚ 

ʣʝʚʫʶ ʯʘʩʪʴ ʚʳʨʘʞʝʥʠʷ ʠ ʟʘʤʝʥʦʡ ʭ ʥʘ Ŭ 
 

Ŭ8= Ŭ 7 + Ŭ 2 + Ŭ +1 

 

ʧʦʩʣʝʜʫʶʱʠʝ ʩʪʝʧʝʥʠ ʵʣʝʤʝʥʪʦʚ ʧʦʣʫʯʘʶʪʩʷ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʧʨʝʜʳʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʥʘ Ŭ. 
 

Ŭ9= Ŭ 8 + Ŭ 3 + Ŭ 2+ Ŭ 
 

ʠ ʟʘʤʝʥʦʡ Ŭ 8 ʫʞʝ ʠʟʚʝʩʪʥʳʤ ʚʳʨʘʞʝʥʠʝʤ 
 

Ŭ9= (Ŭ 7 + Ŭ 2 + Ŭ +1) + Ŭ 3 + Ŭ 2+ Ŭ 
 

ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʦʞʝʥʠʝ ʧʦ ʤʦʜʫʣʶ 2 ʠ ʠʩʢʦʤʳʡ ʵʣʝʤʝʥʪ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
 

Ŭ9= Ŭ 7 + Ŭ 3 +1, 
 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Ŭ10= Ŭ 8 + Ŭ 4 + Ŭ=(Ŭ 7 + Ŭ 2 + Ŭ +1)+ Ŭ 4 + Ŭ= Ŭ 7 + Ŭ 4 + Ŭ2 +1. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ FEC ʧʨʠʣʦʞʝʥʠʷ ʜʘʥʥʳʝ m(x) ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʚʠʜʝ 8-

ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ, ʘ ʙʣʦʢʠ ʜʘʥʥʳʭ ʠʤʝʶʱʠʝ ʜʣʠʥʫ ʢʦʨʦʯʝ 249 ʙʘʡʪ (1992 ʙʠʪ) 

ʠʟʤʝʥʷʶʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʥʫʣʝʚʳʭ ʧʦʟʠʮʠʡ ʚ ʠʩʭʦʜʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. 

ɼʘʥʥʳʝ, m(x), ʧʦʜʣʝʞʘʱʠʝ ʢʦʜʠʨʦʚʘʥʠʶ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 
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m(x)= a248 x
248 +a247 x

247+...+ a248-ʜʣʠʥʘ-1 x
248-ʜʣʠʥʘ-1 + a248-ʜʣʠʥʘ x248-ʜʣʠʥʘ +...+ a1x +a0,  

 

ʛʜʝ ʜʣʠʥʘ ï ʢʦʣʠʯʝʩʪʚʦ 8-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ (ʙʘʡʪ) ʚ ʙʣʦʢʝ ʜʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷ; 

a248 ï ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʙʣʦʢʘ ʩʦʦʙʱʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʢʨʘʡʥʠʡ ʧʨʘʚʳʡ ʙʠʪ ʷʚʣʷʝʪʩʷ 

ʤʣʘʜʰʠʤ, ʘ ʧʝʨʚʳʡ ʙʠʪ ʚ ʜʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷ ʧʦʩʳʣʘʝʪʩʷ ʥʘ ʰʠʬʨʘʪʦʨ ʙʠʪʦʚ; 

a248-ʜʣʠʥʘ+1 ï ʧʦʩʣʝʜʥʠʡ ʙʘʡʪ ʚ CRC ʙʣʦʢʘ ʩʦʦʙʱʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʢʨʘʡʥʠʡ ʣʝʚʳʡ 

ʙʠʪ ʷʚʣʷʝʪʩʷ ʩʪʘʨʰʠʤ, ʘ ʧʦʩʣʝʜʥʠʡ ʙʠʪ ʚ ʜʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷ ʧʦʩʳʣʘʝʪʩʷ ʥʘ 

ʰʠʬʨʘʪʦʨ ʙʠʪʦʚ; 

a248-ʜʣʠʥʘ..., a1, a0 ï ʚʠʨʪʫʘʣʴʥʳʝ ʙʠʪʳ ʟʘʧʦʣʥʝʥʠʷ (ʝʩʣʠ ʪʘʢʦʚʳʝ ʠʤʝʶʪʩʷ). 

ʐʝʩʪʴ ʧʨʦʚʝʨʦʯʥʳʭ ʩʠʤʚʦʣʦʚ R-S (bi) ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʦʩʪʘʪʢʘ ʦʪ ʜʝʣʝʥʠʷ ʧʦʣʠʥʦʤʘ ʩʦʦʙʱʝʥʠʷ x6m(x) ʥʘ ʦʙʨʘʟʫʶʱʠʡ ʧʦʣʠʥʦʤ g(x): 
 

ὦὼ ὦὼ ὦὼ ὦὼ ὦὼ ὦὼ ὦὼ ὦ

ὼάὼ  άέὨ Ὣὼ 
 

ʋʢʘʟʘʥʥʳʝ 8-ʨʘʟʨʷʜʥʳʝ ʧʨʦʚʝʨʦʯʥʳʝ ʩʠʤʚʦʣʳ R-S ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ 

ʜʘʥʥʳʤ ʧʨʠʣʦʞʝʥʠʷ. ʂʘʞʜʳʡ 8-ʨʘʟʨʷʜʥʳʡ ʧʨʦʚʝʨʦʯʥʳʡ ʩʠʤʚʦʣ R-S 

ʧʝʨʝʜʘʝʪʩʷ ʩʪʘʨʰʠʤʠ ʨʘʟʨʷʜʘʤʠ ʚʧʝʨʝʜ ʩ b0 ʧʦ b5, ʪ. ʝ. ʧʝʨʚʳʡ ʙʠʪ FEC 

ʧʨʠʣʦʞʝʥʠʷ, ʧʝʨʝʩʳʣʘʝʤʳʡ ʚ ʰʠʬʨʘʪʦʨ ʙʠʪʦʚ (ʩʢʨʝʤʙʣʝʨ), ʷʚʣʷʝʪʩʷ ʩʪʘʨʰʠʤ 

ʨʘʟʨʷʜʦʤ b0, ʘ ʧʦʩʣʝʜʥʠʡ ʙʠʪ FEC ʧʨʠʣʦʞʝʥʠʷ, ʧʝʨʝʩʳʣʘʝʤʳʡ ʚ ʩʢʨʝʤʙʣʝʨ, 

ʷʚʣʷʝʪʩʷ ʤʣʘʜʰʠʤ ʨʘʟʨʷʜʦʤ b5. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʢʦʜʘ R-S ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʨʘʚʣʝʥʠʷ ʩʠʤʚʦʣʴʥʳʭ ʦʰʠʙʦʢ ʚ ʨʘʟʤʝʨʝ 3. 

ʇʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʷ x6m(x), ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 5, ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3 ï ʇʦʣʝ x6m(x) 
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ɼʘʣʝʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʣʝ ʜʦʧʦʣʥʷʝʪʩʷ ʥʫʣʷʤʠ ʜʦ 254 ʩʪʨʦʢʠ. 

ɼʝʣʝʥʠʝ x6m(x) ʥʘ ʦʙʨʘʟʫʶʱʠʡ ʧʦʣʠʥʦʤ g(x) ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʩ 

ʧʦʤʦʱʴʶ ʩʭʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2 [ɺʣʘʩʦʚ, 2016]. 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʝʘʣʠʟʘʮʠʷ ʦʧʝʨʘʮʠʠ ʜʝʣʝʥʠʷ ʥʘ ʦʙʨʘʟʫʶʱʠʡ ʧʦʣʠʥʦʤ g(x) 
 

ʇʦʰʘʛʦʚʘʷ ʨʘʙʦʪʘ ʩʭʝʤʳ ʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 4, ʥʘ ʰʝʩʪʦʤ 

ʰʘʛʝ ʨʘʙʦʪʳ ʜʝʣʠʪʝʣʷ ʙʫʜʫʪ ʟʘʧʦʣʥʝʥʳ ʚʩʝ 6 ʨʝʛʠʩʪʨʦʚ; ʚ ʚʳʭʦʜʥʦʤ ʨʝʛʠʩʪʨʝ 

ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʟʥʘʯʝʥʠʝ 01010101 ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʪʘʙʣʠʮʳ 

2. ʕʪʦʤʫ ʟʥʘʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʣʝʤʝʥʪ ʧʦʣʷ ɻʘʣʫʘ a85 (ʪʘʙʣʠʮʘ 1), ʚ 

ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ, ʥʘ ʚʝʨʭʥʠʡ ʚʭʦʜ ʧʝʨʚʦʛʦ  ʩʫʤʤʘʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʵʣʝʤʝʥʪ  

a85*a225=a310, ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ ʧʨʝʚʳʰʘʝʪ ʨʘʟʤʝʨ ʧʦʣʷ ɻʘʣʫʘ, ʧʦʵʪʦʤʫ ʟʘ ʩʯʝʪ 

ʮʠʢʣʠʯʥʦʩʪʠ ʦʥ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʤʝʥʪ a310-255=a55, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 

1 ʵʪʦʪ ʵʣʝʤʝʥʪ ʚ ʜʚʦʠʯʥʦʤ ʚʠʜʝ ʠʤʝʝʪ ʚʠʜ 00111011. ʅʘ ʣʝʚʳʡ ʚʭʦʜ ʧʝʨʚʦʛʦ 

ʩʫʤʤʘʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʦʯʝʨʝʜʥʦʡ ʙʘʡʪ ʠʥʬʦʨʤʘʮʠʠ 00010111, ʚʳʧʦʣʥʷʷ 

ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦ ʤʦʜʫʣʶ 2 ʩ ʵʣʝʤʝʥʪʦʤ 00111011 
 

00010111 

 Ä   00111011 

00101100 
 

ʈʝʟʫʣʴʪʘʪ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʈʝʛ0. ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʈʝʛ1 ʠ ʪ.ʜ. a85*a225=a241, 

ʜʘʥʥʦʤʫ ʵʣʝʤʝʥʪʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʘʡʪ 01100110, ʢʦʪʦʨʳʡ ʧʦ ʤʦʜʫʣʶ 2 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʈʝʛ0 10111100, ʨʝʟʫʣʴʪʘʪ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʈʝʛ1. 
 

ʊʘʙʣʠʮʘ 4 ï ɿʥʘʯʝʥʠʝ ʨʝʛʠʩʪʨʦʚ ʩʭʝʤʳ ʜʝʣʠʪʝʣ ̫
 

ʰʘʛ ʈʝʛ 0 ʈʝʛ 1 ʈʝʛ 2 ʈʝʛ 3 ʈʝʛ 4 ʈʝʛ 5 

0 00000000 00000000 00000000 00000000 00000000 00000000 

1 01010101 00000000 00000000 00000000 00000000 00000000 

2 00110000 01010101 00000000 00000000 00000000 00000000 

3 11001010 00110000 01010101 00000000 00000000 00000000 

4 00010000 11001010 00110000 01010101 00000000 00000000 

5 10000000 00010000 11001010 00110000 01010101 00000000 

6 10111100 10000000 00010000 11001010 00110000 01010101 

7 00101100 11011010 10000010 11001101 00111100 00110010 
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ʅʘ ʧʦʩʣʝʜʥʝʤ ʰʘʛʝ (255) ʧʦʣʫʯʘʝʤ ʦʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ (ʨʠʩʫʥʦʢ), 

ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʧʨʠ ʧʝʨʝʜʘʯʝ (ʨʠʩʫʥʦʢ 3). 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʢʦʜʠʨʦʚʘʥʠʷ ʢʦʜʘ R-S 

 

ɹʘʡʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4, ʟʘʧʠʩʳʚʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ 

ʧʦʣʝ çFEC ʧʨʠʣʦʞʝʥʠʷè: 

 

011000111110100111100000111011010010100101110101. 

 

ʅʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʦʧʝʨʘʮʠʷ ʜʝʣʝʥʠʷ ʥʘ ʦʙʨʘʟʫʶʱʠʡ ʧʦʣʠʥʦʤ g(x) 

ʧʦʚʪʦʨʷʝʪʩʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʰʠʙʦʢ, ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʷ çFEC ʧʨʠʣʦʞʝʥʠʷè 

ʙʫʜʝʪ ʠʤʝʪʴ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ. 

 

ʊʘʙʣʠʮʘ 5 ï ʌʨʘʛʤʝʥʪ ʧʨʠʤʝʨʘ VDB ʩʦʦʙʱʝʥʠʷ ʪʠʧʘ 1 
 

 
                                                                     . . . . . . . . . . . . . . . . . . . . . . .  
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ɼʘʥʥʳʝ ʩʦʦʙʱʝʥʠʷ ʪʠʧ 1, ʥʘ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʧʨʠʤʝʥʝʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʢʦʜʠʨʦʚʘʥʠʷ, ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʧʨʠʤʝʨʘ, ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚ ʂʦʥʚʝʥʮʠʠ 

ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ (ʪʦʤ 1, ʧʨʠʣʦʞʝʥʠʝ 10) [ɸʚʠʘʮʠʦʥʥʘʷ 

ʵʣʝʢʪʨʦʩʚʷʟʴ. ʊ. 1. ʉʠʩʪʝʤʳ ʩʚʷʟʠ]. ʇʨʘʚʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʨʠʩʫʥʦʢ 4) ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʠʤʝʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 4 (ʧʦʣʝ FEC 

ʇʈʀʃʆɾɽʅʀʗ).  

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʭ ʢʦʜʦʚ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ ʃʂʂʉ-

2000 ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ 

ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʢʦʜʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʂʦʥʚʝʥʮʠʠ ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ (ʪʦʤ 1, ʧʨʠʣʦʞʝʥʠʝ 10).  
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʀʅʎʀʇɸ ʈɸɹʆʊʓ ʊʈɸʉʉʆɺʆɻʆ 

ʈɸɼʀʆʃʆʂɸʎʀʆʅʅʆɻʆ ʂʆʄʇʃɽʂʉɸ çʉʆʇʂɸ-2è  

 

ɸʨʝʬʴʝʚʘ ʅ. ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʄʝʞʝʪʦʚ ʄ. ɸ., ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ 

ʂʨʫʧʝʥʴʢʦ ɺ. ɸ. 

 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 

 

ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ ʦʨʛʘʥʳ ʋɺɼ ʠʩʧʦʣʴʟʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʉɺʏ-ʜʠʘʧʘʟʦʥʝ. ʆʪʜʝʣʴʥʦʡ ʢʘʪʝʛʦʨʠʝʡ 

ʪʘʢʠʭ ʩʨʝʜʩʪʚ ʷʚʣʷʶʪʩʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʪʨʘʩʩʦʚʳʝ 
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ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʠ çʉʦʧʢʘ-2è. ɼʘʥʥʳʡ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ (ʈʃʂ) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʟʘʜʘʯ ʦʙʟʦʨʘ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʠ ʧʦʣʫʯʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʟʦʥʝ ʚʦʟʜʫʰʥʳʭ ʪʨʘʩʩ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʳʜʘʯʝʡ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʨʛʘʥʘʤ ʋɺɼ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʪʨʘʩʩʦʚʦʛʦ ʈʃʂ 

(ʊʈʃʂ) ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʈʃʉ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ 

ʩʠʛʥʘʣʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʘ ʥʘʣʠʯʠʷ ʜʚʠʞʫʱʠʭʩʷ ʮʝʣʝʡ ʚ ʟʦʥʝ ʦʙʟʦʨʘ. ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʊʈʃʂ ʠ ʧʨʠʥʮʠʧ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʘ ʥʘʣʠʯʠʷ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ ʚ ʟʦʥʝ ʥʘʙʣʶʜʝʥʠʷ. ɹʳʣʘ ʩʦʟʜʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠ ʧʦʢʘʟʘʥ ʩʠʛʥʘʣ ʊʈʃʂ ʚ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ LabVIEW.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ, ʉʦʧʢʘ-2, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʙʨʘʙʦʪʢʘ. 

 

MODELING OF THE PRINCIPLE OF OPERATION OF THE SOPKA-2 

ROUTE RADAR COMPLEX  

 

Arefieva N. G., Candidate of Technical Sciences 

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

Krupenko V. A. 

 

Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 

 
Abstract. For air traffic control, the ATC authorities use various types of technical means 

operating in the microwave range. A separate category of such means is radar systems, which 

include track radar complexes, which include Sopka-2. This radar complex (RLC) is designed for 

the tasks of reviewing the airspace and obtaining radar information in the area of air routes, and the 

subsequent issuance of this information to the ATC authorities. To study the operation of this track 

radar (TRLC), a simulation of the receiving part of the radar was performed, followed by signal 

processing to identify the presence of moving targets in the viewing area. 

The article shows the results of modeling the TRLC signal and the principle of determining 

the presence of an aircraft in the observation zone. A block diagram was created and the TRLC 

signal was shown in the LabVIEW software environment. 

Keywords: radar station, Sopka-2, modeling, processing. 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʠ ɻɸ ï ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʘʪʝʛʦʨʠʠ ʩʨʝʜʩʪʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ ʠ ʚʳʯʠʩʣʝʥʠʷ ʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʚʦʟʜʫʰʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ɺʉ, ʘ ʦʩʦʙʝʥʥʦ ʟʘʛʨʫʞʝʥʥʳʤʠ 

ʨʘʡʦʥʘʤʠ ʷʚʣʷʶʪʩʷ ʟʦʥʳ ʧʦʧʫʣʷʨʥʳʭ ʘʵʨʦʧʦʨʪʦʚ, ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʦʙʟʦʨʘ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ɺʉ, ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʚʳʧʦʣʥʠʪʴ ʟʘʜʘʯʫ 

ʨʘʟʜʝʣʝʥʠʷ ʜʚʫʭ ʮʝʣʝʡ, ʚʳʯʠʩʣʠʪʴ ʩʢʦʨʦʩʪʴ ʠ ʧʝʨʝʜʘʪʴ ʵʪʠ ʜʘʥʥʳʝ ʚ ʮʝʥʪʨ 

ʋɺɼ. ʂ ʜʘʥʥʳʤ ʩʨʝʜʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ: 

 ʦʙʟʦʨʥʳʡ ʨʘʜʠʦʣʦʢʘʪʦʨ ʪʨʘʩʩʦʚʳʡ (ʆʈʃ-ʊ) ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ (ʘʟʠʤʫʪ-ʜʘʣʴʥʦʩʪʴ) ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚʦ 

ʚʥʝʘʵʨʦʜʨʦʤʥʦʡ ʟʦʥʝ (ʥʘ ʚʦʟʜʫʰʥʳʭ ʪʨʘʩʩʘʭ ʠ ʚʥʝ ʪʨʘʩʩ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʝʨʝʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʜʫʰʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʚ ʮʝʥʪʨʳ (ʧʫʥʢʪʳ) ʆɺɼ ʜʣʷ 
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ʮʝʣʝʡ ʢʦʥʪʨʦʣʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ. ʇʝʨʠʦʜ 

ʦʙʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ ʜʝʩʷʪʠ ʩʝʢʫʥʜ; 

 ʦʙʟʦʨʥʳʡ ʨʘʜʠʦʣʦʢʘʪʦʨ ʘʵʨʦʜʨʦʤʥʳʡ (ʆʈʃ-ɸ) ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ (ʘʟʠʤʫʪ-ʜʘʣʴʥʦʩʪʴ) ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚ 

ʨʘʡʦʥʝ ʘʵʨʦʜʨʦʤʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʜʫʰʥʦʡ 

ʦʙʩʪʘʥʦʚʢʝ ʚ ʮʝʥʪʨʳ (ʧʫʥʢʪʳ) ʆɺɼ ʜʣʷ ʮʝʣʝʡ ʢʦʥʪʨʦʣʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ. ʇʝʨʠʦʜ ʦʙʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ ʰʝʩʪʠ ʩʝʢʫʥʜ; 

 ʚʪʦʨʠʯʥʳʡ ʨʘʜʠʦʣʦʢʘʪʦʨ (ɺʈʃ) ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ (ʘʟʠʤʫʪ-ʜʘʣʴʥʦʩʪʴ), ʟʘʧʨʦʩʘ ʠ ʧʨʠʝʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʦʪʚʝʪʯʠʢʘʤʠ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʳʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʮʝʥʪʨʳ (ʧʫʥʢʪʳ) ʆɺɼ. ɺʈʃ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʝʪʦʚ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʥʘ ʚʦʟʜʫʰʥʳʭ ʪʨʘʩʩʘʭ ʠ ʚʥʝ ʪʨʘʩʩ, 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʝʨʠʦʜ ʦʙʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʙʦʣʝʝ ʜʝʩʷʪʠ ʩʝʢʫʥʜ, ʘ ʚ 

ʘʵʨʦʜʨʦʤʥʦʡ ʟʦʥʝ ï ʥʝ ʙʦʣʝʝ ʰʝʩʪʠ ʩʝʢʫʥʜ; 

 ʧʦʩʘʜʦʯʥʳʡ ʨʘʜʠʦʣʦʢʘʪʦʨ (ʇʈʃ) ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ ʟʘ ʧʦʣʝʪʦʤ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʟʘʭʦʜʘ ʥʘ ʧʦʩʘʜʢʫ; 

 ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ ʦʙʟʦʨʘ ʣʝʪʥʦʛʦ ʧʦʣʷ (ʜʘʣʝʝ ï ʈʃʉ ʆʃʇ) ï 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, 

ʩʧʝʮʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ 

ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʠ ʘʵʨʦʜʨʦʤʘ (ʧʣʦʱʘʜʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʠ ʧʝʨʨʦʥʝ, ɺʇʇ, 

ʨʫʣʝʞʥʳʭ ʜʦʨʦʞʢʘʭ ʠ ʤʝʩʪʘʭ ʩʪʦʷʥʦʢ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ); 

 ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʘʜʠʦʧʝʣʝʥʛʘʪʦʨ ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʧʝʣʝʥʛʘ ʥʘ ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʘʥʪʝʥʥʳ 

ʨʘʜʠʦʧʝʣʝʥʛʘʪʦʨʘ; [ʌʝʜʝʨʘʣʴʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʧʨʘʚʠʣʘé, 2014]. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʪʨʘʩʩʦʚʳʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ 

ʢʦʤʧʣʝʢʩ çʉʦʧʢʘ-2è, ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1 [ʊʨʘʩʩʦʚʳʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ (ʊʈʃʂ) çʉʦʧʢʘ-2è]. 

 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʉ çʉʦʧʢʘ-2è 
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ɺ ʩʦʩʪʘʚ ʜʘʥʥʦʛʦ ʈʃʂ ʚʭʦʜʷʪ: ʘʥʪʝʥʥʳʡ ʤʦʜʫʣʴ ʠ ʬʠʜʝʨʥʳʡ ʪʨʘʢʪ; ʜʚʘ 

ʧʝʨʝʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘ; ʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ 

ʠ ʯʝʪʳʨʝʭ ʨʝʟʝʨʚʥʳʭ ʢʘʥʘʣʦʚ; ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ; ʚʩʪʨʦʝʥʥʳʡ ʤʦʥʦʠʤʧʫʣʴʩʥʳʡ ʚʪʦʨʠʯʥʳʡ ʨʘʜʠʦʣʦʢʘʪʦʨ; ʦʪʜʝʣʴʥʳʡ 

ʠʩʪʠʥʥʳʡ ʤʝʪʝʦʢʘʥʘʣ; ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

[Akmaikin et al., 2021]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ: 

1. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʃʏʄ-ʩʠʛʥʘʣʘ, ʧʨʠʥʠʤʘʝʤʦʛʦ ʈʃʉ; 

2. ʈʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠ ʧʨʠʝʤʥʠʢʘ ʈʃʉ çʉʦʧʢʘ-2è; 

3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ ʠ ʝʛʦ 
ʧʦʩʣʝʜʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ 

ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ɸʈʃʂ çʉʦʧʢʘ-2è 
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ʉʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ 32 ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʘʥʘʣʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʠʝʤ ʠ ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʘ ʚ ʦʪʜʝʣʴʥʦʤ ʣʫʯʝ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ɸʈʃʂ. ʌʇʀ ï ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ, 

ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ. ʄʆɼ ʃʏʄ ï ʤʦʜʫʣʷʪʦʨ 

ʃʏʄ-ʩʠʛʥʘʣʘ, ʬʦʨʤʠʨʫʶʱʠʡ ɺʏ ʩʠʛʥʘʣ ʩ ʟʘʜʘʥʥʦʡ ʚ ʌʇʀ ʜʣʠʪʝʣʴʥʦʩʪʴʶ. 

ɺʂʌ ï ʙʣʦʢ ʚʟʘʠʤʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʨʘʚʥʝʥʠʝ 

ʢʦʧʠʠ ʠʟʣʫʯʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʩ ʦʪʨʘʞʝʥʥʳʤ. ʇʋ ï ʧʦʨʦʛʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʟʘʜʘʝʪ 

ʧʦʨʦʛ, ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪ ʥʘʣʠʯʠʷ ʮʝʣʠ ʚ 

ʟʦʥʝ ʦʙʟʦʨʘ. ʉʋ ï ʩʠʛʥʘʣʠʟʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 

ʦʧʦʚʝʱʝʥʠʷ ʦ ʬʘʢʪʝ ʥʘʣʠʯʠʷ ʮʝʣʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚ ʇʋ. ʋʆʀ ï ʫʩʪʨʦʡʩʪʚʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ 

ʜʣʷ ʚʳʜʘʯʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʠʩʧʝʪʯʝʨʫ ʋɺɼ. 

ɺ ʜʘʥʥʦʤ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʧʘʨʮʠʘʣʴʥʳʭ 

ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ ʧʦ ʫʛʣʫ ʤʝʩʪʘ. 

ɸʟʠʤʫʪ ʮʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ 

[ɹʦʥʜʘʨʘʡ ʠ ʜʨ., 2019, ʩ. 104-114]. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʃʏʄ-ʩʠʛʥʘʣʘ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ [ʌʝʜʦʩʦʚ, 2007]. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʛʦ ʃʏʄ-ʩʠʛʥʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʠʤʧʫʣʴʩʘ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʮʝʣʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ 

ʚʳʜʝʣʝʥʠʷ ʯʘʩʪʠ ʃʏʄ-ʢʦʣʝʙʘʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 

ɺʳʜʝʣʝʥʥʳʡ ʬʨʘʛʤʝʥʪ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʦʪʨʘʞʝʥʥʳʡ ʩʠʛʥʘʣ, ʠʟʦʙʨʘʞʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɺʳʜʝʣʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʃʏʄ-ʢʦʣʝʙʘʥʠʷ, ʤʦʜʝʣʠʨʫʶʱʠʡ 

ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʮʝʣʠ ʩʠʛʥʘʣ 



37 

ɺ ɺʂʌ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʜʫʨʘ ʩʚʝʨʪʢʠ ʢʦʧʠʠ ʠʟʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ 

ʩʠʛʥʘʣʘ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʮʝʣʠ. ɺʥʝʰʥʠʡ ʚʠʜ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ɺʂʌ ʠʟʦʙʨʘʞʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɺʥʝʰʥʠʡ ʚʠʜ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ɺʂʌ ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʛʥʘʣʘ, 

ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʮʝʣʠ 

 

ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʩʠʛʥʘʣʦʤ ʥʘ ʚʳʭʦʜʝ ɺʂʌ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʘ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʘʣʠʯʠʠ ʜʚʠʞʫʱʝʡʩʷ ʮʝʣʠ ʚ ʟʦʥʝ ʥʘʙʣʶʜʝʥʠʷ, ʦ ʯʝʤ 

ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʉʋ. ɺʥʝʰʥʠʡ ʚʠʜ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʇʋ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 

5. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ɺʥʝʰʥʠʡ ʚʠʜ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʇʋ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ 

 

ɼʘʣʴʥʦʩʪʴ ʜʦ ʮʝʣʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʟʦʥʝ ʥʘʙʣʶʜʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʚ 

ʢʘʢʦʡ ʯʘʩʪʠ ʃʏʄ-ʢʦʣʝʙʘʥʠʷ ʙʳʣʦ ʧʨʝʚʳʰʝʥʦ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʚʠʨʪʫʘʣʴʥʳʡ ʧʨʠʙʦʨ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʧʨʠʝʤʥʫʶ ʯʘʩʪʴ ʈʃʉ çʉʦʧʢʘ-2è. 

ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʠʙʦʨʘ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩʫʥʦʢ 6 ï ɺʥʝʰʥʠʡ ʚʠʜ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ, ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʨʘʙʦʪʫ 

ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʈʃʉ çCʦʧʢʘ-2è 

 

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʥʘʭʦʜʷʪʩʷ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ, 

ʧʨʠʥʷʪʳʭ ʚ ʨʘʟʥʳʭ ʢʘʥʘʣʘʭ ʈʃʂ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɺʇ ʥʘʭʦʜʠʪʩʷ 

ʠʟʦʙʨʘʞʝʥʠʝ ʈʃʉ çʉʦʧʢʘ-2è. ʇʨʘʚʝʝ ʥʘʭʦʜʷʪʩʷ ʦʩʮʠʣʣʦʛʨʘʤʤʳ 

ʚʟʘʠʤʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʨʘʚʥʝʥʠʠ ʢʦʧʠʠ ʠʟʣʫʯʝʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʠ ʩʠʛʥʘʣʦʚ, ʧʨʠʥʷʪʳʭ ʚ ʢʘʞʜʦʤ ʠʟ ʢʘʥʘʣʦʚ. ʂʦʥʝʯʥʳʤ ʠʪʦʛʦʤ ʨʘʙʦʪʳ 

ɺʇ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʘʤʦʣʝʪʘ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʬʘʢʪ ʥʘʣʠʯʠʷ ʮʝʣʠ ʚ ʟʦʥʝ ʦʙʟʦʨʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ ʧʨʠʙʦʨ ʧʦʢʘʟʳʚʘʝʪ ʩʧʦʩʦʙ 

ʧʨʠʝʤʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʈʃʉ çʉʦʧʢʘ-2è. ʅʘʣʠʯʠʝ ʚ ʟʦʥʝ ʧʨʠʸʤʘ 

ʩʘʤʦʣʸʪʘ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘ ʨʘʙʦʯʝʤ ʧʦʣʝ ʵʢʨʘʥʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ 

ʚʠʨʪʫʘʣʴʥʳʡ ʧʨʠʙʦʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ 

ʧʨʝʧʦʜʘʚʘʥʠʠ ʜʠʩʮʠʧʣʠʥ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 
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ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʚʭʦʜ ʨʘʜʠʦʧʨʠʸʤʥʠʢʘ, ʧʦ ʨʘʟʥʳʤ 

ʧʨʠʯʠʥʘʤ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʨʘʟ, ʘ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ 

ʧʨʠʸʤʥʠʢʘ ʟʘʤʝʪʥʦ ʠʟʤʝʥʷʪʴʩʷ ʥʝ ʜʦʣʞʝʥ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ, 

ʚ ʩʭʝʤʫ ʧʨʠʸʤʥʠʢʘ ʚʚʦʜʷʪ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʩʠʣʝʥʠʷ (ɸʈʋ). 

ʅʘʟʥʘʯʝʥʠʝ ɸʈʋ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʫʩʠʣʠʪʝʣʴʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʪʨʘʢʪʘ 

ʧʨʠʝʤʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʤʧʣʠʪʫʜʦʡ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʜʦʣʞʝʥ ʫʤʝʥʴʰʘʪʴʩʷ ʠ ʥʘʦʙʦʨʦʪ. ʉʦʛʣʘʩʥʦ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ 

ʧʨʠʝʤʥʦʛʦ ʪʨʘʢʪʘ, ʥʝ ʩʪʦʠʪ ʟʘʜʘʯʘ ʩʪʨʦʛʦʛʦ ʧʦʩʪʦʷʥʩʪʚʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʦʧʫʩʢʘʶʪ ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʥʝ ʙʫʜʝʪ ʟʘʤʝʪʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʫʩʠʣʝʥʠʷ, ʰʫʤʦʚʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʨʝʛʫʣʠʨʦʚʢʘ ʫʩʠʣʝʥʠʷ, LabVIEW, ʪʨʘʩʩʦʚʳʡ ʨʘʜʠʦʣʦʢʘʪʦʨ. 
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Annotation. The signal level coming to the input of the radio receiver, for various reasons, 

can vary hundreds and thousands of times, and the average signal level at the output of the receiver 

should not change noticeably. To ensure that this requirement is met, an automatic gain control 

system (AGC) is introduced into the receiver circuit. 
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The purpose of AGC is to control the amplifying abilities of the receiving path in 

accordance with the amplitude of the input signal. As the input signal increases, the gain should 

decrease and vice versa. According to the main functions of the receiving path, there is no task of 

strict constancy of the output voltage and, to simplify the design of the control device, some voltage 

changes are allowed, provided that there is no noticeable distortion of the signal. 

Keywords: automatic gain control, noise automatic gain control, LabVIEW, track radar. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʠʝʤʘ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʠʭ ʤʦʱʥʦʩʪʴ, ʧʨʠʚʝʜʝʥʥʘʷ ʢʦ ʚʭʦʜʫ 

ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʝʪʩʷ. ʌʘʢʪʦʨʳ, ʦʪ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʨʘʜʠʦʧʨʠʸʤʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʝʨʝʜʘʪʯʠʢʦʤ ʠ 

ʧʨʠʝʤʥʠʢʦʤ; ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ (ʦʩʦʙʝʥʥʦ ʚ 

ʜʠʘʧʘʟʦʥʝ ʉɺ ʠ ʂɺ); ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʨʘʜʠʦʚʦʣʥ (ʦʩʦʙʝʥʥʦ ʚ 

ʜʠʘʧʘʟʦʥʝ ʂɺ); ʥʘʨʫʰʝʥʠʷ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʧʝʨʝʜʘʶʱʝʡ ʠ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥ; ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʪʨʘʞʝʥʠʷ ʮʝʣʴʶ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ (ʚ ʨʘʜʠʦʣʦʢʘʮʠʠ); ʠʟʤʝʥʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ 

ʧʨʠʥʠʤʘʝʤʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ; ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʦʛʦ 

ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʦʩʷʪ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʭʘʦʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʩʠʩʪʝʤ ɸʈʋ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

ʤʛʥʦʚʝʥʥʘʷ ɸʈʋ; ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʘʷ ɸʈʋ; ʚʨʝʤʝʥʥʘʷ ɸʈʋ; ʰʫʤʦʚʘʷ ɸʈʋ. 

 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʰʫʤʦʚʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʫʩʠʣʝʥʠʷ 

ʉʭʝʤʘ ʰʫʤʦʚʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʫʩʠʣʝʥʠʷ (ʐɸʈʋ) 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʠʟʤʝʥʥʳʤ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʰʫʤʦʚʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʢʪʠʚʥʦʡ ʰʫʤʦʚʦʡ ʧʦʤʝʭʠ ʥʘ ʝʛʦ ʚʭʦʜʝ [Akmaikin et al., 2021]. 

ʐɸʈʋ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʠʥʝʨʮʠʦʥʥʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʨʝʛʫʣʠʨʦʚʢʠ ʫʩʠʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʆʩʦʙʝʥʥʦʩʪʴ ʝʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʚʭʦʜʥʳʤ ʚʦʟʤʫʱʝʥʠʝʤ ʮʝʧʠ ʐɸʈʋ ʷʚʣʷʝʪʩʷ ʥʝ ʩʠʛʥʘʣ, ʘ ʰʫʤ. ʇʦʵʪʦʤʫ ʚ 

ʮʝʧʴ ʐɸʈʋ ʚʢʣʶʯʘʝʪʩʷ ʩʝʣʝʢʪʦʨ ʰʫʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʜʘʯʫ ʥʘ ʝʝ ʚʭʦʜ 

ʚʳʙʦʨʢʠ ʰʫʤʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʤ ʩʝʣʝʢʪʦʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʪʨʦʙʠʨʫʝʤʳʡ 

ʢʘʩʢʘʜ [ʐʠʨʤʘʥ, 1970], ʦʪʢʨʳʚʘʝʤʳʡ ʚ ʤʦʤʝʥʪ ʦʪʩʫʪʩʪʚʠʷ ʩʠʛʥʘʣʦʚ, ʥʘʧʨʠʤʝʨ, 

ʥʘ ʫʯʘʩʪʢʝ ʜʘʣʴʥʦʩʪʠ, ʧʨʝʚʦʩʭʦʜʷʱʝʡ ʤʘʢʩʠʤʘʣʴʥʫʶ. ɿʘʜʘʯʝʡ ʜʘʥʥʦʡ ʩʪʘʪʴʠ 

ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʐɸʈʋ ʪʨʘʩʩʦʚʦʛʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ çʋʊɽʉ-ʊè [ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ çʋʊɪʉè]. ʅʘ ʨʠʩʫʥʢʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʳ. 

ɺ ʩʦʩʪʘʚ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʭʦʜʷʪ: 

1. ʀʐ ï ʠʩʪʦʯʥʠʢ ʰʫʤʘ; 

2. ʈʃʉ ï ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ; 

3. ɺʏʊ ï ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʪʨʘʢʪ; 

4. ɺʂʌ ï ʙʣʦʢ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ; 

5. ʂ ï ʢʦʤʧʘʨʘʪʦʨ; 

6. ʀʇʇ ï ʠʥʜʠʢʘʪʦʨ ʧʨʝʚʳʰʝʥʠʷ ʧʦʨʦʛʘ; 

7. ʇʋ ï ʧʦʨʦʛʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ; 
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8. ʇ ï ʧʝʨʝʤʥʦʞʠʪʝʣʴ; 

9. ʄʉʂʆ ï ʤʦʜʫʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʉʂʆ; 

10. ʈ ï ʨʝʛʫʣʷʪʦʨ; 

11. ɺʉ ï ʚʨʝʤʝʥʥʦʡ ʩʝʣʝʢʪʦʨ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʨʠʸʤʥʠʢʘ ʈʃʉ ʩ ɸʈʋ ʧʦ ʰʫʤʘʤ 

 

ʇʦʣʫʥʘʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʰʫʤʦʚʦʡ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʫʩʠʣʝʥʠʷ 

ʀʩʭʦʜʥʳʡ ʩʠʛʥʘʣ ʈʃʉ ʋʪʝʩ-ʊ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ SDR RTL ʧʨʠʸʤʥʠʢʘ.  

ɺ ʧʨʦʮʝʩʩʝ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʈʃʉ ʋʪʝʩ-ʊ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʟʘʧʠʩʴ 

ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʦʚ ʠ ʠʭ ʦʙʨʘʙʦʪʢʘ. ʆʙʨʘʙʦʪʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ LabVIEW [ʌʝʜʦʩʦʚ, 2007], ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʡ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʐɸʈʋ. 

ʅʘ ʚʭʦʜ ʩʠʩʪʝʤʳ ʧʦʩʪʫʧʘʝʪ ʩʤʝʩʴ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ (ʠʤʧʫʣʴʩʦʚ ʈʃʉ) ʠ 

ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ (ɹɻʐ), ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʤʝʩʴ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ɹɻʐ 
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ʇʦʩʣʝ ʵʪʦʛʦ ʩʤʝʩʴ ʧʦʧʘʜʘʝʪ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʪʨʘʢʪ (ɺʏʊ), ʛʜʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ ʠ ʩʝʣʝʢʮʠʷ ʧʦ ʯʘʩʪʦʪʝ. ɺʏʊ ʠʤʝʝʪ ʜʚʘ ʚʳʭʦʜʘ, 

ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʐɸʈʋ, ʘ ʜʨʫʛʦʡ ʧʦʩʪʫʧʘʝʪ 

ʚ ʙʣʦʢ ʜʝʤʦʜʫʣʷʮʠʠ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ. 

ʉʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʐɸʈʋ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʝʣʝʢʮʠʷ 

ʩʚʦʙʦʜʥʦʛʦ ʦʪ ʧʨʠʥʷʪʦʛʦ ʠʤʧʫʣʴʩʘ ʫʯʘʩʪʢʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʠʡ 

ʫʨʦʚʝʥʴ ʰʫʤʦʚ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʛʥʘʣʦʚ. ɿʘ ʵʪʦ ʦʪʚʝʯʘʝʪ ʩʭʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʧʝʨʝʤʥʦʞʠʪʝʣʷ (ʇ) ʠ ʚʨʝʤʝʥʥʦʛʦ ʩʝʣʝʢʪʦʨʘ (ɺʉ). ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʧʝʨʝʤʥʦʞʠʪʝʣʷ (ʇ) ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʰʫʤʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ (ʨʠʩʫʥʦʢ 3). 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʧʝʨʝʤʥʦʞʠʪʝʣʷ 

 

ɺʨʝʤʝʥʥʦʡ ʩʝʣʝʢʪʦʨ (ɺʉ) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʤʧʫʣʴʩʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʩ ʟʘʜʘʥʥʳʤ ʚʨʝʤʝʥʝʤ ʟʘʜʝʨʞʢʠ (ʨʠʩʫʥʦʢ 4). 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʀʤʧʫʣʴʩ ʚʨʝʤʝʥʥʦʛʦ ʩʝʣʝʢʪʦʨʘ 

 

ɺ ʤʦʜʫʣʝ ʉʂʆ (ʄʉʂʆ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʫʨʦʚʥʷ ʰʫʤʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʩʪʫʧʘʝʪ ʚ ʨʝʛʫʣʷʪʦʨ (ʈ), ʚʭʦʜʷʱʠʡ 

ʚ ʩʦʩʪʘʚ ɺʏʊ. 
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ɺʪʦʨʦʡ ʚʳʭʦʜ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʪʨʘʢʪʘ (ɺʏʊ) ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ 

ʜʝʤʦʜʫʣʷʪʦʨʫ ʩʠʛʥʘʣʦʚ ʃʏʄ, ʚʳʧʦʣʥʷʶʱʝʤʫ ʩʚʝʨʪʢʫ ʧʨʠʥʷʪʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʩ 

ʢʦʧʠʝʡ ʩʠʛʥʘʣʘ. 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ ʙʣʦʢʘ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ (ɺʂʌ) 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ ɺʂʌ 

 

ʂʦʤʧʘʨʘʪʦʨ (ʂ) ʩʨʘʚʥʠʚʘʝʪ ʟʥʘʯʝʥʠʝ, ʧʦʩʪʫʧʘʶʱʝʝ ʩ ʧʦʨʦʛʦʚʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ (ʇʋ) ʩ ʫʨʦʚʥʝʤ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʦʛʦ 

ʧʦʜʩʪʨʘʠʚʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʰʫʤʘ. ʅʘ ʨʠʩʫʥʢʝ 6 ʧʦʢʘʟʘʥʦ 

ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ (ʢʨʘʩʥʳʡ) ʠ ʧʨʠʥʷʪʳʡ ʜʝʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ (ʙʝʣʳʡ). 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ɿʥʘʯʝʥʠʝ ʧʦʨʦʛʘ ʠ ʜʝʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ 

 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʦʢʘʟʘʥ ʚʥʝʰʥʠʡ ʚʠʜ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʧʨʠʸʤʥʠʢʘ 

ʈʃʉ ʩ ɸʈʋ ʧʦ ʰʫʤʘʤ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ LabVIEW. 
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ʈʠʩʫʥʦʢ 7 ï ɺʥʝʰʥʠʡ ʚʠʜ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʩʠʛʥʘʣʘ, ʜʝʤʦʜʫʣʷʪʦʨ ʠ ʩʠʩʪʝʤʘ ʐɸʈʋ ʈʃʉ ʋʪʸʩ-ʊ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʫʨʦʚʥʷ ʰʫʤʘ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʩʠʣʝʥʠʷ. ʅʘʛʣʷʜʥʦ ʧʦʢʘʟʘʥʳ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʫʟʣʘʭ ʠ ʙʣʦʢʘʭ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʨʘʜʠʦʠʥʞʝʥʝʨʦʚ 

ʘʚʠʘʮʠʦʥʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʧʦʚʣʠʷʝʪ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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http://www.almaz-antey.ru/osnovnaya-produktsiya-grazhdanskaya-aznacheniya/radiolokatsionnyy-
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʐʀɹʆʂ ʆʇʈɽɼɽʃɽʅʀʗ ʂʈɽʅɸ ʉ ʇʆʄʆʑʔʖ 

ɸɺʀɸɻʆʈʀɿʆʅʊʆɺ ʉ ʈɸɿʃʀʏʅʓʄʀ ɺʀɼɸʄʀ ʀʅɼʀʂɸʎʀʀ 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʝʥʘ ʩ ʧʦʤʦʱʴʶ ʘʚʠʘʛʦʨʠʟʦʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʠʥʜʠʢʘʮʠʠ. 

ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʘʡ-ʪʨʝʢʝʨʘ ʤʦʜʝʣʠ Eye Tracker Tobii REX 

ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ ʠ ʪʨʘʝʢʪʦʨʠʠ ʚʟʛʣʷʜʘ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʠʪʦʛʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʜʘʥʥʳʤʠ ʘʡ-ʪʨʝʢʝʨʘ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʤʧʝʨʘʤʝʥʪʘ ʠ ʥʝʨʚʥʦ-

ʧʩʠʭʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʧʳʪʫʝʤʳʭ. ʆʙʲʸʤ ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʚʳʙʦʨʢʠ ʩʦʩʪʘʚʠʣ 46 

ʯʝʣʦʚʝʢ. ɺʩʝ ʩʪʫʜʝʥʪʳ 5-ʛʦ ʢʫʨʩʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʩʧʝʮʠʘʣʠʟʘʮʠʠ çʆʨʛʘʥʠʟʘʮʠʷ ʣʝʪʥʦʡ ʨʘʙʦʪʳè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʚʘʞʥʳʝ ʢʘʯʝʩʪʚʘ, ʧʩʠʭʦʜʠʘʛʥʦʩʪʠʢʘ, 

ʘʚʠʘʛʦʨʠʟʦʥʪ, ʘʡ-ʪʨʝʢʝʨ, ʥʝʨʚʥʦ-ʧʩʠʭʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʪʝʤʧʝʨʘʤʝʥʪ. 
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Abstract. The results of an experiment are considered, during which the errors of 

determining the roll with the help of attitude indicators with various types of indication were 

investigated. The heat maps and gaze trajectories obtained using the Eye Tracker Tobii REX were 

analyzed. Correlations between the results of the experiment, the data of the eye tracker and the 
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ɺʚʝʜʝʥʠʝ 

ʇʦʪʝʨʷ ʧʠʣʦʪʦʤ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ ʥʝʩʝʪ 

ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ [ʌʝʜʦʨʦʚ, 2018]. ʇʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʢ ʦʧʘʩʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʩʣʦʞʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʚʳʭʦʜ ʟʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ; 

ʩʚʘʣʠʚʘʥʠʝ, ʪʦ ʝʩʪʴ ʢ ʪʝʤ, ʯʪʦ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʩʦʙʳʪʠʷ ʢʘʪʝʛʦʨʠʠ çLoss 

of control in flightè. 

ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʡ ʧʦʪʝʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ 

ʷʚʣʷʝʪʩʷ ʢʘʪʘʩʪʨʦʬʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ɹʦʠʥʛʘ 737 ʚ ʇʝʨʤʠ ʚ 2008 ʛʦʜʫ, ʢʦʛʜʘ 

ʢʦʤʘʥʜʠʨ ʥʝʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʣ ʩʪʦʨʦʥʫ ʢʨʝʥʘ ʩʘʤʦʣʸʪʘ ʠ ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ 

ʝʛʦ ʚʳʨʦʚʥʷʪʴ, ʝʱʝ ʙʦʣʝʝ ʫʩʠʣʠʣ ʢʨʝʥ, ʜʦʚʝʜʷ ʜʦ 76 ʛʨʘʜʫʩʦʚ. ʇʨʠʯʠʥʦʡ ʵʪʦʡ 

ʦʰʠʙʢʠ ʩʪʘʣʘ ʥʝʚʝʨʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʢʦʤʘʥʜʠʨʦʤ ʧʦʢʘʟʘʥʠʡ ʘʚʠʘʛʦʨʠʟʦʥʪʘ. 

ʇʨʠʤʝʥʷʚʰʠʡʩʷ ʥʘ ɹʦʠʥʛʝ 737 çʧʨʷʤʦʡè (ʚʠʜ ʩ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʥʘ ʟʝʤʣʶ) 

ʪʠʧ ʠʥʜʠʢʘʮʠʠ, ʙʳʣ ʚʦʩʧʨʠʥʷʪ ʠʤ ʢʘʢ çʦʙʨʘʪʥʳʡè (ʚʠʜ ʩ ʟʝʤʣʠ ʥʘ ʚʦʟʜʫʰʥʦʝ 

ʩʫʜʥʦ). ʉ ʵʪʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʨʦʠʩʰʝʩʪʚʠʷ ʚ ʨʦʩʩʠʡʩʢʦʤ ʩʝʛʤʝʥʪʝ ʀʥʪʝʨʥʝʪʘ 

ʥʘʯʘʣʘʩʴ ʙʫʨʥʘʷ ʜʠʩʢʫʩʩʠʷ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ ʠʥʜʠʢʘʮʠʠ. ʀ 

ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʜʣʷ ʤʥʦʛʠʭ ʧʠʣʦʪʦʚ ʢʘʢʦʡ-ʪʦ ʠʟ ʥʠʭ ʜʦʩʪʘʪʦʯʥʦ ʥʝʫʜʦʙʝʥ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʠʢʘʮʠʠ ʘʚʠʘʛʦʨʠʟʦʥʪʘ 

ʋʯʠʪʳʚʘʷ, ʯʪʦ çʧʨʷʤʦʡè ʪʠʧ ʠʥʜʠʢʘʮʠʠ ʘʚʠʘʛʦʨʠʟʦʥʪʘ ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ 

ʧʨʝʚʘʣʠʨʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʘʭ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʟʘʜʘʯ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʸʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʚʘʞʥʳʤ 

ʧʦʥʷʪʴ, ʢʘʢʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʪʝʭ, ʜʣʷ ʢʦʛʦ ʥʝʫʜʦʙʝʥ 

ʠʤʝʥʥʦ çʧʨʷʤʦʡè ʪʠʧ ʠʥʜʠʢʘʮʠʠ [ʊʫʨʠʥʮʝʚ, 2019]. ʕʪʦ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ 

ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʙʦʨʘ ʧʠʣʦʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʤʠ ʚ 

[ɼʞʘʬʘʨʟʘʜʝ, 2013; Arinicheva, 2020b] ʠ ʮʝʣʦʤ ʨʷʜʝ ʜʨʫʛʠʭ ʨʘʙʦʪ. 

ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʆ. ɺ. ɸʨʠʥʠʯʝʚʦʡ ʚʝʩʥʦʡ 2021 ʛʦʜʘ ɸ. ɼ. ɺʦʡʪʠʢʦʤ ʠ 

ɺ. ɼ. ʂʥʷʞʝʚʦʡ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʩʪʫʜʝʥʪʳ-ʧʠʣʦʪʳ 5-ʛʦ ʢʫʨʩʘ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

(ʉʇʙɻʋ ɻɸ) ʩʧʝʮʠʘʣʠʟʘʮʠʠ çʆʨʛʘʥʠʟʘʮʠʷ ʣʝʪʥʦʡ ʨʘʙʦʪʳè. ʆʙʲʸʤ 

ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʚʳʙʦʨʢʠ ʩʦʩʪʘʚʠʣ 46 ʯʝʣʦʚʝʢ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʧʨʝʜʤʝʪ ʚʳʷʚʣʝʥʠʷ ʫ 

ʫʯʘʩʪʥʠʢʦʚ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʚʦʩʧʨʠʷʪʠʠ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʢʘʟʘʥʠʡ ʘʚʠʘʛʦʨʠʟʦʥʪʘ ʧʦ ʢʨʝʥʫ ʩ ʜʚʫʤʷ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤʠ 

ʪʠʧʘʤʠ ʠʥʜʠʢʘʮʠʠ (ʩʤ. ʨʠʩ. 1). ɿʘʜʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʩʝʨʠʶ ʩʣʘʡʜʦʚ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʠʩʧʳʪʫʝʤʦʤʫ ʩ ʧʦʢʘʟʘʥʠʷʤʠ ʘʚʠʘʛʦʨʠʟʦʥʪʘ ʧʦ 

ʢʨʝʥʫ ʚ ʨʘʟʥʦʡ ʠʥʜʠʢʘʮʠʠ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦʩʴ 20 ʩʣʘʜʦʚ, ʧʦ 

10 ʰʪʫʢ ʢʘʞʜʦʛʦ ʪʠʧʘ ʚʧʝʨʝʤʝʰʢʫ, ʥʘ ʢʦʪʦʨʳʭ ʟʘʜʘʥʥʳʡ ʢʨʝʥ ʚ 10, 20, 30, 40 ʠ 50 

ʛʨʘʜʫʩʦʚ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʙʦʠʭ ʚʘʨʠʘʥʪʘʭ ʠʥʜʠʢʘʮʠʠ. ɿʘʜʘʥʠʝ ʧʨʝʜʚʘʨʷʣʦʩʴ 

ʠʥʩʪʨʫʢʮʠʝʡ, ʛʜʝ ʪʘʢʞʝ ʧʦʜʯʝʨʢʠʚʘʣʦʩʴ, ʯʪʦ ʚʳʧʦʣʥʠʪʴ ʟʘʜʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ 

ʤʦʞʥʦ ʙʳʩʪʨʝʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ. ʇʨʠ ʵʪʦʤ ʦʮʝʥʠʚʘʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ, 

ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1. ʊʘʢʞʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʫʙʲʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ʫʯʘʩʪʥʠʢʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʜʦʙʩʪʚʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ ʠʥʜʠʢʘʮʠʠ ʧʦ 10-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʀʥʜʠʢʘʮʠʷ ʘʚʠʘʛʦʨʠʟʦʥʪʘ: ʘ) çʧʨʷʤʘʷè, ʙ) çʦʙʨʘʪʥʘʷè 

 

ʊʘʙʣʠʮʘ 1 ï ʇʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʣʠʩʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʢʘʟʘʪʝʣʴ 

T ɺʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʦʜʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

T× ʆʙʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ 

ɔ ɿʥʘʯʝʥʠʝ ʫʛʣʘ ʢʨʝʥʘ ʚ ʛʨʘʜʫʩʘʭ 

æɔ ʆʪʢʣʦʥʝʥʠʝ ʫʛʣʘ ʢʨʝʥʘ ʦʪ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

L/R ɿʥʘʯʝʥʠʝ ʩʪʦʨʦʥʳ ʢʨʝʥʘ 

mL/R ʆʰʠʙʢʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʦʨʦʥʳ ʢʨʝʥʘ 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʥʠʤʘʥʠʷ, 

ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʚʟʛʣʷʜʘ ʠ ʫʪʦʯʥʝʥʠʷ ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʪʦʨʦʥʳ ʠ ʚʝʣʠʯʠʥʳ ʢʨʝʥʘ ʚʨʝʤʝʥʠ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʩʪʘʮʠʦʥʘʨʥʳʡ ʘʡ-ʪʨʝʢʝʨ ʤʦʜʝʣʠ Eye Tracker Tobii REX [Arinicheva, 2020a]. ɼʣʷ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨʥʳʡ ʧʨʦʜʫʢʪ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʦʢʪʦʨʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ɸ. ʇ. ʇʣʷʩʦʚʩʢʠʭ ʚʦ ɺʩʝʨʦʩʩʠʡʩʢʦʤ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʳ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ 

ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʚʟʛʣʷʜʘ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʘʡ-ʪʨʝʢʝʨʘ ʚ ʥʘʩʪʦʷʱʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ 

ʮʝʣʳʡ ʨʷʜ ʤʦʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʩʣʝʜʦʚʘʪʴ ʚ 

ʜʘʣʴʥʝʡʰʝʤ. ʊʘʢ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʪʦʤ ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ, ʛʜʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʟʦʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʬʠʢʩʘʮʠʠ ʚʥʠʤʘʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ 

(ʩʤ. ʨʠʩ. 2), ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʣʶʙʦʧʳʪʥʳʡ ʭʘʨʘʢʪʝʨ. ɹʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ ʟʦʥ 

ʧʨʠ ʦʙʦʠʭ ʪʠʧʘʭ ʠʥʜʠʢʘʮʠʡ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚʜʦʣʴ ʩʪʠʣʠʟʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʠʣʫʵʪʘ ʩʘʤʦʣʝʪʘ (ʩʤ. ʨʠʩ. 2ʘ). ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʪʠʭ 

ʟʦʥ ʠʤʝʶʪ ʷʚʥʳʝ ʦʪʣʠʯʠʷ, ʥʘʧʨʠʤʝʨ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʠʣʫʵʪʫ 

ʩʘʤʦʣʝʪʘ (ʩʤ. ʨʠʩ. 2ʙ). ʆʩʦʙʝʥʥʦ ʵʪʠ ʨʘʟʣʠʯʠʷ ʟʘʤʝʪʥʳ ʥʘ ʪʝʧʣʦʚʳʭ ʢʘʨʪʘʭ 

ʫʯʘʩʪʥʠʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ ʚʩʝʤʫ ʟʘʜʘʥʠʶ ʚ ʮʝʣʦʤ. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2 ï ʊʝʧʣʦʚʳʝ ʢʘʨʪʳ ʫʯʘʩʪʥʠʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʚʩʝʤʫ ʟʘʜʘʥʠʶ ʚ 

ʮʝʣʦʤ ʘ) ʭʘʨʘʢʪʝʨʥʳʝ; ʙ) ʥʝʭʘʨʘʢʪʝʨʥʳʝ 

 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʠ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʫʞʝ ʦʪʤʝʯʝʥʥʦʛʦ ʚ 

ʥʘʰʝʡ ʨʘʙʦʪʝ [Arinicheva, 2020ʘ] ʬʘʢʪʘ ʧʨʝʚʘʣʠʨʫʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʥʠʤʘʥʠʷ ʠʩʧʳʪʫʝʤʳʭ ʥʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʵʢʨʘʥʘ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʫ ʠʩʧʳʪʫʝʤʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʚʦʩʧʨʠʷʪʠʠ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʢʘʟʘʥʠʡ ʘʚʠʘʛʦʨʠʟʦʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʠʥʜʠʢʘʮʠʠ, 

ʧʨʦʚʝʨʷʣʦʩʴ ʥʘʣʠʯʠʝ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʪʝʤʧʝʨʘʤʝʥʪʦʤ ʠ ʥʝʨʚʥʦ-ʧʩʠʭʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʘʚʠʘʛʦʨʠʟʦʥʪʘ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 3, ʩʨʝʜʠ ʫʯʘʩʪʥʠʢʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʫ 61% ʧʨʝʦʙʣʘʜʘʝʪ ʪʠʧ ʪʝʤʧʝʨʘʤʝʥʪʘ ï ʩʘʥʛʚʠʥʠʢ. ʋ 26% ï 

ʬʣʝʛʤʘʪʠʢ. ʊʘʢʦʡ ʪʠʧ ʪʝʤʧʝʨʘʤʝʥʪʘ ʢʘʢ ʭʦʣʝʨʠʢ ʦʙʥʘʨʫʞʝʥ ʫ 4%. ʀ ʥʠ ʫ 

ʦʜʥʦʛʦ ʠʩʧʳʪʫʝʤʦʛʦ ʥʝ ʚʳʷʚʣʝʥ ʪʠʧ ʪʝʤʧʝʨʘʤʝʥʪʘ ï ʤʝʣʘʥʭʦʣʠʢ. ʅʫ ʠ ʫ 9% ï 

ʩʤʝʰʘʥʥʳʡ ʪʠʧ ʪʝʤʧʝʨʘʤʝʥʪʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʠʧʦʚ ʪʝʤʧʝʨʘʤʝʥʪʘ ʚʳʛʣʷʜʠʪ ʦʙʳʯʥʳʤ ʠ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʣʝʪʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʉʨʝʜʠ ʠʩʧʳʪʫʝʤʳʭ ʥʝʪ ʥʠ ʦʜʥʦʛʦ ʫʯʘʩʪʥʠʢʘ ʩʦ ʩʣʘʙʳʤ ʪʠʧʦʤ ʪʝʤʧʝʨʘʤʝʥʪʘ ï 

ʤʝʣʘʥʭʦʣʠʢ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ ʦʪʙʦʨʘ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʦʙʫʯʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʡ ʣʝʪʥʦʡ ʨʘʙʦʪʳ, ʭʦʪʷ ʙʳ ʧʦ ʜʘʥʥʦʤʫ ʧʨʠʟʥʘʢʫ. 

 

 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʠʧʦʚ ʪʝʤʧʝʨʘʤʝʥʪʘ ʚ ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʛʨʫʧʧʝ 

ʩʪʫʜʝʥʪʦʚ-ʧʠʣʦʪʦʚ 
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ɸʥʘʣʦʛʠʯʥʦ ʚʳʛʣʷʜʠʪ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʥʝʨʚʥʦ-ʧʩʠʭʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʛʨʫʧʧʝ ʩʪʫʜʝʥʪʦʚ-ʧʠʣʦʪʦʚ, ʧʦʢʘʟʘʥʥʦʝ ʥʘ 

ʨʠʩʫʥʢʝ 4. ɺʦʟʤʦʞʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʜʘʥʥʦʡ ʧʨʠʯʠʥʝ, ʤʘʣʦʛʦ ʨʘʟʙʨʦʩʘ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʠʩʢʦʤʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʤʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʨʨʝʣʷʮʠʡ ʦʢʘʟʘʣʘʩʴ ʥʝʟʥʘʯʠʤʦʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

1. ʕʢʩʧʝʨʠʤʝʥʪ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʢʘʟʘʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʜʦʧʫʱʝʥʥʳʭ ʦʰʠʙʦʢ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʢʘʟʘʥʠʡ ʘʚʠʘʛʦʨʠʟʦʥʪʘ 

ʧʦ ʢʨʝʥʫ ʩ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʠʥʜʠʢʘʮʠʠ, ʘ ʠʤʝʥʥʦ 348/319, ʠʣʠ ʞʝ 52/48 

% ï çʧʨʷʤʦʡè (ʚʠʜ ʩ ɺʉ ʟʘ ʟʝʤʣʶ) ʠ çʦʙʨʘʪʥʦʡè (ʚʠʜ ʩ ʟʝʤʣʠ ʥʘ ɺʉ). ɹʦʣʝʝ 

ʪʦʛʦ, ʩʫʙʲʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ʫʯʘʩʪʥʠʢʘʤʠ ʫʜʦʙʩʪʚʘ ʠʥʜʠʢʘʮʠʠ ʧʦ 10-ʙʘʣʣʴʥʦʡ 

ʰʢʘʣʝ ʪʘʢʞʝ ʜʘʣʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʝ ʩʨʝʜʥʠʝ ʦʮʝʥʢʠ ʧʦ ʛʨʫʧʧʝ ï 7,5 ʠ 7,3 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

ʈʠʩʫʥʦʢ 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʥʝʨʚʥʦ-ʧʩʠʭʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʛʨʫʧʧʝ ʩʪʫʜʝʥʪʦʚ-ʧʠʣʦʪʦʚ 

 

2. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʯʴ ʥʝ ʠʜʝʪ ʦ 

ʧʝʨʝʫʯʠʚʘʥʠʠ ʩ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʠʥʜʠʢʘʮʠʠ ʥʘ ʜʨʫʛʫʶ ï ʚʩʝ ʫʯʘʩʪʥʠʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟʥʘʯʘʣʴʥʦ ʟʥʘʢʦʤʳ ʠ ʚ ʨʘʤʢʘʭ ʪʨʝʥʘʞʝʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʠ ʚ 

ʨʝʘʣʴʥʦʡ ʣʝʪʥʦʡ ʧʨʘʢʪʠʢʝ ʪʦʣʴʢʦ ʩ ʘʚʠʘʛʦʨʠʟʦʥʪʘʤʠ çʧʨʷʤʦʡè ʠʥʜʠʢʘʮʠʠ. 

3. ɺ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʷʚʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʤʧʝʨʘʤʝʥʪʘ (ʵʢʩʪʨʘʚʝʨʩʠʷ ʠ ʥʝʡʨʦʪʠʟʤ) ʠ 

ʥʝʨʚʥʦ-ʧʩʠʭʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʅʇʋ), ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʤʠ ʫ ʠʩʧʳʪʫʝʤʳʭ. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʯʝʥʴ ʩʣʘʙʳʝ ʠ ʥʝʟʥʘʯʠʤʳʝ. 

ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʛʨʫʧʧʳ ʠʩʧʳʪʫʝʤʳʭ 

(63,8% ï ʩʘʥʛʚʠʥʠʢʠ; 76,6% ʠʤʝʶʪ ʭʦʨʦʰʠʡ ʫʨʦʚʝʥʴ ʅʇʋ), ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʨʘʟʙʨʦʩ ʜʘʥʥʳʭ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʦʢʘʟʘʣʩʷ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʝʥ. ʂʨʦʤʝ ʪʦʛʦ, 
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ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ ʜʣʷ ʠʩʧʳʪʫʝʤʳʭ ʧʦ-

ʥʘʩʪʦʷʱʝʤʫ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʬʘʢʪʦʨ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

4. ʇʨʠʤʝʥʝʥʠʝ ʘʡ-ʪʨʝʢʝʨʘ ʚ ʥʘʩʪʦʷʱʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ 

ʮʝʣʳʡ ʨʷʜ ʤʦʤʝʥʪʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ. ʆʩʦʙʝʥʥʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʠʜʠʪʩʷ ʠʟʫʯʝʥʠʝ ʪʝʧʣʦʚʳʭ ʢʘʨʪ (ʪ. ʝ. ʟʦʥ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʠʤʘʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʝʛʦ ʭʦʜʝ). 

ʊʝʧʣʦʚʳʝ ʢʘʨʪʳ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʣʶʙʦʧʳʪʥʳʡ ʭʘʨʘʢʪʝʨ. ɹʦʣʴʰʠʥʩʪʚʦ ʟʦʥ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʠʤʘʥʠʷ ʧʨʠ ʦʙʝʠʭ ʠʥʜʠʢʘʮʠʷʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʚʜʦʣʴ ʩʪʠʣʠʟʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩʠʣʫʵʪʘ ʩʘʤʦʣʝʪʘ. ʆʜʥʘʢʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʩʣʫʯʘʠ, ʢʦʛʜʘ ʥʘʠʙʦʣʝʝ ʥʘʩʳʱʝʥʥʳʝ ʟʦʥʳ ʪʝʧʣʦʚʦʡ ʢʘʨʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʠʣʫʵʪʫ ʩʘʤʦʣʝʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʨʠʭʦʜʠʤ ʢ 

ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ ʥʦʩʷʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʝʩʴʤʘ ʚʳʨʘʞʝʥʥʳʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʠʤʘʥʠʷ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʩʸ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʨʦʜʦʣʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʠʢʪʦʨʦʚ ʪʘʢʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ. 
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1ʌʠʣʠʘʣ ɺʋʅʎ ɺɺʉ çɺɺɸ ʠʤ. ʧʨʦʬ. ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè 

(ʛ. ʏʝʣʷʙʠʥʩʢ) 
2ɺʋʅʎ ɺɺʉ çɺɺɸ ʠʤ. ʧʨʦʬ. ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè 

(ʛ. ɺʦʨʦʥʝʞ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 

ʠʥʝʨʮʠʘʣʴʥʦ-ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʇʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʞʝ 

ʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʥʘʣʘ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʳʜʘʚʘʝʤʳʭ ʧʦʪʨʝʙʠʪʝʣʶ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤ ʪʝʩʥʦʩʚʷʟʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʠ ʩʧʫʪʥʠʢʦʚʦʡ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤ ʥʘ ʫʨʦʚʥʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʠʥʝʨʮʠʘʣʴʥʦ-ʩʧʫʪʥʠʢʦʚʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ, ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʧʦ ʚʭʦʜʘʤ, ʦʜʥʦʵʪʘʧʥʘʷ ʠ ʜʚʫʭʵʪʘʧʥʦʡ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʠ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤ. 
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Abstract. The article deals with the construction of integrated inertial-satellite navigation 

systems. The analysis of the main features of various ways of integrating information in such 

systems, as well as their shortcomings, is given. In order to increase the noise immunity of the 

satellite navigation channel, as well as the reliability of the navigation data issued to the consumer, 

it is proposed to synthesize an algorithm for closely related integration of inertial and satellite radio 

navigation systems at the level of primary processing of navigation information. 

Keywords: integrated inertial-satellite navigation system, integration by inputs, one-stage 

and two-stage signal processing of inertial and satellite radio navigation systems. 

 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ 

ʩʬʝʨʝ ʘʚʠʘʮʠʠ ʠ ʢʦʩʤʦʥʘʚʪʠʢʠ, ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ). ʋʞʝ ʩʝʛʦʜʥʷ ʩ ʠʭ ʧʦʤʦʱʴʶ ʯʘʩʪʠʯʥʦ 

ʚʳʧʦʣʥʷʶʪʩʷ ʟʘʜʘʯʠ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦʡ ʠ ʙʦʝʚʦʡ ʘʚʠʘʮʠʠ. ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ 

ʫʜʘʨʥʳʭ ɹʇʃɸ ʚ ʅʘʛʦʨʥʦʤ ʂʘʨʘʙʘʭʝ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ɹʇʃɸ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʝʸ 

ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ɺʦʟʤʦʞʥʳʤ ʧʫʪʸʤ ʨʝʰʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠʥʝʨʮʠʘʣʴʥʦ-

ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʀʉʅʉ), ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʦʚʤʝʩʪʥʦ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʠʥʝʨʮʠʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

(ʀʅʉ) ʠ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʉʈʅʉ). ʕʪʦ ʨʝʰʝʥʠʝ 

ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʢʘʞʜʦʡ ʠʟ ʩʠʩʪʝʤ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʠʪ ʚʣʠʷʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ.  

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʀʉʅʉ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʚʪʦʥʦʤʥʳʤʠ ʠʟʤʝʨʠʪʝʣʷʤʠ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪʥʦʩʷʪ: ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʢʦʦʨʜʠʥʘʪ, ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ, 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ), ʧʦʚʳʰʝʥʠʝ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. 

[ʂʦʣʝʩʥʠʯʝʥʢʦ, 2012, ʩ. 434]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʣʠʯʘʶʪ ʯʝʪʳʨʝ ʚʠʜʘ ʩʭʝʤ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ 

ʀʉʅʉ, ʠʭ ʩʨʘʚʥʝʥʠʝ ʧʨʠʚʝʜʝʥʦ ʥʠʞʝ ʚ ʪʘʙʣʠʮʝ 1 [ʇʝʨʦʚ, 2010, ʩ. 649]. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʭʝʤ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ 

 
 

ʀʜʝʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʥʦʚʘ ʠ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʤʝʪʦʜʦʣʦʛʠʷ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ ʧʨʦʨʘʙʦʪʘʥʘ ʠ ʠʟʣʦʞʝʥʘ ʚ ʪʨʫʜʘʭ ʪʘʢʠʭ ʫʯʝʥʳʭ ʢʘʢ ʄ.ʉ. ʗʨʣʳʢʦʚ, ʆ.ɸ. 

ɹʘʙʠʯ, ɸ.ʀ. ʇʝʨʦʚ, ɺ.ʅ. ʍʘʨʠʩʦʚ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʫʯʝʥʳʭ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʀʉʅʉ ʨʝʰʘʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. ʌʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ 

ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʬʠʣʴʪʨʘʮʠʠ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʛʜʝ Xk ï ʦʮʝʥʠʚʘʝʤʳʡ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʚʦ ʚʨʝʤʝʥʠ tk, ʚʢʣʶʯʘʶʱʠʡ 

ʜʘʥʥʳʝ ʦ ʫʛʣʘʭ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʘ ʫʩʢʦʨʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ, ʢʦʦʨʜʠʥʘʪʘʭ ʧʦʪʨʝʙʠʪʝʣʷ, 

ʟʘʜʘʥʥʳʭ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʀʟʤʝʨʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʚʝʢʪʦʨʦʚ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ X, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ  
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, (X )ʀʅʉ k k k ky h h= + , 

 

ʛʜʝ h ï ʚʝʢʪʦʨʥʘʷ ʬʫʥʢʮʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ; ɖ 

ï ʚʝʢʪʦʨ ʚʣʠʷʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʧʨʝʮʝʩʩʠʷ ʛʠʨʦʩʢʦʧʦʚ, ʜʨʝʡʬ ʥʫʣʷ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ. 

ʅʘ ʚʭʦʜ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʪʨʝʙʠʪʝʣʷ ʉʈʅʉ ʧʦʩʪʫʧʘʶʪ 

ʨʘʜʠʦʩʠʛʥʘʣʳ (X, ), 1,jS t j N=  ʦʪ ʚʩʝʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ. 

 

1

( ) (X, ) ( )
N

j

j

y t S t n t
=

= +ä . 

 

ɼʘʣʝʝ ʧʨʠʥʷʪʳʝ ʩʠʛʥʘʣʳ ʫʩʠʣʠʚʘʶʪʩʷ ʠ ʬʠʣʴʪʨʫʶʪʩʷ, ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʦʪʩʯʝʪʳ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 

1, 1 , 1,k i k dt t iT i n- -= + =, ʛʜʝ dT ï ʦʙʦʟʥʘʯʘʝʪ ʰʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

 

1, 1, 1, 1,

1

( ) (X , )
N

ʉʈʅʉ k i j k i k i k i

j

y t S t n- - - -

=

= +ä , 

 

ʛʜʝ 
1,k in -

 ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʥʫʪʨʝʥʥʠʡ ʰʫʤ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʧʦʪʨʝʙʠʪʝʣʷ. 

ʉ ʠʟʤʝʥʝʥʠʝʤ ʚʦ ʚʨʝʤʝʥʠ ʜʠʥʘʤʠʢʠ ʚʝʢʪʦʨʘ ʍ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʭʦʜʥʳʝ 

ʩʠʛʥʘʣʳ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʪʨʝʙʠʪʝʣʷ ʉʈʅʉ ʠ ʠʟʤʝʨʝʥʠʷ ʀʅʉ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ, ʟʘʜʘʯʘ ʩʠʥʪʝʟʘ ʀʉʅʉ ʩʚʦʜʠʪʩʷ ʢ ʧʦʣʫʯʝʥʠʶ ʥʘʠʣʫʯʰʝʡ 

ʦʮʝʥʢʠ ʍk, ʧʦ ʧʘʨʘʤʝʪʨʫ ʤʠʥʠʤʫʤʘ ʜʠʩʧʝʨʩʠʠ ʦʰʠʙʢʠ ʬʠʣʴʪʨʘʮʠʠ. ʇʨʠʤʝʨ 

ʩʭʝʤ ʦʧʪʠʤʘʣʴʥʦʡ ʀʉʅʉ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [ʇʝʨʦʚ, 2010, ʩ. 644-646], 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 1, 2 ʠ 3. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʦʧʪʠʤʘʣʴʥʦʡ ʀʉʅʉ 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʚʤʝʩʪʦ ʥʘʙʣʶʜʝʥʠʡ (2) ʧʨʠ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʦʨʠʝʡ ʦʧʪʠʤʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ: 
 

, 1, 1, 1,
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ʛʜʝ 
, , 1 , , , ,S(X , ) (X , ) (X , )

T

k i k i k i k i N k i k it S t S t=  ï ʚʝʢʪʦʨ ʦʧʦʨʥʳʭ ʩʠʛʥʘʣʦʚ. 

ɼʘʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʚʝʢʪʦʨʥʳʡ (ʤʥʦʛʦʤʝʨʥʳʡ) 

ʢʦʨʨʝʣʷʪʦʨ. ʉʭʝʤʘ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2, ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʨʘʙʦʪʢʫ ʠʩʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦ 

ʚʭʦʜʥʳʤ ʩʠʛʥʘʣʘʤ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝʤ ʧʦ ʚʭʦʜʘʤ, ʠ ʦʥ ʨʝʘʣʠʟʫʝʪ ʦʜʥʦʵʪʘʧʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʩʠʛʥʘʣʦʚ ʀʅʉ ʠ ʉʈʅʉ. 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʦʧʪʠʤʘʣʴʥʦʡ ʀʉʅʉ ʩ ʤʥʦʛʦʤʝʨʥʳʤ ʢʦʨʨʝʣʷʪʦʨʦʤ 
 

ɺʩʣʝʜʩʪʚʠʝ ʩʣʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʩʭʝʤʳ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ, 

ʩʚʷʟʘʥʥʦʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʝʨʝʩʤʦʪʨʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʪʨʝʙʠʪʝʣʝʡ ʉʈʅʉ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʫʧʨʦʱʝʥʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ. ʊʘʢʠʝ ʢʘʢ ʩʭʝʤʘ ʀʉʅʉ ʩ ʜʚʫʭʵʪʘʧʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʪʨʝʙʠʪʝʣʷ ʉʈʅʉ ʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝʤ ʧʦ 

ʚʳʭʦʜʘʤ ʦʮʝʥʦʢ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 3. 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʀʉʅʉ ʩ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝʤ ʧʦ ʚʳʭʦʜʘʤ  
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ɼʣʷ ʩʠʥʪʝʟʘ ʘʣʛʦʨʠʪʤʘ ʚ ʢʘʯʝʩʪʚʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ 

ʧʨʠʝʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʩ ʜʚʫʭʵʪʘʧʥʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʩʠʛʥʘʣʦʚ ʉʈʅʉ [ʂʦʣʜʫʥʦʚ, 2009, ʩ. 67] ʤʦʛʫʪ ʙʳʪʴ ʚʟʷʪʳ ʦʮʝʥʢʠ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ 
,ʈʅʇ ky  (ʜʦʧʣʝʨʦʚʩʢʦʝ ʩʤʝʱʝʥʠʝ 

ʯʘʩʪʦʪʳ, ʟʘʜʝʨʞʢʠ) ʠʣʠ ʦʮʝʥʢʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʍk ) ʦʙʦʟʥʘʯʝʥʥʳʝ 

ʥʘ ʩʭʝʤʝ ʢʘʢ 
,ʅʇ ky . 

 

, ,f(X )+nʈʅʇ k k ʈʅʇ ky = , 

 

, ,BX +nʅʇ k k ʅʇ ky = , 

 

ʛʜʝ 
, ,n , nʈʅʇ k ʅʇ k

 ï ʧʦʛʨʝʰʥʦʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʩʣʝʜʷʱʠʭ ʩʠʩʪʝʤ ʟʘ ʟʘʜʝʨʞʢʦʡ, ʬʘʟʦʡ (ʯʘʩʪʦʪʦʡ) ʠ ʧʦʚʳʰʘʝʪ 

ʟʥʘʯʝʥʠʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʪʨʝʙʠʪʝʣʝʡ ʉʈʅʉ, 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʝʨʚʠʯʥʦʤ ʫʨʦʚʥʝ. 

ɺʦ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʭʝʤʘʭ ʠʪʦʛʦʚʘʷ ʦʮʝʥʢʘ ,Xʀʉʅʉ k ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʘʧʧʘʨʘʪʫʨʝ ʧʨʠʝʤʘ ʉʈʅʉ ʚ ʨʝʞʠʤʝ ʧʦʠʩʢʘ ʩʠʛʥʘʣʦʚ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ 

ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ ʧʦ ʜʦʧʣʝʨʦʚʩʢʦʤʫ ʩʤʝʱʝʥʠʶ ʯʘʩʪʦʪʳ ʠ 

ʟʘʜʝʨʞʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

 ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʠ ʩʧʫʪʥʠʢʦʚʦʡ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʫʨʦʚʥʝ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢ ʢʘʢ ʚ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʧʫʪʥʠʢʦʚʦʛʦ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʠ ʠʥʝʨʮʠʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʦʪ 

ʪʦʯʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʚʦ ʚʨʝʤʝʥʠ ʚ ʢʘʞʜʦʤ ʠʟ ʜʚʫʭ 

ʩʫʙʦʧʪʠʤʘʣʴʥʳʭ ʬʠʣʴʪʨʦʚ ʠ ʦʙʱʝʡ ʙʦʨʪʦʚʦʡ ʮʠʬʨʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʘʰʠʥʳ; 

 ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʙʦʝʚʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ 

ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʘ ʛʣʘʚʥʦʝ ʦʙʝʩʧʝʯʠʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʳʭ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ (ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʤʝʭ 

ʧʨʦʪʠʚʥʠʢʘ), ʜʣʷ ʯʝʛʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʩʥʦʩʚʷʟʘʥʥʦʝ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʠʥʝʨʮʠʘʣʴʥʦʡ ʠ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤ ʥʘ 

ʫʨʦʚʥʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʝʩʪʴ ʚ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠʥʝʨʮʠʘʣʴʥʦ-ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʫ ʢʦʪʦʨʦʡ 

ʧʝʨʝʢʨʝʩʪʥʳʤʠ ʠ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ ʦʭʚʘʯʝʥ ʩʧʫʪʥʠʢʦʚʳʡ ʥʘʚʠʛʘʮʠʦʥʥʳʡ 

ʧʨʠʝʤʥʠʢ (ʚ ʯʘʩʪʥʦʩʪʠ, ʝʛʦ ʜʠʩʢʨʠʤʠʥʘʪʦʨ), ʨʘʜʠʦʩʠʛʥʘʣʳ ʩʧʫʪʥʠʢʦʚʦʡ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʝʜʠʥʦʤ ʩʫʙʦʧʪʠʤʘʣʴʥʦʤ 

ʬʠʣʴʪʨʝ ʩʦʚʤʝʩʪʥʦ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, ʩʠʥʭʨʦʥʥʦ ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ ʛʠʨʦʩʢʦʧʦʚ ʠ 
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ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʫʨʳ 

ʧʦʪʨʝʙʠʪʝʣʝʡ.  
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Abstract. Currently, the main factor in assessing the level of flight safety is the number of 

aviation events that have occurred ï incidents and accidents, and other numerous parameters that 

directly affect or may affect flight safety are not taken into account and remain in the shadows.  

The article proposes a variant of developing a methodology for multifactorial assessment of 

the effectiveness of flight safety applicable to operators flying in different segments of civil aviation 

and absorbing many evaluation indicators.   

Keywords: flight safety, aviation accident, aviation incident, civil aviation operator.  

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʧʨʦʘʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ (ʜʘʣʝʝ ï ɹʇ) 

ʵʢʩʧʣʫʘʪʘʥʪʘʤʠ, ʚ ʯʘʩʪʠ ʤʝʪʦʜʦʣʦʛʠʠ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ɹʇ ʠ ʝʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 

ʦʮʝʥʢʠ, ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʤʥʦʛʦʬʘʢʪʦʨʥʦʩʪʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ ʫʩʪʨʦʡʩʪʚʘ ʘʚʠʘʮʠʦʥʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ (ʜʘʣʝʝ ï ɸʊʉ) ʥʘʰʝʡ ʩʪʨʘʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ 

ʠʩʪʦʨʠʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʝ [ɺʦʟʜʫʰʥʳʡ ʢʦʜʝʢʩ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 1997].  

ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʜʠʢʪʦʚʘʥʦ ʪʝʤ, ʯʪʦ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʊʉ 

ʥʘʰʝʡ ʩʪʨʘʥʳ ʚ 1991 ʛʦʜʫ, ʧʨʦʠʩʭʦʜʠʣʦ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʥʦ ʠ ʩʤʝʥʘ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ (ʜʘʣʝʝ ï ɺʉ). ʅʘ 

ʩʤʝʥʫ ɺʉ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʠʭʦʜʠʣʘ ʪʝʭʥʠʢʘ ʠʥʦʩʪʨʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʩʦʚʝʨʰʘʣʩʷ ʦʜʥʦʤʦʤʝʥʪʥʦ, ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʘʜʘʧʪʘʮʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʥʪʦʚ, ʚ ʯʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʣʝʪʥʦʛʦ 

ʧʝʨʩʦʥʘʣʘ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ [ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ, 2019]. ʊʘʢʞʝ ʠʟʤʝʥʷʣʘʩʴ ʠ 

ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ, ʨʝʛʫʣʠʨʫʶʱʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ (ʜʘʣʝʝ ï 

ɻɸ). ʕʪʠʤ ʦʙʦʩʥʦʚʘʥʦ ʟʥʘʯʝʥʠʝ ʧʨʦʰʝʜʰʠʭ 20 ʣʝʪ, ʥʘʟʦʚʝʤ ʝʛʦ ʦʧʝʨʘʮʠʦʥʥʳʤ 

ʧʝʨʠʦʜʦʤ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ɹʇ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʨʘʟʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʨʦʚʝʥʴ ɹʇ ʥʘ 2 ʛʨʫʧʧʳ:  

1-ʷ ʛʨʫʧʧʘ ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠ ʘʙʩʦʣʶʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ɹʇ;  

2-ʷ ʛʨʫʧʧʘ ï ʬʘʢʪʦʨʳ ʦʧʝʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʱʠʤʠ ʠ ʯʘʩʪʥʳʤʠ.  

ʆʙʱʠʝ ʬʘʢʪʦʨʳ ʧʨʠʩʫʱʠ ʚʩʝʤ ʵʢʩʧʣʫʘʪʘʥʪʘʤ ɻɸ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ, 

ʯʘʩʪʥʳʝ ʞʝ ʬʘʢʪʦʨʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠ ʚʦʟʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʣʠʰʴ ʜʣʷ 
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ʵʢʩʧʣʫʘʪʘʥʪʦʚ ʦʜʥʦʛʦ ʚʠʜʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʵʪʦ ʧʨʦʜʠʢʪʦʚʘʥʦ 

ʨʘʟʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʥʪʦʚ ʠ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʬʘʢʪʦʨʳ, ʧʨʠʩʫʱʠʝ ʵʢʩʧʣʫʘʪʘʥʪʘʤ, ʚʳʧʦʣʥʷʶʱʠʤ 

ʘʚʠʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ, ʥʝ ʧʨʠʩʫʱʠ ʵʢʩʧʣʫʘʪʘʥʪʘʤ, ʚʳʧʦʣʥʷʶʱʠʤ ʢʦʤʤʝʨʯʝʩʢʠʝ 

ʚʦʟʜʫʰʥʳʝ ʧʝʨʝʚʦʟʢʠ.  

ʊʨʘʜʠʮʠʦʥʥʦ, ʧʨʠ ʦʮʝʥʢʝ ɹʇ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠ ʘʙʩʦʣʶʪʥʳʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ɹʇ, ʥʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʦʰʝʜʰʠʭ ʩʦʙʳʪʠʡ 

ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ ʥʘʣʝʪʘ ʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʦʰʝʜʰʠʭ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʦʙʳʪʠʡ (ʜʘʣʝʝ ï ɸʉ) ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ. ʆʜʥʘʢʦ, 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʦ, ʢʘʢ ʜʘʚʥʦ ʧʨʦʠʟʦʰʣʦ ʪʦ ʠʣʠ ʠʥʦʝ ɸʉ. ʇʦ 

ʘʥʘʣʦʛʠʠ ʩ ʪʝʟʠʩʦʤ ʦ ʪʦʤ, ʯʪʦ ʧʦ ʧʨʦʰʝʩʪʚʠʠ ʚʨʝʤʝʥʠ ɸʊʉ ʠʟʤʝʥʷʣʘʩʴ, ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʠ ʵʢʩʧʣʫʘʪʘʥʪ ʥʝ ʦʩʪʘʝʪʩʷ ʩ ʧʨʝʞʥʠʤ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʇʦʵʪʦʤʫ, 

ʚʣʠʷʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʩʦʙʳʪʠʷ, ʧʨʦʠʟʦʰʝʜʰʝʛʦ 20 ʣʝʪ ʥʘʟʘʜ ʥʘ 

ʫʨʦʚʝʥʴ ɹʇ, ʠ ʩʦʙʳʪʠʷ, ʧʨʦʠʟʦʰʝʜʰʝʛʦ 3 ʛʦʜʘ ʥʘʟʘʜ, ʘʧʨʠʦʨʥʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʜʠʥʘʢʦʚʦ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʷ ʚ ʫʯʝʪʝ ʜʘʚʥʦʩʪʠ ɸʉ, ʥʘʟʦʚʝʤ ʵʪʦ 

ʚʦʟʨʘʩʪʦʤ ʩʦʙʳʪʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ɻɸ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʦʩʪʦʠʪ ʠʟ 2-ʭ ʩʝʛʤʝʥʪʦʚ: 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʫʩʣʫʛʠ ʧʦ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʚʦʟʜʫʰʥʳʭ 

ʧʝʨʝʚʦʟʦʢ ʧʘʩʩʘʞʠʨʦʚ, ʙʘʛʘʞʘ, ʛʨʫʟʦʚ, ʧʦʯʪʳ ʠ/ʠʣʠ ʚʳʧʦʣʥʝʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ 

ʨʘʙʦʪ, ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʤʤʝʨʯʝʩʢʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʠ ʘʚʠʘʮʠʠ 

ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʜʘʣʝʝ ï ɸʆʅ). 

ʕʢʩʧʣʫʘʪʘʥʪʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʘʭ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʬʝʜʝʨʘʣʴʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʘʚʠʣ [ʇʨʠʢʘʟ ʄʠʥʪʨʘʥʩʘ ʈʦʩʩʠʠ, 2020].  

ɽʩʣʠ ʵʢʩʧʣʫʘʪʘʥʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʦʟʜʫʰʥʳʝ ʧʝʨʝʚʦʟʢʠ ʧʘʩʩʘʞʠʨʦʚ, 

ʙʘʛʘʞʘ, ʛʨʫʟʦʚ, ʧʦʯʪʳ, ʚʳʧʦʣʥʷʝʪ ʘʚʠʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʠ ʚʳʧʦʣʥʷʝʪ ʧʦʣʝʪʳ ʢʘʢ 

ɸʆʅ, ʦʥ ʜʦʣʞʝʥ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʩʝʨʪʠʬʠʢʘʪʦʚ (ʩʚʠʜʝʪʝʣʴʩʪʚ) ʵʢʩʧʣʫʘʪʘʥʪʘ.  

ɻʣʘʚʥʳʡ ʚʦʧʨʦʩ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʢʩʧʣʫʘʪʘʥʪʘ ʚ 

ʮʝʣʦʤ ʠ ʝʛʦ ʫʨʦʚʝʥʴ ɹʇ, ʪʦ ʚʣʠʷʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʫʨʦʚʝʥʴ ɹʇ 

ʙʫʜʝʪ ʠʥʳʤ, ʯʝʤ ʥʝʞʝʣʠ, ʢʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʢʩʧʣʫʘʪʘʥʪ ʧʦ ʢʘʞʜʦʤʫ 

ʠʤʝʶʱʝʤʫʩʷ ʩʝʨʪʠʬʠʢʘʪʫ (ʩʚʠʜʝʪʝʣʴʩʪʚʫ) ʦʪʜʝʣʴʥʦ. ʅʦ ʫʨʦʚʝʥʴ ɹʇ 

ʥʝʧʨʘʚʠʣʴʥʦ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ, ʨʘʟʜʝʣʷʷ ʵʢʩʧʣʫʘʪʘʥʪʘ, ʫʯʠʪʳʚʘʷ ʝʛʦ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʤ ʩʝʛʤʝʥʪʘʤ ʘʚʠʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʋʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ɹʇ ʥʝ ʙʫʜʝʪ ʠʩʢʘʞʝʥ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʫʯʠʪʳʚʘʝʪʩʷ ʵʢʩʧʣʫʘʪʘʥʪ ʚ ʮʝʣʦʤ, ʧʦʩʢʦʣʴʢʫ ʪʦʣʴʢʦ ʪʘʢ ʙʫʜʝʪ ʦʪʨʘʞʘʪʴʩʷ 

ʨʝʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʜʝʣ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɹʇ ʫ 

ʵʢʩʧʣʫʘʪʘʥʪʘ. 

ʆʮʝʥʢʘ ʪʝʢʫʱʝʛʦ ʫʨʦʚʥʷ ɹʇ ʩ ʟʘʜʘʥʥʳʤ, ʩ ʪʝʤ ʫʨʦʚʥʝʤ, ʢʦʪʦʨʳʡ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʠʯʴ, ʥʘʟʦʚʝʤ ʝʛʦ ʮʝʣʝʚʳʤ ʫʨʦʚʥʝʤ ɹʇ, ʦʥ ʤʦʞʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʠʝʤʣʝʤʦʤʫ ʫʨʦʚʥʶ ɹʇ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʠʣʦ ʛʦʩʫʜʘʨʩʪʚʦ, ʘ 

ʤʦʞʝʪ ʙʳʪʴ ʣʫʯʰʝ ʝʛʦ.  

ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʮʝʣʝʚʦʛʦ ʫʨʦʚʥʷ ɹʇ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ 

ʬʘʢʪʦʨʳ, ʢʘʢ ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʫʨʦʚʝʥʴ ʨʠʩʢʘ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, 

ʜʦʧʫʩʪʠʤʦʩʪʴ ʨʠʩʢʘ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʠ ʦʞʠʜʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʫʨʦʚʥʷ ɹʇ ʚ ʢʦʥʢʨʝʪʥʦʡ ʩʬʝʨʝ ʘʚʠʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʘʚʠʣʴʥʦʩʪʴ ʠ 

ʜʝʡʩʪʚʝʥʥʦʩʪʴ ʮʝʣʝʚʳʭ ʫʨʦʚʥʝʡ ʙʫʜʝʪ ʩʦʙʣʶʜʘʪʴʩʷ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʙʫʜʫʪ 

ʩʪʘʚʠʪʴʩʷ ʨʝʘʣʴʥʦ ʜʦʩʪʠʞʠʤʳʝ ʫʨʦʚʥʠ. ʊʘʢʞʝ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʠ ʜʠʥʘʤʠʢʫ 

ʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ [ʇʨʠʢʘʟ ʄʠʥʪʨʘʥʩʘ ʈʦʩʩʠʠ, 2009].  

ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʨʘʩʪ ʵʢʩʧʣʫʘʪʘʥʪʘ, ʧʦʩʢʦʣʴʢʫ ʪʦʣʴʢʦ ʧʦʷʚʠʚʰʠʝʩʷ 

ʵʢʩʧʣʫʘʪʘʥʪʳ ʝʱʝ ʥʝ ʩʤʦʛʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ɹʇ, ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ 

ʵʢʩʧʣʫʘʪʘʥʪʳ, ʢʦʪʦʨʳʝ ʜʘʚʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʪ, ʤʦʛʣʠ ʫʞʝ ʥʘʢʦʧʠʪʴ ʪʝ ʠʣʠ ʠʥʳʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ɹʇ ʵʢʩʧʣʫʘʪʘʥʪʘ, 

ʦʜʥʘʢʦ ʵʪʦ ʩʦʚʩʝʤ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʙʫʜʝʪ ʦʟʥʘʯʘʪʴ ʪʦ, ʯʪʦ ʫ ʚʥʦʚʴ ʩʦʟʜʘʥʥʦʛʦ 

ʧʝʨʝʚʦʟʯʠʢʘ ʫʨʦʚʝʥʴ ɹʇ ʣʫʯʰʝ. ʆʩʦʙʝʥʥʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʯʝʪ ʦʧʳʪʘ ʣʝʪʥʦʛʦ 

ʧʝʨʩʦʥʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢʘʭ ʦʮʝʥʢʠ 

ʫʨʦʚʥʷ ɹʇ ʵʢʩʧʣʫʘʪʘʥʪʘ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʪʘʢʦʡ ʚʘʞʥʳʡ ʬʘʢʪʦʨ, ʢʘʢ ʦʧʳʪ 

ʵʢʠʧʘʞʘ.  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ɹʇ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ɹʇ, ʥʦ ʪʘʢʞʝ ʠ ʨʠʩʢʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʦʧʝʨʘʮʠʦʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʥʪʘ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, 

ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʫʨʦʚʝʥʴ ɹʇ, ʚʝʜʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ï ʵʪʦ 

ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʠʩʢʠ ʩʥʠʞʝʥʳ ʜʦ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ ʠ 

ʫʜʝʨʞʠʚʘʶʪʩʷ ʥʘ ʥʝʤ. ʈʠʩʢʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʙʫʜʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ 

ʧʘʨʘʤʝʪʨʦʚ ʢ ʯʘʩʪʥʳʤ ʬʘʢʪʦʨʘʤ, ʧʦʩʢʦʣʴʢʫ ʪʦʪ ʠʣʠ ʠʥʦʡ ʵʢʩʧʣʫʘʪʘʥʪ ʠʤʝʝʪ 

ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [ʇʨʠʣʦʞʝʥʠʝ 19 çʋʧʨʘʚʣʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʦʣʝʪʦʚè].  

ʅʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ï ʧʦʢʘʟʘʪʝʣʠ 

ɹʇ, ʦʙʱʠʝ ʠ ʯʘʩʪʥʳʝ ʬʘʢʪʦʨʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʩʣʝʜʫʶʱʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʘ 

ʪʘʢʞʝ ʦʩʥʦʚʫ ʤʝʪʦʜʠʢʠ. ʇʨʠ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ɹʇ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʘʯʠʥʘʪʴ ʩ 

ʵʪʘʣʦʥʥʦʛʦ ʫʨʦʚʥʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ɹʇ, ʢʦʪʦʨʳʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʳʨʘʟʠʪʴ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʝʜʠʥʠʮʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʋʨʦʚʝʥʴ ɹʇ ʚʳʨʘʟʠʤ ʢʘʢ ╛█▼. ʕʪʘʣʦʥʥʳʡ ʫʨʦʚʝʥʴ ɹʇ ʙʫʜʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 100 ʝʜʠʥʠʮʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ  ὒ ρππ ʝʜȢ ɿʘʪʝʤ ʢʘʞʜʳʡ 

ʧʘʨʘʤʝʪʨ, ʙʫʜʴ ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ ɹʇ, ʦʙʱʠʡ ʠʣʠ ʯʘʩʪʥʳʡ ʬʘʢʪʦʨ, ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ 

ʠʪʦʛʦʚʳʡ ʫʨʦʚʝʥʴ ὒ Ȣ  

ʇʦʢʘʟʘʪʝʣʷʤʠ ʧʨʠ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ɹʇ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ: ʦʪʥʦʩʠʪʝʣʴʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʢʦʣʠʯʝʩʪʚʘ ʘʚʠʘʮʠʦʥʥʳʭ ʠʥʮʠʜʝʥʪʦʚ ʜʘʣʝʝ ï ɸʀ) ʠ ʩʝʨʴʸʟʥʳʭ 

ʠʥʮʠʜʝʥʪʦʚ (ʜʘʣʝʝ ï ʉɸʀ) ʥʘ 1000 ʯʘʩʦʚ ʥʘʣʝʪʘ; ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʦʰʝʜʰʠʭ 

ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ (ʜʘʣʝʝ ï ɸʇ) ʟʘ 20 ʣʝʪ; ʢʦʣʠʯʝʩʪʚʦ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʡ (ʜʘʣʝʝ ï ʏʇ) ʥʘ 1000 ʯʘʩʦʚ ʥʘʣʝʪʘ; ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʠʙʰʠʭ ʟʘ 

20 ʣʝʪ.  

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʦʣʠʯʝʩʪʚʘ ɸʀ ʠ ʉɸʀ ʥʘ 1000 ʯʘʩʦʚ ʥʘʣʝʪʘ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʷʪʴ ʢʘʢ: 

 

Ὥ ɸʀ ʉɸʀ ρπππ      (1) 
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ʛʜʝ, Ὥ  ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʦʣʠʯʝʩʪʚʘ ɸʀ ʠ ʉɸʀ ʥʘ 1000 

ʯʘʩʦʚ ʥʘʣʝʪʘ, 

T ï ʩʫʤʤʘʨʥʳʡ ʥʘʣʝʪ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ, ʧʦ ʚʩʝʤ ʪʠʧʘʤ ɺʉ, 

ὲɸʀ , ὲʉɸʀ ï ʢʦʣʠʯʝʩʪʚʦ ɸʀ ʠ ʉɸʀ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ, ʧʦ ʚʩʝʤ 

ʪʠʧʘʤ ɺʉ. 

Ὧï ʢʦʨʨʝʣʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʇʨʠʯʝʤ ɸʀ ʠ ʉɸʀ ʙʫʜʫʪ ʠʤʝʪʴ ʨʘʟʥʳʝ ʢʦʨʨʝʣʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ k, 

ʧʦʩʢʦʣʴʢʫ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʦʧʨʝʜʝʣʝʥʦ ʨʘʟʣʠʯʠʝ 

ʵʪʠʭ ʜʚʫʭ ʘʚʠʘʮʠʦʥʥʳʭ ʩʦʙʳʪʠʡ (ʜʘʣʝʝ ï ɸʉ) ʚ ʩʪʝʧʝʥʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɸʇ. ʂʦʨʨʝʣʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ɸʀ ʧʨʠʤʝʤ ʨʘʚʥʳʤ 1, 

ʜʣʷ ʉɸʀ ʢʦʨʨʝʣʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʤʝʤ ʨʘʚʥʳʤ 1,3. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʘʢʞʝ ʚʥʦʩʠʪ ʥʝʤʘʣʳʡ ʚʢʣʘʜ ʚ ʠʪʦʛʦʚʫʶ ʦʮʝʥʢʫ ʫʨʦʚʥʷ 

ɹʇ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ ʤʝʩʪʦ ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ɹʇ, ʨʘʥʝʝ ʥʘʟʳʚʘʝʤʦʝ 

ʧʨʝʜʧʦʩʳʣʢʦʡ ʢ ʘʚʠʘʮʠʦʥʥʦʤʫ ʧʨʦʠʩʰʝʩʪʚʠʶ [ɻʠʧʠʯ, 2013].  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʧʝʨʝʚʦʜ ʧʦʢʘʟʘʪʝʣʷ Ὥ  ʚ ʝʜʠʥʠʮʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʇʝʨʝʚʦʜ ʧʦʢʘʟʘʪʝʣʷ Ὥ  ʚ ʝʜʠʥʠʮʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 
 

Ὥ  0ï0,0056 
0,0057ï

0,012 

0,013ï

0,021 

0,022ï

0,033 

ɹʦʣʝʝ 

0,033 

Ὥ  (ʝʜ) 0 3 5 8 10 

 

ɼʨʫʛʦʡ ʧʦʢʘʟʘʪʝʣʴ, ʥʘʟʳʚʘʝʤʳʡ ʢʦʣʠʯʝʩʪʚʦʤ ʏʇ ʥʘ 1000 ʯʘʩʦʚ ʥʘʣʝʪʘ, ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʚʳʨʘʞʝʥʠʠ ʙʫʜʝʪ ʘʥʘʣʦʛʠʯʝʥ ʧʨʝʜʳʜʫʱʝʤʫ. 

ʇʦʢʘʟʘʪʝʣʴ ʢʦʣʠʯʝʩʪʚʘ ʏʇ ʥʘ 1000 ʯʘʩʦʚ ʥʘʣʝʪʘ Ὁ , ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ: 

 

Ὁ ʯʧ ρπππ          (2) 

 

ʛʜʝ, Ὁ ï ʢʦʣʠʯʝʩʪʚʦʤ ʏʇ ʥʘ 1000 ʯʘʩʦʚ ʥʘʣʝʪʘ; 

T ï ʩʫʤʤʘʨʥʳʡ ʥʘʣʝʪ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ; 

ὲʯʧ ï ʢʦʣʠʯʝʩʪʚʦ ʏʇ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ. 

ʇʝʨʝʚʦʜ ʧʦʢʘʟʘʪʝʣʷ Ὁ  ʚ ʝʜʠʥʠʮʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʇʝʨʝʚʦʜ ʧʘʨʘʤʝʪʨʘ Ὁ  ʚ ʝʜʠʥʠʮʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 
 

Ὁ  0ï0,0010 
0,0011ï

0,0015 

0,0016ï

0,0025 

0,0026ï

0,0037 

ɹʦʣʝʝ 

0,0037 

Ὁ  (ʝʜ) 0 1 2 4 7 
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ʉʣʝʜʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ɹʇ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʦʰʝʜʰʠʭ ɸʇ ʟʘ 

20 ʣʝʪ, ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʠ ʥʝ ʧʨʠʚʷʟʘʥ 

ʦʪʥʦʰʝʥʠʝʤ ʢ ʥʘʣʝʪʫ [ʈʳʙʘʣʢʠʥʘ, 2018]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ 

ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʪʘʢ ʢʘʢ ɸʇ ʧʨʦʠʩʭʦʜʷʪ ʚʝʩʴʤʘ ʨʝʜʢʦ ʚ 

ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʵʢʩʧʣʫʘʪʘʥʪʘ. ʆʜʥʘʢʦ, ʧʨʠ ʫʯʝʪʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʪʘʢ ʞʝ, ʢʘʢ 

ʠ ʚ ʩʣʫʯʘʝ ʧʨʝʜʳʜʫʱʝʛʦ, ʦʙʷʟʘʪʝʣʴʥʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʠʜ ɸʇ, ʘʚʘʨʠʷ 

ʧʨʠʥʦʩʠʪ ʥʘʠʤʝʥʴʰʠʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʥʝʞʝʣʠ ʢʘʪʘʩʪʨʦʬʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʥʦʩʠʪ ʪʝʤ ʙʦʣʴʰʠʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʢʣʘʜ, ʯʝʤ ʙʦʣʴʰʝ ʝʛʦ 

ʟʥʘʯʝʥʠʝ. ʀ ʢʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʦʙʷʟʘʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ 

ʚʥʠʤʘʥʠʝ ʚʦʟʨʘʩʪ ɸʇ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʩ ʧʨʠʤʝʨʦʤ ʫʯʝʪʘ ʚʦʟʨʘʩʪʘ ɸʇ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3 ʜʣʷ ʘʚʘʨʠʡ ʠ ʚ ʪʘʙʣ. 4 ʜʣʷ ʢʘʪʘʩʪʨʦʬ. 

 

ʊʘʙʣʠʮʘ 3 ï ʋʯʝʪ ʚʦʟʨʘʩʪʘ ʘʚʘʨʠʡ 
 

ɺʦʟʨʘʩʪ 

ʘʚʘʨʠʠ (ʣʝʪ) 
0ï3 4ï5 6ï10 10ï15 15ï20 

ɼʦʙʘʚʦʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ 
13 10 5 3 1 

 

ʊʘʙʣʠʮʘ 4 ï ʋʯʝʪ ʚʦʟʨʘʩʪʘ ʢʘʪʘʩʪʨʦʬ 
 

ɺʦʟʨʘʩʪ 

ʢʘʪʘʩʪʨʦʬʳ (ʣʝʪ) 
0ï3 4ï5 6ï10 10ï15 15ï20 

ɼʦʙʘʚʦʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ 
18 14 10 5 3 

                             

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ: 

 

Ὅ ὲʘʚ ὲʘʚ  ὲʘʚʘʨ  ὲʢʘʪ ὲʢʘʪ ὲʢʘʪ       (3) 

 

ʛʜʝ, Ὅ ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʦʰʝʜʰʠʭ ɸʇ ʟʘ 20 ʣʝʪ, 

ὲʘʚʘʨ ï ʘʚʘʨʠʷ, 

ὲ̋ ́ï̓ ʢʘʪʘʩʪʨʦʬʘ, 

Ὧ ï ʜʦʙʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ.  

 

ʇʦʢʘʟʘʪʝʣʴ, ʦʪʨʘʞʘʶʱʠʡ ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʠʙʰʠʭ ʣʶʜʝʡ ʥʘ ʙʦʨʪʫ ɺʉ ʟʘ 20 

ʣʝʪ, ʙʝʟʫʩʣʦʚʥʦ ʩʚʷʟʘʥ ʩ ʧʨʦʠʟʦʰʝʜʰʠʤʠ ʢʘʪʘʩʪʨʦʬʘʤʠ ʩ ʫʯʘʩʪʠʝʤ 

ʵʢʩʧʣʫʘʪʘʥʪʘ, ʥʦ ʢʘʢ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʛʠʙʝʣʴ ʣʠʮ ʥʘ ʙʦʨʪʫ ɺʉ ʤʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʏʇ. ʇʦʵʪʦʤʫ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʭʦʪʴ ʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʛʣʘʚʥʳʤ, ʥʦ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʫʯʠʪʳʚʘʝʪʩʷ ʠ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʧʦʣʥʦ ʫʯʝʩʪʴ 

ʩʝʨʴʝʟʥʦʩʪʴ ʏʇ ʠ ɸʇ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʜʝʣʘʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ, ʫʯʠʪʳʚʘʷ ʪʘʢʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʝʚʝʟʝʥʥʳʭ ʧʘʩʩʘʞʠʨʦʚ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ, ʝʛʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʢʘʢ: 
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ὠ
̇̆̑̓̃

ρπ                                              (4) 

 

ʛʜʝ, ὠï ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʠʙʰʠʭ ʣʶʜʝʡ ʥʘ ʙʦʨʪʫ ɺʉ ʟʘ 20 ʣʝʪ, 

ὲὲ̇ ̆̑̓̃ ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʠʙʰʠʭ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʧʨʠ ɸʇ ʠ 

ʏʇ, 

ὴ ï ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʚʝʟʝʥʥʳʭ ʧʘʩʩʘʞʠʨʦʚ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ. 

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʧʝʨʝʩʯʠʪʘʪʴ. ʇʨʠʤʝʨ ʧʝʨʝʩʯʝʪʘ 

ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʚ ʝʜʠʥʠʮʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 

5.  

 

ʊʘʙʣʠʮʘ 5 ï ʇʝʨʝʚʦʜ ʧʦʢʘʟʘʪʝʣʷ V ʚ ʝʜʠʥʠʮʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 
 

ʇʦʢʘʟʘʪʝʣʴ V 0 0,1ï0,47 0,48ï1 1ï2 ɹʦʣʝʝ 2 

ɽʜʠʥʠʮʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ 
0 5 8 15 20 

 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʚʪʦʨʫʶ ʛʨʫʧʧʫ ʧʘʨʘʤʝʪʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʦʙʱʠʝ 

ʬʘʢʪʦʨʳ [ɻʫʟʠʡ, 2013].  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʱʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠʤʝʤ:  

 ʠʩʪʦʨʠʷ ʩʝʨʪʠʬʠʢʘʪʘ ʵʢʩʧʣʫʘʪʘʥʪʘ; 

 ʚʦʟʨʘʩʪ ʵʢʩʧʣʫʘʪʘʥʪʘ; 

 ʪʠʧ ɺʉ;  

 ʚʦʟʨʘʩʪ ɺʉ ʵʢʩʧʣʫʘʪʘʥʪʘ;  

 ʩʨʝʜʥʠʡ ʩʫʤʤʘʨʥʳʡ ʥʘʣʝʪ ʯʣʝʥʦʚ ʣʝʪʥʳʭ ʵʢʠʧʘʞʝʡ ʵʢʩʧʣʫʘʪʘʥʪʘ; 

 ʪʦʧʦʛʨʘʬʠʷ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʝʛʠʦʥʘ ʧʦʣʝʪʦʚ; 

 ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʘʚʠʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʛʠʦʥʘ ʧʦʣʝʪʦʚ. 

 

ʇʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʣʝʪʦʚ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʧʨʦʩʪʝʡʰʫʶ ʠʪʦʛʦʚʫʶ ʬʦʨʤʫʣʫ ʨʘʩʯʝʪʘ ʫʨʦʚʥʷ ɹʇ 

ὒ  ʵʢʩʧʣʫʘʪʘʥʪʘ ʠ ʠʤʝʶʱʫʶ ʚʠʜ: 

 

ὒ ρππὭ Ὁ Ὅ 6 ˗̏ ̂̚ Ὑ̃ ̔ ! 9 # 4 - 0 5

ὡ Ὓ            (5) 

 

ʇʨʠ ʨʘʩʯʝʪʝ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, ʝʩʣʠ ʢʘʢʠʝ-ʣʠʙʦ 

ʯʘʩʪʥʳʝ ʬʘʢʪʦʨʳ ʥʝ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʵʢʩʧʣʫʘʪʘʥʪʘ, ʜʘʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʠʥʠʤʘʶʪʩʷ ʟʘ ʥʦʣʴ. 

ɺ ʪʘʙʣ. 6 ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʪʦʛʦʚʘʷ ʦʮʝʥʢʘ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ 

ʵʢʩʧʣʫʘʪʘʥʪʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ὒ  , ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʪʦʨʦʡ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʜʝʡʩʪʚʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʵʢʩʧʣʫʘʪʘʥʪʘ. 
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ʊʘʙʣʠʮʘ 6 ï ʇʨʠʤʝʥʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ 
 

ɿʥʘʯʝʥʠʝ 

ὒ (ʝʜ) 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ὒ  ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʜʝʡʩʪʚʠʷ 

100 ï 85 

ʇʨʠʝʤʣʝʤʳʡ 

ʇʨʠʝʤʣʝʤʳʡ ʫʨʦʚʝʥʴ, ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ 

ʤʝʨ ʥʝ ʪʨʝʙʫʝʪʩʷ 

84 ï 80 

ʇʨʠʝʤʣʝʤʳʡ ʫʨʦʚʝʥʴ, ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʪʨʠʛʛʝʨʦʤ. ʄʦʛʫʪ ʪʨʝʙʦʚʘʪʴʩʷ ʤʝʨʳ ʧʦ 

ʫʩʪʨʘʥʝʥʠʶ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʩʚʷʟʠ ʩ 

ʢʦʥʢʨʝʪʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

79 ï 60 ɼʦʧʫʩʪʠʤʳʡ 

ʄʦʞʝʪ ʜʦʧʫʩʢʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʨ ʧʦ 

ʫʣʫʯʰʝʥʠʶ ʫʨʦʚʥʷ ɹʇ. ʇʨʠʥʷʪʠʝ 

ʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʪʨʝʙʫʝʪ ʚʩʝʩʪʦʨʦʥʥʝʛʦ 

ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ 

59 ʠ 

ʤʝʥʝʝ 
ʅʝʜʦʧʫʩʪʠʤʳʡ 

ʅʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʧʨʠʥʷʪʴ ʤʝʨʳ ʧʦ 

ʫʣʫʯʰʝʥʠʶ ɹʇ ʠʣʠ ʧʨʝʢʨʘʪʠʪʴ 

ʜʝʷʪʝʣʴʥʦʩʪʴ. ɺʳʧʦʣʥʠʪʴ 

ʧʝʨʚʦʦʯʝʨʝʜʥʳʝ ʜʝʡʩʪʚʠʷ ʧʦ 

ʫʤʝʥʴʰʝʥʠʶ ʨʠʩʢʦʚ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʣʝʪʦʚ ʜʣʷ ʧʝʨʝʭʦʜʘ ʚ ʛʨʫʧʧʫ 

ʜʦʧʫʩʪʠʤʦʛʦ ὒ  
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ʵʢʩʧʣʫʘʪʘʥʪʦʚ, ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʫʨʦʚʥʝʡ ɹʇ ʫ 

ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʫʘʪʘʥʪʦʚ ɻɸ, ʯʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 
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(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ʀʤʝʶʱʝʝ ʤʝʩʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʨʘʜʠʦʧʦʣʷʨʠʤʝʪʨʠʠ ʧʨʠ ʨʝʰʝʥʠʠ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʯ ʨʘʜʠʦʣʦʢʘʮʠʠ, 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ ʥʝʠʟʙʝʞʥʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʠʩʘʥʠʷ ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʝʥʠʷ, ʢʘʢʦʚʳʤʠ 

ʷʚʣʷʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʟʝʤʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, 

ʘʪʤʦʩʬʝʨʘ), ʥʘʟʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʚʦʟʜʫʰʥʳʝ ʮʝʣʠ (ʩʘʤʦʣʝʪʳ, ʚʝʨʪʦʣʝʪʳ, ʙʝʩʧʠʣʦʪʥʠʢʠ) ʠ 

ʪ.ʧ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʬʦʨʤʫʣʠʨʫʝʤʳʝ ʨʝʰʝʥʠʷ ʦʧʠʨʘʶʪʩʷ ʥʘ ʦʮʝʥʢʫ ʠ 

ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʧʨʠ ʨʘʜʠʦʧʦʣʷʨʠʤʝʪʨʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʝʥʠʷ ï ʠʭ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʟʘʢʦʥʘʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʧʦʣʷʨʠʤʝʪʨʠʷ, ʤʘʪʨʠʮʘ ʨʘʩʩʝʷʥʠʷ, ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 
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Abstract. An extensive application of the radio polarimetry methods to solve the most 

varied tasks of radar location, radar navigation and air traffic control has occurred recently which is 

inevitably faced with the relevance of describing the reflectance profile for surveillance objects of 

such ambience as (earth surface, flora, atmosphere), above-ground facilities, air targets (aircraft, 

helicopters, unmanned aerial vehicles), etc. On the whole, in all the events formulated solutions are 

based on the evaluation and dynamics of altering the principal radio polarimetry characteristic of 

surveillance objects, i.e., their scatter matrix (SM). The present paper is devoted to the laws of the 

SM elements probabilities distribution. 

Keywords: radio polarimetry, scatter matrix (SM), law of distribution, polarization 

characteristic. 

 

ʀʟʚʝʩʪʥʦ [ʂʦʟʣʦʚ ʠ ʜʨ., 2008], ʯʪʦ ʤʘʪʨʠʮʘ ʨʘʩʩʝʷʥʠʷ S ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʝʢʦʪʦʨʫʶ ʤʘʪʨʠʮʫ ʚʠʜʘ: 

 

 öö
÷
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ææ
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å
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SS

SS
S ,      (1) 

 

ʛʜʝ 2,1,; ==
j

jieSS iji

ijij  ï ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ. 

ʅʘ ʧʨʘʢʪʠʢʝ, ʦʜʥʘʢʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʠʤʝʪʴ ʜʝʣʦ ʥʝ ʩ ʘʙʩʦʣʶʪʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ, ʘ ʩ ʚʝʣʠʯʠʥʘʤʠ, ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʥʦʨʤʠʨʦʚʘʥʥʳʤʠ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʬʘʟʝ, ʯʪʦ ʥʘ ʜʚʝ ʝʜʠʥʠʮʳ ʩʦʢʨʘʱʘʝʪ 

ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʣʶʙʦʡ ʥʘʙʣʶʜʘʝʤʳʡ ʦʙʲʝʢʪ (ʮʝʣʴ) ʚ 

ʨʘʜʠʦʧʦʣʷʨʠʤʝʪʨʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʯʝʪʳʨʴʤʷ ʯʠʩʣʘʤʠ, ʯʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʦʪʣʠʯʘʝʪ ʝʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʛʜʝ ʦʧʠʩʘʥʠʝ ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʦʜʥʠʤ ʯʠʩʣʦʤ, ʘ ʠʤʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ ʨʘʩʩʝʷʥʠʷ 

(ʕʇʈ) [ɹʝʨʜʳʰʝʚ ʠ ʜʨ., 2012]. 

ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʢʫʨʩʘ ʥʘʙʣʶʜʝʥʠʷ ʮʝʣʠ 

ʥʘʟʚʘʥʥʘʷ ʯʝʪʚʝʨʢʘ ʯʠʩʝʣ ʪʘʢʞʝ, ʢʘʢ ʠ ʕʇʈ, ʠʟʤʝʥʷʝʪʩʷ. ʇʨʠʯʝʤ ʵʪʦ ʠʟʤʝʥʝʥʠʝ 

ʥʦʩʠʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʦʧʠʩʳʚʘʶʱʝʡ ʠʟʤʝʥʝʥʠʝ 

ʵʪʦʡ ʯʝʪʚʝʨʢʠ ʯʠʩʝʣ ʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʯʝʪʳʨʝʭʤʝʨʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ ï  
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ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʠʩʢʦʤʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ, ʩʚʷʟʳʚʘʶʱʠʤʠ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ 

ʨʘʩʩʝʷʥʠʷ 1l ʠ 2l  ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ga,  (ʫʛʣʳ ʥʘ ʩʬʝʨʝ ʇʫʘʥʢʘʨʝ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʙʘʟʠʩʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ), 

ʩʚʷʟʳʚʘʶʱʠʤʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʙʘʟʠʩ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ, ʩ 

ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤ ʙʘʟʠʩʦʤ [Akmaikin et al., 2021]: 
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ʂʨʦʤʝ ʪʦʛʦ, ʜʦʙʘʚʠʤ ʩʶʜʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ, ʙʘʟʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ: 

 

 ( ) 02cos22sin 12
2

22
2

11 =g-g- bb- SeSeS ii
,    (4) 

 

ʛʜʝ h+a=b . 

ʆʧʠʨʘʷʩʴ ʥʘ ʧʨʠʚʝʜʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʠʩʢʦʤʳʭ ʧʣʦʪʥʦʩʪʝʡ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ, ʢʦʪʦʨʳʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʷʚʣʷʶʪʩʷ ʠʟʤʝʨʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɺʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʧʫʱʝʥʠʝ ʦ ʨʘʚʥʦʤʝʨʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʫʛʣʦʚ gaʠ  ʠ ʥʦʨʤʘʣʴʥʦʤ ʟʘʢʦʥʝ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ ï 21ʠll  

ʀʩʢʦʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʷʚʣʷʣʠʩʴ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʘʢʠʭ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʢʘʢ ijS , ʠʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʠ ʤʥʠʤʳʝ ʯʘʩʪʠ ijSRe  ʠ ijSIm , 

ʦʙʦʙʱʝʥʥʘʷ ʬʘʟʘ 
ij

ij

ij
S

S

Re

Im
tan 1-=y , ʤʦʜʫʣʠ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ 

( ) ( )22
ImRe ijijij SSS += , ʧʦʣʥʘʷ ʕʇʈ ï 2

2
2
1

2 l+l=sS , ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʘʥʠʟʦʪʨʦʧʥʦʩʪʠ q . 

ʇʦʠʩʢ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʚ ʨʘʤʢʘʭ ʤʥʦʞʝʩʪʚʘ ʢʨʠʚʳʭ 

ʇʠʨʩʦʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [Logvin, Sarychev et al., 2020]. 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʥʘ ʨʠʩʫʥʢʘʭ (ʩʤ. ʨʠʩ. 1 ï ʨʠʩ. 3) ʧʦʢʘʟʘʥʳ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ( ) ( )1111 Re, SWW y  ʠ ( )12ReSW  ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʪʨʠʮ ʨʘʩʩʝʷʥʠʷ 1l and 2l . 
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ʈʠʩʫʥʦʢ 1 ï ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ( ),11yW  25,101=l . 

1,02=l  

 

 
 

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʪʘʢʞʝ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ 11S  ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴʩʷ, ʧʝʨʝʭʦʜʷ ʦʪ ʦʜʥʦʛʦ ʪʠʧʘ ʢʨʠʚʳʭ ʇʠʨʩʦʥʘ ʢ 

ʜʨʫʛʦʤʫ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ 25,21=l ʠ 02 =l  (ʩʤ. ʨʠʩ. 4) ʠʤʝʝʪ ʤʝʩʪʦ 1-ʡ ʪʠʧ 

ʢʨʠʚʳʭ ʇʠʨʩʦʥʘ, ʪ.ʝ. ʟʘʚʠʩʠʤʦʩʪʴ ʪʠʧʘ ( ) ( )( )nm
SbSaASW 111111 -+= . ʇʨʠ 

ʟʥʘʯʝʥʠʷʭ 7,01=l  - ʠ 5,02=l  ʥʘʣʠʮʦ ʫʞʝ 5 ʪʠʧ ʢʨʠʚʳʭ ʇʠʨʩʦʥʘ (ʩʤ. ʨʠʩ. 5) 

ʪʠʧʘ ( )
ý
ü
û

í
ì
ë g
-= -

11

1111 exp
S

ASSW m
. 

ʈʠʩʫʥʦʢ 2 ï ʇʣʦʪʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

( )12ResW
 

ʈʠʩʫʥʦʢ 3 ï ʇʣʦʪʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

( )11ResW
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʡ (1) ʠ (2) ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʨʝʜʝʣʷʪʴ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʤʥʦʛʠʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʣʝʤʝʥʪʘʤʠ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʦʙʲʝʢʪʘ. 
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ʄɽʊʆɼʀʂɸ ʆʇʈɽɼɽʃɽʅʀʗ ʆɹʃɸʉʊʀ ʈɸɹʆʊʆʉʇʆʉʆɹʅʆʉʊʀ 

ɹʆʈʊʆɺʆɻʆ ʇʀʃʆʊɸɾʅʆ-ʅɸɺʀɻɸʎʀʆʅʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ʅɸ 

ʄʅʆɾɽʉʊɺɽ ʀʅɺɸʈʀɸʅʊʅʓʍ ʂʆʅʊʈʆʃʔʅʓʍ ʉʆʆʊʅʆʐɽʅʀʁ 

 

ɹʦʣʝʣʦʚ ʕ. ɸ.1, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

ʐʘʣʫʧʠʥ ʉ. ɺ.1 

ʄʘʣʠʩʦʚ ʅ. ʇ.2 

 
1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

(ʛ. ʄʦʩʢʚʘ) 
2ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 

ʈʠʩʫʥʦʢ 4 ï ʇʣʦʪʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 
( )11SW  

ʈʠʩʫʥʦʢ 5 ï ʇʣʦʪʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 
( )11SW  
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ɸʥʥʦʪʘʮʠʷ: ɺ ʧʨʦʮʝʩʩʝ ʧʨʠʤʝʥʝʥʠʷ ʙʦʨʪʦʚʳʭ ʧʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ (ɹʇʅʂ) ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʘ ʠʣʠ ʦʪʢʘʟ ʝʛʦ ʵʣʝʤʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ ʠʣʠ ʢʣʘʩʩʘ 

ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ɺʦ-ʧʝʨʚʳʭ, ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʦʪʢʘʟ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ) ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʰʝʥʠʷ ʧʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʟʘʜʘʯ. ʇʨʠ ʵʪʦʤ ɹʇʅʂ ʚ ʮʝʣʦʤ ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤ ʠʟ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ: ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʠʣʠ ʦʪʢʘʟʘʚʰʝʤ. ʆʜʥʘʢʦ ʵʪʘ 

ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʥʘ ʪʦʣʴʢʦ ʜʣʷ ʯʘʩʪʥʳʭ ʟʘʜʘʯ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʨʝʢʦʥʬʠʛʫʨʘʮʠʷ ɹʇʅʂ, ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ 

ʚʨʝʤʝʥʠ ʨʝʰʘʪʴ ʧʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ ʩ ʜʦʧʫʩʪʠʤʳʤ, ʭʦʪʷ ʠ ʙʦʣʝʝ ʥʠʟʢʠʤ 

ʢʘʯʝʩʪʚʦʤ. ɼʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʟʘʜʘʯ ʥʘʚʠʛʘʮʠʠ. ʂʘʢ ʚ ʧʝʨʚʦʤ, ʪʘʢ ʠ 

ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʷʭ ʘʣʛʦʨʠʪʤʳ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɹʇʅʂ ʜʦʣʞʥʳ 

ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʧʦʪʨʝʙʠʪʝʣʷ ʦ ʥʘʨʫʰʝʥʠʠ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚ ʪʝʯʝʥʠʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʟʘʜʘʥʥʳʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʣʦʞʥʦʡ 

ʪʨʝʚʦʛʠ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʙʦʨʪʦʚʦʛʦ ʧʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʤʥʦʞʝʩʪʚʝ ʠʥʚʘʨʠʘʥʪʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʢʦʥʪʨʦʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʘʣʛʦʨʠʪʤ ʢʦʥʪʨʦʣʷ, ʙʦʨʪʦʚʦʡ ʧʠʣʦʪʘʞʥʦ-

ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠʥʚʘʨʠʘʥʪʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ. 
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Abstract. In the process of using airborne flight navigation complexes (AFNC) for their 

intended purpose, a change in the operating conditions or the failure of its elements leads to various 

consequences, depending on the structure of the complex or the class of tasks being solved. Firstly, 

a change in the operating conditions (failure of individual elements of the complex) leads to a sharp 

decrease in the efficiency of solving flight and navigation tasks. At the same time, the AFNC as a 

whole can exist in one of two states: operable or failure. However, this model is typical only for 

particular problems. Secondly, the AFNC is reconfigured, when the operating conditions change. 

This allows to temporary solve flight and navigation tasks with acceptable, albeit lower quality. 

This is the most typical situation for navigation tasks. Both in the first and in the second cases, the 

technical condition monitoring algorithms of the AFNC should inform the user about the violation 

of the operating conditions within a specified time with required detection and false alarm 

probabilities. The paper presents a technique for determining the operability scope of an airborne 

flight navigation complex on a set of invariant control ratios, which allows development of optimal 

control algorithms. 
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ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʢʦʥʪʨʦʣʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʦʨʪʦʚʳʭ ʧʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʦ ʥʘʟʥʘʯʝʥʠʶ. 

1. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ ʦʪʢʘʟʘ ʠʟʚʝʩʪʥʘ (ʥʘʧʨʠʤʝʨ, ʦʪʢʘʟ ʚʦʟʥʠʢʘʝʪ 
ʚʩʣʝʜʩʪʚʠʝ ʩʢʘʯʢʘ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʧʨʦʮʝʩʩʝ). ʂʦʥʪʨʦʣʴ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɹʇʅʂ ʧʨʠ ʵʪʦʤ ʩʚʦʜʠʪʩʷ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʬʘʢʪʘ 

ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʧʨʦʮʝʩʩʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʩʠʛʥʘʣʘ.  

2. ɺ ʩʠʣʫ ʤʥʦʛʦʦʙʨʘʟʠʷ ʧʨʠʯʠʥ ʠ ʬʘʢʪʦʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʘʥʦʤʘʣʴʥʳʝ 
ʨʝʞʠʤʳ ɹʇʅʂ, ʧʦʩʪʨʦʝʥʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʘʧʨʠʦʨʥʳʭ ʤʦʜʝʣʝʡ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʠʟʤʝʨʝʥʠʡ ʚ ʘʥʦʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɹʇʅʂ ʪʨʝʙʫʝʪʩʷ 

ʧʦʩʪʨʦʠʪʴ ʧʨʦʮʝʜʫʨʫ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʦʩʥʦʚʘʥʥʫʶ ʣʠʰʴ ʥʘ ʤʦʜʝʣʷʭ ʚʝʢʪʦʨʦʚ ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʚ ʰʪʘʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʆʧʳʪ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ɹʇʅʂ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʝʪʦʜʦʚ, ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɹʇʅʂ 

ʧʦʢʘʟʘʣ [ʂʦʚʘʣʝʚ, ɽʣʫʬʠʤʦʚ, 2002], ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʥʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɹʇʅʂ ʠ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʦʩʥʦʚʘʥʥʦʤʫ ʨʘʩʭʦʜʫ ʨʝʩʫʨʩʘ ʧʨʠ 

ʢʦʥʪʨʦʣʝ ʥʘ ʟʝʤʣʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʪʢʘʟʘʚʰʠʭ ʫʩʪʨʦʡʩʪʚ, ʚʭʦʜʷʱʠʭ ʚ ɹʇʅʂ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ 

ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ɹʇʅʂ, ʩʧʦʩʦʙʥʦʡ ʩ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʠʪʴ 

ʦʮʝʥʢʫ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʊʉ) ʢʘʢ ʚ ʧʦʣʝʪʝ, ʪʘʢ ʠ ʥʘ ʟʝʤʣʝ. ɼʘʥʥʘʷ 

ʟʘʜʘʯʘ ʪʨʝʙʫʝʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɹʇʅʂ. ʆʧʨʝʜʝʣʠʤ ʧʦʥʷʪʠʷ ʫʩʣʦʚʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʦʙʣʘʩʪʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɹʇʅʂ. 

ʋʩʣʦʚʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ï ʵʪʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ (ʦʙʳʯʥʦ 

ʥʝʨʘʚʝʥʩʪʚʘ) ʤʝʞʜʫ ʠʟʤʝʨʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ), ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʨʠʪʝʨʠʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʠʝ ʩʠʩʪʝʤʳ ʩʣʝʜʫʝʪ 

ʧʨʠʟʥʘʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʩʣʦʚʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢʠʝ ʩʠʩʪʝʤʳ ʬʘʢʪʠʯʝʩʢʠ ʧʨʠʟʥʘʶʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤʠ ʧʨʠ 

ʢʦʥʪʨʦʣʝ. ʆʜʥʘ ʠʟ ʟʘʜʘʯ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ɹʇʅʂ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʦʪʳʩʢʘʪʴ ʫʩʣʦʚʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠ ʪʦʯʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʨʘʩʯʝʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ (ʧʦ ʠʟʤʝʨʷʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ) 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʘʩʪʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʆʙʣʘʩʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ï ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʥʫʪʨʝʥʥʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ ʩʠʩʪʝʤʘʤ. 

ɺʥʫʪʨʝʥʥʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʜʦʣʞʥʳ ʧʦʣʥʦʩʪʴʶ ʝʛʦ ʦʧʠʩʳʚʘʪʴ. 

ʅʘʙʦʨ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ɹʇʅʂ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤ. 

ʊʦʛʜʘ ʦʙʣʘʩʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʙʫʜʝʪ ʚ ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʨʠʪʝʨʠʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘʙʦʨ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʥʠʢʦʛʜʘ ʥʝ ʙʳʚʘʝʪ ʧʦʣʥʳʤ ʠ ʧʦʪʦʤʫ ʫʜʘʝʪʩʷ ʧʦʩʪʨʦʠʪʴ 

ʪʦʣʴʢʦ ʧʨʠʙʣʠʞʝʥʥʫʶ ʦʙʣʘʩʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 
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ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʩʪʳʭ ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ, ʟʘʜʘʥʥʳʭ ʚ ʚʠʜʝ ʧʝʨʝʜʘʪʦʯʥʳʭ 

ʬʫʥʢʮʠʡ, ʫʜʘʝʪʩʷ ʥʘʡʪʠ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʝʨʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʪʝʤ ʩʘʤʳʤ 

ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʥʘʭʦʞʜʝʥʠʷ ʦʙʣʘʩʪʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʯʠʪʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʪʝʦʨʠʠ 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ [ʂʫʟʴʤʠʥ, 1992], ʢʦʛʜʘ ʟʘ ʩʯʝʪ ʩʪʨʫʢʪʫʨʥʦʡ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ ɹʇʅʂ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʪʨʦʣʴʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ, ʠʥʚʘʨʠʘʥʪʥʳʝ ʢ ʚʭʦʜʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʢʦʪʦʨʳʝ ʦʜʥʦʟʥʘʯʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʘʢ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ {K}, ʪʘʢ ʠ ʤʥʦʞʝʩʪʚʦ 

ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ {ʌ}, ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʝʠʟʚʝʩʪʥʳʭ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ X(t)  ʠ ʤʝʰʘʶʱʠʭ ʚʦʟʤʫʱʝʥʠʡ (t)Q  

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʠʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʦʨʠʠ 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʘʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ (ʌʂ) 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʊʉ, ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʥʝ ʪʦʣʴʢʦ ʤʝʰʘʶʱʠʝ ʚʦʟʤʫʱʝʥʠʷ (t)Q , ʥʦ ʥʝʠʟʚʝʩʪʥʳʝ 

ʚʭʦʜʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ (ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ) X(t) . 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʝ ʊʉ 

ɹʇʅʂ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝ {ʌ}, ʪʦʛʜʘ ʩʠʥʪʝʟ ʠʥʚʘʨʠʘʥʪʥʳʭ 

ʢʦʥʪʨʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ɹʇʅʂ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʢʦʛʜʘ ʨʝʰʝʥʠʝ ʦʜʥʦʡ ʟʘʜʘʯʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʪ.ʝ. ʦʜʥʠ ʠ ʪʝ ʞʝ ʧʝʨʝʤʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ 
X(t)  ʦʮʝʥʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ ɹʇʅʂ. 

ʂʦʥʪʨʦʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʣʠ ʩʦʦʪʥʦʰʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [ɹʦʣʝʣʦʚ ʠ ʜʨ., 2015]: 

 

(t))*X1)T),...,-(p-(tXpT),-(t(X **

i
yĔ)( =tr

i
,   (1) 

 

ʛʜʝ ir  ï ʢʦʥʪʨʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ 

ʦʙʫʩʣʦʚʣʝʥʳ ʤʥʦʞʝʩʪʚʦʤ {ʌ} ʠ ʚʠʜʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

0X(t))1)T),...,-(p-X(tpT),-(X(ti =yĔ , s,1i= , p  ï ʧʦʨʷʜʦʢ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ, ʊ ï ʧʝʨʠʦʜ ʦʙʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʪʨʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ir , s,1i=  ʦʙʨʘʟʫʝʪʩʷ 

ʞʝʩʪʢʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɹʇʅʂ ʠ ʜʦʧʫʩʢʘʤʠ ʥʘ ʥʠʭ [ɼʘʚʳʜʦʚ, ʀʚʘʥʦʚ, 1990]. ʇʦ 

ʩʫʱʝʩʪʚʫ ʟʥʘʯʝʥʠʝ ʠʥʚʘʨʠʘʥʪʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ir , s,1i=  ʚ 

ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʦʤʝʥʪ t ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʚʝʩʪʥʫʶ ʬʫʥʢʮʠʶ ʦʪ ʟʥʘʯʝʥʠʡ 

ʢʦʦʨʜʠʥʘʪ ʌ(t) ʚ ʵʪʦʪ ʤʦʤʝʥʪ, ʪ.ʝ. ʦʪ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʘ ʤʥʦʞʝʩʪʚʝ {ʌ}. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʥʘ 

ʤʥʦʞʝʩʪʚʝ {ʂ}, ʚ ʢʦʪʦʨʦʤ ʢʦʦʨʜʠʥʘʪʳ ʠ ʨʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʘ K(t)  ʚʳʙʠʨʘʶʪʩʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ ɹʇʅʂ, ʚʝʢʪʦʨ ʌ(t) 

ʟʘʜʘʥ ʠ ʦʪʢʘʟʘʚʰʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʯʘʩʪʠ ɹʇʅʂ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
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ʥʝʜʦʧʫʩʪʠʤʳʤʠ ʦʮʝʥʢʘʤʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ (t)X * . 

ɼʦʩʪʦʠʥʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʤʥʦʞʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ (1) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

 ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ɹʇʅʂ ʥʝ 
ʟʘʚʠʩʠʪ ʦʪ ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɹʇʅʂ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʣʠʰʴ ʜʣʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ɹʇʅʂ, 

ʬʦʨʤʠʨʫʶʱʝʡ ʥʝʜʦʧʫʩʪʠʤʫʶ ʦʮʝʥʢʫ ʧʝʨʝʤʝʥʥʦʡ ʩʦʩʪʦʷʥʠʷ; 

 ʧʨʦʚʝʨʢʘ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʦʮʝʥʦʢ 

ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ, ʧʦ ʩʫʱʝʩʪʚʫ, ʦʟʥʘʯʘʝʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʢʦʥʪʨʦʣʷ ʥʘ 

ʤʥʦʞʝʩʪʚʝ {ʌ}, ʪʘʢ ʢʘʢ ʥʝʜʦʧʫʩʪʠʤʳʝ ʦʪʢʣʦʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʮʝʥʦʢ ʠ ʜʦʧʫʩʢʘʤʠ ʥʘ ʥʠʭ, 

ʷʚʣʷʶʱʠʤʠʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɹʇʅʂ ʚ 

ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʨʝʞʠʤʝ; 

 ʝʩʣʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʦʜʝʨʞʘʪʩʷ ʚʩʝ 

ʦʮʝʥʠʚʘʝʤʳʝ ʢʦʦʨʜʠʥʘʪʳ X(t)  ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ, ʪʦ ʧʦʣʥʦʪʘ ʢʦʥʪʨʦʣʷ ʨʘʚʥʘ 

ʝʜʠʥʠʮʝ. 

ʇʨʠ ʨʘʟʣʠʯʝʥʠʠ ʚʠʜʦʚ ʊʉ ɹʇʅʂ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʜʦʧʫʩʢʠ ʥʘ 

ʚʝʢʪʦʨ ʢʦʥʪʨʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ R, ʯʪʦʙʳ ʦʥʠ ʤʠʥʠʤʠʟʠʨʦʚʘʣʠ (ʧʦ ʦʜʥʦʤʫ ʠʟ 

ʢʨʠʪʝʨʠʝʚ) ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʦ ʚʠʜʝ ʊʉ ɹʇʅʂ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. 

ʅʘʟʥʘʯʝʥʠʝ ʜʦʧʫʩʢʦʚ ], 2
i

1
i r[r , 1,1i -= n  ʦʧʨʝʜʝʣʷʝʪ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʤʥʦʞʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ {R}. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʠʜ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ iy
$

, 1,1i -= n , ʜʦʧʫʩʢʠ ], 2
i

1
i[ jj

, n,1i= , ʢʨʠʪʝʨʠʡ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʦ ʚʝʣʠʯʠʥʝ ir , 1,1i -= n  ʦ ʚʠʜʝ ʊʉ 

ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʤʥʦʞʝʩʪʚʦ RQĔ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤʫ ʚʠʜʫ ʊʉ 

ʈʕʂ ]}r,r[r|r{QĔ 2
i

1
iiiR Í= , 1,1i -= n . 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʢʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʨʘʟʣʠʯʥʦʤ ʧʦʚʝʜʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ R ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʠ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ ɹʇʅʂ.  

ʊʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ɹʇʅʂ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʢʦʦʨʜʠʥʘʪ 

ʚʝʢʪʦʨʘ ʦʮʝʥʦʢ )t(X * . ʇʦʵʪʦʤʫ, ʧʨʠʤʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɹʇʅʂ ʌ(t) ʜʠʩʧʝʨʩʠʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʚʝʢʪʦʨʘ 

X(t). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚʠʜ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ iy
$

, 1,1i -= n  ʥʘʜ ʚʝʢʪʦʨʦʤ ʦʮʝʥʦʢ )t(X * . 

ʆʙʥʘʨʫʞʝʥʠʝ ʦʪʢʘʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʨʘʟʥʦʩʪʥʦʛʦ ʩʠʛʥʘʣʘ: 
 

)(),(),()(Ĕ ** trtXtXf
iii

=-=Ö fy ,    (2) 
 

ʛʜʝ )(),(f ii ÖfÖ  ï ʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʠʜ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘʜ ʦʮʝʥʢʘʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʧʦ ʨʘʟʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ 

ʢʘʥʘʣʘʤ, 1n,1i -= .  

ʆʙʣʘʩʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ QR ʥʘ ʤʥʦʞʝʩʪʚʝ {R} ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʦʛʨʘʥʠʯʝʥʠʡ ʌo ʥʘ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɹʇʅʂ 
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)t,x,...,x,x(ʌ *
n

*
2

*
1 : 

 

}),,...,,(|1,1),({
0

**

2

*

1
ʌtxxxʌnitrQ

niR
¢-== .  (3) 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʧʫʩʢʦʚʦʡ ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʷ ʊʉ ʈʕʂ ʚʩʷ ʦʙʣʘʩʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ QR ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ (n-1)-ʤʝʨʥʳʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʤ QĔR, 

ʩʪʦʨʦʥʳ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʝʟʘʚʠʩʠʤʳʤ ʜʦʧʫʩʢʘʤ ]r,r[ 2
i

1
i

 ʥʘ s,1i),t(ri = . 

ʇʨʦʮʝʩʩ ʥʘʟʥʘʯʝʥʠʷ ʜʦʧʫʩʢʦʚ ]r,r[ 2
i

1
i

, ʧʦ ʩʫʱʝʩʪʚʫ, ʦʧʨʝʜʝʣʷʝʪ ʢʨʠʪʝʨʠʡ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ɹʇʅʂ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʩʪʘʷ ʬʫʥʢʮʠʷ 

ʧʦʪʝʨʴ, ʧʦʵʪʦʤʫ ʜʦʧʫʩʢʠ ]r,r[ 2
i

1
i

 ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ, 

ʠʩʭʦʜʷ ʠʟ ʤʠʥʠʤʫʤʘ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʦʯʥʦʛʦ ʨʝʰʝʥʠʷ 
 

],[ 21
min

irir
PPP ­+=
ʥʦʣʦʦʰ

.    (4) 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʘ ʌ(t) ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʠʟʤʝʨʝʥʠʡ ʢʦʥʪʨʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 
 

)()()(
21

tttr DD -= ,      (5) 

 

D1,2 ï ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ. 

ɿʘʜʘʥʠʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʜʦʧʫʩʢʦʚ ],,[ 2
1

1
1 DD  ],[ 2

2
1
2 DD  ʧʦʟʚʦʣʷʝʪ ʥʘ 

ʤʥʦʞʝʩʪʚʝ ʟʥʘʯʝʥʠʡ )t(1D , )t(2D  ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʡ ʚʠʜ ʊʉ ɹʇʅʂ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʦʜʤʥʦʞʝʩʪʚʦ 
 

 ]},[],,[|,{ 2

2

1

22

2

1

1

11210
DDDDDDDD ÍÍ=Q ,    (6) 

 

ʠ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʝʙʳʚʘʥʠʷ ɹʇʅʂ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ 

21221

Q

10 )(W)(W)Q(ʈ

ʦ

DDDDññ= dd . 

ʇʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʘʢʠʤ 

ʷʚʣʷʝʪʩʷ ɹʇʅʂ, ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʘʧʨʠʦʨʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʪ.ʝ. ʧʨʠ )Q(P 0 º

)Q(P 0
º0,5. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɹʇʅʂ ʚ ʧʦʩʪʦʷʥʥʦ 

ʤʝʥʷʶʱʝʡʩʷ ʩʨʝʜʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ; ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ; ʧʦʷʚʣʝʥʠʠ ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ ʠ ʜʨ. [ɹʦʛʘʯʝʚ ʠ ʜʨ., 

2019]. ʅʘʣʠʯʠʝ ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʦʰP  ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʌʂ, ʭʦʪʷ ʢʦʥʪʨʦʣʴ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝ 

{ʌ}. ʆʜʥʘʢʦ ʚʝʣʠʯʠʥʘ ʵʪʦʡ ʦʰʠʙʢʠ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʤʝʪʦʜʠʯʝʩʢʦʡ 

ʦʰʠʙʢʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʌʂ ʟʘ ʩʯʝʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: 

 ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʥʦʪʳ ʢʦʥʪʨʦʣʷ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʚʠʜʘ ʤʦʜʝʣʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ɹʇʅʂ; 

 ʫʤʝʥʴʰʝʥʠʝ ʚʠʜʦʚ ʊʉ ɹʇʅʂ ʥʘ ʤʥʦʞʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʤʥʦʞʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʧʨʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʜʦʧʫʩʢʘʭ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʝʝ ʛʨʘʥʠʮʳ 

ʙʫʜʫʪ ʥʝʠʟʤʝʥʥʳʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɹʇʅʂ 

ʟʘʜʘʚʘʪʴʩʷ ʘʧʨʠʦʨʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ ʦʙʣʘʩʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʠʩʭʦʜʷ ʠʟ ʬʘʢʪʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ɹʇʅʂ. 
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Abstract. The article proposes three methods for predicting deviations from the specified 

parameters caused by an unfavorable environment to increase the flight safety level. The most 

effective method has been established for each stage of the flight. The corresponding functions with 

stationary coefficients for calculating the probable force impact of factors on the aircraft have been 

determined. 

Keywords: forecasting, deviation, external conditions, flight safety, information. 

 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʸʪʦʚ ʦʢʘʟʳʚʘʶʪ ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ 3 ʦʩʥʦʚʥʳʝ 

ʛʨʫʧʧʳ ʬʘʢʪʦʨʦʚ: ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ (ʏʌ), ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʪʦʨ (ʊʌ) ʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ [ʂʦʚʘʣʝʥʢʦ, 2016; Kovalenko, 2017]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ (ɸʇ), ʚʳʟʚʘʥʥʳʭ 

ʪʦʣʴʢʦ ʪʨʝʪʴʝʡ ʛʨʫʧʧʦʡ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3%, ʚ ʦʪʯʸʪʘʭ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʟʘʯʘʩʪʫʶ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʏʌ, ʢʘʢ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʳ ɸʇ, ʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʢʘʢ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʷʚʣʝʥʠʷ ï 

ʤʝʪʝʦʫʩʣʦʚʠʷ. ʂʨʠʟʠʩʥʘʷ ʩʠʪʫʘʮʠʷ ʚ ʤʠʨʝ ʚ 2019-2020 ʛʛ., ʚʳʟʚʘʥʥʘʷ 

ʧʘʥʜʝʤʠʝʡ, ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʦʙʲʝʤʘ ʘʚʠʘʧʝʨʝʚʦʟʦʢ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʢʦʣʠʯʝʩʪʚʦ ɸʇ ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʪʘʢʞʝ ʫʧʘʣʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʟʘ 2020 

ʛʦʜ ʌɸɺʊ ʠ ʄɸʂ ʦʧʫʙʣʠʢʦʚʘʣʠ ʜʦʢʫʤʝʥʪʳ ʧʦ ʩʦʩʪʦʷʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʣʸʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʦʪʩʫʪʩʪʚʠʶ ʜʦʣʞʥʦʛʦ ʫʯʸʪʘ 

ʤʝʪʝʦʫʩʣʦʚʠʡ ʵʢʠʧʘʞʘʤʠ ɺʉ [ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʸʪʦʚ, 2020; 

ʉʦʩʪʦʷʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, 2020].  

ʆʯʝʚʠʜʥʦ, ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠʚʦʜʷʪ ʢ ʘʚʠʘʮʠʦʥʥʳʤ 

ʩʦʙʳʪʠʷʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʠʩʢʘ ʩʧʦʩʦʙʦʚ ʫʤʝʥʴʰʝʥʠʷ ʠʭ 

ʚʣʠʷʥʠʷ ʥʘ ʧʦʣʸʪ ɺʉ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʦʪʢʣʦʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ɺʉ ʦʪ ʟʘʜʘʥʥʳʭ ʜʣʷ ʠʭ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʛʦ 

ʧʘʨʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʙ ʦʪʢʣʦʥʝʥʠʷʭ, ʚʦʟʥʠʢʰʠʭ ʟʘ ʧʨʝʜʳʜʫʱʠʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ɼʣʷ ʠʭ ʨʘʟʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʨʝʛʠʩʪʨʘʪʦʨʘ ʧʦʣʸʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʇʅʂ Garmin 1000 ɺʉ ï DA-40NG. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 62 ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 13 

[Garmin G1000 Manual, 2021]. ʀʟ ʦʙʱʝʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʦʪʙʠʨʘʣʠʩʴ ʪʦʣʴʢʦ ʪʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʣʸʪ ʚʳʧʦʣʥʷʣʩʷ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ. 
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ʅʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʧʦʣʸʪʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʠʨʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʜʝʨʞʠʚʘʣ ʵʢʠʧʘʞ (ʪʘʙʣ. 1), ʪ. ʢ. ʪʦʣʴʢʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʤʦʞʥʦ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠ 

ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʧʠʣʦʪʠʨʦʚʘʥʠʷ. ʕʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʜʠʪʴ ʚʣʠʷʥʠʝ ʏʌ 

ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝ 

ʩʘʤʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʩʢʦʨʦʩʪʴ ʠʭ ʧʨʠʨʘʱʝʥʠʷ. 

 

ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ, ʚʳʜʝʨʞʠʚʘʝʤʳʝ ʵʢʠʧʘʞʝʤ ʩʘʤʦʣʸʪʘ 
 

ˉ 

ʧ.ʧ 

ʕʪʘʧ ʧʦʣʸʪʘ ʇʘʨʘʤʝʪʨ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ 

ʕɺʉ 

ʀʩʩʣʝʜʫʝʤʳʡ 

ʧʘʨʘʤʝʪʨ 

ɸʥʘʣʠʟʠʨʫʝʤʘʷ ʚʝʣʠʯʠʥʘ 

1 ʅʘʙʦʨ ʧʦʩʣʝ 

ʚʟʣʸʪʘ ʜʦ 

ʅ=60ʤ. 

ʅʘʧʨʘʚʣʝʥʠʷ 

ʧʦʣʸʪʘ ʧʦ ʦʩʠ ɺʇʇ 

ʂʦʦʨʜʠʥʘʪʳ ɺʉ 2 ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ 

ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʦʩʠ ɺʇʇ 

ʋʛʦʣ ʥʘʢʣʦʥʘ 

ʪʨʘʝʢʪʦʨʠʠ 

ɺʳʩʦʪʘ 2 ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ 

ʦʪʢʣʦʥʝʥʠʶ ʦʪ 

ʧʣʘʥʠʨʫʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʥʘʙʦʨʘ 

2 ʅʘʙʦʨ ʚʳʩʦʪʳ 

ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ 

ʧ.1 

ʇʨʠʙʦʨʥʘʷ 

ʚʦʟʜʫʰʥʘʷ 

ʩʢʦʨʦʩʪʴ ɺʉ 

IAS 2 ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʪ 

ʟʘʜʘʥʥʦʡ ʥʘ ʜʘʥʥʦʤ 

ʫʯʘʩʪʢʝ 

ʋʛʦʣ ʥʘʢʣʦʥʘ 

ʪʨʘʝʢʪʦʨʠʠ 

ɺʳʩʦʪʘ 2 ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ 

ʦʪʢʣʦʥʝʥʠʶ ʦʪ 

ʧʣʘʥʠʨʫʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʥʘʙʦʨʘ 

3 ɻʦʨʠʟʦʥʪʘʣʴʥʳ

ʡ ʧʦʣʸʪ 

ɺʳʩʦʪʘ ʧʦʣʸʪʘ ɺʳʩʦʪʘ 2 ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ 

ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʟʘʜʘʥʥʦʡ 

ʚʳʩʦʪʳ 

ʇʨʠʙʦʨʥʘʷ 

ʚʦʟʜʫʰʥʘʷ 

ʩʢʦʨʦʩʪʴ ɺʉ 

IAS 2 ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʪ 

ʟʘʜʘʥʥʦʡ ʥʘ ʜʘʥʥʦʤ 

ʫʯʘʩʪʢʝ 

4 ʉʥʠʞʝʥʠʝ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ 

ʛʣʠʩʩʘʜʳ 

ʇʨʠʙʦʨʥʘʷ 

ʚʦʟʜʫʰʥʘʷ 

ʩʢʦʨʦʩʪʴ ɺʉ 

IAS 2 ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʪ 

ʟʘʜʘʥʥʦʡ ʥʘ ʜʘʥʥʦʤ 

ʫʯʘʩʪʢʝ 

ʋʛʦʣ ʥʘʢʣʦʥʘ 

ʪʨʘʝʢʪʦʨʠʠ 

ɺʳʩʦʪʘ 2 ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ 

ʦʪʢʣʦʥʝʥʠʶ ʦʪ 

ʧʣʘʥʠʨʫʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʩʥʠʞʝʥʠʷ 

5 ɻʣʠʩʩʘʜʘ ɺʝʨʪʠʢʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ 

ɺʝʨʪʠʢʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʦʪ GPS 

2 ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ 

ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʪʨʝʙʫʝʤʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʅʘʧʨʘʚʣʝʥʠʝ 

ʧʦʣʸʪʘ ʧʦ ʦʩʠ ɺʇʇ 

ʂʦʦʨʜʠʥʘʪʳ ɺʉ 2 ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ 

ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʦʩʠ ɺʇʇ 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʋʯʝʪ ʚʳʜʝʨʞʠʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ ɺʇʇ ʧʦʩʣʝ ʚʟʣʸʪʘ ʦʩʫʱʝʩʪʚʣʷʣʩ ̫

ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʦ ʢʦʦʨʜʠʥʘʪʘʭ ʪʦʨʮʦʚ ʧʦʣʦʩʳ (ɹʫʛʫʨʫʩʣʘʥ-ʉʝʚʝʨʥʳʡ, 

ɹʫʛʫʨʫʩʣʘʥ-ɻʣʘʚʥʳʡ) ʠ ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ ɺʉ. ʊʨʝʙʫʝʤʘʷ ʧʨʠʙʦʨʥʘʷ 

ʚʦʟʜʫʰʥʘʷ ʩʢʦʨʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʳʜʝʨʞʠʚʘʝʤʘʷ ʚʳʩʦʪʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʸʪʝ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʸʪʥʳʤ ʟʘʜʘʥʠʝʤ. ɺ ʠʪʦʛʝ ʚʝʨʪʠʢʘʣʴʥʳʡ 

ʧʨʦʬʠʣʴ ʧʦʣʸʪʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

 

 

ʈʠʩʫʥʦʢ 1 ï ɿʘʜʘʥʥʳʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʧʦʣʸʪʘ 

 

ʆʙʦʟʥʘʯʠʤ 2-ʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʟʘʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ï 

Ø, ʥʘʙʦʨ ʚʝʣʠʯʠʥ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ï Øᴆ 8
ØȟØȟØȟØȟØ, ʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ï Ø, ʛʜʝ m ï ʠʥʜʝʢʩ ʤʝʪʦʜʘ, 

ʢʦʪʦʨʳʤ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ: 

C ï 1-ʳʡ ʤʝʪʦʜ Cubic Spline [Numerical Analysis]; 

U ï 2-ʦʡ ʤʝʪʦʜ Univariate Spline [DôAntona, 2006]; 

F ï 3-ʠʡ ʤʝʪʦʜ Flattop [DôAntona, 2006].  

ʇʨʠ ʣʶʙʦʤ ʤʝʪʦʜʝ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ὼ  ʥʝ ʠʜʝʘʣʴʥʘ, ʪ. ʢ. ʥʘ ʥʝʝ 

ʚʣʠʷʶʪ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥ ʠ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʘʪʤʦʩʬʝʨʳ. ʉ 

ʮʝʣʴʶ ʫʯʝʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʵʪʠʭ ʷʚʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ: 
 

ὼ Ὧ Ὢz ὢ  
 

ʇʨʦʩʪʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ὼ Ὧ Ὢz ὢ  

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʯʸʪ ʩʢʦʨʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 
ὼ Ὧ Ὢz ὢ Ὧ ὼz  

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʯʸʪ ʪʝʥʜʝʥʮʠʠ 

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ὼ Ὧ Ὢz ὢ Ὧ ὼz Ὧ ὼz  

 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʤʝʪʦʜʦʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʦ ʛʨʘʬʠʢʫ Ўὼὸ ὼ ὸ ὼʬὸ, ʛʜʝ 

ὼʬ  ï ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ. ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʟʥʘʢʦʚʦʝ ʦʪʥʦʰʝʥʠʝ, 



78 

ʪ.ʢ., ʝʩʣʠ ʚʝʣʠʯʠʥʳ ʙʫʜʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʥʫʣʷ, ʪʦ ʧʨʠʤʝʥʷʪʴ 

ʜʘʥʥʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʩʪʘʥʝʪ ʦʧʘʩʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ 

ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ɺʉ, ʪʘʢ ʝʱʸ ʠ ʧʨʦʛʥʦʟ ʜʦʙʘʚʠʪ ʢ ʥʝʤʫ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʩʢʦʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʚʳʩʦʪʳ ʤʝʪʦʜʦʤ ʢʫʙʠʯʝʩʢʠʭ 

ʩʧʣʘʡʥʦʚ ʥʘ ʵʪʘʧʝ ʩʥʠʞʝʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʩʢʦʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʦʩʠ 

ɺʇʇ ʤʝʪʦʜʦʤ ʢʫʙʠʯʝʩʢʠʭ ʩʧʣʘʡʥʦʚ ʚ ʛʣʠʩʩʘʜʝ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʫʩʢʦʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ IAS ʤʝʪʦʜʦʤ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ ʥʘ ʵʪʘʧʝ ʥʘʙʦʨʘ ʧʦʩʣʝ H 

= 60ʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1, ʨʠʩ. 2 ʠ ʨʠʩ. 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʝʨʥʳʤ ʮʚʝʪʦʤ 

ʚʳʜʝʣʝʥ ʛʨʘʬʠʢ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʫʩʢʦʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʚʳʜʝʨʞʠʚʘʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ, ʩʝʨʳʤ ï ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʭ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦʙ 

ʦʪʢʣʦʥʝʥʠʷʭ ʟʘ ʧʦʩʣʝʜʥʠʝ 5ʩ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʣʫʯʰʝʛʦ ʤʝʪʦʜʘ ʠʟ ʪʨʸʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ ʚʝʣʠʯʠʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʛʨʘʬʠʢ 

ʨʘʟʥʦʩʪʠ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʦ ʢʘʞʜʦʤʫ ʵʪʘʧʫ ʠ 

ʵʣʝʤʝʥʪʫ ʪʘʙʣ. 1. 
 

 

ʈʠʩʫʥʦʢ 2 ï ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʩʢʦʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʚʳʩʦʪʳ ʤʝʪʦʜʦʤ 

ʢʫʙʠʯʝʩʢʠʭ ʩʧʣʘʡʥʦʚ ʥʘ ʵʪʘʧʝ ʩʥʠʞʝʥʠʷ 

 

 

ʈʠʩʫʥʦʢ 3 ï ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʩʢʦʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʦʩʠ ɺʇʇ ʤʝʪʦʜʦʤ 

ʢʫʙʠʯʝʩʢʠʭ ʩʧʣʘʡʥʦʚ ʚ ʛʣʠʩʩʘʜʝ 
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ʈʠʩʫʥʦʢ 4 ï ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʩʢʦʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ IAS ʤʝʪʦʜʦʤ ʩʢʦʣʴʟʷʱʝʛʦ 

ʦʢʥʘ ʥʘ ʵʪʘʧʝ ʥʘʙʦʨʘ ʧʦʩʣʝ H=60 ʤ 
 

ʇʝʨʚʘʷ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ (ʉʂʆ) (ů), ʚʪʦʨʘʷ ï 

ʧʦʢʘʟʘʪʝʣʴ ʟʥʘʢʦʚʦʛʦ ʩʦʚʧʘʜʝʥʠʷ (ȹ), ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
 

Ў
В ὼ ὼzʬ π

ὲ τ
ρzππϷ 

 

 

ʉʪʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʬʫʥʢʮʠʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦ ʵʪʘʧʘʤ ʧʦʣʝʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.  

ɼʣʷ ʧʦʣʸʪʘ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʢʘʥʘʣʝ ʧʦʢʘʟʘʣ 2-ʡ ʤʝʪʦʜ. ɻʨʘʬʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘ ʦʜʥʦʤ ʠʟ ʠʥʪʝʨʚʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4. ʇʦ ʘʤʧʣʠʪʫʜʝ 

ʩʦʚʧʘʜʝʥʠʝ ʩʣʠʰʢʦʤ ʤʘʣʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʵʢʩʪʨʝʤʫʤʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʯʥʦ, ʘ 

ʟʥʘʢʦʚʦʝ ʩʦʚʧʘʜʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 75,2%. ʇʦ ʧʘʨʘʤʝʪʨʫ ʧʨʠʙʦʨʥʦʡ ʩʢʦʨʦʩʪʠ 

ʵʬʬʝʢʪʠʚʥʝʝ ʚʩʝʭ ʦʢʘʟʘʣʩʷ ʤʝʪʦʜ 1 ï Cubic Spline. ʅʘ ʛʨʘʬʠʢʝ ʚʠʜʥʦ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʦʝ ʧʦʜʦʙʠʝ ʦʯʝʨʪʘʥʠʡ ʧʦ ʘʤʧʣʠʪʫʜʝ. 

 

 

ʈʠʩʫʥʦʢ 5 ï ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʩʢʦʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʚʳʩʦʪʳ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ 
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ʈʠʩʫʥʦʢ 6 ï ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʩʢʦʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʧʨʠʙʦʨʥʦʡ ʩʢʦʨʦʩʪʠ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʫʥʢʮʠʡ, ʘ ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʚʩʝʤ ʪʨʸʤ 

ʤʝʪʦʜʘʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3. ʇʘʨʘʤʝʪʨ Ů ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʥʘ ʩʢʦʣʴʢʦ 

ʧʨʦʮʝʥʪʦʚ ʫʯʝʪ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ ʘʚʪʦʧʠʣʦʪʘ. ʇʨʠ ʵʪʦʤ n ï ʚʨʝʤʷ ʩʦʚʝʨʰʝʥʠʷ ʧʦʣʸʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɸʋ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʩʝʢʫʥʜʘʭ.  

 

‐
ȿὼȿ ȿὼ ὼ ȿ

ȿὼȿ
ρzππ ȟʧʨʠ 

ὼᶰ τȟὲȠ
ȿὼȿ ρ

 
 

 

ɿʘʢʣʶʯʝʥʠʝ  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʟʥʘʢʦʚʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ 

ʦʪʢʣʦʥʝʥʠʡ ʠ ʦʪʢʣʦʥʝʥʠʡ, ʦʧʨʝʜʝʣʸʥʥʳʭ ʤʝʪʦʜʘʤʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʦ 

75% (ʧʦ ʚʳʜʝʨʞʠʚʘʥʠʶ ʧʨʠʙʦʨʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʵʪʘʧʝ ʩʥʠʞʝʥʠʷ), ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ 56,73% (ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ ɺʇʇ ʥʘ 

ʛʣʠʩʩʘʜʝ). ɼʣʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝʧʨʠʝʤʣʝʤʳ, ʦʜʥʘʢʦ, 

ʝʩʣʠ ʥʝ ʫʯʠʪʳʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʢʮʠʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ Ñ 0,05 ʦʪ 

0, ʪʦ ʧʦʢʘʟʘʪʝʣʴ ʟʥʘʢʦʚʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʙʫʜʝʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ 96% ʜʦ 98%, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʘʧʘ ʧʦʣʸʪʘ ʠ ʧʘʨʘʤʝʪʨʘ. 

 

ʊʘʙʣʠʮʘ 2 ï ʉʪʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʬʫʥʢʮʠʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦ ʵʪʘʧʘʤ ʧʦʣʝʪʘ 
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ʊʘʙʣʠʮʘ 3 ï ɼʘʥʥʳʝ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ ɻʇ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ 
 

 
 

ʉʂʆ ʧʦ ʬʫʥʢʮʠʠ ʨʘʟʥʦʩʪʠ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʫʩʢʦʨʝʥʠʷ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʳ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʦʣʸʪʘ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʚʦ ʚʨʝʤʷ ʚʟʣʸʪʘ ʠ ʧʦʩʘʜʢʠ, 

ʧʦʵʪʦʤʫ, ʫʯʠʪʳʚʘʷ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʉʂʆ, ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʳ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʷ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʵʢʠʧʘʞʝʡ ʦ 

ʚʦʟʤʦʞʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʨʦʬʠʣʝ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦʣʸʪʘ ʧʦʢʘʟʘʣ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʧʨʠ ʫʩʣʦʚʠʠ ʜʦʩʪʠʞʝʥʠʷ 

ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ, ʪ. ʢ. ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʪʨʝʙʫʝʪ ʤʘʪʝʨʠʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ 

ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ɺʉ.  
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ʄɽʊʆɼʀʂɸ ʆʇʈɽɼɽʃɽʅʀʗ ʉʊɸʊʀʉʊʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʇʆɻʈɽʐʅʆʉʊɽʁ ʀɿʄɽʈɽʅʀʗ ʇʈʆʌʀʃʗ ʊɽʄʇɽʈɸʊʋʈʓ ɺ 

ʉɽʂʊʆʈɸʍ ɺɿʃɽʊɸ ʀ ʇʆʉɸɼʂʀ ʉɸʄʆʃɽʊʆɺ 

 

ɺʦʩʢʨʝʩʝʥʩʢʠʡ ʅ. ʖ.1 

ʂʘʨʘʯʝʥʮʝʚ ɺ. ɸ.2, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

 
1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

(ʛ. ʄʦʩʢʚʘ) 
2ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 

  
ɸʥʥʦʪʘʮʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʝʝ ʧʨʦʬʠʣʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʧʘʨʘʤʝʪʨʦʤ 

ʘʪʤʦʩʬʝʨʳ, ʧʦʜʣʝʞʘʱʠʤ ʠʟʤʝʨʝʥʠʶ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ. ʆʥʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ: ʪʷʛʫ ʜʚʠʛʘʪʝʣʷ ʠ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ; ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ; ʚʟʣʝʪ ʠ ʧʦʩʘʜʢʫ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ (ɺʉ); ʨʝʟʫʣʴʪʘʪ ʤʝʪʝʦʧʨʦʛʥʦʟʦʚ ʠ ʧʨʦʛʥʦʟʦʚ 

ʦʧʘʩʥʳʭ ʤʝʪʝʦʷʚʣʝʥʠʡ (ʆʄʗ) ʠ ʜʨʫʛʦʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʵʨʦʜʨʦʤʳ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

ʥʘʯʠʥʘʶʪ ʦʩʥʘʱʘʪʴʩʷ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʂ ʪʘʢʠʤ 

ʩʠʩʪʝʤʘʤ ʦʪʥʦʩʠʪʩʷ ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʝʤʝʨ ʄʊʈ-5. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʬʠʣʝʤʝʨʘ ʄʊʈ-5 ʠ ʜʘʥʥʳʭ 

ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʥʝʜʦʩʪʘʪʢʝ ʄʊʈ-5, ʢʦʪʦʨʳʡ 

ʩʚʷʟʘʥ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʝʛʦ ʢʘʣʠʙʨʦʚʢʠ. ʆʪʩʫʪʩʪʚʠʝ ʢʘʣʠʙʨʦʚʢʠ ʠʣʠ 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʯʘʩʪʦʪʘ ʝʝ ʧʨʦʚʝʜʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʠʟʤʝʨʝʥʥʳʡ ʧʨʦʬʠʣʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʫʜʝʪ ʠʤʝʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʨʝʘʣʴʥʦʛʦ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʄʊʈ-5 ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʄʊʈ-5. ʄʝʪʦʜʠʢʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʦʜʝʣʠ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʝ. 
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Abstract. The air temperature and its profile is the most essential parameter of the 

atmosphere subject to be measured and predicted. It has a significant impact on engine thrust and 

fuel consumption; aircraftôs aerodynamic characteristics, take-off and landing; the result of weather 

and dangerous meteorological phenomena forecasts, etc. Currently, civil aviation airfields are 

beginning being equipped with the systems of remote temperature profile measuring. These systems 

include the MTR-5 microwave temperature profiler. Experimental comparative studies of the MTR-

5 profiler and radio sounding data allow us to make a conclusion about one significant disadvantage 

of the MTR-5, which is associated with the necessity of its calibration.  The lack of calibration or 

insufficient frequency of its execution may lead to substantial deviations of a measured temperature 

profile from a real one. In order to increase the efficiency of the MTR-5 application, it is required to 

develop a mathematical model of the MTR-5 temperature profile measurement errors. This paper 

deals with the temperature profile measuring statistical errors, determining the methodology and the 

temperature profile measuring errors model. 

Keywords: temperature profile, measurement error, remote temperature measuring, radio 

sounding. 

 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʄʊʈ-5 ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʝʪʦʚ [ɹʦʛʘʪʢʠʥ, 

2009], ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʄʊʈ-5, ʠ ʜʘʥʥʳʝ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʫʜʘʣʝʥʠʠ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʄʊʈ-5 ʦʪ ʧʫʥʢʪʘ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 

ʜʚʘ ʜʝʩʷʪʢʘ ʢʠʣʦʤʝʪʨʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʄʊʈ-5, ʨʘʟʤʝʱʝʥʥʦʛʦ ʥʘ ʘʵʨʦʜʨʦʤʝ ʊʦʣʤʘʯʝʚʦ ʠ ʜʘʥʥʳʭ ʧʫʥʢʪʘ 

ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ çʅʦʚʦʩʠʙʠʨʩʢè. ɺ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʧʫʥʢʪʘ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ çʅʦʚʦʩʠʙʠʨʩʢè ʠ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʄʊʈ-5 ʥʘ 

ʘʵʨʦʜʨʦʤʝ ʊʦʣʤʘʯʝʚʦ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʫʥʢʪʘ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʅʦʚʦʩʠʙʠʨʩʢ ʠ ʤʝʩʪʘ 

ʫʩʪʘʥʦʚʢʠ ʄʊʈ-5 ʥʘ ʘʵʨʦʜʨʦʤʝ ʊʦʣʤʘʯʝʚʦ (ʅʦʚʦʩʠʙʠʨʩʢ) 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʦʬʠʣʷʭ ʪʝʤʧʝʨʘʪʫʨʳ, ʬʦʨʤʠʨʫʶʪʩʷ ʤʘʩʩʠʚʳ ʟʥʘʯʝʥʠʡ ʨʘʟʥʦʩʪʠ ʧʨʦʬʠʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʨʝʥʥʦʛʦ ʄʊʈ-5 ʠ ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʝʪʨʦʚʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʫʥʢʪʘ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ [ɹʦʣʝʣʦʚ ʠ ʜʨ., 2019]. ʇʦʣʫʯʝʥʥʳʝ 

ʨʘʟʥʦʩʪʠ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ЎὝὯ ʠ ʛʨʘʜʠʝʥʪʘ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ЎὨὝὯ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

 

 ЎὝὯ Ὕ Ὧ Ὕ Ὧ, (1) 

 

 ЎὨὝὯ ὨὝ Ὧ ὨὝὯ, (2) 

 

ʛʜʝ: Ὕ ὯȟὨὝ Ὧ ï ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʴ ʝʛʦ ʠʟʤʝʥʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʄʊʈ-5; Ὕ ὯȟὨὝὯ ï ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʩʢʦʨʦʩʪʴ ʝʛʦ ʠʟʤʝʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʝʪʨʦʚʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ. 

ʊʘʢ ʢʘʢ ʤʘʩʩʠʚʳ ʟʥʘʯʝʥʠʡ ЎὝὯ ʠ ЎὨὝὯ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʦ ʜʘʣʴʥʝʡʰʘʷ ʠʭ ʦʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʥʘʯʝʥʠʡ ЎὝὯ ʠ ЎὨὝὯ ʧʨʦʚʦʜʠʪʩʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ 

ʟʘʧʠʩʝʡ ʜʘʥʥʳʭ [ʂʘʜʳʛʨʦʚ, 2009].  

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʝʢʪʦʨʘʭ ʚʟʣʝʪʘ ʠ ʧʦʩʘʜʢʠ ʩʘʤʦʣʝʪʦʚ 

ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʣʫʯʝʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʦʮʝʥʦʢ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʘʚʪʦʨʝʛʨʝʩʩʠʠ 

ʛʘʫʩʩʦʚʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ʇʫʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʣʫʯʝʥ ʤʘʩʩʠʚ ʚʳʙʦʨʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʣʫʯʘʡʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʵʨʛʦʜʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ: 

 

 ╨ ╨ὯȟὯ ρȟςȟȣȟὔ . (3) 

 

ʆʙʲʝʤ ʚʳʙʦʨʢʠ ʧʦʣʘʛʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʳʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʤʦʞʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ 

ʦʮʝʥʢʠ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ, ʜʠʩʧʝʨʩʠʠ, 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʢʩʮʝʩʩʘ ʠ ʘʩʠʤʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ 

ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʨʦʮʝʩʩʘ ╨Ὧ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʵʪʠʤ ʦʮʝʥʢʘʤ, ʚʝʢʪʦʨʥʳʡ ʧʨʦʮʝʩʩ ╨Ὧ 

ʷʚʣʷʝʪʩʷ ʛʘʫʩʩʦʚʩʢʠʤ ʠ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ (n³1). ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʛʘʫʩʩʦʚʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʠʩʘʥʘ ʫʨʘʚʥʝʥʠʝʤ ʘʚʪʦʨʝʛʨʝʩʩʠʠ (ɸʈ) ʚʠʜʘ: 

 

 ╨Ὧ В ║╨Ὧ ὰ ╝Ὧ. (4) 

 

ʛʜʝ: ║ ï ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʥʦʩʪʴʶ (n³n) ʧʦʩʪʦʷʥʥʳʭ ʥʝʠʟʚʝʩʪʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ; ╝Ὧ ï ʚʝʢʪʦʨ ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ ʛʘʫʩʩʦʚʩʢʠʭ ʚʝʣʠʯʠʥ ʩ 
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ʥʫʣʝʚʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ʠ ʝʜʠʥʠʯʥʦʡ ʜʠʩʧʝʨʩʠʝʡ; G ï ʥʝʠʟʚʝʩʪʥʘʷ 

ʤʘʪʨʠʮʘ (n³n), ʢʦʪʦʨʘʷ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʱʥʦʩʪʠ ʧʦʣʘʛʘʝʪʩʷ ʥʠʞʥʝʡ 

ʪʨʝʫʛʦʣʴʥʦʡ ʠ ʥʝʚʳʨʦʞʜʝʥʥʦʡ. ʇʨʦʮʝʜʫʨʳ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ ʦ ʧʦʨʷʜʢʝ p-

ʧʨʦʮʝʩʩʘ ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʠ ʫʯʝʪʘ ʚ ʤʦʜʝʣʠ (4) ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʨʝʥʜʦʚ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʦʡ ʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ, ʘʥʘʣʦʛʠʯʥʳ 

ʩʢʘʣʷʨʥʦʤʫ ʩʣʫʯʘʶ ʠ ʧʦʪʦʤʫ ʜʘʣʝʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. 

ʉ ʫʯʝʪʦʤ (4) ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʬʠʥʘʣʴʥʦʝ ʩʦʚʤʝʩʪʥʦʝ ʘʧʦʩʪʝʨʠʦʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʮʝʥʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʙʣʶʜʝʥʠʷ ʚʩʝʡ 

ʨʝʘʣʠʟʘʮʠʠ (3) ʠʤʝʝʪ ʚʠʜ: 
 

 ὴ║ȟȣȟ║ȟ╖ȿ╨
╖ ϳ   

 

 Ὡὼὴ В ╨Ὧ В ║╨Ὧ ὰ Ὃ ╨Ὧ В ║╨Ὧ ὰ , 

 

ʛʜʝ: C ï ʢʦʥʩʪʘʥʪʘ, ʢʦʪʦʨʘʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʦʮʝʥʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʤʘʪʨʠʮʘ G 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 
 

 ╖ . (5) 
 

ʆʧʪʠʤʘʣʴʥʳʝ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮ ║ ʥʘʭʦʜʷʪʩʷ ʠʟ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʩʣʦʚʠʷ ʵʢʩʪʨʝʤʫʤʘ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ: 
 

 Ὂ В ╨Ὧ В ║╨Ὧ ὰ Ὃ ╨Ὧ В ║╨Ὧ ὰ ,  (6) 

 

ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʚʠʜ: 
 

 π, ά ρȟȣȟὴȟ ὭȟὮ ρȟȣȟὲȢ (7) 

 

ʇʨʦʠʟʚʦʜʥʘʷ ʤʘʪʨʠʮʳ ʧʦ ʢʘʢʦʤʫ-ʣʠʙʦ ʝʝ ʵʣʝʤʝʥʪʫ: 
 

 
║

Ὁȟ, ά ρȟȣȟὴȢ (8) 

 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʨʠʮʫ, ʫ ʢʦʪʦʨʦʡ ʚʩʝ ʵʣʝʤʝʥʪʳ ʨʘʚʥʳ ʥʫʣʶ, ʢʨʦʤʝ 

ʵʣʝʤʝʥʪʘ ʩ ʠʥʜʝʢʩʘʤʠ (i,j), ʨʘʚʥʦʛʦ ʝʜʠʥʠʮʝ. 

ʉ ʫʯʝʪʦʤ (8) ʨʘʚʝʥʩʪʚʦ (7) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ: 
 

 В ╔ ╨Ὧ ά Ὃ ╨Ὧ В ║╨Ὧ ὰ πȟ (9) 

 

ʠʣʠ 

 

 В ╔ ╨Ὧ ά Ὃ ╨Ὧ  

 В ╔ ╨Ὧ ά Ὃ В ║╨Ὧ ὰȟ (10) 
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ɺʳʧʦʣʥʠʚ ʫʤʥʦʞʝʥʠʝ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʣʝʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (10) ʩ 

ʫʯʝʪʦʤ (8) ʠ ʦʧʝʨʘʮʠʶ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʠʤ: 

 

В ╔ ╨Ὧ ά ╖ ╨Ὧ В ╥╨Ὧ ά╨╣Ὧ╖ ╥ȟ 

 

ʛʜʝ ╥ ï ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ, ʫ ʢʦʪʦʨʦʛʦ ʚʩʝ ʵʣʝʤʝʥʪʳ ʨʘʚʥʳ ʝʜʠʥʠʮʝ. 

ʇʦʩʪʫʧʘʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʩ ʧʨʘʚʦʡ ʯʘʩʪʴʶ (10), ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʦʮʝʥʦʢ ʤʘʪʨʠʮ ║ᶻ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ 
ʤʘʪʨʠʯʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

 

 В ║ᶻВ ╨Ὧ ὰ╨ Ὧ ά В ╨ὔ╨ Ὧ άȟ (11) 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʦʮʝʥʦʢ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮʳ G 

ʧʨʝʜʩʪʘʚʠʤ ʧʨʘʚʫʶ ʯʘʩʪʴ ʬʦʨʤʫʣʳ ʬʠʥʘʣʴʥʦʛʦ ʘʧʦʩʪʝʨʠʦʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚ ʚʠʜʝ: 

 

 Ὑ  ὨὩὸ╖ Ὡὼὴ В ╩╣Ὧ╖ ╩Ὧ ȟ (12) 

 

ʛʜʝ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʟʘʧʠʩʠ ʚʚʝʜʝʥʦ ʦʙʦʟʥʘʯʝʥʠʝ: 

 

 ╩Ὧ  ὣὯ В ║ᶻ╨Ὧ ὰȢ (13) 

 

ʇʨʦʣʦʛʘʨʠʬʤʠʨʫʝʤ ʦʙʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (12). ʊʘʢ ʢʘʢ ʣʦʛʘʨʠʬʤ ʷʚʣʷʝʪʩʷ 

ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʬʫʥʢʮʠʝʡ, ʠʟ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʩʣʦʚʠʷ ʵʢʩʪʨʝʤʫʤʘ ʧʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʤʘʪʨʠʮʳ G ʠʤʝʝʤ: 

 

 ὔ ὴ╖ В ╩╣Ὧ╖ ╩Ὧ  πȢ (14) 

 

ʇʨʠ ʟʘʧʠʩʠ (14) ʫʯʠʪʳʚʘʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʘʷ ʩʢʘʣʷʨʥʦʡ ʬʫʥʢʮʠʠ f ʦʪ 

ʤʘʪʨʠʮʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʨʠʮʫ: 

 

 
╖

╖
 

╖
 ʠ 

╖
ὰὲὨὩὸ╖ ╖ . 

  

ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʨʠʯʥʦʛʦ ʪʦʞʜʝʩʪʚʘ ╖╖ ╘, ʛʜʝ ╘ ï 
ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ, ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ: 

 

 
╖

 ╖ ╔ ╖ . (15) 

 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʪʠʤʘʣʴʥʳʭ ʦʮʝʥʦʢ ʵʣʝʤʝʥʪʦʚ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʧʦʣʫʯʠʤ: 

 



87 

 Ὣ ᶻ ὔ ὴ В ╩ Ὧ ╩Ὧ , ὭȟὮ ρȟȢȢȟὲȢ (16) 

 

ʆʧʨʝʜʝʣʠʚ ʧʦ ʬʦʨʤʫʣʘʤ (16) ʚʩʝ ʵʣʝʤʝʥʪʳ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʠ 

ʚʳʧʦʣʥʠʚ ʦʧʝʨʘʮʠʶ ʝʝ ʦʙʨʘʱʝʥʠʷ, ʧʦ ʠʟʚʝʩʪʥʳʤ ʧʨʘʚʠʣʘʤ ʥʘʡʜʝʤ 

ʦʧʪʠʤʘʣʴʥʫʶ ʦʮʝʥʢʫ ʥʠʞʥʝʡ ʪʨʝʫʛʦʣʴʥʦʡ ʤʘʪʨʠʮʳ ᶻ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʠ ʚʝʢʪʦʨʥʳʭ 

ʛʘʫʩʩʦʚʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʡ ʘʚʪʦʨʝʛʨʝʩʩʠʠ (ɸʈ) ʧʦ ʨʝʘʣʴʥʳʤ 

ʜʘʥʥʳʤ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʜʫʨʳ: 

 ʟʘʧʠʩʘʥʥʳʝ ʤʘʩʩʠʚʳ ʚʳʙʦʨʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (3); 

 ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʤʘʩʩʠʚʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ 
(11); 

 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (11) ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʦʮʝʥʦʢ "ᶻ 

ʜʣʷ ʫʨʘʚʥʝʥʠʡ ɸʈ ʟʘʜʘʥʥʦʛʦ ʧʦʨʷʜʢʘ; 

 ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (11) ʦʮʝʥʦʢ, ʜʣʷ ʫʨʘʚʥʝʥʠʡ ɸʈ 
ʟʘʜʘʥʥʦʛʦ ʧʦʨʷʜʢʘ, ʠʩʧʦʣʴʟʫʷ (13) ʩ ʧʦʤʦʱʴʶ (16) ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʦʮʝʥʦʢ ɜᶻ; 
 ʧʦ ʚʳʨʘʞʝʥʠʶ (4), ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ɸʈ ʟʘʜʘʥʥʦʛʦ 

ʧʦʨʷʜʢʘ ʤʘʪʨʠʮʳ ʦʧʪʠʤʘʣʴʥʳʭ ʦʮʝʥʦʢ "ᶻ ʠ ɜᶻ, ʬʦʨʤʠʨʫʶʪʩʷ ʤʦʜʝʣʠ 

ʚʝʢʪʦʨʥʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

 ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʛʝʥʝʨʠʨʫʶʪʩʷ ʨʝʘʣʠʟʘʮʠʠ 

ʚʝʢʪʦʨʥʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ;  

  ʜʣʷ ʧʨʦʚʝʨʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʚʝʢʪʦʨʥʦʛʦ 

ʛʘʫʩʩʦʚʩʢʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
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Abstract. The paper raises the problem of detecting low-flying radar targets, examines the 

dependence of the error of measuring angular coordinates by the ESPRIT super-resolution 

algorithm on the standard deviation from the mirror surface and on the number of antenna array 

elements. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʟʘʪʨʘʛʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʘʷ ʠ ʧʦ ʩʝʡ ʜʝʥʴ 

ʧʨʦʙʣʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʥʠʟʢʦʣʝʪʷʱʠʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʮʝʣʝʡ [ʉʠʟʦʚ, 2005, 

ɹʘʨʪʦʥ, 1974]. ʇʨʦʙʣʝʤʘ ʠʟʚʝʩʪʥʘ ʫʞʝ ʜʘʚʥʦ, ʦʜʥʘʢʦ ʪʦʣʴʢʦ ʩʝʡʯʘʩ ʧʦʷʚʣʷʶʪʩʷ 
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ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʜʣʷ ʘʧʨʦʙʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪ [ɸʣʝʢʩʝʝʚ, 2012]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʘʣʛʦʨʠʪʤʘ ʩʚʝʨʭʨʘʟʨʝʰʝʥʠʷ ESPRIT ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ESPRIT 

ɼʣʷ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ESPRIT ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʫʩʣʦʚʠʷ: ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʚʳʩʪʫʧʘʝʪ ʣʠʥʝʡʥʘʷ ʵʢʚʠʜʠʩʪʘʥʪʥʘʷ 

ʨʝʰʝʪʢʘ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ N, ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʳʩʪʫʧʘʝʪ ʩʣʫʯʘʡʥʳʡ ʛʘʫʩʩʦʚʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʦʩʢʦʣʴʢʫ ʥʦʨʤʘʣʴʥʦʩʪʴ ʟʘʢʦʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʘ ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʦʢʘʟʘʥʘ [ɼʫʰʢʦ, 

2011]. ɺʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ ʘʣʛʦʨʠʪʤʦʤ ESPRIT ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʨʝʟʢʦʤ 

ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʳʡ ʮʝʣʴ ʥʝ ʠʟʤʝʥʠʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʝʤʥʦʡ 

ʘʥʪʝʥʥʳ ʙʦʣʝʝ ʯʝʤ ʥʘ 0,1 ʛʨʘʜʫʩʘ. ɺ ʤʦʜʝʣʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʥʠʟʢʦʣʝʪʷʱʝʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ ʩʠʛʥʘʣ ʦʪ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʪ ʮʝʣʠ, ʧʨʦʰʝʜʰʠʡ ʧʦ ʧʨʷʤʦʤʫ ʧʫʪʠ, ʠʤʝʶʪ ʨʘʟʥʠʮʫ ʚʦ 

ʚʨʝʤʝʥʠ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ.  

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ 

ʘʣʛʦʨʠʪʤʘ ESPRIT ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ 

ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʥʦʛʦ ʫʛʣʘ ʦʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʚʳʩʦʪ 

ʥʝʨʦʚʥʦʩʪʝʡ ʦʪ ʟʝʨʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [ʄʦʥʘʢʦʚ, 1991; ʄʦʥʘʢʦʚ, 1997]. ɺ 

ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʟʘʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʯʘʩʪʦʪʘ 

f 3 ɻɻʎ, ʜʣʠʥʘ ʚʦʣʥʳ l 10 ʩʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ 

5 ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʘʟʦʚʳʡ ʮʝʥʪʨ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʥʘʭʦʜʠʣʩʷ ʥʘ ʚʳʩʦʪʝ 11 

ʤʝʪʨʦʚ 25 ʩʤ, ʘ ʘʧʝʨʪʫʨʘ ʘʥʪʝʥʥʳ ʩʦʩʪʘʚʣʷʣʘ 2,5 ʤʝʪʨʘ, ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ t 0,3 

C, ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ 0,1 ʉ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʮʝʣʠ 100 ʤ/ʩ, 

ʥʘʯʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ ʜʦ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ 3 

ʢʠʣʦʤʝʪʨʘ. ʆʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ ʰʫʤ ʠ ʩʦʙʩʪʚʝʥʥʳʡ ʰʫʤ ʨʘʜʠʦʧʨʠʝʤʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʥʝ ʟʘʜʘʚʘʣʩʷ, ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʣʠʰʴ ʜʠʬʬʫʟʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʛʥʘʣʘ ʥʘ ʪʦʯʥʦʩʪʴ 

ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 5 ʨʘʟʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ: 

ʟʝʨʢʘʣʴʥʘʷ ʧʦʜʩʪʠʣʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ 4 ʧʦʚʝʨʭʥʦʩʪʠ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ ʦʪ ʟʝʨʢʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 0,1 ʜʦ 0,4 ʤʝʪʨʘ ʩ ʰʘʛʦʤ 0,1. ɺʳʙʦʨ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʪʘʢʠʤʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤʠ ʦʪʢʣʦʥʝʥʠʝʤ ʚʳʩʦʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴʶ 

ʟʝʨʢʘʣʴʥʦʡ ʠ ʜʠʬʬʫʟʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʠʛʥʘʣʦʚ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ, 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʘʥʪʝʥʥʳ ʜʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ, ʚʳʩʦʪʦʡ ʘʥʪʝʥʥʳ ʠ ʚʳʩʦʪʳ 

ʧʦʣʝʪʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʚʳʙʨʘʚ ʪʘʢʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʳ ʦʭʚʘʪʳʚʘʝʤ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʠʪʫʘʮʠʠ ʦʪ ʩʣʫʯʘʷ ʧʦʣʥʦʩʪʴʶ 

ʠʟʚʝʩʪʥʦʛʦ ʩʠʛʥʘʣʘ (ʟʝʨʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʝʦʙʣʘʜʘʝʪ) ʜʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʩʠʛʥʘʣ ʧʦʣʥʦʩʪʴʶ ʥʝʠʟʚʝʩʪʝʥ (ʜʠʬʬʫʟʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʝʦʙʣʘʜʘʝʪ) 

[ʆʩʪʨʦʚʠʪʷʥʦʚ, 1982]. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʦʩʪʨʦʝʥʳ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ ʢʦʛʝʨʝʥʪʥʦʡ ʢʦʤʧʦʥʝʥʪʝ: 
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2exp( )zere p= -  (1) 

 

ʛʜʝ  2 sinp k s b= Ö Ö Ö  ï ʢʦʵʬʬʠʮʠʝʥʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ; 

 S  ï ʉʂʆ ʰʝʨʦʭʦʚʘʪʦʩʪʠ; 

 b ï ʫʛʦʣ ʩʢʦʣʴʞʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ, ʥʘ ʪʝʭ ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʫʩʣʦʚʠʷʤ: 

 

 
,

,

l

h

l

l

>>

²
 (2) 

 

ʧʝʨʝʦʪʨʘʞʝʥʠʝ ʥʝʩʝʪ ʜʠʬʬʫʟʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʚ ʩʠʛʥʘʣʝ ʥʘʯʠʥʘʝʪ 

ʧʨʝʦʙʣʘʜʘʪʴ ʩʣʫʯʘʡʥʘʷ ʢʦʤʧʦʥʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʛʨʘʬʠʢ ʠ ʜʣʷ ʥʝʝ. ɼʠʬʬʫʟʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 0dif zer pre e e= - . 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʛʨʘʬʠʢ ʜʣʷ ʜʠʬʬʫʟʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʪʨʦʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ: 

 

 ( )21 exp( 2 )dP p= - - Ö (3) 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʠ ʜʠʬʬʫʟʥʦʡ ʠ ʟʝʨʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʠʛʥʘʣʘ ʦʪ ʉʂʆ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ 
 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ 

ʘʣʛʦʨʠʪʤʦʤ ESPRIT ʦʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ 

ʦʪ ʟʝʨʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʰʠʙʢʠ ʫʛʣʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ ʦʪ ʉʂʆ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ 
 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ 

ʘʣʛʦʨʠʪʤʦʤ ESPRIT ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʧʨʠ ʉʂʆ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ 0,1 ʤʝʪʨʘ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʰʠʙʢʠ ʫʛʣʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʵʣʝʤʝʥʪʦʚ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3, ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʧʦʢʘʟʳʚʘʶʪ ʪʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ ESPRIT ʩʧʦʩʦʙʝʥ ʦʧʨʝʜʝʣʷʪʴ 

ʢʦʦʨʜʠʥʘʪʳ ʥʠʟʢʦʣʝʪʷʱʠʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʮʝʣʝʡ ʩ ʦʰʠʙʢʦʡ ʥʝ ʤʝʥʝʝ 5 

ʛʨʘʜʫʩʦʚ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʘ ʦʰʠʙʢʘ ʷʚʣʷʝʪʩʷ ʥʝʜʦʧʫʩʪʠʤʦʡ. ʅʘʣʠʯʠʝ ʠ 
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ʚʝʣʠʯʠʥʘ ʵʪʦʡ ʦʰʠʙʢʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʜʠʬʬʫʟʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʟʨʫʰʘʝʪ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ 

ʚ ʵʣʝʤʝʥʪʘʭ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʠ ʦʩʥʦʚʘʥʦ ʠʟʤʝʨʝʥʠʝ ʫʛʣʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪ ʘʣʛʦʨʠʪʤʦʤ ESPRIT. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ 

(ɺʉ) ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʚ ʟʦʥʘʭ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʧʦ 

ʧʨʠʯʠʥʘʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʨʝʰʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʥʝʜʨʝʥʠʷ 

ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ (ʄʇʉʅ). ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʤʝʞʜʫ ɺʉ ʠ ʜʠʩʧʝʪʯʝʨʦʤ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ (ʋɺɼ) 

ʷʚʣʷʝʪʩʷ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʦʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʟʘʚʠʩʠʤʦʝ ʥʘʙʣʶʜʝʥʠʝ (ɸɿʅ-ɺ), ʧʦʟʚʦʣʷʶʱʝʝ 

ʪʨʘʥʩʣʠʨʦʚʘʪʴ ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ɺʉ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ ʚ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʣʘʪʝʨʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʧʦʩʪʘʥʦʚʢʝ ʠ ʧʨʝʜʣʦʞʝʥʦ ʝʝ ʨʝʰʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʦʧʪʠʤʘʣʴʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʩʝʚʜʦʜʘʣʴʥʦʤʝʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʄʇʉʅ ʠ 

ʩʣʝʞʝʥʠʷ ʟʘ ʜʘʣʴʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʣʴʪʨ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʇʨʝʜʣʦʞʝʥʘ 

ʘʧʨʠʦʨʥʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ʩ ʮʝʣʴʶ ʩʠʥʪʝʟʘ ʬʠʣʴʪʨʘ ʩʣʝʜʷʱʝʡ ʩʠʩʪʝʤʳ. 

ʅʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʠ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʝʝ ʨʘʙʦʪʫ, ʚʳʧʦʣʥʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʨʝʜʝʣʘʭ ʨʘʙʦʯʠʡ ʟʦʥʳ ʩʠʩʪʝʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ. ɺʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ 

ʄʇʉʅ ʩ ʚʘʨʠʘʥʪʦʤ ʨʘʟʤʝʱʝʥʠʷ ʩʪʘʥʮʠʡ ʚ ɹʦʜʘʡʙʠʥʩʢʦʤ ʨʘʡʦʥʝ ʀʨʢʫʪʩʢʦʛʦ 

ʈʝʛʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʆʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʆʨɺɼ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʤʫʣʴʪʠʣʘʪʝʨʘʮʠʷ, ʘʧʨʠʦʨʥʘʷ ʤʦʜʝʣʴ, 

ʜʚʫʭʵʪʘʧʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʟʘʜʝʨʞʢʘ ʩʠʛʥʘʣʘ, ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ, ʨʘʜʠʦʥʘʚʠʛʘʮʠʷ, ʪʨʘʥʩʧʦʥʜʝʨ. 
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Abstract. The problem of increasing the level of civil aircraft flight safety in the zones with 

no radar control for economic and geographic reasons is solved by applying a multi-position 

(multilateration) (MLAT) surveillance system. A promising means of data exchange between an 

aircraft and an air traffic controller (ATC) is automatic dependent surveillance-broadcast (ADS-B) 

which allows aircraft navigation information to be transmitted. 

The problem of aircraft position-fixing in a multi-position surveillance system on the basis 

of multilateration technology in a stochastic statement was formulated and its solution with the help 

of modern methods of optimal signal filtration was proposed. To implement MLAT pseudo-range 

measurements and range tracking, the authors proposed applying a second-order filter. An a priori 

model of signal delay dynamics was proposed in order to synthesize a filter of the tracking system. 

Using the selected model for signal delay time, a Kalman-filter-based algorithm of optimal 

estimation and its characteristics were examined. 
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The paper describes theoretical and experimental studies of a multilateration surveillance 

system and factors influencing its operation. The accuracy characteristics within the system 

coverage in accordance with the presumed location were analyzed. The research of characteristics 

of the MLAT system located in the Bodaybo region of Irkutsk regional center of air traffic 

management (ATM) was carried out. 

Keywords: Multi -position System, Multilateration, A priori Model, Two-Stage Processing, 

Signal Delay, Kalman Filter, Radio Navigation, Transponder. 
 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʷʭ ʨʦʩʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʧʝʨʝʚʦʟʦʢ 

ʵʢʠʧʘʞʘʤ ɺʉ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ ʚ ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʦʤ ʯʠʩʣʝ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ [ɻʣʦʙʘʣʴʥʳʡé, 2013]. ʉʦʛʣʘʩʥʦ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ ICAO (International Civil Aviation Organization), ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʢʫʱʝʡ ʦʙʩʪʘʥʦʚʢʝ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ 

ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ ʦʙʟʦʨʥʳʝ ʨʘʜʠʦʣʦʢʘʪʦʨʳ 

(ɺʈʃ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʨʝʘʣʠʟʘʮʠʷ ʄʇʉʅ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ɸɿʅ-ɺ [ʆʮʝʥʢʘé, 2013]. ɺ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʵʪʠ ʩʠʩʪʝʤʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʩʠʩʪʝʤ 

ʤʫʣʴʪʠʣʘʪʝʨʘʮʠʠ (ʦʪ ʘʥʛʣ. multilateration ï MLAT) [ Mantilla-Gaviria, 2015]. ɺ 

ʩʠʩʪʝʤʘʭ MLAT ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ (ʄʇ) ɺʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ 

ʨʘʩʩʪʦʷʥʠʡ ɺʉ ʜʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʯʠʩʣʘ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʦʧʦʨʥʳʭ ʪʦʯʝʢ (ʅʆʊ), ʚ 

ʢʦʪʦʨʳʭ ʨʘʟʤʝʱʝʥʳ ʧʨʠʝʤʥʠʢʠ, ʩʧʦʩʦʙʥʳʝ ʧʨʠʥʠʤʘʪʴ ʩʠʛʥʘʣʳ, ʠʟʣʫʯʘʝʤʳʝ ʩ 

ʙʦʨʪʘ ɺʉ. ʉʠʩʪʝʤʳ ɸɿʅ-ɺ ʠ MLAT ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ 

[ʆʮʝʥʢʘ.., 2013]. ʇʨʠ ʵʪʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʮʝʧʮʠʝʡ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ 

CNS/ATM (Communications, Navigation, Surveillance / Air  Traffic Management ï 

ʩʚʷʟʴ, ʥʘʚʠʛʘʮʠʷ, ʥʘʙʣʶʜʝʥʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ) ʦ 

ʨʘʩʰʠʨʝʥʥʦʤ ʚʥʝʜʨʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ 

ʧʝʨʚʠʯʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʙʫʜʝʪ ʩʦʢʨʘʱʘʪʴʩʷ 

[ʂʨʳʞʘʥʦʚʩʢʠʡ, 2003].  

ʕʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ɸɿʅ-ɺ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʦʙʲʝʢʪʘʤʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʙʦʨʪʘ ʦ ʧʘʨʘʤʝʪʨʘʭ 

ʪʨʘʝʢʪʦʨʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ ʢʘʥʘʣʘʤ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

(ʃʇɼ) ʚ ʚʝʱʘʪʝʣʴʥʦʤ ʨʝʞʠʤʝ: ʃʇɼ ʨʝʞʠʤʘ çSè ʚʪʦʨʠʯʥʦʛʦ ʨʘʜʠʦʣʦʢʘʪʦʨʘ, 

ʃʇɼ ʨʘʩʰʠʨʝʥʥʦʛʦ ʩʢʚʠʪʪʝʨʘ (ç1090ESè), ʃʇɼ ʨʝʞʠʤʘ 4 ʠ ʜʨ. ɺʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʧʝʨʝʜʘʝʪʩʷ ʚ ʦʨʛʘʥ ʋɺɼ, ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʢʦʪʦʨʦʛʦ 

ʥʘʭʦʜʠʪʩʷ ɺʉ. ɼʦʩʪʦʠʥʩʪʚʘʤʠ MLAT ʷʚʣʷʶʪʩʷ: ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʛʣʦʚ ʟʘʢʨʳʪʠʷ; ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʩʦʚʤʝʩʪʥʦ ʩ ʨʝʞʠʤʦʤ S; ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ɺʉ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʘʤʦʣʝʪʘ. ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʚ ʃʇɼ 

ɸɿʅ-ɺ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʝʧʨʝʨʳʚʥʦ ʦʪʩʣʝʞʠʚʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ʪʨʘʝʢʪʦʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ɺʉ. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʚʥʝʜʨʝʥʠʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ 
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ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʩʠʥʪʝʟʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʩʪʝʤʳ MLAT  ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʦʤʝʭʦʚʫʶ ʦʩʪʘʥʦʚʢʫ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʨʘʙʦʪʫ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʩʣʫʯʘʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩʣʝʞʝʥʠʷ ʟʘ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʦʡ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ɺ ʨʘʙʦʪʝ [Mantilla-Gaviria, 2015] ʧʨʝʜʣʦʞʝʥʳ 

ʘʣʛʦʨʠʪʤʳ ʦʮʝʥʠʚʘʥʠʷ ʥʘ ʫʨʦʚʥʝ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠ ʵʪʦʤ 

ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʬʠʣʴʪʨʘʮʠʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʫʨʦʚʥʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʦʰʠʙʦʢ ʥʘ ʧʝʨʚʠʯʥʦʤ ʵʪʘʧʝ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ ʦʮʝʥʢʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʚʨʝʤʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʚ ʢʘʥʘʣʘʭ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. 

ʎʝʣʴ ʩʪʘʪʴʠ: ʨʝʰʝʥʠʝ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʥʘ 

ʦʩʥʦʚʝ ʤʫʣʴʪʠʣʘʪʝʨʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʣʫʯʘʡʥʳʭ 

ʚʦʟʤʫʱʝʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ. 

 

ʄʥʦʛʦʧʦʟʠʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʷ 

ɺ ʦʩʥʦʚʫ ʧʦʩʪʨʦʝʥʠʷ ʤʫʣʴʪʠʣʘʪʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʚʦʟʜʫʰʥʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ʧʦʣʦʞʝʥ ʟʘʧʨʦʩʥʳʡ ʤʝʪʦʜ, ʢʦʛʜʘ ʦʜʥʘ ʠʟ ʥʘʟʝʤʥʳʭ 

ʩʪʘʥʮʠʡ ʬʦʨʤʠʨʫʝʪ ʟʘʧʨʦʩʥʳʡ ʩʠʛʥʘʣ ʥʘ ʯʘʩʪʦʪʝ 1030 ʄɻʮ. ʕʪʦʪ ʩʠʛʥʘʣ ʜʣʷ 

ʪʨʝʭ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣʦʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ 

ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ), ʘ ʜʣʷ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʛʥʘʣʦʤ ʟʘʧʨʦʩʘ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʚʩʝ ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ ʙʫʜʫʪ 

ʠʟʤʝʨʷʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ. ʉʪʨʫʢʪʫʨʘ ʧʨʠʝʤʥʦʡ ʩʪʘʥʮʠʠ ʄʇʉʅ 

çʄʝʨʘè ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 

[ʄʥʦʛʦʧʦʟʠʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘé, 2020]. 
 

 
 

a)                                                      ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʝʤʥʘʷ ʩʪʘʥʮʠʷ ʄʇʉʅ: ʘ) ʘʥʪʝʥʥʘ ʧʨʠʝʤʥʦʡ ʩʪʘʥʮʠʷ; 

ʙ) ʩʦʩʪʘʚ ʧʨʠʝʤʥʦʡ ʩʪʘʥʮʠʠ 
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ʇʝʨʝʜʘʶʱʘʷ ʩʪʘʥʮʠʷ ʄʇʉʅ (ʨʠʩ. 2) ʬʦʨʤʠʨʫʝʪ ʠ ʚʳʧʦʣʥʷʝʪ ʫʩʠʣʝʥʠʝ 

ɺʏ ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ ʢʦʤʘʥʜʘʤ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʜʘʚʘʝʤʳʤ ʩʝʨʚʝʨʦʤ-

ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʄʇʉʅ. ʆʥʘ ʚʳʧʦʣʥʷʝʪ ʟʘʧʨʦʩʳ ʚ ʨʝʞʠʤʘʭ A/C/S ʩ ʪʨʝʙʫʝʤʦʡ 

ʜʘʣʴʥʦʩʪʴʶ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʤʦʱʥʦʩʪʴʶ [ʄʥʦʛʦʧʦʟʠʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘé, 2020]. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʦʩʪʘʚ ʧʝʨʝʜʘʶʱʝʡ ʩʪʘʥʮʠʠ ʄʇʉʅ 

 

ʉʝʨʚʝʨ-ʢʦʥʮʝʥʪʨʘʪʦʨ (ʨʠʩ. 3) ï ʵʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʄʇ ɺʉ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʣʘʪʝʨʘʮʠʠ ʧʦ ʨʘʟʥʠʮʝ 

ʚʨʝʤʝʥ ʬʠʢʩʘʮʠʠ ʩʠʛʥʘʣʦʚ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʠʝʤʥʳʭ 

ʩʪʘʥʮʠʡ [ʄʥʦʛʦʧʦʟʠʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘé, 2020]. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʦʩʪʘʚ ʩʝʨʚʝʨʘ-ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʄʇʉʅ 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 4 

ʧʨʠʝʤʥʳʭ ʩʪʘʥʮʠʠ. ʊʘʢʞʝ ʩʝʨʚʝʨ-ʢʦʥʮʝʥʪʨʘʪʦʨ ʧʨʦʠʟʚʦʜʠʪ ʢʦʥʪʨʦʣʴ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʄʇʉʅ, ʚʝʜʝʥʠʝ ʪʨʝʢʦʚ, ʚʳʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʝ (ɸʉ) ʋɺɼ. ʋʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ ʪʝʨʤʠʥʘʣ, 
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ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʩ ʩʝʨʚʝʨʦʤ-ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʠ 

ʧʦʟʚʦʣʷʶʱʠʡ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʳʧʦʣʥʷʪʴ ʤʦʥʠʪʦʨʠʥʛ ʠ ʜʠʘʛʥʦʩʪʠʢʫ 

ʩʠʩʪʝʤʳ ʥʘ ʤʝʩʪʝ. ʂʦʥʪʨʦʣʴʥʦ-ʨʝʬʝʨʝʥʩʥʳʡ ʦʪʚʝʪʯʠʢ (ʂʈʆ) ʄʇʉʅ ʩʦʩʪʦʠʪ ʠʟ 

ʙʣʦʢʘ ʂʈʆ ʠ ʘʥʪʝʥʥʳ (ʨʠʩ. 4) [ʄʥʦʛʦʧʦʟʠʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘé, 2020]. 

ʌʫʥʢʮʠʦʥʘʣ ʂʈʆ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʮʝʜʫʨʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠʝʤʥʳʭ 

ʩʪʘʥʮʠʡ ʠ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʂʈʆ ʨʝʘʣʠʟʫʝʪ ʘʣʛʦʨʠʪʤʳ 

ʧʨʠʸʤʘ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʟʘʧʨʦʩʥʳʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʦʪʚʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʸʤʥʠʢʠ ʄʇʉʅ, ʷʚʣʷʝʪʩʷ 

ʠʤʠʪʘʪʦʨʦʤ ʩʘʤʦʣʸʪʥʦʛʦ ʦʪʚʝʪʯʠʢʘ [ʄʥʦʛʦʧʦʟʠʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘé, 2020]. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʂʦʥʪʨʦʣʴʥʦ-ʨʝʬʝʨʝʥʩʥʳʡ ʦʪʚʝʪʯʠʢ ʄʇʉʅ 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʣʘʪʝʨʘʮʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʯʠʩʣʝʥʠʠ ʜʘʣʴʥʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʦʙʲʝʢʪ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʳʡ ʤʝʪʦʜ, ʚ 

ʢʦʪʦʨʦʤ ʢʦʦʨʜʠʥʘʪʳ ɺʉ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʨʘʟʥʦʩʪʷʤ ʜʘʣʴʥʦʩʪʝʡ ʚ ʪʦʯʢʘʭ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʟʥʝʩʝʥʥʳʭ ʧʨʠʝʤʥʳʭ ʩʪʘʥʮʠʡ.  

ʉʠʛʥʘʣʳ, ʠʟʣʫʯʘʝʤʳʝ ʪʨʘʥʩʧʦʥʜʝʨʦʤ ɸɿʅ-ɺ, ʧʨʠʥʠʤʘʶʪʩʷ ʘʥʪʝʥʥʘʤʠ 

ʧʝʨʠʬʝʨʠʡʥʳʭ (ʨʘʟʥʝʩʝʥʥʳʭ) ʧʨʠʝʤʥʳʭ ʩʪʘʥʮʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʝ 

ʚʠʜʠʤʦʩʪʠ. ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ ʪʨʘʥʩʧʦʥʜʝʨʘ ʧʨʠʝʤʥʦʛʦ ʧʫʥʢʪʘ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ [ɻʃʆʅɸʉʉ, 2010]: 
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ï ʧʨʠʥʠʤʘʝʤʳʡ i-ʪʳʤ ʇʇ ʩʠʛʥʘʣ iA  ï ʘʤʧʣʠʪʫʜʘ, i0w  ï ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ, 

i0j  ï ʩʣʫʯʘʡʥʘʷ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ, it
#

 ï ʧʩʝʚʜʦʟʘʜʝʨʞʢʘ, 
ɼif
#

 ï ʧʩʝʚʜʦʜʦʧʣʝʨʦʚʩʢʠʡ 

ʩʜʚʠʛ ʯʘʩʪʦʪʳ, )( ),( iʅʉiɼʂ tGtG tt
##
--  ï ʬʫʥʢʮʠʠ ʤʦʜʫʣʷʮʠʠ ʜʘʣʴʥʦʤʝʨʥʳʤ ʢʦʜʦʤ 

ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʩʦʦʙʱʝʥʠʝʤ, )(tn  ï ʚʥʫʪʨʝʥʥʠʡ ʙʝʣʳʡ ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ 

(ɹɻʐ) ʧʨʠʝʤʥʠʢʘ ʩ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0N . 

ʅʘ ʚʳʭʦʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚʝʢʪʦʨ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ n ʚʠʜʠʤʳʭ ɺʉ: 

[ ]Tjnɼnnnjɼjɼ nftSnftSnftSt +++= ),,( ,...,),,( ,),,()( 22221111

######
ttt nnnny , 

ʛʜʝ nln jl ,1, =  ï ʥʝʟʘʚʠʩʠʤʳʝ ʜʠʩʢʨʝʪʥʳʝ ɹɻʐ (ɼɹɻʐ) ʩ ʥʫʣʝʚʳʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʞʠʜʘʥʠʷʤʠ ʠ ʨʘʚʥʳʤʠ ʜʠʩʧʝʨʩʠʷʤʠ )2/(0
2

dn TN=s , 

1--= jjd ttT  ï ʰʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʣʝʪʝ ɺʉ ʠ 

ʥʘʣʠʯʠʷ ʰʫʤʦʚ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʮʝʥʦʢ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 

ʆʧʪʠʤʘʣʴʥʘʷ (ʢʚʘʟʠʦʧʪʠʤʘʣʴʥʘʷ) ʦʮʝʥʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʧʝʨʝʥʦʩʠʤʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʦʤ, ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʝʜʷʱʝʡ ʩʠʩʪʝʤʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ, ʬʠʣʴʪʨʘ ʠ ʛʝʥʝʨʘʪʦʨʘ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʠ ʧʨʠʝʤʝ 

ʘʜʜʠʪʠʚʥʦʡ ʩʤʝʩʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ɹɻʐ (1) ʚʳʭʦʜʥʦʡ ʧʨʦʮʝʩʩ 

ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 
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,12,11,11  ,..., , ---= nnn yyyY  ï ʨʝʘʣʠʟʘʮʠʷ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʠʥʪʝʨʚʘʣʝ 

[ ]  , ,11,1 Mtt -- nn , ),( 1 ɚY
Mf  ï ʬʫʥʢʮʠʷ ʥʘʙʣʶʜʘʝʤʦʡ ʨʝʘʣʠʟʘʮʠʠ M

1Y  ʠ ʦʮʝʥʠʚʘʝʤʦʛʦ 

ʧʨʦʮʝʩʩʘ 
T

ɼf t=ɚ . 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ),( 1 ɚY
Mf  ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʧʨʘʚʜʦʧʦʜʦʙʠʷ 

ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ (ɸʇɺ) )( 1 ɚY
Mp , ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ 
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TM fttftp
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,1,1
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n,11 ,,,
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,,,exp)( JtJt

####
SyDSɚY ,  (2) 

 

ʛʜʝ 1n
-

D  ï ʤʘʪʨʠʮʘ ʜʠʩʧʝʨʩʠʡ ʰʫʤʦʚ ʥʘʙʣʶʜʝʥʠʷ, ʅʉJ  ï ʥʘʚʠʛʘʮʠʦʥʥʦʝ 

ʩʦʦʙʱʝʥʠʝ. 

ʅʘ ʦʩʥʦʚʝ (2) ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ tĔ ʠ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ 
ɼf
Ĕ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʢʩʠʤʫʤʫ ɸʇɺ: 
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ʇʨʠ ʧʩʝʚʜʦʜʘʣʴʥʦʤʝʨʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʦʪ ɺʉ ʜʦ i-ʪʦʡ ʧʨʠʝʤʥʦʡ ʩʪʘʥʮʠʠ 

ʠʟʤʝʨʝʥʥʘʷ ʜʘʣʴʥʦʩʪʴ iD
#

 ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʩʪʠʥʥʦʡ (ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ) iD  ʥʘ 

ʥʝʠʟʚʝʩʪʥʫʶ ʚʝʣʠʯʠʥʫ iD
~, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

 

iiiiiiii DzzyyxxDDcD
~

)()()(
~ 222 +-+-+-=+==t

##
,    (3) 

 

ʛʜʝ iD  ï ʠʩʪʠʥʥʘʷ ʜʘʣʴʥʦʩʪʴ ʦʪ i-ʡ ʧʨʠʝʤʥʦʡ ʩʪʘʥʮʠʠ ʜʦ ɺʉ; zyx ,,  ï 

ʢʦʦʨʜʠʥʘʪʳ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ; )()( ɹʐɺɺʉʐɺʇʅʆʊi tt -=t
#  ï ʚʨʝʤʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ɺʉ ʜʦ ʧʨʠʝʤʥʦʡ ʩʪʘʥʮʠʠ, )(ʐɺʇʅʆʊt  ï ʚʨʝʤʷ ʧʨʠʝʤʘ 

ʩʠʛʥʘʣʘ ʅʆʊ ɸɿʅ-ɺ; ʟʘʜʘʥʥʦʝ ʚ ʰʢʘʣʝ ʚʨʝʤʝʥʠ ʧʦʪʨʝʙʠʪʝʣʷ (ʐɺʇ), )(ɹʐɺɺʉt  ï 

ʚʨʝʤʷ ʠʟʣʫʯʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʙʦʨʪʘ ɺʉ, ʟʘʜʘʥʥʦʝ ʚ ʙʦʨʪʦʚʦʡ ʰʢʘʣʝ ʚʨʝʤʝʥʠ 

(ɹʐɺ); ʩ ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ. 

ʇʨʠ ʵʪʦʤ  

 

,~~
ii cD t=  

 

ʛʜʝ it
~  ï ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʐɺʇ ʠ ɹʐɺ. 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ɺʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʤʝʶʱʠʭʩʷ 

ʠʟʤʝʨʝʥʠʡ { }iD
#
, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʝʡ (3). 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ zyx ,,  ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ 

ʟʘʜʘʯʫ ʤʝʩʪʦʦʧʨʝʜʝʣʝʥʠʷ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʦʰʠʙʦʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʦʰʠʙʢʘʤ ʦʮʝʥʢʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʦʚ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʤʫʣʴʪʠʣʘʪʝʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʩʝ 

ʦʙʲʝʢʪʳ ʄʇʉʅ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʣʠ ʩʚʦʠ ʯʘʩʳ ʧʦ ʩʠʛʥʘʣʘʤ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʧʫʪʥʠʢʦʚ ɻʅʉʉ [ʄʝʞʝʪʦʚ, 2017]. ʇʦʣʘʛʘʝʤ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʜʠʥʘʷ ʐɺ 

ɻʅʉʉ, ʜʣʷ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʝʜʠʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚʨʝʤʝʥʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʣʴʥʦʤʝʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʣʴʪʨ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ɼʣʷ ʩʠʥʪʝʟʘ ʬʠʣʴʪʨʘ ʩʣʝʜʷʱʝʡ ʩʠʩʪʝʤʳ 

ʟʘ ʟʘʜʝʨʞʢʦʡ ʩʠʛʥʘʣʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʘʧʨʠʦʨʥʦʡ ʤʦʜʝʣʴʶ, ʢʦʪʦʨʘʷ ʟʘʜʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʷʤʠ ʚʠʜʘ [ɻʃʆʅɸʉʉ, 2010]: 

 

,1,1 --+= ntnn tt TV                      (4) 

 

,1,1,, --+= ntntnt nVV                      (5) 

 

ʛʜʝ T ï ʠʥʪʝʨʚʘʣ ʥʘʙʣʶʜʝʥʠʷ ʩʠʛʥʘʣʘ; nt,n  ï ʜʠʩʢʨʝʪʥʳʡ ɹɻʐ (ɼɹɻʐ) ʩ 

ʠʟʚʝʩʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ 
tn

D ; t ï ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʘ; tV  ï 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʘ; n ï ʚʨʝʤʝʥʥʦʡ 

ʠʥʜʝʢʩ. 

ʋʨʘʚʥʝʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ: 
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 ,,nxnn tx n+=         (6) 

 

ʛʜʝ nx,n  ï ɼɹɻʐ ʩ ʜʠʩʧʝʨʩʠʝʡ 
xn

D . 

ʅʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʳʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ (4), 

(5) ʠ ʥʘʙʣʶʜʝʥʠʷ (6) ʧʦʣʫʯʠʤ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ʛʜʝ ijR  ï ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʦʰʠʙʦʢ ʬʠʣʴʪʨʘʮʠʠR  ʚʝʢʪʦʨʘ 
T

Vtt  =x . 

ʇʨʦʮʝʜʫʨʘ ʚʳʯʠʩʣʝʥʠʷ ʤʘʪʨʠʮʳ R  ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʨʝʰʝʥʠʷ 

ʚʳʨʘʞʝʥʠʡ: 

 

,/
~ 11

xnn nDHHRR
T+= --  ,

~~
1,11, tnnnnnn n

TT DGGʌRʌR += ---
 

 

ʛʜʝ nR
~

 ï ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ.  

ʌʦʨʤʘʣʠʟʘʮʠʷ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʚ ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʠʤʝʝʪ ʚʠʜ: 

 
,1,x1,11, ---- += nnnnnnn nGxʌx ,,nxnnn nxHɝ +=  
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ɺʳʨʘʞʝʥʠʷ (7) ʷʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʦʮʝʥʠʚʘʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ [Bruce, 2011]: 

 

  [ ]min)Ĕ)(Ĕ( == -- TtrMJ nnnnn xxxx  ,       (8) 

 

ʛʜʝ tr  ïʩʣʝʜ ʤʘʪʨʠʮʳ. 

ʋʨʘʚʥʝʥʠʷ (7), ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ xĔ ʧʦ ʤʝʨʝ ʧʦʩʪʫʧʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʘ, ʷʚʣʷʶʪʩʷ ʬʠʣʴʪʨʦʤ ʩʣʝʜʷʱʝʡ ʩʠʩʪʝʤʳ. ʉ 

ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʚʳʨʘʞʝʥʠʝ (8) ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ (7) 

ʩʣʝʜʷʱʝʡ ʩʠʩʪʝʤʳ ʟʘ ʟʘʜʝʨʞʢʦʡ ʩʠʛʥʘʣʘ, ʩʯʠʪʘʝʤ, ʯʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ 



101 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ ʩʚʷʟʘʥʦ ʮʠʬʨʦʚʳʤ ʨʘʜʠʦʢʘʥʘʣʦʤ. ʅʘʟʝʤʥʳʝ 

ʩʪʘʥʮʠʠ ʚʳʧʦʣʥʷʶʪ ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʳʝ ʠʟʤʝʨʝʥʠʷ. ʇʫʪʝʤ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ (7). ʇʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʤʠ ʤʦʜʝʣʷʤʠ (3) ï (5), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʙʨʘʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: 

 ʰʫʤʳ ʠʟʤʝʨʝʥʠʡ (1DD ): ns ɸɿʅD,  = 3ʤ,  ns
ɸɿʅD,"  = 0,05 ʤ/ʩ.  

 ʜʠʩʢʨʝʪʥʦʩʪʴ ʦʪʩʯʝʪʦʚ ʧʦʣʝʪʘ ɺʉ dt=0,001 ʩ (1000 ɻʮ); 

 ʜʠʩʢʨʝʪʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʜʘʥʥʳʭ ʠ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʚ ʬʠʣʴʪʨʝ 

ʂʘʣʤʘʥʘ 1dT=0,2 ʩ (5 ɻʮ).  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5 ʠ 6: ʦʰʠʙʢʘ ʦʮʝʥʢʠ dd Ĕ-  ʠ ds  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 5; 

ʥʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʦʰʠʙʢʠ ʦʮʝʥʢʠ 
d

V
d

V Ĕ-  ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ Vds .  

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʆh ʠʙʢʘ ʦʮʝʥʢʠ ʜʘʣʴʥʦʩʪʠ 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʆʰʠʙʢʘ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʜʘʣʴʥʦʩʪʠ 
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ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʜʘʣʴʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʫʣʴʪʠʣʘʪʝʨʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʣʫʯʘʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. 

 

ɺʘʨʠʘʥʪ ʨʘʟʤʝʱʝʥʠʷ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ  

ɸʉ ʋɺɼ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ɺʉ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʝʪʦʚ, 

ʢʦʛʜʘ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʚʦʟʜʫʰʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʭʦʜʠʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʘʤʦʣʝʪʦʚ. ʅʘ ʩʭʝʤʝ ʧʝʨʝʢʨʳʪʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʧʦʣʝʡ 

ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʤʝʞʜʫ ʩʝʢʪʦʨʘʤʠ ʈʎī5 ʠ ʈʎī7 ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʴ 

ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʝʪ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ 

ʚʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ ʛʦʨʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ (ʨʠʩ. 7). ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʚ ʜʘʥʥʦʡ ʟʦʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʵʢʠʧʘʞʘ ʚʦ ʚʨʝʤʷ ʠʭ ʧʨʦʣʝʪʘ ʥʘʜ ʟʘʨʘʥʝʝ ʥʘʤʝʯʝʥʥʳʤʠ 

ʢʦʥʪʨʦʣʴʥʳʤʠ ʦʨʠʝʥʪʠʨʘʤʠ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪ. ʢ. ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʴʰʠʭ ʥʦʨʤʘʪʠʚʦʚ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ ɺʉ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ 

ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ. ʈʘʟʤʝʱʝʥʠʝ ʈʃʉ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʧʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ 

ʄʇʉʅ. 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʆʙʣʘʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʝʟ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ 

 

ʇʦʟʠʮʠʠ ʩʪʘʥʮʠʡ ʄʇʉʅ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʤʝʩʪʠʪʴ ʚ ʨʘʡʦʥʘʭ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ ʊʘʢʩʠʤʦ (N56 2133; E1145520), ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʇʉ ï ʅʝʨʧʦ (N57 28 

13; E115 18 39), ʏʘʨʘ (N56 54 27; E118 15 29), ɹʘʤʙʫʡʢʘ (N55 46 40; E115 46 51) 

ʠ ʂʫʘʥʜʘ (N56 19 39; E116 7 14), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 8.  
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ʈʠʩʫʥʦʢ 8 ï ʇʦʟʠʮʠʠ ʩʪʘʥʮʠʡ ʄʇʉʅ ʥʘ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʝ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘʙʣʶʜʝʥʠʷ 

ɺr ʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʄʇʉʅ ʩ ʚʘʨʠʘʥʪʦʤ 

ʨʘʟʤʝʱʝʥʠʷ ʩʪʘʥʮʠʡ ʩ ʮʝʣʴʶ ʧʝʨʝʢʨʳʪʠʷ çʤʝʨʪʚʦʡ ʟʦʥʳè ʈʃʉ. ʅʘ ʨʠʩʫʥʢʘʭ 12 

ï 15 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ ʚ ʩʠʩʪʝʤʝ ʄʇʉʅ ʥʘ ʧʨʠʤʝʨʝ ʚʳʙʨʘʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʨʠʸʤʦʧʝʨʝʜʘʶʱʝʡ ʠ ʧʨʠʸʤʥʳʭ ʩʪʘʥʮʠʡ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ɺʉ ʧʦ 

ʤʘʨʰʨʫʪʘʤ W276 (ʨʠʩ. 9ï10) ʠ R211 (ʨʠʩ. 11ï12), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

ʈʠʩʫʥʦʢ 9 ï ʆh ʠʙʢʘ ʦʮʝʥʢʠ 

ʢʦʦʨʜʠʥʘʪʳ ʍ 

 

 

ʈʠʩʫʥʦʢ 10 ï ʆh ʠʙʢʘ ʦʮʝʥʢʠ 

ʢʦʦʨʜʠʥʘʪʳ Y 
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ʈʠʩʫʥʦʢ 11 ï ʆh ʠʙʢʘ ʦʮʝʥʢʠ 

ʢʦʦʨʜʠʥʘʪʳ ʍ 

 

ʈʠʩʫʥʦʢ 12 ï ʆh ʠʙʢʘ ʦʮʝʥʢʠ 

ʢʦʦʨʜʠʥʘʪʳ Y 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʣʫʯʰʘʷ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ (ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ) ʠʤʝʝʪ ʤʝʩʪʦ ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ɺʉ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʨʠʝʤʥʳʤʠ 

ʩʪʘʥʮʠʷʤʠ ʩʠʩʪʝʤʳ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʘʣʠʟʘʮʠʷ ʄʇʉʅ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʣʘʪʝʨʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʩʝʚʜʦʜʘʣʴʥʦʤʝʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ 

ʪʨʘʥʩʧʦʥʜʝʨʘʭ ʧʨʠʝʤʥʳʭ ʧʫʥʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʣʴʪʨ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʧʩʝʚʜʦʜʘʣʴʥʦʤʝʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʣʫʯʘʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʠʞʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʪ. ʢ. ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʫʣʴʪʠʣʘʪʝʨʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʣʫʯʘʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. 

ɺʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ MLAT ʩ ʚʘʨʠʘʥʪʦʤ 

ʨʘʟʤʝʱʝʥʠʷ ʩʪʘʥʮʠʡ ʩ ʮʝʣʴʶ ʧʝʨʝʢʨʳʪʠʷ ʟʦʥʳ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʅʘʠʣʫʯʰʘʷ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ (ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʤʝʩʪʦʦʧʨʝʜʝʣʝʥʠʷ) ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ɺʉ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʨʘʙʦʯʝʡ 

ʟʦʥʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʨʠʝʤʥʳʤʠ ʩʪʘʥʮʠʷʤʠ ʩʠʩʪʝʤʳ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʙʣʝʤʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʝʤʘ 

ʩʠʛʥʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠ ʩʛʣʘʞʠʚʘʥʠʷ, 

ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ ʩʦʦʙʱʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʣʴʥʳʤ 

ʜʘʥʥʳʤ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʦʧʪʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʨʝʘʣʴʥʳʤ ʩʠʛʥʘʣʘʤ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘʫʯʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʘʥʪʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʘʪʪʝʥʶʘʪʦʨ, ʮʠʬʨʦʚʦʡ ʧʨʠʝʤʥʠʢ ʠ ʇʕɺʄ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʜʠʦʧʨʠʝʤʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʥʘʙʣʶʜʘʝʤʳʤ ʩʠʛʥʘʣʘʤ ɺʆʈʃ ʠ ɸɿʅ-ɺ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʘʣʴʥʳʤ ʩʠʛʥʘʣʘʤ ʈʊʉ. ʇʦʢʘʟʘʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʦʣʝʟʥʦʛʦ 

ʩʠʛʥʘʣʘ ʚ ʧʨʠʥʷʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʟʘʚʠʩʠʤʦʝ ʥʘʙʣʶʜʝʥʠʝ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʧʨʠʝʤʥʠʢ, 

ʧʨʝʘʤʙʫʣʘ ʩʠʛʥʘʣʘ, ʘʧʦʩʪʝʨʠʦʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ, ʟʘʜʝʨʞʢʘ ʩʠʛʥʘʣʘ, ʦʰʠʙʢʘ 

ʦʮʝʥʢʠ, ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ. 
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Abstract. A problem of implementing methods of optimal signal reception, particularly 

algorithms of optimal filtration and smoothing is in selecting parameters of message and 

observation models corresponding to real data. An urgent scientific and practical problem, 

therefore, is research of peculiarities of methods for optimal information processing in regard with 

real signals of modern radio-technical facilities. To solve the problem, a scientific and experimental 

apparatus composed of an antenna system, an attenuator, a digital receiver and a PC was 

constructed. The authors formulate the essential problems of the optimal radio reception theory 

regarding SSR and ADS-B signals. The paper presents the research results of correlation processing 

regarding real RTF signals. The paper demonstrates the effectiveness of a correlator, as a desired 

signal is detected in accepted implementation, and determination of delay time. 

Key words: automated dependent surveillance, correlator, signal preamble, a posteriori 

probability, signal delay, estimation error, correlation function. 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʈʊʉ) ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʷʚʣʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʠ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʈʊʉ ʟʘʜʘʯʘ ʧʨʠʝʤʘ ʠ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʨʝʰʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʠʩʢʘʞʝʥʠʷ 

ʩʠʛʥʘʣʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʰʫʤʦʚ ʠ ʧʦʤʝʭ. ʊʘʢʠʝ ʠʩʢʘʞʝʥʠʷ ʩʥʠʞʘʶʪ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʚʣʝʢʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ 

ʧʦ ʦʩʣʘʙʣʝʥʠʶ ʚʣʠʷʥʠʷ ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʪ.ʝ. ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ ʈʊʉ 

[ʇʝʨʦʚ, 2003]. ɺ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʈʊʉ ʨʝʟʫʣʴʪʘʪ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʠʟ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ (ʥʘʙʣʶʜʝʥʠʷ) ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʙʱʝʥʠʷ ʣʠʙʦ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʣʠʙʦ ʚ 

ʟʘʜʘʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʥʘʠʣʫʯʰʝʡ (ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ) ʩʠʩʪʝʤʳ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʪʘʢʦʛʦ 

ʚʳʙʦʨʘ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʫʶ ʨʘʟʨʘʙʦʪʘʣ  ɸ. 

ɺʘʣʴʜ. ʌʦʨʤʫʣʠʨʦʚʢʘ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʵʪʦʡ ʪʝʦʨʠʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ 

ʩʚʷʟʘʥʘ ʩ ʯʘʩʪʥʳʤʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ ʠ ʩʦʜʝʨʞʠʪ ʦʙʱʠʝ ʧʦʜʭʦʜʳ ʢ 

ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʢʦʥʢʨʝʪʥʳʭ ʈʊʉ [ʇʝʨʦʚ, 

2003]. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʈʊʉ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʩʠʩʪʝʤʘʤ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʚʪʦʨʠʯʥʦʛʦ ʦʙʟʦʨʥʦʛʦ ʨʘʜʠʦʣʦʢʘʪʦʨʘ (ɺʆʈʃ), ʘ ʪʘʢʞʝ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʦʛʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʚʠʩʠʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ (ɸɿʅ-ɺ) ï ʩʠʩʪʝʤʘ ʥʘ ʙʦʨʪʫ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ (ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ), ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʝʨʠʦʜʠʯʝʩʢʫʶ 

ʪʨʘʥʩʣʷʮʠʶ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʝʢʪʦʨʝ ʩʦʩʪʦʷʥʠʷ (ʢʦʦʨʜʠʥʘʪʳ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ) ʠ ʜʨʫʛʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ ʙʦʨʪʦʚʳʭ 

ʩʠʩʪʝʤ [Abdulaziz, 2015]. 

ʎʝʣʴ ʩʪʘʪʴʠ: ʨʝʰʝʥʠʝ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ 

ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʩʣʫʯʘʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʤ 

ʩʠʩʪʝʤʘʤ. 



107 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠ ʩʛʣʘʞʠʚʘʥʠʷ, 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ ʩʦʦʙʱʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʘʣʴʥʳʤ ʜʘʥʥʳʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʘʨʘʤʝʪʨʳ ʧʦʣʝʟʥʦʛʦ 

ʩʠʛʥʘʣʘ ʠ ʰʫʤʘ ʠʟʤʝʨʝʥʠʡ ʜʦʣʞʥʳ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʘʣʴʥʳʤ 

ʧʨʦʮʝʩʩʘʤ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʣʥʦʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʦʜʦʙʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʦʟʤʦʞʥʦ [ʉʝʡʜʞ, 1976]. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ 

ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʨʝʘʣʴʥʳʤ ʩʠʛʥʘʣʘʤ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘʫʯʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1, 

ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʘʥʪʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʘʪʪʝʥʶʘʪʦʨ, ʮʠʬʨʦʚʦʡ ʧʨʠʝʤʥʠʢ 

ʠ ʇʕɺʄ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʥʘʫʯʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ  

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʮʠʬʨʦʚʦʛʦ ʧʨʠʝʤʥʠʢʘ 

ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʧʨʠʝʤ ʩʠʛʥʘʣʘ ʬʦʨʤʘʪʘ ES-1090, 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʙʦʨʪʦʚʦʡ ʩʪʘʥʮʠʝʡ ɸɿʅ-ɺ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʧʨʠʝʤʥʠʢʝ 

ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ (ʇʌ) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʧʫʩʢʘʥʠʷ ʩʠʛʥʘʣʦʚ ʪʦʣʴʢʦ ʚ 

ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʠ ʧʦʜʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʯʘʩʪʦʪ, 

ʩʭʝʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʩʫʱʝʡ (ʉɺʅ) ʧʦʜʩʪʨʘʠʚʘʝʪ ʚʥʫʪʨʝʥʥʠʡ ʛʝʥʝʨʘʪʦʨ 

ʧʨʠʝʤʥʠʢʘ ʥʘ ʥʝʩʫʱʫʶ ʯʘʩʪʦʪʫ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʮʠʬʨʦʚʦʛʦ ʧʨʠʝʤʥʠʢʘ 
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ʅʘ ʚʳʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʧʦʣʫʯʘʝʤ ʤʥʠʤʫʶ ʠ ʨʝʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ I(t) ʠ 

Q(t) (ʨʠʩʫʥʦʢ 3ʘ ʠ 3ʙ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʚʳʧʦʣʥʷʷ ʦʧʝʨʘʮʠʶ  

 

Ὗὸ Ὅὸ ὗὸ  , 

 

ʧʦʣʫʯʘʝʤ ʦʛʠʙʘʶʱʫʶ ʩʠʛʥʘʣʘ Ὗὸ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

   
 ʘ ʙ 

 

ʈʠʩʫʥʦʢ 3 ï ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʩʦʩʪʘʚʣʷʶʱʠʭ I(t)-ʘ, Q(t)-ʙ 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʆʛʠʙʘʶʱʘʷ ʩʠʛʥʘʣʘ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʨʘʜʠʦʧʨʠʝʤʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʘʙʣʶʜʘʝʤʳʤ ʩʠʛʥʘʣʘʤ ɺʆʈʃ ʠ ɸɿʅ-ɺ, 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ: 1. ʦʙʥʘʨʫʞʝʥʠʷ 

ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʧʨʠʥʷʪʦʡ ʢʦʥʢʨʝʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ; 2. ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ 

ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ. ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʧʦ ʧʨʠʥʷʪʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʩʠʛʥʘʣʘ ώὸ ʥʘ ʠʥʪʝʨʚʘʣʝ [0,T] ʨʝʰʠʪʴ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ: 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʩʠʛʥʘʣ Ὓὸȟ‗. ɺʤʝʩʪʝ ʩ ʧʦʣʝʟʥʳʤ ʩʠʛʥʘʣʦʤ ʚ 
ʧʨʠʥʷʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʤʝʭʘ ὲὸ. ʄʥʦʛʠʝ ʟʘʜʘʯʠ ʪʝʦʨʠʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʝʤʘ ʧʦʣʫʯʠʣʠ ʟʘʢʦʥʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʧʦʤʝʭʠ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ (ɹɻʐ) ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [ʇʝʨʦʚ, 

2003] 
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ʛʜʝ N0  ï ʬʠʟʠʯʝʩʢʠ ʠʟʤʝʨʷʝʤʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʰʫʤʘ, d( )x  ï ʜʝʣʴʪʘ 

ʬʫʥʢʮʠʷ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʤʝʥʥʦ ʪʘʢʠʝ ʧʦʤʝʭʠ, ʪʦʛʜʘ ʧʨʠʥʠʤʘʝʤʘʷ 

ʘʜʜʠʪʠʚʥʘʷ ʩʤʝʩʴ ʩʠʛʥʘʣʘ ʠ ʰʫʤʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

 
x( ) ( ) ( ) , .t S t n t t t t T= + ¢¢ +0 0

 

 

ʛʜʝ T ï ʢʦʥʝʯʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘʙʣʶʜʝʥʠʝ x(t). 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚ ʪʝʦʨʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʝʤʘ 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʪ.ʝ. 

ʩʠʛʥʘʣʘ ʩ ʧʦʣʥʦʩʪʴʶ ʠʟʚʝʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʘ ʬʦʥʝ ʘʜʜʠʪʠʚʥʦʛʦ ɹɻʐ ὲὸ 

ʩ ʜʚʫʩʪʦʨʦʥʥʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 
ὔ
ς. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩʠʥʪʝʟʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʦʙʥʘʨʫʞʠʪʝʣʝʡ (ʙʘʡʝʩʦʚʩʢʠʭ ʠ ʥʝʙʘʡʝʩʦʚʩʢʠʭ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʚʩʝ ʦʥʠ ʚʳʯʠʩʣʷʶʪ ʦʪʥʦʰʝʥʠʝ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠ ʩʨʘʚʥʠʚʘʶʪ ʝʛʦ ʩ ʧʦʨʦʛʦʤ. 

ʆʪʥʦʰʝʥʠʝ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ὴὣ  ʥʘʭʦʜʠʪʩʷ ʯʝʨʝʟ ʫʩʣʦʚʥʳʝ ʧʣʦʪʥʦʩʪʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ (ʇɺ) ʥʘʙʣʶʜʘʝʤʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʣʠʯʠʷ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ [ʇʝʨʦʚ, 2003] 

 

ὴὣ Ὡὼὴ
ς

ὔ
Ὓὸȟ‗ ώὸ

ρ

ς
Ὓὸȟ‗ ὨὸȢ 

 

ʀʟ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʚʳʪʝʢʘʝʪ ʩʪʨʫʢʪʫʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʥʘʨʫʞʠʪʝʣʷ. 

ʈʝʰʘʶʱʝʝ ʧʨʘʚʠʣʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ς

ὔ
ώὸὛὸὨὸ

Ὁ

ὔ
ὰὲὬ Ὤȟ                        ρ 

 

ʛʜʝ Ὁ ᷿Ὓ ὸὨὸ ï ʵʥʝʨʛʠʷ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ.  

ɺʳʨʘʞʝʥʠʝ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʬʦʨʤʫʣʳ (1) ʦʧʨʝʜʝʣʷʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ 

ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʘʝʤʦʡ ʨʝʘʣʠʟʘʮʠʠ ώὸ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

ʦʧʪʠʤʘʣʴʥʳʡ ʧʨʠʝʤʥʠʢ (ʆʇ). ɼʣʷ ʚʳʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʆʇ ʧʦʣʫʯʘʝʤ 

 

ό̨ ˜ὸ
ς

ὔ
ώ†Ὓ†Ὠ†ȟ              ὸɴ πȟὝȢ 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʚʦʟʤʦʞʥʘ ʚ ʜʚʫʭ 

ʬʦʨʤʘʭ: ʧʝʨʚʘʷ ï ʚ ʬʦʨʤʝ ʢʦʨʨʝʣʷʪʦʨʘ, ʚʪʦʨʘʷ ï ʚ ʬʦʨʤʝ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ 

ʬʠʣʴʪʨʘ.  
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ʆʙʥʘʨʫʞʝʥʠʝ ʠ ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ɸɿʅ-ɺ 

ʇʦ ʩʧʦʩʦʙʫ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ɸɿʅ-ɺ ʨʝʞʠʤ VDL-4, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ES1090, ʷʚʣʷʝʪʩʷ ʩʠʥʭʨʦʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʦʙʲʝʢʪ ʠʟʣʫʯʘʝʪ 

ʩʠʛʥʘʣʳ ʚ ʠʟʚʝʩʪʥʳʝ ʟʘʨʘʥʝʝ ʚʩʝʤ ʦʙʲʝʢʪʘʤ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ [Abdulaziz, 

2015], ʯʪʦ ʧʦʟʚʦʣʷʝʪ, ʦʧʨʝʜʝʣʠʚ ʤʦʤʝʥʪ ʧʨʠʭʦʜʘ ʧʝʨʝʜʘʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, 

ʠʟʤʝʨʠʪʴ ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʴ. ʀʟʤʝʨʝʥʥʘʷ ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʴ Ὠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʝ ʤʦʤʝʥʪʘ † ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ i-ʤ ʦʙʲʝʢʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʟʚʝʩʪʥʦʛʦ ʤʦʤʝʥʪʘ † ʠʟʣʫʯʝʥʠʷ ʵʪʦʛʦ ʩʠʛʥʘʣʘ j-ʤ ʦʙʲʝʢʪʦʤ  

 

Ὠ ὧ† † ὧ†,       

 

ʛʜʝ ʩ ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʘ ʚʜʦʣʴ ʨʘʜʠʦʪʨʘʩʩʳ, † ï ʚʨʝʤʷ 
ʟʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ. 

 ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʩʣʫʯʘʶ ʧʨʝʘʤʙʫʣʘ ʩʠʛʥʘʣʘ ɸɿʅ-ɺ 

ʠʤʝʝʪ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 5. 
 

 
 

ʈʠʩʫʥʦʢ 5 ï ʕʪʘʣʦʥ ʧʨʝʘʤʙʫʣʳ 

 

ʆʙʦʟʥʘʯʠʤ ʦʧʦʨʥʳʡ ʩʠʛʥʘʣ ʧʨʝʘʤʙʫʣʳ ʯʝʨʝʟ Ὓὸ, ʘ ʧʨʠʥʷʪʳʡ ʩʠʛʥʘʣ ʦʪ 
ʦʙʲʝʢʪʘ ï ʯʝʨʝʟ Ὓὸ †. ɺʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ † ʟʘʢʣʶʯʝʥʳ ʚʥʫʪʨʠ 
ʠʥʪʝʨʚʘʣʘ πȟὝ ʩ ʠʟʚʝʩʪʥʦʡ ʘʧʨʠʦʨʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚʝʨʦʷʪʥʦʩʪʠ ὴ †. 

ʇʨʠʥʷʪʦʝ ʢʦʣʝʙʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʚ ʚʠʜʝ ʘʜʜʠʪʠʚʥʦʡ 

ʩʤʝʩʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʰʫʤʘ: 

 

ώὸ Ὓὸ ὲὸȟ   
 

()tn  ï ʧʦʤʝʭʘ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ (ɹɻʐ), 

 

 Ὓὸ
ὃȟὸ ὸ ὸ †̉ȟὸ ὸ ὸ †̉ȟὸ ὸ ὸ †̉ȟὸ ὸ ὸ †̉  

πȟ̐ ̑ ̖̉̅̑̔̄̉ ὸ
 

 

ï ʧʨʝʘʤʙʫʣʘ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʦʙʲʝʢʪʘ. 
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ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʧʨʠʝʤʥʠʢʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʠʥʷʪʦʛʦ ʢʦʣʝʙʘʥʠʷ ώὸ ʦʧʨʝʜʝʣʠʪʴ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʦʰʠʙʢʦʡ 
ʚʝʣʠʯʠʥʫ †. ʀʥʬʦʨʤʘʮʠʷ ʦ † ʩʦʜʝʨʞʠʪʩʷ ʚ ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚʝʨʦʷʪʥʦʩʪʠ (ɸʇɺ), ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʩʣʫʯʘʶ 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 

ὴ † Ὧὴ †Ὡὼὴ
ρ

ὔ
ώὸ Ὓὸ † ὨὸȢ   

 

ʛʜʝ Ὧ ὴ ὼ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʙʦʨʢʠ, ʥʦ ʥʝ 

ʟʘʚʠʩʷʱʠʡ ʦʪ ʧʘʨʘʤʝʪʨʘ †, ὴ † ï ʘʧʨʠʦʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ. 

ʉ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʨʘʩʧʠʰʝʤ ʧʦʢʘʟʘʪʝʣʴ ʵʢʩʧʦʥʝʥʪʳ 

 
ρ

ὔ
ώὸ Ὓὸ † Ὠὸ

ρ

ὔ
ώ ὸὨὸ

ς

ὔ
ώὸὛὸ †Ὠὸ

Ὁ

ὔ
ȢςȢ 

 

ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ (2) ʩʣʘʛʘʝʤʦʝ, ʨʘʚʥʦʝ ʦʪʥʦʰʝʥʠʶ ʵʥʝʨʛʠʠ ʧʨʠʥʷʪʦʛʦ 

ʢʦʣʝʙʘʥʠʷ ʢ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʰʫʤʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ †, ʧʦʵʪʦʤʫ ʚ ʬʦʨʤʫʣʝ 

ʜʣʷ ɸʇɺ ʤʥʦʞʠʪʝʣʴ 

 

Ὡὼὴ
ρ

ὔ
ώ ὸὨὸ 

 

ʚʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʦʷʥʥʫʶ Ὧ, ʧʦʩʣʝ ʯʝʛʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

 

ὴ † Ὧὴ †Ὡὼὴ
Ὁ

ὔ
Ὡὼὴή†ȟ   

 

ʛʜʝ  

 

ή†
ς

ὔ
ώὸὛὸ †ὨὸȢ                                      σ   

 

ʄʥʦʞʠʪʝʣʴ ὩὼὴὉȾὔ  ʪʘʢʞʝ ʚʢʣʶʯʘʝʤ ʚ ʧʦʩʪʦʷʥʥʫʶ Ὧ, ʯʪʦ ʚ ʥʘʰʝʤ 
ʩʣʫʯʘʝ ʦʧʨʘʚʜʘʥʦ ʪʝʤ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʠʛʥʘʣʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʟʘʧʘʟʜʳʚʘʥʠʷ †. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʫʯʘʝʤ 

 
ὴ † Ὧὴ †Ὡὼὴή†Ȣ   

 
 ʆʩʥʦʚʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʷʪʦʛʦ ʢʦʣʝʙʘʥʠʷ  ώὸ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ɸʇɺ ʧʘʨʘʤʝʪʨʘ † ʩʦʩʪʦʠʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʫʥʢʮʠʠ ή†, ʯʪʦ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʪʫ ʦʧʝʨʘʮʠʶ, ʚʳʧʦʣʥʷʝʤʫʶ ʥʘʜ ʧʨʠʥʷʪʳʤ ʢʦʣʝʙʘʥʠʝʤ ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʝ †. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ή† ʥʘ ʧʨʠʝʤʥʦʡ 
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ʩʪʦʨʦʥʝ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʧʠʶ ʩʠʛʥʘʣʘ Ὓὸ. ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʠʚʝʜʝʥʘ 
ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʧʨʠʝʤʥʠʢʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʠ ʨʘʟʥʳʭ † ʧʦʣʫʯʠʪʴ ʬʫʥʢʮʠʶ 
ή†, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʝʤʥʦʞʠʪʝʣʷ ʠ ʠʥʪʝʛʨʘʪʦʨʘ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ 

 

ʌʫʥʢʮʠʷ ή† ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ çʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠè ʤʝʞʜʫ 

ʧʨʠʥʷʪʳʤ ʢʦʣʝʙʘʥʠʝʤ ώὸ ʠ ʧʦʣʝʟʥʳʤ ʩʠʛʥʘʣʦʤ Ὓὸ †, ʪ.ʢ. ʬʦʨʤʫʣʘ (3) 
ʩʦʚʧʘʜʘʝʪ ʩ ʚʳʨʘʞʝʥʠʝʤ ʜʣʷ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ (ɺʂʌ) ʤʝʞʜʫ 

ώὸ ʠ Ὓὸ † (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʥʦʞʠʪʝʣʷ), ʧʦʵʪʦʤʫ ʧʨʠʚʝʜʝʥʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʨʠʩʫʥʢʝ ʯʘʩʪʦ ʥʘʟʳʚʘʝʪʩʷ ʚʟʘʠʤʥʦʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʧʨʠʝʤʥʠʢʦʤ 

ʠʣʠ ʧʨʦʩʪʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʧʨʠʝʤʥʠʢʦʤ. ʀʥʪʝʛʨʘʣ (3) ʥʘʟʳʚʘʝʪʩʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʠʥʪʝʛʨʘʣʦʤ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʟʘʠʤʦʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ (ɺʂʌ) ()tq  ʜʣʷ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ t ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʩʣʝʜʫʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩʫʥʦʢ 7). ɿʜʝʩʴ n ï ʯʠʩʣʦ ʦʪʚʦʜʦʚ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ, D ï ʨʘʟʥʦʩʪʴ 

ʚ ʟʘʜʝʨʞʢʘʭ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʦʪʚʦʜʘʤʠ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ, ʧʨʠʯʝʤ T=Dn . 

ʉʭʝʤʘ ʩʨʘʚʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʢʘʥʘʣ ʩ ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ 

ʠʥʪʝʛʨʘʣʘ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʵʪʦʤʫ ʢʘʥʘʣʫ ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʠ ʙʫʜʝʪ 

ʩʯʠʪʘʪʴʩʷ ʦʮʝʥʦʯʥʳʤ. 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʧʨʠʝʤʥʠʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ  

ʟʘʧʘʟʜʳʚʘʥʠʷ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ, ʧʨʠʥʷʪʦʡ ʨʝʘʣʠʟʘʮʠʝʡ y(t) ʠ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʝ 

ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ: ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʩʠʛʥʘʣ S(t) ʠ ʥʝʠʟʚʝʩʪʥʦʝ ʚʨʝʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʠʛʥʘʣʘ Ű0. ʉ 

ʵʪʦʡ ʮʝʣʴʶ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʧʝʨʝʤʥʦʞʝʥʠʷ y(t) ʩ ʩʠʛʥʘʣʦʤ 

S(t-Ű) ʥʫʞʥʦ ʧʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʶ q(Ű). 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʘʣʠʟʘʮʠʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʘʣʴʥʳʤ ʩʠʛʥʘʣʘʤ ʈʊʉ, ʧʨʠʝʤ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ (ʥʘʯʘʣʦ ʙʣʦʢʘ ʜʘʥʥʳʭ, 

ʨʠʩʫʥʦʢ 8) [ɸʚʠʘʮʠʦʥʥʘʷ ʵʣʝʢʪʨʦʩʚʷʟʴ, 2007] ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʢʦʨʨʝʣʷʮʠʶ 

ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ (ʨʠʩʫʥʦʢ 4) ʠ ʵʪʘʣʦʥʦʤ ʧʨʝʘʤʙʫʣʳ (ʨʠʩʫʥʦʢ 5).  

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 8 ï ʉʪʨʫʢʪʫʨʘ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʨʝʞʠʤʝ S 

 

ʈʝʘʣʠʟʘʮʠʷ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 9. 

 

 
 

ʈʠʩʫʥʦʢ 9 ï ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ 

 

ɸʥʘʣʠʟ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ (ʨʠʩʫʥʦʢ 9) ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 225 ʦʪʯʝʪʫ, ʪ.ʝ. ʧʝʨʚʳʡ ʩʠʤʚʦʣ ʙʣʦʢʘ ʜʘʥʥʳʭ 

ʥʘʯʠʥʘʝʪʩʷ ʩ 225 ʦʪʯʝʪʘ (ʨʠʩʫʥʦʢ 10 ï ʦʪʤʝʯʝʥʦ ʞʝʣʪʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʣʠʥʠʝʡ). 

ʂʦʣʠʯʝʩʪʚʦ ʦʪʯʝʪʦʚ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʧʨʝʘʤʙʫʣʫ, ʨʘʚʥʷʝʪʩʷ 128, ʰʘʛ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ Dt=6,25*10-8. 

.0 0,.5 1.,0 3.,5 4.,5 8.0 9.,0 

1 0 0 0 0 0 0 1 1 1 1 1 

8,,  

BIT 1 BIT 2 BIT 3 BIT 4 

BIT 

 N-1 
BIT N 

Time (ms) 

ʇʨʝʘʤʙʫʣʘ 
ɹʣʦʢ  ʜʘʥʥʳʭ 
56 ʠʣʠ 112 ms 
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ʈʠʩʫʥʦʢ 10 ï ʆʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʘ ʙʣʦʢʘ ʜʘʥʥʳʭ 

 

ʅʘ ʨʠʩʫʥʢʝ 11 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ɺʂʌ ʤʝʞʜʫ ʧʨʠʥʷʪʳʤ 

ʩʠʛʥʘʣʦʤ ʠ ʦʧʦʨʥʳʤ ʩʠʛʥʘʣʦʤ ʧʨʝʘʤʙʫʣʳ. 

 

 
 

ʈʠʩʫʥʦʢ 11 ï ʅʦʨʤʠʨʦʚʘʥʥʘʷ ʚʟʘʠʤʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ 

 

ʇʦ ʧʠʢʫ ɺʂʌ ʠ ʝʛʦ ʧʦʣʦʞʝʥʠʶ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʩʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʣʠʯʠʝ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʧʨʠʥʷʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʝʥʥʦʝ 

ʧʦʣʦʞʝʥʠʝ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʧʘʨʘʤʝʪʨʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʝʛʦ 

ʧʨʝʘʤʙʫʣʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʩʠʛʥʘʣʘ ʚ ʚʠʜʝ ʨʘʜʠʦʠʤʧʫʣʴʩʘ ʩ ʫʯʝʪʦʤ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (ɺʏ) ʟʘʧʦʣʥʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ 

ʠʤʠʪʠʨʦʚʘʣʦʩʴ ʧʨʠʥʷʪʦʝ ʢʦʣʝʙʘʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ 

ʚ ʚʠʜʝ ʘʜʜʠʪʠʚʥʦʡ ʩʤʝʩʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʰʫʤʘ (ʨʠʩʫʥʦʢ 12): 

 
‚ὸ Ὓ̍ ὸ ὲὸȟ 

 

Ὓ̍ ὸ ὃὧέί‫ὸ •  ï ʤʦʜʝʣʴ ʧʨʝʘʤʙʫʣʳ ɺʏ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ, 

ὃȟ.‫ȟ• ï ʘʤʧʣʠʪʫʜʘ, ʯʘʩʪʦʪʘ ʠ ʬʘʟʘ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʢʦʣʝʙʘʥʠʷ 
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ʈʠʩʫʥʦʢ 12 ï ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʘʜʜʠʪʠʚʥʦʡ ʩʤʝʩʠ ʩʠʛʥʘʣʘ ʠ ʰʫʤʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 13 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ɺʂʌ ʤʝʞʜʫ ʤʦʜʝʣʴʶ 

ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠ ʤʦʜʝʣʴʶ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʝʘʤʙʫʣʳ. 

 

 
 

ʈʠʩʫʥʦʢ 13 ï ʅʦʨʤʠʨʦʚʘʥʥʘʷ ɺʂʌ ʤʦʜʝʣʝʡ ʧʨʠʥʷʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʦʧʦʨʥʦʛʦ 

ʩʠʛʥʘʣʘ ʧʨʝʘʤʙʫʣʳ 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ 

11 ʠ 13, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ɺʂʌ ʤʦʜʝʣʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ ʠʤʝʝʪ ʙʦʣʝʝ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʡ ʧʠʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɺʂʌ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ ʩʠʛʥʘʣʦʚ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ çʨʘʟʤʳʪʳʤʠè ʬʨʦʥʪʘʤʠ ʠ ʩʨʝʟʘʤʠ ʠʤʧʫʣʴʩʦʚ ʧʨʝʘʤʙʫʣʳ. 

ɺ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ 

ʧʨʠʝʤʥʠʢʘ ʠ ʢʘʯʝʩʪʚʦ ʝʛʦ ʨʘʙʦʪʳ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʢʨʠʪʝʨʠʶ  

 

˪ ˙ȿ‐ὸȿȟπ ὸ Ὕ̎ȟ 
 

ʛʜʝ ʄ ï ʩʠʤʚʦʣ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʦʰʠʙʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ 

ʧʨʠʝʤʥʠʢʘ; ‐ὸ †ὸ †Ƕὸ  ï ʦʰʠʙʢʘ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ʚ ʤʦʤʝʥʪ 

ὸ ὸ, ʚʳʟʚʘʥʥʦʡ ʧʦʤʝʭʘʤʠ ὲὸ, Ὕ̎ ï ʚʨʝʤʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʢʦʤʦʡ ʦʮʝʥʢʠ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʘʣʛʦʨʠʪʤʦʤ: 

 

˪
ρ

ὔ
‐ὸ ȟ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʕ2 ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʝʘʣʠʟʘʮʠʡ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʰʠʙʢʠ (†ὸ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʟʘʜʘʥʥʳʤ): 

 

‐ὸ †ὸ †ὸ. 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʦʰʠʙʢʠ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ 

‐ὸ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʟʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ‐ὸḙπ ʢ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʚ ʨʝʘʣʴʥʳʭ ʈʊʉ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʦʡ 

ʟʘʜʘʯʠ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʪʦʜʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʩʣʫʯʘʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʚʨʝʤʝʥʥʳʤ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʧʨʠʥʷʪʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʝ (ɻʅʉʉ). ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣ ʃʂʂʉ ʩʦʩʪʦʠʪ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʦʧʨʘʚʦʢ (ɼʇ) ʢ ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʷʤ ʠ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʮʝʣʦʩʪʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʛʦʪʦʚʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʝʡ ʚʦʟʜʫʰʥʳʤ ʩʫʜʘʤ (ɺʉ) ʠ ʜʨʫʛʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʘʤ. ʉʦʚʤʝʩʪʥʦ ʩ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʩʧʫʪʥʠʢʘʤʠ ɻʅʉʉ ʃʂʂʉ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ 

ʧʨʦʮʝʜʫʨʳ ʟʦʥʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʪʦʯʥʫʶ ʥʘʚʠʛʘʮʠʶ ɺʉ ʚ ʨʘʡʦʥʝ 

ʘʵʨʦʜʨʦʤʘ. ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ɼʇ, ʧʝʨʝʜʘʶʪʩʷ ʚ ʋʂɺ ʜʠʘʧʘʟʦʥʝ ʚ ʚʠʜʝ 

ʩʦʦʙʱʝʥʠʡ, ʧʦʵʪʦʤʫ ʢʦʥʪʨʦʣʴ ʵʪʠʭ ʩʦʦʙʱʝʥʠʡ ʥʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʯʘʩʪʦʪʘʭ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʨʘʡʦʥʝ 

ʘʵʨʦʜʨʦʤʘ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʙʣʶʜʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʦʢʘʣʴʥʘʷ ʢʦʥʪʨʦʣʴʥʦ-ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ ʩʪʘʥʮʠʷ, ʧʨʷʤʦʡ ʢʦʜ, 

ʦʙʨʘʪʥʳʡ ʢʦʜ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʢʦʜʠʨʦʚʘʥʠʝ, ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ. 
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Abstract. The local monitoring and correction station is a ground-based functional 

complement system to the global navigation satellite system (GNSS). The main functionality of the 

local monitoring and correction station consists in the formation of differential corrections to 

pseudo-range and information about the integrity of navigation satellite signals, operational 

availability, accuracy and availability, followed by transmission to aircraft and other dynamic 

objects. Together with GNSS navigation satellites, the local monitoring and correction station 

allows performing area navigation procedures and provides high-precision aircraft navigation in the 

airport traffic area. All information, including differential corrections, is transmitted in the VHF 

band in the form of messages, therefore, monitoring these messages on the transmitted frequencies 

is an actual task, the solution of which will increase the throughput in the airport traffic area, 

provided that the specified level of flight safety is observed. 

 Keywords: local monitoring and correction station, true form, diminished radix 

complement, identificator, encoding, resolution ability, range of values. 

ɺʚʝʜʝʥʠʝ 

ʃʂʂʉ-ɸ-2000 (GBAS ï Ground Based Augmentation System) ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ɻʅʉʉ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʦʥʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʠ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʢʘʪʝʛʦʨʠʨʦʚʘʥʥʦʛʦ ʟʘʭʦʜʘ ʥʘ ʧʦʩʘʜʢʫ ʧʦ GPS/ɻʃʆʅɸʉʉ.  

ʉʪʘʥʮʠʷ ʃʂʂʉ-ɸ-2000 ʬʦʨʤʠʨʫʝʪ ʠ ʚʳʜʘʝʪ ʩʦʦʙʱʝʥʠʷ 1, 2, 4, 5 ʚ 

ʬʦʨʤʘʪʝ SARPS (Standardsand Recommended Practices ï ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʧʝʮʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʠʥʷʪʳ ʀʂɸʆ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪ. 37 ʂʦʥʚʝʥʮʠʠ ʦ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ çʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʩʪʝʧʝʥʠ ʝʜʠʥʦʦʙʨʘʟʠʷ ʚ ʧʨʘʚʠʣʘʭ, ʩʪʘʥʜʘʨʪʘʭ, ʧʨʦʮʝʜʫʨʘʭ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʦʪʥʦʰʝʥʠʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʧʝʨʩʦʥʘʣʘ, ʚʦʟʜʫʰʥʳʭ ʪʨʘʩʩ ʠ 

https://www.multitran.com/m.exe?s=resolution+ability&l1=1&l2=2
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ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʣʫʞʙ ʚʦ ʚʩʝʭ ʚʦʧʨʦʩʘʭ, ʚ ʢʦʪʦʨʳʭ ʪʘʢʦʝ ʝʜʠʥʦʦʙʨʘʟʠʝ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʵʨʦʥʘʚʠʛʘʮʠʠè). 

ʉʦʦʙʱʝʥʠʷ ʚ ʬʦʨʤʘʪʝ SARPS ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ [ɸʚʠʘʮʠʦʥʥʘʷ 

ʵʣʝʢʪʨʦʩʚʷʟʴ, 2006]: 

ˉ 1 ï ʇʦʧʨʘʚʢʠ çʧʩʝʚʜʦʜʘʣʴʥʦʩʪʝʡè ʜʣʷ GPS/ɻʃʆʅɸʉʉ; 

ˉ 2 ï ɼʘʥʥʳʝ ʧʦ ʩʠʩʪʝʤʝ GBAS; 

ˉ 4 ï ɹʣʦʢ ʜʘʥʥʳʭ FAS; 

ˉ 5 ï ʇʨʦʛʥʦʟʠʨʫʝʤʳʝ ʛʦʪʦʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʜʘʣʴʥʦʩʪʠ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʩʦʦʙʱʝʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʜʝʣʴʥʳʡ ʧʨʠʸʤʥʠʢ ʩ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʘʢʦʡ ʢʦʥʪʨʦʣʴ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʪʘʢʦʛʦ ʧʨʠʸʤʥʠʢʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʡ SDR ʧʨʠʸʤʥʠʢ, 

ʧʨʠʥʠʤʘʶʱʠʡ ʩʠʛʥʘʣʳ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 108,025é117,950ʄɻʮ, ʘ ʪʘʢʞʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʣʞʥʦ 

ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʪʨʠ ʤʦʜʫʣʷ: ʧʝʨʚʳʡ ʤʦʜʫʣʴ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʜʝʤʦʜʫʣʷʮʠʠ 

ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ ʩ ʚʦʩʴʤʠʧʦʟʠʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʘʟʦʚʦʡ 

ʤʘʥʠʧʫʣʷʮʠʝʡ (D8PSK), ʚʪʦʨʦʡ ʤʦʜʫʣʴ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ, ʪʨʝʪʠʡ ʤʦʜʫʣʴ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʠʟʚʣʝʯʝʥʠʷ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ 

ʟʘʣʦʞʝʥʥʦʡ ʚ ʩʦʦʙʱʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ ʘʥʘʣʠʟʦʤ. 

ʎʝʣʴ ʩʪʘʪʴʠ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʜʝʣʴʥʦʛʦ 

ʧʨʠʸʤʥʠʢʘ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ ʠʟʚʣʝʯʝʥʠʷ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʢʘʥʘʣʘ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʃʂʂʉ. 

 

ʉʦʜʝʨʞʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʦʙʱʝʥʠʷʭ ʃʂʂʉ 

ɺ ʩʦʦʙʱʝʥʠʷʭ ʃʂʂʉ ʧʨʠʤʝʥʷʝʪʩʷ ʜʚʘ ʚʠʜʘ ʠʥʬʦʨʤʘʮʠʠ: ʪʝʢʩʪʦʚʘʷ ʠ 

ʮʠʬʨʦʚʘʷ. ʊʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʝʨʝʜʘʶʪʩʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ (ID) ʩʪʘʥʮʠʠ 

GBAS ʠ ʘʵʨʦʧʦʨʪʘ [Akmaikin et al., 2021]. 

ʊʝʩʪʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʘʣʬʘʚʠʪʦʤ IA-5, ʨʠʩʫʥʦʢ 1 [ɸʚʠʘʮʠʦʥʥʘʷ ʵʣʝʢʪʨʦʩʚʷʟʴ, 2007]. ʉ ʮʝʣʴʶ 

ʨʘʟʣʠʯʝʥʠʷ ʥʘʟʝʤʥʳʭ ʧʦʜʩʠʩʪʝʤ GBAS ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ID ʧʨʠʤʝʥʷʝʪʩʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ GBAS ʥʘ ʦʩʥʦʚʝ 4 ʩʠʤʚʦʣʦʚ. ɼʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʧʦʣʷ ID GBAS ʚ 

ʩʦʦʙʱʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 24 ʙʠʪʘ.  

ʇʨʘʚʠʣʦ ʢʦʜʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʢʘʞʜʳʡ ʩʠʤʚʦʣ 

ʢʦʜʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʪʦʚ ʩ b1 ʧʦ b6 ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ 

ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʘʣʬʘʚʠʪʝ IA-5. ɼʣʷ ʢʘʞʜʦʛʦ ʩʠʤʚʦʣʘ ʙʠʪ b1 ʧʝʨʝʜʘʝʪʩʷ 

ʧʝʨʚʳʤ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʩʠʤʚʦʣʘ ʧʝʨʝʜʘʶʪʩʷ 6 ʙʠʪʦʚ. ʀʩʧʦʣʴʟʫʶʪʩʷ 

ʪʦʣʴʢʦ ʧʨʦʧʠʩʥʳʝ ʙʫʢʚʳ, ʮʠʬʨʳ ʠ "ʧʨʦʙʝʣ" IA-5. ʇʝʨʚʳʤ ʧʝʨʝʜʘʝʪʩʷ ʧʨʘʚʳʡ 

ʩʪʘʨʰʠʡ ʩʠʤʚʦʣ. ɼʣʷ 3-ʭ ʩʠʤʚʦʣʴʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ GBAS ID ʧʨʘʚʳʡ 

ʩʪʘʨʰʠʡ ʩʠʤʚʦʣ (ʧʝʨʝʜʘʝʪʩʷ ʧʝʨʚʳʤ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ "ʧʨʦʙʝʣ" IA-5.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʫʩʪʴ, ʥʘʧʨʠʤʝʨ, ID GBAS - çBELLè, ʪʦʛʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʘʙʣʠʮʝʡ 1 ʙʫʢʚʘ ɺ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʦʜʦʤ (b6=0, b5=0, b4=0, b3=0, b2=1, b1=0), 

ʙʫʢʚʘ ɽ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʦʜʦʤ (b6=0, b5=0, b4=0, b3=1, b2=0, b1=1), L 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʦʜʦʤ (b6=0, b5=0, b4=1, b3=1, b2=0, b1=0). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʝ 

ID GBAS ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ 0000 1000 0101 0011 0000 1100. 
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ʎʠʬʨʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪʦʙʨʘʞʘʝʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʮʝʣʳʤʠ, ʜʨʦʙʥʳʤʠ, ʘ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 

(ʪʘʙʣʠʮʘ 1).  
 

ʊʘʙʣʠʮʘ 1 ï ʌʨʘʛʤʝʥʪ ʩʦʜʝʨʞʘʥʠʷ ʩʦʦʙʱʝʥʠʷ 
 

ʆʧʠʩʘʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ 

ʜʘʥʥʳʭ 

ʀʩʧ. 

ʨʘʟʨʷʜʳ 

ɼʠʘʧʘʟʦʥ 

ʟʥʘʯʝʥʠʡ 

ʈʘʟʨʝʰʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ 

ɿʥʘʯʝʥʠʷ ɼʚʦʠʯʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʂʦʨʨʝʢʮʠʷ 

ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʠ 

(PRC) 

16 +(-) 327,67 

ʤ 

0,01 ʤ - 1,0 ʤ 1111 1111 1001 

1100 

ʂʦʨʨʝʢʮʠʷ 

ʩʢʦʨʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ 

ʜʘʣʴʥʦʩʪʠ (RRC) 

16 +(-) 32,767 

ʤ 

0,001 ʤ/ʩ +0,2 ʤ/ʩ 0000 0000 1100 

1000 

ʇʨʠʟʥʘʢ ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ (IOD) 

8 0-255 1 255 1111 1111 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʘʣʬʘʚʠʪ IA-5 
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ɼʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ ʢʦʜʳ 

[ʇʨʷʤʦʡ, ʦʙʨʘʪʥʳʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʜʳ ʜʚʦʠʯʥʦʛʦ ʯʠʩʣʘ]. ʇʨʷʤʦʡ ʢʦʜ ï 

ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʚʦʠʯʥʳʭ ʯʠʩʝʣ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ. ʆʙʨʘʪʥʳʡ ʢʦʜ 

ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ 

ʚʳʯʠʪʘʥʠʝ ʯʠʩʝʣ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʡ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ. ɺ ʩʦʦʙʱʝʥʠʷʭ ʃʂʂʉ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʯʠʩʝʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʷʤʦʡ ʢʦʜ, ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ï ʦʙʨʘʪʥʳʡ.  

ʅʘ ʧʨʠʤʝʨʝ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ 

ʢʦʜʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʠ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʳ ʚ [ɸʚʠʘʮʠʦʥʥʘʷ 

ʵʣʝʢʪʨʦʩʚʷʟʴ, 2006]. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʘʨʘʤʝʪʨ çʂʦʨʨʝʢʮʠʷ ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʠ (PRC)è, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʧʨʘʚʢʝ ʢ ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʠ ʚ ʧʨʠʥʷʪʦʤ ʩʦʦʙʱʝʥʠʠ, ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʝʝ ʜʚʦʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ: 1111111110011100; ʟʥʘʯʝʥʠʝ ʩʪʘʨʰʝʛʦ 

ʨʘʟʨʷʜʘ ʨʘʚʥʦ 1, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʯʠʩʣʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ, ʠʟ ʜʘʥʥʦʡ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʥʷʪʴ ʝʜʠʥʠʮʫ 1111111110011011 ʠ ʟʘʪʝʤ ʚʳʧʦʣʥʠʪʴ ʦʧʝʨʘʮʠʶ 

ʠʥʚʝʨʪʠʨʦʚʘʥʠʷ   0000000001100100. ʇʦʣʫʯʝʥʥʘʷ ʜʚʦʠʯʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʚ ʜʝʩʷʪʠʯʥʦʤ ʚʠʜʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 100, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 1 ʜʘʥʥʳʡ 

ʧʘʨʘʤʝʪʨ ʠʤʝʝʪ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 0,01, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʤʠʥʫʩ 1,0ʤ. 

ʇʘʨʘʤʝʪʨ çʂʦʨʨʝʢʮʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʜʘʣʴʥʦʩʪʠ (RRC)è ï ʧʦʧʨʘʚʢʘ 

ʢ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʠ ʚ ʪʘʙʣʠʮʝ 1, ʧʨʝʜʩʪʘʚʣʝʥ 

ʰʝʩʪʥʘʜʮʘʪʠʨʘʟʨʷʜʥʳʤ ʜʚʦʠʯʥʳʤ ʢʦʜʦʤ 0000 0000 1100 1000, ʩʪʘʨʰʠʡ ʨʘʟʨʷʜ 

ʠʤʝʝʪ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʯʠʩʣʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ. ʇʨʠ 

ʧʝʨʝʚʦʜʝ ʝʛʦ ʚ ʜʝʩʷʪʠʯʥʳʡ ʚʠʜ ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ 200, ʘ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ, ʩ 

ʫʯʸʪʦʤ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʙʫʜʝʪ ʨʘʚʥʦ 0,2 ʤ/ʩ.  

ʇʘʨʘʤʝʪʨ çʇʨʠʟʥʘʢ ʥʘʙʦʨʘ ʜʘʥʥʳʭ (IOD)è ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʧʦʧʨʘʚʦʢ ʢ ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʠ ʠ ʢ ʩʢʦʨʦʩʪʠ ʝʸ ʠʟʤʝʥʝʥʠʷ. ʇʘʨʘʤʝʪʨ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʙʦʨʫ ʵʬʝʤʝʨʠʜ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚʦʩʴʤʠʨʘʟʨʷʜʥʳʤ ʜʚʦʠʯʥʳʤ 

ʯʠʩʣʦʤ 11111111. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [ɸʚʠʘʮʠʦʥʥʘʷ ʵʣʝʢʪʨʦʩʚʷʟʴ, 2006], ʜʘʥʥʳʡ 

ʧʘʨʘʤʝʪʨ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʪʦʣʴʢʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʝʛʦ ʨʘʟʨʝʰʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ 1,0, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʧʦʣʥʠʪʴ ʦʧʝʨʘʮʠʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʝʩʷʪʠʯʥʳʡ ʚʠʜ 255. 

ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠʸʤʥʠʢʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʦʜʫʣʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 2 [ʄʘʨʶʭʥʝʥʢʦ, 2020]. 
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ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʘ ʧʨʠʸʤʥʠʢʘ ʩʦʦʙʱʝʥʠʡ ʃʂʂʉ 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʩʠʛʥʘʣ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ (ʇʌ), ʨʘʟʜʝʣʷʝʪʩʷ 

ʥʘ ʢʚʘʜʨʘʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʤʥʠʤʫʶ ʠ ʨʝʘʣʴʥʫʶ. ɹʣʦʢ ʩʠʩʪʝʤʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʩʫʱʝʡ (ʉɺʅ) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʩʪʨʦʡʢʠ ʧʨʠʸʤʥʠʢʘ ʧʦ 

ʬʘʟʝ ʠ ʯʘʩʪʦʪʝ. ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʦʚ ʚ ʧʨʠʥʷʪʦʤ ʩʠʛʥʘʣʝ, ʤʥʠʤʘʷ ʠ ʨʝʘʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʬʠʣʴʪʨ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʠʧʘ ʧʨʠʧʦʜʥʷʪʳʡ 

ʢʦʩʠʥʫʩ (ʌʇʂ). ɺʠʜ ʤʦʜʫʣʷʮʠʠ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʃʂʂʉ, 

D8PSK, ʪʦ ʝʩʪʴ ʟʘ ʢʘʞʜʫʶ ʧʦʩʳʣʢʫ ʧʝʨʝʜʘʝʪʩʷ 3 ʙʠʪʘ ʠʥʬʦʨʤʘʮʠʠ (3ʙʠʪ). ɼʣʷ 

ʚʳʜʝʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 3ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʭʝʤʝ ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ (ʉɺʊʏ). ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʥʷʪʳʭ 3ʙʠʪ ʚ 

ʜʚʦʠʯʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʪʦʢʘ ʙʠʪ (ɹʌʇɹ). ɼʣʷ ʥʘʜʸʞʥʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʩʦʦʙʱʝʥʠʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ, ʢʦʜʠʨʦʚʘʥʠʝ CRC 

(cyclic redundancy code), ʧʦʟʚʦʣʷʶʱʝʝ ʦʙʥʘʨʫʞʠʚʘʪʴ ʦʰʠʙʢʠ, ʘ ʪʘʢʞʝ 

ʢʦʜʠʨʦʚʘʥʠʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʤ ʢʦʨʨʝʢʪʠʨʫʶʱʠʤ ʢʦʜʦʤ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ. ɺ 

ʙʣʦʢʝ ʜʝʢʦʜʠʨʦʚʘʥʠʷ (ɹɼ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʧʨʠʥʷʪʦʛʦ ʩʦʦʙʱʝʥʠʷ ʥʘ 

ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ ʠ ʠʭ ʠʩʧʨʘʚʣʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʢʦʜʦʚ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʦʰʠʙʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʙʣʦʢʝ ʚʳʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ (ɹɺʇ) ʧʦ ʘʣʛʦʨʠʪʤʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ. 

ɹʣʦʢ ʢʦʥʪʨʦʣʷ (ɹʂ) ʨʝʘʣʠʟʫʝʪ ʟʘʜʘʯʫ ʢʦʥʪʨʦʣʷ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʘʣʛʦʨʠʪʤʳ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʪʝʢʩʪʦʚʦʡ, ʪʘʢ ʠ ʮʠʬʨʦʚʦʡ 

(ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʮʝʣʦʡ ʠ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ). ʈʝʘʣʠʟʘʮʠʷ 

ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʧʨʠʸʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʧʦʟʚʦʣʠʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
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Abstract: The issues of modeling the signal-interference situation for solving the problems 

of certification of airborne weather radars and the use of tools for the development and validation of 

ground-based weather complexes of the near airfield zone are considered. The method of forming 

the initial data set of the weather situation for creating simulation scenarios of hazardous 

meteorological phenomena is shown. The simulation result according to the proposed algorithm is 

demonstrated. 
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ɿʘʜʘʯʘ ʘʜʝʢʚʘʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʴʥʦʡ ʠ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʨʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʙʦʨʪʦʚʳʭ ʤʝʪʝʦʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ (ʄʅ ʈʃʉ) ʧʦ ʩʪʘʥʜʘʨʪʫ RTCA DO-220 [ʂʘʥʝʚʩʢʠʡ 

ʠ ʜʨ., 2020]. ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʵʪʦʪ ʩʪʘʥʜʘʨʪ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʦʧʘʩʥʳʭ ʜʣʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʦʙʣʘʩʪʝʡ 

ʩʜʚʠʛʦʚ ʚʝʪʨʘ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʥʘʙʦʨʘ ʩʮʝʥʘʨʠʝʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʧʘʩʥʳʭ ʜʣʷ ʘʚʠʘʮʠʠ ʤʝʪʝʦʷʚʣʝʥʠʡ, ʚʳʟʚʘʚʰʠʭ ʘʚʘʨʠʠ ʚ ʧʨʦʰʣʦʤ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Airborne 

Doppler Weather Radar Simulation (ADWRS) ʨʘʟʨʘʙʦʪʢʠ ʅʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʃʝʥʛʣʠ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʙʦʨʪʦʚʳʝ ʄʈʃʉ ʠ 

ʥʘʟʝʤʥʳʝ ʄʈʃʂ ɹɸɿ ʨʝʰʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ʦʧʘʩʥʳʭ ʜʣʷ 

ʘʚʠʘʮʠʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʩʝʢʪʦʨʘʭ ʚʟʣʝʪʘ ʠ ʧʦʩʘʜʢʠ ʚʦʟʜʫʰʥʳʭ 

ʩʫʜʦʚ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ADWRS ʪʘʢʞʝ ʠ 

ʜʣʷ ʘʥʘʣʠʟʘ, ʢʦʥʪʨʦʣʷ ʠ ʚʘʣʠʜʘʮʠʠ ʨʘʙʦʪʳ ʄʈʃʂ ɹɸɿ. ʆʜʥʘʢʦ ʩʮʝʥʘʨʠʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʚ ʩʪʘʥʜʘʨʪʝ RTCA DO-220 ʜʣʷ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ, 

ʜʦʣʞʥʳ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʧʦʜ ʥʘʟʝʤʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʦʧʠʩʘʥ ʧʦʜʭʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʙʦʨʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ in 

situ ʥʘʙʣʶʜʝʥʠʡ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʘʟʝʤʥʳʤ ʦʜʥʦʧʦʟʠʮʠʦʥʥʳʤ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʙʣʠʞʥʝʡ ʘʵʨʦʜʨʦʤʥʦʡ ʟʦʥʳ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ c ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ADWRS [Userôs Guide for an 

Airborneé, 2016], ʢʘʞʜʦʤʫ ʩʮʝʥʘʨʠʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʙʦʨ 

ʜʘʥʥʳʭ ʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʥʘʙʦʨ ʠʟʤʝʨʝʥʠʡ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʦʪʨʘʞʘʝʤʦʩʪʠ ʠ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ 

ʪʦʯʢʝ ʠʟʤʝʨʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʝʛʫʣʷʨʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʝʪʢʝ ʩ ʰʘʛʦʤ 50 

ʤʝʪʨʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʙʦʨ ʜʘʥʥʳʭ ʦʪʨʘʞʘʝʤʦʩʪʠ ˉ349 ʥʘ ʚʳʩʦʪʝ 

150 ʤʝʪʨʦʚ ʠʟ ʩʪʘʥʜʘʨʪʘ RTCA DO-220. 
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ʈʠʩʫʥʦʢ 1 ï ʅʘʙʦʨ ʜʘʥʥʳʭ ʦʪʨʘʞʘʝʤʦʩʪʠ ˉ349, ʩʪʘʥʜʘʨʪ RTCA DO-220 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʜʫʨʫ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʦʪʨʘʞʘʝʤʦʩʪʠ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʦʪʨʘʞʘʝʤʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ ʄʈʃʂ ɹɿ 

çʄʦʥʦʢʣʴè ʟʘ ʦʜʠʥ ʧʦʣʥʳʡ ʦʙʟʦʨ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʨʝʞʠʤʝ ʜʘʣʴʥʦʩʪʠ 100 ʢʤ, 

ʟʘʥʠʤʘʶʱʠʡ 10 ʤʠʥʫʪ [ɻʘʣʘʝʚʘ, 2018]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʦʪʨʘʞʘʝʤʦʩʪʠ 
 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʛʥʘʣʘ, ʤ 2700 

ʈʘʟʤʝʨ ʜʠʩʢʨʝʪʘ ʧʦ ʜʘʣʴʥʦʩʪʠ, ʤ 202,5  

ʏʠʩʣʦ ʢʘʥʘʣʦʚ ʜʘʣʴʥʦʩʪʠ  512 

ʐʘʛ ʜʘʥʥʳʭ ʧʦ ʘʟʠʤʫʪʫ, Á 1,6 

ʐʠʨʠʥʘ ʧʝʨʚʦʛʦ ʣʝʧʝʩʪʢʘ ɼʅ ʚ ʘʟʠʤʫʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, Á 3,2 

ʐʘʛ ʜʘʥʥʳʭ ʧʦ ʫʛʣʫ ʤʝʩʪʘ, Á ʦʪ 0,7 ʜʦ 3,5 

ʐʠʨʠʥʘ ʧʝʨʚʦʛʦ ʣʝʧʝʩʪʢʘ ɼʅ ʚ ʫʛʣʦʤʝʩʪʥʦʡ ʧʣʦʩʢʦʩʪʠ, Á 3,5 

ʉʝʢʪʦʨ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʘʟʠʤʫʪʫ, Á 360 

ʉʝʢʪʦʨ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʫʛʣʫ ʤʝʩʪʘ, Á 90 

 

ʇʨʦʮʝʜʫʨʘ ʤʥʦʛʦʤʝʨʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ 

ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʝ ʦʧʠʩʘʥʘ ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʦ [ʇʣʦʚʢʦ, 2004]. ʆʜʥʘʢʦ 

ʠʟʤʝʨʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʦʪʨʘʞʘʝʤʦʩʪʠ dBZ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʝ ʥʘʟʝʤʥʳʤ 

ʜʦʧʧʣʝʨʦʚʩʢʠʤ ʤʝʪʝʦʣʦʢʘʪʦʨʦʤ, ʥʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʝ, ʘ 

ʨʘʩʭʦʜʷʪʩʷ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ ʠʟ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ, ʘ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ 

ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʘʟʠʤʫʪ ű ï ʫʛʦʣ ʤʝʩʪʘ ɣ ï ʜʘʣʴʥʦʩʪʴ R, ʯʪʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 ï ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ ʜʘʥʥʳʭ ʦʙ ʦʪʨʘʞʘʝʤʦʩʪʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʢʨʘʩʥʳʤ ʧʦʢʘʟʘʥʳ ʥʝʩʢʦʣʴʢʦ ʣʫʯʝʡ ʜʘʥʥʳʭ, ʠʩʭʦʜʷʱʠʭ ʠʟ 

ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʣʦʢʘʪʦʨʘ. ʏʝʨʥʳʤ ʮʚʝʪʦʤ ʧʦʤʝʯʝʥʘ ʵʣʝʤʝʥʪʘʨʥʘʷ 

ʧʨʠʟʤʘʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʜʫʨʘ ʤʥʦʛʦʤʝʨʥʦʡ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʣʷ ʟʥʘʯʝʥʠʡ ʠʩʢʦʤʦʡ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ, ʧʦʧʘʜʘʶʱʠʭ ʚʥʫʪʨʴ 

ʜʘʥʥʦʛʦ ʦʙʲʝʤʘ. ʈʘʩʩʤʦʪʨʠʤ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʩʭʝʤʘʪʠʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʝ C  

ʧʦ 8 ʠʟʤʝʨʝʥʠʷʤ ʚ ʚʝʨʰʠʥʘʭ ʉxxx ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ  
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ʄʝʪʦʜʠʢʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ ï ʧʨʦʠʩʭʦʜʠʪ ʣʠʥʝʡʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ 

ʟʥʘʯʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʦʪʨʘʞʘʝʤʦʩʪʠ ʚ ʪʦʯʢʝ C11 ʧʦ ʜʘʥʥʳʤ ʚ ʪʦʯʢʘʭ C111 

ʠ C101, ʧʨʠʯʝʤ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ C11 ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʪʨʝʟʢʠ 

ʉC11 ʠ C111C101 ʙʳʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ. ɸʥʘʣʦʛʠʯʥʦ ʥʘʭʦʜʷʪʩʷ C11, C10 ʠ C00, ʧʦ 

ʟʥʘʯʝʥʠʷʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʤ ʩʦʩʝʜʝʡ. ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʪʦʯʢʠ C11, C11, C10 ʠ 

C00 ʧʦʟʚʦʣʷʶʪ ʥʘʡʪʠ ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʘʭ C0, C1 ʠ C2, ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʞʝ 

ʧʨʦʚʝʜʝʥʠʝʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʚ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʪʨʝʟʢʘʤ. ɼʘʥʥʳʝ ʪʦʯʢʠ 

ʣʝʞʘʪ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʠ ʪʦʯʢʫ C. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ 

ʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʦ ʪʨʝʤ ʪʦʯʢʘʤ. 

ɼʘʣʝʝ ʧʦʜʦʙʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʝʪʩʷ ʜʣʷ ʚʩʝʭ ʪʦʯʝʢ ʨʝʛʫʣʷʨʥʦʡ ʪʨʝʭʤʝʨʥʦʡ 

ʩʝʪʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʪʦʛʦʚʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʟʦʨʘ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʠʢʠ ʩʦʟʜʘʥʠʷ 

ʩʮʝʥʘʨʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʦ ʦʪʨʘʞʘʝʤʦʩʪʠ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʥʘʙʦʨʦʤ ʜʘʥʥʳʭ ʦ ʤʝʪʝʦʷʚʣʝʥʠʷʭ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ 16.09.2021 

ʛ. 09:39 UTC ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʘʵʨʦʜʨʦʤʘ çʆʨʣʦʚʢʘè ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ. ʂʘʨʪʘ 

ʠʟʤʝʨʝʥʥʦʡ ʄʈʃʂ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʦʪʨʘʞʘʝʤʦʩʪʠ ʥʘ ʚʳʩʦʪʝ 1 ʢʤ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʂʘʨʪʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʦʪʨʘʞʘʝʤʦʩʪʠ ʄʈʃʂ ɹɿ çʄʦʥʦʢʣʴè ʥʘ 

ʚʳʩʦʪʝ 1000 ʤ. 16.09.2021 ʛ. 09:39 UTC. ɸʵʨʦʜʨʦʤ çʆʨʣʦʚʢʘè. ʊʚʝʨʩʢʘʷ ʦʙʣʘʩʪʴ 

 

ʈʝʟʫʣʴʪʘʪ ʛʝʥʝʨʘʮʠʠ ʥʘʙʦʨʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʩʮʝʥʘʨʠʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʚʳʙʨʘʥʥʳʤ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʠ ʦʧʠʩʘʥʥʦʤʫ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤʫ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 5. 
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ʈʠʩʫʥʦʢ 5 ï ʅʘʙʦʨ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʦʪʨʘʞʘʝʤʦʩʪʠ ʜʣʷ ʠʤʠʪʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʦʙʟʦʨʘ ʄʈʃʂ ɹɿ çʄʦʥʦʢʣʴè ʩ ʨʠʩ. 4. ʐʘʛ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ 50 ʤ. ʇʦʩʣʝ 

ʛʝʥʝʨʘʮʠʠ ʜʘʥʥʳʝ ʩʤʝʱʝʥʳ ʥʘ 80 ʢʤ. ʧʦ ʦʩʠ ʍ ʠ 20 ʢʤ ʧʦ ʦʩʠ Y 

 

ʂʘʢ ʚʠʜʥʦ, ʧʦʣʫʯʝʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʩ ʨʠʩʫʥʢʘ ˉ5 ʢʦʨʨʝʢʪʥʦ ʧʦʚʪʦʨʷʝʪ 

ʤʝʥʝʝ ʜʝʪʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʝ ʄʈʃʂ ɹɸɿ, ʠʤʝʶʱʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 1 ʢʤ. ʈʝʟʫʣʴʪʘʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥ ʠ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥ 

ʤʘʥʫʘʣʴʥʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝʤʦʡ ʚ ʩʮʝʥʘʨʠʠ ʠʤʠʪʘʮʠʠ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʥʘʫʯʥʳʡ ʧʨʦʝʢʪ ˉ20-38-90139). 
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3ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 

(ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 

 
ɸʥʥʦʪʘʮʠʷ. ʊʝʭʥʦʣʦʛʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʚʠʩʠʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʚʝʱʘʪʝʣʴʥʦʛʦ ʪʠʧʘ 

ʦʪʥʝʩʝʥʘ ʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʦʜʥʘʢʦ, ʦʥʘ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʫʷʟʚʠʤʦʩʪʝʡ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʀʂɸʆ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʳʭ ɸɿʅ-ɺ ʜʨʫʛʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʥʘʙʣʶʜʝʥʠʷ: ʨʘʜʠʦʣʦʢʘʪʦʨʘʤʠ ʠ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʫʶ ʩʪʦʠʤʦʩʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʵʨʦʜʨʦʤʦʚ 

ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʛʨʘʝʪ 

ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ, ʧʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʙʣʶʜʝʥʠʷ ʪʦʣʴʢʦ ʩ 

ʧʦʤʦʱʴʶ ʩʪʘʥʮʠʡ ɸɿʅ-ɺ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥ ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ɸɿʅ-ɺ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ 

ʩʣʫʯʘʝʚ ʜʚʠʞʝʥʠʷ ɺʉ ʧʦ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʠ ʘʵʨʦʜʨʦʤʘ, ʘ ʪʘʢʞʝ ʧʦʣʝʪʘ ɺʉ ʚ ʘʵʨʦʜʨʦʤʥʦʡ 

ʟʦʥʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸɿʅ-ɺ, ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʘʥʥʳʭ, ʩʪʨʦʙ, ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʘʥʪʝʥʥʳ, ʘʵʨʦʜʨʦʤʥʘʷ ʟʦʥʘ, ʩʨʝʜʩʪʚʘ ʥʘʙʣʶʜʝʥʠʷ. 
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Abstract. The automatic dependent surveillance-broadcast technology is classified as 

promising, however, it has a number of shortcomings and vulnerabilities, because of which ICAO 

indicates the need to confirm ADS-B data by other surveillance aids: radars and MLAT, which 

significantly increases the total cost of the infrastructure. For regional aerodromes in the Arctic 

zone of the Russian Federation, the economic component plays an important role; therefore, the task 

of ensuring surveillance only by ADS-B stations using alternative methods of confirming 

coordinate information is urgent. The article provides an overview of methods for algorithmic 

confirmation of the reliability of ADS-B information, which can be used for cases of aircraft 

movement along the working area of the airfield, as well as aircraft flight in the airfield area. 

Key words: ADS-B, data confirmation, gate, antenna radiation pattern, aerodrome area, 

surveillance aids. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʦʪ 26.10.2020 ˉ 645 çʆ 

ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2035 ʛʦʜʘè ʢ ʫʛʨʦʟʘʤ ʨʘʟʚʠʪʠʷ 

ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ɸɿʈʌ) ʦʪʥʝʩʝʥʳ, ʚ ʯʠʩʣʝ ʧʨʦʯʝʛʦ, 

ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʣʦʡ ʘʚʠʘʮʠʠ [ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʦʪ 26 ʦʢʪʷʙʨʷ 2020 ʛ. 

ˉ 645]. ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʦʜʝʨʥʠʟʘʮʠʶ ʠ ʨʘʟʚʠʪʠʝ 

ʘʚʠʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʦʙʲʝʢʪʦʚ 

ʠʛʨʘʝʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ. 

ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʚʠʩʠʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ 

ʚʝʱʘʪʝʣʴʥʦʛʦ ʪʠʧʘ (ɸɿʅ-ɺ) ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʵʨʦʜʨʦʤʘʭ ɸɿʈʌ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʧʦʩʪʘʚʣʝʥʥʳʤ ʉʪʨʘʪʝʛʠʝʡ ʟʘʜʘʯʘʤ: ʤʘʣʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʥʘʙʣʶʜʝʥʠʷ. 

ɺ ʜʦʢʫʤʝʥʪʘʭ ʀʂɸʆ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʪʝʭʥʦʣʦʛʠʷ ɸɿʅ-ɺ ʦʪʥʝʩʝʥʘ ʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʧʨʠ ʵʪʦʤ ʘʢʮʝʥʪ 

ʜʝʣʘʝʪʩʷ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʳʛʦʜʝ ʧʨʠʤʝʥʝʥʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ɸɿʅ-ɺ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʟʦʥ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʚ ʦʪʜʘʣʝʥʥʳʭ ʠ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʝʛʠʦʥʘʭ [Global Air Navigation Plan]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʥʝʜʨʝʥʠʝ ɸɿʅ-ɺ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ.  

ɸɿʅ-ɺ ʦʙʣʘʜʘʝʪ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʥʘ ʢʦʪʦʨʳʝ ʀʂɸʆ ʫʢʘʟʳʚʘʝʪ ʚ 

ʈʫʢʦʚʦʜʩʪʚʝ ʧʦ ʘʚʠʘʮʠʦʥʥʦʤʫ ʥʘʙʣʶʜʝʥʠʶ [Aeronautical Surveillance Manual, 

2020]. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ ʢʦʦʨʜʠʥʘʪʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʧʦʣʫʯʘʝʤʫʶ ʧʦ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 1090ES, ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʪʚʝʨʞʜʘʪʴ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ (ʈʃʉ) ʠʣʠ 

ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ (ʄʇʉʅ). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʫʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤ ʈʃʉ ʠ ʄʇʉʅ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ɸɿʅ-ɺ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʚ ʤʘʣʳʭ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʘʭ, ʦʪʜʘʣʝʥʥʳʭ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ. ʉ ʬʠʥʘʥʩʦʚʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʵʨʦʜʨʦʤʘʭ ɻɸ ʷʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠ ʠʜʝʪ ʚʨʘʟʨʝʟ ʩ ʧʨʠʥʷʪʦʡ ʉʪʨʘʪʝʛʠʝʡ. 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʘʩʝʣʝʥʥʳʤʠ ʧʫʥʢʪʘʤʠ ʠ ʩʝʟʦʥʥʦʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʯʝʨʪʘʤʠ ɸɿʈʌ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʜʘʥʥʳʭ ɸɿʅ-ɺ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ɸɿʅ-ɺ ʢʘʢ ʦʩʥʦʚʥʦʝ ʩʨʝʜʩʪʚʦ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ ʚ ʘʵʨʦʜʨʦʤʥʦʡ ʟʦʥʝ ʠ ʥʘ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʠ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʵʨʦʜʨʦʤʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ɸɿʈʌ. 

 

ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ɸɿʅ-ɺ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ 

ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʠ ʘʵʨʦʜʨʦʤʘ 

ɺ ʩʠʩʪʝʤʝ ɸɿʅ-ɺ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʨʦʚʝʨʢʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʘʥʘʣʠʟʝ ʩʦʜʝʨʞʠʤʦʛʦ ʧʦʜʧʦʣʝʡ ʩʦʦʙʱʝʥʠʷ (NIC, NACP, NUC, SIL): ʢʘʪʝʛʦʨʠʠ 

ʮʝʣʦʩʪʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʫʨʦʚʝʥʴ ʮʝʣʦʩʪʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ [RTCA DO-260B, 2009].  

ɺ ʨʘʙʦʪʘʭ [ʇʣʷʩʦʚʩʢʠʭ, 2019, ʩ. 91; ʇʣʷʩʦʚʩʢʠʭ, 2020, ʩ. 34] ʧʨʝʜʣʦʞʝʥ 

ʤʝʪʦʜ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ɸɿʅ-ɺ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʙʣʶʜʝʥʠʷ 

ʠ ʢʦʥʪʨʦʣʷ ʘʵʨʦʜʨʦʤʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʜʚʫʭʵʪʘʧʥʳʤ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʦʮʝʥʢʘ 

ʧʦʜʧʦʣʝʡ ʩʦʦʙʱʝʥʠʷ ɸɿʅ-ɺ (NIC, NACP, SIL, NUC). ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʩʪʨʦʠʪʩʷ 

ʮʠʬʨʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʪʢʣʦʥʝʥʠʷ 

ʦʪ ʥʝʝ ʢʘʢ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [Aeronautical Surveillance Manual, 2020] ʦʰʠʙʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠʤʝʶʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʇʦʵʪʦʤʫ ʥʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ ʦʰʠʙʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʨʦʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ɺʉ. ʅʘʟʦʚʝʤ ʦʮʝʥʢʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʢʨʠʪʝʨʠʝʤ 1, ʘ 

ʦʮʝʥʢʫ ʜʠʩʧʝʨʩʠʠ ï ʢʨʠʪʝʨʠʝʤ 2. ʎʠʬʨʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʦʯʝʢ (ʢʦʦʨʜʠʥʘʪ) ʟʘʜʘʥʥʦʛʦ ʧʫʪʠ ɺʉ ʥʘ ʧʣʦʩʢʦʩʪʠ, 

ʚʢʣʶʯʘʶʱʫʶ ʰʠʨʠʥʫ ʜʦʧʫʩʪʠʤʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ. ʂʨʠʪʝʨʠʡ 

1 ʟʘʜʘʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦʤ [ʇʣʷʩʦʚʩʢʠʭ, 2019, ʩ. 91]:  

 

mTWRWWm e+< )(4
1~ ,                                              (1) 

 

ʛʜʝ m~  ï ʦʮʝʥʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʙʦʢʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ɺʉ ʦʪ 

ʮʠʬʨʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ɸɿʅ-ɺ; 

)(4
1

TWRWW
 ï ʜʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ɺʉ ʦʪ ʮʠʬʨʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ; 

)(TWRWW
 ï ʰʠʨʠʥʘ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ (ʨʫʣʝʞʥʦʡ ʜʦʨʦʞʢʠ); 

me  ï ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʙʦʢʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ɺʉ ʦʪ ʮʠʬʨʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ. 

ʆʮʝʥʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ɸɿʅ-ɺ 

ï ʢʦʦʨʜʠʥʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʦʪ ʥʘʙʣʶʜʘʝʤʦʛʦ ɺʉ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ 

ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʙʦʢʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝ: 
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)(4
1

TWRWm W¢e            2) 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ 

ʦʮʝʥʠʚʘʝʤʘʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʦʚʠʥʳ 

ʰʠʨʠʥʳ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ. ʊʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʙʦʢʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

[] ö
÷

õ
æ
ç

å
F=

2
arg~ ebse mm ,     (3) 

 

ʛʜʝ  ()xFarg  ï ʬʫʥʢʮʠʷ ʦʙʨʘʪʥʘʷ ()xF ; 

 []m~s  ï ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ (ʉʂʆ) ʦʮʝʥʢʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʙʦʢʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ɺʉ ʦʪ ʮʠʬʨʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ; 

 eb ï ʥʘʜʝʞʥʦʩʪʴ ʦʮʝʥʢʠ m~   ʙʦʢʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ɺʉ. 

ʂʘʢ ʧʨʘʚʠʣʦ ʠʩʧʦʣʴʟʫʶʪ ʙʣʠʟʢʠʝ ʢ ʝʜʠʥʠʮʝ ʟʥʘʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ, 0,95; 0,99 ʠʣʠ 0,999, ʜʣʷ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉʪʴʶʜʝʥʪʘ 

ö
÷

õ
æ
ç

å
F=

2
arg e

b

b
t  ʩʦʩʪʘʚʣʷʶʪ 1,960; 2,576 ʠ 3,290 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʂʆ ʥʘʭʦʜʠʪʩʷ 

ʢʘʢ: 

 

[]
n

D
m

~
~ ºs ,        (4) 

 

ʛʜʝ  D
~

 ï ʦʮʝʥʢʘ ʜʠʩʧʝʨʩʠʠ ʙʦʢʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ɺʉ ʦʪ ʮʠʬʨʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ.  

ʆʮʝʥʢʘ ʜʠʩʧʝʨʩʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ɸɿʅ-ɺ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ [ʇʣʷʩʦʚʩʢʠʭ, 2019, ʩ. 91]: 

 

( ) ,)1(~~

1

2
-ö

÷

õ
æ
ç
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-=ä

=

nmXD
n
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i     (5) 

 

1

1 n

i

i

m X
n =

= ä      (6) 

 

ʂʨʠʪʝʨʠʡ 2 ʟʘʜʘʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦʤ: 

 

DDD e+< ʛʨ~ ,        (7) 

 

ʛʜʝ  D
~
ï ʦʮʝʥʢʘ ʜʠʩʧʝʨʩʠʠ ʙʦʢʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ɺʉ ʦʪ ʮʠʬʨʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ, 
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ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ɸɿʅ-ɺ; 
ʛʨD ï  ʛʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ Xi; 

De  ï ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʙʦʢʦʚʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ɺʉ ʦʪ ʮʠʬʨʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ. 

ɺʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ (7) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ ʙʦʢʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʧʦʩʪʨʦʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ɸɿʅ-

ɺ, ʩ ʥʘʜʝʞʥʦʩʪʴʶ eb ʥʝ ʧʨʝʚʳʰʘʝʪ ʩʫʤʤʳ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ De  ʠ ʟʘʜʘʥʥʦʛʦ 

ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʛʨD . 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ ʟʘʜʘʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ: 

 

[] ʛʨ~
DtDD ¢= bse ,       (8) 

 

ʛʜʝ  []D
~

s  ï ʉʂʆ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʪʝʨʠʷ 1 ʠ 2 ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʯʠʩʣʝʥʠʝ ʜʦʚʝʨʠʪʝʣʴʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦ ʧʦʩʣʝʜʥʠʤ n ʥʘʙʣʶʜʝʥʠʷʤ ɸɿʅ-ɺ. 

ʆʮʝʥʢʘ ʜʠʩʧʝʨʩʠʠ ()D
~  ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (5, 6), ʪʦʛʜʘ ʉʂʆ ʦʮʝʥʢʠ 

ʜʠʩʧʝʨʩʠʠ ʥʘʭʦʜʠʪʩʷ ʢʘʢ [ʇʣʷʩʦʚʩʢʠʭ, 2019, ʩ. 91; ʇʣʷʩʦʚʩʢʠʭ, 2020, ʩ. 34]: 

 

[] D
n

D
~

1

2~

-
ºs         (9) 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ (8) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʠʥʦʤ ʚʠʜʝ: 

 

ʛʨ~

1

2
DtD

n
¢

-
b              (10) 

 

ʆʮʝʥʢʘ ʜʠʩʧʝʨʩʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʝ ʜʘʥʥʳʭ ɸɿʅ-

ɺ. ʈʘʩʯʝʪ ʧʦʪʨʝʙʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ n, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʣʦʚʠʷ, ʚʳʨʘʞʝʥʦ ʠʟ ʫʩʣʦʚʠʷ (10) ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢ: 
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ɺ ʨʘʙʦʪʝ [ʇʣʷʩʦʚʩʢʠʭ, 2020, ʩ. 34] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʥʘʜʝʞʥʦʩʪʠ ʥʘʠʙʦʣʴʰʝʝ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʚʝʨʢʠ ʧʦ ʢʨʠʪʝʨʠʶ 2. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʨʘʩʯʝʪʦʚ ʧʦʪʨʝʙʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʛʨD = 49, ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ
ʛʨ~

DDº . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʟʥʘʯʝʥʠʡ ʥʘʜʝʞʥʦʩʪʠ eb0,95; 0,99 

ʠʣʠ 0,999 ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʘʚʠʣʦ 9, 15 ʠ 22 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ɸɿʅ-ɺ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ 

ʥʘʙʣʶʜʝʥʠʷ ʚ ʘʵʨʦʜʨʦʤʥʦʡ ʟʦʥʝ 

ʇʦʤʠʤʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʳʭ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʨʘʙʦʯʝʡ 

ʧʣʦʱʘʜʠ ʘʵʨʦʜʨʦʤʘ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ ɸɿʅ-ɺ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʣʝʪʦʚ ʚ ʘʵʨʦʜʨʦʤʥʦʡ ʟʦʥʝ. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʟʦʥʳ ʥʘʙʣʶʜʝʥʠʷ ʚ ʨʘʡʦʥʘʭ ʩ 

ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʛʜʝ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʪʘʚʠʪʴ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ ʠʣʠ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ.  

ʀʩʧʦʣʥʠʪʝʣʴʥʳʡ ʨʝʛʣʘʤʝʥʪ ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʤʠʩʩʠʠ 1207/2011 [Regulation 

1207/2011, 2011, p. 40] ʠ ʧʝʨʚʘʷ ʧʦʧʨʘʚʢʘ ʢ ʥʝʤʫ 1028/2014 [Regulation 

1028/2014, 2014, p. 8] ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʪʨʝʙʦʚʘʥʠʝ ʥʘʣʠʯʠʷ ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʨʘʩʰʠʨʝʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʨʝʞʠʤʘ S (EHS) ʠ ɸɿʅ-ɺ 1090ES ʜʣʷ ɺʉ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʟʣʝʪʥʘʷ ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 5700 ʢʛ, ʣʠʙʦ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʢʨʝʡʩʝʨʩʢʘʷ ʠʩʪʠʥʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʣʝʪʘ ʧʨʝʚʳʰʘʝʪ 250 ʫʟʣʦʚ. ʈʘʩʰʠʨʝʥʥʦʝ 

ʥʘʙʣʶʜʝʥʠʝ ʨʝʞʠʤʘ S (EHS) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʨʘʩʰʠʨʝʥʥʳʭ ʬʫʥʢʮʠʡ 

ʨʝʞʠʤʘ S. EHS ʚʢʣʶʯʘʝʪ ʪʨʠ ʪʠʧʘ ʦʪʩʯʝʪʦʚ: ʚʝʨʪʠʢʘʣʴʥʦʝ ʥʘʤʝʨʝʥʠʝ (BDS 4.0), 

ʦʪʯʝʪ ʦ ʪʨʝʢʝ ʠ ʧʦʚʦʨʦʪʝ (BDS 5.0), ʦʪʯʝʪ ʦ ʢʫʨʩʝ ʠ ʩʢʦʨʦʩʪʠ (BDS 6.0). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʩʥʠʞʝʥʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ 

ʚʳʧʦʣʥʝʥʠʷ ʤʘʥʝʚʨʘ ʧʨʠ ʧʦʣʝʪʝ ʚ ʘʵʨʦʜʨʦʤʥʦʡ ʟʦʥʝ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʩʰʠʨʝʥʥʦʛʦ ʟʘʧʨʦʩʘ ʠ ʦʪʚʝʪʘ ʨʝʞʠʤʘ S.   

ʄʝʪʦʜʠʢʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʳʭ ɸɿʅ-ɺ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʧʦʣʝʪʦʚ ʚ ʘʵʨʦʜʨʦʤʥʦʡ ʟʦʥʝ ʧʨʦʚʦʜʠʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʧʨʦʚʝʨʷʝʪʩʷ, ʩʦʚʧʘʜʘʶʪ ʣʠ ʩʦ ʩʭʝʤʦʡ ʧʦʣʝʪʘ ʥʘʤʝʨʝʥʠʷ ɺʉ ʧʫʪʝʤ 

ʦʪʧʨʘʚʢʠ ʨʘʩʰʠʨʝʥʥʦʛʦ ʟʘʧʨʦʩʘ ʨʝʞʠʤʘ S (EHS) ʠ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʪʚʝʪʥʦʤ ʩʠʛʥʘʣʝ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ ʦʪʢʣʦʥʝʥʠʡ ɺʉ ʦʪ ʩʭʝʤʳ ʧʦʣʝʪʘ ʠ 

ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ɸɿʅ-ɺ. 

ʉʭʝʤʳ ʚʳʧʦʣʥʝʥʠʷ ʤʘʥʝʚʨʦʚ ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʙʦʨʥʠʢʘʭ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ (AIP). ɺʳʧʦʣʥʝʥʠʝ ʩʭʝʤ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ɺʉ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʮʝʜʫʨʳ. ʂʦʦʨʜʠʥʘʪʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʩʭʝʤʝ 

ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ɺʉ ʧʨʠʤʝʤ ʢʘʢ ʪʦʯʢʠ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʫʪʠ ɺʉ. ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʦʤʝʥʪʘ 

ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ ʤʘʥʝʚʨʘ ʠ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ (ʫʛʦʣ ʢʨʝʥʘ) ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʷʪʴ ʘʢʪʠʚʥʳʡ ʟʘʧʨʦʩʯʠʢ ʨʝʞʠʤʘ S (EHS). ʇʨʠ ʧʦʜʭʦʜʝ ɺʉ ʢ ʪʦʯʢʝ 

ʨʘʟʚʦʨʦʪʘ ʠʥʠʮʠʠʨʫʝʪʩʷ ʨʘʩʰʠʨʝʥʥʳʡ ʟʘʧʨʦʩ ʨʝʞʠʤʘ S (EHS). ɺʉ ʚ ʦʪʚʝʪ 

ʛʝʥʝʨʠʨʫʝʪ ʨʘʩʰʠʨʝʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʨʝʞʠʤʘ S. ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʥʘʤʝʨʝʥʠʡ ʩʭʝʤʝ ʧʦʣʝʪʘ ʠʟ AIP, ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ 

ʪʦʯʥʦʩʪʠ ɸɿʅ-ɺ ʤʝʪʦʜʦʤ ʩʪʨʦʙʠʨʦʚʘʥʠʷ.   

ʉʪʨʦʙʦʤ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʥʝʢʦʪʦʨʫʶ ʦʙʣʘʩʪʴ ʚʦʢʨʫʛ 

ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʥʦʡ ʦʪʤʝʪʢʠ ɺʉ. ʄʝʪʦʜʠʢʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʜʘʥʥʳʭ 

ɸɿʅ-ɺ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʥʘʙʣʶʜʘʝʤʦʛʦ ɺʉ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʧʦʣʥʝʥʠʠ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʨʦʝʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ. ʈʘʟʤʝʨʳ ʦʙʣʘʩʪʠ ʩʪʨʦʙʘ ʧʨʠʥʠʤʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ 
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ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ 

[ʉʝʨʪʠʬʠʢʘʮʠʦʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ (ɹʘʟʠʩ) ʢ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ 

ʥʘʙʣʶʜʝʥʠʷ ʰʠʨʦʢʦʟʦʥʥʳʤ, 2018]. ʋʩʣʦʚʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʙʣʘʩʪʠ ʩʪʨʦʙʘ 

ʜʣʷ ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʚ ʚʠʜʝ: 

 

2

~ R
m M ¢+e ,              (12) 

 

ʛʜʝ  
Me  ï ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, 

2

R
M <e ;  

m~  ï ʦʮʝʥʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʙʦʢʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ɺʉ ʦʪ 

ʣʠʥʠʠ ʵʢʩʪʨʘʧʦʣʷʮʠʠ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʦʪ ɸɿʅ-ɺ; 

R ï ʟʘʜʘʥʥʳʡ ʨʘʜʠʫʩ ʦʙʣʘʩʪʠ ʩʪʨʦʙʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ ʚʚʝʜʝʤ ʫʩʣʦʚʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʙʣʘʩʪʠ ʩʪʨʦʙʘ: 

  

ɻʈD DD ¢+e
~ ,                              (13) 

 

ʛʜʝ 
De  ï ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʢʣʦʥʝʥʠʷ ɺʉ ʦʪ 

ʧʦʩʪʨʦʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ; 

  
ɻʈD  ï ʛʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ, ( )2

2
RDɻʈ= . 

ʇʨʠʤʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ: 

 

ɻʈDD Dt ¢= bse ~ ,                      (14) 

 

ʛʜʝ D
~s  ï ʉʂʆ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ. 

ʆʮʝʥʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʨʦʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʟʘʜʘʥʥʦʡ ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʙʣʘʩʪʠ ʩʪʨʦʙʘ. ɼʣʷ 

ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ (12), ʜʣʷ 

ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ ï ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ (13). ɺ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʧʦʣʫʯʘʝʤʳʝ ʦʪ ʥʘʙʣʶʜʘʝʤʦʛʦ ɺʉ ʜʘʥʥʳʝ ɸɿʅ-ɺ 

ʧʨʠʥʠʤʘʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤʠ, ʧʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ï ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʩʯʠʪʘʝʪʩʷ ʥʠʟʢʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ɸɿʅ-

ɺ ʟʘʧʨʝʱʘʝʪʩʷ ʠ ʠʭ ʣʠʙʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ, 

ʣʠʙʦ ʧʝʨʝʭʦʜʠʪʴ ʢ ʧʨʦʮʝʜʫʨʥʳʤ ʤʝʪʦʜʘʤ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ. 

 

ɿʘʢʣʶʯʝʥʠʝ  

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʦʙʟʦʨ ʤʝʪʦʜʠʢ ʧʨʦʚʝʨʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ 

ɸɿʅ-ɺ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʢʘʢ 

ʦʩʥʦʚʥʦʛʦ ʠʣʠ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘʙʣʶʜʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʝʪʦʜʠʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʭ 
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ʘʵʨʦʜʨʦʤʘʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʘʵʨʦʜʨʦʤʥʦʡ 

ʟʦʥʝ ʠ ʥʘ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʠ ʘʵʨʦʜʨʦʤʘ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ 

ɸɿʅ-ɺ ʤʦʞʝʪ ʚʳʚʦʜʠʪʴʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ 

ʥʘʛʨʫʟʢʫ ʥʘ ʜʠʩʧʝʪʯʝʨʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʥʘʟʝʤʥʳʤ ʠ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ.  
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ɺʚʝʜʝʥʠʝ 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʵʨʦʜʨʦʤʘ ʷʚʣʷʶʪʩʷ ʝʛʦ 

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʨʝʜʥʠʝ ʚʨʝʤʝʥʘ ʟʘʜʝʨʞʢʠ ʚʨʝʤʝʥ ʚʳʣʝʪʘ ʠ ʧʦʩʘʜʢʠ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ (ɺʉ). ʋʚʝʣʠʯʝʥʠʝ ʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʘʵʨʦʧʦʨʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʨʝʜʥʷʷ ʟʘʜʝʨʞʢʘ ʚʳʣʝʪʦʚ 

ɺʉ ʠʥʦʛʜʘ ʧʨʝʚʳʰʘʝʪ ʩʦʨʦʢ ʤʠʥʫʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʤʦʩʢʦʚʩʢʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʫʟʣʘ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ɺʉ ʦʞʠʜʘʶʪ ʚʳʣʝʪʘ ʩʦ 

ʚʢʣʶʯʝʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʚʳʣʝʪʘ ʫʤʝʥʴʰʘʝʪ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʇʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ɺʇʇ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʤʝʥʝʜʞʝʨʘ ʚʳʣʝʪʦʚ ɺʉ (DMAN). DMAN ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʯʠʩʣʷʪʴ 

ʦʧʪʠʤʘʣʴʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʣʝʪʦʚ ʠ ʦʪʦʙʨʘʞʘʪʴ ʝʝ ʥʘ ʵʢʨʘʥʝ ʚ ʚʠʜʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʜʠʩʧʝʪʯʝʨʘ, ʦʩʪʘʚʣʷʷ ʝʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʪʚʝʨʜʠʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ DMAN ʠʣʠ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʠʭ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʨʘʟʛʨʫʟʠʪʴ 

ʚʥʠʤʘʥʠʝ ʜʠʩʧʝʪʯʝʨʘ, ʩʥʠʟʠʚ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʦʰʠʙʦʯʥʳʭ ʠ 

ʥʠʟʢʦʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. DMAN ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʦʜʥʦʤ ʠʟ ʜʚʫʭ ʨʝʞʠʤʦʚ 

ʨʘʩʯʝʪʘ ʢʣʶʯʝʚʳʭ ʚʨʝʤʝʥʥʳʭ ʤʦʤʝʥʪʦʚ ʧʦʜʛʦʪʦʚʢʠ ɺʉ ʢ ʚʳʣʝʪʫ: ʙʝʟ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʣʝʪʘʶʱʠʭ ɺʉ çʧʝʨʚʳʤ ʧʨʠʰʝʣ ï ʧʝʨʚʳʤ 

ʦʙʩʣʫʞʝʥè (FIFO); ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʣʝʪʘʶʱʠʭ ɺʉ ʧʦ 

ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ɺʇʇ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʨʘʙʦʪʳ DMAN ʤʦʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩ 

ʤʝʥʝʜʞʝʨʦʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʣʝʪʘʶʱʠʤʠ ɺʉ (AMAN). ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʡ 
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AMAN /DMAN ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: AMAN  ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʝʥʥʳʝ 

ʩʣʦʪʳ ʟʘʥʷʪʦʩʪʠ ɺʇʇ ʧʨʠʣʝʪʘʶʱʠʤʠ ɺʉ ʠ ʚʳʯʠʩʣʷʝʪ ʚʨʝʤʝʥʥʳʝ ʩʣʦʪʳ, 

ʩʚʦʙʦʜʥʳʝ ʜʣʷ ʚʳʣʝʪʘʶʱʠʭ ɺʉ. ʉʚʦʙʦʜʥʳʝ ʚʨʝʤʝʥʥʳʝ ʩʣʦʪʳ ʧʝʨʝʜʘʶʪʩʷ ʥʘ 

DMAN. DMAN ʟʘʧʦʣʥʷʝʪ ʠʭ ʚʳʣʝʪʘʶʱʠʤʠ ɺʉ ʚ ʨʘʩʩʯʠʪʘʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʊʘʢʞʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ AMAN /DMAN ʚʦʟʤʦʞʥʦ 

ʦʙʲʝʜʠʥʠʪʴ ʩ ʤʝʥʝʜʞʝʨʦʤ ʤʘʨʰʨʫʪʠʟʘʮʠʠ SMAN (Surface Manager). ɿʘʜʘʯʝʡ 

SMAN ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʨʫʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʞʝʥʠʷ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʘʵʨʦʜʨʦʤʝ ʠ ʦʪʢʨʳʪʦʩʪʠ ʨʫʣʝʞʥʳʭ ʜʦʨʦʞʝʢ. 

ɺʨʝʤʷ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʟʘʜʝʨʞʢʠ ʚʳʣʝʪʘ ʦʜʥʦʛʦ ɺʉ ʧʦʩʣʝ 

ʜʨʫʛʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʚʝʩʦʚʳʭ ʢʘʪʝʛʦʨʠʡ [ɹʝʩʪʫʛʠʥ, 2013]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʨʝʤʷ ʟʘʥʷʪʠʷ ɺʇʇ ʦʯʝʨʝʜʴʶ ʚʳʣʝʪʘʶʱʠʭ ɺʉ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʧʦʨʷʜʢʘ ʩ ʫʯʝʪʦʤ 

ʜʝʣʝʥʠʷ ʥʘ ʚʝʩʦʚʳʝ ʢʘʪʝʛʦʨʠʠ. ɺʳʙʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʚʨʝʤʝʥʝʤ ʟʘʥʷʪʠʷ ɺʇʇ ʩʥʠʞʘʝʪ ʩʨʝʜʥʶʶ ʟʘʜʝʨʞʢʫ ɺʉ, ʚʳʣʝʪʘʶʱʠʭ ʩ ʜʘʥʥʦʡ 

ɺʇʇ ʠ ʧʦʚʳʰʘʝʪ ʝʝ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 

ɺ ʨʦʩʩʠʡʩʢʠʭ ʠ ʙʦʣʴʰʠʥʩʪʚʝ ʤʠʨʦʚʳʭ ʩʠʩʪʝʤ ʆʨɺɼ ʦʪʩʫʪʩʪʚʫʝʪ 

ʬʫʥʢʮʠʦʥʘʣ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʠʩʧʝʪʯʝʨʘ ʚ ʯʘʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ɺʇʇ. ʈʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʷʜʢʘ ʚʳʣʝʪʦʚ ʥʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʧʦʣʥʦʩʪʴʶ ʚʦʟʣʦʞʝʥʘ ʥʘ ʜʠʩʧʝʪʯʝʨʘ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ DMAN ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ [ɻʣʦʙʘʣʴʥʳʡ é, 2016]. 

ʀʥʪʝʨʬʝʡʩ DMAN ʜʦʣʞʝʥ ʜʘʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʩʧʝʪʯʝʨʫ ʙʳʩʪʨʦ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʩʪʘʣʴʥʳʭ ʢʣʶʯʝʚʳʭ ʤʦʤʝʥʪʘʭ ʚʨʝʤʝʥʠ ʮʠʢʣʘ 

ʧʦʜʛʦʪʦʚʢʠ ɺʉ ʢ ʚʳʣʝʪʫ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʆʨɺɼ, DMAN ʚʦʟʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʥʝ ʚ ʚʠʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ, ʘ ʦʪʜʝʣʴʥʳʤ ʤʦʜʫʣʝʤ.  

 

ʄʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʨʷʜʢʘ ʚʳʣʝʪʦʚ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ 

ɺʉ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: ʪʷʞʝʣʳʝ, ʣʝʛʢʠʝ ʠ 

ʩʨʝʜʥʠʝ. ʄʠʥʠʤʘʣʴʥʳʝ ʟʘʜʝʨʞʢʠ ʚʨʝʤʝʥ ʚʳʣʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʦʯʝʨʝʜʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙ. 1 [ʇʨʠʢʘʟ ʄʠʥʪʨʘʥʩʘ é, 2009]. 

 

ʊʘʙʣʠʮʘ 1 ï ʀʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʨʞʠʚʘʪʴ ʤʝʞʜʫ 

ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʣʝʪʘʶʱʠʤʠ ɺʉ 
 

1-ʡ 2-ʡ ʊʷʞʝʣʳʝ ʉʨʝʜʥʠʝ ʃʝʛʢʠʝ 

ʊʷʞʝʣʳʝ 2 2 3 

ʉʨʝʜʥʠʝ 1 1 3 

ʃʝʛʢʠʝ 1 1 1 

 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʠʟ ʪʘʙ. 1, ʨʘʩʩʯʠʪʘʝʤ ʥʘʠʙʦʣʴʰʝʝ ʠ ʥʘʠʤʝʥʴʰʝʝ 

ʚʨʝʤʝʥʘ ʟʘʥʷʪʠʷ ɺʇʇ ʜʣʷ ʥʘʙʦʨʘ ʠʟ 6 ɺʉ, ʠʟ ʢʦʪʦʨʳʭ ʧʦ ʚʝʩʦʚʦʡ ʢʘʪʝʛʦʨʠʠ 2 

ʣʝʛʢʠʭ (ʃ), 2 ʩʨʝʜʥʠʭ (ʉ) ʠ 2 ʪʷʞʝʣʳʭ (ʊ). 

ʇʨʠ ʚʳʣʝʪʘʭ ʚ ʧʦʨʷʜʢʝ [1. ʊ, 2. ʉ, 3. ʃ, 4. ʊ, 5. ʉ, 6. ʃ] ʚʨʝʤʷ ʟʘʥʷʪʠʷ ɺʇʇ 

ʩʦʩʪʘʚʣʷʝʪ 12 ʤʠʥʫʪ. ʇʨʠ ʚʳʣʝʪʘʭ ʚ ʧʦʨʷʜʢʝ [1. ʃ, 2. ʃ, 3. ʊ, 4. ʉ, 5. ʉ, 6. ʊ] 
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ʚʨʝʤʷ ʟʘʥʷʪʠʷ ɺʇʇ ʩʦʩʪʘʚʣʷʝʪ 7 ʤʠʥʫʪ, ʯʪʦ ʤʝʥʴʰʝ ʥʘ 41%. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʷʜʢʘ ʚʳʣʝʪʦʚ ɺʉ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ɺʇʇ. 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ DMAN  

ɸʵʨʦʜʨʦʤ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʠʧʘ M/G/n 

[ʉʦʢʦʣʦʚ, 2010]. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ ʚʨʝʤʝʥʝʤ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʥʘʟʳʚʘʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʚʳʣʝʪʘʶʱʠʤʠ ɺʉ, 

ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1-3 ʤʠʥ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʩʦʚʦʡ ʢʘʪʝʛʦʨʠʠ ɺʉ. 

ʉʪʘʥʦʚʣʝʥʠʝ ɺʉ ʚ ʦʯʝʨʝʜʴ ʥʘ ʚʳʣʝʪ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʟʘʷʚʢʦʡ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʇʦ ɺʉ ʦʜʥʦʡ ʚʝʩʦʚʦʡ ʢʘʪʝʛʦʨʠʠ ʧʦʪʦʢ ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʟʘʷʚʦʢ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʫʘʩʩʦʥʦʚʩʢʠʤ. ʀʪʦʛʦʚʳʡ ʧʦʪʦʢ ʟʘʷʚʦʢ ʷʚʣʷʝʪʩʷ 

ʦʙʲʝʜʠʥʝʥʠʝʤ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʬʦʨʤʠʨʫʝʤʳʭ ʦʪʜʝʣʴʥʦ ʧʦ ʚʝʩʦʚʳʤ 

ʢʘʪʝʛʦʨʠʷʤ ʧʦʪʦʢʦʚ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï DMAN ʢʘʢ ʩʠʩʪʝʤʘ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ ɺʉ ʦʪʜʝʣʴʥʦʡ ʢʘʪʝʛʦʨʠʠ ʟʘʜʘʝʪʩʷ ʢʘʢ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ wi ʥʘ ʦʙʱʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ lʚʭ. ʉʫʤʤʘ ʚʩʝʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʦʣʞʥʘ ʨʘʚʥʷʪʴʩʷ ʝʜʠʥʠʮʝ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʟʘʜʝʨʞʢʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [ʉʦʢʦʣʦʚ, 2010, ʩ. 112] 

 

( )ɚ1ɛ2

ɚ

-
=W ,      (1) 

 

ʟʜʝʩʴ ɚ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʷʚʦʢ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ, ɛ ï ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʚʳʣʝʪʘʤʠ ɺʉ. 

ʆʧʨʝʜʝʣʠʤ ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʢʣʶʯʝʚʳʭ ʚʨʝʤʝʥ. ʉʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʚʳʣʝʪʘ (MTOT). ɺ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ 

ʨʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʨʫʣʝʥʠʷ (EXOT) ʠ ʚʨʝʤʝʥʘ ʠʩʧʦʣʥʝʥʠʷ ʚʩʝʭ ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ 

ʧʨʦʮʝʜʫʨ ʙʝʨʫʪʩʷ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ, ʩ ʫʯʝʪʦʤ ʤʘʨʰʨʫʪʘ ʦʪ ʪʝʢʫʱʝʛʦ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ ʜʦ ʪʦʯʢʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʪʘʨʪʘ. ɼʘʣʝʝ EXOT ʚʳʯʠʪʘʝʪʩʷ 

ʠʟ MTOT ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʷ ʟʘʧʫʩʢʘ ʜʚʠʛʘʪʝʣʝʡ MOBT 

MOBT = MTOT ï EXOT 

 

EXOT = Tʙʫʢ + Tʟʜ + Tʨʫʣ + Tʧʦʦ + T*1 + T*2     (2) 
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ʀʟ ʬʦʨʤʫʣʳ (1) ʚʠʜʥʦ, ʯʪʦ EXOT ʨʘʚʥʷʝʪʩʷ ʩʫʤʤʝ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

ʧʨʦʭʦʞʜʝʥʠʷ ʚʩʝʭ ʧʨʦʮʝʜʫʨ ʧʦʜʛʦʪʦʚʢʠ ɺʉ ʢ ʚʳʣʝʪʫ. ʋʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʮʝʜʫʨʳ: ʙʫʢʩʠʨʦʚʢʘ (Tʙʫʢ), ʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʝʡ (Tʟʜ), ʨʫʣʝʥʠʝ (Tʨʫʣ), 

ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ (Tʧʦʦ), ʟʘʥʷʪʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ (T*1) ʠ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ (T*2) ʩʪʘʨʪʦʚ. ʂʣʶʯʝʚʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʮʠʢʣʘ ʧʦʜʛʦʪʦʚʢʠ 

ɺʉ ʢ ʚʳʣʝʪʫ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʂʣʶʯʝʚʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʮʠʢʣʘ ʧʦʜʛʦʪʦʚʢʠ ɺʉ ʢ ʚʳʣʝʪʫ 

 

ɿʜʝʩʴ ʧʝʨʚʘʷ ʙʫʢʚʘ A ʦʙʦʟʥʘʯʘʝʪ ʬʘʢʪʠʯʝʩʢʦʝ ʚʨʝʤʷ (actual), T (target) ï 

ʮʝʣʝʚʦʝ, E ï ʦʮʝʥʝʥʥʦʝ. AOBT ʠ TOBT ï ʤʦʤʝʥʪʳ ʚʨʝʤʝʥ ʫʙʦʨʢʠ ʢʦʣʦʜʦʢ, 

ASAT ʠ TSAT ï ʟʘʧʫʩʢʘ ʜʚʠʛʘʪʝʣʝʡ, ARDT ï ʥʘʯʘʣʘ ʨʫʣʝʥʠʷ, ACZT ʠ ECZT ï 

ʥʘʯʘʣʘ ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, AEZT ʠ EEZT ï ʢʦʥʮʘ 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ATOT ʠ TTOT ï ʥʘʯʘʣʘ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʪʘʨʪʘ. EDIT ï ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ 

ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, AXOT ʠ EXOT ï ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ 

ʨʫʣʝʥʠʷ. 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

 ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʭʦʜʥʳʭ ʧʦʪʦʢʦʚ ɺʉ 
ʨʘʟʣʠʯʥʳʭ ʚʝʩʦʚʳʭ ʢʘʪʝʛʦʨʠʡ: ɤ1=0.3, ɤ2=0.4, ɤ3=0.3; 

 ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 1.000.000 ʤʠʥ; 

 ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʪʦʛʦʚʦʛʦ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ɺʉ ɚʚʭ 18 

- 37.2 ɺʉ/ʯʘʩ. 

ʇʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ: 

 ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʧʦʪʦʢʦʚ ʟʘʷʚʦʢ ɺʉ ʥʘ ʚʳʣʝʪ ʧʦʩʣʝ ʠ 

ʜʦ ʦʧʪʠʤʠʟʘʮʠʠ, ʩʦ ʩʨʝʜʥʝʡ ʟʘʜʝʨʞʢʦʡ ɺʉ ʚ 15 ʤʠʥ (ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ɺʇʇ); 

 ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʟʘʜʝʨʞʢʘʤʠ ʚʳʣʝʪʦʚ ɺʉ ʧʦʩʣʝ ʠ ʜʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʟʘʜʝʨʞʢʦʡ 

(ʥʘʯʠʥʘʷ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 35 ɺʉ/ʯʘʩ, ʥʘʯʠʥʘʝʪʩʷ ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʩʨʝʜʥʝʡ 

ʟʘʜʝʨʞʢʠ ʚʳʣʝʪʘ ʜʣʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʪʦʢʘ). 
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ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3. 
 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʠʭ ʚʨʝʤʝʥ ʟʘʜʝʨʞʢʠ ʚʳʣʝʪʘ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʳʣʝʪʦʚ ʜʣʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʠ ʥʝʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʦʯʝʨʝʜʝʡ 

 

ɸʥʘʣʠʪʠʯʝʩʢʠ ʩʨʝʜʥʷʷ ʟʘʜʝʨʞʢʘ ʚʳʣʝʪʘ ɺʉ ʚ ʦʙʲʝʜʠʥʝʥʥʦʤ ʧʦʪʦʢʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʬʦʨʤʫʣʝ (1) ʩʨʝʜʥʠʭ 

ʟʘʜʝʨʞʝʢ ɺʉ ʠʩʭʦʜʥʳʭ ʤʦʜʝʣʠʨʫʝʤʳʭ ʧʦʪʦʢʦʚ ɺʉ ʦʜʠʥʘʢʦʚʦʡ ʚʝʩʦʚʦʡ 

ʢʘʪʝʛʦʨʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

ɺʳʚʦʜʳ 

ʇʫʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʠʪʘʪʦʨʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘ ʷʟʳʢʝ C++ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ Qt, ʚʳʷʚʣʝʥʦ 

ʚʦʟʨʘʩʪʘʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ɺʇʇ ʥʘ 2,2 ɺʉ/ʯʘʩ 6,3%. ʊʘʢʞʝ ʜʣʷ 

ʧʦʪʦʢʘ ʟʘʷʚʦʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 30-35 ɺʉ/ʯʘʩ ʦʧʨʝʜʝʣʝʥʦ ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʛʦ 

ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʚʳʣʝʪʦʚ ɺʉ ʥʘ 54-590 ʩʝʢ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ 

ʚʦʟʨʘʩʪʘʥʠʝʤ. 

 

ɼʘʣʴʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʜʘʣʴʥʝʡʰʝʤ ɺʉ ʚʦʟʤʦʞʥʦ ʙʫʜʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʙʦʣʴʰʝʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʚʝʩʦʚʳʭ ʢʘʪʝʛʦʨʠʡ, ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʦʨʤʘʤʠ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ 

ʵʪʦ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ. ʊʘʢ ʞʝ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʚʦʟʤʦʞʥʦ 

ʫʯʠʪʳʚʘʷ ʩʢʦʨʦʩʪʠ ɺʉ. ɺ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ DMAN/AMAN /SMAN. SMAN ʙʫʜʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʨʫʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ɼʝʡʢʩʪʨʳ. ʊʘʢʞʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ DMAN ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʮʝʧʮʠʶ ɸʉ ʆʨɺɼ ʧʷʪʠ ʠʟʤʝʨʝʥʠʡ [ɺʝʜʨʦʚ, ʇʣʷʩʦʚʩʢʠʭ, 

2015], ʧʦʟʚʦʣʷʶʱʫʶ ʥʘʭʦʜʠʪʴ ʙʝʩʢʦʥʬʣʠʢʪʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ɺʉ. ɺ 

ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʧʷʪʠʤʝʨʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʥʦʞʝʩʪʚʦ 
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ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʯʝʪʳʨʝʭʤʝʨʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ɺʉ, ʠʟ ʢʦʪʦʨʦʛʦ ʜʘʣʝʝ 

ʚʳʙʠʨʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʠ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘʷ ʢ ʥʝʡ ʪʨʘʝʢʪʦʨʠʡ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʷ ʩʣʦʞʥʦʩʪʠ ʧʦʣʝʪʥʦʡ ʩʠʪʫʘʮʠʠ ʧʠʣʦʪʫ ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ, ʯʝʤ ʧʨʠ ʰʪʘʪʥʳʭ ʨʝʞʠʤʘʭ. ʆʜʥʘʢʦ, ʵʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʧʠʣʦʪʘ ʠ ʨʦʩʪʫ ʚʝʨʦʷʪʥʦʩʪʠ ʜʦʧʫʱʝʥʠʷ ʠʤ ʦʰʠʙʦʢ ʧʨʠ 

ʫʧʨʘʚʣʝʥʠʠ ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ. ɺ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʷʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʝ, ʢʦʪʦʨʦʝ ʚʳʨʘʞʝʥʦ ʪʝʤ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʣʶʙʦʝ ʫʩʣʦʞʥʝʥʠʝ 

ʩʠʪʫʘʮʠʠ, ʢʘʢ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʪʘʢ ʠ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ, ʧʠʣʦʪ ʦʙʷʟʘʥ ʫʧʨʘʚʣʷʪʴ ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ ʙʝʟʦʧʘʩʥʦ, ʜʘʞʝ ʝʩʣʠ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʥ ʜʦʣʞʝʥ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʧʨʝʚʳʰʘʝʪ 

http://www.consultant.ru/document/cons_doc_LAW_91259/2ff7a8c72de3994f30496a0ccbb1ddafdaddf518/
http://www.consultant.ru/document/cons_doc_LAW_91259/2ff7a8c72de3994f30496a0ccbb1ddafdaddf518/
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ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʠʣʦʪʘ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʦʮʝʥʢʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ ʠ ʝʛʦ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʦʚ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ 

ʘʚʪʦʤʘʪʠʢʠ ʵʢʠʧʘʞʝʤ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʵʪʦ ʚʳʧʦʣʥʷʪʴ, ʧʠʣʦʪʘʤ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʥʘʚʳʢ ʧʦ ʦʙʨʘʙʦʪʢʝ ʩʪʘʪʠʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʢ ʥʠʤ ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ, ʧʠʣʦʪʠʨʦʚʘʥʠʝ, 

ʘʚʪʦʤʘʪʠʢʘ. 
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Abstract. If the complexity of the flight situation increases, the pilot needs to control more 

parameters than in normal modes. However, it leads to a high workload of the pilot and an increase 

in the likelihood of making mistakes when controlling a highly automated aircraft. In such 

situations, there is a contradiction, which is expressed by the fact that, despite any complication of 

the situation, both in the aircraft control circuit and in the air traffic control circuit, the pilot is 

obliged to operate the aircraft safely, even if the number of information signals that he must control 

exceeds the psychophysiological capabilities of the pilot. The article presents the results of a study 

on the evaluation of various methods by which the condition of the aircraft and its control systems 

is determined. The relevance of the study is due to the high requirements for flight safety, which is 

associated with the reservation of automation by the crew. Pilots need to form an integrated skill for 

processing static and dynamic information coming to them from various sources to perform. 

Keywords: information, efficiency, condition assessment, piloting, automation. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʣʝʪʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ 

ʚʦʟʜʫʰʥʦʤ ʩʫʜʥʝ (ɺɸɺʉ) ʧʠʣʦʪ ʥʝ ʟʥʘʝʪ ʧʦʣʦʞʝʥʠʷ ʦʪʢʣʦʥʷʝʤʳʭ ʠʤ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʦʩʪʦʷʥʠʝ ɺʉ, ʠ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʇʠʣʦʪ ʤʦʞʝʪ ʦʮʝʥʠʪʴ ʪʦʣʴʢʦ ʧʦʣʦʞʝʥʠʝ ʰʪʫʨʚʘʣʘ [ʄʠʨʦʰʥʠʯʝʥʢʦ, 2018; 

Megson, 2021; Watkinson, 2004]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ 

ʫʯʘʩʪʚʫʝʪ ʝʱʝ ʠ ʤʥʦʞʝʩʪʚʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʜʝʡʩʪʚʫʶʱʠʭ ʧʦ 

ʟʘʣʦʞʝʥʥʳʤ ʚ ʥʠʭ ʘʣʛʦʨʠʪʤʘʤ. ʆʪʩʣʝʜʠʪʴ ʨʘʙʦʪʫ ʵʪʠʭ ʩʠʩʪʝʤ ʧʠʣʦʪʫ 

ʥʘʧʨʷʤʫʶ ʥʝʚʦʟʤʦʞʥʦ. ʆʜʥʘʢʦ, ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ɺʉ, ʧʦ ʢʦʩʚʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʥʝʦʙʭʦʜʠʤʘ ʚ ʮʝʣʷʭ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 
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ʧʠʣʦʪʦʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʦʣʝʪʘ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʚ ʩʣʫʯʘʷʭ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʘʚʪʦʧʠʣʦʪʦʚ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʣʦʞʥʦʩʪʠ ʧʦʣʝʪʥʦʡ ʩʠʪʫʘʮʠʠ ʧʠʣʦʪʫ ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ. ʆʜʥʘʢʦ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʚʳʩʦʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʧʠʣʦʪʘ ʠ ʨʦʩʪʫ ʚʝʨʦʷʪʥʦʩʪʠ ʜʦʧʫʱʝʥʠʷ ʠʤ ʦʰʠʙʦʢ ʧʨʠ 

ʫʧʨʘʚʣʝʥʠʠ ɺɸɺʉ [Guoqing et. al., 2020; Stewart et. al., 2018; Rosenbaum, 2009; 

Kletz et. al., 2019; Price et. al., 2017]. ɺ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʦʪʠʚʦʨʝʯʠʝ, ʢʦʪʦʨʦʝ ʚʳʨʘʞʝʥʦ ʪʝʤ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʣʶʙʦʝ ʫʩʣʦʞʥʝʥʠʝ 

ʩʠʪʫʘʮʠʠ, ʢʘʢ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ ɺʉ, ʪʘʢ ʠ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ, ʧʠʣʦʪ ʦʙʷʟʘʥ ʫʧʨʘʚʣʷʪʴ ɺʉ ʙʝʟʦʧʘʩʥʦ, ʜʘʞʝ ʝʩʣʠ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʥ ʜʦʣʞʝʥ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, 

ʧʨʝʚʳʰʘʝʪ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʠʣʦʪʘ [ʄʫʨʘʚʴʝʚ ʠ ʜʨ. 2017; 

Fadali, 2013; Latash, 2016]. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʩʦ ʩʪʦʨʦʥʳ ʵʢʠʧʘʞʘ, ʢʦʪʦʨʦʝ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʫʜʦʚʣʝʪʚʦʨʷʣʦ ʙʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʘ ɺɸɺʉ, ʢʘʢ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʘ ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ʥʝ ʧʨʝʚʳʰʘʣʦ ʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʝʥ 

ʦʙʨʘʙʦʪʘʪʴ ʧʠʣʦʪ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

ʇʦʩʢʦʣʴʢʫ ʫʧʨʘʚʣʝʥʠʝ ʩʚʦʠʤ ʚʥʠʤʘʥʠʝʤ ʧʠʣʦʪ ʧʨʦʠʟʚʦʜʠʪ ʧʦ 

ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ, ʪʦ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʠʤʝʥʥʦ 

ʪʦʡ ʛʨʫʧʧʳ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʧʠʩʳʚʘʝʪ 

ʪʝʢʫʱʠʡ ʵʪʘʧ ʧʦʣʸʪʘ ʠ ʩʦʩʪʦʷʥʠʝ ɺʉ ʚ ʥʸʤ [Datta et al., 2004; Hetherington, 2006; 

Wiener et al., 1988;]. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʜʦʣʞʥʘ ʦʪʦʙʨʘʞʘʪʴ ʩʪʘʪʫʩ 

ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʢʠ, ʘ ʜʨʫʛʘʷ ï ʥʝʟʘʚʠʩʠʤʳʝ ʦʪ ʘʚʪʦʤʘʪʠʢʠ ʧʦʢʘʟʘʥʠʷ ʦ ʪʝʢʫʱʝʤ 

ʨʝʞʠʤʝ ʧʦʣʸʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʠʣʦʪʘʤʠ ʩʦʩʪʦʷʥʠʝʤ ɺʉ ʚ ʧʦʣʝʪʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʦʮʝʥʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʧʨʠʥʮʠʧ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʝʞʜʫ 

ʦʪʙʠʨʘʝʤʳʤʠ ʛʨʫʧʧʘʤʠ ʧʨʠʙʦʨʦʚ ʠ ʧʨʠʥʮʠʧ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʦʪʦʙʨʘʥʥʳʝ ʧʠʣʦʪʦʤ ʛʨʫʧʧʳ ʧʨʠʙʦʨʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʦʣʝʪʝ ʜʚʫʭ ʧʨʠʥʮʠʧʦʚ ʦʪʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʝʝ 

ʦʙʨʘʙʦʪʢʠ ʧʠʣʦʪʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʢʦʛʥʠʪʠʚʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʘʣʛʦʨʠʪʤʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʂʀʇɸɼ). ʂʀʇɸɼ ï ʵʪʦ ʧʨʦʮʝʩʩʳ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʦʚ ʟʘ ʩʯʸʪ ʢʦʛʥʠʪʠʚʥʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʪʦʙʨʘʥʥʳʝ ʧʦ ʢʨʠʪʝʨʠʷʤ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠ 

ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʸʪʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʘʣʛʦʨʠʪʤʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʮʝʣʷʭ ʧʦʠʩʢʘ ʩʧʦʩʦʙʦʚ 

ʫʚʝʣʠʯʝʥʠ ̫ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʧʠʣʦʪ ʧʨʠʤʝʪ ʧʨʘʚʠʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦ 

ʚʤʝʰʘʪʝʣʴʩʪʚʝ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠʣʠ ʦ ʙʝʟʜʝʡʩʪʚʠʠ. ʕʪʦ ʚʳʪʝʢʘʝʪ ʠʟ ʪʦʛʦ, ʯʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʣʶʙʦʡ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʧʠʣʦʪʦʤ ʨʝʰʝʥʠʷ ʥʘ ʫʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʥʦʰʝʥʠʠ ʪʦʛʦ, ʯʪʦ ʧʠʣʦʪ ʜʦʣʞʝʥ ʚʠʜʝʪʴ ʚ 

ʧʨʝʜʲʷʚʣʷʝʤʦʤ ʝʤʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʦʣʝ ʢ ʪʦʤʫ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʚʠʜʝʪʴ ʚ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ [Sheridan et al., 1974, ʄʫʨʘʚʴʝʚ ʠ ʜʨ. 2017; Wilson, 

2015; Jaulin, 2015].  
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʧʨʠʤʝʨʘ ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʦʣʝʪʦʤ Boeing 737 (ʩʤ. ʪʘʙʣ. 1) 

ʥʘ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʧʦʣʝʪʘ: 

1) III  ʨʝʞʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʩ ʚʢʣʶʯʝʥʥʳʤ ʘʚʪʦʧʠʣʦʪʦʤ 

ʠ ʩ ʚʢʣʶʯʝʥʥʳʤ ʘʚʪʦʤʘʪʦʤ ʪʷʛʠ, ʵʪʘʧ ʧʦʣʝʪʘ (ʩʤ. ʪʘʙʣ. 1): ʥʘʙʦʨ ʚʳʩʦʪʳ ʧʦʩʣʝ 

ʦʪʨʳʚʘ ʦʪ ɺʇʇ ʧʨʠ ʚʳʧʫʱʝʥʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ; 

2) III  ʨʝʞʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʩ ʚʢʣʶʯʝʥʥʳʤ ʘʚʪʦʧʠʣʦʪʦʤ 

ʠ ʘʚʪʦʤʘʪʦʤ ʪʷʛʠ, ʵʪʘʧ ʧʦʣʝʪʘ (ʩʤ. ʪʘʙʣ. 1): ʚʢʣʶʯʝʥʠʝ ʨʝʞʠʤʘ çɺʝʨʪʠʢʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴè (V/S ï Vertical Speed) ʠ ʫʩʪʘʥʦʚʢʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘʙʦʨʘ 

ʚʳʩʦʪʳ ʧʨʠ ʚʳʧʫʱʝʥʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ. 

ʊʘʙʣʠʮʘ 1 ï ɺʠʜʳ ʨʝʞʠʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ɺʉ ʥʘ 

ʧʨʠʤʝʨʝ ʩʘʤʦʣʝʪʘ Boeing 737 
 

I 

Hand Flown 

/Raw Data 

ʈʫʯʥʦʡ ʨʝʞʠʤ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʩ ʚʳʢʣʶʯʝʥʥʳʤʠ 

ʜʠʨʝʢʪʦʨʥʳʤʠ ʧʣʘʥʢʘʤʠ / ʛʘʩʥʝʪ ʚʩʷ ʧʘʥʝʣʴ 

ʩʠʛʥʘʣʠʟʘʪʦʨʘ ʨʝʞʠʤʦʚ ʧʦʣʝʪʘ (FMA) ʠ 

ʜʠʨʝʢʪʦʨʥʳʝ ʧʣʘʥʢʠ 

II  

Hand Flown 

/Flight 

Guidance 

ʈʫʯʥʦʡ ʨʝʞʠʤ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʩ ʜʠʨʝʢʪʦʨʥʳʤʠ 

ʧʣʘʥʢʘʤʠ/ ʢʦʥʪʨʦʣʴ FMA ʧʨʠ ʧʠʣʦʪʠʨʦʚʘʥʠʠ ʠ 

ʫʩʪʘʥʦʚʢʘ ʨʝʞʠʤʦʚ ʧʦʣʝʪʘ ʥʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʞʠʤʘʤʠ ʘʚʪʦʧʠʣʦʪʘ (MCP) ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ 

ʧʠʣʦʪʦʤ (PM) 

II

I 

Autopilot, 

Autothrottle / 

Flight 

Guidance 

ʈʝʞʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʠʣʦʪʠʨʦʚʘʥʠʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ (AFS) ʩ 

ʚʢʣʶʯʝʥʥʳʤ ʘʚʪʦʧʠʣʦʪʦʤ (AFDS) ʠ ʘʚʪʦʤʘʪʦʤ ʪʷʛʠ 

(A/T) / ʦʙʷʟʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ FMA, ʛʜʝ 

ʧʠʣʦʪʠʨʫʶʱʠʡ ʧʠʣʦʪ (PF) ʩʘʤ ʟʘʜʘʝʪ ʨʝʞʠʤ ʧʦʣʝʪʘ 

ʥʘ MCP 

I

V 

LNAV, 

VNAV / Flight 

Guidance 

ʈʝʞʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʩ 

ʚʢʣʶʯʝʥʥʳʤ ʘʚʪʦʧʠʣʦʪʦʤ (AFDS) ʠ ʘʚʪʦʤʘʪʦʤ ʪʷʛʠ 

(A/T) / ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ, ʚʚʝʜʝʥʥʳʭ ʚ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ (FMC) 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʘʨʠʘʥʪʘ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ˉ 1 ʵʢʠʧʘʞʫ ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʯʝʪʳʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʘ: FMA (Flight Mode 

Annunciator ï ʩʠʛʥʘʣʠʟʘʪʦʨ ʨʝʞʠʤʦʚ ʧʦʣʝʪʘ) ï ʢʦʥʪʨʦʣʴ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʘʚʪʦʧʠʣʦʪʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʜʘʥʥʦʤʫ; ʜʠʩʧʣʝʡ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʛʘʪʝʣʷ ʠ ʩʠʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʵʢʠʧʘʞʘ (PED ï Primary Engine Display) ï 

ʢʦʥʪʨʦʣʴ ʨʘʙʦʪʳ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʯʝʪʥʳʤ ʨʝʞʠʤʦʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ FMS; FMS ï ʢʦʥʪʨʦʣʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʙʦʯʝʡ ʪʷʛʠ ʜʚʠʛʘʪʝʣʝʡ, 

ʦʪʦʙʨʘʞʝʥʥʦʡ ʥʘ PED, ʧʨʝʜʨʘʩʯʝʪʥʦʡ ʪʷʛʝ ʥʘʙʦʨʘ ʚʳʩʦʪʳ; ʢʠʥʝʩʪʝʪʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʴ ʨʳʯʘʛʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷʤʠ (ʈʋɼ) ï ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʠʟʤʝʥʝʥʠʷ ʪʷʛʠ. ʆʜʥʘʢʦ, ʧʨʠʤʝʥʷʷ ʵʣʝʤʝʥʪ ʂʀʇɸɼ, ʘ ʠʤʝʥʥʦ, ʧʨʦʮʝʩʩ 

ʩʦʚʤʝʱʝʥʠʷ ʢʠʥʝʩʪʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʈʋɼ ʠ ʢʦʥʪʨʦʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʙʦʯʝʡ 
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ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ, ʦʪʦʙʨʘʞʝʥʥʦʡ ʥʘ PED, ʧʠʣʦʪ ʫʞʝ ʢʦʥʪʨʦʣʠʨʫʝʪ ʥʝ ʯʝʪʳʨʝ, ʥʦ 

ʪʨʠ ʧʘʨʘʤʝʪʨʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʷ ʙʫʜʝʪ ʚʳʨʘʞʝʥ ʯʝʨʝʟ 

ʦʪʥʦʰʝʥʠʝ ʦʜʠʥ ʢ ʪʨʝʤ (ʩʤ. ʪʘʙʣ. 3), ʘ ʥʝ ʦʜʠʥ ʢ ʯʝʪʳʨʝʤ (ʩʤ. ʪʘʙʣ. 2). 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʘʨʠʘʥʪʘ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ˉ 2, ʘʚʪʦʧʠʣʦʪ AFDS (autopilot 

fight director system ï ʘʚʪʦʧʠʣʦʪ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʸʪʦʤ) ʠ ʘʚʪʦʤʘʪ ʪʷʛʠ 

A/T (Autothrottle) ʨʘʙʦʪʘʶʪ ʥʝ ʩʦʛʣʘʩʦʚʘʥʥʦ, ʘ ʚʳʜʝʨʞʠʚʘʶʪ ʢʘʞʜʳʡ ʩʚʦʠ 

ʧʘʨʘʤʝʪʨʳ. AFDS ʚʳʜʝʨʞʠʚʘʝʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʥʘʙʦʨʘ ʚʳʩʦʪʳ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʪʘʥʛʘʞʘ, ʘ A/T ʚʳʜʝʨʞʠʚʘʝʪ ʧʦʩʪʫʧʘʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ. ɽʩʪʝʩʪʚʝʥʥʦ, ʚ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ï ʨʝʞʠʤʝ 

V/S, ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʢʦʥʬʣʠʢʪʥʘʷ ʩʠʪʫʘʮʠʷ ʤʝʞʜʫ ʘʚʪʦʧʠʣʦʪʦʤ ʠ ʘʚʪʦʤʘʪʦʤ 

ʪʷʛʠ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʚʳʭʦʜʫ ʩʘʤʦʣʝʪʘ ʟʘ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʪʥʦʛʦ ʦʧʨʦʩʘ ʠʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʧʦʜʦʙʥʳʭ 

ʩʠʪʫʘʮʠʷʭ ʧʠʣʦʪ ʢʦʥʪʨʦʣʠʨʫʝʪ ʪʦʣʴʢʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʞʠʤʘ ʥʘ FMA ʟʘʜʘʥʥʦʤʫ 

ʨʝʞʠʤʫ ʧʠʣʦʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʡ 

ʠ ʘʣʛʦʨʠʪʤʠʟʠʨʦʚʘʥʥʳʡ ʧʘʨʘʤʝʪʨ. ʆʜʥʘʢʦ, ʝʩʣʠ ʧʠʣʦʪ ʧʦʥʠʤʘʝʪ, ʯʪʦ ʤʝʞʜʫ 

ʫʧʨʘʚʣʷʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʩʘʤʦʣʝʪʘ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʢʦʥʬʣʠʢʪʥʳʝ ʩʠʪʫʘʮʠʠ ʠ 

ʢ ʯʝʤʫ ʦʥʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ, ʪʦ ʦʥ ʙʫʜʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʫʩʣʦʞʥʝʥʠʝ 

ʧʦʣʝʪʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʂʀʇɸɼ. ʇʦʵʪʦʤʫ 

ʧʠʣʦʪʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʦʚʤʝʱʝʥʠʷ ʠ ʩʪʫʧʝʥʯʘʪʦʛʦ 

ʢʦʥʪʨʦʣʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʦ ʩʦʩʪʦʷʥʠʠ ɺʉ ʚ ʧʦʣʝʪʝ 

ʠ ʥʝ ʧʨʝʚʳʩʠʪʴ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʦʙʲʝʤʫ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʠʣʦʪʫ 

ʧʦʜʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʪʨʝʙʫʶʱʘʷ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʂʀʇɸɼ, ʙʫʜʝʪ ʨʘʚʥʘ ʦʜʠʥ ʢ ʪʨʝʤ (ʩʤ. ʪʘʙʣ. 2), ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʮʝʩʩʦʚ ʂʀʇɸɼ ï ʦʜʠʥ ʢ ʜʚʫʤ (ʩʤ. ʪʘʙʣ. 3). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʧʨʘʚʠʣʴʥʦʡ (F) ʠ ʧʨʘʚʠʣʴʥʦʡ (T) ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʝʜʲʷʚʣʷʝʤʦʡ ʧʠʣʦʪʫ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʥʳʭ ʵʪʘʧʦʚ ʧʦʣʝʪʘ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʧʠʣʦʪʘʤʠ ʧʨʦʮʝʩʩʦʚ ʂʀʇɸɼ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3. 

 

ʊʘʙʣʠʮʘ 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʧʨʘʚʠʣʴʥʦʡ (F) ʠ ʧʨʘʚʠʣʴʥʦʡ (T) ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʝʜʲʷʚʣʷʝʤʦʡ ʧʠʣʦʪʫ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʥʳʭ ʵʪʘʧʦʚ ʧʦʣʝʪʘ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʧʠʣʦʪʘʤʠ ʂʀʇɸɼ 
 

ʉʦʩʪʦʷʥʠ

ʝ 

ɺʉ 

ɺʘʨʠʘʥʪ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ 

ˉ1 

ɺʘʨʠʘʥʪ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ˉ2 

ɺʘʨʠʘʥʪ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ˉ3 

F 1/4 1/3 1/5 

T 3/4 2/3 4/5 
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ʊʘʙʣʠʮʘ 3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʧʨʘʚʠʣʴʥʦʡ (F) ʠ ʧʨʘʚʠʣʴʥʦʡ (T) ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʝʜʲʷʚʣʷʝʤʦʡ ʧʠʣʦʪʫ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʥʳʭ ʵʪʘʧʦʚ ʧʦʣʝʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʣʦʪʘʤʠ ʂʀʇɸɼ 
 

ʉʦʩʪʦʷʥʠʝ 

ɺʉ 

ɺʘʨʠʘʥʪ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ˉ1 

ɺʘʨʠʘʥʪ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ˉ2 

ɺʘʨʠʘʥʪ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ˉ3 

F 1/3 1/2 1/3 

T 3/4 2/3 4/5 

 

ʉʫʱʝʩʪʚʫʝʪ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʦʞʠʜʘʝʤʦʛʦ ʚʳʠʛʨʳʰʘ ʢʘʢʦʛʦ-

ʣʠʙʦ ʧʨʦʮʝʩʩʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [Sheridan et al., 1974]: 

 

          Ὁ ὴὝ ὴὸȿὝὠ ὴὪȿὝὅ ὴὊ ὴὪȿὊὠ ὴὸȿὊὅ             (1) 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʠʛʨʳʰʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ 

ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ɺʉ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ 

ʧʠʣʦʪʦʤ ʩʦʩʪʦʷʥʠʷ ɺʉ ʚ ʧʦʣʝʪʝ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʊʦʛʜʘ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʦʨʤʫʣʳ (1) ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʤʠ: 

 ὴὝ ï ʘʧʨʠʦʨʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ɺʉ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʧʨʘʚʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪ.ʝ. ʥʝ ʚ ʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʦʪʦʨʦʝ ʟʘʜʘʣ ʧʠʣʦʪ ʯʝʨʝʟ 

ʘʚʪʦʤʘʪʠʢʫ; 

 ὴὊ ï ʘʧʨʠʦʨʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ɺʉ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 
ʥʝʧʨʘʚʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪ.ʝ. ʚ ʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʦʪʦʨʦʝ ʟʘʜʘʣ ʧʠʣʦʪ ʯʝʨʝʟ 

ʘʚʪʦʤʘʪʠʢʫ; 

 ὴὸȿὝ, ὴὪȿὝ, ὴὪȿὊ, ὴὸȿὊ ï ʫʩʣʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ Ὢ(ʦ 
ʚʤʝʰʘʪʝʣʴʩʪʚʝ ʚ ʫʧʨʘʚʣʝʥʠʝ) ʠ ὸ (ʦ ʥʝʚʤʝʰʘʪʝʣʴʩʪʚʝ ʚ ʫʧʨʘʚʣʝʥʠʝ) ʧʠʣʦʪʦʚ 
ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʪʦʷʥʠʷʭ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ Ὂ (ʦʪʣʠʯʘʶʱʝʤʩʷ ʦʪ 

ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ) ʠ Ὕ (ʟʘʜʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ); 

 ὠ ï ʚʳʠʛʨʳʰ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʙʝʟʜʝʡʩʪʚʠʠ ʧʠʣʦʪʘ ʚ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ; 

 ὠ ï ʚʳʠʛʨʳʰ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʫʧʨʘʚʣʝʥʠʝ ʚ 

ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʧʠʣʦʪʠʨʦʚʘʥʠʷ;  

 ὅ ï ʧʨʦʠʛʨʳʰ ʚ ʩʣʫʯʘʝ ʥʝʥʫʞʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʫʧʨʘʚʣʝʥʠʝ ʚ 

ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʧʠʣʦʪʠʨʦʚʘʥʠʷ; 

 ὅ ï ʧʨʦʠʛʨʳʰ ʚ ʙʝʟʜʝʡʩʪʚʠʠ ʧʠʣʦʪʘ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ 

ʚʤʝʰʘʪʴʩʷ ʚ ʫʧʨʘʚʣʝʥʠʝ. 

 

ɼʠʩʢʫʩʩʠʷ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʫʩʣʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ὴὪȿὝ, ὴὪȿὊȟ ʥʝʦʙʭʦʜʠʤʦ 
ʧʨʦʠʟʚʝʩʪʠ ʩ ʜʘʥʥʳʤʠ ʪʘʙʣʠʮ 2 ʠ 3 ʨʷʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ 

ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 2. ɼʣʷ ʵʪʦʛʦ ʚʩʝ ʜʨʦʙʠ ʚ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʤ ʢ ʦʙʱʝʤʫ 

ʟʥʘʤʝʥʘʪʝʣʶ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ Ὣ φπ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʤ ʥʦʚʫʶ ʪʘʙʣʠʮʫ (ʩʤ. 
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ʪʘʙʣ. 4), ʚ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʟʘʧʠʩʘʥʳ ʥʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʠʪʝʣʝʡ ʚʩʝʭ 

ʜʨʦʙʝʡ, ʨʘʥʝʝ ʧʨʠʚʝʜʝʥʥʳʭ ʢ ʦʙʱʝʤʫ ʟʥʘʤʝʥʘʪʝʣʶ, ʟʘʧʠʩʘʥʥʳʭ ʢʘʞʜʘʷ ʚ ʩʚʦʝʡ 

ʩʪʨʦʢʝ ʠ ʩʪʦʣʙʮʝ ʪʦʣʴʢʦ ʙʝʟ ʟʥʘʤʝʥʘʪʝʣʷ. ʊʘʢʞʝ ʚ ʵʪʦʡ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʪʥʦʰʝʥʠʷ ʵʪʠʭ ʥʘʙʣʶʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʩʨʝʟ ὒὼ. 

 

ʊʘʙʣʠʮʘ 4 ï ʅʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʦʚ ʧʦʣʝʪʘ, ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʞʠʤʦʚ ʜʣʷ ʢʦʪʦʨʳʭ ʜʘʥʳ ʚ ʪʘʙʣ. 2 
 

ʋʩʣʦʚʥʳʝ 

ʚʝʨʦʷʪʥʦʩʪʠ 

ɺʘʨʠʘʥʪ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ 

ˉ1 

ɺʘʨʠʘʥʪ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ˉ2 

ɺʘʨʠʘʥʪ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ 

ˉ3 

P(x|F) 15 20 12 

P(x|T) 45 40 48 

ὒὼ
ὖὼȿὊ

ὖὼȿὝ
 0.33 0.5 0.25 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ ʦʪʥʦʰʝʥʠʷ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ çʂè. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʘʧʨʠʦʨʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ὴὝ, 

ὴὊ, ʘ ʪʘʢʞʝ ʚʳʠʛʨʳʰʠ ʠ ʧʨʦʠʛʨʳʰʠ ὠ, ὠ, ὅ, ὅ. ʇʦʩʢʦʣʴʢʫ ʜʦ ʧʨʦʚʝʜʝʥʠʷ 

ʢʘʢʠʭ-ʣʠʙʦ ʜʝʡʩʪʚʠʡ ʥʝʠʟʚʝʩʪʥʦ ʧʦʚʝʜʝʥʠʝ ʧʠʣʦʪʘ, ʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ὴὝ  ὴὊ πȢυ. ɸ ʚʳʠʛʨʳʰʠ ʠ ʧʨʦʠʛʨʳʰʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 
ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ὠ ρ, ὠ τ, ὅ ρ, ὅ ρ. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʠʣʦʪʠʨʦʚʘʥʠʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʪʥʳʭ ʦʧʨʦʩʦʚ ʠ [Fishburn, 1970] ʧʠʣʦʪʳ ʧʨʠ 

ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʥʘ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʝʣʘʶʪ ʩʪʘʚʢʫ ʥʘ ʜʦʚʝʨʠʝ 

ʘʚʪʦʤʘʪʠʢʝ. ʇʦʵʪʦʤʫ ὠ ï ʚʳʠʛʨʳʰ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ 

ʫʧʨʘʚʣʝʥʠʝ ʚ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ï ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʢʨʠʪʝʨʠʝʤ ʙʝʟʦʧʘʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ɺʉ ʜʣʷ ʧʠʣʦʪʘ. ɺʤʝʰʘʪʝʣʴʩʪʚʦ ʚ 

ʫʧʨʘʚʣʝʥʠʝ ʩʣʝʜʫʝʪ ʪʦʣʴʢʦ ʯʝʨʝʟ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʧʠʣʦʪʘʤʠ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʟʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠ ʜʘʥʘ ʪʘʢʘʷ ʚʳʩʦʢʘʷ ʦʮʝʥʢʘ 

ʚʝʣʠʯʠʥʝ ὠ. ɿʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ çʂè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [Sheridan et al., 1974] 

ʙʫʜʝʪ ʩʣʝʜʫʶʱʠʤ: 

 

ὑ
Ȣ

Ȣ
πȢτ. 

 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʩʯʝʪʦʚ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ὴὸȿὝ, 

ὴὪȿὝ, ὴὪȿὊ, ὴὸȿὊ: 

 

ὴὪȿὊ
В ȿ

ρȾσ, ὴὪȿὝ
В ȿ

ςȾσ, 

 

ὴὸȿὝ ρ ρȾσ, ὴὸȿὊ ρ ςȾσ. 

 

ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʤʤʘ ʚʩʝʭ ʟʥʘʯʝʥʠʡ 
ВὴὼȿὊ ̉ ВὴὼȿὝ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʯʠʩʣʠʪʝʣʝ, ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 
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ʪʦʣʴʢʦ ʪʝʤ ʚʝʣʠʯʠʥʘʤ ʩʨʝʟʘ ὒὼ
ȿ

ȿ
, ʢʦʪʦʨʳʝ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʳ ʚʝʣʠʯʠʥʝ 

ʢʨʠʪʝʨʠʷ çʂè (ʩʤ. ʨʠʩ. 1). 

ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʠʣʦʪʦʤ ɺʉ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʧʦʣʝʪʘ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦ ʬʦʨʤʫʣʝ (1): 

 

Ὁ πȢυ ρ ρ πȢυ τ ρḙπȢςπ. 
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ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʣʷ ʦʪʥʦʰʝʥʠʡ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʚ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʘ ʙʝʟ ʦʧʦʨʳ ʧʠʣʦʪʦʤ ʥʘ ʧʨʦʮʝʩʩʳ 

ʂʀʇɸɼ 

 

ʆʧʨʝʜʝʣʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ ʧʠʣʦʪʦʤ ʩʦʩʪʦʷʥʠʷ ɺʉ ʧʨʠ 

ʧʠʣʦʪʠʨʦʚʘʥʠʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʠʣʦʪʦʤ 

ʧʨʦʮʝʩʩʦʚ ʂʀʇɸɼ (ʩʤ. ʪʘʙʣ. 5 ʠ ʨʠʩ. 2). ɿʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ çʂè 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [Sheridan et al., 1974] ʙʫʜʝʪ ʩʣʝʜʫʶʱʠʤ: 

 

ὑ
Ȣ

Ȣ
πȢυ. 

 

ɿʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥ ʚʳʠʛʨʳʰʘ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʙʝʟʜʝʡʩʪʚʠʠ ʠ ʧʨʦʠʛʨʳʰʘ 

ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʙʝʟʜʝʡʩʪʚʠʠ ʧʦʚʳʰʘʶʪ ʩʚʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩʳ 

ʂʀʇɸɼ ʢʘʢ ʙʳ ʚʦʟʚʨʘʱʘʶʪ ʧʠʣʦʪʘ ʚ ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ 

ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ɺʉ ʧʠʣʦʪ ʦʧʠʨʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʨʝʟʫʣʴʪʘʪ ʟʨʠʪʝʣʴʥʦʛʦ 

ʢʘʥʘʣʘ, ʥʦ ʠ ʥʘ ʤʳʩʣʠʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʛʥʦʟ 

ʨʘʟʚʠʪʠʷ ʩʠʪʫʘʮʠʠ. ʇʦʪʦʤʫ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [Fishburn, 1970] ʨʠʩʢʠ ʥʘ 

ʙʝʟʜʝʡʩʪʚʠʝ ʚ ʣʶʙʦʤ ʠʟ ʜʚʫʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʝʚ (ὅ, ὅ) ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 
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ʊʘʙʣʠʮʘ 5 ï ʅʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʦʪʥʦʰʝʥʠʷ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʧʦʣʝʪʘ, ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʨʝʞʠʤʦʚ ʜʣʷ ʢʦʪʦʨʳʭ ʜʘʥʳ ʚ ʪʘʙʣ. 3 
 

ʋʩʣʦʚʥʳʝ 

ʚʝʨʦʷʪʥʦʩʪʠ 

ɺʘʨʠʘʥʪ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ˉ1 

ɺʘʨʠʘʥʪ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ˉ2 

ɺʘʨʠʘʥʪ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ˉ3 

P(x|F) 20 30 20 

P(x|T) 45 40 48 

ὒὼ
ὖὼȿὊ

ὖὼȿὝ
 0.44 0.76 0.41 
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ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʣʷ ʦʪʥʦʰʝʥʠʡ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʚ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʣʦʪʦʤ 

ʧʨʦʮʝʩʩʦʚ ʂʀʇɸɼ 

 

ɼʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ ʧʨʠʚʦʜʷʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʨʝʟʫʣʴʪʘʪʫ: 

 

ὴὪȿὊ ρȾς, ὴὪȿὝ ςȾσ, ὴὸȿὝ ρ ρȾς, 

 

ὴὸȿὊ ρ ρȾσ. 

 

Ὁ πȢυ ς ρ πȢυ τ ρḙπȢυπ. 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ɺʉ 

ʧʠʣʦʪʦʤ ʚ ʧʦʣʝʪʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʘʪʠʯʝʩʢʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʥʠʤʘʥʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʠ, ʙʝʟʫʩʣʦʚʥʦ, ʚʣʠʷʝʪ ʥʘ 
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ʢʘʯʝʩʪʚʦ ʧʠʣʦʪʠʨʦʚʘʥʠʷ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʮʝʥʢʠ ʧʠʣʦʪʦʤ ʩʦʩʪʦʷʥʠʷ ɺʉ ʧʦ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʫʞʝ ʥʝ ʠʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠ ʘʣʛʦʨʠʪʤʠʟʠʨʦʚʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʠʜʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʵʪʦʤʫ ʧʠʣʦʪʫ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʫʛʠʭ ʢʦʛʥʠʪʠʚʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘʥʷʪʴ ʢʦʥʪʨʦʣʴ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʣʝʪʘ ʧʨʠ ʚʳʧʘʜʝʥʠʠ ʠʟ 

ʢʦʥʪʫʨʘ ʚʥʠʤʘʥʠʷ ʧʠʣʦʪʘ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʨʘʚʥʝʥʠʠ 

ʪʝʤʧʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʦʩʪʘʚʰʠʭʩʷ ʚ ʢʦʥʪʫʨʝ ʚʥʠʤʘʥʠʷ ʧʠʣʦʪʘ. ʊʘʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʢʦʛʥʠʪʠʚʥʦʡ ʧʨʠʚʷʟʢʠ ʢ ʪʝʢʫʱʝʡ 

ʠʥʬʦʨʤʘʮʠʠ (ʂʇʀ). 

ɺ ʦʩʥʦʚʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʦʮʝʥʢʘ ʧʠʣʦʪʦʤ ʩʦʩʪʦʷʥʠʷ ɺɸɺʉ 

ʯʝʨʝʟ ʢʦʥʪʨʦʣʴ ʚʟʘʠʤʦʩʚʷʟʠ ʪʝʤʧʦʚ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʝʪʘ ɺʉ. 

ʂʦʥʪʨʦʣʴ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʢʠ ʜʦʣʞʝʥ ʧʨʦʠʩʭʦʜʠʪʴ ʯʝʨʝʟ ʢʦʩʚʝʥʥʳʝ ʟʨʠʪʝʣʴʥʳʝ 

ʢʘʥʘʣʳ: ʜʣʷ ʩʢʦʨʦʩʪʠ ʦʪʥʦʩʷʪʩʷ ʢʘʥʘʣ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʠʣʦʪ ʦʪʩʣʝʞʠʚʘʝʪ ʪʝʤʧ 

ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʜʠʩʧʣʝʝ PFD ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʳʭ ʦʙʦʨʦʪʦʚ 

ʜʚʠʛʘʪʝʣʷ ʥʘ ʜʠʩʧʣʝʝ PED, ʘ ʪʘʢʞʝ ʢʘʥʘʣ ʪʝʤʧʘ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʪʘʥʛʘʞʘ (ʠʣʠ 

ʫʛʣʘ ʘʪʘʢʠ) ʥʘ ʜʠʩʧʣʝʝ PFD ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ. ʇʨʦʮʝʩʩʳ 

ʂʇʀ ʩʚʦʜʷʪʩʷ ʢ ʦʙʥʘʨʫʞʝʥʠʶ ʧʦʩʪʫʧʘʶʱʠʭ ʢ ʧʠʣʦʪʫ ʩʠʛʥʘʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʠ ʩʨʘʚʥʝʥʠʠ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ: 

 ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʦʙʩʪʚʝʥʥʦʡ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ; 

 ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ, 
ʙʣʠʞʘʡʰʝʛʦ ʧʦ ʚʟʘʠʤʦʩʚʷʟʠ ʧʘʨʘʤʝʪʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʷʪʴ ʵʪʘʧʦʚ ʧʦʣʝʪʘ: ʚʳʜʝʨʞʠʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʚʳʩʦʪʳ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʝʪʝ, ʚʳʜʝʨʞʠʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʚʳʩʦʪʳ ʚ ʥʘʙʦʨʝ ʚʳʩʦʪʳ ʠʣʠ 

ʥʘ ʩʥʠʞʝʥʠʠ, ʚʳʜʝʨʞʠʚʘʥʠʝ ʢʫʨʩʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʧʦʣʝʪʘ. ʋʩʣʦʚʠʷ ʜʣʷ 

ʚʳʜʝʨʞʠʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʩʣʫʯʘʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʘʚʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ɺʉ (F) ʩʣʝʜʫʶʱʠʝ: 1) ʥʘʣʠʯʠʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʘʥʛʘʞʘ; 2, 3) ʠʟʤʝʥʝʥʠʝ ʪʘʥʛʘʞʘ ʚ ʩʪʦʨʦʥʫ, ʩʦʧʫʪʩʪʚʫʶʱʫʶ 

ʫʚʝʣʠʯʝʥʠʶ ʠʣʠ ʫʤʝʥʴʰʝʥʠʶ ʩʢʦʨʦʩʪʠ, ʩʪʨʝʤʷʱʝʝʩʷ ʢ ʟʘʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ; 4, 

5) ʨʦʩʪ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʦʙʦʨʦʪʦʚ ʜʚʠʛʘʪʝʣʝʡ ʚ ʩʪʦʨʦʥʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʟʘʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʩʢʦʨʦʩʪʠ. ʋʩʣʦʚʠʷ ʜʣʷ ʚʳʜʝʨʞʠʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʩʣʫʯʘʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ɺʉ 

(T) ʩʣʝʜʫʶʱʠʝ: ʢ ʧʘʨʘʤʝʪʨʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʘʚʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ɺʉ (F) 

ʜʦʙʘʚʣʷʝʪʩʷ ʝʱʝ ʦʜʠʥ ʧʘʨʘʤʝʪʨ ï ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʙʦʨʦʪʦʚ ʜʚʠʛʘʪʝʣʝʡ 

(ʩʤ. ʪʘʙʣ. 6). ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʤʘʪ. ʤʦʜʝʣʴ ʫʩʣʦʚʠʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ɺʉ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩʦʚ ʂʇʀ ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘʣʘ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʦʮʝʩʩ ʚ 

ʚʠʜʝ ʜʨʦʙʠ, ʚ ʯʠʩʣʠʪʝʣʝ ʢʦʪʦʨʦʡ ʩʪʦʠʪ ʝʜʠʥʠʮʘ, ʘ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʩʣʦʚʠʡ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʦʷʥʠʝ ɺʉ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʅʘʪʫʨʥʳʡ ʩʤʳʩʣ ʝʜʠʥʠʮʳ ʚ ʯʠʩʣʠʪʝʣʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʪʦ, ʯʪʦ ʧʠʣʦʪ ʦʧʨʝʜʝʣʷʝʪ 

ʩʦʩʪʦʷʥʠʝ ɺʉ ʧʦ ʦʜʥʦʤʫ ʠʟ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʪʦʷʱʠʭ ʚ ʟʥʘʤʝʥʘʪʝʣʝ 

ʜʨʦʙʠ (ʩʤ. ʪʘʙʣ. 6). 
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ʊʘʙʣʠʮʘ 6 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʧʨʘʚʠʣʴʥʦʡ (F) ʠ ʧʨʘʚʠʣʴʥʦʡ (T) ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʝʜʲʷʚʣʷʝʤʦʡ ʧʠʣʦʪʫ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʥʳʭ ʵʪʘʧʦʚ ʧʦʣʝʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʣʦʪʘʤʠ ʢʦʛʥʠʪʠʚʥʦʡ ʧʨʠʚʷʟʢʠ ʢ ʪʝʢʫʱʝʡ ʠʥʬʦʨʤʘʮʠʠ 

 

ʉ
ʦ
ʩ
ʪ
ʦ
ʷ
ʥ
ʠ
ʝ
 
ɺ
ʉ

 ɺʳʜʝʨʞʠ

ʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʧʦʣʝʪʝ 

ɺʳʜʝʨʞ

ʠʚʘʥʠʝ ʚʳʩʦʪʳ 

ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ

ʤ ʧʦʣʝʪʝ 

ɺʳʜʝʨʞʠʚʘʥ

ʠʝ ʩʢʦʨʦʩʪʠ 

ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʳ

ʭ ʨʝʞʠʤʘʭ 

ɺʳʜʝʨʞʠʚʘʥʠʝ 

ʚʳʩʦʪʳ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʨʝʞʠʤʘʭ 

ɺr ʜʝʨʞʠʚʘʥʠʝ 

ʢʫʨʩʘ ʥʘ 

ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʘʭ 

V 

const 

V 

Źʠʣʠŷ 

H 

const 

H 

Źʠʣʠŷ 

V 

const 

V 

Źʠʣʠ

ŷ 

H 

const 

H 

Źʠʣʠŷ 

ʢʫʨʩ 

const 

ʢʫʨʩ 

Źʠʣʠŷ 

F 1/5 1/4 1/5 1/4 1/6 1/4 1/6 1/4 1/4 1/3 

T 1/6 1/5 1/6 1/6 1/9 1/8 1/9 1/8 1/5 1/4 
 

ɼʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʦ ʫʩʣʦʚʠʷʤ ʬʦʨʤʫʣʳ (1). ʇʨʠʚʝʜʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʧʨʘʚʠʣʴʥʦʡ (F) ʠ ʧʨʘʚʠʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (T) ʢ 

ʦʙʱʝʤʫ ʟʥʘʤʝʥʘʪʝʣʶ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʝʟʘ ὒὼ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 7. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʣʷ ʦʪʥʦʰʝʥʠʡ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʚ ʩʣʫʯʘʝ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʣʦʪʦʤ ʧʨʦʮʝʩʩʦʚ ʂʇʀ ʦʪʨʘʞʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 3. ɿʘʤʝʯʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʨʠʪʝʨʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʩʦʩʪʦʷʪ ʚ 

ʩʣʝʜʫʶʱʝʤ. ɸʧʨʠʦʨʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʠʣʠ 

ʧʨʘʚʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ  ὴὊȟὴὝ ʚʳʙʨʘʥʳ ʨʘʚʥʳʤʠ 0.25 ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʟʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʧʨʠ ʦʮʝʥʢʝ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʝʪʘ. ɸ ʚʳʠʛʨʳʰʠ ʠ ʧʨʦʠʛʨʳʰʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ὠ σ, ὠ ς, ὅ ς, ὅ ρ.  

 

ʊʘʙʣʠʮʘ 7 ï ʋʩʣʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʦʚ ʧʦʣʝʪʘ, ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʞʠʤʦʚ ʜʣʷ ʢʦʪʦʨʳʭ ʜʘʥʳ ʚ ʪʘʙʣ. 6 

 

ʋ
ʩ
ʣ
ʦ
ʚ
ʥ
ʳ
ʝ

  

ʚ
ʝ
ʨ
ʦ
ʷ
ʪ
ʥ
ʦ
ʩ
ʪ
ʠ

 

ɺʳʜʝʨʞʠʚʘʥ

ʠʝ ʩʢʦʨʦʩʪʠ 

ʚ 

ʛʦʨʠʟʦʥʪʘʣʴ

ʥʦʤ ʧʦʣʝʪʝ 

ɺʳʜʝʨʞʠʚʘʥʠʝ 

ʚʳʩʦʪʳ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ

ʤ ʧʦʣʝʪʝ 

ɺʳʜʝʨʞʠʚʘʥʠ

ʝ ʩʢʦʨʦʩʪʠ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʨʝʞʠʤʘʭ 

ʂʦʥʪʨʦʣʴ 

ʚʳʩʦʪʳ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʨʝʞʠʤʘʭ 

ʂʦʥʪʨʦʣʴ ʠ 

ʚʳʜʝʨʞʠʚʘʥʠʝ 

ʢʫʨʩʘ ʥʘ 

ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʘʭ 

V 

const 

V 

Źʠʣʠ

ŷ 

H 

const 

H 

Źʠʣʠŷ 

V 

const 

V 

Źʠʣʠŷ 

H 

const 

H 

Źʠʣʠŷ 

ʢʫʨʩ 

const 

ʢʫʨʩ 

Źʠʣʠŷ 

P

(x|F) 
72 90 72 90 60 90 60 90 90 120 

P

(x|T) 
60 72 45 60 40 45 45 45 72 90 

ὒὼ 1.20 1.25 1.6 1.5 1.5 2 1.33 2 1.25 1.33 
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0.55
0.50

0.45
0.40
0.35
0.30

0.25
0.20
0.15
0.10

0.05

0.2   0.6   1.0   1.4   1.8   2.2

P

L(x)

P(L|T)

P(L|F) K= 1.67

f t

 
 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʣʷ ʦʪʥʦʰʝʥʠʡ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʚ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʣʦʪʦʤ 

ʧʨʦʮʝʩʩʦʚ ʢʦʛʥʠʪʠʚʥʦʡ ʧʨʠʚʷʟʢʠ ʢ ʪʝʢʫʱʝʡ ʠʥʬʦʨʤʘʮʠʠ 

 

ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʦʠʛʨʳʰ ʚ ʩʣʫʯʘʝ ʥʝʥʫʞʥʦʛʦ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʨʘʚʥʠʚʘʝʪʩʷ ʢ ʚʳʠʛʨʳʰʫ ʚ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʫʧʨʘʚʣʝʥʠʝ ʚ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʧʠʣʦʪʠʨʦʚʘʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʮʝʥʢʠ ʪʝʢʫʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʨʘʚʥʠʚʘʝʪ 

ʵʪʠ ʜʚʘ ʧʨʦʮʝʩʩʘ, ʪ.ʢ. ʚ ʥʠʭ ʥʝ ʪʨʝʙʫʝʪʩʷ ʵʣʝʤʝʥʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʅʘʧʨʦʪʠʚ, 

ʚʳʠʛʨʳʰ ʦʪ ʧʨʘʚʠʣʴʥʦʛʦ ʙʝʟʜʝʡʩʪʚʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ ʪʨʝʥʜʘ 

ʦʪʩʣʝʞʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʦʵʪʦʤʫ ʦʥ ʯʠʩʣʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʧʨʦʠʛʨʳʰ ʦʪ 

ʙʝʟʜʝʡʩʪʚʠʷ, ʥʘ ʤʝʩʪʝ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪʩʷ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʫʧʨʘʚʣʝʥʠʝ 

ʘʚʪʦʤʘʪʠʢʦʡ ɺʉ. ʇʦʵʪʦʤʫ ʢʨʠʪʝʨʠʡ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʨʘʚʝʥ: 

 

ὑ
Ȣ

Ȣ
ρȢφχ. 

 

ɼʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ ʧʨʠʚʦʜʷʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʨʝʟʫʣʴʪʘʪʫ: 

 

ὴὪȿὊ , ὴὪȿὝ , ὴὸȿὝ , ὴὸȿὊ , 

 

Ὁ πȢςυ σ ς πȢςυπȢυ ς πȢυḙπȢψρ. 

 

ʈʝʟʫʣʴʪʘʪʳ 

ʀʟ ʨʘʩʯʝʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʧʠʣʦʪʦʤ 

ʩʦʩʪʦʷʥʠʷ ɺʉ ʧʨʠ ʧʠʣʦʪʠʨʦʚʘʥʠʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʙʝʟ ʦʧʦʨʳ ʥʘ 

ʧʨʦʮʝʩʩʳ ʂʀʇɸɼ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ 20%. ʈʦʩʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ 

ʧʠʣʦʪʦʤ ʩʦʩʪʦʷʥʠʷ ɺʉ ʧʨʠ ʧʠʣʦʪʠʨʦʚʘʥʠʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʤʝʪʦʜʘ, 

ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʧʨʦʮʝʩʩʳ ʂʀʇɸɼ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʦʮʝʥʢʠ 

ʧʠʣʦʪʦʤ ʩʦʩʪʦʷʥʠʷ ɺʉ ʧʨʠ ʧʠʣʦʪʠʨʦʚʘʥʠʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʙʝʟ ʦʧʦʨʳ 

ʥʘ ʧʨʦʮʝʩʩʳ ʂʀʇɸɼ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 30%. ɸ ʨʦʩʪ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʧʠʣʦʪʦʤ ʩʦʩʪʦʷʥʠʷ ɺʉ ʧʨʠ ʧʠʣʦʪʠʨʦʚʘʥʠʠ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʣʦʪʦʤ ʧʨʦʮʝʩʩʦʚ ʂʇʀ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ ʧʠʣʦʪʦʤ ʩʦʩʪʦʷʥʠʷ ɺʉ ʧʨʠ 

ʧʠʣʦʪʠʨʦʚʘʥʠʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʦʧʦʨʦʡ ʥʘ ʧʨʦʮʝʩʩʳ ʂʇʀ 

ʘʣʛʦʨʠʪʤʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 30%. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ɺʉ ʠ ʝʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʢʦʩʚʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʂʀʇɸɼ ʠ ʧʨʦʮʝʩʩʳ ʂʇʀ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʝʜʠʥʷʪʴ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʮʝʥʢʠ 

ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʧʦʣʝʪʘ. 

ʆʜʥʘʢʦ, ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʂʀʇɸɼ ʠ ʂʇʀ ʪʨʝʙʫʝʪ ʦʪ ʧʠʣʦʪʦʚ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʥʘʚʳʢʘ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ɺʉ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʦʙʫʯʘʝʤʳʭ 

ʧʠʣʦʪʦʚ ʧʦʜʦʙʥʳʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʥʘʚʳʢ ʧʦ ʦʙʨʘʙʦʪʢʝ ʩʪʘʪʠʯʝʩʢʦʡ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʦʣʝʪʝ, ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʣʝʪʥʦʛʦ ʦʙʫʯʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʣʝʪʦʚ ʥʘ ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʚʦʟʜʫʰʥʳʭ 

ʩʫʜʘʭ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʧʦ ʧʝʨʝʭʦʜʫ ʦʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢ ʨʫʯʥʦʤʫ ʠ 

ʥʘʦʙʦʨʦʪ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤ ʨʦʩʪʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʧʠʣʦʪʘ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʧʠʣʦʪʘ ʦʪ ʦʙʷʟʘʥʥʦʩʪʝʡ, ʚʢʣʶʯʘʶʱʠʭ ʪʘʢʪʠʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ 

ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʝʨʝʛʨʫʟʦʢ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦ ʦʙʫʯʝʥʠʶ 

ʧʠʣʦʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʢʦʛʥʠʪʠʚʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʘʣʛʦʨʠʪʤʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʧʨʦʮʝʩʩʳ ʢʦʥʪʨʦʣʷ ʧʠʣʦʪʦʤ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʚ ʧʦʣʝʪʝ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʩʬʦʨʤʠʨʦʚʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʥʘʚʳʢ ʫ ʧʠʣʦʪʘ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʢʘʢ 

ʩʪʘʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʠʣʦʪʘʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʤʦʣʝʪʦʚ ʧʦ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʦʙʫʯʝʥʠʷ, ʥʘʚʳʢ, ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʩʪʠʤʫʣ, 

ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. 
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Abstract. Performing flights on highly automated aircraft, there is a problem with the 

transition from automatic control to manual and vice versa. On the one hand, it is due to a high 

increase in the information workload of the pilot, his releasing from duties involving tactile 

perception of controls and overloads of the aircraft. The developed method for training pilots using 

the processes of cognitive-information converters of activity algorithms does not take into account 

the processes of pilot control of the dynamic characteristics of the state of the aircraft in flight. The 

article proposes a new method that allows the formation of an integrated skill in the pilot, which 

takes into account both static and dynamic characteristics of the state of the aircraft. The relevance 

of the study is due to the high requirements for the pilots of modern aircraft to reserve automated 

systems. 

Keywords: teaching method, skill, information processing, stimulus, control effect. 

 

ɺʚʝʜʝʥʠʝ 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʚʳʢʦʚ ʧʦ 

ʧʠʣʦʪʠʨʦʚʘʥʠʶ ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʘʤʦʣʝʪʘʤʠ. ʅʘʧʨʠʤʝʨ, ʢ ʥʠʤ 

ʦʪʥʦʩʷʪ ʤʝʪʦʜ ʧʨʠʤʝʥʝʥʠʷ ʢʦʛʥʠʪʠʚʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʘʣʛʦʨʠʪʤʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʂʀʇɸɼ) ʧʠʣʦʪʦʚ [ʄʫʨʘʚʴʝʚ ʠ ʜʨ., 2017; 

ʄʠʨʦʥhʠʯʝʥʢʦ, 2017; Kovalenko, Smurov, 2017]. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʚʳʢ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʢʦʥʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʙʦʨʥʦʡ ʠ ʠʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʝʟ ʧʦʪʝʨʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʠʣʦʪʦʤ ʦʮʝʥʢʠ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ [Kletz et al., 2019; 

Megson, 2021; Guoqing et al., 2020]. ʇʨʠʤʝʥʝʥʠʝ ʂʀʇɸɼ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʠ ʢʦʥʪʨʦʣʝ ʨʝʞʠʤʦʚ 

ʧʦʣʝʪʘ ʧʨʠ:  

 ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʢʦʥʪʨʦʣʷ ʧʨʠʙʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ;  

 ʩʦʚʤʝʱʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʠ 
ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʢʦʥʪʨʦʣʷ ʧʨʠʙʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ;  

 ʩʦʚʤʝʱʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʙʝʟ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʧʨʠ ʢʦʥʪʨʦʣʝ ʧʨʠʙʦʨʥʦʡ 
ʠʥʬʦʨʤʘʮʠʠ;  

 ʫʢʨʫʧʥʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʢ ʧʠʣʦʪʫ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦ ʦʙʫʯʝʥʠʶ ʣʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʡ 

ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ, 
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ʧʨʠʤʝʥʷʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʉʘʤ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʦʙʫʯʘʝʤʳʤ ʧʠʣʦʪʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʲʷʚʣʷʪʴ ʧʘʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʦʪʨʘʞʘʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʧʦʣʝʪʥʳʝ ʩʠʪʫʘʮʠʠ. ɺ ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʜʣʷ ʢʘʞʜʦʡ 

ʧʘʨʳ ʠʟʦʙʨʘʞʝʥʠʷ ʧʠʣʦʪʫ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʦʥ ʜʦʣʞʝʥ ʚʤʝʰʘʪʴʩʷ ʚ 

ʫʧʨʘʚʣʝʥʠʝ. ɺ ʜʨʫʛʦʡ ʩʠʪʫʘʮʠʠ ʜʣʷ ʵʪʦʡ ʞʝ ʧʘʨʳ ʠʟʦʙʨʘʞʝʥʠʡ ʧʠʣʦʪʫ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʩ ʝʛʦ ʩʪʦʨʦʥʳ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ʉʥʘʯʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʲʷʚʣʷʪʴ ʧʠʣʦʪʫ ʧʘʨʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʜʚʫʤʷ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʧʨʦʙ. ɼʘʣʝʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʲʷʚʣʷʪʴ ʧʘʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʪʨʝʤʷ ʠʩʪʦʯʥʠʢʘʤʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʝʭ ʧʨʦʙ. ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʲʷʚʣʷʪʴ ʧʘʨʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʯʝʪʳʨʴʤʷ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ 

ʧʨʦʙ, ʠ ʜʘʣʝʝ ʧʨʝʜʲʷʚʣʷʪʴ ʧʘʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʷʪʴʶ ʠʩʪʦʯʥʠʢʘʤʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʥʘʜʮʘʪʠ ʧʨʦʙ. 

ʊʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʦʪ ʧʨʦʙʳ ʢ ʧʨʦʙʝ ʧʦʟʚʦʣʷʝʪ ʧʠʣʦʪʫ ʢʘʢ 

ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤʝ ʫʩʚʦʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʦʪʙʠʨʘʝʤʳʭ ʛʨʫʧʧʘʭ ʧʨʠʙʦʨʦʚ ʠ ʧʨʘʚʠʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʝʜʣʘʛʘʝʤʫʶ 

ʩʠʪʫʘʮʠʶ, ʢʘʢ ʵʪʦ ʧʨʝʜʣʦʞʝʥʦ ʚ [Kovalenko, Barabanov, 2017; ʄʠʨʦʰʥʠʯʝʥʢʦ, 

2018; ʄʫʨʘʚʴʝʚ, 2017; Kletz, 2019]. ʏʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʢʦʥʪʨʦʣʷ ʠʥʬʦʨʤʘʮʠʠ, ʝʝ ʩʦʚʤʝʱʝʥʠʷ ʠ ʫʢʨʫʧʥʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʝʝ ʩʦʯʝʪʘʥʠʷʭ ʥʘʨʷʜʫ ʩ ʪʝʤ, ʯʪʦ ʧʠʣʦʪ ʫʩʚʘʠʚʘʝʪ ʥʘʚʳʢ ʧʦ 

ʧʨʘʚʠʣʴʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʝʜʣʘʛʘʝʤʦʡ ʝʤʫ ʩʠʪʫʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʘ ʧʨʠʤʝʥʝʥʠʷ ʢʦʛʥʠʪʠʚʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʘʣʛʦʨʠʪʤʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʜʦʙʥʳʝ 

ʪʨʝʥʠʨʦʚʢʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʝʜʣʘʛʘʝʤʳʭ ʩʠʪʫʘʮʠʡ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʦ 40%. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 26 ʧʨʦʙ ʚ ʧʨʦʮʝʩʩʝ 

ʪʨʝʥʠʨʦʚʢʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʦʜʥʘʢʦ ʥʝ ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ. ʊ.ʝ. 

ʵʪʦʪ ʤʝʪʦʜ ʛʦʜʠʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʠʣʦʪʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʢʠ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʣʝʪʘ, ʦʜʥʘʢʦ, ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʩʦʚʩʝʤ ʧʦʜʭʦʜʠʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʠʣʦʪ 

ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʠʣ ʚʦʟʚʨʘʪ ʢ ʨʫʯʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ 

ʘʚʪʦʤʘʪʠʢʠ ʠʣʠ ʚ ʩʣʫʯʘʝ ʚʥʝʟʘʧʥʦ ʚʦʟʥʠʢʰʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢ ʧʠʣʦʪʠʨʦʚʘʥʠʶ 

ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʛʣʫʙʦʢʘʷ ʦʮʝʥʢʘ 

ʧʠʣʦʪʦʤ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝ ʪʦʣʴʢʦ ʚʟʘʠʤʦʩʚʷʟʠ, ʥʦ ʠ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ 

ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʙʦʨʥʦʡ ʠ ʠʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʩʪʘʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʘ. ɸ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ 

ʨʫʯʥʦʤʫ ʧʠʣʦʪʠʨʦʚʘʥʠʶ ʥʝʦʙʭʦʜʠʤ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʠʣʦʪʘ. ɿʜʝʩʴ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʝʱʝ ʠ ʪʦ, ʯʪʦ ʤʝʪʦʜ ʥʝ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʧʠʣʦʪʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʦʮʝʥʢʠ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ, 

ʭʦʪʷ ʠ ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʙʦʨʥʦʡ ʠ ʠʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʧʦʣʝʪʝ. 

ʊʘʢʞʝ ʤʝʪʦʜ ʧʦʢʘʟʳʚʘʝʪ ʪʦ, ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʪʨʘʠʚʘʪʴ ʧʦʨʷʜʦʢ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʘ, ʦʧʠʨʘʷʩʴ ʥʘ ʨʝʩʫʨʩ ʦʨʛʘʥʠʟʤʘ ʧʠʣʦʪʘ, ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 
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ʩʠʩʪʝʤʳ, ʚʳʧʦʣʥʷʶʱʝʡ ʪʝʭʥʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʊʘʢʞʝ ʤʝʪʦʜ ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʠʥʮʠʧʳ ʧʦʥʠʤʘʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚʦʢʨʫʛ ʧʠʣʦʪʘ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʨʷʜʦʢ 

ʚʦʩʧʨʠʷʪʠʷ ʧʠʣʦʪʦʤ ʧʨʠʙʦʨʥʦʡ ʠ ʠʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʊ.ʝ. ʵʪʦʪ ʤʝʪʦʜ ʙʦʣʝʝ 

ʦʪʥʦʩʠʪʩʷ ʢ ʩʫʙʲʝʢʪʫ ʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ, ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʦʡ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ, ʢʘʢ çʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ 

ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ ï ʩʨʝʜʘè ʥʝʦʙʭʦʜʠʤʘ ʦʮʝʥʢʘ ʠ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʦʜʦʙʥʦʡ ʦʮʝʥʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʧʨʝʜʣʘʛʘʝʪ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʝʱʝ ʦʜʠʥ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʲʷʚʣʷʝʪ ʧʠʣʦʪʫ 

ʧʨʠʙʦʨʥʘʷ ʠ ʠʥʘʷ ʠʥʬʦʨʤʘʮʠʷ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʃʶʙʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ, 

ʩʦʩʪʦʠʪ ʠʟ ʦʪʨʝʟʢʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʟʘʚʝʨʰʘʶʪʩʷ ʧʨʠʥʷʪʠʝʤ ʢʘʢʠʭ-ʣʠʙʦ 

ʨʝʰʝʥʠʡ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʜʝʡʩʪʚʠʡ ʠʣʠ ʙʝʟʜʝʡʩʪʚʠʡ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʧʠʣʦʪʦʤ ʨʝʰʝʥʠʷ ʥʘ ʢʘʞʜʦʤ ʠʟ ʤʠʥʠʤʘʣʴʥʳʭ ʦʪʨʝʟʢʦʚ ʝʛʦ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʩʪʦʷʥʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ, ʠ 

ʚʝʨʦʷʪʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʰʝʩʪʚʫʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ. 

ʂʘʞʜʳʡ ʤʠʥʠʤʘʣʴʥʳʡ ʦʪʨʝʟʦʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʘ, ʦʪʦʙʨʘʞʝʥʥʳʡ ʥʘ 

ʨʠʩʫʥʢʝ 1, ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʦʷʥʠʡ (ʩʤ. ʨʠʩ. 1): 
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ʈʠʩʫʥʦʢ 1 ï ɼʝʨʝʚʦ ʩʦʩʪʦʷʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʘ ʥʘ ʤʠʥʠʤʘʣʴʥʦʤ ʦʪʨʝʟʢʝ  

 

 ὅȟ ï ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʧʨʦʮʝʩʩ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʘ ʥʘ 

ʤʠʥʠʤʘʣʴʥʦʤ ʦʪʨʝʟʢʝ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; 
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 ὃȟ ï ʩʦʩʪʦʷʥʠʝ ʧʠʣʦʪʘ ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ ʠʤ ʨʝʰʝʥʠʷ ʥʘ ʫʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ;  

 ὃȟ ï ʩʦʩʪʦʷʥʠʝ ʧʠʣʦʪʘ ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ ʠʤ ʨʝʰʝʥʠʷ ʥʘ ʙʝʟʜʝʡʩʪʚʠʝ 

(ʥʝʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʫʧʨʘʚʣʝʥʠʝ); 

 Ὁȟ ï ʧʦʜʢʨʝʧʣʷʶʱʝʝ ʩʦʙʳʪʠʝ ʦ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʚʤʝʰʠʚʘʪʴʩʷ ʚ ʫʧʨʘʚʣʝʥʠʝ (A1,n); 

 Ὁȟ ï ʧʦʜʢʨʝʧʣʷʶʱʝʝ ʩʦʙʳʪʠʝ ʦ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʥʝ 
ʚʤʝʰʠʚʘʪʴʩʷ ʚ ʫʧʨʘʚʣʝʥʠʝ (A2,n), ʨʝʞʠʤ ʧʦʣʝʪʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʟʘʜʘʥʥʦʤʫ; 

 ὅ ȟ  ï ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʧʨʦʮʝʩʩ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʘ 
ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʤʠʥʠʤʘʣʴʥʦʤ ʦʪʨʝʟʢʝ; 

 ὅ ȟ  ï ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʧʨʦʮʝʩʩ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʘ 

ʥʘ ʧʦʩʣʝʜʫʶʱʝʤ ʤʠʥʠʤʘʣʴʥʦʤ ʦʪʨʝʟʢʝ. 

ʊʘʢʞʝ, ʚʩʝ ʩʦʩʪʦʷʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʪʨʝʟʢʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ: 

²  ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʠʣʦʪ ʧʨʠʤʝʪ ʨʝʰʝʥʠʝ, ʫʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ (Ὥ ï ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʧʠʣʦʪʘ ʚ 
ʫʧʨʘʚʣʝʥʠʝ, ὔ ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʩʪʠʤʫʣʘ ʚ ʚʠʜʝ ʠʩʪʦʯʥʠʢʦʚ 

ʧʨʝʜʲʷʚʣʷʝʤʦʡ ʧʠʣʦʪʫ ʠʥʬʦʨʤʘʮʠʠ);   

²  ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʠʣʦʪ ʧʨʠʤʝʪ ʨʝʰʝʥʠʝ ʥʘ ʥʝʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ 

ʫʧʨʘʚʣʝʥʠʝ (Ὥ ï ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʥʝʚʤʝʰʘʪʝʣʴʩʪʚʦ ʧʠʣʦʪʘ ʚ 
ʫʧʨʘʚʣʝʥʠʝ); 

² “ ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʟʦʡʜʝʪ ʧʦʜʢʨʝʧʣʷʶʱʝʝ ʩʦʙʳʪʠʝ Ὁ; 

² ρ “ ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʟʦʡʜʝʪ ʧʦʜʢʨʝʧʣʷʶʱʝʝ ʩʦʙʳʪʠʝ Ὁ; 

² ὧ ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʦʜʢʨʝʧʣʷʶʱʝʝ ʩʦʙʳʪʠʝ Ὁ ʠʟʤʝʥʠʪ 

ʩʦʩʪʦʷʥʠʝ ʧʨʦʮʝʩʩʘ (ʚ ὅ, ὅ  ʠʣʠ ὅ ); 

² ρ ὧ ï ʚʝʣʠʯʠʥʘ ʦʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʝ ὧ. 
ʀʟʚʝʩʪʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʩʪʘʪʠʩʪʠʢ ʜʣʷ ʧʦʩʣʝʜʥʠʭ ʧʨʦʙ [Atkinson, et al., 1965]:  

 

                                      ὖὃȿὉὃ “ρ ,                                             (1) 

 

                                     ὖὃȿὉὃ “ρ ,                                           (2) 

 

                                      ὖὃȿὉὃ “ρ ,                                             (3) 

 

                                        ὖὃȿὉὃ “ρ .                                                  (4) 

 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʷʪʠʷ 

ʧʠʣʦʪʦʤ ʨʝʰʝʥʠʷ ʙʫʜʝʪ ʩʣʝʜʫʶʱʘʷ: 
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ὖὃȿὉὃ  ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʠʣʦʪ ʧʨʠʤʝʪ ʨʝʰʝʥʠʝ ʥʘ 

ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʦʪʨʝʟʢʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪ ʚʤʝʰʠʚʘʣʩʷ ʚ ʫʧʨʘʚʣʝʥʠʝ, ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʙʳʣʦ 

ʧʦʜʢʨʝʧʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ  Ὁ; 

ὖὃȿὉὃ  ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʠʣʦʪ ʧʨʠʤʝʪ ʨʝʰʝʥʠʝ ʥʘ 

ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʦʪʨʝʟʢʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪ ʚʤʝʰʠʚʘʣʩʷ ʚ ʫʧʨʘʚʣʝʥʠʝ, ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʙʳʣʦ 

ʧʦʜʢʨʝʧʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ  Ὁ; 

ὖὃȿὉὃ  ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʠʣʦʪ ʧʨʠʤʝʪ ʨʝʰʝʥʠʝ ʥʘ 

ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʦʪʨʝʟʢʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪ ʥʝ ʚʤʝʰʠʚʘʣʩʷ ʚ ʫʧʨʘʚʣʝʥʠʝ, ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʙʳʣʦ 

ʧʦʜʢʨʝʧʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ  Ὁ; 

ὖὃȿὉὃ  ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʠʣʦʪ ʧʨʠʤʝʪ ʨʝʰʝʥʠʝ ʥʘ 

ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʦʪʨʝʟʢʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪ ʥʝ ʚʤʝʰʠʚʘʣʩʷ ʚ ʫʧʨʘʚʣʝʥʠʝ, ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʙʳʣʦ 

ʧʦʜʢʨʝʧʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ  Ὁ. 

 

ɼʠʩʢʫʩʩʠʷ 

ɺ ʧʦʣʝʪʝ ʫ ʧʠʣʦʪʘ ʝʩʪʴ ʜʚʘ ʚʠʜʘ ʨʝʘʢʮʠʡ: ὃ ï ʥʘ ʫʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʠ ὃ  ï ʥʘ ʥʝʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʫʧʨʘʚʣʝʥʠʝ. ʊʘʢʞʝ ʚ ʧʦʣʝʪʝ ʠʤʝʝʪʩʷ 

ὔ ʵʣʝʤʝʥʪʦʚ ʩʪʠʤʫʣʘ, ʥʘ ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʧʠʣʦʪ ʦʧʠʨʘʝʪʩʷ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ ʥʘ ʤʠʥʠʤʘʣʴʥʦʤ ʦʪʨʝʟʢʝ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʢʞʝ ʚ ʧʦʣʝʪʝ ʫ ʧʠʣʦʪʘ 

ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʨʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʙʨʘʟʫʝʪʩʷ 

ʧʦʜʢʨʝʧʣʝʥʠʝ: ʠʣʠ Ὁ ï ʦ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳʧʦʣʥʠʪʴ ʨʝʘʢʮʠʶ ὃ, 

ʠʣʠ Ὁ ï ʦ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳʧʦʣʥʠʪʴ ʨʝʘʢʮʠʶ ὃ. ʕʪʠʤ 
ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʜʣʷ ʧʠʣʦʪʘ ʚ ʧʦʣʝʪʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʠʟʤʝʥʝʥʠʝ (ʠʣʠ ʥʝ 

ʠʟʤʝʥʝʥʠʝ) ʪʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʳʡ ʦʥ ʚʟʷʣ ʟʘ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʡ. 

ɽʩʣʠ ʦʪʪʦʣʢʥʫʪʴʩʷ ʦʪ ʪʦʛʦ, ʯʪʦ ˊ ï ʵʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʦʜʢʨʝʧʣʷʶʱʝʛʦ ʩʦʙʳʪʠʷ Ὁ, ʪʦ ʵʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʩʣʝʜʫʶʱʠʭ 
ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʨʝʞʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʘʤʦʣʝʪʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʦʧʫʩʪʠʤ, ʯʪʦ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʠʤʫʣʦʚ ὔ ʙʫʜʝʪ ʜʝʩʷʪʴ. ʇʫʩʪʴ ʧʠʣʦʪ ʚʳʧʦʣʥʠʣ ʢʘʢʠʝ-ʪʦ 

ʜʝʡʩʪʚʠʷ ʠ ʧʝʨʝʰʝʣ ʥʘ ʥʦʚʳʡ ʤʠʥʠʤʘʣʴʥʳʡ ʦʪʨʝʟʦʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʵʪʦʤ 

ʵʪʘʧʝ ʧʦʣʝʪʘ. ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʠʣʦʪ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʤʠʥʠʤʘʣʴʥʦʤ 

ʦʪʨʝʟʢʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠʤʝʪ ʨʝʰʝʥʠʝ ʥʘ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʙʫʜʝʪ 

ʚʳʨʘʞʘʪʴʩʷ ʦʜʥʦʡ ʠʟ ʬʦʨʤʫʣ (1 ï 4). ʅʘ ʧʫʪʠ ʢ ʩʦʩʪʦʷʥʠʶ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 1 ʧʠʣʦʪ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʜʚʫʤʷ ʵʪʘʧʘʤʠ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ 

ʧʦʜʢʨʝʧʣʝʥʠʷ Ὁ ̉ ̌ ̉Ὁ , ʧʨʦʠʩʭʦʜʷʱʝʝ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ “  ʠʣʠ 1-ˊ, ʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ὅ, ὅ  ʠʣʠ ὅ , ʧʨʦʠʩʭʦʜʷʱʝʝ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ c ʠʣʠ c-1. ʇʝʨʚʳʡ ʵʪʘʧ ʠʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʤʠʥʠʤʘʣʴʥʦʤ ʦʪʨʝʟʢʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʘ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ 

ʢʦʛʥʠʪʠʚʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʘʣʛʦʨʠʪʤʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ 

(ʂʀʇɸɼ). ʊ.ʝ. ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʂʀʇɸɼ ʧʦʟʚʦʣʷʝʪ ʥʘ ʵʪʦʤ ʵʪʘʧʝ 

ʧʨʘʚʠʣʴʥʦ ʦʪʦʙʨʘʪʴ ʛʨʫʧʧʫ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʥʪʨʦʣʴ ʢʦʪʦʨʦʡ 
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ʥʝʦʙʭʦʜʠʤ, ʘ ʪʘʢʞʝ ʦʪʦʙʨʘʪʴ ʧʦʨʷʜʦʢ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʵʪʠʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʦ ʙʫʜʝʪ ʚʳʨʘʞʘʪʴʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ 

ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʠ ʯʠʩʣʠʪʝʣʝ ʜʨʦʙʠ “ , ʛʜʝ ὰ ï 

ʢʦʣʠʯʝʩʪʚʦ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʠʣʦʪ ʜʦʣʞʝʥ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʘ ὲ ï ʦʙʱʝʝ 
ʢʦʣʠʯʝʩʪʚʦ ʠʩʪʦʯʥʠʢʦʚ ʚ ʦʪʦʙʨʘʥʥʦʡ ʧʠʣʦʪʦʤ ʛʨʫʧʧʝ. ɺʪʦʨʦʡ ʵʪʘʧ ʠʣʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʤʠʥʠʤʘʣʴʥʦʤ ʦʪʨʝʟʢʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʘ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʠʣʦʪʦʤ ʧʨʦʮʝʩʩʦʚ 

ʢʦʛʥʠʪʠʚʥʦʡ ʧʨʠʚʷʟʢʠ ʢ ʪʝʢʫʱʝʡ ʠʥʬʦʨʤʘʮʠʠ (ʂʇʀ). ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʦ ʙʫʜʝʪ 

ʚʳʨʘʞʘʪʴʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʟʥʘʤʝʥʘʪʝʣʝ ʠ ʯʠʩʣʠʪʝʣʝ ʜʨʦʙʠ ὧ , ʛʜʝ Ὧ ï ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʝʪʘ, 

ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʠʣʦʪ ʜʦʣʞʝʥ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʘ Ὠ ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʪʦʯʥʠʢʦʚ ʚ ʦʪʦʙʨʘʥʥʦʡ ʧʠʣʦʪʦʤ ʛʨʫʧʧʝ. ʂʇʀ ʧʨʦʠʩʭʦʜʠʪ ʫʞʝ ʚ ʦʪʦʙʨʘʥʥʦʡ 

ʯʝʨʝʟ ʧʨʦʮʝʩʩʳ ʂʀʇɸɼ ʛʨʫʧʧʝ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʠ ʵʪʘ ʧʨʠʚʷʟʢʘ 

ʧʦʟʚʦʣʷʝʪ ʧʠʣʦʪʫ ʦʪʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʝʪʘ, ʢʦʪʦʨʳʝ ʠ 

ʧʦʚʣʠʷʶʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʘ ʨʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ (1 ï 4) ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʚʤʝʱʝʥʠʠ ʵʪʠʭ ʜʚʫʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʥʘʚʳʢ ʫʧʨʘʚʣʝʥʠʷ 

ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ɺʉ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʦʙʫʯʘʝʤʦʛʦ ʧʠʣʦʪʘ ʵʪʦʪ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʥʘʚʳʢ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ (ὔ, ὰ, ὲ, Ὧ ʠ Ὠ) ʠ ʚ ʢʘʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 
ʩ ʤʦʜʝʣʴʶ (1 ï 4) ʜʦʣʞʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʚ ʧʦʣʝ ʘʢʪʠʚʥʦʛʦ ʚʥʠʤʘʥʠʷ ʧʠʣʦʪʘ 

ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʧʠʣʦʪʦʤ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʩʪʫʧʘʶʱʝʡ ʢ ʥʝʤʫ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʟʣʠʯʥʦʤ ʝʝ ʩʦʯʝʪʘʥʠʠ ʧʦʢʘʟʘʣʦ 

ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ:  

1) ʇʨʠ ʦʙʱʝʤ (ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ) ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʩʪʫʧʘʶʱʝʡ ʢ ʧʠʣʦʪʫ ʠʥʬʦʨʤʘʮʠʠ  ὔ, ʢʦʣʠʯʝʩʪʚʘ ʠʩʪʦʯʥʠʢʦʚ ʚ ʦʪʦʙʨʘʥʥʦʡ 

ʧʠʣʦʪʦʤ ʛʨʫʧʧʝ, ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʜʠʥʘʤʠʢʫ ʢʦʪʦʨʳʭ ʧʠʣʦʪ 

ʢʦʥʪʨʦʣʠʨʫʝʪ ʚ ʧʦʣʝʪʝ, ʠ ʧʨʷʤʦʡ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʧʘʜʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʷʪʠʷ 

ʧʠʣʦʪʦʤ ʨʝʰʝʥʠʷ ʥʘ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʫʧʨʘʚʣʝʥʠʝ ʚ ʣʶʙʦʤ ʠʟ ʫʩʣʦʚʠʡ 

(ὉὃȟὉὃȟὉὃȟὉὃ). 

2) ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʥʷʪʠʷ ʧʠʣʦʪʦʤ ʨʝʰʝʥʠʷ ʥʘ 

ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʣʶʙʦʤ ʠʟ ʫʩʣʦʚʠʡ (ὉὃȟὉὃȟὉὃȟὉὃ) 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʨʦʩʪʝ ʢʦʣʠʯʝʩʪʚʘ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʦʝ ʧʠʣʦʪ 

ʚʢʣʶʯʘʝʪ ʚ ʦʙʨʘʙʦʪʢʫ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʂʀʇɸɼ ʠ ʢʦʪʦʨʦʝ ʠʩʢʣʶʯʘʝʪ ʠʟ 

ʧʨʦʮʝʩʩʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʡ ʦʮʝʥʢʝ 

ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ (“ ςȾυ) (ʩʤ. ʨʠʩ. 2). 

3) ɺʝʨʦʷʪʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʧʨʠʥʷʪʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʫʧʨʘʚʣʷʶʱʠʝ 
ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ, ʧʨʠ ʧʝʨʝʛʠʙʝ ʛʨʘʬʠʢʘ (ʩʤ. ʨʠʩ. 3), ʢʦʛʜʘ ʧʨʠ 

ʫʩʣʦʚʠʷʭ Ὁὃ ʠ Ὁὃ  ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʠʤʝʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ Ὁὃ ʠ Ὁὃ. ʕʪʦ 
ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ, ʤʝʞʜʫ 
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ʢʦʪʦʨʳʤʠ ʧʠʣʦʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʷʤʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʠ ʫʯʠʪʳʚʘʝʪ ʝʝ ʧʨʠ 

ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ.  

 

ʈʝʟʫʣʴʪʘʪʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʚʦʟʜʫʰʥʳʤʠ 

ʩʫʜʘʤʠ ʧʠʣʦʪʫ ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʥʘʚʳʢʦʤ ʦʙʨʘʙʦʪʢʠ 

ʧʦʩʪʫʧʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʫʪʴ ʦʙʨʘʙʦʪʢʠ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦʙʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʤʠʤʦ ʧʨʦʮʝʩʩʦʚ ʩʪʘʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʝʱʝ ʠ ʧʨʦʮʝʩʩʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʝʝ ʦʙʨʘʙʦʪʢʠ. ʄʝʪʦʜ 

ʧʝʨʝʨʘʙʦʪʢʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʥʬʦʨʤʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʦʩʚʦʝʥʠʠ ʧʠʣʦʪʦʤ ʢʦʥʪʨʦʣʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʝʪʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʦʪ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ɸ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʥʘʚʳʢʘ ʧʠʣʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ ʠ ʚʢʣʶʯʘʝʪ 

ʧʦʜʛʦʪʦʚʢʫ ʧʠʣʦʪʘ ʧʦ ʩʪʫʧʝʥʯʘʪʦʤʫ ʦʩʚʦʝʥʠʶ ʩʣʝʜʫʶʱʠʭ ʥʘʚʳʢʦʚ.  
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ʈʠʩʫʥʦʢ 2 ï ʇʨʦʛʥʦʟʠʨʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʪʠʩʪʠʢ ʜʣʷ 

ʤʠʥʠʤʘʣʴʥʳʭ ʦʪʨʝʟʢʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʘ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ˊ, ʧʨʠ 

ὔ ρπ ̉ ὧ 3/5 

 
ɿʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʛʥʠʪʠʚʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʘʣʛʦʨʠʪʤʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʢʦʛʥʠʪʠʚʥʦʡ ʧʨʠʚʷʟʢʠ ʢ ʪʝʢʫʱʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪ ʧʨʠʥʷʪʦʛʦ ʨʝʰʝʥʠʷ ʥʘ 

ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʙʳʣʘ ʥʘʠʙʦʣʴʰʝʡ, ʘ ʧʝʨʝʛʠʙ ʛʨʘʬʠʢʘ (ʩʤ. ʨʠʩ. 3) 

ʠʤʝʣ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʤʠʥʠʤʘʣʴʥʦʤ ʦʪʨʝʟʢʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʘ ʥʘ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʧʦʜʢʨʝʧʣʝʥʠʠ ʠ ʨʝʘʢʮʠʠ ʥʘ ʥʝʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʧʦʜʢʨʝʧʣʝʥʠʝ ʩʚʦʠʭ ʜʝʡʩʪʚʠʡ; ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ 
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ʨʝʘʢʮʠʠ ʥʘ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʠʣʦʪʘ ʚ ʧʨʝʜʳʜʫʱʝʤ ʦʪʨʝʟʢʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʧʦʜʢʨʝʧʣʝʥʠʠ ʩʚʦʠʭ ʜʝʡʩʪʚʠʡ, ʠ ʨʝʘʢʮʠʠ ʥʘ 

ʙʝʟʜʝʡʩʪʚʠʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʧʦʜʢʨʝʧʣʝʥʠʝ ʩʚʦʠʭ ʜʝʡʩʪʚʠʡ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʦʪʨʝʟʢʝ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3, 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʂʀʇɸɼ ʠ ʂʇʀ ʩʣʝʜʫʶʱʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ: 

 ʠʩʢʣʶʯʝʥʠʝ ʠʟ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʠʣʦʪʦʤ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ 

ʨʷʜʘ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʚʣʠʷʶʪ ʥʘ ʭʦʜ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ ʚ ʧʦʣʝʪʝ; 

 ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʝʪʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʤʝʞʜʫ 
ʢʦʪʦʨʳʤʠ ʧʠʣʦʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʷʤʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʠ ʫʯʠʪʳʚʘʝʪ ʝʝ ʧʨʠ 

ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 3 ï ʇʨʦʛʥʦʟʠʨʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʪʠʩʪʠʢ ʜʣʷ 

ʤʠʥʠʤʘʣʴʥʳʭ ʦʪʨʝʟʢʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʘ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ὧ, ʧʨʠ 
ὔ ρπ ̉ ʌ 2/5 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʧʠʣʦʪʘ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʥʘʚʳʢ ʧʦ 

ʦʙʨʘʙʦʪʢʝ ʧʦʩʪʫʧʘʶʱʝʡ ʢ ʥʝʤʫ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ 

ʧʨʠʤʝʥʷʪʴ ʩʣʝʜʫʶʱʠʡ ʤʝʪʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʦʙʫʯʝʥʠʷ ʧʠʣʦʪʫ ʥʝʦʙʭʦʜʠʤʦ ʦʩʚʦʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʢʦʛʥʠʪʠʚʥʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʘʣʛʦʨʠʪʤʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ: 

 ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʢʦʥʪʨʦʣʷ ʧʨʠʙʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ;  

 ʧʨʦʮʝʩʩʳ ʩʦʚʤʝʱʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʢʦʥʪʨʦʣʷ ʧʨʠʙʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ;  

 ʧʨʦʮʝʩʩʳ ʩʦʚʤʝʱʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʙʝʟ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʧʨʠ ʢʦʥʪʨʦʣʝ 
ʧʨʠʙʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ;  
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 ʧʨʦʮʝʩʩʳ ʫʢʨʫʧʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʢ ʧʠʣʦʪʫ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʧʠʣʦʪʫ ʥʝʦʙʭʦʜʠʤʦ ʦʩʚʦʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʮʝʩʩʳ ʢʦʛʥʠʪʠʚʥʦʡ ʧʨʠʚʷʟʢʠ ʢ ʪʝʢʫʱʝʡ ʠʥʬʦʨʤʘʮʠʠ: 

 ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʦʪ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʠʥʬʦʨʤʘʮʠʠ; 

 ʧʨʦʮʝʩʩʳ ʟʘʤʝʥʳ ʦʜʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʜʨʫʛʠʝ ʦʪ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʚʣʠʷʥʠʠ ʥʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʧʘʨʘʤʝʪʨ ʦʪ ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ. 
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ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʛ. ʄʦʩʢʚʘ) 
ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʭ ʤʝʪʦʜʦʚ ʢʦʤʧʝʥʩʘʮʠʠ 

ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ ʧʨʠ ʧʨʠʝʤʝ ʩʠʛʥʘʣʦʚ ʩ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ 

(ʄ-ʌʄ): ʮʠʬʨʦʚʦʡ ʘʜʘʧʪʠʚʥʳʡ ʬʠʣʴʪʨ (ʘʣʛʦʨʠʪʤʳ ʘʜʘʧʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʩʪʦʷʥʥʦʡ ʦʛʠʙʘʶʱʝʡ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʝʛʦ ʬʘʟʦʚʦʡ 

ʩʪʨʫʢʪʫʨʝ), ʦʧʪʠʤʘʣʴʥʳʡ ʧʨʠʝʤʥʠʢ ʩ ʥʝʢʦʛʝʨʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ ʠ 

ʢʚʘʟʠʢʦʛʝʨʝʥʪʥʳʡ ʧʨʠʝʤʥʠʢ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʘʣʴʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. ʉ 

ʧʦʤʦʱʴʶ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʨʘʜʠʦʪʝʭʥʠʢʠ 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʧʨʠ 

ʨʘʟʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʧʦʤʝʭʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʚʘʟʠʢʦʛʝʨʝʥʪʥʳʡ ʧʨʠʝʤʥʠʢ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʘʣʴʥʦʡ ʥʝʣʠʥʝʡʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ, ʥʦ ʩʭʝʤʘ ʝʛʦ ʦʯʝʥʴ ʩʣʦʞʥʘ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ ʩ 

ʘʣʛʦʨʠʪʤʦʤ ʘʜʘʧʪʘʮʠʠ ʧʦ ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʘʷ ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ, ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʧʦʤʝʭʘ, 

ʘʜʜʠʪʠʚʥʳʡ ʬʠʣʴʪʨ, ʥʝʢʦʛʝʨʝʥʪʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʦʧʪʠʤʘʣʴʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʚʝʨʦʷʪʥʦʩʪʴ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ. 
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Abstract. The efficiency of three methods of compensation application of harmonic 

interference when receiving signals with multi-position phase shift keying (M-PSK) is investigated: 

a digital adaptive filter (adaptation algorithms using information about the constant envelope of the 

useful signal and information about its phase structure), an optimal receiver with incoherent 

processing of harmonic interference and a quasi-coherent receiver based on an optimal nonlinear 

filtering algorithm. With the help of simulation modeling and methods of statistical radio 

engineering, graphs of noise immunity were constructed depending on the signal-to-noise ratio at 

different intensities of interference. It is shown that the greatest energy gain is provided by a quasi-

coherent receiver based on the optimal nonlinear filtering algorithm, but its scheme is very 

complicated. The most optimal for compensation of harmonic interference seems to be the use of a 

digital adaptive filter with an adaptation algorithm for the phase structure of the useful signal. 

Keywords: multi-position phase shift keying, harmonic interference, additive filter, 

incoherent processing, optimal nonlinear filtering, noise immunity, bit error probability. 

 

ɺʚʝʜʝʥʠʝ 

ʉʠʛʥʘʣʳ ʄ-ʌʄ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʧʫʪʥʠʢʦʚʳʭ ʢʘʥʘʣʘʭ ʩʚʷʟʠ, ʩʠʩʪʝʤʘʭ 

ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ ʠ ʩʦʪʦʚʳʭ ʩʝʪʷʭ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ 

ʥʘʯʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʨʦʩʩʠʡʩʢʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʜʦʩʪʫʧ ʜʣʷ ʘʵʨʦʤʦʙʠʣʴʥʳʭ ʘʙʦʥʝʥʪʦʚ ʚ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʦʙʝʩʧʝʯʝʥʠʝ 
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ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ ʧʦʤʝʭ. ɺ [ʂʫʣʠʢʦʚ, 2018; ʌʦʤʠʥ, 2013] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʦʡ ʜʣʷ ʧʨʠʝʤʥʠʢʘ ʄ-ʌʄ ʷʚʣʷʝʪʩʷ ʧʨʠʮʝʣʴʥʘʷ 

ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʧʦʤʝʭʘ. ɺ ʜʦʢʣʘʜʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʨʝʭ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʪʘʢʦʡ ʧʦʤʝʭʠ.  

 

1. ʄʦʜʝʣʠ ʩʠʛʥʘʣʘ ʠ ʧʦʤʝʭ 

ʉʠʛʥʘʣ ʄ-ʌʄ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
 

0 0

2ˊ
( ) cos(ɤ ű ű ), ű , (0, ], 0,1,... 1,i i ʩ i s

i
s t A t t T i M

M
= + + = Í = - 

 

ʛʜʝ    0 2 /s sA E ʊ=  ï ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ;   
s bE kE= ï ʩʠʤʚʦʣʴʥʘʷ ʵʥʝʨʛʠʷ; Eb ï 

ʙʠʪʦʚʘʷ ʵʥʝʨʛʠʷ; ɤ0 ï ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ, űʩï ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʩʠʛʥʘʣʘ. 

ʉ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʧʦʤʝʭ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ ʧʨʠʥʠʤʘʝʤʳʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʝʤ ʦʙʨʘʟʦʤ: 
 

ʧ( ) ( ) ( ) ( ),ix t s t s t n t= + +  

 

ʛʜʝ n(t) ï ʰʫʤʦʚʦʡ ʧʨʦʮʝʩʩ (ʙʝʣʳʡ ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ) ʩ ʧʘʨʘʤʝʪʨʘʤʠ: 
 

0
1 2 2 1( ) 0; ( ) ( ) ŭ( ),

2

N
n t n t n t t t< >= < >= - 

 

ʧ( )s t  ï ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʧʦʤʝʭʘ, ʠʤʝʶʱʘʷ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ɛ, 

ʨʘʩʩʪʨʦʡʢʫ ʧʦ ʯʘʩʪʦʪʝ ʧ ʧɤ 2 fD = Dp  ʠ ʩʣʫʯʘʡʥʫʶ ʥʘʯʘʣʴʥʫʶ ʬʘʟʫ űʧ: 

 

ʧ ʧ 0 0 ʧ ʧ( ,ű ) ɛ cos[(ɤ ɤ ) ű ]s t A t= +D +
 

 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ ʬʠʣʴʪʨʘ 

ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʮʠʬʨʦʚʳʝ 

ʘʜʘʧʪʠʚʥʳʝ ʥʝʨʝʢʫʨʩʠʚʥʳʭ ʬʠʣʴʪʨʳ (ʨʠʩ. 1).  
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ ʬʠʣʴʪʨʘ 
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ʆʪʩʯʝʪ ʚʳʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʠʣʴʪʨʘ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʚʠʜʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ  ʫʨʘʚʥʝʥʠʝʤ: 
T ,i i iy =W X   

 

ʛʜʝ 1 1[ , ,... ]i i i i Nx x x- - +=X  ï ʚʝʢʪʦʨ ʚʭʦʜʥʳʭ ʦʪʩʯʝʪʦʚ; 
ʪ

0 1[ ,... ]i i

i Nw w -=W  ï ʚʝʢʪʦʨ 

ʨʝʛʫʣʠʨʫʝʤʳʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ɺʂ) ʚ i-ʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; ʪ ï ʟʥʘʢ 

ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ; N ï ʜʣʠʥʘ ʬʠʣʴʪʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʘʣʛʦʨʠʪʤʘ ʥʘʩʪʨʦʡʢʠ ɺʂ: ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʧʦʩʪʦʷʥʥʦʡ ʦʛʠʙʘʶʱʝʡ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ [Treichler, 1983] ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʝʛʦ ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʝ [ʂʫʣʠʢʦʚ, 2019].  

 

2.1. ɸʣʛʦʨʠʪʤʳ ʘʜʘʧʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʦʩʪʦʷʥʥʦʡ ʦʛʠʙʘʶʱʝʡ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ 

ɼʘʥʥʳʡ ʛʨʘʜʠʝʥʪʥʳʡ ʘʣʛʦʨʠʪʤ ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʜʘʧʪʠʚʥʫʶ ʥʘʩʪʨʦʡʢʫ 

ʚʝʢʪʦʨʘ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ: 

 
*21 )1|(| iii

ii yyd XWW -Ö-=+ .    (1) 

 

ʛʜʝ d ï ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʜʘʧʪʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʩʪʝʧʝʥʴ ʝʛʦ ʠʥʝʨʮʠʦʥʥʦʩʪʠ; ʩʠʤʚʦʣ (.)* ʦʟʥʘʯʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʷʞʝʥʠʝ.  

ʉʠʛʥʘʣ ʄ-ʌʄ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʩʪʦʷʥʩʪʚʦʤ ʦʛʠʙʘʶʱʝʡ. ɺʦʟʜʝʡʩʪʚʠʝ 

ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʦʛʠʙʘʶʱʝʡ ʧʨʠʥʠʤʘʝʤʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʙʦʪʘ ʪʘʢʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ 

ʝʝ ʚʳʨʘʚʥʠʚʘʥʠʝ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʣʠʷʥʠʷ ʧʦʤʝʭʠ.  

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ BER (Peb) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ 0SNR /bE N= . ɿʜʝʩʴ ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ 

ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʩʣʫʯʘʷ ʙʝʟ ʘʜʘʧʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ BER ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʘ (1) ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʦʤ ʫʨʦʚʥʝ ʧʦʤʝʭʠ ɛ. ʇʨʠ ɛ=0.5 ʠ Peb =10-2 ʜʣʷ 

M=2 ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ɸʌ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.5 ʜɹ, ʜʣʷ 

M=4 ï ʦʢʦʣʦ 3 ʜɹ, ʜʣʷ M=8 ï ʙʦʣʝʝ 5 ʜɹ, ʜʣʷ ʄ=16 ï ʙʦʣʝʝ 10 ʜɹ. 
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                               ʘ)                  ʙ) 

  

  ʚ)                                                             ʛ) 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ BER ʦʪ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ SNR ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʜʘʧʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ ʩ ʘʣʛʦʨʠʪʤʦʤ (1):  
 

ʘ ï2-ʌʄ, ʙ ï 4-ʌʄ, ʚ ï 8-ʌʄ, ʛ ï 16-ʌʄ 

 

2.2. ɸʣʛʦʨʠʪʤ ʘʜʘʧʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʘʟʦʚʦʡ 

ʩʪʨʫʢʪʫʨʝ ʩʠʛʥʘʣʘ ʄ-ʌʄ 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʚʝʢʪʦʨʘ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʨʠʤʝʥʷʝʪʩʷ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʝ 

ʩʠʛʥʘʣʘ ʄ-ʌʄ, ʦʪʣʠʯʥʫʶ ʦʪ ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʤʝʭ. ɺʝʢʪʦʨ ɺʂ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʤ ʦʙʨʘʟʦʤ:  
 

*1 )|'(| iii
ii yGyd XWW -Ö-=+ ,    (2) 
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ʛʜʝ G ï ʤʦʜʫʣʴ ʧʨʦʠʟʚʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʬʘʟʳ ʥʘ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʘʢʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʩʣʫʯʘʝ ʩʠʛʥʘʣʘ ʄ-ʌʄ 

G=0.  ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3. 

  
                               ʘ)                                                                  ʙ) 

  
                                ʚ)                                                                   ʛ) 

 

ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ BER ʦʪ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ SNR ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʜʘʧʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ ʩ ʘʣʛʦʨʠʪʤʦʤ (2): ʘ ï

2-ʌʄ, ʙ ï 4-ʌʄ, ʚ ï 8-ʌʄ, ʛ ï 16-ʌʄ 

 

ʀʟ ʩʨʘʚʥʝʥʠʷ ʛʨʘʬʠʢʦʚ (ʨʠʩ. 2 ʠ 3) ʚʠʜʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʧʦʜʘʚʣʝʥʠʷ 

ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ ʬʠʣʴʪʨʦʤ (2) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʠʣʴʪʨʦʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ 

ʘʤʧʣʠʪʫʜʥʳʡ ʘʣʛʦʨʠʪʤ (1), ʚʳʰʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ɛ=0.5 ʠ Peb =10-2 ʜʣʷ M=2 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɸʌ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1 ʜɹ, ʜʣʷ 

M=4 ï ʦʢʦʣʦ 4 ʜɹ, ʜʣʷ M=8 ʠ ʄ=16 ï ʙʦʣʝʝ 10 ʜɹ. 

 

3. ɸʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʄ-ʌʄ ʩ ʥʝʢʦʛʝʨʝʥʪʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ 
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ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʩʠʥʪʝʟʠʨʦʚʘʥ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʨʘʜʠʦʪʝʭʥʠʢʠ 

[ʊʠʭʦʥʦʚ, 1983] ʜʣʷ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʄ-ʌʄ ʥʘ ʬʦʥʝ ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ 

ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ, ʠʤʝʶʱʝʡ  ʯʘʩʪʦʪʫ ɤʧ ʠ 

ʩʣʫʯʘʡʥʫʶ ʥʘʯʘʣʴʥʫʶ ʬʘʟʫ űʧ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʚ ʜʠʘʧʘʟʦʥʝ (-ˊ,ˊ].  

ɼʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʢʘʥʘʣʴʥʦʤ ʩʠʤʚʦʣʝ ʜʝʤʦʜʫʣʷʪʦʨ (ʨʠʩ. 4) 

ʚʳʯʠʩʣʷʝʪ, ʢʘʢ ʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʩʣʫʯʘʝ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʝʨʪʢʠ 

ʧʨʠʥʠʤʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ x(t) ʩʦ ʚʩʝʤʠ ʦʧʦʨʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ï ʢʦʧʠʷʤʠ 

ʩʠʛʥʘʣʘ ʄ-ʌʄ. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʝʧʝʥʴʶ 

ʢʦʨʨʝʣʷʮʠʠ ʧʦʤʝʭʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʧʨʠʥʠʤʘʝʤʦʤ ʧʨʦʮʝʩʩʝ, ʠ ʢʦʧʠʠ ʧʦʤʝʭʠ ʚ 

ʧʨʠʝʤʥʠʢʝ. ʅʘ ʨʠʩ. 4. ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʙʣʦʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʢʘʥʘʣ, 

ʦʩʪʘʣʴʥʳʝ ʧʦʩʪʨʦʝʥʳ ʘʥʘʣʦʛʠʯʥʦ. 

 
ʈʠʩʫʥʦʢ 4 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʩʠʛʥʘʣʦʚ ʄ-ʌʄ ʩ 

ʥʝʢʦʛʝʨʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʪʦʯʥʦʤ ʩʦʚʧʘʜʝʥʠʠ ʯʘʩʪʦʪʳ ʧʦʤʝʭʠ ʩ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ 

ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ (æfʧ =0) ʘʣʛʦʨʠʪʤ ʦʢʘʟʘʣʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ. ʇʨʠ ʥʝʥʫʣʝʚʦʡ 

ʞʝ ʨʘʩʩʪʨʦʡʢʝ ʧʦʤʝʭʠ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʢʦʤʧʝʥʩʘʮʠʷ, ʩʪʝʧʝʥʴ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ 

ʚʝʣʠʯʠʥʳ ʵʪʦʡ ʨʘʩʩʪʨʦʡʢʠ. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ 

Peb ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ SNR (ʜɹ) ʧʨʠ æfʧTs = 0.5 ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʭʠ: 

Õ=0.1, 0.5, 0.9 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5. ʐʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʫʯʘʶ 

ʚʢʣʶʯʝʥʥʦʡ ʩʭʝʤʳ ʥʝʢʦʛʝʨʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʤʝʭʠ. ʉʧʣʦʰʥʳʝ ʣʠʥʠʠ 

ʧʦʣʫʯʝʥʳ ʙʝʟ ʦʙʨʘʙʦʪʢʠ ʧʦʤʝʭʠ. 
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                             ʘ)                                                                     ʙ) 

 
                              ʚ)                                                                    ʛ) 

 

ʈʠʩʫʥʦʢ 5 ï ɿʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ BER ʦʪ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ SNR ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʥʝʢʦʛʝʨʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʛʘʨʤʦʥʠʯʝʩʢʦʡ 

ʧʦʤʝʭʠ:  

ʘ ï2-ʌʄ, ʙ ï 4-ʌʄ, ʚ ï 8-ʌʄ, ʛ ï 16-ʌʄ 

 

ʆʧʪʠʤʘʣʴʥʘʷ ʥʝʢʦʛʝʨʝʥʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʣʫʯʰʘʝʪʩʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ 

ʧʝʨʝʜʘʯʠ ʜʠʩʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʟʘʤʝʪʥʦ ʧʨʠ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʭʠ ɛ=0.5 ʠ 0.9. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʚʫʤʷ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤʠ ʘʜʘʧʪʠʚʥʳʤʠ ʬʠʣʴʪʨʘʤʠ ʜʘʝʪ ʤʝʥʴʰʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ. ʊʘʢ, ʧʨʠ ɛ=0.5 ʠ Peb=10-2 ʜʣʷ ʄ=2 ʚʢʣʶʯʝʥʠʝ ʩʭʝʤʳ 

ʥʝʢʦʛʝʨʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʤʝʭʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʠʛʨʳʰ ʧʦ ʵʥʝʨʛʠʠ ʥʝ ʙʦʣʝʝ 

0.5 ʜɹ, ʜʣʷ ʄ=4 ï ʦʢʦʣʦ 2 ʜɹ, ʜʣʷ ʄ=8 ï ʦʢʦʣʦ 5 ʜɹ ʠ ʜʣʷ ʄ=16 ʥʝ ʙʦʣʝʝ 8 ʜɹ.  

 

4. ɸʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ʄ-ʌʄ 

ʥʘ ʬʦʥʝ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ 
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ʇʨʠ ʩʠʥʪʝʟʝ ʢʚʘʟʠʢʦʛʝʨʝʥʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ ʄ-ʌʄ ʥʘ ʬʦʥʝ 

ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʡ ʥʝʣʠʥʝʡʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ [ʊʠʭʦʥʦʚ, 1978]. ʇʨʠ ʵʪʦʤ ʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʩʣʫʯʘʡʥʳʝ ʥʘʯʘʣʴʥʳʝ 

ʬʘʟʳ ʩʠʛʥʘʣʘ ʠ ʧʦʤʝʭʠ ʝʩʪʴ ʚʠʥʝʨʦʚʩʢʠʝ ʧʨʦʮʝʩʩʳ.  

ʉʭʝʤʘ ʧʦʣʫʯʝʥʥʦʛʦ ʢʚʘʟʠʢʦʛʝʨʝʥʪʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 6. ʆʥ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʯʘʩʪʠ: ʙʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʮʝʥʢʠ ʢʘʥʘʣʴʥʦʛʦ 

ʩʠʤʚʦʣʘ ʠ ʜʚʝ ʩʭʝʤʳ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʠ ʧʦʤʝʭʠ, ʘ 

ʪʘʢʞʝ ʧʝʨʝʢʨʝʩʪʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï  ʂʚʘʟʠʢʦʛʝʨʝʥʪʥʳʡ ʧʨʠʝʤʥʠʢ ʩʠʛʥʘʣʘ ʄ-ʌʄ ʧʨʠ ʥʘʣʠʯʠʠ 

ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ  

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʮʝʥʦʯʥʳʭ ʢʦʧʠʡ ʩʠʛʥʘʣʘ ʠ ʧʦʤʝʭʠ, ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ 

ʧʦ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʧʨʠʥʠʤʘʝʤʦʡ ʩʤʝʩʠ 

x(t), ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʪʦʨʦʚ ɻ1 ʠ ɻ2. ʇʨʠʝʤʥʠʢ ʩʦʜʝʨʞʠʪ ʜʚʘ 

ʚʳʯʠʪʘʪʝʣʷ: ɺ1 ʩʣʫʞʠʪ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ ʚ 

ʧʨʠʥʠʤʘʝʤʦʤ ʧʨʦʮʝʩʩʝ; ɺ2 ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʩʠʛʥʘʣʘ, ʠ 

ʧʦʣʫʯʝʥʥʦʝ ʢʦʣʝʙʘʥʠʝ, ʢʦʪʦʨʦʝ ʚ ʠʜʝʘʣʝ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʛʘʨʤʦʥʠʯʝʩʢʫʶ 

ʧʦʤʝʭʫ ʠ ʰʫʤ, ʢʦʪʦʨʦʝ ʧʦʜʘʝʪʩʷ ʥʘ ʩʭʝʤʫ ʌɸʇʏ ʢʘʥʘʣʘ ʧʦʤʝʭʠ.  

ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ Peb ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ Eb/N0 ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʧʨʠ ʧ 0D =w  ʠ 


