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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ 

ʜʝʬʦʨʤʘʮʠʠ ʚʥʝʰʥʝʛʦ ʢʦʣʴʮʘ ʩʪʫʧʠʯʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʘʚʪʦʤʦʙʠʣʷ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ʠʣʠ ʙʦʣʝʝ ʘʜʨʝʩʥʳʝ ʚʦʣʦʢʦʥʥʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

(ɸɺɹʉ) ʥʘ ʦʩʥʦʚʝ 2-́ɺɹʈ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʝʜʣʦʞʝʥʳ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦʜʰʠʧʥʠʢʘ ʢʘʢ ʬʫʥʢʮʠʠ ʠʟʤʝʥʝʥʠʷ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʦʪ 

ɸɺɹʉ, ʨʘʟʨʘʙʦʪʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʦʧʨʦʩʘ ɸɺɹʉ ʚ ʤʘʣʦʩʝʥʩʦʨʥʳʭ ʠ 

ʤʥʦʛʦʩʝʥʩʦʨʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʩʠʩʪʝʤ. 

Abstract 

The work presents a fiber-optic strain measurement system for the outer 

ring of automotive wheel hub bearing with enhanced metrological performance 

and techno-economic qualities. The system includes at least two addressed fiber 

Bragg structures (AFBS) as sensing elements, one of which is used as a 

temperature sensor. The work discusses the proposed mathematical and 



 

computer models, analytical expressions for bearing deformation control as a 

function of AFBS central wavelength shifts. The structures of the AFBS 

interrogation systems in a few-sensor and multi-sensor configurations are 

described. 

1. ɺʚʝʜʝʥʠʝ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʝʡ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʨʨʝʢʪʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʩʮʝʧʣʝʥʠʷ ʢʦʣʝʩ ʩ ʜʦʨʦʛʦʡ, 

ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʘʤʠ ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʠ [1]. ʉ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʫʩʣʦʚʠʡ ʚʝʜʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʣʝʩʦ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʜʰʠʧʥʠʢ ʩʪʫʧʠʮʳ ʢʦʣʝʩʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ: ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʳʭ [2] ʠʣʠ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ (ɺɹʈ) 

[3]. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʪʯʠʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ ʚʥʝʰʥʝʤ 

ʢʦʣʴʮʝ ʧʦʜʰʠʧʥʠʢʘ [2], ʯʪʦ ʫʧʨʦʱʘʝʪ ʩʲʝʤ ʠʥʬʦʨʤʘʮʠʠ. ʂ ʦʩʥʦʚʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʳʤʠ ʦʪʥʦʩʷʪ: ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʝ ʨʘʟʤʝʨʳ, ʤʘʣʳʡ ʚʝʩ, 

ʧʨʦʩʪʦʪʫ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʧʦʤʝʭʘʤ, ʚʳʩʦʢʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ. ʅʝʜʦʩʪʘʪʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠʭ ʦʧʨʦʩʘ (ʠʥʪʝʨʨʦʛʘʪʦʨʦʚ), ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ɺɹʈ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦʜʰʠʧʥʠʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʯʘʩʪʦʪʫ ʠʟʤʝʨʝʥʠʡ. 

ʉ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ 

ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ɺɹʈ ï ʘʜʨʝʩʥʳʝ ʚʦʣʦʢʦʥʥʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

(ɸɺɹʉ) ʠ ʨʘʜʠʦʬʦʪʦʥʥʘʷ ʩʠʩʪʝʤʘ ʠʭ ʦʧʨʦʩʘ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ 

ɸɺɹʉ: ʩʪʨʫʢʪʫʨʳ ʩ ʜʚʫʤʷ ʜʠʩʢʨʝʪʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ (2ˊ-ɺɹʈ) ʠ 

ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʧʠʩʘʥʥʳʭ 

ʩʚʝʨʭʫʟʢʦʧʦʣʦʩʥʳʭ ɺɹʈ ʩ ʙʣʠʟʢʠʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ (2ɚ-

ɺɹʈ) [6]. ɺʩʣʝʜʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʜʣʠʥʝ ʜʘʪʯʠʢʘ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ 2ˊ-ɺɹʈ ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ.  

2. ʄʘʣʦʩʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʩʪʫʧʠʯʥʳʭ 

ʧʦʜʰʠʧʥʠʢʦʚ  

ɺ ʢʘʯʝʩʪʚʝ ʤʘʣʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʜʘʪʯʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʩʪʫʧʠʯʥʦʛʦ 



 

ʧʦʜʰʠʧʥʠʢʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʧʨʠʤʝʤ ʩʠʩʪʝʤʫ, ʩʦʜʝʨʞʘʱʫʶ ʦʜʠʥ 

ʜʘʪʯʠʢ ʜʝʬʦʨʤʘʮʠʠ ʠ ʦʜʠʥ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥʦ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʦʩʪʨʦʝʥʠʷ ʤʘʣʦʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ: ʩ 

ʨʘʟʥʝʩʝʥʥʳʤʠ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ (ʥʘ 1 

ʊɻʮ ʠ ʙʦʣʝʝ) ʮʝʥʪʨʘʣʴʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ɸɺɹʉ (ʨʠʩʫʥʦʢ 1 (ʘ)) ʠ ʩ ʙʣʠʟʢʠʤʠ 

(ʠʣʠ ʩʦʚʧʘʜʘʶʱʠʤʠ) ʮʝʥʪʨʘʣʴʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ɸɺɹʉ (ʨʠʩʫʥʦʢ 1 (ʙ)). ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʢʣʶʯʘʪʴ ʜʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ 2ˊ-

ɺɹʈ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʦʜʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ. 

 
(ʘ) 

 
(ʙ) 

ʈʠʩ. 1: ɹʣʦʢ-ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʦʧʨʦʩʘ ʜʚʫʭ ɸɺɹʉ: ʩ ʨʘʟʥʝʩʝʥʥʳʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ 

ʯʘʩʪʦʪʘʤʠ (ʘ), ʩ ʙʣʠʟʢʠʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ɸɺɹʉ (ʙ). 

 

ɺ ʦʙʦʠʭ ʚʘʨʠʘʥʪʘʭ ʩʭʝʤ ʦʧʪʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ 1 ʬʦʨʤʠʨʫʝʪ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʜʠʘʧʘʟʦʥʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʜʚʠʛʫ 

ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ɸɺɹʉ (ʜʠʘʛʨʘʤʤʘ a). ʀʟʣʫʯʝʥʠʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ɸɺɹʉ-ʜʘʪʯʠʢʠ 2.1 ʠ 2.2 (ʚ ʩʭʝʤʝ (ʙ) ʚʢʣʶʯʝʥʥʳʝ ʧʘʨʘʣʣʝʣʴʥʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʜʝʣʠʪʝʣʝʡ 9 ʠ 10), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʬʦʨʤʠʨʫʝʪʩʷ ʯʝʪʳʨʝʭʯʘʩʪʦʪʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʜʠʘʛʨʘʤʤʳ b, c), ʢʦʪʦʨʦʝ 

ʜʝʣʠʪʩʷ ʨʘʟʚʝʪʚʠʪʝʣʝʤ 6 ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʠ ʦʧʦʨʥʳʡ ʢʘʥʘʣ. ɺ 

ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʢʘʥʘʣʝ ʠʟʣʫʯʝʥʠʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʬʠʣʴʪʨ ʩ ʣʠʥʝʡʥʦʡ 

ʥʘʢʣʦʥʥʦʡ ɸʏʍ (ʜʠʘʛʨʘʤʤʘ d) ʠ ʧʦʩʪʫʧʘʝʪ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢ 4, ʩʠʛʥʘʣ 

ʙʠʝʥʠʡ ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ɸʎʇ 5. ɺ ʦʧʦʨʥʦʤ ʢʘʥʘʣʝ 

ʠʟʣʫʯʝʥʠʝ ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ (ʜʠʘʛʨʘʤʤʘ e) ʧʨʠʥʠʤʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʦʪʦʧʨʠʝʤʥʠʢʦʤ 7 ʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ɸʎʇ 8. 

ʀʟʤʝʨʠʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ ʦʪʥʦʰʝʥʠʷ ʤʦʱʥʦʩʪʝʡ 

ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʠ ʦʧʦʨʥʦʤ ʢʘʥʘʣʘʭ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʠʩʢʣʶʯʘʝʪʩʷ ʚʣʠʷʥʠʝ 

ʬʣʫʢʪʫʘʮʠʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ. 

ɼʣʷ ʩʚʷʟʠ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʩʦ 

ʩʤʝʱʝʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ɸɺɹʉ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʜʫʣʷʮʠʠ 

Mn, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 
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ʛʜʝ A ʠ B ï ʘʤʧʣʠʪʫʜʳ ʦʧʪʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ɸɺɹʉ, A0 ï ʘʤʧʣʠʪʫʜʘ 

ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʦʧʦʨʥʦʤ ʢʘʥʘʣʝ, ɋ ï ʘʜʨʝʩʥʘʷ 

ʯʘʩʪʦʪʘ ɸɺɹʉ, u, v ï ʧʘʨʘʤʝʪʨʳ ʧʨʷʤʦʡ, ʦʧʠʩʳʚʘʶʱʝʡ ɸʏʍ ʬʠʣʴʪʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩ ʨʘʟʥʝʩʝʥʥʳʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ 

ʯʘʩʪʦʪʘʤʠ ɸɺɹʉ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʳʭ ʜʣʠʥ ʚʦʣʥ ɸɺɹʉ (ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ) 

ʥʝ ʧʨʝʚʳʰʘʝʪ 0,01 ʧʤ. ɺ ʩʣʫʯʘʝ ʩʠʩʪʝʤʳ ʩ ʙʣʠʟʢʠʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ 

ʯʘʩʪʦʪʘʤʠ ɸɺɹʉ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʝ ʧʨʝʚʳʰʘʣ 0,014 ʧʤ. ʆʜʥʘʢʦ ʚ 

ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ ɸɺɹʉ 

ʧʦʛʨʝʰʥʦʩʪʴ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 1,67 ʧʤ. ʇʨʦʚʝʜʝʥʥʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʤʘʣʦʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ OptiSystem 7.0 ʧʦʜʪʚʝʨʜʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʣʦʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ. 

3. ʄʥʦʛʦʩʝʥʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʩʪʫʧʠʯʥʳʭ 

ʧʦʜʰʠʧʥʠʢʦʚ  

ʀʟʤʝʨʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʩʪʫʧʠʯʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʚ ʝʜʠʥʩʪʚʝʥʥʦʡ 

ʪʦʯʢʝ, ʨʝʘʣʠʟʫʝʤʦʝ ʤʘʣʦʩʝʥʩʦʨʥʳʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʜʰʠʧʥʠʢ ʚ ʦʜʥʦʤ (ʢʘʢ 

ʧʨʘʚʠʣʦ ʧʨʦʜʦʣʴʥʦʤ) ʥʘʧʨʘʚʣʝʥʠʠ. ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʠʤʝʥʝʥʠʷʭ 

(ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ) ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʷʪʴ ʥʘʛʨʫʟʢʠ ʚ ʧʨʦʜʦʣʴʥʦʤ, ʧʦʧʝʨʝʯʥʦʤ 

ʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʤʥʦʛʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ, 

ʚʳʧʦʣʥʷʶʱʝʡ ʫʢʘʟʘʥʥʳʝ ʟʘʜʘʯʠ, ʧʨʠʤʝʤ ʩʠʩʪʝʤʫ ʠʟ ʰʝʩʪʠ ʜʘʪʯʠʢʦʚ 

ʜʝʬʦʨʤʘʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʦʛʣʘʩʥʦ [5] (ʨʠʩʫʥʦʢ 2 (ʘ)) ʠ ʦʜʥʦʛʦ 

ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ ʨʠʩʫʥʢʝ 2 (ʙ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʩʠʩʪʝʤʳ ʦʧʨʦʩʘ ʩʝʤʠ ɸɺɹʉ, ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʘʥʘʣʦʛʠʯʥʦ ʤʘʣʦʩʝʥʩʦʨʥʦʤʫ 

ʚʘʨʠʘʥʪʫ ʩ ʙʣʠʟʢʠʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʜʘʪʯʠʢʦʚ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʤʘʣʦʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʥʦʛʦʩʝʥʩʦʨʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʠʩʪʝʤʳ ʦʧʨʦʩʘ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʮʝʥʪʨʘʣʴʥʳʭ ʜʣʠʥ ʚʦʣʥ ɸɺɹʉ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,104 ʧʤ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʣʠ 

2 ʧʤ ʚ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʳʭ 

ʯʘʩʪʦʪ ɸɺɹʉ ʠ ʨʘʩʰʠʨʝʥʠʷ ʘʜʨʝʩʥʦʡ ʝʤʢʦʩʪʠ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʘʜʨʝʩʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ 

ʩʪʨʫʢʪʫʨ (ʄɸɺɹʉ) ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 



 

ʤʥʦʛʦʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ. ʆʧʪʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʩʦʩʪʦʠʪ ʠʟ 

ʪʨʝʭ ʠʣʠ ʙʦʣʝʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʝʨʭʫʟʢʦʧʦʣʦʩʥʳʭ ʢʦʤʧʦʥʝʥʪ. ʇʨʠʥʮʠʧ 

ʦʧʨʦʩʘ ʘʜʨʝʩʥʳʭ ʠ ʤʥʦʛʦʘʜʨʝʩʥʳʭ ʩʪʨʫʢʪʫʨ ʠʜʝʥʪʠʯʝʥ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʪʦʛʦ, ʯʪʦ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʩʠʛʥʘʣʘ ʙʠʝʥʠʡ ʥʘ ʬʦʪʦʜʝʪʝʢʪʦʨʝ. 

 
(ʘ) 

 
(ʙ) 

ʈʠʩ. 2: ʈʘʩʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʦʚ ʜʝʬʦʨʤʘʮʠʠ (1ï6) ʤʥʦʛʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ (ʘ), 

ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʦʧʨʦʩʘ ɸɺɹʉ (ʙ). 

 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʨʘʜʠʦʬʦʪʦʥʥʘʷ ʩʝʥʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ 

ʜʝʬʦʨʤʘʮʠʠ ʩʪʫʧʠʯʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʦʩʥʦʚʝ ʘʜʨʝʩʥʳʭ 

ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ ʦʙʣʘʜʘʝʪ ʫʣʫʯʰʝʥʥʳʤʠ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʧʨʦʯʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ 

ʚʦʣʦʢʦʥ ʢʘʙʝʣʝʡ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʷʭ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʘ ʦʩʪʘʪʦʯʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ.   

 

Abstract 

The article discusses methods for checking the strength of optical fibers 

of cables on existing cable lines and their application in predicting the residual 

lifetime of optical cables. 

 

1. ɺʚʝʜʝʥʠʝ 

ɼʝʢʣʘʨʠʨʦʚʘʥʥʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʨʝʩʫʨʩ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ 

ʣʠʙʦ ʫʞʝ ʧʦʣʥʦʩʪʴʶ ʚʳʨʘʙʦʪʘʥ, ʣʠʙʦ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʢʨʠʪʠʯʝʩʢʦʡ 

ʦʪʤʝʪʢʝ. ɽʩʪʝʩʪʚʝʥʥʦ, ʫ ʦʧʝʨʘʪʦʨʘ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦʙ ʦʩʪʘʪʦʯʥʦʤ ʩʨʦʢʝ 

ʩʣʫʞʙʳ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʥʘ ʣʠʥʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʶʟʘ ʵʣʝʢʪʨʦʩʚʷʟʠ ʩʨʦʢ ʩʣʫʞʙʳ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ 

ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʩʨʦʢ ʩʣʫʞʙʳ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʚ ʢʘʙʝʣʝ [1-2]. 

ʄʝʪʦʜʠʢʠ ʧʨʦʛʥʦʟʘ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ 

ʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. ʉʦʛʣʘʩʥʦ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ, ʩʨʦʢ ʩʣʫʞʙʳ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʖ. ʄʠʪʮʫʥʘʛʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [1-4]. ʇʨʠ ʵʪʦʤ, 

ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʨʦʛʥʦʟʘ ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʧʨʠʣʦʞʝʥʥʳʭ ʢ 

ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʦʢʥʫ ʥʘʧʨʷʞʝʥʠʡ ʠ ʠʩʭʦʜʥʘʷ ʧʨʦʯʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ 



 

ʚʦʣʦʢʥʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʥʘʭ ʢʘʙʝʣʝʡ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ. ʅʘ ʨʳʥʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʕʪʦ ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʥʪʳ ʠʤʧʫʣʴʩʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʨʝʬʣʝʢʪʦʤʝʪʨʦʚ. ʊʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ɹʨʠʣʣʶʵʥʦʚʩʢʠʝ ʠʤʧʫʣʴʩʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʨʝʬʣʝʢʪʦʤʝʪʨʳ (BOTDR) 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʛʨʫʟʦʢ [5, 6]. ʉʪʘʥʜʘʨʪʥʳʝ 

ʨʝʬʣʝʢʪʦʤʝʪʨʳ ʦʙʨʘʪʥʦʛʦ ʨʝʣʝʝʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ (OTDR), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʟʤʝʨʝʥʠʷ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ ʜʚʫʭ ʜʣʠʥʘʭ ʚʦʣʥ, ʚʢʣʶʯʘʷ 

1625 ʥʤ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠ ʤʘʣʦʤʦʜʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʨʝʬʣʝʢʪʦʤʝʪʨʳ 

ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʟʙʳʪʦʯʥʦʡ ʜʣʠʥʳ ʦʧʪʠʯʝʩʢʦʛʦ 

ʚʦʣʦʢʥʘ ʚ ʢʘʙʝʣʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʠʟʛʠʙʘʭ ʦʧʪʠʯʝʩʢʠʭ 

ʚʦʣʦʢʦʥ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ [6-9]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʤʝʪʦʜʦʚ 

ʢʦʥʪʨʦʣʷ ʧʨʦʯʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʚ ʢʘʙʝʣʝ ʧʦʢʘ ʥʝʪ. ɺ 

ʨʝʢʦʤʝʥʜʘʮʠʷʭ [1] ʧʨʝʜʣʦʞʝʥʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʜʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʙʝʣʷ. ʕʪʦ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʦ ʜʣʷ 

ʧʨʦʛʥʦʟʦʚ ʨʝʩʫʨʩʘ ʢʘʙʝʣʴʥʦʛʦ ʠʟʜʝʣʠʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʦ ʧʨʠ 

ʧʨʦʛʥʦʟʘʭ ʦʩʪʘʪʦʯʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʥʘ ʣʠʥʠʠ ʵʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ [10].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ 

ʧʨʦʛʥʦʟʘ ʨʝʩʫʨʩʘ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʥʘ ʣʠʥʠʠ. ʇʝʨʚʳʡ ʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʡ 

ʚʘʨʠʘʥʪ, ʥʦ ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʫʞʝ ʩʝʛʦʜʥʷ, ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʠʩʧʳʪʘʥʠʷʭ ʦʙʨʘʟʮʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʠʟʲʷʪʳʭ ʩ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ. 

ɺʪʦʨʦʡ, ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ, ʩʚʷʟʘʥ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʘʢʫʩʪʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʯʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ. 

2. ʂʦʥʪʨʦʣʴ ʧʨʦʯʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʠʟʲʷʪʳʭ ʩ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʙʲʝʤ ʚʳʙʦʨʢʠ ʦʙʨʘʟʮʦʚ ʢʘʙʝʣʷ ʩ ʜʝʡʩʪʚʫʶʱʝʡ 

ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʤʝʪʦʜʘʤʠ ʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ 

ʦʛʨʘʥʠʯʝʥ. ʆʪʩʶʜʘ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʪʙʦʨʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʜʣʠʥ ʥʘ 

ʢʘʙʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, ʩ ʢʦʪʦʨʳʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʙʨʘʪʴ ʦʙʨʘʟʮʳ. 

ʅʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʩʪʨʘʪʝʛʠʡ ʧʨʦʛʥʦʟʠʨʫʶʱʝʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ [11-14] ʧʦʟʚʦʣʠʣ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʡ 

ʘʣʛʦʨʠʪʤ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʮʝʥʦʢ ʧʨʦʯʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ 

ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ. ɸʣʛʦʨʠʪʤ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ.  

ʉʙʦʨ ʜʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ ʧʦ 

ʫʯʘʩʪʢʘʤ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʪʙʦʨ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʜʣʠʥ ʥʘ ʢʘʙʝʣʴʥʦʤ ʫʯʘʩʪʢʝ, ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ 

ʢʦʪʦʨʳʭ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ. ʀʟʚʣʝʯʝʥʠʝ ʦʙʨʘʟʮʦʚ 

ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʦʪʦʙʨʘʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʜʣʠʥ ʥʘ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ ʠ 

ʠʭ ʧʦʜʛʦʪʦʚʢʘ ʢ ʠʩʧʳʪʘʥʠʷʤ. ʆʙʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ 



 

ʠʟʲʷʪʳʭ ʩ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ. ʀʩʧʳʪʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ 2-ʭ ʪʦʯʝʯʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʟʨʳʚ, ʩʪʨʠʧ-ʪʝʩʪʘ. 

3. ʄʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʯʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ 

ʚʦʣʦʢʦʥ ʚ ʢʘʙʝʣʝ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʩʪʠʨʫʝʤʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʚʦʣʦʢʥʘ ʚ ʢʘʯʝʩʪʚʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ ʠ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʥʝʣʠʥʝʡʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ 

ɸʚʪʦʨʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʯʥʦʩʪʠ 

ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʚ ʢʘʙʝʣʝ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʩʪʠʨʫʝʤʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʚ ʢʘʯʝʩʪʚʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ ʠ 

ʠʟʤʝʨʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʣʠʥʝʡʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ [15]. ʄʝʪʦʜ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʦʚ ʥʝʣʠʥʝʡʥʦʡ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʪʝʩʪʠʨʫʝʤʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʠ ʵʪʘʣʦʥʥʦʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, ʧʨʦʯʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʠʟʚʝʩʪʥʘ. ʀʩʢʦʤʫʶ ʧʨʦʯʥʦʩʪʴ 

ʪʝʩʪʠʨʫʝʤʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ  
ES , 

TS  - ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚʦʛʦ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

 
0EA , 

0TA  - ʘʤʧʣʠʪʫʜʳ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʯʘʩʪʦʪʝ ʠʩʪʦʯʥʠʢʘ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚʦʛʦ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ʛʜʝ 
EiA , 

TiA  - ʘʤʧʣʠʪʫʜʳ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʥʘ i-ʪʦʡ ʛʘʨʤʦʥʠʢʝ 

ʯʘʩʪʦʪʳ ʠʩʪʦʯʥʠʢʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚʦʛʦ ʠ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

N ï ʯʠʩʣʦ ʛʘʨʤʦʥʠʢ ʯʘʩʪʦʪʳ ʠʩʪʦʯʥʠʢʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʬʦʥʝ ʧʦʤʝʭ.  

ʅʘ ʨʠʩ.1 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʨʤʠʨʦʚʘʥʥʳʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʦʚ ʥʝʣʠʥʝʡʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʵʤʠʩʩʠʠ ʦʙʨʘʟʮʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʩ ʥʘʥʝʩʝʥʥʳʤ ʜʝʬʝʢʪʦʤ ʥʘ ʝʛʦ 

ʦʙʦʣʦʯʢʫ ʠ ʙʝʟ ʜʝʬʝʢʪʘ. ʅʘ ʨʠʩ.2 ʧʨʠʚʝʜʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʚ ʜʚʫʭ 

ʧʣʦʩʢʦʩʪʷʭ ʫʯʘʩʪʢʘ ʦʙʨʘʟʮʘ ʚʦʣʦʢʥʘ ʩ ʥʘʥʝʩʝʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʜʝʬʝʢʪʦʤ.  



 

 
ʈʠʩ.1 ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʦʚ ʥʝʣʠʥʝʡʥʦʡ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʦʙʨʘʟʮʦʚ ʩ ʥʘʥʝʩʝʥʥʳʤ ʜʝʬʝʢʪʦʤ ʠ ʙʝʟ ʜʝʬʝʢʪʘ 

 

 
ʈʠʩ.2 ʌʦʪʦʛʨʘʬʠʠ ʫʯʘʩʪʢʘ ʆɺ ʩ ʥʘʥʝʩʝʥʥʳʤ ʜʝʬʝʢʪʦʤ ʦʙʦʣʦʯʢʠ 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʪʠʧʠʯʥʳʝ ʧʨʠʤʝʨʳ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʮʝʥʦʢ 

ʧʨʦʯʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʦʚ ʥʝʣʠʥʝʡʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ 

ʠ 2-ʪʦʯʝʯʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʦʙʨʘʟʮʦʚ ʢʘʙʝʣʷ ʣʠʥʠʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ 1996 

ʛʦʜʫ ʠ 1998 ʛʦʜʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʮʝʥʢʠ ʥʦʨʤʠʨʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʙʨʘʟʮʘ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, ʚʳʧʫʱʝʥʥʦʛʦ ʚ 2020 ʛʦʜʫ. ʊʘʤ ʞʝ 

ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʦʮʝʥʦʢ ʧʨʝʜʣʦʞʝʥʥʳʤ 

ʤʝʪʦʜʦʤ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʢʘʯʝʩʪʚʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ 

ʚʝʣʠʯʠʥʳ ʧʨʠʥʠʤʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 2-ʭ ʪʦʯʝʯʥʳʤ ʤʝʪʦʜʦʤ. 

 

 

 

 



 

ʊʘʙʣ.1 ʆʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʪʝʩʪʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ 

ʆʪʥʦʰʝʥʠʝ ʇʨʝʜʣʦʞʝʥʥʳʡ 

ʤʝʪʦʜ 

2-ʭ ʪʦʯʝʯʥʳʡ 

ʤʝʪʦʜ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ, % 

2020 1996S S  1.30 1.27 2.36 

2020 1998S S  1.10 1.11 -0.90 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʢʦʥʪʨʦʣʷ 

ʧʨʦʯʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʜʣʷ ʧʨʦʛʥʦʟʘ ʨʝʩʫʨʩʘ 

ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ. ʂʦʥʪʨʦʣʴ ʧʨʦʯʥʦʩʪʠ ʚʦʣʦʢʥʘ ʨʘʟʨʫʰʘʶʱʠʤʠ 

ʤʝʪʦʜʘʤʠ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʝʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ 

ʫʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʤʝʪʦʜ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʝʥ, ʦʜʥʘʢʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʂʈʂ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ɸʄʌʄ-ʌʄɸʄ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʨʝʘʣʠʟʦʚʘʪʴ ʚʩʝ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʝ ʩʭʝʤʳ ʌʄ-ʌʄ, ɸʄ-ɸʄ ʠ 

ɸʄ-ʌʄ (ʌʄ-ɸʄ). ʆʮʝʥʠʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʭʝʤ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʤʝʪʦʜʝ ʀʣʴʠʥʘ-ʄʦʨʦʟʦʚʘ ï ɸʄ ʠ ʬʘʟʦʚʦʡ ʢʦʤʤʫʪʘʮʠʠ (ʌʂ) ï ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʢʘʢ ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ɸʄʌʂ-ʌʂɸʄ ʩ 

ʨʝʤʦʜʫʣʷʮʠʝʡ ʠ ʨʝʢʦʤʤʫʪʘʮʠʠ, ʪʘʢ ʠ ʘʩʩʠʤʠʪʨʠʯʥʦʡ ï ʩ ʧʘʩʩʠʚʥʦʡ 

ʬʠʣʴʪʨʘʮʠʝʡ ɸʄʌʂ-ɺɹʈ/ʋɺɻ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ 

ʩʭʝʤʳ ɸʄʌʄ ʥʘ ʦʩʥʦʚʝ ʛʨʝʙʝʥʢʠ ʧʦʜʥʝʩʫʱʠʭ. 

 

Abstract 

The article considers the possibility of constructing a universal QKD 

system based on the electro-optical AMPM-PMAM scheme, which allows 

implementing all previously known PM-PM, AM-AM and AM-PM (PM-AM) 

schemes. The characteristics of the schemes based on the Ilyin-Morozov ï AM 

method and phase switching (PC) ï with the possibility of implementing both a 

symmetric AMPC-PCAM structure with remodulation and recommutation, and 

an assimitric one ï with passive filtering of AMPC- FBG/ AWG, as well as a 

promising multi-channel AMPM scheme based on a subcarrier comb. 

 



 

1. ɺʚʝʜʝʥʠʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʢʚʘʥʪʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ 

(ʂʈʂ) ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʤʝʥʘ ʩʣʫʯʘʡʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʙʠʪʦʚ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʥʝ ʜʦʩʪʠʞʠʤʦʡ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʪʢʨʳʪʳʭ ʠʣʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʦʡ [1]. 

2. ʆʙʟʦʨ 

ʊʝʭʥʦʣʦʛʠʷ ʯʘʩʪʦʪʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʬʦʪʦʥʦʚ ʯʝʨʝʟ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜ ʝʛʦ ʥʝʩʫʱʝʡ 

ʯʘʩʪʦʪʳ, ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʧʦ ʬʘʟʝ ʠʣʠ ʘʤʧʣʠʪʫʜʝ ʨʘʜʠʦʯʘʩʪʦʪʥʳʤ 

ʩʠʛʥʘʣʦʤ, ʠ ʧʦʣʫʯʝʥʥʳʭ ʙʦʢʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ [1]. ɿʘ ʧʦʩʣʝʜʥʠʝ 

ʜʚʘʜʮʘʪʴ ʣʝʪ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʠ 

ʫʣʫʯʰʝʥʘ.  ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʂʈʂ ʧʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʤʫ ʧʨʦʪʦʢʦʣʫ B92. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʫʨʦʚʝʥʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʠʣʠ ʜʝʩʪʨʫʢʪʠʚʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʦʙʝʠʭ 

ʙʦʢʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ 

(ʌʄ), ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʪʠʧʘ ʢʦʩʠʥʫʩ-ʢʚʘʜʨʘʪ ʦʪ ʨʘʟʥʦʩʪʠ ʬʘʟ 

ʤʝʞʜʫ ʨʘʜʠʦʩʠʛʥʘʣʘʤʠ ɸʣʠʩʳ (ʣʝʛʘʣʴʥʳʡ ʘʙʦʥʝʥʪ ï ʧʝʨʝʜʘʪʯʠʢ) ʠ ɹʦʙʘ 

(ʣʝʛʘʣʴʥʳʡ ʘʙʦʥʝʥʪ ï ʧʨʠʝʤʥʠʢ). ʇʨʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤ ʫʯʝʪʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʨʠʤʝʥʝʥʠʠ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʠ (ɸʄ) ʚʤʝʩʪʦ 

ʬʘʟʦʚʦʡ ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʂʈʂ ʧʦ ʙʘʟʦʚʦʤʫ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʤʫ ʧʨʦʪʦʢʦʣʫ BB84. ʇʨʠ ʵʪʦʤ ʚ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪʘʭ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʰʠʨʝʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʠʥʮʠʧʘ ʯʘʩʪʦʪʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʢʘʞʜʦʤʫ ʩʦʩʪʦʷʥʠʶ ʬʦʪʦʥʘ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʝ ʬʘʟʘ 

ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʥʘ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʦʪʝ, ʘ ʦʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʯʘʩʪʦʪ ʙʦʢʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʣʠʙʦ ʩʘʤʘ ʦʧʪʠʯʝʩʢʘʷ ʥʝʩʫʱʘʷ ʬʦʪʦʥʘ.  

3. ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʝʝ ʩʪʨʫʢʪʫʨʘ 

 
ʈʠʩ. 1. ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɸʄʌʄ-ʌʄɸʄ ʩʠʩʪʝʤʳ ʂʈʂ ʩ ʯʘʩʪʦʪʥʳʤ 

ʢʦʜʠʨʦʚʘʥʠʝʤ. 

ʅʘ ʩʪʦʨʦʥʝ ɸʣʠʩʳ ʫʩʪʘʥʦʚʣʝʥʘ ʧʝʨʝʜʘʶʱʘʷ ʯʘʩʪʴ ʦʜʥʦʧʦʨʪʦʚʦʛʦ 

ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʨʘʜʠʦʬʦʪʦʥʥʦʛʦ ʟʚʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʪʠʧʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʘʣʦʤʦʱʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʘ (ʜʘʣʝʝ ʄʀʃ) ï ʠʤʠʪʘʪʦʨʘ 



 

ʛʝʥʝʨʘʪʦʨʘ ʦʜʠʥʦʯʥʳʭ ʬʦʪʦʥʦʚ, ʠʟʣʫʯʘʶʱʝʛʦ ʥʘ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ ɤ0, 

ʘʤʧʣʠʪʫʜʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʄʘʭʘ-ʎʝʥʜʝʨʘ (ʜʘʣʝʝ ɸʄʄʎ) ʠ ʬʘʟʦʚʦʛʦ 

ʤʦʜʫʣʷʪʦʨʘ ʄʘʭʘ-ʎʝʥʜʝʨʘ (ʜʘʣʝʝ ʌʄʄʎ) [2,3]. ʅʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ 

ɸʄʄʎ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʥʪʨʦʣʣʝʨʳ ʧʦʣʷʨʠʟʘʮʠʠ (ʜʘʣʝʝ ʂʇ) ʩʢʨʝʱʝʥʥʦʛʦ 

ʪʠʧʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʘʣʠʟʦʚʘʪʴ ʘʤʧʣʠʪʫʜʥʫʶ ʤʦʜʫʣʷʮʠʶ ʥʝʩʫʱʝʡ ʧʨʠ 

ʚʳʙʦʨʝ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʯʠʭ ʪʦʯʝʢ ʥʘ ʝʛʦ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʘ 

ʪʘʢʞʝ ʫʧʨʘʚʣʷʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʫʩʢʘʥʠʷ ʤʦʜʫʣʷʪʦʨʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʤʦʜʫʣʷʮʠʠ.  

ɸʤʧʣʠʪʫʜʥʘʷ ʠ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ 

ʛʝʥʝʨʘʪʦʨʘ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ (ʜʘʣʝʝ ɻʈʏ1) (ɸ ʠʣʠ ʌ) ʩ ʫʛʣʦʚʦʡ 

ʯʘʩʪʦʪʦʡ ɋḺɤ0 ʠ ʚʳʙʠʨʘʝʤʦʡ ʬʘʟʦʡ ūi ʠʟ ʧʘʨʳ ʩʦʧʨʷʞʝʥʥʳʭ ʙʘʟʠʩʦʚ 0;“ 

ʠʣʠ “/2; σ“/2. ɼʣʷ ʚʳʙʦʨʘ ʨʘʙʦʯʝʡ ʪʦʯʢʠ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɸʄʄʎ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʩʤʝʱʝʥʠʷ Ui, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʨʘʙʦʪʫ ʤʦʜʫʣʷʪʦʨʘ ʚ ʥʫʣʝʚʦʡ, ʯʝʪʚʝʨʪʴ-ʚʦʣʥʦʚʦʡ ʠ ʧʦʣʫʚʦʣʥʦʚʦʡ ʨʘʙʦʯʠʭ 

ʪʦʯʢʘʭ, ʧʫʪʝʤ ʧʦʜʘʯʠ ʥʘ ʝʛʦ ʚʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 0, U /́2 

ʠʣʠ U ,́ ʛʜʝ U  ́ï ʧʦʣʫʚʦʣʥʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʜʫʣʷʮʠʠ ʢʘʢ 

ɸʄʄʎ, ʪʘʢ ʠ ʌʄʄʎ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʠʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʨʘʙʦʪʫ ʥʘ 

ʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ. ʇʨʠ ʵʪʦʤ ʠʟʣʫʯʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʦʜʥʦʧʦʨʪʦʚʦʛʦ 

ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʟʚʝʥʘ ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥʦ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ɤ0 ʠ ɤ0Ñ2ɋ, 

ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʣʷʶʪʩʷ ʬʠʣʴʪʨʦʤ ʥʘ ɺɹʈ1. ʋʩʪʘʥʦʚʢʘ ʪʘʢʦʛʦ 

ʟʚʝʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʘʭ ʩ ʘʤʧʣʠʪʫʜʥʦʡ, 

ʬʘʟʦʚʦʡ, ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ ʠ ʙʝʟ ʤʦʜʫʣʷʮʠʠ. 

 ʅʘ ʩʪʦʨʦʥʝ ɹʦʙʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠʝʤʥʘʷ ʯʘʩʪʴ ʦʜʥʦʧʦʨʪʦʚʦʛʦ 

ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʨʘʜʠʦʬʦʪʦʥʥʦʛʦ ʟʚʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʪʠʧʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʌʄʄʎ, ɸʄʄʎ, ʙʣʦʢʘ ʬʠʣʴʪʨʦʚ (ʜʘʣʝʝ ʌɺɹʈ) ʠ 

ʦʜʥʦʬʦʪʦʥʥʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ (ʜʘʣʝʝ ʆʌʇ) ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʡ 

ʥʘ ʯʘʩʪʦʪʘʭ ɤ0, ɤ0Ñɋ ʠ ɤ0Ñ2ɋ.  

ɼʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʦʜʫʣʠʨʫʶʱʝʤ ʩʠʛʥʘʣʝ ʥʘ ʯʘʩʪʦʪʝ ɋ 

ʦʪ ɸʣʠʩʳ ʢ ɹʦʙʫ ʩʣʫʞʠʪ ʩʧʝʮʠʘʣʴʥʳʡ ʢʘʥʘʣ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫ ɹʦʙʘ ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʤʦʜʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ 

ʪʦʡ ʞʝ ʯʘʩʪʦʪʳ, ʯʪʦ ʠ ʫ ɸʣʠʩʳ, ʩ ʤʝʩʪʥʦʛʦ ɻʈʏ. ʋʧʨʘʚʣʝʥʠʝ ɸʄʄʎ ʠ 

ʌʄʄʎ ʫ ɹʦʙʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʚʘʨʠʘʥʪʘʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʤ 

ʜʣʷ ʤʦʜʫʣʷʪʦʨʦʚ ɸʣʠʩʳ. 

4. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟʚʝʩʪʥʳʤʠ 

ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʤʠ ʩʭʝʤʘʤʠ 

ʀʟʚʝʩʪʥʳʝ ʩʭʝʤʳ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʡ ʤʦʜʫʣʷʮʠʠ ʠ ʨʝʤʦʜʫʣʷʮʠʠ 

ʦʧʠʩʳʚʘʶʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʧʘʨʘʤʠ ʌʄ-ʌʄ, ɸʄ-ɸʄ ʠ ɸʄ-ʌʄ (ʌʄ-

ɸʄ), ʛʜʝ ʧʝʨʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʤʦʜʫʣʷʮʠʠ ʠ ʤʦʜʫʣʷʪʦʨʘ 

ʥʘ ʩʪʦʨʦʥʝ ɸʣʠʩʳ, ʘ ʚʪʦʨʘʷ ï ʥʘ ʩʪʦʨʦʥʝ ɹʦʙʘ [3]. ʀʟʚʝʩʪʥʘ ʩʭʝʤʘ ʩ 

ʨʝʘʣʠʟʘʮʠʝʡ ʤʦʜʫʣʷʮʠʠ ʠ ʨʝʤʦʜʫʣʷʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʭ 



 

ʪʝʭʥʦʣʦʛʠʡ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʥʦʩʦʤ ʥʝʩʫʱʝʡ ʠ ʙʦʢʦʚʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ QBER 

ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʩʭʝʤʘʭ ʩ ʧʘʩʩʠʚʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ 

ʦʩʥʦʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʬʦʪʦʥʘ, ʪ.ʝ. ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʨʝʤʦʜʫʣʷʮʠʠ, ʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʬʠʣʴʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ (ɺɹʈ) ʠʣʠ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʚʦʣʥʦʚʦʜʥʳʭ ʨʝʰʝʪʦʢ (ʋɺʈ), ʥʘʩʪʨʦʝʥʥʳʭ ʥʘ ʥʝʩʫʱʫʶ ʠ 

ʙʦʢʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʝʩʫʱʝʡ ʬʦʪʦʥʘ. 

5. ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ɸʄʌʄ-ʌʄɸʄ ʠ ʝʝ ʧʨʝʠʤʫʱʝʩʪʚʘ  

ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ɸʄʌʄ-ʌʄɸʄ ʩʠʩʪʝʤʳ ʂʈʂ ʩ ʯʘʩʪʦʪʥʳʤ 

ʢʦʜʠʨʦʚʘʥʠʝʤ ʣʝʞʠʪ ʤʦʜʫʣʷʮʠʦʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʝʩʫʱʝʡ ʬʦʪʦʥʘ ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʀʣʴʠʥʘ-ʄʦʨʦʟʦʚʘ ʠ ʝʛʦ ʦʜʥʦ- ʠ ʜʚʫʭʤʦʜʫʣʷʪʦʨʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ [4,5]. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʭʝʤʳ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʝʢʪʥʳʭ 

ʦʮʝʥʦʢ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʦʜʥʦʧʦʨʪʦʚʦʛʦ 

ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʨʘʜʠʦʬʦʪʦʥʥʦʛʦ ʟʚʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʪʠʧʘ, ʠ 

ʬʦʪʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʡ ʤʦʜʫʣʷʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʪʦʜʘ ʀʣʴʠʥʘ-ʄʦʨʦʟʦʚʘ ʜʣʷ ʧʝʨʝʭʦʜʘ P (ɤ0Ÿ ɤ0Ñnɋ), ʛʜʝ n ï ʥʦʤʝʨ 

ʛʘʨʤʦʥʠʢʠ, ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ: 

- ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʦʧʪʠʯʝʩʢʦʡ ʥʝʩʫʱʝʡ ʚ ʙʦʢʦʚʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ (ʜʦ 0,6-0,8 ʧʦ ʘʤʧʣʠʪʫʜʝ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ); 

- ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʧʝʢʪʨʘʣʴʥʦʡ ʯʠʩʪʦʪʳ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʬʦʪʦʥʘ ʥʘ ʚʳʭʦʜʝ ɸʌʄʂ ʤʦʜʫʣʷ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ ʜʦ 10% 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʩʦʩʪʘʚʠʪ 0,01); 

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʢʘʢ ʩ ʮʝʣʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʦʢʦʚʳʭ ʯʘʩʪʦʪ 

(nÓ1), ʪʘʢ ʠ ʜʨʦʙʥʳʤʠ (n/2, ʧʨʠ nÓ1), ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʚ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʠ ɽʚʦʡ 

ʢʘʥʘʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʧʦʣʫʯʝʥʠʠ ʝʡ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʧʨʠʥʷʪʳʤ 

ɹʦʙʦʤ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʩʩʠʤʝʪʨʠʯʥʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʣʥʦʩʪʴʶ 

ʧʘʩʩʠʚʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ, ʧʝʨʝʜʘʥʥʳʭ ɸʣʠʩʦʡ, ʥʘ ʩʪʦʨʦʥʝ ɹʦʙʘ ʙʝʟ 

ʨʝʤʦʜʫʣʷʮʠʠ. 

6. ʇʝʨʩʧʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ɸʄʌʄ ʥʘ ʦʩʥʦʚʝ ʛʨʝʙʝʥʢʠ 

ʧʦʜʥʝʩʫʱʠʭ ʠ ʠʩʢʣʶʯʝʥʠʷ ʨʝʤʦʜʫʣʷʮʠʠ 



 

 
ʈʠʩ. 1. ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʂʈʂ. 

 

ʇʨʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʩʭʝʤʝ ʦʙʱʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʝʢʨʝʪʥʦʛʦ 

ʢʣʶʯʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʢʘʢ ʩʫʤʤʘ ʩʢʦʨʦʩʪʠ ʢʘʞʜʦʛʦ ʧʦʜʢʘʥʘʣʘ: 

 
ɼʘʥʥʳʡ ʤʝʪʦʜ ʫʚʝʣʠʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ 

ʥʝʩʫʱʝʡ ʠʟ ʩʪʨʫʢʪʫʨʳ ʩʠʛʥʘʣʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʦ ʢʚʘʥʪʦʚʦʤʫ ʢʘʥʘʣʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ ʠ ʨʘʟʙʠʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʣʶʯʝ ʥʘ ʤʥʦʞʝʩʪʚʦ 

ʢʘʥʘʣʦʚ [6]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʘ; 

ʧʝʨʚʦʝ, ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʢʣʶʯʘ, ʠ ʩʣʝʜʫʶʱʝʝ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ɽʚʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʝʨʝʜʘʚʘʝʤʦʤ ʩʠʛʥʘʣʝ ʚ ʢʘʞʜʦʤ ʧʦʜʢʘʥʘʣʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʦʩʢʦʣʴʢʫ ʢʚʘʜʨʘʪʫʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʢʘʞʜʦʛʦ ʧʦʜʢʘʥʘʣʘ ʥʝ ʟʘʚʠʩʠʪ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ. 

7. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʚʘʥʪʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ, ʥʘ ʦʩʥʦʚʝ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʭ ʤʦʜʫʣʷʮʠʦʥʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ.  ʈʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʫʞʝ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʨʘʟʜʝʣʝ 5. ʄʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʝʱʝ ʜʚʘ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʩʭʝʤʝ; ʧʝʨʚʦʝ, 

ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʢʣʶʯʘ, ʠ ʩʣʝʜʫʶʱʝʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ɽʚʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʝʨʝʜʘʚʘʝʤʦʤ ʩʠʛʥʘʣʝ ʚ ʢʘʞʜʦʤ ʧʦʜʢʘʥʘʣʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʩʢʦʣʴʢʫ 

ʢʚʘʜʨʘʪʫʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʢʘʞʜʦʛʦ ʧʦʜʢʘʥʘʣʘ ʥʝ ʟʘʚʠʩʠʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɸ 

ʪʘʢʞʝ ʜʘʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʠʨʦʚʳʭ 

ʯʝʤʧʠʦʥʘʪʦʚ WorldSkills ʩʨʝʜʠ ʶʥʠʦʨʦʚ, ʰʢʦʣʴʥʠʢʦʚ ʠ ʩʪʫʜʝʥʪʦʚ, ʚ 

ʢʦʤʧʝʪʝʥʮʠʠ çʂʚʘʥʪʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠè, ʪʘʢ ʢʘʢ ʩ ʝʝ ʧʦʤʦʱʴʶ ʤʦʞʥʦ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʯʘʩʪʥʠʢʘʤ, ʘ ʠʤʝʥʥʦ, ʩʤʦʥʪʠʨʦʚʘʪʴ ʠ 

ʧʦʜʛʦʪʦʚʠʪʴ ʢ ʨʘʙʦʪʝ ʦʧʪʦʚʦʣʦʢʦʥʥʫʶ ʣʠʥʠʶ ʩʚʷʟʠ, ʥʘʩʪʨʦʠʪʴ ʠ 

ʫʩʪʘʥʦʚʠʪʴ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʢʚʘʥʪʦʚʦ ʟʘʱʠʱʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ, 

ʦʪʢʘʣʠʙʨʦʚʘʪʴ ʣʠʥʠʶ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ 

ʚʦʣʦʢʦʥʥʳʭ ʤʦʜ (ʪ.ʝ. ʧʝʨʝʥʦʩʷʱʠʭ ʦʨʙʠʪʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ) ʩ 

ʧʦʤʦʱʴʶ ʚʠʭʨʝʚʳʭ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ (ɺɺɹʈ). ɺ ʨʘʤʢʘʭ 

ʨʘʙʦʪʳ ʧʨʠʚʝʜʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɺɺɹʈ, 

ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʧʨʦʠʟʚʦʣʴʥʫʶ ʬʫʥʢʮʠʶ ʘʧʦʜʠʟʘʮʠʠ ʠ ʯʠʨʧʠʨʦʚʘʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʝʰʝʪʢʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʚʦʨʪʝʢʩʥʳʝ ʤʦʜʳ 

ʟʘʜʘʥʥʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʪʨʝʙʫʝʤʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩ ʪʨʝʙʫʝʤʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ. ʇʨʝʜʣʦʞʝʥ ʤʘʪʨʠʯʥʳʡ ʩʧʦʩʦʙ ʦʧʠʩʘʥʠʷ 

ɺɺɹʈ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ ʪʝʦʨʠʠ ʩʤʝʰʘʥʥʳʭ ʤʦʜ ʠ 

ʤʘʪʨʠʮ ʨʘʩʩʝʷʥʠʷ. ʇʨʦʚʝʜʝʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʦʣʦʢʦʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ 

ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʜʠʦʜʠʘʧʘʟʦʥ. 

 

Abstract 

In this paper, we consider the process of vortex fiber modes formation 

(i.e., carrying the orbital angular momentum) using vortex fiber Bragg gratings 

(VFBGs). Within the framework of the article, a generalized mathematical 

model of VFBG is presented, which includes an arbitrary function of 

apodization and chirping, which makes it possible to design gratings that form 

vortex modes of a given order for the required frequency range with the 

required reflection coefficient. In addition, a matrix method for describing 

VFBG is proposed, based on the mathematical basis of the coupled modes 



 

theory and scattering matrices. Simulation of the considered fiber structures is 

carried out, the process of converting vortex optical radiation into the radio 

range is also considered. 

 

1. ɺʚʝʜʝʥʠʝ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʧʝʨʝʥʦʩʷʪ ʢʘʢ ʵʥʝʨʛʠʶ, ʪʘʢ 

ʠ ʠʤʧʫʣʴʩ, ʧʨʠʯʝʤ ʠʤʧʫʣʴʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʣʠʥʝʡʥʳʡ ʠʤʧʫʣʴʩ P ʠ 

ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ L. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʠʤʝʝʪ ʩʦʩʪʘʚʣʷʶʱʫʶ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʩʧʠʥʦʚʳʤ ʫʛʣʦʚʳʤ ʤʦʤʝʥʪʦʤ (SAM) ʠ ʜʨʫʛʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ, ʩʚʷʟʘʥʥʫʶ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʣʷ, 

ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʦʨʙʠʪʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ (ʆʋʄ). ɺ ʦʧʪʠʯʝʩʢʦʤ 

ʚʠʭʨʝʚʦʤ ʠʟʣʫʯʝʥʠʠ ʧʣʦʩʢʦʩʪʠ ʧʦʩʪʦʷʥʥʦʡ ʬʘʟʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʦʙʨʘʟʫʶʪ ʚʠʭʨʝʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʜʚʠʞʫʱʫʶʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ. ʆʋʄ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʠʩʣʦʤ, 

ʥʘʟʳʚʘʝʤʳʤ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʚʦʨʦʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʣʝ ʩʦʚʝʨʰʘʝʪ ʥʘ ʦʜʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ. ʇʦʪʝʥʮʠʘʣ 

ʧʨʠʤʝʥʝʥʠʷ OʋM ʚ ʦʙʣʘʩʪʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʦʛʨʦʤʝʥ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʜʦ ʧʦʣʥʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʆʋʄ-ʩʝʪʝʡ ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʨʝʰʠʪʴ ʨʷʜ 

ʧʨʦʙʣʝʤ.  

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ 

OʋM ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʚʦʣʥ ʩʦ ʩʧʠʨʘʣʴʥʳʤ ʚʦʣʥʦʚʳʤ 

ʬʨʦʥʪʦʤ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ: ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʢʠ ʚ 

ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (free-space) ʠ ʤʝʪʦʜʳ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ. ɺ 

ʨʘʤʢʘʭ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ: 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʣʠʥʟʳ, ʩʧʠʨʘʣʴʥʦ-ʬʘʟʦʚʳʝ ʧʣʘʩʪʠʥʳ (SPP), 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ, SLM, ʤʝʪʘʤʘʪʝʨʠʘʣʳ, ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

q-ʧʣʘʩʪʠʥʳ ʠ ʪ.ʜ. ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʆʋʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʤʝʪʦʜʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʩʚʝʪʘ ʠ ʚʚʦʜʝ ʦʧʪʠʯʝʩʢʦʛʦ ʣʫʯʘ ʠʟ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʙʣʝʤʘʤ, ʩʚʷʟʘʥʥʳʤ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʶʩʪʠʨʦʚʢʠ ʦʧʪʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʚʠʙʨʘʮʠʠ, ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ, ʩʣʦʞʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʠ ʪ. ʜ. ʊʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʧʘʩʩʠʚʥʳʝ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚ ʢʘʯʝʩʪʚʝ 

ʛʝʥʝʨʘʪʦʨʦʚ ʚʠʭʨʝʚʳʭ ʤʦʜ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʦʪʨʝʥʦ ʪʘʢʞʝ ʚʣʠʷʥʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʆʋʄ-ʩʠʛʥʘʣʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʦʢʥʫ, ʥʘʧʨʠʤʝʨ, ʤʠʢʨʦʠʟʛʠʙʦʚ ʦʧʪʦʚʦʣʦʢʥʘ. ɺ 



 

ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ ʚʝʜʫʪʩʷ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʢ ʥʘʠʤʝʥʝʝ ʟʘʛʨʫʞʝʥʥʦʛʦ 

ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʣʠʥʝʡʥʫʶ ʩʨʝʜʫ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʚʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʜʠʦʜʠʘʧʘʟʦʥ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʆʋʄ-ʩʠʛʥʘʣʦʚ 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʚʦʣʦʢʦʥʥʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʨʝʰʝʪʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʦʙʦʡ ʜʠʩʢʨʝʪʥʳʡ ʥʘʙʦʨ ʰʪʨʠʭʦʚ [1], ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʪʝʦʨʠʠ ʩʤʝʰʘʥʥʳʭ ʤʦʜ. ɻʝʥʝʨʘʮʠʷ ʆʋʄ ʤʦʜʳ ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ 

ʬʘʢʪʠʯʝʩʢʠ ʦʟʥʘʯʘʝʪ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʦʜʳ ʚ ʤʦʜʫ 

ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ: ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʪʴʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʜʳ ʆʋʄ0 ʚ 

ʆʋʄ1. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʠʭʨʝʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤ 

ʤʘʣʦʤʦʜʦʚʳʡ ʨʝʞʠʤ, ʪ.ʢ. ʣʶʙʘʷ ʆʋʄ-ʤʦʜʘ ʥʝʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʊɽ ʠ ʊʄ ʤʦʜ [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʨʘʙʦʪʳ ʚ ʦʧʪʠʯʝʩʢʦʤ ʉ-ʜʠʘʧʘʟʦʥʝ (1530-1565 ʥʤ) ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʧʝʮʠʘʣʴʥʳʝ ʚʦʣʦʢʥʘ, ʷʚʣʷʶʱʠʝʩʷ ʤʘʣʦʤʦʜʦʚʳʤʠ ʚ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ 

ʩʧʝʢʪʨʘ, ʥʘʧʨʠʤʝʨ, ʩʪʫʧʝʥʯʘʪʦʝ FMF ʢʦʤʧʘʥʠʠ OFS. ɼʣʷ ʜʘʥʥʦʛʦ ʚʦʣʦʢʥʘ 

ʧʨʠʤʝʥʠʤʦ ʧʨʠʙʣʠʞʝʥʠʝ ʩʣʘʙʦʥʘʧʨʘʚʣʷʶʱʝʛʦ ʚʦʣʦʢʥʘ, ʪ.ʝ. ʚʦʣʦʢʥʘ, ʫ 

ʢʦʪʦʨʦʛʦ ʨʘʟʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʩʝʨʜʮʝʚʠʥʳ ʠ ʦʙʦʣʦʯʢʠ 

ʤʝʥʴʰʝ 1%. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʦʜʦʚʦʛʦ ʩʦʩʪʘʚʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʆʋʄ-ʤʦʜ) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪ ɹʝʩʩʝʣʝʚʳʭ ʬʫʥʢʮʠʡ ʠ ʣʠʥʝʡʥʦ-

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ (LP) ʤʦʜ [2]. ʀʪʘʢ, ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʤʦʞʥʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʰʝʪʢʫ, 

ʧʨʝʦʙʨʘʟʫʶʱʫʶ ʆʋʄ ʤʦʜʫ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ (LP01) ʚ ʆʋʄ-ʤʦʜʫ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ (ʩʫʧʝʨʧʦʟʠʮʠʶ
oe i 1111 LPLP + ). ʆʙʱʠʡ ʚʠʜ ɺɺɹʈ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1 ï ʆʙʱʠʡ ʚʠʜ ʚʠʭʨʝʚʦʡ ɺɹʈ 



 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ɺɺɹʈ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

0

0( , , ) ( ) ( ) ʢ.c. ,
i z imn r z n n e g z f r e
-b jè øj = +D Ö Ö Ö +ê ú 

ʛʜʝ nD  ï ʘʤʧʣʠʪʫʜʘ ʤʦʜʫʣʷʮʠʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ (ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ 

ʙʳʪʴ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʦʙʳʯʥʦʡ ɺɹʈ, ʜʣʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠʙʣʠʞʝʥʠʷ ʩʣʘʙʦʥʘʧʨʘʚʣʷʶʱʝʛʦ ʚʦʣʦʢʥʘ), m ï ʧʦʨʷʜʦʢ ʆʋʄ, ɓ0 = 

2ˊ/y(z), y(z) ï ʬʫʥʢʮʠʷ ʯʠʨʧʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ɺɺɹʈ ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʧʨʦʠʟʚʦʣʴʥʫʶ ʬʦʨʤʫ, g(z) 

ï ʬʫʥʢʮʠʷ ʘʧʦʜʠʟʘʮʠʠ ʨʝʰʝʪʢʠ, f(r) ï ʨʘʜʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʧʨʦʬʠʣʴ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʨʝʰʝʪʢʠ; ȿ ï ʧʝʨʠʦʜ ʨʝʰʝʪʢʠ: ȿ = 

ɚB/(n01+ n11), n01 ʠ n11 ï ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʧʘʜʘʶʱʝʡ 

(OʋM=0) ʠ ʦʪʨʘʞʝʥʥʦʡ ʤʦʜ (OʋM=1), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ɚB ï ʙʨʵʛʛʦʚʩʢʘʷ 

ʜʣʠʥʘ ʚʦʣʥʳ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʛʣʦʚʘʷ ʧʦʟʠʮʠʷ Dj ʰʪʨʠʭʘ ʨʝʰʝʪʢʠ 

ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʢʘʢ (2 / ) zDj= p L ÖD, ʛʜʝ zD  ï ʧʨʠʨʘʱʝʥʠʝ ʧʦ ʜʣʠʥʝ 

ʨʝʰʝʪʢʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʛʣʷʜʠʪ ʢʘʢ 

( 2 / )m zDj= p L ÖD, ʛʜʝ m ï ʧʦʨʷʜʦʢ ʆʋʄ. ʉ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʦʚ 

ʥʘʣʦʞʝʥʠʷ ʣʝʛʢʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʘʷ ʬʫʥʢʮʠʷ f(r), ʦʧʠʩʳʚʘʝʤʘʷ 

ʬʫʥʢʮʠʷʤʠ ɹʝʩʩʝʣʷ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʤʦʜ ʚ 100%. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʠʟʛʠʙ ʚʦʣʦʢʥʘ ʜʝʡʩʪʚʫʝʪ ʢʘʢ 

ʩʚʦʝʦʙʨʘʟʥʳʡ çʨʝʟʦʥʘʪʦʨè ʩʤʝʰʝʥʠʷ ʤʦʜ [3]. çʈʝʟʦʥʘʥʩʥʳʝè ʨʘʜʠʫʩʳ 

ʠʟʛʠʙʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʣʠʥʦʡ ʚʦʣʥʳ (ʪ.ʢ. ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʘʟʳ ʟʘʚʠʩʷʪ ʦʪ 

ʜʣʠʥʳ ʚʦʣʥʳ). ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ: ʧʦʜʙʠʨʘʷ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʚʦʟʤʫʱʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʟʦʥʘʥʩʥʳʤʠ ʨʘʜʠʫʩʘʤʠ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʤʦʜʘʤʠ, ʪ.ʝ. ʣʠʙʦ ʫʩʠʣʠʚʘʪʴ (ʟʘ ʩʯʝʪ 

ʦʩʣʘʙʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʦʜʳ), ʣʠʙʦ ʦʩʣʘʙʣʷʪʴ ʤʦʜʳ ʚʳʩʰʠʭ 

ʧʦʨʷʜʢʦʚ. ʂʦʥʢʨʝʪʥʳʝ ʨʘʜʠʫʩʳ ʠʟʛʠʙʘ ʜʦʣʞʥʳ ʧʦʜʙʠʨʘʪʴʩʷ ʠʩʭʦʜʷ ʠʟ 

ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʦʢʥʘ ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʘʢʞʝ ʩʧʦʩʦʙ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʚʳʭ 

ʤʦʜ ʠʟ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʨʘʜʠʦʜʠʘʧʘʟʦʥ ʩ ʧʦʤʦʱʴʶ ʥʝʣʠʥʝʡʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʛʝʥʝʨʘʮʠʠ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʳ. ʆʩʥʦʚʥʘʷ 

ʠʜʝʷ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʚʠʭʨʝʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʜʠʦʜʠʘʧʘʟʦʥ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʚʦʣʥ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ, ʦʙʣʘʜʘʶʱʠʭ 

ʧʦʨʷʜʢʘʤʠ ʆʋʄ m1 ʠ m2 ʠ ʠʤʝʶʱʠʝ ʯʘʩʪʦʪʳ, ʨʘʟʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʝ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ. ɼʘʥʥʳʝ 

ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʧʘʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʣʠʥʝʡʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʚ 

ʢʦʪʦʨʦʤ ʟʘ ʩʯʝʪ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʚʳʭʦʜʥʦʝ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʝ ʩ ʧʦʨʷʜʢʦʤ ʆʋʄ m3 = m1ïm2  ʠ ʯʘʩʪʦʪʦʡ ɤ3 = ɤ1ïɤ2, ʛʜʝ 



 

ɤ3 ï ʨʘʜʠʦʯʘʩʪʦʪʘ, ʘ ɤ1 ʠ ɤ2 ï ʚʦʣʥʳ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ [4]. 

ʉʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥ ʚ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʨʠʩ. 2. 

 
ʈʠʩ. 2 ï ʄʦʜʝʣʠʨʫʝʤʘʷ ʩʭʝʤʘ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ: 1 ï 

ʥʝʧʨʦʟʨʘʯʥʦʝ ʟʝʨʢʘʣʦ, 2 ï ʧʦʣʫʧʨʦʟʨʘʯʥʦʝ ʟʝʨʢʘʣʦ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʪʘʢ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʝʰʝʥʘ ʟʘʜʘʯʘ, ʠʤʝʶʱʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʠʤʝʥʥʦ ʧʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʆʋʄ ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʜʠʦ- ʠ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʘʭ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʜʠʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʚʷʟʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʦ 

ʚʣʠʷʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʛʠʙʦʚ ʦʧʪʠʯʝʩʢʦʛʦ 

ʚʦʣʦʢʥʘ) ʥʘ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʌɻɹʆʋ ɺʆ ʋɻɸʊʋ # FEUE-2020-0007 ʧʦ 

ʪʝʤʝ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ 

ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭè. 
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ɸʥʥʦʪʘʮʠʷ 
ʈʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʠʥʮʠʧʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʟʛʘ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʨʦʥʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʚʝʜʫʪʩʷ ʥʝ ʦʜʠʥ ʜʝʩʷʪʦʢ ʣʝʪ. 

ʈʘʟʚʠʪʠʝ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ, ʧʦʟʚʦʣʠʚʰʝʝ ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʧʦʥʠʤʘʥʠʠ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʵʪʠ ʟʥʘʥʠʷ ʚ ʧʨʠʥʮʠʧʳ ʩʦʟʜʘʥʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ, ʠʣʠ ʚ ʩʠʩʪʝʤʫ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʚʥʝʜʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʞʠʚʳʭ ʩʠʩʪʝʤ. 

 

Abstract 

Work on the study of the principles of brain functioning and the 

interaction of neurons with each other has been carried out for more than a 

dozen years. The development of neurophysiology, which made it possible to 

advance in understanding the ongoing processes, to integrate this knowledge 

into the principles of creating an intelligent supercomputer, or into an artificial 

intelligence system, would have been impossible without the introduction of 

physical and chemical methods for studying living systems. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʪʨʝʥʜʦʚ ʚ ʤʠʨʝ ʷʚʣʷʝʪʩʷ 

ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʨʘʟʣʠʯʥʳʝ ʦʪʨʘʩʣʠ. 

ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʝʢʪʦʚ, ʛʜʝ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

ʨʘʙʦʪʘʝʪ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ, ʩʧʦʩʦʙʝʥ ʢ ʩʘʤʦʦʙʫʯʝʥʠʶ, 

ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʘʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ, ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ 



 

ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʙʣʠʞʘʶʪʩʷ ʧʦ 

ʩʚʦʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʢ ʨʘʙʦʪʝ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ. ʀʟʫʯʘʷ 

ʥʘʨʫʰʝʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ, ʠʩʩʣʝʜʫʷ ʠʭ ʧʝʨʚʦʧʨʠʯʠʥʫ, 

ʧʦʜʙʠʨʘʷ ʤʝʪʦʜʳ ʫʩʪʨʘʥʝʥʠʷ, ʤʳ ʛʣʫʙʞʝ ʧʦʥʠʤʘʝʤ ʫʩʪʨʦʡʩʪʚʦ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦʛʦ çʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘè - ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ʯʝʣʦʚʝʢʘ, ʠ, ʪʝʤ ʩʘʤʳʤ, ʧʨʠʙʣʠʞʘʝʤʩʷ ʢ ʩʦʟʜʘʥʠʶ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʀʥʩʪʠʪʫʪʝ ʵʚʦʣʶʮʠʦʥʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠ ʙʠʦʭʠʤʠʠ ʠʤ. ʀ.ʄ. 

ʉʝʯʝʥʦʚʘ (ʀʕʌɹ ʈɸʅ) ʚʝʜʝʪʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʤʝʶʱʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ: ʠʟʫʯʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʨʦʥʦʚ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʠʟʫʯʘʶʪʩʷ ʧʘʪʦʣʦʛʠʠ ʥʝʡʨʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʨʫʰʝʥʠʝʤ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʚʦʜʷʱʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ (ʠʦʥʥʳʝ ʢʘʥʘʣʳ, ʨʝʮʝʧʪʦʨʳ, ʩʠʥʘʧʩʳ) ʠ ʚʝʜʫʱʠʝ ʢ 

ʥʝʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʝʪʠ.  

ʅʝʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʕʌɹ ʈɸʅ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʟʫʯʝʥʠʝʤ ʧʘʪʦʣʦʛʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʠʡ ʨʘʙʦʪʳ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʠ ʘʧʨʦʙʘʮʠʷ ʦʧʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʨʦʪʝʟʠʨʦʚʘʥʠʷ 

ʩʝʪʯʘʪʢʠ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʟʨʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ, ʫʪʨʘʯʝʥʥʦʡ ʚʩʣʝʜʩʪʚʠʝ ʛʠʙʝʣʠ ʩʣʦʷ 

ʬʦʪʦʨʝʮʝʧʪʦʨʥʳʭ ʢʣʝʪʦʢ ï ʯʘʩʪʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʜʨʫʛʠʭ 

ʥʝʡʨʦʥʥʳʭ ʩʣʦʝʚ. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʦʮʝʥʢʘʤ, ʚʦ ʚʩʝʤ ʤʠʨʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 

ʙʦʣʝʝ 40 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ, ʦʩʣʝʧʰʠʭ ʚ ʩʠʣʫ ʥʝʪʨʘʚʤʘʪʠʯʝʩʢʠʭ ʧʨʠʯʠʥ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ ʟʘʙʦʣʝʚʘʥʠʷ ʣʝʛʢʦ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ 

ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ, ʦʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʜʘʶʪʩʷ ʣʝʯʝʥʠʶ. ɺʦʟʤʦʞʥʳʤ 

ʚʘʨʠʘʥʪʦʤ ʣʝʯʝʥʠʷ ʩʣʝʧʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʩʦʟʜʘʥʠʝ ʚ ʩʝʪʯʘʪʢʝ 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʟʷʪʴ ʥʘ ʩʝʙʷ ʬʫʥʢʮʠʠ 

ʬʦʪʦʨʝʮʝʧʪʦʨʦʚ ʠ ʚʥʦʚʴ ʟʘʧʫʩʪʠʪʴ ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʧʫʪʠ ʧʝʨʝʜʘʯʠ 

ʟʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʦʟʛ.  

2. ʅʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʦʩʥʦʚ ʜʣʷ 

ʬʘʨʤʘʢʦʪʝʨʘʧʠʠ. ʊʨʘʜʠʮʠʦʥʥʦ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ 

ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʠ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʦ 

ʚʣʠʷʪʴ ʥʘ ʦʜʥʫ ʦʩʥʦʚʥʫʶ ʤʠʰʝʥʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʜʨʫʛʠʝ, 

ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. ʆʜʥʘʢʦ ʤʥʦʛʠʝ 

ʩʣʦʞʥʳʝ ʧʘʪʦʣʦʛʠʠ ʥʝ ʧʦʜʜʘʶʪʩʷ ʣʝʯʝʥʠʶ ʪʘʢʠʤʠ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʤʠ 

ʧʨʝʧʘʨʘʪʘʤʠ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʥʮʝʧʮʠʷ ʤʫʣʴʪʠʪʘʨʛʝʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʦʷʚʠʚʰʘʷʩʷ ʚ ʥʘʯʘʣʝ 2000 ʛʦʜʦʚ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʘʢʪʫʘʣʴʥʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ 

ʩʣʦʞʥʳʭ ʧʘʪʦʣʦʛʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʪ ʘʜʝʢʚʘʪʥʦʛʦ ʣʝʯʝʥʠʷ, ʷʚʣʷʝʪʩʷ 



 

ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʣʷ ʝʝ ʣʝʯʝʥʠʷ 

ʧʨʝʧʘʨʘʪʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʤʝʞʥʝʡʨʦʥʥʫʶ ʢʦʤʤʫʥʠʢʘʮʠʶ, ʢʦʪʦʨʘʷ 

ʥʘʨʫʰʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʛʠʙʝʣʴʶ ʢʣʝʪʦʢ ʚ ʧʨʦʮʝʩʩʝ ʟʘʙʦʣʝʚʘʥʠʷ. ɺ 

ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʬʠʟʠʢʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʀʕʌɹ ʈɸʅ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʡʩʪʚʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚ ʥʘ 

ʨʝʮʝʧʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ.  

3. ʕʧʠʣʝʧʩʠʷ. ʇʦ ʜʘʥʥʳʤ ɺʆɿ ʵʧʠʣʝʧʩʠʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʘ 

ʧʨʠʤʝʨʥʦ ʫ 50 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʕʪʦ ʪʷʞʝʣʦʝ 

ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʩʠʣʴʥʳʤʠ ʚʩʧʳʰʢʘʤʠ 

ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʦʚ ʚ ʩʝʨʦʤ ʚʝʱʝʩʪʚʝ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʫʜʦʨʦʞʥʳʤʠ ʠʣʠ ʙʝʩʩʫʜʦʨʦʞʥʳʤʠ ʧʨʠʧʘʜʢʘʤʠ, 

ʥʦ ʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦ ʩʪʦʨʦʥʳ ʚʳʩʰʠʭ ʧʩʠʭʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

ʉʦʪʨʫʜʥʠʢʘʤʠ ʠʥʩʪʠʪʫʪʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʝʦʨʠʷ ʦ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʚ 

ʨʘʟʚʠʪʠʝ ʠ ʧʨʦʪʝʢʘʥʠʝ ʵʧʠʣʝʧʩʠʠ ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʨʝʛʫʣʠʨʫʶʱʝʡ ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʩʩʦʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ɻʣʫʪʘʤʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ ï ʛʣʘʚʥʳʡ ʚʦʟʙʫʞʜʘʶʱʠʡ ʥʝʡʨʦʤʝʜʠʘʪʦʨ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʝ ʞʠʚʦʪʥʳʭ ï ʫʩʠʣʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʦʪ 

ʥʝʡʨʦʥʘ ʢ ʥʝʡʨʦʥʫ, ʫʯʘʩʪʚʫʷ ʚ ʨʘʙʦʪʝ ʟʨʠʪʝʣʴʥʦʛʦ ʠ ʩʣʫʭʦʚʦʛʦ 

ʘʥʘʣʠʟʘʪʦʨʦʚ, ʜʚʠʞʝʥʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʘʤʷʪʠ, ʦʙʫʯʝʥʠʠ. ʂʦʤʧʣʝʢʩʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ, 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ, ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʦʪʢʨʦʶʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʵʪʦʡ ʙʦʣʝʟʥʠ.  

4. ɺ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʜʨʫʛʠʤʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ 

ʠʥʩʪʠʪʫʪʘʤʠ ʠʟʫʯʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʤʦʟʛ-

ʢʦʤʧʴʶʪʝʨ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʅʝʠʥʚʘʟʠʚʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʤʦʟʛ-ʢʦʤʧʴʶʪʝʨ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʙʠʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʧʦʣʫʯʘʝʤʦʡ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʠ. ʉʦʟʜʘʥʥʳʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ 

ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʯʝʩʢʠʭ ʬʝʥʦʤʝʥʦʚ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʩʧʦʩʦʙʥʳ ʩ 60-

80 ʧʨʦʮʝʥʪʥʦʡ ʪʦʯʥʦʩʪʴʶ ʜʝʢʦʜʠʨʦʚʘʪʴ ʧʘʪʪʝʨʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʨʘʟʥʳʤ ʜʚʠʞʝʥʠʷʤ ʯʝʣʦʚʝʢʘ ʠ ʘʫʜʠʦʚʠʟʫʘʣʴʥʳʤ ʩʪʠʤʫʣʘʤ. ɺ ʠʥʩʪʠʪʫʪʝ 

ʧʨʦʚʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʨʫʢʦʡ ʩ 

ʧʷʪʠʧʘʣʦʡ ʢʠʩʪʴʶ, ʤʦʙʠʣʴʥʦʡ ʩʝʥʩʦʨʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʠ ʘʥʪʨʦʧʦʤʦʨʬʥʳʤ 

ʨʦʙʦʪʦʤ.  

5. ʀʟʫʯʝʥʠʝ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʯʝʣʦʚʝʢʘ, ʠʭ ʨʘʟʚʠʪʠʝ, 

ʩʪʘʥʦʚʣʝʥʠʷ ʨʝʯʠ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʠʤʚʦʣʦʚ ʪʝʢʩʪʘ, ʥʘʯʠʥʘʷ ʩ ʨʘʥʥʝʛʦ 

ʜʝʪʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʚ ʢʦʣʣʘʙʦʨʘʮʠʠ ʩ ʫʥʠʚʝʨʩʠʪʝʪʘʤʠ 

(ʃʕʊʀ, ʉʇʙɻʇʋ) ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 



 

ʠʤʠʪʠʨʫʶʱʠʭ ʩʘʤʦʦʙʫʯʝʥʠʝ, ʧʦʠʩʢ ʨʝʰʝʥʠʡ ʙʝʟ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʫʷ ʥʦʨʤʘʣʴʥʫʶ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʫʶ ʨʘʙʦʪʫ 

ʞʠʚʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʦʪ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʪʨʫʢʪʫʨ ʜʦ ʤʦʟʛʘ ʚ ʮʝʣʦʤ, 

ʠʟʫʯʘʷ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʚ ʞʠʚʦʤ ʦʨʛʘʥʠʟʤʝ ʦʪ ʨʘʙʦʪʳ ʩʝʥʩʦʨʥʳʭ 

ʘʥʘʣʠʟʘʪʦʨʦʚ, ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʨʘʙʦʪʳ ʵʬʬʝʨʝʥʪʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʩʠʩʪʝʤʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʤʳ ʧʨʠʙʣʠʞʘʝʤʩʷ ʢ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ, ʦʩʥʘʱʝʥʥʦʛʦ ʩʠʩʪʝʤʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʠʤʠʪʠʨʫʶʱʝʛʦ ʨʘʙʦʪʫ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ.  

ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ 

(ʩʦʛʣʘʰʝʥʠʝ ˉ_075-1502020-916 ʦʪ 16.11.2020 ʛ. ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʛʨʘʥʪʘ 

ʚ ʬʦʨʤʝ ʩʫʙʩʠʜʠʡ ʠʟ ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ 

ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ çʇʘʚʣʦʚʩʢʠʡ ʮʝʥʪʨ "ʀʥʪʝʛʨʘʪʠʚʥʘʷ ʬʠʟʠʦʣʦʛʠʷ - 

ʤʝʜʠʮʠʥʝ, ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʤʫ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʶ ʠ ʪʝʭʥʦʣʦʛʠʷʤ 

ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʠè).  



 

ʋɼʂ 681.586.5 

 

ʇʈʆɹʃɽʄʓ ʇʆʉʊʈʆɽʅʀʗ ʆʇʊʀʏɽʉʂʀʍ ɺɽʂʊʆʈʅʓʍ 

ɸʅɸʃʀɿɸʊʆʈʆɺ ɺ ʂʆʅʊɽʂʉʊɽ ʆʇʈʆʉɸ 

ʄʋʃʔʊʀʇʃʀʂɸʊʀɺʅʓʍ ɺʆʃʆʂʆʅʅʆ-ʆʇʊʀʏɽʉʂʀʍ 

ɼɸʊʏʀʂʆɺ 

 

ʂʫʟʥʝʮʦʚ ɸ.ɸ., ʃʠʧʘʪʥʠʢʦʚ ʂ.ɸ., ɺʘʣʠʫʣʣʠʥ ʐ.ʈ., ʄʫʨʘʪʰʠʥ ʀ.ʈ. 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʝʪʦʜʠʢ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʚʝʢʪʦʨʥʳʭ ʘʥʘʣʠʟʘʪʦʨʦʚ c ʩ ʫʯʝʪʦʤ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʜʘʪʯʠʢʦʚ ʩ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝʤ ʦʪʢʣʠʢʘ. 

 

Abstract 

The paper presents a comparative analysis of the existing techniques for 

constructing optical vector analyzers c taking into account their application for 

the analysis of multiplicative sensors with polarization multiplexing of the 

response. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʪʢʣʠʢ ʚʦʣʦʢʦʥʥʦʡ ʙʨʵʛʛʦʚʩʢʦʡ ʨʝʰʝʪʢʠ (ɺɹʈ) ʥʦʩʠʪ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʪ.ʝ. ʩʜʚʠʛ ʜʣʠʥʳ ʚʦʣʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ ʢʘʢ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢ ʠ ʨʘʩʪʷʞʝʥʠʝʤ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤ ʤʝʭʘʥʠʟʤ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʫʭʦʜʷ 

ʜʣʠʥʳ ʚʦʣʥʳ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʨʘʩʪʷʞʝʥʠʷ/ʜʝʬʦʨʤʘʮʠʠ. ʉʘʤʳʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʦʜʭʦʜ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʟʘʚʠʩʠʤʦʛʦ ʜʘʪʯʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʠ ʜʘʪʯʠʢ ʜʝʬʦʨʤʘʮʠʠ, 

ʧʫʪʝʤ ʩʦʚʤʝʩʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʪʘʢʦʡ ʛʨʫʧʧʳ ʜʘʪʯʠʢʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 



 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ. ʌʠʟʠʯʝʩʢʠ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ 

ʜʘʪʯʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ɺɹʈ ʥʘ ʢʦʪʦʨʫʶ ʥʝ ʧʝʨʝʜʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩ ʦʙʲʝʢʪʘ ʠʟʤʝʨʝʥʠʡ. ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʪʘʢʦʡ ʧʦʜʭʦʜ 

ʚʳʟʳʚʘʝʪ ʪʨʫʜʥʦʩʪʠ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ɺɹʈ ʜʘʪʯʠʢʠ ʜʝʬʦʨʤʘʮʠʠ 

ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʢʦʤʧʦʟʠʪʥʳʝ ʠʟʜʝʣʠʷ ʦʙʝʩʧʝʯʠʪʴ çʟʘʱʠʱʝʥʥʦʩʪʴè ʦʪ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ɺɹʈ ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʠ ʥʝʨʝʜʢʦ 

ʩʦʧʨʷʞʝʥʦ ʩ ʫʭʫʜʰʝʥʠʝʤ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʛʦ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʨʫʛʦʡ ʧʦʜʭʦʜ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʚʣʝʥʠʷ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʩʧʝʢʪʨʘ ɺɹʈ. ʀʟʚʝʩʪʥʦ [1], ʯʪʦ ʜʣʷ ɺɹʈ, 

ʟʘʧʠʩʘʥʥʦʡ ʚ ʚʦʣʦʢʥʝ, ʩʦʭʨʘʥʷʶʱʝʤ ʧʦʣʷʨʠʟʘʮʠʶ ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ 

ʦʪʢʣʠʢʘ ʧʦ ʦʩʠ ʜʣʠʥ ʚʦʣʥ ʧʨʠ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʚʦʣʦʢʥʦ (ʨʠʩ. 1). ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘʚʝʜʝʥʥʦʝ ʚ ʩʣʝʜʩʪʚʠʝ ʜʝʬʦʨʤʘʮʠʠ ʘʥʠʟʦʪʨʦʧʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ 

ʜʘʥʥʦʛʦ ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʠʠ, ʯʪʦ, ʧʦ ʫʩʣʦʚʠʶ ɹʨʵʛʛʘ, ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ 

ʜʣʠʥʳ ʚʦʣʥʳ. ʇʨʠ ʵʪʦʤ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʢʣʠʢ ʧʦ ʜʚʫʤ ʦʩʷʤ 

ʠʟʤʝʥʷʝʪʩʷ ʦʜʠʥʘʢʦʚʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʥʝʦʙʭʦʜʠʤ ʣʠʰʴ 

ʦʜʠʥ ʜʘʪʯʠʢ: ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʝʣʠʯʠʥʝ ʩʜʚʠʛʘ 

ʩʧʝʢʪʨʘ ʧʦ ʦʙʦʠʤ ʦʩʷʤ, ʘ ʜʝʬʦʨʤʘʮʠʠ - ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʩʜʚʠʛʫ ʩʧʝʢʪʨʘ 

ʧʦ ʙʳʩʪʨʦʡ ʠ ʤʝʜʣʝʥʥʦʡ ʦʩʠ. 

 
ʈʠʩ. 1 ï ʆʪʢʣʠʢ ɺɹʈ ʩ ʫʯʝʪʦʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ 

 

ɼʣʷ ʦʧʨʦʩʘ ʪʘʢʠʭ ʜʘʪʯʠʢʦʚ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʥʪʝʨʨʦʛʘʪʦʨʳ ʥʝ 

ʧʦʜʭʦʜʷʪ, ʪ.ʢ. ʦʥʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʚ ʩʧʝʢʪʨʝ 

ɺɹʈ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʯʝʩʢʠʝ ʚʝʢʪʦʨʥʳʝ 

ʘʥʘʣʠʟʘʪʦʨʳ, ʩʧʦʩʦʙʥʳʝ ʠʟʤʝʨʷʪʴ ʦʪʢʣʠʢ ʧʦ ʙʳʩʪʨʦʡ ʠ ʤʝʜʣʝʥʥʦʡ ʦʩʠ 

ʦʪʜʝʣʴʥʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʙʦʣʴʰʦʡ 

ʘʩʩʦʨʪʠʤʝʥʪ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʊʊʍ ʦʜʥʦʛʦ ʠʟ ʥʠʭ (Luna OVA 5000) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ ï ʊʊʍ Luna OVA 5000 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ, ʥʤ 1525-1610 

ʇʦʛʨʝʰʥʦʩʪʴ/ʨʘʟʨʝʰʝʥʠʝ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ, ʧʤ 1,5 / 0,1 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʬʘʟʳ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, 0,0075 



 

ʨʘʜ 

ʇʦʛʨʝʰʥʦʩʪʴ/ʨʘʟʨʝʰʝʥʠʝ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʨʴ, ʜɹ 0,05 / 0,002 

ʇʦʛʨʝʰʥʦʩʪʴ/ʨʘʟʨʝʰʝʥʠʝ ʠʟʤʝʨʝʥʠʷ ʇʄɼ, ʧʩ 6000 / 0,08 

ʉʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʘʟʝʨʘ, ʥʤ/ʩ 70 

ɺʳʭʦʜʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, ʤɺʪ 10 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʘʤʠʤ ʜʘʪʯʠʢʦʤ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʜʚʠʛʘ ʜʣʠʥʳ ʚʦʣʥʳ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʜʦʙʨʦʪʥʦʩʪʴ ʩʧʝʢʪʨʘ ʜʘʪʯʠʢʘ, ʜʣʷ ʵʪʦʛʦ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ɺɹʈ, ʥʘʧʨʠʤʝʨ, (ʨʠʩ. 

2), ʚʥʫʪʨʠʚʦʣʦʢʦʥʥʳʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʌʘʙʨʠ-ʇʝʨʦ (ʀʌʇ) ʠʣʠ ɺɹʈ ʩ 

ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ [2].  

 
ʈʠʩ. 2 ï ʉʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ɺɹʈ 

 

ʅʘ ʨʠʩ. 2 ʫʢʘʟʘʥʘ ʧʨʝʜʝʣʴʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʰʠʨʠʥʘ 

ʭʘʨʘʢʪʝʨʥʳʭ ʦʙʣʘʩʪʝʡ, ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʦʧʨʦʩʘ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʆɺɸ ʥʝ ʜʦʩʪʘʪʦʯʥʦ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʫʪʠ ʫʣʫʯʰʝʥʠʷ ʠʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʫʣʫʯʰʝʥʠʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʬʦʪʦʧʨʠʸʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʘʥʘʣʠʟʘʪʦʨʦʚ ʚ 

ʨʝʞʠʤʝ ʠʟʤʝʨʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʢʚʘʟʠʧʦʩʪʦʷʥʥʦʛʦ 

(ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ) ʩʠʛʥʘʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʪʝʩʪʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʊʋ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʧʦ ʜʣʠʥʝ 

ʚʦʣʥʳ ʚʳʩʦʢʦʢʦʛʝʨʝʥʪʥʳʡ ʣʘʟʝʨʥʳʡ ʠʩʪʦʯʥʠʢ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ï ʧʝʨʝʭʦʜ ʢ ʜʝʪʝʢʪʠʨʦʚʘʥʠʶ ʩʠʛʥʘʣʦʚ ʙʠʝʥʠʡ ʥʝʩʢʦʣʴʢʠʭ 

ʟʦʥʜʠʨʫʶʱʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘ ʨʘʜʠʦʯʘʩʪʦʪʝ, ʯʪʦ ʩʫʞʘʝʪ 

ʨʘʙʦʯʫʶ ʧʦʣʦʩʫ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ ʰʫʤ. 

ʊʘʢʠʝ ʚʝʢʪʦʨʥʳʝ ʘʥʘʣʠʟʘʪʦʨʳ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʨʘʜʠʦʬʦʪʦʥʥʳʤʠ (ʈʌ 

ʆɺɸ).  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʟʦʥʜʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʈʌ ʆɺɸ ʤʦʞʥʦ 



 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ: 

- ʜʚʫʭʯʘʩʪʦʪʥʳʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ, 

- ʪʨʝʭʯʘʩʪʦʪʥʳʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ, 

- ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʝ. 

ʇʨʦʩʪʝʡʰʠʤʠ ʈʌ ʆɺɸ ʷʚʣʷʶʪʩʷ ʜʚʫʭʯʘʩʪʦʪʥʳʝ ʩʠʤʤʝʪʨʠʯʥʳʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʟʦʥʜʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ ʧʨʠʤʝʥʷʶʪ ʣʠʙʦ ʄʄʎ, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʥʫʣʝʚʦʡ ʨʘʙʦʯʝʡ ʪʦʯʢʝ, ʣʠʙʦ ʬʘʟʦʚʳʝ ʤʦʜʫʣʷʪʦʨʳ ʠ 

ʨʝʞʝʢʪʦʨʥʳʝ ʬʠʣʴʪʨʳ, ʧʦʜʘʚʣʷʶʱʠʝ ʥʝʩʫʱʫʶ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʟʦʥʜʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʥʝʧʦʜʘʚʣʝʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ, ʜʘʶʱʠʭ ʙʠʝʥʠʷ ʥʘ ʪʦʡ 

ʞʝ ʯʘʩʪʦʪʝ, ʯʪʦ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʟʦʥʜʠʨʫʶʱʠʝ ʢʦʥʪʫʨ (ʨʠʩ. 3). 

 
ʈʠʩ. 3 ï ɼʚʫʭʯʘʩʪʦʪʥʳʡ ʩʠʤʤʝʪʨʠʯʥʳʡ ʈʌ ʆɺɸ [3] 

 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʧʦʜʭʦʜʘ: 

ʚʥʝʩʝʥʠʝ ʘʩʠʤʤʝʪʨʠʠ ʚ ʟʦʥʜʠʨʫʶʱʠʡ ʩʠʛʥʘʣ, ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʘʥʜʝʤʥʦʡ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ (ʊɸʌʄ) ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʚʦʜʠʪʩʷ 

ʘʩʠʤʤʝʪʨʠʷ ʚ ʘʤʧʣʠʪʫʜʳ, ʣʠʙʦ ʚ ʯʘʩʪʦʪʳ ʟʦʥʜʠʨʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʩʭʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʠ 

ʥʝ ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʳʠʛʨʳʰʘ. ʇʨʠʤʝʥʝʥʠʝ ʊɸʌʄ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʘʚʠʪʴ ʥʝʩʫʱʫʶ, ʘ ʩʪʨʫʢʪʫʨʘ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ 

ʪʘʢʦʚʘ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ ʠ ʙʠʝʥʠʷ ʛʘʨʤʦʥʠʢ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʧʦʨʷʜʢʘ ʥʝ ʨʘʚʥʳ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʠʭ ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ [3]. ɺ ʭʦʜʝ ʜʦʢʣʘʜʘ ʜʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ʆʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʚʫʭʯʘʩʪʦʪʥʳʭ ʈʌ ʆɺɸ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ 

ʚʳʯʠʩʣʝʥʠʠ ʘʤʧʣʠʪʫʜ ʟʦʥʜʠʨʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʩʠʣʫ ʠʭ 

ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ ʠʭ ʦʜʥʦʟʥʘʯʥʦ ʩʦʦʪʥʝʩʪʠ ʩ ʟʥʘʯʝʥʠʷʤʠ 

ʯʘʩʪʦʪ. ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʩʦʦʪʥʝʩʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʣʠʙʦ ʠʟʤʝʨʷʪʴ ʬʘʟʫ 

ʩʠʛʥʘʣʘ ʙʠʝʥʠʡ, ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʦʥʜʠʨʫʶʱʠʝ 



 

ʩʦʩʪʘʚʣʷʶʱʠʝ. ʈʘʩʩʤʦʪʨʠʤ ʚʪʦʨʦʡ ʧʦʜʭʦʜ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʡ.  

ʇʦʨʷʜʦʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʝʭʯʘʩʪʦʪʥʦʛʦ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩ 

ʩʧʝʢʪʨʦʤ ʊʋ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 4. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ (1)-(3), ʛʜʝ (1) ï ʦʧʠʩʘʥʠʝ ʟʦʥʜʠʨʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, (2) ï ʩʠʛʥʘʣ 

ʙʠʝʥʠʡ, (3) ï ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʩʢʦʤʳʭ ʘʤʧʣʠʪʫʜ. 

 
ʈʠʩ. 4 ï ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʝʭʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʩʧʝʢʪʨʦʤ ʊʋ 
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ʛʜʝ 0L LAC C , 0C CAC C  ʠ 0R RAC C  ʘʤʧʣʠʪʫʜʳ ʣʝʚʦʡ, ʧʨʘʚʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ 

ʟʦʥʜʠʨʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, LW , RW  ï ʠʭ ʯʘʩʪʦʪʳ.  

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʘʤʧʣʠʪʫʜ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʥʝʟʘʚʠʩʠʤʳʝ 

ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ ʙʠʝʥʠʡ ʥʘ ʯʘʩʪʦʪʘʭ LW , RW  ʠ L RW +W ʠ 

ʩʦʩʪʘʚʠʪʴ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (3). 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʈʌ ʆɺɸ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʘʩʠʤʤʝʪʨʠʯʥʦʝ 

ʪʨʝʭʯʘʩʪʦʪʥʦʝ ʟʦʥʜʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5. ʇʝʨʚʳʡ 

 

ʈʠʩ. 1.1. ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ  

ʢʦʥʪʫʨʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʪʨʝʭʯʘʩʪʦʪʥʳʤ ʩʢʘʥʠʨʫʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ 

ɸ 

ɸĿʉ0LĿʉL(ɤ) 

ɸĿʉ0R 

ɸĿʉ0RĿʉR(ɤ

) ɸĿʉ0L 

ɸĿʉ0LĿʉL(ɤ) 

L C R 

w ï WL  w  w + WR      frequency, a.u. 

am
p

lit
u

d
e
, a

.u
. 



 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ 

(ʛʨʫʙʘʷ ʫʩʪʘʚʢʘ), ʄʄʎ ʠ ʨʝʞʝʢʪʦʨʥʦʛʦ ʬʠʣʴʪʨʘ (ʪʦʯʥʘʷ ʫʩʪʘʚʢʘ) 

ʬʦʨʤʠʨʫʝʪ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʝ ʦʜʥʦʯʘʩʪʦʪʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʵʧʶʨ a). ɼʚʘ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʜʚʫʭʧʦʨʪʦʚʳʭ ʄʄʎ ʧʨʝʦʙʨʘʟʫʶʪ ʦʜʥʦʯʘʩʪʦʪʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʚ ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʪʨʝʭʯʘʩʪʦʪʥʦʝ (ʵʧʶʨʳ b-d). ʊʘʢ ʢʘʢ 

ʤʦʜʫʣʷʪʦʨʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʪʦʣʴʢʦ ʣʠʥʝʡʥʫʶ ʧʦʣʷʨʠʟʘʮʠʷ, ʘ ʥʘʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʢʨʫʛʦʚʫʶ ʜʣʷ ʘʥʘʣʠʟʘ ʦʪʢʣʠʢʘ ʊʋ ʧʦ ʜʚʫʤ ʦʩʷʤ ʚ 

ʩʭʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʢʨʝʤʙʣʝʨ ʧʦʣʷʨʠʟʘʮʠʠ. ɼʘʣʝʝ ʠʟʣʫʯʝʥʠʝ ʜʝʣʠʪʩʷ ʥʘ 

ʦʧʦʨʥʳʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʥʘʣ. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ 

ʦʪʢʣʠʢʘ ʚ ʩʭʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʩʧʣʠʪʪʝʨʳ. ʉʠʛʥʘʣ 

ʙʠʝʥʠʡ ʥʘ ʚʳʭʦʜʝ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʩʦʜʝʨʞʠʪ 3 ʯʘʩʪʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

LW , 
RW  ʠ 

L RW +W. 

 
ʈʠʩ. 5 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʨʝʭʯʘʩʪʦʪʥʦʛʦ ʈʌ ʆɺɸ 

 

ɼʘʣʴʥʝʡʰʠʝ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʳ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʘʧʨʦʙʘʮʠʶ ʜʘʥʥʦʡ ʩʭʝʤʳ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʦʢʣʘʜʝ ʩʪʘʚʷʪʩʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʤʫʣʴʪʠʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ, 

ʢʦʪʦʨʳʝ ʘʢʪʫʘʣʴʥʳ ʢʘʢ ʚ ʨʘʜʠʦʬʦʪʦʥʠʢʝ, ʪʘʢ ʠ ʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʚʘʥʪʦʚʳʭ 

ʩʝʪʷʭ ʚ ʟʘʜʘʯʘʭ ʦʜʥʦʤʦʤʝʥʪʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʩʝʥʩʦʨʦʚ, ʠʭ 

ʜʠʩʢʨʠʤʠʥʘʮʠʠ, ʣʦʢʘʣʠʟʘʮʠʠ, ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ. ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʝʜʠʥʦʛʦ ʧʦʣʷ ʘʜʨʝʩʥʳʭ ʜʘʪʯʠʢʦʚ, ʘ ʪʘʢʞʝ 

ʟʦʥʜʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʥʠʭ ʠʟʣʫʯʝʥʠʝʤ ʛʝʥʝʨʘʪʦʨʦʚ ʯʘʩʪʦʪʥʦʡ ʛʨʝʙʝʥʢʠ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦ ʤʝʪʦʜʫ ʀʣʴʠʥʘ-ʄʦʨʦʟʦʚʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʛʝʥʝʨʘʮʠʠ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ çʟʘʧʫʪʘʥʥʳʭè ʯʘʩʪʦʪ ʥʘ ʦʩʥʦʚʝ 

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʥʦʩʠʪʝʣʷ ʢʘʢ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʢʚʘʥʪʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ï ʩʦʟʜʘʥʠʠ ʧʘʨʳ 

ʟʘʧʫʪʘʥʥʳʭ ʬʦʪʦʥʦʚ, ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʟʥʝʩʝʥʥʳʭ ʦʪ ʧʦʜʘʚʣʝʥʥʦʡ ʯʘʩʪʦʪʳ 

ʠʩʭʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ. ɺʦ-ʚʪʦʨʳʭ, ʨʘʙʦʪʘ ʩ ʦʜʥʦʬʦʪʦʥʥʳʤʠ ʧʦʣʷʤʠ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʜʝʣʝʥʠʷ ʘʢʪʫʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʬʦʥʝ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʶʱʠʭ ʢʚʘʥʪʦʚʳʭ ʰʫʤʦʚ, ʜʣʷ ʯʝʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʢʚʘʥʪʦʚʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʪʦʤʦʛʨʘʬʠʠ ʢʚʘʥʪʦʚʳʭ ʩʦʩʪʦʷʥʠʡ. ɺ-ʪʨʝʪʴʠʭ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ 

ʧʘʩʩʠʚʥʦʛʦ ʠ ʘʢʪʠʚʥʦʛʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʪʠʧʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʝʨʝʥʦʩʝ 

ʪʝʭʥʦʣʦʛʠʡ ʤʘʣʦʤʦʜʦʚʦʡ ʨʘʜʠʦʬʦʪʦʥʠʢʠ ʚ ʦʙʣʘʩʪʴ ʢʚʘʥʪʦʚʳʭ ʜʘʪʯʠʢʦʚ. 

ɼʣʷ ʵʪʦʛʦ ʩʠʩʪʝʤʥʳʝ ʨʝʰʝʥʠʷ ʨʘʜʠʦʬʦʪʦʥʠʢʠ ʜʦʣʞʥʳ ʧʨʦʡʪʠ ʘʜʘʧʪʘʮʠʶ 

ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʣʘʪʬʦʨʤʘʤ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʩʚʦʶ 

ʵʣʝʤʝʥʪʥʫʶ ʙʘʟʫ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʤʫʣʴʪʠʩʝʥʩʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʤ ʤʠʢʨʦʚʦʣʥʦʚʦʤ 



 

ʢʚʘʥʪʦʚʦʤ ʧʦʣʝ (ʨʘʜʠʦʢʚʘʥʪʦʥʠʢʘ). 

Abstract 

The report sets the tasks for multi-sensor systems design, which are acute 

both in microwave photonics and integrated quantum nets in the problems of one 

time probing plurality of sensors, its discrimination, localization, and increasing 

the sensitivity and accuracy of measurements. To solve it, it is supposed, firstly, 

to use the principles of constructing a unified field of address sensors, and to 

probe the latter by radiation of comb generators synthesized by Ilôin-Morozovôs 

method. Given method consists in generating of two or more ñentangledò 

frequencies based on the amplitude-phase transformation of the optical carrier as 

in the classical and in the quantum representation ï the creation of a pair of 

entangled photons spaced symmetrically from the suppressed original carrier. 

Secondly, operations with one-photon fields in realistic conditions is associated 

with the need to highlight relevant information against the background of 

inevitably occurring quantum noises, for which static methods of quantum 

detection and tomography of quantum states have to be used. Thirdly, it is 

proposed to solve passive and active radar type problems, based on the transfer of 

few-mode microwave photonics technologies to the field of quantum sensors. For 

this purpose, system solutions of microwave photonics have to undergo 

adaptation to integrated platforms in order to create its element base and to use it 

further for implementing multi-sensor technologies in the integrated quantum 

field. 

 

ʂʚʘʥʪʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʝʛʦʜʥʷ ʨʘʟʚʠʚʘʶʪʩʷ ʙʝʩʧʨʝʮʝʜʝʥʪʥʦ 

ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʢʚʘʥʪʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ 

ʧʨʦʮʝʩʩʠʥʛʘ ʤʥʦʞʝʩʪʚʝʥʥʳ ʠ ʤʥʦʛʦʦʙʝʱʘʶʱʠ. ʊʨʝʪʴʠʤ, ʥʝ ʤʝʥʝʝ 

ʚʘʞʥʳʤ ʠʭ ʧʨʠʣʦʞʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʢʚʘʥʪʦʚʘʷ ʩʝʥʩʦʨʠʢʘ. ʂʚʘʥʪʦʚʘʷ 

ʩʝʥʩʦʨʠʢʘ ï ʵʪʦ ʰʠʨʦʢʠʡ ʪʝʨʤʠʥ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʤʥʦʞʝʩʪʚʦ ʢʚʘʥʪʦʚʳʭ 

ʧʨʦʪʦʢʦʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʦʮʝʥʢʠ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʩʧʦʩʦʙʥʳʭ ʧʨʝʚʟʦʡʪʠ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʝʥʩʦʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʂʚʘʥʪʦʚʳʝ ʩʝʥʩʦʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʠʩʧʦʣʴʟʫʶʪ ʦʜʠʥʦʯʥʳʝ ʠ ʟʘʧʫʪʘʥʥʳʝ ʬʦʪʦʥʳ, ʬʦʪʦʥʳ ʚ ʩʞʘʪʳʭ 

ʩʦʩʪʦʷʥʠʷʭ ʠ ʜʨ.  

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʢʚʘʥʪʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. ɽʩʣʠ ʩʨʝʜʠ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʢʚʘʥʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʢʚʘʥʪʦʚʦʡ 

ʧʘʤʷʪʠ, ʪʦ ʚ ʦʙʣʘʩʪʠ ʩʝʥʩʦʨʠʢʠ ï ʵʪʦ ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʢʚʘʥʪʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʧʦʜʦʙʥʳʭ ʟʘʜʘʯʘʤ, ʨʝʰʘʝʤʳʭ ʨʘʜʘʨʘʤʠ, ʠʣʠ 

ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʢʚʘʥʪʦʚʳʝ ʨʘʜʘʨʳ.  



 

ʄʦʞʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʶ ʩ ʨʘʜʠʦʬʦʪʦʥʠʢʦʡ, ʦʩʥʦʚʥʦʡ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʝʡ ʨʘʟʚʠʪʠʷ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʬʦʪʦʥʥʦʛʦ ʨʘʜʘʨʘ. ʄʠʢʨʦʚʦʣʥʦʚʘʷ ʬʦʪʦʥʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʨʘʜʘʨʘʤʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ 

ʩʚʝʨʭʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʚʳʩʦʢʦ ʩʪʘʙʠʣʴʥʳʝ ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ ʩʠʛʥʘʣʳ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʩʧʝʢʪʨʦʤ, 

ʦʙʥʘʨʫʞʠʚʘʪʴ, ʧʨʠʥʠʤʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʪʘʢʠʝ ʩʠʛʥʘʣʳ ʚ ʦʧʪʠʯʝʩʢʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʘ ʪʘʢʞʝ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʚ ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ ʙʝʟ ʧʦʥʠʞʝʥʠʷ 

ʯʘʩʪʦʪʳ.  

ʇʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʪʦʥʠʢʠ 

(ʠʥʪʝʛʨʘʣʴʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ) 

ʧʦʜʥʷʣʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʜʠʦʬʦʪʦʥʠʢʠ ʥʘ ʥʦʚʫʶ ʚʳʩʦʪʫ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʚʝʪʘ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʠʚʝʣʠ ʢ ʩʦʟʜʘʥʠʶ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ 

ʤʦʜʫʣʷʪʦʨʦʚ ʩʦ ʩʚʝʨʭʤʘʣʦʡ ʠ ʩʚʝʨʭʰʠʨʦʢʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ, 

ʩʠʥʪʝʟʘʪʦʨʦʚ ʯʘʩʪʦʪ ʩ ʤʘʣʳʤ ʫʨʦʚʥʝʤ ʬʘʟʦʚʳʭ ʰʫʤʦʚ ʠ ʧʨʦʮʝʩʩʦʨʦʚ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʩ ʚʳʩʦʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʨʘʟʚʠʪʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʣʦ ʧʦʣʥʦʩʪʴʶ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ, ʤʦʜʫʣʷʪʦʨʳ ʠ ʜʝʪʝʢʪʦʨʳ ʚ ʦʜʠʥ ʯʠʧ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʬʦʪʦʥʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʠ ʦʪʢʨʳʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ 

ʦʙʣʘʜʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠ ʵʣʝʢʪʨʦʥʥʦʤ 

ʫʧʨʘʚʣʝʥʠʠ.  

ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʚʳʪʝʩʥʝʥʠʝ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʦʡ 

ʦʧʪʠʢʠ ʩʝʥʩʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʪʦʥʠʢʠ ʥʝ 

ʷʚʣʷʝʪʩʷ ʩʚʝʨʰʠʚʰʠʤʩʷ ʬʘʢʪʦʤ ʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʝ ʧʨʦʠʟʦʡʜʝʪ, ʚ 

ʙʣʠʞʘʡʰʠʝ 5-10 ʣʝʪ. ʇʦʵʪʦʤʫ ʧʦʣʥʦʮʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʩʝʥʩʦʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʩ ʦʧʪʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʷʪʩʷ ʢʘʢ ʜʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ ʨʘʜʠʦʬʦʪʦʥʠʢʠ, ʪʘʢ 

ʢʚʘʥʪʦʚʦʡ ʩʝʥʩʦʨʠʢʠ, ʜʦʣʞʥʘ ʧʨʦʭʦʜʠʪʴ ʚ ʪʨʠ ʵʪʘʧʘ: 

- ʵʪʘʧ ʩʠʩʪʝʤʥʦʛʦ ʩʠʥʪʝʟʘ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʬʦʪʦʥʠʢʠ; 

- ʵʪʘʧ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʬʦʪʦ-ʥʠʢʠ; 

- ʵʪʘʧ ʪʨʘʥʩʬʝʨʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ 

ʘʥʘʣʦʛʠʡ ʚ ʦʙʣʘʩʪʴ ʢʚʘʥʪʦʚʦʡ ʩʝʥʩʦʨʠʢʠ ʩ ʫʯʝʪʦʤ ʦʙʱʝʡ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʥʮʠʧʦʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʚʘʥʪʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʬʦʪʦʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ, ʥʘʜʝʞʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʢʚʘʥʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʩʝʥʩʦʨʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʧʨʝʠʤʫʱʝʩʪʚʘ 



 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʀʥʪʝʛʨʘʣʴʥʘʷ ʬʦʪʦʥʠʢʘ, ʙʣʘʛʦʜʘʨʷ 

ʨʘʟʚʠʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, 

ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʥʦʚʦʜʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʚʳʧʫʩʢʘʝʤʳʭ ʚ ʤʘʩʩʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʦʤʧʘʢʪʥʳʭ ʯʠʧʘʭ. 

ʄʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʦ ʢʘʢ ʥʝʜʦʨʦʛʫʶ ʠ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ 

ʜʣʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʩʪʘʙʠʣʴʥʦʡ ʛʝʥʝʨʘʮʠʠ ʥʝʢʣʘʩʩʠʯʝʩʢʠʭ ʦʧʪʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʡ ʠ ʠʭ ʦʙʨʘʙʦʪʢʠ, ʦʙʣʘʜʘʶʱʫʶ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʪʨʦʛʦ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ ʯʘʩʪʦʪʥʳʭ ʛʨʝʙʝʥʦʢ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʦʟʚʦʣʠʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʥʦ ʥʘ ʪʝʨʘʛʝʨʮʦʚʳʭ 

ʯʘʩʪʦʪʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʨʳʚ ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʡ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʧʦ ʩʦʟʜʘʥʠʶ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʝʰʘʝʤʳʭ ʚ ʜʘʥʥʦʤ ʨʘʙʦʪʝ ʥʘ 

ʦʩʥʦʚʝ ʪʨʘʥʩʬʝʨʪʘ ʪʝʭʥʦʣʦʛʠʡ ʤʘʣʦʤʦʜʦʚʦʡ ʨʘʜʠʦʬʦʪʦʥʠʢʠ ʠ 

ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʬʦʪʦʥʠʢʠ, ʧʦʟʚʦʣʠʪ 

ʧʦʣʫʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʳʠʛʨʳʰ ʧʨʠ ʨʝʰʝʥʠʠ ʥʝ ʪʦʣʴʢʦ ʟʘʜʘʯ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʪʠʧʘ, ʥʦ ʠ ʦʙʱʠʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʦʙʱʝʩʪʚʦʤ. 

ɺ ʈʌ ʩʦʟʜʘʥʘ ʜʦʨʦʞʥʘʷ ʢʘʨʪʘ ʨʘʟʚʠʪʠʷ ʢʚʘʥʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʥʘʮʠʦʥʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʄʀʉʠʉ. ɼʦʢʫʤʝʥʪ ʨʘʟʜʝʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʚʘʥʪʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʪʨʠ ʩʫʙʪʝʭʥʦʣʦʛʠʠ: ʢʚʘʥʪʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʢʚʘʥʪʦʚʳʝ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʢʚʘʥʪʦʚʳʝ ʩʝʥʩʦʨʳ. ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʢʚʘʥʪʦʚʳʭ ʩʝʥʩʦʨʦʚ 

ʨʘʙʦʪʘʶʪ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ: ɺʅʀʀʌʊʈʀ, ʌʀɸʅ, ʀʃʌ ʉʆ ʈɸʅ, ʈʂʎ ʠ 

ʜʨ. ʉʚʷʟʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʨʝʮʠʟʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʪʘʢʞʝ ʚʝʜʫʪʩʷ ʚ ʀʌʇ ʉʆ ʈɸʅ, ʀʌɺʕ ʈɸʅ, ʀʃʌ ʈɸʅ ʠ ʨʷʜʝ ʜʨʫʛʠʭ 

ʠʥʩʪʠʪʫʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʦʩʷʪ ʧʦʢʘ, ʚ ʦʩʥʦʚʥʦʤ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʈʝʰʝʥʠʷ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʟʜʘʥʠʝʤ ʩʝʥʩʦʨʦʚ ʜʣʷ ʨʘʜʘʨʦʚ 

ʠʣʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʘʥʘʣʦʛʠʯʥʳʭ ʟʘʜʘʯʘʤ, ʨʝʰʘʝʤʳʤ ʚ ʨʘʜʘʨʘʭ, ʧʦʢʘ 

ʦʪʢʨʳʪʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʠ ʚ ʦʙʟʦʨʝ ʥʝ ʫʧʦʤʠʥʘʣʠʩʴ.  

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʡ 

ʧʘʨʘʜʠʛʤʦʡ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʚʘʥʪʦʚʦʡ 

ʩʝʥʩʦʨʠʢʠ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʧʫʪʝʡ ʧʨʝʦʜʦʣʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ 

ʧʨʝʜʝʣʘ (ʉʂʇ) ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʫʧʨʦʱʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʥʪʝʨʨʦʛʘʮʠʠ 

ʩʝʥʩʦʨʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠʣʠ ʢʚʘʟʠ-

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʉʂʇ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦ 

ʨʘʟʨʝʰʠʤʦʤʫ ʩʠʛʥʘʣʫ ʧʨʠ ʩʯʠʪʳʚʘʥʠʠ ʦʧʪʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʫʤʤʦʡ ʜʨʦʙʦʚʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʰʫʤʦʚ. ʇʨʝʦʜʦʣʝʥʠʝ ʵʪʦʛʦ ʧʨʝʜʝʣʘ 



 

ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ ʢʚʘʥʪʦʚʦʡ ʩʝʥʩʦʨʠʢʠ. ʇʨʦʙʣʝʤʘ 

ʠʥʪʝʨʨʦʛʘʮʠʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʮʝʥʢʠ ʠʟʤʝʨʷʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. ɺ ʮʝʣʦʤ, ʩʠʩʪʝʤʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʢ ʢʦʣʠʯʝʩʪʚʫ, ʢʦʪʦʨʦʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʠʟʤʝʨʝʥʦ, ʠ ʷʚʣʷʝʪʩʷ ʩʝʥʩʦʨʦʤ. ɼʘʥʥʳʡ ʩʝʥʩʦʨ ʧʨʠ 

ʦʧʪʠʯʝʩʢʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʟʦʥʜʠʨʫʝʪʩʷ ʦʧʪʠʯʝʩʢʠʤ 

ʠʟʣʫʯʝʥʠʝʤ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʠʤ, ʥʘʧʨʠʤʝʨ, ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ. ɼʘʣʴʥʝʡʰʝʝ 

ʫʣʫʯʰʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ, ʝʩʣʠ ʩʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʠʟʤʝʨʝʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʧʦʯʪʠ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʜʝʤʦʥʩʪʨʘʮʠʠ ʩʠʩʪʝʤ ʢʚʘʥʪʦʚʦʡ ʩʝʥʩʦʨʠʢʠ 

ʦʛʨʘʥʠʯʝʥʳ ʫʣʫʯʰʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʦʥʜʠʨʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʜʘʪʯʠʢʘ, ʥʦ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʦʙʳʯʥʦ ʦʩʥʦʚʘʥʳ ʥʘ ʤʥʦʞʝʩʪʚʝ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʠʥʪʝʛʨʘʣʴʥʦ 

ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʠ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʘʭ.  

ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʙʣʝʤʳ ʦʧʨʝʜʝʣʝʥʳ ʠ ʜʣʷ ʩʠʩʪʝʤ ʨʘʜʠʦʬʦʪʦʥʠʢʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ. ɼʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʠʟʤʝʨʝʥʠʡ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʰʫʤʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʬʣʠʢʢʝʨ-ʰʫʤʦʚ, ʜʨʦʙʦʚʳʭ ʠ 

ʪʝʧʣʦʚʳʭ ʰʫʤʦʚ, ʢ ʢʦʪʦʨʳʤ ʜʦʙʘʚʣʷʶʪʩʷ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ 

ʰʫʤʳ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʣʘʟʝʨʦʚ. ʈʘʟʚʠʪʠʝ ʠʥʪʝʨʨʦʛʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʨʘʜʠʦʬʦʪʦʥʠʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʣʠ ʩʢʦʨʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʜʥʘʢʦ ʠʭ ʩʪʦʠʤʦʩʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʝ ʚʳʜʝʨʞʠʚʘʝʪ ʥʠʢʘʢʦʡ 

ʢʨʠʪʠʢʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ. ʀʟʚʝʩʪʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʞʝ 

ʢʘʩʘʶʪʩʷ ʧʨʠʤʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ ʨʘʜʠʦʬʦʪʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʧʨʦʩʘ 

ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ, ʤʘʢʩʠʤʫʤ ʜʚʫʭ ʩʝʥʩʦʨʦʚ. ʈʘʟʚʠʪʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ, ʘʨʩʝʥʠʜʘ ʛʘʣʣʠʷ, ʬʦʩʬʘʪʘ ʠʥʜʠʷ ʚʳʟʚʘʣʦ 

ʚʟʨʳʚʥʦʡ ʠʥʪʝʨʝʩ ʢ ʩʦʟʜʘʥʠʶ ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʆʜʥʘʢʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʩʪʘʣʘʩʴ 

ʥʝ ʩʥʷʪʦʡ ʧʨʦʙʣʝʤʘ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ ʠ ʠʭ ʘʥʘʣʠʟʘ ʥʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ. 

ɼʣʷ ʨʘʜʠʦʬʦʪʦʥʠʢʠ ʤʳ ʥʘʰʣʠ ʨʷʜ ʨʝʰʝʥʠʡ. ʇʦʩʤʦʪʨʠʤ ʢʘʢ ʦʥʠ 

ʤʦʛʫʪ ʧʦʤʦʯʴ ʨʝʰʠʪʴ ʢʚʘʥʪʦʚʳʝ ʟʘʜʘʯʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʪʠʧʘ. 

ʉʨʝʜʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʢ ʨʝʰʝʥʠʶ, ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʧʘʩʩʠʚʥʳʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʨʠʭʦʜʘ ʠ ʠʟʤʝʨʝʥʠʷ 

ʤʛʥʦʚʝʥʥʳʭ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʤʥʦʞʝʩʪʚʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʩʠʛʥʘʣʦʚ (ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟ ʧʦʣʷ), ʘ ʪʘʢʞʝ 

ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʟʘʜʝʨʞʢʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʣʠʥʠʷʤ, ʩʚʷʟʳʚʘʶʱʠʤ ʘʥʪʝʥʥʳʝ ʧʦʩʪʳ, ʧʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ. ʂ ʘʢʪʠʚʥʳʤ 

ʟʘʜʘʯʘʤ ʦʪʥʦʩʷʪʩʷ ʟʘʜʘʯʠ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʣʘʙʦʦʪʨʘʞʘʶʱʝʡ ʮʝʣʠ ʥʘ ʚʳʩʦʢʦʷʨʢʦʤ ʬʦʥʝ. 



 

ɺʩʝ ʥʘʡʜʝʥʥʳʝ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʧʫʪʘʥʥʳʭ 

ʬʦʪʦʥʦʚ.  ɸ ʧʦʩʣʝʜʥʝʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʯʝʪʢʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʩʝʥʩʦʨʦʚ 

ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʬʦʪʦʥʠʢʠ. 

ʅʘʫʯʥʳʝ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ ʠ ʜʦ-

ʩʪʠʞʠʤʦʩʪʴ ʠʭ ʨʝʰʝʥʠʷ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʩʦʟʜʘʥʥʦʡ ʚ ʂʅʀʊʋ-ʂɸʀ 

ʪʝʦʨʠʠ ʤʘʣʦʤʦʜʦʚʦʡ (ʜʚʫʭʯʘʩʪʦʪʥʦʡ) ʨʘʜʠʦʬʦʪʦʥʠʢʠ, ʨʝʘʣʠʟʫʶʱʝʡ 

ʦʧʪʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʩʝʥʩʦʨʦʚ ʜʚʫʭʯʘʩʪʦʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʤʝʪʦʜʫ ʀʣʴʠʥʘ-ʄʦʨʦʟʦʚʘ ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʠʤʤʝʪʨʠʯʥʦʝ ʜʚʫʭʯʘʩʪʦʪʥʦʝ. 

ɼʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ, 

ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʭ ʧʦ ʬʘʟʝ (ʘʣʴʪʝʨʥʘʪʠʚʥʦ) ʠ ʨʘʚʥʳʭ ʧʦ ʘʤʧʣʠʪʫʜʝ ʩ 

ʧʦʜʘʚʣʝʥʥʳʤ ʠʩʭʦʜʥʳʤ ʦʜʥʦʯʘʩʪʦʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ʃʶʙʦʝ ʠʟʤʝʥʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʜʚʫʭ ʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʦʥʜʠʨʫʝʤʳʤʠ ʩʨʝʜʘʤʠ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʠʟʤʝʥʝʥʠʠ 

ʤʛʥʦʚʝʥʥʦʡ ʘʤʧʣʠʪʫʜʳ, ʬʘʟʳ ʠ ʯʘʩʪʦʪʳ ʦʛʠʙʘʶʱʝʡ ʠʭ ʙʠʝʥʠʡ, ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʢʦʪʦʨʦʡ ʠ ʩʫʜʷʪ ʦ ʚʥʝʰʥʠʭ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ. ʇʨʠ ʵʪʦʤ 

ʫʢʘʟʘʥʥʘʷ ʯʘʩʪʦʪʘ ʙʠʝʥʠʡ ʣʝʞʠʪ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʕʄɺ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʦʪʝʥʮʠʘʣ ʪʦʯʥʦʩʪʝʡ ʠ ʨʘʟʨʝʰʘʶʱʠʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, 

ʥʝʜʦʩʪʠʞʠʤʳʭ ʧʨʠ ʧʨʷʤʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʚ 

ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʯʘʩʪʦʪʝ ʙʠʝʥʠʡ ʚʝʜʝʪʩʷ ʚ ʦʙʣʘʩʪʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʰʫʤʦʚ ʬʦʪʦʧʨʠʝʤʥʠʢʘ, ʛʜʝ ʦʥʘ ʠ ʣʝʞʠʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʚʣʠʷʥʠʷ ʬʣʠʢʢʝʨ ʠ ʜʨʦʙʦʚʳʭ ʰʫʤʦʚ.  

ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʳ ʥʘʟʳʚʘʝʤʳʤ ʜʚʝ ʫʢʘʟʘʥʥʳʝ ʯʘʩʪʦʪʳ çʩʧʫ-

ʪʘʥʥʳʤʠè, ʯʪʦ ʩʪʘʚʠʪ ʧʝʨʝʜ ʥʘʤʠ ʟʘʜʘʯʫ ʪʨʘʥʩʬʝʨʪʘ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʛʝʥʝʨʘʮʠʠ ʧʘʨʳ ʩʧʫʪʘʥʥʳʭ ʬʦʪʦʥʦʚ, ʨʘʟʥʝʩʝʥʥʳʭ ʧʦ ʯʘʩʪʦʪʝ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʧʦ ʤʝʪʦʜʫ 

ʀʣʴʠʥʘ-ʄʦʨʦʟʦʚʘ, ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʩʚʦʡʩʪʚ. ʅʝʩʦʤʥʝʥʥʦ, 

ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʪʨʝʙʫʝʪ ʩʪʨʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʤʳ ʧʦʣʫʯʠʣʠ ʥʝʢʦʪʦʨʳʡ ʟʘʜʝʣ. 

ʅʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ ʪʨʘʥʩʬʝʨʪʫ ʪʝʭʥʦʣʦʛʠʡ ʤʘʣʦʤʦʜʦʚʦʡ ʤʠʢʨʦʚʦʣ-

ʥʦʚʦʡ ʬʦʪʦʥʠʢʠ ʚ ʦʙʣʘʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʢʚʘʥʪʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʯʪʦ 

ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʨʷʜʝ ʨʘʙʦʪ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʪʨʫʜʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʡ SPIE ʠ IEEE [1], ʚʦʰʝʜʰʠʭ ʚ ʙʘʟʳ ʮʠʪʠʨʦʚʘʥʠʷ Scopus ʠ 

Web of Science. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʜʚʫʤ 

ʛʨʘʥʪʘʤ ʈʌʌʀ ʧʦ ʧʨʦʛʨʘʤʤʝ çɸʩʧʠʨʘʥʪʳè ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʚ 

ʨʘʤʢʘʭ ˉ 19-37-90057 ʠ ʧʦ ʧʨʦʛʨʘʤʤʝ BRICS ʩʦʚʤʝʩʪʥʦ ʩ DST, NSFC ʠ 

NRF (ʧʨʦʝʢʪ 19-57-80006 BRICS_t). ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʙʣʘʩʪʠ 

ʢʚʘʥʪʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʠʥʪʝʟʠʨʦʚʘʥʠʠ 



 

ʩʝʪʝʚʳʭ ʨʝʰʝʥʠʡ ʚ ʟʘʜʘʯʘʭ ʢʚʘʥʪʦʚʦʡ ʩʝʥʩʦʨʠʢʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʝʢʪʦʚ ʫʞʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʷʜ 

ʩʪʘʪʝʡ ʠ ʤʦʥʦʛʨʘʬʠʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʧʨʦʝʢʪʘ ï ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʠʢʨʦ-

ʚʦʣʥʦʚʳʭ ʢʚʘʥʪʦʚʳʭ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ (ʩʠʩʪʝʤ ʨʘʜʠʦʢʚʘʥʪʦʥʠʢʠ) ʥʘʤʠ 

ʧʨʝʜʣʦʞʝʥʘ ʜʦʨʦʞʥʘʷ ʢʘʨʪʘ (2021-2025), ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

1. ʈʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʤʘʣʦʤʦʜʦʚʦʡ ʨʘʜʠʦʬʦʪʦʥʠʢʠ ʩ ʮʝʣʴʶ 

ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʝʪʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʬʦʥʦʥ-ʬʦʪʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʟʘʜʘʯ ʩʫʙʤʝʛʘʛʝʨʮʦʚʦʡ 

ʬʠʣʴʪʨʘʮʠʠ, ʬʦʥʦʥ-ʬʦʪʦʥʥʳʭ ʛʝʥʝʨʘʮʠʠ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʧʝʨʝʜʘʯʠ 

ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʬʦʥʦʥʦʚ ʧʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʠ ʤʘʣʦʤʦʜʦʚʳʤ ʦʧʪʠʯʝʩʢʠʤ 

ʚʦʣʦʢʥʘʤ ʩ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝʤ ʥʘ ʯʘʩʪʦʪʘʭ ʛʨʝʙʝʥʢʠ ʚ ʦʙʱʝʤ ʢʣʘʩʩʝ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʜʠʦ-ʣʦʢʘʮʠʦʥʥʦʛʦ ʪʠʧʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʦʜʘʤʠ ʠ 

ʩʨʝʜʩʪʚʘʤʠ ʢʚʘʥʪʦʚʦʡ ʩʝʥʩʦʨʠʢʠ. 

2. ʉʠʤʫʣʷʮʠʷ ʠ ʨʝʘʣʠʟʘʮʠʷ ʥʘʡʜʝʥʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʧʣʘʪʬʦʨʤʝ 

ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʬʦʪʦʥʠʢʠ, ʝʝ ʨʘʟʚʠʪʠʝ ʩ 

ʦʮʝʥʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʚʘʥʪʦʚʦʡ ʩʝʥʩʦʨʠʢʠ ʩ 

ʫʯʝʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʣʷ ʵʪʦʛʦ ʩʫʙʢʠʣʦʛʝʨʮʦʚʳʭ ʣʠʥʠʡ 

ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʦʡʩʪʚ ʚʥʫʪʨʝʥʥʝʡ ʩʠʤʤʝʪʨʠʠ 

ʠʟʣʫʯʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʘʣʦʤʦʜʦʚʦʡ ʨʘʜʠʦʬʦʪʦʥʠʢʝ, ʠ ʧʦʩʪʫʣʘʪʦʚ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʜʣʷ ʧʘʨ ʩʧʫʪʘʥʥʳʭ ʬʦʪʦʥʦʚ, ʨʘʟʥʝʩʝʥʥʳʭ ʧʦ ʯʘʩʪʦʪʝ. 

3. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʢʚʘʥʪʦʚʦʡ 

ʩʝʥʩʦʨʠʢʠ ʥʘ ʧʣʘʪʬʦʨʤʝ ʨʘʩʰʠʨʝʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʬʦʪʦʥʠʢʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦʡ  

ʠʣʣʶʤʠʥʘʮʠʠ, ʢʚʘʥʪʦʚʦʡ ʛʨʝʙʝʥʢʠ, ʤʥʦʛʦʯʘʩʪʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʳʭ 

ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤ ʚ ʦʙʱʝʤ ʢʣʘʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʪʠʧʘ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʳʭ 

ʠ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤ, ʩʦʟʜʘʥʥʳʭ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ.  

ʄʳ ʥʘʜʝʝʤʩʷ, ʯʪʦ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʥʘʤ ʨʝʰʠʪʴ ʠ ʟʘʜʘʯʫ 

ʩʪʘʪʫʩʘ ʧʘʨʳ ʬʦʪʦʥʦʚ, ʢʦʪʦʨʳʝ ʤʳ ʧʦʣʫʯʘʝʤ ʧʦ ʤʦʜʫʣʷʮʠʦʥʥʦʤʫ ʤʝʪʦʜʫ 

ʀʣʴʠʥʘ-ʄʦʨʦʟʦʚʘ ʥʘ ʥʝʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʤʧʣʠʪʫʜʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ. 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʧʨʦʬʝʩʩʦʨʦʚ ʂʅʀʊʋ-ʂɸʀ ʄʦʠʩʝʝʚʘ ʉ.ɸ., 

ʅʠʛʤʘʪʫʣʣʠʥʘ ʈ.ʈ. ʠ ʅʘʜʝʝʚʘ ɸ.ʌ. ʟʘ ʧʦʣʝʟʥʳʝ ʦʙʩʫʞʜʝʥʠʷ ʠ ʧʦʠʩʢ ʧʫʪʝʡ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʤʝʪʦʜʘʤʠ ʨʘʜʠʦʢʚʘʥʪʦʥʠʢʠ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʨʘʜʠʦʬʦʪʦʥʠʢʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ˉ 19-07-00629. 
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ɸʥʥʦʪʘʮʠʷ  
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʩʠʩʪʝʤʳ ʚʝʪʚʣʝʥʠʷ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, 

ʢʦʪʦʨʘʷ ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʚʦʣʶʮʠʠ ʞʠʚʦʛʦ ʣʠʩʪʘ 

ʪʫʣʩʠ (ʙʘʟʠʣʠʢʘ ʩʚʷʱʝʥʥʦʛʦ). ʇʨʝʜʣʘʛʘʝʤʘʷ ʬʫʥʢʮʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʤʝʥʝʥʥʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ (ʦʰʠʙʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʝʥʝʝ 0,1%) ʦʧʠʩʘʪʴ ʚʩʝ ʵʪʘʧʳ 

ʚʨʝʤʝʥʥʦʡ ʵʚʦʣʶʮʠʠ ʣʠʩʪʘ ʚ ʪʝʯʝʥʠʝ 6 ʜʥʝʡ ʠʟʤʝʨʝʥʠʡ ʠʤʧʝʜʘʥʩʘ. 

ʇʦʜʛʦʥʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʶʪ ʠʟ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʪ ʚʳʙʨʘʪʴ 

ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʵʪʘʧʦʚ. ʇʝʨʚʫʶ ʩʪʘʜʠʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʩʦʭʨʘʥʝʥʠʝ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʣʠʩʪʘ. ʕʪʦ ʟʘʥʠʤʘʝʪ ʧʨʠʤʝʨʥʦ 1 ʜʝʥʴ. ɿʘʪʝʤ ʚ ʪʝʯʝʥʠʝ 

ʩʣʝʜʫʶʱʠʭ ʪʨʝʭ ʜʥʝʡ ʢʦʤʧʣʝʢʩʥʳʡ ʠʤʧʝʜʘʥʩ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʢʚʘʟʠʭʘʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ, ʢʦʛʜʘ ʧʦʚʝʜʝʥʠʝ ʤʥʠʤʦʡ ʯʘʩʪʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʤʧʝʜʘʥʩʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʤʦʥʦʪʦʥʥʳʤ. ɽʛʦ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʧʝʨʝʭʦʜʥʫʶ ʩʪʘʜʠʶ, ʢʦʛʜʘ ʠʟʤʝʨʷʝʤʳʡ ʣʠʩʪ çʧʝʨʝʭʦʜʠʪè 

ʚ ʩʪʘʜʠʶ çʦʪʤʠʨʘʥʠʷè. ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʜʥʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʘʜʠʠ 

ʫʚʷʜʘʥʠʷ ʣʠʩʪʘ. ʆʪʢʨʳʪʠʝ ʚʝʪʚʷʱʠʭʩʷ ʧʨʦʮʝʩʩʦʚ ʚ ʩʣʦʞʥʳʭ 



 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦʟʚʦʣʷʝʪ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ 

ʟʘʨʷʜʘ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʦʩʪʫʧʥʳʭ ʯʘʩʪʦʪʥʳʭ ʤʘʩʰʪʘʙʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʘ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚ ʧʨʠʨʦʜʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʩʫʱʝʩʪʚʫʝʪ ʥʦʚʳʡ ʬʨʘʢʪʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩ ʢʦʤʧʣʝʢʩʥʦ ʩʦʧʨʷʞʝʥʥʳʤʠ 

ʩʪʝʧʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ɽʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʤʦʞʝʪ 

ʩʳʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʲʷʩʥʝʥʠʠ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʚʝʪʚʷʱʠʭʩʷ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʞʝ ʦʙʦʛʘʪʠʪʴ ʩʦʚʨʝʤʝʥʥʫʶ ʪʝʦʨʠʶ 

ʜʨʦʙʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ. 

 

Abstract  

In this paper the proposed theoretical model describing the branching 

systems in the intermediate range of frequencies was applied in the first time 

for description of the living Tulsi (Holy Basil) leaf evolution. The proposed 

fitting function that follows from the applied model allows to describe 

completely with high accuracy (the fitting error was less than 0.1%) the whole 

stages of the temporal evolution of the leaf during 6 days of the impedance 

measurements. The fitting parameters that follow from the model enables to 

select at least three stages. The first stage can be defined as the conserved vital 

leaf activity. It occupies approximately 1 day. Then during next three days the 

complex impedance exhibits a quasi-chaotic behavior, when the behavior of the 

imaginary part of the complex impedance becomes nonmonotone. It can be 

defined as the transient stage when the measured leaf ñentersò to the ñdyingò 

stage. The last two days correspond to the withering leaf stage. The discovery 

of the branching processes in complex biological systems allows to understand 

deeper the transfer charge processes in the intermediate range of available 

frequencies scales. Besides, this model implies that new fractal element with 

complex conjugated power-law exponents really exists in nature. Its 

experimental confirmation can play a key role in explanation of a wide class of 

branching processes in complex systems and enrich also the modern theory of 

the fractional calculus. 

 

1. Introduction and formulation of the problem 

While providing deeper insight into the transfer of charge phenomena in 

the intermediate frequency ranges, the concept of mathematical modeling of 

branching processes in complex biological systems dealing with the analysis of 

temporal evolution of impedance measurements in living Tulsi (Holy Basil) 

leaves, a biological object exhibiting self-similar/branching processes, 

introduced in this paper. Over the last few decades of bio-impedance research, 

numerous attempts have been made in modelling the behavior of living 

biological objects (such as leaves), subjected to biochemical or physiological 



 

changes, due to the variations in experimental or environmental process 

conditions while analyzing their seasonal characteristics, physical 

characteristics, disease investigation, growth assessments, the effect of 

environmental stresses, condition of frost damage, frost hardiness, prediction of 

molecular structures and freezing effects. The study of leaves can unveil 

different important characteristics such as the presence of damaged tissues & 

diseases, the concentration of nutrients, and the rooting ability of the entire 

plant. These researches mentioned above, were mostly based on the analysis of 

the Electrical Impedance Spectroscopy (EIS) of the living biological objects, 

through the measurement of impedances with possible variants in terms of 

single & double dispersion coefficients-based variations of the existing Debye 

Relaxation, Cole-Cole, Cole-Davidson, and Havriliak-Negami(HN) model. The 

extended review related to application of the 2D-EIS spectroscopy is given by 

the prominent authors actively working in this field [1]. While being unable to 

comprehensively explain the deterministic nature of the seemingly random log-

periodic behavior, with their real values of the power-law exponents, these 

models can predict the behavior of biological systems with a moderate level of 

accuracy (estimated relative error less than 5%). In the most cases, the physical 

meaning of these real power-law exponents is remained unclear. Based on the 

concept of the branching structure that can be typical for 2D or 3D-fractal 

structures, the authors of the paper, successfully portrayed the relevance of 

modelling the log-periodic oscillations that earlier were not taken in account. It 

implies that in reality the real power-law exponents discovered earlier by the 

authors of the papers mentioned above should have the complex-conjugated 

part that can play an essential role in research of biological systems having 

presumably the self-similar/fractal organization in space and temporal scales, 

correspondingly. Highly accurate level of fitting (fitting error less than 0.1%) of 

the experimental results of Real & Imaginary part of complex impedances of 

fractional capacitors. In the first time, we decided to apply the branching model 

developed earlier for time-domain [2] in the frequency domain to analysis of 

the temporal evolution of living Tulsi leaves (ñOcimum tenuiflorumò) during 6 

days of impedance measurements, exhibiting a nonlinear dynamic behavior. 

While exploring the new fractal element with complex conjugated power-law 

of exponents, the fitting parameters of the proposed mathematical model, 

enable the selection of at least sequential three stages as conservation of vital 

leaf activity (lasts for approximately 1 day), quasi-chaotic behavior (for about 

three days) and eventually to the withering stage (last two days of impedance 

measurements) of Tulsi leaves. Based on the proposed theoretical model that is 

suitable for consideration of a wide class of branching processes and valid in 

some intermediate frequency scales it becomes possible to derive the fitting 



 

function for description of the impedance measurements in the frequency 

domain for some classes of complex biological systems. As it has been 

mentioned above, the proposed fitting function was applied for the fitting of the 

measured complex impedances in the biological object as Tulsi (Holy Basil) 

leaf (Latin name:"Ocimum tenuiflorum"). The basic aim of these time-

consuming impedance measurements is the following: (a) the testing of the 

proposed model to the fitting of real data; (b) the tracking of the leaf evolution 

during 6 days related to successive impedance measurements; (c) qualitative 

explanation of this phenomenon in terms of the obtained fitting parameters. 

 

2. Description of the branching processes in fractal systems 

In paper [2] one of us (RRN) proposed the theory of the blow-like 

signals that can be observed in many systems subjected by shock-like 

excitations. The response followed after this impact excitation starts from 

minimal initial values then it increases and achieves a maximal value and then 

it decreases again up to its minimal values. However, all examples shown in [2] 

were considered in time-domain. In the frequency domain these shock-

excitations should have their specific behaviors and cannot follow to the simple 

blow-like scenario mentioned above. The collective excitation of a possible 

branching process, from the mathematical point of view, should be described 

by the product  
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It is possible to show that only asymptotic behavior of expression (1) in 

the intermediate scale is important. Skipping the mathematical manipulations 

one can derive the desired mathematical expressions that are suitable for the 

fitting purposes.  
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Here the variable x=ln(w) is dimensionless variable, where the current 

frequency w is normalized for 1 Hz, the functions Fck(x) and Fsk(x) are 

determined by the following expressions 
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Analysis of expressions (2) shows that we have two nonlinear 

parameters n and W. If these parameters can be found then other fitting 

parameters as: X0, m, Ac0, g and two sets of coefficients {Ack, Ask}, { ACk, ASk} 

determining log-periodic decompositions of the functions Re [L(x)] and Im 

[L(x)] can be found by the linear least square method (LLSM). The final fit of 

the measured impedances is expressed by these relationships 

( )[Re( )] exp(Re ( )), [Im( )] exp Im ( ) .Fit Z L x Fit Z L x@ @-
 (4) 

Unfortunately, the limited number of the allowed pages does not allow 

to demonstrate the figures that follow from the fitting of the formulas (2) to real 

data. The total set of the measured data includes 69 measurements, in total. 

3. Conclusions 

Concluding this final section, we should stress also the following 

important moments. The results obtained in this paper open new possibilities in 

detection of a wide class of branching systems in complex biological systems 

with clearly expressed fractal geometry as leaves, stems of different plants, the 

intrinsic branching form of different vegetables (onions, Brussels sprouts etc.) 

fruits (apples, grapes etc.) and trees of different types. Highly likely, this 

process exists in mushroom spawns and other biological objects. It is 

interesting to note also that the proposed function (1), being written in the form 

of the Laplace image, represents itself the mathematical expression for a fractal 

element containing a set of the complex conjugated power-law exponents. It is 

necessary to stress also that these branching processes taking place in nature 

one can serve an analogy for different communication sets: (a) for radio/tele-

communication systems, for railway nets, distribution of the streets in large 

cities, sewerage systems etc. Being mapped, these communication systems 

remind a ñhuge fractured leafò and, therefore, the theory of branching systems 

proposed in this paper and in [2] can be applied for them also. Any system of 

such kind has a random or regular fractal geometry and needs in optimization. 

Probably, this optimization can be taken from the fractal distribution of 

different plants that are met in nature. 

References 

1. Mohsen M., Said L.A., Madian A H., Radwan A.G. and Elwakil A.S. 

Fractional-Order Bio-Impedance Modeling for Interdisciplinary Applications: (A 

Review). DOI 10.1109/ACCESS.2021.3059963, IEEE Access. 



 

2. Nigmatullin R.R., Toboev V.A., Lino P., Maione G. Reduced fractal 

model for quantitative analysis of averaged micromotions in mesoscale: 

Characterization of blow-like signals. Chaos, Solitions & Fractals, 2015, 76, 166.  



 

ʋɼʂ 621.3712 

 

ʈɸʉʏɽʊ ʋʉʊʈʆʁʉʊɺ ʉɺʏ ʀ ʂɺʏ ɼʀɸʇɸɿʆʅʆɺ ʉ ʇʆʄʆʑʔʖ 

ʀʅʊɽɻʈɸʃʔʅʓʍ ʇʈɽɼʉʊɸɺʃɽʅʀʁ 

 

ʈʘʝʚʩʢʠʡ ʉ.ɹ., ʂʘʧʫʩʪʠʥ ʉ.ɸ., ʈʘʝʚʩʢʠʡ ɸ.ʉ. 

(ʌɻɹʆʋ ɺʆ çʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘè, ʄʠʥʠʥʘ ʫʣ., 24, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 

603950) 

 

CALCULATION OF MICROWAVE AND EHF RANGE DEVICES 

USING INTEGRAL REPRESENTATIONS  

 

Raevsky S.B., Kapustin S.A., Raevsky A.S. 

(Nizhny Novgorod State Technical University n.a. R.E. Alekseev 

Address: Minin St., 24, Nizhny Novgorod, 603950) 

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ ʉɺʏ (ʂɺʏ) ʫʩʪʨʦʡʩʪʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʘʣʛʦʨʠʪʤʘʤ ʚ ʥʝʟʘʤʢʥʫʪʦʡ 

ʬʦʨʤʝ, ʚʝʩʴʤʘ ʧʦʣʝʟʥʳʤ ʷʚʣʷʶʪʩʷ ʩʪʨʦʛʠʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

(ʧʨʝʜʩʪʘʚʣʝʥʠʷ): ʣʝʤʤʘ ʃʦʨʝʥʮʘ, ʪʝʦʨʝʤʘ ʚʟʘʠʤʥʦʩʪʠ, ʫʩʣʦʚʠʝ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʠ ʪ.ʜ., ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʫʣʫʯʰʘʝʪʩʷ ʠʭ 

ʩʭʦʜʠʤʦʩʪʴ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʨʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ 

ʙʝʟ ʫʢʘʟʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ʀʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ï ʵʪʦ ʟʘʧʠʩʴ 

ʫʨʘʚʥʝʥʠʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ (ʚ ʣʶʙʦʤ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʤ ʚʠʜʝ) ʠ ʠʭ 

ʨʝʰʝʥʠʡ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʙʦʙʱʝʥʥʦʡ ʬʦʨʤʝ, ʩʚʷʟʳʚʘʶʱʠʭ ʚ ʮʝʣʦʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʦʧʠʩʳʚʘʝʤʳʭ 

ʢʨʘʝʚʳʤʠ ʟʘʜʘʯʘʤʠ. 

 

Abstract 

In the electrodynamic calculation of microwave (EHF) devices using 

methods that lead to algorithms in an open form, strict integral relations 

(representations) are very useful: Lorentz lemma, reciprocity theorem, 

orthogonality condition for eigenwaves, etc. of the results obtained, their 

convergence improves, and in some cases the calculation of characteristics that 

cannot be calculated without the indicated representations. Integral 

representations are a record of the equations of electrodynamics (in any unified 

form) and their solutions in one or another generalized form, linking in general 



 

the electromagnetic fields in electrodynamic structures described by boundary 

value problems. 

 

ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʢʨʘʝʚʳʭ ʟʘʜʘʯʘʭ ʧʨʠʢʣʘʜʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʪʠʧʘ ʣʝʤʤʳ ʃʦʨʝʥʮʘ ʠ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʢʨʘʝʚʳʤʠ ʟʘʜʘʯʘʤʠ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʷʭ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʩʦʦʪʥʦʰʝʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ 

ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʦʜʥʦʨʦʜʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʣʝʡ ʚ 

ʬʦʨʤʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʧʝʢʪʨʘ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ, ʠʥʪʝʛʨʘʣʴʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʪʠʧʘ ʬʦʨʤʫʣʳ ɻʨʠʥʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʟʘʜʘʯ ʠʟʣʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʨʠʥʮʠʧ ɻʶʡʛʝʥʩʘ-

ʌʨʝʥʝʣʷ ʠ ʪ.ʜ. 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʵʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʬʦʨʤʫʣʠʨʦʚʢʝ ʢʨʘʝʚʳʭ 

ʟʘʜʘʯ ʚ ʥʝʟʘʤʢʥʫʪʦʡ ʬʦʨʤʝ); ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ 

ʘʩʠʤʧʪʦʪʠʢʝ) ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ; ʧʨʠʚʦʜʷʪ ʢ 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʤ ʟʘʜʘʯʘʤ, ʫʯʠʪʳʚʘʶʱʠʤ ʦʙʨʘʪʥʦʝ ʚʣʠʷʥʠʝ ʧʦʣʷ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʝʨʚʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ; ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʘʧʨʠʦʨʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʝʢʪʨʝ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ; ʨʝʰʘʪʴ ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ 

ʟʘʜʘʯʠ ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʦ ʚʦʟʙʫʞʜʝʥʠʠ ʠ ʪ.ʜ. 

ɺʩʝ ʵʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʧʨʠʢʣʘʜʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ. 

1. ʀʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʳʭ ʠ 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯʘʭ ʨʘʩʯʝʪʘ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʇʦʣʷ ʚ ʦʜʥʦʨʦʜʥʳʭ ʠ ʢʫʩʦʯʥʦ-ʦʜʥʦʨʦʜʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʦʧʠʩʳʚʘʶʪʩʷ ʢʨʘʝʚʳʤʠ ʟʘʜʘʯʘʤʠ ʥʘ ʦʜʥʦʨʦʜʥʦʤ ʫʨʘʚʥʝʥʠʠ 

ɻʝʣʴʤʛʦʣʴʮʘ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʣʝʡ ʚʦʣʥ ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨ ʩ ʠʜʝʘʣʴʥʦ ʧʨʦʚʦʜʷʱʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠʣʠ 

ʚʦʣʥ ʦʪʢʨʳʪʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʣʷ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʥʫʣʝʚʦʤʫ 

ʛʨʘʥʠʯʥʦʤʫ ʫʩʣʦʚʠʶ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤʠ. ɽʩʣʠ 

ʵʢʨʘʥʠʨʫʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʧʝʜʘʥʩʥʘʷ ʠʣʠ ʚ ʩʧʝʢʪʨʝ ʦʪʢʨʳʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʩʦʙʩʪʚʝʥʥʳʝ ʚʦʣʥʳ, ʪʦ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤʠ. ʊʘʢʘʷ ʟʘʜʘʯʘ ʥʘ ʦʜʥʦʨʦʜʥʦʤ ʫʨʘʚʥʝʥʠʠ 

ɻʝʣʴʤʛʦʣʴʮʘ ʩ ʯʘʩʪʠʯʥʦ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʫʦʜʥʦʨʦʜʥʦʡ. ɺʝʪʚʠ ʨʝʰʝʥʠʡ ʧʦʣʫʦʜʥʦʨʦʜʥʦʡ ʠ 

ʦʜʥʦʨʦʜʥʦʡ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʥʘ ʧʣʦʩʢʦʩʪʷʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʤʦʛʫʪ ʙʳʪʴ 



 

ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʥʠ ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ɺʦʣʴʪʝʨʨʘ, ʟʘʧʠʩʳʚʘʝʤʦʛʦ ʚ ʚʠʜʝ: 

() () ( )()
1

,

xn

a

u x c x K x u dn n

n=

= j -l x x xä ñ     (1) 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʜʣʷ 

ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ 

ʢʨʫʛʣʳʭ ʚʦʣʥʦʚʦʜʦʚ, ʦʜʥʦʨʦʜʥʦ ʟʘʧʦʣʥʝʥʥʳʭ ʚʟʘʠʤʥʦʡ ʠ ʥʝʚʟʘʠʤʥʦʡ 

ʩʨʝʜʦʡ, ʩ ʧʨʦʜʦʣʴʥʦ-ʥʘʤʘʛʥʠʯʝʥʥʳʤ ʬʝʨʨʠʪʦʚʳʤ ʩʪʝʨʞʥʝʤ, ʦʪʢʨʳʪʳʭ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ, ʧʨʦʜʦʣʴʥʦ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʬʝʨʨʠʪʦʚʦʛʦ ʚʦʣʥʦʚʦʜʦʚ. 

ʇʝʨʝʭʦʜ ʦʪ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʢ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʧʦʟʚʦʣʷʝʪ 

ʥʘ ʦʩʥʦʚʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʩʣʝʜʥʝʛʦ ʧʦʣʫʯʠʪʴ ʘʧʨʠʦʨʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʝʢʪʨʝ ʚʦʣʥ ʥʘʧʨʘʚʣʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ, ʪʝʤ ʩʘʤʳʤ 

ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜʤʝʪ ʧʦʠʩʢʘ ʧʨʠ ʨʝʰʝʥʠʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ.  

ʀʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʣʝʟʥʳʤʠ ʚ ʟʘʜʘʯʘʭ ʦʙ 

ʠʟʣʫʯʝʥʠʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʦʪʢʨʳʪʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʤʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʧʝʨʪʫʨʥʳʭ ʘʥʪʝʥʥ. ɸʧʝʨʪʫʨʥʳʝ ʘʥʪʝʥʥʳ ï ʵʪʦ ʘʥʪʝʥʥʳ, 

ʠʟʣʫʯʘʶʱʠʝ ʩ ʧʣʦʱʘʜʠ ʨʘʩʢʨʳʚʘ, ʥʘʟʳʚʘʝʤʦʛʦ ʘʧʝʨʪʫʨʦʡ. ʂ ʪʘʢʠʤ 

ʘʥʪʝʥʥʘʤ ʦʪʥʦʩʷʪʩʷ ʨʫʧʦʨʥʳʝ ʘʥʪʝʥʥʳ, ʣʠʥʟʦʚʳʝ, ʟʝʨʢʘʣʴʥʳʝ, 

ʚʦʣʥʦʚʦʜʥʦ-ʱʝʣʝʚʳʝ ʠ ʪ.ʜ. ʇʦ ʠʭ ʠʟʣʫʯʘʶʱʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʨʦʪʝʢʘʶʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʪʦʢʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ (ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʪʦʢʠ). 

ɸʧʝʨʪʫʨʥʳʝ ʘʥʪʝʥʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʉɺʏ ʠ ʂɺʏ ï 

ʜʠʘʧʘʟʦʥʘʭ. ʀʭ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʤʥʦʛʦ ʙʦʣʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʦʩʪʨʦʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʆʥʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ, ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʠ, ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʩʧʫʪʥʠʢʘʤʠ ɿʝʤʣʠ ʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʢʦʨʘʙʣʷʤʠ, ʚ 

ʪʨʦʧʦʩʬʝʨʥʳʭ ʣʠʥʠʷʭ ʩʚʷʟʠ. 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʚʥʫʪʨʝʥʥʠʭ 

ʟʘʜʘʯʘʭ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʝʪʦʜʘʤʠ ʨʘʩʯʝʪʘ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜ ʯʘʩʪʠʯʥʳʭ ʦʙʣʘʩʪʝʡ 

(ʄʏʆ) ʠ ʨʘʟʣʠʯʥʳʝ ʠʤʧʝʜʘʥʩʥʳʝ ʤʝʪʦʜʳ. ʇʨʠ ʨʝʰʝʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʟʘʜʘʯ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʣʝʡ ʚ ʯʘʩʪʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʠʩʧʦʣʴʟʫʶʪ ʜʠʩʢʨʝʪʥʳʝ ʩʧʝʢʪʨʳ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʵʪʠʭ 

ʦʙʣʘʩʪʝʡ. ʆʜʥʘʢʦ ʵʪʦ ʢʦʨʨʝʢʪʥʦ ʪʦʣʴʢʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʣʷ 

ʚʳʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʐʪʫʨʤʘ-

ʃʠʫʚʠʣʣʷ. ɽʩʣʠ ʩʨʝʜʠ ʯʘʩʪʠʯʥʳʭ ʦʙʣʘʩʪʝʡ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʟʙʠʚʘʝʪʩʷ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʠʤʝʶʪʩʷ ʪʘʢʠʝ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʣʴʟʷ 

ʧʦʩʪʘʚʠʪʴ ʫʢʘʟʘʥʥʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʐʪʫʨʤʘ-ʃʠʫʚʠʣʣʷ, ʥʫʞʥʦ ʚʚʦʜʠʪʴ 



 

ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʝʢʪʨ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ, ʪʦ ʝʩʪʴ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʦʣʝ ʚ 

ʚʠʜʝ ʠʥʪʝʛʨʘʣʦʚ ʧʦ ʚʦʣʥʦʚʳʤ ʯʠʩʣʘʤ.  

2. ʄʝʪʦʜ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʣʝʤʤʳ ʃʦʨʝʥʮʘ 

ʀʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʣʝʤʤʳ ʃʦʨʝʥʮʘ ʷʚʣʷʝʪʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʚ ʯʠʩʪʦ ʬʠʟʠʯʝʩʢʦʡ 

ʪʨʘʢʪʦʚʢʝ ʩʦʩʪʘʚʣʷʪʴ ʠʥʪʝʛʨʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ (ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʨʘʚʣʷʶʱʝʡ 

ʩʪʨʫʢʪʫʨʳ, ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʯʠ ʦ ʚʦʟʙʫʞʜʝʥʠʠ, ʟʘʧʠʩʳʚʘʪʴ ʫʩʣʦʚʠʷ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʚ ʟʘʜʘʯʘʭ ʜʠʬʨʘʢʮʠʠ. 

ʀʥʪʝʛʨʘʣʴʥʘʷ ʟʘʧʠʩʴ  

{ } ( )1 2 2 1 1 2 2 1 1 2 2 1, , e e m m

S V

E H E H dS j E j E j H j H dVè ø è ø- = - - +ê ú ê úñ ñ  

ʣʝʤʤʳ ʃʦʨʝʥʮʘ ʩʚʷʟʳʚʘʝʪ ʩʠʩʪʝʤʳ ʪʦʢʦʚ 1 1 2 2, , ,e m e mj j j j  ʩ ʧʦʣʷʤʠ 

1 1,E H  ʠ 2 2,E H , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʥʫʪʨʠ ʦʪʨʝʟʢʘ ʥʘʧʨʘʚʣʷʶʱʝʡ 

ʩʪʨʫʢʪʫʨʳ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʙʦʢʦʚʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ: 1S , 2S , ʪʘʢ ʯʪʦ 

0 1 2S S S S= + +. ʆʙʲʝʤ V  ʦʛʨʘʥʠʯʝʥ ʧʦʚʝʨʭʥʦʩʪʴʶ S . 

ɺ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʣʝʤʤʳ ʃʦʨʝʥʮʘ ʧʨʠʚʦʜʠʪ ʢ ʟʘʧʠʩʠ ʫʩʣʦʚʠʡ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʧʦʣʝʡ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ (ʢʦʣʝʙʘʥʠʡ), ʧʦʟʚʦʣʷʶʱʝʡ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʦ 

ʚʦʟʙʫʞʜʝʥʠʠ ʠ ʟʘʜʘʯʠ ʜʠʬʨʘʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʳʡ ʨʷʜ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʟʘʧʠʩʠ ʣʝʤʤʳ ʃʦʨʝʥʮʘ. 

3. ʉʘʤʦʩʦʛʣʘʩʦʚʘʥʥʘʷ ʟʘʜʘʯʘ ʦ ʢʦʤʧʣʝʢʩʥʦʤ ʨʝʟʦʥʘʥʩʝ ʥʘ ʦʩʥʦʚʝ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʣʝʤʤʳ ʃʦʨʝʥʮʘ 

ɺ ʧʦʧʝʨʝʯʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʭ (ʩʣʦʠʩʪʳʭ) ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʦʧʠʩʳʚʘʝʤʳʭ ʥʝʩʘʤʦʩʦʧʨʷʞʸʥʥʳʤʠ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ, ʜʘʞʝ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ, ʚʦʣʥʳ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʚʦʣʥʦʚʳʤʠ 

ʯʠʩʣʘʤʠ ï ʢʦʤʧʣʝʢʩʥʳʝ ʚʦʣʥʳ (ʂɺ). ʀʩʪʦʯʥʠʢʠ, ʦʧʠʩʳʚʘʝʤʳʝ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʢʦʦʨʜʠʥʘʪ, ʚʦʟʙʫʞʜʘʶʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʜʚʫʭʩʣʦʡʥʦʤ ʢʨʫʛʣʦʤ ʵʢʨʘʥʠʨʦʚʘʥʥʦʤ ʚʦʣʥʦʚʦʜʝ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʩʝʙʷ 

ʧʦ ʜʚʝ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ ʚʦʣʥʳ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʩʪʦʷʯʝʡ ʚʦʣʥʳ, ʧʦʣʝ ʢʦʪʦʨʦʡ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚʙʣʠʟʠ ʠʩʪʦʯʥʠʢʘ. ʇʦʩʢʦʣʴʢʫ 

ʦʪʤʝʯʝʥʥʦʝ ʷʚʣʝʥʠʝ ʦʙʥʘʨʫʞʠʚʘʝʪ ʨʝʟʦʥʘʥʩʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝ ʥʘ ʦʜʥʦʡ 

ʯʘʩʪʦʪʝ, ʢʘʢ ʧʨʠ ʦʙʳʯʥʦʤ ʨʝʟʦʥʘʥʩʝ, ʘ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʂɺ, ʦʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʦ ʢʘʢ çʢʦʤʧʣʝʢʩʥʳʡ ʨʝʟʦʥʘʥʩè (ʂʈ). 



 

ʇʦʩʢʦʣʴʢʫ ʢʦʤʧʣʝʢʩʥʳʡ ʨʝʟʦʥʘʥʩ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʢʦʤʧʣʝʢʩʥʳʭ ʚʦʣʥ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ (ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚʙʣʠʟʠ ʠʩʪʦʯʥʠʢʘ) ʧʦʣʷ ʩʪʦʷʯʝʡ ʚʦʣʥʳ, 

ʧʝʨʚʦʩʪʝʧʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʵʪʠʭ ʚʦʣʥ. ʈʝʰʝʥʠʝ ʝʛʦ 

ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʳ ʢʦʤʧʣʝʢʩʥʳʭ ʚʦʣʥ, ʦʙʨʘʟʫʶʱʠʭ ʫʢʘʟʘʥʥʦʝ 

ʧʦʣʝ ʩʪʦʷʯʝʡ ʚʦʣʥʳ, ʠ ʚʳʷʩʥʠʪʴ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʤʧʣʝʢʩʥʳʡ 

ʨʝʟʦʥʘʥʩ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦ ʜʣʠʥʝ ʦʪʨʝʟʢʘʭ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʩʪʨʫʢʪʫʨ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ ʚʦʧʨʦʩ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʚʦʣʥ, ʧʨʠʚʦʜʷʱʝʤʫ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʟʘʠʤʥʳʭ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ, 

ʥʘʨʫʰʘʶʱʠʭ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʟʘʜʘʯʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʂʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ ʯʪʦ ʵʪʦ ʷʚʣʝʥʠʝ 

ʪʨʝʙʫʝʪ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʠʩʪʦʯʥʠʢʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʟʘʤʳʢʘʶʪʩʷ 

ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ ʧʦʪʦʢʠ ʤʦʱʥʦʩʪʠ, ʩʦʚʤʝʩʪʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʢʦʪʦʨʳʭ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʷʚʣʝʥʠʷ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʢʨʘʝʚʳʭ ʟʘʜʘʯʘʭ ʧʨʠʢʣʘʜʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʯʝʪʦʤ ʉɺʏ ʠ ʂɺʏ-ʫʩʪʨʦʡʩʪʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʳʭ 

ʢʨʘʝʚʳʭ ʟʘʜʘʯ, ʢ ʢʦʪʦʨʳʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʦʜʠʪʩʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʨʘʩʯʝʪ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ ʉɺʏ. 

ʋʢʘʟʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʢʘʪʝʛʦʨʠʠ: 

ʝʩʪʝʩʪʚʝʥʥʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ, 

ʥʘʧʨʠʤʝʨ, ʣʝʤʤʘ ʃʦʨʝʥʮʘ ʠ ʪʝʦʨʝʤʘ ʚʟʘʠʤʥʦʩʪʠ, ʠ ʧʦʣʫʯʘʝʤʳʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʭʦʜʦʤ ʦʪ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʥʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʢ ʠʥʪʝʛʨʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ, ʚʚʝʜʝʥʠʝʤ 

ʥʝʧʨʝʨʳʚʥʳʭ ʩʧʝʢʪʨʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʯʘʩʪʠʯʥʳʭ ʦʙʣʘʩʪʝʡ. ʅʘ 

ʧʨʠʤʝʨʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʷʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ 

ʥʝʩʘʤʦʩʦʧʨʷʞʸʥʥʦʩʪʴʶ ʠ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʢʨʘʝʚʳʭ ʟʘʜʘʯ.  
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ɸʥʥʦʪʘʮʠʷ 
ʈʝʰʝʥʘ ʘʢʪʫʘʣʴʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ 

ʘʜʘʧʪʠʚʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʚ ʪʨʘʥʩʠʦʥʦʩʬʝʨʥʳʭ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʨʘʜʠʦʢʘʥʘʣʘʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ. ʇʨʝʜʩʪʘʚʣʝʥ 

ʧʨʦʛʨʘʤʤʥʳʡ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʦʜʦʣʝʥʠʷ ʵʬʬʝʢʪʘ ʯʘʩʪʦʪʥʦʡ 

ʜʠʩʧʝʨʩʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʦʙʨʘʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ʦʙʫʯʝʥʠʝʤ ʢʦʤʧʝʥʩʘʪʦʨʘ. 

 

Abstract 

Paper presents the solution of the topical scientific and technical problem of 

the development of the method of adaptive compensation for dispersion distortions 

in transionospheric wideband radio channels to increase the throughput and noise 

immunity of satellite communication systems. There is presented the software 

hardware complex for overcoming the effect of frequency dispersion based on the 

method of inverse filtering with periodic training of the compensator. 

 

1. ɺʚʝʜʝʥʠʝ 

ʊʨʘʥʩʠʦʥʦʩʬʝʨʥʳʡ ʨʘʜʠʦʢʘʥʘʣ ʩʚʷʟʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʦʚ ʦʪ ʧʝʨʝʜʘʪʯʠʢʘ ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ 

(ʉʉʉ) ʜʦ ʧʨʠʸʤʥʦʡ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ (ʠʣʠ ʥʘʦʙʦʨʦʪ) [1]. ʀʦʥʦʩʬʝʨʘ ï 



 

ʩʨʝʜʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʦʙʣʘʜʘʝʪ ʵʬʬʝʢʪʦʤ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ, 

ʢʦʛʜʘ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ. ʕʪʘ ʜʠʩʧʝʨʩʠʷ ʚʳʟʳʚʘʝʪ 

ʠʩʢʘʞʝʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ, ʪʝʤ ʙʦʣʴʰʠʝ, ʯʝʤ ʰʠʨʝ ʝʛʦ 

ʧʦʣʦʩʘ ʯʘʩʪʦʪ. ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʚʨʝʤʝʥʠ ʚʩʣʝʜ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʠʦʥʦʩʬʝʨʳ (ʩʫʪʦʯʥʳʝ, ʩʝʟʦʥʥʳʝ ʠ ʧʨ.). ɺ 

ʨʘʤʢʘʭ ʢʘʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ ʩʨʝʜʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʜʠʦʢʘʥʘʣʦʤ ʩ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

(ʏʍ). ɽʸ ʬʘʟʘ ʩʦʜʝʨʞʠʪ ʧʘʨʘʤʝʪʨ, ʥʘʟʳʚʘʝʤʳʡ ʧʦʣʦʩʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 

ʢʘʥʘʣʘ (ʧʦʣʦʩʘ ʥʝʠʩʢʘʞʝʥʥʦʡ ʧʝʨʝʜʘʯʠ) [1]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʟʘʜʘʯʝ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʪʨʘʥʩʠʦʥʦʩʬʝʨʥʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢʣʘ ʧʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʘ ʘʜʘʧʪʠʚʥʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʯʘʩʪʦʪʥʦʡ 

ʬʘʟʦʚʦʡ ʜʠʩʧʝʨʩʠʠ ʚ ʨʘʤʢʘʭ ʢʘʥʘʣʴʥʦʡ ʤʦʜʝʣʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʦʩʥʦʚʳ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʮʝʥʢʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʉʉ. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʙʨʘʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʯʘʩʪʦʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ 

ʇʫʩʪʴ ʢʦʤʧʣʝʢʩʥʘʷ ʏʍ ʢʘʥʘʣʘ ʠʤʝʝʪ ʚʠʜ: 

))],(),((exp[),()],(exp[),(),( tftfjtHtjtHtjH ʥʣ jjwwjww +-Ö=-Ö=  (1a) 

ʛʜʝ ),( twj  ï ʬʘʟʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʌʏʍ); 

Ftftftf gʣ Ö+= ),(2),(),( ptjj  ï ʣʠʥʝʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʌʏʍ; 

2
),(),( Ftfstfʥ Ö=pj  ï ʥʝʣʠʥʝʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʌʏʍ (ʜʠʩʧʝʨʩʠʷ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ). 

ɹʳʣʘ ʧʨʠʥʷʪʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʬʘʟʦʚʦʡ 

ʜʠʩʧʝʨʩʠʠ ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʦʙʨʘʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʏʍ, 

ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʫʪʸʤ ʝʸ ʫʤʥʦʞʝʥʠʷ ʥʘ ʬʫʥʢʮʠʶ ʚʠʜʘ [1]: 

),(exp),( tfjtfG ʥj= . (1ʙ) 

ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʷ ),( tfG  ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ 

ʵʢʚʘʣʘʡʟʝʨʘ. 

ʅʝʣʠʥʝʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʬʘʟʳ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʠʩʢʘʞʝʥʠʷ ʚ 

ʪʨʘʥʩʠʦʥʦʩʬʝʨʥʦʤ ʨʘʜʠʦʢʘʥʘʣʝ, ʩʚʷʟʘʥʘ ʩ ʧʦʣʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ tN   (ʇʕʉ) ʠ  ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʦʡ ʢʘʥʘʣʘ f  [2]: 

),/()/(),(),(
322

fFNckFtfstf tʥ Ö-=Ö= ppj  (2) 

ʛʜʝ ]/[5,80
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cmk= ; ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ; tN  ï ʇʕʉ ʠʦʥʦʩʬʝʨʳ. 



 

ʉ ʫʯʸʪʦʤ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʷ ʇʕʉ [2] ttt NNN D= _
~

, ʥʝʣʠʥʝʡʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʬʘʟʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

),/
~

()/(),(~),(~ 322
fFNckFtfstf tʥ Ö-=Ö= ppj  (3) 

ʛʜʝ tʥ Ntfstf
~

),,(~),,(~j
 
ï ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩ ʦʰʠʙʢʦʡ. 

ʀʟ-ʟʘ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ ʬʫʥʢʮʠʷ ),(
~

tfG  ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

),(~exp),(
~

tfjtfG ʥj= . (4) 

ʉ ʫʯʸʪʦʤ ʩʢʘʟʘʥʥʦʛʦ, ʏʍ ʥʘ ʚʳʭʦʜʝ ʦʙʨʘʪʥʦʛʦ ʬʠʣʴʪʨʘ ʙʫʜʝʪ 

ʨʘʚʥʘ: 

)].,(),(~[exp)]],([exp),(

),(~exp)],([exp),(),(
~
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(5) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʦʧʨʝʜʝʣʷʝʤʘʷ ʬʘʟʘ ʚ ʚʳʨʘʞʝʥʠʠ (5) ʩʦʜʝʨʞʠʪ, ʢʘʢ 

ʨʝʛʫʣʷʨʥʫʶ, ʪʘʢ ʠ ʩʣʫʯʘʡʥʫʶ ʢʦʤʧʦʥʝʥʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʪʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʨʘʟʥʦʩʪʴ ʬʘʟ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʩʣʫʯʘʡʥʫʶ ʢʦʤʧʦʥʝʥʪʫ:  

.)/()/()/()/()/(),(),(~ 2323
FNNfNckFfNcktftf ttttʥʥ ÖD°ÖÖ=ÖD°Ö=- ppjj (6) 

ʛʜʝ ttt NNN d=D° /  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʩʣʫʯʘʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ (6) 

ʧʦʣʥʦʩʪʴʶ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʵʬʬʝʢʪ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʚ ʨʘʜʠʦʢʘʥʘʣʝ ʥʝ 

ʫʜʘʝʪʩʷ ʠ ʥʘ ʚʳʭʦʜʝ ʦʙʨʘʪʥʦʛʦ ʬʠʣʴʪʨʘ ʙʫʜʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʦʩʪʘʪʦʯʥʳʝ 

ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʠʟ-ʟʘ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʇʕʉ.  

3. ɸʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʐʇʉ ʚ ʩʣʫʯʘʝ ʪʨʘʥʩʠʦʥʦʩʬʝʨʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ɺ ʪʨʘʥʩʠʦʥʦʩʬʝʨʥʦʤ ʨʘʜʠʦʢʘʥʘʣʝ ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʩʠʩʪʝʤʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʧʝʨʩʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʇʕʉ ʚ ʤʝʜʣʝʥʥʦʤ (ʛʝʦʬʠʟʠʯʝʩʢʦʤ) ʚʨʝʤʝʥʠ, ʟʘʜʘʯʘ 

ʬʠʣʴʪʨʘʮʠʠ ʫʩʣʦʞʥʷʝʪʩʷ, ʪʘʢ ʢʘʢ ʵʢʚʘʣʘʡʟʝʨ ʜʦʣʞʝʥ ʙʳʪʴ ʘʜʘʧʪʠʚʥʳʤ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʧʘʨʘʤʝʪʨʳ ʜʠʩʧʝʨʩʠʠ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʩʦʤʥʦʞʠʪʝʣʝʡ ʚ 

ʥʝʣʠʥʝʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʬʘʟʳ, ʥʫʞʜʘʶʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʡ ʘʢʪʫʘʣʠʟʘʮʠʠ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʧʨʝʜʧʦʩʳʣʦʢ, ʢʦʤʧʣʝʢʩ, ʨʝʘʣʠʟʫʶʱʠʡ ʦʙʨʘʪʥʫʶ 

ʬʠʣʴʪʨʘʮʠʶ, ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʝ 

ʨʝʞʠʤʳ: ʜʠʘʛʥʦʩʪʠʢʘ ʢʘʥʘʣʘ, ʦʙʫʯʝʥʠʝ ʘʜʘʧʪʠʚʥʦʛʦ ʵʢʚʘʣʘʡʟʝʨʘ, 

ʵʢʚʘʣʘʡʟʠʨʦʚʘʥʠʝ (ʨʠʩ. 1). 

ʈʝʞʠʤ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʣʫʯʘʪʴ ʘʢʪʫʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʧʝʨʩʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʨʘʜʠʦʢʘʥʘʣʘ. ɼʣʷ ʵʪʦʛʦ 



 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʛʥʘʣʳ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ. ɺ 

ʨʝʞʠʤʝ ʦʙʫʯʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʵʢʚʘʣʘʡʟʝʨʘ.  

 

 

 

 

ʈʠʩ. 1 ï ʂʦʤʧʣʝʢʩ ʘʜʘʧʪʠʚʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ  

ʚ ʪʨʘʥʩʠʦʥʦʩʬʝʨʥʦʤ ʨʘʜʠʦʢʘʥʘʣʝ 

 

4. ʆʮʝʥʢʘ ʧʦʚʳʰʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʩʪʝʤ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ɺ ʥʘʯʘʣʝ, ʦʮʝʥʠʚʘʣʠʩʴ ʧʦʣʦʩʘ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʨʘʜʠʦʢʘʥʘʣʘ ʩʚʷʟʠ ʥʘ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ 1 ɻɻʮ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʣʫʯʘʡʥʦʡ 

ʢʦʤʧʦʥʝʥʪʦʡ ʚ ʬʘʟʝ ʜʣʷ ʨʘʟʥʳʭ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ tN  (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 

ʈʘʙʦʯʘʷ 

ʯʘʩʪʦʪʘ 

ʢʘʥʘʣʘ, 

fch, ɻɻʮ 

ʇʕʉ, 

TECU 

 

Bk, ʄɻʮ 

(ʠʩʭʦʜʥʘʷ) 

kBĔ, ʄɻʮ  

(ʧʦʩʣʝ ʢʦʤʧʝʥʩʘʮʠʠ) 

ŭNt=0,05 ŭNt=0,1 ŭNt=0,15 

1 

5 154 500 487 397 

10 108 487 344 281 

15 88 398 281 230 

20 77 344 243 198 

25 68 308 218 178 

30 62 281 198 162 

 

ɺʠʜʥʦ, ʯʪʦ ʧʦʣʦʩʘ ʥʝʠʩʢʘʞʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʚ ʩʣʫʯʘʝ ʢʦʨʨʝʢʮʠʠ ʧʨʠ 

ʦʰʠʙʢʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2,5ï7 ʨʘʟ. ɺʦ ʩʪʦʣʴʢʦ ʞʝ ʨʘʟ ʤʦʞʝʪ ʙʳʪʴ 

ʫʚʝʣʠʯʝʥʘ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʘʥʩʠʦʥʦʩʬʝʨʥʳʭ ʨʘʜʠʦʢʘʥʘʣʦʚ. 

ʈʘʩʯʸʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʳʠʛʨʳʰʘ ʜʣʷ ʉʉʉ ʧʨʠ 

ʵʢʚʘʣʘʡʟʠʨʦʚʘʥʠʠ ʩ ʫʯʸʪʦʤ ʦʰʠʙʦʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 

ʂɸ ʉʉʉ
ɸʥʘʣʠʟʠʨʫʁ ʝɦʝ ʫʩʪʨʦʡʩʪʚʦ

 ɹʈʇɼ
ɻʅʉʉ

ʆʙʫʯʘʁ ʝɦʝ ʫʩʪʨʦʡʩʪʚʦ

ɹʆʇʂ

ɹʌʏʍ ɹʈʀʍ

ɹʇɼʂ

ʂʦʨʨʝʢʪʠʨʫʁ ʝɦʝ

 ʫʩʪʨʦʡʩʪʚʦ

ɹʆɺɼ

ʅʉɿ ʇɼɺʇʂɼ ʈʂʌ ɹʌʌʇ

ʌʏʍ

ɹʕʢ

ɹʈʇɼ ï ʙʣʦʢ ʨʘʩʯyʪʘ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʧʝʨʩʠʠ;

ɹʆɺɼ ï ʙʣʦʢ ʦʧʨʝʜʝʣʝʥʠ̫ ʚʨʝʤʝʥʠ ʜʝʛʨʘʜʘʮʠʠ 

ʢʘʥʘʣʘ; ɹʌʏʍ ï ʙʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠ̫ ʏʍ;

ɹʈʀʍ ï ʙʣʦʢ ʨʘʩʯyʪʘ ʀʍ; ɹʆʇʂ ï ʙʣʦʢ 

ʦʧʨʝʜʝʣʝʥʠ̫ ʧʨʝʜʝʣɹʥʦʡ ʧʦʣʦʩr ʢʘʥʘʣʘ; 

ɹʇɼʂ ï ʙʣʦʢ ʧʦʩʪʨʦʝʥʠ̫ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʘʨʪ 

ʇʂ; ʅʉɿ ï ʥʘʯʘʣʦ ʩʝʘʥʩʘ ʟʦʥʜʠʨʦʚʘʥʠ̫; 

ʂɼ ï ʢʦɻʬʬʠʮʠʝʥʪ ʜʠʩʧʝʨʩʠʠ; ʇɼɺʇ ï ʨʘʩʯyʪ 

ʧʘʨʘʤʝʪʨʘ ʜʠʩʧʝʨʩʠʠ ʚʪʦʨʦʛʦ ʧʦʨ̫ʜʢʘ; 

ɹʌʌʇ ï ʙʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠ̫ ʬʘʟʦʚrʭ 

ʧʦʧʨʘʚʦʢ; ɹʕʢ ï ʙʣʦʢ ɻʢʚʘʣʘʡʟʠʨʦʚʘʥʠ̫; 

ʈʂʌ ï ʨʘʩʯyʪ ʢʦɻʬʬʠʮʠʝʥʪʦʚ ʬʘʟr



 

 
ʈʠʩ. 2. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ ʜʣʷ ʉʉʉ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʇʕʉ 

 

ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʦʣʦʩʘʭ ʢʘʥʘʣʘ 200, 300, 500 ʄɻʮ ʜʣʷ ʥʦʯʥʦʛʦ 

ʚʨʝʤʝʥʠ ʩʫʪʦʢ (tN =4 TECU), ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ ʦʪ ʢʦʨʨʝʢʮʠʠ 

ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʩʦʩʪʘʚʠʣ 1,6; 3,5; 5,6 ʜɹ; ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ  

( tN = 10 TECU) ʚʳʠʛʨʳʰ ʨʘʚʝʥ 3,5; 5,4; 7,6 ʜɹ. 

6. ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʘʜʘʧʪʠʚʥʦʛʦ 

ʧʨʝʦʜʦʣʝʥʠʷ ʵʬʬʝʢʪʘ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ 

ʨʘʩʰʠʨʝʥʠʠ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʪʨʘʥʩʠʦʥʦʩʬʝʨʥʦʛʦ ʨʘʜʠʦʢʘʥʘʣʘ ʧʦʟʚʦʣʷʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʉʉʉ: ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ 2,5-7 ʨʘʟ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ ʚ 1,6-9,6 ʜɹ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ˉ 19-07-00629. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʡ ʧʘʥʜʝʤʠʠ ʢʦʨʦʥʘʚʠʨʫʩʘ, ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʩʦʮʠʘʣʴʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʧʝʨʝʞʠʚʘʶʪ ʛʣʫʙʦʢʠʡ ʢʨʠʟʠʩ. ɺ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ɺʋɿʘʭ ʧʦʚʩʝʤʝʩʪʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʦʙʫʯʝʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʦʥʣʘʡʥ-ʟʘʥʷʪʠʡ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʝ ʠ 

ʩʧʦʨʪʫ ʥʘ ʧʣʘʪʬʦʨʤʝ LMS Blackboard ʚ ʂʘʟʘʥʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ (ʂʅʀʊʋ-ʂɸʀ). 

 

Abstract 

In the context of the global coronavirus pandemic, traditional social 

communications are in a deep crisis. In domestic universities, training with the 

use of technical means and information technologies necessary for the 

implementation of educational programs is widely implemented. Within the 

framework of this article, the features of physical culture and sports online 

classes on the LMS Blackboard platform at the Kazan National Research 

Technical University (KNRTU-KAI) are considered. 

 

 

 



 

1. ɺʚʝʜʝʥʠʝ. 

ʆʧʳʪ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʣʫʛ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʪʘʣ ʧʨʝʜʤʝʪʦʤ ʦʙʩʫʞʜʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʚʦ ʚʩʝʤ ʤʠʨʝ. ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ ʦʥʣʘʡʥ-ʦʙʫʯʝʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʯʘʩʪʴ ʙʫʜʫʱʝʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʵʣʝʢʪʠʚʥʳʭ ʢʫʨʩʦʚ ʜʣʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʙʫʯʘʶʱʠʤʠʩʷ. [1, ʉ.31]. ɹʦʣʴʰʠʥʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʢʝʧʪʠʯʝʩʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʠʜʝʝ ʟʘʤʝʥʳ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʳʤ. [2, ʉ.2].  

2. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʤʦʛʫʪ ʮʝʣʠʢʦʤ ʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʙʱʝʥʠʝ ʦʙʫʯʘʶʱʠʭʩʷ ʩ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. ʈʝʘʣʴʥʳʝ ʩʦʙʳʪʠʷ ʜʠʢʪʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʅʝʚʦʟʤʦʞʥʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʦʥʣʘʡʥ-ʦʙʫʯʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʩʪʫʜʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʳʝ ʥʘʚʳʢʠ ʠ 

ʢʦʤʧʝʪʝʥʮʠʠ ʚʦ ʤʥʦʛʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʨʝʧʦʜʘʚʘʪʝʣʴʩʢʠʡ ʩʦʩʪʘʚ ʢʘʬʝʜʨʳ ʌʂʠʉ ʩʦʟʜʘʣ ʩʚʦʡ 

ʵʣʝʢʪʨʦʥʥʳʡ ʢʫʨʩ ʥʘ ʧʣʘʪʬʦʨʤʝ LMS Blackboard, ʢʦʪʦʨʘʷ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʫʯʘʶʱʠʤʩʷ ʠʤʝʪʴ ʚ ʦʥʣʘʡʥ ʜʦʩʪʫʧʝ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʧʦʩʦʙʠʷ ʠ ʤʘʪʝʨʠʘʣʳ, ʚʳʧʫʩʢʘʝʤʳʝ ʢʘʬʝʜʨʦʡ, ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʨʘʙʦʯʠʤʠ 

ʧʨʦʛʨʘʤʤʘʤʠ ʢʫʨʩʘ ʠ ʪ.ʧ. ʉʪʫʜʝʥʪʳ ʚ ʩʠʩʪʝʤʝ Blackboard ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʠ ʦʙʲʷʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʦʪʩʣʝʞʠʚʘʶʪ ʩʚʦʠ ʙʘʣʣʳ, ʚʳʩʪʘʚʣʷʝʤʳʝ ʚ ʭʦʜʝ ʩʜʘʯʠ ʟʘʜʘʥʠʡ ʪʝʢʫʱʝʛʦ 

ʢʦʥʪʨʦʣʷ ʠ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʥʦʨʤʘʪʠʚʦʚ. ɺ ʫʩʣʦʚʠʷʭ 

ʩʘʤʦʠʟʦʣʷʮʠʠ, ʜʘʥʥʳʡ ʢʫʨʩ ʙʳʣ ʚ ʘʜʘʧʪʠʨʦʚʘʥ ʜʣʷ ʦʥʣʘʡʥ-ʦʙʫʯʝʥʠʷ, ʩ 

ʪʝʤ, ʯʪʦʙʳ ʩʪʫʜʝʥʪ ʠʤʝʣ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʟʘʜʘʥʠʝ, ʧʨʦʡʪʠ 

ʝʞʝʥʝʜʝʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʨʘʙʦʪʘʪʴ 

ʧʨʦʧʫʱʝʥʥʳʝ ʟʘʥʷʪʠʷ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʝ. ɺʩʝ ʫʧʨʘʞʥʝʥʠʷ ʢʫʨʩʘ 

ʧʦʜʦʙʨʘʥʳ ʩ ʫʯʝʪʦʤ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ ʜʘʥʥʦʛʦ 

ʢʫʨʩʘ. ʋʯʝʙʥʳʡ ʢʫʨʩ ʚ ʨʝʞʠʤʝ ʚʠʜʝʦ ʟʘʥʷʪʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʫʜʝʥʪʫ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʨʘʙʦʪʘʪʴ ʪʝ ʛʨʫʧʧʳ ʤʳʰʮ, ʢʦʪʦʨʳʝ ʦʥ ʩʯʠʪʘʝʪ ʜʣʷ 

ʩʝʙʷ ʧʨʦʙʣʝʤʥʳʤʠ ʚ ʫʜʦʙʥʦʝ ʜʣʷ ʥʝʛʦ ʚʨʝʤʷ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʩʠʪʴ 

ʫʨʦʚʝʥʴ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʚʦʝʛʦ ʦʨʛʘʥʠʟʤʘ, ʘ ʪʘʢʞʝ ʧʨʠʦʙʨʝʩʪʠ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʚʠʛʘʪʝʣʴʥʳʝ ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ.  ʇʦʣʫʯʝʥʥʳʡ ʚ ʫʩʣʦʚʠʷʭ 

ʩʘʤʦʠʟʦʣʷʮʠʠ ʦʧʳʪ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢ 

ʥʝʜʦʩʪʘʪʢʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʌʠʟʠʯʝʩʢʘʷ 

ʢʫʣʴʪʫʨʘ ʠ ʩʧʦʨʪè.  

ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ: 1. ʩʪʫʜʝʥʪʳ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʚ ʩʠʩʪʝʤʫ ʦʙʫʯʝʥʠʷ ʚ ʫʜʦʙʥʦʝ 



 

ʜʣʷ ʩʝʙʷ ʚʨʝʤʷ; 2. ʧʨʘʚʦ ʚʳʙʦʨʘ ʟʘʥʷʪʠʡ ʧʦ ʩʚʦʝʤʫ ʩʘʤʦʯʫʚʩʪʚʠʶ ʠ 

ʞʝʣʘʥʠʶ ʨʘʟʚʠʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ; 3. ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, 

ʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʧʦʣʥʠʪʴ ʩʚʦʠ ʟʥʘʥʠʷ ʠ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ 

ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ; 4. ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʩ ʩʨʝʜʩʪʚ ʥʘ ʧʨʦʝʟʜ; 4. 

ʦʪʩʫʪʩʪʚʠʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʪʝʩʥʝʥʠʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʢʘʢʠʭ-ʣʠʙʦ ʫʧʨʘʞʥʝʥʠʡ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʫ ʢʦʪʦʨʳʭ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʩʪʨʘʭ 

ʩʪʠʛʤʘʪʠʟʘʮʠʠ). 

ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ: 1. ʦʪʩʫʪʩʪʚʠʝ ʤʦʪʠʚʘʮʠʠ ʠ ʩʘʤʦʢʦʥʪʨʦʣʷ (ʚ ʜʦʤʘʰʥʠʭ 

ʫʩʣʦʚʠʷʭ ʦʯʝʥʴ ʪʷʞʝʣʦ ʤʦʪʠʚʠʨʦʚʘʪʴ ʩʝʙʷ ʢ ʟʘʥʷʪʠʷʤ ʬʠʟʠʯʝʩʢʦʡ 

ʢʫʣʴʪʫʨʦʡ, ʚʝʩʪʠ ʩʘʤʦʥʘʙʣʶʜʝʥʠʝ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʩʚʦʝʛʦ ʦʨʛʘʥʠʟʤʘ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʫʧʨʘʞʥʝʥʠʡ ʪʘʢ, ʯʪʦʙʳ ʟʘʥʷʪʠʷ 

ʦʢʘʟʳʚʘʣʠ ʪʨʝʥʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʠ ʥʝ ʚʳʟʳʚʘʣʠ ʥʘʨʫʰʝʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʟʜʦʨʦʚʴʷ ʠ ʩʘʤʦʯʫʚʩʪʚʠʷ); 2. ʥʝʭʚʘʪʢʘ ʤʝʩʪʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʡ ʚ 

ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʠ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʪʨʝʥʘʞʝʨʦʚ; 3. ʦʪʩʫʪʩʪʚʠʝ 

ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʟʘʢʨʝʧʣʝʥʠʶ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʫʧʨʘʞʥʝʥʠʡ, ʚʝʜʫʱʝʛʦ ʢ ʨʠʩʢʫ 

ʪʨʘʚʤʘʪʠʟʤʘ; 4. ʟʘʥʷʪʠʝ ʩʧʦʨʪʦʤ ʚ ʢʦʣʣʝʢʪʠʚʝ, ʩ ʜʨʫʟʴʷʤʠ ʥʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʠʚʥʝʝ, ʨʝʟʫʣʴʪʘʪʠʚʥʝʝ ʠ, ʥʘʢʦʥʝʮ, ʚʝʩʝʣʝʝ ʠ ʠʥʪʝʨʝʩʥʝʝ, ʯʝʤ ʚ 

ʦʜʠʥʦʯʢʫ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʩʘʤʦʠʟʦʣʷʮʠʠ, ʦʙʫʯʘʶʱʠʝʩʷ, ʩʝʨʴʝʟʥʦ 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʚʦʝʤʫ ʟʜʦʨʦʚʴʶ ʠ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ, ʦʢʘʟʘʣʠʩʴ ʚ 

ʥʝʧʨʦʩʪʦʡ ʩʠʪʫʘʮʠʠ. ʇʝʨʠʦʜ ʩʘʤʦʠʟʦʣʷʮʠʠ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʟʠʣʩʷ ʥʝ ʪʦʣʴʢʦ 

ʥʘ ʩʪʫʜʝʥʪʘʭ, ʥʦ ʠ ʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷʭ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʚ ʨʘʤʢʘʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʬʠʟʠʯʝʩʢʦʡ 

ʢʫʣʴʪʫʨʦʡ ʚ ʜʣʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʤʦʪʠʚʘʮʠʠ ʫ ʩʪʫʜʝʥʪʦʚ ʢ ʟʘʥʷʪʠʷʤ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʩʧʦʨʪʦʤ ʢʘʢ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʠʩʮʠʧʣʠʥʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʫʯʝʥʠʷ ʠ ʥʝ ʜʦʣʞʥʘ ʩʪʘʪʴ ʟʘʤʝʥʦʡ ʦʩʥʦʚʥʦʡ ʬʦʨʤʳ 

ʦʙʨʘʟʦʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʛʣʠʢʝʤʠʠ ʙʦʣʴʥʳʭ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ ʧʝʨʚʦʛʦ ʪʠʧʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʧʨʠʥʮʠʧʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʣʠʢʝʤʠʠ ʚ ʮʝʣʝʚʦʤ ʜʠʘʧʘʟʦʥʝ. 

 

Abstract 

The article discusses the modeling of the process of regulation of the 

level of glycemia in patients with type 1 diabetes mellitus. The main provisions 

and principles of stabilization and prediction of the level of glycemia in the 

blood are considered. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʘ ʩʦ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʉɼ ʠ ʧʨʠʩʚʦʝʥʠʝ ʩʪʘʪʫʩʘ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ 

ʥʝʠʥʬʝʢʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

(ɺʆɿ), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʠ ʉʝʥʪ-

ɺʠʥʩʝʥʪʩʢʦʡ ʜʝʢʣʘʨʘʮʠʠ ʚ 2011[1,2]. 



 

ʅʝʩʤʦʪʨʷ ʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ, ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʧʨʠʙʦʨʳ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʛʣʠʢʝʤʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ. ɼʦ ʩʠʭ 

ʧʦʨ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʠʥʚʘʟʠʚʥʳʝ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʯʘʩʪʳʤ ʟʘʙʦʨʦʤ ʢʨʦʚʠ ʫ ʧʘʮʠʝʥʪʘ ʠ ʨʘʩʯʝʪʦʤ ʜʦʟ ʠʥʩʫʣʠʥʘ ʜʣʷ ʨʫʯʥʳʭ 

ʠʥʲʝʢʮʠʡ ʰʧʨʠʮʝʤ. 

ʈʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʣʠʢʝʤʠʠ, ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʜʠʥʠʪʴ ʧʨʦʮʝʩʩʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʠ ʢʦʨʨʝʢʮʠʠ ʛʣʠʢʝʤʠʠ. ʇʦʜʦʙʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʫʶʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʤʦʙʠʣʴʥʦʡ ʩʠʩʪʝʤʳ[3], ʩʠʩʪʝʤʳ ʢʦʨʨʝʢʮʠʠ [4] ʩ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʛʣʠʢʝʤʠʠ ʩ ʧʦʤʦʱʴʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʠʥʩʫʣʠʥʘ ʠʥʩʫʣʠʥʦʚʦʡ 

ʧʦʤʧʦʡ, ʩʠʩʪʝʤʳ [5] ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʧʦʧʘʜʘʥʠʷ 

ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʨʢʝʨʘ ʠ ʨʘʩʯʝʪʝ ʧʘʨʘʤʝʪʨʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠʥʩʫʣʠʥʘ ʧʦ 

ʪʘʙʣʠʮʝ. 

ʅʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʛʣʠʢʝʤʠʠ ʙʦʣʴʥʳʭ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ I ʪʠʧʘ ʦʧʠʨʘʪʴʩʷ ʥʘ 

ʩʠʩʪʝʤʫ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ: ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʛʣʠʢʝʤʠʠ ʚ ʢʨʦʚʠ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʥʩʫʣʠʥʫ (ISF), ʠʥʩʫʣʠʥ çʥʘ ʙʦʨʪʫè (IOB), ʫʛʣʝʚʦʜʳ 

çʥʘ ʙʦʨʪʫè (COB). ɺ ʦʪʢʨʳʪʦʡ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʤʥʦʞʝʩʪʚʦ 

ʤʦʜʝʣʝʡ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʧʨʠʚʝʜʸʥʥʫʶ ʩʠʩʪʝʤʫ ʧʘʨʘʤʝʪʨʦʚ, ʠ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʛʣʠʢʝʤʠʶ ʙʦʣʴʥʳʭ ʉɼ 1 ʪʠʧʘ. ʉʨʝʜʠ 

ʦʪʤʝʯʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʤʦʜʝʣʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʩʣʝʜʫʶʱʠʤ ʢʣʶʯʝʚʳʤ ʢʨʠʪʝʨʠʷʤ: 

1. ɹʝʟʦʧʘʩʥʦʩʪʴ; 

2. ɸʜʝʢʚʘʪʥʦʩʪʴ; 

3. ʂʦʤʧʣʝʢʩʥʦʩʪʴ; 

4. ʇʨʠʟʥʘʥʠʝ ʤʝʜʠʮʠʥʩʢʠʤ ʩʦʦʙʱʝʩʪʚʦʤ. 

ɺʳʙʨʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʤʦʜʝʣʠ: 

1. ʨʘʩʯʝʪʘ ʠʥʩʫʣʠʥʘ çʥʘ ʙʦʨʪʫè ʜʣʷ ʨʘʩʰʠʨʝʥʥʦʛʦ ʙʦʣʶʩʘ, 

ʚʚʦʜʠʤʦʛʦ ʫʩʪʨʦʡʩʪʚʦʤ ʜʦʩʪʘʚʢʠ ʠʥʩʫʣʠʥʘ [7]; 

2.  ʠʥʪʨʘʧʝʨʠʪʦʥʝʘʣʴʥʦʡ ʠʥʬʫʟʠʠ ʠʥʩʫʣʠʥʘ ʧʨʠ ʩʘʭʘʨʥʦʤ 

ʜʠʘʙʝʪʝ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʚ ʚʠʜʝ PID-ʨʝʛʫʣʷʪʦʨʘ [6]; 

3. ʩ ʫʣʫʯʰʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ PID, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʦʮʝʥʢʝ 

ʠʥʩʫʣʠʥʘ çʥʘ ʙʦʨʪʫè, ʜʣʷ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ ʧʨʠ ʜʠʘʙʝʪʝ 1 

ʪʠʧʘ [8]; 

4. ʤʦʙʠʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʙʦʣʴʥʳʭ ʛʝʩʪʘʮʠʦʥʥʳʤ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʘʷ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʠʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʛʣʠʢʝʤʠʠ, ʢʦʪʦʨʳʝ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ 

ʤʝʪʢʘʤʠ ʦ ʧʨʠʝʤʘʭ ʧʠʱʠ ʠ ʦʮʝʥʢʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʥʝʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

[9]; 



 

5. ʜʠʥʘʤʠʢʠ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ ʠ ʠʥʩʫʣʠʥʘ ʧʨʠ 

ʟʘʙʦʣʝʚʘʥʠʠ ʜʠʘʙʝʪʦʤ I ʪʠʧʘ [10]. 

ɼʘʥʥʳʝ ʪʝʟʠʩʳ ʙʫʜʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʟʷʪʴ ʟʘ ʦʩʥʦʚʫ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʦʪʦʪʠʧʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠʥʩʫʣʠʥʦʚʦʡ ʧʦʤʧʳ ʩ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ [11,12]. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʛʦ ʤʝʪʦʜʘ 

ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ ï ʤʝʪʦʜʘ ʪʨʝʭ ʵʢʩʧʦʥʝʥʪ. ʆʧʠʩʘʥʘ ʦʩʥʦʚʥʘʷ ʤʝʪʦʜʠʢʘ 

ʧʦʩʪʨʦʝʥʠʷ ʢʦʨʨʝʣʠʨʫʶʱʠʭ ʧʦʜʛʦʥʦʯʥʳʭ ʬʫʥʢʮʠʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʨʘʬʠʢʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. 

 

Abstract 

In the article we discuss about the possibility of applying a new method 

of signal analysis ï the method of three exponents. The main method of 

constructing correlating fitting functions is described and graphs that confirm 

the effectiveness of this method are presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʷʪʴ ʩʠʛʥʘʣ ʥʘ ʬʦʥʝ ʰʫʤʦʚʳʭ ʧʦʤʝʭ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʚ ʪʝʦʨʠʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʣʶʙʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʩʦʜʝʨʞʘʱʫʶ 

ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʡ (ʧʦʨʷʜʢʘ ʩʦʪʝʥ ʪʳʩʷʯ-ʤʠʣʣʠʦʥʘ), ʤʦʞʥʦ ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʦʧʠʩʘʪʴ ʣʠʰʴ ʩ ʧʦʤʦʱʴʶ ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʩʪʘʣʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʥʦʚʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ.  

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝʚʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʝʝ ʥʘʟʳʚʘʶʪ ʙʝʩʪʨʝʥʜʦʚʦʡ. ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʨʘʙʦʪ 



 

[3-5], ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ 

ʙʝʩʪʨʝʥʜʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ. ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ [1] ʈ.ʈ. ʅʠʛʤʘʪʫʣʣʠʥ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚʦʟʤʦʞʥʦ ʦʧʠʩʘʪʴ ʪʘʢʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʜʝʩʷʪʠ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʝʝʪʩʷ ʪʨʝʥʜ, ʤʦʞʥʦ 

ʧʨʠʤʝʥʠʪʴ ʢ ʝʝ ʦʧʠʩʘʥʠʶ ʤʝʪʦʜ ʪʨʝʭ ʵʢʩʧʦʥʝʥʪ. ʊʦʛʜʘ ʚʤʝʩʪʦ ʜʝʩʷʪʠ 

ʧʘʨʘʤʝʪʨʦʚ, ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʣʠʰʴ ʰʝʩʪʠ. 

2. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʪʨʝʭ ʵʢʩʧʦʥʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʪʨʝʥʜʦʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʪʨʝʭ ʵʢʩʧʦʥʝʥʪ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ, ʚʟʷʪʘʷ 

ʠʟ ʩʧʝʮʠʬʠʢʘʮʠʠ ɸʎʇ ADS1263 [6]. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʀʩʭʦʜʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.1. ɼʘʣʝʝ ʤʳ ʠʟʙʘʚʣʷʝʤʩʷ ʦʪ 

ʥʫʣʝʡ ʠ ʧʝʨʝʚʦʜʠʤ ʬʫʥʢʮʠʶ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʤʝʩʪʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝʡʜʝʤ ʢ ʯʠʩʣʫ ʪʦʯʝʢ (ʜʣʷ ʙʦʣʴʰʝʡ 

ʪʦʯʥʦʩʪʠ), ʘ ʪʘʢʞʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʬʫʥʢʮʠʶ (ʨʠʩ.2). 

ʄʝʪʦʜ ʪʨʝʭ ʵʢʩʧʦʥʝʥʪ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʠʩʭʦʜʥʳʡ ʥʝʣʠʥʝʡʥʳʡ 

ʥʘʙʦʨ ʧʦʜʛʦʥʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢ ʄʅʂ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʬʠʛʫʨʠʨʫʶʱʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ.  

  
ʈʠʩ. 1 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʈʠʩ. 2 ï ʇʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʜʘʥʥʳʝ 
 

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (1): 

ὣ ὃ ÅzØÐ ‗z ὼȟ 
(

(1) 

 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʨʠ ʵʢʩʧʦʥʝʥʪʳ ʙʫʜʫʪ ʚʭʦʜʠʪʴ ʚ ʩʣʝʜʫʶʱʠʝ 

ʚʳʨʘʞʝʥʠʷ: 



 

( )( ) ( )( )

( )( ) ( )( )
1 0 0 0

2 0 0 0

3 1 1

( , ) exp Re cos Im ,

( , ) exp Re sin Im ,

( , ) exp( )

Y x x x

Y x x x

Y x x

l = l Ö l Ö

l = l Ö l Ö

l = l Ö

 
(

(2) 

 

ʅʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ l0-l1 ʥʘʭʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʜʧʨʦʛʨʘʤʤʳ 

ʧʦʜʛʦʥʘ ʜʘʥʥʳʭ. ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʷ 

ʰʝʩʪʠ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʝʜʩʪʘʚʠʤ ʠʭ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ: 

 
ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʭʦʜʥʘʷ ʠ ʧʦʜʛʦʥʦʯʥʘʷ ʬʫʥʢʮʠʠ. ʂʘʢ 

ʚʠʜʥʦ, ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ ʵʪʦʤ 

ʜʦʩʪʠʛʘʝʪ 0.97. 

 
ʈʠʩ. 3 ï ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʡ ʬʫʥʢʮʠʠ ʠ ʧʦʜʛʦʥʦʯʥʦʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʪʨʝʭ ʵʢʩʧʦʥʝʥʪ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʪʨʝʭ ʵʢʩʧʦʥʝʥʪ ʧʨʠ ʘʥʘʣʠʟʝ ʪʨʝʥʜʦʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʝʪ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʤʦʞʥʦ ʩʥʷʪʴ ʜʘʥʥʳʝ ʩ ɸʎʇ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʘʭ ʠ ʩʨʘʚʥʠʪʴ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ. 
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ɸʥʥʦʪʘʮʠ ̫
ʆʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʛʠʙʨʠʜʥʦʛʦ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʛʠʨʦʩʢʦʧʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ 

ʩʲʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

 

Abstract 

A method for increasing the accuracy and expanding the information 

capacity of a hybrid micromechanical gyroscope, based on the use of the 

modulation principle of information pickup and processing, has discussed. 

 

1. ɺʚʝʜʝʥʠʝ 

ʄʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʛʠʨʦʩʢʦʧ (ʄʄɻ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʘʪʯʠʢʦʚ ʧʝʨʚʠʯʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ, 

ʝʛʦ ʥʠʟʢʘʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ çʥʫʣʝʚʦʛʦ 

ʩʤʝʱʝʥʠʷè ʥʝ ʧʦʟʚʦʣʷʶʪ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʨʝʰʘʪʴ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʩʭʝʤ 

ʧʦʩʪʨʦʝʥʠʷ ʄʄɻ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʩʲʝʤʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʄʄɻ ʛʠʙʨʠʜʥʦʛʦ ʪʠʧʘ 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʝ ʫʩʧʝʭʠ ʤʠʢʨʦʤʝʭʘʥʠʢʠ ʠʤʝʶʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʧʦʣʫʯʝʥʠʶ çʠʥʝʨʮʠʘʣʴʥʦʡè ʪʦʯʥʦʩʪʠ 

ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʛʠʨʦʩʢʦʧʦʚ (ʄʄɻ). ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʄʄɻ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 



 

ʤʘʣʦʡ ʤʘʩʩʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʝ ʩʧʦʩʦʙʥʦʡ ʩʦʟʜʘʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʚʝʣʠʯʠʥʫ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʡ ʧʝʨʝʥʦʩʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʥʝʨʝʘʣʠʟʫʝʤʦʡ ʩʚʝʨʭ 

ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʙʦʨʘ. ɼʨʫʛʠʤ 

ʧʨʦʙʣʝʤʥʳʤ ʬʘʢʪʦʨʦʤ, ʫʭʫʜʰʘʶʱʠʤ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠʙʦʨʘ, 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ çʥʫʣʝʚʦʛʦ ʩʤʝʱʝʥʠʷè, ʩʚʷʟʘʥʥʳʡ ʩ 

ʥʝʛʘʪʠʚʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ ʄʄɻ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʪʝʭʥʦʣʦʛʠʝʡ ʝʛʦ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʈʝʰʝʥʠʝ ʧʝʨʚʦʡ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʦ ʩ ʪʝʥʜʝʥʮʠʝʡ ʧʝʨʝʭʦʜʘ ʢ 

ʛʠʙʨʠʜʥʳʤ ʄʄɻ, ʩʦʯʝʪʘʶʱʠʤ ʤʝʪʦʜʳ ʧʣʘʥʘʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʥʝʨʮʠʦʥʥʦʡ ʤʘʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ [1]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʙʦʨʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ 

ʝʛʦ ʪʦʯʥʦʩʪʠ, ʪ.ʝ. ʨʝʘʣʠʟʦʚʘʪʴ ʜʚʫʭ ʢʦʦʨʜʠʥʘʪʥʳʡ ʜʘʪʯʠʢ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʚʪʦʨʦʡ ʧʨʦʙʣʝʤʳ, çʥʫʣʝʚʦʛʦ ʩʤʝʱʝʥʠʷè ʩʠʛʥʘʣʘ, 

ʧʨʠʤʝʥʝʥ çʤʦʜʫʣʷʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧè ʩʲʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʧʝʨʚʠʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʦʤ ʢʦʥʪʫʨʝ ʛʠʙʨʠʜʥʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʚʘʣʦʤ ʧʨʠʚʦʜʘ [2]. ʇʨʠ 

ʵʪʦʤ ʨʝʛʠʩʪʨʘʮʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦʚʦʨʦʪʘ ʦʩʥʦʚʘʥʠʷ ʧʨʠʙʦʨʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʢʦʣʝʙʘʥʠʡ ʝʛʦ ʨʦʪʦʨʘ.  ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʫʛʣʦʚʦʤ ʜʚʠʞʝʥʠʠ ʦʩʥʦʚʘʥʠʷ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʠʛʥʘʣʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠ ʥʘʣʠʯʠʝ ʧʦʩʪʦʷʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʚʳʟʚʘʥʥʦʡ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ, çʩʤʝʱʝʥʠʝʤ ʥʫʣʷè ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʄʄɻ.  

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʄʄɻ ʧʦʢʘʟʘʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʥʳʡ ʠʟʤʝʨʠʪʝʣʴ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, 

ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʠ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʳ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʙʦʚʘʥʠʝ ʢ ʬʦʨʤʝ ʨʦʪʦʨʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʚʣʠʷʶʱʝʡ ʥʘ ʪʦʯʥʦʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʙʦʨʘ. 
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ʥʝʜʦʩʪʘʪʢʠ. 

 

Abstract 

The article discusses the analysis of the resonant pressure measurement 

method, describes the principle of this method, its advantages and 

disadvantages. 

 

1. ɺʚʝʜʝʥʠʝ 

ɼʘʚʣʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʜʘ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʠʟʤʝʨʷʝʤʦʡ ʩʨʝʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʂʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʨʘʩʪʝʪ ʩ ʢʘʞʜʳʤ ʜʥʝʤ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʌʝʜʝʨʘʣʴʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʬʦʥʜ. 

2. ɸʥʘʣʠʟ ʨʝʟʦʥʘʥʩʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ɺ ʦʩʥʦʚʫ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʜʝʬʦʨʤʘʮʠʠ 

(ʨʝʟʦʥʘʪʦʨʘ) ʚ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʳʡ ʩʠʛʥʘʣ. ʏʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʷʚʣʷʝʪʩʷ ʢʨʝʤʥʠʝʚʘʷ ʤʝʤʙʨʘʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʧʘʨʦʡ ʅ-

ʦʙʨʘʟʥʳʤʠ ʨʝʟʦʥʘʪʦʨʘʤʠ. ʕʣʝʤʝʥʪʦʤ, ʟʘʜʘʶʱʠʤ ʯʘʩʪʦʪʫ, ʷʚʣʷʶʪʩʷ 

ʨʝʟʦʥʘʪʦʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʚʢʣʶʯʝʥʥʳʝ ʚ ʩʭʝʤʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʢʨʝʤʥʠʡ 



 

ʠʤʝʝʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʥʘ ʦʜʥʦʡ ʠʟ ʧʘʨ ʢʦʥʪʘʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʜʝʬʦʨʤʘʮʠʶ, ʧʦʩʣʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (ʜʨʫʛʘʷ ʧʘʨʘ ʢʦʥʪʘʢʪʦʚ), ʚʧʦʩʣʝʜʩʪʚʠʠ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ: ʥʝʙʦʣʴʰʦʡ ʛʠʩʪʝʨʝʟʠʩ; 

ʚʠʙʨʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ; ʦʜʥʦʨʦʜʥʦʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʤʝʤʙʨʘʥʳ.  

ʆʙʨʘʪʥʦʡ ʩʪʦʨʦʥʦʡ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ: ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʘʚʣʝʥʠʷ, ʥʝʤʘʣʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ, 

ʙʦʣʴʰʘʷ ʧʦʪʝʨʷ ʪʦʯʥʦʩʪʠ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ.  

ɺʩʝ ʥʝʜʦʩʪʘʪʢʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʢʦʤʧʝʥʩʘʮʠʝʡ ʥʘ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘʭ ʠ ʢʘʣʠʙʨʦʚʢʦʡ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʨʠʥʮʠʧʘ ʠʟʤʝʨʝʥʠʷ 

ʜʘʚʣʝʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʠʥʮʠʧ ʠʤʝʝʪ ʥʝʙʦʣʴʰʦʡ 

ʛʠʩʪʝʨʝʟʠʩ, ʚʠʙʨʘʮʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʦʜʥʦʨʦʜʥʦʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ 

ʤʝʤʙʨʘʥʳ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʫʩʪʨʘʥʷʝʤʳʝ ʢʘʣʠʙʨʦʚʢʦʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʝʟʦʥʘʥʩʘ ʌʘʥʦ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʚʳʚʦʜ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʟʦʥʘʥʩʘ ʌʘʥʦ ʠ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʠʭ ʠʟʤʝʥʝʥʠʠ. 

 

Abstract 

The article discusses the mathematical modeling of Fano resonance 

based on two coupled oscillatory circuits. The derivation of the main 

parameters of the Fano resonance is presented and the analysis of the frequency 

characteristics at their change is carried out. 

 

1. ɺʚʝʜʝʥʠʝ 

ʈʝʟʦʥʘʥʩ ʌʘʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʠʧ ʨʝʟʦʥʘʥʩʘ ʩ ʘʩʩʠʤʝʪʨʠʯʥʳʤ 

ʧʨʦʬʠʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʜʚʫʭ 

ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʘʩʩʠʤʝʪʨʠʯʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʪʘʢʦʡ ʛʝʦʤʝʪʨʠʠ ʤʦʜʝʣʠ, ʚ 

ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʳ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʦʣʥ. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʟʦʥʘʥʩʘ ʌʘʥʦ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʟʦʥʘʥʩʘ ʌʘʥʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘ ʩ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʩʚʷʟʴʶ, ʛʜʝ ʧʘʨʘʤʝʪʨʳ 

ʧʝʨʚʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ: R1 ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʪʝʨʴ, C1 ï 

ʝʤʢʦʩʪʴ, L1 ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ, I1 ï ʪʦʢ ʚ ʢʦʥʪʫʨʝ; ʧʘʨʘʤʝʪʨʳ ʚʪʦʨʦʛʦ 



 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ: R2 ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʪʝʨʴ, C2 ï ʝʤʢʦʩʪʴ, L2 ï 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ, I2 ï ʪʦʢ ʚ ʢʦʥʪʫʨʝ; E ï ʕɼʉ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ; ʄ ï 

ʚʟʘʠʤʦʠʥʜʫʢʪʠʚʥʦʩʪʴ (ʨʠʩ. 1).  

 
ʈʠʩ. 1 ï ʉʚʷʟʘʥʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʢʦʥʪʫʨʳ 

 

ɺ ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʚʝʣʠʯʠʥ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʦʢʠ I1 ʠ I2.  

ɼʣʷ ʚʳʚʦʜʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʝ 

ʂʠʨʭʛʦʬʘ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ: 

Ὅ᷿ὨὸὍὙ ὒ   ὓ   ὉὩ ,  (1) 

Ὅ᷿ὨὸὍὙ ὒ   ὓ   π.   (2) 

 
ʈʠʩ. 2 ï ʇʦʣʫʯʝʥʥʳʝ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʪʦʢʦʚ ʚ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʢʦʥʪʫʨʘʭ  

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ, ʜʦʙʨʦʪʥʦʩʪʴ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʌʘʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʥʦ ʘʤʧʣʠʪʫʜʘ ʨʝʟʦʥʘʥʩʘ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʨʠ ʩʪʨʝʤʣʝʥʠʠ ʢ ʥʫʣʶ, ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʥʪʫʨʘʤʠ ʠʩʯʝʟʘʝʪ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʯʝʟʘʝʪ ʠ ʨʝʟʦʥʘʥʩ ʌʘʥʦ.  ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʝʟʦʥʘʥʩʥʦʡ 

ʯʘʩʪʦʪʳ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ, ʜʦʙʨʦʪʥʦʩʪʴ ʠ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʚʪʦʨʦʛʦ 

ʢʦʥʪʫʨʘ ʫʤʝʥʴʰʘʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʜʦʙʨʦʪʥʦʩʪʴ ʠ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ 

ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʚʦʩʧʨʠʷʪʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʘ ʢʦʥʢʨʝʪʥʘʷ ʛʨʫʧʧʘ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʯʝʣʦʚʝʢʦʤ. 

 

Abstract 

The article discusses the psychophysiological aspects of information 

perception. A specific group of information perception by a person is 

considered. 

 

1.ɺʚʝʜʝʥʠʝ 

ʉ ʫʯʝʪʦʤ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʬʝʨ ʯʝʣʦʚʝʢʘ, 

ʘʢʪʫʘʣʴʥʘ ʪʝʤʘ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʧʦʜʘʝʪʩʷ ʚ ʠʥʪʝʨʥʝʪʝ ʚ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʥʘ ʪʝʤʳ, 

ʩʯʠʪʘʶʱʠʝʩʷ ʠʥʪʝʨʝʩʥʳʤʠ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʀʥʬʦʨʤʘʮʠʷ - ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʬʘʢʪʦʚ, ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ ʷʚʣʝʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʠʥʪʝʨʝʩ, ʧʦʜʣʝʞʘʱʠʡ 

ʦʙʨʘʙʦʪʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʬʦʨʤʘʮʠʶ ʠ ʝʸ ʚʦʩʧʨʠʷʪʠʝ, ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʠʥ ʠʟ ʚʘʞʥʳʡ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʞʠʟʥʴ 

ʯʝʣʦʚʝʢʘ ʚ ʮʝʣʦʤ. 

2. ʇʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʚʦʩʧʨʠʷʪʠʝ 

ɺʦʩʧʨʠʷʪʠʝ ʩʪʨʦʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʦʙʨʘʙʦʪʢʝ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʦʨʛʘʥʠʟʤ ʩʠʛʥʘʣʦʚ. ʇʦ ʏ. ʉ. ʐʝʨʨʠʥʛʪʦʥʫ ʢʘʥʘʣʳ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʝʣʷʪʩʷ ʥʘ: ʠʥʪʝʨʦʮʝʧʪʠʚʥʳʝ ï ʛʨʫʧʧʘ, 

ʩʠʛʥʘʣʠʟʠʨʫʶʱʘʷ ʦ ʩʦʩʪʦʷʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʘʭ ʦʨʛʘʥʠʟʤʘ; 

ʧʨʦʧʨʠʦʮʝʧʪʠʚʥʳʝ ï ʛʨʫʧʧʘ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ ʦ ʧʦʣʦʞʝʥʠʠ 

ʪʝʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ; ʵʢʩʪʝʨʦʮʝʧʪʠʚʥʳʝ ï ʛʨʫʧʧʘ, ʜʦʚʦʜʷʱʘʷ ʜʦ ʩʦʟʥʘʥʠʷ 



 

ʯʝʣʦʚʝʢʘ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʥʝʰʥʝʤ ʤʠʨʝ. ʕʪʘ ʛʨʫʧʧʘ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ 

ʧʦʜʛʨʫʧʧʳ: ʢʦʥʪʘʢʪʥʘʷ (ʦʩʷʟʘʥʠʝ ʠ ʚʢʫʩ) ʠ ʜʠʩʪʘʥʪʥʘʷ (ʩʣʫʭ, ʟʨʝʥʠʝ, 

ʦʙʦʥʷʥʠʝ).  

ɺ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʦʪʦʢʝ ʦʧʨʝʜʝʣʸʥʥʫʶ ʯʘʩʪʴ ʟʘʥʠʤʘʝʪ 

ʥʝʦʩʦʟʥʘʚʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʥʘʤʝʨʝʥʥʦ, ʣʠʙʦ ʥʝʥʘʤʝʨʝʥʥʦ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʚʳʰʝʥʠʠ 

ʦʩʦʟʥʘʥʥʦʩʪʠ ʤʦʪʠʚʘʮʠʠ ʠ ʧʦʚʝʜʝʥʠʷ, ʚʳʨʘʙʦʪʢʠ ʪʘʢʪʠʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʦʡ. 

3. ʄʦʟʛ 

ʈʘʥʴʰʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʤʦʟʛ ʞʝʩʪʢʦ ʧʦʜʝʣʝʥ ʥʘ ʦʪʜʝʣʳ, ʢʘʞʜʳʡ 

ʦʪʜʝʣ ʚʳʧʦʣʥʷʣ ʩʚʦʶ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʤʦʟʛ ʵʪʦ 

ʛʫʩʪʦʨʘʟʚʣʝʪʣʝʥʥʘʷ ʩʝʪʴ ʥʝʡʨʦʥʦʚ. ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ 

ʧʨʦʝʢʪ ʚʩʝʤʠʨʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ.  

ʊʘʢʞʝ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʫ ʤʦʟʛʘ ʩʫʱʝʩʪʚʫʶʪ 3 ʨʘʟʣʠʯʥʳʝ ʤʦʟʛʦʚʳʝ 

ʩʝʪʠ. ʇʝʨʚʘʷ ʩʝʪʴ (ʠʩʧʦʣʥʠʪʝʣʴʥʘʷ) ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʪʨʝʙʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, 

ʚʪʦʨʘʷ (ʧʘʩʩʠʚʥʘʷ) ʟʘ ʜʝʬʨʘʛʤʝʥʪʘʮʠʶ ʧʦʣʫʯʝʥʥʦʡ ʠʣʠ ʠʤʝʶʱʝʡʩʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʪʨʝʪʴʷ (ʟʥʘʯʠʤʦʩʪʠ) ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʦʨʜʠʥʘʮʠʶ, ʠʤʝʥʥʦ ʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʠʤʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ. 

4.ʉʦʚʨʝʤʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ 

ɹʦʣʝʝ ʩʝʤʠʜʝʩʷʪʠ ʣʝʪ ʮʠʚʠʣʠʟʘʮʠʷ ʪʝʢʩʪʘ ʥʘʯʘʣʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʚ 

ʮʠʚʠʣʠʟʘʮʠʶ ʚʠʜʝʦ. ʂʫʨʧʘʪʦʚ ʧʦʜʦʙʨʘʣ ʦʯʝʥʴ ʪʦʯʥʦʝ ʦʧʠʩʘʥʠʝ: çʵʧʦʭʘ 

ɻʫʪʝʥʙʝʨʛʘ ʩʤʝʥʷʝʪʩʷ ʵʧʦʭʦʡ ʎʫʢʝʨʙʝʨʛʘè. ʂ ʦʛʨʦʤʥʦʤʫ ʫʜʠʚʣʝʥʠʶ, 

ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʤʝʥʷʝʪʩʷ ʩ ʛʦʜʘʤʠ. 

ʉʪʨʫʢʪʫʨʘ ʫʢʨʝʧʣʷʝʪʩʷ ʚ ʮʝʣʷʭ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ, ʜʘʞʝ ʝʩʣʠ ʵʣʝʤʝʥʪʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʤʦʟʛʘ. 

ʀ ʚʦʪ ʧʨʦʙʣʝʤʘ. ʄʳ ʞʠʚʝʤ ʚ ʛʠʧʝʨʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ, ʛʜʝ 

ʢʘʞʜʫʶ ʩʚʦʙʦʜʥʫʶ ʤʠʥʫʪʫ ʧʨʦʚʦʜʠʤ ʟʘ ʧʦʛʣʦʱʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ 

(ʤʫʟʳʢʘ, ʬʠʣʴʤʳ, ʠʛʨʳ, ʥʦʚʦʩʪʠ). ʀ ʢʦʛʜʘ ʘʢʪʠʚʠʨʫʝʪʩʷ ʠʩʧʦʣʥʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʤʦʟʛʘ, ʪʦ ʧʘʩʩʠʚʥʘʷ ʧʦʜʘʚʣʷʝʪʩʷ. ʀ ʝʩʣʠ ʯʝʣʦʚʝʢ ʧʦʩʪʦʷʥʥʦ 

ʧʦʪʨʝʙʣʷʝʪ ʢʦʥʪʝʥʪ, ʪʦ ʵʥʝʨʛʠʷ ʜʣʷ ʤʳʰʣʝʥʠʷ ʧʨʦʩʪʦ ʥʝ ʧʦʩʪʫʧʘʝʪ. ʊʦ 

ʝʩʪʴ ʤʦʟʛ ʚʧʘʜʘʝʪ ʚ ʩʧʷʯʢʫ. 

ʃʶʜʠ, ʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʦ ʧʦʪʨʝʙʣʷʶʪ ʢʦʥʪʝʥʪ, ʨʝʜʢʦ ʚʢʣʶʯʘʶʪ 

ʛʦʣʦʚʫ, ʤʳʩʣʷʪ ʩʪʝʨʝʦʪʠʧʥʦ, ʰʘʙʣʦʥʥʦ ʠ ʥʝ ʨʘʟʚʠʚʘʶʪʩʷ. ɺʤʝʩʪʦ 

ʦʪʢʨʳʪʠʡ ʠ ʠʟʤʝʥʝʥʠʡ, ʚʩʝ ʚʨʝʤʷ ʧʦʛʣʦʱʘʶʪ ʠʥʬʦʨʤʘʮʠʶ. ʀ ʵʪʦ ʧʨʠ 

ʪʦʤ, ʯʪʦ 90% ʵʥʝʨʛʠʠ ʤʦʟʛ ʪʨʘʪʠʪ ʢʘʢ ʨʘʟ ʥʘ ʧʘʩʩʠʚʥʫʶ ʩʝʪʴ, ʥʦ, ʧʦʩʣʝ 

ʨʘʙʦʪʳ ʠʣʠ ʫʯʝʙʳ, ʛʜʝ ʚ ʦʩʥʦʚʥʦʤ ʭʦʟʷʡʩʪʚʫʝʪ ʠʩʧʦʣʥʠʪʝʣʴʥʘʷ ʩʝʪʴ, 

ʯʝʣʦʚʝʢ ʧʦʩʚʷʱʘʝʪ ʚʨʝʤʷ ʦʪʜʳʭʘ ʧʦʛʣʦʱʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʧʨʦʩʪʦ ʘʪʨʦʬʠʨʫʝʪʩʷ ʩʝʨʚʝʨ ʤʳʰʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʜʦ 25 ʣʝʪ ʝʱʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʩʦʙʦ ʧʣʘʩʪʠʯʝʥ. 

5.ɿʘʢʦʥʳ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ  



 

ʏʝʣʦʚʝʢʫ ʧʦ ʧʨʠʨʦʜʝ ʧʨʠʷʪʥʝʝ ʥʘʙʣʶʜʘʪʴ ʢʘʨʪʠʥʢʫ ʩ ʧʨʦʩʪʳʤʠ 

ʬʦʨʤʘʤʠ, ʧʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʨʝʜʠ ʜʠʟʘʡʥʝʨʦʚ ʪʘʢ ʧʦʧʫʣʷʨʝʥ 

ʤʠʥʠʤʘʣʠʟʤ. ʀʟ ʵʪʦʛʦ ʩʢʣʘʜʳʚʘʝʪʩʷ, ʯʪʦ ʤʝʭʘʥʠʟʤʳ ʚʦʩʧʨʠʷʪʠʷ ʨʘʟʥʳʭ 

ʚʠʜʦʚ ʠʥʬʦʨʤʘʮʠʠ ʠʤʝʶʪ, ʢʘʢ ʦʙʱʠʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʪʘʢ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ.  ʊʘʢʞʝ ʯʝʣʦʚʝʢʘ ʧʨʠʪʷʛʠʚʘʝʪ 

ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʫʙʝʞʜʝʥʠʷ. ɽʩʣʠ ʯʝʣʦʚʝʢʘ 

ʧʳʪʘʶʪʩʷ ʟʘʩʪʘʚʠʪʴ ʧʦʤʝʥʷʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʫʙʝʞʜʝʥʠʷ, ʪʦ ʫ ʥʝʛʦ 

ʘʢʪʠʚʠʨʫʶʪʩʷ ʦʙʣʘʩʪʠ ʤʦʟʛʘ, ʢʦʪʦʨʳʝ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʵʤʦʮʠʦʥʘʣʴʥʦʡ 

ʨʝʘʢʮʠʝʡ ʥʘ ʫʛʨʦʟʫ. ʆʙ ʵʪʦʤ ʩʦʦʙʱʘʶʪ ʥʝʡʨʦʙʠʦʣʦʛʠ ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ 

ʖʞʥʦʡ ʂʘʣʠʬʦʨʥʠʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ 40 ʯʝʣʦʚʝʢ. ɺʩʝ 

ʦʥʠ ʙʳʣʠ ʫʙʝʞʜʝʥʥʳʤʠ ʣʠʙʝʨʘʣʘʤʠ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʫʯʘʩʪʥʠʢʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʣʠ ʩʚʦʝ ʤʥʝʥʠʝ ʚ ʦʪʥʦʰʝʥʠʠ ʧʦʣʠʪʠʯʝʩʢʠʭ 

ʟʘʷʚʣʝʥʠʡ. ʉʢʘʥʠʨʦʚʘʥʠʝ ʤʦʟʛʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫ ʥʘʠʙʦʣʝʝ ʪʚʝʨʜʳʭ 

ʚ ʦʪʥʦʰʝʥʠʠ ʩʚʦʠʭ ʫʙʝʞʜʝʥʠʡ ʠʩʧʳʪʫʝʤʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʤʠʥʜʘʣʝʚʠʜʥʦʛʦ ʪʝʣʘ ʠ ʦʩʪʨʦʚʢʦʚʦʡ ʦʙʣʘʩʪʠ ʢʦʨʳ. ʂʨʦʤʝ 

ʪʦʛʦ, ʢʦʛʜʘ ʩʪʘʚʠʣʠʩʴ ʧʦʜ ʩʦʤʥʝʥʠʷ ʧʦʣʠʪʠʯʝʩʢʠʝ ʚʟʛʣʷʜʳ ʜʦʙʨʦʚʦʣʴʮʝʚ, 

ʚʦʟʨʘʩʪʘʣʘ ʘʢʪʠʚʥʦʩʪʴ ʩʝʪʠ ʧʘʩʩʠʚʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʤʦʟʛʘ. 

6.ɿʘʢʣʶʯʝʥʠʝ  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʠʥʬʦʨʤʘʮʠʷ ï ʢʣʶʯʝʚʦʡ ʘʩʧʝʢʪ ʧʦʚʩʝʜʥʝʚʥʦʡ 

ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʠ ʦʪ ʪʦʛʦ, ʢʘʢ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʙʳʩʪʨʦ ʠ ʩ ʢʘʢʠʤ 

ʢʦʥʪʝʢʩʪʦʤ ʦʥʘ ʧʨʝʧʦʜʥʦʩʠʪʩʷ, ʟʘʚʠʩʠʪ ʝʝ ʚʦʩʧʨʠʷʪʠʝ ʠ ʜʘʣʴʥʝʡʰʠʝ 

ʤʘʥʠʧʫʣʷʮʠʠ. ʅʘʪʘʥ ʈʦʪʰʠʣʴʜ, ʩʢʘʟʘʚ ʩʚʦʡ ʣʝʛʝʥʜʘʨʥʳʡ ʘʬʦʨʠʟʤ çʂʪʦ 

ʚʣʘʜʝʝʪ ʠʥʬʦʨʤʘʮʠʝʡ ð ʪʦʪ ʚʣʘʜʝʝʪ ʤʠʨʦʤè ʙʳʣ ʘʙʩʦʣʶʪʥʦ ʧʨʘʚ, 

ʧʦʵʪʦʤʫ ʣʶʜʠ ʨʘʟʜʝʣʷʶʱʠʝ ʪʘʢʫʶ ʞʝ ʪʦʯʢʫ ʟʨʝʥʠʷ, ʩʪʘʨʘʶʪʩʷ ʦʙʫʟʜʘʪʴ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʪʦʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʜʦʙʳʚʘʷ ʝʸ ʚʩʝʤʠ ʜʦʩʪʫʧʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. ʆʯʝʥʴ ʚʘʞʥʦ ʥʘʫʯʠʪʴʩʷ ʚʦʩʧʨʠʥʠʤʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʨʘʚʠʣʴʥʦ, 

ʠʟʚʣʝʢʘʪʴ ʪʫ ʟʦʣʦʪʫʶ ʩʝʨʝʜʠʥʫ, ʢʦʪʦʨʘʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʘʞʥʘ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʣʠʷʥʠʝ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʢʘʥʘʣʘ ʩʚʷʟʠ ʥʘ 

ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʦʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʦʜʥʦʣʫʯʝʚʦʛʦ ʠ ʜʚʫʭʣʫʯʝʚʦʛʦ ʢʘʥʘʣʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ. 

 

Abstract 

The article discusses the effect of multipath of a communication channel 

on the quality of transmitted information. The analytical calculations of single-

beam and double-beam channels are performed and the dependence of the RMS 

error on the signal-to-noise ratio is presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ʂʘʥʘʣʦʤ ʩ ʧʘʤʷʪʴʶ ʥʘʟʳʚʘʶʪ ʩʨʝʜʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʚ 

ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʵʬʬʝʢʪ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ (ʄʉʀ). 

ʕʪʦʪ ʵʬʬʝʢʪ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʦʪʨʘʞʝʥʠʡ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺ ʨʘʜʠʦʢʘʥʘʣʝ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʨʘʩʩʝʷʥʠʷ 

(ʠʥʪʝʨʬʝʨʝʥʮʠʠ) ʩʠʤʚʦʣʦʚ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʣʫʯʝʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʨʘʜʠʦʚʦʣʥ, ʢʦʛʜʘ ʜʣʠʥʘ ʪʨʘʝʢʪʦʨʠʠ ʢʘʞʜʦʛʦ ʣʫʯʘ ʨʘʟʣʠʯʥʘ. ʂʦʧʠʠ ʦʜʥʦʛʦ 

ʠ ʪʦʛʦ ʞʝ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʝ ʧʨʠʰʣʠ ʥʘ ʧʨʠʝʤʥʠʢ, ʧʨʝʦʜʦʣʝʚ ʨʘʟʥʳʝ ʧʫʪʠ 

ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʀʟ-ʟʘ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʜʝʪʝʢʪʠʨʦʚʘʪʴ 

ʧʨʠʥʷʪʳʡ ʩʠʛʥʘʣ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʪʘʢ ʫʞ ʠ ʧʨʦʩʪʦ. ʅʘ ʧʨʘʢʪʠʢʝ ʚʦ ʚʩʝʭ 

ʢʘʥʘʣʘʭ ʩʚʷʟʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʄʉʀ, ʚ ʙʦʣʴʰʝʡ ʠʣʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 

2. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʄʉʀ ʥʘ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 



 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʠʚʘʥʠʷ ʢʘʥʘʣʘ ʩʚʷʟʠ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ Ὀʇʇ ʧʨʠʥʷʪʦʛʦ 

ʩʠʛʥʘʣʘ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ. ʏʝʤ ʤʝʥʴʰʝ ʩʨʝʜʥʝʢʚʘʪʠʯʝʩʢʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʫ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ, ʪʝʤ ʣʫʯʰʝ. 

ʉʨʘʚʥʠʤ ʜʚʘ ʢʘʥʘʣʘ ʩʚʷʟʠ: ʦʜʥʦʣʫʯʝʚʦʡ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʩʫʪʩʪʫʝʪ 

ɸɹɻʐ ʠ ʜʚʫʭʣʫʯʝʚʦʡ, ʚ ʢʦʪʦʨʦʤ ʢʨʦʤʝ ɸɹɻʐ ʧʨʠʩʫʪʩʪʚʫʝʪ ʝʱʸ ʠ ʄʉʀ. 

ʇʫʩʪʴ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʧʝʨʝʜʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ɚ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ 

ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʤʘʪ. ʦʞʠʜʘʥʠʝʤ M(ɚ)=0 ʠ ʩ ʜʠʩʧʝʨʩʠʝʡ „
Ὀʇ. ʉʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ɚ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ (ʎʉʇ), 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʭʧʦʟʠʮʠʦʥʥʘʷ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ ʩ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʤ 

ʢʦʜʠʨʦʚʘʥʠʝʤ (ʢʦʜ ʍʵʤʤʠʥʛʘ). Ὀʇʇ ʜʣʷ ʎʉʇ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ:  

Ὀʇʇ
Ў
 πȟςυ τϽὖ̙̏ ,  (1) 

ʛʜʝ: Ў ï ʰʫʤ ʢʚʘʥʪʦʚʘʥʠʷ, ὲ ï ʨʘʟʨʷʜʥʦʩʪʴ ʢʦʜʘ, ὖ̏  ̙ï ʚʝʨʦʷʪʥʦʩʪʴ 
ʦʰʠʙʦʯʥʦʛʦ ʧʨʠʝʤʘ ʣʶʙʦʛʦ ʙʠʪʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ Ὀʇʇ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ ʦʜʥʦʣʫʯʝʚʦʛʦ ʠ 

ʜʚʫʭʣʫʯʝʚʦʛʦ ʢʘʥʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1 ï ɿʘʚʠʩʠʤʦʩʪʴ Ὀʇʇ ʦʪ SNR ʚ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʝ ʧʝʨʝʜʘʯʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʞʝ ʘʥʘʣʦʛʦʚʫʶ ʩʠʩʪʝʤʫ ʧʝʨʝʜʘʯʠ, ʚʣʠʷʥʠʝ ʥʘ ʥʝʸ 

ʄʉʀ. ʀʩʧʦʣʴʟʫʝʤ ʘʤʧʣʠʪʫʜʥʫʶ ʤʦʜʫʣʷʮʠʶ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʛʥʘʣʦʤ. Ὀʇʇ ʜʣʷ ʘʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ 



 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ: ʘ ï ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, F ï ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ, 

ʈʩ/ʈʰ ï ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ. 

ʇʦʩʪʨʦʠʤ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ Ὀʇʇ ʦʪ SNR (ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩ. 2 ï ɿʘʚʠʩʠʤʦʩʪʴ Ὀʇʇ ʦʪ SNR ʚ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʝ ʧʝʨʝʜʘʯʠ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʠʟ-ʟʘ ʄʉʀ (ʢʦʪʦʨʘʷ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʜʚʫʭʣʫʯʝʚʦʤ ʢʘʥʘʣʝ, ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʚ ʮʠʬʨʦʚʦʡ 

ʩʠʩʪʝʤʝ ʧʝʨʝʜʘʯʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ. ɺ ʘʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʝ ʧʝʨʝʜʘʯʠ ʄʉʀ ʪʦʞʝ 

ʚʥʦʩʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʧʨʠʯʸʤ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʝʣʠʯʠʥʳ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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2009,  ï 648 ʩ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴ ʷʟʳʢʘ Lisp ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʭʦʞʠʤʠ ʘʥʘʣʦʛʘʤʠ. ʆʙʲʷʩʥʷʝʪʩʷ ʚʳʙʦʨ ʜʘʥʥʦʛʦ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ. 

 

Abstract 

The article discusses the peculiarity of the Lisp language in comparison 

with similar analogs. The explanation of the choice of this programming 

language and its positive aspects. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʩʚʦʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʩʧʦʩʦʙʥʳʭ ʨʘʩʩʯʠʪʘʪʴ ʠ ʦʙʨʘʙʦʪʘʪʴ 

ʥʝʤʘʣʳʡ ʦʙʲʝʤ ʜʘʥʥʳʭ. ɺ ʧʦʩʣʝʜʩʪʚʠʠ ʚʦʟʥʠʢʣʘ ʧʨʦʙʣʝʤʘ ʩ ʚʳʙʦʨʦʤ 

ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʧʦʚʝʜʘʥʦ ʦʙ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʷʟʳʢʘ Lisp, ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʩʪʘʨʝʡʰʠʤ ʷʟʳʢʦʤ ʚ ʤʠʨʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʠʟ-ʟʘ ʜʘʚʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɺʨʝʤʷ ʝʛʦ ʩʦʟʜʘʥʠʷ 

ʜʘʪʠʨʫʝʪʩʷ 50-ʤʠ ʛʦʜʘʤʠ ʠ ʘʢʪʫʘʣʴʥʦ ʧʦ ʩʝʡ ʜʝʥʴ. Lisp ʦʙʣʘʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʘʣʛʝʙʨʫ ʩʧʠʩʦʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʣʷʤʙʜʫ-ʠʩʯʠʩʣʝʥʠʡ ʠ ʪʝʦʨʠʶ ʨʝʢʫʨʩʠʚʥʳʭ 

ʬʫʥʢʮʠʡ. 

ʗʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʝʜʢʦ ʥʘʟʳʚʘʶʪ ʠʟʦʙʨʝʪʝʥʠʷʤʠ, ʪʘʢ ʢʘʢ 

ʦʥʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʦ Lisp ʦʪʣʠʯʘʣʩʷ ʦʪ ʥʠʭ ʪʝʤ, 

ʯʪʦ ʠʤʝʥʥʦ ʠʟʦʙʨʝʪʘʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʟʘʜʦʣʛʦ ʜʦ ʩʦʟʜʘʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ 



 

ʙʘʟʳ, ʦʙʣʘʜʘʣ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʯʝʨʪ, ʘ ʪʘʢʞʝ ʫʤʝʣ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʪʘʨʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʫʣʫʯʰʘʪʴ ʝʝ ʠ ʧʦ ʩʝʡ 

ʜʝʥʴ. 

2. ʉʚʦʡʩʪʚʘ Lisp ʠ ʝʛʦ ʦʪʣʠʯʠʷ ʦʪ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʇʨʠ ʟʥʘʢʦʤʩʪʚʝ ʩ Lisp ʤʦʞʥʦ ʩʨʘʟʫ ʦʪʤʝʪʠʪʴ ʦʜʠʥʘʢʦʚʫʶ 

ʩʧʠʩʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʯʪʦ ʚ ʧʨʦʛʨʘʤʤʝ, ʯʪʦ ʚ ʧʦʣʝ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʝʶ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʠ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʨʫʛʠʝ ʧʨʦʛʨʘʤʤʳ ʠ ʩʘʤʠʭ ʩʝʙʷ ʚ ʦʜʥʦʡ ʧʨʦʛʨʘʤʤʝ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʜʘʥʥʳʝ ʚ ʝʜʠʥʦʡ ʧʘʤʷʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʤʘʰʠʥʫ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ, ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʟʘʤʢʥʫʪʳʭ, ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, Lisp ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʝʤʥʦʛʠʭ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʛʠʙʢʫʶ ʨʘʩʰʠʨʷʝʤʦʩʪʴ. Lisp 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝ ʟʘʙʦʪʠʪʩʷ ʦʙ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʘʤʷʪʠ. 

ʇʨʦʛʨʘʤʤʘ ʩʧʦʩʦʙʥʘ ʨʝʟʝʨʚʠʨʦʚʘʪʴ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʩʚʦʙʦʞʜʘʪʴ ʧʘʤʷʪʴ. 

ɽʩʣʠ ʧʘʤʷʪʴ ʟʘʧʦʣʥʝʥʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʤʫʩʦʨʱʠʢ, ʢʦʪʦʨʳʡ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥ ʧʨʠʤʝʥʷʪʴ ʚʪʦʨʠʯʥʦ ʩʠʤʚʦʣʳ ʠ ʩʧʠʩʢʠ, ʚʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʤʫʩʦʨ ʥʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ. Lisp ʪʘʢ ʧʨʘʢʪʠʯʝʥ ʙʣʘʛʦʜʘʨʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, ʢʦʪʦʨʦʝ ʦʩʥʦʚʘʥʦ ʥʘ ʠʜʝʝ, ʯʪʦ ʢʘʞʜʦʝ 

ʜʝʡʩʪʚʠʝ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ï ʟʥʘʯʝʥʠʝ. ɿʥʘʯʝʥʠʷ ʞʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʩʪʘʥʦʚʷʪʩʷ ʘʨʛʫʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʟʘʢʦʥʦʤʝʨʥʳʡ ʨʝʟʫʣʴʪʘʪ ʟʘʜʘʯʠ. ʇʦʤʠʤʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʝ ʥʘ 

ʦʙʳʯʥʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʦʧʝʨʘʪʦʨʦʚ ʩ ʧʨʠʩʚʘʠʚʘʥʠʝʤ, 

ʧʝʨʝʜʘʯʝʡ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʧʝʮʠʘʣʴʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ʮʠʢʣʘ. ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʥʦʚʳʝ ʷʟʳʢʠ. Lisp ʭʦʨʦʰ 

ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ: ʦʙʲʝʢʪʠʚʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʧʨʦʜʫʢʮʠʦʥʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʩʠʪʫʘʮʠʦʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʣʦʛʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʷʪʴ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʚ ʝʜʠʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʩʨʝʜʝ. 

ʇʦʰʘʛʦʚʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʪʝʩʪʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ 

ʬʫʥʢʮʠʷ ʟʘ ʬʫʥʢʮʠʝʡ, ʢʦʪʦʨʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠ 

ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʢʨʳʚʘʝʪ ʩʧʝʮʠʘʣʴʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʩʦʟʜʘʚʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʜʠʤʦʩʪʴ ʧʨʦʛʨʘʤʤʳ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ.  

ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʠʩʪʝʤʥʳʭ ʩʨʝʜʩʪʚ, 

ʥʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʪʘʢʠʭ 



 

ʢʘʢ, ʨʝʜʘʢʪʦʨ, ʪʨʘʩʩʠʨʦʚʱʠʢ, ʠʥʩʧʝʢʪʦʨ, ʪʨʘʥʩʣʷʪʦʨ ʠ ʜʨʫʛʠʝ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʧʦʧʫʣʷʨʥʦʩʪʠ Lisp ʠ ʧʦ ʩʝʡ ʜʝʥʴ 

ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʝʛʦ ʷʟʳʢʘ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʚʦʣʝʥ ʧʨʠʤʝʥʷʪʴ ʣʶʙʳʝ ʠʜʝʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʝʛʦ ʧʦʩʝʪʠʪʴ ʠ ʧʦʣʫʯʠʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʦʪʢʣʠʢ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʰʠʙʢʠ ʥʝʠʟʙʝʞʥʳ ʧʨʠ 

ʧʦʧʳʪʢʘʭ ʩʦʟʜʘʪʴ ʯʪʦ-ʪʦ ʥʦʚʦʝ, Lisp ʧʦʟʚʦʣʷʝʪ ʠʩʧʨʘʚʣʷʪʴ ʢʦʜ ʧʦ ʤʝʨʝ 

ʥʘʧʠʩʘʥʠʷ. ʊʘʢʞʝ ʩʪʦʠʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʚ ʧʨʦʛʨʘʤʤʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ 

ʪʨʘʥʩʣʠʨʦʚʘʥʥʳʝ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʪʨʘʥʩʣʠʨʦʚʘʥʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʬʫʥʢʮʠʠ ʚʥʦʚʴ ʠʟ-ʟʘ ʦʰʠʙʦʢ ʚ 

ʜʨʫʛʠʭ ʯʘʩʪʷʭ. ʊʨʘʥʩʣʠʨʦʚʘʥʠʝ ʧʦʤʦʛʘʝʪ ʵʢʦʥʦʤʠʪʴ ʫʩʠʣʠʷ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʠ ʚʨʝʤʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʝ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ Lisp ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʨʠʢʣʘʜʥʦʛʦ ʠ 

ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʆʥ ʩʭʦʞ ʩ ʤʘʰʠʥʥʳʤ ʷʟʳʢʦʤ ʪʝʤ, ʯʪʦ 

ʜʘʥʥʳʝ ʠ ʧʨʦʛʨʘʤʤʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʜʠʥʘʢʦʚʦʡ ʬʦʨʤʝ. 

ʇʨʝʚʦʩʭʦʜʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʠʥʪʝʨʧʨʝʪʘʪʦʨʦʚ ʠ ʪʨʘʥʩʣʷʪʦʨʦʚ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʩʝʙʷ, ʥʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʷʟʳʢʦʚ.  

ʀʟʥʘʯʘʣʴʥʦ Lisp ʩʯʠʪʘʣʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʷʟʳʢʦʤ ʠʟ-ʟʘ ʧʨʦʙʣʝʤ ʚ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʳ. ʅʦ ʵʪʦ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ ʣʠʰʴ 

ʠʟʥʘʯʘʣʴʥʦ, ʪʘʢ ʢʘʢ ʥʘ ʯʠʩʣʝʥʥʫʶ ʯʘʩʪʴ ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʤʘʣʦ ʚʥʠʤʘʥʠʷ, 

ʚʝʜʴ ʜʘʥʥʳʡ ʷʟʳʢ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʠʤʚʦʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ. ʂʘʢ ʧʦʢʘʟʘʣʦ ʚʨʝʤʷ, Lisp ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ, ʪʘʢ ʢʘʢ ʚ ʪʨʘʥʩʣʷʪʦʨʘʭ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʜʘ.  

ɼʣʷ ʥʦʚʠʯʢʦʚ ʙʫʜʝʪ ʧʦʣʝʟʥʦ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʧʦʙʣʠʞʝ ʩ ʀʥʪʝʨʣʠʩʧ, 

ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʩʦʭʨʘʥʷʪʴ ʧʝʨʝʯʝʥʴ ʜʝʡʩʪʚʠʡ ʠ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʙʦʣʝʝ 

ʨʘʥʥʝʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ ʚ 

ʥʘʧʠʩʘʥʠʠ ʢʦʜʘ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʵʪʦ ʧʦʚʳʩʠʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʩʪʘ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ 

ʥʘʯʠʥʘʶʱʝʤ ʧʦʣʴʟʦʚʘʪʝʣʝ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ Lisp ʧʨʦʩʪ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʝʥ. ɺ ʥʝʤ ʤʦʞʥʦ 

ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʠ ʭʦʨʦʰʦ ʯʠʪʘʝʤʳʡ ʢʦʜ. ʀʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʝʞʘʪʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʢʦʙʦʢ ʠ ʧʨʠʚʝʩʪʠ ʩʠʩʪʝʤʫ ʢ 

ʙʦʣʝʝ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʚʠʜʫ. ʇʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ 

ʜʦʢʘʟʫʝʤʘ ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ Lisp ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʘʙʦʪʘʭ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʩʣʦʞʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʟʥʘʥʠʡ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʛʨʘʤʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʩʥʦʚʘʥʳ ʥʘ Lisp. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʣʫʦʪʢʨʳʪʦʡ ʢʦʘʢʩʠʘʣʴʥʦʡ ʣʠʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ.  

 

Abstract 

In this paper, we consider a method for calculating the wave impedance 

of a half-open coaxial line using a numerical calculation of electromagnetic 

fields. 

 

1. ɺʚʝʜʝʥʠʝ  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʦʚ ʚ ʉɺʏ 

ʜʠʘʧʘʟʦʥʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ ʢʦʘʢʩʠʘʣʴʥʳʭ ʣʠʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʜʘʪʯʠʢʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʦʪʢʨʳʪʳʡ ʢʦʘʢʩʠʘʣʴʥʳʡ ʚʦʣʥʦʚʦʜ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʠ 

ʚʥʝʰʥʠʤ ʧʨʦʚʦʜʥʠʢʦʤ ʚ ʚʠʜʝ ʩʪʝʨʞʥʝʡ.  

2. ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʨʵʛʛʦʚʩʢʦʡ ʉɺʏ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʦʪʢʨʳʪʦʡ ʢʦʘʢʩʠʘʣʴʥʦʡ ʣʠʥʠʠ  

ɼʣʷ ʨʘʩʯʝʪʘ ʙʨʵʛʛʦʚʩʢʠʭ ʉɺʏ-ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʦʪʢʨʳʪʦʡ 

ʢʦʘʢʩʠʘʣʴʥʦʡ ʣʠʥʠʠ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʢʘʩʢʘʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʪʨʝʟʢʦʚ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ ʩ ʨʘʟʣʠʯʥʳʤ ʚʦʣʥʦʚʳʤ 



 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʇʦʩʪʨʦʝʥʠʝ ʪʘʢʠʭ ʤʦʜʝʣʠ ʤʦʞʝʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘʭ: ʚʦʣʥʦʚʳʭ ʤʘʪʨʠʮ, ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʘʪʨʠʮ, 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʤʧʝʜʘʥʩʘ (ʨʝʢʫʨʨʝʥʪʥʳʡ ʤʝʪʦʜ) ʠ ʜʨ. [1] ʆʙʳʯʥʦ ʪʘʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʦʧʠʩʳʚʘʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʩʥʦʚʥʦʡ ʚʦʣʥʳ ʚ ʚʦʣʥʦʚʦʜʥʦʡ 

ʣʠʥʠʠ ʥʝ ʫʯʠʪʳʚʘʷ ʚʳʩʰʠʭ ʪʠʧʦʚ ʚʦʣʥ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʦʜʥʦʚʦʣʥʦʚʳʤʠ. ɼʣʷ ʨʘʩʯʝʪʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʳʩʰʠʝ ʪʠʧʳ ʚʦʣʥ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʨʵʛʛʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʨʘʤʘʢʘʭ 

ʦʜʥʦʚʦʣʥʦʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʢʫʨʨʝʥʪʥʳʤ ʤʝʪʦʜʦʤ 

(ʤʝʪʦʜʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʤʧʝʜʘʥʩʘ).  

ɹʨʵʛʛʦʚʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʠʶ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ʩʢʘʯʢʦʦʙʨʘʟʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʟʘʧʦʣʥʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʷʯʝʡʢʠ ʙʨʵʛʛʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʩʝʢʮʠʠ, ʟʘʧʦʣʥʝʥʥʳʝ 

ʜʠʵʣʝʢʪʨʠʢʦʤ ʠ ʚʦʟʜʫʭʦʤ. ɺ ʨʘʙʦʪʝ ʩʨʘʚʥʠʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʜʥʦʚʦʣʥʦʚʦʛʦ ʨʘʩʯʝʪʘ ʠ ʤʥʦʛʦʚʦʣʥʦʚʦʛʦ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ 

ʚ ʧʨʦʛʨʘʤʤʝ ʪʨʝʭʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʣʦʝʚ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ (ʨʠʩ. 1). 

 
ʈʠʩ. 1 ï ʉʨʘʚʥʝʥʠʝ ʦʜʥʦʚʦʣʥʦʚʦʛʦ ʠ ʧʦʣʥʦʚʦʣʥʦʚʦʛʦ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ ʢʦʘʢʩʠʘʣʴʥʦʡ ʙʨʵʛʛʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʜʠʵʣʝʢʪʨʠʢʘ 

(ʘ ï Ů=2.1, ʙ ï Ů=10) 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʅʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʘʷ ʩʭʦʜʠʤʦʩʪʴ ʫ ʛʨʘʬʠʢʦʚ ʥʘ ʯʘʩʪʦʪʘʭ ʧʝʨʚʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʙʨʵʛʛʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ 

ʩʢʘʟʳʚʘʶʪʩʷ ʵʬʬʝʢʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʳʩʰʠʭ ʚʦʣʥ ʠ ʠʟʣʫʯʝʥʠʷ ʠʟ ʣʠʥʠʠ 

ʚʦ ʚʥʝʰʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʛʨʘʬʠʢʘʤʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Yeh P. Electromagenetic propagation in periodic stratified media. I. 

General theory / Yeh P. (et al.). ï J. Opt. Soc. ï 1977.  
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ɸʥʥʦʪʘʮʠʷ 
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Abstract 

The article describes the blocks of the conversion channel that are part 

of the signal processing block of an ion-tag meter. 

 

1. Introduction 

This paper describes the development of a model of the conversion 

channel included in the signal processing unit of the ion-mark sensor. A 

digitized signal is fed into the block, which is integrated, the maximum point is 

found, and the time of passage of the mark is calculated. Time interval, the 

beginning of which corresponds to the moment of generation of the ion tag, and 

the end of which corresponds to the moment of crossing the boundary of the 

base distance. Based on the duration of the time interval in the signal 

processing unit, the air flow rate is calculated [1]. 

2. Anemometer 

The airspeed meter works as follows. In accordance with a given 

program, the signal processing unit generates pulses at the control output at a 



 

certain frequency, which start the high-voltage pulse generator. A short high-

voltage pulse is applied to a spark or corona gap and causes a spark or corona 

breakdown, respectively. As a result of the breakdown in the vicinity of the 

spark gap, the air is ionized, and ions with an electric charge are formed, thus 

forming an ion mark, which moves with the air flow. 

When a charged ion mark passes near the electrode, a current pulse is 

induced on the latter, which is amplified by a preamplifier. This signal is fed to 

an analog-to-digital converter, the digitized signal is then fed to the signal 

processing unit, in which the signal is integrated, the maximum point is found, 

and the mark travel time is calculated. Since digital information is required to 

transmit information via a wireless channel, the structural and functional 

diagram has been changed. The master generator and the tag recorder are 

combined into one common unit - the signal processing unit. In this way, a 

variable pulse generation frequency can be achieved, thereby reducing power 

consumption. 

The model of the conversion channel included in the signal processing 

unit of the ion-tag air velocity meter contains the following units: 

1. The block for setting the characteristics of the ionic tag. 

This block is necessary to set the air flow rate, the amplitude of the 

useful signal and the amplitude of the white noise. 

2. A useful signal shaping unit. 

This block is required to generate a useful signal with the specified 

parameters. The block for issuing a useful signal is implemented on the 

"Formula" element. The useful signal function is the following function: 

ὃẗςẗὯẗὠẗὸẗὠ ὒ ẗὩẗẗ , 

where A is a constant, the gain of the amplifier; k - constant, depends on the 

parameters of the receiving electrode; V is the speed of the mark; L is the base 

distance. 

To simulate and simulate a signal for digital processing, it is necessary 

to set the signal discretely, with an array of data; to implement this, the For 

loop was applied, where 10000 is the number of cycles (the number of samples 

for one measurement), 0.01 is the sampling time in milliseconds. 

3. White noise overlay block. 

This block is necessary to superimpose white noise on the signal issued 

from the useful signal shaping unit. The block is necessary to approximate the 

signal model to the real one. The block is implemented with one element 

"Gaussian white noise". The number of elements in the array is the same as the 

number of loops. 

4. Signal processing unit. 



 

This block implements a signal processing algorithm that is as close as 

possible to the original (in discrete form, using the functions available on the 

microcontroller). The processing block contains an integrator, the function of 

which is: 

ώ ώ ὼ 

After integration, the maximum point is determined. The element "Array 

max & min" is used for this. 

The time of flight of the label is equal to the number of the array 

element at the maximum multiplied by the sampling time. The speed is equal to 

the ratio of the base distance and the time of flight of the mark. 

5. Information output block. 

The information output unit is used to display on the computer monitor 

the graph of the useful signal, the signal with superimposed white noise, the 

time interval and the calculated speed. To reduce the error, each speed value is 

calculated as the average of 10 measurements. 

3. Conclusion 

Thus, in this article, the principle of operation of the device was 

considered. The blocks of the transformation channel model are also described. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʤ ʪʝʟʠʩʝ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ MATLAB. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʙʣʦʢ-ʩʭʝʤʘ ʩʠʩʪʝʤʳ. 

 

Abstract 

This thesis discusses the problem of improving the quality of data 

transmission in digital communication systems. The work was performed using 

the MATLAB software. Simulation results and system block diagram are 

presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʠʩʪʝʤʳ ʮʠʬʨʦʚʦʡ ʩʚʷʟʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʝʛʦ ʩʧʨʦʩʘ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʮʠʬʨʦʚʦʡ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʩʚʷʟʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ. ʆʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʥʘ ʥʠʭ ʚʦʟʜʝʡʩʪʚʫʶʪ 

ʨʘʟʥʦʛʦ ʨʦʜʘ ʰʫʤʳ ʠ ʧʦʤʝʭʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ ʧʨʠ ʧʨʠʝʤʝ 

ʜʘʥʥʳʭ [1]. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 



 

ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ [2]. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʘʥʘʣʘ ʩʚʷʟʠ 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʨʝʜʣʦʞʝʥ 

ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʚʘʟʠ-QAM-16 ʩʠʛʥʘʣʘ. ʕʪʦʪ ʩʠʛʥʘʣ ʦʩʥʦʚʘʥ ʥʘ 

ʤʦʜʫʣʷʮʠʠ QAM-16, ʥʦ ʩ ʠʟʤʝʥʝʥʥʳʤ ʩʠʛʥʘʣʴʥʳʤ ʩʦʟʚʝʟʜʠʝʤ. ʇʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʜʥʘ ʪʦʯʢʘ ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ ʧʝʨʝʤʝʱʘʝʪʩʷ 

ʟʘ ʧʨʝʜʝʣʳ ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ [3]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʛʣʷʜʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ 1000 ʨʘʟʣʠʯʥʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʰʫʤʘ. 

ʆʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 0 ʜʦ 20 ʜɹ. ʇʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ  

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠʛʥʘʣ ʢʚʘʟʠ-QAM-16 ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʰʠʙʦʢ, ʯʝʤ ʩʠʛʥʘʣ QAM-16. 

 
ʈʠʩ. 1 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʦʯʥʦʤ 

ʠʟʤʝʥʝʥʠʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʥʘ ʩʠʛʥʘʣʴʥʦʤ ʩʦʟʚʝʟʜʠʠ, ʧʦʚʳʰʘʝʪ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʢʚʘʜʨʘʪʫʨʥʦʡ ʘʤʧʣʠʪʫʜʥʦʡ 

ʤʦʜʫʣʷʮʠʝʡ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʤ ʪʝʟʠʩʝ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʙʝʟʦʰʠʙʦʯʥʦʡ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ʉʨʘʚʥʠʚʘʶʪʩʷ ʠʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

 

Abstract 

This thesis discusses the problem of error-free data transmission. Known 

ways of solving this problem are compared. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 

ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. ʆʥʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʥʘ ʩʠʛʥʘʣʳ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʨʘʟʥʦʛʦ ʨʦʜʘ ʰʫʤʳ ʠ ʧʦʤʝʭʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ ʧʨʠ 

ʧʨʠʝʤʝ. 

2. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʫʩʪʨʘʥʝʥʠʷ ʦʰʠʙʦʢ ʥʘʟʳʚʘʝʪʩʷ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ [1]. ʉ ʧʦʤʦʱʴʶ ʥʝʛʦ ʤʦʞʥʦ 

ʦʙʥʘʨʫʞʠʪʴ ʠ ʠʩʧʨʘʚʠʪʴ ʚʦʟʥʠʢʰʠʝ ʦʰʠʙʢʠ, ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʢʦʜʦʚʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʤʚʦʣʦʚ. ʕʪʠ ʩʠʤʚʦʣʳ ʥʝ ʥʝʩʫʪ 

ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʩʣʫʞʘʪ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʨʠʝʤʘ. ʕʪʦ 

ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠ, ʢʦʥʝʯʥʦ ʞʝ, ʙʦʣʴʰʝʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ. ɺʪʦʨʦʡ ʤʝʪʦʜ - ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʘʪʘ ʤʦʜʫʣʷʮʠʠ. ʆʥ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʭʦʜʝ ʦʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʢ ʤʝʥʝʝ 



 

ʩʢʦʨʦʩʪʥʦʡ, ʥʦ ʙʦʣʝʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʡ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʦʰʠʙʦʢ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʊʨʝʪʠʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʥʝʥʠʠ ʬʦʨʤʳ 

ʩʠʛʥʘʣʴʥʳʭ ʩʦʟʚʝʟʜʠʡ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʨʝʘʣʠʟʦʚʘʥ ʚ  

ʪʝʣʝʚʠʟʠʦʥʥʦʤ  ʩʪʘʥʜʘʨʪʝ DVB-T2 ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʚʦʨʦʪʘ ʚʩʝʛʦ ʩʦʟʚʝʟʜʠʷ 

ʥʘ ʫʛʦʣ 16,8Á. ɺʪʦʨʦʡ ï ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʦʚʦʨʦʪʘ ʢʘʞʜʦʛʦ ʠʟ 

ʢʚʘʜʨʘʥʪʦʚ ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ ʥʘ ʫʛʦʣ 17,1Á (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩ. 1 ï ʀʟʤʝʥʝʥʥʦʝ ʩʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ QAM-16 

 

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʩʠʛʥʘʣʴʥʦʛʦ 

ʩʦʟʚʝʟʜʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ 

ʢʘʥʘʣʘ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʚʘʟʠ-QAM-16 ʩʠʛʥʘʣʘ [3]. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʪʦʯʢʘ ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ ʩ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʰʠʙʦʢ ʧʝʨʝʤʝʱʘʝʪʩʷ ʟʘ ʧʨʝʜʝʣʳ ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫ ʥʠʭ ʝʩʪʴ 

ʥʝʜʦʩʪʘʪʢʠ. ʆʜʥʘʢʦ ʤʝʪʦʜ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ ʷʚʣʷʝʪʩʷ, ʧʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ. 
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ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʝʢʮʠʷ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʧʝʨʝʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ ʙʦʣʴʰʠʤ 

ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʩʠʥʪʝʟʘ, ʧʫʪʠ ʠʭ 

ʨʘʟʨʝʰʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

Abstract 

This paper is about multichannel rotation junction of coaxial cylinder of 

big inner diameter. There are discussed: synthesis problems, their solutions and 

simulation results. 

 

1. ɺʚʝʜʝʥʠʝ 

ʇʦʜʚʝʜʝʥʠʝ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʉɺʏ ʢ ʧʦʜʚʠʞʥʳʤ ʦʙʲʝʢʪʘʤ ʤʦʞʝʪ 

ʧʦʪʨʝʙʦʚʘʪʴ ʞʝʩʪʢʠʭ ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʪʨʫʢʪʫʨ ʠ ʚʨʘʱʘʶʱʠʭʩʷ ʧʝʨʝʭʦʜʦʚ, 

ʠʤʝʶʱʠʭ ʚʳʩʦʢʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ.  

2. ʉʧʝʮʠʘʣʴʥʳʡ ʚʨʘʱʘʶʱʠʡʩʷ ʧʝʨʝʭʦʜ 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʘʢʩʠʘʣʴʥʫʶ ʩʝʢʮʠʶ ʚʨʘʱʘʶʱʝʛʦʩʷ ʧʝʨʝʭʦʜʘ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ Ï60 ʤʤ. ʆʩʥʦʚʥʘʷ ʪʨʫʜʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʦʟʙʫʞʜʝʥʠʠ ʨʘʚʥʦʤʝʨʥʦʡ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʚʦʣʥʳ. ʈʘʩʩʤʦʪʨʠʤ 

ʧʨʘʢʪʠʯʥʳʡ ʚʘʨʠʘʥʪ ï ʚʦʣʥʦʚʦʜʥʦ-ʨʫʧʦʨʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ: ʥʘ 

ʢʦʘʢʩʠʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʥʘʪʷʥʫʪʳ ʯʝʪʳʨʝ ʠʣʠ ʙʦʣʝʝ ʨʫʧʦʨʦʚ, ʚʦʟʙʫʞʜʘʝʤʳʭ 

ʙʠʥʘʨʥʳʤʠ ʜʝʣʠʪʝʣʷʤʠ. ɿʘ ʩʯʝʪ ʧʨʦʪʠʚʦʬʘʟʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚ 

ʢʦʘʢʩʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʦʟʜʘʝʪʩʷ ʧʦʣʝ, ʩʦʚʤʝʩʪʠʤʦʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩ ʚʦʣʥʦʡ 



 

ʅ01, ʧʨʠ ʵʪʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʦʢ ʩʫʱʝʩʪʚʫʶʪ ʪʦʣʴʢʦ ʧʦʧʝʨʝʯʥʳʝ ʪʦʢʠ, 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʨʘʟʨʝʟʫ ʠ ʧʦʪʦʤʫ ʥʝ ʚʦʟʙʫʞʜʘʶʱʠʝ ʝʛʦ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʘʤʧʣʠʪʫʜʥʫʶ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚ ʨʘʩʢʨʳʚʝ ʨʫʧʦʨʦʚ ʥʝ ʙʦʣʝʝ 0.1 ʜɹ ʠ ʬʘʟʦʚʫʶ ʥʝ ʙʦʣʝʝ 

10 ʛʨʘʜʫʩʦʚ. ʉʧʦʩʦʙʳ ʢʦʨʨʝʢʮʠʠ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʚ ʨʫʧʦʨʝ ʠʟʚʝʩʪʥʳ, 

ʥʘʧʨʠʤʝʨ, ʣʠʥʟʳ ʚ ʨʘʩʢʨʳʚʝ[1]. ɼʣʷ ʧʨʘʢʪʠʢʠ ʫʜʦʙʥʝʝ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ 

ʨʫʧʦʨʦʚ, ʪʦʛʜʘ, ʧʨʠ ʩʦʭʨʘʥʥʦʤ ʜʠʘʤʝʪʨʝ ʢʦʘʢʩʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʫʩʪʨʘʥʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ. 

ʅʘʠʙʦʣʝʝ ʫʜʘʯʥʦʡ ʦʢʘʟʘʣʦʩʴ 16-ʨʫʧʦʨʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʫʩʪʨʦʡʩʪʚʘ. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʤʦʜʝʣʠ, ʥʘ ʨʠʩʫʥʢʝ 2 - ʨʝʟʫʣʴʪʘʪʳ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 
ʈʠʩ. 1 ï ʂʦʥʩʪʨʫʢʮʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʧʝʨʝʭʦʜʘ 

 

 
ʈʠʩ. 2 ï ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɹʣʘʛʦʜʘʨʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ ʝʝ ʤʦʞʥʦ 

ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʠʟʚʦʜʠʪʴ, ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʬʨʝʟʝʨʦʚʘʥʠʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʟʘʛʦʪʦʚʢʠ. ʇʨʠ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ 15 ɻɻʮ ʠ ʧʦʣʦʩʝ ʙʦʣʝʝ 

600 ʄɻʮ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ -0.7 ʜɹ, ʂʉɺ ʚʘʨʴʠʨʫʝʪʩʷ ʧʦ ʯʘʩʪʦʪʥʦʤʫ 

ʜʠʘʧʘʟʦʥʫ ʦʪ 1.1 ʜʦ 1.3. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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Abstract 

This article discusses MBHRA reflector discretization models 

appropriate for ñacousticsò approximation algorithm and their impact on 

achievable signal computation accuracy.  

 

1. ɺʚʝʜʝʥʠʝ 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʵʣʝʢʪʨʦʥʥʦʡ ʜʦʬʦʢʫʩʠʨʦʚʢʠ ʣʫʯʝʡ 

ʩʧʫʪʥʠʢʦʚʦʡ ʄɻɿɸ [3] ʥʘ ʦʩʥʦʚʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʇʅʉ ʥʫʞʜʘʝʪʩʷ ʚ 

ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʝ ʨʘʩʯʝʪʘ ʩʠʛʥʘʣʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʩʠʛʥʘʣʳ ʄɻɿɸ 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʙʳʩʪʨʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

çʘʢʫʩʪʠʯʝʩʢʠʡè ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ, ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʚ [1-3]. 

2. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʬʣʝʢʪʦʨʘ 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʠʛʨʘʝʪ ʯʠʩʣʦ ʪʦʯʝʢ ʨʘʟʙʠʝʥʠʷ ʠ ʠʭ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʬʣʝʢʪʦʨʘ. ʂʘʢ ʠ ʚ [1, 2] ʧʨʝʜʧʦʣʘʛʘʝʤ 

çʨʘʚʥʦʧʣʦʪʥʦʝè ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʢ ʚ ʨʘʤʢʘʭ ʦʢʨʫʞʥʦʩʪʠ ʩ ʨʘʜʠʫʩʦʤ 

ʨʝʬʣʝʢʪʦʨʘ, ʜʣʷ ʵʪʦʛʦ ʩ ʫʯʝʪʦʤ ʚʳʙʨʘʥʥʦʛʦ ʰʘʛʘ ȹ ʚʳʜʝʣʠʤ ʩʝʨʠʶ 



 

ʦʢʨʫʞʥʦʩʪʝʡ ʨʘʜʠʫʩʦʤ Rm ʩ ʰʘʛʦʤ ʙʣʠʟʢʠʤ ʢ ʞʝʣʘʝʤʦʤʫ ʠ ʫʛʣʦʚʳʤ 

ʜʠʩʢʨʝʪʦʤ ŭɣ = 2ˊRm/int(2ˊRm/ȹ) ʜʣʷ ʪʦʯʝʢ ʦʢʨʫʞʥʦʩʪʠ. ʆʯʝʚʠʜʥʦ, 

x[p(m,q)] = H+R+Rmcos(qŭɣ), ʛʜʝ H ï ʢʣʠʨʝʥʩ, y[p(m,q)] = Rmsin(qŭɣ), 

z[p(m,q)] = (x[p]2 + y[p]2)/4F.  

ɺʦʟʤʦʞʥʦ ʪʨʠ ʨʘʟʫʤʥʳʭ ʠ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʨʘʚʥʦʧʨʘʚʥʳʭ 

ʚʘʨʠʘʥʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ: ɺʘʨʠʘʥʪ 1) Rm = mȹ; ʚʘʨʠʘʥʪ 2) Rm = R m /M; 3) 

Rm = R m / (M + q), ʛʜʝ q ï ʟʘʟʦʨ ʦʪ ʢʨʘʷ ʨʝʬʣʝʢʪʦʨʘ ʚ ʜʠʩʢʨʝʪʘʭ. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʝʢʮʠʠ ʪʦʯʝʢ ʨʝʬʣʝʢʪʦʨʘ ʥʘ ʧʣʦʩʢʦʩʪʴ 0XY ʚ 

ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ ʜʠʩʢʨʝʪʠʟʘʮʠʠ: 

   

1) 2) 3) 

ʈʠʩ. 1 ï ɺʘʨʠʘʥʪʳ ʨʘʟʙʠʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʬʣʝʢʪʦʨʘ ʥʘ ʧʣʦʱʘʜʢʠ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʘʩʯʝʪʳ ʚʘʨʠʘʥʪ ˉ 3 ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ. ʇʨʠ 

ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʰʘʛʘ ȹ ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʟʘʟʦʨ q. ʇʨʠ ȹ ʠʟ 

ʜʠʘʧʘʟʦʥʘ (1 é 3)ɚ, ʦʧʪʠʤʘʣʴʥʳʡ ʟʘʟʦʨ ~ ȹ (q = 1). ʇʨʠ ʵʪʦʤ ʉʂʆ 

ʩʠʛʥʘʣʴʥʳʭ ʦʪʧʝʯʘʪʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ -28 ʜɹ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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2. V.V. Mochalov. ñValidation of the acoustic approximation 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʣʠʪʠʝʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʚʳʟʚʘʥʥʦʛʦ 

ʩʪʫʧʝʥʯʘʪʳʤ ʠʟʤʝʥʝʥʠʝʤ ʥʘʛʨʫʟʢʠ. ʄʦʜʝʣʴ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʦʜʝʣʴ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

 

Abstract 

The problem of model developing for lithium battery relaxation 

processes caused by a load variation is considered. Model is based on second 

order equivalent electrical circuit. It is shown that model could be used to 

provide parameter identification and considered as a basis for perspective 

diagnostics means. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʪʦʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʣʠʪʠʝʚʳʝ 

ʘʢʢʫʤʫʣʷʪʦʨʳ (ʃɸ). ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʃɸ, ʚʳʟʚʘʥʥʦʛʦ 

ʩʪʫʧʝʥʯʘʪʳʤ ʠʟʤʝʥʝʥʠʝʤ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 



 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ.  

2. ʄʦʜʝʣʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʣʠʪʠʝʚʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʃɸ, 

ʚʳʟʚʘʥʥʦʛʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʟʤʝʥʝʥʠʝʤ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʠʩʘʥʘ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ [1]: 

,)( DtBt CeAeEtU -- --=  (1) 

ʛʜʝ ɽ ï ʧʦʣʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ɸ, ʉ ï ʘʤʧʣʠʪʫʜʳ ʵʢʩʧʦʥʝʥʪ ʠ ɺ, D ï 

ʧʦʢʘʟʘʪʝʣʠ ʵʢʩʧʦʥʝʥʪ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʩʠʩʪʝʤʘ: 
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(2) 

ʛʜʝ ʉ1, ʉ2, R1, R2, R3 ï ʧʘʨʘʤʝʪʨʳ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, 

RɆ1, RɆ2 ï ʩʫʤʤʘʨʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʜʦ 

ʢʦʤʤʫʪʘʮʠʠ ʠ ʧʦʩʣʝ ʢʦʤʤʫʪʘʮʠʠ. ʇʘʨʘʤʝʪʨʳ ɸ, ɺ, ʉ, D, ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʡʜʝʥʳ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʬʠʪʠʥʛʘ ʠʟ ʫʨʘʚʥʝʥʠʷ (1). 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʃɸ. ʄʦʜʝʣʴ 

ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ 

ʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ. 

 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʠʩʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʉʦʛʣʘʰʝʥʠʶ 

ʥʦʤʝʨ 075-03-2020-051/6 (ʥʦʤʝʨ ʪʝʤʳ fzsu-2020-0020) 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Denisov E., Nikishina G., Demidov A.  Electrochemical power sources 

relaxations related with step-like load variation // Ural Symposium on Biomedical 

Engineering, Radioelectronics and Information Technology (USBEREIT-2020), 

230-233, doi:10.1109/USBEREIT48449.2020.9117665.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʨʘʟʨʘʙʦʪʢʠ ʬʣʫʢʪʫʘʮʠʦʥʥʦ-

ʰʫʤʦʚʦʡ ʤʦʜʝʣʠ ʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʨʦʚʦʜʠʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʬʣʫʢʪʫʘʮʠʦʥʥʦ-ʰʫʤʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʢʨʦʤʝ ʪʦʛʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʩʧʝʢʪʨʫ 

ʬʣʫʢʪʫʘʮʠʡ. 

 

Abstract 

The problem of fluctuation noise model development is considered for 

hydrogen fuel cells (FC). The proposed model provides possibility of online 

diagnostics during FC normal operation. Simulation of fluctuation and noise 

phenomena and identification of reliable diagnostic features could be 

performed with the model. Furthermore, the provided model makes parameter 

identification based on fluctuation power spectrum possible.   

 

1. ɺʚʝʜʝʥʠʝ 

ɺʦʜʦʨʦʜʥʳʝ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʧʨʦʪʦʥʥʦʙʤʝʥʥʦʡ ʤʝʤʙʨʘʥʦʡ 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 



 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʠʭ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʢʨʠʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ. ɺ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʬʣʫʢʪʫʘʮʠʦʥʥʦ-ʰʫʤʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪ ʠʟʤʝʨʝʥʠʷ.  

2. ʌʣʫʢʪʫʘʮʠʦʥʥʦ-ʰʫʤʦʚʘʷ ʤʦʜʝʣʴ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʬʣʫʢʪʫʘʮʠʦʥʥʦ-ʰʫʤʦʚʘʷ ʤʦʜʝʣʴ [1] (ʨʠʩ. 1) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʰʫʤʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʵʣʝʤʝʥʪʦʚ, 

ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʬʣʫʢʪʫʠʨʫʶʪ ʚʦ ʚʨʝʤʝʥʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʦʧʠʩʳʚʘʪʴ ʨʝʘʣʴʥʳʝ ʬʣʫʢʪʫʘʮʠʦʥʥʦ-ʰʫʤʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʚʦʜʦʨʦʜʥʳʭ 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ. 

 

UN 

ISN 

1 2 

IFN 

RM+ŭRM(t, Se, T) re+ŭre(t, Se, T, P) 

 

ZD+ŭZD(t, Se, T, P, Q) 

 

C+ŭC(t, Se, T, Q) 

 
 

ʈʠʩ. 1. ʌʣʫʢʪʫʘʮʠʦʥʥʦ-ʰʫʤʦʚʘʷ ʤʦʜʝʣʴ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠ ʘʜʘʧʪʘʮʠʠ ʤʝʪʦʜʠʢʠ ʜʣʷ ʮʝʣʝʡ ʩʦʟʜʘʥʠʷ 

ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʤʦʜʝʣʝʡ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʬʣʫʢʪʫʘʮʠʦʥʥʦ-

ʰʫʤʦʚʘʷ ʤʦʜʝʣʴ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʝʥʘ ʚ 

ʦʩʥʦʚʫ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʚʦʜʦʨʦʜʥʳʭ 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪ 

ʠʟʤʝʨʝʥʠʷ. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʠʩʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʉʦʛʣʘʰʝʥʠʶ 

ʥʦʤʝʨ 075-03-2020-051/6 (ʥʦʤʝʨ ʪʝʤʳ fzsu-2020-0020) 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʦʢʥʘ. ʆʥʦ ʧʦʟʚʦʣʠʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʩʤʦʪʨ ʬʠʣʴʤʦʚ, ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʚ ʀʥʪʝʨʥʝʪʝ, ʦʙʤʝʥ 

ʤʛʥʦʚʝʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ, ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʤʫʟʳʢʠ, ʟʘʪʝʤʥʝʥʠʝ ʦʪ 

ʠʟʣʠʰʥʝʛʦ ʩʚʝʪʘ, ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ ʚ ʟʜʘʥʠʠ ʠ ʩʦ ʩʪʦʨʦʥʳ ʫʣʠʮʳ, ʥʝ 

çʩʲʝʜʘʷè ʧʦʣʝʟʥʫʶ ʧʣʦʱʘʜʴ. 

 

Abstract 

This paper discusses the advantages of developing an innovative 

multifunctional window. It will allow you to watch movies, search for 

information on the Internet, exchange instant messages, listen to music, 

darkening from excessive light, video surveillance in the building and from the 

street, without "eating" the usable area. 

 

1. ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʣʘʩʪʠʢʦʚʳʝ ʦʢʥʘ ʧʝʨʝʩʪʘʣʠ ʙʳʪʴ ʥʦʚʠʥʢʦʡ 

ʠ ʧʦʣʫʯʠʣʠ ʧʦʚʩʝʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʜʥʘʢʦ ʤʳ ʜʘʞʝ ʥʝ ʟʘʜʫʤʳʚʘʝʤʩʷ 

ʦ ʪʦʤ, ʯʪʦ ʦʢʥʘ ʤʦʛʫʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʣʝʟʥʝʝ, ʯʝʤ ʝʩʪʴ ʥʘ ʩʘʤʦʤ ʜʝʣʝ. 

ʀʥʥʦʚʘʮʠʠ ʩʧʦʩʦʙʥʳ ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʪʴ ʧʨʠʚʳʯʥʳʡ ʫʢʣʘʜ 

ʞʠʟʥʠ ʣʶʜʝʡ, ʠʟʤʝʥʠʚ ʨʦʣʴ ʦʢʥʘ ʜʦ ʥʝʫʟʥʘʚʘʝʤʦʩʪʠ. ʆʙʳʯʥʦʝ ʦʢʥʦ ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʩʧʦʩʦʙʥʦ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʠʟʚʘʥʥʦʝ ʩʜʝʣʘʪʴ ʞʠʟʥʴ ʢʦʤʬʦʨʪʥʝʝ 

ʠ ʥʘʩʳʱʝʥʥʝʝ. 



 

2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʦʢʥʘ 

ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʝʢʣʦʧʘʢʝʪ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 

 
ʈʠʩ.1. - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʢʥʘ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺʳʰʝʦʧʠʩʘʥʥʦʝ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʜʦʤʝ ʨʘʮʠʦʥʘʣʴʥʦ, ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʵʢʦʥʦʤʠʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʦʩʫʱʝʩʪʚʠʪ ʦʭʨʘʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʩʜʝʣʘʝʪ ʚʘʰʫ 

ʞʠʟʥʴ ʧʨʦʱʝ ʠ ʫʜʦʙʥʝʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʦʢʣʘʜʝ ʬʦʨʤʘʣʠʟʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʨʘʙʦʪʢʝ 

ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʩʢʦʣʴʟʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʛʦʚʳʭ ʣʳʞ (ʢʦʥʴʢʦʚʳʡ ʭʦʜ) 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʩʢʦʣʴʞʝʥʠʷ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʣʳʞʠ ʩ ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʉʇ ʫʩʢʦʨʷʶʪʩʷ ʙʳʩʪʨʝʝ ʣʳʞ ʩ ʉʇ 

ʠʟ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ. ɼʣʷ ʩʚʝʞʝʚʳʧʘʚʰʝʛʦ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʩʥʝʛʘ ʥʘʠʣʫʯʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʣʳʞ ʩ 

ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʉʇ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʣʫʙʦʢʦʛʦ 

ʰʪʘʡʥʰʣʠʬʪʘ; ʜʣʷ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʩʥʝʛʘ, ʟʘʛʨʷʟʥʝʥʥʦʡ ʪʨʘʩʩʳ, ʪʝʧʣʦʡ 

ʧʦʛʦʜʳ ʥʘʠʣʫʯʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʍ-ʦʙʨʘʟʥʦʛʦ ʰʪʘʡʥʰʣʠʬʪʘ ʛʣʫʙʠʥʦʡ ~70Ñ10 ʤʢʤ. 

 

Abstract 

Methods for surfaced job of cross-country skis Teflon sliding surface for 

increasing their efficiency are considered in that paper. It was shown that the 

overdrive of Teflon sliding surface of cross-country skis is growing with the 

temperature more than ultra-high molecular weight polyethylene UHMWPE 

sliding surface of cross-country skis. The best sliding performance of skis with 

Teflon sliding surfaces is achieved by using a deep shtainshlift for freshly 



 

fallen fine-grained snow. The best sliding performance of skis with Teflon 

sliding surfaces is achieved using an X-shtainshlift ~ 70 Ñ 10 ɛm depth for 

coarse-grained snow, contaminated route and warm weather. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʜʠʥ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʢʦʣʴʞʝʥʠʷ ʙʝʛʦʚʳʭ ʣʳʞ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʪʦʨʦʧʣʘʩʪʘ ʚ 

ʢʘʯʝʩʪʚʝ ʩʢʦʣʴʟʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʉʇ) [1,2,3]. ʆʜʥʘʢʦ, ʜʦ ʩʠʭ ʧʦʨ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʳʞ ʩ ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʩʢʦʣʴʟʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ: ʪʝʭʥʦʣʦʛʠʷ 

ʥʘʥʝʩʝʥʠʷ ʰʪʘʡʰʣʠʬʪʘ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʤʘʟʝʡ ʩʢʦʣʴʞʝʥʠʷ ʥʘ 

ʬʪʦʨʦʧʣʘʩʪʦʚʫʶ ʩʢʦʣʴʟʷʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʧʫʪʝʡ ʦʙʨʘʙʦʪʢʠ ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʩʢʦʣʴʟʷʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʛʦʚʳʭ ʣʳʞ (ʢʦʥʴʢʦʚʳʡ ʭʦʜ) ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʩʢʦʣʴʞʝʥʠʷ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʨʝʟʫʣʴʪʘʪʳ. 

ɺ ʪʝʩʪʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʛʦʚʳʝ ʣʳʞʠ (Fisher SpeedMax) ʩ 

ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʩʢʦʣʴʟʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʩʦ ʩʢʦʣʴʟʷʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʟ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ (ʉɺʄʇʕ). 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʠʩʧʳʪʘʥʠʡ ʙʝʛʦʚʳʭ ʣʳʞ ʥʘ ʉʇ ʥʘʥʦʩʠʣʩʷ 

ʰʪʘʡʥʰʣʠʬʪ ʥʘ ʰʣʠʬʦʚʘʣʴʥʦʡ ʤʘʰʠʥʝ Wintersteiger Omega SBI. 

ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (Ra=9364ʥʤ; Rq=10919ʥʤ; 

Rp=41058ʥʤ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʉʇ ʧʨʠ ʥʘʥʝʩʝʥʠʠ 

ʰʪʘʡʥʰʣʠʬʪʘ ʧʦʣʫʯʘʣʦʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ ʰʣʠʬʦʚʘʣʴʥʦʡ 

ʤʘʰʠʥʳ: ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʦʙʨʘʟʮʘ ~ 0.2Ñ0.02 ʤ/c; ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʘʤʥʷ ~18Ñ1 ʦʙ/ʩ; ʜʘʚʣʝʥʠʝ ʧʨʠʞʠʤʘ ~300Ñ20 ʅ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʙʝʛʦʚʳʭ ʣʳʞ ʩ ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ 

ʉʇ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʫʪʝʤ ʩʧʫʩʢʘ ʣʳʞʥʠʢʘ ʩʦ ʩʢʣʦʥʘ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ: 

ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʜʠʩʪʘʥʮʠʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ; ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʩʪʨʫʢʪʫʨʘ ʩʥʝʛʘ) 

3. ɿʘʢʣʶʯʝʥʠʝ. 

ʀʩʧʳʪʘʥʠʷ ʪʝʩʪʦʚʳʭ ʣʳʞ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʳʞ ʩ ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʩʢʦʣʴʟʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʣʳʞʥʠʢʘ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʩʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʣʳʞʥʠʢʘ ʵʢʩʪʨʘ-ʢʣʘʩʩʘ ʢʦʥʴʢʦʚʳʤ ʭʦʜʦʤ ʩʦʩʪʘʚʣʷʝʪ 

~8 ʤ/ʩ, ʣʳʞʠ ʩ ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʉʇ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʝʡ ʣʳʞ ʩ ʉʇ ʠʟ 

ʉɺʄʇʕ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʦʢʦʣʦ -10ʦʉ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʣʘʞʥʦʤ ʠ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʤ ʩʥʝʛʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʣʳʞʠ 

ʩ ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʉʇ ʫʩʢʦʨʷʶʪʩʷ ʙʳʩʪʨʝʝ ʣʳʞ ʩ ʉʇ ʠʟ ʉɺʄʇʕ. 

ɼʣʷ ʩʚʝʞʝʚʳʧʘʚʰʝʛʦ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʩʥʝʛʘ ʥʘʠʣʫʯʰʘʷ 



 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʣʳʞ ʩ ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʉʇ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʣʫʙʦʢʦʛʦ ʰʪʘʡʥʰʣʠʬʪʘ; ʜʣʷ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʩʥʝʛʘ, 

ʟʘʛʨʷʟʥʝʥʥʦʡ ʪʨʘʩʩʳ, ʪʝʧʣʦʡ ʧʦʛʦʜʳ ʥʘʠʣʫʯʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʢʦʣʴʞʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʍ-ʦʙʨʘʟʥʦʛʦ ʰʪʘʡʥʰʣʠʬʪʘ 

ʛʣʫʙʠʥʦʡ ~70Ñ10 ʤʢʤ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʥʠʞʝ -5 ï 10ʦʉ) ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʪʚʝʨʜʳʭ ʧʣʘʩʪʠʢʦʚ ʩ ʠʟʥʦʩʦʩʪʦʡʢʠʤ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʥʠʟʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʉʇ ʧʦ ʚʳʩʦʢʦʘʙʨʘʟʠʚʥʦʤʫ ʩʥʝʛʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʠʞʝ -100ʉ. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʠʩʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʉʦʛʣʘʰʝʥʠʶ 

ʥʦʤʝʨ 075-03-2020-051/3 ʦʪ 09.06.2020 (ʥʦʤʝʨ ʪʝʤʳ fzsu-2020-0021). 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʵʣʝʢʪʨʦʪʝʧʣʦʚʦʡ ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ (ʀʇʆʉ), ʚ ʢʦʪʦʨʦʡ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʛʠʜʨʦʬʦʙʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʨʠʤʝʥʝʥʠʝ 

ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʢʣʠʯʝʩʢʠʡ ʨʝʞʠʤ 

ʨʘʙʦʪʳ (ʀʇʆʉ), ʟʘ ʩʯʝʪ ʯʝʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʀʇʆʉ ʥʘ 10õ15% 

ʚʳʰʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʠʧʦʚʳʭ ʵʣʝʢʪʨʦʪʝʧʣʦʚʳʭ ʇʆʉ. 

 

Abstract 

The efficiency of integral electrothermal anti-icing system (IAIS) with 

hydrophobic surface of heating elements is considered in that paper. The 

periodical regime can be using due to the hydrophobic surface heating 

elements. So the energy consumption can be reducing. It is shown that the 

energy efficiency of the proposed IAIS is 10ï15% higher than the energy 

efficiency of typical electrothermal anti-icing system. 

 

1. ɺʚʝʜʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʤʘʣʦʡ ʘʚʠʘʮʠʠ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) ʩ ʙʦʣʴʰʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʦʣʝʪʘ 

ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 



 

(ʇʆʉ). ʇʦʩʢʦʣʴʢʫ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʴ ʪʘʢʠʭ ʃɸ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʝʣʠʢʘ, 

ʪʦ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʇʆʉ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʚʥʦʩʪʠ ʇʆʉ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʨʘʩʧʦʣʘʛʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʱʠʱʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ, ʦʙʣʘʜʘʶʱʠʝ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʳʤ ʵʬʬʝʢʪʦʤ [1,2]. ʆʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʣʘʛʘʝʤʳʝ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʳʝ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʠʩʪʠʨʘʥʠʶ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʝ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʛʠʜʨʦʬʦʙʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʠʩʪʠʨʘʥʠʶ, ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʩʠʣʦʢʩʘʥʦʚʳʭ ʧʦʢʨʳʪʠʡ [2] ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʥʠʟʠʪʴ 

ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʨʝʙʫʝʤʦʡ ʩʪʦʡʢʦʩʪʠ 

ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʇʆʉ ʩ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʩʠʣʦʢʘʩʥʦʚʳʭ ʧʦʢʨʳʪʠʡ. 

2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʀʇʆʉ (ʨʠʩ.1). 

 
ʈʠʩ.1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʇʆʉ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʩʪʝʥʜʝ, 

ʦʧʠʩʘʥʥʦʤ ʚ ʨʘʙʦʪʝ [3] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ~(ï10Ñ1)ʦʉ. 

ʅʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚ 

ʧʦʣʠʩʠʣʦʢʩʘʥʦʚʦʝ ʧʦʢʨʳʪʠʝ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʛʨʘʬʠʪ). ʇʘʨʘʤʝʪʨʳ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ: ʜʣʠʥʘ ~20Ñ0.5 ʩʤ ʠ 

ʰʠʨʠʥʦʡ 3Ñ0.2 ʩʤ, ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ~103 ʆʤ*ʤ. ʅʘʛʨʝʚʘʪʝʣʴʥʳʡ 

ʵʣʝʤʝʥʪ ʥʘʥʦʩʠʣʩʷ ʥʘ ʧʝʨʝʜʥʶʶ ʢʨʦʤʢʫ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ, 

ʠʤʠʪʠʨʫʶʱʝʛʦ ʢʨʳʣʦ ʃɸ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʣʝʜʝʥʝʥʠʷ 0.5Ñ0.1 ʤʤ/ʤʠʥ, ʚʦʜʥʦʩʪʴ ~0.5Ñ0,1 ʛ/ʤ3, 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ~0.1ʄ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʦʙʦʛʨʝʚʘ ʩʦʩʪʘʚʠʣʘ ~0.1 

ɺʪ/ʩʤ2 ʜʣʷ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʣʴʜʘ ʩ ʢʨʦʤʢʠ ʟʘʱʠʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 



 

ʉʢʚʘʞʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʥʘʛʨʝʚʘ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʟʘʚʠʩʠʪ ʦʪ 

ʜʦʧʫʩʪʠʤʦʡ ʪʦʣʱʠʥʳ ʣʴʜʘ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ. 

3. ɿʘʢʣʶʯʝʥʠʝ. 

ʉʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʪʠʧʦʚʳʭ ʵʣʝʢʪʨʦʪʝʧʣʦʚʳʭ ʇʆʉ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʇʆʉ 

ʩʦʩʪʘʚʣʷʝʪ ~10õ15%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ 

ʵʣʝʤʝʥʪ ʀʇʆʉ ʠ ʧʦʣʫʯʝʥʥʳʡ ʨʝʞʠʤ ʝʛʦ ʨʘʙʦʪʳ ʚʦʟʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ 

ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʤʘʣʦʡ ʠ ʩʚʝʨʭʤʘʣʦʡ ʘʚʠʘʮʠʠ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʃɸ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʨʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʈʌʌʀ ˉ 18-48-160024). 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʘʤʦʣʝʪʥʦʛʦ ʦʪʚʝʪʯʠʢʘ ʋɺɼ ʩ 

ʜʝʰʠʬʨʘʪʦʨʦʤ ʢʦʜʦʚ ʟʘʧʨʦʩʘ ʰʠʬʨʘʪʦʨʘ ʀʂɸʆ ʠ ʩʭʝʤʦʡ 

ʪʨʝʭʠʤʧʫʣʴʩʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʧʦ ʟʘʧʨʦʩʫ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩʘʤʦʣʝʪʥʦʛʦ ʦʪʚʝʪʯʠʢʘ. 

 

Abstract 

The article discusses the development of an airborne ATC transponder 

with an ICAO encoder request code decoder and a three-pulse sidelobe 

suppression circuit on request. The diagram of the aircraft transponder is 

presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʘʤʦʣʝʪʥʳʡ ʦʪʚʝʪʯʠʢ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʚʝʨʪʦʣʸʪʘʭ ʩ ʜʝʪʘʣʴʥʦʡ 

ʨʘʟʨʘʙʦʪʢʦʡ ʜʝʰʠʬʨʘʪʦʨʘ ʢʦʜʦʚ ʟʘʧʨʦʩʘ ʰʠʬʨʘʪʦʨʘ ʀʂɸʆ ʠ ʩʭʝʤʳ 

ʪʨʝʭʠʤʧʫʣʴʩʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʧʦ ʟʘʧʨʦʩʫ. ʇʨʦʚʝʜʸʥ 

ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʡʩʪʚʫʶʱʝʛʦ ʘʥʘʣʦʛʘ ʉʆ. ʆʙʦʩʥʦʚʘʥʳ ʠ 

ʨʘʩʩʯʠʪʘʥʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʉʆ: ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ï 120 ʢʤ; 



 

ʤʠʥʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ï 200 ʤ; ʟʦʥʘ ʦʙʟʦʨʘ ʧʦ ʘʟʠʤʫʪʫ ï 180; ʜʣʠʥʥʘ 

ʚʦʣʥʳ ï 40 ʩʤ; ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ - 5. ɺʳʙʨʘʥʘ ʠ ʦʙʦʩʥʦʚʘʥʘ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʆ. 

2. ʉʭʝʤʳ 

ɺʳʙʨʘʥʘ ʠ ʦʙʦʩʥʦʚʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʜʝʰʠʬʨʘʪʦʨʘ ʠ 

ʩʭʝʤʳ ʪʨʝʭʠʤʧʫʣʴʩʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ, ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʧʠʢʦʚʳʡ ʜʝʪʝʢʪʦʨ ʠ ʬʘʟʦʚʳʡ ʜʝʪʝʢʪʦʨ. ɺʳʙʨʘʥʘ ʠ 

ʦʙʦʩʥʦʚʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʝʰʠʬʨʘʪʦʨʘ ʠ ʩʭʝʤʳ 

ʪʨʝʭʠʤʧʫʣʴʩʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ. ʇʨʦʚʝʜʸʥ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʫʩʪʨʦʡʩʪʚʘ. 

 
3. ɿʘʢʣʶʯʝʥʠʝ 

ɺʳʙʨʘʥʘ ʠ ʦʙʦʩʥʦʚʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʜʝʰʠʬʨʘʪʦʨʘ ʠ 

ʩʭʝʤʳ ʪʨʝʭʠʤʧʫʣʴʩʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ, ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʧʠʢʦʚʳʡ ʜʝʪʝʢʪʦʨ ʠ ʬʘʟʦʚʳʡ ʜʝʪʝʢʪʦʨ. ɺʳʙʨʘʥʘ ʠ 

ʦʙʦʩʥʦʚʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʝʰʠʬʨʘʪʦʨʘ ʠ ʩʭʝʤʳ 

ʪʨʝʭʠʤʧʫʣʴʩʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ. ʇʨʦʚʝʜʸʥ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʫʩʪʨʦʡʩʪʚʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʥʘʣʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʘʤʦʣʝʪʥʦʛʦ ʦʪʚʝʪʯʠʢʘ ʉʆ-69 ʚ ʫʩʣʦʚʠʷʭ 
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ʣʝʪʠʶ ʩʦ ʜʥʷ ʟʘʧʫʩʢʘ ʧʝʨʚʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ: ʚ ʜʚʫʭ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʨʵʛʛʦʚʩʢʦʡ ʉɺʏ 

ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʣʦʠ 

ʚ ʢʦʘʢʩʠʘʣʴʥʦʤ ʚʦʣʥʦʚʦʜʝ, ʠ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ʥʘ ʬʦʨʤʫ 

ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʩʝʷʥʠʷ. 

 

Abstract 

The article calculates a mathematical model of a Bragg microwave 

structure, which is a periodic dielectric layer in a coaxial waveguide, and 

considers the influence of the main electrical and geometric parameters of the 

structure on the shape of the frequency characteristics of scattering. 

 

ɹʨʵʛʛʦʚʩʢʘʷ ʉɺʏ ʩʪʨʫʢʪʫʨʘ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʟʘʧʦʣʥʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ 

ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʥʘʧʨʘʚʣʷʶʱʝʤ ʚʦʣʥʦʚʦʜʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʘʢʩʠʘʣʴʥʳʡ ʚʦʣʥʦʚʦʜ.  

ʈʝʢʫʨʨʝʥʪʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʢʫʩʦʯʥʦ-ʦʜʥʦʨʦʜʥʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʨʵʛʛʦʚʩʢʦʡ 

ʉɺʏ ʩʪʨʫʢʪʫʨʳ.  



 

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʳ, ʘ) ʤʦʜʝʣʴ ʙʨʵʛʛʦʚʩʢʦʡ ʉɺʏ ʩʪʨʫʢʪʫʨʳ; 

ʙ) ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʨʵʛʛʦʚʩʢʦʡ ʉɺʏ-ʩʪʨʫʢʪʫʨʳ: 

 
ʘ)    ʙ) 

ʈʠʩ. 1 ï ʘ) ʤʦʜʝʣʴ ʙʨʵʛʛʦʚʩʢʦʡ ʉɺʏ ʩʪʨʫʢʪʫʨʳ; ʙ) ʧʘʨʘʤʝʪʨʳ ʯʘʩʪʦʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʨʵʛʛʦʚʩʢʦʡ ʉɺʏ ʩʪʨʫʢʪʫʨʳ 

 

ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ N-ʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʜʠʥʘʢʦʚʳʭ ʩʝʢʮʠʡ, ʢʦʪʦʨʳʝ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʯʘʩʪʠ. ɼʣʠʥʘ ʦʜʥʦʡ ʩʝʢʮʠʠ ʟʘʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʠʥ ʧʘʨʘʤʝʪʨ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʜʣʠʥ ʯʘʩʪʝʡ ʩʝʢʮʠʠ ï ʵʪʦ 

ʩʢʚʘʞʥʦʩʪʴ, ʢʦʪʦʨʳʡ ʦʟʥʘʯʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʯʘʩʪʝʡ ʩʝʢʮʠʠ. ʂʘʞʜʘʷ ʯʘʩʪʴ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʜʠʵʣʝʢʪʨʠʢʦʤ ʩʦ ʩʚʦʝʡ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ.  

ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʢʘʞʜʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ 

ʩʝʢʮʠʡ, ʩʫʞʘʝʪʩʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʝʢʮʠʡ ʩ 5 ʜʦ 15, 

ʘʤʧʣʠʪʫʜʘ ʢʘʞʜʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʩʢʚʘʞʥʦʩʪʠ 1,5, ʦʙʱʝʡ ʜʣʠʥʳ ʩʝʢʮʠʠ 0,04 ʤ, 

ʘʤʧʣʠʪʫʜʘ ʣʝʚʦʛʦ ʧʦʣʶʩʘ ʧʝʨʚʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ ʩʝʢʮʠʡ 5 

ʦʜʠʥʘʢʦʚʘʷ, ʦʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʝʢʮʠʡ ʜʦ 15, ʘʤʧʣʠʪʫʜʘ 

ʧʨʘʚʦʛʦ ʧʦʣʶʩʘ ʧʝʨʚʦʛʦ ʨʝʟʦʥʘʥʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʣʠʰʴ ʚ 2 ʨʘʟʘ, ʘ 

ʘʤʧʣʠʪʫʜʘ ʣʝʚʦʛʦ ʧʦʣʶʩʘ ʚ 6 ʨʘʟ. 

ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʩʢʚʘʞʥʦʩʪʠ 3, ʦʙʱʝʡ ʜʣʠʥʳ ʩʝʢʮʠʠ 0,02 ʤ, ʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʙʦʣʴʰʝ, ʘʤʧʣʠʪʫʜʘ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ 

ʧʦʣʶʩʘ ʚʪʦʨʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ ʩʝʢʮʠʡ 5 ʦʜʠʥʘʢʦʚʘʷ, ʥʦ, ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʝʢʮʠʡ ʜʦ 15, ʘʤʧʣʠʪʫʜʘ ʧʨʘʚʦʛʦ ʧʦʣʶʩʘ ʚʪʦʨʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʘ ʘʤʧʣʠʪʫʜʘ ʣʝʚʦʛʦ ʧʦʣʶʩʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʚʘ 

ʨʘʟʘ. 

ʇʨʠ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ, ʘʤʧʣʠʪʫʜʳ ʛʣʘʚʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ, ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʙʦʢʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ, ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ 

ʧʦʣʶʩʘ, ʘ ʪʘʢʞʝ ʰʠʨʠʥʘ ʧʦʣʦʩʳ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʝʢʮʠʡ ʩ 5 

ʜʦ 15, ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʥʦ ʝʩʪʴ ʠʩʢʣʶʯʝʥʠʷ ï ʚ ʦʩʥʦʚʥʦʤ ʵʪʦ ʚʪʦʨʦʡ 

ʨʝʟʦʥʘʥʩ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ. ɺʚʦʜʷʪʩʷ ʪʨʠ ʧʘʨʘʤʝʪʨʘ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʨʘʩʯʸʪʘ ʪʘʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʢʘʢ ʥʘʜʸʞʥʦʩʪʴ. 

 

Abstract 

The article proposes a method for optimizing the process of modeling 

radio-electronic means. Three parameters are introduced to simplify the process 

of calculating such a parameter as reliability. 

 

1. ɺʚʝʜʝʥʠʝ 

ʄʦʜʝʣʴ ï ʵʪʦ ʦʧʠʩʘʥʠʝ ʢʘʢʦʛʦ-ʪʦ ʦʙʲʝʢʪʘ, ʦʪʨʘʞʘʶʱʝʝ ʝʛʦ 

ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʧʦʚʝʜʝʥʠʝ ʩ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʬʠʟʠʯʝʩʢʦʡ, ʢʦʤʧʴʶʪʝʨʥʦʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ.  

ʇʦʜ ʥʘʜʸʞʥʦʩʪʴʶ ʧʦʥʠʤʘʶʪ ʩʚʦʡʩʪʚʦ ʠʟʜʝʣʠʷ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤ ʟʥʘʯʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ.  

2. ʅʘʜʸʞʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺʩʣʝʜʩʪʚʠʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʦʚ ʨʘʟʚʠʪʠʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ (ʈʕʉ), ʤʦʜʝʣʠ 

ʚʙʠʨʘʶʪ ʚ ʩʝʙʷ ʚʩʸ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʝ, ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ 



 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʰʘʶʪ ʟʘʜʘʯʫ, ʪʨʫʜʦʸʤʢʦʩʪʴ ʢʦʪʦʨʦʡ ʨʘʩʪʸʪ ʚʩʣʝʜ ʟʘ 

ʩʘʤʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʫʣʫʯʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ 

ʧʦʪʝʨʷʪʴʩʷ ʩʫʪʴ ʫʩʪʨʦʡʩʪʚʘ.   

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʜʝʥʠʝ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʤʧʣʝʢʩʥʦ 

ʦʮʝʥʠʚʘʪʴ ʥʘʜʸʞʥʦʩʪʴ ʈʕʉ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʣʘʛʘʶʪʩʷ: 

1. ʅʘʜʸʞʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʈʕʉ 

2. ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

3. ɺʨʝʤʷ ʨʘʙʦʪʳ 

ʇʝʨʚʳʡ ʧʘʨʘʤʝʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʢʣʘʩʩʠʯʝʩʢʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʨʘʜʠʦʵʣʝʤʝʥʪʦʚ. ʇʘʨʘʤʝʪʨ çʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʫʩʣʦʚʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠè ʜʣʷ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʦʞʝʪ ʠʤʝʪʴ ʢʘʢ ʘʥʪʨʦʧʦʛʝʥʥʳʡ 

ʭʘʨʘʢʪʝʨ (ʜʣʷ ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʧʨʷʤʦʤ ʢʦʥʪʘʢʪʝ ʩ ʯʝʣʦʚʝʢʦʤ), ʪʘʢ ʠ 

ʧʨʠʨʦʜʥʳʡ, ʩʚʷʟʘʥʥʳʡ, ʥʘʧʨʠʤʝʨ, ʩ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ.  

ʊʨʝʪʠʡ ʧʘʨʘʤʝʪʨ ʦʩʥʦʚʘʥ ʥʘ ʩʪʘʪʠʩʪʠʢʝ ʦʪʢʘʟʦʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʧʦʩʪʫʣʠʨʫʶʱʝʡ ʥʘʣʠʯʠʝ ʚʩʧʣʝʩʢʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʝʧʝʥʥʳʤ ʝʛʦ ʥʘʨʘʩʪʘʥʠʝʤ. ʇʨʠ ʵʪʦʤ 

ʚʥʦʩʠʪʩʷ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ ʚʦʟʤʦʞʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʜʠʦʵʣʝʤʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʪʝʥʜʝʥʮʠʝʡ ʫʤʝʥʴʰʝʥʠʷ 

ʯʠʩʣʘ ʦʪʢʘʟʦʚ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʠʣ 

ʚʳʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪʩʷ ʚ ʤʦʜʝʣʴ ʈʕʉ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʥʘʜʸʞʥʦʩʪʠ. ʇʣʘʥʠʨʫʝʪʩʷ ʜʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʧʦ ʜʘʥʥʦʡ 

ʪʝʤʝ ʩ ʮʝʣʴʶ ʚʚʝʜʝʥʠʷ ʨʘʟʤʝʨʥʳʭ ʠ ʯʠʩʣʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʙʨʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʝʨʢʘʣʴʥʳʭ 

ʘʥʪʝʥʥ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʨʘʚʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

Abstract 

The article explores the issue of designing reflector antennas. The 

researches were conducted by comparing results, obtained by calculation and 

by the method of electrodynamic modeling. 

 

 

ɿʝʨʢʘʣʴʥʳʝ ʘʥʪʝʥʥʳ ʥʘʭʦʜʷʪ ʙʦʣʴʰʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʢʘʢ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢ ʠ ʦʙʱʝʛʦ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʚ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 

ʨʘʩʯʝʪ ʠʭ ʩʦʧʨʷʞʝʥ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʟʣʫʯʝʥʠʷ ʟʝʨʢʘʣʴʥʳʭ ʘʥʪʝʥʥ ʤʦʞʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ: ʧʝʨʚʳʡ ʤʝʪʦʜ, ʥʘʟʳʚʘʝʤʳʡ ʘʧʝʨʪʫʨʥʳʤ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʭʦʜʠʪʩʷ ʧʦʣʝ ʚ ʨʘʩʢʨʳʚʝ ʟʝʨʢʘʣʘ, 

ʘ ʟʘʪʝʤ, ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʥʮʠʧʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʪʦʢʦʚ, ʥʘʭʦʜʠʪʩʷ 

ʧʦʣʝ ʠʟʣʫʯʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʝ ʵʪʠʤ ʨʘʩʢʨʳʚʦʤ; ʚʪʦʨʦʡ ʤʝʪʦʜ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʭʦʜʷʪʩʷ ʪʦʢʠ ʥʘ ʦʩʚʝʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 



 

ʟʝʨʢʘʣʘ. ʕʪʠ ʪʦʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʦʙʣʫʯʘʪʝʣʝʤ, ʧʦ 

ʬʦʨʤʫʣʝ ӶςὲϽὌȟ  ʛʜʝ Ӷ ï ʚʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʦʢʦʚ; Ὄ - 

ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʫ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʝʨʢʘʣʘ; ὲ ï ʦʨʪ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣʘ. 

ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣ 

ʘʧʝʨʪʫʨʥʳʡ ʤʝʪʦʜ ʢʘʢ ʙʦʣʝʝ ʧʨʦʩʪʦʡ. ʅʦ ʵʪʦʪ ʤʝʪʦʜ ʜʘʝʪ ʦʰʠʙʢʠ, ʪʘʢ ʢʘʢ 

ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʚʩʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʣʷ. ɺʪʦʨʦʡ ʤʝʪʦʜ ʙʦʣʝʝ ʪʦʯʝʥ, ʥʦ ʦʥ 

ʩʣʦʞʝʥ ʚ ʨʝʘʣʠʟʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʥʥʦʤ ʩʦʦʙʱʝʥʠʠ ʧʨʝʜʧʨʠʥʷʪʘ 

ʧʦʧʳʪʢʘ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʮʝʥʠʪʴ 

ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʧʝʨʚʦʛʦ ʤʝʪʦʜʘ.  ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʝʨʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʩ ʫʩʪʨʦʡʩʪʚʦʤ 

ʚʦʟʙʫʞʜʝʥʠʷ ʚ 3D, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ.1. 

 
ʈʠʩ.1 ï ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʝʨʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʩ ʫʩʪʨʦʡʩʪʚʦʤ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ 3D 

 

ʅʘ ʨʠʩ.2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʬʦʨʤʘ ɼʅ, ʰʠʨʠʥʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʥʘ ʚʭʦʜʝ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʘ) 

ʙ) 
ʈʠʩ.2 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʨʠʚʳʝ S1,1. ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 



 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦ ʘʧʝʨʪʫʨʥʦʤʫ 

ʤʝʪʦʜʫ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣ ʨʘʩʭʦʞʜʝʥʠʷ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʫʩʠʣʝʥʠʷ ʥʝ ʙʦʣʝʝ 3%, ʧʦ ʰʠʨʠʥʝ 

ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 2,5%, ʧʦ ʫʩʠʣʝʥʠʶ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ 4%.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʨʪʘʪʠʚʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʉɺʏ ʜʘʪʯʠʢʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʠʟʤʝʨʠʪʝʣʷ ʠ ʝʛʦ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

Abstract 

The report presents the main results of the development of a portable 

vector network analyzer designed to measure the parameters of microwave 

sensors. The principle of operation of the meter and its main characteristics are 

considered. 

ʆʜʥʦʧʦʨʪʦʚʳʡ ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʮʝʧʝʡ (ɺɸʎ) ʠʣʠ 

ʨʝʬʣʝʢʪʦʤʝʪʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʝʷʥʠʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʩʭʝʤ. ʆʪʨʘʞʘʪʝʣʴʥʳʝ ʉɺʏ ʜʘʪʯʠʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ, ʪʨʝʙʫʶʪ ʥʘʣʠʯʠʷ ʠʟʤʝʨʠʪʝʣʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ [1]. 

ɺʝʢʪʦʨʥʳʝ ʘʥʘʣʠʟʘʪʦʨʳ ʮʝʧʝʡ ʜʦʩʪʘʪʦʯʥʦ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʠ 

ʩʣʦʞʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʳʝ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʳʧʫʩʢʘʶʪʩʷ 

ʢʨʫʧʥʳʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʪʘʢʠʤʠ ʢʘʢ Agilent 

Technologies (ʉʐɸ), Keysight Technologies (ʉʐɸ), ʄʠʢʨʘʥ (ʈʦʩʩʠʷ), 



 

Anritsu (ʗʧʦʥʠʷ). ʀʟʤʝʨʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʵʪʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʉɺʏ ʜʘʪʯʠʢʦʚ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʤʦʞʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ 

ʠʟʤʝʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʉɺʏ ʜʘʪʯʠʢʘ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʨʝʬʣʝʢʪʦʤʝʪʨ ʧʦʩʪʨʦʝʥ ʧʦ ʛʦʤʦʜʠʥʥʦʡ ʩʭʝʤʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ. ʈʝʬʣʝʢʪʦʤʝʪʨ ʩʦʩʪʦʠʪ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʙʣʦʢʦʚ: ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ (ʇʂ), ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, 

ʫʩʪʨʦʡʩʪʚʦ ʚʳʜʝʣʝʥʠʷ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ, ʛʝʥʝʨʘʪʦʨ ʥʘ ʦʩʥʦʚʝ 

ʩʠʥʪʝʟʘʪʦʨʘ ʯʘʩʪʦʪʳ ʠ ʧʨʠʝʤʥʠʢ ʥʘ ʦʩʥʦʚʝ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ. 

ɹʣʦʢ ʇʂ ʩʦʩʪʦʠʪ ʠʟ MATLAB, ʢʘʢ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ Arduino DUE, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪ ʨʘʙʦʪʦʡ ʩʠʥʪʝʟʘʪʦʨʘ 

ʯʘʩʪʦʪʳ, ʘ ʪʘʢʞʝ ʦʪʮʠʬʨʦʚʳʚʘʝʪ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʜʝʤʦʜʫʣʷʪʦʨʘ. 

ʉʠʥʪʝʟʘʪʦʨ ʯʘʩʪʦʪʳ ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʩʭʝʤʳ Analog Devices 

ADF4350. ɼʘʥʥʳʡ ʩʠʥʪʝʟʘʪʦʨ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʯʘʩʪʦʪʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 137,5 ʄɻʮ ʜʦ 4400ʄɻʮ. ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ ʜʝʤʦʜʫʣʷʪʦʨ 

ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ADL5380. ʅʘ ʜʝʤʦʜʫʣʷʪʦʨ ʧʨʠʭʦʜʠʪ ʦʨʠʛʠʥʘʣʴʥʳʡ 

ʩʠʛʥʘʣ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʝʤʳʡ (ʦʪʨʘʞʝʥʥʳʡ), ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʠʭ 

ʦʙʨʘʙʦʪʢʘ ʚ ʜʝʤʦʜʫʣʷʪʦʨʝ. ʇʦʩʢʦʣʴʢʫ ʩʠʛʥʘʣʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ 

ʯʘʩʪʦʪʫ, ʪʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʯʘʩʪʴ ʤʦʞʥʦ ʦʪʬʠʣʴʪʨʦʚʘʪʴ, ʘ ʧʦʩʪʦʷʥʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟ ʜʚʫʭ 

ʩʠʛʥʘʣʦʚ. ɼʘʣʝʝ ʧʦʩʣʝ ʫʩʠʣʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʮʠʬʨʦʚʦʡ ʚʠʜ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʙʣʦʢ ʇʂ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʚʳʚʦʜʘ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʉʭʝʤʘ ɺɸʎ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʙʨʵʛʛʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʳʧʦʣʥʝʥʥʦʡ ʚ 

ʚʠʜʝ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʩ ʥʝʧʣʘʥʘʨʥʦʡ ʬʦʨʦʡ ʧʨʦʚʦʜʥʠʢʘ. 

ɺ ʪʝʢʩʪʝ ʧʨʠʚʝʜʝʥʳ ʠʩʩʣʝʜʫʝʤʘʷ ʤʦʜʝʣʴ ʠ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

Abstract 

This paper presents the main results of modeling a periodic Bragg 

structure made in the form of a microstrip transmission line with a nonplanar 

conductor shape. The text contains the investigated model and its 

characteristics. 

 

ʉɺʏ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʦʙʱʠʪʴ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʩʪʨʫʢʪʫʨʳ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ, ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʚ 

ʪʝʦʨʠʠ ʠ ʪʝʭʥʠʢʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʠ ʠʟʣʫʯʘʶʱʠʭ ʩʠʩʪʝʤ. ʇʦʜʦʙʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ ʨʝʟʦʥʘʥʩʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʷʤʳʭ ʠ ʤʥʦʛʦʢʨʘʪʥʦ ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʬʠʣʴʪʨʫʶʱʠʭ 

ʩʭʝʤ, ʬʦʨʤʠʨʦʚʘʪʝʣʝʡ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʢ ʧʦʜʦʙʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʚʦʟʦʙʥʦʚʠʣʩʷ ʚ ʩʚʷʟʠ ʩ 

ʨʘʟʚʠʪʠʝʤ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ [1]. ɹʨʵʛʛʦʚʩʢʠʝ ʉɺʏ-

ʩʪʨʫʢʪʫʨʳ ï ʵʪʦ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʛʝʦʤʝʪʨʠʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʫʪʝʤ 



 

ʧʦʚʪʦʨʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠʣʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʦʜʥʦʤ, 

ʜʚʫʭ ʠʣʠ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ.  

ʇʦʣʦʩʢʦʚʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʣʠʥʠʷʤʠ ʧʝʨʝʜʘʯʠ. ʆʜʥʠ ʠʟ ʥʠʭ ʧʨʦʩʪʦʪʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʦʣʫʦʪʢʨʳʪʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ, ʩʧʦʩʦʙʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʣʦʩʢʠʝ ʦʙʲʝʢʪʳ [2]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʦʛʜʘ ʨʘʙʦʯʠʝ ʯʘʩʪʦʪʳ ʩʪʘʥʦʚʷʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤʠ (0,7-3 ɻɻʮ) ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʧʣʘʥʘʨʥʳʭ 

ʩʪʨʫʢʪʫʨ ʤʦʛʫʪ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʠʤʠ, ʚ ʩʚʷʟʠ ʩ ʧʨʷʤʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʨʘʙʦʯʝʡ ʜʣʠʥʳ ʚʦʣʥʳ. 

 
 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʥʝʧʣʘʥʘʨʥʦʡ ʙʨʵʛʛʦʚʩʢʦʡ ʉɺʏ-ʩʪʨʫʢʪʫʨʳ 

 

 
ʈʠʩ. 2. ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ ʥʝʧʣʘʥʘʨʥʦʡ ʙʨʵʛʛʦʚʩʢʦʡ ʉɺʏ-ʩʪʨʫʢʪʫʨʳ 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʝʧʣʘʥʘʨʥʦʡ ʧʦʣʦʩʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʦʡ ʫʤʝʥʴʰʝʥʠʝ 

ʧʨʦʜʦʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʦʣʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʣʠʥʠʠ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʳ CST 

Studio Suite, ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʦʣʥʦʡ ʤʦʜʝʣʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʜʘʯʠ ʠ ʦʪʨʘʞʝʥʠʷ ʚ ʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 13 ɻɻʮ, ʛʜʝ ʧʨʦʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʨʝʟʦʥʘʥʩʳ ʜʣʷ 

ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ. 2. 
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ɸʥʥʦʪʘʮʠ ̫

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʫʜʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʦʧʦʣʦʛʠʠ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʧʦʣʦʩʢʦʚʦʛʦ ʚʠʙʨʘʪʦʨʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤʘʭ ʥʘʚʠʛʘʮʠʠ.  

 

Abstract 

This article discusses the development of ship navigation systems, in 

particular the topology of the printed circuit board of a strip vibrator intended 

for use in ship navigation systems. 

 

ɻʨʘʥʠʮʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʤʳʚʘʶʪʩʷ 12 ʤʦʨʷʤʠ ʠʟ 

ʙʘʩʩʝʡʥʦʚ ʪʨʝʭ ʦʢʝʘʥʦʚ, ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʤʦʨʩʢʠʭ ʛʨʘʥʠʮ ʩʦʩʪʘʚʣʷʝʪ 38 000 

ʢʤ. ʌʣʦʪ ʈʦʩʩʠʠ ʟʘʥʠʤʘʝʪ 3% ʦʪ ʦʙʱʝʤʠʨʦʚʦʛʦ ʬʣʦʪʘ. ʕʪʘ ʩʪʘʪʠʩʪʠʢʘ 

ʦʙʥʘʞʘʝʪ ʧʨʦʙʣʝʤʳ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʥʘ ʚʦʜʥʳʭ ʧʨʦʩʪʦʨʘʭ. 

ʆʜʥʘʢʦ, ʚ ʪʨʝʪʴʝʤ ʢʚʘʨʪʘʣʝ 2020 ʛʦʜʘ ʈʦʩʩʠʷ ʧʦʪʝʩʥʠʣʘ ʂʠʪʘʡ ʠ 

ʟʘʥʷʣʘ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ ʦʙʲʝʤʘʤ ʩʫʜʦʩʪʨʦʝʥʠʷ, ʫʩʪʫʧʠʚ ʣʠʰʴ 

ʖʞʥʦʡ ʂʦʨʝʝ [1]. ʂʦʣʠʯʝʩʪʚʦ ʢʦʥʪʨʘʢʪʦʚ ʠ ʥʦʚʘʷ ʚʝʨʬʴ ñɿʚʝʟʜʘò ʜʘʶʪ 

ʧʦʥʷʪʴ ʦ ʨʝʰʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʘ ʠʩʧʨʘʚʠʪʴ ʩʠʪʫʘʮʠʶ ʩ ʪʨʘʥʩʧʦʨʪʦʤ ʥʘ 

ʤʦʨʝ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʦʮʝʩʩ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʣʠʰʴ ʥʘʙʠʨʘʝʪ ʦʙʦʨʦʪʳ, 

ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦʩʥʘʱʝʥʠʷ ʫʞʝ ʧʦʩʪʨʦʝʥʥʳʭ ʠ ʪʦʣʴʢʦ 



 

ʟʘʢʣʘʜʳʚʘʝʤʳʭ ʩʫʜʦʚ. ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʦʪʩʪʘʚʘʥʠʝ ʨʦʩʩʠʡʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʬʝʨʝ, ʛʜʝ ʧʨʦʮʝʥʪ ʠʤʧʦʨʪʦʟʘʚʠʩʠʤʦʩʪʠ 

ʥʝʦʙʳʯʥʦ ʚʳʩʦʢ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʘʥʪʝʥʥ - ʦʯʝʥʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʡ 

ʚʝʢʪʦʨ ʨʘʙʦʪʳ.   

ɸʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʘʥʪʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʦʙʟʦʨ ʦʙʰʠʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʙʨʘʙʦʪʢʫ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʩʠʛʥʘʣʦʚ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʠʝʤʣʝʤʦʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ [2].  

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʥʦʛʠʭ ʘʥʪʝʥʥ ʷʚʣʷʝʪʩʷ ʫʟʢʘʷ ʧʦʣʦʩʘ 

ʯʘʩʪʦʪ ʠʟʣʫʯʝʥʠʷ. ɼʘʥʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ 

ʬʨʦʥʪʘʣʴʥʘʷ ʩʪʦʨʦʥʘ ʠʟʣʫʯʘʪʝʣʷ ʚʳʧʦʣʥʝʥʘ ʚ ʬʦʨʤʝ ʤʝʘʥʜʨʘ ʩ ʨʘʚʥʳʤʠ 

ʩʪʦʨʦʥʘʤʠ, ʧʨʠʯʝʤ ʢʘʞʜʘʷ ʠʟ ʪʨʝʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʪʦʨʦʥ ʚʳʧʦʣʥʝʥʘ ʪʘʢʞʝ 

ʚ ʬʦʨʤʝ ʤʝʘʥʜʨʘ ʩ ʨʘʚʥʳʤʠ ʩʪʦʨʦʥʘʤʠ [3].  

ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʪʦʧʦʣʦʛʠʠ ʧʣʘʪʳ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʧʦʣʦʩʢʦʚʳʝ ʚʠʙʨʘʪʦʨʳ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʬʨʦʥʪʘʣʴʥʦʡ ʩʪʦʨʦʥʝ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʧʦʩʣʝ ʤʝʥʜʨʘ ʚʢʫʧʝ 

ʩ ʜʦʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʦʡ ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʦʚʦʜʷʱʠʭ ʜʦʨʦʞʝʢ ʢ ʬʠʜʝʨʫ 

ʥʘʧʨʷʤʫʶ ʯʝʨʝʟ ʰʪʳʨʴ, ʨʘʩʧʦʣʘʛʘʶʱʠʡʩʷ ʥʘ ʫʨʦʚʥʝ ʧʨʦʚʦʜʷʱʠʭ 

ʜʦʨʦʞʝʢ, ʜʘʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʫʶ ʪʦʧʦʣʦʛʠʶ ʧʝʯʘʪʥʦʛʦ ʚʠʙʨʘʪʦʨʘ.  

ɺ ʩʦʩʪʘʚʝ ʌɸʈ ʜʘʥʥʳʡ ʚʠʙʨʘʪʦʨ ʩʦʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʫ ʥʘʚʠʛʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʚ ʪʝʦʨʠʠ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʚʳʟʦʚʘʤ ʚʨʝʤʝʥʠ ʠ ʨʳʥʢʘ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʣʠʷʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ 

ʟʘ ʩʯʝʪ çʤʝʨʪʚʦʛʦè ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʚʳʭʦʜʥʦʛʦ ʢʘʩʢʘʜʘ ʫʩʠʣʠʪʝʣʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʦʣʫʤʦʩʪʦʚʦʛʦ ʚʳʭʦʜʥʦʛʦ ʢʘʩʢʘʜʘ ʫʩʠʣʠʪʝʣʷ, 

ʠʩʩʣʝʜʦʚʘʥʳ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ çʤʝʨʪʚʦʛʦè 

ʨʘʙʦʪʳ. 

 

Abstract 

The article discusses the influence of nonlinear distortion caused by the 

"dead" time of the output stage of the amplifier. The diagram of the half-bridge 

output stage of the amplifier is presented its characteristics are investigated 

depending on the change in the "dead" operation. 

 

1. ɺʚʝʜʝʥʠʝ 

ʋʩʠʣʠʪʝʣʴ ʢʜʘʩʩʘ ɼ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʂʇɼ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʫʩʠʣʠʪʝʣʝʡ ʢʣʘʩʩʦʚ A ʠ B. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ 

ʷʚʣʷʝʪʩʷ ʪʦ ʯʪʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʤʝʞʜʫ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ. ʊʘʢʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʤʘʣʦʡ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʩʣʝʜʩʪʚʠʠ ʪʦʛʦ ʯʪʦ ʪʦʢ 

ʯʝʨʝʟ ʟʘʢʨʳʪʳʡ ʚʳʭʦʜʥʦʡ ʪʨʘʥʟʠʩʪʦʨ ʥʝ ʧʨʦʪʝʢʘʝʪ, ʘ ʧʨʠ ʦʪʢʨʳʪʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚʳʭʦʜʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʪʦʢ-ʠʩʪʦʢ ʤʘʣʦ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʧʦʣʫʤʦʩʪʦʚʦʛʦ ʚʳʭʦʜʥʦʛʦ ʢʘʩʢʘʜʘ 



 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʦʣʫʤʦʩʪʦʚʘʷ ʩʭʝʤʘ ʫʩʠʣʠʪʝʣʷ ʢʣʘʩʩʘ 

ɼ. ʈʘʙʦʪʘ ʢʘʩʢʘʜʘ ʚ ʢʣʶʯʝʚʦʤ ʨʝʞʠʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʧʝʨʝʤʝʥʥʦʡ 

ʚʢʣʶʯʝʥʠʝ ʪʨʘʥʟʠʩʪʦʨʦʚ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʫʨʦʚʥʝʡ. ɺ ʦʪʢʨʳʪʦʤ 

ʨʝʞʠʤʝ ʪʨʘʥʟʠʩʪʦʨʳ ʠʤʝʶʪ ʦʯʝʥʴ ʤʘʣʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʧʦʵʪʦʤʫ 

ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʦʙʘ ʚʳʭʦʜʥʳʭ ʪʨʘʥʟʠʩʪʦʨʘ ʦʪʢʨʳʪʳ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ ʯʪʦ ʚʦʟʥʠʢʘʝʪ ʮʝʧʴ ʩ ʤʘʣʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʤʝʞʜʫ VDD 

ʠ VSS ʧʦ ʢʦʪʦʨʦʡ ʯʝʨʝʟ ʦʙʘ ʪʨʘʥʟʠʩʪʦʨʘ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʙʦʣʴʰʦʡ 

ʩʢʚʦʟʥʦʡ ʪʦʢ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʪʨʘʥʟʠʩʪʦʨʦʚ 

ʠʣʠ ʧʦʪʝʨʝ ʤʦʱʥʦʩʪʠ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʜʦʙʘʚʣʷʝʪʩʷ 

ʠʥʪʝʨʚʘʣ çʤʝʨʪʚʦʛʦè ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʫʩʠʣʠʪʝʣʷ, ʢʦʛʜʘ ʦʙʘ ʪʨʘʥʟʠʩʪʦʨʘ 

ʟʘʢʨʳʪʳ. 

 
ʈʠʩ.1 ï ʀʩʩʣʝʜʫʝʤʘʷ ʩʭʝʤʘ ʚʳʭʦʜʥʦʛʦ ʢʘʩʢʘʜʘ 

HO ï ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʦʤ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ; LO ï ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʘʥʟʠʩʪʦʨʦʤ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ; VS ï ʥʘʧʨʷʞʝʥʠʝ ʩʤʝʱʝʥʠʷ. 

 

ʇʨʠ ʚʥʝʩʝʥʠʠ çʤʝʨʪʚʦʛʦè ʚʨʝʤʝʥʠ ʚ ʨʘʙʦʪʫ ʚʳʭʦʜʥʦʛʦ ʢʘʩʢʘʜʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʥʘ ʚʳʭʦʜʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʚʝʣʠʯʠʥʝ çʤʝʨʪʚʦʛʦè ʚʨʝʤʝʥʠ 4 ʤʢʩ ʠ 6 ʤʢʩ. ʋʚʝʣʠʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʚʳʟʳʚʘʝʪ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ. ʋʨʦʚʝʥʴ 

ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʚʝʣʠʯʠʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺʚʦʜʠʤʦʝ ʤʝʨʪʚʦʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʙʦʷ 

ʚʳʭʦʜʥʦʛʦ ʢʘʩʢʘʜʘ ʠ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʤʝʨʪʚʦʛʦ 

ʚʨʝʤʝʥʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʠʤʧʫʣʴʩʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʦʜʥʦʛʦ ʠʟ ʨʘʜʠʘʣʴʥʳʭ 

ʢʦʥʪʫʨʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʚʘʣʘ ʥʘ ʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ 

ʨʦʪʦʨʥʳʭ ʤʘʰʠʥ. ɿʘʜʘʚʘʷʩʴ ʩʚʦʡʩʪʚʘʤʠ ʢʦʥʪʫʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʩʠʥʪʝʟ ʨʝʛʫʣʷʪʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ ʤʝʪʦʜʘ.  

 

Abstract 

The article presents the program model of a radial control loop that is 

part of the active magnetic bearing control system for rotary machines. The 

model is aimed to synthesize the controller on the basis of predefined 

requirements for the entire control loop. The polynomial method of synthesis is 

implemented in the model.  

 

1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʨʝʩʩʦʨʥʦʡ 

ʪʝʭʥʠʢʠ ʠ ʤʝʭʘʪʨʦʥʠʢʠ ʚ ʮʝʣʦʤ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ 

ʘʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ ʚʟʘʤʝʥ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʘʤʦʨʪʠʟʘʮʠʠ. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʘʢʪʠʚʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʜʚʝʩʦʤ ʠ ʩʠʥʪʝʟ ʨʝʛʫʣʷʪʦʨʦʚ, ʦʪʚʝʯʘʶʱʠʭ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʨʦʪʦʨʥʦʡ ʤʘʰʠʥʳ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ [1]. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʢʦʥʪʫʨʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʩʠʥʪʝʟ ʨʝʛʫʣʷʪʦʨʘ ʚʳʧʦʣʥʝʥʳ ʚ ʩʨʝʜʝ LabVIEW ʩ 



 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʘ Design, Control & Simulation. 

2. ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʩʠʥʪʝʟ ʨʝʛʫʣʷʪʦʨʘ  

ʄʦʜʝʣʴ ʢʦʥʪʫʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ɿʥʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ὡ̏ ὴ̑ 

ʠ ʟʘʜʘʚʰʠʩʴ ʞʝʣʘʝʤʳʤὡ̋ ὴȟʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ 

ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʨʝʛʫʣʷʪʦʨʘ 

ὡ̑ ̆ὴ̄
ὡ̏ ὴ̑ ὡ̋ ὴ

ὡ̏ ὴ̑ὡ̋ ὴ
Ȣ 

(

(1) 

ʉʦʛʣʘʩʥʦ (1), ʩʠʥʪʝʟ ʨʝʛʫʣʷʪʦʨʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʨʠ ʟʘʜʘʥʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʥʪʫʨʘ ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ὡ̋ ὴ, ʘ ʟʘʪʝʤ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʟʚʝʥʘ 
ὡ̋ ὴ. ɻʨʘʬʠʢʠ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʵʪʠʭ ʩʣʫʯʘʝʚ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. 

  
ʈʠʩ. 1 ï ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ: 

 ï ʜʣʷ ὡ̋ ὴ;  ï ʜʣʷ ὡ̋ ὴ 

 

ʉʦʛʣʘʩʥʦ ʧʦʢʘʟʘʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʧʦʣʫʯʝʥʳ ʨʝʛʫʣʷʪʦʨʳ 

ʀɼɼ-ʪʠʧʘ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɼʘʣʝʝ, ʧʨʠʤʝʥʷʷ 

ʙʠʣʠʥʝʡʥʦʝ z-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʧʦʣʫʯʝʥʥʳʡ ʨʝʛʫʣʷʪʦʨ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʨʝʢʫʨʩʠʚʥʳʡ ʬʠʣʴʪʨ.  

3. ɿʘʢʣʶʯʝʥʠʝ 

ɿʘʜʘʚʘʷʩʴ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ʟʚʝʥʘ ὡ̋ ὴȟ ʥʘʠʣʫʯʰʠʤ 
ʦʙʨʘʟʦʤ ʦʧʠʩʳʚʘʶʱʝʡ ʢʦʥʪʫʨ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʠ, ʠʩʧʦʣʴʟʫʷ 

ʧʦʣʠʥʦʤʠʘʣʴʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ, ʤʦʞʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦ ʚʳʧʦʣʥʠʪʴ 

ʩʠʥʪʝʟ ʨʝʛʫʣʷʪʦʨʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʥʮʠʧʳ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʜʘʪʯʠʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʘʥʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʣʦʥʞʝʨʦʥʘ (Al2O3) ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʸʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ 

ʤʘʪʝʨʠʘʣʘ ɼ16 ʊ. 

 

Abstract 

The paper presents the principles of modeling of the eddy current sensor 

for measuring the thickness of the anode (Al2O3) coating of the helicopter 

main rotor spar made of ɼ16 ʊ material. 

 

1. ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʃʦʥʞʝʨʦʥ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʸʪʘ ï ʵʪʦ ʦʩʥʦʚʥʦʡ ʧʨʦʜʦʣʴʥʳʡ 

ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ ʣʦʧʘʩʪʠ, ʢ ʢʦʪʦʨʦʡ, ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ, 

ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʨʷʜ ʤʝʭʘʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. ɼʣʷ ʧʨʠʜʘʥʠʷ ʪʚʸʨʜʦʩʪʠ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʥʘ ʣʦʥʞʝʨʦʥ ʥʘʥʦʩʷʪ ʘʥʦʜʥʦʝ ʧʦʢʨʳʪʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ, 

ʠʟʤʝʨʷʶʱʝʡ ʪʦʣʱʠʥʫ ʘʥʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ [1]. 

2. ʅʝʜʦʩʪʘʪʢʠ 

ɺʠʭʨʝʪʦʢʦʚʳʡ ʢʦʥʪʨʦʣʴ ʦʯʝʥʴ ʫʜʦʙʝʥ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʦʜʥʘʢʦ, ʦʙʣʘʜʘʝʪ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʘʥʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ ʥʝ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʤʝʶʱʝʡ ʚ ʩʝʯʝʥʠʠ ʩʣʦʞʥʳʡ ʢʦʥʪʫʨ. 

ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ, ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʠʤʠ 



 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʦʯʥʦʩʪʠ, ʙʦʣʴʰʠʤʠ ʦʙʲʸʤʘʤʠ ʠʟʤʝʨʝʥʠʡ ʠ ʚʦʟʤʦʞʥʳʤ 

ʜʦʩʪʫʧʦʤ ʪʦʣʴʢʦ ʢ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʠʥʥʦʛʦ (ʙʦʣʝʝ 7 ʤ) 

ʣʦʥʞʝʨʦʥʘ [4].  

3. ʋʩʪʨʘʥʝʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʫʩʪʨʘʥʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ 

ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʩʩʤʦʪʨʠʤ ʩʫʱʝʩʪʚʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʜʝʣ ʚ ʫʢʘʟʘʥʥʦʡ 

ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʝʨʚʦʝ ʨʝʰʝʥʠʝ ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʢʘʨʘʥʜʘʰʥʦʛʦ ʪʠʧʘ ʩ ʪʦʥʢʠʤ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʩʪʝʨʞʥʝʤ [2], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʝʥʝʙʨʝʯʴ ʩʣʦʞʥʦʡ 

ʛʝʦʤʝʪʨʠʝʡ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. ɺʪʦʨʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʥʦʛʦʯʘʩʪʦʪʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʦʜʦʛʨʘʬʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʠʭʨʝʪʦʢʦʚʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʧʨʝʜʩʪʘʚʣʷʝʤʦʤ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʦʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ ʠʥʜʫʢʪʠʚʥʦʡ ʩʧʠʨʘʣʠ, ʥʘʥʝʩʸʥʥʦʡ ʥʘ 

ʛʠʙʢʫʶ ʧʦʜʣʦʞʢʫ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʤ ʪʝʟʠʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ ʦʙʲʝʤʥʦʛʦ 

ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʜʢʦʩʪʝʡ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʉɺʏ ʜʘʪʯʠʢʘ, 

ʠʩʩʣʝʜʦʚʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʨʘʟʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ 

ʯʘʩʪʦʪʘʭ. 

 

Abstract 

In this thesis discusses the method of creating a volumetric ring 

resonator for determining the characteristics of liquids based on striped 

transmission lines.  The model of the microwave sensor is presented, the 

distribution of the electric field on different resonant frequencies is 

investigated. 

 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʦʪʝʭʥʠʢʠ ʉɺʏ ʷʚʣʷʝʪʩʷ 

ʨʝʟʦʥʘʪʦʨ. ʆʙʲʝʤʥʳʡ ʢʦʣʴʮʝʚʦʡ ʨʝʟʦʥʘʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥ ʢʘʢ ʥʘ 

ʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯ, ʪʘʢ ʠ ʥʘ ʢʦʤʧʣʘʥʘʨʥʦʡ ʣʠʥʠ ʧʝʨʝʜʘʯʠ. 

ʆʙʲʝʤʥʳʡ ʢʦʣʴʮʝʚʦʡ ʨʝʟʦʥʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʤʢʥʫʪʫʶ 

ʧʦʣʦʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʪʝʥʢʘʤʠ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ 

ʩʫʱʝʩʪʚʫʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ.  

1. ʄʦʜʝʣʴ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʜʘʪʯʠʢʘ 



 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʩʦʟʜʘʥʠʷ ʦʙʲʝʤʥʦʛʦ 

ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʥʘ ʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʷʭ ʧʝʨʝʜʘʯʠ, ʧʨʠʯʝʤ 

ʧʦʣʦʩʢʦʚʳʝ ʣʠʥʠʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʜʠʵʣʝʢʪʨʠʢʘ. ʉɺʏ 

ʜʘʪʯʠʢ ʩʦʩʪʦʠʪ ʠʟ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʞʠʜʢʦʩʪʠ. 

 
 

ʇʦʜʦʙʨʘʚ ʧʦʜʭʦʜʷʱʠʡ ʜʠʵʣʝʢʪʨʠʢ ʩ ᴊ=10 ʠ ʠʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 
ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ S21, ʤʳ ʤʦʞʝʤ ʟʘʤʝʪʠʪʴ ʜʚʘ 

ʨʝʟʦʥʘʥʩʘ.  

 
 

ʅʘʡʜʷ ʠʭ ʯʘʩʪʦʪʫ, ʤʳ ʩʤʦʛʣʠ ʫʚʠʜʝʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʩʘʤʦʡ ʚʳʨʘʞʝʥʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 

(f=1.8175) 

 
 

 



 

2. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʩʪʘʪʴʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘ 

ʯʘʩʪʦʪʝ ʨʘʚʥʦʡ 1,8175 ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʨʝʟʝʨʚʫʘʨʘ ʚʥʫʪʨʠ 

ʨʝʟʦʥʘʪʦʨʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʜʘʣʴʥʝʡʰʠʡ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʞʠʜʢʦʩʪʠ 

ʪʦʞʝ ʙʫʜʝʪ ʙʦʣʝʝ ʪʦʯʝʥ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʞʠʜʢʠʭ ʠ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʨʝʜʘʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʤʢʥʫʪʳʭ 

ʠʥʜʫʢʮʠʦʥʥʳʭ ʪʦʢʦʚ (ʪʦʢʦʚ ʌʫʢʦ), ʦʧʠʩʘʥ ʧʨʠʥʮʠʧ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʝʛʦ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

 

Abstract 

The article discusses a method for measuring pressure in liquid and 

gaseous media, based on the registration of closed induction currents (Foucault 

currents), describes the principle of this method, its advantages and 

disadvantages. 

 

1. ɺʚʝʜʝʥʠʝ 

ʇʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʘʚʣʝʥʠʠ ʚ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʩʨʝʜʘʭ ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʠʜʦʚ ʥʘʫʯʥʦʛʦ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠʛʨʘʝʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʚ ʌʝʜʝʨʘʣʴʥʦʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʬʦʥʜʝ. 

2. ɸʥʘʣʠʟ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʅʘ ʬʠʢʩʠʨʦʚʘʥʠʠ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʦʩʫʱʝʩʪʚʣʸʥ ʠʥʜʫʢʮʠʦʥʥʳʡ 

ʤʝʪʦʜ. ʏʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʠʤʝʝʪ ʜʚʝ ʢʘʪʫʰʢʠ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʝʥʳ 

ʵʢʨʘʥʦʤ ʠʟ ʤʝʪʘʣʣʘ. ɿʘʨʷʜ ʠ ʨʘʟʨʷʜ ʚ ʢʘʪʫʰʢʘʭ ʚʦʟʥʠʢʘʝʪ ʯʝʨʝʟ ʦʜʥʦ ʠ ʪʦ 



 

ʞʝ ʚʨʝʤʷ (ʧʨʦʤʝʞʫʪʦʢ), ʪʘʢ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʢʘʪʫʰʢʘʭ. ʂʦʛʜʘ ʥʝʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ, ʪʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʦʧʨʝʜʝʣʷʝʪ ʦʪʢʣʦʥʝʥʠʝ ʤʝʤʙʨʘʥʳ. ɽʩʣʠ ʤʝʤʙʨʘʥʘ 

ʩʤʝʱʘʝʪʩʷ, ʪʦ ʧʦʷʚʣʷʝʪʩʷ ʪʦʢ ʚ ʛʣʘʚʥʦʡ ʢʘʪʫʰʢʝ, ʵʪʦ ʤʝʥʷʝʪ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʂʦʛʜʘ ʧʦʢʘʟʘʪʝʣʠ ʛʣʘʚʥʦʡ ʢʘʪʫʰʢʠ ʦʪʢʣʦʥʷʶʪʩʷ, 

ʪʦ ʤʦʞʥʦ ʜʘʚʣʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ, 

ʢʦʪʦʨʳʡ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʧʨʠʣʦʞʝʥʥʦʤʫ ʜʘʚʣʝʥʠʶ. 

ʋ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ ʝʩʪʴ ʤʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʥʘʧʨʠʤʝʨ: ʚʳʯʠʩʣʷʪʴ 

ʥʠʟʢʠʝ ʠʟʙʳʪʦʯʥʳʝ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ, ʭʦʨʦʰʘʷ ʪʦʯʥʦʩʪʴ ʠ 

ʥʝʙʦʣʴʰʘʷ ʧʨʠʚʷʟʘʥʥʦʩʪʴ ʢ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʋ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ ʝʩʪʴ ʠ ʜʨʫʛʘʷ ʩʪʦʨʦʥʘ, ʥʘʧʨʠʤʝʨ: ʦʱʫʪʠʤʦʩʪʴ ʢ 

ʤʘʛʥʠʪʥʳʤ ʷʚʣʝʥʠʷʤ, ʪʘʢ ʢʘʢ ʝʩʪʴ ʢʘʪʫʰʢʠ, ʘ ʦʥʠ ʦʙʨʘʟʫʶʪ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʠʥʜʫʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʠʟʤʝʨʷʪʴ ʥʠʟʢʠʝ 

ʠʟʙʳʪʦʯʥʳʝ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ, ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ ʠ 

ʥʝʙʦʣʴʰʫʶ ʧʨʠʚʷʟʘʥʥʦʩʪʴ ʢ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʷʤʦʭʘʪʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʦʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ  ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʩ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ. 

 

Abstract 

The article discusses the structure and principles of building wireless 

sensor networks using chaotic transceivers. A comparison of chaotic signals 

with classical systems with a wide frequency range is presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ɹʝʩʧʨʦʚʦʜʥʘʷ ʩʝʥʩʦʨʥʘʷ ʩʝʪʴ (ɹʉʉ - Wireless Sensor Networks) - 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʤʧʘʢʪʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

ʩʝʥʩʦʨʥʳʭ ʫʟʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠ 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʩʝʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ. 

ɺ ʦʩʥʦʚʫ ʧʨʷʤʦʭʘʦʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʧʦʣʦʞʝʥ ʧʨʠʥʮʠʧ, ʢʦʛʜʘ 

ʥʝʩʫʱʠʡ ʭʘʦʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʛʝʥʝʨʠʨʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʣʦʩʝ 

ʯʘʩʪʦʪ ʢʘʥʘʣʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

2. ʉʪʨʫʢʪʫʨʘ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʷʤʦʭʘʦʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ 

ʇʨʷʤʦʭʘʦʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʧʦ ʧʨʠʥʮʠʧʫ ad-hoc ʩʝʪʠ. 

ʇʨʷʤʦʭʘʦʪʠʯʝʩʢʠʝ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 



 

Å 

Å 

ʦʢʦʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪ.ʝ. ʪʦʣʴʢʦ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʫʟʣʦʚ, ʪ.ʝ. ʢʘʢ ʧʝʨʝʜʘʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʧʘʢʝʪʳ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʩʦʙʠʨʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʠ ʨʝʪʨʘʥʩʣʠʨʦʚʘʪʴ ʝʝ ʧʦ ʩʝʪʠ ʜʘʣʴʰʝ, ʜʦ ʢʦʦʨʜʠʥʘʪʦʨʘ 

ʩʝʪʠ. 

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʘ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ. 

 

ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʠʤʝʶʪ ʚʩʝʛʦ ʪʨʠ ʫʧʨʘʚʣʷʝʤʳʭ ʩʚʦʡʩʪʚʘ 

(ʘʤʧʣʠʪʫʜʘ, ʬʘʟʘ ʠ ʯʘʩʪʦʪʘ). ʋ ʠʩʪʦʯʥʠʢʦʚ ʭʘʦʩʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʤʝʝʪʩʷ 

ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʩʭʝʤ ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʭʘʦʪʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ. ʍʘʦʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ, ʘ 

ʪʘʢʞʝ ʙʦʣʴʰʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʟʢʦʧʦʣʦʩʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ. ʐʠʨʦʢʘʷ ʧʦʣʦʩʘ ʯʘʩʪʦʪ ʥʝʩʫʱʝʡ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʮʝʣʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʘʦʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʤʝʞʫʟʣʦʚʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʷʭ ʚʳʛʣʷʜʠʪ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ: 

¶ ɺʳʩʦʢʠʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʝʘʣʴʥʳʭ ʢʘʥʘʣʘʭ 

ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʣʫʯʝʚʳʭ ʠʩʢʘʞʝʥʠʡ; 

¶ ɺʳʩʦʢʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ 

¶ ʆʪʩʫʪʩʪʚʠʝ ʤʝʞʫʟʣʦʚʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʫʝʪ ʚ 

ʫʟʢʦʧʦʣʦʩʥʳʭ ʩʠʩʪʝʤʘʭ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠ ʫʛʣʘ ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʪʘʪʠʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ. 

 

Abstract 

The paper discusses the main errors that affect the accuracy of 

measuring the magnitude and angle of the direction of the air flow. The 

analysis of the static and dynamic accuracy of the measuring channel is carried 

out. 

 

1. Introduction 

Nowadays, more and more often helicopters are used to solve certain 

issues of military tasks or tasks of a civilian nature, rather than small-sized 

aircraft. In this regard, increasing safety and minimizing emergency situations 

has a fundamental goal in the design and production of Russian helicopter 

technology. One of the main problems in measuring the true airspeed and slip 

angle is the presence of errors [1]. 



 

2. Analysis of static and dynamic errors 

To calculate the static error, it is necessary to determine the 

requirements for the sensors of primary information, channels for converting 

and processing information, therefore, their root-mean-square values of random 

errors. 

The variance of the total static error of the channel being designed is 

determined from the real values of the random errors of the primary 

information sensors, the analog-to-digital converter and the information 

processing device. 

Then it is necessary to determine the variance of the total dynamic error 

of the measuring channel. The solution of this problem is carried out using the 

equation of variance of a random dynamic error and its reduction to a tabular 

integral. Next, we determine the dynamic error of the unoptimized channel 

(before filtering): 
222

ʚʩ sss +=S  (1) 

Where 22
ʚ

ʠ
ʩ
ss  are the variances of the intrinsic and forced 

components of the error of the unoptimized channel. 
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The calculation 
22
ʚ

ʠ
ʩ
ss  of the variance of the intrinsic and forced 

components of the error is made separately. 

The variance of the intrinsic component of the error of the unoptimized 

channel is found as follows: 
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To find the dispersion of the forced component of the error of the 

unoptimized channel, we will carry out the following calculations: 
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As a result of the calculation, we obtain the total variance of the error of 



 

the unoptimized true airspeed channel and the slip angle. 

3. Conclusion 

Calculations of the main components of the measuring channel errors 

have been made. The dynamic accuracy of the measuring channel can be 

increased by using optimal line filters. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʧʦ ʜʚʫʭʯʘʩʪʦʪʥʳʤ ʢʦʜʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ. ɺʦʟʤʫʱʝʥʠʷ ʚ 

ʠʦʥʦʩʬʝʨʝ ʚʳʷʚʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʧʦ ʚʘʨʠʘʮʠʷʤ ʧʦʣʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

 

Abstract 

The article discusses a method for determining the total electronic 

content from two-frequency code measurements. Disturbances in the 

ionosphere are identified using data on variations in total electron content. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ 

ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʧʫʪʥʠʢʦʚʳʝ 

ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ/GPS.  

ʈʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʯʝʨʝʟ ʟʝʤʥʫʶ ʘʪʤʦʩʬʝʨʫ, ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʡ 

ʩʠʛʥʘʣ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʣʠʷʥʠʶ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʩʠʛʥʘʣʘ ʦʢʘʟʳʚʘʝʪ ʚʝʨʭʥʷʷ ʯʘʩʪʴ 

ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ï ʠʦʥʦʩʬʝʨʘ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, 

ʦʧʨʝʜʝʣʷʶʱʝʡ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ (ʇʕʉ) ʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʝ 



 

ʚʜʦʣʴ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  

2. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦ 

ʜʚʫʭʯʘʩʪʦʪʥʳʤ ʢʦʜʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ 

ʇʦʣʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦ ʜʘʥʥʳʤ 

ʢʦʜʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʠ ʥʘ ʜʚʫʭ ʯʘʩʪʦʪʘʭ. ɻʨʫʧʧʦʚʦʡ ʧʫʪʴ 

ʨʘʜʠʦʚʦʣʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

ὖȟ ὧ†ȟ  ᷿ ὲȟὨί   (1) 

ʛʜʝ ὖȟ ʛʨʫʧʧʦʚʦʡ ʧʫʪʴ ʜʣʷ ʯʘʩʪʦʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Ὢ ʠ ὪȠ †ȟ  ï ʚʨʝʤʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ; ὲȟ ὲȟ Ὢȟ
ȟ

ȟ
 - ʛʨʫʧʧʦʚʦʡ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʠʦʥʦʩʬʝʨʝ ʩʠʛʥʘʣʦʚ Ὢ ʠ Ὢ. ʋʯʠʪʳʚʘʷ ʚʳʨʘʞʝʥʠʝ: 

ὲȟ ρ  
Ȣ

ȟ
    (2) 

ʇʦʣʫʯʘʝʤ: 

ὲȟ ρ  
Ȣ

ȟ
    (3) 

ʀʩʧʦʣʴʟʫʷ (1) ʠ (3) ʥʝʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʇʕʉ 

ʧʦ ʜʚʫʭʯʘʩʪʦʪʥʳʤ ʢʦʜʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ: 

Ὅ
Ȣ

ὖὖ „ὖ  (4) 

ʛʜʝ „ὖ ï ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʡ ʜʘʣʴʥʦʩʪʠ ʧʦ P ʢʦʜʫ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭʯʘʩʪʦʪʥʳʭ ʢʦʜʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʇʕʉ. ʆʜʥʘʢʦ ʫʨʦʚʝʥʴ ʰʫʤʘ ʧʨʠ 

ʪʘʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʇʕʉ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ ʚʳʜʝʣʝʥʠʝ ʚʦʟʤʫʱʝʥʠʡ ʇʕʉ ʠ ʧʦʟʚʦʣʷʝʪ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʣʠʰʴ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʝ ʚʘʨʠʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʯʝʪʘ ʇʕʉ ʧʦ 

ʜʚʫʭʯʘʩʪʦʪʥʳʤ ʬʘʟʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Ionospheric total electron content perturbations monitored by the GPS 

global network during two northern hemisphere winter storms / C. M. Ho, B. A. 

Iijima, X. P. Lindqwister, A. J. Mannucci, L. Sparks, M. J. Reyes, B. D. Wilson // 

J. Geophys. Res. ï 1998. ï Vol. 103, N A11. ï P. 26409ï26420. 

2. Afraimovich, E. L. Traveling wave packets of total electron content 

disturbances as dedused from global GPS network data / E. L. Afraimovich, N. P. 

Perevalova, S. V. Voeykov // J. Atmos. Solar-Terr. Phys. ï 2003. ï Vol. 65, N 

11/13. ï P. 1245ï1262.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʩʪʘʨʝʥʠʷ ʦʣʠʚʢʦʚʦʛʦ ʤʘʩʣʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ 

ʣʫʯʝʡ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʧʨʦʮʝʜʫʨʝ ʢʘʣʠʙʨʦʚʢʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʉɺʏ ʜʘʪʯʠʢʘ 

ʜʣʷ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʜʝʛʨʘʜʘʮʠʠ ʦʣʠʚʢʦʚʦʛʦ ʤʘʩʣʘ. 

 

Abstract 

In this paper, we consider the technique of artificial aging of olive oil by 

exposure to ultraviolet rays, used in the calibration procedure of a resonant 

microwave sensor to monitor the level of degradation of olive oil. 

 

ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʋʌ ʩʚʝʪʘ ʷʚʣʷʝʪʩʷ 

ʫʜʦʙʥʳʤ, ʥʝʨʘʟʨʫʰʘʶʱʠʤ, ʙʳʩʪʨʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʢʘʣʠʙʨʦʚʢʠ ʜʘʪʯʠʢʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʦʣʠʚʢʦʚʦʛʦ ʤʘʩʣʘ.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʘʤʝʨʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ, ʢʘʤʝʨʘ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʙʳʣʘ ʩʜʝʣʘʥʘ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʦʪ ʚʥʝʰʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʈʠʩ.1). ɺʥʫʪʨʝʥʥʷʷ ʩʪʦʨʦʥʘ 

ʢʦʨʦʙʢʠ ʙʳʣʘ ʦʩʥʘʱʝʥʘ ʩʚʝʪʦʦʪʨʘʞʘʶʱʠʤ ʧʦʢʨʳʪʠʝʤ. ʕʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʣʫʯʝʥʥʳʡ ʦʪ ʣʘʤʧʳ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʩʚʝʪ ʤʦʛ 



 

ʦʪʨʘʞʘʪʴʩʷ ʦʪ ʩʪʝʥʦʢ ʢʘʤʝʨʳ ʠ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʦʙʣʫʯʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ 

ʚʥʫʪʨʴ ʦʙʨʘʟʮʳ ʤʘʩʣʘ. ɼʣʷ ʦʙʣʫʯʝʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʋʌ ʣʘʤʧʘ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 365 ʥʤ. 

ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʩʚʝʪ ʠʤʝʝʪ ʥʘʛʨʝʚʘʪʝʣʴʥʦʝ ʩʚʦʡʩʪʚʦ, ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʠʟʤʝʥʝʥʠʶ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʢʘʤʝʨʳ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʵʪʦʛʦ, ʥʘ 

ʚʝʨʭʥʝʡ ʩʪʝʥʢʝ ʢʘʤʝʨʳ ʙʳʣʦ ʩʜʝʣʘʥʦ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʛʦʨʷʯʝʛʦ 

ʚʦʟʜʫʭʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʝʥʪʠʣʷʪʦʨʘ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʚʥʫʪʨʝʥʥʝʡ 

ʩʨʝʜʳ ʢʘʤʝʨʳ ʚ ʥʝʡ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ. 

ɼʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ, ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ (ʈʠʩ. 3). 

   
ʘ   ʙ 

ʈʠʩ. 1 ï ʋʌ ʢʘʤʝʨʘ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʦʣʠʚʢʦʚʦʛʦ ʤʘʩʣʘ (ʘ) ʠ ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʘʥʦʚʢʦʡ (ʙ) 

 

ʇʦʣʫʯʝʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʣʘʞʥʦʩʪʠ 

ʩʦʭʨʘʥʷʣʠʩʴ ʚ ʚʠʜʝ ʪʘʙʣʠʮʝ ʚ ʧʨʦʛʨʘʤʤʝ Microsoft Excel ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʈʠʩ. 4). 

ɼʣ̫ ʢʦʤʤʫʪʘʮʠʠ Arduino ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʫʣʴ 

Microsoft Excel ʥʘʟʳʚʘʝʤʳʡ PLX DAQ UI ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 5. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʤʘʩʣʘ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʜʝʛʨʘʜʘʮʠʠ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʥʦʛʦ 

ʉɺʏ-ʜʘʪʯʠʢʘ (ʈʠʩ. 6ʘ). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʝʟʦʥʘʥʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʜʘʯʠ (ʈʠʩ.7ʘ), ʛʜʝ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʩʜʚʠʛ ʨʝʟʦʥʘʥʩʥʦʡ ʢʨʠʚʦʡ ʜʣʷ ʤʘʩʝʣ ʩ ʨʘʟʣʠʯʥʳʤ 

ʚʨʝʤʝʥʝʤ ʵʢʩʧʦʟʠʮʠʠ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʝ. 

 



 

 
ʘ     ʙ 

ʈʠʩ. 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʉɺʏ-ʜʘʪʯʠʢʘ (ʘ) ʠ ʨʝʟʦʥʘʥʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʪʯʠʢʘ ʜʣʷ 

ʦʙʨʘʟʮʘ ʙʝʟ ʦʙʣʫʯʝʥʠʷ ʠ ʩ ʦʙʣʫʯʝʥʠʝʤ ʚ ʪʝʯʝʥʠʠ 24 ʯʘʩʦʚ (ʙ)  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʠʟʚʝʜʝʥ ʦʙʟʦʨ ʪʝʭʥʦʣʦʛʠʠ LoRaWAN. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢ ʞʝ 

ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʫʣʝʡ ʨʘʜʠʦʩʚʷʟʠ Acsip S76G. 

 

Abstract 

This article provides an overview of LoRaWAN technology. The 

advantages and disadvantages of the technology are analyzed, as well as testing 

of the Acsip S76G radio communication modules. 

 

1.ɺʚʝʜʝʥʠʝ. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʥʘʣʘʤ ʩʚʷʟʠ - ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ, ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ. ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʯʘʶʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ 

ʩʝʪʠ ʜʘʣʴʥʝʛʦ ʜʝʡʩʪʚʠʷ (LPWAN) - ʙʝʩʧʨʦʚʦʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. 

ʅʘʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ - ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ LoRa ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ 

LPWAN. 

2.ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ɹʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʦʜʫʣʴ ʨʘʜʠʦʩʚʷʟʠ LoRa Acsip S76G. ʆʩʥʦʚʥʳʝ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ: ʘʥʘʣʠʟ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ, ʩʠʥʪʝʟ, ʵʢʩʧʝʨʠʤʝʥʪ. 

ʊʝʭʥʦʣʦʛʠʷ LoRa ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʦʪʦʢʦʣʘʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨʘʭ: 

ʟʚʝʟʜʘ, ʪʦʯʢʘ, ʪʦʯʢʘ-ʪʦʯʢʘ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʨʝʰʝʥʠʝʤ 



 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ LoRa ʚ LPWAN ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʘ 

LoRaWAN. 

LoRa ʠʩʧʦʣʴʟʫʝʪ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ, ʨʘʟʨʝʰʝʥʥʳʡ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʉʠʩʪʝʤʳ LoRa ʩʫʱʝʩʪʚʫʶʪ ʜʣʷ 

ʜʠʘʧʘʟʦʥʦʚ 433 ʠ 868 ʄɻʮ, ʥʦ ʯʘʩʪʦʪʳ 868 ʄɻʮ ʙʦʣʝʝ ʩʚʦʙʦʜʥʳ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳ.  

LoRa ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʦʡ ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ʥʘ ʦʪʢʨʳʪʦʡ 

ʤʝʩʪʥʦʩʪʠ (ʜʦ 15 ʢʤ), ʘ ʪʘʢʞʝ ʚʳʩʦʢʫʶ ʧʨʦʥʠʢʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʪʘʢ 

ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʧʦʩʪʫʧʘʪʴ ʦʪ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ. ɺ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ʟʘʤʝʪʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1-6 ʢʤ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʟʘʩʪʨʦʡʢʠ. 

ʄʦʜʫʣʴ Acsip S76G - ʵʪʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ 

RF-ʤʦʜʫʣʝ SX1276 ʠ ʧʨʦʪʦʢʦʣʝ STM32F0. ʄʦʜʫʣʴ ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 137 ʄɻʮ ʜʦ 1020 ʄɻʮ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

STLinkV2 ʠʣʠ ʧʦʜʦʙʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʄʦʜʫʣʴ ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʠ LoRa ʠ LoRa-WAN. 

ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʤʦʜʫʣʝʡ ʨʘʜʠʦʩʚʷʟʠ Acsip S76G ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʨʝʞʠʤ ʪʦʯʢʘ-ʪʦʯʢʘ ʥʘ ʯʘʩʪʦʪʝ 868 ʄɻʮ. ʋʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʜʘʣʴʥʦʩʪʴ 

ʩʚʷʟʠ, ʨʘʚʥʫʶ 12 ʢʤ. ʧʦ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ 

ʪʝʩʪʠʨʦʚʘʥʠʠ ʦʢʘʟʘʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ ʦʪʢʨʳʪʳʭ ʧʣʦʱʘʜʦʢ ʜʦʩʪʘʪʦʯʥʦʡ 

ʜʣʠʥʳ. 

3.ɿʘʢʣʶʯʝʥʠʝ. 

ʇʨʠ ʧʨʦʚʝʨʢʝ ʩʚʷʟʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʥʘʜʝʞʥʫʶ ʜʘʣʴʥʦʩʪʴ ʩʚʷʟʠ, ʨʘʚʥʫʶ 5ʢʤ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʣʘ 1200 ʙʘʡʪ/ʩ. ʕʪʦʡ ʩʢʦʨʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʨʦʩʘ 

ʙʦʣʴʰʠʥʩʪʚʘ ʫʩʪʨʦʡʩʪʚ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪ ʨʘʟʨʘʙʦʪʢʠ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʚʦʣʥʦʚʳʭ 

ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ. ʇʨʠʚʝʜʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢ ʞʝ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

Abstract 

The report discusses the result of the development of a device to 

measure the parameters of microwave metamaterials. The design of the device 

is presented. As well as the calculation results performed in electromagnetic 

modeling software package. 

 

1. ɺʚʝʜʝʥʠʝ 

ʄʠʢʨʦʚʦʣʥʦʚʳʝ ʤʝʪʘʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠ ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʨʝʜʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʫʩʣʦʚʝʥʥʳʤʠ ʥʝ ʩʪʦʣʴʢʦ 

ʩʚʦʡʩʪʚʘʤʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʵʣʝʤʝʥʪʦʚ, ʩʢʦʣʴʢʦ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʩʦʟʜʘʥʥʳʤʠ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʫʩʪʨʦʡʩʪʚʘ 



 

ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ. 

2. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʚʦʣʥʦʚʦʜʘ 

ʄʝʪʘʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʢʦʤʧʦʟʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʦʩʥʦʚʥʦʤ ʪʨʝʙʫʶʪʩʷ ʙʦʣʴʰʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʦʚ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʙʝʛʘʪʴ ʢ ʠʟʤʝʨʝʥʠʷʤ ʚ 

ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʤʝʨʘʤʠ ʫʩʪʘʥʦʚʢʠ ʠ ʚʣʠʷʥʠʝʤ ʦʢʨʫʞʘʶʱʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ.  ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʚ ʚʠʜʝ ʫʚʝʣʠʯʝʥʥʦʛʦ 

ʧʦʣʦʩʢʦʚʦʛʦ ʚʦʣʥʦʚʦʜʘ. ʅʘ  ʈʠʩ. 1 ʧʦʢʘʟʘʥ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʚʦʣʥʦʚʦʜʘ 

ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʩʦʦʩʥʳʤ ʢʦʘʢʩʠʘʣʴʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ. ʃʠʥʠʷ ʩʦʩʪʦʠʪ ʠʟ 

ʧʣʘʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʧʦʣʦʩʢʦʚʫʶ ʣʠʥʠʶ ʩ ʨʘʟʤʝʨʘʤʠ ʦʩʥʦʚʥʦʛʦ ʧʦʣʦʩʢʘ 

145 ʤʤ ʠ ʚʳʩʦʪʦʡ 30 ʤʤ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʧʦʣʦʩʢʦʚʳʤ ʠ ʟʝʤʣʷʥʳʤ 

ʧʨʦʚʦʜʥʠʢʦʤ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʝ ʧʣʦʩʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʙʨʘʟʝʮ ʤʝʪʘʤʘʪʝʨʠʘʣʘ ʇʘʨʘʤʝʪʨʳ ʠ ʨʘʟʤʝʨʳ ʩʪʨʫʢʪʫʨʳ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʦʣʥʦʚʦʜ ʧʦʟʚʦʣʷʣ ʧʨʦʚʦʜʠʪʴ 

ʠʟʤʝʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʜʦ 3 ɻɻʮ. 

 
ʈʠʩ. 1 ï ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ 

ʵʬʬʝʢʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ 

ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ.  
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ɸʥʥʦʪʘʮʠʷ 
ʈʘʟʨʘʙʦʪʘʥʦ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʙʳʩʪʨʦ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʟʘʪʫʭʘʥʠʝ ʩʠʛʥʘʣʘ ʧʨʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ. 

ʇʦʰʘʛʦʚʦ ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ. 

 

Abstract 

We present a mobile application for fast calculations of a signal 

attenuation caused by its propagation over a radio channel. The development 

process of this application described in this article.  

 

1. ɺʚʝʜʝʥʠʝ 

ʆʧʠʩʳʚʘʝʤʦʝ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʩʦʟʜʘʥʥʦʝ ʜʣʷ ʧʣʘʪʬʦʨʤʳ 

Android ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ IDE Android Studio ʠ ʥʘʧʠʩʘʥʥʦʝ ʥʘ 

ʷʟʳʢʝ Java [1], ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʸʤʥʠʢʘ, 

(ʨʘʩʩʪʦʷʥʠʝ, ʯʘʩʪʦʪʫ ʩʠʛʥʘʣʘ, ʂʋ ʠ ʚʳʩʦʪʫ ʘʥʪʝʥʥ), ʠ ʩ ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ 

çʈʘʩʩʯʠʪʘʪʴè ʦʪʦʙʨʘʞʘʝʪ ʥʘ ʵʢʨʘʥ ʚʝʣʠʯʠʥʫ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʘ ʚ ʜɹ. 

2. ʉʦʟʜʘʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʛʨʘʤʤ r

ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ (ʨʠʩ. 1) ʚʳʧʦʣʥʝʥ ʙʝʟ ʦʙʨʘʱʝʥʠʷ ʢ ʢʦʜʫ ʚ 

ʬʦʨʤʘʪʝ xml, ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʤʝʥʶ ʢʦʤʧʦʥʝʥʪʦʚ Palette ʠ ʧʘʥʝʣʠ ʠʭ 

ʩʚʦʡʩʪʚ Attributes. ʈʘʟʤʝʪʢʘ ʵʢʨʘʥʘ ʩʦʟʜʘʥʘ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʝʡʥʝʨʦʚ 

LinearLayout, ʨʘʟʤʝʨ ʠ ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʩʚʦʡʩʪʚʘʤʠ 

layout_width, layout_height ʠ layout_weight. ɺ ʢʦʥʪʝʡʥʝʨʳ ʨʘʟʤʝʱʝʥʳ 

ʢʦʤʧʦʥʝʥʪʳ ImageView (ʠʟʦʙʨʘʞʝʥʠʝ), TextView (ʥʘʜʧʠʩʴ), EditText 



 

(ʧʦʣʝ ʜʣʷ ʚʚʦʜʘ) ʠ Button (ʢʥʦʧʢʘ). ʉʚʦʡʩʪʚʦ hint ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʟʠʪʴ 

ʧʦʜʩʢʘʟʢʠ ʚ ʧʦʣʷʭ ʜʣʷ ʚʚʦʜʘ, ʘ ʩʚʦʡʩʪʚʦ inputType ʟʘʜʘʸʪ ʪʠʧ ʢʣʘʚʠʘʪʫʨʳ. 

3. ʂʦʜ ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ Java 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʩʦʟʜʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ Model-View-Controller. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ 

ʩʣʝʜʫʶʱʠʡ: ʦʙʲʷʚʣʷʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ, 

ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʚ ʩʝʙʷ ʚʚʝʜʸʥʥʳʝ ʚ 

ʧʦʣʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ:  
private double ʧʘʨʘʤʝʪʨ; 

ʉʦʟʜʘʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, 

ʩʦʜʝʨʞʘʱʠʝ ʚʚʝʜʸʥʥʳʝ ʚ ʧʦʣʷ ʜʘʥʥʳʝ: 
EditText ʠʤʷ_ʧʝʨʝʤʝʥʥʦʡ = (EditText) 

findViewById(R.id.ʠʤʷ_ʧʦʣʷ); 
ʆʙʲʷʚʣʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʧʨʠʩʚʘʠʚʘʶʪʩʷ 

ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʥʥʳʭ: 
ʧʘʨʘʤʝʪʨ = Double.parseDouble( 

ʠʤʷ_ʧʝʨʝʤʝʥʥʦʡ.getText().toString()); 
ʇʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʶʪʩʷ ʚ 

ʤʝʪʦʜ calculate(), ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪ 

ʟʘʪʫʭʘʥʠʝ ʧʨʠ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʩʦʟʜʘʸʪʩʷ ʚ ʦʪʜʝʣʴʥʦʤ ʢʣʘʩʩʝ, ʛʣʘʚʥʦʡ 

ʯʘʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʥʳʡ 

ʦʧʝʨʘʪʦʨ switch/case, ʦʧʨʝʜʝʣʷʶʱʠʡ ʬʦʨʤʫʣʫ ʨʘʩʯʸʪʘ: 
switch (ʤʦʜʝʣʴ_ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ) { 

case ʦʜʥʘ_ʠʟ_ʤʦʜʝʣʝʡ: result = /* ʬʦʨʤʫʣʘ */ break; 
default: result = Double.NaN; } return result; 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʸʪʘ ʨʝʟʫʣʴʪʘʪ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʵʢʨʘʥʝ ʧʨʠʣʦʞʝʥʠʷ: 
TextView resultTV = (TextView) findViewById(R.id.ʧʦʣʝ_ʜʣʷ_ʨʝʟʫʣʴʪʘʪʘ); 

resultTV.setText("ɿʘʪʫʭʘʥʠʝ ʩʠʛʥʘʣʘ ʨʘʚʥʦ: "+ result.toString() +" ʜɹ"); 

ʂʦʥʩʪʨʫʢʮʠʷ try/catch ʧʦʟʚʦʣʷʝʪ ʚʳʚʝʩʪʠ ʥʘ ʵʢʨʘʥ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ, ʚ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʚʸʣ ʥʝ ʚʩʝ ʧʘʨʘʤʝʪʨʳ, ʥʦ ʟʘʧʫʩʪʠʣ ʨʘʩʯʸʪ.   

4. ɿʘʢʣʶʯʝʥʠʝ 

ʆʪʣʘʜʢʘ ʠ ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʩʤʘʨʪʬʦʥʝ Lenovo P-70. ɼʣʷ iOS ʧʦʜʦʙʥʳʝ ʧʨʦʛʨʘʤʤʳ 

ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʩ ʧʦʤʦʱʴʶ IDE XCode ʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Swift.  
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Abstract 

The article describes the mathematical modeling of various schemes for 

generating high-voltage pulses. 

 

1. Introduction 

Currently the constantly developing electronic base allows us to create 

measuring devices with many times the overcoming characteristics of outdated, 

but still used devices. Miniature autonomous devices with wireless data 

transmission are becoming increasingly popular. For this device, the supply 

elements electrical capacity is a serious limitation. It is worth noting that to 

increase the device battery life, two way can be determined: increasing the 

electrical capacity or reducing energy consumption. In the first case, both the 

dimensions and the device weight increase, while in the second case, the 

developing complexity the device increases. 

2. Generator simulation 



 

This meter main consumer is a tag generator, in which it is necessary to 

generate a high-voltage pulse (10 ï 20 kV). This generator typical diagram is 

shown in Fig. 1. 

 
Fig. 1 - High-voltage pulse generator typical circuit 

 

Here, the main elements are the key and the transformer. A transistor, 

thyristor, or dinistor can be used as a key. The simulation was carried out in the 

Multisim environment. Transformer with a ratio is 1:1000. 

If a dinistor is used as a key, the generator is uncontrolled in the 

frequency and time of opening the key. These characteristics are configured 

only by the circuit elements. There is no sense to consider this circuit as 

energy-efficient. 

When using a thyristor circuit, it is possible to change the generation 

frequency. The opening time is changed only by the circuit parameters. It is 

worth noting that in this generator, the transformer can only be connected in 

direct connection, cause the reverse connection is possible only when the 

current through the transformer is rapidly cut off, but the thyristor closes only 

when the current through it drops to about zero values. Because of this, the 

maximum voltage at the output of this generator will be equal to the following 

ratio: 

Ὗ Ὗ Ὧz 
Simulations in the Multisim environment showed that the transient 

process lasts too long, the maximum output voltage is approximately equal to 

the input voltage multiplied by the conversion factor (5V at the input and 

5000V at the output). It is important that in the thyristor circuit, it is necessary 

to select a capacitor for the opening time, so that the transformer does not go 

into saturation, which happened in my experiment. 



 

When powered by a battery circuit, the supply voltage will be 

approximately 3V (by two 1.5 V batteries), so the transformer's conversion 

factor should be greater than 3000, which greatly affects the size of the 

transformer and significantly narrows the search for ready-made ones. Or there 

is a need to use step-up converters, which at low consumption give low 

efficiency, due to which they significantly increase the consumption of the 

circuit. 

When using a transistor as a key in the circuit, it becomes possible to 

adjust both the generation frequency and the pulses duration. It is more 

appropriate to use a field-effect transistor as a power transistor, cause its 

closing time is an order lower than the bipolar one, which allows the 

transformer to be used in reverse connection. The bipolar transistor low 

opening voltage can be noted, but the development of field-effect transistors led 

to the appearance of field-effect transistors with an opening voltage lower of 2 

volts at the gate.   

Simulation in the Multisim environment showed that the reverse voltage 

is an order higher than the forward voltage (25000V vs. 5000V). It is worth 

noting that the output voltage and current also depends on the opening time of 

the transistor. At a low supply voltage, the saturation of the transformer comes 

quite quickly, and in order to get a tag with a sufficient charge, it is possible to 

supply several short pulses, thereby increasing the energy of the tag. The real 

tests with a high-voltage transformer showed that the energy per discharge, the 

output voltage of which is approximately 15 kV, is about 30 ÕJ, which is about 

100 ÕA at 10 Hz and 3V power supply. 

3. Conclusion 

Thus, it should be concluded that the use of a modern electronic base 

and the conscious application of technologies can significantly reduce the 

power consumption of meters, which in turn increases the autonomous 

operation of the device. 
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Abstract 

The article discusses an algorithm provides multiple beam hybrid 

antenna reflector profile estimation via processing antenna array signals. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʬʘʢʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʨʝʬʣʝʢʪʦʨʘ 

ʤʥʦʛʦʣʫʯʝʚʦʡ ʛʠʙʨʠʜʥʦʡ ʟʝʨʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ (ʄɻɿɸ) ʦʢʘʟʳʚʘʝʪʩʷ 

ʦʪʣʠʯʥʳʤ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʚ ʩʠʣʫ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʥʝʪʦʯʥʦʩʪʴ ʝʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʦʩʣʝ ʚʳʚʦʜʘ ʥʘ ʦʨʙʠʪʫ, ʥʘʛʨʝʚ 

ʉʦʣʥʮʝʤ ʠ ʪ.ʜ. ʅʝʙʦʣʴʰʠʝ ʜʝʬʦʨʤʘʮʠʠ ʨʝʬʣʝʢʪʦʨʘ ʄɻɿɸ ʤʦʞʥʦ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʫʪʝʤ ʘʜʘʧʪʘʮʠʠ ʚʝʢʪʦʨʦʚ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

(ɺɺʂ) ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ (ɸʈ), ʥʦ ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʟʥʘʪʴ ʩʘʤ ʧʨʦʬʠʣʴ 

ʨʝʬʣʝʢʪʦʨʘ. ʆʧʠʩʳʚʘʝʤʳʡ ʥʠʞʝ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʪʝʢʫʱʠʡ 

ʧʨʦʬʠʣʴ ʨʝʬʣʝʢʪʦʨʘ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʥʘʟʝʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, 

ʫʛʣʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʦʛʦ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳ. 



 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʢʫʱʝʛʦ ʧʨʦʬʠʣʷ ʨʝʬʣʝʢʪʦʨʘ ʄɻɿɸ ʚ ʭʦʜʝ 

ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ ʥʘʟʝʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʈʘʩʯʝʪʳ ʄɻɿɸ ʚ ʘʢʫʩʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʢʘʟʳʚʘʶʪ [1], ʯʪʦ 

ʝʩʣʠ ʚʪʦʨʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ɸʈ ʧʝʨʝʩʝʢʘʶʪʩʷ 

ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʘ ʨʘʟʤʝʨʦʚ ɸʈ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʧʝʨʝʭʚʘʪʘ ʣʴʚʠʥʦʡ ʜʦʣʠ ʦʪʨʘʞʘʝʤʦʡ ʨʝʬʣʝʢʪʦʨʦʤ ʤʦʱʥʦʩʪʠ, ʪʦ 

ʚʦʟʙʫʞʜʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ɸʈ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʘʤʧʣʠʪʫʜ ʧʨʠʥʷʪʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ 

ʪʝʢʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʬʣʝʢʪʦʨʘ ʬʘʟʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ, ʢʦʪʦʨʦʝ 

ʬʘʢʪʠʯʝʩʢʠ ʧʦʚʪʦʨʷʝʪ ʬʘʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʟʝʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʣʦʩʢʦʡ ʚʦʣʥʳ. ɿʥʘʷ ʵʪʦ, ʪʝʢʫʱʠʡ 

ʧʨʦʬʠʣʴ ʨʝʬʣʝʢʪʦʨʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʥʝʧʨʝʨʳʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʘ 

ʢʦʪʦʨʦʡ ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ ʜʚʫʤʷ ʚʳʰʝʦʙʦʟʥʘʯʝʥʥʳʤʠ ʬʘʟʦʚʳʤʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʨʘʚʥʘ ʥʫʣʶ. 

ɺ ʨʘʙʦʪʝ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʄɻɿɸ ʩ ʜʠʘʤʝʪʨʦʤ ʨʝʬʣʝʢʪʦʨʘ D=80ɚ ʠ 

ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ F=50ɚ. ʅʘ ʨʠʩʫʥʢʝ 1 ʚ ʚʝʨʭʥʝʡ ʩʪʨʦʢʝ ʧʨʠʚʝʜʝʥʳ 

ʤʦʜʝʣʠʨʫʝʤʳʝ ʬʫʥʢʮʠʠ ʜʝʬʦʨʤʘʮʠʡ ʜʘʥʥʦʛʦ ʨʝʬʣʝʢʪʦʨʘ (ʩʢʣʘʜʳʚʘʶʪʩʷ 

ʩ z-ʢʦʦʨʜʠʥʘʪʦʡ ʨʝʬʣʝʢʪʦʨʘ), ʧʨʠʚʦʜʷʱʠʝ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʦʪʢʣʦʥʝʥʠʶ 

ʧʨʦʬʠʣʷ ʥʘ 0.5ɚ ʘ ʚ ʥʠʞʥʝʡ ʩʪʨʦʢʝ ʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʦʪ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʠʣʦ 

15% ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʳ ʚʦʣʥʳ. 

   

   
ʈʠʩ. 1 ï ʄʦʜʝʣʠʨʫʝʤʳʝ ʜʝʬʦʨʤʘʮʠʠ ʨʝʬʣʝʢʪʦʨʘ ʠ ʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʠ  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʥʮʠʧʳ ʨʘʟʨʘʙʦʪʢʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ 

ʧʨʝʮʠʟʠʦʥʥʳʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ. ʇʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʫʜʝʨʞʘʥʠʷ 

ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʚ ʪʨʝʙʫʝʤʦʤ ʧʦʣʦʞʝʥʠʠ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʦʥʪʘʞʘ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ. 

 

Abstract 

This paper describes the design principles of a precision positioning 

manipulator. Designed to hold printed circuit boards in position when mounting 

electronic components on the surface of a printed circuit board. 

 

1. ɺʚʝʜʝʥʠʝ 

ʄʘʥʠʧʫʣʷʪʦʨ ʩ ʧʨʝʮʠʟʠʦʥʥʳʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʚ ʪʨʝʙʫʝʤʦʤ ʧʦʣʦʞʝʥʠʠ, ʧʦʟʚʦʣʷʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʯʘʩʪʴ ʧʨʦʮʝʩʩʘ ʤʦʥʪʘʞʘ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ 

ʧʨʝʮʠʟʠʦʥʥʳʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ ʜʦʩʪʠʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʨʘʥʝʝ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ 

ʤʦʥʪʘʞʘ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ, ʙʦʣʝʝ ʦʙʰʠʨʥʦʡ 

ʨʝʛʫʣʠʨʦʚʢʦʡ ʟʘʞʠʤʘ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʘʪʳ ʨʘʟʣʠʯʥʳʭ 

ʛʘʙʘʨʠʪʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʞʠʤʘ ʠʟ ʘʥʪʠʩʪʘʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ.  ʈʝʟʫʣʴʪʘʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ ʧʨʝʮʠʟʠʦʥʥʳʤ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʧʦʚʳʰʝʥʠʝ 



 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʤʦʥʪʘʞʘ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ. 

2. ʅʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ 

ʉʫʱʝʩʪʚʫʶʱʝʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʫʜʝʨʞʘʥʠʷ 

ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʚʦ ʚʨʝʤʷ ʤʦʥʪʘʞʘ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʩʪʦʡʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʰʘʨʥʠʨʥʦʛʦ ʠʣʠ ʛʠʙʢʦʛʦ ʰʪʘʪʠʚʘ, ʩ ʟʘʞʠʤʦʤ ʪʠʧʘ çʢʨʦʢʦʜʠʣè. 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʫʯʥʦʡ 

ʥʘʩʪʨʦʡʢʠ ʧʦʣʦʞʝʥʠʷ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʚʦ ʚʨʝʤʷ ʤʦʥʪʘʞʘ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʟʘʞʠʤ ʪʠʧʘ çʂʨʦʢʦʜʠʣè ʧʦʜʭʦʜʠʪ ʜʣʷ ʫʟʢʦʛʦ ʬʦʨʤ-ʬʘʢʪʦʨʘ 

ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʠ ʤʦʞʝʪ ʧʦʚʨʝʜʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ.  

3. ʋʩʪʨʘʥʝʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ 

ʋʩʪʨʘʥʝʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʛʦ, ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʝʯʘʪʥʦʡ 

ʧʣʘʪʳ ʚʦ ʚʨʝʤʷ ʤʦʥʪʘʞʘ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʟʘʞʠʤʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʫʜʝʨʞʠʚʘʪʴ ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ ʙʝʟ 

ʧʦʚʨʝʞʜʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʯʘʩʪʠʯʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʤʦʥʪʘʞʘ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʟʘʞʠʤʘ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ. ʏʘʩʪʠʯʥʘʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ 

ʤʦʥʪʘʞʘ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʉɺʏ-ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʥʩʢʦʛʦ ʥʘʚʦʟʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʦʥʘʥʩʥʦʛʦ ʜʘʪʯʠʢʘ ʥʘ ʦʩʥʦʚʝ ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʣʘʥʘʨʥʦ-

ʢʦʣʴʮʝʚʦʛʦ ʜʘʪʯʠʢʘ, ʠʩʩʣʝʜʦʚʘʥʳ ʝʝ ʨʝʟʦʥʘʥʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

Abstract 

The article discusses a method for controlling humidity and temperature 

in the technological process of microwave processing of horse manure using 

a resonant sensor based on a symmetrical strip line. A model of a resonant 

planar-ring sensor is presented, and its resonant characteristics are investigated. 

 

1. ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʉɺʏ-ʦʙʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʢʦʥʝʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ 

ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʨʝʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʢʦʥʩʢʦʛʦ ʥʘʚʦʟʘ 

ʥʘ ʯʘʩʪʦʪʝ 2450 ʄɻʮ ʤʝʪʦʜʦʤ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʧʨʦʙʥʠʢʘ ʦʧʨʝʜʝʣʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ.  



 

2.ʀʟʛʦʪʦʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʨʝʟʦʥʘʥʩʥʦʛʦ ʜʘʪʯʠʢʘ  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʜʘʪʯʠʢʘ.  

ɿʘ ʦʩʥʦʚʫ (ʧʦʜʣʦʞʢʫ) ʚʟʷʪ ʬʦʣʴʛʠʨʦʚʘʥʥʳʡ ʘʨʤʠʨʦʚʘʥʥʳʡ 

ʬʪʦʨʦʧʣʘʩʪʦʚʳʡ ʜʠʵʣʝʢʪʨʠʢ (ʌɸʌ-4ɼ) ʇʆ ɻʆʉʊ 21008 ʪʦʣʱʠʥʦʡ 1.5ʤʤ 

ʩ ʜʚʫʩʪʦʨʦʥʥʝʡ ʤʝʪʘʣʣʠʟʘʮʠʝʡ. ʄʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ 

ʧʦʣʫʯʝʥʳ ʱʝʣʝʚʳʝ ʠ ʧʦʣʦʩʢʦʚʳʝ ʵʣʝʤʝʥʪʳ ʜʚʫʭʩʣʦʡʥʦʡ ʧʣʘʪʳ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʘʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʟʘʜʥʝʡ 

ʩʪʝʥʢʝ (ʵʢʨʘʥʝ) ʚ ʪʨʝʭ ʪʦʯʢʘʭ ʧʦ ʚʳʩʦʪʝ (ʨʠʩ. 1). ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʜʘʪʯʠʢ 

ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʝʨʠʬʠʮʠʨʦʚʘʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ ʢʦʥʩʢʦʛʦ ʥʘʚʦʟʘ. 

  
ʘ                                           ʙ                                           ʚ 

ʈʠʩ. 1 ï ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʜʘʪʯʠʢ ʠʟʤʝʨʝʥʠʷ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ: ʘ) 

ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ; ʙ) ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ ʜʘʪʯʠʢʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ; ʚ) ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʜʘʪʯʠʢʘ ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚʣʘʛʠ ʚ ʦʙʨʘʟʮʝ  

 

ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ (ʨʠʩ. 1ʚ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʨʝʟʦʥʘʪʦʨʥʦʛʦ ʜʘʪʯʠʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ 

ʜʘʪʯʠʢʦʤ ʧʨʠ ʢʦʤʧʴʶʪʝʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

3.ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʧʦʣʴʟʫʷ ʠʟʤʝʨʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʩʜʚʠʛʦʤ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʥʦʤʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ 

ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚʦ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʉɺʏ-

ʦʙʨʘʙʦʪʢʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʉʤʠʨʥʦʚ, ʉ.ɺ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ / ʉ.ɺ. ʉʤʠʨʥʦʚ, ɻ.ɸ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʦʤʦʱʠ 

ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʤʝʪʘʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ 

ɸɹʉ ʧʣʘʩʪʠʢʘ ʠ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ (BaTiO3), ʠʟʤʝʨʝʥʳ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

Abstract 

The article discusses a way to create metamaterials using additive 

technologies. A model of a metamaterial based on ABS plastic and barium 

titanate is presented, and its characteristics are measured. 

 

ɿʘ ʦʩʥʦʚʫ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʝʪʘʤʘʪʝʨʠʘʣʘ ʙʳʣ ʚʟʷʪ ɸɹʉ ʧʣʘʩʪʠʢ 

ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʠʣʘʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʝʯʘʪʠ ʥʘ 3D ï ʧʨʠʥʪʝʨʝ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

ʧʦʨʦʰʢʘ (BaTiO3) ʩʦʩʪʘʚʠʣʘ 40%, ʘ ɸɹʉ-ʧʣʘʩʪʠʢʘ 60%.  

ʌʠʣʘʤʝʥʪ ʠʟʛʦʪʘʚʣʠʚʘʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʨʦʰʦʢ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ BaTiO3 ʠ ɸɹʉ-ʧʣʘʩʪʠʢʘ ʙʳʣʠ ʩʤʝʰʘʥʳ ʚ ʝʤʢʦʩʪʠ ʠ 

ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʜʦ ʦʜʥʦʨʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʜʨʦʙʠʣʠ ʠ 

ʧʦʤʝʱʘʣʠ ʚ ʵʢʩʪʨʫʜʝʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʪʠ ʧʨʠʛʦʜʥʦʡ ʜʣʷ 3ɼ-ʧʝʯʘʪʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ 

(ʢʦʤʧʣʝʢʩʥʦʡ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ) ʙʳʣ 

ʨʘʩʩʤʦʪʨʝʥ ʚʦʣʥʦʚʦʜʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʦʚ ʚ ʰʠʨʦʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ. 



 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ɸɹʉ ʧʣʘʩʪʠʢʘ ʠ 

ʢʦʤʧʦʟʠʪʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

 ɸɹʉ (ʙʝʟ ʧʨʠʤʝʩʝʡ) ɸɹʉ + ʪʠʪʘʥʘʪ ʙʘʨʠʷ (BaTiO3) 

Ůô 2,54 3,61 

Tgŭ 0,018 0,024 

ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʤʝʪʘʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʚʢʣʶʯʝʥʠʝʤ ʪʦʥʢʠʭ ʩʣʦʝʚ ʤʝʪʘʣʣʘ ʤʝʞʜʫ ʩʣʦʷʤʠ ɸɹʉ-

ʧʣʘʩʪʠʢʘ ʚ ʧʨʦʮʝʩʩʝ 3ɼ-ʧʝʯʘʪʠ. 

 
ʈʠʩ. 1 ï ʄʦʜʝʣʴ ʤʝʪʘʤʘʪʝʨʠʘʣʘ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʝ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʉʣʦʠ ʤʝʪʘʣʣʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʘ ʧʦʜʣʦʞʢʝ 

ɸɹʉ-ʧʣʘʩʪʠʢʘ ʩ ʧʦʤʦʱʴʶ ʢʘʪʪʝʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʧʝʯʘʪʘʶʱʝʡ 

ʛʦʣʦʚʢʝ 3ɼ-ʧʨʠʥʪʝʨʘ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʩʣʝʜʫʝʪ ʯʪʦ Ůô ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ɸɹʉ ʧʣʘʩʪʠʢʘ ʠ ʤʝʪʘʪʠʪʘʥʘʪʘ ʙʘʨʠʷ (BaTiO3), ʚʳʨʦʩ 

ʥʘ 42,1% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ɸɹʉ ʧʣʘʩʪʠʢʦʤ, ʘ tgŭ ʚʳʨʦʩ ʥʘ 33,3% 

ʧʨʦʮʝʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ɸɹʉ ʧʣʘʩʪʠʢʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Bilal Khatri Development and Characterization of Functional 

Polymer-Ceramic Composite Structures Using Fused Deposition Modeling / , 

Karl Lappe, Mathis Habedank, Tobias Mueller, Christof Megnin, Thomas 

Hanemann //  4M/IWMF 2016 - 11th International Conference on Multi-

material Micro Manufacture, At Lyngby, Denmark. ï P. 251-254.  



 

ʋɼʂ.621.396.67 

 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ ʀ 

ʕʃɽʂʊʈʆɼʀʅɸʄʀʏɽʉʂʆɻʆ ʄɽʊʆɼɸ ʆʇʈɽɼɽʃɽʅʀʗ 

ʂʆʕʌʌʀʎʀɽʅʊɸ ʉɺʗɿʀ ʄɽɾɼʋ ɸʅʊɽʅʅɸʄʀ 

 

ʊʨʦʬʠʤʦʚ ɽ.ʖ. ʆʨʝʰʥʠʢʦʚʘ ɼ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʃʘʚʨʫʰʝʚ ɺʣʘʜʠʤʠʨ ʅʠʢʠʬʦʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 

 

COMPARATIVE ANALYSIS  OF EXPERIMENTAL AND 

ELECTRODYNAMIC METHOD FOR DETERMINI NG THE 

COMMUNICATION COEFFI CIENT BETWEEN ANTENN AS 

 

Trofimov E.Y. Oreshnikova D.A. 

Supervisor:  Vladimir N. Lavrushev, ass. professor (Kazan National Research 

Technical University named after A.N. Tupolev ï KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ ʤʝʞʜʫ ʘʥʪʝʥʥʘʤʠ ʚ ʚʠʜʝ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʚʠʙʨʘʪʦʨʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

Abstract 

The article presents the results of a study to determine the coupling 

coefficient between antennas in the form of asymmetric vibrators. The 

researches were carried out by comparing the results obtained experimentally 

and by the method of electrodynamic modeling. 

 

ʇʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ ʤʝʞʜʫ ʘʥʪʝʥʥʘʤʠ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʝʥʥ ʚ 3D ʠʩʧʦʣʥʝʥʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʘʥʪʝʥʥ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ɿʘʪʝʤ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 



 

ʘʧʧʘʨʘʪʫʨʳ ʬʠʨʤʳ Rohde&Schwarz FSH8. ʄʦʜʝʣʴ ʫʩʪʘʥʦʚʢʠ ʠ 

ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1. 

 
ʈʠʩ.1 ï ʄʦʜʝʣʴ ʫʩʪʘʥʦʚʢʠ ʠ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ 

 

ʅʘ ʨʠʩ.2 ʘ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʘ ʥʘ ʨʠʩ.2 ʙ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʳ. 

ʘ) ʙ) 
ʈʠʩ.2 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʘ) ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ; 

ʙ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ 

ʤʝʪʦʜʠʢ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʙʫʜʝʪ ʧʦʣʝʟʥʳʤ ʩ 

ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʘʥʪʝʥʥ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʧʦʣʥʝʥʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʙʘʢʘʣʘʚʨʦʚ ʠ ʤʘʛʠʩʪʨʦʚ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚè. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʟʣʫʯʘʪʝʣʝʡ ʜʘʶʪ ʢʦʨʨʝʢʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʨʘʚʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʧʨʦʛʨʘʤʤʝ CST Studio. 

 

Abstract 

The article discusses a question of determination the minimal distance 

when standard methods the electromagnetic field calculations are correct. 

Calculated results and electro dynamic simulation results are compared. 

 

1. ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʘʥʘʣʠʟʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘʥʪʝʥʥ, ʩʪʘʥʜʘʨʪʥʳʤ 

ʷʚʣʷʝʪʩʷ ʝʝ ʨʘʟʙʠʝʥʠʝ ʥʘ ʨʷʜ ʵʣʝʤʝʥʪʘʨʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ, ʧʦʣʷ ʠʟʣʫʯʝʥʠʷ 

ʢʦʪʦʨʳʭ ʩʯʠʪʘʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ. ʆʙʱʝʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʘʥʪʝʥʥʦʡ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʦʪʜʝʣʴʥʳʭ 

ʠʟʣʫʯʘʪʝʣʝʡ. ʆʜʥʘʢʦ ʜʣʷ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʙʣʠʞʥʠʭ 



 

ʟʦʥʘʭ ʠʟʣʫʯʘʶʱʠʭ ʩʠʩʪʝʤ ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʥʝʧʨʠʤʝʥʠʤ, ʪ.ʢ. ʩʫʱʝʩʪʚʫʝʪ 

ʨʘʟʨʳʚ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚʙʣʠʟʠ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [1]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʚʳʨʘʞʝʥʠʡ ʧʨʠ ʨʘʩʯʝʪʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʠʟʣʫʯʘʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ 

ʪʠʧʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

2. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʚʳʨʘʞʝʥʠʷʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʕʄʇ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʚ ʧʨʦʛʨʘʤʤʝ 

CST Studio. 

ɼʣʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʠʙʨʘʪʦʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʠ 

ʧʘʨʘʣʣʝʣʴʥʦʤ ʠʟʣʫʯʘʪʝʣʶ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʨʠʩ. 1 ʘ ʠ 1 ʙ. 

ɼʣʷ ʱʝʣʝʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʫʢʘʟʘʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1 ʚ ʠ 

1 ʛ. 

 
ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩ. 1 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʫ 

ʢʦʨʨʝʢʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʙʣʠʟʠ ʠʟʣʫʯʘʪʝʣʝʡ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʠʟʣʫʯʘʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ ʵʪʘ 



 

ʛʨʘʥʠʮʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʙʦʣʴʰʝʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʟʣʫʯʘʪʝʣʷ, ʯʝʤ ʜʣʷ 

ʱʝʣʝʚʦʛʦ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʦʙʣʝʤʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚ 

ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥʘʭ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʬʘʟʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ 

ʨʝʰʝʪʦʢ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʢʘʥʠʨʫʶʱʠʭ ʦʩʪʨʦʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʝʥʥ. 

 

Abstract 

The paper investigates the problem of electromagnetic compatibility in 

receiving antennas. The application of phased antenna arrays for the 

construction of scanning directional antennas is analyzed. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʘʥʪʝʥʥʳ 

ʧʨʝʪʝʨʧʝʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ: ʠʟ ʧʨʦʩʪʳʭ ʫʩʪʨʦʡʩʪʚ (ʦʜʠʥ 

ʚʠʙʨʘʪʦʨ ʠʣʠ ʥʝʩʢʦʣʴʢʦ) ʧʨʝʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʩʣʦʞʥʳʝ ʫʧʨʘʚʣʷʝʤʳʝ 

ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʩ ʘʢʪʠʚʥʳʤʠ ʧʨʠʙʦʨʘʤʠ. ʈʝʟʢʠʡ ʨʦʩʪ 

ʦʩʥʘʱʝʥʥʦʩʪʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʧʨʦʠʟʦʰʝʜʰʠʡ ʚ 

ʧʦʩʣʝʜʥʠʡ ʧʝʨʠʦʜ, ʩʦʟʜʘʣ ʧʨʦʙʣʝʤʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

(ʕʄʉ). 

2. ɸʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʌɸʈ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʢʘʥʠʨʫʶʱʠʭ 

ʦʩʪʨʦʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʝʥʥ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʕʄʉ ʚ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥʘʭ ʚʦʟʥʠʢʣʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʫʙʦʢʠʭ ʧʨʦʚʘʣʦʚ ʚ ʜʠʘʛʨʘʤʤʘʭ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ɼʅ) ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʭʦʜʘ ʧʦʤʝʭ. ʇʦʤʝʭʦʚʘʷ 

ʦʙʩʪʘʥʦʚʢʘ ʥʝʧʨʝʨʳʚʥʦ ʤʝʥʷʝʪʩʷ, ʧʦʵʪʦʤʫ ʧʦʪʨʝʙʦʚʘʣʠʩʴ 

ʩʘʤʦʧʨʠʩʧʦʩʘʙʣʠʚʘʶʱʠʝʩʷ ʘʥʪʝʥʥʳ ï ʘʜʘʧʪʠʚʥʳʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʘʜʠʦʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʦʱʥʳʭ 



 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʧʦʤʝʭ ʚʚ ʫʩʣʦʚʠʷʭ ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦʤʝʭ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʘʥʪʝʥʥʘ ʚʝʜʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʘ, ʪ. ʝ. ʩʪʘʥʦʚʠʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʬʠʣʴʪʨʦʤ. ɸʥʪʝʥʥʳ ʩ ɻʣʝʢʪʨʠʯʝʩʢʠʤ ʩʢʘʥʠʨʦʚʘʥʠʝʤ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ 

ʘʥʪʝʥʥʘʤʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩʠʛʥʘʣʘ. 

ʇʝʨʝʤʝʱʝʥʠʝ ʣʫʯʘ ʚ ʘʥʪʝʥʥʦʡ ʨʝʰʸʪʢʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʦ: 

Á ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠʣʠ 
ʧʨʠʸʤʥʠʢʘ; 

Á ʠʟʤʝʥʝʥʠʝʤ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʷʤʠ ʩ ʧʦʤʦʱʴʶ 
ʩʠʩʪʝʤʳ ʚʢʣʶʯʝʥʠʷ ʚ ʧʠʪʘʶʱʠʡ ʪʨʘʢʪ ʬʘʟʦʚʨʘʱʘʪʝʣʝʡ; 

Á ʢʦʤʤʫʪʘʮʠʝʡ (ʧʝʨʝʢʣʶʯʝʥʠʝʤ) ʠʟʣʫʯʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʨʝʰʸʪʢʠ, 

ʰʘʛʘ ʠʟʣʫʯʘʪʝʣʝʡ ʠʣʠ ʦʪʨʝʟʢʦʚ ʧʠʪʘʶʱʠʭ ʪʨʘʢʪʦʚ. 

ɺ ʬʘʟʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʸʪʢʘʭ ʬʘʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʟʘʜʘʸʪʩʷ ʣʠʙʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ (ʜʠʘʛʨʘʤʤʦʦʙʨʘʟʫʶʱʝʡ 

ʩʭʝʤʦʡ), ʣʠʙʦ ʩʠʩʪʝʤʦʡ ʬʘʟʦʚʨʘʱʘʪʝʣʝʡ (ʬʝʨʨʠʪʦʚʳʭ, pin-ʜʠʦʜʥʳʭ, 

ʪʨʘʤʙʦʥʥʳʭ ʠ ʪ. ʧ.). ʌʘʟʦʚʳʡ ʩʜʚʠʛ, ʚʥʦʩʠʤʳʡ ʚ ʢʘʥʘʣʴʥʳʡ ʩʠʛʥʘʣ 

ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ (ʯʘʩʪʦʪʳ) ʵʪʦʛʦ ʩʠʛʥʘʣʘ. 

ɽʩʣʠ ʧʨʠʥʷʪʴ ʧʨʠʝʤʣʝʤʳʤ ʯʘʩʪʦʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʣʫʯʘ ʥʘ ʚʝʣʠʯʠʥʫ, 

ʨʘʚʥʫʶ ʧʦʣʦʚʠʥʝ ʰʠʨʠʥʳ ʛʣʘʚʥʦʛʦ ʣʝʧʝʩʪʢʘ ɼʅ, ʪʦ ʵʪʦ ʥʘʣʦʞʠʪ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʩʠʛʥʘʣʘ ʧʘʜʘʶʱʝʡ ʥʘ ʨʝʰʸʪʢʫ ʚʦʣʥʳ. 
Ў‗
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3. ɿʘʢʣʶʯʝʥʠʝ 

ʆʩʪʨʦʥʘʧʨʘʚʣʝʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠ ʩʢʘʥʠʨʫʶʱʠʝ ʘʥʪʝʥʥʳ 

ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʳʩʪʨʳʡ (ʙʝʟʳʥʝʨʮʠʦʥʥʳʡ) ʦʙʟʦʨ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʫʩʪʘʥʦʚʢʫ ʣʫʯʘ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʮʝʣʠ ʠ 

ʪ.ʜ. ɺ ʘʥʪʝʥʥʘʭ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʢʘʥʠʨʦʚʘʥʠʝʤ ʫʧʨʘʚʣʝʥʠʝ ʣʫʯʦʤ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʚʦʨʦʪʦʤ, ʚʨʘʱʝʥʠʝʤ, ʢʘʯʘʥʠʝʤ ʠ ʪ. ʜ. ʚʩʝʡ ʘʥʪʝʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɺ ʦʩʪʨʦʥʘʧʨʘʚʣʝʥʥʦʡ 

ʘʥʪʝʥʥʝ ʩ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʩʢʘʥʠʨʦʚʘʥʠʝʤ ʧʨʠ ʥʝʧʦʜʚʠʞʥʦʩʪʠ ʚʩʝʡ 

ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚʨʘʱʘʶʪʩʷ ʠʣʠ ʧʝʨʝʤʝʱʘʶʪʩʷ (ʤʝʭʘʥʠʯʝʩʢʠ) 

ʤʘʣʦʠʥʝʨʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʣʫʯʘ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ ʧʣʘʥʘʨʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʜʢʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ 

ʧʝʨʝʜʘʯ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʉɺʏ-ʜʘʪʯʠʢʘ, ʠʩʩʣʝʜʦʚʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʨʘʟʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ. 

 

Abstract 

The article discusses a method for creating a planar resonator for 

determining the characteristics of liquids based on strip transmission lines. A 

model of a microwave sensor is presented, and the distribution of the electric 

field at different resonance frequencies is investigated. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʢʦʥʩʪʨʫʢʮʠʷ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʚʦʛʦ ʧʣʘʥʘʨʥʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʜʠʵʣʝʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʠ ʜʚʫʭ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʣʝʮ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʨʘʟʤʝʨʘʤʠ.  ɼʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ ʦʙʳʯʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʠ ʢʦʘʢʩʠʘʣʴʥʳʭ 

ʣʠʥʠʡ ʦʙʳʯʥʦ ʠʤʝʶʪ ʙʦʣʴʰʠʡ ʨʘʟʤʝʨ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʤ ʪʨʝʙʫʝʪʩʷ 

ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʠʭ ʠʥʪʝʛʨʘʮʠʷ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʭʝʤʳ ʟʘʪʨʫʜʥʝʥʘ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʥʘʰʣʠ ʤʝʪʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʥʘʨʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʠ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʣʘʥʘʨʥʳʭ 



 

ʜʘʪʯʠʢʦʚ ʷʚʣʷʶʪʩʷ ʜʝʰʝʚʠʟʥʘ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʠʭ ʭʘʨʘʢʪʝʨ ʠʟʤʝʨʝʥʠʷ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʚʥʝʰʥʠʡ ʚʠʜ ʨʝʟʦʥʘʪʦʨʘ ʠ ʝʛʦ ʯʘʩʪʦʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 
 

(ʘ) (ʙ) 

ʈʠʩ.1 ʇʣʘʥʘʨʥʳʡ ʨʝʟʦʥʘʪʦʨ: ʵʩʢʠʟ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʜʘʪʯʠʢʘ (ʘ), 

ʛʨʘʬʠʢ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ (ʙ) 

 

 
(ʘ) (ʙ) (ʚ) (ʛ) 

ʈʠʩ.2 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʧʝʨʚʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 3.5077 

ɻɻʮ (ʘ) , ʥʘ  ʚʪʦʨʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 4.1161 ɻɻʮ (ʙ), ʥʘ ʪʨʝʪʝʡ ʨʝʟʦʥʘʥʩʥʦʡ 

ʯʘʩʪʦʪʝ 4.3241 ɻɻʮ (ʚ),  ʥʘ ʯʝʪʚʝʨʪʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 8.2885 ɻɻʮ (ʛ) 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʨʝʟʦʥʘʪʦʨ ʦʙʣʘʜʘʝʪ 4-ʤʷ ʨʝʟʦʥʘʥʩʘʤʠ ʩ ʯʘʩʪʦʪʘʤʠ 3.5077 ɻɻʮ, 4.1161 

ɻɻʮ, 4.3241 ɻɻʮ, 8.2885 ɻɻʮ, ʢʘʞʜʳʡ ʠʟ ʨʝʟʦʥʘʥʩʦʚ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʜʢʦʩʪʝʡ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʘ ʥʘ 

ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʧʨʠʙʳʪʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ ʨʘʟʥʦʩʪʠ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʘʢʫʩʪʠʯʝʩʢʠʤʠ 

ʩʝʥʩʦʨʘʤʠ. 

 

Abstract 

The article discusses a model of localization of a sound source based on 

an estimated time of arrival acoustic signals. A mathematical implementation of 

the algorithm for estimating the difference in the delay time of acoustic signals 

recorded by distributed acoustic sensors is presented. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ (Distributed 

Acoustic Sensors DAS) ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ 

ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʥʘ ʦʭʨʘʥʷʝʤʦʤ ʦʙʲʝʢʪʝ. ʉʠʩʪʝʤʳ DAS 

ʤʦʛʫʪ ʩʪʘʪʴ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʟʘʜʘʯ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʚʚʠʜʫ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʫʩʪʘʥʦʚʢʠ ʥʘ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʣʠʥʠʠ 



 

ʩʚʷʟʠ ʥʘ ʦʙʲʝʢʪʝ (ʥʝ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʢʣʘʜʢʫ 

ʢʘʙʝʣʷ ʠ ʚʝʜʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ). ɼʘʥʥʳʝ ʩʝʥʩʦʨʳ ʚʠʟʫʘʣʴʥʦ 

ʥʝʟʘʤʝʪʥʳ, ʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʠʟʣʫʯʝʥʠʡ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ 

ʤʝʪʘʣʣʦʜʝʪʝʢʪʦʨʘʤʠ, ʠ, ʯʪʦ ʥʝ ʤʘʣʦʚʘʞʥʦ, ʥʝ ʧʦʜʚʝʨʞʝʥʳ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʤ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ. 

ɺ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ 

ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʟʚʫʢʘ ʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʘʷ ʜʣʷ 

DAS ʤʦʜʝʣʴ ï TDOA (time difference of arrival), ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʦʮʝʥʢʝ 

ʨʘʟʥʦʩʪʠ ʧʝʨʠʦʜʦʚ ʟʘʜʝʨʞʢʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʜʘʪʯʠʢʘʤʠ, ʥʘʧʨʠʤʝʨ, ʥʘ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʢʘʭ ʠʣʠ ʚ 

ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʦʪʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʚʦʣʦʢʥʘ (ʆɺ) ʩʠʩʪʝʤʳ DAS. ʉʠʩʪʝʤʳ, ʩʪʨʦʷʱʠʝʩʷ ʥʘ ʦʩʥʦʚʝ DAS, 

ʦʙʣʘʜʘʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 90ʜɹ, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʝʥʩʦʨʘʤʠ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʴʰʝ 1 ʤ. 

ɼʘʣʝʝ ʚ ʨʘʙʦʪʝ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʚ ʚʳʜʝʣʝʥʥʦʤ ʧʦʤʝʱʝʥʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʩʪʝʤʳ DAS ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʛʝʨʝʥʪʥʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʠʩʪʦʯʥʠʢ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʆɺ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʪʦʯʢʝ xί, ʘ Ὥ - ʡ ʤʠʢʨʦʬʦʥ ʚ ʪʦʯʢʝ m, ʪʦʛʜʘ, ʧʨʦʠʟʚʝʜʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ, ʧʦʣʫʯʠʤ, ʯʪʦ ʩʝʥʩʦʨ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʝ 
( ) 1, ...,m

im i N= . ɽʩʣʠ ʧʨʠʤʝʥʠʪʴ ʵʪʦ ʢ ʚʳʯʠʩʣʝʥʠʶ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ 

ʥʘʨʫʰʠʪʝʣʷ, ʪʦ, ʩʦʛʣʘʩʥʦ TDOA, ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʥʠʮʫ 

ʜʠʘʧʘʟʦʥʦʚ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ 

ʤʠʢʨʦʬʦʥʦʚ Ὥ ʠ Ὦ (DAS). ʊʦʛʜʘ ʦʮʝʥʢʘ ʟʘʜʝʨʞʢʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ: 
( )

( )
x m x m

1, ..., , 1, ..., , , 1, ..., .

m mm
s i s jijm

ij

r

c c

i N j N i j m M

t
- - -

= =

= = ¸ =

 

ʛʜʝ N- ʢʦʣʠʯʝʩʪʚʦ ʩʝʥʩʦʨʦʚ ʠʣʠ ʪʦʯʝʢ ʦʪʩʯʝʪʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʆɺ [1]. 

ɼʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʠʪʴ 

ʠʟʤʝʨʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʨʘʟʣʠʯʥʳʭ ʩʝʥʩʦʨʦʚ ʩʠʩʪʝʤʳ DAS. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Knapp, C. H. and Carter, G. C. The generalized correlation method 

for estimation of time delay // Proc. IEEE Transactions on Acoustics, Speech 

and Signal. 1976. Vol. 24. ˉ 4. P. 320ï327.
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʧʨʦʩ ʚʣʠʷʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʜʦʧʫʩʢʦʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʝʢʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 2-ʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʣʷʨʠʟʘʪʦʨʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʣʷʨʠʟʘʮʠʠ. 

 

Abstract 

The article examines the influence of the tolerances of the polarization 

section on the ellipticity coefficient. The research was carried out by 

electrodynamic modeling of the electromagnetic field polarizer and subsequent 

application of the obtained results in calculations. 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʥʘʣʠʯʠʝ ʜʚʫʭ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ ʩʦ ʩʜʚʠʛʦʤ ʬʘʟ ʤʝʞʜʫ ʥʠʤʠ . 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪ ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʪʨʦʡʩʪʚʝ ʥʘʟʳʚʘʝʤʳʤ 

ʧʦʣʷʨʠʟʘʪʦʨʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ [1]. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʦʧʫʩʢʦʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʣʠʧʪʠʯʥʦʩʪʠ 

ʧʦʣʷʨʠʟʘʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ: ʧʦʣʷʨʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʚʩʪʘʚʢʠ ʠ ʧʦʣʷʨʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ. 



 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʪʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʨʘʟʤʝʨʦʚ 

ʧʦʣʷʨʠʟʘʪʦʨʘ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʚʣʠʷʥʠʶ ʜʣʠʥʳ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʝʢʮʠʠ ʠ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʦʚ 

ʦʙʦʠʭ ʚʠʜʦʚ ʧʦʣʷʨʠʟʘʪʦʨʦʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʣʠʧʪʠʯʥʦʩʪʠ. ʅʘ ʨʠʩ. 1 

ʧʨʠʚʝʜʝʥʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʣʷʨʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ, ʘ ʥʘ ʨʠʩ. 2 ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʥʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 62-70 ɻɻʮ.  

 

 
ʈʠʩ.1 

 
ʈʠʩ.2 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ: 

1. ʀʟʤʝʥʝʥʠʝ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʦʚ ʧʦʣʷʨʠʟʫʶʱʝʡ ʩʝʢʮʠʠ 

ʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʜʦʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ. 

2. ʅʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʧʨʠ 

ʦʪʢʣʦʥʝʥʠʷʭ ʢʘʢ ʧʨʦʜʦʣʴʥʳʭ, ʪʘʢ ʠ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʦʚ, ʥʘʙʣʶʜʘʶʪʩʷ 

ʥʘ ʢʨʘʡʥʠʭ ʯʘʩʪʦʪʘʭ ʜʠʘʧʘʟʦʥʘ. 

3. ʈʝʟʫʣʴʪʘʪʳ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ (62· 70) ɻɻʮ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʦʩʥʦʚʝ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ 

ʚʦʣʥʦʚʦʜʘ. 

4. ʇʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʣʠʥʝʡʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ (ʢʘʢ ʧʦʧʝʨʝʯʥʳʭ 

ʨʘʟʤʝʨʦʚ, ʪʘʢ ʠ ʧʨʦʜʦʣʴʥʳʭ), ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ 

ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʦʩʥʦʚʝ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ. ʕʪʦ ʭʦʨʦʰʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠʟ ʩʨʘʚʥʝʥʠʷ ʢʨʠʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ. 

5. ʋ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʚʩʪʘʚʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʩʣʘʙʘʷ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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1972. 472 ʩ. ʩ ʠʣʣ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʦʜʝʣʠ ʜʘʪʯʠʢʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʟʤʝʨʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ.  

 

Abstract 

The article presents the results of the study of a computer model of the 

sensor at various values of the dielectric constant of the measured substance. 

 

ɼʘʪʯʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʤʤʝʪʨʠʯʥʫʶ ʤʠʢʨʦʧʦʣʦʩʢʦʚʫʶ 

ʣʠʥʠʶ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʚ ʚʠʜʝ ʩʪʫʧʝʥʯʘʪʦʛʦ ʠʟʤʝʥʝʥʠʷ ʰʠʨʠʥʳ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʦʩʢʘ. ɺ ʮʝʥʪʨʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʝʨʝʭʦʜ ʩ 

ʦʜʥʦʛʦ ʩʣʦʷ ʜʠʵʣʝʢʪʨʠʢʘ ʥʘ ʜʨʫʛʦʡ, ʚʳʩʪʫʧʘʶʱʝʛʦ ʚ ʨʦʣʠ ʨʝʟʦʥʘʪʦʨʘ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʦʙʣʘʩʪʴ ʜʘʪʯʠʢʘ ʦʙʨʘʟʦʚʘʥʘ ʦʪʨʝʟʢʦʤ ʢʦʧʣʘʥʘʨʥʦʡ ʣʠʥʠʠ 

ʚ ʚʝʨʭʥʝʤ ʵʢʨʘʥʝ. 

ʅʘʜ ʜʘʪʯʠʢʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʠʟʤʝʨʷʝʤʦʝ ʚʝʱʝʩʪʚʦ ʩ ʟʘʜʘʥʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ (ʈʠʩ.1). ʇʨʦʚʝʜʝʤ ʨʷʜ ʨʘʩʯʝʪʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʙʫʜʝʤ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʣʦʝʚ ʨʝʟʦʥʘʪʦʨʘ. 



 

 
 ʘ ʙ 
ʈʠʩ. 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʜʘʪʯʠʢʘ: ʘ) ʤʦʜʝʣʴ ʜʘʪʯʠʢʘ ʩ ʠʟʤʝʨʷʝʤʳʤ ʚʝʱʝʩʪʚʦʤ ʙ) 

ʩʪʨʫʢʪʫʨʘ ʥʠʞʥʝʛʦ ʩʣʦʷ ʧʦʣʦʩʢʦʚʦʛʦ ʜʘʪʯʠʢʘ 

 

ʇʨʝʜʩʪʘʚʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʜʘʪʯʠʢʘ, ʧʨʠ ʟʥʘʯʝʥʠʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʟʤʝʨʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʨʘʚʥʳʤ 5 ʠ 5,1, ʥʘ 

ʨʠʩʫʥʢʝ 2. 

 
 ʘ ʙ 
ʈʠʩ. 2 ï ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʜʘʪʯʠʢʘ: ʘ) ʛʨʘʬʠʢ ʧʨʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʢʦʧʣʘʥʘʨʥʦʛʦ ʧʦʣʦʩʢʘ 2 ʠ ʠʟʤʝʨʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ 5 ʠ 5,1 

ʙ) ʛʨʘʬʠʢ ʧʨʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʢʦʧʣʘʥʘʨʥʦʛʦ ʧʦʣʦʩʢʘ 

10 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʦʜʝʣʠ ʚ ʨʝʟʦʥʘʥʩʥʦʡ ʦʙʣʘʩʪʠ. 

 
ʈʠʩ. 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʨʝʟʦʥʘʥʩʥʦʡ ʦʙʣʘʩʪʠ ʟʘʟʦʨʘ 

ʢʦʧʣʘʥʘʨʥʦʡ ʣʠʥʠʠ 2 ʠ 4, ʚ ʦʙʣʘʩʪʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʦʩʢʘ ʢʦʧʣʘʥʘʨʥʦʡ ʣʠʥʠʠ 1 ʠ 

3, ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ ʚ ʦʙʣʘʩʪʠ 

ʢʦʧʣʘʥʘʨʥʦʡ ʣʠʥʠʠ: 2  (ʣʠʥʠʷ 1 ʠ 2) ʠ 10 (ʣʠʥʠʷ 3 ʠ 4)  



 

ʋɼʂ 621.372.852 

 

ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ɼʃʗ ʆɹʈɸɹʆʊʂʀ 

ʈɽɿʋʃʔʊɸʊʆɺ ʀɿʄɽʈɽʅʀʁ ʄʀʂʈʆɺʆʃʅʆɺʓʍ ɼɸʊʏʀʂʆɺ 

 

ʐʘʢʠʨʦʚ ʈ.ʌ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʅʘʩʳʙʫʣʣʠʥ ɸʡʜʘʨ ʈʝʚʢʘʪʦʚʠʯ, ʢ.ʪ.ʥ. 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 

 

SOFTWARE FOR PROCESSING MEASUREMENT RESULTS OF 

MICROWAVE SENSORS 

 

Shakirov R.F. 

Supervisor Aydar R. Nasybullin, Ph.D. 

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

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʤʝʨʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

 

Abstract 

The article discusses a method for determining the parameters of the 

measured substance using a microwave sensor and software for processing the 

measurement results. 

 

1. ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʝʱʝʩʪʚʘ ʤʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʜʘʪʯʠʢʦʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʉɺʏ ʜʠʘʧʘʟʦʥʝ. ɼʘʪʯʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʫʶ ʣʠʥʠʶ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʚ ʩʪʨʫʢʪʫʨʝ. ʉ ʧʦʤʦʱʴʶ 

ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʷ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ, ʙʫʜʝʪ 

ʚʳʯʠʩʣʷʪʴʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠʟʤʝʨʷʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ. 

2. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʘ 

ʂʣʶʯʝʚʘʷ ʬʫʥʢʮʠʷ ʫʩʪʨʦʡʩʪʚʘ - ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʩʧʳʪʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʜʫʤʘʥʦ ʢʘʢ 



 

ʦʪʜʝʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʚʳʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʨʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʣʫʯʘʝʪ ʠʟʤʝʨʝʥʥʳʝ ʜʘʥʥʳʝ ʯʝʨʝʟ 

ʚʠʨʪʫʘʣʴʥʳʡ ʧʦʨʪ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʫʝʪ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʭʦʜʠʪ ʪʨʝʙʫʝʤʳʝ ʪʦʯʢʠ ʥʘ ʛʨʘʬʠʢʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ. ʕʪʠ ʜʘʥʥʳʝ ʩʨʘʟʫ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʦʢʥʝ ʧʨʠʣʦʞʝʥʠʷ. ʆʩʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʜʘʧʪʠʨʫʶʪʩʷ ʢ ʠʟʤʝʨʝʥʥʳʤ ʜʘʥʥʳʤ. 

 
ʈʠʩ. 1 ï ʊʨʝʙʫʝʤʳʝ ʪʦʯʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɼʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʚʝʱʝʩʪʚʘ. ʕʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʜʘʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʚʝʱʝʩʪʚʘ.
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ 

ʧʦʣʷ ʧʨʠ ʧʦʛʨʝʰʥʦʩʪʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʘʟʳ ʩʨʝʜʳ. 

 

Abstract 

In paper the variations of focusing field characteristics with errors of 

medium parameters determination are studied. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʥʝʩʦʤʥʝʥʥʫʶ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʝʥʥ, ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʚ 

ʦʙʣʘʩʪʴ ʙʣʠʞʥʝʛʦ ʠʟʣʫʯʝʥʥʦʛʦ ʧʦʣʷ [1]. ʇʨʠ ʵʪʦʤ ʩʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʧʦʣʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ 

ʚʳʨʘʞʝʥʥʳʝ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʘʨʘʤʝʪʨʳ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʩʝʛʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʥʝʢʦʪʦʨʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ. ɺ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʧʦʣʷ ʧʨʠ 

ʧʦʛʨʝʰʥʦʩʪʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ a ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʬʘʟʳ ʩʨʝʜʳ b.  

2. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 



 

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʧʦʣʷ, ʚ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ ʬʦʢʫʩʠʨʦʚʢʠ (ʈʆʌ) ʠ ʫʨʦʚʝʥʴ 

ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʦʙʣʘʩʪʠ ʬʦʢʫʩʠʨʦʚʢʠ (ʢʦʪʦʨʳʡ 

ʧʦ ʘʥʘʣʦʛʠʠ ʩ ɼʅ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ ʦʙʦʟʥʘʯʘʣʩʷ ʢʘʢ ʫʨʦʚʝʥʴ ʙʦʢʦʚʳʭ 

ʣʝʧʝʩʪʢʦʚ (ʋɹʃ)). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʦʤʦʱʠ ʧʦʥʷʪʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʩʠʣʝʥʠʷ (ʚʚʝʜʝʥʥʦʛʦ ʚ [1]), ʦʮʝʥʠʚʘʣʘʩʴ ʩʪʝʧʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʷ 

ʚʙʣʠʟʠ ʪʦʯʢʠ ʬʦʢʫʩʠʨʦʚʢʠ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʬʘʟʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʘʥʪʝʥʥʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʬʦʢʫʩʠʨʦʚʢʫ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ ʚ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʩʨʝʜʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, 

ʩʦʠʟʤʝʨʠʤʦʤ ʩ ʨʘʟʤʝʨʦʤ ʘʥʪʝʥʥʳ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʬʘʟʳ 

ʩʨʝʜʳ. ʇʦʵʪʦʤʫ, ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ 

ʩʨʝʜʳ ʙʫʜʝʪ ʦʯʝʚʠʜʥʳʤ ʦʙʨʘʟʦʤ ʩʢʘʟʳʚʘʪʴʩʷ ʣʠʰʴ ʥʘ ʘʙʩʦʣʶʪʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚ ʪʦʯʢʝ ʬʦʢʫʩʠʨʦʚʢʠ (ʨʠʩ. 1ʘ). 

ʇʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʘʟʳ, ʥʝʩʦʤʥʝʥʥʦ, ʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ 

ʧʦʣʷ (ʨʠʩ. 1ʙ). 

  
ʘ) ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ a=20%. ʙ) ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ b=20% 

ʈʠʩ. 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʠʟʣʫʯʘʪʝʣʶ 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʘʨʘʤʝʪʨʳ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʧʦʣʷ (ʈʆʌ ʠ ʋɹʃ) ʦʩʪʘʶʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤʠ ʚ ʩʣʫʯʘʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʩʨʝʜʳ. ʌʠʢʩʠʨʦʚʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʛʨʝʰʥʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʘʟʳ, ʨʘʚʥʘʷ 10-20%, ʫʭʫʜʰʘʝʪ ʩʪʝʧʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʷ 

ʚʙʣʠʟʠ ʪʦʯʢʠ ʬʦʢʫʩʠʨʦʚʢʠ, ʦʜʥʘʢʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʬʦʢʫʩʠʨʦʚʢʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʥʪʝʥʥʳ, ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʝ ʚ ʟʦʥʝ ʙʣʠʞʥʝʛʦ ʠʟʣʫʯʝʥʥʦʛʦ ʧʦʣʷ. 

ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ / ʧʦʜ ʦʙʱ.ʨʝʜ. ʖ.ɽ. 

ʉʝʜʝʣʴʥʠʢʦʚʘ ʠ ʅ.ɸ. ʊʝʩʪʦʝʜʦʚʘ. ʉʠʙ. ʛʦʩ. ʘʵʨʦʢʦʩʤʠʯ. ʫʥ-ʪ ï 

ʂʨʘʩʥʦʷʨʩʢ, 2015. 308ʩ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ 

ʧʦʢʨʳʪʠʡ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʠʚʝʜʝʥ 

ʦʙʟʦʨ ʠʤʝʶʱʠʭʩʷ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

 

Abstract 

The article considers the relevance of the study of new coatings, with the 

ability to control their characteristics. A review of existing methods for creating 

frequency-selective surfaces is given. 

 

1. ɺʚʝʜʝʥʠʝ 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ ʪʘʢʞʝ ʥʘ ʯʝʣʦʚʝʢʘ. ɺ ʵʢʦʣʦʛʠʠ ʙʳʣʦ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʵʢʦʣʦʛʠʷ, ʨʘʟʜʝʣ 

ʵʢʦʣʦʛʠʠ, ʠʟʫʯʘʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ 

ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ. 

2. ʇʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ʫʣʫʯʰʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʢʦʣʦʛʠʠ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʤ, 

ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʙʘʟʦʚʳʭ ʧʝʨʝʜʘʶʱʠʭ 

ʩʪʘʥʮʠʡ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʱʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʥʠʤʠ, ʞʠʣʳʤʠ ʠ 

ʦʬʠʩʥʳʤʠ ʟʜʘʥʠʷʤʠ, ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʤʝʪʦʜʳ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ 

ʠʤʝʥʥʦ, ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ 



 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʯʝʨʝʟ ʦʢʦʥʥʳʝ ʧʨʦʝʤʳ, ʥʦ ʥʝ 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʩʚʝʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʏʉʇ). 

ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʶʪʩʷ ʤʘʩʩʠʚʳ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʜʠʵʣʝʢʪʨʠʢʘ, ʘ ʪʘʢʞʝ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʥʪʝʨʝʩ ʢ ʯʘʩʪʦʪʥʦ-

ʩʝʣʝʢʪʠʚʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʚʳʟʚʘʥ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʢʘʢ 

ʠ ʩʧʣʦʰʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʘʩʩʠʚʳ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʦʙʣʘʜʘʶʪ ʵʢʨʘʥʠʨʫʶʱʠʤʠ (ʦʪʨʘʞʘʪʝʣʴʥʳʤʠ) ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ, ʟʘʤʝʜʣʷʶʱʠʭ 

ʠ ʯʘʩʪʦʪʥʦ-ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ɺʦ-ʚʪʦʨʳʭ, 

ʤʥʦʛʠʝ ʩʠʩʪʝʤʳ ʩ ʩʝʪʯʘʪʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠʤʝʶʪ ʥʝʩʦʤʥʝʥʥʳʝ 

ʜʦʩʪʦʠʥʩʪʚʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʭʘʨʘʢʪʝʨʘ. 

 
ʈʠʩ. 1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩ 2015 ʧʦ 

2018 ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʟʜʘʥʠʝʤ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʛʦʚʦʨʠʪ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʪʝʤʳ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʥʘʫʯʥʳʭ ʩʦʦʙʱʝʩʪʚ 

ʚ ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ 

ʧʦʢʨʳʪʠʡ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʠʚʝʜʝʥ 

ʦʙʟʦʨ ʠʤʝʶʱʠʭʩʷ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

 

Abstract 

The article considers the relevance of the study of new coatings, with the 

ability to control their characteristics. A review of existing methods for creating 

frequency-selective surfaces is given. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʧʨʦʙʣʝʤʘ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ 

ʣʠʥʠʷʭ ʩʚʷʟʠ. ʂ ʦʩʥʦʚʥʳʤ ʧʨʠʯʠʥʘʤ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʀʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʜʝʣʷʪʩʷ ʥʘ ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ. ʆʪ ʚʥʫʪʨʝʥʥʠʭ ʧʦʤʝʭ ʤʦʞʥʦ ʠʟʙʘʚʠʪʩʷ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʧʦʤʝʭ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʢʨʘʥʳ ʠʣʠ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʏʉʇ). 

2. ʇʨʠʤʝʥʷʝʤʳʝ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʏʘʩʪʦʪʥʦ ï ʩʝʣʝʢʪʠʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʏʉʇ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʘʩʩʠʚ ʧʘʩʩʠʚʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʠʜʝʘʣʴʥʦ ʚʝʜʝʪ ʩʝʙʷ 

ʢʘʢ ʦʪʨʘʞʘʶʱʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʩʚʦʝʡ ʨʝʟʦʥʘʥʩʥʦʡ 

ʯʘʩʪʦʪʝ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʨʘʜʠʦʯʘʩʪʦʪʥʫʶ ʵʥʝʨʛʠʶ ʯʝʨʝʟ 

ʥʝʛʦ ʥʘ ʜʨʫʛʠʭ ʯʘʩʪʦʪʘʭ. ʕʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʟʤʝʱʝʥʥʳʝ ʤʘʩʩʠʚʳ 



 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʘʪʯʝʡ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʵʢʨʘʥʝ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪʩʷ 

ʩʝʪʢʘʤʠ. 

ʏʉʇ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʦʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ, ʧʨʠʯʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʦʛʫʪ 

ʙʳʪʴ ʢʘʢ ʟʘʛʨʘʞʜʘʶʱʠʤʠ, ʪʘʤ ʠ ʧʨʦʧʫʩʢʘʶʱʠʤʠ. ɽʩʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ ʚ ʏʉʇ ʦʙʣʘʜʘʶʪ ʨʝʟʦʥʘʥʩʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠʥʜʫʢʪʠʚʥʘʷ 

ʏʉʇ ʙʫʜʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʦʣʥʫʶ ʧʝʨʝʜʘʯʫ ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʙʣʠʟʠ 

ʨʝʟʦʥʘʥʩʥʦʡ, ʪʦʛʜʘ ʢʘʢ ʝʤʢʦʩʪʥʘʷ ʏʉʇ ʙʫʜʝʪ ʧʦʢʘʟʳʚʘʪʴ ʧʦʣʥʦʝ 

ʦʪʨʘʞʝʥʠʝ.  

ʇʨʠ ʨʘʩʯʝʪʝ ʵʢʨʘʥʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʥʝʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ.  

ʉʫʱʝʩʪʚʫʝʪ 3 ʟʦʥʳ ʜʝʡʩʪʚʠʷ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ: 

ɹʣʠʞʥʷʷ ï ʟʦʥʘ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʠʩʪʦʯʥʠʢʘ ʤʝʥʴʰʝ r; ʇʝʨʝʭʦʜʥʘʷ 

ï ʟʦʥʘ, ʚ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʧʣʦʩʢʘʷ ʚʦʣʥʘ; ɼʘʣʴʥʷʷ ï ʟʦʥʘ, ʚ ʢʦʪʦʨʦʡ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʠʩʪʦʯʥʠʢʘ ʙʦʣʴʰʝ r. ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʙʣʠʞʥʝʡ ʠ ʜʘʣʴʥʝʡ 

ʟʦʥʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ὶ  

 
ʈʠʩ. 1 ï ɿʦʥʳ ʜʝʡʩʪʚʠʷ ʠʩʪʦʯʥʠʢʦʚ ʧʦʤʝʭ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʵʢʨʘʥʘ. ʆʪ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ, ʦʥ ʦʪʣʠʯʘʝʪʩʷ: ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ; ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʨʘʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʨʦʮʝʜʫʨʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ; 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦ ʤʝʨʝ ʫʪʦʯʥʝʥʠʷ ʤʦʜʝʣʝʡ 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʥʜʘ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʀʩʩʣʝʜʦʚʘʥʠʝ LC-ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ 

ʧʦ ʢʫʨʩʫ çʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʮʝʧʠ ʠ ʩʠʛʥʘʣʳè 

 

Abstract 

The results of the development and research of the stand for laboratory 

work çResearch of the LC-autogeneratorè in the course "Radio circuits and 

signals" are presented in the article. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʪʝʥʜ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʩʦʙʨʘʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʚʪʦʛʝʥʝʨʘʪʦʨʦʚ ʚ ʨʘʤʢʘʭ ʢʫʨʩʘ 

çʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʮʝʧʠ ʠ ʩʠʛʥʘʣʳè ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʤʘʢʝʪʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʝʥʜʘ 

ɺʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. 

2.1. ʇʨʦʠʟʚʦʜʠʪʩʷ ʩʥʷʪʠʝ ʩʪʦʢʦ-ʟʘʪʚʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʭʝʤʳ 

ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʦʠʪʩʷ ʛʨʘʬʠʢ ʩʪʦʢʦ-ʟʘʪʚʦʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʟʠʩʪʦʨʘ ʠ ʚʳʙʠʨʘʶʪʩʷ ʨʘʙʦʯʠʝ ʪʦʯʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʷʛʢʦʤʫ ʨʝʞʠʤʫ (ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ 



 

ʩʦʩʪʦʷʥʠʠ) ʠ ʞʝʩʪʢʦʤʫ (ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʥʘʢʘʯʢʠ) ʨʝʞʠʤʫ ʨʘʙʦʪʳ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ.  

ʈʠʩ. 1 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ 

 

2.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʤʷʛʢʦʛʦ ʠ 

ʞʝʩʪʢʦʛʦ ʨʝʞʠʤʘ. ɼʣʷ ʵʪʦʛʦ ʧʦʜʢʣʶʯʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʚ ʚʠʜʝ 

ʧʝʨʝʤʝʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ. ʊʘʢʞʝ ʥʘ ʚʭʦʜ ʪʨʘʥʟʠʩʪʦʨʘ ʧʦʜʘʸʪʩʷ ʩʠʛʥʘʣ ʩ 

ʚʥʝʰʥʝʛʦ ʛʝʥʝʨʘʪʦʨʘ  ʙʣʠʟʢʠʡ ʢ ʯʘʩʪʦʪʝ ʨʝʟʦʥʘʥʩʘ ʮʝʧʠ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ 

ʬʦʨʤʫʣʝ ‫
Ѝ

 ɻʮ ʠ ʧʨʦʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʥʘ 

ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ ʦʪ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʥʝʰʥʝʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

2.3. ʀʩʩʣʝʜʫʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ 

ʦʪ ʚʝʣʠʯʠʥʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʜʣʷ ʤʷʛʢʦʛʦ ʠ ʞʝʩʪʢʦʛʦ ʨʝʞʠʤʦʚ.  

3. ɿʘʢʣʶʯʝʥʠʝ  

ʅʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠ ʠʟʛʦʪʦʚʣʝʥ ʜʝʡʩʪʚʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ. 

ʆʜʥʘʢʦ, ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʩʦ ʩʪʫʜʝʥʪʘʤʠ, 

ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʰʠʙʦʢ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 



 

ʘʧʧʘʨʘʪʫʨʳ, ʩʪʝʥʜʳ ʚʳʭʦʜʠʣʠ ʠʟ ʩʪʨʦʷ. ʇʦʵʪʦʤʫ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʜʦʨʘʙʦʪʢʠ ʩʪʝʥʜʘ, ʟʘʱʠʱʘʶʱʠʝ ʧʦʣʝʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʦʪ ʢʦʨʦʪʢʠʭ 

ʟʘʤʳʢʘʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʫʢʘʟʘʥʥʳʤʠ ʚʳʰʝ ʦʰʠʙʢʘʤʠ ʧʦʜʢʣʶʯʝʥʠʡ.  
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ɸʥʥʦʪʘʮʠʷ  
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʛʝʥʝʨʘʪʦʨ ɼʤʠʪʨʠʝʚʘ-ʂʠʩʣʦʚʘ. 

ʇʨʦʚʦʜʠʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤʳ ɼʤʠʪʨʠʝʚʘ-ʂʠʩʣʦʚʘ. 

 

Abstract  

In this paper, the Dmitriev-Kislov generator is considered. Spectral 

analysis of the signals of the Dmitriev-Kislov system is carried out. 

 

1. ɺʚʝʜʝʥʠʝ 

ʄʝʭʘʥʠʟʤ ʛʝʥʝʨʘʪʦʨʘ ʭʘʦʩʘ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʀʥʩʪʠʪʫʪʝ 

ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ɸʅ ʉʉʉʈ. ɺ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʦ ʜʚʝ 

ʣʘʤʧʳ ʙʝʛʫʱʝʡ ʚʦʣʥʳ, ʚ ʢʦʪʦʨʦʡ ʦʜʥʘ ʙʳʣʘ ʫʩʠʣʠʪʝʣʝʤ, ʘ ʜʨʫʛʘʷ 

ʧʦʜʘʚʘʣʘ ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʫʩʠʣʠʪʝʣʷ ʥʘ ʝʛʦ ʚʭʦʜ. ɼʤʠʪʨʠʝʚ ʠ ʂʠʩʣʦʚ 

ʟʘʭʦʪʝʣʠ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʭʦʞʫʶ ʤʦʜʝʣʴ, ʜʣʷ ʵʪʦʛʦ ʦʥʠ ʠʩʩʣʝʜʦʚʘʣʠ 

ʩʠʩʪʝʤʫ ʚ ʚʠʜʝ ʟʘʢʨʳʪʦʡ ʚ ʢʦʣʴʮʦ ʮʝʧʦʯʢʠ ʠʟ ʥʝʣʠʥʝʡʥʦʛʦ ʫʩʠʣʠʪʝʣʷ, 

RLC-ʬʠʣʴʪʨʘ ʠ ʠʥʝʨʮʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ [1]. 

 

2. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤʳ ɼʤʠʪʨʠʝʚʘ-ʂʠʩʣʦʚʘ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ɼʤʠʪʨʠʝʚʘ-

ʂʠʩʣʦʚʘ ʤʝʪʦʜʘʤʠ music ʠ burg ʧʨʠ T=3; M=3 ʠ T=2; M=6. ʉʧʝʢʪʨʘʣʴʥʳʡ 

ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ Matlab. 

 



 

ʊʘʙʣʠʮʘ 1 ï ʆʮʝʥʢʠ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤʳ  

ɼʤʠʪʨʠʝʚʘ-ʂʠʩʣʦʚʘ 

 T=3; M=3 T=2; M=6 

 ʚʳʩʦʪʘ music burg music burg 

 -30 0.013183594 0.015136719 0.0703125 0.063476563 

x -40 0.030273438 0.073730469 0.085449219 0.10205078 

 -50 0.078125 0.087890625 0.11083984 0.13867188 

 -30 0.029296875 0.017626953 0.047363281 0.051757813 

y -40 0.049804688 0.021777344 0.06640625 0.083496094 

 -50 0.067871094 0.048486328 0.094726563 0.15722656 

 -30 0.049316406 0.047851563 0.052246094 0.062988281 

z -40 0.061035156 0.062011719 0.0703125 0.088378906 

 -50 0.081542969 0.094726563 0.096679688 0.13427734 

 

ɺ ʤʝʪʦʜʝ music ʩʠʛʥʘʣ x ʥʘ ʫʨʦʚʥʷʭ ʟʘʪʫʭʘʥʠʷ ʩʧʝʢʪʨʘ -30 ʜʙ, -40 

ʜʙ, - 50 ʜʙ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʨʠ T=3; M=3 ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʧʨʠ 

T=2; M=6 ʥʘ 0.0571, 0.0552, 0.0327 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ ʩʠʛʥʘʣʘ ʫ ʥʘ 

ʫʨʦʚʥʷʭ ʟʘʪʫʭʘʥʠʷ ʩʧʝʢʪʨʘ -30 ʜʙ, -40 ʜʙ, - 50 ʜʙ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʨʠ T=3; 

M=3ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʧʨʠ T=2; M=6 ʥʘ 0.0181, 0.0166, 0.0269 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʩʠʛʥʘʣʘ z ʥʘ ʫʨʦʚʥʷʭ ʟʘʪʫʭʘʥʠʷ ʩʧʝʢʪʨʘ -30 ʜʙ, -40 

ʜʙ, - 50 ʜʙ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʨʠ T=3; M=3 ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʧʨʠ 

T=2; M=6 ʥʘ 0.0029, 0.0093, 0.0151 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʤʝʪʦʜʝ burg ʩʠʛʥʘʣ x ʥʘ ʫʨʦʚʥʷʭ ʟʘʪʫʭʘʥʠʷ ʩʧʝʢʪʨʘ -30 ʜʙ, -40 ʜʙ, 

- 50 ʜʙ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʨʠ T=3; M=3 ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʧʨʠ T=2; 

M=6 ʥʘ 0.0483, 0.0283, 0.0508 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʩʠʛʥʘʣʘ y ʥʘ ʫʨʦʚʥʷʭ 

ʟʘʪʫʭʘʥʠʷ ʩʧʝʢʪʨʘ -30 ʜʙ, -40 ʜʙ, - 50 ʜʙ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʨʠ T=3; M=3 

ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʧʨʠ T=2; M=6 ʥʘ 0.0341, 0.0617, 0.1087 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʩʠʛʥʘʣʘ z ʥʘ ʫʨʦʚʥʷʭ ʟʘʪʫʭʘʥʠʷ ʩʧʝʢʪʨʘ -30 ʜʙ, -40 

ʜʙ, - 50 ʜʙ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʨʠ T=3; M=3 ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʧʨʠ 

T=2; M=6 ʥʘ 0.0151, 0.0264, 0.0396 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤʳ 

ɼʤʠʪʨʠʝʚʘ-ʂʠʩʣʦʚʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʤʝʪʦʜʘʭ burg ʠ music ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʊ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʷ M ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ 

ʟʘʪʫʭʘʥʠʷ ʩʧʝʢʪʨʘ, ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤ ʧʦʚʝʜʝʥʠʝʤ ʩʠʩʪʝʤʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʫʩʠʣʠʷ ʧʨʠʞʠʤʘ ʥʘ ʦʩʥʦʚʝ ˊ-

ɺɹʈ. ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʥʦʛʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ. 

 

Abstract 

The article presents a ˊ-FBG-based clamping force control system. 

Computer simulation of the multisensor system has been carried out. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʣʦʢʦʥʥʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʨʝʰʝʪʢʠ ʩ ʬʘʟʦʚʳʤ ˊ-

ʩʜʚʠʛʦʤ (ˊ-ɺɹʈ) ʦʙʨʝʪʘʶʪ ʚʩʶ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʟʘ ʩʯʝʪ ʩʚʝʨʭʫʟʢʦʡ ʰʠʨʠʥʳ ʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ˊ-

ɺɹʈ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ɺɹʈ ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ ʨʘʚʥʳʤ ʦʜʥʦʤʫ ʧʝʨʠʦʜʫ ʨʝʰʝʪʢʠ [1]. 

2. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʥʦʛʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ ʫʩʠʣʠʷ ʧʨʠʞʠʤʘ 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ 1 ʦʧʦʨʥʫʶ ʠ 3 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ˊ-ɺɹʈ (ʈʠʩ. 1). ʀʟʣʫʯʝʥʠʝ ʦʪ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʨʘʟʚʝʪʚʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʨʘʟʜʝʣʷʝʪ ʦʧʪʠʯʝʩʢʦʝ 



 

ʠʟʣʫʯʝʥʠʝ ʥʘ ʯʝʪʳʨʝ ˊ-ɺɹʈ. ʇʨʠ ʵʪʦʤ ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ ʤʝʞʜʫ 

ʨʘʟʚʝʪʚʠʪʝʣʝʤ ʠ ˊ-ɺɹʈ ʘʪʪʝʥʶʘʪʦʨʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʦʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʘ ʚ 

ʢʘʞʜʦʤ ʢʘʥʘʣʝ, ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʝʣʠʯʠʥʫ. ʅʘ ʩʫʤʤʘʪʦʨʝ ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ 

ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢ ʠ ʟʘʪʝʤ ʚʳʜʘʝʪʩʷ ʥʘ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ. 

 
ʈʠʩ. 1 ï ʄʦʜʝʣʴ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʭʝʤʳ ʦʧʨʦʩʘ ʤʥʦʛʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ ʫʩʠʣʠʷ ʧʨʠʞʠʤʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 

  

ʘ) ʙ) 

ʈʠʩ. 2 ï ʘ) ʉʧʝʢʪʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʧʨʠ Q 

= 0 ʅ; ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʘʞʜʦʛʦ ʠʟ ʜʘʪʯʠʢʦʚ f1, f2, f3 ʧʨʠ 

ʨʘʚʥʦʤʝʨʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʷ ʧʨʠʞʠʤʘ Q 
 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʩʠʣʠʷ ʧʨʠʞʠʤʘ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʜʘʪʯʠʢʘ. ʉʭʝʤʘ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʳʤ ʧʨʠʥʮʠʧʦʤ ʨʝʛʠʩʪʨʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʠ ʜʠʩ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ: 05.11.13: 2019 / ɸʨʪʝʤʴʝʚ ɺʘʜʠʤ ʀʛʦʨʝʚʠʯ. ï 

ʂʘʟʘʥʴ. ï 2019. ï 153 ʩ.  



 

ʋɼʂ 681.586.5 

 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʆʃʆʂʆʅʅʆ-

ʆʇʊʀʏɽʉʂʆɻʆ ɼɸʊʏʀʂɸ ʋʉʀʃʀʗ ʇʈʀɾʀʄɸ 

ʅɸ ʆʉʅʆɺɽ 2ˊ-ɺɹʈ 

 

ɸʨʪʝʤʴʝʚ ɺ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʦʨʦʟʦʚ ʆʣʝʛ ɻʝʥʥʘʜʴʝʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 

 

EXPERIMENTAL STUDY OF A FIBER OPTICAL SENSOR FOR 

PRESSURE FORCE BASED ON 2́-FBG 

 

Artemiev V.I. 

Supervisor: Oleg G. Morozov, professor 

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

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʫʩʠʣʠʷ ʧʨʠʞʠʤʘ ʥʘ ʦʩʥʦʚʝ 2ˊ-ɺɹʈ. 

 

Abstract 

In this work, an experimental study of the clamping force control system 

based on 2ˊ-FBG. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʫʩʠʣʠʷ ʧʨʠʞʠʤʘ ʥʘ ʦʩʥʦʚʝ 2ˊ-ɺɹʈ, ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [1].  

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʫʩʠʣʠʷ 

ʧʨʠʞʠʤʘ ʥʘ ʦʩʥʦʚʝ 2ˊ-ɺɹʈ 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʠʩʪʦʯʥʠʢ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʫʩʪʨʦʡʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣʳ, ɺʆɼ ʫʩʠʣʠʷ 

ʧʨʠʞʠʤʘ, ʦʧʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ, ʬʦʪʦʧʨʠʝʤʥʠʢ ʠ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʘʷ ʚʩʪʘʚʢʘ 

ʧʦʤʝʱʘʣʘʩʴ ʚ ʫʩʪʨʦʡʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣʳ, ʛʜʝ 

ʧʦʜʚʝʨʛʘʣʘʩʴ ʨʘʟʣʠʯʥʳʤ ʩʠʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 



 

ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʚʩʪʘʚʢʫ ʨʘʚʥʦ 0 ʅ, ʟʘʪʝʤ ʩ ʰʘʛʦʤ ʚ 20 

ʅ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʜʦ ʟʥʘʯʝʥʠʷ 220 ʅ.  

 
ʈʠʩ. 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʩʠʣʠʷ ʧʨʠʞʠʤʘ.  

  

ʘ) ʙ) 

ʈʠʩ. 2 ï ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʬʦʪʦʧʨʠʝʤʥʠʢʘ  

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʩʠʣʠʷ ʧʨʠʞʠʤʘ:  

ʘ) Q = 0 ʅ; ʙ) Q = 220 ʅ 
 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ 

ʥʘ ʚʳʭʦʜʝ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʞʠʤʥʦʡ ʩʠʣʳ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʨʘʙʦʪʝ [1]. 
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Abstract 

This paper presents a method for modeling a chirped fiber Bragg 

grating. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʠʨʧʠʨʦʚʘʥʥʳʝ ʚʦʣʦʢʦʥʥʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʨʝʰʝʪʢʠ 

(ʏɺɹʈ) ʥʘʭʦʜʷʪ ʚʩʶ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʠʤʝʥʝʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʙʱʠʡ ʩʧʝʢʪʨ ʏɺɹʈ ʟʘʚʠʩʠʪ ʦʪ 

ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʘʞʜʫʶ ʦʪʜʝʣʴʥʫʶ ʩʝʢʮʠʶ ʨʝʰʝʪʢʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ, ʚ ʢʘʢʦʡ ʠʤʝʥʥʦ ʪʦʯʢʝ ʚʳʧʦʣʥʝʥʦ ʠʟʤʝʨʝʥʠʝ. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʬʠʣʷ ʩʧʝʢʪʨʘ ʦʪʨʘʞʝʥʠʷ 

ʏɺɹʈ. ʏɺɹʈ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʮʝʧʦʯʢʫ N ʢʣʘʩʩʠʯʝʩʢʠʭ ɺɹʈ, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʨʘʟʣʠʯʥʫʶ ʙʨʵʛʛʦʚʩʢʫʶ ʜʣʠʥʫ ʚʦʣʥʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʬʠʣʴ ʩʧʝʢʪʨʘ ʦʪʨʘʞʝʥʠʷ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʩʝʢʮʠʠ ʏɺɹʈ 

ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ [1]: 

Ὑ ‗

ίὭὲὬ ὒ Ὧ ʎ

ὧέίὬ ὒ Ὧ ʎ
ʎ
Ὧ

 (1) 



 

ʛʜʝ: ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ, kLg ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʦʯʥʦʩʪʴ ʨʝʰʝʪʢʠ, ʘ ůi ï ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʚʦʣʥʳ ʢʘʞʜʦʛʦ ʩʣʦʷ.  

ʇʨʦʬʠʣʴ ʩʧʝʢʪʨʘ ʦʪʨʘʞʝʥʠʷ ʏɺɹʈ, ʦʙʨʘʟʫʶʱʝʡ ʩʪʨʫʢʪʫʨʫ ʨʘʟʤʝʨʘ 

ʄ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʥʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ 

ʦʪʨʘʞʝʥʠʷ [2]. ɺ ʭʦʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʠʤ 

ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʷʪʠ ʩʝʢʮʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʠʡ ʩʧʝʢʪʨ 

ʦʪʨʘʞʝʥʠʷ ʏɺɹʈ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

Ὑ ‗  ρ ρ Ὑ ‗  (2) 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʬʠʣʴ ʩʧʝʢʪʨʘ ʦʪʨʘʞʝʥʠʷ 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʏɺɹʈ. 

  
ʘ) ʙ) 

ʈʠʩ. 2 ï ʇʨʦʬʠʣʴ ʩʧʝʢʪʨʘ ʦʪʨʘʞʝʥʠʷ: ʘ) ʇʨʦʬʠʣʠ ʩʧʝʢʪʨʘ ʦʪʨʘʞʝʥʠʷ ʢʘʞʜʦʡ 

ʩʝʢʮʠʠ ʏɺɹʈ; ʙ) ʇʨʦʬʠʣʴ ʩʧʝʢʪʨʘ ʦʪʨʘʞʝʥʠʷ ʏɺɹʈ 
 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʏɺɹʈ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʮʝʧʦʯʢʫ N ʢʣʘʩʩʠʯʝʩʢʠʭ ɺɹʈ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ 

ʨʘʟʣʠʯʥʫʶ ʙʨʵʛʛʦʚʩʢʫʶ ʜʣʠʥʫ ʚʦʣʥʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʨʪʝʤʴʝʚ, ɺ.ʀ. ʑʝʪʢʘ ʢʘʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʫʟʝʣ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ / ɺ.ʀ. ɸʨʪʝʤʴʝʚ, ʆ.ɻ. ʄʦʨʦʟʦʚ, ɸ.ɸ. ʂʫʟʥʝʮʦʚ, ʀ.ʀ. 

ʅʫʨʝʝʚ // ʀʥʞʝʥʝʨʥʳʡ ʚʝʩʪʥʠʢ ɼʦʥʘ. ï 2016. ï ˉ1. URL: 

ivdon.ru/ru/magazine/archive/n1y2016/3525. 

2. Korganbayev, S.; Orazayev, Y.; Sovetov, S.; Bazyl, A.; Schena, E.; 

Massaroni, C.; Gassino, R.; Vallan, A.;Perrone, G.; Saccomandi, P.; Caponero, 

M.A.; et al. Detection of thermal gradients through fiber-optic Chirped Fiber 

Bragg Grating (CFBG): Medical thermal ablation scenario. Opt. Fiber Technol. 

2018, 41, 48ï55.  



 

ʋɼʂ 681.586.5 

 

ʄɽʊʆɼʓ ʀ ʊɽʍʅʆʃʆɻʀʀ ɿɸʇʀʉʀ ʏɺɹʈ 

 

ɸʨʪʝʤʴʝʚ ɺ.ʀ., ʕʰʧʘʡ ʈ.ɸ. 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 

 

METHODS AND TECHNOLOGIES OF RECORDING CFBG 

 

Artemiev V.I., Eshpai R.A. 

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

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʟʘʧʠʩʠ ʏɺɹʈ. 

 

Abstract 

This paper discusses the methods and technologies for recording CFBG. 

 

1. ɺʚʝʜʝʥʠʝ 

ʇʦʩʢʦʣʴʢʫ ʏɺɹʈ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʮʝʧʦʯʢʠ N ʢʣʘʩʩʠʯʝʩʢʠʭ 

ɺɹʈ, ʪʦ ʧʨʦʮʝʩʩ ʝʝ ʟʘʧʠʩʠ ʙʫʜʝʪ ʘʥʘʣʦʛʠʯʝʥ ʟʘʧʠʩʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ɺɹʈ.  

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʟʘʧʠʩʠ ɺɹʈ:  

1) ɿʘʧʠʩʴ ʤʝʪʦʜʦʤ ʬʘʟʦʚʦʡ ʤʘʩʢʠ; 2) ɿʘʧʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ ʬʘʟʦʚʦʡ ʤʘʩʢʠ; 3) ɿʘʧʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʚʳʪʷʞʢʠ ʚʦʣʦʢʥʘ. 

2. ɿʘʧʠʩʴ ʤʝʪʦʜʦʤ ʬʘʟʦʚʦʡ ʤʘʩʢʠ 

ɿʘʧʠʩʴ ʤʝʪʦʜʦʤ ʬʘʟʦʚʦʡ ʤʘʩʢʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ 

ʵʬʬʝʢʪʠʚʥʳʤ. ʌʘʟʦʚʘʷ ʤʘʩʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʬʨʘʢʮʠʦʥʥʳʡ 

ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪ ʧʝʨʠʦʜ ʤʦʜʫʣʷʮʠʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʨʠʥʮʠʧʘ ʜʠʬʨʘʢʮʠʠ ʬʘʟʦʚʦʡ ʤʘʩʢʠ [1]. 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʧʨʠʥʮʠʧʘ ʜʠʬʨʘʢʮʠʠ ʬʘʟʦʚʦʡ ʤʘʩʢʠ 

 

ʆʜʥʘʢʦ ʪʘʢʦʡ ʤʝʪʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ ʤʝʥʷʪʴ ʜʣʠʥʫ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ 

ɺɹʈ, ʚʩʣʝʜʩʪʚʠʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʝʨʠʦʜʘ ʌʄ. 

3. ɿʘʧʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ ʬʘʟʦʚʦʡ ʤʘʩʢʠ 

ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʘʟʦʚʘʷ ʤʘʩʢʘ ʩ ʚʳʩʦʢʠʤ 



 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʪʷʥʫʪʴ ʚʦ 

ʚʨʝʤʷ ʟʘʧʠʩʠ ɺɹʈ. ʅʘʩʪʨʘʠʚʘʷ ʬʘʟʦʚʫʶ ʤʘʩʢʫ, ʚʦʟʤʦʞʥʦ, ʜʦʙʠʪʴʩʷ 

ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ ʧʨʦʬʠʣʷ ʦʪʨʘʞʝʥʠʷ ʏɺɹʈ ʜʦ 2 ʥʤ (ʯʘʩʪʦʪʘ 

ʯʠʨʧʠʨʦʚʘʥʠʷ ʜʦ 0,1 ʥʤ/ʤʤ). ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʫʶ ʯʘʩʪʦʪʫ 

ʯʠʨʧʠʨʦʚʘʥʠʷ, ʵʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʝʰʝʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʯʘʩʪʦʪʘ ʯʠʨʧʘ, ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʟʘʧʠʩʠ ʧʦʜʭʦʜʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʣʠʥʝʡʥʳʭ ʏɺɹʈ. 

4. ɿʘʧʠʩʴ ʏɺɹʈ ʚ ʧʨʦʮʝʩʩʝ ʚʳʪʷʞʢʠ ʚʦʣʦʢʥʘ 

ɼʣʷ ʟʘʧʠʩʠ ʚ ʧʨʦʮʝʩʩʝ ʚʳʪʷʞʢʠ ʚʦʣʦʢʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʊʘʣʴʙʦʪʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʦʜʠʪʴ ʟʘʧʠʩʴ 

ʨʝʰʝʪʦʢ ʚ ʧʨʦʮʝʩʩʝ ʚʳʪʷʞʢʠ ʚʦʣʦʢʥʘ, ʧʦʩʢʦʣʴʢʫ ʚʙʣʠʟʠ ʜʚʠʞʫʱʝʛʦʩʷ 

ʩʚʝʪʦʚʦʜʘ ʦʪʩʫʪʩʪʚʫʶʪ ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʨʠʥʮʠʧ ʟʘʧʠʩʠ ɺɹʈ ʩ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ ʊʘʣʴʙʦʪʘ [1]. 

 
ʈʠʩ. 2 ï ʇʨʠʥʮʠʧ ʟʘʧʠʩʠ ɺɹʈ ʩ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ ʊʘʣʴʙʦʪʘ 

 

ʇʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʤʝʞʜʫ ʣʫʯʘʤʠ ʚ ʜʘʥʥʦʡ ʩʭʝʤʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʜʩʪʨʦʝʥ ʧʝʨʠʦʜ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʧʝʨʠʦʜ ɺɹʈ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʰʝʪʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʳ ʥʘ ʦʪʨʘʞʝʥʠʝ ʣʶʙʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʚ ʦʯʝʥʴ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ.  

3. ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʟʘʧʠʩʠ ʚ ʧʨʦʮʝʩʩʝ 

ʚʪrʷʞʢʠ ʚʦʣʦʢʥʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʟʘʧʠʩʠ ʏɺɹʈ 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʮʝʧʦʯʢʫ N ʢʣʘʩʩʠʯʝʩʢʠʭ ɺɹʈ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʦʧʪʠʯʝʩʢʠʡ ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʩʦ ʩʚʝʨʭ 

ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ʇʨʝʜʩʪʘʚʣʝʥʘ 

ʤʦʜʝʣʴ ʦʧʪʠʯʝʩʢʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ, ʠʩʩʣʝʜʦʚʘʥʳ ʝʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

Abstract 

This article discusses an ultra-high resolution optical vector analyzer for 

studying optical elements with arbitrary spectral characteristics. A model of an 

optical vector analyzer is presented, its spectral characteristics are investigated. 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʢʘʢ ʧʦ ʘʤʧʣʠʪʫʜʝ, ʪʘʢ ʠ ʧʦ ʬʘʟʝ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʦʩʪʨʦʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ. [1]  



 

2. ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʨʘʙʦʪʦʢ 

ʅʝʜʦʩʪʘʪʢʦʤ ʦʧʪʠʯʝʩʢʠʭ ʘʥʘʣʠʟʘʪʦʨʦʚ ʤʝʪʦʜʦʤ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʠ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. [1] 

ɼʨʫʛʠʤ ʢʣʶʯʝʚʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʚʝʢʪʦʨʥʦʛʦ 

ʘʥʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʡ ʦʜʥʦʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʠʭ 

ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠʟʤʝʨʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʠʟ-ʟʘ 

ʯʨʝʟʚʳʯʘʡʥʦ ʧʦʚʳʰʝʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʥʝʩʫʱʝʡ ʢ ʙʦʢʦʚʦʡ ʧʦʣʦʩʝ, 

ʧʦʩʢʦʣʴʢʫ ʦʧʪʠʯʝʩʢʘʷ ʥʝʩʫʱʘʷ ʜʦʣʞʥʘ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʦʣʦʩ 

ʯʘʩʪʦʪ. [2] 

3. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʨʘʥʝʥʠʝ ʥʠʟʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

4. ʆʧʠʩʘʥʠʝ ʨʘʙʦʪʳ 

ɿʘ ʧʨʦʪʦʪʠʧ ʨʝʰʝʥʠʷ ʚʳʙʨʘʥʘ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʦʧʪʠʯʝʩʢʦʛʦ 
ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʯʠʨʧʠʨʦʚʘʥʥʦʡ ʜʚʫʭʧʦʣʦʩʥʦʡ 

ʤʦʜʫʣʷʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʢʘʥʘʣʴʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʄʘʭʘ ï 

ʎʝʥʜʝʨʘ. ʏʪʦʙʳ ʨʘʟʣʠʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʤʧʣʠʪʫʜʝ ʠ ʬʘʟʝ, 

ʧʝʨʝʥʦʩʠʤʫʶ ʜʚʫʤʷ ʙʦʢʦʚʳʤʠ ʧʦʣʦʩʘʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʦʧʪʠʯʝʩʢʦʤ 

ʜʚʫʭʧʦʣʦʩʥʦʤ ʩʠʛʥʘʣʝ, ʠʟʤʝʨʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʜʚʘʞʜʳ ʩ ʜʚʫʤʷ ʨʘʟʥʳʤʠ 

ʥʘʩʪʨʦʡʢʘʤʠ ʩʤʝʱʝʥʠʷ ʤʦʜʫʣʷʪʦʨʘ ʄʘʭʘ-ʎʝʥʜʝʨʘ, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʝʪ 

ʜʚʝ ʦʧʪʠʯʝʩʢʠʝ ʜʚʫʭʧʦʣʦʩʥʳʝ ʤʦʜʫʣʷʮʠʠ ʩ ʨʘʟʥʳʤʠ ʬʘʟʦʚʳʤʠ 

ʦʪʥʦʰʝʥʠʷʤʠ ʤʝʞʜʫ ʥʝʩʫʱʝʡ ʠ ʙʦʢʦʚʳʤʠ ʧʦʣʦʩʘʤʠ. [2] 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʨʝʰʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʟʘʤʝʥʝ 

ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʘʩʩʠʤʝʪʨʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʚʫʭ- ʠ ʪʨʝʭʯʘʩʪʦʪʥʳʤ. [3] 

5. ɿʘʢʣʶʯʝʥʠʝ 

ɹʳʣ ʨʘʩʩʤʦʪʨʝʥ ʦʧʪʠʯʝʩʢʠʡ ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʯʠʨʧʠʨʦʚʘʥʥʦʡ ʜʚʫʭʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʚʝʢʪʦʨʥʳʤʠ ʘʥʘʣʠʟʘʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʤʘʷ 

ʩʭʝʤʘ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ, ʥʘʜʝʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʠʟʤʝʨʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʦʪʢʣʠʢʦʚ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʇʨʝʜʣʦʞʝʥʘ ʧʦʣʝʟʥʘʷ ʤʦʜʝʣʴ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʵʬʬʝʢʪʝ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʦʣʦʢʦʥʥʦ-

ʙʨʵʛʛʦʚʩʢʘʷ ʨʝʰʝʪʢʘ. 

 

Abstract 

The article deals with the issue of measuring and controlling the 

parameters of a high-voltage AC circuit. A useful model of a fiber-optic sensor 

based on the magnetostriction effect, the main component of which is a fiber-

Bragg grid, is proposed. 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʟʤʝʨʝʥʠʝ ʪʦʢʘ ʚ ʮʝʧʷʭ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʰʫʥʪʦʚ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʄʝʪʦʜʳ 

ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ: ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʫʩʪʨʦʡʩʪʚ, 

ʥʠʟʢʘʷ ʪʦʯʥʦʩʪʴ, ʧʨʠ ʥʘʛʨʝʚʝ ʫʩʪʨʦʡʩʪʚ ʚʦʟʨʘʩʪʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʂʇɼ 

ʧʘʜʘʝʪ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʝʨʜʝʯʥʠʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ. 

ɹʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʤʝʥʘ ʥʘ ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ ʜʘʪʯʠʢ ʪʦʢʘ ʥʘ 

ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ, ʢʦʪʦʨʳʡ ʥʘʠʙʦʣʝʝ ʜʝʰʝʚʳʡ, ʙʦʣʝʝ 

ʪʦʯʥʳʡ, ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ. 



 

2. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʪʦʢʘ ʥʘ ʵʬʬʝʢʪʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ  

ʉʪʝʨʞʝʥʴ ʠʟ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʝʨʝʤʝʥʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʥʘʯʥʝʪ ʧʝʨʠʦʜʠʯʥʦ ʩʞʠʤʘʪʴʩʷ ʠ ʨʘʩʪʷʛʠʚʘʪʴʩʷ ʧʦ 

ʛʨʘʬʠʢʫ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʋʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʪʫʰʢʫ ʩ ʩʝʨʜʝʯʥʠʢʦʤ ʠʟ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢ ʩʝʨʜʝʯʥʠʢʫ ʧʨʠʢʨʝʧʣʝʥʦ ʦʧʪʠʯʝʩʢʦʝ 

ʚʦʣʦʢʥʦ ʩ ɹʨʵʛʛʦʚʩʢʦʡ ʨʝʰʝʪʢʦʡ, ʥʘ ʢʘʪʫʰʢʫ ʥʘʤʦʪʘʥ ʧʨʦʚʦʜʥʠʢ. 

ʂʘʪʫʰʢʘ ʛʝʥʝʨʠʨʫʝʪ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʩʝʨʜʝʯʥʠʢ ʥʘʯʠʥʘʝʪ 

ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʜʣʠʥʳ ʚʦʣʥʳ ʩʚʝʪʘ, ʟʘ ʩʯʝʪ 

ʩʞʠʤʘʥʠʷ ʨʘʟʞʠʤʘʥʠʷ ɹʨʵʛʛʦʚʩʢʦʡ ʨʝʰʝʪʢʠ. 

  
ʈʠʩ. 1 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 

ʈʠʩ. 2 ï ʉʭʝʤʘ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ 

ʜʘʪʯʠʢʘ ʪʦʢʘ ʥʘ ʵʬʬʝʢʪʝ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ 
 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʆʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʟʘ ʩʯʝʪ ʤʠʢʨʦ -

ʧʝʨʝʤʝʱʝʥʠʡ, ʥʝ ʥʘʤʘʛʥʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʥʝ ʪʨʝʙʫʝʪ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʰʫʥʪʘ, ʧʨʦʚʝʨʷʝʪ ʢʘʯʝʩʪʚʦ 

ʵʣʝʢʪʨʦʩʝʪʠ. ʊʘʢ ʞʝ ʧʣʶʩʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʩʪʠʪʴ ʥʘ 

ʙʝʟʦʧʘʩʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʨʦʚʝʨʷʝʤʦʛʦ ʧʨʦʚʦʜʥʠʢʘ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʘʧʨʦʙʘʮʠʷ 

ʚʳʙʦʨʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʶʩʪʠʨʦʚʢʠ ʩʚʝʪʦʥʝʩʫʱʝʡ ʦʙʣʘʩʪʠ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ, ʪʠʧʘ 

çShiftCoreè, ʢʚʘʨʮʝʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, ʥʘ ʙʘʟʝ ʰʪʘʪʥʦʛʦ ʢʦʤʧʣʝʢʪʘ 

ʧʦʣʝʚʦʛʦ ʩʚʘʨʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ.   

 

Abstract 

In this work, an experimental testing of the choice of geometric 

parameters for aligning the light-carrying region of standard telecommunication 

and microstructured, type "ShiftCore", quartz optical fibers was carried out, 

based on a standard set of a field welding machine. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʤʦʥʪʘʞʘ ʩʨʦʩʪʢʘ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ. 

ɺʩʝ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʠʧʦʤ ʩʦʝʜʠʥʝʥʠʷ ʠ ʫʨʦʚʥʝʤ ʧʦʪʝʨʴ ʩʠʛʥʘʣʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʢʦʛʜʘ ʜʝʣʦ ʢʘʩʘʝʪʩʷ çʩʧʝʮʠʘʣʴʥʳʭè ʚʦʣʦʢʦʥ, ʪʦ ʨʘʮʠʦʥʘʣʴʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʘʨʥʦʡ ʪʠʧ ʩʦʝʜʠʥʝʥʠʷ, ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʩʪʳʢʦʚʢʫ ʚʦʣʦʢʦʥ 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʦʤ ʩʦʛʣʘʩʦʚʘʥʠʷ, ʪ.ʝ. ʫʯʠʪʳʚʘʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʝʪʦʥʝʩʫʱʝʡ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʦʣʦʢʦʥ. 

2. ʇʨʦʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 



 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʦʜʙʦʨ 

ʧʘʨʘʤʝʪʨʦʚ ʶʩʪʠʨʦʚʢʠ [1] ʩʚʝʪʦʥʝʩʫʱʝʡ ʦʙʣʘʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ çShiftCoreè 

ʢʚʘʨʮʝʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʩ ʧʦʤʦʱʴʶ ʰʪʘʪʥʦʛʦ ʢʦʤʧʣʝʢʪʘ ʧʦʣʝʚʦʛʦ 

ʩʚʘʨʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ Ericsson FSU-975. 

 
ʘ                                      ʙ 

ʈʠʩ. 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʪʦʨʮʘ ʘ) ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ; ʙ) 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ 

 

 
ʘ                                                  ʙ 

ʈʠʩ. 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʩʦʛʣʘʩʦʚʘʥʠʷ ʆɺ: ʘ) ʧʦ ʦʙʦʣʦʯʢʝ; ʙ) ʧʦ ʚʝʣʠʯʠʥʝ ʤʦʱʥʦʩʪʠ. 

 

3.ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʩʦʛʣʘʩʦʚʘʥʠʠ ʚʦʣʦʢʦʥ ʧʦ çʦʙʦʣʦʯʢʝè [2], ʤʦʱʥʦʩʪʴ, ʩʥʠʤʘʝʤʘʷ ʩ 

ʧʦʤʦʱʴʶ ʪʝʩʪʝʨʦʚ, ʙʳʣʘ ʥʠʞʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʜʦʩʪʠʛʥʫʪʦʡ ʧʨʠ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʠ ʠ ʩʦʩʪʘʚʣʷʣʘ ʧʦʨʷʜʢʘ 25dBm. ɺ 

ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ, ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʶʩʪʠʨʦʚʢʠ ʈʠʩ.2(ʘ). 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʥʮʠʧ ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʰʠʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʜʘʪʯʠʢʦʚ. ɼʘʥʥʳʡ 

ʧʘʨʘʤʝʪʨ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʠʪʴ ʩʠʣʫ ʧʨʦʜʦʣʴʥʦʛʦ 

ʩʮʝʧʣʝʥʠʷ ʰʠʥʳ ʩ ʜʦʨʦʛʦʡ. 

 

Abstract 

This paper discusses the principle of measuring the longitudinal 

deformation of tires using fiber-optic sensors. This parameter in the contact 

patch allows measuring the force of the tire's longitudinal grip. 

 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʠʩʪʝʤʝ ʚʦʣʦʢʦʥʥʳʝ ʜʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ ʘʜʨʝʩʥʳʭ 

ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ (ɸɺɹʉ) [1] ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʦʜʦʣʴʥʦ ʥʘ 

ʢʘʨʢʘʩʝ ʠʩʩʣʝʜʫʝʤʦʡ ʰʠʥʳ ʩʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ. ʆʥʠ ʨʝʛʠʩʪʨʠʨʫʶʪ 

ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʧʘʜʘʶʪ ʚ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʙʣʦʢʝ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʩʠʣʳ ʜʣʷ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ɺʩʷ ʩʠʩʪʝʤʘ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʘʜʨʝʩʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩ ʜʚʫʤʷ ʠʜʝʥʪʠʯʥʳʤʠ ʩʚʝʨʭ 

ʫʟʢʦʧʦʣʦʩʥʳʤʠ ʦʪʢʣʠʢʘʤʠ ʚ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʧʣʦʩʢʦʩʪʠ (2ɚ-ɺɹʈ). 



 

ʆʥʠ ʨʘʩʧʦʣʘʛʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʙʳʩʪʨʦ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʩʩʠʚʘ ɸɺɹʉ 

ʜʘʪʯʠʢʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʦʧʦʣʦʛʠʷʤ ʧʦʜʢʣʶʯʝʥʠʷ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ ʦʧʨʦʩʘ ɸɺɹʉ, ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʝ [2]. 

 
ʈʠʩ. 1 ï ʆʧʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ: 1 ï ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʣʘʟʝʨ, 2 ï ʮʠʨʢʫʣʷʪʦʨ, 3 - 

2ɚ-ɺɹʈ, 4 ï ʥʘʢʣʦʥʥʳʡ ʬʠʣʴʪʨ, 5 ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʬʦʪʦʧʨʠʝʤʥʠʢ, 6 ï 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, 7 ï ʦʧʪʠʯʝʩʢʠʡ ʜʝʣʠʪʝʣʴ, 8 ï 

ʦʧʦʨʥʳʡ ʬʦʪʦʧʨʠʝʤʥʠʢ, 9 ï ʦʧʦʨʥʳʡ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ [3]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʣʦʢʦʥʥʳʝ ʜʘʪʯʠʢʠ 

ʥʘ ʦʩʥʦʚʝ ɸɺɹʉ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʜʦʣʴʥʦʡ ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ ʰʠʥ ʩ ʜʦʨʦʛʦʡ. 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ, ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʧʨʦʩʘ, 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʧʨʦʩʪʦʪʫ ʠ ʜʝʰʝʚʠʟʥʫ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʪʝʤ, ʯʪʦ 

ʨʘʜʠʦʬʦʪʦʥʥʳʝ ʤʝʪʦʜʳ ʦʧʨʦʩʘ ɸɺɹʉ ʥʝ ʪʨʝʙʫʶʪ ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ 

ʩʠʩʪʝʤʫ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʣʘʟʝʨʳ ʠʣʠ ʦʧʨʘʰʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɻʫʙʘʡʜʫʣʣʠʥ ʈ.ʈ., ɿʘʙʦʣʦʪʥʳʡ ɺ.ɸ., ʉʘʭʙʠʝʚ ʊ.ʈ. ɸʣʛʦʨʠʪʤ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʭ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ // 

ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʀʁ ɺɽʉʊʅʀʂ ʇʆɺʆʃɾʔʗ ˉ6, 2020 

2. ɻʫʙʘʡʜʫʣʣʠʥ ʈ.ʈ. ʊʝʥʟʦʤʝʪʨʠʯʝʩʢʘʷ ʨʘʜʠʦʬʦʪʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʤʝʥʪʘ ʨʳʩʢʘʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʰʠʥʫ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ // 

VII  ʄʦʣʦʜʝʞʥʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ çʇʈʀʂʃɸɼʅɸʗ 

ʕʃɽʂʊʈʆɼʀʅɸʄʀʂɸ, ʌʆʊʆʅʀʂɸ ʀ ɾʀɺʓɽ ʉʀʉʊɽʄʓ ï 2020è 

3. Gubaidullin R.R., SahabutdinovA.Z., Agliullin T.A. Application of 

Addressed Fiber Bragg Structures for Measuring Tire Deformation," IEEE 

Systems of Signal Synchronization, Generating and Processing in 

Telecommunications (SYNCHROINFO), Russia, Yaroslavl, 1-3 July, pp. 1-7, 

2019.  



 

ʋɼʂ 681.586.5 

 

ɸʅɸʃʀɿ ʄɽʊʆɼɸ ʆʇʈʆʉɸ ɺʆʃʆʂʆʅʅʆ-ʆʇʊʀʏɽʉʂʀʍ 

ɹʈʕɻɻʆɺʉʂʀʍ 2-ˊ ʉʊʈʋʂʊʋʈ ɼʃʗ ʇʈʀʄɽʅɽʅʀʗ ɺ 

ʀʅʂʃʀʅʆʄɽʊʈɸʍ 

 

ɹʝʣʦʚ ʕ.ɺ., ʉʘʭʘʙʫʪʜʠʥʦʚ ɸ.ɾ., ʉʘʭʘʙʫʪʜʠʥʦʚʘ ɻ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʅʫʨʝʝʚ ʀʣʴʥʫʨ ʀʣʴʜʘʨʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 

 

ANALYSIS OF THE SURVEY METHOD OF FIBER OPTICAL 

BRAGGIAN 2 -  ́STRUCTURES FOR APPLICATION IN 

INCLINOMETERS  

 

Belov E.V., Sakhabutdinov A.J., Sakhabutdinova G.I. 

Supervisor: Ilnur I. Nureev, professor 

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

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜ ʦʧʨʦʩʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʙʨʵʛʛʦʚʩʢʠʭ 2-ˊ ʩʪʨʫʢʪʫʨ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʠʥʢʣʠʥʦʤʝʪʨʘʭ. ʆʧʨʝʜʝʣʝʥʠʝ 
ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʫ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʘ ʙʠʝʥʠʡ ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʝ, ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʢʦʪʦʨʳʭ ʩʫʜʷʪ ʦ ʧʨʠʣʦʞʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ. 

 

Abstract 

The article discusses a method for interrogating fiber-optic Bragg 2-  ́

structures for use in inclinometers. Determination of the displacement of the 

center frequencies is carried out according to the result of processing the signal 

of beats of optical frequencies on the photodetector, according to the 

parameters of which the applied physical fields are judged. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʙʱʝʡ ʧʨʦʙʣʝʤʦʡ ʦʧʨʦʩʘ ʤʘʩʩʠʚʘ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ 

ʨʝʰʝʪʦʢ (ɺɹʈ) ʚ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠ ʜʦʨʦʛʦʚʠʟʥʘ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʙʦʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʨʠʤʝʥʷʝʤʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʦʧʨʦʩʘ ʠ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʘʪʯʠʢʦʚ. ɺʦʣʥʦʚʦʝ, ʚʨʝʤʝʥʥʦʝ, 

ʯʘʩʪʦʪʥʦʝ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ 



 

ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʘʢ ʦʧʪʠʯʝʩʢʠʝ 

ʘʥʘʣʠʟʘʪʦʨʳ ʩʧʝʢʪʨʘ, ʩʧʝʢʪʨʦʤʝʪʨʳ ʩ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʤʠ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘʤʠ ʌʘʙʨʠ  ʇʝʨʦ, ʩ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʨʝʰʝʪʢʘʤʠ, 

ʠʟʣʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʥʠʤʘʝʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʇɿʉ-ʤʘʪʨʠʮʘʭ ʠ ʪ. ʜ. 

ʉʣʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠ ʦʧʨʦʩʘ 

ʦʙʲʷʩʥʷʝʪʩʷ ʠ ʝʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ï ʦʧʨʘʰʠʚʘʝʤʳʝ ʜʘʪʯʠʢʠ ʥʝ 

ʷʚʣʷʶʪʩʷ ʘʜʨʝʩʥʳʤʠ, ʧʦʵʪʦʤʫ ʣʶʙʦʝ ʧʝʨʝʢʨʳʪʠʝ ʩʧʝʢʪʨʦʚ ɺɹʉ ʧʨʠʚʦʜʠʪ 

ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʰʠʙʢʘʤ ʠʟʤʝʨʝʥʠʡ. 

2. ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ 

ɹʦʣʝʝ ʧʨʦʩʪʦʝ ʨʝʰʝʥʠʝ ʥʘʡʜʝʥʦ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʜʨʝʩʥʳʭ 

ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ (ɸɺɹʉ), ʪʘʢʠʭ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʚ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ, ʢʦʪʦʨʳʝ ʧʨʠ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʥʠʭ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʘʤʧʣʠʪʫʜʥʦ-

ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʬʦʨʤʠʨʫʶʪ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʜʚʫʭʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣ, ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʯʘʩʪʦʪʘʤʠ ʢʦʪʦʨʦʛʦ ʤʥʦʛʦ ʤʝʥʴʰʝ 

ʥʝʩʫʱʠʭ ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ. ʈʘʟʥʦʩʪʥʘʷ ʯʘʩʪʦʪʘ ʤʝʞʜʫ ʜʚʫʤʷ ʯʘʩʪʦʪʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʥʘʟʳʚʘʝʪʩʷ ʘʜʨʝʩʥʦʡ ʯʘʩʪʦʪʦʡ. ʊʘʢʘʷ ʯʘʩʪʦʪʘ ʠʥʚʘʨʠʘʥʪʥʘ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʚʥʝʰʥʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʩʤʝʱʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʦʪʳ ɸɺɹʉ. ɸʜʨʝʩʥʳʝ ʚʦʣʦʢʦʥʥʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʪʩʷ ʠ ʬʦʨʤʠʨʦʚʘʪʝʣʝʤ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʟʘ 

ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʚ ʠʭ ʩʪʨʫʢʪʫʨʫ ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

ʨʘʟʥʝʩʝʥʥʳʭ ʥʘ ʨʘʜʠʦʯʘʩʪʦʪʫ) ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ (ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʨʘʟʥʦʩʪʥʘʷ ʯʘʩʪʦʪʘ ʤʝʞʜʫ 

ʦʧʪʠʯʝʩʢʠʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʠʥʚʘʨʠʘʥʪʥʘ ʢ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ 

ʬʠʟʠʯʝʩʢʠʤ ʧʦʣʷʤ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʪʨʦʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʩʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʘʪʯʠʢʦʚ ʙʝʟ ʩʣʦʞʥʳʭ 

ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ (ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʥʘʙʦʨ ʨʘʟʥʦʩʪʥʳʭ ʯʘʩʪʦʪ 

ʜʘʪʯʠʢʦʚ ʚ ʤʘʩʩʠʚʝ ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʝʥ).  

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠ ʘʥʘʣʠʟʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ 

ʷʚʣʷʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʦʧʨʦʩʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʙʨʵʛʛʦʚʩʢʠʭ 2-ˊ ʩʪʨʫʢʪʫʨ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʠʥʢʣʠʥʦʤʝʪʨʘʭ.  
 

Abstract 

The article presents a method for interrogating fiber-optic Bragg 2-ˊ 

structures for use in inclinometers. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʧʪʠʢʦ- ʣɻʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ ʦʧʨʦʩʘ ɸɺɹʉ, ʨʘʙʦʪʘʶʱʘʷ ʥʘ 

ʧʨʦʭʦʞʜʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ.1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʦʧʨʦʩʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʠʥʢʣʠʥʦʤʝʪʨʘ 

ʥʘ ʦʩʥʦʚʝ ɸɺɹʈ 



 

 

2. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ 

ʠʥʢʣʠʥʦʤʝʪʨʘ ʥʘ ʦʩʥʦʚʝ ɸɺɹʉ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʙʠʝʥʠʡ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʘʜʨʝʩʥʦʡ ʯʘʩʪʦʪʝ ɋ. ʇʦʩʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʣʠ 

ʬʦʨʤʳ ʩʧʝʢʪʨʘ ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ɸɺɹʈ ʨʠʩʫʥʦʢ 2 ʠ 3. 

 
ʈʠʩ.2 ï ʌʦʨʤʘ ʩʧʝʢʪʨʘ ʦʪʢʣʠʢʘ ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ɸɺɹʈ 

 
ʈʠʩ.3 ï ʌʦʨʤʘ ʩʧʝʢʪʨʘ ʦʪʢʣʠʢʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ɸɺɹʈ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ɸɺɹʉ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʜʠʦʬʦʪʦʥʥʳʤ ʤʝʪʦʜʦʤ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʘ 

ʙʠʝʥʠʡ ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʝ. ʇʦ ʧʘʨʘʤʝʪʨʘʤ ʙʠʝʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ï ʚʝʣʠʯʠʥʘ ʧʨʠʣʦʞʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʧʪʠʢʦ ʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʰʠʥ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʨʧʫʩʘ 

ʜʘʪʯʠʢʘ. 

 

Abstract 

This paper presents an optoelectronic circuit of the high-voltage bus 

temperature control system and the design of the sensor body. 

 

ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʦʩʪʦʤ ʫʨʦʚʥʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʨʘʟʚʠʪʠʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ 

ʜʘʥʥʳʭ ʩʝʪʝʡ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʰʠʥ, ʢʦʪʦʨʘʷ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 10434-82 ʜʦʣʞʥʘ ʥʝ 

ʧʨʝʚʳʰʘʪʴ +135Áʉ ʧʨʠ ʜʣʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʢʘʭ ʠ +300Áʉ ʧʨʠ ʪʦʢʘʭ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʜʣʷ ʤʝʜʥʳʭ ʰʠʥ. ʆʩʥʦʚʦʡ ʮʝʣʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʪʯʠʢʦʚ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ 

ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʰʠʥ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ 

ʢʘʯʝʩʪʚʘʤʠ: ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʷʤ (ʕʄʀ), 

ʠʟʣʫʯʘʝʤʳʤ ʦʪ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʩʝʪʝʡ [1]; ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʰʠʥʳ ʥʘ ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ; ʫʩʪʦʡʯʠʚʦʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʢʦʨʧʫʩʘ ʜʘʪʯʠʢʘ ʢ 



 

ʜʣʠʪʝʣʴʥʳʤ ʪʝʧʣʦʚʳʤ ʥʘʛʨʫʟʢʘʤ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -40 ʜʦ +135 Áʉ ʠ ʢ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʜʦ +300 Áʉ ʜʣʷ ʤʝʜʥʳʭ ʰʠʥ ʧʨʠ ʪʦʢʝ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ (ʩʦʛʣʘʩʥʦ ɻʆʉʊ 10434-82); ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʨʠʠ 

ʜʘʪʯʠʢʦʚ ʚ ʝʜʠʥʫʶ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʝʪʴ ʩ ʧʨʦʩʪʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ [2]; 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʠ ʧʨʦʩʪʦʛʦ ʤʦʥʪʘʞʘ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ; ʧʨʦʩʪʦʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ 

ʜʘʪʯʠʢʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʫʶ ʩʭʝʤʫ 

ʦʧʨʦʩʘ 2ɚ-ɺɹʈ ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʧʨʠʥʮʠʧʘʭ ʨʘʜʠʦʬʦʪʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʣʫʯʝʥʠʷ ʦʪ ʘʜʨʝʩʥʳʭ ʚʦʣʦʢʦʥʥʳʭ 

ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʜʨʦʙʥʦ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ, ʢʦʪʦʨʦʡ ʦʧʠʩʘʥ ʚ [3]. ɺ 

ʢʘʯʝʩʪʚʝ ʢʦʨʧʫʩʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʘʪʯʠʢʘ, ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʥʩʪʨʫʢʮʠʶ ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚ ʨʘʙʦʪʘʭ [4, 5] (ʨʠʩ. 1). 

 
ʈʠʩ. 1 ï ʆʧʪʦʚʦʣʦʢʦʥʥʳʡ ʜʘʪʯʠʢ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʰʠʥ: 1 ï 

ʧʣʘʩʪʠʥʘ, 1ʘ ï ʦʪʚʝʨʩʪʠʝ ʧʦʜ ʨʝʟʴʙʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚ ʧʣʘʩʪʠʥʝ, 2 ï ʢʦʨʧʫʩʥʘʷ 

ʜʝʪʘʣʴ, 2ʘ ï ʦʪʚʝʨʩʪʠʝ ʧʦʜ ʨʝʟʴʙʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚ ʢʦʨʧʫʩʥʦʡ ʜʝʪʘʣʠ, 2ʙ ï ʧʦʣʦʩʪʴ 

ʜʣʷ ʟʘʧʘʩʘ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, 3 ï ʚʠʥʪʳ, 4 ï ʦʧʪʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, 4ʘ ï ɺɹʈ, 4ʙ ï 

ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ, 4ʚ ï ʦʧʪʠʯʝʩʢʠʡ ʨʘʟʲʝʤ FC, 5 ï ʛʘʡʢʘ [4] 

 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʨʘʜʠʦʬʦʪʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʰʠʥ ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʦʧʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʨʧʫʩʘ ʜʘʪʯʠʢʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʢʦʥʮʝʧʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʨʪʘʪʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʦʧʨʦʩʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʝʥʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ çʩʜʚʠʛ ʜʣʠʥʳ ʚʦʣʥʳ ï ʘʤʧʣʠʪʫʜʘè. 

 

Abstract 

The paper describes the concept of constructing a portable device for 

interrogating fiber-optic sensors, which is based on the transformation 

"wavelength shift - amplitude". 

 

ɼʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ (ɺɹʈ) ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ï 

ʵʥʝʨʛʝʪʠʢʝ, ʥʝʬʪʝ- ʛʘʟʦʜʦʙʳʯʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʠ 

ʪʜ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ï ʤʘʣʳʝ ʨʘʟʤʝʨʳ, 

ʚʳʩʦʢʘʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ, ʚʟʨʳʚʦ ʠ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴ. ɼʣʷ ʩʲʝʤʘ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʪʘʢʠʭ ʜʘʪʯʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʙʦʨʳ ï 

ʠʥʪʝʨʨʦʛʘʪʦʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʩʧʝʢʪʨʦʤʝʪʨʳ ʩʦ ʚʩʪʨʦʝʥʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʵʪʠʭ 

ʫʩʪʨʦʡʩʪʚ: ʩʢʘʥʠʨʫʶʱʠʡ ʫʟʢʦʧʦʣʦʩʥʳʡ ʣʘʟʝʨ ʠ ʬʦʪʦʧʨʠʝʤʥʠʢ; 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʣʘʟʝʨ ʠ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ, ʩʦʚʤʝʱʝʥʥʘʷ ʩ 



 

ʣʠʥʝʡʥʦʡ ʤʘʪʨʠʮʝʡ ʬʦʪʦʧʨʠʝʤʥʠʢʦʤ (ʇɿʉ-ʣʠʥʝʡʢʘ). ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʧʦʟʚʦʣʷʶʪ ʦʧʨʘʰʠʚʘʪʴ ʪʘʢʠʝ ʜʘʪʯʠʢʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʦʜʥʘʢʦ ʦʥʠ ʢʨʘʡʥʝ ʜʦʨʦʛʠ.  

ʅʘʰʘ ʟʘʜʘʯʘ ï ʧʨʝʜʣʦʞʠʪʴ ʢʦʤʧʘʢʪʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʦʧʨʦʩʘ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʪʯʠʢʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʝʝ ʦʙʲʝʤʥʦʡ 

ʦʧʪʠʢʠ ʠ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɿʘ ʦʩʥʦʚʫ ʧʦʣʦʞʝʥʘ 

ʤʝʪʦʜʠʢʘ ʦʧʨʦʩʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ [1], ʛʜʝ ʩʤʝʱʝʥʠʝ ʩʧʝʢʪʨʘ ɺɹʈ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ 

ʥʝʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ʉ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʩʪʦʠʤʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʠ ʧʨʠʝʤʥʠʢʘ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ SFP 

ʪʨʘʥʩʠʚʝʨ ʩ ʨʘʟʜʝʣʝʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ, ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʜʣʠʥʳ ʚʦʣʥʳ ʣʘʟʝʨʘ (ʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ SFP ʠʩʧʦʣʴʟʫʝʪʩʷ DFB 

ʣʘʟʝʨʥʳʡ ʜʠʦʜ) ʙʳʣ ʠʟʛʦʪʦʚʣʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ɼʝʞʫʨʥʳʡ ʧʦ 

ʧʣʘʥʝʪʝ (5 ʦʯʝʨʝʜʴ), ʟʘʷʚʢʘ ɼʇ- 100718. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Lipatnikov, K.A. Fiber-Optic Vibration Sensor ñVIB-Aò / K.A. 

Lipatnikov, A.A. Kuznetsov, A.Z. Sahabutdinov, I.I. Nureev, L.M. Fashutdinnov 

// 2019 Systems of Signals Generating and Processing in the Field of on Board 

Communications, SOSG 20193. ï 2019. ï 8706731 (https://doi.org/ 

0.1109/SOSG.2019.8706731).  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ 

ʧʦʨʪʘʪʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ. 

 

Abstract 

The paper presents the results of manufacturing and testing a portable 

device for interrogating fiber-optic sensors. 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʠ ʝʛʦ ʚʥʝʰʥʠʡ ʚʠʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ. ʉ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ çʧʨʦʭʦʜʥʦʝè 

ʠʩʧʦʣʥʝʥʠʝ ʜʘʪʯʠʢʘ.  

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ 

 

ɺɹʈ ʜʘʪʯʠʢ ʙʳʣ ʥʘʢʣʝʝʥ ʥʘ ʢʦʤʧʦʟʠʪʥʫʶ ʧʣʘʩʪʠʥʫ ʠʤʠʪʠʨʫʷ 

SFP ɺɹʈ 

ʇʝʣʴʪʴʝ 
ʄʂ 

Tx 

R

x 



 

ʚʩʪʨʦʝʥʥʳʡ ʚ ʵʣʝʤʝʥʪ ʦʙʰʠʚʢʠ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʣʫʯʘʪʝʣʷ SFP ʤʦʜʫʣʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʭʝʤʘ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ, ʫʧʨʘʚʣʷʝʤʘʷ ʤʠʢʨʦʩʭʝʤʦʡ ʪʠʧʘ ʅ-ʤʦʩʪ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʚʫʧʦʣʷʨʥʦʝ (ʥʘʛʨʝʚ/ʦʭʣʘʞʜʝʥʠʝ) ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʦʤ ʠ 

ʦʪʜʝʣʴʥʳʤ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʄʦʱʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʢʘʟʘʣʦʩʴ 

ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʫʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʣʘʟʝʨʘ ʥʘ ʫʨʦʚʥʝ +20 ʦʉ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ 0 ʜʦ +35 ʦʉ, ʧʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴ 

ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʠʣʘ ʚʝʣʠʯʠʥʫ ʦʢ. Ñ0,2-0,5 ʦʉ ʚ ʫʢʘʟʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ ɺɹʈ-ʜʘʪʯʠʢʘ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ʥʝʛʦ ʨʘʟʤʝʱʘʣʩʷ ʵʪʘʣʦʥʥʳʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ. ʐʠʨʠʥʳ ɺɹʈ 

(ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʤʦʥʦʪʦʥʥʦʛʦ ʫʯʘʩʪʢʘ ï ʩʢʣʦʥʘ) ʦʢʘʟʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ, 

ʯʪʦʙʳ ʜʘʪʯʠʢ ʧʦʟʚʦʣʷʣ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 

+5é+80 ʦʉ, ʧʦʛʨʝʰʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʢʘʟʘʣʦʩʴ ʥʝ ʙʦʣʝʝ Ñ1,5 ʦʉ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʨʝʥʠʡ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ, 

ʝʩʣʠ ʙʫʜʝʪ ʫʰʠʨʝʥ ʩʧʝʢʪʨ ɺɹʈ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢ ʢʨʘʷʤ ʩʢʣʦʥʦʚ ʠʭ 

ʢʨʫʪʠʟʥʘ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʦʪʢʣʠʢ ʜʘʪʯʠʢʘ, ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ [1]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ɼʝʞʫʨʥʳʡ ʧʦ 

ʧʣʘʥʝʪʝ (5 ʦʯʝʨʝʜʴ), ʟʘʷʚʢʘ ɼʇ- 100718. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Lipatnikov, K.A. Fiber-Optic Vibration Sensor ñVIB-Aò / K.A. 

Lipatnikov, A.A. Kuznetsov, A.Z. Sahabutdinov, I.I. Nureev, L.M. Fashutdinnov 

// 2019 Systems of Signals Generating and Processing in the Field of on Board 

Communications, SOSG 20193. ï 2019. ï 8706731 (https://doi.org/ 

0.1109/SOSG.2019.8706731).  
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KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 
ɿʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʛʦʜʘ ʚʳʰʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ ʢʠʪʘʡʩʢʦʡ ʥʘʫʯʥʦʡ 

ʰʢʦʣʳ Z. Chen, ʧʦʩʚʷʱʝʥʥʳʝ ʨʘʟʚʠʪʠʶ ʩʠʤʤʝʪʨʠʯʥʳʭ ʆɺɸ ʥʘ ʦʩʥʦʚʝ 

ʘʤʧʣʠʪʫʜʥʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʦʚ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʩʭʝʤ 

ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘ ʙʦʢʦʚʳʭ 

ʯʘʩʪʦʪʘʭ ʚʳʩʰʝʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ 

ʤʳ ʘʥʘʣʠʟʠʨʫʝʤ ʚʣʠʷʥʠʝ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʦʰʠʙʦʢ ʥʘ ʠʟʤʝʨʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʥʝ ʷʚʥʦ ʦʪʨʘʞʝʥʳ ʚ ʩʪʘʪʴʷʭ Z. Chen. 

 

Abstract 

Over the past three years, several papers by the Chinese scientific school 

Z. Chen have been published, devoted to the development of symmetric OVAs 

based on amplitude and phase modulators. The main disadvantage of these 

schemes is the influence on the measurement accuracy of the components at the 

higher sideʠʬʪʚ frequencies, as a rule, third order. In this report, we analyze 

the impact of the above errors on measurements, which are not explicitly 

reflected in the articles by Z. Chen. 

 

ʀʩʧʦʣʴʟʫʷ ʬʘʟʦʚʳʡ ʤʦʜʫʣʷʪʦʨ, ʦʧʪʠʯʝʩʢʘʷ ʥʝʩʫʱʘʷ (ʨʠʩ. 1,ʘ) ʩ 

ʯʘʩʪʦʪʦʡ ‫RF, ʬʦʨʤʠʨʫʝʤʳʤ ʤʦʜʫʣʠʨʫʝʪʩʷ ʨʘʜʠʦʯʘʩʪʦʪʥʳʤ ʩʠʛʥʘʣʦʤ ‫0 

ʚ ʕɺɸʎ. ɿʘʪʝʤ ʩʠʛʥʘʣ ʩ ʜʚʦʡʥʦʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʦʡ (ʨʠʩ. 1,ʙ) ʦʪʧʨʘʚʣʷʝʪʩʷ 

ʚ ʪʝʩʪʠʨʫʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʙʦʢʦʚʳʝ ʧʦʣʦʩʳ Ñ1-ʛʦ ʧʦʨʷʜʢʘ 

ʠʩʧʳʪʳʚʘʶʪ ʦʜʠʥʘʢʦʚʳʝ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 



 

ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨʝʜʘʯʠ ʪʝʩʪʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʰʠʙʢʦʡ (ʨʠʩ. 

1,ʚ,ʛ). 

 
ʘ                           ʙ                           ʚ                         ʛ 

ʈʠʩ. 1 ï ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ: ʥʘ ʚʭʦʜʝ (ʘ) ʠ 

ʚʳʭʦʜʝ (ʙ) ʬʘʟʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ, ʪʝʩʪʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʚ)  

ʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ (ʛ) (ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ Z. Chen) 

 

ɺ ʘʤʧʣʠʪʫʜʥʦʤ ʤʦʜʫʣʷʪʦʨʝ ʦʧʪʠʯʝʩʢʘʷ ʥʝʩʫʱʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʜʘʚʣʝʥʘ ʫʩʣʦʚʥʦ ʧʦʣʥʦʩʪʴʶ ʧʫʪʝʤ ʩʤʝʱʝʥʠʷ ʘʤʧʣʠʪʫʜʥʦʛʦ ʄʄʎ ʚ 

çʥʫʣʝʚʫʶè ʨʘʙʦʯʫʶ ʪʦʯʢʫ, ʘ ʝʛʦ ʚʳʭʦʜʥʦʡ ʜʚʫʭʧʦʣʦʩʥʳʡ ʩʠʛʥʘʣ ʙʫʜʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥ, ʢʘʢ ʥʘ ʨʠʩ. 2,ʘ. ʂʦʛʜʘ ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʝʩʪʠʨʫʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ (DUT), ʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ 

ʦʧʪʠʯʝʩʢʦʝ ʧʦʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʠʩ. 2,ʙ. ʩ ʦʰʠʙʢʦʡ ʨʠʩ. 2,ʚ ʥʘ ʯʘʩʪʦʪʝ 

ʠʟʤʝʨʝʥʠʷ ςʖ . 

 
ʘ                                          ʙ                                   ʚ 

ʈʠʩ. 2 ï ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ: 

 ʥʘ ʚʳʭʦʜʝ ʘʤʧʣʠʪʫʜʥʦʛʦ ʄʄʎ (ʘ), ʪʝʩʪʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʙ)  

ʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ (ʚ) (ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ Z. Chen) 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ ʜʦʢʘʟʘʥʦ. 
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1. Morozov O. et al. Ultrahigh-resolution optical vector analyzers // 

Photonics. - 2020. - V. 7. - ˉ 1. - P. 14. 

2. ʄʦʨʦʟʦʚ ʆ.ɻ.  ʠ ʜʨ. ʈʘʜʠʦʬʦʪʦʥʥʳʝ ʜʚʫʭʯʘʩʪʦʪʥʳʝ ʩʧʦʩʦʙʳ 

ʠʥʪʝʨʨʦʛʘʮʠʠ ʦʜʥʦʪʠʧʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ, 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʛʨʫʧʧʫ // ʌʠʟʠʢʘ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 
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ɸʥʥʦʪʘʮʠʷ 
ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʆɺɸ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʧʦʣʦʩʥʦʡ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ 

ʤʦʜʫʣʷʮʠʠ ʩ ʧʦʜʘʚʣʝʥʠʝʤ ʥʝʩʫʱʝʡ, ʙʝʟ ʚʣʠʷʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʥʘ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

 

Abstract 

The block diagram and the principle of operation of a symmetrical OVA 

based on two-band amplitude-phase modulation with carrier pressure, without 

the influence of higher harmonics on the measurement error, are presented. 

 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, ʧʦʷʩʥʷʶʱʘʷ ʧʨʠʥʮʠʧ 

ʨʘʙʦʪʳ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʆɺɸ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʧʦʣʦʩʥʦʡ ʘʤʧʣʠʪʫʜʥʦ-

ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʩ ʧʦʜʘʚʣʝʥʠʝʤ ʥʝʩʫʱʝʡ. ʀʩʧʦʣʴʟʫʷ ʘʤʧʣʠʪʫʜʥʳʡ 

ʄʄʎ, ʦʧʪʠʯʝʩʢʘʷ ʥʝʩʫʱʘʷ ʩ ʯʘʩʪʦʪʦʡ ʤʦʜʫʣʠʨʫʝʪʩʷ ʨʘʜʠʦʯʘʩʪʦʪʥʳʤ ‫0 

ʩʠʛʥʘʣʦʤ ,‫RF ʥʘ ʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʬʦʨʤʠʨʫʝʤʳʤ ʚ ʕɺɸʎ, ʘ ʟʘʪʝʤ ʢʦʤʤʫʪʠʨʫʝʪʩʷ ʧʦ ʬʘʟʝ ʥʘ p ʚ ʬʘʟʦʚʦʤ 

ʤʦʜʫʣʷʪʦʨʝ (ʌʄ) ʚ ʤʦʤʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʦʛʠʙʘʶʱʝʡ ʧʦʣʫʯʝʥʥʦʛʦ ɸʄ-

ʠʟʣʫʯʝʥʠʷ ʤʠʥʠʤʫʤʘ (ʤʝʪʦʜ ʀʣʴʠʥʘ-ʄʦʨʦʟʦʚʘ [1, 2]).  

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʤʦʜʫʣʷʮʠʠ  ʥʝʩʫʱʝʡ (ʨʠʩ. 2,ʘ) ʢʦʣʝʙʘʥʠʝʤ 

RF( ) cos( + )S t S t= Ö w p.  ɼʣʷ ʨʘʙʦʪʳ ʥʘ ʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʤʦʜʫʣʷʮʠʦʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʜʘʜʠʤʩʷ ʧʦʩʪʦʷʥʥʳʤ ʩʤʝʱʝʥʠʝʤ 2p=G = . ɼʘʣʝʝ 



 

ʧʨʦʚʝʜʝʤ ʢʦʤʤʫʪʘʮʠʶ ʬʘʟʳ ʧʦʣʫʯʝʥʥʦʛʦ ɸʄ-ʢʦʣʝʙʘʥʠʷ ʥʘ p ʚ ʤʦʤʝʥʪ 

ʧʨʦʭʦʞʜʝʥʠʷ ʝʛʦ ʦʛʠʙʘʶʱʝʡ ʤʠʥʠʤʫʤʘ (ʨʠʩ. 2,ʙ). 

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʆɺɸ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʧʦʣʦʩʥʦʡ  

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʩ ʧʦʜʘʚʣʝʥʠʝʤ ʥʝʩʫʱʝʡ 

 

 
ʘ                          ʙ                           ʚ                          ʛ 

ʈʠʩ. 2 ï ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ: 

 ʥʘ ʚʳʭʦʜʝ ɸʄ ʄʄʎ  (ʘ), ʚʳʭʦʜʝ ʬʘʟʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ (ʙ), ʪʝʩʪʠʨʫʝʤʦʛʦ  

ʫʩʪʨʦʡʩʪʚʘ (ʚ) ʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ (ʛ); p - ʬʘʟʘ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

 

ʋʯʠʪʳʚʘʷ ʤʦʜʫʣʷʮʠʦʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʌʄ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ  

ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ n ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʥʘ ʝʛʦ ʚʳʭʦʜʝ (ʨʠʩ. 2,ʚ). ɼʣʷ 

ʨʝhʝʥʠʷ ʟʘʜʘʯʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʘʤʧʣʠʪʫʜʘ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ 

ʥʘ ʚʳʭʦʜʝ ʪʘʥʜʝʤʘ ʤʦʜʫʣʷʪʦʨʦʚ ʙʫʜʝʪ ʨʘʚʥʘ 0, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ 

m1=2J1(ɻ0/2)/J0(ɻ0/2)~5/9, a m2=2J2(ɻ0/2)/J0(ɻ0/2)~-1/25. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʳʩʰʝʛʦ 

ʧʦʨʷʜʢʘ ʢʦʪʦʨʦʛʦ ʥʝ ʩʦʟʜʘʶʪ ʧʦʛʨʝʰʥʦʩʪʠ ʨʝʰʝʥʘ (ʨʠʩ. 2,ʛ).  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʤʦʥʪʘʞʘ ʪʝʥʟʦʜʘʪʯʠʢʦʚ, ʩ ʫʯʝʪʦʤ ʠʭ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ. 

 

Abstract 

The article provides an overview of the characteristics of specialized 

adhesives used for mounting strain gauges, taking into account their possibility 

of using them for the manufacture of sensitive elements of fiber-optic pressure 

and strain sensors. 

 

1. ɺʚʝʜʝʥʠʝ 

ʊʝʥʟʦʜʘʪʯʠʢ ï ʵʪʦ ʜʘʪʯʠʢ, ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʩʠʣʫ, ʜʘʚʣʝʥʠʝ, 

ʥʘʪʷʞʝʥʠʝ, ʚʝʩ ʠ ʪ.ʜ. ʚ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ɼʣʷ ʢʨʝʧʣʝʥʠʷ ʪʝʥʟʦʜʘʪʯʠʢʘ ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʣʝʠ, ʠʤʝʶʱʠʤʠ ʩʧʦʩʦʙʥʦʩʪʴ:  

1) ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʥʟʦʜʘʪʯʠʢʫ; 

2) ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʧʦʣʟʫʯʝʩʪʴ ʧʦʢʘʟʘʥʠʡ ʪʝʥʟʦʜʘʪʯʠʢʘ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʧʣʘʩʪʠʯʥʦʩʪʠ ʢʣʝʷ; 

3) ʦʙʝʩʧʝʯʠʪʴ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʶ ʪʝʥʟʦʜʘʪʯʠʢʘ; 



 

ɺʚʠʜʫ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʜʦʚ 

ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʢʣʝʷ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʛʦ ʩʥʷʪʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

2. ʆʙʟʦʨ ʨʳʥʢʘ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ ʜʣʷ ʪʝʥʟʦʜʘʪʯʠʢʦʚ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʢʣʝʝʚʳʝ ʩʤʝʩʠ (ɺʂ-9, 

ʩʤʝʩʴ ʕɼ 20 ʠ ʊʕʊɸ), ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʝ (Vishay M-Bond 610). 

2.1. ʕʧʦʢʩʠʜʥʳʡ ʢʣʝʡ ɺʂ-9. ɽʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: 

1) ɿʥʘʯʠʪʝʣʴʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʩʮʝʧʣʠʚʘʥʠʷ; 

2) ɾʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʜʦ 2,5 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 20 ʛʨʘʜʫʩʦʚ; 

3) ʇʨʦʯʥʦʩʪʴ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ 5-7 ʯʘʩʦʚ 10-12 

ʢʛʩ/ʩʤ2, ʧʦʩʣʝ 18-20 ʯʘʩʦʚ 150-160 ʢʛʩ/ʩʤ2; 

4) ʈʘʙʦʯʠʝ ʢʘʯʝʩʪʚʘ ʰʚʘ ʜʦʣʛʦ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ -60 

ʜʦ +125 ÁC, ʘ ʧʨʠ 200 ÁC - 500 ʯʘʩʦʚ; 

2.2. ʉʤʝʩʴ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʕɼ-20 ʠ ʪʨʠʵʪʠʣʝʥʪʝʪʨʘʤʠʥʘ (ʊʕʊɸ): 

ʊʕʊɸ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʪʚʝʨʞʜʝʥʠʷ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ. 

ʇʦʢʘʟʘʪʝʣʠ ʩʤʝʩʠ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʕɼ-20 ʠ ʦʪʚʝʨʜʠʪʝʣʷ ʊʕʊɸ: 

1) ʚʳʩʦʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʩʮʝʧʣʷʶʱʠʝ ʩʚʦʡʩʪʚʘ; 

2) ʩʤʝʩʴ ʭʠʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʘ ʢ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ ʘʤʤʠʘʢʘ, 

ʙʝʥʟʠʥʫ, ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʫ, ʤʠʥʝʨʘʣʴʥʦʤʫ ʤʘʩʣʫ, ʜʦʞʜʝʚʘʥʠʶ ʩʦʣʝʚʳʤ 

ʨʘʩʪʚʦʨʦʤ; 

3) ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʦʜʥʦʨʦʜʥʦʩʪʠ, 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʧʨʦʜʫʢʮʠʠ; 

2.3. ʂʣʝʡ Vishay M-Bond 610. ʀʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

1) ɺʦʜʦʩʪʦʡʢʠʡ, ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʩʪʦʡʢʦʩʪʴʶ ʢ ʭʠʤʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ; 

2) ɼʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʣʝʷ: ʦʪ -

50ÁC ʜʦ 180ÁC; 

3) ʂʣʝʡ ʧʨʠʛʦʜʝʥ ʜʣʷ ʨʘʙʦʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ -269 ÁC ʜʦ 370 Á  

4) ʢʣʝʡ ʩʦʟʜʘʥ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʪʝʥʟʦʜʘʪʯʠʢʦʚ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʝʥʩʦʨʦʚ; 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʚʦʡʩʪʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʤʦʥʪʘʞʘ ʪʝʥʟʦʜʘʪʯʠʢʦʚ, ʩ ʫʯʝʪʦʤ ʠʭ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʵʬʬʝʢʪʘ 

ʪʝʧʣʦʚʦʡ ʣʠʥʟʳ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʚʳʭ ʣʘʟʝʨʦʚ. 

 

Abstract 

This paper presents the results of a study of the influence of the thermal 

lens effect on the energy characteristics of gas lasers. 

 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʣʘʟʝʨʘʤ, 

ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʛʘʟʦʚʳʭ ʣʘʟʝʨʘʭ ʩ ʜʠʬʬʫʟʠʦʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ 

ʬʘʢʪʦʨʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʟʣʫʯʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʚʘʷ ʣʠʥʟʘ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ 

ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦʛʦ ʵʥʝʨʛʦʚʢʣʘʜʘ ʚ ʧʣʘʟʤʫ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ.  

ʄʦʜʝʣʴ ʩʨʝʜʳ ʩ ʪʝʧʣʦʚʦʡ ʣʠʥʟʦʡ ʦʧʠʩʳʚʘʝʪ ʨʝʘʣʴʥʫʶ ʩʠʪʫʘʮʠʶ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʝ ʛʘʟʦʚʦʛʦ ʣʘʟʝʨʘ. 

ɺ ʥʝʫʩʪʦʡʯʠʚʳʭ ʨʝʟʦʥʘʪʦʨʘʭ ʪʝʧʣʦʚʘʷ ʣʠʥʟʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʦʜʠʥ ʠʟ ʝʛʦ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʧʝʨʝʯʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʧʫʯʢʘ ï ʄ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʘ ʚʝʣʠʯʠʥʫ ʚʳʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ Pʚʳʭ, ʩʚʷʟʘʥʥʫʶ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʫʩʢʘʥʠʷ ʚʳʭʦʜʥʦʛʦ 

ʟʝʨʢʘʣʘ ʨʝʟʦʥʘʪʦʨʘ ʣʘʟʝʨʘ ï t 

0̜̃ ̖ 0̃ Ͻ̖ὸ, (1) 



 

ʛʜʝ Pʚʭ ï ʚʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ. [1] 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʝʨʢʘʣʘ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʦʪ ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦʛʦ ʵʥʝʨʛʦʚʢʣʘʜʘ ʚ ʧʣʘʟʤʫ 

ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ, ʘ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʨʝʟʦʥʘʪʦʨʦʚ ʧʦ 

ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʣʠʷʥʠʶ ʪʝʧʣʦʚʦʡ ʣʠʥʟʳ. ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʦʥʘʪʦʨʳ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʠ 

ʪʦʨʦʠʜʘʣʴʥʳʤʠ ʟʝʨʢʘʣʘʤʠ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʟʝʨʢʘʣ. 

ʆʪʣʠʯʘʶʪʩʷ ʦʥʠ ʪʝʤ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦʣʝ ʨʘʩʰʠʨʷʝʪʩʷ ʧʦ ʜʚʫʤ 

ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

ὸ ρ ὓ . (2) 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʰʠʨʠʥʘ ʟʝʨʢʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ ʝʛʦ ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ, ʧʦʣʝ ʨʘʩʰʠʨʷʝʪʩʷ ʧʦ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝ:  

ὸ ρ ὓ . (3) 

ʈʘʩʯʝʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʦʢ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ ïʊ0=300 ʂ, ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʡ ʂʇɼ 

ʣʘʟʝʨʘ ï ɖ=15 %, ʜʣʠʥʘ ʣʘʟʝʨʘ ï L=100 ʩʤ, ʩʤʝʩʴ ʛʘʟʦʚ ï CO2 : N2 : He = 

1:1:8. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ 

ʚʳʚʦʜ. 

ɺ ʣʘʟʝʨʘʭ ʩ ʪʦʨʦʠʜʘʣʴʥʳʤ ʩʝʯʝʥʠʝʤ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʠ 

ʥʝʫʩʪʦʡʯʠʚʳʤ ʨʝʟʦʥʘʪʦʨʦʤ ʚʣʠʷʥʠʝ ʪʝʧʣʦʚʦʡ ʣʠʥʟʳ ʥʘ ʚʝʣʠʯʠʥʫ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʚ ʣʘʟʝʨʘʭ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʦʡ.  

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʢʦʥʬʠʛʫʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʨʝʟʦʥʘʪʦʨʘ ʣʘʟʝʨʘ ʠ 

ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʪʝʧʣʦʚʦʡ ʣʠʥʟʳ ʥʘ ʝʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʟʘʧʠʩʠ ʘʜʨʝʩʥʳʭ 

ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ (ɸɺɹʉ) ʠ ʦʙʳʯʥʳʭ ɺɹʈ. 

 

Abstract 

The article discusses and compares the methods of recording addressed 

fiber Bragg structures (AFBS) and conventional FBGs. 

 

ɼʣʷ ʟʘʧʠʩʠ ɺɹʈ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʢ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʜʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʟʘʧʠʩʴ ʥʝʧʨʝʨʳʚʥʳʤ 

ʫʣʴʪʨʦʬʠʦʣʝʪʦʚʳʤ ʘʨʛʦʥʥʳʤ ʣʘʟʝʨʦʤ (ʅʋʌɸʃ), ʟʘʧʠʩʴ ʠʤʧʫʣʴʩʥʳʤ 

ʵʢʩʠʤʝʨʥʳʤ ʣʘʟʝʨʦʤ (ʀʕʃ), ʧʦʪʦʯʝʯʥʘʷ ʟʘʧʠʩʴ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ ʣʘʟʝʨʦʤ 

(ʇɿʌʉʃ). ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʜʝʰʝʚʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʟʘʧʠʩʠ 

ʦʙʣʘʜʘʝʪ ʅʋʌɿɸʃ, ʘ ʥʘʠʙʦʣʝʝ ʜʦʨʦʛʠʤ ʇɿʌʉʃ [1]. 

ɿʘʧʠʩʴ ɺɹʈ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʦʣʥʘʤʠ ɹʨʵʛʛʘ ʅʋʌɸʃ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ ʩ ʧʦʤʦʱʴʶ ʬʘʟʦʚʳʭ ʤʘʩʦʢ 

(ʌʄ), ʢʦʪʦʨʳʝ, ʧʦ ʩʫʪʠ, ʠ ʙʫʜʫʪ ʟʘʜʘʚʘʪʴ ʚʦʣʥʫ ɹʨʵʛʛʘ ʜʣʷ ʢʘʞʜʦʡ 

ʨʝʰʝʪʢʠ. ʂ ʥʝʜʦʩʪʘʪʢʫ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, ʯʪʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʨʝʰʝʪʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʦʣʥʘʤʠ ɹʨʵʛʛʘ ʪʨʝʙʫʝʪʩʷ ʦʪʜʝʣʴʥʘʷ ʌʄ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʜʦʨʦʞʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʝʰʝʪʦʢ. ɺʪʦʨʦʡ ʤʝʪʦʜ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʡ ʌʄ ʚʤʝʩʪʝ ʩ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ 

ʃʣʦʡʜʘ (ʀʃ) ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [1]. ɿʜʝʩʴ ʀʃ 

ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʜʣʠʥʫ ʚʦʣʥʳ ɹʨʵʛʛʘ ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʟʘʤʝʥʳ ʌʄ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʧʝʢʪʨ 



 

ʦʪʨʘʞʝʥʠʷ ɺɹʈ ʧʦʣʫʯʝʥʥʦʡ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʠʤʝʝʪ ʘʩʠʤʤʝʪʨʠʶ, ʯʪʦ 

ʚʥʦʩʠʪ ʩʣʦʞʥʦʩʪʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʦʜʦʙʥʳʤʠ 

ʨʝʰʝʪʢʘʤʠ, ʪʘʢ ʢʘʢ ʚ ʧʦʜʦʙʥʳʭ ɺɹʈ ʚʦʣʥʘ ɹʨʵʛʛʘ ʥʝʩʢʦʣʴʢʦ ʩʤʝʱʝʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ɺɹʈ. 

ʀʕʃ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʘʧʠʩʴ ɺɹʈ ʩ ʨʘʟʣʠʯʥʳʤ ʜʣʠʥʘʤʠ ʚʦʣʥ 

ɹʨʵʛʛʘ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʌʄ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʟʘʧʠʩʠ. 

ɿʘʧʠʩʴ 2-́ɺɹʈ ʅʋʌɸʃ ʠ ʀʕʃ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʪʦʣʴʢʦ ʩ 

ʧʦʤʦʱʴʶ ʌʄ, ʪʘʢ ʢʘʢ ʜʘʥʥʘʷ ɸɺɹʉ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʠʤʝʝʪ 2 ́ʩʜʚʠʛ, 

ʢʦʪʦʨʳʡ ʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʌʄ ʥʘ 

ʜʘʥʥʦʤ ʪʠʧʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʟʘʧʠʩʠ 2-́ɺɹʈ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʘʜʨʝʩʘʤʠ ʪʨʝʙʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʌʄ. ɸ ʪʘʢ ʢʘʢ ʪʝʭʥʦʣʦʛʠʷ 

ɸɺɹʉ ʜʦʩʪʘʪʦʯʥʦ ʥʦʚʘʷ ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʜʦʙʥʳʭ ʌʄ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʩʪʦʠʤʦʩʪʠ ʤʘʩʦʢ ʜʣʷ ʦʙʳʯʥʳʭ ɺɹʈ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ 2-́ɺɹʈ [2, 3]. 

ɿʘʧʠʩʴ 2ɚ-ɺɹʈ ʅʋʌɸʃ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʪʘʢ ʞʝ ʢʘʢ ɺɹʈ ʩ 

ʧʦʤʦʱʴʶ ʌʄ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʌʄ ʠ ʀʃ, ʪʘʢ ʢʘʢ ʧʦ ʩʚʦʝʡ ʩʫʪʠ 2ɚ-ɺɹʈ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʦʙʳʯʥʳʝ ɺɹʈ ʩʦ ʩʜʚʠʛʦʤ ʚʦʣʥ ɹʨʵʛʛʘ. ʆʪʩʶʜʘ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʟʘʧʠʩʴ ʨʘʟʣʠʯʥʳʭ 2ɚ-ɺɹʈ ʥʘ ʀʕʃ, ʪʘʢ ʞʝ 

ʢʘʢ ʠ ʜʣʷ ɺɹʈ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʌʄ. 

ɿʘʧʠʩʴ ʨʘʟʣʠʯʥʳʭ ɺɹʈ ʠ ɸɺɹʉ ʩ ʧʦʤʦʱʴʶ ʇɿʌʉʃ ʥʝ ʪʨʝʙʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʌʄ ʠʣʠ ʀʃ, ʪʘʢ ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʥʘʟʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, 

ʟʘʧʠʩʴ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʯʝʯʥʦ, ʠ ʫʩʪʘʥʦʚʢʘ ʩʘʤʘ ʢʦʨʨʝʢʪʠʨʫʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʘ ʧʦ ʜʣʠʥʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʩʣʝʜʫʝʪ ʚʳʚʦʜ, 

ʯʪʦ ʟʘʧʠʩʴ 2ɚ-ɺɹʈ ʀʃ ʙʦʣʝʝ ʜʦʩʪʫʧʥʘ, ʯʝʤ 2ˊ-ɺɹʈ, ʪʘʢ ʢʘʢ ʥʝ ʪʨʝʙʫʝʪ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʌʄ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʘʩʠʤʤʝʪʨʠʠ ʩʧʝʢʪʨʘ 

ʦʪʨʘʞʝʥʠʷ ɸɺɹʉ ʧʦʣʫʯʝʥʥʦʡ ʜʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʫʞʝʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ɸɺɹʉ, ʯʪʦ ʩʦʛʣʘʩʫʝʪ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 2ɚ-ɺɹʈ ʠʟʣʦʞʝʥʥʳʤʠ ʚ [3]. ʆʜʥʘʢʦ ʩʫʞʝʥʠʝ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ 

ʨʝʰʝʪʢʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʩʪʘʪʴ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʚ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 2ɚ-ɺɹʈ ʚ ʨʷʜʝ ʩʠʩʪʝʤ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʦʚ 

ʪʨʝʭʯʘʩʪʦʪʥʳʭ ʤʥʦʛʦʘʜʨʝʩʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ 

(ʄɸɺɹʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʫʩʩʦʧʦʜʦʙʥʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʨʘʟʚʠʪʠʝʤ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩ 

ʜʚʫʭʯʘʩʪʦʪʥʦʡ ʘʜʨʝʩʘʮʠʝʡ (ʄɸɺɹʉ). 

 

Abstract 

The article discusses the possibility of modeling the responses of three-

frequency multi-adressed fiber Bragg structures using Gaussian distribution 

functions, which are the development of fiber Bragg structures with two-

frequency addressing. 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʪʠʚʠʨʦʚʘʥʦ ʪʝʤ, ʯʪʦ ʜʣʷ ʥʘʜʝʞʥʦʡ 

ʨʘʙʦʪʳ ʨʘʜʠʦʬʦʪʦʥʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄɸɺɹʉ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ, ʯʪʦʙʳ ʧʦʣʦʩʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʥʘʢʣʦʥʥʦʛʦ ʬʠʣʴʪʨʘ ʠ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ 

ʧʝʨʝʢʨʳʚʘʣʠ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʄɸɺɹʉ. ʇʦʩʢʦʣʴʢʫ ʬʠʣʴʪʨ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʦʮʝʥʢʠ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʄɸɺɹʉ ʧʫʪʝʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜ ʙʠʝʥʠʡ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʝ, ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʟʘʧʨʦʩʯʠʢʦʚ. 

ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ [1], ʩʠʩʪʝʤʘ 



 

ʨʘʜʠʦʬʦʪʦʥʥʳʭ ʜʘʪʯʠʢʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʄɸɺɹʉ, ʧʨʝʜʣʘʛʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪʥʳʝ ʧʨʠʥʮʠʧʳ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ɸɺɹʉ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʩʪʨʫʢʪʫʨʳ, ʢʘʢ 

ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʬʫʥʢʮʠʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɻʘʫʩʩʘ [2-4] ʦʧʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʩʪʨʫʢʪʫʨʳ ʙʳʣ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʪʨʝʭ ʬʫʥʢʮʠʡ ɻʘʫʩʩʘ ʩ ʨʘʟʥʝʩʝʥʥʳʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ 

ʜʣʠʥʘʤʠ ʚʦʣʥ ɹʨʵʛʛʘ ʠ ʪʝʤ ʩʘʤʳʤ ʬʦʨʤʠʨʫʷ ʘʜʨʝʩʥʳʝ ʯʘʩʪʦʪʳ. 

ʇʦʣʫʯʝʥʥʦʝ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʨʘʙʦʪʝ ʨʝʰʘʣʦʩʴ ʯʠʩʣʝʥʥʦ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʡʩʪʚʘʤ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʬʫʥʢʮʠʠ ʜʣʷ 

ʪʨʝʭ ʄɸɺɹʉ ʩ ʨʘʟʥʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʠ ʪʨʝʭ ʨʘʟʥʳʭ ʩʤʝʱʝʥʠʷʭ 

ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. ɺ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʧʦʢʘʟʘʥʥʦʤ ʥʘ ʨʠʩ. 1, 

ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʯʝʨʝʟ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʣʷ ʣʠʥʠʡ 1, 4, 7 ʩʦʩʪʘʚʣʷʣʦ 0,5 ɻɻʮ, ʜʣʷ ʣʠʥʠʡ 2, 5, 

8 - 0,3 ɻɻʮ, ʘ ʜʣʷ ʣʠʥʠʡ 2, 6. ʘ 9 - 0,1 ɻɻʮ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʄɸɺɹʉ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʦʪʢʣʠʢʦʤ ʧʦʩʣʝ 

ʥʘʢʣʦʥʥʦʛʦ ʬʠʣʴʪʨʘ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʦʤ ʚ ʦʧʦʨʥʦʤ ʢʘʥʘʣʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1, ʘ. ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʦʪʥʦʰʝʥʠʡ ʙʠʝʥʠʡ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʘʭ ʩ ʠʜʝʥʪʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1, ʙ-ʛ. 

 
ʈʠʩ. 1 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʘ) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ 

ʄɸɺɹʉ ʧʦʩʣʝ ʥʘʢʣʦʥʥʦʛʦ ʬʠʣʴʪʨʘ; ʙ) ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʙʠʝʥʠʡ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʘʭ ʜʣʷ ů = 0,5 ɻɻʮ; ʚ) ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʡ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʙʠʝʥʠʡ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʘʭ ʜʣʷ ʙʠʝʥʠʡ ʩ ʤʘʣʳʤʠ 

ʘʤʧʣʠʪʫʜʘʤʠ ʜʣʷ ů = 0,3 ɻɻʮ; ʛ) ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʙʠʝʥʠʡ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʘʭ ʜʣʷ ů = 0,1 ɻɻʮ. 

 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ 

ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʦʪʢʣʠʢʦʚ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʝ ʤʦʥʦʪʦʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʦʪʢʣʠʢʦʚ ɸɺɹʉ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 



 

ʪʨʝʙʫʝʤʫʶ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʥʘʢʣʦʥʥʦʛʦ ʬʠʣʴʪʨʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʥʦʩʪʠ ʘʜʨʝʩʥʳʭ ʯʘʩʪʦʪ 

ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʢʣʠʢʘ ʄɸɺɹʉ ʥʘ 

ʬʦʪʦʧʨʠʝʤʥʠʢʘʭ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʪʨʘʩʩʦ-ʧʦʠʩʢʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʇʨʦʠʟʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʩ 

ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʦʣʦʢʥʦ ʠ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, 

ʦʙʲʝʜʠʥʝʥʥʳʤʠ ʚ ʩʠʩʪʝʤʫ. ʇʨʝʜʣʦʞʝʥʳ ʪʨʘʩʩʦ-ʧʦʠʩʢʦʚʳʝ ʤʝʪʦʜʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʥʦʤʥʳʭ ʤʦʙʠʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. 

 

Abstract 

The article provides an overview of trace-search applications of acousto-

optic methods. A comparative analysis of methods with one source of influence 

on the fiber and with several sources combined into a system was carried out. 

Route-search methods using autonomous mobile sources of acoustic impact are 

proposed. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʩʥʦʚʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ (ʆɺ). ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ 

(ʐʇɼ) ʚ ʀʥʪʝʨʥʝʪ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʤʝʥʥʦ ʆɺ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʦʣʦʞʝʥʥʳʤ ʧʦʜ ʟʝʤʣʝʡ. ʆɺ ʩʧʦʩʦʙʥʳ ʧʝʨʝʜʘʚʘʪʴ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ 



 

ʥʘ ʙʦʣʝʝ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʢʘʙʝʣʷʤʠ, 

ʫʩʪʦʡʯʠʚʳ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ ʠʟʣʫʯʝʥʠʶ ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʫʛʨʦʟʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʜʥʘʢʦ, ʪʘʢʦʤʫ ʢʘʙʝʣʶ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʟʘʤʝʥʘ 

ʠʟʥʦʰʝʥʥʳʭ ʠ/ʠʣʠ ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

(ʠʥʜʫʢʮʠʦʥʥʳʡ, ʨʘʜʠʦʣʦʢʘʮʠʷ) ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʵʬʬʝʢʪʠʚʥʳ ʚ ʩʠʣʫ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʆɺ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ, ʩʫʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆɺ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘ ʥʝʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʠ ʩʦʩʪʦʷʥʠʠ ʆɺ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʙʠʣʴʥʳʭ DAS-ʩʠʩʪʝʤ 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʘʤʢʘʭ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʤʝʶʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʝʥʩʦʨʥʳʝ (Distributed acoustic 

sensor - DAS) ʩʠʩʪʝʤʳ. ʆʜʠʥ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʩʥʦʚʘʥ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʨʦʷ ʤʦʙʠʣʴʥʳʭ ʧʦʜʚʠʞʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ 

ʢʦʥʬʠʛʫʨʠʨʫʝʤʫʶ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ DAS-ʩʠʩʪʝʤʫ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ 

ʧʨʦʭʦʜʷʱʝʛʦ ʧʦʜ ʟʝʤʣʝʡ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ (ʨʠʩ. 1). 

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʠʩʢʘ ʪʨʘʩʩʳ ʧʨʦʢʣʘʜʢʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʦʷ ɹʇʃɸ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʦʢʣʘʜʝ ʩʧʦʩʦʙʳ ʧʦʠʩʢʘ ʧʦʜʟʝʤʥʦʛʦ ʧʦʣʥʦʩʪʴʶ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʠʤʝʶʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ɹʇʃɸ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʦʟʚʦʣʷʝʪ ʦʭʚʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʠʛʥʦʨʠʨʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʣʘʥʜʰʘʬʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʣʦʞʥʦʩʪʠ ʜʣʷ ʦʙʳʯʥʦʡ ʥʘʟʝʤʥʦʡ ʪʝʭʥʠʢʠ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʦʧʪʠʯʝʩʢʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʨʵʣʝʝʚʩʢʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ. 

 

Abstract 

In this paper, we discuss the principle of operation of an optical 

Rayleigh scattering reflectometer. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʧʪʠʯʝʩʢʘʷ ʨʝʬʣʝʢʪʦʤʝʪʨʠʷ - ʦʪʣʠʯʥʦʝ ʩʨʝʜʩʪʚʦ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʚ ʦʧʪʠʯʝʩʢʠʭ ʩʝʪʷʭ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʧʪʠʯʝʩʢʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ (ʘʥʛʣ. OTDR, Optical 

Time Domain Reflectometer) ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʦʪʨʘʞʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʠʤʧʫʣʴʩʦʚ, ʠʟʣʫʯʘʝʤʳʭ ʨʝʬʣʝʢʪʦʤʝʪʨʦʤ ʚ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ. 

ʀʟʤʝʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʦʩʥʦʚʘʥʦ ʥʘ ʷʚʣʝʥʠʠ 

ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʚ ʚʦʣʦʢʥʝ ʠ ʥʘ ʦʪʨʘʞʝʥʠʠ ʩʚʝʪʘ ʦʪ ʧʝʨʝʧʘʜʦʚ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ʀʤʧʫʣʴʩʳ ʩʚʝʪʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʧʦ ʣʠʥʠʠ, 

ʠʩʧʳʪʳʚʘʶʪ ʦʪʨʘʞʝʥʠʷ ʠ ʟʘʪʫʭʘʥʠʷ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʣʠʥʠʠ ʠ 

ʚʩʣʝʜʩʪʚʠʝ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʨʝʜʝ. 

2. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʧʪʠʯʝʩʢʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ; ʛʜʝ ʚʦʣʦʢʦʥʥʳʡ 

ʣʘʟʝʨ (CW Laser) ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʩʚʝʪ, ʢʦʪʦʨʳʡ ʧʦʩʳʣʘʝʪ 



 

ʠʤʧʫʣʴʩʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʦʧʪʠʯʝʩʢʠʤ ʫʩʠʣʠʪʝʣʝʤ (ʘʥʛʣ. SOA, 
semiconductor optical amplifier), ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ ʟʘʪʚʦʨʘ. 

ɺʦʣʦʢʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ, ʣʝʛʠʨʦʚʘʥʥʳʡ ʵʨʙʠʝʤ (ʘʥʛʣ. EDFA, erbium-doped 

fiber amplifier), ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʧʠʢʦʚʦʡ ʠʤʧʫʣʴʩʥʦʡ ʤʦʱʥʦʩʪʠ ~400 ʤɺʪ. ʎʠʨʢʫʣʷʪʦʨ ʥʘʧʨʘʚʣʷʝʪ 

ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʡ ʩʠʛʥʘʣ ʦʪ ʪʝʩʪʠʨʫʝʤʦʛʦ ʚʦʣʦʢʥʘ ʥʘ ʙʣʦʢ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʥʘʧʨʷʞʝʥʠʝ 

ʪʨʘʥʟʠʩʪʦʨʥʳʤ ʫʩʠʣʠʪʝʣʝʤ (ʘʥʛʣ. TIA, transimpedance amplifier). ɸʥʘʣʦʛʦ-

ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ADC) ʦʮʠʬʨʦʚʳʚʘʝʪ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʠ 

ʦʪʧʨʘʚʣʷʝʪ ʝʛʦ ʥʘ ʢʦʤʧʴʶʪʝʨ ʧʦ ʰʠʥʝ USB3. ɸʎʇ ʠʤʝʝʪ ʛʝʥʝʨʘʪʦʨ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʠʛʥʘʣʦʚ (ʘʥʛʣ. ASG, arbitrary signal generator), ʢʦʪʦʨʳʡ 

ʨʘʙʦʪʘʝʪ ʢʘʢ ʧʨʦʠʟʚʦʣʴʥʳʡ ʪʨʠʛʛʝʨ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʠʤʧʫʣʴʩʦʚ SOA. 

 
ʈʠʩ. 1 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʦʧʪʠʯʝʩʢʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʦʧʪʠʯʝʩʢʦʤ ʨʝʬʣʝʢʪʦʤʝʪʨʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 

ʈʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʧʦʣʫʯʝʥʠʝ ʢʘʨʪʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʤʦʜʦʚʦʡ ʟʘʜʝʨʞʢʠ (ɼʄɿ) ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

çStar2è ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ   ʩ ʥʘʚʝʜʝʥʥʦʡ ʢʠʨʘʣʴʥʦʩʪʴʶ (ʧʦʨʷʜʢʘ 66 

ʦʙ./ʤ.), ʠ ʧʨʦʚʝʜʝʥʠʷ  ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʥʦʩʪʠ ʧʦʢʘʟʘʥʠʡ ʧʨʠ 

ʚʢʣʶʯʝʥʠʠ ʚ ʩʭʝʤʫ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ  ʩ ɼʄɿ çɸ4#1è 

 

Abstract 

The result of this work was the creation of a differential mode delay 

(DMZ) map of a microstructured "Star2" optical fiber with induced chiral 

(about 66 rpm), and a comparative analysis of the difference in readings when a 

multimode optical fiber with a DMZ "A4 # 1" was connected to the circuit. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʨʷʜ ʧʨʠʣʦʞʝʥʠʡ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʠ ʩʝʥʩʦʨ-

ʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʪʨʝʙʫʶʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʤʦʜʦʚʳʤ 

ʩʦʩʪʘʚʦʤ ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʘʣʦʤʦʜʦʚʳʭ (FMF) ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ 

(ʆɺ) ʩ ʥʘʚʝʜʝʥʥʦʡ ʢʠʨʘʣʴʥʦʩʪʴʶ. 

2. ʇʨʦʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʩʥʷʪʠʝ ʢʘʨʪʳ ɼʄɿ [1] 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ çStar2è ʩ ʥʘʚʝʜʝʥʥʦʡ 

ʢʠʨʘʣʴʥʦʩʪʴʶ, ʩʦʩʪʘʚʣʷʶʱʝʡ (66 ʦʙ./ʤ.).  



 

 
ʈʠʩ. 1 ï ʊʦʨʝʮ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʆɺ ʩ ʥʘʚʝʜʝʥʥʦʡ ʢʠʨʘʣʴʥʦʩʪʴʶ 

 

ʅʘ ʨʷʜʫ ʩʦ ʩʥʷʪʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʚʦ-

ʣʦʢʥʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ɼʄɿ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝ-

ʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʩʭʝʤ ʧʦʜʢʣʶʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʆɺ. 

 
ʉʭʝʤʘ 1                                              ʉʭʝʤʘ 2 

ʈʠʩ. 2 ï ʉʥʷʪʠʝ ʢʘʨʪʳ ɼʄɿ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʆɺ, ʩ ʜʚʫʤʷ ʩʭʝʤʘʤʠ 

ʧʦʜʢʣʶʯʝʥʠʷ 

 

3.ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʦʤ ʩʥʷʪʠʷ ʢʘʨʪʳ ɼʄɿ ʜʣʷ ʜʚʫʭ ʦʧʠʩʘʥʥʳʭ ʪʠʧʦʚ 

ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʠʟʤʝʨʝʥʠʷ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 2 (ʉʭʝʤʘ 1), (ʉʭʝʤʘ 2).  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Bourdine A.V., Prokopyev V.I., Dmitriev E.V., Yablochkin K.A. 

Results of conventional field-test equipment application for identification of 

multimode optical fibers with high DMD // Proceedings of SPIE. 2009. Vol. 

7374. P. 73740J-01 ï 73740J-07.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʦʧʪʠʯʝʩʢʦʛʦ 

ʛʝʪʝʨʦʜʠʥʠʨʦʚʘʥʠʷ ʢʘʢ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʈʏ ʩʠʛʥʘʣʦʚ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʬʘʟʦʚʳʭ ʰʫʤʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʨʠʝʤʥʦʛʦ ʪʨʘʢʪʘ 

ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. 

 

Abstract 

The article discusses the application of the method of optical 

heterodyning as a shaper of RF signals with a low level of phase noise, as well 

as for the implementation of a coherent receiving path of optical signals. 

 

1.ɺʚʝʜʝʥʠʝ 

ʆʧʪʠʯʝʩʢʦʝ ʛʝʪʝʨʦʜʠʥʠʨʦʚʘʥʠʝ [1] ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʠʟʚʣʝʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʟʘʢʦʜʠʨʦʚʘʥʥʦʡ ʚ ʚʠʜʝ ʤʦʜʫʣʷʮʠʠ ʧʦ ʬʘʟʝ, ʯʘʩʪʦʪʝ ʠʣʠ 

ʘʤʧʣʠʪʫʜʝ ʩʠʛʥʘʣʘ. ʉʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʦʧʦʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ 

ʦʪ ʛʝʪʝʨʦʜʠʥʘ ʥʘ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʬʦʪʦʜʝʪʝʢʪʦʨʘ. ʅʘ 

ʚʳʭʦʜʝ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʙʠʝʥʠʡ ʩ ʯʘʩʪʦʪʦʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʜʣʠʥʘʤʠ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʥ ʛʝʪʝʨʦʜʠʥʘ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʪʘʢ ʯʪʦ ʵʪʘ ʯʘʩʪʦʪʘ ʙʠʝʥʠʡ, 

ʩʦʟʜʘʚʘʝʤʘʷ ʜʝʪʝʢʪʦʨʦʤ, ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʜʠʦ- ʠʣʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʙʥʦ ʦʙʨʘʙʦʪʘʥ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ. 



 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʘ ʦʧʪʠʯʝʩʢʦʛʦ ʛʝʪʝʨʦʜʠʥʠʨʦʚʘʥʠʷ 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ ʦʧʪʠʯʝʩʢʦʛʦ 

ʛʝʪʝʨʦʜʠʥʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʤʦʞʥʦ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʠʛʥʘʣ ʩ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʩ ʧʦʤʦʱʴʶ ʨʘʟʚʝʪʚʠʪʝʣʷ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʜʚʘ ʧʣʝʯʘ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʡ ʤʦʜʫʣʷʪʦʨ (ʕʆʄ), ʥʘ ʉɺʏ ʚʭʦʜʳ ʢʦʪʦʨʳʭ ʧʦʜʘʝʪʩʷ 

ʩʠʛʥʘʣ ʛʝʥʝʨʘʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʞʜʦʤ ʧʣʝʯʝ ʧʦʩʣʝ ʤʦʜʫʣʷʪʦʨʦʚ ʤʳ 

ʧʦʣʫʯʘʝʤ ʩʧʝʢʪʨ ʚ ʚʠʜʝ ʥʝʩʫʱʝʡ ʠ ʜʚʫʭ ʙʦʢʦʚʳʭ ʧʦʣʦʩ. 

 
ʘ)     ʙ) 

ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʘʢʝʪʘ-ʠʤʠʪʘʪʦʨʘ (ʘ) ʠ ʦʜʥʘ ʠʟ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘ ʚʳʭʦʜʝ ʬʦʪʦʜʠʦʜʘ (ʙ) 

 

ɼʘʣʝʝ ʵʪʠ ʩʠʛʥʘʣʳ ʧʦʩʪʫʧʘʶʪ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ ʚ ʚʠʜʝ 

ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ (ɺɹʈ). ʉ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʦʚ ʠʟ ʧʦʣʥʦʛʦ 

ʩʧʝʢʪʨʘ ʤʳ ʚʳʜʝʣʷʝʤ ʧʦ ʦʜʥʦʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʝ ʚ ʢʘʞʜʦʤ ʧʣʝʯʝ ʠ ʜʘʣʝʝ ʩ 

ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʩʫʤʤʘʪʦʨʘ ʥʘʧʨʘʚʣʷʝʤ ʧʦʣʫʯʝʥʥʳʡ ʩʠʛʥʘʣ ʥʘ 

ʧʨʠʝʤʥʫʶ ʧʣʦʱʘʜʢʫ ʬʦʪʦʜʠʦʜʘ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʪʘʢʠʝ ʯʘʩʪʦʪʳ 

ʤʦʜʫʣʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʯʪʦʙʳ ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʙʦʢʦʚʳʭ ʧʦʣʦʩ ʚ 

ʢʘʞʜʦʤ ʧʣʝʯʝ ʨʘʟʥʦʩʪʴ ʯʘʩʪʦʪ ʵʪʠʭ ʙʦʢʦʚʳʭ ʧʦʣʦʩ ʣʝʞʘʣʘ ʚ ʉɺʏ 

ʜʠʘʧʘʟʦʥʝ, ʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʘ ʚʳʭʦʜʝ ʬʦʪʦʜʠʦʜʘ. ʕʪʦʪ ʤʘʢʝʪ ʤʦʞʝʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʜʚʫʭ ʫʩʪʨʦʡʩʪʚ: ʢʦʛʝʨʝʥʪʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʨʠʝʤʥʠʢʘ ʠ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʈʏ ʩʠʛʥʘʣʦʚ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʫʩʣʦʚʠʡ ʙʳʣʘ ʩʦʙʨʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʫʩʪʘʥʦʚʢʘ. ʄʦʜʫʣʠʨʫʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ URF1 ʠ URF2 ʙʳʣʠ ʚʳʙʨʘʥʳ 18 ɻɻʮ 

ʠ 10 ɻɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʌʠʣʴʪʨʳ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʩʭʝʤʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʥʘ ʠʩʢʦʤʦʡ ʯʘʩʪʦʪʝ 7,98 ɻɻʮ. ʄʦʱʥʦʩʪʴ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ 

ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʩʦʩʪʘʚʠʣʘ -107 ʜɹʤ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʤʝʪʝʦʩʪʘʥʮʠʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʝʦʩʪʘʥʮʠʠ. 

 

Abstract 

The article discusses the development of the design and manufacturing 

technology of a solar battery for an automatic weather station. The use of solar 

panels to facilitate the operation of the weather station is being considered. 

 

1. ɺʚʝʜʝʥʠʝ 

çʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ (Mʂ) ð ʵʪʦ ʢʦʤʧʣʝʢʩ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʟʘ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʦʣʥʝʯʥʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ 

ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ ETHERNETè [1]. 

2.ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʝʦʩʪʘʥʮʠʠ. 

çɻʠʙʢʘʷ ʩʠʩʪʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʦʜʫʣʴʥʦʩʪʴ ʠ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ 



 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ Mʂ ʚ ʣʶʙʳʭ 

ʤʦʜʠʬʠʢʘʮʠʷʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʱʥʦʩʪʴʶ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ Mʂ ï 10 ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʥʘ ʙʘʟʝ ʜʘʪʯʠʢʦʚ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʠ ʫʢʨʘʠʥʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ (Fischer, 

Kipp&Zonen, Phoenix Contact, Lappkable, Rittal, ʊʝʨʘ-ʋʢʨʘʠʥʘ, ʅʇʇ 

ʊɽʂʆ)è [2].  

çɻʠʙʢʘʷ ʩʠʩʪʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʦʜʫʣʴʥʦʩʪʴ ʠ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʤʝʪʝʦʩʪʘʥʮʠʠ Mʂ ʚ ʣʶʙʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʤʦʱʥʦʩʪʴʶ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ʄʝʪʝʦʩʪʘʥʮʠʷ ʆregon Scientific BAR108HG ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʝʪʝʦʩʪʘʥʮʠʝʡ, ʩʧʦʩʦʙʥʦʡ ʧʨʠʥʠʤʘʪʴ ʧʦʢʘʟʘʥʠʷ ʩ 

ʪʨʝʭ ʚʥʝʰʥʠʭ ʜʘʪʯʠʢʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʩʪʘʥʮʠʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ 

ʥʝʙʦʣʴʰʦʡ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ ʥʘ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ. ʄʥʦʛʦʯʠʩʣʝʥʥʦʩʪʴ 

ʬʫʥʢʮʠʡ ʚʳʨʘʟʠʣʘʩʴ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʟʠʪʠʚʥʳʭ ʦʪʟʳʚʦʚ ʚ ʩʝʪʠ ʥʘ 

ʵʪʫ ʤʦʜʝʣʴè [3]. 

ʉʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʙʘʪʘʨʝʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʲʝʢʪ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ. 

ʅʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʶʪ ʧʘʨʘʤʝʪʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʠʟ 

ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʳ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʙʘʪʘʨʝʡ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʥʝ ʧʨʠʥʠʤʘʶʪ 

ʚʦ ʚʥʠʤʘʥʠʝ ʚʩʝʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʟʜʘʥʥʘʷ ʚ ʭʦʜʝ ʠʟʳʩʢʘʥʠʡ ʤʦʜʝʣʴ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʦʙʣʘʜʘʝʪ 

ʩʚʦʡʩʪʚʘʤʠ ʘʜʝʢʚʘʪʥʦʩʪʠ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʥʘʛʣʷʜʥʦʩʪʠ ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʧʠʩʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʤʥʦʞʝʩʪʚʘ ʟʥʘʯʠʤʳʭ ʬʘʢʪʦʨʦʚ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʤʘʪʝʨʠʘʣʘʭ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʠʡ ʬʦʪʦʤʝʪʨ ʩ 

ʠʤʧʫʣʴʩʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʩʪʷʭ ʧʨʦʮʝʩʩʘ ʙʦʣʝʝ 500 ʯʘʩʦʚ. ʆʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʨʘʟʮʘ ʠ ʧʨʠʚʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

Abstract 

A turbidimetric photometer with a pulsed mode of operation of a light 

source is analyzed in the materials. It allows one to conduct sedimentation 

studies of nanoscale objects with a process duration of more than 500 hours. 

The functional diagram of the laboratory sample is described and experimental 

studies of some of its characteristics are given. 

 

1. ɺʚʝʜʝʥʠʝ 

ʌʦʪʦʤʝʪʨʠʷ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʤʝʪʦʜʦʚ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʚʝʱʝʩʪʚʦʤ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʦʜʠʥ ʠʟ ʤʦʱʥʝʡʰʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ [1,2].  

ʊʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʚʘʞʥʳʝ 



 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʨʘʟʤʝʨʘʤ, ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ ʚ ʨʘʩʪʚʦʨʘʭ, ʤʘʩʩʳ ʠ ʪ.ʧ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʧʨʠʥʠʤʘʝʤʳʝ ʤʝʨʳ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ, ʧʘʩʧʦʨʪʥʳʡ ʜʨʝʡʬ ʥʫʣʝʚʦʡ 

ʣʠʥʠʠ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ 

ʬʦʪʦʤʝʪʨʘʤʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʜʦ 0,004 1/ʯʘʩ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʝʜʠʤʝʥʪʘʮʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʠ ʧʦʣʠʤʝʨʥʳʭ ʤʦʣʝʢʫʣ. ʕʪʦ ʧʨʠʚʝʣʦ 

ʢ ʪʦʤʫ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʠʟʚʦʜʷʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛ. ʆʜʥʘʢʦ ʧʨʠ ʘʥʘʣʠʟʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʩ ʪʘʢʠʤʠ ʧʝʨʝʛʨʫʟʢʘʤʠ (ʜʦ 105 g) ʚʦʟʤʦʞʥʦ ʠʭ ʨʘʟʨʫʰʝʥʠʝ ʠ 

ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʬʦʪʦʤʝʪʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʜʣʠʪʝʣʴʥʳʝ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʠʣ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʪʦʤʝʪʨʘ 

ɺ ʤʘʪʝʨʠʘʣʘʭ ʜʦʢʣʘʜʘ ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʬʦʪʦʤʝʪʨʘ.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʥʘʙʦʨʘ ʤʝʨ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

(ʅʄʇʆʇ-ʌ3-8) ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 0.04. 
ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 

ʆʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 0.34 1.13 1.41 1.74 2.14 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 0.35 1.17 1.42 1.71 2.1 

ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʷ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 0.95, 10-3 

1 4 6 11 36 

 

ʆʪʢʣʦʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʦ 2 ʥʝ ʧʨʝʚʳʰʘʝʪ 0.04, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʛʨʝʰʥʦʩʪʠ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʬʦʪʦʤʝʪʨʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʬʦʪʦʤʝʪʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚʳʰʝ 2 ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʧʣʦʚʳʤʠ ʰʫʤʘʤʠ ʬʦʪʦʜʠʦʜʦʚ.  

ɺ ʤʘʪʝʨʠʘʣʘʭ ʜʦʢʣʘʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʬʦʪʦʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʣʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʩʝʜʠʤʝʥʪʘʮʠʠ ʥʘʥʦʨʤʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʪʦʜʠʦʜʦʚ ʩ ʠʤʧʫʣʴʩʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ʧʠʪʘʥʠʷ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʪʦʢʘ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ 

ʚ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʤ ʬʦʪʦʤʝʪʨʝ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʝʥʥʦʡ ʜʨʝʡʬ ʩʠʛʥʘʣʦʚ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʚ ʜʣʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʧʨʠ 



 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ.  

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʠʩʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʉʦʛʣʘʰʝʥʠʶ 

ʥʦʤʝʨ 075-03-2020-051/3 ʦʪ 09.06.2020 (ʥʦʤʝʨ ʪʝʤʳ fzsu-2020-0021). 
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(Kazan National Research Technical University named after A.N. Tupolev ï 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʨʘʜʠʦʬʦʪʦʥʥʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʧʦʜʰʠʧʥʠʢ ʢʘʯʝʥʠʷ, ʥʘ ʧʨʠʤʝʨʝ 

ʧʦʜʰʠʧʥʠʢʘ ʢʘʯʝʥʠʷ ʩʪʫʧʠʮʳ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʢʦʣʝʩʘ ʩ ʥʝʧʦʜʚʠʞʥʳʤ 

ʚʥʝʰʥʠʤ ʢʦʣʴʮʦʤ [1, 2]. 

 

Abstract 

In this paper, a microwave-photonic measuring system of the load acting 

on a rolling bearing were proposed, using the example of a rolling bearing of a 

car wheel hub with a fixed outer ring. 

 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʘʜʠʦʬʦʪʦʥʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʧʦʜʰʠʧʥʠʢ ʢʘʯʝʥʠʷ, ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʘʜʨʝʩʥʦʡ ʚʦʣʦʢʦʥʥʦʡ ʙʨʵʛʛʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ɸɺɹʉ) 

[3]. ʇʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʩʪʫʧʠʮʘʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʢʦʣʝʩ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʨʘʜʠʦʬʦʪʦʥʥʘʷ 

ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʥʘʛʨʫʟʢʠ ʤʦʞʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʨʷʤʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʮʝʧʣʝʥʠʷ ʰʠʥʳ ʩ ʜʦʨʦʛʦʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʘʚʪʦʤʦʙʠʣʷ, ʥʘʧʨʠʤʝʨ, ʘʥʪʠʙʣʦʢʠʨʦʚʦʯʥʦʡ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʦʩʢʦʣʴʢʫ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ 

ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ɸɺɹʉ ʩ ʜʚʫʤʷ 



 

ʩʠʤʤʝʪʨʠʯʥʳʤʠ -́ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ (2-́ɺɹʈ), ʪʘʢ ʢʘʢ ʦʥʘ ʠʤʝʝʪ 

ʤʠʥʠʤʘʣʴʥʫʶ ʜʣʠʥʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʝʝ ʥʘ ʧʦʜʰʠʧʥʠʢʠ ʩ 

ʤʘʣʝʥʴʢʠʤ ʜʠʘʤʝʪʨʦʤ [4]. 2-́ɺɹʈ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ɺɹʈ, ʨʘʟʜʝʣʝʥʥʳʭ 

ʜʠʩʢʨʝʪʥʳʤʠ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ. ʈʝʰʝʪʢʘ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʚʥʝʰʥʝʝ ʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ. ʅʘ ʈʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʦʧʪʠʢʦ-ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 2-́

ɺɹʈ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ (1), 2-́ɺɹʈ-

ʜʘʪʯʠʢʦʚ (2.1 ʠ 2.2), ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʠʪʝʣʷ (10) ʠ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʨʘʟʚʝʪʚʠʪʝʣʷ (6 ʠ 9). ʈʘʟʚʝʪʚʠʪʝʣʴ (6) ʥʫʞʝʥ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ, ʩʥʘʙʞʝʥʥʦʛʦ ʦʧʪʠʯʝʩʢʠʤ ʬʠʣʴʪʨʦʤ (3) ʩ 

ʟʘʜʘʥʥʦʡ ʣʠʥʝʡʥʦʡ ʥʘʢʣʦʥʥʦʡ ɸʏʍ, ʠ ʦʧʦʨʥʦʛʦ ʢʘʥʘʣʘ, ʚ ʢʦʥʮʝ ʢʦʪʦʨʳʭ 

ʩʪʦʷʪ ʬʦʪʦʧʨʠʝʤʥʠʢʠ (4 ʠ 7) ʠ ɸʎʇ (5 ʠ 8). ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ɸɺɹʈ ʯʝʨʝʟ ʦʪʥʦʰʝʥʠʷ ʘʤʧʣʠʪʫʜ 

ʩʠʛʥʘʣʦʚ ʩ ʚʳʭʦʜʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠ ʦʧʦʨʥʦʛʦ ɸʎʇ [5]. 

 
ʈʠʩ. 1 ï ʆʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ɸɺɹʉ [6]. 

 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʨʘʜʠʦʬʦʪʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ 

ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʧʦʜʰʠʧʥʠʢ ʢʘʯʝʥʠʷ, ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʜʚʫʭ ɸɺɹʈ ʪʠʧʘ 2-́ɺɹʈ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʧʨʠʚʝʜʝʥʥʦʡ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʨʦʩʪʫʶ ʠ ʜʝʰʝʚʫʶ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʫʶ ʩʭʝʤʫ ʦʧʨʦʩʘ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʥʪʝʨʨʘʛʘʪʦʨʦʚ, ʤʘʣʳʡ ʚʝʩ ʜʘʪʯʠʢʦʚ, 

ʤʘʣʫʶ ʟʘʥʠʤʘʝʤʫʶ ʧʣʦʱʘʜʴ, ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʚʦʜʘ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʢ ʜʘʪʯʠʢʘʤ. 
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ɸʥʥʦʪʘʮʠʷ 
ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʬʦʪʘʢʩʠʤʘ 

ʚ ʨʘʩʪʚʦʨʝ ʧʦ ʋʌ-ʩʧʝʢʪʨʫ. 

 

Abstract 

The possibility of determining the concentration of cefotaxime in 

solution by the UV spectrum is considered. 

 

1. ɺʚʝʜʝʥʠʝ 

ɸʥʪʠʙʠʦʪʠʢʠ ʢʘʢ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ʆʥʠ 

ʜʝʡʩʪʚʫʶʪ ʥʝ ʥʘ ʤʘʢʨʦʦʨʛʘʥʠʟʤ, ʘ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤ ï ʚʦʟʙʫʜʠʪʝʣʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʘʙʦʣʝʚʘʥʠʷ (ʣʠʙʦʥʘ ʢʣʝʪʢʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʦʧʫʭʦʣʝʡ). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʦʢʦʣʦ 12000 ʨʘʟʣʠʯʥʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ. 

ʆʢʦʣʦ 97% ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ ʪʦʢʩʠʯʥʳ, ʚ ʢʣʠʥʠʢʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʣʠʰʴ ʦʢʦʣʦ 200 ʩʦʝʜʠʥʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʘʢ 

ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʪʘʢ ʠ ʢʦʥʪʨʦʣʷ ʯʠʩʪʦʪʳ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʠʙʠʦʪʠʢʦʚ ʷʚʣʷʶʪʩʷ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʀʂ- ʠ 

ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ), ʘ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ï ʋʌ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʋʌ-ʩʧʝʢʪʨʦʚ ʨʘʩʪʚʦʨʦʚ 

ʮʝʬʦʪʘʢʩʠʤʘ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʚʫʭʣʫʯʝʚʦʤ 

ʩʧʝʢʪʨʦʤʝʪʨʝ çʐʠʤʘʜʟʫè ʩ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʝʥʠʡ ʦʪ 200 ʜʦ 1000ʥʤ. 



 

ʆʙʨʘʟʮʳ ʛʦʪʦʚʠʣʠʩʴ ʨʘʩʪʚʦʨʝʥʠʝʤ ʮʝʬʦʪʘʢʩʠʤʘ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. ʇʦʩʢʦʣʴʢʫ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ, ʬʦʪʦʤʝʪʨʠʨʫʶʪ ʨʘʩʪʚʦʨʳ ʩ ʦʯʝʥʴ ʤʘʣʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10-6ï10-8 ʛ/ʤʣ. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʦʰʠʙʢʫ ʥʘ ʩʪʘʜʠʠ ʚʟʷʪʠʷ 

ʤʠʢʨʦʥʘʚʝʩʢʠ, ʝʝ ʫʚʝʣʠʯʠʚʘʶʪ ʜʦ ʤʘʢʨʦ, ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʝʤ 

ʨʘʟʚʝʜʝʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʋʌ-ʩʧʝʢʪʨʳ ʨʘʩʪʚʦʨʦʚ ʮʝʬʦʪʘʢʩʠʤʘ 

(ʧʨʦʠʟʚʦʜʩʪʚʦ ʆʆʆ çʂʦʤʧʘʥʠʷ ɼɽʂʆè) ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʈʠʩ. 

1), ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʧʦʙʦʯʥʳʝ ʧʨʠʤʝʩʠ (ʜʞʝʥʝʨʠʢʠ). ʇʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʚ 

ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɼʘʥʥʳʡ ʛʨʘʬʠʢ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʮʝʬʦʪʘʢʩʠʤʘ ʚ ʨʘʩʪʚʦʨʝ. 

2. ʈʝʟʫʣʴʪʘʪʳ. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʋʌ-ʩʧʝʢʪʨʳ ʨʘʩʪʚʦʨʦʚ ʮʝʬʦʪʘʢʩʠʤʘ (ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʆʆʆ çʂʦʤʧʘʥʠʷ ɼɽʂʆè) ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʈʠʩ. 1), ʥʝ 

ʩʦʜʝʨʞʘʱʠʝ ʧʦʙʦʯʥʳʝ ʧʨʠʤʝʩʠ (ʜʞʝʥʝʨʠʢʠ). ʇʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʚ 

ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɼʘʥʥʳʡ ʛʨʘʬʠʢ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʮʝʬʦʪʘʢʩʠʤʘ ʚ ʨʘʩʪʚʦʨʝ. 

 
ʈʠʩ. 1 ï ʋʌ-ʩʧʝʢʪʨʳ ʨʘʩʪʚʦʨʦʚ ʮʝʬʦʪʘʢʩʠʤʘ  ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺʳʷʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʪʠʙʠʦʪʠʢʦʚ ʚ 

ʨʘʩʪʚʦʨʝ ʧʦ ʋʌ-ʩʧʝʢʪʨʘʤ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʦʚʦʛʦ 

ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ 

ʣʦʧʘʩʪʝʡ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ. 

 

Abstract 

In this paper, a method of forming the basic principle of measurement 

system operation for determining the deformations of the rotor blades is 

considered. 

 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʨʘʜʠʦʬʦʪʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ 

ʚʝʨʪʦʣʝʪʘ ʥʘ ʦʩʥʦʚʝ ʘʜʨʝʩʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ (ɸɺɹʉ) 

[1-3]. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʧʨʠʤʝʨʝ 

ʩʭʝʤʳ ɸɺɹʉ ʩ ʜʚʫʤʷ ʬʘʟʦʚʳʤʠ -́ʩʜʚʠʛʘʤʠ [4], ʛʜʝ: ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ 

ʣʘʟʝʨ, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ɸɺɹʉ. ʇʨʦʭʦʜʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʬʠʣʴʪʨʦʚ ʠ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ, ʩʠʛʥʘʣ 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʦʧʦʨʥʳʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ. ʕʪʘ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʝʜʦʩʪʘʪʢʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʤʦʱʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ 

ʧʦʪʦʢʘ ʣʘʟʝʨʘ [5]. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʤʧʣʠʪʫʜʥʦ-

ʯʘʩʪʦʪʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʠʛʥʘʣʘ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʘʭ. ɿʘʚʠʩʠʤʦʩʪʴ 

ʚʝʣʠʯʠʥʳ ʘʤʧʣʠʪʫʜʳ ʘʜʨʝʩʥʦʡ ʯʘʩʪʦʪʳ ɸɺɹʉ ʙʫʜʝʪ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ ʩʜʚʠʛʘ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ɸɺɹʉ 



 

ʚʩʣʝʜʩʪʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʝʬʦʨʤʘʮʠʠ, ʪʘʢ ʢʘʢ ʚ ʜʘʥʥʦʡ 

ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʠʥʝʡʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ. ʊʝʤʧʝʨʘʪʫʨʫ ʠ 

ʜʝʬʦʨʤʘʮʠʶ ʚ ʪʦʯʢʘʭ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʩ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʡ ʟʘʚʠʩʠʤʦʩʪʝʡ [4]: 
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ʟʜʝʩʴ ȹɚT ï ʩʜʚʠʛ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʚʩʣʝʜʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ; ci ï ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʘʪʯʠʢʘ; 

ȹɚP ï ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʜʘʚʣʝʥʠʷ, ci,j ï 

ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʘʪʯʠʢʘ. 

 
ʈʠʩ. 1 ïʆʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ [1]. 

 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ 

ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʣʦʧʘʩʪʝʡ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʘʜʨʝʩʥʳʭ ʚʦʣʦʢʦʥʥʳʭ 

ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʜʧʦʩʳʣʢʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ 

ʫʩʢʦʨʝʥʥʳʭ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ. 

 

Abstract 

The paper presents the prerequisites for the development of a 

methodology for accelerated life testing of fiber-optic sensors. 

 

ʋʩʢʦʨʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʨʠʦʨʥʳʭ 

ʩʚʝʜʝʥʠʡ ʦ ʥʘʜʝʞʥʦʩʪʠ ʦʙʲʝʢʪʘ ʠʩʧʳʪʘʥʠʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʩʚʝʜʝʥʠʡ 

ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʚʦ ʚʩʝʭ ʨʝʞʠʤʘʭ ʧʨʦʚʦʜʷʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʘʢ, ʮʝʣʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʬʦʨʩʠʨʦʚʘʥʠʠ ï 

ʚʳʙʨʘʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʘʚʪʦʤʦʜʝʣʴʥʳʡ ʨʝʞʠʤ ʠʩʧʳʪʘʥʠʡ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʢʦʨʝʥʠʷ, ʘ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ï ʚʳʙʨʘʪʴ ʤʦʜʝʣʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʨʦʡ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʫʩʢʦʨʝʥʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʵʢʩʪʨʘʧʦʣʠʨʫʶʪ ʥʘ ʥʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʠʩʧʳʪʘʥʠʡ. ʎʝʣʴ ʚʩʝʭ ʫʩʢʦʨʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʪʘʨʝʥʠʝ ʫʩʢʦʨʠʣʦʩʴ, ʘ ʧʨʦʮʝʩʩ ʜʝʛʨʘʜʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʩʭʦʜʠʣ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʩʭʝʤʳ. 

ʌʦʨʩʠʨʦʚʘʥʥʳʡ ʨʝʞʠʤ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʙʨʘʥ ʪʘʢ, ʯʪʦʙʳ ʩʢʦʨʦʩʪʴ 

ʠʟʥʘʰʠʚʘʥʠʷ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʩ ʥʦʨʤʘʣʴʥʳʤ ʨʝʞʠʤʦʤ (ʥʦʨʤʘʣʴʥʦʡ 



 

ʩʪʫʧʝʥʠ) ʧʨʠ ʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʠʟʥʦʩʘ (ʠʣʠ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʥʦʩʘ) ʥʝ 

ʟʘʚʠʩʝʣʘ ʦʪ ʨʝʞʠʤʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʙʳʣ ʥʘʢʦʧʣʝʥ ʵʪʦʪ ʠʟʥʦʩ 

(ʬʦʨʩʠʨʦʚʘʥʥʦʛʦ ʠʣʠ ʥʦʨʤʘʣʴʥʦʛʦ). ʆʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʨʝʞʠʤʘ ʥʘ 

ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʥʘ ʧʦʩʣʝʜʫʶʱʝʡ ʥʦʨʤʘʣʴʥʦʡ ʩʪʫʧʝʥʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʦʚ ʠʟʜʝʣʠʷ ʧʦ 

ʥʘʩʪʦʷʱʝʤʫ ʤʝʪʦʜʫ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʳʪʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʚʫʭ ʦʙʨʘʟʮʦʚ, 

ʩʪʨʦʷʪʩʷ ʪʘʢ, ʯʪʦ ʠʟʥʦʩ, ʥʘʢʦʧʣʝʥʥʳʡ ʚ ʦʜʥʦʤ ʠʟ ʦʙʨʘʟʮʦʚ ʚ ʥʦʨʤʘʣʴʥʦʤ 

ʨʝʞʠʤʝ ʧʦʩʣʝ ʧʝʨʚʦʡ ʬʦʨʩʠʨʦʚʘʥʥʦʡ ʩʪʫʧʝʥʠ, ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʜʨʫʛʦʤ 

ʦʙʨʘʟʮʝ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʪʦʣʴʢʦ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ 

ʠʟʥʘʰʠʚʘʥʠʷ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʧʦʩʣʝ ʬʦʨʩʠʨʦʚʘʥʥʦʡ 

ʩʪʫʧʝʥʠ ʩʦʧʦʩʪʘʚʣʷʶʪ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠʟʥʘʰʠʚʘʥʠʷ ʚʪʦʨʦʛʦ 

ʦʙʨʘʟʮʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʠʟʜʝʣʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ, ʠʟʣʦʞʝʥʥʦʡ ʚ [1], 

ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʧʨʦʚʝʜʝʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠʟʜʝʣʠʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ, ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ. 

 
ʈʠʩ. 1 ï ʎʠʢʣʦʛʨʘʤʤʘ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ɻʆʉʊ ʈ ɺ 50698-94 

 

ɸʧʨʦʙʘʮʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʙʫʜʫʪ ʧʦʩʚʷʱʝʥʳ ʜʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʯʠʨʧʠʨʦʚʘʥʥʳʭ ɺɹʈ ʩ ʟʘʧʠʩʘʥʥʦʡ ʚ ʥʠʭ ʘʜʨʝʩʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʩʝʥʩʦʨʥʳʭ ʨʘʜʠʦʬʦʪʦʥʥʳʭ ʩʠʩʪʝʤ. 

 

Abstract 

Possibilities of using linearly chirped FBGs with address information 

recorded in them for creating multi-sensor radio-photonic systems are 

presented. 

 

ʆʙʱʝʡ ʧʨʦʙʣʝʤʦʡ ʦʧʨʦʩʘ ʤʘʩʩʠʚʘ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ 

ʨʝʰʝʪʦʢ (ɺɹʈ) ʚ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠ ʜʦʨʦʛʦʚʠʟʥʘ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʙʦʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʨʠʤʝʥʷʝʤʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʦʧʨʦʩʘ ʠ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʘʪʯʠʢʦʚ. ʉʣʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠ ʦʧʨʦʩʘ ʦʙʲʷʩʥʷʝʪʩʷ ʠ ʝʱʝ ʦʜʥʠʤ 

ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ï ʦʧʨʘʰʠʚʘʝʤʳʝ ʜʘʪʯʠʢʠ ʥʝ ʷʚʣʷʶʪʩʷ ʘʜʨʝʩʥʳʤʠ, 

ʧʦʵʪʦʤʫ ʣʶʙʦʝ ʧʝʨʝʢʨʳʪʠʝ ʩʧʝʢʪʨʦʚ ɺɹʈ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʦʰʠʙʢʘʤ ʠʟʤʝʨʝʥʠʡ. 

ʇʨʦʩʪʦʝ ʨʝʰʝʥʠʝ ʥʘʡʜʝʥʦ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʜʨʝʩʥʳʭ ʚʦʣʦʢʦʥʥʳʭ 

ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ (ɸɺɹʉ), ʪʘʢʠʭ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ, ʢʦʪʦʨʳʝ ʧʨʠ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʥʠʭ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ 



 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʬʦʨʤʠʨʫʶʪ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʚʫʭʯʘʩʪʦʪʥʳʡ 

ʩʠʛʥʘʣ, ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʯʘʩʪʦʪʘʤʠ ʢʦʪʦʨʦʛʦ ʤʥʦʛʦ ʤʝʥʴʰʝ ʥʝʩʫʱʠʭ 

ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

ʈʘʟʥʦʩʪʥʘʷ ʯʘʩʪʦʪʘ ʤʝʞʜʫ ʜʚʫʤʷ ʯʘʩʪʦʪʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʥʘʟʳʚʘʝʪʩʷ 

ʘʜʨʝʩʥʦʡ ʯʘʩʪʦʪʦʡ. ʊʘʢʘʷ ʯʘʩʪʦʪʘ ʠʥʚʘʨʠʘʥʪʥʘ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʩʤʝʱʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 

ɸɺɹʉ.  

ɿʘʢʦʥʦʤʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ɸɺɹʉ ʢ ʤʥʦʛʦʘʜʨʝʩʥʳʤ ɺɹʉ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʩʰʠʨʠʪʴ ʘʜʨʝʩʥʫʶ ʝʤʢʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʥʦ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 

ʦʪʜʝʣʴʥʦʡ ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʙʨʵʛʛʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʊʘʢʠʤ ʧʨʠʤʝʨʦʤ 

ʷʚʣʷʶʪʩʷ ʪʨʝʭʢʦʤʧʥʝʥʪʥʳʝ ɸɺɹʉ, ʘʥʘʣʦʛʠʯʥʳʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʤ, 

ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʘ 

ʠʣʠ ʪʨʠ ʘʜʨʝʩʘ. 

ɺʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ʣʠʥʝʡʥʦ-ʯʠʨʧʠʨʦʚʘʥʥʦʡ (ʃʏ) ɺɹʈ ʦʪ 

ʦʜʥʦʤʝʨʥʦʡ ɺɹʈ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʝ ʦʙʱʠʡ ʩʧʝʢʪʨ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʜʝʬʦʨʤʘʮʠʠ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʚʩʶ ʜʣʠʥʫ ʨʝʰʝʪʢʠ, ʥʦ 

ʩʢʦʨʝʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ/ʜʝʬʦʨʤʘʮʠʠ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʢʘʞʜʫʶ 

ʦʪʜʝʣʴʥʫʶ ʩʝʢʮʠʶ ʨʝʰʝʪʢʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʃʏɺɹʈ ʤʦʞʝʪ ʠʟʤʝʨʷʪʴ ʥʝ 

ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ, ʥʦ ʠ ʦʧʨʝʜʝʣʷʪʴ ʚ ʢʘʢʦʡ ʠʤʝʥʥʦ 

ʪʦʯʢʝ ʚʳʧʦʣʥʝʥʦ ʠʟʤʝʨʝʥʠʝ. ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ ʧʦʜʭʦʜ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ, 

ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʷʯʠʭ ʫʯʘʩʪʢʦʚ ʠʣʠ ʜʝʬʦʨʤʘʮʠʶ ʥʘ ʣʦʢʘʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʠʧʠʯʥʘʷ ʦʜʥʦʨʦʜʥʘʷ ɺɹʈ ʩʦʩʪʘʚʣʷʝʪ ʚ ʜʣʠʥʫ ʜʦ 

5 ʤʤ, ʘ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʦʙʳʯʥʦ ʦʛʨʘʥʠʯʝʥʦ 10 ʤʤ, ʪʠʧʠʯʥʘʷ ʜʣʠʥʘ ʃʏɺɹʈ ʩʦʩʪʘʚʣʷʝʪ 15ï50 ʤʤ, ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʠʤʝʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʛʦ ʤʠʣʣʠʤʝʪʨʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʃʏɺɹʈ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʢʘʢ 

ʢʚʘʟʠ-ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʜʘʪʯʠʢ: ʧʦʜʦʙʥʦ ʦʜʥʦʨʦʜʥʦʡ ɺɹʈ, ʫ ʥʝʸ ʝʩʪʴ 

ʘʢʪʠʚʥʘʷ ʜʣʠʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪ ʧʘʨʘʤʝʪʨʳ 

ʜʝʬʦʨʤʘʮʠʠ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʬʠʣʴ (ʛʨʘʬʠʢ ʚʦ ʚʨʝʤʝʥʠ) 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʝʬʦʨʤʘʮʠʠ. ɼʘʪʯʠʢʠ ʃʏɺɹʈ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʫ ʞʝ 

ʩʠʩʪʝʤʫ ʦʧʨʦʩʘ, ʯʪʦ ʠ ʦʜʥʦʨʦʜʥʳʝ ɺɹʈ, ʦʜʥʘʢʦ, ʪʨʝʙʫʷ ʜʣʷ ʵʪʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʦʛʦ ʠ ʛʨʦʤʦʟʜʢʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʚ ʩʪʨʫʢʪʫʨʫ ʃʏɺɹʈ ʤʦʞʝʪ ʙʳʪʴ ʚʥʝʩʝʥʦ ʤʥʦʞʝʩʪʚʦ 

ʬʘʟʦʚʳʭ ˊ-ʩʜʚʠʛʦʚ. ʄʠʥʠʤʘʣʴʥʦʝ ʚʦʣʥʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʦʢʥʘʤʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 0,06 ʥʤ. ɺ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ 

ʤʠʥʠʤʘʣʴʥʦʝ ʬʠʟʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʷʤʠ ʜʚʫʭ ʬʘʟʦʚʳʭ 

ʩʜʚʠʛʦʚ ʩʦʩʪʘʚʣʷʝʪ 5-6 ʤʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʝʛʦ ʨʘʟʜʝʣʝʥʠʝ ʜʣʠʥ 

ʚʦʣʥ, ʥʘʧʨʠʤʝʨ, 0,2 ʥʤ, ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʚ 15 ʤʤ. ʅʘ ʃʏɺɹʈ ʜʣʠʥʦʡ 50 ʤʤ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ 2-8 
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ʘʜʨʝʩʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʞʜʦʡ ʨʝʰʝʪʢʠ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʷʚʣʝʥʠʷ ʜʨʝʡʬʘ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʣʦʢʦʥʥʦʡ ʙʨʵʛʛʦʚʩʢʦʡ 

ʨʝʰʝʪʢʠ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ ʠ ʚʦʟʤʦʞʥʘʷ ʧʨʠʯʠʥʘ ʜʘʥʥʦʛʦ 

ʷʚʣʝʥʠʷ. 

 

Abstract 

The paper presents experimental data on the study of the phenomenon of 

drift of the central wavelength of a fiber Bragg grating under stationary loads 

and a possible cause of this phenomenon. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺʦʣʦʢʦʥʥʘʷ ʙʨʵʛʛʦʚʩʢʘʷ ʨʝʰʝʪʢʘ ï ʫʯʘʩʪʦʢ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, ʚ 

ʩʝʨʜʮʝʚʠʥʝ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦʜʦʙʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʦʩʦʙʥʘ ʦʪʨʘʞʘʪʴ 

ʜʠʩʢʨʝʪʥʫʶ ʜʣʠʥʫ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʧʦ 

ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʦʢʥʫ. ʇʝʨʝʜ ʟʘʧʠʩʴʶ ɺɹʈ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʥʘʩʳʱʘʶʪ 

ʚʦʜʦʨʦʜʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʜʘʣʝʝ ʩ ʧʦʤʦʱʴʶ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʧʫʪʝʤ ʥʘʚʝʜʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. 

2. ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ɺɹʈ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ 

ʦʪʦʞʞʸʥʥʳʝ ʠ ʥʝʦʪʦʞʞʸʥʥʳʝ. ʆʪʦʞʞʝʥʥʳʝ ʨʝʰʸʪʢʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʮʠʢʣʫ 



 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 100 ʦʉ ʚ ʪʝʯʝʥʠʠ 2 ʯʘʩʦʚ, ʥʝʦʪʦʞʞʸʥʥʳʝ ʪʘʢʦʤʫ 

ʮʠʢʣʫ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ. ɼʘʣʝʝ ʜʚʝ ʛʨʫʧʧʳ ʨʝʰʝʪʦʢ ʙʳʣʠ ʧʦʜʚʝʨʞʝʥʳ 

ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 75 ʦʉ ʚ ʪʝʯʝʥʠʠ 8 ʯʘʩʦʚ. ɺ 

ʪʝʯʝʥʠʠ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʫ ʨʝʰʝʪʦʢ ʥʘʙʣʶʜʘʣʩʷ ʜʨʝʡʬ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ 

ʚʦʣʥʳ. ʅʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ï ʜʨʝʡʬ 

ʜʣʠʥʳ ʚʦʣʥʳ ʦʪ ʚʨʝʤʝʥʠ. 

 

 

ɸ) ʦʪʦʞʞʸʥʥʘʷ ɺɹʈ ɺ) ʥʝʦʪʦʞʞʝʥʥʘʷ ɺɹʈ 

ʈʠʩ. 1 ï ɼʨʝʡʬ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪ ʚʨʝʤʝʥʠ 

 

ʅʘ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʜʨʝʡʬ ʦʪʦʞʞʝʥʥʦʡ ɺɹʈ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʪʦʞʞʝʥʥʦʡ ʨʝʰʝʪʢʦʡ. ɼʣʠʥʳ 

ʚʦʣʥ ʨʝʰʝʪʦʢ: 

¶ ʥʘʯʘʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʦʪʦʞʞʝʥʥʘʷ ï 1550,598 ʥʤ, ʥʝʦʪʦʞʞʝʥʥʘʷ ï 

1568,95 ʥʤ; 

¶ ʢʦʥʝʮ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʦʪʦʞʞʝʥʥʘʷ ï 1550,592 ʥʤ, ʥʝʦʪʦʞʞʝʥʥʘʷ ï 

1568,5 ʥʤ. 

ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʜʨʝʡʬʘ ʷʚʣʷʝʪʩʷ ʫʩʢʦʨʝʥʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ 

ʚʦʜʦʨʦʜʘ ʠʟ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ.  

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, 

ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʦʪʞʠʛ ɺʈɹ ʫʤʝʥʴʰʠʪʴ ʚʝʣʠʯʠʥʫ 

ʜʨʝʡʬʘ ʜʣʠʥʳ ʚʦʣʥʳ. ʆʜʥʘʢʦ ʚʳʙʨʘʥʥʳʡ ʨʝʞʠʤ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʝʛʦ ʜʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʜʨʝʡʬ ʜʣʠʥʳ 

ʚʦʣʥʳ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ɺɹʈ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. 

 

Abstract 

The paper considers the concept of a fiber-optic system for 

vibrodiagnostics of electrical machines based on the use of FBG. The work 

presents a block diagram of the system and experimental data. 

 

1. ɺʚʝʜʝʥʠʝ 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʰʠʥʘ ï ʵʪʦ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʵʥʝʨʛʠʠ ʨʘʙʦʪʘ, ʢʦʪʦʨʦʛʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤʠ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʤʠ ʚʠʙʨʘʮʠʷʤʠ. ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʧʝʢʪʨʦʚ ʵʪʠʭ 

ʚʠʙʨʘʮʠʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ.  

2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ 

ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʳʭ 

ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ [1]. ʅʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʩʠʩʪʝʤʳ. 



 

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ 

 

ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʤʝʨʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ 

ɺɹʈ, ʜʘʣʝʝ ʧʦ ʧʦʣʫʯʝʥʥʦʤʫ ʤʘʩʩʠʚʫ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʙʳʩʪʨʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨ ʚʠʙʨʘʮʠʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʄʉʇ-0,1.  

 
ʈʠʩ. 2 ï ʉʧʝʢʪʨ ʚʠʙʨʘʮʠʠ ʄʉʇ-0,1.  

(ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ ï ʙʝʟ ʜʝʬʝʢʪʦʚ, ʥʠʞʥʠʡ ʛʨʘʬʠʢ ï ʩ ʚʥʝʩʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ) 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʩʧʝʢʪʨ 

ʚʠʙʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʧʨʠ ʚʥʝʩʝʥʠʠ ʚ ʥʝʝ ʜʝʬʝʢʪ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ 

ʩʠʩʪʝʤ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʜʝʬʦʨʤʘʮʠʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʮʝʣʦʩʪʥʦʩʪʠ ʥʝʩʫʱʠʭ ʯʘʩʪʝʡ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʥʘ ʵʪʘʧʝ ʩʪʝʥʜʦʚʳʭ 

ʠʩʧʳʪʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ. 

 

Abstract 

The article discusses a method for monitoring the deformation and 

mechanical integrity of the bearing parts of aircraft at the stage of bench tests 

using fiber-optic sensor systems. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʘʤʦʣʝʪ, ʢʘʢ ʠʟʜʝʣʠʝ ʦʩʦʙʦʡ ʩʣʦʞʥʦʩʪʠ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʛʨʦʤʥʝʡʰʝʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʠʩʧʳʪʘʥʠʡ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʩʧʳʪʘʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʩʫʱʠʭ ʯʘʩʪʝʡ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʥʘʧʨʠʤʝʨ, 

ʤʘʢʝʪʥʳʝ ʘʵʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ, 

ʠʩʧʳʪʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʢʨʳʣʘ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʠ ʪ.ʜ. 

2. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʉʠʩʪʝʤʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ 

ʨʝʰʝʪʦʢ, ʧʦʜʦʙʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ 

ʜʝʬʦʨʤʘʮʠʠ (ʠʟʛʠʙ, ʢʨʫʯʝʥʠʝ ʢʨʳʣʘ), ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʚʠʙʨʘʮʠʠ 



 

(ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ). ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʪ.ʢ. 

ʠʤʝʥʥʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʬʣʘʪʪʝʨ ʵʬʬʝʢʪʘ ʠ ʘʥʘʣʠʟʠʨʫʷ 

ʩʧʝʢʪʨ ʚʠʙʨʘʮʠʠ ʚʳʷʚʠʪʴ ʥʘʣʠʯʠʝ ʪʨʝʱʠʥ ʠ ʤʠʢʨʦʧʦʚʨʝʞʜʝʥʠʡ.  

ʅʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʢʝʪ ʩʘʤʦʣʝʪʘ ɸʅ-124 ʚ ʤʘʩʰʪʘʙʝ 

1:200, ʥʘ ʢʨʳʣʴʷʭ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʳ ɺɹʈ ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʘʮʠʠ. 

 

 

 

ʈʠʩ. 1 ï ʄʘʢʝʪ ʩʘʤʦʣʝʪʘ ɸʅ-124 

(ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ ï ʩʧʝʢʪʨ ʚʠʙʨʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʘʢʩʝʣʝʨʦʤʝʪʨʘ; 

ʥʠʞʥʠʡ ʛʨʘʬʠʢ ï ʩʧʝʢʪʨ ʚʠʙʨʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʤʝʪʦʜʘ) 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʨʘʙʦʪʘʝʪ, ʘ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʝʤ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ ʧʦʣʫʯʠʪʴ ʪʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʢʘʢ: ʤʘʣʳʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʨʦʩʪʦʪʘ ʦʙʲʝʜʠʥʝʥʠʷ ʜʘʪʯʠʢʦʚ 

ʚ ʦʜʥʫ ʩʝʪʴ, ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʢ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤ. 
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ɸʥʥʦʪʘʮʠʷ 
ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʩʪʨʦʡʢʠ ʜʣʠʥʳ ʚʦʣʥʳ 

ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʚ ʩʪʨʫʢʪʫʨʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ WDM-PON ʜʦʤʝʥʘ 

ʨʘʜʠʦʩʝʪʝʡ ʜʦʩʪʫʧʘ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ 5G ʦʩʥʦʚʘʥʘ ʥʘ ʪʝʦʨʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʜʚʫʭʯʘʩʪʦʪʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʬʦʪʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʜʣʠʥʳ ʚʦʣʥʳ ONU ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ 

ʜʣʠʥʫ ʚʦʣʥʳ AWG OLT ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʩʪʘʪʠʢʠ ʠ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʡ. 

 

Abstract 

The proposed system for reconstructing the upstream wavelength tuning 

in the structure of the WDM-PON transport domain of 5G mobile access radio 

networks is based on the theory and technology of dual-frequency microwave 

photon measurements, which makes it possible to estimate the parameters of 

the ONU wavelength tuning to the central wavelength of the AWG OLT in the 

real time, as well as predict the main parameters of its statics and dynamics of 

changes. 

 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʠʥʦʡ ʚʦʣʥʳ ʨʝʰʘʶʪ ʧʨʦʙʣʝʤʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ 

ʧʦʪʝʨʴ ʚ ʚʦʣʦʢʥʘʭ ʧʦʩʣʝ ʠʭ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʥʦ ʪʨʝʙʫʶʪ ʧʨʠ 

ʵʪʦʤ ʥʘʣʠʯʠʷ ʧʨʝʮʠʟʠʦʥʥʳʭ ʚʥʝʰʥʠʭ ʬʠʣʴʪʨʦʚ, ʥʘʧʨʠʤʝʨ, ʵʪʘʣʦʥʦʚ 

ʌʘʙʨʠ-ʇʝʨʦ, ʠ ʤʥʦʞʝʩʪʚʘ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʧʪʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ ʢʘʞʜʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 



 

ʥʘʩʪʦʷʪʝʣʴʥʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘʡʪʠ ʩʧʦʩʦʙ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʩ 

ʚʳʩʦʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʉʐ, ʢʦʪʦʨʳʡ ʩʚʦʜʠʪ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʦʧʝʨʘʪʦʨʘ ʠ 

ʩʝʨʚʠʩʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʢ ʤʠʥʠʤʫʤʫ [1-3].  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʩʪʨʦʡʢʠ ʜʣʠʥʳ ʚʦʣʥʳ 

ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʚ ʩʪʨʫʢʪʫʨʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ WDM-PON ʜʦʤʝʥʘ 

ʨʘʜʠʦʩʝʪʝʡ ʜʦʩʪʫʧʘ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ 5G ʦʩʥʦʚʘʥʘ ʥʘ ʪʝʦʨʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʜʚʫʭʯʘʩʪʦʪʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʬʦʪʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʜʣʠʥʳ ʚʦʣʥʳ ONU ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ 

ʜʣʠʥʫ ʚʦʣʥʳ AWG OLT ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʩʪʘʪʠʢʠ ʠ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʡ. 

ʕʪʘ ʩʠʩʪʝʤʘ ʩʚʦʙʦʜʥʘ ʦʪ ʥʝʜʦʩʪʘʪʢʦʚ, ʚʳʟʚʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʦʜʥʦʯʘʩʪʦʪʥʳʭ ʤʝʪʦʜʦʚ ʥʘʩʪʨʦʡʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʧʨʷʤʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʣʠ ʜʚʫʭ 

ʦʜʥʦʯʘʩʪʦʪʥʳʭ ʠʟʣʫʯʝʥʠʡ, ʨʘʟʜʝʣʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ, ʠ ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʘʣʠʯʠʝʤ ʨʘʟʣʠʯʥʳʭ ʰʫʤʦʚ ʠ ʠʩʢʘʞʝʥʠʡ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʧʨʠʨʦʜʳ ʚ 

ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ.  

ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʠ ʝʝ ʠʟʤʝʨʠʪʝʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʚ ʧʨʦʮʝʩʩʝ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʡ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʷʪʴ ʨʘʟʥʦʩʪʴ ʜʣʠʥʳ ʚʦʣʥʳ ONU ʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ AWG OLT, ʦʮʝʥʢʠ ʢʦʪʦʨʦʡ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʦʜʫʣʷʮʠʠ ʦʛʠʙʘʶʱʝʡ ʙʠʝʥʠʡ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʝʝ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʭʦʜʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʥʘʤʠ 

ʧʨʝʜʣʦʞʝʥ ʨʝʬʣʝʢʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʥʠʮʠʘʣʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʟʦʥʜʠʨʦʚʘʥʠʠ ʢʘʥʘʣʘ AWG ONU ʠ ʚʦʣʦʢʥʘ ʩʥʠʞʝʥʠʷ ʪʨʝʭʯʘʩʪʦʪʥʳʤ 

ʟʦʥʜʠʨʫʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʥʘʩʪʨʘʠʚʘʝʤʦʛʦ ʣʘʟʝʨʘ ONU, ʩ ʨʘʟʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʠ 

ʯʘʩʪʦʪʦʡ.  

 

Abstract 

To eliminate the shortcomings of the existing methods, we have 

proposed an OTDR initialization method based on probing the AWG ONU 

channel and the reduction fiber with three-frequency probing radiation obtained 

from the single-frequency radiation of a tunable ONU laser with an unbalanced 

amplitude and frequency. 

 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ [1, 2] ʥʘʤʠ 

ʧʨʝʜʣʦʞʝʥ ʨʝʬʣʝʢʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʥʠʮʠʘʣʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʟʦʥʜʠʨʦʚʘʥʠʠ ʢʘʥʘʣʘ AWG ONU ʠ ʚʦʣʦʢʥʘ ʩʥʠʞʝʥʠʷ ʪʨʝʭʯʘʩʪʦʪʥʳʤ 

ʟʦʥʜʠʨʫʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʥʘʩʪʨʘʠʚʘʝʤʦʛʦ ʣʘʟʝʨʘ ONU, ʩ ʨʘʟʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʠ 

ʯʘʩʪʦʪʦʡ [3].  

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʟʣʫʯʝʥʠʶ, ʧʨʦʰʝʜʰʝʤʫ 

AWGONU ʚ ʥʘʧʨʘʚʣʝʥʠʠ OLT, ʚʳʟʚʘʚʰʝʤʫ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʦʝ ʠʟʣʫʯʝʥʠʝ 



 

ʚ ʚʦʣʦʢʥʝ ʩʥʠʞʝʥʠʷ, ʚʥʦʚʴ ʧʨʦʰʝʜʰʝʤʫ AWGONU ʚ ʥʘʧʨʘʚʣʝʥʠʠ ONU ʥʘ 

ʚʳʭʦʜʝ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ONU ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʢʘʢ: 
2 2 2
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= w + w + w + w w Ö W + f -f
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+ w w Ö W +W + f -f

 

 
ʈʠʩ. 1 ï ɸʏʍ AWG, ʟʦʥʜʠʨʫʝʤʘʷ ʨʘʟʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʪʨʝʭʯʘʩʪʦʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ 

 

ɸʤʧʣʠʪʫʜʘ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʛʘʨʤʦʥʠʢʠ ʥʘ ʯʘʩʪʦʪʝ ʥʘʩʪʨʦʡʢʠ ʩ 

ʫʯʝʪʦʤ ʧʦʪʝʨʴ, ʢʘʢ 
ʉ L R C( ) ( ) ( ) 2 ( )A D D Dw =° w Ö w Ö w. ʆʪʨʠʮʘʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʥʝ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ 
ʉ( ) maxA w = , ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʩʪʨʦʡʢʝ ʜʣʠʥʳ 

ʚʦʣʥʳ ʣʘʟʝʨʘ ONU ʥʘ ʮʝʥʪʨ ʢʘʥʘʣʘ AWGONU.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠʟʥʦʩʘ ʱʝʪʦʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʥʘ 

ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ (ɺɹʈ). 

 

Abstract 

The article discusses the principle of constructing fiber-optic sensors for 

monitoring the wear of electric motor brushes based on fiber Bragg gratings 

(FBG). 

 

ʈʘʙʦʪʘ ʱʝʪʦʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ. ʑʝʪʢʠ ʙʳʩʪʨʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʟʥʦʩʫ, ʠʟ-ʟʘ ʵʪʦʛʦ 

ʥʘʞʘʪʠʝ ʧʨʫʞʠʥ ʱʝʪʦʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘ ʥʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ [1-

3]. ɼʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʟʥʦʩʘ ʱʝʪʦʢ ʥʝʦʙʭʦʜʠʤ ʠʭ 

ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ. ʆʜʥʘʢʦ ʵʪʦ ʜʦʚʦʣʴʥʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʟ-ʟʘ 

ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʜʝʥʝʛ ʠ ʚʨʝʤʝʥʠ, ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ 

ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ [4-5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʠʟʥʦʩʘ 

ʱʝʪʦʢ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʙʝʟ ʦʩʪʘʥʦʚʢʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ [6]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʩʘ ʱʝʪʦʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʪʢʣʠʢʝ ʚʦʣʦʢʦʥʥʦʡ 

ʙʨʵʛʛʦʚʩʢʦʡ ʨʝʰʝʪʢʠ (ɺɹʈ) [1]. 



 

ʅʘ ʨʠʩ.1.ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʭ-ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʠʟʥʦʩʘ ʱʝʪʢʠ 8 ʣʘʟʝʨʥʳʡ ʠʩʪʦʯʥʠʢ 1 ʛʝʥʝʨʠʨʫʝʪ ʥʝʧʨʝʨʳʚʥʦʝ 

ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʩʪʫʧʘʝʪ ʥʘ ʦʧʪʠʯʝʩʢʠʡ ʮʠʨʢʫʣʷʪʦʨ 2, 

ʧʝʨʝʥʘʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ 

ʩʚʝʪʦʚʦʜ 3 ʠ ʥʘ ʚʥʫʪʨʠ ʚʦʣʦʢʦʥʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ 7. ʆʪʢʣʠʢ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʠʟʥʦʩʘ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʩʚʝʪʦʚʦʜ 3, ʮʠʨʢʫʣʷʪʦʨ 2 ʠ ʧʝʨʝʜʘʶʱʠʡ 

ʚʦʣʦʢʦʥʥʦ - ʦʧʪʠʯʝʩʢʠʡ ʩʚʝʪʦʚʦʜ 4, ʧʦʩʪʫʧʘʝʪ ʥʘ ʜʝʪʝʢʪʦʨ 5, ʚ ʢʦʪʦʨʦʤ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʨʝʬʣʝʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʯʘʩʪʦʪʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʛʣʦʱʝʥʠʷ ʠʣʠ ʨʘʩʩʝʷʥʠʷ ʧʫʯʢʘ ʩʚʝʪʘ ʚ ʩʨʝʜʝ. ɼʘʣʝʝ 

ʧʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʩʪʫʧʘʝʪ ʚ ʢʦʥʪʨʦʣʣʝʨ 6, ʢʦʪʦʨʳʡ ʧʨʠ ʪʨʝʥʠʠ 

ʧʦ ʟʥʘʯʝʥʠʷʤ ʘʤʧʣʠʪʫʜ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʠʟʥʦʩʘ ʱʝʪʢʠ. 

 
ʈʠʩ. 1 ï ɹʣʦʢ-ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ [2]. 

 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʣʦʢ - ʩʠʩʪʝʤʘ 

ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʥʪʨʦʣʷ ʠʟʥʦʩʘ ʱʸʪʢʠ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚʦʣʦʢʦʥʥʦ - ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʝʥʠʷ, 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʵʣʝʤʝʥʪʘʭ ʱʝʪʦʯʥʦ - 

ʢʦʣʣʝʢʪʦʨʥʦʛʦ ʫʟʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʪʠʯʝʩʢʠʡ ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʩʦ 

ʩʚʝʨʭʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʣʠʥʝʡʥʦʡ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʢʘʢ ʦʛʠʙʘʶʱʝʡ 

ʩʠʛʥʘʣʘ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʝʛʦ ʦʙʨʘʙʦʪʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʦʧʪʠʯʝʩʢʦʛʦ 

ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ. 

 

Abstract 

The article discusses a ultrafast and ultrahigh-resolution optical vector 

analysis using linearly frequency-modulated waveform and dechirp processing. 

A model of an optical vector analyzer is presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʬʦʪʦʥʥʳʭ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ.  



 

2. ʅʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʨʘʙʦʪʦʢ 

ʄʝʪʦʜʳ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ [1]. ʆʧʪʠʯʝʩʢʠʡ ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ 

(ʆɺɸ) ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʬʦʪʦʥʠʢʠ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʡ ʧʦʩʪ-ʦʙʨʘʙʦʪʢʦʡ ʧʨʠ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʤ ʠʟʤʝʨʝʥʠʠ. ʄʝʪʦʜ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʩʠʛʥʘʣʦʚ ʩ 

ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʯʘʩʪʦʪʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ (ʆʏʈʂ) ʪʨʝʙʫʝʪ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ɸʎʇ ʠ ʩʪʨʘʜʘʝʪ ʦʪ ʥʝʣʠʥʝʡʥʳʭ ʦʰʠʙʦʢ [2]. 

3. ʎʝʣʴ ʨʘʙʦʪʳ 

ʋʤʝʥɹh ʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʦʩʪ-ʦʙʨʘʙʦʪʢʠ, ʫʩʪʨʘʥʠʪʴ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʥʝʣʠʥʝʡʥʳʤ ʦʰʠʙʢʘʤ. 

4. ʆʧʠʩʘʥʠʝ ʨʘʙʦʪʳ 

ɿʘ ʧʨʦʪʦʪʠʧ ʨʝʰʝʥʠʷ ʚʳʙʨʘʥ ʆɺɸ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʣʠʥʝʡʥʦʡ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʢʘʢ ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʘ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʝʛʦ 

ʦʙʨʘʙʦʪʢʠ [3]. ʆʧʪʠʯʝʩʢʠʡ ʃʏʄ-ʩʠʛʥʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʝʤ ʤʦʜʫʣʷʮʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʃʏʄ-ʩʠʛʥʘʣʘ ʥʘ ʦʧʪʠʯʝʩʢʦʡ ʥʝʩʫʱʝʡ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ 

ʦʜʥʦʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩ ʧʦʜʘʚʣʝʥʠʝʤ ʥʝʩʫʱʝʡ, ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ. 

ʆʜʥʘ ʯʘʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʵʪʘʣʦʥʥʳʡ ʧʫʪʴ, ʘ ʜʨʫʛʘʷ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠ ʬʘʟʳ ʪʝʩʪʠʨʫʝʤʳʤ ʦʧʪʠʯʝʩʢʠʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʥʘ ʧʫʪʠ ʠʟʤʝʨʝʥʠʷ. ʇʦʩʣʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʙʘʣʘʥʩʥʦʤ 

ʬʦʪʦʜʝʪʝʢʪʦʨʝ ʦʧʦʨʥʳʡ ʩʠʛʥʘʣ ʠ ʩʠʛʥʘʣ ʜʘʪʯʠʢʘ ʩʢʣʘʜʳʚʘʶʪʩʷ. 

ɻʝʥʝʨʠʨʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʤ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ. 

5. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʆɺɸ ʩʭʝʤʘ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ, ʥʝʚʦʩʧʨʠʠʤʯʠʚ ʢ ʥʝʣʠʥʝʡʥʳʤ 

ʦʰʠʙʢʘʤ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʜʥʦ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʢʦʥʪʨʦʣʷ ʚʠʙʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʧʦʩʳʣʢʠ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʘʜʨʝʩʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʨʝʰʸʪʦʢ ɹʨʵʛʛʘ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 

Abstract 

The paper presents an overview of existing methods and means of 

vibration control of electrical machines using different electrical and optical 

sensors, as well as the prerequisites for the use of addressable fiber Bragg 

gratings in this direction. 

 

1. ɺʚʝʜʝʥʠʝ 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ð ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʬʠʟʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, 

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʧʨʦʚʦʜʥʠʢ ʩ ʪʦʢʦʤ, ʜʚʠʞʫʱʠʡʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 

ʢʦʪʦʨʳʝ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʪʝʭʥʠʢʠ. ɺ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟ-ʟʘ ʚʠʙʨʘʮʠʠ, ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʥʘʨʫʰʝʥʠʷ 

ʮʝʥʪʨʦʚʢʠ ʚʘʣʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʝ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ. 

2. ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʚʠʙʨʦʢʦʥʪʨʦʣʷ 

ʉʨʝʜʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʢʦʥʪʨʦʣʷ ʚʠʙʨʘʮʠʠ ʰʠʨʦʢʦʝ 



 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ: 

¶ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʚʠʙʨʦʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, 

ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʷʤʦʤ ʧʴʝʟʦʵʬʬʝʢʪʝ, ʪ.ʝ.  

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʆʥʠ ʠʤʝʶʪ 

ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʫ, ʣʝʛʢʦ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʤʝʩʪʘʭ, ʦʙʣʘʜʘʶʪ ʤʘʣʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤ. 

¶ ʪʝʩʪʝʨʳ ʜʣʷ ʵʢʩʧʨʝʩʩ ʜʠʘʛʥʦʩʪʠʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʫʥʠʢʘʣʴʥʫʶ 

ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʘ ʢʘʯʝʥʠʷ ï ʤʝʪʦʜ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ (SPM). ʆʥ 

ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʙʦʪʝ ʧʦʜʰʠʧʥʠʢʦʚ ʥʘ ʣʶʙʦʡ ʩʪʘʜʠʠ 

ʠʭ ʩʨʦʢʘ ʩʣʫʞʙʳ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ ʩʦʩʪʦʷʥʠʷ ʩʤʘʟʢʠ. 

ɹʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʦʧʪʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ: 

¶ ʩʢʘʥʠʨʫʶʱʠʝ ʣʘʟʝʨʥʳʝ ʜʦʧʣʝʨʦʚʩʢʠʝ ʚʠʙʨʦʤʝʪʨʳ (SLDV), 

ʠʟʫʯʘʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʲʝʢʪʘ ʠʟʤʝʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʦʪʢʣʦʥʷʶʱʠʭ ʟʝʨʢʘʣ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʟʘ ʦʯʝʥʴ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. 

ʂʦʤʙʠʥʠʨʫʷ ʜʘʥʥʳʝ ʦ ʚʠʙʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ, ʩʪʘʥʦʚʠʪʴʩʷ 

ʚʦʟʤʦʞʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʞʠʤʦʚ ʚʠʙʨʘʮʠʠ, ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜ ʠʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ. 

¶ ʜʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʳʭ ʨʝʰʝʪʦʢ ɹʨʵʛʛʘ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ 

ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʵʥʝʨʛʠʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ ʚ ʜʝʬʦʨʤʘʮʠʶ ʙʨʵʛʛʦʚʩʢʦʡ ʨʝʰʝʪʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʦʪʢʣʦʥʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʨʝʰʝʪʢʠ ʙʫʜʝʪ ʦʪʨʘʞʘʪʴ ʩʧʝʢʪʨ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʥʝʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠʜʝʝʡ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʜʨʝʩʥʳʝ 

ʚʦʣʦʢʦʥʥʦ-ʙʨʵʛʛʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ (AFBS), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʘʚʠʪʴʩʷ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʟʘʧʨʦʩʯʠʢʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʜʠʘʧʘʟʦʥ 

ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʯʘʩʪʦʪ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʪʯʠʢʦʚ ʥʘ ɺɹʈ - ʧʨʦʩʪʦʪʳ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʦʜʥʘʢʦ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɹ. ʄ. ʂʦʚʘʨʩʢʠʡ, ʖ. ʀ. ʗʥʢʦ / ʀʩʧʳʪʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ 

ð ʄʦʩʢʚʘ: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1990.  
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ɸʥʥʦʪʘʮʠ  ̫
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʘʧʨʦʙʘʮʠʠ 

ʤʝʪʦʜʠʢʠ ʩʦʚʤʝʩʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

Abstract 

The paper presents the results of experimental testing of the method for 

joint calibration of the pressure and temperature sensor. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʪʢʣʠʢ ʚʦʣʦʢʦʥʥʦʡ ʙʨʵʛʛʦʚʩʢʦʡ ʨʝʰʝʪʢʠ (ɺɹʈ) 

ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ ʦ ʝʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʘʢ ʠ ʜʝʬʦʨʤʘʮʠʠ. ʇʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ɺɹʈ, ʠʟʤʝʨʷʶʱʫʶ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʫ. ɺ [1] ʦʧʠʩʘʥʘ 

ʤʝʪʦʜʠʢʘ ʩʦʚʤʝʩʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʪʘʢʠʭ ʜʘʪʯʠʢʦʚ, ʚ ʢʦʪʦʨʦʡ 

ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʢʨʠʚʫʶ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʠʩʳʚʘʪʴ 

ʧʦʣʠʥʦʤʦʤ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ, ʘ ʪʝʤʧʝʨʘʪʫʨʳ ï ʚʪʦʨʦʛʦ: 
3
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ʛʜʝ ʩi ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʦʚ, 
TlD  ʠ 

PlD  - ʩʜʚʠʛ ʜʣʠʥʳ ʚʦʣʥʳ 

ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʢʘʣʠʙʨʦʚʢʠ ʦʙʣʘʢʘ ʜʘʥʥʳʭ 

ʧʦʣʫʯʝʥʥʳʭ ʣʠʙʦ ʧʫʪʝʤ çʧʨʦʛʦʥʘè ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ (çʧʦʣʢʘʭè) ʪʝʤʧʝʨʘʪʫʨʳ (ʪʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ), ʣʠʙʦ ʧʨʠ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʠʢʠ ʢʘʣʠʙʨʦʚʢʠ ʩʦʚʤʝʱʝʥʥʳʭ ʜʘʪʯʠʢʦʚ ʥʝ ʧʦʟʚʦʣʷʶʪ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʦʪʢʣʠʢʘ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ɺɹʈ-

ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʳʯʠʩʣʝʥʥʳʝ 

ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʧʦʣʠʥʦʤʳ. 

 
(ʘ) 

 
(ʙ) 

ʈʠʩʫʥʦʢ ï ʆʪʢʣʠʢ ʩʦʚʤʝʱʝʥʥʦʛʦ ʜʘʪʯʠʢʘ: (ʘ) ï ʢʘʥʘʣ ʪʝʤʧʝʨʘʫʪʨʳ, (ʙ) ï ʢʘʥʘʣ 

ʜʘʚʣʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨ 

 

ɺʠʜ ʧʦʣʠʥʦʤʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʣʠʙʨʦʚʢʠ ʩʣʝʜʫʶʱʠʡ: 

T =+10.98870*dlT^2 + 101.96633*dlT - 4.65406, 

dlT = lT-1518.54028; 

P = -1250.64754*dlT^2*dlP^3+2196.42035*dlT^2*dlP^2-

356.05055*dlT^2*dlP +1384.08159*dlT^2+217.27624*dlT*dlP^3-

327.40722*dlT*dlP^2 -99.68402*dlT*dlP-553.55761*dlT+10.10447*dlP^3-

8.65216*dlP^2+215.60107*dlP+4.41900, 

dlT = lT-1518.54028, 

dlP = lP-1525.17517. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʅʫʨʝʝʚ, ʆ.ɻ. ʄʦʨʦʟʦʚ ʠ ʜʨ. // ʅʝʣʠʥʝʡʥʳʡ ʤʠʨ. ï 2015. ï ʊ. 13, ˉ 8. ï ʉ. 32-

38.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜ ʟʘʧʠʩʠ ʨʝʰʝʪʢʠ ʩ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ 

ʧʫʪʝʤ ʣʦʢʘʣʴʥʦʛʦ ʥʘʛʨʝʚʘ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺɹʈ ʩ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

 

Abstract 

The article discusses method for writing a phase-shift grating by local 

heating, as well as modeling the characteristics of an FBG with an 

inhomogeneous structure. 

 

ɺʚʝʜʝʥʠʝ 

ɺʦʣʦʢʦʥʥʘʷ ʙʨʵʛʛʦʚʩʢʘʷ ʨʝʰʝʪʢʘ(ɺɹʈ) ï ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ, 

ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʩʝʨʜʮʝʚʠʥʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ(ʆɺ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ(ʇʇ) ʢʚʘʨʮʝʚʦʛʦ 

ʩʪʝʢʣʘ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦ-ʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

1. ʄʝʪʦʜ ʟʘʧʠʩʠ ɺɹʈ  

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʟʘʧʠʩʠ ɺɹʈ ʧʫʪʝʤ ʣʦʢʘʣʴʥʦʛʦ ʥʘʛʨʝʚʘ [1], 

ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʩʚʘʨʦʯʥʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠ ʩʦʟʜʘʩʪ ʬʘʟʦʚʳʡ ʩʜʚʠʛ. ɺʥʘʯʘʣʝ 

ʙʝʨʝʪʩʷ ʚʦʣʦʢʥʦ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʧʠʩʴ ʦʜʥʦʡ ɺɹʈ, ʜʘʣʝʝ ʚʦʣʦʢʥʦ 

ʩʜʚʠʛʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʚʥʦʝ ʩʫʤʤʝ ʜʣʠʥʳ ʦʜʥʦʡ ɺɹʈ ʠ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʨʝʰʝʪʢʘʤʠ, ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚʪʦʨʘʷ ɺɹʈ. ɺ ʢʦʥʮʝ ʚʦʣʦʢʥʦ ʢʣʘʜʝʪʩʷ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʪʘʢ, ʯʪʦʙʳ ʜʘʥʥʳʝ ʵʣʝʢʪʨʦʜʳ ʥʘʭʦʜʠʣʠʩʴ ʤʝʞʜʫ 

ʜʚʫʤʷ ɺɹʈ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʩʚʘʨʢʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʬʘʟʦʚʦʤʫ ʩʜʚʠʛʫ. 



 

2. ʇʨʠʤʝʥʝʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɺɹʈ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʉʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɺɹʈ, ʥʦ 

ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʧʦʩʪʨʦʝʥʠʝʤ ʤʘʪʨʠʮ ʧʝʨʝʜʘʯ. 

ʇʨʠʤʝʥʷʷ ʜʘʥʥʳʡ ʤʝʪʦʜ, ʩʪʨʫʢʪʫʨʘ ʜʨʦʙʠʪʩʷ ʥʘ k ʦʜʥʦʨʦʜʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. ɼʣʷ ʥʠʭ ʚʳʙʠʨʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʠ 

ʧʝʨʝʜʘʯʠ. ʄʘʪʨʠʮʘ ʧʝʨʝʜʘʯʠ ʢʘʞʜʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ S(ɚ) ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʤʘʪʨʠʮʳ: 

S(ɚ) = 

ὩὭzήʇ ὰzὶʇς Ὡz Ὥzήʇ ὰz

ρ ὶʇς
 

ὩὭzήʇ ὰzὶʇς Ὡz Ὥzήʇ ὰz

ρ ὶʇς

ὩὭzήʇ ὰzὶʇς Ὡz Ὥzήʇ ὰz

ρ ὶʇς

Ὡ Ὥzήʇ ὰzὶʇς ὩzὭzήʇ ὰz

ρ ὶʇς

  (1) 

ɼʣ̫ ʦʙʝʩʧʝʯʝʥʠʷ ʬʘʟʦʚʦʛʦ ˊ-ʩʜʚʠʛʘ ʚʚʦʜʠʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʤʘʪʨʠʮʘ Sű 
ʚʠʜʘ: 

Sű = 
ÅØÐ ʒÉ π

π ÅØÐ ʒÉ
   (2) 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʤʘʪʨʠʮʘ ʥʘʭʦʜʠʪʩʷ ʠʟ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʘʪʨʠʮ 

ʧʝʨʝʜʘʯʠ ʢʘʞʜʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʤʘʪʨʠʮʳ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. 

Sres(‗) = S1(‗) * Sű * S2(‗)    (3) 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ɺɹʈ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Tres(‗) = (|Sres(‗)11 - 
ὛὶὩίʇρςὛὶὩίʇςρ

ὛὶὩίʇςς
|)2,   (4) 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɺɹʈ, 

ʟʘʧʠʩʘʥʥʦʡ ʧʦ ʤʝʪʦʜʠʢʝ [1] ʩ ʜʘʣʴʥʝʡʰʝʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʝʡ 

ʪʘʢʦʡ ɺɹʈ.  

3. ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʩʤʦʪʨʝʣʠ ʤʝʪʦʜ ʟʘʧʠʩʠ ʨʝʰʝʪʢʠ ʩ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ ʧʫʪʝʤ 

ʣʦʢʘʣʴʥʦʛʦ ʥʘʛʨʝʚʘ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺɹʈ ʩ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʧʨʦʭʦʞʜʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʩʦʝʜʠʥʝʥʠʝ 

ʧʘʨʳ ʆɺ ʩ ʟʘʛʨʷʟʥʝʥʥʦʡ ʪʦʨʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

 

Abstract 

This work presents are based on discretization of mode field distribution 

and following passage to representation of the mode field overlap integral in 

the form of finite nested sums.  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʷʟʠ ʤʦʜ ʥʘ 

ʦʜʥʦʤʦʜʦʚʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʧʘʨʳ ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʝʨʝʜʘʯʠ ʤʦʱʥʦʩʪʠ ʦʪ ʤʦʜʦʚʳʭ ʢʦʤʧʦʥʝʥʪ ʦʧʪʠʯʝʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʠʟ "ʚʦʟʙʫʞʜʘʶʱʝʛʦ" ʠʣʠ "ʧʝʨʝʜʘʶʱʝʛʦ" ʆɺ, 

ʚʦʟʙʫʞʜʘʝʤʳʤ ʤʦʜʦʚʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ 

"ʧʨʠʥʠʤʘʶʱʝʤ" ʆɺ. ʕʪʦʪ ʧʦʜʭʦʜ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ 

ʙʘʟʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ï ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʚʥʦʩʠʤʳʭ ʧʦʪʝʨʴ ï ʥʘ ʩʪʳʢʘʭ ʦʜʥʦʪʠʧʥʳʭ ʆɺ ʩ ʥʝʢʦʪʦʨʳʤ 



 

ʦʪʣʠʯʠʝʤ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ï ʥʘʧʨʠʤʝʨ, ʨʘʜʠʫʩʘ ʧʷʪʥʘ 

ʤʦʜʳ (MFR ï Mode Field Radius), ʜʠʘʤʝʪʨʘ ʩʝʨʜʮʝʚʠʥʳ, ʦʪʢʣʦʥʝʥʠʷ 

ʧʨʦʬʠʣʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ [1], ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʧʦʜʢʣʶʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʦʧʪʠʯʝʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʨʦʮʝʩʩʳ ʚʦʟʙʫʞʜʝʥʠʷ ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʧʨʦʭʦʞʜʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʩʦʝʜʠʥʝʥʠʝ 

ʧʘʨʳ ʆɺ ʩ ʟʘʛʨʷʟʥʝʥʥʦʡ ʪʦʨʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʥʪʝʛʨʘʣʘ ʧʝʨʝʢʨʳʪʠʷ ʧʦʣʝʡ ʤʦʜ ʚ ʚʠʜʝ ʢʦʥʝʯʥʳʭ 

ʚʣʦʞʝʥʥʳʭ ʩʫʤʤ ʧʦ ʢʦʤʧʦʥʝʥʪʘʤ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʵʪʠʭ 

ʤʦʜ. ɼʘʥʥʦʝ ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʜ 

ʨʘʩʩʯʠʪʘʥʳ ʯʝʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʙʘʟʠʩʝ ʬʫʥʢʮʠʡ ʃʘʛʝʨʨʘ-ɻʘʫʩʩʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʪʦʢʦʣʳ ʠʟʤʝʨʝʥʠʡ ʧʨʦʬʠʣʷ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʆɺ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʰʪʘʪʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʢʦʤʧʣʝʢʪʦʚ ʘʥʘʣʠʟʘʪʦʨʦʚ ʚʦʣʦʢʦʥʥʳʭ 

ʩʚʝʪʦʚʦʜʦʚ. ʇʦʜʦʙʥʦʝ çʩʝʪʦʯʥʦʝè ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʆɺ 

ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʥʫʣʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ 

ʚʚʦʜʠʤʦʡ ʠ/ʠʣʠ ʚʦʟʙʫʞʜʘʝʤʦʡ ʤʦʜʳ ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʣʦʢʘʮʠʷʭ ʩʝʨʜʮʝʚʠʥ, 

ʩʪʳʢʫʝʤʳʭ ʆɺ ʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʫʯʠʪʳʚʘʪʴ ʜʘʥʥʳʡ ʬʘʢʪʦʨ ʚ ʠʪʦʛʦʚʦʤ 

ʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ [2,3].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ 

ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 19-37-90150. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʪʠʯʝʩʢʠʡ ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʩ 

ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʡ 

ʜʚʫʭʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠ ʚʳʥʫʞʜʝʥʥʦʤ ʨʘʩʩʝʷʥʠʠ ɹʨʠʣʣʶʵʥʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʦʧʪʠʯʝʩʢʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ. 

 

Abstract 

The article discusses an optical vector analyzer with high resolution and 

high accuracy based on optical two-band modulation and stimulated Brillouin 

scattering. A model of an optical vector analyzer is presented. 

1. ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʬʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʪʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ, ʥʫʞʝʥ ʦʧʪʠʯʝʩʢʠʡ ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ (ʆɺɸ) ʩ 

ʰʠʨʦʢʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

2. ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʨʘʙʦʪʦʢ 

ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʦʚ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ 

ʥʠʟʢʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ [1].  

ʆɺɸ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʡ ʦʜʥʦʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ (ʆʆʄ) ʤʦʞʝʪ 



 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʙʦʢʦʚʫʶ ʧʦʣʦʩʫ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ. ʆʆʄ ʙʫʜʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʙʦʢʦʚʳʝ ʧʦʣʦʩʳ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ, 
ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʨʝʥʠʶ ʦʰʠʙʢʠ [2]. 

ɺ ʆɺɸ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʡ ʜʚʫʭʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ (ʆɼʄ) 

ʙʦʢʦʚʳʝ ʧʦʣʦʩʳ Ñ1-ʛʦ ʧʦʨʷʜʢʘ ʧʝʨʝʙʠʚʘʶʪʩʷ ʦʧʪʠʯʝʩʢʦʡ ʥʝʩʫʱʝʡ, 

ʛʝʥʝʨʠʨʫʶʱʝʡ ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ ʩʠʛʥʘʣʳ ʩ ʪʦʡ ʞʝ ʯʘʩʪʦʪʦʡ, ʠʟ-ʟʘ ʯʝʛʦ 

ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʜʚʫʤʷ ʙʦʢʦʚʳʤʠ ʧʦʣʦʩʘʤʠ 

ʥʝʚʦʟʤʦʞʥʦ ʦʪʣʠʯʠʪʴ [2]. 

3. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʨʘʥʠʪʴ ʥʘʣʦʞʝʥʠʝ ʩʧʝʢʪʨʦʚ ʙʦʢʦʚʳʭ 

ʧʦʣʦʩ Ñ1-ʛʦ ʧʦʨʷʜʢʘ ʚ ʆɺɸ ʥʘ ʦʩʥʦʚʝ ʆɼʄ. 

4. ɿʘ ʧʨʦʪʦʪʠʧ ʨʝʰʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʆɺɸ ʥʘ ʦʩʥʦʚʝ ʆɼʄ ʠ 

ʚʳʥʫʞʜʝʥʥʦʤ ʨʘʩʩʝʷʥʠʠ ɹʨʠʣʣʶʵʥʘ (ɺʈɹ). ʂʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʷʚʣʷʝʪʩʷ ʜʚʫʭʧʘʨʘʣʣʝʣʴʥʳʡ ʤʦʜʫʣʷʪʦʨ ʄʘʭʘ ï ɿʝʥʜʝʨʘ (ɼʇ-ʄɿʄ), 

ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʝʪ ʜʚʝ ʤʝʥʷʶʱʠʭʩʷ ʧʦʣʦʩʳ ʙʦʢʦʚʳʭ ʯʘʩʪʦʪ ʚ ʦʜʥʦʤ 

ʩʫʙ-ʄɿʄ ʠ ʜʚʝ ʙʦʢʦʚʳʝ ʧʦʣʦʩʳ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚ ʜʨʫʛʦʤ 

ʩʫʙ-ʄɿʄ. ɿʘʪʝʤ ʚʚʦʜʠʪʩʷ ɺʈɹ ʯʪʦʙʳ ʧʦʜʘʚʠʪʴ ʦʜʥʫ ʙʦʢʦʚʫʶ ʧʦʣʦʩʫ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠ ʫʩʠʣʠʪʴ ʜʨʫʛʫʶ ʙʦʢʦʚʫʶ ʧʦʣʦʩʫ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʧʦʵʪʦʤʫ ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 
ʥʝʩʫʱʝʡ ʩʦ ʩʜʚʠʛʦʤ ʯʘʩʪʦʪʳ [2]. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʨʝʰʝʥʠʝ, ʧʦʜʦʙʥʦʝ ʥʘ ʆɺɸ ʥʘ 

ʦʩʥʦʚʝ ʆɼʄ ʠ ɺʈɹ, ʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʚʦʣʦʢʦʥʥʦʡ ʨʝʰʝʪʢʠ ʩ ʬʘʟʦʚʳʤ ˊ-ʩʜʚʠʛʦʤ [3]. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɹʳʣ ʨʘʩʩʤʦʪʨʝʥ ʦʧʪʠʯʝʩʢʠʡ ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ 

ʦʧʪʠʯʝʩʢʦʡ ʜʚʫʭʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠ ʚʳʥʫʞʜʝʥʥʦʤ ʨʘʩʩʝʷʥʠʠ 

ɹʨʠʣʣʶʵʥʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʚʝʢʪʦʨʥʳʤʠ 

ʘʥʘʣʠʟʘʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʧʦʣʦʩʥʦʡ ʠ ʜʚʫʭʧʦʣʦʩʥʦʡ ʦʧʪʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʦʙʝ ʙʦʢʦʚʳʝ ʧʦʣʦʩʳ Ñ1-ʛʦ 

ʧʦʨʷʜʢʘ ʙʝʟ ʥʘʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʪʝʣʷ 

ʭʘʦʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ multi-scroll ʩʠʩʪʝʤʳ ʧʦ ʩʭʝʤʝ Jerk ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʧʧʘʨʘʪʫʨʝ ʩʠʩʪʝʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʝʞʝʢʪʠʨʫʶʱʠʭ ʬʠʣʴʪʨʦʚ ʜʣʷ 

ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʤʘʩʢʠʨʫʶʱʠʭ ʭʘʦʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. 

 

Abstract 

In this work, the simulation and investigation of a chaotic signal 

generator based on the multi-scroll system of the Jerk circuit for use in the 

equipment of fiber-optic communication lines is carried out. The possibility of 

using rejecting filters for selective suppression of masking chaotic signals is 

investigated. 

 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʘʥʘʣʠʟ multi-scroll ʩʠʩʪʝʤʳ ʧʦ ʩʭʝʤʝ Jerk, ʘ ʪʘʢʞʝ 

ʚʳʨʘʙʦʪʢʘ ʠʥʞʝʥʝʨʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ ʙʘʟʦʚʦʡ 

ʩʠʩʪʝʤʳ ʠ ʬʠʣʴʪʨʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. 

1. ɺʚʝʜʝʥʠʝ 

ʍʘʦʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʠ 

ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʜʠʦʢʘʥʘʣʝ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʬʦʨʤʠʨʦʚʘʪʝʣʝʡ ʭʘʦʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʩʠʩʪʝʤʘʭ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʧʦ 



 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʤ ʣʠʥʠʷʤ ʩʚʷʟʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ [1]. 

2. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʆʜʠʥ ʠʟ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʩʭʝʤʳ Jerk 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ [2]: 
ὼ ώ
ώ ᾀ

ᾀ ὼ ώ ὥϽᾀ Ὢὼȟ
 

ʛʜʝ ὼȟώȟᾀ  ʧʝʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ; ὥ  ʧʘʨʘʤʝʪʨ ʩʠʩʪʝʤʳ; Ὢὼ ʦʧʨʝʜʝʣʷʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʩʧʠʨʘʣʝʡ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʜʠʥʘʤʠʢʫ ʩʭʝʤʳ Jerk, ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʕʡʣʝʨʘ. 

ɺʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʰʘʛʘ ʚʨʝʤʝʥʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, 

ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʢ ʧʝʨʠʦʜʫ ʢʚʘʟʠʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʤʦʜʝʣʠʨʫʝʤʦʡ 

ʩʠʩʪʝʤʝ, ʚʳʙʨʘʥʘ ʨʘʚʥʦʡ 0.09.  ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʘʦʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ πȢσ  ὥ ρȢρȢ 
ɼʣʷ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʤʘʩʢʠʨʫʶʱʠʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 

ʩʠʛʥʘʣʦʚ ʩʭʝʤʳ Jerk ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʨʝʞʝʢʪʦʨʥʳʝ ʬʠʣʴʪʨʳ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʙʘʟʝ 

ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʦʜʘʚʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ὟὭὲὼὸ, ὟὭὲώὸ, ὟὭὲᾀὸ ʩʠʛʥʘʣʦʚ ʩʭʝʤʳ Jerk 

ʥʘ ʦʩʥʦʚʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʪʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ ʩʭʝʤʳ Jerk ʧʫʪʝʤ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʘʚʣʝʥʠʷ ʂʧ 

ʨʝʞʝʢʪʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʦʨʤʠʨʦʚʘʥʥʦʤ ʯʠʩʣʝ 

ʦʪʩʯʝʪʦʚ N=5000 ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʘʚʣʝʥʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪʳ x ʨʘʚʝʥ 0.43, 

ʜʣʷ ʢʦʤʧʦʥʝʥʪʳ y ï 0.97, ʜʣʷ ʢʦʤʧʦʥʝʥʪʳ z ï 1.71. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

multi-scroll ʩʠʩʪʝʤʳ ʧʦ ʩʭʝʤʝ Jerk, ʚʳʨʘʙʦʪʘʥʳ ʠʥʞʝʥʝʨʥʳʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ, ʨʘʩʩʤʦʪʨʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʤʘʩʢʠʨʫʶʱʠʭ ʭʘʦʪʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʠʟʤʝʨʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʢʦʚʝʜʫʱʠʭ 

ʰʠʥ. ʇʨʝʜʣʦʞʝʥʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʩʝʥʩʦʨʥʘʷ ʩʝʪʴ ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʢʦʚʝʜʫʱʠʭ ʰʠʥ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʦ-ʙʨʵʛʛʦʚʩʢʦʡ 

ʨʝʰʝʪʢʠ. 

 

Abstract 

The article deals with the issue of measuring the temperature of current-

carrying buses. A fiber-optic sensor network for monitoring the temperature of 

current-carrying buses based on a fiber-Bragg grid is proposed. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʩʝʛʦʜʥʷ ï ʪɻʦ ʙʫʨʥʦ 

ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʦʪʨʘʩʣʴ, ʦʪʢʨʳʚʘʶʱʘʷ ʧʝʨʝʜ ʩʦʙʦʡ ʚʩʝ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ, 

ʢʘʢ ʧʦ ʨʘʩʰʠʨʝʥʠʶ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢ ʠ ʧʦ ʧʝʨʝʯʥʶ ʠʟʤʝʨʷʝʤʳʭ ʩ 

ʧʦʤʦʱʴʶ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʘʨʘʤʝʪʨʦʚ. ʆʩʥʦʚʥʳʝ 

ʜʦʩʪʦʠʥʩʪʚʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʵʪʦ ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ ʠ ʚʝʩ, 

ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤ ʧʨʦʩʪʦʪʘ 

ʠʩʧʦʣʥʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʠ ʧʦʩʪʨʦʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. 



 

2. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʩʝʥʩʦʨʥʳʝ ʩʝʪʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʦʢʦʚʝʜʫʱʠʭ ʰʠʥ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʦ-ʙʨʵʛʛʦʚʩʢʦʡ ʨʝʰʝʪʢʠ. 

ɺʦʣʦʢʦʥʥʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʨʝʰʝʪʢʠ ʩ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ ʤʦʛʫʪ ʙʳʪʴ 

ʠʟʛʦʪʦʚʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʬʘʟʦʚʳʭ ʤʘʩʦʢ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ ʧʘʨʘʤʝʪʨʘʤ ʤʦʜʫʣʷʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʣʦʤʣʝʥʠʷ ʠ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʛʦ ʧʨʦʬʠʣʷ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʥʠ  

ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ɺʆɼ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʩʝʥʩʦʨʥʘʷ ʩʝʪʴ ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʢʦʚʝʜʫʱʠʭ ʰʠʥ ʦʩʥʦʚʘʥ ʥʘ ʘʜʨʝʩʥʳʭ ʚʦʣʦʢʦʥʥʳʭ  

ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ  (ɸɺɹʈ) ʩ ʜʚʫʤʷ ʬʘʟʦʚʳʤʠ ˊ-ʩʜʚʠʛʘʤʠ , ʨʘʙʦʪʘʶʱʠʭ 

ʚ ʨʝʞʠʤʝ ʥʘ ʦʪʨʘʞʝʥʠʝ. 

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ ʢʦʥʪʨʦʣʷ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʢʦʚʝʜʫʱʠʭ ʰʠʥ 

ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʟʘʤʝʥʦʡ ʩʫʱʝʩʪʚʫʶʱʠʤ ʤʝʪʦʜʘʤ. 

ʄʝʪʦʜ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʫʙʠʣʴʥʠʢʘʭ, 

ʰʠʥʘʭ, ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘʭ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʤʦʜʫʣʷʭ, 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʢʦʨʦʙʢʘʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʠ ʪ.ʧ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʩʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʬʠʟʠʯʝʩʢʦʡ 

ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ.  ʀʟʫʯʝʥʳ ʚʘʞʥʝʡʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʝʨʜʦʬʘʟʥʳʭ, 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʝ ʢʘʢ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʦʨʠʩʪʦʩʪʴ (ʤʠʢʨʦ, ʤʝʟʦʧʦʨʠʩʪʦʩʪʴ), ʦʙʲʝʤ ʧʦʨ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʧʦ 

ʨʘʟʤʝʨʘʤ, ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ. 

 

Abstract 

The article discusses a method for measuring the specific surface area of 

nanostructured materials by physical nitrogen adsorption The most important 

characteristics of solid-phase, powdery substances, such as specific surface 

area, porosity (micro, mesoporosity), pore volume, pore size distribution, are 

studied, on the basis of which conclusions are drawn about the effectiveness of 

the proposed method. 

 

1. ɺʚʝʜʝʥʠʝ 

ʄʝʪʦʜ ʘʜʩʦʨʙʮʠʠ ʠ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʫʜʘʯʥʦ ʜʦʧʦʣʥʷʝʪ 

ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʠʝ ʢʘʢ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. 



 

ʀʟʤʝʨʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʢʩʠʜʥʦ-ʥʠʢʝʣʝʚʳʭ 

ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʱʝʣʦʯʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ 

ʣʶʙʳʭ ʠʥʳʭ ʚʠʜʘʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʙʳʣʦ ʠʟʤʝʨʝʥʘ ʫʜʝʣʴʥʘʷ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 2 ʦʢʠʩʣʝʥʥʳʭ ʠ 3 ʥʝʦʢʠʩʣʝʥʥʳʭ ʚʦʣʦʢʦʥ. ɹʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʥʠʤʢʠ ʦʙʨʘʟʮʦʚ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ. 

 
ʈʠʩ 1 ï ʉʪʨʫʢʪʫʨʘ ʦʢʠʩʣʝʥʥʳʭ ʠ ʥʝʦʢʠʩʣʝʥʥʳʭ ʚʦʣʦʢʦʥ 

 

ʇʦʚʝʨʭʥʦʩʪʴ ʦʢʠʩʣʝʥʥʳʭ ʚʦʣʦʢʦʥ ʥʘ 1 ʩʥʠʤʢʝ ʜʦʚʦʣʴʥʦ ʨʳʭʣʘʷ, 

ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

ʆʙʨʘʟʮʳ ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʤ2/ʛ 
ʆʙʲʝʤ ʧʦʨ, 

ʉʤ3/ʛ. 

ʈʘʟʤʝʨ ʧʦʨ, 

ʥʤ 

ˉ1 3,527 0,028 3,1242 

ˉ2 3,843 0,027 3,7008 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʛʨʘʬʠʢʠ ʜʣʷ ʠʟʤʝʨʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʣʷ ʥʝʦʢʠʩʣʝʥʥʳʭ ʚʦʣʦʢʦʥ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʦʙʱʠʡ 

ʦʙʲʝʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʜʘʶʪ ʧʦʨʳ ʨʘʜʠʫʩʘ 25-30 ʥʤ. ɼʣʷ ʦʢʠʩʣʝʥʥʳʭ 

ʥʠʢʝʣʝʚʳʭ ʚʦʣʦʢʦʥ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʜʘʶʪ ʧʦʨʳ 2-3 ʥʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ 

ˉ 19-03-00345. 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʸʥ ʨʘʩʯʸʪ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʢʦʘʢʩʠʘʣʴʥʦʛʦ 

CO2 ï ʣʘʟʝʨʘ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ 

ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʨʝʟʦʥʘʪʦʨʘ. 

 

Abstract 

In this paper, the output power of a coaxial CO2 laser is calculated. The 

dependences of the change in the output power on the radius of curvature of the 

aspherical mirror of the resonator are obtained. 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʢʦʘʢʩʠʘʣʴʥʳʡ ʣʘʟʝʨ, ʨʝʟʦʥʘʪʦʨ 

ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʦʚʘʥ ʘʩʬʝʨʠʯʝʩʢʠʤ ʠ ʧʣʦʩʢʠʤ ʟʝʨʢʘʣʘʤʠ. ɸʩʬʝʨʠʯʝʩʢʦʝ 

ʟʝʨʢʘʣʦ ʚʳʧʦʣʥʝʥʦ ʚ ʚʠʜʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʦʥʦʠʜʘ, ʦʙʨʘʟʫʶʱʘʷ 

ʢʦʪʦʨʦʛʦ ï ʜʫʛʘ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ R. ʂʨʦʤʝ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ 

ʦʙʨʘʟʫʶʱʝʡ R ʟʝʨʢʘʣʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʠʘʤʝʪʨʦʤ ʜʝʚʷʥʦʩʪʦʛʨʘʜʫʩʥʦʛʦ 

ʨʘʩʪʚʦʨʘ d90. ʕʪʦ ʝʩʪʴ ʜʠʘʤʝʪʨ ʦʢʨʫʞʥʦʩʪʠ, ʚ ʪʦʯʢʘʭ ʢʦʪʦʨʦʡ ʢʦʥʫʩ ʩ 

ʫʛʣʦʤ ʧʨʠ ʚʝʨʰʠʥʝ ʨʘʚʥʳʤ 900 ʢʘʩʘʝʪʩʷ ʚʣʦʞʝʥʥʦʡ ʚ ʥʝʛʦ ʘʩʬʝʨʠʯʝʩʢʦʡ 

(ʠʣʠ ʩʬʝʨʠʯʝʩʢʦʡ) ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʩʬʝʨʳ d90 = R/2. ɽʩʣʠ 

ʧʦʚʝʨʭʥʦʩʪʴ ʘʩʬʝʨʠʯʝʩʢʘʷ, ʪʦ d90 ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤ ʧʘʨʘʤʝʪʨʦʤ. 

ɼʣʷ ʨʘʩʯʸʪʘ ʨʷʜʘ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʘʟʝʨʘ, ʥʘʧʨʠʤʝʨ, ʚʳʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ, ʪʨʝʙʫʝʪʩʷ ʟʥʘʥʠʝ ʤʦʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʟʦʥʘʪʦʨʘ. ʋʯʠʪʳʚʘʷ ʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ʫʛʣʘ ʧʨʠ ʚʝʨʰʠʥʝ ʥʝ ʧʨʝʚʳʰʘʝʪ ʝʜʠʥʠʮ 



 

ʛʨʘʜʫʩʘ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʘʢʩʠʘʣʴʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʣʦʩʢʫʶ ʤʦʜʝʣʴ ʨʝʟʦʥʘʪʦʨʘ, ʦʙʨʘʟʫʝʤʫʶ ʧʨʠ ʩʝʯʝʥʠʠ 

ʝʛʦ ʧʣʦʩʢʦʩʪʴʶ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʦʩʴ ʩʠʤʤʝʪʨʠʠ.  

ɺ ʨʘʤʢʘʭ ʧʣʦʩʢʦʡ ʤʦʜʝʣʠ [1] ʨʝʟʦʥʘʪʦʨ ʙʳʣ ʟʘʤʝʥʸʥ ʥʘ 

ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʣʠʥʝʡʥʳʡ ʨʝʟʦʥʘʪʦʨ ʠ ʦʧʨʝʜʝʣʝʥʳ ʟʦʥʳ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʨʘʟʤʝʨʳ ʧʷʪʝʥ ʦʩʥʦʚʥʦʡ ʤʦʜʳ ‫  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ R ʧʨʠ ʢʦʥʢʨʝʪʥʳʭ 

ʜʣʠʥʘʭ ʨʝʟʦʥʘʪʦʨʦʚ L ʠ ʜʠʘʤʝʪʨʘʭ d90.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʨʘʩʯʸʪʘ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʘ  

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʜʭʦʜ ʈʠʛʨʘʜʘ [2], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʪʦʯʥʦʩʪʴʶ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʝʪʠʢʫ 

ʣʘʟʝʨʘ. ɺʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʝʨʢʘʣʘ, ʪʘʢ ʢʘʢ ʜʣʷ CO2 ï ʣʘʟʝʨʘ 

ʭʘʨʘʢʪʝʨʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ. 

ɺʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

ὖ̜̖̃ ὛὍὒ‌ ρ
ς‍ὒ  В‏
ς‌ὒ

ȟ  

ʛʜʝ: Ὓɀ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ, ὒ ï ʜʣʠʥʘ 

ʨʝʟʦʥʘʪʦʨʘ, Ὅ ɀ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, ‌ ɀ 

ʥʝʥʘʩʳʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʫʩʠʣʝʥʠʷ, ‍ ɀ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʧʦʪʝʨʠ ʚ 

ʨʘʙʦʯʝʤ ʚʝʱʝʩʪʚʝ, ‏В ɀ ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʥʘ ʦʙʦʠʭ ʟʝʨʢʘʣʘʭ. ‏В ‏

‏  ,ɀ ʧʦʪʝʨʠ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʚ ʟʝʨʢʘʣʘʭ ʨʝʟʦʥʘʪʦʨʘ ‏ ̉ ‏ ȟ‏̅

 ɀ ʧʦʪʝʨʠ ʥʘ ʜʠʬʨʘʢʮʠʶ ʥʘ ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʘʧʝʨʪʫʨʝ. ʇʨʠ ʨʘʩʯʸʪʘʭ ‏̅

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ‌ ρ̍ ,  Ὅ 10 ɺʪ/ʩʤ2, ‍   .В  0,03‏ ,0,02

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʟʥʘʯʝʥʠʷʤʠ ‫  ʥʘ 

ʚʳʭʦʜʥʦʤ ʟʝʨʢʘʣʝ. Ὓ “ϽὨ Ͻς‫Ȣ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʨʘʩʯʸʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʢʦʘʢʩʠʘʣʴʥʦʛʦ CO2 ï ʣʘʟʝʨʘ ʦʪ ʨʘʜʠʫʩʘ 

ʢʨʠʚʠʟʥʳ ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ.  
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ɸʥʥʦʪʘʮʠʷ 
ɿʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʘʜʠʦʬʦʪʦʥʥʦʛʦ 

ʙʠʦʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʦ-ʯʠʨʧʠʨʦʚʘʥʥʦʡ ʚʦʣʦʢʦʥʥʦʡ ʙʨʵʛʛʦʚʩʢʦʡ 

ʨʝʰʝʪʢʠ ʩ ʜʚʫʤʷ ʬʘʟʦʚʳʤʠ p-ʩʜʚʠʛʘʤʠ.  

 

Abstract 

The aim of this work is to develop a radio-photonic biosensor based on a 

linearly chirped fiber Bragg grating with two phase ˊ-shifts. 

 

ʅʘ ʨʠʩ. 1,ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘʪʠʯʝʩʢʠ ʩʪʨʫʢʪʫʨʘ ʃʏɺɹʈ ʩ ʜʚʫʤʷ 

ʬʘʟʦʚʳʤʠ  p-ʩʜʚʠʛʘʤʠ, ʘ ʥʘ ʨʠʩ. 1,ʙ ʝʝ ʤʦʜʝʣʴʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʪʦʨʦʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʨʘʚʝʥ p. 

 
ʘ                                                                    ʙ 

ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʘ (ʘ) ʃʏɺɹʈ ʩ ʜʚʫʤʷ ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ ʠ ʝʝ ʩʧʝʢʪʨ (ʙ) 



 

ʄʳ ʠʟʛʦʪʦʚʠʣʠ ʃʏɺɹʈ ʩ ʜʚʫʤʷ ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ [1], ʠʩʧʦʣʴʟʫʷ 

ʩʪʘʥʜʘʨʪʥʫʶ ʪʝʭʥʠʢʫ ʬʘʟʦʚʦʡ ʤʘʩʢʠ. ʇʨʠʯʝʤ ʨʝʰʝʪʢʘ ʟʘʧʠʩʳʚʘʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʤʘʩʦʢ ʠ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʥʘʙʦʨ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʰʝʪʦʢ. ɿʘʧʠʩʴ ʧʨʦʚʦʜʠʣʘʩʴ 50 ʤɺʪ 

ʘʨʛʦʥʦʚʳʤ ʣʘʟʝʨʦʤ ʩ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʦʡ 244 ʥʤ, ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʯʝʨʝʟ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʣʠʥʟʫ. ʆʜʥʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ, ʣʝʛʠʨʦʚʘʥʥʦʝ Ge, ʙʳʣʦ 

ʥʘʛʨʫʞʝʥʦ ʚ ʚʦʜʦʨʦʜʥʳʡ ʦʙʲʝʤ ʥʘ ʜʝʩʷʪʴ ʜʥʝʡ. ɺʦʣʦʢʥʦ ʩ ʬʘʟʦʚʳʤ 

ʩʜʚʠʛʦʤ ʚ ʦʙʣʘʩʪʠ çʜʣʠʥʥʳʭè ʚʦʣʥ ʙʳʣʦ ʧʨʦʪʨʘʚʣʝʥʦ ʚ ʦʨʪʦʬʦʩʬʦʥʦʡ 

ʢʠʩʣʦʪʝ.  

ʏʘʩʪʦʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ ʩʦʩʪʘʚʠʣʦ 10,15 

ɻɻʮ. ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʦʢʦʥ ʧʨʦʟʨʘʯʥʦʩʪʠ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 100 ʄɻʮ. 

ʅʘ ʨʠʩ. 2,ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚʘʨʠʘʥʪ ʠʟʤʝʨʝʥʠʡ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ ʠ ʠʭ 

ʵʢʚʠʚʘʣʝʥʪ ʧʦ ʚʝʣʠʯʠʥʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʥʘ ʨʠʩ. 2,ʙ ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ 

ʩʧʠʨʪʦʚ. 

 
ʘ                                                                       ʙ 

ʈʠʩ. 2 ï ʀʟʤʝʥʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʧʝʨʝʤʝʥʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ (ʘ) ʠ ʝʛʦ ʬʘʟʦʚʦʡ ʚʝʣʠʯʠʥʳ (ʙ) 

 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʤʝʥʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʚʪʦʨʦʛʦ ʦʢʥʘ 

ʧʨʦʟʨʘʯʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2,ʙ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʥʝ ʦʢʘʟʳʚʘʶʪ ʥʠʢʘʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʦʩʪʘʚʣʷʶʱʫʶ, 

ʦʙʨʘʟʦʚʘʥʥʫʶ ʧʝʨʚʳʤ ʦʢʥʦʤ ʧʨʦʟʨʘʯʥʦʩʪʠ.  

ʇʦʵʪʦʤʫ ʪʘʢʦʡ ʜʘʪʯʠʢ ʤʦʞʝʪ ʙʳʪʴ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʥʳʤ: ʧʦ 

ʧʝʨʚʦʤʫ ʦʢʥʫ ʧʨʦʟʨʘʯʥʦʩʪʠ ʤʦʞʝʪ ʠʟʤʝʨʷʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʦ ʚʪʦʨʦʤʫ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʂʅʀʊʋ-

ʂɸʀ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʦʛʣʘʰʝʥʠʝʤ  ˉ 075-03-2020-051 (fzsu-2020-

0020). 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʥʦʚʳʡ ʤʥʦʛʦʟʥʘʯʥʳʡ SDM ROADM, 

ʦʧʪʠʯʝʩʢʠʡ ʫʟʝʣ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʫʶ ʜʚʫʭʩʣʦʡʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʢʦʤʤʫʪʘʮʠʶ ʥʘ ʫʨʦʚʥʝ MCF. 

 

Abstract  

This article discusses a new multi-valued SDM RDM, the optical node 

of which is a simple two-layer architecture and switching at the MCF level. 

 
1. ɺʚʝʜʝʥʠʝ 

ʈʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ 

ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ. ɹʣʘʛʦʜʘʨʷ ʩʠʩʪʝʤʝ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ (ROADM) 

ʠʩʭʦʜʥʘʷ ʢʦʣʴʮʝʚʘʷ ʪʦʧʦʣʦʛʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʝʪʠ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʘ ʚ 

ʤʥʦʛʦʢʦʣʴʮʝʚʫʶ ʩʝʪʯʘʪʫʶ ʪʦʧʦʣʦʛʠʶ.  

ʇʦʩʪʦʷʥʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʤʝʪʦʜʳ ʨʝʘʣʠʟʘʮʠʠ ROADM (Y. 

Ma ʠ ʜʨ. [1], F.-J. Moreno-Muro ʠ ʜʨ. [2]) 

ɸʚʪʦʨʳ ʦʧʠʩʳʚʘʝʤʦʛʦ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʫʩʪʨʦʡʩʪʚʘ [3] ʧʨʝʜʣʘʛʘʶʪ 

ʥʦʚʫʶ ʨʘʟʜʨʦʙʣʝʥʥʫʶ SDM ROADM ʘʨʭʠʪʝʢʪʫʨʫ, ʚʢʣʶʯʘʶʱʫʶ MCF-

ʫʨʦʚʝʥʴ, ʚʦʣʦʢʦʥʥʳʡ ʫʨʦʚʝʥʴ ʠ ʫʨʦʚʝʥʴ ʜʣʠʥʳ ʚʦʣʥʳ. ʆʧʪʠʯʝʩʢʠʡ ʫʟʝʣ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʫʶ ʜʚʫʭʩʣʦʡʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʠʤʝʝʪ ʬʫʥʢʮʠʠ 

ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʦʡ ʤʫʣʴʪʠʜʝʪʘʣʠʟʘʮʠʠ ʢʦʤʤʫʪʘʮʠʠ, ʯʠʩʪʢʠ ʪʨʘʬʠʢʘ, 

ʩʚʝʜʝʥʠʝ ʧʫʯʢʦʚ ʩʠʛʥʘʣʘ ʠ ʜʦʙʘʚʣʝʥʠʷ/ʫʜʘʣʝʥʠʷ ʢʘʥʘʣʦʚ. 



 

2. ɸʨʭʠʪʝʢʪʫʨʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ SDM ROADM 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʥʦʚʦʡ ʜʚʫʭʩʣʦʡʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ SDM 

ROADM ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʇʝʨʚʳʡ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ çʦʧʪʠʯʝʩʢʦʛʦ 

ʧʝʨʝʢʣʶʯʘʪʝʣʷ 1è ʠ MCF. ɺʪʦʨʦʡ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ çʦʧʪʠʯʝʩʢʦʛʦ 

ʧʝʨʝʢʣʶʯʘʪʝʣʷ 2è ʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ/ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʚʦʣʥʦʚʦʛʦ 

ʜʝʣʝʥʠʷ (WD-Mux/WD-Demux), 

ʢʦʪʦʨʳʡ ʟʘʚʝʨʰʘʝʪ ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʨʘʟʜʝʣʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ. 

ʈʘʟʤʝʨʳ ʧʦʨʪʦʚ 

ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 1 ʠ 2 

ʩʦʩʪʘʚʣʷʶʪ 32Ĭ32, ʚʭʦʜʥʳʤʠ (I) 

ʧʦʨʪʘʤʠ ʠ ʚʳʭʦʜʥʳʤʠ (O) 

ʧʦʨʪʘʤʠ. 8 (4 ʚʭʦʜʘ ʠ 4 ʚʳʭʦʜʘ) 

ʚʩʧʳʰʝʢ MCF, 

ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʥʳʡ ʜʣʷ 

çʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 1è 

(ʚʦʩʪʦʢ, ʶʛ, ʟʘʧʘʜ ʠ ʩʝʚʝʨ). 12 

ʧʦʨʪʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ (I1-I12, O1-

O12) ʩʚʝʨʭʫ ʚʥʠʟ çʦʧʪʠʯʝʩʢʦʛʦ 

ʢʦʤʤʫʪʘʪʦʨʘ 1è ʩʦʝʜʠʥʝʥʳ ʩ 3 

ʧʦʨʪʘʤʠ (ʚʩʝʛʦ 24) ʠʟ 4 MCF ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ 4 ʧʦʨʪʦʚ ʚʚʦʜʘ-

ʚʳʚʦʜʘ ʫʨʦʚʥʷ MCF (4 

ʥʘʧʨʘʚʣʝʥʠʷ), 8 ʧʦʨʪʦʚ ʚʚʦʜʘ ï

ʚʳʚʦʜʘ ʚʦʣʦʢʦʥʥʦʛʦ ʫʨʦʚʥʷ (I13-

I20, O13-O20), 10 ʧʦʨʪʦʚ 

ʜʦʙʘʚʣʝʥʠʷ/ʫʜʘʣʝʥʠʷ (I21-I30, 

O21- O30) (ʪʦʣʴʢʦ ʜʚʘ ʧʦʨʪʘ 

ʧʦʢʘʟʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʥʘ 

ʩʭʝʤʝ) ʠ 2 ʧʦʨʪʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ WDM 

(I31-I32, O31-O32).  

ʆʧʪʠʯʝʩʢʠʡ ʧʝʨʝʢʣʶʯʘʪʝʣʴ 2 ʠʤʝʝʪ 32 

ʧʦʨʪʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ (I1-I32, O1-O32). 4 

ʥʘʩʪʨʦʝʥʥʳʭ ʧʦʨʪʘ WD-Mux/WD-Demux (I1-I8, O1-O8). 8 ʧʦʨʪʦʚ ʚʚʦʜʘ-

ʚʳʚʦʜʘ ʥʘ ʫʨʦʚʥʝ ʜʣʠʥʳ ʚʦʣʥʳ (I9-I16, O9-O16) (ʚʦʩʪʦʢ, ʶʛ, ʟʘʧʘʜ ʠ 

ʩʝʚʝʨ). 16 ʧʦʨʪʦʚ ʜʦʙʘʚʣʝʥʠʷ/ʫʜʘʣʝʥʠʷ (I17-I32, O17-O32) (ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʦʚ ʥʘ ʩʭʝʤʝ ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʜʚʘ ʧʦʨʪʘ). ɺ ʢʘʞʜʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʫ 

ʥʘʩ ʝʩʪʴ ʦʜʥʦ ʧʝʨʝʢʣʶʯʝʥʠʝ ʫʨʦʚʥʷ MCF, ʜʚʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʫʨʦʚʥʷ 

ʚʦʣʦʢʥʘ ʠ ʜʚʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʫʨʦʚʥʷ ʜʣʠʥʳ ʚʦʣʥʳ. ʉʪʝʧʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ 

ʈʠʩ. 1 ï ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ SDM 

ROADM ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 
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ɸʥʥʦʪʘʮʠʷ  
ʈʘʟʨʘʙʦʪʘʥʘ ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʙʲʝʢʪʠʚʘ ʜʣʷ ʤʘʪʨʠʯʥʦʛʦ 

ʧʨʠʝʤʥʠʢʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ SWIR ʜʠʘʧʘʟʦʥʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

 

Abstract 

An optical lens design has been developed for a matrix image receiver 

operating in the SWIR range of electromagnetic radiation. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʙʣʘʩʪʠ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʚʦʟʨʦʩ 

ʠʥʪʝʨʝʩ ʢ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤʫ ʠʥʬʨʘʢʨʘʩʥʦʤʫ ʜʠʘʧʘʟʦʥʫ SWIR [1,2]. SWIR 

ʜʠʘʧʘʟʦʥ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʯʪʦ ʚʦ ʤʥʦʛʦʤ ʧʦʚʣʠʷʣʦ ʥʘ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʠʙʦʨʦʚ ʥʦʯʥʦʛʦ ʚʠʜʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚ ʢʘʯʝʩʪʚʝ ʦʩʚʝʱʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʘʪʤʦʩʬʝʨʳ. ʇʨʠʯʠʥʦʡ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʚʳʩʦʢʦʠʦʥʠʟʠʨʦʚʘʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʠʩʧʫʩʢʘʝʤʳʤʠ ʉʦʣʥʮʝʤ [2]. 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʠʤʝʝʪ 

ʥʝʩʢʦʣʴʢʦ ʤʘʢʩʠʤʫʤʦʚ ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 0,9-1,7 ʤʢʤ. 

ɹʝʩʮʚʝʪʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʪʝʢʣʘ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ. ʈʘʥʝʝ 

ʩʦʟʜʘʥʠʝ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ ʙʳʣʦ ʪʨʫʜʥʦʨʝʘʣʠʟʫʝʤʳʤ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʧʫʩʢʘʶʱʠʭ SWIR ʠʟʣʫʯʝʥʠʝ [2]. 



 

2. ʈʘʟʨʘʙʦʪʢʘ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʚ ʧʨʦʛʨʘʤʤʝ ZEMAX 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʦʙʲʝʢʪʠʚʫ ʬʦʨʤʠʨʫʶʪʩʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʝʤʥʠʢʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʪʨʠʮʫ ʌʕʄ 24ʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ 

çʅʇʆ ʆʨʠʦʥè ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

ʌʦʨʤʘʪ ʤʘʪʨʠʮʳ, ʧʠʢʩʝʣʝʡ                                                       640ʭ512 

ʈʘʟʤʝʨ ʵʣʝʤʝʥʪʘ, ʤʤ                                                                        0,015 

ʈʘʟʤʝʨ ʧʨʠʝʤʥʠʢʘ, ʤʤ                         9,6ʭ7,68 (ʜʠʘʛʦʥʘʣʴ 2yô = 12,3) 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ, ʤʢʤ                                                       0,9-1,7 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʠʚʘ ʦʙʫʩʣʦʚʣʝʥʳ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʨʠʝʤʥʠʢʘ. ɿʘʜʘʣʠʩʴ ʫʛʣʦʚʳʤ ʧʦʣʝʤ 8 ʛʨʘʜʫʩʦʚ (2ɤ), ʟʘʜʥʝʝ ʬʦʢʫʩʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʬʦʨʤʫʣʝ: 

Ὢ
ώ

ὸὫʖ

φȟρυ̍̍

ὸὫτ
ψψ̍̍ 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚʳʙʨʘʥ 1:1,5, ʯʪʦʙʳ ʦʙʲʝʢʪʠʚ ʙʳʣ 

ʩʚʝʪʦʩʠʣʴʥʳʤ. ʆʩʥʦʚʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʷʚʣʷʝʪʩʷ 1,55 ʤʢʤ ʠʟ-ʟʘ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʪʨʠʮʳ [4]. 

ʈʘʩʯʝʪ ʧʨʦʚʝʜʝʥ ʚ ʧʨʦʛʨʘʤʤʝ Zemax [3]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʙʳʣ 

ʚʳʙʨʘʥ ʦʙʲʝʢʪʠʚ ʇʝʪʮʚʘʣʷ ʠʟ ʙʘʟʳ ZEBASE ʩ ʢʦʜʦʤ J-005 (USP 3255664) 

[3]. 

ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤʳ ʚʳʙʨʘʥʘ ʯʘʩʪʦʪʥʦ-

ʢʦʥʪʨʘʩʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʏʂʍ) ʥʘ ʯʘʩʪʦʪʝ ʨʘʚʥʦʡ İ ʨʘʟʤʝʨʘ ʧʠʢʩʝʣʷ. 

ʆʜʥʘʢʦ ʜʣʷ ʨʘʩʢʨʳʪʠʷ ʚʩʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʘʪʨʠʮʳ ʩʪʦʠʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ 

ʥʘ ʢʦʥʪʨʘʩʪ 0,2 ʧʨʠ 66 ʤʤ. ʈʘʟʤʝʨ ʧʠʢʩʝʣʷ ʧʨʠʝʤʥʠʢʘ 15 ʤʢʤ, 

ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ 1/15 ʤʢʤ = 60 ʤʤ. ɼʘʣʝʝ ʚʳʙʨʘʥʳ 

ʢʦʨʨʝʢʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ, ʪʦʣʱʠʥʳ ʣʠʥʟ, ʚʦʟʜʫʰʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ (ʦʛʨʘʥʠʯʝʥʳ ʠʭ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ  ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ), ʘ 

ʪʘʢ ʞʝ ʤʘʨʢʠ ʩʪʝʢʦʣ. ʉʠʩʪʝʤʘ ʦʧʪʠʤʠʟʠʨʦʚʘʣʘʩʴ ʧʦʜʩʪʘʥʦʚʢʦʡ ʤʘʨʦʢ 

ʩʪʝʢʦʣ. ʄʘʨʢʠ ʩʪʝʢʦʣ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʨʦʩʩʠʡʩʢʠʝ. ɼʘʣʝʝ ʩʣʝʜʫʝʪ 

ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʨʝʙʫʝʤʦʛʦ ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ.  

 
ʈʠʩ.1 ï ʏʂʍ ʩʭʝʤʳ ʩ 6-ʴʶ ʣʠʥʟʘʤʠ 
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ʇʦʣʫʯʠʣʠ ʩʭʝʤʫ ʩ 6-ʴʶ ʣʠʥʟʘʤʠ ʩ ʏʂʍ ʥʘ ʨʠʩ. 1, ʨʘʟʨʝʰʝʥʠʝ 

ʢʦʪʦʨʦʡ 60 ʤʤ, ʢʦʪʦʨʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʤʘʪʨʠʮʳ ʌʕʄ 24ʤ. ɺ ʩʭʝʤʝ 

ʧʨʠʤʝʥʝʥʳ ʦʩʦʙʳʝ ʩʪʝʢʣʘ ʆʌ4, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʙʨʘʪʥʳʤ ʭʦʜʦʤ 

ʜʠʩʧʝʨʩʠʠ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʣʫʯʝʥʠʶ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ ʠʟ-ʟʘ 

ʣʫʯʰʝʡ ʢʦʨʨʝʢʮʠʠ ʭʨʦʤʘʪʠʟʤʘ ʩ ʦʩʦʙʳʤʠ ʩʪʸʢʣʘʤʠ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʩʭʝʤʫ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ ʠ  ʩ 5-

ʴʶ ʣʠʥʟʘʤʠ, ʥʦ ʧʨʠʤʝʥʠʚ ʘʩʬʝʨʠʢʫ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʥʘ 1ʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʢʦʥʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ 0,2. ʏʂʍ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʨʠʩ.2  

 
ʈʠʩ.2 ï ʏʂʍ ʩʭʝʤʳ ʩ 5-ʴʶ ʣʠʥʟʘʤʠ 

 

3.ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʦʙʳʭ 

ʩʪʝʢʦʣ, ʯʪʦ ʤʦʞʝʪ ʧʦʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʭʦʨʦʰʝʡ ʢʦʨʨʝʢʮʠʠ ʘʙʝʨʨʘʮʠʡ.  

ʈʘʩʩʯʠʪʘʥʳ ʚʘʨʠʘʥʪʳ ʦʙʲʝʢʪʠʚʘ:  

ï ʩ 6-ʴʶ ʣʠʥʟʘʤʠ ʥʘ ʦʩʥʦʚʝ ʩʭʝʤʳ ʇʝʪʮʚʘʣʷ ʩ ʟʘʤʝʥʦʡ ʬʣʠʥʪʦʚ ʥʘ 

ʦʩʦʙʳʝ ʆʌ4 ʨʘʟʨʝʰʝʥʠʝ 60 ʤʤ  

ï ʩ 5-ʴʶ ʣʠʥʟʘʤʠ ʩ ʘʩʬʝʨʠʢʦʡ 2ʛʦ ʧʦʨʷʜʢʘ ʩ ʢʦʥʠʯʝʩʢʦʡ 

ʧʦʩʪʦʷʥʥʦʡ 0,2, ʨʘʟʨʝʰʝʥʠʝ 75 ʤʤ . 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʘʜʨʝʩʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ 

ʩʪʨʫʢʪʫʨ (ɸɺɹʉ) ʜʣʷ ʦʮʝʥʢʠ ʜʝʬʦʨʤʘʮʠʠ ʢʨʳʣʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

Abstract 

The article discusses the possibility of using fiber-optic sensors based on 

addressed fiber Bragg structures to assess the deformation of the wing in real 

operating conditions. 

 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʢʨʳʣʘ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʦʩʥʦʚʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ 

ʧʨʠ ʤʦʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʘʜʠʦʬʦʪʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʳʣʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʦʩʥʦʚʝ 

ʘʜʨʝʩʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ (ɸɺɹʉ) [1]. ɺ ʢʘʯʝʩʪʚʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʭʝʤʦʡ 

ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʡ ʘʜʨʝʩʥʦʡ ʨʘʜʠʦʬʦʪʦʥʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʧʨʠʤʝʨʝ ʩʭʝʤʳ ɸɺɹʉ ʩ ʜʚʫʤʷ ʬʘʟʦʚʳʤʠ -́ʩʜʚʠʛʘʤʠ (2-́ɺɹʈ) ʧʦʜʨʦʙʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚ [1], ʛʜʝ ɸɺɹʉ ʧʨʝʜʩʪʘʚʣʷʶ ʩʦʙʦʡ ʚʦʣʦʢʦʥʥʳʝ 

ʙʨʵʛʛʦʚʩʢʠʝ ʨʝʰʝʪʢʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʫʥʠʢʘʣʴʥʳʝ ʜʣʷ ʢʘʞʜʦʡ ɸɺɹʉ 

ʜʚʫʭʯʘʩʪʦʪʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʘʜʨʝʩʥʳʝ 

ʯʘʩʪʦʪʳ ʜʘʪʯʠʢʦʚ [2]. ʅʠʞʝ ʥʘ ʈʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ɸɺɹʉ ʩʪʨʫʢʪʫʨ ʩ 



 

ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʥʘʢʣʦʥʥʦʛʦ ʬʠʣʴʪʨʘ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʥʘʣ. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʦʪʢʣʠʢʦʚ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʘʭ, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʙʳʣʦ ʧʦʜʚʝʨʛʥʫʪʦ ʙʳʩʪʨʦʤʫ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʌʫʨʴʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʘʤʧʣʠʪʫʜʥʦ-

ʯʘʩʪʦʪʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʠʛʥʘʣʘ ʥʘ ʬʦʪʦʧʨʠʸʤʥʠʢʘʭ, ʛʜʝ ʤʦʞʥʦ ʥʘ 

ʘʜʨʝʩʥʳʭ ʯʘʩʪʦʪʘʭ ʥʘʙʣʶʜʘʪʴ ʠʭ ʘʤʧʣʠʪʫʜʳ, ʘ ʪʘʢ ʞʝ ʧʦʙʦʯʥʳʝ ʯʘʩʪʦʪʳ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʨʘʩʯʝʪʘ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʚ 

ʧʨʠʥʠʤʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ ʩʠʩʪʝʤʳ, ʵʪʦ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ 

ʧʦʩʪʦʷʥʥʦʩʪʠ ʚʝʣʠʯʠʥ ʘʜʨʝʩʥʳʭ ʯʘʩʪʦʪ ɸɺɹʉ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʘʤʧʣʠʪʫʜʳ ʘʜʨʝʩʥʦʡ ʯʘʩʪʦʪʳ ɸɺɹʉ ʙʫʜʝʪ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ ʩʜʚʠʛʘ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ 

ɸɺɹʉ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʝʬʦʨʤʘʮʠʠ, ʪ.ʢ. ʚ ʜʘʥʥʦʡ 

ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʠʥʝʡʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ. ʊʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʫ ʠ 

ʜʝʬʦʨʤʘʮʠʶ ʢʨʳʣʘ ʚ ʪʦʯʢʘʭ ʫʩʪʘʥʦʚʢʠ ɸɺɹʉ ʜʘʪʯʠʢʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʩ 

ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʡ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʝʬʦʨʤʘʮʠʠ ʦʪ 

ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʜʣʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʜʘʪʯʠʢʦʚ 

ʩʦʛʣʘʩʥʦ [1, 3, 4]. 

 
ʈʠʩ. 1 ï ʉʦʦʪʥʦʰʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʦʪʢʣʠʢʦʚ ʦʧʦʨʥʦʛʦ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʦʚ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ [1]. 

 

ɿʘʢʣʶʯʝʥʠʝ. Gʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʳʣʘ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʦʩʥʦʚʝ ɸɺɹʉ ʧʦʟʚʦʣʠʪ ʚʳʚʝʩʪʠ ʤʦʜʝʣʴʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʥʦʚʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʝ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʩʘʤʦʤʫ ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʲʝʢʪʫ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʚ ɼɺʉ. ɸ ʪʘʢʞʝ ʙʳʣʘ ʜʘʥʘ ʦʮʝʥʢʘ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʘʜʨʝʩʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʨʘʙʦʪʘʶʱʠʭ 

ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʠ ʦʪʨʘʞʝʥʠʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʠʩʪʝʤʳ. 

 

Abstract 

This paper presents a fiber-optic system for monitoring the oil 

temperature in an internal combustion engine. An assessment was also made of 

the applicability of addressed fiber Bragg structures operating on transmission 

and reflection for the presented system. 

 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʧʦ ʦʪʩʣʝʞʠʚʘʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʚ ʜʚʠʛʘʪʝʣʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʨʘʜʠʦʬʦʪʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʘʜʨʝʩʥʳʭ 

ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ (ɸɺɹʉ). 

ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ ʪʘʢʠʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʢʘʢ: ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʜʘʪʯʠʢʦʚ ʥʘ ʘʥʘʣʠʟʘʪʦʨ, ʜʝʰʝʚʠʟʥʘ ʫʩʪʨʦʡʩʪʚʘ, ʙʳʩʪʨʦʝ ʠ ʧʨʦʩʪʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʪʯʠʢʦʚ ʢ ʪʝʧʣʦʚʳʤ ʥʘʛʨʫʟʢʘʤ [1]. 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʨʦʙʣʝʤ, ʤʦʞʥʦ ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʬʦʪʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ. ʉʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ ʩʧʦʩʦʙʦʤ ʦʧʨʦʩʘ ʠ 

ʤʫʣʴʧʣʠʢʩʘʮʠʠ ʜʘʪʯʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜ 



 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʫʧʣʦʪʥʝʥʠʝ ʢʘʥʘʣʦʚ, ʛʜʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʜʘʪʯʠʢʦʚ ʫʩʪʨʦʡʩʪʚʘ ʠʟʤʝʨʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʪʝʨʨʦʛʘʪʦʨʳ. ɼʣʷ 

ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ 

ɸɺɹʉ. ʆʥʠ ʚʳʛʦʜʥʳ ʪʝʤ, ʯʪʦ ʠʤʝʶʪ ʧʨʦʩʪʫʶ ʠ ʜʝʰʝʚʫʶ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʫʶ ʩʭʝʤʫ ʦʧʨʦʩʘ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ɸɺɹʉ ʨʘʟʥʦʩʪʥʳʭ ʯʘʩʪʦʪ ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʘʜʨʝʩʘ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ [2,3]. 

ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨ ʚʳʙʝʨʝʤ ʤʝʩʪʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʜʜʦʥ (ʤʘʩʣʦʩʙʦʨʥʠʢ) ʜʣʷ ʣʫʯʰʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʫʩʪʘʥʦʚʢʠ ʦʙʝʩʧʝʯʠʪ ʧʨʦʩʪʦʡ ʤʦʥʪʘʞ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ [4]. ʆʙʨʘʱʘʷʩʴ ʢ ɻʆʉʊʫ 13659-78, ʚʝʨʭʥʠʡ ʨʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʩʦʩʪʘʚʣʷʝʪ +300 Áʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ 

ʜʝʬʦʨʤʘʮʠʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ +1250 Áʉ (ʩʦʛʣʘʩʥʦ 

ɻʆʉʊ 15130-86), ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ ʤʘʩʣʘ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʩʣʘ ʚ ɼɺʉ ʦʙʳʯʥʦ ʜʦʩʪʠʛʘʝʪ 300Áʉ. ʊʝʤʧʝʨʘʪʫʨʫ ʤʘʩʣʘ ʚ ʪʦʯʢʝ 

ʫʩʪʘʥʦʚʢʠ ɸɺɹʉ ʜʘʪʯʠʢʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʬʫʥʢʮʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʜʣʷ ʜʘʪʯʠʢʘ ʩʦʛʣʘʩʥʦ [5]. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʨʘʙʦʪʢʦʡ 

ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʚ ʜʚʠʛʘʪʝʣʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

ʙʳʣ ʧʨʦʜʝʣʘʥ ʩʣʝʜʫʶʱʠʡ ʩʧʠʩʦʢ ʨʘʙʦʪ: ʦʙʦʩʥʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʜʨʝʩʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ (ɸɺɹʉ), ʚʳʙʨʘʥ ʪʠʧ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʢʘʣʠʙʨʦʚʢʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʪʯʠʢʦʚ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʪʨʸʭʜʠʘʧʘʟʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʩʪʨʦʡʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ [1]. ɺ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʲʝʢʪʠʚ 

ʪʠʧʘ ʂʘʩʩʝʛʨʝʥ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚʘ ʚ 3-ʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ: ʚʠʜʠʤʦʤ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʠ ʠʥʬʨʘʢʨʘʩʥʦʤ. ʈʘʟʜʝʣʝʥʠʝ 

ʠʟʣʫʯʝʥʠʷ ʨʘʟʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʸʪʢʠ ʠ ʩʧʝʢʪʨʦʜʝʣʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ [2]. 

 

Abstract 

The paper presents the results of optimization of optical parameters of 

the three-band system of electric discharge detection device. The optical system 

uses a Cassegrain-type lens, which provides operation of the device in 3 

spectral ranges: visible, ultraviolet, and infrared. Separation of radiation of 

different spectral ranges occurs due to the diffraction grating and spectral 

splitter. 

 



 

Introduction 

Lens of Kassegren type for three-band optical system provides 

observation line with image of object in high quality, as well as small size of 

scattering spot in ultraviolet range, intended for measurement purposes. 

According to [1], the lens has: f' = 200 mm, D = 40 mm. The purpose of this 

work is to reduce the size of the optical scheme. 

Figure 1 shows the functional scheme of the device, the way of the rays 

in it is as follows: three spectrums pass through the mirror lens 1, then through 

the diffraction grating made of fluorite 2. The visible and IR spectra pass 

through the diffraction grating 2 in zero order. Spectrum splitter 3, transits the 

visible spectrum, which falls on the photo matrix 4, and reflects the IR 

spectrum, which passes through the light filter 5 and falls on the photo matrix 

6. The UV spectrum passes the diffraction grating 2 in the 1st order, passing 

through the light filter 7 and aperture 8, falls on the photo matrix 9. 

 
Fig. 1 Functional diagram of the device for electric discharge detection and 

measurement of high-voltage equipment 

 

Lens 

In this work, the calculation of the lens for the device in which the focal 

length is reduced and the diameter of the lens is increased: f' = 150 mm, D = 80 

mm. 

Conclusion 

As a result of the work, the focal length was reduced from 200 to 150 

and the relative aperture from 1:5 to 1:1.875. Thus, the dimensions of the three-

band optical system for the electric discharge detection device were reduced. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ ʛʦʣʦʚʢʝ ʙʣʦʢʘ ʮʠʣʠʥʜʨʦʚ ʜʚʠʛʘʪʝʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ.  

 

Abstract 

In this paper, a system for estimating the temperature of the coolant in 

the cylinder head of an internal combustion engine is proposed. 

 

ʆʭʣʘʞʜʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ ʦʪ ʥʘʛʨʝʪʳʭ 

ʜʝʪʘʣʝʡ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʚʠʛʘʪʝʣʷ. ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ ʙʫʜʝʪ ʥʝʵʬʬʝʢʪʠʚʥʦʡ: ʧʨʠ ʩʣʠʰʢʦʤ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʨʷʝʪʩʷ ʤʦʱʥʦʩʪʴ, ʧʨʠ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʜʚʠʛʘʪʝʣʴ ʤʦʞʝʪ ʚʳʡʪʠ ʠʟ ʩʪʨʦʷ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʧʦʜʦʙʥʳʭ 

ʧʨʦʙʣʝʤ, ʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʧʨʠʤʝʥʷʶʪ ʩʠʩʪʝʤʫ ʞʠʜʢʦʩʪʥʦʛʦ 

ʠʣʠ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ [1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ 

ʞʠʜʢʦʩʪʥʦʝ ʦʭʣʘʞʜʝʥʠʝ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʜʨʝʩʥʘʷ ʚʦʣʦʢʦʥʥʘʷ ʙʨʵʛʛʦʚʩʢʘʷ ʩʪʨʫʢʪʫʨʘ (ɸɺɹʉ) [2]. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʮʝʣʝʥʘ ʥʘ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʩ ʩʠʩʪʝʤʦʡ ʦʮʝʥʢʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. 

ʈʘʩʯʝʪ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʪʝʧʣʦʪʳ, ʦʪʚʦʜʠʤʦʡ ʦʪ ʜʚʠʛʘʪʝʣʷ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʂʦʣʠʯʝʩʪʚʦ 

ʦʪʚʦʜʠʤʦʡ ʪʝʧʣʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

( ). . ,ʚ ʞ ʞ ʞʚʳʭ ʞʚʭQ G c T T= -
 



 

ʟʜʝʩʴ ʊʞ.ʚʳʭ ʠ ʊʞ.ʚʭ ï ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʭʦʜʷʱʝʡ ʠʟ ʜʚʠʛʘʪʝʣʷ ʞʠʜʢʦʩʪʠ ʠ 

ʚʭʦʜʷʱʝʡ ʚ ʥʝʛʦ, Qʚ ï ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʦʜʠʤʦʡ ʦʪ ʜʚʠʛʘʪʝʣʷ ʪʝʧʣʦʪʳ, Gʞ ï 

ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ, ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚ ʩʠʩʪʝʤʝ, ʩʞ ï ʪʝʧʣʦʝʤʢʦʩʪʴ 

ʞʠʜʢʦʩʪʠ. 

ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʘʪʯʠʢ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʘʚʠʪʴ 

ʚ ɻɹʎ ʥʘ ʩʪʝʥʢʫ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʚ ʪʘʢʦʤ ʤʝʩʪʝ, ʛʜʝ ʧʦʪʦʢ ʦʭʣʘʞʜʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʳʭʦʜ ʠʟ ʜʚʠʛʘʪʝʣʷ ʢ ʨʘʜʠʘʪʦʨʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʳ ʙʫʜʝʤ ʟʥʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʳʭʦʜʷʱʝʡ ʠʟ ʜʚʠʛʘʪʝʣʷ ʞʠʜʢʦʩʪʠ, ʪʘʢ ʢʘʢ 

ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʪʦʯʢʘʤʠ ʚ ʯʫʛʫʥʥʳʭ ʛʦʣʦʚʢʘʭ 

ʜʦʭʦʜʷʪ ʜʦ 150 ÁC, ʚ ʛʦʣʦʚʢʘʭ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ï ʜʦ 60 ÁC. ʅʘ 

ʈʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʧʪʠʢʦ- ʣɻʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘ ʦʩʥʦʚʝ ɸɺɹʉ. ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (1), ʢʦʪʦʨʳʡ 

ʬʦʨʤʠʨʫʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʣʘʟʝʨʥʦʝ  ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ɸɺɹʉ (2) ʠ ʬʦʨʤʠʨʫʝʪ ʜʚʫʭʯʘʩʪʦʪʥʦʝ ʥʝʧʨʝʨʳʚʥʦʝ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ 

(c). ʀʟʣʫʯʝʥʠʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʬʠʣʴʪʨ (3) ʩ ʥʘʢʣʦʥʥʦʡ ɸʏʍ ʠ ʦʙʨʘʟʫʝʪ 

ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʜʚʫʭʯʘʩʪʦʪʥʦʝ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ (d), ʢʦʪʦʨʦʝ ʧʦʩʪʫʧʘʝʪ 

ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢ (4) ʠ ʧʨʠʥʠʤʘʝʪʩʷ ʥʘ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ (5) [3,4]. 

 
ʈʠʩ. 1 ïʆʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ ʦʧʨʦʩʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ [4] 

 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ 

ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ ʛʦʣʦʚʢʝ ʙʣʦʢʘ ʮʠʣʠʥʜʨʦʚ 

ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʙʳʣ ʧʨʦʜʝʣʘʥ ʩʣʝʜʫʶʱʠʡ ʩʧʠʩʦʢ ʨʘʙʦʪ: 

ʦʧʠʩʘʥ ʨʘʩʯʝʪ ʩʠʩʪʝʤʳ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʘ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ɸɺɹʉ. 
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PRESSURE SENSOR BASED ON CHIRPED 

BRAGG GRATING WITH A PHASE ˊ-SHIFT 

 

Eshpai R.A., Maltsev A.V., Tyazhelova A.A., Sarvarova L.M. 

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

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 
ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʦʚ ʚʢʣʶʯʘʝʪ 

ʰʝʩʪʴ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʦʥʘʭ 

ʠʥʚʘʣʠʜʥʦʡ ʢʦʣʷʩʢʠ (ʩʧʠʥʢʘ, ʩʠʜʝʥʴʝ ʠ ʧʦʜʩʪʘʚʢʘ ʜʣʷ ʥʦʛ ʩ ʦʙʝʠʭ 

ʩʪʦʨʦʥ), ʩʦʝʜʠʥʝʥʥʳʭ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʤ 

ʠʥʪʝʨʨʦʛʘʪʦʨʦʤ (ʉʆʕʀ). ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʜʦʨʦʛʠʭ ʉʆʕʀ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʩʦʟʜʘʪʴ ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ ʃʏɺɹʈ ʩ ʦʜʥʠʤ ʬʘʟʦʚʳʤ ˊ-

ʩʜʚʠʛʦʤ.  

 

Abstract 

The proposed patient monitoring system includes six pressure sensors 

installed in strategic areas of the wheelchair (back, seat and footrest on both 

sides), connected to a spectral opto-electric interrogator (SOEI). To exclude 

expensive SOEI, it was proposed to create pressure sensors based on LFM-

FBG with one phase ˊ-shift. 

 

ʀʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʠʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʘʚʣʝʥʠʝ, ʩ ʢʦʪʦʨʳʤ ʧʘʮʠʝʥʪ ʜʘʚʠʪ ʥʘ ʫʢʘʟʘʥʥʳʝ ʟʦʥʳ 

ʢʦʣʷʩʢʠ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʚ ʢʦʣʷʩʢʝ, ʜʚʠʞʝʥʠʷ ʧʘʮʠʝʥʪʘ ʠ, 

ʢʨʦʤʝ ʪʦʛʦ, ʦʮʝʥʠʪʴ ʯʘʩʪʦʪʫ ʜʳʭʘʥʠʷ, ʚʦʟʤʦʞʥʫʶ ʧʦʪʝʨʶ ʩʦʟʥʘʥʠʷ ʠ 

ʜʨʫʛʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʜʠʦʬʦʪʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʦʧʨʦʩʘ ʧʨʦʧʫʩʢʘʶʱʝʛʦ ʪʠʧʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʰʠʨʦʢʦʧʦʣʦʩʥʦʤ 

ʟʦʥʜʠʨʦʚʘʥʠʠ ʜʚʫʭ ʃʏɺɹʈ ʜʘʪʯʠʢʦʚ ʩ ʬʘʟʦʚʳʤ p-ʩʜʚʠʛʦʤ (p-ʃʏɺɹʈ). 



 

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʜʠʦʬʦʪʦʥʥʦʛʦ ʠʥʪʝʨʨʦʛʘʪʦʨʘ ʜʣʷ ʃʏɺɹʈ  

ʩ ʬʘʟʦʚʳʤ p-ʩʜʚʠʛʦʤ 

 

ʅʘ ʨʠʩ. 2,ʘ ʧʦʢʘʟʘʥʘ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ p-

ʃʏɺɹʈ, ʘ ʥʘ ʨʠʩ. 2,ʙ ï ʧʦʣʦʞʝʥʠʝ ʜʚʫʭ ʨʝʰʝʪʦʢ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʚʣʝʥʠʷ 

(ʙ/ʜ) ʠ ʠʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘ p-ʃʏɺɹʈ2 ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ (ʩ/ʜ) ʜʘʚʣʝʥʠʷ 

ʧʘʮʠʝʥʪʘ, ʦʧʠʨʘʶʱʝʛʦʩʷ ʥʘ ʢʘʧʩʫʣʫ ʚ ʟʦʥʝ ʫʩʪʘʥʦʚʢʠ ʥʘ ʢʦʣʷʩʢʝ. 

 
ʈʠʩ. 2 ï ʉʧʝʢʪʨ p-ʃʏɺɹʈ (ʘ) ʠ ʝʛʦ ʠʟʤʝʥʝʥʠʝ ʚ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ (ʙ) 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʘʩʪʦʪʘ ʙʠʝʥʠʡ fb, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ Dl, ʚʳʯʠʩʣʷʝʪʩʷ 

ʢʘʢ ʨʘʟʥʦʩʪʥʘʷ ʯʘʩʪʦʪʘ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʷʤʠ ʦʢʦʥ ʧʨʦʟʨʘʯʥʦʩʪʠ p-

ʃʏɺɹʈ1 ʠ p-ʃʏɺɹʈ2, ʢʦʪʦʨʦʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʘʚʣʝʥʠʶ, 

ʧʨʠʣʦʞʝʥʥʦʤʫ ʢʦ ʚʪʦʨʦʤʫ ʜʘʪʯʠʢʫ. ʉʠʩʪʝʤʘ ʦʧʨʦʩʘ ʜʘʪʯʠʢʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ, ʘ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʕɺɸʉ, ʢʦʪʦʨʘʷ ʚ ʧʨʠʥʮʠʧʝ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʘ 1 ɻʮ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʠ 

ʨʘʙʦʪʳ ʘʜʨʝʩʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ (ɸɺɹʈ), 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʃʏɺɹʈ. ʂʣʶʯʝʚʳʤ ʩʚʦʡʩʪʚʦʤ ɸɺɹʈ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʜʘʪʯʠʢ, 

ʬʦʨʤʠʨʫʝʤʦʡ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʤʠʢʨʦʚʦʣʥʦʚʳʡ 

ʜʠʘʧʘʟʦʥ.  

 

Abstract 

This report will use the principles of construction and operation of 

address fiber Bragg gratings (AVBR), formed in the LCHFBR. The key 

property of AVBR is the ability to transfer information about the impact on the 

sensor, formed in the optical range, into the radio-frequency microwave range. 

 

ʆʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʳʠʛʨʳʚʘʝʪ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫ ʦʧʪʠʯʝʩʢʦʛʦ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʟʜʘʥʠʝ ʨʘʜʠʦʬʦʪʦʥʥʦʛʦ ʠʥʪʝʨʨʦʛʘʪʦʨʘ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ 

ʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʜʘʪʯʠʢʘʭ ʜʘʚʣʝʥʠʷ ʨʘʜʠʦʬʦʪʦʥʥʳʭ 

ʘʜʨʝʩʥʳʭ ʧʨʠʥʮʠʧʦʚ ʧʨʠ ʟʘʧʠʩʠ ʘ-ʃʏɺɹʈ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ 

ʟʘʧʠʩʴ ʜʚʫʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʩ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʦʡ ʤʝʞʜʫ ʥʠʤʠ, 

ʣʝʞʘʱʝʡ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ɺʝʣʠʯʠʥʘ ʵʪʦʡ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʳ 

ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʜʘʪʯʠʢʘ ʢ ʜʘʪʯʠʢʫ ʠʣʠ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʜʘʪʯʠʢʘ, 

ʬʦʨʤʠʨʫʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʘʜʨʝʩʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠʥʠʤʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ 

(ʨʠʩ. 1,ʘ). ʎʝʥʪʨʘʣʴʥʳʝ ʠ ʘʜʨʝʩʥʳʝ ʯʘʩʪʦʪʳ ʘ-ʃʏɺɹʈ ʜʘʪʯʠʢʦʚ ʚ ʢʘʞʜʦʤ 



 

ʦʧʪʠʯʝʩʢʦʤ ʢʘʥʘʣʝ ʧʦʜʙʠʨʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ, ʚʦ-ʧʝʨʚʳʭ, 

ʠʩʢʣʶʯʠʪʴ ʩʦʚʧʘʜʝʥʠʝ ʘʜʨʝʩʥʳʭ ʯʘʩʪʦʪ, ʚʦ-ʚʪʦʨʳʭ, ʠʩʢʣʶʯʠʪʴ 

ʧʝʨʝʩʝʯʝʥʠʝ ʩʧʝʢʪʨʦʚ ʘ-ʃʏɺɹʈ, ʪʘʢ, ʯʪʦʙʳ ʠʭ ʤʦʞʥʦ ʙʳʣʦ ʚʢʣʶʯʘʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴ-ʥʦ ʚʜʦʣʴ ʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʚʦʣʦʢʥʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʙʝʞʘʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʩʣʝ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʯʘʩʪʦʪ, ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʘʜʨʝʩʥʳʤʠ 

(ʨʠʩ. 1,ʙ).  

 
ʘ                                                     ʙ 

ʈʠʩ. 1 ï ʉʧʝʢʪʨ ʘ-ʃʏɺɹʈ (ʘ) ʠ ʥʘʙʦʨ ʘʜʨʝʩʥʳʭ ʯʘʩʪʦʪ  

ʜʣʷ N ʪʘʢʠʭ ʨʝʰʝʪʦʢ 

 

ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʨʝʰʝʪʦʢ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʘʜʠʦʬʦʪʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʭ ʦʧʨʦʩʘ ʧʦʟʚʦʣʠʣʦ ʢʘʢ ʦʙʝʩʧʝʯʠʪʴ ʘʜʨʝʩʥʳʡ ʦʧʨʦʩ ʢʘʞʜʦʛʦ 

ʜʘʪʯʠʢʘ ʚ ʟʦʥʘʭ ʣʦʧʘʪʦʢ, ʩʝʜʘʣʠʱʘ ʠ ʧʷʪʦʢ ʧʘʮʠʝʥʪʘ, ʪʘʢ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠʥʪʝʨʨʦʛʘʪʦʨʘ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʨʘʜʠʦʬʦʪʦʥʥʳʝ ʤʝʪʦʜʳ 

ʦʙʨʘʙʦʪʢʠ. ʂʨʦʤʝ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʝʡʰʝʡ ʩʠʩʪʝʤʳ ʧʨʠʝʤʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʢʨʝʧʠʪʴ ʝʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʣʷʩʢʝ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ ʘ-ʃʏɺɹʈ1, ʩʜʝʣʘʚ ʝʝ ʦʧʦʨʥʦʡ ʜʣʷ ʚʩʝʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘʤʠ ʢʨʠʪʝʨʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ 

ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʥʠʟʢʦʘʤʧʣʠʪʫʜʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʩʠʛʥʘʣʘʭ ʥʘ ʦʩʥʦʚʝ ʬʘʟʦʯʘʩʪʦʪʥʦʛʦ ʧʦʜʭʦʜʘ. ʇʨʦʚʝʜʸʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʦʧʨʝʜʝʣʝʥʘ ʠʭ ʪʦʯʥʦʩʪʴ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. 

 

Abstract 

The article presents our developed criteria of low amplitude potentialsô 

presence or absence in electrocardiosignals based on phase-frequency analysis.  



 

Comparative analysis of developed criteria is performed, accuracy is 

investigated. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʢʘʨʜʠʦʩʠʛʥʘʣʦʚ 

(ʕʂʉ) ʥʘ ʧʨʝʜʤʝʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʥʠʟʢʦʘʤʧʣʠʪʫʜʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ (ʅɸʇ) ï ʧʦʟʜʥʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʞʝʣʫʜʦʯʢʦʚ (ʇʇɾ) ʩʝʨʜʮʘ. 

ʇʇɾ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʟʜʥʝʡ ʯʘʩʪʠ QRS-ʢʦʤʧʣʝʢʩʘ, ʠʭ ʘʤʧʣʠʪʫʜʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 30 ʤʢɺ, ʘ ʥʘʣʠʯʠʝ ʇʇɾ ʥʘ ʕʂʉ ʠʥʬʦʨʤʠʨʫʝʪ ʦ ʨʘʟʚʠʪʠʠ 

ʘʨʠʪʤʠʠ ʚ ʙʫʜʫʱʝʤ (ʠʤʝʝʪ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ) [1]. 

2. ʈʘʟʨʘʙʦʪʢʘ ʢʨʠʪʝʨʠʝʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʬʘʟʦʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʕʂʉ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʦ I ʩʪʘʥʜʘʨʪʥʦʤʫ ʦʪʚʝʜʝʥʠʶ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʚ ʧʦʨʪʘʪʠʚʥʳʭ 

ʢʘʨʜʠʦʘʥʘʣʠʟʘʪʦʨʘʭ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʕʂʉ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ PTB Diagnostic 

ECG Database [2] ï 10 ʩʝʢʫʥʜ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ MATLAB. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʙʦʨʢʘ ʕʂʉ ʩʦʩʪʘʚʣʷʣʘ 50 ʟʘʧʠʩʝʡ 

(25 ʩ ʇʇɾ, 25 ʙʝʟ ʇʇɾ). ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʫʚʝʣʠʯʠʣʠ ʚʳʙʦʨʢʫ ʜʦ 80 

ʟʘʧʠʩʝʡ (40 ʩ ʇʇɾ, 40 ʙʝʟ ʇʇɾ). ʄʳ ʨʘʟʨʘʙʦʪʘʣʠ ʠʥʪʝʛʨʘʣʴʥʳʡ 

ʢʨʠʪʝʨʠʡ K, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʘʟʦʚʦʛʦ ʩʧʝʢʪʨʘ ʕʂʉ ʢ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ: 

ὑ
В •̄̑

В •̃

̄̑

ȟ (1) 

ʛʜʝ: űi ï ʩʦʩʪʘʚʣʷʶʱʘʷ ʬʘʟʦʚʦʛʦ ʩʧʝʢʪʨʘ I ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʚʝʜʝʥʠʷ ʕʂʉ ʥʘ 

i-ʦʤ ʦʪʩʯʸʪʝ, fʛʨ ï ʛʨʘʥʠʯʥʘʷ ʯʘʩʪʦʪʘ, fʚ ï ʚʝʨʭʥʷʷ ʯʘʩʪʦʪʘ ʩʧʝʢʪʨʘ. 

ɼʣʷ 50 ʟʘʧʠʩʝʡ ʕʂʉ fʛʨ = 85 ɻʮ, ʨʝʰʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʇʇɾ ʧʨʠʥʠʤʘʝʪʩʷ 

ʧʨʠ KÓ2,28, ʪʦʯʥʦʩʪʴ ï 64%. ɼʣʷ 80 ʟʘʧʠʩʝʡ ʕʂʉ fʛʨ = 92,5 ɻʮ, ʨʝʰʝʥʠʝ ʦ 

ʥʘʣʠʯʠʠ ʇʇɾ ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʠ KÓ2,42, ʪʦʯʥʦʩʪʴ ï 53,75%. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʬʘʟʦʚʳʡ ʢʨʠʪʝʨʠʡ ʌ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʬʘʟʫ ʕʂʉ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʧʦ I 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʦʪʚʝʜʝʥʠʶ: 

   •Ὢ̄ Ȣ̑ (2) 

ɼʣʷ 50 ʕʂʉ fʛʨ = 15 ɻʮ, ʨʝʰʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʇʇɾ ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʠ 

ʌÓ95,7Á, ʪʦʯʥʦʩʪʴ ʚʦʟʨʦʩʣʘ ʥʘ 4%. ɼʣʷ 80 ʕʂʉ fʛʨ = 110 ɻʮ, ʨʝʰʝʥʠʝ ʦ 

ʥʘʣʠʯʠʠ ʇʇɾ ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʠ ʌÒ98,6Á, ʪʦʯʥʦʩʪʴ ʚʦʟʨʦʩʣʘ ʥʘ 6,25%. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʬʘʟʦʚʦʛʦ ʢʨʠʪʝʨʠʷ ʌ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 



 

ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʇʇɾ ʥʘ ʕʂʉ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʧʣʘʥʠʨʫʝʤ 

ʫʚʝʣʠʯʠʪʴ ʚʳʙʦʨʢʫ ʕʂʉ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Ciconte G. et al. Non-invasive assessment of the arrhythmogenic 

substrate in Brugada syndrome using signal-averaged electrocardiogram: clinical 

implications from a prospective clinical trial // Eurospace. 2019. Vol. 21. Pp. 

1900-1910. 

2. Physiobank ATM: PTB Diagnostic ECG Database (ptbdb) [Electronical 

Resource]. URL: https://archive.physionet.org/cgi-bin/atm/ATM?database=ptbdb 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 10.03.2021).  



 

ʋɼʂ 681.586.5, 577.352.333 

 

ʉʊʀɻʄɸʉʊɽʈʀʅ ï ʉʊʈɽʉʉʆɺʓʁ ʉʊɽʈʀʅ ʈɸʉʊɽʅʀʁ 

 

ɺʘʣʠʪʦʚʘ ʖ.ʅ., ʈʝʥʢʦʚʘ ɸ.ɻ., ʍʘʙʠʙʨʘʭʤʘʥʦʚʘ ɺ.ʈ., ʄʠʥʠʙʘʝʚʘ ʌ.ɺ. 

(ʂʘʟʘʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʠ ʠ ʙʠʦʬʠʟʠʢʠ ʌʀʎ ʂʘʟʅʎ ʈɸʅ) 

 

STIGMASTEROL ï STRESSFUL PLANT STEROL  

 

Valitova J.N., Renkova A.G., Khabibrakhmanova V.R., Minibayeva F.V. 

(Kazan Institute of Biochemistry and Biophysics, FRC Kazan Scientific Center 

of the RAS, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ  

ʅʘʩʪʦʷʱʠʡ ʦʙʟʦʨ ʧʦʩʚʷʱʝʥ ʦʙʩʫʞʜʝʥʠʶ ʨʦʣʠ ʩʪʠʛʤʘʩʪʝʨʠʥʘ ʚ 

ʩʪʨʝʩʩʦʚʳʭ ʦʪʚʝʪʘʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ. ɺ ʥʘʰʠʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʩʪʠʛʤʘʩʪʝʨʠʥʘ ʠ ʘʢʪʠʚʥʦʩʪʴ ʛʝʥʦʚ ʝʛʦ ʙʠʦʩʠʥʪʝʟʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʦʚʣʝʯʝʥʠʠ ʩʪʠʛʤʘʩʪʝʨʠʥʘ ʚ ʩʪʨʝʩʩʦʚʳʝ 

ʨʝʘʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ. 

 

Abstract 

This review is devoted to discussion of stigmasterol role in stress 

responses of plant cells. Our studies have shown that the content of stigmasterol 

and the activity of genes for its biosynthesis will change significantly under the 

action of various abiotic factors, which may indicate the involvement of 

stigmasterol in stress reactions of plant cells. 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʩʪʝʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʞʠʚʦʪʥʳʭ, ʦʙʣʘʜʘʶʪ 

ʩʣʦʞʥʳʤ ʩʦʩʪʘʚʦʤ ʩʪʝʨʠʥʦʚ, ʤʥʦʛʦʦʙʨʘʟʠʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʬʫʥʢʮʠʡ ʩʪʝʨʠʥʦʚ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʪʝʥʠʡ [1]. 

ʇʨʝʦʙʣʘʜʘʶʱʠʤʠ ʤʝʤʙʨʘʥʥʳʤʠ ʩʪʝʨʠʥʘʤʠ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ ʷʚʣʷʶʪʩʷ ɓ-

ʩʠʪʦʩʪʝʨʠʥ, ʢʘʤʧʝʩʪʝʨʠʥ, ʩʪʠʛʤʘʩʪʝʨʠʥ. ʉʪʨʫʢʪʫʨʥʦ ʩʪʠʛʤʘʩʪʝʨʠʥ ʧʦʭʦʞ 

ʥʘ ʩʠʪʦʩʪʝʨʠʥ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʠʪʦʩʪʝʨʠʥʘ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ ʚ ʧʦʣʦʞʝʥʠʠ 

C-22, ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʫʯʘʩʪʚʫʝʪ ʬʝʨʤʝʥʪ ʉ-22 ʩʪʝʨʠʥ-ʜʝʩʘʪʫʨʘʟʘ 

[2]. 

2. ʉʪʠʛʤʘʩʪʝʨʠʥ- ʩʪʨʝʩʩʦʚʳʡ ʩʪʝʨʠʥ ʨʘʩʪʝʥʠʡ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʘʩʴ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʯʪʦ ʩʪʠʛʤʘʩʪʝʨʠʥ 

ʷʚʣʷʝʪʩʷ çʩʪʨʝʩʩʦʚʳʤè ʩʪʝʨʠʥʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ 



 

ʩʪʠʛʤʘʩʪʝʨʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʘʩʪʝʥʠʷʭ ʧʨʠ ʦʪʚʝʪʘʭ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʩʪʨʝʩʩʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʪʘʢʝ ʠ ʧʨʠ 

ʛʨʘʚʠʪʨʦʧʠʟʤʝ [3,4]. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʪʦʥʢʠʝ ʤʝʭʘʥʠʟʤʳ 

ʚʦʚʣʝʯʝʥʠʷ ʩʪʠʛʤʘʩʪʝʨʠʥʘ ʚ ʩʪʨʝʩʩʦʚʳʝ ʦʪʚʝʪʳ ʦʩʪʘʶʪʩʷ ʥʝ ʨʘʩʢʨʳʪʳʤʠ. 

ɺ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ 

ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʦʚʣʝʯʝʥʠʷ ʩʪʠʛʤʘʩʪʝʨʠʥʘ ʚ 

ʩʪʨʝʩʩʦʚʳʝ ʦʪʚʝʪʳ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʨʦʩʪʢʠ ʧʰʝʥʠʮʳ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʣʘʟʤʘʣʝʤʤʳ ʜʣʷ ʠʦʥʦʚ, ʠʟʤʝʥʝʥʠʶ ʨʝʜʦʢʩ-ʩʪʘʪʫʩʘ 

ʢʣʝʪʦʢ ʠ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʩʪʠʛʤʘʩʪʝʨʠʥʘ [5]. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʪʦʚ ʉ22-ʩʪʝʨʠʥ ʜʝʩʘʪʫʨʘʟʳ ʚʳʰʝ ʚ ʢʦʨʥʷʭ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʭʦʣʦʜʘ, ʯʝʤ ʚ ʣʠʩʪʴʷʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʨʛʘʥʦʩʧʝʮʠʬʠʯʥʦʩʪʠ çʩʪʝʨʠʥʦʚʦʛʦè ʦʪʚʝʪʘ ʚ ʧʨʦʨʦʩʪʢʘʭ ʧʰʝʥʠʮʳ ʥʘ 

ʜʝʡʩʪʚʠʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ [6]. 

ɼʝʡʩʪʚʠʝ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʩʥʠʞʝʥʠʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ, ʥʦ ʥʝ 

ʚʳʟʳʚʘʣʦ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʜʝʨʞʘʥʠʠ ʩʪʠʛʤʘʩʪʝʨʠʥʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʪʠʛʤʘʩʪʝʨʠʥ ʦʢʘʟʘʣʩʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ çʩʪʝʨʠʥʦʚʦʛʦè ʦʪʚʝʪʘ ʥʘ ʜʝʡʩʪʚʠʝ ʘʙʠʦʪʠʯʝʩʢʠʭ 

ʩʪʨʝʩʩʦʨʦʚ (ɺʘʣʠʪʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʜʘʥʥʳʝ ʥʝ ʦʧʫʙʣʠʢʦʚʘʥʳ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʡʩʪʚʠʷ ʬʠʪʦʛʦʨʤʦʥʦʚ ʥʘ ʫʨʦʚʝʥʴ ʩʪʠʛʤʘʩʪʝʨʠʥʘ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ɸɹʂ ʠ ʉʂ ʥʘ ʧʨʦʨʦʩʪʢʠ ʧʰʝʥʠʮʳ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʪʠʛʤʘʩʪʝʨʠʥʘ. 

ɸʥʘʣʠʟ ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʦʚ ʉ22-ʩʪʝʨʠʥ ʜʝʩʘʪʫʨʘʟʳ ʚʳʷʚʠʣ ʫʚʝʣʠʯʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʦʚ ʧʨʠ ʜʝʡʩʪʚʠʠ ɸɹʂ ʚ ʢʦʨʥʷʭ, ʥʦ ʥʝ ʚ ʣʠʩʪʴʷʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʉ-22 ʩʪʝʨʠʥ 

ʜʝʩʘʪʫʨʘʟʫ, ʧʨʠ ʜʝʡʩʪʚʠʠ ʬʠʪʦʛʦʨʤʦʥʦʚ ʥʦʩʠʪ ʦʨʛʘʥʦʩʧʝʮʠʬʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ ʠ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʯʘʩʪʠʝ ʩʪʠʛʤʘʩʪʝʨʠʥʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʝʩʩʦʚʳʭ ʦʪʚʝʪʘʭ [7]. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ 

ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ ʟʘʩʦʣʝʥʠʝʤ ʧʨʠʚʦʜʠʣʘ ʢ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʩʪʠʛʤʘʩʪʝʨʠʥʘ ʚ ʢʣʝʪʢʘʭ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʚʦʚʣʝʯʝʥʠʠ ʩʪʠʛʤʘʩʪʝʨʠʥʘ ʚ ʩʪʨʝʩʩʦʚʳʡ ʦʪʚʝʪ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ ʥʘ 

ʟʘʩʦʣʝʥʠʝ (ɺʘʣʠʪʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʜʘʥʥʳʝ ʥʝ ʦʧʫʙʣʠʢʦʚʘʥʳ).  

3. ɿʘʢʣʶʯʝʥʠʝ 

ʉʫʤʤʠʨʫʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʫʨʦʚʥʷ ʩʪʠʛʤʘʩʪʝʨʠʥʘ ʠ ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʦʚ ʝʛʦ ʙʠʦʩʠʥʪʝʟʘ ʧʨʠ ʜʝʡʩʪʚʠʠ 



 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʦʚʣʝʯʝʥʠʠ 

ʩʪʠʛʤʘʩʪʝʨʠʥʘ ʚ ʩʪʨʝʩʩʦʚʳʝ ʦʪʚʝʪʳ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʧʣʦʜʦʪʚʦʨʝʥʥʦʛʦ ʢʫʨʠʥʦʛʦ ʷʡʮʘ ʩ ʥʝʦʧʣʦʜʦʪʚʦʨʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʧʨʦʙʥʠʢʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʳʝ ʛʨʘʬʠʢʠ ʙʝʣʢʦʚ ʠ 

ʞʝʣʪʢʦʚ. 

 

Abstract 

The article compares the dielectric properties of a fertilized chicken egg 

with the unfertilized coaxial probe method. Separate graphs of whites and yolks 

are presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ʄʝʪʦʜ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʧʨʦʙʥʠʢʘ - ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪʩʷ ʥʘ ʦʪʢʨʳʪʦʤ ʢʦʥʮʝ ʧʨʦʙʥʠʢʘ, ʩʦʚʤʝʱʝʥʥʦʤ ʩ 

ʠʩʩʣʝʜʫʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʷ ï 

ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ 

ʧʨʠʤʝʥʷʣʩʷ Agilent Technologies E5071C. 

2. ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʟʘʤʝʨʳ ʧʨʦʚʦʜʠʣʠ ʧʦ 10 

ʨʘʟ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʦʙʲʝʢʪʘ, ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʟʘʤʝʨʘ ʦʙʲʝʢʪ ʠʟʤʝʨʝʥʠʷ 



 

ʧʝʨʝʤʝʰʠʚʘʣʩʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʲʝʢʪʘ ʠʟʤʝʨʝʥʠʷ ʢʦʤʥʘʪʥʘʷ (+24ʦʉ). ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʤ ʩʨʘʚʥʠʚʘʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʨʠʩʫʥʦʢ 1, 2 ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʠʩʫʥʦʢ 3, 4. 
‐ȟ 

 

‐ȟ 

 

ʈʠʩ. 1 ï ʩʨʝʜʥʷʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʣʢʘ 

ʦʧʣʦʜʦʪʚʦʨʝʥʥʳʭ ʠ ʥʝ 

ʦʧʣʦʜʦʪʚʦʨʝʥʥʳʭ ʷʠʮ 

ʈʠʩ. 2 ï ʩʨʝʜʥʷʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʞʝʣʪʢʘ 

ʦʧʣʦʜʦʪʚʦʨʝʥʥʳʭ ʠ ʥʝ 

ʦʧʣʦʜʦʪʚʦʨʝʥʥʳʭ ʷʠʮ 
‐ȟȟ

‐ȟ
 

 

‐ȟȟ

‐ȟ
 

 

ʈʠʩ. 3 ï ʩʨʝʜʥʷʷ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʣʢʘ 

ʦʧʣʦʜʦʪʚʦʨʝʥʥʳʭ ʠ ʥʝ 

ʦʧʣʦʜʦʪʚʦʨʝʥʥʳʭ ʷʠʮ 

ʈʠʩ. 4 ï ʩʨʝʜʥʷʷ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʞʝʣʪʢʘ 

ʦʧʣʦʜʦʪʚʦʨʝʥʥʳʭ ʠ ʥʝ 

ʦʧʣʦʜʦʪʚʦʨʝʥʥʳʭ ʷʠʮ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʦʧʣʦʜʦʪʚʦʨʝʥʥʳʭ ʷʡʮʘʭ ʤʝʥʴʰʝ 

(ʨʠʩʫʥʦʢ 1 ʥʠʞʥʠʡ ʛʨʘʬʠʢ) ʯʝʤ ʚ ʤʘʛʘʟʠʥʥʳʭ. ɾʝʣʪʢʠ ʧʨʠ ʟʘʤʝʨʝ ʜʘʚʘʣʠ 

ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʠʟ-ʟʘ ʙʳʩʪʨʦʛʦ 

ʩʚʦʨʘʯʠʚʘʥʠʷ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ (ʨʠʩʫʥʦʢ 2) 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ˉ9.  


