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ɸʥʥʦʪʘʮʠʷ 
ɼʦʢʣʘʜ ʧʦʩʚʷʱʸʥ ʦʧʠʩʘʥʠʶ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʮʝʧʮʠʠ ʠ ʩʦʟʜʘʥʠʷ 

ʤʘʢʝʪʘ ʙʝʩʧʨʦʚʦʜʥʦʡ ʣʠʥʠʠ ʩʚʷʟʠ ʩʫʙʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʝʤʦʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʦʛʦ ʤʦʜʫʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʩʦʚʤʝʩʪʥʦ ʩʦ 

ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. 

 

Abstract 
The report is devoted to the description of the development of the 

concept and creation of a layout of a wireless communication line of the sub-

terahertz range. 

Special attention is paid to the organization of data transmission 

reception using a digital module working in conjunction with special software. 
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1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʷʚʣʷʝʪʩʷ ʦʩʚʦʝʥʠʝ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʟʘʥʠʤʘʶʱʝʛʦ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤʠ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʠ 

ʦʧʪʠʯʝʩʢʠʤ ʫʯʘʩʪʢʘʤʠ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [1]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʵʪʦʡ ʩʬʝʨʝ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʚ ʜʘʥʥʦʡ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ [2]. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʘʙʦʪʳ ʚ ʥʝʤ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʫʟʣʦʚ ʜʣʷ ʩʫʙʪʝʨʘʛʝʨʮʦʚʦʡ 

ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʤʘʢʝʪʘ ʠ ʠʩʧʳʪʘʥʠʷ 

ɺʥʘʯʘʣʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʚʳʙʦʨ ʜʠʘʧʘʟʦʥʘ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʠ ʨʘʩʯʝʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʘ ʩʚʷʟʠ ʜʣʷ ʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ 220 ɻɻʮ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʥʝʦʙʭʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ 

ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 1 ɻʙ/ʩ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ 1 ʢʤ. ʇʨʠ ʫʯʸʪʝ ʚʳʙʨʘʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ 

ʧʨʠʝʤʥʠʢʘ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ, 

ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 240 ʤʢɺʪ.  

ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ, ʚ 

ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 200-220 ɻɻʮ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʩʧʦʩʦʙʦʚ ʤʦʜʫʣʷʮʠʠ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʝʜʠʥʩʪʚʝʥʥʦʡ 

ʧʦʜʭʦʜʷʱʝʡ ʩʭʝʤʦʡ ʤʦʜʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʩʭʝʤʘ ʩ ʫʤʥʦʞʠʪʝʣʷʤʠ ʯʘʩʪʦʪʳ, 

ʢʦʪʦʨʘʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʪʴ ʥʘ ʚʳʭʦʜ ʥʠ ʬʘʟʦʚʫʶ, ʥʠ ʢʚʘʜʨʘʪʫʨʥʫʶ 

ʤʦʜʫʣʷʮʠʠ ʙʝʟ ʠʩʢʘʞʝʥʠʡ. ɽʜʠʥʩʪʚʝʥʥʘʷ ʤʦʜʫʣʷʮʠʷ, ʧʦʜʭʦʜʷʱʘʷ ʜʣʷ 

ʪʘʢʦʡ ʩʭʝʤʳ, ï ʵʪʦ ʘʤʧʣʠʪʫʜʥʘʷ ʤʘʥʠʧʫʣʷʮʠʷ ʆʆʂ (On-Off Keying). 

ɸʥʘʣʠʟ, ʧʨʦʠʟʚʝʜʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʧʨʦʭʦʞʜʝʥʠʷ ʘʤʧʣʠʪʫʜʥʦ- ʠ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ 

ʯʝʨʝʟ ʜʠʦʜʥʳʝ ʫʤʥʦʞʠʪʝʣʠ ʯʘʩʪʦʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʧʨʠʝʤʦ-

ʧʝʨʝʜʘʪʯʠʢʘ ʣʠʥʠʠ ʩʚʷʟʠ, ʧʦʢʘʟʘʣ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ 

ʧʨʠʝʤʥʦʤ ʢʦʥʮʝ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʘʟʳ ʥʘ 

180 ʛʨʘʜʫʩʦʚ ʧʨʠ ʯʸʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʫʤʥʦʞʝʥʠʷ. ʊʦʯʥʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʤʧʣʠʪʫʜʥʦ-ʤʘʥʠʧʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʣʶʙʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʫʤʥʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʝʛʦ ʘʤʧʣʠʪʫʜʘ ʟʘʚʠʩʷʪ ʦʪ ʥʘʢʣʦʥʘ 

ɺɸʍ ʜʠʦʜʘ, ʦʪ ʫʛʣʘ ʦʪʩʝʯʢʠ, ʦʪ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʯʘʩʪʦʪʳ ʩʨʝʟʘ 

ʬʠʣʴʪʨʦʚ. 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʝʥʥʳ 

ʠʟʣʫʯʘʪʝʣʝʡ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ʥʝ ʤʝʥʝʝ 50 ʜɹ. ɺ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ 
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ʦʢʘʟʘʣʘʩʴ ʘʥʪʝʥʥʘ ʂʘʩʩʝʛʨʝʥʘ, ʦʙʣʘʜʘʶʱʘʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʢʦʚ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʘʥʪʝʥʥʳ, ʩ ʫʯʸʪʦʤ ʥʝʪʦʯʥʦʩʪʠ ʧʨʠ ʝʸ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ 

ʥʘʩʪʨʦʡʢʠ, ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʪʝʥʥʳ ʚ ʨʘʙʦʯʝʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʨʠ ʧʦʤʦʱʠ ʉɸʇʈ ANSYS HFSS. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʤʘʢʝʪʘ ʧʨʠʝʤʦ-

ʧʝʨʝʜʘʶʱʝʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʥʦʤʥʦʛʦ ʧʠʪʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʥʟʠʥʦʚʳʭ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ 

BER ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʢʦʩʚʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʪʘʙʣʠʮʝ ʯʝʨʝʟ 

ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ ʇʏ ʧʨʠʝʤʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʢʘʥʘʣʘ ʩʚʷʟʠ. 

3. ʎʠʬʨʦʚʦʡ ʤʦʜʫʣʴ ʚ ʩʦʩʪʘʚʝ ʤʘʢʝʪʘ 

ʉ ʮʝʣʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ ʚ ʩʦʩʪʘʚ ʤʘʢʝʪʘ ʙʳʣ ʚʢʣʶʯʝʥ ʮʠʬʨʦʚʦʡ 

ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ ʥʘ ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʝ ʩʥʘʙʞʘʝʪ ʪʨʘʢʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʛʥʘʣʦʤ ʠ ʧʨʝʦʙʨʘʟʫʝʪ ʝʛʦ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘ ʧʨʠʸʤʥʦʡ ʩʪʦʨʦʥʝ. ɼʘʥʥʳʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʦʪʣʘʜʦʯʥʦʡ 

ʧʣʘʪʳ, ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʣʦʛʠʯʝʩʢʘʷ 

ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʭʝʤʘ (ʇʃʀʉ), ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ (ʇʂ), ʩʦ 

ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ (ʇʆ) ʠ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ 

ʇʃʀʉ. 

ɺ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʮʠʬʨʦʚʦʛʦ ʤʦʜʫʣʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʇʃʀʉ ALTERA ʤʦʜʝʣʴ ACEX EP1K50. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʇʆ 

ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ#. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʧʦʜʢʣʶʯʝʥʠʝ ʇʂ ʩ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʦʡ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʥʪʝʨʬʝʡʩʘ USB 2.0, ʢʦʪʦʨʳʡ ʧʨʦʛʨʘʤʤʥʦ ʟʘʤʝʱʘʣʩʷ ʚʠʨʪʫʘʣʴʥʳʤ COM-

ʧʦʨʪʦʤ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʇʃʀʉ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʥʘʙʞʝʥʠʠ ʩʣʫʞʝʙʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ ʩʦʛʣʘʩʥʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ 

ʧʨʦʪʦʢʦʣʫ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʘ ʜʦʢʘʟʘʥʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʘʢʝʪʘ ʩʦʚʤʝʩʪʥʦ ʩ ʮʠʬʨʦʚʳʤ ʤʦʜʫʣʝʤ ʥʘ ʧʨʠʤʝʨʝ 

ʦʜʠʥʦʯʥʳʭ ʪʝʢʩʪʦʚʳʭ ʩʦʦʙʱʝʥʠʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ 

ʧʝʨʝʜʘʯʘ ʪʝʢʩʪʦʚʳʭ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʬʘʡʣʦʚ ʨʘʟʤʝʨʦʤ ʜʦ 500 ʂʙʠʪ. ɼʘʥʥʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʚʳʟʚʘʥʦ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʇʃʀʉ, ʢʦʪʦʨʘʷ ʨʘʚʥʘ 10 

ʄʙʠʪ/ʩ, ʘ ʪʘʢʞʝ ʤʘʣʳʤ ʦʙʲʸʤʦʤ ʙʫʬʝʨʘ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʙʳʣʦ 

ʨʝʰʝʥʦ ʟʘʤʝʥʠʪʴ ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ʮʠʬʨʦʚʦʛʦ ʤʦʜʫʣʷ. ʋʯʠʪʳʚʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʫʣʫʯʰʠʪʴ, ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʇʃʀʉ ʤʘʨʢʠ XILINX ʤʦʜʝʣʴ Virtex-7 FPGA ʚ ʩʦʩʪʘʚʝ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʳ 

VC707. ʆʥʘ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʳʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ 1 ɻʙʠʪ/ʩ ʠ ʫʚʝʣʠʯʝʥʥʳʤ ʦʙʲʸʤʦʤ ʧʘʤʷʪʠ ʙʫʬʝʨʘ.  
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 ʅʘ ʥʦʚʦʡ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʇʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ Ethernet. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʠ ʚʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʇʆ ʠ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʇʃʀʉ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʦʙʨʘʙʦʪʢʘ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ Ethernet II. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʣʠʥʠʠ ʩʚʷʟʠ 

ʩʫʙʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʀʥʪʝʛʨʘʮʠʷ ʮʠʬʨʦʚʦʛʦ ʤʦʜʫʣʷ ʥʘ ʙʘʟʝ 

ʇʃʀʉ ʧʦʟʚʦʣʠʣʘ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʜʘʯʫ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ ʥʘ ʥʝʩʫʱʝʡ 

ʯʘʩʪʦʪʝ 220 ɻɻʮ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ1 ɻʙʠʪ/ʩ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. ʀʩʘʝʚ ɺ.ʄ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ 

ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ / ɺ.ʄ. ʀʩʘʝʚ, ʀ.ʅ. ʂʘʙʘʥʦʚ, ɺ.ɺ. ʂʦʤʘʨʦʚ, ɺ.ʇ. 

ʄʝʱʘʥʦʚ // ʕʣʝʢʪʨʦʥʠʢʘ, ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ, ʨʘʜʠʦʪʝʭʥʠʢʘ ʠ ʩʚʷʟʴ ï 

2014. ï ˉ4 (34). ï ʉ. 5-21. 

2. ɹʠʨʶʢʦʚ ɺ.ɺ., ɺʘʢʩ ɺ.ʃ., ʂʠʩʠʣʝʥʢʦ ʂ.ʀ., ʇʘʥʠʥ ɸ.ʅ., 

ʇʨʠʧʦʣʟʠʥ ʉ.ʀ., ʈʘʝʚʩʢʠʡ ɸ.ʉ., ʑʝʨʙʘʢʦʚ ɺ.ɺ. ʈʘʟʨʘʙʦʪʢʘ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʚ ʩʫʙʪʝʨʘʛʝʨʮʦʚʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ // ʀʟʚʝʩʪʠʷ 

ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʈʘʜʠʦʬʠʟʠʢʘ. 2018. ʊ. 61. ˉ 10. ʉ. 856-866.  
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ɸʥʥʦʪʘʮʠʷ 
ʇʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʤʥʦʛʦʤʦʜʦʚʳʤ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʤ ʣʠʥʠʷʤ ʧʝʨʝʜʘʯʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʚʦʟʥʠʢʘʝʪ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʤʦʜʦʚʘʷ ʟʘʜʝʨʞʢʘ (ɼʄɿ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʦʚʳʤ ʩʦʩʪʘʚʦʤ 

ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʢʦʨʨʝʢʮʠʠ ɼʄɿ.   

 

Abstract 

In multimode fiber optic communication lines, a differentiated mode 

delay (DMD) occurs. In this paper, possible methods for controlling the mode 

composition of the optical signal are considered, and methods for correcting the 

DMD are proposed. 
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1. ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʣʠʥʠʠ ʩʚʷʟʠ ʩʪʨʦʷʪʩʷ ʥʘ ʙʘʟʝ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʨʝʜ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ (ʆɺ) ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʩʚʷʟʠ ʚ ʪʘʢʠʭ ʩʨʝʜʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʸʤ ʧʝʨʝʜʘʯʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʠʤʝʶʱʠʭ ʭʘʨʘʢʪʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʚʦʣʦʢʦʥʥʦʤ ʩʚʝʪʦʚʦʜʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʤʦʜ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʩʪʨʫʢʮʠʠ ʆɺ ʠ ʤʝʪʦʜʘ ʚʦʟʙʫʞʜʝʥʠʷ (ʧʨʠʤʝʥʷʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ) ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʭ ʤʦʜʦʚʳʭ 

ʢʦʤʧʦʥʝʥʪ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʝʜʠʥʠʮ ʜʦ ʜʝʩʷʪʢʦʚ ʠ ʜʘʞʝ ʩʦʪʝʥ ʚ 

ʦʜʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ. ʋʧʦʤʠʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚ ʆɺ, 

ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʪʘʢ ʞʝ ʨʝʞʠʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ 

1986 ʛʦʜʫ ʩʪʘʪʴʝ ɽ. ʄ. ɼʠʘʥʦʚʘ ʠ ɸ. ʄ. ʇʨʦʭʦʨʦʚʘ [1], ʧʦʩʚʷʱʝʥʥʦʡ 25-

ʣʝʪʠʶ ʩʦʟʜʘʥʠʷ ʣʘʟʝʨʘ, ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ çʠʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨʳ ʩʚʝʪʦʚʦʜʘ 

é, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ: ʦʜʥʦʤʦʜʦʚʳʡ, ʤʘʣʦʤʦʜʦʚʳʡ ʩ ʟʘʜʘʥʥʳʤ ʯʠʩʣʦʤ ʤʦʜ, 

ʤʥʦʛʦʤʦʜʦʚʳʡè. ʆʜʥʦʤʦʜʦʚʳʡ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʥʘ ʣʠʥʠʷʭ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ (ʩʚʳʰʝ 2 ʢʤ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʤʥʦʛʦʤʦʜʦʚʳʡ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʣʠʥʠʷʭ ʢʦʤʧʘʢʪʥʳʭ 

ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʘʢʠʭ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʥʦʛʦʤʦʜʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʢ. 

ITU-T G.651.1 [2]. ʊʘʢʠʝ ʷʚʣʝʥʠʷ ʢʘʢ ʥʝʢʨʫʛʣʦʩʪʴ ʩʝʨʜʮʝʚʠʥʳ ʠ ʦʙʦʣʦʯʢʠ, 

ʥʝʢʦʥʮʝʥʪʨʠʯʥʦʩʪʴ ʩʝʨʜʮʝʚʠʥʳ, ʤʦʜʦʚʦʛʦ ʧʷʪʥʘ, ʧʦʢʨʳʪʠʷ ʠ ʦʙʦʣʦʯʢʠ, 

ʢʘʯʝʩʪʚʦ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ 

(ɺʆʃʇ) ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʨʘʟʣʠʯʠʷ ʛʨʫʧʧʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʪ.ʝ. ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʜʠʩʧʝʨʩʠʠ. 

ɺʣʠʷʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘʢʣʘʜʳʚʘʝʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʤʥʦʛʦʤʦʜʦʚʳʭ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ. ʆʜʥʘʢʦ, ʧʦʩʪʦʷʥʥʦ 

ʨʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʦʙʲʸʤʳ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʘʩʪʘʚʣʷʝʪ ʫʯʸʥʳʭ 

ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʠʩʢʘʪʴ ʥʦʚʳʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ɺʆʃʇ ʠ ʚ ʦʜʥʦʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʣʦʤʦʜʦʚʦʛʦ ʨʝʞʠʤʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʥʷʪʠʝ 

çʤʘʣʦʤʦʜʦʚʳʡ ʦʧʪʠʯʝʩʢʠʡ ʚʦʣʥʦʚʦʜè ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ 

ʚʧʝʨʚʳʝ ʚʚʦʜʠʪʩʷ ʚ ʦʜʥʦʠʤʝʥʥʦʤ ʨʘʟʜʝʣʝ ʤʦʥʦʛʨʘʬʠʠ ʀ.ʀ. ʊʝʫʤʠʥʘ [3], 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ 1978 ʛ. ɺ ʧʫʙʣʠʢʘʮʠʠ [4] ɻ.ʀ. ɻʨʦʜʥʝʚʘ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʨʝʞʠʤ ʤʘʣʦʤʦʜʦʚʦʡ ʧʝʨʝʜʘʯʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʣʦʤʦʜʦʚʳʤ ʩʠʩʪʝʤʘʤ 

ʩʚʷʟʠ, ʜʦʩʪʠʛʘʝʪʩʷ, ʢʦʛʜʘ ʨʘʙʦʯʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ ʜʠʘʤʝʪʨʫ ʩʝʨʜʮʝʚʠʥʳ ʆɺ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʛʝʨʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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(ʣʘʟʝʨʦʚ) ʩ ʤʥʦʛʦʤʦʜʦʚʳʤʠ ʆɺ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 

ʙʫʜʝʪ ʧʝʨʝʥʦʩʠʪʴʩʷ ʧʦ ʤʥʦʛʦʤʦʜʦʚʳʤ ʆɺ ʦʛʨʘʥʠʯʝʥʥʳʤ ʤʦʜʦʚʳʤ 

ʩʦʩʪʘʚʦʤ, ʘʟʠʤʫʪʘʣʴʥʳʡ ʧʦʨʷʜʦʢ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʪʦʨʦʛʦ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ 

ʩʚʷʟʠ ʤʦʜ [5], ʩʦʚʧʘʜʘʝʪ ʩ ʘʟʠʤʫʪʘʣʴʥʳʤ ʧʦʨʷʜʢʦʤ ʤʦʜ ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ 

ʚʭʦʜ ɺʆʃʇ ʩʠʛʥʘʣʘ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʦʜ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʦʙʳʯʥʦʛʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʷʚʣʝʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʤʦʜʦʚʦʡ 

ʟʘʜʝʨʞʢʠ (ɼʄɿ) - ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʨʘʟʥʦʩʪʠ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʤʝʞʜʫ ʩʘʤʦʡ ʙʳʩʪʨʦʡ ʠ ʩʘʤʦʡ ʤʝʜʣʝʥʥʦʡ ʤʦʜʘʤʠ, 

ʚʦʟʙʫʞʜʘʝʤʳʤʠ ʜʣʷ ʚʩʝʭ ʧʦʣʦʞʝʥʠʡ ʨʘʜʠʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ.  

2. ʆʮʝʥʢʘ ʠ ʢʦʨʨʝʢʮʠʷ ɼʄɿ 

ʇʨʦʮʝʩʩ ʦʮʝʥʢʠ ɼʄɿ ʦʧʠʩʘʥ ʚ ɻʆʉʊ ʈ ʤʵʢ 60793-1-49 2014 [6], ʚ 

ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʣʝʛ ʩʪʘʥʜʘʨʪ IEC 60793-1-49:2006 [7] ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʦʟʙʫʞʜʝʥʠʝ ʤʦʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʫʪʝʤ ʟʘʩʚʝʪʢʠ ʪʦʨʮʘ ʆɺ 

ʦʜʥʦʤʦʜʦʚʳʤ ʆɺ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʝʨʝʜʘʸʪ ʠʟʣʫʯʝʥʠʝ ʦʪ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʧʦʵʪʘʧʥʳʤ ʩʤʝʱʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʆɺ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʢʘʨʪ ɼʄɿ ʠ ʜʘʣʴʥʝʡʰʝʡ ʦʮʝʥʢʦʡ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʧʨʠʤʝʥʠʤʘ ʢʘʢ ʢ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʥʦʛʦʤʦʜʦʚʳʤ ʆɺ, ʪʘʢ ʠ ʢ ʚʦʣʦʢʥʘʤ 

ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʩ ʫʚʝʣʠʯʝʥʥʳʤ, ʫʤʝʥʴʰʝʥʥʳʤ ʜʠʘʤʝʪʨʦʤ 

ʩʝʨʜʮʝʚʠʥʳ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʆɺ ʠ ʪ.ʜ.). 

ʂʦʤʧʝʥʩʘʮʠʷ ɼʄɿ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʧʫʪʸʤ ʮʠʬʨʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ (ʎʆʉ), ʪʘʢ ʠ ʧʫʪʸʤ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʦʚʳʤ ʩʦʩʪʘʚʦʤ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʙʣʘʛʦʜʘʨʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʚʦʣʦʢʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʳ ʨʘʙʦʪʳ [8,9] ʛʜʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ (MIMO) ʚ ʩʠʩʪʝʤʘʭ ʩ ʤʦʜʦʚʳʤ 

ʤʫʣʴʪʝʧʣʝʢʩʠʨʦʚʘʥʠʝʤ (MDM), ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʤʦʜʦʚʳʭ ʟʘʜʝʨʞʝʢ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʧʨʦʛʨʘʤʤʥʦʡ ʢʦʨʨʝʢʮʠʠ ʩʠʛʥʘʣʘ ʚʦʟʣʘʛʘʝʪʩʷ ʙʦʣʴʰʘʷ ʥʘʛʨʫʟʢʘ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ: ʧʦʤʠʤʦ ʧʨʦʮʝʩʩʘ ʩʯʠʪʳʚʘʥʠʷ ʩʠʛʥʘʣʘ, ʩʠʩʪʝʤʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʟʘʜʝʨʞʝʢ ʤʦʜ ʨʘʟʣʠʯʥʳʭ ʧʦʨʷʜʢʦʚ ʠ 

ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʩʪʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʘ. ʊʘʢʘʷ ʥʘʛʨʫʟʢʘ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ 

ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ (ʇʃʀʉ), ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʪʦʨʳʭ 

ʚ ʈʌ ʠʜʸʪ, ʦʜʥʘʢʦ ʦʪʩʪʘʸʪ ʦʪ ʚʝʜʫʱʠʭ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʪʘʢʠʭ 

ʢʘʢ Xilinx  (ʧʨʠʥʘʜʣʝʞʠʪ ʇʂ AMD), Altera (ʧʨʠʥʘʜʣʝʞʠʪ ʇʂ Intel) ʠ ʜʨ., 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʢʣʘʜʳʚʘʝʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʢʦʨʨʝʢʪʦʨʦʚ ʩʠʛʥʘʣʘ. ʅʘ ʬʦʥʝ ʵʪʦʛʦ ʬʘʢʪʘ ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʢʦʨʨʝʢʮʠʠ ʩʠʛʥʘʣʘ. ɺ ʦʩʥʦʚʝ ʪʘʢʠʭ 

ʤʝʪʦʜʦʚ ʣʝʞʠʪ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦ- ʠ ʤʘʨʢʦ- ʵʣʝʤʝʥʪʦʚ ʚ 
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ʩʪʨʫʢʪʫʨʝ ɺʆʃʉ. ʂ ʪʘʢʠʤ ʵʣʝʤʝʥʪʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʨʝʰʸʪʢʠ (ɼʇɺʈ) [10], ʪ.ʝ. ʚʦʣʦʢʦʥʥʳʝ ʙʨʵʛʛʦʚʩʢʠʝ 

ʨʝʰʸʪʢʠ (ɺɹʈ), ʤʘʢʨʦʜʝʬʝʢʪʳ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

çʙʦʯʢʠè ʠ çʧʝʨʝʪʷʞʢʠè) ʠ ʜʨʫʛʠʝ. ɺ ʦʩʥʦʚʝ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʣʝʞʠʪ ʧʨʠʥʮʠʧ 

ʧʝʨʝʢʘʯʢʠ ʵʥʝʨʛʠʠ ʠʟ ʤʦʜ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʤʦʜʳ ʜʨʫʛʦʛʦ. ʀʟʚʝʩʪʥʳ 

ʨʘʙʦʪʳ [11, 12], ʛʜʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʟʘʧʠʩʠ ɺɹʈ ʢʘʢ ʥʘ 

ʦʙʳʯʥʳʝ ʆɺ, ʪʘʢ ʠ ʥʘ ʧʨʝʮʠʟʠʦʥʥʳʝ ʜʝʬʝʢʪʳ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, 

ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʤʦʜʦʚʳʡ ʩʦʩʪʘʚ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʚ ʤʘʣʦʤʦʜʦʚʦʤ ʨʝʞʠʤʝ 

ʩʠʛʥʘʣʘ.   

ʆʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʫʧʨʘʚʣʝʥʠʷ 

ʤʦʜʦʚʳʤ ʩʦʩʪʘʚʦʤ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʆɺ. ʇʨʠʤʝʥʝʥʠʝ 

ʪʘʢʠʭ ʆɺ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʥʘ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚ ʤʘʣʦʤʦʜʦʚʦʤʫ 

ʨʝʞʠʤʫ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʳʯʥʳʭ ʚʦʣʦʢʥʘʭ. ʆʜʥʘʢʦ, ʚʦʧʨʦʩ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʚ ʪʘʢʠʭ ʚʦʣʦʢʥʘʭ ʪʘʢʞʝ ʠʥʪʝʨʝʩʝʥ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʚʠʭʨʝʚʳʭ ʤʦʜ (optical vortex). ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ [13] ʧʦ ʠʟʫʯʝʥʠʶ ʆɺ ʚ ʥʘʚʝʜʸʥʥʦʡ ʢʠʨʘʣʴʥʦʩʪʴʶ 

ʥʘ ʧʨʝʜʤʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʚʠʭʨʝʚʳʭ ʤʦʜ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʤʦʜʦʚʦʡ ʟʘʜʝʨʞʢʠ. ʇʨʦʠʟʚʝʜʝʥ ʦʙʟʦʨ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ɼʄɿ ʥʘ ɺʆʃʉ ʠ ʝʸ ʢʦʨʨʝʢʮʠʠ, ʘ 

ʪʘʢʞʝ ʧʨʦʠʟʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʤʦʜʦʚʳʤ ʩʦʩʪʘʚʦʤ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʦʣʦʢʥʘʭ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 
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ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʚʳʩʦʪʦʡ ʩʪʫʧʝʥʯʘʪʦʛʦ ʧʨʦʬʠʣʷ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʥʘʚʝʜʝʥʥʦʡ ʢʠʨʘʣʴʥʦʩʪʴʶ // ʊʨʫʜʳ ʫʯʝʙʥʳʭ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʥʝʧʣʘʥʘʨʥʳʝ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ 

ʩʪʨʫʢʪʫʨʳ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ ʜʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʚʝʱʝʩʪʚ ʚ ʉɺʏ-ʜʠʘʧʘʟʦʥʝ. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ, ʨʝʟʫʣʴʪʘʪʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʤʝʨʝʥʠʶ ʪʚʝʨʜʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 

Abstract 

This paper describes nonplanar serpentine microstrip structures for 

dielectric testing of materials and substances in the microwave range. The basic 

prerequisites for the creation and use of such structures, the results of 

mathematical and computer modeling, as well as the results of experiments on 

measuring solid dielectric materials using the developed sensitive elements are 

given. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʵʢʩʧʨʝʩʩ ʜʠʘʛʥʦʩʪʠʢʘ ʜʠʵʣʝʢʪʨʠʢʦʚ ʧʨʠʦʙʨʝʣʘ 

ʥʝʙʳʚʘʝʤʳʡ ʨʘʟʤʘʭ, ʢʘʢ ʥʘ ʙʦʣʴʰʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʪʘʢ ʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʀʟʤʝʨʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ ʜʣʷ 

ʫʪʦʯʥʝʥʠʷ ʠʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʚʦʣʴʥʦ 
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ʚʦʩʪʨʝʙʦʚʘʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦʚʦʣʴʥʦ 

ʫʟʢʦʥʘʧʨʘʚʣʝʥʳ ʠ ʦʪʜʝʣʴʥʳʝ ʜʘʪʯʠʢʠ ʧʦʜʭʦʜʷʪ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ ʪʠʧʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʪʚʝʨʜʳʝ ʠʣʠ ʩʳʧʫʯʠʝ/ʞʠʜʢʠʝ). ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ 

ʙʳʣʦ ʨʝʰʝʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʣʘ 

ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʢʦʥʪʨʦʣʷ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʝʥʩʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʠʟʤʝʨʷʶʱʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʪʢʨʳʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ [1], ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʙʨʵʛʛʦʚʩʢʦʤ ʦʪʨʘʞʝʥʠʠ [2] ʘ ʪʘʢʞʝ 

ʨʝʟʦʥʘʥʩʥʳʝ ʜʘʪʯʠʢʠ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʧʦʩʪʨʦʝʥ ʥʘ ʩʚʦʡʩʪʚʘʭ 

ʙʨʵʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ. ʅʘ ʨʠʩ. 1ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʥʝʧʣʘʥʘʨʥʦʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʟʤʝʝʚʠʜʥʦʡ 

ʬʦʨʤʳ, ʥʘ ʨʠʩ. 1ʙ ʧʨʠʚʝʜʝʥ ʝʝ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ. 

ʘ)  ʙ)  
ʈʠʩ. 1 ï ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʘ) ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ 

ʥʝʧʣʘʥʘʨʥʦʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ; ʙ) ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ ʥʝʧʣʘʥʘʨʥʦʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ  

ʨʠʩ. 1ʙ ʚʠʜʥʦ, ʯʪʦ ʚ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ 

ʠʤʝʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʨʝʟʦʥʘʥʩʳ, ʘ ʥʘ 

ʯʘʩʪʦʪʝ 2,5 ɻɻʮ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʙʦʯʥʳʡ ʨʝʟʦʥʘʥʩ. ʇʨʠ ʚʘʨʠʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ (ʫʤʝʥʴʰʝʥʠʷ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ) ʜʘʥʥʳʡ 

ʨʝʟʦʥʘʥʩ ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʧʠʩʘʥʥʳʡ 

ʨʝʟʦʥʘʥʩ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʘʥʥʳʭ ʣʠʥʠʡ ʚ ʤʝʩʪʘʭ, ʛʜʝ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʘʷ ʣʠʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ ʩʚʦʝʤʫ 

ʧʨʦʜʦʣʞʝʥʠʶ ʧʦʩʣʝ ʧʝʨʝʛʠʙʘ. 

ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʧʣʘʥʘʨʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʩʚʷʟʘʥʥʫʶ ʣʠʥʠʶ ʟʘʤʢʥʫʪʫʶ ʥʘ ʢʦʥʮʝ. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʯʝʪʥʳʭ ʠ ʥʝʯʝʪʥʳʭ ʤʦʜ ʚ ʩʪʨʫʢʪʫʨʝ ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʝʪʦʜ [3]. 

ɿʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚʦʣʥʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʯʝʪʥʳʭ ʠ ʥʝʯʝʪʥʳʭ ʤʦʜ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ ʦʜʥʦʡ ʷʯʝʡʢʠ. ɼʣʷ 

ʵʪʦʛʦ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʪʫʧʝʥʯʘʪʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʣʘʚʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ 
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ʣʠʥʠʠ ʠ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʯʝʪʥʳʭ ʠ ʥʝʯʝʪʥʳʭ ʤʦʜ 

ʤʝʪʦʜʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʤʧʝʜʘʥʩʘ [4]. 

ʘ)  ʙ)  

ʈʠʩ. 2 ï ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʘ) ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʜʘʯʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ; ʙ) ʌʘʟʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʟ 

ʛʨʘʬʠʢʘ (ʨʠʩ. 3ʘ) ʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʣʠʥʝʡʥʦʩʪʴ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʬʘʟʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʝʱʝʩʪʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʤʝʞʜʫ 

ʣʠʥʠʷʤʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʦʪʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʇʦʣʫʯʝʥʥʘʷ S ï ʤʘʪʨʠʮʘ ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʟʤʥʦʞʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʡ ʥʝʧʣʘʥʘʨʥʦʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ 

ʣʠʥʠʠ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʘʣʠʯʠʷ ʵʬʬʝʢʪʘ ʩʚʷʟʘʥʥʳʭ ʣʠʥʠʡ ʥʘ 

ʯʘʩʪʦʪʝ ʧʦʙʦʯʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʚʠʜʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʙʨʵʛʛʦʚʩʢʦʤ ʠ ʧʦʙʦʯʥʦʤ 

ʨʝʟʦʥʘʥʩʘʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3. 

ʘ)  ʙ)  

ʈʠʩ. 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘ 

ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʘ) ʙʨʵʛʛʦʚʩʢʠʡ ʨʝʟʦʥʘʥʩ; ʙ) ʧʦʙʦʯʥʳʡ ʨʝʟʦʥʘʥʩ 

ʀʟ ʨʠʩ. 3ʙ ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʥʘ ʧʦʙʦʯʥʦʤ ʨʝʟʦʥʘʥʩʝ ʥʘʤʥʦʛʦ ʠʥʪʝʥʩʠʚʥʝʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʙʨʵʛʛʦʚʩʢʠʤ ʨʝʟʦʥʘʥʩʦʤ ʧʨʠʚʝʜʝʥʥʳʤ ʥʘ ʨʠʩ. 3ʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘ ʧʦʙʦʯʥʦʤ ʨʝʟʦʥʘʥʩʝ ʙʫʜʝʪ ʚʳʰʝ. 

ɼʘʥʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʧʦʜʢʨʝʧʣʝʥʦ ʧʨʦʚʝʜʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦ 

ʠʟʤʝʨʝʥʠʶ ʪʚʝʨʜʦʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʢʝʪʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʩʣʦʞʥʦʡ ʟʤʝʝʚʠʜʥʦʡ 

ʬʦʨʤʳ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
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ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪʨʘʞʝʥʘ ʚ [5]. ʄʘʢʝʪ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʠ ʠʟʤʝʨʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4. 

ʘ  ʙ  

ʈʠʩ. 4 ï ʘ) ʄʘʢʝʪʥʳʡ ʦʙʨʘʟʝʮ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʝʧʣʘʥʘʨʥʦʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ 

ʣʠʥʠʠ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ, ʙ) ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʠ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʥʝʧʣʘʥʘʨʥʦʡ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʤʘʢʝʪʘ ʥʝʧʣʘʥʘʨʥʦʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ 

ʣʠʥʠʠ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ ʠ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʴʶ ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʩʤʝʰʝʥʠʝ ʨʝʟʦʥʘʥʩʘ ʚʚʝʨʭ ʧʦ ʯʘʩʪʦʪʝ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʜʦʙʨʦʪʥʦʩʪʴ ʠ ʘʤʧʣʠʪʫʜʘ ʨʝʟʦʥʘʥʩʘ ʟʘʤʝʪʥʦ ʚʳʨʦʩʣʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʚʥʝ ʨʝʟʦʥʘʥʩʦʚ ʟʘʤʝʪʥʦ ʭʫʞʝ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʦʜʝʣʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʩʪʠʢʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʧʨʠ ʧʝʯʘʪʠ 

ʧʦʜʣʦʞʢʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʬʠʟʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʪʝʨʠʘʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʠʟʛʦʪʦʚʣʝʥʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʜʣʦʞʢʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣ ʚʳʙʨʘʥ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʫʩʦʢ ʬʪʦʨʦʧʣʘʩʪʘ ʜʠʘʤʝʪʨʦʤ D=51 ʤʤ ʠ ʚʳʩʦʪʦʡ H=67 

ʤʤ. ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 5ʘ. 

ʘ  ʙ  

ʈʠʩ. 5 ï ʘ) ʄʘʢʝʪ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ; ʙ) ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʀʟʤʝʥʝʥʠʝ ʬʘʟʳ ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʩʦʩʪʘʚʠʣʦ ʧʦʨʷʜʢʘ 90 

ʛʨʘʜʫʩʦʚ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5ʙ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʥʝʧʣʘʥʘʨʥʦʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʪʚʝʨʜʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʜʦʙʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʠʤʝʝʪ 
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ʟʘʤʝʪʥʦ ʤʝʥʴʰʠʝ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʫʶ 

ʤʠʥʠʤʠʟʘʮʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʠʨʦʜʝ 

ʙʨʵʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʮʝʥʦʯʥʦ ʦʩʪʘʝʪʩʷ ʧʦʜʦʙʥʦʡ, ʢʘʢ ʠ ʫ ʧʣʘʥʘʨʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ ʪʚʝʨʜʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 
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GENERATION OF SIGNALS CARRYING ORBITAL ANGULAR 

MOMENTUM WITH INTEGRATED PHOTONICS  
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Stepanov I.V., Sultanov A. K. 

(Ufa State Aviation Technical University, Ufa) 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʦʢ ʬʦʪʦʥʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʩʭʝʤ, ʨʝʰʘʶʱʠʭ ʟʘʜʘʯʫ ʛʝʥʝʨʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʧʝʨʝʥʦʩʷʱʠʭ 

ʟʘʜʘʥʥʳʡ ʦʨʙʠʪʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʠʣʠ ʢʦʤʧʦʟʠʮʠʠ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ. 

ʇʨʠʚʦʜʷʪʩʷ ʨʝʰʝʥʠʷ ʜʚʫʭ ʪʠʧʦʚ: ʛʝʥʝʨʘʮʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʚʥʝ 

ʧʣʦʩʢʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʯʠʧʘ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ 

ʚʦʣʥʦʚʦʜʝ ʚ ʧʣʦʩʢʦʩʪʠ ʯʠʧʘ. 

 

Abstract 

The paper describes the development of photonic-integrated circuits that 

solve the problem of generating optical signals that carry a given orbital 

angular momentum or compositions of such signals. Solutions of two types are 

presented: generation of an optical beam out-of-plane of the optical chip and 

directly in the integrated waveguide of the chip. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʧʪʠʯʝʩʢʠʝ ʧʫʯʢʠ, ʧʝʨʝʥʦʩʷʱʠʝ ʦʨʙʠʪʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ 

(ʆʋʄ), ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʚʳʟʳʚʘʶʪ ʠʥʪʝʨʝʩ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 30 ʣʝʪ [1]. ɺʘʞʥʝʡʰʠʤʠ 

ʧʨʠʣʦʞʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ 

ʢʘʥʘʣʦʚ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʆʋʄ ʚ ʢʚʘʥʪʦʚʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʦʧʪʠʯʝʩʢʠʭ ʧʠʥʮʝʪʘʭ ʠ ʚʨʘʱʘʶʱʠʭ 
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ʤʘʥʠʧʫʣʷʪʦʨʘʭ ʠ ʜʨ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ 

ʩʪʘʙʠʣʴʥʘʷ ʛʝʥʝʨʘʮʠʷ ʚʠʭʨʝʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʨʝʘʣʠʟʘʮʠʷ ʛʝʥʝʨʘʪʦʨʦʚ ʥʘ ʬʦʪʦʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤʘʭ, ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ, ʤʠʥʠʘʪʶʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

2. ɻʝʥʝʨʘʮʠʷ ʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ʚ ʧʣʦʩʢʦʩʪʠ ʬʦʪʦʥʥʳʭ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ. 

ɻʝʥʝʨʘʮʠʷ ʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ 

ʚʦʣʥʦʚʦʜʝ ʦʙʣʘʜʘʝʪ ʥʝʦʩʧʦʨʠʤʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ ʧʨʦʩʪʦʪʝ ʚʚʦʜʘ 

ʧʦʣʫʯʝʥʥʦʛʦ ʚʠʭʨʷ ʚ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʤʝʪʦʜʦʤ ʪʦʨʮʝʚʦʡ ʩʪʳʢʦʚʢʠ 

(ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʨʘʩʯʝʪ ʪʵʡʧʝʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʚʷʟʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʜ ʚʦʣʦʢʥʘ ʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ). ʆʜʥʘʢʦ ʪʘʢʦʡ 

ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʌʀʉ ʩ ʚʳʩʦʪʦʡ ʩʚʝʪʦʚʦʜʥʦʛʦ ʩʣʦʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʘʣʦʤʦʜʦʚʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʚʝʪʦʚʦʜʘ.  

ʅʘʤʠ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘ ʛʝʥʝʨʘʮʠʠ ʚʠʭʨʝʡ Ñ1 

ʧʦʨʷʜʢʘ. 

ʇʝʨʚʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʣʦʞʝʥʠʠ ʤʦʜ TE01 ʠ TE10 ʚ ʩʚʝʪʦʚʦʜʝ ʩ 

ʥʝʦʙʭʦʜʠʤʳʤ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʠʭʨʷ. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʭʝʤʘ ʩ ʜʚʫʤʷ ʚʝʪʚʷʤʠ, ʚ ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʤʦʜʘ TE01, ʘ ʚ ʜʨʫʛʦʡ ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʤʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʰʝʪʦʢ ʚʚʦʜʘ. ʉ ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪʚʝʪʚʠʪʝʣʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ ʩʚʷʟʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʦʜʳ ʠʟ ʚʪʦʨʦʛʦ 

ʩʚʝʪʦʚʦʜʘ ʚ ʤʦʜʫ TE10 ʧʝʨʚʦʛʦ, ʠ ʚ ʥʝʤ ʬʦʨʤʠʨʫʝʪʩʷ ʚʠʭʨʴ [2]. 

ɺʦ ʚʪʦʨʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʜʠʬʨʘʢʮʠʦʥʥʘʷ 

ʨʝʰʝʪʢʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʧʦʣʫʯʘʝʤʘʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʨʝʰʝʪʦʢ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʤʦʜ TE10 ʠ TE01 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ ʩʫʧʝʨʧʦʟʠʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʨʝʰʝʪʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʯʠʩʪʦʪʳ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʚʠʭʨʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʩʚʝʨʭʢʦʤʧʘʢʪʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʨʝʰʸʪʢʫ, ʪʵʡʧʝʨ ʠ ʚʳʭʦʜʥʦʡ ʚʦʣʥʦʚʦʜ [3]. 

  
ʘ ʙ 

ʈʠʩ. 1 ï ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʛʝʥʝʨʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ʚ ʧʣʦʩʢʦʩʪʠ ʌʀʉ: 

ʘ ï ʩʭʝʤʘ ʩ ʜʚʫʤʷ ʚʝʪʚʷʤʠ [2]; ʙ ï ʩʭʝʤʘ ʩ ʦʜʥʦʡ ʨʝʰʸʪʢʦʡ [3] 
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3. ɻʝʥʝʨʘʮʠʷ ʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ʚʥʝ ʧʣʦʩʢʦʩʪʠ ʬʦʪʦʥʥʦʡ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʳ 

ʀʟʚʝʩʪʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʚʠʭʨʷ ʚʥʝ ʧʣʦʩʢʦʩʪʠ ʯʠʧʘ 

ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ. ʅʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʛʝʥʝʨʘʪʦʨ, ʩʧʦʩʦʙʥʳʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʣʫʯʘʪʴ ʜʚʝ ʧʘʨʳ ʩʦʧʨʷʞʝʥʥʳʭ ʚʠʭʨʝʡ ʨʘʟʣʠʯʥʳʭ 

ʧʦʨʷʜʢʦʚ. ʊʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʨʝʟʦʥʘʪʦʨʘ ʠ ʜʚʫʭ ʚʦʣʥʦʚʦʜʦʚ 

ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʘʟʦʚʳʡ ʩʠʥʭʨʦʥʠʟʤ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʤʦʜʘʤʠ ʨʝʟʦʥʘʪʦʨʘ (ʩʤ. ʨʠʩ. 2). ɺ ʢʘʯʝʩʪʚʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚʧʝʨʚʳʝ 

ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʚʳʝʤʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ 

ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʚʠʭʨʝʡ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʤʝʨʦʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʩʝʯʝʥʠʠ 

ʩʚʝʪʦʚʦʜʘ ʨʝʟʦʥʘʪʦʨʘ. 

 
ʈʠʩ. 2 ï ʂʦʥʩʪʨʫʢʮʠʷ ʛʝʥʝʨʘʪʦʨʘ, ʠʟʣʫʯʘʶʱʝʛʦ ʜʚʝ ʧʘʨʳ ʩʦʧʨʷʞʝʥʥʳʭ ʚʠʭʨʝʡ [4] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʯʝʪʳʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʜʦʚʳʭ ʢʘʥʘʣʦʚ ʩ ʥʝʟʘʚʠʩʠʤʦʡ 

ʤʦʜʫʣʷʮʠʝʡ. ʊʘʢʞʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʠʢʘ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʜʝʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ, ʧʝʨʝʥʦʩʠʤʳʭ ʚʠʭʨʝʚʳʤʠ 

ʤʦʜʘʤʠ ʚ ʦʧʪʠʯʝʩʢʦʤ ʧʫʯʢʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʨʝʘʣʠʟʘʮʠʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʦʨʷʜʢʘ ʠʟʣʫʯʘʝʤʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʚʠʭʨʷ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʢʨʦʢʦʣʴʮʝʚʦʡ 

ʨʝʟʦʥʘʪʦʨ, ʚʳʧʦʣʥʝʥʥʳʡ ʥʘ ʧʣʘʪʬʦʨʤʝ ʢʨʝʤʥʠʡ-ʥʘ-ʠʟʦʣʷʪʦʨʝ ʠ 

ʚʩʪʨʦʝʥʥʳʤ ʚ ʥʝʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʜʠʦʜʦʤ ʩ ʦʙʝʜʥʝʥʥʳʤ pn-

ʧʝʨʝʭʦʜʦʤ (ʩʤ. ʨʠʩ. 3).  

 

 
ʈʠʩ. 3 ï ʂʦʥʩʪʨʫʢʮʠʷ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ (ʚʳʰʝ) ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʝʡ ʚʩʪʨʦʝʥʥʦʛʦ ʜʠʦʜʘ (ʥʠʞʝ) 
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ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 

ʩʚʝʪʦʚʦʜʘ ʢʦʣʴʮʘ ʩ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʉʦʨʝʬʘ-ɹʝʥʥʝʪʘ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʧʘʢʝʪʝ Ansys Lumerical. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʢʦʣʝʮ ʩ ʤʘʣʳʤ ʨʘʜʠʫʩʦʤ (ʧʦʨʷʜʢʘ 5 ʤʢʤ) 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʝʟʦʥʘʥʩʥʳʡ ʩʜʚʠʛ, ʨʘʚʥʳʡ ʠʣʠ ʧʨʝʚʳʰʘʶʱʠʡ 

ʩʚʦʙʦʜʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʫʩʪʨʦʡʩʪʚʘ (FSR). ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ 

ʵʪʦʛʦ ï ʟʥʘʯʝʥʠʝ FSR ʤʘʣʝʥʴʢʦʛʦ ʢʦʣʴʮʘ, ʨʘʚʥʦʝ ʧʨʠʤʝʨʥʦ 18 ʥʤ, ʘ ʜʣʠʥʘ 

ʣʝʛʠʨʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʣʠʰʢʦʤ ʤʘʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʫʣʷʮʠʷ ʧʦʨʷʜʢʘ ʆʋʄ ʙʳʣʘ 

ʥʝʚʦʟʤʦʞʥʘ, ʥʦ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ pn-ʜʠʦʜʘ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ 

ʨʝʟʦʥʘʥʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʤʠʪʪʝʨʘ OʋM. 

ɺ ʩʣʫʯʘʝ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʦʣʝʮ (ʩ ʨʘʜʠʫʩʦʤ ʙʦʣʝʝ 25 ʤʢʤ) ʟʥʘʯʝʥʠʝ 

FSR ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʤ, ʯʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʆʋʄ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʤʦʜʫʣʷʮʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ 

ʚ ʧʦʨʷʜʢʝ OʋM. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟʣʫʯʘʝʤʳʡ 

ʚʠʭʨʝʚʦʡ ʧʫʯʦʢ ʜʦʚʦʣʴʥʦ ʯʠʩʪʳʡ (ʫʨʦʚʝʥʴ ʯʠʩʪʦʪʳ ʦʢʦʣʦ 90%). 

  
ʘ ʙ 

ʈʠʩ. 4 ï ʈʘʩʩʯʠʪʘʥʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʫʭ ʢʦʣʴʮʝʚʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʩ 

ʣʝʛʠʨʦʚʘʥʠʝʤ: ʘ ï ʢʦʣʴʮʦ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ; ʙ ï ʢʦʣʴʮʦ ʩ ʨʘʜʠʫʩʦʤ ʙʦʣʝʝ 25 ʤʢʤ 

4. ʇʨʠʤʝʥʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ 

ɺʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʥʪʝʛʨʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʦʢ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ. ʂʣʶʯʝʚʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ 

ʢʦʤʤʫʥʠʢʘʮʠʠ, ʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʠʜʠʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ʚ ʘʪʤʦʩʬʝʨʥʦʡ ʦʧʪʠʢʝ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʣʠʥʠʡ ʤʘʣʦʡ ʜʘʣʴʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʊʘʢʞʝ ʥʦʚʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ 

ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʨʘʩʪʷʞʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ ʠ ʞʠʜʢʦʩʪʝʡ. ɼʣʷ ʩʝʥʩʦʨʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʢʠ 

ʛʝʥʝʨʘʪʦʨʦʚ ʚʠʭʨʝʡ ʚʥʝ ʧʣʦʩʢʦʩʪʠ ʯʠʧʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʩʪʨʦʡʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʠʟʣʫʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʳʧʦʣʥʷʪʴ ʢʘʣʠʙʨʦʚʢʫ ʫʩʪʨʦʡʩʪʚʘ. 

5. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʨʝʜʩʪʚʘʤʠ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʪʦʥʠʢʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʛʝʥʝʨʘʪʦʨʦʚ ʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʢʪʫʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ 

ʚʦʣʦʢʦʥʥʳʭ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʤʫʥʠʢʘʮʠʷʭ ʠ ʩʝʥʩʦʨʥʳʭ 

ʩʠʩʪʝʤʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʅʌ (ʧʨʦʝʢʪ 19-49-

04112) ʚ ʯʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʜʠʟʘʡʥʘ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʨʘʙʦʪ ʧʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʜʣʷ ʌɻɹʆʋ ɺʆ 

çʋɻɸʊʋè (ʢʦʜ ʥʘʫʯʥʦʡ ʪʝʤʳ #FEUE-2021-0013, ʩʦʛʣʘʰʝʥʠʝ ˉ 075-03-

2021-014) ʚ ʤʦʣʦʜʸʞʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʅʆʎ 

çʉʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʫʩʪʨʦʡʩʪʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʪʦʥʠʢʠè ʚ 

ʯʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʪʦʢʦʣʳ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ D ʆɼʄʈ ʚ 

ʘʣʤʘʟʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩ ʘʟʦʪ ʟʘʤʝʱʝʥʥʦʡ ʚʘʢʘʥʩʠʝʡ, ʧʦʢʘʟʘʥʳ ʠʭ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʧʨʝʜʣʦʞʝʥʳ ʚʘʨʠʘʥʪʳ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʨʘʜʠʦʬʦʪʦʥʥʳʭ ʧʦʜʭʦʜʦʚ. 

 

Abstract 

In this report, we consider temperature measurement protocols used in 

the analysis of the frequency shift D ODMR in diamond crystals with a NV-

centers, show their advantages and disadvantages, and propose options for their 

modernization based on microwave photonic approaches. 

 

1. ɺʚʝʜʝʥʠʝ 

ʂʚʘʥʪʦʚʳʡ ʜʘʪʯʠʢ ʩ ʘʟʦʪ-ʟʘʤʝʱʸʥʥʦʡ ʚʘʢʘʥʩʠʝʡ ʚ ʘʣʤʘʟʝ (NV-

ʮʝʥʪʨ) - ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʚʳʩʦʢʦʪʦʯʥʳʡ ʥʘʥʦ-ʨʘʟʤʝʨʥʳʡ ʪʝʨʤʦʤʝʪʨ ʥʘ 

ʦʩʥʦʚʝ ʩʝʥʩʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ.  

ʋʥʠʢʘʣʴʥʦʩʪʴ NV-ʮʝʥʪʨʘ ʢʘʢ ʜʝʬʝʢʪʘ ʘʣʤʘʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʝʛʦ ʩʚʦʡʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʘʥʘʣʦʛʠʯʥʳ ʩʚʦʡʩʪʚʘʤ ʘʪʦʤʘ, ʙʫʜʴ ʪʦʪ 

çʟʘʤʦʨʦʞʝʥè ʚ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ: ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʠʥʳ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʣʝʛʢʦ ʤʘʥʠʧʫʣʠʨʫʶʪʩʷ ʦʧʪʠʯʝʩʢʠʤ, ʤʘʛʥʠʪʥʳʤ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʤʠʢʨʦʚʦʣʥʦʚʳʤʠ ʧʦʣʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʳʚʘʪʴ 

ʢʚʘʥʪʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʢʫʙʠʪʳ) ʥʘ ʩʧʠʥʝ ʷʜʨʘ ʮʝʥʪʨʘ. ʊʘʢʘʷ 

ʤʘʥʠʧʫʣʷʮʠʷ ʚʦʟʤʦʞʥʘ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʮʝʥʪʨ ʠʤʝʝʪ 
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ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ (ʜʦʩʪʠʛʘʶʱʝʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʩʝʢʫʥʜ) ʚʨʝʤʷ 

ʭʨʘʥʝʥʠʷ ʥʘʚʝʜʸʥʥʦʡ ʩʧʠʥʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ - NV-ʮʝʥʪʨ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʙʘʟʦʚʳʡ 

ʣʦʛʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʙʫʜʫʱʝʛʦ ʢʚʘʥʪʦʚʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʣʠʥʠʡ ʩʚʷʟʠ ʩ ʢʚʘʥʪʦʚʳʤ ʧʨʦʪʦʢʦʣʦʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʧʨʠʤʝʥʝʥʠʡ ʩʧʠʥʪʨʦʥʠʢʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ, ʦʜʥʘ ʠʟ 

ʛʣʘʚʥʳʭ, ʢʚʘʥʪʦʚʘʷ ʩʝʥʩʦʨʠʢʘ.  

NV-ʮʝʥʪʨʳ ʦʙʣʘʜʘʶʪ ʥʝʧʘʨʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʧʠʥʘʤʠ ʚ ʨʝʰʝʪʢʝ 

ʘʣʤʘʟʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʦʧʪʠʯʝʩʢʠ, ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʠ 

ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʆɼʄʈ). ʏʘʩʪʦʪʘ ʨʘʩʱʝʧʣʝʥʠʷ 

ʆɼʄʈ ʧʨʠ ʥʫʣʝʚʦʤ ʧʦʣʝ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ D = 2,87 ɻɻʮ. ʅʘ ʚʝʣʠʯʠʥʫ D ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʣʠʷʶʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ. ʊʝʨʤʦʤʝʪʨʠʷ ʠʩʧʦʣʴʟʫʝʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ D, ʚʦʟʥʠʢʘʶʱʫʶ ʚ ʩʠʣʫ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʨʝʰʝʪʢʠ 

ʘʣʤʘʟʘ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʥʫʪʨʠ ʢʣʝʪʦʢ ʠ ʞʠʚʳʭ ʪʢʘʥʝʡ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦ-ʨʘʟʤʝʨʥʳʭ ʜʘʪʯʠʢʦʚ ï ʦʪ 

50 ʥʤ ʜʦ 1 ʤʤ. ʉʧʠʥʦʚʘʷ ʪʝʨʤʦʤʝʪʨʠʷ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʜʣʷ 

ʨʘʙʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ 150ï1000 ̄ʂ.  

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʪʦʢʦʣʳ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ D ʆɼʄʈ, 

ʧʦʢʘʟʘʥʳ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɼʣʷ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʘ 

ʩʪʨʫʢʪʫʨʘ ʨʘʜʠʦʬʦʪʦʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ 

ʀʣʴʠʥʘ-ʄʦʨʦʟʦʚʘ ʠ ʩʚʝʨʭʫʟʢʦʧʦʣʦʩʥʦʛʦ ʧʘʢʝʪʘ ʜʠʩʢʨʝʪʥʳʭ ʯʘʩʪʦʪ, ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʯʘʩʪʦʪ ʜʣʷ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʆɼʄʈ ʠ ʝʛʦ ʜʦʩʪʘʚʢʠ ʚ ʟʦʥʫ ʠʩʩʣʝʜʫʝʤʳʭ ʢʣʝʪʦʢ ʠ 

ʞʠʚʳʭ ʪʢʘʥʝʡ. ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʟʦʥʝ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʩ ʤʦʱʥʦʩʪʴʶ 30 dBm, ʢʘʢ ʪʠʧʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʥʘ ʧʨʘʢʪʠʢʝ. 

2. ʇʨʦʪʦʢʦʣʳ ʠʟʤʝʨʝʥʠʡ 

ʅʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʪʠʧʘ ʧʨʦʪʦʢʦʣʦʚ ʠʟʤʝʨʝʥʠʡ ʜʣʷ 

ʩʯʠʪʳʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʦʛʦ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʆɼʄʈ ʚ NV- 

ʮʝʥʪʨʘʭ: ʥʝʧʨʝʨʳʚʥʦʝ ʦʜʥʦʯʘʩʪʦʪʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ (ʅʆɿ) ʆɼʄʈ, 

ʜʠʩʢʨʝʪʥʦʛʦ ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ɼʄɿ) ʆɼʄʈ, ʠʤʧʫʣʴʩʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ (ʀɿ) ʆɼʄʈ. 

2.1. ʇʨʦʪʦʢʦʣ ʅʆɿ-ʆɼʄʈ 

ʇʨʦʪʦʢʦʣ ʅʆɿ-ʆɼʄʈ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʧʨʦʩʪʳʤ ʧʨʦʪʦʢʦʣʦʤ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ D. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ [1, 2]: 
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,T C R dD dTh =Dw                                            (1) 

ʛʜʝ C, ȹɤ, R ʠ dD/dT ʦʙʦʟʥʘʯʘʶʪ ʢʦʥʪʨʘʩʪ ʆɼʄʈ, ʰʠʨʠʥʫ ʣʠʥʠʠ ʆɼʄʈ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʥʳʭ ʬʦʪʦʥʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ D 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʅʆɿ-ʆɼʄʈ - ʰʠʨʦʢʠʡ 

ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʠ ʧʨʦʩʪʦʪʘ ʧʝʨʝʩʪʨʦʡʢʠ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʯʘʩʪʦʪ, ʯʪʦ 

ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ, ʢʦʛʜʘ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʩʪʦʪʘ ʵʪʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʪʘʢʞʝ ʚʘʞʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɼʄɿ ʠ ʀɿ. ʍʦʪʷ ʵʪʦʪ ʤʝʪʦʜ ʧʨʦʩʪ ʠ ʜʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ 

ʆɼʄʈ ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠʟʤʝʨʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʳʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, 

ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ. ʕʪʦ ʪʨʝʙʦʚʘʥʠʝ ʜʠʢʪʫʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʨʘʩʱʝʧʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ï ʧʨʦʚʘʣʦʤ ʚ ʧʠʢʝ ʆɼʄʈ, ʢʦʪʦʨʳʡ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ ʠʟʤʝʨʝʥʠʷ ʧʦ 

ʪʦʯʥʦʩʪʠ, ʘ ʨʝʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 8-10 ̄ ʂ/Õɻʮ. 

2.2. ʇʨʦʪʦʢʦʣ ɼʄɿ-ʆɼʄʈ 

ɺ ʧʨʠʥʮʠʧʝ, ɼʄɿ-ʆɼʄʈ ʷʚʣʷʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʅʆɿ-ʆɼʄʈ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ. ɺ ʵʪʦʤ 

ʧʨʦʪʦʢʦʣʝ ʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ ʆɼʄʈ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʦʪʘʭ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʨʦʪʦʢʦʣʳ ʩ ʜʚʫʤʷ, ʪʨʝʤʷ, ʯʝʪʳʨʴʤʷ ʯʘʩʪʦʪʥʳʤʠ 

ʪʦʯʢʘʤʠ. ɺ ʯʝʪʳʨʝʭʪʦʯʝʯʥʦʤ ʚʘʨʠʘʥʪʝ ʪʝʤʧʝʨʘʪʫʨʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʢʘʢ 

( )( )

( )( )
1 2 3 4

4

1 2 3 4

,
I I I I

T
dD dT I I I I

è ø+ - +è ødw
D = é ùé ù

- - -é ùê úê ú
                             (2) 

ʛʜʝ I j ʫʢʘʟʳʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʯʝʪʳʨʝʭ ʯʘʩʪʦʪʥʳʭ 

ʪʦʯʢʠ (ɤj), ŭɤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ɤj = ɤ° Ñ ŭɤ, ʛʜʝ ɤ° - ʵʪʦ ʮʝʥʪʨʳ ʩʢʣʦʥʦʚ 

ʢʦʥʪʫʨʘ ʆɼʄʈ. 

ʕʪʠ ʤʥʦʛʦʪʦʯʝʯʥʳʝ ʤʝʪʦʜʳ ODMR ʫʩʢʦʨʷʶʪ ʦʙʱʫʶ ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʟʚʦʣʷʶʪ ʠʥʪʝʛʨʘʮʠʷ ʙʦʣʴʰʦʛʦ 

ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʤʝʨʥʦ 2 

ʂ̄/Õɻʮ. ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ, 

ʚʳʟʚʘʥʥʘʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʝʩʪʘ ʠʟʤʝʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʩʢʣʦʥʳ ʢʦʥʪʫʨʘ 

ʩʠʤʤʝʪʨʠʯʥʳ. 

2.3. ʇʨʦʪʦʢʦʣ ʀɿ-ʆɼʄʈ 
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ʇʨʦʪʦʢʦʣ ʀɿ-ʆɼʄʈ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʟʘ 

ʩʯʝʪ ʫʩʪʨʘʥʝʥʠʷ ʵʬʬʝʢʪʘ ʜʝʢʦʛʝʨʝʥʮʠʠ ʩʧʠʥʦʚʳʭ ʩʠʩʪʝʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ: 

1 ,T cohC dD dT Rth =                                       (3) 

ʛʜʝ  tcoh ï ʚʨʝʤʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʩʧʠʥʘ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀɿ-

ʆɼʄʈ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

10ï100 ʤʂ̄/Õɻʮ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʅʆɿ-ʆɼʄʈ. ʀ ʥʘʦʙʦʨʦʪ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʙʣʝʤʦʡ. ɺ ʠʤʧʫʣʴʩʥʦʤ ʆɼʄʈ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʥʘʢʣʘʜʥʳʝ 

ʨʘʩʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʨʘʱʝʥʠʝʤ ʠʟʤʝʨʝʥʠʷ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʠʪʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ. ʀʜʝʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʦʧʠʩʘʥʥʘʷ ʚ 

ʫʨʘʚʥʝʥʠʠ (3) ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʚ ʨʝʘʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

2.4. ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʦʠʪ ʨʝʰʠʪʴ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ ʨʘʟʚʠʪʠʷ 

ʧʨʦʪʦʢʦʣʦʚ ʢʚʘʥʪʦʚʦʡ ʪʝʨʤʦʤʝʪʨʠʠ ʥʘ ʦʩʥʦʚʝ NV-ʮʝʥʪʨʦʚ ʘʣʤʘʟʘ, ʭʦʪʷ 

ʦʥʘ ʠ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘʥʦ-

ʨʘʟʤʝʨʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ 

ʘʣʤʘʟʥʦʡ ʢʚʘʥʪʦʚʦʡ ʪʝʨʤʦʤʝʪʨʠʠ ʩʣʝʜʫʝʪ ʩʨʘʚʥʠʪʴ ʩ ʜʨʫʛʠʤʠ 

ʚʦʟʤʦʞʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʪʝʨʤʦʤʝʪʨʠʠ. ʅʘʜʣʝʞʘʱʠʝ ʤʝʪʦʜʳ 

ʪʝʨʤʦʤʝʪʨʠʠ ʠ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʙʨʘʥʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ ʠ ʬʫʥʢʮʠʡ ʚ ʣʶʙʳʭ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʥʘʥʦʤʘʩʰʪʘʙʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘ ʅʆɿ, ʪʘʢ ʠ ɼʄɿ ʠ ʀɿ. ɼʣʷ ʠʭ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʨʘʜʠʦʬʦʪʦʥʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʀʣʴʠʥʘ-ʄʦʨʦʟʦʚʘ ʠʣʠ 

ʩʚʝʨʭʫʟʢʦʧʦʣʦʩʥʦʛʦ ʧʘʢʝʪʘ ʜʠʩʢʨʝʪʥʳʭ ʯʘʩʪʦʪ (ʉʇɼʏ), ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʯʘʩʪʦʪ ʜʣʷ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʆɼʄʈ (ʢʘʢ ʚ ɼʄɿ ʠ ʀɿ ï 

ʤʥʦʛʦʯʘʩʪʦʪʥʳʝ ʧʨʦʪʦʢʦʣʳ) ʠ ʝʛʦ ʜʦʩʪʘʚʢʠ ʚ ʟʦʥʫ ʠʩʩʣʝʜʫʝʤʳʭ ʢʣʝʪʦʢ ʠ 

ʞʠʚʳʭ ʪʢʘʥʝʡ ʥʝʧʨʝʨʳʚʥʦ (ʢʘʢ ʚ ʅʆɿ ï ʦʜʥʦʯʘʩʪʦʪʥʦʤ ʧʨʦʪʦʢʦʣʝ). 

3. ʇʨʦʪʦʢʦʣ ʉʇɼʏ-ʆʄɼʈ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʉʇɼʏ-ʆʄɼʈ ʚ ʩʭʝʤʫ ʠʟʚʝʩʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ 

ʪʝʨʤʦʤʝʪʨʘ ʧʦʩʣʝ ʣʘʟʝʨʘ ʚʩʪʘʚʣʷʝʪʩʷ ʪʘʥʜʝʤʥʳʡ ʘʤʧʣʠʪʫʜʥʳʡ ʬʘʟʦʚʳʡ 

ʤʦʜʫʣʷʪʦʨ, ʫʧʨʘʚʣʷʝʤʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʯʘʩʪʦʪʦʡ ʚ ʦʙʣʘʩʪʠ D. ɺ ʜʦʢʣʘʜʝ 

ʨʘʩʩʤʦʪʨʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʉʇɼʏ ʩ ʢʦʥʪʫʨʦʤ 

ʆɼʄʈ, ʫʯʠʪʳʚʘʶʱʘʷ ʢʦʥʝʯʥʫʶ ʰʠʨʠʥʫ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ. 

ɺʳʚʝʜʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʩʠʛʥʘʣʘ ʙʠʝʥʠʡ ʥʘ ʚʳʭʦʜʝ 
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ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʚ ʩʣʫʯʘʝ ʢʦʥʝʯʥʦʡ ʰʠʨʠʥʳ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ. 

ɸʥʘʣʠʪʠʯʝʩʢʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚʠʜ ʩʧʝʢʪʨʘ ʣʠʥʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʠʤʝʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʰʠʨʠʥʫ. ʅʘ 

ʧʨʠʤʝʨʝ ʢʦʥʪʫʨʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʬʫʥʢʮʠʷʤʠ ɻʘʫʩʩʘ ʠ ʃʦʨʝʥʮʘ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʚʘʣ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʝʚ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʯʘʩʪʠ 

ʢʦʥʪʫʨʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 10-3, ʘ ʜʣʷ ʢʦʥʪʫʨʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʬʫʥʢʮʠʝʡ 

ʃʦʨʝʥʮʘ 10-5, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘ ʧʦʨʷʜʦʢ ʣʫʯʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʀɿ-ʆɼʄʈ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʥʪʫʨʘ ʆɼʄʈ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʚ ʪʦʯʢʘʭ ʧʝʨʝʛʠʙʘ, ʛʜʝ ʥʘʨʫʰʘʝʪʩʷ ʢʨʠʪʝʨʠʡ ʩʚʝʨʭʫʟʢʦʧʣʦʩʥʦʩʪʠ (ʧʨʦʚʘʣ) 

ʠ ʚ ʪʦʡ ʯʘʩʪʠ ʢʦʥʪʫʨʘ, ʛʜʝ ʘʤʧʣʠʪʫʜʳ ʛʘʨʤʦʥʠʢ ʉʇɼʏ ʙʣʠʟʢʠ ʢ ʥʫʣʶ 

(ʭʚʦʩʪʳ ʩʢʣʦʥʦʚ). 

4. ɼʦʩʪʘʚʢʘ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʯʘʩʪʦʪ ʚ ʟʦʥʫ ʠʟʤʝʨʝʥʠʡ  

ʂʣʘʩʩʠʯʝʩʢʠ [1] ʤʠʢʨʦʚʦʣʥʳ ʛʝʥʝʨʠʨʫʶʪʩʷ ʤʠʢʨʦʚʦʣʥʦʚʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʩ ʫʩʠʣʝʥʠʝʤ 45 ʜɹ. ʄʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦʜʘʝʪʩʷ ʥʘ 

ʣʠʥʝʡʥʫʶ ʤʠʢʨʦʚʦʣʥʦʚʫʶ ʘʥʪʝʥʥʘ (ʤʝʜʥʳʡ ʧʨʦʚʦʜ 25 ʤʢʤ), 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ ʜʥʝ ʯʘʰʢʠ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ. ʊʠʧʠʯʥʘʷ 

ʚʦʟʙʫʞʜʝʥʥʘʷ ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚ 

ʅʆɿ-ʆɼʄʈ, ʠʟʤʝʨʝʥʥʘʷ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʠʤʧʝʜʘʥʩʘ ʩʦʩʪʘʚʠʣʘ 

35 ʜɹʤ (3,2 ɺʪ). ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʫʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʟʝʣʝʥʦʛʦ ʣʘʟʝʨʘ, ʝʛʦ ʯʘʩʪʠʯʥʳʡ 

ʦʪʚʦʜ ʥʘ ʬʦʪʦʜʝʪʝʢʪʦʨ ʠ ʜʘʣʝʝ ʥʘ ʫʩʠʣʠʪʝʣʴ. ʏʘʩʪʦʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʤʦʜʫʣʷʪʦʨʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʀʣʴʠʥʘ-ʄʦʨʦʟʦʚʘ ʨʘʚʥʘ ʯʘʩʪʦʪʝ 

ʚʦʟʙʫʞʜʘʝʤʳʭ ʤʠʢʨʦʚʦʣʥ ʟʘ ʩʯʝʪ ʬʦʪʦʩʤʝʰʝʥʠʷ ʥʘ ʬʦʪʦʜʝʪʝʢʪʦʨʝ. ɽʩʣʠ 

ʨʝʘʣʠʟʦʚʘʪʴ ʉɼʇʏ ʤʝʪʦʜ, ʪʘʢʠʭ ʯʘʩʪʦʪ ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ.   

5. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʨʘʜʠʦʬʦʪʦʥʥʳʡ ʧʦʜʭʦʜ, ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʀʣʴʠʥʘ-ʄʦʨʦʟʦʚʘ ʠ ʉʇɼʏ, 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʯʘʩʪʦʪ ʜʣʷ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʆɼʄʈ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʇʨʠʦʨʠʪʝʪ-2030. 
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ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʩʧʦʩʦʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

(ʄʅʏ) ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʳʝ ʚ ʢʣʝʪʠ M-Hela ʠ 

ʤʦʪʦʥʝʡʨʦʥʳ ʥʦʚʳʝ ʄʅʏ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʮʠʪʦʧʣʘʟʤʝ 

ʢʣʝʪʢʠ. ɹʳʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʧʝʨʝʤʝʱʝʥʠʝ ʄʅʏ ʚʥʫʪʨʠ ʢʣʝʪʦʢ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʣʦʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʛʣʦʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʘʣʦʩʴ ʠʟʤʝʨʠʪʴ 

ʚʷʟʢʦʩʪʴ ʮʠʪʦʧʣʘʟʤʳ ʢʣʝʪʦʢ M-Hela. 

 

Abstract 

The research describes methods of using magnetic nanoparticles (MNPs) in 

fundamental biological and medical research. The results obtained by fluorescence 

and transmission electron microscopy showed that new MNPs internalized in the M-

Hela cell and motor neurons are predominantly localized in the cytoplasm of the cell. 

The movement of MNPs inside cells under the influence of a local magnetic field 



29 

 

 

gradient created by an electromagnetic needle was characterized. According to the 

results of the study, it was possible to measure the viscosity of the cytoplasm of M-

Hela cells. 

 

ʅʘʥʦʯʘʩʪʠʮʳ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʚ 

ʦʙʣʘʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʠ 

ʤʝʜʠʮʠʥʳ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʩʝʥʩʦʨʦʚ, ʥʘʥʦʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʘʜʨʝʩʥʦʡ 

ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ, ʚ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ ʠ ʚ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ 

ʪʦʤʦʛʨʘʬʠʠ. ʆʩʦʙʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʛʥʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ 

(ʄʅʏ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʘʛʥʠʪʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʢʣʝʪʢʠ ʠ ʪʢʘʥʠ. ɿʘ ʩʯʝʪ ʛʣʫʙʦʢʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ 

ʞʠʚʳʝ ʪʢʘʥʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʧʦʩʦʙʥʦ ʥʝʠʥʚʘʟʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʩʚʦʡʩʪʚʘ 

ʢʣʝʪʦʢ, ʩ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʳʤʠ ʚ ʥʠʭ ʄʅʏ [1]. ʕʪʦ ʚʣʠʷʥʠʝ ʤʦʞʝʪ 

ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʚʠʜʝ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘ ʩʯʝʪ ʥʘʛʨʝʚʘʥʠʷ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʤʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʤʘʛʥʠʪʦʪʝʨʤʠʝʡ [2]. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʮʝʣʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʧʫʭʦʣʝʚʳʝ 

ʢʣʝʪʢʠ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʣʝʯʝʥʠʶ 

ʦʥʢʦʟʘʙʦʣʝʚʘʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʤʷʛʢʠʭ ʤʘʛʥʠʪʦʪʝʨʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʙʝʩʧʨʦʚʦʜʥʫʶ ʩʪʠʤʫʣʷʮʠʶ ʥʝʡʨʦʥʦʚ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʣʦʢʘʣʠʟʘʮʠʠ ʄʅʏ ʚʥʫʪʨʠ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ TRPV ʨʝʮʝʧʪʦʨʳ ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʝʥʥʦʡ 

ʪʨʘʥʩʬʝʢʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʘʢʪʠʚʠʟʘʮʠʶ ʚ ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʩ ʚʝʣʠʯʠʥʘʤʠ ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ 

ʤʘʛʥʠʪʦʪʝʨʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ [3]. ɽʱʝ ʦʜʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʄʅʏ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʷʚʣʷʝʪʩʷ ʪʝʨʘʧʠʷ ʧʦʚʨʝʞʜʝʥʠʡ 

ʢʣʝʪʦʢ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ (ʎʅʉ). ɺ ʎʅʉ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

ʧʦʚʨʝʞʜʝʥʥʳʝ ʘʢʩʦʥʳ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʥʘʨʫʰʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʛʣʘʫʢʦʤʝ, 

ʠʥʩʫʣʴʪʝ ʠ ʯʝʨʝʧʥʦ-ʤʦʟʛʦʚʳʭ ʪʨʘʚʤʘʭ [4]. ʊʨʘʚʤʠʨʦʚʘʥʥʳʝ ʘʢʩʦʥʳ 

ʥʝʡʨʦʥʦʚ ʎʅʉ ʠʟʥʘʯʘʣʴʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʨʝʤʝʥʥʦʝ ʧʨʦʨʘʩʪʘʥʠʝ 

ʘʢʩʦʥʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʥʝʢʦʪʦʨʦʡ ʚʥʫʪʨʝʥʥʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʨʝʛʝʥʝʨʘʮʠʠ. ʆʜʥʘʢʦ, ʚ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝʤʝʥʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʯʘʩʪʦʪʦʡ 50 ɻʮ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʄʅʏ ʩʧʦʩʦʙʥʦ ʚʣʠʷʪʴ ʥʘ 

ʨʘʟʚʠʪʠʝ ʤʝʟʝʥʭʠʤʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʠ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʘʢʩʦʥʦʚ [5]. 

ʊʘʢʞʝ ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʥʘ ʧʦʚʨʝʞʜʝʥʥʳʡ ʧʦʟʚʦʥʦʯʥʠʢ ʤʳʰʠ ʧʦʩʣʝ ʧʝʨʝʩʘʜʢʠ ʚ ʥʝʛʦ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ ʄʅʏ [6]. ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʤʝʥʷʣʠ ʙʦʣʝʝ 

ʧʨʷʤʦʡ ʧʦʜʭʦʜ ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʥʝʡʨʦʥʦʚ. ʇʨʠ ʧʦʤʦʱʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʄʅʏ ʚ ʢʦʥʫʩʝ ʨʦʩʪʘ ʫʯʝʥʳʝ ʬʦʨʤʠʨʦʚʘʣʠ ʥʘʧʨʘʚʣʝʥʥʳʡ 
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ʨʦʩʪ ʘʢʩʦʥʦʚ. [4]. ɼʣʷ ʣʦʢʘʣʴʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ ʄʅʏ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʠʛʣʫ (ʕʀ), ʧʦʟʚʦʣʷʶʱʫʶ 

ʘʜʨʝʩʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʦʪʜʝʣʴʥʳʝ ʢʣʝʪʢʠ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʳʝ ʄʅʏ 

[7]. ʆʪʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʄʅʏ ʩʪʦʠʪ 

ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʢʘʣʴʮʠʝʚʦʡ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʝʡ ʧʨʠ ʧʦʤʦʱʠ ʥʘʣʦʞʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʄʅʏ ʩʪʠʤʫʣʠʨʫʶʪ ʚʳʜʝʣʝʥʠʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʟʘʧʘʩʦʚ ʢʘʣʴʮʠʷ [8]. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ, 

ʘʢʪʠʚʠʨʦʚʘʪʴ ʛʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʩʪʠ ʠ ʭʨʷʱʘ ʚ 

ʦʩʪʝʦʙʣʘʩʪʘʭ, ʭʦʥʜʨʦʮʠʪʘʭ ʠ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʢʘʭ ʠ 

ʠʥʠʮʠʠʨʫʝʪ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʢʦʩʪʥʦʛʦ ʤʘʪʨʠʢʩʘ in vitro. ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ 

ʨʘʙʦʪʘʭ ɸ. ʊʘʫ ʩ ʢʦʣʣʝʛʘʤʠ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʄʅʏ ʚ ʤʦʪʦʥʝʡʨʦʥʘʭ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʭʦʜʘ ʢʘʣʴʮʠʷ ʚ ʢʣʝʪʢʠ [9]. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ 

ʘʢʪʠʚʠʟʘʮʠʝʡ ʢʘʣʴʮʠʝʚʳʭ ʢʘʥʘʣʦʚ ʤʦʪʦʥʝʡʨʦʥʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʄʅʏ ʥʘ ʢʣʝʪʦʯʥʳʝ ʤʝʤʙʨʘʥʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤ ʜʚʠʞʝʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʧʨʠ ʥʘʣʦʞʝʥʠʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [10].  

ʆʩʦʙʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʚʳʷʩʥʝʥʠʝ ʧʫʪʝʡ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʄʅʏ ʚ 

ʢʣʝʪʢʠ ʠ ʪʢʘʥʠ, ʘ ʪʘʢʞʝ ʥʘʢʦʧʣʝʥʠʝ ʄʅʏ ʚ ʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣʘʭ. ʅʘ 

ʧʫʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʄʅʏ ʚ ʢʣʝʪʢʠ ʠ ʥʘʢʦʧʣʝʥʠʝ ʠʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʝʣʣʘʭ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʣʠʷʝʪ ʧʦʢʨʳʪʠʝ ʥʘʥʦʯʘʩʪʠʮ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʄʅʏ ʣʝʛʢʦ ʧʨʦʥʠʢʘʶʪ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʢʣʝʪʢʘʭ ʚ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ, ʠʩʧʦʣʴʟʫʷ ʜʚʘ ʧʫʪʠ ʵʥʜʦʮʠʪʦʟʘ; ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ 

ʤʘʢʨʦʧʠʥʦʮʠʪʦʟʘ ʠ ʯʘʩʪʠʯʥʦ ʟʘ ʩʯʝʪ ʢʣʘʪʨʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ 

ʵʥʜʦʮʠʪʦʟʘ. ʀʟʫʯʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʄʅʏ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ 

ʦʨʛʘʥʝʣʣʘʭ ʚʘʞʥʦ ʜʣʷ ʣʫʯʰʝʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʪʦʢʩʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ ʥʘ ʨʘʟʥʳʝ ʪʠʧʳ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ in vivo. [11]. ɺ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʦʮʝʥʠʣʠ ʩʪʝʧʝʥʴ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʄʅʏ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ ʚ 

ʨʘʟʣʠʯʥʳʝ ʢʣʝʪʦʯʥʳʝ ʦʨʛʘʥʝʣʣʳ (ʤʠʪʦʭʦʥʜʨʠʠ, ʣʠʟʦʩʦʤʘʤʳ ʠ ʷʜʨʘ ʢʣʝʪʦʢ) 

ʠ ʦʮʝʥʠʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʘʥʠʧʫʣʷʮʠʠ ʄʅʏ ʚ ʦʪʜʝʣʴʥʳʭ 

ʢʣʝʪʢʘʭ ʧʨʠ ʧʦʤʦʱʠ ʤʘʛʥʠʪʥʦʡ ʠʛʣʳ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʄʅʏ 

SPION ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [Ru (dipy) 3] 2+. ʄʅʏ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʠʥʩʪʠʪʫʪʝ ʀʆʌʍ ʠʤ. ɸʨʙʫʟʦʚʘ. ʅʘʣʠʯʠʝ ʘʤʠʥʦʛʨʫʧʧ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʥʪʨʝʥʘʣʠʟʦʚʘʪʴʩʷ ʄʅʏ ʚ ʢʣʝʪʢʠ. 

ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ [Ru (dipy) 3] 2+, ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʳ ʚ ʤʘʪʨʠʮʫ 

ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʚ ʢʨʘʩʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ 

ʄʅʏ ʚ ʢʣʝʪʢʘʭ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʄʅʏ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʟʘ ʩʯʝʪ 

ʚʢʣʶʯʝʥʠʷ ʷʜʝʨ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʚ ʢʨʝʤʥʝʟʝʤʥʫʶ 
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ʤʘʪʨʠʮʫ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʳʭ ʄʅʏ ï ʵʪʦ ʥʘʣʠʯʠʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʝʪʢʠ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ 

ʄʅʏ ʚ ʢʣʝʪʢʘʭ ʠ ʪʢʘʥʷʭ. ʇʝʨʚʠʯʥʘʷ ʢʫʣʴʪʫʨʘ ʤʦʪʦʥʝʡʨʦʥʦʚ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʠʟ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʢʨʳʩʷʪ ɺʠʩʪʘʨ, ʢʣʝʪʢʠ M-

HeLa ï ʠʟ ʢʦʣʣʝʢʮʠʠ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʠʥʩʪʠʪʫʪʘ ʮʠʪʦʣʦʛʠʠ ʈɸʅ. 

ɿʘʛʨʫʟʢʫ ʢʣʝʪʦʢ ʄʅʏ (20 ʤʢʛ/ʤʣ) ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʪʨʝʪʴʠ ʩʫʪʢʠ ʧʦʩʣʝ 

ʧʦʩʝʚʘ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʢʦʣʦʢʘʣʠʟʘʮʠʠ ʄʅʏ ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʘʩʠʪʝʣʴ MitoTracker Green (50 ʥʤʦʣʴ), ʩ ʣʠʟʦʩʦʤʘʤʠ ï 

LysoTracker Blue DND-22 (50 ʥʤʦʣʴ), ʩ ʷʜʨʘʤʠ ï DAPI (1 ʤʢʛ/ʤʣ). ɸʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Leica TCS 

SP5. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʢʣʝʪʢʠ ʬʠʢʩʠʨʦʚʘʣʠ. 

ɼʘʣʝʝ ʦʙʨʘʟʮʳ ʜʝʛʠʜʨʘʪʠʨʦʚʘʣʠ, ʟʘʣʠʚʘʣʠ ʚ ʩʤʦʣʫ ʵʧʦʥ ʠ ʛʦʪʦʚʠʣʠ ʩʨʝʟʳ 

ʧʨʠ ʧʦʤʦʱʠ ʤʠʢʨʦʪʦʤʘ. ʇʨʝʧʘʨʘʪʳ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ Hitachi HT7800. ɼʣʷ ʣʦʢʘʣʴʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ ʄʅʏ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʠʛʣʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʘʜʨʝʩʥʦ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʦʪʜʝʣʴʥʳʝ ʢʣʝʪʢʠ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʳʝ ʄʅʏ [8].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʚʳʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʄʅʏ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʣʝʪʢʠ. 

ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʚʥʫʪʨʠ ʢʣʝʪʦʢ ʄʅʏ ʠʤʝʶʪ ʩʣʘʙʫʶ ʩʪʝʧʝʥʴ ʢʦʣʦʢʦʣʠʟʘʮʠʠ ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ, 

ʷʜʨʘʤʠ ʠ ʣʠʟʦʩʦʤʘʤʠ, ʢʘʢ ʜʣʷ ʤʦʪʦʥʝʡʨʦʥʦʚ, ʪʘʢ ʠ ʜʣʷ ʢʣʝʪʦʢ M-Hela. ʕʪʠ 

ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʳʭ ʚ ʢʣʝʪʢʠ 

ʄʅʏ ʩʧʦʩʦʙʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʮʠʪʦʟʦʣʝ ʢʣʝʪʦʢ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʪʦ 

ʜʦʣʞʥʦ ʧʦʟʚʦʣʷʪʴ ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʄʅʏ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʤʝʭʘʥʠʯʝʩʢʠ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʢʣʝʪʦʯʥʳʝ 

ʤʝʤʙʨʘʥʳ. ʄʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʠ ʨʘʩʩʯʠʪʘʣʠ ʜʠʩʪʘʥʮʠʶ ʧʝʨʝʤʝʱʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚʥʫʪʨʠ ʢʣʝʪʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʦʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʟʚʘʥʥʦʛʦ ʕʀ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʫʜʘʣʦʩʴ 

ʨʘʩʩʯʠʪʘʪʴ ʩʠʣʫ, ʩ ʢʦʪʦʨʦʡ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʥʘʥʦʯʘʩʪʠʮʳ ʠ 

ʨʘʩʩʯʠʪʘʪʴ ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʧʝʨʝʤʝʱʘʶʪʩʷ. ʀʟʤʝʨʝʥʘ ʩʠʣʘ 

ʧʨʠʪʷʞʝʥʠʷ ʄʅʏ, ʩʦʟʜʘʚʘʝʤʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʛʣʦʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʷʭ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ. ɽʝ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 8,7 ʜʦ 

280,7 ʧʅ. ʈʘʩʩʯʠʪʘʥʥʘʷ ʥʘʰʠʤ ʤʝʪʦʜʦʤ ʚʷʟʢʦʩʪʴ ʮʠʪʦʧʣʘʟʤʳ ʢʣʝʪʦʢ Hela 

ʥʘʭʦʜʠʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 20 ʜʦ 100 ʇʘĿʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʧʨʠ ʧʦʤʦʱʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʄʅʏ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʕʀ 

ʚʦʟʤʦʞʥʦ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʄʅʏ ʣʦʢʘʣʴʥʦ ʚʥʫʪʨʠ ʦʪʜʝʣʴʥʳʭ ʢʣʝʪʦʢ ʠ ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʦʟʠʨʦʚʘʥʥʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʝʪʦʯʥʳʝ 

ʤʝʤʙʨʘʥʳ ʠ ʦʨʛʘʥʝʣʣʳ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʟʘʧʫʩʢʘ 
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ʨʘʟʣʠʯʥʳʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʮʝʧʦʯʝʢ ʠ ʧʦʟʚʦʣʷʪʴ ʥʝʠʥʚʘʟʠʚʥʦ 

ʫʧʨʘʚʣʷʪʴ ʢʣʝʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ-ʉɸʎ ʌʀʎ ʂʘʟʅʎ ʈɸʅ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʛʨʘʥʪʘ ʈʅʌ ˉ 22-25-00731.  
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ʇʉʀʍʆʌʀɿʀʏɽʉʂʀʍ ʀ ʂʆɻʅʀʊʀɺʅʓʍ ʂɸʏɽʉʊɺ ʃɽʊʏʀʂʆɺ 

ʀ ʀʍ ʇʆɼɻʆʊʆɺʂʀ 
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ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢʫʨʩʘʥʪʦʚ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʚ 

ʟʘʤʢʥʫʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʢʘʙʠʥ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʯʝʨʝʟ ʧʨʠʤʝʥʝʥʠʝ 

ɼʅʂ-ʜʠʘʛʥʦʩʪʠʢʠ. 

Abstract. 

The article presents research materials on the ability of cadets to adapt to 

changes in environmental conditions and in confined spaces of aircraft cabins, 

through the use of DNA diagnostics. 

 

1. ɺʚʝʜʝʥʠʝ. 

ɸʜʘʧʪʘʮʠʷ ʯʝʣʦʚʝʢʘ ʢ ʥʦʚʳʤ ʧʨʠʨʦʜʥʳʤ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ 

ʫʩʣʦʚʠʷʤ ʤʦʞʥʦ ʢʨʘʪʢʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʦʮʠʘʣʴʥʦ-

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ ʚ ʢʦʥʢʨʝʪʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ. 

2. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʣʝʪʯʠʢʘ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʯʠʩʣʫ 

ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ ʜʠʥʘʤʠʯʥʳʭ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʦʨʛʘʥʠʟʤ. ʃʝʪʯʠʢ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ, ʥʦ ʠ ʦʩʦʙʳʝ 

ʬʠʟʠʯʝʩʢʠʝ, ʧʩʠʭʦʬʠʟʠʯʝʩʢʠʝ ʠ ʢʦʛʥʠʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʣʠʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ (30-80%) ʟʘʚʠʩʷʪ ʦʪ 
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ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʏʪʦʙʳ ʩʪʘʪʴ ʯʘʩʪʴʶ ʵʪʦʡ ʧʨʦʬʝʩʩʠʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʡʪʠ ʧʫʪʴ ʤʥʦʛʦʣʝʪʥʝʛʦ ʠ ʤʥʦʛʦʵʪʘʧʥʦʛʦ ʧʨʝʜʝʣʴʥʦ 

ʩʪʨʦʛʦʛʦ ʦʪʙʦʨʘ. ʕʬʬʝʢʪʠʚʥʳʡ ʦʪʙʦʨ ʚ ʣʝʪʯʠʢʠ, ʠ ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʚ 

ʣʝʪʯʠʢʠ ʚʦʝʥʥʦʡ ʘʚʠʘʮʠʠ ʠ ʣʝʪʯʠʢʠ-ʠʩʧʳʪʘʪʝʣʠ, ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʩʦʭʨʘʥʠʪʴ ʞʠʟʥʠ ʪʳʩʷʯ ʣʶʜʝʡ, ʥʦ ʠ ʩʵʢʦʥʦʤʠʪʴ ʩʨʝʜʩʪʚʘ ʛʦʩʫʜʘʨʩʪʚʘ ʥʘ 

ʧʦʜʛʦʪʦʚʢʫ ʪʘʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʨʠ ʦʪʙʦʨʝ ʚ ʣʝʪʯʠʢʠ 

(ʠʣʠ ʢʫʨʩʘʥʪʳ ʘʚʠʘʮʠʦʥʥʳʭ ʫʯʠʣʠʱ) ʧʨʠʥʷʪʦ ʧʨʦʭʦʜʠʪʴ ʚʨʘʯʝʙʥʦ-ʣʝʪʥʫʶ 

ʵʢʩʧʝʨʪʥʫʶ ʢʦʤʠʩʩʠʶ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʩʜʘʚʘʪʴ 

ʥʦʨʤʘʪʠʚʳ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

ɿʜʦʨʦʚʳʝ ʣʶʜʠ ʜʘʞʝ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʦʜʠ-

ʥʘʢʦʚʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʦʩʥʦʚʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʯʘʩʪʦʪʘ ʧʫʣʴʩʘ, 

ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʤʠʥʫʪʥʳʡ ʦʙʲʝʤ ʜʳʭʘʥʠʷ, ʤʳʰʝʯʥʘʷ ʩʠʣʘ ʠ ʜʨ.) 

ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʝʟʝʨʚʦʚ, ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʨʘʟʣʠʯʥʦʡ 

ʨʝʘʢʪʠʚʥʦʩʪʴʶ, ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʦʩʥʦʚʥʳʭ ʞʠʟʥʝʥʥʦ 

ʚʘʞʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ. ʀʤʝʥʥʦ ʵʪʠ ʨʘʟʣʠʯʠʷ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʣʠʯʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʫʨʩʘʥʪʦʚ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʟʘʤʢʥʫʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʢʘʙʠʥ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʇʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʯʝʨʪʳ ʦʨʛʘʥʠʟʤʘ - ʝʛʦ ʬʦʨʤʘ, ʬʠʟʠʦʣʦʛʠʷ ʠ 

ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ - ʥʝʦʪʜʝʣʠʤʳ ʦʪ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʦʥ ʦʙʠʪʘʝʪ. ʈʘʟʚʠʪʠʝ 

ʜʦʥʦʟʦʣʦʛʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʢʦʩʤʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʦʡ, 

ʛʜʝ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʳʭ ʧʠʣʦʪʠʨʫʝʤʳʭ ʧʦʣʝʪʦʚ, ʤʝʜʠʮʠʥʩʢʠʡ ʢʦʥʪʨʦʣʴ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʟʜʦʨʦʚʴʷ ʢʦʩʤʦʥʘʚʪʘ ʦʨʠʝʥʪʠʨʦʚʘʣʩʷ ʥʝ ʩʪʦʣʴʢʦ ʥʘ ʚʝʨʦʷʪʥʦʝ 

ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʝʡ, ʩʢʦʣʴʢʦ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʥʦʚʳʤ, ʥʝʦʙʳʯʥʳʤ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʦʣʝʪʝ 

ʦʩʥʦʚʳʚʘʣʦʩʴ ʥʘ ʦʮʝʥʢʝ ʩʪʝʧʝʥʠ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ 

ʦʨʛʘʥʠʟʤʘ [ɸ.ʀ. ɻʨʠʛʦʨʴʝʚ, ʈ.ʄ ɹʘʝʚʩʢʠʡ, 2001]. ʀʤʝʥʥʦ ʢʦʩʤʠʯʝʩʢʘʷ 

ʤʝʜʠʮʠʥʘ ʜʘʣʘ ʪʦʣʯʦʢ ʢ ʨʘʟʚʠʪʠʶ ʤʘʩʩʦʚʳʭ ʜʦʥʦʟʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʝ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʨʦʛʨʝʩʩʫ ʚ 

ʦʙʣʘʩʪʠ ʜʦʥʦʟʦʣʦʛʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ [ɺ.ɺ. ʂʘʟʥʘʯʝʝʚ, P.M. ɹʘʝʚʩʢʠʡ, 

ɸ.ʇ. ɹʝʨʩʝʥʝʚʘ, 1981]. 

ʀʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʝ ʠʛʨʘʝʪ 

ʬʠʟʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʨʝʟʝʨʚʦʚ, ʧʦʩʢʦʣʴʢʫ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦʝ ʨʘʩʭʦʜʦʚʘʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʦʨʛʘʥʠʟʤʘ. 

ʆʜʥʘʢʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʩʨʝʜʩʪʚ ʬʠʟʠʯʝʩʢʦʡ 

ʢʫʣʴʪʫʨʳ ʦʪʤʝʯʘʝʪʩʷ ʧʨʠ ʦʜʥʦʤ, ʦʯʝʥʴ ʚʘʞʥʦʤ ʫʩʣʦʚʠʠ ï ʜʚʠʛʘʪʝʣʴʥʳʡ 

ʨʝʞʠʤ ʠ ʬʠʟʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʜʦʣʞʥʳ ʙʳʪʴ ʘʜʝʢʚʘʪʥʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʠ 
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ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʠ ʫʨʦʚʥʶ ʟʜʦʨʦʚʴʷ ʢʘʞʜʦʛʦ ʢʫʨʩʘʥʪʘ. 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʤʠ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʀʥʪʝʛʨʘʮʠʷ 

ʫʢʘʟʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʥʦ ʦʮʝʥʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʘ ʠ 

ʢʦʨʨʝʢʮʠʠ ʩʦʩʪʦʷʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʯʝʙʥʦʤʫ ʧʨʦʮʝʩʩʫ 

ʢʫʨʩʘʥʪʦʚ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʣʝʜʫʝʪ ʝʱʝ ʫʯʠʪʳʚʘʪʴ ʩʢʨʳʪʳʝ ʧʦʪʝʥʮʠʘʣʳ ʯʝʣʦʚʝʢʘ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝ ʧʨʦʷʚʠʪʴʩʷ ʚʦ ʚʨʝʤʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ 

ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʝʪʝʥʜʝʥʪʘ, ʘ ʠʤʝʥʥʦ ʝʛʦ ʩʠʣʴʥʳʭ ʠ 

ʩʣʘʙʳʭ ʩʪʦʨʦʥ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ɼʅʂ-

ʜʠʘʛʥʦʩʪʠʢʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʞʝ ʠʟʚʝʩʪʥʳ ʪʳʩʷʯʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʤʘʨʢʝʨʦʚ, ʢʦʪʦʨʳʝ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʬʠʟʠʯʝʩʢʠʤʠ, ʧʩʠʭʦʬʠʟʠʯʝʩʢʠʤʠ ʠ 

ʢʦʛʥʠʪʠʚʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʣʠʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʜʥʘʢʦ, ʧʦ ʜʘʥʥʳʤ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʳʭ ʤʘʨʢʝʨʦʚ ʚ 

ʦʪʙʦʨʝ ʣʝʪʯʠʢʦʚ ʠ ʢʦʩʤʦʥʘʚʪʦʚ ʥʠʢʦʛʜʘ ʥʝ ʧʨʦʚʝʨʷʣʘʩʴ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʘʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʢ ʣʝʪʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ. 

ʆʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ: ʙʫʜʝʪ ʩʦʩʪʘʚʣʝʥʘ ʧʘʥʝʣʴ ʠʟ ʩʦʪʝʥ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʧʦʷʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʣʝʪʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ɹʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʠʩʪʝʤʘ ʧʨʦʛʥʦʟʘ ʠ ʢʦʨʨʝʢʮʠʠ ʩʦʩʪʦʷʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʫʯʝʙʥʦʤʫ ʧʨʦʮʝʩʩʫ ʢʫʨʩʘʥʪʦʚ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʵʪʘʧʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʤʘʢʝʪʘ 

ʩʫʙʪʝʨʘʛʝʨʮʦʚʦʡ ʣʠʥʠʠ ʩʚʷʟʠ, ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʨʠʝʤʦʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʯʝʨʝʟ ʮʠʬʨʦʚʦʡ ʠʥʪʝʨʬʝʡʩ, ʨʘʙʦʪʘʶʱʝʛʦ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. 

 

Abstract 
The article considers the stages associated with the design of a sub-

terahertz communication line layout, the organization of data transmission and 

reception through a digital interface that works in conjunction with top-level 

software. 

1. ɺʚʝʜʝʥʠʝ 

ʇʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʩʨʝʜʩʪʚ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ 

ʦʩʚʦʝʥʠʝ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠ ʩʫʙʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʦʚ. ʆʩʥʦʚʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ 

ʙʘʟʳ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʫʟʣʦʚ ʜʣʷ 

ʜʘʥʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

2. ʕʪʘʧʳ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ 
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʙʝʩʧʨʦʚʦʜʥʦʡ ʣʠʥʠʠ ʩʚʷʟʠ ʩʫʙʪʝʨʘʛʝʨʮʦʚʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʙʳʣʦ ʩʜʝʣʘʥʦ ʩʣʝʜʫʶʱʝʝ. 

2.1 ʉʦʟʜʘʥ ʤʘʢʝʪ ʣʠʥʠʠ ʩʚʷʟʠ 

ʄʘʢʝʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʫʙʪʝʨʘʛʝʨʮʦʚʦʛʦ ʩʠʛʥʘʣʘ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʯʘʣʴʥʳʡ ʉɺʏ-ʩʠʛʥʘʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʤʥʦʞʝʥʠʷ. ʅʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʜʣʷ ʧʝʨʝʥʦʩʘ 

ʩʠʛʥʘʣʘ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʯʘʩʪʦʪʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʛʝʪʝʨʦʜʠʥʠʨʦʚʘʥʠʷ.  ʎʝʣʴʶ ʪʘʢʦʛʦ ʧʦʥʠʞʝʥʠʷ ʯʘʩʪʦʪʳ ʷʚʣʷʝʪʩʷ 

ʧʦʩʣʝʜʫʶʱʘʷ ʜʝʤʦʜʫʣʷʮʠʷ ʠ ʧʦʣʫʯʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʠʛʥʘʣʘ. 

2.2 ʉʦʟʜʘʥ ʮʠʬʨʦʚʦʡ ʠʥʪʝʨʬʝʡʩ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ 

ʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʳ (ʇʃʀʉ). 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʢʘʯʝʩʪʚʝ ʇʃʀʉ ʙʳʣʘ ʚʳʙʨʘʥʘ FPGA ʬʠʨʤʳ 

Altera ʤʦʜʝʣʴ ACEX EP1K50TC144-1N. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʣʦ ʛʠʙʢʦʩʪʴ ʠ ʚʘʨʠʘʪʠʚʥʦʩʪʴ 

ʨʝʰʝʥʠʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʠʝʤʦʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʙʳʣʦ ʨʝʰʝʥʦ ʟʘʤʝʥʠʪʴ ʇʃʀʉ ʥʘ FPGA ʬʠʨʤʳ Xilinx  ʩʝʤʝʡʩʪʚʘ 

Virtex-7 ʚ ʩʦʩʪʘʚʝ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʳ VC707. 

ʎʝʣʴʶ ʮʠʬʨʦʚʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʷʚʣʷʝʪʩʷ ʩʦʧʨʷʞʝʥʠʝ ʪʨʘʢʪʘ ʩ 

ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʦʜ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʕɺʄ 

ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ (ʇʆ).  

2.3 ʈʘʟʨʘʙʦʪʘʥʦ ʇʆ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. 

ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʇʆ ʷʚʣʷʝʪʩʷ ʧʨʠʸʤ ʠ ʧʝʨʝʜʘʯʘ ʤʫʣʴʪʠʤʝʜʠʘ 

ʬʘʡʣʦʚ ʠ ʪʝʢʩʪʦʚʳʭ ʩʦʦʙʱʝʥʠʡ. ɼʘʥʥʦʝ ʇʆ ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʧʦʜ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʤʦʜʝʣʴ ʇʃʀʉ, ʪʘʢ ʢʘʢ ʠʭ ʠʥʪʝʨʬʝʡʩʳ ʧʦʜʢʣʶʯʝʥʠʷ 

ʦʪʣʠʯʘʣʠʩʴ ʠ ʪʨʝʙʦʚʘʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɹʣʘʛʦʜʘʨʷ ʚʳʧʦʣʥʝʥʥʳʤ ʵʪʘʧʘʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʦʨʛʘʥʠʟʘʮʠʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʣʠʥʠʠ ʩʚʷʟʠ ʩʫʙʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɺ 

ʥʘʩʪʦʷʱʠʝ ʚʨʝʤʷ ʵʪʦʪ ʚʦʧʨʦʩ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ ʚ ʩʚʷʟʠ ʩ ʠʥʪʝʨʝʩʦʤ ʢ 

ʤʘʣʦʠʟʫʯʝʥʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʯʘʩʪʦʪ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʧʦʣʷ 

ʠʟʣʫʯʝʥʠʷ ʘʥʪʝʥʥʳ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʨʠʙʣʠʞʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʥʪʝʥʥ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

 

Abstract 

The article discusses a diffraction method of calculating the radiation 

field of the antenna. An approximate determination of the electrical parameters 

of aircraft antennas is presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ʊʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʠʟʣʫʯʝʥʠʷ ʘʥʪʝʥʥʳ ʠ ʨʘʩʯʝʪ ʝʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ, 

ʚ ʢʦʪʦʨʦʡ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ï ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʢʘʩʘʪʝʣʴʥʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ï ʫʜʦʚʣʝʪʚʦʨʷʣʦʩʴ ʙʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ 

ʘʥʪʝʥʥʳ. 

2. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘ ʢʦʨʧʫʩ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʚʙʣʠʟʠ 

ʢʦʪʦʨʦʡ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ɸ ʨʘʩʧʦʣʦʞʝʥ ʵʣʝʤʝʥʪʘʨʥʳʡ ʧʨʠʝʤʥʳʡ 

ʚʠʙʨʘʪʦʨ, ʧʘʜʘʝʪ ʧʣʦʩʢʘʷ ʚʦʣʥʘ Ὁ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ʇʫʩʪʴ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʠʟʚʝʩʪʥʦ ʧʦʣʝ Ὁ̅ ʚ ʪʦʯʢʝ ɸ, 
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ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʝ ʦʪ ʢʦʨʧʫʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʦʝ ʧʦʣʝ ʚ ʪʦʯʢʝ ɸ 

ʨʘʚʥʦ 

 Ὁ Ὁ Ὁ̅Ȣ  (1) 

ʆʙʦʟʥʘʯʠʤ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʦʣʥʦʛʦ ʧʦʣʷ, ʢʘʩʘʪʝʣʴʥʫʶ ʢ ʚʠʙʨʘʪʦʨʫ, 

ʯʝʨʝʟ Ὁ. ʆʯʝʚʠʜʥʦ, ʯʪʦ Ὁ ʝʩʪʴ ʬʫʥʢʮʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʘʜʝʥʠʷ ʧʣʦʩʢʦʡ 

ʚʦʣʥʳ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ 

 Ὁ Ὁ Ὂ—ȟ•ȟ (2) 

ʛʜʝ  ʠ  ï ʧʦʣʷʨʥʳʝ ʫʛʣʳ. 

ɽʩʣʠ ʜʝʡʩʪʚʫʶʱʘʷ ʜʣʠʥʘ ʚʠʙʨʘʪʦʨʘ ʨʘʚʥʘ l, ʪʦ ʚ ʥʝʤ ʥʘʚʦʜʠʪʩʷ 

ʵ.ʜ.ʩ., ʨʘʚʥʘʷ 

 ‚ Ὁὰ Ὁ ὰὊ—ȟ•Ȣ (3) 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʘʝʤʫʶ 

ʠʤ ʩʬʝʨʠʯʝʩʢʫʶ ʚʦʣʥʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʣʦʢʘʣʴʥʦ ʧʣʦʩʢʦʡ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ 

ʧʨʠʥʷʪʴ, ʯʪʦ ʵ.ʜ.ʩ. ‚ ʥʘʚʦʜʠʪʩʷ ʧʦʣʝʤ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʝʨʝʜʘʶʱʝʛʦ 

ʚʠʙʨʘʪʦʨʘ, ʦʙʪʝʢʘʝʤʦʛʦ ʪʦʢʦʤ I ʠ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ K ʥʘ 

ʙʦʣʴʰʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʢʦʨʧʫʩʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʇʨʠʤʝʥʷʷ ʢ ʦʙʦʠʤ ʚʠʙʨʘʪʦʨʘʤ ʧʨʠʥʮʠʧ ʚʟʘʠʤʥʦʩʪʠ, ʧʨʠʜʝʤ ʢ 

ʪʦʤʫ, ʯʪʦ ʝʩʣʠ ʧʦ ʚʠʙʨʘʪʦʨʫ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʚ ʪʦʯʢʝ ɸ ʚʙʣʠʟʠ ʢʦʨʧʫʩʘ ʃɸ, 

ʧʨʦʪʝʢʘʝʪ ʪʦʢ I, ʪʦ ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʢʦʨʧʫʩʘ ʚ ʪʦʯʢʝ K ʙʫʜʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʦʣʝ ʦʧʨʝʜʝʣʷʝʤʦʝ ʬʦʨʤʫʣʦʡ (2). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʫʥʢʮʠʷ 

Ὂ—ȟ•ȟ ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʤʘʷ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ ʨʝʰʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 
ʟʘʜʘʯʠ, ʝʩʪʴ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʚʠʙʨʘʪʦʨʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚʙʣʠʟʠ ʃɸ. ɽʩʣʠ ʚʠʙʨʘʪʦʨ ʠʤʝʝʪ ʢʦʥʝʯʥʫʶ ʜʣʠʥʫ, ʪʦ ʦʥ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʠʙʨʘʪʦʨʦʚ ʠ 

ʧʦʣʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʛʨʘʣʘ ʧʦ ʜʣʠʥʝ 

ʚʠʙʨʘʪʦʨʘ ʧʦ ʦʙʳʯʥʦʡ ʤʝʪʦʜʠʢʝ.  

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʠʟʣʦʞʝʥʥʦʛʦ ʷʩʥʦ, ʯʪʦ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʠʤ ʪʦʣʴʢʦ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʠʟʚʝʩʪʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʠʬʨʘʢʮʠʠ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʦʪ ʪʝʣʘ 

ʧʨʘʚʠʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʦʝ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʢʦʨʧʫʩ ʃɸ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʝ ʧʦʣʝ ʜʦʣʞʥʦ ʙʳʪʴ ʠʟʚʝʩʪʥʦ ʚ ʪʦʡ 

ʪʦʯʢʝ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ ʚʠʙʨʘʪʦʨ, ʪ.ʝ. ʦʙʳʯʥʦ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ 

ʦʪ ʢʦʨʧʫʩʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ 

ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘ. 

 

Abstract 

This article discusses the main functional components of a radio 

transmitter. 

 

1. ɺʚʝʜʝʥʠʝ 

ʈʘʜʠʦʧʝʨʝʜʘʪʯʠʢ ʠʣʠ ʨʘʜʠʦʧʝʨʝʜʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ - ʵʪʦ 

ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʛʝʥʝʨʠʨʫʝʪ ʠ ʬʦʨʤʠʨʫʝʪ ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ  ʩʠʛʥʘʣ, 

ʧʦʜʣʝʞʘʱʠʡ ʢ ʠʟʣʫʯʝʥʠʶ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʠ ʦʪʣʠʯʘʶʪʩʷ ʢʦʤʧʘʢʪʥʦʩʪʴʶ ʠ 

ʥʘʜʝʞʥʦʩʪʴʶ. ʈʘʜʠʦʧʝʨʝʜʘʪʯʠʢʠ ʚʢʣʶʯʝʥʳ ʚ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʨʘʮʠʡ, 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ, ʨʘʜʠʦʪʝʣʝʬʦʥʦʚ, ʨʘʜʠʦʙʫʸʚ, ʜʨʫʛʠʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʢʦʤʧʣʝʢʩʦʚ. 

2. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘ 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʢʦʥʩʪʨʫʢʮʠʷ 

ʠ ʩʭʝʤʘ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘ. ʅʘʧʨʠʤʝʨ: ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ, 

ʤʦʱʥʦʩʪʴ, ʥʘʟʥʘʯʝʥʠʝ. ɺʦ ʤʥʦʛʠʭ ʧʝʨʝʜʘʪʯʠʢʘʭ ʠʤʝʶʪʩʷ ʪʠʧʦʚʳʝ ʙʣʦʢʠ, 

ʨʘʩʩʤʦʪʨʠʤ ʠʭ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ: 

- ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʨʝʙʫʝʤʦʡ ʯʘʩʪʦʪʳ ʠ 
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ʤʦʱʥʦʩʪʠ; 

- ʤʦʜʫʣʷʮʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʝʨʝʜʘʚʘʝʤʳʤ ʩʠʛʥʘʣʦʤ; 

- ʬʠʣʴʪʨʘʮʠʷ ʛʘʨʤʦʥʠʢ ʠ ʧʨʦʯʠʭ ʢʦʣʝʙʘʥʠʡ; 

- ʠʟʣʫʯʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʯʝʨʝʟ ʘʥʪʝʥʥʫ. 

ʕʪʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ (ʨʠʩ. 1). 

ʈʘʟʙʝʨʸʤ ʩʪʨʫʢʪʫʨʫ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘ. 

ʄʦʜʫʣʷʪʦʨ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝʩʫʱʝʛʦ ʩʠʛʥʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʩʠʛʥʘʣʦʤ. ʆʥ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ ʦʙʚʝʜʝʥʳ ʧʫʥʢʪʠʨʦʤ. 

 
ʈʠʩ. 1 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘ. 

ɺ ʣʶʙʦʤ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʝ ʠʤʝʝʪʩʷ ʛʝʥʝʨʘʪʦʨ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ. 

ɽʛʦ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʟʘʜʘʶʱʠʤ. ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʇʦʩʣʝ ʛʝʥʝʨʘʪʦʨʘ ʩʣʝʜʫʝʪ 

ʩʠʥʪʝʟʘʪʦʨ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ 

ʟʘʜʘʶʱʝʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚ ʣʶʙʫʶ ʯʘʩʪʦʪʫ. ɽʩʣʠ ʞʝ ʛʝʥʝʨʘʪʦʨ ʩʦʟʜʘʝʪ 

ʥʫʞʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ, ʪʦ ʩʠʥʪʝʟʘʪʦʨ ʥʝ ʥʫʞʝʥ. ʇʨʝʠʤʫʱʝʩʪʚʘ 

ʩʠʥʪʝʟʘʪʦʨʘ: ʥʠʟʢʘʷ ʯʘʩʪʦʪʘ, ʠʟ-ʟʘ ʵʪʦʛʦ ʣʝʛʯʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ; ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʯʘʩʪʦʪʘ. ɼʣʷ ʦʩʣʘʙʣʝʥʠʷ ʚʣʠʷʥʠʷ ʥʘ 

ʛʝʥʝʨʘʪʦʨ ʠ ʩʠʥʪʝʟʘʪʦʨ ʚʦʟʤʦʞʥʳʭ ʨʝʛʫʣʠʨʦʚʦʢ ʚ ʤʦʱʥʳʭ ʢʘʩʢʘʜʘʭ 

ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʚ ʘʥʪʝʥʥʝ ʩʣʫʞʠʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʫʩʠʣʠʪʝʣʴ, ʢʦʪʦʨʦʤʫ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ.ɼʣʷ ʫʩʠʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʦ ʪʨʝʙʫʝʤʦʛʦ 

ʫʨʦʚʥʷ ʩʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ ʠʩʧʦʣʴʟʫʶʪ ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʠ. ʆʥ ʜʦʣʞʝʥ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ. ɺʳʭʦʜʥʘʷ ʮʝʧʴ ʩʚʷʟʥʘ 

ʫʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʘʥʪʝʥʥʦʡ. ʆʥʘ ʧʝʨʝʜʘʸʪ ʫʩʠʣʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ 

ʘʥʪʝʥʥʫ, ʬʠʣʴʪʨʫʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʣʦʚʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʤʦʱʥʦʩʪʠ. ʋʩʪʨʦʡʩʪʚʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʩʣʫʞʠʪ 

ʜʣʷ ʜʦʩʪʘʚʣʝʥʠʷ ʢʦ ʚʩʝʤ ʙʣʦʢʘʤ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʜʣʷ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʉɸʋ, ʫʩʪʨʦʡʩʪʚ ʟʘʱʠʪʳ ʦʪ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ ʠ 

ʜʨʫʛʠʭ ʮʝʧʝʡ ʠ ʫʩʪʨʦʡʩʪʚ [1]. ʂʦʛʜʘ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʝʜʘʪʯʠʢʦʚ ʨʘʜʠʦʩʪʘʥʮʠʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʨʘʜʠʦʮʝʥʪʨʘʤʠ [2]. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʦʙʨʘʚ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ 



43 

 

 

ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʩʭʝʤʳ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʢʘʞʝʪʩʷ, ʧʨʦʩʪʦʡ, ʥʦ ʢʘʞʜʳʡ 

ʠʟ ʫʟʣʦʚ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʪʦʯʥʦʡ ʠ ʥʘʜʸʞʥʦʡ ʨʘʙʦʪʳ ʨʘʜʠʦʧʝʨʝʜʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://radioprofessional.info/osnovnye-funkcionalnye-uzly-

radioperedatchika.php (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 13.04.2022). 

2. ʈʘʜʠʦʧʝʨʝʜʘʪʯʠʢʠ. ʈʘʜʠʦʧʝʨʝʜʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://i-kiss.ru/rubrika/radioperedatchiki (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 13.04.2022).  
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʱʝʣʝʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʵʢʨʘʥʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʠʜʝʘʣʴʥʦʛʦ ʤʝʪʘʣʣʘ, 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʫʛʣʝʧʣʘʩʪʠʢʘ). ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ 

ʧʨʦʛʨʘʤʤʝ CST MS. 

 

Abstract 

Investigations were carried out on an annular slotted radiator located on 

a screen made of various materials: ideal metal, composite material (carbon 

fiber). The simulation was carried out in the CST MS program. 

 

1. ɺʚʝʜʝʥʠʝ 

ʂʦʣʴʮʝʚʦʡ ʱʝʣʝʚʦʡ ʠʟʣʫʯʘʪʝʣʴ (ʂʑʀ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʱʝʣʴ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʰʠʚʢʝ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʃɸ). ʆʥ ʷʚʣʷʝʪʩʷ 

ʥʝʚʳʩʪʫʧʘʶʱʠʤ ʘʥʘʣʦʛʦʤ ʰʪʳʨʝʚʦʡ ʘʥʪʝʥʥʳ. ʊʘʢʠʝ ʘʥʪʝʥʥʳ ʤʦʛʫʪ 

ʠʤʝʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʣʫʯʝʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ 

ʙʦʨʪʦʚʳʭ ʨʘʜʠʦʩʠʩʪʝʤ [1]. 

2.ʆʩʥʦʚʥʦʡ ʪʝʢʩʪ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚ ʩʨʝʜʝ CST 

MW Studio ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʴʮʝʚʦʛʦ ʱʝʣʝʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʧʨʠ ʫʩʪʘʥʦʚʢʝ 

ʥʘ ʵʢʨʘʥʝ. ɻʝʦʤʝʪʨʠʷ ʠʟʣʫʯʘʪʝʣʷ ʧʦʢʘʟʘʥʘ ʥʘ [2]. ʆʥ ʚʦʟʙʫʞʜʘʝʪʩʷ 4 

ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʧʦʣʦʩʢʦʚʳʤʠ ʣʠʥʠʷʤʠ, ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʢ ʚʭʦʜʥʦʤʫ 

ʨʘʟʲʝʤʫ. ʕʢʨʘʥʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʂʑʀ, ʚʳʧʦʣʥʝʥʳ ʠʟ ʨʘʟʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʟʤʝʨʘʤʠ ʦʪ 93 ʤʤ ʜʦ 375 ʤʤ.  ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʦʣʦʩʝ 
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ʦʢʦʣʦ ʯʘʩʪʦʪʳ 800 ʄɻʮ. ʇʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʦʚ ʵʢʨʘʥʘ ʚʟʷʪʳ ʠʟ 

ʙʠʙʣʠʦʪʝʢʠ ʧʨʦʛʨʘʤʤʳ CST. ɼʣʷ ʫʛʣʝʧʣʘʩʪʠʢʘ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 800 ʄɻʮ: ʜʣʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ 27,0 ʠ ʜʣʷ ʤʥʠʤʦʡ 23,0. 

ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʥʪʝʥʥʳ 

 ʕʢʨʘʥ 

ʠʟ ʘʣʶ-

ʤʠʥʠʝ-

ʚʦʛʦ 

ʩʧʣʘʚʘ 

ʕʢʨʘʥ ʠʟ 

ʫʛʣʝʧʣʘʩ-

ʪʠʢʘ 

ʕʢʨʘʥ ʠʟ 

ʫʛʣʝʧʣʘʩʪʠ-

ʢʘ ʩ ʤʝʪʘʣ-

ʣʠʟʘʮʠʝʡ 

ʧʦʜ ʵʢʨʘʥʦʤ 

ʕʢʨʘʥ ʠʟ 

ʫʛʣʝʧʣʘʩʪʠʢʘ 

ʩ ʤʝʪʘʣʣʠ-

ʟʘʮʠʝʡ ʥʘʜ 

ʵʢʨʘʥʦʤ 

ʕʢʨʘʥ ʠʟ 

ʠʜʝʘʣʴʥʦ-

ʛʦ ʧʨʦʚʦʜ-

ʥʠʢʘ 

ʂʅɼ 2,87 2,02 2,68 2,7 2,89 

ʋɹʃ 0,277 0,0777 0,1223 0,1011 0,2777 

ʐɼʅ, Á 41,7 62,6 45,3 47,6 41,7 

ʂʇɼ 1,015 0,8503 0,9128 0,9813 1,015 

ʂʋ 2,91 1,72 2,45 2,65 2,93 

ʋɼʕ 0,6086 0,9928 0,7651 0,6729 0,6119 

ʋɼʕ 

*ʂʇɼ 

0,62 0,84 0,69 0,66 0,62 

3.ɿʘʢʣʶʯʝʥʠʝ 

ʉʨʘʚʥʠʚʘʷ ʘʥʪʝʥʥʳ ʥʘ ʨʘʟʥʳʭ ʵʢʨʘʥʘʭ, ʟʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʫʩʪʘʥʦʚʢʝ 

ʂʑʀ ʥʘ ʵʢʨʘʥʝ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʂʇɼ ʘʥʪʝʥʥʳ, 

ʧʨʠʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʣʣʠʟʘʮʠʠ ʥʘʜ ʫʛʣʝʧʣʘʩʪʠʢʦʤ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʂʇɼ ʠ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʰʠʨʝ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʘʣʣʠʟʘʮʠʠ ʧʦʜ ʫʛʣʝʧʣʘʩʪʠʢʦʤ ʤʳ ʧʦʣʫʯʘʝʤ ʥʘʠʭʫʜʰʠʡ 

ʂʇɼ ʠ ʂʋ, ʘ ʦʩʪʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʙʣʠʟʢʠʤʠ ʢ 

ʧʦʢʘʟʘʪʝʣʷʤ ʵʢʨʘʥʘ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ. ʕʢʨʘʥ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʧʦʟʚʦʣʠʣʦ 

ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʟʘʪʝʢʘʥʠʷ ʚʦʟʙʫʞʜʘʶʱʠʭ ʪʦʢʦʚ ʥʘ ʟʘʜʥʶʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʂʑɸ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʢʨʘʥʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʠ 

ʫʛʣʝʧʣʘʩʪʠʢʘ ʨʝʟʫʣʴʪʘʪʳ ʩʭʦʞʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʜʣʷ ʰʪʳʨʝʚʦʡ ʘʥʪʝʥʥʳ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʨʘʙʦʪʘ ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʛʠʨʦʩʢʦʧʘ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʧʫʪʝʤ ʤʦʜʫʣʷʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ ʧʦʜʚʝʩʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʠʨʦʩʢʦʧʘ, ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʣʣʶʩʪʨʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ ʛʠʨʦʢʦʤʧʘʩʘ. 

 

Abstract 

The article discusses the operation of a modulation micromechanical 

gyroscope with parametric excitation by modulating the dynamic stiffness of 

the suspension of the sensing element. The model of the gyroscope is 

presented, the results of numerical calculations are presented, which make it 

possible to illustrate the process of operation of the device as a high-speed 

gyrocompass. 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʪʯʠʢʠ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʛʠʨʦʩʢʦʧʦʚ (ʄʄɻ) ʥʝ ʚ ʧʦʣʥʦʡ 

ʤʝʨʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʢʘʢ ʧʦ ʪʦʯʥʦʩʪʠ, ʪʘʢ ʠ ʥʘʣʠʯʠʶ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ çʩʤʝʱʝʥʠʷ ʥʫʣʷè [1]. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʄʄɻ 
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ʛʠʙʨʠʜʥʦʛʦ ʪʠʧʘ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʞʝʩʪʢʦʩʪʠ ʧʦʜʚʝʩʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʧʨʠʚʝʜʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʘʩʰʠʨʠʪʴ ʝʛʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ [2]. 

2. ʇʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʩʘʤʦʦʨʠʝʥʪʠʨʫʶʱʝʡʩʷ 

ʧʣʘʪʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭʩʪʝʧʝʥʥʦʛʦ ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʄʄɻ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʤʧʣʠʪʫʜʥʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʪʠʥʥʦʛʦ ʤʝʨʠʜʠʘʥʘ. ʃʠʥʝʘʨʠʟʦʚʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʜʘʥʥʦʛʦ ʄʄɻ ʜʣʷ ʩʣʫʯʘʷ ʜʚʠʞʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʧʨʠʙʦʨʘ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʠʤʝʝʪ ʚʠʜ: 

ɡˏ ʈɡ Ë # !ɱɱ ς.ʖ ÃÏÓʖ Ô ɡ

# ! "ɱ lÓąÎɱÔ ʒȟ 
 

ʛʜʝ A, B, C ï ʛʣʘʚʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʨʦʪʦʨʘ; ɛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʛʦ 

ʪʨʝʥʠʷ; k ï ʞʝʩʪʢʦʩʪʴ ʫʧʨʫʛʦʛʦ ʧʦʜʚʝʩʘ ʨʦʪʦʨʘ; ɋ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ;   ʖ , N ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʘʩʪʦʪʘ ʠ ʠʥʜʝʢʩ ʤʦʜʫʣʷʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ  ʞʝʩʪʢʦʩʪʠ  ʧʦʜʚʝʩʘ;  ɡïʫʛʦʣ  ʧʦʚʦʨʦʪʘ  ʨʦʪʦʨʘ; ˡ

ˡs ˡ , ʒ ÁÒÃÔÇ
ˡ
ˡ

, ˡs , l  ï ʧʨʦʝʢʮʠʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʧʣʘʪʬʦʨʤʳ ʥʘ ʦʩʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʛʠʨʦʢʦʤʧʘʩʘ ʜʣʷ ʫʛʣʦʚʳʭ ʧʦʣʦʞʝʥʠʡ ʧʣʘʪʬʦʨʤʳ ɔ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠc.1. 

 
                           ʘ.                                           ʙ.                                        ʚ. 

ʈʠʩ.1. - ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʨʦʢʦʤʧʘʩʘ 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʝʢʦʛʝʨʝʥʪʥʦʤ ʨʝʞʠʤʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʄʄɻ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʨʘʚʥʦʩʠʛʥʘʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ (ʨʠʩ.1 ʚ) ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʠ 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʧʣʘʪʬʦʨʤʳ ʚ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʪʠʥʥʦʛʦ 

ʤʝʨʠʜʠʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʘʤʧʣʠʪʫʜʥʦʛʦ, ʪʘʢ ʠ ʬʘʟʦʚʦʛʦ ʢʘʥʘʣʦʚ 

ʫʧʨʘʚʣʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʢʘʢʠʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ ʠʤʝʝʪ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʚʦʣʥʦʚʦʜʝ.  

 

Abstract 

The article discusses what distinctive features the electromagnetic field 

has in the waveguide. 

 

ʅʘ ʧʨʘʢʪʠʢʝ ʨʫʧʦʨʥʳʝ ʘʥʪʝʥʥʳ ʧʦʯʪʠ ʚʩʝʛʜʘ ʜʝʣʘʶʪʩʷ ʚ ʚʠʜʝ 

ʧʨʦʜʦʣʞʝʥʠʷ ʚʦʣʥʦʚʦʜʘ ʠʣʠ ʧʨʦʩʪʦʛʦ ʚʦʣʥʦʚʦʜʥʦʛʦ ʢʘʥʘʣʘ, 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʨʫʧʦʨʘʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʦʣʥ 4%  ʠ 4-  ʘʥʘʣʦʛʠʯʥʳʭ ʚʦʣʥʘʤ ʚ ʚʦʣʥʦʚʦʜʘʭ. 

ɺ ʚʦʣʥʦʚʦʜʘʭ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʩʪʳʭ ʚʦʣʥʦʚʦʜʥʳʭ ʢʘʥʘʣʘʭ ʧʠʪʘʶʱʠʭ 

ʨʫʧʦʨʳ, ʦʙʳʯʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʚʦʣʥʘ ʥʘʠʙʦʣʝʝ ʥʠʟʢʦʛʦ ʧʦʨʷʜʢʘ 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 4%  ʠʣʠ ʊɽʄ). ɺʚʠʜʫ ʧʦʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʩʭʦʜʩʪʚʘ ʚʦʣʥ 

ʚ ʨʫʧʦʨʘʭ ʠ ʚʦʣʥʦʚʦʜʘʭ, ʚʦ ʧʝʨʚʳʭ, ʚʩʣʝʜʩʪʚʠʝ ʧʣʘʚʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʦʣʥʘ ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ, 

ʢʘʢʘʷ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚ ʧʠʪʘʶʱʠʭ ʚʦʣʥʦʚʦʜʘʭ. ɺʦʣʥʳ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʧʦʨʷʜʢʦʚ, ʝʩʣʠ ʠ ʚʦʟʥʠʢʘʶʪ ʚ ʨʫʧʦʨʘʭ, ʪʦ ʠʤʝʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʠʯʪʦʞʥʦ 

ʤʘʣʳʝ ʘʤʧʣʠʪʫʜʳ. 
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ʂʘʨʪʠʥʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʫʧʦʨʥʳʭ ʘʥʪʝʥʥʘʭ ʤʦʞʥʦ 

ʪʨʘʢʪʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʝʜʩʪʘʚʠʤ ʩʝʙʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʚ ʚʦʣʥʦʚʦʜʝ ʢʘʢ ʜʚʠʞʫʱʫʶʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ̕ג
˞

̋̑

 ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʪʦʥʯʘʡʰʠʭ ʧʣʦʩʢʠʭ ʩʣʦʝʚ, ʟʘʧʦʣʥʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ 

ʣʠʥʠʷʤʠ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʚʦʣʥʦʚʦʜʘ ʚ ʨʫʧʦʨ ʵʪʠ ʩʣʦʠ, ʚʦ-ʧʝʨʚʳʭ, 

ʧʨʦʜʦʣʞʘʶʪ ʩʚʦʝ ʜʚʠʞʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʧʦʩʪʝʧʝʥʥʦ ʫʙʳʚʘʶʱʝʡ ʜʦ 

ʚʝʣʠʯʠʥʳ ̒ σϽρπ ̍ȾÃ̆ .̋,ʚʦ-ʚʪʦʨʳʭ, ʦʥʠ ʜʝʬʦʨʤʠʨʫʶʪʩʷ, ʧʨʠʥʷʚ 

ʬʦʨʤʫ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠʣʠ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʪʷʛʠʚʘʷʩʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʦ ʩʪʝʥʦʢ ʨʫʧʦʨʘ. ɼʝʬʦʨʤʘʮʠʷ ʩʣʦʝʚ ʨʫʧʦʨʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝʤ ʨʘʜʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʦʚ ʧʦʣʷ, 

ʪʘʢ ʯʪʦ ʚʩʢʦʨʝ ʵʣʝʢʪʨʠʯʝʢʠʡ ʠ ʤʘʛʥʠʪʥʳʡ ʚʝʢʪʦʨʳ ʧʦʣʷ ʩʪʘʥʦʚʷʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʩʘʪʝʣʴʥʳʤʠ ʢ ʩʣʦʷʤ. ʇʦʚʝʨʭʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʩʣʦʝʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦ, ʯʪʦ ʦʙʳʯʥʦ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʬʨʦʥʪʦʤ ʚʦʣʥʳ. 

ʀʪʘʢ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʨʫʧʦʨʝ, ʙʫʜʫʯʠ ʩʭʦʜʥʦ ʩ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ ʚʦʣʥʦʚʦʜʝ, ʠʤʝʝʪ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ: 

a) ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʪʦʯʝʢ ʦʜʠʥʘʢʦʚʦʡ ʬʘʟʳ ʧʦʣʷ 

ʦʙʨʘʟʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠʣʠ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ; 

b)  ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ; 

c) ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʠ ʤʘʛʥʠʪʥʳʡ ʚʦʢʪʨʦʳ ʧʦʣʷ ʢʘʩʘʪʝʣʴʥʳ ʢ 

ʬʨʦʥʪʫ ʚʦʣʥʳ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʧʦʪʝʨʴ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨ ʩ ʰʝʨʦʭʦʚʘʪʳʤʠ ʵʢʨʘʥʠʨʫʶʱʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʧʨʦʩʪʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʝʠʜʝʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʠʟʚʝʩʪʥʳʭ ʚʳʨʘʞʝʥʠʷʭ ʜʣʷ ʧʦʛʦʥʥʳʭ ʧʦʪʝʨʴ ʠʣʠ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨ ʚ ʉɸʇʈ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʝ ʛʨʘʜʠʝʥʪʥʦʡ ʤʦʜʝʣʠ 

ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʝʪʦʜʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʛʨʘʬʦʚ. 

 

Abstract 

The paper proposes assumed values of losses in electrodynamic guiding 

structures with rough shielding excitations, which give a simple expression for 

the equivalent conductivity of a non-ideal surface, which can be used in 

deviations for linear losses or when modeling various directions of structures in 

CAD. The proposed method is based on the oblique-gradient model of a rough 

surface and the method of directed graphs.ʊɸ 

 

1. ɺʚʝʜʝʥʠʝ 

ʂʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʵʢʨʘʥʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʣʠʷʝʪ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨ. ʅʘ ʧʨʘʢʪʠʢʝ ʠʟʤʝʨʝʥʥʳʝ 
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ʟʥʘʯʝʥʠʷ ʧʦʪʝʨʴ ʚ ʚʦʣʥʦʚʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʝʚʳʰʘʶʪ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ, ʧʨʠʯʝʤ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ 

ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳʤ ʩ ʧʦʚʳʰʝʥʠʝʤ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ. ɺ ʤʠʣʣʠʤʝʪʨʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʦʣʱʠʥʘ ʩʢʠʥ-ʩʣʦʷ ʩʪʘʥʦʚʠʪʩʷ ʩʦʧʦʩʪʘʚʠʤʘ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚʦʣʥʦʚʦʜʘ, 

ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʦʛʦʥʥʳʝ ʧʦʪʝʨʠ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʦʚʦʜʥʠʢʦʚ, ʧʨʠ ʵʪʦʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʦʮʝʥʢʘ ʧʦʪʝʨʴ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʠʟ-ʟʘ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ, 

ʩʚʦʜʠʪʩʷ ʢ ʚʳʯʠʩʣʝʥʠʶ ʧʦʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

2. ɻʨʘʜʠʝʥʪʥʘʷ ʤʦʜʝʣʴ 

ɻʨʘʜʠʝʥʪʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʰʝʨʦʭʦʚʘʪʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʢ ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʣʦʸʚ ʧʣʘʚʥʦ ʤʝʥʷʶʪʩʷ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʭʦʜʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ 

ʢ ʧʘʨʘʤʝʪʨʘʤ ʤʝʪʘʣʣʘ. ɽʩʣʠ ʧʨʠʥʷʪʴ ʟʘ ʥʘʯʘʣʦ ʨʘʟʙʠʝʥʠʷ ʣʠʥʠʶ, 

ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʠʢʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʘ ʟʘ ʢʦʥʝʮ ï ʯʝʨʝʟ 

ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʛʣʫʙʣʝʥʠʡ, ʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʣʦʸʚ 

ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ʥʫʣʷ ʜʦ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʪʘʣʣʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʦʪ ʪʘʢʦʡ 

ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʥʘʡʪʠ ʤʝʪʦʜʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʛʨʘʬʦʚ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʤʥʦʛʦʢʨʘʪʥʳʝ ʧʝʨʝʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʦʪ ʛʨʘʥʠʮ 

ʩʣʦʸʚ. ʆʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʘʩʢʘʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʛʨʘʬʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʦʪʜʝʣʴʥʳʝ ʩʣʦʠ. ʕʣʝʤʝʥʪʳ 

ʤʘʪʨʠʮ ʨʘʩʩʝʷʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʭ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʣʦʷʤʠ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ ʌʨʝʥʝʣʷ. ʇʨʠ ʥʘʭʦʞʜʝʥʠʠ 

ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ ʩʣʦʷ ʩʣʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʨʝʜʘ ʩ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʇʝʨʝʭʦʜʷ ʦʪ ʤʘʪʨʠʮ ʨʘʩʩʝʷʥʠʷ ʢ 

ʤʘʪʨʠʮʘʤ ʧʝʨʝʜʘʯʠ ʩʣʦʸʚ ʠ ʧʝʨʝʤʥʦʞʘʷ ʠʭ, ʥʘʭʦʜʠʤ ʤʘʪʨʠʮʫ ʧʝʨʝʜʘʯʠ 

ʧʝʨʝʭʦʜʥʦʛʦ (ʰʝʨʦʭʦʚʘʪʦʛʦ) ʩʣʦʷ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʡ ʤʘʪʨʠʮʘ 

ʨʘʩʩʝʷʥʠʷ ʜʘʸʪ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʪ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʠʨʘʚʥʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʪ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʦʪʨʘʞʝʥʠʷ ʦʪ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʭʦʜʠʤ ʵʬʬʝʢʪʠʚʥʫʶ 

ʫʜʝʣʴʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ, ʢʘʢʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʬʬʝʢʪʠʚʥʫʶ ʫʜʝʣʴʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʵʢʨʘʥʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ 

ʟʥʘʯʠʪ ʠ ʥʘ ʧʦʛʦʥʥʦʝ ʟʘʪʫʭʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ, ʦʢʘʟʳʚʘʝʪ ʚʳʩʦʪʘ ʠ 

ʧʨʦʬʠʣʴ ʥʝʨʦʚʥʦʩʪʝʡ ʵʢʨʘʥʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʠʟʚʝʩʪʥʳʭ ʚʳʨʘʞʝʥʠʷʭ ʜʣʷ ʧʦʛʦʥʥʳʭ ʧʦʪʝʨʴ ʠʣʠ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨ ʚ ʉɸʇʈ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʤʘʪʝʨʠʘʣʘʭ ʜʦʢʣʘʜʘ ʦʙʩʫʞʜʘʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ ʘʥʪʝʥʥ BSA. 

ʈʘʩʩʤʦʪʨʝʥʦ ʨʘʟʚʠʪʠʝ ʩʝʪʝʡ ʨʘʟʥʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʤʝʪʦʜʳ ʠʭ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 

 

Abstract 

The materials of the report discuss the designs of BSA antennas. The 

development of networks of different generations and methods for their 

improvement are considered. 

 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʚʩʝʩʪʦʨʦʥʥʠʡ ʦʙʟʦʨ ʧʦʩʣʝʜʥʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʘʥʪʝʥʥ BSA ʠ ʧʨʦʙʣʝʤ, ʩ 

ʦʩʦʙʳʤ ʚʥʠʤʘʥʠʝʤ ʢ ʙʦʣʝʝ ʥʠʟʢʠʤ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʜʠʘʧʘʟʦʥʘʤ ʚ 

ʜʠʘʧʘʟʦʥʝ ʥʠʞʝ 6 ɻɻʮ. 

ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʨʘʩʩʤʦʪʨʝʪʴ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʠ BSA 

ʨʘʟʚʠʚʘʣʠʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʢʦʣʝʥʠʡ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɸʥʪʝʥʥʘ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ (BSA) ʷʚʣʷʝʪʩʷ ʛʨʘʥʠʯʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʨʘʜʠʦʠʥʪʝʨʬʝʡʩʘ ʢ ʤʦʙʠʣʴʥʦʤʫ ʪʝʨʤʠʥʘʣʫ ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ, ʦʪ 

AMTS ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (1G) (ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʤʦʙʠʣʴʥʦʡ ʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ) ʜʦ ʩʝʪʝʡ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ (5G) [1]. ɺ 

ʦʪʥʦʰʝʥʠʠ BSA ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠ ʨʘʟʨʘʙʦʪʦʢ; ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʥ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ 

ʣʠʪʝʨʘʪʫʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦ ʩʦʦʙʱʝʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʝ, 
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ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠ ʦʙʩʫʞʜʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ BSA. ɺ ʩʠʩʪʝʤʘʭ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʪʠʧʘ BSA: ʚʩʝʥʘʧʨʘʚʣʝʥʥʳʝ ʠ ʥʘʧʨʘʚʣʝʥʥʳʝ (ʩʝʢʪʦʨʥʳʝ) ʘʥʪʝʥʥʳ. ʕʪʠ 

ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, 

ʦʪ 1G ʜʦ 5G. ɺʩʝʥʘʧʨʘʚʣʝʥʥʳʝ ʘʥʪʝʥʥʳ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʜʣʷ 

ʤʘʣʦʤʦʱʥʳʭ ʠ ʨʘʩʰʠʨʝʥʥʳʝ ʩʮʝʥʘʨʠʠ ʧʦʢʨʳʪʠʷ, ʪʘʢʠʝ ʢʘʢ ʚ ʩʝʣʴʩʢʦʡ 

ʤʝʩʪʥʦʩʪʠ. ʅʘʧʨʦʪʠʚ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʘʥʪʝʥʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʮʝʣʝʚʦʡ ʟʦʥʳ ʧʦʢʨʳʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʕʪʦ ʮʝʣʝʚʦʝ ʧʦʢʨʳʪʠʝ, ʦʙʳʯʥʦ 

ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʩʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦ ʚʨʝʤʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʷ 

ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ. ʉʧʝʮʠʬʠʢʘʮʠʠ ʘʥʪʝʥʥʳ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʩʝʢʪʦʨʘ 

ʚʳʚʦʜʷʪʩʷ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʩʝʢʪʦʨʘ. 

ɺ ʩʝʪʷʭ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (1G) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʩʝʥʘʧʨʘʚʣʝʥʥʳʝ 

ʩʦʪʳ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʧʦʢʨʳʪʠʶ, ʘ ʥʝ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʩʝʢʪʦʨʠʟʘʮʠʷ. ʆʙʳʯʥʳʡ 

ʤʝʪʦʜ ʩʝʢʪʦʨʠʟʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ 2G, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʨʘʟʜʝʣʠʪʴ 

ʧʨʝʜʳʜʫʱʫʶ ʚʩʝʥʘʧʨʘʚʣʝʥʥʫʶ ʷʯʝʡʢʫ ʥʘ ʪʨʠ ʩʝʢʪʦʨʘ ʧʦ ρςπЈ ʢʘʞʜʳʡ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʚ BTS ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʠ ʘʥʪʝʥʥʳ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʣʘ 

ʰʠʨʠʥʫ ʣʫʯʘ 10 ʜɹ ʧʨʠ ρςπЈ 
ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ, ʧʝʨʝʭʦʜʷ ʩ 2G ʥʘ 

3G ʙʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʫʩʣʫʛ ʤʦʙʠʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ 3G. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʧʝʨʘʪʦʨʘʤ ʧʨʠʰʣʦʩʴ ʠʟʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʝʤʢʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʙʳʣʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʜʝʣʝʥʠʝ 

ʩʝʢʪʦʨʘ ʥʘ ʙʦʣʝʝ ʫʟʢʠʝ ʩʝʢʪʦʨʳ. ʕʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʝʥʥ ʩ ʰʠʨʠʥʦʡ ʣʫʯʘ ʧʦʣʦʚʠʥʥʦʡ ʤʦʱʥʦʩʪʠ 

(HPBW), ʪʘʢʦʡ ʢʘʢ φυЈ ʠʣʠ ʜʘʞʝ σσЈ. ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʙʳʣʘ 

ʧʦʚʳʰʝʥʥʘʷ ʘʥʪʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʙʘʰʥʶ. 

ɿʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ 

ʤʦʙʠʣʴʥʳʭ ʩʝʪʝʡ ʚ ʨʘʜʠʦʠʥʪʝʨʬʝʡʩʝ ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ LTE-A. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʚ LTE-A 

ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ MIMO. ɼʦ ʚʦʩʴʤʠ ʫʨʦʚʥʝʡ MIMO ʚʧʝʨʚʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 3GPP Release 10. MIMO ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʧʘʨʘʣʣʝʣʴʥʦ ʢʘʢ 

ʧʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʧʦ ʯʘʩʪʦʪʝ ʚ ʨʘʟʜʝʣʝʥʥʳʭ ʧʦʪʦʢʘʭ. BSA ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʥʝʩʝʥʥʳʝ ʘʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ ʠʣʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ 

ʨʘʟʥʝʩʝʥʠʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʝʢʦʨʨʝʣʷʮʠʠ ʚ ʈʏ-ʪʨʘʢʪʘʭ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Huang, H.; Liu, Y.; Gong, S. A Novel Dual-Broadband and Dual-

Polarized Antenna for 2G/3G/LTE Base Stations. IEEE Trans. Antennas 

Propag.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʥʬʨʘʢʨʘʩʥʦʡ (ʀʂ) 

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʥʘʜ ʙʠʫʨʝʪʦʚʦʡ ʨʝʘʢʮʠʝʡ 

 

Abstract 

The article presents the advantages of infrared (IR) spectroscopy over 

the biuret reaction 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʘʷ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

2. ʇʨʘʢʪʠʢʘ 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʦʚ 

ʨʘʟʚʠʪʠʷ ʢʫʨʠʥʦʛʦ ʵʤʙʨʠʦʥʘ ʟʘ ʩʯʝʪ ʧʨʝʜʠʥʢʫʙʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʉɺʏ, 

ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ï ʙʠʫʨʝʪʦʚʘʷ ʨʝʘʢʮʠʷ, ʢʘʢ ʙʦʣʝʝ 

ʧʨʦʩʪʦʡ, ʙʳʩʪʨʳʡ ʠ ʜʝʰʝʚʳʡ ʠʟ ʩʚʦʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘʤʠ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʜʣʷ 
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ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʦʛʣʦʱʝʥʠʷ ʙʝʣʢʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʩʦʟʨʝʚʘʥʠʷ ʧʣʦʜʘ, ʪʘʢ ʢʘʢ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʨʝʜʣʘʛʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʧʠʢʦʚ ʧʦʛʣʦʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʙʝʣʢʦʚ (ʨʠʩʫʥʦʢ 1, ʪʘʙʣʠʮʘ 1) 

 
ʈʠʩʫʥʦʢ 1 ï ʀʂ ʩʝʢʪʦʨ ʙʝʣʢʘ - ʘʣʴʙʫʤʠʥʘ 

ʊʘʙʣʠʮʘ 1 ïɼʣʠʥʳ ʚʦʣʥ ʀʂ ʩʧʝʢʪʨʘ 

 
3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʠʫʨʝʪʦʚʦʡ ʨʝʘʢʮʠʝʡ, ʟʘ ʩʯʝʪ ʦʙʰʠʨʥʦʛʦ 

ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʡ ʫ ʙʝʣʢʦʚ, ʪʘʢ ʞʝ ʢ ʧʣʶʩʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʩʫʪʩʪʚʠʝ 

ʪʨʫʜʥʦ ʜʦʩʪʘʚʘʝʤʳʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʚʥʝʰʥʠʡ ʚʠʜ ʢʘʤʝʨʳ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʤʦʱʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʟʘʨʦʜʳʰʘ. 

 

Abstract  

The article presents the appearance of the chamber for assessing the 

effect of irradiation power on the development of the embryo. 

 

1. ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʉɺʏ ʢʘʤʝʨʘ ʥʘʤ ʥʝ 

ʧʦʜʦʡʜʝʪ, ʧʦ ʧʨʠʯʠʥʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʦʱʥʦʩʪʴ, 

ʢʦʥʪʨʦʣʴ ʤʦʱʥʦʩʪʠ ʚ ʪʘʢʦʡ ʢʘʤʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʤʦʜʫʣʷʮʠʠ. 

2. ʇʨʘʢʪʠʢʘ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʪʦʯʥʦʩʪʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʫʛʣʳʡ ʚʦʣʥʦʚʦʜ ʜʣʷ ʦʙʣʫʯʝʥʠʷ 

ʦʜʥʦʛʦ ʷʡʮʘ(ʨʠʩʫʥʦʢ 1) . ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʚʦʣʥʦʚʦʜ ʩ ʜʠʵʣʝʢʪʨʠʢʦʤ.  



57 

 

 

 
ʈʠʩʫʥʦʢ 1 ï ʂʘʤʝʨʘ ʦʙʣʫʯʝʥʠʷ 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʥʘʭʦʞʜʝʥʠʷ ʦʙʣʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʤʘʢʩʠʤʫʤʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʷ, ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʛʦ ʥʘʤʠ ʙʳʣʠ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ 

ʢʘʤʝʨ ʙʝʟ ʦʙʲʝʢʪʘ ʚʥʫʪʨʠ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʤʝʨʳ (ʨʠʩʫʥʦʢ 2).  

 
ʈʠʩʫʥʦʢ 2 ï ʂʘʤʝʨʘ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʤ ʫʜʘʣʦʩʴ ʥʘʡʪʠ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʤʝʨʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʤʘʢʝʪʠʨʦʚʘʥʠʷ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʥʥʦʡ ʦʞʝ-

ʵʣʝʢʪʨʦʩʢʦʧʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʚʦʟʙʫʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ. 

 

Abstract 

The article discusses the physical basis of the method of electron Auger 

spectroscopy. A diagram of the electron excitation process and the physical 

basis of the method are presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ʕʣʝʢʪʨʦʥʥʳʡ ʦʞʝ-ʩʧʝʢʪʨʦʤʝʪʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʩʪʘʚʘ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʪʝʣ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʥʥʦʡ 

ʦʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕʆʉ) ʠ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ. ʆʥ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʣʘʩʩʦʚ ʚʘʞʥʝʡʰʠʭ ʠʟʜʝʣʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ. ʆʞʝ-

ʩʧʝʢʪʨʦʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʵʣʝʤʝʥʪʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʪʴ ʚʠʜʳ ʩʚʷʟʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ [1]. 

2. ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ. 

ʂʦʛʜʘ ʘʪʦʤ ʠʩʩʣʝʜʫʝʪʩʷ ʚʥʝʰʥʠʤ ʤʝʭʘʥʠʟʤʦʤ, ʪʘʢʠʤ ʢʘʢ ʬʦʪʦʥ 

ʠʣʠ ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʵɺ ʜʦ 50 
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ʢʵɺ, ʵʣʝʢʪʨʦʥ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʫʜʘʣʝʥ, ʦʩʪʘʚʠʚ ʧʦʩʣʝ 

ʩʝʙʷ ʜʳʨʫ. ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʥʝʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʜʳʨʘ ʚ ʷʜʨʝ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʧʦʣʥʝʥʘ ʵʣʝʢʪʨʦʥʦʤ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʵʣʝʢʪʨʦʥ, ʧʝʨʝʤʝʱʘʶʱʠʡʩʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ, 

ʪʝʨʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʨʘʚʥʦʝ ʨʘʟʥʠʮʝ ʚ ʦʨʙʠʪʘʣʴʥʳʭ ʵʥʝʨʛʠʷʭ. 

ʕʥʝʨʛʠʷ ʧʝʨʝʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩʦ ʚʪʦʨʳʤ ʵʣʝʢʪʨʦʥʦʤ ʚʥʝʰʥʝʡ 

ʦʙʦʣʦʯʢʠ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʫʩʢʘʪʴʩʷ ʠʟ ʘʪʦʤʘ, ʝʩʣʠ ʧʝʨʝʜʘʥʥʘʷ ʵʥʝʨʛʠʷ 

ʙʦʣʴʰʝ ʦʨʙʠʪʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ. ʇʫʩʪʴ ʧʝʨʚʠʯʥʘʷ ʚʘʢʘʥʩʠʷ 

ʦʙʨʘʟʦʚʘʣʘʩʴ ʚ ʂ-ʦʙʦʣʦʯʢʝ ʘʪʦʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʨʦʚʝʥʴ ʠʤʝʝʪ 

ʵʥʝʨʛʠʶ ɽʢ, ʠ ʦʥʘ ʟʘʧʦʣʥʷʝʪʩʷ ʵʣʝʢʪʨʦʥʦʤ ʠʟ L-ʦʙʦʣʦʯʢʠ, ʠʤʝʶʱʠʤ 

ʵʥʝʨʛʠʶ ɽL1, ʘ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʠ ɽL1 ï ɽʢ ʧʝʨʝʜʘʝʪʩʷ ʵʣʝʢʪʨʦʥʫ ʩ ʫʨʦʚʥʷ 

L2. ʕʥʝʨʛʠʷ ʦʞʝ-ʵʣʝʢʪʨʦʥʘ ʙʫʜʝʪ: 

                              %̋ ̉̎ % % % ʒ́                                    (1) 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʵʪʦʛʦ ʵʣʝʢʪʨʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʥʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʵʥʝʨʛʠʡ ʥʘʯʘʣʴʥʦʛʦ (ʫʨʦʚʝʥʴ K), ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ (L1) ʠ 

ʢʦʥʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (L2), ʧʦʵʪʦʤʫ ʩʧʝʢʪʨ ʵʥʝʨʛʠʠ ʪʘʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʙʫʜʝʪ 

ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʘʪʦʤʦʚ ʢʘʞʜʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʚʦʟʙʫʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʇʨʦʮʝʩʩ ʟʘʧʦʣʥʝʥʠʷ ʚʘʢʘʥʩʠʠ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ 

ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʦʙʦʣʦʯʢʘʤʠ ʘʪʦʤʘ ʩ ʧʝʨʝʜʘʯʝʡ ʠʟʙʳʪʢʘ ʵʥʝʨʛʠʠ 

ʪʨʝʪʴʝʤʫ ʵʣʝʢʪʨʦʥʫ ʥʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʦʤ ʦʞʝ, ʘ ʵʪʠ ʵʣʝʢʪʨʦʥʳ ï ʦʞʝ-

ʵʣʝʢʪʨʦʥʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʕʆʉ ʣʝʞʘʪ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʢʘʢ ʠʦʥʠʟʘʮʠʷ ʚʥʫʪʨʝʥʥʠʭ ʘʪʦʤʥʳʭ ʫʨʦʚʥʝʡ ʧʝʨʚʠʯʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʫʯʢʦʤ, ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʦʞʝ-ʧʝʨʝʭʦʜ ʠ ʚʳʭʦʜ ʦʞʝ-ʵʣʝʢʪʨʦʥʘ ʚ ʚʘʢʫʫʤ 

[1]. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʆʧʠʩʘʥʘ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʪʚʝʨʜʳʭ ʪʝʣ - ʦʞʝ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʈʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʘʚʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʣʝʞʘʱʠʝ ʟʘ ʵʪʠʤ 

ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʂʘʨʣʦʩʦʥ ʊ.ɸ. ʌʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʠ ʆʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ. - ʃ.: 1981.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʙʨʠʩʪʦ-ʩʪʝʨʞʥʝʚʘʷ ʘʥʪʝʥʥʘ, ʘ ʪʘʢʞʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʝʝ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

Abstract 

The article considers a ribbed-rod antenna, as well as the dependence of 

its phase velocity on various parameters. 

 

ʈʝʙʨʠʩʪʦ-ʩʪʝʨʞʥʝʚʘʷ ʘʥʪʝʥʥʘ ʵʢʚʠʚʘʣʝʥʪʥʘ ʩʪʝʨʞʥʠʝʚʦʡ 

ʜʠʣɻʝʢʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ ʠ ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʟʣʫʯʝʥʠʷ. ʅʝʩʠʤʤʝʪʨʠʯʥʳʝ ʚʦʣʥʳ ʅ ʠ ɽ ʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʘʥʪʝʥʥʳ 

ʥʝʨʘʟʜʝʣʠʤʳ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʣʥʘ ʅɽ11. 

ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʧʦ ʨʝʙʨʠʩʪʦ-ʩʪʝʨʞʥʝʚʦʡ 

ʩʪʨʫʢʪʫʨʝ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʠʩʢʘʤʠ 

Ű ʠ ʦʪ ʨʘʟʥʦʩʪʠ ʜʠʘʤʝʪʨʘ ʜʠʩʢʦʚ d ʠ ʜʠʘʤʝʪʨʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʝʨʞʥʷ ŭ, 

ʥʘ ʢʦʪʦʨʳʡ ʥʘʩʘʞʝʥʳ ʜʠʩʢʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ d ï ŭ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ. ɿʘʚʠʩʠʤʦʩʪʴ 
̕

̒
 ʦʪ Ű ʙʦʣʝʝ ʩʣʦʞʥʘ. ʇʨʠ   ʢʨʠʚʘʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʠʩʢʘʤʠ ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ. ʄʝʥʷʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʠʩʢʘʤʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʠʭ 

ʜʠʘʤʝʪʨʝ ʠʣʠ ʤʝʥʷʷ ʜʠʘʤʝʪʨ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ, ʤʦʞʥʦ ʥʘʡʪʠ 
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ʧʘʨʘʤʝʪʨʳ ʘʥʪʝʥʥʳ, ʩʦʦʪʚʝʪʝʪʩʪʚʫʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ɸʥʪʝʥʥʳ ʧʨʦʜʦʣʴʥʦʛʦ ʠʟʩʣʫʯʝʥʠʷ ʫʤʝʨʝʥʥʦ ʥʘʧʨʘʚʣʝʥʥʳʝ. 

ʈʝʙʨʠʩʪʦ-ʩʪʝʨʞʥʝʚʘʷ ʘʥʪʝʥʥʘ ʙʳʣʘ ʩʜʝʣʘʥʘ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʜʣʠʥʳ (ʜʦ 

80ɚ), ʠ ʧʨʠ ʵʪʦʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʦʩʪʨʦʥʘʧʨʘʚʣʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩ ʰʠʨʠʥʦʡ 

ʣʝʧʝʩʪʢʘ ʥʘ ʫʨʦʚʥʝ ʧʦʣʦʚʠʥʳ ʤʦʱʥʦʩʪʠ 2ȹɗ0,5=7ę.ɸʥʪʝʥʥʫ ʙʦʣʴʰʦʡ 

ʜʣʠʥʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʟʜʝʣʠʪʴ ʥʘ ʨʷʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʝʢʮʠʡ ʜʣʠʥʦʡ 

ʚ ʥʝʩʢʦʣʴʢʦ ʜʣʠʥ ʚʦʣʥʳ ʢʘʞʜʘʷ. ʆʪʜʝʣʴʥʳʝ ʩʝʢʮʠʠ ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ 

ʜʝʣʘʪʴ ʠʟ ʜʠʩʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ, ʥʦ ʨʘʟʥʦʛʦ 

ʜʠʘʤʝʪʨʘ ʪʘʢ, ʩʪʦʙʳ ʦʛʠʙʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʝʣʘ ʬʦʨʤʫ ʩʠʛʘʨʳ. 

ʈʘʩʧʦʣʦʞʝʥʳ ʩʝʢʮʠʠ ʚʝʨʰʠʥʘʤʠ ʜʨʫʛ ʢ ʜʨʫʛʫ.  

ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫ ʵʪʦʡ ʘʥʪʝʥʥʳ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʫ ʜʨʫʛʠʭ ʘʥʪʝʥʥ 

ʧʨʦʜʦʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ  
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʠʩʪʠʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʢʘʞʜʦʡ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʠ ʤʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʝʝ ʚ ʪʨʘʢʪʝ. 

ʆʮʝʥʢʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʪʨʘʢʪʘ.  

  

Abstract  
The article discusses the prediction and calculation of the true values of 

each irregularity and its location in the tract. Evaluation of the consistency of 

the path. 

 

1. ɺʚʝʜʝʥʠʝ  

ʇʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʪʨʘʢʪʘ ʉɺʏ ʟʘʨʘʥʝʝ ʥʝ ʠʟʚʝʩʪʥʳ ʥʠ 

ʠʩʪʠʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʘʞʜʦʡ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ, ʥʠ ʪʦʯʥʦʝ ʤʝʩʪʦ 

ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ [1]. ɺ ʠʜʝʘʣʝ ʵʣʝʤʝʥʪʳ ʪʨʘʢʪʘ ʥʝ ʜʦʣʞʥʳ ʚʥʦʩʠʪʴ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʚ ʧʨʝʜʝʣʘʭ ʨʘʙʦʯʝʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʢʘʞʜʳʡ 

ʵʣʝʤʝʥʪ ʦʙʣʘʜʘʝʪ ʥʝʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ [2]. 

2. ʈʘʩʯʝʪ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʄʦʜʫʣʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʦʮʝʥʠʚʘʶʪ ʜʠʩʧʝʨʩʠʝʡ ůi2, 

ʧʦʣʫʯʘʝʤʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ Mmax 

ʦʜʥʦʪʠʧʥʳʭ ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ: 
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     (1)  

ʇʘʨʮʠʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʚ ʦʙʱʝʝ ʩʝʯʝʥʠʝ ʥʘ ʚʭʦʜʝ 

ʪʨʘʢʪʘ:  

”→ å ×ὔὯ=1 ”ὯὩīὮ(2‍ὰὯī•Ὧ) = ”ὼ + Ὦ”ώ (2) 

ʌʘʟʦʚʳʝ ʫʛʣʳ ʦʪʜʝʣʴʥʳʭ ʩʣʘʛʘʝʤʳʭ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʠʥʪʝʨʚʘʣʝ 0-2“. ʇʦʵʪʦʤʫ 
ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʝʢʘʨʪoʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ɟx ʠ ɟy ʜʣʷ ʚʭʦʜʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʨʘʚʥʳ ʥʫʣʶ, ʘ ʩʘʤʠ ʵʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʛʘʫʩʩʦʚʩʢʠʤʠ ʟʘʢʦʥʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʜʠʩʧʝʨʩʠʷʤʠ, 

ʨʘʚʥʳʤʠ ʩʫʤʤʘʤ ʜʠʩʧʝʨʩʠʡ ʚʝʱʝʩʪʚʝʥʥʳʭ ʠ ʤʥʠʤʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʦʪʜʝʣʴʥʳʭ ʩʣʘʛʘʝʤʳʭ (2): 

     (3)  

ʇʨʠ ʦʮʝʥʢʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʪʨʘʢʪʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʪʦʣʴʢʦ ʤʦʜʫʣʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ, ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʢʦʪʦʨʦʛʦ 

ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʈʵʣʝʷ. ɼʣʷ ʚʝʨʦʷʪʥʦʩʪʠ ʌ=90%, ʥʘʧʨʠʤʝʨ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ɟmax=2.14ů, ʧʨʠʚʦʜʠʪ ʢ ʂɹɺ  

ὑ0.9 = (1 ī 2,14„)/(1 + 2,14„)                                      (4)  

ʈʘʩʩʯʠʪʘʥʥʳʡ ʂɹɺ ʙʫʜʝʪ ʧʨʝʚʳʰʝʥ ʚ 90% ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʨʘʢʪʦʚ, 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʠ ʩʦʙʨʘʥʥʳʭ ʠʟ ʟʘʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʥʝʫʜʘʯʥʦʤ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ, ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 10%, K<K0,9 ʠ 

ʩʣʝʜʫʝʪ ʧʝʨʝʜʝʣʘʪʴ ʪʨʘʢʪ, ʚʘʨʴʠʨʫʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ. ʇʦʣʴʟʫʷʩʴ 

ʬʦʨʤʫʣʘʤʠ (3) ʠ (4), ʤʦʞʥʦ ʪʘʢʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʘʢʪʘ. ɼʣʷ ʦʮʝʥʢʠ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʪʨʘʢʪʘ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ȹf ʩʣʝʜʫʝʪ ʨʘʩʩʯʠʪʘʪʴ ʦʞʠʜʘʝʤʳʡ ʂɹɺ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʦʪʘʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘʩʪʦʣʴʢʦ, ʯʪʦʙʳ 

ʧʨʦʛʥʦʟʳ ʂɹɺ ʥʘ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʙʳʣʠ ʩʪʘʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳ. ʏʠʩʣʦ 

ʥʝʦʙʭʦʜʠʤʳʭ ʦʮʝʥʦʢ ʟʥʘʯʝʥʠʷ ʂɹɺ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʵʤʧʠʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ 

 
ɽʩʣʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʣʦʩʘ ʯʘʩʪʦʪ ȹf/f0 ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 10%, 

ʪʦ ʧʨʠ Lʩʨ=(5-7)ɚʚ ʜʦʩʪʘʪʦʯʥʦ ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ʂɹɺ ʪʦʣʴʢʦ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʦʪʝ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʟʠ-ʂɸʄ-16 

ʤʦʜʫʣʷʮʠʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ MATLAB. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

Abstract 

This article discusses a method of improving the noise immunity of 

communication channels using quasi-QAM-16 modulation. The work is 

performed using MATLAB software. Simulation results are presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʣʶʜʠ ʙʝʩʧʨʝʨʳʚʥʦ ʦʙʤʝʥʠʚʘʶʪʩʷ ʜʘʥʥʳʤʠ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʙʝʟʦʰʠʙʦʯʥʦ ʧʝʨʝʜʘʚʘʪʴ ʠ ʧʨʠʥʠʤʘʪʴ ʵʪʠ 

ʜʘʥʥʳʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʢʘʥʘʣʘ ʩʚʷʟʠ [1]. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʘʥʘʣʘ ʩʚʷʟʠ 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʨʝʜʣʦʞʝʥ 

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

ʤʦʜʫʣʷʮʠʠ ʂɸʄ-16, ʥʦ ʩ ʠʟʤʝʥʝʥʥʳʤ ʩʠʛʥʘʣʴʥʳʤ ʩʦʟʚʝʟʜʠʝʤ. ʇʨʠ 
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ʧʨʠʤʝʥʝʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʜʥʘ ʪʦʯʢʘ ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ ʧʝʨʝʤʝʱʘʝʪʩʷ 

ʟʘ ʧʨʝʜʝʣʳ ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ [2]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʰʫʤʦʚ ʥʘ ʩʠʩʪʝʤʫ 

ʩʤʦʜʝʣʠʨʦʚʘʥ ʢʘʥʘʣ ʩʚʷʟʠ ʩ ʢʚʘʟʠ-ʂɸʄ-16 ʤʦʜʫʣʷʮʠʝʡ ʠ ʙʝʣʳʤ ʠʣʠ 

ʨʦʟʦʚʳʤ ʰʫʤʦʤ [3]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʛʣʷʜʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 1000 ʨʘʟʣʠʯʥʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ 

ʰʫʤʘ. ʇʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ  ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠʛʥʘʣ ʢʚʘʟʠ-QAM-16 ʠʤʝʝʪ 

ʙʦʣʝʝ ʥʠʟʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ, ʯʝʤ ʩʠʛʥʘʣ QAM-16. 

 
ʈʠʩ. 1 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʨʦʟʦʚʳʤ ʠ ʙʝʣʳʤ ʰʫʤʘʤʠ 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʚ ʩʣʫʯʘʝ ʮʚʝʪʥʦʛʦ ʰʫʤʘ ʦʰʠʙʦʢ ʚ ʩʠʩʪʝʤʝ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʥʘʣʠʯʠʠ 

ʙʝʣʦʛʦ ʰʫʤʘ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʤʝʪʦʜ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʴʥʦʛʦ 

ʩʦʟʚʝʟʜʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʨʘʙʦʪʘʝʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʙʝʟʦʰʠʙʦʯʥʦʛʦ ʧʨʠʝʤʘ 

ʜʘʥʥʳʭ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʩʠʛʥʘʣʦʚ, ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʚ ʟʘʜʘʯʝ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ. 

 

Abstract 

This article discusses the problem of error-free data reception. Possible 

situations that arise in signal detection are presented and the basic optimality 

criteria in the signal detection problem are also noted. 

 

1. ɺʚʝʜʝʥʠʝ 

ɿʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʦʤʝʭ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʰʝʥʠʝ ʤʥʦʛʠʭ ʧʨʦʙʣʝʤ 

ʨʘʜʠʦʣʦʢʘʮʠʠ, ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ ʠ ʩʚʷʟʠ. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʥʘʨʫʞʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ ʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ [1]. 

2. ʊʝʦʨʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʧʨʦʚʝʨʢʝ ʜʚʫʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ (ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ) ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ. ɻʠʧʦʪʝʟʘ ʅ1 

ï ʩʠʛʥʘʣ ʚʦ ʚʭʦʜʥʦʡ ʩʤʝʩʠ ʝʩʪʴ ʠ ʛʠʧʦʪʝʟʘ ʅ0 ï ʩʠʛʥʘʣʘ ʥʝʪ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʩʠʛʥʘʣʘ ʤʦʛʫʪ ʙʳʪʴ ʯʝʪʳʨʝ 

ʩʠʪʫʘʮʠʠ: 1) ʧʨʘʚʠʣʴʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ, ʢʦʛʜʘ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʝ 
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ʦʙʥʘʨʫʞʠʪʝʣʷ ʩʫʱʝʩʪʚʫʝʪ ʠ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʝʛʦ ʥʘʣʠʯʠʠ; 2) 

ʧʨʘʚʠʣʴʥʦʝ ʥʝʦʙʥʘʨʫʞʝʥʠʝ, ʢʦʛʜʘ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʥʝʪ ʠ ʧʨʠʥʠʤʘʝʪʩʷ 

ʨʝʰʝʥʠʝ ʦʙ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ; 3) ʧʨʦʧʫʩʢ ʩʠʛʥʘʣʘ, ʢʦʛʜʘ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʝ 

ʩʫʱʝʩʪʚʫʝʪ, ʦʜʥʘʢʦ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦʙ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ; 4) ʣʦʞʥʘʷ 

ʪʨʝʚʦʛʘ, ʢʦʛʜʘ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʥʝʪ, ʥʦ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʝʛʦ 

ʧʨʠʩʫʪʩʪʚʠʠ [2]. 

ɼʣʷ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʛʦ ʦʙʥʘʨʫʞʠʪʝʣʷ ʚʚʦʜʷʪ ʧʨʘʚʠʣʦ ï ʢʨʠʪʝʨʠʡ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʦʙʱʠʤ ʢʨʠʪʝʨʠʝʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ɹʘʡʝʩʘ, ʠʣʠ ʠʥʘʯʝ ï ʢʨʠʪʝʨʠʡ ʤʠʥʠʤʫʤʘ ʩʨʝʜʥʝʛʦ 

ʨʠʩʢʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʨʠʪʝʨʠʷ ɹʘʡʝʩʘ ʦʧʪʠʤʘʣʴʥʳʤ ʩʯʠʪʘʝʪʩʷ ʪʘʢʦʡ 

ʦʙʥʘʨʫʞʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʯʥʳʭ 

ʨʝʰʝʥʠʡ ʩ ʫʯʝʪʦʤ ʠʭ "ʚʝʩʘ" ʠʣʠ ʩʪʝʧʝʥʠ ʥʝʞʝʣʘʪʝʣʴʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ 

ʢʨʠʪʝʨʠʷ ɹʘʡʝʩʘ, ʢʘʢ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠ ʜʨʫʛʠʝ 

ʢʨʠʪʝʨʠʠ. ʊʘʢ, ʫʩʣʦʚʠʝ ʤʠʥʠʤʫʤʘ ʩʫʤʤʘʨʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ 

ʥʘʟʳʚʘʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʠʜʝʘʣʴʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ, ʛʜʝ ʦʜʠʥʘʢʦʚʦ ʥʝʞʝʣʘʪʝʣʴʥʳ ʢʘʢ 

ʧʨʦʧʫʩʢʠ, ʪʘʢ ʠ ʠʩʢʘʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʦʦʙʱʝʥʠʷ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ 

ʢʨʠʪʝʨʠʡ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪ ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʜʠʦʣʦʢʘʮʠʠ - 

ʢʨʠʪʝʨʠʡ ʅʝʡʤʘʥʘ-ʇʠʨʩʦʥʘ, ʷʚʣʷʶʱʠʡʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʢʨʠʪʝʨʠʝʚ 

ɹʘʡʝʩʘ ʠ ʠʜʝʘʣʴʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ. ɽʛʦ ʩʫʱʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʬʠʢʩʠʨʫʝʪʩʷ ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ, ʧʦʩʣʝ ʯʝʛʦ 

ʤʘʢʩʠʤʠʟʠʨʫʝʪʩʷ ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ [3]. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʟʥʘʯʠʤʦʡ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʙʝʛʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ, ʘ ʩ ʜʨʫʛʦʡ ð 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʧʫʩʢʘ ʮʝʣʠ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʇ.ʉ. ɸʢʠʤʦʚ, ʌ.ʌ. ɽʚʩʪʨʘʪʦʚ, ʉ.ʀ. ɿʘʭʘʨʦʚ, ɸ.ɸ. ʂʦʣʦʩʦʚ, ɺ.ɸ. 

ʂʦʨʘʜʦ, ɹ.ʉ. ʂʫʢʠʩ. ʆʙʥʘʨʫʞʝʥʠʝ ʨʘʜʠʦʩʠʛʥʘʣʦʚ // ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1989. ï 

288ʩ., ISBN: 5-256-00198-1 

2. B. Sklar. Digital communication: Fundamentals and Applications 

Second Edition // Prentice Hall: Upper Saddle River, ISBN: 0-13-084788-7 

3. ʀ.ɻ. ʂʘʨʧʦʚ. ʆʩʥʦʚʳ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʩʚʷʟʠ. ʏ. I. ʆʩʥʦʚʳ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʜʠʦʧʨʠʸʤʘ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ï ʊʘʤʙʦʚ: ʀʟʜ-ʚʦ ʊʘʤʙ. ʛʦʩ. 

ʪʝʭʥ. ʫʥ-ʪʘ, 2009. ï 80 ʩ., ISBN 978-5-8265-0785-8.  



68 

 

 

ʋɼʂ 621.396.49 

 

ʄɸʃʆɻɸɹɸʈʀʊʅɸʗ ɸʅʊɽʅʅɸ-ɼɸʊʏʀʂ ɼʃʗ ʉɺʏ-

ʈɸɼʀʆʊɽʈʄʆʄɽʊʈɸ 

 

ɻʫʤʘʨʦʚʘ ɸ.ɺ., ʉʘʜʳʢʦʚ ɸ.ʈ., ʉʝʜʝʣʴʥʠʢʦʚ ʖ. ɽ., ʉʢʘʯʢʦʚ ɺ.ɸ. 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʪʝʥʥ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ 

ʘʥʪʝʥʥʘ ʥʦʚʦʛʦ ʪʠʧʘ. 

 

Abstract 

The work considers the possibility of antennas for medical radiometry 

diagnostic improvement. The new type antenna is presented. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʨʝʜʩʪʚ ʥʝʠʥʚʘʟʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʉɺʏ-ʨʘʜʠʦʪʝʨʤʦʤʝʪʨʦʚ. ʕʬʬʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʪʝʥʥ-ʜʘʪʯʠʢʦʚ ʚ ʚʠʜʝ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ 

ʨʝʰʝʪʦʢ [1-2]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʥʮʠʧʘ ʬʦʢʫʩʠʨʦʚʢʠ ʦʙʝʱʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʜʠʦʷʨʢʦʩʪʥʦʛʦ ʢʦʥʪʨʘʩʪʘ 

ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ. 

ʉʧʝʮʠʬʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥ ʜʣʷ 

ʫʢʘʟʘʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʜʠʘʛʥʦʩʪʠʨʫʝʤʦʤ ʦʙʲʝʢʪʝ, ʥʦ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʘʥʪʝʥʥʳ ʚ ʧʦʛʣʦʱʘʶʱʝʡ ʩʨʝʜʝ ʠʭ ʧʨʝʜʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ [1-

2]. ʉʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʘʨʠʘʥʪʦʚ ʘʥʪʝʥʥ-ʜʘʪʯʠʢʦʚ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʤ ʷʚʣʷʝʪʩʷ ʘʥʪʝʥʥʘ ʚ ʚʠʜʝ ʦʪʢʨʳʪʦʛʦ ʢʦʥʮʘ ʚʦʣʥʦʚʦʜʘ, 

ʟʘʧʦʣʥʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʤ ʩ ʤʘʣʳʤʠ ʧʦʪʝʨʷʤʠ ʠ ʜʠʵʣʝʢʪʨʠʢʦʤ ʩ ʚʳʩʦʢʦʡ 
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ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ [3]. ʅʝʜʦʩʪʘʪʢʦʤ ʝʝ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʥʳʝ ʧʦʪʝʨʠ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʦʚʳʡ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʘʥʪʝʥʥʳ 

ʜʘʪʯʠʢʘ ʱʝʣʝʚʦʛʦ ʪʠʧʘ. ɸʥʪʝʥʥʘ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩ. 1-2 ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʝʝ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʞʠʤʘ 

ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʠʟʣʫʯʝʥʠʷ (ʧʨʠʝʤʘ) ʠʩʧʦʣʴʟʦʚʘʥ ʨʝʟʦʥʘʪʦʨ ʥʘ ʦʩʥʦʚʝ 

ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ.  

 
 

ʈʠʩ.1 ʌʨʦʥʪʘʣʴʥʳʡ ʚʠʜ ʈʠʩ. 2 ɺʠʜ ʚ ʨʘʟʨʝʟʝ 

ʈʘʟʤʝʨʳ ʘʥʪʝʥʥʳ: 

- ɼʣʠʥʘ ʘʥʪʝʥʥʳ: 33.80 ʤʤ. 

- ɼʠʘʤʝʪʨ: 40 ʤʤ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʪʝʥʥ - 

ʘʧʧʣʠʢʘʪʦʨʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ. ʈʘʩʩʤʦʪʨʝʥʦ ʠʟʤʝʥʝʥʠʝ ʂʉɺ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʢʘʥʝʚʳʭ 

ʩʪʦʣʙʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʥʘʡʜʝʥʘ ʨʘʙʦʯʘʷ ʧʦʣʦʩʘ ʯʘʩʪʦʪ. 

 

Abstract 

The paper considers the possibility of using antenna applicators to 

improve medical radiometric diagnostics. The change of the VSWR  for 

various fabric pillars is considered. Based on the measurement results, the 

operating frequency band was found. 

 

ʈʘʜʠʦʪʝʨʤʦʤʝʪʨʠʷ (ʈʊʄ) ï ʵʪʦ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʟʤʝʨʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʠʭ ʪʢʘʥʝʡ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. 

ʀʥʬʦʨʤʘʮʠʷ ʧʦʣʫʯʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʦʣʥʦʚʦʛʦ 

ʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʝʣʘ ʯʝʣʦʚʝʢʘ. ʈʊʄ ʦʪʣʠʯʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦʡ 

ʙʝʟʚʨʝʜʥʦʩʪʴʶ, ʢʘʢ ʜʣʷ ʧʘʮʠʝʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʇʨʠʝʤ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʛʣʫʙʠʥʥʳʭ ʪʢʘʥʝʡ ʧʘʮʠʝʥʪʘ 

ʧʨʦʚʦʜʠʪʩʷ ʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʧʦʤʦʱʴʶ ʘʥʪʝʥʥʳ - ʘʧʧʣʠʢʘʪʦʨʘ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʞʠ ʧʘʮʠʝʥʪʘ ʚ ʟʦʥʝ ʧʨʦʝʢʮʠʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʨʛʘʥʘ ʠʣʠ ʝʛʦ ʯʘʩʪʠ [1]. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ 7 ʪʠʧʦʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ: ʢʦʞʘ, ʢʨʦʚʴ, ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʪʢʘʥʴ, ʢʦʨʪʠʢʘʣʴʥʘʷ 

ʢʦʩʪʴ, ʩʧʠʥʥʦʤʦʟʛʦʚʘʷ ʞʠʜʢʦʩʪʴ, ʙʝʣʦʝ ʚʝʱʝʩʪʚʦ ʤʦʟʛʘ, ʩʝʨʦʝ ʚʝʱʝʩʪʚʦ 

ʤʦʟʛʘ.  
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʪʢʘʥʝʚʳʡ ʩʪʦʣʙ, ʩʦʩʪʦʷʱʠʡ ʠʟ  

7 ʨʘʟʥʳʭ ʪʢʘʥʝʡ, ʚ ʢʦʪʦʨʳʭ ʤʝʥʷʣʦʩʴ ʟʥʘʯʝʥʠʝ ʛʣʫʙʠʥʳ ʩʣʦʷ. ɼʣʷ ʢʘʞʜʦʡ 

ʤʦʜʝʣʠ ʪʢʘʥʝʡ ʠʟʤʝʥʷʣʘʩʴ ʢʦʥʩʪʨʫʢʮʠʷ ʘʥʪʝʥʥʳ (ʠʟʤʝʥʷʣʠʩʴ ʦʩʥʦʚʥʳʝ 

ʨʘʟʤʝʨʳ) ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʪʨʝʙʫʝʤʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʚ 

ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ (ʂʉɺ ʥʝ ʙʦʣʝʝ 2). 

ɼʘʣʝʝ ʩʨʝʜʠ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʠʟʤʝʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ (ʈʠʩ. 1). 

 
ʈʠʩ. 1 ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʘʥʪʝʥʥ, ʤʤ 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʙʦʯʫʶ ʧʦʣʦʩʫ ʪʘʢ, ʯʪʦʙʳ 

ʂʉɺ ʘʥʪʝʥʥʳ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʝʡ ʙʳʣ ʤʝʥʴʰʝ 2. ʇʦʣʫʯʠʤ, ʯʪʦ 

ʨʘʙʦʯʘʷ ʧʦʣʦʩʘ ʯʘʩʪʦʪ ʩʦʩʪʘʚʣʷʝʪ 1 ɻɻʮ, ʘ ʠʤʝʥʥʦ 3.85Ñ0.5ɻɻʮ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʦʚʳʰʝʥʠʡ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʘʨʘʤʝʪʨʦʚ ʂʇɼ ʠ ɼʅ ʧʨʠ ʤʘʣʦʤ ʫʨʦʚʥʝ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ, 

ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʚʘʨʠʘʮʠʠ ʢʣʶʯʝʚʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦ-ʠʟʣʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ ï ʧʨʠʮʝʣʴʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ. 

 

Abstract 

The purpose of this work is to develop a methodology for increasing the 

parameters of efficiency and RP at a low level of side lobes, by providing a 

longitudinal variation of the key geometric parameter of the distribution-

radiating system - the aiming distance. 

 

1. ɺʚʝʜʝʥʠʝ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʪʝʭʥʠʢʘ ʘʥʪʝʥʥ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ. ʅʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʷ ʩʚʝʨʭʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʝʡ ʤʦʙʠʣʴʥʦʛʦ ʪʨʘʬʠʢʘ. ʊʘʢʠʝ ʩʝʪʠ ʫʞʝ ʩʝʡʯʘʩ 

ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʜʦ 10 ɻʙʠʪ/ʩ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʩʪʳʭ ʤʝʪʦʜʦʚ ʤʦʜʫʣʷʮʠʠ.  
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ʈʘʟʣʠʯʥʳʝ ʦʙʲʝʢʪʳ, ʢʘʢ ʥʘʟʝʤʥʳʝ, ʪʘʢ ʠ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, 

ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʘʥʪʝʥʥ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʠ ʥʘʟʥʘʯʝʥʠʡ, ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʘʥʪʝʥʥ.  

2. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʘʥʪʝʥʥʳ (ɸɺɺɼʊ). 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʘʥʪʝʥʥʳ ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 

ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ), 

ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ɼʅ).  ɺ ʢʘʯʝʩʪʚʝ ʘʥʪʝʥʥʳ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʥʪʝʥʥʘ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʪʠʧʘ 

(ɸɺɺɼʊ).  

ʆʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʰʠʨʠʥʳ ʛʣʘʚʥʦʛʦ ʣʝʧʝʩʪʢʘ ɼʅ ʧʨʠ ʥʠʟʢʦʤ 

ʫʨʦʚʥʝ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʘʤʧʣʠʪʫʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʚ ʨʘʩʢʨʳʚʝ. ɸʤʧʣʠʪʫʜʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʦʜʦʣʴʥʦʡ ʚʘʨʠʘʮʠʠ ʟʘʟʦʨʘ ʤʝʞʜʫ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʚʦʣʥʦʚʦʜʦʤ ʠ ʛʨʝʙʝʥʯʘʪʦʡ ʨʝʰʝʪʢʦʡ.  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʠʮʝʣʴʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʪʝʧʝʥʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʘʨʠʘʮʠʠ ʧʨʠʮʝʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʩʚʝʜʝʥʦ ʢ 

ʟʘʜʘʯʝ ʨʘʩʯʝʪʘ ʜʦʣʠ ʤʦʱʥʦʩʪʠ, ʦʪʙʠʨʘʝʤʦʡ ʢʘʞʜʦʡ ʢʘʥʘʚʢʦʡ ʛʨʝʙʝʥʯʘʪʦʡ 

ʨʝʰʝʪʢʠ ʧʦ ʟʘʜʘʥʥʦʤʫ ʘʤʧʣʠʪʫʜʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ʨʘʩʢʨʳʚʝ.  

ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ 

ʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʧʨʠʮʝʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʡʜʝʥʥʦʡ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ. 

3. ɿʘʢʣʶʯʝʥʠʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʴʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʪʝʥʥʳ 

ʩ ʧʨʦʜʦʣʴʥʦʡ ʚʘʨʠʘʮʠʝʡ ʧʨʠʮʝʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 87 ʜʦ 90 

%. ʅʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʪʘʢʦʡ ʘʥʪʝʥʥʳ 

ʜʦʩʪʠʛʘʶʪʩʷ ʥʘ ʯʘʩʪʦʪʘʭ ʦʪ 9.5 ʜʦ 10 ɻɻʮ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʢʣʠʝʥʪʘ ʠ 

ʩʝʨʚʝʨʘ ʧʨʠ ʤʘʩʢʠʨʦʚʘʥʠʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʃʦʨʝʥʮʘ. 

 

Abstract 

The report presents the results of modeling the work of the client and the 

server when masking the transmitted information using pseudo-random signals 

based on the Lorenz system. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʫʨʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ V2X. ɼʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʦ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʩʚʷʟʠ, ʥʦ ʚʦʧʨʦʩʳ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ.  ʅʝʣʠʥʝʡʥʳʝ 

ʩʠʩʪʝʤʳ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʭʘʦʩʦʤ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [1]. ʊʘʢʠʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʠʛʥʘʣʳ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʘʩʢʠʨʫʶʱʝʡ ʛʘʤʤʳ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʦʰʠʙʦʢ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʟʘʱʠʱʘʝʤʦʡ ʩ 

ʧʦʤʦʱʴʶ ʜʠʩʢʨʝʪʥʦ-ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʃʦʨʝʥʮʘ. 
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2. ʂʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ ʤʦʜʝʣʴ 

ʅʘ ʷʟʳʢʝ Python ʩʦʟʜʘʥʘ ʧʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʫʶʱʘʷ ʨʘʙʦʪʫ ʢʣʠʝʥʪʘ 

ʠ ʩʝʨʚʝʨʘ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʱʠʱʝʥʥʦʡ ʩʚʷʟʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʩʢʠʨʫʶʱʝʛʦ 

ʩʠʛʥʘʣʘ ʚʳʙʨʘʥʳ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʠʛʥʘʣʳ ʩʠʩʪʝʤʳ ʃʦʨʝʥʮʘ. ʈʝʰʝʥʠʝ 
ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ ʃʦʨʝʥʮʘ, ʧʨʦʚʝʜʝʥʦ 
ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ. ʄʦʜʫʣʷʮʠʷ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ OFDM. ʉʤʦʜʝʣʠʨʦʚʘʥ ʙʝʩʧʨʦʚʦʜʥʦʡ ʢʘʥʘʣ ʤʝʞʜʫ 

ʢʣʠʝʥʪʦʤ ʠ ʩʝʨʚʝʨʦʤ. 

ɹʣʦʢ ʩʭʝʤʳ ʢʣʠʝʥʪʘ ʠ ʩʝʨʚʝʨʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 ʠ 2. 

  
ʈʠʩ.1. ɹʣʦʢ-ʩʭʝʤʘ ʢʣʠʝʥʪʘ ʈʠʩ.2. ɹʣʦʢ-ʩʭʝʤʘ ʩʝʨʚʝʨʘ 
3. ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʶʱʘʷ ʧʝʨʝʜʘʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ, ʟʘʱʠʱʝʥʥʫʶ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʩʢʠʨʫʶʱʝʡ ʛʘʤʤʳ ʥʝ 

ʧʦʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝʣʠʯʝʥʠʶ ʦʰʠʙʦʢ ʜʝʢʦʜʠʨʦʚʘʥʠʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʬʘʥʘʩʴʝʚ ɺ.ɺ., ʃʦʛʠʥʦʚ ʉ.ʉ. ɺʘʨʠʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʨʝʤʝʥʥʦʡ 

ʩʝʪʢʠ ʚ ʮʠʬʨʦʚʳʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ // 

ʅʝʣʠʥʝʡʥʳʡ ʤʠʨ, ˉ 10, ʊ. 12, 2014. ʩ. 78 -83.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʧʣʘʥʘʨʥʘʷ ʤʠʢʨʦʧʦʣʦʩʢʦʚʘʷ ʉɺʏ ʩʪʨʫʢʪʫʨʘ 

ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ. ʀʟʫʯʘʝʪʩʷ ʝʛʦ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ 

ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

Abstract 

The article discusses a planar microstrip microwave structure of a 

serpentine shape. Its electrodynamic model is studied and the first simulation 

results are presented. 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʉɺʏ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ ʧʣʘʥʘʨʥʳʝ ʣʠʥʠʠ ʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʕʪʦʤʫ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʫʥʠʬʠʢʘʮʠʠ ʧʣʘʪ, 

ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʪʝʛʨʘʮʠʠ ʩ ʘʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʉɺʏ ʠ 

ʵʣʝʤʝʥʪʘʤʠ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʯʝʛʦ ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ 

ʥʘ ʪʘʢʦʤ ʞʝ ʫʨʦʚʥʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʣʥʦʚʦʜʥʳʭ ʠ ʢʦʘʢʩʠʘʣʴʥʳʭ 

ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʧʣʘʥʘʨʥʦʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ 

ʉɺʏ ʩʪʨʫʢʪʫʨʳ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ (ʈʠʩ. 1). 
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ʈʠʩ. 1 ï ʄʦʜʝʣʴ ʧʣʘʥʘʨʥʦʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʉɺʏ ʩʪʨʫʢʪʫʨʳ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʚ ʧʨʦʛʨʘʤʤʝ CST Studio Suite 2018. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʪʨʝʭʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʢ ʩʪʨʫʢʪʫʨʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʳʙʠʨʘʣʩʷ 

ʚʘʢʫʫʤ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʦʙʣʘʩʪʠ ʨʘʩʯʝʪʘ ʩ ʧʦʤʦʱʴʶ ʠʜʝʘʣʴʥʦ 

ʧʦʛʣʦʱʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʏʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʦʪ 0 ʜʦ 

5 ɻɻʮ. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. 

ʘ)  ʙ)  

ʈʠʩ. 2 ï ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ (ʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʝʨʝʜʘʯʠ (ʙ) 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʚʳʩʪʫʧʠʣʘ ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʣʘʥʘʨʥʦʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ 

ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ, ʠʟʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʜʠʘʧʘʟʦʥʘ ʩʦʩʪʘʚʠʣ (-0.3) 

ʜɹ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ (-12.6) ʜɹ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʉʘʤʠʛʫʣʣʠʥ //ʖʞʥʦ-ʉʠʙʠʨʩʢʠʡ ʥʘʫʯʥʳʡ ʚʝʩʪʥʠʢ. ï 2021. ï ˉ 6. ï ʩ. 56-61.  



78 

 

 

ʋɼʂ 621.385.69 

 

ʀɿʋʏɽʅʀɽ ʌɽʈʈʀʊʆɺʓʍ ɺɽʅʊʀʃɽʁ ʉɺʏ 

 

ɼʘʚʫʪʦʚ ɸ.ʅ., ʍʠʩʩʘʤʫʪʜʠʥʦʚ ɼ.ʆ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʀʜʠʘʪʫʣʣʦʚ ɿ.ʈ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 

 
STUDY OF FERRITE MICROWAVE VALVES  

 

Davutov A.N., Chissamutdinov D.O. 

Supervisor Idiatullov Z.R., assistant professor (Kazan National 

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

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʢʦʘʢʩʠʘʣʴʥʳʡ ʚʦʣʥʦʚʦʜ, ʝʝ ʟʘʚʠʩʠʤʦʩʪʴ 

ʟʘʪʫʭʘʥʠʡ, ʜʦʧʫʩʪʠʤʦʡ ʧʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚʦʣʥʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʦʪʥʦʰʝʥʠʷ r1/ r2. 

 

Abstract 

The article discusses a coaxial waveguide, its dependence of attenuation, 

permissible power output and wave resistance on the ratio r1/ r2. 

 

1. ɺʚʝʜʝʥʠʝ 

ʂʦʘʢʩʠʘʣʴʥʳʝ ʚʦʣʥʦʚʦʜʳ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʶʪ ʚ ʤʝʩʪʘʭ 

ʩʦʝʜʠʥʝʥʠʷ ʫʟʣʦʚ ʠ ʙʣʦʢʦʚ ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʳ. ʀʟ-ʟʘ ʠʭ ʦʛʨʦʤʥʦʡ ʨʦʣʠ ʚ 

ʧʝʨʝʜʘʯʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ ʦ ʟʘʪʫʭʘʥʠʷʭ ʜʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʜʦʧʫʩʪʠʤʦʡ ʧʝʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚʦʣʥʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

2. ɿʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥʦʚʦʜʘ ʦʪ ʦʪʥʦʰʝʥʠʷ r1/ r2. 

ʇʦʪʝʨʠ ʘ ʚ ʢʦʘʢʩʠʘʣʴʥʦʤ ʚʦʣʥʦʚʦʜʝ ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʧʦʪʝʨʴ ʚ 

ʜʠʵʣʝʢʪʨʠʢʝ ʘʜ ʠ ʧʦʪʝʨʴ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʘʧ : ʘ= ʘʜ + ʘʧ. ɿʥʘʯʝʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʥʘʡʜʝʥʳ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ 

  
 

ʛʜʝ        - ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ;     - ʯʘʩʪʦʪʘ 

ʢʦʣʝʙʘʥʠʡ ʚ ɻɻʮ (1 ɻɻʮ = 109 ɻʮ) 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ɺʪ), ʧʝʨʝʜʘʚʘʝʤʘʷ ʧʦ ʢʦʘʢʩʠʘʣʫ ʚ ʨʝʞʠʤʝ 

ʙʝʛʫʱʝʡ ʚʦʣʥʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʪʫʭʘʥʠʷ, ʜʦʧʫʩʪʠʤʦʡ ʧʝʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʚʦʣʥʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʘʢʩʠʘʣʘ ʦʪ ʦʪʥʦʰʝʥʠʷ r1/ r2.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʪʫʭʘʥʠʷ, ʜʦʧʫʩʪʠʤʦʡ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʘʢʩʠʘʣʘ ʦʪ 

ʦʪʥʦʰʝʥʠʷ r1/ r2. ʀʟ ʛʨʘʬʠʢʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʞʝʣʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʨʘʟʤʝʨʳ r1 

ʠ r2 . ʕʪʦ ʫʚʝʣʠʯʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʫʩʣʦʚʠʝʤ ʦʜʥʦʚʦʣʥʦʚʦʩʪʠ 

ʢʦʘʢʩʠʘʣʘ. ʆʧʪʠʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʘʜʠʫʩʦʚ ʧʨʦʚʦʜʥʠʢʦʚ ʢʦʘʢʩʠʘʣʘ 

(r1/ r2=3,6), ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ 

ʚʦʣʥʦʚʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ Wopt=100 ʆʤ. ʇʨʠ r1/ r2 =1,65 ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ Wopt=30 ʆʤ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʦʪʥʦʰʝʥʠʷ r1/ r2 ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1.ʉʢʘʯʢʦʚ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʝʝʚʠʯ. ʕʣʝʢʪʨʦʜʠʥʘʤʠʢʘ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɺ.ɸ. ʉʢʘʯʢʦʚ, ɻ.ʀ. 

ʑʝʨʙʘʢʦʚ; ʄʠʥ-ʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ, ʌɻɹʆʋ ɺʆ ʂʅʀʊʋ-

ʂɸʀ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ.-ʂʘʟʘʥʴ: [ʙ.ʠ.] - 2020. -298ʩ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʚ 

ʟʘʜʘʯʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʨʘʙʦʣʦʠʜʘ ʥʘʠʣʫʯʰʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ (ʇʅʉ) ʧʦ 

ʩʠʛʥʘʣʘʤ ʥʘʟʝʤʥʦʛʦ ʤʘʷʢʘ, ʧʨʠʥʠʤʘʝʤʳʤ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʦʡ (ɸʈ) 

ʤʥʦʛʦʣʫʯʝʚʦʡ ʛʠʙʨʠʜʥʦʡ ʟʝʨʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ (ʄɻɿɸ) ʩʧʫʪʥʠʢʦʚʦʛʦ 

ʙʘʟʠʨʦʚʘʥʠʷ.  

 

Abstract 

The article compares optimization algorithms for retrieving the best-fit 

paraboloid (BFP) from the signals of the ground beacon, received by the 

antenna array of the multi-beam hybrid reflector antenna (MBHRA) aboard 

GEO-satellite. 

 

1. ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʯʠʩʣʘ ʥʘʟʝʤʥʳʭ ʤʘʷʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʣʫʯʝʡ ʄɻɿɸ, ʥʝʦʙʭʦʜʠʤ ʩʧʦʩʦʙ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʢʘʞʘʝʤʦʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʧʨʦʬʠʣʷ ʨʝʬʣʝʢʪʦʨʘ[1].  

2. ʇʘʨʘʙʦʣʦʠʜ ʥʘʠʣʫʯʰʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʇʫʩʪʴ ʇʅʉ ð ʧʦʚʝʨʭʥʦʩʪʴ ʧʘʨʘʙʦʣʦʠʜʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʰʝʩʪʴʶ 
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ʧʘʨʘʤʝʪʨʘʤʠ Ű = {dF; Ŭz; Ŭy; dx; dy; dz}, ʛʜʝ dF ð ʩʤʝʱʝʥʠʝ ʬʦʢʫʩʘ, (Ŭz; Ŭy) 

ð ʫʛʣʳ ʧʦʚʦʨʦʪʘ, (dx; dy; dz) ð ʩʤʝʱʝʥʠʝ ʚʝʨʰʠʥʳ [1].  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʜʦʬʦʢʫʩʠʨʦʚʢʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʇʅʉ 

ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʫ ʚʝʢʪʦʨʘ Ű, ʤʠʥʠʤʠʟʠʨʫʶʱʝʛʦ ʦʪʢʣʦʥʝʥʠʝ ʤʝʞʜʫ 

ʧʨʠʥʷʪʳʤʠ ɸʈ ʩʠʛʥʘʣʘʤʠ ʤʘʷʢʘ ï U ʠ ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʦ ʇʅʉ S(Ű).  

ʂʨʠʪʝʨʠʝʤ ʩʭʦʞʝʩʪʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʉʂʆ ʧʦ ʬʦʨʤʝ [1]: 

Ů2(Ű) = 1 ï |Ɇn Sn(Ű)ĿUn
* |2 / ||S(Ű)||2||U||2.  (1) 

ʉʠʛʥʘʣʳ ʇʅʉ ʩ ʫʯʝʪʦʤ ʦʬʬʩʝʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʥʪʝʥʥʳ ʠ ʙʦʣʴʰʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ ʨʝʬʣʝʢʪʦʨʘ ʜʦʧʫʩʪʠʤʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʚ ʩʢʘʣʷʨʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ [1]: 

Sn = Ɇp Ip(ɗ, ű) f0(ɣ) exp(ïjkrp,n) / rp,n,  (2) 

ʛʜʝ Ip(ɗ, ű) = exp(jk[xpcos(ɗ)cos(ű)+ypcos(ɗ)sin(ű)+zpsin(ɗ)]) ï ʪʦʢ, 

ʥʘʚʦʜʠʤʳʡ ʧʣʦʩʢʦʡ ʚʦʣʥʦʡ ʩ ʟʘʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (ɗ, ű), f0(ɣ) ï 

ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ɼʅ ʘʥʪʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʨʝʰʝʪʢʠ, k ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, r ï 

ʨʘʩʩʪʦʷʥʠʝ ʠʟ ʧʦʣʦʞʝʥʠʷ n-ʛʦ ʠʟʣʫʯʘʪʝʣʷ ʚ p-ʫʶ ʪʦʯʢʫ ʇʅʉ.  

 3. ɸʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ 

ɺ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʟʷʪʳ ʧʷʪʴ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ: 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪʥʳʡ ʩʧʫʩʢ (SGD), ʤʝʪʦʜ ʤʦʤʝʥʪʦʚ (MoM), ʠ 

ʘʜʘʧʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ (ʘʣʛʦʨʠʪʤʳ Adagrad, 

Adadelta, Adam). ɺ ʢʘʯʝʩʪʚʝ ʠʩʢʘʞʝʥʥʦʛʦ ʨʝʬʣʝʢʪʦʨʘ ʚʳʩʪʫʧʘʣ ʇʅʉ ʩʦ 

ʩʣʫʯʘʡʥʳʤ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʡ ʥʘ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʟʚʝʩʪʝʥ. ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʟʘʜʘʯʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʨʘʙʦʣʦʠʜʘ ʥʘʠʣʫʯʰʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ɸʣʛ. SGD MoM Adagrad Adadelta Adam 

ecp, ʜɹ -30,3 -30,4 -32,5 -30,7 -30,3 

ʇʦʪʝʨʷ ʂʋ1, ʜɹ -0,03 -0,02 -0,02 -0,02 -0,02 
ʇʨʠʤʝʯʘʥʠʝ: 1 ï ʩʥʠʞʝʥʠʝ ʂʋ ʠʟ-ʟʘ ʥʝʪʦʯʥʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʇʅʉ. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʘʜʠʝʥʪʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʇʅʉ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʂʋ ʜʦʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʣʫʯʝʡ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Choni Y.I., Dardymov A.V., Romanov A.G., Danilov I.Yu. Retrieving 

best-fit paraboloid from signals of a ground based beacon for electronic 

compensation of satellite multi-beam hybrid reflector antenna distortions. 2021 

International Siberian Conference on Control and Communications (SIBCON), 

13-15 May 2021, Kazan, Russia, pp. 1-5.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʉɺʏ-ʥʘʛʨʝʚʘ ʠ ʨʘʟʜʝʣʝʥʠʷ 

ʚʦʜʦʥʝʬʪʷʥʳʭ ʵʤʫʣʴʩʠʡ (ɺʅʕ) ʚ ʫʩʪʘʥʦʚʢʝ ʢʦʥʮʝʚʦʛʦ ʜʝʣʠʪʝʣʷ ʬʘʟ 

(ʂɼʌ) ʩ ʮʝʣʴʶ ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʥʝʬʪʠ. ʇʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ 

ʂɼʌ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʠʩʪʝʤʦʡ ʥʝʢʦʛʝʨʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʕʄʇ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʜʦʣʴ ʥʝʛʦ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ.  

 

Abstract 

This paper presents a model of the process of microwave heating and 

separation of water-oil emulsions in the installation of an end phase divider 

(EPD) for the purpose of oil desalination. The process proceeds in the EPD 

pipeline under the influence of a system of incoherent electro-magnetic field 

sources distributed along it, which is the basis of the experimental setup. 

 

1. ɺʚʝʜʝʥʠʝ 

ʇʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ (ʕʄɺ) ʚ ʩʨʝʜʝ, 

ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʝʝ ʦʩʣʘʙʣʝʥʠʝʤ, ʚʳʟʚʘʥʥʳʤ ʧʦʪʝʨʷʤʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ, ʚ ʩʨʝʜʝ ʩ ʙʦʣʴʰʠʤʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ ʵʥʝʨʛʠʷ ʕʄɺ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦʚʫʶ 
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ʵʥʝʨʛʠʶ, ʠ ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʦ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʕʄʇ) [1].  

2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʉɺʏ-ʥʘʛʨʝʚʘ 

ʂʇɼ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʉɺʏ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʠʟ 

ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʛʦ 
ʜ ʤ ʭ ʧ ʩ ʛ

ʠʩʪ ʧ ʧ ʧ ʧ ʧ ʧ ʟ.P P P P P P P P W tS= + + + + + + +µ µ                   (1) 

ɺ ʵʪʦʤ ʚʳʨʘʞʝʥʠʠ 
ʠʩʪP  - ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʉɺʏ ʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʘʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʦʪʝʨʠ: ʜ

ʧP  - ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʜʠʵʣʝʢʪʨʠʢʝ 

(ʦʩʥʦʚʥʳʝ); ʤ

ʧP  - ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʥʢʘʭ; ʭ

ʧP  - 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ);ʧ

ʧP  - ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʚ ʜʠʵʣʝʢʪʨʠʢʘʭ (ʯʘʩʪʦ ʵʪʫ ʚʝʣʠʯʠʥʫ 

ʚʚʦʜʷʪ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʨʠ);ʩ

ʧP  -  ʥʘ ʧʝʨʝʭʦʜ ʚ ʩʚʝʪʦʚʫʶ ʵʥʝʨʛʠʶ;   

ʛ

ʧP  - ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʛʝʥʝʨʘʪʦʨʘ; PS - ʥʘ ʠʟʣʫʯʝʥʠʝ; ʠ 
ʟW tµ µ- 

ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʝʥʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ. ʄʦʱʥʦʩʪʴ ʧʦʪʝʨʴ ʕʄɺ 

ʚ ʥʝʬʪʠ ʚ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ V ʩ ʫʯʝʪʦʤ ʠʟʚʝʩʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʢʘʢ: 
2

,ʜ

ʧ ʘP tg E V=e D µñ                                             (2) 

ʛʜʝ E ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʣʷ ʧʦ ʦʙʣʘʩʪʠ V. ʂʦʣʠʯʝʩʪʚʦ 

ʚʳʜʝʣʝʥʥʦʛʦ ʪʝʧʣʘ, ʧʨʠ ʵʪʦʤ, ʚ ʦʙʣʘʩʪʠ V ʟʘ ʚʨʝʤʷ T ʙʝʟ ʫʯʝʪʘ 

ʢʦʥʚʝʢʮʠʦʥʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ 

ʜ,Q cm t P= D =                                                (3) 

ʛʜʝ m ï ʤʘʩʩʘ ʥʘʛʨʝʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, Dt ï ʫʩʨʝʜʥʝʥʥʘʷ ʧʦ ʦʙʣʘʩʪʠ 

ʧʨʠʨʘʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʩ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʦʥʝʬʪʷʥʦʡ 

ʵʤʫʣʴʩʠʠ. ʇʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ ʥʝʬʪʠ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʦʙʝʩʩʦʣʠʚʘʥʠʶ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʮʝʩʩ ʉɺʏ ʥʘʛʨʝʚʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ 

ʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʥʘ ʥʝʬʪʴ ʚ ʪʨʫʙʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʝʢʪ ʩʪʝʥʜʘ ʉɺʏ-ʥʘʛʨʝʚʘ ʚʦʜʦʥʝʬʪʷʥʳʭ 

ʵʤʫʣʴʩʠʡ ʩ ʮʝʣʴʶ ʠʭ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʠ ʦʙʝʩʩʦʣʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʙʣʦʢʘ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤ.  

 

Abstract 

The paper considers the project of a stand for microwave heating of 

water-oil emulsions for the purpose of their dehydration and desalination, as 

well as a control unit for them. 

 

1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ 

ʉʪʝʥʜ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʨʝʞʠʤʦʚ ʉɺʏ-ʥʘʛʨʝʚʘ ʚʦʜʦʥʝʬʪʷʥʦʡ 

ʵʤʫʣʴʩʠʠ (ɺʅʕ) ʚ ʢʘʥʘʣʝ ʢʦʥʮʝʚʦʛʦ ʜʝʣʠʪʝʣʷ ʬʘʟ (ʂɼʌ) ʠ ʦʪʨʘʙʦʪʢʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʠ ʫʟʣʦʚ ʚʚʦʜʘ ʉɺʏ ʵʥʝʨʛʠʠ ʚ ʢʘʥʘʣ ʂɼʌ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʥʝʢʦʛʝʨʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʪʨʫʙʫ ʂɼʌ. ʅʘ ʨʠʩ. 1 

ʧʨʠʚʝʜʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ. ɺ ʥʝʝ ʚʭʦʜʷʪ: ʉɺʏ-ʤʦʜʫʣʠ 

1, ʩʦʜʝʨʞʘʱʠʝ ʤʘʛʥʝʪʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ 2, ʫʩʪʨʦʡʩʪʚʦ ʩʦʛʣʘʩʦʚʘʥʠʷ 3, 

ʚʦʣʥʦʚʦʜʥʳʡ ʧʝʨʝʭʦʜ 4. ʊʘʢʞʝ ʚ ʩʠʩʪʝʤʫ ʥʘʛʨʝʚʘ ʚʭʦʜʠʪ ʢʘʥʘʣ ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ 5, ʙʣʦʢ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 6, ʢʘʥʘʣ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʢʦʥʪʨʦʣʷ 7 ʠ ʢʘʥʘʣ ʢʦʥʪʨʦʣʷ ʨʘʩʭʦʜʘ ʩʤʝʩʠ 8.   
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ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ 

2. ɹʣʦʢ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ɹʣʦʢ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 6 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʠ 

ʚʳʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʫʩʪʘʥʦʚʢʠ, ʟʘʜʘʥʠʷ ʚʨʝʤʝʥʠ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʉɺʏ 

ʛʝʥʝʨʘʪʦʨʦʚ, ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʨʘʙʦʪʦʡ ʧʦ ʟʘʜʘʥʥʳʤ ʧʨʦʛʨʘʤʤʘʤ, ʘ ʪʘʢʞʝ 

ʘʚʘʨʠʡʥʦʛʦ ʚʳʢʣʶʯʝʥʠʷ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ. ʀʩʭʦʜʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʜʣʷ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ: ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 1-50 ʉ̄; 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʜʦ 80 % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ʉ̄; ʥʘʧʨʷʞʝʥʠʝ 

ʧʠʪʘʥʠʷ 220 ɺ; ʯʘʩʪʦʪʘ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 50 ɻʮ; ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʦʢ 

ʥʝ ʙʦʣʝʝ 250 ɸ; ʜʠʘʧʘʟʦʥ ʟʘʜʘʚʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ 1-90 ʤʠʥ. 

ɹʣʦʢ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʫʩʪʨʦʡʩʪʚʦ ʧʠʪʘʥʠʷ, 

ʫʩʪʨʦʡʩʪʚʦ ʚʳʧʨʷʤʣʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʫʩʪʨʦʡʩʪʚʦ ʢʦʤʤʫʪʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʢʠ, ʢʣʘʚʠʘʪʫʨʘ, ʫʩʪʨʦʡʩʪʚʦ ʠʥʜʠʢʘʮʠʠ, ʮʝʥʪʨʘʣʴʥʳʡ 

ʧʨʦʮʝʩʩʦʨ, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʥʘʣʘʤʠ, ʫʩʪʨʦʡʩʪʚʦ 

ʩʦʧʨʷʞʝʥʠʷ, ʪʠʨʠʩʪʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ, ʟʚʫʢʦʚʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ. 

ʇʠʪʘʥʠʝ ʙʣʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʩʝʪʠ 220 ɺ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ 

ʩʪʝʥʜʝ, ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʉɺʏ ʵʥʝʨʛʠʠ ʥʘ ʥʝʬʪʴ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʝʡ ʚ ʥʝʬʪʠ ʜʦ ʚʝʣʠʯʠʥ ʧʦʨʷʜʢʘ 50% ʦʪ 

ʚʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʣʠʷʥʠʝ ʨʝʘʢʪʠʚʥʦʩʪʝʡ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʪʨʘʞʝʥʠʷ ʙʨʵʛʛʦʚʩʢʦʡ ʉɺʏ ʩʪʨʫʢʪʫʨʳ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʚʥʫʪʨʝʥʥʠʤ 

ʧʨʦʚʦʜʥʠʢʦʤ ʠ ʨʘʟʣʠʯʥʳʤʠ ʜʠʵʣʝʢʪʨʠʢʘʤʠ ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ 

ʙʨʵʛʛʦʚʩʢʦʡ ʉɺʏ ʩʪʨʫʢʪʫʨʳ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʷʪʤʠ. 

 

Abstract 

The article discusses the effect of reactivity on the reflection coefficient 

of a Bragg microwave structure with an inhomogeneous inner conductor and 

various dielectrics. A model of a Bragg microwave structure with 

inhomogeneous carriers is presented. 

 

ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʫʩʦʢ ʙʨʵʛʛʦʚʩʢʦʡ ʉɺʏ ʩʪʨʫʢʪʫʨʳ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʷʯʝʝʢ (ʈʠʩ.1). ɼʣʠʥʘ ʢʘʞʜʦʡ ʷʯʝʡʢʠ 15 ʤʤ. ʇʝʨʚʘʷ 

ʷʯʝʡʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʠʵʣʝʢʪʨʠʢʘ ï ʬʪʦʨʦʧʣʘʩʪʘ (‐ρ ςȢρȟὸὫ ‏ πȢπππς) ʠ 
ʠʤʝʝʪ ʙʦʣʴʰʠʡ ʜʠʘʤʝʪʨ d1 (2 ʠ 4 ʤʤ), ʯʝʤ ʫ ʚʪʦʨʦʡ ʷʯʝʡʢʠ ʩ ʤʝʥʴʰʠʤ 

ʜʠʘʤʝʪʨʦʤ d2 (1, 2 ʠ 3 ʤʤ) ʠ ʠʟʤʝʥʷʶʱʝʡʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ‐ς (3, 5, 10), ʪʘʥʛʝʩ ʫʛʣʘ ʧʦʪʝʨʴ ὸὫ ‏ πȢππρ. 
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ʈʠʩ 1. ï ʀʩʩʣʝʜʫʝʤʘʷ ʤʦʜʝʣʴ ʙʨʵʛʛʦʚʩʢʦʡ ʉɺʏ ʩʪʨʫʢʪʫʨʳ 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʣʥʦʚʦʣʥʦʚʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʚ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʨʝʜʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 

ʦʜʥʦʚʦʣʥʦʚʳʡ ʨʘʩʯʝʪ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ 

ʨʝʢʫʨʨʝʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʨʝʘʢʪʠʚʥʦʩʪʝʡ. 

 
ʈʠʩ. 2 ï ʉʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʦʜʥʦʚʦʣʥʦʚʦʤ ʨʘʩʯʝʪʝ ʠ 

ʧʦʣʥʦʚʦʣʥʦʚʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʧʨʠ ʧʦʣʥʦʚʦʣʥʦʚʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʤʝʪʥʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʳʩʰʠʭ ʪʠʧʦʚ ʤʦʜ, ʦʜʥʘʢʦ ʥʘ ʯʘʩʪʦʪʘʭ ʜʦ 5 ɻɻʮ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʤʦʜʝʣʠ ʦʜʥʦʚʦʣʥʦʚʦʛʦ ʨʘʩʯʝʪʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʣʥʦʚʦʣʥʦʚʦʛʦ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʰʣʝʡʬʥʦʛʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪʚʝʪʚʠʪʝʣʷ 

ʥʘ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ CST 

Studio Suite. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʣʠʥʠʠ, ʠʩʩʣʝʜʦʚʘʥʳ ʝʝ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

 

Abstract 

The article presents the calculation of the branch directional coupler on 

microstrip lines using the CST Studio Suite software package. The model of the 

line is presented and its main characteristics are investigated. 

 

1. ɺʚʝʜʝʥʠʝ 

ʅʘʧʨʘʚʣʝʥʥʳʝ ʰʣʝʡʬʥʳʝ ʦʪʚʝʪʚʠʪʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʘʧʧʘʨʘʪʫʨʝ 

ʉɺʏ: ʚ ʨʘʟʚʝʪʚʠʪʝʣʷʭ ʠ ʩʫʤʤʘʪʦʨʘʭ ʤʦʱʥʦʩʪʠ, ʚ ʬʘʟʦʚʨʘʱʘʪʝʣʷʭ, 

ʧʝʨʝʢʣʶʯʘʪʝʣʷʭ, ʙʘʣʘʥʩʥʳʭ ʩʤʝʩʠʪʝʣʷʭ, ʜʣʷ ʠʟʦʣʷʮʠʠ ʧʝʨʝʜʘʶʱʠʭ ʠ 

ʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʦʜʥʫ ʦʙʱʫʶ ʥʘʛʨʫʟʢʫ. ɺʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʩʯʝʪʝ ʛʘʙʘʨʠʪʦʚ ʰʣʝʡʬʥʦʛʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʦʪʚʝʪʚʠʪʝʣʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʙʣʠʟʢʠʭ ʢ ʠʜʝʘʣʴʥʳʤ.  

2. ʈʘʩʯʝʪ ʰʣʝʡʬʥʦʛʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪʚʝʪʚʠʪʝʣʷ 

ʀʜʝʘʣʴʥʳʡ ʰʣʝʡʬʥʳʡ ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪʚʝʪʚʠʪʝʣʴ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʫʶ ʤʘʪʨʠʮʫ ʨʘʩʩʝʷʥʠʷ (1). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʰʣʝʡʬʥʦʛʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪʚʝʪʚʠʪʝʣʷ ʥʘ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ 2,3 

ɻɻʮ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʠʪʘʶʱʠʭ ʧʦʣʦʩʢʦʚ 50 ʆʤ. ʉ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ TXline 2003 ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʛʝʦʤʝʪʨʠʠ 
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ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ ʩ ʪʨʝʙʫʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ υπ ʆʤ ʠ 35.35 ʆʤ: ύ ςȢχ ̍ ȟ̍ύ  τȟχυ ̍ .̍ 

 Ὓ
Ѝ
ᶻ

π Ὦ ρ π
Ὦ π π ρ

ρ
π
π
ρ

π Ὦ
Ὦ π

                                         (1) 

ʉʭʝʤʘ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪʚʝʪʚʠʪʝʣʷ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣʘ 

ʩʦʙʨʘʥʘ ʚ ʧʨʦʛʨʘʤʤʝ CST Studio Suite (ʨʠʩ.1). 

 
ʈʠʩ. 1. ʐʣʝʡʬʥʳʡ ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪʚʝʪʚʠʪʝʣʴ ʚ ʧʨʦʛʨʘʤʤʝ CST. 

ʉ ʧʦʤʦʱʴʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʳ CST, ʥʘʤ ʫʜʘʣʦʩʴ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʜʣʠʥʫ ʤʦʩʪʦʚ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ, ʯʪʦʙʳ 

ʧʨʠʙʣʠʟʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ ʢ ʠʜʝʘʣʴʥʳʤ (ʨʠʩ. 2, ʨʠʩ. 3). 

  
ʈʠʩ. 2. S-ʧʘʨʘʤʝʪʨʳ ʫʩʪʨʦʡʩʪʚʘ ʚ ʣʠʥʝʡʥʦʤ 

ʤʘʩʰʪʘʙʝ 
ʈʠʩ. 3. ʌʘʟʘ 

 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʨʠʩʫʥʢʘʤ ʚʠʜʥʦ, ʯʪʦ S-ʧʘʨʘʤʝʪʨʳ ʙʣʠʟʢʠ ʢ ʠʜʝʘʣʴʥʳʤ. ʅʘ 

ʨʠʩʫʥʢʝ 2 ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ S11 ʠ S41 ʙʣʠʟʢʠ 0 ʥʘ ʨʘʩʯʝʪʥʦʡ 

ʯʘʩʪʦʪʝ, ʧʘʨʘʤʝʪʨʳ S21 ʠ S31 ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳ 0,707, ʪ.ʝ. ʧʦʣʦʚʠʥʝ 

ʤʦʱʥʦʩʪʠ. ʇʦ ʨʠʩʫʥʢʫ 3 ʚʠʜʥʦ, ʯʪʦ ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ ʦʪʨʘʞʝʥʥʳʤʠ 

ʚʦʣʥʘʤʠ ʨʘʚʥʘ ωπЈ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʘʤʝʪʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʪʨʠʮʝ 
ʨʘʩʩʝʷʥʠʷ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʚʢʩʝʥʪʴʝʚ ɸ.ɸ., ɺʦʨʦʙʴʝʚ ʅ.ɻ., ʄʦʨʦʟʦʚ ɻ.ɸ., ʉʪʘʭʦʚʘ ʅ.ɽ. / 

ʋʩʪʨʦʡʩʪʚʘ ʉɺʏ ʜʣʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. // ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ, 2004. ï 

135 c. 

2. ʄʘʣʦʨʘʮʢʠʡ ʃ.ɻ., ʗʚʠʥ ʃ.ʈ. / ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʉɺʏ-

ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʷʭ. // ʄ.: ʉʦʚ. ʨʘʜʠʦ, 1972. ï 232 ʩ. 

3. ʂʫʨʫʰʠʥ ɸ.ɸ., ʇʣʘʩʪʠʢʦʚ ɸ.ʅ. / ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʉɺʏ ʫʩʪʨʦʡʩʪʚ ʚ 

ʩʨʝʜʝ CST Microwave Studio. // ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ, 2014. ï 254 c.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʨʝʜʩʢʘʟʘʥʠʷ ʘʥʦʤʘʣʠʡ ʚʦ 

ʚʨʚʝʤʝʥʥʳʭ ʨʷʜʘʭ. ʀʩʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʝʦʙʭʦʜʤʦʩʪʴʶ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ 

ʘʥʦʤʘʣʠʠ 

 

Abstract 
In this paper, a two-step approach has been proposed for the times series 

anomaly prediction. Use of such approach is justified by the fact, which the time 

moments of the anomalies, are preferable for practical purposes. 

 

1. Introduction 

A great challenge in cellular network performance analysis is prediction of 

possible incidents based on KPI. Various approaches for this  may be found in 

literature: non-linear models based on regressive trees [1], various artificial neural 

network (ANN) techniques [2-4]. 

2. Proposed approach 

In this paper we provide a two-step approach for anomaly prediction: 

1. a conventional time-series prediction model is evaluated to 

predict future values of time series for a predefined horizon.  

2. predicted values are classified using a pre-trained classifier to 

determine time moments of the future anomalies. 
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Holt-Winters Exponential Smoothing, Extreme Gradient Boosting 

(XGBoost), Support Vector Regression (SVR), and Python Dynamic Linear 

Model (PyDLM) have been used for implementation of the step 1, Hidden 

Markov Model (HMM) - for step 2.  

3. Results 

Day of year and hour are used for outlier prediction problem, and the 

timing range includes 2017, 2018 and 2019 years. As a metric to evaluate 

performance of the algorithms a true positive rate has been chosen.  The results 

are provided in table 1. 

Tab. 1. Summarized results for anomaly prediction 

Model name Number of 
detected 

outliers 

Number of 
predicted 

outliers 

Number of 
true alarms  

Number 
false alarms 

Number of 
missed alarms 

Holt-Winterôs 1243 1232 1099 133 145 

SVR 1243 3639 278 3361 965 

XGboost 1243 1396 1164 232 79 

PyDLM 1243 1523 121 1401 1122 

4. Conclusions 

From point of view maximum of truly predicted alarms and minimum of 

the false alarms Holt-Winterôs model and XGBoost algorithm can be considered 

as the most preferable candidates for the task of anomaly prediction. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʪʘʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʠʤʦʩʪʴ ʨʝʛʨʝʩʩʠʠ ʦʧʦʨʥʳʭ 

ʚʝʢʪʦʨʦʚ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʪʝʣʷ EPS Radio 

Bearer Setup Failure Rate 

 

Abstract 

Applicability of the Support Vector Regression for prediction of a 

temporal dynamics of the EPS Radio Bearer Setup Failure Rate has been 

examined in this paper 

 

1. Introduction 

Support Vector Regression is a modification of the Support Vector 

Machines for the regression probems [1]. The main idea behind SVR is to 

determine regressions optimal error bound [2].  

Time-Series considered in this article has been collected from number of 

unsuccessful E-UTRAN Radio Access Bearer connections (E-RAB Setup 

Failures). These events happen due to corrupted checksum of the particular 

message caused by problems in the communication channels between base 

stations and Core Network.  

2. Advantages and disadvantages of the SVR 

The following advantages might be derived from literature [1-3]: 

¶ can handle non-linear dependencies via Kernel trick; 
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¶  relatively simple general idea; 

¶ may be applied to multivariate time series. 

However, the following drawbacks are determined for this method: 

¶ high computational complexity; 

¶ sensitivity to data normalization; 

¶ lower performance on time series with high volatility. 

3. Results 

The following exogenous variables are used: day of year and hour. 

Median Absolute Error, Mean Absolute Error, Mean Squared Error (MSE) and 

Root Mean Squared Error (RMSE) are used as performance metrics. The 

stepwise cross-validation with splitting into 12 parts is used. The data set includes 

values belonging to year 2019. The results are presented in table 1.  

Tab. 1. The results of the predictions. 

Model name 

Median 

Absolute 

Error 

Mean 

Absolute 

Error  

MSE RMSE 

SVR 0.055 0.087 0.057 0.179 

4. Conclusions 

From table 1 we can conclude that SVR demonstrates low mean and 

median absolute error, and small standard deviation what shows very good 

applicability for offline prediction systems. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʠʜʝʷ ʨʝʰʝʪʢʠ ɺʘʥ-ɸʪʪʘ ʠ ʧʨʠʥʮʠʧ ʝʸ ʨʘʙʦʪʳ, 

ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʝʸ ʨʘʙʦʪʳ ʚ ʥʘʛʣʷʜʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ 

ʠʩʧʦʣʥʝʥʠʠ. 

 

Abstract 

The article discusses the idea of the Van Atta lattice and the principle of 

its operation, and also presents the features of its operation in a visual graphic 

design. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʨʝʜʠ ʘʥʪʝʥʥʳʭ ʨʝʰʸʪʦʢ (ɸʈ) ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʨʝʰʝʪʢʠ 

ɺʘʥ-ɸʪʪʘ, ʦʩʥʦʚʥʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ï ʨʝʪʨʘʥʩʣʷʮʠʷ ʧʘʜʘʶʱʝʡ 

ʚʦʣʥʳ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

2. ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʰʸʪʢʠ ɺʘʥ-ɸʪʪʘ 

ʈʝʰʝʪʢʠ ɺʘʥ-ɸʪʪʘ ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʶʪ ʥʘʧʨʘʚʠʪʴ 

ʛʣʘʚʥʳʡ ʤʘʢʩʠʤʫʤ ʚʪʦʨʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʭʦʜʘ ʚʦʣʥʳ 

[1]. ɼʣʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʳ ʨʝʰʝʪʢʠ ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʧʘʨʥʦ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. ˉ1, ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʬʠʜʝʨʥʳʤʠ ʣʠʥʠʷʤʠ ʦʜʠʥʘʢʦʚʦʡ 

ʜʣʠʥʳ. ɺ ʵʪʦʡ ʩʭʝʤʝ ʢʨʘʡʥʠʡ ʵʣʝʤʝʥʪ ʩʣʝʚʘ ʠʟʣʫʯʘʝʪ ʵʥʝʨʛʠʶ, ʧʨʠʥʷʪʫʶ 

ʢʨʘʡʥʠʤ ʵʣʝʤʝʥʪʦʤ ʩʧʨʘʚʘ, ʘ ʢʨʘʡʥʠʡ ʵʣʝʤʝʥʪ ʩʧʨʘʚʘ  ʠʟʣʫʯʘʝʪ ʵʥʝʨʛʠʶ, 



95 

 

 

ʈʠʩ. ˉ1 

ʧʨʠʥʷʪʫʶ ʢʨʘʡʥʠʤ ʵʣʝʤʝʥʪʦʤ ʩʣʝʚʘ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʦʙʤʝʥ ʧʨʦʠʩʭʦʜʠʪ ʤʝʞʜʫ ʚʪʦʨʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʩ ʦʙʦʠʭ ʢʨʘʝʚ, ʤʝʞʜʫ ʪʨʝʪʴʠʤʠ ʩ 

ʢʨʘʝʚ ʠ ʪ.ʜ [2]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʝʚʳʝ ʵʣʝʤʝʥʪʳ 

ʠʟʣʫʯʘʶʪ ʩ ʦʧʝʨʝʞʘʶʱʠʤʠ ʬʘʟʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʬʘʟʘʤ ʚʦʣʥʳ ʫ ʧʨʘʚʦʡ ʯʘʩʪʠ 

ʨʝʰʝʪʢʠ, ʘ ʧʨʘʚʳʝ ʵʣʝʤʝʥʪʳ ʠʟʣʫʯʘʶʪ ʩ 

ʦʪʩʪʘʶʱʠʤʠ ʬʘʟʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʬʘʟʘʤ 

ʚʦʣʥʳ ʫ ʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʦʠʩʭʦʜʠʪ ʠʥʚʝʨʩʠʷ 

(ʧʝʨʝʤʝʥʘ ʟʥʘʢ; ʟʥʘʢʘ) ʬʘʟ ʠʟʣʫʯʘʪʝʣʝʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʛʣʘʚʥʳʡ ʤʘʢʩʠʤʫʤ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʪʦʨʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʧʨʠʭʦʜʘ ʚʦʣʥʳ (ʧʫʥʢʪʠʨʥʘʷ ʩʪʨʝʣʢʘ ʥʘ ʨʠʩ. ˉ1). 

ɺ ʩʣʫʯʘʝ ʧʣʦʩʢʦʡ ʨʝʰʸʪʢʠ ʵʣʝʤʝʥʪʳ 

ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʧʘʨʥʦ ʧʦ ʩʭʝʤʝ ʨʠʩ. ˉ2 

(ʦʙʦʟʥʘʯʝʥʳ ʦʜʠʥʘʢʦʚʳʤʠ ʯʠʩʣʘʤʠ) 

ɽʩʣʠ ʚʢʣʶʯʠʪʴ ʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʧʘʨʳ 

ʠʟʣʫʯʘʪʝʣʝʡ ʨʝʰʝʪʢʠ ɺʘʥ-ɸʪʪʘ, ʪ. ʝ. ʝʩʣʠ ʩʜʝʣʘʪʴ 

ʵʪʠ ʘʥʪʝʥʥʳ ʘʢʪʠʚʥʳʤʠ, ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʪʴ ʠʭ ʦʙʨʘʪʥʦʝ ʠʟʣʫʯʝʥʠʝ.  

ɼʣʷ ʦʩʣʘʙʣʝʥʠʷ ʚʟʘʠʤʥʦ ʩʚʷʟʠ ʵʣʝʤʝʥʪʦʚ 

ʨʝʰʝʪʢʠ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʨʘʟʥʝʩʝʥʠʝ ʧʨʠʝʤʥʦʡ 

ʠ ʧʝʨʝʜʘʶʱʝʡ ʯʘʩʪʝʡ ʘʥʪʝʥʥʳ ʧʦ ʯʘʩʪʦʪʝ ʠʣʠ ʧʦ 

ʧʦʣʷʨʠʟʘʮʠʠ. ʅʘ ʨʠʩ. ˉ3 ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 

ʣʠʥʝʡʥʘʷ ʨʝʰʝʪʢʘ ɺʘʥ-ɸʪʪʘ ʩ ʨʘʟʥʝʩʝʥʠʝʤ ʧʦ 

ʧʦʣʷʨʠʟʘʮʠʠ.  

3. ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ ɺʘʥ-ɸʪʪʘ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ 

ʟʘʤʝʪʥʦʩʪʠ ʦʙʲʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʘʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʠʩʪʝʤ, ʘʥʪʝʥʥʳ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʩʚʷʟʠ. ʄ., "ʉʚʷʟʴ", 1977. 440 ʩ. ʩ ʠʣ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʧʨʦʱʝʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʥʝʧʣʘʥʘʨʥʳʭ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ 

ʉɺʏ ʩʪʨʫʢʪʫʨ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʦʜʝʣʠ ʥʘ ʬʠʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʨʫʢʪʫʨʳ. 

 

Abstract 

This paper presents a simplified mathematical modeling of a unit cell of 

non-planar microstrip microwave structures of a serpentine shape, which is 

necessary for assessing the influence of model components on the final 

characteristics of a periodic structure. 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʦʙʲʝʤʥʳʝ ʥʝʧʣʘʥʘʨʥʳʝ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ 

ʩʪʨʫʢʪʫʨʳ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ, ʦʧʠʩʘʥʥʳʝ ʚ [1], ʠʟ-ʟʘ ʩʚʦʝʛʦ ʩʪʨʦʝʥʠʷ 

ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ. ɺ ʨʘʙʦʪʝ [2] ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʚʘʨʠʘʥʪʳ ʫʧʨʦʱʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʨʠʯʥʳʭ 

ʤʝʪʦʜʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʩʭʦʜʠʤʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʴʶ ʠ ʤʘʪʨʠʯʥʳʤ ʤʝʪʦʜʦʤ. 

ʆʜʥʘʢʦ ʚ ʥʠʟʢʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʷʚʣʷʣʠʩʴ ʦʰʠʙʢʠ ʚ 

ʚʠʜʝ ʨʘʩʭʦʞʜʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʕʪʦ ʙʳʣʦ ʦʙʲʷʩʥʝʥʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʵʬʬʝʢʪʘ ʩʚʷʟʘʥʥʳʭ ʣʠʥʠʡ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʫʧʨʦʱʝʥʥʦʡ 

ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʥʝʧʣʘʥʘʨʥʦʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʉɺʏ-

ʩʪʨʫʢʪʫʨʳ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʫʶ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʫʪʝʤ ʧʦʚʪʦʨʝʥʠʷ ʤʦʞʥʦ ʙʫʜʝʪ ʜʦʩʪʨʦʠʪʴ ʜʦ ʧʦʣʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʠ ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. 

ʘ)  ʙ)  
ʈʠʩ. 1. ʄʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: ʘ) ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ 
ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ; ʙ) ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʚʘʨʠʘʥʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ʠʟ 

[3] ʙʳʣ ʚʟʷʪ ʨʘʩʯʝʪ ʩʚʷʟʘʥʥʳʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ ʧʝʨʝʜʘʯ. 

ʅʝʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʥʳʝ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʩʠʛʥʘʣʘ 

ʧʨʠ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. ʇʨʠʚʝʜʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʬʘʟʳ ʩʠʛʥʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. 

ʘ)  ʙ)  ʚ)  
ʈʠʩ. 2 ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʚʘʨʠʘʮʠʠ: ʘ) 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ; ʙ) ʜʣʠʥʘ ʧʨʷʤʦʛʦ ʫʯʘʩʪʢʘ; ʚ) ʰʠʨʠʥʘ 

ʧʨʦʚʦʜʥʠʢʘ 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ  

1. ʀʰʢʘʝʚ ʊ.ʄ. ʇʨʠʤʝʥʝʥʠʝ ʥʝʧʣʘʥʘʨʥʳʭ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʉɺʏ 

ʩʪʨʫʢʪʫʨ ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʞʠʜʢʦʩʪʝʡ ʠ ʪʚʝʨʜʳʭ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʧʳʪʦʢ ʚʳʙʦʨʘ ʬʘʟʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʨʘʟʤʝʨʦʚ 

ʢʣʝʪʢʠ ʨʘʟʜʝʣʝʥʠʷ ʩʠʤʚʦʣʘ ʥʘ ʫʣʫʯʰʝʥʠʝ CCDF ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʧʦʩʦʙʘ ʩʥʠʞʝʥʠʷ ʧʠʢ-ʬʘʢʪʦʨʘ ʤʝʪʦʜʦʤ PTS ʩʠʛʥʘʣʘ ʩ OFDM. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʠʢ-ʬʘʢʪʦʨʘ. 

 

Abstract 

The report presents the results of a study of the influence of the number 

of attempts to select the phase sequence and the size of the symbol separation 

cell on the improvement of CCDF when using the method of reducing the peak 

factor by the PTS method signal with OFDM. Graphs of the resulting peak 

factor are presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʚ 

ʢʘʥʘʣʘʭ ʩ ʤʥʦʛʦʣʫʯʝʚʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʪʝʭʥʦʣʦʛʠʷ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʯʘʩʪʦʪʥʳʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ OFDM ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. OFDM ʪʝʭʥʦʣʦʛʠʷ ʚʳʙʨʘʥʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʪʘʥʜʘʨʪʘʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʥʦʚʦʛʦ ʪʠʧʘ, ʪʘʢʠʭ ʢʘʢ IEEE 802.11(Wi-

Fi), IEEE 802.16 (WiMAX ), 3GPP LongTermEvolution (LTE), ʤʥʦʛʠʝ 
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ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʨʘʜʠʦʚʝʱʘʥʠʷ, ʠ ʪ.ʜ [1]. ʀʟʚʝʩʪʥʳʤ ʦʩʥʦʚʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʩʠʩʪʝʤ ʩ OFDM ʤʦʜʫʣʷʮʠʝʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʡ ʧʠʢ-ʬʘʢʪʦʨ 

(PAPR) ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʫʤʤʫ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʧʦʜʥʝʩʫʱʠʭ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝʤ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʢ ʝʛʦ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ. 

2. ʆʮʝʥʢʘ ʬʫʥʢʮʠʠ ʚʳʙʦʨʦʯʥʦʛʦ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 

ʩʨʝʜʝ MatLab 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʥʝʥʠʷ ʧʠʢ-ʬʘʢʪʦʨʘ 

ʩʠʛʥʘʣʘ OFDM ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ PTS. ɼʣʷ ʵʪʦʛʦ ʚ ʩʨʝʜʝ MatLab 

ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʦʩʦʙʘ PTS ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʬʫʥʢʮʠʠ ʚʳʙʦʨʦʯʥʦʛʦ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦ ʠ ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ. ʆʮʝʥʠʤ ʟʘʚʠʩʠʤʦʩʪʠ 

PAPR ʦʪ ʨʘʟʤʝʨʦʚ ʢʣʝʪʢʠ ʨʘʟʜʝʣʝʥʠʷ ʩʠʤʚʦʣʘ ʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦʧʳʪʦʢ 

ʚʳʙʦʨʘ ʬʘʟʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʨʠʩ. 1). 

 
ʈʘʟʤʝʨ ʢʣʝʪʢʠ = 32 

 
ʈʘʟʤʝʨ ʢʣʝʪʢʠ = 8 

 
ʂʦʣʠʯʝʩʪʚʦ ʧʦʧʳʪʦʢ = 4 

 
ʂʦʣʠʯʝʩʪʚʦ ʧʦʧʳʪʦʢ = 16 

ʈʠʩ. 1 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ CCDF: ʘ ï ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʘʭ ʢʣʝʪʢʠ; ʙ ï 

ʨʘʟʣʠʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʧʳʪʦʢ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʢʣʝʪʢʠ ʨʘʟʜʝʣʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʧʳʪʦʢ PAPR ʩʠʛʥʘʣʘ ʩʥʠʞʘʝʪʩʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʏʘʥ ɺʘʥ ʅʛʠʘ. ʆʧʪʠʤʠʟʘʮʠʷ ʩʧʦʩʦʙʘ ʯʘʩʪʠʯʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʠʢ-ʬʘʢʪʦʨʘ ʩʠʛʥʘʣʦʚ ʩ OFDM 

ʤʦʜʫʣʷʮʠʝʡ ʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʇʃʀʉ // ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ. - 

2017. - ˉ4. - ʉ. 57-62.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʣʘʥʘʨʥʳʭ ʠ 

ʦʙʲʝʤʥʳʭ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʣʘʥʘʨʥʦʡ ʠ ʦʙʲʝʤʥʦʡ ʩʪʨʫʢʪʫʨ, ʧʨʠʚʝʜʝʥʳ 

ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

Abstract 

The paper describes a comparative analysis of planar and volumetric 

microstrip lines of a serpentine shape. Electrodynamic models of planar and 

volumetric structures are presented, and comparative results of the simulation 

are given. 

ʄʠʢʨʦʧʦʣʦʩʢʦʚʘʷ ʣʠʥʠʷ ð ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ ʧʦʣʦʩʢʦʚʘʷ ʣʠʥʠʷ 

ʧʝʨʝʜʘʯʠ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʚʦʟʜʫʰʥʦʡ ʠʣʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʨʝʜʝ, ʚʜʦʣʴ ʜʚʫʭ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʚʦʜʥʠʢʦʚ, ʠʤʝʶʱʠʭ ʬʦʨʤʫ ʪʦʥʢʠʭ ʧʦʣʦʩʦʢ ʠ ʧʣʘʩʪʠʥ. ʃʠʥʠʠ 

ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ, ʪ. ʢ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʜʣʦʞʢʠ ʝʸ ʪʦʣʱʠʥʘ ʠ ʧʦʧʝʨʝʯʥʳʝ 

ʨʘʟʤʝʨʳ ʧʦʣʦʩʳ ʤʥʦʛʦ ʤʝʥʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

[1]. 

ʀʟ-ʟʘ ʪʨʝʙʦʚʘʥʠʡ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʟʤʝʨʦʚ ʜʘʪʯʠʢʦʚ, ʧʦʷʚʣʷʝʪʩʷ 

ʧʨʦʙʣʝʤʘ ʜʣʠʥʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʉɺʏ ʜʠʘʧʘʟʦʥʘ. ʆʜʥʦ ʠʟ 

ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ: ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʣʘʥʘʨʥʦʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ 
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ʣʠʥʠʠ (ʨʠʩ. 1, ʘ) ʚ ʚʠʜʝ ʦʙʲʝʤʥʦʡ (ʥʝʧʣʘʥʘʨʥʦʡ) ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ 

(ʨʠʩ. 1, ʙ), ʠʤʝʶʱʝʡ ʟʤʝʝʚʠʜʥʫʶ ʬʦʨʤʫ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʣʘʥʘʨʥʦʡ ʠ ʦʙʲʝʤʥʦʡ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ. 

ʘ)  ʙ)  

ʈʠʩ. 1 ï ʄʦʜʝʣʠ ʧʣʘʥʘʨʥʦʡ (ʘ) ʠ ʦʙʲʝʤʥʦʡ (ʙ) ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ 

ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 1. 

ʘ)  ʙ)  

ʚ)  ʛ)  

ʈʠʩ. 2 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ: ʘ) S11; ʙ) S21, ʚ) 

ʬʘʟʘ S11; ʛ) ʬʘʟʘ S21 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʦʙʲʝʤʥʘʷ ʠ ʧʣʘʥʘʨʥʘʷ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʣʠʥʠʠ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ, 

ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʘʭ ʚʝʜʫʪ ʩʝʙʷ ʧʦ-ʨʘʟʥʦʤʫ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʵʪʦʤʫ ʩʣʫʞʘʪ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʦʪʨʘʞʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ, ʘ ʪʘʢʞʝ ʠʭ ʬʘʟʳ. ʆʙʲʷʩʥʝʥʠʝʤ ʧʦʜʦʙʥʦʡ ʨʘʟʥʠʮʳ 

ʩʣʫʞʠʪ ʵʬʬʝʢʪ ʩʚʷʟʘʥʥʳʭ ʣʠʥʠʡ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʦʙʲʝʤʥʦʡ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʟʤʝʝʚʠʜʥʦʡ ʬʦʨʤʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɺʠʢʠʧʝʜʠʷ ï ʩʚʦʙʦʜʥʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://ru.wikipedia.org/wiki, ʩʚʦʙʦʜʥʳʡ. 

2. ʀʰʢʘʝʚ ʊ.ʄ. ʇʨʠʤʝʥʝʥʠʝ ʥʝʧʣʘʥʘʨʥʳʭ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʉɺʏ 

ʩʪʨʫʢʪʫʨ ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʞʠʜʢʦʩʪʝʡ ʠ ʪʚʝʨʜʳʭ 

ʤʘʪʝʨʠʘʣʦʚ / ʊ.ʄ. ʀʰʢʘʝʚ, ɸ.ʈ. ʅʘʩʳʙʫʣʣʠʥ, ʈ.ɺ. ʌʘʨʭʫʪʜʠʥʦʚ, ʈ.ʈ. 

ʉʘʤʠʛʫʣʣʠʥ // ʖʞʥʦ-ʉʠʙʠʨʩʢʠʡ ʥʘʫʯʥʳʡ ʚʝʩʪʥʠʢ. ï 2021. ï ˉ 6. ï ʩ. 56-61.  
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ɸʥʥʦʪʘʮʠʷ 

ɼʣʷ ʬʠʣʴʪʨʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʩʠʩʪʝʤʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʯʘʩʪʦʪʥʦʩʝʣʝʢʪʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ ʨʘʟʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 

ɺ ʩʠʩʪʝʤʘʭ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʤʦʱʥʦʩʪʠ (ʤʝʥʝʝ 100 ɺʪ) ʥʘʭʦʜʷʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʥʘʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ. ɺ 

ʙʦʣʝʝ ʤʦʱʥʳʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʉɺʏ-ʬʠʣʴʪʨʳ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʉɺʏ-ʬʠʣʴʪʨʦʚ.  

 

Abstract 

To filter electromagnetic signals in modern microwave systems, a wide 

variety of frequency-selective devices made using different technologies are 

used. In systems of small and medium power levels (less than 100 watts), 

planar structures on dielectric substrates are widespread. In more powerful 

systems, microwave filters are used for these purposes. In this regard, a review 

of microwave filters is carried out in this paper.  

 

1. ɺʚʝʜʝʥʠʝ 

ʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʉɺʏ ʮʝʧʠ (ʩʭʝʤʳ) ʩʦʩʪʦʷʪ ʠʟ ʮʝʣʦʛʦ ʨʷʜʘ 

ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ð ʉɺʏ ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʰʪʘʪʥʦʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʘʥʥʦʡ ʩʭʝʤʳ. 

2. ʉʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʬʠʣʴʪʨʳ  

ʀʜʝʘʣʴʥʳʝ ʬʠʣʴʪʨʳ ʥʝ ʩʦʜʝʨʞʘʪ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʩʠʛʥʘʣʘ ʚ ʟʘʜʘʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ. 
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ɿʘʪʫʭʘʥʠʝ ʩʠʛʥʘʣʘ ʚʥʝ ʧʦʣʦʩʳ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʦʪʨʘʞʝʥʠʷ ʦʪ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ. ʏʘʩʪʦʪʥʦ ï ʩʝʣʝʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ 

ʬʠʣʴʪʨʘ ʉɺʏ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʛʦ ʘʤʧʣʠʪʫʜʥʦ ï ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

(ɸʏʍ) ð ʟʘʚʠʩʠʤʦʩʪʴʶ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʘ ʚ ʬʠʣʴʪʨʝ ɸ = 101g(Pʚʭ-Pʚʳʭ) ʦʪ 

ʯʘʩʪʦʪʳ. ɿʜʝʩʴ Pʚʭ ð ʤʦʱʥʦʩʪʴ ʥʘ ʚʭʦʜʝ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ, ʘ Pʚʳʭ ð 

ʤʦʱʥʦʩʪʴ ʚʦʣʥʳ ʥʘ ʚʳʭʦʜʝ. ɸ = 20lg(Ὗ1
+/Ὗ1

ī) = -20lg(2021). 

ʈʘʟʣʠʯʘʶʪ ʬʠʣʴʪʨʳ ʚʝʨʭʥʠʭ ʯʘʩʪʦʪ (ʌɺʏ), ʥʠʞʥʠʭ ʯʘʩʪʦʪ (ʌʅʏ), 

ʧʦʣʦʩʥʦïʧʨʦʧʫʩʢʘʶʱʠʝ (ʇʇʌ) ʠ ʧʦʣʦʩʥʦïʟʘʧʠʨʘʶʱʠʝ ʬʠʣʴʪʨʳ (ʇɿʌ).  

ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʠʟ 1-ʛʦ ʧʣʝʯʘ ʚʦ 2-ʝ ʧʣʝʯʦ Ὓ12 = Ὗ2 ùὟ1 = 1 ù(1 

ī ‫2ὒὅ) = ὸ. ɺʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ: Zʚx = UI1 = Ὗᾀ 
( 1JɤīCU.‫22ὒὅ) = 1īɤJɤ2CLC [1] 

3.ɿʘʢʣʶʯʝʥʠʝ 

ʆʙʟʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʉɺʏ-ʬʠʣʴʪʨʦʚ, ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʨʝʟʦʥʘʪʦʨʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʬʠʣʴʪʨʘʮʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʚʝʜʝʪʩʷ ʘʢʪʠʚʥʳʡ ʧʦʠʩʢ ʥʦʚʳʭ ʪʦʧʦʣʦʛʠʡ ʬʠʣʴʪʨʦʚ ʩ 

ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ ʨʘʙʦʯʠʭ ʤʦʱʥʦʩʪʝʡ. ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʤʥʦʛʦʜʠʘʧʘʟʦʥʥʳʤ ʬʠʣʴʪʨʘʤ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʝʱʘʥʦʚ ɺ.ʇ. ʉɺʏ-ʬʠʣʴʪʨʳ ʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ ʜʣʷ ʩʠʩʪʝʤ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. ʄʦʩʢʚʘ, ʈʘʜʠʦʪʝʭʥʠʢʘ, 2017. 256 ʩ.  
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ɸʥʥʦʪʘʮʠʷ 

ɸʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ- ʩʣʦʞʥʘʷ ʪʝʭʥʠʯʝʩʢʠ ʚʳʧʦʣʥʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, 

ʢʦʪʦʨʘʷ ʩʦʟʜʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ɸʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ ʩʦʩʪʦʠʪ ʠʟ ʦʜʠʥʦʯʥʳʭ ʘʥʪʝʥʥ ʠʣʠ ʛʨʫʧʧ ʘʥʪʝʥʥ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ. ɸʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ 

ʷʚʣʷʶʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʢʣʘʩʩʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʪʝʥʥ. 

 

Abstract 

The antenna array is a complex technically executed design, which is 

designed to obtain a given radiation pattern. The antenna array consists of 

single antennas or groups of antennas that are arranged in a certain order. 

Antenna arrays are the most common class of modern antennas. 

 

1. ɺʚʝʜʝʥʠʝ. 

ɸʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ (ɸʈ) ï ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʬʦʨʤʠʨʫʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟ 

ʚʦʟʙʫʞʜʘʶʱʠʭ ʠʟʣʫʯʘʶʱʠʝ ʵʣʝʤʝʥʪʳ ʪʦʢʦʚ ʠ ʧʦʣʝʡ. ɺ ʨʦʣʠ ʠʟʣʫʯʘʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ɸʈ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʙʨʘʪʦʨʳ (ʱʝʣʝʚʳʝ, 

ʩʠʤʤʝʪʨʠʯʥʳʝ, ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ) [1, 2] 

2. ʇʨʠʯʠʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʈ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɸʈ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ [3]: 
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¶ ɸʈ ʠʟ N ʵʣʝʤʝʥʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʚ N ʨʘʟ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʠʥʦʯʥʦʡ ʘʥʪʝʥʥʦʡ ʫʣʫʯʰʘʝʪ 

ʧʦʢʘʟʘʪʝʣʴ 

¶ ɹʣʘʛʦʜʘʨʷ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʩʢʘʥʠʨʦʚʘʥʠʶ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʳʩʪʨʦʝ 
ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

¶ ʇʦʣʫʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʟʠʪʴ ʣʫʯ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʠʩʪʦʯʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ. 

¶ ɿʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʚ ʢʘʥʘʣʘʭ ʨʝʰʝʪʢʠ ʨʘʟʤʝʱʘʶʪʩʷ ʫʩʠʣʠʪʝʣʠ 
ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʵʥʝʨʛʠʠ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ 

ʠʟʣʫʯʘʝʤʦʡ ʠʣʠ ʧʨʠʥʠʤʘʝʤʦʡ ʤʦʱʥʦʩʪʠ 

3. ɿʘʢʣʶʯʝʥʠʝ. 

ɺʘʞʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʪʠʧʦʚ ʘʥʪʝʥʥ ʚʦʟʥʠʢʣʘ 

ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʫʯʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʬʘʟʠʨʦʚʘʥʥʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ 

(ʌɸʈ). ʆʥʠ ʧʨʝʚʦʩʭʦʜʷʪ ʦʙʳʯʥʳʝ ʘʥʪʝʥʥʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʚʳʩʦʢʫʶ ʩʣʝʜʷʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʥʠʞʝʥʠʷ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ 

ʠʟʣʫʯʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʠʩʪʝʤʘʭ ʩ DFT-s-OFDM ʜʣʷ ʙʫʜʫʱʠʭ ʤʦʙʠʣʴʥʳʭ 

ʩʝʪʝʡ 5G ʠ 6G, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ DFT-s-OFDM, 

ʧʦʟʚʦʣʷʶʱʠʡ ʜʦʙʠʪʴʩʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

Abstract 

This article proposes a method for reducing the peak power of the 

emitted signal in systems with DFT-s-OFDM for future mobile networks of the 

5G and 6G, based on the use of DFT-s-OFDM technology, which provides 

increase in energy efficiency. 

 

1. ɺʚʝʜʝʥʠʝ 

ɹʫʜʫʱʠʝ ʩʝʪʠ 5G ʠ 6G ʠʤʝʶʪ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ 

ʢ ʤʦʙʠʣʴʥʦʡ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʉʫʱʝʩʪʚʝʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ 

ʷʚʣʷʶʪʩʷ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʧʠʢʦʚʦʛʦ ʫʨʦʚʥʷ ʤʦʱʥʦʩʪʠ 

ʩʠʛʥʘʣʘ ʢ ʩʨʝʜʥʝʤʫ ʫʨʦʚʥʶ (Peak to average power ratios ï PAPR) ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʯʘʩʪʦʪʥʳʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ (OFDM) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʦʨʛʘʥʠʟʘʮʠʠ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʛʤʝʥʪʦʚ ʩʚʷʟʠ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʙʫʜʫʱʠʭ ʩʝʪʷʭ ʚ 

ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʦʤ ʢʘʥʘʣʝ. 
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2. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɼʣʷ ʩʥʠʞʝʥʠʷ PAPR ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

DFT-s-OFDM ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʥʘʟʥʘʯʝʥʠʶ ʧʦʜʥʝʩʫʱʠʭ 

ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ: DFDMA (ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ FDMA) ʨʘʩʧʨʝʜʝʣʷʝʪ 

ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ DFT ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ ʢʘʥʘʣʘ ʩʚʷʟʠ ʠ LFDMA 

(ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ FDMA). ʨʘʩʧʨʝʜʝʣʷʝʪ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ DFT ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʜʥʝʩʫʱʠʭ ʚ ʧʦʜʥʝʩʫʱʠʭ ʥʘ ʚʭʦʜʝ IFFT. ɽʩʣʠ ʚ 

DFDMA ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦʩʣʝ DFT ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʧʦʜʥʝʩʫʱʠʤ ʩ 

ʨʘʚʥʳʤ ʯʘʩʪʦʪʥʳʤ ʠʥʪʝʨʚʘʣʦʤ, ʵʪʦ ʥʘʟʳʚʘʝʪʩʷ IFDMA (ʯʝʨʝʜʫʶʱʠʤʩʷ 

FDMA) [1]. ʊʝʭʥʦʣʦʛʠʷ Zero-Tail (ZT) ʠʤʝʝʪ ʛʠʙʢʠʡ ʟʘʱʠʪʥʳʡ ʠʥʪʝʨʚʘʣ, 

ʣʫʯʰʝʶ ʩʧʝʢʪʨʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʚʥʝʧʦʣʦʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʨʝʞʠʤ 

ʤʦʜʫʣʷʮʠʠ: 64-QAM; ʨʘʟʤʝʨʥʦʩʪʴ DFT 512; ʨʘʟʤʝʨʥʦʩʪʴ IFFT 64; 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 4; ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 10000; ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

1/4 ʯʘʩʪʠ ʧʦʣʝʟʥʦʛʦ ʩʠʤʚʦʣʘ, ʘ ʚ ZT-DFT-s-OFDM ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʫʣʝʚʳʝ 

ʟʘʱʠʪʥʳʝ ʠʥʪʝʨʚʘʣʳ ʠ ʧʦʜʥʝʩʫʱʠʝ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ FFT 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʢʘʟʘʪʝʣʴ PAPR OFDM, IFDMA, LFDMA ʠ ZT-LFDMA ʧʨʠ 64-QAM 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʷ DFT-s-OFDM ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 

ʟʥʘʯʝʥʠʝ PAPR ʵʪʦ ʧʦʚʳʰʘʝʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʌɻɹʆʋ ɺʆ ʋɻɸʊʋ # FEUE-2020-0007 ʠ ʟʘ 

ʩʯʝʪ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ - ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ (ʄʂ-

1006.2022.4). 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʉɺʏ ʩʠʤʤʝʪʨʠʨʫʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʤʦʩʪʘ ʄʘʨʰʘʥʜʘ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

 

Abstract 

The article describes the simulation results of a broadband microwave 

balancing Marchand balun with increased requirements for performance. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʥʜʝʥʮʠʷʤʠ ʨʘʟʚʠʪʠʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʷʚʣʷʶʪʩʷ ʩʤʝʱʝʥʠʝ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʚ ʦʙʣʘʩʪʴ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ (ʉɺʏ), ʫʤʝʥʴʰʝʥʠʝ ʛʘʙʘʨʠʪʦʚ, ʤʘʩʩʳ ʠ ʩʪʦʠʤʦʩʪʠ 

ʘʧʧʘʨʘʪʫʨʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʞʝʩʪʦʯʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ 

ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʜʠʟʘʡʥʦʚ ʢʦʥʩʪʨʫʢʮʠʡ.  

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʘʣʫʥʘ ʄʘʨʰʘʥʜʘ ʚ CST Microwave Studio 

ʂ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʦʜʝʣʠʨʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʲʷʚʣʷʣʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ: ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ï 5-26 

ɻɻʮ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ï Ñ1ʜɹ, ʚʦʟʚʨʘʪʥʳʝ ʧʦʪʝʨʠ <-10 ʜɹ, ʨʘʟʥʦʩʪʴ 

ʬʘʟ ï 180ÁÑ5Á, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ï ʧʦʣʠʢʦʨ; ʢʚʘʨʮ; Rogers 
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RO3003 ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʪʦʣʱʠʥʘʭ ʧʦʜʣʦʞʝʢ. ʉʘʤʦʝ ʪʨʫʜʥʦʜʦʩʪʠʞʠʤʦʝ 

ʩʨʝʜʠ ʪʨʝʙʦʚʘʥʠʡ ï ʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʩʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ 

ʙʘʣʫʥʘ ʄʘʨʰʘʥʜʘ ʟʘʚʝʜʦʤʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʪʘʢʠʭ ʨʘʙʦʯʠʭ 

ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʚ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʤ ʠʩʧʦʣʥʝʥʠʠ, ʚ ʩʠʣʫ 

ʢʦʤʧʘʢʪʥʦʩʪʠ ʪʘʢʦʡ ʠʤʧʣʝʤʝʥʪʘʮʠʠ. ʅʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʶʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʨʘʟʤʝʨʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʙʝʩʢʦʥʝʯʥʦ ʫʤʝʥʴʰʘʪʴ ʰʠʨʠʥʫ ʧʨʦʚʦʜʥʠʢʦʚ ʠ 

ʟʘʟʦʨʦʚ (ʬʘʢʪʠʯʝʩʢʠ ʫʚʝʣʠʯʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ). 

ʄʦʜʝʣʠʨʫʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʘʣʫʥʘ ʄʘʨʰʘʥʜʘ [4] ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ 

ʧʝʨʚʠʯʥʫʶ ʣʠʥʠʶ (ʩʨʝʜʥʠʡ ʧʨʦʚʦʜʥʠʢ), ʩʦʝʜʠʥʝʥʥʫʶ ʨʝʙʨʦʤ ʩʦ 

ʚʪʦʨʠʯʥʦʡ ʣʠʥʠʝʡ (ʚʥʝʰʥʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ) ʧʦ ʜʚʫʤ ʢʨʘʷʤ ʚʤʝʩʪʦ 

ʦʜʥʦʛʦ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ (ʈʠʩ. 1,ʘ). 

ʈʘʟʦʤʢʥʫʪʳʡ ʢʦʥʝʮ ʧʝʨʚʠʯʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ, ʦʙʝʩʧʝʯʠʚʘʣ ʩʦʛʣʘʩʦʚʘʥʠʝ 

ʚʭʦʜʘ ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʦʪʥʦʡ ʪʦʯʢʝ ʠ ʧʦʟʚʦʣʷʣ ʩʜʝʣʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʤʠ. ɺʳʙʨʘʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʳ ʠ ʨʘʟʤʝʨʳ: 

ʧʦʜʣʦʞʢʘ ï Rogers RO3003 ʪʦʣʱʠʥʦʡ 0.254 ʤʤ (‐=3, tgŭ=0.001). 

 
ʈʠʩ. 1 ï ɹʘʣʫʥ ʄʘʨʰʘʥʜʘ: ʘ ï 3D ʤʦʜʝʣʴ; ʙ ï ʟʘʚʠʩʠʤʦʩʪʠ S-ʧʘʨʘʤʝʪʨʦʚ ʦʪ 

ʯʘʩʪʦʪʳ; ʚ ï ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʳ ʚ ʚʳʭʦʜʥʳʭ ʧʣʝʯʘʭ ʦʪ ʯʘʩʪʦʪʳ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʙʦʣʴʰʠʥʩʪʚʦ 

ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, ʦʜʥʘʢʦ ʧʦʣʫʯʝʥʥʘʷ ʧʦʣʦʩʘ ʨʘʙʦʯʠʭ 

ʯʘʩʪʦʪ ʥʝ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʝʪ ʪʨʝʙʫʝʤʳʡ ʜʠʘʧʘʟʦʥ, ʥʝʦʙʭʦʜʠʤʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Umar M., Laabs M., Neumann N. 60 GHz Double Edge Coupled 

Marchand Balun for PCB Implementation// Proceedings of the 49th European 

Microwave Conference (EuMC), Oct. 2019, pp. 332.  

(a) 

S-ʧʘʨʘʤʝʪʨʳ, ʜɹ 

̅͊͊͘Σ ϲ 

f, GHz 

(ʙ) 

(ʚ) 

f, GHz 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʉɺʏ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪʚʝʪʚʠʪʝʣʷ ʃʘʥʛʝ ʩ ʧʦʚʳʰʝʥʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

 

Abstract 

This study outlines the results of a simulation broadband microwave 

directional Lange coupler with increased requirements for performance. 

 

1. ɺʚʝʜʝʥʠʝ 

ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʧʨʝʩʣʝʜʫʝʪ ʟʘʜʘʯʫ ʨʘʟʨʘʙʦʪʘʪʴ ʢʚʘʜʨʘʪʫʨʥʳʡ 

ʦʪʚʝʪʚʠʪʝʣʴ ʃʘʥʛʝ, ʢʘʢ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʧʘʩʩʠʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʆʥ ʤʦʞʝʪ ʚʭʦʜʠʪʴ 

ʚ ʩʦʩʪʘʚ ʜʚʦʡʥʳʭ ʙʘʣʘʥʩʥʳʭ ʩʤʝʩʠʪʝʣʝʡ, ʬʘʟʦʚʨʘʱʘʪʝʣʝʡ, ʫʤʥʦʞʠʪʝʣʝʡ 

ʯʘʩʪʦʪʳ, ʜʚʫʭʪʘʢʪʥʳʭ ʫʩʠʣʠʪʝʣʝʡ ʠ ʪ.ʜ., ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʚʝʪʚʠʪʝʣʷ ʃʘʥʛʝ ʚ CST Microwave Studio 

ʂ ʤʦʜʝʣʠʨʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʲʷʚʣʷʣʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ 

ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ: ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ï 4-26 ɻɻʮ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ɸʏʍ ï Ñ1ʜɹ, ʚʦʟʚʨʘʪʥʳʝ ʧʦʪʝʨʠ <-10 ʜɹ, ʨʘʟʥʦʩʪʴ ʬʘʟ ï 90ÁÑ5Á, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ï ʧʦʣʠʢʦʨ (Ů=9.8; tgŭ=0.001); ʢʚʘʨʮ (Ů=3.9; 
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tgŭ=0.0001); Rogers RO3003 (Ů=3; tgŭ=0.001) ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʪʦʣʱʠʥʘʭ 

ʧʦʜʣʦʞʝʢ. ʉʘʤʦʝ ʪʨʫʜʥʦʜʦʩʪʠʞʠʤʦʝ ʩʨʝʜʠ ʪʨʝʙʦʚʘʥʠʡ ï 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʩʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ ʦʪʚʝʪʚʠʪʝʣʷ ʃʘʥʛʝ [1] 

ʟʘʚʝʜʦʤʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʪʨʝʙʫʝʤʳʭ ʨʘʙʦʯʠʭ ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ, 

ʥʝʦʙʭʦʜʠʤʳ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʩ ʵʪʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʠʟʘʡʥ ʦʪʚʝʪʚʠʪʝʣʷ ʃʘʥʛʝ ʥʘ ʧʦʜʚʝʰʝʥʥʦʡ ʧʦʜʣʦʞʢʝ [2]. 

ʈʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʜʠʟʘʡʥʘ ʦʪʚʝʪʚʠʪʝʣʷ ʃʘʥʛʝ 

ʦʧʪʠʤʠʟʠʨʦʚʘʣʠʩʴ ʦʪʜʝʣʴʥʦ ʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʪʘʢʞʝ 

ʜʦʙʘʚʣʷʣʠʩʴ ʥʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ 

ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ ʙʳʣʠ ʫʜʦʚʣʝʪʚʦʨʝʥʳ (ʈʠʩ. 1, ʙ,ʚ). ɼʣʷ ʧʨʠʙʣʠʞʝʥʠʷ 

ʤʦʜʝʣʠ ʢ ʙʦʣʝʝ ʨʝʘʣʴʥʳʤ ʚʥʝʰʥʠʤ ʫʩʣʦʚʠʷʤ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʣʠʩʴ 

ʩʠʤʫʣʷʮʠʠ ʵʢʨʘʥʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʦʪʚʝʪʚʠʪʝʣʷ. 

 
ʈʠʩ. 1 ï ʆʪʚʝʪʚʠʪʝʣʴ ʃʘʥʛʝ: ʘ ï 3D ʤʦʜʝʣʴ; ʙ ï ʟʘʚʠʩʠʤʦʩʪʠ S-ʧʘʨʘʤʝʪʨʦʚ ʦʪ 

ʯʘʩʪʦʪʳ; ʚ ï ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʳ ʚ ʚʳʭʦʜʥʳʭ ʧʣʝʯʘʭ ʦʪ ʯʘʩʪʦʪʳ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ ʫʜʘʣʦʩʴ 

ʜʦʩʪʠʯʴ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʡ ʪʦʧʦʣʦʛʠʠ ʩʘʤʦʛʦ ʦʪʚʝʪʚʠʪʝʣʷ ʃʘʥʛʝ, ʥʦ ʩ 

ʚʳʨʝʟʘʥʥʳʤ ʫʯʘʩʪʢʦʤ ʤʝʪʘʣʣʘ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʟʝʤʣʠ ʚ ʦʙʣʘʩʪʠ ʩʚʷʟʠ 

ʦʪʚʝʪʚʠʪʝʣʷ (ʈʠʩ. 1,ʘ). 
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Abstract 

The article studies the cartography of soils in the extraction of 

hydrocarbons. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʧʨʠ ʜʦʙʳʯʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʚʝʜʢʘ. 

ɻʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʡ ʧʨʦʮʝʩʩ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ 

ʥʝʜʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʠʩʢ, ʨʘʟʚʝʜʢʫ ʠ ʧʦʜʛʦʪʦʚʢʫ ʨʘʟʚʝʜʘʥʥʳʭ ʟʘʧʘʩʦʚ 

ʥʝʬʪʠ, ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʦʩʚʦʝʥʠʷ. 

2. ʆʙʟʦʨ 

ʅʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ ʠʟʫʯʝʥʠʷ ʟʝʤʥʳʭ ʥʝʜʨ ʚ ʮʝʣʷʭ ʚʳʷʚʣʝʥʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠ ʠʭ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʨʦʤʳʰʣʝʥʥʦʤʫ 

ʦʩʚʦʝʥʠʶ ʫʩʣʦʚʥʦ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʨʷʜ ʵʪʘʧʦʚ ʠ ʩʪʘʜʠʡ. ʉʫʪʴ 

ʩʪʘʜʠʡʥʦʩʪʠ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʯʘʣʦ 

ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʠ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ [1]. ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʪʘʢʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ, ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪ ʥʘ ʢʘʞʜʦʡ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʘʜʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪ. 
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ʆʩʥʦʚʥʳʤʠ ʵʪʘʧʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ: 

ʩʦʟʜʘʥʠʝ ʠ ʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʙʘʟʳ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

ʦʙʱʠʡ ʘʥʘʣʠʟ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʤʘʩʰʪʘʙʝ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ 

(ʘʥʘʣʠʟ ʙʘʩʩʝʡʥʘ); ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʟʦʥ ʥʝʬʪʝʛʘʟʦʥʘʢʦʧʣʝʥʠʷ (ɿʅɻʅ) 

ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ 

ʙʘʩʩʝʡʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʥʘʠʤʝʥʴʰʠʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʨʠʩʢʦʤ. 

ʊʦʣʴʢʦ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʵʪʦʡ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʝʨʝʭʦʜʠʪʴ ʢ ʧʦʜʛʦʪʦʚʢʝ ʦʙʲʝʢʪʦʚ ʢ ʧʦʠʩʢʦʚʦʤʫ ʙʫʨʝʥʠʶ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʬʦʥʜʘ ʧʦʠʩʢʦʚʳʭ ʦʙʲʝʢʪʦʚ. ɻʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʡ 

ʧʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʟʫʯʝʥʠʷ ʦʙʱʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʨʫʧʥʳʭ ʪʝʨʨʠʪʦʨʠʡ [2]. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʚʳʙʠʨʘʶʪ ʨʘʡʦʥʳ ʩ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʪʩʷ ʧʦʠʩʢ ʣʦʚʫʰʝʢ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ. 

ʃʦʚʫʰʢʘ ï ʯʘʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʚ ʢʦʪʦʨʦʤ ʙʣʘʛʦʜʘʨʷ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʪʨʫʢʪʫʨʥʳʤ ʜʠʩʣʦʢʘʮʠʷʤ, ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ 

ʩʢʦʧʣʝʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʩʣʝ ʚʳʷʚʣʝʥʠʷ ʣʦʚʫʰʝʢ ʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʠʪʦʢʦʚ 

ʥʝʬʪʠ ʠ ʛʘʟʘ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʫʯʘʩʪʢʦʚ, ʘ ʟʘʪʝʤ ʥʘʯʠʥʘʝʪʩʷ ʨʘʟʚʝʜʢʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʵʪʘʧʘ: ʨʝʛʠʦʥʘʣʴʥʳʡ, 

ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʡ ʠ ʨʘʟʚʝʜʦʯʥʳʡ. ɻʣʘʚʥʦʝ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʯʚ ï 

ʩʦʭʨʘʥʝʥʠʝ ʯʝʪʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʷʝʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘʨʫʰʝʥʠʝ ʪʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʜʘʪʯʠʢʘ ʥʘ ʦʩʥʦʚʝ ʢʦʧʣʘʥʘʨʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʣʠʚʢʦʚʦʛʦ ʤʘʩʣʘ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʠ ʜʘʪʯʠʢʘ. 

 

Abstract 

In this thesis discusses the development of a microwave sensor based on 

a coplanar cavity ring resonator to determine the resonant characteristics of 

olive oil. Several variants of the sensor model are presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʣʠʚʢʦʚʦʝ ʤʘʩʣʦ ï ʩʘʤʦʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ ʠ 

ʦʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʪʨʫʜʦʸʤʢʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʧʣʦʜʦʚ. ʅʘ 

ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʜʦʣʷ ʧʦʜʜʝʣʦʢ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 80%. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ 

ʩʠʣʴʥʦ ʨʘʟʙʘʚʣʝʥʥʳʡ ʧʨʦʜʫʢʪ ʨʘʬʠʥʠʨʦʚʘʥʥʳʤʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ 

ʤʘʩʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʦʜʩʦʣʥʝʯʥʦʝ, ʨʘʧʩʦʚʦʝ, ʢʫʢʫʨʫʟʥʦʝ ʠ ʜʨ., ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʤʘʩʣʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʠʝ ʚ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʘʩʝʣ ʚ ʉɺʏ ʜʠʘʧʘʟʦʥʝ [1]. 

ʅʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʝʟʦʥʘʥʩʥʳʝ ʉɺʏ ʜʘʪʯʠʢʠ [2]. 
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2. ʆʩʥʦʚʥʦʡ ʪʝʢʩʪ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʥʪ ʩʦʟʜʘʥʠʷ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʜʘʪʯʠʢʘ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʤʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʧʦʜʣʦʞʢʝ, ʚ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝʛʘʣʴʚʘʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʩʦʝʜʠʥʝʥʠʷ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʜʘʪʯʠʢʘ. 

ʊʘʙʣʠʮʘ 1 
 Ů F0 F ʨʘʟʥʠʮʘ æf A Q Q ʨʘʟʥʠʮʘ 

ʉ ʧʣʝʥʢʦʡ 

d=0,1 

2 4.35 
0,335 

0,601 0,025 7,233 
0,37 

5 4,015 0,585 0,035 6,863 

ʉ ʧʣʝʥʢʦʡ 
d=0,5 

2 3,81 
0,235 

0,259 0,022 14,71 
3,608 

5 3,575 0,322 0,0178 11,102 

ɹʝʟ ʧʣʝʥʢʠ 

d=0,1 

2 4,55 
0,38 

0,594 0,0123 7,6599 
0,7789 

5 4,17 0,606 0,0322 6,881 

ɹʝʟ ʧʣʝʥʢʠ 
d=0,5 

2 4,3867 
0,3495 

0,254 0,0463 17,270 
0,35 

5 4,0372 0,2386 0,0579 16,92 

ɹʝʟ ʧʣʝʥʢʠ 

d=0,7 

2 4,3372 
0,3372 

0,1899 0,062 22,839 
0,592 

5 4,00 0,1798 0,081 22,247 

ɹʝʟ ʧʣʝʥʢʠ 

d=1 

2 4,295 
0.332 

0,125 0,1157 34.36 
2.141 

5 3,963 0,123 0,1463 32.219 

ɹʝʟ ʧʣʝʥʢʠ 
d=1,5 

2 4,25 
0.32 

0.125 0,356 34 
2.049 

5 3,93 0.121 0,372 31.951 

ɹʝʟ ʧʣʝʥʢʠ 

d=2 

2 4,225 
0.3127 

0.124 0,578 34.073 
3.509 

5 3,9123 0.128 0,611 30.564 

ʇʦ ʟʥʘʯʝʥʠʷʤ ʚ ʪʘʙʣʠʮʝ, ʜʣʷ ʜʘʪʯʠʢʘ ʙʝʟ ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʧʣʝʥʢʠ, 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ ʦʩʥʦʚʥʳʭ ʨʝʟʦʥʘʥʩʦʚ, ʘʤʧʣʠʪʫʜʳ 

ʨʝʟʦʥʘʥʩʘ ʠ ʜʦʙʨʦʪʥʦʩʪʠ ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʱʝʣʠ ʤʝʞʜʫ ʨʝʟʦʥʘʪʦʨʦʤ ʠ 

ʧʦʜʣʦʞʢʠ. ɻʣʘʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʠ ʚʳʙʦʨʝ ʜʘʪʯʠʢʘ ʚ ʨʘʙʦʪʳ ï 

ʘʤʧʣʠʪʫʜʘ ʨʝʟʦʥʘʥʩʘ, ʜʦʙʨʦʪʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʘʤʦʛʦ ʜʘʪʯʠʢʘ. 

ɺʘʨʠʘʥʪ ʜʘʪʯʠʢʘ ʩ ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʧʣʝʥʢʦʡ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʘʤʧʣʠʪʫʜʦʡ ʨʝʟʦʥʘʥʩʘ, ʦʜʥʘʢʦ ʠʤʝʝʪ ʥʠʟʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʜʦʙʨʦʪʥʦʩʪʠ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɺ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʜʘʪʯʠʢ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʣʝʥʢʦʡ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝ ʙʫʜʝʪ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʚʘʨʠʘʥʪ ʜʘʪʯʠʢʘ ʠ ʝʛʦ ʨʝʟʦʥʘʥʩʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʘʩʯʝʪ ʨʝʟʦʥʘʥʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʜʚʫʭ 

ʨʘʟʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 2 ʠ 5. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʟʘʤʝʪʝʥ ʦʩʥʦʚʥʦʡ ʨʝʟʦʥʘʥʩ ʥʘ ʯʘʩʪʦʪʝ 

ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʡ 4 ɻɻʮ.  
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ʙ) 

 
ʈʠʩ. 1 ï ʄʠʢʨʦʚʦʣʥʦʚʳʡ ʜʘʪʯʠʢ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʠʤʝʩʝʡ: ʘ) ʢʦʥʩʪʨʫʢʮʠʷ ʜʘʪʯʠʢʘ ʙʝʟ 

ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʧʣʝʥʢʠ ʩ ʱʝʣʴʶ d=0.7ʤʤ; ʙ) ʨʝʟʦʥʘʥʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʪʯʠʢʘ 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʝʟʠʩʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʝʟʦʥʘʪʦʨʦʤ ʠ ʧʦʜʣʦʞʢʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʜʦʙʨʦʪʥʦʩʪʴ ʜʘʪʯʠʢʘ, ʦʜʥʘʢʦ ʩʠʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʨʝʟʦʥʘʥʩʦʚ, 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʜʘʪʯʠʢ, 

ʫʯʠʪʳʚʘʷ, ʢʘʢ ʜʦʙʨʦʪʥʦʩʪʴ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʪʘʢ ʠ ʘʤʧʣʠʪʫʜʫ 

ʨʝʟʦʥʘʥʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʝʝ 

ʨʝʰʝʥʠʷ. 

 

Abstract 

This article discusses the problem of electromagnetic compatibility in 

telecommunication systems, as well as methods for solving it. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺʧʝʨʚʳʝ ʪʝʨʤʠʥ çʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴè ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʥʘ ʟʘʨʝ ʨʘʟʚʠʪʠʷ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʦʟʥʘʯʘʣ ʚʳʙʦʨ ʯʘʩʪʦʪʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ. ʉʝʛʦʜʥʷ ʧʦʜ ʥʠʤ ʧʦʥʠʤʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʩʠʩʪʝʤʳ 

ʨʘʙʦʪʘʪʴ ʩ ʟʘʜʘʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʜʘʥʥʦʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʙʝʟ ʚʥʝʩʝʥʠʷ ʚ ʥʝʝ ʥʝʜʦʧʫʩʪʠʤʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ. 

2. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ  

ʅʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʣʝʜʫʶʱʝʝ:  

- ʤʠʥʠʤʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʥʫʪʨʝʥʥʠʤ ʠ ʚʥʝʰʥʠʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ; 

- ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ. 
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ɺ ʧʝʨʚʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʠʩʴ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ. ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʠʭ ʩʠʩʪʝʤ ʙʳʣʘ 

ʥʠʟʢʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ 

ʞʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʚʝʨʜʦʪʝʣʴʥʘʷ 

ʵʣʝʢʪʨʦʥʠʢʘ - ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ.  

ɽʩʣʠ ʥʝ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʷ ʥʘ ʧʨʦʙʣʝʤʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʘ ʚʦʟʥʠʢʥʝʪ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʩʠʩʪʝʤʳ, 

ʨʝʰʠʪʴ ʟʘʪʝʤ ʵʪʦʪ ʚʦʧʨʦʩ ʙʫʜʝʪ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝ. ʇʦʵʪʦʤʫ 

ʦʯʝʥʴ ʚʘʞʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʫʞʝ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʧʦ ʙʦʨʴʙʝ ʩ ʧʦʤʝʭʘʤʠ: 

- ʟʘʟʝʤʣʝʥʠʝ; 

- ʵʢʨʘʥʠʨʦʚʘʥʠʝ; 

- ʬʠʣʴʪʨʘʮʠʷ; 

- ʨʘʟʥʝʩʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ ʧʨʦʚʦʜʦʚ; 

- ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʚʝʣʠʯʠʥʳ ʧʦʣʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʭʝʤʳ. 

ʊʘʢʞʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʥʷʪʴ ʤʝʨʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʚʣʠʷʥʠʷ ʧʦʤʝʭ ʥʝ ʪʦʣʴʢʦ ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʦ ʠ ʧʨʠ ʤʦʥʪʘʞʝ. ɺ ʥʝʠʩʧʨʘʚʣʝʥʥʳʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʩ ʥʘʨʫʰʝʥʠʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʘʚʘʨʠʠ, ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʩʙʦʝʚ ʚ 

ʟʘʟʝʤʣʷʶʱʠʭ ʠ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʯʨʝʟʚʳʯʘʡʥʦ 

ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ, ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʧʦʤʝʰʘʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤʳ. ʂʨʘʡʥʝ ʚʘʞʥʦ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʫ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʥʝʰʥʠʤ ʠ ʚʥʫʪʨʝʥʥʠʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʩʦʟʜʘʚʘʝʤʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 
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Abstract 

This article discusses fundamentals of computer-aided design and 

modeling of electronic means. 

 

1. ɺʚʝʜʝʥʠʝ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʈʕʉ - ʵʪʦ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʈʕʉ, 

ʚʳʧʦʣʥʷʶʱʠʡ ʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʥʝʛʦ ʬʫʥʢʮʠʠ. ʇʨʠʤʝʨʳ ʨʝʘʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʟ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ, ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ 

ʵʣʝʢʪʨʦʥʠʢʘ ʵʪʦ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, 

ʪʝʧʣʦʚʳʭ ʠ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ [1]. 

2. ʆʩʥʦʚʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʈʕʉ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ (1) ʫʩʪʨʦʡʩʪʚʦ ʩʣʦʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʚʝʨʰʝʥʥʳʝ ʙʣʦʢʠ, ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʙʣʦʢʘ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʯʘʩʪʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ (ʊɿ). ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ (2), 



120 

 

 

ʩʦʩʪʘʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʧʦʜʭʦʜʘ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʚʳʙʠʨʘʶʪʩʷ 

ʢʦʤʧʦʥʝʥʪʳ ʩʭʝʤʳ. ɿʘʪʝʤ, ʥʘ ʪʨʝʪʴʝʤ 

ʵʪʘʧʝ (3), ʚʳʙʠʨʘʝʪʩʷ ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʭʝʤ ʠ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʙʦʣʴʰʝ 

ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʘʥʘʣʠʟʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʘʪʳ ʠ ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ 

ʦʮʝʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʊɿ ʚʳʙʨʘʥʥʦʡ 

ʩʭʝʤʝ. ɼʘʣʝʝ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʙʣʦʢʘ 

ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʚʩʪʘʚʣʷʝʪʩʷ ʚ ʧʘʤʷʪʴ 

ʢʦʤʧɹʁʪʝʨʘ (ʰʘʛ 4). ɿʘʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʰʘʛ 5). ʅʘ ʰʝʩʪʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ 

ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʭʝʤʳ. ʅʘ 

ʩʝʜʴʤʦʤ ʠ ʚʦʩʴʤʦʤ ʵʪʘʧʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʭʝʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʥʘ ʧʨʦʰʣʦʤ ʵʪʘʧʝ, ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʜʘʥʥʳʤʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʧʳʪʘʥʠʡ ʫʩʪʨʦʡʩʪʚʘ. ʅʘ ʦʩʥʦʚʝ 

ʵʪʦʛʦ ʩʨʘʚʥʝʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʧʨʠʥʷʪʠʠ ʠʣʠ ʦʪʢʣʦʥʝʥʠʠ 

ʧʝʨʝʩʤʦʪʨʝʥʥʦʡ ʚʝʨʩʠʠ (ʰʘʛ 9). ʇʦʩʣʝ ʫʪʚʝʨʞʜʝʥʠʷ ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʣʷʝʪʩʷ 

ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʵʪʦ ʰʘʛ 11. ʄʦʜʠʬʠʢʘʮʠʷ 

ʩʭʝʤʳ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʦʧʪʠʤʠʟʘʮʠʠ (ʰʘʛ 12) [2]. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʦʙʨʘʚ ʦʩʥʦʚʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʢʘʞʝʪʩʷ ʧʨʦʩʪʳʤ, ʥʦ ʢʘʞʜʳʡ ʠʟ ʵʪʘʧʦʚ 

ʚʘʞʝʥ ʜʣʷ ʪʦʯʥʦʡ ʠ ʥʘʜʸʞʥʦʡ ʨʘʙʦʪʳ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 

ʜʣʷ ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʠʝʡ DFT-s-OFDM. 

 

Abstract 

The article discusses methods for estimating the CFO in systems with 

DFT-s-OFDM technology. 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʣʷ ʦʮʝʥʢʠ 

ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ CFO (Carrier Frequency Offset) ʜʣʷ ʩʠʩʪʝʤʳ 

ʩʚʷʟʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ DFT-s-OFDM, ʢʦʪʦʨʦʝ ʧʦʷʚʣʷʝʪʩʷ ʠʟ-ʟʘ ʩʤʝʱʝʥʠʷ 

ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ, ʚʳʟʚʘʥʥʦʡ ɼʦʧʣʝʨʦʚʩʢʠʤ ʩʜʚʠʛʦʤ ʯʘʩʪʦʪʳ ʠʣʠ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʚʳʭʦʜʥʦʡ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʧʝʨʝʜʘʪʯʠʢʘ. ʉʜʚʠʛ ʯʘʩʪʦʪʳ ʚ 

ʩʠʛʥʘʣʝ ʧʨʠʚʦʜʠʪ ʢ ʤʝʞʢʘʥʘʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʤʝʞʜʫ ʧʦʜʥʝʩʫʱʠʤʠ 

ʯʘʩʪʦʪʘʤʠ ʠ ʧʦʪʝʨʠ ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʚ ʧʨʠʥʠʤʘʝʤʦʤ ʩʠʛʥʘʣʝ. ʊʝʭʥʦʣʦʛʠʷ 

DFT-s-OFDM ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʙʦʨʴʙʳ ʩ ʚʳʩʦʢʠʤ 

ʟʥʘʯʝʥʠʝʤ ʦʪʥʦʰʝʥʠʷ ʧʠʢʦʚʦʛʦ ʫʨʦʚʥʷ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʢ ʩʨʝʜʥʝʤʫ 

ʫʨʦʚʥʶ (Peak to average power ratios ï PAPR), ʚʥʝʧʦʣʦʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʨʠ ʥʠʟʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. 

ʆʜʥʘʢʦ, ʚ ʩʚʷʟʠ ʩ ʚʣʠʷʥʠʝʤ ʧʦʤʝʭ, ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʭ ʟʘʤʠʨʘʥʠʡ ʠ 

ʤʥʦʛʦʣʫʯʝʚʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʢʘʥʘʣʝ ʙʝʩʧʨʦʚʦʜʥʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ, ʢ 
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ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʨʝʤʝʥʥʦʡ ʠ 

ʯʘʩʪʦʪʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ 

ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʘ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʤʝʞʜʫ 

ʤʦʙʠʣʴʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ: IFDMA (ʯʝʨʝʜʫʶʱʠʡʩʷ FDMA) ʠ LFDMA 

(ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ FDMA) [1]. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʩʤʝʱʝʥʠʝ 

ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʨʘʩʩʤʦʪʨʠʤ 

ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʤʝʪʦʜ ʦʮʝʥʢʠ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʝʬʠʢʩʦʚ (CP), ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ Moose, ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

Classen. ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʨʝʜʝ Matlab, ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ï 

ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 32 ʠ 128 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʨʦʚʝʥʴ CFO=0.15, ʤʦʜʫʣʷʮʠʷ 16-QAM; ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʰʠʨʝʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ S=4; ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ 100; ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 1/4 ʯʘʩʪʠ 

ʧʦʣʝʟʥʦʛʦ ʩʠʤʚʦʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʆʮʝʥʢʘ CFO ʜʣʷ LFDMA ʠ IFDMA 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʮʝʥʢʠ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʠʟʘʮʠʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ (MSE) ʷʚʣʷʶʪʩʷ CP-based ʠ Moose.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ 

ʟʘʜʘʥʠʶ ʌɻɹʆʋ ɺʆ ʋɻɸʊʋ # FEUE-2020-0007 ʠ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ 

ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ - ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ (ʄʂ-1006.2022.4). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Cho, Y. S., Kim, J., Yang, W. Y., &Kang, C. G. (2010). MIMO-OFDM 

Wireless Communications with MATLAB. doi:10.1002/9780470825631.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʪʦʧʦʣʦʛʠʠ ʤʦʥʦʣʠʪʥʦʡ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʩʭʝʤʳ ʧʝʨʝʩʪʨʘʝʤʦʛʦ ʉɺʏ ʬʠʣʴʪʨʘ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʚʦʧʨʦʩʳ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʤʠʢʨʦʩʭʝʤʳ. 

 

Abstract 

The article discusses the optimal solution for the topology of a 

monolithic integrated circuit of a tunable microwave filter, which allows 

eliminating the issues of miniaturization of an integrated circuit. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʦʙʣʘʩʪʠ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʷʚʣʷʣʘʩʴ ʠʭ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʤʠʢʨʦʩʭʝʤ. ʕʪʦ ʜʘʣʦ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ 

ʚʦʣʥʦʚʦʜʘʤ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʬʠʣʴʪʨʦʚ ʉɺʏ 

ʨʝʰʘʁʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʝʦʤʝʪʨʠʠ ʪʦʧʦʣʦʛʠʠ.  

2. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʪʦʧʦʣʦʛʠʠ 

ʤʦʥʦʣʠʪʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʩʭʝʤʳ ʧʝʨʝʩʪʨʘʝʤʦʛʦ ʉɺʏ ʬʠʣʴʪʨʘ 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʢʦʡ ʪʦʧʦʣʦʛʠʠ, ʥʝʦʙʭʦʜʠʤʦ, ʠʤʝʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ ʩ ʧʝʨʝʩʝʯʝʥʠʷʤʠ, ʧʨʝʜʩʪʘʚʠʪʴ ʝʝ ʚ 
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ʚʠʜʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʙʝʟ ʧʝʨʝʩʝʯʝʥʠʡ, ʫʯʠʪʳʚʘʷ ʩʣʝʜʫʶʱʠʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: ʞʝʣʘʪʝʣʴʥʳʡ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ 

ʨʘʟʤʝʨ ʧʦʜʣʦʞʢʠ; ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʨʘʟʤʝʨʳ ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʦʢ 

ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʟʠʪʥʳʭ ʝʤʢʦʩʪʥʳʭ ʩʚʷʟʝʡ ʠ ʫʪʝʯʝʢ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʠ ʫʟʣʘʤʠ ʩʭʝʤʳ; ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʧʨʝʜʝʣʳ ʠ ʰʘʛ ʨʝʛʫʣʠʨʦʚʢʠ ʧʦʜʩʪʨʘʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɻʦʚʦʨʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʥʦʣʠʪʥʦʡ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʩʭʝʤʳ ʦʩʥʦʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʣʝʚʦʡ ʪʨʘʥʟʠʩʪʦʨ ʩ 

ʙʘʨʴʝʨʦʤ ʐʦʪʪʢʠ, ʦʜʥʘʢʦ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʠʚʦʜʷʪ ʢ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʚ ʩʚʷʟʠ ʩʦ 

ʩʣʦʞʥʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʫʤʝʥʴʰʝʥʠʷ ʜʣʠʥʳ 

ʟʘʪʚʦʨʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʪʨʘʥʟʠʩʪʦʨʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʩʝʚʜʦʤʦʨʬʥʳʭ, ʘ ʪʘʢ ʞʝ ʶʠʧʦʣʷʨʥʳʟ 

ʛʝʪʝʨʦʪʨʘʥʟʠʩʪʦʨʦʚ [1]. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʤʝʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʥʦʣʠʪʥʳʭ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ  ʧʝʨʝʩʪʨʘʝʤʦʛʦ ʉɺʏ ʬʠʣʴʪʨʘ, ʟʥʘʷ ʝʝ ʦʩʥʦʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʘ ʪʘʢ ʞʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʪʦʧʦʣʦʛʠʠ, ʚʦʟʤʦʞʥʳ ʫʩʪʨʘʥʝʥʠʷ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʩ 

ʤʠʥʠʘʪʶʨʠʟʘʮʠʝʡ ʠ ʛʘʙʘʨʠʪʘʤʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʣʝʢʩʘʥʜʨʦʚ ʈ. ʄʦʥʦʣʠʪʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ ʉɺʏ: ʚʟʛʣʷʜ 
ʠʟʥʫʪʨʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ https://kit-

e.ru/svch/monolitnye-integralnye-shemy-svch-vzglyad-iznutri/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

14.04.2022)  

https://kit-e.ru/svch/monolitnye-integralnye-shemy-svch-vzglyad-iznutri/
https://kit-e.ru/svch/monolitnye-integralnye-shemy-svch-vzglyad-iznutri/
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʧʦʣʷ ʠʟʣʫʯʝʥʠʷ ʩ ʪʦʨʮʘ 

ʢʨʫʛʣʦʛʦ ʦʪʢʨʳʪʦʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ 

ʠʟʣʫʯʘʪʝʣʷ, ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʧʦʣʷ 

ʠʟʣʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʬʠʣʴʪʨʘ. 

 

Abstract 

The article discusses a method for analyzing the radiation field from the 

end of a round open dielectric waveguide. A model of the emitter is presented 

and the possibility of forming the required radiation field using a spatial filter is 

investigated. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʠʟʣʫʯʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʦʪʢʨʳʪʳʭ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʙʦʨʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʨʠʤʝʥʝʥʠʝ ʚ ʘʥʪʝʥʥʦʡ ʪʝʭʥʠʢʝ ʆɼɺ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʪʦʚʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʚʳʧʦʣʥʠʪʴ ʫʩʣʦʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. 
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2. ɸʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ 

ʠʟʣʫʯʝʥʠʷ ʩ ʪʦʨʮʘ ʆɼɺ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʧʦʣʷ ʥʘ ʠʟʣʫʯʘʶʱʝʡ 

ʘʧʝʨʪʫʨʝ ʆɼɺ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʜʚʫʭ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʌʨʝʜʛʦʣʴʤʘ 1-ʛʦ ʨʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʢ 

ʧʣʦʩʢʦʩʪʠ ʘʧʝʨʪʫʨʳ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʧʨʷʞʸʥʥʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ. ʇʦʣʝ ʥʘ ʪʦʨʮʝ ʆɼɺ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ 

ʧʦ ʧʦʣʷʤ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ. ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʶʪʩʷ ʘʤʧʣʠʪʫʜʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʝʡ ʚʦʣʥ. 

ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʢ ʪʨʝʙʫʝʤʦʤʫ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʫ, ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʠʟ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʧʦʣʷ ʧʦʟʚʦʣʷʝʪ 

ʥʝ ʪʦʣʴʢʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʣʝ ʠʟʣʫʯʝʥʠʷ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʬʠʣʴʪʨʘ, 

ʧʦʤʝʱʝʥʥʦʛʦ ʥʘ ʪʦʨʝʮ ʆɼɺ. ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʧʣʘʩʪʠʥʝ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʯʝʨʝʟ ʨʘʟʥʦʩʪʴ ʬʘʢʪʠʯʝʩʢʦʡ ʠ ʪʨʝʙʫʝʤʦʡ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪ. 

3. ɸʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʝ 

ʆɼɺ ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ)  

ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʣʴʥʳʭ ʠʟʣʫʯʘʶʱʠʭ ʩʠʩʪʝʤ 

ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʉɸʇʈ. ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʠʟʣʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʆɼɺ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʬʠʣʴʪʨʦʤ, ʤʦʜʝʣʠʨʫʝʤʦʤ ʚ ʚʠʜʝ ʢʦʣʝʮ ʠʟ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʤʝʱʘʝʤʦʤ ʥʘ ʪʦʨʮʝ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʟʘʜʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʬʠʣʴʪʨ, ʧʦʛʣʦʱʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʢʦʪʦʨʦʛʦ 

ʟʘʚʠʩʷʪ ʦʪ ʨʘʜʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʟʘʜʘʶʪʩʷ 

ʜʠʩʢʨʝʪʥʦ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʦʙʣʘʩʪʝʡ. 

 
ʈʠʩ. 1 ï ʄʦʜʝʣʴ ʠʟʣʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ ʩ ʆɼɺ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʬʠʣʴʪʨʦʤ 

4. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʧʦʣʷ 

ʠʟʣʫʯʝʥʠʷ ʩ ʪʦʨʮʘ ʆɼɺ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʧʦʣʷ 

ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʨʘʩʰʠʨʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʦʪʨʝʟʢʦʚ ʆɼɺ ʢʘʢ 

ʠʟʣʫʯʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʘʥʪʝʥʥ ʦʩʝʚʦʛʦ ʠʟʣʫʯʝʥʠʷ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʚʦʣʥʳ H10 ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ 

ʚʦʣʥʦʚʦʜʝ ʧʫʪʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. ʇʨʠʚʝʜʝʥʳ ʚʳʚʦʜʳ ʧʦ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥʦʚʦʜʘ ʦʪ ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. 

 

Abstract 

The article investigates the definition of the type of wave H10 in a 

rectangular waveguide by mathematical calculations. Conclusions are given on 

the dependence of the waveguide parameters on the critical wavelength. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʚʦʣʥʦʚʦʜʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʝʩʢʦʥʝʯʥʦʝ 

ʯʠʩʣʦ ʪʠʧʦʚ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʪʨʫʢʪʫʨʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ, ʢʨʠʪʠʯʝʩʢʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʬʘʟʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ ʠ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʆʜʥʘʢʦ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʣʠʥʠʡ 

ʧʝʨʝʜʘʯʠ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪ ʚʩʝ ʤʝʨʳ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʵʥʝʨʛʠʷ 

ʧʝʨʝʥʦʩʠʣʘʩʴ ʢʘʢʠʤ-ʣʠʙʦ ʦʜʥʠʤ ʪʠʧʦʤ ʚʦʣʥʳ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ 

ʥʝʩʢʦʣʴʢʠʤʠ ʪʠʧʘʤʠ ʚʦʣʥ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʩʠʛʥʘʣ ʧʨʠʭʦʜʠʪ ʚ ʪʦʯʢʫ ʧʨʠʝʤʘ 

ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʩʤʝʱʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ 

ʠʩʢʘʞʝʥʠʶ ʠ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʰʫʤʦʚ. 
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2. ʈʘʩʯʝʪʥʳʡ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥʦʚʦʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʪʠʧʘ ʚʦʣʥʳ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʦʣʥʳ H10 ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʚʦʣʥʦʚʦʜʝ [1]. ʋʩʣʦʚʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʦʣʥ ʚ ʚʦʣʥʦʚʦʜʝ ʷʚʣʷʝʪʩʷ: 

ɚ0 < ɚʢʨ, 

ʛʜʝ ɚ0 ï ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; 

ɚʢʨ ï ʢʨʠʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʚʦʣʥʳ - ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʩʚʦʙʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʚʦʣʥʦʚʦʜʝ. 

ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʠʥʘ ʚʦʣʥʳ ʥʘ ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʝ ʜʠʘʧʘʟʦʥʘ:  

 ʇ   (1) 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ 

ʚʦʣʥʦʚʦʜʝ ʚʦʣʥʘ H10. ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʫʶ ʜʣʠʥʫ ʚʦʣʥʳ: 

  ‗̋ ̑  (2) 

ʀʥʜʝʢʩ m ʧʦʢʘʟʳʚʘʝʪ ʯʠʩʣʦ ʩʪʦʷʯʠʭ ʧʦʣʫʚʦʣʥ, ʫʢʣʘʜʳʚʘʶʱʠʭʩʷ ʥʘ 

ʩʪʦʨʦʥʝ ʘ, n - ʯʠʩʣʦ ʩʪʦʷʯʠʭ ʧʦʣʫʚʦʣʥ, ʫʢʣʘʜʳʚʘʶʱʠʭʩʷ ʥʘ ʩʪʦʨʦʥʝ b 

ʚʦʣʥʦʚʦʜʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʨʠʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ ʘ ʠ b 

ʠ ʦʪ ʠʥʜʝʢʩʦʚ m ʠ n. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʦʚ m ʠ n ʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʨʘʟʤʝʨʘʭ ʘ ʠ b ʟʥʘʯʝʥʠʝ ɚʢʨ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʠʙʦʣʴʰʫʶ ɚəɟ 

ʩʨʝʜʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʦʣʥ ʧʨʠ ʘ > b ʠʤʝʝʪ ʚʦʣʥʘ ʅ10. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʝʡ ɚəɟ ʨʘʚʥʘ 2ʘ. ʇʨʠ ʘ = b ʥʘʠʙʦʣʴʰʫʶ ɚʢʨ ʠʤʝʶʪ ʜʚʝ ʚʦʣʥʳ ʅ10 ʠ ʅ01. 

ɺʦʣʥʘ, ʠʤʝʶʱʘʷ ʥʘʠʙʦʣʴʰʫʶ ɚʢʨ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʚʦʣʥʦʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ (ʠʣʠ ʚʦʣʥʦʡ ʥʠʟʰʝʛʦ ʪʠʧʘ).  

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʘ > b ʦʩʥʦʚʥʦʡ ʚʦʣʥʦʡ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʣʥʘ ʅ10, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ 

ʥʘʠʙʦʣʴʰʝʡ ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ  ɚʢʨ = 2a. ʅʘ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʝ 

ʨʘʟʤʝʨʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʦʣʥʦʚʦʜʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʘ ʧʝʨʝʜʘʯʘ 

ʵʥʝʨʛʠʠ ʧʦ ʧʨʷʤʦʫʛʦʣʴʥʦʤʫ ʚʦʣʥʦʚʦʜʫ, ʜʣʷ ʵʪʦʡ ʚʦʣʥʳ ʤʦʞʥʦ ʚʳʙʨʘʪʴ 

ʥʘʠʤʝʥʴʰʠʤʠ. ʇʨʠ ʵʪʦʤ ʚʦʣʥʦʚʦʜ ʙʫʜʝʪ ʠʤʝʪʴ ʥʘʠʤʝʥʴʰʠʝ ʛʘʙʘʨʠʪʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʪʠʧʘ ʚʦʣʥʳ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ 

ʰʫʤʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1.ʉʢʘʯʢʦʚ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʝʝʚʠʯ. ʕʣʝʢʪʨʦʜʠʥʘʤʠʢʘ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ /ɺ.ɸ. ʉʢʘʯʢʦʚ, ɻ.ʀ. 

ʑʝʨʙʘʢʦʚ; ʄʠʥ-ʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ, ʌɻɹʆʋ ɺʆ ʂʅʀʊʋ-

ʂɸʀ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ.-ʂʘʟʘʥʴ: [ʙ.ʠ.] - 2020. -298 ʩ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʚʣʠʷʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ ʤʝʞʜʫ ʘʥʪʝʥʥʘʤʠ ʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʚʷʟʠ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ.  

 

Abstract 

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

the coupling coefficient between antennas on the speed of information 

transmission. The studies were carried out by comparing the connection 

coefficients of access points depending on their relative position. 

 

1. ɺʚʝʜʝʥʠʝ  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʯʠʩʣʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʧʝʨʘʪʦʨʦʚ ʚ ʩʝʪʷʭ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʨʘʜʠʦʜʦʩʪʫʧʘ. 

ʄʥʦʞʝʩʪʚʦ ʫʩʪʨʦʡʩʪʚ ʨʘʙʦʪʘʝʪ ʚ ʦʜʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʚ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʧʦʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʣʠʷʥʠʷ 

ʚʥʫʪʨʠʩʠʩʪʝʤʥʳʭ ʧʦʤʝʭ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʩʝʪʠ [1]. 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʦʟʜʘʥʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʚ 3D ʠʩʧʦʣʥʝʥʠʠ. ɽʩʣʠ ʨʘʩʧʦʣʘʛʘʪʴ ʪʦʯʢʠ 

ʜʦʩʪʫʧʘ ʥʘ ʦʙʳʯʥʳʭ ʤʘʯʪʘʭ, ʪʦ ʚʟʘʠʤʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ ʨʘʚʥʘ -35 ʜɹ. 

ʇʨʠ ʪʘʢʦʤ ʟʥʘʯʝʥʠʠ ʂʉ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʣʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʉ/ʐ, ʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʣʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ. ʇʦʵʪʦʤʫ ʙʳʣʠ ʧʨʠʥʷʪʳ ʤʝʨʳ ʧʦ 

ʫʤʝʥʴʰʝʥʠʶ ʂʉ ʤʝʞʜʫ ʊɼ (ʨʠʩ.1). 

 
ʈʠʩ.1 ï ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʨʘʟʣʠʯʥʳʤ 

ʨʘʟʤʝʱʝʥʠʝʤ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʥʘ ʙʘʣʦʯʥʦʡ ʤʘʯʪʝ. 

ɸʥʘʣʠʟ ʨʘʟʚʷʟʦʢ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ ʧʨʦʚʦʜʠʣʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʭ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʂʉ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʜʦ -

60é-70 ʜɹ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ, ʘ 

ʟʥʘʯʠʪ ʠ ʩʢʦʨʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʨʠʩ. 2 ʠʟʦʙʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʩʪʠʛʥʫʪʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʚʷʟʠ. 

 
ʈʠʩ.2 ï ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʩʪʠʛʥʫʪʳʭ ʂʉ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʋʤʝʥʴʰʝʥʠʝ ʂʉ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ MIMO.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. ʉʝʜʝʣʴʥʠʢʦʚ ʖ.ɽ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ. - ʂʘʟʘʥʴ: ʅʦʚʦʝ ʟʥʘʥʠʝ, 2006. - 303 ʩ.  
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ɸʥʥʦʪʘʮʠʷ 
ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ ɹʣʵʢʤʘʥʘ-ʊʴʶʢʠ ʦʮʝʥʢʠ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ (ʉʇʄ) ʩʣʫʯʘʡʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʷʝʪ 

ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠʯʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʠ ʫʤʝʥʴʰʠʪʴ ʜʠʩʧʝʨʩʠʶ ʦʮʝʥʢʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.   

 

Abstract 

The modification of Blackman-Tukey power spectrum density (PSD) 

estimation method, which highly increase resolution and decrease variance, is 

proposed. The simulation results are also presented in this article.   

 

1. ɺʚʝʜʝʥʠʝ 

ʄʝʪʦʜ ɹʣʵʢʤʘʥʘ-ʊʴʶʢʠ ʦʪʥʦʩʠʪʩʷ ʢ ʥʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʪʝʭʥʠʢʘʤ 

ʦʮʝʥʢʠ ʉʇʄ, ʢʦʪʦʨʳʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ, ʫʥʠʚʝʨʩʘʣʴʥʳ, ʥʦ 

ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʙʦʣʴʰʦʡ ʜʠʩʧʝʨʩʠʝʡ ʦʮʝʥʢʠ.   

ʇʨʝʜʣʘʛʘʝʤʳʡ ʚ ʜʘʥʥʦʡ ʧʫʙʣʠʢʘʮʠʠ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʥʠʚʝʣʠʨʦʚʘʪʴ 

ʫʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ɼʠʩʧʝʨʩʠʷ ʩʥʠʞʘʝʪʩʷ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʢʥʘ 

ʍʝʥʥʠʥʛʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʠʥʳ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ (ɸʂʌ) 

ʯʠʩʣʦʤ ά ὔ σϳ, ʛʜʝ N ï ʜʣʠʥʘ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ [2]. ʇʦʚʳʰʝʥʠʝ 

ʨʘʟʨʝʰʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ [3] ʨʝʢʫʨʩʠʚʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʜʨʦʙʥʦ ʠ ʨʝʢʫʨʩʠʚʥʦ 

ʠʩʩʣʝʜʫʶʪʩʷ ʪʦʣʴʢʦ ʫʯʘʩʪʢʠ ʉʇʄ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʧʠʢʘʤʠ. 
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2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʢʠ ʉʇʄ 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ɹʣʵʢʤʘʥʘ-ʊʴʁʢʠ, ʦʮʝʥʢʘ ʉʇʄ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ ʠʟ ʪʝʦʨʝʤʳ ɺʠʥʝʨʘ-ʍʠʥʯʠʥʘ, ʜʦʧʦʣʥʝʥʥʦʤʫ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʧʨʝʜʝʣʦʚ ʩʫʤʤʠʨʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʦʢʦʥʥʦʡ ʬʫʥʢʮʠʠ. ʉ ʫʯʸʪʦʤ 

ʦʛʦʚʦʨʝʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʡ, ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

Ὓ‫
ρ

ς“
ὅϽρ ÃÏÓ

“Ὦ

ά
ϽÃÏÓὮ‫ȟ 

(

(1) 

ʛʜʝ: Ὓ‫  ï ʦʮʝʥʢʘ ʉʇʄ ʥʘ ʯʘʩʪʦʪʝ ɤ, ɤ ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ, 

ὅ ï ʦʮʝʥʢʘ ɸʂʌ, N ï ʜʣʠʥʘ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ, ά ὔ σϳ  ï ʜʣʠʥʘ ɸʂʌ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʘʭ MATLAB È ʠ LabVIEWÈ. ɹʳʣ ʟʘʜʘʥ 

ʪʝʩʪʦʚʳʡ ʩʣʫʯʘʡʥʳʡ ʩʠʛʥʘʣ ʚ ʚʠʜʝ ʩʫʤʤʳ ɸɹɻʐ ʠ ʜʚʫʭ ʩʠʥʫʩʦʠʜ 

ʙʣʠʟʢʠʭ ʧʦ ʯʘʩʪʦʪʝ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʦʮʝʥʠʚʘʥʠʷ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʨʝʢʫʨʩʠʚʥʦʤʫ ʘʣʛʦʨʠʪʤʫ (ʨʠʩ. 1ʘ) ʠ ʧʦ 

ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʘʣʛʦʨʠʪʤʫ ʩ ʫʜʚʦʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (ʨʠʩ. 1ʙ).  

  
(ʘ) (ʙ) 

ʈʠʩ. 1 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʮʝʥʦʢ ʉʇʄ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ:  

(ʘ) ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʘʣʛʦʨʠʪʤʫ; (ʙ) ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʘʣʛʦʨʠʪʤʫ 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʉʇʄ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ 

ʦʜʠʥ ʠʟ ʵʪʘʧʦʚ ʙʦʣʝʝ ʪʦʯʥʳʭ ʧʨʦʮʝʜʫʨ ʜʚʫʭʤʝʨʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʦʮʝʥʠʚʘʥʠʷ, ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ [1], ʥʘʧʨʠʤʝʨ, ʘʜʘʧʪʠʚʥʳʭ ʬʠʣʴʪʨʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʤʘʪʝʨʠʘʣʘʭ ʜʦʢʣʘʜʘ ʦʙʩʫʞʜʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ.  

 

Abstract 

In the materials of the report, the installation for determining the 

piezoelectric module of materials with piezoelectric effect is discussed.  

 

ɺ ʩʠʩʪʝʤʘʭ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʤʦʜʫʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʢ 

ʥʘʧʨʷʞʝʥʠʶ, ʩʥʷʪʦʤʫ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ: 

Ὠ
ɝὼ

Ὗ
ȟ 

(1) 

ʛʜʝ Ὠ  ð ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, ʧʤ/ɺ; ɝὼ ð ʜʝʬʦʨʤʘʮʠʷ 

ʦʙʨʘʟʮʘ, ʧʤ; U ð ʥʘʧʨʷʞʝʥʠʝ, ʩʥʷʪʦʝ ʩ ʤʘʪʝʨʠʘʣʘ, ɺ [1]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ Ὠ  ʩʦʚʨʝʤʝʥʥʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ 

ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʆʜʥʘʢʦ, ʮʝʣʳʡ ʨʷʜ ʧʨʘʢʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʧʦʣʠʤʝʨʥʳʝ 

ʧʲʝʟʦʵʣʝʢʪʨʠʢʠ, ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ Ὠ  ʚ ʰʠʨʦʢʦʤ ʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʫʩʪʘʥʦʚʢʠ, 
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ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʨʝʜʝʣʠʪʴ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʧʣʝʥʢʠ 

ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʘ (ʇɺɼʌ) ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʜʦ 10ʢɻʮ.  

ʄʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʣʝʥʢʫ ʩʦʟʜʘʝʪʩʷ ʜʠʥʘʤʠʢʦʤ 10 

ɻɼʐ-1-4 ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 100 ɻʮ ʜʦ 10ʢɻʮ, ʧʫʪʝʤ ʧʦʜʘʯʠ ʥʘ ʜʠʥʘʤʠʢ 

ʥʘʧʨʷʞʝʥʠʷ U ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʚʫʢʦʚʳʭ 

ʚʦʣʥ ʩʦʟʜʘʝʪʩʷ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʦʨʤʘʮʠʠ ʧʣʝʥʢʠ 

ʇɺɼʌ (ʨʠʩ.1), ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ. ɺʝʣʠʯʠʥʘ 

ʜʝʬʦʨʤʘʮʠʠ ʧʣʝʥʢʠ ʇɺɼʌ ɝὼ ̫ʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪ ʜʘʚʣʝʥʠʷ: ɝὼ
Ὢὖ. ʇʦʩʢʦʣʴʢʫ ʜʘʚʣʝʥʠʝ ὖ Ὢ‫ȟὟȟ  ʪʦ ɝὼ Ὢ‫ȟὟ. ʇʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʘʤʧʣʠʪʫʜʝ ʥʘʧʨʷʞʝʥʠʠ Ὗ, ʜʝʬʦʨʤʘʮʠʷ ɝὼ ̫ʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ 
ʪʦʣʴʢʦ ʯʘʩʪʦʪʳ :ʅʘʧʨʷʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ .‫ 

Ὗ
Ὠ Ͻ”Ͻ‫Ͻὧ

ὅϽὛ
ȟ 

(2) 

ʛʜʝ U0 ï ʥʘʧʨʷʞʝʥʠʝ, ʩʥʠʤʘʝʤʦʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, [ɺ]; 

Ὠ  ï ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʇɺɼʌ, [ʤ/ɺ]; ” ï ʧʣʦʪʥʦʩʪʴ ʇɺɼʌ, 

1770 [ʢʛ/̍ ]; ɤ ï ʧʦʜʘʚʘʝʤʘʷ ʯʘʩʪʦʪʘ, [ɻʮ]; ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ; ʉ ï ʝʤʢʦʩʪʴ  

ʦʙʨʘʟʮʘ, [ʌ]; S ï ʧʣʦʱʘʜʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, [̍ ]. 

ʉʥʷʪʳʡ ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʥʘ ʧʦʚʪʦʨʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʫʩʠʣʠʪʝʣʴʥʳʤ ʢʘʩʢʘʜʦʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʦ 

ʥʘʧʨʷʞʝʥʠʶ ʦʧʨʝʜʝʣʷʣʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ɸʎʇ 0804 (ʦʪ 0 ʜʦ 

5ɺ). ʈʘʩʯʝʪ ʧʴʝʟʦʤʦʜʫʣʷ ʠ ʠʥʪʝʨʬʝʡʩ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ 

Atmega 328.  ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʴʝʟʦʤʦʜʫʣʷ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʴʝʟʦʤʦʜʫʣʷ ʧʣʝʥʢʠ ʇɺɼʌ. 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ 

ʠʟʤʝʨʠʪʴ ʧʴʝʟʦʤʦʜʫʣʴ ʨʘʙʦʪʘʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ.  

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʈʝʛ. ʥʦʤʝʨ ʅʀʆʂʊʈ ɸɸɸɸ-ɸ20-120102190039-6. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʠ 

ʛʨʘʥʠʮ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ/ ɸʢʦʧʷʥ ɺ. ɸ. ï 2003 ʛ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ ʠʟʣʫʯʘʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ 

ʪʠʧʦʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʚʳʨʘʞʝʥʠʷʤ ʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

 

Abstract 

A comparison of electromagnetic field distributions are discussed in the 

article. The distributions were obtained using standard analytical expressions 

and with help of electrodynamic simulations. 

1. ɺʚʝʜʝʥʠʝ 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʕʄʇ), ʩʦʟʜʘʚʘʝʤʦʝ ʠʟʣʫʯʘʪʝʣʷʤʠ, ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʡʜʝʥʦ ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ [1], 

ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ [2] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʙʣʠʟʠ ʠʟʣʫʯʘʪʝʣʝʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʘʶʪ ʥʝʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʎʝʣʴ ʨʘʙʦʪʳ - 

ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʩʨʝʜʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʢʦʨʨʝʢʪʥʳʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʚʳʨʘʞʝʥʠʡ. 

2. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ɺ ʢʘʯʝʩʪʚʝ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʦʣʫʚʦʣʥʦʚʳʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʠʙʨʘʪʦʨ ʠ ʧʦʣʫʚʦʣʥʦʚʳʡ ʱʝʣʝʚʦʡ ʠʟʣʫʯʘʪʝʣʴ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʛʨʘʥʠʮʝ ʚʦʟʜʫʭ ï ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʨʝʜʘ. ʉʨʝʜʘ ʠʤʝʣʘ 

ʧʘʨʘʤʝʪʨʳ, ʙʣʠʟʢʠʝ ʢ ʧʘʨʘʤʝʪʨʘʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ (Ů=50,ů=0,5 

ʉʤ/ʤ). ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦ 

ʩʪʘʥʜʘʨʪʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʷʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʕʄʇ 

ʚʠʙʨʘʪʦʨʘ ʠ ʱʝʣʝʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ, ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʕʄʇ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʚ ʧʨʦʛʨʘʤʤʝ CST Studio. ɼʣʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʠʙʨʘʪʦʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʘ ɽ ʥʘ ʛʣʫʙʠʥʝ 0,35 ‗̒ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1 ʘ) ï ʚ). ɼʣʷ 

ʱʝʣʝʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 ʛ). 

  ʘ)   ʙ) 

  ʚ)   ʛ) 
ʈʠʩ. 1 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʫ 

ʢʦʨʨʝʢʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʚ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʩʨʝʜʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʇʦʪʘʧʦʚʘ ʆ.ɺ., ɻʦʣʠʢʦʚʘ ʂ.ʅ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʤʠʢʨʦʚʦʣʥʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ʀʥʞʝʥʝʨʥʳʡ ʚʝʩʪʥʠʢ ɼʦʥʘ, ˉ8 (2019) 

ivdon.ru/ru/magazine/archive/n8y2019/6150. 

2. ʅʝʛʘʥʦʚ ɺ.ɸ., ʊʘʙʘʢʦʚ ɼ.ʇ., ʗʨʦʚʦʡ ɻ.ʇ. ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʠʷ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʝʥʥ. / ʧʦʜ ʨʝʜ. ɺ.ɸ. ʅʝʛʘʥʦʚʘ. ï ʄ.: 

ʈʘʜʠʦʪʝʭʥʠʢʘ, 2009. ï 50ï71 ʩ.  
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ɸʥʥʦʪʘʮʠʷ 
ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Ansys HFSS 

ʩʦʦʩʥʦʛʦ ʢʦʘʢʩʠʘʣʴʥʦ-ʧʦʣʦʩʢʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʂʇʇ), ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ 

ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʨʘʩʯʸʪʘ ʉɺʏ- ʠ ʂɺʏ-ʩʪʨʫʢʪʫʨ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʥʘʡʜʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʳʢʫʝʤʳʭ ʣʠʥʠʡ. 

 

Abstract 

Simulation is being carried out in the Ansys HFSS software package of 

a coaxial-strip transition, the calculation results of which will be used to verify 

the developed software tool for calculating SHF- and EHF-structures. The 

results of the calculation of the obtained model are presented and the optimal 

variant of the location of the joined lines is found. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʟʘʜʘʯʘ 

ʩʦʟʜʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʉɸʇʈ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʸʪʘ ʉɺʏ- ʠ 

ʂɺʏ-ʩʪʨʫʢʪʫʨ. ʇʨʠ ʵʪʦʤ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ 
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ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ʆʜʥʦʡ ʠʟ ʙʘʟʦʚʳʭ ʩʪʨʫʢʪʫʨ ʉɺʏ- ʠ ʂɺʏ-ʜʠʘʧʘʟʦʥʦʚ ʷʚʣʷʝʪʩʷ 

ʢʦʘʢʩʠʘʣʴʥʦ-ʧʦʣʦʩʢʦʚʳʡ ʧʝʨʝʭʦʜ (ʂʇʇ). ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʂʇʇ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Ansys HFSS ʩ ʮʝʣʴʶ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʢʘʯʝʩʪʚʝ ʚʝʨʠʬʠʢʘʮʠʦʥʥʦʛʦ 

ʙʘʟʠʩʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʨʘʩʯʝʪʘ ʉɺʏ- ʠ ʂɺʏ-

ʩʪʨʫʢʪʫʨ. 

2. ʈʘʟʤʝʨʳ ʠ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʳʢʘ ʢʦʘʢʩʠʘʣʴʥʦʡ 

ʣʠʥʠʠ (ʂʃ) ʠ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ (ʄʇʃ) c ʩʦʦʩʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ 

ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ. ʄʇʃ ʠʤʝʝʪ ʨʘʟʤʝʨʳ ʵʢʨʘʥʘ 6³7 ʤʤ, ʚʥʫʪʨʠ 

ʵʢʨʘʥʘ ʨʘʟʤʝʱʘʣʘʩʴ ʧʦʣʦʩʢʘ ʰʠʨʠʥʦʡ 0,23 ʤʤ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʦʜʣʦʞʢʝ ʠʟ ʧʦʣʠʢʦʨʘ ʩ e= 9,6, ʪʦʣʱʠʥʘ ʧʦʜʣʦʞʢʠ 0,25 ʤʤ. ɺʥʫʪʨʝʥʥʠʡ 

ʧʨʦʚʦʜʥʠʢ ʂʃ ʨʘʜʠʫʩʦʤ 0,15 ʤʤ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʧʦʣʦʩʢʦʡ ʄʇʃ, ʘ 

ʚʥʝʰʥʠʤ ʧʨʦʚʦʜʥʠʢ ʂʃ ʨʘʜʠʫʩʦʤ 0,35 ʤʤ ʩ ʵʢʨʘʥʦʤ ʄʇʃ [1] (ʨʠʩ. 1). 

 
ʈʠʩ. 1 ï ʄʦʜʝʣʴ ʂʇʇ, ʨʘʩʩʯʠʪʳʚʘʝʤʦʛʦ ʚ Ansys HFSS 

3. ʈʘʩʯʸʪ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʧʘʨʘʤʝʪʨʦʚ 

11S  ʠ 
12S  ʠ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʦʪʘʭ.  

4. ɿʘʢʣʶʯʝʥʠʝ 

ɹʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʩʜʚʠʛ ʦʩʠ ʂʃ ʢʘʢ ʚʚʝʨʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʢʘ 

ʄʇʃ, ʪʘʢ ʠ ʚʥʠʟ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ. ɹʳʣ 

ʦʧʨʝʜʝʣʸʥ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʳʢʫʝʤʳʭ 

ʣʠʥʠʡ. ʀʤ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʚʦʜʥʠʢ ʂʃ 

ʫʪʦʧʣʝʥ ʚ ʧʦʜʣʦʞʢʝ ʄʇʃ, ʪ.ʝ. ʩʜʚʠʛ ʤʝʞʜʫ ʦʩʷʤʠ ʮʝʥʪʨʘʣʴʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 0,06 ʤʤ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʘʡʩʪʨʝʥʢʦ ɺ.ʂ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʩʯʸʪ ʩʦʛʣʘʩʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ ʚʦʣʥʦʚʦʜʥʦ-ʧʦʣʦʩʢʦʚʦʛʦ ʪʨʘʢʪʘ: ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ 

ʫʯʸʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ: 05.12.01. ï ʅʠʞʝʛʦʨʦʜʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, ʅʠʞʥʠʡ 

ʅʦʚʛʦʨʦʜ, 1993. ï 167 ʩ.  
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ɸʥʥʦʪʘʮʠʷ 
ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʰʫʤʦʚ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʘʣʛʦʨʠʪʤʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʬʠʣʷ ʨʝʬʣʝʢʪʦʨʘ ʤʥʦʛʦʣʫʯʝʚʦʡ ʛʠʙʨʠʜʥʦʡ 

ʟʝʨʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʧʦ ʩʠʛʥʘʣʘʤ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ 

 

Abstract 

This article discusses the effect of Gaussian noise on the accuracy of 

reconstruction of the reflector profile of a multibeam hybrid reflector antenna 

via processing antenna array signals. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʨʘʙʦʪʝ [1] ʦʙʩʫʞʜʘʣʩʷ ʘʣʛʦʨʠʪʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʬʠʣʷ 

ʨʝʬʣʝʢʪʦʨʘ ʤʥʦʛʦʣʫʯʝʚʦʡ ʛʠʙʨʠʜʥʦʡ ʟʝʨʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ (ʄɻɿɸ) ʧʫʪʝʤ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ί ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ (ɸʈ), ʧʨʠʥʠʤʘʝʤʳʭ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ (ʤʘʷʢʘ) ʩ ʠʟʚʝʩʪʥʳʤʠ ʫʛʣʦʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʃȟʒ . ʉʥʠʤʘʝʤʳʝ ʩ ʚʳʭʦʜʦʚ ʵʣʝʤʝʥʪʦʚ ɸʈ ʢʦʤʧʣʝʢʩʥʳʝ ʘʤʧʣʠʪʫʜʳ ί  
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʚʪʦʨʠʯʥʳʤ ɼʅ ʵʣʝʤʝʥʪʦʚ ɸʈ (ʣʫʯʘʤ) ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ, ί Ὢͯ ʃȟʒ . ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʨʘʟʤʝʨʘ ɸʈ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʝʨʝʭʚʘʪʘ ʣʴʚʠʥʦʡ ʜʦʣʠ ʦʪʨʘʞʘʝʤʦʡ ʨʝʬʣʝʢʪʦʨʦʤ 

ʤʦʱʥʦʩʪʠ (ʙʦʣʝʝ 95%), ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ɸʈ ʦʢʘʟʳʚʘʝʪʩʷ 
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ʤʝʥʴʰʝ ʥʝʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʳ, ʪʦ ʚʦʟʙʫʞʜʝʥʥʘʷ ʩʦʧʨʷʞʝʥʥʳʤʠ ʢ 

ʧʨʠʥʷʪʳʤ ʘʤʧʣʠʪʫʜʘʤʠ ɸʈ, ύ ίͯᶻ, ʬʦʨʤʠʨʫʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʬʣʝʢʪʦʨʘ ʪʦʢʠ, ʬʘʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʧʦʚʪʦʨʷʝʪ ʬʘʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʃȟʒ  ʧʣʦʩʢʦʡ ʚʦʣʥʳ. ʉ ʫʯʝʪʦʤ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʬʠʣʴ ʨʝʬʣʝʢʪʦʨʘ 

ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʫʶ 

ʪʦʯʢʫ ʥʦʤʠʥʘʣʴʥʦʛʦ ʨʝʬʣʝʢʪʦʨʘ ʠ ʥʘ ʢʦʪʦʨʦʡ ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ 

ʩʨʘʚʥʠʚʘʝʤʳʤʠ ʬʘʟʦʚʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʢʘʢ ʪʦʯʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ‏ 

(ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʜʣʠʥʘʭ ʚʦʣʥ), ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʟʝʨʢʘʣʘ ʦʪ ʬʘʢʪʠʯʝʩʢʦʛʦ, ʟʘʚʠʩʠʪ ʦʪ 

ʦʪʥʦʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʢ ʤʦʱʥʦʩʪʠ ʰʫʤʘ ὛȾὔ. 

2. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʨʝʬʣʝʢʪʦʨʘ ʄɻɿɸ ʧʨʠ ʥʘʣʠʯʠʠ ʰʫʤʦʚ 

ʉʙʦʨ ʩʪʘʪʠʩʪʠʢʠ 

 ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʜʣʷ ‏

ὛȾὔᶰπȢȢσπ̅.ˎ ʅʘ 

ʨʠʩ.1. ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʨʘʬʠʢʠ ʤʠʥʠʤʘʣʴʥʳʭ, 

ʩʨʝʜʥʠʭ ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ‏, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʨʠʩ.1., 

ʘʣʛʦʨʠʪʤ ʦʩʪʘʝʪʩʷ 

ʫʩʪʦʡʯʠʚʳʤ ʧʨʠ ʩʥʠʞʝʥʠʠ ὛȾὔ ʚʧʣʦʪʴ ʜʦ 7-8ʜɹ. ʇʨʠ ὛȾὔ ρυ̅ˎ 

ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʪʦʯʥʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʫʨʦʚʥʝ ʩʦʪʳʭ ʜʦʣʝʡ ʜʣʠʥʳ 

ʚʦʣʥʳ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʝʪʴ ʞʝʣʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ 

ʟʘʜʘʯʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʣʫʯʝʡ ʄɻɿɸ. 

3.ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠ ὛȾὔ ρυ̅ˎ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʣʫʯʝʡ ʄɻɿɸ ʪʦʯʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʬʠʣʷ 

ʨʝʬʣʝʢʪʦʨʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. P. Romanov, "Multibeam Antenna Reflector Distortions 

Reconstruction via Processing Antenna Array Signals," 2020 7th All-Russian 

Microwave Conference (RMC), 2020, pp. 155-158, doi: 

10.1109/RMC50626.2020.9312357.  

 
ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʨʝʬʣʝʢʪʦʨʘ ʦʪ ʫʨʦʚʥʷ ʰʫʤʦʚ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʩʝʥʩʦʨʦʚ ʥʘ ʧʨʠʤʝʨʝ ʜʘʪʯʠʢʘ ʫʛʘʨʥʦʛʦ ʛʘʟʘ.  

 

Abstract 

This article describes the principle of operation of electrochemical 

sensors using the example of a carbon monoxide sensor. 

 

1. ɺʚʝʜʝʥʠʝ 

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʢʩʠʯʥʳʭ ʛʘʟʦʚ ʚ ʚʦʟʜʫʭʝ 

ʘʢʪʫʘʣʴʥʘ ʢʘʢ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʪʘʢ ʠ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʠʪʴ ʵʪʫ ʟʘʜʘʯʫ, 

ʦʥʠ ʩʧʦʩʦʙʥʳ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ, ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʦʩʪʦʷʥʠʠ ʢʘʢʦʡ-ʣʠʙʦ ʩʠʩʪʝʤʳ.  

2. ʆʙʟʦʨ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʫʛʘʨʥʦʛʦ ʛʘʟʘ ʩʦʩʪʦʠʪ ʠʟ ʤʝʤʙʨʘʥʳ ʠ 

ʪʨʝʭ ʵʣʝʢʪʨʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʛʨʫʞʝʥʳ ʚ ʵʣʝʢʪʨʦʣʠʪ. ɺʘʞʥʝʡʰʠʤ ʠʟ ʥʠʭ 

ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ, ʦʥ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʧʣʘʪʠʥʳ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʘʣʣʦʤ ʜʣʷ ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʠ ʧʦʢʨʳʪʘ 

ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʡ, ʥʦ ʛʠʜʨʦʬʦʙʥʦʡ ʤʝʤʙʨʘʥʦʡ. ʄʝʤʙʨʘʥʘ ʧʦʟʚʦʣʷʝʪ 

ʦʛʨʘʥʠʯʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʛʘʟʘ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʩʝʥʩʦʨʘ. ɻʘʟ CO ʜʠʬʬʫʥʜʠʨʫʝʪ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʤʝʤʙʨʘʥʫ ʠ, ʧʦʧʘʜʘʷ ʥʘ 

ʨʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ, ʦʢʠʩʣʷʝʪʩʷ. ʕʣʝʢʪʨʦʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʩʪʝʢʘʶʪ ʩ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ʯʝʨʝʟ 
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ʚʥʝʰʥʶʶ ʮʝʧʴ, ʬʦʨʤʠʨʫʷ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʘʪʯʠʢʘ. ɼʣʷ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ. ʉʯʝʪʥʳʡ ʵʣʝʢʪʨʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʳʡ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʵʣʝʢʪʨʦʣʠʪʝ. ʆʧʦʨʥʳʡ ʵʣʝʢʪʨʦʜ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʟʘʤʳʢʘʥʠʷ ʮʝʧʠ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. ʆʥ 

ʧʦʟʚʦʣʷʝʪ ʵʣʝʢʪʨʦʥʘʤ ʚʭʦʜʠʪʴ ʚ ʵʣʝʢʪʨʦʣʠʪ ʠʣʠ ʚʳʭʦʜʠʪʴ ʠʟ ʥʝʛʦ. 

3. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ 

ɼʣʷ ʨʘʙʦʪʳ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʛʦ ʩʝʥʩʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ 

ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʨʘʙʦʯʠʤ ʠ ʦʧʦʨʥʳʤ ʵʣʝʢʪʨʦʜʘʤʠ. ʊʦʢ, 

ʢʦʪʦʨʳʡ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʨʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ, ʜʦʣʞʝʥ ʫʨʘʚʥʦʚʝʰʠʚʘʪʴʩʷ 

ʩʭʝʤʦʡ, ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʩʯʝʪʥʦʤʫ ʵʣʝʢʪʨʦʜʫ. ʏʝʨʝʟ ʦʧʦʨʥʳʡ ʵʣʝʢʪʨʦʜ 

ʪʦʢ ʥʝ ʧʨʦʪʝʢʘʝʪ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ɸʎʇ ʩʤʦʛ ʩʯʠʪʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʜʘʪʯʠʢʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʛʝʥʝʨʠʨʫʝʤʳʡ ʪʦʢ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʥʘʧʨʷʞʝʥʠʝ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʘʥʩʠʤʧʝʜʘʥʩʥʳʡ ʫʩʠʣʠʪʝʣʴ.  ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʧʦʪʝʥʮʠʦʩʪʘʪʘ. ʆʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ U1 

ʧʨʝʦʙʨʘʟʫʝʪ ʪʦʢ, ʬʦʨʤʠʨʫʝʤʳʡ ʜʘʪʯʠʢʦʤ, ʚ ʥʘʧʨʷʞʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʨʝʙʫʝʤʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʜʘʪʯʠʢʘ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ 

ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ. ʆʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ U2 ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʥʘ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʨʦʚʥʝ ʧʦʪʝʥʮʠʘʣ ʦʧʦʨʥʦʛʦ ʵʣʝʢʪʨʦʜʘ.  

 
ʈʠʩ. 1 - ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʧʦʪʝʥʮʠʦʩʪʘʪʘ. 

ɼʘʣʝʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʘ ɸʎʇ ʚʳʯʠʩʣʷʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʘʟʘ, ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʦʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʦʢʫ 

ʜʘʪʯʠʢʘ [1]. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʦʙʨʘʚ ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ 

ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦʝ ʩʪʨʦʝʥʠʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

ɼʣʷ ʫʩʠʣʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʜʘʪʯʠʢʘʤʠ ʪʦʢʘ, ʢʦʪʦʨʳʡ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʛʘʟʘ ʚ ʚʦʟʜʫʭʝ, ʥʝʦʙʭʦʜʠʤʳ 

ʪʨʘʥʩʠʤʧʝʜʘʥʩʥʳʝ ʫʩʠʣʠʪʝʣʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Signal conditioning for electrochemical sensors Application note 
[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://clck.ru/eoe7D (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 09.04.2022).  



143 

 

 

ʋɼʂ 621.385.69 

 

ʀɿʋʏɽʅʀɽ ʂʆɸʂʉʀɸʃʔʅʓʍ ɺʆʃʅʆɺʆɼʆɺ ʉɺʏ 

 

ʉʪʝʧʘʥʦʚ ʅ.ɸ., ʍʠʩʩʘʤʫʪʜʠʥʦʚ ɼ.ʆ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʀʜʠʘʪʫʣʣʦʚ ɿ.ʈ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 

 
STUDY OF COAXIAL MICROWAVE WAVEGUIDES  

 

Stepanov N.A., Khissamutdinov D.O. 

Supervisor Idiatullov Z.R., assistant professor (Kazan National Research 

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

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʠʟʫʯʝʥʠʝ ʢʦʘʢʩʠʘʣʴʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʉɺʏ, ʠʭ 

ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ. 

 

Abstract 

The article discusses the study of coaxial microwave waveguides, their 

main characteristics and their application. 

 

1. ɺʚʝʜʝʥʠʝ 

ʅʘ ʧʨʘʢʪʠʢʝ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʢʨʫʛʣʳʝ 

ʢʦʘʢʩʠʘʣʴʥʳʝ ʚʦʣʥʦʚʦʜʳ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʚʥʝʰʥʠʤ ʠ ʚʥʫʪʨʝʥʥʠʤ 

ʧʨʦʚʦʜʥʠʢʘʤʠ ʟʘʧʦʣʥʷʝʪʩʷ ʚʦʟʜʫʭʦʤ ʠʣʠ ʜʨʫʛʠʤ ʜʠʵʣʝʢʪʨʠʢʦʤ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ‐. 

2.ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʆʩʥʦʚʥʦʡ ʷʚʣʷʝʪʩʷ ʚʦʣʥʘ ʪʠʧʘ ʊ (ʧʦʧʝʨʝʯʥʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ 

ʚʦʣʥʘ). ɺʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʣʷ T-ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

ὡ ρσψÌÇ ȾЍ‐, 

 ʛʜʝ ὶ, ὶ ï ʨʘʜʠʫʩʳ ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʚʦʜʥʠʢʘ. 

ʇʦʪʝʨʠ ʚ ʢʦʘʢʩʠʘʣʴʥʦʤ ʚʦʣʥʦʚʦʜʝ ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʧʦʪʝʨʴ ʚ 

ʜʠʵʣʝʢʪʨʠʢʝ ʠ ʧʦʪʝʨʴ ʚ ʧʨʦʚʦʜʥʠʢʘʭ. ʇʦʪʝʨʠ ʟʘʚʠʩʷʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʣʦʷ ʜʠʵʣʝʢʪʨʠʢʘ, ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ɺʪ), ʧʝʨʝʜʘʚʘʝʤʘʷ ʧʦ ʢʦʘʢʩʠʘʣʫ ʚ ʨʝʞʠʤʝ 

ʙʝʛʫʱʝʡ ʚʦʣʥʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 
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ὖ  Ὁ ὶÌÎ
ὶ

ὶ
Ⱦρςπ 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʠ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʘʝʤʦʡ ʤʦʱʥʦʩʪʠ 

ʞʝʣʘʪʝʣʴʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʨʘʟʤʝʨʳ ὶ ʠ ὶ. ʕʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʫʩʣʦʚʠʝʤ ʦʜʥʦʚʦʣʥʦʚʦʩʪʠ ʢʦʘʢʩʠʘʣʘ. ʇʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʨʘʜʠʫʩʦʚ ʢʦʘʢʩʠʘʣʘ σȟφ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʝ 

ʧʦʪʝʨʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʦʣʥʦʚʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 100 ʆʤ. ʇʨʠ ρȟφυ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ 30 ʆʤ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʘʢʩʠʘʣʴʥʳʝ ʚʦʣʥʦʚʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ ʫʟʣʦʚ ʠ ʙʣʦʢʦʚ ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʳ. ʊʘʢʠʝ ʚʦʣʥʦʚʦʜʳ 

ʧʨʠʤʝʥʷʶʪ ʚ ʤʝʪʨʦʚʦʤ ʠ ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʘʭ, ʦʙʳʯʥʦ ʥʝ ʚʳʰʝ 20 

ɻɻʮ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɺʦʣʴʤʘʥ ɺ.ʀ., ʇʠʤʝʥʦʚ ʖ.ɺ. ʊʝʭʥʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ: 

ʋʯʝʙʥʠʢ.ïʄ: ñʉʚʷʟʴò, 1971.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʘʩʩʠʚʥʳʝ ʠ ʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʨʘʜʠʦʣʦʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ.  

 

Abstract 

The article discusses passive and active radar methods, as well as their 

application in practical tasks. 

 

1. ɺʚʝʜʝʥʠʝ 

ʈʘʜʠʦʣʦʢʘʮʠʷ ʩʣʫʞʠʪ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʨʘʜʠʦʚʦʣʥ. ʕʪʠ ʚʦʣʥʳ ʠʟʣʫʯʘʶʪʩʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʝʡ, 

ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʦʙʲʝʢʪʘ ʠ ʚʦʟʚʨʘʱʘʶʪʩʷ ʥʘ ʩʪʘʥʮʠʶ. ʉʪʘʥʮʠʷ ʘʥʘʣʠʟʠʨʫʝʪ 

ʠʭ ʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʤʝʩʪʦ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʦʙʲʝʢʪ. 

2. ʆʩʥʦʚʥʦʡ ʪʝʢʩʪ 

 ʈʘʜʠʦʚʦʣʥʳ ʦʪʨʘʞʘʶʪʩʷ ʚʩʝʤʠ ʦʙʲʝʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʧʨʠ 

ʵʪʦʤ ʵʭʦ-ʩʠʛʥʘʣʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʟʚʫʢʦʚʳʤ ʵʭʦ. ʂʦʛʜʘ ʣʫʯ ʨʘʜʠʦʣʦʢʘʪʦʨʘ 

ʚʩʪʨʝʯʘʝʪ ʥʘ ʩʚʦʝʤ ʧʫʪʠ ʢʘʢʦʡ-ʣʠʙʦ ʦʙʲʝʢʪ ï ʩʘʤʦʣʝʪ, ʢʦʨʘʙʣʴ, ʘʡʩʙʝʨʛ, 

ʩʪʘʶ ʧʪʠʮ ʠʣʠ ʜʘʞʝ ʦʙʣʘʢʦ, ï ʦʥ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʦʙʲʝʢʪʘ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ. ʏʘʩʪʴ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʧʦʧʘʜʘʝʪ ʥʘ ʧʨʠʝʤʥʠʢ 

ʨʘʜʠʦʣʦʢʘʪʦʨʘ, ʧʨʠʥʦʩʷ ʩ ʩʦʙʦʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʦʞʝʥʠʠ ʦʙʲʝʢʪʘ. 

ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ ʩʪʘʣʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘ ʜʚʠʞʫʱʠʝʩʷ 

ʧʣʘʪʬʦʨʤʳ. ʋʩʪʘʥʦʚʢʘ ʨʘʜʘʨʘ ʥʘ ʜʚʠʞʫʱʝʡʩʷ ʧʣʘʪʬʦʨʤʝ ʩʦʟʜʘʝʪ 
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ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʤʝʭʠ ʩ ʜʦʧʣʝʨʦʚʩʢʠʤ ʨʘʩʩʝʷʥʠʝʤ, 

ʥʦ ʪʘʢʞʝ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʧʦʣʫʯʝʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʜʚʠʞʥʘʷ ʧʣʘʪʬʦʨʤʘ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʥʦʩʠʪʝʣʴ ʢʘʢ ʘʢʪʠʚʥʦʡ, ʪʘʢ ʠ ʧʘʩʩʠʚʥʦʡ ʈʃʉ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʨʘʜʘʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʤʦʙʠʣʴʥʳʭ 

ʧʣʘʪʬʦʨʤʘʭ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ, ʠ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʭʦʨʦʰʦ 

ʨʘʟʚʠʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʡ ʪʝʤʦʡ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʘʩʩʠʚʥʘʷ ʈʃʉ ʥʘ ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʝ ð ʛʦʨʘʟʜʦ ʤʝʥʝʝ 

ʨʘʟʚʠʪʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʟʝʤʥʦʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʪʦʡ 

ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʦʙʠʣʴʥʦʡ 

ʧʘʩʩʠʚʥʦʡ ʈʃʉ ʚ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʪʠʧʦʤ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ 

ʧʘʩʩʠʚʥʳʭ ʨʘʜʘʨʦʚ ʷʚʣʷʶʪʩʷ ʙʦʨʪʦʚʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ 

ʩʘʤʦʣʝʪʳ, ʚʝʨʪʦʣʝʪʳ ʠʣʠ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ. ʆʜʥʘʢʦ 

ʜʨʫʛʠʝ ʪʠʧʳ ʧʣʘʪʬʦʨʤ, ʪʘʢʠʝ ʢʘʢ ʘʚʪʦʤʦʙʠʣʠ, ʪʘʥʢʠ, ʢʦʨʘʙʣʠ ʠʣʠ 

ʩʧʫʪʥʠʢʠ, ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ ʚʘʨʠʘʥʪʘʤʠ. 

ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ ʥʘ ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʝ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ: 

¶ ʆʙʥʘʨʫʞʝʥʠʠ ʜʚʠʞʫʱʠʭʩʷ ʮʝʣʝʡ 

¶ ʈʘʜʘʨʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ 

¶ ʂʦʤʧʝʥʩʘʮʠʠ ʜʚʠʞʝʥʠʷ 

¶ ʆʩʣʘʙʣʝʥʠʝ ʧʦʤʝʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʧʦʜʦʙʥʳʭ STAP ʠ DPCA. 

ʇʨʦʙʣʝʤʳ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʜʚʠʞʫʱʠʭʩʷ ʧʣʘʪʬʦʨʤ: ʥʘʟʝʤʥʳʭ, ʤʦʨʩʢʠʭ, ʚʦʟʜʫʰʥʳʭ, 

ʢʦʩʤʠʯʝʩʢʠʭ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʈʃʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʦʪ ʮʠʬʨʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʦ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʙʫʜʝʪ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʪʴ ʠ ʫʚʝʣʠʯʠʚʘʪʴ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ. 

 

Abstract 

This article discusses the properties of metamaterials, as well as the 

prospects for their use to ensure the electromagnetic compatibility of radio 

electronic equipment. 

 

1. ɺʚʝʜʝʥʠʝ 

ɿʘʜʘʯʠ ʘʥʘʣʠʟʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

(ʕʄʉ) ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ (ʈʕʉ), ʪ.ʝ. ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʈʕʉ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ 

ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʦʤʝʭ, ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ 

ʜʝʩʷʪʢʦʚ ʣʝʪ. ɺ ʫʩʣʦʚʠʷʭ ʪʝʥʜʝʥʮʠʠ ʢ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʘʥʜʘʨʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʕʄʉ ʥʝ ʷʚʣʷʶʪʩʷ ʦʩʦʙʦ ʜʝʡʩʪʚʝʥʥʳʤʠ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʠʙʦʣʴʰʠʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʤʝʪʘʤʘʪʝʨʠʘʣʳ), ʢʦʪʦʨʳʝ 
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ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʥʝʢʦʪʦʨʳʝ 

ʟʘʜʘʯʠ ʕʄʉ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʝʝ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

2. ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʚ ʦʙʣʘʩʪʠ ʕʄʉ 

ɺʳʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʫʣʫʯʰʝʥʠʷ ʕʄʉ ʤʝʞʜʫ ʘʥʪʝʥʥʘʤʠ  

ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʥʦʢ ʠʟ ʤʝʪʘʤʘʪʝʨʠʘʣʘ 

ʤʝʞʜʫ ʘʥʪʝʥʥʘʤʠ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʣʦʯʢʠ ʠʟ ʤʝʪʘʤʘʪʝʨʠʘʣʘ; 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʤʘʪʝʨʠʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʟʣʫʯʘʪʝʣʝʡ. 

ʋʣʫʯʰʝʥʠʷ ʕʄʉ ʤʝʞʜʫ ʘʥʪʝʥʥʘʤʠ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ, ʨʘʩʧʦʣʘʛʘʷ 

ʤʝʞʜʫ ʥʠʤʠ ʩʪʝʥʢʫ ʠʟ ʤʝʪʘʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʢʦʣʴʮʝʚʳʭ ʨʘʟʦʤʢʥʫʪʳʭ 

ʨʝʟʦʥʘʪʦʨʦʚ (ʂʈʈ). ʂʈʈ ʠʤʝʶʪ ʨʝʟʦʥʘʥʩʥʫʶ ʧʨʠʨʦʜʫ ʠ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ, ʩʭʦʜʥʳʝ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ. ʈʝʟʦʥʘʪʦʨʳ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʘʥʪʝʥʥ. ʅʘ ʯʘʩʪʦʪʘʭ, ʣʝʞʘʱʠʭ 

ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʦʩʥʦʚʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʂʈʈ, ʦʥʠ ʧʨʦʷʚʣʷʶʪ 

ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʅʘ ʵʪʠʭ 

ʯʘʩʪʦʪʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʪʫʭʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. 

ʂʘʩʘʝʤʦ ʚʪʦʨʦʛʦ ʩʧʦʩʦʙʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʦ ʫʞʝ ʥʝʤʘʣʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ, ʯʪʦ ʫ ʘʥʪʝʥʥʳ, ʥʘʢʨʳʪʦʡ ʦʙʦʣʦʯʢʦʡ ʠʟ 

ʤʝʪʘʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʠʤʝʝʪ ʙʦʣʝʝ ʫʟʢʠʡ ʣʫʯ ʠ ʤʝʥʴʰʠʡ ʫʨʦʚʝʥʴ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ.  

ɺʳʩʦʢʦʠʤʧʝʜʘʥʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʫ ʢʦʪʦʨʦʡ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʦʙʣʘʜʘʶʪ ʣʠʰʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʝʪʘʤʘʪʝʨʠʘʣʳ, ʫ ʢʦʪʦʨʳʭ ʢʘʞʜʘʷ ʷʯʝʡʢʘ 

(ʧʨʦʚʦʜʷʱʝʝ ʚʢʣʶʯʝʥʠʝ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʡ 

ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʥʪʫʨ.  

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥ ʩʦʚʨʝʤʝʥʥʳʡ ʤʝʪʦʜ ʫʣʫʯʰʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʕʄʉ ʈʕʉ ï ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʧʦʩʦʙʳ ʫʣʫʯʰʝʥʠʷ ʕʄʉ ʤʝʞʜʫ ʘʥʪʝʥʥʘʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʣʦʯʢʠ ʠʟ 

ʤʝʪʘʤʘʪʝʨʠʘʣʘ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʤʘʪʝʨʠʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʟʣʫʯʘʪʝʣʝʡ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʫʩʪʘʥʦʚʢʠ ʧʦ 

ʠʟʤʝʨʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʨʝʬʣʝʢʪʦʨʘ ʟʝʨʢʘʣʴʥʳʭ 

ʘʥʪʝʥʥ. ʊʘʢ ʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

 

Abstract 

The article presents the results of the development of an installation for 

measuring the reflection coefficient of the reflector of mirror antennas. The 

results of electrodynamic simulation of this installation are also presented. 

 

1.ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʜʦʤ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʷʚʣʷʶʪʩʷ ʟʝʨʢʘʣʴʥʳʝ ʘʥʪʝʥʥʳ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʠʛʘʪʴ ʧʨʝʜʝʣʴʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʚʦʟʤʦʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʪʝʥʥ, ʩʦʭʨʘʥʷʷ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʧʨʝʜʝʣʴʥʫʶ 

ʤʘʩʩʫ ʠ ʛʘʙʘʨʠʪʳ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʭ ʧʨʦʙʣʝʤ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʬʣʝʢʪʦʨʘ 

ʟʝʨʢʘʣʴʥʳʭ ʘʥʪʝʥʥ ʟʦʥʪʠʯʥʦʛʦ ʠ ʚʝʝʨʥʦʛʦ ʪʠʧʦʚ [1]. 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
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ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʝ ʠʟʤʝʨʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ (ʂʆ) ʚ ʧʦʣʝ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ. ʄʦʜʝʣʴ ʥʘ 

ʨʠʩʫʥʢʝ 1 ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʥʳʭ ʠʜʝʥʪʠʯʥʳʭ ʩʧʠʨʘʣʴʥʳʭ ʘʥʪʝʥʥ, 

ʜʝʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ, ʵʪʘʣʦʥʥʦʛʦ ʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʪʨʘʞʘʪʝʣʝʡ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʟʣʫʯʘʪʝʣʝʡ. 

 
ʈʠʩ.1 ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʩʪʘʥʦʚʢʠ 

ɼʘʣʝʝ ʧʨʦʚʦʜʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʩ 

ʚʦʟʜʫʰʥʳʤʠ ʧʨʦʩʚʝʪʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʦʪʨʘʞʘʪʝʣʷʤʠ 

ʅʘʟʚʘʥʠʝ ʦʙʨʘʟʮʘ S11, ʜɹ ʂʆ 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ -58.1 0,997 

ʆʙʨʘʟʝʮ ʩ ʦʜʥʠʤ ʚʦʟʜʫʰʥʳʤ ʧʨʦʩʚʝʪʦʤ -37.5 0,973 

ʆʙʨʘʟʝʮ ʩ ʜʚʫʤʷ ʚʦʟʜʫʰʥʳʤʠ 

ʧʨʦʩʚʝʪʘʤʠ 

-31.8 0,948 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ. ʆʜʥʘʢʦ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʚʦʧʨʦʩʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ 

ʠʩʢʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʚʥʦʩʠʪ ʦʰʠʙʢʠ ʚ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ 

ʨʘʟʚʷʟʢʫ ʤʝʞʜʫ ʘʥʪʝʥʥʘʤʠ. ʊʘʢ ʞʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʦʩʢʠʭ 

ʩʧʠʨʘʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʧʝʥʜʘʥʩʥʳʝ ʠ ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ 

ʩʪʨʫʢʪʫʨʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʈʦʤʘʥʦʚ ɸ.ɻ., ʏʦʥʠ ʖ.ʀ. ʀʟʤʝʨʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ 

ʧʣʦʩʢʠʭ ʨʝʬʣʝʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʦʪʢʨʳʪʦʛʦ ʨʝʟʦʥʘʪʦʨʘ // 

ʈʘʜʠʦʪʝʭʥʠʢʘ. 2013. ï̄ 6. ï ʉ.114-117.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʥʪʝʥʥʳ-ʜʘʪʯʠʢʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚʩʪʘʚʢʠ ʠʟ ʤʝʪʘʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ 

ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. 

 

Abstract 

This paper deals with the modelling of a sensor antenna using a 

metamaterial insert which has a negative magnetic permeability. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʜʠʘʛʥʦʩʪʠʢʘ 

ʩʦʩʪʦʷʥʠʷ ʘʥʪʝʥʥ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʦʩʦʙ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ 

ʘʧʝʨʪʫʨʳ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʤʝʨʷʪʴ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ 

ʘʧʝʨʪʫʨʝ ʦʙʩʣʝʜʫʝʤʦʡ ʘʥʪʝʥʥʳ [1]. 

 
ʈʠʩ.1. ɸʥʪʝʥʥʘ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʙʣʠʞʥʝʛʦ ʧʦʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʤʘʪʝʨʠʘʣʘ 



152 

 

 

2. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɼʘʥʥʘʷ ʚʩʪʘʚʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ʈʠʩ.2) ʟʘ ʩʯʝʪ ʝʝ ʨʘʩʰʠʨʝʥʠʷ ʚ ʩʝʢʪʦʨʝ ʫʛʣʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʡ ʪʠʧʦʚʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʜʣʷ ʘʥʪʝʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ [2]. 

 
ʈʠʩ.2. ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʙʣʠʞʥʝʡ ʟʦʥʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʪʝʥʥʫ-ʜʘʪʯʠʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʚʩʪʘʚʢʠ ʠʟ ʤʝʪʘʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʤʘʛʥʠʪʥʫʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ. 

 

Abstract 

This paper proposes the use of a sensor antenna applying a metamaterial 

insert which has negative magnetic permeability. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʘʥʪʝʥʥʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʩʦʩʪʦʷʥʠʷ ʘʥʪʝʥʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʌɸʈ ʠ ɸʌɸʈ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʜʠʘʛʥʦʩʪʠʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʭ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʫʪʝʤ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʠʟʣʫʯʘʝʤʦʛʦ ʦʙʩʣʝʜʫʝʤʦʡ ʘʥʪʝʥʥʦʡ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʦʩʦʙ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʳ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʤʝʨʷʪʴ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʘʧʝʨʪʫʨʝ ʦʙʩʣʝʜʫʝʤʦʡ ʘʥʪʝʥʥʳ [2]. 

2. ʄʦʜʝʣʴ ʩʠʩʪʝʤʳ çʘʢʪʠʚʥʳʡ ʠʟʣʫʯʘʪʝʣʴ + ʧʘʩʩʠʚʥʳʡ ʵʣʝʤʝʥʪè 

ɸʥʪʝʥʥʘ ʜʣʷ ʘʥʪʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʙʣʠʞʥʝʤ ʧʦʣʝ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ 

ʈʠʩ. 1 ʩʦʜʝʨʞʠʪ ʦʪʨʝʟʦʢ ʚʦʣʥʦʚʦʜʘ 1, ʠʤʝʶʱʝʛʦ ʦʪʢʨʳʪʳʡ ʢʦʥʝʮ 2, 

ʬʣʘʥʝʮ 3, ʵʢʨʘʥ 4 ʠ ʧʣʘʩʪʠʥʫ ʠʟ ʤʘʪʝʨʠʘʣʘ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 5.  
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ʈʠʩ.1. ɸʥʪʝʥʥʘ-ʜʘʪʯʠʢ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʚ ʙʣʠʞʥʝʤ ʧʦʣʝ ʩ ʤʝʪʘʤʘʪʝʨʠʘʣʦʤ. 

ɼʘʥʥʘʷ ʚʩʪʘʚʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʟʘ ʩʯʝʪ ʝʝ ʨʘʩʰʠʨʝʥʠʷ ʚ ʩʝʢʪʦʨʝ ʫʛʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʡ ʪʠʧʦʚʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʜʣʷ ʘʥʪʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ 

ʙʣʠʞʥʝʡ ʟʦʥʝ [3]. 
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ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ. ï ʃ.: ʅʘʫʢʘ, 1985. 272 ʩ.) 

2. ɼʘʥʠʣʦʚ ʀ.ʖ., ʉʝʜʝʣʴʥʠʢʦʚ ʖ.ɽ. ɼʠʘʛʥʦʩʪʠʢʘ ʘʧʝʨʪʫʨʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʘʥʪʝʥʥ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʡ ʚ ʟʦʥʝ ʙʣʠʞʥʝʛʦ ʠʟʣʫʯʝʥʥʦʛʦ 

ʧʦʣʷ. ɾʫʨʥʘʣ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ. ˉ1. ï 2016. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʜʘʪʯʠʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ CST Studio Suite. 

 

Abstract 

The paper presents the results of modeling a resonant sensor for 

measuring dielectric parameters that characterize the properties of the substance 

under study. The modeling process was carried out using the CST Studio Suite 

software product. 

 

ʅʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʚʝʱʝʩʪʚ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʦʣʫʯʠʣʘ ʚʳʩʦʢʠʡ 

ʠʥʪʝʨʝʩ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. ʇʦʜʦʙʥʳʡ ʩʢʘʯʝʢ ʩʚʷʟʘʥ ʩ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʩʬʝʨʦʡ ʵʢʩʧʨʝʩʩ-ʠʟʤʝʨʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ - Ů ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ - tgŭ), ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʠʩʳʚʘʶʱʠʭ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʊʘʢʠʝ ʵʢʩʧʨʝʩʩ-ʠʟʤʝʨʝʥʠʷ ʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʚ 

ʨʘʟʣʠʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. 
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ɼʣʷ ʧʦʜʦʙʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʞʠʜʢʦʩʪʝʡ 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ (ʈʠʩ. 1ʘ). ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʪʠʧʘ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʜʣʷ ʤʦʜʝʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ SIW (Substrate Integrated Waveguide) ʚʦʣʥʦʚʦʜ [1, 2]. ʉʘʤ 

ʨʝʟʦʥʘʪʦʨ ʠʤʝʝʪ ʢʨʫʛʣʦʝ ʩʝʯʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚ ʮʝʥʪʨʝ.  

ʘ)  ʙ)  ʚ)  

ʈʠʩ. 1 ï ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʘ) ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ; ʙ) 

ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ; ʚ) 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʤʘʪʝʨʠʘʣʝ 

ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ CST Studio Suite. ʏʘʩʪʦʪʥʳʡ 

ʜʠʘʧʘʟʦʥ ʨʘʩʯʝʪʦʚ ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2 ɻɻʮ ʜʦ 3 ɻɻʮ. ʅʘ ʨʠʩ.1ʙ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ S11. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, 

ʯʪʦ ʥʘ ʯʘʩʪʦʪʝ 2,52 ɻɻʮ ʦʙʨʘʟʫʝʪʩʷ ʨʝʟʦʥʘʥʩ ʩ ʘʤʧʣʠʪʫʜʦʡ ʤʠʥʫʩ 35 ʜɹ. 

ʅʘ ʨʠʩ 1ʚ ʧʨʠʚʝʜʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ 

ʯʘʩʪʦʪʝ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʚʝʱʝʩʪʚʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ ʚ ʤʝʩʪʝ 

ʫʩʪʘʥʦʚʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʟʦʥʘʥʩʥʦʛʦ ʜʘʪʯʠʢʘ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʞʠʜʢʦʩʪʝʡ. ʀʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʦʝʛʦ ʩʪʨʦʝʥʠʷ ʧʦʜʦʙʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʥʦ ʣʝʛʢʦ ʧʝʨʝʥʘʩʪʨʦʠʪʴ ʜʣʷ ʜʨʫʛʠʭ ʠʟʤʝʨʝʥʠʡ. ʀʟʤʝʥʷʷ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʝʟʦʥʘʪʦʨʘ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʷʪʴ ʥʝ ʪʦʣʴʢʦ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʝʷʥʠʷ, ʥʦ ʠ 

ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʞʠʜʢʠʭ ʚʝʱʝʩʪʚ. 
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ɸʥʥʦʪʘʮʠʷ 

ʅʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʘʚʪʦʨ ʫʜʝʣʷʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʷʤ, ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥʳ 

ʩʠʥʪʝʟ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ 

ʩʣʝʞʝʥʠʷ ʤʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʴʥʦʛʦ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʘ (ʆʕʇ) ʧʦ ʫʛʣʫ ʘʟʠʤʫʪʘ. 

 

Abstract 

The author pays the greatest attention to mathematical and computer 

models, research results. The article presents the synthesis of control algorithms 

and the study of the dynamics of the tracking system of a marine integrated 

optical-electronic surveillance device (OESD) by azimuth angle. 

 

1. Introduction 

The tracking system of the marine integrated observation point by 

azimuth angle allows you to scan a given area of space with a high frame rate, 

reduce the viewing time while providing high angular resolution and threshold 

sensitivity, while the device design is compact and has small weight and size 

characteristics. 
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2. Synthesis of the tracking system 

The equations of motion of the azimuthal torque drive together with the 

control object on a mobile carrier can be written in the form [1]:   

( ) ; ,y k a i f m ʝ a

di
J M ʄ ʉ i U R L C

dt
y y y+ + + = = + +                    (1) 

where  Jy = Jp + JH - moment of inertia of the optical device, Jp, JH ï the 

moments of inertia of the rotor of the torque sensor and the load around the 

azimuthal axis of control, respectively, ɣa - the angle of rotation of the device 

in azimuth relative to the aircraft, ɣk ï pitching angle in the azimuth plane,  

Mi ï the moment of imbalance, Mf ï moment of friction, i, U, L ï current, 

control voltage, resistance in the control winding circuit, Cm,Cʝ ï torque motor 

parameters. 

To analyze the stability and quality of regulation, the desired LAC and 

LPC have been created in the MathLab program (Fig.1). 

 
Fig.1. LAC and LPC of the desired open system 

It can be seen from the graphs of LAC and LPC (Fig.1) that the system 

is stable with reserves of in amplitude DL = 11,1 db, in phase Dű = 30 degrees. 

3. Conclusion 

As a result of the work having been carried out, the azimuth angle 

tracking system was synthesized by the frequency method. In future, it is 

planned to include the calculation and optimization of vibrations on the vehicle 

and prepare experimental confirmation of our calculations. 

List of references 

1. Babaev A.A. Depreciation, damping and stabilization of onboard 

optical devices / A.A. Babaev. ï L.: Mechanical engineering, 1984. ï 232 p.  
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CALCULATION AND MODELING OF A BANDPASS FILTER ON 
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Supervisor: Zaur R. Idiatullov, docent 

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

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ 

ɹʘʪʪʝʨʚʦʨʪʘ ʥʘ ʩʚʷʟʘʥʥʳʭ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʷʭ. ʇʨʝʜʩʪʘʚʣʝʥʘ 

ʤʦʜʝʣʴ ʬʠʣʴʪʨʘ ʚ ʩʨʝʜʝ CST Studio Suite, ʠʩʩʣʝʜʦʚʘʥʳ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

Abstract 

The article discusses the modeling of a Butterworth bandpass filter on 

connected microstrip lines. The filter model in the CST Studio Suite 

environment is presented, its characteristics are investigated. 

 

1. ɺʚʝʜʝʥʠʝ 

ʌʠʣʴʪʨʘʤʠ ʉɺʏ ʥʘʟʳʚʘʶʪ ʧʘʩʩʠʚʥʳʝ ʜʚʫʭʧʦʨʪʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʧʝʨʝʜʘʯʫ ʢʦʣʝʙʘʥʠʡ ʉɺʏ ʚ ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʥʘʛʨʫʟʢʫ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ʇʦ ʪʠʧʫ ʯʘʩʪʦʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʬʠʣʴʪʨʳ ʥʠʞʥʠʭ ʯʘʩʪʦʪ 

(ʌʅʏ), ʬʠʣʴʪʨʳ ʚʝʨʭʥʠʭ ʯʘʩʪʦʪ (ʌɺʏ), ʧʦʣʦʩʦʚʳʝ ʬʠʣʴʪʨʳ (ʇʌ), 

ʨʝʞʝʢʪʦʨʥʳʝ ʬʠʣʴʪʨʳ (ʈʌ). ɺ ʨʝʧʝʨʪʫʘʨʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʉɺʏ-

ʫʩʪʨʦʡʩʪʚ ʝʩʪʴ ʥʝʢʦʪʦʨʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʟʘʤʝʥʷʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʠ ʥʘ ʵʣʝʤʝʥʪʘʭ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

(ʢʦʥʜʝʥʩʘʪʦʨʳ, ʢʘʪʫʰʢʠ) ʥʘʙʦʨʘʤʠ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʩʦʝʜʠʥʝʥʥʳʭ/ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʦʪʨʝʟʢʦʚ ʜʣʠʥʥʳʭ ʣʠʥʠʡ 

(ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʈʠʯʘʨʜʩʘ (Richardsô transformations), ʵʢʚʠʚʘʣʝʥʪʳ 

ʂʫʨʦʜʳ (Kurodaôs identities) ʠ ʪ.ʜ.) 
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2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ ɹʘʪʪʝʨʚʦʨʪʘ  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʩʦʟʜʘʥʠʷ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ 

ɹʘʪʪʝʨʚʦʨʪʘ ʥʘ ʩʚʷʟʘʥʥʳʭ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʷʭ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ὤ  ʠ ὤ  ʩʚʷʟʘʥʥʳʭ ʣʠʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʯʝʪʥʦʤ ʠ 

ʥʝʯʝʪʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ: 

 ὤ ὤ ρ *ὤ *ὤ                                         (1) 

                                            ὤ ὤ ρ *ὤ *ὤ                                         (2) 
   

ʛʜʝ: Z0 ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʠʪʘʶʱʠʭ ʬʠʣʴʪʨ ʣʠʥʠʡ,  

J ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ Z0 ʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʩʠʥʪʝʟ ʬʠʣʴʪʨʘ, ʚʟʷʪʳʭ ʠʟ ʣʠʪʝʨʘʪʫʨʳ [1]. 

ὐ ὐ , ̅ ̌ ̠ὲ ςȟσȟȢȢȢὔ ὐ  

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʩʚʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʠʣʠʪʫʜʳ 

ʦʪ ʯʘʩʪʦʪʳ ʚ ʣʠʥʝʡʥʦʤ ʤʘʩʰʪʘʙʝ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʳ ʦʪ ʯʘʩʪʦʪʳ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʚʥʦ 50 ʆʤ. ɸʜʘʧʪʘʮʠʷ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 2.4 ɻɻʮ. ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 2.2-2.4 ɻɻʮ.  
 

 

 

 

 ɤ, ɻɻʮ  ɤ, ɻɻʮ 

ʈʠʩ. 1 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʣʴʪʨʘ ɹʘʪʪʝʨʚʦʨʪʘ ʠ ʝʛʦ S-ʧʘʨʘʤʝʪʨʦʚ 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʌʠʣʴʪʨ ɹʘʪʪʝʨʚʦʨʪʘ ʚ ʪʝʦʨʠʠ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʘʤʦʡ ʧʣʘʚʥʦʡ ɸʏʍ ʚ 

ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ, ʦʜʥʘʢʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʘʷ 

ʥʝʣʠʥʝʡʥʦʩʪʴ, ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʠʜʝʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʉʘʟʦʥʦʚ ɼ.ʄ. ɸʥʪʝʥʥʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʉɺʏ: ʫʯʝʙʥʠʢ ʜʣʷ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮ. ʚʫʟʦʚ / ʉʘʟʦʥʦʚ ɼ.ʄ. ð ʄʦʩʢʚʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ 

çɺʳʩʰʘʷ ʰʢʦʣʘè, 1988. ð 432 ʩ. ð ISBN: 5060011496  



161 

 

 

ʋɼʂ 621.372.852 

 

ʇʆʃʆʉʂʆɺʓʁ ʉɺʏ ɼɸʊʏʀʂ ɼʃʗ ʂʆʅʊʈʆʃʗ ʉɺʆʁʉʊɺ 

ʂʆʄʇʆɿʀʊɸ ɺʆ ɺʈɽʄʗ ʇʆʃʀʄɽʈʀɿɸʎʀʀ 

 

ʐʘʢʠʨʦʚ ʈ.ʌ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʅʘʩʳʙʫʣʣʠʥ ɸʡʜʘʨ ʈʝʚʢʘʪʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʢʘʬʝʜʨʳ ʈʌʄʊ 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 

 

STRIP MICROWAVE SENSOR FOR CONTROL OF COMPOSITE 

PROPERTIES DURING POLYMERIZATION  

 

Shakirov R.F. 

Supervisor: Nasybullin Aydar Revkatovich, Ph.D., Associate Professor of the 

Department of RFMT 

(Kazan National Research Technical University named after A.N. Tupolev - 

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʫʭʩʣʦʡʥʳʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʡ ʉɺʏ 

ʜʘʪʯʠʢ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʘ ʚʦ ʚʨʝʤʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʚʥʦʡ 50ʦC. 

 

Abstract 

The article considers a two-layer microstrip microwave sensor for 

monitoring the properties of a composite during polymerization at a 

temperature of the material under study equal to 50ÁC. 

 

ʄʦʜʝʣʴ ʜʘʪʯʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʧʣʘʥʘʨʥʫʶ ʤʠʢʨʦʧʦʣʦʩʢʦʚʫʶ 

ʣʠʥʠʶ, ʢʦʪʦʨʘʷ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʦʙʣʝʛʘʝʪ ʜʠʵʣʝʢʪʨʠʢʦʤ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʦʪʦʨʦʛʦ ʠʟʚʝʩʪʥʘ ʠ ʟʘʜʘʥʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʫʩʪʨʦʡʩʪʚʘ. 

ʂʦʧʣʘʥʘʨʥʘʷ ʣʠʥʠʷ ʠʤʝʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʩʪʨʫʢʪʫʨʝ ʚ 

ʚʠʜʝ ʩʪʫʧʝʥʯʘʪʦʛʦ ʠʟʤʝʥʝʥʠʷ ʰʠʨʠʥʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʦʩʢʘ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʟʦʚʘʥʘ ʧʝʨʝʭʦʜʦʤ ʣʠʥʠʠ ʩ ʦʜʥʦʛʦ 

ʩʣʦʷ ʜʠʵʣʝʢʪʨʠʢʘ ʥʘ ʜʨʫʛʦʡ, ʚʳʩʪʫʧʘʶʱʝʡ ʚ ʨʦʣʠ ʨʝʟʦʥʘʪʦʨʘ. 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʣʦʝʚ ʜʠʵʣʝʢʪʨʠʢʘ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʘ 

ʦʪʣʠʯʘʝʪʩʷ. ʅʘʜ ʜʘʪʯʠʢʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʠʩʩʣʝʜʫʝʤʳʡ ʢʦʤʧʦʟʠʪʥʳʡ 
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ʤʘʪʝʨʠʘʣ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʜʘʪʯʠʢʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

  
 ʘ ʙ 

ʈʠʩ 1. ï ʘ) ʚʥʝʰʥʠʡ ʚʠʜ ʜʘʪʯʠʢʘ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘʜ ʥʠʤ ʧʦʣʠʤʝʨʦʤ 

ʙ) ʦʙʣʘʩʪʴ ʜʘʪʯʠʢʘ ʩ ʧʝʨʝʭʦʜʦʤ ʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʩ ʦʜʥʦʛʦ ʩʣʦʷ ʜʠʵʣʝʢʪʨʠʢʘ ʥʘ 

ʜʨʫʛʦʡ (ʈʝʟʦʥʘʪʦʨ) 

ʇʨʦʚʝʜʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʪʯʠʢʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʟʠʪʘ ʚʳʙʝʨʝʤ 

ʵʧʦʢʩʠʜʥʫʶ ʩʤʦʣʫ ï ʜʠʛʣʠʮʠʜʠʣʦʚʳʡ ʵʬʠʨ ʙʠʩʬʝʥʦʣʘ ɸ (DGEBA) ʩ 

ʜʠʘʤʠʥʦʜʠʬʝʥʠʣ ʩʫʣʴʬʦʥʦʤ (DDS) ʚ ʢʘʯʝʩʪʚʝ ʦʪʚʝʨʜʠʪʝʣʷ. ɺʦ ʚʨʝʤʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50ʦC, ʧʨʦʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʩʪʘʜʠʠ 

ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʣʠʤʝʨʘ. ʇʦʢʘʞʝʤ ʥʘ ʨʠʩʫʥʢʝ 2 ʛʨʘʬʠʢʠ ʤʠʥʠʤʫʤʦʚ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ S11 ʧʦʣʠʤʝʨʘ ʜʣʷ 4 ʩʪʘʜʠʡ ʦʪʚʝʨʞʜʝʥʠʷ. 

 
ʈʠʩ 2. ï ɿʥʘʯʝʥʠʷ ʤʠʥʠʤʫʤʦʚ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ ʢʦʤʧʦʟʠʪʘ ʥʘ 79 % ʤʳ 

ʧʦʣʫʯʘʝʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʤʠʥʠʤʫʤʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʠʟʫʯʝʥʠʝ ʉɺʏ ʚʝʥʪʠʣʝʡ, ʤʘʪʨʠʮʘ ʠʟ 

ʨʘʩʩʝʷʥʠʷ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ. 

 

Abstract 

The article discusses the study of microwave valves, the matrix of 

scattering and their application. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺʝʥʪʠʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ ʉɺʏ, ʧʨʦʧʫʩʢʘʶʱʝʝ ʙʝʟ 

ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʴ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦ ʚʭʦʜʘ ʥʘ ʚʳʭʦʜ ʠ ʧʦʣʥʦʩʪʴʶ 

ʧʦʛʣʦʱʘʶʱʝʝ ʤʦʱʥʦʩʪʴ ʉɺʏ, ʧʦʜʚʝʜʝʥʥʫʶ ʢ ʝʛʦ ʚʳʭʦʜʫ. ʇʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ ʚʝʥʪʠʣʝʡ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʥʘʤʘʛʥʠʯʝʥʥʘʷ ʬʝʨʨʠʪʦʚʘʷ 

ʧʣʘʩʪʠʥʘ ʷʚʣʷʝʪʩʷ ʥʝʚʟʘʠʤʥʦʡ ʩʨʝʜʦʡ. ʊʦ ʝʩʪʴ ʧʨʠ ʧʨʷʤʦʤ ʧʨʦʭʦʞʜʝʥʠʠ 

ʚʦʣʥʳ ʚʝʢʪʦʨ ʝʸ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʠʟ ʧʦʣʦʞʝʥʠʷ A ʚ 

ʧʦʣʦʞʝʥʠʝ ɸǋ, ʘ ʧʨʠ ʦʙʨʘʪʥʦʤ ʧʨʦʭʦʞʜʝʥʠʠ, ʦʥ ʥʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ 

ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ A [1]. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ  

ʄʘʪʨʠʮʘ ʨʘʩʩʝʷʥʠʷ: 

S=
π π
Ὡ π

 
(

(46) 

ʛʜʝ:  •ïʩʜʚʠʛ ʬʘʟʳ, ʚʥʦʩʠʤʳʡ ʚʝʥʪʠʣʝʤ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʣʥʳ ʩʦ 
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ʚʭʦʜʘ 1 ʥʘ ʚʳʭʦʜ 2. 

ɺ ʨʝʟʦʥʘʥʩʥʳʭ ʚʝʥʪʠʣʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʛʣʦʱʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʧʨʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʨʝʟʦʥʘʥʩʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʧʝʨʝʤʝʥʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʠ ʧʨʘʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʚʨʘʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M0. 

ɺʝʥʪʠʣʠ ʩʦ ʩʤʝʱʝʥʠʝʤ ʧʦʣʷ ʠʩʧʦʣʴʟʫʶʪ ʪʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʚʦʣʥʦʚʦʜʝ ʩ ʥʘʤʘʛʥʠʯʝʥʥʦʡ 

ʬʝʨʨʠʪʦʚʦʡ ʧʣʘʩʪʠʥʦʡ ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʄʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʧʦʣʦʞʝʥʠʝ ʧʣʘʩʪʠʥʳ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʥʘ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʦ ʥʫʣʶ ʜʣʷ ʦʜʥʦʛʦ ʠʟ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʅʘ ʵʪʫ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʤʝʱʘʝʪʩʷ 

ʧʦʛʣʦʪʠʪʝʣʴ, ʥʘʧʨʠʤʝʨ ʪʦʥʢʘʷ ʧʣʸʥʢʘ ʤʝʪʘʣʣʘ. ʌʘʨʘʜʝʝʚʩʢʠʡ ʚʝʥʪʠʣʴ 

ʩʦʩʪʦʠʪ ʠʟ ʦʪʨʝʟʢʘ ʢʨʫʛʣʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ ʬʝʨʨʠʪʦʚʳʤ ʩʪʝʨʞʥʝʤ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʧʦ ʦʩʠ, ʠ ʚʥʝʰʥʝʛʦ ʩʦʣʝʥʦʠʜʘ, ʩʦʟʜʘʶʱʝʛʦ ʧʨʦʜʦʣʴʥʦʝ 

ʧʦʣʝ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ. ʉ ʦʙʝʠʭ ʩʪʦʨʦʥ ʢʨʫʛʣʳʡ ʚʦʣʥʦʚʦʜ ʦʢʘʥʯʠʚʘʝʪʩʷ 

ʧʣʘʚʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʢ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʚʦʣʥʦʚʦʜʘʤ. ɺʥʫʪʨʠ ʧʝʨʝʭʦʜʦʚ 

ʧʘʨʘʣʣʝʣʴʥʦ ʰʠʨʦʢʠʤ ʩʪʝʥʢʘʤ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʚʦʣʥʦʚʦʜʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʛʣʦʱʘʶʱʠʝ ʧʣʘʩʪʠʥʳ. ɺʳʭʦʜʥʦʡ 

ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʚʦʣʥʦʚʦʜ ʧʦʚʸʨʥʫʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʭʦʜʥʦʤʫ ʥʘ 

ʫʛʦʣ 45Á. ɺʦʣʥʘ, ʧʦʜʘʥʥʘʷ ʥʘ ʚʭʦʜ 1, ʥʝ ʠʩʧʳʪʳʚʘʷ ʦʩʣʘʙʣʝʥʠʷ ʚ 

ʧʦʛʣʦʱʘʶʱʝʡ ʧʣʘʩʪʠʥʝ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʚʦʣʥʫ H11 ʢʨʫʛʣʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. ɼʠʘʤʝʪʨ ʠ ʜʣʠʥʘ ʬʝʨʨʠʪʦʚʦʛʦ ʩʪʝʨʞʥʷ ʠ 

ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʚʳʙʨʘʥʳ ʪʘʢ, ʯʪʦ ʧʣʦʩʢʦʩʪʴ 

ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʣʥʳ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʧʦ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʝ ʥʘ 45Á, ʠ ʚʦʣʥʘ ʙʝʟ ʧʦʪʝʨʴ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʝʨʝʭʦʜ ʩ 

ʧʦʛʣʦʱʘʶʱʝʡ ʧʣʘʩʪʠʥʦʡ ʚ ʚʳʭʦʜʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʚʦʣʥʦʚʦʜ, ʫʟʢʠʝ 

ʩʪʝʥʢʠ ʢʦʪʦʨʦʛʦ ʦʢʘʟʳʚʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʚʝʢʪʦʨʫ E. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉɺʏ ʚʝʥʪʠʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʵʣʝʤʝʥʪʳ 

ʨʘʟʚʷʟʢʠ ʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʚ ʪʨʘʢʪʘʭ ʉɺʏ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʥʘ ʛʝʥʝʨʘʪʦʨ ʉɺʏ-ʢʦʣʝʙʘʥʠʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1.ɺʦʣʴʤʘʥ ɺ.ʀ., ʇʠʤʝʥʦʚ ʖ.ɺ. ʊʝʭʥʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ: 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʥʜʘ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʩʠʥʪʝʟ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʧʦ ʌʫʨʴʝ ʧʦ ʢʫʨʩʫ çʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʮʝʧʠ ʠ 

ʩʠʛʥʘʣʳè 

 

Abstract 

The article presents the results of the development and research of a 

stand for laboratory work spectral analysis and synthesis of periodic Fourier 

signals in the course "Radio circuits and signals" 

 

1.ɺʚʝʜʝʥʠʝ 

ʉʪʝʥʜ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʩʦʙʨʘʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʩʠʥʪʝʟʘ) 

ʚʨʝʤʝʥʥʦʡ ʬʫʥʢʮʠʠ ʩʠʛʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʨʷʜʘ ʌʫʨʴʝ ʚ ʨʘʤʢʘʭ ʢʫʨʩʘ 

çʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʮʝʧʠ ʠ ʩʠʛʥʘʣʳè ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ.  

2. ʀʟʫʯʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʘʢʝʪʘ. 

ʀʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʩʠʥʪʝʟʘ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʚʣʠʷʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʛʘʨʤʦʥʠʢ, ʠʭ ʘʤʧʣʠʪʫʜ, ʯʘʩʪʦʪ ʠ ʬʘʟ ʧʨʠ ʩʠʥʪʝʟʝ ʩʠʛʥʘʣʦʚ. 
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2.1. ʊʝʢʫʱʠʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʤʘʢʝʪ. 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʩʪʘʨʦʛʦ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤ Mathcad ʠ Multisim. ɺʩʝ 

ʜʝʡʩʪʚʠʷ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʠ ʧʦʩʪʨʦʝʥʠʶ ʩʠʛʥʘʣʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʚ 

ʨʘʩʯʸʪʥʦ-ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʚʥʫʪʨʠ ʩʘʤʠʭ ʧʨʦʛʨʘʤʤ, ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ 

ʧʨʠʚʷʟʢʠ ʢ ʨʝʘʣʴʥʳʤ ʧʨʠʙʦʨʘʤ ʚ ʚʠʜʝ ʛʝʥʝʨʘʪʦʨʦʚ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ 

ʪ.ʜ. ʉʪʫʜʝʥʪʳ, ʠʟʤʝʥʷʷ ʚʥʫʪʨʝʥʥʠʝ ʧʝʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʥʘʙʣʶʜʘʶʪ ʟʘ 

ʠʟʤʝʥʝʥʠʝʤ ʧʦʢʘʟʘʥʠʡ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʜʝʣʘʶʪ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʷ ʨʘʟʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʠ ʩʠʥʪʝʟʝ. 

2.2. ʅʦʚʳʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʤʘʢʝʪ 

ʅʦʚʳʡ ʤʘʢʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʧʨʦʛʨʘʤʤʫ ʚ ʩʨʝʜʝ LabVIEW ʠ 

ʦʛʨʘʥʠʯʠʪʝʣʴ, ʩʦʙʨʘʥʥʳʡ ʧʦ ʩʭʝʤʝ 1 ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʢ ʘʫʜʠʦʢʘʨʪʝ ʢʦʤʧʴʶʪʝʨʘ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʣʫʯʝʥʠʷ ʝʛʦ 

ʚʨʝʤʝʥʥʦʡ ʬʦʨʤʳ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ, ʩ ʨʘʩʯʝʪʦʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚ LabView, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʩʠʛʥʘʣʘʭ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʩʠʥʪʝʟʘ ʧʦ ʨʷʜʘʤ 

ʌʫʨʴʝ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʛʝʥʝʨʘʪʦʨʘ. 

 
ʈʠʩ. 1 ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʛʨʘʥʠʯʠʪʝʣʷ. 

ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ ʨʝʘʣʠʟʦʚʘʥʘ ʟʘʱʠʪʘ ʘʫʜʠʦʢʘʨʪʳ ʢʦʤʧʴʶʪʝʨʘ ʦʪ 

ʩʣʫʯʘʡʥʦʛʦ ʚʚʦʜʘ ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʥʘ 

ʚʭʦʜ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʧʨʠʚʝʩʪʠ ʢ ʝʸ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ. 

3. ɿʘʢʣʶʯʝʥʠʝ  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʚʚʦʜʘ ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ, ʦʧʠʨʘʷʩʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠʟ ʩʨʝʜ 

Multisim ʠ Mathcad. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʮʝʧʠ ʠ ʩʠʛʥʘʣʳ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ɺ.ɸ. ʂʦʟʣʦʚ, 

ɽ.ʌ. ɹʘʟʣʦʚ, ɼ.ɺ. ʐʘʭʪʫʨʠʥ; ʄʠʥ-ʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ, ʌɻɹʆʋ 

ɺʆ ʂʅʀʊʋ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ-ʂɸʀ. - 2-ʝ ʠʟʜ., ʠʩʧʨ. ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï 

ʂʘʟʘʥʴ: ʂʅʀʊʋ-ʂɸʀ, 2019. - 240 ʩ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʪʪʨʘʢʪʦʨ ʈʸʩʩʣʝʨʘ. ʇʨʦʚʦʜʠʪʩʷ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤʳ ʈʸʩʩʣʝʨʘ. 

 

Abstract  

In this paper, the Ressler attractor is considered. Spectral analysis of 

Ressler system signals is carried out. 

 

1. ɺʚʝʜʝʥʠʝ 

ɸʪʪʨʘʢʪʦʨʘ ʈʸʩʩʣʝʨʘ ʠʤʝʝʪ ʛʨʘʥʠʯʥʳʝ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ 

ʭʘʦʪʠʯʝʩʢʠʝ ʠʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʣʝʙʘʥʠʷ ʧʨʝʢʨʘʱʘʶʪ ʙʳʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ, ʠ 

ʩʦʟʜʘʶʪʩʷ ʭʘʦʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. ɸʪʪʨʘʢʪʦʨ ʈʸʩʩʣʝʨʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚʦ 

ʤʥʦʛʠʭ ʩʠʩʪʝʤʘʭ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʪʦʢʦʚ ʞʠʜʢʦʩʪʠ, ʠ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʨʦʮʝʩʩʦʚ [1]. 

 

2. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤʳ ʈʸʩʩʣʝʨʘ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʈʸʩʩʣʝʨʘ 

ʤʝʪʦʜʘʤʠ welch ʠ burg ʧʨʠ a=0.3; r=4 ʠ a=0.2; r=5. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ Matlab. 
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ʊʘʙʣʠʮʘ 1 ï ʆʮʝʥʢʠ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤʳ ʈʸʩʩʣʝʨʘ 

 a=0.3; r=4 a=0.2; r=5 

 ʚʳʩʦʪʘ welch burg welch burg 

 -30 0.026855469 0.04280469 0.032226563 0.04857421 

x -40 0.057382813 0.067871094 0.062480469 0.07591796 

 -50 0.088609375 0.10425781 0.099867188 0.109375 

 -30 0.025644531 0.0390625 0.035390625 0.04125 

y -40 0.05078125 0.064453125 0.053691406 0.0746875 

 -50 0.06364844 0.11523438 0.083222656 0.19423828 

 -30 0.092285156 0.091308594 0.11230469 0.12744141 

z -40 0.11474609 0.12451172 0.15185547 0.171875 

 -50 0.17822266 0.18554688 0.19824219 0.25390625 

ɺ ʤʝʪʦʜʝ welch ʩʠʛʥʘʣ x ʥʘ ʫʨʦʚʥʷʭ ʟʘʪʫʭʘʥʠʷ ʩʧʝʢʪʨʘ -30 ʜʙ, -40 

ʜʙ, - 50 ʜʙ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʨʠ a=0.3; r=4 ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʧʨʠ 

a=0.2; r=5 ʥʘ 0.0054, 0.0051, 0.0113 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ ʩʠʛʥʘʣʘ ʫ ʥʘ 

ʫʨʦʚʥʷʭ ʟʘʪʫʭʘʥʠʷ ʩʧʝʢʪʨʘ -30 ʜʙ, -40 ʜʙ, - 50 ʜʙ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʨʠ 

a=0.3; r=4 ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʧʨʠ a=0.2; r=5 ʥʘ 0.0097, 0.0029, 

0.0196 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʩʠʛʥʘʣʘ z ʥʘ ʫʨʦʚʥʷʭ ʟʘʪʫʭʘʥʠʷ ʩʧʝʢʪʨʘ -30 

ʜʙ, -40 ʜʙ, - 50 ʜʙ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʨʠ a=0.3; r=4 ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ 

ʧʨʠ a=0.2; r=5 ʥʘ 0.02, 0.0371, 0.02 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʤʝʪʦʜʝ burg ʩʠʛʥʘʣ x ʥʘ ʫʨʦʚʥʷʭ ʟʘʪʫʭʘʥʠʷ ʩʧʝʢʪʨʘ -30 ʜʙ, -40 ʜʙ, 

- 50 ʜʙ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʨʠ a=0.3; r=4 ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʧʨʠ a=0.2; 

r=5 ʥʘ 0.0058, 0.0080, 0.0051 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʩʠʛʥʘʣʘ y ʥʘ ʫʨʦʚʥʷʭ 

ʟʘʪʫʭʘʥʠʷ ʩʧʝʢʪʨʘ -30 ʜʙ, -40 ʜʙ, - 50 ʜʙ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʨʠ a=0.3; r=4 

ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʧʨʠ a=0.2; r=5 ʥʘ 0.0022, 0.0102, 0.0790 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʩʠʛʥʘʣʘ z ʥʘ ʫʨʦʚʥʷʭ ʟʘʪʫʭʘʥʠʷ ʩʧʝʢʪʨʘ -30 ʜʙ, -40 

ʜʙ, - 50 ʜʙ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʨʠ a=0.3; r=4 ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʧʨʠ 

a=0.2; r=5 ʥʘ 0.0361, 0.0474, 0.0684 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤʳ ʈʸʩʩʣʝʨʘ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʤʝʪʦʜʘʭ welch, burg ʩ ʙʦʣʝʝ ʩʣʦʞʥʳʤ 

ʧʦʚʝʜʝʥʠʝʤ ʩʠʩʪʝʤʳ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ 

ʟʘʪʫʭʘʥʠʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʦʜʝʣʴ ʈ±ʩʩʣʝʨʘ [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ð ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://sgtnd.narod.ru/science/atlas/rus/charts/ross.htm  

http://sgtnd.narod.ru/science/atlas/rus/charts/ross.htm
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʦʮʝʥʢʘ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʘʥʘʣʦʛʦʚʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʢ ʉɺʏ ʧʦʤʝʭʘʤ ʪʨʘʢʪʦʚʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʦʩʪʨʦʝʥʠʝ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʥʘʨʫʰʝʥʠʡ ʕʄʉ. 

 

Abstract 

The article discusses the assessment of the susceptibility of analog 

electronic devices to microwave interference by path methods. Building on this 

basis methods of analysis and forecasting of Eʄʉ violations. 

 

1. ɺʚʝʜʝʥʠʝ 

ʇʨʦʙʣʝʤʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʠ 

ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʚʦʝʥʥʦʛʦ ʪʘʢ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʕʄ ʧʦʣʷ ʉɺʏ ʜʠʘʧʘʟʦʥʘ, ʥʠʟʢʦʚʦʣʴʪʥʘʷ ʠ ʤʠʢʨʦʘʤʧʝʨʥʘʷ ʵʣʝʤʝʥʪʥʘʷ 

ʙʘʟʘ (ʜʣʷ ʤʘʣʦʡ ʤʘʩʩʳ ʠ ʛʘʙʘʨʠʪʦʚ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʚʣʠʷʥʠʝ 

ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʨʘʟʣʠʯʥʳʭ ʙʣʦʢʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʝʜʠʥʦʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʚʥʝʰʥʠʭ ʕʄ ʧʦʣʝʡ.  

2. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ 
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ʧʦʜʭʦʜʘ, ʧʨʠ ʨʝʰʝʥʠʠ ʘʥʘʣʦʛʠʯʥʳʭ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʕʄʉ. 

ɼʣʷ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʭʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʫʨʦʚʥʠ ʚʭʦʜʥʳʭ, 

ʚʳʭʦʜʥʳʭ ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʚʥʫʪʨʠ ʫʩʪʨʦʡʩʪʚʘ ʩʠʛʥʘʣʦʚ ʩʦʠʟʤʝʨʠʤʳ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʨʷʜ ʪʠʧʦʚʳʭ ʤʦʜʫʣʝʡ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʚʝʨʦʷʪʥʦʩʪʴ ʚ ʢʘʞʜʦʤ ʤʦʜʫʣʝ: 

̋‫ ὖ̅̏̐ ὥ̋̎‫ ὖ̅̏  ̐  

ʛʜʝ: ὥ ï ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ ʯʘʩʪʦʪʳ ʚ ʫʩʪʨʦʡʩʪʚʝ ʤʦʜʫʣʷ n-ʛʦ ʪʠʧʘ, ̋‫  

ïʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʈʜʦʧ ï ʜʦʧʫʩʪʠʤʘʷ ʤʦʱʥʦʩʪʴ ʧʦʤʝʭʠ.  

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʦʮʝʥʢʘ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ ʠʤʝʝʪ ʚʠʜ: 

˝̒ ̏̃
˙  ρ ˝̎ ̋

˙̋ ρ ˝̎ ̋
˙̋

̋̋

ρ ˝̎ ̋
˙̋

̋

 

ʛʜʝ: ʈʥʢ ï ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʦ ʦʜʥʦʤʫ ʠʟ ʢʘʥʘʣʦʚ 

ʚʦʟʜʝʡʩʪʚʠʷ.  

ɼʣʷ ʘʥʘʣʦʛʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʫʨʦʚʥʠ 

ʚʭʦʜʥʳʭ, ʚʳʭʦʜʥʳʭ ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʚʥʫʪʨʠ ʫʩʪʨʦʡʩʪʚʘ ʩʠʛʥʘʣʦʚ ʤʦʛʫʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ. ʉ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʦʛʦʚʦʨʢʘʤʠ ʦʧʠʩʘʥʠʡ, ʤʦʞʥʦ 

ʧʨʠʤʝʥʠʪʴ ʚʳʰʝ ʦʧʠʩʘʥʥʳʝ ʬʦʨʤʫʣʳ ʢ ʘʥʘʣʦʛʦʚʳʤ ʫʩʪʨʦʡʩʪʚʘʤ. 

ʈʜʦʧ=minʈʜʦʧʘ;  ʈʥ= ʈ:(Pʧʨ> minʈʜʦʧʘ) 

ʛʜʝ: ʈʜʦʧʘ ï ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʢ ʘ-ʤʫ ʧʨʦʷʚʣʝʥʠʶ ʜʝʡʩʪʚʠʷ ʧʦʤʝʭʠ. 

 ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ 

ʤʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ: 

˜̏ ά̋ ̅̏̐ ά̋ ̐ ‟ὦ̋̅̏̐ ὦ̋̐  

ʛʜʝ: m ʠ b ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ɠ =2ï3 ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʫʩʣʦʚʠʷ ʕʄʉ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʪʨʝʙʫʝʤʦʡ ʚʝʨʦʷʪʥʦʩʪʠ.  

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʚʳʚʝʜʝʥʳ ʬʦʨʤʫʣʳ ʧʦ ʚʝʨʦʷʪʥʦʩʪʥʦʤʫ ʧʦʜʭʦʜʫ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʱʘʝʪ ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʝʪʳ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʀʜʠʘʪʫʣʣʦʚ ɿ.ʈ. ɸʥʘʣʠʟ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʚʯ-

ʧʦʤʝʭ ʥʘ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ: ʘʚʪʦʨʝʬ. ʜʠʩ. 

ʢʘʥʜ ʨʘʜʠʦʪʝʭʥʠʢʘ ʥʘʫʢ: 05.12.21. - ʂʘʟʘʥʴ, 1996. - 19 ʩ.  
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2. ʌʆʊʆʅʀʂɸ 

ʋɼʂ 621.396.74. 
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ɸʥʥʦʪʘʮʠʷ 
ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʢʘʤʧʫʩʥʦʡ ʃɺʉ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ 

ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʜʦʩʪʠʞʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʪʜʝʣʘʤʠ, ʫʧʨʦʱʝʥʠʝ 

ʨʘʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʤʠ, ʧʦʜʜʝʨʞʢʘ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

Abstract 

The main task of a campus LAN in an educational institution is to 

manage information resources, achieve the fastest possible interaction between 

departments, simplify work with documents, support the educational process, 

as well as optimize production processes. 

 

1. ɺʚʝʜʝʥʠʝ 

ʈʘʜʠʦʜʦʩʪʫʧ - ʵʪʦ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʧʦʩʦʙ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ 
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ʀʥʪʝʨʥʝʪ. ʋ ʧʨʦʚʘʡʜʝʨʘ ʠ ʘʙʦʥʝʥʪʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ (ʩʧʝʮʠʘʣʴʥʳʡ ʨʘʜʠʦʤʦʜʝʤ, ʘʥʪʝʥʥʘ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ 

ʀʥʪʝʨʥʝʪʦʤ. 2. ʆʙʱʘʷ ʩʪʨʘʪʝʛʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʘʤʧʫʩʥʦʡ ʩʝʪʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʙʝʩʧʨʦʚʦʜʥʳʭ ʨʝʰʝʥʠʡ Cisco.  

ʋʨʦʚʝʥʴ ʜʦʩʪʫʧʘ ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ ʚʭʦʜʘ ʚ ʩʝʪʴ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ (ʧʨʠʥʪʝʨʳ, ʩʢʘʥʝʨʳ, ip-ʪʝʣʝʬʦʥʳ ʠ ʪ.ʜ.). ɼʦʩʪʫʧ ʢʘʢ 

ʧʨʦʚʦʜʥʦʡ, ʪʘʢ ʠ ʙʝʩʧʨʦʚʦʜʥʦʡ (ʨʠʩ 1). 

 
ʈʠʩ. 1 ï ʇʨʦʚʦʜʥʦʡ ʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʘ 

ʉʪʨʝʤʷʩʴ ʥʘʡʪʠ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʫʥʠʢʘʣʴʥʳʭ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʦʤʧʘʥʠʡ, Cisco ʨʘʟʨʘʙʦʪʘʣʘ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ, "ʦʙʣʝʛʯʝʥʥʫʶ" ʘʨʭʠʪʝʢʪʫʨʫ WLAN.ʊʦʯʢʠ ʜʦʩʪʫʧʘ 

ʨʝʰʘʶʪ ʟʘʜʘʯʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢʦ ʚʨʝʤʝʥʥʳʤ ʟʘʜʝʨʞʢʘʤ, ʦʙʨʘʙʦʪʢʘ 

ʩʠʛʥʘʣʦʚ ʚʳʟʦʚʘ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ ʩ ʢʣʠʝʥʪʘʤʠ, ʰʠʬʨʦʚʘʥʠʝ ʥʘ ʫʨʦʚʥʝ 

ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ (MAC) ʠ ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʤʦʥʠʪʦʨʠʥʛ. ʉʶʜʘ 

ʦʪʥʦʩʷʪʩʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʪʦʢʦʣʘ ʫʧʨʘʚʣʝʥʠʷ 802.11, ʪʨʘʥʩʣʷʮʠʷ ʢʘʜʨʦʚ ʠ 

ʤʦʩʪʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʠʪʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʘʤʠ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɹʳʣʠ ʥʘʡʜʝʥʳ ʙʝʩʧʨʦʚʦʜʥʳʝ ʨʝʩʫʨʩʳ Cisco, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ SDA ʧʦʜʭʦʜʦʚ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʧʦʜʭʦʜʦʚ Wi-Fi-6, ʢʦʪʦʨʳʝ ʧʨʠ ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʢʘʤʧʫʩʥʦʡ ʩʝʪʠ ʧʦʟʚʦʣʷʪ 

ʦʙʝʩʧʝʯʠʪʴ ʝʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʨʘʟʚʠʪʠʷ ʚ ʙʣʠʞʘʡʰʠʝ 10-15 ʣʝʪ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʤʦʜʝʨʥʠʟʘʮʠʶ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Semenov, Yu. V. Designing next-generation communication networks / 

Yu. V. Semenov. - St. Petersburg: Science and Technology,, 2005. - 240 ʩ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʦʝʢʪʠʨʫʝʤ ʤʦʙʠʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ, 

ʚʢʣʶʯʘʶʱʫʶ ʜʘʪʯʠʢʠ ɺɹʈ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ 

ʥʠʭ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ, ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʥʠʭ 

ʨʘʜʠʦʬʦʪʦʥʥʦʛʦ ʦʧʨʦʩʘ, ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʠʛʨʳʚʘʝʪ ʫ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ.  

 

Abstract 

In this work, we design a mobile platform incorporating FBG sensors, 

a feature of which is the presence of a phase shift in them, and the possibility 

of using microwave photonic interrogation for them, which significantly 

outperforms the classical optoelectronic one in terms of speed and accuracy. 

 

1. ɺʚʝʜʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ɺɹʈ ʩ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ ʠ ʨʘʜʠʦʬʦʪʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠʭ ʦʧʨʦʩʘ [1], ʥʘʜʣʝʞʘʱʘʷ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʩʝʥʩʦʨʥʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤʠ ʠ 

ʨʝʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷ ʮʝʣʝʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʥʘʧʨʠʤʝʨ, 

ʜʝʬʦʨʤʘʮʠʠ, ʩʢʦʨʦʩʪʠ), ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʢʘʥʘʣʘ ʦʧʨʦʩʘ ʷʚʣʷʶʪʩʷ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

2. ʈʘʜʠʦʬʦʪʦʥʥʳʡ ʦʧʨʦʩ ʜʘʪʯʠʢʦʚ ʥʘ ɺɹʈ ʩ ʬʘʟʦʚʳʤʠ ˊ-ʩʜʚʠʛʘʤʠ 
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ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ. 

1. ʏʝʪʨrʝ ɺɹʈ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 0,5 ʥʤ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʜʣʠʥʝ ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʰʘʛʦʤ ʧʦ ʜʣʠʥʝ 

ʚʦʣʥʳ 3 ʥʤ. 

2. ʏʝʪʳʨʝ ʀʌʇ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ 

0,025 ʥʤ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʜʣʠʥʝ ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʩ 

ʰʘʛʦʤ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ 3 ʥʤ. 

3. ʏʝʪʳʨʝ ɺɹʈ ʩ ʬʘʟʦʚʳʤ ˊ-ʩʜʚʠʛʦʤ ʠ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 

ʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ 0,005 ʥʤ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʜʣʠʥʝ 

ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʰʘʛʦʤ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ 3 ʥʤ. 

4. ʏʝʪʳʨʝ ɺɹʈ ʩ ʬʘʟʦʚʳʤ ˊ-ʩʜʚʠʛʦʤ ʠ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 

ʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ 0,005 ʥʤ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʜʣʠʥʝ 

ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʰʘʛʦʤ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ 0,8 ʥʤ. 

ɼʣʷ ʩʣʫʯʘʝʚ 2-4 ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʳ 

ʙʠʝʥʠʡ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪ 

ʧʨʦʝʟʜʘ ʘʚʪʦʤʦʙʠʣʷ ʥʘʜ ʜʘʪʯʠʢʦʤ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ 

ʨʘʜʠʦʬʦʪʦʥʥʳʤ ʠ ʪʨʝʙʫʝʪ ʥʝ ʧʨʷʤʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ, ʘ 

ʧʨʷʤʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʙʠʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʧʦʨʷʜʦʢ ʧʦʛʨʝʰʥʦʩʪʠ ʩ 

ʝʜʠʥʠʮ ʧʤ (ʝʜʠʥʠʮ ʄɻʮ), ʧʘʜʘʝʪ ʜʦ ʝʜʠʥʠʮ ɻʮ (ʪʦʯʥʝʝ ʢɻʮ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʠʨʠʥʦʡ ʣʠʥʠʠ ʣʘʟʝʨʘ), ʪ.ʝ. ʩʪʘʥʦʚʠʪʩʷ ʥʠʞʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʩʪʘʚʣʝʥ ʨʘʜʠʦʬʦʪʦʥʥʳʡ ʧʦʜʭʦʜ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ 

ʦʙʥʘʨʫʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚʦ ʚʨʝʤʷ ʦʙʳʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʦʪʦʢʘ ʧʦ ʯʘʩʪʦʪʘʤ ʙʠʝʥʠʡ ʤʝʞʜʫ ʦʢʥʘʤʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʨʝʰʝʪʦʢ. 

ɼʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʧʦʟʚʦʣʷʝʪ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʥʪʝʨʨʦʛʘʪʦʨʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

ʧʦʚʳʰʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. ʂʘʢ ʨʘʟʚʠʪʠʝ 

ʧʣʘʪʬʦʨʤʳ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʝʝ ʩʦʩʪʘʚʝ ʘʜʨʝʩʥʳʭ ɺɹʈ [2]. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʦʨʦʟʦʚ ʆ.ɻ. ʠ ʜʨ. ʄʦʜʫʣʷʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʚ 

ʦʧʪʠʯʝʩʢʠʭ ʙʠʦʩʝʥʩʦʨʘʭ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʳʭ 

ʨʝʰʝʪʦʢ ʙʨʵʛʛʘ ʩ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ // ɺʝʩʪʥʠʢ ʄʘʨʠʡʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ: ʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʠ 

ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. 2010. ˉ 3 (10). ʉ. 3-13. 

2. ʄʦʨʦʟʦʚ ʆ.ɻ., ʉʘʭʘʙʫʪʜʠʥʦʚ ɸ.ɾ. ɸʜʨʝʩʥʳʝ ʚʦʣʦʢʦʥʥʳʝ 

ʙʨʵʛʛʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʢʚʘʟʠʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʨʘʜʠʦʬʦʪʦʥʥʳʭ ʩʝʥʩʦʨʥʳʭ 

ʩʠʩʪʝʤʘʭ // ʂʦʤʧʴʶʪʝʨʥʘʷ ʦʧʪʠʢʘ. 2019. ˉ4. ʉ. 535-543.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʦʪʦʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

(ʈɸʄ) ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʈɸʄ 

ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʠʛʥʘʣ ʚʠʙʨʘʮʠʠ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʩ ʧʦʤʦʱʴʶ 

ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ, ʧʨʦʣʦʞʝʥʥʦʛʦ ʚʜʦʣʴ ʜʦʨʦʛʠ.  

 

Abstract 

This article proposes a method for detecting traffic streams using 

distributed acoustic monitoring (DAM) of optical fiber. Unlike the traditional 

traffic detection method, DAM detects the roadway vibration signal using a 

fiber optic cable laid along the road. 

 

1. ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʈɸʄ 

ʠʟʤʝʨʝʥʠʷ ʚʠʙʨʘʮʠʡ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʩʦʟʜʘʪʴ ʤʘʩʩʠʚ 

ʊɸɺɹʉ [1] ʥʘ ʦʧʪʦʚʦʣʦʢʥʝ, ʢʦʪʦʨʦʝ ʚʜʫʚʘʣʦʩʴ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚʜʦʣʴ 

ʜʦʨʦʛʠ ʢʘʙʝʣʴ ʠʣʠ ʝʛʦ ʪʨʫʙʢʫ. ɺʥʝʜʨʝʥʠʝ ʈɸʄ ʥʘ ʦʩʥʦʚʝ ʊɸɺɹʉ 

ʫʩʪʨʘʥʷʪ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ, ʘ ʠʤʝʥʥʦ: ʫʤʝʥʴʰʘʪ 

ʩʣʦʞʥʦʩʪʴ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤʫ ʦʧʨʦʩʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ. 

2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 
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ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʘʢʫʩʪʠʯʝʩʢʦʡ/ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʥʩʦʨʠʢʠ 

ʈɸʄ ʥʘ ʤʘʩʩʠʚʝ ʊɸɺɹʉ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʘʢʫʩʪʠʯʝʩʢʦʡ/ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʥʩʦʨʠʢʠ 

ʊɸɺɹʉ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ɹʨʵʛʛʘ, ʥʦ ʩʦ ʩʪʨʦʛʦ 

ʨʘʟʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʘʜʨʝʩʦʚ ʧʦʟʚʦʣʷʝʪ ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʦʧʨʦʩ ʩʠʩʪʝʤʳ. ɽʛʦ 

ʦʧʪʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʨʠʮʫ ʜʘʪʯʠʢʦʚ ʊɸɺɹʉ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ (ʊɸɺɹʉ1 ï ʊɸɺɹʉn); 

ʥʝʧʨʝʨʳʚʥʳʡ ʣʘʟʝʨ ʠʩʪʦʯʥʠʢ (ʃɼ) ʩ ʧʦʣʦʩʦʡ ʠʟʣʫʯʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʜʚʠʛʦʚ 

ʜʣʠʥʳ ʚʦʣʥʳ ɹʨʵʛʛʘ, ʚʦʟʤʦʞʥʳʭ ʚ ʩʠʩʪʝʤʝ, ʬʦʨʤʠʨʫʝʤʦʡ ʣʠʙʦ ʩʘʤʠʤ ʃɼ, 

ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ (ʇʌ); ʦʧʪʠʯʝʩʢʠʡ ʮʠʨʢʫʣʷʪʦʨ (ʆʎ); 

ʯʘʩʪʦʪʥʳʡ ʬʠʣʴʪʨ ʩ ʥʘʢʣʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ 

ʧʣʦʩʢʦʩʪʠ (ʏʌ); ʠ ʬʦʪʦʧʨʠʝʤʥʠʢ (ʌɼ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ 

ʠʟʤʝʨʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʥʘ ʊɸɺɹʉ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ, ʘ ʦʩʥʦʚʥʦʡ 

ʧʨʠʥʮʠʧ ʝʝ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʚʥʝʰʥʠʡ ʫʩʢʦʨʝʥʠʝ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʜʠʥʘʤʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʧʦ ʦʩʥʦʚʥʳʤ ʟʘʢʦʥʘʤ ɺɹʈ ʠ, 

ʝʩʣʠ ʘʤʧʣʠʪʫʜʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʨʝʜʝʣʦʚ ʩʦʭʨʘʥʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʩʜʚʠʛʘ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ 

ɺɹʈ ʠ ʩʦʭʨʘʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʘʜʨʝʩʥʳʭ ʢʦʤʧʦʥʝʥʪ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʆʧʠʩʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʈɸʄ. ɹʳʣ ʧʨʦʚʝʜʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʜʘʥʥʳʭ ʦ ʜʦʨʦʞʥʦʡ ʚʠʙʨʘʮʠʠ. ɼʘʥʥʳʝ 

ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʦʧʠʩʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʦʨʦʟʦʚ ʆ.ɻ. ʠ ʜʨ. ʄʦʜʫʣʷʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʚ 

ʦʧʪʠʯʝʩʢʠʭ ʙʠʦʩʝʥʩʦʨʘʭ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʳʭ 

ʨʝʰʝʪʦʢ ʙʨʵʛʛʘ ʩ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ // ɺʝʩʪʥʠʢ ʄʘʨʠʡʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ: ʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʠ 

ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. 2010. ˉ 3 (10). ʉ. 3-13. 

2. ʄʦʨʦʟʦʚ ʆ.ɻ., ʉʘʭʘʙʫʪʜʠʥʦʚ ɸ.ɾ. ɸʜʨʝʩʥʳʝ ʚʦʣʦʢʦʥʥʳʝ 

ʙʨʵʛʛʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʢʚʘʟʠʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʨʘʜʠʦʬʦʪʦʥʥʳʭ ʩʝʥʩʦʨʥʳʭ 

ʩʠʩʪʝʤʘʭ // ʂʦʤʧʴʶʪʝʨʥʘʷ ʦʧʪʠʢʘ. 2019. ˉ4. ʉ. 535-543.  



177 

 

 

ʋɼʂ 681.586.57 

 

ʈɸɿʈɸɹʆʊʂɸ ʄʆɼʋʃʗ ɼɸʊʏʀʂɸ ɾɽʉʊʆɺ ʀ ɼɺʀɾɽʅʀʗ ʅɸ 

ʆʉʅʆɺɽ ɼɸʊʏʀʂɸ ʇʈʀɹʃʀɾɽʅʀʗ (ʀɼɽʅʊʀʌʀʂɸʎʀʗ 

ɾɽʉʊʆɺ) 

 

ɸʤʠʨʦʚ ʄ.ʉ., ɺʠʣʴʜʘʥʦʚ ʈ.ʈ., ʉʦʢʦʣʦʚ ɺ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʫʨʘʪʦʚ ʈʘʜʠʢ ʄʘʩʭʫʪʦʚʠʯ, ʩʪ. ʧʨʝʧʦʜʦʚʘʪʝʣʴ 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ ʛ. ʂʘʟʘʥʴ) 

 

DEVELOPMENT OF A GESTURE AND MOTION SENSOR MODULE 

BASED ON THE PROXIMITY SENSOR (GESTURE 

IDENTIFICATION) 

 

Amirov M.S., Vildanov R.R., Sokolov V.S. 

Supervisor: Muratov Radik Mashutovich, Senior Lecturer 

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

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 

ʎʝʣʴ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʵʪʦ ʚʳʙʦʨ ʜʘʪʯʠʢʘ 

ʜʚʠʞʝʥʠʷ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʜʘʪʯʠʢʦʚ ʫʯʠʪʳʚʘʶʪʩʷ ʠʭ ʧʘʨʘʤʝʪʨʳ, ʤʝʪʦʜ 

ʨʘʙʦʪʳ, ʠʪʦʛʦʚʘʷ ʩʪʦʠʤʦʩʪʴ.  

 

Abstract  

The purpose of this scientific research work is the choice of a motion 

sensor. When comparing sensors, their parameters, method of operation, and 

final cost are taken into account. 

 

1. ɺʚʝʜʝʥʠʝ 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʨʳʥʢʘ ʤʠʢʨʦʩʭʝʤ ʙʳʣʦ ʚʳʙʨʘʥʦ ʪʨʠ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʤʦʜʫʣʷ, ʘ ʠʤʝʥʥʦ APDS-9960, GY-PAJ7620U2 ʠ 

HC-SR505. 

2. ʆʩʥʦʚʥʦʡ ʪʝʢʩʪ 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ APDS-9960. APDS-

9960 ð ʵʪʦ ʜʘʪʯʠʢ ʦʪ ʢʦʤʧʘʥʠʠ Avago, ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʮʠʬʨʦʚʦʡ ʜʘʪʯʠʢ ʩʧʦʩʦʙʥʳʡ ʨʘʩʧʦʟʥʘʚʘʪʴ ʞʝʩʪʳ: 

ʚʟʤʘʭʠ ʨʫʢʦʡ ʚʚʝʨʭ, ʚʥʠʟ, ʚʣʝʚʦ, ʚʧʨʘʚʦ, ʦʧʨʝʜʝʣʷʪʴ ʧʨʠʙʣʠʞʝʥʠʝ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ: ʚ ʜʘʪʯʠʢ ʞʝʩʪʦʚ ʚʩʪʨʦʝʥ ʠʥʬʨʘʢʨʘʩʥʳʡ ʩʚʝʪʦʜʠʦʜ 
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(ʠʩʪʦʯʥʠʢ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʩʠʛʥʘʣʘ) ʠ 4 ʬʦʪʦʜʠʦʜʘ (ʧʨʠʥʠʤʘʶʪ 

ʦʪʨʘʞʝʥʥʳʡ ʠʥʬʨʘʢʨʘʩʥʳʡ ʩʠʛʥʘʣ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʞʝʩʪʦʚ 

(ʜʚʠʞʝʥʠʷ ʚʧʝʨʝʜ, ʥʘʟʘʜ, ʚʣʝʚʦ, ʚʧʨʘʚʦ ʠ ʪʘʢ ʜʘʣʝʝ) ʬʦʪʦʜʠʦʜʳ 

ʧʨʠʥʠʤʘʶʪ ʦʪʨʘʞʝʥʥʳʝ ʠʥʬʨʘʢʨʘʩʥʳʝ ʩʠʛʥʘʣʳ ʧʦ-ʨʘʟʥʦʤʫ [1]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʜʠʘʧʘʟʦʥ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ: 2,4 - 3,6 ɺ; ʠʥʪʝʨʬʝʡʩ: 

I2C; ʜʠʘʧʘʟʦʥ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʘʪʯʠʢʘ: 10 - 20 ʩʤ; 

ʪʝʤʧʝʨʘʪʫʨʘ ʵʢʩʧʣʫʘʪʘʮʠʠ: -30é+80Áʉ; ʨʘʟʤʝʨʳ: 20 x 15 [2]. ʉʣʝʜʫʶʱʠʤ 

ʠʜʝʪ GY-PAJ7620U2. ʆʥ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʜʦ 9 ʞʝʩʪʦʚ, ʨʘʙʦʪʘʝʪ 

ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ I2C, ʩʦʚʤʝʩʪʠʤ ʩ ʫʨʦʚʥʷʤʠ ʣʦʛʠʢʠ 3,3 ɺ/5 ɺ, ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʧʨʦʝʢʪʦʚ ʩ ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ. ɺ ʥʝʛʦ ʚʩʪʨʦʝʥ 

ʠʥʬʨʘʢʨʘʩʥʳʡ ʩʚʝʪʦʜʠʦʜ ʠ ʦʧʪʠʯʝʩʢʘʷ ʣʠʥʟʘ ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʜʘʞʝ ʚ 

ʪʝʤʥʦʪʝ ʧʨʠ ʩʣʘʙʦʤ ʦʩʚʝʱʝʥʠʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ: -

40é+85ÁC; ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ: 3,3 ɺ/5 ɺ; ʠʥʪʝʨʬʝʡʩ ʩʚʷʟʠ: I2C; 

ʨʘʩʩʪʦʷʥʠʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ: 5 ʩʤ ~ 15 ʩʤ; ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʞʝʩʪʳ: ʚʚʝʨʭ, 

ʚʥʠʟ, ʚʣʝʚʦ, ʚʧʨʘʚʦ, ʚʧʝʨʝʜ, ʥʘʟʘʜ, ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ, ʚʩʪʨʷʭʠʚʘʥʠʝ; ʩʢʦʨʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ: 240 ɻʮ; ʨʘʟʤʝʨʳ: 20 ʤʤ Ĭ 

20 ʤʤ; ʨʘʟʤʝʨ ʤʦʥʪʘʞʥʦʛʦ ʦʪʚʝʨʩʪʠʷ: 2,0 ʤʤ [3]. ʇʦʩʣʝʜʥʠʤ ʤʦʜʫʣʴ  HC-

SR505. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ HC-SR505 ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʥʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʧʦʷʚʣʝʥʠʠ 

ʜʚʠʞʫʱʝʛʦ ʦʙʲʝʢʪʘ ʥʘ ʩʝʥʩʦʨʝ ʧʦʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʠ 

ʧʨʦʠʩʭʦʜʠʪ ʩʨʘʙʘʪʳʚʘʥʠʝ. ʆʪʢʣʶʯʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʪʦʣʴʢʦ ʩʧʫʩʪʷ 8 

ʩʝʢʫʥʜ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʦʙʲʝʢʪʘ ʩ ʀʂ-ʠʟʣʫʯʝʥʠʝʤ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ: 4.5  20 V; 

ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʦʢ (ʚ ʧʦʢʦʝ): <50 ʤʢɸ; ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʦʢ (ʧʨʠ 

ʩʨʘʙʘʪʳʚʘʥʠʠ): <80 ʤʢɸ; ʫʛʦʣ ʟʦʥʳ ʦʙʥʘʨʫʞʝʥʠʷ, ʛʨʘʜʫʩʦʚ: <100; 

ʜʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ: 2, 3 ʤʝʪʨʘ; ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ: -20é+80ÁC; 

ʨʘʟʤʝʨʳ ʧʣʘʪʳ: 10 ʭ 23 ʤʤ. [4] 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺʩʝ ʪʨʠ ʤʦʜʫʣʷ ʩʧʦʩʦʙʥʳ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ, ʥʦ HC-SR505 

ʦʧʨʝʜʝʣʷʪʴ ʞʝʩʪʳ ʥʝ ʩʧʦʩʦʙʝʥ. APDS-9960 ʠʤʝʝʪ ʙʦʣʝʝ ʜʘʣʴʥʠʡ ʜʠʘʧʘʟʦʥ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʞʝ ʜʘʥʥʳʡ ʤʦʜʫʣʴ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ. 

ʇʦʩʣʝ ʩʨʘʚʥʝʥʠʷ ʚʩʝʭ ʪʨʝʭ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ ʯʪʦ ʤʦʜʫʣʴ APDS-9960 ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʫʣʷ ʜʘʪʯʠʢʘ ʞʝʩʪʦʚ ʠ ʜʚʠʞʝʥʠʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. https://ardmag.ru/arduino-sensors/2673.html 

2. https://duino.ru/apds-9960 

3. https://ʘʨʜʫʠʥʦ-ʨʦʩʪʦʚ.ʨʬ/product/ʜʘʪʯʠʢ-ʨʘʩʧʦʟʥʘʚʘʥʠʷ-ʞʝʩʪʦʚ-

paj7620u2/ 

4. https://3d-diy.ru/product/infrakrasniy-datchik-dvizheniya-hc-sr505  

https://3d-diy.ru/product/infrakrasniy-datchik-dvizheniya-hc-sr505


179 

 

 

ʋɼʂ 616-006 

 

ʄɽʊʆɼʀʂɸ ʌʋʅʂʎʀʆʅɸʃʀɿɸʎʀʀ ʋɻʃɽʈʆɼʅʓʍ 

ʅɸʅʆʊʈʋɹʆʂ ʉ ʎɽʃʔʖ ʇʈʀʄɽʅɽʅʀʗ ɺ ʆɹʃɸʉʊʀ ʊɽʈɸʇʀʀ 

ʆʅʂʆʃʆɻʀʏɽʉʂʀʍ ɿɸɹʆʃɽɺɸʅʀʁ 

 

ɸʥʪʦʥʦʚ ʀ.ɸ., ʆʜʠʥʮʦʚ ɺ.ʃ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɿ.ʗ. ʍʘʣʠʪʦʚ 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ.ʂʘʟʘʥʴ) 

 

TECHNIQUE OF FUNCTIONALIZATION OF CARBON NANOTUBES 

WITH THE PURPOSE OF APPLICATION IN THE FIELD OF 

ONCOLOGICAL DISEASES THERAPY  

 

Antonov I.A., Odintsov V.L. 

Supervisor: Zufar Ya. Khalitov 

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

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʩ 

ʧʦʤʦʱʴʶ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷ (PEG) ʠ ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʘ (PEI). ʇʦʜʦʙʥʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʷʪʴ ʥʘʥʦʪʨʫʙʢʠ ʩ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʪʘʨʛʝʪʠʨʦʚʘʥʥʦʡ ʪʝʨʘʧʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʙʦʣʝʚʘʥʠʡ.  

 

Abstract 

This paper presents a technique for the functional modification of the 

surface of single-walled carbon nanotubes using polyethylene glycol (PEG) and 

polyethyleneimine (PEI). This modification of the surface makes it possible to 

combine nanotubes with various pharmacological preparations for targeted 

therapy of various diseases. 

 

1.ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʭʠʤʠʦʪʝʨʘʧʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʜʦʤ ʪʝʨʘʧʠʠ ʚ ʦʙʣʘʩʪʠ ʦʥʢʦʣʦʛʠʠ. ʆʜʥʘʢʦ 

ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʦʪʣʠʯʘʪʴ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ 

ʦʪ ʥʦʨʤʘʣʴʥʳʭ ʠʟ-ʟʘ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 
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ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʩʘʤʦʯʫʚʩʪʚʠʷ ʠ ʢ ʫʛʥʝʪʝʥʠʶ 

ʠʤʤʫʥʠʪʝʪʘ ʧʘʮʠʝʥʪʘ. 

2. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʘʟʨʘʙʦʪʢʘ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʙʦʨʴʙʝ 

ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦʡ. ʅʘ 

ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʪʘʨʛʝʪʥʦʡ 

ʜʦʩʪʘʚʢʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʥʦʨʤʘʣʴʥʳʭ ʪʢʘʥʷʭ 

ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʦʙʣʘʩʪʷʭ ʦʧʫʭʦʣʝʡ. 

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ) ʧʨʠʚʣʝʢʣʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 

ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʢʘʢ ʩʨʝʜʩʪʚʦ ʜʣʷ ʜʦʩʪʘʚʢʠ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʪʝʨʘʧʠʠ ʨʘʢʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʢʦʪʦʨʳʝ 

ʚʢʣʶʯʘʶʪ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʜʨʫʛʠʝ ʧʨʠʩʫʱʠʝ ʠʤ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʦʧʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʩʪʨʘʪʝʛʠʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ (ʋʅʊ-COOH ʠ ʋʅʊ-PEG, ʋʅʊ-PEG-PEI). ʉʨʝʜʠ ʥʠʭ 

ʢʦʥʲʶʛʘʮʠʷ ʩ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʝʤ (PEG) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʩʢʦʣʴʢʫ PEG ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʴʶ ʠ ʛʠʙʢʦʩʪʴʶ [1]. ʈʝʟʫʣʴʪʘʪʳ ʦʜʥʦʛʦ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ [1] 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʥʦʩʠʪʝʣʠ ʋʅʊ ʠʤʝʣʠ ʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʛʨʫʟʢʠ 

ʣʝʢʘʨʩʪʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, PEG- ʠ PEI-ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ ʋʅʊ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʳʭ ʥʘʥʦʥʦʩʠʪʝʣʝʡ. 

3. ɿʘʢʣʶʯʝʥʠʝ  

ʇʦ ʠʪʦʛʫ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʆʉʋʅʊ, 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ ʩ PEG ʠ ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʦʤ (PEI), ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ 

ʘʤʠʥʦʛʨʫʧʧʳ (ʋʅʊ-PEG-PEI). ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʚ ʚʦʜʝ ʜʣʠʥʘ 

ʆʉʋʅʊ ʩʥʘʯʘʣʘ ʫʢʦʨʘʯʠʚʘʣʘʩʴ ʧʫʪʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘ ʋʅʊ ʙʳʣʠ ʧʨʠʚʠʪʳ 

PEG ʠ PEI. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʪʘʢʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʫʤʝʥʴʰʠʪ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʫʜʘʣʝʥʠʝ ʠ ʧʦʪʝʨʶ ʥʘʥʦʥʦʩʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪ 

ʥʘʮʝʣʠʚʘʥʠʝ ʥʘ ʦʧʫʭʦʣʝʚʳʡ ʦʯʘʛ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʋʅʊ- 

PEG-PEI ʙʳʣʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʧʘʨʘʪʘ 

ʜʣʷ ʟʘʛʨʫʟʢʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʦʢʩʦʨʫʙʠʮʠʥ (DOX), ʦʜʠʥ ʠʟ ʩʘʤʳʭ 

ʤʦʱʥʳʭ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʭʠʤʠʦʪʝʨʘʧʠʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Yang S, Wang Z, Ping Y, Miao Y, Xiao Y, Qu L, Zhang L, Hu Y, 

Wang J. PEG/PEI-functionalized single-walled carbon nanotubes as delivery 

carriers for doxorubicin: synthesis, characterization, and in vitro evaluation. 

Beilstein J Nanotechnol. 2020 Nov 13;11:1728-1741. doi: 

10.3762/bjnano.11.155. PMID: 33224703; PMCID: PMC7670118.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʦʧʪʠʯʝʩʢʫʶ ʩʭʝʤʫ 

ʥʘʛʦʣʦʚʥʦʛʦ ʜʠʩʧʣʝʷ ʩ ʚʳʥʝʩʝʥʥʳʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʤʙʠʥʝʨʦʤ, 

ʨʘʟʙʠʪʳʤ ʥʘ 9 ʥʝʟʘʚʠʩʠʤʦ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʣʝʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʦʣʦʛʨʘʤʤʘ ʚ ʪʘʢʦʡ ʩʭʝʤʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʦʩʪʘʚʣʷʶʱʝʡ 90-96%. 

 

Abstract 

In this paper, we consider the optical scheme of a head-mounted display 

with a holographic combiner, divided into 9 independently optimized 

elementary fields. It is shown that in this scheme the hologram has a high 

diffraction efficiency of 90-96%. 

 

1. ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʨʘʩʯʝʪʝ ʠʟʦʙʨʘʞʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʛʦʣʦʛʨʘʤʤʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʨʘʥʠʯʝʥʦ 

ʠʟʤʝʥʝʥʠʝʤ ʘʙʝʨʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʛʦʣʦʛʨʘʤʤʳ ʠ ʝʝ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʧʦʣʶ, ʘʧʝʨʪʫʨʝ ʠ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʠʘʧʘʟʦʥʫ. ʆʜʥʠʤ ʠʟ 

ʨʝʰʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʙʠʝʥʠʝ ʛʦʣʦʛʨʘʤʤʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʟʦʥʳ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ. ʊʘʢʠʝ ʵʣʝʤʝʥʪʳ 

ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʦʤʧʦʟʠʪʥʳʤʠ. ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʛʦʣʦʚʥʦʛʦ ʜʠʩʧʣʝʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʭʝʤʘ ʜʠʩʧʣʝʷ, ʨʘʙʦʪʘʶʱʘʷ ʚ ʜʠʘʧʘʟʦʥʝ 510-530 ʥʤ, ʩ 



182 

 

 

ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝ 30,3 ʤʤ, ʧʦʣʝʤ ʟʨʝʥʠʷ 24 ↔Ĭ18 ↔, ʚʳʭʦʜʥʳʤ ʟʨʘʯʢʦʤ 6 

ʤʤ (ʈʠʩ.1,ɸ). ɺʳʭʦʜʥʦʡ ʟʨʘʯʦʢ 1 ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʨʘʯʢʦʤ ʛʣʘʟʘ, ʠ ʚʩʝ 

ʨʘʩʯʝʪʳ ʧʨʦʭʦʜʷʪ ʚ ʦʙʨʘʪʥʦʤ ʭʦʜʝ ʣʫʯʝʡ. ʅʘ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʤʙʠʥʝʨʘ ʟʘʜʘʥʘ ʦʪʨʘʞʘʶʱʘʷ ʦʙʲʝʤʥʦ-ʬʘʟʦʚʘʷ ʛʦʣʦʛʨʘʤʤʘ 2. ʕʪʘ 

ʛʦʣʦʛʨʘʤʤʘ ʜʝʣʠʪʩʷ ʥʘ 9 ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʣʝʡ, ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʜʚʫʤʷ 

ʪʦʯʝʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʩ ʧʦʤʦʱʴʶ ʜʠʦʜʥʦʛʦ ʣʘʟʝʨʘ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 520 ʥʤ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʦʧʪʠʢʠ. ɺ ʦʜʥʦʤ ʠʟ ʧʫʯʢʦʚ 

ʫʩʪʘʥʦʚʣʝʥʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʜʝʬʦʨʤʠʨʫʝʤʦʝ ʟʝʨʢʘʣʦ 3, ʬʦʨʤʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʨʘʟʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʩʫʙ-

ʘʧʝʨʪʫʨʳ. ʉʭʝʤʘ ʨʘʙʦʪʳ ʜʠʩʧʣʝʷ [1] ʩʦʩʪʦʠʪ ʠʟ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʝʨʘ 4, ʧʨʦʝʢʮʠʦʥʥʦʛʦ ʦʙʲʝʢʪʠʚʘ 5 ʠ 

ʩʚʝʪʦʠʟʣʫʯʘʶʱʝʡ ʤʘʪʨʠʮʳ 6. ʇʨʦʝʢʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ 3 ʣʠʥʟ ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ 2 ʪʠʧʘ ʦʧʪʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ. ɺʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ʣʠʥʟʳ 

ʥʘʢʣʦʥʝʥʳ ʠ ʜʝʮʝʥʪʨʠʨʦʚʘʥʳ, ʢʨʦʤʝ ʪʦʛʦ, ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʣʠʥʟʳ ʠʤʝʶʪ 

ʘʩʬʝʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʚʝʪʦʠʟʣʫʯʘʶʱʘʷ ʤʘʪʨʠʮʘ ʥʘʢʣʦʥʝʥʘ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʨʘʙʦʯʝʤʫ 

ʜʠʘʧʘʟʦʥʫ ʩʦʩʪʘʚʣʷʝʪ 90-96%(ʈʠʩ.1,ɹ). ʆʧʪʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0.03 ʜʦ 0.05, ʦʧʪʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʛʦʣʦʛʨʘʤʤʳ ï  6-9ʤʢʤ.  

 
ʈʠʩ.1 ɸïʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ, ɹ ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ 520 ʥʤ ʧʦ ʧʦʣʶ ʟʨʝʥʠʷ 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʧʨʦʚʝʨʢʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʥʘʡʜʝʥʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʫʧʨʦʱʝʥʠʝ ʣʠʥʟʦʚʦʡ ʧʨʦʝʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Ilya A. Guskov, Eduard R. Muslimov, "Optical design of a holographic 

headmounted display with enhanced efficiency," Proc. SPIE 10690, Optical 

Design and Engineering VII, 1069027 (5 June 2018); doi: 10.1117/12.2312014  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʬʫʥʢʮʠʝʡ ɻʘʫʩʩʘ. ʇʝʨʝʭʦʜ ʠʟ ʩʧʝʢʪʨʘʣʴʥʦʡ ʬʦʨʤʳ ʚ 

ʚʨʝʤʝʥʥʫʶ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. 

 

Abstract 

The article discusses a method for modeling the spectrum of laser 

radiation as a normal Gaussian distribution. Transition from a spectral form to 

a temporal one, using the inverse Fourier transform. 

 

1. ɺʚʝʜʝʥʠʝ 

ʄʝʪʦʜ ʘʙʩʪʨʘʢʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʨʘʙʦʪʫ 

ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʘʜʝʢʚʘʪʥʦ ʦʪʦʙʨʘʞʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ɼʘʣʴʥʝʡʰʘʷ ʠʥʪʝʛʨʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʚ ʩʠʩʪʝʤʫ ʉɸʇʈ, ʫʧʨʦʱʘʶʪ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ [1, 2]. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʟʣʫʯʝʥʠʷ ʦʜʥʦʤʦʜʦʚʦʛʦ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʘʟʝʨʘ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ 

ʦʜʥʦʤʦʜʦʚʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʠʟʣʫʯʝʥʠʝʤ 

ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ ʛʘʫʩʩʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʨʠʩ 1.(ʘ)) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 
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Ὅ‗ȟ‗ȟ„ ὍϽÅØÐ 
‗ ‗

ς„
ȟ 

(

(1) 

ʛʜʝ: Ὅ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ‗ ï ʜʣʠʥʘ ʚʦʣʥʳ, „ï 
ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʣʥʫʶ ʰʠʨʠʥʫ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ. 

ɼʘʣʴʥʝʡʰʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʭʦʜʝ ʥʘ 

ʚʨʝʤʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʫʪʝʤ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ: 

Ὅ‗ȟ‗ȟ„ Ὅ᷿ ÅØÐ ϽÅØÐ Ὦ‗ὸȟ                      (2) 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʪʝʛʨʘʣʘ ʚ ʚʳʨʘʞʝʥʠʠ (2), ʙʫʜʝʪ 

ʠʤʝʪʴ ʚʠʜ: 

Ὅὸȟ‗ȟ„ ὍÅØÐ Ὦ‗ὸ ȟ                           (3) 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ,  

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʨʠʩ. 1(ʘ), ʧʨʠ 

ʵʪʦʤ ‗ τππ ̎ ,̍ ʠ ʦʪ ʚʨʝʤʝʥʠ ʨʠʩ. 1(ʙ), ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ‗
ρπ ̎ ȟ̍ ʠʥʪʝʥʩʠʚʥʦʩʪʠ Ὅ φ ʠ ʧʦʣʥʦʡ ʰʠʨʠʥʝ ʠʟʣʫʯʝʥʠʷ „ τȢ 

I(ɚ) 

 

 I(t) 
 

 

 

 
 ɚ, ʥʤ  t, c 

 (ʘ)  (ʙ) 

ʈʠʩ. 1 ï ʉʧʝʢʪʨʘʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ (ʘ) ʠ ʚʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ (ʙ) ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʚʳʰʝ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʧʦʣʫʯʝʥʥʳʭ 

ʛʨʘʬʠʢʦʚ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ ʦʧʪʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʩʠʩʪʝʤʫ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʣʠ ʚ ʉɸʇʈ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Govind P. Agrawal Fiber-optic communication systems,// Wiley series 

in microwave and optical engineering, ï1951.ï 630 p., ISBN: 978-0-470-50511-3 

2.  ʋ. ɼʞ.-ʤʣ. ɺʠʥʩʝʥʪ, ɼ.ɼ. ʄʘʢʂʠʥʥʠ, ʂ.ɼʞ. ɺʠʣʴʷʤʩ ʆʩʥʦʚʳ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʬʦʪʦʥʠʢʠ,// ʄʦʩʢʚʘ: ʊʝʭʥʦʩʬʝʨʘ, ï2016.ï376 ʩ., ISBN: 978-

5-94836-445-2  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʦʪʝʨʴ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʫʛʣʦʚʦʡ ʨʘʟʲʶʩʪʠʨʦʚʢʦʡ ʚ ʨʝʟʦʥʘʪʦʨʝ ʩ ʜʚʫʛʨʘʥʥʳʤ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʟʝʨʢʘʣʦʤ.  

 

Abstract 

The article proposes an approach to the determination of diffraction 

losses caused by angular misalignment in a resonator with a dihedral cylindrical 

mirror. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʣʘʟʝʨʘʭ ʩ ʫʩʪʦʡʯʠʚʳʤʠ ʨʝʟʦʥʘʪʦʨʘʤʠ ʜʣʷ ʩʝʣʝʢʮʠʠ ʪʠʧʦʚ 

ʢʦʣʝʙʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʫʛʨʘʥʥʳʝ ʟʝʨʢʘʣʘ. ɺʘʞʥʳʤ ʚʦʧʨʦʩʦʤ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ 

ʧʦʪʝʨʷʭ, ʚʳʟʳʚʘʝʤʳʭ ʨʘʟʲʶʩʪʠʨʦʚʢʦʡ ʟʝʨʢʘʣ. [1]  

2. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʛʣʦʚʦʡ ʨʘʟʲʶʩʪʠʨʦʚʢʠ 

ʨʝʟʦʥʘʪʦʨʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʜʚʫʛʨʘʥʥʳʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʟʝʨʢʘʣʦʤ ʠ 

ʟʝʨʢʘʣʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʜʚʫʭ ʦʪʨʘʞʘʶʱʠʭ ʧʦʣʦʩ (ʈʠʩ.1).  
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ʈʠʩ. 2. ʉʭʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

ʈʘʟʲʶʩʪʠʨʦʚʢʘ ʜʘʥʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʧʦʚʦʨʦʪʦʤ 

ʦʜʥʦʛʦ ʦʪʨʘʞʘʪʝʣʷ ʥʘ ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ Ŭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʨʝʙʨʘ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʜʨʫʛʦʛʦ ʦʪʨʘʞʘʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ 

ʨʸʙʨʘ ʦʙʦʠʭ ʟʝʨʢʘʣʴʥʳʭ ʦʪʨʘʞʝʥʠʡ, ʪ.ʝ. ʣʠʥʠʠ ʆ1ʆ1̀ ʠ O2O 2̀ ʧʨʠ 

ʧʦʚʦʨʦʪʝ ʦʩʪʘʶʪʩʷ ʩʪʨʦʛʦ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʜʨʫʛ ʜʨʫʛʫ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɿʘʜʘʯʘ ʫʛʣʦʚʦʡ ʨʘʟʴʶʩʪʠʨʦʚʢʠ ʨʝʟʦʥʘʪʦʨʘ ʙʳʣʘ 

ʩʚʝʜʝʥʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʦʚʦʩʧʨʦʠʟʚʦʜʷʱʝʛʦʩʷ 

ʛʘʫʩʩʦʚʩʢʦʛʦ ʧʫʯʢʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚ ʨʝʟʦʥʘʪʦʨʝ ʩ ʥʘʢʣʦʥʸʥʥʳʤ 

ʦʪʨʘʞʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʧʫʯʢʘ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠʩʴ ʢʘʢ ʧʦʪʝʨʠ ʦʩʥʦʚʥʦʡ ʤʦʜʳ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʨʝʟʦʥʘʪʦʨ ʙʳʣ ʟʘʤʝʥʸʥ ʥʘ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʦʧʪʠʯʝʩʢʫʶ ʣʠʥʠʶ 

ʧʝʨʝʜʘʯʠ, ʚ ʢʦʪʦʨʦʡ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʣʝʤ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʟʘʧʠʩʳʚʘʣʘʩʴ 

ʯʝʨʝʟ ʵʣʝʤʝʥʪʳ ʣʫʯʝʚʦʡ ʤʘʪʨʠʮʳ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʵʣʝʤʝʥʪʳ ʣʫʯʝʚʦʡ ʤʘʪʨʠʮʳ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ ʫʯʸʪʦʤ ʫʛʣʦʚʦʡ 

ʨʘʟʲʶʩʪʠʨʦʚʢʠ ʦʜʥʦʛʦ ʠʟ ʟʝʨʢʘʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʜʣʷ 

ʥʠʟʰʝʛʦ ʪʠʧʘ ʢʦʣʝʙʘʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʧʦʪʝʨʴ ʦʪ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʜʚʫʛʨʘʥʥʦʛʦ ʦʪʨʘʞʘʪʝʣʷ.  

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʨʝʟʦʥʘʪʦʨ ʩ ʜʚʫʛʨʘʥʥʳʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʟʝʨʢʘʣʦʤ ʠʤʝʝʪ ʥʠʟʢʠʝ 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ ʢʦʣʝʙʘʥʠʡ ʠ ʧʦʥʠʞʝʥʥʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʫʛʣʦʚʦʡ ʨʘʟʲʶʩʪʠʨʦʚʢʝ ʟʝʨʢʘʣʘ. ʦʪʨʘʞʘʪʝʣʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Vladimir P. Bykov, / Laser resonators // Vladimir P. Bykov, Oleg O. 

Silichev, M: Fizmatlit, 2004, - 320.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʚ ʢʘʯʝʩʪʚʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʦʙʥʘʨʫʞʝʥʠʷ. 

 

Abstract 

This article describes the use of modern fiber-optic cable as a seismic 

means of detection. 

 

1. ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʪʦʯʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʩʝʭ ʚʠʜʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʣʥ, ʫʯʝʥʳʤ ʥʝʦʙʭʦʜʠʤ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʝʡʩʤʦʛʨʘʬ ʩ ʥʘʠʤʝʥʴʰʝʡ 

ʧʦʛʨʝʰʥʦʩʪʴʶ. 

2. ʆʙʟʦʨ 

ɺ ʢʘʯʝʩʪʚʝ ʩʝʡʩʤʦʛʨʘʬʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʫʶ 

ʨʘʟʨʘʙʦʪʢʫ - ʦʧʪʠʢʦ-ʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʦʟʜʘʣʠ ʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʩʠʩʪʝʤʫ ʦʙʥʘʨʫʞʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʩ ʧʦʤʦʱʴʶ 

ʦʧʪʦʚʦʣʦʢʥʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʭʦʞʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʨʘʟʨʫʰʝʥʠʡ ʚ ʩʦʦʨʫʞʝʥʠʷʭ, ʦʧʪʦʚʦʣʦʢʥʦ ʩʚʦʙʦʜʥʦ ʣʝʞʠʪ 

ʚʥʫʪʨʠ ʧʦʣʳʭ ʧʣʘʩʪʠʢʦʚʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʪʘʢ ʞʝ ʢʘʢ ʦʧʪʦʚʦʣʦʢʥʘ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʢʦʤʧʘʥʠʠ. 
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  ʆʙʥʘʨʫʞʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ 

ʣʘʟʝʨʥʳʡ ʣʫʯ, ʧʦʩʣʘʥʥʳʡ ʧʦ ʦʧʪʦʚʦʣʦʢʥʫ, ʦʪʨʘʞʘʝʪʩʷ ʦʙʨʘʪʥʦ, 

ʨʘʩʩʝʠʚʘʷʩʴ ʥʘ ʧʨʠʤʝʩʷʭ ʠʣʠ ʜʝʬʝʢʪʘʭ ʚ ʥʝʤ. ʀʟʤʝʨʷʷ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʩʠʛʥʘʣ, ʫʯʝʥʳʝ ʤʦʛʫʪ 

ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʚʦʣʦʢʥʦ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʠʣʠ ʩʞʠʤʘʝʪʩʷ [1]. 

3. ʉʦʟʜʘʥʠʝ ʩʝʪʠ ʩʝʡʩʤʦʛʨʘʬʦʚ ʠʟ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ. 

 ʉʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʩ ʧʦʤʦʱʴʶ ʦʧʪʦʚʦʣʦʢʥʘ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ ʙʦʣʴʰʫʶ ʩʝʪʴ ʩʝʡʩʤʦʛʨʘʬʦʚ ʚ ʛʦʨʦʜʘʭ ʠ 

ʩʪʨʘʥʘʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ 

ʩʝʪʴ ʣʠʥʠʡ ʩʚʷʟʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʤʝʩʪʥʦʩʪʠ. ʂʘʞʜʳʡ ʤʝʪʨ 

ʦʧʪʦʚʦʣʦʢʥʘ ʚ ʪʘʢʦʡ ʩʝʪʠ ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʜʘʪʯʠʢ, ʠ ʝʛʦ ʫʩʪʘʥʦʚʢʘ 

ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʳʭ 

ʩʝʡʩʤʦʤʝʪʨʦʚ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʞʥʦ ʦʪʩʣʝʜʠʪʴ ʵʧʠʮʝʥʪʨ 

ʢʦʣʝʙʘʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ. ʅʦ ʩʫʱʝʩʪʚʫʝʪ 

ʧʨʦʙʣʝʤʘ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʚʠʙʨʘʮʠʠ ʛʨʫʥʪʘ 

ʠʣʠ ʚʠʙʨʘʮʠʠ ʦʪ ʚʙʣʠʟʠ ʥʘʭʦʜʷʱʠʭʩʷ ʜʦʨʦʛ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʥʘʫʯʠʣʠʩʴ ʚʳʜʝʣʷʪʴ ʩʨʝʜʠ ʦʙʱʝʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʪʝ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶ ʩʝʡʩʤʠʯʝʩʢʠʤ ʪʦʣʯʢʘ ʠ ʜʘʞʝ ʨʘʟʜʝʣʷʪʴ P ʠ S ʚʦʣʥʳ. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʚʳʷʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʢʦʣʝʙʘʥʠʡ, ʚʳʟʚʘʥʥʳʭ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʠ ʠʭ ʩʚʦʡʩʪʚ 

ʜʘʣʦ ʪʦʣʯʦʢ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʩʝʡʩʤʦʛʨʘʬʦʚ ʠ ʩʝʪʝʡ 

ʩʝʡʩʤʦʛʨʘʬʦʚ. ʀʟ ʧʨʝʠʤʫʱʝʩʪʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ: ʢʘʞʜʳʡ ʤʝʪʨ ʤʥʦʛʦʢʠʣʦʤʝʪʨʦʚʦʛʦ ʢʘʙʝʣʷ ʜʝʡʩʪʚʫʝʪ ʢʘʢ 

ʦʪʜʝʣʴʥʳʡ ʜʘʪʯʠʢ, ʜʝʰʝʚʠʟʥʘ ʫʩʪʘʥʦʚʢʠ ʠ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʙʝʣʷ: ʭʨʫʧʢʦʩʪʴ, 

ʩʣʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʨʝʤʦʥʪ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʝʪʩʷ ʩʠʩʪʝʤʘ ʥʝʟʘʚʠʩʠʤʦʛʦ ʢʦʥʪʨʦʣʷ ʘʤʧʣʠʪʫʜʳ 

ʠ ʬʘʟʳ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʨʘʟʜʝʣʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʚʳʭʦʜʝ ʤʦʜʫʣʷʪʦʨʘ 

ʄʘʭʘ-ʎʝʥʜʝʨʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʤʝʪʦʜʳ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ 

ʩʠʩʪʝʤʳ. 

 

Abstract 

The report discusses a system for independent control of the amplitude 

and phase of polarization-separated signals at the output of a Mach-Zender 

modulator. The advantages and methods of implementing this system are 

considered. 

 

1. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʚʩʝʦʙʱʝʛʦ ʦʙʟʦʨʘ 

ʥʦʚʳʭ ʩʠʩʪʝʤ ʩ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʤ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʬʦʪʦʥʥʳʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ɻʠʣʴʙʝʨʪʘ. ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʚʳʭ ʩʠʩʪʝʤ ʩ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʤ 

ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʬʦʪʦʥʥʳʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ɻʠʣʴʙʝʨʪʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʘʥ ʠ ʧʨʝʩʪʘʚʣʝʥ ʤʠʨʫ ʥʦʚʳʡ 

ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʬʦʪʦʥʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ɻʠʣʴʙʝʨʪʘ (ʨʠʩ.1.), ʦʩʥʦʚʘʥʥʳʡ 
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ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ DPOL-DDMZM ʩ ʦʙʨʘʪʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʙʦʢʦʚʦʡ ʧʦʣʦʩʳ ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʙʝʟ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʫʶ ʦʧʪʠʯʝʩʢʫʶ ʥʝʩʫʱʫʶ. 

ʃʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʩʝʛʦʥʷʰʥʠʡ ʜʝʥʴ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʬʘʟʦʚʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʳʣʘ ʨʦʚʥʦʡ ʠ ʩ ʜʠʩʙʘʣʘʥʩʦʤ ʬʘʟʳ ʤʝʥʝʝ 2,5 Á ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 4 ʜʦ 18 ɻɻʮ. ɸʤʧʣʠʪʫʜʥʳʡ ʦʪʢʣʠʢ ʪʘʢʞʝ ʙʳʣ ʨʦʚʥʳʤ 

ʩ ʧʫʣʴʩʘʮʠʷʤʠ ʤʝʥʝʝ 0,4 ʜɹ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʜʚʘ ʚʳʭʦʜʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ɻʠʣʴʙʝʨʪʘ ʠʤʝʶʪ ʨʘʟʥʦʩʪʴ ʬʘʟ 90Á Ñ 2,5Á ʩ ʥʝʙʦʣʴʰʠʤ 

ʜʠʩʙʘʣʘʥʩʦʤ ʬʘʟʳ ʠ ʘʤʧʣʠʪʫʜʳ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

ɻʠʣʴʙʝʨʪʘ ʥʘ ʦʩʥʦʚʝ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʠʤʝʝʪ ʜʠʩʙʘʣʘʥʩ ʬʘʟʳ Ñ5Á ʠ 

ʧʫʣʴʩʘʮʠʠ ʘʤʧʣʠʪʫʜʳ 3 ʜɹ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2,4ï17,6 ɻɻʮ [1], ʘ 

ʢʦʤʤʝʨʯʝʩʢʠʡ ʛʠʙʨʠʜʥʳʡ ʦʪʚʝʪʚʠʪʝʣʴ ʥʘ 90Á 4-18 ɻɻʮ ʠʤʝʝʪ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʘʤʧʣʠʪʫʜʫ ʠ ʜʠʩʙʘʣʘʥʩ ʬʘʟʳ Ñ2 ʜɹ ʠ Ñ 9Á ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 
ʈʠʩ. 1. ʅʦʚʳʡ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ɻʠʣʴʙʝʨʪʘ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ [1]. 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʡ ʤʠʢʨʦʚʦʣʥʦʚʳʡ 

ʬʦʪʦʥʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ɻʠʣʴʙʝʨʪʘ,ʧʨʝʩʪʘʣʝʥʥʳʡ ʥʘ ʨʠʩ 1, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʜʝʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʝ ʫʧʨʘʚʣʝʥʠʷ 

ʘʤʧʣʠʪʫʜʦʡ ʠ ʬʘʟʦʡ ʜʚʫʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʩʚʝʪʘ 

ʠ ʠʤʝʝʪ ʙʦʣʝʝ ʧʨʦʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʠ 

ʤʝʥʴʰʫʶ ʘʤʧʣʠʪʫʜʫ ʠ ʬʘʟʦʚʳʡ ʙʘʣʘʥʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʠʩʘʥʥʳʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ɻʠʣʴʙʝʨʪʘ ʥʘ ʦʩʥʦʚʝ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ. ʕʪʦ ʪʘʢʞʝ 

ʠʩʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦʠ ʛʨʦʤʦʟʜʢʠʡ FD-OP ʚ 

ʦʧʠʩʘʥʥʦʤ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʬʦʪʦʥʥʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ɻʠʣʴʙʝʨʪʘ. ʅʦ ʥʝ 

ʩʤʦʪʨʷ ʥʘ ʚʩʝ ʜʦʩʪʦʠʥʩʚʘ,  ʥʘʜʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʢʘʞʜʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʝʛʦ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ, ʧʦʷʚʣʷʶʱʠʤʠʩʷ ʥʦʚʳʤʠ 

ʢʦʤʧʘʥʝʥʪʘʤʠ ʠ ʤʝʪʘʜʘʤʠ, ʢʘʪʦʨʳʝ ʠʤʝʶʪ ʙʦʣʝʝ ʠʜʝʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Hao Chen; Erwin H. W. Chan; Independent amplitude and phase 

control of two orthogonal linearly polarised light and its applications. IEEE 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʛʨʝʙʝʥʯʘʪʦʛʦ ʬʠʣʴʪʨʘ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʟʘʜʝʨʞʢʦʡ ʚ ʧʝʪʣʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ʇʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʝʥʳ ʧʘʨʘʤʝʪʨʳ 

ʚʦʣʦʢʦʥʥʦʛʦ ʬʠʣʴʪʨʘ. 

 

Abstract 
The article considers the possibility of creating an optical comb filter 

based on a mathematical model of a microstrip device with a delay in the 

feedback loop. The spectral characteristics are given, and the parameters of the 

fiber filter are also estimated. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ ï ʵʪʦ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ 

ʧʨʠʙʦʨ,  ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʩʝʣʝʢʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʜʠʘʧʘʟʦʥʦʚ ʜʣʠʥ ʚʦʣʥ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʠʝ ʬʠʣʴʪʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ, ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʫʩʠʣʠʪʝʣʝʡ ʠ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ. ʆʜʥʠʤ ʠʟ 

ʪʠʧʦʚ ʪʘʢʠʭ ʬʠʣʴʪʨʦʚ ʷʚʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʠʡ ʛʨʝʙʝʥʯʘʪʳʡ ʬʠʣʴʪʨ. 
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2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʛʨʝʙʝʥʯʘʪʦʛʦ 

ʬʠʣʴʪʨʘ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʘ ʤʦʜʝʣʴ ʛʨʝʙʝʥʯʘʪʦʛʦ ʬʠʣʴʪʨʘ ʚ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʤ ʠʩʧʦʣʥʝʥʠʠ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʦʪʚʝʪʚʠʪʝʣʝʡ[1], ʦʭʚʘʯʝʥʥʳʭ ʮʝʧʴʶ ʩ ʟʘʜʝʨʞʘʥʥʦʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʪʘʢʦʛʦ ʬʠʣʴʪʨʘ ʠʤʝʝʪ ʚʠʜ: 

( )
( )

1 ( ) ( )
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ʦʩ

K
K

K K e
- wt

w
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- w Ö w Ö
 

ʛʜʝ: ( )K w  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʥʳʭ ʦʪʚʝʪʚʠʪʝʣʝʡ, ( )ʦʩK w  ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʜʘʯʠ ʧʝʪʣʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, t ï ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ, ʚʥʦʩʠʤʦʝ ʧʝʪʣʝʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ɼʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʚ ʦʧʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ, ʯʘʩʪʦʪʘ ʙʝʨʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ρȟρςϽρπȣςȟσρϽρπ  ɻʮ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥʫ ʜʣʠʥ 

ʚʦʣʥ (812 é 1670) ʥʤ. ʇʨʠ ʵʪʦʤ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʬʠʣʴʪʨʘ ʠʤʝʝʪ ʚʠʜ ʧʦʜʦʙʥʳʡ ɸʏʍ ʛʨʝʙʝʥʯʘʪʦʛʦ ʬʠʣʴʪʨʘ. 

ɺʘʨʴʠʨʫʷ ʚʨʝʤʝʥʘʤʠ ʟʘʜʝʨʞʝʢ, ʚʥʦʩʠʤʳʭ ʧʝʪʣʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʦʪʚʝʪʚʠʪʝʣʷʤʠ, ʤʦʞʥʦ ʤʝʥʷʪʴ ʧʝʨʠʦʜ ʩʣʝʜʦʚʘʥʠʷ ʧʦʣʦʩ 

ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʝʨʠʦʜ ʩʣʝʜʦʚʘʥʠʷ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 8 ʜʦ 0,04 ʥʤ, ʩ ʰʘʛʦʤ 0,04 ʥʤ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʛʨʝʙʝʥʯʘʪʦʛʦ ʬʠʣʴʪʨʘ 

ʩ ʥʘʩʪʨʘʠʚʘʝʤʳʤ ʧʝʨʠʦʜʦʤ ʛʨʝʙʝʥʢʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ 

ʥʘʨʷʜʫ ʩ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʤʠ ʚʦʣʦʢʦʥʥʳʤʠ ʨʝʰʝʪʢʘʤʠ ʠʣʠ ʚʦʣʦʢʦʥʥʳʤʠ 

ʙʨʵʛʦʚʩʢʠʤʠ ʨʝʰʝʪʢʘʤʠ, ʥʘʧʨʠʤʝʨ ʚ DWDM-ʩʠʩʪʝʤʘʭ, ʛʜʝ ʦʧʪʠʯʝʩʢʠʝ 

ʢʘʥʘʣʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩ ʰʘʛʦʤ 0,4 ʥʤ ʠʣʠ 0,8 ʥʤ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ, ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ, ʜʘʚʣʝʥʠʷ, ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ, 

ʚʠʙʨʘʮʠʠ, ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʘʪʯʠʢʦʚ FPI ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʪʦʜʦʚ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ. 

 

Abstract 

The article discusses interferometric fiber-optic sensors for measuring 

temperature, refractive index, deformation, pressure, acoustic wave, vibration, 

magnetic field and voltage. This study examines a wide range of FPI sensors in 

terms of manufacturing methods, operating principle and their application for 

measurement. 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʌʘʙʨʠ-ʇʝʨʦ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʨʝʜʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ, 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʪʦʯʥʳʤʠ, 

ʧʨʦʩʪʳʤʠ, ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ, ʦʪʟʳʚʯʠʚʳʤʠ ʠ ʥʝʚʦʩʧʨʠʠʤʯʠʚʳʤʠ ʢ ʰʫʤʘʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. FPI ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʙʳʣʠ ʰʠʨʦʢʦ 

ʠʟʫʯʝʥʳ ʠʟ-ʟʘ ʠʭ ʥʘʩʪʨʘʠʚʘʝʤʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ. 



194 

 

 

2. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʗʩʥʦ, ʯʪʦ ʜʘʪʯʠʢ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʦʩʪʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʦʣʫʦʪʨʘʞʘʶʱʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠʣʠ ʦʜʥʦʡ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʦʪʨʘʞʘʶʱʝʡ, ʘ ʜʨʫʛʘʷ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʧʦʣʥʦʝ ʦʪʨʘʞʝʥʠʝ ʙʫʜʝʪ ʨʝʟʫʣʴʪʘʪʦʤ ʜʚʫʭ 

ʦʪʨʘʞʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʪ.ʝ. R1 ʠ R2, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʯʝʨʝʟ: 

ὖὶ = ὖi(Ὑ1 + Ὑ2 - 2 ãὙ1Ὑ2 cos •) (1) 

ʛʜʝ ὖi ʠ ὖὶ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʜʘʶʱʠʡ ʠ ʦʪʨʘʞʝʥʥʳʡ ʦʧʪʠʯʝʩʢʠʡ 

ʧʦʣʥʦʤʦʯʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Ὑ1 ʠ Ὑ2 ʷʚʣʷʶʪʩʷ ʙʣʠʢʠ ʩ ʦʪʨʘʞʘʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ (Ὑ1 ʠ Ὑ2) << 1, • ʷʚʣʷʝʪʩʷ ʩʜʚʠʛ ʬʘʟʳ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʩ ʦʜʥʦʡ 

ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɼʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʤʝʥʝʥʠʠ 

RI. ɺ ʵʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʦʪʢʨʳʪʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ 

ʧʦʢʨʳʪ ʧʦʣʠʘʢʨʠʣʘʤʠʜʦʤ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ 

ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʤ. ʀʟʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʦʥ ʧʦʛʣʦʱʘʝʪ, ʵʪʦ ʚʳʟʳʚʘʝʪ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʜʚʠʛ ȹ‗ὺ, ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʟʘʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
Ўʇ

Ўὲ

ʇ

ὲ
 

(2) 

ʛʜʝ ‗ὺ - ʮʝʥʪʨʘʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ, ὲὖὃὓ - RI PAM, ʘ ȹὲ - 

ʠʟʤʝʥʝʥʠʝ RI PAM. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʠʢʘʤʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʟʘʜʘʝʪʩʷ: 

ʇ ʇ
ʇʇ

ςÎ ,
 

(3) 

ʛʜʝ ‗1 ʠ ‗2 - ʜʣʠʥʳ ʚʦʣʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʠʢʦʚ ʦʪʨʘʞʝʥʠʷ FPI, L - 

ʜʣʠʥʘ ʨʝʟʦʥʘʪʦʨʘ. ɿʥʘʯʝʥʠʝ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʣʘʞʥʦʩʪʠ, 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʥʮʠʧʘ ʠʟʤʝʨʝʥʠʷ ʚʣʘʞʥʦʩʪʠ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ, ʪʘʢʞʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʘʪʯʠʢʦʤ ʜʘʚʣʝʥʠʷ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʪʯʠʢʠ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʧʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʚʳʛʦʜʥʳʤʠ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʯʥʳʤʠ, ʩʧʝʮʠʘʣʴʥʳʝ 

ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʥʦʚʦʜʳ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ 

ʥʦʚʳʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʢʦʥʬʠʛʫʨʘʮʠʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Lee, C.E.; Taylor, H.F.; Markus, A.M.; Udd, E. Optical-fiber Fabry-

Perot embedded sensor. Opt. Lett. 1989, 14, 1225ï1227.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʪʦʥʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ. ʆʯʝʥʴ ʚʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 

 

Abstract 

The article discusses methods and means of controlling the dielectric 

permittivity of thin polymer films. It is very important to determine the 

methods and technologies for analyzing the concentration of greenhouse gases. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʧʪʦʚʦʣʦʢʦʥʥʳʡ ʨʝʟʦʥʘʪʦʨ ʌʘʙʨʠ-ʇʝʨʦ ʩ ʦʪʢʨʳʪʳʤ ʨʝʟʦʥʘʪʦʨʦʤ 

ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪʦʤ ʜʘʪʯʠʢʦʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʧʫʪʝʤ ʩʨʘʱʠʚʘʥʠʷ ʢʘʧʠʣʣʷʨʥʳʭ ʪʨʫʙʦʢ 

ʠʣʠ ʬʦʪʦʥʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʩ ʦʜʥʦʤʦʜʦʚʳʤ ʚʦʣʦʢʥʦʤ.  

2. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʌʘʙʨʠ-ʇʝʨʦ ʩ ʪʦʥʢʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʝʤʙʨʘʥʦʡ ʥʘ ʪʦʨʮʝ ʦʧʪʠʯʝʩʢʦʛʦ 

ʚʦʣʦʢʥʘ ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ʅʘ 

ʪʦʨʝʮ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʥʘʥʝʩʝʥʘ ʤʝʤʙʨʘʥʘ ʠʟ ʧʨʦʟʨʘʯʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʦʣʱʠʥʦʡ h (ʧʣʝʥʢʘ ʥʘ ʨʠʩʫʥʢʝ 

ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ. ʧʦʢʘʟʘʥʘ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ). 
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ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ 

ʤʝʤʙʨʘʥʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʛʘʟʘ. 

 
ʈʠʩ. 3 ð ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʌʘʙʨʠ-ʇʝʨʦ 

ʈʘʟʥʠʮʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʥʘ ʜʚʫʭ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʩʨʝʜ 

ʚʳʟʳʚʘʝʪ ʯʘʩʪʠʯʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʠ ʦʪʨʘʞʝʥʠʝ ʩʚʝʪʘ ʠ ʬʦʨʤʠʨʫʝʪ ʟʝʨʢʘʣʘ 

ʌʘʙʨʠ-ʇʝʨʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʯʘʩʪʦʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʬʦʨʤʘ ʨʝʟʦʥʘʥʩʘ ʠ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʟʘʚʠʩʷʪ ʦʪ 

ʪʦʣʱʠʥʳ ʤʝʤʙʨʘʥʳ, ʚʥʝʰʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʝʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʷʪ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʭʦʞʜʝʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʟʝʨʢʘʣʘ ʌʘʙʨʠ-ʇʝʨʦ ʙʫʜʝʪ ʠʟʤʝʥʝʥʠʝ 

ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ, ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʚʳʨʘʞʝʥʥʳʭ 

ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ ʚ ʩʧʝʢʪʨʝ, ʨʠʩ. 2. 

 
ʈʠʩ. 4 ð ʉʭʝʤʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʨʝʟʦʥʘʪʦʨʘ ʌʘʙʨʠ-ʇʝʨʦ 

ʂʦʥʪʨʦʣʴ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʨʝʟʦʥʘʥʩʘ 

ʌʘʙʨʠ-ʇʝʨʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥʳ, ʘ 

ʚʤʝʩʪʝ ʩ ʪʝʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʘ, ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʜʣʠʥʝ ʨʝʟʦʥʘʪʦʨʘ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺʝʣʠʯʠʥʘ ʰʘʛʘ ʨʝʟʦʥʘʥʩʘ ʠ ʧʦʣʦʞʝʥʠʝ ʧʠʢʦʚ ʌʘʙʨʠ-ʇʝʨʦ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʡ ʢʘʢ ʯʘʩʪʦʪʥʳʡ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Chung, S.J. Characterization of ZnO nanoparticle suspension in water: 

Effectiveness of ultrasonic dispersion / Chung S.J., Leonard J.P., Nettleship I., et 

al. // Powder Technol. ï 2009. ï v. 194. ï C. 75ï80.  
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ɸʥʥʦʪʘʮʠʷ 
ʃɺʉ ʢʘʤʧʫʩʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʩʦʟʜʘʝʪʩʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʙʳʩʪʨʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʪʜʝʣʘʤʠ, ʫʧʨʦʱʝʥʠʷ ʨʘʙʦʪʳ ʩ 

ʜʦʢʫʤʝʥʪʘʤʠ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʩʝʪʷʤʠ - 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ 

ʩʝʪʠ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʦʜʝʣʝʡ ʠ ʩʠʩʪʝʤ ʩʝʪʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

 

Abstract 

The LAN of the campus in an educational institution is created to 

manage information resources, achieve the fastest possible interaction between 

departments, simplify work with documents. The main task in managing 

computer networks is to automate the process of configuring and monitoring 

network parameters. There are many models and systems of network 

management. 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʝʪʴ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʉʦʶʟʘ ʕʣʝʢʪʨʦʩʚʷʟʠ, ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʩʣʫʞʙʳ ʠ 

ʧʨʠʣʦʞʝʥʠʷ ʙʳʩʪʨʦ, ʵʬʬʝʢʪʠʚʥʦ, ʛʠʙʢʦ ʠ ʵʢʦʥʦʤʥʦ, ʥʝ ʪʨʝʙʫʷ ʠʟʤʝʥʝʥʠʷ 
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ʩʪʨʫʢʪʫʨʳ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʦʪʜʝʣʝʥʠʝ 

ʫʧʨʘʚʣʝʥʠʷ ʫʩʣʫʛʘʤʠ (ʮʝʥʪʨʘʣʠʟʘʮʠʷ) ʦʪ ʫʩʣʫʛ ʢʦʤʤʫʪʘʮʠʠ, ʩʠʛʥʘʣʠʟʘʮʠʠ 

ʠ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʠ ʧʨʦʪʦʢʦʣʳ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʥʘʜʩʪʨʦʡʢʘ ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ ʩʦʟʜʘʥʠʝ 

ʥʦʚʳʭ ʫʩʣʫʛ ʠ ʧʦʜʜʝʨʞʢʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʫʩʣʫʛ [1]. 

2. ʉʚʷʟʴ ʩ ʜʨʫʛʠʤʠ ʬʠʣʠʘʣʘʤʠ ʠ ʮʝʥʪʨʦʤ ʩʝʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʯʝʨʝʟ ʤʝʜʠʘʢʦʥʚʝʨʪʝʨʳ, ʢ ʢʦʪʦʨʳʤ ʧʦʜʢʣʶʯʘʶʪʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ 

C2821-VSEC-SRST/K9 ʩ ʧʦʜʜʝʨʞʢʦʡ ʫʜʘʣʸʥʥʳʭ 48 ʪʝʣʝʬʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʪʘʢʦʛʦ ʞʝ ʯʠʩʣʘ ʢʦʤʧʴʶʪʝʨʦʚ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩʝʪʠ ʠ IP-

ʪʝʣʝʬʦʥʠʠ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʘʤʠ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ. 

 
ʈʠʩ. 1 ï ʂʘʤʧʫʩʥʘʷ ʩʝʪʴ ɻɸʇʆʋ "ʂɸʊʂ ʠʤ. ʇ.ɺ.ɼʝʤʝʥʪʴʝʚʘ" 

ʈʝʘʣʠʟʦʚʳʚʘʷ ʨʝʰʝʥʠʝ IP-ʪʝʣʝʬʦʥʠʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʢʦʤʤʫʪʘʮʠʠ 

Cisco ʥʘ ʝʸ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʣʫʯʘʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ 

ʩʝʪʴ, ʢʦʪʦʨʘʷ ʧʦʥʠʤʘʝʪ, ʢʘʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʚ ʥʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ. 

ʂʘʤʧʫʩʥʘʷ ʩʝʪʴ ɻɸʇʆʋ "ʂɸʊʂ ʠʤ.ʇ.ɺ.ɼʝʤʝʥʪʴʝʚʘ" ʥʘ 1 ʵʪʘʧʝ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʦʡ ʩʪʨʘʪʝʛʠʝʡ 

ʫʩʪʘʥʦʚʢʠ IP-ʪʝʣʝʬʦʥʠʠ ʠ ʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ Cisco Systems. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɹʳʣʠ ʥʘʡʜʝʥʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʩʝʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ Cisco, ʢʦʪʦʨʘʷ ʧʦʥʠʤʘʝʪ, ʢʘʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʚ ʥʝʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʩʝʪʴ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʞʠʟʥʠ 

ʧʨʠʣʦʞʝʥʠʡ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝʜʦʩʪʘʚʣʷʷ ʪʝʨʤʠʥʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ 

ʧʨʘʚʘ ʠ ʧʨʠʚʠʣʝʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʫʞʜʘʭ ʫʩʪʨʦʡʩʪʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʣʠʪʠʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Broido, V. L. Computing systems, networks and telecommunications: 

textbook. manual / V. L. Broido, O. P.Ilyina .ī St. Petersburg:Peter, 2008.ī766 p.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʤʘʪʝʨʠʘʣʘʭ ʜʦʢʣʘʜʘ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜ ʦʧʪʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʩʨʝʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

 

Abstract 

The report discusses the method of optoacoustic sensing of dispersed 

media to determine the size of dispersed particles and their concentration. 

 

ʆʧʪʦʘʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʜʠʩʧʝʨʩʥʳʭ ʩʨʝʜ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʚʫʭ ʢʘʥʘʣʦʚ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ ʜʘʥʥʳʭ 

ʩʨʝʜ (ʨʘʜʠʫʩ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ): ʦʧʪʠʯʝʩʢʠʡ ʠ 

ʘʢʫʩʪʠʯʝʩʢʠʡ. ʆʧʪʠʯʝʩʢʠʡ ʢʘʥʘʣ ʦʩʥʦʚʘʥ ʥʘ ʩʚʝʪʦʨʘʩʩʝʷʥʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʧʨʫʛʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʢʘʢ ʬʫʥʢʮʠʠ, ʟʘʚʠʩʷʱʝʡ  ʦʪ ʚʝʣʠʯʠʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʨʘʩʩʝʷʥʠʷ. ɸʢʫʩʪʠʯʝʩʢʠʡ ʢʘʥʘʣ ʬʦʨʤʠʨʫʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʦ ʦʧʪʠʯʝʩʢʦʤʫ. 

ɸʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʚʦʟʥʠʢʘʶʪ ʚ ʜʠʩʧʝʨʩʥʦʡ ʩʨʝʜʝ ʧʨʠ ʝʝ ʟʦʥʜʠʨʦʚʘʥʠʠ 

ʣʘʟʝʨʥʳʤ ʠʤʧʫʣʴʩʦʤ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ [1]. ʇʨʠʤʝʥʝʥʠʝ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʩʨʝʜ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ 

ʦʛʨʘʥʠʯʝʥʠʡ. ʆʩʥʦʚʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ: ʫʧʨʫʛʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʤʠ 
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ʯʘʩʪʠʮʘʤʠ; ʦʜʥʦʢʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʯʘʩʪʠʮʘʭ; 

ʤʘʣʦʝ ʚʦʟʤʫʱʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʠʩʧʝʨʩʠʦʥʥʫʶ ʩʨʝʜʫ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʧʘʨʘʤʝʪʨʘʤ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ 

ʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʪʦʜ ʦʧʪʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʜʠʩʧʝʨʩʥʳʭ ʩʨʝʜ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʦʥʜʠʨʦʚʘʥʠʝ ʜʠʩʧʝʨʩʥʳʭ ʩʨʝʜ 

(ʨʘʩʪʚʦʨ ʥʘʥʦʯʘʩʪʠʮ ʚ ʚʦʜʝ) ʣʘʟʝʨʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ (1.56 ʠ 

1.9 ʤʢʤ). ɺʳʙʦʨ ʜʣʠʥ ʚʦʣʥ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʠʭ 

ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʚʦʜʝ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʥʦʯʘʩʪʠʮ ʨʘʩʩʤʦʪʨʝʥʳ ʯʘʩʪʠʮʳ Al 2O3, 

ZnO, TiO2 ʠ AlN. ɼʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ ʦʙʣʘʜʘʶʪ ʢʚʘʟʠʩʬʝʨʠʯʝʩʢʦʡ 

ʬʦʨʤʦʡ ʠ ʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʳʤʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʩʫʩʧʝʥʟʠʶ ʚ ʥʝʡ 

ʚʦʟʥʠʢʘʝʪ ʘʢʫʩʪʠʯʝʩʢʘʷ ʚʦʣʥʘ ʩ ʚʝʣʠʯʠʥʦʡ ʜʘʚʣʝʥʠʷ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʧʦʣʥʦʡ 

ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ [2]. ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʦʣʥʳ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʝ, ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʝ 

ʛʨʘʜʠʝʥʪʦʤ ʩʢʦʨʦʩʪʠ ʤʝʞʜʫ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʯʘʩʪʠʮʘʤʠ 

ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʩʘʤʠʤ ʨʘʩʩʝʷʥʠʝʤ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʥʘ ʯʘʩʪʠʮʘʭ [3].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʘʨʘʤʝʪʨʘʤ 

ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ 

ʦʧʪʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʠ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʚʦʣʦʢʦʥʥʳʭ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 1.56 ʠ 1.92 ʤʢʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʧʦʨʷʜʢʘ 103 

ɺʪ/ʩʤ2 ʧʨʠ ʨʘʜʠʫʩʝ ʧʫʯʢʘ 0.2 ʩʤ. ʇʨʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʪʝʧʣʦʚʦʡ ʤʝʭʘʥʠʟʤ ʚʦʟʙʫʞʜʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ, ʘ ʥʘ 

ʚʳʭʦʜʝ ʛʠʜʨʦʬʦʥʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʚʦʟʥʠʢʘʶʱʝʝ ʘʢʫʩʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, 

ʙʫʜʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴʩʷ ʥʘʧʨʷʞʝʥʠʝ ʚ ʥʝʩʢʦʣʴʢʦ ʤɺ. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʈʝʛ. ʥʦʤʝʨ ʅʀʆʂʊʈ ɸɸɸɸ-ɸ20-120102190039-6. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ PIN-ʜʠʦʜʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʛʦ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʠ ʧʦʪʝʨʴ ʟʘʧʠʨʘʥʠʷ ʠ 

ʧʨʦʧʫʩʢʘʥʠʷ ʚʳʢʣʶʯʘʪʝʣʷ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʦʜ. ʇʨʝʜʩʪʘʚʣʝʥʘ 

ʩʪʨʫʢʪʫʨʘ PIN-ʜʠʦʜʘ ʠ ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ. 

 

Abstract 

The article discusses a method for determining the quality of a PIN 

diode using its critical frequency and the loss of locking and transmission of the 

switch in which the diode is used. The structure of the PIN diode and the 

principle of its operation are presented. 

 

1. ɺʚʝʜʝʥʠʝ 

PIN-ʜʠʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʠʣʴʥʦʣʝʛʠʨʦʚʘʥʥʳʭ p+ ʠ n+ ʦʙʣʘʩʪʝʡ ʠ ʨʘʟʜʝʣʷʶʱʝʛʦ ʠʭ 

ʩʣʘʙʦʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ï ʩʣʦʷ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ 

ʥʘʣʠʯʠʶ ʵʪʦʛʦ ʩʣʦʷ, ʪ.ʥ. çʙʘʟʳè, pin-ʜʠʦʜ ʷʚʣʷʝʪʩʷ ʧʣʦʭʠʤ ʚʳʧʨʷʤʠʪʝʣʝʤ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʨʝʙʫʝʪʩʷ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ pin-ʜʠʦʜʘ [1]. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ 

ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ. ɺʳʩʦʢʦʦʤʥʘʷ ʚʥʫʪʨʝʥʥʷʷ i-ʦʙʣʘʩʪʴ p-i-n-ʜʠʦʜʘ 

ʠʤʝʝʪ ʦʙʳʯʥʦ ʪʦʣʱʠʥʫ ʦʪ ʝʜʠʥʠʮ ʜʦ ʩʦʪʝʥ ʤʠʢʨʦʤʝʪʨʦʚ. ʇʨʠ ʧʨʷʤʦʤ 

ʩʤʝʱʝʥʠʠ (ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ð ʢ ʩʣʦʶ ʨ+, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ï ʢ 

ʩʣʦʶ n+) ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʠʥʞʝʢʪʠʨʫʶʪʩʷ ʵʣʝʢʪʨʦʥʳ ʠʟ n+ ʩʣʦʷ ʠ 
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ʜʳʨʢʠ ʠʟ ʨ+-ʩʣʦʷ(ʨʠʩ.1). 

 
ʈʠʩ. 1 - ʉʪʨʫʢʪʫʨʘ p-i-n-ʜʠʦʜʘ 

ʇʨʠ ʦʙʨʘʪʥʦʤ ʩʤʝʱʝʥʠʠ ʢʦʣʠʯʝʩʪʚʦ ʥʦʩʠʪʝʣʝʡ ʠʟ-ʟʘ ʷʚʣʝʥʠʷ 

ʵʢʩʪʨʘʢʮʠʠ ʚ i-ʩʣʦʝ ʙʫʜʝʪ ʧʘʜʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʥʦʩʠʪʝʣʝʡ ʚ i-ʩʣʦʝ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʨʝʞʠʤʘ ʧʨʷʤʦʛʦ ʪʦʢʘ (ʧʨʷʤʦʛʦ ʩʤʝʱʝʥʠʷ) ʢ ʨʝʞʠʤʫ 

ʦʙʨʘʪʥʦʛʦ ʩʤʝʱʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ. ʇʨʠʤʝʨʥʦ ʪʘʢ ʞʝ 

ʤʝʥʷʝʪʩʷ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ i-ʩʣʦʷ. ʇʦʵʪʦʤʫ ʜʣʷ pin-ʜʠʦʜʘ ʭʘʨʘʢʪʝʨʥʦ ʦʯʝʥʴ 

ʙʦʣʴʰʦʝ ʦʪʥʦʰʝʥʠʝ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʡ. ɼʣʷ 

ʦʙʦʙʱʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʝʨʴ ʧʝʨʝʢʣʶʯʘʪʝʣʴʥʦʛʦ ʜʠʦʜʘ 

ʚʚʝʜʝʥ ʩʧʝʮʠʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʢʘʯʝʩʪʚʘ ʜʠʦʜʘ. 

ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὑ
Ὢ̋̑

Ὢ
ȟ 

(

(1) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʯʝʩʪʚʦ ʜʠʦʜʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʭʝʤʳ ʝʛʦ ʚʢʣʶʯʝʥʠʷ 

ʚ ʣʠʥʠʶ, ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʣʠʥʠʠ ʠ ʪ.ʜ., ʘ ʮʝʣʠʢʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʥʫʪʨʝʥʥʝʡ pinΆʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʛʥʘʣʘ. 
ʂʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʦʡ ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʘʷ ʯʘʩʪʦʪʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʝʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʠʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 

ʩʨʝʜʥʝʤʫ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ ʝʛʦ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ 

ʧʨʷʤʦʤ ʪʦʢʝ ʠ ʦʙʨʘʪʥʦʤ ʩʤʝʱʝʥʠʠ [1]. 

                           Ὢ̋̑ ˞
̅ ̐̑̏ ̂ ̑

ȟ                                                   (2) 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʯʝʤ ʤʝʥʴʰʝ 

ʝʤʢʦʩʪʴ ʜʠʦʜʘ, ʧʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʪʝʨʴ, ʘ ʪʘʢʞʝ ʯʝʤ 

ʤʝʥʴʰʝ ʯʘʩʪʦʪʘ ʨʘʙʦʯʝʛʦ ʩʠʛʥʘʣʘ, ʪʝʤ ʣʫʯʰʝ ʢʘʯʝʩʪʚʦ pin-ʜʠʦʜʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. S. Ronchin, M. Boscardin, G. F. Dalla Betta, P. Gregori, V. Guarnieri, 

C. Piemonte, N. Zorzi "Fabrication of PIN diode detectors on thinned silicon 

wafers" Nucl. Instr. & Meth. in Physics.  
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ɸʥʥʦʪʘʮʠʷ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʧʘʩʩʠʚʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʨʘʜʠʦʣʦʢʘʮʠʠ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʚʦʝʥʥʦʡ ʩʬʝʨʝ. 

 

Abstract 

The purpose of the work is to describe passive and active radar methods 

and their practical application in the military sphere. 

 

1. ɺʚʝʜʝʥʠʝ 

ʅʠ ʜʣʷ ʢʦʛʦ ʥʝ ʩʝʢʨʝʪ, ʯʪʦ ʨʘʜʠʦʣʦʢʘʮʠʷ - ʵʪʦ ʦʙʣʘʩʪʴ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʨʘʜʠʦʚʦʣʥ. ɺ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʨʘʜʠʦʣʦʢʘʮʠʠ, 

ʪʘʢʠʝ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠ ʦʙʥʘʨʫʞʝʥʠʝ. ʀʟʚʝʩʪʥʳ ʜʚʘ ʚʠʜʘ 

ʨʘʜʠʦʣʦʢʘʮʠʠ: ʘʢʪʠʚʥʳʝ ʠ ʧʘʩʩʠʚʥʳʝ ʤʝʪʦʜʳ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʙʫʜʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʞʜʳʡ ʤʝʪʦʜ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

2. ʇʘʩʩʠʚʥʳʝ ʤʝʪʦʜʳ ʨʘʜʠʦʣʦʢʘʮʠʠ 

ʇʘʩʩʠʚʥʳʡ ʤʝʪʦʜ ʨʘʜʠʦʣʦʢʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʥʦ ʠ ʚ ʨʘʟʚʝʜʢʝ ʤʝʩʪʥʦʩʪʠ, ʯʪʦ ʜʘʸʪ ʙʦʣʴʰʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠ ʚʦʝʥʥʳʭ ʠ ʩʝʢʨʝʪʥʳʭ ʦʧʝʨʘʮʠʷʭ. (ʨʠʩ. 1). 
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ʈʠʩ. ï 1 ʇʘʩʩʠʚʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʷ; 

1 ï ʨʘʜʠʦʧʨʠʸʤʥʘʷ ʘʥʪʝʥʥʘ, 2 ï ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ 

3. ɸʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʨʘʜʠʦʣʦʢʘʮʠʠ 

ʈʃʉ ʧʦʜʘʸʪ ʟʦʥʜʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʚ ʩʪʦʨʦʥʫ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʣʝʪʘʶʱʝʛʦ ʦʙʲʝʢʪʘ, ʩʠʛʥʘʣ ʜʦʩʪʠʛʘʝʪ ʦʙʲʝʢʪʘ, ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʥʝʛʦ ʠ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʈʃʉ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʠ ʢʦʦʨʜʠʥʘʪʳ ʦʙʲʝʢʪʘ, 

ʪʘʢʞʝ ʝʛʦ ʩʦʩʪʦʷʥʠʠ, ʢʦʣʠʯʝʩʪʚʘ ʪʦʧʣʠʚʦ ʠ ʜʨʫʛʠʝ ʜʘʥʥʳʝ. (ʨʠʩ. 2). 

 
ʈʠʩ. ï 2 ɸʢʪʠʚʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʷ; 

1 ï ʧʝʨʝʜʘʶʱʘʷ ʠ ʧʨʠʸʤʥʘʷ ʘʥʪʝʥʥʳ, 2 ï ʦʪʨʘʞʸʥʥʳʡ ʩʠʛʥʘʣ, 

3 ï ʧʝʨʝʜʘʶʱʠʡ ʩʠʛʥʘʣ, 4 ï ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʇʘʩʩʠʚʥʳʡ ʤʝʪʦʜ ʩʪʘʥʦʚʠʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʝʥ, ʪʘʢ ʢʘʢ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʦʙʰʠʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʈʃʉ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʥʝʚʠʜʠʤʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʧʘʩʩʠʚʥʳʡ 

ʤʝʪʦʜ ʨʘʜʠʦʣʦʢʘʮʠʠ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʪʘʡʥʳʭ ʚʦʝʥʥʳʭ ʦʧʝʨʘʮʠʡ. 

ɸʢʪʠʚʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ ʦʜʥʦʡ ʈʃʉ, ʯʪʦ ʵʢʦʥʦʤʠʪ 

ʤʘʪʝʨʠʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ, ʦʜʥʘʢʦ ʚʳʜʘʸʪ ʩʚʦʸ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʧʦʜʚʝʨʛʘʷ 

ʩʝʙʷ ʢ ʫʜʘʨʫ ʩʦ ʩʪʦʨʦʥʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄ.: ʉʦʚʝʪʩʢʦʝ ʨʘʜʠʦ, 1975. 288 ʩ. 

2. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʨʘʜʠʦʣʦʢʘʮʠʠ / ʉʢʦʣʥʠʢ ʄ.ʀ. ð ʄ., 2014. ð 

1352 ʩ. 

3. ʄʳ ï ʚʦʝʥʥʳʝ ʠʥʞʝʥʝʨʳ. ï ʄ.: ɺʦʝʥʠʟʜʘʪ, / ʃʦʙʘʥʦʚ ʄ.ʄ. ï 

1977. ï 223 ʩ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ ʢ ʦʙʨʘʙʦʪʢʝ ʦʪʢʣʠʢʘ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʥʦʛʦ ʜʘʪʯʠʢʘ ʜʝʬʦʨʤʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ 

ʦʪ ʝʛʦ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʨʠʚʳʭ. 

 

Abstract 

The paper presents an approach to processing the response of an 

integrated strain and temperature sensor when its calibration curves deviate. 

 

ɺʦʣʦʢʦʥʥʘʷ ʙʨʵʛʛʦʚʩʢʘʷ ʨʝʰʝʪʢʘ (ɺɹʈ) ï ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ 

ʙʦʣʴʰʠʥʩʪʚʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʆʜʥʦ ʠʟ ʝʝ 

ʧʨʝʠʤʫʱʝʩʪʚ ï ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʬʠʟʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ (ʜʝʬʦʨʤʘʮʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʠʟʥʦʩ) [1]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʜʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʜʫʨʫ ʨʘʟʜʝʣʝʥʠʷ ʦʪʢʣʠʢʘ. 

ʊʨʘʜʠʮʠʦʥʥʦ, ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷʶʪ ʩʦʚʤʝʱʝʥʥʳʝ ʜʘʪʯʠʢʠ 

ï ʦʜʥʘ ɺɹʈ ʠʟʤʝʨʷʝʪ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʠʟʦʣʠʨʦʚʘʥʘ ʦʪ ʜʨʫʛʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʚʪʦʨʘʷ ï ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʜʦʧʦʣʥʠʪʝʣʴʥʦ, ʦʪʢʣʠʢ 

ʟʘʚʠʩʠʪ ʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ). ʇʨʦʚʝʜʷ ʩʦʚʤʝʩʪʥʫʶ ʢʘʣʠʙʨʦʚʢʫ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦ ʤʝʪʦʜʠʢʝ [2] ʩʪʨʦʷʪ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʧʦʣʠʥʦʤʫ 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʜʘʪʯʠʢʦʚ. ʉʣʦʞʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʜʣʷ ʜʘʪʯʠʢʦʚ 
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ʜʝʬʦʨʤʘʮʠʠ, ʪ.ʢ. ʧʦʩʣʝ ʠʭ ʤʦʥʪʘʞʘ ʥʝʨʝʜʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʜʣʠʥʳ 

ʚʦʣʥʳ ʜʘʪʯʠʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʨʠʚʳʭ. 

ʉʪʦʣʢʥʫʚʰʠʩʴ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʦʧʳʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʜʘʪʯʠʢʦʚ ʜʝʬʦʨʤʘʮʠʠ ʩʪʝʥ ʟʜʘʥʠʡ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ ʢ 

ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ: 

1. ʇʨʦʚʝʩʪʠ ʟʘʤʝʨʳ ʥʘ ʩʤʦʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ. ɼʦʧʫʱʝʥʠʝ: ʜʝʬʦʨʤʘʮʠʠ ʟʘ ʵʪʦ ʚʨʝʤʷ ʥʝ ʜʦʣʞʥʳ 

ʠʟʤʝʥʷʪʴʩʷ. 

2. ʀʩʧʦʣʴʟʫʷ ʧʦʢʘʟʘʥʠʷ ɺɹʈ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ɚTETi ʚʳʜʝʣʠʪʴ 

ʥʝʩʢʦʣʴʢʦ çʧʦʣʦʢè ʩ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ Ti ʠ ʦʧʨʝʜʝʣʠʪʴ ʤʘʩʩʠʚ 

ʟʥʘʯʝʥʠʡ {ɚTETi; Ti}. ʀʩʧʦʣʴʟʫʷ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʢʨʠʚʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʩʪʝʥʜʝ, ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʜʣʠʥ ʚʦʣʥ ʜʘʪʯʠʢʘ ʜʝʬʦʨʤʘʮʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʧʠʩʘʥʥʳʤ çʧʦʣʢʘʤè ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ {ɚɛŮTi; 

Ti}.  

3. ɺʳʯʠʩʣʠʪʴ ʦʪʢʣʦʥʝʥʠʝ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ ʜʝʬʦʨʤʘʮʠʠ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ çʧʦʣʦʢè ʩ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʜʣʷ ʵʪʦʛʦ 

ʥʘʡʪʠ ʦʪʢʣʦʥʝʥʠʝ ɚɛŮTi ï ɚɛŮTi_meas, ʛʜʝ ɚɛŮTi_meas ï ʠʟʤʝʨʝʥʥʦʝ ʚ ʭʦʜʝ ʧ.1 

ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʜʘʪʯʠʢʘ ʜʝʬʦʨʤʘʮʠʠ.  

4. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʯʝʪʝ ʧʝʨʝʜ ʧʦʜʩʪʘʥʦʚʢʦʡ ʚ ʢʘʣʠʙʨʦʚʦʯʥʳʡ 

ʧʦʣʠʥʦʤ, ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʜʘʪʯʠʢʘ ʜʝʬʦʨʤʘʮʠʠ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʥʘ 

ʚʝʣʠʯʠʥʫ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʭʦʜʝ ʧ.3. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʜʦʩʪʘʪʦʯʥʦ ʛʨʫʙʳʡ, ʥʦ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʠʝʤʣʝʤʫʶ ʪʦʯʥʦʩʪʴ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʥʝʩʫʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʚʦʟʤʦʞʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ. 

 

Abstract 

The article discusses the development of intelligent load-bearing 

structural elements of buildings. A model of possible implementation is 

presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʥʝʩʫʱʠʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ ï ʵʪʦ 

ʥʦʚʘʷ ʚʝʭʘ ʚ ʩʬʝʨʝ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʦʙʲʝʢʪʦʚ. 

ʂʘʪʝʛʦʨʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʂʊʉ) ï ʛʣʘʚʥʳʡ ʢʨʠʪʝʨʠʡ ʚ ʧʨʠʥʷʪʠʠ 

ʨʝʰʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʠʚʝʜʝʥʠʶ ʦʙʩʣʝʜʫʝʤʦʛʦ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʢ ʜʘʣʴʥʝʡʰʝʡ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʟʘʚʠʩʠʪ ʦʪ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʠʯʠʥ 

ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʮʝʥʢʘ ʠ ʟʘʤʝʨ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʣʶʜʝʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʜʘʥʥʳʝ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʞʝ ʩʠʩʪʝʤʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʥʫʶ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʪʘʢʠʭ ʢʘʢ ʩʙʦʨ, 
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ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʥʘʩʯʸʪ ʩʣʝʜʫʶʱʠʭ ʜʝʡʩʪʚʠʡ. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʇʆ. 

2. ʉʪʨʫʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ 

ʟʜʘʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ 

ʜʘʪʯʠʢʘ ʢʦʥʪʨʦʣʷ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʦʡ ʨʝʰʝʪʢʠ ɹʨʵʛʛʘ. 

ɼʘʪʯʠʢ ʩʦʩʪʦʠʪ ʠʟ ʢʘʨʢʘʩʥʦʡ ʯʘʩʪʠ, ʩʧʝʮʠʘʣʴʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ 

ʩ ʫʪʦʥʴʰʝʥʠʝʤ ʚ ʩʝʨʝʜʠʥʝ, ʢʫʜʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʦʥʪʘʞ ʦʧʪʠʯʝʩʢʦʛʦ 

ʚʦʣʦʢʥʘ ʥʘ ʩʧʝʮʠʘʣʴʥʳʡ ʢʣʝʡ. ʈʝʰʝʪʢʘ ɹʨʵʛʛʘ ʥʘʭʦʜʠʪʩʷ ʚ ʤʝʩʪʝ, ʛʜʝ 

ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘʠʙʦʣʴʰʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʣʘʩʪʠʥʳ, ʨʝʰʝʪʢʘ ʙʫʜʝʪ 

ʨʘʩʪʷʛʠʚʘʪʴʩʷ ʠ ʩʞʠʤʘʪʴʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʷʷ ʮʝʥʪʨʘʣʴʥʫʶ ʜʣʠʥʫ 

ʚʦʣʥʳ ɺɹʈ. ʈʝʛʠʩʪʨʠʨʫʷ ʵʪʦ ʠʟʤʝʥʝʥʠʝ, ʜʝʣʘʝʤ ʚʳʚʦʜʳ ʦ ʚʝʣʠʯʠʥʝ 

ʜʝʬʦʨʤʘʮʠʠ. 

 
ʈʠʩ. 1 ï ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʜʘʪʯʠʢʘ ʜʝʬʦʨʤʘʮʠʠ 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʚʦʟʤʦʞʥʦʡ ʤʦʜʝʣʠ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʦʝ ʨʝʰʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ 

ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʜʝʬʦʨʤʘʮʠʠ, ʯʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ, ʪʘʢʞʝ ʵʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʜʣʷ ʥʠʭ, ʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʝ ʧʨʠʚʷʟʘʥʘ ʢ ʦʙʲʝʢʪʫ 

ʠʩʩʣʝʜʦʚʘʥʠʝ, ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʝʪʷʤ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʪʨʝʙʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʝʨʪʦʣʝʪʦʩʪʨʦʝʥʠʷ ʚ 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʇʦʢʘʟʘʥʦ ʯʪʦ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʪ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ 

ʦʙʱʝʩʪʚʘ ʚ ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʩʝʨʠʡʥʦʤ ʚʝʨʪʦʣʝʪʝ, ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤ ʚ 

ɸʚʠʘʮʠʦʥʥʳʭ ʧʨʘʚʠʣʘʭ ʄɸʂ. ʇʨʝʜʣʦʞʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʨʝʰʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʦʩʪʨʦ ʩʪʦʷʱʠʭ ʧʨʦʙʣʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʩʝʨʠʡʥʦʛʦ ʚʝʨʪʦʣʸʪʘ. 

 

Abstract 

It was provided an analysis of the needs of the modern helicopter 

designing in optoelectronic technologies. Shown that the optoelectronic 

technology will enable to meet the needs of society, formalized in the IAC 

Aviation Regulations, in a prospective series helicopter with higher quality. It 

was proposed the certain solutions to the most actual problems of prospective 

serial helicopter designing. 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʝʨʪʦʣʝʪʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ 

ɸʚʠʘʮʠʦʥʥʳʭ ʧʨʘʚʠʣ, ʢʦʪʦʨʳʝ ʦʙʷʟʘʪʝʣʴʥʳ ʢ ʚʳʧʦʣʥʝʥʠʶ ʜʣʷ ʦʙʨʘʟʮʦʚ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʧʨʠʚʦʜʷʪ ʘʜʜʠʪʠʚʥʦʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ ʫʩʣʦʞʥʝʥʠʶ 

ʩʠʩʪʝʤ, ʢʦʪʦʨʦʝ, ʦʜʥʘʢʦ, ʥʝ ʧʦʣʥʦʩʪʴʶ ʨʝʰʘʝʪ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʦʛʨʘʥʠʯʝʥʠʡ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ 
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ʚʝʨʪʦʣʝʪʦʚ, ʫʜʦʨʦʞʘʥʠʶ ʠʭ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʶ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʩʝʨʠʡʥʦʛʦ ʚʝʨʪʦʣʝʪʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʦ ʪʦʣʴʢʦ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʘʢʪʫʘʣʴʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, 

ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʧʠʩʘʥʦ ʚ ɸʚʠʘʮʠʦʥʥʳʭ ʧʨʘʚʠʣʘʭ ʯʘʩʪʴ 29 ʅʦʨʤʳ 

ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʚʠʥʪʦʢʨʳʣʳʭ ʘʧʧʘʨʘʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʘʪʝʛʦʨʠʠ/ ɸʈ 

ʄɸʂ, ʄʦʩʢʚʘ, 2003ʛ, ʚ ʚʠʜʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʠʤʝʥʷʪʴ ʥʦʚʝʡʰʠʝ ʜʦʩʪʠʞʝʥʠʷ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʝʨʪʦʣʝʪʘ.  

ʆʧʪʦʵʣʝʢʪʨʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ɹʈʕʆ ʚʝʨʪʦʣʝʪʘ, ʘ ʪʘʢʞʝ 

ʨʘʟʚʠʪʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ 

ʘʛʨʝʛʘʪʘʤʠ. ʆʧʪʦʵʣʝʢʪʨʦʥʠʢʘ ʧʨʝʜʣʘʛʘʝʪ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʜʘʯʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʠʷ ʧʠʣʦʪʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʯʝʩʪʚʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʠ 

ʘʛʨʝʛʘʪʦʚ ʚʝʨʪʦʣʝʪʘ. [1, 4] 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʯʪʦ, ʦʜʥʘʢʦ, 

ʥʝʠʟʙʝʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʜʦʚʳʭ ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

ʇʦʵʪʦʤʫ ʧʨʦʚʝʜʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʜʫʨ ʩʝʨʪʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʧʦʢʘʟʘʣʘ ʯʪʦ ʩʝʨʪʠʬʠʢʘʮʠʷ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʣʦʞʥʝʥʘ ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʥʘʜʝʞʥʦʩʪʠ. ʉʫʱʝʩʪʚʫʶʱʘʷ ʥʦʨʤʘʪʠʚʥʦ-ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ 

ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʦʧʨʝʜʝʣʷʝʪ ʤʝʪʦʜʦʣʦʛʠʶ ʧʦʩʪʨʦʝʥʠʷ ʩʪʝʥʜʦʚ ʜʣʷ 

ʠʩʧʳʪʘʥʠʡ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. [3] ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʙʦʨʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ (ʆʕɻ) ï ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʫʶ ʣʠʥʠʶ ʟʘʜʝʨʞʢʠ. ʕʪʦ ʚʣʠʷʥʠʝ 

ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦ ʧʨʠ ʨʘʙʦʪʝ ʆʕɻ. 

 

Abstract 

The paper discusses the effect of thermal exposure on one of the main 

instrument-forming components of an optoelectronic oscillator (OEO) ï a fiber-

optic delay line. This effect is most noticeable during the functioning of the 

OEO. 

1. ɺʚʝʜʝʥʠʝ 

ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʥʝʨʠʨʫʝʤʦʡ ʯʘʩʪʦʪʳ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʡ 

ʧʦʣʦʩʝ ʧʝʨʝʩʪʨʦʡʢʠ. ʆʜʥʘʢʦ, ʚʥʝʰʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʩʧʦʩʦʙʥʳ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [1]. 

2. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ 

ɺ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʝʛʦ ʬʠʣʴʪʨʘ ʩʧʝʢʪʨ ʛʝʥʝʨʘʮʠʠ 

ʆʕɻ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʵʢʚʠʜʠʩʪʘʥʪʥʳʡ ʨʷʜ ʯʘʩʪʦʪ 

[2]: 

Ὢ
Ὧ

ʐ

ὧὯ

ὲὒ
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ʛʜʝ Ű ï ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʤ ʪʨʘʢʪʝ ʆʕɻ; 

k ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʤʦʜʳ ʛʝʥʝʨʘʮʠʠ ʆʕɻ; 

n ï ʛʨʫʧʧʦʚʦʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʣʦʢʦʥʥʦʛʦ ʩʚʝʪʦʚʦʜʘ; 

L ï ʦʙʱʘʷ ʜʣʠʥʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ; 

c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ. 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʘʢ ʜʣʠʥʳ 

ʦʧʪʠʯʝʩʢʦʡ ʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʠ, ʪʘʢ ʠ ʝʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ʆʪʩʶʜʘ 

ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʙʫʜʝʪ ʚʳʨʘʞʝʥʦ ʚ ʩʤʝʱʝʥʠʠ 

ʩʧʝʢʪʨʘ ʛʝʥʝʨʠʨʫʝʤʳʭ ʯʘʩʪʦʪ. 

ɼʣʠʥʘ ʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʠ ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʘʢ: 

Ўὒ ɻϽὒϽЎὝȟ 
ʛʜʝ ȹL ï ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʠ; 

ŬL ï ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ; 

ȹT ï ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʅʘʛʨʝʚʘʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʫʶ ʣʠʥʠʶ ʚ ʩʦʩʪʘʚʝ ʆʕɻ, ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʚʳʭʦʜʥʦʤ ʩʧʝʢʪʨʝ ʛʝʥʝʨʘʪʦʨʘ ï ʦʥ ʩʤʝʱʘʝʪʩʷ ʚ 

ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʷ ʚʝʣʠʯʠʥʫ ʠʟʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪs, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʥʝʡʥʦ, ʧʨʠʯʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ 

ʩʦʩʪʘʚʠʣ ʤʠʥʫʩ 8,07*10-7 ʂ-1. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʆʕɻ ʢ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʟʜʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʜʘʪʯʠʢʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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APPLICATION OF SPECTRAL EMISSION ANALYSIS FOR THE 

DETECTION OF CADMIUM IN COFFEE SAMPLES  

 

Grishina Ya.D., Suchkova G.G., Kashtanova N.M. 

(Kazan State Medical University) 

 

ɸʥʥʦʪʘʮʠʷ 

ʄʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʵʤʠʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʫʯʝʥʦ ʩʦʜʝʨʞʘʥʠʝ 

ʢʘʜʤʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʢʦʬʝ (ʦʙʞʘʨʝʥʥʦʤ ʟʝʨʥʦʚʦʤ, ʤʦʣʦʪʦʤ ʠ 

ʨʘʩʪʚʦʨʠʤʦʤ). 

 

Annotation 

The cadmium content in various types of coffee (roasted grain, ground 

and soluble) was studied by spectral emission analysis. 

 

ɺʚʝʜʝʥʠʝ 

ɺʩʝ ʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʳ ʢʘʜʤʠʷ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʦ ʪʦʢʩʠʯʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. ʇʦʜʦʙʥʦ ʜʨʫʛʠʤ ʪʷʞʝʣʳʤ ʤʝʪʘʣʣʘʤ, ʢʘʜʤʠʡ ʦʙʣʘʜʘʝʪ 

ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʳʤ ʢʫʤʫʣʷʪʠʚʥʳʤ ʜʝʡʩʪʚʠʝʤ ʠ ʙʦʣʴʰʠʤ ʧʝʨʠʦʜʦʤ 

ʧʦʣʫʚʳʚʝʜʝʥʠʷ (ʚ ʩʨʝʜʥʝʤ 25 ʣʝʪ). ʉʫʤʤʘʨʥʘʷ ʩʤʝʨʪʝʣʴʥʘʷ ʜʦʟʘ ʜʣʷ 

ʯʝʣʦʚʝʢʘ ʩʦʩʪʘʚʣʷʝʪ 150 ʤʛ, ʘ ʦʜʥʦʨʘʟʦʚʘʷ ʜʦʟʘ ï 30-40 ʤʛ. ʇʦ 

ʛʠʛʠʝʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʢʘʯʝʩʪʚʫ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʜʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ ʢʘʜʤʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 0,05 ʤʛ/ʢʛ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʘʣʠʯʠʝ ʢʘʜʤʠʷ ʚ ʦʙʨʘʟʮʘʭ ʢʦʬʝ. ʆʮʝʥʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʢʘʜʤʠʷ ʦʪ ʚʠʜʘ ʢʦʬʝ 

(ʦʙʞʘʨʝʥʥʳʡ ʟʝʨʥʦʚʦʡ, ʤʦʣʦʪʳʡ ʠ ʨʘʩʪʚʦʨʠʤʳʡ) ʠ ʝʛʦ ʤʘʨʢʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʠ ʥʘʙʦʨʘ 

ʦʙʨʘʟʮʦʚ (ʧʦ 10 ʝʜʠʥʠʮ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʨʠʙʦʨʝ Pf 4685 ʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʘʜʤʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 
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ʧʷʪʴ ʣʠʥʠʡ ʩʧʝʢʪʨʘ ʢʘʜʤʠʷ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 267,7; 271,2; 277,5; 288,1 ʠ 

340,3 ʥʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ.   

ʈʝʟʫʣʴʪʘʪʳ 

ɸʥʘʣʠʟ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʠʥʠʠ 

ʢʘʜʤʠʷ 340,3 ʥʤ (ʈʠʩ.1) ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʘ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ 

ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʢʦʬʝ. ʉʯʠʪʘʷ ʩʪʘʙʠʣʴʥʳʤʠ ʫʩʣʦʚʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʧʨʠʙʦʨʝ ʚ ʜʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ, 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʦʙʨʘʟʮʦʚ ʟʝʨʥʦʚʦʛʦ ʢʦʬʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 500 ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ, 

ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 500 ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ ʜʦ 2500 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ ʫ ʤʦʣʦʪʦʛʦ ʢʦʬʝ ʠ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʣʷ ʦʙʨʘʟʮʦʚ ʨʘʩʪʚʦʨʠʤʦʛʦ ʢʦʬʝ. 

 

 

 
ʈʠʩ 1. ɸʥʘʣʠʟ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʢʘʜʤʠʷ 340,3 

ʥʤ 

ɺʳʚʦʜʳ 

ɼʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʩʧʝʢʪʨʝ ʢʘʜʤʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʠʥʠʠ 340,3 ʥʤ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʵʪʦʛʦ 

ʵʣʝʤʝʥʪʘ ʥʝ ʢʘʢ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ, ʘ ʢʘʢ ʤʠʢʨʦʧʨʠʤʝʩʴ (ʚ ʦʙʣʘʩʪʠ 0,01 

%). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Microwave technologies in industry, living systems and 

telecommunications Vedenkin D.A. et al. tutorial / 2013. ʂʘʟʘʥʴ, 

çʅʦʚʦʝʟʥʘʥʠʝè, 214 ʩ.  
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INDUSTRIAL LUXMETERS AND THEIR PURPOSE  

 

Demankin I.D. 

Supervisor: Radik M. Muratov, senior lecturer 

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

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʣʶʢʩʤʝʪʨʘ ʠ ʝʛʦ ʥʘʟʥʘʯʝʥʠʝ. 

 

Abstract 

This article describes the principle of operation of a industrial luxmeter 

and its purpose. 

 

1. ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʬʘʢʪʠʯʝʩʢʦʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʣʶʢʩʦʤʝʪʨ. 

ʃʶʢʩʤʝʪʨ ï ʤʦʙʠʣʴʥʳʡ ʧʨʠʙʦʨ ʜʣʷ ʟʘʤʝʨʘ ʫʨʦʚʝʥʴ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʘʟʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʛʨʝʯʝʩʢʠʭ ʩʣʦʚ, ʚ ʧʝʨʝʚʦʜʝ 

ʦʟʥʘʯʘʶʱʠʭ çʩʚʝʪè ʠ çʠʟʤʝʨʷʪʴè. ʆʪʥʦʩʠʪʩʷ ʢ ʨʘʟʨʷʜʫ ʬʦʪʦʤʝʪʨʦʚ. 

ɿʘʯʘʩʪʫʶ ʣʶʢʩʤʝʪʨʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʤʝʨʷʶʪ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʚʝʪʘ: ʢʦʵʬʬʠʮʠʝʥʪ ʧʫʣʴʩʘʮʠʠ, ʷʨʢʦʩʪʴ [2]. 

2. ʋʩʪʨʦʡʩʪʚʦ ʣʶʢʩʦʤʝʪʨʘ 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʬʦʪʦʵʣʝʤʝʥʪʦʤ, ʷʚʣʷʶʱʠʤʩʷ ʛʣʘʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠʙʦʨʘ, ʵʣʝʢʪʨʦʥʘʤ ʧʝʨʝʜʘʝʪʩʷ ʵʥʝʨʛʠʷ ʢʚʘʥʪʦʚ ʩʚʝʪʘ. ɺ 

ʦʜʥʠʭ ʤʦʜʝʣʷʭ ʦʙʨʘʟʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʦʢ, ʢʦʪʦʨʳʡ ʛʘʣʴʚʘʥʦʤʝʪʨ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ, ʧʨʠʚʦʜʷ ʚ ʜʚʠʞʝʥʠʝ ʫʢʘʟʘʪʝʣʴʥʳʝ ʩʪʨʝʣʢʠ. ɺ ʜʨʫʛʠʭ 

ʧʨʠʙʦʨʘʭ ʦʙʨʘʟʫʝʤʳʡ ʧʦʪʦʢ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʥʚʝʨʪʝʨʘ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʵʢʨʘʥʝ. 
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ʂʣʘʩʩʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʣʶʢʩʤʝʪʨʘ ʚʢʣʶʯʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠ 

ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʡ ʜʘʪʯʠʢ. ʇʨʦʠʟʚʦʜʷʪ ʧʨʠʙʦʨʳ ʚ ʚʠʜʝ ʤʦʥʦʙʣʦʢʦʚ ʣʠʙʦ 

ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʦʜʦʚ. 

ʃʶʢʩ ï ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʫ ʰʢʘʣʳ ʧʨʠʙʦʨʘ 

ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʦʪ 0,1 ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʪʳʩʷʯ. 1-ʤʫ ʣʶʢʩʫ ʦʪʚʝʯʘʝʪ 

ʦʩʚʝʱʝʥʥʦʩʪʴ 1-ʛʦ ʣʶʤʝʥʘ ʢʚʘʜʨʘʪʥʦʛʦ ʤʝʪʨʘ ʧʣʦʱʘʜʠ. ɽʜʠʥʠʮʝʡ 

ʠʟʤʝʨʝʥʠʷ ʣʶʢʩʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʣʶʢʩ, ʘ ʚ ʣʶʤʝʥʘʭ ʚʳʨʘʞʘʝʪʩʷ ʫʨʦʚʝʥʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʤʦʱʥʦʩʪʴ ʧʦʪʦʢʘ ʩʚʝʪʘ. 

3. ʅʘʟʥʘʯʝʥʠʝ ʧʨʠʙʦʨʘ 

ʋʩʪʨʦʡʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ: 

1. ʧʨʦʚʝʨʢʠ ʠ ʢʦʥʪʨʦʣʷ ʥʦʨʤ ʦʩʚʝʱʝʥʥʦʩʪʠ; 

2. ʘʪʪʝʩʪʘʮʠʠ ʨʘʙʦʯʠʭ ʤʝʩʪ; 

3. ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

4. ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʦʟʠʮʠʠ ʚ ʬʦʪʦʩʲʝʤʢʘʭ; 

5. ʥʘʩʪʨʦʡʢʠ ʷʨʢʦʩʪʠ ʩʚʝʪʦʚʦʡ ʨʝʢʣʘʤʳ, ʩʠʛʥʘʣʴʥʳʭ ʦʛʥʝʡ, 

ʣʘʤʧ ʚ ʦʨʘʥʞʝʨʝʷʭ ʠ ʪʝʧʣʠʮʘʭ; 

6. ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʫʣʴʩʘʮʠʠ ʤʦʥʠʪʦʨʦʚ, ʵʢʨʘʥʦʚ 

ʧʨʠ ʩʚʝʪʦʜʠʦʜʥʦʤ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʦʩʚʝʱʝʥʠʠ; 

7. ʧʦʚʝʨʢʠ ʬʘʢʪʠʯʝʩʢʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʨʠ ʤʦʥʪʘʞʝ ʥʦʚʳʭ 

ʩʚʝʪʦʚʳʭ ʣʠʥʠʡ [1]. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʦʙʨʘʚ ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʣʶʢʩʤʝʪʨʘ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʥ ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦʝ ʩʪʨʦʝʥʠʝ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ɺ ʮʝʣʦʤ, ʝʩʣʠ ʣʶʢʩʤʝʪʨ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʙʳʩʪʨʦʡ, ʦʧʝʨʘʪʠʚʥʦʡ ʨʘʙʦʪʳ, ʪʦ ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ 

ʥʝʜʦʨʦʛʠʤ ʤʦʥʦʙʣʦʢʦʤ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʫʥʢʮʠʡ. ɼʣʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʘʪʪʝʩʪʘʮʠʠ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʥʫʞʝʥ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʣʶʢʩʤʝʪʨ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʧʦʚʝʨʢʦʡ, 

ʚʩʪʨʦʝʥʥʦʡ ʧʘʤʷʪʴʶ ʩ ʚʳʥʦʩʥʳʤ ʜʘʪʯʠʢʦʤ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʩʚʝʪʦʬʠʣʴʪʨʘʤʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨ  r
1. ʃʶʢʩʤʝʪʨ ʯʪʦ ʵʪʦ? ɽʛʦ ʚʠʜʳ, ʫʩʪʨʦʡʩʪʚʦ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʚʳʙʦʨ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://zip-

sma.ru/osnastka/princip-raboty-lyuksmetra.html (ʜʘʪʘ ʦʙʨʘʞʝʥʠʷ 13.04.22). 

2. ʇʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʩʚʝʱʸʥʥʦʩʪʠ ð ʣʶʢʩʤʝʪʨ? 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://instrumentn.ru/izmeritelnye-

pribory/lyuksmetr-vidy-i-vybor (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 13.04.22).  

https://zip-sma.ru/osnastka/princip-raboty-lyuksmetra.html
https://zip-sma.ru/osnastka/princip-raboty-lyuksmetra.html
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʢʦʥʮʝʧʮʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʬʘʟʦʚʦʛʦ 

ʩʜʚʠʛʘ ʉɺʏ-ʢʦʣʝʙʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʦʧʠʩʘʥ 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

Abstract 

The article discusses an integrated phase shift detector of microwave 

oscillations based on an optoelectronic oscillator. A structure of an integrated 

detector is presented, the principle of operation is described, and simulation 

results are shown. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʧʪʦʵʣʝʢʪʨʦʥʥʳʝ ʦʩʮʠʣʣʷʪʦʨʳ (OʕO) ð ʵʪʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʧʨʝʦʙʨʘʟʫʶʪ ʵʥʝʨʛʠʶ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʠʟʤʝʥʷʶʱʠʡʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. ʉʚʦʡʩʪʚʘ OʕO ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʩʭʝʤʳ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʨʠʝʤʘ 

ʩʠʛʥʘʣʦʚ ʩ ʢʚʘʜʨʘʪʫʨʥʦʡ ʤʦʜʫʣʷʮʠʝʡ [1]. 

2. ʉʭʝʤʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʬʘʟʦʚʦʛʦ 

ʩʜʚʠʛʘ ʉɺʏ-ʢʦʣʝʙʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ (ʨʠʩ.1). 

ʉʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ (ʃɼ), ʬʘʟʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ 

ʄʘʭʘ-ʎʝʥʜʝʨʘ (ʌʄ) ʠ ʬʦʪʦʜʝʪʝʢʪʦʨʘ (ʌɼ). ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ 

ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʧʣʘʪʬʦʨʤʝ ʢʨʝʤʥʠʡ-ʥʘ-ʠʟʦʣʷʪʦʨʝ. 
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ʆʧʪʠʯʝʩʢʘʷ ʥʝʩʫʱʘʷ ʛʝʥʝʨʠʨʫʝʪʩʷ ʃɼ, ʢʦʪʦʨʘʷ ʤʦʜʫʣʠʨʫʝʪʩʷ 

ʬʘʟʦʚʳʤ ʤʦʜʫʣʷʪʦʨʦʤ ʩ ʜʚʫʤʷ ʨʘʜʠʦʯʘʩʪʦʪʥʳʤ ʚʭʦʜʘʤʠ. ʅʘ ʧʝʨʚʳʡ ʚʭʦʜ 

ʤʦʜʫʣʷʪʦʨʘ ʧʦʜʘʝʪʩʷ ʦʧʦʨʥʳʡ ʩʠʛʥʘʣ ʛʝʪʝʨʦʜʠʥʘ, ʥʘ ʚʪʦʨʦʡ ʚʭʦʜ ï 

ʠʟʤʝʨʷʝʤʳʡ ʩʠʛʥʘʣ. ɽʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ ʬʘʟ 

ʤʦʜʫʣʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʪʦ ʧʨʠ ʧʦʜʘʯʝ ʬʘʟʦʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʬʦʪʦʜʝʪʝʢʪʦʨ, ʈʏ-ʩʠʛʥʘʣ ʥʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʠʟ-ʟʘ ʙʠʝʥʠʡ ʤʝʞʜʫ ʨʘʚʥʳʤʠ ʧʦ 

ʘʤʧʣʠʪʫʜʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʧʦ ʬʘʟʝ ʧʦʜʥʝʩʫʱʠʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʈʏ-ʩʠʛʥʘʣʘ. ʆʜʥʘʢʦ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʘʟʳ 

ʠʟʤʝʨʷʝʤʦʛʦ ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʈʏ-ʩʠʛʥʘʣ. ʆʮʝʥʠʚ ʤʦʱʥʦʩʪʴ 

ʈʏ-ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʝʣʠʯʠʥʝ ʦʪʢʣʦʥʝʥʠʷ ʬʘʟʳ.  

  
ʈʠʩ. 1 ï ʉʭʝʤʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʉɺʏ-ʢʦʣʝʙʘʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʝʪʝʢʪʦʨ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʉɺʏ-

ʢʦʣʝʙʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʥʘ ʬʦʪʦʥʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʝ ʠ 

ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʦʮʝʥʢʠ ʦʪʢʣʦʥʝʥʠʷ ʬʘʟʳ ʠʟʤʝʨʷʝʤʦʛʦ ʩʠʛʥʘʣʘ: ʧʨʠ 

ʦʪʢʣʦʥʝʥʠʠ ʬʘʟʳ ʦʪ 0 ʜʦ 20 ʛʨʘʜʫʩʦʚ ʤʦʱʥʦʩʪʴ ʈʏ-ʩʠʛʥʘʣʘ ʤʝʥʷʝʪʩʷ ʦʪ 0 

ʜʦ 0,0005 ʤʢɺʪ (-63 ʜɹʤ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ 

ʟʘʜʘʥʠʶ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʜʣʷ ʌɻɹʆʋ ɺʆ çʋɻɸʊʋè (ʢʦʜ ʥʘʫʯʥʦʡ 

ʪʝʤʳ #FEUE-2021-0013, ʩʦʛʣʘʰʝʥʠʝ ˉ 075-03-2021-014) ʚ ʤʦʣʦʜʸʞʥʦʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʅʆʎ çʉʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʥʘ 

ʦʩʥʦʚʝ ʫʩʪʨʦʡʩʪʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʪʦʥʠʢʠè. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʐʘʭʪʘʨʠʥ ɹ. ʀ., ʉʠʜʦʨʢʠʥʘ ʖ. ɸ., ʂʫʣʴʢʦʚ ʀ. ɸ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʬʘʟʦʚʦʡ ʠ ʪʘʢʪʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʌʄ-ʩʠʛʥʘʣʦʚ 

//ɺʝʩʪʥʠʢ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. 

ʅʕ ɹʘʫʤʘʥʘ. ʉʝʨʠʷ çʇʨʠʙʦʨʦʩʪʨʦʝʥʠʝè. ï 2014. ï ˉ. 4 (97). ï ʉ. 123-134.  
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INTEGRATED INTERROGATOR BASED ON OPTOELECTRONIC 

OSCILLATOR  

 

Ivanov V.V., Kutluyarov R.V., Voronkov G.S. 

(Ufa State Aviation Technical University ï USATU, Ufa) 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʡ ʠʥʪʝʨʨʦʛʘʪʦʨ ʥʘ ʦʩʥʦʚʝ 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ ʤʘʣʳʭ 

ʜʝʬʦʨʤʘʮʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʠʥʪʝʨʨʦʛʘʪʦʨʘ, ʦʧʠʩʘʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʦʚ. 

 

Abstract 

The article discusses an integrated interrogator based on an 

optoelectronic oscillator for a small strain sensor. A structure of an integrated 

interrogator is presented, the principle of operation is described, and signal 

spectral characteristics are investigated. 

 

1. ɺʚʝʜʝʥʠʝ 

ʂʦʥʮʝʧʮʠʷ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ (ʆʕʆ) ʙʳʣʘ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʝʜʣʦʞʝʥʘ ʚ ʥʘʯʘʣʝ 80-ʭ ʛʦʜʦʚ ʩ ʮʝʣʴʶ ʛʝʥʝʨʘʮʠʠ 

ʩʚʝʨʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʬʘʟʦʚʳʭ ʰʫʤʦʚ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, OʕO ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʨʦʛʘʪʦʨʘ [1]. 

2. ʉʭʝʤʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʥʪʝʨʨʦʛʘʪʦʨʘ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʥʪʝʨʨʦʛʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ (ʨʠʩ.1). ʉʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʀʆʀ), ʬʘʟʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʄʘʭʘ-ʎʝʥʜʝʨʘ (ʌʄ), 

ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʚʝʪʚʠʪʝʣʷ, ʬʘʟʦʩʜʚʠʛʘʶʱʝʡ ʨʝʰʸʪʢʠ ɹʨʵʛʛʘ (ʌʉ-ɺɹʈ), 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ (ʌɼ), ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʚʝʪʚʠʪʝʣʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
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ʫʩʠʣʠʪʝʣʷ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ 

ʧʣʘʪʬʦʨʤʝ ʢʨʝʤʥʠʡ-ʥʘ-ʠʟʦʣʷʪʦʨʝ. 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʥʪʝʨʨʦʛʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʩʮʠʣʣʷʪʦʨʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʦʚ. 

ʆʧʪʠʯʝʩʢʘʷ ʥʝʩʫʱʘʷ ʛʝʥʝʨʠʨʫʝʪʩʷ ʀʆʀ, ʢʦʪʦʨʘʷ ʤʦʜʫʣʠʨʫʝʪʩʷ 

ʨʘʜʠʦʯʘʩʪʦʪʥʳʤ ʩʠʛʥʘʣʦʤ ʥʘ ʌʄ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚ ʩʧʝʢʪʨʝ ʩʠʛʥʘʣʘ ʥʘ 

ʚʳʭʦʜʝ ʌʄ ʠʤʝʝʪʩʷ ʨʷʜ ʦʧʪʠʯʝʩʢʠʭ ʧʦʜʥʝʩʫʱʠʭ, ʧʨʠʯʝʤ ʧʦʜʥʝʩʫʱʠʝ, 

ʩʠʤʤʝʪʨʠʯʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʳ ʚʦʣʥʳ ʀʆʀ, ʧʨʦʪʠʚʦʬʘʟʥʳ. 

ʇʦʜʘʚʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʦʜʥʦʡ ʠʟ ʧʦʜʥʝʩʫʱʠʭ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʨʝʞʝʢʪʦʨʥʦʛʦ ʬʠʣʴʪʨʘ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʌʉ-ɺɹʈ) ʧʨʠʚʝʜʝʪ ʢ 

ʛʝʥʝʨʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʈʏ-ʩʠʛʥʘʣʘ ʟʘ ʩʯʝʪ ʚʟʘʠʤʥʦʛʦ ʙʠʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʥʝʩʫʱʠʭ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʪʝʨʨʦʛʘʪʦʨ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥ ʥʘ ʬʦʪʦʥʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʝ ʠ ʧʝʨʩʧʝʢʪʠʚʝʥ ʜʣʷ ʦʮʝʥʢʠ 

ʤʘʣʳʭ ʜʝʬʦʨʤʘʮʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ 

ʟʘʜʘʥʠʶ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʜʣʷ ʌɻɹʆʋ ɺʆ çʋɻɸʊʋè (ʢʦʜ ʥʘʫʯʥʦʡ 

ʪʝʤʳ #FEUE-2021-0013, ʩʦʛʣʘʰʝʥʠʝ ˉ 075-03-2021-014) ʚ ʤʦʣʦʜʸʞʥʦʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʅʆʎ çʉʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʥʘ 

ʦʩʥʦʚʝ ʫʩʪʨʦʡʩʪʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʪʦʥʠʢʠè. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. J. P. Yao, ñMicrowave photonics for high resolution and high speed 

interrogation of fiber Bragg grating sensors,ò Fiber Integrated Opt., vol.34, no. 4, 

pp. 230-242, Oct. 2015.  
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COORDINATION BIOPOLYMERS  

 

Kadirov D.M. 

Supervisor: Marsil K. Kadirov 

(Federal Research Center of the KazSC RAS) 

 

ɸʥʥʦʪʘʮʠʷ 
ʄʝʪʦʜ ʕʇʈ ʧʨʠʤʝʥʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ ï ʤʝʜʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʝʢʪʠʥʘʪʘ 

ʥʘʪʨʠʷ ï Cu-NaP.  ʋʩʪʘʥʦʚʣʝʥʳ ʚʘʣʝʥʪʥʦʩʪʴ ʠ ʩʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʫʟʣʘ ʤʝʜʠ. ʋʟʝʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʠʦʥ ʤʝʜʠ ʩ 

ʢʠʩʣʦʨʦʜʥʳʤ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʳʤ ʦʢʨʫʞʝʥʠʝʤ. 

 

Abstract 

The EPR method was used to study one of the representatives of the 

coordination biopolymers - copper coordination sodium pectinate - Cu-NaP. 

The valency and structure of the coordination copper site are established. The 

site is a bivalent copper ion with an oxygen square planar environment. 

 

1. ɺʚʝʜʝʥʠʝ 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʙʠʦʧʦʣʠʤʝʨʳ ʩʣʦʞʥʦ ʧʦʜʜʘʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʦʣʥʦʡ ʨʝʛʫʣʷʨʥʦʩʪʠ ʠʭ ʩʪʨʫʢʪʫʨʳ. 

ʇʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʚ ʩʝʥʩʦʨʘʭ ʠ 

ʢʘʪʘʣʠʟʝ ʟʘʩʪʘʚʣʷʶʪ ʠʩʢʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʥʘʙʦʨʘ ʤʝʪʦʜʦʚ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

(ʕʇʈ) ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ, ʚʥʫʪʨʠ- ʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʦ ʚʩʝʭ 

ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʣʘʛʘʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝ ʤʝʪʦʜʘ 
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ʕʇʈ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʜʥʦʛʦ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʙʠʦʧʦʣʠʤʝʨʦʚ ï ʤʝʜʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʝʢʪʠʥʘʪʘ ʥʘʪʨʠʷ ï Cu-NaP. 

2. ʉʧʝʢʪʨ ʕʇʈ Cu-NaP. 

ʅʘ ʈʠʩ. 1 ʧʨʠʚʝʜʝʥ ʩʧʝʢʪʨ ʕʇʈ Cu-NaP ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʕʪʦ ï ʩʠʛʥʘʣ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʠʦʥʘ ʤʝʜʠ ʚ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʩʦ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ 

ʫʙʳʚʘʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʚʝʨʭʪʦʥʢʦʛʦ ʢʚʘʨʪʝʪʘ. ɺʠʜ ʩʧʝʢʪʨʘ ʠ 

ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʥʝʛʦ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʢʦʤʧʣʝʢʩ ʩ ʢʠʩʣʦʨʦʜʥʳʤ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʳʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʫʟʣʦʤ ʤʝʜʠ. 

0 1000 2000 3000 4000 5000 6000
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3. ɿʘʢʣʶʯʝʥʠʝ 

ʄʝʪʦʜʦʤ ʕʇʈ ʫʩʪʘʥʦʚʣʝʥʳ ʚʘʣʝʥʪʥʦʩʪʴ ʠ ʩʪʨʦʝʥʠʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ ʤʝʜʠ ʚ ʤʝʜʥʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʧʝʢʪʠʥʘʪʝ 

ʥʘʪʨʠʷ. ʋʟʝʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʠʦʥ ʤʝʜʠ ʩ ʢʠʩʣʦʨʦʜʥʳʤ 

ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʳʤ ʦʢʨʫʞʝʥʠʝʤ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʌʀʎ ʂʘʟʅʎ 

ʈɸʅ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʦʛʨʘʤʤʳ ʠ ʤʝʪʦʜʠʢʠ ʠʩʧʳʪʘʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʠʟʚʘʥʳ ʫʩʪʘʥʦʚʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʧʦʜʣʝʞʘʪ ʧʨʦʚʝʨʢʝ ʚʦ 

ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʚʩʝʡ ʩʠʩʪʝʤʝ ʚ ʮʝʣʦʤ ʠʣʠ ʝʸ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʕʪʠʤ ʜʦʢʫʤʝʥʪʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʨʷʜʦʢ ʦʧʳʪʦʚ ʠ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ 

ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

Abstract 

The article discusses test programs and methods that are designed to 

establish technical data that are subject to verification during testing of the 

entire system as a whole or its individual components. This document 

establishes the order of experiments and ways to control their results. 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʪʠʧʦʚʦʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ 

ʦʙʲʝʢʪʦʚ ʜʘʥʥʦʛʦ ʚʠʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʜʫʢʮʠʠ, ʚʳʙʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʮʠʠ, ʠ ʝʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʜʫʢʮʠʠ; 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʭʦʜʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʥʘʯʘʣʝ 

ʦʯʝʨʯʠʚʘʝʪʩʷ ʦʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʟʨʝʰʝʥʳ ʚ ʩʣʫʯʘʝ 
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ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ, ʘ ʧʦʟʞʝ ʦʥʠ ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʠ ʫʪʦʯʥʷʶʪʩʷ ʚ ʭʦʜʝ 

ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʠʩʧʳʪʘʥʠʡ. ɻʣʘʚʥʦʝ - ʧʨʦʚʝʨʠʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʠʟʙʨʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ; ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʩʚʦʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʘʷʚʣʝʥʥʳʭ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʘʢʪʫʘʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ; ʧʦʵʪʘʧʥʦ ʦʪʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʨʘʙʦʪʳ ʦʙʲʝʢʪʘ 

[1]. ʌʫʥʢʮʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʬʦʨʤʣʝʥʠʷ ʵʪʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʦʙʷʟʘʪʝʣʴʥʦʡ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ ʦʙʷʟʘʥʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʯʠʢʘ. 

ʂʦʥʪʨʦʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ - ʠʩʧʳʪʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʦʙʲʝʢʪʘ. ʕʪʦʪ ʚʠʜ ʠʩʧʳʪʘʥʠʡ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʚʩʝʛʦ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ - ʀʩʧʳʪʘʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʠʣʠ ʦʜʠʥʘʢʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʠʜʝʥʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʭ ʩʚʦʡʩʪʚ [2]. ʉʧʝʮʠʬʠʢʘ ʵʪʦʛʦ ʨʦʜʘ 

ʠʩʧʳʪʘʥʠʡ - ʠʟʫʯʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʶʪʩʷ ʚ 

ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʩ ʮʝʣʴʶ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʭ ʘʥʘʣʦʛʠʯʥʳʭ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉʘʤʘʷ ʦʩʥʦʚʥʘʷ ʮʝʣʴ - ʵʪʦ ʚʳʷʚʣʝʥʠʝ 

ʩʪʝʧʝʥʠ ʥʘʜʝʞʥʦʩʪʠ ʠʩʧʳʪʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʅʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʣʞʥʳ 

ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʩʣʦʚʠʷʤ.  

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺʦ ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʪʘʜʠʠ ʠ ʚʠʜʳ 

ʠʩʧʳʪʘʥʠʡ, ʧʝʨʝʯʝʥʴ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʳʪʘʥʠʡ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ 

ɻʆʉʊ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʘʮʠʠ ʇʄʀ ʠ ʧʨʦʠʟʚʝʜʝʥʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʠ ʤʝʪʦʜʠʢʠ ʠʩʧʳʪʘʥʠʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʜʘʪʯʠʢʦʚ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʩʪʘʜʠʠ ʠʩʧʳʪʘʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ   

ʩʚʝʪʦʜʠʦʜʦʚ ʧʦ ʨʘʟʙʨʦʩʫ ʫʨʦʚʥʷ ʷʨʢʦʩʪʠ 

 

Abstract 

The article deals with the issues of predicting the quality of LEDs by the 

spread of the brightness level 

 

ɼʣʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʩʚʝʪʦʜʠʦʜʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɺ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʨʘʟʙʨʦʩ ʪʝʧʣʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʧʘʨʪʠʠ ʩʚʝʪʦʜʠʦʜʦʚ. ʆʜʥʘʢʦ ʠʟʤʝʨʝʥʠʝ ʪʝʧʣʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʫʜʦʝʤʢʠʡ ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʪʦʜʠʦʜʘ, ʠʟʤʝʨʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʪʨʝʙʫʝʪ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʚʝʪʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʤ 

ʢʘʢ ʷʨʢʦʩʪʴ ʥʝ ʪʨʝʙʫʶʪ ʜʦʨʦʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʚʝʪʦʜʠʦʜʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʩʚʝʪʦʜʠʦʜʦʚ ʧʦ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʤʝʨʷʪʴ ʨʘʟʙʨʦʩ ʚ ʧʘʨʪʠʠ, ʘ ʥʝ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʵʪʦʤʫ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʷʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʬʦʪʦʧʨʠʝʤʥʠʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʩʚʝʪʦʜʠʦʜʳ ʪʦʛʦ ʞʝ ʪʠʧʘ, ʯʪʦ ʠ 

ʠʩʩʣʝʜʫʝʤʳʝ. ʕʪʦ ʫʤʝʥʴʰʠʪ ʩʪʦʠʤʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ 

ʥʝ ʧʦʚʣʠʷʝʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʦʩʥʦʚʥʦʡ ʮʝʣʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 
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ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʨʘʟʙʨʦʩ ʷʨʢʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʠʪʳʚʘʪʴ 

ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʚʝʪʦʜʠʦʜʘ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [2] ʜʠʘʛʨʘʤʤʘ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʤʦʞʝʪ ʠʤʝʪʴ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ. ʋʨʦʚʝʥʴ 

ʵʪʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʩʚʝʪʦʜʠʦʜʘ, ʪʠʧʘ ʢʨʠʩʪʘʣʣʘ ʠ 

ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʉʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ 

ʧʦʟʚʦʣʷʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠʟ ʬʠʣʴʪʨʦʚ ʠ ʣʠʥʟ [3]. ʅʦ 

ʠʟ-ʟʘ ʥʠʟʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʪʘʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʝʥʠʝ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ 

ʷʨʢʦʩʪʠ ʩʚʝʪʦʜʠʦʜʦʚ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. ʀʩʩʣʝʜʫʝʤʳʡ ʩʚʝʪʦʜʠʦʜ Vd1 

ʨʘʩʧʦʣʦʞʝʥ ʥʘʧʨʦʪʠʚ ʪʨʝʭ ʬʦʪʦʜʘʪʯʠʢʦʚ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ L. ʌʦʪʦʜʘʪʯʠʢ 

Vd3 ʨʘʩʧʦʣʦʞʝʥ ʧʦ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʩʚʝʪʦʜʠʦʜʘ, ʬʦʪʦʜʘʪʯʠʢʠ Vd2, Vd4 

ʧʦʜ ʫʛʣʦʤ Ŭ.  ɺ ʢʘʯʝʩʪʚʝ ʬʦʪʦʜʘʪʯʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʝʪʦʜʠʦʜʳ ʦʜʥʦʛʦ 

ʪʠʧʘ ʩ ʠʩʩʣʝʜʫʝʤʳʤ. ʉʠʛʥʘʣʳ ʩ ʬʦʪʦʜʘʪʯʠʢʦʚ Vd2-Vd4, ʯʝʨʝʟ ʫʩʠʣʠʪʝʣʠ, 

ʧʦʩʪʫʧʘʶʪ ʥʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʫʶ ʩʠʩʪʝʤʫ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʨʝʥʠʝ ʠ 

ʩʨʘʚʥʝʥʠʷ ʷʨʢʦʩʪʠ ʩ ʪʨʝʭ ʬʦʪʦʜʘʪʯʠʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʢʘʥʘʣʘ ʚʳʙʠʨʘʶʪ ʪʦʪ, ʛʜʝ ʫʨʦʚʝʥʴ ʷʨʢʦʩʪʠ ʤʘʢʩʠʤʘʣʝʥ. ʈʘʩʩʪʦʷʥʠʝ L ʠ 

ʫʛʦʣ Ŭ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʙʠʨʘʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʩʚʝʪʦʜʠʦʜʘ.  

 
ʈʠʩ.1 - ʉʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ ʨʘʟʙʨʦʩʘ ʷʨʢʦʩʪʠ ʩʚʝʪʦʜʠʦʜʦʚ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʙʨʦʩʘ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʥʝ ʪʨʝʙʫʶʪ ʜʦʨʦʛʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʩʚʝʪʦʜʠʦʜʦʚ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʩʦʟʜʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʩʦʩʪʘʨʠʚʘʥʠʷ 

ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ ʜʣʷ ʩʥʠʞʝʥʠʷ ʜʨʝʡʬʘ ʧʦʢʘʟʘʥʠʡ 

ʜʘʪʯʠʢʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

Abstract 

The paper describes a technique for aging fiber Bragg gratings to reduce 

the drift of sensor readings based on them at elevated temperatures. 

 

ʈʘʟʚʠʪʠʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʷʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʩ 

ʧʦʤʦʱʴʶ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ (ɺʆɼ) ʥʘ ʦʩʥʦʚʝ ɺɹʈ [1]. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ɺɹʈ ʪʠʧʘ I. ʈʝʰʝʪʢʠ ʜʘʥʥʦʛʦ 

ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʟʘʧʠʩʘʥʥʫʶ ʚ ʩʝʨʜʮʝʚʠʥʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʛʝʨʤʘʥʠʷ (Ge) ʤʝʥʝʝ 20 ʤʦʣ % 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʣʘʟʝʨʦʤ. ʊʠʧ I, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʦʥʦʪʦʥʥʳʤ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʟʳ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ. ʈʝʰʝʪʢʠ ʪʠʧʘ I ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʥʝʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʠʭ ʟʘʤʝʪʥʘʷ ʜʝʛʨʘʜʘʮʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 200-300Üʉ. 

ɼʣʷ ʟʘʧʠʩʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʝ ʦʧʪʠʯʝʩʢʦʝ 

ʚʦʣʦʢʥʦ SMF-28. ɼʘʣʝʝ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʚʳʜʝʨʞʠʚʘʣʦʩʴ ʚ ʢʘʤʝʨʝ ʩ 

ʚʦʜʦʨʦʜʦʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ~1150 psi ʚ ʪʝʯʝʥʠʠ 7 ʩʫʪʦʢ. ʇʦʩʣʝ ʧʦʜʦʙʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʦʥʦ ʛʦʪʦʚʦ ʜʣʷ ʟʘʧʠʩʠ ɺɹʈ. ɼʣʷ ʟʘʧʠʩʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʨʛʦʥ-ʠʦʥʥʳʡ ʣʘʟʝʨ ʩ ʚʥʫʪʨʠʨʝʟʦʥʘʪʦʨʥʳʤ ʫʜʚʦʠʪʝʣʝʤ 

ʯʘʩʪʦʪʳ, ʬʦʨʤʠʨʫʶʱʠʡ ʥʝʧʨʝʨʳʚʥʦʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʠ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʟʘʧʠʩʠ ɺɹʈ (ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʃʣʦʡʜʘ). 

ʆʙʨʘʟʮʳ ɺɹʈ ʨʘʟʤʝʱʘʣʠʩʴ ʚ ʟʘʧʘʷʥʥʦʡ ʣʘʪʫʥʥʦʡ ʪʨʫʙʢʝ ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʪʝʨʤʦʩʪʘʪʘ ʥʘ ɺɹʈ ʠ 

ʦʧʫʩʢʘʣʠʩʴ ʚ ʪʝʨʤʦʩʪʘʪ. ɼʘʣʝʝ ɺɹʈ ʧʦʜʢʣʶʯʘʣʠʩʴ ʢ ʠʥʪʝʨʨʦʛʘʪʦʨʫ ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ɹʨʵʛʛʘ 

ʪʝʩʪʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʩʪʘʪʘ ʚʳʩʪʘʚʣʷʣʘʩʴ ʥʘ + 100ʦʉ 

ʠ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʠ 2,5 ʯʘʩʦʚ, ʜʘʣʝʝ ʪʝʨʤʦʩʪʘʪ ʚʳʢʣʶʯʘʣʩʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʥʠʞʘʣʘʩʴ ʜʦ ʢʦʤʥʘʪʥʦʡ, ʟʘʪʝʤ ʥʘʯʠʥʘʣʩʷ ʚʪʦʨʦʡ ʵʪʘʧ ʩ 

ʚʳʜʝʨʞʢʦʡ ʚ ʪʝʯʝʥʠʠ 6 ʯʘʩʦʚ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ + 100 ʦʉ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʙʳʣʠ ʟʘʧʠʩʘʥʳ 4 ʠʜʝʥʪʠʯʥʳʝ 

ʨʝʰʝʪʢʠ. ɼʘʣʝʝ 1 ʨʝʰʝʪʢʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʘʢ ʢʦʥʪʨʦʣʴʥʘʷ ʠ ʥʝ 

ʧʦʜʚʝʨʛʘʣʘʩʴ ʩʦʩʪʘʨʠʚʘʥʠʶ. ɼʨʫʛʠʝ 3 ʨʝʰʝʪʢʠ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʮʠʢʣʘʤ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʮʝʣʴʶ ʫʩʢʦʨʝʥʥʦʛʦ çʚʳʚʝʪʨʠʚʘʥʠʷè ʚʦʜʦʨʦʜʘ ʠ 

ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʜʦ çʩʣʝʜʦʚʳʭè ʢʦʥʮʝʥʪʨʘʮʠʡ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʝʪ ʜʨʝʡʬ ʧʘʨʘʤʝʪʨʦʚ ɺɹʈ ʧʨʠ ʝʝ ʜʘʣʴʥʝʡʰʝʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʉʆʉʊɸʈʀɺɸʅʀɽ ɺʆʃʆʂʆʅʅʓʍ ɹʈʕɻɻʆɺʉʂʀʍ ʈɽʐɽʊʆʂ 

ɼʃʗ ʉʅʀɾɽʅʀʗ ɼʈɽʁʌɸ ʇʆʂɸɿɸʅʀʁ ɼɸʊʏʀʂʆɺ ʅɸ ʀʍ 
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AGING OF FIBER BRAGG GRATINGS TO REDUCE THE DRIFT OF 

SENSOR READINGS BASED ON THEM AT ELEVATED 

TEMPERATURES. MEASUREMENT RESULTS  

 

Lits A.S., Galiev S.R. 

Supervisor: Artem A. Kuznetsov, assoc. prof. 

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

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʝʥʠʷ ʜʨʝʡʬʘ ʨʝʟʦʥʘʥʩʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʣʦʢʦʥʥʦʡ ʙʨʵʛʛʦʚʩʢʦʡ 

ʨʝʰʝʪʢʠ (ɺɹʈ), ʟʘʧʠʩʘʥʥʦʡ ʚ ʥʘʚʦʜʦʨʦʞʝʥʥʦʤ ʛʝʨʤʘʥʘʪʥʦʤ ʢʚʘʨʮʝʚʦʤ 

ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʚʳʰʝʥʥʦʡ (+ 

100ʦʉ) ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

 

Abstract 

The paper presents the results of an experimental study of the 

phenomenon of drift of the resonant wavelength of a fiber Bragg lattice (VBR) 

recorded in a flooded germanate quartz optical fiber under stationary exposure 

to elevated (+ 100 Á C) temperature for a long time. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʚʘ ʵʪʘʧʘ. ʇʝʨʚʳʡ 

ʵʪʘʧ ï ʵʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (+ 100ʦʉ) ʚ ʪʝʯʝʥʠʠ 2,5 ʯʘʩʦʚ. ɺʪʦʨʦʡ ʵʪʘʧ ï ʵʪʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (+ 

100ʦʉ) ʚ ʪʝʯʝʥʠʠ 6 ʯʘʩʦʚ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʘʥʥʳʭ ʩ ɺɹʈ ʙʝʟ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ɺɹʈ ʥʝ ʧʦʜʚʝʨʞʝʥʥʘʷ ʩʦʩʪʘʨʠʚʘʥʠʶ ʧʫʪʝʤ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʠʤʝʝʪ ʩʤʝʱʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ɹʨʵʛʛʘ ~80 ʧʤ ʧʨʠ 

ʩʪʘʪʠʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ + 100ʦʉ.  

ɼʨʝʡʬ ʜʣʷ ʦʙʨʘʟʮʘ ˉ 2 ʩʦʩʪʘʚʠʣ ~20 ʧʤ, ʜʣʷ ˉ 3 ʨʘʚʝʥ ~6 ʧʤ 

(ʦʜʥʘʢʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʚʪʦʨʦʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʠʥʘ ʚʦʣʥʳ ɺɹʈ 

ʠʟʤʝʥʠʣʘʩʴ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʥʘ 70 ʧʤ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʥʦ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʙʦʪʳ ʠʥʪʝʨʨʦʛʘʪʦʨʘ), ʜʣʷ ˉ 4 ʜʨʝʡʬ ʨʘʚʝʥ ~4 ʧʤ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʟʮʳ ˉ 3, 4 ʠʤʝʶʪ ʥʘʠʤʝʥʴʰʠʡ ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. ʋʯʠʪʳʚʘʷ, 

ʯʪʦ ʦʙʨʘʟʝʮ ˉ 3 ʧʦʢʘʟʘʣ ʨʝʟʢʠʡ ʩʢʘʯʝʢ ʜʣʠʥʳ ʚʦʣʥʳ ɹʨʵʛʛʘ, ʪʦ 

ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʙʣʘʜʘʝʪ ʦʙʨʘʟʝʮ ˉ 4. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʇɸʉʉʀɺʅʓɽ ʀ ɸʂʊʀɺʅʓɽ ʆʇʊʀʏɽʉʂʀɽ ʂʆʄʇʆʅɽʅʊʓ 

ɺʆʃʆʂʆʅʅʆ-ʆʇʊʀʏɽʉʂʀʍ ʃʀʅʀʁ ʉɺʗɿʀ ʀ 
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ɸʥʥʦʪʘʮʠʷ 
ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʘʩʩʠʚʥʳʤ ʠ ʘʢʪʠʚʥʳʤ ʦʧʪʠʯʝʩʢʠʤ 

ʢʦʤʧʦʥʝʥʪʘʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʩʚʷʟʠ, ʨʘʩʩʤʦʪʨʝʥ ʩʦʩʪʘʚ ʠ 

ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ɺʆʃʉ. 

 

Abstract 

This article is devoted to passive and active optical components of a 

fiber-optic communication line, the composition and functions of the main 

elements of FOCL are considered. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʩʚʷʟʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʦʙʨʝʣʠ 

ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʳ ʧʦʣʫʯʘʝʤ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʜʘʚʘʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ. ʕʪʦ 

ʛʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʵʪʠʭ ʩʝʪʝʡ. 

ʊʘʢʘʷ ʩʝʪʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ, ʤʦʜʫʣʷʪʦʨʳ, ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ ʠ ʪ.ʜ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ 

ʚʳʧʦʣʥʷʝʪ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ, ʠ ʩʪʦʠʪ ʧʦʥʠʤʘʪʴ ʢʦʥʢʨʝʪʥʳʝ 

ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʝʪ ʢʘʞʜʳʡ ʠʟ ʥʠʭ. 

2. ʂʦʤʧʦʥʝʥʪʳ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 
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ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʘʩʩʠʚʥʳʝ ʠ ʘʢʪʠʚʥʳʝ. 

ʇʘʩʩʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ɺʆʃʉ: 

-ʆʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʝʨʝʜʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ. ʂʘʙʝʣʴ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʦʣʦʢʦʥ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʣʦʢʦʥ. 

-ʄʫʬʪʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʢʘʙʝʣʝʡ; 

-ʆʧʪʠʯʝʩʢʠʡ ʢʨʦʩʩ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʨʘʟʣʠʯʥʦʤʫ 

ʦʙʦʨʫʜʦʚʘʥʠʶ ɺʆʃʉ ʠ ʩʝʪʝʚʳʤ ʦʢʦʥʝʯʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ. 

ɸʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ɺʆʃʉ: 

-ʄʫʣʴʪʠʧʣʝʢʩʦʨ ʠ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʮʠʧʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʢʘʥʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʝʪʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

-ʃʘʟʝʨ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʩ ʠʭ 

ʧʦʤʦʱʴʶ ʧʝʨʝʜʘʸʪʩʷ ʠʥʬʦʨʤʘʮʠʷ; 

-ʌʦʪʦʧʨʠʝʤʥʠʢ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ. 

-ʄʦʜʫʣʷʪʦʨ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʥʫʞʥʦ 

ʧʝʨʝʜʘʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʬʦʨʤʫ ʥʦʩʠʪʝʣʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ ʧʨʷʤʦʡ ʤʦʜʫʣʷʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʣʘʟʝʨʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʬʫʥʢʮʠʷʤʠ ʤʦʜʫʣʷʪʦʨʦʚ. 

-ʈʝʛʝʥʝʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʬʦʨʤʫ ʠʤʧʫʣʴʩʘ ʥʘ 

ʧʨʠʝʤʥʦʤ ʢʦʥʮʝ ʩʠʩʪʝʤʳ; 

-ʋʩʠʣʠʪʝʣʴ. ʕʪʦʪ ʵʣʝʤʝʥʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ 

ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʘ 

ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʝʪʷʭ ʩʚʷʟʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ, ʦʪ ʤʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʤʘʛʠʩʪʨʘʣʠ ʜʦ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠ ʜʦʤʘʰʥʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Faizullin R.R., Idiatullov Z.R. / Training of specialists in the direction 

of technical operation of transport radio-electronic equipment in Knitu-Kai // -

2021, ï ʉ. 513-515.  



233 

 

 

ʋɼʂ 62-932.4 

 

ʊɽʍʅʆʃʆɻʀʗ ʇʈʆʀɿɺʆɼʉʊɺɸ ʀɿʄɽʈʀʊɽʃʗ ʋʈʆɺʅʗ 

ʀʆʅʀɿʀʈʋʖʑɽɻʆ ʀɿʃʋʏɽʅʀʗ 

 

ʄʘʣʠʢʦʚ ɸ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʦʢʦʣʦʚ ɺʣʘʜʠʩʣʘʚ ʉʝʨʛʝʝʚʠʯ, ʩʪ.ʧʨʝʧ. 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 

 

PRODUCTION TECHNOLOGY OF IONIZING RADIATION LEVEL 

METER  

 

Malikov A.S. 

Supervisor: Sokolov Vladislav Sergeevich, senior lecturer 

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

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʤʝʨʠʪʝʣʷ ʫʨʦʚʥʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʩʪʨʦʡʩʪʚ ʢʦʤʧʘʥʠʠ çʇʦʣʠʤʘʩʪʝʨè. 

 

Abstract 

This article discusses the main criteria for the production technology of 

an ionizing radiation level meter based on an analysis of the production of 

çPolimasterè devices. 

 

1. ɺʚʝʜʝʥʠʝ 

ʂʦʤʧʘʥʠʷ ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʚ 1992 ʛʦʜʫ ʛʨʫʧʧʦʡ ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʪʘʣʘʥʪʣʠʚʦʛʦ ʠʥʞʝʥʝʨʘ-ʠʟʦʙʨʝʪʘʪʝʣʷ  ɸʣʝʢʩʘʥʜʨʘ 

ɸʥʪʦʥʦʚʩʢʦʛʦ. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʝʤʫ çʇʦʣʠʤʘʩʪʝʨè ʩʦʚʝʨʰʠʣ 

ʨʝʚʦʣʶʮʠʦʥʥʳʡ ʧʨʦʨʳʚ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ.  

ʀʟʤʝʨʠʪʝʣʴ ʫʨʦʚʥʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ï ʫʩʪʨʦʡʩʪʚʦ, 

ʨʝʛʠʩʪʨʠʨʫʶʱʝʝ ʘʣʴʬʘ, ʙʝʪʘ ʠ ʛʘʤʤʘ ʩʧʝʢʪʨʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʨʘʩʧʘʜʝ ʷʜʨʘ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʚʝʱʝʩʪʚʘ. 

2. ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʤʝʨʠʪʝʣʷ ʫʨʦʚʥʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ. 
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ʂʘʩʘʝʤʦ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʫʩʪʨʦʡʩʪʚ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ, ʢʘʢ: ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʠ ʥʘʜʝʞʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ, ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʩʨʝʜʳ ʥʘ 

ʪʦʯʥʦʩʪʴ ʩʘʤʠʭ ʠʟʤʝʨʝʥʠʡ, ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʝʨʴʸʟʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘ ʩʪʘʜʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʨʦʙʥʦ ʥʘʧʠʩʘʪʴ ʠʥʩʪʨʫʢʮʠʶ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ, 

ʨʝʤʦʥʪʫ, ʘ ʪʘʢʞʝ ʥʘʩʪʨʦʡʢʝ ʧʨʠʙʦʨʘ. 

ʉʘʤʘ ʪʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʭʝʤʝ ʩʯʝʪʯʠʢʘ 

ʠ ʜʝʪʝʢʪʦʨʘ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʯʘʱʝ ʚʩʝʛʦ ʩʯʝʪʯʠʢ ɻʝʡʛʝʨʘ-

ʄʶʣʣʝʨʘ. 

ʅʘ ʟʘʤʝʥʫ ʩʯʝʪʯʠʢʫ ɻʝʡʛʝʨʘ-ʄʶʣʣʝʨʘ ʧʨʠʰʣʠ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʙʦʣʝʝ ʪʦʯʥʳʝ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʷʚʣʷʝʪʩʷ ʢʦʥʜʝʥʩʘʪʦʨʥʳʡ ʩʯʝʪʯʠʢ [2]. 

ʇʨʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʚʳʩʦʢʦʸʤʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ, ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʥʝʚʦʟʤʫʪʠʤʘ ʢ ʠʤʧʫʣʴʩʥʦʤʫ ʚʣʠʷʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʥʘ ʥʝʝ ʵʢʨʘʥʦʚ. ʕʢʨʘʥʳ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʙʠʨʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʦʜ ʢʘʞʜʫʶ ʩʨʝʜʫ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʩʧʝʢʪʨʦʤ 

ʠʟʣʫʯʝʥʠʷ. ɺ ʦʩʥʦʚʥʦʤ ʙʝʨʫʪ ʵʢʨʘʥʳ ʠʟ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʤʝʜʠ ʠ 

ʩʚʠʥʮʘ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʭʦʜʷ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʨʳʥʦʢ ʧʦʜʦʙʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʧʦʧʦʣʥʷʝʪʩʷ ʩ ʢʘʞʜʳʤ ʜʥʝʤ, ʘ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ, ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʠ 

ʧʦʧʦʣʥʷʶʪʩʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʘʟʲʶʩʪʠʨʦʚʦʢ ʟʝʨʢʘʣ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʫʯʝʚʳʭ ʧʦʪʦʢʦʚ ʚ ʨʝʟʦʥʘʪʦʨʝ 

ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʣʘʟʝʨʘ. 

 

Abstract 

The paper evaluates the effect of mirror alignments on the spatial 

characteristics of beam fluxes in a coaxial laser resonator. 

 

1. ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʣʘʟʝʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʟʦʥʘʪʦʨʘ ʢ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʨʘʟʲʶʩʪʠʨʦʚʢʘʤ 

ʟʝʨʢʘʣ, ʪ.ʢ. ʪʘʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪ 

ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ. 

2. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʘʟʲʶʩʪʠʨʦʚʦʢ 

ʟʝʨʢʘʣ ʨʝʟʦʥʘʪʦʨʘ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʣʘʟʝʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʧʣʦʩʢʦʛʦ ʠ 

ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ [1,2]. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʩʣʫʯʘʠ: ʧʝʨʝʢʦʩ 

ʧʣʦʩʢʦʛʦ ʟʝʨʢʘʣʘ, ʧʝʨʝʢʦʩ ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʠ ʧʘʨʘʣʣʝʣʴʥʦʝ 

ʩʤʝʱʝʥʠʝ ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʦʩʠ 

ʨʝʟʦʥʘʪʦʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʦʥ ʫʩʪʦʡʯʠʚʦʩʪʠ. 
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ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʨʘʩʰʠʨʝʥʥʳʝ ʤʘʪʨʠʮʳ 3Ĭ3, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʞʜʦʤʫ ʦʧʪʠʯʝʩʢʦʤʫ 

ʵʣʝʤʝʥʪʫ [3], ʇʦʣʦʞʝʥʠʝ ʥʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʚ 

ʨʘʟʲʶʩʪʠʨʦʚʘʥʥʦʤ ʨʝʟʦʥʘʪʦʨʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʢʦʦʨʜʠʥʘʪʘʤʠ (1): 

ὣ
ᶻ ᶻ

ȟ                  —
ᶻ ᶻ

ȟ (1)  

ʛʜʝ: A, B, C, D ï ʵʣʝʤʝʥʪʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʝʨʝʜʘʯʫ ʣʫʯʝʡ ʚ 

ʠʜʝʘʣʴʥʦ ʦʪʲʶʩʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ, ȹ1, ȹ2 ï ʧʦʧʨʘʚʦʯʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʝʨʝʢʦʩʳ ʠ ʩʤʝʱʝʥʠʷ ʟʝʨʢʘʣ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʦ ʧʦʣʦʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʠ ʚ ʨʘʟʲʶʩʪʠʨʦʚʘʥʥʦʤ ʨʝʟʦʥʘʪʦʨʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʜʠʫʩʦʚ ʢʨʠʚʠʟʥʳ 

ʦʙʨʘʟʫʶʱʝʡ ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʦʥʘʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʟʦʥʘʪʦʨʘ. ɺ çʜʣʠʥʥʦʬʦʢʫʩʥʦʡè ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 

ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʧʣʦʩʢʦʛʦ ʟʝʨʢʘʣʘ, ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʩʤʝʱʝʥʠʷ ʵʪʦʡ ʦʩʠ ʟʘʚʠʩʷʪ ʦʪ ʩʤʝʱʝʥʠʡ ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ, ʘ ʧʝʨʝʢʦʩ 

ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʦʣʦʞʝʥʠʝ ʢʘʫʩʪʠʢ ʚ 

ʨʝʟʦʥʘʪʦʨʝ, ʪ.ʝ. ʨʝʟʦʥʘʪʦʨ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʪʨʝʙʫʝʪ ʪʦʯʥʦʡ ʶʩʪʠʨʦʚʢʠ 

ʦʪʨʘʞʘʪʝʣʝʡ. ɺ çʢʦʨʦʪʢʦʬʦʢʫʩʥʦʡè ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʣʠʷʥʠʝ 

ʧʝʨʝʢʦʩʦʚ ʧʣʦʩʢʦʛʦ ʠ ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʝʨʢʘʣ ʦʯʝʥʴ ʞʝʩʪʢʠʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʨʘʙʦʪʝ ʚ çʢʦʨʦʪʢʦʬʦʢʫʩʥʦʡè ʦʙʣʘʩʪʠ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʶʩʪʠʨʦʚʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ (ʧʦ ʚʭʦʜʫ ʠ ʚʳʭʦʜʫ), ʘ ʪʘʢʞʝ ʠʥʪʝʨʤʦʜʫʣʷʮʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʄʘʭʘ-ʎʘʥʜʝʨʘ. 

 

Abstract 

The paper presents the results of a study of the dynamic range (input and 

output), as well as third-order intermodulation distortion for a commercial 

Mach-Zehnder modulator. 

 

ɼʣʷ ʣʶʙʦʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʩʦʙʝʥʥʦ ʘʥʘʣʦʛʦʚʦʡ, 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʨʷʜ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʝ 

ʩʚʦʡʩʪʚʘ, ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʠ 

ʥʝʣʠʥʝʡʥʦʩʪʴ. ʈʘʜʠʦʬʦʪʦʥʥʳʝ ʩʠʩʪʝʤʳ ʟʜʝʩʴ ʥʝ ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʣʶʙʦʛʦ ʨʘʜʠʦʬʦʪʦʥʥʦʛʦ ʪʨʘʢʪʘ, ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʶʱʝʤ ʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʷʪʦʨ, ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʪʦʨʦʛʦ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʤʧʣʠʪʫʜʥʳʝ ʤʦʜʫʣʷʪʦʨʳ ʄʘʭʘ-

ʎʘʥʜʝʨʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ [1]:  

- SFDR (spectral free dynamic range) ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ, 
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ʩʚʦʙʦʜʥʳʡ ʦʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ, ʣʝʚʘʷ ʛʨʘʥʠʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʤʠʥʠʤʘʣʴʥʦ ʜʝʪʝʢʪʠʨʫʝʤʳʡ ʩʠʛʥʘʣ ʥʘ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʝ, ʧʨʘʚʘʷ 

ʛʨʘʥʠʮʘ ï ʤʠʥʠʤʘʣʴʥʦ ʜʝʪʝʢʪʠʨʫʝʤʳʡ ʩʠʛʥʘʣ ʥʘ ʯʘʩʪʦʪʝ 

ʠʥʪʝʨʤʦʜʫʣʷʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 3-ʛʦ ʧʦʨʷʜʢʘ; 

- MUDR (maximum usable dynamic range) ï ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʛʦʜʥʳʡ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ, ʣʝʚʘʷ ʛʨʘʥʠʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ SFDR, 

ʧʨʘʚʘʷ ï ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʝ ʢʦʤʧʨʝʩʩʠʠ ʧʦ ʫʨʦʚʥʶ -1 ʜɹ.  

ʇʨʝʜʝʣʴʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʄʄʎ (ʧʦ ʚʭʦʜʫ): 

SFDR=107 ʜɹ, MUDR=152 ʜɹ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʧʦʣʝʟʥʳ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʦʧʪʠʯʝʩʢʠʭ ʚʝʢʪʦʨʥʳʭ ʘʥʘʣʠʟʘʪʦʨ ʜʣʷ ʦʧʨʦʩʘ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʥʳʭ ʜʘʪʯʠʢʦʚ [2]. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʮʝʥʠʚʘʣʠʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʫʣʷʪʦʨʘ 

MXAN -LN-40 ʥʘ ʯʘʩʪʦʪʝ 20 ʄɻʮ. ʉʭʝʤʳ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʮʝʥʢʠ MUDR 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ (ʘ), ʘ SFDR (ʙ): 

        
  (ʘ)    (ʙ) 
ʈʠʩ. 1 ï ʉʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʮʝʥʢʠ MUDR (ʘ) 

ʠ SFDR (ʙ) 

ʉʧʝʢʪʨ ʙʠʝʥʠʡ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʥʦʛʦ 

ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ (ɺɸʎ), ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʠʟʤʝʨʠʪʝʣʷ ʩʧʝʢʪʨʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʠʥʪʝʨʤʦʜʫʣʷʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʥʘ ʚʭʦʜ ʄʄʎ ʧʦʜʘʚʠʣʩʷ 

ʜʚʫʭʪʦʥʦʚʳʡ ʩʠʛʥʘʣ ʩ ʨʘʟʥʠʮʝʡ ʯʘʩʪʦʪ 1 ʄɻʮ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʋʨʠʢ, ɺʠʥʩʝʥʪ ɼʤ.-ʤʣ ʠ ʜʨ. ʆʩʥʦʚʳ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʬʦʪʦʥʠʢʠ / 

ʄ.: ʊʝʭʥʦʩʬʝʨʘ. ï 2016. ï 376 ʩ. 

2. ʂʫʟʥʝʮʦʚ ɸ.ɸ. ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʥʳʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ 

ʠʟʥʦʩʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ // ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʚʝʩʪʥʠʢ ʇʦʚʦʣʞʴʷ. ï 2016. ï ˉ 1. ï ʉ. 45-48.  
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ʋɼʂ 681.586.5 

 

ʆʎɽʅʂɸ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ɼʀɸʇɸɿʆʅɸ ʀ ʅɽʃʀʅɽʁʅʆʉʊʀ 

ʄʆɼʋʃʗʊʆʈɸ ʄɸʍɸ-ʎɸʅɼɽʈɸ. ʈɽɿʋʃʔʊɸʊʓ ʀɿʄɽʈɽʅʀʁ 

 

ʄʦʯʘʣʦʚʘ ɽ.ɺ., ʐʘʡʛʘʨʜʘʥʦʚ ʀ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʫʟʥʝʮʦʚ ɸʨʪʝʤ ɸʥʘʪʦʣʴʝʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʜʦʮʝʥʪ  

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 

 

EVALUATION OF THE DYNAMIC RANGE AND NONLINEARITY OF 

A MACH -ZANDER MODULATOR  

 

Mochalova E.V., Shaigardanov I.I. 

Supervisor: Artem A. Kuznetsov, assoc. prof. 

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

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ (ʧʦ ʚʭʦʜʫ ʠ ʚʳʭʦʜʫ), ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ 

ʠʥʪʝʨʤʦʜʫʣʷʮʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷʪʦʨʘ ʄʘʭʘ-ʎʘʥʜʝʨʘ. 

 

Abstract 

The paper presents the results of a study of the dynamic range (input and 

output), spectral characteristics, as well as third-order intermodulation 

distortion for a commercial Mach-Zehnder modulator. 

 

ɺʝʣʠʯʠʥʦʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ MUDR 

ï ʷʚʣʷʝʪʩʷ ʪʦʯʢʘ ʢʦʤʧʨʝʩʩʠʠ ʥʘ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʝ ʧʦ ʫʨʦʚʥʶ N ʜɹ.  

ʊʘʢʠʤ ʫʨʦʚʥʝʤ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ, ʛʜʝ ʚʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʝʥʴʰʝ ʚʭʦʜʥʦʛʦ ʥʘ N ʜɹ, ʏʘʱʝ ʚʩʝʛʦ ʧʨʠʥʠʤʘʶʪ N=-1 ʜɹ.  

ɻʨʘʬʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʣʠ ʪʦʯʢʫ ʢʦʤʧʨʝʩʩʠʠ ʧʦ ʫʨʦʚʥʶ N=1 ʜɹ, 

ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 16 ʜɹ. 

ʇʦʨʷʜʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʠʘʧʘʟʦʥʦʚ SFDR ʠ MUDR 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.  
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ʈʠʩ. 1- ʇʦʨʷʜʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʠʘʧʘʟʦʥʦʚ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, SFDR ʠ MUDR ʩʦʩʪʘʚʣʷʶʪ 13.5 ʜɹ ʠ 30 ʜɹ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʦʮʝʥʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʫʣʷʪʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʭʝʤʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩ.2 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʆʧʨʝʜʝʣʠʣʠ ʠ ʧʦʩʪʨʦʠʣʠ ʟʘʚʠʩʠʤʦʩʪʠ V =́f(ɚ), ER=g(ɚ). 

 
ʈʠʩ. 3 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ V =́f(ɚ), ER=g(ɚ) 

ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, 

ʥʘʧʨʷʞʝʥʠʝ ʩʤʝʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʠʥʠʤʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʪʦʯʢʝ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ, ʧʦʜʘʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʜʦʩʪʠʛʣʦ 

ʤʠʥʠʤʫʤ ʚ ʜʠʘʧʘʟʦʥʝ 1540-1555 ʥʤ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʂʫʟʥʝʮʦʚ ɸ.ɸ. ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʥʳʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ 

ʠʟʥʦʩʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ // ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʚʝʩʪʥʠʢ ʇʦʚʦʣʞʴʷ. ï 2016. ï ˉ 1. ï ʉ. 45-48.  
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ʋɼʂ 621.3.049 

 

ʀʅʊɽɻʈɸʃʔʅɸʗ ʄʀʂʈʆʉʍɽʄɸ ʇɽʈɽʉʊʈɸʀɺɸɽʄʆɻʆ 

ʇʆʃʆʉʆɺʆɻʆ ʉɺʏ ʌʀʃʔʊʈɸ 

 

ʄʫʣʣʘʭʤʝʪʦʚʘ ʃ.ʃ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʅʘʩʳʙʫʣʣʠʥ ɸʡʜʘʨ ʈʝʚʢʘʪʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 

 

INTEGRATED CIRCUIT TUNABLE STRIP MICROWAVE FILTER  

 

Mullakhmetova L.L. 

Supervisor: Aidar R. Nasybullin, assistant professor  

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

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʤʠʢʨʦʩʭʝʤʳ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʧʦʣʦʩʦʚʦʛʦ ʉɺʏ ʬʠʣʴʪʨʘ, ʥʘ ʧʨʠʤʝʨʝ 

ʜʚʫʭʟʚʝʥʥʦʛʦ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʵʣʝʤʝʥʪʦʤ-ʚʘʨʘʢʪʦʨʦʤ. 

 

Abstract 

The article discusses the constructive implementation of the integrated 

circuit of a tunable bandpass microwave filter, using the example of a two-

section filter with a controlled varactor element. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʦʙʣʘʩʪʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ. ʀʟʦʙʨʝʪʝʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʧʦʣʦʩʦʚʦʛʦ ʉɺʏ ʬʠʣʴʪʨʘ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʤʠʢʨʦʩʭʝʤ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʩʪʨʦʡʢʠ ʨʘʙʦʯʝʡ 

ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʵʪʦʛʦ ʬʠʣʴʪʨʘ, ʘ ʪʘʢʞʝ ʜʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʡ 

ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʛʘʙʘʨʠʪʦʚ ʠ ʤʘʩʩʳ, ʫʧʨʦʱʝʥʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

2. ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʩʭʝʤʳ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʧʦʣʦʩʦʚʦʛʦ ʜʚʫʭʟʚʝʥʥʦʛʦ ʉɺʏ ʬʠʣʴʪʨʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ 

ʧʦʣʦʩʦʚʦʤ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʤ ʬʠʣʴʪʨʝ (ʇʇʌ) ʉɺʏ, ʩʦʜʝʨʞʘʱʝʤ 
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ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʥʪʫʨ ʩ ʢʚʘʟʠʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʜʚʫʤʷ ɻ-

ʦʙʨʘʟʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʮʝʧʦʯʢʘʤʠ ʠʟ ʜʚʫʭ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʢʘʞʜʘʷ, ʧʦʜʢʣʶʯʝʥʘ ʢ ʧʝʨʚʦʤʫ ʚʳʚʦʜʫ 

ʢʚʘʟʠʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʛʜʝ ʪʦʯʢʘ ʩʦʝʜʠʥʝʥʠʷ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʦʜʥʦʡ ʠʟ ʮʝʧʦʯʝʢ, ʚʚʝʜʝʥʳ ʚʘʨʘʢʪʦʨʥʳʡ ʜʠʦʜ ʩ ʮʝʧʴʶ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʢʚʘʟʠʩʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ, 

ʧʝʨʚʳʡ ʚʳʚʦʜ ʢʦʪʦʨʦʡ ʧʦʜʢʣʶʯʝʥ ʢ ʪʦʯʢʝ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

ʚʪʦʨʦʡ ʮʝʧʦʯʢʠ, ʘ ʚʘʨʘʢʪʦʨʥʳʡ  ʜʠʦʜ ʚʢʣʶʯʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʝʞʜʫ 

ʚʪʦʨʳʤʠ ʚʳʚʦʜʘʤʠ ʢʚʘʟʠʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ. ʈʝʛʫʣʠʨʫʝʤʘʷ 

ʝʤʢʦʩʪʴ ʚʘʨʘʢʪʦʨʘ ʚʢʣʶʯʝʥʘ ʚ ʩʝʨʝʜʠʥʝ ʟʚʝʥʘ ʬʠʣʴʪʨʘ, ʧʨʠʤʳʢʘʶʱʠʝ ʢ 

ʵʪʦʡ ʨʝʛʫʣʠʨʫʝʤʦʡ ʝʤʢʦʩʪʠ ʢʚʘʟʠʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʉɺʏ 

ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʦʪʨʝʟʢʦʚ ʚʳʩʦʢʦʦʤʥʦʡ ʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ, ʚʦʣʥʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʦʡ Z1 ʙʦʣʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʬʠʣʴʪʨʘ Zʦ, 

ʨʘʚʥʦʛʦ ʚʦʣʥʦʚʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʪʨʘʢʪʘ ʉɺʏ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʝʤʢʦʩʪʠ 

ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʠʦʜʘ ʦʪ 0 ʜʦ ʉmax ʧʨʠʨʘʱʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʣʠʥʳ 

ʦʪʨʝʟʢʘ ʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʩʪʘʥʦʚʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʩʪʘʤʠ ʚʢʣʶʯʝʥʠʷ ʚʘʨʘʢʪʦʨʘ ʚ ʨʝʟʦʥʘʥʩʥʳʡ 

ʢʦʥʪʫʨ ʇʇʌ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʨʘʩʪʘʝʪ ʰʠʨʦʢʦʜʠʘʧʘʟʦʥʥʦʩʪʴ 

ʧʝʨʝʩʪʨʦʡʢʠ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʪʦʧʦʣʦʛʠʷ ʪʘʢʦʛʦ ʧʦʣʫʟʚʝʥʘ, ʚ ʢʦʪʦʨʦʤ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʢʦʨʦʪʢʦʛʦ ʦʪʨʝʟʢʘ ʚʳʩʦʢʦʦʤʥʦʡ (Z1>Zo) 

ʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʠ ʯʝʨʝʟ ʫʜʚʦʝʥʥʫʶ ʝʤʢʦʩʪʴ ʚʘʨʘʢʪʦʨʘ (ʉʥ = 2Cʚʘʨʘʢʪ.) 

ʟʘʤʢʥʫʪʘ ʥʘ ʟʘʟʝʤʣʝʥʥʫʶ ʵʢʨʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ [1]. 

 
ʈʠʩ. 1 ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʦʧʦʣʦʛʠʠ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ ʩ 

ʢʚʘʟʠʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʄʠʥʠʘʪʶʨʠʟʘʮʠʷ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʉɺʏ ʬʠʣʴʪʨʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ ʧʦʜʭʦʜʦʤ 

ʢ ʨʝʰʝʥʠʶ ʚʦʧʨʦʩʦʚ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʩʪʴ ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʫʶ ʤʘʩʩʫ ʫʩʪʨʦʡʩʪʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʀʥʪʝʛʨʘʣʴʥʳʝ LC-ʬʠʣʴʪʨʳ, ɺʏ ʠ ʉɺʏ ʜʠʘʧʘʟʦʥʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ 

https://www.dissercat.com/content/integralnye-lc-filtry -vch-i-svch-diapazonov-

na-osnove-sovremennykh-materialov (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 14.04.2022).  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʦʜʭʦʜʳ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥʥʦʡ ʨʝʰʝʪʢʝ ɹʨʵʛʛʘ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ 

ʜʘʪʯʠʢʘ. 

 

Abstract 

The article discusses approaches to methods for measuring temperature 

and pressure using fiber-optic sensors based on a fiber Bragg grating. A model 

of a fiber-optic sensor is presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ð ʥʝʙʦʣʴʰʦʝ ʧʦ ʨʘʟʤʝʨʘʤ 

ʫʩʪʨʦʡʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ 

ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʩʧʦʩʦʙʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʘʪʯʠʢ ʠ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ. 

2. ʄʦʜʝʣʴ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ 

ɼʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʧʨʝʜʣʘʛʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʦʙʳʯʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ 
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ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ, ʠʭ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʠʭ 

ʥʝʩʧʦʩʦʙʥʦʩʪʴʶ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʠʯʘʪʴ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʝʬʦʨʤʘʮʠʠ, 

ʠ ʵʪʦ ʩʦʟʜʘʝʪ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ ʜʣʷ ʩʠʩʪʝʤʳ ʜʘʪʯʠʢʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʠʛʥʘʣʦʚ ʢʚʘʟʠ-ʜʝʬʦʨʤʘʮʠʠ, ʪʘʢ ʢʘʢ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʦʣʴ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʠ ʩʚʷʟʠ ʙʫʜʫʪ 

ʚr ʟʳʚʘʪʴ ʥʝʨʘʟʣʠʯʠʤʳʝ ʪʝʧʣʦʚʳʝ ʚʠʜʠʤʳʝ ʩʠʛʥʘʣʳ ʜʝʬʦʨʤʘʮʠʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʨʝʥʠʝ ʦʜʥʦʛʦ ʩʜʚʠʛʘ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪ ʦʜʥʦʡ ʨʝʰʝʪʢʠ 

ʥʝ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʵʪʠ ʜʚʝ ʧʝʨʝʤʝʥʥʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʆʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ, ʥʘʟʳʚʘʝʤʳʡ ʵʪʘʣʦʥʥʦʡ ʨʝʰʝʪʢʦʡ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʜʝʣʴʥʳʭ ʵʪʘʣʦʥʥʳʭ ʨʝʰʝʪʦʢ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʦʣʴ ʧʫʪʠ ʚʦʣʦʢʥʘ, ʪ.ʝ. ʨʝʰʝʪʦʢ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ ʩ ʣʦʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʦ ʟʘʱʠʱʘʶʪ ʦʪ ʠʟʤʝʥʝʥʠʡ 

ʜʝʬʦʨʤʘʮʠʠ. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʜʚʦʡʥʦʡ 

ʜʣʠʥʳ ʚʦʣʥʳ, ʚʢʣʶʯʘʶʱʝʛʦ ʟʘʧʠʩʴ ʜʚʫʭ ʥʘʣʦʞʝʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ 

ʨʝʰʝʪʦʢ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʢʮʠʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ (Ὧ ȟὯ ) ʠ ʜʝʬʦʨʤʘʮʠʶ 
(Ὧ ȟὯ ) ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʝʩʪʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳ. ʊʝʭʥʦʣʦʛʠʷ ʩ 
ʜʚʫʤʷ ʜʣʠʥʘʤʠ ʚʦʣʥ ʪʨʝʙʫʝʪ ʜʚʫʭ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ 

ʢʘʞʜʦʛʦ ʜʘʪʯʠʢʘ ʠ ʧʦʜʭʦʜʷʱʝʡ ʩʠʩʪʝʤʳ ʜʝʤʦʜʫʣʷʮʠʠ ʜʣʠʥʳ ʚʦʣʥʳ 

(WDS) ʥʘ ʚʳʭʦʜʝ. ʀʟʤʝʥʝʥʠʝ ʜʣʠʥ ʚʦʣʥ ɝʇ ʙʨʵʛʛʦʚʩʢʦʛʦ ʮʝʥʪʨʘ ʜʚʫʭ 
ʨʝʰʝʪʦʢ ʦʪ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ (ɝ4) ʠ ʜʝʬʦʨʤʘʮʠʠ (ɝʀ) 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʤʘʪʨʠʯʥʳʤ ʚʳʨʘʞʝʥʠʝʤ: 

ἱ ▓░ ἱ ▓░ἢ ἢἱȟ  i  = 1,2 (1) 

ʛʜʝ ▓░ Ћʇ ȾЋἱ - ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ, ʩʚʷʟʘʥʥʳʡ 
ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʇʫʘʩʩʦʥʘ, ʧʦʩʪʦʷʥʥʦʡ ʬʦʪʦʫʧʨʫʛʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ, ʠ ▓░ Ћʇ ȾЋ4ἱ - ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, 
ʩʚʷʟʘʥʥʳʡ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ ʪʝʨʤʦʦʧʪʠʢʠ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʣʝʜʩʪʚʠʠ ʘʥʘʣʠʟʘ ʧʦʜʭʦʜʦʚ ʙʳʣ ʚʳʙʨʘʥ ʩʘʤʳʡ ʦʧʪʠʤʘʣʴʥʳʡ 

ʤʝʪʦʜ ʢʘʣʠʙʨʦʚʢʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʘʚʣʝʥʠʷ ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʚʤʝʱʝʥʥʳʭ. 
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AVALANCHE PHOTODETECTORS. SCOPE OF APPLICATION  

 

Murashov A.F. 

(Kazan Radio Mechanical College, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʬʦʪʦʪʦʢʘ 

ʣʘʚʠʥʥʦʛʦ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ, ʨʘʚʥʳʭ ʤʠʢʨʦʧʣʘʟʤʝʥʥʦʤʫ 

ʧʨʦʙʦʶ, ʦʥ ʠ ʫʩʪʨʘʥʷʝʪ ʧʦʛʨʝʰʥʦʩʪʴ, ʦʪ ʤʠʢʨʦʧʣʘʟʤʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ. 

ʇʦʣʫʯʝʥʦ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʬʦʪʦʪʦʢʘ ʂʀ ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʷʭ ʧʠʪʘʥʠʷ ʙʦʣʴʰʠʭ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʙʦʣʴʰʝʡ 2,5Ĭ10-7 

ɺʪ/ʩʤ2 ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʙʦʣʴʰʝʡ ʠʣʠ ʨʘʚʥʦʡ 10,0 ʤʢʩ. 

 

Abstract 

A method has been developed for determining the gain of the photocurrent 

of an avalanche photodetector at voltages equal to the microplasma breakdown, 

and it eliminates the error from microplasma pulses. It is found that in order to 

determine Ci at supply voltages greater than the breakdown voltage, it is 

necessary to use optical pulses with an intensity greater than 2.5Ĭ10-7 W / cm2 

and a duration greater than or equal to 10,0 microseconds. 

 

1. ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ 

ʣʘʚʠʥʥʳʝ ʬʦʪʦʧʨʠʸʤʥʠʢʠ ʚ ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʩʧʝʢʪʨʘ. 

2. ʄʠʢʨʦʧʣʘʟʤʝʥʥʳʡ ʧʨʦʙʦʡ. ʋʩʠʣʝʥʠʝ ʬʦʪʦʪʦʢʘ. 

ɺʟʷʪʴ, ʢ ʧʨʠʤʝʨʫ, ʬʦʪʦʧʨʠʝʤʥʠʢʠ ʩ ʣʘʚʠʥʥʳʤʠ ʬʦʪʦʜʠʦʜʘʤʠ ʌɼ-

115ʃ, ʂʆʌ101 ʠ BPYP 52 ʠ ʢʨʝʤʥʠʝʚʳʝ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʝ ʫʤʥʦʞʠʪʝʣʠ. 

ʈʝʛʠʩʪʨʠʨʫʷ ʣʘʚʠʥʥʳʤʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘʤʠ ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʚ 

ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʯʝʪʘʥʠʷ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʩʪʦʢʦʚʦʛʦ ʠ ʨʝʞʠʤʘ ʩʯʝʪʘ ʬʦʪʦʥʦʚ [1, 2]. ʕʪʦ ʙʫʜʝʪ, ʝʩʣʠ 

ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʥʝ ʙʦʣʴʰʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʙʦʷ ʬʦʪʦʧʨʠʝʤʥʠʢʘ, ʟʜʝʩʴ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʬʦʪʦʪʦʢʘ ʂʀ. ɽʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʯʫʪʴ 
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ʙʦʣʴʰʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ, ʪʦ ʚʦʟʥʠʢʘʶʪ ʤʠʢʨʦʧʣʘʟʤʝʥʥʳʝ ʠʤʧʫʣʴʩʳ, ʦʥʠ 

ʠ ʚʥʦʩʷʪ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʠʟʤʝʨʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʬʦʪʦʪʦʢʘ. 

ɿʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ ʫʤʥʦʞʝʥʠʷ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ p-n-ʧʝʨʝʭʦʜʘ ʬʦʪʦʧʨʠʝʤʥʠʢʘ. ʅʘ ʬʦʪʦʧʨʠʝʤʥʠʢʠ ʧʦʜʘʸʤ 

ʥʘʧʨʷʞʝʥʠʷʭ Uʇ = 5 ɺ. ʆʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʧʝʨʝʢʨʳʚʘʝʪʩʷ, ʠʟʤʝʨʷʝʪʩʷ 

ʪʝʤʥʦʚʦʡ ʪʦʢ Iʊʅ. ʌʦʪʦʧʨʠʸʤʥʠʢ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʧʪʠʯʝʩʢʦʤʫ ʠʟʣʫʯʝʥʠʶ 

ʧʦʩʪʦʷʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʠʟʤʝʨʷʝʪʩʷ ʪʦʢ Iʆʅ. ʇʦʜʘʸʪʩʷ ʥʘʧʨʷʞʝʥʠʝ Uʆʇ, 

ʨʘʚʥʦʝ ʣʘʚʠʥʥʦʤʫ ʨʝʞʠʤʫ, ʪ.ʝ. ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʬʦʪʦʧʨʠʝʤʥʠʢʦʤ ʩ ʫʩʠʣʝʥʠʝʤ ʬʦʪʦʪʦʢʘ, ʥʦ ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʷʭ ʥʠʞʝ ʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ Uʇʈ. ʀʟʤʝʨʷʝʪʩʷ ʪʝʤʥʦʚʦʡ ʪʦʢ 

Iʊʃ. ʅʘ ʬʦʪʦʧʨʠʝʤʥʠʢ ʧʦʜʘʚʘʸʪʩʷ ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɽʩʪʴ ʪʦʢ Iʆʃ. ʆʧʠʨʘʷʩʴ ʥʘ ʦʙʱʠʡ Iʆʅ ʠ ʪʝʤʥʦʚʦʡ Iʊʅ ʪʦʢʠ 

ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ ʧʠʪʘʥʠʷ ʚ ʥʝʣʘʚʠʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ Iʆʃ ʠ Iʊʃ ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʷʭ ʧʠʪʘʥʠʷ ʚ ʣʘʚʠʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʚʳʯʠʩʣʷʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʩʠʣʝʥʠʷ ʬʦʪʦʪʦʢʘ ʂ. 

ʇʦʜʘʸʪʩʷ ʥʘʧʨʷʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʷʚʣʷʝʪʩʷ ʤʠʢʨʦʧʣʘʟʤʝʥʥʳʡ 

ʧʨʦʙʦʡ U1ʇ ʠ ʬʠʢʩʠʨʫʶʪʩʷ ʩʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʩʨʝʜʥʷʷ ʘʤʧʣʠʪʫʜʘ 

ʤʠʢʨʦʧʣʘʟʤʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ. ɼʘʣʝʝ ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢʦʡ ʦʧʪʠʯʝʩʢʠʡ 

ʠʤʧʫʣʴʩ, ʯʪʦʙʳ ʬʦʪʦʦʪʢʣʠʢ ʵʪʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʚʳʭʦʜʝ ʬʦʪʦʧʨʠʝʤʥʠʢʘ 

ʠʤʝʣ ʘʤʧʣʠʪʫʜʫ ʙʦʣʴʰʫʶ ʩʨʝʜʥʝʡ ʘʤʧʣʠʪʫʜʳ ʤʠʢʨʦʧʣʘʟʤʝʥʥʳʭ 

ʠʤʧʫʣʴʩʦʚ. ɼʘʣʝʝ ʬʠʢʩʠʨʫʝʪʩʷ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ 

ʬʦʪʦʦʪʢʣʠʢʘ ɸ2 ʥʘ ʚʳʭʦʜʝ ʬʦʪʦʧʨʠʝʤʥʠʢʘ, ʟʘʪʝʤ ʧʦʥʠʞʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ 

ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʜʦ Uʆʇ ʠ ʧʦʜʘʶʪʩʷ ʥʘ ʥʝʛʦ ʦʧʪʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ ʪʘʢʦʡ ʞʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʘʢ ʠ ʜʣʷ ʧʨʝʜʳʜʫʱʝʛʦ ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ U1ʇ. ʀʟʤʝʨʷʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʬʦʪʦʦʪʢʣʠʢʘ ʥʘ ʚʳʭʦʜʝ 

ʬʦʪʦʧʨʠʝʤʥʠʢʘ ɸ1 ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʬʦʪʦʪʦʢʘ ʂʀ ʜʣʷ ʥʘʧʨʷʞʝʥʠʷ 

ʧʠʪʘʥʠʷ U1ʇ. 

ɺʩʸ ʵʪʦ ʧʨʦʭʦʜʠʣʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T = 300 ʂ. ɼʣʠʥʘ 

ʚʦʣʥʳ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 630 ʥʤ. ʊʘʢ ʢʘʢ, ʦʥʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ Uʇʈ, ʪʦ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʞʜʫ ʩʦʙʦʡ 

ʙʝʨʸʪʩʷ ʚʝʣʠʯʠʥʘ ȹU = U ï Uʇʈ, ʛʜʝ U ï ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʣʘʚʠʥʥʦʛʦ 

ʬʦʪʦʧʨʠʝʤʥʠʢʘ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʉʨʘʚʥʠʚʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ 

(1) ʠ (2) ʜʣʷ ʦʜʠʥʘʢʦʚʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʝʣʴʥʠʢʦʚ ɸ.ɺ. // ʆʧʪʠʤʠʟʘʮʠʷ ʬʦʪʦʧʨʠʸʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʣʘʟʝʨʥʦʡ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

2. ɼʚʦʨʥʠʢʦʚ ʆ.ɺ. // ʕʣʝʢʪʨʦʥʥʳʡ ʤʦʜʫʣʴ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 

ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʚʦʜʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ. ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ 

ʤʘʩʩʠʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʦʚ. 

 

Abstract 

This article discusses a method for providing underwater optical 

communication. Prospects for using an array of sequentially connected solar 

cells as a detector. 

 

1. ɺʚʝʜʝʥʠʝ 

ɹʦʣʴʰʠʥʩʪʚʦ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʘʣʴʥʝʛʦ 

ʜʝʡʩʪʚʠʷ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʧʦʜʚʦʜʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʪʨʝʙʫʶʪ ʩʪʨʦʛʦʡ ʥʘʩʪʨʦʡʢʠ ʤʝʞʜʫ ʧʝʨʝʜʘʪʯʠʢʦʤ, ʠʟʣʫʯʘʶʱʠʤ ʩʚʝʪ, ʠ 

ʧʨʠʝʤʥʠʢʦʤ, ʢʦʪʦʨʳʡ ʦʙʥʘʨʫʞʠʚʘʝʪ ʚʭʦʜʷʱʠʡ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ. 

ʉʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʥʘʨʫʞʠʚʘʶʪ ʩʚʝʪ ʩ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʠ 

ʧʨʝʦʙʨʘʟʫʶʪ ʝʛʦ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʜʝʪʝʢʪʦʨʦʚ ʤʦʞʝʪ ʫʧʨʦʩʪʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʚʳʨʘʚʥʠʚʘʥʠʶ ʧʝʨʝʜʘʪʯʠʢʘ ʠ 

ʧʨʠʝʤʥʠʢʘ ʚ ʩʠʩʪʝʤʝ ʧʦʜʚʦʜʥʦʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ. 

2. ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ ʤʘʩʩʠʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʦʚ 
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ʆʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʦʪʦʚʳʭ ʢʨʝʤʥʠʝʚʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʝʙʫʶʪ ʩʣʦʞʥʳʝ ʩʭʝʤʳ ʠ 

ʘʣʛʦʨʠʪʤʳ ʤʦʜʫʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʪʨʝʙʫʶʪ ʠʥʪʝʥʩʠʚʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʪʨʝʙʣʷʶʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʠ 

ʩʦʟʜʘʶʱʠʭ ʚʳʩʦʢʫʶ ʟʘʜʝʨʞʢʫ ʦʙʨʘʙʦʪʢʠ. ʀʩʧʦʣʴʟʫʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʩʠʤʫʣʷʮʠʶ ʧʦʜʢʣʶʯʝʥʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ 

ʧʝʨʠʬʝʨʠʡʥʘʷ ʩʭʝʤʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʶ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ 3Ĭ3 ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʣʘʩʪʠ 

ʦʙʥʘʨʫʞʝʥʠʷ 3,4Ĭ3,4 ʩʘʥʪʠʤʝʪʨʘ, ʚ ʨʝʟʝʨʚʫʘʨʝ ʜʣʷ ʚʦʜʳ ʜʣʠʥʦʡ 7 ʤʝʪʨʦʚ, 

ʢʦʪʦʨʳʡ ʠʤʠʪʠʨʦʚʘʣ ʧʦʜʚʦʜʥʳʡ ʢʘʥʘʣ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʝʨʢʘʣʘ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʧʫʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʩʦʟʜʘʚʘʷ ʨʘʩʩʪʦʷʥʠʝ 

ʧʝʨʝʜʘʯʠ 35 ʤʝʪʨʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʦʡ ʩʭʝʤʳ ʤʦʜʫʣʷʮʠʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʦʙʥʘʨʫʞʝʥʠʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ 

ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʦʚ. ʇʨʠʤʝʥʝʥʠʝ 

ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ 90 ɺ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ, 

ʧʦʟʚʦʣʷʷ ʜʦʩʪʠʯʴ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 20 ʜɹ 63,4 ʄɻʮ. ʕʪʘ ʧʦʣʦʩʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʧʦʜʚʦʜʥʫʶ ʙʝʩʧʨʦʚʦʜʥʫʶ ʦʧʪʠʯʝʩʢʫʶ 

ʩʚʷʟʴ ʩʦ ʩʢʦʨʦʩʪʴʶ 35 ʤ/150 ʄʙʠʪ/ʩ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩ ʘʤʧʣʠʪʫʜʥʦʡ 

ʤʘʥʠʧʫʣʷʮʠʝʡ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʦʧʪʠʤʠʟʘʮʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʜʝʪʝʢʪʦʨʘ. ʇʦʤʠʤʦ ʧʦʜʚʦʜʥʦʛʦ ʤʠʨʘ, ʵʪʦʪ ʪʠʧ ʜʝʪʝʢʪʦʨʘ ʪʘʢʞʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʚʷʟʠ ʚ ʚʠʜʠʤʦʤ ʩʚʝʪʝ, ʥʘʧʨʠʤʝʨ, ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ, ʚ 

ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʠʜʠʤʳʡ ʩʚʝʪ ʦʪ ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʣʘʟʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʦʮʝʥʢʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʦʚ ʩʣʦʞʥʦʡ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ 

ʤʘʣʦʨʘʟʤʝʨʥʦʡ ʮʝʣʠ ï ʜʨʦʥʘ - ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʦʧʪʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ.  

 

Abstract 

The article discusses the structure of a laser complex for estimating the 

spatial coordinates of the elements of a complex ballistic small-sized target - a 

drone - based on the results of measurements by optical means. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ, ʥʝ ʨʝʰʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʦʚ 

ʩʣʦʞʥʦʡ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʤʘʣʦʨʘʟʤʝʨʥʦʡ ʮʝʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ 

ʦʧʪʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ. ɼʣʷ ʝʛʦ ʨʝʰʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʜʘʚʘʪʴ 

ʧʨʠʝʤʣʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ [1-3]. ʂ ʪʘʢʠʤ ʫʩʣʦʚʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʨʘʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʨʘʟʤʝʱʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʧʫʥʢʪʦʚ ʠ ʨʘʮʠʦʥʘʣʴʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʩʧʦʩʦʙʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

2. ʆʧʪʠʯʝʩʢʠʝ ʫʛʣʦʤʝʨʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ 
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ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʝʢʪʦʨʠʡ ʥʝʩʢʦʣʴʢʠʭ ɼ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʊʀ ʚʦ ʤʥʦʛʦʤ ʘʥʘʣʦʛʠʯʥʘ ʟʘʜʘʯʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʧʝʣʝʥʛʠ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʪʨʝʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʫʥʢʪʦʚ 

ʦʧʪʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʠʩʢ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ 

ʬɻʬʝʢʪʠʚʥʦʩʪʠ ʊʀ ʦʜʥʦʪʠʧʥʳʭ ɼ ʚ ʛʨʫʧʧʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʘʪʴ ʥʘ ʦʩʥʦʚʝ 

ʧʦʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʣʶʙʦʛʦ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ, ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʣʘʟʝʨʥʳʝ ʉʀ. 

3. ʃʘʟʝʨʥʳʝ ʪʝʦʜʦʣʠʪʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʉʀ ʢʘʢ ʜʣʷ ʣʘʟʝʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʨʘʝʢʪʦʨʠʡ, ʪʘʢ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ ʘʢʪʠʚʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʧʪʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1 

ʊʘʙʣʠʮʘ 1 - ʆʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʣʘʟʝʨʥʳʝ ʩʨʝʜʩʪʚʘ ʊʀ 

 
4. ɿʘʢʣʶʯʝʥʠʝ 

ʆʩʥʦʚʥʦʡ ʧʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʠ ʥʝʜʦʨʦʛʠʭ 

ʤʦʙʠʣʴʥʳʭ ʣʘʟʝʨʥʳʭ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʪʝʦʜʦʣʠʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʝʰʘʪʴ 

ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. ɺʝʨʦʷʪʥʦʩʪʴ ʠʭ ʩʦʟʜʘʥʠʷ ʦʯʝʥʴ ʚʳʩʦʢʘ ʠ ʦʧʠʨʘʝʪʩʷ 

ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʇɿʉ- ʠ ʂʄʆʇ-ʤʘʪʨʠʮ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʚʘʥʪʦʚʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʠʢʩʝʣʝʡ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʯʘʩʪʦʪʫ ʢʘʜʨʠʨʦʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʣʘʟʝʨʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʧʦʜʣʝʪʘ ʜʨʦʥʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʩʪʨʫʢʪʫʨʥʦ ʠʟʙʳʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʣʘʟʝʨʥʦʛʦ ʣʦʢʘʪʦʨʘ ʩʣʝʞʝʥʠʷ.  

 

Abstract 

This article presents a technique for laser control of the approach of 

drones, developed on the basis of mathematical identification of structurally 

redundant measurements of a laser tracking locator. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʣʘʟʝʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʜʣʝʪʘ ʜʨʦʥʦʚ (ʃʂʊɼ) ï ʪʨʘʝʢʪʦʨʠʠ ʧʦʜʣʝʪʘ ï 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʧʨʠʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠʩʢʘʞʝʥʥʳʭ ʛʨʫʙʳʤʠ ʦʰʠʙʢʘʤʠ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʦʪʜʝʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ.  

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʧʦʜʦʙʥʦʡ ʤʝʪʦʜʠʢʠ ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ 

ʯʪʦ ʘʧʧʘʨʘʪʫʨʥʦʡ ʧʦʜʜʝʨʞʢʦʡ ʤʝʪʦʜʠʢʠ ʩʣʫʞʠʪ ʥʝ ʧʨʦʩʪʦ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ, ʘ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ʀɺʂ). 

ʎʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʟʝʨʥʦʛʦ ʪʝʦʜʝʣʠʪʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
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(ʃʊʀʂ) ʠʟʤʝʨʝʥʠʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ [1-3]. 

2. ʆʮʝʥʢʘ ʢʦʦʨʜʠʥʘʪ ʜʨʦʥʘ 

ʇʫʩʪʴ ʫʛʣʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ 
Mib , 

Mie  ʦʧʨʝʜʝʣʷʶʪ ʥʘʧʨʘʚʣʝʥʠʝ 

ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ i -ʛʦ ʃʃʉ ʥʘ ʮʝʣʴ (ɼ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʟʤʝʨʝʥʠʡ ʥʝʩʢʦʣʴʢʠʭ ʃʃʉ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʦʮʝʥʦʢ ʢʦʦʨʜʠʥʘʪ ɼ ʚ 

ʜʝʢʘʨʪʦʚʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʫʶ ʪʦʯʢʫ (
0x

, 
0y , 

0z ), ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʢʦʪʦʨʦʡ, ʦʪ ʚʩʝʭ 

ʣʠʥʠʡ ʚʠʟʠʨʦʚʘʥʠʷ ʤʠʥʠʤʘʣʴʥʘ. 

ɼʘʣʝʝ ʚʳʯʠʩʣʷʝʪʩʷ ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 
ip , ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʜʠʩʧʝʨʩʠʡ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ ʫʛʣʦʚ 
Mib  ʠ 

Mie , ʥʦ ʪʘʢʞʝ ʦʪ 

ʜʘʣʴʥʦʩʪʠ ʜʦ ɼ ʠ ʧʦʵʪʦʤʫ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʟʘʨʘʥʝʝ. ɺ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʦʥ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ ʠ ʫʪʦʯʥʷʝʪʩʷ ʠʟ 

ʚʳʨʘʞʝʥʠʷ 

ip =
( )2 2 2 2

1

1
Mi Mii id me bs sè ø+ -

ê ú

. 

ɿʘʪʝʤ ʚʳʯʠʩʣʷʶʪʩʷ ʦʮʝʥʢʠ ʩ ʫʯʝʪʦʤ ʫʪʦʯʥʝʥʥʳʭ ʚʝʩʦʚ 
ip ( i = 1,2,3) 

ʠ ʚʥʦʚʴ ʨʝʰʘʝʪʩʷ ʚʩʷ ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚ ʮʝʣʦʤ. 

ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʝʨʳʚʘʝʪʩʷ, ʢʦʛʜʘ ʢʦʦʨʜʠʥʘʪʳ ɼ, ʚʳʯʠʩʣʝʥʥʳʝ ʚ 

ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʷʭ, ʩʪʘʥʦʚʷʪʩʷ e-ʥʝʨʘʟʣʠʯʠʤʳʤʠ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʃʂʇɼ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʃʊʀʂ ʥʘ ʙʘʟʝ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʢʘʤʝʨ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʃʊʀʂ ʨʘʟʨʘʙʦʪʘʥ 

ʚʘʨʠʘʥʪ ʃʃʉ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʣʝʚʠʟʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ. 
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ʀʥʞʝʥʝʨʥʳʡ ʚʝʩʪʥʠʢ ɼʦʥʘ. 2017. ˉ 4 (47). ʉ. 65.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʬʦʪʦʥʠʢʘ, 

ʦʧʠʩʳʚʘʝʪʩʷ ʥʘʟʥʘʯʝʥʠʝ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʠʩʪʦʨʠʷ ʝʝ ʨʘʟʚʠʪʠʷ ʠ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʠʥʜʫʩʪʨʠʠ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. 

 

Abstract 

This article discusses microwave photonics, describes the purpose of 

this discipline, the history of its development and the relevance of its 

application in various fields of industry in the modern world. 

 

1. ɺʚʝʜʝʥʠʝ 

ʄʠʢʨʦʚʦʣʥʦʚʘʷ ʬʦʪʦʥʠʢʘ ï ʵʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʨʘʟʜʝʣ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʟʥʘʥʠʡ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʦʧʪʦʪʝʭʥʠʢʫ, 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʫ ʠ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʫ. 

2. ɿʘʨʦʞʜʝʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʬʦʪʦʥʠʢʠ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʩʚʷʟʘʥʘ ʩ ʧʦʠʩʢʦʤ 

ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʥʝʫʢʣʦʥʥʦ ʫʩʣʦʞʥʷʶʱʠʭʩʷ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ 

ʚʳʥʫʞʜʘʶʪ ʨʘʜʠʦʠʥʞʝʥʝʨʦʚ ʠʩʢʘʪʴ ʥʦʚʳʝ ʧʫʪʠ ʫʞʝ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʙʨʘʱʘʪʴʩʷ ʢ ʯʘʩʪʦʪʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ 

ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʈʘʙʦʯʠʝ ʯʘʩʪʦʪʳ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʬʦʪʦʥʠʢʝ 

ʧʨʦʩʪʠʨʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʤʝʥʴʰʝ 1ʢɻʎ ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʜʦ 

ʩʦʪʝʥ ʪʝʨʘʛʝʨʮ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʠʤʧʫʣʴʩ 

ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʬʦʪʦʥʠʢʠ ʠʤʝʣ ʩʚʷʟʴ ʩ ʠʟʥʘʯʘʣʴʥʦʡ 
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ʧʝʨʩʧʝʢʪʠʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʝʝ ʧʦʤʦʱʴʶ ʣʠʥʠʡ ʟʘʜʝʨʞʢʠ ʉɺʏ-ʩʠʛʥʘʣʦʚ ʩ 

ʥʠʟʢʠʤʠ ʧʦʪʝʨʷʤʠ ʠ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ ʟʘʧʘʟʜʳʚʘʥʠʷ. ɼʘʥʥʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʦʙʲʷʩʥʷʣʘʩʴ ʢʦʥʢʫʨʝʥʮʠʝʡ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ ʈʃʉ ʠ ʈʕʇ. ɺ 

ʮʝʣʷʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʘʙʦʥʝʥʪʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʨʘʜʠʦ ʠ ʪʝʣʝʚʠʟʠʦʥʥʦʝ ʚʝʱʘʥʠʝ, ʩʦʪʦʚʳʝ ʪʝʣʝʬʦʥʳ, ʩʧʫʪʥʠʢʦʚʘʷ ʩʚʷʟʴ ʠ 

ʧʨʦʯʠʝ ʧʝʨʝʛʦʚʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʄɺʌ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ. ʉʠʩʪʝʤʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʥʠʞʝ 20 ɻɻʮ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʠʣʠ ʤʦʨʷ, ʣʠʰʴ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʜʘʥʥʳʭ ʨʘʜʠʦʩʠʩʪʝʤ ʨʘʙʦʪʘʝʪ ʚʦ ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʝʤ ʜʠʘʧʘʟʦʥʝ ʩ 

ʮʝʥʪʨʘʣʴʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʚ ʨʘʡʦʥʝ 35 ʠ 94 ɻɻʮ [1, ʩ.30].  ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʩʠʩʪʝʤʘʤ ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ ʩ ʟʘʪʫʭʘʥʠʝʤ ʩʠʛʥʘʣʘ ʥʝ ʙʦʣʝʝ 

0,3 ʜɹ/ʢʤ. ʇʨʠ ʚʳʩʦʪʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʙʦʣʝʝ ʜʝʚʷʪʠ ʢʠʣʦʤʝʪʨʦʚ, 

ʟʘʪʫʭʘʥʠʝ ʩʠʛʥʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0,05ʜɹ/ʢʤ ʥʘ ʯʘʩʪʦʪʘʭ 

ʚʧʣʦʪʴ ʜʦ 300 ɻɻʮ [2, c.42]. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʥʝʙʦʣʴʰʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʦʣʦʩʝ, ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʬʦʪʦʥʠʢʠ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʨʠ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ). ɼʨʫʛʠʤ ʬʘʢʪʦʨʦʤ 

ʧʦʩʣʫʞʠʚʰʠʤ ʠʤʧʫʣʴʩʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʄɺʌ ʷʚʣʷʶʪʩʷ ʥʠʟʢʠʝ ʧʦʪʝʨʠ ʚ 

ʦʧʪʠʯʝʩʢʦʤ ʢʘʙʝʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʘʢʩʠʘʣʴʥʦʤ ʢʘʙʝʣʝʤ, ʛʜʝ ʧʦʪʝʨʠ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘ 2-3 ʧʦʨʷʜʢʘ ʚʳʰʝ [3]. ʇʦʪʝʨʠ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʜʦʚʦʣʴʥʦ 

ʥʠʟʢʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʶʪ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʢʘʙʝʣʷ, ʥʘ ʢʦʪʦʨʦʡ 

ʧʦʪʝʨʠ ʙʫʜʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʯʝʤ ʥʘ ʢʦʘʢʩʠʘʣʴʥʦʤ ʢʘʙʝʣʝ. ʉʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ: ʬʘʢʪʠʯʝʩʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʬʘʟʦʚʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ, ʫʨʦʚʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ, 

ʰʫʤʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʪ.ʜ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʉʝʛʦʜʥʷ ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʬʦʪʦʥʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʦʧʫʣʷʨʥʳʭ 

ʠʥʜʫʩʪʨʠʡ ʚʦʟʥʠʢʰʝʡ ʥʘ ʩʪʳʢʝ ʥʝʩʢʦʣʴʢʠʭ ʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠ 

ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʙʦʣʝʝ ʯʝʤ 30-ʣʝʪʥʠʤ ʦʧʳʪʝ ʨʘʟʨʘʙʦʪʢʠ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʮʝʣʦʤ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ 

ʤʘʩʢʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ multi-scroll Jerk ʩʠʩʪʝʤʳ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʵʬʬʝʢʪʘʤʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ. ʆʙʦʩʥʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʪʨʫʢʪʫʨʝ 

ʨʝʞʝʢʪʦʨʥʳʭ ʬʠʣʴʪʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʨʝʙʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ. 

 

Abstract 

The investigations of the rejection filters for selective suppression of 

masking signals generated by a multi-scroll Jerk circuit when building a 

confidential optical communication system with the effects of dynamic chaos 

were carried out. The recommendations on the structure of reject filters 

providing the required characteristics of selective suppression were 

substantiated. 
 

1. ɺʚʝʜʝʥʠʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʤʘʩʢʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ multi-

scroll Jerk ʩʠʩʪʝʤ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ 

ʧʦ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʤ ʣʠʥʠʷʤ ʩʚʷʟʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʟʘʱʠʱʝʥʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ [1]. ɼʣʷ 

ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʤʘʩʢʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 
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ʚʳʜʝʣʝʥʠʝʤ ʧʦʣʝʟʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ BPSK ʩʠʛʥʘʣʦʚ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʨʝʞʝʢʪʦʨʥʳʭ ʬʠʣʴʪʨʦʚ (ʌʈʌ) [2]. 

2. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʧʦʜʘʚʣʝʥʠʷ ʤʘʩʢʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ Jerk ʩʠʩʪʝʤ ʨʝʞʝʢʪʦʨʥʳʤʠ 

ʬʠʣʴʪʨʘʤʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʦʮʝʥʠʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʘʚʣʝʥʠʷ ʂp, 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʦʪʥʦʰʝʥʠʝʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (ʉʂʆ) 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʢ ʉʂʆ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠʩʩʣʝʜʫʝʤʳʭ ʌʈʌ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂp ʢʦʤʧʦʥʝʥʪ X, Y, Z 

multi-scroll Jerk ʩʠʩʪʝʤʳ ʦʪ ʯʠʩʣʘ ʦʪʩʯʝʪʦʚ N, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʢ ʧʝʨʠʦʜʫ 

ʢʚʘʟʠʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʨʠ ʢʦʤʤʫʪʘʮʠʠ ʥʘ “ ʬʘʟʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ BPSK ʩʠʛʥʘʣʘ ʠ ʦʪʥʦʰʝʥʠʠ ʩ/ʰ ʥʘ ʚʭʦʜʝ ʨʘʚʥʳʤ 18 ʜɹ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʌʈʌ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʡ N, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʢ 

ʧʝʨʠʦʜʫ ʢʚʘʟʠʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 10000 ʜʦ 14000 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʂʨ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ. ʆʜʥʘʢʦ, ʧʨʠ 

ʙʦʣʴʰʠʭ N ʚʦʟʨʘʩʪʘʝʪ ʦʙʲʝʤ ʚʳʧʦʣʥʷʝʤʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʰʫʤʦʚʳʤ 

ʤʘʩʢʠʨʦʚʘʥʠʝʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ N 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5000 ʜʦ 6000. ʅʘʠʣʫʯʰʝʝ ʧʦʜʘʚʣʝʥʠʝ ʤʘʩʢʠʨʫʶʱʠʭ 

ʩʠʛʥʘʣʦʚ multi-scroll Jerk ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʌʈʌ ʥʘ 

ʦʩʥʦʚʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʳ Z. ɺ ʨʝʢʦʤʝʥʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ 

ʟʥʘʯʝʥʠʡ N ʢʦʵʬʬʠʮʠʝʥʪ Kp ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 49 ʜɹ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʨʝʞʝʢʪʦʨʥʳʭ ʬʠʣʴʪʨʦʚ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʤʘʩʢʠʨʫʶʱʠʭ 

ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʦʪʥʦʰʝʥʠʝ ʩ/ʰ ʥʘ ʚʳʭʦʜʝ 

ʬʠʣʴʪʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʥʦʰʝʥʠʝʤ ʩ/ʰ ʥʘ ʚʭʦʜʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʨʝʢʦʤʝʥʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ N ʦʪʥʦʰʝʥʠʝ ʩ/ʰ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ 

ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 66 ʜɹ ʜʣʷ ʢʦʤʧʦʥʝʥʪʳ Z multi-scroll Jerk ʩʠʩʪʝʤʳ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʠʟʙʠʨʘʪʝʣʴʥʦʤʫ ʧʦʜʘʚʣʝʥʠʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʨʝʞʝʢʪʦʨʥʳʤʠ ʬʠʣʴʪʨʘʤʠ ʤʘʩʢʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ multi-

scroll Jerk ʩʠʩʪʝʤʳ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʝʞʝʢʪʦʨʥʳʭ ʬʠʣʴʪʨʦʚ. 
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ʫʛʣʦʚʳʭ ʤʦʤʝʥʪʦʚ ʥʘ ʚʳʭʦʜʝ ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ. 

 

Abstract 

The article presents an overview of methods for measuring orbital 

angular momenta at the output of optical fibers. 

 

1. ɺʚʝʜʝʥʠʝ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʰʠʨʦʢʦ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ, ʦʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʧʨʦʙʣʝʤʘ ʠʟʤʝʨʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʥʝ ʨʝʰʝʥʘ ʦʢʦʥʯʘʪʝʣʴʥʦ.  

2. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʦʨʙʠʪʘʣʴʥʳʭ ʫʛʣʦʚʳʭ ʤʦʤʝʥʪʦʚ ʥʘ ʚʳʭʦʜʝ 

ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ 

ʀʟʚʝʩʪʥʳ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʆʋʄ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʣʠʥʟʳ, ʢʦʪʦʨʘʷ ʚʥʦʩʠʪ ʚ ʧʫʯʦʢ ʘʩʪʠʛʤʘʪʠʯʝʩʢʦʝ 

ʠʩʢʘʞʝʥʠʝ [1], ʧʦʟʚʦʣʷʶʱʝʝ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʪʦʣʴʢʦ ʟʥʘʢ ʠ ʧʦʨʷʜʦʢ 

ʚʠʭʨʝʚʦʡ ʩʠʥʛʫʣʷʨʥʦʩʪʠ, ʥʦ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʫʯʢʘ.  

ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʬʠʣʴʪʨʦʚ: ʝʩʣʠ ʩʦʝʜʠʥʠʪʴ ʛʦʣʦʛʨʘʤʤʫ ʩ ʦʜʥʦʤʦʜʦʚʳʤ ʚʦʣʦʢʥʦʤ ʩ 

ʟʘʜʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ, ʪʦ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʬʠʣʴʪʨʦʤ ʜʣʷ ʆʋʄ.  

ʌʘʟʘ ʪʘʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
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ʩʫʧʝʨʧʦʟʠʮʠʶ ʥʝʩʢʦʣʴʢʠʭ ʛʦʣʦʛʨʘʤʤ-ʚʠʣʦʢ, ʥʝʩʫʱʠʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ 

ʟʘʨʷʜʳ, ʚʳʙʨʘʥʥʳʝ ʚ ʥʘʙʦʨʝ ʟʥʘʯʝʥʠʡ, ʧʦʜʣʝʞʘʱʠʭ 

ʜʝʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʶ. ʇʦʣʦʞʝʥʠʝ ʢʘʥʘʣʦʚ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ ʤʦʞʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʚʢʣʘʜʘ ʢʘʞʜʦʡ ʛʦʣʦʛʨʘʤʤʳ ʚʠʣʢʠ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʥʝʩʫʱʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʯʘʩʪʦʪʫ.[2] 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʨʘʟʠʣʴʩʢʠʭ ʫʯʝʥʳʭ ʠʟ Federal University of Alagoas 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʧʫʩʢʘʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʪʨʝʫʛʦʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘʧʨʷʤʫʶ ʠʟʤʝʨʠʪʴ ʦʨʙʠʪʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ. 

ʇʦʪʦʢ ʩʚʝʪʘ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʪʨʝʫʛʦʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ, ʩʦʟʜʘʝʪ 

ʪʨʝʫʛʦʣʴʥʳʡ ʤʘʩʩʠʚ ʪʦʯʝʢ. ʃʫʯ ʩʚʝʪʘ ʜʦʣʞʝʥ ʙʳʪʴ ʩʬʦʢʫʩʠʨʦʚʘʥ ʠʤʝʥʥʦ 

ʥʘ ʪʨʝʫʛʦʣʴʥʦʤ ʦʪʚʝʨʩʪʠʠ. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʢʘʨʪʠʥʘ ʙʫʜʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʪʨʝʫʛʦʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ ʷʨʢʠʭ ʧʷʪʝʥ. ʈʘʩʯʝʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʝʩʣʠ ʪʨʝʫʛʦʣʴʥʠʢ ʠʟ ʩʘʤʳʭ ʷʨʢʠʭ ʧʷʪʝʥ ʙʫʜʝʪ ʠʤʝʪʴ ʧʦ 1 

ʩʪʦʨʦʥʝ N ʧʷʪʝʥ, ʪʦ ʫʛʣʦʚʦʡ ʦʨʙʠʪʘʣʴʥʳʡ ʤʦʤʝʥʪ ʵʪʦʛʦ ʣʫʯʘ ʙʫʜʝʪ 

ʨʘʚʥʷʪʴʩʷ (N-1). 

ɼʨʫʛʠʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʆʋʄ ʩʚʝʪʘ ʚʢʣʶʯʘʶʪ ʚʨʘʱʘʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ, ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʩ ʧʨʠʟʤʦʡ 

ɼʦʚʝ,[3] ʠʟʤʝʨʝʥʠʝ ʩʧʠʥʘ ʟʘʭʚʘʯʝʥʥʳʭ ʯʘʩʪʠʮ, ʠʟʫʯʝʥʠʝ ʵʬʬʝʢʪʦʚ 

ʜʠʬʨʘʢʮʠʠ ʥʘ ʦʪʚʝʨʩʪʠʷʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʇʦʩʣʝʜʥʠʝ 

ʠʩʧʦʣʴʟʫʶʪ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʯʪʦʙʳ ʨʘʟʚʝʨʥʫʪʴ 

ʫʛʣʦʚʳʝ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʤʦʜ ʆʋʄ ʚ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʧʣʦʩʢʠʭ 

ʚʦʣʥ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʨʝʰʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʌʫʨʴʝ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠʟʤʝʨʝʥʠʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ 

ʤʦʤʝʥʪʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʝʤʘ ʥʝ ʜʦ ʢʦʥʮʘ ʠʟʫʯʝʥʘ. ɽʝ 

ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʟʫʯʘʪʴ 

ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ʚ ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʘʭ ʠ 

ʩʣʝʜʠʪʴ ʟʘ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʦʢ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʧʦ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʶ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʘʭ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪ ʠʟʤʝʨʝʥʠʷ ʩʠʣʳ ʪʦʢʘ ʩ 

ʧʦʤʦʱʴʶ ʧʦʜʦʙʥʦʛʦ ʜʘʪʯʠʢʘ. 

 

Abstract 

This paper describes the possibility of using fiber Bragg gratings in 

fiber-optic sensors of industrial current, as well as an experiment of measuring 

the current strength using such a sensor. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʟʘʜʘʯʘ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʠʣʳ ʪʦʢʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʠʥʠʷʭ ʧʝʨʝʜʘʯʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʥʘʧʨʠʤʝʨ 

ʨʝʟʠʩʪʠʚʥʳʝ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʪʦʢʘ 

ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʠʝ ʚʥʦʩʠʤʳʝ ʚ ʣʠʥʠʶ ʧʝʨʝʜʘʯʠ ʧʦʪʝʨʠ. 

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʪʦʢʘ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ 

ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ (ɺɹʈ) [1, 2]. 

ɺɹʈ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ 

ʩʦʟʜʘʥʘ ʦʙʣʘʩʪʴ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʚʦʣʥʳ ʚ ʨʝʰʝʪʢʝ ʦʪ ʜʝʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ 
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ʜʘʪʯʠʢ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʦʥʪʨʦʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʠ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤ 

ʥʝʢʦʪʦʨʳʡ çʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴè, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɺɹʈ ʩʦʚʤʝʩʪʥʦ ʩ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʤ çʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤè ʧʦʟʚʦʣʠʪ ʠʟʤʝʨʷʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʠʥʠʷʭ ʧʝʨʝʜʘʯʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʩʦʙʨʘʥʘ ʫʩʪʘʥʦʚʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ 

ʩʦʙʦʡ ʢʘʪʫʰʢʫ ʩ ʬʝʨʨʠʪʦʚʳʤ ʩʝʨʜʝʯʥʠʢʦʤ, ʩ ʢʦʪʦʨʳʤ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ɺɹʈ 

(ʨʠʩ. 1).  ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʩʧʝʢʪʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ.2. 

 
ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

 
ʈʠʩ. 2. ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʥʝʰʥʝʝ ʧʦʩʪʦʷʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʪʘʢʦʡ ʜʘʪʯʠʢ 

ʩʠʣʴʥʦ ʚʦʩʧʨʠʠʤʯʠʚ ʢ ʣʶʙʳʤ ʠʟʤʝʥʝʥʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʠʟ-ʟʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʤʘʩʩʳ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ 

ʝʛʦ ʥʝʟʘʱʠʱʝʥʥʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʈʝʰʝʥʠʝ ʜʘʥʥʳʭ 

ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ 

çʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷè. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧ ʩʦʟʜʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʜʘʪʯʠʢʘ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ (ɺɹʈ) ʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʚ ʩʠʩʪʝʤʘʭ ɸʉʋʊʇ 

ʠ ɸʉʊʋʕ. 

 

Abstract 

This paper describes the principle of creating an optical sensor based on 

fiber Bragg gratings (FBGs) and magnetostrictive materials for measuring 

current in APCS and ASTUE systems. 

 

 ʆʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ 

(ɺɹʈ) ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʚ ʩʠʩʪʝʤʘʭ ɸʉʋʊʇ ʠ 

ɸʉʊʋʕ ʚ ʨʘʙʦʪʘʭ ʧʦʜʦʙʥʳʝ ʜʘʪʯʠʢʠ ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʠʟʤʝʨʝʥʠʷʭ 

ʥʘʧʨʷʞʝʥʠʷ [1]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʥʠ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʘʢʦʡ ʤʘʪʝʨʠʘʣ ʢʘʢ ʪʝʨʬʝʥʦʣ-

ɼ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʠʤʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʂʦʛʜʘ ʦʙʨʘʟʝʮ 

ʤʘʪʝʨʠʘʣʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʝʛʦ 

ʤʘʛʥʠʪʥʳʝ ʜʦʤʝʥʳ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ, ʠ 

ʵʪʠ ʜʦʤʝʥʳ ʩʦʟʜʘʶʪ ʫʧʨʫʛʫʶ ʜʝʬʦʨʤʘʮʠʶ, ʠʟʚʝʩʪʥʫʶ ʢʘʢ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ. ʀʩʧʦʣʴʟʫʷ ɺɹʈ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʵʪʦʡ 
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ʜʝʬʦʨʤʘʮʠʠ, ʪʝʤ ʩʘʤʳʤ ʚʳʯʠʩʣʠʪʴ ʚʝʣʠʯʠʥʫ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ 

ʧʨʦʚʦʜʥʠʢʫ ʚ ʧʦʣʝ, ʢʦʪʦʨʦʛʦ ʧʦʧʘʣ ʜʘʪʯʠʢ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʣʦʰʥʳʭ ʩʪʝʨʞʥʝʡ ʠʟ ʪʝʨʬʝʥʦʣʘ-ɼ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʠʝ 

ʢʘʢ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ, 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʝʩʢʦʣʴʢʠʤʠ ʢʠʣʦʛʝʨʮʘʤʠ ʠʟ-ʟʘ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ. ʇʦʵʪʦʤʫ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ 

ʢʦʤʧʦʟʠʪʳ (ʄʇʂ). ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ, 

ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʜʘʪʯʠʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʬʦʨʤʳ. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʦʙʨʘʟʝʮ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʜʘʪʯʠʢʘ. 

 
ʈʠʩ. 1 ï ʃʘʙʦʨʘʪʦʨʥʳʡ ʦʙʨʘʟʝʮ ʜʘʪʯʠʢʘ ʪʦʢʘ 

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʘʛʥʝʪʠʢʘ ʙʳʣ ʚʳʙʨʘʥ ʘʣʶʤʠʥʠʡ. ʊʘʢ ʢʘʢ ʵʪʦʤ 

ʤʘʪʝʨʠʘʣ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʠ ʠʤʝʝʪ ʤʘʣʫʶ ʩʪʦʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʝʨʬʝʥʦʣʘ-ɼ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʄʇʂ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʦʰʦʢ ʘʣʶʤʠʥʠʷ ʠ 

ʵʧʦʢʩʠʜʥʫʶ ʩʤʦʣʫ ʕɼ-20.  

ʅʘ ʦʩʥʦʚʝ ʩʪʘʪʴʠ [2], ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʤʧʦʟʠʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ ʠ ʜʣʠʥʦʡ 32 ʤʤ. 

ɼʘʪʯʠʢ ʩ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʢʘʟʘʣ ʙʦʣʴʰʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʦʙʱʘʷ ʜʝʬʦʨʤʘʮʠʷ, 

ʧʨʠʣʦʞʝʥʥʘʷ ʢ ɺɹʈ, ʙʫʜʝʪ ʙʦʣʴʰʝ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʤʘʪʝʨʠʘʣʘʭ ʜʦʢʣʘʜʘ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʌʘʙʨʠ-ʇʝʨʦ (ʀʌʇ) ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʚ ʧʣʝʥʢʝ 

ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʘ.  

 

Abstract 

The paper discusses the possibility of using the optical system of the 

Fabry-Perot interferometer (FPI) to determine the piezoelectric modulus in a 

polyvinylidene fluoride film.  

 

ʆʜʠʥ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ d ʜʣʷ ʧʦʣʠʤʝʨʥʳʭ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʤʘʣʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʪʥʦʛʦ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ɺ 

ʪʘʢʠʭ ʤʝʪʦʜʘʭ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʨʘʞʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ, ʧʦʩʢʦʣʴʢʫ 

ʥʘʥʝʩʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʠʟʤʝʨʝʥʠʡ  ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʠʟʤʝʨʝʥʠʡ d. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʌʘʙʨʠ-ʇʝʨʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʧʴʝʟʦʤʦʜʫʣʷ ʚ ʧʣʝʥʢʝ ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʘ (ʇɺɼʌ).  
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ʀʩʩʣʝʜʫʝʤʳʡ ʧʴʝʟʦʤʦʜʫʣʴ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ (1): 

Ὠ
ɝὼ

Ὗ
ȟ (1) 

ʛʜʝ Ὠ  ð ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, ʧʤ/ɺ; ɝὼ ð ʜʝʬʦʨʤʘʮʠʷ 

ʦʙʨʘʟʮʘ, ʧʤ; U ð ʧʨʠʣʦʞʝʥʥʦʝ ʢ ʦʙʨʘʟʮʫ ʥʘʧʨʷʞʝʥʠʝ, ɺ [1].  

ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʌʘʙʨʠ-ʇʝʨʦ 

ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʧʦ ʩʤʝʱʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʣʠʥʠʡ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʣʠʙʦ ʧʦ ʩʤʝʱʝʥʠʶ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ 

ʢʦʣʝʮ ʚ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʘʩʪʠʥ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʚʳʩʪʫʧʘʝʪ ʠʩʩʣʝʜʫʝʤʳʡ 

ʧʴʝʟʦʵʣʝʤʝʥʪ. 

ʀʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʝʛʦ ʟʝʨʢʘʣʘʤʠ (L, ʤʢʤ) ʚʦʟʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʨʠ 

ʠʟʚʝʩʪʥʦʤ ʟʥʘʯʝʥʠʠ ʧʴʝʟʦʤʦʜʫʣʷ d33. ʇʨʠ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ U ~ 100 ɺ 

ʥʘ ʧʣʝʥʢʫ ʇɺɼʌ ʩ ʪʠʧʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʧʴʝʟʦʤʦʜʫʣʷ d33 = 10 ʧʤ/ɺ 

ʩʧʝʢʪʨʦʤʝʪʨ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ~10-9 ʤ ʩʧʦʩʦʙʝʥ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʩʤʝʱʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʘʨʪʠʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ L = 1 ʤʢʤ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ɝὼ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʴʝʟʦʤʦʜʫʣʴ ʦʙʨʘʟʮʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

L ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʘ ʪʨʝʙʫʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 9 ʢɺ, 

ʯʪʦ ʙʣʠʟʢʦ ʢ ʧʨʦʙʦʡʥʦʤʫ ʧʨʠ ʪʠʧʦʚʳʭ ʨʘʟʤʝʨʘʭ ʦʙʨʘʟʮʘ 100ʭ100 ʤʤ. 

ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʦʧʠʩʳʚʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʨʘʜʠʫʩʦʚ ʢʦʣʝʮ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ 

ʚʳʚʦʜʠʪʩʷ ʥʘ ʵʢʨʘʥ, ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʇɿʉ-ʣʠʥʝʡʢʘ. ʉʪʦʨʦʥʘ 

ʧʠʢʩʝʣʷ ʇɿʉ-ʣʠʥʝʡʢʠ ʦʧʨʝʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʩʤʝʱʝʥʠʝ 

ʨʘʜʠʫʩʦʚ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʦʣʝʮ. ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ          

U = 100 ɺ ʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʘʟʤʝʨʦʚ ʧʠʢʩʝʣʝʡ (3 ï 16 ʤʢʤ) 

ʪʨʝʙʫʝʤʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ ʠ ʵʢʨʘʥʦʤ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 

5 ʜʦ 30 ʢʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ ʤʘʪʨʠʮʳ ʠ 

ʨʘʩʭʦʜʠʤʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʴʝʟʦʤʦʜʫʣʴ ʦʙʨʘʟʮʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʌʘʙʨʠ-ʇʝʨʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ 

ʠʟʤʝʨʠʪʝʣʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ 

ʘʥʘʣʠʟʘ ʩʤʝʱʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʈʝʛ. ʥʦʤʝʨ ʅʀʆʂʊʈ ɸɸɸɸ-ɸ20-120102190039-6. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʩʠʩʪʝʤʘ ʩʚʷʟʠ ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ çʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ï ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦè, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ ʢʘʤʝʨʳ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʡ ʜʘʪʯʠʢ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʛʦ ʤʝʪʘʣʣ-

ʦʢʩʠʜ-ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. 

 

Abstract 

This paper introduces a vehicleȤtoȤvehicle (V2V) communication system 

based on an optical wireless communication technology using an LED 

transmitter and a camera receiver, which employs a special CMOS image 

sensor. 

 

1. ɺʚʝʜʝʥʠʝ 

ʊʝʭʥʦʣʦʛʠʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʦʜʠʦʜʦʚ 

ʚʠʜʠʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʤʝʥʫʝʪʩʷ ʚʠʜʠʤʦʡ ʩʚʝʪʦʚʦʡ ʩʚʷʟʴʶ. ʉʚʝʪʦʜʠʦʜ 

ʧʦʜʭʦʜʠʪ ʚ ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ, ʧʦʩʢʦʣʴʢʫ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʘ ʤʦʞʝʪ ʤʦʜʫʣʠʨʦʚʘʪʴʩʷ ʩ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʦʩʚʝʪʠʪʝʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʣʘʤʧʳ. ɹʦʣʝʝ ʪʦʛʦ, 
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ʩʚʝʪʦʜʠʦʜʳ ʥʝʜʦʨʦʛʠʝ, ʫʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʠ ʚʳʚʝʩʦʢ, 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ. 

2. ʆʙʟʦʨ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ, ʦʙʲʝʜʠʥʝʥʥʘʷ 

ʩʚʝʪʦʜʠʦʜʥʳʤ ʧʝʨʝʜʘʪʯʠʢʦʤ ʠ ʧʨʠʝʤʥʠʢʦʤ ʢʘʤʝʨʳ. ɺ ʧʨʠʝʤʥʠʢʝ ʢʘʤʝʨʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʜʘʪʯʠʢ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʛʦ ʤʝʪʘʣʣ-ʦʢʩʠʜ-ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʀʟʦʙʨʘʞʝʥʠʝ ʠʤʝʝʪ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʡ ʧʠʢʩʝʣʴ, çʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʧʠʢʩʝʣʴè, ʢʦʪʦʨʳʡ 

ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʧʨʠʝʤʝ ʩʠʛʥʘʣʘ [1]. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʥ ʠʤʝʝʪ ʚʳʭʦʜʥʫʶ ʩʭʝʤʫ ʜʣʷ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ç1-ʙʠʪʥʦʛʦ 

ʬʣʘʛʘ ʠʟʦʙʨʘʞʝʥʠʷè, ʢʦʪʦʨʦʝ ʨʝʘʛʠʨʫʝʪ ʪʦʣʴʢʦ ʥʘ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ 

ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʩʚʝʪʦʜʠʦʜʳ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʙʣʝʛʯʘʝʪ ʦʙʥʘʨʫʞʝʥʠʝ ʩʚʝʪʦʜʠʦʜʦʚ. ʀʟʦʙʨʘʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ʢʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ ʚ Mb/s ʠ ʙʳʩʪʨʦʛʦ ʠ ʪʦʯʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ ʚ 

ʧʨʠʝʤʥʠʢʝ ʢʘʤʝʨʳ [2]. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʝʪʠ. ʄʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʘʛʘ ʠʟʦʙʨʘʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦ ʫʩʪʨʘʥʷʝʪ ʙʦʣʴʰʠʥʩʪʚʦ 

ʥʝʥʫʞʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʚʠʣʴʥʦʝ 

ʦʙʥʘʨʫʞʝʥʠʝ ʩʚʝʪʦʜʠʦʜʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʜʘʞʝ ʚ ʩʣʦʞʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʦʜʦʙʥʦʡ ʩʝʪʠ ʤʦʞʥʦ 

ʧʝʨʝʜʘʚʘʪʴ ʩʣʫʞʝʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Optical Vehicle-to-Vehicle Communication System Using LED 

Transmitter and Camera Receiver. Optics & photonics news, OSA, vol. 6, no. 5, 

October 2014. 

2. C. W. Chow, C. H. Yeh, Y. F. Liu, and P. Y. Huang, ñMitigation of 

Optical Background Noise in LightȤEmitting Diode (LED) Optical Wireless 

Communication Systems,ò IEEE Photonics Journal, vol.5, no.1, p.7900307, Feb. 

2013.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚ 

ʥʝʡʨʦʤʦʨʬʥʦʡ ʬʦʪʦʥʠʢʠ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ ʢ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʙʘʥʢʘ ʚʝʩʦʚ. ʅʘ 

ʧʨʠʤʝʨʝ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʨʦʡʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʚʝʩʦʚ. 

 

Abstract 

The article discusses the advantages of using neuromorphic photonics 

devices in the field of artificial intelligence. Approach to the weight bank 

numerical modelling is presented. The transmission characteristics change from 

applied voltage is also showed for the model realization. 

 

1. ɺʚʝʜʝʥʠʝ 

ʅʝʡʨʦʤʦʨʬʥʳʝ ʬʦʪʦʥʥʳʝ ʧʨʦʮʝʩʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʙʘʥʢʦʚ ʚʝʩʦʚ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʢʦʣʴʮʝʚʳʝ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʳ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʊʘʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ [1]. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʨʨʝʢʪʥʦ 

ʚʦʩʧʨʦʠʟʚʦʜʷʱʝʡ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʨʝʟʦʥʘʪʦʨʘʭ. 

2. ʏʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʙʘʥʢʘ ʚʝʩʦʚ 

ɹʘʥʢ ʚʝʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʤʠʢʨʦʢʦʣʴʮʝʚʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 



268 

 

 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʩʦʝʜʠʥʝʥʥʳʭ ʢʘʩʢʘʜʦʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʧʨʷʞʝʥʠʝ, 

ʧʦʜʘʚʘʝʤʦʝ ʜʣʷ ʧʝʨʝʩʪʨʦʡʢʠ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ 

ʚʦʟʜʝʡʩʪʚʠʷ (ʚʝʩ) ʥʘ ʦʧʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʙʘʥʢʘ ʚʝʩʦʚ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʇʆ Ansys Lumerical. ʇʨʠ ʵʪʦʤ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ 

FDTD, MODE, HEAT ʠ INTERCONNECT. ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 1) ʨʘʩʯʸʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʷʟʠ 

ʤʝʞʜʫ ʧʨʷʤʳʤ ʚʦʣʥʦʚʦʜʦʤ ʠ ʢʦʣʴʮʝʚʳʤ ʨʝʟʦʥʘʪʦʨʦʤ; 2) ʨʘʩʯʸʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʦʪ ʥʘʛʨʝʚʘʪʝʣʷ; 3) ʦʧʨʝʜʝʣʝʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʣʥʦʚʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʥʘʛʨʝʚʘʪʝʣʴ; 4) ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʥʦʡ ʤʦʜʝʣʠ ʚ 

Lumerical INTERCONNECT ʩ ʠʤʧʦʨʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ (ʨʠʩ. 1). 

 
ʈʠʩ. 1 ï ʄʦʜʝʣʴ ʦʜʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʚ Lumerical INTERCONNECT 

(ʩʣʝʚʘ) ʠ ʧʝʨʝʜʘʪʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʥʢʘ ʚʝʩʦʚ ʠʟ ʯʝʪʳʨʸʭ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʦʚ 

(ʩʧʨʘʚʘ). ʏʸʨʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥ ʩʣʫʯʘʡ ʦʪʩʫʪʩʪʚʠʷ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; 

ʟʝʣʸʥʳʤ ï 1 ɺ ʥʘ ʧʝʨʚʦʤ ʢʦʣʴʮʝ; ʢʨʘʩʥʳʤ ï 1, 0,5 ʠ 0,25 ɺ ʥʘ ʢʦʣʴʮʘʭ ʩ 1 ʧʦ 3. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʚʝʜʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʩʪʨʦʡʢʠ 

ʦʪʜʝʣʴʥʳʭ ʢʦʣʴʮʝʚʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʥʘ ʨʘʟʣʠʯʥʳʝ ʜʣʠʥʳ ʚʦʣʥ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʚʭʦʜʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʚʝʩʦʤ. ʄʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʘ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ 

ʟʘʜʘʥʠʶ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʜʣʷ ʌɻɹʆʋ ɺʆ çʋɻɸʊʋè (ʢʦʜ ʥʘʫʯʥʦʡ 

ʪʝʤʳ #FEUE-2021-0013, ʩʦʛʣʘʰʝʥʠʝ ˉ 075-03-2021-014) ʚ ʤʦʣʦʜʸʞʥʦʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʅʆʎ çʉʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʥʘ 

ʦʩʥʦʚʝ ʫʩʪʨʦʡʩʪʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʪʦʥʠʢʠè. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Ferreira de Lima T. et al. Design automation of photonic resonator 

weights // Nanophotonics. 2022.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʥʘ ʪʝʤʫ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʡ ʧʨʠʙʦʨ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʚʝʥ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʧʦʩʪʨʦʝʥʠʷ 

ʚʠʟʫʘʣʠʟʘʪʦʨʘ ʚʝʥ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ. 

 

Abstract 

The paper presents the results of research, including experimental ones, 

on the topic of optoelectronic device for vein visualization. In the course of the 

work, the methods and tools for building a vein visualizer, research of 

application areas are considered. The existing instruments were reviewed and 

compared. 

 

1. ɺʚʝʜʝʥʠʝ 

ʄʝʜʠʮʠʥʩʢʠʡ ʧʝʨʩʦʥʘʣ ï ʤʝʜʩʝʩʪʨʳ ʠ ʨʘʙʦʪʥʠʢʠ ʩʣʫʞʙ ʩʢʦʨʦʡ 

ʧʦʤʦʱʠ ï ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ 

ʤʘʥʠʧʫʣʷʮʠʡ ʩ ʙʦʣʴʥʳʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦʝ ʠ ʪʦʯʥʦʝ 

ʥʘʭʦʞʜʝʥʠʝ ʚʝʥ ʠ ʩʦʩʫʜʦʚ [1]. ʇʦʵʪʦʤʫ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʨʠʙʦʨʘ 

ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʝʥ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʥʦʩʘ ʚʝʥʦʟʥʦʛʦ ʨʠʩʫʥʢʘ ʥʘ 

ʵʢʨʘʥ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [2]. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʧʨʠʙʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʥʝʢʦʪʦʨʳʝ ʤʦʤʝʥʪʳ, 

ʢʘʩʘʶʱʠʝʩʷ ʜʠʟʘʡʥʘ ʠ ʵʨʛʦʥʦʤʠʢʠ ʢʦʨʧʫʩʘ. 
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2. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 

ʘʪʨʠʙʫʪʦʤ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ. ʊʝʣʝʬʦʥ ʜʘʚʥʦ ʧʝʨʝʩʪʘʣ ʙʳʪʴ ʧʨʦʩʪʳʤ 

ʩʨʝʜʩʪʚʦʤ ʩʚʷʟʠ, ʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʙʝʟ 

ʢʦʪʦʨʦʛʦ ʯʝʣʦʚʝʢ ʥʝ ʤʦʞʝʪ ʦʙʭʦʜʠʪʩʷ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʟʫʘʣʠʟʘʪʦʨʘ ʚʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʘʨʪʬʦʥʘ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʨʝʘʣʠʟʦʚʘʪʴ ʚʠʟʫʘʣʠʟʘʪʦʨ ʚ ʚʠʜʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʩʘʜʢʠ ʥʘ ʩʤʘʨʪʬʦʥ, ʧʨʠ ʵʪʦʤ, ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʠ 

ʩʤʘʨʪʬʦʥʘ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʜʩʚʝʯʠʚʘʪʴ ʚʝʥʳ ʥʘ 

ʢʦʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʥʦ ʠ ʚʳʚʦʜʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʵʢʨʘʥ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨ. 

 
ʈʠʩ. 1. ʅʘʩʘʜʢʘ ʜʣʷ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʩʚʝʪʦʜʠʦʜʘʤʠ 

ɼʘʥʥʳʡ ʚʘʨʠʘʥʪ (ʨʠʩ. 1.) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʨʢʘʩ ʧʦ ʪʠʧʫ ʯʝʭʣʘ 

ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʩʚʝʪʦʜʠʦʜʦʚ ʢʨʘʩʥʦʛʦ ʠ 

ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʦʚ. ʂʨʘʩʥʳʡ ʜʣʷ ʩʚʝʪʣʦʡ ʢʦʞʠ, ʘ ʦʨʘʥʞʝʚʳʡ ʜʣʷ ʪʝʤʥʦʡ 

ʩʤʫʛʣʦʡ ʢʦʞʠ, ʯʪʦʙʳ ʦʩʚʝʱʘʪʴ ʮʝʣʝʚʫʶ ʦʙʣʘʩʪʴ (ʥʘʧʨʠʤʝʨ, ʨʫʢʠ), 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʢʘʙʝʣʴ Micro-USB (ʜʣʷ ʧʠʪʘʥʠʷ ʥʘʩʘʜʢʠ). ʈʘʩʧʦʣʦʞʠʚ 

ʩʚʝʪʦʜʠʦʜʳ ʚʦʢʨʫʛ ʢʘʤʝʨʳ, ʧʦʟʚʦʣʠʪ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʝʜʦʩʪʘʪʢʘ ʪʦʯʥʦʩʪʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ, ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʝʥʠʝ ʚʝʩʘ ʧʨʠʙʦʨʘ 

ʷʚʣʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. 

3. ɿʘʢʣʶʯʝʥʠʝ  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʘʥʠʨʫʝʪʩʷ ʜʣʷ ʙʦʣʝʝ ʯʝʪʢʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʢʪʨʘʣʴʥʳʡ ʭʨʦʤʦʧʨʦʮʝʩʩʠʥʛ (ʩʧʝʢʪʨʘʣʴʥʦʡ ʮʚʝʪʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ). ʂ ʤʝʪʦʜʘʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʭʨʦʤʦʧʨʦʮʝʩʩʠʥʛʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ 

ʪʝʭʥʦʣʦʛʠʠ NBI (Olympus), FICE (Fujinon) ʠ CATR (HanyangUniv.) ʠ ʜʨ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʢʣʘʜʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʨʘʟʨʘʙʦʪʢʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʝʥ. ɺ ʥʝʡ, ʚ 

ʚʠʜʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʧʨʠʚʦʜʷʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ 

ʜʠʟʘʡʥʫ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ ʫʩʪʨʦʡʩʪʚʘ, ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ; ʧʨʝʜʣʘʛʘʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʭʝʤʘ ʠ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

 

Abstract 

The article presents the applied technical aspects of the development of 

an optoelectronic device for visualizing veins. It, in the form of practical 

recommendations, provides technical solutions for the design and construction 

of the device case, the choice of materials and manufacturing technologies; the 

electrical circuit diagram and printed circuit board of the device. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 

ʘʪʨʠʙʫʪʦʤ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ. ʊʝʣʝʬʦʥ ʜʘʚʥʦ ʧʝʨʝʩʪʘʣ ʙʳʪʴ ʧʨʦʩʪʳʤ 

ʩʨʝʜʩʪʚʦʤ ʩʚʷʟʠ, ʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʙʝʟ 

ʢʦʪʦʨʦʛʦ ʯʝʣʦʚʝʢ ʥʝ ʤʦʞʝʪ ʦʙʭʦʜʠʪʩʷ [1]. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʟʫʘʣʠʟʘʪʦʨʘ ʚʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʘʨʪʬʦʥʘ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʨʝʘʣʠʟʦʚʘʪʴ ʚʠʟʫʘʣʠʟʘʪʦʨ ʚ ʚʠʜʝ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʩʘʜʢʠ ʥʘ ʩʤʘʨʪʬʦʥ, ʧʨʠ ʵʪʦʤ, ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʠ 

ʩʤʘʨʪʬʦʥʘ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʜʩʚʝʯʠʚʘʪʴ ʚʝʥʳ ʥʘ 

ʢʦʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʥʦ ʠ ʚʳʚʦʜʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʵʢʨʘʥ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨ. 

2. ɺ ʤʠʥʠʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʪʠʧʘ çʅʘʩʘʜʢʘ 

ʜʣʷ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʩʚʝʪʦʜʠʦʜʘʤʠè, ʦʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʠʟʫʘʣʠʟʘʪʦʨʘ 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʠʩʪʦʯʥʠʢ 

ʧʠʪʘʥʠʷ V, ʢʦʪʦʨʳʡ ʚʳʜʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʚ 5V; ʩʚʝʪʦʜʠʦʜʳ ʢʨʘʩʥʦʛʦ 

ʩʚʝʪʘLED1, LED2, LED3, LED4; ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʨʝʟʠʩʪʦʨʳ ʜʣʷ ʢʘʞʜʦʛʦ 

ʩʚʝʪʦʜʠʦʜʘ R1,R2,R3,R4ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚ 150 ʆʤ; 1ʢʣʶʯ/ʚʳʢʣʶʯʘʪʝʣʴ 

Key. ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʢʨʘʩʥʳʤ ʩʚʝʪʦʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ. ʊʘʢ ʢʘʢ ʧʨʠʙʦʨ ʥʝ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʦʢ 

ʚʨʫʯʥʫʶ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʟʘʜʘʚʘʣʘʩʴ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʨʫʢʠ ʜʦ ʧʨʠʙʦʨʘ. ʦʪ ʬʦʥʘʨʷ ʜʦ ʨʫʢʠ: ʚʧʣʦʪʥʫʶ, 1 ʩʤ; 5 ʩʤ; 

10 ʩʤ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʣʘʟ ʚʠʜʠʪ ʚʝʥʳ ʣʫʯʰʝ, ʯʝʤ ʵʪʦ ʦʪʨʘʞʝʥʦ ʥʘ 

ʬʦʪʦʛʨʘʬʠʷʭ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʮʚʝʪʦʧʝʨʝʜʘʯʝʡ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʤʝʨʝ 

ʩʝʥʩʦʨʘ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʜʠʟʘʡʥ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʚʠʜʝ ʥʘʩʘʜʢʠ ʜʣʷ ʩʤʘʨʪʬʦʥʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘ ʧʨʘʢʪʠʢʝ 

ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʜʣʷ ʩʙʦʨʢʠ ʤʘʢʝʪʥʦʛʦ ʦʙʨʘʟʮʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʧʘʥʠʨʫʝʪʩʷ ʜʣʷ ʙʦʣʝʝ ʯʝʪʢʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʭʨʦʤʦʧʨʦʮʝʩʩʠʥʛ (ʩʧʝʢʪʨʘʣʴʥʦʡ ʮʚʝʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ). 
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ɸʥʥʦʪʘʮʠʷ 

ʄʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʵʤʠʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʘ 

ʠʜʝʥʪʠʯʥʦʩʪʴ ʩʦʩʪʘʚʘ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʘʥʪʠʙʠʦʪʠʢʘ ʮʝʬʘʣʦʟʠʥʘ 

2015 ʠ 2022 ʛʦʜʘ ʚʳʧʫʩʢʘ  

 

Annotation 

The method of spectral emission analysis shows the identity of the 

composition of the antibiotic drug cephalosin 2015 and 2022 release year. 

 

1. ɺʚʝʜʝʥʠʝ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʩʥʦ 

ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʩʦʭʨʘʥʝʥʠʝ 

ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚʘ. ʂʘʞʜʦʝ ʚʝʱʝʩʪʚʦ ʦʙʣʘʜʘʝʪ ʧʨʠʩʫʱʠʤʠ 

ʪʦʣʴʢʦ ʜʣʷ ʥʝʛʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʩʧʦʣʴʟʫʷ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʳ, ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ ʢʘʢ ʠʟʚʝʩʪʥʳʭ, ʪʘʢ ʠ ʥʝʠʟʚʝʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

2. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʦʢʘʟʘʪʴ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʵʤʠʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠʜʝʥʪʠʯʥʦʩʪʴ ʩʦʩʪʘʚʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 2015 ʠ 2022 ʛʦʜʘ 

ʚʳʧʫʩʢʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʚʫʭʣʫʯʝʚʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

çʐʠʤʘʜʟʫè ʚ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʨʝʥʠʡ ʦʪ 200 ʜʦ 500 ʥʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ 3000 ʰʪʨʠʭʦʚ ʥʘ ʤʤ. 
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ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʝʨʠʠ (ɸ ʠ ɺ) ʩʧʝʢʪʨʦʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʘʥʪʠʙʠʦʪʠʢʘ ʮʝʬʘʣʦʟʠʥʘ (ʆʆʆ ʂʦʤʧʘʥʠʷ çɼɽʂʆè) ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʉʝʨʠʷ ɸ ʩʦʜʝʨʞʠʪ ʩʧʝʢʪʨʳ ʨʘʩʪʚʦʨʦʚ ʘʥʪʠʙʠʦʪʠʢʘ ʮʝʬʘʣʦʟʠʥʘ, ʛʦʜʥʦʛʦ 

ʜʦ 2022 ʛʦʜʘ, ʘ ʩʝʨʠʷ ɺ ï ʜʦ 2015 ʛʦʜʘ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʧʦʣʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ. 

  

ʘ)                                                              ʙ) 

ʈʠʩ 1. ʉʧʝʢʪʨʳ ʨʘʩʪʚʦʨʦʚ ʘʥʪʠʙʠʦʪʠʢʘ ʮʝʬʘʣʦʟʠʥʘ, ʘ) ʛʦʜʥʦʛʦ ʜʦ 2022 ʛʦʜʘ (ʩʝʨʠʷ 

ɸ); ʙ) ʛʦʜʥʦʛʦ ʜʦ 2015 ʛʦʜʘ (ʩʝʨʠʷ ɹ) 

ɺʳʚʦʜʳ 

¶ ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʵʤʠʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʥʪʠʙʠʦʪʠʢʦʚ. 

¶ ʍʨʘʥʝʥʠʝ ʪʚʝʨʜʦʛʦ ʧʨʝʧʘʨʘʪʘ ʘʥʪʠʙʠʦʪʠʢʘ ʮʝʬʘʣʦʟʠʥʘ (ʆʆʆ 
ʂʦʤʧʘʥʠʷ çɼɽʂʆè) ʩ ʥʝʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʙʨʠʯʥʦʡ ʫʧʘʢʦʚʢʦʡ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Microwave technologies in industry, living systems and 

telecommunications Vedenkin D.A. et al. tutorial / 2013. ʂʘʟʘʥʴ, 

çʅʦʚʦʝʟʥʘʥʠʝè, 214 ʩ. 

2. ʆʨʘʥʩʢʘʷ ʊ.ʀ., ɻʨʠʰʠʥ ʉ.ʅ., ʂʘʰʪʘʥʦʚʘ ʅ.ʄ., ʐʘʡʭʫʪʜʠʥʦʚʘ 

ɸ.ʈ., ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʙʠʦʦʙʲʝʢʪʘʤʠ ʂʘʟʘʥʴ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 2019ï172 ʩ.  



275 

 

 

ʋɼʂ 681.78 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɻʆʃʆɻʈɸʄʄʅʆʁ ɼʀʌʈɸʂʎʀʆʅʅʆʁ 

ʈɽʐɽʊʂʀ ɺʊʆʈʆɻʆ ʇʆʂʆʃɽʅʀʗ 

 

ʍʘʨʠʪʦʥʦʚ ɼ.ʖ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ʈ. ʄʫʩʣʠʤʦʚ, ʜ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʦ ʷʟʳʢʫ: ɽ.ʖ. ʃʘʧʪʝʚʘ, ʢ.ʧʝʜ.ʥ., ʜʦʮʝʥʪ 

(ʂʘʟʘʥʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʛʦʣʦʛʨʘʤʤʥʦʡ ʨʝʰʝʪʢʠ, ʟʘʧʠʩʘʥʥʦʡ ʩʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʟʝʨʢʘʣʦʤ. ʅʘ 

ʧʨʠʤʝʨʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʧʦʢʘʟʘʥ ʚʳʠʛʨʳʰ ʜʦ 6,9 

ʨʘʟ ʚ ʢʦʨʨʝʢʮʠʠ ʘʙʝʨʨʘʮʠʡ. 

 

Abstract 

Software tools for modelling of a holographic grating recorded with an 

auxiliary mirror are analysed. An advantage in aberration correction up to 6.9 

times is shown on an example of additional spectral channel.  

 

1. Introduction 

Holographic gratings have found wide application in spectral devices 

due to the possibility of correcting aberrations and adjusting diffraction 

efficiency. In [1] it is proposed to expand their correction capabilities by 

forming a composite element consisting of several independently optimized 

elementary fields. However, to model such an element, additional software 

tools are needed, the development of which is the purpose of this work. 

 



276 

 

 

2. Recording diagram of a hologram grid with an additional mirror 

Diffraction at an arbitrary lattice point is described by the Welford 

equation [2]. To trace rays in the recording scheme, it is necessary to solve the 

system of nonlinear equations. In this case, the problem can be reduced to 

minimizing the scalar error function using the Nelder-Mead simplex algorithm 

[3]. A C++ library (dll) is being developed in MS Visual Studio, which allows 

you to create a custom surface type for Zemax OS and embed these calculations 

into existing methods of modeling optical systems. 

3. Schematic diagram of a two-channel spectrograph  

As a control example, the scheme of an additional channel of the 

spectrograph [4] with a transmitting volume-phase lattice for the range of 400-

560 nm is considered (Fig.1.). The spectrograph operates with a relative 

aperture of 1:7 and an inverse linear dispersion of 13.3 nm/mm. It is shown that 

the introduction of an auxiliary mirror with a radius of 31.5 mm at an angle of 

57.27Á into the recording scheme will reduce the size of scattering spots by  

1.8 ï 6.9 times (Fig.2.). 

 
Fig. 1. Schematic diagram of a two-channel spectrograph 

 
Fig.2. Spot diagrams 

The developed tools will be used to model and optimize the aberration 

and diffraction efficiency of composite holograms. 

References 

1. Muslimov E. R., et al.// Photonics.2020. V. 14 (7). P.1-14. 

2. Welford, W., A // Optics communications. 1975. V. 14. P. 322-323. 

3. Lagarias, J. C. et al.// SIAM J. of Optimization. 1998. V. 9(1). P. 112ï

147. 

4. Pavlycheva N.K. //Advanced optical technologies. 2012. V .1(6). P. 

455-461.  
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(Kazan National Research Technical University named after A. N. Tupolev-

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 

ʅʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʘʚʪʦʨ ʫʜʝʣʷʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʷʤ, ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥʳ 

ʩʠʥʪʝʟ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ 

ʩʣʝʞʝʥʠʷ ʤʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʴʥʦʛʦ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʘ (ʆʕʇ) ʧʦ ʫʛʣʫ ʘʟʠʤʫʪʘ. 

 

Abstract 

The author pays the greatest attention to mathematical and computer 

models, research results. The article presents the synthesis of control algorithms 

and the study of the dynamics of the tracking system of a marine integrated 

optical-electronic surveillance device (OESD) by azimuth angle. 

 

1. Introduction 

The tracking system of the marine integrated observation point by 

azimuth angle allows you to scan a given area of space with a high frame rate, 

reduce the viewing time while providing high angular resolution and threshold 

sensitivity, while the device design is compact and has small weight and size 

characteristics. 
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2. Synthesis of the tracking system 

The equations of motion of the azimuthal torque drive together with the 

control object on a mobile carrier can be written in the form [1]:  

( ) ; ,y k a i f m ʝ a

di
J M ʄ ʉ i U R L C

dt
y y y+ + + = = + +                    (1) 

where  Jy = Jp + JH - moment of inertia of the optical device, Jp, JH ï the 

moments of inertia of the rotor of the torque sensor and the load around the 

azimuthal axis of control, respectively, ɣa - the angle of rotation of the device 

in azimuth relative to the aircraft, ɣk ï pitching angle in the azimuth plane, 

Mi ï the moment of imbalance, Mf ï moment of friction, i, U, L ï current, 

control voltage, resistance in the control winding circuit, Cm,Cʝ ï torque motor 

parameters. To analyze the stability and quality of regulation, the desired LAC 

and LPC have been created in the MathLab program (Fig.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. LAC and LPC of the desired open system 

It can be seen from the graphs of LAC and LPC (Fig.1) that the system 

is stable with reserves of in amplitude DL = 11,1 db, in phase Dű = 30 degrees. 

3. Conclusion 

As a result of the work having been carried out, the azimuth angle 

tracking system was synthesized by the frequency method. In future, it is 

planned to include the calculation and optimization of vibrations on the vehicle 

and prepare experimental confirmation of our calculations. 

References 

1. Babaev A.A. Depreciation, damping and stabilization of onboard 

optical devices / A.A. Babaev. ï L.: Mechanical engineering, 1984. ï 232 p.  
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʘʙʦʪʘʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ DLL ʜʣʷ ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ 

ʯʝʨʝʟ ʩʣʦʞʥʳʡ ʛʦʣʦʛʨʘʤʤʥʳʡ ʵʣʝʤʝʥʪ ʚ Zemax ʠ ʤʘʢʨʦʩʳ ʜʣʷ ʨʘʩʯʝʪʘ ʝʛʦ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʅʘ ʧʨʠʤʝʨʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ c ʧʨʦʧʫʩʢʘʶʱʝʡ ʦʙʲʝʤʥʦ-ʬʘʟʦʚʦʡ ʨʝʰʝʪʢʦʡ, 

ʨʘʙʦʪʘʶʱʝʤ ʚ ʜʠʘʧʘʟʦʥʝ 400 ï 560 ʥʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʬʨʘʢʮʠʦʥʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʨʘʙʦʯʝʤʫ ʜʠʘʧʘʟʦʥʫ ʩʦʩʪʘʚʣʷʝʪ 53 ï 90 % ʧʨʠ ʪʦʣʱʠʥʝ 

ʩʣʦʷ 31 ʤʢʤ ʠ ʛʣʫʙʠʥʝ ʤʦʜʫʣʷʮʠʠ 0,048. 

 

Abstract 

A dynamic DLL library has been developed for tracing rays through a 

complex hologram element in Zemax and macros for calculating its diffraction 

efficiency. Using the example of an additional spectral channel with a 

diffraction efficiency operating in the range of 400 ï 560 nm, it is shown that 

the diffraction efficiency over the operating range is 53 ï 90% with a layer 

thickness of 31 microns and a modulation depth of 0.048. 

 

ɻʦʣʦʛʨʘʤʤʥʳʝ ʦʙʲʝʤʥʦ-ʬʘʟʦʚʳʝ ʨʝʰʝʪʢʠ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʭʝʤʘʭ ʩʧʝʢʪʨʦʛʨʘʬʦʚ. ʆʜʥʘʢʦ ʧʘʨʘʤʝʪʨʳ ʩʭʝʤʳ 

ʟʘʧʠʩʠ ʪʘʢʦʡ ʨʝʰʝʪʢʠ ʚʣʠʷʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʘʙʝʨʨʘʮʠʠ ʠ 

ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʘʭ 
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ʠ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʝʨʚʘʷ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʦʚ ʩ 

ʧʦʤʦʱʴʶ ʤʘʢʨʦʩʦʚ Zemax, ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʝʦʨʠʶ ʂʦʛʝʣʴʥʠʢʘ ʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʙʠʙʣʠʦʪʝʢ. ɺʪʦʨʘʷ ʟʘʜʘʯʘ ï ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

ʢʦʨʨʝʢʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʩʯʝʪ ʨʘʟʙʠʝʥʠʷ ʨʝʰʝʪʢʠ ʥʘ ʟʦʥʳ ʠ 

ʥʝʟʘʚʠʩʠʤʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʢʘʞʜʦʡ ʠʟ ʥʠʭ. ʊʘʢʦʡ ʵʣʝʤʝʥʪ 

ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʧʦʟʠʪʥʳʤ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʨʠʤʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʭʝʤʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʩʧʝʢʪʨʦʛʨʘʬʘ [2] ʩ ʧʨʦʧʫʩʢʘʶʱʝʡ ʦʙʲʝʤʥʦ-

ʬʘʟʦʚʦʡ ʨʝʰʝʪʢʦʡ ʜʣʷ ʜʠʘʧʘʟʦʥʘ 400 ï 560 ʥʤ (ʈʠʩ.1.). ʉʧʝʢʪʨʦʛʨʘʬ 

ʨʘʙʦʪʘʝʪ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʦʪʚʝʨʩʪʠʝʤ 1:7 ʠ ʦʙʨʘʪʥʦʡ ʣʠʥʝʡʥʦʡ 

ʜʠʩʧʝʨʩʠʝʡ 13,3 ʥʤ/ʤʤ. ɺʚʝʜʝʥʠʝ ʚ ʩʭʝʤʫ ʟʘʧʠʩʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʟʝʨʢʘʣʘ ʨʘʜʠʫʩʦʤ 31,5 ʤʤ ʧʦʜ ʫʛʣʦʤ 57,27Á ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ 

ʧʷʪʝʥ ʨʘʩʩʝʷʥʠʷ ʚ 2,4 ʨʘʟʘ (ʈʠʩ.2.). 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʜʚʫʭʢʘʥʘʣʴʥʦʛʦ 

ʩʧʝʢʪʨʦʛʨʘʬʘ 

 
ʈʠʩ. 2. ʊʦʯʝʯʥʳʝ 

ʜʠʘʛʨʘʤʤʳ  

ʇʨʠ ʨʘʟʙʠʝʥʠʠ ʥʘ ʤʦʟʘʠʢʫ (ʈʠʩ.3), ʤʳ ʚʠʜʠʤ, ʯʪʦ ʜʠʬʨʘʢʮʠʦʥʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʨʘʙʦʯʝʤʫ ʜʠʘʧʘʟʦʥʫ ʩʦʩʪʘʚʣʷʝʪ 53 ï 90 % ʧʨʠ ʪʦʣʱʠʥʝ 

ʩʣʦʷ 31 ʤʢʤ ʠ ʛʣʫʙʠʥʝ ʤʦʜʫʣʷʮʠʠ 0,048.  

 
ʈʠʩ.3. ɸʥʘʣʠʟ ɼʕ ʧʨʠ ʨʘʟʙʠʝʥʠʠ ʥʘ ʤʦʟʘʠʢʫ ʜʣʷ ɚ = 400-560 ʥʤ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ DLL ʠ ʧʦʜʧʨʦʛʨʘʤʤʳ-ʤʘʢʨʦʩʳ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʘʙʝʨʨʘʮʠʡ ʠ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʟʠʪʥʳʭ ʛʦʣʦʛʨʘʤʤ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Muslimov E. R., et al.// Photonics. 2020. V. 14 (7). P.594. 

2. Pavlycheva N.K. //Advanced optical technologies. 2012. V.1(6). P. 

455-461.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʝ ʠʩʩʣʝʜʦʚʘʪʴ ʩʧʝʢʪʨ 

ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ. 

 

Abstract 

The paper presents a device for diagnosing high-voltage equipment, 

which makes it possible to identify the spectrum of a corona discharge. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʫʩʪʨʦʡʩʪʚʘ 

ʦʧʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ [1]. ɺ ʵʪʠʭ 

ʫʩʪʨʦʡʩʪʚʘʭ, ʚʠʜʠʤʳʡ ʠ ʀʂ ʜʠʘʧʘʟʦʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʘ ʋʌ ʜʠʘʧʘʟʦʥ ï ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ, ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ 

ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʩʧʝʢʪʨ ʚ ʋʌ ʜʠʘʧʘʟʦʥʝ (ʨʠʩ. 

1). 
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ʘ ʙ 
ʈʠʩ. 1. ʉʧʝʢʪʨ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʘ) ʧʨʠ U=6 ʢɺ, d=2,5 ʤʤ. 

ʙ) ʧʨʠ U=9 ʢɺ, d=2,5 ʤʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ ʩʧʝʢʪʨʦʚ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʦʚʦʜʠʪʴ 

ʜʠʘʛʥʦʩʪʠʢʫ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

2. ʈʘʩʯʝʪ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʋʌ ʩʧʝʢʪʨʘ ʙʳʣʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ 

ʪʨʝʭʜʠʘʧʘʟʦʥʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʚʦʛʥʫʪʫʶ ʛʦʣʦʛʨʘʤʤʥʫʶ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʸʪʢʫ (ɺɻɼʈ) [1]. ɺɻɼʈ ʙʳʣʘ 

ʨʘʩʩʯʠʪʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʋʌ ʩʧʝʢʪʨʘ, ʣʠʥʠʠ 

ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʨʘʟʨʝʰʘʣʠʩʴ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʚʘʨʠʘʥʪʳ ɺɻɼʈ. 

ʊʘʙʣʠʮʘ 1 ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʦʢ 

ˉ ʏʘʩʪʦʪʘ, 

ʰʪʨ./ʤʤ 

ɼʠʩʧʝʨʩʠʷ, 

ʥʤ/ʤʤ 

ʇʨʝʜʝʣ ʨʘʟʨʝʰʝʥʠʷ, 

ʤʢʤ 

ɼʣʠʥʘ ʩʧʝʢʪʨʘ, 

ʤʤ 

1 652 17.9 18 8,9 

2 795 14 21 11,1 

ʏʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʜʘʚʘʝʤʦʝ ɺɻɼʈ ʨʘʟʨʝʰʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʦʜʥʫʶ ʣʠʥʝʡʢʫ ʩ ʨʘʟʤʝʨʦʤ ʧʠʢʩʝʣʷ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ 

ʧʨʝʜʝʣʘ ʨʘʟʨʝʰʝʥʠʷ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ, ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ ʜʠʦʜʥʦʡ 

ʣʠʥʝʡʢʠ, ʜʦʣʞʝʥ ʙʳʪʴ Ò9-11 ʤʢʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʣʦʞʝʥʠʷʤ ʥʘ 

ʢʦʤʤʝʨʯʝʩʢʦʤ ʨʳʥʢʝ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʃʫʢʠʥ ɸ.ɺ., ʄʝʣʴʥʠʢʦʚ ɸ.ʅ., ʇʘʚʣʳʯʝʚʘ ʅ.ʂ., ʏʝʧʣʘʢʦʚ ɸ.ʅ. 

ʊʨʝʭʜʠʘʧʘʟʦʥʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ // ɺʝʩʪʥʠʢ ʂɻʊʋ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ. 2021. ˉ 1. ʉ.109-117.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʵʪʠʭ 

ʤʝʪʦʜʦʚ. 

 

Abstract 

The paper considers the physical foundations of methods for measuring 

the refractive index of optical materials and provides an overview of these 

methods. 

 

1. ɺʚʝʜʝʥʠʝ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚʣʠʷʶʪ 

ʥʘ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ. ʀ ʧʨʠ 

ʦʪʢʣʦʥʝʥʠʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʧʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪ ʨʘʩʯʝʪʥʦʛʦ, ʢʘʯʝʩʪʚʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʫʭʫʜʰʘʝʪʩʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ 

ʧʘʨʘʤʝʪʨʦʚ - ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʡ 

ʟʥʘʯʠʤ ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʦʧʫʩʢʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

2. ʆʙʟʦʨ 

ʇʦʜ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n ʦʧʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʥʠʤʘʶʪ 

ʦʪʥʦʰʝʥʠʝ ʩʠʥʫʩʘ ʫʛʣʘ ʧʘʜʝʥʠʷ Ů ʢ ʩʠʥʫʩʫ ʫʛʣʘ ʧʨʝʣʦʤʣʝʥʠʷ Ůô, ʠʣʠ 

ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʚʦʟʜʫʭʝ ɡʚ ʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚʝʱʝʩʪʚʘ ɡʩ [1]. 
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n = sinŮ/sinŮô = ɡʚ/ ɡʩ.                                      (1) 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʣʘ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ 

28869-90, ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ [2]: 

ɻʦʥʠʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʝʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʤʝʪʦʜ 

ʘʚʪʦʢʦʣʣʠʤʘʮʠʠ. 

ʈʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʥʘ ʨʝʬʨʘʢʪʦʤʝʪʨʝ 

ʇʫʣʴʬʨʠʭʘ, ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʥʘ V-ʨʝʬʨʘʢʪʦʤʝʪʨʝ, ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʥʘ 

ʨʝʬʨʘʢʪʦʤʝʪʨʝ ɸʙʙʝ, ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʥʘ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʤ 

ʨʝʬʨʘʢʪʦʤʝʪʨʝ, ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

(ʤʝʪʦʜ ʆʙʨʝʤʦʚʘ). 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʛʦʥʠʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʛʦʥʠʦʤʝʪʨʘ ʠʣʠ ʛʦʥʠʦʤʝʪʨʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ. 

ʆʙʨʘʟʝʮ ʜʦʣʞʝʥ ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʦʨʤʫ ʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʤʘʪʝʨʠʘʣʘ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʠʟʤʝʨʷʝʪʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 

400-12000 ʥʤ ʩ ʪʦʯʥʦʩʪʴʶ ʦʪ Ñ 10^-5 ʜʦ Ñ 6³10 -̂6.   

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʨʝʬʨʘʢʪʦʤʝʪʨ (ʇʫʣʴʬʨʠʭʘ, V-ʨʝʬʨʘʢʪʦʤʝʪʨ, 

ɸʙʙʝ, ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʨʝʬʨʘʢʪʦʤʝʪʨ). ʆʙʨʘʟʝʮ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʦʨʤʫ ʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʠʟʤʝʨʷʝʪʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 400-700 ʥʤ ʩ 

ʪʦʯʥʦʩʪʴʶ Ñ 10^-5. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʦʪ Ñ10^-3 ʜʦ Ñ6³10 -̂6 ʠ ʦʛʨʘʥʠʯʝʥʳ ʨʘʙʦʯʠʤ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ 400-12000 ʥʤ. ʄʝʪʦʜʳ ʪʘʢ ʞʝ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ, ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨ ʦʙʨʘʟʮʘ ʠ ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ ʧʦʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʥʝ ʙʫʜʝʪ ʪʨʝʙʦʚʘʪʴ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, 

ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʫʧʨʦʱʝʥʠʶ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʝʨʯʘʪʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʢʦʥʪʨʦʣʷ ʤʝʣʢʦʡ 

ʤʦʪʦʨʠʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʚʦʟʤʦʞʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʯʘʪʢʠ. 

 

Abstract 

The article discusses the development of an intelligent glove using fiber 

optic sensors to control fine motor skills. A model of a possible implementation 

of the glove is presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʝʨʯʘʪʢʠ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ï ʵʪʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʜʚʠʞʝʥʠʡ ʤʝʣʢʦʡ ʤʦʪʦʨʠʢʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʦʡ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʭʚʘʪʘ ʜʚʠʞʝʥʠʡ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʬʝʨ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʟʘʭʚʘʪʘ ʜʚʠʞʝʥʠʡ ʤʦʞʝʪ ʜʘʪʴ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʜʘʪʯʠʢʘʤʠ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ. 

2. ʉʪʨʫʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʝʨʯʘʪʢʠ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ 

ʜʘʪʯʠʢʘ ʢʦʥʪʨʦʣʷ ʤʝʣʢʦʡ ʤʦʪʦʨʠʢʠ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʦʡ ʨʝʰʝʪʢʝ ɹʨʵʛʛʘ. 

ʇʝʨʯʘʪʢʘ ʩʦʩʪʦʠʪ ʠʟ ʢʘʨʢʘʩʥʦʡ ʯʘʩʪʠ, ʢʫʜʘ ʧʨʠʢʨʝʧʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ 
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ʚʦʣʦʢʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʣʴʮʘ ʠ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʟʘʧʷʩʪʴʷ. 

ʈʝʰʝʪʢʘ ɹʨʵʛʛʘ ʥʘʭʦʜʠʪʩʷ ʚ ʤʝʩʪʝ ʩʛʠʙʘ ʧʘʣʴʮʘ ʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʘʣʴʮʘ, 

ʨʝʰʝʪʢʘ ʙʫʜʝʪ ʨʘʩʪʷʛʠʚʘʪʴʩʷ ʠ ʩʞʠʤʘʪʴʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʷʷ 

ʮʝʥʪʨʘʣʴʥʫʶ ʜʣʠʥʫ ʚʦʣʥʳ ɺɹʈ. ʈʝʛʠʩʪʨʠʨʫʷ ʵʪʦ ʠʟʤʝʥʝʥʠʝ, ʜʝʣʘʝʤ 

ʚʳʚʦʜʳ ʦ ʚʝʣʠʯʠʥʝ ʠʟʛʠʙʘ [1]. 

 
ʈʠʩ. 1 ï ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʝʨʯʘʪʢʠ  

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʚʦʟʤʦʞʥʦʡ ʤʦʜʝʣʠ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʯʘʪʢʠ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʦʝ ʨʝʰʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʧʝʨʯʘʪʢʠ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʤʝʣʢʦʡ 

ʤʦʪʦʨʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʠʥʪʝʨʤʦʜʫʣʷʮʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʜʣʷ 

ʬʦʪʦʧʨʠʝʤʥʦʛʦ ʤʦʜʫʣʷ (PIN ʬʦʪʦʜʠʦʜʘ, ʩʦʚʤʝʱʝʥʥʦʛʦ ʩ ʫʩʠʣʠʪʝʣʝʤ). 

 

Abstract 

The paper presents the results of a study of the bandwidth and third-

order intermodulation distortion for a photodetector module (PIN of a 

photodiode combined with an amplifier). 

 

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ï ʥʝʦʪʲʝʤʣʝʤʘʷ ʧʨʦʮʝʜʫʨʘ 

ʜʣʷ ʚʩʝʭ ʬʦʪʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʘ ʪʘʢʞʝ ʢ ʥʝʣʠʥʝʡʥʳʤ ʠʩʢʘʞʝʥʠʷʤ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳ ʜʣʷ ʘʥʘʣʦʛʦʚʳʭ ʨʘʜʠʦʬʦʪʦʥʥʳʭ ʠ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʦʧʨʦʩʘ 

ʜʘʪʯʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ [1]. ɺ ʪʦʤ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʤʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʤʥʦʛʦ ʤʝʥʴʰʝ ʧʦʨʦʛʘ ʥʘʩʳʱʝʥʠʷ 

ʬʦʪʦʜʠʦʜʘ, ʨʘʚʥʦ ʢʘʢ ʝʛʦ ʯʘʩʪʦʪʘ ʤʥʦʛʦ ʤʝʥʴʰʝ ʛʨʘʥʠʯʥʦʡ, ʪʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʩʢʘʜʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʪʨʘʥʩʠʤʧʝʜʘʥʩʥʳʤ ʫʩʠʣʠʪʝʣʝʤ (ʊʋ). ʊʨʘʥʩʠʤʧʝʜʘʥʩʥʳʡ ʫʩʠʣʠʪʝʣʴ 

ʧʨʝʦʙʨʘʟʫʝʪ ʚʳʭʦʜʥʦʡ ʪʦʢ ʜʠʦʜʘ ʚ ʥʘʧʨʷʞʝʥʠʝ ʩ ʥʝʢʦʪʦʨʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ. ʂʣʘʩʩʠʯʝʩʢʠ ʊʋ 
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ʩʪʨʦʷʪʩʷ ʥʘ ʙʘʟʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫʩʠʣʠʪʝʣʝʡ. ɿʘʚʘʣʳ ʧʝʨʝʜʘʪʦʯʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʊʋ ʦʙʫʩʣʦʚʣʝʥʳ: ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ 

ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʴʶ, ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ï ʦʪʩʫʪʩʪʚʠʝʤ ʠʣʠ 

ʥʝʧʨʘʚʠʣʴʥʳʤ ʧʦʜʙʦʨʦʤ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʚ ʮʝʧʠ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʩʢʘʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʪʴ 

ʜʚʫʭʪʦʥʦʚʳʡ ʦʧʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʬʦʨʤʠʨʫʶʱʠʡ ʙʠʝʥʠʷ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʚʚʠʜʫ ʤʘʣʦʡ ʪʨʝʙʫʝʤʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ (ʜʦ 200 ʢɻʮ) ʪʘʢʦʡ ʤʝʪʦʜ ʥʝ 

ʧʦʜʭʦʜʠʪ, ʧʦʵʪʦʤʫ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʦʜʫʣʷʪʦʨʦʤ ʄʘʭʘ-ʎʘʥʜʝʨʘ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ɸʄ ʩʠʛʥʘʣʘ, ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʜʣʷ ʘʤʧʣʠʪʫʜ 

ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʠʞʝ 16 ʜɹʤ ʘʤʧʣʠʪʫʜʘ ʙʠʝʥʠʡ ʥʘ 

ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʝ ʥʝ ʧʨʝʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʰʫʤʘ. ʉʭʝʤʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʪʦʧʨʠʝʤʥʦʛʦ 

ʤʦʜʫʣʷ 

ʆʮʝʥʢʘ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ 

ʠʥʪʝʨʤʦʜʫʣʷʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 3-ʛʦ ʧʦʨʷʜʢʘ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʘʩʢʘʜʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʫʯʝʪʘ ʠʩʢʘʞʝʥʠʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʤʦʜʫʣʷʪʦʨʦʤ [2]. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʆʎɽʅʂɸ ʏɸʉʊʆʊʅʓʍ ʀ ʅɽʃʀʅɽʁʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʘʥʩʠʤʧʝʜʘʥʩʥʳʡ ʫʩʠʣʠʪʝʣʴ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ ʬʦʪʦʧʨʠʝʤʥʦʛʦ ʤʦʜʫʣʷ (PIN 

ʬʦʪʦʜʠʦʜʘ, ʩʦʚʤʝʱʝʥʥʦʛʦ ʩ ʫʩʠʣʠʪʝʣʝʤ). 

 

Abstract 

The paper presents a transimpedance amplifier and the results of a 

bandwidth study for a photodetector module (PIN photodiode combined with 

an amplifier). 

 

ɼʣʷ ʬʦʪʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ʉʪʘʚʷʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʢ ʥʝʣʠʥʝʡʥʳʤ 

ʠʩʢʘʞʝʥʠʷʤ ʜʣʷ ʘʥʘʣʦʛʦʚʳʭ ʨʘʜʠʦʬʦʪʦʥʥʳʭ ʠ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʦʧʨʦʩʘ ʜʘʪʯʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ [1]. ɺ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʤʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʤʥʦʛʦ ʤʝʥʴʰʝ ʧʦʨʦʛʘ 

ʥʘʩʳʱʝʥʠʷ ʬʦʪʦʜʠʦʜʘ, ʨʘʚʥʦ ʢʘʢ ʝʛʦ ʯʘʩʪʦʪʘ ʤʥʦʛʦ ʤʝʥʴʰʝ ʛʨʘʥʠʯʥʦʡ, ʪʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʩʢʘʜʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʪʨʘʥʩʠʤʧʝʜʘʥʩʥʳʤ ʫʩʠʣʠʪʝʣʝʤ (ʊʋ). ʊʨʘʥʩʠʤʧʝʜʘʥʩʥʳʡ ʫʩʠʣʠʪʝʣʴ 

ʧʨʝʦʙʨʘʟʫʝʪ ʚʳʭʦʜʥʦʡ ʪʦʢ ʜʠʦʜʘ ʚ ʥʘʧʨʷʞʝʥʠʝ ʩ ʥʝʢʦʪʦʨʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ. ʂʣʘʩʩʠʯʝʩʢʠ ʊʋ 
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ʩʪʨʦʷʪʩʷ ʥʘ ʙʘʟʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫʩʠʣʠʪʝʣʝʡ:  

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʊʋ ʥʘ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫʩʠʣʠʪʝʣʷʭ 

 
ʈʠʩ. 2 ï ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɸʏʍ) ʫʩʠʣʠʪʝʣʷ 

ɸʏʍ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʣʷ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʚ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʨʝʜʝ Multisim, ʩʥʷʪʘʷ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ Bode Plotter. 

ɿʘʚʘʣʳ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʋ ʥʘ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ ʦʙʫʩʣʦʚʣʝʥʳ ʦʪʩʫʪʩʪʚʠʝʤ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʳʤ ʧʦʜʙʦʨʦʤ 

ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʚ ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʦʛʦ ʬʦʪʦʥʥʦʛʦ 

ʢʦʨʨʝʣʷʪʦʨʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʜʚʫʭ 

ʩʠʛʥʘʣʦʚ. 

 

Abstract 

The article discusses the use of a new photon correlator to calculate the 

cross-correlation function for two signals. 

 

1. ɺʚʝʜʝʥʠʝ 

ʅʦʚʳʡ ʬʦʪʦʥʥʳʡ ʢʦʨʨʝʣʷʪʦʨ- ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ, ʧʝʨʝʜʘʶʱʝʛʦ 

ʨʘʜʠʦʩʠʛʥʘʣ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʪʘ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʨʨʝʣʷʮʠʠ 

ʂʦʨʨʝʣʷʪʦʨ ʨʘʙʦʪʘʝʪ ʢʘʢ ʬʦʪʦʥʥʳʡ ʧʨʦʮʝʩʩʦʨ, ʠʩʧʦʣʴʟʫʷ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʚʫʭ 

ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʦʧʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ. ʂʘʢ ʪʦʣʴʢʦ ʬʫʥʢʮʠʷ 

ʧʝʨʝʢʨʝʩʪʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʚʳʯʠʩʣʝʥʘ, ʮʝʧʦʯʢʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʝʝ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʪ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʮʠʢʣ 

ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʠ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʨʝʧʣʠʢ ʩʦ ʩʜʚʠʛʦʤ ʚʦ ʚʨʝʤʝʥʠ ʜʣʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʕʪʦʪ 
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ʧʨʦʩʪʦʡ ʬʦʪʦʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʧʦʟʚʦʣʠʣ ʤʥʦʛʠʤ ʥʝʜʘʚʥʠʤ ʠʥʥʦʚʘʮʠʷʤ ʚ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʬʦʪʦʥʠʢʝ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘʤʠ ʬʦʪʦʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʷʪʴ ʬʫʥʢʮʠʶ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʜʚʫʭ 

ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠʤʝʨʥʦ ʜʣʷ 200 ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʟʘʜʝʨʞʢʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʇʦʩʣʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʚʦʝʛʦ ʥʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʱʥʳʭ ʧʨʦʩʪʳʭ ʩʠʛʥʘʣʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʝʛʦ ʩ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤʠ ʩʠʛʥʘʣʘʤʠ, ʘ ʟʘʪʝʤ ʧʝʨʝʰʣʠ ʢ ʩʠʛʥʘʣʘʤ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʩʷ 

ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʧʨʠʥʠʤʘʝʤʳʤ ʧʘʨʦʡ ʘʥʪʝʥʥ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ 

ʩʤʦʛʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ ʩ 

ʪʦʯʥʦʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ 10 ʧʠʢʦʩʝʢʫʥʜʘʤ, ʟʘ 100-ʤʠʣʣʠʩʝʢʫʥʜʥʦʝ ʚʨʝʤʷ 

ʠʥʪʝʛʨʘʮʠʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʥʘʡʪʠ ʠʟʣʫʯʘʪʝʣʴ ʩ 

ʪʦʯʥʦʩʪʴʶ ʦʢʦʣʦ 3 ʤʠʣʣʠʤʝʪʨʦʚ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɽʩʣʠ ʵʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʫʜʫʪ ʫʩʧʝʰʥʳʤʠ, ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʠʥʬʨʘʢʨʘʩʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʚ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ, 

ʪʘʢʠʭ ʢʘʢ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʪʝʣʝʩʢʦʧ-ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʚ ʏʠʣʠ, ʠʩʧʦʣʴʟʫʷ 

ʛʝʪʝʨʦʜʠʥʥʫʶ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʶ. ɻʝʪʝʨʦʜʠʥʥʘʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʨʘʜʠʦʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ, ʥʦ ʨʘʥʝʝ ʙʳʣʘ ʦʛʨʘʥʠʯʝʥʘ 

ʫʟʢʠʤʠ ʧʦʣʦʩʘʤʠ ʢʦʨʨʝʣʷʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʘʣʛʦʨʠʪʤʘ ʠʤʠʪʘʮʠʠ 

ʮʠʢʣʘ çʜʝʥʴ-ʥʦʯʴè ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʘʨʙʫʟʘ. ʅʘ ʧʨʠʤʝʨʝ 

ʩʝʤʷʥ ʘʨʙʫʟʘ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʚ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ 

ʩʪʠʤʫʣʷʮʠʠ ʩʝʤʷʥ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ.  

 

Abstract 

The paper presents the results of the algorithm synthesis for simulating 

the "day-night" cycle for pre-sowing treatment of watermelon seeds. On the 

example of watermelon seeds grown in the Astrakhan region, a method for 

stimulating seeds of agricultural crops is proposed. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʦʣʥʝʯʥʳʡ ʦʙʦʛʨʝʚ ʩʝʤʷʥ ʚ ʚʦʜʝ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʘʨʙʫʟʦʚ. ɽʛʦ ʧʨʦʚʦʜʷʪ ʚ 

ʩʦʣʥʝʯʥʫʶ ʧʦʛʦʜʫ ʥʘ ʦʪʢʨʳʪʦʡ ʧʣʦʱʘʜʢʝ ʚ ʪʝʯʝʥʠʝ 5-7 ʜʥʝʡ. ʆʜʥʘʢʦ 
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ʧʨʠʤʝʥʝʥʠʝ ʦʙʦʛʨʝʚʘ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʦʪʣʠʯʘʝʪʩʷ 

ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ʉʳʤʠʪʠʨʦʚʘʪʴ ʵʪʦʪ ʤʝʪʦʜ ʤʦʞʥʦ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ [1, 2]. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʙʨʘʙʦʪʢʫ ʩʝʤʷʥ ʚ ʧʣʘʟʤʝ ï 

ʩʦʣʥʝʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʚʦ ʚʩʝʤ ʩʧʝʢʪʨʝ ʦʪ ʋʌ ʜʦ ʀʂ. ʉʦʣʥʝʯʥʳʡ ʩʚʝʪ ʚ 

ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʘʪʤʦʩʬʝʨʳ ʦʙʨʘʟʫʝʪ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʨʘʜʠʝʥʪʳ, 

ʧʦʨʦʞʜʘʶʱʠʝ ʠʥʬʨʘʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʩʝʤʝʥʘ. ʀʜʝʦʣʦʛʠʷ ʠʤʠʪʘʮʠʠ çʜʝʥʴ-

ʥʦʯʴè ʪʨʝʙʫʝʪ ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʘʚʣʷʝʤʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʪʴ ʚʩʝ 

ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʨʠʨʦʜʝ, ʥʦ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʞʘʪʠʝʤ ʚʨʝʤʝʥʠ [3]. 

2. ɸʣʛʦʨʠʪʤ ʜʝʥʴ-ʥʦʯʴ 

ʊʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʛʨʝʚ ʤʘʩʩʳ ʩʝʤʷʥ ʟʘ ʩʯʝʪ ʪʝʧʣʘ 

ʚʦʜʳ (ʥʦʯʴ), ʪʦʢʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʩʤʝʱʝʥʠʷ, ʚʳʟʳʚʘʝʤʳʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʉɺʏ-ʥʘʛʨʝʚʦʤ (ʜʝʥʴ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʫʩʣʦʚʠʷʤ ʧʨʦʨʘʩʪʘʥʠʷ. ɼʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʉɺʏ-ʧʦʣʷ, ʩʚʝʪʘ ʠ 

ʠʥʬʨʘʟʚʫʢʘ, ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʫʧʨʘʚʣʷʶʱʠʭ 

ʫʩʣʦʚʠʷʤʠ ʧʨʦʨʘʩʪʘʥʠʷ (ʪʦʣʴʢʦ ʜʝʥʴ) ʧʨʝʜʣʦʞʝʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʨʘʩʪʘʥʠʷ ʚʤʝʩʪʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʠʩʧʦʣʴʟʫʷ ʚ 

ʢʘʯʝʩʪʚʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʧʣʦ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʜʣʷ ʩʝʤʷʥ ʚʘʞʥʝʡʰʠʤ 

ʬʘʢʪʦʨʦʤ, ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʧʨʦʮʝʩʩʳ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʉʠʥʪʝʟʠʨʦʚʘʥ ʘʣʛʦʨʠʪʤ ʠʤʠʪʘʮʠʠ ʮʠʢʣʘ çʜʝʥʴ-ʥʦʯʴè ʜʣʷ 

ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʘʨʙʫʟʘ ʚ ʪʝʧʣʦʚʳʭ, ʉɺʏ, ʩʚʝʪʦʚʳʭ ʠ 

ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʧʦʣʝʡ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʝʪ ʚ 10 ʨʘʟ ʩʦʢʨʘʪʠʪʴ 

ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʧʨʦʨʦʩʪʢʦʚ ʚ 1,5 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ 

ʦʧʳʪʥʳʭ ʜʝʣʷʥʢʘʭ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʩʪʝʥʜʘ ʜʣʷ 

ʘʣʛʦʨʠʪʤʘ ʠʤʠʪʘʮʠʠ ʮʠʢʣʘ çʜʝʥʴ-ʥʦʯʴè ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʝʤʷʥ ʘʨʙʫʟʘ. ɺ ʩʪʝʥʜʝ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʧʦʜʘʯʝʡ ʩʝʤʷʥ ʚ ʚʦʜʝ 

ʢʦʥʪʨʘʩʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

ʨʘʙʦʯʝʡ ʤʘʩʩʳ, ʦʪʩʫʪʩʪʚʠʝ ʫʯʘʩʪʢʦʚ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʛʨʝʚʘ.  

 

Abstract 

The paper presents the results of the development of a stand for the 

algorithm for simulating the "day-night" cycle for pre-sowing treatment of 

watermelon seeds. In the stand with forced supply of seeds in water of 

contrasting temperatures, a high uniformity of processing of the working mass 

is achieved, the absence of areas of local overheating. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʩʪʠʤʫʣʷʮʠʠ ʩʝʤʷʥ ʘʨʙʫʟʘ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʝʤʝʥʘ ʘʨʙʫʟʘ ʦʙʨʘʙʘʪʳʚʘʶʪ ʚ ʚʦʜʝ ʧʨʠ 

ʢʦʥʪʨʘʩʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 20Áʉ ʠ 40Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ (ʠʤʠʪʘʮʠʷ 

ʨʝʞʠʤʘ çʥʦʯʴ-ʜʝʥʴè ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʝ) ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʙʣʫʯʝʥʠʝʤ ʉɺʏ-ʧʦʣʝʤ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʛʦ ʚʝʜʝʪ ʥʝ 

ʪʦʣʴʢʦ ʢ ʥʘʛʨʝʚʫ ʚʦʜʳ, ʥʦ ʠ ʚʦʟʙʫʞʜʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʜʠʧʦʣʴʥʳʭ ʩʚʷʟʝʡ 



296 

 

 

ʩʝʤʷʥ [1]. ʆʙʨʘʙʦʪʘʥʥʳʝ ʧʨʠ ʢʦʥʪʨʘʩʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʝʤʝʥʘ ʘʨʙʫʟʘ 

ʧʦʜʚʝʨʛʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʚʝʪʦʚʳʤ ʠ ʠʥʬʨʘʟʚʫʢʦʚʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʦʚʘʥ ʮʠʢʣʠʯʝʩʢʠʡ ʯʘʩ 

ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ ʵʢʚʠʚʘʣʝʥʪʝʥ ʦʜʥʠʤ ʩʫʪʢʘʤ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʚʦʜʝ ʠ ʦʙʣʫʯʝʥʠʝʤ ʩʦʣʥʮʝʤ [2, 3]. 

2. ʉʪʝʥʜ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʜʝʥʴ-ʥʦʯʴ 

ɺ ʩʪʝʥʜʝ (ʨʠʩ. 1) ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʧʦʜʘʯʝʡ ʩʝʤʷʥ ʚ ʚʦʜʝ 

ʢʦʥʪʨʘʩʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

ʨʘʙʦʯʝʡ ʤʘʩʩʳ, ʦʪʩʫʪʩʪʚʠʝ ʫʯʘʩʪʢʦʚ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʛʨʝʚʘ. 

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ 

ʉʤʝʩʴ ʩʝʤʷʥ ʠ ʚʦʜʳ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʩʪʫʧʘʶʪ 

ʚ ʧʨʠʝʤʥʳʡ ʙʫʥʢʝʨ 1. ɿʘʪʝʤ ʧʨʦʭʦʜʷʪ ʵʢʨʘʥʥʳʡ ʤʦʜʫʣʴ 4 ʠ ʧʦʧʘʜʘʶʪ ʚ 

ʢʘʥʘʣ ʦʙʨʘʙʦʪʢʠ 2, ʨʘʟʤʝʱʝʥʥʳʡ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʵʢʨʘʥʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ 3, ʷʚʣʷʶʱʝʡʩʷ ʢʦʨʧʫʩʦʤ ʉɺʏ, ʩʚʝʪʦʚʦʛʦ ʠ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʤʦʜʫʣʷ. ɺʥʫʪʨʠ ʵʢʨʘʥʘ ʧʦʜʚʦʜʠʪʩʷ ʉɺʏ ʵʥʝʨʛʠʷ ʦʪ 

ʛʝʥʝʨʘʪʦʨʦʚ ʉɺʏ 5, ʩʚʝʪʘ 6 ʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 7.  

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʳ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʠ ʚʦʜʳ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʝʝ ʢʘʢ ʚ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤʘʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʣʫʯʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʦʪʢʨʳʪʳʭ ʣʠʥʠʡ, ʪʘʢ ʠ ʚ ʟʘʤʢʥʫʪʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʲʝʤʘʭ, ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ 

ʦʪʢʨʳʪʳʭ ʣʠʥʠʡ ʠ ʵʣʝʤʝʥʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 
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ɸʥʥʦʪʘʮʠʷ 
ʉʠʥʛʫʣʷʨʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ (SSA) ï ʵʪʦ ʥʘʜʝʞʥʳʡ ʤʝʪʦʜ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʜʘʥʥʳʭ. SSA ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ (ML) ʠ ʘʣʛʦʨʠʪʤʘʭ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. ɺ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ ʥʘ ʠʭ 

ʩʠʥʛʫʣʷʨʥʳʝ ʟʥʘʯʝʥʠʷ. 

 

Abstract 

Singular Spectrum Analysis is a robust method for feature extractions. 

SSA is widely used for machine learning and deep learning algorithms. The 

influence of parameters changing of signals on their singular values is 

investigated in this work. 

 

ʉʠʥʛʫʣʷʨʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʣʦʞʠʪʴ 

ʩʠʛʥʘʣ ʥʘ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʤʦʜʳ, ʪʘʢʠʝ ʢʘʢ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʦʚ, ɻʘʫʩʩʦʚʩʢʠʝ ʰʫʤʳ ʠ ʜ.ʨ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʟʘʜʘʯʘʭ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʦʚ, ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ, ʩʪʘʪʠʩʪʠʢʝ, 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ [1]. ʉʠʥʛʫʣʷʨʥʦʝ 

ʨʘʟʣʦʞʝʥʠʝ (Singular Value Decomposition, SVD) ʤʘʪʨʠʮʳ B, ʢʦʪʦʨʘʷ 

ʩʦʜʝʨʞʠʪ ʟʥʘʯʝʥʠʷ ʦʪʩʯʸʪʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʛʥʘʣʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ 

ʢʘʢ [2]: 

ὄ Ͻ"Ͻ6 6Ͻ$ȟ (1) 
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ʛʜʝ V ï ʤʘʪʨʠʮʘ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ; $ ‗ ‗ Ễ ‗  ï 

ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. ɻʣʘʚʥʘʷ ʜʠʘʛʦʥʘʣʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʫʙʳʚʘʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ ʜʚʘ ʩʠʛʥʘʣʘ: ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʠ 

ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʳʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʯʠʩʣʷʣʠʩʴ ʩʠʥʛʫʣʷʨʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʉʠʛʥʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪ, ʩʦʜʝʨʞʠʪ ʜʚʘ 

ʜʦʤʠʥʠʨʫʶʱʠʭ ʩʠʥʛʫʣʷʨʥʳʭ ʟʥʘʯʝʥʠʷ. ʂ ʦʜʥʦʤʫ ʠʟ ʩʠʛʥʘʣʦʚ ʜʦʙʘʚʣʷʣʩʷ 

ɻʘʫʩʩʦʚʩʢʠʡ ʰʫʤ ʩ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ ʨʘʚʥʳʤ 12 ʜɹ. ʇʨʠ ʵʪʦʤ 

ʦʜʠʥ ʠʟ ʩʠʛʥʘʣʦʚ ʩʜʚʠʛʘʣʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ ʠ ʚʳʯʠʩʣʷʣʦʩʴ 

ʩʠʥʛʫʣʷʨʥʦʝ ʨʘʟʣʦʞʝʥʠʝ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʜʚʠʛʘ ʬʘʟʳ ʫ ʩʠʛʥʘʣʘ ʩ ʰʫʤʘʤʠ ʠ ʟʥʘʯʝʥʠʷ ʜʚʫʭ ʜʦʤʠʥʠʨʫʶʱʠʭ 

ʩʠʥʛʫʣʷʨʥʳʭ ʟʥʘʯʝʥʠʷ.  

 
ʈʠʩ. 1. ʀʩʭʦʜʥʳʡ ʠ ʟʘʰʫʤʣʝʥʥʳʡ ʩʠʛʥʘʣ (ʩʣʝʚʘ) ʠ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʩʠʥʛʫʣʷʨʥʳʭ 

ʟʥʘʯʝʥʠʡ ʦʪ ʩʜʚʠʛʘ ʬʘʟʳ (ʩʧʨʘʚʘ). 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʩʜʚʠʛ ʬʘʟʳ ʫ ʟʘʰʫʤʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ 

ʨʘʚʝʥ 30Á. ʅʘ ʢʨʠʚʦʡ ʚʝʣʠʯʠʥ ʩʠʥʛʫʣʷʨʥʳʭ ʟʥʘʯʝʥʠʡ ʚʠʜʥʘ ʪʦʯʢʘ 

ʧʝʨʝʛʠʙʘ, ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 30Á. ɺʳʧʦʣʥʠʚ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʥʛʫʣʷʨʥʳʝ ʟʥʘʯʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʟʤʝʥʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʩʠʛʥʘʣʦʚ, ʥʦ ʥʝ ʠʭ 

ʯʘʩʪʦʪʳ. ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʨʘʟʥʦʩʪʠ 

ʬʘʟʳ ʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʤʝʪʦʜʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʤʝʪʦʜʦʤ ʠʩʧʘʨʝʥʠʷ ʜʣʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʚ 

ʢʨʠʤʠʥʘʣʠʩʪʠʢʝ ʚʳʷʚʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʣʝʜʦʚ. 

 

Abstract 

The article discusses methods for concentrating microcomponents by 

evaporation to identify biological traces, which is necessary in forensic science. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʩʧʘʨʝʥʠʝ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʣʷ ʠʩʧʘʨʝʥʠʷ ʧʦʜ 

ʚʘʢʫʫʤʦʤ [1]. ʆʜʥʘʢʦ, ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʫʩʪʨʦʡʩʪʚ ʚʘʢʫʫʤʥʘʷ ʩʠʩʪʝʤʘ 

ʥʝʩʦʚʝʨʰʝʥʥʘ ʠ ʪʨʫʜʥʦ ʧʦʜʜʘʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʶ, ʯʪʦ ʥʝʩʦʚʤʝʩʪʠʤʦ ʩ 

ʪʦʥʢʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʦʡ, ʢ ʧʨʠʤʝʨʫ, ʚ ʢʨʠʤʠʥʘʣʠʩʪʠʢʝ. ʅʝʦʙʭʦʜʠʤʦ 

ʪʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʯʪʦʙʳ ʪʝʧʣʦ ʧʦʜʚʦʜʠʣʦʩʴ ʥʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʘʨʝʥʠʷ, 

ʠ ʧʨʦʮʝʩʩ ʧʨʦʭʦʜʠʣ ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʧʦʪʝʨʠ ʞʠʜʢʦʡ ʧʨʦʙʳ ʚ ʧʨʦʮʝʩʩʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ [2]. 

2. ɺʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʡ ʤʝʪʦʜ ʠʩʧʘʨʝʥʠʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʘ 

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʠʩʧʘʨʝʥʠʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʩʦʜʝʨʞʘʱʝʛʦ ʩʤʳʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʣʝʜʦʚ [3]. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʠʩʧʘʨʝʥʠʷ 
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ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʧʦʜʚʦʜʘ ʪʝʧʣʘ ʢʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʝʤʢʦʩʪʠ, 

ʩʦʧʨʠʢʘʩʘʶʱʝʡʩʷ ʩ ʨʘʩʪʚʦʨʦʤ, ʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʘʨʝʥʠʷ. ʇʦʜʚʦʜ ʪʝʧʣʘ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʛʨʝʪʳʤ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ, 

ʢʦʪʦʨʳʡ ʟʘʢʨʫʯʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʚʠʭʨʝʦʙʨʘʟʫʶʱʠʤ ʢʦʥʫʩʦʤ ʩ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʤʠ ʢʘʥʘʣʘʤʠ. ɺʨʘʱʝʥʠʝ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʫʨʙʫʣʠʟʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʘʨʝʥʠʷ, ʫʤʝʥʴʰʝʥʠʝ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʥʘʜ ʨʘʩʪʚʦʨʦʤ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʦʝ ʚʨʘʱʝʥʠʝ 

ʞʠʜʢʦʩʪʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝʸ ʦʩʘʞʜʝʥʠʷ ʠ 

ʘʜʩʦʨʙʮʠʠ ʥʘ ʩʪʝʥʢʘʭ ʠʩʧʘʨʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʠ.  

ʂʦʥʠʯʝʩʢʘʷ ʚʦʨʦʥʢʘ ʩʦ ʩʤʝʥʥʳʤ ʩʙʦʨʥʠʢʦʤ ʢʦʥʮʝʥʪʨʘʪʘ, 

ʚʳʧʦʣʥʝʥʥʳʤ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʘ ʠʟ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʜʣʷ 

ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʩʙʦʨʥʠʢ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʧʦʜʩʪʘʚʢʫ ʠʟ ʬʪʦʨʦʧʣʘʩʪʘ), 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʜʝʢʚʘʪʥʳʡ ʧʦʜʚʦʜ ʪʝʧʣʘ ʦʪ ʥʘʛʨʝʚʘʪʝʣʷ. 

ʅʘʛʨʝʚʘʪʝʣʴ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʢʦʥʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʧʦ ʚʩʝʡ ʚʳʩʦʪʝ 

ʚʦʨʦʥʢʠ ʠ ʩʙʦʨʥʠʢʘ ʵʢʩʪʨʘʢʪʘ. ɼʣʷ ʵʪʦʛʦ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʥʘʧʨʘʚʣʷʶʪ ʚ 

ʥʠʞʥʶʶ ʯʘʩʪʴ ʥʘʛʨʝʚʘʪʝʣʷ, ʟʘʪʝʤ ʦʥ ʧʦʩʪʫʧʘʝʪ ʚ ʚʠʭʨʝʦʙʨʘʟʫʶʱʠʡ ʢʦʥʫʩ 

ʠ ʚʳʭʦʞʜʠʪ ʦʪʪʫʜʘ ʯʝʨʝʟ ʰʪʫʮʝʨ ʢʨʳʰʢʠ ʫʩʪʨʦʡʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʝʧʣʦʧʦʜʚʦʜ ʢ ʧʨʦʙʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʟʤʝʥʝʥʠʶ ʝʸ ʦʙʲʸʤʘ ʧʦ ʚʳʩʦʪʝ 

ʚʦʨʦʥʢʠ ʩʙʦʨʥʠʢʘ ʢʦʥʮʝʥʪʨʘʪʘ 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʥʘʤʠ ʤʝʪʦʜ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ 

ʤʝʪʦʜʦʤ ʠʩʧʘʨʝʥʠʷ ʧʦʜʭʦʜʠʪʴ ʜʣʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʚ ʢʨʠʤʠʥʘʣʠʩʪʠʢʝ 

ʚʳʷʚʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʣʝʜʦʚ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʠ ʚ 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʦ 

ʧʦʚʝʜʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʠ ʚ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʢʠ ʦʢʦʥʯʘʥʠʷ 

ʬʠʣɹʪʨʦʚʘʥʥʦʛʦ QRS-ʢʦʤʧʣʝʢʩʘ. 

 

Abstract 

Application of functionôs derivatives in high-resolution 

electrocardiography is analyzed. In particularly, behavior of functionôs 

derivatives is researched within filtered QRS-complexôs offset pointôs detection 

task. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʟʘʙʦʣʝʚʘʥʠʷ (ʉʉɿ) ï ʧʨʠʯʠʥʘ ʩʤʝʨʪʠ ʚ 32% 

ʩʣʫʯʘʝʚ [1]. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʩʠʛʥʘʣʘ (ʕʂʉ) ʦʯʝʥʴ ʚʘʞʥʘ. ʀʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʕʂɻ-ɺʈ). ʆʥʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʫʩʨʝʜʥʝʥʠʠ ʢʘʨʜʠʦʮʠʢʣʦʚ (ʂʎ) ʧʦ ʦʪʚʝʜʝʥʠʷʤ X, Y, Z ʠ ʧʦʣʫʯʝʥʠʠ 

ʬʠʣʴʪʨʦʚʘʥʥʦʛʦ QRS-ʢʦʤʧʣʝʢʩʘ (fqrs). ʕʂɻ-ɺʈ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʟʜʥʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʞʝʣʫʜʦʯʢʦʚ (ʇʇɾ). ʀʭ ʥʘʣʠʯʠʝ 
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ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʉʉɿ. ɸʥʘʣʠʟʠʨʫʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ: ʜʣʠʪʝʣʴʥʦʩʪʴ fqrs; ʩʠʛʥʘʣʳ ʥʠʞʝ 40 ʤʢɺ ʚ ʧʦʟʜʥʝʡ ʯʘʩʪʠ fqrs; 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 40 ʤʩ fqrs [2]. 

2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʙʝʟ ʪʦʯʢʠ ʦʢʦʥʯʘʥʠʷ 

fqrs (ʪʦʯʢʘ J). ɼʣʷ ʝʸ ʚʳʯʠʩʣʝʥʠʷ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʨʦʠʟʚʦʜʥʳʝ fqrs ʢʘʢ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ. ʇʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʠ ʚ ʟʘʜʘʯʝ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ: ɻʨʝʥʢʝ M.A. ʨʘʟʨʘʙʦʪʘʣʘ 

ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʢʠ ʥʘʯʘʣʘ ʂʎ ʧʫʪʸʤ ʦʮʝʥʢʠ ʤʘʢʩʠʤʫʤʘ ʚʪʦʨʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ [3]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ 

ʦʮʝʥʢʠ ʪʦʯʢʠ J ʥʘ ʦʩʥʦʚʝ ʧʦʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʠ. 

3. ɸʥʘʣʠʟ ʜʘʥʥʳʭ 

ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ MATLAB  ʠ 20 ʕʂʉ ʠʟ 

ʙʘʟʳ ʜʘʥʥʳʭ [4]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [2] ʧʨʦʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ ʕʂʉ ʧʦ 

ʘʣʛʦʨʠʪʤʫ ʕʂɻ-ɺʈ ʠ ʦʮʝʥʢʘ ʪʦʯʝʢ J. ɼʣʠʪʝʣʴʥʦʩʪʴ fqrs ï 512 ʤʩ. 

ʇʨʦʠʟʚʦʜʥʳʝ ʚʳʯʠʩʣʷʣʠʩʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʨʠʨʘʱʝʥʠʷ ʬʫʥʢʮʠʠ ʢ 

ʧʨʠʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʫʯʘʩʪʢʦʚ ï ʦʪ ʪʦʯʢʠ J 

ʜʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t=400 ʤʩ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʫʯʘʩʪʢʠ 

JÑ5 ʤʩ (ʦʢʨʝʩʪʥʦʩʪʴ ʪʦʯʢʠ J). ʈʝʟʫʣʴʪʘʪʳ: ʚ 13 ʕʂʉ (65%) ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʪʦʯʢʠ J ʥʘʙʣʶʜʘʝʪʩʷ ʤʠʥʠʤʫʤ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ; ʚ 12 ʕʂʉ (60%) ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ J ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʠ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʠʩʢʘ ʪʦʯʢʠ J ʚ 

ʟʘʜʘʯʝ ʕʂɻ-ɺʈ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʧʣʘʥʠʨʫʝʤ ʨʘʟʨʘʙʦʪʘʪʴ ʢʨʠʪʝʨʠʡ 

ʦʙʥʘʨʫʞʝʥʠʷ ʪʦʯʢʠ J ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʜʦʢʩʠʮʠʢʣʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʩʪʝʘʪʦʟʘ ʧʝʯʝʥʠ ʤʳʰʠ. 

 

Abstract 

The paper discusses the mechanism of doxycycline-induced mouse liver 

steatosis. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʪʝʘʪʦʟ (ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʥʳʭ ʢʘʧʝʣʴ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʨʘʥʥʠʭ 

ʩʠʤʧʪʦʤʦʚ ʥʝʘʣʢʦʛʦʣʴʥʦʡ ʞʠʨʦʚʦʡ ʙʦʣʝʟʥʠ ʧʝʯʝʥʠ, ʦʙʳʯʥʦ ʧʨʦʪʝʢʘʝʪ 

ʙʝʩʩʠʤʧʪʦʤʥʦ ʢʘʢ ʫ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʠ ʫ ʞʠʚʦʪʥʳʭ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʦʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʣʠʧʠʜʦʚ (ʇʆʃ) ʪʢʘʥʝʡ ʧʝʯʝʥʠ ʠ ʘʥʘʣʠʟ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʛʝʧʘʪʦʮʠʪʘʭ ʤʳʰʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʝʨʦʨʘʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ 

ʘʥʪʠʙʠʦʪʠʢʘ ʪʝʪʨʘʮʠʢʣʠʥʦʚʦʛʦ ʨʷʜʘ ï ʜʦʢʩʠʮʠʢʣʠʥʘ. 

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʘʤʦʢ ʙʝʣʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʳʰʝʡ 

ʣʠʥʠʠ balb-c. ʉʪʝʘʪʦʟ ʠʥʜʫʮʠʨʦʚʘʣʠ ʧʝʨʦʨʘʣʴʥʳʤ ʚʚʝʜʝʥʠʝʤ 

ʜʦʢʩʠʮʠʢʣʠʥʘ (0,05 ʛ/ʢʛ ʚʝʩʘ ʚ ʜʝʥʴ) ʚ ʪʝʯʝʥʠʝ 5 ʜʥʝʡ. ɸʥʘʣʠʟ 

http://ngmu.ru/cozo/mos/article/abauthors.php?id=1351
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ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Hitachi 

HT7800 (ʗʧʦʥʠʷ). ʋʨʦʚʝʥʴ ʇʆʃ ʦʧʨʝʜʝʣʷʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ [1]. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ʇʨʠʤʝʥʝʥʠʝ ʜʦʢʩʠʮʠʢʣʠʥʘ ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʟʚʠʪʠʶ 

ʤʘʢʨʦʚʝʟʠʢʫʣʷʨʥʦʛʦ ʩʪʝʘʪʦʟʘ ʚ ʪʢʘʥʷʭ ʧʝʯʝʥʠ ʤʳʰʠ ʢ 5 ʜʥʶ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʄʠʪʦʭʦʥʜʨʠʠ (ʄʊ) ʠʤʝʣʠ ʦʨʪʦʜʦʢʩʘʣʴʥʳʡ ʚʠʜ ʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ 

ʛʨʫʧʧʘʤʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʄʊ ʚ ʢʦʥʪʨʦʣʝ (ʨʠʩ. 1). 

 
ʈʠʩ. 1 ï ʋʣʴʪʨʘʩʪʨʫʢʪʫʨʘ ʢʣʝʪʦʢ ʧʝʯʝʥʠ ʤʳʰʠ ʘ ï ʢʦʥʪʨʦʣʴ, ʙ ï ʜʦʢʩʠʮʠʢʣʠʥ 

(5 ʩʫʪʢʠ). ʄʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ ï 1 ʤʢʤ. 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʪʝʪʨʘʮʠʢʣʠʥʘ ʥʘʨʫʰʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʄʊ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʘʮʠʠ ʨʝʜʦʢʩ-

ʧʨʦʮʝʩʩʦʚ ʠ ʫʩʠʣʝʥʠʶ ʇʆʃ, ʘ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʦʚʨʝʞʜʝʥʠʝʤ ʘʮʠʣ-ʂʦɸ-

ʜʝʛʠʜʨʦʛʝʥʘʟʳ ʄʊ, ʨʝʛʫʣʠʨʫʶʱʝʛʦ ɓ-ʦʢʠʩʣʝʥʠʝ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚʝʜʝʪ ʚ 

ʢʘʟʚʠʪʠʶ ʩʪʝʘʪʦʟʘ [2]. ʆʜʥʘʢʦ ʚ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʳ ʥʝ ʦʙʥʘʨʫʞʠʣʠ 

ʜʦʩʪʦʚʝʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʇʆʃ (1,73 Ñ 0,20 ʥʛ/ʤʛ ʧʨʦʪʠʚ 1,79 Ñ 0,13 ʚ 

ʢʦʥʪʨʦʣʝ). ʂʘʥʘʣʳ ʕʈ ʙʳʣʠ ʨʘʩʰʠʨʝʥʳ ʠ ʦʙʨʘʟʳʚʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʢʦʥʪʘʢʪʳ ʩ ʄʊ ʠ ʣʠʧʠʜʥʳʤʠ ʢʘʧʣʷʤʠ (ʨʠʩ. 1 ʙ). 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʝʨʦʨʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʦʢʩʠʮʠʢʣʠʥʘ ʧʨʠʚʦʜʠʣʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʚ ʧʝʯʝʥʠ ʤʳʰʠ ʤʘʢʨʦʚʝʟʠʢʫʣʷʨʥʦʛʦ ʩʪʝʘʪʦʟʘ, ʢʦʪʦʨʳʡ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʨʘʟʚʠʪʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩ. ʟʘʜʘʥʠʷ ʂʀɹɹ ʌʀʎ ʂʘʟʅʎ ʈɸʅ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʣʠʷʥʠʝ ɸʊʌ ʠ ʥʝʩʝʣʝʢʪʠʚʥʦʛʦ ʘʥʪʘʛʦʥʠʩʪʘ 

ʈ2 ʨʝʮʝʧʪʦʨʦʚ ʩʫʨʘʤʠʥʘ ʥʘ ʩʦʢʨʘʪʠʤʦʩʪʴ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʢʝʣʝʪʥʳʭ 

ʤʳʰʮ ʢʨʳʩʳ ʚ ʥʦʨʤʝ ʠ ʥʘ ʤʦʜʝʣʠ ʪʨʘʚʤʘʪʠʯʝʩʢʦʡ 7-ʤʠ ʜʥʝʚʥʦʡ 

ʜʝʥʝʨʚʘʮʠʠ ʩʝʜʘʣʠʱʥʦʛʦ ʥʝʨʚʘ.   

 

Abstract 
The article discusses the effect of ATP and non-selective P2 receptor 

antagonist suramin on the contractility of isolated rat skeletal muscles in normal 

conditions and in a model of traumatic 7-day sciatic nerve denervation. 

 

1. ɺʚʝʜʝʥʠʝ 

ʊʨʘʚʤʳ, ʦʧʝʨʘʪʠʚʥʳʝ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʠ ʨʷʜ ʜʨʫʛʠʭ ʧʨʠʯʠʥ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʨʫʰʝʥʠʶ ʠʥʥʝʨʚʘʮʠʠ ʢʦʥʝʯʥʦʩʪʝʡ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʪʦʡʢʦʝ 

ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʠ ʤʳʰʮʳ ʠ ʧʦʩʪʝʧʝʥʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʨʫʙʮʦʚʳʤ ʧʝʨʝʨʦʞʜʝʥʠʝʤ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ ʩ 

ʫʪʨʘʪʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʦʢʨʘʱʝʥʠʶ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ ɸʊʌ, ʚʳʩʚʦʙʦʞʜʘʷʩʴ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʩʧʦʩʦʙʥʘ ʦʢʘʟʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʵʬʬʝʢʪʳ, ʦʧʦʩʨʝʜʫʝʤʳʝ ʣʠʛʘʥʜ-

ʫʧʨʘʚʣʷʝʤʳʤʠ ʢʘʥʘʣʘʤʠ, ʠʟʚʝʩʪʥʳʤʠ ʢʘʢ P2X-ʨʝʮʝʧʪʦʨʳ ʠ 

ʤʝʪʘʙʦʪʨʦʧʥʳʤʠ P2Y ʨʝʮʝʧʪʦʨʘʤʠ [1]. ʕʪʘ ʩʠʛʥʘʣʴʥʘʷ ʤʦʣʝʢʫʣʘ ʯʘʩʪʠʯʥʦ 
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ʫʩʫʛʫʙʣʷʝʪ ʥʝʡʨʦʥʘʣʴʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʪʨʘʚʤʦʡ ʠʣʠ 

ʥʘʨʫʰʝʥʠʝʤ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, ʠ ʦʪʯʘʩʪʠ ʩʣʫʞʠʪ ʟʘʱʠʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ. 

2. ʄʝʪʦʜʠʢʘ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʧʨʝʧʘʨʘʪʝ m. 

soleus ʢʨʳʩʳ. ʇʦʣʦʚʠʥʝ ʞʠʚʦʪʥʳʭ ʧʨʦʚʦʜʠʣʠ ʜʝʥʝʨʚʘʮʠʶ [2]. 

ɺ ʜrʝʣʝʥʥʳʝ ʤʳʰʮʳ ʬʠʢʩʠʨʦʚʘʣʠ ʚʘʥʥʦʯʢʠ ʦʙʲʝʤʦʤ 10 ʤʣ, ʥʘʧʦʣʥʝʥʥʳʝ 

ʨʘʩʪʚʦʨʦʤ ʂʨʝʙʩʘ. ʉʪʠʤʫʣʷʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ [3]. 

ʈʘʩʩʯʠʪʳʚʘʣʠ ʜʘʥʥʳʝ ʚ % ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ 

ʚʘʥʥʦʯʢʫ ʜʦʙʘʚʣʷʣʠ 100 ʤʢʄ ɸʊʌ ʠʣʠ ʘʜʝʥʦʟʠʥʘ ʠ ʯʝʨʝʟ 7 ʤʠʥ 

ʦʮʝʥʠʚʘʣʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʦʪʚʝʪʳ ʤʳʰʮʳ. ɿʘʪʝʤ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʲʝʢʪʳ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ ʩʫʨʘʤʠʥʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʄ ʚ ʪʝʯʝʥʠʝ 

20 ʤʠʥ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ɸʊʌ ʠ ʚʥʦʚʴ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʦʪʚʝʪʳ ʤʳʰʮ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ [4]. ʅʘʙʣʶʜʘʝʤʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʠʣʳ ʩʦʢʨʘʱʝʥʠʷ ʜʝʥʝʨʚʠʨʦʚʘʥʥʦʡ ʤʳʰʮʳ ʥʘ 20% ʚ 

ʢʦʥʪʨʦʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʪʘʢʪʥʦʡ ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʥʦ ʩ 

ʩʝʥʩʠʙʠʣʠʟʘʮʠʝʡ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʅ-ʭʦʣʠʥʦʨʝʮʝʧʪʦʨʦʚ. ɸʊʌ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʄ ʫʩʠʣʠʚʘʣʘ ʩʦʢʨʘʱʝʥʠʷ ʠʥʪʘʢʪʥʦʡ ʤʳʰʮʳ, ʜʦ 66.0 

Ñ 3.9% (n = 6, ʨ < 0.05;) ʠ ʜʝʥʝʨʚʠʨʦʚʘʥʥʦʡ ʜʦ 84.2 Ñ 3.7% (n = 6, ʨ < 0.05;) 

ʦʪ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ. ʅʘ ʬʦʥʝ ʥʝʩʝʣʝʢʪʠʚʥʦʛʦ ʘʥʪʘʛʦʥʠʩʪʘ P2-

ʨʝʮʝʧʪʦʨʦʚ ʩʫʨʘʤʠʥʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʄ ʦʪʤʝʥʷʣʦʩʴ ʜʝʡʩʪʚʠʝ ɸʊʌ 

ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʄ ʢʘʢ ʥʘ ʠʥʪʘʢʪʥʦʡ, ʪʘʢ ʠ ʥʘ ʜʝʥʝʨʚʠʨʦʚʘʥʥʦʡ 

ʤʳʮhʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʥʠʞʝʥʠʝ ʤʦʜʫʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ɸʊʌ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʚʳʟʚʘʥʦ ʩʥʠʞʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʈ2-ʨʝʮʝʧʪʦʨʦʚ, ʚʦʟʥʠʢʰʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʨʫʰʝʥʠʷ ʘʥʪʝʨʦʛʨʘʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʨʦʚʦʜʷʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʥʝʨʚʥʦʛʦ ʚʦʣʦʢʥʘ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʞʢʣʝʪʦʯʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ ʢʣʝʪʦʢ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʠʜʳ ʤʝʞʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʘ ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ. 

 

Abstract 

The article discusses intercellular cell signaling. The types of 

intercellular signaling, the mechanism of signal transmission between cells are 

considered. 

 

1. ɺʚʝʜʝʥʠʝ 

ʄʝʞʢʣʝʪʦʯʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ ï ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ 

ʢʣʝʪʢʘʤʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ. ɹʣʘʛʦʜʘʨʷ ʝʡ ʪʨʠʣʣʠʦʥʳ ʢʣʝʪʦʢ ʦʨʛʘʥʠʟʤʘ 

ʯʝʣʦʚʝʢʘ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʠ ʦʨʛʘʥʠʟʤ ʩʫʱʝʩʪʚʫʝʪ ʚ ʮʝʣʦʤ. ʆʙʤʝʥ 

ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʢʣʝʪʢʘʭ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʩʧʝʮʠʘʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, 

ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʧʦʭʦʞ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʥʘʧʩʳ. 

2. ʆʩʥʦʚʳ ʤʝʞʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ 

ʂʦʤʤʫʥʠʢʘʮʠʶ ʚ ʩʠʩʪʝʤʘʭ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʠ 

ʥʝʨʚʥʳʝ ʠʤʧʫʣʴʩʳ. ɺʳʜʝʣʷʶʪ ʪʨʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ: 

- ʥʝʡʨʦʤʝʜʠʘʪʦʨʳ ï ʚʳʜʝʣʷʶʱʠʝʩʷ ʠʟ ʘʢʩʦʥʦʚ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʣʝʜʫʶʱʫʶ ʢʣʝʪʢʫ; 

- ʛʦʨʤʦʥʳ ï ʪʘʢ ʞʝ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʠʝ ʜʠʩʪʘʥʪʥʳʤ 

ʜʝʡʩʪʚʠʝʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ ʚ ʥʠʭ ʟʘʤʝʜʣʝʥʥʘ; 

- ʣʦʢʘʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʤʝʜʠʘʪʦʨʳ(ʧʘʨʘʛʦʨʤʦʥʳ). 
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ʅʝʨʚʥʳʡ ʠʤʧʫʣʴʩ ï ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʣʥʫ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʤʝʤʙʨʘʥʝ ʥʝʨʚʥʦʛʦ ʚʦʣʦʢʥʘ. 

ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʪʝʩʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʛʠʧʦʪʘʣʘʤʫʩʝ, ʠʟ-ʟʘ 

ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʥʝʤ ʥʝʡʨʦʵʥʜʦʢʨʠʥʥʳʭ ʢʣʝʪʦʢ.  

ʃʠʛʘʥʜʘʤʠ ʥʘʟʳʚʘʶʪ ʤʦʣʝʢʫʣʳ ʧʨʠ ʵʥʜʦʢʨʠʥʥʦʡ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ. 

ʉʠʥʪʝʟ ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʧʨʦʭʦʜʠʪ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ ʠ 

ʩʪʠʤʫʣʠʨʫʶʪʩʷ ʩʠʛʥʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʢʘʢ ʠʟ ʚʥʫʪʨʝʥʥʝʡ, ʪʘʢ ʠ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʄʦʣʝʢʫʣʳ ʣʠʛʘʥʜʳ ʩʚʷʟʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʶ 

ʨʝʮʝʧʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʶʪʩʷ ʙʝʣʢʦʚʳʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʦʥʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʛʨʫʧʧʳ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʤʝʥʪʘʭ ʮʝʣʝʚʦʡ ʢʣʝʪʢʠ. 

ʄʝʤʙʨʘʥʥʳʝ ʨʝʮʝʧʪʦʨʳ ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʞʠʨʦʨʘʩʪʚʦʨʠʤʳʝ ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʧʫʪʝʤ ʚʩʪʨʘʠʚʘʥʠʷ ʚ ʢʣʝʪʦʯʥʫʶ 

ʤʝʤʙʨʘʥʫ. ʂʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʥʝʧʦʩʪʦʷʥʥʦ ʠ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 

ʩʪʘʙʠʣʴʥʦʡ ʦʩʥʦʚʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʨʛʘʥʠʟʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ, 

ʩʧʦʩʦʙʥʳʝ ʢ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʞʠʨʘʭ, ʦʥʠ ʙʝʟ ʫʩʠʣʠʡ ʧʨʦʥʠʢʘʶʪ ʩʢʚʦʟʴ 

ʤʝʤʙʨʘʥʥʳʡ ʩʣʦʡ ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʨʝʮʝʧʪʦʨʘʤʠ. ɼʘʥʥʳʡ 

ʚʠʜ ʤʦʣʝʢʫʣʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʮʠʪʦʟʦʣʝ ʠʣʠ ʩ ʷʜʝʨʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʫʩʪʘʥʦʚʢʠ ʩʚʷʟʠ ʩ 

ʮʠʪʦʟʦʣʴʥʳʤʠ ʠʣʠ ʷʜʝʨʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʠ ʪʨʘʥʩʜʫʢʮʠʶ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʤʝʪʘʙʦʣʠʟʤ ʙʝʣʢʘ. ʆʙʲʝʜʠʥʝʥʠʝ ʣʠʛʘʥʜ ʠ ʨʝʮʝʧʪʦʨʦʚ ʚ 

ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩ ʘʢʪʠʚʠʟʠʨʫʝʪ G-ʙʝʣʦʢ, ʵʪʦʪ ʙʝʣʦʢ ʧʦʭʦʞ ʥʘ ʪʨʠʬʦʩʬʘʪ 

ʛʫʘʥʦʟʠʥʘ. G-ʙʝʣʦʢ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʨʝʛʫʣʷʪʦʨʥʳʤ 

ʬʝʨʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʪʦʨʠʯʥʳʭ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʣʝʪʦʯʥʦʝ ʩʦʦʙʱʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʠʛʨʘʝʪ 

ʚʝʜʫʱʫʶ ʨʦʣʴ ʜʣʷ ʩʪʘʙʠʣʴʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 
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ɸʥʥʦʪʘʮʠʷ 
ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʩʦʙʝʥʥʦʩʪʷʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʢʘʥʘʣʳ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʳʜʝʣʝʥʳ ʚʠʜʳ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʝʝ ʩʪʝʧʝʥʠ ʦʩʦʟʥʘʥʥʦʩʪʠ. 

 

Abstract 

This article is devoted to the peculiarities of human perception. The 

main channels of obtaining information are considered and the types of 

information according to its degree of awareness are highlighted. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺʦʩʧʨʠʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ ï ʵʪʦ ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʷʚʣʝʥʠʷʤʠ ʠ 

ʧʨʝʜʤʝʪʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʳ ʯʫʚʩʪʚ. 

2. ʏʝʣʦʚʝʢ ʢʘʢ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʚʦʩʧʨʠʷʪʠʷ 

ʠʥʬʦʨʤʘʮʠʠ 

ɺʦʩʧʨʠʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʥʝʢʦʪʦʨʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ. ɺʦ-ʧʝʨʚʳʭ, ʚʘʞʥʘ ʩʠʪʫʘʮʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʦʠʟʦʰʣʦ ʟʥʘʢʦʤʩʪʚʦ ʩ ʠʥʬʦʨʤʘʮʠʝʡ. ɺʦ-ʚʪʦʨʳʭ, ʩʪʝʧʝʥʴ ʧʦʥʠʤʘʥʠʷ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ. ʏʝʣʦʚʝʢ, ʭʦʨʦʰʦ ʦʨʠʝʥʪʠʨʫʶʱʠʡʩʷ ʚ ʩʠʪʫʘʮʠʠ, ʚ ʙʦʣʴʰʝʤ 

ʢʦʣʠʯʝʩʪʚʝ ʩʣʫʯʘʝʚ ʩʧʦʢʦʡʥʦ ʚʦʩʧʨʠʥʠʤʘʝʪ ʠʥʬʦʨʤʘʮʠʶ. ʆʥ ʥʝ ʦʩʪʨʦ 

ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʨʦʠʩʭʦʜʷʱʝʝ, ʘ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʚʘʝʪ ʩʠʪʫʘʮʠʶ, ʯʝʤ 

ʯʝʣʦʚʝʢ ʩ ʫʟʢʠʤ ʢʨʫʛʦʟʦʨʦʤ. ɺ-ʪʨʝʪʴʠʭ, ʥʘ ʦʮʝʥʢʫ ʠʥʬʦʨʤʘʮʠʠ ʚʣʠʷʶʪ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʝʥʠʷ, ʩʫʙʲʝʢʪʘ ʠʣʠ ʧʨʝʜʤʝʪʘ, ʦ ʢʦʪʦʨʳʭ ʫʢʘʟʳʚʘʝʪ 

ʠʩʪʦʯʥʠʢ ʜʘʥʥʳʭ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʥʝʤʘʣʦʚʘʞʥʦʝ ʜʘʚʣʝʥʠʝ ʦʢʘʟʳʚʘʶʪ 

ʩʪʝʨʝʦʪʠʧʳ ð ʟʘʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʯʝʣʦʚʝʢʦʤ ʤʳʩʣʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ 

ʯʝʛʦ-ʣʠʙʦ. ʉʪʝʨʝʦʪʠʧ, ʢʘʢ ʛʦʪʦʚʘʷ ʩʭʝʤʘ ʚʦʩʧʨʠʷʪʠʷ, ʧʦʟʚʦʣʷʝʪ ʯʝʣʦʚʝʢʫ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ. ɺ-ʧʷʪʳʭ, ʚʦʩʧʨʠʷʪʠʝ ʯʘʩʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ ʬʘʢʪʦʚ, ʥʝʩʧʦʩʦʙʥʦʩʪʠ 

ʚʝʨʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʠ, 

ʨʝʮʝʧʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʝʥʩʦʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ 

ʦʙʨʘʙʦʪʢʝ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʦʨʛʘʥʠʟʤ ʩʠʛʥʘʣʦʚ. ʇʨʦʮʝʩʩ ʚʦʩʧʨʠʷʪʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦʩʥʦʚʘʥ ʥʘ ʨʘʙʦʪʝ ʧʷʪʠ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ. ʉʦʛʣʘʩʥʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʏʘʨʣʴʟʘ ʐʝʨʨʠʥʛʪʦʥʘ, ʦʱʫʱʝʥʠʷ (ʢʘʥʘʣʳ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ) ʜʝʣʷʪʩʷ ʥʘ ʠʥʪʝʨʦʮʝʧʪʠʚʥʳʝ, ʧʨʦʧʨʠʦʮʝʧʪʠʚʥʳʝ ʠ 

ʵʢʩʪʝʨʦʮʝʧʪʠʚʥʳʝ. ʀʥʪʝʨʦʮʝʧʪʠʚʥʳʝ ʦʱʫʱʝʥʠʷ ʠʥʬʦʨʤʠʨʫʝʪ ʦ 

ʩʦʩʪʦʷʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʦʚ ʦʨʛʘʥʠʟʤʘ, ʚʪʦʨʘʷ ʛʨʫʧʧʘ ʦʪʚʝʯʘʝʪ ʟʘ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʦʞʝʥʠʠ ʪʝʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʩʣʝʜʥʷʷ ʛʨʫʧʧʘ ʜʦʚʦʜʠʪ 

ʜʦ ʤʦʟʛʘ ʩʠʛʥʘʣʳ ʦʙ ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ. ʅʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʫʨʦʚʝʥʴ 

ʧʩʠʭʠʯʝʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠʤʠʪʠʚʥʦʩʪʴ ʧʩʠʭʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʝʝ ʦʙʨʘʙʦʪʢʝ, ʩʪʝʧʝʥʴ ʦʩʦʟʥʘʥʥʦʩʪʠ 

ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙʨʘʟʦʚ ʠ ʩʤʳʩʣʦʚ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: - ʠʥʬʦʨʤʘʮʠʶ-ʩʪʠʤʫʣ, ʢʦʪʦʨʘʷ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʨʛʘʥʳ ʯʫʚʩʪʚ. ʆʪʨʘʞʝʥʠʝ ʪʘʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʬʦʨʤʝ ʨʝʬʣʝʢʪʦʨʥʳʭ ʙʝʩʩʦʟʥʘʪʝʣʴʥʳʭ 

ʨʝʘʢʮʠʡ; - ʠʥʬʦʨʤʘʮʠʶ-ʦʙʨʘʟ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʫʶ ʠʟ ʥʝʢʦʪʦʨʦʡ ʩʫʤʤʳ 

ʩʪʠʤʫʣʦʚ; - ʠʥʬʦʨʤʘʮʠʶ-ʩʤʳʩʣ, ʚ ʝʝ ʦʙʨʘʙʦʪʢʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʪʨʦʥʫʪʳ ʠ 

ʙʝʩʩʦʟʥʘʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʩʠʭʠʢʠ, ʥʦ ʦʩʥʦʚʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʩʧʨʠʥʠʤʘʶʱʝʛʦ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʆʩʥʦʚʥʳʤ ʢʘʥʘʣʦʤ ʚʦʩʧʨʠʷʪʠʷ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʠ, 

ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʳ ʯʫʚʩʪʚ. ʊʘʢʞʝ ʥʝʤʘʣʦʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʣʠʯʥʦʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʦʷʩʥʠʯʥʦʤ ʦʪʜʝʣʝ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩʳ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʝʘʜʘʧʪʘʮʠʠ 

ʧʦʩʣʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʤʦʜʝʣʠʨʫʝʤʦʡ 

ʛʠʧʦʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʨʘʟʛʨʫʟʢʠ. 

 

Abstract 

In the present study, we studied morphological transformations in the 

lumbar spinal cord of rats at the early stages of readaptation after a short stay in 

conditions of simulated hypogravitational unloading. 

 

1. ɻʠʧʦʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴʥʳʡ ʩʠʥʜʨʦʤ (ɻɼʉ) ʥʘʨʷʜʫ ʩ 

ʘʪʨʦʬʠʝʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ ʚʢʣʶʯʘʝʪ ʤʦʨʬʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʠʥʥʦʤ ʤʦʟʛʝ, ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ 

ʤʦʪʦʥʝʡʨʦʥʦʚ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʦʩʪʘʶʪʩʷ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʧʠʥʥʦʤ ʤʦʟʛʝ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʩʠʥʜʨʦʤʘ ʠ ʨʝʘʜʘʧʪʘʮʠʠ ʢ 

ʥʦʨʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʛʨʘʚʠʪʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ 



312 

 

 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʱʝʡ 

ʧʣʦʱʘʜʠ ʠ ʧʣʦʱʘʜʝʡ, ʟʘʥʠʤʘʝʤʳʭ ʩʝʨʳʤ ʠ ʙʝʣʳʤ ʚʝʱʝʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ 

ʘʥʘʣʠʟʘ ʧʣʦʱʘʜʝʡ ʪʝʣ ʨʘʟʥʳʭ ʛʨʫʧʧ ʤʦʪʦʥʝʡʨʦʥʦʚ ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʘʭ 

ʧʦʷʩʥʠʯʥʦʛʦ ʫʪʦʣʱʝʥʠʷ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʫ ʢʦʥʪʨʦʣʴʥʳʭ ʢʨʳʩ ʠ ʧʦʩʣʝ 7 

ʩʫʪʦʢ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʨʘʟʛʨʫʟʢʠ ʠ ʨʝʘʜʘʧʪʘʮʠʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 7 ʩʫʪʦʢ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʣʦʚʦʟʨʝʣʳʭ ʩʘʤʮʘʭ ʢʨʳʩ ʣʠʥʠʠ 

Wistar ʤʘʩʩʦʡ 289Ñ57ʛ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʚʠʪʠʷ ɻɼʉ ʥʘ ɿʝʤʣʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʝʣʴ ʘʥʪʠʦʨʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʳʚʝʰʠʚʘʥʠʷ (ɸʆɺ), 

ʚʦʩʧʨʦʠʟʚʦʜʷʱʫʶ ʵʬʬʝʢʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʘʟʛʨʫʟʢʠ ʤʳʰʮ ʟʘʜʥʠʭ 

ʢʦʥʝʯʥʦʩʪʝʡ ʫ ʛʨʳʟʫʥʦʚ, ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʝʙʳʚʘʥʠʶ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʚʝʩʦʤʦʩʪʠ ʠ ʧʦʩʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ. ʂʨʳʩ ʨʘʟʜʝʣʠʣʠ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

çʂʦʥʪʨʦʣʴè (7 ʩʫʪʦʢ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʝʪʢʘʭ); çɸʆɺ 7 ʩʫʪʦʢè (ʚ ʫʩʣʦʚʠʷʭ 

ʘʥʪʠʦʨʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʳʚʝʰʠʚʘʥʠʷ ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ 7 ʩʫʪʦʢ); 

çʈʝʘʜʘʧʪʘʮʠʷ 7 ʩʫʪʦʢè (ʧʦʩʣʝ 7-ʩʫʪʦʯʥʦʛʦ ɸʆɺ 7 ʩʫʪʦʢ ʚ ʫʩʣʦʚʠʷʭ 

ʥʦʨʤʘʣʴʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ). ʂʨʠʦʩʪʘʪʥʳʝ, ʧʦʧʝʨʝʯʥʳʝ ʩʨʝʟʳ (20 

ʤʢʤ) ʦʢʨʘʰʠʚʘʣʠ ʤʝʪʠʣʝʥʦʚʳʤ ʩʠʥʠʤ. ʀʟʦʙʨʘʞʝʥʠʷ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ 

ʧʨʦʛʨʘʤʤʝ ImageJ. ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʚʳʧʦʣʥʷʣʠ ʚ ʧʨʦʛʨʘʤʤʝ 

Origin 2019b. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʠ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ U-ʢʨʠʪʝʨʠʝʤ ʄʘʥʥʘ-ʋʠʪʥʠ, ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʪʝʣ ʦʮʝʥʠʚʘʣʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ 

ʂʨʘʩʢʝʣʘ-ʋʦʣʣʠʩʘ. ʋʩʪʘʥʦʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʡ 

ʧʣʦʱʘʜʠ ʩʨʝʟʦʚ ʠ ʧʣʦʱʘʜʝʡ, ʟʘʥʠʤʘʝʤʳʭ ʙʝʣʳʤ ʠ ʩʝʨʳʤ ʚʝʱʝʩʪʚʘʤʠ 

ʧʦʷʩʥʠʯʥʦʛʦ ʫʪʦʣʱʝʥʠʷ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʫ ʢʨʳʩ ʧʦʩʣʝ 7 ʩʫʪʦʢ ɸʆɺ 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 15%, 13% ʠ 16%, p<0.05). ʋ ʢʨʳʩ ʧʦʩʣʝ ʥʝʜʝʣʴʥʦʡ 

ʨʝʘʜʘʧʪʘʮʠʠ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʩʨʝʟʦʚ ʠ ʧʣʦʱʘʜʠ ʙʝʣʦʛʦ ʠ ʩʝʨʦʛʦ ʚʝʱʝʩʪʚ 

ʜʦʩʪʦʚʝʨʥʦ ʫʤʝʥʴʰʠʣʠʩʴ ʥʘ 21%, 9% ʠ 30% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, p<0.05. 

ʈʘʟʜʝʣʝʥʠʝ ʤʦʪʦʥʝʡʨʦʥʦʚ ʥʘ 3 ʛʨʫʧʧʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʪʝʣ 

(ʙʦʣʴʰʠʝ, ʩʨʝʜʥʠʝ, ʤʘʣʳʝ) ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʜʦʩʪʦʚʝʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʤʦʪʦʥʝʡʨʦʥʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩ ʧʦʩʣʝ 7 ʩʫʪʦʢ ɸʆɺ: 

ʙʦʣʴʰʠʭ ʥʘ 8%, ʩʨʝʜʥʠʭ ʥʘ 1%, ʤʘʣʳʭ ʥʘ 3%, p<0.05. ʋ ʢʨʳʩ ʧʦʩʣʝ 

ʨʝʘʜʘʧʪʘʮʠʠ ʥʘʙʣʶʜʘʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʤʦʪʦʥʝʡʨʦʥʦʚ: 

ʙʦʣʴʰʠʭ ʥʘ 10% ʠ ʩʨʝʜʥʠʭ ʥʘ 4%, p<0.05 ʠ ʫʤʝʥʴʰʘʣʠʩʴ ʨʘʟʤʝʨʳ ʤʘʣʳʭ 

ʤʦʪʦʥʝʡʨʦʥʦʚ ʥʘ 2%, p<0.05. 

3. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʠ ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʪʝʣ ʤʦʪʦʥʝʡʨʦʥʦʚ ʧʦʷʩʥʠʯʥʦʛʦ ʫʪʦʣʱʝʥʠʷ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

ʧʦʩʣʝ 7 ʩʫʪʦʢ ɸʆɺ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘ ʥʝʜʝʣʴʥʳʡ ʧʝʨʠʦʜ 

ʨʝʘʜʘʧʪʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ-ʉɸʎ ʌʀʎ ʂʘʟʅʎ ʈɸʅ.  
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TRPC-CHANNELS AT MAMMALIAN SKELETAL MUSCLE FIBERS  

 

Nurullin L.F. 1,2, Volkov E.M.2 

(1Kazan Institute of Biochemistry and Biophysics FIC KSC RAS, Kazan, 2Kazan 

State Medical University, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʤʝʤʙʨʘʥ ʩʢʝʣʝʪʥʳʭ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ 

ʤʳʰʠ ʚʭʦʜʷʪ ʢʘʥʦʥʠʯʝʩʢʠʝ TRP-ʢʘʥʘʣʳ (TRPC) ʯʝʪʳʨʝʭ ʧʦʜʩʝʤʝʡʩʪʚ, 

ʚʢʣʶʯʘʶʱʠʭ 7 ʠʟʚʝʩʪʥʳʭ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʜʪʠʧʦʚ. ʃʦʢʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ TRPC-ʢʘʥʘʣʦʚ ʚʩʝʭ ʧʦʜʪʠʧʦʚ (1ï7) ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʟʦʥʝ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʦʪʩʫʪʩʪʚʫʝʪ. 

 

Abstract 

The membranes of mouse skeletal muscle fibers include canonical TRP 

channels (TRPC) of four subfamilies, including 7 known classified subtypes. 

There is no local concentration of TRPC channels of all subtypes (1ï7) 

exclusively in the neuromuscular contact zone. 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʝʤʝʡʩʪʚʦ TRPC-ʢʘʥʘʣʦʚ (TRPC1ïTRPC7) 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʚ ʩʦʩʪʘʚʝ ʨʷʜʘ ʢʣʝʪʦʯʥʳʭ ʪʠʧʦʚ, ʚʢʣʶʯʘʷ ʩʢʝʣʝʪʥʳʝ 

ʤʳʰʝʯʥʳʝ ʚʦʣʦʢʥʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ [1], ʛʜʝ ʥʝʢʦʪʦʨʳʝ ʠʟ ʠʟʚʝʩʪʥʳʭ 

ʧʦʜʪʠʧʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʳ ʩ ʉʘ2+-ʜʝʧʦ [2] ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʪʠʢʫʣʫʤʘ (ʉʈ) ʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʤʳʰʝʯʥʦʛʦ 

ʩʦʢʨʘʱʝʥʠʷ [3]. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ 

ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʤʠ ʧʦʜʪʠʧʦʚ TRP-ʢʘʥʘʣʦʚ ʚ 

ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʘ ʧʨʠʤʝʨʝ m. LAL ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʤʳʰʠ ʤʝʪʦʜʘʤʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

2. ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʤʳʰʮʳ 

ʜʣʠʥʥʦʛʦ ʧʦʜʥʠʤʘʪʝʣʷ ʫʭʘ m. levator auris longus (m. LAL) ʣʘʙʦʨʘʪʦʨʥʳʭ 
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ʤʳʰʝʡ. ʇʨʦʚʦʜʠʣʦʩʴ ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʧʨʝʧʘʨʘʪʦʚ 

ʘʥʪʠʪʝʣʘʤʠ ʢ TRPC-ʢʘʥʘʣʘʤ. ʆʙʣʘʩʪʴ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ 

ʥʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʚʳʷʚʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʦʢʨʘʰʠʚʘʥʠʷ 

ʘʥʪʠʪʝʣʘʤʠ ʥʘ ʙʝʣʦʢ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ï ʩʠʥʘʧʪʦʬʠʟʠʥ. 

ʇʦʩʪʩʠʥʘʧʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʭ ʩʠʥʘʧʩʦʚ ʦʢʨʘʰʠʚʘʣʠ 

TMR-Ŭ-ɹ ï ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʙʣʦʢʘʪʦʨʦʤ ʥʠʢʦʪʠʥʦʚʦʛʦ ɸʍ-ʨʝʮʝʧʪʦʨʘ. 

3. ɿʘʢʣʶʯʝʥʠʝ  

ɺ ʩʦʩʪʘʚ ʤʝʤʙʨʘʥ ʩʢʝʣʝʪʥʳʭ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ ʤʳʰʠ ʚʭʦʜʷʪ 

TRPC-ʢʘʥʘʣʳ ʯʝʪʳʨʝʭ ʧʦʜʩʝʤʝʡʩʪʚ, ʚʢʣʶʯʘʶʱʠʭ 7 ʠʟʚʝʩʪʥʳʭ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʜʪʠʧʦʚ. ʅʘʠʙʦʣʴʰʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʦ ʚ ʟʦʥʝ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʠʤʝʶʪ ʢʘʥʘʣʳ ʧʦʜʪʠʧʘ TRPC5, ʘ 

ʥʘʠʤʝʥʴʰʝʝ ï TRPC2. ʂʘʥʘʣʳ TRPC ʧʦʜʪʠʧʦʚ 1, 3, 4 ʠ 5 ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ 

ʤʝʤʙʨʘʥ ʉʈ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʦ 

ʚ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ ʠʤʝʶʪ ʢʘʥʘʣʳ ʧʦʜʩʝʤʝʡʩʪʚʘ TRPC5. ʂʘʥʘʣʳ TRPC5 ʠ 

TRPC7 ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʪʘʢʞʝ ʠ ʚ ʘʢʩʦʥʘʭ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ. 

ʃʦʢʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ TRPC-ʢʘʥʘʣʦʚ ʚʩʝʭ ʧʦʜʪʠʧʦʚ (TRPC1ïTRPC7) 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʟʦʥʝ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʌʀʎ ʂʘʟʅʎ 

ʈɸʅ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ 

ʩʪʫʜʝʥʪʦʚ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʩʧʦʩʦʙʳ ʫʣʫʯʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʥʠʤʘʥʠʷ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʤʝʪʦʜʘ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʫʣʫʯʰʝʥʠʝ 

ʫʩʚʦʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

 

Abstract 

The article discusses the interaction of students' sensory systems with 

the environment, ways to improve the concentration of attention and the impact 

of the interactive learning method on improving the assimilation of 

information. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺʦʩʧʨʠʷʪʠʝ ʤʠʨʘ ʯʝʣʦʚʝʢʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʝʥʩʦʨʥʳʭ 

ʩʠʩʪʝʤ (ʘʥʘʣʠʟʘʪʦʨʦʚ). ɸʥʘʣʠʟʘʪʦʨʳ ʯʝʣʦʚʝʢʘ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ.  

2. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʩʪʫʜʝʥʪʘʤʠ ʦʢʘʟʳʚʘʝʪ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. ɽʩʣʠ ʚ ʦʢʨʫʞʘʶʱʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʥʦʛʦ ʰʫʤʦʚ, ʨʘʟʜʨʘʞʘʶʱʠʭ ʥʘʰʠ 

ʘʥʘʣʠʟʘʪʦʨʳ, ʪʦ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʠʤʘʥʠʷ ʠ 

ʠʥʬʦʨʤʘʮʠʷ ʫʩʚʘʠʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ. ʅʘʰʝʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ 
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ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʧʦʜ ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ ʠ 

ʚʳʩʪʨʘʠʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʨʦʚʥʝʡ ʬʠʣʴʪʨʘʮʠʠ [1]. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ 

ʙʳʚʘʝʪ ʚʘʞʥʦ ʩʦʭʨʘʥʷʪʴ ʪʠʰʠʥʫ ʚʦ ʚʨʝʤʷ ʟʘʥʷʪʠʷ, ʯʪʦʙʳ ʧʦʟʚʦʣʠʪʴ 

ʥʘʰʝʡ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʝ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ, 

ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ. ɼʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʵʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. 

ʇʨʠ ʪʘʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʢʪʠʚʠʨʫʝʪʩʷ ʤʳʰʣʝʥʠʝ ʦʙʫʯʘʶʱʝʛʦʩʷ, ʯʪʦ 

ʟʘʧʫʩʢʘʝʪ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ ʢʘʢ ʘʥʘʣʠʟ, ʩʠʥʪʝʟ, ʢʦʥʢʨʝʪʠʟʘʮʠʶ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ, ʩʨʘʚʥʝʥʠʝ ʠ ʪ.ʧ. ʇʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʚʦʚʣʝʯʝʥʠʠ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʦʥʠ 

ʜʦʣʞʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʘʢʠʝ-ʪʦ ʜʘʥʥʳʝ ʠ ʧʨʝʜʣʦʞʠʪʴ 

ʩʚʦʠ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ, ʪʦ ʧʨʦʮʝʩʩ ʫʩʚʦʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʭʦʜʠʪ 

ʢʘʯʝʩʪʚʝʥʥʝʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʙʫʯʘʶʱʠʤʩʷ ʫʞʝ ʧʨʝʜʦʩʪʘʚʠʣʠ ʛʦʪʦʚʦʝ 

ʨʝʰʝʥʠʝ, ʠ ʦʥʠ ʜʦʣʞʥʳ ʝʛʦ ʧʨʦʩʪʦ ʟʘʧʠʩʘʪʴ ʠʣʠ ʟʘʧʦʤʥʠʪʴ [2]. 

ʆʙʫʯʝʥʠʝ ʠ ʧʘʤʷʪʴ ð ʵʪʦ ʩʪʦʨʦʥʳ ʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɽʩʣʠ ʦʙʫʯʝʥʠʝ 

ï ʵʪʦ ʤʝʭʘʥʠʟʤ ʧʨʠʦʙʨʝʪʝʥʠʷ, ʬʠʢʩʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʧʘʤʷʪʴ ï ʵʪʦ 

ʤʝʭʘʥʠʟʤ ʭʨʘʥʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʏʝʣʦʚʝʢ ʟʘʧʦʤʠʥʘʝʪ 

ʥʝ ʪʦʣʴʢʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʝʛʦ ʘʥʘʣʠʟʘʪʦʨʳ ʨʘʟʜʨʘʞʠʪʝʣʠ, ʥʦ ʠ ʪʝ 

ʦʱʫʱʝʥʠʷ, ʵʤʦʮʠʠ, ʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʨʘʟʜʨʘʞʠʪʝʣʠ ʚʳʟʳʚʘʶʪ. ɽʩʣʠ 

ʚʝʨʥʫʪʴʩʷ ʢ ʧʨʦʮʝʩʩʫ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʦ ʚ ʧʨʦʮʝʩʩʝ ʪʘʢʦʛʦ 

ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʵʤʦʮʠʡ: ʨʘʜʦʩʪʴ ʦʪ 

ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ, ʨʘʟʦʯʘʨʦʚʘʥʠʝ ʦʪ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʠ ʪ.ʜ., ʪʝʤ ʩʘʤʳʤ 

ʫʣʫʯʰʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʠ ʧʨʦʮʝʩʩʘ ʟʘʧʦʤʠʥʘʥʠʷ. 

3. ɿʘʢʣʶʯʝʥʠʝ  

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʠʤʘʥʠʷ ʩʪʫʜʝʥʪʦʚ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʘ ʟʘʥʷʪʠʷʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʟʘʧʦʤʠʥʘʥʠʝ ʧʨʝʧʦʜʘʚʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʰʫʤʘ 

ʘʚʪʦʤʦʙʠʣʷ ʠ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʝʛʦ ʩʥʠʞʝʥʠʷ. 

 

Abstract 

The article describes the current state of acoustic noise the car and the 

solution to the problem of its decline. 

 

1. ɺʚʝʜʝʥʠʝ 

ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʩʳʛʨʘʣ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʨʘʩʩʝʣʝʥʠʷ ʣʶʜʝʡ, ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʜʘʣʴʥʝʛʦ 

ʪʫʨʠʟʤʘ, ʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ, 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʚʪʦʤʦʙʠʣʴ - ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ ʰʫʤʦʚʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ. 

2. ʆʙʟʦʨ 

ʇʘʩʩʠʚʥʳʝ ʩʧʦʩʦʙʳ ʩʥʠʞʝʥʠʷ ʰʫʤʘ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʩʧʦʩʦʙʦʚ 

ʩʚʷʟʘʥʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʘ ʠ ʩʦʧʨʷʞʝʥʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. 

ʂʘʧʩʫʣʠʨʦʚʘʥʠʝ ʜʚʠʛʘʪʝʣʷ ʜʘʝʪ ʥʘʠʙʦʣʴʰʠʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

ʃʫʯʰʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʚʫʢʦʠʟʦʣʠʨʫʶʱʠʭ ʢʘʧʩʫʣ ɼɺʉ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ 

ʫʨʦʚʥʠ ʟʚʫʢʘ ʥʘ 8é10 ʜɹ. ɿʚʫʢʦʠʟʦʣʠʨʫʶʱʠʝ ʠ ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʠʝ 

ʵʢʨʘʥʳ, ʨʘʟʤʝʱʘʝʤʳʝ ʚ ʤʦʪʦʨʥʦʤ ʦʪʩʝʢʝ: ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʠʤ ʧʦ 
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ʩʨʘʚʥʝʥʠʠ ʩ ʢʘʧʩʫʣʘʤʠ ʘʢʫʩʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʫʩʣʦʞʥʷʶʪ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʘʚʪʦʤʦʙʠʣʷ. ʀʩʧʦʣʴʟʫʶʪ ʜʚʘ 

ʩʧʦʩʦʙʘ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʟʚʫʢʘ: ʜʠʩʩʠʧʘʪʠʚʥʳʡ ʠ ʨʝʘʢʪʠʚʥʳʡ. ʇʝʨʚʳʡ 

ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʵʥʝʨʛʠʠ ʟʚʫʢʘ ʚ ʪʝʧʣʦʚʫʶ ʟʘ ʩʯʝʪ ʧʨʦʪʝʢʘʥʠʷ 

ʛʘʟʦʚ ʯʝʨʝʟ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʧʝʨʝʛʦʨʦʜʢʠ, ʜʨʦʙʷʱʠʝ ʧʦʪʦʢ ʛʘʟʦʚ ʠ 

ʩʥʠʞʘʶʱʠʝ ʝʛʦ ʧʫʣʴʩʘʮʠʶ. ʇʨʠ ʨʝʘʢʪʠʚʥʦʤ ʩʧʦʩʦʙʝ ʠʩʧʦʣʴʟʫʶʪ ʨʷʜ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʘʤʝʨ (ʨʝʟʦʥʘʪʦʨʳ), ʚ ʢʦʪʦʨʳʭ ʵʥʝʨʛʠʷ ʰʫʤʘ ʛʘʩʠʪʩʷ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʚ ʨʘʟʥʳʭ ʧʦ ʦʙʲʝʤʫ 

ʢʘʤʝʨʘʭ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʦʥʠ ʧʨʦʭʦʜʷʪ [1]. 

3. ɸʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʩʥʠʞʝʥʠʷ ʰʫʤʘ 

ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʰʫʤʦʛʣʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ: ʭʘʨʘʢʪʝʨʘ ʧʨʦʮʝʩʩʦʚ ʚ ɼɺʉ, ʚʳʟʳʚʘʶʱʠʭ 

ʰʫʤ ʜʘʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ; ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘʪʝʣʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʧʦʛʣʦʱʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠ ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʧʝʨʝʜʘʯʫ ʵʥʝʨʛʠʠ 

ʥʘ ʥʘʨʫʞʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ. 

ὔ ̎̏̍
ὴ ὲz̎ ̏̍zὭὠ

σπ†
 

ɻʜʝ ὴ - ʩʨʝʜʥʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʜʘʚʣʝʥʠʝ, Ὥὠ ï ʨʘʙʦʯʠʡ ʦʙʲʝʤ 
ʜʚʠʛʘʪʝʣʷ, ὲ̎ ̏ ̍ - ʤʠʥʠʤʘʣʴʥʦ ʧʨʠʝʤʣʝʤʘʷ ʥʦʤʠʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ. ɺʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ɼɺʉ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʧʨʠ ʨʘʟʣʠʯʠʠ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ (ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʠʣʠ ʞʝ 

ʩʦʫʜʘʨʝʥʠʷ ʚ ʧʦʜʚʠʞʥʳʭ ʩʦʯʣʝʥʝʥʠʷʭ) ʝʛʦ ʠʟʣʫʯʘʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠ ʠ 

ʪʝ ʞʝ ʥʘʨʫʞʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ 

ʦʧʪʠʤʠʟʘʮʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʥʠʞʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ɼɺʉ [2]. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʙʣʝʤʘ ʩʥʠʞʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʰʫʤʘ ʘʚʪʦʤʦʙʠʣʷ ʚʩʝ ʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʘ. ʀʟ-ʟʘ ʵʪʦʛʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʙʦʨʴʙʳ ʩ ʵʪʦʡ 

ʧʨʦʙʣʝʤʦʡ, ʢʦʪʦʨʳʝ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ: ʘʢʪʠʚʥʳʝ ʠ ʧʘʩʩʠʚʥʳʝ. 

ɸʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʩʥʠʞʝʥʠʷ ʰʫʤʘ ʘʚʪʦʤʦʙʠʣʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ, ʟʘ ʩʯʝʪ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪ ʧʦ ʨʝʩʫʨʩʘʤ ʠ 

ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʧʦ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʤ ʨʝʰʝʥʠʷʤ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʧʦʷʩʥʠʯʥʦʤ ʦʪʜʝʣʝ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩʳ ʚ ʦʪʚʝʪ ʥʘ 14 

ʩʫʪʦʯʥʦʝ ʧʨʝʙʳʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

 

Abstract 

In this work, we studied morphological transformations in the lumbar 

spinal cord of rats after a 14-day stay in cold exposure. 

 

1. ʍʦʣʦʜʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʭ ʨʘʟʚʠʪʠʶ ʘʪʨʦʬʠʠ ʧʨʠ 

ʥʝʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʳʰʮ. ʆʜʥʘʢʦ, ʢʘʢ ʦʪʨʘʟʠʪʴʩʷ ʧʨʝʙʳʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʡʦʪʝʨʤʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʚʥʫʪʨʝʥʥʠʝ 

ʦʨʛʘʥʳ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʩʪʘʝʪʩʷ 

ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʷʩʥʠʯʥʦʛʦ ʫʪʦʣʱʝʥʠʷ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

ʫ ʢʨʳʩ ʧʦʩʣʝ 14 ʩʫʪʦʢ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ 8 ʧʦʣʦʚʦʟʨʝʣʳʭ ʩʘʤʮʘʭ ʢʨʳʩ ʣʠʥʠʠ 

ɺʠʩʪʘʨ (m=280Ñ8ʛ). ɺʩʝ ʧʨʦʮʝʜʫʨʳ ʩ ʞʠʚʦʪʥʳʤʠ ʦʜʦʙʨʝʥʳ 
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ʌʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʩʝʢʮʠʝʡ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʪʠʢʝ (ʇʨʦʪʦʢʦʣ ˉ 279 ʦʪ 17 ʷʥʚʘʨʷ 2011 ʛ.) ʠ ʧʨʦʚʝʜʝʥʳ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʙʠʦʵʪʠʯʝʩʢʠʤʠ ʥʦʨʤʘʤʠ. ɾʠʚʦʪʥʳʝ 

ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: çʂʦʥʪʨʦʣʴʥʘʷè (ʩʪʘʥʜʘʨʪʥʳʝ ʫʩʣʦʚʠʷ 

ʚʠʚʘʨʠʷ, n=4) ʠ çʍʦʣʦʜè (ʢʨʳʩʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ +4Ǔʉ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʭʦʣʦʜʥʦʡ ʢʦʤʥʘʪʝ 14 ʩʫʪʦʢ, n=4). ɼʣʷ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫ ʢʨʳʩ ʚʳʜʝʣʷʣʠ ʧʦʷʩʥʠʯʥʳʡ ʦʪʜʝʣ ʩʧʠʥʥʦʛʦ 

ʤʦʟʛʘ, ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʪʝʯʝʥʠʝ 4-ʭ ʯʘʩʦʚ ʥʘ 

ʨʦʪʘʮʠʦʥʥʦʤ ʩʪʦʣʠʢʝ. ʅʘ ʢʨʠʦʩʪʘʪʝ ʛʦʪʦʚʠʣʠ ʩʚʦʙʦʜʥʦ ʧʣʘʚʘʶʱʠʝ ʚ 

ʧʦʧʝʨʝʯʥʳʝ ʩʨʝʟʳ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ (20 ʤʢʤ), ʢʦʪʦʨʳʝ ʦʢʨʘʰʠʚʘʣʠ 

ʤʝʪʠʣʝʥʦʚʳʤ ʩʠʥʠʤ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʤʫ ʧʨʦʪʦʢʦʣʫ ʠ ʤʦʥʪʠʨʦʚʘʣʠ ʥʘ 

ʧʨʝʜʤʝʪʥʳʭ ʩʪʸʢʣʘʭ, ʟʘʢʣʶʯʘʣʠ ʚ ʢʘʥʘʜʩʢʠʡ ʙʘʣʴʟʘʤ. ʀʟʦʙʨʘʞʝʥʠʷ 

ʤʠʢʨʦʧʨʝʧʘʨʘʪʦʚ ʧʦʣʫʯʘʣʠ ʥʘ ʤʠʢʨʦʩʢʦʧʝ MsShot TVO.5XC-MO ʩ 

ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ MsShot MS60 ʠ ʧʨʦʛʨʘʤʤʳ MShot Image Analysis 

System V1.1.6. (Guangzhou Micro-shot Technology Co., China). 

ʆʮʠʬʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ ʧʨʦʛʨʘʤʤʝ ImageJ 1.43. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʚʳʧʦʣʥʷʣʠ ʚ ʧʨʦʛʨʘʤʤʝ OriginLab 2022 v.9.9.0.225. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ Ñ ʦʰʠʙʢʘ, ʨʘʟʣʠʯʠʷ ʩʯʠʪʘʣʠ 

ʜʦʩʪʦʚʝʨʥʳʤʠ ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ p<0.05. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ 

ʢʦʥʪʨʦʣʴʥʳʭ ʢʨʳʩ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʦʚ 

ʧʦʷʩʥʠʯʥʦʛʦ ʦʪʜʝʣʘ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʩʦʩʪʘʚʠʣʦ 8.1 Ñ 0.2 ʤʤ2. ʇʨʠ ʵʪʦʤ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʩʝʨʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʠʣʦ 3.6 Ñ 0.1 ʤʤ2, 

ʙʝʣʦʛʦ - 4.4 Ñ 0.2 ʤʤ2. ʉʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʙʝʣʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʩʝʨʦʤʫ 

ʩʦʩʪʘʚʠʣʦ 1.2 Ñ 0.2. ɸʥʘʣʠʟ ʧʣʦʱʘʜʝʡ ʧʦʧʝʨʝʯʥʳʭ ʩʝʨʠʡʥʳʭ ʩʨʝʟʦʚ 

ʧʦʷʩʥʠʯʥʦʛʦ ʫʪʦʣʱʝʥʠʷ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʫ ʢʨʳʩ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (+4ÁC, 14 ʩʫʪʦʢ) ʧʦʢʘʟʘʣ, ʯʪʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʦʚ ʧʦʷʩʥʠʯʥʦʛʦ ʦʪʜʝʣʘ ʩʦʩʪʘʚʠʣʠ 6.9Ñ0.2 

ʤʤ2. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʩʝʨʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʠʣʦ 3.4 Ñ 

0.04 ʤʤ2, ʙʝʣʦʛʦ - 3.5 Ñ 0.2 ʤʤ2. ʉʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʙʝʣʦʛʦ ʚʝʱʝʩʪʚʘ ʢ 

ʩʝʨʦʤʫ ʩʦʩʪʘʚʠʣʦ 1.03 Ñ 0.1. 

3. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʙʳʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʠ 14 ʩʫʪʦʢ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʝʤʘ 

ʧʦʷʩʥʠʯʥʦʛʦ ʦʪʜʝʣʘ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʙʝʣʦʛʦ ʠ ʩʝʨʦʛʦ 

ʚʝʱʝʩʪʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ-ʉɸʎ ʌʀʎ ʂʘʟʅʎ ʈɸʅ.  
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(Kazan National Research Technical University named after A.N. Tupolev ï 

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 

ʉʝʛʦʜʥʷ ʜʝʪʠ ʠ ʧʦʜʨʦʩʪʢʠ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ 

ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʥʝ ʧʦʜʦʟʨʝʚʘʶʪ ʦʙ ʫʛʨʦʟʘʭ 

ʩʚʦʝʤʫ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤʫ ʠ ʬʠʟʠʯʝʩʢʦʤʫ ʟʜʦʨʦʚʴʶ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʥʝʩʪʠ 

ʠʥʬʦʨʤʘʮʠʷ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʧʨʦʙʣʝʤʳ ʩʨʝʜʠ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʭ, ʚʦʟʥʠʢʰʠʝ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʀʥʪʝʨʥʝʪʘ, ʠ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ. 

 

Abstract 

Today, children and adolescents are active users of the global network, 

but most of them are unaware of the threats to their psychological and physical 

health, which can be carried by information on the Internet. This article 

examines the main problems among minors that have arisen with the Internet 

advent and various solutions to these problems. 
 

The new generation socialization process is actively complemented by 

the media and the Global Network. It becomes one of the main socialization 

institutions, along with family and school. However, there is also a downside to 

the coin - because of its public availability, information is disseminated through 

it, which to one degree or another is potentially dangerous to society. Children 

are the most vulnerable to such information, as they are easily exposed to any 
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influence. The number of young users is growing rapidly every day. More than 

half of underage users browse sites with inappropriate content [1]. 

In addition, various extremist data or other suspicious information that 

children find on the Internet pose a huge threat that harm both themselves and 

others. One of the main problems of this kind is gambling addiction, which 

leads to severe psychological illnesses. Unfortunately, main problem in Russia 

due to the Internet influence is the suicidal tendencies formation in minors. At 

the moment, Russia ranks first in Europe in the number of suicides among 

people under the age of majority. The reason for all this is that children literally 

perceive everything they see on the global network. At this age, they cannot 

distinguish manipulations, reliable information from incorrect, genuine from 

imaginary [2]. 

The daily children's Internet audience is 46% among children under the 

age of 14 and 54% among adolescents aged 15 to 17. During these Internet 

sessions children encounter pornography or receive offers to meet in real life 

from strangers. 

Not only parents and others are interested in the problem of information 

security of minors, but also the state, which for many years has been improving 

the use of the global network for the new generation, taking care of their mental 

development, health and well-being. An example of this is the Federal Law 

çOn Protection of Children from Information Harmful to Their Health and 

Developmentè. Participants in the media market are trying to reduce the 

desocialization and deviant behavior development in children. In addition, work 

is underway to improve the mechanism for blocking sites on the Global 

Network that contain any kind of prohibited information for minors. The main 

task for the state is to create a completely new media environment that will be 

completely safe for the new generation. This environment should be aimed at 

the socialization of the younger generation and unleashing the creative potential 

of each child, instilling patriotism from an early age and forming respectful 

attitude towards copyright and intellectual property. 
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ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

çʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢè ï ʂʀɹɹ ʌʀʎ 

ʂʘʟʅʎ ʈɸʅ, ʛ. ʂʘʟʘʥʴ) 

 

LIPID PEROXIDATION IN MOUSE BRAIN AT THE EARLY STAGES 

OF POSTNATAL DEVELOPMENT  

 

Sabantsev M.O., Dmitrieva S.A. 

(Kazan Institute of Biochemistry and Biophysics of FRC Kazan Scientific 

Center of RAS, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʥʘ ʨʘʥʥʠʭ 

ʵʪʘʧʘʭ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʦʟʛʘ  

 

Abstract 

The paper discusses the development of oxidative stress in the early 

stages of postnatal brain development. 

 

1. ɺʚʝʜʝʥʠʝ 

ɻʦʣʦʚʥʦʡ ʤʦʟʛ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʝʜʦʢʩ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʦʨʛʘʥʦʚ, ʘ ʛʠʙʝʣʴ ʥʝʡʨʦʥʦʚ ʠ ʦʙʰʠʨʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʪʢʘʥʝʡ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ ʚʝʜʝʪ ʢ ʥʘʨʫʰʝʥʠʶ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ [1]. 

ʄʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ ʢʣʝʪʦʢ ʤʦʟʛʘ ʚ ʨʘʥʥʠʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʝʱʝ ʜʘʣʝʢʠ 

ʦʪ ʧʦʥʠʤʘʥʠʷ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ ʦʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ (ʇʆʃ) ʪʢʘʥʝʡ ʤʦʟʛʘ ʤʳʰʝʡ ʥʘ ʨʘʥʥʠʭ 

ʵʪʘʧʘʭ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʘʤʮʘʭ ʙʝʣʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʳʰʝʡ 

balb-c ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ: 1, 7, 14, 30 ʠ 90 ʜʥʝʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʦʭʚʘʪʠʪʴ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ʨʘʟʚʠʪʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʀʟʤʝʥʝʥʠʝ 

ʫʨʦʚʥʷ ʇʆʃ ʦʮʝʥʠʚʘʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ [2].  

http://ngmu.ru/cozo/mos/article/abauthors.php?id=1351
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3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ  

ʋ ʛʨʳʟʫʥʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʯʝʣʦʚʝʢʘ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʤʝʥʝʥʠʡ ʚ 

ʤʦʟʛʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʧʝʨʠʦʜʝ: ʨʦʩʪ ʘʢʩʦʥʦʚ ʠ ʜʝʥʜʨʠʪʦʚ,. 

ʧʨʦʮʝʩʩʳ ʤʠʝʣʠʥʠʟʘʮʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʥʳʭ ʩʠʩʪʝʤ [3, 4]. 

ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ 

ʧʨʦʮʝʩʩʦʚ ʇʆʃ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʧʝʨʚʳʝ ʜʝʥʴ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ (ʪʘʙʣʠʮʘ). 

ʊʘʙʣʠʮʘ ï ʋʨʦʚʝʥʴ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʚ ʪʢʘʥʷʭ ʤʦʟʛʘ 

ʤʳʰʝʡ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ɺʦʟʨʘʩʪ, ʩʫʪ 1 7 14 30 90 

ʄɼɸ, ʥʛ/ʤʛ 

ʚʝʩʘ 

2,73 Ñ 

0,62* 

0,96 Ñ 

0,17 
0,90 Ñ 0,24 

0,62 Ñ 

0,22 

0,61 Ñ 

0,13 

* - ʜʦʩʪʦʚʝʨʥʳʝ ʦʪʣʠʯʠʷ, ʚʳʯʠʩʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-

ʋʠʪʥʠ (ʨ᾽0,05) 

ɺ ʨʘʩʪʫʱʝʤ ʦʨʛʘʥʠʟʤʝ (7ï30 ʜʝʥʴ ʨʘʟʚʠʪʠʷ) ʧʨʦʮʝʩʩʳ ʇʆʃ 

ʧʨʦʪʝʢʘʣʠ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʠ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʫʨʦʚʥʷ ʇʆʃ ʚ 

ʪʢʘʥʷʭ ʟʨʝʣʦʛʦ ʤʦʟʛʘ. ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʥʦ ʩ ʙʦʣʝʝ ʟʨʝʣʳʤ 

ʩʦʩʪʦʷʥʠʝʤ ʩʠʩʪʝʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʠ ʚʳʩʦʢʠʤ ʘʜʘʧʪʘʮʠʦʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʦʨʛʘʥʠʟʤʘ ʚ ʵʪʦʪ ʚʦʟʨʘʩʪʥʦʡ ʧʝʨʠʦʜ.  

4. ɿʘʢʣʶʯʝʥʠʝ 

ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʇʆʃ ʚ ʪʢʘʥʷʭ ʤʦʟʛʘ ʥʘ ʨʘʟʥʳʭ 

ʵʪʘʧʘʭ ʦʥʪʦʛʝʥʝʟʘ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʚʠʪʠʝʤ ʧʦʩʣʝʨʦʜʦʚʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʩʪʨʝʩʩʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʙʦʣʝʝ ʢʠʩʣʦʨʦʜʥʫʶ ʩʨʝʜʫ ʠ ʜʘʣʴʥʝʡʰʝʡ 

ʘʜʘʧʪʘʮʠʝʡ ʞʠʚʦʪʥʳʭ ʢ ʚʥʝʚʥʫʪʨʠʫʪʨʦʙʥʦʤʫ ʩʫʱʝʩʪʚʦʚʘʥʠʶ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʂʀɹɹ ʌʀʎ 

ʂʘʟʅʎ ʈɸʅ. 
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ɸʥʥʦʪʘʮʠʷ 
ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʚʥʝʜʨʝʥʠʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʪʨʘʧʝʮʠʡ ʚ 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʶ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʕʂɻ-ɺʈ). ʈʘʟʨʘʙʦʪʘʥ 

ʢʨʠʪʝʨʠʡ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʟʜʥʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʞʝʣʫʜʦʯʢʦʚ ʩʝʨʜʮʘ, ʠʩʭʦʜʷ 

ʠʟ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ. 

 

Abstract 

This study is dedicated to trapezoidal ruleôs implementation in high-

resolution electrocardiography (HR-ECG). Ventricular late potentialsô (VLPs) 

detection criterion is designed in according to area under curve of signals. 

 

1. ɺʚʝʜʝʥʠʝ 

ʄʝʪʦʜ ʪʨʘʧʝʮʠʡ ï ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʦʪʨʝʟʦʢ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʯʘʩʪʠ, ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʠʥʪʝʛʨʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ 

ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʣʠʥʝʡʥʫʶ ʬʫʥʢʮʠʶ [1]. ʕʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʷ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ (ʕʂɻ-ɺʈ) ï ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʢʘʨʜʠʦʩʠʛʥʘʣʦʚ (ʕʂʉ) ʧʦ 

ʦʪʚʝʜʝʥʠʷʤ X, Y, Z. ʕʂɻ-ɺʈ ʦʩʥʦʚʘʥʘ ʥʘ ʫʩʨʝʜʥʝʥʠʠ ʢʘʨʜʠʦʮʠʢʣʦʚ ʠ 

ʧʦʣʫʯʝʥʠʠ ʬʠʣʴʪʨʦʚʘʥʥʦʛʦ QRS-ʢʦʤʧʣʝʢʩʘ (fqrs). ʕʂɻ-ɺʈ ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʟʜʥʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʞʝʣʫʜʦʯʢʦʚ (ʇʇɾ). ʆʥʠ 
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ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʨʜʮʘ [2]. 

ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ: Dfqrs (ʜʣʠʪʝʣʴʥʦʩʪʴ fqrs) > 114 ʤʩ, LAS40 

(ʩʠʛʥʘʣʳ ʥʠʞʝ 40 ʤʢɺ ʚ ʧʦʟʜʥʝʡ ʯʘʩʪʠ fqrs) > 39 ʤʩ, RMS40 

(ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʘʤʧʣʠʪʫʜʘ ʧʦʩʣʝʜʥʠʭ 40 ʤʩ fqrs) < 20 ʤʢɺ [3]. 

2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ. 

ʇʇɾ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʧʦʩʣʝʜʥʠʝ 40 ʤʩ ʚ ʫʩʣʦʚʥʦʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ, 

ʧʣʦʱʘʜʴ ʢʦʪʦʨʦʛʦ ʦʛʨʘʥʠʯʝʥʘ 800 ʤʩ*ʤʢɺ. ɺ ʨʘʙʦʪʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ 

ʚʳʯʠʩʣʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ (AUC) ʚ ʧʦʩʣʝʜʥʠʝ 40 ʤʩ fqrs. ʄʳ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ 179 ʕʂʉ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ [4]: 23 ʩ ʇʇɾ, 156 ʙʝʟ ʇʇɾ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʕʂʉ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [3]. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ MATLAB. ɺ 

ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʙʥʘʨʫʞʝʥʠʷ ʇʇɾ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʧʘʨʘʤʝʪʨ AUCʇʇɾ, 

ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (1): 

ὃὟὅ̃̃ ˓ ὪήὶίὸὨὸȟ 
(

1) 

ʛʜʝ fqrs(t) ï ʩʠʛʥʘʣ fqrs ʚʦ ʚʨʝʤʝʥʠ, J ï ʪʦʯʢʘ ʦʢʦʥʯʘʥʠʷ fqrs. 

AUCʇʇɾ ʤʳ ʚʳʯʠʩʣʷʣʠ ʧʫʪʸʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʪʨʘʧʝʮʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ: ʉʨʝʜʥʷʷ ʧʣʦʱʘʜʴ ʜʣʷ ʕʂʉ ʩ ʇʇɾ: AUCʇʇɾ+ 503,9 ʤʩ*ʤʢɺ; 

ʜʣʷ ʕʂʉ ʙʝʟ ʇʇɾ: AUCʇʇɾ-= 1887,5 ʤʩ*ʤʢɺ; 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɿʥʘʯʝʥʠʷ AUCʇʇɾ+ ʠ AUCʇʇɾ- ʨʘʟʣʠʯʘʶʪʩʷ ʩʠʣʴʥʦ, ʧʦʵʪʦʤʫ 

AUCʇʇɾ ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʢʘʢ ʢʨʠʪʝʨʠʡ ʦʙʥʘʨʫʞʝʥʠʷ ʇʇɾ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʧʣʘʥʠʨʫʝʤ ʚʳʯʠʩʣʠʪʴ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ AUCʇʇɾ. 
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ɸʥʥʦʪʘʮʠʷ 

ʀʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʵʢʟʦʛʝʥʥʦʡ ʛʘʤʤʘ-ʘʤʠʥʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ 

(ɻɸʄʂ) ʥʘ ʧʨʦʮʝʩʩʳ ʜʝʣʝʥʠʷ ʠ ʩʣʠʷʥʠʷ ʤʠʦʮʠʪʦʚ ʚ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʝ. 

ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ɻɸʄʂ ʚ ʩʨʝʜʫ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚʳʟʳʚʘʝʪ 

ʫʤʝʥʴʰʝʥʠʝ ʠʥʜʝʢʩʘ ʩʣʠʷʥʠʷ ʤʠʦʮʠʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʠʭ ʜʝʣʝʥʠʷ.  

 

Abstract 

The effect of exogenous gamma-aminobutyric acid (GABA) on the 

processes of division and fusion of myocytes in primary culture was studied. It 

was found that the addition of GABA to the culture medium causes a decrease 

in the myocyte fusion index and an increase in the frequency of their division. 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʟʫʯʝʥʠʝ ʫʯʘʩʪʠʷ ɻɸʄʂ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʘʭ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʝʨʝʜʘʯʠ, ʥʦ ʠ ʚ ʧʨʦʣʠʬʝʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʢ ʚʳʟʳʚʘʝʪ ʚʩʝ ʙʦʣʴʰʠʡ 

ʠʥʪʝʨʝʩ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʤʠʦʮʠʪʘʭ ʠ ʤʠʦʪʨʫʙʢʘʭ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ɻɸʄʂ, 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʡ ʩʥʠʞʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ, ʘ ʚ 

ʤʳʰʮʘʭ ʚʟʨʦʩʣʦʛʦ ʦʨʛʘʥʠʟʤʘ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ [1]. ɹʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ɻɸʄʂ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʟʚʠʪʠʷ 

ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʦʥʪʦʛʝʥʝʟʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʘʥʥʦʡ 
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ʛʠʧʦʪʝʟʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʦʮʝʥʠʚʘʣʠ ʚʣʠʷʥʠʝ 

ʵʢʟʦʛʝʥʥʦʡ ɻɸʄʂ ʥʘ ʧʨʦʮʝʩʩʳ ʜʝʣʝʥʠʷ ʠ ʩʣʠʷʥʠʷ ʤʠʦʮʠʪʦʚ ʚ ʢʫʣʴʪʫʨʝ.  

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʈʘʙʦʪʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʧʝʨʚʠʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʤʠʦʮʠʪʦʚ ʢʨʳʩ, 

ʧʦʣʫʯʝʥʠʝ ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʦ ʥʘʤʠ ʨʘʥʝʝ [1]. 

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʧʨʝʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ Yamashita et al [2]. 

ɼʦʙʘʚʣʝʥʠʝ ɻɸʄʂ (10 ʤʄ) ʚ ʩʨʝʜʫ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ 3-ʠ 

ʩʫʪʢʠ ʧʦʩʣʝ ʧʦʩʘʜʢʠ ʢʣʝʪʦʢ. ʆʮʝʥʢʫ ʧʨʦʮʝʩʩʦʚ ʜʝʣʝʥʠʷ ʠ ʩʣʠʷʥʠʷ ʢʣʝʪʦʢ 

ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ 5-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ʧʦʩʘʜʢʠ ʢʣʝʪʦʢ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʉʨʝʜʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʜʘʚʣʝʥʠʶ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ 

ʘʢʪʠʚʘʮʠʠ ʩʣʠʷʥʠʷ ʢʣʝʪʦʢ [3]. ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʤʠʦʮʠʪʦʚ ʚ ʪʘʢʦʡ ʩʨʝʜʝ 

ʠʥʜʝʢʩ ʩʣʠʷʥʠʷ (ʀʉ) ʩʦʩʪʘʚʣʷʣ 29Ñ4%, ʪʦʛʜʘ ʢʘʢ ʠʥʜʝʢʩ ʜʝʣʝʥʠʷ (ʀɼ) 

ʙʳʣ ʨʘʚʝʥ 4,7Ñ0,3%. ɸʧʧʣʠʢʘʮʠʷ ɻɸʄʂ ʚʳʟʳʚʘʣʘ ʩʥʠʞʝʥʠʝ ʀʉ ʜʦ 

13Ñ2%, ʘ ʀɼ ʫʚʝʣʠʯʠʚʘʣʩʷ ʜʦ 7,9Ñ0,3%. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʘʮʠʝʡ ɻɸʄʂ ʨʝʮʝʧʪʦʨʦʚ, ʢʘʢ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ ʜʣʷ  

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ [4]. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɻɸʄʂ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʝʨʝʢʣʶʯʝʥʠʶ 

ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʘʤʠ ʜʝʣʝʥʠʷ ʠ ʩʣʠʷʥʠʷ ʤʠʦʮʠʪʦʚ in vitro. ʄʝʭʘʥʠʟʤʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʪʦʪ ʧʝʨʝʭʦʜ, ʧʨʝʜʩʪʦʠʪ ʚʳʷʩʥʠʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ʌʀʎ ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ 

ʮʝʥʪʨ ʈɸʅ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ-ʉɸʎ ʌʀʎ ʂʘʟʅʎ ʈɸʅ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʈ2-ʩʠʛʥʘʣʠʟʘʮʠʠ ʚ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʭʦʣʠʥʝʨʛʠʯʝʩʢʦʛʦ ʩʠʥʘʧʩʘ. 

ɼʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʬʬʝʢʪʦʚ ʧʫʨʠʥʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʘʭ ʜʚʠʛʘʪʝʣʴʥʳʭ ʝʜʠʥʠʮ. 

 

Abstract 

The article discusses the completeness of P2 signaling in the 

postsynaptic transmission of the cholinergic synapse. The multidirectional 

effects of purines on various types of motors are demonstrated. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ɸʊʌ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʝ 

ʦʢʘʟʳʚʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʩʝʢʨʝʮʠʶ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ ʫ ʢʨʳʩ, ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ɸʊʌ ʥʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʫʶ ʧʝʨʝʜʘʯʫ ʥʝʧʨʝʜʩʢʘʟʫʝʤ [1]. 

2. ʆʙʩʫʞʜʝʥʠʝ 

ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ɸʊʌ ʚ ʙʳʩʪʨʳʭ 

ʤʳʰʮʘʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʪʦʤʫ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜʨʫʛʠʭ ʪʠʧʘʭ 

ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚ 

ʤʳʰʮʘʭ EDL ʢʨʳʩʳ ʠ ʤʳʰʠ ʤʳ ʥʘʙʣʶʜʘʣʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʝ 

ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ɸʊʌ ʥʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʫʶ ʧʝʨʝʜʘʯʫ [2]. ɺ 

ʩʠʥʘʧʩʘʭ ʤʝʜʣʝʥʥʦʡ ʢʘʤʙʘʣʦʚʠʜʥʦʡ ʤʳʰʮʳ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ɸʊʌ ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ [3, 4]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠ ʛʠʧʦʪʝʨʤʠʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʡ 
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ʵʬʬʝʢʪ ɸʊʌ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ, ʯʝʤ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʡ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʫʨʠʥʝʨʛʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ ʯʨʝʟʚʳʯʘʡʥʦ 

ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʘ [6, 7], ʘ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ɸʊʌ ʩʣʘʙʦ 

ʚʳʨʘʞʝʥ ʚ ʥʦʨʤʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [2 - 5]. ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚ 

ʢʘʤʙʘʣʦʚʠʜʥʦʡ ʤʳʰʮʝ ʢʨʳʩʳ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʡ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ 

ʵʢʟʦʛʝʥʥʦʡ ɸʊʌ ʫʤʝʥʴʰʘʣʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ, ʧʦʢʘ ʧʦʣʥʦʩʪʴʶ ʥʝ ʠʩʯʝʟ 

ʧʨʠ 14 ÁC, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ɸʊʌ ʥʝ ʦʢʘʟʳʚʘʣʘ 

ʥʠʢʘʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʦ ʧʨʠ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʪʝʥʮʠʨʦʚʘʣʘ ʚʳʟʚʘʥʥʳʝ ʢʘʨʙʘʭʦʣʦʤ ʩʦʢʨʘʱʝʥʠʷ [4]. ɺ 

ʤʳʰʮʘʭ EDL ʢʨʳʩʳ ʥʝ ʙʳʣʦ ʪʘʢʦʡ ʨʘʟʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʳ ʚ ʵʬʬʝʢʪʘʭ ɸʊʌ 

ʥʘ ʧʨʝ- ʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [2]. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʯʝʪʘʥʠʝ ʧʨʝ- ʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ɸʊʌ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʠʥ ʠʟ ʪʝʭ ʬʘʢʪʦʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʛʜʘ ʧʨʠ 

ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʚʳʩʚʦʙʦʞʜʘʝʤʦʛʦ ACh ʤʦʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʙʦʣʴʰʫʶ ʥʘʜʝʞʥʦʩʪʴ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʡ ʧʝʨʝʜʘʯʠ. ʕʪʠ ʜʘʥʥʳʝ ʦʪʢʨʳʚʘʶʪ 

ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʩʝʢʨʝʮʠʠ ʯʝʨʝʟ ʵʪʦʪ ʨʝʮʝʧʪʦʨʥʳʡ ʤʝʭʘʥʠʟʤ. 
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ɸʥʥʦʪʘʮʠʷ 
ʀʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʩʦʝʜʠʥʝʥʠʷ VU-0238429, ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʤʫʩʢʘʨʠʥʦʚʳʭ ʭʦʣʠʥʦʨʝʮʝʧʪʦʨʦʚ ʄ5 

ʧʦʜʪʠʧʘ, ʥʘ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʥʪʘʥʥʳʭ ʠ 

ʚʳʟʚʘʥʥʳʭ ʪʦʢʦʚ ʢʦʥʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ (ʊʂʇ), ʘ ʪʘʢʞʝ ʥʘ ʚʨʝʤʝʥʥʦʡ ʭʦʜ 

ʩʝʢʨʝʪʦʨʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʮʝʥʠʚʘʝʤʳʡ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʟʘʜʝʨʞʝʢ çʦʜʥʦʢʚʘʥʪʦʚʳʭè ʊʂʇ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʦʣʠʥʦʨʝʮʝʧʪʦʨʳ ʄ5 

ʧʦʜʪʠʧʘ ʤʦʛʫʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʝʢʨʝʮʠʶ ʘʮʝʪʠʣʭʦʣʠʥʘ ʠʟ ʜʚʠʛʘʪʝʣʴʥʳʭ 

ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ ʚ ʜʠʘʬʨʘʛʤʝ ʤʳʰʠ. 

 

Abstract 

The effect of compound VU-0238429, a positive allosteric modulator of 

M5 muscarinic cholinoreceptors, on the amplitude and temporal characteristics 

of spontaneous and evoked end-plate currents (EPCs), as well as on the 

secretion timing estimated from the distribution of synaptic delays of "one-

quantum" EPCs were studied. It was shown that M5 cholinoreceptors regulate 

the acetylcholine release from mouse motor nerve endings. 

https://www.rndsystems.com/products/vu-0238429_3634
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1. ɺʚʝʜʝʥʠʝ 

ʄʫʩʢʘʨʠʥʦʚʳʝ ʭʦʣʠʥʦʨʝʮʝʧʪʦʨʳ ʄ1-M5 ʧʦʜʪʠʧʦʚ ʢʦʥʪʨʦʣʠʨʫʶʪ 

ʨʷʜ ʚʘʞʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ, ʘ ʠʭ ʣʠʛʘʥʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʘʛʝʥʪʳ ʜʣʷ ʣʝʯʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʌʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʄ5 ʭʦʣʠʥʦʨʝʮʝʧʪʦʨʦʚ ʚ ʤʦʪʦʨʥʳʭ ʩʠʥʘʧʩʘʭ 

ʦʩʪʘʝʪʩʷ ʜʦ ʢʦʥʮʘ ʥʝ ʚʳʷʩʥʝʥʥʦʡ, ʦʪʯʘʩʪʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʝʣʝʢʪʠʚʥʳʭ 

ʣʠʛʘʥʜʦʚ ʜʣʷ ʵʪʠʭ ʨʝʮʝʧʪʦʨʦʚ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʧʝʨʚʳʝ ʄ5-ʩʝʣʝʢʪʠʚʥʳʝ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʝ ʤʦʜʫʣʷʪʦʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʝ VU-0238429 (Tocris, USA), ʧʨʦʷʚʣʷʶʱʝʝ 

ʚʳʩʦʢʦʠʟʙʠʨʘʪʝʣʴʥʦʝ ʧʦʪʝʥʮʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʵʪʦʪ ʧʦʜʪʠʧ 

ʭʦʣʠʥʦʨʝʮʝʧʪʦʨʦʚ. 

2. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʜʠʘʬʨʘʛʤʳ ʤʳʰʝʡ ʣʠʥʠʠ BALB/c. ʊʦʢʠ ʢʦʥʮʝʚʦʡ 

ʧʣʘʩʪʠʥʢʠ (ʊʂʇ) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʠʢʨʦʵʣʝʢʪʨʦʜʥʦʡ ʪʝʭʥʠʢʠ. ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ 

çʦʜʥʦʢʚʘʥʪʦʚʳʭè ʊʂʇ ʜʣʷ ʧʝʨʬʫʟʠʠ ʧʨʝʧʘʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʦ 0.5 ʤʄ ʩʦʜʝʨʞʘʥʠʝʤ ʉʘ2+ ʠ 

ʜʦʙʘʚʣʝʥʠʝʤ Mg2+ (5 ʤʄ). 

3. ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʝʜʠʥʝʥʠʷ VU-0238429, ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʟʚʘʥʥʦʛʦ ʩʪʠʤʫʣʷʮʠʝʡ ʥʝʨʚʘ ʚʳʜʝʣʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ 

(ʥʘ 29%, n=10 ʢʣʝʪʦʢ). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʧʦʥʪʘʥʥʦʡ ʩʝʢʨʝʮʠʠ ʪʘʢʞʝ 

ʩʥʠʞʘʣʘʩʴ. ʉʪʝʧʝʥʴ ʩʠʥʭʨʦʥʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʢʚʘʥʪʦʚ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ 

ʦʮʝʥʠʚʘʣʠ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʟʘʜʝʨʞʝʢ ʤʝʞʜʫ 

ʧʦʪʝʥʮʠʘʣʦʤ ʜʝʡʩʪʚʠʷ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʠ ʥʘʯʘʣʦʤ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʦʪʚʝʪʘ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʝʜʠʥʝʥʠʷ VU-0238429 

ʩʠʥʭʨʦʥʥʦʩʪʴ ʩʝʢʨʝʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʣʘʩʴ, ʢʨʦʤʝ ʥʝʙʦʣʴʰʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʟʘʜʝʨʞʢʠ, ʦʪʨʘʞʘʶʱʝʡ ʚʨʝʤʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʘʤʳʭ çʙʳʩʪʨʳʭè ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʦʪʚʝʪʦʚ. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʍʦʣʠʥʦʨʝʮʝʧʪʦʨʳ ʄ5 ʧʦʜʪʠʧʘ ʤʦʜʫʣʠʨʫʶʪ ʧʨʦʮʝʩʩ ʥʝʡʨʦʩʝʢʨʝʮʠʠ 

ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ ʤʦʪʦʨʥʳʭ ʩʠʥʘʧʩʘʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʤʠʰʝʥʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʄ5 ʨʝʮʝʧʪʦʨʳ. 

ʇʦʜʜʝʨʞʘʥʦ ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ 20-04-00571.  
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4. ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀ ʊɽʍʅʆʃʆɻʀʀ 

ʇʈʆʀɿɺʆɼʉʊɺɸ ʈɸɼʀʆʕʃɽʂʊʈʆʅʀʂʀ ʀ 

ʌʆʊʆʅʀʂʀ 

ʋɼʂ 62-7 

 

ʇʈʀɪʄ ʄɸʃʆʄʆʑʅʓʍ ʈɸɼʀʆʉʊɸʅʎʀʁ 

 

ɸʣʝʢʩʘʥʜʨʦʚʘ ɺ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʈʘʜʠʢ ʄʘʩʭʫʪʦʚʠʯ ʄʫʨʘʪʦʚ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʢʦʥʪʫʨʦʤ, 

ʦʙʨʘʟʦʚʘʥʥʳʤ ʝʤʢʦʩʪʴʶ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʘʥʪʝʥʥʳ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ, ʘ ʪʘʢ ʞʝ ʦʮʝʥʠʚʘʝʪʩʷ ʝ yʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

 

Abstract 

The article considers a design with an oscillatory circuit formed by the 

capacitance and inductance of the antenna. Advantages and disadvantages, as 

well as its effectiveness is evaluated. 

 

1. ɺʚʝʜʝʥʠʝ 

ʅʘ ʨʘʩʩʪʦʷʥʠʠ 100 ʢʤ ʠ ʙʦʣʝʝ ʨʘʜʠʦʵʬʠʨ ʚ ʫʣʴʪʨʘʢʦʨʦʪʢʦʤ ʠ 

ʩʨʝʜʥʝʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ, ʘ ʧʨʠ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ 300...400 ʢʤ ʧʨʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʅʘʧʨʠʤʝʨ, 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʨʘʜʠʦʚʦʣʥʳ ʥʘʜ ʩʫʰʝʡ ʩ ʤʦʱʥʦʩʪʴʶ ʧʝʨʝʜʘʪʯʠʢʘ 

500 ʢɺʪ ʠ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʦʡ 1 ʄɻʮ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 400 ʢʤ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ 100 ʤʢɺ/ʤ [1]. 

2. ʂʦʥʩʪʨʫʢʮʠʷ ʨʘʤʦʯʥʦʡ ʘʥʪʝʥʥʳ 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʘʣʦʤʦʱʥʳʭ ʨʘʜʠʦʩʪʘʥʮʠʡ ʷʚʣʷʶʪʩʷ: ʧʦʢʨʳʪʠʝ 

ʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʠʛʥʘʣʦʤ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ; ʥʝʪʦʯʥʦʝ 
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ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʜʠʦʩʪʘʥʮʠʠ; ʩʦʭʨʘʥʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʚ ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʯʘʩʪʠ ʨʘʜʠʦʩʪʘʥʮʠʡ. ʅʝʜʦʩʪʘʪʢʠ ʤʘʣʦʤʦʱʥʳʭ 

ʨʘʜʠʦʩʪʘʥʮʠʡ: ʪʨʝʙʫʝʪʩʷ ʩʣʦʞʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʠʥʭʨʦʥʠʟʘʮʠʠ; ʝʩʪʴ ʟʦʥʳ 

ʧʦʜʘʚʣʝʥʠʷ ʧʦʤʝʭ ʦʪ ʩʠʛʥʘʣʦʚ ʨʘʟʥʳʭ ʩʪʘʥʮʠʡ; ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ 

ʶʨʠʜʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ [2]. ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ 

ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʡ ʘʥʪʝʥʥʳ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʬʝʨʨʠʪʦʚʦʛʦ ʘʥʪʝʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ. 

 
ʈʠʩ. 1 ï ʈʘʤʦʯʥʘʷ ʘʥʪʝʥʥʘ 

ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ ʨʘʤʦʯʥʫʶ 

ʘʥʪʝʥʥʫ ʨʘʟʤʝʨʦʤ 40x40 ʩʤ. ʂʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ, ʦʙʨʘʟʦʚʘʥʥʳʡ 

ʝʤʢʦʩʪʴʶ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʘʥʪʝʥʥʳ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʂʇɽ, ʦʭʚʘʪʳʚʘʝʪ 

ʚʝʩʴ ʜʠʘʧʘʟʦʥ ʩʨʝʜʥʠʭ ʚʦʣʥ ʧʝʨʝʜʘʯʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʦʡ 

ʨʘʤʦʯʥʦʡ ʘʥʪʝʥʥʳ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ, ʝʩʣʠ ʩʦʛʣʘʩʥʦ 

ʛʨʘʬʠʢʘʤ [1] ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʣʥʳ ʧʦʣʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʥʘ ʩʫʰʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʧʝʨʝʜʘʪʯʠʢʘ ʤʦʱʥʦʩʪʴʶ 5 

ʢɺʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʯʘʩʪʦʪʝ 1 ʄɻʮ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 400 ʢʤ. ɽʛʦ ʟʥʘʯʝʥʠʝ 

ʩʦʩʪʘʚʠʪ 7 ʤʢɺ/ʤ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʘʤʦʯʥʦʡ ʘʥʪʝʥʥʳ ʤʳ ʩʣʝʜʦʚʘʣʠ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ [3]. ɸʥʪʝʥʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʝʨʝʚʷʥʥʫʶ ʨʘʤʢʫ ʨʘʟʤʝʨʦʤ 40ʭ40ʭ5 ʩʤ, ʥʘ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ 

10 ʥʘʜʨʝʟʦʚ ʩ ʠʥʪʝʨʚʘʣʦʤ 4 ʤʤ ʜʣʷ ʥʘʤʦʪʢʠ ʧʨʦʚʦʜʘ. ʅʘ ʢʘʨʢʘʩ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʤʦʪʘʪʴ 10 ʚʠʪʢʦʚ ʦʙʤʦʪʦʯʥʦʛʦ ʧʨʦʚʦʜʘ ʇʕɺ-1 (ʜʠʘʤʝʪʨʦʤ 

0,6-0,8 ʤʤ) ʩ ʰʘʛʦʤ 4 ʤʤ, ʩʦʝʜʠʥʠʪʴ 2 ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʯʘʩʪʠ 

ʂʇɽ ʦʪ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ ʢ ʢʦʥʮʘʤ ʢʘʙʝʣʝʡ ʦʙʤʦʪʦʢ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʷʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʬʨʘʢʨʘʩʥʳʤʠ ʜʘʪʯʠʢʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ, ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʠʩʩʣʝʜʫʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʙʠʨʘʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. 

 

Abstract 

The article discusses the dependence of the relative error of the 

measured temperature by infrared sensors used in microprocessor systems on 

the distance to the surface under study. According to the results of the 

experiment, the optimal distance is selected. 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʥʬʨʘʢʨʘʩʥʳʝ ʜʘʪʯʠʢʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʲʝʢʪʦʚ ʙʝʟ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʥʠʤʠ. ɺ 

ʦʩʥʦʚʝ ʠʭ ʨʘʙʦʪʳ ʣʝʞʠʪ ʩʚʦʡʩʪʚʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʬʦʨʤʠʨʦʚʘʪʴ ʘʥʘʣʦʛʦʚʳʝ 

ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʮʠʬʨʦʚʳʝ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ. ʆʜʥʘʢʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 
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2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʘ 

MLX90614ESF-DCI ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʠ ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʧʝʨʝʜʘʶʱʠʡ ʦʙʨʘʙʦʪʘʥʥʳʝ ʜʘʥʥʳʝ ʥʘ 

ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʦʤʦʱʴʶ I2C-ʠʥʪʝʨʬʝʡʩʘ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʣʴʥʦʤʝʨ HC-SR04. ɺ ʢʘʯʝʩʪʚʝ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ STM32F401RE, 

ʩʯʠʪʳʚʘʶʱʠʡ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʩʩʪʦʷʥʠʷ ʩ ʜʘʪʯʠʢʦʚ ʠ 

ʦʪʧʨʘʚʣʷʶʱʠʡ ʠʭ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪ ʢʦʤʧʴʶʪʝʨʘ ʯʝʨʝʟ 

ʠʥʪʝʨʬʝʡʩ USART ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ FT232RL. 

ɼʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Keil uVision, ʙʠʙʣʠʦʪʝʢʘ ʩʪʘʥʜʘʨʪʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ Cortex CMSIS, 

ʦʪʣʘʜʦʯʥʘʷ ʧʣʘʪʘ NUCLEO-F401RE [1]. 

 
ʈʠʩ. 1 ï ʈʦʩʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʦ ʪʦʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʘʪʯʠʢʘ ʜʦ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ, 

ʣʝʞʘʱʝʝ ʚ ʜʠʘʧʘʟʦʥʝ 90-100 ʩʤ, ʪʘʢ ʢʘʢ ʜʘʣʝʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʜʚʘ ʨʘʟʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʙʫʜʝʪ ʦʙʩʫʞʜʘʪʴʩʷ ʩʧʦʩʦʙ ʵʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʦʡ 

ʧʦʣʠʨʦʚʢʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ AISI 316L, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʠʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʩʣʝ ʧʦʣʠʨʦʚʢʠ. 

 

Abstract 

The article will discuss the method of electrolytic-plasma polishing of 

AISI 316L stainless steel, as well as a comparison of the initial surface 

characteristics with those after polishing. 

 

1. ɺʚʝʜʝʥʠʝ 

ʕʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʘʷ ʧʦʣʠʨʦʚʢʘ ʜʝʪʘʣʝʡ ï ʵʪʦ ʩʧʦʩʦʙ 

ʧʦʣʠʨʦʚʢʠ, ʛʜʝ ʜʝʪʘʣʴ ʧʦʣʠʨʫʝʪʩʷ ʨʘʟʨʷʜʘʤʠ ʧʣʘʟʤʳ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ  ʧʘʨʦʛʘʟʦʚʦʡ ʦʙʦʣʦʯʢʠ. ʉʘʤʘ ʞʝ ʧʘʨʦʛʘʟʦʚʘʷ ʦʙʦʣʦʯʢʘ ʦʙʨʘʟʫʝʪʩʷ 

ʧʦʩʣʝ ʧʦʤʝʱʝʥʠʷ ʜʝʪʘʣʠ ʚ ʵʣʝʢʪʨʦʣʠʪ ʠ ʧʦʜʘʯʠ ʥʘ ʥʝʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ[1]. 

 

 

 

 
ʈʠʩ.1. ʉʭʝʤʘ ʵʣʝʢʪʨʦʣʠʪʥʦ- 

ʧʣʘʟʤʝʥʥʦʡ ʧʦʣʠʨʦʚʢʠ (ʩʧʨʘʚʘ) 
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2. ɸʥʘʣʠʟ ʭʠʤ.ʩʚʦʡʩʪʚ 316L ʠ ʧʦʜʙʦʨ ʵʣʝʢʪʨʦʣʠʪʘ: 

ʀʟʫʯʠʚ ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ 316L ʚ ʢʠʩʣʦʪʥʳʭ ʩʨʝʜʘʭ, ʤʦʞʥʦ ʫʟʥʘʪʴ, 

ʯʪʦ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʚ ʩʣʘʙʳʭ ʨʘʩʪʚʦʨʘʭ ʫʞʝ ʩʧʦʩʦʙʥʘ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʦ 

ʦʢʠʩʣʷʪʴ ʜʘʥʥʫʶ ʩʪʘʣʴ, ʥʦ ʢʦʨʨʦʟʠʷ, ʚʳʟʚʘʥʥʘʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ, 

ʦʙʨʘʟʫʝʪ çʧʠʪʪʠʥʛʠè, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʢʘʢ ʵʣʝʢʪʨʦʣʠʪ. 

ʊʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʙʳ ʨʘʚʥʦʤʝʨʥʦ ʦʢʠʩʣʷʣ 

ʧʦʚʝʨʭʥʦʩʪʴ 316L. ʇʦʜʭʦʜʷʱʠʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʭʣʦʨʦʚʦʜʦʨʦʜ. ɺ 

ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʦʛʘʟʦʚʦʡ ʦʙʦʣʦʯʢʠ, 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʦʨʙʠʪʦʣ[1]. 

 
ʈʠʩ. 2. ʊʘʙʣʠʮʘ ʢʦʨʨʦʟʠʡʥʦʡ ʩʪʦʡʢʦʩʪʠ AISI 316L 

ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʙʳʣʘ ʚʟʷʪʘ ʜʝʪʘʣʴ ʠʟ ʩʪʘʣʠ 316L ʩ 

ʠʩʭʦʜʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ Ra = 3,83 ʤʢʤ. ʕʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʘʷ 

ʧʦʣʠʨʦʚʢʘ ʧʨʦʠʟʚʝʜʝʥʘ ʧʦʛʨʫʞʥʳʤ ʤʝʪʦʜʦʤ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʩ ʩʦʩʪʘʚʦʤ: 

1,5%  HCL + 0,65%  ʉ6H1406(ʩʦʨʙʠʪʦʣ). ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʦʣʠʨʦʚʢʠ 

ʩʦʩʪʘʚʠʣʘ 3 ʤʠʥʫʪʳ. ʀʪʦʛʦʚʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʩʪʘʣʘ ʨʘʚʥʦʡ Ra = 1,43ʤʢʤ. 

 
ʈʠʩ. 3. ʇʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʜʦ(ʩʣʝʚʘ) ʠ ʧʦʩʣʝ(ʩʧʨʘʚʘ) ʧʦʣʠʨʦʚʢʠ 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʧʦʜʦʙʨʘʥʥʳʡ ʵʣʝʢʪʨʦʣʠʪ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʧʦʣʠʨʦʚʢʠ ʩʪʘʣʠ AISI 316L . 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʕʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ / ʀ. ʉ. ʂʫʣʠʢʦʚ, 

ʉ. ɺ. ɺʘʱʝʥʢʦ, ɸ. ʗ. ʂʘʤʝʥʝʚ. ï ʄʠʥʩʢ: ɹʝʣʘʨʫʩ. ʥʘʚʫʢʘ, 2010  ï ISBN 

978-985-08-1215-5.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʣʠʪʥʦʛʦ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʧʨʠ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʦʣʠʢʘʨʙʦʥʘʪʝ (ʧʦʷʚʣʝʥʠʝ ʤʠʢʨʦʜʝʬʝʢʪʦʚ) ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʧʦ 

ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʘʤʧʣʠʪʫʜʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ U ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʫʨʦʚʥʝʤ ʥʘ ~25 % ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 104 ʮʠʢʣʦʚ 

ʥʘʛʨʫʟʢʠ. 

 

Abstract 

The study of a method for controlling the structural integrity of 

monolithic polycarbonate under cyclic loads is discussed in the article. The 

influence of external cyclic loads on cracking in polycarbonate has been 

established. Structural changes in polycarbonate (appearance of microdefects) 

can be detected by decreasing the level of piezoelectric voltage amplitude U 

compared to the initial level by ~25% for more than 104 load cycles, as shown 

by experimental studies. 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʟʜʝʣʠʷ ʠʟ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʧʦʜʚʝʨʞʝʥʳ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ 
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ʮʠʢʣʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʠʝ ʥʘʛʨʫʟʢʠ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚʳʟʳʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʚ ʤʘʪʝʨʠʘʣʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʨʫʰʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʧʦʣʠʢʘʨʙʦʥʘʪʘ [1]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠʟʜʝʣʠʷ ʠʟ 

ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʚʘʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʧʨʠ 

ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʦʣʠʢʘʨʙʦʥʘʪʝ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. 

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ 

ʮʝʣʦʩʪʥʦʩʪʠ ʤʦʥʦʣʠʪʥʦʛʦ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʧʨʠ ʧʦʤʦʱʠ ʠʟʤʝʨʝʥʠʷ 

ʧʴʝʟʦʥʘʧʨʷʞʝʥʠʷ [2, 3] ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥʘʭ ʦʙʨʘʟʮʦʚ 

ʧʦʣʠʢʘʨʙʦʥʘʪʘ 100ʭ100ʭ3ʤʤ, ʤʘʨʢʠ çNovattroè. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʝʤ ʯʠʩʣʝ ʮʠʢʣʦʚ 

(>104) ʜʝʬʦʨʤʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʠ ʥʘʯʘʣʘ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʧʦʣʠʢʘʨʙʦʥʘʪʝ ʚʦʟʥʠʢʘʶʪ ʠ ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʤʠʢʨʦʪʨʝʱʠʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ 

ʘʤʧʣʠʪʫʜʳ ʧʴʝʟʦʥʘʧʨʷʞʝʥʠʷ U ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ. ɺ 

ʦʙʣʘʩʪʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʧʨʫʛʠʤ ʠ ʥʝʫʧʨʫʛʠʤ ʜʝʬʦʨʤʘʮʠʷʤ, 

ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʧʴʝʟʦʥʘʧʨʷʞʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʉʥʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʙʫʜʝʪ 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʧʨʠ 

ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʛʦ. ʇʨʠ ʵʪʦʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ ʤʦʞʝʪ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʧʦ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ 

ʘʤʧʣʠʪʫʜʳ ʧʴʝʟʦʥʘʧʨʷʞʝʥʠʷ U ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʜʝʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʜʘʧʪʠʚʥʦʡ ʩʚʝʪʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʚʩʪʨʘʠʚʘʝʤʦʡ ʚ ʧʦʜʚʠʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʩ ʫʯʝʪʦʤ ʠʤʝʶʱʠʭʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

 

Abstract 

This paper contains the idea of implementing software and hardware for 

an adaptive lighting system as built into a mobile vehicle, taking into account 

the available technological solutions at a given time. 

 

ʎʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʜʦʨʦʛʝ, ʧʨʠ ʝʟʜʝ ʚ ʧʣʦʭʦ ʦʩʚʝʱʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʧʦ ʜʦʨʦʛʘʤ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʬʘʨʳ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ 

ʩʚʝʪʦʚʳʤ ʣʫʯʦʤ, ʙʝʟ ʫʯʝʪʘ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʠʭ, ʪʘʢʠʭ ʢʘʢ: ʚʩʪʨʝʯʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠ 

ʧʝʰʝʭʦʜʳ. 

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʘʚʪʦʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʜʝʣʘʣʠ ʰʘʛ 

ʚ ʩʪʦʨʦʥʫ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʵʪʦ ʣʠʜʝʨʳ ʠʥʜʫʩʪʨʠʠ: Mercedes, 
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Audi, Tesla. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʜʥʘʢʦ ʠʭ ʩʪʦʠʤʦʩʪʴ 

ʢʨʘʡʥʝ ʚʳʩʦʢʘ. ʅʘʰʘ ʨʘʟʨʘʙʦʪʢʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʚʝʪʦʜʠʦʜʥʦʡ ʤʘʪʨʠʮʝ 

ʠʟ 40 LED, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʜʥʦʡ ʧʦʜʣʦʞʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʦʜʠʥʘʢʦʚʳʡ ʪʝʨʤʦʨʝʞʠʤ ʜʣʷ ʚʩʝʭ ʩʚʝʪʦʜʠʦʜʦʚ ʚ ʩʠʩʪʝʤʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʜʨʘʡʚʝʨ, 

ʫʧʨʘʚʣʷʝʤʳʡ 32-ʙʠʪʥʳʤ ARM MCU - STM32l476RGT6. ɼʘʥʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʤʝʥʷʪʴ ʩʦʩʪʦʷʥʠʝ ʩʦʩʪʦʷʥʠʝ ʤʘʪʨʠʮʳ ʩ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ. ɺ ʥʘʯʘʣʝ, ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ (ʨʠʩ.1): 

  
ʈʠʩ. 1 ï ʧʝʨʚʠʯʥʳʡ ʧʨʦʪʦʪʠʧ ʩʚʝʪʦʜʠʦʜʥʦʡ ʤʘʪʨʠʮʳ 

ʐʠʨʠʥʘ ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ ʟʘʜʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʚʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʦʪʝʥʮʠʦʤʝʪʨʘ ʠ ʦʙʨʘʟʫʝʪʩʷ ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ ʠ ʦʪ 

ʤʘʢʩʠʤʫʤʘ ʢ ʤʠʥʠʤʫʤʫ ʦʩʚʝʱʝʥʥʦʩʪʠ ʥʫʞʥʦʡ ʪʦʯʢʠ. ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ 

ʨʘʙʦʪʳ ʧʨʦʪʦʪʠʧʘ, ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʠʪʦʛʦʚʳʡ ʚʘʨʠʘʥʪ ʧʨʦʝʢʪʘ. ʇʨʠʤʝʨ ʥʘ 

ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʙʦʪʘ ʤʘʪʨʠʮʳ ʠ ʬʦʪʦ ʠʪʦʛʦʚʦʡ ʧʣʘʪʳ ʫʩʪʨʦʡʩʪʚʘ. 

  
ʈʠʩ. 2 - ʚʠʜ ʧʣʘʪʳ ʧʨʦʪʦʪʠʧʘ (ʚʠʜ ʩʚʝʨʭʫ) 

ʀʪʦʛʦʚʘʷ ʩʪʦʠʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʩ ʫʯʝʪʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʯʘʪʥʦʡ 

ʧʣʘʪʳ, ʣʠʥʟ, ʢʦʨʧʫʩʘ ʠ ʜʝʪʘʣʝʡ: 14950 ʨ. ʅʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʘʜʘʥʥʘʷ ʮʝʣʴ ï ʨʘʟʨʘʙʦʪʘʪʴ ʙʶʜʞʝʪʥʫʶ 

ʦʧʪʠʯʝʩʢʫʶ ʘʜʘʧʪʠʚʥʫʶ ʩʠʩʪʝʤʫ, ʜʦʩʪʠʛʥʫʪʘ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʜʘʪʯʠʢ ʦʩʚʝʱʝʥʥʦʩʪʠ BH1750 (GY-302), ʝʛʦ 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. 

 

Abstract 

The article discusses the light sensor BH1750 (GY-302), its working 

principle and scope. 

 

1. ɺʚʝʜʝʥʠʝ 

ɼʘʪʯʠʢʠ ʦʩʚʝʱʝʥʠʷ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ (ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ) ʩʚʝʪʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʦʩʚʝʱʝʥʠʷ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʜʘʪʯʠʢ 

ʩʧʦʩʦʙʝʥ ʧʦʜʘʚʘʪʴ ʩʠʛʥʘʣ ʜʣʷ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʣʘʤʧ, 

ʧʨʦʞʝʢʪʦʨʦʚ, ʬʦʥʘʨʝʡ ʠ ʜʨʫʛʠʭ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. ʇʨʘʚʠʣʴʥʦ 

ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʠ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʙʦʪʘʝʪ ʙʝʟ 

ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʜʘʪʯʠʢ ʩʚʝʪʘ (ʩʫʤʝʨʝʯʥʦʝ ʨʝʣʝ) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʢʣʶʯʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʦʪʩʣʝʞʠʚʘʝʪ ʠ 

ʢʦʥʪʨʦʣʠʨʫʝʪ ʷʨʢʦʩʪʴ ʦʩʚʝʱʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠʣʠ 

ʧʦʤʝʱʝʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʵʢʦʥʦʤʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʦ 10-15% [1]. 



344 

 

 

 
ʈʠʩ.1 ï ʄʦʜʫʣʴ ʜʘʪʯʠʢʘ ʦʩʚʝʱʝʥʥʦʩʪʠ BH1750 (GY-302) 

2. ʆʧʠʩʘʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʪʯʠʢʘ ʟʚʫʢʘ KY-037 

ʎʠʬʨʦʚʦʡ ʜʘʪʯʠʢ ʦʩʚʝʱʝʥʥʦʩʪʠ GY-302 ʥʘ ʯʠʧʝ BH1750 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʬʦʥʦʚʦʛʦ ʦʩʚʝʱʝʥʠʷ. BH1750 16-ʙʠʪʥʳʡ 

ʜʘʪʯʠʢ ʦʩʚʝʱʸʥʥʦʩʪʠ (ʣʶʢʩʤʝʪʨ) ʩ ʠʥʪʝʨʬʝʡʩʦʤ I2C. ʕʪʘ ʤʠʢʨʦʩʭʝʤʘ 

ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦʙ ʦʢʨʫʞʘʶʱʝʤ ʦʩʚʝʱʝʥʠʠ. 

ʌʦʪʦʜʠʦʜ ʥʘ BH1750 ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʢʦʪʦʨʘʷ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʮʠʦʥʥʦʛʦ 

ʫʩʠʣʠʪʝʣʷ. ɺʩʪʨʦʝʥʥʳʡ ɸʎʇ ʚʳʜʘʝʪ 16-ʙʠʪʥʳʝ ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ. 

ɺʥʫʪʨʝʥʥʷʷ ʣʦʛʠʢʘ BH1750 ʠʟʙʘʚʣʷʝʪ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʘʢʠʭ-ʣʠʙʦ 

ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʘʧʨʷʤʫʶ ʚʳʚʦʜʠʪ ʟʥʘʯʠʤʳʝ 

ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ ʚ ʣʶʢʩʘʭ (ʣʢ). ʉʦʛʣʘʩʥʦ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʜʘʪʯʠʢ BH1750 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʠʜʠʤʦʤʫ ʩʚʝʪʫ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʚʝʨʞʝʥ ʚʣʠʷʥʠʶ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʪ.ʝ. ʨʝʘʛʠʨʫʝʪ ʧʨʠʤʝʨʥʦ ʥʘ ʪʦʪ ʞʝ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ, ʯʪʦ ʠ ʯʝʣʦʚʝʯʝʩʢʠʡ ʛʣʘʟ [2]. 

3. ɿʘʢʣʶʯʝʥʠʝ  

ʀʟʤʝʨʝʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʧʨʠʣʦʞʝʥʠʡ ʜʦʤʘʰʥʝʡ ʘʚʪʦʤʘʪʠʢʠ ʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ʄʦʜʫʣʴ 

GY302 ʥʘ ʙʘʟʝ ʯʠʧʘ BH1750, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʪʦʯʥʳʡ ʮʠʬʨʦʚʦʡ 

ʜʘʪʯʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʚʳʜʘʶʱʠʡ ʟʥʘʯʝʥʠʝ ʢʘʢ ʨʘʟ ʚ ʣʶʢʩʘʭ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɼʘʪʯʠʢ ʦʩʚʝʱʝʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://smarthof.ru/info/datchik-osveshheniya%20/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 18.04.22) 

2. BH1750 - ʎʠʬʨʦʚʦʡ ʜʘʪʯʠʢ ʦʩʚʝʱʝʥʥʦʩʪʠ/ʣʶʢʩʤʝʪʨ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://micro-pi.ru/bh1750-gy-302-

ʜʘʪʯʠʢ-ʦʩʚʝʱʝʥʥʦʩʪʠ/#i (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 18.04.22)  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʥʥʳʭ ʮʝʧʝʡ ʚ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʨʝʜʝ LabView, ʨʘʟʨʘʙʦʪʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ 

ʘʤʧʣʠʪʫʜʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʥʥʳʭ ʮʝʧʝʡ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʥʘ ʟʘʜʘʥʥʳʭ ʯʘʩʪʦʪʘʭ. 

 

Abstract 

The paper considers the analysis of electronic circuits in the LabVIEW 

software environment, an automated system for measuring the amplitude-

frequency characteristics of electronic circuits has been developed, which 

allows analysis at specified frequencies. 

 

1.ɺʚʝʜʝʥʠʝ 

ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ. ʊʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ [1-3] ʧʨʠ ʘʥʘʣʠʟʝ, ʥʘʩʪʨʦʡʢʝ, ʧʨʠʝʤʝ ʩʠʛʥʘʣʦʚ ʩ 

ʜʘʪʯʠʢʦʚ, ʦʧʪʠʤʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʥʥʳʭ ʮʝʧʝʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʝ ɸʏʍ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 



346 

 

 

2.ʈʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ɸʏʍ ʮʝʧʠ 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʧʨʦʛʨʘʤʤʥʫʶ ʩʨʝʜʫ LabView, ʠ 

ʤʦʜʫʣʴʥʫʶ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ. ʊʘʢʞʝ, ʨʘʩʩʯʠʪʘʚ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʤʧʝʥʜʘʥʩʘ ʢʦʥʪʫʨʘ, ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʝʛʦ ʧʦʣʫʯʝʥʠʷ. 

ʂʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ ɸʏʍ ʷʚʣʷʝʪʩʷ ʧʦʜʘʯʘ ʥʘ ʚʭʦʜ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠʟʤʝʥʷʝʤʦʡ ʯʘʩʪʦʪʳ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʠʣʠ ʠʟʚʝʩʪʥʦʡ ʜʣʷ ʢʘʞʜʦʡ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʘʤʧʣʠʪʫʜʦʡ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʤʝʨʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʤʦʜʫʣʝʡ ʘʤʧʣʠʪʫʜʳ ʚʳʭʦʜʥʦʛʦ ʠ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʦʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʘʟʥʳʭ ʯʘʩʪʦʪ. 

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʠʪʴ ʠʩʪʦʯʥʠʢ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʟʘʜʘʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʦʡ, ʪʦʛʜʘ 

ʥʘ ʚʭʦʜ ʩʠʩʪʝʤʳ ʧʦʜʢʣʶʯʘʝʪʩʷ ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʮʝʧʴ ʩʠʛʥʘʣ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʤʳ ʤʦʞʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʜʘʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʠʪʘʥʠʷ ʮʝʧʠ, ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ.  

3.ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʛʨʘʬʠʢʠ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʭʝʤ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ɸʏʍ. ʊʘʢʞʝ, ʙʣʘʛʦʜʘʨʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠʤʧʝʥʜʘʥʩʘ ʮʝʧʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʥʘʡʜʫʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ 

ʧʨʠ ʘʥʘʣʠʟʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ, ʪʘʢ ʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ [2-3], ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʥʘʣʠʟʝ ʠʤʧʝʜʘʥʩʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɽʚʜʦʢʠʤʦʚ ʖ.ʂ., ɼʝʥʠʩʦʚ ɽ.ʉ., ʐʘʭʪʫʨʠʥ ɼ.ɺ., ʐʠʥʜʦʨ ʆ.ɺ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʙʦʨ ʠ ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ /ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï ʂʘʟʘʥʴ: ʀʟʜ-ʚʦ ʂɻʊʋ ʠʤ. 

ɸ.ʅ. ʊʫʧʦʣʝʚʘ, 2012 

2 ɼʝʥʠʩʦʚ ɽ.ʉ. ʅʝʣʠʥʝʡʥʘʷ ʠ ʣʠʥʝʡʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 
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ʅʝʣʠʥʝʡʥʳʡ ʤʠʨ. ï 2008 ï ʊ. 6 ï ˉ 8 ï ʉ. 81-85. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʥʘ ʧʨʠʤʝʨʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʨʫʢʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʩʪʝʥʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʫʧʨʘʚʣʝʥʠʷ.  

 

Abstract 

The block-diagram of a developed laboratory setup is described. The 

setup is a robotic hand. The capability of the remote access and control is 

provided. 

 

1. ɺʚʝʜʝʥʠʝ 

ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʦʩʦʙʳʡ ʢʣʘʩʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʣʦʞʥʳʤ, ʫʥʠʢʘʣʴʥʳʤ 

ʫʩʪʘʥʦʚʢʘʤ ʠ ʩʪʝʥʜʘʤ ʜʣʷ ʩʙʦʨʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ, ʝʩʣʠ ʙʳʣʦ 

ʚʦʟʤʦʞʥʦ, ʫʧʨʘʚʣʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ 

ʨʝʰʝʥʠʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ ʥʝ ʪʦʣʴʢʦ ʚ ʠʥʞʝʥʝʨʥʦʡ ʠ 

ʥʘʫʯʥʦʡ ʩʬʝʨʘʭ, ʥʦ ʠ ʚ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ [1], ʠ ʜʘʞʝ ʚ ʙʳʪʫ. 

ʉʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʦʧʫʣʷʨʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʩ 

ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʜʦʩʪʫʧʦʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʦʙʫʩʣʦʚʠʣ ʧʦʷʚʣʝʥʠʝ ʪʘʢʦʛʦ 

ʪʝʨʤʠʥʘ ʢʘʢ çʠʥʪʝʨʥʝʪ ʚʝʱʝʡè. 
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ɺ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʜʦʩʪʫʧʦʤ ʥʘ 

ʧʨʠʤʝʨʝ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʚʠʜʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʨʫʢʠ.  

2. ʉʪʨʫʢʪʫʨʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʄʘʥʠʧʫʣʷʪʦʨ-ʨʫʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʜʚʠʞʥʳʭ ʧʣʝʯ. ʆʩʥʦʚʘʥʠʝ 

ʤʘʥʠʧʫʣʷʪʦʨʘ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʧʣʘʪʬʦʨʤʝ, ʩʧʦʩʦʙʥʦʡ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʝʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʥʘ ʫʛʦʣ 360ƺ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʭʚʘʪʘ 

ʤʘʥʠʧʫʣʷʪʦʨ ʠʩʧʦʣʴʟʫʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʣʦʢʘʣʴʥʦ, ʣʠʙʦ ʜʠʩʪʘʥʮʠʦʥʥʦ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʷʝʪ ʧʨʠʚʦʜʘʤʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʦ ʢʦʤʘʥʜʘʤ, ʧʦʣʫʯʘʝʤʳʤ ʦʪ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʯʝʨʝʟ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ ʠʣʠ ʠʥʪʝʨʥʝʪ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʪʝʥʜ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ 

ʣʦʢʘʣʴʥʦʤ ʫʨʦʚʥʝ (ʜʘʪʯʠʢʠ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʢʦʥʪʨʦʣʣʝʨʳ).  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɽʚʜʦʢʠʤʦʚ ʖ.ʂ., ʂʠʨʩʘʥʦʚ ɸ.ʖ., ʉʘʣʘʭʦʚʘ ɸ.ʐ. 

ɼʠʩʪʘʥʮʠʦʥʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʫʯʝʙʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʙʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ // ʆʪʢʨʳʪʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ. 2009.  ̄5. ʉ. 101-116.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʤʥʦʞʝʩʪʚʘ ʜʘʪʯʠʢʦʚʳʭ 

ʩʠʩʪʝʤ, ʦʧʠʩʘʥʠʝ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʘʞʜʦʛʦ ʜʘʪʯʠʢʘ ʮʠʬʨʦʚʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

Abstract 

The article discusses a brief analysis of a variety of sensor systems, a 

description and the principle of operation of each sensor in a digital laboratory 

for conducting a computerized physical experiment. 

 

1. ɺʚʝʜʝʥʠʝ 

ʎʠʬʨʦʚʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦ ʬʠʟʠʢʝ ʩʝʛʦʜʥʷ - ʵʪʦ ʢʦʤʧʣʝʢʩ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʙʦʨ ʠ 

ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʆʩʥʦʚʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʫʟʣʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʦʚʳʝ ʜʘʪʯʠʢʠ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚʳʧʫʩʢʘʝʤʳʝ ʤʥʦʞʝʩʪʚʦʤ ʢʦʤʧʘʥʠʡ: ʜʘʪʯʠʢ ʪʦʢʘ, 
ʜʘʪʯʠʢ ʥʘʧʨʷʞʝʥʠʷ, ʜʘʪʯʠʢ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʜʘʪʯʠʢ ʟʚʫʢʘ, ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, 

ʜʘʪʯʠʢ ʩʠʣʳ, ʜʘʪʯʠʢ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʜʘʪʯʠʢ ʨʘʩʩʪʦʷʥʠʷ ʠ ʜʨ. 

2. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʜʘʪʯʠʢʦʚ 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʜʘʪʯʠʢʦʚ ʨʘʟʣʠʯʝʥ, ʧʨʠʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ 

ʧʨʠʤʝʨʦʚ. 
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1) ʜʘʪʯʠʢ ʩʠʣʳ ʠʩʧʦʣʴʟʫʝʪ ʚʤʦʥʪʠʨʦʚʘʥʥʳʡ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ 

ʵʣʝʤʝʥʪ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʛʠʙʢʦʤ ʙʨʫʩʢʝ. ʊʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ 

ʧʨʠʢʨʝʧʣʝʥʳ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʙʨʫʩʢʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʘʪʯʠʢʦʚ ʤʝʥʷʝʪʩʷ 

ʧʨʠ ʠʟʛʠʙʘʥʠʠ ʙʨʫʩʢʘ. ʕʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʩʪʦʚʦʡ ʩʭʝʤʳ, ʧʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʦʜʥʦʛʦ ʠʟ ʧʣʝʯ ʤʦʩʪʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʚ ʝʛʦ ʜʠʘʛʦʥʘʣʠ. 

ɼʘʪʯʠʢ ʨʘʟʨʘʙʦʪʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʣʠʥʝʡʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʧʨʠʣʦʞʝʥʥʦʡ ʩʠʣʳ. ɼʘʪʯʠʢ ʩʠʣʳ ʜʚʫʭʜʠʘʧʘʟʦʥʥʳʡ, 

ʦʥ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ -10 ʜʦ +10 ʅ ʠʣʠ ʦʪ -50 ʜʦ + 50 ʅ. 

2) ʜʘʪʯʠʢ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ 

ʵʣʝʤʝʥʪ ʜʘʪʯʠʢʘ ʍʦʣʣʘ. ʅʘʧʨʷʞʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʪʯʠʢ ʠʟʤʝʨʷʝʪ ʦʩʝʚʫʶ 

ʢʦʤʧʦʥʝʥʪʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʪʨʫʙʢʝ ʜʘʪʯʠʢʘ. ʃʠʥʠʷ, 

ʥʘʥʝʩʝʥʥʘʷ ʥʘ ʜʘʪʯʠʢʝ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʥʝʤ ʜʘʪʯʠʢʘ 

ʍʦʣʣʘ. ʇʨʠʙʦʨ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ: ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʦʪ -0,2 ʜʦ +0,2 ʤʊʣ) ʠ ʥʠʟʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʦʪ -10 

ʤʊʣ ʜʦ +10 ʤʊʣ). ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʪʯʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ɿʝʤʣʠ. 

3) ʜʝʡʩʪʚʠʝ ʜʘʪʯʠʢʘ ʨʘʩʩʪʦʷʥʠʷ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʥʮʠʧʝ ʨʘʙʦʪʳ 

ʟʚʫʢʦʚʦʛʦ ʣʦʢʘʪʦʨʘ. ɺʥʫʪʨʠ ʧʨʠʙʦʨʘ ʫʩʪʘʥʦʚʣʝʥʳ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʠʟʣʫʯʘʪʝʣʴ ʠ ʤʠʢʨʦʬʦʥ. ʂ ʠʟʣʫʯʘʪʝʣʶ ʧʦʜʢʣʶʯʝʥ ʢʦʥʜʝʥʩʘʪʦʨ, ʧʨʠ 

ʨʘʟʨʷʜʢʝ ʢʦʪʦʨʦʛʦ ʠʟʣʫʯʘʪʝʣʴ ʧʦʩʳʣʘʝʪ ʠʤʧʫʣʴʩʳ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʢʦʪʦʨʳʝ, ʧʨʦʡʜʷ ʯʝʨʝʟ ʚʦʟʜʫʭ, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʙʣʠʞʘʡʰʠʤ 

ʦʙʲʝʢʪʦʤ ʠ ʦʪʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ ʵʭʘ. ʂʦʛʜʘ ʵʭʦ ʧʦʧʘʜʘʝʪ ʥʘ ʤʠʢʨʦʬʦʥ, 

ʧʨʦʮʝʩʩʦʨ ʚʥʫʪʨʠ ʜʘʪʯʠʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ. ʕʪʦʪ 

ʨʝʟʫʣʴʪʘʪ ʦʧʷʪʴ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʣʝʞʘʱʝʝ ʚ 

ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ 0-5 ɺ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ 

ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʠʥʪʝʨʬʝʡʩʝ [1]. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʜʝʡʩʪʚʠʷ ʜʘʪʯʠʢʦʚ ʩʠʣʳ, ʠʥʜʫʢʮʠʠ ʠ 

ʨʘʩʩʪʦʷʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʙʘʟʝ ʜʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʩʯʝʪʘʭ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʜʘʪʯʠʢʦʚ ʩ ʩʝʥʩʦʨʦʤ ʥʘ ʙʘʟʝ ʨʘʟʣʠʯʥʳʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ 

ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ. 

 

Abstract 

The article provides a brief overview of the methods of measuring the 

pressure of sensors with a sensor based on various sensing elements, as well as 

the design and principle of operation of the pressure sensor. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʜʘʪʯʠʢ ð ʵʪʦ ʪʝʨʤʠʥ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʙʦʟʥʘʯʘʶʱʠʡ ʧʝʨʚʠʯʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʢʘʢ ʵʣʝʤʝʥʪ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʩʠʩʪʝʤʳ, ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʥʘ ʦʩʥʦʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʬʠʟʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ ʚ 

ʫʜʦʙʥʳʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʛʥʘʣ. 

2. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʜʘʪʯʠʢʘ 

ɼʘʪʯʠʢ ʜʘʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʚʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʚ ʩʦʩʪʘʚʝ 

ʢʦʪʦʨʦʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ð ʧʨʠʝʤʥʠʢ ʜʘʚʣʝʥʠʷ ʩ 

ʩʝʥʩʦʨʦʤ, ʩʭʝʤʳ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ, ʨʘʟʣʠʯʥʳʭ ʧʦ 
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ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʛʝʨʤʝʪʠʯʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʜʘʪʯʠʢʘ ʩ ʦʙʲʝʢʪʦʤ ʠ ʟʘʱʠʪʳ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʠ ʫʩʪʨʦʡʩʪʚʘ ʚʳʚʦʜʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʉʝʥʩʦʨ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ 

ð ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʙʘʟʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ, 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ, ʝʤʢʦʩʪʥʦʛʦ, ʨʝʟʦʥʘʥʩʥʦʛʦ, ʠʥʜʫʢʪʠʚʥʦʛʦ ʧʨʠʥʮʠʧʘ 

ʜʝʡʩʪʚʠʷ), ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʘʚʣʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʩʨʝʜʳ: ʞʠʜʢʦʩʪʠ, ʛʘʟʘ, ʧʘʨʘ [1]. 

3. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ  

ʇʴʝʟʦʨʝʟʠʩʪʠʚʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ (Si).  

ɪʤʢʦʩʪʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʸʤʢʦʩʪʠ ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʤʝʤʙʨʘʥʳ ʦʪ ʧʦʜʘʚʘʝʤʦʛʦ ɼ. 

ɺ ʦʩʥʦʚʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʤʝʪʦʜʘ ʣʝʞʠʪ ʠʟʤʝʥʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʡ 

ʯʘʩʪʦʪʳ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʝʛʦ 

ʩʠʣʦʡ ʠʣʠ ɼ.  

ʀʥʜʫʢʪʠʚʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ (ʪʦʢʦʚ 

ʌʫʢʦ). 

ɺ ʦʩʥʦʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʣʝʞʠʪ ʧʨʷʤʦʡ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʴʝʟʦʵʣʝʤʝʥʪ ʛʝʥʝʨʠʨʫʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʥʝʛʦ ʩʠʣʝ ʠʣʠ 

ɼ. 

ɺ ʦʩʥʦʚʝ ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʦʪʦʢʘ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ [2]. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ 

ʨʘʟʣʠʯʥʳʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʦʩʥʦʚʥʳʤʠ ʦʪʣʠʯʠʷʤʠ ʦʜʥʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʦʪ ʜʨʫʛʠʭ 

ʷʚʣʷʶʪʩʷ ʧʨʝʜʝʣʳ ʠʟʤʝʨʝʥʠʡ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ, 

ʪʦʯʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʚʣʝʥʠʷ, ʜʦʧʫʩʪʠʤʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʧʳʣʝ-ʚʦʜʦ-ʚʟʨʳʚʦ-

ʟʘʱʠʱʝʥʥʦʩʪʠ, ʚʠʜʘ ʠ ʚʝʣʠʯʠʥʳ ʠʟʤʝʨʷʝʤʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʨʠʥʮʠʧʦʚ ʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ.  
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʩʪʫʧʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ. 

ʆʙʦʩʥʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʩʠʩʪʝʤʳ. 

 

Abstract 

The article discusses the features of access control and management 

systems in terms of their design and organization of work. The use of 

centralized systems based on microcomputers is substantiated, and solutions for 

calculating the service life of the system are proposed. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ (ʉʂʋɼ) ï ʵʪʦ ʵʣʝʤʝʥʪ 

ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʦʟʜʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʲʝʜʠʥʸʥʥʳʭ ʚ ʝʜʠʥʫʶ ʩʝʪʴ, 

ʨʘʙʦʪʘʶʱʫʶ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ [1, 

2]. 

2. ʆʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʉʂʋɼ 

ɺʳʙʦʨ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠʩʭʦʜʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 
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ʩʦʦʙʨʘʞʝʥʠʡ: 

- ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʦʡ ʪʦʯʢʠ ʢʦʥʪʨʦʣʷ ʫʧʨʦʱʘʝʪʩʷ ʚʥʝʰʥʝʝ 
ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʨʘʙʦʪʦʡ ʵʪʦʡ ʪʦʯʢʠ; 

- ʧʨʠ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʜʝʥʠʷ ʞʫʨʥʘʣʘ 

ʧʦʩʝʱʝʥʠʡ, ʧʦʜʩʯʸʪʘ ʩʪʘʪʠʩʪʠʢʠ; 

- ʟʘʤʝʪʥʦ ʫʧʨʦʱʘʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʜʦʙʘʚʣʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʠʭ ʫʨʦʚʥʝʡ ʜʦʩʪʫʧʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʟʣʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ, ʪʘʢ ʢʘʢ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʝʨʩʠʡ ʝʛʦ ʣʝʛʯʝ 

ʦʙʝʩʧʝʯʠʪʴ ʙʝʩʧʝʨʝʙʦʡʥʳʤ ʧʠʪʘʥʠʝʤ, ʮʝʥʘ ʥʠʞʝ, ʘ ʠʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʝʥʠʷ 

ʩʭʦʞ ʩ ʙʳʪʦʚʳʤʠ ʢʦʤʧʴʶʪʝʨʘʤʠ, ʯʪʦ ʦʙʣʝʛʯʠʪ ʧʨʦʮʝʩʩ ʧʦʣʴʟʦʚʘʥʠʷ ʜʘʞʝ 

ʜʣʷ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʨʘʙʦʪʥʠʢʦʚ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʝ ʟʘʚʠʩʝʪʴ ʦʪ ʚʠʜʘ 

ʩʯʠʪʳʚʘʪʝʣʷ ʚʚʦʜʠʪʩʷ ʢʦʥʪʨʦʣʣʝʨ (ʧʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢ), ʢʘʢ ʩʚʷʟʫʶʱʝʝ 

ʟʚʝʥʦ ʤʝʞʜʫ ʠʥʪʝʨʬʝʡʩʦʤ ʩʯʠʪʳʚʘʪʝʣʷ ʠ ʩʠʩʪʝʤʳ. ʊʘʢ ʢʘʢ ʩʠʩʪʝʤʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʧʨʦʪʷʞʸʥʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʩʪʘʤʠ ʠ 

ʮʝʥʪʨʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʭʝʤ 

ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʦʚ ʩʪʘʥʦʚʠʪʴʩʷ ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ. ʇʨʝʜʣʘʛʘʝʤʘʷ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʂʋɼ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ 

ʥʘʜʸʞʥʦ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʭʨʘʥʫ ʚʚʝʨʝʥʥʦʛʦ ʝʡ ʦʙʲʝʢʪʘ.  
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ʧʨʠ ʩʦʟʜʘʥʠʠ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ. 

 

Abstract 

The features of the use of addressable LEDs in the creation of human-

machine interfaces are considered using the example of an access control and 

management system. 

 

1. ɺʚʝʜʝʥʠʝ 

ɸʜʨʝʩʥʳʝ ʩʚʝʪʦʜʠʦʜʳ ï ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʫʧʨʘʚʣʷʪʴ ʩʦʙʦʡ ʠʩʧʦʣʴʟʫʷ ʢʨʦʤʝ ʣʠʥʠʡ ʧʠʪʘʥʠʷ ʚʩʝʛʦ 1 

ʩʠʛʥʘʣʴʥʳʡ ʧʨʦʚʦʜ. ʌʠʟʠʯʝʩʢʠ ʚ ʥʠʭ ʠʤʝʝʪʩʷ 3 ʠʟʣʫʯʘʶʱʠʭ ʩʚʝʪʦʜʠʦʜʘ 

(ʢʨʘʩʥʳʡ, ʩʠʥʠʡ ʠ ʟʝʣʝʥʳʡ) ʠ ʐʀʄ-ʜʨʘʡʚʝʨʘ ʫʧʨʘʚʣʷʶʱʠʝ ʠʭ ʷʨʢʦʩʪʴʶ. 

ʐʀʄ-ʜʨʘʡʚʝʨʘ ʠʤʝʶʪ ʨʘʟʨʷʜʥʦʩʪʴ 8 ʙʠʪ, ʪʦ ʝʩʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʮʚʝʪʦʚ 

ʚʦʟʤʦʞʥʳ 256 ʛʨʘʜʘʮʠʡ ʷʨʢʦʩʪʠ [1]. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʷʨʢʦʩʪʠ 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 3-ʭ ʩʚʝʪʦʜʠʦʜʦʚ ʥʫʞʥʦ ʧʝʨʝʜʘʪʴ ʧʠʢʩʝʣʶ 8ʭ3=24 ʙʠʪ (3 

ʙʘʡʪʘ) ʠʥʬʦʨʤʘʮʠʠ. ʇʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩʚʝʪʦʜʠʦʜʫ 

ʦʜʥʦʣʠʥʝʡʥʳʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʊʘʢʦʡ ʧʨʠʥʮʠʧ ʫʧʨʘʚʣʝʥʠʷ 
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ʧʦʟʚʦʣʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʧʨʦʩʪʠʪʴ ʩʭʝʤʦʪʝʭʥʠʢʫ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʥʝʣʝʡ ʠ ʪʘʙʣʦ [1]. 

2. ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʉʦʟʜʘʚʘʷ ʠʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʜʠʢʘʮʠʠ ʥʘ ʙʘʟʝ ʘʜʨʝʩʥʳʭ 

ʩʚʝʪʦʜʠʦʜʦʚ ʧʨʦʮʝʩʩ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʨʘʟʤʝʱʝʥʠʶ 

ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ ʧʘʥʝʣʠ ʩʠʩʪʝʤʳ ʠ ʩʦʝʜʠʥʝʥʠʶ ʠʭ ʚ ʦʜʥʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʮʝʧʴ. ʅʘʯʘʣʦ ʮʝʧʠ ʯʝʨʝʟ ʙʘʣʘʩʪʥʳʡ ʨʝʟʠʩʪʦʨ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ, ʩʠʛʥʘʣ ʩ ʢʦʪʦʨʦʛʦ ʠ ʙʫʜʝʪ ʫʧʨʘʚʣʷʪʴ 

ʩʚʝʪʦʜʠʦʜʘʤʠ [2]. 

ʇʨʠ ʵʪʦʤ ʦʨʛʘʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ 

ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʦʨʦʞʢʘʭ ʛʠʙʢʦʡ ʧʝʯʘʪʥʦʡ ʦʩʥʦʚʳ ʩʚʝʪʦʜʠʦʜʘ 

ʪʨʝʙʫʝʪ ʧʦʜʚʝʜʝʥʠʷ ʧʠʪʘʶʱʠʭ ʣʠʥʠʡ ʯʝʨʝʟ ʢʘʞʜʳʝ 60 ʩʚʝʪʦʜʠʦʜʦʚ ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʪʦʙʨʘʞʘʪʴ ʠʥʜʠʢʘʪʦʨʳ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʜʝ ʧʫʪʸʤ ʩʦʟʜʘʥʠʷ ʤʘʩʩʠʚʘ ʠ ʨʝʥʫʤʝʨʘʮʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʚʝʪʦʜʠʦʜʦʚ ʩʦʛʣʘʩʥʦ ʠʭ ʧʦʣʦʞʝʥʠʶ ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ 

ʧʘʥʝʣʠ. 

ʏʘʩʪʦʪʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʚ ʨʝʞʠʤʝ ʰʠʨʦʪʥʦ-

ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 800 ʢɻʮ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʦʠʥʩʪʚʦʤ, 

ʪʘʢ ʢʘʢ ʥʝ ʦʢʘʟʳʚʘʝʪ ʧʘʛʫʙʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʨʛʘʥʳ ʟʨʝʥʠʷ ʦʧʝʨʘʪʦʨʘ. 

3. ɿʘʢʣʶʯʝʥʠʝ  

ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʘʜʨʝʩʥʳʭ ʩʚʝʪʦʜʠʦʜʦʚ ʚ ʩʦʟʜʘʥʠʠ 

ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʦʧʨʘʚʜʘʥʦ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥ ʩʧʦʩʦʙ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʥʘ ʠ ʙʳʩʪʨʦʛʦ 

ʧʨʦʙʫʞʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʫʤʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, 

ʧʦʜʩʪʨʘʠʚʘʝʤʦʛʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʚʦʟʤʦʞʥʳʝ ʤʦʜʝʣʠ ʨʝʘʣʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ ʦʩʚʝʱʝʥʠʝ. 

 

Abstract 

This article describes a way to improve the quality of sleep and quick 

awakening of a person using smart lighting technology, adjusted depending on 

the time of day. Possible models of the implementation of a device controlling 

lighting are presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʫʤʥʳʝ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ, ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʚʳʧʦʣʥʷʶʪ ʨʘʟʣʠʯʥʳʝ 

ʬʫʥʢʮʠʠ, ʫʧʨʦʱʘʶʱʠʝ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩ ʜʦʣʛʠʤ 

ʧʝʨʝʭʦʜʦʤ ʢʦ ʩʥʫ ʠ ʟʘʪʨʫʜʥʝʥʥʦʛʦ ʧʨʦʙʫʞʜʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʘʜʘʧʪʠʚʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. 

2. ɺʣʠʷʥʠʝ ʩʚʝʪʘ ʥʘ ʩʦʥ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 

ʘʜʘʧʪʠʚʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʳ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʩʦʤʥʦʣʦʛʠʠ [1, ʉ.71].  

ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʪʝʧʣʳʡ ʩʚʝʪ ʩʧʦʩʦʙʩʪʚʫʝʪ 
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ʚʳʨʘʙʦʪʢʝ ʛʦʨʤʦʥʘ ʤʝʣʘʪʦʥʠʥʘ [2, ʉ.1268], ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʣʝʛʢʦʤʫ ʦʪʭʦʜʫ ʢʦ ʩʥʫ. ʍʦʣʦʜʥʳʡ ʩʚʝʪ, ʥʘʧʨʦʪʠʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʨʘʙʦʪʢʝ 

ʢʦʨʪʠʟʦʣʘ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʣʫʯʰʝ ʧʨʦʩʥʫʪʴʩʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʫʭʫʜʰʘʝʪ 

ʦʪʭʦʜ ʢʦ ʩʥʫ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ, 

ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʩʪʨʘʠʚʘʪʴ 

ʩʚʝʪ ʧʦʜ ʙʠʦʨʠʪʤʳ ʯʝʣʦʚʝʢʘ. 

Å ʋʪʨʦʤ ʭʦʣʦʜʥʳʡ ʩʠʥʠʡ ʩʚʝʪ ʧʣʘʚʥʦ ʚʢʣʶʯʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. 

ɼʘʣʝʝ ʚʢʣʶʯʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʙʝʣʳʡ ʩʚʝʪ, ʣʠʙʦ ʧʦʩʪʝʧʝʥʥʦ 

ʛʘʩʥʝʪ(ʦʧʮʠʦʥʘʣʴʥʦ); 

Å ɺʝʯʝʨʦʤ ʥʘʯʠʥʘʷ ʩ 17:30 (ʟʘ ʧʦʣ ʯʘʩʘ ʜʦ ʟʘʢʘʪʘ) ʩʚʝʪ ʙʫʜʝʪ 
ʩʪʘʥʦʚʠʪʴʩʷ ʙʦʣʝʝ ʪʝʧʣʳʤ (ʢʨʘʩʥʳʤ-ʨʦʟʦʚʳʤ), ʤʘʢʩʠʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚ 20:00-21:00. ɼʘʣʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ (ʷʨʢʦʩʪʴ ʩʚʝʪʘ) ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʜʦ 

22:30 ʠ ʧʦʩʪʝʧʝʥʥʦ ʧʦʛʘʩʥʝʪ. ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʚ 

ʩʣʝʜʫʶʱʠʭ ʤʦʜʝʣʷʭ: ʥʘʩʪʦʣʴʥʘʷ ʣʘʤʧʘ, ʪʦʨʰʝʨ, ʩʚʝʪʦʜʠʦʜʥʘʷ ʧʘʥʝʣʴ, 

ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʝʥʪʘ. ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʩʦʩʪʦʠʪ ʠʟ: ʙʣʦʢʘ ʧʠʪʘʥʠʷ, 

ʢʦʥʪʨʦʣʣʝʨʘ, ʜʨʘʡʚʝʨʘ ʷʨʢʦʩʪʠ ʠ ʩʘʤʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ. ɺ ʨʘʙʦʪʝ 

ʢʦʥʪʨʦʣʣʝʨʘ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʜʘʪʯʠʢʠ ʠ ʤʦʜʫʣʠ: ʤʦʜʫʣʴ 

ʯʘʩʦʚ, ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʠ ʤʦʜʫʣʴ WIFI ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʫʣʷ ʯʘʩʦʚ ʚʦʟʴʤʝʤ DS3231, 

ʥʝʜʦʨʦʛʠʝ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʪʦʯʥʳʝ ʯʘʩʳ. ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ 3,3-5,5ɺ, 

ʜʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ 1 ʤʠʥʫʪʘ (ʟʘ 5 ʯʘʩʦʚ), ʦʙʲʝʤ ʧʘʤʷʪʠ 32ʢʙ, 

ʨʘʙʦʯʠʡ ʪʘʢʪ 400ʢɻʮ. 

GL5506 ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ 200ʢʆʤ, ʧʣʦʱʘʜʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

16,3ʤʤ2, ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 540ʥʤ, ʚʨʝʤʷ 

ʧʝʨʝʢʣʶʯʝʥʠʷ 30ʤʩ. ɺ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ATmega328P-AU, ʢʦʪʦʨʳʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ATmega328, ʙʦʣʝʝ 

ʢʦʤʧʘʢʪʥʳʡ ʠ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. ʄʦʜʫʣʝʤ WIFI 

ʙʫʜʝʪ ESP8266.  

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʩʦʯʝʪʘʶʱʝʝ ʚ ʩʝʙʝ 

ʜʝʰʝʚʠʟʥʫ, ʢʦʤʧʘʢʪʥʦʩʪʴ, ʩʦʭʨʘʥʷʶʱʘʷ ʚ ʩʝʙʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʠʟʢʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʢʘʯʝʩʪʚʝʥʥʦ ʧʣʦʭʦʛʦ ʩʥʘ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʧʨʠʤʝʥʝʥʠʷ 

ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʩʚʷʱʘʶʪʩʷ ʤʝʪʦʜʠʢʠ ʥʘʥʝʩʝʥʠʷ ʤʝʜʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ ʥʘ ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʩʣʦʞʥʫʶ ʧʦʜʣʦʞʢʫ. 

 

Abstract 

This paper presents the rationale for choosing the use of additive 

technologies for the implementation of a complex-shaped dielectric substrate. 

In addition, the technique of applying copper conductors to the implemented 

complex substrate is consecrated. 

 

ɺ ʨʘʙʦʪʝ [1] ʦʧʠʩʳʚʘʝʪʩʷ ʤʠʢʨʦʧʦʣʦʩʢʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩ 

ʥʝʧʣʘʥʘʨʥʦʡ (ʟʤʝʝʚʠʜʥʦʡ) ʬʦʨʤʦʡ ʧʨʦʚʦʜʥʠʢʘ. ʇʦʜʦʙʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʜʦʙʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ, 

ʨʘʙʦʪʘʶʱʠʤ ʧʦ ʧʨʘʚʠʣʫ ɹʨʵʛʛʘ. ʆʜʥʘʢʦ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʠʭ 

ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʝ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ, ʦʩʦʙʝʥʥʦ ʚ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ ʉɺʏ ʜʠʘʧʘʟʦʥʘ. ʉ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʝʧʣʘʥʘʨʥʳʭ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ 

ʣʠʥʠʡ, ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʝ ʨʝʘʣʠʟʘʮʠʠ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʢʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʦʣʴʛʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ. 
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ʇʦʜʦʙʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʤʘʣʝʥʴʢʫʶ ʪʦʣʱʠʥʫ ʠ ʧʨʠ ʨʘʩʯʝʪʝ ʚʦʣʥʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʰʠʨʠʥʘ ʧʦʣʦʩʢʘ ʤʦʞʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʩʦʪʳʤ ʜʦʣʷʤ 

ʤʠʣʣʠʤʝʪʨʘ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ ʚ 

ʠʟʛʦʪʦʚʣʝʥʠʠ. ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʤʝʪʘʣʣʠʟʘʮʠʷ ʧʦʜʦʙʥʳʭ ʧʣʝʥʦʢ ʥʘʯʠʥʘʝʪ 

ʨʘʩʪʨʝʩʢʠʚʘʪʴʩʷ ʠ ʨʚʘʪʴʩʷ ʚ ʤʝʩʪʘʭ ʩʛʠʙʦʚ. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʣʝʥʪʳ. ʇʦʜʦʙʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʪʦʣʱʠʥʫ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʬʦʨʤʦʚʢʘ ʠ ʤʦʥʪʘʞ ʧʨʦʚʦʜʥʠʢʦʚ ʙʫʜʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʧʨʦʙʣʝʤʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʟʢʦʡ ʘʜʛʝʟʠʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʙʦʣʴʰʠʝ ʬʠʥʘʥʩʦʚʳʝ ʧʦʪʝʨʠ. 

ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ ʠʤʝʝʪ ʥʘ ʤʥʦʛʦ ʙʦʣʴʰʫʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ 3D ʧʝʯʘʪʠ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʤʝʪʦʜʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʜʣʦʞʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ 

ʬʦʨʤʳ. ʋ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʤʦʥʪʘʞʦʤ ʧʨʦʚʦʜʥʠʢʦʚ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʣʘʩʪʠʢʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʶ 

ʢ ʢʣʝʷʱʠʤ ʩʦʩʪʘʚʘʤ, ʯʪʦ ʣʝʛʢʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʤʦʥʪʘʞ ʧʨʦʚʦʜʥʠʢʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʚʦʜʷʱʝʛʦ ʩʣʦʷ ʥʘ ʧʦʜʦʙʥʳʭ 

ʧʦʜʣʦʞʢʘʭ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʉʘʤʳʡ ʧʨʦʩʪʦʡ 

ʩʧʦʩʦʙ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʘʤʦʢʣʝʷʱʝʡʩʷ ʤʝʜʥʦʡ ʬʦʣʴʛʠ. ʅʝʜʦʩʪʘʪʢʦʤ 

ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʪʦʣʱʠʥʘ ʬʦʣʴʛʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠ, 

ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʠʟʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʩʛʠʙʘʭ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ 

ï ʤʝʜʥʘʷ ʬʦʣʴʛʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʧʦʢʩʠʜʥʦʛʦ ʢʣʝʷ ʚ ʢʘʯʝʩʪʚʝ ʢʣʝʷʱʝʛʦ 

ʩʦʩʪʘʚʘ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʚʳʙʦʨ 

ʪʦʣʱʠʥ ʫ ʤʝʜʥʦʡ ʬʦʣʴʛʠ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʢʣʝʷʱʠʭ ʩʦʩʪʘʚʦʚ. 

ʊʨʝʪʴʠʤ ʤʝʪʦʜʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʪʘʣʣʠʟʘʮʠʠ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʛʘʣʴʚʘʥʠʟʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʤʝʪʘʣʣʠʟʘʮʠʶ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʢʣʝʷʱʠʭ ʩʦʩʪʘʚʦʚ. ʂ 

ʥʝʜʦʩʪʘʪʢʫ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʣʦʞʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʪ.ʢ. ʥʝʦʙʭʦʜʠʤ ʨʷʜ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ, ʠʩʪʦʯʥʠʢ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʙʦʣʴʰʠʤ ʜʠʘʧʘʟʦʥʦʤ ʚʳʭʦʜʥʳʭ ʪʦʢʦʚ ʠ 

ʥʘʧʨʷʞʝʥʠʡ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʤʝʪʦʜʦʚ ʠʤʝʝʪ 

ʩʚʦʝ ʧʨʘʚʦ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʦʜʠʥ ʠʟ ʚʳʰʝʦʧʠʩʘʥʥʳʭ 

ʤʝʪʦʜʦʚ. ʇʦ ʤʠʤʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʧʣʘʥʘʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʜʦʙʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʚʦʟʤʦʞʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʧʣʘʥʘʨʥʳʝ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʪʦʢʦʦʙʨʘʟʫʶʱʠʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ 

ʭʠʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʘʭ ʪʦʢʘ. ʀʩʩʣʝʜʦʚʘʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʞʝ ʠ 

ʧʦʙʦʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ.  

 

Abstract 

The article discusses current-forming reactions occurring in chemical 

current sources. Side chemical and electrochemical reactions have also been 

investigated and presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ʍʠʤʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʪʦʢʘ (ʍʀʊ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ 

ʘʚʪʦʥʦʤʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ, ʥʘ ʪʨʘʥʩʧʦʨʪʝ, ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ, ʚ 

ʙʳʪʫ ʠ ʪ. ʜ. ɺ ʙʫʜʫʱʝʤ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʨʦʣʠ, ʥʘʧʨʠʤʝʨ, ʚ ʦʙʣʘʩʪʠ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʘʚʪʦʤʦʙʠʣʝʡ, ʚ ʙʦʣʴʰʦʡ 

ʵʥʝʨʛʝʪʠʢʝ, ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʪʝʭʥʠʢʝ [1]. 

2.ʊʦʢʦʦʙʨʘʟʫʶʱʠʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʭʠʤʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʘʭ ʪʦʢʘ.  

ʆʩʥʦʚʦʡ ʨʘʙʦʪʳ ʍʀʊ ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʠʩʣʠʪʝʣʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʪʘʢʦʡ 

ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, ʦʢʠʩʣʷʷʩʴ, ʦʪʜʘʝʪ, ʘ ʦʢʠʩʣʠʪʝʣʴ, 
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ʚʦʩʩʪʘʥʘʚʣʠʚʘʷʩʴ, ʧʨʠʩʦʝʜʠʥʷʝʪ ʵʣʝʢʪʨʦʥʳ.  

ʇʨʠ ʧʦʛʨʫʞʝʥʠʠ ʵʣʝʢʪʨʦʜʦʚ ʚ ʵʣʝʢʪʨʦʣʠʪ ʤʝʞʜʫ ʥʠʤʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʨʘʟʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ, 

ʥʘʟʳʚʘʝʤʘʷ ʥʘʧʨʷʞʝʥʠʝʤ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ (ʅʈʎ). ɹʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʙʫʜʝʪ ʧʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʜʘ ʩ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, ʪʘʢ ʢʘʢ ʫ ʥʝʛʦ ʩʠʣʴʥʝʝ 

ʪʝʥʜʝʥʮʠʷ ʢ ʦʪʜʘʯʝ ʵʣʝʢʪʨʦʜʦʚ. ɽʩʣʠ ʩʦʝʜʠʥʠʪʴ ʦʙʘ ʵʣʝʢʪʨʦʜʘ ʤʝʞʜʫ 

ʩʦʙʦʡ ʩ ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʡ ʧʨʦʚʦʜʷʱʝʡ ʮʝʧʠ, ʪʦ ʯʝʨʝʟ ʥʝʝ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʅʈʎ ʥʘʯʥʝʪʩʷ ʧʝʨʝʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʢ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ, ʯʪʦ ʨʘʚʥʦʩʠʣʴʥʦ ʧʨʦʭʦʞʜʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ I ʚ 

ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʵʣʝʢʪʨʦʣʠʪ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʵʣʝʢʪʨʦʜʦʚ ʥʘʯʠʥʘʶʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʦʙʨʘʟʫʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʧʨʷʤʦʡ 

ʭʘʦʪʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʥʦʩ ʤʝʞʜʫ ʨʝʘʛʝʥʪʘʤʠ ʟʘʤʝʥʝʥ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ: ʦʪ ʯʘʩʪʠʮ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 

ʵʣʝʢʪʨʦʥʳ ʧʦʩʪʫʧʘʶʪ ʩʥʘʯʘʣʘ ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ, ʟʘʪʝʤ ʯʝʨʝʟ 

ʚʥʝʰʥʶʶ ʮʝʧʴ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠ ʪʦʣʴʢʦ ʦʪʪʫʜʘ ï ʥʘ ʯʘʩʪʠʮʳ 

ʦʢʠʩʣʠʪʝʣʷ. ʈʘʙʦʪʘ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʦʚ ʚʦ ʚʥʝʰʥʝʡ ʮʝʧʠ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ 

ʩʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʍʀʊ. 

ʅʘʨʷʜʫ ʩ ʦʩʥʦʚʥʦʡ ʪʦʢʦʦʙʨʘʟʫʶʱʝʡ ʨʝʘʢʮʠʝʡ ʧʨʠ ʨʘʟʨʷʜʝ ʠ ʟʘʨʷʜʝ, 

ʘ ʪʘʢʞʝ ʧʨʠ ʭʨʘʥʝʥʠʠ ʍʀʊ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʧʦʙʦʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. ɺ ʩʣʫʯʘʝ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʧʨʦʪʝʢʘʝʪ ʦʯʝʥʴ ʙʫʨʥʦ. ʉʠʣʴʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ ʣʝʛʢʦ ʦʢʠʩʣʷʶʪʩʷ 

ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ ʨʝʘʛʝʥʪʳ 

ʨʘʩʭʦʜʫʶʪʩʷ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ ï ʵʣʝʢʪʨʦʜʳ ʩʘʤʦʨʘʟʨʷʞʘʶʪʩʷ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʠʤʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʚ 

ʢʦʪʦʨʦʤ ʵʥʝʨʛʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʚʘʨʠʘʥʪʦʚ ʍʀʊ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʨʘʟʤʝʨʘʤʠ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʧʨʠʨʦʜʦʡ, ʧʨʦʪʝʢʘʶʱʝʡ ʚ ʥʠʭ 

ʪʦʢʦʦʙʨʘʟʫʶʱʝʡ ʨʝʘʢʮʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʥʪʘ ʤʝʥʷʶʪʩʷ 

ʧʦʢʘʟʘʪʝʣʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. The Primary Battery / ed. G. W. Heise, N. C. Cahoon. ð N. Y. ð L., 

1971. ð ʊ. v. 1.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʠʭ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚʘʭ. 

 

Abstract 

This article discusses the main control devices and their purpose in 

electronic means. 

 

1. ɺʚʝʜʝʥʠʝ 

ʋʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ (ʋʋ) ˈ ʚʘʞʥʝʡʰʘʷ ʯʘʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʘʰʠʥʳ, ʦʨʛʘʥʠʟʫʶʱʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤ (ʧʫʪʝʤ 

ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʫʧʨʘʚʣʝʥʠʷ) ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ɺʄ ʢʘʢ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ. ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ 

ʠʟʚʣʝʯʝʥʠʝ ʢʦʤʘʥʜ ʠʟ ʧʘʤʷʪʠ ʚ ʧʦʨʷʜʢʝ, ʦʧʨʝʜʝʣʷʝʤʦʤ ʧʨʦʛʨʘʤʤʦʡ, ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʠʩʧʦʣʥʝʥʠʝ ʵʪʠʭ ʢʦʤʘʥʜ. ʂʨʦʤʝ ʪʦʛʦ, ʋʋ ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ 

ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ 

ʫʩʪʨʦʡʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ. 

2. ʋʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʝʛʦ ʥʘʟʥʘʯʝʥʠʝ. 

ʋʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʘʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʘ 

ʪʘʢʞʝ ʦʧʝʨʘʮʠʠ ʧʦ ʟʘʧʠʩʠ ʠ ʯʪʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʚ/ʠʟ ʟʘʧʦʤʠʥʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ.  
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ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʋʋ: 

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʜʨʝʩʘ ʠʥʩʪʨʫʢʮʠʠ. 

2. ʉʯʠʪʳʚʘʥʠʝ ʠʥʩʪʨʫʢʮʠʠ ʠʟ ʆɿʋ (ʇɿʋ) ʠ ʝʝ ʭʨʘʥʝʥʠʝ ʚʦ ʚʨʝʤʷ 

ʚʳʧʦʣʥʝʥʠʷ. 

3. ɼʝʰʠʬʨʘʮʠʷ ʢʦʜʘ ʦʧʝʨʘʮʠʠ. 

4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ. 

5. ʉʯʠʪʳʚʘʥʠʝ ʠʟ ʨʝʛʠʩʪʨʘ ʢʦʤʘʥʜ ʠ ʨʝʛʠʩʪʨʦʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ 

ʧʘʤʷʪʠ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʜʨʝʩʦʚ ʦʧʝʨʘʥʜʦʚ (ʯʠʩʝʣ), 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʚʳʯʠʩʣʝʥʠʷʭ, ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʥʳʭ ʘʜʨʝʩʦʚ ʦʧʝʨʘʥʜʦʚ. 

6. ɺʳʙʦʨʢʘ ʦʧʝʨʘʥʜʦʚ (ʧʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʘʜʨʝʩʘʤ) ʠ ʚʳʧʦʣʥʝʥʠʝ 

ʟʘʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʵʪʠʭ ʦʧʝʨʘʥʜʦʚ. 

7. ɿʘʧʠʩʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʝʨʘʮʠʠ ʚ ʧʘʤʷʪʴ. 

8. ʌʦʨʤʠʨʦʚʘʥʠʷ ʘʜʨʝʩʘ ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʳ ʧʨʦʛʨʘʤʤʳ. 

ɸʃʋ ï ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʯʘʩʪʝʡ ʧʨʦʮʝʩʩʦʨʘ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. ɺʩʝ 

ʦʧʝʨʘʮʠʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʚ ɸʃʋ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: 

- ʦʧʝʨʘʮʠʠ ʜʚʦʠʯʥʦʡ ʘʨʠʬʤʝʪʠʢʠ ʜʣʷ ʯʠʩʝʣ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʪʦʯʢʦʡ; 

- ʦʧʝʨʘʮʠʠ ʜʚʦʠʯʥʦʡ (ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʡ) ʘʨʠʬʤʝʪʠʢʠ ʜʣʷ ʯʠʩʝʣ ʩ 

ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ; 

- ʦʧʝʨʘʮʠʠ ʜʝʩʷʪʠʯʥʦʡ ʘʨʠʬʤʝʪʠʢʠ ʥʘʜ ʯʠʩʣʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ 

ʚ ʜʚʦʠʯʥʦ-ʜʝʩʷʪʠʯʥʦʤ ʢʦʜʝ; 

- ʦʧʝʨʘʮʠʠ ʘʜʨʝʩʥʦʡ ʘʨʠʬʤʝʪʠʢʠ (ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʘʜʨʝʩʦʚ 

ʢʦʤʘʥʜ); 

- ʦʧʝʨʘʮʠʠ ʩʧʝʮʠʘʣʴʥʦʡ ʘʨʠʬʤʝʪʠʢʠ (ʥʦʨʤʘʣʠʟʘʮʠʷ, ʩʜʚʠʛ); 

- ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ; 

- ʦʧʝʨʘʮʠʠ ʥʘʜ ʘʣʬʘʚʠʪʥʦ-ʮʠʬʨʦʚʳʤʠ ʧʦʣʷʤʠ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ɸʃʋ ʚʢʣʶʯʘʶʪ 

ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ: ʩʫʤʤʘʪʦʨ; ʨʝʛʠʩʪʨʳ; ʩʜʚʠʛʘʪʝʣʠ; 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ; ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʩʭʝʤʳ [1]. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʫʧʨʘʚʣʝʥʠʷ. ʀʭ 

ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʧʦʣʥʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʤʘʥʜ ʧʨʦʛʨʘʤʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤ 

ʘʣʛʦʨʠʪʤʦʤ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʦʨʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1.ʅʘʟʥʘʯʝʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʫʩʪʨʦʡʩʪʚ ʫʧʨʘʚʣʝʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://studopedia.ru/4_4328_tema--naznachenie-i-

klassifikatsiya-uu.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 16.04.2022)  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʤʠʩʪʦʨʘ, ʝʛʦ ʫʧʨʘʚʣʝʥʠʝ ʦʪ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

 

Abstract 

This article discusses the method of controlling a high-voltage load, the 

principle of operation of a triac, its control from a microcontroller. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʠʤʠʩʪʦʨ - ʵʪʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʦʢ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʠʨʠʩʪʦʨʘ, 

ʩʠʤʠʩʪʦʨ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴ ʪʦʢ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ɺ ʵʣʝʢʪʨʦʥʠʢʝ ʝʛʦ 

ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʫʧʨʘʚʣʷʝʤʳʡ ʧʝʨʝʢʣʶʯʘʪʝʣʴ. 

2. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʤʠʩʪʦʨʘ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʪʢʨʳʪʴ ʩʠʤʠʩʪʦʨ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʪʴ ʥʘ 

ʫʧʨʘʚʣʷʶʱʠʡ ʵʣʝʢʪʨʦʜ ʦʪʧʠʨʘʶʱʠʡ ʪʦʢ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʠʤʠʩʪʦʨ 
ʦʪʢʨʳʣʩʷ, ʝʛʦ ʤʦʞʥʦ ʟʘʢʨʳʪʴ, ʧʦʤʝʥʷʚ ʧʦʣʷʨʥʦʩʪʴ ʠʣʠ ʩʥʠʟʠʚ ʪʦʢ ʯʝʨʝʟ 

ʥʝʛʦ ʜʦ ʚʝʣʠʯʠʥʳ, ʤʝʥʴʰʝʡ ʯʝʤ ʪʘʢ ʪʦʢ ʫʜʝʨʞʘʥʠʷ. ʅʦ ʪʘʢ ʢʘʢ ʧʠʪʘʥʠʝ 

ʦʨʛʘʥʠʟʦʚʘʥʦ ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ, ʵʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʠʟʦʡʜʸʪ ʧʦ 

ʦʢʦʥʯʘʥʠʠ ʧʦʣʫʧʝʨʠʦʜʘ [1]. 

ɼʣʷ ʦʪʧʠʨʘʥʠʷ ʩʠʤʠʩʪʦʨʘ ʥʘ ʝʛʦ ʫʧʨʘʚʣʷʶʱʠʡ ʵʣʝʢʪʨʦʜ ʧʦʜʘʸʪʩʷ 

ʥʘʧʨʷʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʣʦʚʥʦʛʦ ʢʘʪʦʜʘ. ʇʦʣʷʨʥʦʩʪʴ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʣʞʥʘ ʙʳʪʴ ʣʠʙʦ ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʣʠʙʦ ʜʦʣʞʥʘ 
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ʩʦʚʧʘʜʘʪʴ ʩ ʧʦʣʷʨʥʦʩʪʴʶ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʩʣʦʚʥʦʤ ʘʥʦʜʝ. ʇʦʵʪʦʤʫ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʦʡ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʩʠʤʠʩʪʦʨʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʠʛʥʘʣ ʥʘ 

ʫʧʨʘʚʣʷʶʱʠʡ ʵʣʝʢʪʨʦʜ ʧʦʜʘʸʪʩʷ ʩ ʫʩʣʦʚʥʦʛʦ ʘʥʦʜʘ ʯʝʨʝʟ 

ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʴʥʳʡ ʨʝʟʠʩʪʦʨ ʠ ʚʳʢʣʶʯʘʪʝʣʴ. ʋʧʨʘʚʣʷʪʴ ʩʠʤʠʩʪʦʨʦʤ 

ʫʜʦʙʥʦ, ʟʘʜʘʚʘʷ ʦʧʨʝʜʝʣʸʥʥʫʶ ʩʠʣʫ ʪʦʢʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ, 

ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʦʪʧʠʨʘʥʠʷ. 

ɼʣʷ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ ʮʝʧʝʡ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʠʪʘʥʠʷ ʣʫʯʰʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʦʧʘʨʫ. ʆʧʪʦʧʘʨʳ ʩʦʩʪʦʷʪ ʠʟ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʩʚʝʪʦʜʠʦʜʘ ʠ 

ʬʦʪʦʩʠʤʠʩʪʦʨʘ. ʕʪʦʪ ʬʦʪʦʩʠʤʠʩʪʦʨ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʤʦʱʥʳʤ ʩʠʤʠʩʪʦʨʥʳʤ ʢʣʶʯʦʤ [2]. 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ, ʧʦʜʚʝʜʝʥʥʦʡ ʢ ʥʘʛʨʫʟʢʝ ʯʝʨʝʟ ʩʠʤʠʩʪʦʨ, 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʘʟʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʧʨʦʧʫʩʢʝ ʯʘʩʪʠ ʧʦʣʫʧʝʨʠʦʜʘ ʩʝʪʝʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʦʥ ʘʥʘʣʦʛʠʯʝʥ 

ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ. ʄʦʱʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢ ʜʦʣʛʦ 

ʩʠʤʠʩʪʦʨ ʥʘʭʦʜʠʪʩʷ ʚ ʚʳʢʣʶʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʈʠʩ.1). 

 
ʈʠʩ. 1. ï ʄʦʱʥʦʩʪʴ, ʧʦʜʚʝʜʝʥʥʘʷ ʢ ʥʘʛʨʫʟʢʝ 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʉʠʤʠʩʪʦʨ ʦʯʝʥʴ ʫʜʦʙʝʥ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ 

ʧʠʪʘʥʠʝʤ. ʇʦʧʫʣʷʨʥʳ ʨʝʰʝʥʠʷ, ʢʦʛʜʘ ʠʤ ʟʘʤʝʥʷʶʪ ʦʙʳʯʥʦʝ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʝ ʨʝʣʝ. ʇʣʶʩ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ï ʦʪʩʫʪʩʪʚʫʝʪ 

ʬʠʟʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚʢʣʶʯʝʥʠʝ ʧʠʪʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʥʘʜʝʞʥʝʝ, ʧʝʨʝʢʣʶʯʝʥʠʝ ʙʝʩʰʫʤʥʳʤ, ʨʝʩʫʨʩ ʥʘ ʧʦʨʷʜʢʠ ʙʦʣʴʰʝ, 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʚʳʰʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʋʧʨʘʚʣʝʥʠʝ ʤʦʱʥʦʡ ʥʘʛʨʫʟʢʦʡ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://velikodniy.github.io/2017/01/06/power-control/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 18.04.22) 

2. ʋʧʨʘʚʣʝʥʠʝ ʧʨʠʙʦʨʘʤʠ 220ɺ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http://myowndevice.ru/index.php/theory/item/52-upravlenie-

priborami-220v  (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 18.04.22)  

https://velikodniy.github.io/2017/01/06/power-control/
http://myowndevice.ru/index.php/theory/item/52-upravlenie-priborami-220v
http://myowndevice.ru/index.php/theory/item/52-upravlenie-priborami-220v
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʤʘʪʝʨʠʘʣʘʭ ʜʦʢʣʘʜʘ ʦʙʩʫʞʜʘʝʪʩʷ ʦʙʫʯʘʶʱʠʡ ʩʪʝʥʜ ʥʘ ʙʘʟʝ 

STM32, ʘ ʠʤʝʥʥʦ ʩʨʘʚʥʠʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʠ 

ʧʣʘʪ ʦʪ STMicroelectronics ʠ Arduino. ʊʘʢ ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪʣʘʜʢʘ 

ʧʣʘʪʳ STM32, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʦʙʫʯʘʶʱʝʛʦ ʩʪʝʥʜʘ. 

 

Abstract 

The materials of the report discuss a training stand based on STM32, 

namely, the characteristics of microcontrollers and boards from 

STMicroelectronics and Arduino are compared. The debugging of the STM32 

board, which is the basis of the training stand, is also considered. 

 

1.ɺʚʝʜʝʥʠʝ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʩʪʘʣʢʠʚʘʣʩʷ ʩ ʦʙʫʯʘʶʱʠʤʠ ʤʘʢʝʪʘʤʠ ʥʘ ʙʘʟʝ 

Arduino ʠ ʢʘʞʜʳʡ ʭʦʪʷ ʙʳ ʨʘʟ ʚ ʞʠʟʥʠ ʩʦʟʜʘʚʘʣ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʣ 

ʧʨʦʩʪʝʡʰʠʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʦʪʣʘʜʦʯʥʳʭ ʧʣʘʪʘʭ Arduino. ʆʜʥʘʢʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʥʘ ʷʜʨʝ AVR, ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʥʘ ʜʘʥʥʳʭ ʧʣʘʪʘʭ, ʦʛʨʘʥʠʯʝʥʳ. ɺ ʢʘʯʝʩʪʚʝ ʙʦʣʝʝ ʤʦʱʥʦʛʦ çʘʧʧʘʨʘʪʘè 

ʚʧʦʣʥʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʦʪ STM32, ʢʦʪʦʨʳʝ ʫʞʝ 

ʠʜʫʪ ʥʘ ʷʜʨʝ ARM. 

2.ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʧʣʘʪ ʦʪ STM32 ʠ 

Arduino. 
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ʇʨʦʚʝʜʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʦʪ STM32 ʠ 

Arduino, ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ çʮʝʥʘ-ʢʘʯʝʩʪʚʦè, 

STM32 ʠʤʝʝʪ ʷʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ.  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʦʙʫʯʘʶʱʝʛʦ ʤʘʢʝʪʘ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ 

STM32, ʪʦ ʧʦʜʦʙʥʳʭ ʤʘʢʝʪʦʚ, ʢʘʢ ʫ Arduino, ʥʘ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 

ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʥʘ ʨʳʥʢʝ ʥʝ ʠʤʝʝʪʩʷ. ʇʦʵʪʦʤʫ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʝʘʣʠʟʦʚʘʪʴ ʜʘʥʥʳʡ ʩʪʝʥʜ, ʩʜʝʣʘʚ ʝʛʦ ʦʙʫʯʘʶʱʠʤ, ʠ 

ʧʨʦʚʝʩʪʠ ʦʪʣʘʜʢʫ ʜʘʥʥʦʡ ʧʣʘʪʳ ʥʘ ʧʦʥʷʪʥʦʤ ʷʟʳʢʝ.  

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʩʝʪʠ ʦʯʝʥʴ ʤʘʣʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʘʢʠʭ 

ʩʪʝʥʜʦʚ ʠʜʫʱʠʭ ʥʘ ʙʘʟʝ STM32, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʪʘʤʠ 

Arduino. ʋ ʜʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠʤʝʶʪʩʷ ʛʦʪʦʚʳʝ ʦʪʣʘʜʦʯʥʳʝ ʧʣʘʪʳ,  ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʳ ʚʳʙʨʘʣʠ STM32F407VG. ʊʘʢ ʞʝ ʥʘʨʷʜʫ ʩ ArduinoIDE ʫ 

STM32 ʠʤʝʝʪʩʷ ʩʚʦʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʦʪʣʘʜʢʠ: STM32CubeIDE.  

3.ɺʳʚʦʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʠ ʧʨʦʝʢʪʳ ʙʫʜʫʪ ʩʦʟʜʘʚʘʪʴʩʷ ʥʘ ʤʘʢʝʪʥʳʭ 

ʧʣʘʪʘʭ (ʙʝʟ ʧʘʡʢʠ, ʩ ʧʦʤʦʱʴʶ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʧʨʦʚʦʜʢʦʚ), ʩʦʙʠʨʘʪʴ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʟʘʧʫʩʢʘʪʴ ʠʭ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32. ɺ ʵʪʦʤ ʠ 

ʝʩʪʴ ʚʘʞʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. ɺʩʝ ʩʚʦʜʠʪʩʷ ʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʚʩʝ ʢʘʢ ʠ ʫ Arduino. ʊʦʣʴʢʦ ʪʘʢ ʥʘʫʯʠʤʩʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʠ ʨʘʙʦʪʘʪʴ ʥʘ 

ʥʠʭ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. STM32 ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ ʧʦʩʣʝ Arduino 

[ʕʣʝʢʪʨʦʥʥʳʡ ʠʩʪʦʯʥʠʢ]. ï 2019 ï URL: 

https://arduinomaster.ru/stm32/stm32-mikrokontroller-dlya-nachinayushhih-

posle-arduino 

2. Tools and software. [ʕʣʝʢʪʨʦʥʥʳʡ ʠʩʪʦʯʥʠʢ]. ï 2022 - URL: 

https://www.st.com/content/st_com/en/search.html#q=stm32-t=tools-page=1 

3. STM32F407VG [ʕʣʝʢʪʨʦʥʥʳʡ ʠʩʪʦʯʥʠʢ]. ï 2022 ï URL: 

https://www.st.com/en/microcontrollers-microprocessors/stm32f407vg.html 

4. ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʦʪʣʘʜʢʠ ʧʣʘʪ ï STM32CubeIDE []. ï 2022 ï URL: 

https://www.st.com/en/development-tools/stm32cubeide.html  

https://arduinomaster.ru/stm32/stm32-mikrokontroller-dlya-nachinayushhih-posle-arduino
https://arduinomaster.ru/stm32/stm32-mikrokontroller-dlya-nachinayushhih-posle-arduino
https://www.st.com/content/st_com/en/search.html#q=stm32-t=tools-page=1
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʚʪʦʤʘʪʳ ʬʠʨʤʳ 

Europlacer ʜʣʷ ʫʩʪʘʥʦʚʢʠ SMD ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ. 

 

Abstract 

The article discusses intelligent automata by Europlacer for installing 

SMD components on printed circuit boards. 

 

1. ɺʚʝʜʝʥʠʝ 

ʌʠʨʤʘ Blakell Europlacer International ltd ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʚ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʚ 1970 ʛʦʜʫ ʢʘʢ ʨʘʟʨʘʙʦʪʯʠʢ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʩʙʦʨʦʯʥʳʭ 

ʤʘʰʠʥ ʠʟʜʝʣʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ. ʊʦʣʴʢʦ ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʬʠʨʤʘ 

ʧʦʩʪʘʚʠʣʘ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʙʦʣʝʝ 2000 ʘʚʪʦʤʘʪʦʚ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʤʦʥʪʘʞʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʠʨʤʘ Europlacer ʧʨʦʠʟʚʦʜʠʪ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʚʪʦʤʘʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 10 ʜʦ 50 ʪʳʩ. 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʯʘʩ, ʧʨʝʢʨʘʩʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʩʝʙʷ ʚ ʤʝʣʢʦʩʝʨʠʡʥʦʤ 

ʠ ʩʨʝʜʥʝʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘʭ. 

2. ɺʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʘʚʪʦʤʘʪʦʚ ʬʠʨʤʳ Europlacer 

ɸʚʪʦʤʘʪʳ ʫʩʪʘʥʦʚʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʦʩʦʙʥʳ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʢʦʤʧʦʥʝʥʪʳ ʨʘʟʤʝʨʦʤ ʦʪ 0,4x0,2 ʤʤ ʜʦ 70x70 ʤʤ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʦʡ 

35 ʤʤ, ʘ ʪʘʢʞʝ ʰʘʨʠʢʠ ʧʨʠʧʦʷ ʠ ʥʘʢʣʝʡʢʠ. ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʘʚʪʦʤʘʪʦʚ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ 
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ʫʚʝʣʠʯʝʥʥʦʡ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʴʶ ʜʦ 1610x600 ʤʤ ʠ ʫʩʪʘʥʦʚʠʪʴ ʜʦ 10 

ʤʘʪʨʠʯʥʳʭ ʧʦʜʜʦʥʦʚ ʚʥʫʪʨʠ ʘʚʪʦʤʘʪʘ [1]. 

ʆʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʘʚʪʦʤʘʪʦʚ ʬʠʨʤʳ Europlacer 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʧʠʪʘʪʝʣʠ (ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʘʶʱʠʝ SMD 

ʢʦʤʧʦʥʝʥʪʳ ʥʘ ʩʙʦʨʢʫ) ʷʚʣʷʶʪʩʷ "ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ" ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʳʣʠ 

ʟʘʧʘʪʝʥʪʦʚʘʥʳ ʬʠʨʤʦʡ ʚ 1990 ʛ. ɺ ʢʘʞʜʦʤ ʧʠʪʘʪʝʣʝ ʫʩʪʘʥʦʚʣʝʥʘ 

ʤʠʢʨʦʩʭʝʤʘ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ ʫʧʨʘʚʣʷʶʱʠʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʤʘʰʠʥʳ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʠʪʘʪʝʣʴ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘ ʣʶʙʦʡ ʧʦʟʠʮʠʠ ʟʦʥʳ ʧʠʪʘʪʝʣʝʡ ʠʣʠ ʟʘʤʝʥʝʥ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʘ. ʀʥʜʠʢʘʮʠʷ ʥʘ ʧʠʪʘʪʝʣʝ ʫʢʘʟʳʚʘʝʪ ʦʧʝʨʘʪʦʨʫ, ʚ 

ʢʘʢʦʤ ʧʠʪʘʪʝʣʝ ʟʘʢʦʥʯʠʣʠʩʴ ʢʦʤʧʦʥʝʥʪʳ, ʘ ʧʨʠ ʟʘʛʨʫʟʢʝ ʥʘ ʘʚʪʦʤʘʪ 

ʥʦʚʦʛʦ ʨʘʙʦʯʝʛʦ ʟʘʜʘʥʠʷ ʩʦʦʙʱʘʝʪ ʦʙ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʠʪʘʪʝʣʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʧʝʨʝʥʘʩʪʨʦʡʢʠ 

ʘʚʪʦʤʘʪʘ ʩ ʦʜʥʦʛʦ ʪʠʧʘ ʧʣʘʪ ʥʘ ʜʨʫʛʦʡ, ʠ ʠʩʢʣʶʯʘʶʪʩʷ ʦʰʠʙʢʠ ʦʧʝʨʘʪʦʨʘ. 

ɺʨʝʤʷ ʧʝʨʝʥʘʩʪʨʦʡʢʠ ʘʚʪʦʤʘʪʘ ʩʦʢʨʘʱʝʥʦ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʚʘʢʫʫʤʥʳʡ 

ʟʘʭʚʘʪ ʠʤʝʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʙʠʥʘʨʥʳʡ ʢʦʜ, ʠ ʠʟʚʝʩʪʥʦ, ʢʘʢʦʡ ʟʘʭʚʘʪ 

ʫʩʪʘʥʦʚʣʝʥ ʚ ʤʘʛʘʟʠʥʝ ʘʚʪʦʤʘʪʘ. 

ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʚʪʦʤʘʪʦʚ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ: ʪʝʭʥʦʣʦʛʠʷ "ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ" ʧʠʪʘʪʝʣʝʡ; 

ʰʠʨʦʢʠʡ ʨʘʟʤʝʨʥʳʡ ʜʠʘʧʘʟʦʥ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; ʤʦʱʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ; ʙʝʩʧʨʦʚʦʜʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʦ Wi-Fi; ʧʨʠʚʣʝʢʘʪʝʣʴʥʘʷ ʮʝʥʘ; ʥʘʣʠʯʠʝ ʩʝʨʚʠʩʥʦʡ 

ʩʣʫʞʙʳ ʚ ʈʦʩʩʠʠ [2]. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɸʚʪʦʤʘʪ ʦʯʝʥʴ ʵʨʛʦʥʦʤʠʯʝʥ ʠ ʠʥʬʦʨʤʘʪʠʚʝʥ. ʆʥ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ: 

ʩʝʨʠʡʥʳʝ ʥʦʤʝʨʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʜʘʪʳ ʠ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʜʘʥʥʳʝ ʧʦ 

ʢʦʤʧʦʥʝʥʪʘʤ, ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ 

ʟʘʛʨʫʟʢʫ ʧʨʦʛʨʘʤʤ ʧʦ ʰʪʨʠʭ-ʢʦʜʘʤ ʠ ʠʭ ʩʯʠʪʳʚʘʥʠʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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mSH_IA1.shtml (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.04.22).  



371 

 

 

ʋɼʂ 54.052 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʇʆʉʆɹʆɺ ʄʆɼʀʌʀʂɸʎʀʀ ʇʆɺɽʈʍʅʆʉʊʀ 

ʅʀʂɽʃɽɺʓʍ ʕʃɽʂʊʈʆɼʆɺ ɼʃʗ ʇʆɺʓʐɽʅʀʗ ʀʍ 

ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ 

 

ʄʘʥʩʫʨʦʚ ʈ.ʅ. 

(ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ 

ʈɸʅè, ʂʘʟʘʥʴ) 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʦʨʦʟʦʚ ʄ.ɺ., ʢ.ʪ.ʥ. 

(ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ-ʂɸʀ, ʛ. ʂʘʟʘʥʴ) 

 

INVESTIGATION OF WAYS TO MODIFY THE SURFACE OF 

NICKEL ELECTRODES TO INCREASE THEIR 

ELECTROCHEMICAL ACTIVITY  

 

Mansurov R.N. 

(FRC Kazan Scientific Center, Russian Academy of Sciences, Kazan) 

Supervisor: Morozov M.V., PhD 

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

KAI, Kazan) 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʥʠʢʝʣʝʚʳʭ ʵʣʝʢʪʨʦʜʦʚ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʚʢʣʶʯʘʷ ʠʭ ʢʦʤʙʠʥʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠ ʙʳʣ ʚʳʙʨʘʥ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʤʝʪʦʜ ʦʯʠʩʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

Abstract 

The article discusses methods of cleaning nickel electrodes in order to 

increase their electrochemical activity. Experiments have been carried out using 

various methods for modifying surfaces, including combinations thereof. The 

obtained results were analyzed and the most optimal method of surface 

cleaning was chosen in order to improve electrochemical activity. 

1. ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʦʯʠʩʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ [1]: 
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¶ ʆʯʠʩʪʢʘ ʨʫʯʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

¶ ʍʠʤʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ 

¶ ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ (ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ) ʦʯʠʩʪʢʘ 

¶ ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʯʠʩʪʢʘ  

2. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

 
ʈʠʩ. 3. ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʥʠʢʝʣʝʚʳʭ ʵʣʝʢʪʨʦʜʦʚ 

ʚ ʨʘʩʪʚʦʨʝ 0.1 ʄ KOH ʧʨʠ v=20 ʤɺ/ʩ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʵʣʝʢʪʨʦʜʘ: a 

ï ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ (ʋɿ) , b ï ʭʠʤʠʯʝʩʢʘʷ (ʍ) ʦʯʠʩʪʢʠ ʘʮʝʪʦʥʦʤ, ʩ - ʍ ʦʯʠʩʪʢʘ 

ʠʟʦʧʨʦʧʠʣʦʚʳʤ ʩʧʠʨʪʦʤ, d - ʢʘʪʦʜʥʘʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ (ʕʍ) (I=0.5ʤɸ , t=100 

ʩʝʢ), e- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʋɿ, ʍ ʠ ʕʍ (ʢʦʤʧʣʝʢʩʥʘʷ), f- ʍ ʦʯʠʩʪʢʘ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʦʡ ʩ ‫ ςυϷ, g-ʍ ʦʯʠʩʪʢʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ‫ ρπϷ. 

ʀʩʭʦʜʷ ʠʟ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʥʘ ʮʠʢʣʠʯʝʩʢʠʭ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ 

ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʠʢʝʣʝʚʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʪʦʜ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʢʘʪʦʜʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ 

ʧʨʠʜʘʝʪ ʥʠʢʝʣʝʚʦʤʫ ʵʣʝʢʪʨʦʜʫ ʥʘʠʙʦʣʴʰʫʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʌʀʎ ʂʘʟʅʎ 

ʈɸʅ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʜʘʪʯʠʢ ʮʚʝʪʘ TCS3200, ʝʛʦ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʪʠʧʠʯʥʘʷ ʩʭʝʤʘ ʧʨʠʤʝʥʝʥʠʷ TCS3200. 

 

Abstract 

The article discusses the TCS3200 color sensor, its operating range. A 

typical TCS3200 application scheme is presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ɼʘʪʯʠʢ ʦʪʪʝʥʢʘ ʮʚʝʪʘ ï ʵʪʦ ʩʨʝʜʩʪʚʦ ʠʟʤʝʨʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʧʦʟʥʘʪʴ ʮʚʝʪʦʚʦʡ ʦʪʪʝʥʦʢ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʠ 

ʦʩʚʝʱʝʥʥʦʩʪʴ. ʈʘʩʩʤʦʪʨʠʤ ʜʘʪʯʠʢ ʦʪʪʝʥʢʘ ʮʚʝʪʘ ʢʦʤʧʘʥʠʠ TAOS ʩ 

ʘʨʪʠʢʫʣʦʤ  TCS3200 (ʨʠʩ. 1). 

 
ʈʠʩ. 1 ï ɼʘʪʯʠʢ ʦʪʪʝʥʢʘ ʮʚʝʪʘ TCS3200. 

2. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʪʪʝʥʢʦʚ ʮʚʝʪʘ 

ɼʘʪʯʠʢʠ ʦʪʪʝʥʢʘ ʮʚʝʪʘ TCS3200 ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʠʩʪʝʤ ʩ 

ʙʘʪʘʨʝʡʥʳʤ ʧʠʪʘʥʠʝʤ, ʛʜʝ ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 
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3,3 ɺ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʧʨʠ ʥʠʟʢʦʤ ʥʘʧʨʷʞʝʥʠʠ 2,7 ɺ. 

ɺ ʭrʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʘʪʯʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʷʤʦʡ ʚʚʦʜ ʚ ʢʦʥʪʨʦʣʣʝʨ ʠʣʠ 

ʜʨʫʛʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʆʥʠ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʢ ʩʠʩʪʝʤʘʤ ʩ ʥʠʟʢʠʤ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ.ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʪ -40 ÁC ʜʦ +85 ÁC, ʦʩʥʘʱʝʥʦ ʢʦʥʚʝʨʪʝʨʦʤ, ʧʨʝʦʙʨʘʟʫʶʱʠʤ 

ʜʘʥʥʳʝ ʦʪ ʬʦʪʦʜʠʦʜʦʚ ʚ ʢʚʘʜʨʘʪʥʫʶ ʚʦʣʥʫ ʩ ʯʘʩʪʦʪʦʡ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ 

ʷʨʢʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʮʚʝʪʘ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ ʟʥʘʯʝʥʠʷʤʠ 

ʯʘʩʪʦʪʳ 100%, 20% ʠ 2% ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʚʳʭʦʜʦʚ[1]. 

ʉʫʱʝʩʪʚʫʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʩʚʝʪʘ. ɼʠʘʧʘʟʦʥ ʪʠʧʠʯʥʦʡ ʚʳʭʦʜʥʦʡ ʯʘʩʪʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 2 ɻʮ ~ 500 ʢɻʮ. 

ɿʘʪʝʤ ʵʪʘ ʯʘʩʪʦʪʘ ʩʯʠʪʳʚʘʝʪʩʷ ʢʦʥʪʨʦʣʣʝʨʦʤ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʘ 

ʪʠʧʠʯʥʘʷ ʩʭʝʤʘ ʜʘʪʯʠʢʘ ʮʚʝʪʘ. 

 
ʈʠʩ. 2 ï ʊʠʧʠʯʥʘʷ ʩʭʝʤʘ ʧʨʠʤʝʥʝʥʠʷ TCS3200. 

ɼʘʪʯʠʢ ʮʚʝʪʘ TCS3200 ʩʦʩʪʦʠʪ ʠʟ 64 ʬʦʪʦʜʠʦʜʦʚ, 48 ʠʟ ʢʦʪʦʨʳʭ ʩ 

ʢʨʘʩʥʳʤ, ʟʝʣʝʥʳʤ ʠʣʠ ʩʠʥʠʤ ʬʠʣʴʪʨʦʤ, 16 ʥʝ ʧʦʢʨʳʪʳ ʮʚʝʪʥʳʤʠ 

ʬʠʣʴʪʨʘʤʠ[2]. ʌʠʣʴʪʨʳ ʢʘʞʜʦʛʦ ʮʚʝʪʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 

ʚʩʝʤʫ ʤʘʩʩʠʚʫ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʩʤʝʱʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʤʝʞʜʫ 

ʮʚʝʪʘʤʠ. 

3. ɿʘʢʣʶʯʝʥʠʝ  

ʉʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ ʚʥʝʰʥʠʭ ʩʚʝʪʦʚʳʭ ʧʦʤʝʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʦʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʮʚʝʪʘ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʤʝʩʪʠʪʴ 

ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʠ ʜʘʪʯʠʢ ʮʚʝʪʘ ʚ ʟʘʢʨʳʪʫʶ ʢʦʨʦʙʢʫ ʙʝʟ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ 

ʜʣʷ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. TCS3200 GBB Color Sensor For Arduino [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://wiki .dfrobot.com/TCS3200_Color_Sensor (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 09.04.2022). 

2. T. Drevinskas A. Maruska E. Gladkauskas Design and applications of 

miniaturized, portable LED based colorimeter // Chemija Volume 29, Issue 04, 

2018  

https://www.dfrobot.com/product-540.html
https://wiki.dfrobot.com/TCS3200_Color_Sensor
https://www.researchgate.net/journal/Chemija-0235-7216
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʜʦʩʪʫʧʘ ʥʘ 

ʦʙʲʝʢʪʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ NFC ʪʝʭʥʦʣʦʛʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʧʘʨʝ ʩ 

ʩʠʩʪʝʤʦʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ. ʆʧʠʩʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʤʦʜʫʣʝʡ. 

 

Abstract 

This article presents methods for providing secure access to objects 

using NFC technologies, working in tandem with a face recognition system. 

The technological advantages of the modules are described. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ (ʉʂʋɼ) ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʚʩʝʤʝʩʪʥʦ, ʥʦ ʟʘʯʘʩʪʫʶ ʦʥʠ ʥʝ ʷʚʣʷʶʪʩʷ ʤʦʙʠʣʴʥʳʤʠ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ ʠ ʤʦʜʫʣʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

2. ʄʝʪʦʜʳ ʨʝʘʣʠʟʘʮʠʠ 

ʉʂʋɼ ʥʘ ʦʩʥʦʚʝ NFC ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ ʠʟ 

ʙʘʟʳ ʜʘʥʥʳʭ (ɹɼ) ʠ ʩʨʘʚʥʠʚʘʝʪ ʩ ʜʘʥʥʳʤʠ ʤʦʜʫʣʝʡ. ɺ ɹɼ ʩʦʜʝʨʞʠʪʩʷ 

ʥʦʤʝʨ NFC ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʦʙʣʘʢʦ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʠʟʦʙʨʘʞʝʥʠʷ 

ʯʝʣʦʚʝʢʘ. ʆʪʣʠʯʠʝ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ 

ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʉʂʋɼ ʩ ʦʙʳʯʥʦʡ ʢʘʤʝʨʦʡ ʨʘʙʦʪʘʝʪ 



376 

 

 

ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, 

ʦʜʥʘʢʦ ʦʥʘ ʥʝ ʟʘʱʠʱʝʥʘ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʧʫʪʝʤ 

ʧʦʜʤʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʘʢʞʝ ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʠʩʧʦʣʴʟʫʝʤʦʤ ʧʦʤʝʱʝʥʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʛʠʙʢʠʝ ʧʨʘʚʠʣʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʠʮ, ʧʦʵʪʦʤʫ ʪʘʢʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʧʦʜʦʡʜʝʪ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤ ʧʦʪʦʢʦʤ ʣʶʜʝʡ [1]. 

ɿʘʱʠʱʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʀʂ-ʠʟʣʫʯʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʧʨʦʝʮʠʨʫʝʪ ʥʘ 

ʣʠʮʦ ʯʝʣʦʚʝʢʘ ʥʝʚʠʜʠʤʳʝ ʛʣʘʟʫ ʪʦʯʢʠ, ʠ ʀʂ-ʢʘʤʝʨʫ, ʩʯʠʪʳʚʘʶʱʫʶ 

ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʥʘ ʣʠʮʝ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 3D-ʤʦʜʝʣʠ. ʀʂ-ʠʟʣʫʯʝʥʠʝ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʦʩʚʝʱʝʥʠʷ, ʦʜʥʘʢʦ ʟʘʤʝʜʣʷʝʪ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ. ʉʠʩʪʝʤʘ 

ʧʦʜʭʦʜʠʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʩ ʤʘʣʳʤ ʧʦʪʦʢʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʫʩʠʣʝʥʥʦʡ 

ʦʭʨʘʥʦʡ. ɹʘʥʢʠ, ʯʘʩʪʥʳʝ ʜʦʤʘ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ [2]. 

 
ʈʠʩ. 1. ʈʘʙʦʪʘ ʀʂ-ʢʘʤʝʨʳ 

ʂʦʥʩʪʨʫʢʮʠʠ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʩʦʩʪʦʷʪ ʠʟ ʙʣʦʢʘ ʧʠʪʘʥʠʷ, 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, NFC ʩʯʠʪʳʚʘʪʝʣʷ ʠ ʧʣʘʪʳ ʩ ʢʘʤʝʨʦʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠʩʧʦʣʴʟʫʝʤ STM32MP157C-DK2 ʩ ʛʨʘʬʠʯʝʩʢʠʤ 3D-

ʧʨʦʮʝʩʩʦʨʦʤ, ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ 512 ʄʙʠʪ, ɾʂ-ʜʠʩʧʣʝʝ ʠ ʨʘʟʲʝʤʘʤʠ, 

ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʠ ʩʦʟʜʘʥʠʷ 

ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤ. ʄʦʜʫʣʴ X-NUCLEO-NFC03A1 ʩ ʥʘʧʨʷʞʝʥʠʝʤ 

ʧʠʪʘʥʠʷ 3.3V ʠ ʯʘʩʪʦʪʦʡ 13,56 ʄɻʮ ʜʣʷ ʨʘʙʦʪʳ ʩ NFC. ʇʦʜʭʦʜʷʱʠʤʠ 

ʤʦʜʫʣʷʤʠ ʢʘʤʝʨʳ ʷʚʣʷʶʪʩʷ OV5640 ʩ ʨʘʟʨʝʰʝʥʠʝʤ 5 ʄʧ ʠʣʠ FA10M (5V) 

ʩ ʀʂ ʧʦʜʩʚʝʪʢʦʡ ʜʣʷ 3D ʩʢʘʥʠʨʦʚʘʥʠʷ. ɺʤʝʩʪʦ ʤʦʜʫʣʷ ʢʘʤʝʨʳ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʫʶ USB ʢʘʤʝʨʫ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʟʘʱʠʱʝʥʥʦʡ ʠ ʪʦʯʥʦʡ ʷʚʣʷʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʷ ʩ ʀʂ ʠʟʣʫʯʝʥʠʝʤ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʜʦʩʪʫʧʘ ʥʘ ʦʙʲʝʢʪʳ. ʂʦʵʬʬʠʮʠʝʥʪ ʣʦʞʥʦʛʦ ʧʨʦʧʫʩʢʘ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ ʨʘʚʝʥ 0,0005%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʦʙʳʯʥʦʡ 0,1%. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʀʅʊɽʄʉ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

securityrussia.com/blog/face-recognition.html .ïɼʘʪʘ ʜʦʩʪʫʧʘ: 02.04.2022. 

2. ʀʅʊɽʄʉ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

securityrussia.com/blog/nfc.html .ïɼʘʪʘ ʜʦʩʪʫʧʘ: 02.04.2022.  

https://securityrussia.com/blog/nfc.html
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʚʳʧʦʣʥʝʥʥʳʤ ʚ ʩʨʝʜʝ 

ʨʘʟʨʘʙʦʪʢʠ LabVIEW. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʡ 

ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

 

Abstract 

The article considers a system for measuring spectral characteristics, 

with software developed in the LabVIEW development environment. The 

results of using a system for measuring the spectral characteristics of electrical 

fluctuations of a hydrogen fuel cell are presented. 

 

1. ɺʚʝʜʝʥʠʝ 

ʌʣʫʢʪʫʘʮʠʠ ʠ ʰʫʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʩʣʫʯʘʡʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʚʦ ʚʨʝʤʝʥʠ ʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʜʨʫʛʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʢʘʥʘʣʘʭ 

ʩʚʷʟʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʬʣʫʢʪʫʘʮʠʠ ʠ ʰʫʤʳ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʢʘʢ 

ʵʬʬʝʢʪ, ʫʭʫʜʰʘʶʱʠʡ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʫʨʳ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʤʝʪʦʜʳ ʜʣʷ ʝʛʦ ʫʤʝʥʴʰʝʥʠʷ. ʆʜʥʘʢʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʛʦʚʦʨʷʪ ʦ 
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ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʲʝʢʪʦʚ ʠ ʩʠʩʪʝʤ [1,2]. ɼʣʷ ʦʙʦʠʭ ʩʣʫʯʘʝʚ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʣʫʢʪʫʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

2. ʉʠʩʪʝʤʘ ʦʮʝʥʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʫʯʘʡʥʳʭ 

ʩʠʛʥʘʣʦʚ 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʬʣʫʢʪʫʘʮʠʡ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʙʘʟʝ 

ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ NI PXI-5922 ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ 

LabVIEW. 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ 

ʦʢʦʥʥʦʝ ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ power 

spectrum. ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘ ʨʝʘʣʴʥʦʛʦ ʬʣʫʢʪʫʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ 

ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1 ï ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɸʥʘʣʠʟ ʨʠʩ.1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʮʝʣʦʤ ʧʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʨʘʙʦʪʘʭ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, ʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʩʣʫʯʘʡʥʳʭ ʩʠʛʥʘʣʦʚ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʣʫʢʪʫʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ. 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʬʣʫʢʪʫʘʮʠʡ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʂʦʛʘʥ ʐ.ʄ. ʕʣʝʢʪʨʦʥʥʳʡ ʰʫʤ ʠ ʬʣʫʢʪʫʘʮʠʠ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ // 

ʌʠʟʤʘʪʣʠʪ, ï 2009.  

2. ɼʝʥʠʩʦʚ ɽ.ʉ., ʉʘʣʘʭʦʚʘ ɸ.ʐ. ʆʮʝʥʢʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʰʫʤʘ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ // ʅʝʣʠʥʝʡʥʳʡ 

ʤʠʨ, ï 2017, ï ʊ. 15 ˉ1, ï ʩ. 71-77.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦ ʫʧʨʘʚʣʷʝʤʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ AC-AC. 

 

Abstract 

The article discusses the problems associated with the development of 

stabilized software-controlled AC-AC converters. 

 

1. ɺʚʝʜʝʥʠʝ. 

ɺ ʨʷʜʝ ʫʩʪʨʦʡʩʪʚ ʪʨʝʙʫʶʪʩʷ ʤʦʱʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʚʭʦʜʥʦʝ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʯʘʩʪʦʪʦʡ. 

2. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. 

ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʣʫʯʰʠʤ 

ʚʘʨʠʘʥʪʦʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʠʣʠʪʝʣʝʡ ʢʣʘʩʩʘ D. 

ɺ ʜʘʥʥʳʭ ʫʩʠʣʠʪʝʣʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʘʥʟʠʩʪʦʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʝʞʠʤʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʶʯʝʡ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʪʨʘʥʟʠʩʪʦʨʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʩʷ 

ʪʦʣʴʢʦ ʚ ʜʚʫʭ ʩʦʩʪʦʷʥʠʷʭ: ʨʝʞʠʤ ʦʪʩʝʯʢʠ ʠ ʨʝʞʠʤ ʥʘʩʳʱʝʥʠʷ. ʇʝʨʝʭʦʜ 

ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ, ʟʘ ʩʯʝʪ 

ʯʝʛʦ ʫʤʝʥʴʰʘʶʪʩʷ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʠʡ ʂʇɼ, 

ʦʙʳʯʥʦ ʙʦʣʝʝ 90%. ɺ ʫʩʠʣʠʪʝʣʝ ʢʣʘʩʩʘ D ʩʠʛʥʘʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʰʠʨʦʪʥʦ-
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ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ (ʐʀʄ). ʇʦʣʫʯʝʥʥʳʡ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ ʐʀʄ-

ʩʠʛʥʘʣ ʨʝʛʫʣʠʨʫʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ, ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʙʣʦʢʝ ʧʠʪʘʥʠʷ. ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʐʀʄ-ʩʠʛʥʘʣ ʦʙʨʘʪʥʦ ʚ ʧʝʨʝʤʝʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ.  

ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʧʦʩʪʨʦʝʥʠʷ ʤʦʱʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ 

ʠʭ ʙʣʦʢʠ ʧʠʪʘʥʠʷ. ɺ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʂʇɼ ʠ ʚʳʩʦʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʧʫʣʴʩʥʳʡ ʙʣʦʢ ʧʠʪʘʥʠʷ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ɸʉ-ɸʉ. 

3. ɿʘʢʣʶʯʝʥʠʝ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʱʥʦʩʪʠ, 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʦʡ 

ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ. 

ɼʘʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʠʩʪʦʯʥʠʢʘʤʠ 

ʧʠʪʘʥʠʷ ʣʶʙʦʡ ʯʘʩʪʦʪʳ, ʚʢʣʶʯʘʷ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʊʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʙʦʪʘ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʙʘʟʝ ʜʘʪʯʠʢʦʚ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʙʳʪʦʚʦʡ ʩʬʝʨʝ. 

 

Abstract 

This article describes the operation of lighting devices built on the basis 

of proximity sensors in the domestic sphere. 

 

1. ɺʚʝʜʝʥʠʝ 

ʅʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʫʩʪʨʦʡʩʪʚʦ ʚʥʫʪʨʠ ʩʚʝ-

ʪʠʣʴʥʠʢʘ ʩ ʣʶʙʳʤ ʪʠʧʦʤ ʣʘʤʧ. ɺ ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷ ʤʦʱʥʦʩʪʴ 

ʧʦʪʨʝʙʣʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ. ʃʘʤʧʳ ʩ ʜʘʪʯʠʢʘʤʠ ʜʚʠʞʝʥʠʷ ʦʯʝʥʴ ʫʜʦʙʥʳ 

ʚ ʧʦʤʝʱʝʥʠʷʭ, ʛʜʝ ʥʝ ʥʫʞʝʥ ʧʦʩʪʦʷʥʥʳʡ ʩʚʝʪ [1]. ɺ ʥʠʭ ʦʩʚʝʱʝʥʠʝ 

ʜʦʣʞʥʦ ʟʘʛʦʨʘʪʴʩʷ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʯʝʣʦʚʝʢʘ, ʛʘʩʥʫʪʴ ʧʦʩʣʝ ʝʛʦ ʫʭʦʜʘ [2]. 

2. ʆʩʚʝʪʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʥʘ ʙʘʟʝ ʨʘʟʥʳʭ ʜʘʪʯʠʢʦʚ ʜʚʠʞʝʥʠʷ 

2.1 ʀʥʬʨʘʢʨʘʩʥʳʝ ʜʘʪʯʠʢʠ ʜʚʠʞʝʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ. ʏʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʥʦʝ ʧʦʣʝ 

ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʥʟʳ ʌʨʝʥʝʣʷ [3]. 

2.2 ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʘʪʯʠʢʠ ʜʚʠʞʝʥʠʷ 

ɺ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʣʝʞʠʪ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ. ʉʦʩʪʦʷʪ ʠʟ 

ʠʟʣʫʯʘʪʝʣʷ ʠ ʧʨʠʸʤʥʠʢʘ [4]. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʜʚʠʞʝʥʠʡ ï ʚʦʣʥʳ 
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ʥʘʯʠʥʘʶʪ ʠʟʤʝʥʷʪʩʷ. ʅʘ ʵʪʦ ʨʝʘʛʠʨʫʝʪ ʩʭʝʤʘ ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ. 

2.3 ʄʠʢʨʦʚʦʣʥʦʚʳʝ ʜʘʪʯʠʢʠ ʜʚʠʞʝʥʠʷ 

ʋ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʜʘʪʯʠʢʦʚ ʝʩʪʴ ʧʨʠʸʤʥʠʢ ʠ ʠʟʣʫʯʘʪʝʣʴ, ʢʦʪʦʨʳʝ 

ʨʝʘʛʠʨʫʶʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʨʘʜʠʦʚʦʣʥ. 

2.4 ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ 

ʀʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʠʟʘʮʠʡ: ʥʘ ʧʝʨʝʩʝʯʝʥʠʝ ʣʫʯʘ, ʥʘ 

ʩʚʝʪʦʚʦʟʚʨʘʱʝʥʠʝ ʠ ʥʘ ʜʠʬʬʫʟʥʦʝ ʦʪʨʘʞʝʥʠʝ. ɼʘʪʯʠʢ ʩ ʧʝʨʝʩʝʯʝʥʠʝʤ 

ʠʤʝʝʪ ʧʝʨʝʜʘʪʯʠʢ ʠ ʧʨʠʝʤʥʠʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘʧʨʦʪʠʚ ʜʨʫʛ ʜʨʫʛʘ. 

ʃʶʙʦʡ ʨʘʟʨʳʚ ʣʫʯʘ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʫʢʘʟʳʚʘʝʪ ʜʘʪʯʠʢʫ ʥʘ 

ʧʨʠʩʫʪʩʪʚʠʝ ʦʙʲʝʢʪʘ. ʉʚʝʪʦʚʦʟʚʨʘʱʝʥʠʝ: ʧʝʨʝʜʘʪʯʠʢ ʠ ʧʨʠʝʤʥʠʢ 

ʨʘʟʤʝʱʘʶʪʩʷ ʨʷʜʦʤ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʦʙʨʘʪʥʳʡ ʦʪʨʘʞʘʪʝʣʴ ʨʘʟʤʝʱʘʝʪʩʷ 

ʥʘʧʨʦʪʠʚ.ɼʘʪʯʠʢ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʪʨʘʞʘʝʪ ʣʫʯ ʦʪ ʣʶʙʦʛʦ 

ʙʣʠʞʘʡʰʝʛʦ ʦʙʲʝʢʪʘ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɼʘʪʯʠʢʠ ʧʨʠʙʣʠʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʩʚʝʱʝʥʠʝ ʢʘʢ 

ʥʘ ʫʣʠʮʝ, ʪʘʢ ʠ ʚ ʧʦʤʝʱʝʥʠʠ, ʠ ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʝʤ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ 

ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʪʦʨʘʷ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʝʞʠʤ ʝʛʦ ʨʘʙʦʪʳ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

 

Abstract 

The paper proposes a system for diagnosing a hydrogen fuel cell based 

on the analysis of relaxation processes. The system allows you to assess the 

technical condition of the fuel cell and adjust its mode of operation if 

necessary. 

 

1. ɺʚʝʜʝʥʠʝ 

ɼʠʘʛʥʦʩʪʠʢʘ ʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʊʕ) ʷʚʣʷʝʪʩʷ 

ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʜʣʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ. ɼʣʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʚ ʨʘʙʦʪʘʭ [1,2] ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʚʳʟʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʊʕ.  

2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 
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ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ 

ʵʣʝʤʝʥʪʘ (ʨʠʩ. 1), ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ: ʚʦʜʦʨʦʜʥʳʡ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ 

(ʊʕ), ʤʦʜʫʣʴ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ (ʄʀʅ), ʤʦʜʫʣʴ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ 

(ʄʀʊ), ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ɸʎʇ), ʧʝʨʩʦʥʘʣʴʥʳʡ 

ʢʦʤʧʴʶʪʝʨ (ʇʂ) ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʫʶ ʩʠʩʪʝʤʫ (ʄʇʉ), ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ 

ʚʭʦʜʷʪ ʤʦʜʫʣʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʄʇʆɼ), ʤʦʜʫʣʴ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ (ʄʀʇ), ʤʦʜʫʣʴ ʧʘʤʷʪʠ (ʄʇ), ʤʦʜʫʣʴ ʘʥʘʣʠʟʘ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʪʨʝʥʜʦʚ (ʄɸɼʊ) ʠ ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ (ʋʋ).  

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʊʕ 

ʅʘ ʚʦʜʦʨʦʜʥʦʤ ʪʦʧʣʠʚʥʦʤ ʵʣʝʤʝʥʪʝ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʫʣʝʡ ʄʀʊ ʠ 

ʄʀʅ ʠʟʤʝʨʷʶʪʩʷ ʪʦʢ ʠ ʥʘʧʨʷʞʝʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʩʠʛʥʘʣʳ 

ʦʮʠʬʨʦʚʳʚʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ɸʎʇ ʠ ʧʝʨʝʜʘʶʪʩʷ ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʫʶ 

ʩʠʩʪʝʤʫ. ʇʦʩʪʫʧʠʚʰʠʝ ʚ ʄʇʉ ʩʠʛʥʘʣʳ ʧʨʦʭʦʜʷʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʚ ʄʇʆɼ, ʟʘʪʝʤ ʧʝʨʝʜʘʶʪʩʷ ʚ ʄʀʇ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʧʦʩʪʫʧʘʶʪ ʥʘ ʭʨʘʥʝʥʠʝ ʚ ʄɼ. ʅʘʢʦʧʣʝʥʥʳʝ 

ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʄɸɼʊ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʄʦʜʫʣʴ ʋʋ ʦʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ ʦ 

ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʊʕ ʧʦʣʫʯʝʥʥʳʝ ʩ ʄʇʆɼ ʠ ʄɸɼʊ, ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʪʠʨʫʝʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʇʂ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ 

ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʚʘʪʴ ʝʛʦ 

ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʊ.ʇ. ʅʠʢʠʰʠʥ, ɽ.ʉ. ɼʝʥʠʩʦʚ, ʅ.ɸ. ɸʜʲʶʪʘʥʪʦʚ. ʈʝʣʘʢʩʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʙʘʪʘʨʝʡ ʪʚʝʨʜʦʧʦʣʠʤʝʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʦʮʝʥʢʘ ʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ // ʇʨʠʙʦʨʳ ʠ ʩʠʩʪʝʤʳ. ʋʧʨʘʚʣʝʥʠʝ, 

ʢʦʥʪʨʦʣʴ, ʜʠʘʛʥʦʩʪʠʢʘ ï 2020. ï ˉ 7. ï ʉ. 1-12. 

2. ɽ.ʉ. ɼʝʥʠʩʦʚ ʠ ʜʨ. ʂʦʥʪʨʦʣʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ // ʇʨʠʙʦʨʳ ʠ 

ʩʠʩʪʝʤʳ. ʋʧʨʘʚʣʝʥʠʝ, ʢʦʥʪʨʦʣʴ, ʜʠʘʛʥʦʩʪʠʢʘ ï 2021. ï ˉ 12. ï ʉ. 11-16.  
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ɸʂʊʋɸʃʔʅʆʉʊʔ ʇʈʀʄɽʅɽʅʀʗ ʄʅʆɻʆɿʆʅʅʆɻʆ ʀʂ 

ɼɸʃʔʅʆʄɽʈɸ VL53L5CX ɺ ʉʈɸɺʅɽʅʀʀ ʉ ɼʈʋɻʀʄʀ ɺʀɼɸʄʀ 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ ʧʨʠʤʝʥʝʥʠʝ ʜʘʣʴʥʦʤʝʨʘ 

VL53L5CX. ɹʳʣ ʩʜʝʣʘʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʧʨʠʚʝʜʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʪʯʠʢʘ. 

 

Abstract 

The principle of operation and application of the VL53L5CX 

rangefinder is considered. A comparative analysis of the characteristics and 

discovery of the advantages and uses of the sensor was made. 

 

1.  ɺʚʝʜʝʥʠʝ 

VL53L5CX ʦʪ ʢʦʤʧʘʥʠʠ STMicroelectronics, ʷʚʣʷʝʪʩʷ ʜʘʪʯʠʢʦʤ 

ʜʘʣʴʥʦʩʪʠ (ʥʘ ʦʪʜʝʣʴʥʳʝ ʟʦʥʳ 8ʭ8 ʠʣʠ 4ʭ4) ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʚʨʝʤʝʥʠ ʧʦʣʝʪʘ 

(Timeïofïflight). ɺʨʝʤʷʧʨʦʣʝʪʥʳʝ ʜʘʪʯʠʢʠ ʠʣʠ ToFïʜʘʪʯʠʢʠ ʦʧʨʝʜʝʣʷʶʪ 

ʚʨʝʤʷ ʧʨʦʣʝʪʘ ʬʦʪʦʥʘ ʦʪ ʵʤʠʪʪʝʨʘ ʜʦ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʧʦ ʬʦʨʤʫʣʝ: 

Ὀ
ὅ ὸz

ς
 (1) 

ʛʜʝ: D ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʜʘʪʯʠʢʘ ʜʦ ʦʙʲʝʢʪʘ, ʉ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, t ï ʚʨʝʤʷ 

ʧʨʦʣʝʪʘ ʬʦʪʦʥʘ. 
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2.  ʉʨʘʚʥʝʥʠʝ 

ʊʘʙʣʠʮʘ 1 

ʅʘʟʚʘʥʠʝ VL53L5

ʉX 

VL53L3C

X 

HC-

SR04 

GP2Y0A

60SZ0F 

Pololu 

irs17a 

ʀʟʦʙʨʘʞʝ-

ʥʠʝ 
     

ʇʨʦʠʟʚʦ-

ʜʠʪʝʣʴ 

STMicro

electronic

s 

STMicroel

ectronics 

Elec 

Freaks 

Sharp 

Microele

ctronics 

Pololu 

Robotics&

Electronics 

ʊʠʧ ʀʂ ʀʂ ʋʣʴʪʨʘ-

ʟʚʫʢʦʚʦʡ 

ʀʂ ʀʂ 

ʈʘʟʤʝʨʳ 6.4 Ĭ 3.0 

Ĭ 1.5 ʤʤ 

4.4 Ĭ 2.4 Ĭ 

1 ʤʤ 

45 Ĭ 20 Ĭ 

15 ʤʤ 

22 Ĭ 8.0 

Ĭ 7.2 ʤʤ 

21.6 Ĭ 8.9 

Ĭ 3.5 ʤʤ 

ɼʘʣʴʥʦʩʪʴ 2 ʜʦ 400 

ʩʤ  

1 ʜʦ 300 

ʩʤ 

2 ʜʦ 400 

ʩʤ 

10 ʜʦ 150 

ʩʤ 

4 ʜʦ 

300 ʩʤ 

ʋʛʦʣ 

ʠʟʤʝʨʝʥʠʷ 

 63Á 25Á 15Á - 15Á 

ʇʦ ʠʪʦʛʘʤ VL53L5ʉX ʚ ʩʨʘʚʥʝʥʠʷ ʠʤʝʝʪ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʫʛʦʣ 

ʠʟʤʝʨʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʦʨʠʪʝʪʥʝʝ ʚ ʪʝʭʥʦʣʦʛʠʠ ʫʤʥʦʛʦ ʜʦʤʘ. 

ɹʦʣʴʰʦʡ ʫʛʦʣ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʥʷʝʤʳʭ 

ʜʘʪʯʠʢʦʚ. ʂ ʧʨʠʤʝʨʫ, 2D ʣʠʜʘʨ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʚʠʜʝʦ [3] ʦʪ 

STMicroelectronics, ʛʜʝ ʚ ʣʠʜʘʨʝ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ 9 ʜʘʪʯʠʢʦʚ VL53L1X ʥʘ 

ʪʨʠ ʜʘʪʯʠʢʘ VL53L5ʉX. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ VL53L5ʉX ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʚ 

ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʚʚʠʜʫ ʝʛʦ ʧʨʝʚʦʩʭʦʜʩʪʚʘ, ʚ ʚʠʜʝ ʧʘʨʘʤʝʪʨʦʚ ʜʘʣʴʥʦʩʪʠ ʠ 

ʫʛʣʘ ʠʟʤʝʨʝʥʠʷ, ʨʘʟʤʝʨʘ ʜʘʪʯʠʢʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. STMicroelectronics. Time-of-Flight 8x8 multizone ranging sensor with 

wide field of view// VL53L5CX Datasheet, ï 2021. 

2. ElecFreaks. Ultrasonic Ranging Module HC - SR04// Datasheet, ï 

2021. 

3. 2D LIDAR Using Multiple ST VL53L1X Time-of-Flight Sensors // 

STMicroelectronics URL: https://www.youtube.com/watch?v=J_4giQJt7WI / 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 16.03.2022).  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ 

ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʭʝʤʘ ʠ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ ʫʩʪʨʦʡʩʪʚʘ. 

 

Abstract 

The article presents the development of a functional generator for 

generating signals of various forms. Presented a circuit diagram and printed 

circuit board of the device. 

 

1. ɺʚʝʜʝʥʠʝ 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ, ʪʘʢʠʭ ʢʘʢ: ʤʝʘʥʜʨ, ʩʠʥʫʩʦʠʜʘ, ʪʨʝʫʛʦʣʴʥʠʢ, 

ʧʠʣʘ, ʠ ʪ.ʜ. ʆʩʥʦʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʥʘʭʦʜʷʪ ʚ 

ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ.  

2. ʈʘʟʨʘʙʦʪʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʎɸʇ, ʚ ʨʦʣʠ ʢʦʪʦʨʦʛʦ ʚʳʩʪʫʧʘʝʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ATmega16 ʠ 

ʨʝʟʠʩʪʠʚʥʘʷ ʤʘʪʨʠʮʘ R-2R. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 8-ʤʠ ʨʘʟʨʷʜʥʘʷ 

ʤʘʪʨʠʮʘ. ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʘʤʧʣʠʪʫʜʳ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ: 

Ὗ̃ ̜̖ Ὗ̐ ̉̓zВ                                        (1) 
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ɻʜʝ i ï ʥʦʤʝʨ ʨʘʟʨʷʜʘ (i=0én-1), n ï ʦʙʱʝʝ ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ, K=1 

ʧʨʠ ʚʳʩʦʢʦʤ ʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʥʘ i-ʦʤ ʨʘʟʨʷʜʝ, ʂ=0 ʧʨʠ ʥʠʟʢʦʤ 

ʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʥʘ i-ʦʤ ʨʘʟʨʷʜʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ. 

 
ʈʠʩ. 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ 

(ʨʠʩʫʥʦʢ 2) 

 
ʈʠʩ. 2 ï ʇʝʯʘʪʥʘʷ ʧʣʘʪʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ ʧʨʷʤʦʫʛʦʣʴʥʳʭ, 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ, ʪʨʝʫʛʦʣʴʥʳʭ ʠ ʧʠʣʦʦʙʨʘʟʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʨʘʟʤʝʨʘʤʠ 

ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ 107ʭ75. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ: 

ʘʤʧʣʠʪʫʜʘ 0-10ɺ, ʩʤʝʱʝʥʠʝ -5+5ɺ, ʯʘʩʪʦʪʘ 0-65534ɻʮ. 
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