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ʪʨʦʩʥʘʙʞʝʥʠʝè ʅɻʊʋ ɽʚʛʝʥʠʷ ʄʘʢʩʠʤʦʚʠʯʘ ʏʝʨʚʦʥʥʦʛʦ. ʆʥʘ ʧʦʩʚʷʱʝʥʘ ʝʛʦ ʧʘʤʷʪʠ ʚ ʩʚʷʟʠ 

ʩ 90-ʣʝʪʠʝʤ ʩʦ ʜʥʷ ʝʛʦ ʨʦʞʜʝʥʠʷ. 

 

The article was written by one of the students of the corresponding member of the Academy 

of Electrotechnical Sciences of the Russian Federation, Doctor of Technical Sciences, professor of 

the Department of Power Engineering and Power Supply of the NSTU EvgenyMaximovichCher-

vonny. It is dedicated to his memory in connection with the 90th anniversary of his birth. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʜʸʞʥʦʩʪʴ, ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ, ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. 

 

Key words: reliability, electric power industry, power supply, educational process. 

 

13 ʬʝʚʨʘʣʷ 2020 ʛ. ʠʩʧʦʣʥʠʣʦʩʴ ʙʳ 90 ʣʝʪ ʯʣʝʥʫ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʫ ɸʢʘʜʝ-

ʤʠʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʈʦʩʩʠʠ, ʜʦʢʪʦʨʫ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʫ 

ʢʘʬʝʜʨʳ çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝè ʅɻʊʋ ɽʚʛʝʥʠʶ ʄʘʢʩʠʤʦ-

ʚʠʯʫ ʏʝʨʚʦʥʥʦʤʫ.  

ʆʥ ʨʦʜʠʣʩʷ ʚ ʛʦʨʦʜʝ ɹʫʟʫʣʫʢʝ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʩʝʤʴʝ ʩʣʫʞʘʱʝʛʦ. 

ɺ 1937 ʛʦʜʫ ʚʤʝʩʪʝ ʩ ʨʦʜʠʪʝʣʷʤʠ ʧʝʨʝʝʭʘʣ ʚ ʆʨʝʥʙʫʨʛ, ʛʜʝ ʦʢʦʥʯʠʣ ʩʨʝʜʥʶʶ 

ʢhʦʣʫ. ɺ 1948 ʛʦʜʫ ʦʥ ʧʦʩʪʫʧʠʣ ʥʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʃʝʥʠʥʛʨʘʜ-

ʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʢʦʪʦʨʳʡ ʫʩʧʝʰʥʦ ʦʢʦʥʯʠʣ ʚ 1954 ʛʦʜʫ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳè. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʥ-

ʩʪʠʪʫʪʘ ʤʦʣʦʜʦʡ ʩʧʝʮʠʘʣʠʩʪ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʶ 

çʂʨʘʩʥʳʡ ʤʘʷʢè ʚ ʛ.ʆʨʝʥʙʫʨʛʝ. ʅʘ ʥʝʡ ʦʥ ʨʘʙʦʪʘʣ ʚ ʜʦʣʞʥʦʩʪʠ ʠʥʞʝʥʝʨʘ, 

ʩʪʘʨʰʝʛʦ ʠʥʞʝʥʝʨʘ, ʥʘʯʘʣʴʥʠʢʘ ʵʣʝʢʪʨʦʣʘʙʦʨʘʪʦʨʠʠ ʜʦ 1958 ʛʦʜʘ.  

ɺ 1958 ʛʦʜʫ ɽʚʛʝʥʠʡ ʄʘʢʩʠʤʦʚʠʯ ʧʝʨʝʝʭʘʣ ʚ ʛʦʨʦʜ ɻʦʨʴʢʠʡ, ʛʜʝ ʧʦʩʪʫʧʠʣ 

ʥʘ ʨʘʙʦʪʫ ʚ ɻʦʨʴʢʦʚʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʠʥʩʪʠʪʫʪʘ 

çʕʣʝʢʪʨʦʧʨʦʝʢʪè. ʊʘʤ ʦʥ ʨʘʙʦʪʘʣ ʚ ʜʦʣʞʥʦʩʪʠ ʠʥʞʝʥʝʨʘ, ʩʪʘʨʰʝʛʦ ʠʥʞʝʥʝʨʘ, 

ʨʫʢʦʚʦʜʠʪʝʣʷ ʛʨʫʧʧʳ, ʛʣʘʚʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʦʪʜʝʣʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʧʨʦʝʢ-

ʪʠʨʫʷ ʠ ʫʯʘʩʪʚʫʷ ʚ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʨʘʡʦʥʥʳʭ ʧʦʜʩʪʘʥʮʠʡ. 

ɺ 1965 ʛʦʜʫ ʏʝʨʚʦʥʥʳʡ ʢʘʢ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʧʝʮʠʘʣʠʩʪ ʩ ʙʦ-

ʛʘʪʳʤ ʦʧʳʪʦʤ ʨʘʙʦʪʳ ʠʥʞʝʥʝʨʘ-ʧʨʘʢʪʠʢʘ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʠʟʙʠʨʘʝʪʩʷ ʧʦ 

ʢʦʥʢʫʨʩʫ ʥʘ ʜʦʣʞʥʦʩʪʴ ʜʦʮʝʥʪʘ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʧʨʦʬʝʩʩʦʨʦʤ ʖ.ʃ. ʄʫʢʦʩʝʝʚʳʤ 

ʢʘʬʝʜʨʳ çʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡè ɻʦʨʴʢʦʚʩʢʦʛʦ ʧʦʣʠ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɸ.ɸ. ɾʜʘʥʦʚʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʩ çʥʫʣʷè ʥʘʯʠʥʘʝʪʩʷ 

ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʣʝʢʮʠʦʥʥʳʭ ʢʫʨʩʦʚ, ʟʘʜʘʯ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʥʷʪʠʡ, ʟʘʜʘʥʠʡ ʜʣʷ ʢʫʨʩʦʚʦʛʦ ʠ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ 



7 

 
 

ʜʠʩʮʠʧʣʠʥʘʤ çʕʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡè, 

çʈʝʣʝʡʥʘʷ ʟʘʱʠʪʘè, çʅʘʜʸʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷè. ɺ ʫʩʣʦʚʠʷʭ ʤʠʥʠʤʫʤʘ 

ʘʫʜʠʪʦʨʥʦʛʦ ʬʦʥʜʘ ʩʦʟʜʘʸʪʩʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʙʘʟʘ, ʧʨʦʠʩʭʦʜʠʪ ʥʘʧʦʣʥʝʥʠʝ ʙʠʙ-

ʣʠʦʪʝʢʠ ʢʘʙʠʥʝʪʘ ʢʫʨʩʦʚʦʛʦ ʠ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʧʨʘʚʦʯʥʠʢʘʤʠ ʠ 

ʢʘʪʘʣʦʛʘʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɺ 1968 ʛʦʜʫ ɽ.ʄ. ʏʝʨʚʦʥʥʳʡ ʫʩʧʝʰʥʦ ʟʘʱʠʪʠʣ ʢʘʥʜʠʜʘʪʩʢʫʶ ʜʠʩʩʝʨʪʘ-

ʮʠʶ çʆʧʪʠʤʠʟʘʮʠʷ ʥʘʜʸʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠ-

ʷʪʠʡ; ʤʝʪʦʜʳ ʨʘʩʯʝʪʘè ʧʦ-ʥʦʚʦʤʫ ʜʣʷ ʪʦʛʦ ʚʨʝʤʝʥʠ ʥʘʫʯʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, 

ʩʚʷʟʘʥʥʦʤʫ ʩ ʧʨʦʙʣʝʤʦʡ ʥʘʜʸʞʥʦʩʪʠ ʩʠʩʪʝʤ ʵʥʝʨʛʝʪʠʢʠ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ɺ 

1970 ʛ. ʨʝʰʝʥʠʝʤ ɺɸʂ ʦʥ ʫʪʚʝʨʞʜʝʥ ʚ ʫʯʝʥʦʤ ʟʚʘʥʠʠ ʜʦʮʝʥʪʘ.  

ɸʢʪʠʚʥʘʷ ʥʘʫʯʥʘʷ ʨʘʙʦʪʘ ʧʦʩʣʝʜʫʶʱʠʭ ʣʝʪ ʟʘʚʝʨʰʠʣʘʩʴ ʚ 1982 ʛ. ʫʩʧʝʰ-

ʥʦʡ ʟʘʱʠʪʦʡ ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ çʇʦʩʪʨʦʝʥʠʝ ʩʭʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʫʧʨʘʚʣʝʥʠʝ ʠʭ ʨʝʞʠʤʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʨʝʟʝʨʚʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʥʘʨʫʰʝʥʠʷʭ ʵʣʝʢʪʨʦʩʥʘʙ-

ʞʝʥʠʷè ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʩʦʚʝʪʝ ʧʨʠ ʉʠʙʠʨʩʢʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ. ɺ 1987 ʛʦʜʫ ɽʚʛʝʥʠʡ ʄʘʢʩʠʤʦʚʠʯ 

ʟʘ ʜʦʣʛʦʣʝʪʥʶʶ ʠ ʧʣʦʜʦʪʚʦʨʥʫʶ ʨʘʙʦʪʫ ʙʳʣ ʥʘʛʨʘʞʜʝʥ ʤʝʜʘʣʴʶ çɺʝʪʝʨʘʥ ʪʨʫ-

ʜʘè. ɺ ʪʦʤ ʞʝ ʛʦʜʫ ʦʥ ʙʳʣ ʫʪʚʝʨʞʜʝʥ ʚ ʫʯʝʥʦʤ ʟʚʘʥʠʠ ʧʨʦʬʝʩʩʦʨʘ ʠ ʠʟʙʨʘʥ ʥʘ 

ʜʦʣʞʥʦʩʪʴ ʟʘʚʝʜʫʶʱʝʛʦ ʚʥʦʚʴ ʦʪʢʨʳʪʦʡ ʢʘʬʝʜʨʳ çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘè. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʙʦʣʴʰʦʡ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ, ʧʨʦʚʝʜʝʥʥʦʡ ʧʨʦʬʝʩʩʦʨʦʤ ʏʝʨ-

ʚʦʥʥʳʤ, ʢʘʬʝʜʨʘ ʩ 1992 ʛʦʜʘ ʩʪʘʣʘ ʚʳʧʫʩʢʘʶʱʝʡ. ʆʥʘ, ʝʜʠʥʩʪʚʝʥʥʘʷ ʩʨʝʜʠ ʥʠ-

ʞʝʛʦʨʦʜʩʢʠʭ ʚʫʟʦʚ, ʛʦʪʦʚʠʣʘ ʠʥʞʝʥʝʨʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʩʝʪʠè.  

ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʧʨʦʬʝʩʩʦʨʦʤ ʏʝʨʚʦʥʥʳʤ ʙʳʣʘ ʩʦʟʜʘʥʘ ʥʠʞʝʛʦʨʦʜʩʢʘʷ 

ʥʘʫʯʥʘʷ ʰʢʦʣʘ, ʦʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʪʦʨʦʡ ʣʝʞʘʣʦ ʚ ʦʙʣʘʩʪʠ 

ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʵʥʝʨʛʝʪʠ-

ʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. ʇʦʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦ-

ʜʩʪʚʦʤ ɽʚʛʝʥʠʷ ʄʘʢʩʠʤʦʚʠʯʘ ʟʘʱʠʱʝʥʦ ʰʝʩʪʴ ʢʘʥʜʠʜʘʪʩʢʠʭ (ɸʣʴʪʤʘʥ (ʂʦʚʘ-

ʥʦʚʘ) ʀ.ɺ., ʇʘʧʢʦʚ ɹ.ɺ., ʑʝʛʦʣʴʢʦʚʘ ʊ.ʄ., ɸʛʣʠʫʣʠʥ ɸ.ʍ., ʊʘʪʘʨʦʚ ɽ.ʀ., ʐʘʨʳ-

ʛʠʥ ʄ.ɺ.) ʠ ʦʜʥʘ ʜʦʢʪʦʨʩʢʘʷ (ʇʘʧʢʦʚ ɹ.ɺ.) ʜʠʩʩʝʨʪʘʮʠʷ.   

ɺʩʝʛʦ ɽ.ʄ. ʏʝʨʚʦʥʥʳʡ ʦʧʫʙʣʠʢʦʚʘʣ ʙʦʣʝʝ ʩʪʘ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʚ ʮʝʥʪʨʘʣʴ-

ʥʳʭ ʠ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʷʭ. ʆʥ ʩʦʘʚʪʦʨ ʢʦʣʣʝʢʪʠʚʥʳʭ ʤʦʥʦ-

ʛʨʘʬʠʡ, ʠʟʜʘʥʥʳʭ ʉʠʙʠʨʩʢʠʤ ʦʪʜʝʣʝʥʠʝʤ ʠʟʜʘʪʝʣʴʩʪʚʘ çʅʘʫʢʘè [1,2] ʠ ʚʪʦʨʦʛʦ 

ʪʦʤʘ ʩʧʨʘʚʦʯʥʠʢʘ çʅʘʜʸʞʥʦʩʪʴ ʩʠʩʪʝʤ ʵʥʝʨʛʝʪʠʢʠè, ʚʳʰʝʜʰʝʛʦ ʚ ʠʟʜʘʪʝʣʴʩʪʚʝ 

çʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪè ʚ 2000 ʛ. [3], ʘ ʪʘʢʞʝ ʨʷʜʘ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʩʦʙʠʡ.  

ɺ 1973 ʛ. ʦʥ ʙʳʣ ʚ ʯʠʩʣʝ ʦʨʛʘʥʠʟʘʪʦʨʦʚ, ʘ ʟʘʪʝʤ ʯʣʝʥʦʤ ʦʨʛʙʶʨʦ ʧʦʩʪʦʷʥ-

ʥʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ɺʩʝʩʦʶʟʥʦʛʦ, ʘ ʟʘʪʝʤ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘ-

ʫʯʥʦʛʦ ʩʝʤʠʥʘʨʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ (ʟʘʪʝʤ ʈɸʅ) çʄʝʪʦʜʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʙʦʣʴʰʠʭ ʩʠʩʪʝʤ ʵʥʝʨʛʝʪʠʢʠ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʖ.ʅ. ʈʫ-

ʜʝʥʢʦè. ɽ.ʄ. ʏʝʨʚʦʥʥʳʡ ʙʳʣ ʘʢʪʠʚʥʳʤ ʫʯʘʩʪʥʠʢʦʤ ʤʥʦʛʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ 

ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ, ʩʦʚʝʱʘʥʠʡ, ʩʝʤʠʥʘʨʦʚ, ʜʚʘʞʜʳ ʚʳʩʪʫʧʘʣ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʧʦ ʥʘʜʸʞʥʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʟʘ ʨʫʙʝʞʦʤ.  

ɺ 1993 ʛ. ʏʝʨʚʦʥʥʳʡ ʠʟʙʠʨʘʝʪʩʷ ʯʣʝʥʦʤ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʤ ɸʢʘʜʝʤʠʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʘ ʚ 2002 ʟʘ ʟʘʩʣʫʛʠ ʚ ʦʙʣʘʩʪʠ 



8                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ 

 
 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʥ ʙʳʣ ʥʘʛʨʘʞʜʝʥ ʥʘʛʨʫʜʥʳʤ ʟʥʘʢʦʤ çʇʦʯʝʪʥʳʡ ʨʘʙʦʪʥʠʢ ʚʳʩʰʝ-

ʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌè. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ɽʚʛʝʥʠʝʤ ʄʘʢʩʠʤʦʚʠʯʝʤ, ʦʪʣʠʯʘʣʠʩʴ ʥʘʫʯʥʦʡ 

ʩʪʨʦʛʦʩʪʴʶ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʢʘʟʳʚʘʣʠʩʴ ʧʨʦʩʪʳʤʠ ʠ 

ʷʩʥʳʤʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠ. ʆʥ 

ʦʙʣʘʜʘʣ ʪʦʥʢʠʤ ʯʫʚʩʪʚʦʤ ʶʤʦʨʘ, ʯʪʦ ʧʦʤʦʛʘʣʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʟʜʦʨʦʚʳʡ ʢʣʠʤʘʪ 

ʚ ʢʦʣʣʝʢʪʠʚʝ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʨʘʙʦʪʘʣ ʠ ʨʫʢʦʚʦʜʠʣ ʥʘʫʯʥʦʡ ʨʘʙʦʪʦʡ ʠʥʞʝʥʝʨʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʦʠʩʢʘʪʝʣʝʡ. 

ʇʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʥʘʜʸʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ 

ʦʪʨʘʟʠʣʦʩʴ ʚ ʰʝʩʪʠ ʢʘʥʜʠʜʘʪʩʢʠʭ (ʉʤʠʨʥʦʚ ʆ.ɺ., ɺʘʫʣʠʥʘ ɻ.ɸ., ʂʘʨʘʙʘʥʦʚ 

ɸ.ɸ., ɼʤʠʪʨʠʝʚʘ ʖ.ʀ., ɹʘʙʠʯʝʚ ʉ.ɸ., ɺʫʢʦʣʦʚ ɺ.ʖ.) ʠ ʜʦʢʪʦʨʩʢʦʡ (ʐʘʨʳʛʠʥ 

ʄ.ɺ.) ʜʠʩʩʝʨʪʘʮʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʚ ʨʘʤʢʘʭ ʩʦʟʜʘʥʥʦʛʦ ɽ.ʄ. 

ʏʝʨʚʦʥʥʳʤ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ 12 ʢʘʥʜʠʜʘʪʩʢʠʭ ʠ ʜʚʝ ʜʦʢʪʦʨʩʢʠʭ 

ʜʠʩʩʝʨʪʘʮʠʠ.  

ʉʢʦʨʦʧʦʩʪʠʞʥʳʡ ʫʭʦʜ ɽ.ʄ. ʏʝʨʚʦʥʥʦʛʦ ʠʟ ʞʠʟʥʠ 20 ʥʦʷʙʨʷ 2005 ʛ. ʥʝ ʧʦ-

ʟʚʦʣʠʣ ʟʘʚʝʨʰʠʪʴ ʝʤʫ ʚʩʝ ʧʣʘʥʳ ʧʦ ʨʘʟʚʠʪʠʶ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ çʅʘʜʸʞ-

ʥʦʩʪʴ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠè ʠ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʯʝʙʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʩʝʪʠè. ʆʩʪʘʣʘʩʴ ʥʝ-

ʦʩʫʱʝʩʪʚʣʸʥʥʦʡ ʝʛʦ ʤʝʯʪʘ ʦʙ ʦʪʢʨʳʪʠʠ ʩʧʝʮʠʘʣʠʟʘʮʠʠ çʈʝʣʝʡʥʘʷ ʟʘʱʠʪʘ ʠ 

ʘʚʪʦʤʘʪʠʢʘè. ʅʦ ʠ ʵʪʦʪ ʧʨʦʬʠʣʴ (ʩʧʝʮʠʘʣʠʟʘʮʠʷ) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʝʛʦ 

ʚʨʝʤʝʥʠ ʟʘʥʷʣ ʩʚʦʸ ʜʦʩʪʦʡʥʦʝ ʤʝʩʪʦ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʢʘʬʝʜʨʳ çʕʣʝʢʪʨʦ-

ʵʥʝʨʛʝʪʠʢʘ, ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʠ ʩʠʣʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘè. 

ʆʪʨʘʜʥʦ, ʯʪʦ ʢʦʣʣʝʛʠ, ʫʯʝʥʠʢʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʠ ɽʚʛʝʥʠʷ ʄʘʢʩʠʤʦʚʠʯʘ 

ʩʪʘʨʘʶʪʩʷ ʜʦʩʪʦʡʥʦ ʧʨʦʜʦʣʞʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ ʪʦ, ʯʝʤʫ ʦʥ ʧʦʩʚʷʪʠʣ ʚʩʶ ʩʚʦʶ 

ʩʦʟʥʘʪʝʣʴʥʫʶ ʞʠʟʥʴ. 
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ʅ.ʅ. ɺʠʭʦʨʝʚ, ɼ.ɸ. ɸʣʝʰʠʥ 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ɺʓʍʆɼʅʆɻʆ ʌʀʃʔʊʈɸ 

ʋʉʊʈʆʁʉʊɺɸ ɸʂʊʀɺʅʆɻʆ ʇʆɼɸɺʃɽʅʀʗ ɻɸʈʄʆʅʀʂ ʊʆʂɸ 

 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ

 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚ ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʦʜʘʚʣʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʠ ʜʨʫ-

ʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ. ʆʧʨʝʜʝʣʝʥʳ ʤʠʥʠʤʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʯʘʩ-

ʪʦʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʚʳʭʦʜʥʳʭ ʧʘʩʩʠʚʥʳʭ ʬʠʣʴʪʨʦʚ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʘʜʘʧʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʜʘʚʣʝʥʠʷ ʠʩʢʘʞʝʥʠʡ.  

 

The paper presents the parameters and their relationships, which used in the design of filter-

ing devices and suppression of higher harmonic components of current and voltage in power lines 

with non-linear loads and other sources of harmonic distortion. The minimum requirements for the 

frequency properties of semiconductor devices and output passive filters are determined to imple-

ment the adaptive method of suppressing distortion. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ, ʘʢʪʠʚʥʦ-ʘʜʘʧʪʠʚʥʳʝ ʬʠʣʴʪʨʳ 

ʛʘʨʤʦʥʠʢ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ, MOSFET, IGBT, ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ, ʢʚʘʟʠ-

ʨʝʟʦʥʘʥʩʥʳʝ ʠʥʚʝʨʪʦʨʳ, ʤʷʛʢʘʷ ʢʦʤʤʫʪʘʮʠʷ. 

 

Key words: harmonic distortion coefficient, active-adaptive harmonic filters, convertion-

coefficient, MOSFET, IGBT, pulse width modulation, quasi-resonance inverters, soft switching. 

 

ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠ 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʦʢ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥ-

ʥʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʅʝʣʠʥʝʡʥʳʝ ʥʘʛʨʫʟʢʠ, 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʠʚʦʜʷʪ ʢ ʧʨʦʪʝʢʘʥʠʶ ʚ ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʚʳʰʠʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʢʘ (ɻʉʊ), ʯʪʦ ʚʳʟʳʚʘʝʪ ʠʩʢʘʞʝʥʠʷ ʧʠʪʘʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʜʨʫʛʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʧʦʜʢʣʶʯʝʥʥʳʭ 

ʢ ʪʦʤʫ ʞʝ ʫʟʣʫ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʬʦʨʤʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʦʪ ʵʪʘʣʦʥʥʦʡ ʩʠ-

ʥʫʩʦʠʜʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʬʠʣʴʪʨʘʮʠʠ, ʧʦʜʘʚʣʝʥʠʷ ʠʣʠ ʢʦʤʧʝʥʩʘ-

ʮʠʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʛʘʨʤʦʥʠʢ). ʋʧʦʤʷʥʫʪʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʨʘʟ-

ʜʝʣʷʶʪʩʷ ʥʘ ʧʘʩʩʠʚʥʳʝ (ʬʠʣʴʪʨʦʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʘʩʩʠʚʥʳʝ LC- 

ʬʠʣʴʪʨʳ ʠ ʪʘʢ ʜʘʣʝʝ) ʠ ʘʢʪʠʚʥʳʝ, ʩʧʦʩʦʙʥʳʝ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʠʟʙʠʨʘʪʝʣʴʥʦ 

https://elibrary.ru/item.asp?id=39255930
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ʥʘ ʢʘʞʜʫʶ ʛʘʨʤʦʥʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʧʝʢʪʨʘ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ 

ʧʦʪʨʝʙʣʷʝʤʦʛʦ (ʛʝʥʝʨʠʨʫʝʤʦʛʦ) ʪʦʢʘ.  

ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʫʩʪʨʦʡʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʘʨʘʤʝʪ-

ʨʘʤ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʜʝʨʞʠʚʘʷ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘ-

ʧʘʟʦʥʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʘʢʪʠʚʥʦ-ʘʜʘʧʪʠʚʥʳʝ ʬʠʣʴʪʨʳ ʛʘʨʤʦʥʠʢ 

(ɸʌɻ), ʩʧʦʩʦʙʥʳʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘʛʠʨʫʷ ʥʘ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʦʢ ɸʌɻ ʷʚʣʷʝʪʩʷ 

ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʘʚʣʝʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʋʇɻʉ) (ʨʠʩ. 1), ʧʨʠʥʮʠʧ 

ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʥʚʝʨʩʥʦʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʚʳʩʰʠʤ ʛʘʨʤʦʥʠʢʘʤ ʥʘʧʨʷʞʝʥʠʷ; ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʤʢʥʫʪʴ ɻʉʊ ʚ ʢʦʥʪʫʨʝ ʤʝʞʜʫ 

ʠʩʪʦʯʥʠʢʦʤ ʠʩʢʘʞʝʥʠʡ ʠ ʘʢʪʠʚʥʳʤ ʬʠʣʴʪʨʦʤ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʟʠʚ ʚʝʣʠʯʠʥʫ ɻʉʊ 

ʚ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ [3, 4, 8]. 

 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʘʚʣʝʥʠʷ ʛʘʨʤʦʥʠʢ ʪʦʢʘ 

 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʫʢʘʟʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʝʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʝʙʫʶʪʩʷ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨʳ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʠʩʢʘʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʦʪʢʣʦʥʝʥʠʷ ʚʝʣʠʯʠʥ ʤʛʥʦ-

ʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʬʦʨʤʳ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ. ʂʣʘʩʩʠʯʝʩʢʠʡ ʞʝ 

ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʢʘʞʜʦʡ ʛʘʨʤʦʥʠʢʠ ʥʘʧʨʷʞʝʥʠʷ, 

ʜʣʷ ʯʝʛʦ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʦʜʠʥ ʠ ʙʦʣʝʝ ʧʝʨʠʦʜʦʚ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʋʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ 

ɸʌɻ ʥʘ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘ ʥʘʧʨʷʞʝʥʠʡ, ʪʘʢ ʢʘʢ ʫʩʪʨʦʡʩʪʚʦ ʬʘʢʪʠʯʝʩʢʠ ʦʧʝʨʠ-

ʨʫʝʪ ʤʛʥʦʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘʧʨʷʞʝʥʠʷ. 

ɺʦʟʜʝʡʩʪʚʠʝ ɸʌɻ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʫʶʩʷ ʥʘʛʨʫʟʢʫ ʠʣʣʶʩʪʨʠ-

ʨʫʶʪ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ (ʨʠʩ. 2), ʥʘ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʪʦʢʠ I1 ïʣʠʥʠʠ 



ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ             11 

 
 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, I2 ïʥʘʛʨʫʟʢʠ, I3 ï ɸʌɻ. ɼʦ ʚʚʝʜʝʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝ-

ʥʠʡ (0 ï 0,04 ʩ) ʬʠʣʴʪʨ ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʘ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ çʠʩʪʦʯʥʠʢ - ʥʘʛʨʫʟʢʘè 

ʥʠʢʘʢʦʛʦ ʚʣʠʷʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʠʩʢʘʞʝʥʠʡ ʬʠʣʴʪʨʫ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʝʥʥʘʷ ʚʳʜʝʨʞʢʘ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʤʝʥʠʚʰʝʛʦʩʷ 

ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʠ ʧʨʦʮʝʩʩ ʧʦʜʘʚʣʝʥʠʷ ʠʩʢʘʞʝʥʠʡ ʥʘʯʠʥʘʝʪʩʷ ʥʝʟʘʤʝʜ-

ʣʠʪʝʣʴʥʦ, ʤʠʥʠʤʠʟʠʨʫʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʪʝʢʘʥʠʝ ʪʦʢʦʚ ʠʩʢʘʞʝʥʠʡ ʚ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. 

 

 
 

ʈʠʩ. 2. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʪʦʢʦʚ ʚ ʫʟʣʝ ʧʦʜʢʣʶʯʝʥʠʷ ɸʌɻ: 

I1 ï ʪʦʢ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, I2 ï ʪʦʢ ʥʘʛʨʫʟʢʠ, I3 ï ʪʦʢ ɸʌɻ 

 

ʇʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ. 1 ʪʦʧʦʣʦʛʠʷ ɸʌɻ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳ-

ʭʦʜʥʦʛʦ LC-ʬʠʣʴʪʨʘ [1, 2], ʩʥʠʞʘʶʱʝʛʦ ʛʝʥʝʨʘʮʠʶ ʧʦʤʝʭ ʥʘ ʯʘʩʪʦʪʝ ʢʦʤʤʫʪʘ-

ʮʠʠ ʢʣʶʯʝʡ. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʣʶʙʦʡ ʬʠʣʴʪʨ, ʜʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷ-

ʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʥʘ 

ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʨʠʩ. 2) [7, 9]. 
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ʈʠʩ. 3. ɸʤʧʣʠʪʫʜʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ LC-ʬʠʣʴʪʨʘ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ɻ-ʦʙʨʘʟʥʦʛʦ LCï ʬʠʣʴʪʨʘ ʥʠʞʥʠʭ 

ʯʘʩʪʦʪ ʠʤʝʝʪ ʥʝʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʤʦʞʝʪ ʢʘʢ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʦ ʤʝʨʝ ʧʨʠ-

ʙʣʠʞʝʥʠʷ ʢ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ, ʪʘʢ ʠ ʩʥʠʞʘʪʴʩʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʥʝʝ: 

ȿὑ=‫ȿ  
1

1
Ὢmax

ὪὶὩί

2  Ͻ 
(1) 

ʕʪʦʪ ʵʬʬʝʢʪ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥ ʧʨʠ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʨʝʞʠʤʘʭ ʙʣʠʟʢʠʭ 

ʢ ʨʝʞʠʤʫ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ 

ʬʠʣʴʪʨ, ʚʣʠʷʥʠʝ ʫʩʠʣʝʥʠʷ ʥʘ ʯʘʩʪʦʪʘʭ, ʙʣʠʟʢʠʭ ʢ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ, ʤʦʞʝʪ 

ʩʥʠʞʘʪʴʩʷ.  

ʇʘʨʘʤʝʪʨʳ ʚʳʭʦʜʥʦʛʦ ʬʠʣʴʪʨʘ ʩʣʝʜʫʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʚʝʣʠʯʠʥʘ ʥʘʠʚʳʩʰʝʡ ʠʟ ʧʦʜʘʚʣʷʝʤʳʭ ʛʘʨʤʦʥʠʢ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ 

(ʠʣʠ ʧʨʝʜʝʣ ʝʝ ʠʟʤʝʥʝʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥ ï ʂʧ = 1+0,05) ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʝʝ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʥʘʭʦʜʠʣʘʩʴ ʩʣʝʚʘ ʦʪ ʣʠʥʠʠ 

fmax (ʨʠʩ. 2). 

ʀʩʧʦʣʴʟʫʷ ʪʠʧʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ LC-

ʬʠʣʴʪʨʦʚ [7, 9, 10], ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʮʝʣʦʩʦʦʙʨʘʟʥʦ ʚʳʙʠʨʘʪʴ 

ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʬʠʣʴʪʨʘ ʚ 4-5 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʥʘʠʚʳʩʰʘʷ ʧʦʜʘʚʣʷʝʤʘʷ 

ʛʘʨʤʦʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʝʣʠʯʠʥʘ ʝʝ ʫʩʠʣʝʥʠʷ/ʦʩʣʘʙʣʝʥʠʷ ʚ 

ʚʳʭʦʜʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʩʦʩʪʘʚʠʪ ʤʝʥʝʝ 3-5% ʨʝʞʠʤʦʚ ʩ ʤʘʣʦʡ ʥʘʛʨʫʟʢʦʡ ʠ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠ ʙʣʠʟʢʦʡ ʢ ʥʫʣʶ ʚ ʨʝʞʠʤʘʭ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘ-

ʛʨʫʟʢʦʡ.  

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʥʘʠʚʳʩʰʝʡ ʯʘʩʪʦʪʳ 2,5 ʢɻʮ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʘʥʘʣʠʟʝ 

ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʦʡ ʩʝʪʠ, ʦʧʪʠʤʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʨʝ-

ʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʬʠʣʴʪʨʘ 10 ï 12 ʢɻʮ. 

ɺʳʩʦʢʘʷ ʚʝʣʠʯʠʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʬʠʣʴʪʨʘ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʪʨʝʙʦʚʘ-

ʥʠʷ ʢ ʯʘʩʪʦʪʝ ʢʦʤʤʫʪʘʮʠʠ ʢʣʶʯʝʡ. ɺʟʘʠʤʥʦʝ ʩʥʠʞʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠʥʜʫʢʪʠʚ-

ʥʦʩʪʠ ʠ ʝʤʢʦʩʪʠ ʬʠʣʴʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʘʢ ʧʫʣʴʩʘʮʠʡ ʚʳʭʦʜʥʦʛʦ ʥʘ-



ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ             13 

 
 

ʧʨʷʞʝʥʠʷ ʥʘ ʯʘʩʪʦʪʝ ʢʦʤʤʫʪʘʮʠʠ, ʪʘʢ ʠ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ LC-ʮʝʧʠ, ʯʪʦ 

ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʢʣʶʯʠ ʠ ʩʥʠʞʘʝʪ 

ʦʙʱʠʡ ʂʇɼ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ [5, 6, 7, 10]. 

ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʘ ʢʘʯʝʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ: 

ʇʨʠ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʝ ʚʳʩʦʢʦʯʘʩʪʥʦʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʥʘʧʨʷʞʝʥʠʷ ʤʝʥʝʝ 

5% (ʨʠʩ. 2), ʯʘʩʪʦʪʘ ʤʦʜʫʣʷʮʠʠ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʧʨʠʤʝʨ-

ʥʦ ʚ 5 ʨʘʟ, ʯʪʦ ʧʨʠ fres = 10 ʢɻʮ ʩʦʩʪʘʚʠʪ fmod = 50 ʢɻʮ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝ-

ʥʠʝ ʯʘʩʪʦʪʳ ʮʝʣʦʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʩʥʠʞʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʪʦʢʘ ʬʠʣʴʪʨʘ ʠ ʩʥʠʞʝʥʠʷ ʪʦʢʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʢʣʶʯʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʜʫʣʴʥʳʝ ʨʝʰʝʥʠʷ MOSFET ʠ IGBT ʧʦʟʚʦʣʷʶʪ ʢʦʤʤʫʪʠ-

ʨʦʚʘʪʴ ʪʦʢʠ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʠ ʩʦʪʝʥ ʘʤʧʝʨ ʩ ʨʘʙʦʯʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ 

1000 ɺ ʠ ʙʦʣʝʝ ʧʨʠ ʯʘʩʪʦʪʘʭ, ʜʦʩʪʠʛʘʶʱʠʭ ʜʠʘʧʘʟʦʥʘ 50-150 ʢɻʮ [11]. ʆʜʥʘʢʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʱʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʦ-ʧʨʝʞʥʝʤʫ ʪʨʝʙʫʝʪ 

ʜʣʷ ʩʚʦʝʛʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʤʷʛʢʦʡ 

ʢʦʤʤʫʪʘʮʠʠ (softswitching) ʩ ʧʦʤʦʱʴʶ ʢʚʘʟʠʨʝʟʦʥʘʥʩʥʳʭ ʮʝʧʝʡ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʭ ʧʝʨʝʢʣʶʯʝʥʠʝ ʧʨʠ ʥʫʣʝʚʳʭ ʪʦʢʘʭ (ʥʫʣʝʚʳʭ ʥʘʧʨʷʞʝʥʠʷʭ), ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʨɹ  ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʷʭ ʠ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʟʘʧʠʨʘʥʠʷ. 

ɺʚʝʜʝʥʠʝ ʪʘʢʠʭ ʮʝʧʝʡ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʘʞʝ ʩʠʣʴʥʦʪʦʯʥʳʭ 

ʤʦʜʫʣʝʡ ʧʨʠ ʯʘʩʪʦʪʘʭ ʦʢʦʣʦ 1 ʄɻʮ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʘʮʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩʧʦʩʦʙʘ ʧʦʜʘʚʣʝʥʠʷ 

ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʚʧʦʣʥʝ ʦʩʫʱʝʩʪʚʠʤʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʥʘ ʙʦʣʴʰʠʝ ʤʦʱʥʦʩʪʠ ʧʨʠ ʪʠʧʦʚʦʡ ʪʦʧʦʣʦʛʠʠ ʪʨʝʭʬʘʟʥʳʭ ʠʥ-

ʚʝʨʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʀʟʣʦʞʝʥʥʳʡ ʚ ʩʪʘʪʴʝ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʚʳʭʦʜʥʦʛʦ ʬʠʣʴʪʨʘ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ɸʌɻ ʠ ʫʚʝʣʠʯʠʪʴ ʙʳ-

ʩʪʨʦʜʝʡʩʪʚʠʝ ʫʩʪʨʦʡʩʪʚʘ. 

ɺʳʚʦʜʳ 

 

1. ʇʨʠʤʝʥʝʥʠʝ ʩʧʦʩʦʙʘ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʠʩʢʘʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʧʨʠʤʝʥʷʝʤʦʝ ʚ ʫʩʪʨʦʡ-

ʩʪʚʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʝʣʠʯʠʥʳ ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʚ ʣʠʥʠʷʭ ʵʣʝʢ-

ʪʨʦʧʝʨʝʜʘʯʠ. 

2. ʇʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʚʳʭʦʜʥʦʛʦ ʬʠʣʴʪʨʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʩʢʘʞʝʥʠʷ ʬʦʨʤʠʨʫʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʦʜʘʚʣʝʥʠʠ ʰʠʨʦ-

ʢʦʛʦ ʩʧʝʢʪʨʘ ʛʘʨʤʦʥʠʢ. 

 

ὪάέὨ
ὪὶὩί

=
ὑ̃ + 1

ὑ̃
. (2) 
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ɸ.ʀ. ɻʘʨʜʠʥ, ʖ.ɽ. ʃʦʛʘʯʝʚ  

 

ʋʅʀɺɽʈʉɸʃʔʅʓʁ ʉʊɽʅɼ ʇʆ ʀɿʋʏɽʅʀʖ ʀʉʊʆʏʅʀʂʆɺ 

ʇʀʊɸʅʀʗ ʕʃɽʂʊʈʆʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʋʉʊɸʅʆɺʆʂ 

 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ.ɸʣʝʢʩʝʝʚʘ 

 

ʈʘʟʨʘʙʦʪʘʥ ʩʪʝʥʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʠ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ (ʕʊʋ). ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʙʣʦʢʦʚ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ. ʈʘʩʩʤʦʪ-

ʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʕʊʋ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʠʩʧʳʪʘʥʠʡ, 

ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

 

The stand was designed to allow the study of the power sources of electrotechnical installa-

tions (EI) models. The description is given of the laboratory stand blocks. Thefeatures are reviewed 

of the EI power sources. Principled test diagrams, current and voltage oscillograms, and their har-

monic analysis are presented. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚr ʧʨʷʤʠʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ, ʠʩʪʦʯʥʠʢʠ ʧʠʪʘ-

ʥʠʷ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ. 

 

Key words: rectifier installations, laboratory stand, power sources, parametric current 

source. 

 

ɼʦ ʧʦʷʚʣʝʥʠʷ ʩʠʣʦʚʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʠʢʠ ʚ ʢʘʯʝʩʪʚʝ ʥʠʟʢʦ-

ʚʦʣʴʪʥʳʭ ʩʠʣʴʥʦʪʦʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʰʠʥʥʳʝ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʠ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: 

-ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʘ; 

- ʥʠʟʢʠʡ ʂʇɼ; 

- ʟʥʘʯʠʪʝʣʴʥʳʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʰʫʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ ʧʦʣʫʯʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʳ-

ʧʨʷʤʣʝʥʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʝʥʪʠʣʝʡ. ʀʭ ʜʝʡʩʪ-

ʚʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʧʫʩʢʘʪʴ ʪʦʢ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦ-

ʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʚʝʥʪʠʣʠ ʜʝʣʷʪʩʷ ʥʘ ʥʝʫʧʨʘʚʣʷʝʤʳʝ (ʜʠʦʜʳ) ʠ ʫʧʨʘʚʣʷʝʤʳʝ 

(ʪʠʨʠʩʪʦʨʳ). ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʭʝʤʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʥʠʭ ʩʦʙʠʨʘʶʪ ʚʳʧʨʷʤʠ-

ʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʳʧʨʷʤʣʝʥʠʷ ʠ ʩʪʝʧʝʥʴʶ 

ʚʣʠʷʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʣʠʟʥʳʭ ʠ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ (ʕʊʋ), ʠʩʧʦʣʴʟʫʶʱʠʭ ʜʣʷ ʨʘʙʦʪʳ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ, ʰʠ-

ʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʪʨʝʭʬʘʟʥʳʝ ʩʭʝʤʳ ʚʳʧʨʷʤʣʝʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʷʚʣ̫ -

ʶʪʩʷ ʩʭʝʤʘ ʩ ʥʫʣʝʚʳʤ ʚʳʚʦʜʦʤ ʠ ʤʦʩʪʦʚʘʷ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʚʝʥʪʠʣʠ ʷʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʪʘʢ ʢʘʢ 

ʠʤʝʶʪ ʥʝʣʠʥʝʡʥʫʶ ʚʦʣʴʪ-ʘʤʧʝʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʀʭ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʚʳʟʳʚʘʝʪ ʠʩʢʘʞʝʥʠʝ ʩʠʥʫʩʦʠʜʳ ʧʠʪʘʶʱʝʛʦ ʪʦʢʘ ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʚʝʜʝʪ ʢ ʠʩʢʘʞʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʦʯʢʝ ʦʙʱʝʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʦʧ-

https://elibrary.ru/item.asp?id=39255930
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ʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʫʭʫʜʰʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʇʂʕ), ʘ ʠʤʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʷ. 

ʊʘʢʞʝ ʜʣʷ ʧʠʪʘʥʠʷ ʕʊʋ, ʢʦʪʦʨʳʤ ʧʦ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ ʪʨʝʙʫʝʪʩʷ ʞʝʩʪʢʘʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʪʦʢʘ (ʚʘʢʫʫʤʥʳʝ ʜʫʛʦʚʳʝ ʧʝʯʠ, ʵʣʝʢʪʨʦʣʠʟʥʳʝ ʫʩʪʘʥʦʚʢʠ ʮʚʝʪʥʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʜʨʫʛʦʝ) ʠʩʧʦʣʴʟʫʶʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ (ʇʀʊ). ʆʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʘʪʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʝʨʝʛʫʣʠʨʫʝ-

ʤʳʭ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʩʭʝʤʝ, ʠ ʠʤʝʶʱʠʡ 

ʢʨʫʪʦʧʘʜʘʶʱʫʶ ʚʥʝʰʥʶʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʕʣʝʤʝʥʪʳ ʇʀʊ ʩʦʝʜʠʥʷʶʪʩʷ ʚ 

ʟʚʝʟʜʫ, ʛʜʝ ʚ ʦʜʥʦʡ ʠʟ ʬʘʟ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʘʢʪʠʚʥʘʷ ʥʘʛʨʫʟʢʘ, ʚ ʜʨʫʛʠʭ - ʠʥʜʫʢ-

ʪʠʚʥʦʩʪʴ ʠ ʝʤʢʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʢʫʨʩʫ çʕʣʝʢʪʨʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠè ʥʝʦʙʭʦʜʠʤ ʩʪʝʥʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʩʪʫʜʝʥʪʘʤ: 

¶ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʚʠʜʘʤʠ ʩʭʝʤ ʚʳʧʨʷʤʣʝʥʠʷ, ʠʭ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʚʣʠʷʥʠʝʤ 
ʥʘ ʇʂʕ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ; 

¶ ʠʩʩʣʝʜʦʚʘʪʴ ʇʀʊ ʠ ʝʛʦ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ; 

¶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʷʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʇʂʕ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 
ʩʝʪʠ, ʧʠʪʘʶʱʝʡ ʚʳʧʨʷʤʠʪʝʣʴ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʚʘʪʴ ʠʭ ʚʝʣʠʯʠʥʳ ʩ ʥʦʨʤʘʤʠ, 

ʟʘʣʦʞʝʥʥʳʤʠ ʚ ɻʆʉʊ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʢʘʬʝʜʨʝ çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʠ 

ʩʠʣʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘè (ʕʉʉʕ) ʩʦʙʨʘʥ ʩʪʝʥʜ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʧʳʪʘʥʠʝ 

ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʇʀʊ. ʉʪʝʥʜ ʩʦʩʪʦʠʪ ʠʟ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʦʜʫ-

ʣʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʨʘʤʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʦʣʘ. ʏʘʩʪʴ ʤʦʜʫʣʝʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʜʨʫʛʘʷ 

ʩʣʫʞʠʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʪʦʢ, ʥʘʧʨʷʞʝʥʠʝ ʠ ʠʭ ʛʘʨ-

ʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ). ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʇʂʕ, ʩʨʘʚʥʝʥʠʝ ʩ 

ʨʝʛʣʘʤʝʥʪʘʤʠ ɻʆʉʊ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪ-

ʨʦʚ ʩʝʪʠ, ʧʠʪʘʶʱʝʡ ʚʳʧʨʷʤʠʪʝʣʴ ï ʚʦʪ ʥʝʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʚʦʟʤʦʞʥʦʩʪʝʡ ʣʘ-

ʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʦʪʦ ʩʪʝʥʜʘ. ʆʙʱʝʝ ʯʠʩʣʦ ʤʦʜʫʣʝʡ 

ʩʦʩʪʘʚʣʷʝʪ ʪʨʠʥʘʜʮʘʪʴ ʰʪʫʢ.  

ʄʦʜʫʣʴ A1 ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʩʪʝʥʜʘ. ɽʛʦ ʥʘʟʥʘʯʝʥʠʝ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʠʪʘʥʠʝ ʪʨʝʭʬʘʟʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ ʧʨʦʤʳʰ-

ʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ. 

ʄʦʜʫʣʠ A2 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʃʕʇ. ʆʥʠ ʧʦʟʚʦʣʷ-

ʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʝʣʠʯʠʥʳ ʧʨʦʜʦʣʴʥʳʭ ʘʢʪʠʚʥʦʛʦ ʠ ʠʥʜʫʢʪʠʚʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʝʤʢʦʩʪʥʳʭ ʧʨʦʚʦʜʠʤʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʢʘʢ ʜʣʷ ʚʦʟ-

ʜʫʰʥʳʭ, ʪʘʢ ʠ ʢʘʙʝʣʴʥʳʭ ʃʕʇ. 

ʄʦʜʫʣʴ A3 ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʪʨʝʭʬʘʟʥʦʡ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʥʦʡ ʛʨʫʧʧʳ. ʄʦʜʫʣʴ A4 ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʣʦʢ ʠʟ ʰʝʩʪʠ ʜʠʦʜʦʚ. ʄʦʜʫʣʴ A5 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʘʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ. ʆʥʠ ʠʛʨʘʶʪ ʨʦʣʴ ʟʦʥʳ 

ʦʙʨʘʙʦʪʢʠ ʕʊʋ. ʄʦʜʫʣʠ A6 ʠ A7 ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʜʫʢʪʠʚʥʳʡ ʠ ʝʤʢʦʩʪʥʦʡ ʵʣʝ-

ʤʝʥʪʳ ʇʀʊ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʦʜʫʣʴ A8 ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʜʥʦʬʘʟʥʳʡ ʧʦʥʠʞʘʶ-

ʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ. 



ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ             17 

 
 

ʄʦʜʫʣʴ A9 ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʪʦʢʘ ʠ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ, ʘʥʘʣʦʛʦʚʳʝ ʩʠʛʥʘʣʳ ʩ ʢʦʪʦʨʳʭ ʧʦʩʪʫʧʘʶʪ ʥʘ ʢʦʥʥʝʢ-

ʪʦʨ (A10), ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ ʠ ʧʦʩʪʫʧʘʶʪ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ 

ʢʦʤʧʴʶʪʝʨ (A11). 

 

 

 

ʈʠʩ. 1. ʉʪʝʥʜ ʧʦ ʠʟʫʯʝʥʠʶ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ 

 

ʄʦʜʫʣʴ ɸ11 ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ 

ʥʝʛʦ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ (ʇʆ) çʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʦʩʮʠʣʣʦʛʨʘʬè 

ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʆ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʛʨʘʬʠʯʝʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʦʩʮʠʣʣʦʛʨʘʤʤ ʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʷ ʠ ʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

ʄʦʜʫʣʴ A12 ï ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥ ʪʦʢʘ ʠ ʥʘ-

ʧʨʷʞʝʥʠʷ. 

ʄʦʜʫʣʴ A13 ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʥʘʣʠʟʘʪʦʨ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ɸʂʕ-

824), ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʩʮʠʣʣʦʛʨʘʤʤ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ ʧʨʠ 

ʠʩʧʳʪʘʥʠʠ ʩʭʝʤ ʚʳʧʨʷʤʣʝʥʠʷ. 

ʅʘ ʨʠʩ. 2 ʠʟʦʙʨʘʞʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʧʳʪʘ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭʬʘʟʥʦʡ ʤʦʩʪʦʚʦʡ ʩʭʝʤʳ ʚʳʧʨʷʤʣʝʥʠʷ. 

ɺ ʩʦʩʪʘʚ ʩʪʝʥʜʘ ʚʦʟʤʦʞʥʦ ʚʚʝʜʝʥʠʝ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʠʩʪʦʯʥʠʢʠ ʧʠ-



18                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ 

 
 

ʪʘʥʠʷ ʜʨʫʛʠʭ ʕʊʋ, ʩʠʤʤʝʪʨʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʥʜʝʥʩʘʪʦʨʳ ʜʣʷ ʢʦʤʧʝʥʩʘ-

ʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʨʦʯ.). 

ʅʘ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʧʦ ʠʟʫʯʝʥʠʶ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʕʊʋ ʠ ʩʨʝʜʩʪʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʪʨʝʭʬʘʟʥʳʭ ʩʝʪʷʭ, ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ, ʧʨʠʥʮʠʧʠʘʣʴ-

ʥʳʭ ʩʭʝʤ, ʩʭʝʤ ʩʦʝʜʠʥʝʥʠʡ (ʧʦʜʢʣʶʯʝʥʠʡ) ʠ ʩʧʝʮʠʬʠʢʘʮʠʡ ʧʦ ʢʘʞʜʦʤʫ ʤʦʜʫʣʶ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʝʘʣʠʟʦʚʘʥʳ ʠʩʧʳʪʘʥʠʷ ʩʣʝʜʫʶʱʠʭ ʤʦʜʝʣʝʡ ʠʩ-

ʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʕʊʋ: 

- ʪʨʝʭʬʘʟʥʘʷ ʤʦʩʪʦʚʘʷ ʩʭʝʤʘ ʚʳʧʨʷʤʣʝʥʠʷ; 

- ʪʨʝʭʬʘʟʥʘʷ ʥʫʣʝʚʘʷ ʩʭʝʤʘ ʚʳʧʨʷʤʣʝʥʠʷ; 

-ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ. 
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ʧʨʝʦʙʨʘʟʦʚʘʪʝʣɹ

 

 
ʈʠʩ. 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʪʨʝʭʬʘʟʥʦʡ ʤʦʩʪʦʚʦʡ 

ʩʭʝʤʳ ʚʳʧʨʷʤʣʝʥʠʷ 
 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʘ ʚ ʧʦʜʚʦʜʷʱʝʡ ʩʝʪʠ ʢ ʚʳʧʨʷ-

ʤʠʪʝʣʶ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʩʪʦʯʥʠʢʝ ʧʠʪʘʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʝ ʚ ʪʦʯʢʝ ʦʙʱʝʛʦ ʧʨʠ-

ʩʦʝʜʠʥʝʥʠʷ (ʥʘ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ) ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʥʘʛʨʫʟ-

ʢʠ ʧʦ ʪʨʝʭʬʘʟʥʦʡ ʤʦʩʪʦʚʦʡ ʩʭʝʤʝ, ʘ ʪʘʢʞʝ ʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 



ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ             19 

 
 

 

 
 

ʘ) 

 

ʙ) 

ʈʠʩ. 3. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ (ʘ) ʠ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʙ): 

1 - ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʩʪʦʯʥʠʢʝ ʧʠʪʘʥʠʷ, 2 - ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ, 3 - ʪʦʢ ʚ ʧʦʜʚʦʜʷʱʝʡ ʩʝʪʠ 
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ɺʳʚʦʜʳ 

 

1. ʈʘʟʨʘʙʦʪʘʥ ʠ ʚʥʝʜʨʝʥ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʧʦ ʠʟʫ-

ʯʝʥʠʶ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʕʊʋ. 

2. ʉʪʫʜʝʥʪʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 13.04.02 ï çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʘè ʜʣʷ ʤʘʛʠʩʪʨʦʚ ʠʟʫʯʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘ-

ʥʠʷ ʕʊʋ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʇʂʕ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

3. ʆʙʦʨʫʜʦʚʘʥʠʝ ʩʪʝʥʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʇʂʕ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ. 
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ʊʈɽʍʉʊʋʇɽʅʏɸʊɸʗ ʌʀʃʔʊʈʆʂʆʄʇɽʅʉʀʈʋʖʑɸʗ 

ʋʉʊɸʅʆɺʂɸ 

 
ʌʠʣʠʘʣ ʉʘʤɻʋʇʉ ʚ ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ

1
 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʞʝʥʝʨʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʥʷʛʠʥʠʥʦ
2 

 

ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʡ ʬʠʣʴʪʨʦʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ (ʌʂʋ) ʚ 

ʪʷʛʦʚʦʡ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʥʘʧʨʷʞʝʥʠʝʤ 25 ʢɺ. ʇʝʨʚʘʷ ʩʪʫʧʝʥʴ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʚʢʣʶʯʝʥʠʝ ʪʨʝʭ LC ʩʝʢʮʠʡ - ʚʢʣʶʯʘʝʪʩʷ ʧʨʠ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʥʘʛʨʫʟʢʘʭ, ʚʪʦʨʘʷ ʩʪʫʧʝʥʴ ï 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ ʜʚʫʭ LC, ʦʜʥʘ LC ʩʝʢʮʠʷ ï ʧʨʠ ʥʘʛʨʫʟʢʘʭ ʙʦʣʴʰʝ ʩʨʝʜʥʠʭ, ʠ 

ʪʨʝʪʴʷ ʩʪʫʧʝʥʴ ï ʦʜʥʘ LC ʩʝʢʮʠʷ ï ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʷʞʝʣʦʚʝʩʥʳʭ ʧʦʝʟʜʦʚ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʫʩʪʘ-

ʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴʟʘʜʘʥʥʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʠ ʩʥʠ-

ʟʠʪʴ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʪʷʛʦʚʦʡ ʩʝʪʠ. ʇʨʠ ʰʫʥʪʠʨʦʚʘʥʠʠ ʩʝʢʮʠʡ ʌʂʋ ʪʠʨʠʩʪʦʨʥʳʤʠ 

ʚʳʢʣʶʯʘʪʝʣʷʤʠ ʚʢʣʶʯʝʥʠʝ ʠʭ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʙʨʦʩʢʦʚ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʨʝʢʦ-

ʤʝʥʜʦʚʘʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʤʘʢʩʠʤʫʤ ʪʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʝʢʮʠʠ. 

 

The description of three-stage filter-compensating installation (FCI) in AC traction network 

with voltage of 25 kV is given. The first stage (sequentialinclusion of three LC sections) is activated 

at low and medium burdens; the second stage (sequential inclusion of two LCsections)is activated at 

burdenmore than the mediumone and the third stage (one LC section)is activated at moving heavy 

trains.The proposed installation allows providing given capacity of railway and reducing power 

losses of traction network. When shunting FCI sections with thyristor switches, it is recommended 

to turn them on in order to reduce the current and voltage surges in the maximum current of the cor-

responding section. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʧʝʨʝʯʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʪʝʨʠ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ, ʪʷʛʦʚʘʷ ʩʝʪʴ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʨʝʛʫʣʠʨʫʝʤʘʷ ʬʠʣʴʪʨʦʢʦʤʧʝʥʩʠʨʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ, 

ʪʠʨʠʩʪʦʨʥʳʝ ʢʣʶʯʠ. 

 

Key words: lateral reactive power compensation, loss of electricity, traction of AC, control-

ledfilter-compensating installation, thyristor keys. 

 

 

ɺʚʝʜʝʥʠʝ 

 

ʌʠʣʴʪʨʦʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ (ʌʂʋ) ʚ ʩʠʩʪʝʤʘʭ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠ ̫ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩʣʫʞʘʪ ʜʣʷ ʧʦʧʝ-

ʨʝʯʥʦʡ ʝʤʢʦʩʪʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʪʷʛʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠ 

ʬʠʣʴʪʨʘʮʠʠ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʪʷʛʦʚʦʡ ʥʘʛʨʫʟʢʦʡ ʬʠʣʴʪʨʦʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ ʧʦʧʝʨʝʯʥʦʡ ʝʤʢʦʩʪ-

ʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ (ʌʂʋ) ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʛʫʣʠʨʫʝʤʳʤʠ [1]. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʘ ʩʝʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʧʨʠʤʝʥʷʶʪ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʝ-

ʛʫʣʠʨʫʝʤʳʭ ʌʂʋ: ʧʣʘʚʥʦ ʨʝʛʫʣʠʨʫʝʤʳʡ ʩʪʘʪʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʨʝʘʢʪʠʚʥʦʡ 

https://elibrary.ru/item.asp?id=39255930
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ʤʦʱʥʦʩʪʠ (ʉɻʈʄ) ʥʘ ʢʠʪʘʡʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʧʝʨʝʢʣʶʯʘʝʤʫʶ ʌʂʋ ʥʘ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ [2, 3]. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʠʨʫʝʤʳʭ ʌʂʋ ʚ ʪʷʛʦʚʦʡ ʩʝʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʧʨʠʯʠʥʘʤʠ: ʚʦ-ʧʝʨʚʳʭ, ʦʙʝʩʧʝʯʝʥʠʝʤ ʟʘʜʘʥʥʦʡ ʧʨʦʧʫ-

ʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʟʘʜʘʯʝʡ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ 

ʤʦʱʥʦʩʪʠ ʚ ʪʷʛʦʚʦʡ ʩʝʪʠ. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʷʛʦʚʦʡ ʩʝʪʠ. ʋʨʦʚʝʥʴ ʥʘ-

ʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʷʛʦʚʦʡ ʥʘʛʨʫʟʢʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 

ʌʂʋ. ɽʩʣʠ ʩʨʘʚʥʠʚʘʝʤʳʝ ʫʩʪʘʥʦʚʢʠ ʌʂʋ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʤʦʱʥʦʩʪʠ, ʠ 

ʦʥʠ ʩʧʦʩʦʙʥʳ ʧʦʚʳʩʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʚ ʪʷʛʦʚʦʡ ʩʝʪʠ ʜʦ ʦʜʠʥʘʢʦʚʦʛʦ ʫʨʦʚʥʷ, 

ʪʦ ʠ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʘʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʙʦʣʝʝ ʜʦʨʦʛʦʡ ʧʣʘʚʥʦ ʨʝʛʫʣʠʨʫʝʤʦʡ ʫʩʪʘʥʦʚʢʝ 

ʉɻʈʄ ʠ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʌʂʋ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ȹʈʊʉ ʚ ʪʷʛʦʚʦʡ ʩʝʪʠ, ʪʦ ʠʭ ʤʦʞʥʦ ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʢʘʢ ʩʫʤʤʫ ʧʦʪʝʨʴ ʦʪ ʢʚʘʜʨʘʪʘ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʪʷʛʦʚʦʡ ʥʘ-

ʛʨʫʟʢʠ (ȹʈʉʈ) ʠ ʧʦʪʝʨʴ ʦʪ ʝʛʦ ʜʠʩʧʝʨʩʠʠ (ʢʚʘʜʨʘʪʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪ-

ʢʣʦʥʝʥʠʷ ʪʦʢʘ) ï ȹʈD [4]. 

 

ȹʈʪʩ =ȹʈʩʨ +ȹ ʈD. (1) 

 

ʆʙʳʯʥʦ ʩ ʧʦʤʦʱʴʶ ʥʝʨʝʛʫʣʠʨʫʝʤʦʡ ʌʂʋ ʥʘ ʧʦʩʪʫ ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ȹʈʉʈ ʩʥʠʞʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 30%. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʨʝʛʫʣʠʨʫʝʤʦʡ ʌʂʋ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ ʧʦʪʝʨʠ ȹʈD. ɼʣʷ ʧʣʘʚʥʦ ʨʝʛʫʣʠʨʫʝʤʦʡ ʌʂʋ 

(ʉɻʈʄ) ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʨʘʚʥʦʡ ʧʦʣʫʪʦʨʥʦʡ 

ʩʨʝʜʥʝʡ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʪʷʛʦʚʦʡ ʥʘʛʨʫʟʢʠ, ʩʥʠʞʝʥʠʝ ȹʈD ʤʦʞʝʪ ʙʳʪʴ 

ʜʦ 6ï8% ʦʪ ȹʈʉʈ. ʇʨʠ ʵʪʦʤ ʚ ʧʣʘʚʥʦ ʨʝʛʫʣʠʨʫʝʤʦʡ ʌʂʋ ʩʣʝʜʫʝʪ ʧʦʩʪʦʷʥʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʷʛʦʚʫʶ ʥʘʛʨʫʟʢʫ ʤʝʞʧʦʜʩʪʘʥʮʠʦʥʥʦʡ ʟʦʥʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʩ ʤʘʣʳʤ ʯʠʩʣʦʤ ʩʪʫʧʝʥʝʡ (2ï3 ʩʪʫʧʝʥʠ) 

ʫʢʘʟʘʥʥʦʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʙʫʜʝʪ 3ï4%. 

ɺ [1, 2, 5] ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ ʜʣʷ 

ʪʷʛʦʚʳʭ ʩʝʪʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʨʝʛʫʣʠʨʫʝʤʳʝ ʫʩʪʘʥʦʚʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʚʳʧʦʣʥʷʪʴ ʩʪʫʧʝʥʯʘʪʳʤʠ ʩ ʯʠʩʣʦʤ ʩʪʫʧʝʥʝʡ ʥʝ ʙʦʣʝʝ ʪʨʝʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 

[5] ʫʢʘʟʘʥʦ: çéʨʝʛʫʣʠʨʫʝʤʳʝ ʙʘʪʘʨʝʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ 

ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ, ʥʝ ʜʦʣʞʥʳ ʠʤʝʪʴ ʙʦʣʝʝ ʪʨʝʭ ʩʪʫʧʝʥʝʡ ʤʦʱʥʦʩʪʠè. 

 

2. ʇʦʩʪʘʥʦʚʢʘ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ɺ ʩʚʷʟʠ ʩ ʫʢʘʟʘʥʥʳʤ, ʘ ʪʘʢʞʝ ʧʦ ʧʨʠʯʠʥʝ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʉɻʈʄ ʚ  

[ 6 ] ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʣʘʚʥʦ ʨʝʛʫʣʠʨʫʝʤʦʡ ʌʂʋ ʉɻʈʄ ʚ 

ʪʷʛʦʚʦʡ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʤʘʣʦ-

ʩʪʫʧʝʥʯʘʪʳʝ ʌʂʋ. ɺʘʨʠʘʥʪ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʌʂʋ ʨʘʟʦʙʨʘʥ ʚ [6], ʧʦʵʪʦʤʫ 

ʜʘʣʝʝ ʧʨʠ ʙʦʣʴʰʠʭ ʪʷʛʦʚʳʭ ʥʘʛʨʫʟʢʘʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʥʪ ʪʨʝʭʩʪʫʧʝʥʯʘ-

ʪʦʡ ʦʜʥʦʬʘʟʥʦʡ ʌʂʋ ʚ ʪʷʛʦʚʦʡ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʥʘ ʧʦʩʪʫ ʩʝʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ. 



ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ             23 

 
 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʤʦʱʥʦʩʪʠ ʨʝʛʫʣʠʨʫʝʤʦʡ ʌʂʋ 4ï6 ʄʚʘʨ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʝʥʷʪʴ ʧʝʨʝʢʣʶʯʘʝʤʫʶ ʌʂʋ ʥʘ ʜʚʝ ʩʪʫʧʝʥʠ ʤʦʱʥʦʩʪʠ. ʇʨʠ 

ʤʦʱʥʦʩʪʠ ʨʝʛʫʣʠʨʫʝʤʦʡ ʌʂʋ ʚ 6ï9 ʄʚʘʨ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʠʪʴ ʪʨʝʭʩʪʫʧʝʥʯʘ-

ʪʫʶ ʌʂʋ (ʥʘʧʨʠʤʝʨ, ʩ ʩʝʢʮʠʷʤʠ 3 + 3 + 3 ʄʚʘʨ). 

ʅʝʜʦʩʪʘʪʦʢ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʌʂʋ ʧʨʠ ʙʦʣʴʰʠʭ ʪʷʛʦ-

ʚʳʭ ʥʘʛʨʫʟʢʘʭ ï ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʨʝʛʫʣʠʨʫʝʤʳʭ ʩʪʫʧʝʥʝʡ (ʜʚʝ ʩʪʫʧʝʥʠ), 

ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʩʪʝʧʝʥʠ ʧʦʚʳʰʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʫʯʘʩʪʢʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. ʂʨʦ-

ʤʝ ʪʦʛʦ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ ʩʪʫʧʝʥʝʡ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʝʨʝʧʘʜʳ ʥʘʧʨʷʞʝ-

ʥʠʷ ʥʘ ʪʦʢʦʧʨʠʝʤʥʠʢʝ ʵʣʝʢʪʨʦʚʦʟʘ ʧʨʠ ʢʦʤʤʫʪʘʮʠʠ ʩʪʫʧʝʥʝʡ ʤʦʱʥʦʩʪʠ 

ʌʂʋ, ʯʪʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʨʘʙʦʪʝ ʪʷʛʦʚʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. 

ʈʝʘʣʠʟʘʮʠʷ ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʡ ʌʂʋ ʩʦʩʪʦʠʪ ʥʝ ʧʨʦʩʪʦ ʚ ʜʦʙʘʚʣʝʥʠʠ 

ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ ʢ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʌʂʋ [7]. ɺ ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʡ ʌʂʋ ʥʝʦʙ-

ʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʧʨʠ ʩʥʠʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʷʛʦʚʦʡ ʩʝʪʠ ʜʦ 21 ï 24 ʢɺ ʠ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʝʛʦ ʩʥʠʞʝʥʠʷ ʛʝʥʝʨʠʨʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʌʂʋ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ 

ʛʝʥʝʨʠʨʫʝʤʫʶ ʤʦʱʥʦʩʪʴ ʌʂʋ ʚ ʨʝʞʠʤʘʭ ʥʘʠʙʦʣʴʰʝʡ ʪʷʛʦʚʦʡ ʥʘʛʨʫʟʢʠ; 

2) ʫʯʝʩʪʴ ʥʝʜʦʧʫʱʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝ-

ʥʠʷ ʧʨʠ ʣʶʙʦʤ ʯʠʩʣʝ ʚʢʣʶʯʝʥʥʳʭ ʩʝʢʮʠʡ; 

3) ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʪʨʝʪʴʝʡ ʩʝʢʮʠʠ ʩ ʜʦʧʫʩʪʠʤʳ-

ʤʠ ʟʥʘʯʝʥʠʷʤʠ ʙʨʦʩʢʦʚ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ. 

ʎʝʣʴ ʩʪʘʪʴʠ ï ʨʘʩʩʤʦʪʨʝʪʴ ʩʭʝʤʥʦʝ ʨʝʰʝʥʠʝ ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʡ ʌʂʋ 

ʧʨʠ ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ ʚ ʪʷʛʦʚʦʡ ʩʝʪʠ [8-15] ʠ ʜʘʪʴ ʜʣʷ ʥʝʛʦ ʪʝʦ-

ʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. 

 

3. ʉʭʝʤʥʦʝ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʡ ʦʜʥʦʬʘʟʥʦʡ ʌʂʋ ʪʷʛʦ-

ʚʦʡ ʩʝʪʠ. 

ʊʨʝʭʩʪʫʧʝʥʯʘʪʘʷ ʌʂʋ ʥʘ ʧʦʩʪʫ ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʩʝʢ-

ʮʠʡ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʪʨʠ ʩʪʫʧʝʥʠ ʤʦʱʥʦʩʪʠ 

ʌʂʋ (3+14 ʠ 4 ï 1-ʷ ʩʝʢʮʠʷ, 5 ʠ 6 ï 2-ʷ ʩʝʢʮʠʷ, 7 ʠ 8 ï 3-ʷ ʩʝʢʮʠʷ). ʂʦʤʤʫ-

ʪʠʨʫʶʱʠʝ ʚʳʢʣʶʯʘʪʝʣʠ 11 ʠ 12 ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: 

1) ʚʘʢʫʫʤʥʳʤʠ ʚʳʢʣʶʯʘʪʝʣʷʤʠ, ʠ ʪʦʛʜʘ ʚʢʣʶʯʝʥʠʝ ʠʭ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʪʦ ʝʩʪʴ ʥʝʩʠʥʭʨʦʥʥʦ ʩ ʢʨʠʚʦʡ ʥʘʧʨʷʞʝʥʠʷ); 

2) ʪʠʨʠʩʪʦʨʥʳʤʠ ʚʳʢʣʶʯʘʪʝʣʷʤʠ, ʠ ʪʦʛʜʘ ʚʢʣʶʯʝʥʠʝ ʠʭ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʤʘʢʩʠʤʫʤ ʪʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʝʢʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠ 

ʜʦʧʫʩʪʠʤʳʭ ʙʨʦʩʢʘʭ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

 



24                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ 
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ʈʠʩ.1. ʊʨʝʭʩʪʫʧʝʥʯʘʪʘʷ ʬʠʣʴʪʨʦʢʦʤʧʝʥʩʠʨʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ: 

1 ï ʰʠʥʘ 27,5 ʢɺ ʌʂʋ; 2 ï ʛʣʘʚʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ Q1; 3 ï ʢʦʥʜʝʥʩʘʪʦʨʥʘʷ ʙʘʪʘʨʝʷ 1-ʡ 

ʩʝʢʮʠʠ; 4 ï ʬʠʣʴʪʨʦʚʳʡ ʨʝʘʢʪʦʨ 1-ʡ ʩʝʢʮʠʠ; 5 ï ʢʦʥʜʝʥʩʘʪʦʨʥʘʷ ʙʘʪʘʨʝʷ 2-ʡ ʩʝʢʮʠʠ; 

6 ï ʬʠʣʴʪʨʦʚʳʡ ʨʝʘʢʪʦʨ 2-ʡ ʩʝʢʮʠʠ; 7 ï ʢʦʥʜʝʥʩʘʪʦʨʥʘʷ ʙʘʪʘʨʝʷ 3-ʡ ʩʝʢʮʠʠ; 

8 ï ʬʠʣʴʪʨʦʚʳʡ ʨʝʘʢʪʦʨ 3-ʡ ʩʝʢʮʠʠ; 9 ï ʜʝʤʧʬʠʨʫʶʱʠʡ ʨʝʟʠʩʪʦʨ; 10 ï ʢʦʤʤʫʪʠʨʫʶʱʠʡ 

ʚʳʢʣʶʯʘʪʝʣʴ Q2 10 ʢɺ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʨʝʟʠʩʪʦʨʘ; 11 ï ʢʦʤʤʫʪʠʨʫʶʱʠʡ ʚʳʢʣʶʯʘʪʝʣʴ 

Q3 10ʢɺ 3-ʡ ʩʝʢʮʠʠ ʌʂʋ; 12 ï ʢʦʤʤʫʪʠʨʫʶʱʠʡ ʚʳʢʣʶʯʘʪʝʣʴ Q4 10 ʢɺ 2-ʡ ʠ 3-ʡ ʩʝʢʮʠʡ 

ʌʂʋ; 13 ï ʨʝʣʴʩ; 14 ï ʧʘʨʘʣʣʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʝ ʢʦʥʜʝʥʩʘʪʦʨʳ ʚ 1-ʶ ʩʝʢʮʠʶ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʨʷʜʦʢ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʝʢʮʠʡ ʌʂʋ ʩ ʢʦʤʤʫʪʠʨʫʶʱʠʤʠ 

ʚʘʢʫʫʤʥʳʤʠ ʚʳʢʣʶʯʘʪʝʣʷʤʠ. ʇʝʨʚʘʷ ʩʪʫʧʝʥʴ ʥʘʠʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ ʩʦʩʪʦ-

ʠʪ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʭ ʪʨʝʭ ʩʝʢʮʠʡ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ (3, 

14, 5 ʠ 7) ʠ ʪʨʝʭ ʬʠʣʴʪʨʦʚʳʭ ʨʝʘʢʪʦʨʦʚ (4, 6 ʠ 8). ʂʘʞʜʘʷ ʩʝʢʮʠʷ ʌʂʋ ʥʘ-

ʩʪʨʦʝʥʘ ʥʘ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ 140 ɻʮ, ʧʦʵʪʦʤʫ ʠ ʚʩʷ ʌʂʋ ʥʘʩʪʨʦʝʥʘ ʥʘ 

ʯʘʩʪʦʪʫ 140 ɻʮ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝʥʠʡ. ɺʢʣʶ-

ʯʝʥʠʝ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʚ ʨʘʙʦʪʫ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʦʪ-

ʢʣʶʯʝʥʥʳʭ ʢʦʤʤʫʪʠʨʫʶʱʠʭ ʚʳʢʣʶʯʘʪʝʣʷʭ 10,11,12 ʚʢʣʶʯʘʝʪʩʷ ʛʣʘʚʥʳʡ 

ʚʳʢʣʶʯʘʪʝʣʴ 2, ʘ ʟʘʪʝʤ ʰʫʥʪʠʨʫʝʪʩʷ ʜʝʤʧʬʠʨʫʶʱʠʡ ʨʝʟʠʩʪʦʨ 9 ʚʢʣʶʯʝʥʠ-

ʝʤ ʢʦʤʤʫʪʠʨʫʶʱʝʛʦ ʚʳʢʣʶʯʘʪʝʣʷ 10. 

ɺʪʦʨʘʷ ʩʪʫʧʝʥʴ ʌʂʋ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʩʦʩʪʦʠʪ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚʢʣʶʯʝʥʥʳʭ ʧʝʨʚʦʡ 3 ʠ 14 ʠ ʚʪʦʨʦʡ 5 ʩʝʢʮʠʡ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʠ 

ʬʠʣʴʪʨʦʚʳʭ ʨʝʘʢʪʦʨʦʚ 4 ʠ 6. ɺʢʣʶʯʝʥʠʝ ʚ ʨʘʙʦʪʫ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʌʂʋ ʧʨʠ 

ʚʢʣʶʯʝʥʥʦʡ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʚʢʣʶ-

ʯʝʥʥʦʤ ʛʣʘʚʥʦʤ ʚʳʢʣʶʯʘʪʝʣʝ 2, ʦʪʢʣʶʯʘʝʪʩʷ ʢʦʤʤʫʪʠʨʫʶʱʠʡ ʚʳʢʣʶʯʘʪʝʣʴ 

10, ʟʘʪʝʤ ʚʢʣʶʯʘʝʪʩʷ ʢʦʤʤʫʪʠʨʫʶʱʠʡ ʚʳʢʣʶʯʘʪʝʣʴ 11, ʧʦʩʣʝ ʯʝʛʦ ʚʢʣʶʯʘ-

ʝʪʩʷ 10. 



ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ             25 

 
 

ʊʨʝʪʴʷ ʩʪʫʧʝʥʴ ʌʂʋ ʥʘʠʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʚʦʡ ʩʝʢʮʠʠ 

ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʙʘʪʘʨʝʠ 3 ʠ 14 ʠ ʬʠʣʴʪʨʦʚʦʛʦ ʨʝʘʢʪʦʨʘ 4. ɺʢʣʶʯʝʥʠʝ ʪʨʝʪʴ-

ʝʡ ʩʪʫʧʝʥʠ ʌʂʋ ʧʨʠ ʚʢʣʶʯʝʥʥʦʡ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʇʨʠ ʚʢʣʶʯʝʥʥʦʤ ʛʣʘʚʥʦʤ ʚʳʢʣʶʯʘʪʝʣʝ 2 ʦʪʢʣʶʯʘʝʪʩʷ ʚʳʢʣʶʯʘ-

ʪʝʣʴ 10 ʠ ʚʢʣʶʯʘʝʪʩʷ ʚʳʢʣʶʯʘʪʝʣʴ 12, ʧʦʩʣʝ ʯʝʛʦ ʚʢʣʶʯʘʝʪʩʷ 10. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʚʩʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʪʫʧʝʥʝʡ ʤʦʱʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʚʚʝʜʝʥʥʦʤ 

ʜʝʤʧʬʠʨʫʶʱʝʤ ʨʝʟʠʩʪʦʨʝ 9, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ. 

ʇʨʠ ʪʠʨʠʩʪʦʨʥʳʭ ʚʳʢʣʶʯʘʪʝʣʷʭ 11 ʠ 12 ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʝʢʮʠʡ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʢʣʶʯʘʪʴ-ʚʢʣʶʯʘʪʴ ʚʘʢʫʫʤʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ 10. ʐʫʥʪʠʨʦ-

ʚʘʥʠʝ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʩʝʢʮʠʠ ʌʂʋ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝ-

ʥʠ, ʢʦʛʜʘ ʪʦʢ ʩʝʢʮʠʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʝ ʚʦʟʥʠʢʘʝʪ ʙʨʦʩʢʦʚ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʰʫʥʪʠʨʫʝʤʦʡ ʩʝʢʮʠʠ. 

 

4. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

 

ʇʦʩʢʦʣʴʢʫ ʨʝʢʦʤʝʥʜʘʮʠʷ ʰʫʥʪʠʨʦʚʘʪʴ ʚʪʦʨʫʶ ʠ ʪʨʝʪʴʶ ʩʝʢʮʠʠ ʚ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʪʦʢ ʩʝʢʮʠʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʥʝ 

ʷʚʣʷʝʪʩʷ ʦʯʝʚʠʜʥʦʡ ʠ ʚʳʟʳʚʘʝʪ ʩʧʦʨʳ ʩʨʝʜʠ ʤʥʦʛʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʨʠʚʝ-

ʜʝʤ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʰʫʥʪʠʨʫʝʤʦʡ ʚʪʦʨʦʡ ʩʝʢʮʠʠ. ʇʦ-

ʩʢʦʣʴʢʫ ʚʪʦʨʘʷ ʩʝʢʮʠʷ ʟʘʤʳʢʘʝʪʩʷ ʥʘʢʦʨʦʪʢʦ ʠ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʩʭʝʤʳ, ʪʦ ʥʘ ʧʨʦʮʝʩʩʳ ʚ ʥʝʡ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʠ ʩʠʩʪʝʤʘ ʚʥʝʰʥʝ-

ʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʥʠ ʪʷʛʦʚʘʷ ʥʘʛʨʫʟʢʘ. ʍʘʨʘʢʪʝʨ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʟʘʤʳʢʘʝʤʦʡ ʥʘʢʦʨʦʪʢʦ ʩʝʢʮʠʠ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʩʝʢʮʠʠ 

C2, L2 ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦ-

ʮʝʩʩʳ ʚʦ ʚʪʦʨʦʡ ʩʝʢʮʠʠ ʧʨʠ ʝʝ ʟʘʤʳʢʘʥʠʠ ʧʦ ʫʧʨʦʱʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʚ ʧʘʢʝʪʝ 

MATHCAD. 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʬʦʨ-

ʤʝ ʂʦʰʠ ʜʣʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦ ʚʪʦʨʦʡ ʩʝʢʮʠʠ ʙʫʜʝʪ ʟʘʧʠʩʳʚʘʪʴʩʷ ʜʚʫʤʷ 

ʫʨʘʚʥʝʥʠʷʤʠ: 

 

2 2 2

2

Cdi u r i

dt L

- - Ö
=  ,                                              (2) 

2 2

2
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dt C
=  .                                                      (3) 

 

ɿʜʝʩʴ t ïʚʨʝʤʷ, i2 ï ʪʦʢ ʚʦ ʚʪʦʨʦʡ ʩʝʢʮʠʠ ʉ2L2, uC2 ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥ-

ʜʝʥʩʘʪʦʨʝ 5 ʚʪʦʨʦʡ ʩʝʢʮʠʠ, ʉ2 ï ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ 5 ʠ L2 ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ 

ʨʝʘʢʪʦʨʘ 6 ʚʪʦʨʦʡ ʩʝʢʮʠʠ, r ï ʥʝʙʦʣʴʰʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʘʢʪʠʚʥʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ, ʢʦʪʦʨʳʤ ʦʙʣʘʜʘʝʪ ʚʪʦʨʘʷ ʩʝʢʮʠʷ. ʕʪʦ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝ-



26                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ 

 
 

ʘʣʴʥʦ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ. ɽʩʣʠ ʙʳ ʝʛʦ ʥʝ ʙʳʣʦ, ʪʦ ʚ ʟʘʤʢʥʫʪʦʡ ʥʘʢʦʨʦʪʢʦ ʚʪʦ-

ʨʦʡ ʩʝʢʮʠʠ ʩʫʱʝʩʪʚʦʚʘʣʠ ʙʳ ʙʝʩʢʦʥʝʯʥʦ ʜʦʣʛʦ ʥʝʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ. ʇʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʵʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʜʠ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʟʘʪʫʭʘʥʠʷ ʚʟʷʪʦ 

ʨʘʚʥʳʤ 0,6 ʆʤ. 

ʅʘ ʨʠʩ.2 ʧʨʠʚʝʜʝʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦ ʚʪʦʨʦʡ ʩʝʢ-

ʮʠʠ C2L2 ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʌʂʋ ʩ ʥʘʠʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ ʥʘ ʩʨʝʜʥʶʶ ʤʦʱ-

ʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʧʨʠ ʰʫʥʪʠʨʦʚʘʥʠʠ ʚʪʦʨʦʡ ʩʝʢʮʠʠ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪ rʚʨʝʤʝʥʠ: 

ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʨʘʚʥʦʤ ʥʫʣʶ ʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʪʦʢʝ (ʨʠʩ.2). ɺʢʣʶʯʝʥʠʝ ʚʳ-

ʢʣʶʯʘʪʝʣʷ Q3, ʟʘʤʳʢʘʶʱʝʛʦ ʥʘʢʦʨʦʪʢʦ ʚʪʦʨʫʶ ʩʝʢʮʠʶ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.2 ʪʝʤ-

ʥʦʡ ʧʦʣʦʩʦʡ ʚʥʠʟʫ ʦʩʮʠʣʣʦʛʨʘʤʤʳ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʝ ʉ2 ʚʪʦʨʦʡ 

ʩʝʢʮʠʠ ʦʙʦʟʥʘʯʝʥʦ uC2, ʘ ʪʦʢ ʚ ʥʝʡ ïi2. 

ʅʘ ʨʠʩ. 2 ʰʫʥʪʠʨʦʚʘʥʠʝ ʚʪʦʨʦʡ ʩʝʢʮʠʠ C2L2 ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʚʚʝʜʝʥʠʷ ʚ 

ʝʝ ʮʝʧʴ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʨʝʟʠʩʪʦʨʘ. ʇʦʩʢʦʣʴʢʫ ʩʝʢʮʠʷ C2L2 ʰʫʥʪʠʨʫʝʪʩʷ ʥʘʢʦ-

ʨʦʪʢʦ ʙʝʟ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʨʝʟʠʩʪʦʨʘ, ʪʦ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ 

ʦ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʪʘʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʘʜʠʤ ʧʦʷʩʥʝ-

ʥʠʝ ʧʨʠʚʝʜʝʥʥʦʡ ʦʩʮʠʣʣʦʛʨʘʤʤʝ. 

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʢʮʠʷʭ ʌʂʋ ʵʥʝʨʛʠʷ, ʟʘʧʘ-

ʩʝʥʥʘʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʨʝʘʢʪʦʨʘ ʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʩʢʘʯʢʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʝʩ-

ʣʠ ʩʝʢʮʠʷ C2L2 ʰʫʥʪʠʨʫʝʪʩʷ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʦʢʘ ʚ ʥʝʡ ʠ ʥʫʣʝʚʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʝ ʉ2 (ʨʠʩ.2), ʪʦ ʚ ʟʘʤʢʥʫʪʦʡ ʥʘʢʦʨʦʪʢʦ ʩʝʢʮʠʠ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʙʨʦʩʢʦʚ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʤʦʤʝʥʪ 

ʜʣʷ ʰʫʥʪʠʨʦʚʘʥʠʷ ʩʝʢʮʠʠ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʝʢʮʠʠ ʚ ʝʝ ʵʣʝ-

ʤʝʥʪʘʭ C2 ʠ L2 ʧʝʨʠʦʜʠʯʝʩʢʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʠ ʦʪʜʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ. 

 
 

ʈʠʩ.2. ʇʨʦʮʝʩʩʳ ʚ ʟʘʤʢʥʫʪʦʡ ʥʘʢʦʨʦʪʢʦ ʚʪʦʨʦʡ ʩʝʢʮʠʠ C2L2 ʧʨʠ ʝʝ ʰʫʥʪʠʨʦʚʘʥʠʠ ʩʦ 

ʰʪʘʪʥʳʤ ʨʝʘʢʪʦʨʦʤ ʚ ʤʦʤʝʥʪ ʥʫʣʝʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʝ ʉ2 

 

ɽʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ C2 ʙʦʣʴʰʝ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʨʝʘʢʪʦʨʘ L2 ʧʨʠʤʝʨʥʦ ʚ ʜʝʚʷʪʴ ʨʘʟ. ʇʦʵʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʟʘʧʘʩʘʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ 2

C2m C2m2 / 2W ʉ U= Ö  ʙʦʣʴʰʝ, ʯʝʤ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʧʘʩʘʝʤʦʡ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʨʝʘʢʪʦʨʘ 



ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ             27 

 
 

2

L2m L2m2 / 2W L I= Ö  ʚ ʜʝʚʷʪʴ ʨʘʟ. ɿʜʝʩʴ IL2m ʠ UC2m ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʝ ʚʦ ʚʪʦʨʦʡ ʩʝʢʮʠʠ ʜʦ ʝʝ ʰʫʥʪʠʨʦʚʘʥʠʷ. ʄʛʥʦʚʝʥ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ 
2 2

2 C2 L2 2 22 / 2 2 / 2C LW W W ʉ u L i= + = Ö + Ö. 

ɿʘ ʩʯʝʪ ʵʥʝʨʛʠʠ, ʟʘʧʘʩʝʥʥʦʡ ʚ ʵʣʝʤʝʥʪʘʭ C2 ʠ L2, ʚ ʟʘʤʢʥʫʪʦʡ ʥʘʢʦʨʦʪʢʦ 

ʩʝʢʮʠʠ C2L2 ʚʦʟʥʠʢʘʶʪ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʯʘʩʪʦʪʦʡ 140 ɻʮ, ʢʦʪʦʨʳʝ 

ʠʟ-ʟʘ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ r ʧʦʩʪʝʧʝʥʥʦ ʟʘʪʫʭʘʶʪ. ʏʝʤ ʤʝʥʴʰʝ ʟʘʧʘʩʝʥʥʘʷ 

ʵʥʝʨʛʠʷ, ʪʝʤ ʤʝʥʴʰʝ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʚ ʟʘʤʢʥʫʪʦʡ ʥʘʢʦʨʦʪʢʦ ʩʝʢʮʠʠ. ʀʟ-

ʤʝʥʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ 
2 C2 L2W W W= +  ʚ ʟʘʤʳʢʘʝʤʦʡ ʥʘʢʦʨʦʪʢʦ ʩʝʢʮʠʠ C2L2 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʤʦʤʝʥʪ ʜʣʷ ʰʫʥ-

ʪʠʨʦʚʘʥʠʷ ʩʝʢʮʠʠ C2L2 ïɻ ʪʦ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʜʝʥʩʘ-

ʪʦʨʝ C2 ʙʣʠʟʢʦ ʢ ʥʫʣʶ ʠ ʟʘʧʘʩʝʥʥʘʷ ʚ ʥʝʤ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʘʢʞʝ ʨʘʚʥʘ 

ʥʫʣʶ. ʉʫʤʤʘʨʥʘʷ ʵʥʝʨʛʠʷ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʨʘʚʥʦʡ 
2

2 22 / 2L mW L i= Ö . 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʘʝʤʦʝ ʨʝʘʢʪʦʨʦʤ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ 

ʵʥʝʨʛʠʠ ʚ ʟʘʤʢʥʫʪʦʡ ʥʘʢʦʨʦʪʢʦ ʮʝʧʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʩʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʨʝʘʢʪʦʨʝ ʜʦ ʢʦʤʤʫʪʘʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʵʥʝʨʛʠʠ ʚ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ ʚ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʥʝ ʩʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ ʪʦʢʘ ʚ ʮʝʧʠ ʜʦ ʢʦʤʤʫʪʘʮʠʠ. ʂʦʥʜʝʥʩʘʪʦʨ ʉ2 ʧʨʠ ʢʦ-

ʣʝʙʘʥʠʷʭ ʵʥʝʨʛʠʠ ʚ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʧʦʣʫʯʘʪʴ ʵʥʝʨʛʠʶ, 

ʢʦʪʦʨʘʷ ʙʳʣʘ ʟʘʧʘʩʝʥʘ ʚ ʨʝʘʢʪʦʨʝ 
2

2 22 / 2L mW L I= Ö  ʠ ʢʦʪʦʨʘʷ ʤʝʥʴʰʝ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ ʜʦ ʢʦʤʤʫʪʘʮʠʠ ʚ ʜʝʚʷʪʴ ʨʘʟ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʵʪʦ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʟʘʨʷʜʠʪʴ ʢʦʥʜʝʥʩʘʪʦʨ ʣʠʰʴ ʜʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦ-

ʨʦʝ ʤʝʥʴʰʝ ʜʦʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʥʝʤ, ʯʪʦ ʚʠʜʥʦ ʠʟ 

ʨʠʩ. 2. 

ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʡ ʌʂʋ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʥʘʛʨʫʟʢʠ ʚ ʪʷʛʦʚʦʡ ʩʝʪʠ ʧʦʥʠʞʘʝʪʩʷ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʘʭ ʌʂʋ ʠ ʩʣʝʜʫʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʤʦʱʥʦʩʪʴ 

ʌʂʋ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʷʛʦʚʦʡ ʩʝʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʝʜʣʘʛʘʝʪʩʷ: ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʰʠʥʘʭ ʌʂʋ 27ï29 ʢɺ 

ʚ ʨʘʙʦʪʫ ʚʢʣʶʯʝʥʘ ʧʝʨʚʘʷ ʩʪʫʧʝʥʴ ʌʂʋ, ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 24 ï 27 ʢɺ ï ʚʪʦ-

ʨʘʷ ʩʪʫʧʝʥʴ, ʠ ʧʨʠ 21ï24 ʢɺ ï ʪʨʝʪʴʷ ʩʪʫʧʝʥʴ. ɼʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʯʘʩʪʢʦʚ 

ʫʢʘʟʘʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʝʢʮʠʡ ʌʂʋ ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ. 

ɼʣʷ ʥʝʜʦʧʫʱʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝʥʠʡ ʯʘʩʪʦʪʘ ʥʘʩʪʨʦʡʢʠ ʌʂʋ 

ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 135 ï 142 ɻʮ [1]. ʇʦʵʪʦʤʫ ʚʩʝ ʩʝʢʮʠʠ ʌʂʋ ʩʥʘʙʞʝ-

ʥʳ ʬʠʣʴʪʨʦʚʳʤʠ ʨʝʘʢʪʦʨʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʫʢʘʟʘʥʥʫʶ ʥʦʨʤʘʪʠʚʥʫʶ 

ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʌʂʋ ʩ ʣʶʙʳʤ ʯʠʩʣʦʤ ʩʝʢʮʠʡ. ʆʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪ ʨʝ-

ʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʌʂʋ ï 140 ɻʮ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʪʨʝʭʩʪʫʧʝʥʯʘʪʘʷ ʌʂʋ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝ 

ʪʦʣʴʢʦ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ, ʥʦ ʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʪʷʛʦʚʦʡ ʩʝʪʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 
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ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʪʦʪʠʧʦʤ ʩ ʜʚʫʤʷ ʩʪʫʧʝʥʷʤʠ 

ʤʦʱʥʦʩʪʠ ʚ ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʡ ʌʂʋ ʪʨʠ ʩʪʫʧʝʥʠ ʤʦʱʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʥʘʷ 

ʤʦʱʥʦʩʪʴ ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪʩʷ ʧʨʠ ʥʘʠʙʦʣʴʰʝʡ ʪʷʛʦʚʦʡ 

ʥʘʛʨʫʟʢʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʝʝ ʩʪʨʦʛʦ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʪʨʝʙʦʚʘʥʠʝ ʨʘ-

ʚʝʥʩʪʚʘ ʪʦʢʘ ʨʝʛʫʣʠʨʫʝʤʦʡ ʌʂʋ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʤʫ ʪʦʢʫ ʪʷʛʦʚʦʡ ʥʘʛʨʫʟ-

ʢʠ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʘ ʬʠʣʴʪʨʦʢʦʤʧʝʥʩʠʨʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘ ʪʨʠ ʩʪʫʧʝʥʠ ʤʦʱʥʦʩʪʠ, ʧʨʠʯʝʤ ʯʠʩʣʦ ʩʪʫʧʝʥʝʡ ʌʂʋ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʭʝʤʳ ʧʠʪʘʥʠʷ ʪʷʛʦʚʦʡ ʩʝʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʷʛʦʚʦʡ ʥʘʛʨʫʟʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʫʯʘʩʪʢʘ. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʧʦ ʩʥʠʞʝʥʠʶ 

ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʙʫʜʝʪ ʧʨʠ ʚʚʝʜʝʥʠʠ ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʡ ʌʂʋ, ʦʜʥʘʢʦ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʯʠʩʣʘ ʩʪʫʧʝʥʝʡ ʜʦ ʜʚʫʭ ʠ ʜʦ ʦʜʥʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʠ-

ʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. 

ɺ ʩʣʫʯʘʝ ʟʘʤʝʥʳ ʚʘʢʫʫʤʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ 10 ʢɺ ʥʘ ʪʠʨʠʩʪʦʨʥʳʝ 

ʢʣʶʯʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʲʝʤ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʭʩʪʫʧʝʥ-

ʯʘʪʦʡ ʌʂʋ ʚʦʟʨʘʩʪʝʪ. 

 

ɺʳʚʦʜʳ 

 

1. ʅʘ ʧʦʩʪʘʭ ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ ʬʠʣʴʪʨʦʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ 

ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʩ ʪʨʝʤʷ ʩʪʫʧʝʥʷʤʠ ʤʦʱʥʦʩʪʠ, ʧʨʠ 

ʵʪʦʤ ʞʝʣʘʪʝʣʴʥʦ ʢʦʤʤʫʪʠʨʫʶʱʠʝ ʚʳʢʣʶʯʘʪʝʣʠ, ʰʫʥʪʠʨʫʶʱʠʝ ʩʝʢʮʠʠ 

ʌʂʋ, ʚʳʧʦʣʥʷʪʴ ʪʠʨʠʩʪʦʨʥʳʤʠ. 

2.ʊʨʝʭʩʪʫʧʝʥʯʘʪʫʶ ʌʂʋ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʜʣʷ ʧʦʩʪʦʚ 

ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʩʨʝʜʥʝʡ ʨʝʘʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʝ ʪʷʛʦʚʦʡ ʩʝʪʠ ʤʝʞʧʦʜ-
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3. ʐʫʥʪʠʨʦʚʘʥʠʝ ʩʝʢʮʠʠ ʌʂʋ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠ-
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ʃ.ʕ. ʈʦʛʠʥʩʢʘʷ
1
, ɸ.ʉ. ɻʦʨʙʫʥʦʚ

1 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɸʉʏɽʊɸ ʇɸʈɸʄɽʊʈʆɺ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ 

ʇʆʃʗ ɺ ʉʇɽʎʀɸʃʔʅʓʍ ʀʅɼʋʂʊʆʈɸʍ 

 
ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ

1 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʨʷʜʘ ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʠʥʜʫʢʪʦʨʦʚ ʜʣʷ ʠʥʜʫʢʮʠʦʥ-

ʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʣʦʩʢʠʡ ʠʥʜʫʢʪʦʨ ʚ ʚʠʜʝ ʩʧʠʨʘʣʠ, ʦʜ-

ʥʦʚʠʪʢʦʚʳʡ ʠʥʜʫʢʪʦʨ, ʤʥʦʛʦʚʠʪʢʦʚʳʝ ʧʨʦʪʷʞʝʥʥʳʡ ʠ ʢʦʨʦʪʢʠʡ ʠʥʜʫʢʪʦʨʳ. ʇʨʠʚʝʜʝʥʳ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʠʥʜʫʢʪʦʨʦʚ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʣʝʡ ʨʷʜʘ ʠʥʜʫʢ-

ʪʦʨʦʚ. 

 

The article describes the designs of a number of inductors used for induction heating of met-

al parts, including a flat inductor in the form of a spiral, a single-turn inductor, multi-turn long and 

short inductors. Mathematical expressions are given that make it possible to calculate the parame-

ters of the electromagnetic field in various types of inductors. The results of calculations of the 

fields of a number of inductors are presented. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʜʫʢʮʠʦʥʥʳʡ ʥʘʛʨʝʚ, ʠʥʜʫʢʪʦʨ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʤʘʛʥʠʪʥʘʷ 

ʠʥʜʫʢʮʠʷ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

 

Key words: induction heating, inductor, electromagnetic field, magnetic induction, magnetic 

field strength. 

 

 

ʂʦʥʩʪʨʫʢʮʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʜʫʢʪʦʨʦʚ ʠ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ 

 ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʫʩʪʘʥʦʚʢʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ 

ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʟʘʛʨʫʟʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʧʦʣʳʝ ʠ 

ʩʧʣʦʰʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʟʘʛʦʪʦʚʢʠ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʨʝʜʫ, ʩʦʩʪʦʷʱʫʶ 

ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʮʠʣʠʥʜʨʦʚ. ʂ ʧʦʩʣʝʜʥʝʤʫ ʩʣʫʯʘʶ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʘʛʨʝʚʘ ʜʝʪʘʣʝʡ ʚʥʫʪʨʠ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʥʜʫʢʪʦʨʦʚ-

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʥʘʛʨʝʚ ʜʝʪʘʣʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʫʪʨʠ ʜʦʙʘʚʦʯʥʦʡ ʧʨʦʚʦʜʷ-

ʱʝʡ ʩʨʝʜʳ ʚ ʚʠʜʝ ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʘ ʩ ʧʨʦʨʝʟʴʶ ʚ ʮʠʣʠʥʜʨʝ ʠʣʠ ʙʝʟ ʥʝʝ, ʠ ʜʨʫʛʠʝ 

ʚʘʨʠʘʥʪʳ ʫʩʪʘʥʦʚʦʢ. 

ʆʙʤʦʪʢʠ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʠʥʜʫʢʪʦʨʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥ-

ʬʠʛʫʨʘʮʠʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʟʣʠʯʥʦʡ 

ʬʦʨʤʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: ʚʠʪʦʢ ʦʜʥʦʚʠʪʢʦʚʦʛʦ ʠʥʜʫʢʪʦʨʘ, ʤʥʦʛʦʚʠʪʢʦʚʳʝ ʦʙʤʦʪ-

ʢʠ ʠʥʜʫʢʪʦʨʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʦʩʝʚʦʡ ʨʘʟʤʝʨ (ʜʣʠʥʘ) ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʙʪrʴ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʜʣʠʥʳ ʜʝʪʘʣʠ, ʙʳʪʴ ʩ ʥʝʡ ʩʦʠʟʤʝʨʠʤʦʡ, ʠʣʠ ʙʳʪʴ 

ʥʘʤʥʦʛʦ ʢʦʨʦʯʝ ʜʝʪʘʣʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʥʘʛʨʝʚʘ ʫʯʘʩʪʢʘ ʜʝʪʘʣʠ ʠʣʠ ʚʩʝʡ ʜʝʪʘʣʠ 

ʧʨʠ ʥʘʛʨʝʚʝ ʥʝʧʨʝʨʳʚʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʷʜʝ ʫʩʪʘ-

https://elibrary.ru/item.asp?id=39255930
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ʥʦʚʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʤʦʪʢʠ ʠʥʜʫʢʪʦʨʦʚ ʚ ʚʠʜʝ ʧʣʦʩʢʠʭ ʩʧʠʨʘʣʝʡ. ʀʥʜʫʢʪʦʨʳ 

ʤʦʛʫʪ ʧʠʪʘʪʴʩʷ ʢʘʢ ʦʪ ʦʜʥʦʬʘʟʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠʣʠ ʧʦʚʳʰʝʥʥʦʡ 

ʯʘʩʪʦʪʳ (ʥʘʧʨʠʤʝʨ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ), ʪʘʢ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ-

ʩʷ ʚ ʩʦʩʪʘʚʝ ʪʨʝʭʬʘʟʥʦʛʦ ʤʦʜʫʣʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʠʥʜʫʢʪʦʨʦʚ, ʧʠʪʘʝʤʳʭ ʦʪ ʨʘʟ-

ʣʠʯʥʳʭ ʬʘʟ ʪʨʝʭʬʘʟʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʦʜʥʦʡ ʠʟ ʩʝʢʮʠʡ ʪʨʝʭʬʘʟʥʦʛʦ ʠʥʜʫʢʮʠ-

ʦʥʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʝʚʷʪʠ ʠʥʜʫʢʪʦʨʦʚ, ʪʨʠ ʛʨʫʧʧʳ 

ʢʦʪʦʨʳʭ ʧʠʪʘʶʪʩʷ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʟ ʠʩʪʦʯʥʠʢʘ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʳʭ ʮʠʥʢʦʚʳʭ ʧʦʢʨʳʪʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʜʣʠʥʥʦʤʝʨʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ, ʚ ʯʘ-

ʩʪʥʦʩʪʠ ʩʫʜʦʚʳʭ ʛʨʝʙʥʳʭ ʚʘʣʦʚ [1]. ʎʠʥʢʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʪʝʨʤʦʜʠʬʬʫʟʠʦʥ-

ʥʳʤ ʩʧʦʩʦʙʦʤ. ɺ ʪʘʢʦʡ ʫʩʪʘʥʦʚʢʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʠʥʜʫʢʪʦʨʦʚ ʠ 

ʜʦʙʘʚʦʯʥʦʡ ʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʧʦʣʳʡ ʮʠʣʠʥʜʨ, ʜʝʪʘʣʠ 

ʠ ʮʠʥʢʦʚʘʷ ʩʤʝʩʴ ʧʦʤʝʱʘʶʪʩʷ ʚʥʫʪʨʴ ʜʘʥʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʧʦʩʣʝ ʛʝʨʤʝʪʠʟʘʮʠʠ 

ʢʦʪʦʨʦʛʦ ʩʦ ʩʪʦʨʦʥʳ ʪʦʨʮʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʛʨʝʚ ʜʝʪʘʣʝʡ ʠ ʠʭ ʮʠʥʢʦʚʘʥʠʝ. 

 
ʈʠʩ. 1. ʉʝʢʮʠʷ ʪʨʝʭʬʘʟʥʦʛʦ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʟʘʛʦʪʦʚʦʢ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʜʦʙʘʚʦʯʥʦʡ 

ʩʨʝʜʳ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʛʨʝʚ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʝ (50 ɻʮ). 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʩʭʝʤʳ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʜʥʦ- ʠ ʤʥʦʛʦʚʠʪʢʦʚʳʭ ʠʥ-

ʜʫʢʪʦʨʦʚ ʜʣʷ ʥʘʛʨʝʚʘ ʠ ʟʘʢʘʣʢʠ ʚʥʝʰʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʧʣʦʰʥʳʭ ʮʠʣʠʥʜʨʦʚ. 

ʇʨʠ ʵʪʦʤ ʜʣʠʥʘ ʠʥʜʫʢʪʦʨʘ ʤʝʥʴʰʝ ʠʣʠ ʩʦʠʟʤʝʨʠʤʘ ʩ ʜʣʠʥʦʡ ʜʝʪʘʣʠ [2]. 
 

   
ʘ)     ʙ) 

 

ʈʠʩ. 2. ʎʠʣʠʥʜʨʠʯʝʩʢʠʝ ʠʥʜʫʢʪʦʨʳ: 

ʘ ï ʦʜʥʦʚʠʪʢʦʚʳʡ ʠʥʜʫʢʪʦʨ; ʙ ï ʤʥʦʛʦʚʠʪʢʦʚʳʡ ʠʥʜʫʢʪʦʨ 



32                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ 

 
 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʧʣʦʩʢʦʛʦ ʠʥʜʫʢʪʦʨʘ, ʦʙʤʦʪʢʘ 

ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʩʧʠʨʘʣʠ [3]. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʥʜʫʢʪʦʨʦʚ ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘ-

ʛʨʝʚʘ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʧʨʝʜʝ-

ʣʷʶʱʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʥʘʛʨʝʚʘʝʤʳʭ ʟʦʥ ʜʝʪʘʣʝʡ. 

 

 
 

ʈʠʩ. 3. ʇʣʦʩʢʠʡ ʠʥʜʫʢʪʦʨ 
 

ʇʨʠ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ ʧʦʣʷ ʨʝʘʣʴʥʳʭ ʠʥʜʫʢʪʦʨʦʚ ʩ ʦʩʝʚʦʡ ʩʠʤʤʝʪ-

ʨʠʝʡ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʜʚʫʤ ʢʦʦʨʜʠʥʘʪʘʤ: ʨʘʜʠʫʩ ʩʠʩʪʝʤʳ r ʠ ʦʩʝ-

ʚʘʷ ʢʦʦʨʜʠʥʘʪʘ z. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢʘʭ ʨʘʩʯʝʪʦʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʠʥ-

ʜʫʢʪʦʨʦʚ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʥʜʫʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠʥʜʫʢʪʦʨʦʚ. 

ɺʦ ʤʥʦʛʠʭ ʠʩʪʦʯʥʠʢʘʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʧʦ ʨʘʜʠʫʩʫ r, ʧʨʠ ʵʪʦʤ ʠʥʜʫʢʪʦʨ ʫʩʣʦʚ-

ʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʥʝʙʨʝʯʴ ʚʣʠʷʥʠʝʤ 

ʢʨʘʝʚʳʭ ʵʬʬʝʢʪʦʚ ʠ ʩʯʠʪʘʪʴ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʜʝʪʘʣʷʭ, ʜʦʙʘʚʦʯʥʳʭ 

ʩʨʝʜʘʭ ʠ ʚ ʟʘʟʦʨʝ ʤʝʞʜʫ ʠʥʜʫʢʪʦʨʦʤ ʠ ʟʘʛʨʫʟʢʦʡ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʦʩʠ ʠʥʜʫʢʪʦ-

ʨʘ. ʕʪʦ ʜʦʧʫʱʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʣʠʰʴ ʜʣʷ ʜʣʠʥ ʠʥʜʫʢʪʦʨʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝ-

ʚʳʰʘʶʱʠʭ ʜʣʠʥʫ ʜʝʪʘʣʠ. 

ɼʣʷ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʢʦʥʝʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʥʜʫʢʪʦʨʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʣʘ-

ʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: ʫʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʅʘʛʘʦʢʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʷʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, 

ʧʦʚʳʰʝʥʠʝ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠʥʜʫʢʪʦʨʘ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ 20ï30% 

ʦʪ ʠʩʭʦʜʥʦʡ ʠ ʜʨ. [1]. 

ʈʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙʳ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʧʦ ʨʘʜʠʫʩʫ ʧʨʠ ʥʝ ʫʯʝʪʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦ ʦʩʝʚʦʡ ʢʦʦʨʜʠʥʘʪʝ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʭʦʜʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ɹʝʩʩʝʣʷ [2]: 

Ὠ2Ὄά

Ὠ Ὦẗά
2 +

1

Ὦẗά
ẗ
ὨὌά

Ὠ Ὦẗά
+ Ὄά = 0, 

(1) 

ʛʜʝ Ὄά ï ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ɸ/ʤ; m ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ 

ʨʘʜʠʫʩ. 



ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ             33 

 
 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ 

Ὄά = ὧ1ẗὐ0(άẗ Ὦ) + ὧ2ẗὔ0(άẗ Ὦ),  (2) 

ʛʜʝ c1, c2 ï ʧʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ; J0 ï ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʥʫ-

ʣʝʚʦʛʦ ʧʦʨʷʜʢʘ; N0 ï ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʚʪʦʨʦʛʦ ʨʦʜʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ. 

ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʢ ʩʣʫʯʘʷʤ ʥʘʛʨʝʚʘ ʩʧʣʦʰʥʳʭ ʠ 

ʧʦʣʳʭ ʮʠʣʠʥʜʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʨʘʩʯʝʪʫ ʧʦʣʷ ʧʨʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʟʘʛʨʫʟʢʝ. ʅʘ 

ʨʠʩ. 4 ʧʨʠʚʝʜʝʥ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʩʝʯʝʥʠʠ 

ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʘ (ʜʦʙʘʚʦʯʥʦʡ ʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʳ) ʩ ʚʥʝʰʥʠʤ ʨʘʜʠʫʩʦʤ r1 = 0,6 ʤ 

ʠ ʚʥʫʪʨʝʥʥʠʤ ʨʘʜʠʫʩʦʤ r2 = 0,593 ʤ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʦʨʜʠʥʘʪʳ ʨʘʜʠʫʩʘ. ʈʘʩ-

ʩʤʘʪʨʠʚʘʣʩʷ ʥʘʛʨʝʚ ʧʨʠ ʯʘʩʪʦʪʝ 50 ɻʮ ʚ ʫʩʪʘʥʦʚʢʝ ʧʦ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ ʨʘʜʠʫʩʘ ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʘ 
 

ʈʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʩʝʚʦʡ ʢʦʦʨʜʠʥʘʪʳ. ʇʨʦʩʪʝʡʰʠʤ ʩʣʫʯʘʝʤ ʨʘʩʯʝʪʘ ʧʦʣʷ ʠʥ-

ʜʫʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʘʷ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʪʦʯʢʝ z ʥʘ 

ʦʩʠ ʢʦʣʴʮʘ ʨʘʜʠʫʩʦʤ r ʩʧʨʦʪʝʢʘʶʱʠʤ ʧʦ ʥʝʤʫ ʪʦʢʦʤ I[4]: 

ὄᾀ=
‘0ẗὍẗὶ

2

2ẗᾀ2 + ὶ2
3

2

, 
(3) 

ʛʜʝ ɛ0 ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ɻʥ/ʤ. 

ɽʩʣʠ ʚʤʝʩʪʦ ʢʦʣʴʮʘ ʩ ʪʦʢʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʪʫʰʢʘ ʩ ʯʠʩʣʦʤ ʚʠʪʢʦʚ w, 

ʪʦ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʪʦʯʢʝ z ʥʘ ʦʩʠ ʢʘʪʫʰʢʠ ʧʨʠʤʝʪ 

ʚʠʜ [5]: 
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(4) 

 

ʛʜʝ K0 = wĿI / L;w ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʢʘʪʫʰʢʠ; L ï ʜʣʠʥʘ ʢʘʪʫʰʢʠ, ʤ. 

ɺʳʨʘʞʝʥʠʷ (3), (4) ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʨʘʟʨʘʙʦʪ-

ʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʠʥʜʫʢʪʦʨʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʡ ʜʣʠʥʳ ʧʨʠ 
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ʥʘʛʨʝʚʝ ʜʣʠʥʥʦʤʝʨʥʳʭ ʜʝʪʘʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷ ʚʦ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʦʨʜʠʥʘʪʘʭ z ʠ r, ʪʦ 

ʝʩʪʴ ʨʝʰʝʥʠʝ ʜʚʫʤʝʨʥʦʡ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ ʧʦʣʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʯʝʪ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʦʩʝʚʦʡ ʢʦʦʨʜʠʥʘʪʝ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪʳ r ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ Aű 

(ʟʜʝʩʴ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠʤʝʝʪ ʣʠʰʴ ʦʜʥʫ ʩʦʩʪʘʚʣʷʶʱʫʶ, 

ʟʘʚʠʩʷʱʫʶ ʦʪ zʠ r:Aű = Aű (z, r)). ʊʘʢ, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ HZ (ʜʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʪʦʪ ʩʣʫʯʘʡ) ʚ ʟʘʟʦʨʝ ʤʝʞʜʫ 

ʠʥʜʫʢʪʦʨʦʤ ʠ ʜʝʪʘʣʴʶ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʝʡ ʠʤʝʝʪ ʚʠʜ [1, 6]: 

‘0ẗὌᾀᾀ=
1

ὶ
ẗὃ‰, 

(5) 

ʛʜʝ r ï ʨʘʜʠʫʩ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʟʘʟʦʨʝ, ʤ 

ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʘʜʠʫʩʝ ʠʥʜʫʢʪʦʨʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʩʝʚʦʡ ʢʦ-

ʦʨʜʠʥʘʪʳ z ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ ʢʘʪʫʰʝʢ: ʢʘʪʫʰʢʘ ʠʟ ʦʜʥʦʛʦ ʚʠʪʢʘ ʩ ʜʣʠʥʦʡ (ʦʩʝ-

ʚʦʡ ʨʘʟʤʝʨ ʚʠʪʢʘ) 12 ʤʤ, ʢʘʪʫʰʢʘ ʠʟ 10 ʚʠʪʢʦʚ ʩ ʜʣʠʥʦʡ 120 ʤʤ. ɺʥʫʪʨʝʥʥʠʡ 

ʨʘʜʠʫʩ ʠʥʜʫʢʪʦʨʘ r = 0,26 ʤ. ʊʦʢ ʠʥʜʫʢʪʦʨʘ I = 1000 ɸ. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ 

ʪʦʯʢʘ z=0 ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʜʣʠʥʳ ʠʥʜʫʢʪʦʨʘ. 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 5. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: 

ʘ ï ʦʜʥʦʚʠʪʢʦʚʳʡ ʠʥʜʫʢʪʦʨ; ʙ ï ʠʥʜʫʢʪʦʨ ʠʟ 10 ʚʠʪʢʦʚ 

ʂʘʢ ʚʠʜʥʦ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʝʚʦʡ ʢʦʦʨʜʠʥʘʪʳ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ z, ʥʘʭʦʜʷʱʠʭʩʷ ʟʘ ʦʙʣʘʩʪʴʶ 

ʠʥʜʫʢʪʦʨʘ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʘʜʘʝʪ ʙʳʩʪʨʝʝ, ʩʥʠʞʘʷʩʴ ʜʦ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ. 


