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ɸʥʥʦʪʘʮʠʷ. ʊʢʘʥʳʝ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʫʯʘʶʪ ʚʩʝ ʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʪʢʘʥʳʝ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʠ ʠ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʟʘʱʠʱʝʥʳ ʨʦʩʩʠʡʩʢʠʤʠ ʧʘʪʝʥʪʘʤʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʦʙʱʘʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʢʘʥʳʭ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʠʥʪʝʨʝʩ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ, ʪʝʧʣʦʪʝʭʥʠʢʠ, 

ʤʝʜʠʮʠʥʳ, ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂɻʈ, ʪʢʘʥʳʡ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴ, ʨʝʘʢʮʠʷ ʯʝʣʦʚʝʢʘ, ʪʝʧʣʦʚʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʧʦʪʦʦʪʜʝʣʝʥʠʝ, ʟʘʚʷʣʠʚʘʥʠʝ ʯʘʷ 

 

 

WOVEN ELECTRIC HEATING ELEMENTS  

AND EXAMPLES OF THEIR APPLICATION  
 

É A.A.Shulôzhenko, M.B.Modestov 

Institute of machine science n. a. A. A. Blagonravova Russian Academy of Sciences,  

Moscow, Russia 

 

Abstract. Woven heaters have recently become more widespread. Woven heaters are considered 
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ʇʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʪʢʘʥʳʝ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ. ʀʭ ʠʩʧʦʣʴʟʫʶʪ ʚ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ, ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʚ ʙʳʪʫ. ɺ ʪʝʭʥʠʢʝ ʧʨʠʤʝʥʷʶʪ ʪʢʘʥʳʝ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʠ ʜʣʷ ʦʙʦʛʨʝʚʘ 

ʚʝʨʪʦʣʝʪʥʳʭ ʚʠʥʪʦʚ, ʪʨʫʙ, ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʘ ʠ 

ʪ.ʜ. [1], ʚ ʤʝʜʠʮʠʥʝ: ʚ ʢʦʤʧʣʝʢʪʘʭ ʜʣʷ ʦʙʦʛʨʝʚʘ ʧʝʨʝʦʭʣʘʞʜʝʥʥʳʭ ʣʶʜʝʡ [2], ʚ 

ʨʘʟʤʦʨʘʞʠʚʘʪʝʣʷʭ ʢʨʦʚʠ [3], ʧʨʠ ʦʙʦʛʨʝʚʝ ʧʨʦʪʠʚʦʧʨʦʣʝʞʥʝʚʳʭ ʧʦʜʫʰʝʢ, ʧʨʠ ʧʦʜʦʛʨʝʚʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ ʠ ʪ.ʜ., ʚ ʙʳʪʫ ï ʚ ʵʣʝʤʝʥʪʘʭ ʦʜʝʞʜʳ [4], ʥʘʛʨʝʚʘʪʝʣʷʭ ʜʣʷ 

ʩʠʜʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʚʪʦʤʦʙʠʣʝʡ, ʚ ʵʣʝʢʪʨʦʦʙʦʛʨʝʚʘʝʤʳʭ ʞʘʣʶʟʷʭ ʠ ʪ.ʜ. ɺʩʝ ʩʪʘʥʦʚʠʪʩʷ 

ʝʱʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʈʦʩʩʠʷ ʷʚʣʷʝʪʩʷ ʩʪʨʘʥʦʡ, ʛʜʝ ~ 60% ʪʝʨʨʠʪʦʨʠʡ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʫʨʦʚʳʭ ʉʝʚʝʨʥʳʭ ʰʠʨʦʪʘʭ. ʇʨʦʙʣʝʤʘʤ ʉʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ ʫʜʝʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ: ʨʘʙʦʪʘʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʩʪʠʪʫʪʳ, 

ʧʨʦʚʦʜʷʪʩʷ ʥʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ, ʚʳʩʪʘʚʢʠ. ɺ ʞʫʨʥʘʣʝ çɺʝʩʪʥʠʢ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷè ʪʘʢʞʝ ʨʝʛʫʣʷʨʥʦ ʧʫʙʣʠʢʫʶʪʩʷ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʨʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ. 
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ʊʢʘʥʳʝ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʠ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʨʝʙʫʶʱʠʤʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʠʭ ʨʘʙʦʪʳ. ɽʱʝ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ 

ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʚʥʝʰʥʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʩʘʤʠʤʠ ʦʙʦʛʨʝʚʘʝʤʳʤʠ 

ʦʙʲʝʢʪʘʤʠ. ʆʜʥʘʢʦ, ʚʦʟʤʦʞʥʦʩʪʠ ʪʢʘʥʳʭ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ ʧʦʟʚʦʣʷʶʪ ʫʩʧʝʰʥʦ ʨʝʰʘʪʴ 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʦʙʣʝʤʳ. ʇʨʠʤʝʨʳ ʪʢʘʥʦʛʦ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʷ ʠ ʝʛʦ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1 ʠ 2. 

 

ʈʠʩ. 1. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʢʘʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 5 ʫʛʣʝʨʦʜʥʳʭ ʠ 5 

ʤʠʰʫʨʥʳʭ ʥʠʪʝʡ. 

1 ï ʫʛʣʝʨʦʜʥʳʝ ʥʠʪʠ, 2 ï ʤʠʰʫʨʥʳʝ ʥʠʪʠ, 3 ï ʬʦʥʦʚʳʝ ʥʠʪʠ, 4 ï ʢʦʥʪʘʢʪʥʳʝ ʧʣʦʱʘʜʢʠ, 5 ï 

ʘʢʪʠʚʥʘʷ ʜʣʠʥʘ ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʡ lʘ, 6 ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʠʰʫʨʥʳʤʠ ʥʠʪʷʤʠ ʚ 

ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʢʘʭ  lʥ, 7 ï   ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʛʣʝʨʦʜʥʳʤʠ ʥʠʪʷʤʠ, 8 ï ʩʨʝʜʩʪʚʦ 

ʩʦʝʜʠʥʝʥʠʷ ʤʠʰʫʨʥʳʭ ʥʠʪʝʡ ʚ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʝ ʩ ʧʨʦʚʦʜʦʤ, 9ïʧʨʦʚʦʜʘ, 10 ï ʠʩʪʦʯʥʠʢ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ; 11 - ʬʦʥʦʚʳʝ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʥʠʪʠ. 

 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʣʶʙʳʭ ʥʘʛʨʝʚʘʪʝʣʝʡ - ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʚ 

ʟʘʜʘʥʥʦʤ ʤʝʩʪʝ. ʏʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚ ʪʢʘʥʳʭ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʷʭ ʧʨʠ ʨʝʰʝʥʠʠ 

ʵʪʦʡ ʟʘʜʘʯʠ?  

ʂ ʪʘʢʠʤ ʩʚʦʡʩʪʚʘʤ ʪʢʘʥʳʭ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

-  ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 130Üʉ (ʚ ʚʘʨʠʘʥʪʝ 

ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʭ ʠ/ʠʣʠ ʣʴʥʷʥʳʭ ʬʦʥʦʚʳʭ ʥʠʪʝʡ); 

- ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ; 

- ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘ ʩʯʝʪ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʜʫʙʣʠʨʦʚʘʥʠʷ ʢʘʢ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ, 

ʪʘʢ ʠ ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʩʬʝʨʫ ʚʦʟʤʦʞʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʠʟʜʝʣʠʡ, ʚ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʶʪ ʪʢʘʥʳʝ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʢʘʣʴʥʦʛʦ ʦʙʦʛʨʝʚʘ; 

- ʭʦʨʦʰʫʶ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʧʨʦʮʝʩʩʦʤ ʥʘʛʨʝʚʘ; 
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ʈʠʩ. 2. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʢʘʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ 1. 

1 ï ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʡ ʚ ʧʨʝʜʝʣʘʭ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʪʢʘʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ Rʘ, 2 ï ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʡ ʤʝʞʜʫ ʤʠʰʫʨʥʳʤʠ ʥʠʪʷʤʠ ʚ ʢʦʥʪʘʢʪʥʳʭ 

ʛʨʫʧʧʘʭ Rʚ, 3 ï ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʠʰʫʨʥʳʭ ʥʠʪʝʡ ʤʝʞʜʫ ʫʛʣʝʨʦʜʥʳʤʠ ʥʠʪʷʤʠ ʚ ʢʦʥʪʘʢʪʥʳʭ 

ʛʨʫʧʧʘʭ Rʥ, 4, 6 ï ʢʦʥʪʘʢʪʥʳʝ ʛʨʫʧʧʳ, 5 ï ʘʢʪʠʚʥʘʷ ʯʘʩʪʴ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

 

- ʠʭ ʚʳʩʦʢʫʶ ʵʣʘʩʪʠʯʥʦʩʪʴ, ʯʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʛʨʝʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʦʛʨʝʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʘʟʤʦʨʘʞʠʚʘʪʝʣʠ ʧʣʘʟʤʳ ʢʨʦʚʠ ʥʘ ʦʩʥʦʚʝ ʪʢʘʥʳʭ 

ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ ʚ ~ 5õ10 ʨʘʟ ʠʤʝʶʪ ʥʠʞʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʯʝʤ ʫ ʥʘʛʨʝʚʘʪʝʣʝʡ ʚ 

ʨʘʟʤʦʨʘʞʠʚʘʪʝʣʷʭ ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ [3]; 

- ʩʧʦʩʦʙʥʦʩʪʴ çʜʳʰʘʪʴè ʢʘʢ ʚ ʦʙʳʯʥʦʡ ʦʜʝʞʜʝ, ʙʣʘʛʦʜʘʨʷ ʪʢʘʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ; 

- ʢʦʤʧʘʢʪʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʝ ʛʘʙʘʨʠʪʳ ʠ ʚʝʩ ʩʘʤʠʭ 

ʥʘʛʨʝʚʘʪʝʣʝʡ ʠ ʠʟʜʝʣʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ; 

- ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʪʢʘʥʠ [5] ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʝʝ ʤʘʪʨʠʯʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʤʘʩʩʦʚʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʢʘʥʳʭ ʟʘʛʦʪʦʚʦʢ ʜʣʷ 

ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʢʘʮʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ 

ʜʦʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ; 

- ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʥʪʘʞ ʥʝ ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ, ʯʪʦ 

ʪʘʢʞʝ ʩʥʠʞʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʳʧʫʩʢʘʝʤʳʭ ʪʢʘʥʳʭ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʪʢʘʥʳʭ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʷʭ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʫʛʣʝʨʦʜʥʳʝ ʥʠʪʠ. ɺ ʫʛʣʝʨʦʜʥʦʡ ʥʠʪʠ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 3, 

ʷʚʣʷʶʱʝʡʩʷ ʙʘʟʦʚʦʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʛʨʝʚʘʪʝʣʷʭ, ʩʦʜʝʨʞʠʪʩʷ ʜʦ 3000 ʬʠʣʘʤʝʥʪʦʚ ʚ 

ʩʝʯʝʥʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʋʛʣʝʨʦʜʥʘʷ ʥʠʪʴ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʚʠʩʢʦʟʳ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʵʣʘʩʪʠʯʥʦʩʪʠ [6]. 
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ʈʠʩ. 3. ʋʛʣʝʨʦʜʥʘʷ ʥʠʪʴ. 

ʍʦʨʦʰʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʣʷ ʪʢʘʥʳʭ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ, ʫʯʠʪʳʚʘʶʱʠʝ ʠʭ ʩʧʝʮʠʬʠʢʫ. ʊʘʢ ʚ ʩʪʘʪʴʝ [7] ʧʦʣʫʯʝʥʦ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʫʤʤʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʜʣʷ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʥʦʡ ʥʠʪʠ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʘ ʊʦʤʩʦʥʘ 
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Tʥx ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʫʛʣʝʨʦʜʥʦʡ ʥʠʪʠ ʚʜʦʣʴ ʦʩʠ X; l - ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ;ʩʨT  - ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ;  
ʥl

x
'x = - ʪʝʢʫʱʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ; x ï ʪʝʢʫʱʝʝ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ; lʥ ï ʜʣʠʥʘ ʥʠʪʠ; U ï 

ʥʘʧʨʷʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ; ɟʥ ï ʧʦʛʦʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʛʣʝʨʦʜʥʦʡ ʥʠʪʠ; Ŭ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʡ ʥʠʪʠ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ; 0r  - 

ʧʨʠʚʝʜʝʥʥʳʡ ʨʘʜʠʫʩ ʫʛʣʝʨʦʜʥʦʡ ʥʠʪʠ; 
ʥʥ

ʩʨk
lr

U
TT

rap2

0

2

2
+=  - ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʦʥʮʘʭ 

ʫʛʣʝʨʦʜʥʦʡ ʥʠʪʠ. 

ʈʘʩʯʝʪʥʦʝ ʪʝʧʣʦʚʦʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʡ 

ʥʠʪʠ ʠ ʦʧʠʩʳʚʘʝʤʦʝ ʚʳʨʘʞʝʥʠʝʤ (1), ʧʦʢʘʟʘʥʦ  ʥʘ ʨʠʩ. 4. 
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ʈʠʩ. 4. ʉʫʤʤʘʨʥʦʝ ʨʘʩʯʝʪʥʦʝ ʪʝʧʣʦʚʦʝ ʧʦʣʝ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʥʦʡ ʥʠʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʧʣʦʩʢʦʩʪʠ XY. 
 

ʇʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩ ʫʯʝʪʦʤ ʧʦʣʦʞʝʥʠʡ,  ʠʟʣʦʞʝʥʥʳʭ ʚ [8], 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʪʢʘʥʳʭ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʅʘ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʢʘʥʳʭ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ: 

- ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʜʥʦʡ ʧʦʣʦʩʳ ʠʟ 5 ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʡ, ʩʦʩʝʜʥʠʝ ʥʠʪʠ, ʚ 

ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ, ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʨʠʩ. 5); 

- ʠʤʝʶʱʠʭ 5 ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʦʩʳ ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʡ (ʨʠʩ. 6);  

- ʩʦ ʩʧʣʦʰʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʡ (ʨʠʩ. 7),- 

ʘ ʪʘʢʞʝ ʦʙʲʝʤʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʚ ʪʢʘʥʦʤ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ 

11 ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʡ, ʩʦʩʝʜʥʠʝ ʥʠʪʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 8. 
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ʈʠʩ. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʜʥʦʡ ʧʦʣʦʩʳ 

ʠʟ 5 ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʡ, ʩʦʩʝʜʥʠʝ ʥʠʪʠ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ, ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʠʥʘʢʦʚʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 
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ʈʠʩ. 6. ʊʝʧʣʦʚʦʝ ʧʦʣʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʷ ʩʦ ʩʧʣʦʰʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʡ. 
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ʈʠʩ. 7. ʊʝʧʣʦʚʦʝ ʧʦʣʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʷ, ʠʤʝʶʱʝʛʦ 5 ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʦʩʳ ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʡ. 
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ʈʠʩ. 8. ʆʙʲʝʤʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʪʢʘʥʦʛʦ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʷ. 
 

ʇʨʠʤʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ ʪʢʘʥʳʭ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ, ʵʪʦ ʠ ʵʣʝʤʝʥʪʳ 

ʦʜʝʞʜʳ ʩ ʵʣʝʢʪʨʦʦʙʦʛʨʝʚʦʤ, ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʩʪʶʤʳ (ʥʘʧʨʠʤʝʨ, ʚʦʜʦʣʘʟʥʳʝ), ʯʝʭʣʳ ʜʣʷ 

ʦʙʦʛʨʝʚʘ ʪʨʫʙ ʠ ʪ.ʜ. ʀʥʪʝʨʝʩʥʘʷ ʧʨʦʙʣʝʤʘ ʙʳʣʘ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ ʪʢʘʥʳʭ 

ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʚ ʢʘʤʝʨʝ ʜʣʷ 

ʧʨʦʮʝʩʩʘ ʟʘʚʷʣʠʚʘʥʠʷ ʯʘʷ [9]. 

 
ʈʠʩ. 10. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʚ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʢʘʤʝʨʳ. 

ʅʘ ʨʠʩ. 10 ʭʦʨʦʰʦ ʚʠʜʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʟʘʚʷʣʦʯʥʦʡ ʢʘʤʝʨʝ. 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ - ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʝʥ.  
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