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ɺʝʜʫʱʠʡ:   ʧʨʦʬʝʩʩʦʨ ɻ.ʅ. ɿʘʩʪʝʥʢʝʨ, ʀʂʀ ʈɸʅ 

ʉʦʩʪʘʚ ʧʨʠʙʦʨʦʚ 

ɹʄʉɺ ï ʘʥʘʣʠʟʘʪʦʨ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 

ʄʕʇ ï ʜʝʪʝʢʪʦʨ ʩʦʣʥʝʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

ʉʉʅʀ-2 ï ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ  

ʋʯʘʩʪʥʠʢʠ: ʈʦʩʩʠʷ, ʋʢʨʘʠʥʘ, ʏʝʭʠʷ, ʉʣʦʚʘʢʠʷ, ɻʨʝʮʠʷ, ʂʠʨʛʠʟʠʷ, ʂʠʪʘʡ 

ʦʙʱʘʷ ʤʘʩʩʘ 

- 12 ʢʛ 

ʅʘʫʯʥʳʝ ʟʘʜʘʯʠ 

   - ʤʦʥʠʪʦʨʠʥʛ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜ r

   - ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʘʨʠʘʮʠʡ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ  

  

ʩ ʨʝʢʦʨʜʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 32 ʤʩʝʢ  

ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʨʝʚʦʩʭʦʜʠʪ ʚʩʝ ʧʨʝʞʥʠʝ   

ʨʦʩʩʠʡʩʢʠʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ  



ɺʳʩʦʢʦʘʧʦʛʝʡʥʘʷ ʦʨʙʠʪʘ ʩʧʫʪʥʠʢʘ çʉʧʝʢʪʨ-ʈè ʫʜʦʙʥʘ  

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ 



ʉʆʃʅɽʏʅʓʁ ɺɽʊɽʈ  ʢʘʢ ʯʘʩʪʴ Cʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ 

ʇʦʪʦʢ ʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʳʪʝʩʥʷʶʱʠʡ  

ʤʝʞʟʚʝʟʜʥʦʝ ʚʝʱʝʩʪʚʦ ʠʟ ʦʢʨʝʩʪʥʦʩʪʝʡ ʩʦʣʥʮʘ ʠ ʦʙʨʘʟʫʶʱʠʡ ʛʝʣʠʦʩʬʝʨʫ 

ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ 400 ʢʤ/ʩ. 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ɿʝʤʣʠ ʜʦ ʉʦʣʥʮʘ - 

150 ʤʣʥ ʢʤ - ʧʨʦʭʦʜʠʪ ʟʘ ʪʨʠ ʜʥʷ 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʫ ɿʝʤʣʠ - 5-10 ʩʤ-3, 

ʧʨʦʪʦʥ ʜʦʣʝʪʘʝʪ ʦʪ ʉʦʣʥʮʘ 

ʜʦ ɿʝʤʣʠ, ʥʠ ʨʘʟʫ ʥʝ ʩʪʦʣʢʥʫʚʰʠʩʴ, 

çʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʘʷè ʩʨʝʜʘ 
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ʉʆʃʅɽʏʅʓʁ ɺɽʊɽʈ ʢʘʢ ʵʣʝʤʝʥʪ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ 

ʉʦʣʥʝʯʥʳʡ ʚʝʪʝʨ ʠ ʤʝʞʧʣʘʥʝʪʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

 ʩ ʤʘʛʥʠʪʦʩʬʝʨʦʡ ɿʝʤʣʠ, ʧʝʨʝʜʘʚʘʷ ʝʡ ʵʥʝʨʛʠʶ 

                                 e ~ VB2sin(q) 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʧʣʘʥʝʪʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, 

 ʥʝʩʫʱʠʤ ʚʩʝʛʦ 2% ʵʥʝʨʛʠʠ ʚʝʪʨʘ 

ʄʘʛʥʠʪʥʳʝ ʙʫʨʠ ï ʧʝʨʠʦʜʳ ʘʥʦʤʘʣʴʥʦ ʩʠʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

 cʚʷʟʘʥʥʳʝ ʩ ʚʩʧʳʰʢʘʤʠ ʠ ʚʳʙʨʦʩʘʤʠ ʧʣʘʟʤʳ ʥʘ ʉʦʣʥʮʝ 



ʉʆʃʅɽʏʅʓʁ ɺɽʊɽʈ ʢʘʢ ʣʘʙʦʨʘʪʦʨʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

ɺ  ʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ ʧʣʘʟʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ  

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ï ʧʣʘʟʤʝʥʥʳʤʠ ʚʦʣʥʘʤʠ 

ʠʝʨʘʨʭʠʷ ʚʦʣʥ ʥʘ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ ï ʪʫʨʙʫʣʝʥʪʥʳʡ ʢʘʩʢʘʜ  

 

 

ʕʥʝʨʛʠʷ ʧʦʩʪʫʧʘʝʪ ʚ ʩʠʩʪʝʤʫ ʥʘ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ  

ʤʣʥ ʢʤ (ʚʳʙʨʦʩʳ ʉʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ) 

 

ʉʨʝʜʥʠʝ ʤʘʩʰʪʘʙʳ ʟʘʧʦʣʥʝʥʳ  

ʦʩʪʘʪʢʘʤʠ  ʤʘʛʥʠʪʥʳʭ  ʩʪʨʫʢʪʫʨ  

ʩʦʣʥʝʯʥʦʡ ʬʦʪʦʩʬʝʨʳ  

 

 

 

ɼʠʩʩʠʧʘʮʠʷ (ʥʘʛʨʝʚ ʠ ʫʩʢʦʨʝʥʠʝ ʧʣʘʟʤʳ) ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʤʘʣʳʭ ʤʘʩʰʪʘʙʘʭ 

(ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʢʤ) ʤʝʥʴʰʠʭ ʛʠʨʦʨʘʜʠʫʩʘ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ 

ʉʦʣʥʝʯʥʳʡ ʚʝʪʝʨ ï ʝʜʠʥʩʪʚʝʥʥʦʝ ʤʝʩʪʦ ʛʜʝ ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʘ ʤʳ  ʤʦʞʝʤ 

ʟʘʛʣʷʥʫʪʴ çʚʥʫʪʨʴè  ʧʨʦʮʝʩʩʘ   ʜʠʩʩʠʧʘʮʠʠ  ʚ ʛʦʨʷʯʝʡ ʧʣʘʟʤʝ 

ʇʨʦʙʣʝʤʘ ʚʘʞʥʘ ʜʣʷ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ɼʣʷ ʠʟʫʯʝʥʠʷ  ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʘʟʤʳ  ʚ ʪʝʨʤʦʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ 
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ʉʪʨʫʡʥʳʡ ʭʘʨʘʢʪʝʨ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ  





ʀʥʝʨʮʠʘʣʴʥʘʷ ʟʦʥʘ 

ʩʧʝʢʪʨ ʙʣʠʟʦʢ ʢ 

ʢʦʣʤʦʛʦʨʦʚʩʢʦʤʫ 

ʀʥʪʝʨʚʘʣ ʜʠʩʩʠʧʘʮʠʠ 

ʅʘʢʣʦʥ ʩʧʝʢʪʨʘ  

ʚʦʟʨʘʩʪʘʝʪ 

ɿʦʥʘ ʜʦʩʪʠʞʠʤʦʩʪʠ  

ʧʨʦʰʣʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɺʧʝʨʚʳʝ ʠʟʤʝʨʝʥʳ ʩʚʦʡʩʪʚʘ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʦʙʥʘʨʫʞʝʥʘ ʯʘʩʪʦʪʘ ʠʟʣʦʤʘ  0.3 ɻʮ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ  

 ʤʘʩʰʪʘʙʫ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʧʨʦʪʦʥʦʚ (1000 ʢʤ) 

ʠ ʨʘʟʜʝʣʷʶʱʘʷ ʠʥʝʨʮʠʘʣʴʥʳʡ ʠ ʜʠʩʩʠʧʘʪʠʚʥʳʡ ʨʝʞʠʤʳ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 
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