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ʋɺʆɼ 

 

ʈʘʜʠʦʣʦʢʘʮʠʷʪʘ ʝ ʩʲʚʢʫʧʥʦʩʪ ʦʪ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠ ʤʝʪʦʜʠ ʠ ʩʨʝʜʩʪʚʘ ʟʘ ʦʪʢʨʠʚʘʥʝ 

ʥʘ ʦʙʝʢʪʠ, ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʪʝʭʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ ʠ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʠʤ. 

ʇʦʩʨʝʜʩʪʚʦʤ ʨʘʜʠʦʣʦʢʘʮʠʷʪʘ ʩʝ ʨʝʰʘʚʘʪ ʨʘʟʥʦʦʙʨʘʟʥʠ ʢʦʥʢʨʝʪʥʠ ʟʘʜʘʯʠ.  

ɻʣʘʚʥʘʪʘ ʦʩʦʙʝʥʦʩʪ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʙʣʠʟʢʘ ʨʘʜʠʦʣʦʢʘʮʠʷ ʝ, ʯʝ ʠʤʘʪ ʜʘʣʝʯʠʥʘ ʥʘ 

ʜʝʡʩʪʚʠʝ, ʢʦʷʪʦ ʝ ʩʲʠʟʤʝʨʠʤʘ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʪʝ ʨʘʟʤʝʨʠ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʘʱʠʪʝ ʩʠ 

ʦʙʝʢʪʠ ʠ ʩ ʛʨʝʰʢʠʪʝ ʥʘ ʚʟʝʪʠʪʝ ʨʝʰʝʥʠʷ. ɿʘʜʘʯʠʪʝ ʥʘ ʙʣʠʟʢʘʪʘ ʨʘʜʠʦʣʦʢʘʮʠʷ ʩʝ 

ʠʟʧʲʣʥʷʚʘʪ ʚ ʙʣʠʟʦʩʪ ʜʦ ʥʘʩʨʝʱʥʠʷ ʦʙʝʢʪ ʠ ʟʘʪʦʚʘ ʪʝʟʠ ʩʠʩʪʝʤʠ ʠʤʘʪ ʦʩʦʙʝʥ 

ʬʫʥʢʮʠʦʥʘʣʝʥ ʭʘʨʘʢʪʝʨ, ʢʦʡʪʦ ʩʲʱʝʩʪʚʝʥʦ ʩʝ ʨʘʟʣʠʯʘʚʘ ʦʪ ʜʨʫʛʠʪʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ 

ʩʠʩʪʝʤʠ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʩʚʦʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʙʣʠʟʢʘʪʘ ʨʘʜʠʦʣʦʢʘʮʠʷ ʠʟʧʦʣʟʚʘ 

ʧʨʠʥʮʠʧʠʪʝ ʠ ʤʝʪʦʜʠʪʝ ʥʘ ʦʙʠʢʥʦʚʝʥʘʪʘ ʨʘʜʠʦʣʦʢʘʮʠʷ , ʥʦ ʩʝ ʨʘʟʚʠʚʘ ʢʘʪʦ ʦʩʦʙʝʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʪʘ ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ. 

ɺ ʫʩʣʦʚʠʷʪʘ ʥʘ ʦʙʠʢʥʦʚʝʥʘʪʘ ( ʜʘʣʝʯʥʘ) ʨʘʜʠʦʣʦʢʘʮʠʷ ʦʪʨʘʟʷʚʘʱʠʷʪ ʦʙʝʢʪ ʤʦʞʝ 

ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ ʪʦʯʢʘ, ʥʦ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʙʣʠʟʢʘʪʘ ʨʘʜʠʦʣʦʢʘʮʠʷ ʨʘʟʩʪʦʷʥʠʷʪʘ 

ʤʝʞʜʫ ʦʙʝʢʪʠʪʝ ʩʘ ʩʲʠʟʤʝʨʠʤʠ ʩ ʪʝʭʥʠʪʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʨʘʟʤʝʨʠ   ʠ ʦʪʨʘʞʝʥʠʝʪʦ ʠʤʘ 

ʩʲʱʝʩʪʚʝʥʦ ʤʥʦʞʝʩʪʚʝʥ ʭʘʨʘʢʪʝʨ. ʊʦʚʘ ʟʥʘʯʠʪʝʣʥʦ ʫʩʣʦʞʥʷʚʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 

ʦʪʨʘʟʝʥʠʷ ʩʠʛʥʘʣ, ʚ ʯʠʝʪʦ ʩʲʟʜʘʚʘʥʝ ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ ʠʤʘʪ ʥʝ ʩʘʤʦ ʘʤʧʣʠʪʫʜʥʠʪʝ, ʥʦ 

ʠ ʬʘʟʦʚʠʪʝ ʩʲʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʪʨʘʞʝʥʠʷʪʘ ʦʪ ʦʪʜʝʣʥʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʦʙʝʢʪʘ. ɺ 

ʨʝʟʫʣʪʘʪ - ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʧʦʯʪʠ ʚʩʷʢʘ ʧʨʘʢʪʠʯʝʩʢʘ ʟʘʜʘʯʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʩʠʥʪʝʟʠʨʘ 

ʢʦʥʢʨʝʪʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʠ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʧʝʮʠʬʠʯʥʠ ʤʝʪʦʜʠ ʟʘ 

ʘʥʘʣʠʟ ʥʘ ʩʠʛʥʘʣʠʪʝ. 

ʅʘʩʪʦʷʱʘʪʘ ʨʘʙʦʪʘ ʩʠ ʧʦʩʪʘʚʷ ʟʘ ʮʝʣ ʧʦ-ʧʦʜʨʦʙʥʦ ʠʟʷʩʥʷʚʘʥʝ ʥʘ ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ 

ʦʧʨʝʜʝʣʝʥ ʢʣʘʩ ʩʠʩʪʝʤʠ ʟʘ ʙʣʠʟʢʘ ʨʘʜʠʦʣʦʢʘʮʠʷ (ʉɹʈʃ) , ʩʠʥʪʝʟ ʥʘ ʩʪʨʫʢʪʫʨʥʠ ʩʭʝʤʠ 

ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʢʦʥʢʨʝʪʥʠ ʟʘʜʘʯʠ, ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʪʝʟʠ ʩʠʩʪʝʤʠ ʠ ʩʲʟʜʘʚʘʥʝ 

ʥʘ ʘʣʛʦʨʠʪʤʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʠʪʝ. ʇʨʝʜʤʝʪ ʥʘ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʘʪʘ ʩʘ ʥʘʡ-ʚʝʯʝ 

ʉɹʈʃ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ  ʨʘʜʠʦʚʟʨʠʚʘʪʝʣʠ, ʯʠʝʪʦ ʧʨʠʣʦʞʝʥʠʝ ʚʦʜʠ ʜʦ 

ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʙʦʡʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʦʩʢʦʣʦʯʥʦ-ʬʫʛʘʩʥʠ ʠʟʩʪʨʝʣʠ ʧʨʠ 

ʙʦʨʙʘ ʩ ʞʠʚʘ ʩʠʣʘ ʠ ʣʝʢʦʙʨʦʥʠʨʘʥʘ ʪʝʭʥʠʢʘ. 

 

 

 

 

ɻʃɸɺɸ  1 

 

ʃʀʊɽʈɸʊʋʈɽʅ ʆɹɿʆʈ ʀ ʆʉʅʆɺʅʀ ʉɺɽɼɽʅʀʗ ʆʊ ʊɽʆʈʀʗʊɸ ʅɸ 

ʉʀʉɽʄʀʊɽ ɿɸ ɹʃʀɿʂɸ ʈɸɼʀʆʃʆʂɸʎʀʗ 

 

ʅʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʙʣʠʟʢʘ ʨʘʜʠʦʣʦʢʘʮʠʷ (ʉɹʈʃ) ʧʨʝʜʚʠʜ ʥʘ ʪʷʭʥʦʪʦ ʨʘʟʥʦʦʙʨʘʟʥʦ 

ʧʨʠʣʦʞʝʥʠʝ ʝ ʧʦʩʚʝʪʝʥʘ ʣʠʪʝʨʘʪʫʨʘ, ʦʙʦʩʥʦʚʘʚʘʱʘ ʩʝ ʥʘ ʟʘʜʲʣʙʦʯʝʥʠ ʪʝʦʨʝʪʠʯʥʠ ʠ 

ʧʨʠʣʦʞʥʠ ʠʟʩʣʝʜʚʘʥʠʷ. ʈʘʟʛʣʝʜʘʥʠ ʩʘ ʢʘʢʪʦ ʦʩʥʦʚʥʠʪʝ ʧʨʠʥʮʠʧʠ ʥʘ ʨʘʙʦʪʘ, ʪʘʢʘ ʠ 

ʨʝʜʠʮʘ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʩʠʩʪʝʤʠʪʝ ʧʨʠ ʨʘʟʣʠʯʥʦ ʧʨʠʣʦʞʝʥʠʝ.  

ʅʘʩʪʦʷʱʘʪʘ ʨʘʙʦʪʘ ʝ ʧʦʩʚʝʪʝʥʘ ʥʘ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʉɹʈʃ ʟʘ ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ 

ʨʘʜʠʦʚʟʨʠʚʘʪʝʣʠ, ʟʘʪʦʚʘ ʚʥʠʤʘʥʠʝʪʦ ʝ ʥʘʩʦʯʝʥʦ ʚ ʪʘʟʠ ʧʦʩʦʢʘ. 

ʍʘʨʘʢʪʝʨʥʦ ʠ ʦʧʨʝʜʝʣʷʱʦ ʟʘ ʨʘʜʠʦʚʟʨʠʚʘʪʝʣʠʪʝ ʝ : 

- ʨʘʙʦʪʘ ʥʘ ʧʨʝʜʝʣʥʦ ʤʘʣʢʠ ʨʘʟʩʪʦʷʥʠʷ ʜʦ ʮʝʣʪʘ, 

- ʩʠʣʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʛʘʙʘʨʠʪʠ, 

- ʩʠʩʪʝʤʘʪʘ ʝ ʧʦʩʪʘʚʝʥʘ ʥʘ ʙʲʨʟʦ ʜʚʠʞʝʱ ʩʝ ʦʙʝʢʪ, 

- ʩʠʩʪʝʤʘʪʘ ʧʦ ʚʲʟʤʦʞʥʦʩʪ ʪʨʷʙʚʘ ʜʘ ʝ ʟʘʱʠʪʝʥʘ ʩʨʝʱʫ ʩʤʫʱʝʥʠʷ, 

 - ʩʠʩʪʝʤʘʪʘ ʜʘ ʦʩʠʛʫʨʠ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ ʥʘʜʝʞʜʥʦʩʪ ʠ ʙʝʟʦʧʘʩʥʦʩʪ .  
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ʅʘʡ-ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʙʣʠʟʢʦ ʨʘʟʧʦʣʦʞʝʥʘ ʮʝʣ ʩʘ ʥʘʤʝʨʠʣʠ 

ʉɹʈʃ, ʨʘʙʦʪʝʱʠ ʩ ʥʝʧʨʝʢʲʩʥʘʪ ʩʦʥʜʠʨʘʱ ʩʠʛʥʘʣ. ʆʪ ʩʚʦʷ ʩʪʨʘʥʘ ʩʦʥʜʠʨʘʱʠʷʪ ʩʠʛʥʘʣ 

ʤʦʞʝ ʜʘ ʝ ʥʝʤʦʜʫʣʠʨʘʥ ʠʣʠ ʤʦʜʫʣʠʨʘʥ. 

  

          ʉʠʩʪʝʤʘʪʘ ʨʘʙʦʪʠ ʢʘʪʦ ʠʟʣʲʯʚʘ ʩʦʥʜʠʨʘʱ ʩʠʛʥʘʣ, ʧʨʠʝʤʘ ʦʪʨʘʟʝʥʠʷ ʩʠʛʥʘʣ, 

ʦʙʨʘʙʦʪʚʘ ʛʦ ʠ ʚʟʝʤʘ ʨʝʰʝʥʠʝ ʟʘ ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ ʦʛʥʝʚʘʪʘ ʚʝʨʠʛʘ.  ʇʨʝʜʘʚʘʪʝʣʥʘʪʘ ʠ 

ʧʨʠʝʤʥʘʪʘ ʯʘʩʪ ʤʦʛʘʪ ʜʘ ʩʘ ʩʘʤʦʩʪʦʷʪʝʣʥʠ ʠ ʪʦʛʘʚʘ ʩʭʝʤʘʪʘ ʩʝ ʥʘʨʠʯʘ ʭʝʪʝʨʦʜʠʥʥʘ. 

ʉʦʥʜʠʨʘʱʠʷʪ ʩʠʛʥʘʣ, ʠʟʣʲʯʝʥ ʦʪ ʨʘʜʠʦʧʨʝʜʘʚʘʪʝʣʷ, ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʜʠʘʛʨʘʤʘʪʘ ʥʘ ʥʘʩʦʯʝʥʦ ʜʝʡʩʪʚʠʝ ʥʘ ʘʥʪʝʥʘʪʘ ʤʫ. 

ʆʪʨʘʟʝʥʠʪʝ ʩʠʛʥʘʣʠ, ʢʦʠʪʦ ʩʘ ʥʘʩʦʯʝʥʠ ʢʲʤ ʨʘʜʠʦʧʨʠʝʤʥʘʪʘ ʘʥʪʝʥʘ, ʧʨʝʜʠʟʚʠʢʚʘʪ 

ʧʦʷʚʘʪʘ ʥʘ ʩʠʛʥʘʣ ʚ ʠʟʭʦʜʘ ʥʘ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ. ʊʦʟʠ ʩʠʛʥʘʣ ʚ ʠʜʝʘʣʥʠʷ ʩʣʫʯʘʡ ʝ 

ʩʠʥʫʩʦʠʜʘʣʝʥ ʩ ʜʦʧʣʝʨʦʚʘ ʯʝʩʪʦʪʘ, ʢʦʷʪʦ ʝ ʩʣʝʜʩʪʚʠʝ ʥʘ ʪʦʚʘ, ʯʝ ʚ ʧʨʦʮʝʩʘ ʥʘ ʨʘʙʦʪʘ 

ʉɹʈʃ ʩʝ ʜʚʠʞʠ ʢʲʤ ʦʙʝʢʪʘ. ɸʤʧʣʠʪʫʜʘʪʘ ʥʘ ʜʦʧʣʝʨʦʚʠʷ ʩʠʛʥʘʣ ʟʘʚʠʩʠ ʦʪ ʫʩʣʦʚʠʷʪʘ ʥʘ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʨʘʜʠʦʩʠʛʥʘʣʠʪʝ ʜʦ ʠ ʦʪ ʦʙʝʢʪʘ (ʮʝʣʪʘ) ʠ ʧʦ ʧʨʠʥʮʠʧ ʩʲʜʲʨʞʘ 

ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʉɹʈʃ ʠ ʦʙʝʢʪʘ. ʊʘʢʘ ʧʦ ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʧʨʠʝʤʘʥʠʷ 

ʩʠʛʥʘʣ ʧʦʩʨʝʜʩʪʚʦʤ ʙʣʦʢʘ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʠʪʝ (ɹʆʉ) ʉɹʈʃ ʧʨʘʚʠ ʦʮʝʥʢʘ ʟʘ 

ʦʪʜʘʣʝʯʝʥʦʩʪʪʘ ʥʘ ʦʙʝʢʪʘ, ʘ ʧʦ ʧʦʣʫʯʝʥʘʪʘ ʜʦʧʣʝʨʦʚʘ ʯʝʩʪʦʪʘ ï ʟʘ ʩʢʦʨʦʩʪʪʘ ʥʘ 

ʩʙʣʠʞʝʥʠʝ.  

ʅʘʡ-ʛʦʣʷʤʦ ʧʨʠʣʦʞʝʥʠʝ ʧʦʨʘʜʠ ʧʨʝʜʝʣʥʘʪʘ ʩʠ ʧʨʦʩʪʦʪʘ ʠʤʘ ʘʚʪʦʜʠʥʥʘʪʘ 

ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʭʝʤʘ (ʌʠʛ.1.1). ɺ ʥʝʷ ʬʫʥʢʮʠʠʪʝ ʥʘ ʧʨʝʜʘʚʘʪʝʣ ̫ ʠ ʧʨʠʝʤʥʠʢʘ ʩʘ 

ʦʙʝʜʠʥʝʥʠ ʚ ʪ.ʥ. "ʘʚʪʦʜʠʥ", ʢʦʡʪʦ ʧʦ ʩʲʱʝʩʪʚʦ ʝ ʘʚʪʦʛʝʥʝʨʘʪʦʨ, ʯʠʷʪʦ ʪʨʝʧʪʷʱʘ 

ʩʠʩʪʝʤʘ ʝ ʩʠʣʥʦ ʩʚʲʨʟʘʥʘ ʩ ʘʥʪʝʥʘʪʘ. 

 

 

 

 

 

 

ʌʠʛ.1.1 ɸʚʪʦʜʠʥʥʘ ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʭʝʤʘ 

 

 ʊʝʦʨʠʪʠʯʥʦ ʚ [2] ʩʝ ʧʨʠʝʤʘ, ʯʝ ʦʪʨʘʟʷʚʘʱʘʪʘ ʧʦʚʲʨʭʥʦʩʪ  ʝ ʙʝʟʢʨʘʡʥʘ 

ʭʦʨʠʟʦʥʪʘʣʥʘ ʨʘʚʥʠʥʘ (ʦʛʣʝʜʘʣʥʘ ʦʪʨʘʟʷʚʷʱʘ ʧʦʚʲʨʭʥʦʩʪ ï ʟʝʤʝʥ ʛʨʫʥʜ). ʇʨʠ ʪʦʚʘ 

ʫʩʣʦʚʠʝ ʢʲʤ ʉɹʈʃ ʦʪ ʩʫʤʘʨʥʠʷ ʦʪʨʘʟʝʥ ʩʠʛʥʘʣ ʱʝ ʩʝ ʚʲʨʥʝ ʩʘʤʦ ʝʜʠʥ ʣʲʯ,  ʢʦʡʪʦ ʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʥʘ ʦʪʨʘʟʷʚʘʱʘʪʘ ʨʘʚʥʠʥʘ  ʠ ʩʠʩʪʝʤʘʪʘ ʱʝ ʨʝʘʛʠʨʘ ʥʘ  ʚʠʩʦʯʠʥʘʪʘ 

ʥʘʜ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ.  

ɺ ʩʣʫʯʘʷ ʥʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʘʚʪʦʜʠʥ (ʚ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʨʘʜʠʦʩʝʥʟʦʨ) ʩ ʥʝʤʦʜʫʣʠʨʘʥ 

ʩʦʥʜʠʨʘʱ ʩʠʛʥʘʣ ʚ [2] ʝ ʧʦʢʘʟʘʥʦ, ʯʝ ʧʨʠ ʦʛʣʝʜʘʣʥʘ ʦʪʨʘʟʷʚʷʱʘ ʧʦʚʲʨʭʥʦʩʪ  ʠʟʭʦʜʠʷʪ 

ʩʠʛʥʘʣ ʥʘ ʨʘʜʠʦʩʝʥʟʦʨʘ ( ʈʉ) ʱʝ ʠʤʘ ʘʤʧʣʠʪʫʜʘ : 



ʉʠʥʪʝʟ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ  ʟʘ ʙʣʠʟʢʘ ʨʘʜʠʦʣʦʢʘʮʠʷ 

5 

 

 

H

NDFS
US

p

l

4

2

^=
  .   (1.1) 

   ʊʫʢ : 

S ï ʨʘʜʠʦʯʝʩʪʦʪʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ  ʥʘ ʩʝʥʟʦʨʘ, 

ɚ  ï ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ ʥʘ ʩʦʥʜʠʨʘʱʠʷ ʩʠʛʥʘʣ, 

D ï  ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʥʘʩʦʯʝʥʦ ʜʝʡʩʪʚʠʝ ʥʘ ʘʥʪʝʥʘʪʘ, 

Fƍ  ï ʬʫʥʢʮʠʷ ʥʘ ʥʘʩʦʯʝʥʦʩʪ ʥʘ ʘʥʪʝʥʘʪʘ ʚ ʧʦʩʦʢʘ ʥʘ ʦʪʨʘʟʷʚʘʱʘʪʘ ʧʦʚʲʨʭʥʦʩʪ 

N ï ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʦʪʨʘʞʝʥʠʝ ʥʘ ʦʪʨʘʟʷʚʷʱʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, 

H  ï ʚʠʩʦʯʠʥʘ ʥʘʜ  ʦʪʨʘʟʷʚʷʱʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. 
ɺʠʞʜʘ ʩʝ, ʯʝ ʚ ( 1.1 )  ʩʝ ʩʲʜʲʨʞʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ H, ʥʘ ʢʦʷʪʦ ʩʠʩʪʝʤʘʪʘ ʱʝ ʩʝ 

ʟʘʜʝʡʩʪʚʘ: 
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ʌʫʥʢʮʠʷʪʘ ɸ ʧʦ ʧʨʠʥʮʠʧ  ʠʤʘ ʥʝʧʨʝʜʩʢʘʟʫʝʤʠ ʩʪʦʡʥʦʩʥʠ ʥʘʡ-ʚʝʯʝ ʟʘʨʘʜʠ 

ʦʪʨʘʞʘʪʝʣʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʮʝʣʪʘ. ʊʘʢʘ ʚʠʩʦʯʠʥʘʪʘ ʧʨʠ ʪʚʲʨʜ ʧʨʘʛ ʥʘ ʨʝʘʛʠʨʘʥʝ ʥʝ 

ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʩ ʜʦʙʨʘ ʩʪʘʙʠʣʥʦʩʪ. 

 ʅʘ ʌʠʛ.1.3 ʝ ʧʦʢʘʟʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʥʘ ʉɹʈʃ ʩ ʦʪʨʘʟʷʚʘʱʘʪʘ ʨʘʚʥʠʥʘ ʠ ʟʘ 

ʠʣʶʩʪʨʘʮʠʷ ʝ ʥʘʯʝʨʪʘʥʘ ʜʠʘʛʨʘʤʘʪʘ ʥʘ ʥʘʩʦʯʝʥʦ ʜʝʡʩʪʚʠʝ ʥʘ ʘʥʪʝʥʘʪʘ. ɺʠʞʜʘ ʩʝ, ʯʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʲʛʣʘ ʥʘ ʜʚʠʞʝʥʠʝ ʢʲʤ ʮʝʣʪʘ ʠ ʭʘʨʘʢʪʝʨʘ ʥʘ ʜʠʘʛʨʘʤʘʪʘ ʥʘ ʥʘʩʦʯʝʥʦ 

ʜʝʡʩʪʚʠʝ ʥʘ ʘʥʪʝʥʘʪʘ ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʩʠʛʥʘʣʘ ʤʘʞʝ ʜʘ ʩʝ ʧʨʦʤʝʥʷ ʚ ʛʦʣʝʤʠ ʛʨʘʥʠʮʠ. 

 
ʌʠʛ.1.3 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ ʉɹʈʃ ʩ ʦʪʨʘʟʷʚʘʱʘʪʘ ʨʘʚʥʠʥʘ 

 

 

   ɺ ʧʨʦʮʝʩʘ ʥʘ ʨʘʙʦʪʘ ʥʘ ʩʝʥʟʦʨʘ  ʚʝʣʠʯʠʥʠʪʝ S , ɚ , D , Fƍ  ʠ N ʩʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʟʤʝʥʥʠ ʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʝʤʝ  ʯʝ, ʩ ʧʨʠʙʣʠʞʘʚʘʥʝ ʢʲʤ ʮʝʣʪʘ, ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ 

ʠʟʭʦʜʥʠʷ ʩʠʛʥʘʣ, ʢʦʡʪʦ ʩʲʜʲʨʞʘ ʜʦʧʣʝʨʦʚʘ ʢʦʤʧʦʥʝʥʪʘ, ʥʘʨʘʩʪʚʘ ʦʙʨʘʪʥʦ  

ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʥʘ ʚʠʩʦʯʠʥʘʪʘ.   ɼʦʧʣʝʨʦʚʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʩʝ ʫʩʠʣʚʘ ʦʪ ʙʣʦʢʘ ʟʘ 
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ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʠʪʝ, ʜʝʪʝʢʪʠʨʘ ʩʝ ʠ ʩʝ ʦʮʝʥʷʚʘ ʧʦ ʘʤʧʣʠʪʫʜʘ. ɸʢʦ ʩʝ ʟʘʜʘʜʝ ʥʷʢʘʢʲʚ 

ʧʨʘʛ US = UN     ʟʘ ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ,  ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʚʟʨʠʚʘ ʱʝ  ʙʲʜʝ     

                                                                                                                    

N

B
U

A
H =

                                                                       
 (1.3) 

 

ʇʦʩʣʝʜʥʦʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʧʨʠ ʪʚʲʨʜ ʧʨʘʛ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʚʟʨʠʚʘ ʱʝ  ʝ  

ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʝʚʝʥʪʫʘʣʥʠ ʧʨʦʤʝʥʠ ʥʘ ɸ (S , ɚ , D , Fƍ  , N). ʊʝʟʠ ʧʨʦʤʝʥʠ ʩʝ 

ʧʨʝʜʠʟʚʠʢʚʘʪ ʥʘʡ-ʚʝʯʝ ʦʪ  ʦʪʨʘʟʷʚʘʱʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʮʝʣʪʘ ʠ ʦʪ ʲʛʲʣʘ ʥʘ ʩʙʣʠʞʝʥʠʝ. 

ʅʘʧʨʠʤʝʨ, ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʦʪʨʘʞʝʥʠʝ ʥʘ ʪʠʧʠʯʥʘ ʟʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘʡ-ʯʝʩʪʦ ʚʘʨʠʨʘ 

ʦʪ 0,3 ʜʦ 0,9. ʆʪ ʩʚʦʷ ʩʪʨʘʥʘ ʧʨʠ ʨʘʟʣʠʯʥʠ  ʲʛʣʠ ʥʘ ʩʪʨʝʣʙʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ 

ʘʥʪʝʥʘʪʘ ʱʝ ʩʘ ʨʘʟʣʠʯʥʠ . ʈʘʜʠʦʯʝʩʪʦʪʥʘʪʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʥʘ ʩʝʥʟʦʨʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʚ 

ʧʨʦʮʝʩʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʥʦ ʤʦʞʝ ʜʘ ʩʝ ʦʯʘʢʚʘʪ ʨʘʟʣʠʢʠ ʦʪ ʜʝʩʝʪʢʠ ʧʨʦʮʝʥʪʘ. 

ɽʜʠʥʩʪʚʝʥʦ ʯʝʩʪʦʪʘʪʘ ʥʘ ʩʦʥʜʠʨʘʱʠʷ ʩʠʛʥʘʣ ʝ ʦʪʥʦʩʠʪʝʣʥʦ ʩʪʘʙʠʣʥʘ. ʊʘʢʘ ʩʲʛʣʘʩʥʦ 

(1.3) ʤʦʞʝ ʜʘ ʩʝ ʦʯʘʢʚʘ ʠ ʥʘ ʧʨʘʢʪʠʢʘ ʩʝ ʧʦʣʫʯʘʚʘ ʤʥʦʛʦʢʨʘʪʥʦ ʠʟʤʝʥʝʥʠʝ ʥʘ 

ʚʠʩʦʯʠʥʘʪʘ HB ʧʨʠ ʩʪʨʝʣʙʘ ʧʦʜ ʨʘʟʣʠʯʝʥ ʲʛʲʣ ʩʨʝʱʫ ʨʘʟʥʦʦʙʨʘʟʥʠ ʮʝʣʠ. ɺʲʧʨʝʢʠ ʪʦʚʘ 

ʧʨʦʩʪʠʪʝ ʜʦʧʣʝʨʦʚʠ ʉɹʈʃ ʩʘ  ʠʟʧʦʣʟʚʘʥʠ ʰʠʨʦʢʦ ʟʘ ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ ʈɺ, ʢʦʠʪʦ ʪʨʷʙʚʘ 

ʜʘ ʩʨʘʙʦʪʚʘʪ ʥʘ ʚʠʩʦʯʠʥʠ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ ʥʷʢʦʣʢʦ ʤʝʪʨʘ.  

ʇʦ ʧʨʠʥʮʠʧ ʧʦʩʨʝʜʩʪʚʦʤ ʫʩʣʦʞʥʷʚʘʥʝ ʥʘ ʩʦʥʜʠʨʘʱʠʷ ʩʠʛʥʘʣ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ 

ʧʦ-ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ ʚ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʉɹʈʃ ʠ ʦʙʝʢʪʘ.  

 ɺ ʩʠʩʪʝʤʠʪʝ ʩ ʥʝʧʨʝʢʲʩʥʘʪ ʩʦʥʜʠʨʘʱ ʩʠʛʥʘʣ ʥʘʡ-ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʯʝʩʪʦʪʥʘ 

ʤʦʜʫʣʘʮʠʷ (ʏʄ), ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʦʪ ʨʘʟʣʠʯʥʠ ʧʦ ʬʦʨʤʘ ʤʦʜʫʣʠʨʘʱʠ 

ʩʠʛʥʘʣʠ. ʆʙʨʘʙʦʪʢʘʪʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʩʠʛʥʘʣʠ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʧʦ ʪ.ʥ. ʩʧʝʢʪʨʘʣʝʥ 

ʠʣʠ ʧʦ ʪ.ʥ ʠʥʪʝʛʨʘʣʝʥ  (ʚʨʝʤʝʚʠ) ʤʝʪʦʜ. 

ʂʦʛʘʪʦ ʏʄ ʝ ʦʪ ʯʠʩʪʦ ʭʘʨʤʦʥʠʯʝʥ ʫʧʨʘʚʣʷʚʘʱ ʩʠʛʥʘʣ [2], ʯʝʩʪʦʪʘʪʘ ʥʘ 

ʠʟʣʲʯʚʘʥʠʪʝ ʨʘʜʠʦʚʲʣʥʠ ʝ 

tsin. MS WwD+w=w 0                                                   (1.4) 

 

ʊʫʢ :  ɤ0  - ʩʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʯʝʩʪʦʪʘʪʘ, ȹɤ ï ʜʝʚʠʘʮʠʷ, ɋM ï ʯʝʩʪʦʪʘ ʥʘ 

ʫʧʨʘʚʣʷʚʘʱʠʷ ʩʠʛʥʘʣ. 

ɸʢʦ ʦʪʨʘʟʷʚʘʱʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʝ ʭʦʨʠʟʦʥʪʘʣʥʘ ʠ  ʦʛʣʝʜʘʣʥʘ, ʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ 

ʉɹʈʃ ʠ ʥʝʷ ʝ  ʅ, ʧʨʠʝʤʘʥʠʷʪ  (ʦʪʨʘʟʝʥ ʦʪ ʮʝʣʪʘ) ʩʠʛʥʘʣ ʝ ʩʲʱʦ ʭʘʨʤʦʥʠʯʝʥ ʠ ʟʘʢʲʩʥʷʚʘ 

ʩʧʨ̫ʤʦ ʠʟʣʲʯʚʘʥʠʷ  ʥʘ Ű = 2ʅ/c , ʢʲʜʝʪʦ  c  ʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʩʚʝʪʣʠʥʘʪʘ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ 

ʠʟʭʦʜʘ ʥʘ ʨʘʜʠʦʙʣʦʢʘ ʩʝ ʧʦʣʫʯʘʚʘ ʧʦʣʝʟʝʥ ʩʠʛʥʘʣ, ʯʠʡʪʦ ʩʧʝʢʪʨʘʣʝʥ ʩʲʩʪʘʚ ʟʘʚʠʩʠ ʦʪ 

ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʮʝʣʪʘ ʠ ʦʪ ʩʢʦʨʦʩʪʪʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʪʦʚʘ ʨʘʟʩʪʦʷʥʠʝ  ɡ . 

ʅʝʢʘ                     
c

t

c

t

c

H n
t

n
t

222
0

0 -=-= ,                                  ( 1.5 ) 

ʢʘʪʦ  ʅ0  ʠ  Ű0  ʩʘ ʥʘʯʘʣʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ  ʅ  ʠ  Ű , ʘ  ɡ  e ʩʢʦʨʦʩʪ ʥʘ ʩʙʣʠʞʝʥʠʝ. 

ɸʤʧʣʠʪʫʜʘʪʘ ʥʘ ʦʪʜʝʣʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʦʪ ʩʧʝʢʪʨʘʣʥʠʷ ʩʲʩʪʘʚ ʥʘ ʧʦʣʝʟʥʠʷ ʩʠʛʥʘʣ 

(ʦʪ ʠʟʭʦʜʘ ʥʘ ʨʘʜʠʦʩʝʥʟʦʨʘ)  ʚ ʧʨʦʮʝʩʘ ʥʘ ʩʙʣʠʞʝʥʠʝ (ʚʨʝʤʝʪʦ t )  ʝ 

()
H

ta
u=   , 

ʢʲʜʝʪʦ  : 
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() ( )[ ] ( )[ ]{ }

() ( )[ ] ( )[ ]{ } 3300003

00002

00001

000

3cos3cos

2cos2cos

sinsin

cos

twtw

twtw

twtw

tw

-W-W++W-W+

-W-W++W-W+

-W-W-+W-W-

-W=

ttxJ

ttxJ

ttxJ

txJta

DMDM

DMDM

DMDM

D

 ( 1.5) 

  

ʊʫʢ :    ɱ0 (x) , ɱ1(x),  ɱ2(x), ɱ3(x) ...... ɱn(x)  ʧʨʠ  n = 0,1,2,3,é.Ð    ï ʬʫʥʢʮʠʠ ʥʘ 

ɹʝʩʝʣ ʦʪ ʧʲʨʚʠ ʨʝʜ ʩ ʘʨʛʫʤʝʥʪ      x = (2ȹɤ/ÝM) sin(ÝMŰ/2) å ȹɤŰ = 4́ r/ɚM ,  ʢʘʪʦ  ɚM = 

c/ȹf  e ʪ.ʥ. ñʜʲʣʞʠʥʘ ʥʘ ʤʦʜʫʣʘʮʠʦʥʥʘʪʘ ʚʲʣʥʘò , ʘ ȹf  ʝ ʜʝʚʠʘʮʠʷʪʘ ʚ ʭʝʨʮʠ,     ÝD = 

2ɤ0ɡ/c  ʠʣʠ  FD = 2f0ɡ/c  -   ʯʝʩʪʦʪʘ ʥʘ ɼʦʧʣʝʨ  . 

 

ɺʠʞʜʘ ʩʝ, ʯʝ ʧʦʣʝʟʥʠʷʪ ʩʠʛʥʘʣ ʠʤʘ ʜʠʩʢʨʝʪʝʥ ʩʧʝʢʪʲʨ ʠ ʯʝ ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʚʩʠʯʢʠ 

ʩʲʩʪʘʚʥʠ ʟʘʚʠʩʠ ʦʪ ʟʘʢʲʩʥʝʥʠʝʪʦ Ű   ( ʪ.ʝ. ï ʦʪ ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʮʝʣʪʘ ʅ )   ʩʲʛʣʘʩʥʦ 

ʬʫʥʢʮʠʠʪʝ ʥʘ ɹʝʩʝʣ. ʇʨʠ ʪʦʚʘ ʜʝʚʠʘʮʠʷʪʘ ʥʘ ʯʝʩʪʦʪʘʪʘ ȹf ʦʢʘʟʚʘ ʩʠʣʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ 

ʘʨʛʫʤʝʥʪʘ. ʊʫʢ ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʩʝ ʠʟʙʠʨʘ     ÝM >> ÝD . 

 

 
 

ʌʠʛ.1.4  ʉʧʝʢʪʨʘʣʥʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʧʦʣʝʟʥʠʷ ʩʠʛʥʘʣ 

 

ɺ [3]  ʝ ʥʘʧʨʘʚʝʥ ʘʥʘʣʠʟ ʠ ʝ ʫʢʘʟʘʥʦ, ʯʝ ʚ ʦʙʱʠʷ ʩʣʫʯʘʡ ʩʧʝʢʪʨʘʣʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ 

ʚ ʩʪʨʘʥʠ ʦʪ ʦʩʥʦʚʥʠʪʝ  nFM   ʩʘ ʩ ʨʘʟʣʠʯʥʘ ʘʤʧʣʠʪʫʜʘ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʚʘ ʝ ʥʘʣʠʮʝ 

ʘʤʧʣʠʪʫʜʥʘ ʤʦʜʫʣʘʮʠʷ ʩ ʯʝʩʪʦʪʘʪʘ ʥʘ ɼʦʧʣʝʨ. 

 ɸʤʧʣʠʪʫʜʘʪʘ ʥʘ ʧʨʠʝʤʘʥʠʷ ʦʪʨʘʟʝʥ ʩʠʛʥʘʣ ʟʘʚʠʩʠ ʦʪ ʨʘʟʩʪʦʷʥʠʝʪʦ (ʚʠʩʦʯʠʥʘʪʘ)  ʅ 

ʠ ʘʢʦ ʦʪʨʘʞʝʥʠʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʦʪ ʢʨʫʧʥʦʛʘʙʘʨʠʪʝʥ ʦʙʝʢʪ (ʥʘʧʨʠʤʝʨ ï ʛʨʫʥʜ) , 

ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʧʦʣʝʟʥʠʷ ʩʠʛʥʘʣ   ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʚʘ ʜʘʣʠ ʠʤʘ ʠʣʠ ʥʷʤʘ ʤʦʜʫʣʘʮʠʷ ʚ 

ʧʨʦʮʝʩʘ ʥʘ ʩʙʣʠʞʝʥʠʝ ʱʝ ʥʘʨʘʩʪʚʘ  ʦʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʥʘ ʅ. ʊʘʢʘ ʚ ʢʨʘʡʥʘ 

ʩʤʝʪʢʘ ʟʘ ʢʦʥʢʨʝʪʝʥ ʦʙʝʢʪ ʠ ʧʨʠ ʥʝʠʟʤʝʥʝʥ ʲʛʲʣ ʥʘ ʩʙʣʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʚʩʠʯʢʠ 

ʢʦʤʧʦʥʝʥʪʠ ʦʪ ʩʧʝʢʪʨʘʣʥʠʷ ʩʲʩʪʘʚ ʥʘ ʧʦʣʝʟʥʠʷ ʩʠʛʥʘʣ ʱʝ ʙʲʜʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ 

a(t)/ʅ . 

ɸʢʦ ʩʝ ʦʪʜʝʣʠ ʝʜʥʘ ʦʪ ʩʧʝʢʪʨʘʣʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠʪʝ  ʥʘ ʩʠʛʥʘʣʘ ʠ ʩʝ ʩʨʘʚʥʠ ʧʦ 

ʘʤʧʣʠʪʫʜʘ ʩʲʩ ʟʘʜʘʜʝʥ ʧʨʘʛ UN , ʤʦʞʝ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʨʘʟʨʠʚʘ : 

K

H
J

H
M

n

B

öö
÷

õ
ææ
ç

å

=
l

p4

                                                   (1.6) 
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ʊʫʢ K (Sn ,ɚ , D , Fƍ, N, UN) e ʪʝʦʨʠʪʠʯʥʦ ʦʧʨʝʜʝʣʠʤʘ ʬʫʥʢʮʠʷ ʦʪ ʩʲʦʪʚʝʪʥʠʪʝ 

ʚʝʣʠʯʠʥʠ . 

ɿʘ ʮʝʣʠʪʝ ʥʘ ʩʣʝʜʚʘʱʠʪʝ ʨʘʟʩʲʞʜʝʥʠʷ  ʝ ʫʜʦʙʥʦ ( 1.6 ) ʜʘ ʩʝ ʧʨʠʚʝʜʝ ʚʲʚ ʚʠʜʘ:  

( ) öö
÷

õ
ææ
ç

å
=^

M

B
n

B

M
NMn

H
J

H
UNFDSK

l

pl
ll

4
,,,,,,*

                       (1.7) 

ʅʘ ʌʠʛ.1.5 ʝ ʧʦʢʘʟʘʥʦ ʩʝʤʝʡʩʪʚʦ ʢʨʠʚʠ ( ɚ M / H) |ɱn (4ˊH / ɚ M) | ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʚʠʩʦʯʠʥʘʪʘ ʧʨʠ  ɚM  = 30 m .  

 

H [m] 

 

ʌʠʛ. 1.5 ʉʝʤʝʡʩʪʚʦ ʢʨʠʚʠ ( ɚ M / H) |ɱn (4ˊH / ɚ M) | ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʠʩʦʯʠʥʘʪʘ 

 ʧʨʠ  ɚM  = 30 m 

  .  

ʃʷʚʘʪʘ ʯʘʩʪ ʥʘ (1.7) ʥʝ ʟʘʚʠʩʠ ʦʪ ʧʨʦʤʷʥʘʪʘ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʝʤʝ 

ʢʘʪʦ ʚʝʣʠʯʠʥʘ, ʦʧʨʝʜʝʣʷʱʘ ʥʦʨʤʠʨʘʥʠʷ  ʧʨʘʛ ʥʘ ʟʘʜʝʡʩʪʚʘʥʝ.   

ʅʘ ʌʠʛ.1.6 ʝ ʧʦʢʘʟʘʥʦ ʛʨʘʬʠʯʥʦ ʨʝʰʝʥʠʝ ʥʘ (1.7) ʟʘ n = 0 . ɺʠʞʜʘ ʩʝ, ʯʝ ʧʨʠ 

ʜʚʦʡʥʘ ʧʨʦʤʷʥʘ  ʥʘ K* (ʥʘʧʨʠʤʝʨ, ʧʦʨʘʜʠ ʧʨʦʤʷʥʘ ʥʘ N) ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʟʘʜʝʡʩʪʚʘʥʝ ʩʝ 

ʧʨʦʤʝʥʷ ʩ ʧʦ-ʤʘʣʢʦ ʦʪ  30% , ʘ ʥʝ ʜʚʘ ʧʲʪʠ , ʢʘʢʪʦ ʝ ʧʨʠ ʥʘʡ-ʧʨʦʩʪʠʪʝ ʜʦʧʣʝʨʦʚʠ 

ʩʠʩʪʝʤʠ.  

 
ʌʠʛ.1.6 ɻʨʘʬʠʯʥʦ ʨʝʰʝʥʠʝ ʥʘ (1.7) ʟʘ n = 0 
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ʆʪ ʌʠʛ.1.5 ʩʝ ʚʠʞʜʘ, ʯʝ ʛʨʘʬʠʢʠʪʝ ʥʘ ʬʫʥʢʮʠʠʪʝ  ɱn  ʠʤʘʪ ʦʩʥʦʚʝʥ ʣʠʩʪ ʠ 

ʤʥʦʞʝʩʪʚʦ ʩʪʨʘʥʠʯʥʠ. ʇʦʩʣʝʜʥʠʪʝ ʧʨʠ ʧʦ-ʛʦʣʷʤʘ ʦʪʨʘʟʷʚʘʱʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʟʝʤʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʤʦʛʘʪ ʜʘ ʧʨʝʜʠʟʚʠʢʘʪ ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʥʘ ʧʦ-ʛʦʣʝʤʠ ʦʪ ʟʘʜʘʜʝʥʘʪʘ 

ʚʠʩʦʯʠʥʘ. ʊʦʚʘ ʝ ʥʝʞʝʣʘʪʝʣʥʦ, ʪ.ʢ. ʚʦʜʠ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʙʦʡʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ 

ʠʟʩʪʨʝʣʠʪʝ. ɺ ʩʣʫʯʘʷ ʥʘ  n=0  ʩʠʩʪʝʤʘʪʘ ʝ ʦʪ ʘʚʪʦʢʦʨʝʣʘʮʠʦʥʝʥ ʪʠʧ, ʢʦʝʪʦ ʝ  

ʧʨʝʜʠʤʩʪʚʦ. ʉʪʨʘʥʠʯʥʠʪʝ ʣʠʩʪʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩʠʣʥʦ ʧʦʜʪʠʩʥʘʪʠ, ʘʢʦ ʩʝ ʠʟʧʦʣʟʚʘ 

ʧʦʜʭʦʜʷʱ  ʧʩʝʚʜʦʩʣʫʯʘʝʥ  ʤʦʜʫʣʠʨʘʱ ʩʠʛʥʘʣ [ 4 ].  

ʇʨʝʜ ʚʠʜ ʥʘ ʬʠʛ.1.6 ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʩʣʝʜʥʠʪʝ ʠʟʚʦʜʠ ʦʪʥʦʩʥʦ ʚʲʟʤʦʞʥʦʩʪʠʪʝ 

ʠ ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ  ʉɹʈʃ, ʚ ʢʦʠʪʦ ʩʝ ʦʙʨʘʙʦʪʚʘʪ ʥʫʣʝʚʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʩʠʛʥʘʣʘ ʦʪ 

ʨʘʜʠʦʩʝʥʟʦʨʘ :  

1. ʉʠʩʪʝʤʘʪʘ  ʦʧʨʝʜʝʣʷ ʨʘʟʩʪʦʷʥʠʝ ʩ ʧʨʠʝʤʣʠʚʘ ʪʦʯʥʦʩʪ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʦʪʨʘʞʘʪʝʣʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʮʝʣʪʘ, ʢʦʝʪʦ ʩʝ ʜʲʣʞʠ ʥʘ ʛʦʣʷʤʘʪʘ ʩʪʨʲʤʥʦʩʪ ʥʘ ʥʘʨʘʩʪʚʘʥʝ 

ʥʘ ʩʠʛʥʘʣʘ ʟʘ   ʅ <  0.15 ɚM. 

2. ɸʢʦ ʩʢʦʨʦʩʪʪʘ ʥʘ ʩʙʣʠʞʝʥʠʝ ʝ  ʤʘʣʢʘ, ʦʙʨʘʙʦʪʚʘʥʘʪʘ ʯʘʩʪ ʦʪ ʧʦʣʝʟʥʠʷ ʩʠʛʥʘʣ 

ʤʦʞʝ ʩʝ ʥʘʤʠʨʘ ʚ ʜʠʘʧʘʟʦʥʘ ʥʘ ʩʦʙʩʪʚʝʥʠʪʝ ʰʫʤʦʚʝ (ʬʣʠʢʝʨ ʰʫʤʦʚʝ,  ʚʠʙʨʦ ʰʫʤʦʚʝ) , 

ʥʘʤʝʩʚʘʪ ʩʝ ʰʫʤʦʚʝʪʝ ʥʘ ʦʪʨʘʟʝʥʠʷ ʩʠʛʥʘʣ ʠ ʜʨ. ʇʦʩʣʝʜʥʦʪʦ ʟʥʘʯʠʪʝʣʥʦ ʩʥʠʞʘʚʘ 

ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʜʘ ʦʧʨʝʜʝʣʷ ʧʦ-ʛʦʣʝʤʠ ʨʘʟʩʪʦʷʥʠʷ, ʘʢʦ ʩʢʦʨʦʩʪʪʘ ʥʘ 

ʩʙʣʠʞʝʥʠʝ ʝ ʥʠʩʢʘ. 

3. ʊʘʟʠ ʩʠʩʪʝʤʘ ʝ ʦʪ ʘʚʪʦʢʦʨʝʣʘʮʠʦʥʝʥ ʪʠʧ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ 

ʤʦʜʫʣʠʨʘʱ ʩʠʛʥʘʣ ʩ ʧʨʦʠʟʚʦʣʥʘ ʬʦʨʤʘ. ʇʦʩʣʝʜʥʦʪʦ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʥʘʯʠʪʝʣʥʦ ʜʘ ʩʝ 

ʥʘʤʘʣʠ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʥʝʧʨʘʚʠʣʥʦ ʨʝʰʝʥʠʝ ʥʘ ʨʘʟʩʪʦʷʥʠʷ, ʢʦʠʪʦ ʩʘ 

ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʛʦʣʝʤʠ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʦʪʦ. ʋʧʨʘʚʣʷʚʘʱʠʷʪ ʩʠʛʥʘʣ ʩʝ ʠʟʙʠʨʘ 

ʪʘʢʘ, ʯʝ ʘʚʪʦʢʦʨʝʣʘʮʠʦʥʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʠʟʣʲʯʚʘʥʠʷ ʩʠʛʥʘʣ ʜʘ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ 

ʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʦʩʥʦʚʥʠʷ ʤʘʢʩʠʤʫʤ ʠ ʥʠʩʢʠ  ʥʠʚʘ ʥʘ ʩʪʨʘʥʠʯʥʠʪʝ ʤʘʢʩʠʤʫʤʠ, ʢʘʪʦ 

ʦʩʥʦʚʥʠʷʪ ʤʘʢʩʠʤʫʤ ʠʤʘ ʩʪʨʲʤʥʠ ʩʢʘʪʦʚʝ, ʜʘ ʩʝ ʫʚʝʣʠʯʠ ʟʘʱʠʪʘʪʘ ʦʪ ʨʘʜʠʩʤʫʱʝʥʠʷ ʠ 

ʜʘ ʩʝ ʤʘʩʢʠʨʘ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ ʯʨʝʟ ʫʧʦʪʨʝʙʘ ʥʘ ʰʫʤʦʧʦʜʦʙʥʠ ʤʦʜʫʣʠʨʘʱʠ 

ʩʠʛʥʘʣʠ.  

ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʚʠʩʰʘ ʢʦʤʧʦʥʝʥʪʘ  ( n > 1 ) , ʩʠʩʪʝʤʘʪʘ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ 

ʦʧʨʝʜʝʣʷ ʧʦ-ʛʦʣʝʤʠ ʨʘʟʩʪʦʷʥʠʷ ʪ.ʢ. ʯʝʩʪʦʪʘʪʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʘʪʘ ʯʘʩʪ ʥʘ ʧʦʣʝʟʥʠʷ ʩʠʛʥʘʣ 

ʩʝ ʥʘʤʠʨʘ ʜʘʣʝʯʝ ʦʪ ʫʢʘʟʘʥʠʪʝ ʧʦ-ʛʦʨʝ ʰʫʤʦʚʝ. ʅʘ ʬʠʛ.1.7 ʝ ʧʦʢʘʟʘʥʘ ʝ ʧʦʢʘʟʘʥʦ 

ʛʨʘʬʠʯʥʦ ʨʝʰʝʥʠʝ ʥʘ (1.7) ʟʘ n = 3  ʧʨʠ ʜʚʫʢʨʘʪʥʘ ʧʨʦʤʷʥʘ ʥʘ K
*
. 

 

 
ʌʠʛ. 1.7 ɻʨʘʬʠʯʥʦ ʨʝʰʝʥʠʝ ʥʘ (1.7) ʟʘ n = 3  ʧʨʠ ʜʚʫʢʨʘʪʥʘ ʧʨʦʤʷʥʘ ʥʘ K

*
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ɺʠʞʜʘ ʩʝ, ʯʝ ʟʘʚʠʩʠʤʦʩʪʪʘ  |  ɱn (4ˊH / ɚ M) | ʧʨʝʩʪʘʚʣʷʚʘ ʢʨʠʚʘ ʩ ʭʘʨʘʢʪʝʨʥʠ ʥʫʣʠ 

ʠ ʤʘʢʩʠʤʫʤʠ. ʉʲʦʪʚʝʪʥʦ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʛʣʘʚʥʠʷ ʤʘʢʩʠʤʫʤ ʝ    ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʪʨʠ ʧʲʪʠ 

ʧʦ-ʛʦʣʷʤʘ ʦʪ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʧʨʝʜʥʠʷ ʤʘʢʩʠʤʫʤ. ɸʢʦ ʚ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʘʥʘʣʠʟʠʨʘʱʘ ʩʭʝʤʘ 

ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʦʩʪʦ ʧʨʘʛʦʚʦ ʫʩʪʨʦʡʩʪʚʦ, ʪʘʟʠ ʩʨʘʚʥʠʪʝʣʥʦ ʤʘʣʢʘ ʨʘʟʣʠʢʘ ʥʝ ʛʘʨʘʥʪʠʨʘ 

ʧʨʘʚʠʣʥʦʪʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʧʨʠ ʚʩʠʯʢʠ  ʚʲʟʤʦʞʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ 

ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʦʪʨʘʞʝʥʠʝ N ʠ ʥʘ ʲʛʲʣʘ ʥʘ ʩʙʣʠʞʝʥʠʝ, ʪ.ʢ. ʝ ʚʲʟʤʦʞʥʦ ʟʘʜʝʡʩʪʚʘʥʝ 

ʥʘ ʩʠʩʪʝʤʘʪʘ ʥʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʛʦʣʝʤʠ ʦʪ ʟʘʜʘʜʝʥʘʪʘ ʚʠʩʦʯʠʥʠ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʘʢʦ ʩʝ 

ʨʘʙʦʪʠ ʩʘʤʦ ʩ ʧʲʨʚʠʷ ʣʠʩʪ ʥʘ ʟʘʚʠʩʠʤʦʩʪʪʘ, ʧʦʨʘʜʠ ʟʥʘʯʠʪʝʣʥʘʪʘ ʩʪʨʲʤʥʦʩʪ ʥʘ ʩʢʘʪʘ, 

ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʩʪʘʚʘ ʩ ʜʦʙʨʘ ʪʦʯʥʦʩʪ.  

ʆʙʦʙʱʝʥʦ, ʉɹʈʃ ʦʙʨʘʙʦʪʚʘʱʠ ʚʠʩʰʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʧʦʣʝʟʥʠʷ ʩʠʛʥʘʣ     (n > 1) 

ʧʨʠ ʪʚʲʨʜ ʧʨʘʛ ʥʘ ʟʘʜʝʡʩʪʚʘʥʝ ʧʨʠʪʝʞʘʚʘʪ ʩʣʝʜʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ : 

1. ɺ ʩʲʩʪʦʷʥʠʝ ʩʘ ʜʘ ʦʪʢʨʠʚʘʪ ʙʘʚʥʦʧʦʜʚʠʞʥʠ ʦʙʝʢʪʠ ʥʘ ʩʨʘʚʥʠʪʝʣʥʦ ʛʦʣʝʤʠ 

ʨʘʟʩʪʦʷʥʠʷ (ʧʨʠʣʦʞʝʥʠʝ ʚ ʦʭʨʘʥʠʪʝʣʥʘʪʘ ʪʝʭʥʠʢʘ). ɺ ʩʣʫʯʘʷ ʣʠʧʩʚʘʪ ʠʟʠʩʢʚʘʥʠʷ ʟʘ 

ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʦʙʝʢʪʘ. 

2. ɺ ʩʲʩʪʦʷʥʠʝ ʩʘ ʜʘ ʦʧʨʝʜʝʣʷʪ ʧʦ-ʪʦʯʥʦ ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʮʝʣʠ   (ʧʨʠʣʦʞʝʥʠʝ ʟʘ 

ʨʘʜʠʦʚʟʨʠʚʘʪʝʣʠ) ʧʨʠ ʫʩʣʦʚʠʝ, ʯʝ ʦʪʨʘʞʘʪʝʣʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʮʝʣʪʘ ʩʘ ʜʦʙʨʝ ʠʟʚʝʩʪʥʠ ʠ 

ʥʝ ʩʝ ʠʟʤʝʥʷʪ ʚ ʰʠʨʦʢʠ ʛʨʘʥʠʮʠ. 

 ɻʦʨʥʠʪʝ ʨʘʟʩʲʞʜʝʥʠʷ ʩʝ ʦʪʥʘʩʷʪ ʟʘ ʉɹʈʃ ʩ ʪ.ʥ. ʪʚʲʨʜ ʧʨʘʛ ʥʘ ʟʘʜʝʡʩʪʚʘʥʝ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʝʜʧʨʠʝʪʠʪʝ ʤʝʨʢʠ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʟʘʜʝʡʩʪʚʘʥʝ ʥʝ ʝ 

ʜʦʩʪʘʪʲʯʥʘ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʤʘʢʩʠʤʘʣʥʘ ʙʦʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ. ʆʩʚʝʥ ʪʦʚʘ  ʝ ʤʥʦʛʦ  

ʪʨʫʜʥʦ  ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ  ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʩʠʛʥʘʣʘ ʧʦ ʚʲʟʭʦʜʷʱʘʪʘ ʯʘʩʪ ʦʪ ʥʝʛʦʚʘʪʘ 

ʟʘʚʠʩʠʤʦʩʪ. 

 

ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʩʧʝʢʪʨʘʣʥʠʷ ʠʥʪʝʛʨʘʣʥʠʷʪ ʤʝʪʦʜ ʨʘʟʛʣʝʞʜʘ ʩʠʛʥʘʣʘ ʩʲʚʦʢʫʧʥʦ. 

ʉʲʛʣʘʩʥʦ ʪʦʟʠ ʤʝʪʦʜ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʮʝʣʪʘ ʩʝ ʧʦʣʫʯʘʚʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʥʜʠʨʝʢʪʥʦ ʠʟʤʝʨʚʘʥʝ ʥʘ ʚʨʝʤʝʪʦ Ű  = 2ʅ/c . ɺ ʨʝʟʫʣʪʘʪ, ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʩʧʝʢʪʨʘʣʥʠʷ 

ʤʝʪʦʜ, ʦʪʨʘʞʘʪʝʣʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʛʨʫʥʜʘ ʥʝ ʚʣʠʷʷʪ ʚʲʨʭʫ ʪʦʯʥʦʩʪʪʘ ʥʘ ʦʪʯʝʪʠʪʝ , 

ʘ ʩʘʤʦ ʚʲʨʭʫ ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʩʠʛʥʘʣʘ.  

ʇʨʠ ʦʛʣʝʜʘʣʥʘ ʦʪʨʘʟʷʚʘʱʘ ʧʦʚʲʨʭʥʦʩʪ,  ʧʨʝʥʝʙʨʝʞʠʤ ʝʬʝʢʪ ʥʘ ɼʦʧʣʝʨ, 

ʩʠʥʫʩʦʠʜʘʣʝʥ ʤʦʜʫʣʠʨʘʱ ʩʠʛʥʘʣ ʠ ʣʠʧʩʘ ʥʘ ʧʘʨʘʟʠʪʥʘ ʘʤʧʣʠʪʫʜʥʘ ʤʦʜʫʣʘʮʠʷ ʩʨʝʜʥʘʪʘ 

ʯʝʩʪʦʪʘ ʥʘ ʪʨʝʧʪʝʥʠʷʪʘ ʦʪ ʠʟʭʦʜʘ ʥʘ ʨʘʜʠʦʩʝʥʟʦʨʘ  Fŭ ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʠʟʤʝʨʚʘʥʘʪʘ 

ʚʠʩʦʯʠʥʘ : 
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xd ,                                                       (1.8) 

ʊʘʢʘ, ʘʢʦ ʚ ʪʝʯʝʥʠʝ ʥʘ ʧʝʨʠʦʜʘ ʥʘ ʤʦʜʫʣʠʨʘʱʠʷ ʩʠʛʥʘʣ ʩʝ ʧʨʝʙʨʦʷʪ 

ʬʦʨʤʠʨʘʥʠʪʝ ʠʟʭʦʜʥʠ ʠʤʧʫʣʩʠ, ʱʝ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʪʝʢʫʱʘʪʘ ʚʠʩʦʯʠʥʘ: 
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ʍʘʨʘʢʪʝʨʥʦ ʟʘ ʪʦʟʠ ʤʝʪʦʜ ʝ ʯʝ, ʪʦʯʥʠʪʝ ʦʪʯʝʪʠ ʩʘ ʜʠʩʢʨʝʪʥʠ. ʊʝʦʨʠʪʠʯʥʦ ʝ 

ʜʝʬʠʥʠʨʘʥʘ [4]  ʢʨʠʪʠʯʥʘ ʨʘʟʣʠʢʘ ʚʲʚ ʚʠʩʦʯʠʥʘʪʘ ʤʝʞʜʫ ʪʦʯʥʠʪʝ ʦʪʯʝʪʠ : 
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ʊʦʯʥʠʪʝ ʦʪʯʝʪʠ ʩʘ  ʧʨʝʟ  Ñ ʅʢʨ .  ʅʘʧʨʠʤʝʨ, ʧʨʠ  ȹf = 100 Mʅz  ʢʨʠʪʠʯʥʘʪʘ 

ʨʘʟʣʠʢʠ ʚʲʚ ʚʠʩʦʯʠʥʘʪʘ ʱʝ ʝ ʦʢʦʣʦ 0.4 m .  ɿʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʛʨʝʰʢʘʪʘ ʦʪ ʜʠʩʢʨʝʪʥʠʪʝ 

ʦʪʯʝʪʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʫʚʝʣʠʯʠ ʘʙʩʦʣʶʪʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʯʝʩʪʦʪʥʘʪʘ ʜʝʚʠʘʮʠʷ, ʢʦʝʪʦ ʚʦʜʠ 

ʜʦ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʨʘʙʦʪʘ ʥʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʢʲʩʠ ʩʦʥʜʠʨʝʱʠ ʚʲʣʥʠ. ʇʦ ʣʠʪʝʨʘʪʫʨʥʠ 

ʜʘʥʥʠ [4] ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʩʠʩʪʝʤʠ ʩ ʧʦʚʠʰʝʥʘ ʪʦʯʥʦʩʪ. ʊʝʟʠ ʩʠʩʪʝʤʠ ʩʘ ʩʣʦʞʥʠ  ʠ ʥʝ ʩʘ 

ʧʦʜʭʦʜʷʱʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʨʘʜʠʦʚʟʨʠʚʘʪʝʣʠʪʝ. 

ɸʢʦ ʩʠʩʪʝʤʘʪʘ ʨʘʙʦʪʠ ʦʪ ʜʦʩʪʘʪʲʯʥʘ ʚʠʩʦʯʠʥʘ, ʤʦʞʝ ʜʘ ʩʝ ʦʨʛʘʥʠʟʠʨʘ 

(ʮʠʬʨʦʚʦ) ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʨʝʘʣʥʘʪʘ ʚʠʩʦʯʠʥʘ ʠ ʪʘʢʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʜʦʙʨʘ ʪʦʯʥʦʩʪ. 

ʇʨʠʣʘʛʘʪ ʩʝ ʠ ʫʧʨʘʚʣʷʚʘʱʠ ʩʠʛʥʘʣʠ ʩ ʪʨʠʦʥʦʦʙʨʘʟʥʘ ʬʦʨʤʘ. ʊʘʤ ʨʘʟʣʠʢʦʚʘʪʘ 

ʯʝʩʪʦʪʘ ʝ ʧʦ-ʷʨʢʦ ʠʟʨʘʟʝʥʘ. 

ʉʲʱʝʩʪʚʫʚʘ ʩʝʨʠʦʟʝʥ ʧʨʦʙʣʝʤ ʩ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʦʪʯʠʪʘʥʝ ʥʘ ʨʘʟʣʠʢʦʚʘʪʘ 

ʯʝʩʪʦʪʘ (ʠʤʧʫʣʩʠ). ʊʦʡ ʝ ʩʣʝʜʩʪʚʠʝ ʥʘ ʥʝʠʟʙʝʞʥʘʪʘ ʧʘʨʘʟʠʪʥʘ ʘʤʧʣʠʪʫʜʥʘ ʤʦʜʫʣʘʮʠʷ. 

ʊʦʟʠ ʧʨʦʙʣʝʤ ʙʠ ʤʦʛʲʣ ʜʘ ʩʝ ʨʘʟʨʝʰʠ ʩ ʮʠʬʨʦʚʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʠʪʝ ʠ ʩ 

ʫʩʣʦʞʥʷʚʘʥʝ ʥʘ ʩʭʝʤʘʪʘ ʥʘ ʨʘʜʠʦʩʝʥʟʦʨʘ. 

ʉʲʱʦ ʪʘʢʘ, ʪʘʤ ʢʲʜʝʪʦ ʝʬʝʢʪʲʪ ʥʘ ɼʦʧʣʝʨ ʩʝ ʧʨʦʷʚʷʚʘ ʩʲʱʝʩʪʚʝʥʦ, ʟʘ 

ʧʦʩʪʠʛʘʥʝ ʥʘ ʨʝʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʥʝʛʦʚʦʪʦ ʥʝʫʪʨʘʣʠʟʠʨʘʥʝ. ʊʦʚʘ ʝ  

ʩʝʨʠʦʟʝʥ ʧʨʦʙʣʝʤ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ ʨʝʰʠ ʩʦʬʪʫʝʨʥʦ ʠ ʩ ʫʩʣʦʞʥʷʚʘʥʝ ʥʘ ʩʭʝʤʘʪʘ ʥʘ 

ʨʘʜʠʦʩʝʥʟʦʨʘ. 

             ʇʨʝʜʠ ʚʩʠʯʢʦ ʧʦʨʘʜʠ ʩʚʦʷʪʘ ʭʘʨʜʫʝʨʥʘ ʩʣʦʞʥʦʩʪ ʩʠʩʪʝʤʠʪʝ, ʨʘʙʦʪʝʱʠ ʧʦ 

ʠʥʪʝʛʨʘʣʥʠʷ ʤʝʪʦʜ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʤʠʨʘʪ ʧʨʠʣʦʞʝʥʠʝ ʚ ʤʘʣʦʛʘʙʘʨʠʪʥʠʪʝ 

ʨʘʜʠʦʚʟʨʠʚʘʪʝʣʠ. 

 

 

 

 

ʆʉʅʆɺʅʀ ʀɿʀʉʂɺɸʅʀʗ ʂʒʄ ʉʒɺʈɽʄɽʅʅʀʊɽ ʈɸɼʀʆɺɿʈʀɺɸʊɽʃʀ 

 

ʉʲʚʨʝʤʝʥʥʠʪʝ ʝʣʝʢʪʨʦʥʥʠ  ʚʟʨʠʚʘʪʝʣʠ ʩʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʥʠ (Multi -ʆption 

Fuze ï MOF , ʩʲʦʪʚʝʪʥʦ : ʟʘ ʘʨʪʠʣʝʨʠʷ ï MOFA, ʟʘ ʤʠʥʦʤʝʪʥʠ ʠʟʩʪʨʝʣʠ ï MOFʄ )  ʠ  

ʠʟʧʦʣʟʚʘʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʠʯʢʠ ʥʘʯʠʥʠ ʥʘ ʟʘʜʝʡʩʪʚʘʥʝ, ʢʘʢʪʦ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʟʘʜʘʜʝʥʠ 

ʙʦʡʥʠ ʨʝʟʫʣʪʘʪʠ, ʪʘʢʘ ʠ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʩʠʛʫʨʥʦʩʪʪʘ ʥʘ ʧʦʨʘʞʝʥʠʝ.  

ʊʠʧʠʯʝʥ ʧʨʠʤʝʨ ʥʘ  ʩʲʚʨʝʤʝʥʝʥ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʝʥ ʚʟʨʠʚʘʪʝʣ ʟʘ ʤʠʥʠ (MOFM) ʝ 

ʄ734ɸ1 . ʊʦʡ ʝ ʦʧʪʠʤʠʟʠʨʘʥ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʤʘʢʩʠʤʘʣʥʘ ʙʦʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʧʨʠ 

ʥʝʢʦʥʪʘʢʪʥʦ ʜʝʡʩʪʚʠʝ. ɺʟʨʠʚʘʪʝʣʷʪ ʠʤʘ ʯʝʪʠʨʠ ʥʘʯʠʥʘ ʥʘ ʟʘʜʝʡʩʪʚʘʥʝ : PRX (ʥʘ 

ʚʠʩʦʯʠʥʘ ʦʪ 1õ3 m ʥʘʜ ʮʝʣʪʘ) ,  NSB  (ʥʘ ʚʠʩʦʯʠʥʘ ʦʪ 0õ1 m) , IMP     (ʤʠʛʥʦʚʝʥʥʦ 

ʫʜʘʨʥʦ)  ʠ DLY    /ʟʘʙʘʚʝʥʦ 0.5s ʩʣʝʜ ʢʦʥʪʘʢʪ ʩ ʮʝʣʪʘ/ . ɿʘʜʝʡʩʪʚʘʥʝʪʦ NSB ʩʝ ʚʢʣʶʯʚʘ 

ʘʚʪʦʤʘʪʠʯʥʦ,  ʘʢʦ ʧʦ ʥʷʢʘʢʚʘ ʧʨʠʯʠʥʘ ʥʝ ʩʝ ʝ ʦʩʲʱʝʩʪʚʠʣʦ ʟʘʜʝʡʩʪʚʘʥʝʪʦ PRX . 

ɽʣʝʢʪʨʦʥʠʢʘʪʘ ʥʘ ʚʟʨʠʚʘʪʝʣʷ ʠʟʧʦʣʟʚʘ ʙʣʦʢ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʠʪʝ, ʧʦʩʪʨʦʝʥ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨ ʠ  ʢʦʤʧʘʢʪʝʥ ʨʘʜʠʦʩʝʥʟʦʨ ʩ ʧʝʯʘʪʥʘ ʘʥʪʝʥʘ, ʨʘʙʦʪʝʱ ʩʲʩ 

ʩʲʚʨʝʤʝʥʝʥ ɻʘʣʠʝʚʦ-ʘʨʩʝʥʠʝʚ ʧʨʠʙʦʨ. ɽʣʝʢʪʨʠʯʝʩʢʠʪʝ ʚʨʲʟʢʠ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘʪ ʯʨʝʟ 

ʤʝʢʠ ʣʝʥʪʦʚʠ ʩʲʝʜʠʥʝʥʠʷ . ʊʦʟʠ ʚʟʨʠʚʘʪʝʣ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʧʦʚʠʰʝʥʘ ʪʦʯʥʦʩʪ ʥʘ 

ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʨʘʟʨʠʚʠʪʝ : ʟʘ 60/81mm ʤʠʥʠ ~ 7 ʬʫʪʘ , ʘ ʟʘ 120mm ʤʠʥʠ ~ 14 ʬʫʪʘ . 

ɺʟʨʠʚʘʪʝʣʷʪ ʝ ʦʜʦʙʨʝʥ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʟ 1996 ʛ. ɼʦ ʜʥʝʩ ʪʦʡ  ʩʝ ʠʟʧʦʣʟʚʘ ʫʩʧʝʰʥʦ , 

ʢʘʪʦ ʜʝʤʦʥʩʪʨʠʨʘ ʚʠʩʦʢʘ ʥʘʜʝʞʜʥʦʩʪ ï ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʝʥʘ ʚʝʨʦʷʪʥʦʩʪ ʟʘ 

ʙʝʟʦʪʢʘʟʥʘ ʨʘʙʦʪʘ  0.994 . ʆʧʨʦʩʪʝʥʘ ʚʝʨʩʠʷ ʥʘ ʄ734ɸ1 ʝ ʚʟʨʠʚʘʪʝʣʷʪ FMU-160/B , 

ʢʦʡʪʦ ʝ ʧʦ-ʝʚʪʠʥ ʠ ʩʲʩ ʟʘʧʘʟʝʥʘ ʚʠʩʦʢʘ ʫʩʪʦʡʯʠʚʦʩʪ ʩʨʝʱʫ ʨʘʜʠʦ ʩʤʫʱʝʥʠʷ. ʊʝʟʠ 

ʩʲʚʨʝʤʝʥʥʠ ʨʘʜʠʦʚʟʨʠʚʘʪʝʣʠ ʩʝ ʧʨʦʠʟʚʝʞʜʘʪ ʦʪ ñKDI Precision Products, Inc ò (ʉɸʑ)  . 

ʊʫʢ ʝ ʫʜʘʯʥʦ ʜʘ ʩʝ ʦʙʲʨʥʝ ʚʥʠʤʘʥʠʝ ʠ ʥʘ ʦʱʝ ʝʜʥʘ ʚʲʟʤʦʞʥʘ ʬʫʥʢʮʠʷ ʥʘ 

ʝʣʝʢʪʨʦʥʥʠʪʝ ʚʟʨʠʚʘʪʝʣʠ ï ʜʠʩʪʘʥʮʠʦʥʥʦ (T)   ʟʘʜʝʡʩʪʚʘʥʝ ʩʣʝʜ ʦʧʨʝʜʝʣʝʥʦ ʚʨʝʤʝ ʦʪ 

ʤʦʤʝʥʪʘ ʥʘ ʠʟʩʪʨʝʣʘ ( Electronic Time). ʊʦʚʘ ʩʘ ʪ.ʥ. ʝʣʝʢʪʨʦʥʥʠ ʟʘʧʘʣʢʠ. ʌʫʥʢʮʠʷʪʘ 
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ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʘʚʠ ʢʲʤ ʠʟʙʨʦʝʥʠʪʝ ʧʦ-ʛʦʨʝ ʠ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ  ʨʘʟʣʠʯʥʠ ʮʝʣʠ 

. 

ʍʘʨʘʢʪʝʨʥʦ ʟʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʨʘʟʨʘʙʦʪʢʠ ʝ ʯʝ ʮʝʣʷʪ ʧʦʩʪʠʛʘʥʝ ʥʘ ʩʪʘʙʠʣʥʘ 

ʚʠʩʦʯʠʥʘ ʥʘ ʨʘʟʨʠʚʠʪʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʪʨʘʞʘʪʝʣʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʮʝʣʪʘ ʟʘ ʥʘʡ-ʜʦʙʨʘ 

ʙʦʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ. ɺʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʪʘʟʠ ʮʝʣ ʝ ʟʘʚʠʩʠʤʘ ʧʨʝʜʠ ʚʩʠʯʢʦ 

ʦʪ ʠʟʧʦʣʟʚʘʥʠʷ ʤʝʪʦʜ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʮʝʣʪʘ ʠ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ 

ʩʠʛʥʘʣʠʪʝ. ʅʘʡ-ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ, ʠ ʥʝ ʙʝʟ ʦʩʥʦʚʘʥʠʝ, ʥʘʤʠʨʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʥʝʧʨʝʢʲʩʥʘʪ ʩʦʥʜʠʨʘʱ ʩʠʛʥʘʣ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʝʤʦʜʫʣʠʨʘʥ (ʥʘʡ-ʧʨʦʩʪ ʤʝʪʦʜ) ʠʣʠ 

ʤʦʜʫʣʠʨʘʥ. ɺ ʩʣʫʯʘʷ ʠʟʭʦʜʥʠʷʪ ʩʠʛʥʘʣ ʥʘ ʨʘʜʠʦʩʝʥʟʦʨʘ ʩʲʜʲʨʞʘ ʢʦʤʧʦʥʝʥʪʠ ʩ 

ʯʝʩʪʦʪʘʪʘ ʥʘ ɼʦʧʣʝʨ. ʉʲʱʦ ʪʘʢʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʣʦʞʠ ʠʤʧʫʣʩʝʥ ʩʦʥʜʠʨʘʱ ʩʠʛʥʘʣ ʧʨʠ 

ʫʩʣʦʚʠʝ, ʯʝ ʪʦʡ ʝ ʜʦʩʪʘʪʲʯʥʦ ʚʠʩʦʢʦʯʝʩʪʦʪʝʥ (ʥʘʧʨʠʤʝʨ ï ʣʘʟʝʨʝʥ). ʃʘʟʝʨʝʥ ʠʤʧʫʣʩʝʥ 

ʚʟʨʠʚʘʪʝʣ  PX581   ʝ ʨʘʟʨʘʙʦʪʝʥ ʦʪ ʥʝʤʩʢʘʪʘ ʬʠʨʤʘ    ñJunhansò . ʃʘʟʝʨʥʠʷʪ ʨʘʜʠʦ 

ʚʟʨʠʚʘʪʝʣ ʩʠʣʥʦ ʩʝ ʚʣʠʷʝ ʦʪ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ, ʢʦʝʪʦ ʚ ʙʦʡʥʠ ʫʩʣʦʚʠʷ ʝ 

ʠʟʢʣʶʯʠʪʝʣʥʦ ʩʣʦʞʥʦ. 

ɺʩʝʦʙʱʘ ʪʝʥʜʝʥʮʠʷ ʝ  ʧʨʠʣʘʛʘʥʝ ʥʘ ʚʲʨʭʦʚʠʪʝ ʧʦʩʪʠʞʝʥʠʷ ʥʘ 

ʤʠʢʨʦʝʣʝʢʪʨʦʥʠʢʘʪʘ, ʦʩʦʙʝʥʦ ʧʨʠ ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ ʙʣʦʢʘ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʠʪʝ ʠ 

ʥʘ ʩʝʥʟʦʨʥʠʷ ʙʣʦʢ. ʉʪʨʝʤʝʞ ʝ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʥʠʩʢʦʝʥʝʨʛʠʡʥʘ ʝʣʝʢʪʨʦʥʠʢʘ ʠ ʩʝ 

ʠʟʚʲʨʰʚʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʤʠʢʨʦʩʭʝʤʠ ʟʘ ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ 

MOF-ʚʟʨʠʚʘʪʝʣʠ. ʊʝʥʜʝʥʮʠʷ ʝ ʩʲʚʨʝʤʝʥʥʠʪʝ ʨʘʜʠʦʩʝʥʟʦʨʠ ʜʘ ʨʘʙʦʪʷʪ ʚ ʤʠʢʨʦʚʲʣʥʦʚʠʷ 

ʜʠʘʧʘʟʦʥ ʠ ʜʘ ʧʨʠʪʝʞʘʚʘʪ ʤʠʥʠʘʪʶʨʥʠ ʰʠʨʦʢʦʣʝʥʪʦʚʠ ʧʝʯʘʪʥʠ ʘʥʪʝʥʠ.  

 

 

 

ʌʋʅʂʎʀʆʅɸʃʅʀ ɹʃʆʂʆɺɽ ʅɸ ʉɹʈʃ 

 

ʆʪ ʠʟʣʦʞʝʥʦʪʦ ʜʦ ʪʫʢ ʠ ʩʲʦʙʨʘʟʷʚʘʥʝ ʩ ʚʦʝʥʥʠʪʝ ʩʪʘʥʜʘʨʪʠ ʩʝ ʚʠʞʜʘ, ʯʝ ʨʘʜʠʦ 

ʚʟʨʠʚʘʪʝʣʥʘʪʘ ʉɹʈʃ ʩʲʜʲʨʞʘ ʩʣʝʜʥʠʪʝ  ʬʫʥʢʮʠʦʥʘʣʥʠ ʙʣʦʢʦʚʝ : 

- ʈʘʜʠʦʩʝʥʟʦʨ, 

- ɹʣʦʢ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʠʪʝ, 

- ʀʟʧʲʣʥʠʪʝʣʥʦ ʫʩʪʨʦʡʩʪʚʦ, 

- ʋʩʪʨʦʡʩʪʚʦ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪ, 

- ɿʘʭʨʘʥʚʘʱ ʙʣʦʢ. 

ʅʘʡ-ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʢʘʪʦ ʨʘʜʠʦʩʝʥʟʦʨ ʥʘʤʠʨʘ ʘʚʪʦʜʠʥʲʪ. ʊʦʡ ʝ ʠʟʫʯʝʥ 

ʜʦʩʪʘʪʲʯʥʦ ʜʦʙʨʝ  [3 ʠ ʜʨ.]. ɼʝʬʠʥʠʨʘʥʠ ʩʘ ʫʩʣʦʚʠʷʪʘ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʜʦʙʨʘ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʠ ʝ ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝʪʦ ʥʘ ʧʘʨʘʟʠʪʥʘ ʘʤʧʣʠʪʫʜʥʘ ʤʦʜʫʣʘʮʠʷ. ʉʲʱʦ 

ʪʘʢʘ ʩʘ ʜʦʙʨʝ ʠʟʫʯʝʥʠ ʫʩʪʨʦʡʩʪʚʘʪʘ, ʚʣʠʟʘʱʠ ʚ ʩʲʩʪʘʚʘ ʥʘ ʭʝʪʝʨʦʜʠʥʥʘʪʘ ʩʭʝʤʘ ʥʘ 

ʉɹʈʃ.  

ɹʣʦʢʲʪ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʠʪʝ ʩʝ ʩʪʨʦʠ  ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʠʟʙʨʘʥʠʷ ʤʝʪʦʜ. ɺ 

ʜʦʩʪʲʧʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʩʝ ʥʘʤʠʨʘʪ ʧʨʝʜʠ ʚʩʠʯʢʦ ʬʫʜʥʘʤʝʥʪʘʣʥʠ ʩʪʨʫʢʪʫʨʥʠ ʩʭʝʤʠ ʟʘ 

ʫʩʪʨʦʡʩʪʚʦʪʦ ʥʘ ʪʦʟʠ ʙʣʦʢ. ʇʨʠʯʠʥʘʪʘ ʚʝʨʦʷʪʥʦ ʝ ʩʚʲʨʟʘʥʘ ʩ ʢʦʥʬʠʜʝʥʮʠʘʣʥʠ 

ʩʲʦʙʨʘʞʝʥʠʷ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʧʦʛʣʝʜʥʘʪʦ, ʥʘʡ-ʚʘʞʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘʥʝʪʦ 

ʥʘ ʉɹʈʃ  ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪ ʥʘʯʠʥʘ ʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʠʪʝ ʠ ʩʲʦʪʚʝʪʥʦ ʦʪ ʩʪʨʫʢʪʫʨʘʪʘ 

ʥʘ ɹʆʉ. ɺ ʨʘʙʦʪʘʪʘ ʥʘ ɹʆʉ ʧʨʝʜ ʚʠʜ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʝ ʟʘʜʲʣʞʠʪʝʣʥʦ ʜʘ ʩʝ 

ʚʢʣʶʯʠ ʮʠʬʨʦʚʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʠʪʝ, ʢʦʝʪʦ ʝ ʦʩʥʦʚʥʘ ʟʘʜʘʯʘ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʨʘʙʦʪʘ. 

ʀʟʧʲʣʥʠʪʝʣʥʦʪʦ ʫʩʪʨʦʡʩʪʚʦ ʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʘ ʟʘʜʝʡʩʪʚʘ ʦʛʥʝʚʘʪʘ ʚʝʨʠʛʘ ʠ ʜʘ 

ʜʦʧʨʠʥʝʩʝ ʟʘ ʧʦ-ʜʦʙʨʘʪʘ ʙʝʟʦʧʘʩʥʦʩʪ ʚʘ ʩʠʩʪʝʤʘʪʘ. ʊʫʢ ʧʨʠʥʮʠʧʥʠ ʧʨʦʙʣʝʤʠ ʥʷʤʘ. 

ʅʝʛʦʚʦʪʦ ʨʝʘʣʠʟʠʨʘʥʝ ʥʝ ʝ ʪʝʭʥʠʯʝʩʢʠ ʧʨʦʙʣʝʤ. 

ʋʩʪʨʦʡʩʪʚʦʪʦ ʟʘ ʙʝʟʦʧʘʩʪʥʦʩʪ ʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʘ ʦʩʠʛʫʨʠ ʙʝʟʦʧʘʩʥʦ  ʩʣʫʞʝʙʥʦ 

ʙʦʨʘʚʝʥʝ ʩʲʩ ʩʠʩʪʝʤʘʪʘ . ʂʲʤ ʥʝʛʦ ʩʝ ʧʨʝʜʷʚʘʚʘʪ ʦʩʦʙʝʥʥʦ ʚʠʩʦʢʠ ʠʟʠʩʢʚʘʥʠʷ, 



ʉʠʥʪʝʟ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ  ʟʘ ʙʣʠʟʢʘ ʨʘʜʠʦʣʦʢʘʮʠʷ 
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ʟʘʣʝʛʥʘʣʠ ʚ ʩʪʘʥʜʘʨʪʠʪʝ, ʢʘʪʦ ʬʫʥʢʮʠʦʥʠʨʘʥʝʪʦ ʤʫ ʪʨʷʙʚʘ ʜʘ ʠʟʧʦʣʟʚʘ ʢʘʢʪʦ 

ʝʣʝʢʪʨʦʥʝʥ, ʪʘʢʘ ʠ ʤʝʭʘʥʠʯʝʥ ʧʨʠʥʮʠʧ. 

ɿʘʭʨʘʥʚʘʱʠʷʪ ʙʣʦʢ ʠʤʘ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʤʷʩʪʦ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʪ.ʢ. 

ʦʩʠʛʫʨʷʚʷ ʥʦʨʤʘʣʥʦʪʦ ʬʫʥʢʮʠʦʥʠʨʘʥʝ ʥʘ ʝʣʝʢʪʨʦʥʠʢʘʪʘ ʠ ʠʤʘ ʦʪʥʦʰʝʥʠʝ ʢʲʤ 

ʙʝʟʦʧʘʩʥʦʩʪʪʘ. ʆʩʚʝʥ ʪʦʚʘ ʪʦʡ ʪʨʷʙʚʘ ʜʘ ʬʫʥʢʮʠʦʥʠʨʘ ʥʦʨʤʘʣʥʦ ʚ ʰʠʨʦʢ ʪʝʤʧʝʨʝʪʫʨʝʥ 

ʜʠʘʧʘʟʦʥ ʠ ʠ ʜʘ ʟʘʧʘʟʚʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ ʩʣʝʜ ʧʨʦʜʲʣʞʠʪʝʣʥʦ ʩʢʣʘʜʦʚʦ ʩʲʭʨʘʥʝʥʠʝ. 

ʀʤʘ ʜʚʘ ʦʩʥʦʚʥʠ  ʥʘʯʠʥʘ ʟʘ ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ ʟʘʭʨʘʥʚʘʱʠʷ ʙʣʦʢ : ʭʠʤʠʯʝʥ ʠ 

ʘʝʨʦʜʠʥʝʤʠʯʝʥ. ɺʩʝʢʠ ʝʜʠʥ ʦʪ ʪʷʭ ʠʤʘ ʩʚʦʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʲʮʠ. ɼʚʘʪʘ ʚʠʜʘ 

ʟʘʭʨʘʥʚʘʱʠ ʙʣʦʢʦʚʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʤʘʩʦʚʦ. 

 

  

ɻʃɸɺɸ  2 

 

ʀɿʋʏɸɺɸʅɽ ʅɸ ʈɽɸʃʅʀʊɽ ʉʀɻʅɸʃʀ 

 

       2.1 ʉʠʛʥʘʣʠ ʚ ʠʜʝʘʣʠʟʠʨʘʥʠ ʫʩʣʦʚʠʷ 

ɺ ʦʩʥʦʚʥʘʪʘ ʪʝʦʨʠʷ ʥʘ ʙʣʠʟʢʘʪʘ ʨʘʜʠʦʣʦʢʘʮʠʷ [2]  ʝ ʨʘʟʛʣʝʜʘʥʦ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ 

ʯʝʩʪʦʪʥʦ ʤʦʜʫʣʠʨʘʥʠʪʝ ʩʦʥʜʠʨʘʱʠ ʩʠʛʥʘʣʠ ʚ ʠʜʝʘʣʠʟʠʨʘʥʠ ʫʩʣʦʚʠʷ, ʢʦʠʪʦ ʥʘ ʧʨʘʢʪʠʢʘ 

ʪʨʫʜʥʦ ʩʝ ʧʦʩʪʠʛʘʪ. ɺ [3] ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʠʤʚʦʣʠʯʝʩʢʠʪʝ ʦʢʲʩʝʥʠ ʫʨʘʚʥʝʥʠʷ ʝ 

ʧʨʝʜʩʪʘʚʝʥ ʘʥʘʣʠʟ ʥʘ ʯʝʩʪʦʪʥʦ ʤʦʜʫʣʠʨʘʥ ʘʚʪʦʜʠʥ ʠ ʟʘ ʥʘʧʨʘʚʝʥʠ ʠʟʚʦʜʠ ʦʪʥʦʩʥʦ 

ʦʧʪʠʤʘʣʥʠʷ ʨʘʙʦʪʝʥ ʨʝʞʠʤ ʠ ʟʘ ʭʘʨʘʢʪʝʨʘ ʥʘ ʠʟʭʦʜʥʠʷ ʩʠʛʥʘʣ. ʊʝʟʠ ʠʟʚʦʜʠ ʩʘ ʚʘʞʥʠ ʟʘ 

ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʥʦ ʠʟʠʩʢʚʘʪ ʧʦ-ʢʦʥʢʨʝʪʥʦ ʧʨʘʢʪʠʯʝʩʢʦ ʠʟʷʩʥʷʚʘʥʝ. 

ʇʨʠʥʮʠʧʥʦ ʧʦʛʣʝʜʥʘʪʦ ʪ.ʢ. ʠʟʭʦʜʥʠʷʪ ʩʠʛʥʘʣ ʥʘ ʘʚʪʦʜʠʥʥʠʷ ʩʝʥʟʦʨ ʚ ʨʝʘʣʥʠ 

ʫʩʣʦʚʠʷ ʩʲʜʲʨʞʘ ʩʠʣʥʘ ʢʦʤʧʦʥʝʥʪʘ ʦʪ ʧʘʨʘʟʠʪʥʘ ʘʤʧʣʠʪʫʜʘ ʤʦʜʫʣʘʮʠʷ (ʇɸʄ), ʘ ʦʩʚʝʥ 

ʪʦʚʘ ʠ ʟʘʚʠʩʠ ʦʪ ʯʫʩʪʚʠʪʝʣʥʦʩʪʪʘ ʤʫ, ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʥʝ ʝ ʷʩʥʦ ʢʘʢʲʚ ʱʝ ʝ 

ʭʘʨʘʢʪʝʨ̡ʪ ʥʘ ʩʠʛʥʘʣʘ ʧʨʠ ʧʨʦʤʷʥʘ ʥʘ ʚʠʩʦʯʠʥʘʪʘ. ʆʯʝʚʠʜʥʦ, ʘʢʦ ʠʟʭʦʜʥʠʷʪ ʩʠʛʥʘʣ 

ʩʲʜʲʨʞʘ ʧʘʨʘʟʠʪʥʠ ʢʦʤʧʦʥʝʥʪʠ, ʪʦʚʘ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʨʦʙʣʝʤʠ ʚ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʜʦʩʪʠʛʥʘʪʘʪʘ ʚʠʩʦʯʠʥʘ. ʊʘʢʘʚʘ ʩʠʪʫʘʮʠʷ ʱʝ ʩʝ ʧʦʣʫʯʠ, ʘʢʦ ʤʦʜʫʣʠʨʘʱʠʷʪ ʩʠʛʥʘʣ ʠʤʘ 

ʩʣʦʞʝʥ ʩʧʝʢʪʲʨ ʠ ʘʢʦ ʤʦʜʫʣʘʮʠʦʥʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʩʝʥʟʦʨʘ ʩʘ ʜʲʣʙʦʢʦ 

ʥʝʣʠʥʝʡʥʠ. ʊʘʢʘ ʩʝ ʩʪʠʛʘ ʜʦ ʠʟʚʦʜʘ, ʯʝ ʤʦʜʫʣʠʨʘʱʠʷʪ ʩʠʛʥʘʣ ʪʨʷʙʚʘ ʜʘ ʝ ʤʘʢʩʠʤʘʣʥʦ 

ʙʣʠʟʲʢ ʜʦ ʩʠʥʫʩʦʠʜʘ.  

ɺ ʣʘʙʦʨʘʪʦʨʥʠ ʫʩʣʦʚʠʷ ʝ ʠʟʩʣʝʜʚʘʥ ʪʨʘʥʟʠʩʪʦʚʝʥ ʘʚʪʦʜʠʥ ʩ ʨʘʙʦʪʥʘ ʯʝʩʪʦʪʘ        

1.2 GHz, ʢʦʡʪʦ ʝ ʧʦʩʪʨʦʝʥ ʩʲʛʣʘʩʥʦ ʛʦʨʥʠʪʝ ʩʲʦʙʨʘʞʝʥʠʷ. ɺ ʥʝʛʦ ʯʝʩʪʦʪʥʘʪʘ ʤʦʜʫʣʘʮʠʷ 

ʩʝ ʠʟʚʲʨʰʚʘ ʩ ʚʘʨʠʢʘʧ, ʘ ʠʟʭʦʜʥʠʷʪ ʩʠʛʥʘʣ ʩʝ ʧʦʣʫʯʘʚʘ ʩʣʝʜ ʘʤʧʣʠʪʫʜʥʦ  ʜʝʪʝʢʪʠʨʘʥʝ 

ʥʘ ʛʝʥʝʨʠʨʘʥʠʪʝ ʪʨʝʧʪʝʥʠʷ.  

 

ʉʥʝʪʠ ʩʘ ʩʪʘʪʠʯʥʠʪʝ ʤʦʜʫʣʘʮʠʦʥʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʠʪʦ ʩʝ ʫʢʘʟʘʭʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʣʠʥʝʡʥʠ. ʅʘʧʨʘʚʝʥʠʷʪ ʘʥʘʣʠʟ ʧʦʢʘʟʚʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʠʟʭʦʜʥʠ̫  ʩʠʛʥʘʣ  

( ʢʘʢʪʦ ʚ [ 3 ]  ). ʇʲʨʚʘʪʘ ʩʲʩʪʘʚʥʘ ʘ(t)  ʦʪʨʘʟʷʚʘ ʨʘʙʦʪʘʪʘ ʥʘ ʘʚʪʦʜʠʥʘ ʙʝʟ ʇɸʄ, ʘ 

ʚʪʦʨʘʪʘ b(t) ʜʘʚʘ ʧʨʝʜʩʪʘʚʘ ʟʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʇɸʄ ʚʲʨʭʫ ʩʧʝʢʪʲʨʘ ʥʘ ʩʠʛʥʘʣʘ. 

ʉʧʝʢʪʲʨʲʪ ʥʘ ʘ(t) ʝ ʠʟʚʝʩʪʝʥ ʦʪ [2] ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʮʝʣʪʘ ʩʲʩ 

ʩʢʦʨʦʩʪ  v ʩʝ ʧʨʝʜʩʪʘʚʷ ʩ ʠʟʨʘʟʘ ( 1.5 ). 

ʉʧʝʢʪʲʨʲʪ ʥʘ b(t) ʠʤʘ ʧʦ-ʩʣʦʞʝʥ ʩʲʩʪʘʚ, ʥʦ ʚ ʦʙʱʠ ʣʠʥʠʠ ʩʝ ʧʨʠʙʣʠʞʘʚʘ ʜʦ 

ʩʧʝʢʪʲʨʘ ʥʘ ʘ(t), ʢʘʪʦ ʠʟʭʦʜʥʠʷʪ ʩʠʛʥʘʣ ʜʦʧʲʣʥʠʪʝʣʥʦ ʝ ʤʦʜʫʣʠʨʘʥ ʧʦ ʘʤʧʣʠʪʫʜʘ ʩ 

ʯʝʩʪʦʪʘ  ɋM. ʉʲʛʣʘʩʥʦ (2.4), ʘʢʦ ʧʘʨʘʟʠʪʥʘʪʘ ʤʦʜʫʣʘʮʠʷ ʝ ʧʦ-ʩʠʣʥʘ, ʱʝ ʩʝ ʧʦʷʚʠ 

ʜʦʧʲʣʥʠʪʝʣʥʘ ʧʘʨʘʟʠʪʥʘ ʢʦʤʧʦʥʝʥʪʘ ʩ ʯʝʩʪʦʪʘ 2ɋM , ʪ.ʢ.  sinɋMt sinɋMt  = (1ï cos 

2ɋMt)/2. ɿʘʪʦʚʘ ʥʝ ʝ ʞʝʣʘʪʝʣʥʦ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʚʪʦʨʘ ʭʘʨʤʦʥʠʯʥʘ. 

 ʆʪ ʥʘʧʨʘʚʝʥʠʪʝ ʜʦ ʪʫʢ ʨʘʟʩʲʞʜʝʥʠʷ  ʤʦʞʝ ʜʘ ʩʝ ʩʪʠʛʥʝ ʜʦ ʩʣʝʜʥʠʪʝ ʧʦ-ʚʘʞʥʠ 

ʠʟʚʦʜʠ ʠ ʧʨʝʧʦʨʲʢʠ : 
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1. ɺ ʩʧʝʢʪʲʨʘ ʥʘ ʠʟʭʦʜʥʠʷ ʩʠʛʥʘʣ ʧʨʠʩʲʩʪʚʘ ʩʠʣʥʘ ʧʘʨʘʟʠʪʥʘ ʢʦʤʧʦʥʝʥʪʘ ʩ 

ʤʦʜʫʣʘʮʠʦʥʥʘʪʘ ʯʝʩʪʦʪʘ ɋM , ʢʦʝʪʦ ʥʘʣʘʛʘ ʚʟʝʤʘʥʝ ʥʘ ʩʝʨʠʦʟʥʠ ʤʝʨʢʠ ʟʘ ʥʝʡʥʦʪʦ 

ʬʠʣʪʨʠʨʘʥʝ ʧʨʝʜʠ ʚʭʦʜʘ ʥʘ ʫʩʠʣʚʘʪʝʣʷ ʥʘ ʧʦʣʝʟʥʠʷ ʩʠʛʥʘʣ. ɺ ʧʨʦʪʠʚʝʥ ʩʣʫʯʘʡ 

ʫʩʠʣʚʘʪʝʣʷʪ ʤʦʞʝ ʜʘ ʥʘʚʣʝʟʝ ʚ ʥʝʣʠʥʝʝʥ ʨʝʞʠʤ ʠ ʜʘ ʟʘʧʦʯʥʝ ʜʘ ʛʝʥʝʨʠʨʘ ʠʟʢʣʶʯʠʪʝʣʥʦ 

ʚʨʝʜʥʠ ʭʘʨʤʦʥʠʯʥʠ. 

2. ɿʘ ʯʝʩʪʦʪʠ nɋM, ʢʲʜʝʪʦ n = 2, 3, 4,...... ʜʦʧʲʣʥʠʪʝʣʥʦ ʩʝ ʧʦʷʚʷʚʘʪ ʧʘʨʘʟʠʪʥʠ 

ʢʦʤʧʦʥʝʥʪʠ, ʢʦʠʪʦ ʩʘ ʧʨʝʥʝʩʝʥʠ ʦʪ ʩʧʝʢʪʲʨʘ ʥʘ ʫʧʨʘʚʣʷʚʘʱʠʷ ʩʠʛʥʘʣ ʠʣʠ ʩʘ ʩʣʝʜʩʪʚʠʝ 

ʥʘ ʥʝʣʠʥʝʡʥʠ ʧʨʦʮʝʩʠ ʚ ʘʚʪʦʜʠʥʘ. ʊʝʟʠ ʢʦʤʧʦʥʝʥʪʠ ʩʘ ʦʩʦʙʝʥʦ ʚʨʝʜʥʠ, ʪ.ʢ. ʜʠʨʝʢʪʥʦ 

ʚʥʘʩʷʪ ʰʫʤ ʦʪ ʠʟʪʦʯʥʠʢʘ ʥʘ ʫʧʨʘʚʣʷʚʘʱʠʷ ʩʠʛʥʘʣ, ʘ ʧʨʠ ʛʦʣʷʤʘ ʩʦʙʩʪʚʝʥʘ ʘʤʧʣʠʪʫʜʘ 

ʤʦʛʘʪ ʜʘ ʧʦʜʘʚʷʪ ʧʦʣʝʟʥʠʷ ʩʠʛʥʘʣ. ʅʘʣʘʛʘ ʩʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʦʜʫʣʠʨʘʱ ʠʟʪʦʯʥʠʢ ʩ 

ʤʠʥʠʤʘʣʥʦ ʥʠʚʦ ʥʘ ʭʘʨʤʦʥʠʯʥʠʪʝ ʠ ʥʠʩʲʢ ʩʦʙʩʪʚʝʥ ʰʫʤ, ʘ ʘʚʪʦʜʠʥʲʪ ʜʘ ʠʤʘ 

ʤʘʢʩʠʤʘʣʥʦ ʙʣʠʟʢʠ ʜʦ ʣʠʥʝʡʥʠʪʝ ʤʦʜʫʣʘʮʠʦʥʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

3. ɿʘ ʥʘʡ-ʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʩʠʛʥʘʣʘ ʪʨʷʙʚʘ ʜʘ ʝ ʮʠʬʨʦʚʘ, ʢʘʪʦ 

ʩʝ ʪʲʨʩʠ ʠ ʦʪʢʨʠʚʘ ʩʪʨʲʤʥʠʷʪ ʫʯʘʩʪʲʢ ʥʘ ʦʩʥʦʚʥʠʷ ʣʠʩʪ. ʊʘʢʘ ʱʝ ʩʝ ʧʦʩʪʠʛʥʝ ʧʦ-

ʜʦʙʨʘ ʩʪʘʙʠʣʥʘʩʪ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ 

ʧʨʦʤʝʥʷʱʠ ʩʝ ʦʪʨʘʞʘʪʝʣʥʠ ʩʚʦʡʩʪʚʘ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ [4]. 

        

2.2 ʀʟʫʯʘʚʘʥʝ ʥʘ ʨʝʘʣʥʠʪʝ ʩʠʛʥʘʣʠ ʦʪ ʠʟʭʦʜʘ ʥʘ ʨʘʜʠʦʩʝʥʟʦʨʘ 

 

2.2.1 ʆʨʛʘʥʠʟʘʮʠʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ 

 

 ɺ ʨʝʜʠʮʘ ʢʦʥʢʨʝʪʥʠ ʩʣʫʯʘʠ ʝ ʥʝʚʲʟʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦʪʦ ʠʟʫʯʘʚʘʥʝ ʥʘ 

ʩʠʛʥʘʣʠʪʝ ʦʪ ʠʟʭʦʜʘ ʥʘ ʨʘʜʠʦʩʝʥʟʦʨʘ ʠ ʟʘʪʦʚʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʪʷʭʥʦʪʦ ʨʝʛʠʩʪʨʠʨʘʥʝ ʠ 

ʟʘʧʘʤʝʪʷʚʘʥʝ ʩʲʩ ʩʧʝʮʠʘʣʥʦ ʫʩʪʨʦʡʩʪʚʦ. ʉʠʥʪʝʟʠʨʘʥ ʠ ʝ ʧʦʩʪʨʦʝʥ ʮʠʬʨʦʚ ʨʝʢʦʨʜʝʨ. 

 ʈʝʢʦʨʜʝʨʲʪ e ʨʝʘʣʠʟʠʨʘʥ ʩ ʦʛʣʝʜ ʧʦʩʪʘʚʷʥʝʪʦ ʤʫ ʚ ʦʙʝʤʘ ʥʘ 62 mm ʤʠʥʘ ʠ e 

ʟʘʣʷʪ ʩ ʝʧʦʢʩʠʜʥʘ ʩʤʦʣʘ ï ʚʠʞ ʬʦʪʦʛʨʘʬʠʷʪʘ ʦʪ ʌʠʛ.2.1. ʅʘ ʌʠʛ.2.2 ʝ ʧʦʢʘʟʘʥʘ ʩʥʠʤʢʘ 

ʥʘ ʩʙʦʨʢʠ ʤʝʞʜʫ ʨʝʢʦʨʜʝʨ ʠ ʨʘʜʠʦʩʝʥʟʦʨ, ʧʦʜʛʦʪʚʝʥʠ ʟʘ ʠʟʧʠʪʘʪʝʣʥʘ ʩʪʨʝʣʙʘ, ʘ ʥʘ 

ʌʠʛ.2.3 - ʩʥʠʤʢʘ ʥʘ ʤʠʥʘ ʩ ʧʦʩʪʘʚʝʥʘ ʩʙʦʨʢʘ ʟʘ ʟʘʧʠʩ ʥʘ ʩʠʛʥʘʣʠʪʝ. 

 

 
 

ʌʠʛ. 2.1 ɿʘʧʠʩʚʘʱʦ ʫʩʪʨʦʡʩʪʚʦ 
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ʌʠʛ. 2.2 ʉʧʝʮʠʘʣʥʘ ʩʙʦʨʢʘ ʩʲʩ ʟʘʧʠʩʚʘʱʦ ʫʩʪʨʦʡʩʪʚʦ 

 

 
 

ʌʠʛ. 2.3 ʄʠʥʘ ʩ ʧʦʩʪʘʚʝʥʘ ʩʙʦʨʢʘ ʟʘ ʟʘʧʠʩ 

 

ʈʘʟʛʣʝʞʜʘʥʝʪʦ ʠ ʘʥʘʣʠʟʲʪ ʥʘ ʟʘʧʠʩʘʥʘʪʘ ʦʪ ʨʝʢʦʨʜʝʨʘ ʠʥʬʦʨʤʘʮʠʷ  ʩʝ ʦʩʠʛʫʨʷʚʘ 

ʦʪ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʩʦʬʪʫʝʨʝʥ ʤʦʜʫʣ . 

ʇʦʩʪʨʦʝʥʠ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʩʙʦʨʢʠ, ʢʦʠʪʦ ʩʘ ʧʫʩʥʘʪʠ ʦʪ ʚʠʘʜʫʢʪʘ ɹʝʙʨʝʰ 

ʚʲʨʭʫ ʩʠʣʥʦ ʥʘʢʣʦʥʝʥ ʪʝʨʝʥ, ʦʙʨʘʩʲʣ ʩ ʜʲʨʚʝʪʘ ʠ ʭʨʘʩʪʠ. ʉʥʠʤʢʘʪʘ ʥʘ ʪʝʟʠ ʩʙʦʨʢʠ ʝ 

ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ.2.4.  

 

 
 

ʌʠʛ. 2.4  ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʩʙʦʨʢʠ 
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ʆʩʚʝʥ ʪʦʚʘ ʟʘ ʧʦ-ʜʝʪʘʡʣʥʦ ʠʟʫʯʘʚʘʥʝ ʥʘ ʩʠʛʥʘʣʠʪʝ ʦʪ ʘʚʪʦʜʠʥʝʥ ʩʝʥʟʦʨ ʩ ʯʝʩʪʦʪʥʘ 

ʤʦʜʫʣʘʮʠʷ ʩʘ ʧʦʩʪʨʦʝʥʠ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʩʙʦʨʢʠ, ʚ ʢʦʠʪʦ ʩʝ ʦʙʨʘʙʦʪʚʘ ʝʜʥʘ ʦʪ 

ʩʧʝʢʪʨʘʣʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʩʠʛʥʘʣʘ. ʊʝʟʠ ʩʙʦʨʢʠ ʩʘ ʧʫʩʥʘʪʠ ʦʪ ʚʠʩʦʯʠʥʘ ʦʢʦʣʦ 100m 

ʩ ʧʦʤʦʱʪʘ ʥʘ ʜʨʦʥ. ʇʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʘʣʥʦ ʨʘʟʨʘʙʦʪʝʥʘ ʪʝʣʝʢʦʤʘʥʜʥʘ ʩʠʩʪʝʤʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʷʪ ʤʦʜʫʣ ʩʝ ʧʫʩʢʘ ʟʘ ʩʚʦʙʦʜʥʦ ʧʘʜʘʥʝ ʦʪ ʠʟʙʨʘʥʘ ʚʠʩʦʯʠʥʘ. ʅʘ ʌʠʛ.2.5 

ʝ ʧʦʢʘʟʘʥʘ ʩʥʠʤʢʘ ʥʘ ʜʨʦʥʘ ʠ ʩʙʦʨʢʘʪʘ.  

 

 
 

 

ʌʠʛ.2.5  ʉʧʝʮʠʘʣʠʟʠʨʘʥʘ ʩʙʦʨʢʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʩ ʜʨʦʥ 
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2.2.2 ʈʝʟʫʣʪʘʪʠ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘ 

 

ɽʢʩʧʝʨʠʤʝʥʪʲʪ ʝ ʧʦʩʪʘʚʝʥ ʩ ʮʝʣ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ ʨʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʩʠʛʥʘʣʠʪʝ, 

ʥʘʤʝʨʝʥʠ ʪʝʦʨʝʪʠʯʥʦ [2]  ʠ ʪʝʟʠ ʚ ʨʝʘʣʥʠ ʫʩʣʦʚʠʷ. ʊʝʦʨʠʷʪʘ ʝ ʧʦʩʪʨʦʝʥʘ ʧʨʠ ʫʩʣʦʚʠʝ ʟʘ 

ʭʦʨʠʟʦʥʪʘʣʥʘ ʦʛʣʝʜʘʣʥʘ ʦʪʨʘʟʷʚʘʱʘ ʧʦʚʲʨʭʥʦʩʪ, ʢʦʝʪʦ ʥʘ ʧʨʘʢʪʠʢʘ ʝ ʧʦʯʪʠ 

ʥʝʧʦʩʪʠʞʠʤʦ. ɿʘʪʦʚʘ ʩʘ ʥʘʧʨʘʚʝʥʠ ʤʥʦʞʝʩʪʚʦ ʟʘʧʠʩʠ ʥʘ ʩʠʛʥʘʣʠ ʧʨʠ ʨʘʟʣʠʯʥʠ ʨʝʘʣʥʠ 

ʦʪʨʘʟʷʚʘʱʠ ʧʦʚʲʨʭʥʦʩʪʠ, ʥʘʡ ʭʘʨʘʢʪʝʨʥʠʪʝ ʦʪ ʢʦʠʪʦ ʩʘ ʧʦʢʘʟʘʥʠ ʚ ʩʣʝʜʚʘʱʦʪʦ 

ʠʟʣʦʞʝʥʠʝ. 

ʉ ʧʦʤʦʱʪʘ ʥʘ ʜʨʦʥʘ ʝ ʧʫʩʥʘʪʠ ʩʙʦʨʢʠ, ʚ ʢʦʠʪʦ ʩʝʥʟʦʨʲʪ ʝ ʘʚʪʦʜʠʥ ʙʝʟ 

ʤʦʜʫʣʘʮʠʷ ʥʘ ʩʦʥʜʠʨʘʱʠʷ ʩʠʛʥʘʣ. ʊʝʨʝʥʲʪ ʚʲʨʭʫ ʢʦʡʪʦ ʩʘ ʧʫʩʥʘʪʠ ʪʝʟʠ ʩʙʦʨʢʠ ʝ 

ʙʣʠʟʲʢ ʜʦ ʪʝʦʨʝʪʠʯʥʦ ʧʨʠʝʪʠʷ - ʭʦʨʠʟʦʥʪʘʣʝʥ, ʨʘʚʝʥ, ʥʦ ʩʠʣʥʦ ʟʘʪʨʝʚʝʥ. ʅʘ ʌʠʛ.2.12 ʝ 

ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨʝʥ ʟʘʧʠʩ ʦʪ ʪʘʟʠ ʯʘʩʪ ʥʘ  ʝʢʩʧʝʨʠʤʝʥʪʘ. 

 

 
 

ʌʠʛ.2.6 ɿʘʧʠʩ ʥʘ ʘʚʪʦʜʠʥ ʙʝʟ ʤʦʜʫʣʘʮʠʷ ʩʲʩ ʩʧʝʢʪʲʨ ʥʘ ʩʠʛʥʘʣʘ 

 

ʅʘ ʌʠʛ.2.6 ʝ ʧʦʢʘʟʘʥʘ ʠ ʩʧʝʢʪʨʦʛʨʘʤʘʪʘ ʥʘ ʩʠʛʥʘʣʘ ʚ ʧʦʩʣʝʜʥʘʪʘ ʯʘʩʪ ʦʪ 

ʪʨʘʝʢʪʦʨʠʷʪʘ, ʧʦʣʫʯʝʥʘ ʩʣʝʜ ʢʦʤʧʶʪʲʨʝʥ ʘʥʘʣʠʟ ʩʲʩ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʩʦʬʪʫʝʨ.  

ʅʘʧʨʘʚʝʥʦ ʝ ʧʫʩʢʘʥʝ ʥʘ ʘʚʪʦʜʠʥʝʥ ʨʘʜʠʦʩʝʥʟʦʨ ʩ ʯʝʩʪʦʪʥʘ ʤʦʜʫʣʘʮʠʷ ʦʪ 

ʩʠʥʫʩʦʠʜʘʣʝʥ ʫʧʨʘʚʣʷʚʘʱ ʩʠʛʥʘʣ ʧʨʠ  ɚMå 30m. ʅʘ ʌʠʛ.2.7 ʝ ʧʦʢʘʟʘʥ ʧʦʣʫʯʝʥʠʷʪ ʟʘʧʠʩ. 

 



ʉʠʥʪʝʟ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ  ʟʘ ʙʣʠʟʢʘ ʨʘʜʠʦʣʦʢʘʮʠʷ 

18 

 

 
 

ʌʠʛ.2.7  ɿʘʧʠʩ ʧʨʠ ʯʝʩʪʦʪʥʘ ʤʦʜʫʣʘʮʠʷ ʦʪ ʩʠʥʫʩʦʠʜʘʣʝʥ ʫʧʨʘʚʣʷʚʘʱ ʩʠʛʥʘʣ 

  ɚM å 30m 
 

 
 

ʌʠʛ.2.14 ʉʧʝʢʪʲʨ ʥʘ ʩʠʛʥʘʣʘ ʧʨʠ ʯʝʩʪʦʪʥʘ ʤʦʜʫʣʘʮʠʷ ʦʪ ʩʠʥʫʩʦʠʜʘʣʝʥ 

ʫʧʨʘʚʣʷʚʘʱ ʩʠʛʥʘʣ  ɚM å 30m 

 

ʇʨʠ ʜʨʫʛʘ ʩʪʨʝʣʙʘ ʤʠʥʘʪʘ ʧʘʜʥʘ ʥʘ ʥʷʢʦʣʢʦ ʤʝʪʨʘ ʦʪ ʪʝʣʝʥʘ ʦʛʨʘʜʘ. ʈʘʜʠʦ 

ʩʝʥʟʦʨʲʪ ʝ ʙʝʟ ʤʦʜʫʣʘʮʠʷ. ʅʘ ʌʠʛ.2.15 ʧʦʢʘʟʘʥ ʟʘʧʠʩ ʦʪ ʪʦʟʠ ʩʣʫʯʘʡ. 

 

 
 

ʌʠʛ.2.15 ɿʘʧʠʩ ʩ ʥʘʣʠʯʥʦʩʪ ʥʘ ʙʣʠʟʢʠ ʩʠʣʥʦ ʦʪʨʘʟʷʚʘʱʠ ʨʘʜʠʦʩʠʛʥʘʣʘ ʦʙʝʢʪʠ 
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ʅʘ ʌʠʛ.2.16  ɽ ʧʨʝʜʩʪʘʚʝʥʘ ʩʧʝʢʪʨʦʛʨʘʤʘʪʘ ʥʘ ʩʠʛʥʘʣʘ ʚ ʢʨʘʡʥʠʷ ʫʯʘʩʪʲʢ 

ʥʘ ʪʨʘʝʢʪʦʨʠʷʪʘ, ʦʪʙʝʣʷʟʘʥ ʥʘ ʌʠʛ.2.15 
 

 
 

ʌʠʛ. 2.16 ʉʧʝʢʪʲʨ ʥʘ ʩʠʛʥʘʣʘ ʦʪ ʌʠʛ.2.15 
 

ʉ ʮʝʣ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʧʦ-ʰʠʨʦʢʠ ʨʝʟʫʣʪʘʪʠ ʝ ʥʘʧʨʘʚʝʥʦ ʧʫʩʢʘʥʝ ʥʘ ʩʙʦʨʢʠʪʝ, 

ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛ.2.4, ʦʪ ʚʠʘʜʫʢʪʘ ɹʝʙʨʝʰ. ʊʝʨʝʥʲʪ ʝ ʩʠʣʥʦ ʥʘʢʣʦʥʝʥ, ʦʙʨʘʩʲʣ ʩ ʭʨʘʩʪʠ ʠ 

ʜʲʨʚʝʪʘ. ʅʘ ʌʠʛ.2.17 ʝ ʧʦʢʘʟʘʥ ʧʦʣʫʯʝʥʠʷʪ ʟʘʧʠʩ ʠ ʩʧʝʢʪʨʦʛʨʘʤʘʪʘ ʥʘ ʩʠʛʥʘʣʘ ʚ 

ʧʦʩʣʝʜʥʠʷ ʫʯʘʩʪʲʢ ʥʘ ʪʨʘʝʢʪʦʨʠʷʪʘ. 

 
 

ʌʠʛ.2.17  ɿʘʧʠʩ ʥʘ ʩʠʛʥʘʣ ʧʨʠ ʩʠʣʥʦ ʥʘʢʣʦʥʝʥ ʪʝʨʝʥ ʠ ʛʲʩʪʘ ʨʘʩʪʠʪʝʣʥʦʩʪ 
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ʇʨʘʚʠ ʚʧʝʯʘʪʣʝʥʠʝ ʙʦʛʘʪʠʷʪ ʩʧʝʢʪʨʘʣʝʥ ʩʲʩʪʘʚ ʥʘ ʩʠʛʥʘʣʘ. ʊʦʚʘ ʷʚʥʦ ʩʝ ʜʲʣʞʠ ʥʘ 

ʩʣʦʞʥʠʷ ʭʘʨʘʢʪʝʨ ʥʘ ʪʝʨʝʥʘ. 

ʅʘʧʨʘʚʝʥʦ ʝ ʧʫʩʢʘʥʝ ʥʘ ʘʚʪʦʜʠʥʝʥ ʨʘʜʠʦʩʝʥʟʦʨ ʩ  ʯʝʩʪʦʪʥʘ ʤʦʜʫʣʘʮʠʷ ʧʨʠ     ɚM 

å 30m ʠ ʩʠʥʫʩʦʠʜʘʣʝʥ ʫʧʨʘʚʣʷʚʘʱ ʩʠʛʥʘʣ. ʆʪʜʝʣʝʥʘ ʝ ʪʨʝʪʘʪʘ ʭʘʨʤʦʥʠʯʥʘ ʥʘ ʩʠʛʥʘʣʘ. 

ʅʘ ʌʠʛ.2.18 ʝ ʧʦʢʘʟʘʥ ʧʦʣʫʯʝʥʠʷʪ ʟʘʧʠʩ ʠ ʩʧʝʢʪʨʦʛʨʘʤʘʪʘ ʥʘ ʩʠʛʥʘʣʘ. 

   

 
 

 
 

ʌʠʛ.2.18 ɿʘʧʠʩ ʥʘ ʪʨʝʪʘʪʘ ʭʘʨʤʦʥʠʯʥʘ ʥʘ  ʩʠʛʥʘʣ ʠ ʩʧʝʢʪʲʨ  

ʧʨʠ ʤʦʜʫʣʠʨʘʱ ʩʠʛʥʘʣ ʩ ɚM å 30m 

 

ʅʘʧʨʘʚʝʥʦ ʝ ʧʫʩʢʘʥʝ ʥʘ ʜʨʫʛ ʘʚʪʦʜʠʥʝʥ ʨʘʜʠʦʩʝʥʟʦʨ ʩ  ʯʝʩʪʦʪʥʘ ʤʦʜʫʣʘʮʠʷ ʧʨʠ  

ɚM å 30m ʠ ʩʠʥʫʩʦʠʜʘʣʝʥ ʫʧʨʘʚʣʷʚʘʱ ʩʠʛʥʘʣ . ʆʪʜʝʣʝʥʘ ʝ ʯʝʪʚʲʨʪʘʪʘ ʭʘʨʤʦʥʠʯʥʘ ʥʘ 

ʩʠʛʥʘʣʘ. ʅʘ ʌʠʛ.  2.19  ʝ ʧʦʢʘʟʘʥ ʧʦʣʫʯʝʥʠʷʪ ʟʘʧʠʩ ʠ ʩʧʝʢʪʨʦʛʨʘʤʘʪʘ ʥʘ ʩʠʛʥʘʣʘ- 
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ʌʠʛ.2.19 ɿʘʧʠʩ ʥʘ ʯʝʪʚʲʨʪʘ ʭʘʨʤʦʥʠʯʥʘ ʥʘ  ʩʠʛʥʘʣ ʠ ʩʧʝʢʪʲʨ  

ʧʨʠ ʤʦʜʫʣʠʨʘʱ ʩʠʛʥʘʣ ʩ ɚM å 30m 

 

ʅʘʧʨʘʚʝʥʦ ʝ ʧʫʩʢʘʥʝ ʥʘ ʘʚʪʦʜʠʥʝʥ ʨʘʜʠʦʩʝʥʟʦʨ ʩ  ʯʝʩʪʦʪʥʘ ʤʦʜʫʣʘʮʠʷ ʧʨʠ  ɚMå 

60m ʠ ʩʠʥʫʩʦʠʜʘʣʝʥ ʫʧʨʘʚʣʷʚʘʱ ʩʠʛʥʘʣ. ʆʪʜʝʣʝʥʘ ʝ ʯʝʪʚʲʨʪʘʪʘ ʭʘʨʤʦʥʠʯʥʘ ʥʘ ʩʠʛʥʘʣʘ. 

ʅʘ ʌʠʛ.2.20 ʝ ʧʦʢʘʟʘʥ ʧʦʣʫʯʝʥʠʷʪ ʟʘʧʠʩ ʠ ʩʧʝʢʪʨʦʛʨʘʤʘʪʘ ʥʘ ʩʠʛʥʘʣʘ. 
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ʌʠʛ.2.20 ɿʘʧʠʩ ʥʘ ʯʝʪʚʲʨʪʘ ʭʘʨʤʦʥʠʯʥʘ ʥʘ  ʩʠʛʥʘʣ ʠ ʩʧʝʢʪʲʨ  

ʧʨʠ ʤʦʜʫʣʠʨʘʱ ʩʠʛʥʘʣ  ʩ  ɚM å 60m 

 

 

2.2.3 ɸʥʘʣʠʟ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ 

 

ʅʘʧʨʘʚʝʥʠʪʝ ʤʥʦʞʝʩʪʚʦ ʟʘʧʠʩʠ ʥʘ ʨʝʘʣʥʠ ʩʠʛʥʘʣʠ ʦʪ ʠʟʭʦʜʘ ʥʘ ʨʘʜʠʦ ʩʝʥʟʦʨʘ 

ʚʦʜʷʪ ʜʦ ʤʥʦʛʦ ʩʝʨʠʦʟʥʠ ʟʘ ʧʨʘʢʪʠʢʘʪʘ ʠʟʚʦʜʠ. ɺ 2.2.2 ʩʘ ʧʦʢʘʟʘʥʠ ʥʘʡ-ʭʘʨʘʢʪʝʨʥʠʪʝ 

ʟʘʧʠʩʠ, ʢʦʠʪʦ ʩʘ ʦʩʥʦʚʘʥʠʝ ʟʘ ʘʥʘʣʠʟ. 

ʂʦʛʘʪʦ ʪʝʨʝʥʲʪ ʝ ʨʘʚʝʥ ʠ ʭʦʨʠʟʦʥʪʘʣʝʥ ( ʟʘʧʠʩʠ ʦʪ ʌʠʛ.2.6  ʠ ʌʠʛ.2.14  ) 

ʩʠʛʥʘʣʠʪʝ ʩʘ ʙʣʠʟʢʠ ʜʦ ʪʝʦʨʝʪʠʯʥʦ ʧʨʝʜʚʠʜʠʤʠʪʝ.  

ʉʲʚʩʝʤ ʝʩʪʝʩʪʚʝʥʦ ʧʨʠ ʧʦ-ʩʣʦʞʝʥ ʪʝʨʝʥ ʭʘʨʘʢʪʝʨʲʪ ʥʘ ʩʠʛʥʘʣʠʪʝ ʩʝ ʧʨʦʤʝʥʷ. 

ʅʘʡ-ʤʘʣʢʦʪʦ, ʢʦʝʪʦ ʩʝ ʧʦʷʚʷʚʘ ʩʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʠ ʦʪʩʢʦʮʠ  (ʌʠʛ.2.6), ʢʦʠʪʦ ʥʘʡ-

ʚʝʨʦʷʪʥʦ ʩʘ ʨʝʟʫʣʪʘʪ ʥʘ ʤʘʣʢʠ ʧʦ ʨʘʟʤʝʨʠ ʥʝʨʘʚʥʦʩʪʠ ʠʣʠ ʨʘʩʪʠʪʝʣʥʦʩʪ. 

ʉʧʝʢʪʨʦʛʨʘʤʘʪʘ ʧʦʢʘʟʚʘ ʧʦʷʚʘ ʥʘ ʢʦʤʧʦʥʝʥʪʠ, ʨʘʟʣʠʯʥʠ      ʦʪ ʦʩʥʦʚʥʘʪʘ ʩ ʯʝʩʪʦʪʘʪʘ ʥʘ 

ɼʦʧʣʝʨ. ʊʝʟʠ ʦʪʩʢʦʮʠ ʤʦʛʘʪ ʜʘ ʧʦʚʣʠʷʷʪ ʦʪʨʠʮʘʪʝʣʥʦ ʥʘ ʘʤʧʣʠʪʫʜʥʘʪʘ ʦʮʝʥʢʘ ʥʘ 

ʩʠʛʥʘʣʘ ʦʪ ʉɹʈʃ ʧʨʠ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ ʟʘ ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ ʠʟʧʲʣʥʠʪʝʣʥʦʪʦ 

ʫʩʪʨʦʡʩʪʚʦ. ɿʘʪʦʚʘ ʩʝ ʥʘʣʘʛʘ ʪʷʭʥʦʪʦ ʦʪʩʪʨʘʥʷʚʘʥʝ. 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʮʠʬʨʦʚʘ ʪʝʩʥʦʣʝʥʪʦʚʘ ʬʠʣʪʨʘʮʠʷ ʚ ʨʘʜʠʦʚʟʨʠʚʘʪʝʣʠʪʝ ʝ 

ʥʝʧʨʠʣʦʞʠʤʦ ʧʦ ʜʚʝ ʧʨʠʯʠʥʠ:  
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1. ʇʦʨʘʜʠ ʰʠʨʦʢʠʷ ʜʠʘʧʘʟʦʥ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʥʦʩʠʪʝʣʷ ʝ ʥʝʚʲʟʤʦʞʥʦ ʬʠʣʪʲʨʲʪ ʜʘ 

ʩʝ ʘʜʘʧʪʠʨʘ ʢʲʤ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʯʝʩʪʦʪʘʪʘ ʥʘ ɼʦʧʣʝʨ. 

2. ʎʠʬʨʦʚʠʷʪ ʬʠʣʪʲʨ ʝ ʙʘʚʝʥ . 

 

ɼʨʫʛʘ ʤʥʦʛʦ ʚʘʞʥʘ ʦʩʦʙʝʥʦʩʪ ʥʘ ʥʘʧʨʘʚʝʥʠʪʝ ʟʘʧʠʩʠ ʝ ʩʣʝʜʩʪʚʠʝ ʥʘ 

ʤʥʦʛʦʣʲʯʝʚʦ ʧʨʠʝʤʘʥʝ ʥʘ ʦʪʨʘʟʝʥʠʪʝ ʩʠʛʥʘʣʠ. ʅʘʡ-ʷʨʢʦ ʪʦʚʘ ʩʝ ʚʠʞʜʘ ʥʘ ʌʠʛ.2.17ʶ. 

ʇʨʠ ʭʦʨʠʟʦʥʪʘʣʥʘ  ʦʛʣʝʜʘʣʥʘ ʦʪʨʘʟʷʚʘʱʘ ʧʦʚʲʨʭʥʦʩʪ ʢʲʤ ʉɹʈʃ ʠʤʘ ʩʘʤʦ ʝʜʠʥ ʦʪʨʘʟʝʥ 

ʣʲʯ. ʇʨʠ ʥʘʢʣʦʥʝʥʘ ʦʛʣʝʜʘʣʥʘ ʧʦʚʲʨʭʥʦʩʪ ʢʲʤ ʩʠʩʪʝʤʘʪʘ ʣʠʧʩʚʘ ʦʪʨʘʟʝʥ ʩʠʛʥʘʣ. 

ʊʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʚ ʨʝʘʣʥʠ ʫʩʣʦʚʠʷ ʤʥʦʛʦʣʲʯʝʚʦʪʦ ʧʨʠʝʤʘʥʝ ʝ ʥʝʠʟʙʝʞʥʦ ʠ 

ʥʝʧʨʝʜʚʠʜʠʤʦ. 

ɺ ʩʣʫʯʘʷ, ʧʦʢʘʟʘʥ ʥʘ ʌʠʛ.2.15, ʤʠʥʘʪʘ ʧʘʜʥʘ ʥʘ ʥʷʢʦʣʢʦ ʤʝʪʨʘ ʦʪ ʪʝʣʝʥʘ ʦʛʨʘʜʘ, 

ʘ ʚ ʩʣʫʯʘʷ, ʧʦʢʘʟʘʥ ʥʘ  ʌʠʛ. 2.17, ʩʙʦʨʢʘʪʘ ʧʘʜʥʘ ʤʝʞʜʫ ʜʚʝ ʜʲʨʚʝʪʘ ʚʲʨʭʫ ʥʘʢʣʦʥʝʥʘ 

ʧʦʜ ʙʣʠʟʦ 45 ʛʨʘʜʫʩʘ ʧʦʚʲʨʭʥʦʩʪ. ʊʘʢʘ ʧʨʠ ʌʠʛ. 2.17 ʩʠʛʥʘʣʲʪ ʷʚʥʦ ʝ ʧʦʣʫʯʝʥ ʩʘʤʦ ʦʪ 

ʨʘʩʪʠʪʝʣʥʦʩʪʪʘ.  ʇʨʠʥʮʠʧʥʦ ʤʥʦʛʦʣʲʯʝʚʦʪʦ ʧʨʠʝʤʘʥʝ ʚ ʨʘʟʣʠʯʥʘ ʠʥʪʝʥʟʠʚʥʦʩʪ ʝ 

ʚʠʥʘʛʠ ʥʘʣʠʯʥʦ. ʊʦʚʘ ʩʝ ʚʠʞʜʘ ʦʪ ʥʘʧʨʘʚʝʥʠʪʝ ʩʧʝʢʪʨʦʛʨʘʤʠ ʥʘ ʩʠʛʥʘʣʠʪʝ. ʇʦʨʘʜʠ 

ʤʥʦʛʦʦʙʨʘʟʠʝʪʦ ʥʘ ʨʝʘʣʥʠʪʝ ʪʝʨʝʥʠ ʠ ʨʘʟʧʦʣʦʞʝʥʠʪʝ ʚʲʨʭʫ ʪʷʭ ʧʨʝʜʤʝʪʠ ʝ 

ʥʝʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʢʨʘʡʥʠʷʪ ʝʬʝʢʪ ʦʪ ʤʥʦʛʦʣʲʯʝʚʦʪʦ ʧʨʠʝʤʘʥʝ. 

ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʚʠʩʰʘ ʭʘʨʤʦʥʠʯʥʘ ʥʘ ʩʠʛʥʘʣʘ ( ʌʠʛ.2.18, ʌʠʛ.2.19, ʌʠʛ.2.20) 

ʩʲʱʦ ʩʘ ʥʘʣʠʮʝ ʦʪʩʢʦʮʠ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ, ʥʦ ʪʫʢ ʥʘʡ-ʭʘʨʘʢʪʝʨʥʦ ʝ ʯʝ ʩ 

ʧʨʠʙʣʠʞʘʚʘʥʝ ʢʲʤ ʮʝʣʪʘ ʩʠʛʥʘʣʲʪ ʩʝ ʧʨʦʤʝʥʷ, ʧʨʝʤʠʥʘʚʘʡʢʠ ʧʨʝʟ ʤʘʢʩʠʤʫʤʠ ʠ 

ʤʠʥʠʤʫʤʠ. ɿʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ ʟʘ ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ 

ʦʪʢʨʠʝ ʥʘʡ-ʛʦʣʝʤʠʷʪ ʣʠʩʪ ʥʘ ʟʘʚʠʩʠʤʦʩʪʪʘ.  

 

 

ɻʃɸɺɸ  3 

 

ʉɹʈʃ, ʨʘʙʦʪʝʱʠ ʧʦ ʩʧʝʢʪʨʘʣʥʠʷ ʤʝʪʦʜ 

3.1 ʉʠʩʪʝʤʠ ʙʝʟ ʤʦʜʫʣʘʮʠʷ ʥʘ ʩʦʥʜʠʨʘʱʠʷ  ʩʠʛʥʘʣ 

 

ɺ ʥʘʡ-ʧʨʦʩʪʠʷ ʠ ʤʘʩʦʚʦ ʠʟʧʦʣʟʚʘʥ ʩʣʫʯʘʡ ʩʦʥʜʠʨʘʱʠʷʪ ʩʠʛʥʘʣ ʝ ʥʝʤʦʜʫʣʠʨʘʥ, ʘ 

ʨʝʰʝʥʠʝʪʦ ʩʝ ʚʟʝʤʘ, ʢʦʛʘʪʦ ʩʠʛʥʘʣʲʪ ʜʦʩʪʠʛʥʝ ʟʘʜʘʜʝʥʘ ʩʪʦʡʥʦʩʪ (ʪʚʲʨʜ ʧʨʘʛ). ɼʦʙʨʝ ʝ 

ʪʦʚʘ ʜʘ ʩʪʘʥʝ ʩʣʝʜ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʦʪʩʢʦʮʠʪʝ (ʦʩʨʝʜʚʷʚʘʥʝ). 

ɿʘ ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʥʘ ʚʠʩʦʯʠʥʘʪʘ  ʥʘ ʨʘʟʨʠʚʠʪʝ ʩʝ ʧʨʝʜʣʘʛʘ                                          

ʘʜʘʧʪʠʚʝʥ ʤʝʪʦʜ, ʢʦʡʪʦ ʠʟʧʦʣʟʚʘ ʮʠʬʨʦʚʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʘ ʧʨʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦ 

ʠʟʤʝʨʚʘʥʝ ʥʘ ʘʤʧʣʠʪʫʜʘʪʘ ʤʫ ʠ ʥʝʧʨʝʢʲʩʥʘʪʦ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʟʘ 

ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʚʠʩʦʯʠʥʠ ʩ ʧʦʩʪʦʷʥʥʘ ʨʘʟʣʠʢʘ. 

 ʇʨʠ ʦʛʣʝʜʘʣʥʘ ʦʪʨʘʟʷʚʘʱʘ ʧʦʚʲʨʭʥʦʩʪ,  ʘʢʦ ʜʚʝ  ʠʟʤʝʨʚʘʥʠʷ ʥʘ US  (ʌʠʛ.3.1) ʩ ʥʦʤʝʨʘ 

n  ʠ  m ʩʝ ʧʨʘʚʷʪ ʧʨʠ ʨʘʟʣʠʢʘ ʥʘ ʚʠʩʦʯʠʥʠʪʝ ʅn ï ʅm  = ȹʅ, ʩʲʛʣʘʩʥʦ (1.2) ʚʠʩʦʯʠʥʘʪʘ 

ʧʨʠ ʧʦʩʣʝʜʥʦʪʦ ʠʟʤʝʨʚʘʥʝ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʠʟʨʘʟʘ (3.1) . ʉʲʩʪʘʚʥʠʪʝ ʩʘ ʠʟʦʙʨʘʟʝʥʠ ʥʘ 

ʌʠʛ.3.1 .  
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ʌʠʛ. 3.1 ɻʨʘʬʠʢʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʪʝʢʫʱʘʪʘ ʚʠʩʦʯʠʥʘ 

 

ɿʘ ʝʜʠʥ ʧʝʨʠʦʜ ʥʘ ʜʦʧʣʝʨʦʚʠʷ ʩʠʛʥʘʣ ʚʠʩʦʯʠʥʘʪʘ ʱʝ ʩʝ ʧʨʦʤʝʥʷ  ʩ ʧʦʣʦʚʠʥ ʜʲʣʞʠʥʘ ʥʘ 

ʨʘʙʦʪʥʘʪʘ ʚʲʣʥʘ. ʊʘʢʘ  ʯʨʝʟ ʟʘʜʘʚʘʥʝ ʠ ʧʨʝʙʨʦʷʚʘʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʠʦʜʠ 

ʥʘ ʜʦʧʣʝʨʦʚʠʷ ʩʠʛʥʘʣ ʤʦʞʝ ʜʘ ʩʝ ʜʠʬʠʥʠʨʘ ȹʅ. ɺ ʪʝʯʝʥʠʝ ʥʘ ʠʟʤʝʨʚʘʥʝʪʦ ʦʪʥʦʰʝʥʠʝʪʦ 

USn/USm  ʥʘʨʘʩʪʚʘ ʠ ʟʘ ʚʩʷʢʘ ʚʠʩʦʯʠʥʘ ʅn  ʠʤʘ ʦʧʨʝʜʝʣʝʥʘ ʩʪʦʡʥʦʩʪ. ʅʘʧʨʠʤʝʨ, ʘʢʦ      

ʅn = 3m ʠ ȹʅ å 1m ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʜʦʩʪʠʛʥʝ  (USn/USm) å 1.3.  ʉʣʝʜʝʥʝʪʦ ʥʘ 

ʪʝʢʫʱʘʪʘ ʚʠʩʦʯʠʥʘ ʧʦ (3.1) ʩʝ ʠʟʚʲʨʰʚʘ ʧʨʝʟ  ɚ/2  ʠ ʪʘʢʘ ʩʝ ʧʦʩʪʠʛʘ ʜʦʩʪʘʪʲʯʥʦ ʚʠʩʦʢʘ 

ʜʝʪʘʡʣʥʦʩʪ. ʄʝʪʦʜʲʪ ʧʨʠ ʦʛʣʝʜʘʣʥʘ ʦʪʨʘʟʷʚʘʱʘ ʧʦʚʲʨʭʥʦʩʪ  ʬʦʨʤʘʣʥʦ ʪʨʷʙʚʘ ʜʘ 

ʨʘʙʦʪʠ  ʧʨʝʮʠʟʥʦ. 

ʈʘʟʨʘʙʦʪʝʥ ʝ ʘʣʛʦʨʠʪʲʤ ( ʘʣʛ.ɸ ) ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʘ, ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʢʦʡʪʦ ʝ 

ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʌʠʛ.3.2.  
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ʌʠʛ.3.2  ɸʣʛʦʨʠʪʲʤ (ʘʣʛ.ɸ) ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʘ 

  

ʈʘʙʦʪʘʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʝ ʧʨʦʚʝʨʝʥʘ ʩ  ʪʝʦʨʠʪʠʯʥʦ ʧʦʩʪʨʦʝʥ ʦʪʨʘʟʝʥ ʩʠʛʥʘʣ ʧʨʠ 

ʤʥʦʢʨʘʪʥʘ ʧʨʦʤʷʥʘ ʥʘ ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʩʠʛʥʘʣʘ. ʅʘ ʌʠʛ.3.3 ʝ ʨʝʟʫʣʪʘʪʲʪ. ɺʠʞʜʘ ʩʝ 

ʧʨʝʮʠʟʥʘʪʘ ʨʘʙʦʪʘ ʥʘ ʤʝʪʦʜʘ ʠ ʥʘ ʩʦʬʪʫʝʨʘ. 
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ʌʠʛ.3.3 ʊʝʦʨʝʪʠʯʝʥ ʦʪʨʘʟʝʥ ʩʠʛʥʘʣ  

 

 

 
 

ʌʠʛ.3.3 ʊʝʦʨʝʪʠʯʝʥ ʦʪʨʘʟʝʥ ʩʠʛʥʘʣ ʩ ʤʥʦʢʨʘʪʥʘ ʧʨʦʤʷʥʘ ʥʘ ʘʤʧʣʠʪʫʜʘʪʘ  
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ʅʘʧʨʘʚʝʥʘ ʝ ʧʨʦʚʝʨʢʘ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʩ ʨʝʘʣʝʥ ʩʠʛʥʘʣ. ʅʘ ʌʠʛ.3.4 ʝ ʧʦʢʘʟʘʥ 

ʨʝʟʫʣʪʘʪʲʪ ʧʨʠ ʯʝʪʠʨʠʢʨʘʪʥʘ ʧʨʦʤʷʥʘ ʥʘ ʘʤʧʣʠʪʫʜʘʪʘ. ɺʠʞʜʘ ʩʝ ʦʪʢʣʦʥʝʥʠʝ ʥʘ 

ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʩʨʘʙʦʪʚʘʥʝ ʩ 0.45 ʤʝʪʨʘ . ʊʦʚʘ ʝ ʦʢʦʣʦ 10 % ʦʪ ʥʦʤʠʥʘʣʘ.  

ʅʘ ʬʠʛ.3.5 ʝ ʧʦʢʘʟʘʥ ʨʝʟʫʣʪʘʪʲʪ ʦʪ ʨʘʙʦʪʘʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʩ ʜʨʫʛ ʩʠʛʥʘʣ ʧʨʠ 

ʯʝʪʠʨʠʢʨʘʪʥʘ ʧʨʦʤʷʥʘ ʥʘ ʘʤʧʣʠʪʫʜʘʪʘ. ʅʘʙʣʶʜʘʚʘ ʩʝ ʧʨʘʢʪʠʯʝʩʢʦ ʩʲʱʦʪʦ ʦʪʢʣʦʥʝʥʠʝ 

ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʩʨʘʙʦʪʚʘʥʝ. 

ʇʨʦʚʝʨʢʠʪʝ ʩ ʤʥʦʛʦ ʜʨʫʛʠ ʩʠʛʥʘʣʠ (ʥʘʧʨʠʤʝʨ ʦʩʦʙʝʥʠʷʪ ʩʣʫʯʘʡ ʥʘ ʌʠʛ.2.6) ʜʘʚʘʪ 

ʧʦʜʦʙʥʠ ʨʝʟʫʣʪʘʪʠ. ɺʘʞʥʦʪʦ ʝ, ʯʝ ʦʪʢʣʦʥʝʥʠʝʪʦ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʩʨʘʙʦʪʚʘʥʝ ʝ 

ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʛʦʣʷʤʘ ʦʪ ʪʘʟʠ ʧʨʠ ʨʘʙʦʪʘ ʩ ʪʝʦʨʝʪʠʯʥʦ ʛʝʥʝʨʠʨʘʥʠʷ ʩʠʛʥʘʣ. ʊʦʚʘ ʤʦʞʝ 

ʜʘ ʩʝ ʦʙʷʩʥʠ ʩ ʜʝʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʦʙʚʠʚʘʱʘ ʩʣʝʜʩʪʚʠʝ ʥʘ ʦʩʨʝʜʥʷʚʘʥʝʪʦ ʠ ʩ 

ʧʨʠʥʮʠʧʥʠʪʝ ʨʘʟʣʠʢʠ ʤʝʞʜʫ ʠʜʝʘʣʥʠʪʝ ʠ ʨʝʘʣʥʠʪʝ ʩʠʛʥʘʣʠ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ 

ʦʩʨʝʜʥʷʚʘʥʝʪʦ ʩʝ ʧʦʢʘʟʚʘʪ ʚ ʜʦʣʥʘʪʘ ʯʘʩʪ ʥʘ ʬʠʛʫʨʠʪʝ. ɺʘʞʥʦ ʝ ʯʝ, ʦʪʢʣʦʥʝʥʠʝʪʦ ʧʨʠ 

ʨʝʘʣʥʠʪʝ ʩʠʛʥʘʣʠ ʝ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʥʘ 

ʩʨʘʙʦʪʚʘʥʝ. 

 

 
 

 

 
 

ʌʠʛ.3.4  ʈʝʟʫʣʪʘʪ ʦʪ ʨʘʙʦʪʘʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʩ ʨʝʘʣʝʥ ʩʠʛʥʘʣ 
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ʌʠʛ. 3.5  ʈʝʟʫʣʪʘʪ ʦʪ ʨʘʙʦʪʘʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʩ ʨʝʘʣʝʥ ʩʠʛʥʘʣ 
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ʌʠʛ.3.6 ʈʝʟʫʣʪʘʪ ʦʪ ʨʘʙʦʪʘʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʩ ʨʝʘʣʝʥ ʩʠʛʥʘʣ 

 

 

ʂʘʪʦ ʦʩʥʦʚʝʥ ʠʟʚʦʜ ʤʦʞʝ ʜʘ ʩʝ ʪʚʲʨʜʠ, ʯʝ ʝ ʥʘʣʠʮʝ ʩʝʨʠʦʟʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʘ 

ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʩʨʘʙʦʪʚʘʥʝ, ʢʦʷʪʦ ʧʨʠ ʪʚʲʨʜ  ʧʨʘʛ ʙʠ ʩʝ ʧʨʦʤʝʥʠʣʘ ʥʷʢʦʣʢʦʢʨʘʪʥʦ . 

 

3.2  ʉʠʩʪʝʤʠ  ʩ ʯʝʩʪʦʪʥʘ ʤʦʜʫʣʘʮʠʷ ʥʘ ʩʦʥʜʠʨʘʱʠʷ ʩʠʛʥʘʣ 

ʂʦʛʘʪʦ ʩʦʥʜʠʨʘʱʠʷʪ ʩʠʛʥʘʣ ʝ ʤʦʜʫʣʠʨʘʥ, ʩʝ ʩʲʟʜʘʚʘʪ ʥʦʚʠ ʚʲʟʤʦʞʥʦʩʪʠ. ʅʘʡ-ʯʝʩʪʦ ʩʝ 

ʠʟʧʦʣʟʚʘ ʯʝʩʪʦʪʥʘ ʤʦʜʫʣʘʮʠʷ (ʏʄ) ʦʪ ʭʘʨʤʦʥʠʯʝʥ ʫʧʨʘʚʣʷʚʘʱ ʩʠʛʥʘʣ.  ɺ [2] ʧʨʠ 

ʦʛʣʝʜʘʣʥʘ ʦʪʨʘʟʷʚʘʱʘ ʧʦʚʲʨʭʥʦʩʪ ʝ ʧʦʢʘʟʘʥʦ, ʯʝ ʩʠʛʥʘʣʲʪ ʦʪ ʠʟʭʦʜʘ ʥʘ ʨʘʜʠʦʩʝʥʟʦʨʘ 

ʠʤʘ ʙʦʛʘʪ ʩʲʩʪʘʚ, ʩʲʩʪʦʷʱ ʩʝ ʦʪ ʝʜʥʘ ʥʠʩʢʦʯʝʩʪʦʪʥʘ ʜʦʧʣʝʨʦʚʘ ʢʦʤʧʦʥʝʥʪʘ  ʠ 

ʙʝʟʢʨʘʡʥʦ ʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʠ ʩ ʯʝʩʪʦʪʠ, ʢʨʘʪʥʠ ʥʘ ʯʝʩʪʦʪʘʪʘ ʥʘ ʤʦʜʫʣʠʨʴʱʠʷ ʩʠʛʥʘʣ ( 

FM , 2FM , 3FM  éé. nFM ), ʢʦʠʪʦ ʩʘ ʘʤʧʣʠʪʫʜʥʦ ʤʦʜʫʣʠʨʘʥʠ ʩ ʜʦʧʣʝʨʦʚʠʷ ʩʠʛʥʘʣ. ɸʢʦ 

ʩʝ ʦʪʜʝʣʠ (ʠʟʧʦʣʟʚʘ) ʝʜʥʘ ʦʪ ʪʷʭ, ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣ ʱʝ ʩʝ ʧʨʦʤʝʥʷ 

ʩʲʛʣʘʩʥʦ ʠʟʨʘʟʘ: 
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        ʊʫʢ : 

ɱn ( 4ˊH/ɚM ) ï ʬʫʥʢʮʠʠ ʥʘ ɹʝʩʝʣ ʦʪ ʧʲʨʚʠ ʨʝʜ, 

n - ʥʦʤʝʨ ʥʘ ʦʙʨʘʙʦʪʚʘʥʘʪʘ ʭʘʨʤʦʥʠʯʥʘ ʥʘ ʫʧʨʘʚʣʷʚʘʱʠʷ ʩʠʛʥʘʣ, 

ɚM = c/ȹf  - ñʜʲʣʞʠʥʘ ʥʘ ʤʦʜʫʣʠʨʘʱʘʪʘ ʚʲʣʥʘ ò, 

ȹä ï ʜʝʚʠʘʮʠʷ ʥʘ ʏʄ , 

Sn ï ʨʘʜʠʦʯʝʩʪʦʪʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʦʪʥʦʩʥʦ n ,  

                      B (Sn , ɚ , D , Fƍ  ,N)  ï ʬʫʥʢʮʠʷ ʦʪ ʩʲʦʪʚʝʪʥʠʪʝ ʚʝʣʠʯʠʥʠ, ʫʯʘʩʪʚʘʱʠ ʚ (1.1) .   

 ɿʘ ʮʝʣʠʪʝ ʥʘ ʩʣʝʜʚʘʱʠʪʝ ʨʘʟʩʲʞʜʝʥʠʷ ʝ ʫʜʦʙʥʦ (3.4) ʜʘ ʩʝ ʧʨʠʚʝʜʝ ʚʲʚ ʚʠʜʘ:  
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ʅʘ ʌʠʛ 3.7 ʝ ʧʦʢʘʟʘʥʦ ʩʝʤʝʡʩʪʚʦ ʢʨʠʚʠ, ʠʟʦʙʨʘʟʷʚʘʱʠ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ   

(ɚM / ʅ  )|Jn ( 4ˊH / ɚM )|   ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʠʩʦʯʠʥʘʪʘ ʧʨʠ      ɚM  = 30 m.  

ʉʝʛʘ,  ʘʢʦ ʩʝ ʨʘʙʦʪʠ ʩ n ï ʪʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʩʠʛʥʘʣʘ ʠ ʩʝ ʧʨʘʚʷʪ ʜʚʝ  ʠʟʤʝʨʚʘʥʠʷ ʥʘ US
*
 ʩ 

ʥʦʤʝʨʘ n  ʠ  m ( ʘʣʛ. ɸ ),  ʧʨʠ ʟʘʜʘʜʝʥʘ ʚʠʩʦʯʠʥʘ ʥʘ ʨʘʟʨʠʚʘ ʅn    ʠ   ʨʘʟʣʠʢʘ ʥʘ 

ʚʠʩʦʯʠʥʠʪʝ     ȹʅ ,    ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʧʲʣʥʠ ʫʩʣʦʚʠʝʪʦ :          
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ʉʪʦʡʥʦʩʪʪʘ ʥʘ ʂ ʤʦʞʝ ʜʘ ʩʝ ʥʘʤʝʨʠ ʦʪ ʌʠʛ.3.7 ʧʨʠ ʟʘʜʘʜʝʥʠ ʅn  ʠ ȹʅ.  ʅʘʧʨʠʤʝʨ, ʘʢʦ 

ʩʝ ʦʙʨʘʙʦʪʚʘ Ăʥʫʣʝʚʘʪʘò ʢʦʤʧʦʥʝʥʪʘ ʟʘ  ʚʠʩʦʯʠʥʘ ʅn = 3m ʠ ȹʅ å 1m ʩʝ ʧʦʣʫʯʘʚʘ  

ʂ å 6/2 = 3. ʊʦʚʘ ʝ ʨʝʟʫʣʪʘʪ, ʩʠʣʥʦ ʨʘʟʣʠʯʘʚʘʱ ʩʝ ʦʪ ʩʪʦʡʥʦʩʪʪʘ  4/3, ʧʦʣʫʯʝʥʘ ʟʘ ʩʣʫʯʘʷ 

ʥʘ ʨʘʙʦʪʘ ʙʝʟ ʤʦʜʫʣʘʮʠʷ ʥʘ ʩʦʥʜʠʨʘʱʠʷ ʩʠʛʥʘʣ. ʇʦʩʣʝʜʥʦʪʦ, ʢʘʢʪʦ ʠ ʭʘʨʘʢʪʝʨʲʪ  ʥʘ 

ʬʫʥʢʮʠʷʪʘ (ɚM / ʅ  )|ɱʦ ( 4ˊH / ɚM )| , ʜʘʚʘʪ ʦʩʥʦʚʘʥʠʝ ʜʘ ʩʝ ʦʯʘʢʚʘ, ʯʝ   ʨʘʙʦʪʘʪʘ ʥʘ  

ʩʠʩʪʝʤʘʪʘ ʱʝ ʙʲʜʝ ʤʥʦʛʦ ʧʦ-ʩʣʘʙʦ ʧʦʚʣʠʷʥʘ ʦʪ ʤʥʦʛʦʣʲʯʝʚʦʪʦ ʧʨʠʝʤʘʥʝ, ʦʩʦʙʝʥʥʦ ʘʢʦ 

ʚ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʤʦʜʫʣʠʨʘʱ ʩʠʛʥʘʣ ʩʝ ʠʟʧʦʣʟʚʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʘ ʧʦʨʝʜʠʮʘ ʦʪ ʠʤʧʫʣʩʠ  

[4]. 

ɸʢʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʧʦʣʫʯʠ ʅn å 8 m  ʠ  ʩʝ ʦʙʨʘʙʦʪʚʘ ʚʪʦʨʘʪʘ ʢʦʤʧʦʥʝʥʪʘ, ʟʘ 

ʚʠʩʦʯʠʥʘ  ʠ ȹʅ å 2m, ʦʪ  ʌʠʛ. 3.7   ʩʝ  ʧʦʣʫʯʘʚʘ ʂ å 1,5. 
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ʌʠʛ.3.7 ʉʝʤʝʡʩʪʚʦ ʢʨʠʚʠ ( ɚ M / H) |ɱn (4ˊH / ɚ M) | ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʠʩʦʯʠʥʘʪʘ  

ʧʨʠ  ɚM  = 30 m 
 

ʅʘʧʨʘʚʝʥʘ ʝ ʧʨʦʚʝʨʢʘ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʘʣʛ.ɸ ʧʨʠ ʦʙʨʘʙʦʪʢʘ ʥʘ ʪʨʝʪʘ ʭʘʨʤʦʥʠʯʥʘ ʥʘ 

ʨʝʘʣʝʥ ʩʠʛʥʘʣ ï ʌʠʛ.3.8 . ʉʦʥʜʠʨʘʱʠʷʪ ʩʠʛʥʘʣ ʝ ʯʝʩʪʦʪʥʦ ʤʦʜʫʣʠʨʘʥ ʧʨʠ ʜʲʣʞʠʥʘ ʥʘ 

ʤʦʜʫʣʠʨʘʱʘʪʘ ʚʲʣʥʘ ʙʣʠʟʢʦ, ʥʦ ʧʦʜ 30 ʤʝʪʨʘ. ʈʘʟʣʠʢʘʪʘ ʥʘ ʘʤʧʣʠʪʫʜʠʪʝ ʥʘ ʩʠʛʥʘʣʠʪʝ ʝ 

ʪʨʠ ʧʲʪʠ. ʆʪʯʝʪʠʪʝ ʩʝ ʧʨʘʚʷʪ ʧʨʝʟ ʜʚʘ ʤʝʪʨʘ. ʊʲʨʩʠ ʩʝ ʨʘʟʣʠʢʘ ʚ ʘʤʧʣʠʪʫʜʘʪʘ 30 % . 

ʉʧʦʨʝʜ ʌʠʛ.3.8 ʝ ʥʘʣʠʮʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʟʘʜʝʡʩʪʚʘʥʝ. 
 

 
 

 
  

ʌʠʛ.3.8 ʈʘʙʦʪʘ ʥʘ ʘʣʛ.ɸ ʧʨʠ ʦʙʨʘʙʦʪʢʘ ʥʘ ʪʨʝʪʘ ʭʘʨʤʦʥʠʯʥʘ ʥʘ ʨʝʘʣʝʥ ʩʠʛʥʘʣ 
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ʈʘʟʧʦʣʘʛʘʤʝ ʩ ʜʦʩʪʘʪʲʯʥʦ ʟʘʧʠʩʠ ʥʘ ʨʝʘʣʥʠ ʩʠʛʥʘʣʠ, ʢʦʠʪʦ ʥʠ ʜʘʚʘʪ ʦʩʥʦʚʘʥʠʝ ʟʘ 

ʚʘʞʥʠ 

 ʀɿɺʆɼʀ : 

1. ʆʪʜʝʣʠʤ ʦʪ ʰʫʤʦʚʝʪʝ ʜʦʧʣʝʨʦʚ ʩʠʛʥʘʣ ʩʝ ʧʦʣʫʯʘʚʘ ʧʦʜ ʥʷʢʘʢʚʘ ʭʘʨʘʢʪʝʨʥʘ 

ʚʠʩʦʯʠʥʘ, ʢʦʷʪʦ ʧʨʝʜʠ ʚʩʠʯʢʦ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʢʘʯʝʩʪʚʘʪʘ ʥʘ ʨʘʜʠʦʩʝʥʟʦʨʘ. 

2. ɽʬʝʢʪʲʪ ʦʪ ʤʥʦʛʦʣʲʯʝʚʦʪʦ ʧʨʠʝʤʘʥʝ ʩʝ ʧʨʦʷʚʷʚʘ ʧʦ-ʩʠʣʥʦ ʩ ʧʨʠʙʣʠʞʘʚʘʥʝ ʢʲʤ 

ʮʝʣʪʘ. 

3. ʅʘʣʠʮʝ ʩʘ ʩʣʫʯʘʡʥʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʠ ʦʪʩʢʦʮʠ ʥʘ ʘʤʧʣʠʪʫʜʘʪʘ. 

ɿʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʠʪʝ ʦʪʩʢʦʮʠ ʠ ʜʨʫʛʠ ʧʨʦʤʝʥʠ ʥʘ ʘʤʧʣʠʪʫʜʘʪʘ ʝ ʜʦʙʨʝ 

ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʦʩʨʝʜʥʷʚʘʥʝ ʚ ʪʝʯʝʥʠʝ ʥʘ ʠʟʙʨʘʥ ʙʨʦʡ ʜʦʧʣʝʨʦʚʠ ʧʝʨʠʦʜʠ. 

ʂʘʢʪʦ ʙʝ ʧʦʢʘʟʘʥʦ ʚ 2.1  ʟʘ  ʤʠʥʠʤʠʟʠʨʘʥʝ ʥʘ ʦʪʨʠʮʘʪʝʣʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʟʠʪʥʘʪʘ 

ʘʤʧʣʠʪʫʜʥʘ ʤʦʜʫʣʘʮʠʷ, ʤʦʜʫʣʘʮʠʷʪʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘ ʦʪ ʤʘʢʩʠʤʘʣʥʦ ʯʠʩʪ 

ʭʘʨʤʦʥʠʯʝʥ ʫʧʨʘʚʣʷʚʘʱ ʩʠʛʥʘʣ. ʉʲʱʦ ʪʘʤ ʩʝ ʩʪʠʛʘ ʜʦ ʠʟʚʦʜʘ, ʯʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʥʦ 

ʧʣʠʪʢʘ ʠ ʣʠʥʝʡʥʘ ʇɸʄ ʭʘʨʘʢʪʝʨʲʪ ʥʘ ʧʨʦʤʷʥʘʪʘ ʥʘ ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʩʧʝʢʪʨʘʣʥʠʪʝ 

ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʩʠʛʥʘʣʘ ʦʪ ʩʝʥʟʦʨʘ ʩʣʝʜʚʘ ʭʘʨʘʢʪʝʨʘ ʥʘ ʬʫʥʢʮʠʠʪʝ ʥʘ ɹʝʩʝʣ. ʊʦʚʘ ʝ 

ʧʨʦʚʝʨʝʥʦ ʩʲʩ ʟʘʧʠʩʠ ʥʘ ʨʝʘʣʥʠ ʩʠʛʥʘʣʠ . 

ɺʘʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʬʫʥʢʮʠʠʪʝ ʥʘ ɹʝʩʝʣ ʝ, ʯʝ ʟʘʚʠʩʠʤʦʩʪʠʪʝ ʧʨʠ ʧʨʦʤʷʥʘ 

ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʧʨʝʤʠʥʘʚʘʪ ʧʨʝʟ ʤʥʦʞʝʩʪʚʦ ʤʠʥʠʤʫʤʠ ʠ ʤʘʢʩʠʤʫʤʠ. ʉ  ʥʘʤʘʣʷʚʘʥʝ 

ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʤʘʢʩʠʤʫʤʠʪʝ ʨʘʩʪʝ        ( ʚʠʞ  ʌʠʛ. 3.7). 

ʇʨʠ ʪʘʢʘʚʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʚʠʩʦʯʠʥʘʪʘ ʠ ʘʤʧʣʠʪʫʜʘʪʘ, ʘʢʦ ʩʝ ʨʘʙʦʪʠ ʩ ʪʚʲʨʜ ʧʨʘʛ ʥʘ 

ʟʘʜʝʡʩʪʚʘʥʝ, ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ ʧʨʘʚʠʣʥʘ ʨʘʙʦʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ 

ʧʨʦʤʝʥʷʱʠ ʩʝ ʩʚʦʡʩʪʚʘ ʥʘ ʮʝʣʪʘ ʠ ʧʨʠ ʨʘʟʣʠʯʥʠ ʲʛʣʠ ʥʘ ʩʙʣʠʞʝʥʠʝ. ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ 

ʫʩʪʦʡʯʠʚʠ ʨʝʟʫʣʪʘʪʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʥʘʤʝʨʠ ʥʘʯʠʥ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʦʩʥʦʚʥʠʷ 

ʣʠʩʪ ʥʘ ʬʫʥʢʮʠʠʪʝ.  

 

ʇʨʝʜʣʦʞʝʥ ʝ ʤʝʪʦʜ ʟʘ ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʨʘʟʨʠʚʠʪʝ. ʄʝʪʦʜʲʪ 

ʦʪʢʨʠʚʘ ʛʣʘʚʥʠʷ ʣʠʩʪ ʥʘ ʬʫʥʢʮʠʷʪʘ ʥʘ ɹʝʩʝʣ. ʆʪ ʛʨʘʬʠʢʘʪʘ ( ʌʠʛ.3.7 ) ʝ ʧʨʝʜʝʣʥʦ 

ʷʩʥʦ, ʯʝ ʦʩʥʦʚʥʠʷʪ ʣʠʩʪ ʩʲʱʝʩʪʚʝʥʦ ʩʝ ʦʪʣʠʯʘʚʘ ʧʦ ʘʤʧʣʠʪʫʜʘ ʦʪ ʦʩʪʘʥʘʣʠʪʝ ʠ ʪʦʚʘ 

ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʥʝʛʦʚʦʪʦ ʦʪʢʨʠʚʘʥʝ. ʉʲʟʜʘʜʝʥ ʝ ʘʣʛʦʨʠʪʲʤ  ( ʘʣʛ. ɺ ) ʟʘ 

ʦʪʢʨʠʚʘʥʝ ʥʘ ʦʩʥʦʚʥʠʷ ʣʠʩʪ ʥʘ ʬʫʥʢʮʠʷʪʘ (1.5)  ʠ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ ʟʘ 

ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʩʣʦʚʠʷʪʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʮʝʣʪʘ. 

ʅʝʛʦʚʘʪʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ.3.9. 
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ʌʠʛ.3.9 ɸʣʛʦʨʠʪʲʤ  ( ʘʣʛ. ɺ ) ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʦʩʥʦʚʥʠʷ ʣʠʩʪ ʥʘ ʬʫʥʢʮʠʷʪʘ ʥʘ ɹʝʩʝʣ. 

 

ʅʘ ʌʠʛ.3.10  ʝ ʧʦʢʘʟʘ ʟʘʧʠʩ ʥʘ ʨʝʘʣʝʥ ʩʠʛʥʘʣʠ, ʠ  ʩʝ ʠʣʶʩʪʨʠʨʘ ʨʘʙʦʪʘʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ 

ʧʨʠ ʧʝʪʢʨʘʪʥʦ ʦʪʢʣʦʥʝʥʠʝ ʥʘ ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʩʠʛʥʘʣʘ ʦʪ ʠʟʭʦʜʘ ʥʘ ʨʘʜʠʦʩʝʥʟʦʨʘ. 

ʇʨʦʚʝʨʢʘʪʘ ʝ ʠʟʚʲʨʰʝʥʘ ʦʪ ʢʦʤʧʶʪʲʨ. ʆʙʨʘʙʦʪʚʘ ʩʝ ʯʝʪʚʲʨʪʘʪʘ ʭʘʨʤʦʥʠʯʥʘ ʧʨʠ 

ʜʲʣʞʠʥʘ ʥʘ ʤʦʜʫʣʘʮʠʦʥʥʘʪʘ ʚʲʣʥʘ ʦʢʦʣʦ 30 ʤʝʪʨʘ. ɺʠʞʜʘ ʩʝ, ʯʝ ʩʝ ʨʝʘʣʠʟʠʨʘ ʤʥʦʛʦ 

ʜʦʙʨʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʟʘʜʝʡʩʪʚʘʥʝ, ʢʦʷʪʦ ʥʘʧʲʣʥʦ ʦʪʛʦʚʘʨʷ ʥʘ 

ʩʲʚʨʝʤʝʥʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ.  
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ʌʠʛ.3.10 ʈʘʙʦʪʘʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʧʨʠ ʧʝʪʢʨʘʪʥʦ ʦʪʢʣʦʥʝʥʠʝ ʥʘ ʘʤʧʣʠʪʫʜʘʪʘ 

ʥʘ ʩʠʛʥʘʣʘ  

 

ʅʘʧʨʘʚʝʥʠ ʩʘ ʦʱʝ ʧʨʦʚʝʨʢʠ ʩ ʜʨʫʛʠ ʨʝʘʣʥʠ ʩʠʛʥʘʣʠ ʧʨʠ ʦʙʨʘʙʦʪʢʘ ʥʘ ʪʨʝʪʘ ʠ ʯʝʪʚʲʨʪʘ 

ʭʘʨʤʦʥʠʯʥʠ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʩʘ ʧʦʜʦʙʥʠ.  

ʆʩʥʦʚʝʥ ʠʟʚʦʜ :  ɸʣʛʦʨʠʪʲʤʲʪ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʝʬʝʢʪʠʚʥʦ ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʥʘ 

ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʟʘʜʝʡʩʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ. 

 

3.3 ʉʠʩʪʝʤʠ ʩ ʯʝʩʪʦʪʥʘ ʤʦʜʫʣʘʮʠʷ ʥʘ ʩʦʥʜʠʨʘʱʠʷ ʩʠʛʥʘʣ,  ʠʟʧʦʣʟʚʘʱʠ ʥʫʣʝʚʘʪʘ 

ʢʦʤʧʦʥʝʥʪʘ ʦʪ ʩʧʝʢʪʲʨʘ. 

 

ɿʘ ʨʘʙʦʪʘ ʥʘ ʤʘʣʢʠ ʚʠʩʦʯʠʥʠ ʝ ʧʦʜʭʦʜʷʱʦ ʜʘ ʩʝ ʦʙʨʘʙʦʪʚʘ ʥʫʣʝʚʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ 

ʩʠʛʥʘʣʘ. ʆʪ ʌʠʛ.3.7  ʩʝ ʚʠʞʜʘ, ʯʝ ʦʩʥʦʚʥʠʷʪ ʣʠʩʪ ʥʘ ɹʝʩʝʣʦʚʘʪʘ ʬʫʥʢʠʷ ʚ ʩʣʫʯʘʷ ʠʤʘ 

ʚʠʩʦʢʘ ʩʪʨʲʤʥʦʩʪ. ʊʦʚʘ ʧʨʝʜʧʦʣʘʛʘ ʜʦʙʨʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʟʘʜʝʡʩʪʚʘʥʝ. 
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ʌʠʛ.3.11 ʈʘʙʦʪʘʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʧʨʠ ʧʝʪʢʨʘʪʥʦ ʦʪʢʣʦʥʝʥʠʝ ʥʘ 

ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʩʠʛʥʘʣʘ 
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 ʌʠʛ.3.12 ʈʘʙʦʪʘʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʧʨʠ ʧʝʪʢʨʘʪʥʦ ʦʪʢʣʦʥʝʥʠʝ ʥʘ 

ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʩʠʛʥʘʣʘ 
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ɻʃɸɺɸ 4  

 

ʋʩʪʦʡʯʠʚʦʩʪ ʩʨʝʱʫ ʩʤʫʱʝʥʠʷ 

 

ʆʩʚʝʥ ʠʟʠʩʢʚʘʥʝʪʦ ʟʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʟʘʜʝʡʩʪʚʘʥʝ ʢʲʤ 

ʩʲʚʨʝʤʝʥʥʠʪʝ ʨʘʜʠʦʚʟʨʠʚʘʪʝʣʠ ʩʝ ʧʨʝʜʷʚʷʚʘ ʠʟʠʩʢʚʘʥʝ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪ ʩʨʝʱʫ 

ʩʤʫʱʝʥʠʷ. ʉʤʫʱʝʥʠʷʪʘ ʤʦʛʘʪ ʜʘ ʧʨʝʜʠʟʚʠʢʘʪ ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ ʥʝʜʦʧʫʩʪʠʤʦ ʧʦ-ʛʦʣʷʤʘ 

ʦʪ ʦʧʪʠʤʘʣʥʘʪʘ ʚʠʩʦʯʠʥʘ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʘ ʙʦʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ. 

ʉʤʫʱʝʥʠʷʪʘ ʩʘ ʧʘʩʠʚʥʠ ʠʣʠ ʘʢʪʠʚʥʠ, ʩʲʱʦ ʪʘʢʘ ʪʝ ʩʘ ʥʝʦʨʛʘʥʠʟʠʨʘʥʠ ʠʣʠ 

ʦʨʛʘʥʠʟʠʨʘʥʠ.  

ʇʘʩʠʚʥʠʪʝ ʩʤʫʱʝʥʠʷ ʩʝ ʧʨʝʜʠʟʚʠʢʚʘʪ ʦʪ ʨʘʟʣʠʯʥʠ ʧʦ ʭʘʨʘʢʪʝʨ ʦʪʨʘʟʷʚʘʱʠ 

ʨʘʜʠʦʩʠʛʥʘʣʠʪʝ ʦʙʝʢʪʠ, ʢʘʪʦ ʦʙʣʘʮʠ, ʜʲʞʜ, ʩʥʝʛʦʚʘʣʝʞ, ʦʙʨʘʟʦʚʘʥʠʷ ʠʣʠ  ʧʨʝʜʤʝʪʠ 

ʚʲʨʭʫ ʛʨʫʥʜʘ. ʊʝ ʥʝ ʠʟʣʲʯʚʘʪ ʨʘʜʠʦʩʠʛʥʘʣʠ, ʘ ʦʪʨʘʟʷʚʘʪ ʩʦʥʜʠʨʘʱʠʷ ʩʠʛʥʘʣ ʥʘ ʉɹʈʃ ʠ 

ʚʦʜʷʪ ʜʦ ʧʨʦʤʷʥʘ ʚ ʭʘʨʘʢʪʝʨʘ ʥʘ ʠʟʭʦʜʥʠʷ ʩʠʛʥʘʣ ʥʘ ʨʘʜʠʦʩʝʥʟʦʨʘ. ɸʢʪʠʚʥʠʪʝ 

ʩʤʫʱʝʥʠʷ ʩʝ ʧʨʝʜʠʟʚʠʢʚʘʪ ʦʪ ʠʟʪʦʯʥʠʮʠ, ʢʦʠʪʦ ʠʟʣʲʯʚʘʪ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ ʚʲʣʥʠ. 

ʅʝʦʨʛʘʥʠʟʠʨʘʥʠʪʝ ʘʢʪʠʚʥʠ ʩʤʫʱʝʥʠʷ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʝʜʠʟʚʠʢʘʪ ʦʪ ʛʨʲʤʦʪʝʚʠʯʥʘ 

ʜʝʡʥʦʩʪ, ʙʠʪʦʚʠ ʠʣʠ ʧʨʦʤʠʰʣʝʥʠ ʫʩʪʨʦʡʩʪʚʘ.  

ʆʨʛʘʥʠʟʠʨʘʥʠʪʝ ʧʘʩʠʚʥʠ ʩʤʫʱʝʥʠʷ ʤʦʛʘʪ ʜʘ ʩʝ ʩʲʟʜʘʜʘʪ ʦʪ ʥʘʨʦʯʥʦ ʧʦʩʪʘʚʝʥʠ 

ʚʲʨʭʫ ʪʝʨʝʥʘ ʦʪʨʘʞʘʪʝʣʠ. ʊʝ ʜʝʡʩʪʚʘʪ ʢʘʪʦ ʧʨʝʜʠʟʚʠʢʚʘʪ ʟʥʘʯʠʪʝʣʥʠ ʧʦ ʠʥʪʝʥʟʠʪʝʪ 

ʦʪʨʘʟʝʥʠ ʩʠʛʥʘʣʠ ʠʣʠ ʢʘʪʦ ʚʦʜʷʪ ʜʦ ʧʦʷʚʘʪʘ ʥʘ  ʤʥʦʛʦʣʲʯʝʚʦ ʧʨʠʝʤʘʥʝ. ʎʝʣʪʘ ʝ ʜʘ ʩʝ 

ʧʦʣʫʯʠ ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ ʉɹʈʃ ʥʘ ʛʦʣʝʤʠ ʚʠʩʦʯʠʥʠ. ʇʨʝʜʠ ʚʩʠʯʢʦ ʦʨʛʘʥʠʟʠʨʘʥʠʪʝ 

ʘʢʪʠʚʥʠ ʩʤʫʱʝʥʠʷ ʩʝ ʩʲʟʜʘʚʘʪ ʦʪ ʩʠʩʪʝʤʠʪʝ ʟʘ ʨʘʜʠʦʝʣʝʢʪʨʦʥʥʘ ʙʦʨʙʘ ʥʘ ʧʨʦʪʠʚʥʠʢʘ. 

ʊʝ ʤʦʛʘʪ ʜʘ ʩʘ ʟʘʛʨʘʜʠʪʝʣʥʠ  (ʰʠʨʦʢʦʣʝʥʪʦʚʠ) ʠʣʠ ʧʨʠʮʝʣʥʠ  (ʚʲʨʭʫ ʨʘʙʦʪʥʘʪʘ ʯʝʩʪʦʪʘ 

ʥʘ ʨʘʜʠʦʩʝʥʟʦʨʘ). ʆʩʦʙʝʥʦ ʦʧʘʩʥʠ ʩʘ ʠʤʠʪʠʨʘʱʠʪʝ ʧʨʠʮʝʣʥʠ ʩʤʫʱʝʥʠ.̫ ʊʝ 

ʧʨʝʜʠʟʚʠʢʚʘʪ ʩʠʛʥʘʣ, ʢʦʡʪʦ ʝ ʘʥʘʣʦʛʠʯʝʥ ʥʘ ʩʠʛʥʘʣʘ ʦʪ ʮʝʣʪʘ ʠ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ 

ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʥʘ ʟʥʘʯʠʪʝʣʥʠ ʚʠʩʦʯʠʥʠ. ʊʷʭʥʘʪʘ ʦʨʛʘʥʠʟʘʮʠʷ ʠʟʠʩʢʚʘ 

ʥʘʣʠʯʠʝʪʦ ʥʘ ʜʦʩʪʘ ʩʣʦʞʥʘ ʩʠʩʪʝʤʘ ʟʘ ʘʢʪʠʚʥʘ ʨʘʜʠʦʝʣʝʢʪʨʦʥʥʘ ʙʦʨʙʘ. ʂʲʤ ʧʨʠʮʝʣʥʠʪʝ 

ʩʤʫʱʝʥʠʷ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʠʯʠʩʣʷʪ ʪʝʟʠ, ʢʦʠʪʦ ʩʝ ʩʲʟʜʘʚʘʪ ʦʪ ʦʪʨʘʞʘʪʝʣʠ ʠʣʠ ʢʨʫʧʥʠ 

ʧʨʝʜʤʝʪʠ (ʚ ʪʦʚʘ ʯʠʩʣʦ ʠ ʙʦʡʥʘ ʪʝʭʥʠʢʘ), ʨʘʟʧʦʣʦʞʝʥʠ ʚʲʨʭʫ ʪʝʨʝʥʘ. ʊʝ ʩʘ ʦʩʦʙʝʥʦ 

ʦʧʘʩʥʠ ʟʘ ʉɹʈʃ ʙʝʟ ʤʦʜʫʣʘʮʠʷ ʥʘ ʩʦʥʜʠʨʘʱʠʷ ʩʠʛʥʘʣ. 

 ɿʘ ʙʦʨʙʘ ʩʨʝʱʫ ʦʨʛʘʥʠʟʠʨʘʥʠʪʝ ʠ ʯʘʩʪ ʦʪ ʥʝʦʨʛʘʥʠʟʠʨʘʥʠʪʝ ʩʤʫʱʝʥʠʷ ʧʨʝʜʠ 

ʚʩʠʯʢʦ ʩʝ ʧʨʘʚʠ ʪʘʢʘ, ʯʝ ʨʘʜʠʦʩʝʥʟʦʨʲʪ ʜʘ ʩʝ ʘʢʪʠʚʠʟʠʨʘ ʤʘʢʩʠʤʘʣʥʦ ʙʣʠʟʢʦ ʜʦ ʮʝʣʪʘ. 

ʊʦʚʘ ʥʘʡ-ʚʝʯʝ ʟʘʪʨʫʜʥʷʚʘ ʦʪʢʨʠʚʘʥʝʪʦ ʠ ʘʥʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʩʠʛʥʘʣʠʪʝ ʥʘ ʉɹʈʃ ʦʪ ʩʪʨʘʥʘ 

ʥʘ ʧʨʦʪʠʚʥʠʢʘ. ʆʩʚʝʥ ʪʦʚʘ ʚʝʜʥʘʛʘ ʩʣʝʜ ʚʢʣʶʯʚʘʥʝʪʦ ʥʘ ʩʝʥʟʦʨʘ ʩʝ ʜʘʚʘ ʦʪʨʷʟʲʢ ʦʪ 

ʚʨʝʤʝ ʟʘ Ăʦʩʣʫʰʚʘʥʝò, ʧʨʝʟ ʢʦʡʪʦ ʘʢʦ ʩʝ ʧʦʷʚʠ ʠʟʭʦʜʝʥ ʩʠʛʥʘʣ, ʪʦʚʘ ʱʝ ʝ ʩʣʝʜʩʪʚʠʝ ʥʘ 

ʩʤʫʱʝʥʠʷ ʠ ʥʝʢʦʥʪʘʢʪʥʦʪʦ ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʩʝ ʟʘʙʨʘʥʷʚʘ. ʊʦʟʠ ʧʦʜʭʦʜ ʝ 

ʠʟʢʣʶʯʠʪʝʣʥʦ ʝʬʝʢʪʠʚʝʥ. 

ɺʢʣʶʯʚʘʥʝʪʦ ʥʘ ʨʘʜʠʦʩʝʥʟʦʨʘ ʚ ʧʦʜʭʦʜʷʱ ʤʦʤʝʥʪ ʤʦʞʝ ʜʘ ʩʝ ʦʨʛʘʥʠʟʠʨʘ ʯʨʝʟ 

ʚʲʚʝʞʜʘʥʝ ʥʘ ʜʘʥʥʠ ʟʘ ʚʨʝʤʝ ʧʨʝʜʠ ʠʟʩʪʨʝʣʘ, ʥʦ ʪʦʚʘ ʫʩʣʦʞʥʷʚʘ ʠʟʜʝʣʠʝʪʦ ʠ ʥʝʛʦʚʦʪʦ 

ʦʙʩʣʫʞʚʘʥʝ. ɺʢʣʶʯʚʘʥʝʪʦ ʤʦʞʝ ʜʘ ʝ  ʘʚʪʦʤʘʪʠʯʥʦ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʘʣʪʝʨʥʘʪʦʨ ʚ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʟʘʭʨʘʥʚʘʱ ʪʦʢʦʠʟʪʦʯʥʠʢ. ɸʣʪʝʨʥʘʪʦʨʲʪ ʩʣʫʞʠ ʠ ʢʘʪʦ 

ʜʘʪʯʠʢ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ .  

ʅʘ ʌʠʛ4.1 ʝ ʠʟʦʙʨʘʟʝʥʘ ʙʘʣʠʩʪʠʯʥʘʪʘ ʪʨʘʝʢʪʦʨʠʷ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʥʦʩʠʪʝʣʷ. 

ʇʨʠʝʪʦ ʝ, ʯʝ ʪʦʡ ʠʟʣʠʪʘ ʧʦʜ ʲʛʲʣ ʢʲʤ ʭʦʨʠʟʦʥʪʘ ɗ ʩ ʥʘʯʘʣʥʘ ʩʢʦʨʦʩʪ ɜ0 , ʯʠʷʪʦ 

ʭʦʨʠʟʦʥʪʘʣʥʘ ʢʦʤʧʦʥʝʥʪʘ ʝ  ɜ0ʍ , ʘ ʚʝʨʪʠʢʘʣʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʝ ɜ0Y.  ɹʝʟ ʦʪʯʠʪʘʥʝ ʥʘ 

ʘʝʨʦʜʠʥʘʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʩʘ ʚ ʩʠʣʘ ʟʘʚʠʩʠʤʦʩʪʠʪʝ:  

 ( ) Ttʟʘgt
XX

¢¢-+= 0...
2222

00
nnn                     [75] 
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ʢʘʪʦ  

() ()qnqnn sin,cos 000 =X
 g - ʟʝʤʥʦ ʫʩʢʦʨʝʥʠʝ. 

 

ʄʦʤʝʥʪʲʪ, ʚ ʢʦʡʪʦ ʥʦʩʠʪʝʣʷʪ ʩʝ ʥʘʤʠʨʘ ʚ ʘʧʦʛʝʷ ʥʘ ʪʨʘʝʢʪʦʨʠʷʪʘ, 

 ʝ ʦʙʦʟʥʘʯʝʥ  ʩ
                

()q
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ʌʠʛ.4.1 ʊʨʘʝʢʪʦʨʠʷ ʥʘ ʪʷʣʦ, ʠʟʩʪʨʝʣʷʥʦ ʧʦʜ ʲʛʲʣ ʩʧʨʷʤʦ ʭʦʨʠʟʦʥʪʘ 

 

ʈʝʘʣʥʦ ʝ ʚʲʟʤʦʞʥʦ ɜ0  ʜʘ ʠʤʘ ʩʪʦʡʥʦʩʪʠ ʦʪ ʥʷʢʦʣʢʦ ʜʝʩʝʪʢʠ ʤʝʪʨʘ ʚ ʩʝʢʫʥʜʘ ʜʦ 

ʪʘʢʠʚʘ, ʢʦʠʪʦ ʥʘʜʚʠʰʘʚʘʪ ʩʪʦʪʠʮʠ ʤʝʪʨʘ ʚ ʩʝʢʫʥʜʘ (ʌʠʛ.1). ʉʲʦʪʚʝʪʥʦ ɗ ʤʦʞʝ ʜʘ ʠʤʘ 

ʤʘʢʩʠʤʘʣʥʘ ʩʪʦʡʥʦʩʪ ʦʢʦʣʦ 80ę, ʘ ʤʠʥʠʤʘʣʥʘʪʘ ʜʦʨʠ ʜʘ ʝ ʧʦʜ 45ę. ʉʣʝʜʦʚʘʪʝʣʥʦ   ʢʘʢʪʦ 

ɜ , ʪʘʢʘ ʠ ɜmin = ɜ0cosɗ ,  ʤʦʛʘʪ ʜʘ ʧʨʠʝʤʘʪ ʩʪʦʡʥʦʩʪʠ, ʣʝʞʘʱʠ ʚ ʪʚʲʨʜʝ ʰʠʨʦʢʠ ʛʨʘʥʠʮʠ.  

ʅʘ ʌʠʛ.4.2 ʝ  ʧʦʢʘʟʘʥʘ ʢʨʠʚʘ,  ʠʟʦʙʨʘʟʷʚʘʱʘ ʟʘʚʠʩʠʤʦʩʪʪʘ  n(t)  ʧʨʠ ɗ = 80ę ʠ     

ɜ0 = 67 m/s. ʊʦʚʘ ʝ ʝʜʠʥ ʛʨʘʥʠʯʝʥ ʩʣʫʯʘʡ ʚ ʧʨʘʢʪʠʢʘʪʘ, ʢʦʛʘʪʦ ɜmin  ʧʨʠʝʤʘ ʥʘʡ-ʤʘʣʢʘ 

ʩʪʦʡʥʦʩʪ. 
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ʌʠʛ.4.2  ɿʘʚʠʩʠʤʦʩʪ ʥʘ  n(t)  ʧʨʠ ɗ = 80ę ʠ  ɜ0 = 67 m/s 



ʉʠʥʪʝʟ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ  ʟʘ ʙʣʠʟʢʘ ʨʘʜʠʦʣʦʢʘʮʠʷ 

39 

 

 

ʊʫʨʙʠʥʘʪʘ ʩʝ ʟʘʚʲʨʪʘ ʦʪ ʧʨʝʤʠʥʘʣʠʷ ʧʨʝʟ ʚʭʦʜʥʦʪʦ ʫʩʪʨʦʡʩʪʚʦ ʚʲʟʜʫʰʝʥ ʧʦʪʦʢ. 

ʇʨʠʥʮʠʧʥʦ ʧʨʠ ʣʠʧʩʘ ʥʘ ʥʘʩʠʱʘʥʝ ʘʣʪʝʨʥʘʪʦʨʲʪ ʛʝʥʝʨʠʨʘ ʧʨʦʤʝʥʣʠʚʦ 

ʝʣʝʢʪʨʦʜʚʠʞʝʱʦ ʥʘʧʨʝʞʝʥʠʝ, ʯʠʠʪʦ ʘʤʧʣʠʪʫʜʘ U ʠ ʯʝʩʪʦʪʘ F ʩʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʥʘ 

ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʲʨʪʝʥʝ (ʦʙʦʨʦʪʠʪʝ) ʥʘ ʪʫʨʙʠʥʘʪʘ.  ɺʲʨʪʝʥʝʪʦ ʥʘ ʪʫʨʙʠʥʘʪʘ ʟʘʚʠʩʠ ʦʪ 

ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʲʟʜʫʰʥʠʷ ʧʦʪʦʢ, ʪ.ʝ. ʦʪ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʥʦʩʠʪʝʣʷ. ʇʨʠ ʧʦ-

ʛʦʣʝʤʠ ʲʛʣʠ ʥʘ ʩʪʨʝʣʙʘ ʠ ʧʦ-ʩʣʘʙʠ ʟʘʨʷʜʠ ʝ ʚʲʟʤʦʞʥʦ ʧʨʝʜʠ ʘʧʦʛʝʷ ʥʘ ʪʨʘʝʢʪʦʨʠʷʪʘ 

ʪʫʨʙʠʥʘʪʘ ʜʘ ʩʧʨʝ ʠ ʩʣʝʜ ʪʦʚʘ ʚ ʥʠʟʭʦʜʷʱʠʷ ʫʯʘʩʪʲʢ ʦʪʥʦʚʦ ʜʘ ʩʝ ʟʘʚʲʨʪʠ. ʊʦʚʘ ʤʦʞʝ 

ʜʘ ʩʲʟʜʘʜʝ ʧʨʦʙʣʝʤʠ ʚ ʨʘʙʦʪʘʪʘ ʥʘ ʉɹʈʃ. 

 ʅʘ ʌʠʛ.4.3 ʝ ʧʦʢʘʟʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʩʥʝʪʘ ʟʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ ʩʢʦʨʦʩʪʪʘ ʥʘ 

ʥʦʩʠʪʝʣʷ ʠ ʯʝʩʪʦʪʘʪʘ ʥʘ ʛʝʥʝʨʠʨʘʥʦʪʦ ʦʪ ʨʝʘʣʝʥ ʪʫʨʙʠʥʝʥ ʘʣʪʝʨʥʘʪʦʨ ʥʘʧʨʝʞʝʥʠʝ. 

ʇʨʘʢʪʠʯʝʩʢʘʪʘ ʣʠʥʝʡʥʦʩʪ ʥʘ F(v) ʦʪ ʬʠʛʫʨʘʪʘ ʧʦʢʘʟʚʘ, ʯʝ ʚʭʦʜʥʦʪʦ ʫʩʪʨʦʡʩʪʚʦ ʠ 

ʪʫʨʙʠʥʘʪʘ ʚ ʢʦʥʢʨʝʪʥʠʷ ʩʢʦʨʦʩʪʝʥ ʜʠʘʧʘʟʦʥ ʩʲʱʦ ʩʝ ʜʲʨʞʘʪ ʢʘʪʦ ʧʦʯʪʠ ʣʠʥʝʡʥʠ ʟʚʝʥʘ. 

ʉ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ v ʩʣʝʜʩʪʚʠʝ ʥʘ ʭʘʨʘʢʪʝʨʥʠ ʘʝʨʦʜʠʥʘʤʠʯʥʠ ʧʨʦʮʝʩʠ, ʢʘʢʪʦ ʚʭʦʜʥʦʪʦ 

ʫʩʪʨʦʡʩʪʚʦ, ʪʘʢʘ ʠ ʪʫʨʙʠʥʘʪʘ ʤʦʛʘʪ ʜʘ ʩʝ ʜʲʨʞʘʪ ʢʘʪʦ ʥʝʣʠʥʝʡʥʠ ʟʚʝʥʘ ʠ F ʜʘ ʟʘʧʦʯʥʝ 

ʧʦ-ʩʣʘʙʦ ʜʘ ʟʘʚʠʩʠ ʦʪ v . ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʢʦʥʢʨʝʪʥʠʷʪ ʘʣʪʝʨʥʘʪʦʨ ʩʲʛʣʘʩʥʦ ʌʠʛ.4.3 ʩʝ 

Ăʨʘʟʚʲʨʪʚʘò ʧʨʠ ʩʢʦʨʦʩʪ ʥʘ ʚʲʟʜʫʰʥʠʷ ʧʦʪʦʢ ʦʢʦʣʦ 35 m/s , ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ ʯʝ, ʩʣʝʜ 

ʝʚʝʥʪʫʘʣʥʦ ʩʧʠʨʘʥʝ ʥʘ ʪʫʨʙʠʥʘʪʘ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʥʠʟʭʦʜʷʱʦʪʦ ʜʚʠʞʝʥʠʝ ʥʘ ʥʦʩʠʪʝʣʷ ʜʘ 

ʟʘʧʦʯʥʝ ʦʪ ʜʦʩʪʘʪʲʯʥʘ ʚʠʩʦʯʠʥʘ, ʟʘ ʜʘ ʤʦʞʝ ʪʫʨʙʠʥʘʪʘ ʜʘ ʚʣʝʟʝ ʚ ʥʦʨʤʘʣʝʥ ʨʘʙʦʪʝʥ 

ʨʝʞʠʤ. ʗʩʥʦ ʝ, ʯʝ ʢʲʤ ʘʝʨʦʜʠʥʘʤʠʯʥʠʪʝ ʠ ʤʝʭʘʥʠʯʥʠ ʢʘʯʝʩʪʚʘ ʥʘ ʘʣʪʝʨʥʘʪʦʨʘ ʩʪʦʷʪ 

ʩʝʨʠʦʟʥʠ ʠʟʠʩʢʚʘʥʠʷ, ʘʢʦ ʪʦʡ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʠʟʜʝʣʠʷ ʩ ʛʦʣʝʤʠ ʲʛʣʠ ʥʘ ʩʪʨʝʣʙʘ ʠ ʩʣʘʙʠ 

ʟʘʨʷʜʠ, ʥʘʧʨʠʤʝʨ - ʤʘʣʦʢʘʣʠʙʨʝʥʠ ʤʠʥʠ. 
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ʌʠʛ.4.3 ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʯʝʩʪʦʪʘʪʘ ʥʘ ʚʲʨʪʝʥʝ ʦʪ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʭʦʜʷʱʠʷ 

ʚʲʟʜʫʰʝʥ ʧʦʪʦʢ  

 

ʅʘ ʌʠʛ.4.4 ʝ ʧʦʢʘʟʘʥ ʟʘʧʠʩ, ʥʘʧʨʘʚʝʥ ʟʘ ʨʝʘʣʝʥ ʧʦʣʝʪ ʧʨʠ ɗ = 45ę ʠ ɜ0 = 67 m/s. 

ɺʠʞʜʘ ʩʝ, ʯʝ ʩʣʝʜ ʠʟʩʪʨʝʣʘ ʦʙʦʨʦʪʠʪʝ ʥʘ ʪʫʨʙʠʥʘʪʘ ʙʲʨʟʦ ʥʘʨʘʩʪʚʘʪ, ʜʦʙʠʚʘʪ ʥʷʢʘʢʚʘ 

ʤʘʢʩʠʤʘʣʥʘ ʩʪʦʡʥʦʩʪ ʠ ʩʣʝʜ ʪʦʚʘ ʩʣʝʜʚʘʪ ʭʘʨʘʢʪʝʨʘ ʥʘ ʟʘʚʠʩʠʤʦʩʪʪʘ ʦʪ ʌʠʛ.4.2 .  
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ʌʠʛ4.4 ɿʘʧʠʩ ʥʘ ʯʝʩʪʦʪʘʪʘ ʥʘ ʚʲʨʪʝʥʝ ʠ ʛʝʥʝʨʠʨʘʥʦʪʦ ʥʘʧʨʝʞʝʥʠʝ ʚʲʚ 

ʬʫʥʢʮʠʷ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʧʦʣʝʪʘ ʧʨʠ ɗ = 45ę ʠ ɜ0 = 67ʤ/ʩ 

 

ʆʩʠʛʫʨʷʚʘʥʝ ʚʢʣʶʯʚʘʥʝʪʦ ʥʘ ʨʘʜʠʦʩʝʥʟʦʨʘ ʢʦʣʢʦʪʦ ʝ ʚʲʟʤʦʞʥʦ ʧʦ-ʙʣʠʟʦ ʜʦ 

ʮʝʣʪʘ ʝ ʚʘʞʥʘ ʟʘʜʘʯʘ, ʢʦʷʪʦ ʩʠʩʪʝʤʘʪʘ  ʪʨʷʙʚʘ ʜʘ ʨʝʰʠ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʩʪʘʥʝ ʘʢʦ ʧʦ 

ʥʷʢʘʢʲʚ ʥʘʯʠʥ ʩʠʩʪʝʤʘʪʘ ʫʩʧʝʝ ʜʘ ʦʮʝʥʠ ʢʦʛʘ ʥʦʩʠʪʝʣʷʪ ʥʘʙʣʠʞʘʚʘ ʢʨʘʷ ʥʘ 

ʪʨʘʝʢʪʦʨʠʷʪʘ. ʇʨʠʥʮʠʧʥʦ ʠʤʘ ʜʚʘ ʧʦʜʭʦʜʘ : 1). ɼʘ ʩʝ ʦʪʢʨʠʝ ʤʦʤʝʥʪʲʪ ʥʘ ʧʨʝʤʠʥʘʚʘʥʝ 

ʧʨʝʟ ʘʧʦʛʝʷ ʠ ʧʦ ʠʟʤʝʨʝʥʦʪʦ ʚʨʝʤʝ t2 = ʊ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʢʦʛʘ ʱʝ ʥʘʩʪʲʧʠ ʪʲʨʩʝʥʘʪʘ  

ʙʣʠʟʦʩʪ ; 2). ɼʘ ʩʝ ʠʟʤʝʨʠ ʯʝʩʪʦʪʘʪʘ F1 ʥʘ ʛʝʥʝʨʠʨʘʥʦʪʦ ʟʘʭʨʘʥʚʘʱʦ ʥʘʧʨʝʞʝʥʠʝ ʩʣʝʜ 

ʦʧʨʝʜʝʣʝʥ ʚʨʝʤʝʥʝʥ ʠʥʪʝʨʚʘʣ t1 ʦʪ ʥʘʯʘʣʦʪʦ ʥʘ ʧʦʣʝʪʘ ʠ ʩʣʝʜ ʥʝʧʨʝʢʲʩʥʘʪʦ ʩʣʝʜʝʥʝ ʥʘ 

F ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ  ʢʦʛʘ ʱʝ ʥʘʩʪʲʧʠ ʪʲʨʩʝʥʘʪʘ ʙʣʠʟʦʩʪ. ʅʘ ʌʠʛ.4.5 ʚʲʨʭʫ ʝʜʥʘ ʧʨʠʤʝʨʥʘ 

ʪʨʘʝʢʪʦʨʥʘ ʟʘʚʠʩʠʤʦʩʪ F(t) ʩʘ ʠʣʶʩʪʨʠʨʘʥʠ ʜʚʘʪʘ ʧʦʜʭʦʜʘ. ʇʨʠ ʧʲʨʚʠʷ ʧʦʜʭʦʜ ʚʨʝʤʝʪʦ 

ʟʘ ʚʢʣʶʯʚʘʥʝ ʥʘ ʨʘʜʠʦʩʝʥʟʦʨʘ  t3 = tVRF = ( 1+ m ) t2, ʘ ʧʨʠ ʚʪʦʨʠʷ  tVRF  ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ  

F3 = k F1. ʏʠʩʣʘʪʘ m  ʠ k ʩʝ ʠʟʙʠʨʘʪ ʧʦ ʮʝʣʝʩʲʦʙʨʘʟʥʦʩʪ. 
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ʌʠʛ.4. 5 ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʯʝʩʪʦʪʘʪʘ ʥʘ ʚʲʨʪʝʥʝ ʥʘ ʘʣʪʝʨʥʘʪʦʨʘ ʦʪ ʚʨʝʤʝʪʦ ʧʦ 

ʪʨʘʝʢʪʦʨʠʷʪʘ ʥʘ ʧʦʣʝʪʘ 

 

ʇʲʨʚʠʷʪ ʧʦʜʭʦʜ ʠʟʠʩʢʚʘ ʩʧʘʟʚʘʥʝ ʥʘ ʫʩʣʦʚʠʝʪʦ ʨʘʙʦʪʘʪʘ ʥʘ ʘʣʪʝʨʥʘʪʦʨʘ ʜʘ ʥʝ 

ʧʨʝʢʲʩʚʘ ʧʦ ʮʷʣʘʪʘ ʪʨʘʝʢʪʦʨʠʷ. ʂʘʢʪʦ ʙʝ ʫʩʪʘʥʦʚʝʥʦ, ʧʦʩʣʝʜʥʦʪʦ ʥʝ ʚʠʥʘʛʠ ʝ 

ʠʟʧʲʣʥʠʤʦ. ʆʩʚʝʥ ʪʦʚʘ ʧʨʠ ʤʘʣʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ɗ ʙʠʣʦʪʦ ʥʘ ʪʨʘʝʢʪʦʨʠʷʪʘ ʝ ʧʦʯʪʠ 

ʧʣʦʩʢʦ ʠ ʥʘʤʠʨʘʥʝʪʦ ʥʘ  ʊ  ʯʨʝʟ ʦʮʝʥʢʘ ʥʘ F(t) ʩʪʘʚʘ ʩ ʥʝʜʦʩʪʘʪʲʯʥʘ ʪʦʯʥʦʩʪ. ʇʦ ʚʪʦʨʠʷ 

ʧʦʜʭʦʜ ʟʘʜʘʯʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʨʝʰʠ ʢʘʢʪʦ ʘʥʘʣʦʛʦʚʦ, ʪʘʢʘ ʠ ʮʠʬʨʦʚʦ. ʆʩʚʝʥ ʪʦʚʘ ʪʦʡ 

ʨʘʙʦʪʠ ʠ ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ ʧʨʝʢʲʩʚʘʥʝ ʥʘ ʟʘʭʨʘʥʚʘʥʝʪʦ, ʚʲʟʤʦʞʥʦ ʧʨʠ ʨʘʙʦʪʘ ʩ ʤʘʣʢʠ 

ʥʘʯʘʣʥʠ ʩʢʦʨʦʩʪʠ ʥʘ ʥʦʩʠʪʝʣʷ ʠ ʧʦ-ʛʦʣʝʤʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʲʛʲʣʘ ʥʘ ʠʟʣʠʪʘʥʝ.  

 

ʉʘʤʘʪʘ ʩʠʩʪʝʤʘ ʪʨʷʙʚʘ ʜʘ ʠʤʘ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʟʘʱʠʪʘ ʦʪ ʩʤʫʱʝʥʠʷ. ʊʦʚʘ ʤʦʞʝ ʜʘ 

ʩʪʘʥʝ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʩʠʛʥʘʣʠʪʝ. ʅʘʡ ʧʦʜʘʪʣʠʚʘ ʥʘ ʩʤʫʱʝʥʠʷ ʝ ʩʠʩʪʝʤʘʪʘ ʩ 

ʪʚʲʨʜ ʧʨʘʛ ʥʘ ʟʘʜʝʡʩʪʚʘʥʝ. ʊʫʢ ʝʜʠʥʩʪʚʝʥʦ ʝʬʝʢʪʠʚʥʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʤʦʞʝ ʜʘ ʩʝ 

ʦʩʲʱʝʩʪʚʠ ʩʨʝʱʫ ʰʠʨʦʢʦʣʝʥʪʦʚʠ ʩʤʫʱʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʘʨʘʣʝʣʝʥ ʥʘ ʦʩʥʦʚʥʠʷ ʢʘʥʘʣ 

ʩ ʧʦ- ʚʠʩʦʢʦʯʝʩʪʦʪʥʘ ʣʝʥʪʘ. ʇʨʠ ʥʘʣʠʯʠʝ ʥʘ ʩʠʛʥʘʣ ʚ ʪʦʟʠ ʢʘʥʘʣ ʟʘʜʝʡʩʪʚʘʥʝʪʦ ʩʝ 

ʟʘʙʨʘʥʷʚʘ. 

ʇʨʝʜʠʟʚʠʢʚʘ ʠʥʪʝʨʝʩ ʦʮʝʥʢʘʪʘ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪ ʩʨʝʱʫ ʩʤʫʱʝʥʠʷ ʥʘ 

ʧʨʝʜʣʦʞʝʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʠʪʝ.  ɿʘ ʮʝʣʪʘ ʩʘ ʥʘʧʨʘʚʝʥʠ 

ʢʦʤʧʶʪʲʨʥʠ ʠʤʠʪʘʮʠʠ ʥʘ ʩʤʫʱʝʥʠʷ. ʇʨʝʜʠ ʚʩʠʯʢʦ ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʦʮʝʥʠ ʨʝʘʢʮʠʷʪʘ ʥʘ 

ʘʣʛʦʨʠʪʤʠʪʝ ʥʘ ʨʘʟʣʠʯʥʠ ʩʤʫʱʘʚʘʱʠ ʩʠʛʥʘʣʠ. ʇʨʝʜʚʘʨʠʪʝʣʥʦ ʝ ʷʩʥʦ, ʯʝ ʩʤʫʱʘʚʘʱʠ 

ʩʠʛʥʘʣʠ ʩ ʧʦʩʪʦʷʥʥʘ ʘʤʧʣʠʪʫʜʘ ʥʷʤʘ ʜʘ ʟʘʜʝʡʩʪʚʘʪ ʩʠʩʪʝʤʘʪʘ ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʩʣʫʯʘʷ ʩ 

ʪʚʲʨʜ ʧʨʘʛ. ɿʘʪʦʚʘ ʩʝ ʧʨʦʚʝʞʜʘʪ ʧʨʦʚʝʨʢʠ ʥʘ ʨʘʙʦʪʘ ʩ ʤʦʜʫʣʠʨʘʥʠ ʩʤʫʱʘʚʘʱʠ ʩʠʛʥʘʣʠ. 
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ʌʠʛ-4.8 ʈʘʙʦʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤ ɺ ʧʨʠ ʥʝ ʤʦʜʫʣʠʨʘʥʦ ʩʤʫʱʝʥʠʝ ʩ 

ʘʤʧʣʠʪʫʜʘ 40mV 

 

 

 
 

ʌʠʛ-4.8 ʈʘʙʦʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤ ɺ ʧʨʠ ʥʝ ʤʦʜʫʣʠʨʘʥʦ ʩʤʫʱʝʥʠʝ 

 ʩ ʘʤʧʣʠʪʫʜʘ 60mV 
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ʌʠʛ-4.8 ʈʘʙʦʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤ ɺ ʧʨʠ ʤʦʜʫʣʠʨʘʥʦ ʩʤʫʱʝʥʠʝ 

 

 

 

 

 
 

ʌʠʛ.4.9  ʈʘʙʦʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤ ɸ ʩ ʤʦʜʫʣʠʨʘʥʦ ʩʤʫʱʝʥʠʝ  

ʩ ʯʝʩʪʦʪʘ 50 Hz 
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ʌʠʛ-4.10  ʈʘʙʦʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤ ɺ ʧʨʠ ʥʝʤʦʜʫʣʠʨʘʥʦ ʩʤʫʱʝʥʠʝ ʩ 

ʯʝʩʪʦʪʘ 30 Hz 

 

 
ʌʠʛ.4.11  ʈʘʙʦʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤ ɸ ʩ ʥʝʤʦʜʫʣʠʨʘʥʦ ʩʤʫʱʝʥʠʝ ʩ 

ʯʝʩʪʦʪʘ 50 Hz 


