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ʈʦʟʛʣʷʥʫʪʦ ʪʝʦʨʝʪʠʯʥ ̔ ʦʩʥʦʚʠ ʪʘ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʦʮ̔ʥʁ ʚʘʥʥʷ 
ʚʘʨ̔ʘʙʝʣʴʥʦʩʪ ̔ʩʝʨʮʝʚʦʛʦ ʨ̔ʪʤʫ (ɺʉʈ) ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʨʠʚʘʣʦʛʦ ʝʣʝ-
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ʋʢʘʟʘʥʦ ʦʩʥʦʚʥ ̔ʦʙʣʘʩʪ ̔ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʽ ʧʦʢʘʟʘʥʥʷ ʜʦ ʡʦʛʦ ʚʠ-
ʢʦʨʠʩʪʘʥʥʷ. 
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ʩʧʝʮiʘʣʴʥʦʩʪi çɹiʦʪʝʭʥiʯʥi ʪʘ ʤʝʜʠʯʥi ʘʧʘʨʘʪʠ i ʩʠʩʪʝʤʠè. 
 

 
 

ʈʝʮʝʥʟʝʥʪʳ: ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ɸ. ʀ. ɿʘʚʛʦʨʦʜʥʠʡ, 
          ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. ɺ. ʀ. ʆʛʘʨʴ 

 
 

ʂʨʘʩʥʦʚ, ʃ. ɸ. 
ʂ78      ʄʦʥʠʪʦʨʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʨʠʪʤʘ ʩʝʨʜʮʘ. ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʤʝʜʠʮʠʥʝ [ʊʝʢʩʪ]: ʫʯʝʙ. 
ʧʦʩʦʙʠʝ / ʃ. ɸ. ʂʨʘʩʥʦʚ, ɺ. ʇ. ʆʣʝʡʥʠʢ. ï ʍ.: ʅʘʮ. ʘʵʨʦʢʦʩʤ. ʫʥ-ʪ                       
ʠʤ. ʅ. ɽ. ɾʫʢʦʚʩʢʦʛʦ çʍʘʨʴʢ. ʘʚʠʘʮ. ʠʥ-ʪè, 2014. ï 84 ʩ. 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʦʮʝʥʢʠ ʚʘʨʠʘ-

ʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (ɺʉʈ) ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʣʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʢʘʨʜʠʦ-
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ɺɺɽɼɽʅʀɽ 

ɺʩʝ ʦʨʛʘʥʳ ʠ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʧʦʩʪʦʷʥʥʦ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 
ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʦʡ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʠ ʧʘʨʘ-
ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʦʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʛʫʤʦʨʘʣʴʥʳʭ 
ʚʣʠʷʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʫ  ʁ ʘʜʘʧʪʘʮʠʶ ʦʨʛʘʥʠʟʤʘ ʢ ʠʟʤʝʥʷʶ-
ʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʉʝʨʜʝʯʥʳʡ ʨʠʪʤ ï ʵʪʦ ʠʥ-
ʜʠʢʘʪʦʨ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʭ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨ-
ʤʳ. ʇʦɻʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ (ɺʉʈ) ʠʤʝʝʪ 
ʚʘʞʥʦʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘ-
ʪʦʣʦʛʠʷʭ: ʟʘʙʦʣʝʚʘʥʠʷʭ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ, ʥʝʨʚʥʦʡ, ʜʳʭʘʪʝʣʴʥʦʡ, ʵʥ-
ʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤ, ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʳʭ ʠ ʩʪʨʝʩʩʦʚʳʭ ʥʘʨʫʰʝʥʠʷʭ. ʄʝ-
ʪʦʜʠʢʫ ʫʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦ-
ʥʘʣʴʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʠ ʫʨʦʚʥ ̫ ʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʩʧʦʨʪ-
ʩʤʝʥʦʚ. 
ʆʪʤʝʪʠʤ, ʯʪʦ ʘʜʝʢʚʘʪʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ɺʉʈ ʠ ʤʝʪʦʜʳ 

ʦʮʝʥʢʠ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʩʪʘʪʫʩʘ ʯʝʣʦʚʝʢʘ ʙʳʣʠ ʩʦʟʜʘʥʳ ʚ ʩʝʨʝʜʠʥʝ ʍʍ ʚʝ-
ʢʘ. ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʣʠʥʠʢʝ ʚʚʠʜʫ ʙʦʣʴ-
ʰʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʠ ʩʣʦʞʥʦʩʪʝʡ ʜʣʠʪʝʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 
ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤ (ʕʂɻ). ʉʠʪʫʘʮʠʷ ʨʘʜʠʢʘʣʴʥʦ ʠʟʤʝʥʠʣʘʩʴ ʩ ʧʦʷʚʣʝ-
ʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ 
ʘʥʘʣʠʟʘ ɺʉʈ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʢʣʠʥʠ-
ʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. 
ʆʟʥʘʢʦʤʣʝʥʠʝ ʩ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ɺʉʈ ʧʨʠʥʝʩʝʪ ʥʝʩʦʤʥʝʥʥʫʶ ʧʦʣʴʟʫ 

ʩʪʫʜʝʥʪʘʤ ʠ ʘʩʧʠʨʘʥʪʘʤ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʤʩʷ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʩʠʩʪʝʤ, 
ʘ ʪʘʢʞʝ ʦʢʘʞʝʪ ʧʦʤʦʱʴ ʧʨʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 
ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʦʙʰʠʨʥʳʡ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʩʚʷʱʝʥʥʦʡ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ, ʘ ʪʘʢʞʝ ʩʩʳʣʢʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʳ ʧʦ ʤʝʪʦ-
ʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ɺʉʈ ʠ ʩʪʘʥʜʘʨʪʘʤ ʠʟʤʝʨʝʥʠʷ. 
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1. ʌʀɿʀʆʃʆɻʀʗ ɺɽɻɽʊɸʊʀɺʅʆʁ ʅɽʈɺʅʆʁ ʉʀʉʊɽʄʓ 

ɺʝʛʝʪʘʪʠʚʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ (ɺʅʉ) ï ʵʪʦ ʘʚʪʦʥʦʤʥʘʷ ʥʝʨʚʥʘʷ 
ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ɺʅʉ ʨʝʛʫʣʠʨʫʝʪ ʜʝ̫-
ʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʦʚ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʜʳʭʘʥʠʷ, ʧʠʱʝʚʘʨʝʥʠʷ, ʚʳʜʝʣʝʥʠʷ, 
ʨʘʟʤʥʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʠ ʨʦʩʪ. ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ɺʅʉ ï 
ʧʦʜʜʝʨʞʘʥʠʝ ʧʦʩʪʦʷʥʩʪʚʘ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʦʨʛʘʥʠʟʤʘ, ʘ ʪʘʢʞʝ ʧʨʠʩʧʦ-
ʩʦʙʠʪʝʣʴʥʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ ʨʝʘʢʮʠʡ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʊʝʨʤʠʥ 
çʚʝʛʝʪʘʪʠʚʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘè ʚʚʝʜʝʥ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʵʪʘ ʯʘʩʪʴ 
ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʫʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʩʝʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʦʨʛʘ-
ʥʦʚ ʠ ʩʠʩʪʝʤ. 

ɸʥʘʪʦʤʠʯʝʩʢʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʝʛʝʪʘʪʠʚʥʫʶ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ ʨʘʟ-
ʜʝʣʷʶʪ ʥʘ ʩʠʤʧʘʪʠʯʝʩʢʫʶ (ʉʅʉ) ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʫʶ (ʇʅʉ). ʉʠʤʧʘʪʠʯʝ-
ʩʢʠʝ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʝ ʮʝʥʪʨʳ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʛʠʧʦʪʘʣʘʤʠ-
ʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʤʦʟʛʘ, ʘ ʪʘʢʞʝ ʢʦʨʳ ʙʦʣʴʰʠʭ ʧʦʣʫʰʘʨʠʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, 
ʢʦʪʦʨʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʮʝʣʦ-
ʩʪʥʫʶ ʦʪʚʝʪʥʫʶ ʨʝʘʢʮʠʶ ʦʨʛʘʥʠʟʤʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ 
ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʪʁ ʧʦʜʜʝʨʞʘʥʠʝ ʬʫʥʢʮʠʡ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ. 

ʉʠʤʧʘʪʠʯʝʩʢʠʝ ʥʝʨʚʳ ʚʳʭʦʜʷʪ ʠʟ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʚ ʦʙʣʘʩʪʠ ʧʝʨʚʦʛʦ 
ʛʨʫʜʥʦʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʧʦʷʩʥʠʯʥʦʛʦ ʩʝʛʤʝʥʪʦʚ, ʘ ʧʨʝʨʳʚʘʶʪʩʷ ʚ ʫʟʣʘʭ ʧʦ-
ʛʨʘʥʠʯʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʠʣʠ ʚ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʝʩʢʦʣʴʢʦ ʜʘʣʴ-
ʰʝ (ʵʢʩʪʨʘʤʫʨʘʣʴʥʳʭ) ʛʘʥʛʣʠʷʭ, ʦʪʢʫʜʘ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʚʩʝʤʫ ʪʝʣʫ. 
ʇʦʵʪʦʤʫ ʚ ʇʅʉ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʝ ʚʦʣʦʢʥʘ ʢʦʨʦʪʢʠʝ, ʚ ʉʅʉ ï ʙʦʣʝʝ 
ʜʣʠʥʥʳʝ. ʈʘʟʜʨʘʞʝʥʠʷ ʉʅʉ ʥʦʩʷʪ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ, ʜʠʬʬʫʟʥʳʡ 
ʭʘʨʘʢʪʝʨ, ʘ ʧʨʦʷʚʣʝʥʠʷ ʇʅʉ ʙʦʣʝʝ ʣʦʢʘʣʴʥʳ, ʦʭʚʘʪʳʚʘʶʪ ʦʜʠʥ ʢʘʢʦʡ-
ʣʠʙʦ ʦʨʛʘʥ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʠʤʝʶʪ ʜʚʦʡʥʫʶ ʠʥʥʝʨʚʘʮʠʶ ʉʅʉ ʠ 
ʇʅʉ. ʅʝʢʦʪʦʨʳʝ ʦʨʛʘʥʳ, ʪʘʢʠʝ, ʢʘʢ ʩʦʩʫʜʳ, ʧʦʪʦʚʳʝ ʞʝʣʝʟʳ, ʤʦʟʛʦʚʦʡ 
ʩʣʦʡ ʥʘʜʧʦʯʝʯʥʠʢʦʚ, ʢʦʥʪʨʦʣʠʨʫʝʪ ʪʦʣʴʢʦ ʩʠʤʧʘʪʠʯʝʩʢʘ ̫ʥʝʨʚʥʘ ̫ʩʠʩʪʝ-
ʤʘ. ʉʠʤʧʘʪʠʯʝʩʢʘʷ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʘʷ ʦʪʜʝʣʳ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 
ʙʦʣʴʰʠʥʩʪʚʦ ʦʨʛʘʥʦʚ ʦʢʘʟʳʚʘʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʜʨʫʛ ʜʨʫʛʫ ʚʣʠʷʥʠʝ: 
ʨʘʩʰʠʨʝʥʠʝ ʠ ʩʫʞʝʥʠʝ ʟʨʘʯʢʘ, ʫʯʘʱʝʥʠʝ ʠ ʟʘʤʝʜʣʝʥʠʝ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘ-
ʱʝʥʠʡ, ʠʟʤʝʥʝʥʠʝ ʩʝʢʨʝʮʠʠ ʠ ʧʝʨʠʩʪʘʣʴʪʠʢʠ ʢʠʰʝʯʥʠʢʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʤʝʜʠʘʪʦʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʢʦʥʯʘʥʠʷʭ ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ, ʠʭ ʨʘʟʜʝʣʷʶʪ 
ʥʘ ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʝ (ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʜʝʣʝʥʠʝʤ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ ʧʘʨʘʩʠʤ-
ʧʘʪʠʯʝʩʢʦʤ ʦʪʜʝʣʝ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʨʝʛʫʣʷʮʠʠ) ʠ ʘʜʨʝʥʝʨʛʠʯʝʩʢʠʝ 
(ʚʳʜʝʣʝʥʠʝ ʥʦʨʘʜʨʝʥʘʣʠʥʘ ʚ ʉʅʉ). ɼʣʷ ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ ʬʫʥʢʮʠʠ ʚʝʛʝ-
ʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʥʘ ʤʘʣʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʚʦʟʙʫ-
ʞʜʝʥʠʷ ʠ ʥʠʟʢʘʷ ʚʦʟʙʫʜʠʤʦʩʪʴ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʚʦʩʩʪʘʥʦʚ-
ʣʝʥʠʶ. 

ɺʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠʥʘʜʣʝʞʠʪ ʚʝʜʫʱʘʷ ʨʦʣʴ ʚ ʦʩʫʱʝ-
ʩʪʚʣʝʥʠʠ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʢʨʦʚʦ-
ʧʦʪʝʨʝ, ʠʥʪʝʥʩʠʚʥʦʡ ʤʳʰʝʯʥʦʡ ʨʘʙʦʪʝ, ʵʤʦʮʠʦʥʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʠ 
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ʜʨʫʛʠʭ ʬʘʢʪʦʨʘʭ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ. ɺʅʉ ʦʢʘʟʳʚʘʝʪ ʥʘ 
ʦʨʛʘʥʠʟʤ ʪʨʦʡʥʦʝ ʜʝʡʩʪʚʠʝ: 

1. ʇʫʩʢʦʚʦʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʚʦʟʙʫʞʜʝʥʠʝʤ ʦʨʛʘʥʘ, ʬʫʥʢʮʠʦʥʠ-
ʨʫʶʱʝʛʦ ʥʝʧʦʩʪʦʷʥʥʦ (ʥʘʧʨʠʤʝʨ, ʩʝʢʨʝʮʠʷ ʧʦʪʦʚʳʭ ʞʝʣʸʟ). 

2. ʂʦʨʨʠʛʠʨʫʶʱʝʝ (ʥʘʧʨʘʚʣʷʶʱʝʝ), ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ ʫʩʠʣʝʥʠʠ ʠʣʠ 
ʦʩʣʘʙʣʝʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʘʚʪʦʤʘʪʠʟʤʦʤ 
(ʨʘʙʦʪʘ ʩʝʨʜʮʘ, ʧʝʨʠʩʪʘʣʴʪʠʢʘ ʢʠʰʝʯʥʠʢʘ). 

3. ɸʜʘʧʪʘʮʠʦʥʥʦ-ʪʨʦʬʠʯʝʩʢʦʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʨʝʛʫʣʷʮʠʠ ʦʙʤʝʥʘ 
ʚʝɦʝʩʪʚ. 

ʎʝʥʪʨʳ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʤʦʟʛʦʚʦʤ 
ʩʪʚʦʣʝ ʠ ʩʧʠʥʥʦʤ ʤʦʟʛʝ: 

1. ɺ ʩʨʝʜʥʝʤ ʤʦʟʛʝ ʥʘʭʦʜʷʪʩʷ ʤʝʟʵʥʮʝʬʘʣʴʥʳʝ ʮʝʥʪʨʳ ʧʘʨʘʩʠʤʧʘ-
ʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʚʝʛʝʪʘʪʠʚʥʳʝ 
ʚʦʣʦʢʥʘ ʦʪ ʥʠʭ ʧʨʦʭʦʜʷʪ ʚ ʩʦʩʪʘʚʝ ʛʣʘʟʦʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ. 

2. ɺ ʧʨʦʜʦʣʛʦʚʘʪʦʤ ʤʦʟʛʝ ʨʘʩʧʦʣʦʞʝʥʳ ʙʫʣʴʙʘʨʥʳʝ ʮʝʥʪʨʳ ʧʘʨʘ-
ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʕʬʬʝʨʝʥʪʥʳʝ ʚʦʣʦʢʥʘ 
ʦʪ ʥʠʭ ʧʨʦʭʦʜʷʪ ʚ ʩʦʩʪʘʚʝ ʣʠʮʝʚʦʛʦ, ʷʟʳʢʦʛʣʦʪʦʯʥʦʛʦ ʠ ʙʣʫʞ-
ʜʘʶʱʝʛʦ ʥʝʨʚʦʚ. 

3. ɺ ʛʨʫʜʥʳʭ ʠ ʧʦʷʩʥʠʯʥʳʭ ʩʝʛʤʝʥʪʘʭ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ (ʦʪ ʧʝʨʚʦʛʦ 
ʛʨʫʜʥʦʛʦ ʜʦ ʜʚʫʭ ï ʯʝʪʳʨʝʭ ʧʦʷʩʥʠʯʥʦʛʦ) ʥʘʭʦʜʷʪʩʷ ʛʨʫʜʠʥʥʦ-
ʧʦʷʩʥʠʯʥʳʝ (ʪʦʨʘʢʦʣʶʤʙʘʣʴʥʳʝ) ʮʝʥʪʨʳ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ 
ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʆʪ ʥʠʭ ʚʝʛʝʪʘʪʠʚʥʳʝ ʚʦʣʦʢʥʘ 
ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʧʝʨʝʜʥʠʝ ʢʦʨʝʰʢʠ ʩʧʠʥʥʦ-ʤʦʟʛʦʚʳʭ ʩʝʛʤʝʥʪʦʚ 
ʚʤʝʩʪʝ ʩ ʦʪʨʦʩʪʢʘʤʠ ʤʦʪʦʨʥʳʭ ʥʝʡʨʦʥʦʚ.  

4. ɺ ʢʨʝʩʪʮʦʚʳʭ ʩʝʛʤʝʥʪʘʭ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʨʘʟʤʝʱʝʥʳ ʩʘʢʨʘʣʴʥʳʝ 
ʮʝʥʪʨʳ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝ-
ʤʳ, ʠʭ ʚʦʣʦʢʥʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʦʩʪʘʚʝ ʪʘʟʦʚʳʭ ʥʝʨʚʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʥʪʨʳ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʧʦʣʦʞʝʥʳ 
ʚ ʯʝʪʳʨʸʭ ʦʪʜʝʣʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʎʅʉ). ʗʜʨʘ, ʥʘʭʦʜʷ-
ʱʠʝʩʷ ʚ ʤʝʟʵʥʮʝʬʘʣʴʥʦʤ, ʙʫʣʴʙʘʨʥʦʤ ʠ ʩʘʢʨʘʣʴʥʦʤ ʦʪʜʝʣʘʭ, ʦʙʨʘʟʫʶʪ 
ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʫʶ ʯʘʩʪʴ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʚ ʪʦʨʘʢʦʣʶʤ-
ʙʘʣʴʥʦʤ ʦʪʜʝʣʝ ï ʩʠʤʧʘʪʠʯʝʩʢʫʶ ʯʘʩʪʴ. 

2. ʌʀɿʀʆʃʆɻʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ɺɸʈʀɸɹɽʃʔʅʆʉʊʀ ʈʀʊʄɸ ʉɽʈɼʎɸ 

ʈʠʪʤ ʩʝʨʜʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʣʝ-
ʪʦʢ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ ʩʝʨʜʮʘ ʩʧʦʥʪʘʥʥʦ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ, ʵʪʦ ʩʚʦʡʩʪʚʦ 
ʩʝʨʜʝʯʥʦʛʦ ʘʚʪʦʤʘʪʠʟʤʘ. ʈʝʛʫʣʷʮʠʷ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʷʭ ï ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʨʠʪʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʝʡʩʤʝʢʝʨʦʚ ʩʠʥʫʩʦʚʦ-
ʛʦ ʫʟʣʘ (ʉɸ-ʫʟʣʘ) ʠ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʚʝʛʝʪʘʪʠʚʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ 
ʥʝʨʚʥʦʡ ʩʠʩʪʝʤ, ʨʷʜʘ ʛʫʤʦʨʘʣʴʥʳʭ ʠ ʨʝʬʣʝʢʪʦʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 
ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯ-

ʥʳʭ ʦʪʜʝʣʦʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ ʷʚʣʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝ-
ʥʠʪʴ ʚʝʛʝʪʘʪʠʚʥʳʡ ʩʪʘʪʫʩ ʯʝʣʦʚʝʢʘ ʚ ʥʦʨʤʝ ʠ ʧʘʪʦʣʦʛʠʠ. 
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2.1. ɺʣʠʷʥʠʝ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʨʝʛʫʣʷʮʠʶ             

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ 

ʆʩʥʦʚʥʦʝ ʤʦʜʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʩʝʨʜʝʯʥʳʡ ʨʠʪʤ ʦʢʘʟʳʚʘʝʪ ʚʝ-
ʛʝʪʘʪʠʚʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ. ʇʨʠ ʵʪʦʤ ʩʠʤʧʘʪʠʯʝʩʢʠʡ ʦʪʜʝʣ ʩʪʠʤʫʣʠʨʫʝʪ 
ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʝʨʜʮʘ, ʘ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʡ ï ʫʛʥʝʪʘʝʪ ʝʝ. ʎʝʥʪʨʘʣʴʥʘʷ 
ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʠʨʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʫʨʦʚʥʠ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘ-
ʪʠʯʝʩʢʦʛʦ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʦʚ ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 
ʆʜʥʘʢʦ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʘʢʪʠʚʘʮʠʠ ʦʙʦʠʭ ʦʪʜʝʣʦʚ ʵʬʬʝʢʪʳ ʩʠʤʧʘʪʠ-
ʯʝʩʢʦʡ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʳʭ ʩʠʩʪʝʤ ʥʝ ʩʢʣʘʜʳʚʘʶʪʩʷ ʧʨʦʩʪʳʤ 
ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʧʦʵʪʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʭ ʵʬʬʝʢʪʦʚ ʥʝʣʴʟʷ 
ʚʳʨʘʟʠʪʴ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʚʝʛʝʪʘʪʠʚʥʘʷ ʠʥʥʝʨʚʘʮʠʷ 
ʨʘʟʣʠʯʥʳʭ ʦʪʜʝʣʦʚ ʩʝʨʜʮʘ ʥʝʦʜʥʦʨʦʜʥʘ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 
ʫʟʣʦʚʦʡ ʪʢʘʥʠ ʧʨʝʦʙʣʘʜʘʶʪ ʵʬʬʝʢʪʳ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʨʝʘ-
ʣʠʟʫʝʤʳʝ ʯʝʨʝʟ ʙʣʫʞʜʘʶʱʠʡ ʥʝʨʚ, ʘ ʚ ʤʠʦʢʘʨʜʝ ʞʝʣʫʜʦʯʢʦʚ ʚʣʠʷʥʠʝ 
ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʚʳʨʘʞʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ, ʯʝʤ ʧʘʨʘʩʠʤʧʘ-
ʪʠʯʝʩʢʦʛʦ. ʈʘʟʣʠʯʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʩʝʨʜʮʝ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʙʣʫʞʜʘʶʱʝʛʦ 
ʥʝʨʚʘ. ɺʦʣʦʢʥʘ ʧʨʘʚʦʛʦ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ ʠʥʥʝʨʚʠʨʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʩʠ-
ʥʫʩʦʚʳʡ ʫʟʝʣ, ʘ ʚʦʣʦʢʥʘ ʣʝʚʦʛʦ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ ʧʦʜʭʦʜʷʪ ʛʣʘʚʥʳʤ 
ʦʙʨʘʟʦʤ ʢ ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʦʤʫ ʫʟʣʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʘʚʳʡ ʙʣʫʞʜʘʶʱʠʡ 
ʥʝʨʚ ʚʣʠʷʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʯʘʩʪʦʪʫ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʏʉʉ), 
ʘ ʣʝʚʳʡ ï ʥʘ ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʦʝ ʧʨʦʚʝʜʝʥʠʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʨʘʟ-
ʜʨʘʞʝʥʠʠ ʧʨʘʚʦʛʦ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ ʙʦʣʝʝ ʚʳʨʘʞʝʥ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 
ʭʨʦʥʦʪʨʦʧʥʳʡ ʵʬʬʝʢʪ (ʟʘʤʝʜʣʝʥʠʝ ʏʉʉ), ʘ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʣʝʚʦʛʦ ï ʦʪ-
ʨʠʮʘʪʝʣʴʥʳʡ ʜʨʦʤʦʪʨʦʧʥʳʡ (ʟʘʤʝʜʣʝʥʠʝ ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʦʛʦ ʧʨʦʚʝ-
ʜʝʥʠʷ). 
ɸʩʠʤʤʝʪʨʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠʥʥʝʨʚʘʮʠʠ ʩʝʨʜʮʘ. 

ʉʠʤʧʘʪʠʯʝʩʢʠʝ ʥʝʨʚʳ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʦʙʳʯʥʦ ʠʥʥʝʨʚʠʨʫʶʪ ʧʝʨʝʜʥʶʶ 
ʧʦʚʝʨʭʥʦʩʪʴ ʞʝʣʫʜʦʯʢʦʚ ʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʠʥʫʩʦʚʳʡ ʫʟʝʣ, ʘ ʣʝʚʦʡ ï 
ʟʘʜʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʞʝʣʫʜʦʯʢʦʚ ʠ ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʳʡ ʫʟʝʣ. 
ʇʘʨʘʩʠʤʧʘʪʠʯʝʩʢʫ  ʁ ʩʠʩʪʝʤʫ ʨʝʛʫʣʷʮʠʠ ʩʯʠʪʘʶʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʩʠʩʪʝʤʦʡ. ɽy  ʤʝʜʠʘʪʦʨ ï ʘʮʝʪʠʣʭʦʣʠʥ. ʆʥ ʙʳʩʪʨʦ ʨʘʟʨʫʰʘʝʪʩʷ ʭʦʣʠʥʝ-
ʩʪʝʨʘʟʦʡ. ʇʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ ʣʘʪʝʥʪʥʳʡ 
ʧʝʨʠʦʜ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 200 ʤʩ. ʂʦʣʝʙʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʧʘʨʘ-
ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʨʦʞʜʘʶʪ ʠʟʤʝʥʝʥʠʷ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʩ ʯʘʩʪʦ-
ʪʦʡ 0,15é0,4 ɻʮ ʠ ʙʦʣʝʝ, ʬʦʨʤʠʨʫʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʙʳʩʪʨʳʝ (ʚʳʩʦʢʦʯʘʩ-
ʪʦʪʥʳʝ) ʚʦʣʥʳ (HF-high frequency). 
ʇʦʚʳʰʝʥʠʝ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʏʉʉ. 

ʅʦʨʘʜʨʝʥʘʣʠʥ (ʅɸ), ʦʩʚʦʙʦʞʜʘʶʱʠʡʩʷ ʠʟ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʨʚʥʳʭ ʦʢʦʥ-
ʯʘʥʠʡ, ʧʦʚʳʰʘʝʪ ʯʘʩʪʦʪʫ ʩʧʦʥʪʘʥʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ 
ʉɸ-ʫʟʣʘ. ʇʨʠ ʩʪʠʤʫʣʷʮʠʠ ʩʝʨʜʝʯʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʨʚʦʚ ʏʉʉ ʥʘʯʠʥʘ-
ʝʪ ʧʦʚʳʰʘʪʴʩʷ ï ʣʘʪʝʥʪʥʳʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʝʪ 1 ī 3 ʩ. ʋʩʪʘʥʦʚʠʚʰʠʡʩʷ 
ʫʨʦʚʝʥʴ ʏʉʉ ʜʦʩʪʠʛʘʝʪʩʷ ʣʠʰʴ ʯʝʨʝʟ 30 ī 60 ʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʩʪʠʤʫʣʷʮʠʠ 
ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ. 
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ʇʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʩʪʠʤʫʣʷʮʠʠ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʭʨʦʥʦʪʨʦʧ-
ʥʳʡ ʵʬʬʝʢʪ ʧʦʩʪʝʧʝʥʥʦ ʠʩʯʝʟʘʝʪ ʠ ʨʠʪʤ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʢʦʥʪʨʦʣʴʥʦʤʫ 
ʫʨʦʚʥʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʤʧʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝ-
ʥʠʷ  ï ʵʪʦ ʤʝʜʣʝʥʥʘ ̫ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʮʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʚʦʣʥʳ, ʦʙʫ-
ʩʣʦʚʣʝʥʥʳʝ ʢʦʣʝʙʘʥʠʝʤ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʥʘʟʳʚʘʶʪʩʷ ʤʝʜʣʝʥʥʳ-
ʤʠ (ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ) (LF-low frequency). 
ʇʨʠʚʝʜʝʤ ʦʜʥʫ ʠʟ ʛʠʧʦʪʝʟ, ʜʦʢʘʟʳʚʘʶʱʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʧʘʨʘʩʠʤʧʘʪʠ-

ʯʝʩʢʠʭ ʚʣʠʷʥʠʡ ʚ ʤʝʜʣʝʥʥʳʭ ʚʦʣʥʘʭ. ɺʳʙʨʦʩ ʢʨʦʚʠ ʠʟ ʩʝʨʜʮʘ ʠ ʧʫʣʴʩʘ-
ʮʠʷ ʩʦʩʫʜʦʚ ʟʘʚʠʩʷʪ ʦʪ ʜʳʭʘʥʠʷ. ʅʘ ʚʜʦʭʝ ʩʥʠʞʘʝʪʩʷ ʩʠʩʪʦʣʠʯʝʩʢʠʡ ʦʙʲ-
ʝʤ ʚʳʙʨʦʩʘ ʠʟ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʪʦʢ ʢʨʦʚʠ ʢ ʩʝʨʜʮʫ. 
ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʠʩʘʩʳʚʘʶʱʝʡ ʚʦʣʥʳ ʢʨʦʚʠ ʠʟ ʧʝʨʠ-
ʬʝʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʫʣʴʩʦʚʦʤ ʜʚʠʞʝʥʠʠ ʢʨʦʚʠ ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʘʷ ʚʦʣʥʘ ī ʜʳʭʘʪʝʣʴʥʘʷ, ʢʦʛʜʘ ʚ ʪʘʢʪ ʜʳʭʘʥʠʶ (ʩ ʯʘʩʪʦʪʦʡ, ʤʝʥɹ-
ʰʝʡ, ʯʝʤ ʯʘʩʪʦʪʘ ʧʫʣʴʩʘ) ʤʝʥʷʝʪʩʷ ʚʳʩʦʪʘ ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʳ ʢʨʦʚʠ. ʊʘʢ 
ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʦʢʘʟʳʚʘʝʪ ʤʦʜʫʣʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʘʢʪʠʚ-
ʥʦʩʪʴ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʙʥʘʨʫʞʝʥʳ ʦʩʦʙʳʝ ʢʣʝʪʢʠ, ʩʦʜʝʨ-
ʞʘʱʠʝ ʙʦʣʴʰʠʝ ʟʘʧʘʩʳ ʢʘʪʝʭʦʣʘʤʠʥʦʚ. ʅʘ ʥʠʭ ʨʘʩʧʦʣʦʞʝʥʳ ʩʠʥʘʧʩʳ, 
ʦʙʨʘʟʦʚʘʥʥʳʝ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʦʢʦʥʯʘʥʠʷʤʠ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ. ʉʣʝʜʦ-
ʚʘʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʦ ʠ ʧʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ ʥʘ ʘʜʨʝ-
ʥʝʨʛʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ. ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʯʘʩʪʴ ʚʥʫʪʨʠʩʝʨʜʝʯʥʳʭ 
ʥʝʡʨʦʮʠʪʦʚ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʥʘ ʤʦʥʦʘʤʠʥʦʢʩʠʜʘʟʫ. ʕʪʦ 
ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʦʙʦʠʭ ʟʚʝʥʴʝʚ ʚʝʛʝʪʘ-
ʪʠʚʥʦʡ ʩʠʩʪʝʤʳ.  

ʉʘʤʘ ̫ʤʝʜʣʝʥʥʘ ̫ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ï ʛʫʤʦʨʘʣʴʥʦ-
ʤʝʪʘʙʦʣʠʯʝʩʢʘʷ. ʆʥʘ ʩʚʷʟʘʥʘ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʢʘʢ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʛʦʨʤʦʥʦʚ 
ʚ ʢʨʦʚʠ, ʪʘʢ ʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʘʤʦʡ ʪʢʘʥʠ (ʪʢʘʥʝʚʳʭ ʛʦʨʤʦʥʦʚ). ɽʝ 
ʨʝʛʫʣʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʪʢʘʥʝʡ: ʦʜʥʦ ʢʦʣʝʙʘʥʠʝ ʚ 
ʤʠʥʫʪʫ ʠ ʨʝʞʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʤʝʥʝʝ 0,04 ɻʮ, ʪʘʢ ʥʘ-
ʟʳʚʘʝʤʳʝ ʦʯʝʥʴ ʤʝʜʣʝʥʥʳʝ (ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ) ʚʦʣʥʳ (VLF-very low fre-
quency). 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʣʠʷ-
ʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʧʨʦʜʦʣʛʦʚʘʪʦʤ ʤʦʟʛʝ ʨʘʩʧʦʣʦʞʝʥ 
ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʡ ʮʝʥʪʨ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʡ, ʩʠʤʧʘ-
ʪʠʯʝʩʢʠʡ ʠ ʩʦʩʫʜʦʜʚʠʛʘʪʝʣʴʥʳʡ ʮʝʥʪʨʳ, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪʩʷ ʧʦʜʢʦʨʢʦ-
ʚʳʤʠ ʫʟʣʘʤʠ ʠ ʢʦʨʦʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʋʩʣʦʚʥʦ ʚʳʜʝʣʷʶʪ ʯʝʪʳʨʝ ʫʨʦʚʥʷ 
ʮʝʥʪʨʘʣʴʥʦʡ ʨʝʛʫʣʷʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ï 
ʩʧʠʥʥʦʡ ʤʦʟʛ, ʩʪʚʦʣ ʤʦʟʛʘ, ʦʙʣʘʩʪʴ ʛʠʧʦʪʘʣʘʤʫʩʘ, ʢʦʨʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 

ʉʪʚʦʣ ʤʦʟʛʘ ʧʦʩʪʦʷʥʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʝʛʝʪʘʪʠʚʥʳʡ ʪʦʥʫʩ. ɻʠʧʦʪʘʣʘ-
ʤʫʩ ʠ ʣʠʤʙʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʢʦʦʨʜʠʥʘʮʠʶ ʚʝʛʝʪʘʪʠʚʥʳʭ, 
ʧʦʚʝʜʝʥʯʝʩʢʠʭ, ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʨʝʘʢʮʠʡ ʠ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
ʜʝʷʪʝʣʴʥʦʩʪʠ. ʈʘʟʜʨʘʞʝʥʠʝ ʵʨʛʦʪʨʦʧʥʳʭ ʦʪʜʝʣʦʚ ʛʠʧʦʪʘʣʘʤʫʩʘ ʚʳʟʳʚʘʝʪ 
ʩʠʤʧʘʪʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ, ʘ ʨʘʟʜʨʘʞʝʥʠʝ ʪʨʦʬʦʪʨʦʧʥʳʭ ʦʪʜʝʣʦʚ ʦʢʘʟʳ-
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ʚʘʝʪ ʪʦʨʤʦʟʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ. ʂʦʨʘ ʛʦ-
ʣʦʚʥʦʛʦ ʤʦʟʛʘ ï ʚʳʩʰʠʡ ʨʝʛʫʣʷʪʦʨʥʳʡ ʮʝʥʪʨ ʠʥʪʝʛʨʘʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦ-
ʩʪʠ, ʘʢʪʠʚʠʨʫʝʪ ʢʘʢ ʤʦʪʦʨʥʳʝ, ʪʘʢ ʠ ʚʝʛʝʪʘʪʠʚʥʳʝ ʮʝʥʪʨʳ. 

2.2. ʈʝʬʣʝʢʪʦʨʥʘʷ ʨʝʛʫʣʷʮʠʷ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ɹʘʨʦʨʝʮʝʧʪʦʨʥʳʡ ʨʝʬʣʝʢʩ. ɹʘʨʦʨʝʮʝʧʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʨʝʮʝʧʪʦʨʳ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ ʩʪʝʥʢʠ ʘʨʪʝʨʠʡ, 
ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʢʘʨʦʪʠʜʥʳʭ ʩʠʥʫʩʘʭ ʠ ʜʫʛʝ ʘʦʨʪʳ. ɸʬʬʝʨʝʥʪʥʳʝ ʠʤ-
ʧʫʣʴʩʳ ʦʪ ʨʝʮʝʧʪʦʨʦʚ ʢʘʨʦʪʠʜʥʳʭ ʩʠʥʫʩʦʚ ʧʦʩʪʫʧʘʶʪ ʚ ʛʦʣʦʚʥʦʡ ʤʦʟʛ ʧʦ 
ʚʝʪʚʷʤ ʷʟʳʢʦʛʣʦʪʦʯʥʳʭ ʥʝʨʚʦʚ (IX ʧʘʨʘ). ʀʤʧʫʣʴʩʳ ʦʪ ʙʘʨʦʨʝʮʝʧʪʦʨʦʚ 
ʘʦʨʪʳ ʧʦʩʪʫʧʘʶʪ ʚ ʤʦʟʛ ʧʦ ʚʝʪʚʷʤ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ (X ʧʘʨʘ). ʕʬʬʝ-
ʨʝʥʪʥʦʝ ʧʣʝʯʦ ʙʘʨʦʨʝʮʝʧʪʦʨʥʦʛʦ ʨʝʬʣʝʢʩʘ ʦʙʨʘʟʫʝʪʩʷ ʩʠʤʧʘʪʠʯʝʩʢʠʤʠ ʠ 
ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʤʠ ʚʦʣʦʢʥʘʤʠ. ʏʘʩʪʦʪʘ ʠʤʧʫʣʴʩʦʚ ʙʘʨʦʨʝʮʝʧʪʦʨʦʚ 
ʩʪʝʥʢʠ ʘʨʪʝʨʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʨʝʜʥʝʛʦ ʘʨʪʝʨʠʘʣʴʥʦʛʦ 
ʜʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʘʨʦʪʠʜʥʳʭ ʩʠʥʫʩʦʚ ʠ ʜʫʛʠ ʘʦʨʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʫʤʝʥʴʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʚ ʵʬʬʝʨʝʥʪʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʥʘʭ ʠ ʫʚʝ-
ʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʚ ʵʬʬʝʨʝʥʪʥʳʭ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʥʘʭ. ʉʥʠ-
ʞʝʥʠʝ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʤʝʥʴʰʘʝʪ ʚʘʟʦʤʦʪʦʨ-
ʥʳʡ ʪʦʥʫʩ ʚ ʨʝʟʠʩʪʠʚʥʳʭ ʠ ʝʤʢʦʩʪʥʳʭ ʩʦʩʫʜʘʭ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʥʠʞʝʥʠʶ 
ʏʉʉ, ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ɸɺ-ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʫʤʝʥʴʰʘʝʪ ʩʦʢʨʘʪʠʤʦʩʪʴ 
ʤʠʦʢʘʨʜʘ. ʇʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ ʚʳʟʳʚʘʝʪ ʪʝ ʞʝ 
ʵʬʬʝʢʪʳ, ʯʪʦ ʠ ʩʥʠʞʝʥʠʝ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 
ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʬʬʝʨʝʥʪʥʦʡ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠ ʧʘʨʘ-

ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 
ʥʘʙʣʶʜʘʪʁʩʷ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠʙʣʠʟʠʪʝʣʴ-
ʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʜʘʚʣʝʥʠʡ. ɽʩʣʠ ʘʨʪʝʨʠʘʣʴʥʦʝ 
ʜʘʚʣʝʥʠʝ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ, ʪʦ ʪʦʥʫʩ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩ-
ʯʝʟʘʝʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʬʣʝʢʪʦʨʥʘʷ ʨʝʛʫʣʷʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʣʶʯʠʪʝʣʴ-
ʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʡ ʵʬʬʝʨʝʥʪʥʦʡ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʀ 
ʥʘʦʙʦʨʦʪ, ʝʩʣʠ ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ, ʪʦ ʩʠʤʧʘʪʠʯʝ-
ʩʢʠʡ ʪʦʥʫʩ ʧʦʣʥʦʩʪʴʶ ʫʛʥʝʪʘʝʪʩʷ, ʘ ʛʨʘʜʘʮʠʷ ʨʝʬʣʝʢʪʦʨʥʦʡ ʨʝʛʫʣʷʮʠʠ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʡ ʵʬʬʝʨʝʥʪʥʦʡ ʨʝʛʫʣʷʮʠʠ 
ʚʘʛʫʩʘ. 
ʈʝʬʣʝʢʩ ɹʝʡʥʙʨʠʜʞʘ. ʉʫʪʴ ʵʪʦʛʦ ʨʝʬʣʝʢʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʢʨʦʚʠ ʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʢʨʫʧʥʳʭ ʚʝʥʘʭ 
ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʏʉʉ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʦʧʫʪʩʪʚʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʘʨ-
ʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʈʝʬʣʝʢʩ ʫʩʪʨʘʥʷʝʪʩʷ ʜʚʫʩʪʦʨʦʥʥʝʡ ʚʘʛʦʪʦʥʠʝʡ. 
ʈʝʬʣʝʢʩ ɹʝʡʥʙʨʠʜʞʘ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʙʘʨʦʨʝʮʝʧʪʦʨʥʳʤ ʨʝʬʣʝʢʩʦʤ ʧʨʠ 
ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʢʨʦʚʠ. ʀ ʥʘʦʙʦʨʦʪ, ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ 
ʢʨʦʚʠ ʫʤʝʥʴʰʘʝʪ ʤʠʥʫʪʥʳʡ ʦʙʲʝʤ ʠ ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ. ʇʨʠ ʵʪʦʤ 
ʏʉʉ ʧʦʚʳʰʘʝʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʝʤʘ ʮʠʨʢʫʣʠʨʫʶ-
ʱʝʡ ʢʨʦʚʠ ʙʘʨʦʨʝʮʝʧʪʦʨʥʳʡ ʨʝʬʣʝʢʩ ʜʦʣʞʝʥ ʧʨʝʦʙʣʘʜʘʪʴ ʥʘʜ ʨʝʬʣʝʢ-
ʩʦʤ ɹʝʡʥʙʨʠʜʞʘ. 
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ʍʝʤʦʨʝʮʝʧʪʦʨʥʳʡ ʨʝʬʣʝʢʩ. ʇʝʨʠʬʝʨʠʯʝʩʢʠʝ ʘʨʪʝʨʠʘʣʴʥʳʝ ʭʝʤʦ-
ʨʝʮʝʧʪʦʨʳ ʨʝʘʛʠʨʫʶʪ ʥʘ ʩʥʠʞʝʥʠʝ ʨʆ2 ʠ ʨʅ ʘʨʪʝʨʠʘʣʴʥʦʡ ʢʨʦʚʠ ʠ ʥʘ ʧʦ-
ʚʳʰʝʥʠʝ ʨʉʆ2. ʉʪʠʤʫʣʷʮʠʷ ʘʨʪʝʨʠʘʣʴʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʚʳʟʳʚʘʝʪ ʛʠʧʝʨ-
ʚʝʥʪʠʣʷʮʠʶ ʣʝʛʢʠʭ, ʙʨʘʜʠʢʘʨʜʠʶ ʠ ʩʫʞʝʥʠʝ ʩʦʩʫʜʦʚ. ʆʜʥʘʢʦ ʘʤʧʣʠʪʫʜʘ 
ʵʪʠʭ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʨʝʘʢʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʠʟʤʝʥʝʥʠʡ 
ʣʝʛʦʯʥʦʡ ʚʝʥʪʠʣʷʮʠʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʩʪʠʤʫʣʷʮʠʷ ʭʝʤʦʨʝʮʝʧʪʦʨʦʚ ʚʳʟr -
ʚʘʝʪ ʫʤʝʨʝʥʥʫʶ ʛʠʧʝʨʚʝʥʪʠʣʷʮʠʶ, ʪʦ ʨʝʘʢʮʠʝʡ ʩʝʨʜʮʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʙʫ-
ʜʝʪ ʙʨʘʜʠʢʘʨʜʠʷ, ʠ, ʥʘʦʙʦʨʦʪ, ʧʨʠ ʩʠʣʴʥʦʡ ʛʠʧʝʨʚʝʥʪʠʣʷʮʠʠ ʏʉʉ ʦʙʳʯʥʦ 
ʚʦʟʨʘʩʪʘʝʪ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʠʣʠʝ ʠ ʩʣʦʞʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ 
ʥʘ ʨʠʪʤ ʩʝʨʜʮʘ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʮʠʧʨʦʢʥʦʝ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤ ʤʦʞʝʪ ʙʳʪʴ 
ʵʬʬʝʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʦʮʝʥʢʠ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʩʝʨʜʝʯ-
ʥʦʛʦ ʨʠʪʤʘ. ʕʪʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʦʩʥʦʚʘʥʦ ʥʘ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʧʨʠʥ-
ʮʠʧʘʭ: 
ī ʜr ʭʘʪʝʣʴʥʳʝ ʚʦʣʥʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʘʢ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʩʧʝʢ-
ʪʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ï ʵʪʦ ʤʘʨʢʝʨ rʤʦʜʫʣʷʮʠʠ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨ-
ʚʘ; 

ī ʨʠʪʤ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʚʘʟʦʤʦʪʦʨʥʳʤ ʚʦʣʥʘʤ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚʘʨʠʘ-
ʙʝʣʴʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ʠ ɸɼ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʘʢ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ 
ʢʦʤʧʦʥʝʥʪʳ, ï ʤʘʨʢʝʨ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʤʦʜʫʣʷʮʠʠ; 

ī ʩʫʱʝʩʪʚʫʝʪ ʨʝʮʠʧʨʦʢʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʨʠʪʤʘʤʠ, ʭʘʨʘʢ-
ʪʝʨʠʟʫʶʱʠʤʠ ʙʘʣʘʥʩ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʣʠʷʥʠʡ; 

ī ʧʨʠ ʢʦʨʦʪʢʦʡ ʟʘʧʠʩʠ (200ï500 ʠʥʪʝʨʚʘʣʦʚ R-R) ʤʦʞʥʦ ʘʜʝʢʚʘʪʥʦ ʦʮʝ-
ʥʠʪʴ ʪʦʣʴʢʦ LF ʠ HF ʢʦʤʧʦʥʝʥʪʳ. ʆʮʝʥʠʚʘʪʴ ʙʘʣʘʥʩ ɺʅʉ ʥʝʦʙʭʦʜʠʤʦ 
ʩ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ LF/HF ʚ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ, ʠʟ ʢʦʪʦ-
ʨʦʛʦ ʠʩʢʣʶʯʝʥ ʧʦʢʘʟʘʪʝʣʴ VLF. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ,  ʜʦʩʪʦʚʝʨʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʙʘʣʘʥʩ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʠ 
ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʦʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ. 
ʋʤʝʥʴʰʝʥʠʝ ʪʦʥʫʩʘ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 
ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʥʫʩʘ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʥʝʨʚʥʦʡ ʩʠʩ-
ʪʝʤʳ. ʄʦʱʥʦʩʪʴ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ (HF) ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ (LF) ʦʪʨʘ-
ʞʘʝʪ ʥʝ ʘʙʩʦʣʶʪʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʠ ʩʠʤʧʘʪʠʯʝʩʢʦ-
ʛʦ ʪʦʥʫʩʘ, ʘ ʢʦʣʝʙʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʠʤʧʫʣʴʩʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʢ 
ʩʝʨʜʮʫ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʝʨʚʘʤ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʚʣʠʷʥʠʡ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʠʪʤʠʯʝʩʢʫʶ ʜʝʷ-
ʪʝʣʴʥʦʩʪʴ ʩʝʨʜʮʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.1. 
ʈʠʪʤ ʩʝʨʜʮʘ ï ʵʪʦ ʨʝʘʢʮʠ ̫ʦʨʛʘʥʠʟʤʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʨʘʟʜʨʘʞʝʥʠʷ 

ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ. ʏʉʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʝ-
ʛʫʣʷʪʦʨʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. 
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ʈʠʩ. 2.1. ʄʝʭʘʥʠʟʤʳ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ï ʵʪʦ ʧʦʧʳʪʢʘ 
ʚʳʜʝʣʠʪʴ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʥʘ ʨʠʪʤ ʩʝʨʜʮʘ ʢʘʞʜʦʛʦ ʠʟ 
ʟʚʝʥʴʝʚ (ʮʝʥʪʨʘʣʴʥʦʛʦ, ʚʝʛʝʪʘʪʠʚʥʦʛʦ, ʛʫʤʦʨʘʣʴʥʦʛʦ, ʨʝʬʣʝʢʪʦʨʥʦʛʦ), 
ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʨʝʟʝʨʚ rʦʨʛʘʥʠʟʤʘ, ʩʬʦʨʤʠ-
ʨʦʚʘʪʴ ʧʨʦʛʥʦʟ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʚʳʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʜʙʦʨʫ ʦʧ-
ʪʠʤʘʣʴʥʦʡ ʪʝʨʘʧʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʥʪʨʦʣʝʤ ʟʘ ʧʨʦʚʦʜʠʤʳʤ ʣʝʯʝʥʠ-
ʝʤ. 

3. ʉʆɺʈɽʄɽʅʅʓɽ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ɺʉʈ 

3.1. ʄʝʪʦʜʠʢʘ ʟʘʧʠʩʠ ʢʘʨʜʠʦʨʠʪʤʦʛʨʘʤʤʳ 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʦʚʘʚʰʘʷ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʙʣʝʤʘ ʦʪ-
ʩʫʪʩʪʚʠʷ ʩʪʘʥʜʘʨʪʦʚ ʠʟʤʝʨʝʥʠʷ ɺʉʈ ʙʳʣʘ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ ʨʝʢʦʤʝʥ-
ʜʘʮʠʡ ʈʘʙʦʯʝʡ ʛʨʫʧʧʳ ʝʚʨʦʧʝʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʢʘʨʜʠʦʣʦʛʦʚ ʠ ʉʝʚʝʨʦ-
ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʩʪʠʤʫʣʷʮʠʠ ʠ ʣɻʝʢʪʨʦʬʠʟʠʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʨʘʟ-
ʨʘʙʦʪʘʣʠ ʠ ʧʨʝʜʣʦʞʠʣʠ ʠʭ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 1996 ʛ. ʇʦ-
ʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʤʝʪʦʜʠʢʝ ʟʘʧʠʩʠ ʢʘʨʜʠʦʨʠʪʤʦʛʨʘʤ-
ʤʳ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʩ ʫʯʝʪʦʤ ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ. 
ʂʘʨʜʠʦʨʠʪʤʦʛʨʘʤʤʫ (ʂʈɻ) ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʧʠʩʝʡ 

ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʳ (ʨʝʦʛʨʘʤʤʘ, ʩʬʠʛʤʦʛʨʘʤʤʘ, ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʤʤʘ ʠ 
ʜʨ.). ʆʜʥʘʢʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ R-R-ʠʥʪʝʨʚʘʣʦʚ ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʕʂɻ-ʩʠʛʥʘʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʩʯʝʪʘ 
ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ʣʫʯʰʝ ʧʨʠʤʝʥʷʪʴ ʟʘʧʠʩʴ 
ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʧʠʩʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 5 ʤʠʥ (300 ʩ). ʆʜʥʘʢʦ 
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ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʧʘʮʠʝʥʪʦʚ ʩ ʯʘʩʪʦʪʦʡ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ, ʦʪʣʠ-
ʯʘʶʱʝʡʩʷ ʦʪ ʩʨʝʜʥʝʡ (60ī80 ʫʜʘʨʦʚ ʚ ʤʠʥʫʪʫ), ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʩʪʘʥʦʚʠʪʴ 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʧʠʩʠ ʥʝ ʧʦ ʚʨʝʤʝʥʠ, ʘ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʨʝʛʠʩʪʨʠʨʫʝ-
ʤʳʭ ʢʘʨʜʠʦʮʠʢʣʦʚ (ʢʦʤʧʣʝʢʩʦʚ PQRS). ʈʝʢʦʤʝʥʜʫʝʤʦʝ ʯʠʩʣʦ ʟʘʧʠʩʠ ï ʦʪ 
300 ʜʦ 500 ʢʘʨʜʠʦʮʠʢʣʦʚ. ʇʨʠ ʥʘʨʫʰʝʥʠʷʭ ʨʠʪʤʘ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʧʠʩʠ ʥʝ ʤʝʥʝʝ 10 ʤʠʥ (600 ʩ). ʇʨʠ ʧʦʚʪʦʨʥʳʭ ʟʘʧʠ-
ʩʷʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʙ ʩʣʝʜʫʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪ-
ʚʦ ʢʘʨʜʠʦʮʠʢʣʦʚ. ɼʘʥʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʦʙʲʷʩʥʷʶʪ ʪʝʤ, ʯʪʦ ʜʣʷ ʘʥʘʣʠʟʘ 
ʂʈɻ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʧʘʨʘʪʘ ʤʘʪʝʤʘ-
ʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʚʳ-
ʙʦʨʦʢ. 

ʋʩʣʦʚʠʷ ʟʘʧʠʩʠ. ʈʝʛʠʩʪʨʘʮʠʶ ʂʈɻ ʥʘʯʠʥʘʶʪ ʯʝʨʝʟ ʜʚʘ ʯʘʩʘ ʧʦʩʣʝ 
ʝʜʳ, ʚ ʪʠʭʦʡ ʟʘʪʝʥʝʥʥʦʡ ʢʦʤʥʘʪʝ, ʛʜʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʪʝʤʧʝ-
ʨʘʪʫʨʘ 20é22 Áʉ. ʇʝʨʝʜ ʂʈɻ-ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʙʷʟʘʪʝʣʴʥʦ ʦʪʤʝʥʷʶʪ ʬʠ-
ʟʠʦʧʨʦʮʝʜʫʨ rʠ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʝ ʣʝʯʝʥʠʝ ʩ ʫʯʝʪʦʤ ʩʨʦʢʘ ʚʳʚʝʜʝʥʠʷ ʣʝ-
ʢʘʨʩʪʚ ʠʟ ʦʨʛʘʥʠʟʤʘ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʟʘʧʠʩʴʶ ʂʈɻ ʥʝʦʙʭʦʜʠʤ ʧʝ-
ʨʠʦʜ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 5 - 10 ʤʠʥ, ʠʥʦʛʜʘ 
ʙʦʣʴʰʝ, ʧʦ ʨʝʰʝʥʠʶ ʚʨʘʯʘ. ɽʩʣʠ ʘʜʘʧʪʘʮʠʷ ʦʢʘʟʘʣʘʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦʡ, ʪʦ 
ʠʟ ʘʥʘʣʠʟʘ ʠʩʢʣʶʯʘʶʪ ʠʩʢʘʞʝʥʥʳʡ ʫʯʘʩʪʦʢ ʠʣʠ ʘʥʘʣʠʟ ʥʝ ʧʨʦʚʦʜʪ̫ ʚʦʦʙ-
ʱʝ. 
ʕʂɻ ʟʘʧʠʩʳʚʘʶʪ ʚ ʧʦʣʦʞʝʥʠʠ ʣʝʞʘ ʥʘ ʩʧʠʥʝ ʧʨʠ ʩʧʦʢʦʡʥʦʤ ʜʳʭʘʥʠʠ. 

ʆʙʩʪʘʥʦʚʢʘ ʚʦ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʙʣʠʞʝʥʘ ʢ ʝʩʪʝʩʪ-
ʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʜʠʥʘʤʠʢʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʪʝʩ-
ʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʷʪ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʪʦʢ ʙʝʟ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʚʳ-
ʨʘʞʝʥʥʳʭ ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʥʘʪʦʱʘʢ, ʧʦʩʣʝ ʜʦʩʪʘ-
ʪʦʯʥʦʛʦ ʩʥʘ. ʅʝʦʙʭʦʜʠʤʦ ʫʩʪʨʘʥʠʪʴ ʧʦʤʝʭʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʵʤʦʮʠʦʥʘʣʴ-
ʥʦʤʫ ʚʦʟʙʫʞʜʝʥʠʶ, ʥʝʣʴʟʷ ʨʘʟʛʦʚʘʨʠʚʘʪʴ ʩ ʠʩʩʣʝʜʫʝʤʳʤ ʠ ʧʦʩʪʦʨʦʥʥʠʤʠ, 
ʠʩʢʣʶʯʠʪʴ ʪʝʣʝʬʦʥʥʳʝ ʟʚʦʥʢʠ ʠ ʧʦʷʚʣʝʥʠʝ ʚ ʢʘʙʠʥʝʪʝ ʜʨʫʛʠʭ ʣʠʮ, ʚʢʣʶ-
ʯʘʷ ʤʝʜʨʘʙʦʪʥʠʢʦʚ. ɺ ʧʝʨʠʦʜ ʨʝʛʠʩʪʨʘʮʠʠ ʂʈɻ ʧʘʮʠʝʥʪ ʜʦʣʞʝʥ ʜʳʰʘʪʴ, 
ʥʝ ʜʝʣʘʷ ʛʣʫʙʦʢʠʭ ʚʜʦʭʦʚ, ʥʝ ʢʘʰʣʷʪʴ, ʥʝ ʩʛʣʘʪʳʚʘʪʴ ʩʣʶʥʫ. ʇʦʩʣʝ ʬʠʟʠ-
ʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʝʤʫ ʩʣʝʜʫʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʫʶ ʥʝʭʚʘʪʢʫ ʚʦʟʜʫʭʘ 
ʥʝ ʛʣʫʙʦʢʠʤʠ ʚʜʦʭʘʤʠ, ʘ ʫʯʘʱʝʥʠʝʤ ʜʳʭʘʥʠʷ. 

ɺʳʙʦʨ ʦʪʚʝʜʝʥʠʡ ʠ ʟʘʧʠʩʴ ʤʦʥʠʪʦʨʥʦʡ ʕʂɻ. ʄʦʥʠʪʦʨʥʳʝ ʕʂɻ- 
ʟʘʧʠʩʠ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʬʦʥʦʚʳʝ ʧʨʦʙʳ) ʦʙʳʯʥʦ ʟʘʧʠ-
ʩʳʚʘʁʪ ʚ ʦʩʥʦʚʥʳʭ ʦʪʚʝʜʝʥʠʷʭ ʚ ʧʦʣʦʞʝʥʠʠ ʣʝʞʘ ʥʘ ʩʧʠʥʝ ʧʨʠ ʩʧʦʢʦʡ-
ʥʦʤ ʜʳʭʘʥʠʠ. ʕʪʦʪ ʤʝʪʦʜ ʥʘʠʙʦʣʝʝ ʢʦʤʬʦʨʪʝʥ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʘʮʠʝʥ-
ʪʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʢʣʘʜʳʚʘʪʴ ʵʣʝʢʪʨʦʜʳ ʚ ʛʨʫʜʥʳʭ ʦʪ-
ʚʝʜʝʥʠʷʭ. 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ ʤʦʥʠʪʦʨʥʦʡ ʕʂɻ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʢʘʨ-
ʜʠʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʂʘʨʜʠʦʣʘʙ. ʉʠʩʪʝʤʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʟʛʦ-
ʪʦʚʣʝʥʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʙʦʨʦʚ ʠ ʪʝʭʥʦʣʦ-
ʛʠʡ çʍɸʀ-ʄɽɼʀʂɸè ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
çʍɸʀè, ʧʨʦʰʣʘ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʤʝʜʠʮʠʥʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʠ ʩʝʨʪʠʬʠʮʠʨʦʚʘ-
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ʥʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʋʢʨʘʠʥʝ, ʈʦʩʩʠʠ ʠ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʉʅɻ. ʆʧʳʪ ʧʨʘʢ-
ʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʤʥʦʛʠʭ ʣʝʯʝʙ-
ʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʧʦʢʘʟʘʣ ʝʸ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠ ʫʜʦʙʩʪʚʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
ɺʩʝ ʜʘʣʴʥʝʡʰʠʝ ʧʨʠʤʝʨʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ, ʘʥʘʣʠʟʘ ʠ ʠʥʪʝʨ-
ʧʨʝʪʘʮʠʠ ʢʘʨʜʠʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʘʥʘʣʠʟʫ ɺʉʈ ʙʫʜʝʤ ʧʨʠʚʦ-
ʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʂʘʨʜʠʦʣʘʙ. 

 

ʈʠʩ. 3.1. ʆʢʥʦ ʧʨʦʩʤʦʪʨʘ ʤʦʥʠʪʦʨʥʦʡ ʕʂɻ 

ʆʢʥʦ ʧʨʦʩʤʦʪʨʘ ʤʦʥʠʪʦʨʥʦʡ ʕʂɻ (ʨʠʩ. 3.1) ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 
ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʕʂɻ ʚʦ ʚʩʝʭ ʦʪʚʝʜʝʥʠʷʭ ʜʣʷ ʢʦʥʪʨʦʣʷ ʝʝ 
ʢʘʯʝʩʪʚʘ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʘʥʘʣʠʟʘ ʨʠʪʤʘ ʜʦʩʪʘʪʦʯʥʦ ʚʩʝʛʦ ʦʜʥʦʛʦ          
ʕʂɻ-ʦʪʚʝʜʝʥʠʷ, ʪʦ ʤʦʥʠʪʦʨʥʘ ̫ ʕʂɻ ʩʦʭʨʘʥʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ 
ʚʳʙʨʘʥʥʦʤ ʦʪʚʝʜʝʥʠʠ. ʇʨʠʥʷʪʦ ʚʳʙʠʨʘʪʴ ʦʪʚʝʜʝʥʠʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʘʤʧʣʠʪʫʜʦʡ R-ʧʠʢʘ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʘʨʪʝʬʘʢʪʦʚ. ʕʪʦ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ R-R-ʠʥʪʝʨʚʘʣʦʚ ʠ 
ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ. ɺʳʙʨʘʥʥʦʝ ʜʣʷ ʘʥʘʣʠʟʘ 
ʕʂɻ-ʦʪʚʝʜʝʥʠʝ ʦʪʤʝʯʘʶʪ ʩʪʨʝʣʢʦʡ  ʨʷʜʦʤ ʩ ʥʘʟʚʘʥʠʝʤ ʦʪʚʝʜʝʥʠʷ. 

ʆʙʳʯʥʦ ʵʪʦ II ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʚʝʜʝʥʠʝ, ʥʦ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʠ ʜʨʫʛʦʝ, ʩ 
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ʙʦʣʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ R-ʧʠʢʦʚ. 
ʆʢʥʦ ʧʨʦʩʤʦʪʨʘ ʤʦʥʠʪʦʨʥʦʡ ʕʂɻ ï ʧʨʦʤʝʞʫʪʦʯʥʦʝ. ʀʟ ʥʝʛʦ ʤʦʞʥʦ 

ʧʝʨʝʡʪʠ ʣʠʙʦ ʢ ʟʘʧʠʩʠ ʦʪʜʝʣʴʥʦʡ ʤʦʥʠʪʦʨʥʦʡ ʕʂɻ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʬʦʥʘ ʠʣʠ ʦʙʱʝʛʦ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʪʦʥʫʩʘ, ʣʠʙʦ ʢ ʟʘʧʠʩʠ 
ʧʘʢʝʪʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʙ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʧʨʦʪʦʢʦʣʦʤ ʜʣʷ 
ʠʟʫʯʝʥʠʷ ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʘʢʪʠʚʥʦʩʪʠ ʠ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʋʙʝʜʠʚʰʠʩʴ ʚ ʫʩʪʦʡʯʠʚʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʕʂɻ, ʤʦʞʥʦ 
ʥʘʯʠʥʘʪʴ ʟʘʧʠʩ ɹʚ ʧʘʤʷʪʴ ʢʦʤʧʴʶʪʝʨʘ (ʨʠʩ. 3.2). 

 

ʈʠʩ. 3.2. ʆʢʥʦ ʟʘʧʠʩʠ ʤʦʥʠʪʦʨʥʦʡ ʕʂɻ 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʢʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʕʂɻ ʠ ʪʝʢʫʱʘʷ 
ʏʉʉ. ʉ ʧʦʤʦʱʴʶ ʢʥʦʧʦʢ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʫʜʦʙʥʳʝ ʤʘʩʰʪʘʙʳ 
ʦʪʦʙʨʘʞʝʥʠʷ ʕʂɻ-ʩʠʛʥʘʣʘ (ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ). ɺ ʵʪʦʤ ʞʝ 
ʦʢʥʝ ʦʪʦʙʨʘʞʝʥʦ ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʟʘʧʠʩʠ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʢʥʘ ʟʘʧʠʩʠ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ 
ʨʘʩʩʯʠʪʳʚʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʠʩʪ-
ʨʠʨʫʝʤʦʡ ʟʘʧʠʩʠ, ʘ ʪʘʢʞʝ ʩʪʨʦʷʪ ʢʘʨʜʠʦʨʠʪʤʦʛʨʘʤʤʫ. 
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ʇʦ ʦʢʦʥʯʘʥʠʠ ʚʨʝʤʝʥʠ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ (5 ʠʣʠ 10 ʤʠʥ) ʟʘʧʠʩʴ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 
ʘʥʘʣʠʟʘ. 

3.2. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʟʘʧʠʩʠ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪ ɹʚʥʠʤʘʥʠʝ ʥʘ ʥʘʣʠʯʠʝ ʧʦʤʝʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʤr -
ʰʝʯʥʳʤ ʪʨʝʤʦʨʦʤ, ʧʣʦʭʠʤ ʢʦʥʪʘʢʪʦʤ ʵʣʝʢʪʨʦʜʦʚ ʩ ʢʦʞʝʡ, ʥʝʩʧʦʢʦʡʥʳʤ 
ʧʦʚʝʜʝʥʠʝʤ ʦʙʩʣʝʜʫʝʤʦʛʦ ʠ ʜʨʫʛʠʤʠ ʧʨʠʯʠʥʘʤʠ. ʇʨʠ ʚʳʷʚʣʝʥʠʠ ʘʨʪʝ-
ʬʘʢʪʦʚ ʠ ʵʢʪʦʧʠʯʝʩʢʠʭ ʩʦʢʨʘʱʝʥʠʡ ʙʦʣʝʝ 5é10 % ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʛʨʘ-
ʥʠʯʠʪʴʩʷ ʘʥʘʣʠʟʦʤ ʛʠʩʪʦʛʨʘʤʤʳ ʠ ʩʢʘʪʪʝʨʛʨʘʤʤʳ. 

ʇʦʩʣʝ ʩʦʭʨʘʥʝʥʠʷ ʤʦʥʠʪʦʨʥʦʡ ʕʂɻ ʥʝʦʙʭʦʜʠʤʦ ʚʥʠʤʘʪʝʣʴʥʦ ʧʨʦ-
ʩʤʦʪʨʝʪʴ ʟʘʧʠʩʴ, ʫʩʪʘʥʦʚʠʪ ɹʚʦʜʠʪʝʣʴ ʨʠʪʤʘ (ʦʧʨʝʜʝʣʠʪ ɹʠʩʪʦʯʥʠʢ ʚʦʟ-
ʙʫʞʜʝʥʠʷ ʠ ʭʦʜ ʚʦʟʙʫʞʜʝʥʠʷ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʝ ʟʫʙʮʦʚ ʈ ʢ ʞʝʣʫʜʦʯʢʦʚʳʤ 
ʢʦʤʧʣʝʢʩʘʤ QRS). 

ʉʠʥʫʩʦʚʳʡ ʨʠʪʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʫʙʮʦʚ ʈ, 
ʟʘ ʢʘʞʜʳʤ ʠʟ ʢʦʪʦʨʳʭ ʜʦʣʞʝʥ ʩʣʝʜʦʚʘʪʴ ʢʦʤʧʣʝʢʩ QRS ʩ ʧʦʩʪʦʷʥʥʳʤ ʠʥ-
ʪʝʨʚʘʣʦʤ ʈ-R (Q), ʨʘʚʥʳʤ ʠʣʠ ʧʨʝʚʳʰʘʶʱʠʤ 0,12 ʩ (ʫ ʚʟʨʦʩʣʳʭ), ʟʘ ʠʩ-
ʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʝʚ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʞʝʣʫʜʦʯʢʦʚ, ʢʦʛʜʘ ʦʥ 
ʢʦʨʦʯʝ. ʌʦʨʤʘ ʟʫʙʮʘ ʈ ʜʦʣʞʥʘ ʙʳʪʴ ʦʜʠʥʘʢʦʚʦʡ ʚʦ ʚʩʝʭ ʩʝʨʜʝʯʥʳʭ ʮʠʢ-
ʣʘʭ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʰʠʨʠʥʝ (ʜʦ 0,12 ʩ) ʚʩʝʭ ʟʫʙʮʦʚ ʈ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʪʦʧʠʯʝʩʢʠʭ ʩʦʢʨʘʱʝʥʠʡ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʫ ʧʘʮʠʝʥʪʘ ʩʠʥʜʨʦʤʘ ʩʣʘʙʦʩʪʠ ʩʠʥʫ-
ʩʦʚʦʛʦ ʫʟʣʘ. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘ-
ʣʠʟʘ ɺʉʈ ʥʫʞʥʦ ʚʦʩʧʨʠʥʠʤʘʪʴ ʩ ʙʦʣʴʰʦʡ ʦʩʪʦʨʦʞʥʦʩʪʴʶ. ɺ ʵʪʠʭ ʩʠʪʫʘ-
ʮʠʷʭ ʟʘʯʘʩʪʫʶ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ɺʉʈ ʩʯʠʪʘʶʪ ʥʝʢʦʨʨʝʢʪʥʳʤʠ. 

3.3. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ɺʈʉ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʟʫʘʣʴʥʳʭ ʠ 
ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʠʢ ʘʥʘʣʠʟʘ ɺʈʉ. ʀʭ ʤʦʞʥʦ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʩʣʝʜʫʶ-
ʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʄʝʪʦʜʳ ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ (Time domain methods): 
A. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ. 
ɹ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ: 
ī ʚʳʯʠʩʣʝʥʠʝ ʪʨʠʘʥʛʫʣʷʨʥʦʛʦ ʠʥʜʝʢʩʘ (HRV triangular index) ʠ ʠʥʜʝʢʩʘ 
ʪʨʠʘʥʛʫʣʷʨʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʛʠʩʪʦʛʨʘʤʤʳ ʠʥʪʝʨʚʘʣʦʚ R-R (TINN); 

ī ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʜʝʢʩʘ çʉʚʷʪʦʛʦ ɻʝʦʨʛʘè; 
ī ʦʮʝʥʢʘ ʢʫʧʦʣʘ ʛʠʩʪʦʛʨʘʤʤʳ ʧʦ ʃ. ʅ. ʃʶʪʠʢʦʚʦʡ. 
2. ɸʥʘʣʠʟ ʚʦʣʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʨʠʪʤʘ ʩʝʨʜʮʘ (ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ, fre-

quency domain methods): 
ɸ. ʆʮʝʥʢʘ ʨʠʪʤʦʛʨʘʤʤʳ: 
ī ʚʠʟʫʘʣʴʥʦ-ʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʚʳʜʝʣʝʥʠʝʤ ʰʝʩʪʠ ʢʣʘʩʩʦʚ ʨʠʪʤʦ-
ʛʨʘʤʤ ʧʦ ɼ. ʀ. ɾʝʤʘʡʪʠʪʝ (ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʠʢʠ ʯʝʪʚʝʨʪʦʛʦ 
ʢʣʘʩʩʘ ʈɻ ʧʦ ɽ. ɸ. ɹʝʨʝʟʥʦʤʫ); 

ī ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʤʦʱʥʦʩʪʠ ʚʦʣʥ, % (HF, LF, VLF). 



15 
 

ɹ. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ. 
3. ʅʝʣʠʥʝʡʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ: 
ɸ. ʇʦʢʘʟʘʪʝʣʠ ʩʢʘʪʪʝʨʛʨʘʤʤʳ (ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʨʠʪʤʦʛʨʘʤʤʳ). 
ɹ. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʥʝʣʠʥʝʡʥʳʭ ʭʘʦʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʢʘʨʜʠʦʨʠʪʤʘ 
(ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʭʘʦʩ, ʵʥʪʨʦʧʠʷ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʠ ʜʨ.). 

4. ɺʘʨʠʘʮʠʦʥʥʘʷ ʧʫʣʴʩʦʤʝʪʨʠʷ ʧʦ ʈ. ʄ. ɹʘʝʚʩʢʦʤʫ, ʚʢʣʶʯʘʶʱʘʷ ʚ 
ʩʝʙʷ: 
ī ʦʮʝʥʢʫ ʧʦʢʘʟʘʪʝʣʝʡ ʦʜʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; 
ī ʦʮʝʥʢʫ ʧʦʢʘʟʘʪʝʣʝʡ ʜʚʫʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; 
ī ʚʳʯʠʩʣʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʜʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; 
ī ʤʝʪʦʜʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 
ʋʯʠʪʳʚʘʷ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʠʥʪʝʨʚʘʣʦʚ R-R ʜʣʷ ʦʮʝʥʢʠ ɺʅʉ, ʘ ʪʘʢʞʝ ʥʝʦʜʥʦʨʦʜ-
ʥʦʩʪʴ ʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʚ 1996 ʛ. ʥʘ ʩʦʚʤʝʩʪʥʦʤ ʟʘʩʝ-
ʜʘʥʠʠ ɽʚʨʦʧʝʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʢʘʨʜʠʦʣʦʛʦʚ ʠ ʉʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʛʦ ʦʙ-
ʱʝʩʪʚʘ ʵʣʝʢʪʨʦʩʪʠʤʫʣʷʮʠʠ ʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʠ ʙʳʣʠ ʚʳʨʘʙʦʪʘʥʳ ʝʜʠ-
ʥʳʝ ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʘʥʘʣʠʟʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ, ʩʦʛʣʘʩʥʦ ʢʦ-
ʪʦʨʳʤ ɺʈʉ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʟʤʝʨʷʪʴ ʣʠʙʦ ʧʦ ʢʦʨʦʪʢʠʤ (5 ʤʠʥ), ʣʠʙʦ 
ʜʣʠʥʥʳʤ (24 ʯʘʩʘ) ʟʘʧʠʩʷʤ ʕʂɻ. ɸʥʘʣʠʟ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʚʨʝʤʝʥʥʳʭ ʠ ʯʘʩʪʦʪʥʳʭ ʤʝʪʦʜʦʚ. 

3.3.1. ʄʝʪʦʜʳ ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʄʝʪʦʜʳ ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʧʨʦʜʦʣʞʠ-
ʪʝʣʴʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ R-R ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʳʤʠ ʩʦ-
ʢʨʘʱʝʥʠʷʤʠ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʠ. 
ɼʣʷ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʢʦʨʦʪʢʦʡ ʟʘʧʠʩʠ ʕʂɻ ʨʝʢʦʤʝʥʜʫ-

ʝʪʩʷ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʥʠʞʝ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ɸ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʕʪʠ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʠʟʤʝʥʝʥʠʡ ʜʣʠ-
ʪʝʣʴʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ R-R ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʳʤʠ ʩʠʥʫ-
ʩʦʚʳʤʠ ʢʘʨʜʠʦʮʠʢʣʘʤʠ ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʀʥ-
ʪʝʨʚʘʣʳ R-R ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ QRS ʥʦʨʤʘʣʴʥʳʭ ʢʘʨʜʠʦʮʠʢʣʦʚ ʥʘʟʳ-
ʚʘʁʪ ʠʥʪʝʨʚʘʣʘʤʠ NN (normal-normal). ʇʨʠ ʚʨʝʤʝʥʥʦʤ ʘʥʘʣʠʟʝ ʨʠʪʤʦ-
ʛʨʘʤʤʳ ʦʮʝʥʠʚʘʶʪ ʜʚʘ ʪʠʧʘ ʚʝʣʠʯʠʥ ī ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʥʪʝʨʚʘʣʦʚ NN ʠ 
ʨʘʟʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʦʩʝʜʥʠʭ ʠʥʪʝʨʚʘʣʦʚ NN. 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ɺʈʉ ʥʘ ʢʦʨʦʪʢʦʤ       

(5 ī 10 ʤʠʥ) ʫʯʘʩʪʢʝ ʟʘʧʠʩʠ ʨʠʪʤʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʠ: 
ī RRNN - ʩʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʥʪʝʨʚʘʣʦʚ R-R ʠ ʦʙʨʘʪʥʘʷ ʚʝʣʠʯʠ-

ʥʘ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ī ʩʨʝʜʥʷʷ ʏʉʉ. ʇʦʢʘʟʘʪʝʣʴ RRNN ʦʪʨʘʞʘʝʪ ʢʦʥʝʯ-
ʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʚʣʠʷʥʠʡ ʥʘ ʩʠʥʫʩʦʚʳʡ ʨʠʪʤ 
ʩʣʦʞʠʚʰʝʛʦʩʷ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʤ ʠ ʩʠʤʧʘʪʠʯʝʩʢʠʤ ʦʪʜʝ-
ʣʘʤʠ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ; 
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ī SDNN (standard deviation of the NN interval) ī ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝ-
ʥʠʝ (SD) ʚʝʣʠʯʠʥ ʥʦʨʤʘʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ R-R (NN). ɸʥʦʨʤʘʣʴʥʳʝ ʠʥʪʝʨ-
ʚʘʣʳ R-R ʠʟ ʘʥʘʣʠʟʘ ʠʩʢʣʶʯʘʶʪʩʷ. ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (SDNN) ī 
ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ī ʭʘ-
ʨʘʢʪʝʨʠʟʫʝʪ ʩʦʩʪʦʷʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ. SDNN ī ʵʪʦ ʠʥʪʝʛʨʘʣʴʥʡr 
ʧʦʢʘʟʘʪʝʣ,ɹ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ɺʈʉ ʚ ʮʝʣʦʤ, ʟʘʚʠʩʠʪ ʦʪ ʚʣʠʷʥʠʷ ʥʘ ʩʠʥʫ-
ʩʦʚʳʡ ʫʟʝʣ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʦʚ ʚʝʛʝʪʘʪʠʚʥʦʡ 
ʩʠʩʪʝʤʳ. ʋʚʝʣʠʯʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 
ʦ ʩʤʝʱʝʥʠʠ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʙʘʣʘʥʩʘ ʚ ʩʪʦʨʦʥʫ ʧʨʝʦʙʣʘʜʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʦʪ-
ʜʝʣʦʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʦʚʝʨʥʦ ʩʫʜʠʪʴ ʦ 
ʚʣʠʷʥʠʠ ʥʘ ɺʈʉ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ 
ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚʝʣʠʯʠʥʘ SDNN ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 
ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʩʝʛʤʝʥʪʘ ʕʂɻ (ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʚʦʟʨʘʩʪʘʪʴ ʧʨʠ ʫʚʝʣʠ-
ʯʝʥʠʠ ʚʨʝʤʝʥʠ ʟʘʧʠʩʠ); 
ī SDNN/RRNNx100 % ī ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ (CV). ʇʦ ʬʠʟʠʦʣʦʛʠ-

ʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ SDNN, ʥʦ ʧʨʠ ʘʥʘʣʠʟʝ 
ɺʈʉ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʏʉʉ; 

ī RMSSD (the square root of the mean squared differences of successive 
NN interval) ī ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠʟ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʦʚ ʨʘʟʥʦʩʪʝʡ ʚʝʣʠ-
ʯʠʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʘʨ ʠʥʪʝʨʚʘʣʦʚ NN; 

ī NN50 ī ʢʦʣʠʯʝʩʪʚʦ ʧʘʨ ʩʦʩʝʜʥʠʭ ʠʥʪʝʨʚʘʣʦʚ NN, ʨʘʟʣʠʯʘʶʱʠʭʩʷ 
ʙʦʣʝʝ ʯʝʤ ʥʘ 50 ʤʩ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʟʘʧʠʩʠ; 

ī pNN50 % ī ʧʨʦʮʝʥʪ (ʜʦʣʷ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ NN, ʨʘʟ-
ʣʠʯʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʧʨʝʚʳʰʘʝʪ 50 ʤʩ. 

ʇʦʣʘʛʘʶʪ, ʯʪʦ ʥʘ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ RMSSD, NN50 (pNN50 %) 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʡ ʦʪʜʝʣ ʚʝʛʝʪʘʪʠʚʥʦʡ ʩʠʩʪʝ-
ʤ .r ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʷʚʣʷʶʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʩʠʥʫʩʦʚʦʡ ʘʨʠʪʤʠʠ, ʩʚʷʟʘʥʥʦʡ 
ʩ ʜʳʭʘʥʠʝʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʢʘʟʘʪʝʣʠ SDNN ʠ RMSSD, ʨNN50 % ʠʟʤʝʥʷ-
ʶʪʩʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦ. ʆʜʥʘʢʦ ʧʨʠ ʜʣʠʥʥʦʡ ʟʘʧʠʩʠ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʚr -
ʧʦʣʥʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʙ, ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝ-
ʥʠʝ RMSSD ʠ ʨNN50 % ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ SDNN. ʇʨʠʯʠʥʘ ʟʘʢʣʶ-
ʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʚʳʝ ʜʚʘ ʧʦʢʘʟʘʪʝʣʷ ʦʪʨʘʞʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʩʤʝʥʫ ʯʘʩʪʦʪʳ ʨʠʪʤʘ, ʟʘʚʠʩʷʱʫʶ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʧʘʨʘ-
ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʥʘ ʟʥʘʯʝʥʠʝ SDNN ʚʣʠʷʝʪ 
ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʘʤʠ ʩʝʨʜʝʯʥʳʭ ʩʦ-
ʢʨʘʱʝʥʠʡ. 

ɹ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʇʦʜ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ ɺʈʉ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʦ-
ʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ ʛʠʩʪʦʛʨʘʤʤ. ɺ ʛʠʩʪʦʛʨʘʤʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ R-R-ʠʥʪʝʨ-
ʚʘʣʦʚ ʚʳʩʦʪʘ ʢʘʞʜʦʛʦ ʩʪʦʣʙʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ R-R-ʠʥʪʝʨʚʘ-
ʣʦʚ, ʧʦʧʘʚʰʠʭ ʚʦ ʚʨʝʤʝʥʥʦʡ ʜʠʘʧʘʟʦʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʣʦʞʝʥʠʶ ʨʘʩ-
ʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʪʦʣʙʠʢʘ ʥʘ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʝ. ʀʥʦʛʜʘ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʫ-
ʧʝʥʯʘʪʦʡ ʛʠʩʪʦʛʨʘʤʤʳ ʟʘʤʝʥʷʶʪ ʠʟʦʙʨʘʞʝʥʠʝʤ ʩʛʣʘʞʠʚʘʶʱʝʡ ʝʝ ʧʣʘʚ-
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ʥʦʡ ʣʠʥʠʠ. ʌʦʨʤʘ ʛʠʩʪʦʛʨʘʤʤʳ (ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʣʙʮʦʚ) ʟʘʚʠʩʠʪ ʦʪ ʰʠʨʠʥʳ 
ʨʘʟʨʷʜʘ, ʪ.ʝ. ʦʪ ʪʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʥʘ ʢʦʪʦʨʦʝ ʨʘʟʙʠʚʘʶʪ ʦʩʥʦ-
ʚʘʥʠʝ ʛʠʩʪʦʛʨʘʤʤʳ. ʐʠʨʠʥʫ ʨʘʟʨʷʜʘ ʚʳʙʠʨʘʶʪ ʣʠʙʦ ʬʠʢʩʠʨʦʚʘʥʥʦ    
(0,05 ʩ ʧʨʠ ʦʙʲʝʤʝ ʚʳʙʦʨʢʠ ʦʢʦʣʦ 100 ʢʘʨʜʠʦʮʠʢʣʦʚ), ʣʠʙʦ ʧʦ ʬʦʨʤʫʣʝ  
ʈ. ʄ. ɹʘʝʚʩʢʦʛʦ 

ἰ
ὀἵἩὀ ὀἵἱἶ

ἳ
ȟ 

ʛʜʝ Xmax ī ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʨʚʘʣʘ R-R; Xmin ī ʤʠʥʠʤʘʣʴʥʦʝ 
ʟʥʘʯʝʥʠʝ ʠʥʪʝʨʚʘʣʘ R-R; k ī ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ: 

k = 1 + 3,322 Ͻ lg(n), 

ʛʜʝ n ī ʯʠʩʣʦ ʥʘʙʣʶʜʝʥʠʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. 
ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʪʨʠʘʥʛʫʣʷʨʥʦʛʦ ʠʥʜʝʢʩʘ ʰʘʛ ʛʠʩʪʦʛʨʘʤʤʳ ʧʨʠʥʠʤʘ-

ʶʪ ʨʘʚʥʳʤ 1/128 ʩ. 
ʇʨʠ ʘʥʘʣʠʟʝ ʛʠʩʪʦʛʨʘʤʤ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʢʦʨʦʪʢʠʭ ʫʯʘʩʪʢʘʭ ʟʘʧʠʩʠ 

(250ī500 ʠʥʪʝʨʚʘʣʦʚ R-R), ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʛʠʩʪʦʛʨʘʤʤ: 
ʅʦʨʤʘʣʴʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ. ɺ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʫ ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥ ʠʥʪʝʨʚʘʣʦʚ R-R ʙʣʠʟʢʦ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝ-
ʣʝʥʠʶ (ʨʠʩ. 3.3). 

ɸʩʠʤʤʝʪʨʠʯʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ. ɸʩʠʤʤʝʪʨʠʷ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ 
ʧʨʠ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʨʠʪʤʘ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʨʫʰʝʥʠʝ ʩʪʘʮʠʦʥʘʨ-
ʥʦʩʪʠ ʧʨʦʮʝʩʩʘ (ʨʠʩ. 3.4). 

ʕʢʩʮʝʩʩʠʚʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ. ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʯʝʥʴ ʫʟʢʠʤ ʦʩʥʦʚʘ-
ʥʠʝʤ ʠ ʟʘʦʩʪʨʝʥʥʦʡ ʚʝʨʰʠʥʦʡ ʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʨʠ ʩʪʨʝʩʩʝ ʠ ʧʘʪʦ-
ʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ (ʨʠʩ. 3.5). 

ɸʤʦʜʘʣʴʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ. ʇʨʠ ʘʤʦʜʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʩʝ ʥʘ-
ʩʪʦʣʴʢʦ ʭʘʦʪʠʯʥʦ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʦʜʫ, ʪ.ʝ. ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪ-
ʥʦʝ ʠʣʠ ʜʦʤʠʥʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʥʪʝʨʚʘʣʘ R-R. ʇʦʜʦʙʥʘʷ 
ʛʠʩʪʦʛʨʘʤʤʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʬʠʙʨʠʣʣʷʮʠʠ ʧʨʝʜʩʝʨʜʠʡ, ʯʘʩʪʦʡ ʧʦʣʠʪʦʧ-
ʥʦʡ ʵʢʩʪʨʘʩʠʩʪʦʣʠʠ, ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʘʨʪʝʬʘʢʪʦʚ (ʨʠʩ. 3.6). 

ʇʦʣʠʤʦʜʘʣʴʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʳ 
ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢ, ʯʪʦ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʨʘʞʝʥʥʳʭ, ʙʣʠʟʢʠʭ ʧʦ ʚʳʩʦʪʝ 
ʩʪʦʣʙʠʢʦʚ ʥʘ ʛʠʩʪʦʛʨʘʤʤʝ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʛ ʙʳ ʩʯʠʪʘʪʴʩʷ ʦʩʥʦʚ-
ʥʳʤ, ʪ.ʝ. ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ ʟʚʘʥʠʝ ʤʦʜʳ. ɺ ʪʠʧʠʯʥʦʤ ʚʠʜʝ ʪʘʢʫʶ ʛʠʩʪʦ-
ʛʨʘʤʤʫ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʨʠ ʘʣʣʦʨʠʪʤʠʠ (ʨʠʩ. 3.7). 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʛʠʩʪʦʛʨʘʤʤ ʚ ʩʚʷʟʠ ʩ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʬʦʨʤ ʠʩʧʦʣʴʟʫʶʪ 
ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ: ʣʠʥʝʡʥʳʝ, ʪʨʝʫʛʦʣʴʥʳʝ, ʙʘʟʠʨʫʶ-
ʱʠʝʩʷ ʥʘ ʘʥʘʣʠʟʝ ʢʨʠʚʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (ʧʦʢʘʟʘʪʝʣʠ ʘʩʠʤʤʝʪʨʠʠ, ʵʢʩ-
ʮʝʩʩ), ʠ ʜʨ. 
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ʈʠʩ. 3.3. ɻʠʩʪʦʛʨʘʤʤʘ. ʅʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

 

ʈʠʩ. 3.4. ɻʠʩʪʦʛʨʘʤʤʘ. ɸʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
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ʈʠʩ. 3.5. ɻʠʩʪʦʛʨʘʤʤʘ. ʕʢʩʮʝʩʩʠʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

 
ʈʠʩ. 3.6. ɻʠʩʪʦʛʨʘʤʤʘ. ɸʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
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ʈʠʩ. 3.7. ɻʠʩʪʦʛʨʘʤʤʘ. ʇʦʣʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʝʪʦʜ r ʘʥʘʣʠʟʘ 
ʛʠʩʪʦʛʨʘʤʤ ī ʵʪʦ ʤʝʪʦʜʳ ʠʭ ʪʨʠʘʥʛʫʣʷʨʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ. 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʜʝʢʩʘ çʉʚʷʪʦʛʦ ɻʝʦʨʛʘè. ɽʩʣʠ ʚʦ ʚʨʝʤʷ 
ʟʘʧʠʩʠ ʂʈɻ ʚʩʪʨʝʯʘʶʪʩʷ ʘʨʪʝʬʘʢʪʳ, ʵʢʪʦʧʠʯʝʩʢʠʝ ʩʦʢʨʘʱʝʥʠʷ, ʚʳʧʘʜʝ-
ʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʝʨʜʝʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʦ ʜʣʷ ʦʮʝʥʢʠ ʛʠʩʪʦʛʨʘʤʤʳ ʮʝʣʝ-
ʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʜʝʢʩ ñʉʚʷʪʦʛʦ ɻʝʦʨʛʘò. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪ-
ʩ ̫ʚ ʪʦʤ, ʯʪʦ ʛʠʩʪʦʛʨʘʤʤʫ ʫʩʣʦʚʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʚʝ-
ʣʠʯʠʥʫ ʦʩʥʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ (b) ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 

(2 Ͻ ɸ) / h, 

ʛʜʝ h ī ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʚʘʣʦʚ ʩ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʝʡʩʷ ʜʣʠ-
ʪʝʣʴʥʦʩʪʴʶ; ɸ ī ʧʣʦʱʘʜʴ ʛʠʩʪʦʛʨʘʤʤʳ, ʪ.ʝ. ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʩʝʭ ʘʥʘ-
ʣʠʟʠʨʫʝʤʳʭ ʠʥʪʝʨʚʘʣʦʚ R-R. 
ɺʝʣʠʯʠʥʘ ʦʩʥʦʚʘʥʠʷ ʢʦʩʚʝʥʥʦ ʦʪʨʘʞʘʝʪ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ɺʈʉ ī ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʨʠʪʤʘ, ʘ ʧʣʦʱʘʜʴ ʪʨʝʫʛʦʣʴʥʠʢʘ ī ʦʙʱʝʝ ʢʦ-
ʣʠʯʝʩʪʚʦ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʠʥʪʝʨʚʘʣʦʚ R-R. ʇʨʠ ʵʪʦʤ ʘʨʪʝʬʘʢʪʳ, ʵʢ-
ʪʦʧʠʯʝʩʢʠʝ ʩʦʢʨʘʱʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʩʪʘʶʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʪʨʝʫʛʦʣʴ-
ʥʠʢʘ, ʠʭ ʥʝ ʫʯʠʪʳʚʘʶʪ ʧʨʠ ʘʥʘʣʠʟʝ (ʨʠʩ. 3.8). 
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ʈʠʩ. 3.8. ʆʧʨʝʜʝʣʝʥʠʝ ʠʥʜʝʢʩʘ çʉʚʷʪʦʛʦ ɻʝʦʨʛʘè 

ʊʨʠʘʥʛʫʣʷʨʥʳʡ ʠʥʜʝʢʩ (HRV triangular index) ʠ ʠʥʜʝʢʩ ʪʨʠʘʥʛʫ-
ʣʷʨʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʛʠʩʪʦʛʨʘʤʤʳ ʠʥʪʝʨʚʘʣʦʚ R-R (TINN). ʇʦʢʘ-
ʟʘʪʝʣʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ɽʚʨʦʧʝʡʩʢʠʤ ʦʙʱʝʩʪʚʦʤ ʢʘʨʜʠʦʣʦʛʦʚ ʠ ʉʝʚʝʨʦ-
ʘʤʝʨʠʢʘʥʩʢʠʤ ʦʙʱʝʩʪʚʦʤ ʧʦ ʵʣʝʢʪʨʦʩʪʠʤʫʣʷʮʠʠ ʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʠ. 
ɻʠʩʪʦʛʨʘʤʤʫ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʥʝʨʘʚʥʦʙʝʜʨʝʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʀʩ-
ʧʦʣʴʟʫʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʝ ʥʘʠʤʝʥʴʰʠʭ 
ʢʚʘʜʨʘʪʦʚ, ʩʢʣʦʥ ʛʠʩʪʦʛʨʘʤʤʳ ʧʨʠʙʣʠʞʘʶʪ ʦʪʨʝʟʢʦʤ ʧʨʷʤʦʡ ʪʘʢ, ʯʪʦʙʳ 
ʨʘʟʥʠʮʘ ʧʣʦʱʘʜʝʡ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʠ ʠʩʭʦʜʥʦʡ ʛʠʩʪʦ-
ʛʨʘʤʤʳ ʙʳʣʘ ʥʘʠʤʝʥʴʰʝʡ. ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 
ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʦʩʥʦʚʘʥʠʝ. ʇʦʣʫʯʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʥʘʟʳʚʘʝʪʩʷ ʪʨʠʘʥʛʫʣʷʨʥʳʤ ʠʥʜʝʢʩʦʤ. 

ʆʮʝʥʢʘ ʢʫʧʦʣʘ ʛʠʩʪʦʛʨʘʤʤʳ ʧʦ ʃ. ʅ. ʃʶʪʠʢʦʚʦʡ (1995 ʛ.) 

ɺ ʜʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʜʣʷ ʦʮʝʥʢʠ ʰʠʨʠʥʳ (W) ʦʩʥʦʚʥʦʛʦ ʢʫʧʦʣʘ ʛʠʩʪʦ-
ʛʨʘʤʤʳ ʧʨʝʜʣʘʛʘʶʪ ʧʘʨʘʤʝʪʨʳ WN1, WN5, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʰʠʨʠʥʫ ʦʩ-
ʥʦʚʥʦʛʦ ʢʫʧʦʣʘ ʛʠʩʪʦʛʨʘʤʤʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʫʨʦʚʥʝ 1 ʠ 5 % ʦʪ ʦʙʱʝʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤʳ, ʠ ʧʘ-
ʨʘʤʝʪʨʳ WAM 5 ʠ WAM 10 ī ʥʘ ʫʨʦʚʥʝ 5 ʠ 10 % ʘʤʧʣʠʪʫʜʳ ʤʦʜʳ. ʇʦ ʧʝ-
ʨʝʩʝʯʝʥʠʶ ʫʢʘʟʘʥʥʳʭ ʫʨʦʚʥʝʡ ʩ ʢʦʥʪʫʨʦʤ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʩʯʠʪʳʚʘʶʪ ʠh-
ʨʠʥʫ ʦʩʥʦʚʥʦʛʦ ʝʝ ʢʫʧʦʣʘ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʪʦʤ, ʯʪʦ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʩʥʦʚʥʦʡ ʢʫʧʦʣ ʛʠʩʪʦʛʨʘʤʤʳ, ʧʨʝʜʩʪʘʚʣʷʶ-
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ʱʠʡ ʩʦʙʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ, ʪ.ʝ. ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 
ʠʥʪʝʨʚʘʣʦʚ R-R, ʘ ʠʥʪʝʨʚʘʣʳ R-R, ʩʚʷʟʘʥʥʳʝ ʩ ʘʨʪʝʬʘʢʪʘʤʠ ʠ ʵʢʩʪʨʘʩʠʩ-
ʪʦʣʘʤʠ, ʦʙʨʘʟʫʶʪ ʣʠʙʦ ʦʪʜʝʣʴʥʳʝ ʧʠʢʠ, ʣʠʙʦ ʤʘʣʳʝ ʢʫʧʦʣʘ, ʢʦʪʦʨʳʝ ʥʝ 
ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʚʝʣʠʯʠʥʝ WN, WAM (ʨʠʩ. 3.9). 

  

ʈʠʩ. 3.9. ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʢʫʧʦʣʘ ʛʠʩʪʦʛʨʘʤʤʳ ʧʦ ʃ.ʅ. ʃʶʪʠʢʦʚʦʡ 

ʆʮʝʥʠʚ ʧʦʢʘʟʘʪʝʣʠ ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʞʥʦ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ: 
çʂʘʢ ʚʝʣʠʢʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ?è. 

3.3.2. ɸʥʘʣʠʟ ʚʦʣʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʨʠʪʤʘ ʩʝʨʜʮʘ 

ɸ. ʆʮʝʥʢʘ ʨʠʪʤʦʢʘʨʜʠʦʛʨʘʤʤʳ 

ɺʠʟʫʘʣʴʥʦ-ʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʚʳʜʝʣʝʥʠʝʤ ʰʝʩʪʠ ʢʣʘʩʩʦʚ 
ʨʠʪʤʦʛʨʘʤʤ ʧʦ ɼ. ʀ. ɾʝʤʘʡʪʠʪʝ ʠʣʠ ʯʝʪʳʨʝʭ ʢʣʘʩʩʦʚ ʧʦ ɽ. ɸ. ɹʝ-
ʨʝʟʥʦʤʫ 

ʈʠʪʤʦʢʘʨʜʠʦʛʨʘʤʤʘ ī ʵʪʦ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ ʚ ʚʠʜʝ ʦʪʨʝʟʢʦʚ ʧʨʷʤʦʡ ʣʠ-
ʥʠʠ, ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦ ʜʣʠʥʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʘʫʟ ʤʝʞʜʫ ʩʦʢʨʘʱʝ-
ʥʠʷʤʠ ʩʝʨʜʮʘ. ʂʘʞʜʳʡ ʠʟ ʦʪʨʝʟʢʦʚ ʥʘʯʠʥʘʝʪʩʷ ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ, ʥʘ ʢʦʪʦʨʦʡ 
ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ (n), ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚʚʝʨʭ ʧʘʨʘʣʣʝʣʴʥʦ 
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ʦʩʠ ʦʨʜʠʥʘʪ ʩʦ ʰʢʘʣʦʡ ʚʨʝʤʝʥʠ ʚ ʩʝʢʫʥʜʘʭ. 
ɺ ʥʦʨʤʝ ʚʝʨʭʥʠʡ ʢʨʘʡ ʂʈɻ ī ʥʝʨʦʚʥʳʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʦʷʥʥʦ 

ʤʝʥʷʶʱʝʡʩʷ ʜʣʠʥʦʡ ʠʥʪʝʨʚʘʣʦʚ R-R. ʈʠʩʫʥʦʢ ʵʪʦʡ ʥʝʨʦʚʥʦʩʪʠ ʬʦʨʤʠʨʫ-
ʝʪʩʷ ʪʨʝʤʷ ʚʠʜʘʤʠ ʚʦʣʥ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʚʳʩʦʢʦʯʘʩ-
ʪʦʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ (HF), ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ (LF) ʠ ʢʦʣʝʙʘ-
ʥʠʷʤʠ ʦʯʝʥʴ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ (VLF). ɺʩʝ ʪʨʠ ʚʠʜʘ ʢʦʣʝʙʘʥʠʡ ʨʘʟʣʠʯʠʤʳ 
ʚʠʟʫʘʣʴʥʦ, ʧʦʪɻʦʤʫ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʨʠʪʤʦʛʨʘʤʤʳ ʩʦʩʪʘʚʣʷʝʪ ʚʠʟʫʘʣʴʥʦ-
ʣʦʛʠʯʝʩʢʠʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʦʣʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩʝʨʜʝʯʥʦʛʦ 
ʨʠʪʤʘ. 

ʂʣʠʥʠʢʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ɺʈʉ ʮʝʣʝʩʦ-
ʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦ ʤʝʪʦʜʠʢʝ ɼ. ʀ. ɾʝʤʘʡʪʠʪʝ (1981 ʛ.), ʥʘ ʦʩʥʦʚʝ ʢʦ-
ʪʦʨʦʡ ʚʳʜʝʣʷʶʪ ʰʝʩʪʴ ʢʣʘʩʩʦʚ (ʪʠʧʦʚ) ʨʠʪʤʦʛʨʘʤʤ (ʈɻ). 

ʇʨʠʚʝʜʷ ʫʢʘʟʘʥʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ ʛʨʘʜʘ-
ʮʠʝʡ ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ, ʧʨʝʜʣʘʛʘʝʤ ʩʣʝʜʫʶʱʫʶ ʛʨʘʜʘʮʠʶ ʨʠʪʤʦʛʨʘʤʤ: 

ī ʈɻ-1-ʛʦ ʢʣʘʩʩʘ ī ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 
ʨʠʪʤʘ ʩ ʯʘʩʪʦʪʦʡ 0,15é0,40 ɻʮ (ʧʝʨʠʦʜ 2,5 ï 6,7 ʩ), ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʜʳ-
ʭʘʪʝʣʴʥʳʝ (ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʠʣʠ ʙʳʩʪʨʳʝ) ʚʦʣʥʳ (HF), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʩʠʥʫʩʦʚʦʡ ʜʳʭʘʪʝʣʴʥʦʡ ʘʨʠʪʤʠʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʨʝʛʫʣʷʨʥʳʤʠ ʧʝʨʠʦ-
ʜʠʯʝʩʢʠʤʠ ʚʦʣʥʘʤʠ; 

ī ʈɻ-2-ʛʦ ʢʣʘʩʩʘ ī ʪʦ ʞʝ, ʥʦ ʧʨʠ ʚʳʨʘʞʝʥʥʦʡ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʧʝʨʠʦ-
ʜʠʯʝʩʢʠʭ ʚʦʣʥ; 

ī ʈɻ-3-ʛʦ ʢʣʘʩʩʘ ī ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʝ ʙʳʩʪʨʳʝ ʚʦʣʥʳ ʠ ʥʘʣʠʯʠʝ 
ʚʦʣʥ ʯʘʩʪʦʪʦʡ ʦʪ 0,04 ʜʦ 0,15 ɻʮ (ʧʝʨʠʦʜ 6,6 ī 25 ʩ), ʪ.ʝ. ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 
ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ (LF) ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʩʪʦʷʥʩʪʚʦʤ ʚʦʣʥ; 

ī ʈɻ-4-ʛʦ ʢʣʘʩʩʘ ī ʪʦ ʞʝ, ʥʦ ʩ ʚʳʨʘʞʝʥʥʦʡ ʥʝʨʝʛʫʣʷʨʥʦʩʪʴʶ ʚʦʣʥ; 
ī ʈɻ-5-ʛʦ ʢʣʘʩʩʘ ī ʦʪʩʫʪʩʪʚʠʝ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʧʝʨʠʦʜʠʢʠ ʠ ʥʘʣʠʯʠʝ 

ʚʦʣʥ ʙʦʣʴʰʦʛʦ ʧʝʨʠʦʜʘ (ʙʦʣʝʝ 25 ʩ), ʪ.ʝ. ʦʯʝʥʴ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘ-
ʥʠʷ (VLF); 

ī ʈɻ-6-ʛʦ ʢʣʘʩʩʘ - ʩʪʘʙʠʣʴʥʳʡ ʠʣʠ ʨʠʛʠʜʥʳʡ ʨʠʪʤ, ʪ.ʝ. ʦʪʩʫʪʩʪʚʠʝ 
ʚʦʣʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʅʘ ʨʠʩ. 3.10 ʧʦʢʘʟʘʥʘ ʨʠʪʤʦʛʨʘʤʤʘ ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤʠ ʚʦʣʥʘʤʠ 
ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʳ. ʕʪʦʪ ʪʠʧ ʨʠʪʤʦʛʨʘʤʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʨʘʞʘʝʪ ʩʦ-
ʩʪʦʷʥʠʝ ʤʦʣʦʜʳʭ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʩ ʚʳʩʦʢʠʤ ʚʝʛʝʪʘʪʠʚʥʳʤ ʩʪʘʪʫʩʦʤ. 

1-ʡ ʢʣʘʩʩ ʈɻ ī ʦʪʨʘʞʘʝʪ ʚʘʨʠʘʥʪ ʥʦʨʤʳ (ʚʳʩʦʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 
ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʝʨʜʮʘ), ʚʩʪʨʝʯʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫ ʩʧʦʨʪʩʤʝʥʦʚ ʚ ʧʝʨʠʦʜ 
ʥʘʧʨʷʞʝʥʥʳʭ ʪʨʝʥʠʨʦʚʦʢ ʠ ʫ ʣʠʮ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʪʷʞʝʣʳʤ ʬʠʟʠʯʝʩʢʠʤ 
ʪʨʫʜʦʤ. ʆʙʳʯʥʦ ʨʝʘʢʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʪʠʤʫʣʳ ʷʨʢʦ ʚʳʨʘʞʝʥʳ, ʥʘʛʨʫʟʢʠ 
ʧʝʨʝʥʦʩʷʪʩʷ ʭʦʨʦʰʦ. ɺ ʦʩʥʦʚʝ ʵʪʦʛʦ ʢʣʘʩʩʘ ī ʧʨʝʜʝʣʴʥʦ ʚʳʩʦʢʦʝ ʧʨʝʦʙ-
ʣʘʜʘʥʠʝ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʝʛʫʣʷʮʠʶ ʨʠʪʤʘ ʩʝʨʜʮʘ, ʧʦʵʪʦ-
ʤʫ ʚʦʣʥ ʥʘ ʪʘʢʦʡ ʨʠʪʤʦʛʨʘʤʤʝ ʥʝʪ; ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʝʞʩʠʩʪʦʣʠʯʝʩʢʠʭ 
ʠʥʪʝʨʚʘʣʦʚ ī ʦʪ 1,4 ʜʦ 1,5 ʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʨʘʜʠʢʘʨʜʠʠ ʚ 40ī50 ʫʜʘ-
ʨʦʚ ʚ ʦʜʥʫ ʤʠʥʫʪʫ. 

2-ʡ ʢʣʘʩʩ ʈɻ ī ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʚʘʨʠʘʥʪ ʥʦʨʤʳ ʫ 
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ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʤʦʣʦʜʳʭ ʣʠʮ. ʅʘ ʨʠʪʤʦʛʨʘʤʤʝ ʟʘʤʝʪʥʳ ʭʦʨʦʰʦ 
ʚʳʨʘʞʝʥʥʳʝ ʚʦʣʥʳ ʉʈ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʚʠʜʘ ī ʚʳʩʦ-
ʢʦʯʘʩʪʦʪʥʳʝ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʝ (HF), ʩʨʝʜʥʝʯʘʩʪʦʪʥʳʝ ʩʠʤʧʘʪʠʯʝʩʢʠʝ 
ʚʦʣʥʳ (LF) ʠ ʚʦʣʥʳ ʦʯʝʥʴ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ (VLF), ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʛʫʤʦ-
ʨʘʣʴʥʦ-ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʵʨʛʦʪʨʦʧʥʳʤʠ ʚʣʠʷʥʠʷʤʠ. 
ʈʝʬʣʝʢʪʦʨʥʦʝ ʩʠʤʧʘʪʦʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʉʈ ʧʨʝʦʙʣʘ-
ʜʘʝʪ ʥʘʜ ʛʫʤʦʨʘʣʴʥʦ-ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʚʣʠʷʥʠʷʤʠ. 

 

ʈʠʩ. 3.10. ʈʠʪʤʦʛʨʘʤʤʘ ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤʠ ʚʦʣʥʘʤʠ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʳ 

3-ʡ ʢʣʘʩʩ ʈɻ ï ʚʘʨʠʘʥʪ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʨʝʛʫʣʷʮʠʠ ʉʈ, ʪʘʢ 
ʢʘʢ ʧʨʝʦʙʣʘʜʘʶʪ ʚʦʣʥʳ LF, ʦʪʨʘʞʘʷ ʫʚʝʣʠʯʠʚʰʝʝʩʷ ʩʠʤʧʘʪʠʯʝʩʢʦʝ ʚʦʟ-
ʜʝʡʩʪʚʠʝ. ʆʙʳʯʥʦ ʪʘʢʦʡ ʨʠʪʤʦʛʨʘʤʤʝ ʚ ʧʦʢʦʝ ʩʦʧʫʪʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʷ ʩʦ-
ʩʫʜʠʩʪʦʛʦ ʪʦʥʫʩʘ. 

4-ʡ ʢʣʘʩʩ ʈɻ ï ʧʦʢʘʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʠʤʧʘʪʠʯʝʩʢʦ-
ʛʦ ʚʣʠʷʥʠʷ ʥʘ ʉʈ ʥʘʜ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʤ, ʥʦ ʚʦʣʥʳ LF ʠʤʝʶʪ ʙʦʣʝʝ ʧʦ-
ʩʪʦʷʥʥʳʡ ʧʝʨʠʦʜ ʠ ʘʤʧʣʠʪʫʜʫ. ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʪʘʢʦʡ ʈɻ ʚʦʟʤʦʞʥʳ ʧʦʚʳ-
ʰʝʥʠʷ ɸɼ, ʥʝʨʝʜʢʦ ʫʚʝʣʠʯʝʥʘ ʏʉʉ. 

5-ʡ ʢʣʘʩʩ ʈɻ ï ʥʘ ʬʦʥʝ ʫʚʝʣʠʯʝʥʠʷ ʏʉʉ ʟʘʤʝʪʥʦ ʦʪʩʫʪʩʪʚʠʝ HF ʠ LF. 
ʇʨʦʠʩʭʦʜʠʪ ʩʪʘʙʠʣʠʟʘʮʠʷ ʉʈ ʩ ʧʝʨʝʭʦʜʦʤ ʝʛʦ ʨʝʛʫʣʷʮʠʠ ʩ ʨʝʬʣʝʢʪʦʨʥʦʛʦ 
ʫʨʦʚʥʷ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʥʘ ʛʫʤʦʨʘʣʴʥʦ-ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ, ʙʦʣʝʝ 
ʥʠʟʢʠʡ ʠ ʥʝʩʧʦʩʦʙʥʳʡ ʙʳʩʪʨʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʦʤʝʦʩʪʘʟ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ 
ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʨʜʮʘ ʩʥʠʞʝʥʳ. ʇʦʜʦʙʥʦʡ ʈɻ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʨʛʘʥʠʯʝʩʢʘ ̫
ʧʘʪʦʣʦʛʠ ̫ʩʝʨʜʮʘ. ʕʪʦʪ ʩʣʫʯʘʡ ï ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʘʚʪʦ-
ʥʦʤʥʦʡ ʢʘʨʜʠʦʥʝʡʨʦʧʘʪʠʠ. 

6-ʡ ʢʣʘʩʩ ʈɻ ï ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʨʘʡʥʠʡ ʚʘʨʠʘʥʪ ʩʨʳʚʘ ʚʝʛʝʪʘʪʠʚʥʦʡ 
ʨʝʛʫʣʷʮʠʠ ʉʈ, ʨʝʟʢʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʩʠʥʫʩʦʚʳʡ ʨʠʪʤ ʥʘ ʬʦʥʝ ʪʘʭʠ-
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ʢʘʨʜʠʠ (ʨʠʛʠʜʥʳʡ ʨʠʪʤ). ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʨʜʮʘ ʨʝʟʢʦ ʩʥʠ-
ʞʝʥʳ, ʫ ʧʘʮʠʝʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʳʰʢʘ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʬʠʟʠʯʝʩʢʦʡ ʥʘ-
ʛʨʫʟʢʝ, ʚr ʩʦʢʠʡ ʨʠʩʢ ʣʝʪʘʣʴʥʦʛʦ ʠʩʭʦʜʘ. ʋ ʙʦʣʴʥʳʭ ʀɹʉ 6-ʡ ʢʣʘʩʩ ʧʨʝʜ-
ʰʝʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʦʩʪʨʦʛʦ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ, ʩʦʧʫʪʩʪʚʫʝʪ ʝʤʫ ʚ ʦʩʪʨʦʤ 
ʧʝʨʠʦʜʝ, ʥʦ ʤʦʞʝʪ ʚʩʪʨʝʯʘʪʴʩʷ ʠ ʧʨʠ ʜʨʫʛʠʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ. 

ʇʨʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʮʝʥʢʝ ʪʠʧʘ ʨʠʪʤʦʛʨʘʤʤʳ ʠ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ ʜʝʣʝʥʠʝ ʈɻ ʥʘ ʯʝʪʳʨʝ ʢʣʘʩʩʘ (ɽ. ɸ. ɹʝʨʝʟ-
ʥʳʡ, ɸ. ʄ. ʈʫʙʠʥ): 

ʈɻ 1-ʛʦ ʢʣʘʩʩʘ ï ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 
ʨʠʪʤʘ ʩ ʯʘʩʪʦʪʦʡ 0,15é0,40 ɻʮ (ʩ ʧʝʨʠʦʜʦʤ 2,5ï6,7 ʩ), ʪ.ʝ. ʚʳʩʦʢʦʯʘʩʪʦʪ-
ʥʳʝ ʚʦʣʥʳ (HF) (ʨʠʩ. 3.11). 
ʈɻ 2-ʛʦ ʢʣʘʩʩʘ ï ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʝ ʜʳʭʘʪʝʣʴʥʳʝ ʚʦʣʥʳ ʠ ʥʘʣʠʯʠʝ 

ʚʦʣʥ ʩ ʯʘʩʪʦʪʦʡ ʦʪ 0,04 ʜʦ 0,15 ɻʮ (ʩ ʧʝʨʠʦʜʦʤ 6,6ï25 ʩ), ʪ.ʝ. ʥʠʟʢʦʯʘʩʪʦʪ-
ʥʳʝ ʢʦʣʝʙʘʥʠʷ (LF) (ʨʠʩ. 3.12). 

ʈɻ 3-ʛʦ ʢʣʘʩʩʘ ï ʦʪʩʫʪʩʪʚʠʝ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʧʝʨʠʦʜʠʢʠ ʠ ʥʘʣʠʯʠʝ 
ʚʦʣʥ ʙʦʣʴʰʦʛʦ ʧʝʨʠʦʜʘ (ʙʦʣʝʝ 25 ʩ), ʪ.ʝ. ʢʦʣʝʙʘʥʠʷ ʦʯʝʥʴ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ 
(VLF) (ʨʠʩ. 3.13). 

ʈɻ 4-ʛʦ ʢʣʘʩʩʘ ï ʩʪʘʙʠʣʴʥʳʡ ʨʠʛʠʜʥʳʡ ʨʠʪʤ, ʦʪʩʫʪʩʪʚʠʝ ʚʦʣʥʦʚʦʡ 
ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 3.14). 

 

ʈʠʩ. 3.11. ʈʠʪʤʦʛʨʘʤʤʘ 1-ʛʦ ʢʣʘʩʩʘ 
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ʈʠʩ. 3.12. ʈʠʪʤʦʛʨʘʤʤʘ 2-ʛʦ ʢʣʘʩʩʘ 

 
ʈʠʩ. 3.13. ʈʠʪʤʦʛʨʘʤʤʘ 3-ʛʦ ʢʣʘʩʩʘ 


