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ʇʈɽɼʀʉʃʆɺʀɽ 

 

ɹʦʣʝʝ 150 ʣʝʪ ʧʨʦʠʩʭʦʜʠʪ ʠʟʫʯʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʧʦʥʷʪʠʷ ʛʦʤʝʦʩʪʘʟʘ, ʦʜʥʘʢʦ 

ʪʦʣʴʢʦ ʚ 21-ʤ ʚʝʢʝ ʤʳ ʚʧʣʦʪʥʫʶ ʧʦʜʦʰʣʠ ʢ ʨʘʩʰʠʬʨʦʚʢʝ ʵʪʦʛʦ ʧʦʥʷʪʠʷ ʢʘʢ 

ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʠʩʪʝʤʳ ʠ ʧʨʦʮʝʩʩʘ. ʉʝʡʯʘʩ ʵʪʠ ʧʨʦʮʝʩʩʳ ʤʳ ʥʘʯʘʣʠ ʠʟʫʯʘʪʴ ʩ 

ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ ʭʘʦʩʘ-ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ (ʊʍʉ), ʢʦʪʦʨʘʷ ʠʥʳʤ ʦʙʨʘʟʦʤ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʠ ʛʦʤʝʦʩʪʘʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ (ʌʉʆ) ʯʝʣʦʚʝʢʘ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝʡʨʦʚʝʛʝʪʘʪʠʚʥʳʡ ʛʦʤʝʦʩʪʘʟ ʠ ʨʝʛʫʣʷʮʠʶ ʢʘʨʜʠʦ-ʨʝʩʧʠʨʘʪʦʨʥʦʡ 

ʩʠʩʪʝʤʳ ï ʂʈʉ. ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʨʘʤʢʘʭ 

ʜʝʪʝʨʤʠʥʠʟʤʘ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ) ʠʣʠ ʩʪʦʭʘʩʪʠʢʠ (ʢʦʛʜʘ ʚʦʟʥʠʢʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʣʠ ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ) ʥʝ ʤʦʛʫʪ ʦʧʠʩʳʚʘʪʴ 

ʛʦʤʝʦʩʪʘʟʠʩ ʋ.ɹ. ʂʝʥʥʦʥʘ (ʩʘʤ ʵʪʦʪ ʬʠʟʠʦʣʦʛ ʵʪʦ ʧʦʥʠʤʘʣ) ʠ ʝʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ. ɺ ʨʘʤʢʘʭ ʥʦʚʦʡ ʪʝʦʨʠʠ ʭʘʦʩʘ-ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪʩʷ 

ʨʝʟʢʘʷ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʜʝʪʝʨʤʠʥʠʟʤʦʤ, ʩʪʦʭʘʩʪʠʢʦʡ (ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ 

ʭʘʦʩʦʤ) ʠ ʩʠʩʪʝʤʘʤʠ ʪʨʝʪʴʝʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 5-ʶ ʦʩʦʙʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ (ʧʨʠʥʮʠʧʘʤʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ) ʠ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʚ 

ʨʘʤʢʘʭ ʧʦʥʷʪʠʡ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ.  

ʉ ʧʦʟʠʮʠʡ ʊʍʉ ʤʦʞʝʪ ʙʳʪʴ ʠʟʫʯʝʥʘ ʢʠʥʝʤʘʪʠʢʘ ʜʚʠʞʝʥʠʷ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʚ ʬʘʟʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʩʦʩʪʦʷʥʠʡ, ʛʜʝ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ 

ʩʢʦʨʦʩʪʠ ʵʚʦʣʶʮʠʠ ʩʣʦʞʥʳʭ ʙʠʦʩʠʩʪʝʤ ï complexity, ʢʦʪʦʨʦʝ ʦʪʣʠʯʥʦ ʦʪ 

ʦʧʨʝʜʝʣʝʥʠʷ ʇʨʠʛʦʞʠʥʘ ï ɻʣʝʥʩʜʦʨʬʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʚʦʜʷʪʩʷ ʧʦʥʷʪʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ 1-ʛʦ ʠ 2-ʛʦ ʪʠʧʘ ʠ ʘʥʘʣʦʛ ʧʨʠʥʮʠʧʘ ɻʝʡʟʝʥʙʝʨʛʘ ʜʣʷ 

complexity. ɺʩʝ ʵʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ  ī ʩʠʩʪʝʤ ʪʨʝʪʴʝʛʦ ʪʠʧʘ (ʉʊʊ) ï complexity. ʆʜʥʦʚʨʝʤʝʥʥʦ ʤʳ 

ʧʦʜʭʦʜʠʤ ʠ ʢ ʥʦʚʦʤʫ ʧʦʥʠʤʘʥʠʶ ʪʝʦʨʠʠ ʌʉʆ ʇ.ʂ. ɸʥʦʭʠʥʘ. ʕʪʦʪ ʧʦʜʭʦʜ 

ʧʳʪʘʣʩʷ ʩʦʟʜʘʪʴ ʚ 1947 ʛ. ʅ.ɸ. ɹʝʨʥʰʪʝʡʥ, ʢʦʪʦʨʳʡ ʚʚʝʣ ʧʦʥʷʪʠʝ çʧʦʚʪʦʨʝʥʠʝ 

ʙʝʟ ʧʦʚʪʦʨʝʥʠʡè ʜʣʷ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʘʢʪʦʚ. ʉʝʡʯʘʩ ʵʪʦʪ ʧʨʠʥʮʠʧ ʤʳ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʤ ʥʘ ʂʈʉ ʠ ʜʨʫʛʠʝ ʌʉʆ ʢʘʢ ʦʙʱʠʡ ʧʨʠʥʮʠʧ ʦʨʛʘʥʠʟʘʮʠʠ 

ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ï ʞʠʚʳʭ ʩʠʩʪʝʤ ï (ʉʊʊ). 

ʇʘʪʦʣʦʛʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʡ ʧʝʨʠʦʜ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʘ ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ (ʉʉʉ) ʚʩʝʛʜʘ ʠ ʦʜʥʦʟʥʘʯʥʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʧʨʦʣʦʥʛʘʮʠʶ ʞʠʟʥʠ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʨʘʟʣʠʯʠʡ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ 

ʤʝʞʜʫ ʢʦʨʝʥʥʳʤ ʠ ʧʨʠʰʣʳʤ ʤʫʞʩʢʠʤ ʠ ʞʝʥʩʢʠʤ ʥʘʩʝʣʝʥʠʝʤ ʉʝʚʝʨʘ ʈʌ 

ʙʘʟʠʨʫʝʪʩʷ ʠʤʝʥʥʦ ʥʘ ʩʦʩʪʦʷʥʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʝ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʣʠʯʠʡ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʤʝʞʜʫ  ʤʫʞʩʢʠʤ ʠ 

ʞʝʥʩʢʠʤ ʥʘʩʝʣʝʥʠʝʤ ʉʝʚʝʨʘ ʈʌ ʦʩʦʙʘʷ ʨʦʣʴ ʚ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʦʪʚʦʜʠʪʩʷ 

ʩʦʩʪʦʷʥʠʶ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʝ ʞʠʪʝʣʝʡ ʉʝʚʝʨʘ ʈʌ, ʪ.ʢ. ʩʤʝʨʪʥʦʩʪʴ ʦʪ 

ʧʘʪʦʣʦʛʠʠ ʉʉʉ ʚʩʝʛʜʘ ʧʨʝʚʘʣʠʨʫʝʪ (ʠʥʩʫʣʴʪʳ, ʠʥʬʘʨʢʪʳ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ  
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ʧʘʪʦʣʦʛʠʠ) ʥʘʜ ʜʨʫʛʠʤʠ ʧʨʠʯʠʥʘʤʠ. ʇʘʪʦʣʦʛʠʷ ʉʉʉ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʠ ʥʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʡ ʧʝʨʠʦʜ (ʠʥʬʘʨʢʪʳ ʠ ʠʥʩʫʣʴʪʳ ʧʨʠʚʦʜʷʪ ʢ ʠʥʚʘʣʠʜʥʦʩʪʠ). 

ʋʣʫʯʰʝʥʠʝ ʞʝ ʧʦʢʘʟʘʪʝʣʝʡ ʉʉʉ ʚʩʝʛʜʘ ʠ ʦʜʥʦʟʥʘʯʥʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʠ 

ʧʨʦʣʦʥʛʘʮʠʶ  ʞʠʟʥʠ (ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʜʦʣʛʦʞʠʪʝʣʝʡ) ʠ ʧʨʦʣʦʥʛʘʮʠʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʧʝʨʠʦʜʘ. ɼʣʷ  ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʦʩʚʦʝʥʠʷ ʉʝʚʝʨʘ 

ʧʦʩʣʝʜʥʝʝ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʪʘʨʝʥʠʷ ʠ 

ʜʦʣʛʦʞʠʪʝʣʴʩʪʚʘ ʥʘʩʝʣʝʥʠʷ ʉʝʚʝʨʘ ʈʌ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʥʦʚʦʛʦ 

ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʩʪʘʨʝʥʠʷ ʯʝʣʦʚʝʢʘ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʥʘ ʉʝʚʝʨʝ. ʇʨʠ ʵʪʦʤ 

ʦʩʦʙʘʷ ʧʨʦʙʣʝʤʘ ï ʵʪʦ ʠʤʝʥʥʦ  ʜʦʣʛʦʞʠʪʝʣʴʩʪʚʦ. ʇʦʵʪʦʤʫ ʥʘ ʨʝʰʝʥʠʝ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʩ ʧʦʟʠʮʠʡ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʉʉʉ ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʩʧʝʢʪʝ (ʜʣʷ ʘʙʦʨʠʛʝʥʦʚ ʠ ʧʨʠʰʣʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ) ʥʘ 

ʧʨʠʤʝʨʝ ʞʝʥʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʜʦʣʛʦʞʠʪʝʣʴʩʪʚʦ ʥʘ 

ʉʝʚʝʨʝ ʈʌ ʩʨʝʜʠ ʞʝʥʱʠʥ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʙʦʣʝʝ  ʯʘʩʪʦʝ ʷʚʣʝʥʠʝ, ʯʝʤ ʜʣʷ ʤʫʞʯʠʥ 

(ʦʩʦʙʝʥʥʦ ʜʣʷ ʭʘʥʪʳ). 

ʀʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʘʜʘʧʪʘʮʠʠ ʧʨʠʰʣʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʙʦʨʠʛʝʥʘʤʠ ʉʝʚʝʨʘ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʟʜʦʨʦʚʴʷ ʥʝ ʪʦʣʴʢʦ ʤʘʣʦʯʠʩʣʝʥʥʳʭ 

ʥʘʨʦʜʥʦʩʪʝʡ, ʥʦ ʠ ʧʝʨʝʩʝʣʝʥʮʝʚ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ (ʌʉʆ) ʢʦʨʝʥʥʦʛʦ ʠ ʧʨʠʰʣʦʛʦ ʥʘʩʝʣʝʥʠʷ (ʚ 

ʚʦʟʨʘʩʪʥʦʤ ʘʩʧʝʢʪʝ) ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʷʪʴ ʢʦʨʨʝʣʷʮʠʶ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʥʘ ʉʝʚʝʨʝ [31, 35, 41, 47]. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

ʷʚʣʷʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʦʣʛʦʞʠʪʝʣʴʩʪʚʘ ʥʘʨʦʜʦʚ ʢʘʢ ʭʘʥʪʳ, ʪʘʢ  ʠ 

ʤʠʛʨʘʥʪʦʚ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʜʣʠʪʝʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʦʩʦʙʳʤ 

ʩʝʚʝʨʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʝʸ ʚʣʠʷʥʠʠ ʥʘ ʦʙʱʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʥʘ ʉʝʚʝʨʝ 

ʈʦʩʩʠʠ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʠʤʝʝʪ ʦʙʱʝʙʠʦʣʦʛʠʯʝʩʢʦʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʞʠʟʥʠ ʚʩʝʭ ʩʝʚʝʨʥʳʭ ʥʘʨʦʜʦʚ ʤʠʨʘ, ʘ ʚ ʘʩʧʝʢʪʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʭʦʣʦʜʘʥʠʷ (ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʳ ʛʣʦʙʘʣʴʥʦʤʫ ʧʦʪʝʧʣʝʥʠʶ) ʵʪʘ ʧʨʦʙʣʝʤʘ 

ʧʨʠʦʙʨʝʪʘʝʪ ʠ ʦʙʱʝʤʠʨʦʚʦʝ ʟʥʘʯʝʥʠʝ (ʦʥʘ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʚʩʝʛʦ ʥʘʩʝʣʝʥʠʷ 

ɿʝʤʣʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʘ ʩʥʠʞʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʞʠʟʥʠ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʉʝʚʝʨʘ ʈʌ ʟʘ ʩʯʝʪ ʫʨʙʘʥʠʟʘʮʠʠ ʠ ʧʨʦʙʣʝʤʘ 

ʚʦʟʤʦʞʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ ʉʝʚʝʨʘ. ɺʩʝ 

ʵʪʦ ʦʧʨʝʜʝʣʷʝʪ ʚʘʞʥʫʶ ʦʙʱʫʶ ʙʠʦʤʝʜʠʮʠʥʩʢʫʶ ʧʨʦʙʣʝʤʫ ʜʦʣʛʦʣʝʪʠʷ ʞʠʪʝʣʝʡ 

ʉʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʈʌ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʝʚʝʨʥʳʭ ʩʪʨʘʥ ʤʠʨʘ [30, 47, 141], ʯʪʦ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪ ʠ ʧʨʦʙʣʝʤʫ ʫʚʝʣʠʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʚʦʟʨʘʩʪʘ 

ʈʌ ʚ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʘ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʟʣʠʯʠʡ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʠ ʝʝ ʨʝʛʫʣʷʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ 

(ɺʅʉ) ʢʦʨʝʥʥʦʛʦ ʠ ʧʨʠʰʣʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ (ʪʝʦʨʠʠ ʭʘʦʩʘ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ - ʊʍʉ), ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʉʫʨɻʋ 

ʥʘʫʯʥʦʡ ʙʠʦʬʠʟʠʯʝʩʢʦʡ ʰʢʦʣʦʡ ʚ ʦʙʣʘʩʪʠ ʊʍʉ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ ʥʘ ʉʝʚʝʨʝ. ʕʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʧʦʚʦʜʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʠʟʫʯʝʥʠʠ ʧʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʙʠʦʩʠʩʪʝʤ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʪʁʩʷ ʌʉʆ ʯʝʣʦʚʝʢʘ ʥʘ 
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ʉʝʚʝʨʝ. ʆʜʥʘ ʠʟ ʟʘʜʘʯ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ 

ʞʝʥʱʠʥ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ, ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʩʧʝʢʪʝ ï ʵʪʦ ʘʙʦʨʠʛʝʥʳ ʠ ʧʨʠʰʣʦʝ 

ʥʘʩʝʣʝʥʠʝ ʖʛʨʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ 

ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʩʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʈʌ ʧʦʟʚʦʣʷʝʪ ʚʳʜʘʪʴ ʧʨʦʛʥʦʟ ʥʘ 

ʜʦʣʛʦʞʠʪʝʣʴʩʪʚʦ. ɺʦ-ʧʝʨʚʳʭ ï ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʦʣʛʦʞʠʪʝʣʴʩʪʚʘ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʠ 

ʫʨʦʚʥʶ ʧʦʢʘʟʘʪʝʣʷ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ɺʅʉ ï SIM. ɺʦ-ʚʪʦʨʳʭ ï ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ʉʉʉ 

ʢʦʨʝʥʥʳʭ ʞʠʪʝʣʝʡ ʠ ʧʨʠʰʣʦʛʦ ʥʘʩʝʣʝʥʠʷ. ɺ-ʪʨʝʪʴʠʭ ï ʤʦʞʥʦ ʚʳʷʚʠʪʴ 

ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʌʉʆ ʯʝʣʦʚʝʢʘ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʦʩʦʙʝʥʥʦ ʚ ʩʚʝʪʝ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ 

[35, 78, 79, 83] ʧʦ ʚʩʝʤʫ ʩʝʚʝʨʫ ʇʣʘʥʝʪʳ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʨʦʙʣʝʤʘ 

ʧʨʦʣʦʥʛʘʮʠʠ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʥʘ ʉʝʚʝʨʝ ʙʫʜʝʪ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ, ʪ.ʢ. 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʩʚʦʝʥʠʝ ʉʝʚʝʨʘ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʚʦʟʨʘʩʪʘ (ʵʪʦ ʩʥʠʟʠʪ ʧʦʪʦʢ ʪʨʫʜʦʚʦʡ ʤʠʛʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʚʝʩʴʤʘ 

ʟʘʪʨʘʪʥʘ) [82, 83]. ɺ ʮʝʣʦʤ, ʧʝʨʝʜ ʈʌ ʩʪʦʠʪ ʚʘʞʥʘʷ ʟʘʜʘʯʘ ʦʩʚʦʝʥʠʷ ʉʝʚʝʨʘ 

ʥʘʰʝʡ ʉʪʨʘʥʳ ʠ ʧʦʚʳʰʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʚʦʟʨʘʩʪʘ ʞʠʪʝʣʝʡ ʖʛʨʳ ï ʵʪʦ 

ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʦʙʣʝʤʘ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʵʪʦ ʠ 

ʥʘʧʨʘʚʣʝʥʳ. 
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ɻʃɸɺɸ 1 

 

ʊʈʀ ʇʆɼʍʆɼɸ ɺ ʊɽʆʈʀʀ ʌʉʆ ʀ ɻʆʄɽʆʉʊɸɿɸ: ʂɸʈɼʀʆ-

ʈɽʉʇʀʈɸʊʆʈʅɸʗ ʉʀʉʊɽʄɸ ʗɺʃʗɽʊʉʗ ʍɸʆʊʀʏɽʉʂʆʁ 

ʈɽɻʋʃʗʊʆʈʅʆʁ ʉʀʉʊɽʄʆʁ 

 

1.1. ʕʚʦʣʶʮʠʷ ʧʦʥʷʪʠʷ ʛʦʤʝʦʩʪʘʟʘ.  ʆʪ ʜʝʪʝʨʤʠʥʠʟʤʘ ʢ ʩʪʦʭʘʩʪʠʢʝ ʠ 

ʭʘʦʩʫ-ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

 

ɺ ʩʘʤʦʤ ʪʝʨʤʠʥʝ ʛʦʤʝʦʩʪʘʟ (ʛʦʤʝʦʩʪʘʪʠʯʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ, ʢʘʢ ʧʨʦʮʝʩʩʝ) 

ʟʘʣʦʞʝʥʦ ʜʚʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʧʦʥʷʪʠʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʚ ʧʝʨʝʚʦʜʝ ʩ 

ʛʨʝʯʝʩʢʦʛʦ ʧʝʨʚʦʡ ʯʘʩʪʠ ʵʪʦʛʦ ʪʝʨʤʠʥʘ ʤʳ ʠʤʝʝʤ ʧʦʥʷʪʠʝ çʧʦʜʦʙʥʳʡè, ʥʦ 

ʠʥʦʛʜʘ ʛʦʚʦʨʷʪ ʠ ʦ ʪʝʨʤʠʥʝ ʦʜʠʥʘʢʦʚʳʡ. ʉʨʘʟʫ ʦʪʤʝʪʠʤ, ʯʪʦ ʩʪʨʦʛʦ ʛʦʚʦʨʷ ʵʪʦ 

ʨʘʟʥʳʝ ʪʝʨʤʠʥʳ, ʪʘʢ ʢʘʢ ʪʨʝʫʛʦʣʴʥʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʦʙʥʳʤʠ, ʥʦ ʥʝ 

ʦʜʠʥʘʢʦʚʳʤʠ (ʫ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʘʷ ʧʣʦʱʘʜʴ, ʥʘʧʨʠʤʝʨ). ɺʪʦʨʘʷ ʯʘʩʪʴ  

ʪʝʨʤʠʥʘ ʦʟʥʘʯʘʝʪ ʩʦʩʪʦʷʥʠʝ (ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʧʦʜʚʠʞʥʦʩʪʴ). ʉʦʩʪʦʷʥʠʝ ʪʦʞʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʠʞʥʳʤ (ʩʦʩʪʦʷʥʠʝ ʪʝʣʘ, ʢʦʪʦʨʦʝ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʝʪʩʷ ʠ 

ʧʦʜʯʠʥʷʝʪʩʷ 1-ʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ, ʛʜʝ ʩʘʤʦ ʜʚʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ) ʠʣʠ 

ʥʝʧʦʜʚʠʞʥʳʤ [37, 200]. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʧʦʟʠʮʠʡ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʂʈʉ ʚ ʨʘʤʢʘʭ ʥʦʚʦʡ ʪʝʦʨʠʠ ʭʘʦʩʘ-

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ (ʊʍʉ), ʢʦʪʦʨʘʷ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʪʨʘʜʠʮʠʦʥʥʦʡ, 

ʜʝʪʝʨʤʠʥʠʩʪʩʢʦʡ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʦʤ ʪʝʨʤʠʥʝ çʛʦʤʝʦʩʪʘʟè ʟʘʣʦʞʝʥʘ ʢʦʤʙʠʥʘʮʠʷ ʜʚʫʭ 

ʧʨʦʪʠʚʦʨʝʯʠʡ: çʧʦʜʦʙʥʳʡ ʥʝ ʝʩʪʴ ʦʜʠʥʘʢʦʚʳʡè ʠ çʩʦʩʪʦʷʥʠʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤè. ʉʨʘʟʫ ʦʪʤʝʪʠʤ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʷ ʵʪʠʭ ʯʝʪʳʨʝʭ 

ʩʚʷʟʘʥʥʳʭ, ʥʦ ʥʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ (ʠʣʠ ʦʜʠʥʘʢʦʚʳʭ) ʪʝʨʤʠʥʦʚ ʨʘʩʢʨʳʚʘʝʪ ʚʩʶ 

ʩʫʪʴ ʧʨʦʪʠʚʦʨʝʯʠʡ ʥʝ ʪʦʣʴʢʦ ʩʘʤʦʛʦ ʧʦʥʷʪʠʷ çʛʦʤʝʦʩʪʘʟè ʠ ʧʨʦʮʝʩʩʘ 

ʛʦʤʝʦʩʪʘʪʠʯʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʥʦ ʵʪʘ ʢʦʤʙʠʥʘʮʠʷ ʠʤʝʝʪ ʙʦʣʝʝ ʰʠʨʦʢʠʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʙʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʳ ʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʚ ʮʝʣʦʤ. ʅʝʢʦʪʦʨʘʷ 

ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʵʪʦʛʦ ʪʝʨʤʠʥʘ ï ʵʪʦ ʤʘʣʘʷ ʯʘʩʪʴ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʚ 

ʜʠʥʘʤʠʢʝ ʩʘʤʠʭ ʛʦʤʝʦʩʪʘʪʠʯʥʳʭ ʩʠʩʪʝʤ, ʚ ʠʭ ʦʩʦʙʳʭ ʩʚʦʡʩʪʚʘʭ, ʢʦʪʦʨʳʝ 

ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʪʴ ʩ ʧʦʟʠʮʠʡ ʜʝʪʝʨʤʠʥʠʩʪʩʢʦʛʦ ʠʣʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʦʚ (ɼʉʇ) [21, 23, 120, 164]. 

ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʛʣʦʙʘʣʴʥʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʩʚʦʡʩʪʚ ʠ ʜʠʥʘʤʠʢʠ ʧʦʚʝʜʝʥʠʷ ʣʶʙʳʭ (ʩʣʦʞʥʳʭ) 

ʙʠʦʩʠʩʪʝʤ ï complexity, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ I.R. Prigogine [243-245] ʥʝ ʤʦʛʫʪ ɼʉʇ  ʷʚʣʷʪʴʩʷ ʦʙʲʝʢʪʘʤʠ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʜʝʪʝʨʤʠʥʠʩʪʩʢʦʛʦ ʠʣʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʦʚ (ɼʉʇ). ʉʝʡʯʘʩ 
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ʞʝ ʤʳ ʫʞʝ ʠ ʜʦʙʘʚʣʷʝʤ ï ʠ  ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʭʘʦʩʘ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ) ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ɸʨʥʦʣʴʜʘ-ʊʦʤʘ [2, 17, 183, 206]. 

ʈʘʩʰʠʨʷʷ ʵʪʦʪ ʪʝʟʠʩ ʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ 

ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʧʝʨʝʩʤʦʪʨʫ ʪʘʢʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʧʦʥʷʪʠʡ ʚ ʝʩʪʝʩʪʚʦʟʥʘʥʠʠ ʢʘʢ: çʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ï ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴè ʠ 

çʧʨʦʛʥʦʟʠʨʫʝʤʦʩʪʴ ï ʥʝʧʨʦʛʥʦʟʠʨʫʝʤʦʩʪʴè. ʊʨʝʙʫʶʪ ʨʘʩʰʠʬʨʦʚʢʠ ʪʘʢʞʝ 

ʧʦʥʷʪʠ ̫ ʧʦʜʦʙʠʷ, ʩʭʦʞʝʩʪʠ, ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʠ ʨʘʚʝʥʩʪʚʘ ʧʨʠ ʦʧʠʩʘʥʠʠ 

ʜʠʥʘʤʠʢʠ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʩʣʦʞʥʳʭ ʙʠʦʩʠʩʪʝʤ - ʩomplexity. ʄʳ 

ʩʝʡʯʘʩ ʧʨʠʭʦʜʠʤ ʢ ʥʦʚʦʡ ʪʨʘʢʪʦʚʢʝ ʧʦʥʷʪʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʙʠʦʩʠʩʪʝʤ ʠ ʠʭ  ʜʚʠʞʝʥʠʷ (ʢʘʢʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʜʚʠʞʝʥʠʷ ʯʝʛʦ?). ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʤʳ ʜʦʣʞʥʳ ʚʚʝʩʪʠ ʠ ʥʦʚʳʝ ʧʦʥʷʪʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʇʦʩʣʝʜʥʝʝ ʢʘʩʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʠʩʪʝʤʳ (complexity) ʚ 

ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ (ʌʇʉ), ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʌʇʉ 

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ (ʠʣʠ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ) ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʘ 

ʩʦʩʪʦʷʥʠʷ (ʩʣʦʞʥʦʡ) ʩʠʩʪʝʤʳ ï ɺʉʉ ʚ ʚʠʜʝ ʭ=ʭ(t)=(ʭ1, ʭ2,é,xm)
ʊ
, ʢʦʛʜʘ 

ʨʘʟʤʳʚʘʶʪʩʷ ʛʨʘʥʠʮʳ ʜʚʠʞʝʥʠʷ ɺʉʉ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ, ʢʦʛʜʘ 

ʜʚʠʞʝʥʠʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʧʦʢʦʝʤ, ʘ ʧʦʢʦʡ ï ʨʝʘʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ. ɺʦʟʥʠʢʘʶʪ 

ʜʨʫʛʠʝ ʧʦʥʷʪʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ɺʉʉ ʚ ʌʇʉ ʠ ʚʦʟʥʠʢʘʶʪ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 1-ʛʦ ʠ 2-ʛʦ ʪʠʧʦʚ [123, 133]. 

ʇʦʩʣʝʜʥʝʝ ʦʟʥʘʯʘʝʪ ʚʳʭʦʜ ʟʘ ʧʨʝʜʝʣʳ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ, ʦ ʢʦʪʦʨʦʡ ʛʦʚʦʨʠʣ M. Gell - Mann ʚ ʩʚʦʝʡ ʠʟʚʝʩʪʥʦʡ 

ʨʘʙʦʪʝ [238], ʠ ʚʳʭʦʜ ʟʘ ʧʨʝʜʝʣʳ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ (ʠʣʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ), 

ʢʦʪʦʨʘʷ ʦʙʱʝʧʨʠʥʷʪʘ ʚ ʩʪʦʭʘʩʪʠʢʝ ʚ ʚʠʜʝ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(x). ʇʨʠ 

ʵʪʦʤ ʦʢʘʟʘʣʦʩʴ [109], ʯʪʦ ʦʩʦʙʳʝ ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʤʳ 

ʦʧʨʝʜʝʣʷʝʤ ʢʘʢ ʩʠʩʪʝʤʳ ʪʨʝʪʴʝʛʦ ʪʠʧʘ (ʉʊʊ), ʥʝ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ɼʉʇ. ʕʪʦ 

ʦʩʪʨʦ ʯʫʚʩʪʚʦʚʘʣ ʚ ʢʦʥʮʝ ʩʚʦʝʡ ʞʠʟʥʠ I.R. Prigogine, ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʧʦʚʦʜʦʤ 

ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʝʛʦ ʜʚʫʭ ʠʟʚʝʩʪʥʳʭ ʩʪʘʪʝʡ [243-245], ʚ ʢʦʪʦʨʳʭ ʦʥ ʦʪʢʘʟʳʚʘʣʩʷ 

ʠʟʫʯʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʩʠʩʪʝʤʳ (ʉʊʊ) ʚ ʨʘʤʢʘʭ ɼʉʇ ʠ ʚʦʦʙʱʝ ʦʪʢʘʟʳʚʘʣʩʷ ʦʪ 

ʤʘʪʝʨʠʘʣʠʟʤʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʙʠʦʩʠʩʪʝʤ (ʪʦʯʥʝʝ ʛʦʚʦʨʷ ʦʥ ʦʪʢʘʟʳʚʘʣʩʷ ʦʪ 

ʜʝʪʝʨʤʠʥʠʟʤʘ ʠ ʩʪʦʭʘʩʪʠʢʠ ʚ ʠʟʫʯʝʥʠʠ complexity). ʂ ʵʪʦʤʫ ʧʨʠʙʣʠʟʠʣʩʷ ʠ 

ʚʪʦʨʦʡ ʥʦʙʝʣʝʚʩʢʠʡ ʣʘʫʨʝʘʪ J.A. Wheeler [248], ʢʦʪʦʨʳʡ ʪʦʞʝ ʧʳʪʘʣʩʷ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʧʠʩʘʥʠʷ complexity ʩ ʧʦʟʠʮʠʡ ɼʉʇ ʠ ʧʨʠ ʵʪʦʤ ʦʱʫʱʘʣ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ ʥʘ ʵʪʦʤ ʧʫʪʠ, ʥʘ ʢʦʪʦʨʳʝ ʝʱʝ 66 ʣʝʪ ʥʘʟʘʜ ʦʙʨʘʱʘʣ 

ʚʥʠʤʘʥʠʝ W. Weaver ʚ ʩʚʦʝʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʪʘʪʴʝ ʦ ʩʣʦʞʥʦʩʪʠ [247]. 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʩʝ ʵʪʠ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʷ (ʠʣʠ ʧʨʦʙʣʝʤʳ) ʦ 

ʪʝʦʨʠʠ complexity, ʦ ʛʣʦʙʘʣʴʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʉʊʊ ʠ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʦʧʠʩʘʥʠʷ ʚ ɼʉʇ ʩʦʩʪʘʚʣʷʶʪ ʩʝʡʯʘʩ ʦʩʥʦʚʫ ʪʝʦʨʠʠ ʭʘʦʩʘ-ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ - 

ʊʍʉ. ʆʜʥʘʢʦ ʩʫʪʴ ʵʪʠʭ ʧʨʦʙʣʝʤ ʪʘʢ ʠ ʥʝ ʙʳʣʘ ʨʘʩʢʨʳʪʘ, ʘ ʚʳʩʢʘʟʳʚʘʥʠʷ 

ʇʨʠʛʦʞʠʥʘ ʪʨʘʢʪʦʚʘʣʠʩʴ ʜʦʩʣʦʚʥʦ, ʪ.ʝ. ʢʘʢ ʦʪʨʠʮʘʥʠʝ ʤʘʪʝʨʠʘʣʠʟʤʘ [112, 132, 

245]. ʊʦʣʴʢʦ ʚ ʊʍʉ [21, 23, 120, 164] ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ 

ʚʦʜʦʨʘʟʜʝʣ ʤʝʞʜʫ ʜʝʪʝʨʤʠʥʠʟʤʦʤ, ʩʪʦʭʘʩʪʠʢʦʡ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʭʘʦʩʦʤ 

ɸʨʥʦʣʴʜʘ - ʊʦʤʘ ʠ ʨʘʟʚʠʚʘʝʤʳʤʠ ʩʝʡʯʘʩ ʥʦʚʳʤʠ ʧʦʜʭʦʜʘʤʠ ʚ ʦʮʝʥʢʝ ʩʚʦʡʩʪʚ ʠ 

ʜʠʥʘʤʠʢʠ ʧʦʚʝʜʝʥʠʷ ʉʊʊ - complexity ʥʘ ʧʨʠʤʝʨʝ ʛʦʤʝʦʩʪʘʟʘ. ɺʩʝ ʦʢʘʟʘʣʦʩʴ 

ʛʦʨʘʟʜʦ ʩʣʦʞʥʝʝ ʠ ʠʥʪʝʨʝʩʥʝʡ [57, 129]. ɹʳʣʠ ʚʚʝʜʝʥʳ 5 ʧʨʠʥʮʠʧʦʚ 
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ʦʨʛʘʥʠʟʘʮʠʠ ʉʊʊ [140, 207] ʠ ʧʦʣʫʯʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʠʭ 

(ʉʊʊ) ʦʪʣʠʯʠʡ ʦʪ ʦʙʲʝʢʪʦʚ ɼʉʇ. ɹʦʣʝʝ ʪʦʛʦ, ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ 13-ʪʠ 

ʦʪʣʠʯʠʡ ʊʍʉ ʦʪ ɼʉʇ ʠ ʦʥʘ ʩʝʡʯʘʩ ʧʦʩʪʦʷʥʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘ ʦʙʣʦʞʢʝ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʞʫʨʥʘʣʘ ʉʄP (Complexity Mind Postnonclassic, ʩʤ. 

http://www.esrae.ru/cmp/). 

ɺ ʵʪʦʤ ʥʘʙʦʨʝ ʦʪʣʠʯʠʡ (ʠ ʧʨʦʪʠʚʦʨʝʯʠʡ) ʤʝʞʜʫ ɼʉʇ ʠ ʊʍʉ ʚʝʜʫʱʝʝ 

ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʜʚʘ: ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ 

ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ x(t0) ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʭ=(ʭ1, x2,é,xm)
T
 (ʘ ʪʦʛʜʘ 

ʥʝʪ ʟʘʜʘʯʠ ʂʦʰʠ) ʠ ʦʩʦʙʳʡ ʭʘʦʩ ʉʊʊ, ʢʦʪʦʨʳʡ ʥʝ ʷʚʣʷʝʪʩʷ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʭʘʦʩʦʤ, ʘ ʟʥʘʯʠʪ ʠ ʉʊʊ ʥʝ ʦʙʲʝʢʪ ɼʉʇ. ʉʨʘʟʫ ʦʪʤʝʪʠʤ, 

ʯʪʦ ʠʤʝʥʥʦ ʦʩʦʙʳʝ ʩʚʦʡʩʪʚʘ ʉʊʊ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʜʠʥʘʤʠʢʠ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʪʩʫʪʩʪʚʠʝ ʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ ï ʉʈ) ʠ ʦʙʝʩʧʝʯʠʚʘʪʁ ʧʦʥʷʪʠʝ ʛʦʤʝʦʩʪʘʟʘ 

ʜʣʷ complexity. ɹʦʣʝʝ ʪʦʛʦ, ʵʪʦ ʧʦʥʷʪʠʝ ʚʝʩʴʤʘ ʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʜʝʪʝʨʤʠʥʠʩʪʩʢʦʡ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ (dx/dt=0), ʠʣʠ ʚ ʚʠʜʝ ʥʝʠʟʤʝʥʥʦʩʪʠ ʬʫʥʢʮʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ fi(xi) ʜʣʷ j-ʡ ʚʳʙʦʨʢʠ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ xi ɺʉʉ ʚ ʌʇʉ. 

ʅʝʚʦʟʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʉʊʊ ʠ ʚ ʨʘʤʢʘʭ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ [21, 23, 120, 

164], ʦ ʢʦʪʦʨʦʤ ʥʘʩʪʦʡʯʠʚʦ ʛʦʚʦʨʠʣʠ M.Gel-Mann [238], J.A. Wheeler [248] ʠ 

I.R. Prigogine [243-245]. ʕʪʦ ʧʦʩʣʝʜʥʝʝ ʫʪʚʝʨʞʜʝʥʠʝ ʦʩʦʙʝʥʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʝ 

ʜʣʷ ɼʉʇ, ʪ.ʢ. ʚʩʝ ʚʳʰʝ ʫʢʘʟʘʥʥʳʝ (M.Gel-Mann, J.A. Wheeler ʠ I.R. Prigogine) 

ʥʦʙʝʣʝʚʩʢʠʝ ʣʘʫʨʝʘʪʳ ʦʙʨʘʱʘʣʠʩʴ ʠʤʝʥʥʦ ʢ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤʫ ʭʘʦʩʫ, ʢʘʢ 

ʩʧʦʩʦʙʫ ʦʧʠʩʘʥʠʷ complexity. ʆʜʥʘʢʦ, ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʢʘʟʘʣʦʩʴ ʛʦʨʘʟʜʦ 

ʩʣʦʞʥʝʝ. ʕʪʘ ʩʣʦʞʥʦʩʪʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʩʦʙʦʡ ʜʠʥʘʤʠʢʠ ʛʦʤʝʦʩʪʘʟʘ ʠ ʠʥʦʛʦ 

ʧʦʥʠʤʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ complexity, ʚ ʢʦʪʦʨʳʭ ʛʦʤʝʦʩʪʘʟ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʉʊʊ. ɺʩʝ ʵʪʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ 

ʧʘʨʘʤʝʪʨʘʤ ʌʉʆ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʂʈʉ ʢʘʢ ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. 

ʅʘʧʦʤʥʠʤ ʥʝʢʦʪʦʨʳʝ ʧʝʨʩʦʥʘʣʠʠ ʠ ʧʨʝʜʩʪʘʚʠʤ ʨʘʩʰʠʨʝʥʠʝ ʧʦʥʷʪʠʡ 

ʛʦʤʝʦʩʪʘʟʘ. 

ʇʨʝʜʧʦʩʳʣʢʠ ʧʦʥʠʤʘʥʠʷ ʛʦʤʝʦʩʪʘʟʘ ʢʘʢ ʦʩʦʙʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʥʫʪʨʝʥʥʝʡ 

ʩʨʝʜʳ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʢʦʪʦʨʦʝ ʦʪʣʠʯʥʦʝ ʦʪ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʚʧʝʨʚʳʝ ʥʘʯʘʣ 

ʚʚʦʜʠʪʴ ʂʣʦʜ ɹʝʨʥʘʨ (1813 - 1878). ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʩʚʦʝʡ ʪʝʦʨʠʠ ʦʥ 

ʠʟʣʦʞʠʣ ʚ ʠʟʚʝʩʪʥʦʡ ʨʘʙʦʪʝ çɺʚʝʜʝʥʠʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʤʝʜʠʮʠʥʫè 

(Bernard C. Introduction a la medicine Experimentale. Paris, 1952. ʦriginal, 1864). ɺ 

ʵʪʦʡ ʨʘʙʦʪʝ ɹʝʨʥʘʨ ʦʪʤʝʯʘʣ çʇʦʩʪʦʷʥʩʪʚʦ ʠʣʠ ʩʪʦʡʢʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ, 

ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʥʘʙʦʨ ʧʨʦʮʝʩʩʦʚ, ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʠʝʤ ʩʚʦʙʦʜʥʦʡ ʞʠʟʥʠ 

ʦʨʛʘʥʠʟʤʘè. ʀʤʝʥʥʦ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʯʝʣʦʚʝʯʝʩʪʚʦ ʚʧʝʨʚʳʝ ʚʧʣʦʪʥʫʶ ʧʦʜʦʰʣʦ ʢ 

ʧʦʥʷʪʠʷʤ çʨʝʛʫʣʷʮʠʷè, çʞʠʚʳʝ ʩʠʩʪʝʤʳ ʩ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠè, ʢʦʪʦʨʳʝ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʦʙʱʝʡ ʪʝʦʨʠʠ ʩʠʩʪʝʤ (ʆʊʉ) ʠ 

ʙʠʦʬʠʟʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤ, ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʥʦʛʠʭ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʆʊʉ, ʢʠʙʝʨʥʝʪʠʢʠ ʠ ʩʠʥʝʨʛʝʪʠʢʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ Bernard ʩʧʝʮʠʘʣʴʥʦ ʚʚʝʣ ʵʪʠ ʜʚʘ ʧʦʥʷʪʠʷ ʢʘʢ ʮʝʣʦʩʪʥʦʝ ʦʜʥʦ 

(ʧʦʩʪʦʷʥʩʪʚʦ ʢʘʢ ʩʪʦʡʢʦʩʪʴ), ʪ.ʢ. ʵʪʦ ʚʩʝ-ʪʘʢʠ ʜʚʘ ʨʘʟʥʳʭ ʧʦʥʷʪʠʷ, ʥʦ ʠʤʝʶʱʠʝ 

ʦʙʱʠʡ ʢʦʨʝʥʴ (ʩʪʦʡ, ʩʪʦʷʪʴ). ʆʜʥʘʢʦ, ʦʩʦʙʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʦʟʠʮʠʡ ɼʉʇ ʚ 

ʠʟʫʯʝʥʠʠ ʛʦʤʝʦʩʪʘʟʘ ʤʳ ʥʝ ʧʦʣʫʯʠʣʠ ʠ ʥʝ ʧʦʣʫʯʠʤ ʚ ʙʫʜʫʱʝʤ, ʝʩʣʠ ʠʩʭʦʜʠʪʴ 

ʠʟ ʧʦʥʷʪʠʡ ɼʉʇ, ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ, ʪ.ʢ. ʚ ʛʦʤʝʦʩʪʘʟʝ ʧʦʩʪʦʷʥʥʦ ʥʝ ʪʦʣʴʢʦ 
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ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʠʦʩʠʩʪʝʤʳ x(t0) ʠ f(t) ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʝʪʩʷ ʘ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ ʪʦʞʝ ʥʝʪ [21, 23, 120, 164]. 

ɿʥʘʯʠʪʝʣʴʥʦ ʧʦʟʞʝ (ʩʧʫʩʪʷ 100 - 150 ʣʝʪ) ʥʘʫʢʘ ʥʘʯʘʣʘ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ 

ʧʦʥʷʪʠʷ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ (ʢʘʢ ʛʣʫʙʦʢʠʡ, ʘʥʪʠʵʥʪʨʦʧʠʡʥʳʡ ʫʭʦʜ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ) ʠ ʩʚʦʙʦʜʥʦʡ ʞʠʟʥʠ ʦʨʛʘʥʠʟʤʘ 

ʦʪ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɻʦʤʝʦʩʪʘʪʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʂʈʉ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʣʠ ʀ.ʄ. ʉʝʯʝʥʦʚ ʠ ʀ.ʇ. ʇʘʚʣʦʚ, ʘ ʪʘʢʞʝ ʮʝʣʘʷ ʧʣʝʷʜʘ ʬʠʟʠʦʣʦʛʦʚ ʉʉʉ. 

ʇʦʩʣʝ ʨʘʙʦʪ ʂ. ɹʝʨʥʘʨʘ,  ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 20-ʛʦ ʚʝʢʘ, ʋʦʣʪʝʨ ɹʨʝʜʬʦʨʜ 

ʂʝʥʥʦʥ (1871 - 1945), ʘʥʘʣʠʟʠʨʫʷ ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʩʮʝʨʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʞʠʚʦʛʦ 

ʦʨʛʘʥʠʟʤʘ (ʥʘ ʧʨʠʤʝʨʝ ʧʠʱʝʚʘʨʝʥʠʷ) ʠ ʨʷʜʘ ʥʝʡʨʦʛʫʤʦʨʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʚʚʦʜʠʪ ʧʦʥʷʪʠʝ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʩʚʦʝʡ ʠʟʚʝʩʪʥʦʡ 

ʨʘʙʦʪʝ çʄʫʜʨʦʩʪʴ ʪʝʣʘè (Cannon W. çThe Wisdom of the Bodyè. New York, 1963 

(original, 1932)) ʦʥ ʚʧʝʨʚʳʝ ʚʚʦʜʠʪ ʧʦʥʷʪʠʝ çʛʦʤʝʦʩʪʘʟʠʩʘè. ʈʘʩʰʠʨʷʷ ʵʪʦ 

ʧʦʥʷʪʠʝ ʜʦ ʦʙʱʠʭ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʭ ʨʫʙʝʞʝʡ, ʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʟʞʝ, ʋ.ʈ. ʕʰʙʠ 

(1903 - 1972) ʥʘʯʘʣ ʛʦʚʦʨʠʪʴ ʦ ʛʦʤʝʦʩʪʘʟʠʩʝ (ʢʘʢ ʩʚʦʡʩʪʚʝ ʠʩʭʦʜʥʦ 

ʯʝʣʦʚʝʢʦʤʝʨʥʳʭ ʩʠʩʪʝʤ) ʣʶʙʳʭ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ. ʉʝʡʯʘʩ ʵʪʦʪ ʪʝʨʤʠʥ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʠ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʩʦʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʝʡ ʜʠʥʘʤʠʢʝ ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ 

ʦʨʛʘʥʠʟʤʦʤ ʦʪʜʝʣʴʥʦʛʦ ʯʝʣʦʚʝʢʘ (ʚʩʝ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʤʳ ʩʝʡʯʘʩ ʦʙʦʟʥʘʯʘʝʤ ʢʘʢ 

ʩʠʩʪʝʤʳ ʪʨʝʪʴʝʛʦ ʪʠʧʘ - ʉʊʊ). ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʉʊʊ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ 

ʦʧʠʩʳʚʘʪʴ ʚ ʨʘʤʢʘʭ ʜʝʪʝʨʤʠʥʠʟʤʘ (ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ) ʠʣʠ 

ʩʪʦʭʘʩʪʠʢʠ. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʣ ʝʱʝ ʚ 1948 ʛ. W. Weaver [247], ʢʦʪʦʨʳʡ ʠ ʚʚʝʣ 

ʧʦʥʷʪʠʝ ʪʨʝʭ ʪʠʧʦʚ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ ʦʩʦʙʳʡ ʩʤʳʩʣ ʉʊʊ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʚ ʥʘʫʢʝ ʥʝ ʨʘʩʢʨʳʪ! 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʘʤ ʂʝʥʥʦʥ ʧʦʥʠʤʘʣ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤ, ʦʪʤʝʯʘʷ ʵʪʫ ʦʩʦʙʝʥʥʦʩʪʴ ʪʘʢ: çé ʫ ʞʠʚʳʭ ʩʫʱʝʩʪʚ, - ʚʢʣʶʯʘʷ, 

ʚʦʟʤʦʞʥʦ, ʤʦʟʛ, ʥʝʨʚʳ, ʩʝʨʜʮʝ, ʣʝʛʢʠʝ, ʧʦʯʢʠ, ʩʝʣʝʟʝʥʢʫ, ʜʝʡʩʪʚʫʶʱʠʝ 

ʩʦʚʤʝʩʪʥʦ (ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ), é ʷ ʧʨʝʜʣʦʞʠʣ ʦʩʦʙʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ 

ʩʦʩʪʦʷʥʠʡ, ʛʦʤʝʦʩʪʘʟʠʩ. ʕʪʦ ʩʣʦʚʦ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʯʪʦ-ʣʠʙʦ ʧʦʩʪʦʷʥʥʦʝ ʠʣʠ 

ʢʘʢʦʝ-ʪʦ ʟʘʩʪʦʡʥʦʝ ʷʚʣʝʥʠʝ. ʆʥʦ ʦʟʥʘʯʘʝʪ ʫʩʣʦʚʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ, 

ʥʦ ʢʦʪʦʨʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦè. ʇʦʩʣʝʜʥʝʝ ʧʦʥʷʪʠʝ (ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʩʪʦʷʥʥʦ) ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ɼʉʇ ʥʝ ʨʘʩʰʠʬʨʦʚʘʥʦ ʠ ʦʥʦ ʷʚʠʣʦʩʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚ ʪʝʦʨʠʠ ʭʘʦʩʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ (ʊʍʉ) [120, 164]. 

ɿʘʙʝʛʘʷ ʚʧʝʨʝʜ ʦʪʤʝʪʠʤ, ʯʪʦ ʵʪʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʩʪʦʷʥʥʦʩʪʴ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ 

ʜʝʪʝʨʤʠʥʠʟʤʘ (ʛʜʝ dx/dt=0), ʩʪʦʭʘʩʪʠʯʝʩʢʠ (ʛʜʝ f(x) ʜʦʣʞʥʘ ʩʦʭʨʘʥʷʪʴʩʷ) ʠ ʟʘ 

ʨʘʤʢʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ (ʛʜʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʦʤʝʨʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ʉʊʊ ʥʝ ʦʙʲʝʢʪ ɼʉʇ, ʛʦʤʝʦʩʪʘʟʠʩ ʂʈʉ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʚ 

ʨʘʤʢʘʭ ʦʙʳʯʥʦʡ ʩʪʘʪʠʩʪʠʢʠ [133, 141]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʥʷʪʠʝ ʛʦʤʝʦʩʪʘʟʠʩ (ʢʘʢ ʦʩʦʙʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʥʫʪʨʝʥʥʝʡ 

ʩʨʝʜʳ ʦʨʛʘʥʠʟʤʘ) ʚʦʟʥʠʢʣʦ ʠʟ ʥʘʙʣʶʜʝʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʦʣʦʛʦʚ, ʥʦ 

ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʝʥʦ ʥʘ ʤʥʦʛʠʝ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ (ʠ ʥʝ ʪʦʣʴʢʦ 

ʙʠʦʩʠʩʪʝʤʳ) ï complexity, ʢʦʪʦʨʳʝ ʧʦʜʦʙʥʳ ʦʨʛʘʥʠʟʤʫ ʯʝʣʦʚʝʢʘ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ 

ʪʘʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʪ.ʝ. ʨʘʩʰʠʨʝʥʠʷ ʵʪʦʛʦ ʧʦʥʷʪʠʷ, ʤʳ ʧʨʠʭʦʜʠʤ ʢ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʢʦʪʦʨʳʝ 
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ʚʝʩʴ 20-ʡ ʚʝʢ ʚ ʨʘʤʢʘʭ ʆʊʉ (ʥʘʯʠʥʘʷ ʦʪ ʃ. ʬʦʥ ɹʝʨʪʘʣʘʥʬʠ) ʧʳʪʘʣʠʩʴ ʠʟʫʯʘʪʴ ʠ 

ʦʧʠʩʳʚʘʪʴ ʚ ʦʩʥʦʚʥʦʤ ʚ ʨʘʤʢʘʭ ʜʝʪʝʨʤʠʥʠʩʪʩʢʦʛʦ ʠʣʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʦʚ, ʪ.ʝ. ɼʉʇ. ʋʧʦʤʠʥʘʷ ʚʩʶ ʵʪʫ ʭʨʦʥʦʣʦʛʠʶ, ʤʳ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ 

ʛʦʚʦʨʠʪʴ ʠ ʦ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ (ʌʉʆ) ʯʝʣʦʚʝʢʘ, ʨʘʥʝʝ 

(30-ʝ ʛʦʜʳ 20-ʛʦ ʚʝʢʘ) ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʇ.ʂ. ɸʥʦʭʠʥʳʤ, ʘ ʩʝʡʯʘʩ ʝʛʦ ʥʘʫʯʥʦʡ 

ʰʢʦʣʦʡ [16, 63, 77]. ʆʜʥʘʢʦ, ʵʪʘ ʦʙʣʘʩʪʴ ʟʥʘʥʠʡ ʦ ʧʨʝʜʪʝʯʘʭ ʩʠʥʝʨʛʝʪʠʢʠ ï 

ʦʩʦʙʘʷ ʦʙʣʘʩʪʴ, ʪʨʝʙʫʶʱʘʷ ʦʪʜʝʣʴʥʦʛʦ ʙʦʣʴʰʦʛʦ ʨʘʟʛʦʚʦʨʘ ʠ ʩʝʡʯʘʩ ʤʳ 

ʦʛʨʘʥʠʯʠʣʠʩʴ ʪʦʣʴʢʦ ʢʨʘʪʢʠʤ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤ ʫʧʦʤʠʥʘʥʠʝʤ ʧʝʨʩʦʥʘʣʠʡ. ʇʨʠ 

ʵʪʦʤ ʦʩʦʙʦ ʚʳʜʝʣʠʤ: ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʛʦʤʝʦʩʪʘʟ ʠʟʫʯʘʝʪʩʷ ʪʦʣʴʢʦ ʩ 

ʧʦʟʠʮʠʡ ɼʉʇ (ʠ ʪʝʦʨʠʷ ʌʉʆ ʪʦʞʝ), ʘ ʵʪʦ ʩʦʟʜʘʝʪ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʚ ʝʛʦ 

ʠʟʫʯʝʥʠʠ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ 1-ʛʦ ʪʠʧʘ, ʦ ʢʦʪʦʨʳʭ ʤʳ ʙʫʜʝʤ 

ʛʦʚʦʨʠʪʴ ʥʠʞʝ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚ ʪʝʦʨʠʠ ʌʉʆ ʇ.ʂ. ɸʥʦʭʠʥ ʧʦʥʷʪʠʝʤ 

ʧʦʣʝʟʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʜʦʧʦʣʥʷʣ, ʬʘʢʪʠʯʝʩʢʠ, 

ʛʦʤʝʦʩʪʘʟʠʩ ʂʝʥʥʦʥʘ [200]. 

ɺ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʩʘʤʦʛʦ ʧʦʥʷʪʠʷ ʛʦʤʝʦʩʪʘʟʠʩʘ ʚʩʝʛʜʘ ʚʥʝ ʧʨʝʜʝʣʦʚ 

ʦʙʩʫʞʜʝʥʠʷ ʦʩʪʘʚʘʣʘʩʴ ʧʨʦʙʣʝʤʘ ʦʩʦʙʳʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ, ʧʦʜʦʙʥʳʭ 

ʦʨʛʘʥʠʟʤʫ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʙʣʘʜʘʶʪ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʉ.ʇ. ʂʫʨʜʶʤʦʚ ʠ ɺ.ʉ. ʉʪʝʧʠʥ ʠʭ ʦʙʦʟʥʘʯʠʣʠ ʢʘʢ 

ʯʝʣʦʚʝʢʦʤʝʨʥʳʝ ʩʠʩʪʝʤʳ - complexity) [141, 192, 235]. ɿʘʙʝʛʘʷ ʚʧʝʨʝʜ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦ ʢʦʥʮʘ 20-ʛʦ ʚʝʢʘ ʢ ʵʪʠʤ ʦʩʦʙʳʤ ʩʚʦʡʩʪʚʘʤ 

ʦʪʥʦʩʠʣʠ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʂ. ɹʝʨʥʘʨʘ, ʋ.ɹ. 

ʂʝʥʥʦʥʘ, ʠ ʋ.ʈ. ʕʰʙʠ): ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʪʘʢʠʭ ʩʨʝʜ, ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʠ ʥʝʢʦʪʦʨʦʤʫ ʨʘʟʚʠʪʠʶ, ʥʘʣʠʯʠʝ ʤʝʭʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ 

ʫʩʪʦʡʯʠʚʦ ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʛʨʘʜʠʝʥʪʳ (ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʜʘʚʣʝʥʠʷ ʠ ʪ.ʜ.) ʚ ʫʢʘʟʘʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʩʨʝʜʘʭ (ʚ ʩʚʦʙʦʜʥʦʡ ʞʠʟʥʠ 

ʦʨʛʘʥʠʟʤʘ). ɹʦʣʝʝ ʪʦʛʦ, ʠʤʝʥʥʦ ʵʪʘ ʩʚʦʙʦʜʘ (ʥʘʯʠʥʘʷ ʦʪ ʫʭʦʜʘ ʦʪ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʚ ʬʠʟʠʢʝ) ʠ ʚʦʟʥʠʢʣʘ ʠʟ-ʟʘ 

ʫʩʪʦʡʯʠʚʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʥʳʭ ʛʨʘʜʠʝʥʪʦʚ. ʀ ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʧʨʠʟʥʘʢʦʤ 

çʩʚʦʙʦʜʳè ʙʠʦʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʂʘʢ ʪʦʣʴʢʦ ʦʨʛʘʥʠʟʤ 

ʟʘʬʠʢʩʠʨʦʚʘʣ ʩʚʦʶ ʚʥʫʪʨʝʥʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ (36,6 ʉ̄ ʧʦ ʂʝʥʥʦʥʫ ï ʵʪʦ ʠ ʝʩʪʴ 

ʤʫʜʨʦʩʪʴ ʪʝʣʘ), ʪʘʢ ʩ ʵʪʦʛʦ ʠ ʥʘʯʘʣʘʩʴ ʩʚʦʙʦʜʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʨʘʙʦʪʝ ʤʳʩʣʠ ï 

ʥʝʪ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʠʣʠ ʧʝʨʝʛʨʝʚʘʥʠʷ ʤʦʟʛʘ, ʦʥ ʨʘʙʦʪʘʝʪ ʥʦʨʤʘʣʴʥʦ ʠ ʚʩʝʛʜʘ!). 

ʋʩʣʦʚʥʦʝ ʩʪʘʮʠʦʥʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ ï ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʳʜʘʶʱʝʝʩʷ 

ʜʦʩʪʠʞʝʥʠʝ ʵʚʦʣʶʮʠʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʥʦ ʵʪʦʪ ʬʠʟʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ, ʢʘʢ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ, ʙʠʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʨʛʘʥʠʟʤʘ, ʷʚʣʷʶʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʦʤʝʦʩʪʘʟʘ, ʝʛʦ (ʛʦʤʝʦʩʪʘʟʘ) ʧʘʨʘʤʝʪʨʘʤʠ xi ʚ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ, ʛʜʝ ʥʝʧʨʝʨʳʚʥʦ ʠ ʭʘʦʪʠʯʝʩʢʠ ʜʚʠʞʝʪʩʷ ʠʭ ɺʉʉ x(t) ʧʦ 

ʚʩʝʤ ʩʚʦʠʤ ʢʦʤʧʦʥʝʥʪʘʤ xi(t) [133, 141]. 

ʆʜʥʘʢʦ ʣʶʙʘʷ ʩʚʦʙʦʜʘ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʯʠʥʘʷ ʦʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ) ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʧʦʪʦʢʦʚ ʠ ʛʨʘʜʠʝʥʪʦʚ ʠ ʛʣʘʚʥʳʝ ʠʟ 

ʥʠʭ ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ (ʧʠʱʝʚʳʝ, ʪʝʧʣʦʚʳʝ, ʘ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ ʜʣʷ ʯʝʣʦʚʝʢʘ ʦʥʠ 

ʚʦʟʥʠʢʘʶʪ ʠʩʢʫʩʩʪʚʝʥʥʦ, ʚ ʚʠʜʝ ʞʠʣʴʷ). ʊʦʣʴʢʦ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʩʠʭʠʯʝʩʢʠʭ ʩʚʦʙʦʜ ʜʣʷ ʯʝʣʦʚʝʢʘ ʥʘʯʠʥʘʶʪʩʷ ʜʨʫʛʠʝ 

ʩʚʦʙʦʜʳ: ʚ ʧʦʣʫʯʝʥʠʠ ʠ ʦʙʤʝʥʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʚʠʞʝʥʠʠ, ʦʙʨʘʟʦʚʘʥʠʠ 
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ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʠ ʩʦʦʙʱʝʩʪʚ ʠʥʜʠʚʠʜʫʫʤʦʚ. ʀʤʝʥʥʦ ʚʥʫʪʨʝʥʥʠʡ ʛʦʤʝʦʩʪʘʟ 

ʜʘʝʪ ʯʝʣʦʚʝʢʫ ʨʘʟʣʠʯʥʳʝ ʩʚʦʙʦʜʳ ʪʝʣʫ ʠ ʜʫʭʫ, ʚʳʙʦʨʫ ʠʟ  ʤʥʦʞʝʩʪʚʘ 

ʨʝʘʣʴʥʦʩʪʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʦʣʴʢʦ ʪʝʭ, ʢʦʪʦʨʳʝ ʦʧʪʠʤʠʟʠʨʫʶʪ ʞʠʟʥʴ ʣʶʙʦʛʦ 

ʞʠʚʦʛʦ ʩʫʱʝʩʪʚʘ ʠ ʦʩʦʙʝʥʥʦ ʯʝʣʦʚʝʢʘ. ɺʩʝ ʵʪʦ ï ʘʨʛʫʤʝʥʪʳ ʚ ʧʦʣʴʟʫ ʚʘʞʥʦʩʪʠ 

ʩʘʤʦʛʦ ʪʝʨʤʠʥʘ, ʠʩʪʦʨʠʠ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʥʦ ʥʝ ʚ ʩʪʦʨʦʥʫ ʧʦʟʥʘʥʠʷ ʝʛʦ 

ʩʤʳʩʣʘ ʠ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʛʦʤʝʦʩʪʘʟʝ [37, 200]. 

ɺ ʮʝʣʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʧʦʥʷʪʠʝ ʛʦʤʝʦʩʪʘʟʠʩʘ ʯʝʣʦʚʝʢʘ ʠ ʮʝʣʳʭ 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʤʳ 

ʧʦʩʪʦʷʥʥʦ ʜʦʣʞʥʳ ʧʦʤʥʠʪʴ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʜʝʨʞʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ 

ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ ʠ (ʢʘʢ ʩʣʝʜʩʪʚʠʝ) ʪʨʦʬʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ 

ʛʦʤʝʦʩʪʘʟʠʩ ʦʪʜʝʣʴʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʚʩʝʛʜʘ ʙʫʜʝʪ ʪʨʝʙʦʚʘʪʴ ʩʦʟʜʘʥʠʷ 

ʦʩʦʙʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʦʪʦʢʦʚ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʥʘʩʪʫʧʠʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʚ ʚʠʜʝ ʩʤʝʨʪʠ ʦʪʜʝʣʴʥʦʛʦ ʯʝʣʦʚʝʢʘ 

ʠʣʠ ʮʝʣʦʡ ʵʢʦʩʠʩʪʝʤʳ. ɺʩʝ ʵʪʦ ʨʘʩʰʠʨʷʝʪ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʦʥʷʪʠʷ 

ʛʦʤʝʦʩʪʘʟʘ: ʦʪ ʛʦʤʝʦʩʪʘʟʘ ʦʨʛʘʥʠʟʤʘ ʦʪʜʝʣʴʥʦʛʦ ʯʝʣʦʚʝʢʘ ʜʦ ʛʦʤʝʦʩʪʘʟʘ 

ʢʦʣʦʥʠʠ ʣʶʜʝʡ ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʪʦʞʝ ʥʫʞʥʦ 

ʩʦʟʜʘʚʘʪʴ (ʫʞʝ ʠʩʢʫʩʩʪʚʝʥʥʦ) ʛʨʘʜʠʝʥʪʳ ʠ ʧʦʪʦʢʠ ʥʘ ʛʨʘʥʠʮʘʭ ʧʝʨʝʭʦʜʘ 

ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ (ʟʘʢʨʳʪʘʷ ʵʢʦʩʠʩʪʝʤʘ ʠ ʣʶʜʠ, ʞʠʚʫʱʠʝ ʚ ʥʝʡ) ʠ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ (ʢʦʩʤʦʩʘ, ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʥʘ  ʦʪʜʝʣʴʥʦʡ ʧʣʘʥʝʪʝ), ʧʨʠʜʝʪʩʷ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʚʥʝʰʥʶʶ ʩʨʝʜʫ ʢʘʢ ʵʪʦ ʜʝʣʘʝʪ ʩʝʡʯʘʩ ʦʨʛʘʥʠʟʤ ʢʘʞʜʦʛʦ 

ʯʝʣʦʚʝʢʘ [80-82]. 

ʊʘʢʘʷ ʧʨʦʙʣʝʤʘ ʠʤʝʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ, ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʜʨʫʛʠʝ ʘʩʧʝʢʪʳ, ʥʦ ʚ ʮʝʣʦʤ ʵʪʦ ʧʨʦʙʣʝʤʘ çʯʝʣʦʚʝʢ ʠ ʩʨʝʜʘ ʦʙʠʪʘʥʠʷè. ʇʨʠ ʵʪʦʤ 

ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʜʦʙʥʳʭ ʙʠʦʩʠʩʪʝʤ (ʥʘʧʨʠʤʝʨ, ʦʨʛʘʥʠʟʤ ʦʪʜʝʣʴʥʦʛʦ 

ʯʝʣʦʚʝʢʘ ʠ ʵʢʦʩʠʩʪʝʤʘ ʚ ʢʦʩʤʦʩʝ) ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʤʝʨʮʘʥʠʝ (ʭʘʦʪʠʯʝʩʢʦʝ 

ʜʚʠʞʝʥʠʝ) ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʠʩʪʝʤ (ɺʉɹ) ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʩʦʩʪʦʷʥʠʡ ʠ ʝʛʦ ʧʦʩʪʦʷʥʥʘʷ ʵʚʦʣʶʮʠʷ. ʇʦʩʣʝʜʥʝʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ 

(ʚʦʟʤʦʞʥʦ, ʪʝʣʝʦʣʦʛʠʯʝʩʢʦʤ) ʜʚʠʞʝʥʠʠ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʥʫʪʨʠ 

ʢʦʪʦʨʦʡ ʜʚʠʞʝʪʩʷ ɺʉɹ, ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦʜʦʙʥʘʷ ʵʚʦʣʶʮʠʷ ʙʳʣʘ 

ʦʧʠʩʘʥʘ ʚ ʪʝʦʨʠʠ ʩʤʝʥʳ ʣʶʙʦʡ ʧʘʨʘʜʠʛʤʳ (ʊ. ʂʫʥ) ʠ ʚ ʪʝʦʨʠʠ ʵʚʦʣʶʮʠʠ ʣʶʙʦʡ 

ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʧʦʥʷʪʠʷʤʠ: ʚʦʟʥʠʢʥʦʚʝʥʠʝ, ʨʘʩʮʚʝʪ, ʩʧʘʜ, 

ʩʤʝʨʪʴ (ʨʘʟʨʫʰʝʥʠʝ). ɺ ʪʝʦʨʠʠ ʛʦʤʝʦʩʪʘʟʘ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʭʘʦʩʘ ï ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʘʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩ 

ʚʦʟʨʘʩʪʦʤ ʫ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ [21, 23, 120, 164]. ɺ ʮʝʣʦʤ, ʣʶʙʦʡ ʛʦʤʝʦʩʪʘʟ 

ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʵʚʦʣʶʮʠʠ. 

ɺ ʣʶʙʦʤ ʩʦʩʪʦʷʥʠʠ ɺʉɹ ʚ ʚʠʜʝ x=x(t)= (x1, x2,éxm)
T
 ʜʣ̫ ʪʘʢʠʭ ʩʣʦʞʥʳʭ, 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʭ ʛʦʤʝʦʩʪʘʟ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʦʩʥʦʚʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ: ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʠ ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʘʮʠʷ, ʤʝʨʮʘʥʠʝ ɺʉɹ ʚ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʧʨʝʜʝʣʘʭ ʥʝʢʦʪʦʨʦʡ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ɺʉɹ ï ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ  (ʂɸ), ʵʚʦʣʶʮʠʷ ʪʘʢʠʭ ʂɸ ʚ ʌʇʉ ʠ, 

ʥʘʢʦʥʝʮ, ʚʦʟʤʦʞʥʦʩʪʴ ʭʘʦʪʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʂɸ ʚ ʚʠʜʝ ʠʭ ʦʙʲʝʤʦʚ 

VG. ɺʩʝ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʧʷʪʠ ʦʩʦʙʳʤ ʩʚʦʡʩʪʚʘʤ ʩʣʦʞʥʳʭ (ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ) 

ʩʠʩʪʝʤ, ʢ ʢʦʪʦʨʳʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪʥʦʩʠʪʩʷ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʚ ʮʝʣʦʤ, ʠ 
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ʝʛʦ ʌʉʆ (ʚ ʚʠʜʝ ʢʣʘʩʪʝʨʦʚ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʛʦʤʝʦʩʪʘʟ [37, 200]. ʀʤʝʥʥʦ ʵʪʠ 

ʩʚʦʡʩʪʚʘ ʤʳ ʩʝʡʯʘʩ ʠ ʧʨʝʜʩʪʘʚʣʷʝʤ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʂʈʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʘʷ ʪʨʘʢʪʦʚʢʘ ʛʦʤʝʦʩʪʘʟʘ (ʢʘʢ ʦʩʦʙʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʨʛʘʥʠʟʤʘ) ʚ ʨʘʤʢʘʭ ʪʨʝʪʴʝʡ (ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʡ) ʧʘʨʘʜʠʛʤʳ ʜʘʝʪ ʥʘʤ ʥʦʚʦʝ 

ʧʦʥʠʤʘʥʠʝ ʵʪʦʛʦ ʪʝʨʤʠʥʘ (ʢʘʢ ʦʩʦʙʦʛʦ ʩʦʩʪʦʷʥʠʷ complexity). ʈʘʥʝʝ, ʚ ʨʘʤʢʘʭ 

ɼʉʇ, çʥʝʧʦʜʚʠʞʥʦʝ ʩʦʩʪʦʷʥʠʝè ʦʧʠʩʳʚʘʣʦʩʴ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ɺʉɹ ʚ ʚʠʜʝ dx/dt = 

0 ʠʣʠ xi = const, ʘ ʩ ʧʦʟʠʮʠʡ ʩʪʦʭʘʩʪʠʢʠ ʚ ʚʠʜʝ ʥʝʠʟʤʝʥʥʦʩʪʠ ʬʫʥʢʮʠʡ 

ʩʦʩʪʦʷʥʠʡ f j(xi), ʛʜʝ j ï ʥʦʤʝʨ ʩʝʨʠʠ ʥʘʙʣʶʜʝʥʠʡ (ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ æti). 

ʊʝʧʝʨʴ ʤʳ ʤʦʞʝʤ ʛʦʚʦʨʠʪʴ ʦ ʥʝʢʦʪʦʨʳʭ ʧʦʩʪʦʷʥʥʳʭ (ʫʩʣʦʚʥʦ) ʧʘʨʘʤʝʪʨʘʭ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ. ʇʦʩʣʝʜʥʝʝ ʢʘʩʘʝʪʩʷ ʢʘʢ ʦʙʲʝʤʦʚ VG ʜʣʷ ʂɸ, ʪʘʢ ʠ ʢʦʦʨʜʠʥʘʪ 

ʠʭ (ʂɸ) ʮʝʥʪʨʦʚ ʚ ʌʇʉ. ɻʦʤʝʦʩʪʘʟ (ʢʘʢ ʩʦʩʪʦʷʥʠʝ ʙʠʦʩʠʩʪʝʤ rʠ ʝʝ ɺʉɹ ʚ 

ʌʇʉ) ʪʝʧʝʨʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʫʩʣʦʚʥʳʤ ʧʦʩʪʦʷʥʩʪʚʦʤ ʂɸ. ʇʨʠ ʵʪʦʤ 

ʩʘʤ ɺʉɹ ʭ(t) ʥʝʧʨʝʨʳʚʥʦ ʠ ʭʘʦʪʠʯʝʩʢʠ ʜʚʠʞʝʪʩʷ  ʚʥʫʪʨʠ ʂɸ, ʘ ʝʛʦ ʧʘʨʘʤʝʪʨʳ 

ʥʝʧʨʝʨʳʚʥʦ ʜʘʶʪ dx/dt Í 0. ɼʣʷ ʛʦʤʝʦʩʪʘʟʘ ʥʝʦʙʭʦʜʠʤʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

VGåconst, xi
c
åconst, ʟʜʝʩʴ xi

c
- ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ, ʚʥʫʪʨʠ 

ʢʦʪʦʨʳʭ ʥʝʧʨʝʨʳʚʥʦ ʠ ʭʘʦʪʠʯʝʩʢʠ ʜʚʠʞʝʪʩʷ ɺʉɹ ʚ ʚʠʜʝ x=x(t)=(x1, x2,é,xm)
T
 

[133, 141]. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʦʨʜʠʥʘʪʳ ɺʉɹ xi ʙʫʜʫʪ ʨʝʘʣʴʥʦ ʦʧʠʩʳʚʘʪʴ ʩʘʤ ʧʨʦʮʝʩʩ 

ʛʦʤʝʦʩʪʘʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ɼʉʇ-

ʧʦʥʷʪʠʡ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʧʦʥʷʪʠʝ ʛʦʤʝʦʩʪʘʟʘ (ʢʘʢ ʦʩʦʙʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʠʩʪʝʤʳ) ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʚ ʨʘʤʢʘʭ ʪʨʘʜʠʮʠʦʥʥʦʡ ʥʘʫʢʠ, 

ʪ.ʢ. ʚʦʟʥʠʢʘʝʪ ʙʦʣʴʰʘʷ ʧʨʦʙʣʝʤʘ ʚ ʧʦʥʷʪʠʠ ʩʪʘʪʠʯʥʦʩʪʠ (ʢʘʢ ʥʝʠʟʤʝʥʥʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ ɺʉɹ ʠʣʠ ʢʘʢ ʥʝʠʟʤʝʥʥʦʩʪʠ ʩʘʤʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʠ ʩʪʨʫʢʪʫʨʳ) 

ʙʠʦʩʠʩʪʝʤʳ). ʈʘʩʩʤʦʪʨʠʤ ʚʩʝ ʚʳʰʝ ʦʙʦʟʥʘʯʝʥʥʦʝ (ʛʦʤʝʦʩʪʘʟʠʩ ʢʘʢ ʧʨʦʮʝʩʩ, 

ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ɺʉɹ, ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʳ) ʚ ʨʘʤʢʘʭ ɼʉʇ [141] ʠ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʚ 

ʚʠʜʝ ʪʝʦʨʠʠ ʭʘʦʩʘ-ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ï ʊʍʉ [62-68, 79-85]. ʇʨʠ ʵʪʦʤ 

ʧʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ɺʉɹ ʤʳ ʥʝ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʥʠʢʘʢʫʶ 

ʩʪʘʪʠʯʥʦʩʪʴ (dx/dt Í 0 ʥʝʧʨʝʨʳʚʥʦ  ʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ fj(xi), ʛʜʝ j ï ʥʦʤʝʨ 

ʚʳʙʦʨʢʠ, ʜʣʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ xi ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʪʩʷ), ʥʦ ʪʝʨʤʠʥ 

çʦʜʠʥʘʢʦʚʦʝ ʩʦʩʪʦʷʥʠʝè - ʛʦʤʝʦʩʪʘʟʠʩ ʚʩʝ-ʪʘʢʠ ʦʩʪʘʝʪʩʷ. ʂʘʢʠʤ ʞʝ ʜʦʣʞʝʥ 

ʙʳʪʴ ʥʦʚʳʡ ʩʤʳʩʣ ʵʪʦʛʦ ʩʪʘʨʦʛʦ ʪʝʨʤʠʥʘ (ʛʦʤʝʦʩʪʘʟ)? 

ʄʳ ʫʞʝ ʤʥʦʛʦʢʨʘʪʥʦ ʦʙʲʷʩʥʷʣʠ, ʧʦʯʝʤʫ ʛʦʤʝʦʩʪʘʪʠʯʥʳʝ ʩʠʩʪʝʤʳ 

(ʉʊʊ) ʥʝ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʪʝʧʝʨʴ ʝʱʝ ʨʘʟ ʦʪʤʝʪʠʤ, 

ʯʪʦ ʜʣʷ ʥʘʩ ʩʠʩʪʝʤʳ ʪʨʝʪʴʝʛʦ ʪʠʧʘ, complexity ʠ ʛʦʤʝʦʩʪʘʪʠʯʥʳʝ ʩʠʩʪʝʤʳ 

ʷʚʣʷʶʪʩʷ ʩʠʥʦʥʠʤʘʤʠ ʠʣʠ ʩʭʦʜʥʳʤʠ ʧʦʥʷʪʠʷʤʠ. ʇʦʜʯʝʨʢʥʝʤ, ʙʦʣʝʝ 40 ʣʝʪ 

ʜʣʠʣʘʩʴ ʜʠʩʢʫʩʩʠʷ ʤʝʞʜʫ ʀ.ʈ. ʇʨʠʛʦʞʠʥʳʤ (ʩʪʦʨʦʥʥʠʢʦʤ ʪʝʨʤʠʥʘ ʠ ʧʦʥʷʪʠʷ 

çcomplexityè) ʠ H. Haken, ʢʦʪʦʨʳʡ ʛʦʚʦʨʠʣ ʦ 10-ʪʠ ʩʚʦʡʩʪʚʘʭ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ (ʧʨʠ ʵʪʦʤ ʚ ʩʠʥʝʨʛʝʪʠʢʝ ʦʥ ʚʳʜʝʣʷʣ ʛʣʘʚʥʦʝ ï ʩʠʩʪʝʤʥʦʝ ʩʚʦʡʩʪʚʦ, 

ʢʦʛʜʘ ʵʣʝʤʝʥʪ ʩʠʩʪʝʤʳ ʥʝ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚʩʶ ʩʠʩʪʝʤʫ). ʆʜʥʘʢʦ, ʪʝʨʤʠʥ 

complexity ʠ ʩʝʡʯʘʩ ʚʳʟʳʚʘʝʪ  ʩʢʝʧʩʠʩ ʠ ʢʨʠʪʠʢʫ: Seth Lloyd, ʥʘʧʨʠʤʝʨ, 

ʧʨʝʜʩʪʘʚʠʣ ʚ 90-ʭ ʛʦʜʘʭ 20-ʛʦ ʚʝʢʘ ʙʦʣʝʝ 30-ʪʠ ʦʧʨʝʜʝʣʝʥʠʡ complexity ʠ ɻʪʦ 

ʚʳʟʚʘʣʦ ʢʨʠʪʠʢʫ ʩʦ ʩʪʦʨʦʥʳ J.Horgan [241]. ʉʘʤʘ ʞʝ ʩʠʥʝʨʛʝʪʠʢʘ ʪʘʢ ʠ ʥʝ 

ʧʦʣʫʯʠʣʘ ʩʚʦʝʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʜʘ ʠ ʧʨʠʥʮʠʧʦʚ ʚʩʝʛʦ 

ʦʢʘʟʘʣʦʩʴ 5, ʘ ʥʝ 1, ʢʘʢ ʫ Haken [239]). ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʜʠʩʢʫʩʩʠʷ ʤʝʞʜʫ 
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ʪʝʦʨʠʝʡ complexity, ʩʠʥʝʨʛʝʪʠʢʦʡ ʘ ʪʝʧʝʨʴ ʫʞʝ ʠ ʪʝʦʨʠʝʡ ʉʊʊ ʦʩʪʘʝʪʩʷ 

ʦʪʢʨʳʪʦʡ [140, 207]. ʆʥʘ ʧʦʣʫʯʘʝʪ ʥʦʚʦʝ ʨʘʟʚʠʪʠʝ ʚ ʪʝʦʨʠʠ ʭʘʦʩʘ-

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ (ʊʍʉ) [152, 160, 183, 194]. 

ʋʩʣʦʚʥʦ, ʥʘ ʩʝʛʦʜʥʷ, ʜʠʩʢʫʩʩʠʷ ʤʝʞʜʫ complexity ʠ ʩʠʥʝʨʛʝʪʠʢʦʡ 

ʟʘʢʦʥʯʠʣʘʩʴ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʩʠʥʝʨʛʝʪʠʢʠ ʢ ʪʝʦʨʠʠ complexity, ʘ ʚʦʪ ʨʘʩʢʨʳʪʠʝ 

ʧʦʥʷʪʠʷ ʩʣʦʞʥʦʩʪʠ ʚʦ ʚʩʝʤ ʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʠ ʪʘʢ ʠ ʦʩʪʘʣʦʩʴ ʟʘ ʢʘʜʨʦʤ. ʉʝʡʯʘʩ 

ʤʦʞʥʦ ʧʨʦʩʪʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʩʣʦʞʥʦʩʪʴ ï ʵʪʦ ʞʠʚʳʝ ʩʠʩʪʝʤʳ, ʘ ʠʭ ʛʦʤʝʦʩʪʘʟ - 

ʵʪʦ ʩʠʥʦʥʠʤ ʩʣʦʞʥʦʩʪʠ. ʊʦʛʜʘ ʩʨʘʟʫ ʚʦʟʥʠʢʘʝʪ ʩʢʝʧʩʠʩ ʫ ʤʥʦʛʠʭ ʬʠʟʠʢʦʚ: ʯʪʦ 

ʤʳ ʚʩʝ-ʪʘʢʠ ʠʟʫʯʘʝʤ ʚ ʩʘʤʦʤ ʛʦʤʝʦʩʪʘʟʝ (ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ)? ɽʩʣʠ ʤʳ ʥʝ 

ʤʦʞʝʤ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩʠʩʪʝʤʘʤ ʪʨʝʪʴʝʛʦ ʪʠʧʘ, ʪʦ ʯʪʦ ʪʘʢʦʝ ʛʦʤʝʦʩʪʘʟ? 

ʉʦʛʣʘʩʠʤʩʷ ʩ ʪʝʤ, ʯʪʦ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ï ʵʪʦ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʞʠʟʥʠ, 

ʥʦ ʵʪʦ ʦʯʝʥʴ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ [37, 200]. ʆʜʥʘʢʦ ʝʝ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ 

ʪʦʣʴʢʦ  ʚ ʨʘʤʢʘʭ ʙʠʦʬʠʟʠʢʠ ʠ ʪʦʣʴʢʦ ʩʘʤʠʤʠ ʙʠʦʬʠʟʠʢʘʤʠ [21, 23, 120, 164], 

ʪ.ʢ. ʙʠʦʬʠʟʠʢʘ ï ʵʪʦ ʤʦʩʪʠʢ ʤʝʞʜʫ ɼʉʇ ʠ ʨʝʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʞʠʚʳʭ 

ʩʠʩʪʝʤ - ʉʊʊ. ʊʦʣʴʢʦ ʙʠʦʬʠʟʠʢʘ (ʠʟ-ʟʘ ʝʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ) ʤʦʞʝʪ ʠ 

ʜʦʣʞʥʘ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʛʦʤʝʦʩʪʘʟʫ ʠ ʞʠʟʥʠ ʚʦʦʙʱʝ. 

ʏʪʦ ʪʘʢʦʝ ʞʠʟʥʴ ʠ ʢʘʢʦʚʦ ʝʸ ʦʧʨʝʜʝʣʝʥʠʝ? ɽʩʣʠ ʢʨʘʪʢʦ ʧʳʪʘʪʴʩʷ ʜʘʪʴ ʦʪʚʝʪ 

ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʩ ʧʦʟʠʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʚʦʡʩʪʚ ʞʠʚʦʛʦ (ʠʣʠ ʧʨʠʥʮʠʧʘ 

ʦʨʛʘʥʠʟʘʮʠʠ), ʪʦ ʤʳ ʩʝʡʯʘʩ ʚ ʊʍʉ [141, 207] ʜʘʝʤ ʦʧʨʝʜʝʣʝʥʠʷ 5-ʪʠ ʧʨʠʥʮʠʧʘʤ 

ʦʨʛʘʥʠʟʘʮʠʠ ʉʊʊ ʠ ʵʪʠʤ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ʦ ʞʠʟʥʠ. ʆʜʥʘʢʦ 

ʧʦʧʳʪʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʞʠʚʳʭ ʩʠʩʪʝʤ ʥʝ ʧʨʝʢʨʘʱʘʶʪʩʷ. ʀʤʝʶʪʩʷ ʜʚʘ ʦʙʰʠʨʥʳʭ 

ʦʙʟʦʨʘ ɻ.ʈ. ʀʚʘʥʠʮʢʦʛʦ [63, 68] ʠ ɺ.ɺ. ʉʤʦʣʷʥʠʥʦʚʘ [69, 74], ʢʦʪʦʨʳʝ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʣʠ ʧʨʠʟʥʘʢʠ ʞʠʟʥʠ ʠ ʧʨʝʜʩʪʘʚʠʣʠ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʞʠʚʳʭ ʩʠʩʪʝʤ ʩ ʧʦʟʠʮʠʡ ɼʉʇ. ʆʜʥʘʢʦ, ʛʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʚʦ 

ʚʩʝʭ ʵʪʠʭ ʦʙʦʙʱʝʥʠʷʭ ï ʵʪʦ ʧʦʣʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʜʠʥʘʤʠʢʝ ʧʦʚʝʜʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ɺʉɹ ʜʣʷ ʙʠʦʩʠʩʪʝʤ. ʇʦʵʪʦʤʫ, ʧʨʦʙʣʝʤʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

complexity (ʞʠʚʳʭ ʩʠʩʪʝʤ, ʉʊʊ) ʩʦʩʪʘʚʠʣʘ ʦʩʥʦʚʫ ʠ ʚ ʊʍʉ, ʠ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʉʊʊ (ʥʘʧʨʠʤʝʨ, ʛʦʤʝʦʩʪʘʟʘ) [21, 23, 120, 164]. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʊʍʉ ʠʤʝʝʪ 4-ʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ: 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ, 1-ʡ ʠ 2-ʡ ʪʠʧ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʙʫʜʫʱʝʛʦ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩʘʤʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʉʊʊ. 

ʇʦʩʣʝʜʥʝʝ ʪʨʝʙʫʝʪ ʧʨʠʟʥʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʞʠʚʳʭ 

ʩʠʩʪʝʤ (ʚ ʊʍʉ ʠʭ 5) ʠ ʩʦʟʜʘʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʉʊʊ [120, 164, 207]. 

ɽʩʣʠ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʞʠʟʥʠ, ʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʳ ʪʝʤ ʩʘʤʳʤ ʦʪʚʝʯʘʝʤ ʠ 

ʥʘ ʚʦʧʨʦʩ: ʯʪʦ ʪʘʢʦʝ ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʜʣʷ ʥʘʩ ʵʪʦ ʉʊʊ ï complexity) 

ʠ ʯʪʦ ʪʘʢʦʝ ʛʦʤʝʦʩʪʘʟ? ʆʜʥʘʢʦ, ʚʤʝʩʪʦ ʧʝʨʝʯʠʩʣʝʥʠʷ ʩʚʦʡʩʪʚ ʉʊʊ ʠ ʠʭ 

ʦʧʨʝʜʝʣʝʥʠʡ ʤʳ ʤʦʞʝʤ ʧʨʝʜʩʪʘʚʠʪʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ [1-5, 95-100, 

133, 141], ʚ ʢʦʪʦʨʳʭ ʜʘʝʪʩʷ ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʚʦʧʨʦʩ ʩ ʜʨʫʛʦʡ 

ʧʦʟʠʮʠʠ: ʧʦʯʝʤʫ ʉʊʊ ï ʵʪʦ  ʥʝ ʦʙʲʝʢʪ ɼʉʇ? ɺʦ ʚʚʝʜʝʥʠʠ ʤʳ ʫʞʝ ʢʨʘʪʢʦ 

ʦʪʚʝʪʠʣʠ (ʧʦʧʳʪʘʣʠʩʴ) ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ, ʘ ʩʝʡʯʘʩ ʧʨʝʜʩʪʘʚʠʤ ʨʘʟʚʝʨʥʫʪʳʡ ʦʪʚʝʪ 

ʥʘ ʚʦʧʨʦʩ ʦ ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʨʘʩʰʠʬʨʦʚʢʠ ʧʦʥʷʪʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ (ʠʣʠ ʫʩʣʦʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ) ʉʊʊ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʩʝʡʯʘʩ ʧʦʯʝʤʫ ʉʊʊ ï ʵʪʦ ʥʝ ʦʙʲʝʢʪ ɼʉʇ ï ʥʘʫʢʠ ʧʦʯʝʤʫ ʠ ʦʥʠ 
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(ʉʊʊ) ʥʝ ʤʦʛʫʪ ʦʧʠʩʳʚʘʪʴʩʷ ʚ ʨʘʤʢʘʭ ʜʝʪʝʨʤʠʥʠʟʤʘ, ʩʪʦʭʘʩʪʠʢʠ ʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʤʳ ʧʦʩʪʘʨʘʝʤʩʷ ʧʨʝʜʩʪʘʚʠʪʴ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ʉʊʊ ï ʵʪʦ ʥʝ ʦʙʲʝʢʪ ɼʉʇ ï ʥʘʫʢʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʛʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʦʪʣʠʯʠʷ ʉʊʊ ʦʪ ʦʙʲʝʢʪʦʚ ɼʉʇ ʟʘʣʦʞʝʥʘ 

ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʣʶʙʳʭ ʥʘʯʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ x(t0) ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʉʊʊ ʚ ʚʠʜʝ x=x(t). ɺ m-ʤʝʨʥʦʤ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ (ʌʇʉ) ʤʳ ʥʝ ʤʦʞʝʤ ʧʨʦʠʟʚʦʣʴʥʦ ʚ ʣʶʙʦʡ ʜʨʫʛʦʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tÍt0 ʧʦʧʘʩʪʴ ʚ ʪʦʯʢʫ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ x(t0). ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʉʊʊ ʥʝʧʦʚʪʦʨʠʤʦ ʠ x(t0) ʤʦʞʥʦ ʧʦʚʪʦʨʠʪʴ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʥʝʢʦʪʦʨʳʭ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ, ʠʭ ʦʙʲʝʤʦʚ VG [141]. ʇʦʵʪʦʤʫ ʜʣʷ ʉʊʊ ʣʶʙʘʷ ʪʨʘʝʢʪʦʨʠʷ ʝʝ 

ɺʉʉ ʚ ʌʇʉ ʙʫʜʝʪ ʠʤʝʪʴ ʫʥʠʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʠʟʫʯʝʥʠʝ ʪʘʢʠʭ ʪʨʘʝʢʪʦʨʠʡ 

ʥʦʩʠʪ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʢʘʢ ʚ ʣʶʙʦʤ ʠʩʪʦʨʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. ɺ ʵʪʦʤ 

ʩʤʳʩʣʝ ʠʩʪʦʨʠʷ ï ʵʪʦ ʥʘʫʢʘ ʦ ʛʦʤʝʦʩʪʘʟʝ ʩʦʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ [207]. ʇʦʚʪʦʨʠʪʴ 

x(t0) ʠʣʠ ʣʶʙʫʶ ʪʨʘʝʢʪʦʨʠʶ ɺʉʉ ʠ ʝʛʦ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ x(tk) ʚ ʌʇʉ ʜʣʷ ʉʊʊ 

ʥʝʚʦʟʤʦʞʥʦ, ʠ ʥʝ ʪʦʣʴʢʦ ʚ ʪʦʯʥʦʩʪʠ, ʥʦ ʠ ʚ ʨʘʤʢʘʭ ʠʭ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

f(x) (ʚʢʣʶʯʘʷ ʠ ʜʣʷ x(t0)). ʉʊʊ ï ʵʪʦ ʫʥʠʢʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩ ʫʥʠʢʘʣʴʥʳʤʠ 

ʜʠʥʘʤʠʢʘʤʠ x(t) [141, 193, 207]. ɼʣʷ ʥʠʭ ʥʝʪ ʟʘʜʘʯʠ ʂʦʰʠ  (x(t0)Íconst) ʠ ʠʭ 

ʥʝʚʦʟʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʚ ʨʘʤʢʘʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʪʨʘʝʢʪʦʨʠʶ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʚʪʦʨʠʪʴ ʚ ʌʇʉ), ʥʝʪ ʜʣʷ ʉʊʊ ʠ ʧʨʦʛʥʦʟʘ (ʨʝʪʨʦʩʧʝʢʪʠʚʥʦ 

ʙʝʟʫʩʣʦʚʥʦ ʵʪʦ ʚʦʟʤʦʞʥʦ) ʙʫʜʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ɺʉʉ ʚ ʌʇʉ. 

ɺʩʝ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ (ʉʊʊ) ʥʝ ʪʦʣʴʢʦ ʠʭ ʙʫʜʫʱʝʝ 

ʩʦʩʪʦʷʥʠʝ x(tk) ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, ʥʦ ʠ ʧʨʦʰʣʦʝ ʩʦʩʪʦʷʥʠʝ (ʚ ʚʠʜʝ 

x(t0) ʠ ʪʨʘʝʢʪʦʨʠʠ ʚ ʌʇʉ) ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʠʟʚʦʣʴʥʦ ʧʦʚʪʦʨʠʪʴ ʚ ʌʇʉ. ʉʊʊ ï 

ʫʥʠʢʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʦ ʢʦʪʦʨʳʝ ʀ.ʈ. ʇʨʠʛʦʞʠʥ ʛʦʚʦʨʠʣ [245], ʯʪʦ ʦʥʠ ʥʝ 

ʦʙʲʝʢʪ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ. ʄʳ ʜʦʙʘʚʣʷʝʤ ï ʝʩʪʴ ʪʨʫʜʥʦʩʪʠ ʠʭ ʦʧʠʩʘʥʠʷ ʩ 

ʧʦʟʠʮʠʡ ʜʝʪʝʨʤʠʥʠʟʤʘ, ʩʪʦʭʘʩʪʠʢʠ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ, ʥʦ ʚ ʨʘʤʢʘʭ 

ʊʍʉ ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʉʊʊ. ɹʦʣʝʝ ʪʦʛʦ, ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʞʥʳʭ ʙʠʦʩʠʩʪʝʤ ʙʝʟ ʟʘʜʘʥʠʷ x(t0), ʠʭ 

ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ fj(xi). ʇʨʠ ʵʪʦʤ ʧʨʦʛʥʦʟ ʉʊʊ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʚ 

ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʚʨʝʤʝʥʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ɺʋɺʦʚ). ʇʦʩʢʦʣʴʢʫ 

ʤʳ ʦʧʫʙʣʠʢʦʚʘʣʠ ʙʦʣʝʝ 400-ʪ ʩʪʘʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ 

ʫʥʠʢʘʣʴʥʦʩʪʠ ʉʊʊ, ʪʦ ʚ ʵʪʦʤ ʩʦʦʙʱʝʥʠʠ ʤʳ ʪʦʣʴʢʦ ʘʢʮʝʥʪʠʨʫʝʤ ʚʥʠʤʘʥʠʝ ʥʘ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʉʊʊ ʠ ʠʭ ʵʚʦʣʶʮʠʠ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ (ʚ 

ʩʤʳʩʣʝ çʤʝʨʮʘʥʠʝè) ʠ ʵʚʦʣʶʮʠʷ ï ʵʪʦ ʜʚʘ ʠʟ 5-ʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ (ʘ 

ʧʨʠʥʮʠʧʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ) ʉʊʊ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʥʷʪʠʷ ʛʦʤʝʦʩʪʘʟʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʜʠʥʘʤʠʢʦʡ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʭʘʦʩʘ - ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʧʦʜʭʦʜʦʚ, ʦʧʨʝʜʝʣʝʥʠʡ, ʧʦʥʷʪʠʡ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʩʣʦʞʥʳʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʠʩʪʝʤ. ʆʩʦʟʥʘʥʠʝ ʵʪʦʛʦ ʙʘʟʠʩʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʚ ʨʘʤʢʘʭ ʦʮʝʥʢʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʧʦʟʠʮʠʡ ʩʪʘʪʠʩʪʠʢʠ ʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ, ʪ.ʝ. ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ: ʉʊʊ - ʵʪʦ ʭʘʦʪʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʠʣʠ ʦʥʠ ʜʨʫʛʠʝ? ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʤʳ ʫʞʝ ʧʨʝʜʩʪʘʚʠʣʠ ʙʦʣʝʝ 

30-ʪʠ ʤʦʥʦʛʨʘʬʠʡ ʠ 400-ʪ ʩʪʘʪʝʡ, ʥʦ ʨʷʜ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʤʝʨʦʚ ʩʣʝʜʫʝʪ 

ʧʦʚʪʦʨʠʪʴ. ʉ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ (ʘ ʵʪʦ ʦʩʥʦʚʘ ʩʦʚʨʝʤʝʥʥʦʡ 
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ʙʠʦʬʠʟʠʢʠ) ʠʤʝʝʪʩʷ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʤʦʤʝʥʪʘ: ʩʪʘʪʠʢʘ ʠ ʢʠʥʝʤʘʪʠʢʘ ʉʊʊ 

ï complexity [141]. ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʠʭ ʥʝʩʢʦʣʴʢʦ ʧʦʜʨʦʙʥʝʡ. 

ʉʨʘʟʫ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʊʍʉ  ʤʳ ʨʘʟʣʠʯʘʝʤ ʜʚʘ ʪʠʧʘ ʜʚʠʞʝʥʠʡ: ʜʚʠʞʝʥʠʝ 

x(t) ʚ ʧʨʝʜʝʣʘʭ ʂɸ (ʵʪʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʉʊʊ ʚ ʌʇʉ ʠ ʦʙʳʯʥʦʝ 

ʜʚʠʞʝʥʠʝ ʚ ɼʉʇ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʤʝʥʠʤʳ ʚʩʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ); 

ʜʚʠʞʝʥʠʝ ʂɸ ʚ ʌʇʉ ʢʘʢ ʵʚʦʣʶʮʠʷ ʉʊʊ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʤʳ ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʠʞʝʥʠʝ ʂɸ ʚ ʚʠʜʝ ʜʚʠʞʝʥʠʷ ʝʛʦ ʮʝʥʪʨʘ ʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ 

VG. 

ʊʦʛʜʘ ʤʳ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʩʪʘʪʠʢʘ complexity ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ 

ʧʨʠʥʮʠʧʘ ɻʝʡʟʝʥʙʝʨʛʘ ʜʣʷ ʉʊʊ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʩ ʤʦʤʝʥʪʘ ʚʳʭʦʜʘ ʨʘʙʦʪ 

ʐʤʘʣʴʛʘʫʟʝʥʘ, ʈʘʰʝʚʩʢʦʛʦ, ʃʦʪʢʠ ʠ ɺʦʣʴʪʝʨʨʘ ʧʨʦʰʣʦ ʫʞʝ ʙʦʣʝʝ 70-ʪʠ ʣʝʪ, ʥʦ 

ʧʨʦʙʣʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʠʦʬʠʟʠʢʝ 

ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʦʡ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʦʙʝʣʦʤ ʟʜʝʩʴ ʦʩʪʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʟʜʝʣʦʚ (ʩʪʦʣʴ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ), 

ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ (ʙʠʦʤʝʭʘʥʠʢʠ) ʠ ʘʥʘʣʦʛʘ ʢʚʘʥʪʦʚʦʡ 

ʤʝʭʘʥʠʢʠ ʚ ʜʠʥʘʤʠʢʝ ʧʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ (complexity). ʇʨʠ ʵʪʦʤ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ (ʚ ʙʠʦʬʠʟʠʢʝ) ʤʳ ʠʤʝʝʤ ʥʝʩʦʤʥʝʥʥʳʝ 

ʜʦʩʪʠʞʝʥʠʷ ʠ ʫʩʧʝʭʠ (ʚ ʚʠʜʝ ʠʟʫʯʝʥʠʷ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ, ʩʪʨʦʝʥʠʷ ʠ ʬʫʥʢʮʠʝʡ 

ʤʝʤʙʨʘʥ ʠ ʜʨ.). ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʣʦʞʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʩ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʝʡ ʧʨʦʙʣʝʤʘ ʧʨʦʛʥʦʟʠʨʫʝʤʦʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʠ ʜʘʞʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʪʦʨʝʥʠʷ ʠʭ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʚ ʚʠʜʝ x=x(t0) ʠʣʠ ʣʶʙʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ɺʉʉ ʚ ʌʇʉ) ʦʩʪʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʨʝʰʝʥʥʦʡ. 

ʅʘ ʵʪʦ ʦʙʨʘʱʘʣ ʚʥʠʤʘʥʠʝ ʠ M. Gell - Mann ʚ ʩʚʦʸʤ ʠʟʚʝʩʪʥʦʤ ʩʦʦʙʱʝʥʠʠ ʧʦ 

ʧʨʦʙʣʝʤʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʜʣʷ complexity [238]. ɺ ʊʍʉ ʵʪʘ ʧʨʦʙʣʝʤʘ 

ʧʝʨʝʭʦʜʠʪ ʚ ʧʨʦʙʣʝʤʫ ʦʪʩʫʪʩʪʚʠʷ ʩʪʘʮʠʦʥʘʨʥr ʭ ʨʝʞʠʤʦʚ ʉʊʊ (ʩ ʧʦʟʠʮʠʡ 

ɼʉʇ). ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʠ ʥʝʧʦʚʪʦʨʠʤʦʩʪʴ ʜʠʥʘʤʠʢʠ 

ʧʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʩʣʦʞʥʳʭ ʙʠʦʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʤʳ ʩʝʡʯʘʩ ʦʧʨʝʜʝʣʷʝʤ ʢʘʢ ʩʠʩʪʝʤʳ ʪʨʝʪʴʝʛʦ ʪʠʧʘ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʠʦʬʠʟʠʢʝ ʉʊʊ ʦʙʦʟʥʘʯʘʶʪ ʢʘʢ complexity, ʥʦ 

ʧʨʠ ʵʪʦʤ ʥʝʪ ʩʪʨʦʛʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤ ʠ ʠʭ ʩʚʦʡʩʪʚ [141], ʭʦʪʷ ʚ ʊʍʉ 

ʤʳ ʵʪʦ ʨʝʘʣʠʟʦʚʘʣʠ ʚ ʚʠʜʝ 5-ʪʠ ʧʨʠʥʮʠʧʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʉʊʊ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʝʨʚʳʝ ʧʦʧʳʪʢʠ ʚʚʝʩʪʠ ʥʝʢʦʪʦʨʳʝ ʧʦʥʷʪʠʷ ʦ ʉʊʊ ʙʳʣʠ 

ʚʧrʦʣʥʝʥʳ ʝʱʝ 66 ʣʝʪ ʥʘʟʘʜ Warren Weaver ʚ ʝʛʦ ʠʟʚʝʩʪʥʦʡ ʧʫʙʣʠʢʘʮʠʠ 

çScience and complexityè [247]. ʆʜʥʘʢʦ, ʚʚʦʜʷ ʧʦʥʷʪʠʝ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ 

ʩʣʦʞʥʦʩʪʠ, W. Weaver ʪʦʛʜʘ ʥʝ ʚʳʧʦʣʥʠʣ ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ, ʠʭ 

ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʠ, ʛʣʘʚʥʦʝ, ʥʝ ʧʨʝʜʣʦʞʠʣ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʜʣʷ ʠʭ ʦʧʠʩʘʥʠʷ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʚ ʙʠʦʬʠʟʠʢʝ ʥʘ ʫʨʦʚʥʝ complexity, ʢʘʢ ʵʪʦ 

ʠ ʧʨʝʜʩʪʘʚʣʷʣ ʚ 50-ʭ ʛʦʜʘʭ 20-ʛʦ ʚʝʢʘ A. Hill, ʥʝ ʜʘʣʠ ʥʫʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [240] 

ʠʟ-ʟʘ ʦʩʦʙʳʭ ʩʚʦʡʩʪʚ ʉʊʊ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ H. Haken [239] ʠ I.R. 

Prigogine [243-245] ʚ ʦʙʣʘʩʪʠ ʩʠʥʝʨʛʝʪʠʢʠ ʠ ʪʝʦʨʠʠ complexity ʪʘʢʞʝ 

ʟʘʢʦʥʯʠʣʠʩʴ ʙʝʟʨʝʟʫʣʴʪʘʪʥʦ ʚ ʧʣʘʥʝ ʚʳʜʝʣʝʥʠʷ ʦʩʦʙʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʠ ʦʩʦʙʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʠʷ complexity ʩ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʝʡ. ɹʦʣʝʝ 

ʪʦʛʦ, ʩʘʤ ʇʨʠʛʦʞʠʥ ʚ ʧʨʝʜʩʤʝʨʪʥʦʡ ʩʪʘʪʴʝ çThe Die is not Castè [245] ʦʩʦʙʳʤ 

ʦʙʨʘʟʦʤ ʚʳʜʝʣʠʣ ʩʠʩʪʝʤʳ ʚ ʧʨʠʨʦʜʝ, ʢʦʪʦʨʳʝ ʩʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ ʥʝ ʠʟʫʯʘʝʪ ʠ 
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ʥʝ ʦʧʠʩʳʚʘʝʪ. ʈʝʯʴ ʠʜʸʪ ʦʙ ʫʥʠʢʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʙʝʟ ʠʭ ʧʦʚʪʦʨʝʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ, ʢʘʢ ʤʳ ʩʝʡʯʘʩ ʧʦʢʘʞʝʤ, ʠʤʝʥʥʦ ʵʪʠ ʩʠʩʪʝʤʳ 

ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʳʝ ʦʙʲʝʢʪʳ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ. ʕʪʠ ʦʩʦʙʳʝ ʦʙʲʝʢʪʳ (ʩ 

ʠʭ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ) ʫʞʝ ʦʧʠʩʳʚʘʣʠ ʚ ʩʚʦʠʭ ʦʙʟʦʨʘʭ ɻ.ʈ. ʀʚʘʥʠʮʢʠʡ 

[63, 68] ʠ ɺ.ɺ. ʉʤʦʣʷʥʠʥʦʚ [69, 74]. ʆʜʥʘʢʦ, ʦʩʦʙʦʝ ʩʚʦʡʩʪʚʦ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʤʝʨʮʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʢʘʞʜʦʡ complexity ʦʩʪʘʸʪʩʷ ʚʩʸ-ʪʘʢʠ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʦʙʩʫʞʜʝʥʠʷ ʩ ʧʦʟʠʮʠʡ ʜʝʪʝʨʤʠʥʠʟʤʘ ʠ ʩʪʦʭʘʩʪʠʢʠ [21, 23, 120, 164], ʠʭ 

ʥʝʚʦʟʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʚ ɼʉʇ. 

ɺʦ-ʧʝʨʚʳʭ, ʚʩʝ ʉʊʊ (complexity ʚ ʪʨʘʢʪʦʚʢʝ ʇʨʠʛʦʞʠʥʘ - ʍʘʢʝʥʘ) ʥʝ 

ʠʤʝʶʪ ʪʦʯʝʢ ʧʦʢʦʷ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ (ʜʝʪʝʨʤʠʥʠʩʪʩʢʦ-ʩʪʦʭʘʩʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ) 

ʧʣʘʥʝ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʉʊʊ ʥʠʢʦʛʜʘ ʠʭ ɺʉʉ x=x(t) ʥʝ ʩʤʦʞʝʪ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʚ ʚʠʜʝ dx/dt=0. ɼʣʷ ʣʶʙʦʡ ʉʊʊ ʠʭ 

ɺʉʉ ʚ ʌʇʉ ʠʩʧʳʪʳʚʘʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʠ ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ [141]. ʕʪʦ 

ʜʚʠʞʝʥʠʝ (ʢʘʢ ʠ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʚ ʫʩʣʦʚʠʷʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, 

ʥʘʧʨʠʤʝʨ, ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʝ ʠʣʠ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʚ 

ʘʪʦʤʝ) ʦʛʨʘʥʠʯʝʥʦ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʨʘʤʢʘʤʠ, ʥʘʢʣʘʜʳʚʘʝʤʳʤʠ ʥʘ ʣʶʙʳʝ 

ʬʘʟʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ x1 ʠ x2 = dx1/dt. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉʊʊ ʥʝ ʠʤʝʝʪ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ ʚ ʘʩʧʝʢʪʝ ɼʉʇ, ʥʦ ʠʭ ʜʚʠʞʝʥʠʝ ʚ ʌʇʉ ʚʩʝ-ʪʘʢʠ 

ʦʛʨʘʥʠʯʝʥʥʦʝ [133, 141]. 

ɺʦ-ʚʪʦʨʳʭ, ʚ ʙʠʦʤʝʭʘʥʠʢʝ ʪʘʢʠʤʠ ʬʘʟʦʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʷʚʣʷʶʪʩʷ  

ʨʝʘʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʚʠʜʝ ʧʦʣʦʞʝʥʠ ̫ʢʦʥʝʯʥʦʩʪʠ (ʧʘʣʴʮʘ ʧʨʠ 

ʧʦʩʪʫʨʘʣʴʥʦʤ ʪʨʝʤʦʨʝ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʛʠʩʪʨʠʨʫʶʱʝʤʫ ʜʘʪʯʠʢʫ ï x1= x1(t) ʠ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʥʝʯʥʦʩʪʠ x2= x2(t)= dx1/dt. ʅʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ 

ʚʝʢʪʦʨʘ x=(x1, x2)
T
 ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʢʦʪʦʨʳʝ ʚʩʸ-ʪʘʢʠ 

ʙʫʜʫʪ ʠʤʝʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʛʨʘʥʠʮʳ ʚ ʧʨʝʜʝʣʘʭ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʕʪʠ 

ʛʨʘʥʠʮʳ ʦʙʨʘʟʫʶʪ ʥʝʢʦʪʦʨʫʶ ʦʙʣʘʩʪʴ ʚ ʌʇʉ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ (ʧʩʠʭʠʯʝʩʢʦʝ) ʩʦʩʪʦʷʥʠʝ ʩʫʙʲʝʢʪʘ (ʠʩʧʳʪʫʝʤʦʛʦ) ʠ ʢʦʪʦʨʫʶ 

ʤʳ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʢʘʢ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ ï ʂɸ. ʆʙʲʸʤ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ (VG) 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʙʲʝʢʪʘ ʠ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʡʯʘʩ ʥʘʤʠ ʚ 

ʙʠʦʣʦʛʠʠ, ʧʩʠʭʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ 

ʠʩʧʳʪʫʝʤʦʛʦ [138, 201, 207]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʳ ï ʚʘʞʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʶʙʦʡ ʉʊʊ (complexity), ʜʠʥʘʤʠʢʠ ʧʦʚʝʜʝʥʠʷ ʠʭ ɺʉʉ ʚ ʌʇʉ. 

ɺ ʮʝʣʦʤ, ʚʩʝ ʉʊʊ - ʵʪʦ ʦʩʦʙʳʡ ʪʠʧ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʥʝʧʨʝʨʳʚʥʦʡ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʝ ʠ ʜʣʷ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʦʛʥʦʟʘ ʚ ʙʫʜʫʱʝʤ ʠʭ ʢʦʥʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʭ(tk). ʀʤʝʥʥʦ ʵʪʦ 

ʧʳʪʘʣʩʷ ʩʢʘʟʘʪʴ M. Gell - Mann ʚ ʩʚʦʸʤ ʦʙʨʘʱʝʥʠʠ, ʥʦ ʪʦʣʴʢʦ ʚ ʦʪʥʦʰʝʥʠʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [238]. ʋ ʵʪʠʭ ʦʩʦʙʳʭ ʉʊʊ ʥʘʨʷʜʫ ʩ ʦʩʦʙʳʤ ʭʘʦʩʦʤ ʠʤʝʶʪʩʷ 

ʠ ʤʝʭʘʥʠʟʤʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʤʳ ʩʝʡʯʘʩ ʨʘʟʨʘʙʘʪʳʚʘʝʤ ʥʦʚʳʝ 

ʤʝʪʦʜʳ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤ ʪʨʝʪʴʝʛʦ ʪʠʧʘ (ʦʪʣʠʯʥʳʭ ʦʪ ʜʝʪʝʨʤʠʥʠʩʪʩʢʠʭ ʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ), ʢʦʪʦʨʳʝ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʥʦʚʦʡ ʪʝʦʨʠʠ ʭʘʦʩʘ-

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ʕʪʘ ʊʍʉ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 5 ʧʨʠʥʮʠʧʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʉʊʊ: 

ʢʦʤʧʘʨʪʤʝʥʪʥʦ-ʢʣʘʩʪʝʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʩʚʦʡʩʪʚʦ çʤʝʨʮʘʥʠʷè ʉʊʊ (ʢʦʛʜʘ 

ʥʝʧʨʝʨʳʚʥʦ dx/dtÍ0), ʵʚʦʣʶʮʠʶ ʉʊʊ ʠ ʠʭ ʪʝʣʝʦʣʦʛʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʢ 

ʥʝʢʦʪʦʨʦʤʫ ʢʦʥʝʯʥʦʤʫ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʫ, ʥʘʢʦʥʝʮ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʭʦʜʘ ʥʝ 
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ʪʦʣʴʢʦ ʟʘ 3 ʩʠʛʤʳ, ʥʦ ʠ ʟʘ 10, 20-ʪʴ ʩʠʛʤ, ʯʪʦ ʚ ʩʪʦʭʘʩʪʠʢʝ ʠʩʢʣʶʯʝʥʦ 

ʧʦʣʥʦʩʪʴʶ. ʇʦʩʣʝʜʥʝʝ ʩʚʦʡʩʪʚʦ ʛʠʛʘʥʪʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ʭʘʨʘʢʪʝʨʥʦ ʪʦʣʴʢʦ ʜʣʷ ʉʊʊ - complexity. ʊʝʭʥʠʯʝʩʢʠʝ ʠʣʠ 

ʬʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʩʪʦ ʧʨʝʢʨʘʱʘʶʪ ʩʚʦʸ ʩʫʱʝʩʪʚʦʚʘʥʠʝ. 

ʆʜʥʘʢʦ, ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʪʘʢʠʝ ʵʬʬʝʢʪʳ ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʚʠʜʝ ʪʫʥʥʝʣʴʥʳʭ 

ʵʬʬʝʢʪʦʚ: ʯʘʩʪʠʮʘ ʤʦʞʝʪ ʧʨʝʦʜʦʣʝʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ (ʚʳʡʪʠ ʠʟ ʷʜʨʘ, 

ʥʘʧʨʠʤʝʨ) ʠ ʜʘʞʝ ʚʦʟʚʨʘʪʠʪʴʩʷ ʦʙʨʘʪʥʦ. ʕʪʦ ʛʠʛʘʥʪʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʨʘʡʥʝ ʨʝʜʢʦ, ʥʦ ʦʥʠ ʩʦʚʝʨʰʘʶʪʩʷ ʠ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠʟ-

ʟʘ ʙʳʩʪʨʦʡ ʵʚʦʣʶʮʠʠ ʢʚʘʥʪʦʚʳʭ ʯʘʩʪʠʮ. 

ʊʦ, ʯʪʦ ʉʊʊ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʬʘʟʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ: 

                                             ȹx1* ȹx2ÓVG
min 

,                                   (1) 

ʛʜʝ VG
min

 ï ʵʪʦ ʤʠʥʠʤʘʣʴʥʳʡ ʬʘʟʦʚʳʡ ʦʙʲʸʤ, ʢʦʪʦʨʳʡ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʜʚʠʞʝʥʠʝ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ x1(t). ʊʘʢʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʚʝʩʴʤʘ ʧʦʜʦʙʥʦ 

ʠʟʚʝʩʪʥʦʤʫ ʧʨʠʥʮʠʧʫ ɻʝʡʟʝʥʙʝʨʛʘ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ. ɼʣʷ ʬʘʟʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪ ʚ ʚʠʜʝ x1 ï ʧʝʨʝʤʝʱʝʥʠʝ ʠ x2 ï ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʬʠʟʠʢʝ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʧʨʠʥʮʠʧ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʚ 

ʚʠʜʝ: 

                                            ȹx1*ȹpÓh/4ˊ,                                          (2) 

ʛʜʝ p=mv ï ʷʚʣʷʝʪʩʷ ʠʤʧʫʣʴʩʦʤ ʯʘʩʪʠʮʳ. ɽʩʣʠ ʤʘʩʩʫ ʧʝʨʝʥʝʩʪʠ ʚ ʧʨʘʚʫʶ 

ʯʘʩʪʴ ʥʝʨʘʚʝʥʩʪʚʘ (ʠ ʩʯʠʪʘʪʴ ʝʝ ʥʝʠʟʤʝʥʥʦʡ ʚ ʜʘʥʥʦʤ ʦʧʳʪʝ), ʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

(2) ʧʨʠʤʝʪ ʚʠʜ ʥʝʨʘʚʝʥʩʪʚʘ (1), ʛʜʝ ʨʦʣʴ VG
min

 ʙʫʜʝʪ ʠʛʨʘʪʴ ʚʝʣʠʯʠʥʘ h/4ˊm=Z, 

ʪ.ʝ. ʠʤʝʝʤ: 

                                     ȹx1* ȹx2Ó Z= h/4ˊm.                                     (3) 

ʌʘʢʪʠʯʝʩʢʠ, ʚʝʣʠʯʠʥʘ Z ʠʤʝʝʪ ʪʦʪ ʞʝ ʩʤʳʩʣ, ʯʪʦ ʠ VG
min
, ʪ.ʢ. ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʥʝʢʦʪʦʨʳʡ ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʸʤ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʝʢʪʦʨʘ (x1, x2)
T
, 

ʢʦʪʦʨʳʡ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʳʭ ʢʦʦʨʜʠʥʘʪ x1 

(ʩʤʝʱʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ) ʠ x2 (ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʩʤʝʱʝʥʠʷ). ʅʝʨʘʚʝʥʩʪʚʦ (3) ʚ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʤʦʞʝʪ ʠʤʝʪʴ ʩʤʳʩʣ çʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦè ʥʝʨʘʚʝʥʩʪʚʘ ʜʣʷ 

ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ, ʪ.ʢ. ʧʨʘʚʘʷ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ ʤʘʩʩʫ m, ʢʦʪʦʨʘʷ ʪʦʞʝ ʟʘʚʠʩʠʪ ʦʪ 

ʩʘʤʦʡ ʯʘʩʪʠʮʳ ʠ ʝʝ ʩʢʦʨʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, Z ʙʫʜʝʪ çʠʥʜʠʚʠʜʫʘʣʴʥʦʡè 

ʚʝʣʠʯʠʥʦʡ. ʋʩʣʦʚʥʦ ʛʦʚʦʨʷ, ʵʪʘ ʧʨʘʚʘʷ ʯʘʩʪʴ (Z)  ʜʣʷ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʩ 

ʢʦʥʢʨʝʪʥʦʡ ʤʘʩʩʦʡ ʙʫʜʝʪ çʠʥʜʠʚʠʜʫʘʣʴʥʘè ʜʣʷ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ. ʉ ʵʪʠʭ 

ʧʦʟʠʮʠʡ ʠ ʥʝʨʘʚʝʥʩʪʚʦ (1) ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʜʣʷ ʙʠʦʩʠʩʪʝʤʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʥʝʨʘʚʝʥʩʪʚʦʤ (ʩʧʝʮʠʬʠʯʥʳʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʧʳʪʫʝʤʦʛʦ), ʝʩʣʠ æʭ1 ʠ æʭ2 ʙʫʜʫʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʚʘʨʠʘʮʠʦʥʥʳʝ ʨʘʟʤʘʭʠ. ɹʦʣʝʝ ʪʦʛʦ, ʢʘʢ ʤʳ ʧʦʢʘʟʘʣʠ, VG
min

 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʱʸ ʠ ʩʧʝʮʠʬʠʢʫ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʣʠ ʧʩʠʭʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʠʩʧʳʪʫʝʤʦʛʦ. ʌʘʢʪʠʯʝʩʢʠ VG
min

 ï ʵʪʦ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʢʦʥʩʪʘʥʪʘ ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʩʧʳʪʫʝʤʦʛʦ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʝʥʠʷ. ʆʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʧʳʪʫʝʤʦʛʦ ʢʘʢ ʠ Z ʚ (3) ʜʣʷ ʢʘʞʜʦʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʯʘʩʪʠʮʳ ʩ ʤʘʩʩʦʡ m ʠ ʩʢʦʨʦʩʪʴʶ v. 

ʀʤʝʝʪʩʷ ʝʱʸ ʦʜʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʉʊʊ ï 

complexity) ʦʪ ʦʙʲʝʢʪʦʚ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ. ʀʟ-ʟʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʜʠʥʘʤʠʢʘ 
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ʧʦʚʝʜʝʥʠʷ ʉʊʊ ʪʘʢʦʚʘ, ʯʪʦ ʦʙʳʯʥʦ ɺʉʉ ʜʚʠʞʝʪʩʷ ʚʥʫʪʨʠ ʥʝʢʦʪʦʨʦʛʦ ʦʩʦʙʦʛʦ 

ʦʙʲʸʤʘ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ, ʪ.ʝ. ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʚʤʝʩʪʦ 

ʥʝʨʘʚʝʥʩʪʚʘ (1) ʥʝʨʘʚʝʥʩʪʚʦ (4) ʚ ʚʠʜʝ: 

VG
max
Óȹx1*ȹx2ÓVG

min
                                    (4) 

ɹʦʣʝʝ ʪʦʛʦ, ʤʳ ʯʘʱʝ ʚ ʊʍʉ ʠʩʧʦʣʴʟʫʝʤ ʠʤʝʥʥʦ  ʣʝʚʫʶ ʯʘʩʪʴ ʥʝʨʘʚʝʥʩʪʚʘ 

(4), ʪ.ʝ. ʜʣʷ ʤʥʦʛʠʭ ʉʊʊ ʠʤʝʝʤ:  

VG
max
Óȹx1*ȹx2                                             (5) 

ʪ.ʢ. ʤʝʭʘʥʠʟʤʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʜʚʠʞʝʥʠʝ ɺʉʉ ʚ ʌʇʉ ʥʝ 

ʪʦʣʴʢʦ ʩʥʠʟʫ, ʥʦ ʠ ʩʚʝʨʭʫ. ʀʣʣʶʩʪʨʘʮʠʶ ʵʪʠʤ ʚʳʩʢʘʟʳʚʘʥʠʷʤ ʧʨʦʱʝ 

ʚʳʧʦʣʥʠʪʴ ʥʘ ʧʨʠʤʝʨʘʭ ʠʟ ʙʠʦʤʝʭʘʥʠʢʠ. ʆʜʥʘʢʦ, ʤʳ ʠʤʝʝʤ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʠ ʠʟ ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ (ʚʩʝʛʦ 20000 

ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʠ ʙʦʣʝʝ 1-ʛʦ ʤʠʣʣʠʦʥʘ ʚʳʙʦʨʦʢ). ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʳ ʚʩʝʛʜʘ 

ʙʫʜʝʤ ʠʤʝʪʴ ʦʩʦʙʳʝ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʳ), ʚʥʫʪʨʠ 

ʢʦʪʦʨʳʭ ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʠ ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʣʶʙʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ (ɺʉʆʏ). ʇʘʨʘʤʝʪʨʳ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ï ʚʘʞʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ, ʧʩʠʭʠʯʝʩʢʦʛʦ, 

ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʦʙʲʝʢʪʘ. ʆʙʣʘʩʪʴ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ 

(ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ) ʩʝʡʯʘʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʚ ʤʝʜʠʮʠʥʝ ʜʣʷ ʦʮʝʥʢʠ ʥʦʨʤʳ ʠ 

ʧʘʪʦʣʦʛʠʠ ʢʘʢ ʜʣʷ ʦʜʥʦʛʦ ʧʘʮʠʝʥʪʘ, ʪʘʢ ʠ ʜʣʷ ʦʮʝʥʢʠ ʩʪʘʪʫʩʘ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ 

[111, 145] ʠʤʝʥʥʦ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʳ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʦʥʢʨʝʪʥʳʡ ʛʦʤʝʦʩʪʘʟ. 

ɺ ʮʝʣʦʤ, ʙʠʦʬʠʟʠʢʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʠʟʠʢʠ. ɿʜʝʩʴ ʥʝʪ ʫʥʠʚʝʨʩʘʣʠʟʤʘ 

(ʦʜʠʥʘʢʦʚʦʩʪʠ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ). ʋʥʠʚʝʨʩʘʣʴʥʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʢʦʥʳ 

ʧʦʚʝʜʝʥʠʷ: ʥʝʧʨʝʨʳʚʥʦʝ ʠ ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ɺʉʉ ʚ ʌʇʉ, ʦʪʩʫʪʩʪʚʠʝ 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (ʪ.ʝ. x(t0) ʥʝʧʦʚʪʦʨʠʤ ʠ ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤ), 

ʥʘʣʠʯʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʩʦʧʨʷʞʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ɺʉʉ ʚ ʚʠʜʝ (1) ʠʣʠ (5). 

ɹʦʣʝʝ ʪʦʛʦ, ʩʧʝʮʠʬʠʢʘ ʊʍʉ ʪʘʢʦʚʘ, ʯʪʦ ʉʊʊ ʠʤʝʶʪ ʥʝ ʪʦʣʴʢʦ VG
min
, ʥʦ ʠ VG

max
, 

ʪ.ʝ. ʥʝʢʦʪʦʨʳʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʸʤ ʌʇʉ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʥʝʧʨʝʨʳʚʥʦ ʠ 

ʭʘʦʪʠʯʝʩʢʠ ʜʚʠʞʝʪʩʷ ɺʉʉ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʝʥʦ ʦʪʣʠʯʠʝ ʉʊʊ ʦʪ ʬʠʟʠʯʝʩʢʠʭ, 

ʭʠʤʠʯʝʩʢʠʭ ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʦʵʪʦʤʫ ʠʤʝʥʥʦ ʉʊʊ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʠʩʳʚʘʪʴ ʚ ʨʘʤʢʘʭ ʊʍʉ, ʪ.ʢ. ɼʉʇ-ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʙʝʩʩʠʣʴʥʳ ʚ ʠʭ ʦʧʠʩʘʥʠʠ. 

ʇʦʢʘʞʝʤ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ ʙʝʩʧʦʣʝʟʥʦʩʪʴ ʜʝʪʝʨʤʠʥʠʩʪʩʢʦʛʦ ʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʩʠʩʪʝʤ ʪʨʝʪʴʝʛʦ ʪʠʧʘ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʤʝʪʠʤ, ʯʪʦ ʧʦʩʪʫʨʘʣʴʥʳʡ ʪʨʝʤʦʨ ʠ ʪʝʧʧʠʥʛ ʚʩʝʛʜʘ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʧʨʠʤʝʨʳ ʥʝʧʨʦʠʟʚʦʣʴʥʳʭ ʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʜʚʠʞʝʥʠʡ. 

ʆʜʥʘʢʦ, ʩ ʧʦʟʠʮʠʡ ʤʝʭʘʥʠʢʠ, ʩ ʧʦʟʠʮʠʡ ʊʍʉ ʠ ʨʘʩʯʝʪʘ ʥʝʨʘʚʝʥʩʪʚʘ ʚʠʜʘ (1) ʠ 

(5), ʦʙʘ ʵʪʠʭ ʜʚʠʞʝʥʠʷ ʥʝ ʤʦʛʫʪ ʯʠʩʣʠʪʴʩʷ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ, ʪ.ʢ. 

ʦʥʠ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ (ʠ ʩ ʧʦʟʠʮʠʡ ʊʍʉ) ʚʳʧʦʣʥʷʶʪʩʷ 

ʥʝʧʨʦʠʟʚʦʣʴʥʦ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʧʦʚʪʦʨʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʪʨʝʤʦʨʘ ʠʣʠ ʪʝʧʧʠʥʛʘ 

ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʥʝʚʦʟʤʦʞʥʦ! ʃʶʙʦʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʦʪʨʝʟʦʢ (ʪʨʘʝʢʪʦʨʠʷ ʧʘʣʴʮʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ) ʜʣʷ ʢʦʦʨʜʠʥʘʪ x1(t) ʠ x2(t) ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʧʦʚʪʦʨʠʤ ʠ 

ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤ. ʕʪʦ ʜʚʠʞʝʥʠʝ ʭʘʦʪʠʯʝʩʢʦʝ, ʥʦ ʚ ʧʨʝʜʝʣʘʭ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʦʙʲʸʤʦʚ ʌʇʉ (ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ). ʂʚʘʟʠʘʪʪʨʘʢʪʦʨ ʤʦʞʥʦ ʧʦʚʪʦʨʠʪʴ ʠ ʦʥ ʤʦʞʝʪ 

ʠʟʫʯʘʪʴʩʷ ʚ ʊʍʉ. ʆʜʥʘʢʦ, ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ fj(xi) ʜʣʷ 

ʨʘʟʥʳʭ ʚʳʙʦʨʦʢ (ʥʫʤʝʨʫʶʪʩʷ ʧʦ j) ʧʨʦʠʟʚʦʣʴʥʦ ʜʣʷ ʉʊʊ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 
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ʧʦʚʪʦʨʝʥʘ. ʇʨʠ ʧʦʚʪʦʨʘʭ ʦʧʳʪʦʚ ʉʊʊ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʛʦʤʝʦʩʪʘʟʝ, ʤʳ ʧʦʣʫʯʘʝʤ 

ʢʘʣʝʡʜʦʩʢʦʧ f(xi), ʪ.ʝ. ʦʯʝʥʴ ʨʝʜʢʦ ʜʚʝ ʚʳʙʦʨʢʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʜʥʦʡ 

ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʣʷ ʪʨʝʤʦʨʘ, ʪʝʧʧʠʥʛʘ, ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ, 

ʤʠʦʛʨʘʤʤ, ʥʝʡʨʦʛʨʘʤʤ, ʕʕɻ, ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʦʤʝʦʩʪʘʟʘ (ʚʢʣʶʯʘʷ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʨʛʘʥʠʟʤʘ). 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʤʝʪʠʤ, ʯʪʦ ʯʠʩʣʦ ʚʳʧʦʣʥʝʥʥʳʭ ʥʘʤʠ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ ï ʂʀ ʧʨʝʚʳʰʘʝʪ ʦʜʠʥ 

ʤʠʣʣʠʦʥ ʚʳʙʦʨʦʢ ʦʪ ʜʚʘʜʮʘʪʠ ʪʳʩʷʯ ʠʩʧʳʪʫʝʤʳʭ. ɿʜʝʩʴ ʂʀ ï ʵʪʦ ʚʨʝʤʝʥʥʦʡ 

ʦʪʨʝʟʦʢ Ű ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʦʢʨʘʱʝʥʠʷʤʠ ʩʝʨʜʮʘ ʠ ʵʪʦ ï ʧʝʨʝʤʝʥʥʘʷ 

ʚʝʣʠʯʠʥʘ  x1(t), ʢʦʪʦʨʘʷ ʪʦʞʝ ʠʤʝʝʪ ʩʚʦʶ ʩʢʦʨʦʩʪʴ x2=dx1/dt ʠ ʫʩʢʦʨʝʥʠʝ 

x3=dx2/dt. ʀ ʜʣʷ ʜʚʠʞʝʥʠʷ ʧʘʣʴʮʘ, ʠ ʜʣʷ ʨʘʙʦʪʳ ʩʝʨʜʮʘ (ʘ ʪʘʢʞʝ ʕʕɻ, 

ʤʠʦʛʨʘʤʤ, ʪʘʧʧʠʥʛʨʘʤʤ ʠ ʪ.ʜ.) ʤʳ ʠʤʝʝʤ ʦʜʠʥʘʢʦʚʳʝ (ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ) ʬʘʟʦʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ m=3 (ʪ.ʝ. ʠʤʝʝʤ ɺCC x=x(t)=(x1, 

x2, x3)
T
), ʘ ʚ ʙʦʣʝʝ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʪʦʣʴʢʦ ʬʘʟʦʚʫʶ ʧʣʦʩʢʦʩʪʴ 

ʚʝʢʪʦʨʘ ʭ=ʭ(t)=(x1,x2)
T
. ʆʜʥʘʢʦ ʧʦʣʫʯʠʪʴ ʦʜʠʥʘʢʦʚʳʝ f(xi), ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ 

ʬʫʥʢʮʠʠ A(t), ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɸʏʍ) ʜʣʷ ʦʜʥʦʛʦ 

ʠʩʧʳʪʫʝʤʦʛʦ (ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʛʦʤʝʦʩʪʘʟʝ) ʧʦʯʪʠ ʥʝʚʦʟʤʦʞʥʦ (ʠʤʝʥʥʦ ʩʦ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʘ ʚ ʜʝʪʝʨʤʠʥʠʟʤʝ - ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ ʚ ʧʨʠʥʮʠʧʝ). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʉʊʊ ʤʳ ʥʝ ʤʦʞʝʤ ʧʨʠʤʝʥʠʪʴ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʭʘʦʩ 

[120, 164, 207]. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʫ ʉʊʊ ʥʝʪ ʪʦʯʝʢ ʧʦʢʦʷ ʠ ʦʥʠ ʥʝ ʤʦʛʫʪ 

ʩʨʘʚʥʠʚʘʪʴʩʷ ʥʘ ʧʨʝʜʤʝʪ ʦʜʠʥʘʢʦʚʳʭ ʩʦʩʪʦʷʥʠʡ (ʛʦʤʝʦʩʪʘʟ!) ʠʤʝʥʥʦ ʚ ʨʘʤʢʘʭ 

ɼʉʇ ʤʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʥʘʰʠʭ ʧʫʙʣʠʢʘʮʠʷʭ. ʇʦʵʪʦʤʫ ʥʝʪ ʩʤʳʩʣʘ 

ʜʘʚʘʪʴ ʠʣʣʶʩʪʨʘʮʠʶ ʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʥʘʣʠʟʘ ʧʨʠʥʮʠʧʘ ɻʝʡʟʝʥʙʝʨʛʘ ʜʣʷ ʉʊʊ 

ʚ ʙʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʝ, ʵʢʦʣʦʛʠʠ. ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʳ ʚʩʝ-

ʪʘʢʠ ʥʘʧʦʤʥʠʤ [120, 164, 200]. 

ʋʥʠʢʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʳ ʧʦʣʫʯʘʣʠ ʧʨʠ ʘʥʘʣʠʟʝ ʙʦʣʝʝ ʤʠʣʣʠʦʥʘ 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤ (ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ), ʵʣʝʢʪʨʦʤʠʦʛʨʘʤʤ, 

ʵʣʝʢʪʨʦʥʝʡʨʦʛʨʘʤʤ ʠ ʣʶʙʳʭ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʦʤʝʦʩʪʘʟʘ (ʚʢʣʶʯʘʷ ʠ 

ʢʦʣʝʙʘʥʠʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʦʚʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʨʫʛʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ) ʫ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʯʝʣʦʚʝʢʘ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ (ʠ ʪʝʤ ʙʦʣʝʝ ʥʘ ʜʣʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʊ) ʠʣʠ ʜʣʷ ʨʘʟʥʳʭ ʣʶʜʝʡ. ʊʝʤ 

ʙʦʣʝʝ ʥʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʦʚʧʘʜʝʥʠʡ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫ 

ʨʘʟʥʳʭ ʣʶʜʝʡ ʧʨʠ ʠʭ ʩʨʘʚʥʝʥʠʠ, ʝʩʣʠ ʚʩʝ ʵʪʦ ʩʨʘʚʥʠʚʘʪʴ ʩ ʧʦʟʠʮʠʡ 

ʜʝʪʝʨʤʠʥʠʟʤʘ ʠʣʠ ʩʪʦʭʘʩʪʠʢʠ. ʆʯʝʥʴ ʨʝʜʢʦ f(x) ʤʦʞʝʪ ʩʦʚʧʘʜʘʪʴ, ʥʦ ʵʪʦ ʚʩʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩʣʫʯʘʡʥʦ, ʙʝʟ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ʄʳ ʠʤʝʝʤ ʧʦʣʥʫʶ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʙʫʜʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʉʊʊ, ʪʘʢ ʢʘʢ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ f(x) 

ʥʝʚʦʟʤʦʞʥʦ ʜʣʷ complexity ʠ ʚ ʵʪʦʤ ʦʥʠ ʩʭʦʜʥʳ ʩ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʭʘʦʩʦʤ 

(ʦʩʪʘʣʴʥʳʝ 4-ʝ ʢʨʠʪʝʨʠʷ ʭʘʦʩʘ ʠ ʉʊʊ ʥʝ ʧʨʠʤʝʥʠʤʳ!). ɺʝʢʪʦʨ x(t) ʜʣʷ ʉʊʊ ï 

ʦʩʦʙʳʡ ʚ ʩʚʦʝʡ ʜʠʥʘʤʠʢʝ. 

ɺʪʦʨʦʡ ʧʨʠʥʮʠʧ ʊʍʉ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʩʠʩʪʝʤ (ʩʚʦʡʩʪʚʦ ʤʝʨʮʘʥʠʷ ï 

glimmering (ʠʣʠ flickering) property) ʚʳʚʦʜʠʪ ʠʭ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʥʘʫʢʠ ʠ ʜʝʣʘʝʪ ʉʊʊ ʧʦʭʦʞʠʤʠ ʥʘ ʢʚʘʥʪʦʚʳʝ ʯʘʩʪʠʮʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʤʝʩʪʦ 

ʨʘʚʝʥʩʪʚ ʤʳ ʤʦʞʝʤ ʧʠʩʘʪʴ ʥʝʨʘʚʝʥʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʚʩʸ-ʪʘʢʠ ʠʤʝʶʪʩʷ ʠ 



22 

 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʫ ʉʊʊ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʩʚʦʡʩʪʚʘʤʠ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʣʶʙʦʡ ʉʊʊ. ʍʘʦʩ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ (ʧʦʧʳʪʢʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦʨʷʜʢʘ) ï ʵʪʦ ʜʚʝ ʩʪʦʨʦʥʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʄʦʞʥʦ 

ʛʦʚʦʨʠʪʴ (ʢʘʢ ʀ.ʈ. ʇʨʠʛʦʞʠʥ) ʦ ʧʦʨʷʜʢʝ ʠʟ ʭʘʦʩʘ, ʥʦ ʯʪʦ ʪʦʛʜʘ ʧʦʥʠʤʘʪʴ ʧʦʜ 

ʧʦʨʷʜʢʦʤ ʠʣʠ: ʷʚʣʷʝʪʩʷ ʣʠ ʛʦʤʝʦʩʪʘʟ ʧʦʨʷʜʢʦʤ? ɾʠʟʥʴ - ʵʪʦ ʥʝʧʨʝʨʳʚʥʳʡ 

ʪʨʝʤʦʨ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʠʩʪʝʤʳ ʚ ʌʇʉ, ʪ.ʝ. ʙʦʨʴʙʘ ʭʘʦʩʘ ʠ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ. ʕʪʦ ʥʝ ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ, ʟʜʝʩʴ ʥʝʪ ʬʣʫʢʪʫʘʮʠʡ ʚʦʢʨʫʛ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʚʦʟʤʦʞʥʳ ʚʳʭʦʜʳ ʟʘ 3, 10 ʠ ʜʘʞʝ 20 ʩʠʛʤ, ʵʪʦ ʭʘʦʩ ʠ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ. ʀʤʝʥʥʦ ʵʪʦ ʠ ʠʤʝʣʠ ʚ ʚʠʜʫ ʅ. ɹʝʨʥʰʪʝʡʥ ʠ ʇ. ɸʥʦʭʠʥ, ʘ ʫ 

ʥʘʩ ʚ ʊʍʉ ʦʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʢʘʣʝʡʜʦʩʢʦʧʝ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(x) [137-

143]. 

ʊʨʝʪʴʠʤ ʠ ʯʝʪʚʝʨʪʳʤ ʧʨʠʥʮʠʧʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʉʊʊ ʷʚʣʷʶʪʩʷ ʠʭ 

ʵʚʦʣʶʮʠʷ ʠ ʪʝʣʝʦʣʦʛʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʚ ʌʇʉ, ʯʪʦ ʪʦʞʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʛʦʤʝʦʩʪʘʟ ʉʊʊ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʢʨʦʤʝ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʠʭ 

ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʚ ʌʇʉ ʵʪʦ ʜʚʠʞʝʥʠʝ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʡ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ. 

ʕʚʦʣʶʮʠʷ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ x(t) ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʚʦʟʨʘʩʪʥʳʭ 

ʠʟʤʝʥʝʥʠʷʭ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ (ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʳ, 

ʧʝʨʝʝʟʜʳ), ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʷʭ ʠ ʦʥʘ ʩʝʡʯʘʩ ʥʘʤʠ ʬʦʨʤʘʣʠʟʫʝʪʩʷ (ʩʤ. ʥʠʞʝ). 

ʌʘʢʪʠʯʝʩʢʠ, ʚʩʷ ʤʝʜʠʮʠʥʘ ʧʨʠʟʚʘʥʘ ʠʟʫʯʘʪʴ ʵʪʫ ʵʚʦʣʶʮʠʶ, ʥʦ ʩʝʡʯʘʩ ʦʥʘ ʵʪʦ 

ʜʝʣʘʝʪ ʚ ʨʘʤʢʘʭ ʩʪʦʭʘʩʪʠʢʠ, ʯʪʦ ʩʦʚʝʨʰʝʥʥʦ ʦʰʠʙʦʯʥʦ. ʕʚʦʣʶʮʠʷ ʉʊʊ ʤʦʞʝʪ 

ʦʧʠʩʳʚʘʪʴʩʷ ʩʢʦʨʦʩʪʴʶ ʵʚʦʣʶʮʠʠ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʘʢ ʠ ʣʶʙʦʝ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ, ʘ ʨʘʩʯʝʪ ʪʘʢʠʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʳ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʤ ʚ ʩʣʝʜʫʶʱʝʤ ʧʘʨʘʛʨʘʬʝ. ʆʜʥʘʢʦ, ʛʣʘʚʥʦʝ ʚ ʪʘʢʦʤ ʵʚʦʣʶʮʠʦʥʥʦʤ 

ʜʚʠʞʝʥʠʠ ï ʵʪʦ ʝʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʕʚʦʣʶʮʠʷ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʪʝʣʝʦʣʦʛʠʯʝʩʢʠ 

ʧʨʝʜʦʧʨʝʜʝʣʝʥʘ. ɺʥʫʪʨʝʥʥʠʝ ʤʝʭʘʥʠʟʤʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʟʘʜʘʶʪ ʚʝʢʪʦʨ 

ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʅʘʧʨʠʤʝʨ, ʧʨʦʮʝʩʩ r

ʩʪʘʨʝʥʠʷ ʠ ʩʤʝʨʪʠ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʥʝ ʠʤʝʶʪ ʜʝʪʝʨʤʠʥʠʩʪʩʢʠʭ ʠʣʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʥʦ ʦʥ ʠ ʫʞʝ ʧʨʠ ʨʦʞʜʝʥʠʠ ʧʨʝʜʦʧʨʝʜʝʣʝʥ r

ʜʣʷ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ (ʛʝʥʝʪʠʢʘ, ʦʙʨʘʟ ʞʠʟʥʠ ʠ ʪ.ʜ.). ʕʪʘ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʤʝʭʘʥʠʟʤʘʭ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʉʊʊ, ʚʥʫʪʨʝʥʥʠʭ 

ʩʚʦʡʩʪʚʘʭ ʙʠʦʩʠʩʪʝʤʳ, ʥʘ ʪʝʣʝʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ [99, 126, 141]. ʆʙ ʵʪʦʤ 

ʧʳʪʘʣʩʷ ʩʢʘʟʘʪʴ ʚ ʩʚʦʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʠ J. A. S. Kelso, ʥʦ ʦʥ ʥʝ ʚʳʰʝʣ ʟʘ 

ʧʨʝʜʝʣʳ ɼʉʇ.  

ʕʪʦʪ ʬʘʢʪ (ʧʨʠʥʮʠʧ) ʷʚʣʷʝʪʩʷ ʯʝʪʚʝʨʪʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʉʊʊ, ʪʘʢ ʢʘʢ ʠʭ 

ʵʚʦʣʶʮʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʥʝʢʦʪʦʨʦʝ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ [141]. ʅʦ ʵʪʦ ʩʦʩʪʦʷʥʠʝ 

ʟʘʜʘʝʪʩʷ ʥʝ ʪʦʯʢʦʡ ʚ ʌʇʉ, ʘ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʴʶ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʢʦʪʦʨʦʝ ʤʳ ʦʧʨʝʜʝʣʷʝʤ ʢʘʢ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ. ɼʣʷ ʣʶʙʦʡ ʢʚʘʥʪʦʚʦʡ ʯʘʩʪʠʮʳ 

ʪʦʞʝ ʩʫʱʝʩʪʚʫʝʪ ʩʚʦʡ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ɻʝʡʟʝʥʙʝʨʛʘ ʠ ʦʥ 

ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʠʠ (ʩʢʦʨʦʩʪʠ) ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʚʘʥʪʦʚʦʡ ʯʘʩʪʠʮʳ. ɺ 

ʤʝʜʠʮʠʥʝ ʠʤʝʶʪʩʷ ʚʥʝʰʥʠʝ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪ ʚʨʘʯʠ 

ʧʫʪʝʤ ʬʘʨʤʘʢʦʪʝʨʘʧʠʠ, ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʠʣʠ ʬʠʟʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʠ ʤʳ ʥʘʫʯʠʣʠʩʴ ʠʟʤʝʨʷʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʂɸ. ʂʦʥʝʯʥʳʡ, ʬʠʥʘʣʴʥʳʡ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ ʤʦʞʝʪ ʟʘʜʘʪʴ ʠ ʩʘʤ ʯʝʣʦʚʝʢ (ʦʙ ʵʪʦʤ 
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ʧʠʩʘʣʠ ʅ. ɸʤʦʩʦʚ ʠ ɺ.ʇ. ʉʢʫʣʘʯʝʚ ʚ ʩʚʦʠʭ ʧʫʙʣʠʢʘʮʠʷʭ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʵʚʦʣʶʮʠʷ ʜʣʷ ʉʊʊ ʯʘʩʪʠʯʥʦ ʫʧʨʘʚʣʷʝʤʘ. ʕʪʠ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴ ʩʘʤ 

ʯʝʣʦʚʝʢ ʠʣʠ ʜʨʫʛʠʝ ʣʶʜʠ (ʤʝʜʠʢʠ), ʥʦ ʦʥʠ ʪʨʝʙʫʶʪ ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ, ʪ.ʝ. 

ʥʘʫʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʜʨʫʛʦʡ ʩʤʳʩʣ: ʦʪ ʥʘʙʣʶʜʝʥʠʷ ʢ ʫʧʨʘʚʣʝʥʠʶ ʩ ʧʦʤʦʱʴʶ 

ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ x(t) ʠ ʟʘʜʘʥʠʷ ʚʥʝʰʥʠʭ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

(ɺʋɺʦʚ). ɹʝʟ ɺʋɺʦʚ ʉʊʊ ʥʝ ʜʦʩʪʠʛʘʝʪ ʥʫʞʥʦʛʦ ʂɸ. 

ɺ ʮʝʣʦʤ, ʵʚʦʣʶʮʠʷ ʠ ʝʝ ʢʦʥʝʯʥʦʝ (ʪʝʣʝʦʣʦʛʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʜʣʷ 

ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ) ʩʦʩʪʦʷʥʠʝ ʣʶʙʦʡ ʙʠʦʩʠʩʪʝʤʳ ʤʦʞʝʪ ʠ ʜʦʣʞʥʦ ʙʳʪʴ ʠʟʫʯʝʥʦ 

ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʚ ʨʘʤʢʘʭ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ. ʕʪʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ 

ʛʝʨʦʥʪʦʣʦʛʠʠ, ʬʠʟʠʦʣʦʛʠʠ, ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʠ ʤʳ ʩʝʡʯʘʩ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʤ 

[185, 186, 188]. ʇʨʠ ʵʪʦʤ ʤʳ ʜʦʣʞʥʳ ʨʘʩʩʯʠʪʳʚʘʪʴ ʦʙʲʝʤʳ ʂɸ, ʢʦʦʨʜʠʥʘʪʳ ʠʭ 

ʮʝʥʪʨʦʚ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʵʪʠʭ ʮʝʥʪʨʦʚ ʚ ʌʇʉ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʤʳ 

ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦ ʢʠʥʝʤʘʪʠʢʝ ʉʊʊ, ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʭ ʜʚʠʞʝʥʠʷ ʚ ʌʇʉ. ʇʨʠ 

ʵʪʦʤ ʚʩʝʛʜʘ ʥʘʜʦ ʠʤʝʪʴ ʚ ʚʠʜʫ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʨʝʘʣʴʥʦʩʪʴ ʧʷʪʦʛʦ ʩʚʦʡʩʪʚʘ ʉʊʊ 

ï ʧʦʩʪʦʷʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʭʦʜʘ ʢʦʦʨʜʠʥʘʪ ʭi ʟʘ ʧʨʝʜʝʣʳ ʪʨʝʭ ʩʠʛʤ, ʜʝʩʷʪʠ 

ʩʠʛʤ ʠ ʜʘʞʝ ʜʚʘʜʮʘʪʠ ʩʠʛʤ. ʀʤʝʥʥʦ ʦʙ ʵʪʦʤ ʛʦʚʦʨʠʣ ʅ. ʊʘʣʝʙ ʚ ʩʚʦʝʡ ʠʟʚʝʩʪʥʦ 

ʢʥʠʛʝ ʧʨʠ ʦʧʠʩʘʥʠʠ ʢʨʠʟʠʩʘ 1987 ʛʦʜʘ (ʚʳʭʦʜ ʟʘ 20 ʩʠʛʤ ʚ ʢʥʠʛʝ çʏʝʨʥʳʡ 

ʣʝʙʝʜʴè). 

ʇʷʪʦʝ ʩʚʦʡʩʪʚʦ ʦʙʲʷʩʥʷʝʪ ʦʛʨʦʤʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʙʠʦʩʠʩʪʝʤ, ʢʦʪʦʨʘʷ ʥʝ 

ʠʤʝʝʪ ʘʥʘʣʦʛʦʚ ʚ ʬʠʟʠʢʝ ʠ ʪʝʭʥʠʢʝ ʚ ʧʨʠʥʮʠʧʝ. ʉʝʨʜʮʝ ʤʦʞʝʪ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʚʳʭʦʜʠʪʴ ʜʘʣʝʢʦ ʟʘ 20 ʩʠʛʤ ʧʨʠ ʢʣʠʥʠʯʝʩʢʦʡ ʩʤʝʨʪʠ) ʠ 

ʧʦʪʦʤ ʦʧʷʪʴ ʟʘʙʠʪʴʩʷ. ʃʶʙʦʡ ʧʘʨʘʤʝʪʨ ʛʦʤʝʦʩʪʘʟʘ ʤʦʞʝʪ ʚʥʝʟʘʧʥʦ ʚʳʡʪʠ ʟʘ 

ʧʨʝʜʝʣʳ ʪʨʝʭ ʩʠʛʤ, ʯʪʦ ʚ ʩʪʘʪʠʩʪʠʢʝ ʫʞʝ ʦʪʙʨʘʩʳʚʘʝʪʩʷ. ɺ ʬʠʟʠʢʝ, ʪʝʭʥʠʢʝ 

ʪʘʢʠʝ ʛʠʛʘʥʪʩʢʠʝ ʚʳʙʨʦʩʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʠʩʪʝʤʳ, ʧʝʨʝʭʦʜʫ 

(ʥʝʦʙʨʘʪʠʤʦʩʪʴ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ) ʚ ʥʦʚʦʝ ʢʘʯʝʩʪʚʦ. ʆʜʥʘʢʦ ʙʠʦʩʠʩʪʝʤʳ 

ʪʘʢʠʝ ʛʠʛʘʥʪʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʯʝʥʴ ʯʘʩʪʦ. ʉʦʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʪʦʞʝ ʧʦʜʚʝʨʞʝʥʳ ʪʘʢʠʤ ʦʪʢʣʦʥʝʥʠʷʤ. ɺʦʧʨʝʢʠ ʨʝʣʠʛʠʠ, ʥʦʨʤʘʤ ʤʦʨʘʣʠ ʠ 

ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ, ʣʶʜʠ ʫʩʪʨʘʠʚʘʶʪ ʚʦʡʥʳ, ʦʩʚʝʥʮʠʤʳ ʠ ʙʫʭʝʥʚʘʣʴʜʳ, 

ʫʥʠʯʪʦʞʘʶʪ (ʩʞʠʛʘʶʪ) ʩʝʙʝ ʧʦʜʦʙʥʳʭ ʣʶʜʝʡ, ʙʦʤʙʷʪ ʤʠʨʥʳʝ ʛʦʨʦʜʘ. ʅʦ ʧʦʪʦʤ 

ʵʪʦ ʚʩʝ-ʪʘʢʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʧʷʪʴ ʚ ʢʘʢʠʝ-ʪʦ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʳ (ʥʦʨʤʳ 

ʧʦʚʝʜʝʥʠʷ). ɹʦʣʝʝ ʪʦʛʦ, ʚʩʝ ʛʝʥʠʘʣʴʥʳʝ ʣʶʜʠ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ 10 ʠʣʠ 20 

ʩʠʛʤ ʧʦ ʩʚʦʠʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ (ʠ ʜʨʫʛʠʤ) ʚʦʟʤʦʞʥʦʩʪʷʤ. ʀ ʠʤʝʶʪʩʷ ʣʶʜʠ, 

ʚʳʜʝʨʞʠʚʘʶʱʠʝ, ʥʘʧʨʠʤʝʨ, ʧʨʦʭʦʞʜʝʥʠʝ ʪʦʢʘ ʚ 1 ɸ ʯʝʨʝʟ ʦʨʛʘʥʠʟʤ, ʢʦʛʜʘ 

ʦʙʳʯʥʳʝ ʣʶʜʠ ʥʝ ʚʳʜʝʨʞʠʚʘʶʪ ʠ 50 ʤɸ. ʀʤʝʶʪʩʷ ʜʨʫʛʠʝ ʧʨʠʤʝʨʳ 

ʫʥʠʢʘʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʪʘʢʠʭ, ʯʪʦ ʦʜʠʥ ʯʝʣʦʚʝʢ ʠʟ ʤʠʣʣʠʘʨʜʘ 

ʤʦʞʝʪ ʠʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʠ ʪʦʛʜʘ ʯʘʩʪʦʪʘ ʪʘʢʦʛʦ ʩʦʙʳʪʠʷ P*(A) Ò 10
-9
, 

ʠʤʝʥʥʦ ʦʙ ʵʪʦʤ ʧʳʪʘʣʩʷ ʩʢʘʟʘʪʴ ʅ. ʊʘʣʝʙ. 

ʉ ʧʦʟʠʮʠʠ ʵʚʦʣʶʮʠʠ ʉʊʊ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʪʝʧʝʨʴ ʙʫʜʝʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʥʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʧʘʨʘʤʝʪʨʘʭ ʂɸ. ʇʨʠ ʵʪʦʤ ʤʳ ʪʦʯʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤ ʤʠʢʨʦʭʘʦʩ 

(ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚʥʫʪʨʠ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ), ʪ.ʢ. ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʚʠʜʝ dx/dtÍ0, ʠ ʚʩʝ f(x) ʙʫʜʫʪ 

ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʪʴʩʷ (ʥʦ ʥʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʮʝʥʪʨʦʚ ʂɸ!). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʟʘʢʦʥʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ 
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xi(t) (ʪʘʢʦʝ ʜʣʷ ʉʊʊ ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ ʨʝʜʢʦ), ʪʦ ʪʦʛʜʘ ʚʩʷ ʧʨʦʮʝʜʫʨʘ ʥʘʤʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ (ʚʤʝʩʪʦ æxi ʠ r i) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ <xi>(ʚʤʝʩʪʦ ʮʝʥʪʨʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ). ʆʜʥʘʢʦ, ʜʣʷ 

ʙʠʦʩʠʩʪʝʤ ʪʘʢʦʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʢʨʘʡʥʝ ʨʝʜʢʦ. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʧʨʠ ʵʪʦʤ ʤʳ 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠ ʢʘʢ ʩʪʦʭʘʩʪʠʢʘ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʜʚʠʞʝʥʠʝ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ, ʘ ʚ ʨʘʤʢʘʭ ʊʍʉ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ (ʥʝ ʤʝʨʮʘʥʠʝ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʙʠʦʩʠʩʪʝʤ 

ʤʦʞʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʯʠʪʘʪʴ ʠ ʩʪʘʪʠʩʪʠʢʫ, ʠ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ, ʝʩʣʠ ʠʤʝʝʪʩʷ 

ʞʝʣʘʥʠʝ ʧʦʣʫʯʠʪʴ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʩʣʦʞʥʦʡ ʙʠʦʩʠʩʪʝʤʳ. 

ʉʝʡʯʘʩ ʤʳ ʛʦʚʦʨʠʤ ʦ ʢʦʦʧʝʨʘʮʠʠ ʩʪʦʭʘʩʪʠʢʠ ʠ ʊʍʉ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʟʘʢʦʥʫ 

ʨʘʟʚʠʪʠʷ ʧʘʨʘʜʠʛʤ ʊ. ʂʫʥʘ (ʥʦʚʘʷ ʧʘʨʘʜʠʛʤʘ ʦʪʨʠʮʘʝʪ ʩʪʘʨʫʶ). ʆʜʥʘʢʦ, ʯʘʱʝ 

ʤʳ ʜʣʷ ʉʊʊ ʠʤʝʝʤ ʥʝʧʨʝʨʳʚʥʦʝ ʤʝʨʮʘʥʠʝ ʠ ʛʦʚʦʨʠʪʴ ʦ ʩʪʦʭʘʩʪʠʢʝ ʥʝ 

ʧʨʠʭʦʜʠʪʩʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘʤ ʧʨʝʜʩʪʦʠʪ ʧʝʨʝʩʤʦʪʨʝʪʴ ʧʦʥʷʪʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʨʝʞʠʤʦʚ (ʉʈ) ʜʣʷ ʉʊʊ. ʆʜʥʘʢʦ, ʵʪʦ ʜʨʫʛʘʷ ʪʝʤʘ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪ.ʢ. ʦʥʘ 

ʢʘʩʘʝʪʩʷ ʧʨʦʙʣʝʤʳ ʪʠʧʦʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʣʷ ʉʊʊ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʜʨʫʛʦʝ ʧʦʥʠʤʘʥʠʝ ʢʠʥʝʤʘʪʠʢʠ complexity ʢʘʢ ʵʚʦʣʶʮʠʠ 

ʛʦʤʝʦʩʪʘʟʘ. 

ɽʩʣʠ ʟʘ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʉʊʊ ʧʨʠʥʠʤʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʥʝʠʟʤʝʥʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʂɸ (ʵʪʦ ʠ ʝʩʪʴ ʛʦʤʝʦʩʪʘʟ), ʪʦ ʯʪʦ ʪʦʛʜʘ ʧʨʠʥʠʤʘʪʴ ʟʘ 

ʜʚʠʞʝʥʠʝ ʉʊʊ, ʪ.ʝ. ʠʟʤʝʥʝʥʠʝ ʛʦʤʝʦʩʪʘʟʘ? ʏʪʦ ʪʘʢʦʝ ʧʦʩʪʦʷʥʩʪʚʦ ʛʦʤʝʦʩʪʘʟʘ 

ʠʣʠ ʠʟʤʝʥʝʥʠʝ? ɺ ʊʍʉ ʜʚʠʞʝʥʠʝ x(t) ʜʣʷ ʉʊʊ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʵʚʦʣʶʮʠʷ ʂɸ 

(ʠʭ ʜʚʠʞʝʥʠʝ, ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ) ʚ ʌʇʉ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʧʦʥʷʪʠʷ ʩ 

ʧʦʟʠʮʠʡ ʢʠʥʝʤʘʪʠʢʠ ʉʊʊ ʚ ʌʇʉ, ʪ.ʝ. ʚ ʚʠʜʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʂɸ ʢʘʢ 

ʨʝʘʣʴʥʳʭ (ʵʚʦʣʶʮʠʦʥʥʳʭ) ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʉʊʊ. ʊʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʊʊ ʚ ʚʠʜʝ ʧʘʨʘʤʝʪʨʦʚ ʢʠʥʝʤʘʪʠʢʠ ʂɸ ʚ 

ʌʇʉ. ʇʨʠʯʝʤ ʵʪʘ çʢʠʥʝʤʘʪʠʢʘè ʙʫʜʝʪ ʠʤʝʪʴ 2-ʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʊʊ: ʚ ʚʠʜʝ 

ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ ʂɸ ʠ ʠʭ ʨʝʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʚ ʌʇʉ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʥʷʪʠʷ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ, ʤʦʞʥʦ ʚʚʝʩʪʠ ʢʨʠʪʝʨʠʡ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʣʠ ʥʝʩʫʱʝʩʪʚʝʥʥʳʭ 

ʨʘʟʣʠʯʠʡ ʚ ʧʘʨʘʤʝʪʨʘʭ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ʠ 

ʦʙʲʝʤʦʚ ʤʥʦʛʦʤʝʨʥʳʭ ʂɸ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʪʘʢʠʭ ʨʘʟʣʠʯʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʥʷʪʠʶ ʵʚʦʣʶʮʠʠ ʉʊʊ ʚ ʌʇʉ ʚ ʚʠʜʝ ʜʚʠʞʝʥʠʷ (ʠʟʤʝʥʝʥʠʷ) ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ. 

ʊʦʯʢʫ ʦʪʩʯʝʪʘ ʜʣʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʙʲʝʤʦʚ ʂɸ ʤʳ ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ 

ʢʘʢ ʝʛʦ ʜʚʫʭʢʨʘʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʜʣʷ ʩʣʦʞʥʦʡ ʙʠʦʩʠʩʪʝʤʳ, ʝʩʣʠ ʤʳ 

ʩʨʘʚʥʠʚʘʝʤ ʦʙʲʝʤ ʂɸ
1
 ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʜʦ ʠʟʤʝʥʝʥʠʡ) ï VG

1
 ʠ ʦʙʲʝʤ ʂɸ

2
 ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ (ʠʟʤʝʥʝʥʠʷ) ï VG
2
. ʆʪʤʝʪʠʤ, ʯʪʦ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʧʦʟʠʮʠʡ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʂɸ ʠ ʚ ʚʠʜʝ ʜʚʠʞʝʥʠʷ 

ʮʝʥʪʨʘ ʂɸ. ɽʩʣʠ ʙʫʜʝʤ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʨʦʩʪʦ ʧʨʝʚʳʰʝʥʠʝ VG ʦʪ ʠʩʭʦʜʥʦʛʦ, 

ʪ.ʝ. S = VG
2
/VG

1
>1, ʥʦ ʤʝʥʴʰʝ 2-ʭ, ʪʦ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ ʂɸ ʧʦ ʦʙʲʝʤʫ ʤʳ ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʘʯʘʣʴʥʳʝ, ʥʦ ʥʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ (ʩʤ. ʥʠʞʝ 

ʘʥʘʣʦʛʠʶ ʩ Z=Ri
*
/R<1). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ 1/2<VG

1
/VG

2
<2, ʪʦ ʠʟʤʝʥʝʥʠʷ VG 

ʙʫʜʫʪ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤʠ (ʥʘʧʨʠʤʝʨ, ʚ ʧʨʝʜʝʣʘʭ ʚʘʨʠʘʮʠʦʥʥʳʭ ʨʘʟʤʘʭʦʚ). ɽʩʣʠ 

ʞʝ 

VG
1
/VG

2
Ó2 ʠʣʠ VG

1
/VG

2
Ò0,5     (6) 
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ʪʦ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʙʠʦʩʠʩʪʝʤʳ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʦʙʲʝʤʘ ʂɸ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʲʝʤ VG
2
 ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴʩʷ ʚ 2 ʨʘʟʘ (ʠ ʙʦʣʝʝ) ʠʣʠ 

ʫʚʝʣʠʯʠʪʴʩʷ ʚ 2 ʨʘʟʘ (ʠ ʙʦʣʝʝ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʦʤʫ VG
1
 ʠ ʤʳ ʚ ʵʪʠʭ 

ʩʣʫʯʘʷʭ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʩʦʩʪʦʷʥʠʠ ʙʠʦʩʠʩʪʝʤʳ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ. ʊʘʢʠʝ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʤʳ ʥʘʙʣʶʜʘʝʤ ʚ ʛʝʨʦʥʪʦʣʦʛʠʠ [31, 142] ʠ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ 

ʤʝʜʠʮʠʥʝ [116, 201], ʘ ʪʘʢʞʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʦʪ ʥʦʨʤʳ ʢ 

ʧʘʪʦʣʦʛʠʠ ʠ ʦʙʨʘʪʥʦ (ʪ.ʝ. ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʠ ʠ ʚʳʟʜʦʨʦʚʣʝʥʠʡ). ɺ ʧʦʩʣʝʜʥʝʤ 

ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʮʠʢʣʠʯʝʩʢʠʤ ʜʚʠʞʝʥʠʝʤ ʂɸ ʚ ʌʇʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʮʠʢʣʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʛʦʤʝʦʩʪʘʟʘ ʚ ʌʇʉ (ʠʣʠ ʵʚʦʣʶʮʠʠ). 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʵʚʦʣʶʮʠʶ ʉʊʊ ʚ ʌʇʉ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʂɸ. ɼʚʠʞʝʥʠʝ ʮʝʥʪʨʘ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʢʦʦʨʜʠʥʘʪʥʦ ʠ ʩʯʠʪʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʵʚʦʣʶʮʠʠ ʉʊʊ, 

ʝʩʣʠ ʧʦ ʚʩʝʤ ʢʦʦʨʜʠʥʘʪʘʤ  xi ʤʳ ʠʤʝʝʤ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʚʪʦʨʦʛʦ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ xi
c2

 ʥʘ ʚʝʣʠʯʠʥʫ ʨʝʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ Ri* , ʢʦʪʦʨʦʝ ʧʨʝʚʳʰʘʝʪ ʩʫʤʤʫ ʧʦʣʦʚʠʥ ʠʩʭʦʜʥʳʭ ʚʘʨʠʘʮʠʦʥʥʳʭ 

ʨʘʟʤʘʭʦʚ ʜʣʷ 1-ʛʦ ʠ 2-ʛʦ ʂɸ, ʪ.ʝ. Ri
*
>æxi

1
/2+æxi

2
/2. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʥʪʨ ʂɸ

2
 

ʧʦʩʣʝ ʩʤʝʱʝʥʠʷ ʚʳʡʜʝʪ ʟʘ ʧʨʝʜʝʣʳ æxi
1
/2 , ʪ.ʝ. ʨʘʟʤʝʨʦʚ ʠʩʭʦʜʥʦʛʦ ʨʘʜʠʫʩʘ 

r i
1
=æxi

1
/2 ʠ ʪʦʛʜʘ ʤʳ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦ ʥʘʯʘʣʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʠʡ ʚ 

ʙʠʦʩʠʩʪʝʤʝ (ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʠʞʝ ʥʘ ʨʠʩ. 3). ʇʨʠ ʵʪʦʤ ʵʪʠ ʩʤʝʱʝʥʠʷ ʜʦʣʞʥʳ 

ʧʨʦʠʟʦʡʪʠ ʧʦ ʚʩʝʤ ʢʦʦʨʜʠʥʘʪʘʤ xi ʚʩʝʛʦ ʌʇʉ. ɺ ʮʝʣʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʧʦʢʦʦʨʜʠʥʘʪʥʳʝ ʨʘʜʠʫʩʳ (ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʧʦʣʦʚʠʥʫ ʦʪ ʢʘʞʜʦʛʦ i-ʛʦ 

ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʨʘʟʤʘʭʘ æxi) ʥʘʯʘʣʴʥʦʛʦ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ r i
1
 ʠ ʢʦʥʝʯʥʦʛʦ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ r i
2
=æxi

2
/2 ʧʦ ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʘʪʝ xi. ʇʨʝʚʳʰʝʥʠʝ ʩʫʤʤʳ ʵʪʠʭ 

ʨʘʜʠʫʩʦʚ ʧʦ ʚʩʝʤ i ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ Ri
*
 ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʠʩʭʦʜʥʦʛʦ ʠ 

ʢʦʥʝʯʥʦʛʦ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ (ʠʭ ʢʦʦʨʜʠʥʘʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ xi
c1

 ʠ xi
c2

) 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʩʤʝʱʝʥʠʠ ʮʝʥʪʨʘ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ʟʘ ʚʨʝʤʷ ȹt. ɽʩʣʠ ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʧʦ ʚʩʝʤ xi ʩʨʘʟʫ ʘ ʪʦʣʴʢʦ 

ʧʦ ʦʪʜʝʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ xi, ʪʦ ʤʳ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦ ʥʘʯʘʣʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʂɸ ʚ ʌʇʉ [31, 141], ʪ.ʝ. ʦ ʨʝʘʣʴʥʦʡ ʵʚʦʣʶʮʠʠ ʛʦʤʝʦʩʪʘʟʘ ʉʊʊ ʚ 

ʌʇʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʩʨʘʚʥʠʚʘʝʤ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʙʲʝʢʪʘ (ʩʠʩʪʝʤʳ) ʟʘ ʚʨʝʤʷ ȹt ʧʦ ʨʘʩʩʪʦʷʥʠʷʤ ʩʤʝʱʝʥʠʷ 

ʮʝʥʪʨʦʚ ʠʩʭʦʜʥʦʛʦ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ (ʂɸ
1
) ʠ ʢʦʥʝʯʥʦʛʦ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ (ʂɸ

2
). 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʤʳ ʪʨʝʙʫʝʤ ʚʳʭʦʜʘ ʮʝʥʪʨʘ (xi
c2
) ʜʣʷ ʂɸ

2
 ʟʘ ʧʨʝʜʝʣʳ ʠʩʭʦʜʥʦʛʦ 

ʨʘʜʠʫʩʘ r i
1
 ʜʣʷ ʂɸ

1 
(ʵʪʦ ʫʞʝ ʧʝʨʚʦʝ ʟʥʘʯʠʤʦʝ ʩʤʝʱʝʥʠʝ). ʆʜʥʘʢʦ, ʨʝʘʣʴʥʳʡ ʠ 

ʟʥʘʯʠʤʳʡ ʦʪʩʯʝʪ ʨʘʟʣʠʯʠʡ ʥʘʯʠʥʘʝʪʩʷ, ʝʩʣʠ ʂɸ
2 
ʩʚʦʠʤ ʨʘʜʠʫʩʦʤ r i

2
 ʚʳʡʜʝʪ ʟʘ 

ʧʨʝʜʝʣʳ ʠʩʭʦʜʥʦʛʦ ʨʘʜʠʫʩʘ r i
1
. ʕʪʦ ʫʩʣʦʚʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʨʘʚʝʥʩʪʚʫ (7): 

Ri=r i
1
+r i

2
<Ri

*      
(7) 

ʛʜʝ Ri
*
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦ ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʘʪʝ xi ʨʝʘʣʴʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ 

ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʠʩʭʦʜʥʦʛʦ ʂɸ ʠ ʢʦʥʝʯʥʦʛʦ ʂɸ
2
 ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʵʚʦʣʶʮʠʠ 

ʛʦʤʝʦʩʪʘʟʘ ʚ ʚʠʜʝ ʂɸ, ʪ.ʝ. ʟʘ æt = t1-t0, ʛʜʝ ʂɸ
1
 ʙʳʣ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=t0 ʘ ʂɸ

2
 

ʩʪʘʣ ʯʝʨʝʟ ʠʥʪʝʨʚʘʣ ȹt ʧʨʠ t=t1. ɿʜʝʩʴ ʨʝʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʵʚʦʣʶʮʠʠ ʛʦʤʝʦʩʪʘʟʘ 
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æt=t1-t0, ʘ  Ri
*
=xi

c1
-xi

c2
>(æxi

1
+æxi

2
)/2, ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʥʝʨʘʚʝʥʩʪʚʘ (7) ʧʦ 

ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʘʪʝ xi. ɽʩʣʠ ʪʘʢʦʡ ʚʳʭʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦ (ʧʦ ʦʪʜʝʣʴʥʳʤ 

xi), ʪʦ ʤʳ ʬʠʢʩʠʨʫʝʤ ʚʨʝʤʷ t
*
, ʢʦʛʜʘ ʧʝʨʚʘʷ (t1

*
) ʠ ʧʦʩʣʝʜʥʷʷ (t2

*
) ʢʦʦʨʜʠʥʘʪʘ 

ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ ʠʩʭʦʜʥʦʛʦ ʂɸ
1 
ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ, ʪ.ʝ. ʢʦʛʜʘ ʥʘʯʘʣʴʥʦʝ ʚʨʝʤʷ 

t1
*
ʠ ʢʦʥʝʯʥʦʝ t2

*
 ʜʣʷ i-ʷ ʢʦʦʨʜʠʥʘʪʳ ʧʦʢʘʞʫʪ ʚʳʧʦʣʥʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ (7). 

ʉʝʡʯʘʩ ʪʘʢʠʝ ʨʘʩʯʝʪʳ ʧʨʦʠʟʚʦʜʠʪ ʕɺʄ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʚ 

ʨʝʞʠʤʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʣʶʙʦʡ ʉʊʊ ʧʦ ʚʩʝʤ ʢʦʦʨʜʠʥʘʪʘʤ xi ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ x(t) ʜʣʷ ʩʣʦʞʥʦʡ ʙʠʦʩʠʩʪʝʤʳ [31-33, 141]. 

ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʚʩʝʭ xij, ʛʜʝ i ï ʥʦʤʝʨ ʢʦʦʨʜʠʥʘʪʳ, ʘ j ï ʥʦʤʝʨ ʪʦʯʢʠ 

(ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ, ʥʘʧʨʠʤʝʨ) ʥʘ ʦʪʨʝʟʢʝ æxi, ʤʦʛʫʪ 

ʙʳʪʴ ʥʦʨʤʠʨʦʚʘʥʳ ʠ ʪʦʛʜʘ ʦʪʥʦʰʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ 

ʂɸ
1
 ʠ

 
ʂɸ

2
 (Ri

*
) ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ (ʟʜʝʩʴ ʫʞʝ ʙʫʜʝʪ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠ ̫Ri), ʙʫʜʫʪ 

ʟʘʜʘʚʘʪʴ ʥʝʢʦʪʦʨʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ zi=Ri
*
/R ʧʦ ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʘʪʝ ʭi, 

ʛʜʝ Ri=r i
1
+r i

2
. ɺʝʣʠʯʠʥʘ zi ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʨʝʘʣʴʥʦʝ (ʢʨʘʪʥʦʝ Ri) ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʛʦʤʝʦʩʪʘʟ ʉʊʊ, ʟʘ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ æt. ʇʨʠ ʥʦʨʤʠʨʦʚʘʥʠʠ ʚʩʝʭ r i=æxi/2 ʤʳ 

ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ zi>1, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠ zi<1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʣʦʤʫ, ʪ.ʝ. ʚ 

ʧʨʝʜʝʣʘʭ ʠʩʭʦʜʥʦʛʦ (ʧʝʨʚʦʛʦ) ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ, ʩʤʝʱʝʥʠʶ ʂɸ ʚ ʌʇʉ ʠ ʤʘʣʦʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ (ʧʦ ʚʩʝʤ xi ʵʪʘ ʩʢʦʨʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʠ ʤʝʥʝʝ 1). ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʵʚʦʣʶʮʠʠ ʛʦʤʝʦʩʪʘʟʘ ʚ ʌʇʉ, ʛʦʤʝʦʩʪʘʟ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʢʦʪʦʨʦʝ çʤʝʨʮʘʥʠʝè ʚ ʧʨʝʜʝʣʘʭ ʂɸ
1
.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʚʚʝʣʠ ʜʚʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ. ʇʝʨʚʘʷ, ʤʠʥʠʤʘʣʴʥʘʷ 

(ʠʣʠ ʥʘʯʘʣʴʥʘʷ) ʝʜʠʥʠʮʘ, ʢʦʛʜʘ ʮʝʥʪʨ 2-ʛʦ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ʂɸ
2
 ʚʳʭʦʜʠʪ ʚʣʝʚʦ 

ʠʣʠ ʚʧʨʘʚʦ ʟʘ ʧʨʝʜʝʣʳ æxi
1
 ʜʣʷ 1-ʛʦ ʂɸ

1
. ʕʪʦʪ ʚʳʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠ ʩʧʨʘʚʘ, 

ʪʦʛʜʘ xi
c2
Óxi

c1
+r i

1
, ʠ ʩʣʝʚʘ, ʪʦʛʜʘ xi

c2
Òxi

c1
-ri

1
. ʇʝʨʚʘʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ (ʨʝʘʣʴʥʘʷ) 

ʫʩʣʦʚʥʘʷ ʝʜʠʥʠʮʘ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ziÓ1 ʧʦ ʚʩʝʤ I ʠ ʢʦʛʜʘ Ri
*
Ór i

1
+r i

2
. ɺ ʮʝʣʦʤ, 

ʝʩʣʠ Ri=Ri
*
 ʪʦ ʪʘʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ 

ʩʘʤʦʛʦ ʩʤʝʱʝʥʠʷ (ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ zÓ1). ʆʜʥʦʚʨʝʤʝʥʥʦ, ʤʦʞʥʦ ʚʚʝʩʪʠ ʠ ʧʦʥʷʪʠʝ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʵʚʦʣʶʮʠʠ ʛʦʤʝʦʩʪʘʟʘ <V> ʧʦ ʚʩʝʤ ʢʦʦʨʜʠʥʘʪʘʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʵʪʦʛʦ ʩʤʝʱʝʥʠʷ <V>=Ɇzi/(æt
*
m), ʛʜʝ z = Ɇziä

=

m

i

iz
1

 ï ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʫʤʤʫ ʚʩʝʭ ʨʝʘʣʴʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʂɸ ʟʘ ȹt ʧʦ ʚʩʝʤ m 

ʢʦʦʨʜʠʥʘʪʘʤ ʚʩʝʛʦ m-ʤʝʨʥʦʛʦ ʌʇʉ. ʆʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʪʦʯʥʦ ʧʨʠ ʫʩʣʦʚʠʠ, 

ʯʪʦ ʚʩʝ zi Ó1, ʪ.ʝ. ʂɸ
2
 ʧʦʢʠʥʫʣ ʦʙʣʘʩʪʴ ʂɸ

1 
 ʠ ʵʚʦʣʶʮʠʷ ʛʦʤʝʦʩʪʘʟʘ ʉʊʊ ʨʝʘʣʴʥʦ 

ʥʘʯʘʣʘʩʴ ʧʦ ʚʩʝʤ xi. 

ɿʜʝʩʴ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʝʱʝ ʢʫʜʘ ʜʚʠʞʝʪʩʷ ʂɸ
2
. ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ 

ʥʝʨʘʚʝʥʩʪʚʘ (ʩʤ. ʚʳʰʝ) ʤʳ ʧʨʠʚʝʣʠ ʜʣʷ ʜʚʠʞʝʥʠʷ ʚ ʌʇʉ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ xi  

ʚʧʨʘʚʦ (ʥʘ ʫʚʝʣʠʯʝʥʠʝ xi
c2
, ʪ.ʝ. ʜʦʣʞʥʦ ʙʳʪʴ xi

c2
>xi

c1
). ʆʜʥʘʢʦ, ʚ ʨʘʤʢʘʭ 

ʘʥʘʣʦʛʠʯʥʳʭ ʨʘʩʯʝʪʦʚ ʤʳ ʚʚʝʣʠ ʠ ʧʦʥʷʪʠʝ ʩʢʦʨʦʩʪʠ ʛʦʤʝʦʩʪʘʟʘ ʉʊʊ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʂɸ
2
 ʚʣʝʚʦ ʧʦ ʢʦʦʨʜʠʥʘʪʝ xi, ʪ.ʝ. ʢʦʛʜʘ xi

c2
<xi

c1
. ʕɺʄ ʧʦ ʧʨʦʛʨʘʤʤʝ, 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ, ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʜʚʠʞʝʥʠʷ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ʠ ʜʘʣʝʝ ʚʳʧʦʣʥʷʝʪ 

ʨʘʩʯʝʪ Z ʠ <V> ʧʦ ʚʩʝʤ xi. ɺʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʧʦ ʦʪʜʝʣʴʥʳʤ 

ʢʦʦʨʜʠʥʘʪʘʤ xi ʂɸ ʙʠʦʩʠʩʪʝʤʳ ʜʚʠʞʝʪʩʷ ʚʧʨʘʚʦ, ʘ ʧʦ ʜʨʫʛʠʤ ʚʣʝʚʦ. ʉʢʦʨʦʩʪʴ ʚ 

ʣʶʙʦʤ ʩʣʫʯʘʝ ʪʦʛʜʘ ʩʯʠʪʘʝʪʩʷ ʧʦ ʤʦʜʫʣʶ Z, ʥʦ ʕɺʄ ʚʳʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 
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ʧʨʦʪʦʢʦʣ, ʩ ʫʢʘʟʘʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʜʚʠʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ-ʪʦ xi  ʜʚʠʞʫʪʩʷ 

ʚʧʨʘʚʦ, ʘ ʜʨʫʛʠʝ xi ʜʚʠʞʫʪʩʷ ʚʣʝʚʦ). 

ɺ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ ʦʯʝʥʴ ʚʘʞʥʦ ʟʥʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʵʚʦʣʶʮʠʠ 

ʛʦʤʝʦʩʪʘʟʘ ʉʊʊ, ʪ.ʝ. ʜʚʠʞʝʥʠʷ ʂɸ ʧʦ ʚʩʝʤ ʢʦʦʨʜʠʥʘʪʘʤ (ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ 

ʜʠʘʛʥʦʟʘ, ʥʘʧʨʠʤʝʨ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʡʯʘʩ ʤʳ ʤʦʞʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ  

ʦʧʨʝʜʝʣʷʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʚʦʣʶʮʠʠ ʛʦʤʝʦʩʪʘʟʘ ʉʊʊ: ʢʫʜʘ ʠ 

ʢʘʢ, ʩ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʂɸ ʜʚʠʞʝʪʩʷ ʚ ʌʇʉ ʚ ʦʙʱʝʤ ʠ ʧʦ ʦʪʜʝʣʴʥʳʤ 

ʢʦʦʨʜʠʥʘʪʘʤ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʝʥ ʨʘʩʯʝʪ ʠ ʫʩʢʦʨʝʥʠʷ ai = dzi/dt ʧʦ ʚʩʝʤ xi,, 

ʪʦʛʜʘ ʦʙʱʝʝ ʫʩʢʦʨʝʥʠʝ ɸ=d<v>/dt. ʆʯʝʚʠʜʥʦ, ʯʪʦ <V> ʠ ɸ ʷʚʣʷʶʪʩʷ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʵʚʦʣʶʮʠʠ ʛʦʤʝʦʩʪʘʟʘ ʉʊʊ ʚ ʌʇʉ ʠ ʵʪʘ 

ʵʚʦʣʶʮʠʷ ʤʦʞʝʪ ʙʳʪʴ çʣʠʥʝʡʥʦʡè (ʧʨʠ ʩʪʘʨʝʥʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘʧʨʠʤʝʨ) ʠʣʠ 

çʢʨʠʚʦʣʠʥʝʡʥʦʡè (ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʠ ʠ ʚʳʟʜʦʨʦʚʣʝʥʠʠ, ʥʘʧʨʠʤʝʨ). ɺ ʮʝʣʦʤ, ʵʪʦ 

ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʝ ʪʨʘʢʪʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʙʠʦʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʝ ʦʙʱʝʧʨʠʥʷʪʦ ʚ 

ʝʩʪʝʩʪʚʦʟʥʘʥʠʠ (ʠ ʤʝʜʠʮʠʥʝ) [31-33, 126, 141, 201, 207]. 

ʄʳ ʚʧʣʦʪʥʫʶ ʧʦʜʦʰʣʠ ʢ ʦʧʠʩʘʥʠʶ ʵʚʦʣʶʮʠʠ ʛʦʤʝʦʩʪʘʟʘ ʉʊʊ ʚ ʚʠʜʝ 

ʜʚʠʞʝʥʠʷ ʂɸ ʙʠʦʩʠʩʪʝʤ ʠ ʜʝʪʘʣʠʟʠʨʫʝʤ ʧʦʥʷʪʠʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ 

ʛʦʤʝʦʩʪʘʟʘ ʉʊʊ. ʊʝʧʝʨʴ, ʚ ʊʍʉ, ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʜʣʷ ʉʊʊ ʵʪʦ ʥʝ 

ʜʝʪʝʨʤʠʥʠʩʪʩʢʦʝ ʫʨʘʚʥʝʥʠʝ dx/dt=0 ʠ ʥʝ ʩʦʭʨʘʥʝʥʠʝ ʚʠʜʘ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(x) ʚ ʩʪʦʭʘʩʪʠʢʝ, ʪ.ʢ. ʜʣʷ ʪʨʝʤʦʨʘ ʜʣʷ ʪʝʧʧʠʥʛʘ ʠ ʜʨ. ʧʨʦʮʝʩʩʦʚ 

ʤʳ ʧʦʢʘʟʘʣʠ ʥʝʧʨʝʨʳʚʥʳʝ ʠʟʤʝʥʝʥʠʷ f(x). ɺ ʊʍʉ ʤʳ ʪʨʝʙʫʝʤ, ʯʪʦ ʙʳ ʮʝʥʪʨ 

ʂɸ
2
 ʙʠʦʩʠʩʪʝʤʳ ʩʧʫʩʪʷ ʚʨʝʤʷ ȹt ʧʦʩʣʝ ʝʝ ʚʥʫʪʨʝʥʥʠʭ ʧʝʨʝʩʪʨʦʝʢ ʠʣʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʚʦʟʤʫʱʝʥʠʷ ʠʣʠ ʫʧʨʘʚʣʝʥʠʷ) ʚʳʰʝʣ ʟʘ ʧʨʝʜʝʣʳ 

ʨʘʟʤʝʨʦʚ ʠʩʭʦʜʥʦʛʦ ʦʙʲʝʤʘ ʂɸ
1
. ɼʣʷ ʵʪʦʛʦ ʧʦʢʦʦʨʜʠʥʘʪʥʦ ʨʘʜʠʫʩ 1-ʛʦ ʂɸ

1
 (r i

1
 

ʧʦʢʦʦʨʜʠʥʘʪʥʦ) ʜʦʣʞʝʥ ʙʳʪʴ ʭʦʪʷ ʙʳ ʤʝʥʴʰʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʂɸ
1
 ʠ ʂɸ

2
, ʪ.ʝ. ʨʝʘʣʴʥʦʛʦ ʤʝʞʘʪʪʨʘʢʪʦʨʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ xi

c2
-

xi
c1

 (ʧʨʠ ʜʚʠʞʝʥʠʠ ʂɸ
2
 ʚʧʨʘʚʦ, ʪ.ʝ. ʥʘ ʫʚʝʣʠʯʝʥʠʝ xi). ʊʘʢʦʝ ʩʤʝʱʝʥʠʝ ʚʧʨʘʚʦ 

xi
c2

 ʧʦ ʚʩʝʤ i=1, 2, ..., m ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚʪʦʨʦʡ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ ʥʝ ʤʝʨʮʘʝʪ ʚ 

ʧʨʝʜʝʣʘʭ ʦʙʲʝʤʘ 1-ʛʦ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ (ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʣʝʚʦ xi
c2

 ʣʝʞʠʪ ʣʝʚʝʝ 

ʨʘʜʠʫʩʘ r i
1
), ʘ ʨʝʘʣʴʥʦ ʥʘʯʘʣ ʚʳʭʦʜ ʟʘ ʧʨʝʜʝʣʳ ʂɸ

1
. ʕʪʦ ʦʟʥʘʯʘʝʪ ʨʝʘʣʴʥʫʶ 

ʛʦʤʝʦʩʪʘʟʘ ʉʊʊ ʚ ʌʇʉ, ʘ ʜʦ ʵʪʦʛʦ ʤʳ ʤʦʛʣʠ ʣʝʛʢʦ ʩʨʘʚʥʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʙʠʦʩʠʩʪʝʤʳ ʠ ʛʦʚʦʨʠʪʴ ʢʘʢ - ʪʦ ʦ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʉʊʊ (ʝʩʣʠ ʚʳʙʦʨʢʠ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʜʣʷ t1 ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʚʳʙʦʨʢʘʤʠ ʂɸj
2
 ʜʣʷ ʩʝʨʠʡ 

ʠʟ ʂɸj
1
 ʚʩʝʭ j ʠʟʤʝʨʝʥʠʡ (ʫ ʥʘʩ j=1,é,15 ʚ ʨʘʟʥʳʭ ʧʨʠʤʝʨʘʭ) [31, 141]. 

ʂʦʛʜʘ ʧʦ ʦʪʜʝʣʴʥʳʤ xi ʮʝʥʪʨ ʫʭʦʜʠʪ (ʚʣʝʚʦ ʠʣʠ ʚʧʨʘʚʦ) ʜʘʣʝʢʦ, ʘ ʧʦ 

ʦʪʜʝʣʴʥʳʤ xi ʚʦʦʙʱʝ ʥʝ ʚʳʭʦʜʠʪ, ʥʦ ʩʫʤʤʘ ʪʘʢʠʭ ʨʘʩʩʪʦʷʥʠʡ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʠ 

ʚ ʮʝʣʦʤ (ʚ ʩʨʝʜʥʝʤ) ʮʝʥʪʨ ʂɸ
2
 ʧʦʢʠʜʘʝʪ ʦʙʲʝʤ ʂɸ

1
, ʪʦ ʵʪʫ ʚʝʣʠʯʠʥʫ (ʠ ʚʨʝʤʷ 

ʝʝ ʧʦʷʚʣʝʥʠʷ) ʤʳ ʦʧʨʝʜʝʣʷʝʤ ʢʘʢ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʚʳʭʦʜ (ʂɺ) ʉʊʊ, ʪ.ʝ. 

ʥʘʯʘʣʦ ʵʚʦʣʶʮʠʠ ʛʦʤʝʦʩʪʘʟʘ. ʆʥ ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʟʥʘʢʦʚʦʡ ʚʝʣʠʯʠʥʦʡ (ʚʨʝʤʷ ʝʛʦ 

ʥʘʩʪʫʧʣʝʥʠʷ), ʪ.ʢ. ʦʥ ʬʠʢʩʠʨʫʝʪ ʚʳʭʦʜ ʉʊʊ ʟʘ ʧʨʝʜʝʣʳ ʦʙʳʯʥʦʛʦ ʤʝʨʮʘʥʠʷ x(t) 

ʚ ʧʨʝʜʝʣʘʭ ʌʇʉ. ʆʜʥʘʢʦ, ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ 

t2*- ʚʨʝʤʷ, ʢʦʛʜʘ ʚʩʝ xi
c2

 ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʘʨʠʘʮʠʦʥʥʳʭ 

ʨʘʟʤʘʭʦʚ, ʪ.ʝ. æxi
1
/2=r i

1
. ʆʯʝʥʴ ʚʘʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʚʨʝʤʷ ʥʘʯʘʣʘ ʚʳʭʦʜʘ xi

c2
 ʟʘ 

ʧʨʝʜʝʣʳ ʂɸ
1
, ʪ.ʝ. t1

*
; ʘ ʪʘʢʞʝ ʚʨʝʤʷ t2

*
, ʢʦʛʜʘ ʥʘʩʪʫʧʘʝʪ ʂɺ ʠ, ʥʘʢʦʥʝʮ, ʚʨʝʤʷ t3* 

= t*  ʧʦʣʥʦʛʦ ʚʳʭʦʜʘ xi
c2

 ʟʘ ʧʨʝʜʝʣʳ ʂɸ
1
. ʉ ʤʦʤʝʥʪʘ t3*  ʥʘʯʠʥʘʝʪʩʷ ʨʝʘʣʴʥʘʷ 
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ʵʚʦʣʶʮʠʷ ʉʊʊ ʚ ʌʇʉ ʘ t1*  ʠ t2*  ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʯʘʣʦ ʪʘʢʦʛʦ ʩʣʦʞʥʦʛʦ 

ʧʨʦʮʝʩʩʘ [141] ʠ ʥʝʢʦʪʦʨʳʝ ʵʪʘʧʳ ʵʚʦʣʶʮʠʠ ʛʦʤʝʦʩʪʘʟʘ ʉʊʊ ʚ ʌʇʉ. ʊʘʢʘʷ 

ʵʚʦʣʶʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ  ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʧʨʝʜʝʣʝʥʠʷ ʵʚʦʣʶʮʠʠ ʇʨʠʛʦʞʠʥʘ ī 

ɻʣʝʥʩʜʦʨʬʘ [132] ʠ ʤʳ ʥʘʜʝʝʤʩʷ, ʯʪʦ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʘʣʴʥʦ ʚʦʡʜʝʪ ʚ 

ʙʠʦʣʦʛʠʶ ʠ ʤʝʜʠʮʠʥʫ. 

ɺʩʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʥʘʩʪʫʧʣʝʥʠʷ ʪʘʢʠʭ ʩʦʙʳʪʠʡ (ʪ.ʝ. t1*, ʢʘʢ ʥʘʯʘʣʦ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ, ʪʘʢ ʠ ʚʨʝʤʷ t3*  ï ʧʦʣʥʦʛʦ ʚʳʭʦʜʘ ʮʝʥʪʨʘ ʂɸ
2
 ʟʘ 

ʧʨʝʜʝʣʳ ʠʩʭʦʜʥʦʛʦ ʂɸ
1
, ʠ ʜʘʞʝ ʚʨʝʤʷ t2*, ʢʦʛʜʘ ʚ ʩʫʤʤʝ ʧʦ ʚʩʝʤ ʢʦʦʨʜʠʥʘʪʘʤ 

ʂɸ
2
 ʚʳʭʦʜʠʪ (ʂɺ) ʟʘ ʧʨʝʜʝʣʳ ʦʙʲʝʤʘ ʂɸ

1
) ʜʣʷ ʙʠʦʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʟʥʘʢʦʚʳʤʠ. 

ʆʥʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʤʝʩʪʝ ʩ z ʦʯʝʥʴ ʚʘʞʥʫʶ 

ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ ï ʩʢʦʨʦʩʪʴ ʵʚʦʣʶʮʠʠ ʛʦʤʝʦʩʪʘʟʘ ʙʠʦʩʠʩʪʝʤʳ ʚ 

ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ. ʕʪʘ ʩʢʦʨʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʥʫʣʝʚʦʡ, ʝʩʣʠ ʮʝʥʪʨ 

ʂɸ
2 
ʥʝ ʚʳʰʝʣ ʟʘ ʧʨʝʜʝʣʳ ʂɸ

1  
ʠ ʛʦʤʝʦʩʪʘʟ ʙʠʦʩʠʩʪʝʤ rʧʨʦʩʪʦ ʤʝʨʮʘʝʪ ʚʥʫʪʨʠ 

ʂɸ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʛʦʚʦʨʠʤ ʩ ʧʦʟʠʮʠʡ ʊʍʉ (ʠ ʪʨʝʪʴʝʡ ʧʘʨʘʜʠʛʤʳ) ʦ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʚ ʜʚʠʞʝʥʠʠ ʂɸ, ʥʝʪ ʵʚʦʣʶʮʠʠ ʛʦʤʝʦʩʪʘʟʘ ʉʊʊ. ʕʪʦ 

ʥʦʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʚʦʣʶʮʠʠ ʛʦʤʝʦʩʪʘʟʘ, ʪ.ʝ. ʥʦʚʳʡ ʩʧʦʩʦʙ ʨʝʛʠʩʪʨʘʮʠʠ 

ʨʝʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʉʊʊ, ʪʘʢʦʝ t3*  ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʙʦʣʴʰʠʤ, ʥʦ 

ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʳʚʘʪʴ, ʝʩʣʠ ʤʳ ʨʝʘʣʴʥʦ ʠʟʫʯʘʝʤ ʠʟʤʝʥʝʥʠʷ ʚ ʉʊʊ.  

ɺ ʮʝʣʦʤ, ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʪʝʧʝʨʴ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʪʘʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʥʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʘʨʘʤʝʪʨʘʭ ʂɸ. 

ʇʨʠ ʵʪʦʤ ʤʳ ʪʦʯʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤ ʤʠʢʨʦʭʘʦʩ (ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚʥʫʪʨʠ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ), ʪ.ʢ. ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʜʚʠʞʝʥʠʝ 

ʚ ʚʠʜʝ dx/dtÍ0, ʠ ʚʩʝ f(x) ʙʫʜʫʪ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʪʴʩʷ (ʥʦ ʥʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʜʚʠʞʝʥʠʡ ʮʝʥʪʨʦʚ ʂɸ!). ɺʩʝ ʵʪʦ ʟʘʜʘʝʪ 2-ʡ ʪʠʧ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʢʦʛʜʘ 

ʧʘʨʘʤʝʪʨʳ ʉʊʊ ʩ ʧʦʟʠʮʠʡ ɼʉʇ ʢʘʢ ʙʳ ʜʚʠʞʫʪʩʷ (ʠʟʤʝʥʷʶʪʩʷ), ʥʦ ʨʝʘʣʴʥʦ (ʚ 

ʊʍʉ) ʜʚʠʞʝʥʠʷ ʥʝʪ, ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʛʦʤʝʦʩʪʘʟʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʤʳ 

ʠʤʝʝʤ ʜʝʣʦ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʟʘʢʦʥʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ xi(t) (ʪʘʢʦʝ ʜʣʷ ʉʊʊ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ ʨʝʜʢʦ), ʪʦ ʪʦʛʜʘ ʚʩʷ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʩʠʩʪʝʤ (ʚʤʝʩʪʦ æxi ʠ r i) ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ <xi> (ʚʤʝʩʪʦ ʮʝʥʪʨʦʚ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ). ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ 

ʜʚʠʞʝʥʠʝ ʛʦʤʝʦʩʪʘʟʘ ʉʊʊ. ʆʜʥʘʢʦ, ʜʣʷ ʙʠʦʩʠʩʪʝʤ ʪʘʢʦʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʢʨʘʡʥʝ ʨʝʜʢʦ. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʧʨʠ ʵʪʦʤ ʤʳ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠ ʢʘʢ ʩʪʦʭʘʩʪʠʢʘ ʥʝ 

ʜʘʝʪ ʜʚʠʞʝʥʠʷ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ, ʘ ʚ ʨʘʤʢʘʭ ʊʍʉ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ (ʥʝ ʤʝʨʮʘʥʠʝ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʙʠʦʩʠʩʪʝʤ 

ʤʦʞʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʯʠʪʘʪʴ ʠ ʩʪʘʪʠʩʪʠʢʫ, ʠ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ, ʝʩʣʠ ʠʤʝʝʪʩʷ 

ʞʝʣʘʥʠʝ ʧʦʣʫʯʠʪʴ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʩʣʦʞʥʦʡ ʙʠʦʩʠʩʪʝʤʳ. 

ʉʝʡʯʘʩ ʤʳ ʛʦʚʦʨʠʤ ʦ ʢʦʦʧʝʨʘʮʠʠ ʩʪʦʭʘʩʪʠʢʠ ʠ ʊʍʉ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʟʘʢʦʥʫ 

ʨʘʟʚʠʪʠʷ ʧʘʨʘʜʠʛʤ ʊ. ʂʫʥʘ (ʫ ʥʝʛʦ ʥʦʚʘʷ ʧʘʨʘʜʠʛʤʘ ʦʪʨʠʮʘʝʪ ʩʪʘʨʫʶ). ʆʜʥʘʢʦ 

ʯʘʱʝ, ʤʳ ʜʣʷ ʉʊʊ ʠʤʝʝʤ ʥʝʧʨʝʨʳʚʥʦʝ ʤʝʨʮʘʥʠʝ ɺʉʉ ʚ ʚʠʜʝ ʛʦʤʝʦʩʪʘʟʘ ʉʊʊ ʠ 

ʛʦʚʦʨʠʪʴ ʦ ʩʪʦʭʘʩʪʠʢʝ ʥʝ ʧʨʠʭʦʜʠʪʩʷ. ʇʨʠ ʵʪʦʤ ʥʝʪ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʠ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ x(t), ʪ.ʢ. f(x) ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʝʪʩʷ. 
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ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʳʰʝ ʠʥʬʦʨʤʘʮʠʠ, ʜʚʠʞʝʥʠʷ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʚ ʌʇʉ ʩ ʧʦʟʠʮʠʡ ʊʍʉ ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʠʣʠ ʧʦ ʚʝʣʠʯʠʥʝ 

ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ VG, ʠʣʠ ʧʦ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʂɸ <V> ʟʘ ʥʝʢʦʪʦʨʳʡ 

ʠʥʪʝʨʚʘʣ T=Ɇ æti, ʛʜʝ ȹti ï ʥʘʙʣʶʜʘʝʤʳʝ ʠʥʪʝʨʚʘʣʳ ʜʚʠʞʝʥʠʷ ʉʊʊ, ʪ.ʝ. z, ʘ T 

ʙʫʜʝʪ ʥʝʢʦʪʦʨʘʷ ʵʧʦʭʘ ʥʘʙʣʶʜʝʥʠʷ. ʅʝ ʠʩʢʣʶʯʝʥʘ ʩʠʪʫʘʮʠʷ, ʯʪʦ ʧʦʩʣʝ 

ʥʝʢʦʪʦʨʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʚ ʌʇʉ ʦʥ ʤʦʞʝʪ ʚʦʟʚʨʘʪʠʪʴʩʷ ʚ ʧʨʝʜʝʣʳ ʠʩʭʦʜʥʦʛʦ 

ʨʘʜʠʫʩʘ r i
1
. ʊʦʛʜʘ ʚʥʫʪʨʠ ʪʘʢʦʡ ʦʢʨʫʞʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʭʘʦʪʠʯʥʦʝ ʜʚʠʞʝʥʠʝ 

x(t), ʪʦ ʝʩʪʴ dx/dtÍ0 (ʩʣʫʯʘʡ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʌʇʉ). ʇʦʵʪʦʤʫ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʙʠʚʘʪʴ ʙʦʣʴʰʠʝ ʠʥʪʝʨʚʘʣʳ ʥʘʙʣʶʜʝʥʠʷ ʉʊʊ ʥʘ ʦʪʨʝʟʢʠ. 

ʆʯʝʥʴ ʯʘʩʪʦ ʵʪʦ ʙʳʚʘʝʪ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʚʳʟʜʦʨʦʚʣʝʥʠʠ 

ʯʝʣʦʚʝʢʘ ï ʮʠʢʣʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʛʦʤʝʦʩʪʘʟʘ. ʆʜʥʘʢʦ ʦʙʳʯʥʦ ʵʚʦʣʶʮʠʷ 

ʛʦʤʝʦʩʪʘʟʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʉʊʊ ʚ ʌʇʉ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʩʪʘʨʝʥʠʠ. ʆʙʳʯʥʦ T ʩʦʠʟʤʝʨʠʤʦ ʩʦ ʚʨʝʤʝʥʝʤ ʩʪʘʨʝʥʠʷ ʦʨʛʘʥʠʟʤʘ, ʢʦʛʜʘ 

ʫʞʝ ʧʨʦʠʩʭʦʜʷʪ ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʘʨʘʤʝʪʨʘʭ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʠ 

ʚʦʟʚʨʘʪ ʚ ʠʩʭʦʜʥʳʡ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ ʥʝʚʦʟʤʦʞʝʥ. ʇʨʠʚʝʜʝʤ ʢʦʥʢʨʝʪʥʳʝ 

ʧʨʠʤʝʨʳ ʩʢʘʟʘʥʥʦʤʫ ʜʣʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʤʳ ʠʤʝʝʤ ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ ʧʨʠʤʝʨʦʚ ʠʟ ʵʢʦʣʦʛʠʠ, 

ʢʦʛʜʘ ʧʦʩʣʝ ʧʝʨʝʝʟʜʦʚ, ʥʘʧʨʠʤʝʨ, ʧʘʨʘʤʝʪʨʳ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ x(t) 

ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʠʩʭʦʜʥʳʡ ʂɸ ʯʝʨʝʟ ʩʫʤʤʫ æti ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ 

ʧʨʠʭʦʜʠʪʴʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ [31, 141]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʝ ʚʦʟʨʘʩʪʥʳʝ ʛʨʫʧʧʳ 

ʞʝʥʱʠʥ ʥʘʨʦʜʥʦʩʪʠ ʭʘʥʪʳ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʖʛʨʝ. ɺ ʮʝʣʦʤ, ʧʨʠʤʝʨʳ ʜʚʠʞʝʥʠʷ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ  ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʦʙʨʘʪʠʤʫʶ ʠ ʥʝʦʙʨʘʪʠʤʫʶ 

ʵʚʦʣʶʮʠʶ ʛʦʤʝʦʩʪʘʟʘ ʉʊʊ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ. 

ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ ʚ ʌʇʉ ʫʙʝʜʠʪʝʣʴʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʪʩʫʪʩʪʚʠʝ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ (ʉʈ) ʫ ʠʟʫʯʘʝʤʳʭ ʙʠʦʩʠʩʪʝʤ. ʅʘʣʠʯʠʝ ʥʝʥʫʣʝʚʦʡ 

ʩʢʦʨʦʩʪʠ ʂɸ ʦʙʦʟʥʘʯʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ ʩʣʦʞʥʳʭ 

ʙʠʦʩʠʩʪʝʤ ʚʦ ʚʩʝʭ ʩʤʳʩʣʘʭ, ʚʢʣʶʯʘʷ ʠ ʉʊʊ. ʅʝʠʟʤʝʥʥʦʩʪʴ (ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ, ʘ 

ʪʦʯʥʝʝ - ʛʦʤʝʦʩʪʘʟ) ʉʊʊ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ʥʝ 

ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʚʩʝʤ ʢʦʦʨʜʠʥʘʪʘʤ ʠʭ ʮʝʥʪʨʦʚ, ʘ ʪʦʯʥʝʝ ʛʦʚʦʨʷ, ʥʝ ʚʳʭʦʜʷʪ ʟʘ 

ʧʨʝʜʝʣʳ ʠʩʭʦʜʥʳʭ ʨʘʜʠʫʩʦʚ r i, ʪ.ʝ. ʚʘʨʠʘʮʠʦʥʥʳʭ ʨʘʟʤʘʭʦʚ. ɽʩʣʠ ʵʪʦʪ ʚʳʭʦʜ 

ʥʘʯʘʣʩʷ, ʝʩʣʠ z>1 ʠ ʵʪʘ ʜʠʥʘʤʠʢʘ ʥʘʨʘʩʪʘʝʪ (ʥʝʪ ʚʦʟʚʨʘʪʘ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʂɸ
2 

ʚ ʧʨʝʜʝʣʳ ʠʩʭʦʜʥʦʛʦ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʨʘʟʤʘʭʘ æʭ), ʪʦ ʤʳ ʛʦʚʦʨʠʤ ʦ ʥʘʯʘʣʝ 

ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʦʤʝʦʩʪʘʟʘ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʷ. 

ʕʚʦʣʶʮʠʷ ʦʨʛʘʥʠʟʤʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʙʨʘʪʠʤʦʡ (ʥʘʧʨʠʤʝʨ, ʩʪʘʨʝʥʠʝ ʦʨʛʘʥʠʟʤʘ, 

ʙʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ ʠʣʠ ɸʣʴʮʛʝʡʤʝʨʘ) ʠʣʠ ʦʙʨʘʪʠʤʦʡ (ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʟʘʙʦʣʝʚʘʥʠʠ ʩ ʚʳʟʜʦʨʦʚʣʝʥʠʝʤ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

(ʧʝʨʝʝʟʜʳ) ʠ ʚʦʟʚʨʘʪʝ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʪ.ʜ.).  

ʆʙʨʘʪʠʤʘʷ ʵʚʦʣʶʮʠʷ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ 

ʚʨʝʤʝʥʠ T (ʊ=Ɇæti), ʢʦʛʜʘ ʯʝʣʦʚʝʢ ʙʦʣʝʝʪ ʠʣʠ ʨʝʟʢʦ ʠʟʤʝʥʷʝʪ ʧʘʨʘʤʝʪʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʧʝʨʝʝʭʘʣ ʥʘ ʉʝʚʝʨ, ʧʦʞʠʣ ʢʦʨʦʪʢʠʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʠ 

ʚʦʟʚʨʘʪʠʣʩʷ ʦʙʨʘʪʥʦ), ʩʦʚʝʨʰʘʝʪ ʜʣʠʪʝʣʴʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ (ʥʘʯʘʣ 

ʟʘʥʠʤʘʪʴʩʷ ʩʧʦʨʪʦʤ, ʘ ʧʦʪʦʤ ʙʨʦʩʘʝʪ). ɺʦ ʚʩʝʭ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʤʳ ʤʦʞʝʤ 

ʥʘʙʣʶʜʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ (ʮʠʢʣʠʯʝʩʢʦʝ) ʜʚʠʞʝʥʠʝ ʂɸ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 



30 

 

ʩʦʩʪʦʷʥʠʡ. ʇʨʠʯʝʤ ʯʝʨʝʟ ʚʨʝʤʷ T ʤʳ ʤʦʞʝʤ ʚʦʟʚʨʘʪʠʪʴ ʮʝʥʪʨ ʂɸ
2
 ʚ ʧʨʝʜʝʣʳ 

ʚʘʨʠʘʮʠʦʥʥʳʭ ʨʘʟʤʘʭʦʚ æxi  ʧʦ ʢʘʞʜʦʡ xi (ʩʣʫʯʘʡ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ, 

ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʤʝʜʠʮʠʥʝ ʠ ʵʢʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ). 

ʊʘʢʦʝ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠ ʨʝʟʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʦʥʠ (ʂɸ) ʠʟʤʝʥʷʶʪ 

ʦʙʲʝʤʳ ʠ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʦʙʱʥʦʩʪʠ ʤʝʞʜʫ ʜʠʥʘʤʠʢʦʡ 

ʧʦʚʝʜʝʥʠʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʥʘʧʨʠʤʝʨ, ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ x1(t) ʚ ʠʭ 

ʜʚʫʤʝʨʥʦʤ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ, ʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩ ʪʨʝʤʷ 

ʢʦʦʨʜʠʥʘʪʘʤʠ: x1(t), x2=dx1/dt ʠ x3=dx2/dt) ʠ ʩʫʧʝʨʧʦʟʠʮʠʡ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ xij 

ʜʣʷ ʤʥʦʛʠʭ ʠʩʧʳʪʫʝʤʳʭ, ʤʳ ʧʦʩʪʫʣʠʨʫʝʤ ʥʝʢʦʪʦʨʫʶ ʠʜʝʥʪʠʯʥʦʩʪʴ ʜʠʥʘʤʠʢʠ 

ʧʦʚʝʜʝʥʠʷ x(t) ʜʣʷ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʳ (ʥʘʧʨʠʤʝʨ, ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ, 

ʧʦʣʫʯʘʝʤʳʭ ʟʘ ʚʨʝʤʷ æt) ʠ ʜʠʥʘʤʠʢʠ xij ʪ.ʝ. ʪʦʡ ʞʝ xi, ʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʦʪ 

ʨʘʟʥʳʭ ʠʩʧʳʪʫʝʤʳʭ (ʟʜʝʩʴ ʠʭ ʥʦʤʝʨ j = 1, 2, é, n, ʛʜʝ n ï ʯʠʩʣʦ ʠʩʧʳʪʫʝʤʳʭ). 

ʊʘʢʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ, ʝʩʣʠ ʛʨʫʧʧʘ ʣʶʜʝʡ ʙʫʜʝʪ ʦʜʥʦʨʦʜʥʦʡ, ʪ.ʝ. 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʟʘ ʚʨʝʤʷ æt, ʙʫʜʝʪ 

ʩʦʚʧʘʜʘʪʴ ʩ ʂɸ ʛʨʫʧʧʳ, ʥʦ ʧʨʠ ʦʜʥʦʤʦʤʝʥʪʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʩʷ 

ʩʠʥʝʨʛʝʪʠʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʪʘʢʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ, ʥʦ ʵʪʦ ʥʝ ʦʛʦʚʘʨʠʚʘʣ ʍʘʢʝʥ ʚ 

ʨʘʤʢʘʭ ʩʚʦʝʛʦ ʧʦʩʪʫʣʘʪʘ [239], ʜʘ ʠ ʀ.ʈ. ʇʨʠʛʦʞʠʥ ʵʪʦʪ ʬʘʢʪ ʥʝ ʚʳʜʝʣʷʝʪ, ʭʦʪʷ 

ʦʥ ʙʣʠʞʝ ʚʩʝʭ ʧʦʜʦʰʝʣ ʢ ʧʦʣʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʉʊʊ [243-245]. 

ʄʳ ʤʦʞʝʤ ʚʟʷʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʨʛʘʥʠʟʤʘ (ʥʦ ʧʨʠ ʨʘʟʦʚʳʭ, 

ʦʜʥʦʤʦʤʝʥʪʥʳʭ ʠʟʤʝʨʝʥʠʷʭ) ʠ ʠʟ ʥʠʭ ʦʙʨʘʟʦʚʘʪʴ m-ʤʝʨʥʦʝ ʬʘʟʦʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. ɺ ʵʪʦʤ ʌʇʉ ʤʦʞʥʦ ʦʜʥʦʤʦʤʝʥʪʥʦ (ʨʘʟʦʚʦ) ʦʧʨʝʜʝʣʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʦʦʨʜʠʥʘʪ ʚʩʝʭ 

N ʪʦʯʝʢ ʵʪʦʡ ʛʨʫʧʧʳ ʠʩʧʳʪʫʝʤʳʭ, ʪ.ʝ. ʧʦʣʫʯʠʪʴ ʦʙʲʝʤ ʵʪʦʛʦ ʂɸ VG  ʠ 

ʢʦʦʨʜʠʥʘʪʳ ʝʛʦ ʮʝʥʪʨʘ xi
c
. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʠʩʧʳʪʘʥʠʡ (ʥʘʧʨʠʤʝʨ, 

ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩ ʞʝʥʱʠʥʘʤʠ-ʭʘʥʪʳ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʭ ʛʨʫʧʧ 

ʠʩʧʳʪʫʝʤʳʭ ʜʣʷ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʦʚ) ʜʘʶʪ ʥʘʤ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t0. ɽʩʣʠ ʵʪʠ ʧʘʨʘʤʝʪʨʳ 

ʩʫʱʝʩʪʚʝʥʥʦ (ʚ ʨʘʤʢʘʭ ʩʪʦʭʘʩʪʠʢʠ, ʪ.ʝ. ʚ ʧʨʝʜʝʣʘʭ ʩʠʛʤʳ) ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ ʫ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ ʟʘ ʚʨʝʤʷ ȹt, ʪʦ ʤʳ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦ ʤʘʣʦʡ 

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʛʦʤʝʦʩʪʘʟʘ ʫ ʚʩʝʡ ʛʨʫʧʧʳ. ʅʘʦʙʦʨʦʪ, ʧʨʠ z >1 ʤʳ ʤʦʞʝʤ 

ʛʦʚʦʨʠʪʴ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʂɸ ʚ ʌʇʉ, ʯʪʦ ʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʥʘʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚ ʥʘʰʠʭ ʠʩʧʳʪʘʥʠʷʭ ʤʳ ʚʟʷʣʠ 3 ʚʦʟʨʘʩʪʥʳʝ 

ʛʨʫʧʧʳ ʞʝʥʱʠʥ ï ʭʘʥʪʳ (ʤʣʘʜʰʘʷ, ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ <x1>=23 ʛ., ʩʨʝʜʥʷʷ - 

<x2>=45 ʣʝʪ ʠ ʩʪʘʨʰʘʷ ī <x3>=59 ʣʝʪ) ʠ ʜʣʷ ʵʪʠʭ ʪʨʝʭ ʛʨʫʧʧ ʤʳ ʨʘʩʩʯʠʪʘʣʠ ʚʩʝ 

ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʥʝʥʠʡ xi ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʚ ʨʘʤʢʘʭ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʚ 

ʨʘʤʢʘʭ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ, ʪʦ ʝʩʪʴ ʩ ʧʦʟʠʮʠʠ ʪʝʦʨʠʠ ʭʘʦʩʘ-

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ʇʦʜʦʙʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʤʳ ʩʝʡʯʘʩ ʚʳʧʦʣʥʷʝʤ 

ʧʦʩʪʦʷʥʥʦ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʩʪʦʭʘʩʪʠʢʠ ʠ ʊʍʉ [32, 120, 141, 

164]. 

ɼʚʠʞʝʥʠʝ ʂɸ ʚ ʌʇʉ ʜʣʷ ʪʨʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʞʝʥʱʠʥ ï ʭʘʥʪʳ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ɺʥʝʰʥʠʡ ʚʠʜ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ 

ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʳ (ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʳ ï x1 
k
) ʚ ʜʚʫʤʝʨʥʦʤ ʌʇʉ 

(x(t)=(x1
k
,x2

k
)
T
, ʛʜʝ x2=dx1/dt, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ 
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ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʳ x1
k
  ʜʘʶʪ ʧʦʜʦʙʥʳʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʪ.ʢ. ʤʳ ʯʘʱʝ 

ʵʪʦ ʥʘʙʣʶʜʘʝʤ ʚ ʤʝʜʠʮʠʥʝ ʠʣʠ ʧʨʠ ʰʠʨʦʪʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ ʛʨʫʧʧ 

ʠʩʧʳʪʫʝʤʳʭ. ɺ ʛʝʨʦʥʪʦʣʦʛʠʠ ʧʨʠ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʦʙʳʯʥʦ ʧʣʦʱʘʜʠ 

ʵʪʠʭ ʚʩʝʭ ʪʨʝʭ ʂɸ ʥʝʫʢʣʦʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʦʙʲʝʤʝ (ʧʦʯʪʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ, 

VG~e
-ɚt
). ʋ ʥʘʩ ʦʥʠ (ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʪʠʧʦʚʳʭ ʧʨʠʤʝʨʘʭ) ʧʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ: SG1=60900 ʫ.ʝ.; SG2=36000 ʫ.ʝ.; SG3=9000 ʫ.ʝ. ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ ʧʣʦʱʘʜʝʡ ʠ ʦʙʲʝʤʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ VG ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʯʪʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʫʙʳʚʘʥʠʝ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʧʣʦʱʘʜʝʡ SGi ʜʣʷ ʂɸ (ʩʤ. ʨʠʩ. 1). 

 

     
ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʜʣʷ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʳ 

(ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʳ - xi
k
) ʚ ʜʚʫʤʝʨʥʦʤ ʌʇʉ (x(t)=(x1

k
,x2

k
)
T
, ʛʜʝ x2=dx1/dt:  

ɸ - ʜʣʷ ʠʩʧʳʪʫʝʤʦʛʦ, 23 ʛʦʜʘ; ɺ - ʜʣʷ ʠʩʧʳʪʫʝʤʦʛʦ, ʚʦʟʨʘʩʪ 45 ʣʝʪ; ʉ-  ʜʣʷ 

ʠʩʧʳʪʫʝʤʦʛʦ, 59 ʣʝʪ. 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʨʝʘʣʴʥʳʭ ʠ ʤʦʜʝʣʴʥʳʭ ʜʘʥʥʳʭ 

ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʣʦʱʘʜʝʡ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ (ʂʀ) 

ʞʝʥʱʠʥ ʭʘʥʪʳ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʌʝʨʭʶʣʴʩʪʘ-ʇʠʨʣʘ dx/dt=(a-

bx)x, ʛʜʝ ʘ=0,0000284, b=0,0000526. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ ʂɸ 

ʦʧʠʩʳʚʘʝʪ ʚʦʟʨʘʩʪʥʫʶ ʵʚʦʣʶʮʠʶ ʢʘʨʜʠʦ-ʨʝʩʧʠʨʘʪʦʨʥʳʝ ʩʠʩʪʝʤʳ (ʂʈʉ) 

ʞʝʥʱʠʥ ʭʘʥʪʳ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʚʦʣʶʮʠʠ ʂʈʉ ʧʨʠʰʣʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʖʛʨʳ. 

 

 
ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʨʝʘʣʴʥʳʭ ʠ ʤʦʜʝʣʴʥʳʭ ʜʘʥʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʧʣʦʱʘʜʝʡ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ (ʂʀ) ʞʝʥʱʠʥ ʭʘʥʪʳ. ɿʜʝʩʴ: 

ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʤʦʜʝʣʴʥʳʝ ʜʘʥʥʳʝ, ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘʷ ï ʨʝʘʣʴʥʳʝ ʜʘʥʥʳʝ, 

ʰʪʨʠʭ ï ʘʩʠʤʧʪʦʪʘ ya=a/b=5,4 ʪʳʩ. ʫ.ʝ. ʜʣʷ ʜʦʣʛʦʞʠʪʝʣʴʥʠʮʳ ʈ.ɽ.ɸ. 102 ʛʦʜʘ. 

ɿʜʝʩʴ ʘ=0,0000284, b=0,0000526. 

ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ ʤʳ ʥʘʙʣʶʜʘʝʤ ʠ ʧʦ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ, ʥʘʧʨʠʤʝʨ, ʫʯʘʱʠʭʩʷ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʭ1=ʭ1(t) ʙʳʣʘ ʜʠʥʘʤʠʢʘ ʨʦʩʪʘ 

(ʅ), ʘ ʭ2(t) ï ʜʠʥʘʤʠʢʘ ʤʘʩʩʳ ʄ (ʭ1 = ʅ, ʭ2 = ʄ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʥʝ 

ʧʘʜʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʂɸ, ʘ ʥʘʦʙʦʨʦʪ, ʥʘʨʘʩʪʘʥʠʝ. ʅʘ ʵʪʦʤ ʧʨʠʤʝʨʝ ʣʝʛʢʦ 

ɸ) ɺ) ʉ) 
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ʧʦʢʘʟʘʪʴ ʚʩʝ ʫʩʣʦʚʠʷ ʨʘʩʯʝʪʘ t1
*
, t2

*
ʠ  t3

*  
ʥʘʛʣʷʜʥʦ ʠ ʩ ʛʨʘʬʠʯʝʩʢʦʡ ʧʨʝʟʝʥʪʘʮʠʡ 

(ʩʤ. ʨʠʩ. 3). 

ɼʣʷ ʜʝʚʦʯʝʢ, ʫʯʘʱʠʭʩʷ ʖʛʨʳ, ʠʟʤʝʥʝʥʠʷ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʅ ʠ ʄ ʚ ʚʦʟʨʘʩʪʥʦʤ ʘʩʧʝʢʪʝ ʠʤʝʶʪ ʚʠʜ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʚ ʌʇʉ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 3 ʦʙʲʸʤʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ 

ʥʘʨʘʩʪʘʶʪ ʥʝ ʣʠʥʝʡʥʦ ʩ ʚʦʟʨʘʩʪʦʤ, ʜʦʩʪʠʛʘʷ ʘʙʩʦʣʶʪʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʧʦ ʦʙʲʝʤʫ 

VG ʚ 11 ʣʝʪ ʠʟ-ʟʘ ʧʫʙʝʨʪʘʪʥʦʛʦ ʧʝʨʠʦʜʘ (V2 = 1235 ʫ.ʝ.), ʘ ʧʦ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ 

ʮʝʥʪʨʦʚ ʂɸ ʠʤʝʝʤ ʪʦʞʝ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ R1,2 = 39,18 ʫ.ʝ. ʜʦ R1,3 = 61,30 ʫ.ʝ., ʯʪʦ ʜʣʷ 

ʠʥʪʝʨʚʘʣʘ ʚʦʟʨʘʩʪʘ 6 ï 11 ʣʝʪ ʜʘʝʪ ʧʦʣʥʳʡ ʚʳʭʦʜ ʮʝʥʪʨʘ ʂɸ (ʠ ʚʩʝʛʦ ʂɸ
2
) ʟʘ 

ʧʨʝʜʝʣʳ ʂɸ
1
 (ʪ.ʝ. ʠʤʝʝʤ t3

*
), ʘ ʜʣʷ ʠʥʪʝʨʚʘʣʘ 11 ï 16 ʣʝʪ ʠʤʝʝʤ  ʯʘʩʪʠʯʥʳʡ 

ʚʳʭʦʜ (ʚ ʚʠʜʝ t2*). ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʥʫʶ ʩʢʦʨʦʩʪʴ ʵʚʦʣʶʮʠʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʛʦʤʝʦʩʪʘʟʘ ʠ ʠʣʣʶʩʪʨʠʨʫʝʪ ʛʨʘʬʠʯʝʩʢʠ ʤʝʭʘʥʠʟʤʳ ʨʘʩʯʸʪʘ ʜʚʠʞʝʥʠʷ ʂɸ ʚ 

ʌʇʉ. ʀʟʤʝʥʝʥʠʝ Vʭ ʜʣʷ ʂɸ ʠʤʝʝʪ ʚʠʜ ʭ2 ʧʘʨʘʙʦʣʳ (ʩʨʘʚʥʠʪʝ ʩ ʨʠʩ. 1 ʠ ʨʠʩ. 2) ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 1. ʅʘʦʙʦʨʦʪ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ ʂɸ ʩ ʚʦʟʨʘʩʪʦʤ ʣʠʥʝʡʥʦ 

ʥʘʨʘʩʪʘʪʁ (ʩʤ. ʨʠʩ. 3). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ɜ1, 2 ʥʘ ʧʝʨʚʦʤ 

ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ (æt1,2=11-6 = 5 ʣʝʪ) ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ, ʯʝʤ ʥʘ ʚʪʦʨʦʤ 

ʵʪʘʧʝ ɜ2, 3 ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤ ʢʦʦʨʜʠʥʘʪʘʤ (æt2,3=16-11 = 5 ʣʝʪ). ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʧʨʠ ʨʘʚʥʳʭ æt1,2 =æt2,3 ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʂɸ ʨʘʟʣʠʯʥʘʷ, ʪ.ʢ. ʨʝʯʴ ʠʜʝʪ ʦ 

ʟʘʤʝʜʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʂɸ (ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ) ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʚʦʟʨʘʩʪʘ ʦʙʩʣʝʜʫʝʤʳʭ. 

 

 
ʈʠʩ. 3 ʂʠʥʝʤʘʪʠʢʘ ʵʚʦʣʶʮʠʠ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ (ʭ1 ï ʨʦʩʪ, ʭ2 ï ʤʘʩʩʘ ʪʝʣʘ), ʪ.ʝ. ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʛʦʤʝʦʩʪʘʟʘ 

ʛʨʫʧʧʳ ʠʩʧʳʪʫʝʤʳʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ t (ʚʦʟʨʘʩʪʘ) ï ʧʨʠʤʝʨ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ.   

 

ʆ ʧʦʜʦʙʥʳʭ ʟʘʤʝʜʣʝʥʠʷʭ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʂɸ ʜʣʷ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ 

(ʩʤ.ʨʠʩ.2) ʤʳ ʛʦʚʦʨʠʣʠ ʚʳʰʝ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʳ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʛʨʫʧʧ ʜʝʚʦʯʝʢ ʪʨʝʭ ʚʦʟʨʘʩʪʦʚ (6, 11, 16 ʣʝʪ) ʢʘʢ 

ʵʚʦʣʶʮʠʷ ʛʦʤʝʦʩʪʘʟʘ. ɼʣʷ ʤʘʣʴʯʠʢʦʚ ʜʠʥʘʤʠʢʘ ʙʦʣʝʝ ʚʳʨʘʟʠʪʝʣʴʥʘʷ. 

ɽʩʣʠ ʧʨʠ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʤʳ ʠʤʝʝʤ ʥʝʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ 

(ʫʩʣʦʚʥʦ) ʜʚʠʞʝʥʠʷ ʂɸ ʚ ʌʇʉ, ʢʦʛʜʘ ʥʘʧʨʘʚʣʝʥʥʦ ʩʤʝʱʘʶʪʩʷ ʮʝʥʪʨʳ ʂɸ, ʪʦ 

ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʠ (ʚ ʤʝʜʠʮʠʥʝ) ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʮʠʢʣʠʯʝʩʢʠʝ 
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(ʢʨʠʚʦʣʠʥʝʡʥʳʝ) ʜʚʠʞʝʥʠʷ ʂɸ ʚ ʌʇʉ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʂɸ ʜʦʣʞʝʥ ʚʦʟʚʨʘʱʘʪʴʩʷ 

ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʧʨʠ ʚʳʟʜʦʨʦʚʣʝʥʠʠ ʯʝʣʦʚʝʢʘ), ʧʦʩʣʝ ʙʦʣʝʟʥʠ. ʕʪʦ 

ʧʨʠʤʝʨ ʮʠʢʣʠʯʝʩʢʦʡ (ʦʙʨʘʪʠʤʦʡ) ʵʚʦʣʶʮʠʠ. 

ɺ ʮʝʣʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʝʜʠʮʠʥʩʢʦʡ ʙʠʦʬʠʟʠʢʠ ʥʘ ʦʩʥʦʚʝ ʊʍʉ 

ʚʦʟʤʦʞʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʣʝʯʝʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʠʟʤʝʨʝʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ xi ʦʨʛʘʥʠʟʤʘ ʧʘʮʠʝʥʪʦʚ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʤʝʜʠʮʠʥʝ, ʛʜʝ ʚʩʝʛʜʘ 

ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ [118, 127, 206]. ʀʭ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʨʘʥʥʝʤ ʠ ʧʦʟʜʥʝʤ ʵʪʘʧʘʭ ʣʝʯʝʥʠʷ 

ʤʝʪʦʜʘʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʤʝʜʠʮʠʥʳ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʩʢʨʳʚʘʝʪ 

ʠʥʪʠʤʥʳʝ ʧʨʦʮʝʩʩʳ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʚʳʟʜʦʨʦʚʣʝʥʠʷ.  

ʇʨʠ ʵʪʦʤ ʵʪʘ ʦʮʝʥʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʤ ʚʘʨʠʘʥʪʝ, 

ʢʦʛʜʘ ʤʳ ʨʘʟʦʚʦ (ʚ ʦʜʥʦʤ ʩʝʘʥʩʝ, ʟʘ ʦʜʥʫ ʧʨʦʮʝʜʫʨʫ) ʙʫʜʝʤ ʥʘʙʣʶʜʘʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ (ɺʉʆʏ) ʚ ʚʠʜʝ xi, 

ʛʜʝ xi ï ʢʦʤʧʦʥʝʥʪ ʚʩʝʛʦ ɺʉʆʏ ʚ ʚʠʜʝ x=x(t)=(x1, x2,é,xm)
T
. ʊʘʢʘʷ ʞʝ ʩʠʪʫʘʮʠʷ 

ʠʤʝʝʪʩʷ ʠ ʧʨʠ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʪʝʨʘʧʠʠ, ʢʦʛʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʝʧʘʨʘʪʘ ʟʘ 

ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ æt ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ ʠʟʤʝʥʝʥʠʷ æxi  ʜʣʷ ʢʘʞʜʦʛʦ i-ʛʦ (i=1, 2,é,m) 

ʢʦʤʧʦʥʝʥʪʘ ɺʉʉ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʵʬʬʝʢʪʘʭ 

ʣʝʯʝʙʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʟʘ ʠʥʪʝʨʚʘʣ æt (ʚʨʝʤʷ ʨʘʟʦʚʦʛʦ ʩʝʘʥʩʘ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʝʨʝʡʪʠ ʠ ʚ ʜʦʣʛʦʩʨʦʯʥʳʝ ʵʬʬʝʢʪʳ (ʚʳʟʜʦʨʦʚʣʝʥʠʝ). 

ʆʜʥʘʢʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʝʨʘʧʠʶ ʧʨʦʚʦʜʷʪ ʜʣʠʪʝʣʴʥʦ, ʟʘ ʚʨʝʤʷ ʊ 

(ʠʩʯʠʩʣʷʝʪʩʷ ʩʫʪʢʘʤʠ, ʤʝʩʷʮʘʤʠ, ʠ ʜʘʞʝ ʛʦʜʘʤʠ) ʠ ʪʦʛʜʘ ʤʳ ʤʦʞʝʤ ʧʦʩʪʘʚʠʪʴ 

ʚʦʧʨʦʩ ʦ ʩʢʦʨʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʣʝʯʝʙʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʠʥʪʝʨʚʘʣʝ 

ʊ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʯʝʥʴ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʤʝʜʠʮʠʥʝ ʠ ʦʥ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʣʝʯʝʥʠʷ, 

ʜʝʡʩʪʚʠʡ ʚʨʘʯʘ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʜʘʪʴ ʥʝʛʘʪʠʚʥʫʶ ʦʮʝʥʢʫ ʪʝʨʘʧʠʠ. ʀʥʦʛʜʘ 

ʪʝʨʘʧʠʷ  ʥʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʦʣʥʳʤ ʚʳʟʜʦʨʦʚʣʝʥʠʝʤ ʠ ʧʘʨʘʤʝʪʨʳ xi ʥʝ 

ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʚ ʥʦʨʤʦʛʝʥʝʟ). ʕʪʦ ʪʝʤ ʙʦʣʝʝ ʪʨʝʙʫʝʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʦʮʝʥʢʠ ʩʦʙʩʪʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʳʟʜʦʨʦʚʣʝʥʠʷ ʜʣʷ 

ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʙʦʣʴʥʦʛʦ [127, 205, 206]. ʉ ʧʦʟʠʮʠʡ ʙʠʦʬʠʟʠʢʠ ʵʪʦ ʦʪʚʝʪ 

ʥʘ ʚʦʧʨʦʩ: ʧʘʨʘʤʝʪʨʳ ʦʨʛʘʥʠʟʤʘ ʠʟʤʝʥʷʶʪʩʷ ʠʣʠ ʥʝʪ, ʝʩʪʴ ʣʠ ʵʬʬʝʢʪ ʦʪ 

ʣʝʯʝʥʠʷ? ʆʯʝʥʴ ʯʘʩʪʦ ʧʨʠ ʬʠʟʠʦʪʝʨʘʧʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʵʬʬʝʢʪʦʚ 

ʥʝʪ, ʥʦ ʩ ʧʦʟʠʮʠʠ ʊʍʉ ʪʘʢʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʯʝʪʢʦ 

[37, 118, 127, 206]. 

ɼʣʷ complexity ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ 

ʥʦʚʦʡ ʪʝʦʨʠʠ ʭʘʦʩʘ-ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ (ʂɸ), ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʭʘʦʪʠʯʝʩʢʠ ʠ ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʞʝʪʩʷ 

ɺʉʉ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʩʝʡʯʘʩ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʢʠʥʝʟʦʪʝʨʘʧʠʠ 

(ʂɿʊ), ʢʦʛʜʘ ʦʮʝʥʠʚʘʶʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɸ ʚ ʬʘʟʦʚʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʩʦʩʪʦʷʥʠʡ  ʚʩʝʛʦ ɺʉʉ. ɻʨʫʧʧʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ (30 

ʙʦʣʴʥʳʭ ʩ ʆʅʄʂ) ʚ ʯʝʪʳʨʝʭ ʩʦʩʪʦʷʥʠʷʭ: 1ɼ ï 1ʇ (ʨʘʟʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʢʠʥʝʟʦʪʝʨʘʧʠʠ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʢʫʨʩʘ), 2ɼ ï 2ʇ (ʨʘʟʦʚʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʚ ʢʦʥʮʝ 

ʢʫʨʩʘ ʜʦ ʩʝʘʥʩʘ ï ɼ ʠ ʧʦʩʣʝ ʩʝʘʥʩʘ ʂɿʊ ï ʇ). 
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ʂʦʦʨʜʠʥʘʪʳ ʭi ʩʦʩʪʦʷʣʠ ʠʟ: x1 ïSIM ï ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ 

ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʫ.ʝ.; x2 ïPAR ï 

ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ, ʫ.ʝ.; x3 ï HR ï ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʠʟʤʝʨʷʝʤʳʭ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ, ʤʩ; ʭ4 ï INB ï ʠʥʜʝʢʩ ʥʘʧʨʷʞʝʥʠʷ 

(ʧʦ P.M. ɹʘʝʚʩʢʦʤʫ); x5 ï SSS ï ʯʠʩʣʦ ʫʜʘʨʦʚ ʩʝʨʜʮʘ ʚ ʤʠʥʫʪʫ; x6 ï SʨO2 ï 

ʫʨʦʚʝʥʴ ʦʢʩʠʛʝʥʘʮʠʠ ʢʨʦʚʠ (ʫʨʦʚʝʥʴ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ); x7 ï TINN - 

ʪʨʠʘʥʛʫʣʷʨʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʛʠʩʪʦʛʨʘʤʤʳ NN - ʠʥʪʝʨʚʘʣʦʚ, ʤʩ; ʭ8 ï pNN50 ï 

ʯʠʩʣʦ NN-ʠʥʪʝʨʚʘʣʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʩʦʩʝʜʥʠʭ ʙʦʣʝʝ ʯʝʤ ʥʘ 50 ʤʩ; ʭ9 ï VLF 

ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʦʯʝʥʴ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, ʤʩ
2
; ʭ10 ï LF - ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, ʤʩ; ʭ11 ï HF ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, 

ʤʩ
2
; ʭ12 ï Total ï ʦʙʱʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʤʩ

2
; x13 ï LFnorm ï 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ; ʭ14 ï HFnorm 

ï ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ; x15 ï 

LF/HF ï ʦʪʥʦʰʝʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ. ʀʟ ʵʪʠʭ 

15-ʪʠ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʷʪʴ ʚ ʚʠʜʝ: ʉʀʄ, ʇɸʈ, 

SpO2, SDNN, ʠʥʜʝʢʩ ʧʦ ʈ.ʄ. ɹʘʝʚʩʢʦʤʫ, ʏʉʉ. 

ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʳ ʧʦʣʫʯʘʣʠ ʥʘ 

ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʠʥʪʝʨʚʘʣʘʭ  æt, ʢʦʛʜʘ ʜʣʷ ʧʘʮʠʝʥʪʘ ʨʘʟʦʚʦ (ʚ ʚʠʜʝ ʦʜʥʦʡ 

ʧʨʦʮʝʜʫʨʳ, æt=30 ʤʠʥ.) ʧʨʠʤʝʥʷʣʠ ʢʠʥʝʟʦʪʝʨʘʧʠʶ ʠ ʥʘʙʣʶʜʘʣʠ ʜʚʠʞʝʥʠʝ ʂɸ 

ʚ ʌʇʉ ʟʘ ʵʪʦʪ ʠʥʪʝʨʚʘʣ  æt = 30 ʤʠʥʫʪ. ʇʨʠ ʵʪʦʤ ʤʳ ʚʳʧʦʣʥʷʣʠ ʦʮʝʥʢʫ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʦʙʲʝʤʘ ɜ
V
=(V2/V1)/æt  ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥʘʭ ʠ ʧʦ ʩʢʦʨʦʩʪʠ ɜ
Z
 ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʂɸ ï Z. ʇʦʩʣʝʜʥʝʝ 

ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʨʘʤʢʘʭ ʨʘʩʯʸʪʘ ʨʘʜʠʫʩʦʚ ri ʜʣʷ ʚʘʨʠʘʮʠʦʥʥʳʭ ʨʘʟʤʘʭʦʚ æxi, ʛʜʝ 

r i=æxi/2. ʇʨʠ ʵʪʦʤ ʤʳ ʦʧʨʝʜʝʣʷʣʠ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʮʝʥʪʨ ʚʪʦʨʦʛʦ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ 

xi
c2

 ʚʳʭʦʜʠʣ ʟʘ ʧʨʝʜʝʣʳ 1-ʛʦ ʨʘʜʠʫʩʘ r i
1
 ʠʣʠ ʦʥ ʦʩʪʘʚʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 1-ʛʦ ʂɸ 

[133, 141]. 

ɼʚʠʞʝʥʠʝ ʂɸ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʚʩʝʤ ʢʦʦʨʜʠʥʘʪʘʤ xi ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ: 

ʨʘʟʦʚʘʷ ʧʨʦʮʝʜʫʨʘ ʢʠʥʝʟʦʪʝʨʘʧʠʠ ʚ ʧʝʨʚʳʤ ʜʝʥʴ ʥʘʯʘʣʘ ʚʩʝʛʦ ʢʫʨʩʘ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʤʝʜʠʮʠʥʳ (ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ  ʵʪʦ ʩʠʤʚʦʣʦʤ çʥʘʯʘʣʴʥʳʡ 

ʵʪʘʧ ʣʝʯʝʥʠʷè - ʅʕʃ) ʠ ʚ ʧʦʩʣʝʜʥʠʝ ʜʥʠ ʚʩʝʛʦ ʢʫʨʩʘ (çʢʦʥʝʯʥʳʡ ʵʪʘʧ ʣʝʯʝʥʠʷè 

- ʂʕʃ).  

ʆʪʤʝʪʠʤ ʨʘʟʣʠʯʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚ ʭʘʨʘʢʪʝʨʝ ʚʣʠʷʥʠʷ ʨʘʟʦʚʦʡ 

ʧʨʦʮʝʜʫʨʳ ʢʠʥʝʟʦʪʝʨʘʧʠʠ ʥʘ ʚʝʣʠʯʠʥʫ ʧʘʨʘʤʝʪʨʦʚ Vx ʠ Z ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ. ʅʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʣʝʯʝʥʠʷ ʨʘʟʦʚʘʷ ʧʨʦʮʝʜʫʨʘ ʧʨʠʚʦʜʠʣʘ ʢ ʨʝʟʢʦʤʫ  ʫʚʝʣʠʯʝʥʠʶ 

ʦʙʲʸʤʘ Vx ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ɜ1 ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ  ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ 

ʩʦʩʪʘʚʠʣʘ ɜ1
V
=5,3 ʫ.ʝ. /0,5 ʯʘʩ=10,6 ʫ.ʝ./ʯʘʩ. ʕʪʦ ʧʦʢʘʟʘʣʦ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʙʲʸʤʘ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ɺʉʆʏ ʚ ʩʪʦʨʦʥʫ 

ʫʚʝʣʠʯʝʥʠʷ (ʪ.ʢ. ʥʘʯʘʣʴʥʳʡ ʦʙʲʸʤ ʂɸ ʜʦ ʩʝʘʥʩʘ ʂɿʊ ʙʳʣ V1
ʅ
=240,23*10

6
 ʫ.ʝ., ʘ 

ʧʦʩʣʝ ʩʝʘʥʩʘ ï V2
ʅ
=1256,38*10

6
 ʫ.ʝ.). ʆʜʥʘʢʦ, ʚ ʢʦʥʮʝ ʚʩʝʛʦ ʣʝʯʝʥʠʷ (1 ʤʝʩʷʮ 

ʢʠʥʝʟʦʪʝʨʘʧʠʠ ï ʂʕʃ) ʩʢʦʨʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʦʚʦʡ ʧʨʦʮʝʜʫʨʳ ʢʠʥʝʟʦʪʝʨʘʧʠʠ 

ʠʟʤʝʥʠʣʘ ʟʥʘʢ (ʪ.ʢ. V2
ʂ
< V1

ʂ
) ʠ ʧʦ ʤʦʜʫʣʶ ʪʘʢʞʝ ʠʟʤʝʥʠʣʘʩʴ, ʪ.ʝ. ʦʙʲʸʤ ʂɸ ʥʘ 

ʂʕʃ ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ ʩʝʘʥʩ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʢʠʥʝʟʦʪʝʨʘʧʠʷ ʦʢʘʟʳʚʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʦʝ, 

ʢʦʥʜʠʮʠʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ  ʠ ʚ ʢʦʥʮʝ ʢʫʨʩʘ ʣʝʯʝʥʠʷ ʧʨʠ ʧʨʦʮʝʜʫʨʝ (ʨʘʟʦʚʦʡ) 
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ʤʳ ʥʘʙʣʶʜʘʝʤ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʸʤʘ Vx ʩ 883,64*10
-6
 ʫ.ʝ. ʜʦ 318,31*10

-6
 ʫ.ʝ., ʪ.ʝ. ʚ 

2,8 ʨʘʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʦʥʮʝ çʜʦ-ʧʦʩʣʝè ʣʝʯʝʙʥʦʡ ʢʠʥʝʟʦʪʝʨʘʧʠʠ ʩʢʦʨʦʩʪʴ 

ɜ ʠʟʤʝʥʝʥʠʷ ʦʙʲʸʤʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʩʪʘʥʦʚʠʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠ ʨʘʚʥʘ ɜ2
V
=-

2,8/0,5ʯʘʩʘ=-5,6 ʫ.ʝ./ʯʘʩ ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʩʭʦʜʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ  

ɜ1
V
=10,6 ʫ.ʝ./ʯʘʩ ʠʟʤʝʥʝʥʠʷ ʦʙʲʸʤʘ Vx ʚ ʥʘʯʘʣʝ ʪʝʨʘʧʠʠ (ɜ1=10,6 ʫ.ʝ./ʯʘʩ 

ʧʦʣʦʞʠʪʝʣʴʥʘ, ʘ ɜ2 ï ʦʪʨʠʮʘʪʝʣʴʥʘ!). 

ʆʙʝ ʵʪʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʳʚʘʶʪ ʢʘʢ ʢʠʥʝʟʦʪʝʨʘʧʠʷ 

(ʨʘʟʦʚʘʷ) ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩʳ ʨʝʛʫʣʷʮʠʠ ʉʉʉ ʚ ʦʨʛʘʥʠʟʤʝ ʙʦʣʴʥʦʛʦ ʩ ʆʅʄʂ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʤʝʩʷʯʥʦʛʦ ʢʫʨʩʘ ʣʝʯʝʥʠʷ ʤʝʪʦʜʘʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʤʝʜʠʮʠʥʳ. ɺ ʩʘʤʦʤ ʥʘʯʘʣʝ ʣʝʯʝʥʠʷ ʢʠʥʝʟʦʪʝʨʘʧʠʷ (ʨʘʟʦʚʘʷ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʦʙʲʸʤʘ ʂɸ Vx ʘ ʚ ʢʦʥʮʝ ʤʝʩʷʮʘ ʣʝʯʝʥʠʷ ʩʢʦʨʦʩʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʘ ʠ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ ʧʦ ʤʦʜʫʣʶ. ʇʝʨʝʩʪʨʦʡʢʘ ʚ ʩʠʩʪʝʤʝ 

ʨʝʛʫʣʷʮʠʠ ʉʉʉ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʦʙʲʸʤʦʚ  Vx ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʘ ʠ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʘʷ. ʆʥʘ ʧʦʢʘʟʳʚʘʝʪ ʠʥʪʠʤʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠʟʤʝʥʝʥʠʷ ʚ ʉʉʉ, ʘ 

ʚ ʨʘʤʢʘʭ ʊʍʉ ʜʘʝʪ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʚ ʠʟʤʝʥʝʥʠʷʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʉʉ ʧʨʠ ʢʠʥʝʟʦʪʝʨʘʧʠʠ [58]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʦʙʱʘʷ ʜʠʥʘʤʠʢʘ (ʢʘʢ ʵʚʦʣʶʮʠʷ ʟʘ 1 ʤʝʩʷʮ ʣʝʯʝʥʠʷ) 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʚ ʨʝʞʠʤʝ çʜʦ-ʜʦè, ʪ.ʝ. ʩʦʩʪʦʷʥʠʝ ʉʉʉ 

ʙʦʣʴʥʦʛʦ ʆʅʄʂ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʢʫʨʩʘ ʢʠʥʝʟʦʪʝʨʘʧʠʠ (ʥʦ ʜʦ ʥʘʯʘʣʘ ʩʘʤʦʛʦ 

ʩʝʘʥʩʘ) ʠ ʚ ʢʦʥʮʝ ʢʫʨʩʘ (ʪʦʞʝ ʜʦ ʥʘʯʘʣʘ ʩʝʘʥʩʘ), ʥʘʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʙʱʝʝ 

ʫʚʝʣʠʯʝʥʠʝ Vx . ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ Vx ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʣʝʯʝʥʠʷ 

ʠ ʚ ʢʦʥʮʝ  ʚʩʝʛʦ ʢʫʨʩʘ ʢʠʥʝʟʦʪʝʨʘʧʠʠ (çʜʦ-ʜʦè) ʧʦʢʘʟʳʚʘʝʪ ʥʝʙʦʣʴʰʦʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ  ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ɜ
V
ɼɼ=(883,64*10

6
/240,23*10

6
)/30 ʜʥʝʡ=0,12 

ʫ.ʝ./ʩʫʪʢʠ. ʕʪʦ ʙʫʜʝʪ ʜʠʥʘʤʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʂɸ ʜʦ 

ʥʘʯʘʣʘ ʧʨʦʮʝʜʫʨʳ ʢʠʥʝʟʦʪʝʨʘʧʠʠ, ʚ ʘʩʧʝʢʪʝ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʘ ʜʝʡʩʪʚʠʷ ʚʩʝʛʦ 

ʢʫʨʩʘ ʢʠʥʝʟʦʪʝʨʘʧʠʠ (1 ʤʝʩʷʮ). ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʧʘʮʠʝʥʪʳ ʥʘʭʦʜʠʣʠʩʴ ʚ 

ʩʧʦʢʦʡʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʩʨʘʚʥʠʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʉʉʉ ʚ ʨʝʞʠʤʝ çʜʦ-ʜʦè). 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʤʝʩʷʯʥʫʶ ʜʠʥʘʤʠʢʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ Vʭ ʧʦʩʣʝ ʨʘʟʦʚʦʡ ʧʨʦʮʝʜʫʨʳ ʢʠʥʝʟʦʪʝʨʘʧʠʠ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʘʢʠʝ 

ʧʘʨʳ ʤʳ ʦʙʦʟʥʘʯʘʝʤ ʘʙʙʨʝʚʠʘʪʫʨʦʡ çʧʦʩʣʝ-ʧʦʩʣʝè). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʲʝʤ 

ʤʝʥʷʝʪʩʷ ʦʪ V1
ʇ
=1256,37*10

6 
ʫ.ʝ. ʜʦ V2

ʇ
=318,31*10

6 
ʫ.ʝ., ʪ.ʝ. ʦʥ ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʦʯʪʠ ʚ 4-ʝ ʨʘʟʘ ʦʪ ʠʩʭʦʜʥʦʛʦ, ʯʪʦ ʜʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʜʣʷ ʙʦʣʴʰʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʊ (ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʣʝʯʝʥʠʷ) ʚ ʚʠʜʝ ʚʝʣʠʯʠʥʳ 
V

ɄɄɜ =(-4 ʫ.ʝ./30 ʜʥʝʡ=-0,13 ʫ.ʝ./ʩʫʪʢʠ). 

ʈʘʩʯʸʪ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʦʙʲʸʤʦʚ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ, ʪ.ʝ. ʟʘ ʧʝʨʠʦʜ ȹt ʦʜʥʦʛʦ ʩʝʘʥʩʘ (30 ʤʠʥʫʪ), ʥʦ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ 

ʢʫʨʩʘ ʣʝʯʝʥʠʷ, ʠ ʘʥʘʣʦʛʠʯʥʦ ʚ ʢʦʥʮʝ ʣʝʯʝʥʠʷ (ʥʦ ʪʦʞʝ ʟʘ ʦʜʠʥ ʩʝʘʥʩ) 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʝʞʘʪʪʨʘʢʪʦʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ 

ʟʘ ʧʝʨʠʦʜ ʚʩʝʛʦ ʣʝʯʝʥʠʷ (ʊ=30 ʜʥʝʡ). ʎʠʬʨʦʚʦʝ ʠʟʣʦʞʝʥʠʝ ʵʪʦʤʫ 

ʚʳʩʢʘʟʳʚʘʥʠʶ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʚ ʪʘʙʣʠʮʝ 1, ʛʜʝ ʠʤʝʝʪʩʷ ʤʘʪʨʠʮʘ 

ʤʝʞʘʪʪʨʘʢʪʦʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚʩʝʭ ʯʝʪʳʨʸʭ ʚʦʟʤʦʞʥʳʭ ʤʝʞʘʪʪʨʘʢʪʦʨʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ, ʪ.ʝ. ñʜʦ-ʧʦʩʣʝò ʟʘ æt= 30 ʤʠʥ ʠ ʟʘ ʚʝʩʴ ʮʠʢʣ ʣʝʯʝʥʠʷ ʊ=30 ʩʫʪʦʢ 

(ʵʪʦ çʜʦ-ʜʦè ʠ çʧʦʩʣʝ-ʧʦʩʣʝè). 
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ɺ ʪʘʙʣʠʮʝ 1 ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʚ 

ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʨʝʞʠʤʘʭ (ɼ-ʇ ʥʘ ʅʕʃ ʠ ɼ-ʇ ʥʘ ʂʕʃ) ʠ ʥʘ ʜʦʣʛʦʩʨʦʯʥʦʤ ʵʪʘʧʝ, 

ʪ.ʝ. ʩʧʫʩʪʷ ʤʝʩʷʮ ʣʝʯʝʥʠʷ ʂɿʊ (ʵʪʦ ʨʝʞʠʤ ɼ-ɼ ʠ ʨʝʞʠʤ ʇ-ʇ). 

 

ʊʘʙʣʠʮʘ 1 

ʉʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ ʂɸ Vx ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʤ ʠʟʤʝʨʝʥʠʠ (æt=30 

ʩʝʢ) ʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʠʟʤʝʨʝʥʠʠ (ʊ=30 ʩʫʪʦʢ) ʢʘʢ ʧʨʦʮʝʩʩ ʵʚʦʣʶʮʠʠ ʉʉʉ ʚ 

ʌʇʉ 

 

ʂʨʘʪʢʦʩʨʦʯʥʳʝ 

ʵʬʬʝʢʪʳ, 

ʨʘʟʦʚʦʝ  ʚʦʟʜʝʡʩʪʚʠʝ 

ɼʦ-ʇʦʩʣʝ (ʅʕʃ) ɼʦ-ʇʦʩʣʝ (ʂʕʃ) 

10,6 ʫ.ʝ./ʯʘʩ -5,6 ʫ.ʝ./ʯʘʩ 

ʕʚʦʣʶʮʠʷ ʉʊʊ ʚ 

ʌʇʉ, 

ʜʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ɼʦ-ɼʦ ʇʦʩʣʝ-ʇʦʩʣʝ 

0,12 ʫ.ʝ./ʩʫʪʢʠ -0,13 ʫ.ʝ./ʩʫʪʢʠ 

 

ɺ ʮʝʣʦʤ, ʘʥʘʣʠʟ ʢʠʥʝʤʘʪʠʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ Vx ʂɸ ʚ 

ʩʘʤʦʤ ʥʘʯʘʣʝ ʢʫʨʩʘ (ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ɜ1
V
=10,6 ʫ.ʝ./ʯʘʩ) ʠ ʚ ʢʦʥʮʝ ʢʫʨʩʘ 

ʣʝʯʝʥʠʷ ʧʨʠ ʨʘʟʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ (ʩʢʦʨʦʩʪʴ ɜ2
V
=-5,6 ʫ.ʝ./ʯʘʩ) ʧʦʢʘʟʳʚʘʝʪ ʠʭ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ (ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʫʶ) 

ʠ ʧʦʯʪʠ ʜʚʫʢʨʘʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦ ʤʦʜʫʣʶ (ʚ ʢʦʥʮʝ ʣʝʯʝʥʠʷ ʩʢʦʨʦʩʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʘ ʠ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ ʧʦ ʤʦʜʫʣʶ). ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʥʘʯʘʣʝ ʢʫʨʩʘ 

ʣʝʯʝʥʠʷ ʤʳ ʠʤʝʝʤ ʧʘʨʘʩʠʤʧʘʪʦʪʦʥʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ (ʦʙʲʝʤʳ ʥʘʨʘʩʪʘʶʪ), ʘ ʚ 

ʢʦʥʮʝ ʣʝʯʝʥʠʷ ʧʨʝʦʙʣʘʜʘʶʪ ʩʠʤʧʘʪʦʪʦʥʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ (ʚʳʟʜʦʨʦʚʣʝʥʠʝ, 

ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʥʦʨʤʦʪʦʥʠʠ) ʦʪ ʨʘʟʦʚʦʡ ʧʨʦʮʝʜʫʨʳ ʢʠʥʝʟʦʪʝʨʘʧʠʠ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʩʯʝʪ ʩʢʦʨʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ Vʭ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʣʝʯʝʥʠʷ 

(ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʉʉʉ ʚ ʩʧʦʢʦʡʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪ.ʝ. ʚ ʨʝʞʠʤʝ ʜʦ 

ʢʠʥʝʟʦʪʝʨʘʧʠʠ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (0,12 ʫ.ʝ./ʩʫʪʢʠ) ʧʨʠ çʜʦ-ʜʦè, ʘ 

ʩʨʘʟʫ ʧʦʩʣʝ ʢʠʥʝʟʦʪʝʨʘʧʠʠ, (ʚ ʨʝʞʠʤʝ çʧʦʩʣʝ-ʧʦʩʣʝè) ʧʦʢʘʟʳʚʘʝʪ ʫʩʪʦʡʯʠʚʦʝ 

ʫʤʝʥʴʰʝʥʠʝ Vʭ, ʪ.ʝ. ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ Vʭ ʟʘ ʤʝʩʷʮ ʣʝʯʝʥʠʷ ʧʦʩʣʝ 

ʩʝʘʥʩʘ ʧʨʠʥʠʤʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (ɜʇʇ
V
 =-0,13 ʫ.ʝ./ʩʫʪʢʠ). ʕʪʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʮʝʩʩ ʚʳʟʜʦʨʦʚʣʝʥʠʷ ʢʘʢ ʧʝʨʝʭʦʜ ʦʪ 

ʧʘʨʘʩʠʤʧʘʪʦʪʦʥʠʠ ʢ ʥʦʨʤʦʪʦʥʠʠ. ʀʜʝʪ ʥʦʨʤʘʣʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʉʉʉ ʚ ʚʠʜʝ 

ʧʝʨʝʭʦʜʘ ʦʪ ʧʘʨʘʩʠʤʧʘʪʦʪʦʥʠʠ ʢ ʥʦʨʤʦʪʦʥʠʠ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʮʝʩʩ ʣʝʯʝʥʠʷ. ʈʘʩʯʝʪ ʩʢʦʨʦʩʪʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʟʠʦʪʝʨʘʧʠʠ ʠ 

ʢʠʥʝʟʦʪʝʨʘʧʠʠ [58, 59, 103, 127]. ʉʝʡʯʘʩ ʤʳ ʪʘʢʦʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʤ ʠ ʚ 

ʬʠʟʠʦʣʦʛʠʠ ʩʧʦʨʪʘ, ʧʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʟʢʫʣʴʪʫʨʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚ 

ʛʝʨʦʥʪʦʣʦʛʠʠ, ʤʦʨʬʦʤʝʪʨʠʠ ʠ ʪ.ʜ. [127. 206]. 

ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʜʚʠʞʝʥʠʶ ʮʝʥʪʨʘ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʭʦʜʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ɜZ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʢʫʨʩʘ ʣʝʯʝʥʠʷ ʠ ʠʭ ʩʥʠʞʝʥʠʝ ʚ ʢʦʥʮʝ 
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ʢʫʨʩʘ (ʦʪ 19,9 ʫ.ʝ./ʤʠʥ ʜʦ 5,9 ʫ.ʝ./ʤʠʥ), ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʧʨʦʮʝʩʩ ʣʝʯʝʥʠʷ ʢʠʥʝʟʦʪʝʨʘʧʠʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʠʥʝʤʘʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ Vʭ
 
ʜʣʷ ʂɸ ʠ ʜʚʠʞʝʥʠʷ ʠʭ 

ʮʝʥʪʨʦʚ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʠ ʠ ʣʝʯʝʥʠʠ ʠʤʝʝʪ ʮʠʢʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʥʳʝ ʟʥʘʢʠ ʫ ʩʢʦʨʦʩʪʠ ʵʚʦʣʶʮʠʠ ʉʊʊ (ʫ ʥʘʩ ʵʪʦ ʧʘʨʘʤʝʪʨʳ 

ʨʘʙʦʪʳ ʩʝʨʜʮʘ). ʇʦʜʦʙʥʳʝ ʨʘʩʯʝʪʳ ʩʢʦʨʦʩʪʠ (ʠ ʫʩʢʦʨʝʥʠʷ!) ʜʚʠʞʝʥʠʷ ʂɸ ʚ 

ʌʇʉ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʤʝʜʠʮʠʥʝ, ʢʦʛʜʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ 

ʚʦʦʙʱʝ ʤʦʛʫʪ ʥʝ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʠ ʦʰʠʙʦʯʥʦ ʤʳ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦ ʥʠʟʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʳ ʤʦʞʝʤ 

ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʦʙʲʝʤʦʚ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʦʚ. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʧʨʠʤʝʨʘʭ ʤʳ ʠʤʝʣʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʚʠʜʳ ʜʚʠʞʝʥʠʷ ʂɸ ʚ 

ʌʇʉ, ʢʦʛʜʘ ʰʢʦʣʴʥʠʢʠ ʨʘʟʚʠʚʘʣʠʩʴ (ʂɸ ʜʚʠʛʘʣʠʩʴ ʚʧʨʘʚʦ ʠ ʚʚʝʨʭ, ʩʤ. ʨʠʩ. 3) 

ʠʣʠ  ʨʘʟʤʝʨʳ Vʭ ʜʣʷ ʂɸ ʫʤʝʥʴʰʘʣʠʩʴ (ʧʨʠ ʩʪʘʨʝʥʠʠ). ɺʩʝ ʪʘʢʠʝ ʧʨʠʤʝʨʳ ï 

ʥʝʦʙʨʘʪʠʤʳʝ, ʘ ʟʘʙʦʣʝʚʘʥʠʝ ï ʚʳʟʜʦʨʦʚʣʝʥʠʝ ï ʵʪʦ ʧʨʠʤʝʨ ʮʠʢʣʠʯʝʩʢʦʡ 

(ʦʙʨʘʪʠʤʦʡ) ʵʚʦʣʶʮʠʠ ɺʉʉ ʚ ʌʇʉ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʚ ʨʘʤʢʘʭ ʊʍʉ 

ʜʣʷ ʦʮʝʥʢʠ ʩʪʘʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ (ʉʊʊ ʨʝʘʣʴʥʦ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʩʚʦʠʭ 

ʂɸ) ʠʣʠ ʧʨʦʮʝʩʩʦʚ ʵʚʦʣʶʮʠʠ ʛʦʤʝʦʩʪʘʟʘ ʉʊʊ ʚ ʌʇʉ, ʢʦʛʜʘ ʮʝʥʪʨ ʂɸ ʜʚʠʞʝʪʩʷ 

ʠʣʠ ʠʟʤʝʥʷʝʪʩʷ ʦʙʲʝʤ ʂɸ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʷʭ. 

ʄʳ ʩʝʡʯʘʩ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʩʝʛʦ ʪʨʠ (ʠʟ ʩʦʪʝʥ ʫʞʝ ʧʦʣʫʯʝʥʥʳʭ) ʧʨʠʤʝʨʘ 

ʠʟ ʛʝʨʦʥʪʦʣʦʛʠʠ, ʘʥʪʨʦʧʦʣʦʛʠʠ (ʜʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʨʦʩʪʘ ʠ ʚʝʩʘ) ʠ ʠʟ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʧʨʠ ʣʝʯʝʥʠʠ ʦʩʪʨʦʛʦ ʥʘʨʫʰʝʥʠʷ ʤʦʟʛʦʚʦʛʦ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ (ʆʅʄʂ) ʧʨʠ ʢʠʥʝʟʦʪʝʨʘʧʠʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʢʘʟʳʚʘʝʪ 

ʨʝʘʣʴʥʫʶ ʵʚʦʣʶʮʠʶ ʛʦʤʝʦʩʪʘʟʘ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʂɸ ʚ ʌʇʉ.  

ɿʘʢʘʥʯʠʚʘʷ ʥʘʩʪʦʷʱʠʡ ʧʘʨʘʛʨʘʬ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʝʢʦʪʦʨʳʝ ʚr ʚʦʜʳ: 

1. ɼʣʷ ʩʣʦʞʥʳʭ ʙʠʦʩʠʩʪʝʤ (ʉʊʊ ï complexity) ʩʫʱʝʩʪʚʫʶʪ ʜʨʫʛʠʝ ʧʦʥʷʪʠʷ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ (ʉʈ), ʢʦʪʦʨʳʝ ʦʪʣʠʯʥʳ ʦʪ ʜʝʪʝʨʤʠʥʠʟʤʘ (ʢʦʛʜʘ dx/dt=0) 

ʠ ʦʪ ʩʪʦʭʘʩʪʠʢʠ (ʢʦʛʜʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(x) ʩʦʭʨʘʥʷʶʪʩʷ ʜʣʷ ʨʘʟʥʳʭ 

ʚʳʙʦʨʦʢ). ɺ ʪʝʦʨʠʠ ʭʘʦʩʘ - ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ x(t) ʩʦʚʝʨʰʘʝʪ ʥʝʧʨʝʨʳʚʥʦʝ 

ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ, ʚ ʧʨʝʜʝʣʘʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʙʲʝʤʦʚ ʬʘʟʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, 

ʯʪʦ ʠ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʦʤʝʦʩʪʘʟ ʉʊʊ.  

2. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ x(t) ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t1 ʠ t2 ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ (ʂɸ) ʠ ʝʩʣʠ ʦʙʲʝʤʳ ʂɸ ʠʣʠ 

ʢʦʦʨʜʠʥʘʪʳ ʠʭ ʮʝʥʪʨʦʚ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ (ʦʙʦʟʥʘʯʝʥʳ 

ʚʳʰʝ), ʪʦ ʤʳ ʛʦʚʦʨʠʤ ʦʙ ʵʚʦʣʶʮʠʠ ʛʦʤʝʦʩʪʘʟʘ. 

3. ʕʚʦʣʶʮʠʷ ʛʦʤʝʦʩʪʘʟʘ ʤʦʞʝʪ ʙʳʪɹ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ (ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ɜ ʠʣʠ ʫʩʢʦʨʝʥʠʝʤ ɸ) ʠʣʠ ʮʠʢʣʠʯʝʩʢʦʡ, ʢʦʛʜʘ ʜʚʠʞʝʥʠʝ ʂɸ ʚ ʌʇʉ 

ʧʨʦʠʩʭʦʜʠʪ ʢʨʠʚʦʣʠʥʝʡʥʦ. ɺ ʤʝʜʠʮʠʥʝ (ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʠ ʠ ʚʳʟʜʦʨʦʚʣʝʥʠʠ) 

ʵʚʦʣʶʮʠʷ ʛʦʤʝʦʩʪʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʳʯʥʦ ʮʠʢʣʠʯʝʩʢʠ (ʝʩʣʠ ʪʦʣʴʢʦ ʟʘʙʦʣʝʚʘʥʠʝ 

ʥʝ ʧʨʠʥʠʤʘʝʪ ʭʨʦʥʠʯʝʩʢʠʝ ʬʦʨʤʳ).  

4. ʇʘʨʘʤʝʪʨʳ ʵʚʦʣʶʮʠʠ ʛʦʤʝʦʩʪʘʟʘ ʦʪʜʝʣʴʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʝʜʠʮʠʥʝ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʣʝʯʝʥʠʷ. ʕʚʦʣʶʮʠʷ ʛʦʤʝʦʩʪʘʟʘ (ʣʦʢʘʣʴʥʦ) ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 

ʬʠʟʠʦʣʦʛʠʠ ʪʨʫʜʘ ʠ ʩʧʦʨʪʘ, ʚ ʛʝʨʦʥʪʦʣʦʛʠʠ, ʘʥʪʨʦʧʦʤʝʪʨʠʠ, ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʠ 
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[31, 65-73, 79-85, 186, 188, 200, 207], ʚ ʵʢʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ [89-97, 191, 193, 196, 

197].  

 

 

1.2. ɻʣʦʙʘʣʴʥʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʨʜʠʦ-ʨʝʩʧʠʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ï ʭʘʦʩ 

ʚ ʌʉʆ ʯʝʣʦʚʝʢʘ 

 

 ɹʦʣʝʝ ʜʚʫʭ ʜʝʩʷʪʢʦʚ ʣʝʪ ʥʘʩ ʦʪʜʝʣʷʝʪ ʦʪ ʜʚʫʭ ʚʳʩʪʫʧʣʝʥʠʡ ʚʝʜʫʱʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩʠʥʝʨʛʝʪʠʢʠ (ʢʦʪʦʨʘʷ ʩʝʡʯʘʩ ʪʨʘʢʪʫʝʪʩʷ ʩʪʦʨʦʥʥʠʢʘʤʠ 

ʜʝʪʝʨʤʠʥʠʩʪʩʢʦ-ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ï ɼʉʇ ʢʘʢ complexity) ʠ ʪʝʦʨʠʠ 

ʭʘʦʩʘ-ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ (ʊʍʉ). ʈʝʯʴ ʠʜʸʪ ʦ ʚʳʩʪʫʧʣʝʥʠʠ ʀ.ʈ. ʇʨʠʛʦʞʠʥʘ [245] 

(çʌʠʣʦʩʦʬʠʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʧʝʨʝʚʦʜ ʗ.ʀ. ʉʚʠʨʠʜʦʚʘ ʚ çɺʦʧʨʦʩʘʭ 

ʬʠʣʦʩʦʬʠʠè ˉ6 ʟʘ 1991 ʛ.) ʠ ʠʥʪʝʨʚʴʶ ʩ ʉ.ʇ. ʂʫʨʜʶʤʦʚʳʤ (ʵʪʦʪ ʞʝ ʥʦʤʝʨ, ʩ. 

53-57, ʧʦʩʣʝ ʵʪʦʛʦ ʧʝʨʝʚʦʜʘ) [132]. ɺ ʵʪʠʭ ʢʦʤʤʝʥʪʘʨʠʷʭ ʉ.ʇ. ʂʫʨʜʶʤʦʚ 

ʧʳʪʘʣʩʷ ʩʥʠʟʠʪʴ ʥʘʢʘʣ ʜʠʩʢʫʩʩʠʠ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢ ʧʦʩʣʝ ʚʳʩʪʫʧʣʝʥʠʷ ʀ.ʈ. 

ʇʨʠʛʦʞʠʥʘ ʩ ʝʛʦ çʧʨʠʟʥʘʥʠʝʤ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʨʦʟʜʘʥʠʷ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪéʚ ʢʘʢʦʡ-ʪʦ 

ʩʪʝʧʝʥʠ ʧʦ-ʥʦʚʦʤʫ ʦʮʝʥʠʪʴ ʧʦʣʦʞʝʥʠʝ ʯʝʣʦʚʝʢʘ ʚ ʢʦʩʤʦʩʝè (ʉ.ʇ. ʂʫʨʜʶʤʦʚ, 

ʩʪʨ. 53 [132]).  

ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʵʪʦ ʥʦʚʦʝ ʥʘʯʠʥʘʝʪʩʷ ʦʪʭʦʜʦʤ ʦʪ ʜʝʪʝʨʤʠʥʠʩʪʩʢʦʡ ʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤ (ʧʦʜʭʦʜʦʚ) ï ɼʉʇ, ʥʦ ʚʳʧʦʣʥʠʪʴ ʪʘʢʦʡ ʦʪʭʦʜ ʦʪ ɼʉʇ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦ.  ʌʘʢʪʠʯʝʩʢʠ, ʉ.ʇ. ʂʫʨʜʶʤʦʚ ʵʪʦ 

ʧʦʥʠʤʘʝʪ ʠ ʧʳʪʘʝʪʩʷ ʵʪʦ ʨʝʘʣʠʟʦʚʘʪʴ, ʥʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ɼʉʇ-ʥʘʫʢʠ ʦʥ ʥʝ ʤʦʞʝʪ 

ï ʛʨʘʥʠʮʘ ʥʘʯʘʣʘʩʴ ʠ ʟʘʢʦʥʯʠʣʘʩʴ ʭʘʦʩʦʤ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʨʝʜʫʢʮʠʦʥʠʟʤʘ ʜʣʷ 

ʤʥʦʛʠʭ ʩʠʩʪʝʤ ʠ ʪʦʣʴʢʦ! ʉʘʤ ʞʝ ʀ.ʈ. ʇʨʠʛʦʞʠʥ ʚ ʧʨʝʜʩʤʝʨʪʥʦʤ ʚʳʩʪʫʧʣʝʥʠʠ 

(ʩʤ. The Die Is Not Cast [245]) ʚʦʦʙʱʝ ʚʳʚʦʜʠʪ ʙʠʦʩʠʩʪʝʤʳ ʟʘ ʧʨʝʜʝʣʳ ʥʘʫʢʠ 

[132]. ʇʦʵʪʦʤʫ ʛʣʦʙʘʣʴʥʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ complexity ʦʩʪʘʝʪʩʷ ʚʥʝ ʧʦʟʥʘʥʠʷ ʩʦ 

ʩʪʦʨʦʥʳ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ (ɼʉʇ). ʉʣʦʞʥʦʩʪʴ ʦʩʪʘʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ. ʀ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʦʞʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ. 

ʉ.ʇ. ʂʫʨʜʶʤʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʳʪʘʣʩʷ ʩʤʷʛʯʠʪʴ ʧʦʟʠʮʠʶ ʇʨʠʛʦʞʠʥʘ, 

ʩʪʘʚʷ ʧʦʜ ʩʦʤʥʝʥʠʝ ʨʝʘʣʴʥʳʡ ʧʦʜʭʦʜ ʀʣʴʠ ʈʫʚʠʤʦʚʠʯʘ ʦ ʛʣʦʙʘʣʴʥʦʡ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʤʠʨʘ ʚ ʚʠʜʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʳʩʢʘʟʳʚʘʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʇʨʠʛʦʞʠʥ 

çé ʩʣʠʰʢʦʤ ʨʘʩʰʠʨʠʣ ʨʦʣʴ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʥʘʩʪʘʠʚʘʷ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ (ʢ ʢʦʪʦʨʳʤ ʧʨʠʥʘʜʣʝʞʠʪ ʠ ʥʘʰ 

ʤʠʨ ʚ ʮʝʣʦʤ)è. ʅʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʀ.ʈ. ʇʨʠʛʦʞʠʥ ʦʢʘʟʘʣʩʷ ʧʨʘʚ, ʚʚʦʜʷ 

ʛʣʦʙʘʣʴʥʫʶ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ complexity, ʪ.ʢ. ʠʤʝʥʥʦ ʵʪʫ ʛʣʦʙʘʣʴʥʫʶ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʘʚʪʦʨʳ ʵʪʠʭ ʩʪʨʦʢ ʟʘʜʝʢʣʘʨʠʨʦʚʘʣʠ 30 ʣʝʪ ʥʘʟʘʜ (ʚʚʦʜʷ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʳ). ɺ ʵʪʠʭ ʜʚʫʭ ʩʪʘʪʴʷʭ ʩʦʙʨʘʥʘ ʛʣʘʚʥʘʷ ʠʜʝʷ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʝʡʯʘʩ ʥʘʤʠ ʪʝʦʨʠʠ 

ʭʘʦʩʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ï ʊʍʉ, ʢʦʪʦʨʘʷ ʥʘʯʘʣʘ ʩʦʟʜʘʚʘʪʴʩʷ ʝʱʸ 40 ʣʝʪ ʥʘʟʘʜ. 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʵʪʦʡ ʠʜʝʠ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʶʪ ʠʟ ʵʪʠʭ ʜʚʫʭ 

ʩʪʘʪʝʡ (ʇʨʠʛʦʞʠʥʘ [245] ʠ ʂʫʨʜʶʤʦʚʘ [132]) ʠ ʢʦʪʦʨʳʝ ʜʦʣʛʠʤ ʵʭʦʤ ʟʚʫʯʘʪ ʚ 

ʨʘʟʣʠʯʥʳʭ ʜʨʫʛʠʭ ʚʳʩʪʫʧʣʝʥʠʷʭ ʫ ʵʪʠʭ ʘʚʪʦʨʦʚ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʫʯʸʥʳʭ, 
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ʧʳʪʘʚʰʠʭʩʷ ʧʦʩʪʠʛʥʫʪʴ ʚʩʸ ʤʥʦʛʦʦʙʨʘʟʠʝ ʩʠʥʝʨʛʝʪʠʢʠ ʠ complexity (ʪ.ʝ. 

ʧʦʜʭʦʜʦʚ H.Haken ʠ I.R.Prigoginie [239, 243-245]). 

 ɺʦ-ʧʝʨʚʳʭ, ʚ ʦʩʥʦʚʝ ʊʍʉ ʣʝʞʘʪ ʜʚʘ ʧʦʩʪʫʣʘʪʘ ʦ ʥʝʧʨʝʨʳʚʥʦʤ ʠ 

ʭʘʦʪʠʯʝʩʢʦʤ ʤʝʨʮʘʥʠʠ ʣʶʙʦʛʦ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʩʣʦʞʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ çcomplexityè ʠʣʠ ʢʘʢ ʩʠʩʪʝʤʘ 

ʪʨʝʪʴʝʛʦ ʪʠʧʘ (ʉʊʊ) ʚ ʊʍʉ, ʠ ʦ ʥʝʧʨʝʨʳʚʥʦʡ ʵʚʦʣʶʮʠʠ ʵʪʠʭ ʉʊʊ. ʆʙʘ ʵʪʠʭ 

ʧʦʩʪʫʣʘʪʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʶʙʘʷ complexity (ʉʊʊ) ʚʧʨʘʚʝ ʙʳʪʴ ʩʦʚʝʨʰʝʥʥʦ ʥʝ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʠ ʥʝ  ʧʨʝʜʩʢʘʟʫʝʤʦʡ ʠ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʇʨʠʛʦʞʠʥ ʙʳʣ 

ʧʦʣʥʦʩʪʴʶ ʧʨʘʚ, ʘ ʂʫʨʜʶʤʦʚ ʥʝʪ. ʀ ʧʨʘʚʦʪʘ ʇʨʠʛʦʞʠʥʘ ʥʝ ʩʚʦʜʠʪʩʷ ʢ 

ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʪʦʣʴʢʦ ʘʪʪʨʘʢʪʦʨʦʚ ʜʣʷ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ 

ʷʢʦʙʳ ʜʝʪʝʨʤʠʥʠʩʪʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. ʀʩʪʠʥʘ çʛʜʝ-ʪʦ ʨʷʜʦʤè, ʦʥʘ ʚ ʦʩʥʦʚʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ ʊʍʉ ʚ ʪʦʤ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ï ɺʉʉ ʜʣʷ 

ʣʶʙʦʡ ʉʊʊ ʭʘʦʪʠʯʥʘ. ʕʪʦʪ ʭʘʦʩ ʠʤʝʝʪ ʜʚʘ ʘʩʧʝʢʪʘ: ʤʝʨʮʘʥʠʝ ʚʥʫʪʨʠ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ʠ ʭʘʦʪʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʩʘʤʦʛʦ ʵʪʦʛʦ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ʚ 

ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ. ʀʪʘʢ, ʉʊʊ (complexity) ʥʝ ʧʨʦʛʥʦʟʠʨʫʝʤʳ, ʥʝ 

ʧʨʝʜʩʢʘʟʫʝʤʳ, ʦʥʠ ʭʘʦʪʠʯʥʳ ʚ ʜʠʥʘʤʠʢʝ ʩʚʦʝʛʦ ʧʦʚʝʜʝʥʠʷ ʠ é ʀ.ʈ.ʇʨʠʛʦʞʠʥ 

ʙʳʣ ʧʨʘʚ ʢʦʛʜʘ ʛʦʚʦʨʠʣ ʦ ʥʘʣʠʯʠʠ çé ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ 

ʧʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤè [245]. ʇʨʠ ʵʪʦʤ ʭʘʦʩ ʉʊʊ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʵʢʩʧʦʥʝʥʪʘʤʠ ʃʷʧʫʥʦʚʘ ʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ (ʦʥʠ ʥʝ ʩʪʨʝʤʷʪʩʷ 

ʚ 0) ʠ ʜʘʞʝ ʩʚʦʡʩʪʚʘʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ! ʍʘʦʩ ʉʊʊ ï ʵʪʦ ʥʝ ɼʉʇ-ʭʘʦʩ [111-128, 

133, 141]. 

 ɺʦ-ʚʪʦʨʳʭ, ʀ.ʈ. ʇʨʠʛʦʞʠʥ ʙʳʣ ʥʝʧʨʘʚ (ʠ ʉ.ʇ. ʂʫʨʜʶʤʦʚ ʪʦʞʝ), ʢʦʛʜʘ 

ʛʦʚʦʨʠʣ ʦʙ ʵʪʦʡ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ, ʠʤʝʷ ʚ ʚʠʜʫ ʪʦʣʴʢʦ ʩʪʨʘʥʥʳʝ ʘʪʪʨʘʢʪʦʨʳ 

(ʉ.ʇ. ʂʫʨʜʶʤʦʚ ʵʪʦʪ ʧʨʠʤʝʨ ʧʨʠʚʦʜʠʪ ʢʘʢ ʙʘʟʦʚʳʡ ʥʘ ʩʪʨ. 54 [132], ʥʦ ʜʨʫʛʠʭ 

ʧʨʠʤʝʨʦʚ ʚ ɼʉʇ ʧʦʢʘ ʝʱʸ ʥʝʪ!). ʉ.ʇ. ʂʫʨʜʶʤʦʚ ʩʦʚʝʨʰʝʥʥʦ ʚʝʨʥʦ ʚʳʜʝʣʷʣ ʚ 

ʵʪʦʤ ʧʨʠʤʝʨʝ ʩ ʘʪʪʨʘʢʪʦʨʦʤ ʪʦ, ʯʪʦ ʟʜʝʩʴ ʠʤʝʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʜʦʣʷ 

ʜʝʪʝʨʤʠʥʠʟʤʘ, ʢʦʪʦʨʘʷ (ʪ.ʝ. ʜʦʣʷ) ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʩʘʤʦʛʦ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ (ʠʤʝʥʥʦ ʵʪʦ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʊʍʉ). ɺ ʊʍʉ ʜʠʥʘʤʠʢʘ 

ʉʊʊ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝ ʢʘʢ ʜʚʠʞʝʥʠʝ ʪʦʯʢʠ ʚ ʌʇʉ, ʘ ʢʘʢ ʦʧʨʝʜʝʣʝʥʥʘʷ ʦʙʣʘʩʪʴ 

ʌʇʉ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ɺʉʉ ʥʝʧʨʝʨʳʚʥʦ ʠ ʭʘʦʪʠʯʝʩʢʠ ʜʚʠʞʝʪʩʷ. ɺʩʸ ʵʪʦ ʪʘʢ, ʥʦ 

ʥʘ ʵʪʦʤ ʦʩʦʙʦʝ ʩʚʦʡʩʪʚʦ ʘʪʪʨʘʢʪʦʨʘ ʜʣʷ ʙʠʦʩʠʩʪʝʤ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ! ɼʘʣʝʝ 

ʥʘʯʠʥʘʝʪʩʷ ʩʚʦʡʩʪʚʘ ʨʝʘʣʴʥʳʭ ʙʠʦʩʠʩʪʝʤ (ʉʊʊ, complexity) ʜʣʷ ʢʦʪʦʨʳʭ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʳ ʥʝʧʨʝʨʳʚʥʦ ʠ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʪʩʷ (ʵʪʦ ʫʞʝ ʥʝ ʤʦʜʝʣʠ 

ʘʪʪʨʘʢʪʦʨʦʚ ʚ ʜʝʪʝʨʤʠʥʠʟʤʝ ʠʣʠ ʩʪʦʭʘʩʪʠʢʝ). ɺ ʣʶʙʦʡ ɼʉʇ-ʤʦʜʝʣʠ, ʟʘʜʘʚʘʷ ʝʸ 

ʧʘʨʘʤʝʪʨʳ (ʚʠʜ ʫʨʘʚʥʝʥʠʡ, ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ) ʤʦʞʥʦ ʤʥʦʛʦʢʨʘʪʥʦ ʜʦʙʠʪʴʩʷ 

ʧʦʚʪʦʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʪʪʨʘʢʪʦʨʘ. ʉ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʤ ʵʪʦʛʦ ʜʝʣʘʪʴ ʥʝʣʴʟʷ! 

ʉʦʛʣʘʩʥʦ ʪʨʝʪʴʝʤʫ ʩʚʦʡʩʪʚʫ ʉʊʊ ʩʘʤʠ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʳ ʚ ʌʇʉ ʥʝʧʨʝʨʳʚʥʦ 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ, ʦʥʠ ʜʚʠʞʫʪʩʷ ʚ ʌʇʉ (ʠʟʤʝʥʷʶʪ ʢʦʦʨʜʠʥʘʪʳ ʩʚʦʠʭ ʮʝʥʪʨʦʚ, 

ʠʟʤʝʥʷʶʪ ʨʘʟʤʝʨʳ ʩʚʦʠʭ ʦʙʲʸʤʦʚ VG, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʥʝʧʨʝʨʳʚʥʦ ʠ 

ʭʘʦʪʠʯʝʩʢʠ ʜʚʠʞʫʪʩʷ ɺʉʉ ʚ ʌʇʉ). ɺʳʩʢʘʟʳʚʘʥʠʝ ʉ.ʇ. ʂʫʨʜʶʤʦʚʘ ʦ ʪʦʤ, ʯʪʦ 

çʜʝʪʝʨʤʠʥʠʟʤ, ʫʪʚʝʨʞʜʘʶʱʠʡ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʙʫʜʝʪ 

ʩʪʨʦʛʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʪʘʢʦʡ 

ʜʝʪʝʨʤʠʥʠʟʤ ʦʩʪʘʣʩʷè - ʚ ʊʍʉ ʪʦʞʝ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʥʘ ʙʦʣʴʰʠʭ ʠʥʪʝʨʚʘʣʘʭ 

ʚʨʝʤʝʥʠ, ʥʦ ʥʘ ʢʦʨʦʪʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ ʵʪʦ ʨʝʘʣʠʟʫʝʪʩʷ 
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ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘʤʠ [31,141]. ʇʘʨʘʤʝʪʨʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʚ ʌʇʉ ʜʣʷ ʉʊʊ 

ʜʦʣʛʦ ʫʜʝʨʞʠʚʘʪʴʩʷ ʥʝ ʤʦʛʫʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʪʪʨʘʢʪʦʨʦʚ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ, 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ! ɺ ʊʍʉ ʣʶʙʘʷ ʉʊʊ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝ 

ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʠ ʥʝ ʧʨʝʜʩʢʘʟʫʝʤʘ ʠ ʧʘʨʘʤʝʪʨʳ ʝʸ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʥʝ ʤʦʛʫʪ 

ʜʦʣʛʦ ʫʜʝʨʞʠʚʘʪʴʩʷ ʚ ʌʇʉ. ɺ ɼʉʇ ʧʨʠ ʟʘʜʘʥʠʠ ʤʦʜʝʣʠ ʠ ʝʸ ʩʨʘʚʥʝʥʠʠ ʤʳ 

ʚʩʝʛʜʘ ʧʦʚʪʦʨʠʤ ʧʘʨʘʤʝʪʨʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ, ʥʦ ʚ ʊʍʉ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ. ɼʣʷ ʉʊʊ ʥʝʪ ʥʠʢʘʢʠʭ ʧʦʚʪʦʨʝʥʠʡ, çʚʯʝʨʘè ʥʝ ʦʧʨʝʜʝʣʷʝʪ 

çʟʘʚʪʨʘè [132]. ʕʪʦ ʢʘʩʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʝʛʫʣʷʮʠʠ ʉʉʉ, ʪ.ʝ. 

ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ. 

 çɺʩʸ ʪʝʯʝʪ, ʚʩʸ ʠʟʤʝʥʷʝʪʩʷè ʜʣʷ ʉʊʊ ʠ ʠʭ ʘʪʪʨʘʢʪʦʨʦʚ ʪʦʞʝ. ʀʤʝʥʥʦ ʵʪʘ 

ʧʦʩʪʦʷʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʙʳʣʘ ʜʦʩʪʫʧʥʘ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʜʨʝʚʥʠʤ ʛʨʝʢʘʤ ʠ 

ʫʧʦʨʥʦ ʦʪʨʠʮʘʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʦʡ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ɼʉʇ. ʕʪʠʤ 

ʥʝʧʨʝʨʳʚʥʳʤ ʭʘʦʩʦʤ ʉʊʊ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʣʶʙʳʭ ɼʉʇ-ʩʠʩʪʝʤ. ʇʦʧʳʪʢʘ ʗ.ʀ. 

ʉʚʠʨʠʜʦʚʘ (ʫʯʸʥʳʡ, ʢʦʪʦʨʳʡ ʚʝʣ ʙʝʩʝʜʫ ʩ ʉ.ʇ. ʂʫʨʜʶʤʦʚʳʤ)  ʧʦʜʚʝʩʪʠ 

complexity ʢ ʦʙʲʝʢʪʘʤ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ (ʩʤ. ʩʪʨ.54 [132]) ʪʦʞʝ ʥʠʯʝʛʦ ʥʝ 

ʜʘʣʘ, ʪ.ʢ. ʣʶʙʘʷ ʬʠʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ (ʜʘʞʝ ʧʨʝʙʳʚʘʷ ʚ ʘʪʪʨʘʢʪʦʨʝ) ʤʦʞʝʪ ʧʨʠ 

ʥʝʠʟʤʝʥʥʳʭ ʚʥʝʰʥʠʭ (ʬʠʟʠʯʝʩʢʠʭ) ʫʩʣʦʚʠʷʭ ʧʘʨʘʤʝʪʨʳ ʘʪʪʨʘʢʪʦʨʘ ʫʜʝʨʞʠʚʘʪʴ 

(ʢʣʘʩʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ: çʯʘʩʪʠʮʘ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʝè), ʯʪʦ ʜʣʷ ʉʊʊ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʩʢʦʣʴʢʫ ʜʘʣʝʝ ʉ.ʇ. ʂʫʨʜʶʤʦʚ ʧʨʠʟʳʚʘʝʪ ʢ 

ʚʦʟʤʦʞʥʦʤʫ ʧʝʨʝʩʤʦʪʨʫ ʫʩʪʦʷʚʰʠʭʩʷ ʧʦʣʦʞʝʥʠʡ, ʪʦ ʘʚʪʦʨʳ ʵʪʠʭ ʩʪʨʦʢ ʠ 

ʧʦʩʣʝʜʦʚʘʣʠ ʵʪʦʤʫ ʩʦʚʝʪʫ (ʧʨʘʚʜʘ ʝʱʸ 40 ʣʝʪ ʥʘʟʘʜ, ʪ.ʝ. ʟʘʜʦʣʛʦ ʜʦ 1991 ʛʦʜʘ) ʠ 

ʧʝʨʝʩʤʦʪʨʝʣʠ ʚʩʝ ʧʦʩʪʫʣʘʪʳ ɼʉʇ, ʧʝʨʝʡʜʷ ʢ ʊʍʉ ʠ ʢ ʥʦʚʦʤʫ ʧʦʥʠʤʘʥʠʶ 

ʦʩʦʙʳʭ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤ ʞʠʚʦʡ ʧʨʠʨʦʜʳ (ʉʊʊ). ɸʙʩʪʨʘʢʪʥʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ 

ʵʪʠʭ ʩʠʩʪʝʤ (ʉʊʊ), ʦ ʢʦʪʦʨʦʡ ʛʦʚʦʨʠʣ  ʀ.ʈ.ʇʨʠʛʦʞʠʥ [245], ʧʦʪʨʝʙʦʚʘʣʘ 

ʩʦʟʜʘʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʢʦʤʧʘʨʪʤʝʥʪʥʦ-ʢʣʘʩʪʝʨʥʦʡ ʪʝʦʨʠʠ ʙʠʦʩʠʩʪʝʤ (ʂʂʊɹ), 

ʛʜʝ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʝʨʚʳʡ ʧʦʩʪʫʣʘʪ ʊʍʉ (ʧʦʩʪʫʣʘʪ H.Haken: ʤʳ ʥʝ 

ʨʘʙʦʪʘʝʤ ʩ ʦʪʜʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ, ʘ ʪʦʣʴʢʦ ʩ ʧʫʣʘʤʠ, 

ʢʦʤʧʘʨʪʤʝʥʪʘʤʠ, ʢʣʘʩʪʝʨʘʤʠ), ʘ ʟʘʪʝʤ ʠ ʚʝʩʴ ʥʘʙʦʨ ʧʦʣʦʞʝʥʠʡ ʠ ʤʦʜʝʣʝʡ ʊʍʉ. 

ʈʘʩʰʠʨʝʥʠʝ ʨʦʣʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ (ʦ ʢʦʪʦʨʦʡ ʛʦʚʦʨʠʣ ʇʨʠʛʦʞʠʥ) ʧʦʪʨʝʙʦʚʘʣʦ 

ʚʚʝʩʪʠ ʛʣʦʙʘʣʴʥʫʶ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ (ʚ ʚʠʜʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʝʨʮʘʥʠʷ, ʪ.ʝ. 2-ʦʡ 

ʧʦʩʪʫʣʘʪ ʊʍʉ), ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ (ʠʟ-ʟʘ ʥʝʧʨʝʨʳʚʥʦʡ ʵʚʦʣʶʮʠʠ ʉʊʊ) ʠ ʚʩʸ-

ʪʘʢʠ ʠʩʭʦʜʥʳʡ ʜʝʪʝʨʤʠʥʠʟʤ (ʜʘʞʝ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʉ.ʇ. ʂʫʨʜʶʤʦʚʘ ʦ 

ʥʝʠʟʤʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʘʪʪʨʘʢʪʦʨʦʚ) ʚ ʊʍʉ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ! ʆʥ ʦʩʪʘʝʪʩʷ 

ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʛʜʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʨʘʟʣʠʯʥʳʝ (ʜʝʪʝʨʤʠʥʠʩʪʩʢʠʝ) ʫʨʘʚʥʝʥʠʷ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʦʣʫʯʠʪʴ ʭʘʦʩ ʚ ʧʨʝʜʝʣʘʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʌʇʉ (ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʘʪʪʨʘʢʪʦʨʘ). ɼʣʷ ʉʊʊ ʚ ʊʍʉ ʪʘʢʦʛʦ ʜʝʪʝʨʤʠʥʠʟʤʘ ʚʦʦʙʱʝ ʥʝʪ, ʩ ʵʪʦʛʦ ʠ 

ʥʘʯʠʥʘʝʪʩʷ ʚʦʜʦʨʘʟʜʝʣ ʤʝʞʜʫ ʩʠʥʝʨʛʝʪʠʢʦʡ H. Haken, ʪʝʦʨʠʝʡ complexity ʀ.ʈ. 

ʇʨʠʛʦʞʠʥʘ, ʪʝʦʨʠʝʡ ʭʘʦʩʘ ɺ.ʀ. ɸʨʥʦʣʴʜʘ [239, 243, 245] (ʠ ʜʨʫʛʠʭ ʫʯʸʥʳʭ) ʠ 

ʭʘʦʩʦʤ ʚ ʧʨʝʜʝʣʘʭ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʚ ʊʍʉ. ʇʘʨʘʤʝʪʨʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ 

ʥʝʧʦʚʪʦʨʠʤʳ, ʩʘʤʠ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʳ ʜʚʠʞʫʪʩʷ ʚ ʌʇʉ ʟʘ ʩʯʸʪ ʤʝʜʣʝʥʥʦʡ, ʥʦ 

ʥʝʧʨʝʨʳʚʥʦʡ ʵʚʦʣʶʮʠʠ ʉʊʊ, ʥʦ ʵʪʘ ʵʚʦʣʶʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʪʝʣʝʦʣʦʛʠʯʥʦʡ [55-

63]. 
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 ɿʘʢʦʥʦʤʝʨʥʦ ʠ ʦʧʨʘʚʜʘʥʦ ʧʦʜʯʝʨʢʠʚʘʷ ʨʦʣʴ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ (ʥʘ ʧʨʠʤʝʨʝ 

ʤʘʷʪʥʠʢʘ ʚ ʚʝʨʭʥʝʡ ʪʦʯʢʝ) ʠ ʟʥʘʯʝʥʠʝ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ ʜʣʷ ʚʳʙʦʨʘ 

ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʉ.ʇ. ʂʫʨʜʶʤʦʚ ʧʨʠ ʵʪʦʤ ʦʪʭʦʜʠʣ 

ʦʪ ʨʝʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ ʠ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ 

ʢ ʵʚʦʣʶʮʠʠ, ʦ ʢʦʪʦʨʳʭ ʦʥ ʛʦʚʦʨʠʣ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʩʚʦʝʛʦ ʠʥʪʝʨʚʴʶ. ʀʤʝʥʥʦ 

ʪʘʢʠʝ ʩʠʩʪʝʤʳ (ʉʊʊ) ʤʦʛʫʪ ʫʭʦʜʠʪʴ ʦʯʝʥʴ ʜʘʣʝʢʦ ʦʪ ʩʦʩʪʦʷʥʠʷ ʥʝʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ (ʜʘʣʝʢʦ ʟʘ 3 ʩʠʛʤʳ) ʠ ʟʘʪʝʤ ʚʦʟʚʨʘʱʘʪʴʩʷ ʚ ʠʩʭʦʜʥʳʡ ʘʪʪʨʘʢʪʦʨ. 

ɺʩʝ ʬʠʟʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʪʘʢʫʶ ʜʠʥʘʤʠʢʫ ʥʝ 

ʩʧʦʩʦʙʥʳ! ʋ ʥʠʭ ʥʝʪ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ çʚʳʪʘʱʠʪʴè ʉʊʊ ʠʟ 

ʩʘʤʦʡ ʥʝʚʝʨʦʷʪʥʦʡ ʩʠʪʫʘʮʠʠ (ʪʦʯʥʝʝ ʛʦʚʦʨʷ ʟʘʪʘʱʠʪʴ ʦʙʨʘʪʥʦ ʉʊʊ ʚ ʢʘʢʦʡ-ʪʦ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ), ʧʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʠʟʙʝʞʠʪ ʩʚʦʝʡ ʛʠʙʝʣʠ. ʕʪʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ 

ʧʷʪʦʤ ʧʨʠʥʮʠʧʝ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʩʠʩʪʝʤ ï complexity, ʉʊʊ ʠ ʵʪʦ ʚʩʝ ʚʤʝʩʪʝ 

ʫʚʦʜʠʪ ʊʍʉ ʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʫʶ ʦʙʣʘʩʪʴ ʟʥʘʥʠʡ ï ʤʠʨ ʩʠʩʪʝʤ ʪʨʝʪʴʝʛʦ 

ʪʠʧʘ, ʦʩʦʙʳʭ ʩʠʩʪʝʤ ʩ ʧʷʪʴʶ ʧʨʠʥʮʠʧʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 13-ʶ ʦʪʣʠʯʠʷʤʠ ʦʪ 

ɼʉʇ ï ʩʠʩʪʝʤ. ʉʝʨʛʝʡ ʇʘʚʣʦʚʠʯ ʜʦʧʫʩʢʘʝʪ ʪʘʢʠʝ ʛʠʛʘʥʪʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʟʘ ʩʯʸʪ 

ʨʝʞʠʤʦʚ ʙʠʬʫʨʢʘʮʠʡ, ʦʪʭʦʜʘ ʦʪ ɼʉʇ-ʧʦʚʝʜʝʥʠʷ. ɺ ʊʍʉ ʩʨʘʟʫ ʵʪʦ 

ʧʦʩʪʫʣʠʨʫʝʪʩʷ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʉʊʊ (ʩʠʩʪʝʤʘ ʧʨʦʠʟʚʦʣʴʥʦ ʤʦʞʝʪ 

ʫʡʪʠ ʟʘ 10 ʩʠʛʤ ʠ ʚʦʟʚʨʘʪʠʪʴʩʷ ʦʙʨʘʪʥʦ).  

 ɼʣʷ ʙʠʦʩʠʩʪʝʤ ʠ ʩʦʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʚʳʭʦʜ ʟʘ ʧʨʝʜʝʣʳ 3-ʭ ʩʠʛʤ ʩʣʫʯʘʝʪʩʷ 

ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ. ʀ ʙʳʚʘʝʪ ʥʘʦʙʦʨʦʪ, ʢʦʛʜʘ ʧʦ ʚʩʝʤ ʧʨʠʟʥʘʢʘʤ ʦʨʛʘʥʠʟʤ ʜʦʣʞʝʥ 

ʩʫʱʝʩʪʚʦʚʘʪʴ, ʘ ʦʥ ʧʦʛʠʙʘʝʪ (ʩʠʥʜʨʦʤ ʚʥʝʟʘʧʥʦʡ ʩʤʝʨʪʠ, ʥʘʧʨʠʤʝʨ). ʊʘʢʠʝ 

ʚʳʭʦʜʳ ʟʘ ʧʨʝʜʝʣʳ ʪʨʸʭ ʩʠʛʤ ʜʣʷ ʉʊʊ ʭʘʨʘʢʪʝʨʥʳ ʠ ʚ ʩʪʦʨʦʥʫ ʠʭ ʛʠʙʝʣʠ, 

ʨʘʟʨʫʰʝʥʠʷ, ʠ ʚ ʩʪʦʨʦʥʫ ʠʭ ʚʳʞʠʚʘʥʠʷ. ɺʩʝʤʫ ʚʠʥʦʡ ʦʩʦʙʳʝ ʤʝʭʘʥʠʟʤʳ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʭ ʥʝʪ ʚ ɼʉʇ-ʩʠʩʪʝʤʘʭ. ʕʪʦ ʦʩʦʙʝʥʥʦʩʪʴ, ʉʊʊ ʧʦʢʘ 

ʩʪʦʨʦʥʥʠʢʘʤʠ ɼʉʇ ʥʝ ʧʨʠʟʥʘʸʪʩʷ, ʘ ʉ.ʇ. ʂʫʨʜʶʤʦʚ ʝʸ ʚʠʜʝʣ ʚ ʙʠʬʫʨʢʘʮʠʷʭ. 

 ɺʦ ʤʥʦʞʝʩʪʚʝ ʩʦʩʪʦʷʥʠʡ ʂʀ ʟʘʢʣʶʯʝʥʘ ʧʦʣʥʘʷ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʠ 

ʥʝʧʨʦʛʥʦʟʠʨʫʝʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʦ ʢʦʪʦʨʦʡ ʧʳʪʘʣʩʷ ʩʢʘʟʘʪʴ 

ʀ.ʈ. ʇʨʠʛʦʞʠʥ [245] ʠ ʢʦʪʦʨʳʝ ʧʨʦʩʪʦ ʧʦʩʪʫʣʠʨʫʶʪʩʷ ʥʘʤʠ ʚ ʊʍʉ (ʪʝʤ ʙʦʣʝʝ 

ʝʩʣʠ ʵʪʠ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʢʦʥʝʯʥʳʝ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʦʟʤʦʞʥʳ!). ʊʦʣʴʢʦ ɺʋɺʳ 

ʠʟ ʵʪʦʡ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʢʦʥʝʯʥʳʭ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʙʦʨ (ʧʦʧʘʜʘʥʠʝ ɺʉʉ) ʚ ʥʫʞʥʫʶ ʦʙʣʘʩʪʴ, ʪ.ʝ. ʚ ʥʫʞʥʳʡ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ. ɺ 

ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʟʘʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ɺʋɺʦʚ ʨʦʣʴ ʯʝʣʦʚʝʢʘ ʩʪʘʥʦʚʠʪʩʷ 

ʨʝʰʘʶʱʝʡ ʠ ʝʜʠʥʩʪʚʝʥʥʦʡ. çʅʘ ʯʝʣʦʚʝʢʘ ʥʘʣʘʛʘʝʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʚʳʙʦʨ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʫʪʠ ʨʘʟʚʠʪʠʷè, ï ʛʦʚʦʨʠʪ ʉ.ʇ. ʂʫʨʜʶʤʦʚ, ʥʦ ʚ ʨʝʘʣʠʠ ʚʩʸ 

ʛʦʨʘʟʜʦ ʪʷʞʝʣʝʡ ʠ ʭʘʦʪʠʯʥʝʡ. ɹʝʟ ʯʝʣʦʚʝʢʘ ʧʨʦʮʝʩʩ ʧʨʦʩʪʦ ʤʦʞʝʪ ʧʦʡʪʠ ʥʝ 

ʪʫʜʘ, ʢʫʜʘ ʥʘʜʦ. ʈʦʣʴ ʥʘʫʢʠ ʪʝʧʝʨʴ (ʚ ʊʍʉ ʜʣʷ ʉʊʊ) ʟʘʢʣʶʯʘʝʪʩʷ ʠ ʚ ʥʘʫʯʥʦʤ 

ʦʙʦʩʥʦʚʘʥʠʠ (ʧʨʦʛʥʦʟʝ) ʦʙʨʘʟʘ ʢʦʥʝʯʥʦʛʦ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ (ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ï 

ʵʪʦ ɿʉʇʆ ï ʟʥʘʥʠʝʚʦʝ, ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʝ, ʧʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʦʙʱʝʩʪʚʦ), ʚ 

ʥʘʫʯʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʪʨʘʝʢʪʦʨʠʡ ɺʉʉ ʚ ʌʇʉ (ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʧʦʨʷʜʢʘ!), ʚ 

ʥʘʫʯʥʦʤ ʦʙʦʩʥʦʚʘʥʠʠ ɺʋɺʦʚ ʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʦʧʳʪʢʘʭ ʧʨʠʚʝʩʪʠ ʩʠʩʪʝʤʫ ʚ 

ʥʫʞʥʳʡ (ʥʘʫʯʥʦ-ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ) ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ [141]. ɼʣʷ ʉʉʉ 

ʫʧʨʘʚʣʝʥʠʝ ʩʦʟʜʘʝʪʩʷ ʚʨʘʯʦʤ ʧʨʠ ʣʝʯʝʥʠʠ [127, 207]. 

 ɺ ʨʘʤʢʘʭ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʥʘʫʢʘ ʩʪʘʥʦʚʠʪʴʩʷ ʜʨʫʛʦʡ ʠ ʝʸ ʨʦʣʴ ʤʥʦʛʦʢʨʘʪʥʦ 

ʚʦʟʨʘʩʪʘʝʪ. ʅʘʫʢʘ ʩʪʘʥʦʚʠʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʪʨʘʝʢʪʦʨʠʶ ɺʉʉ ʚ ʌʇʉ, ʟʘ 
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ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ (ʟʘ ʧʦʧʘʜʘʥʠʝ ʚ ʥʫʞʥʳʡ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ). ɽʩʣʠ ʚ 

ɼʉʇ ʥʘʫʢʘ ʩʪʨʦʠʣʘ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʣʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʣʘ ʧʨʦʮʝʩʩʳ, ʪʦ ʪʝʧʝʨʴ 

(ʚ ʊʍʉ) ʦʥʘ ʜʦʣʞʥʘ ʟʘʜʘʚʘʪʴ ʥʫʞʥʳʝ ɺʋɺʳ, ʩʣʝʜʠʪʴ ʟʘ ʠʭ ʨʝʘʣʠʟʘʮʠʝʡ, ʟʘ 

ʜʠʥʘʤʠʢʦʡ ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʧʘʜʘʥʠʝ ʚ ʥʫʞʥʫʶ ʦʙʣʘʩʪʴ ʌʇʉ. ʉʘʤʘ 

ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʪʫʜʘ ʧʦʧʘʩʪʴ, ʘ ʤʦʞʝʪ ʠ ʥʝʪ. ɿʘʤʝʯʘʥʠʷ ʉ.ʇ. ʂʫʨʜʶʤʦʚʘ ʧʦ 

ʧʦʚʦʜʫ ʨʘʩʩʫʞʜʝʥʠʡ ʀ.ʈ. ʇʨʠʛʦʞʠʥʘ ʦ ʢʦʥʮʝ ʤʘʪʝʨʠʘʣʠʟʤʘ ʠ ʨʝʜʫʢʮʠʦʥʠʟʤʘ ʚ 

ʦʪʥʦʰʝʥʠʠ complexity ʚʩʸ-ʪʘʢʠ ʥʝ ʩʦʚʩʝʤ ʦʙʦʩʥʦʚʘʥʳ, ʪ.ʢ. ʉʊʊ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳ ʠ ʙʝʟ ɺʋɺʦʚ ʠʤ ʧʦʧʘʩʪʴ ʚ ʥʫʞʥʳʡ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ ʥʝʚʦʟʤʦʞʥʦ 

ɿʜʝʩʴ ʤʳ ʠʤʝʝʤ ʧʨʦʪʠʚʦʨʝʯʠʝ ʚ ʨʘʩʩʫʞʜʝʥʠʷʭ ʉʝʨʛʝʷ ʇʘʚʣʦʚʠʯʘ (ɺʋɺʳ 

ʥʫʞʥʳ ʠ ʦʥʠ ʤʘʪʝʨʠʘʣʴʥʳ, ʘ ʧʨʦʠʟʚʦʣʴʥʦʝ ʧʦʧʘʜʘʥʠʝ ʚ ʥʫʞʥʳʡ ʂɸ ʜʣʷ ʉʊʊ 

ʥʝʚʦʟʤʦʞʥʦ). ɺ ʨʘʤʢʘʭ ɼʉʇ ʜʣʷ ʪʘʢʠʭ ʦʩʦʙʳʭ ʉʊʊ (complexity) ʤʳ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʤʝʝʤ ʧʦʣʥʳʡ ʢʨʘʭ ʪʨʘʜʠʮʠʦʥʥʦʡ ʥʘʫʢʠ. ɺ ʊʍʉ ʤʳ ʠʤʝʝʤ ʜʝʣʦ 

ʩ ʩʠʩʪʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʧʦʚʪʦʨʷʝʤʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʠ ʚʩʝʭ 

ʧʦʩʣʝʜʫʶʱʠʭ!). ʂʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʉʊʊ ʥʝ ʧʨʦʛʥʦʟʠʨʫʝʤʦ ʚ ʧʨʠʥʮʠʧʝ ʥʠ ʚ 

ʚʠʜʝ ʪʦʯʢʠ ʚ ʌʇʉ, ʥʠ ʚ ʚʠʜʝ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(x), ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʥʝʧʨʝʨʳʚʥʦ ʠ ʭʘʦʪʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴʩʷ (ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʝʨʝʭʦʜʷʪ ʚ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʠ ʥʘʦʙʦʨʦʪ ʠ ʚʩʝ ʵʪʦ ʙʫʜʝʪ ʜʨʫʛʠʤ). 

 ɼʦʩʪʠʯʴ ʢʦʥʝʯʥʦʛʦ ʦʙʲʝʤʘ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʤʦʥʠʪʦʨʠʥʛʝ ʉʊʊ, ʟʘʜʘʥʠʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ɺʋɺʦʚ, ʘ ʩʘʤʘ ʩʠʩʪʝʤʘ ʥʝ 

ʧʦʧʘʜʸʪ ʚ ʥʫʞʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɽʩʣʠ ɺʳ ʭʦʪʠʪʝ ʚʩʪʨʝʪʠʪʴ ʩʚʦʸ 100-ʣʝʪʠʝ, ʪʦ ʜʣʷ 

ʵʪʦʛʦ ʥʘʜʦ ʦʯʝʥʴ ʩʝʨʴʝʟʥʦ ʧʦʪʨʫʜʠʪʴʩʷ, ʫʜʝʨʞʠʚʘʷ ɺʉʉ ʚ ʥʫʞʥʳʭ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘʭ, ʧʨʠʚʣʝʢʘʪʴ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʤʝʜʠʮʠʥʳ ʜʣʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ (ɺʉʆʏ) ʠ 

ʥʝʧʨʝʨʳʚʥʦ ʟʘʜʘʚʘʪʴ ʥʫʞʥʳʝ ɺʋɺʳ (ʬʠʟʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, ʛʝʨʦʧʨʦʪʝʢʪʦʨʳ, 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ, ʚʝʩʪʠ ʟʜʦʨʦʚʳʡ ʦʙʨʘʟ ʞʠʟʥʠ ʠ ʪ.ʜ.). ɺʩʸ ʵʪʦ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʫʩʠʣʠʡ ʠ ʙʦʣʴʰʠʭ ʟʥʘʥʠʡ, ʯʪʦ ʙʳ ʧʨʝʦʜʦʣʝʚʘʪʴ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʦʨʛʘʥʠʟʤʝ. ɺʉʆʏ ʥʘʜʦ ʤʦʥʠʪʦʨʠʨʦʚʘʪʴ ʠ 

ʫʧʨʘʚʣʷʪʴ ʠʤ, ʯʪʦʙʳ ʫʜʝʨʞʘʪʴ ʭʘʦʩ ɺʉʉ ʚ ʥʝʢʦʪʦʨʳʭ ʦʙʲʝʤʘʭ ʌʇʉ (ʚ ʥʫʞʥʳʭ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘʭ). ʇʦʵʪʦʤʫ ʙʝʟ ɺʋɺʦʚ ʤʘʪʝʨʠʘʣʠʟʤ ʜʣʷ ʉʊʊ ʟʘʢʦʥʯʠʣʩʷ, ʥʦ 

ɺʋɺʳ ʤʘʪʝʨʠʘʣʴʥʳ ʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʳ ʠ ʚ ʊʍʉ ʵʪʠ ɺʋɺʳ ʜʝʣʘʶʪ ʩʠʩʪʝʤʫ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ, ʘ Cʊʊ ï ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʠ ʫʧʨʘʚʣʷʝʤʳʤʠ.  

 ʆʩʦʙʘʷ ʟʘʙʦʪʘ ï ʦʙʭʦʜʠʪʴ ʪʦʯʢʠ ʠ ʦʙʣʘʩʪʠ ʩ ʦʙʦʩʪʨʝʥʠʝʤ, ʛʜʝ ʞʠʟʥʴ 

ʤʦʞʝʪ ʧʨʝʨʚʘʪʴʩʷ ʜʘʞʝ ʙʝʟ ʩʠʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠʟʚʥʝ ʠʣʠ ʥʘʧʝʨʝʢʦʨ 

ʟʘʜʘʚʘʝʤʳʤ ɺʘʤʠ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ɺʋɺʦʚ). ʄʘʪʝʨʠʘʣʠʟʤ ʠ 

ʨʝʜʫʢʮʠʦʥʠʟʤ ʜʣʷ ʉʊʊ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʟʘʢʦʥʯʠʣʩʷ, ʪʘʢ ʢʘʢ ʉʊʊ ʪʨʝʙʫʝʪ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʦʩʪʦʝ ʟʥʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʷʢʦʙʳ ʟʥʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʡ ʟʜʝʩʴ ʫʞʝ ʙʝʩʧʦʣʝʟʥʦ. ʄʳ ʥʝ ʤʦʞʝʤ ʩʝʡʯʘʩ 

ʚ ʨʘʤʢʘʭ ɼʉʇ ʦʧʠʩʳʚʘʪʴ ʧʨʦʩʪʦʡ ʧʦʩʪʫʨʘʣʴʥʳʡ ʪʨʝʤʦʨ, ʨʘʚʥʦ ʢʘʢ ʠ ʩʣʦʞʥʦʝ 

ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ. ʕʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʫ, ʤʠʦʛʨʘʤʤʫ, 

ʥʝʡʨʦʛʨʘʤʤʫ, ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʛʨʘʤʤʫ ʥʝʣʴʟʷ ʧʦʚʪʦʨʠʪʴ, ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, 

ʧʨʝʜʩʢʘʟʘʪʴ ʩ ʧʦʤʦʱʴʶ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʥʝʣʴʟʷ ʦʧʠʩʳʚʘʪʴ ʠʭ 

ʬʫʥʢʮʠʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʕʪʦ ʚʩʸ ʥʝʧʦʚʪʦʨʠʤʳʝ ʠ ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ 

ʧʨʦʮʝʩʩʳ. ʀʤʠ ʤʦʞʥʦ ʯʘʩʪʠʯʥʦ ʫʧʨʘʚʣʷʪʴ ʚ ʨʘʤʢʘʭ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ, ʥʦ ʠʭ 

ʥʝʣʴʟʷ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʦʧʠʩʳʚʘʪʴ ʚ ɼʉʇ. ʕʪʦ ʜʨʫʛʦʡ ʤʠʨ, ʤʠʨ ʜʨʫʛʠʭ ʩʠʩʪʝʤ 
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(ʉʊʊ, complexity). ʈʝʜʫʢʮʠʦʥʠʟʤ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʩʪʴ ʦʪʦʰʣʠ ʚ ʧʨʦʰʣʦʝ ʚʤʝʩʪʝ 

ʩ ɼʉʇ, ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʥʘʫʢʦʡ. ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʳ, ʧʘʨʘʤʝʪʨʳ ʧʦʨʷʜʢʘ, ʩʣʝʜʠʪʴ ʟʘ ʵʚʦʣʶʮʠʝʡ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʚ 

ʌʇʉ, ʤʦʥʠʪʦʨʠʨʦʚʘʪʴ ʵʪʫ ʵʚʦʣʶʮʠʶ ʠ ʥʝʧʨʝʨʳʚʥʦ ʟʘʜʘʚʘʪʴ ɺʋɺʳ ʜʣʷ 

ʢʦʨʨʝʢʮʠʠ ʧʦʚʝʜʝʥʠʷ ɺʉʉ ʚ ʌʇʉ. ɺʩʝ ʵʪʦ ʫʞʝ ʜʝʣʘʝʪʩʷ ʤʝʜʠʮʠʥʦʡ ʚ 

ʢʘʨʜʠʦʣʦʛʠʠ. 

ʆʜʠʥ ʠʟ ʛʣʘʚʥʝʡʰʠʭ ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʳʡ ʧʦʜʥʠʤʘʝʪ ʉ.ʇ. ʂʫʨʜʶʤʦʚ ʧʨʠ 

ʦʙʩʫʞʜʝʥʠʠ ʧʦʜʭʦʜʘ ʀ.ʈ. ʇʨʠʛʦʞʠʥʘ ʚ ʠʟʫʯʝʥʠʠ complexity, ʵʪʦ ʚʦʧʨʦʩ ʦ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʝʸ ʨʦʣʠ ʚ çʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ ʢʘʨʪʠʥʝ ʤʠʨʘè (ʩʪʨ. 55 

[132]). ʂʫʨʜʶʤʦʚ ʨʝʘʣʴʥʦ ʚʠʜʠʪ ʦʩʥʦʚʫ ʧʦʥʠʤʘʥʠʷ ʥʦʚʦʛʦ ʤʠʨʘ ʠʤʝʥʥʦ ʚ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥ ʷʚʥʦ ʥʝ ʧʨʠʟʥʘʝʪ ʧʦʩʪʦʷʥʥʫʶ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʉʊʊ (ʢʘʢ ʤʳ ʵʪʦ ʜʝʣʘʝʤ ʩʝʡʯʘʩ ʩ ʊʍʉ ʚ ʩʤʳʩʣʝ ʥʝʧʨʝʨʳʚʥʦʛʦ dx/dtÍ0), ʘ ʵʪʦ 

ʦʯʝʥʴ ʚʘʞʥʳʡ ʨʘʟʜʝʣ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ (ʵʪʦ ʦʩʥʦʚʘ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʊʍʉ). ʇʨʠ 

ʵʪʦʤ ʦʥ ʧʦʜʯʸʨʢʠʚʘʝʪ ʭʘʨʘʢʪʝʨ (ʤʝʭʘʥʠʟʤ) ʪʘʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʚʠʜʝ ʪʦʛʦ, 

ʯʪʦ çʤʘʣʳʝ ʚʦʟʤʫʱʝʥʠʷ ʠ ʬʣʫʢʪʫʘʮʠʠ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʚʣʠʷʶʪ ʥʘ 

ʤʘʢʨʦʤʘʩʰʪʘʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʘè (ʩʪʨ. 55 [132]). ɺ ʵʪʦʤ ʚʳʩʢʘʟʳʚʘʥʠʠ 

ʩʢʨʳʪʳ ʜʚʝ ʚʳʜʘʶʱʠʝʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʉʊʊ, ʢʦʪʦʨʳʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳ ʜʣʷ ɼʉʇ, 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʥʘʫʢʠ, ʥʦ ʢʦʪʦʨʳʝ ʦʱʫʱʘʣ ʉʝʨʛʝʡ ʇʘʚʣʦʚʠʯ ʠ ʧʳʪʘʣʩʷ ʠʭ ʢʘʢ-ʪʦ 

ʦʧʠʩʳʚʘʪʴ ʚ ʨʘʤʢʘʭ ɼʉʇ. 

ɺʦ-ʧʝʨʚʳʭ, ʚʦʟʤʦʞʥʳ ʛʠʛʘʥʪʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʚʳʭʦʜ 

ʟʘ ʧʨʝʜʝʣʳ ʪʨʸʭ ʩʠʛʤ (ʘ ʚ ʙʫʜʫʱʝʤ, ʢʘʢ ʫ ʅʘʩʠʤʘʊʘʣʝʙʘ) ʠ ʜʘʞʝ ʟʘ ʜʚʘʜʮʘʪʴ 

ʩʠʛʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʦʜʷʪʩʷ ʨʝʚʦʣʶʮʠʠ [132], ʢʦʛʜʘ ʥʘʨʘʩʪʘʝʪ ʧʨʦʮʝʩʩ 

ʟʘ ʩʯʸʪ ʜʘʞʝ ʥʝʙʦʣʴʰʠʭ (ʧʦʣʦʞʠʪʝʣʴʥʳʭ) ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ. ɺʦ-ʚʪʦʨʳʭ, ʉ.ʇ. 

ʂʫʨʜʶʤʦʚ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ ʥʝ ʨʷʜʦʚʳʝ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʠ 

ʥʘʙʣʶʜʘʝʤʳʝ, ʘ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʢʨʘʡʥʝ ʨʝʜʢʠʤʠ (ʥʦ ʦʥʠ ʪʦʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʙʣʶʜʘʝʤʳʤʠ). ʈʝʜʢʠʝ, ʥʦ ʚʝʩʴʤʘ ʩʝʨʴʸʟʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʚ 

ʉʊʊ ʙʝʟ ʚʩʷʢʠʭ ʚʠʜʠʤʳʭ (ʜʣʷ ɼʉʇ) ʧʨʠʯʠʥ, ʪʦ ʝʩʪʴ ʦʥʠ ʥʝ ʧʦʚʪʦʨʷʝʤʳ ʠ 

ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦ, ʥʦ ʦʥʠ ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʧʨʠʨʦʜʝ. ʍʘʨʘʢʪʝʨʥʳʡ 

ʧʨʠʤʝʨ ï ʚʥʝʟʘʧʥʘʷ ʩʤʝʨʪʴ ʯʝʣʦʚʝʢʘ (ʙʝʟ ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʝʜʧʦʩʳʣʦʢ). 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʚ ʧʨʠʨʦʜʝ ʚʩʸ ʚʦʟʤʦʞʥʦ (ʠ ʚʳʭʦʜ ʟʘ 20-ʪʴ ʩʠʛʤ) ʠ ʉ.ʇ. 

ʂʫʨʜʶʤʦʚ ʛʦʚʦʨʠʪ ʦ ʤʝʭʘʥʠʟʤʘʭ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ: ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʠʩʭʦʜʥʦʡ 

ʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʦʥʘ ʫʞʝ ʥʘʢʦʧʠʣʘ ʤʥʦʛʦ ʵʥʝʨʛʠʠ (ʠʣʠ ʟʥʘʥʠʡ, ʝʩʣʠ ʨʝʯʴ ʠʜʸʪ ʦ 

ʯʝʣʦʚʝʢʝ) ʠ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʛʦ ʥʝʙʦʣʴʰʦʛʦ ʚʦʟʤʫʱʝʥʠʷ, ʪʦʣʯʢʘ ʠ ʩʠʩʪʝʤʘ 

ʥʘʯʥʸʪ ʨʘʟʚʠʚʘʪʴʩʷ ʧʦ ʥʝʦʞʠʜʘʥʥʦʤʫ ʩʮʝʥʘʨʠʶ, ʢʦʪʦʨʳʡ ʥʘʨʘʩʪʘʝʪ ʟʘ ʩʯʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ. ɺʩʝ ʵʪʠ ʩʚʦʡʩʪʚʘ ʠ ʧʨʦʮʝʩʩʳ ʚ ʊʍʉ 

ʧʨʦʧʠʩʘʥʳ ʚ ʚʠʜʝ ʧʷʪʠ ʧʨʠʥʮʠʧʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʉʊʊ. ʂʫʨʜʶʤʦʚ ʦʙ ʵʪʦʤ 

(ʚʤʝʩʪʝ ʩ ʇʨʠʛʦʞʠʥʳʤ) ʛʦʚʦʨʠʪ ʢʘʢ ʦ ʥʝʯʪʦ ʦʨʠʛʠʥʘʣʴʥʦʤ, ʝʜʠʥʠʯʥʦʤ, ʘ ʤʳ ʚ 

ʊʍʉ ʛʦʚʦʨʠʤ ʢʘʢ ʦ ʨʝʛʫʣʷʨʥʦʤ, ʙʘʟʦʚʦʤ ʧʨʠʥʮʠʧʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʉʊʊ. ʇʨʠ 

ʵʪʦʤ ʂʫʨʜʶʤʦʚ ʧʦʩʪʦʷʥʥʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʦʜʥʦʨʦʜʥʦʩʪʴ ʪʘʢʠʭ ʩʨʝʜ, ʚ ʢʦʪʦʨʳʭ 

çʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʤʘʣʳʤ ʬʣʫʢʪʫʘʮʠʷʤ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʞʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʚ ʜʨʫʛʦʤ ï ʢ ʠʭ ʨʘʟʨʫʰʝʥʠʶè. ʆʜʥʦʚʨʝʤʝʥʥʦ ʉʝʨʛʝʡ ʇʘʚʣʦʚʠʯ 

ʧʦʩʪʦʷʥʥʦ ʧʦʜʯʝʨʢʠʚʘʝʪ çé ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʭʘʦʩè. 

ʄʳ ʞʝ ʚ ʊʍʉ ʧʦʜʯʝʨʢʠʚʘʝʤ (ʧʦʩʪʫʣʠʨʫʝʤ) ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʠ ʥʘ 

ʤʘʢʨʦʫʨʦʚʥʝ ʥʝʧʨʝʨʳʚʥʳʡ ʭʘʦʩ ʚ ʚʠʜʝ dx/dtÍ0 ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʝʥʠʷ 
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ʣʶʙʦʡ ʪʨʘʝʢʪʦʨʠʠ ɺʉʉ ʚ ʌʇʉ ʜʣʷ ʣʶʙʦʡ ʤʘʢʨʦʩʠʩʪʝʤʳ (ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʡ, 

ʌʉʆ ʚ ʚʠʜʝ ʨʘʙʦʪʳ ʩʝʨʜʮʘ ʠʣʠ ʩʠʩʪʝʤʳ ʜʳʭʘʥʠʷ, ʚ ʚʠʜʝ 

ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤ, ʵʣʝʢʪʨʦʤʠʦʛʨʘʤʤ, ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʪʦʯʥʦʛʦ ʠʣʠ ʚ 

ʨʘʤʢʘʭ ʦʜʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(x)), ʥʝʚʦʟʤʦʞʥʦ ʧʦʚʪʦʨʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʉʊʊ [21, 23, 120, 164] ʠ ʝʝ ʢʦʥʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɺ ʵʪʦʤ ʟʘʢʣʶʯʝʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ɼʉʇ, ʦʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʀ.ʈ. ʇʨʠʛʦʞʠʥʘ (ʩ ʝʛʦ complexity) ʠ ʉ.ʇ. ʂʫʨʜʶʤʦʚʘ ʚʤʝʩʪʝ ʩ H. 

Haken (ʩ ʝʛʦ ʩʠʥʝʨʛʝʪʠʢʦʡ).ɺ ʵʪʦʡ ʩʚʷʟʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʝʱʸ ʦʜʥʦ ʦʪʣʠʯʠʝ 

ʊʍʉ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ɼʉʇ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʇʨʠʛʦʞʠʥʘ ʠ 

ʂʫʨʜʶʤʦʚʘ. ʉʝʨʛʝʡ ʇʘʚʣʦʚʠʯ ʦʪʤʝʯʘʝʪ (ʩʪʨ. 56 [132]): çʟʜʝʩʴ ʚʦʟʤʦʞʥʦ 

ʤʥʦʞʝʩʪʚʦ ʧʫʪʝʡ ʨʘʟʚʠʪʠʷ, ʥʦ ʦʧʷʪʴ ʞʝ: ʥʝ ʢʘʢʦʝ ʫʛʦʜʥʦ ʠʭ ʯʠʩʣʦ, ʘ ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʝʥʥʦʝè. ʂʫʨʜʶʤʦʚ ʚ ʵʪʦʡ ʯʘʩʪʠ ʩʚʦʝʛʦ ʚʳʩʪʫʧʣʝʥʠʷ ʧʳʪʘʝʪʩʷ ʝʱʸ ʨʘʟ 

ʚʳʜʝʣʠʪʴ ʧʨʠʥʮʠʧ ʨʝʜʫʢʮʠʦʥʘʣʠʟʤʘ ʠ ʥʘʣʠʯʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ 

ʚ ʧʨʠʨʦʜʝ. ʆʥ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚ ʵʪʦʡ ʩʚʷʟʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʚʠʜʝ 

ʧʨʘʚʠʣʘ ʟʘʧʨʝʪʘ ʥʘ çé ʩʧʦʩʦʙʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚè, ʥʦ ʥʝ 

ʚʳʜʝʣʷʶʪ ʢʘʢʠʝ ʵʪʦ ʟʘʧʨʝʪʳ ʠ ʦʪ ʯʝʛʦ ʦʥʠ ʟʘʚʠʩʷʪ. ɺ ʊʍʉ ʤʳ ʜʘʸʤ ʦʪʚʝʪ ʠ ʥʘ 

ʵʪʦʪ ʚʦʧʨʦʩ ʚ ʚʠʜʝ ʘʥʘʣʦʛʘ ʧʨʠʥʮʠʧʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ɻʝʡʟʝʥʙʝʨʛʘ ʚ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ: ʜʚʠʞʝʥʠʷ ɺʉʉ ʚ ʌʇʉ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʨʘʟʤʝʨʘʤʠ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ï ʂɸ.  

ʇʨʠ ʵʪʦʤ ʩʘʤ ɺʉʉ ʚʥʫʪʨʠ ʩʚʦʝʛʦ ʂɸ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʩʦʚʝʨʰʝʥʥʦ 

ʭʘʦʪʠʯʝʩʢʠ, ʙʝʟ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʚʣʠʷʝʪ (ʦʧʨʝʜʝʣʷʝʪ) ʨʘʟʤʝʨʳ, ʧʘʨʘʤʝʪʨʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ, 

ʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ɺʉʉ ʚ ʌʇʉ. ʕʪʦ ʢʘʢ ʚ ʨʘʙʦʪʝ 

ʥʝʡʨʦʩʝʪʝʡ ʤʦʟʛʘ, ʢʦʛʜʘ ʚʥʫʪʨʝʥʥʝʝ ʩʦʩʪʦʷʥʠʝ ʤʦʟʛʘ (ʭʘʨʘʢʪʝʨ ʩʚʷʟʝʡ ʥʝʡʨʦʥʦʚ 

ʚ ʩʝʪʠ) ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʪʴʩʷ ʠ ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʥʝʧʦʚʪʦʨʠʤʦ ʠ 

ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʦ, ʥʦ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ (ʥʘʧʨʠʤʝʨ, ʨʝʰʝʥʠʝ ʙʠʥʘʨʥʦʡ 

ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ) ʙʫʜʝʪ ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴʩʷ (ʠ ʚʩʝʛʜʘ 

ʦʜʥʦʟʥʘʯʥʦ ʠ ʦʧʨʝʜʝʣʝʥʥʦ ï ʜʚʝ ʛʨʫʧʧʳ ʦʙʩʣʝʜʫʝʤʳʭ ʙʫʜʝʪ ʨʘʟʣʠʯʘʪʴ 

ʥʝʡʨʦʩʝʪʴ). 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʤʳ ʛʦʚʦʨʠʤ ʦ ʥʝʠʟʤʝʥʥʦʩʪʠ ʘʪʪʨʘʢʪʦʨʘ, ʥʦ ʩʘʤʦ ʜʚʠʞʝʥʠʝ 

ʢ ʵʪʦʤʫ ʘʪʪʨʘʢʪʦʨʫ (ʠ ʚʥʫʪʨʠ ʥʝʛʦ) ʙʫʜʝʪ ʥʝʧʦʚʪʦʨʷʝʤʦ ʠ ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʦ. 

ʊʝʤ ʩʘʤʳʤ ʉ.ʇ. ʂʫʨʜʶʤʦʚ ʧʦʜʯʝʨʢʠʚʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʳ ʧʨʠʨʦʜʳ: 

ʧʫʪʠ ʜʚʠʞʝʥʠʷ complexity ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ, ʥʦ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʟʘʢʦʥʘʤʠ ʨʘʟʚʠʪʠʷ ʩʣʦʞʥʦʡ 

ʩʠʩʪʝʤʳ, ʉʊʊ ʠ ʪʝʤ ʩʘʤʳʤ ʦʪʚʝʨʛʘʝʪʩʷ ʩʘʤʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʢʠʭ 

ʨʘʟʫʤʥʳʭ ʩʠʣ, ʙʦʞʝʩʪʚʝʥʥʦʛʦ ʥʘʯʘʣʘ. ʇʦ ʀ.ʈ. ʇʨʠʛʦʞʠʥʫ ʤʳ ʪʝʧʝʨʴ ʥʝ ʚʝʨʠʤ ʚ 

ʙʦʛʘ, ʠʛʨʘʶʱʝʛʦ ʚ ʢʦʩʪʠ, ʘ ʉ.ʇ. ʂʫʨʜʶʤʦʚ ʜʦʙʘʚʣʷʝʪ: çé ʨʘʟʨʫʰʘʝʪʩʷ ʦʙʨʘʟ 

ɺʝʣʠʢʦʛʦ ɸʜʤʠʥʠʩʪʨʘʪʦʨʘ, ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʜʚʠʞʝʥʠʝ ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʧʦ 

ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠè [132].ɺ ʊʍʉ ʚʩʝ ʵʪʦ ʟʘʤʝʥʷʝʪʩʷ ʤʝʭʘʥʠʟʤʘʤʠ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. 

ʉʝʨʛʝʡ ʇʘʚʣʦʚʠʯ ʧʨʠ ʵʪʦʤ ʚʦʟʣʘʛʘʝʪ ʦʛʨʦʤʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʘ 

ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʨʘʟʫʤʥʦ çéʫʢʦʣʦʪʴ ʩʨʝʜʫ ʚ ʥʫʞʥʳʭ ʤʝʩʪʘʭ ʠ ʪʝʤ 

ʩʘʤʳʤ ʥʘʧʨʘʚʠʪʴ ʝʸ ʜʚʠʞʝʥʠʝè. ʈʝʯʴ ʠʜʸʪ ʢʦʥʝʯʥʦ ʦ ʚʥʝʰʥʠʭ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ (ɺʋɺʘʭ), ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʟʘʜʘʚʘʪʴ ʥʫʞʥʫʶ ʪʨʘʝʢʪʦʨʠʶ 



45 

 

ʵʚʦʣʶʮʠʠ ʉʊʊ, ʜʣʷ ʝʸ ʧʦʧʘʜʘʥʠʷ ʚ ʪʝʣʝʦʣʦʛʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ. ʆʩʦʙʳʤ ʦʙʨʘʟʦʤ ʂʫʨʜʶʤʦʚ ʚʳʩʢʘʟʳʚʘʣʩʷ ʦ ʢʨʘʭʝ 

ʤʘʪʝʨʠʘʣʠʟʤʘ ʠ ʨʝʜʫʢʮʠʦʥʠʟʤʘ.  ʄʘʪʝʨʠʘʣʠʟʤ ʚ ʚʠʜʝ ʜʝʪʝʨʤʠʥʠʟʤʘ ʠ 

ʩʪʦʭʘʩʪʠʢʠ (ʧʨʠ ʠʭ ʦʧʠʩʘʥʠʠ ʉʊʊ) ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʜʦʣʞʝʥ ʟʘʢʦʥʯʠʪʴ ʩʚʦʸ  

ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʥʦ ʤʘʪʝʨʠʘʣʠʟʤ ʚ ʚʠʜʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʭʘʦʩʘ (dx/dtÍ0), ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʜʘʥʠʷ ɺʋɺʦʚ ʠ ʥʫʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ɺʉʉ ʚ ʌʇʉ (ʥʦ ʚ ʧʨʝʜʝʣʘʭ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ) ʜʦʣʞʝʥ ʦʩʪʘʪʴʩʷ! ʄʠʨ ʤʘʪʝʨʠʘʣʝʥ, ʥʦ ʦʥ ʥʝ ʠʤʝʝʪ 

ʜʝʪʝʨʤʠʥʠʩʪʩʢʫʶ ʠʣʠ ʜʘʞʝ ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʦʩʪʴ. ɺ ʊʍʉ 

ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(x)) ʙʫʜʫʪ ʥʝʧʨʝʨʳʚʥʦ 

ʠʟʤʝʥʷʪʴʩʷ, ʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʭ ʠʟʤʝʥʝʥʠʷ (ʚ ʧʨʝʜʝʣʘʭ ʦʙʲʝʤʦʚ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ) ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʟʘ ʩʯʝʪ ɺʋɺʦʚ. ɺ ʵʪʦʤ ʦʪʣʠʯʠʝ ʥʘʰʝʡ ʊʍʉ 

ʦʪ ɼʉʇ, ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʉ.ʇ. ʂʫʨʜʶʤʦʚʘ ʠ ʀ.ʈ. ʇʨʠʛʦʞʠʥʘ. ʕʚʦʣʶʮʠʷ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʠ ʚʩʝʛʦ ʞʠʚʦʛʦ ʥʘ ɿʝʤʣʝ ʭʘʦʪʠʯʥʘ, ʥʦ ʝʸ ʤʦʞʥʦ ʥʘʫʯʥʦ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʧʝʨʝʚʝʩʪʠ ʚ ʥʫʞʥʳʡ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ. ʆʙ ʵʪʦʤ ʛʦʚʦʨʠʣ ʠ ɺ.ʀ. 

ɺʝʨʥʘʜʩʢʠʡ ʚ ʩʚʦʝʡ ʪʝʦʨʠʠ ʦ ʥʦʦʩʬʝʨʝ (ʥʦʦʩʬʝʨʘ ʪʨʝʙʫʝʪ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʟʫʤʦʤ!). 

ʀ ʧʦʩʣʝʜʥʝʝ ʦʪʣʠʯʠʝ, ʠʤʝʶʱʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ: ʚʩʷ ʪʝʦʨʠʷ H. 

Haken (ʠ ʝʛʦ ʧʦʩʪʫʣʘʪ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʦʪʜʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʩʠʩʪʝʤʳ, ʘ ʪʦʣʴʢʦ ʩʦ ʚʩʝʡ ʩʠʩʪʝʤʦʡ, ʢʘʢ ʮʝʣʳʤ) ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʨʝʙʦʚʘʥʠʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ. ɺ ʨʝʘʣʠʷʭ 

ʧʨʠʨʦʜʥʳʝ ʩʠʩʪʝʤʳ ʥʝ ʷʚʣʷʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤʠ. ʇʦʵʪʦʤʫ ʣʶʙʦʝ ʤʘʣʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʠʥʦʛʜʘ ʩʧʦʩʦʙʥʦ ʚʳʟʚʘʪʴ ʢʘʪʘʩʪʨʦʬʫ (ʵʬʬʝʢʪ ʙʘʙʦʯʢʠ). ʆʜʥʘʢʦ, 

ʪʘʢʠʝ çʙʘʙʦʯʢʠè ʙʳʚʘʝʪ ʪʦʣʴʢʦ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ, ʵʪʘ ʙʘʙʦʯʢʘ (ʧʘʨʘʤʝʪʨ 

ʧʦʨʷʜʢʘ) ʜʦʣʞʥʘ ʧʦʷʚʣʷʪʴʩʷ ʚ ʥʫʞʥʦʤ ʤʝʩʪʝ ʠ ʚ ʥʫʞʥʦʝ ʚʨʝʤʷ. ʕʪʘ ʙʘʙʦʯʢʘ 

ʙʫʜʝʪ ʧʘʨʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʇʦʵʪʦʤʫ ʚʩʷ ʩʠʥʝʨʛʝʪʠʢʘ ʜʦʣʞʥʘ ʧʝʨʝʩʤʦʪʨʝʪʴ ʩʚʦʸ ʦʪʥʦʰʝʥʠʝ ʠ ʢ ʧʘʨʘʤʝʪʨʘʤ 

ʧʦʨʷʜʢʘ, ʠ ʢ çʙʘʙʦʯʢʘʤè. ɺ ʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ (ʘ ʦʥʠ ʪʠʧʠʯʥʳ ʜʣʷ ʬʠʟʠʢʠ, 

ʭʠʤʠʠ, ʪʝʭʥʠʢʠ) ʵʬʬʝʢʪʳ ʙʘʙʦʯʢʠ ʥʘʙʣʶʜʘʪʴ ʦʯʝʥʴ ʩʣʦʞʥʦ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʳ 

ʦʛʨʦʤʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʨʝʜʥʠʭ, ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʚ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ. ɼʣʷ ʪʘʢʠʭ 

ʵʬʬʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤʳ ʠ ʙʦʣʴʰʠʝ ʵʥʝʨʛʠʠ (ʥʘʣʠʯʠʝ ʠʭ ʠʩʪʦʯʥʠʢʦʚ ï ʵʪʦ ʪʦʞʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ). ʇʦʵʪʦʤʫ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚʙʣʠʟʠ ʨʘʚʥʦʚʝʩʠʷ ʥʝ 

ʤʦʛʫʪ ʜʘʚʘʪʴ ʵʬʬʝʢʪ ʙʘʙʦʯʢʠ, ʪ.ʢ. ʥʫʞʥʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ.  

ɺ ʮʝʣʦʤ, ʊʍʉ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ɼʉʇ, ʥʦ ʀ.ʈ. ʇʨʠʛʦʞʠʥ ʠ ʉ,ʇ. 

ʂʫʨʜʶʤʦʚ ʧʦʜʦʰʣʠ ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʧʦʥʠʤʘʥʠʶ ʨʝʘʣʴʥʦʩʪʠ ʉʊʊ, ʢ ʦʩʥʦʚʥʳʤ 

ʧʨʠʥʮʠʧʘʤ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʛʨʘʥʴ ɼʉʇ ʠʤ ʙʳʣʘ ʥʝ ʧʨʝʦʜʦʣʝʥʘ. 

ʂʘʢ ʠ 20 ʣʝʪ ʥʘʟʘʜ ʥʘʫʢʘ ʦʪʢʘʟʳʚʘʝʪʩʷ ʧʨʠʟʥʘʚʘʪʴ ʦʩʦʙʳʝ ʩʠʩʪʝʤʳ ʪʨʝʪʴʝʛʦ 

ʪʠʧʘ ʠ ʠʭ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ. ʊʘʢʘʷ ʟʘʜʝʨʞʢʘ ʚ ɼʉʇ ï ʵʪʦ ʪʦʨʤʦʞʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʥʝ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʥʦ ʠ ʚ ʩʦʮʠʦʣʦʛʠʠ, ʧʦʣʠʪʦʣʦʛʠʠ, 

ʧʝʜʘʛʦʛʠʢʝ, ʧʩʠʭʦʣʦʛʠʠ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ çʥʝʪʦʯʥʳʭè ʥʘʫʢʘʭ. ʀʤʝʥʥʦ ʦʙ ʵʪʦʤ 

ʭʦʪʝʣʠ ʩʢʘʟʘʪʴ  ʉ.ʇ. ʂʫʨʜʶʤʦʚ ʠ ʀ.ʈ. ʇʨʠʛʦʞʠʥ, ʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʵʪʦʤ ʚ ʨʘʤʢʘʭ 

ɼʉʇ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ. ɺʩʝ ʜʠʩʢʫʩʩʠʠ ʚʩʝ-ʪʘʢʠ ʠʜʫʪ ʚʥʫʪʨʠ ɼʉʇ, ʠ ʵʪʘ ʛʨʘʥʴ 

ʧʦʢʘ ʥʝ ʧʨʝʦʜʦʣʝʥʘ. ʅʘ ʬʦʥʝ ʵʪʦʡ ʟʘʜʝʨʞʢʠ ʚ ʨʘʟʚʠʪʠʠ ʊʍʉ ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ 
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ʚʳʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʠʟ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ (ɼʉʇ-ʥʘʫʢʠ) ʚ ʦʙʣʘʩʪʠ 

ʊʍʉ ʭʦʪʷ ʙʳ ʧʦ ʦʪʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʙʠʦʬʠʟʠʢʘ ʠ ʤʝʜʠʮʠʥʩʢʘʷ ʢʠʙʝʨʥʝʪʠʢʘ ʩ ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʧʳʪʘʝʪʩʷ ʥʘʡʪʠ ʘʥʘʣʦʛʠ ʧʦʚʝʜʝʥʠʠ ʩʣʦʞʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ɹɼʉ) ʠ ʦʙʲʝʢʪʦʚ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ. ɼʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʚʩʧʦʤʥʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʚʳʩʪʫʧʣʝʥʠʝ 

A.V. Hill  [240]. ʀʤʝʶʪʩʷ ʠ ʥʝʢʦʪʦʨʳʝ ʠʪʦʛʦʚʳʝ ʠʟʜʘʥʠʷ (ʩʤ. ʥʘʧʨʠʤʝʨ, ʅ. 

ʈʘʰʝʚʩʢʠʡ), ʢʦʪʦʨʳʝ ʝʱʸ ʚ 30-ʭ ʛʦʜʘʭ 20-ʛʦ ʩʪʦʣʝʪʠʷ ʧʨʝʜʩʪʘʚʣʷʣʠ ʧʦʜʦʙʥʳʝ 

ʘʥʘʣʦʛʠʠ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ɹɼʉ. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʚ ʵʪʠʭ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʧʳʪʢʘʭ ʩʫʱʝʩʪʚʫʝʪ ʦʯʝʥʴ ʤʘʣʦ ʧʨʠʤʝʨʦʚ ʫʩʪʘʥʦʚʠʪʴ 

ʘʥʘʣʦʛʠʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠ ɹɼʉ.  ɺ ʊʍʉ ʩʝʡʯʘʩ ʤʳ 

ʚʚʦʜʠʤ ʧʨʠʥʮʠʧ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʣʷ ʩʣʦʞʥʳʭ ɹɼʉ (complexity), ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʳʤ ʘʥʘʣʦʛʦʤ ʩʦʦʪʥʦʰʝʥʠʷ ɻʝʡʟʝʥʙʝʨʛʘ. ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʘ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʦʚ ʤʠʢʨʦʤʠʨʘ ʤʦʞʝʪ ʠʤʝʪʴ 

ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʢʦʨʥʠ ʩ ʦʙʲʝʢʪʘʤʠ ʤʘʢʨʦʤʠʨʘ, ʥʘʧʨʠʤʝʨ ʩʦ ʩʣʦʞʥʳʤʠ 

ʙʠʦʩʠʩʪʝʤʘʤʠ (complexity). ʇʨʠ ʵʪʦʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʝʢʦʪʦʨʦʛʦ ʘʥʘʣʦʛʘ ʪʫʥʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ complexity  (ɹɼʉ) ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʤʥʦʛʦʤʝʨʥʳʭ ʬʘʟʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʅʘʣʠʯʠʝ ʪʘʢʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ɹɼʉ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʚʝʜʝʥʠʷ ʉʊʊ, ʜʣʷ ʬʠʟʠʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʥʘʰʠʭ 

ʟʥʘʥʠʡ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ [141]. 

ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʡ ʘʥʘʣʦʛʠʠ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʜʭʦʜʘʤʠ ʠ ʦʙʲʝʢʪʘʤʠ ʥʘʤʠ 

ʙʳʣʠ ʚʟʷʪʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʦʨʛʘʥʠʟʫʶʱʠʝ 

ʧʦʩʪʫʨʘʣʴʥʳʡ ʪʨʝʤʦʨ ʠ ʪʝʧʧʠʥʛ. ɺ ʪʘʢʠʭ ɹɼʉ ʤʦʞʥʦ ʣʝʛʢʦ ʚʚʦʜʠʪʴ 

ʢʦʦʨʜʠʥʘʪʳ x1(t), ʩʢʦʨʦʩʪʠ x2=dx1/dt ʠ ʫʩʢʦʨʝʥʠʷ  x3=dx2/dt, ʪʦʛʜʘ ʚʝʢʪʦʨ 

ʩʦʩʪʦʷʥʠʷ x=x(t)=(x1, ʭ2, ʭ3)
ʊ
 ʪʘʢʠʭ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʙʨʘʟʫʝʪ 

ʧʨʠʚʳʯʥʦʝ ʜʣʷ ʬʠʟʠʢʠ ʪʨʸʭʤʝʨʥʦʝ ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʩʪʦʷʥʠʡ (ʌʇʉ). 

ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʝ ʤʦʛʫʪ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʘʙʩʦʣʶʪʥʳʡ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʦʡ ʚ ʚʠʜʝ dx/dt=0 ʜʣʷ 

ʚʩʝʭ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ (ɺʉʉ), ʪ.ʝ. x=x(t)Íconst. 

ʇʦʩʪʫʨʘʣʴʥʳʡ ʪʨʝʤʦʨ ʠ ʪʝʧʧʠʥʛ ï ʷʨʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʵʪʦʛʦ ʪʝʟʠʩʘ, ʪ.ʝ. 

ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ɺʉʉ ʚ ʌʇʉ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩ ʤʦʤʝʥʪʘ ʚʳʭʦʜʘ ʨʘʙʦʪ ʐʤʘʣʴʛʘʫʟʝʥʘ, ʈʘʰʝʚʩʢʦʛʦ, ʃʦʪʢʠ ʠ 

ɺʦʣʴʪʝʨʨʘ ʧʨʦʰʣʦ ʫʞʝ ʙʦʣʝʝ 70-ʪʠ ʣʝʪ, ʥʦ ʧʨʦʙʣʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ 

ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʠʦʬʠʟʠʢʝ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʦʡ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʦʙʝʣʦʤ ʟʜʝʩʴ ʦʩʪʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʟʜʝʣʦʚ 

(ʩʪʦʣʴ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ), ʥʘʧʨʠʤʝʨ ʚ ʚʠʜʝ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʤʝʭʘʥʠʢʠ (ʙʠʦʤʝʭʘʥʠʢʠ) ʠ ʘʥʘʣʦʛʘ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʚ ʜʠʥʘʤʠʢʝ ʧʦʚʝʜʝʥʠʷ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ (complexity). ʇʨʠ ʵʪʦʤ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ (ʚ 

ʙʠʦʬʠʟʠʢʝ) ʤʳ ʠʤʝʝʤ ʥʝʩʦʤʥʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʠ ʫʩʧʝʭʠ (ʚ ʚʠʜʝ ʠʟʫʯʝʥʠʷ 

ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ, ʩʪʨʦʝʥʠʷ ʠ ʬʫʥʢʮʠʝʡ ʤʝʤʙʨʘʥ ʠ ʜʨ.). ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ 

ʩʣʦʞʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʩ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʝʡ ʧʨʦʙʣʝʤʘ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʠ ʜʘʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʪʦʨʝʥʠʷ ʠʭ ʥʘʯʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ (ʚ ʚʠʜʝ x=x(t0) ʠʣʠ ʣʶʙʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ɺʉʉ ʚ ʌʇʉ) 
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ʦʩʪʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʨʝʰʝʥʥʦʡ. ʅʘ ʵʪʦ ʦʙʨʘʱʘʣ ʚʥʠʤʘʥʠʝ ʠ M. Gell-

Mann ʚ ʩʚʦʸʤ ʠʟʚʝʩʪʥʦʤ ʦʙʨʘʱʝʥʠʠ ʧʦ ʧʨʦʙʣʝʤʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʜʣʷ 

complexity [238]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʠ ʥʝʧʦʚʪʦʨʠʤʦʩʪʴ ʜʠʥʘʤʠʢʠ 

ʧʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʩʣʦʞʥʳʭ ɹɼʉ, ʢʦʪʦʨʳʝ ʤʳ ʩʝʡʯʘʩ ʦʧʨʝʜʝʣʷʝʤ ʢʘʢ ʩʠʩʪʝʤʳ ʪʨʝʪʴʝʛʦ ʪʠʧʘ 

(ʉʊʊ). ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʠʦʬʠʟʠʢʝ ʉʊʊ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ 

complexity, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʪ ʩʪʨʦʛʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤ ʠ ʠʭ ʩʚʦʡʩʪʚ. ɺ 

ʥʘʩʪʦʷʱʝʤ ʩʦʦʙʱʝʥʠʠ ʤʳ ʧʨʝʜʩʪʘʚʠʤ ʪʦʣʴʢʦ ʬʘʢʪʳ ʦʩʦʙʦʛʦ ʧʦʚʝʜʝʥʠʷ (ʠ 

ʩʚʦʡʩʪʚ) ʉʊʊ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ ʙʝʟ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʦʚ ʠʭ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʌʦʨʤʘʣʴʥʳʡ ʘʧʧʘʨʘʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʉʊʊ ʤʳ ʙʫʜʝʤ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʥʘ ʦʩʥʦʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʧʨʠʥʮʠʧʘ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ 

ɻʝʡʟʝʥʙʝʨʛʘ, ʢʦʪʦʨʳʡ ʚ ʨʘʤʢʘʭ ʜʝʪʝʨʤʠʥʠʩʪʩʢʦ-ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ 

(ɼʉʇ) ʦʙʱʝʧʨʠʟʥʘʥ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʠʩʪʝʤʳ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʚ 

ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ ʠ ʧʨʠʥʮʠʧʘʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ɻʝʡʟʝʥʙʝʨʛʘ.  
ʆʪʤʝʪʠʤ ʝʱʝ ʨʘʟ, ʯʪʦ ʧʝʨʚʳʝ ʧʦʧʳʪʢʠ ʚʚʝʩʪʠ ʥʝʢʦʪʦʨʳʝ ʧʦʥʷʪʠʷ ʦ ʉʊʊ 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 65 ʣʝʪ ʥʘʟʘʜ Warren Weaver ʚ ʝʛʦ ʠʟʚʝʩʪʥʦʡ ʧʫʙʣʠʢʘʮʠʠ 

çScience and complexityè [247]. ʆʜʥʘʢʦ, ʚʚʦʜʷ ʧʦʥʷʪʠʝ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ 

ʩʣʦʞʥʦʩʪʠ W. Weaver ʪʦʛʜʘ ʥʝ ʚʳʧʦʣʥʠʣ ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ, ʠʭ 

ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʠ, ʛʣʘʚʥʦʝ, ʥʝ ʧʨʝʜʣʦʞʠʣ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʜʣʷ ʠʭ ʦʧʠʩʘʥʠʷ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʚ ʙʠʦʬʠʟʠʢʝ ʥʘ ʫʨʦʚʥʝ complexity, ʢʘʢ ʵʪʦ 

ʠ ʧʨʝʜʩʪʘʚʣʷʣ ʚ 50-ʭ ʛʦʜʘʭ 20-ʛʦ ʚʝʢʘ A. Hill, ʥʝ ʜʘʣʠ ʥʫʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [240] 

ʠʟ-ʟʘ ʦʩʦʙʳʭ ʩʚʦʡʩʪʚ ʉʊʊ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ H. Haken [239] ʠ I.R. 

Prigogine [245] ʚ ʦʙʣʘʩʪʠ ʩʠʥʝʨʛʝʪʠʢʠ ʠ ʪʝʦʨʠʠ complexity ʪʘʢʞʝ ʟʘʢʦʥʯʠʣʠʩʴ 

ʙʝʟʨʝʟʫʣʴʪʘʪʥʦ ʚ ʧʣʘʥʝ ʚʳʜʝʣʝʥʠʷ ʦʩʦʙʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʦʩʦʙʳʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʠʷ complexity ʩ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʝʡ. ɹʦʣʝʝ ʪʦʛʦ, ʩʘʤ 

ʇʨʠʛʦʞʠʥ ʚ ʧʨʝʜʩʤʝʨʪʥʦʡ ʩʪʘʪʴʝ çThe Die is not Castè [245] ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ 

ʚʳʜʝʣʠʣ ʩʠʩʪʝʤʳ ʚ ʧʨʠʨʦʜʝ, ʢʦʪʦʨʳʝ ʩʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ ʥʝ ʠʟʫʯʘʝʪ ʠ ʥʝ 

ʦʧʠʩʳʚʘʝʪ. ʈʝʯʴ ʠʜʸʪ ʦʙ ʫʥʠʢʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʙʝʟ ʠʭ ʧʦʚʪʦʨʝʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ, ʢʘʢ ʤʳ ʩʝʡʯʘʩ ʧʦʢʘʞʝʤ, ʠʤʝʥʥʦ ʵʪʠ ʩʠʩʪʝʤʳ 

ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʳʝ ʦʙʲʝʢʪʳ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ. ʕʪʠ ʦʩʦʙʳʝ ʦʙʲʝʢʪʳ 

(ʠ ʠʭ ʩʚʦʡʩʪʚʘ) ʫʞʝ ʦʧʠʩʳʚʘʣʠ ʚ ʩʚʦʠʭ ʦʙʟʦʨʘʭ ɻ.ʈ. ʀʚʘʥʠʮʢʠʡ [63, 68] ʠ ɺ.ɺ. 

ʉʤʦʣʷʥʠʥʦʚ [69, 74]. ʆʜʥʘʢʦ, ʦʩʦʙʦʝ ʩʚʦʡʩʪʚʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʝʨʮʘʥʠʷ ʠ 

ʵʚʦʣʶʮʠʠ ʢʘʞʜʦʡ complexity ʦʩʪʘʸʪʩʷ ʚʩʸ-ʪʘʢʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʙʩʫʞʜʝʥʠʷ ʩ 

ʧʦʟʠʮʠʡ ʜʝʪʝʨʤʠʥʠʟʤʘ ʠ ʩʪʦʭʘʩʪʠʢʠ [21, 23, 120, 164]. 

ʇʦʩʢʦʣʴʢʫ ʤʳ ʚ ʥʘʩʪʦʷʱʝʤ ʩʦʦʙʱʝʥʠʠ ʙʫʜʝʤ ʧʨʝʜʩʪʘʚʣʷʪʴ ʪʦʣʴʢʦ ʬʘʢʪʳ, 

ʪʦ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʩʦʙʳʝ ʩʚʦʡʩʪʚʘ ʉʊʊ ʤʳ ʥʝ ʙʫʜʝʤ ʜʦʢʘʟʳʚʘʪʴ (ʘ 

ʵʪʦ 5 ʧʨʠʥʮʠʧʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʉʊʊ ʠ 13-ʪʴ ʠʭ ʦʪʣʠʯʠʡ ʦʪ ʦʙʲʝʢʪʦʚ ʬʠʟʠʢʠ, 

ʭʠʤʠʠ, ʪʝʭʥʠʢʠ), ʘ ʩʨʘʟʫ ʫʢʘʞʝʤ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʉʊʊ ʩ ʧʦʟʠʮʠʡ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʥʘʫʢʠ, ʪ.ʝ. ʬʠʟʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ, ʦʧʠʩʳʚʘʶʱʠʭ ʦʙʲʝʢʪʳ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʤʳ ʩʝʡʯʘʩ ʚʳʜʝʣʷʝʤ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ ʞʠʚʦʡ ʧʨʠʨʦʜʳ, 

ʢʦʪʦʨʳʝ ʦʪʩʫʪʩʪʚʫʶʪ ʫ ʦʙʲʝʢʪʦʚ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ, ʥʦ ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʦʧʠʩʳʚʘʪʴ ʘʥʘʣʦʛʘʤʠ ʬʠʟʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. 
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ɺʦ-ʧʝʨʚʳʭ, ʚʩʝ ʉʊʊ (complexity ʚ ʪʨʘʢʪʦʚʢʝ ʇʨʠʛʦʞʠʥʘ-ʍʘʢʝʥʘ) ʥʝ ʠʤʝʶʪ 

ʪʦʯʝʢ ʧʦʢʦʷ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ (ʜʝʪʝʨʤʠʥʠʩʪʩʢʦ-ʩʪʦʭʘʩʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ï ɼʉʇ) 

ʧʣʘʥʝ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʉʊʊ ʥʠʢʦʛʜʘ ʠʭ ɺʉʉ x=x(t) ʥʝ ʩʤʦʞʝʪ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʚ ʚʠʜʝ dx/dt=0. ɼʣʷ ʣʶʙʦʡ ʉʊʊ ʠʭ 

ɺʉʉ ʚ ʌʇʉ ʠʩʧʳʪʳʚʘʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʠ ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ. ʕʪʦ ʜʚʠʞʝʥʠʝ 

(ʢʘʢ ʠ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʚ ʫʩʣʦʚʠʷʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʧʨʠʤʝʨ, 

ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʝ ʠʣʠ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʚ ʘʪʦʤʝ) 

ʦʛʨʘʥʠʯʝʥʦ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʨʘʤʢʘʤʠ, ʥʘʢʣʘʜʳʚʘʝʤʳʤʠ ʥʘ ʬʘʟʦʚʳʝ 

ʢʦʦʨʜʠʥʘʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉʊʊ ʥʝ ʠʤʝʝʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ ʚ ʘʩʧʝʢʪʝ 

ɼʉʇ. 

ɺʦ-ʚʪʦʨʳʭ, ʚ ʙʠʦʤʝʭʘʥʠʢʝ ʪʘʢʠʤʠ ʬʘʟʦʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʷʚʣʷʝʪʩʷ 

ʧʦʣʦʞʝʥʠʝ ʢʦʥʝʯʥʦʩʪʠ (ʧʘʣʴʮʘ ʧʨʠ ʧʦʩʪʫʨʘʣʴʥʦʤ ʪʨʝʤʦʨʝ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʝʛʠʩʪʨʠʨʫʶʱʝʤʫ ʜʘʪʯʠʢʫ ï x1= x1(t) ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʥʝʯʥʦʩʪʠ x2= 

x2(t)= dx1/dt. ʅʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʚʝʢʪʦʨʘ x=(x1, x2)
T
 ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ 

ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʢʦʪʦʨʳʝ ʚʩʸ-ʪʘʢʠ ʙʫʜʫʪ ʠʤʝʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʛʨʘʥʠʮʳ ʚ 

ʧʨʝʜʝʣʘʭ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʕʪʠ ʛʨʘʥʠʮʳ ʦʙʨʘʟʫʶʪ ʥʝʢʦʪʦʨʫʶ ʦʙʣʘʩʪʴ ʚ 

ʌʇʉ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ (ʧʩʠʭʠʯʝʩʢʦʝ) ʩʦʩʪʦʷʥʠʝ 

ʩʫʙʲʝʢʪʘ (ʠʩʧʳʪʫʝʤʦʛʦ) ʠ ʢʦʪʦʨʫʶ ʤʳ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʢʘʢ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ ï 

ʂɸ. ʆʙʲʸʤ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ (VG) ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʙʲʝʢʪʘ ʠ ʦʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʡʯʘʩ ʥʘʤʠ ʚ ʙʠʦʣʦʛʠʠ, ʧʩʠʭʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʠʩʧʳʪʫʝʤʦʛʦ [127]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʳ ï 

ʚʘʞʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʶʙʦʡ ʉʊʊ (complexity), ʜʠʥʘʤʠʢʠ ʧʦʚʝʜʝʥʠʷ ʠʭ ɺʉʉ. 

ɺ ʮʝʣʦʤ, ʜʣʷ ʉʊʊ ʤʳ ʠʤʝʝʤ ʥʝʢʦʪʦʨʳʝ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦʝ ʠ ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ɺʉʉ, ʥʦ 

ʭʘʦʩ ɹɼʉ, ʪ.ʝ. ʉʊʊ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʠʟʫʯʘʝʪʩʷ ʥʘ ʤʦʜʝʣʷʭ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʝʡʯʘʩ ʪʝʦʨʠʠ ʭʘʦʩʘ. 

ʕʪʦ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʝʥʦ ʚ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʧʦʩʪʦʷʥʥʦʡ ʵʚʦʣʶʮʠʠ ʉʊʊ, ʢʦʪʦʨʘʷ 

ʩʚʷʟʘʥʘ ʩ ʚʦʟʨʘʩʪʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʦʨʛʘʥʠʟʤʘ, ʘ ʪʘʢʞʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʟʘʙʦʣʝʚʘʥʠʡ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʩʣʝ ʚʳʟʜʦʨʦʚʣʝʥʠʷ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʥʝ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʥʝʣʴʟʷ ʜʚʘʞʜʳ ʧʝʨʝʙʦʣʝʪʴ ʦʜʠʥʘʢʦʚʦ 

ʦʜʥʠʤ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʪ.ʢ. ʦʨʛʘʥʠʟʤ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʠ ʧʦʩʣʝ ʚʳʟʜʦʨʦʚʣʝʥʠʷ ʥʝ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉʊʊ ʠʤʝʶʪ ʩʚʦʡʩʪʚʦ 

ʵʚʦʣʶʮʠʠ, ʢʦʛʜʘ ʠʭ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʳ ʜʚʠʞʫʪʩʷ ʚ ʌʇʉ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʪʘʨʝʥʠʠ 

ʦʨʛʘʥʠʟʤʘ). 

ɽʩʣʠ ʚ ʪʝʦʨʠʠ ʭʘʦʩʘ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʤʦʜʝʣʠ (ʧʦʚʪʦʨʷʷ ʧʘʨʘʤʝʪʨʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ) ʤʦʞʥʦ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʧʘʨʘʤʝʪʨʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ, ʪʦ 

ʜʣʷ ʙʠʦʩʠʩʪʝʤ (ʉʊʊ) ʜʚʘʞʜʳ ʧʦʚʪʦʨʠʪʴ ʠʭ ʚʥʫʪʨʝʥʥʝʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʜʠʥʘʤʠʢʫ 

ʧʦʚʝʜʝʥʠʷ ʠʭ ɺʉʉ ʜʘʞʝ ʥʘ ʢʦʨʦʪʢʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʥʝʚʦʟʤʦʞʥʦ. ɹʦʣʝʝ 

ʪʦʛʦ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʉʊʊ, ʪʦ ʤʳ 

ʤʦʞʝʤ ʧʦʣʫʯʘʪʴ ʜʘʞʝ ʥʘ ʢʦʨʦʪʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ Ű1=Ű2=Ű3=éʨʘʟʥʳʝ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʊʘʢʘʷ ʜʠʥʘʤʠʢʘ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʦʩʪʫʨʘʣʴʥʦʛʦ ʪʨʝʤʦʨʘ, ʪʝʧʧʠʥʛʘ (ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʧʘʣʴʮʘ), 

ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ, ʵʣʝʢʪʨʦʤʠʦʛʨʘʤʤ ʠ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤ. ʃʶʙʳʝ 

ʧʘʨʘʤʝʪʨʳ ʛʦʤʝʦʩʪʘʟʘ (ʚʢʣʶʯʘʷ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʨʦʚʠ) ʚʩʝʛʜʘ 
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ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʪʦʯʝʢ ʧʦʢʦʷ (ʪ.ʝ. dx/dtÍ0) ʠ ʥʝʧʨʝʨʳʚʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(x). 

ɹʦʣʝʝ ʪʦʛʦ, ʥʘ ʢʦʨʦʪʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ Ű ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʞʝʪ 

ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠ ʦʙʨʘʪʥʦ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʥʠ ʜʝʪʝʨʤʠʥʠʩʪʩʢʠʝ ʤʦʜʝʣʠ ʚ ʚʠʜʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ, ʨʘʟʥʦʩʪʥʳʭ, ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʣʠ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʝ ʤʦʛʫʪ ʦʧʠʩʳʚʘʪʴ ʪʘʢʠʝ ʉʊʊ (ʪ.ʢ. ʥʘʯʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ɺʉʉ ʚ ʚʠʜʝ x (t0) ʥʝʧʦʚʪʦʨʠʤʦ ʠ ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʦ ʚ ʧʨʠʥʮʠʧʝ), ʥʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʚ ʚʠʜʝ ʨʘʩʯʸʪʘ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(x) ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʠʩʘʥʠʷ ʉʊʊ. ʕʪʦ ʦʩʦʙʳʡ ʪʠʧ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʡ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʝ ʠ ʜʣʷ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʦʛʥʦʟʘ ʚ ʙʫʜʫʱʝʤ ʥʘ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʉʊʊ. 

ʀʤʝʥʥʦ ʵʪʦ ʧʳʪʘʣʩʷ ʩʢʘʟʘʪʴ M. Gell-Mann ʚ ʩʚʦʸʤ ʦʙʨʘʱʝʥʠʠ, ʥʦ ʪʦʣʴʢʦ ʚ 

ʦʪʥʦʰʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [238]. 

ʆʜʥʘʢʦ, ʫ ʵʪʠʭ ʦʩʦʙʳʭ ʉʊʊ ʥʘʨʷʜʫ ʩ ʦʩʦʙʳʤ ʭʘʦʩʦʤ ʠʤʝʶʪʩʷ ʠ ʤʝʭʘʥʠʟʤʳ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʤʳ ʩʝʡʯʘʩ ʨʘʟʨʘʙʘʪʳʚʘʝʤ ʥʦʚʳʝ ʤʝʪʦʜʳ ʦʧʠʩʘʥʠʷ 

ʩʠʩʪʝʤ ʪʨʝʪʴʝʛʦ ʪʠʧʘ (ʦʪʣʠʯʥʳʭ ʦʪ ʜʝʪʝʨʤʠʥʠʩʪʩʢʠʭ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ), 

ʢʦʪʦʨʳʝ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʥʦʚʦʡ ʪʝʦʨʠʠ ʭʘʦʩʘ-ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ï ʊʍʉ. ʕʪʘ ʊʍʉ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 5 ʧʨʠʥʮʠʧʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʉʊʊ (ʢʦʤʧʘʨʪʤʝʥʪʥʦ-ʢʣʘʩʪʝʨʥʦʝ 

ʩʪʨʦʝʥʠʝ, ʩʚʦʡʩʪʚʦ çʤʝʨʮʘʥʠʷè ʉʊʊ (ʢʦʛʜʘ ʥʝʧʨʝʨʳʚʥʦ dx/dtÍ0), ʵʚʦʣʶʮʠʶ 

ʉʊʊ ʠ ʠʭ ʪʝʣʝʦʣʦʛʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʢ ʥʝʢʦʪʦʨʦʤʫ ʢʦʥʝʯʥʦʤʫ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʫ, 

ʥʘʢʦʥʝʮ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʭʦʜʘ ʥʝ ʪʦʣʴʢʦ ʟʘ 3 ʩʠʛʤʳ, ʥʦ ʠ ʟʘ 10, 20-ʪʴ ʩʠʛʤ, ʯʪʦ ʚ 

ʩʪʦʭʘʩʪʠʢʝ ʠʩʢʣʶʯʝʥʦ ʧʦʣʥʦʩʪʴʶ). ʇʦʩʣʝʜʥʝʝ ʩʚʦʡʩʪʚʦ ʛʠʛʘʥʪʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ 

ʦʪ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ʭʘʨʘʢʪʝʨʥʦ ʪʦʣʴʢʦ ʜʣʷ ɹɼʉ. ʊʝʭʥʠʯʝʩʢʠʝ 

ʠʣʠ ʬʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʩʪʦ ʧʨʝʢʨʘʱʘʶʪ ʩʚʦʸ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ. ʆʜʥʘʢʦ, ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʪʘʢʠʝ ʵʬʬʝʢʪʳ ʠʤʝʶʪ ʤʝʩʪʦ ʚ 

ʚʠʜʝ ʪʫʥʥʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ: ʯʘʩʪʠʮʘ ʤʦʞʝʪ ʧʨʝʦʜʦʣʝʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ 

(ʚʳʡʪʠ ʠʟ ʷʜʨʘ, ʥʘʧʨʠʤʝʨ) ʠ ʜʘʞʝ ʚʦʟʚʨʘʪʠʪʴʩʷ ʦʙʨʘʪʥʦ. 

ʉʠʩʪʝʤʘ ʨʝʛʫʣʷʮʠʠ ʪʨʝʤʦʨʘ ʠ ʉʉʉ ʪʘʢʦʚʘ, ʯʪʦ ʤʳ ʥʝ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʙʳʯʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ, ʪʘʢ ʢʘʢ ʥʘ ʨʘʟʥʳʭ ʢʦʨʦʪʢʠʭ (ʨʷʜʦʤ 

ʣʝʞʘʱʠʭ) ʠʥʪʝʨʚʘʣʘʭ ʠʟʤʝʨʝʥʠʡ ʩʠʩʪʝʤʘ ʚʝʜʝʪ ʩʝʙʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝʫʩʪʦʡʯʠʚʦ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟ ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʠʪ ʚ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ, ʧʨʠ ʵʪʦʤ ʠ 

ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʸʪ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʥʝʛʦ (<x>) ʠ 

ʜʠʩʧʝʨʩʠʡ (D), ʪʦ ʝʩʪʴ ʩʦʟʜʘʝʪʩʷ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʦʩʪʦʷʥʥʦ 

ʜʨʫʛʘʷ ʚʳʙʦʨʢʘ. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʜʚʘ ʨʘʟʥʳʭ ʠʥʪʝʨʚʘʣʘ ʠʟʤʝʨʝʥʠʷ 

ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ Ű, ʪʦ ʤʳ ʪʦʞʝ ʧʦʣʫʯʘʝʤ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʱʠʝʩʷ 

ʨʝʟʫʣʴʪʘʪʳ: ʪʦ ʨʘʟʣʠʯʠʷ ʧʦ ɺʠʣʢʦʢʩʦʥʫ ʩʫʱʝʩʪʚʝʥʥʳ, ʪʦ ʦʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʥʝʟʥʘʯʠʤʳ.  

ɺʩʸ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʪʘʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʥʝʣʴʟʷ ʥʘʟʳʚʘʪʴ ʬʣʫʢʪʫʘʮʠʷʤʠ, ʪʘʢ ʢʘʢ ʥʝʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. ʊʦʯʥʝʝ ʛʦʚʦʨʷ, ʩʘʤʦ ʵʪʦ ʩʨʝʜʥʝʝ (ʚʤʝʩʪʝ ʩ ʜʠʩʧʝʨʩʠʝʡ 

ʠʣʠ ʜʨʫʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ) ʥʝʧʨʝʨʳʚʥʦ ʠ ʭʘʦʪʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪʩʷ. ʀʥʦʛʜʘ 

ʜʘʞʝ ʚʦʟʤʦʞʥʦ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ ʢʦʨʦʪʢʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ, ʥʦ 
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ʵʪʦ ʩʪʦʣʴ ʨʝʜʢʦʝ ʠ ʩʣʫʯʘʡʥʦʝ (ʭʘʦʪʠʯʝʩʢʦʝ) ʷʚʣʝʥʠʝ, ʯʪʦ ʦʙ ʵʪʦʤ ʥʝʪ ʩʤʳʩʣʘ 

ʜʘʞʝ ʛʦʚʦʨʠʪʴ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʳ ʧʦʣʫʯʘʝʤ ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ, 

ʤʠʦʛʨʘʤʤ, ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤ. ʅʝʣʴʟʷ ʚʳʜʝʣʠʪʴ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ! ɼʣʷ 

ʠʣʣʶʩʪʨʘʮʠʠ ʧʨʝʜʩʪʘʚʠʤ ʚʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʳʡ ʧʨʠʤʝʨ ʠʟ ʦʙʣʘʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʢʘʨʜʠʦʨʠʪʤʠʢʠ, ʢʦʛʜʘ ʭ1(t) ï ʵʪʦ ʬʫʥʢʮʠʷ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ, ʘ x2=dx1/dt ï 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ x1(t). 

ɺ ʪʘʙʣʠʮʝ 2 ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʥʝʢʦʪʦʨʫʶ ʘʥʘʣʦʛʠʶ ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʠʤʝʨʘ 

ʩ ʧʦʩʪʫʨʘʣʴʥʳʤ ʪʨʝʤʦʨʦʤ, ʥʦ ʪʝʧʝʨʴ ʫʞʝ ʫ ʠʩʧʳʪʫʝʤʦʛʦ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 

ʧʘʨʘʤʝʪʨʳ ʩ ʧʦʤʦʱʴʶ ʧʫʣʴʩʦʤʝʪʨʘ (ʚʨʝʤʷ ʤʝʞʜʫ ʫʜʘʨʘʤʠ ʧʫʣʴʩʘ) ʠ ʦʙʱʠʡ 

ʠʥʪʝʨʚʘʣ ʠʟʤʝʨʝʥʠʷ ʪʝʧʝʨʴ Ű=5 ʤʠʥ (ʩʨʘʚʥʠʪʝ ʩ 5 ʩʝʢ ʜʣʷ ʪʨʝʤʦʨʘ), ʢʦʪʦʨʳʡ 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 4-ʝ ʠʥʪʝʨʚʘʣʘ ʧʦ 1-ʡ ʤʠʥʫʪʝ (ʧʝʨʚʘʷ ʤʠʥʫʪʘ ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʠʟ-ʟʘ 

ʥʝʫʩʪʦʷʚʰʝʛʦʩʷ ʨʝʞʠʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʧʫʣʴʩʘ), ʪʦ ʝʩʪʴ Ű1+Ű2+Ű3+Ű4=4 ʤʠʥ. ʊʘʢʘʷ 

ʧʷʪʠʤʠʥʫʪʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʙʱʝʧʨʠʥʷʪʘ ʚ ɽʚʨʦʧʝ, ʥʦ ʤʳ ʩʝʡʯʘʩ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ, ʯʪʦ ʥʘ ʢʘʞʜʦʡ ʤʠʥʫʪʝ ʠʟʤʝʨʝʥʠʷ ʤʳ ʢʘʢ ʠ ʚ ʦʧʳʪʘʭ ʩ 

ʪʨʝʤʦʨʦʤ ʙʫʜʝʤ ʠʤʝʪʴ ʭʘʦʪʠʯʝʩʢʫʶ ʜʠʥʘʤʠʢʫ. ɼʣʷ ʵʪʦʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʧʨʦʚʝʨʠʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩʦʧʦʩʪʘʚʠʤʳ ʣʠ ʦʥʠ ʤʝʞʜʫ ʩʦʙʦʡ (ʵʪʠ ʠʥʪʝʨʚʘʣʳ Űi) ʠ 

ʪʘʢʞʝ ʩ ʦʙʱʠʤ ʠʥʪʝʨʚʘʣʦʤ ʚ 5 ʤʠʥ (ʩ ʝʛʦ ʨʘʟʙʠʝʥʠʝʤ ʥʘ 4-ʝ ʦʪʨʝʟʢʘ), ʢʦʛʜʘ ʥʘ 

ʠʩʧʳʪʫʝʤʦʛʦ ʜʝʡʩʪʚʦʚʘʣʠ ʨʠʪʤʠʯʝʩʢʦʡ ʤʫʟʳʢʦʡ (ʘʥʘʣʦʛʠʯʥʦ ʩ ʦʧʳʪʦʤ ʧʦ 

ʪʨʝʤʦʨʫ) ʠ ʧʨʠ ʵʛʦ ʥʘʭʦʞʜʝʥʠʠ ʚ ʩʧʦʢʦʡʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʊʘʙʣʠʮʘ 2 

ʇʨʦʚʝʨʢʘ ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ 

 
  N ʤʘʢʩ.D ʂ.-ʉ. p ʃʠʣʣʠʝʬ. p W p 

ɼʦ ʚʦʟʜʝʡʩʪʚʠʷ 1 
7

9 0,08 p > .20 p > .20 0,97 0,09 

ɼʦ ʚʦʟʜʝʡʩʪʚʠʷ 2 
7

9 0,10 p > .20 p < ,10 0,98 0,25 

ɼʦ ʚʦʟʜʝʡʩʪʚʠʷ 3 
7

9 0,11 p > .20 NN   p < ,05 0,98 0,25 

ɼʦ ʚʦʟʜʝʡʩʪʚʠʷ 4 
7

9 0,07 p > .20 p > .20 0,99 0,60 

ɼʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʙʱ 
3

98 0,05 p < ,20 NN   p < ,01 0,99 0,16 

ʈʠʪʤʠʯʝʩʢʘʷ 1 
7

9 0,08 p > .20 p > .20 0,97 0,09 

ʈʠʪʤʠʯʝʩʢʘʷ 2 
7

9 0,09 p > .20 p < ,10 0,97 0,10 

ʈʠʪʤʠʯʝʩʢʘʷ 3 
7

9 0,09 p > .20 p < ,15 0,97 0,05 

ʈʠʪʤʠʯʝʩʢʘʷ 4 
7

9 0,10 p > .20 NN   p < ,05 0,97 0,08 

ʈʠʪʤʠʯʝʩʢʘʷ ʦʙʱ 
3

98 0,07 p < ,05 NN   p < ,01 0,99 0,00 

 

ɺ ʨʘʤʢʘʭ ʊʍʉ ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʪʨʝʤʦʨʘ, ʪʝʧʧʠʥʛʘ, ʢʘʨʜʠʦʨʠʪʤʦʤ, 

ʤʠʦʛʨʘʤʤ ʠ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʨʘʤʤ ʠʤʝʶʪ ʦʙʱʠʝ ʢʦʨʥʠ. ʕʪʘ ʦʙʱʥʦʩʪʴ 

ʟʘʢʣʶʯʝʥʘ ʚ ʧʨʠʥʮʠʧʘʭ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʶʙʳʭ complexity, 

ʣʶʙʳʭ ʩʠʩʪʝʤ ʪʨʝʪʴʝʛʦ ʪʠʧʘ. ɻʣʘʚʥʳʡ ʧʨʠʥʮʠʧ ï ʵʪʦ ʥʝʧʨʝʨʳʚʥʦʝ ʠ 
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ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ (ɺʉʉ) ʚ ʧʨʝʜʝʣʘʭ 

ʥʝʢʦʪʦʨʦʛʦ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ï ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ 

ɺʉʉ ʭʘʦʪʠʯʝʩʢʠ ʜʚʠʞʝʪʩʷ. ɼʣʷ ʪʘʢʠʭ ʜʚʠʞʝʥʠʡ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ, ʥʝʧʨʠʤʝʥʠʤʳ (ʢʘʢ ʠ ʜʣʷ ʪʨʝʤʦʨʘ, ʯʪʦ ʤʳ ʧʦʢʘʟʘʣʠ 

ʚʳʰʝ). ɼʣʷ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ ʤʳ ʠʤʝʝʤ ʥʝʧʨʝʨʳʚʥʳʝ ʧʝʨʝʭʦʜʳ ʦʪ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʢ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʠ ʦʙʨʘʪʥʦ ʥʘ ʢʦʨʦʪʢʠʭ 

ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ Ű. ʅʘ ʵʪʠʭ ʞʝ ʠʥʪʝʨʚʘʣʘʭ Ű ʩʘʤʠ ʵʪʠ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʤʝʥʷʶʪʩʷ, ʪʦ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʥʝʚʦʟʤʦʞʥʦ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʚʫʭ 

ʦʪʨʝʟʢʦʚ ʠʟʤʝʨʝʥʠʷ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ (ʧʦ 5 ʤʠʥ ʢʘʞʜʳʡ) ʚ ʩʧʦʢʦʡʥʦʤ 

ʩʦʩʪʦʷʥʠʠ (ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ) ʠ ʧʦʩʣʝ ʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʛʨʦʤʢʘʷ 

ʨʠʪʤʠʯʝʩʢʘʷ ʤʫʟʳʢʘ, ʢʘʢ ʬʘʢʪʦʨ ʩʪʨʝʩʩʘ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ 10-ʪʠ 

ʩʨʘʚʥʠʚʘʝʤʳʭ ʠʥʪʝʨʚʘʣʦʚ  (ʚʩʝ ʜʣʷ ʦʜʥʦʛʦ ʠʩʧʳʪʫʝʤʦʛʦ) ʢʨʠʪʝʨʠʡ ʃʠʣʣʠʬʦʨʩʘ 

(ʛʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʨ<0.05 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ), ʚ 

ʯʝʪʳʨʝʭ ʩʣʫʯʘʷʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʪʭʦʜ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʜʣʷ 

ʜʨʫʛʠʭ ʠʟʤʝʨʝʥʠʡ ʫ ʵʪʦʛʦ ʠʩʧʳʪʫʝʤʦʛʦ ʜʠʥʘʤʠʢʘ ʘʥʘʣʦʛʠʯʥʘʷ ï ʭʘʦʪʠʯʝʩʢʘʷ. 

ɹʦʣʝʝ ʪʦʛʦ, ʜʣʷ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʦʙʩʣʝʜʫʝʤʳʭ (ʚʩʝʛʦ ʙʦʣʝʝ 20-ʪʠ ʪʳʩʷʯ 

ʠʟʤʝʨʝʥʠʡ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ) ʢʘʨʪʠʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʘʥʘʣʦʛʠʯʥʘʷ: 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʭʦʜʷʪ ʦʪ ʥʦʨʤʘʣʴʥʳʭ ʢ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʠ ʦʙʨʘʪʥʦ ʠ ʵʪʦ 

ʜʣʠʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʠ ʭʘʦʪʠʯʝʩʢʠ. ʆʜʥʘʢʦ, ʛʣʘʚʥʦʝ ʜʘʞʝ ʥʝ ʵʪʘ ʧʦʩʪʦʷʥʥʘʷ 

ʭʘʦʪʠʯʝʩʢʘʷ ʠʛʨʘ ʩ ʬʦʨʤʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɻʣʘʚʥʦʝ ʪʦ, ʯʪʦ ʩʘʤʠ ʵʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʪʩʷ: ʠʟʤʝʥʷʶʪʩʷ ʠʭ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ <x> ʠ 

ʜʠʩʧʝʨʩʠʠ D*, ʠʭ ʤʦʜʳ, ʤʝʜʠʘʥʳ, ʠʟʤʝʥʷʝʪʩʷ ʚʩʸ. ʊʘʢʠʝ ʙʠʦʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪʩʷ 

ʚ ʥʝʧʨʝʨʳʚʥʦʡ ʚʘʨʠʘʮʠʠ (ʘ ʥʝ ʬʣʫʢʪʫʘʮʠʠ!), ʪ.ʢ. ʦʥʠ ʭʘʦʪʠʯʝʩʢʠ ʠʟʤʝʥʷʶʪʩʷ. 

ɺ ʪʘʙʣʠʮʝ 3 ʤʳ ʜʝʤʦʥʩʪʨʠʨʫʝʤ ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʜʣʷ 

ʚʳʙʦʨʦʢ ʠʟ ʪʘʙʣʠʮʳ 3. ɼʣʷ ʚʩʝʭ 8-ʤʠ ʠʥʪʝʨʚʘʣʦʚ (ʠʟʲʷʣʠ ʦʙʱʠʝ ʠʥʪʝʨʚʘʣʳ) 

ʨ<0.05, ʪ.ʝ. ʩ ʧʦʟʠʮʠʡ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʩʝ ʵʪʠ ʚʳʙʦʨʢʠ ʨʘʟʣʠʯʥʳ, ʦʥʠ 

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʨʘʟʥʳʤ ʛʝʥʝʨʘʣʴʥʳʤ ʩʦʚʦʢʫʧʥʦʩʪʷʤ. ʆʜʥʘʢʦ, ʦʥʠ ʧʦʣʫʯʝʥʳ ʦʪ 

ʦʜʥʦʛʦ ʠʩʧʳʪʫʝʤʦʛʦ ʟʘ ʢʦʨʦʪʢʠʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʊ=10 ʤʠʥʫʪ! ʈʘʟʣʠʯʠʷ 

ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳ, ʪ.ʢ. ʜʣʷ ʚʩʝʭ 8-ʤʠ ʚʳʙʦʨʦʢ ʨ<0.00059. 

 

ʊʘʙʣʠʮʘ 3 

ʆʮʝʥʢʘ ʥʘʣʠʯʠʷ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

 

ʈʘʥʛʦʚʳʡ ɼɸ ʠ ʢʦʥʢʦʨʜʘʮʠʷʂʝʥʜʘʣʣʘ ɼɸ ʭʠ-

ʢʚ.(N = 79, ʩʩ = 7) = 25,60529 p<0,00059 

ʂʦʵʬʬ. ʢʦʥʢʦʨʜʘʮʠʠ =0,04630 ʉʨʝʜʥ. ʨʘʥʛ r =0,03408 

 ʄʝʜʠʘʥʘ 25,000% 75,000% 

ɼʦ ʚʦʟʜʝʡʩʪʚʠʷ 1 800 750 840 

ɼʦ ʚʦʟʜʝʡʩʪʚʠʷ 2 810 760 860 

ɼʦ ʚʦʟʜʝʡʩʪʚʠʷ 3 790 760 820 

ɼʦ ʚʦʟʜʝʡʩʪʚʠʷ 4 780 750 820 

ʈʠʪʤʠʯʝʩʢʘʷ 1 770 700 820 



52 

 

ʈʠʪʤʠʯʝʩʢʘʷ 2 790 750 810 

ʈʠʪʤʠʯʝʩʢʘʷ 3 770 740 820 

ʈʠʪʤʠʯʝʩʢʘʷ 4 790 740 830 

 

ɺ ʪʘʙʣʠʮʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ ɺʠʣʢʦʢʩʦʥʘ (ʜʣʷ ʧʘʨʥʦʛʦ 

ʩʨʘʚʥʝʥʠʷ ʚʳʙʦʨʦʢ ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ 4-ʭ 

ʧʘʨ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ɺʠʣʢʦʢʩʦʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳ, ʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ 12-ʪʠ ʧʘʨ ʵʪʠ ʨʘʟʣʠʯʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝ 

ʩʫʱʝʩʪʚʝʥʥʳ. ɺʳʧʦʣʥʠʪʴ ʜʦʩʪʦʚʝʨʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʦ ʨʘʟʣʠʯʠʷʭ ʚ 

ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʘʭ ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʦʩʣʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʟ-ʟʘ 

ʧʦʩʪʦʷʥʥʳʭ (ʭʘʦʪʠʯʝʩʢʠʭ) ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ. ɺʳʙʦʨʢʠ 

ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ ʝʞʝʤʠʥʫʪʥʦ ʠʟʤʝʥʷʶʪʩʷ ʠ ʧʨʠʤʝʥʷʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʨʝʛʫʣʷʮʠʠ ʨʘʙʦʪʳ ʩʝʨʜʮʘ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ (ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʚʳʙʦʨʢʠ ʠʟ ʨʘʟʥʳʭ 

ʛʝʥʝʨʘʣʴʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ, ʭʦʪʷ ʦʙʩʣʝʜʫʝʤʳʡ ʦʜʠʥ ʠ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚ ʜʘʥʥʦʤ 

ʧʨʠʤʝʨʝ ʠʟ ʚʩʝʭ 20-ʪʠ ʪʳʩʷʯ ʦʙʩʣʝʜʦʚʘʥʥʳʭ). 

ʊʘʙʣʠʮʘ 4 

ʇʨʦʚʝʨʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ 

ɺʠʣʢʦʢʩʦʥʘ 

 

  ʈʠʪʤʠʢʘ 1 ʈʠʪʤʠʢʘ 2 ʈʠʪʤʠʢʘ 3 ʈʠʪʤʠʢʘ 4 

ɼʦ 1 0,03 0,21 0,11 0,33 

ɼʦ 2 N 0,00 0,01 N 0,00 N 0,00 

ɼʦ 3 N 0,00 0,14 0,03 0,18 

ɼʦ 4  0,04 0,53 0,26 0,58 

 

ʊʘʢʘʷ ʧʦʣʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʜʠʥʘʤʠʢʝ ʧʦʚʝʜʝʥʠʷ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ 

(ʢʘʢ ʠ ʪʨʝʤʦʨʦʛʨʘʤʤ, ʪʝʧʧʠʥʛʛʨʘʤʤ, ʤʠʦʛʨʘʤʤ) ʫʞʝ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚʠʜʘ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʠʛʨʘ ʠʜʝʪ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ) ʠ ʜʘʣʝʝ ʩ 

ʧʦʧʳʪʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ. ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʤʳ 

ʧʦʣʫʯʠʣʠ ʩʦʦʪʥʦʰʝʥʠʝ 4/12, ʥʦ ʝʩʪʴ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʨʠʤʝʨʳ 12/4 ʠ ʤʥʦʛʦ 

ʜʨʫʛʠʭ ʧʨʠʤʝʨʦʚ. ʕʪʠ  ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʫ ʦʜʥʦʛʦ (ʢʘʞʜʦʛʦ) 

ʠʩʧʳʪʫʝʤʦʛʦ, ʘ ʟʥʘʯʠʪ, ʣʶʙʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʝʞʝʩʝʢʫʥʜʥʳʡ 

ʜʣʷ ʪʨʝʤʦʨʘ (ʝʞʝʤʠʥʫʪʥʳʡ ʜʣʷ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ) ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

(ʭʘʦʪʠʯʝʩʢʦʛʦ!). ɺ ʩʣʝʜʫʶʱʠʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʚʩʸ ʙʫʜʝʪ ʜʨʫʛʠʤ, ʠ 

ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʜʦʙʥʳʭ 

ʩʠʛʥʘʣʦʚ ʤʳ ʥʝ ʧʦʣʫʯʠʤ. ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʪʩʷ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ɼʉʇ ï ʥʘʫʢʘ ʜʣʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʵʬʬʝʢʪʠʚʥʦʡ. ʀ.ʈ. ʇʨʠʛʦʞʠʥ ʚ ʩʚʦʸʤ ʦʙʨʘʱʝʥʠʠ [245] ʵʪʦ ʧʦʜʯʝʨʢʠʚʘʣ 

ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ, ʛʦʚʦʨʷ ʦʙ ʫʥʠʢʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɼʣʷ ʚʳʭʦʜʘ ʠʟ ʩʦʟʜʘʚʰʝʛʦʩʷ ʧʦʣʦʞʝʥʠʷ ʤʳ ʚʚʝʣʠ ʘʥʘʣʦʛ ʧʨʠʥʮʠʧʘ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ɻʝʡʟʝʥʙʝʨʛʘ ʠ ʧʦʩʪʫʣʠʨʦʚʘʣʠ, ʯʪʦ ɺʉʉ ʭʘʦʪʠʯʝʩʢʠ ʠ 
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ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʞʝʪʩʷ ʚʥʫʪʨʠ ʥʝʢʦʪʦʨʳʭ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ, ʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ (ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) ʥʝʧʨʝʨʳʚʥʦ ʤʝʨʮʘʶʪ). ʊʦʯʥʝʝ ʛʦʚʦʨʷ ʤʝʨʮʘʶʪ 

ʧʘʨʘʤʝʪʨʳ ɺʉʉ ʚ ʌʇʉ ʠ ʧʦʪʦʤʫ ʤʳ ʩʝʡʯʘʩ ʦʧʨʝʜʝʣʷʝʤ ʦʙʲʝʤʳ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʠ ʢʦʦʨʜʠʥʘʪʳ ʠʭ ʮʝʥʪʨʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʡ 

ʦʨʛʘʥʠʟʤʘ ʠʩʧʳʪʫʝʤʳʭ ʠ ʠʭ ʨʝʘʢʮʠʡ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ɽʩʣʠ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʚ ʌʇʉ, ʪʦ ʵʪʦ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʵʚʦʣʶʮʠʶ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤ ʨʝʛʫʣʷʮʠʠ ʠ ʚʩʝʛʦ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ. ʄʳ 

ʧʦʩʪʫʣʠʨʫʝʤ ʧʷʪʴ ʦʩʦʙʳʭ ʩʚʦʡʩʪʚ (ʧʨʠʥʮʠʧʦʚ ʦʨʛʘʥʠʟʘʮʠʠ) ʉʊʊ ʠ ʪʨʠʥʘʜʮʘʪʴ 

ʦʪʣʠʯʠʡ ʉʊʊ (complexity) ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ɼʉʇ ï ʩʠʩʪʝʤ.  

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʊʍʉ ʠ ʦʪʣʠʯʠʷ ʩʠʩʪʝʤ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʦʪ ɼʉʇ ï 

ʩʠʩʪʝʤ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʭʝʤʘʪʠʯʥʦ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʚ ʠʟʫʯʝʥʠʠ ʦʩʦʙʳʭ (ʫʥʠʢʘʣʴʥʳʭ ʧʦ ʀ.ʈ. 

ʇʨʠʛʦʞʠʥʫ [245] ʠ W.Weaver [247]) ʩʠʩʪʝʤ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʥʝʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʦʚ ʜʝʪʝʨʤʠʥʠʟʤʘ ʠ ʩʪʦʭʘʩʪʠʢʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʧʠʩʘʪʴ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʉʊʊ (ʧʨʠʥʮʠʧʳ ʠʭ 

ʦʨʛʘʥʠʟʘʮʠʠ), ʚʳʜʝʣʠʪʴ ʠʭ ʦʪʣʠʯʠʷ ʦʪ ɼʉʇ ï ʩʠʩʪʝʤ ʠ, ʜʘʣʝʝ, ʧʨʝʜʩʪʘʚʠʪʴ 

ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʘʢʠʭ ʫʥʠʢʘʣʴʥʳʭ ʉʊʊ. ʇʦʩʢʦʣʴʢʫ ʤʳ ʫʞʝ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ ʵʪʠ ʧʨʠʥʮʠʧʳ, ʪʦ ʩʝʡʯʘʩ ʧʨʦʩʪʦ ʢʨʘʪʢʦ ʠʭ 

ʥʘʧʦʤʥʠʤ ʠ ʜʘʣʝʝ ʧʨʝʜʩʪʘʚʠʤ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʠʟ ʙʠʦʤʝʭʘʥʠʢʠ, ʢʦʪʦʨʳʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʘʣʠʟʘ ʧʨʠʥʮʠʧʘ ɻʝʡʟʝʥʙʝʨʛʘ ʚ ʠʟʫʯʝʥʠʠ 

ʙʠʦʩʠʩʪʝʤ. 

 ʀʪʘʢ, ʨʘʩʩʤʦʪʨʠʤ ʧʷʪʴ ʙʘʟʦʚʳʭ ʩʚʦʡʩʪʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ (ɹɼʉ), ʧʦʥʠʤʘʥʠʝ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʢʦʥʮʝʧʮʠʡ ʧʨʠ ʠʭ (ɹɼʉ) ʠʟʫʯʝʥʠʠ ʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʠʭ 

ʧʦʚʝʜʝʥʠʷ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪ ɹɼʉ ʦʪ ʜʨʫʛʠʭ ʩʠʩʪʝʤ, 

ʠʟʫʯʘʝʤʳʭ ʚ ʬʠʟʠʢʝ, ʭʠʤʠʠ ʠʣʠ ʪʝʭʥʠʢʝ. ʇʝʨʝʯʠʩʣʠʤ ʠʭ:  

1. ɹɼʉ ï ʵʪʦ ʩʠʩʪʝʤʳ ʩ ʢʦʤʧʘʨʪʤʝʥʪʥʦʡ ʠ ʢʣʘʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʛʜʘ 

ʦʪʜʝʣʴʥʘʷ (ʫʩʣʦʚʥʦ!) ʝʜʠʥʠʮʘ (ʢʦʤʧʘʨʪʤʝʥʪ) ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʦʜʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʠʣʠ ʮʝʣʦʛʦ ʤʥʦʞʝʩʪʚʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʚʘʞʥʘ ʜʠʥʘʤʠʢʘ ʧʦʚʝʜʝʥʠʷ ʪʘʢʦʛʦ 

ʤʥʦʞʝʩʪʚʘ (ʢʦʤʧʘʨʪʤʝʥʪʘ ʠʣʠ ʢʣʘʩʪʝʨʘ ï ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʦʤʧʘʨʪʤʝʥʪʦʚ). ʊʘʢʦʡ 

ʢʦʤʧʘʨʪʤʝʥʪʥʦ-ʢʣʘʩʪʝʨʥʳʡ ʧʦʜʭʦʜ (ʂʂʇ) ʫʞʝ ʟʘʣʦʞʝʥ ʚ ʩʪʨʦʝʥʠʠ ʚʦʜʳ, 

ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ɹɼʉ. ʊʘʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ɹɼʉ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ, 

ʠʝʨʘʨʭʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʩʳʚʘʪʴ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ 

ʚʝʢʪʦʨʘʤʠ ʭ= (ʭ1,é,ʭm)
T
  ʚ m-ʤʝʨʥʦʤ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ (ʌʇʉ).  

2. ɺʪʦʨʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ɹɼʉ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʚʷʟʝʡ, ʪ.ʝ. ɹɼʉ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʪʝʨʫ çglimmering systemè, ʪ.ʝ. çʤʝʨʮʘʶʱʠʤ 

ʩʠʩʪʝʤʘʤè. ʇʨʠʯʝʤ ʵʪʦ çʤʝʨʮʘʥʠʝè ʦʪʥʦʩʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢ ʠʟʤʝʥʝʥʠʶ ʚʝʣʠʯʠʥ 

ʧʘʨʘʤʝʪʨʦʚ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ï ɺʉʉ, ʥʦ ʠ ʢ ʨʘʟʤʝʨʥʦʩʪʠ ʌʇʉ, ʢ 

ʟʥʘʯʠʤʦʩʪʠ xi (ʩʝʡʯʘʩ ʵʪʠ xi ï ʧʘʨʘʤʝʪʨʳ ʧʦʨʷʜʢʘ, ʘ ʯʫʪʴ ʧʦʟʞʝ ï ʫʞʝ ʥʝʪ, ʠʤʠ 

ʩʪʘʥʦʚʷʪʩʷ ʜʨʫʛʠʝ). ʈʘʙʦʪʘʪʴ ʩ ʪʘʢʠʤʠ çʤʝʨʮʘʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠè ʦʯʝʥʴ 

ʩʣʦʞʥʦ, ʜʣʷ ʥʠʭ ʥʝʪ ʘʥʘʣʦʛʦʚ ʚ ʬʠʟʠʢʝ ʠʣʠ ʭʠʤʠʠ, ʪ.ʢ. ʪʝʨʤʠʥ çʬʣʫʢʪʫʘʮʠʷè ʚ 

ʵʪʠʭ ʪʦʯʥʳʭ ʥʘʫʢʘʭ ʠʤʝʝʪ ʫʞʝ ʫʢʦʨʝʥʠʚʰʝʝʩʷ ʟʥʘʯʝʥʠʝ ʠ ʩʤʳʩʣ, ʠ ʤʦʞʥʦ 

ʪʦʣʴʢʦ ʚʝʩʴʤʘ ʫʩʣʦʚʥʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ɹɼʉ, ʪ.ʝ. ʛʦʚʦʨʠʪʴ ʦ 

çʙʠʦʬʣʫʢʪʫʘʮʠʷʭè ɹɼʉ. ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʚʢʣʘʜʳʚʘʪʴ ʚ ʵʪʦ ʧʦʥʷʪʠʝ ʥʝʢʦʪʦʨʳʡ 
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ʜʨʫʛʦʡ, ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʩʤʳʩʣ (ʭʦʪʷ ʙʳ ʚ ʩʤʳʩʣʝ çglimmerè), ʪʘʢ ʢʘʢ ʫ ʵʪʠʭ 

ʩʠʩʪʝʤ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʬʣʫʢʪʫʠʨʦʚʘʪʴ ʚʙʣʠʟʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʪ.ʝ. 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʥʝʢʦʪʦʨʦʤ ʦʙʲʝʤʝ ʌʇʉ (ʤʳ ʝʛʦ ʙʫʜʝʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʘʟʳʚʘʪʴ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʤ) ʤʦʞʝʪ ʙʳʪʴ (ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʳʚʘʝʪ) ʨʘʚʥʦʤʝʨʥʳʤ.  

3. ʊʘʢʠʝ ʩʣʦʞʥʳʝ, çʤʝʨʮʘʶʱʠʝè ɹɼʉ ʧʨʠ ʵʪʦʤ ʦʙʣʘʜʘʶʪ ʝʱʝ ʠ 

ʵʚʦʣʶʮʠʝʡ. ʄʳ ʛʦʚʦʨʠʤ ʦ ʤʠʢʨʦʵʚʦʣʶʮʠʠ ʯʝʣʦʚʝʢʘ (ʢʘʢ ʧʨʠʤʝʨ ʦʜʥʦʡ ʠʟ 3-ʭ  

ɹɼʉ ʚ ʌʇʉ ʦʪ ʨʦʞʜʝʥʠʷ ʜʦ ʩʪʘʨʦʩʪʠ ʠ ʩʤʝʨʪʠ) ʠʣʠ ʦʙ ʵʚʦʣʶʮʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ 

(ʧʝʨʝʭʦʜ ʦʪ ʪʨʘʜʠʮʠʦʥʘʣʠʩʪʩʢʦʛʦ ʪʠʧʘ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʱʝʩʪʚʫ ʠ ʜʘʣʝʝ ʚ 

ʟʥʘʥʠʝʚʦʝ, ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʝ, ʧʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʦʙʱʝʩʪʚʦ ï ɿʉʇʆ). ʄʠʢʨʦ- 

ʠʣʠ ʤʘʢʨʦʵʚʦʣʶʮʠʷ ʧʨʠʩʫʱʠ ʣʶʙʦʡ ɹɼʉ, ʠ ʚ ʵʪʦʤ ʟʘʢʣʶʯʝʥʘ ʝʱʝ ʦʜʥʘ 

ʩʣʦʞʥʦʩʪʴ (ʢʘʢ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʪʦʡ 

ʵʚʦʣʶʮʠʠ).  

4. ɺʩʝ ɹɼʉ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ ʪʝʣʝʦʣʦʛʠʯʥʦʩʪʠ. ɺʦʟʤʦʞʥʦ, ʚ ʵʪʦ 

ʧʦʥʷʪʠʝ ʩʣʝʜʫʝʪ ʚʢʣʘʜʳʚʘʪʴ ʜʨʫʛʦʡ ʩʤʳʩʣ, ʯʝʤ ʵʪʦ ʜʝʣʘʣ ʃ. ʬʦʥ ɹʝʨʪʘʣʘʥʬʠ, 

ʥʦ ʥʝʢʦʪʦʨʘʷ ʢʦʥʝʯʥʘʷ ʮʝʣʴ ʚ ʜʠʥʘʤʠʢʝ ʨʘʟʚʠʪʠʷ ʣʶʙʦʡ ɹɼʉ ʠʤʝʝʪʩʷ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʯʝʣʦʚʝʢʘ ï ʵʪʦ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʩʝʙʷ ʠ ʜʣʷ 

ʯʝʣʦʚʝʯʝʩʪʚʘ (ʝʩʣʠ ʵʪʦʪ ʯʝʣʦʚʝʢ - ʫʯʝʥʳʡ) ʠʣʠ ʥʝʠʟʙʝʞʥʦʩʪʴ ʩʤʝʨʪʠ ʯʝʣʦʚʝʢʘ, ʘ 

ʤʦʞʝʪ ʙʳʪʴ ʠ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ (!?). ɺʩʝ ʵʪʦ ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʠʟʫʯʘʪʴ, ʥʦ ʵʪʠ 

ʩʚʦʡʩʪʚʘ ʷʚʥʦ ʦʙʦʟʥʘʯʘʶʪʩʷ ʚ ʜʠʥʘʤʠʢʝ ʣʶʙʦʡ ɹɼʉ (ʚ ʯʘʩʪʥʦʩʪʠ, ʠ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ ï ʌʉʆ).  

5. ʉʘʤʦʝ ʵʢʩʪʨʘʚʘʛʘʥʪʥʦʝ ʩʚʦʡʩʪʚʦ ɹɼʉ  ʠ ʪʷʞʝʣʦ ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ 

ʩʪʦʨʦʥʥʠʢʘʤʠ ʜʝʪʝʨʤʠʥʠʩʪʩʢʦ-ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ï ɼʉʇ ï ʵʪʦ ʩʚʦʡʩʪʚʦ 

ʚʳʭʦʜʘ ʟʘ ʧʨʝʜʝʣʳ ʪʨʝʭ ʩʠʛʤ (ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɻʘʫʩʩʘ ʧʦʧʘʜʘʥʠʝ ʟʘ ʵʪʠ 

ʛʨʘʥʠʮʳ ʠʤʝʝʪ ʚʝʨʦʷʪʥʦʩʪʴ P<0,003). ʇʨʠʥʮʠʧʠʘʣʴʥʦ, ʯʪʦ ɹɼʉ, ʚʩʷ ʵʚʦʣʶʮʠʷ 

ʞʠʚʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʘʤʠ 3-ʭ ʩʠʛʤ, ʪ.ʝ. ʠʤʝʶʪ ʤʝʩʪʦ ʛʠʛʘʥʪʩʢʠʝ 

çʙʠʦʬʣʫʢʪʫʘʮʠʠè, ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ. ʀʤʝʥʥʦ ʪʘʢʠʝ ɹɼʉ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʣʶʜʠ (ʛʝʥʠʠ) ʩʦʟʜʘʶʪ ʥʦʚʳʝ (ʪʦʞʝ ʵʢʩʪʨʘʚʘʛʘʥʪʥʳʝ, ʚʳʭʦʜʷʱʠʝ 

ʜʘʣʝʢʦ ʟʘ ʠʥʪʝʨʚʘʣʳ ʫʩʪʦʷʚʰʠʭʩʷ ʛʨʘʥʠʮ) ʪʝʦʨʠʠ ʠ ʧʦʜʭʦʜʳ, ʥʦʚʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʥʘʫʢʝ. ɺʩʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚʳʭʦʜʷʱʠʝ ʟʘ ʧʨʝʜʝʣʳ 3-ʭ 

ʩʠʛʤ, ʜʦʣʞʥʳ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ, ʠʟʫʯʘʪʴʩʷ, ʠʟʤʝʨʷʪʴʩʷ ʠ ʜʣʷ ʥʠʭ ʥʝʦʙʭʦʜʠʤʦ 

ʩʪʨʦʠʪʴ ʤʦʜʝʣʠ ʚ ʨʘʤʢʘʭ ʥʦʚʦʡ ʊʍʉ. 

ʈʘʟʣʠʯʠʷ ʚ ʧʦʜʭʦʜʘʭ ʤʝʞʜʫ ʜʝʪʝʨʤʠʥʠʩʪʩʢʦʡ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʧʘʨʘʜʠʛʤʘʤʠ (ɼʉʇ) ʠ ʪʨʝʪʴʝʡ ʧʘʨʘʜʠʛʤʦʡ (ʊʇ) ʧʨʠ ʦʧʠʩʘʥʠʠ ʙʠʦʩʠʩʪʝʤ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʨʘʚʥʝʥʠʷ:  

 

ɼʉʇ ʚ ʦʧʠʩʘʥʠʠ ʜʚʠʞʝʥʠʷ ʚʝʢʪʦʨʘ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ï ɺʉʉ 

ʊʇ ʚ ʦʧʠʩʘʥʠʠ ʜʚʠʞʝʥʠʷ ʚʝʢʪʦʨʘ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ 

1.ʀʟʫʯʘʶʪʩʷ ʧʦʚʝʜʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ 

1.ʀʟʫʯʘʶʪʩʷ ʥʝ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʘ ʧʫʣʳ, ʢʦʤʧʘʨʪʤʝʥʪʳ, ʢʣʘʩʪʝʨʳ (ʧʦ 

ɻ. ʍʘʢʝʥʫ) 

2.ɺ ʬʦʨʤʘʣʴʥʦʤ ʘʧʧʘʨʘʪʝ (ʚ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ - ʌʇʉ) 

ʨʘʙʦʪʘʝʤ ʩ ʪʦʯʢʘʤʠ ʠʣʠ ʣʠʥʠʷʤʠ 

2.ɺ ʌʇʉ ʨʘʙʦʪʘʝʤ ʩ ʦʙʣʘʩʪʷʤʠ ʌʇʉ, 

ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʜʚʠʞʝʪʩʷ ʚʝʢʪʦʨ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ (ʵʪʠ ʦʙʣʘʩʪʠ - 

ʦʙʣʘʢʘ - ʦʙʨʘʟʫʶʪ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʳ) 
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3.ʀʤʝʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ 

(ʜʣʷ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ x ʠʤʝʝʤ 

dx/dt=0 ʠ x=const) 

3.ʅʝ ʠʤʝʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ 

(dx/dtÍ0 ʠ xÍconst), ʪ.ʢ. ʩʠʩʪʝʤʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʜʚʠʞʝʥʠʠ ʚ 

ʌʇʉ (ʦʥʘ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ 

ñglimmering systemò) 

4.ʉʠʩʪʝʤʳ ʠʥʦʛʜʘ ʠʤʝʶʪ 

ʢʦʤʧʘʨʪʤʝʥʪʥʦ-ʢʣʘʩʪʝʨʥʫʶ 

ʩʪʨʫʢʪʫʨʫ (ʂʂʉ) 

4.ʄʥʦʛʠʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʂʂʉ 

5.ʅʝʢʦʪʦʨʳʝ ʩʠʩʪʝʤʳ ʪʝʣʝʦʣʦʛʠʯʥʳ 

(ʠʤʝʶʪ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʢʦʥʝʯʥʦʝ 

ʩʦʩʪʦʷʥʠʝ) 

5. ʄʥʦʛʠʝ ʩʠʩʪʝʤʳ (ʯʝʣʦʚʝʢʦʤʝʨʥʳʝ) 

ʠʤʝʶʪ ʪʝʣʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

(ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʢʦʥʝʯʥʦʝ 

ʩʦʩʪʦʷʥʠʝ) 

6.ʅʝʢʦʪʦʨʳʝ ʩʠʩʪʝʤʳ 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ 

6.ɺʩʝ ʯʝʣʦʚʝʢʦʤʝʨʥʳʝ ʩʠʩʪʝʤʳ 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ 

7.ɺʳʭʦʜ ʟʘ ʧʨʝʜʝʣʳ 3-ʭ ʩʠʛʤ - 

ʘʨʪʝʬʘʢʪ ʠ ʥʝ ʠʟʫʯʘʝʪʩʷ 

7.ɺʳʭʦʜ ʟʘ ʧʨʝʜʝʣʳ 3-ʭ ʩʠʛʤ - 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʪʩʷ 

(ʚʣʠʷʝʪ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ) 

8.ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ɺʉʉ 

ʥʝʨʘʚʥʦʤʝʨʥʳʝ 

8.ʆʙʳʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ɺʉʉ ʨʘʚʥʦʤʝʨʥʳʝ 

9.ʍʘʦʪʠʯʝʩʢʠʝ ʨʝʞʠʤʳ 

ʵʧʠʟʦʜʠʯʝʩʢʠʝ ʠ ʦʥʠ ʤʦʜʝʣʠʨʫʶʪʩʷ 

ɼʉʇï  ʤʦʜʝʣʷʤʠ 

9.ʉʠʩʪʝʤʘ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʩʷ ʚ 

ʤʠʢʨʦʭʘʦʩʝ ʠ ʵʪʦʪ ʤʠʢʨʦʭʘʦʩ 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʤ, ɼʉʇ- 

ʤʦʜʝʣʝʡ ʥʝʪ 

10.ɽʜʠʥʠʮʘ (ʵʣʝʤʝʥʪ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʚ ʨʘʤʢʘʭ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ 

10.ɽʜʠʥʠʮʘ - ʥʠʯʪʦ ʠ ʝʜʠʥʠʮʘ - ʚʩʸ 

(ʝʩʣʠ ʦʥʘ ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ) ʚ ʨʘʤʢʘʭ 

ʩʠʩʪʝʤʥʦʛʦ ʩʠʥʪʝʟʘ (ʛʣʘʚʥʘʷ 

ʧʨʦʙʣʝʤʘ ʩʠʥʝʨʛʝʪʠʢʠ ʠ ʊʍʉ) 

11.ʆʙʳʯʥʦ ʨʘʟʤʝʨʥʦʩʪʴ ʌʇʉ 

(ʤʦʜʝʣʠ) ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʤʦʥʠʪʦʨʠʥʛ 

ʩʠʩʪʝʤʳ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʪ.ʢ. ʘʧʨʠʦʨʠ 

ʝʩʪʴ ʤʦʜʝʣʠ ʠʣʠ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ɺʉʉ 

11.ʈʘʟʤʝʨʥʦʩʪʴ m ʌʇʉ ʠʟʤʝʥʷʝʪʩʷ 

ʣʝʛʢʦ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ ʜʣʷ 

ɺʉʉ 

12.ɺ ʪʝʦʨʠʠ ʭʘʦʩʘ (ʧʦʜʭʦʜ 

ʀ.ʈ. ʇʨʠʛʦʞʠʥʘ ʠ ɺ.ʀ. ɸʨʥʦʣʴʜʘ) 

ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘʜʘʥʦ 

ʦʧʨʝʜʝʣʸʥʥʦ 

12.ʅʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝ 

ʦʧʨʝʜʝʣʝʥʦ (ʠʟʚʝʩʪʥʳ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʘʨʘʤʝʪʨʳ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ) 

13.ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʴʥʳʭ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʳ ʪʦʯʥʦ 

13.ʇʘʨʘʤʝʪʨʳ ʨʝʘʣʴʥʳʭ (ʪʦʯʥʝʝ 

ʠʜʝʘʣʴʥʳʭ) ʘʪʪʨʘʢʪʦʨʦʚ ʥʠʢʦʛʜʘ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ 

(ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 
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ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʘʣʴʥʳʝ ʘʪʪʨʘʢʪʦʨʳ, 

ʢʘʢ ʯʘʩʪʦʪʘ ʩʦʙʳʪʠʷ ʝʛʦ ʚʝʨʦʷʪʥʦʩʪʴ), 

ʥʦ ʠʟ-ʟʘ 5-ʪʠ ʩʚʦʡʩʪʚ ʙʠʦʩʠʩʪʝʤ 

ʨʝʘʣʴʥʳʝ ʘʪʪʨʘʢʪʦʨʳ ʥʠʢʦʛʜʘ ʥʝ 

ʜʦʩʪʠʞʠʤʳ 

 

 

 

 

ɿʘʚʝʨʰʘʷ ʵʪʦʪ ʧʘʨʘʛʨʘʬ, ʧʨʝʜʩʪʘʚʠʤ ʦʙʱʝʝ ʟʘʢʣʶʯʝʥʠʝ ʚ ʩʣʝʜʫʶʱʝʤ 

ʚʠʜʝ: 

1. ɺ ʞʠʚʦʡ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʦʙʳʭ ʩʠʩʪʝʤ 
ʪʨʝʪʴʝʛʦ ʪʠʧʘ (ʉʊʊ), ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʦʧʠʩʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚ 

ʨʘʤʢʘʭ ʜʝʪʝʨʤʠʥʠʩʪʩʢʠʭ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ (ʚʝʨʦʷʪʥʦʩʪʥʳʭ) ʧʦʜʭʦʜʦʚ. 

ʉ.ʇ. ʂʫʨʜʶʤʦʚ ʠ ʀ.ʈ. ʇʨʠʛʦʞʠʥ ʠʭ ʧʨʝʜʯʫʚʩʪʚʦʚʘʣʠ, ʥʦ ʧʦʣʥʘʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʜʠʥʘʤʠʢʠ ʉʊʊ ʧʦʢʘ ʝʱʝ ʥʝ ʧʨʠʟʥʘʥʘ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʘʫʢʦʡ. 

2. ɼʣʷ ʪʘʢʠʭ ʉʊʊ ʩʧʨʘʚʝʜʣʠʚ ʥʝʢʦʪʦʨʳʡ ʘʥʘʣʦʛ ʧʨʠʥʮʠʧʘ ɻʝʡʟʝʥʙʝʨʛʘ, 
ʢʦʛʜʘ ʠʥʪʝʨʚʘʣʳ ʠʟʤʝʥʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ æxi 

ʫʢʣʘʜʳʚʘʶʪʩʷ ʚʥʫʪʨʴ ʥʝʢʦʪʦʨʦʛʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʬʘʟʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ VG
max
Ó ʇi=1

m
æxi, ʛʜʝ æxi ï ʠʥʪʝʨʚʘʣʳ ʚʥʫʪʨʠ 

ʢʦʪʦʨʳʭ ʢʘʞʜʘʷ xi ʭʘʦʪʠʯʝʩʢʠ ʠ ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʞʝʪʩʷ. 

3. ʇʘʨʘʤʝʪʨʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 
ʠʩʩʣʝʜʫʝʤʦʡ ʙʠʦʩʠʩʪʝʤʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʙʠʦʣʦʛʠʠ, 

ʧʩʠʭʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʘʪʫʩʘ ʙʠʦʦʙʲʝʢʪʘ (ʦʨʛʘʥʠʟʤʘ 

ʯʝʣʦʚʝʢʘ). ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʦʨʤʫ ʠʣʠ ʧʘʪʦʣʦʛʠʶ, ʨʝʘʢʮʠʶ ʦʨʛʘʥʠʟʤʘ 

ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ (ʚ ʩʧʦʨʪʝ, ʤʝʜʠʮʠʥʝ ʠ ʪ.ʜ.). 

4. ɹʠʦʩʠʩʪʝʤʳ (ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ) ʦʙʣʘʜʘʝʪ ʦʩʦʙʳʤʠ ʧʷʪʴʶ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʦʜʥʦ ʠʟ ʥʠʭ (ʵʚʦʣʶʮʠʷ ʦʨʛʘʥʠʟʤʘ) ʪʨʝʙʫʝʪ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ (ʞʝʣʘʪʝʣʴʥʦ ʥʝʧʨʝʨʳʚʥʦ). ʇʨʠ ʧʨʠʟʥʘʥʠʠ ʵʪʠʭ ʧʷʪʠ 

ʩʚʦʡʩʪʚ ʚʦʟʥʠʢʘʶʪ 13-ʪʴ ʦʪʣʠʯʠʡ ɼʉʇ-ʩʠʩʪʝʤ ʦʪ ʉʊʊ (complexity). 
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ɻʃɸɺɸ 2 

 

 ʍɸʆʊʀʏɽʉʂɸʗ ɼʀʅɸʄʀʂɸ ʇɸʈɸʄɽʊʈʆɺ  

ʉʉʉ ʄʋɾʉʂʆɻʆ ʀ ɾɽʅʉʂʆɻʆ ʅɸʉɽʃɽʅʀʗ 

 

2.1 ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʞʝʥʱʠʥ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ   ʜʠʥʘʤʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʉʉʉ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ, 

ʤʝʪʦʜʦʤ ʚʘʨʠʘʮʠʦʥʥʦʡ ʧʫʣʴʩʦʠʥʪʝʨʚʘʣʦʛʨʘʬʠʠ ʙʳʣʦ ʦʙʩʣʝʜʦʚʘʥʦ 228 ʯʝʣʦʚʝʢ. 

ʆʙʩʣʝʜʫʝʤʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʧʦ ʧʦʣʫ ʥʘ ʤʫʞʯʠʥ ʠ ʞʝʥʱʠʥ, ʥʘ ʪʨʠ ʛʨʫʧʧ ʧʦ 

38 ʯʝʣʦʚʝʢ ʚ ʢʘʞʜʦʡ: 1-ʷ ʛʨʫʧʧʘ 18-36 ʣʝʪ; 2-ʷ ʛʨʫʧʧʘ 37-49 ʣʝʪ; 3- ʷ ʛʨʫʧʧʘ 50 

ʣʝʪ ʠ ʩʪʘʨʰʝ. ɺʩʝ ʥʘʙʣʶʜʘʝʤʳʝ ʙʳʣʠ ʙʝʟ ʧʘʪʦʣʦʛʠʡ ʠ ʞʘʣʦʙ ʥʘ ʟʜʦʨʦʚʴʝ 

(ʩʦʛʣʘʩʥʦ ʍʝʣʴʩʠʥʩʢʦʡ ʜʝʢʣʘʨʘʮʠʠ ʜʘʚʘʣʠ ʜʦʙʨʦʚʦʣʴʥʦʝ ʩʦʛʣʘʩʠʝ ʥʘ 

ʦʙʩʣʝʜʦʚʘʥʠʝ).  

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʩʪʘʪʠʩʪʠʢʠ ʚʩʝʭ xi, ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʧʨʦʛʨʘʤʤʝ 

çStatistica 6.1è. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʦʨʤʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʦʙʳʯʥʦ ʵʪʦ ʙʳʣʦ 6 ʧʘʨʘʤʝʪʨʦʚ ʠʟ 15) ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʚʳʙʦʨʢʠ xi ʚ ʨʘʤʢʘʭ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʇʦʩʣʝ ʠʭ ʨʘʟʜʝʣʝʥʠʷ, ʜʘʣʝʝ, ʚʩʝ ʚʳʙʦʨʢʠ ʧʝʨʝʚʦʜʠʣʠʩʴ ʚ 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʚʩʝʭ xi ʜʣʷ ʚʩʝʭ 

ʪʨʸʭ ʧʘʨ. 

ʇʨʦʚʝʨʢʘ ʜʘʥʥʳʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʦʮʝʥʠʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʠʷ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦ-ʋʠʣʢʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ  

ʦʧʠʩʳʚʘʶʪʩʷ ʟʘʢʦʥʦʤ ʥʝʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʉʉʉ ʥʝʢʦʨʝʥʥʦʛʦ ʞʝʥʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʉʝʚʝʨʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʈʌ ʧʦʢʘʟʘʣʦ ʜʣʷ ʤʣʘʜʰʝʡ   ʛʨʫʧʧʳ ʜʦʤʠʥʠʨʦʚʘʥʠʝ 

ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ (PAR) ʦʪʜʝʣʘ ɺʅʉ ʥʘʜ ʩʠʤʧʘʪʠʯʝʩʢʠʤ (SIM) ʦʪʜʝʣʦʤ 

ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ SIM ʜʘʸʪ 

ʫʩʪʦʡʯʠʚʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩ ʚʦʟʨʘʩʪʦʤ ʦʪ Me1=3 ʜʦ ʄʝ3=6  ʫ ʞʝʥʱʠʥ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ [31].  

ʀʥʜʝʢʩ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʈ.ʄ. ɹʘʝʚʩʢʦʤʫ ʫ ʞʝʥʱʠʥ 3-ʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʠ ʩʦʩʪʘʚʣʷʝʪ 82-83 ʫ.ʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʞʝʥʱʠʥ ʧʨʠ ʨ<0,05. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 
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ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʘʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ ʘʜʘʧʪʘʮʠʠ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ 

ʩʝʚʝʨʘ ʫ ʞʝʥʱʠʥ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 50 ʠ ʩʪʘʨʰʝ. 

ʅʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ LF ʠ HF ʜʘʶʪ ʫʩʪʦʡʯʠʚʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʩ ʚʦʟʨʘʩʪʦʤ:  LF ʦʪ ʄʝ1=2220,5 ʜʦ ʄʝ3=817,5, HF  ʦʪ ʄʝ1=1079,5 

ʜʦ ʄʝ3=273 (ʧʨʠ p<0,05). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

1 ʛʨʫʧʧʝ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ ʯʝʤ ʫ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, 

ʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʟʨʘʩʪʘ ʧʘʨʘʤʝʪʨʳ ʧʨʠʦʙʨʝʪʘʶʪ ʩʭʦʞʝʩʪʴ ʚ ʟʥʘʯʝʥʠʷʭ (ʧʨʠ 

p<0,05). 

ʆʜʥʦʚʨʝʤʝʥʥʦ, ʟʥʘʯʝʥʠʷ ʧʦ ʧʦʢʘʟʘʪʝʣʶ VLF ʫ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʠʤʝʶʪ ʧʘʨʘʙʦʣʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʝʩʣʠ ʠʭ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ.  

ʆʮʝʥʢʘ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʡ ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʜʣʷ ʞʝʥʩʢʦʛʦ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 1 ʠ 2, 1 ʠ 3   ʛʨʫʧʧʘʤʠ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ: SIM, PAR, SDNN, INB 

ʧʨʠ p<0,05. ɸ ʤʝʞʜʫ 2 ʠ 3 ʛʨʫʧʧʘʤʠ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʥʝ ʚʳʷʚʣʝʥʦ, ʪ.ʝ ʵʪʠ ʛʨʫʧʧʳ ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʡ 

ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ (ʪʘʙʣ.5).  

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ɺʉʈ  

ʞʝʥʩʢʦʛʦ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 1 

ʠ 2, 1 ʠ 3, ʘ ʪʘʢ ʞʝ ʤʝʞʜʫ 2 ʠ 3 ʛʨʫʧʧʘʤʠ, ʥʦ ʣʠʰʴ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ: LF ʠ HF 

(ʪʘʙʣ.6).  

 

 

                                                                                                      ʊʘʙʣʠʮʘ 5  

ʈʝʟʫʣʴʪʘʪʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʘʥʛʦʚ (ʜʦʧʫʩʪʠʤʦʛʦ 

ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʞʝʥʱʠʥ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ) ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ 

ʄʘʥʥʘ ï ʋʠʪʥʠ 

 

ʆʪʤʝʯʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʟʥʘʯʠʤʳ ʥʘ ʫʨʦʚʥʝ  ʨ <0,05 

ʇʘʨʘʤʝʪʨʳ ʨ ï ʫʨʦʚ. 

1   ʩʦ 2 

ʨ ï ʫʨʦʚ. 

1   ʩ 3 

ʨ ï ʫʨʦʚ. 

2   ʩ 3 

SIM 0,00 0,00 0,25 

PAR 0,00 0,00 0,39 

SDNN 0,00 0,00 0,28 

INB 0,00 0,00 0,33 

SPO2 0,90 0,01 0,00 

HR 0,91 0,19 0,21 

 
ʇʨʠʤʝʯʘʥʠʝ: SIM - ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ (ʫ.ʝ.), PAR -ʧʦʢʘʟʘʪʝʣʴ 

ʘʢʪʠʚʥʦʩʪʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ (ʫ.ʝ.), IBN - ʧʦʢʘʟʘʪʝʣʴ ʠʥʜʝʢʩʘ ʥʘʧʨʷʞʝʥʠʷ ʧʦ 

ʈ.ʄ.ɹʘʝʚʩʢʦʤʫ (ʫ.ʝ.), SPO2 - ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ ʠʩʧʳʪʫʝʤʳʭ (%),SDNN - 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʣʥʦʛʦ ʤʘʩʩʠʚʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ (ʤʩ.), HR - ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ 

ʩʦʢʨʘʱʝʥʠʡ (ʫʜ/ʤʠʥ). 
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ʊʘʙʣʠʮʘ 6 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʘʥʛʦʚ (ʜʦʧʫʩʪʠʤʦʛʦ 

ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʞʝʥʱʠʥ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ) ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ 

ʄʘʥʥʘ ï ʋʠʪʥʠ 

 

ʆʪʤʝʯʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʟʥʘʯʠʤʳ ʥʘ ʫʨʦʚʥʝ  ʨ <0,05 

ʇʘʨʘʤʝʪʨʳ ʨ ï ʫʨʦʚʝʥʴ 

1   ʩʦ 2 

ʨ ï ʫʨʦʚʝʥʴ 

1   ʩ 3 

ʨ ï ʫʨʦʚʝʥʴ 

2   ʩ 3 

VLF 0,13 0,47 0,60 

LF 0,00 0,00 0,05 

HF 0,00 0,00 0,01 

LF(p) 0,80 0,40 0,52 

HF(p) 0,80 0,40 0,52 

LF/HF 0,82 0,39 0,53 

 
ʇʨʠʤʝʯʘʥʠʝ: VLF - ʤʦɦʥʦʩʪʴ ʩʧʝʢʪʨʘ ʩʚʝʨʭ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

(ʤʩ
2
/ɻʮ), LF - ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ

2
/ɻʮ), HF - 

ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ
2
/ɻʮ), Total - ʦʙʱʘʷ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ʤʩ
2
/ɻʮ) , LFnorm - ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ (%), HFnorm - ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ (%). 

 

 

2.2. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 

ɺ ʪʘʙʣʠʮʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʪʨʝʭ ʚʦʟʨʘʩʪʥʳʭ 

ʛʨʫʧʧ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʝ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ (p > 0,05). ʇʦʢʘʟʘʪʝʣʴ SDNN ʚ 

ʧʝʨʚʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ, ʧʦʢʘʟʘʪʝʣʠ PAR, SDNN, SSS, INB ʚʦ ʚʪʦʨʦʡ 

ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ ʠ ʧʦʢʘʟʘʪʝʣʠ LF(ʥ), HF(ʥ) ʚ ʪʨʝʪʴʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʧʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ. 
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ʊʘʢʞʝ ʠʟ ʨʠʩʫʥʢʘ 4 ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʟʨʘʩʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʩʪʨʦʡʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘʨʫʰʘʝʪʩʷ 

ʨʘʚʥʦʚʝʩʠʝ ʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʚ ʩʪʦʨʦʥʫ ʧʦʚʳʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 

ʝʝ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ. ɽʩʣʠ ʚ 1 (PAR1 =10,3 ʫ.ʝ)  ʠ 2 (PAR2=9,2 ʫ.ʝ.) 

ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ ʧʨʝʦʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʘʷ ʧʘʨʘʩʠʤʧʘʪʦʪʦʥʠʷ, ʪʦ ʚ 

3(SIM3=10,9 ʫ.ʝ.) ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ ʩʠʤʧʘʪʦʪʦʥʠʷ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʘʜʘʧʪʘʮʠʶ 

ʦʨʛʘʥʠʟʤʘ ʚ ʫʩʣʦʚʠʷʤ ʩʝʚʝʨʥʳʭ ʰʠʨʦʪ ʩ ʚʦʟʨʘʩʪʦʤ.  

 

 
ʈʠʩ.4. ʀʥʜʝʢʩʘ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ(ʉʀʄ) ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ(ʇɸʈ) 

ʦʪʜʝʣʦʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʪʨʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʤʫʞʩʢʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 

ɿʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʦʣʥʦʛʦ ʤʘʩʩʠʚʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ 

(SDNN) ʫ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʥʘʭʦʜʷʪʩʷ ʚ  ʥʠʞʝ 

ʥʦʨʤʳ (SDNN1=41 ʤʩ) ʠ (SDNN2=38,6 ʤʩ), (SDNN3=28,6 ʤʩ). ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʜʦ 25 ʣʝʪ 70Ñ10 ʤʩ, 26 ï 40 ʣʝʪ: 60Ñ6 ʤʩ ʠ ʩʪʘʨʰʝ 40 ʣʝʪ: 

60Ñ8 ʤʩ. ʀʥʜʝʢʩ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ (INB) ʚ ʥʦʨʤʝ, ʚ ʧʦʢʦʝ 

ʢʦʣʝʙʣʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 80 ï 150 ʫ.ʝ. [9]. ʀʥʜʝʢʩ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʩʠʩʪʝʤ (INB) ʫ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʚ 1 ʠ 2 ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ (INB1=69 

y.e., INB2=66 y.e.) ʥʠʞʝ ʥʦʨʤʳ, 3 ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ (INB3=139 y.e.) ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ (ʨʠʩ.5). ʊʘʢʞʝ ʠʟ ʨʠʩʫʥʢʘ 3 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʯʪʦ ʚ ʩʚʷʟʠ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʚʦʟʨʘʩʪʘ ʠ ʧʝʨʝʭʦʜʦʤ ʦʪ ʩʠʤʧʘʪʦʪʦʥʠʠ ʢ ʧʘʨʘʩʠʤʧʘʪʦʪʦʥʠʠ ʫ 

ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ, ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

INB (INB1=69 ʠ INB2=66 < INB3=139).     
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ʈʠʩ.5. ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʷ ʧʦʣʥʦʛʦ ʤʘʩʩʠʚʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ(SDNN) ʠ 

ʠʥʜʝʢʩʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ(INB), ʪʨʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 

ɺʝʣʠʯʠʥʘ ʧʦʢʘʟʘʪʝʣʷ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʢʨʦʚʠ (SPO2) 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʛʦʯʥʦʛʦ ʛʘʟʦʦʙʤʝʥʘ. 

ʅʦʨʤʘʣʴʥʦʤʫ ʫʨʦʚʥʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ SPO2 = 94 ï 98%. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʖʛʨʳ ʧʨʠʚʦʜʷʪ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʤʫ ʩʥʘʙʞʝʥʠʶ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ ʢʠʩʣʦʨʦʜʦʤ, 

ʨʘʟʚʠʪʠʶ ʛʠʧʦʢʩʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʪʢʘʥʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʥʦ ʵʪʘ ʢʦʤʧʝʥʩʘʪʦʨʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ 

ʧʦʤʦʛʘʝʪ ʫʩʚʦʝʥʠʶ ʢʠʩʣʦʨʦʜʘ ʦʨʛʘʥʠʟʤʦʤ, ʪʘʢ ʢʘʢ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʍʄɸʆ ï ʖʛʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʣʦʢʠʨʦʚʘʥʠʶ ʠʤ ʤʦʣʝʢʫʣ ʛʝʤʦʛʣʦʙʠʥʘ ʢʨʦʚʠ ʠ 

ʫʤʝʥʴʰʝʥʠʶ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤ ʢʠʩʣʦʨʦʜʘ [78, 79].  

ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʪʘʙʣʠʮʝ 5, ʤʳ ʚʠʜʠʤ, ʯʪʦ 

ʫʨʦʚʝʥʴ ʥʘʩʳʱʝʥʠʷ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ ʤʫʞʯʠʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʥʦʨʤʳ (SPO2= 96,6 - 97,5 %).  

 

 
ʈʠʩ.6. ɺʦʣʥʳ ʤʦʱʥʦʩʪʴʶ ʚʳʩʦʢʦʡ(HF), ʥʠʟʢʦʡ(LF) ʠ ʩʚʝʨʭʥʠʟʢʦʡ(VLF) ʯʘʩʪʦʪ, 

ʪʨʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 
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ʇʨʠ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʚʳʜʝʣʠʣʠ ʪʨʠ ʦʩʥʦʚʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘ: 

ʚr ʩʦʢʦʯʘʩʪʦʪʥʳʝ (HF), ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ (LF) ʠ ʩʚʝʨʭʥʠʟʢʦʯʘʩʪʦʪʥʳʝ (VLF), 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 6.  

ʉʨʝʜʥʝʝ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʚʦʣʥ ʦʯʝʥʴ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ ʫ ʟʜʦʨʦʚʳʭ 

ʣʶʜʝʡ ʩʦʩʪʘʚʣʷʝʪ 765Ñ410 ʤʩ
2
 ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʳʭ ʫʨʦʚʥʷ ʘʢʪʠʚʥʦʩʪʠ 

ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʟʚʝʥʘ ʨʝʛʫʣʷʮʠʠ (VLF) ʫ  ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʤʫʞʩʢʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ ʥʦʨʤʳ: 1 ʛʨʫʧʧʘ ʚ 3 ʨʘʟʘ VLF1=2496,1 

ʤʩ
2
;  2 ʛʨʫʧʧʘ ʚ 3,5 ʨʘʟʘ VLF2=2658,6 ʤʩ

2
; 3 ʛʨʫʧʧʘ ʚ 1,5 ʨʘʟʘ VLF3=1614,8 ʤʩ

2
. 

ʉʨʝʜʥʝʝ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʚʦʣʥ ʥʠʟʢʦʡ ʤʦʱʥʦʩʪʠ ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʚ 

ʧʦʢʦʝ ʩʦʩʪʘʚʣʷʝʪ 1170Ñ416 ʤʩ
2
. ʇʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʚ ʜʠʘʧʘʟʦʥʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (LF) ʫ 3 

ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ  ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ: 1 ʛʨʫʧʧʘ; 3 ʛʨʫʧʧʘ LF3=1020 

ʤʩ
2
, ʘ 1 ʠ 2 ʚʦʟʨʘʩʪʥʳʝ ʛʨʫʧʧʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʥʦʨʤʳ: LF1=2482,5 ʤʩ

2
; 2 

ʛʨʫʧʧʘ  LF2=2156,3 ʤʩ
2
 

ʉʨʝʜʥʝʝ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʚʦʣʥ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ 

ʩʦʩʪʘʚʣʷʝʪ 975Ñ203 ʤʩ
2
. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ (HF) ʚ 1 ʠ 2 ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ ʧʦʢʘʟʘʪʝʣʴ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ: 1 ʛʨʫʧʧʘ HF1=942,39 ʤʩ
2
; 2 ʛʨʫʧʧʘ HF2=622,65 

ʤʩ
2
; ʦʜʥʘʢʦ  3 ʛʨʫʧʧʘ ʥʠʞʝ ʧʦʣʦʞʝʥʥʦʡ ʥʦʨʤʳ HF3=298,34 ʤʩ

2
. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʫ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 1 

ʠ 2 ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʧʨʝʦʙʣʘʜʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ 

ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʭʦʨʦʰʦ ʦʪʨʘʞʘʶʪ ʧʦʢʘʟʘʪʝʣʠ ʤʦʱʥʦʩʪʠ 

ʤʝʜʣʝʥʥʳʭ ʚʦʣʥ (VLF ʠ LF), ʢʦʪʦʨʳʝ ʚʳʰʝ, ʯʝʤ ʧʦʢʘʟʘʪʝʣʴ ʤʦʱʥʦʩʪʠ  ʚʦʣʥ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ (HF).ɺ ʧʝʨʚʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ ʤʫʞʯʠʥ: VLF1=2496,1 ʤʩ
2
 ʠ 

LF1=2482,5 ʤʩ
2
 > HF1=942,3 ʤʩ

2
; ʚʦ ʚʪʦʨʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ ʤʫʞʯʠʥ: 

VLF2=2658,6 ʤʩ
2
 ʠ LF2=2156,3 ʤʩ

2
> HF2=622,6  ʤʩ

2
. ʆʜʥʘʢʦ 3 ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ 

ʙʦʣʝʝ ʩʢʣʦʥʥʘ ʢ ʥʦʨʤʦʪʦʥʠʠ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʤʘʣʦʝ ʨʘʟʣʠʯʠʝ ʚ ʤʦʱʥʦʩʪʠ ʚʦʣʥ 

ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (VLF3=1614,8 ʤʩ
2
 ʠ LF3=1020 ʤʩ

2 
> HF3=298,3 ʤʩ

2
).  
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ʈʠʩ.7.ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʚʦʣʥ ʚʳʩʦʢʦʡ(HF(p)), ʥʠʟʢʦʡ(LF(p)) ʠ 

ʩʚʝʨʭʥʠʟʢʦʡ(VLF(p)) ʯʘʩʪʦʪ, ʪʨʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʤʫʞʩʢʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʚʦʣʥ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ, ʚʳʨʘʞʝʥʥʦʝ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ  (HFʥ) ʫ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʩʦʩʪʘʚʣʷʝʪ: 1 

ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ (HFʥ1=27,9 %), 2 ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ (HFʥ2=24,6%), 3 

ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ (HFʥ3=27,3%). 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʚʦʣʥ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ, ʚʳʨʘʞʝʥʥʦʝ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ (LFʥ) ʫ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʩʦʩʪʘʚʣʷʝʪ: 1 

ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ (LFʥ1 =72 %), 2 ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ (LFʥ2 =75,3%), 3 

ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ (LFʥ3 =72,6%). ɸʥʘʣʠʟʠʨʫʷ ʵʪʠ ʜʘʥʥʳʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʯʪʦ 

ʪʦʣʴʢʦ ʫ ʤʫʞʯʠʥ  ʪʨʝʪʴʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʧʨʝʦʙʣʘʜʘʝʪ ʘʢʪʠʚʥʦʩʪʴ 

ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ.  

 

 

 

 

 

 

ʊʘʙʣʠʮʘ 7 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ  ʦʙʨʘʙʦʪʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʪʨʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʖʛʨʳ 

 

ʚʦʟʨʘʩʪ

ʥʘ̫ 

ʛʨʫʧʧʘ 

ʇʦʢʘʟʘ

ʪʝʣʠ 
W P 

ʆʧʠʩʘʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ 

ʄʝʜʠʘ

ʥʘ 

ʇʨʦ

ʮʝʥʪ

ʠʣʠ 

5 

ʇʨʦʮʝ

ʥʪʠʣʠ 

95 

ʉʨʝʜʥʝʝ ů Min Max 

1
 
ʚ
ʦ
ʟ
ʨ
ʘ
ʩ
ʪ
ʥ
ʘ
ʷ
 
ʛ
ʨ
ʫ
ʧ
ʧ
ʘ

 

SIM 0,84 0,00 4,5 1 16 5,44 4,05 1 19 

PAR 0,93 0,02 10 2 18 10,31 4,87 2 19 

SDNN 0,95 0,11 38 20 64 41 13,85 16 65 

INB 0,76 0,00 51,5 20 171 69,26 57,04 19 309 

SPO2 0,82 0,00 98 96 99 97,5 0,79 95 99 

SSS 0,92 0,02 82 72 102 83,65 8,79 71 104 

VLF  0,84 0,00 1898 397 7897 2496,15 2279,32 383 9973 

LF 0,87 0,00 2298 391 7716 2482,5 1766,41 364 7755 

HF 0,87 0,00 761,5 127 2177 942,39 746,79 104 3476 

LF(ʥ) 0,9 0,00 76,5 46 89 72,05 13,24 43 89 

HF(ʥ) 0,9 0,00 23,5 11 54 27,94 13,24 11 57 

LF/HF  0,93 0,03 3,2 0,85 8,09 3,4 2 0,75 8,09 

ʚʦʟʨʘʩʪ

ʥʘʷ 

ʇʦʢʘʟʘ

ʪʝʣʠ 
W P ʆʧʠʩʘʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ 



64 

 

ʛʨʫʧʧʘ 

ʄʝʜʠʘ

ʥʘ 

ʇʨʦ

ʮʝʥʪ

ʠʣʴ 

5 

ʇʨʦʮʝ

ʥʪʠʣʴ 

95 

ʉʨʝʜʥʝʝ ů Min Max 

2
 ʚ
ʦ
ʟ
ʨ
ʘ
ʩ
ʪ
ʥ
ʘ
ʷ
 
ʛ
ʨ
ʫ
ʧ
ʧ
ʘ

 

SIM 0,92 0,02 5,5 2 13 5,5 3 1 14 

PAR 0,95 0,09 9 3 19 9,26 4,24 3 19 

SDNN 0,94 0,06 37 22 65 38,68 11,71 22 69 

INB 0,94 0,05 59 19 152 66,1 35,9 12 169 

SPO2 0,85 0,00 97 95 98 96,86 0,87 95 98 

SSS 0,97 0,40 78 62 92 77,94 9,73 51 105 

VLF  0,81 0,00 1915 623 7504 2658,6 2146,8 587 8670 

LF 0,73 0,00 1514 548 6431 2156,39 1995,95 401 10749 

HF 0,89 0,00 519 98 1531 622,65 453,23 63 1606 

LF(ʥ) 0,92 0,01 79,5 51 92 75,36 13,08 49 93 

HF(ʥ) 0,92 0,01 20,5 8 49 24,632 13,083 7 51 

LF/HF  0,9 0,00 3,88 1,04 11,5 4,47 3,13 0,96 13,29 

3
 
 
ʚ
ʦ
ʟ
ʨ
ʘ
ʩ
ʪ
ʥ
ʘ
ʷ
 
ʛ
ʨ
ʫ
ʧ
ʧ
ʘ

 

SIM 0,86 0,00 10 2 32 10,94 7,99 2 35 

PAR 0,92 0,01 5 0 16 6 4,72 0 19 

SDNN 0,93 0,02 26 13 50 28,68 11,29 12 52 

INB 0,76 0,00 95 27 482 139,1 127,61 26 537 

SPO2 0,86 0,00 97 94 98 96,6 1,38 92 99 

SSS 0,93 0,02 77 62 107 80,13 13,05 61 111 

VLF  0,75 0,00 1241 204 4660 1614,8 1563,69 47 7957 

LF 0,68 0,00 679,5 117 3926 1020,02 1146,44 92 6145 

HF 0,81 0,00 236 67 969 298,34 249,09 64 970 

LF(ʥ) 0,94 0,08 73,5 48 92 72,65 13,61 45 93 

HF(ʥ) 0,94 0,08 26,5 8 52 27,34 13,61 7 55 

LF/HF  0,84 0,00 2,77 0,92 11,5 3,97 3,12 0,81 13,28 

 
ʇʨʠʤʝʯʘʥʠʝ. ʍʩʨï ʩʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ; ů ï ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ; minï 

ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ; max ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ; ʄʝ ï ʤʝʜʠʘʥʘ (5%;95%) ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʜʠʘʥʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʤʝʨ ʨʘʩʩʝʷʥʠʷ 

ʧʨʦʮʝʥʪʠʣʠ (5-ʡ ʠ 95-ʡ); W ï ʢʨʠʪʝʨʠʡ ʐʘʧʠʨʦ ï ʋʠʣʢʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʠʧʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʠʟʥʘʢʘ; p ï ʜʦʩʪʠʛʥʫʪʳʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ ʧʨʦʚʝʨʢʝ ʪʠʧʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʐʘʧʠʨʦ ï ʋʣʠʢʘ. 

 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ ʯʪʦ ʥʝ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʢʦʥʫ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦ 

ï ʋʠʣʢʘ, ʥʘʤʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ʧʦ ʄʘʥʥʘ ï ʋʠʪʥʠ ʠ  

ʂʨʘʩʢʝʣʘ ï ʋʦʣʣʠʩʫ.  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʪʨʝʭ ʠ ʙʦʣʝʝ ʩʚʷʟʘʥʥʳʭ ʚʳʙʦʨʦʢ, ʜʘʥʥʳʝ ʚ ʢʦʪʦʨʳʭ ʥʝ 

ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʨʠʤʝʥʷʝʪʩʷ ʢʨʠʪʝʨʠʡ 

ʂʨʘʩʢʘʣʘ ï ʋʦʣʣʠʩʘ. ʂʨʠʪʝʨʠʡ ʂʨʘʩʢʘʣʘ ï ʋʦʣʣʠʩʘ ʠʤʝʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ 

ʭʠ ï ʢʚʘʜʨʘʪ, ʧʦʵʪʦʤʫ ʝʛʦ ʩʣʝʜʫʝʪ ʟʘʧʠʩʳʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ çChi-

squareè. ʇʨʠʤʝʥʝʥʠʝ ʢʨʠʪʝʨʠʷ ʂʨʘʩʢʘʣʘ ï ʋʦʣʣʠʩʘ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʪʨʝʤʷ ʩʨʘʚʥʠʚʘʝʤʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦ 

ʧʦʢʘʟʘʪʝʣʷʤ: SSS, VLF, LF(ʥ), HF(ʥ) ʠ LF/HF.  ʆʜʥʘʢʦ ʤʝʞʜʫ ʢʘʢʠʤʠ ʛʨʫʧʧʘʤʠ 
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ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʠʷ, ʧʦʢʘʞʝʪ ʢʨʠʪʝʨʠʡ ʄʘʥʥʘ ï ʋʠʪʥʠ ʩ ʠʟʤʝʥʝʥʥʳʤ 

ʢʨʠʪʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ ʟʥʘʯʠʤʦʩʪʠ.  

ɺ ʪʘʙʣʠʮʝ  8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ, ʪʨʝʭ 

ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ (ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ p<0,017) ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʪʝʨʠʷ ʂʨʘʩʢʝʣʘ-ʋʦʣʣʠʩʘ. ʀʟ ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ SSS, VLF, LF(ʥ), 

HF(ʥ) ʠ LF/HF.   

 

 

 

ʊʘʙʣʠʮʘ 8 

ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʩʦʩʫʜʠʩʪʦʡ 

ʩʠʩʪʝʤʳ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ (ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ p<0,017) 

ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʂʨʘʩʢʝʣʘ-ʋʦʣʣʠʩʘ 

 

ʇʦʢʘʟʘʪʝʣʠ 

1 ʚʦʟʨʘʩʪʥʘʷ  

ʛʨʫʧʧʘ 

2 

ʚʦʟʨʘʩʪʥʘʷ 

ʛʨʫʧʧʘ 

3 

ʚʦʟʨʘʩʪʥʘʷ 

ʛʨʫʧʧʘ ʅ ʈ 

SIM 1764,5 1892 2898,5 18,78 0,00 

PAR 2615 2417 1523 16,38 0,00 

SDNN 2613 2468 1474 18,53 0,00 

INB 1806,5 1947 2801,5 13,97 0,00 

SPO2 2773,5 1957,5 1824 14,12 0,00 

SSS 2591 1969 1995 5,97 0,05 

VLF  2289 2545 1721 8,56 0,01 

LF 2750,5 2451,5 1353 26,08 0,00 

HF 2829,5 2353,5 1372 26,61 0,00 

LF(ʥ) 2042,5 2393,5 2119 1,64 0,44 

HF(ʥ) 2327,5 1976,5 2251 1,64 0,43 

LF/HF  2043,5 2394,5 2119 1,64 0,44 

 

ʨ - ʜʦʩʪʠʛʥʫʪʳʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʨʠʪʝʨʠʷ ʂʨʘʩʢʝʣʘ-ʋʦʣʣʠʩʘ (ʧʨʠ 

ʢʨʠʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠʥʷʪʳʤ ʨʘʚʥʳʤ ʨ<0,017). 

 

 

ʊʘʙʣʠʮʘ  9 

ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʘʥʛʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, 1 ʠ 2 ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

(ʢʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʨ< 0,05) ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ ï 

ʋʠʪʥʠ ̡

 

ʇʦʢʘʟʘʪʝʣʴ  

1 

ʚʦʟʨʘʩʪʥʘʷ 

ʛʨʫʧʧʘ 

2 

ʚʦʟʨʘʩʪʥʘʷ 

ʛʨʫʧʧʘ 

p-ʫʨʦʚ. 
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SIM 1403,5 1522,5 0,53 

PAR 1543,5 1382,5 0,40 

SDNN 1523 1403 0,53 

INB 1403,5 1522,5 0,53 

SPO2 1749 1177 0,002 

SSS 1676 1250 0,02 

VLF  1392 1534 0,46 

LF 1583 1343 0,21 

HF 1639,5 1286,5 0,06 

LF(ʥ) 1340,5 1585,5 0,20 

HF(ʥ) 1585,5 1340,5 0,2 

LF/HF  1340,5 1585,5 0,2 

ɺ ʪʘʙʣʠʮʝ 9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʚʳʙʦʨʦʢ ʭi 
ʜʣʷ 1 ʠ 2 ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ (ʢʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʨ< 0,05). ʀʟ 

ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʨʘʟʥʠʮʘ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ SSS ʠ  SPO2. 

 

 

 

 

 

ʊʘʙʣʠʮʘ 10 

ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʘʥʛʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, 1 ʠ 3 ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

(ʢʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʨ< 0,05) ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ ï ʋʠʪʥʠ 

 

  

1 

ʚʦʟʨʘʩʪʥʘʷ 

ʛʨʫʧʧʘ 

3 

ʚʦʟʨʘʩʪʥʘʷ 

ʛʨʫʧʧʘ 

p-ʫʨʦʚ. 

SIM 1102 1824 0,00 

PAR 1812,5 1113,5 0,00 

SDNN 1831 1095 0,00 

INB 1144 1782 0,00 

SPO2 1765,5 1160,5 0,00 

SSS 1656 1270 0,04 

VLF  1638 1288 0,06 

LF 1908,5 1017,5 0,00 

HF 1931 995 0,00 

LF(ʥ) 1443 1483 0,83 

HF(ʥ) 1483 1443 0,83 

LF/HF  1443 1483 0,83 

 

ʊʘʙʣʠʮʘ 11 

ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʘʥʛʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, 2 ʠ 3 ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

(ʢʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʨ< 0,05) ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ ï ʋʠʪʥʠ 
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ʇʦʢʘʟʘʪʝʣʴ 

2 

ʚʦʟʨʘʩʪʥʘʷ 

ʛʨʫʧʧʘ 

3 

ʚʦʟʨʘʩʪʥʘʷ 

ʛʨʫʧʧʘ 

p-ʫʨʦʚ. 

SIM 1110,5 1815,5 0,00 

PAR 1775,5 1150,5 0,00 

SDNN 1806 1120 0,00 

INB 1165,5 1760,5 0,00 

SPO2 1521,5 1404,5 0,54 

SSS 1460 1466 0,97 

VLF  1752 1174 0,00 

LF 1849,5 1076,5 0,00 

HF 1808 1118 0,00 

LF(ʥ) 1549 1377 0,37 

HF(ʥ) 1377 1549 0,37 

LF/HF  1549 1377 0,37 

 

 

ɺ ʪʘʙʣʠʮʝ 10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʚʳʙʦʨʦʢ ʭi 

ʜʣʷ 1 ʠ 3 ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ (ʢʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʨ< 0,05). ʀʟ 

ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʨʘʟʥʠʮʘ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ SIM, PAR, SDNN, INB,SPO2, SSS, LF ʠ HF.   

ɺ ʪʘʙʣʠʮʝ 11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʚʳʙʦʨʦʢ ʭi 
ʜʣʷ 2 ʠ 3 ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ (ʢʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʨ< 0,05). ʀʟ 

ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʨʘʟʥʠʮʘ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ SIM, PAR, SDNN, INB, VLF, LF, HF.   

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʦʪʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʠʡ ʧʦ ʨʷʜʫ ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ 

ʤʝʞʜʫ 1 ʠ 2 ʚʦʟʨʘʩʪʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʦʪʣʠʯʠʷ ʧʦʣʫʯʝʥʳ 

ʜʣʷ 3 ʠ 1 ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ.  

 

 

2.3. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʝʞʛʨʫʧʧʦʚʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʤʫʞʯʠʥ ʠ ʞʝʥʱʠʥ ʥʝʢʦʨʝʥʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʤʝʞʛʨʫʧʧʦʚʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʤ  ʧʘʨʘʤʝʪʨʘʤ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ 

ʄʘʥʥʘ-ʋʠʪʥʠ. ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠʥʠʤʘʣʦʩʴ 

ʨʘʚʥʦʝ ʨ<0,05. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʧʘʨʥʦʤ ʩʨʘʚʥʝʥʠʠ 1-ʡ ʛʨʫʧʧ ʥʝʢʦʨʝʥʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ (ʪʘʙʣ.12) ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨ HR ʠ PAR ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʝ ʨʘʟʣʠʯʠʝ (ʦʩʪʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʭi ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ). ɸ ʧʨʠ 

ʧʘʨʥʦʤ ʩʨʘʚʥʝʥʠʠ 2-ʡ ʦʙʩʣʝʜʫʝʤʦʡ ʛʨʫʧʧʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʨʘʟʣʠʯʠʝ 

ʧʦʣʫʯʝʥʦ ʪʦʣʴʢʦ ʧʦ ʧʘʨʘʤʝʪʨʫ SPO2. 
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ɼʣʷ ʩʨʘʚʥʠʚʘʝʤʳʭ 2-ʡ ʠ 3-ʡ ʛʨʫʧʧ ʤʫʞʯʠʥ ʠ ʞʝʥʱʠʥ ʥʝʢʦʨʝʥʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʥʠ ʦʜʥʘ ʧʘʨʘ ʩʨʘʚʥʠʚʘʝʤʳʭ ʭi ʥʝ ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʣʠʯʠʡ ʚ ʚʳʙʦʨʢʘʭ ʪ.ʝ 

ʵʪʠ ʛʨʫʧʧʳ ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʡ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ.  

 ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ɺʉʈ  

ʞʝʥʩʢʦʛʦ ʠ ʤʫʞʩʢʦʛʦ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 1 ʠ 2, 1 ʠ 3, ʥʦ ʣʠʰʴ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ: HF, LFnorm, HFnorm ʠ 

LF/HF (ʪʘʙʣ.13).  

ʇʘʨʥʳʝ ʩʨʘʚʥʝʥʠʷ ʚʳʙʦʨʦʢ 2 ʠ 3 ʧʦ ʠʩʩʣʝʜʫʝʤʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʥʝʩʝʥʠʷ ʵʪʠʭ ʧʘʨ ʢ ʦʜʥʦʡ ʛʝʥʝʨʘʣʴʥʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ.  

 

 

 

 

 

 

 

                                                                 

ʊʘʙʣʠʮʘ 12 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʘʥʛʦʚ (ʜʦʧʫʩʪʠʤʦʛʦ 

ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʞʝʥʱʠʥ ʠ 

ʤʫʞʯʠʥ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ) ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ ï ʋʠʪʥʠ 

 
ʆʪʤʝʯʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʟʥʘʯʠʤʳ ʥʘ ʫʨʦʚʥʝ         ʨ <0,05 

ʇʘʨʘʤʝʪʨʳ ʨ ï ʫʨʦʚ. 

1 ʩ 1 

ʨ ï ʫʨʦʚ. 

2 ʩʦ 2 

ʨ ï ʫʨʦʚ. 

3 ʩ 3 

SIM 0,06 0,37 0,27 

PAR 0,04 0,33 0,11 

SDNN 0,07 0,20 0,31 

INB 0,06 0,64 0,30 

SPO2 0,24 0,00 0,34 

HR 0,00 0,38 0,39 

 

ʇʨʠʤʝʯʘʥʠʝ: SIM - ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ (ʫ.ʝ.), PAR -

ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ (ʫ.ʝ.), IBN - ʧʦʢʘʟʘʪʝʣʴ ʠʥʜʝʢʩʘ 

ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʈ.ʄ.ɹʘʝʚʩʢʦʤʫ (ʫ.ʝ.), SPO2 - ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ 

ʠʩʧʳʪʫʝʤʳʭ (%),SDNN - ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʣʥʦʛʦ ʤʘʩʩʠʚʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ (ʤʩ.), 

HR - ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʫʜ/ʤʠʥ). 

 

ʊʘʙʣʠʮʘ 13 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʘʥʛʦʚ (ʜʦʧʫʩʪʠʤʦʛʦ 

ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʞʝʥʱʠʥ b 

ʤʫʞʯʠʥ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ) ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ ï ʋʠʪʥʠ 
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ʆʪʤʝʯʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʟʥʘʯʠʤʳ ʥʘ ʫʨʦʚʥʝ         ʨ <0,05 

ʇʘʨʘʤʝʪʨʳ ʨ ï ʫʨʦʚ. 

1 ʩ 1 

ʨ ï ʫʨʦʚ. 

2 ʩʦ 2 

ʨ ï ʫʨʦʚ. 

3 ʩ 3 

VLF 0,55 0,11 0,06 

LF 0,74 0,14 0,74 

HF 0,03 0,49 0,36 

LF(p) 0,03 0,01 0,37 

HF(p) 0,03 0,01 0,37 

LF/HF 0,05 0,02 0,50 

 
ʇʨʠʤʝʯʘʥʠʝ: VLF - ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʩʚʝʨʭ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

(ʤʩ
2
/ɻʮ), LF - ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ

2
/ɻʮ), HF - 

ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ
2
/ɻʮ), Total - ʦʙʱʘʷ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ʤʩ
2
/ɻʮ) , LFnorm - ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ (%), HFnorm - ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ (%). 

  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʫʩʪʘʥʦʚʠʪʴ ʟʥʘʯʠʤʦʩʪʴ ʚʩʝʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʷʚʠʪʴ ʧʨʠʟʥʘʢʠ, 

ʧʦ ʢʦʪʦʨʳʤ ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʳ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʚ 

ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʭʘʦʩʘ - ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ 

ʚʦʟʨʘʩʪʥʳʭ ʨʘʟʣʠʯʠʡ. 

 

2.4 ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʚ m ï ʤʝʨʥʦʤ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

 

ɺ ʪʘʙʣʠʮʝ 14, 15 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ 

ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʤʫʞʯʠʥ  ʠ  ʞʝʥʱʠʥ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʠ ʠʥʪʝʛʨʘʣʴʥʳʤ  ʧʘʨʘʤʝʪʨʘʤ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘ. 

ʀʟ ʪʘʙʣʠʮʳ 14 ʚʠʜʥʦ, ʯʪʦ ʦʙʲʝʤ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ ɺʉʈ ʫ ʤʫʞʯʠʥ 3 ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʝʪ vX3=22,4*10^(8) 

ʫ.ʝ., ʯʪʦ ʧʦʯʪʠ ʚ 9,5 ʨʘʟ ʙʦʣʴʰʝ ʯʝʤ ʫ ʤʫʞʯʠʥ 2 ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ 

vX2=2,4*10^(8) ʫ.ʝ. ʠ ʚ 4 ʨʘʟʘ ʙʦʣʴʰʝ ʯʝʤ ʫ ʤʫʞʯʠʥ 1 ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ 

vX1=5,7*10^(8)ʫ.ʝ. ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʫ ʤʫʞʯʠʥ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʧʨʷʞʝʥʠʠ ʘʜʘʧʪʘʮʠʦʥʥʳʭ 

ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩ ʚʦʟʨʘʩʪʦʤ ʦʙʲʝʤʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʫ ʞʝʥʱʠʥ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʫʤʝʥʴʰʘʶʪʩʷ ʚ 4,7 ʨʘʟʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʦʟʨʘʩʪʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ 

ʜʠʥʘʤʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʠ ʜʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ  ʧʨʦʛʥʦʟ ʥʘ ʜʦʣʛʦʞʠʪʝʣʴʩʪʚʦ 

(ʜʣʷ 1 ʛʨʫʧʧʳ: 2,83 ʫ.ʝ; ʜʣʷ 3 ʛʨʫʧʧʳ: 0,6 ʫ.ʝ.).  

ʊʘʙʣʠʮʘ 14 
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ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʞʝʥʱʠʥ 

ʢʦʨʝʥʥʦʛʦ ʠ  ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ (SIM, PAR, 

SDNN, INB, SPO2, HR) ʧʘʨʘʤʝʪʨʘʤ 

 

ɻʨʫʧʧʳ                     vX*10
8 

ʄʫʞʯʠʥʳ ɾʝʥʱʠʥʳ  

1   ʛʨʫʧʧʘ 5,7 2,83 

2   ʛʨʫʧʧʘ 2,4 9,32 

3   ʛʨʫʧʧʘ 22,4 0,60 

 

ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ 

ʤʫʞʯʠʥ ʖʛʨʳ (ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ  ɺʉʈ) ʧʦʢʘʟʘʣ, ʯʪʦ ʠʤʝʝʪʩʷ 

ʚʳʨʘʞʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʴʝʤʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʟʨʘʩʪʘ (vX1=3,7*10^(15) ʫ.ʝ.;  vX2=3*10^(15)
 
ʫ.ʝ.; 

vX3=1,2*10^(15)
 
ʫ.ʝ.). 

ɺ ʚʦʟʨʘʩʪʥʦʤ ʘʩʧʝʢʪʝ ʫ ʞʝʥʱʠʥ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ  ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʦʚ ʢʨʘʟʠʘʪʪʨʘʢʪʦʨʦʚ (Vx1=0,1 ʫ.ʝ, Vx3  =0,4 

ʫ.ʝ.).  

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʭʦʜʥʳʝ  ʟʥʘʯʝʥʠʷ ʦʙʲʸʤʘ ʠʤʝʶʪ ʚʪʦʨʘʷ ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ 

ʫ ʤʫʞʯʠʥ ʠ ʞʝʥʱʠʥ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ (Vx2 ʤʫʞʯʠʥʳ=3 ʫ.ʝ, Vx2 

ʞʝʥʱʠʥʳ = 3,2 ʫ.ʝ.). ɺ ʮʝʣʦʤ,  ʞʝʥʱʠʥʳ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʠʤʝʶʪ 

ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ, ʯʝʤ ʪʝ ʞʝ ʚʦʟʨʘʩʪʥʳʝ ʛʨʫʧʧʳ 

ʤʫʞʯʠʥ ʖʛʨʳ.  

 

ʊʘʙʣʠʮʘ 15 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʞʝʥʱʠʥ 

ʢʦʨʝʥʥʦʛʦ ʠ  ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ (VLF, LF, HF, 

HF(p), LF(p),  LF/HF) ʧʘʨʘʤʝʪʨʘʤ 

 

ɻʨʫʧʧʳ vX*10
15 

ʄʫʞʯʠʥʳ ɾʝʥʱʠʥʳ  

1   ʛʨʫʧʧʘ 3,7 0,1 

2   ʛʨʫʧʧʘ 3 3,2 

3   ʛʨʫʧʧʘ 1,2 0,4 

ʇʨʠʤʝʯʘʥʠʝ: vX ï ʦʙʲʸʤ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ.
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ʈʠʩ. 8. ʆʙʲʝʤʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ (vX) ʪʨʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ, ʧʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (*10^(15)) 

 
ʈʠʩ.9.  ʆʙʲʝʤʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ (vX) ʪʨʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ 

ʤʫʞʯʠʥ ʠ  ʞʝʥʱʠʥ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ, ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ɺʉʈ (*10^(8)) 

 

ɿʘʚʝʨʰʘʷ ʵʪʫ ʛʣʘʚʫ ʚʳʧʦʣʥʠʤ ʠʪʦʛ ʝʝ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ ʚʳʚʦʜʦʚ: 

1. ʄʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʫʩʪʘʥʦʚʣʝʥʳ, ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʚʦʟʨʘʩʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʤʫʞʯʠʥ, ʥʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 1 ʠ 2 

ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʨʘʟʣʠʯʠʷ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʪʦʣʴʢʦ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

SPO2 ʠ SSS. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʭʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʧʦ ʨʷʜʫ 

ʩʨʘʚʥʝʥʠʡ ʛʨʫʧʧ ʞʝʥʱʠʥ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʜʥʦʡ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʪ.ʝ. ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʥʝʢʦʨʝʥʥʦʛʦ ʤʫʞʩʢʦʛʦ ʠ ʞʝʥʩʢʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʚ ʚʦʟʨʘʩʪʥʦʤ ʘʩʧʝʢʪʝ, ʧʦʢʘʟʘʣʦ  ʜʦʤʠʥʠʨʦʚʘʥʠʝ 

ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ (PAR) ʦʪʜʝʣʘ ɺʅʉ ʥʘʜ ʩʠʤʧʘʪʠʯʝʩʢʠʤ (SIM) ʦʪʜʝʣʦʤ 

ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʟʨʘʩʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʩʪʨʦʡʢʘ ʌʉʆ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘʨʫʰʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʚ ɺʅʉ ʚ ʩʪʦʨʦʥʫ 

ʧʦʚʳʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʘʜʘʧʪʠʚʥʳʭ 

ʧʝʨʝʩʪʨʦʡʢʘʭ ʥʝʡʨʦʚʝʛʝʪʘʪʠʚʥʦʛʦ ʩʠʩʪʝʤʘ ʢʦʤʧʣʝʢʩʘ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʖʛʨʳ ʢ ʫʩʣʦʚʠʷʤ ʩʝʚʝʨʥʳʭ ʰʠʨʦʪ.  

3. ʄʝʪʦʜ ʤʥʦʛʦʤʝʨʥʳʭ ʬʘʟʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, 

ʯʪʦ ʩ ʚʦʟʨʘʩʪʦʤ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʦʚ  ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʫ ʞʝʥʱʠʥ ʫʤʝʥʴʰʘʶʪʩʷ 

ʚ 4, 7 ʨʘʟʘ, ʪʘʢʘʷ ʜʠʥʘʤʠʢʘ ʜʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ  ʧʨʦʛʥʦʟ ʥʘ ʜʦʣʛʦʞʠʪʝʣʴʩʪʚʦ 
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ʞʝʥʩʢʦʛʦ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʤʫʞʯʠʥ ʦʙʲʝʤʳ 

ʂɸ ʚ 3 ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ (V3=2401*10
5
 ʫ.ʝ.) ʧʦʯʪʠ ʚ 10 ʠ ʚ 7 ʨʘʟ ʙʦʣʴʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 1 ʠ 2 ʛʨʫʧʧʘʤʠ (V1=314,6*10
5
 ʫ.ʝ., V2=245,2*10

5
 ʫ.ʝ.). 

ɺʦʟʨʘʩʪʘʥʠʝ ʦʙʲʝʤʦʚ ʂɸ ʚ 3 ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ, ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʥʠʟʢʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʤʫʞʩʢʦʛʦ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʠ 

ʚʦʟʤʦʞʥʦ, ʨʘʟʚʠʚʘʶʱʝʡʩʷ (ʥʦ ʝʱʝ ʥʝ ʬʠʢʩʠʨʫʝʤʦʡ) ʧʘʪʦʣʦʛʠʝʡ ʉʉʉ. 

 

 

 

 

 

 

 

ɻʃɸɺɸ 3 

 

 ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʇɸʈɸʄɽʊʈʆɺ ʉɽʈɼɽʏʅʆ-

ʉʆʉʋɼʀʉʊʆʁ ʉʀʉʊɽʄʓ ɾɽʅʉʂʆɻʆ ʅɸʉɽʃɽʅʀʗ ʖɻʈʓ 

 

ʀʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʘʜʘʧʪʘʮʠʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʨʝʥʥʳʤʠ ʞʠʪʝʣʷʤʠ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʟʜʦʨʦʚʴʷ ʥʝ ʪʦʣʴʢʦ ʤʘʣʦʯʠʩʣʝʥʥʳʭ 

ʥʘʨʦʜʥʦʩʪʝʡ, ʥʦ ʠ ʧʝʨʝʩʝʣʝʥʮʝʚ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ (ʌʉʆ) ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ  

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʷʪʴ ʢʦʨʨʝʣʷʮʠʶ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ 

ʯʝʣʦʚʝʢʘ ʥʘ ʉʝʚʝʨʝ, ʚ ʵʪʦʤ ʘʩʧʝʢʪʝ ʛʣʘʚʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʢʘʨʜʠʦ-ʨʝʩʧʝʨʘʪʦʨʥʘʷ 

ʩʠʩʪʝʤʘ (ʂʈʉ) ʢʘʢ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʌʉʆ ʢ ʦʩʦʙʳʤ ʩʝʚʝʨʥʳʤ ʫʩʣʦʚʠʷʤ 

[5, 15, 17,30, 35, 189]. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʷʚʣʷʝʪʩʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʦʣʛʦʞʠʪʝʣʴʩʪʚʘ ʥʘʨʦʜʦʚ ʢʘʢ ʭʘʥʪʳ, ʪʘʢ  ʠ ʤʠʛʨʘʥʪʦʚ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʜʣʠʪʝʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʦʩʦʙʳʤ ʩʝʚʝʨʥʳʤ 

ʫʩʣʦʚʠʷʤ ʠ ʝʸ ʚʣʠʷʥʠʠ ʥʘ ʦʙʱʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʥʘ ʉʝʚʝʨʝ ʈʦʩʩʠʠ. 

ʕʪʘ ʧʨʦʙʣʝʤʘ ʠʤʝʝʪ ʦʙʱʝʙʠʦʣʦʛʠʯʝʩʢʦʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʞʠʟʥʠ 

ʚʩʝʭ ʩʝʚʝʨʥʳʭ ʥʘʨʦʜʦʚ ʤʠʨʘ, ʘ ʚ ʘʩʧʝʢʪʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʭʦʣʦʜʘʥʠʷ (ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʳ ʛʣʦʙʘʣʴʥʦʤʫ ʧʦʪʝʧʣʝʥʠʶ) ʵʪʘ ʧʨʦʙʣʝʤʘ 

ʧʨʠʦʙʨʝʪʘʝʪ ʠ ʦʙʱʝʤʠʨʦʚʦʝ ʟʥʘʯʝʥʠʝ (ʦʥʘ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʚʩʝʛʦ ʥʘʩʝʣʝʥʠʷ 

ɿʝʤʣʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ 

ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʉʝʚʝʨʘ ʈʌ ʟʘ ʩʯʝʪ ʫʨʙʘʥʠʟʘʮʠʠ ʠ ʧʨʦʙʣʝʤʘ ʚʦʟʤʦʞʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ ʉʝʚʝʨʘ ʫ ʧʨʠʰʣʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ï ʵʪʦ ʚʘʞʥʘʷ ʠ ʩʦʮʠʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʈʦʩʩʠʠ. ɺʩʝ ʵʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʚʘʞʥʫʶ ʦʙʱʫʶ ʙʠʦʤʝʜʠʮʠʥʩʢʫʶ ʧʨʦʙʣʝʤʫ ʜʦʣʛʦʣʝʪʠʷ ʞʠʪʝʣʝʡ 

ʉʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʈʌ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʝʚʝʨʥʳʭ ʩʪʨʘʥ ʤʠʨʘ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪ ʠ ʧʨʦʙʣʝʤʫ ʫʚʝʣʠʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʚʦʟʨʘʩʪʘ ʈʌ ʚ 

ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʘ. ʕʪʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ 

ʂʈʉ. 
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ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʨʘʩʪʘʶʱʠʤ ʪʝʭʥʦʛʝʥʥʳʤ 

ʧʨʝʩʩʠʥʛʦʤ ʚʳʟʳʚʘʝʪ ʩʝʨʴʝʟʥʦʝ ʙʝʩʧʦʢʦʡʩʪʚʦ ʫ ʨʷʜʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʠ ʚʣʘʩʪʝʡ ʍʄɸʆ-ʖʛʨʳ [35, 44, 51, 53]. ʏʨʝʟʤʝʨʥʦ ʜʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚʳʟʳʚʘʝʪ ʢʦʤʧʣʝʢʩ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʛʦʤʝʦʩʪʘʟʘ. ɺʦʟʥʠʢʘʝʪ ʩʠʥʜʨʦʤ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪ.ʝ. ʩʦʩʪʦʷʥʠʝ 

ʯʨʝʟʤʝʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʝʟʝʨʚʦʚ 

ʦʨʛʘʥʠʟʤʘ [85, 102, 118, 122]. ʈʝʟʝʨʚ ʘʜʘʧʪʠʚʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ï ʨʝʘʣʴʥʦ 

ʩʫʱʝʩʪʚʫʶʱʝʝ ʷʚʣʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ, çʠʭ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠè ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʨʝʜʦʡ. ɺ 

ʪʘʢʠʭ ʦʩʦʙʳʭ ʫʩʣʦʚʠʷʭ, ʢʘʞʜʘʷ ʧʦʧʫʣʷʮʠʷ ʠʤʝʝʪ ʩʚʦʡʩʪʚʝʥʥʳʡ ʪʦʣʴʢʦ ʝʡ ʟʘʧʘʩ 

ʘʜʘʧʪʠʚʥʳʭ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʠ ʫʨʦʚʥʝʤ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʝʨʝʩʪʨʦʝʢ ʦʩʥʦʚʥʳʭ ʣʠʤʠʪʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. ʈʘʩʰʠʨʝʥʠʝ 

ʵʪʦʛʦ ʫʨʦʚʥʷ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʵʪʦʡ ʚʘʞʥʦʡ ʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʪʝʨʨʠʪʦʨʠʠ ʈʌ [125, 197, 199, 216]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʟʣʠʯʠʡ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ (ʉʉʉ) ʠ ʝʝ ʨʝʛʫʣʷʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ (ɺʅʉ) ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʪʝʦʨʠʠ ʭʘʦʩʘ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ - ʊʍʉ), 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʉʫʨɻʋ ʥʘʫʯʥʦʡ ʰʢʦʣʦʡ ʧʨʦʬʝʩʩʦʨʘ ɽʩʴʢʦʚʘ ɺ.ʄ., ʷʚʣʷʝʪʩʷ 

ʚʝʩʴʤʘ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ ʥʘ ʉʝʚʝʨʝ. 

ʕʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʦʚʦʜʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʟʫʯʝʥʠʠ ʧʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʙʠʦʩʠʩʪʝʤ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʝʪʩʷ ʌʉʆ 

ʯʝʣʦʚʝʢʘ ʥʘ ʉʝʚʝʨʝ. 

ɺ ʨʘʤʢʘʭ ʵʪʠʭ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ ʂʈʉ 

ʛʨʫʧʧ ʞʝʥʱʠʥ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʘʙʦʨʠʛʝʥʦʚ (ʭʘʥʪʳ) ʠ ʧʨʠʰʣʦʛʦ ʥʘʩʝʣʝʥʠʷ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʉʉʉ ʵʪʦʛʦ ʞʝʥʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ, 

ʤʝʪʦʜʦʤ ʚʘʨʠʘʮʠʦʥʥʦʡ ʧʫʣʴʩʦʠʥʪʝʨʚʘʣʦʛʨʘʬʠʠ ʙʳʣʦ ʦʙʩʣʝʜʦʚʘʥʦ 228 ʯʝʣʦʚʝʢ, 

ʪʨʸʭ ʛʨʫʧʧ ʧʦ 38 ʯʝʣʦʚʝʢ ʚ ʢʘʞʜʦʡ: 1-ʷ ʛʨʫʧʧʘ 18-36 ʣʝʪ; 2-ʷ ʛʨʫʧʧʘ 37-49 ʣʝʪ; 3- 

ʷ ʛʨʫʧʧʘ  ʩʪʘʨʰʝ 50 ʣʝʪ. ɺʩʝ ʥʘʙʣʶʜʘʝʤʳʝ ʞʝʥʱʠʥʳ ʙʳʣʠ ʙʝʟ ʧʘʪʦʣʦʛʠʡ ʠ ʞʘʣʦʙ 

ʥʘ ʟʜʦʨʦʚʴʝ (ʩʦʛʣʘʩʥʦ ʍʝʣʴʩʠʥʩʢʦʡ ʜʝʢʣʘʨʘʮʠʠ ʜʘʚʘʣʠ ʜʦʙʨʦʚʦʣʴʥʦʝ ʩʦʛʣʘʩʠʝ ʥʘ 

ʦʙʩʣʝʜʦʚʘʥʠʝ). ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʨʘʙʦʪ, ʚʳʧʦʣʥʷʝʤʳʭ 

ʢʘʬʝʜʨʦʡ ʙʠʦʬʠʟʠʢʠ ʠ ʥʝʡʨʦʢʠʙʝʨʥʝʪʠʢʠ ʠ ʣʘʙʦʨʘʪʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʥʘ ʉʝʚʝʨʝ, ʧʦ ʠʟʫʯʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʥʘ ʉʝʚʝʨʝ ʈʌ, ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʧʨʦʬʝʩʩʦʨʘ 

ɺ.ʄ. ɽʩʴʢʦʚʘ ʠ ʧʨʦʬʝʩʩʦʨʘ ʆ.ɽ. ʌʠʣʘʪʦʚʦʡ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʉʉʉ ʦʙʩʣʝʜʫʝʤʳʭ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ 

ʧʷʪʥʘʜʮʘʪʠʤʝʨʥʦʤ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ (ɺʉʉ) ʚ ʚʠʜʝ x=x(t)=(x1, 

ʭ2,é, xʪ)
T
, ʛʜʝ m=15. ʕʪʠ ʢʦʦʨʜʠʥʘʪʳ x1, ʩʦʩʪʦʷʣʠ ʠʟ: x1 ï SIM ï ʧʦʢʘʟʘʪʝʣʴ 

ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʫ.ʝ.; x2 ï PAR 

ï ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ, ʫ.ʝ.; x3 ï SDNN ï 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠʟʤʝʨʷʝʤʳʭ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ, ʤʩ; ʭ4 ï INB ï ʠʥʜʝʢʩ 

ʥʘʧʨʷʞʝʥʠʷ (ʧʦ P.M. ɹʘʝʚʩʢʦʤʫ); x5 ï SSS ï ʯʠʩʣʦ ʫʜʘʨʦʚ ʩʝʨʜʮʘ ʚ ʤʠʥʫʪʫ; x6 ï 

SPO2 ï ʫʨʦʚʝʥʴ ʦʢʩʠʛʝʥʘʮʠʠ ʢʨʦʚʠ (ʫʨʦʚʝʥʴ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ); x7  - TINN - 

ʪʨʠʘʥʛʫʣʷʨʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʛʠʩʪʦʛʨʘʤʤʳ NN- ʠʥʪʝʨʚʘʣʦʚ, ʤʩ; ʭ8 ï pNN50 ï 
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ʯʠʩʣʦ NN-ʠʥʪʝʨʚʘʣʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʩʦʩʝʜʥʠʭ ʙʦʣʝʝ ʯʝʤ ʥʘ 50 ʤʩ; ʭ9 ï VLF ï 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʦʯʝʥʴ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, ʤʩ
2
; ʭ10 ï LF ï ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, ʤʩ ; ʭ11 ï HF ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, 

ʤʩ
2
; ʭ12 ï Total ï ʦʙʱʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʤʩ

2
; x13 ï LFnorm ï 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ; ʭ14 ï HFnorm ï 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ; x15 ï LF/HF ï 

ʦʪʥʦʰʝʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʩʪʘʪʠʩʪʠʢʠ ʚʩʝʭ xi, ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʧʨʦʛʨʘʤʤʝ 

çStatistica 6.1è. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʦʨʤʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʦʙʳʯʥʦ ʵʪʦ ʙʳʣʦ 6 ʧʘʨʘʤʝʪʨʦʚ ʠʟ 15) ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʚʳʙʦʨʢʠ xi ʚ ʨʘʤʢʘʭ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʇʦʩʣʝ ʠʭ ʨʘʟʜʝʣʝʥʠʷ, ʜʘʣʝʝ, ʚʩʝ ʚʳʙʦʨʢʠ ʧʝʨʝʚʦʜʠʣʠʩʴ ʚ 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʚʩʝʭ xi ʜʣʷ ʚʩʝʭ 

ʪʨʸʭ ʧʘʨ. 

ʇʨʦʚʝʨʢʘ ʜʘʥʥʳʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʦʮʝʥʠʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʠʷ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦ-ʋʠʣʢʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ  ʦʧʠʩʳʚʘʶʪʩʷ 

ʟʘʢʦʥʦʤ ʥʝʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [28, 92,198, 219]. 

ɼʣʷ ʧʨʠʤʝʨʘ,  ʚ ʪʘʙʣʠʮʘʭ 16, 17 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ  

ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ, ʞʝʥʱʠʥ 1-ʦʡ ʛʨʫʧʧʳ ʥʝʢʦʨʝʥʥʦʛʦ ʠ 3-ʡ ʛʨʫʧʧʳ ʢʦʨʝʥʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ. ʀʟ ʪʘʙʣʠʮ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ PAR ʠʟ ʪʘʙʣʠʮʳ 16. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʠ ʦʩʪʘʣʴʥʳʝ ʠʩʩʣʝʜʫʝʤʳʝ ʛʨʫʧʧʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʉʉʉ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʞʝʥʩʢʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʉʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʈʌ ʧʦʢʘʟʘʣʦ ʜʣʷ ʤʣʘʜʰʝʡ   ʛʨʫʧʧʳ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ (PAR) ʦʪʜʝʣʘ ɺʅʉ ʥʘʜ ʩʠʤʧʘʪʠʯʝʩʢʠʤ 

(SIM) ʦʪʜʝʣʦʤ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʅʘ ʨʠʩʫʥʢʝ 10, 11 ʜʘʥʳ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʚʝʣʠʯʠʥʳ SIM ʠ PAR ʪʨʸʭ ʛʨʫʧʧ ʞʝʥʱʠʥ, ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʠʮ 

ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ. 

ʊʘʙʣʠʮʘ 16 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ 

ʨʠʪʤʘ (m=6) ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʢʨʠʪʝʨʠʝʚ ʐʘʧʠʨʦ-ʋʠʣʢʘ, ʞʝʥʱʠʥ 1-ʦʡ ʛʨʫʧʧʳ (18-35) ʧʨʠʰʣʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʖʛʨʳ  

 

ʇʘʨʘʤʝʪʨʳ  N ʤʘʢʩ.D ʂ.-ʉ. p 

ʃʠʣʣʠʝʬ. 

p W p 

SIM 38 0,17 p > .20 p < .01 0,89 0,00 

PAR 38 0,14 p > .20 p < .10 0,97 0,28 

SDNN 38 0,11 p > .20 p > .20 0,93 0,02 

INB 38 0,20 p < .15 p < .01 0,88 0,00 

SPO2 38 0,34 p < .01 p < .01 0,69 0,00 
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HR 38 0,11 p > .20 p > .20 0,94 0,04 

 
ʇʨʠʤʝʯʘʥʠʝ: SIM - ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ (ʫ.ʝ.), PAR -

ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ (ʫ.ʝ.), IBN - ʧʦʢʘʟʘʪʝʣʴ ʠʥʜʝʢʩʘ 

ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʈ.ʄ.ɹʘʝʚʩʢʦʤʫ (ʫ.ʝ.), SPO2 - ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ 

ʠʩʧʳʪʫʝʤʳʭ (%),SDNN - ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʣʥʦʛʦ ʤʘʩʩʠʚʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ (ʤʩ.), 

HR - ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʫʜ/ʤʠʥ), ʨ - ʜʦʩʪʠʛʥʫʪʳʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ 

ʧʨʦʚʝʨʢʝ ʪʠʧʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ) ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦ-ʋʠʣʢʘ (ʧʨʠ 

ʢʨʠʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠʥʷʪʳʤ ʨʘʚʥʳʤ ʨ>0,05). ʂʫʨʩʠʚʦʤ ʚʳʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. 

 

 

 

 

ʊʘʙʣʠʮʘ 17 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (m=6) ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ, ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʢʨʠʪʝʨʠʝʚ ʐʘʧʠʨʦ-ʋʠʣʢʘ, ʞʝʥʱʠʥ 3-ʦʡ ʛʨʫʧʧʳ (50-90) ʧʨʠʰʣʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʖʛʨʳ 

 

ʇʘʨʘʤʝʪʨʳ 

N ʤʘʢʩ.D ʂ.-ʉ. p ʃʠʣʣʠʝʬ. 

p 

W p 

VLF 38 0,23 p < .05 p < .01 0,84 0,00 

LF 38 0,23 p < .05 p < .01 0,70 0,00 

HF 38 0,32 p < .01 p < .01 0,44 0,00 

LF(p) 38 0,19 p < .15 p < .01 0,93 0,02 

HF(p) 38 0,19 p < .15 p < .01 0,93 0,02 

LF/HF 38 0,14 p > .20 p < .10 0,90 0,00 

 
ʇʨʠʤʝʯʘʥʠʝ: VLF - ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʩʚʝʨʭʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

(ʤʩ
2
/ɻʮ), LF - ʤʦɦʥʦʩʪʴ ʩʧʝʢʪʨʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ

2
/ɻʮ), HF - 

ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ
2
/ɻʮ), Total - ʦʙʱʘʷ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ʤʩ
2
/ɻʮ) , LFnorm - ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ (%), HFnorm - ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ (%). ʨ - ʜʦʩʪʠʛʥʫʪʳʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ ʧʨʦʚʝʨʢʝ ʪʠʧʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ) ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦ-ʋʠʣʢʘ (ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠʥʷʪʳʤ ʨʘʚʥʳʤ ʨ>0,05).  
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ʈʠʩ. 10. ʇʘʨʘʤʝʪʨ SIM (ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ʞʝʥʱʠʥ 

ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 
ʈʠʩ.11. ʇʘʨʘʤʝʪʨ PAR (ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 

ʊʘʙʣʠʮʘ 18 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʞʝʥʱʠʥ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 
ɻʨʫʧʧʳ  ʄʝʜʠʘʥʘ ʇʨʦʮ-

ʣʴ 5% 

ʇʨʦʮ-

ʣʴ 95% 

 ʉʨʝʜʥʝʝ ɼʦʚʝʨʠʪ. 

- 95% 

ɼʦʚʝʨʠʪ. 

+95% 

 1   ʛʨʫʧʧʘ SIM 3 1 7 PAR 12,5 11,3 13,7 

PAR 13 6 19 HR 80,2 76,9 83,4 

SDNN 49 31 70  

INB 34 17 109 

SPO2 98 96 99 

HR 80 67 102 
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2   ʛʨʫʧʧʘ SIM 5 2 18 PAR 8,3 7 9,5 

PAR 9 2 17 HR 80,4 76,3 84,5 

SDNN 35 17 66  

INB 55 17 243 

SPO2 98 96 99 

HR 81 58 105 

3   ʛʨʫʧʧʘ SIM 6 1 31 PAR 7,8 6,1 9,5 

PAR 8 0 19 HR 77,3 73,1 81,5 

SDNN 33 13 74 

INB 82 15 454 

SPO2 97 95 99 

HR 76 58 103 

 
ʇʨʠʤʝʯʘʥʠʝ: SIM - ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ (ʫ.ʝ.), PAR -ʧʦʢʘʟʘʪʝʣʴ 

ʘʢʪʠʚʥʦʩʪʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ (ʫ.ʝ.), IBN - ʧʦʢʘʟʘʪʝʣʴ ʠʥʜʝʢʩʘ ʥʘʧʨʷʞʝʥʠʷ ʧʦ 

ʈ.ʄ.ɹʘʝʚʩʢʦʤʫ (ʫ.ʝ.), SPO2 - ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ ʠʩʧʳʪʫʝʤʳʭ (%),SDNN - 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʣʥʦʛʦ ʤʘʩʩʠʚʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ (ʤʩ.), HR - ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ 

ʩʦʢʨʘʱʝʥʠʡ (ʫʜ/ʤʠʥ). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ SIM ʜʘʸʪ 

ʫʩʪʦʡʯʠʚʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩ ʚʦʟʨʘʩʪʦʤ ʦʪ Me1=5 ʜʦ ʄʝ3=8,5 (ʜʣʷ ʤʝʜʠʘʥ - Me) ʫ 

ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʠ ʦʪ Me1=3 ʜʦ ʄʝ3=6  ʫ ʞʝʥʱʠʥ ʥʝʢʦʨʝʥʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ. ɺ ʪʘʙʣʠʮʝ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʩʪʦʡʯʠʚʦʝ ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ PAR  ʢʘʢ ʫ ʢʦʨʝʥʥʦʛʦ (ʦʪ PAR1=10,6 ʜʦ PAR3=6,87), ʪʘʢ ʠ ʫ 

ʞʝʥʱʠʥ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ (ʦʪ PAR1=12,5 ʜʦ PAR3=7,84) [155, 170, 179, 

195].  

ʀʥʜʝʢʩ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʈ.ʄ. ɹʘʝʚʩʢʦʤʫ ʫ ʞʝʥʱʠʥ 3-ʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ 

ʥʝʢʦʨʝʥʥʦʛʦ ʠ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʠ ʩʦʩʪʘʚʣʷʝʪ 82-83 

ʫ.ʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʞʝʥʱʠʥ ʧʨʠ ʨ<0,05. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʘʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ ʘʜʘʧʪʘʮʠʠ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʬʘʢʪʦʨʘʤ ʩʝʚʝʨʘ ʫ ʞʝʥʱʠʥ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 50 ʠ ʩʪʘʨʰʝ ʠ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʚʦʟʨʘʩʪʥʳʭ ʩʜʚʠʛʘʭ ʧʘʨʘʤʝʪʨʦʚ [28, 92, 109, 138, 151]. 

ʊʘʙʣʠʮʘ 19 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 
ɻʨʫʧʧʳ  ʄʝʜʠʘʥʘ ʇʨʦʮ-

ʣʴ 5% 

ʇʨʦʮ-

ʣʴ 95% 

 ʉʨʝʜ

ʥʝʝ 

ɼʦʚʝʨʠʪ. 

- 95% 

ɼʦʚʝʨʠʪ. 

+95% 

 1   ʛʨʫʧʧʘ SIM 5 1 12 PAR 10,6 9,1 12,1 

PAR 10 3 18 SDNN 41,5 37,2 45,8 

SDNN 40,5 22 64 HR 81,8 78,8 84,7 

INB 60,5 21 148  

SPO2 98 97 99 

HR 81 64 100 

2   ʛʨʫʧʧʘ SIM 5,5 2 31 PAR 8,9 7,3 10,4 

PAR 8,5 2 17 SDNN 39,3 34,7 43,8 

SDNN 38,5 19 64 HR 76,7 72,6 80,7 

INB 52 18 255  
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SPO2 98 97 99 

HR 75 61 108 

3   ʛʨʫʧʧʘ SIM 8,5 2 27 PAR 6,9 5,5 8,3 

PAR 7 0,1 14 SDNN 31,1 27,1 35,1 

SDNN 27,5 14 53 HR 76,6 73,6 79,6 

INB 83 23 322  

SPO2 97 95 99 

HR 76 59 94 

 

ʇʨʠʤʝʯʘʥʠʝ: SIM - ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ (ʫ.ʝ.), PAR -ʧʦʢʘʟʘʪʝʣʴ 

ʘʢʪʠʚʥʦʩʪʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ (ʫ.ʝ.), IBN - ʧʦʢʘʟʘʪʝʣʴ ʠʥʜʝʢʩʘ ʥʘʧʨʷʞʝʥʠʷ ʧʦ 

ʈ.ʄ.ɹʘʝʚʩʢʦʤʫ (ʫ.ʝ.), SPO2 - ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ ʠʩʧʳʪʫʝʤʳʭ (%),SDNN - 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʣʥʦʛʦ ʤʘʩʩʠʚʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ (ʤʩ.), HR - ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ 

ʩʦʢʨʘʱʝʥʠʡ (ʫʜ/ʤʠʥ). 

 

ʀʟ ʪʘʙʣʠʮ 20, 21 ʚʠʜʥʦ, ʯʪʦ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ LF ʠ 

HF ʜʘʶʪ ʫʩʪʦʡʯʠʚʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩ ʚʦʟʨʘʩʪʦʤ ʢʘʢ ʫ ʥʝʢʦʨʝʥʥʦʛʦ, ʪʘʢ ʠ ʫ ʢʦʨʝʥʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ: LF(ʢʦʨʝʥʥʦʝ) ʦʪ ʄʝ1=1364 ʜʦ ʄʝ3=634, HF(ʢʦʨʝʥʥʦʝ) ʦʪ ʄʝ1=607 ʜʦ 

ʄʝ3=262 ʠ LF(ʥʝʢʦʨʝʥʥʦʝ) ʦʪ ʄʝ1=2220,5 ʜʦ ʄʝ3=817,5, HF (ʥʝʢʦʨʝʥʥʦʝ) ʦʪ 

ʄʝ1=1079,5 ʜʦ ʄʝ3=273 (ʧʨʠ p<0,05). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ 1 ʛʨʫʧʧʝ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ ʯʝʤ ʫ ʢʦʨʝʥʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ, ʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʟʨʘʩʪʘ ʧʘʨʘʤʝʪʨʳ ʧʨʠʦʙʨʝʪʘʶʪ ʩʭʦʞʝʩʪʴ ʚ ʟʥʘʯʝʥʠʷʭ 

(ʧʨʠ p<0,05). 

ʊʘʙʣʠʮʘ 20 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ  ʨʠʪʤʘ  ʞʝʥʱʠʥ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 
ɻʨʫʧʧʳ  ʄʝʜʠʘʥʘ ʇʨʦʮ-

ʣʴ 5% 

ʇʨʦʮ-

ʣʴ 95% 

 ʉʨʝʜʥʝʝ ɼʦʚʝʨʠʪ. 

- 95% 

ɼʦʚʝʨʠʪ. 

+95% 

 1   ʛʨʫʧʧʘ VLF 1802 830 7235 LF(p) 66,4 62 70,7 

LF 2220,5 883 7762 HF(p) 33,5 29 37,8 

HF 1079,5 330 4160  

LF(p) 68 40 86 

HF(p) 32 14 60 

LF/HF 2,2 0,66 6,9 

2   ʛʨʫʧʧʘ VLF 1620,5 171 5629 LF(p) 67,4 62,8 72 

LF 1198,5 284 7071 HF(p) 32,5 27,9 37 

HF 683 108 1916  

LF(p) 66 42 88 

HF(p) 33,5 12 58 

LF/HF 2,1 0,7 7,2 

3   ʛʨʫʧʧʘ VLF 1858,5 119 5961 LF(p) 68 62,4 73,8 

LF 817,5 100 6703 HF(p) 31,8 26 37,5 

HF 273 66 4500 

LF(p) 71 21 91 

HF(p) 29 9 79 

LF/HF 2,5 0,26 10,2 
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ʇʨʠʤʝʯʘʥʠʝ: VLF - ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʩʚʝʨʭ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

(ʤʩ
2
/ɻʮ), LF - ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ

2
/ɻʮ), HF - 

ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ
2
/ɻʮ), Total - ʦʙʱʘʷ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ʤʩ
2
/ɻʮ) , LFnorm - ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ (%), HFnorm - ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ (%) 

 

ʆʜʥʦʚʨʝʤʝʥʥʦ, ʟʥʘʯʝʥʠʷ ʧʦ ʧʦʢʘʟʘʪʝʣʶ VLF ʫ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʠʤʝʁʪ ʧʘʨʘʙʦʣʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʝʩʣʠ ʠʭ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. ʋ 

ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʞʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʳ ʚʠʜʠʤ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ʩ 

ʚʦʟʨʘʩʪʦʤ: VLF (ʢʦʨʝʥʥʦʝ) ʦʪ ʄʝ1=2122,5 ʜʦ ʄʝ3=1255 (ʧʨʠ p<0,05). 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʤʝʞʛʨʫʧʧʦʚʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʤ  ʧʘʨʘʤʝʪʨʘʤ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ 

ʄʘʥʥʘ-ʋʠʪʥʠ. ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠʥʠʤʘʣʦʩʴ 

ʨʘʚʥʦʝ ʨ<0,05. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʧʘʨʥʦʤ ʩʨʘʚʥʝʥʠʠ 1-ʡ ʠ 2-ʡ ʦʙʩʣʝʜʫʝʤʳʭ 

ʛʨʫʧʧ ʢʦʨʝʥʥʦʛʦ ʞʝʥʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ (ʪʘʙʣ. 22) ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨ HR 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʨʘʟʣʠʯʠʝ (ʦʩʪʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʭi 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ). ɼʣʷ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚʩʝ ʧʝʨʚʳʝ ʯʝʪʳʨʝ xi 

ʨʘʟʣʠʯʘʶʪʩʷ ʟʥʘʯʠʤʦ (ʚʧʨʦʯʝʤ, ʢʘʢ ʠ ʛʨʫʧʧʳ 1-3). 
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ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ  ʨʠʪʤʘ ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 

 
ʇʨʠʤʝʯʘʥʠʝ: VLF - ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʩʚʝʨʭ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

(ʤʩ
2
/ɻʮ), LF - ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ

2
/ɻʮ), HF - 

ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ
2
/ɻʮ), Total - ʦʙʱʘʷ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ʤʩ
2
/ɻʮ) , LFnorm - ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ 

ɻʨʫʧʧʳ ʇʘʨʘʤʝʪʨʳ ɺʉʈ ʄʝʜʠʘʥʘ ʇʨʦʮʝʥʪʠʣʴ 5% ʇʨʦʮʝʥʪʠʣʴ95% 

1   ʛʨʫʧʧʘ VLF 2122,5 607 6789 

LF 1364 288 5387 

HF 607,5 185 3108 

LF(p) 69,5 38 86 

HF(p) 30,5 14 62 

LF/HF 2,635 0,62 6,39 

2   ʛʨʫʧʧʘ VLF 1828 302 6877 

LF 839 194 3653 

HF 525 101 3093 

LF(p) 63,5 44 88 

HF(p) 36,5 12 56 

LF/HF 1,745 0,78 7,4 

3   ʛʨʫʧʧʘ VLF 1255,5 107 5624 

LF 634 129 4900 

HF 265,5 46 3869 

LF(p) 74 38 89 

HF(p) 26 11 62 

LF/HF 2,805 0,61 7,96 



80 

 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ (%), HFnorm - ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ (%). 

 

ɺ ʮʝʣʦʤ, ʜʣʷ ʩʨʘʚʥʠʚʘʝʤʳʭ 2-ʡ ʠ 3-ʡ ʛʨʫʧʧ ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʫʞʝ ʯʝʪʳʨʝ ʧʘʨʳ ʭi ʧʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʠʝ ʚ ʚʳʙʦʨʢʘʭ (SIM, SDNN, INB, Spʆ2). 

ʆʯʝʚʠʜʥʦ, ʩʨʘʚʥʝʥʠʝ 2-ʡ ʠ 3-ʡ ʛʨʫʧʧʳ ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʣʠʯʠʡ ʜʣʷ 

ʵʪʠʭ ʧʘʨ ʠʤʝʥʥʦ ʫ HR (ʭʦʪʷ ʚ ʧʝʨʚʦʡ ʢʦʣʦʥʢʝ ʦʥʠ ʙʳʣʠ ʨʘʟʣʠʯʥʳʤʠ). ɼʣʷ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʛʨʫʧʧʳ 2-3 ʧʦʯʪʠ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ (ʢʨʦʤʝ SpO2) 

ʆʮʝʥʢʘ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʡ ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʜʣʷ ʞʝʥʩʢʦʛʦ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 1 ʠ 2, 1 ʠ 3 ʛʨʫʧʧʘʤʠ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ: SIM, PAR, SDNN, INB 

ʧʨʠ p<0,05. ɸ ʤʝʞʜʫ 2 ʠ 3 ʛʨʫʧʧʘʤʠ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʥʝ ʚʳʷʚʣʝʥʦ, ʪ.ʝ. ʵʪʠ ʛʨʫʧʧʳ ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʡ 

ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ xi ʜʣʷ ʘʙʦʨʠʛʝʥʦʚ ʨʘʟʣʠʯʘʶʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ (ʢʨʦʤʝ HR ʠ PAR). ɺ ʮʝʣʦʤ, ʤʣʘʜʰʠʝ ʛʨʫʧʧʳ ʣʫʯʰʝ ʨʘʟʣʠʯʘʶʪʩʷ 

ʜʣʷ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʘ ʩʪʘʨʰʠʝ ï ʜʣʷ ʢʦʨʝʥʥʦʛʦ [5, 21, 51, 52, 164,190].  

                                                                                                 ʊʘʙʣʠʮʘ 22  

ʈʝʟʫʣʴʪʘʪʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʘʥʛʦʚ (ʜʦʧʫʩʪʠʤʦʛʦ 

ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʞʝʥʱʠʥ 

ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ) ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ 

ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ ï ʋʠʪʥʠ 
ʆʪʤʝʯʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʟʥʘʯʠʤʳ ʥʘ ʫʨʦʚʥʝ  ʨ <0,05 

ʇʘʨʘʤʝʪʨʳ ʨ ï ʫʨʦʚ. 

1   ʩʦ 2 

ʨ ï ʫʨʦʚ. 

1   ʩ 3 

ʨ ï ʫʨʦʚ. 

2   ʩ 3 

ʢʦʨʝʥʥʦʝ ʥʝʢʦʨʝʥʥʦʝ ʢʦʨʝʥʥʦʝ 
ʥʝʢʦʨʝʥʥ

ʦʝ 
ʢʦʨʝʥʥʦʝ ʥʝʢʦʨʝʥʥʦʝ 

SIM 0,37 0,00 0,00 0,00 0,00 0,25 

PAR 0,11 0,00 0,00 0,00 0,09 0,39 

SDNN 0,54 0,00 0,00 0,00 0,01 0,28 

INB 0,84 0,00 0,02 0,00 0,03 0,33 

SPO2 0,07 0,90 0,00 0,01 0,02 0,00 

HR 0,01 0,91 0,02 0,19 0,65 0,21 

ʇʨʠʤʝʯʘʥʠʝ: SIM - ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ (ʫ.ʝ.), PAR -ʧʦʢʘʟʘʪʝʣʴ 

ʘʢʪʠʚʥʦʩʪʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ (ʫ.ʝ.), IBN - ʧʦʢʘʟʘʪʝʣʴ ʠʥʜʝʢʩʘ ʥʘʧʨʷʞʝʥʠʷ ʧʦ 

ʈ.ʄ.ɹʘʝʚʩʢʦʤʫ (ʫ.ʝ.), SPO2 - ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ ʠʩʧʳʪʫʝʤʳʭ (%),SDNN - 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʣʥʦʛʦ ʤʘʩʩʠʚʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ (ʤʩ.), HR - ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ 

ʩʦʢʨʘʱʝʥʠʡ (ʫʜ/ʤʠʥ). 
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ʈʝʟʫʣʴʪʘʪʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʘʥʛʦʚ (ʜʦʧʫʩʪʠʤʦʛʦ 

ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʞʝʥʱʠʥ 

ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ) ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ 

ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ ï ʋʠʪʥʠ 
ʆʪʤʝʯʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʟʥʘʯʠʤʳ ʥʘ ʫʨʦʚʥʝ  ʨ <0,05 

ʇʘʨʘʤʝʪʨʳ ʨ ï ʫʨʦʚʝʥʴ,1   ʩʦ 2 ʨ ï ʫʨʦʚʝʥʴ,1   ʩ 3 ʨ ï ʫʨʦʚʝʥʴ,2   ʩ 3 

ʢʦʨʝʥʥʦʝ ʥʝʢʦʨʝʥʥʦʝ ʢʦʨʝʥʥʦʝ ʥʝʢʦʨʝʥʥʦʝ ʢʦʨʝʥʥʦʝ ʥʝʢʦʨʝʥʥʦʝ 

VLF 0,45 0,13 0,01 0,47 0,07 0,60 



81 

 

LF 0,05 0,00 0,00 0,00 0,15 0,05 

HF 0,62 0,00 0,00 0,00 0,01 0,01 

LF(p) 0,35 0,80 0,80 0,40 0,19 0,52 

HF(p) 0,35 0,80 0,78 0,40 0,19 0,52 

LF/HF 0,27 0,82 0,94 0,39 0,17 0,53 

ʇʨʠʤʝʯʘʥʠʝ: VLF - ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʩʚʝʨʭ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

(ʤʩ
2
/ɻʮ), LF - ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ

2
/ɻʮ), HF - 

ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ
2
/ɻʮ), Total - ʦʙʱʘʷ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ʤʩ
2
/ɻʮ) , LFnorm - ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ (%), HFnorm - ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ (%). 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ɺʉʈ  

ʞʝʥʩʢʦʛʦ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 1 

ʠ 2, 1 ʠ 3, ʘ ʪʘʢ ʞʝ ʤʝʞʜʫ 2 ʠ 3 ʛʨʫʧʧʘʤʠ, ʥʦ ʣʠʰʴ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ: LF ʠ HF 

(ʪʘʙʣ. 23).  

ɼʣʷ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʫ ʥʘʩ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʪʨʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʘ (VLF, LF, HF) ʤʝʞʜʫ 1 ʠ 3 ʛʨʫʧʧʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

(ʨ1=0,0089, ʨ2=0,0036, ʨ2=0,0003). ʆʩʪʘʣʴʥʳʝ ʧʘʨʥʳʝ ʩʨʘʚʥʝʥʠʷ ʚʳʙʦʨʦʢ 

ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʥʝʩʝʥʠʷ ʵʪʠʭ ʧʘʨ ʢ ʦʜʥʦʡ ʛʝʥʝʨʘʣʴʥʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ, ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣ. 23. 

ʀʟ ʪʘʙʣʠʮ 24 ʠ 25 ʤʳ ʚʠʜʠʤ, ʯʪʦ ʧʨʠ ʦʮʝʥʢʝ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʡ ʧʦ 

ʠʥʪʝʛʨʘʣʴʥʳʤ ʠ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʦʪʣʠʯʠʡ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʤʝʞʜʫ 

ʦʜʠʥʘʢʦʚʳʤʠ ʧʦ ʚʦʟʨʘʩʪʫ ʛʨʫʧʧʘʤʠ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʞʝʥʩʢʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʫʩʪʘʥʦʚʠʪʴ ʟʥʘʯʠʤʦʩʪʴ ʚʩʝʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʷʚʠʪʴ ʧʨʠʟʥʘʢʠ, 

ʧʦ ʢʦʪʦʨʳʤ ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʳ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʚ 

ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʭʘʦʩʘ - ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ [3, 20, 28, 151,190, 192, 193]. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʚ ʨʘʤʢʘʭ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ (ʊʍʉ) ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʚ m ï 

ʤʝʨʥʦʤ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʫ ʛʨʫʧʧ ʞʝʥʩʢʦʛʦ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ. 

 

ʊʘʙʣʠʮʘ 24 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʘʥʛʦʚ (ʜʦʧʫʩʪʠʤʦʛʦ 

ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʛʨʫʧʧ 

ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʧʦ ʚʦʟʨʘʩʪʫ) ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ ï ʋʠʪʥʠ 

 

ʆʪʤʝʯʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʟʥʘʯʠʤʳ ʥʘ ʫʨʦʚʥʝ         ʨ <0,05 

ʇʘʨʘʤʝʪʨʳ ʨ ï ʫʨʦʚ.,  ʨ ï ʫʨʦʚ., ʨ ï ʫʨʦʚ., 
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1 ʩ 1 2 ʩʦ 2 3 ʩ 3 

SIM 0,02 0,63 0,22 

PAR 0,07 0,67 0,57 

SDNN 0,08 0,16 0,70 

INB 0,01 0,43 0,84 

SPO2 0,15 0,67 0,69 

HR 0,31 0,12 0,87 

 
ʇʨʠʤʝʯʘʥʠʝ: SIM - ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ (ʫ.ʝ.), PAR -

ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ (ʫ.ʝ.), IBN - ʧʦʢʘʟʘʪʝʣʴ ʠʥʜʝʢʩʘ 

ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʈ.ʄ.ɹʘʝʚʩʢʦʤʫ (ʫ.ʝ.), SPO2 - ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ 

ʠʩʧʳʪʫʝʤʳʭ (%),SDNN - ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʣʥʦʛʦ ʤʘʩʩʠʚʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ (ʤʩ.), 

HR - ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʫʜ/ʤʠʥ). 

 

 

 

 

ʊʘʙʣʠʮʘ 25 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʘʥʛʦʚ (ʜʦʧʫʩʪʠʤʦʛʦ 

ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʛʨʫʧʧ 

ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʧʦ ʚʦʟʨʘʩʪʫ) ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ ï ʋʠʪʥʠ 

 

ʆʪʤʝʯʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʟʥʘʯʠʤʳ ʥʘ ʫʨʦʚʥʝ         ʨ <0,05 

ʇʘʨʘʤʝʪʨʳ ʨ ï ʫʨʦʚ. 

1 ʩ 1 

ʨ ï ʫʨʦʚ. 

2 ʩʦ 2 

ʨ ï ʫʨʦʚ. 

3 ʩ 3 

VLF 0,42 0,16 0,28 

LF 0,05 0,40 0,94 

HF 0,01 0,92 0,86 

LF(p) 0,60 0,51 1,00 

HF(p) 0,60 0,51 0,99 

LF/HF 0,51 0,36 0,92 
 

ʇʨʠʤʝʯʘʥʠʝ: VLF - ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʩʚʝʨʭʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

(ʤʩ
2
/ɻʮ), LF - ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ

2
/ɻʮ), HF - 

ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ
2
/ɻʮ), Total - ʦʙʱʘʷ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ʤʩ
2
/ɻʮ) , LFnorm - ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ (%), HFnorm - ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ (%). 

 

ʕʪʦʪ ʙʣʦʢ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʜʠʥʘʤʠʢʠ ʧʦʚʝʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ 

ʩʠʩʪʝʤʳ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʞʝʥʱʠʥ ʖʛʨʳ ʚ 6-ʪʠʤʝʨʥʦʤ 

(m=6) ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ñIdentityò [1-3, 

25, 53, 69, 109].  ɹʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʦʢʘʟʘʪʝʣʷ ʘʩʠʤʤʝʪʨʠʠ (rX) ʠ ʦʙʲʝʤʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ (vX) ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ 
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ʞʠʪʝʣʝʡ ʖʛʨʳ ʧʦ 6 ʠʥʪʝʛʨʘʣʴʥʳʤ ʠ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʉ ʧʦʤʦʱʴʶ 

ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ɺʉʆ ʞʝʥʩʢʦʛʦ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʥʦ ʨʝʘʣʴʥʦ ʦʮʝʥʠʪʴ ʘʜʘʧʪʠʚʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʢ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. 

 ʄʝʪʦʜʳ ʊʍʉ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʝ ʚ ʉʫʨɻʋ ʥʘʫʯʥʦʡ ʰʢʦʣʦʡ 

ʧʨʦʬʝʩʩʦʨʘ ɽʩʴʢʦʚʘ ɺ.ʄ., ʦʙʝʩʧʝʯʠʣʠ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ 

(ʂɸ) ʧʦʚʝʜʝʥʠʷ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ x(t) ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʩʦʩʪʦʷʥʠʡ (ʌʇʉ). ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʜʠʥʘʤʠʢʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ ʙʳʩʪʨʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʚ ʚʠʜʝ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ 

ʨʘʟʚʝʨʪʢʠ ʠ ʩʪʨʦʠʣʠʩʴ ʬʘʟʦʚʳʝ ʧʣʦʩʢʦʩʪʠ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ x1=x1(t) 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʘʤʠ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʳ (ʢʘʢ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ t), ʘ ʚʪʦʨʘʷ 

ʬʘʟʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ x2=x2(t)=dxi/dt ʷʚʣʷʣʘʩʴ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ x1(t) [109, 120, 

138, 198]. ʆʧʨʝʜʝʣʝʥʠʝ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʩʯʝʪʘʭ ʚʘʨʠʘʮʠʦʥʥʳʭ 

ʨʘʟʤʘʭʦʚ æʭ, ʜʣʷ ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ x(t). ʆʧʨʝʜʝʣʝʥʠʝ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ 

ʚʚʝʜʝʥʦ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʦʪʨʝʟʢʝ t, ʪ.ʢ. ʙʠʦʩʠʩʪʝʤʘ ʧʦʩʪʦʷʥʥʦ 

ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ (ʧʘʨʘʤʝʪʨʳ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʝʟʢʘʭ ʚʨʝʤʝʥʠ)[192, 198, 207, 211]. 

ʇʦʜʨʦʙʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ 

ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ ʪʨʝʭ ʛʨʫʧʧ, ʪ.ʝ. ʠʭ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ, 

ʧʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʂɸ. ʅʘʛʣʷʜʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʂɸ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʉʝʚʝʨʘ ʚ ʚʠʜʝ ʬʫʥʢʮʠʡ S 

(ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʝʡ ʂɸ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 12 ʇʣʦʱʘʜʠ ʪʨʝʭ ʂɸ (S1, S2, S3) 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʠʭ ʨʘʟʤʝʨʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʦʟʨʘʩʪʘ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʢʦʣʦʛʦ-ʚʦʟʨʘʩʪʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʧʦʚʝʜʝʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ ʫ ʢʦʨʝʥʥʳʭ ʞʠʪʝʣʝʡ 

ʖʛʨʳ. ʕʪʦ ʥʦʨʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʂɸ ʩ ʚʦʟʨʘʩʪʦʤ ʫ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ 

ʩʪʘʨʝʶʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʦ.  

 
ʈʠʩ. 12. ʋʩʨʝʜʥʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʝʡ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ S (ʚ ʫ.ʝ.) ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʯʝʪʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ x1 ʠ ʠʭ ʩʢʦʨʦʩʪʝʡ ʠʟʤʝʥʝʥʠʡ dtdʭx /12=  ʜʣʷ 3-ʭ  ʛʨʫʧʧ 

ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ (ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʛʨʫʧʧʳ ʫʢʘʟʘʥ ʥʘ ʦʩʠ t) 
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ɼʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʣʦʱʘʜʝʡ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ S ʜʣʷ ʚʩʝʭ 3-ʭ ʛʨʫʧʧ 

ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʦʚʝʨʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʥʝʩʝʥʠʷ ʵʪʠʭ ʚʳʙʦʨʦʢ ʢ ʦʜʥʦʡ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ʕʪʘ 

ʧʨʦʚʝʨʢʘ ʧʦʢʘʟʘʣʘ ʥʘʣʠʯʠʝ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʂɸ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʦʪʥʝʩʝʥʠʷ ʢ ʦʜʥʦʡ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʣʷ 

ʚʩʝʭ 3-ʭ ʚʳʙʦʨʦʢ. ɺ ʮʝʣʦʤ, ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʧʨʠ ʘʥʘʣʠʟʝ ʤʥʦʛʠʭ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʛʦʤʝʦʩʪʘʟʘ. ʉʪʘʨʝʥʠʝ ʢʦʨʝʥʥʳʭ 

ʞʠʪʝʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʘʤʢʘʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʟʘʢʦʥʦʤʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ï 

ʤʦʥʦʪʦʥʥʦʛʦ ʧʘʜʝʥʠʷ ʧʣʦʱʘʜʠ ʂɸ S ʩ ʚʦʟʨʘʩʪʦʤ [30, 35, 51, 138, 151, 199, 219]. 

ʆʪʤʝʪʠʤ, ʯʪʦ  ʥʝʢʦʨʝʥʥʦʝ ʥʘʩʝʣʝʥʠʝ (ʩʤ. ʨʠʩ. 13) ʧʦ ʩʚʦʠʤ ʧʘʨʘʤʝʪʨʘʤ 

ʜʠʥʘʤʠʢʠ ʧʣʦʱʘʜʠ S(t) ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʩ ʚʦʟʨʘʩʪʦʤ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʢʦʨʝʥʥʳʭ ʞʠʪʝʣʝʡ, ʘ  ʩʘʤʘ ʜʠʥʘʤʠʢʘ ʧʦʜʦʙʥʘ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʢʨʠʚʦʡ. 

ʇʦʚʳʰʝʥʠʝ S ʜʣʷ ʂɸ ʩ ʚʦʟʨʘʩʪʦʤ ï ʵʪʦ ʧʣʦʭʦʡ ʧʨʦʛʥʦʟ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʞʠʟʥʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʚʦʟʨʘʩʪʘ [92, 122, 125, 197]. 

 

 
ʈʠʩ. 13. ʋʩʨʝʜʥʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʝʡ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ S (ʚ ʫ.ʝ.) ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʯʝʪʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ x1 ʠ ʠʭ ʩʢʦʨʦʩʪʝʡ ʠʟʤʝʥʝʥʠʡ dtdʭx /12=  ʜʣʷ 3-ʭ  ʛʨʫʧʧ 

ʧʨʠʝʟʞʠʭ ʞʝʥʱʠʥ ʖʛʨʳ (ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʛʨʫʧʧʳ ʫʢʘʟʘʥ ʥʘ ʦʩʠ t) 

 

ʀʟ ʪʘʙʣʠʮʳ 26 ʤʳ ʚʠʜʠʤ, ʯʪʦ 1, 3 ʚʦʟʨʘʩʪʥʳʝ ʛʨʫʧʧʳ  ʢʦʨʝʥʥʦʛʦ ʠ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʠʤʝʶʪ ʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʦʙʲʸʤʘ  (ʜʣʷ 1 ʛʨʫʧʧʳ: 

0,22 ʫ.ʝ. ï ʫ ʢʦʨʝʥʥʦʛʦ, 0,28 ʫ.ʝ ï ʫ ʥʝʢʦʨʝʥʥʦʛʦ; ʜʣʷ 3 ʛʨʫʧʧʳ: 7,3 ʫ.ʝ. ï ʫ 

ʢʦʨʝʥʥʦʛʦ, 6,08 ʫ.ʝ ï ʫ ʥʝʢʦʨʝʥʥʦʛʦ). ʆʪʤʝʪʠʤ, ʯʪʦ ʩ ʚʦʟʨʘʩʪʦʤ ʦʙʲʝʤʳ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʫ ʞʝʥʱʠʥ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʢʦʣʦʛʦ-ʚʦʟʨʘʩʪʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʧʦʚʝʜʝʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʘʧʨʷʞʝʥʠʠ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ. 

ʊʘʙʣʠʮʘ 26 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʞʝʥʱʠʥ 

ʢʦʨʝʥʥʦʛʦ ʠ  ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ (SIM, PAR, 

SDNN, INB, SPO2, HR) ʧʘʨʘʤʝʪʨʘʤ 
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ɻʨʫʧʧʳ                    rX                     vX*10
9 

ʢʦʨʝʥʥʦʝ  ʥʝʢʦʨʝʥʥʦʝ ʢʦʨʝʥʥʦʝ  ʥʝʢʦʨʝʥʥʦʝ 

1   ʛʨʫʧʧʘ 22,6 21.7 0,22 0,28 

2   ʛʨʫʧʧʘ 491,1 67.9 1495 0,93 

3   ʛʨʫʧʧʘ 196,8 171.2 7,3 6,08 

 

ɺ ʪʘʙʣʠʮʝ 27 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʚʝʢʪʦʨʘ 

ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ  ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʠ  ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʧʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘ. ɺ ʚʦʟʨʘʩʪʥʦʤ ʘʩʧʝʢʪʝ ʫ ʞʝʥʱʠʥ 

ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʥʘʨʘʩʪʘʥʠʝ ʦʙʲʸʤʦʚ 

ʢʨʘʟʠʘʪʪʨʘʢʪʦʨʦʚ. ʋ ʞʝʥʱʠʥ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʘ ʠʤʝʶʪ 

ʧʘʨʘʙʦʣʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʝʩʣʠ ʠʭ ʧʨʝʜʩʪʘʚʠʪʴ  ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʩʭʦʜʥʳʝ  ʟʥʘʯʝʥʠʷ ʦʙʲʸʤʘ ʠʤʝʶʪ ʚʪʦʨʘʷ ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ ʢʦʨʝʥʥʦʛʦ ʠ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ (Vx2 ʢʦʨʝʥʥʦʝ =3,5 ʫ.ʝ, Vx2  ʥʝʢʦʨʝʥʥʦʝ =3 ʫ.ʝ.). 

ʊʘʙʣʠʮʘ 27 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʞʝʥʱʠʥ 

ʢʦʨʝʥʥʦʛʦ ʠ  ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ (VLF, LF, HF, 

HF(p), LF(p),  LF/HF) ʧʘʨʘʤʝʪʨʘʤ 

 

ɻʨʫʧʧʳ                    rX                     vX*10
15 

ʢʦʨʝʥʥʦʝ  ʥʝʢʦʨʝʥʥʦʝ ʢʦʨʝʥʥʦʝ  

ʥʝʢʦʨʝʥʥʦʝ 

1   ʛʨʫʧʧʘ 2628,8 4 217.9 2,6 15 

2   ʛʨʫʧʧʘ 1878,6 2 420.1 3,5 3 

3   ʛʨʫʧʧʘ 4131 6 608.4 16,5 43 

ʇʨʠʤʝʯʘʥʠʝ: vX ï ʦʙʲʸʤ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʘ , rX ï ʧʦʢʘʟʘʪʝʣʴ ʘʩʠʤʤʝʪʨʠʠ.
 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʳʚʦʜʦʚ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʚʦʟʨʘʩʪʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʫ ʢʦʨʝʥʥʦʛʦ ʠ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʞʝʥʱʠʥ ʖʛʨʳ, ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʘʚʪʦʨʩʢʦʡ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ [4, 25, 35, 98], ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʤʘʪʨʠʮʳ 

ʤʝʞʘʪʪʨʘʢʪʦʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ (ʨʠʩ. 14, 15). 
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ʈʠʩ.14. ɿʥʘʯʝʥʠʷ  ʤʝʞʢʣʘʩʪʝʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ Z

s
 (ʫ.ʝ)  ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ  

ʠ  Z
ch

 (ʫ.ʝ)  ʭʘʦʪʠʯʝʩʢʠʤʠ  ʮʝʥʪʨʘʤʠ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ, ʠʥʪʝʛʨʘʣʴʥʳʭ (SIM, 

PAR, SDNN, INB, SPO2, SSS) ʧʘʨʘʤʝʪʨʦʚ ʞʝʥʱʠʥ  ʥʝʢʦʨʝʥʥʦʛʦ ʠ ʢʦʨʝʥʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 
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ʈʠʩ.15. ɿʥʘʯʝʥʠʷ  ʤʝʞʢʣʘʩʪʝʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ Z

s
 (ʫ.ʝ)  ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ  

ʠ  Z
ch

 (ʫ.ʝ)  ʭʘʦʪʠʯʝʩʢʠʤʠ  ʮʝʥʪʨʘʤʠ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ, ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ (VLF, LF, HF, HF(p), LF(p),  LF/HF)  ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʠ  

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ. 

 

ɸʥʘʣʠʟʠʨʫʷ ʤʘʪʨʠʮʳ ʤʝʞʘʪʪʨʘʢʪʦʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ (Z
s
) ʠ ʭʘʦʪʠʯʝʩʢʠʤʠ (Z

ch
) ʮʝʥʪʨʘʤʠ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʞʝʥʱʠʥ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ ʠ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʚʦʟʨʘʩʪʘ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʭʘʦʪʠʯʝʩʢʠʤʠ ʮʝʥʪʨʘʤʠ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ  ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ 

ʙʦʣʴʰʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʦʨʛʘʥʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʞʝʩʪʢʠʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʍʄɸʆ ï ʖʛʨʳ. ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʮʝʥʪʨʳ 

ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ, ʪʘʢʫʶ ʷʨʢʫʶ ʜʠʥʘʤʠʢʫ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ [99, 102, 85, 193, 

197, 227, 229]. 
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ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʤʢʘʭ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ 1-ʛʦ ʪʠʧʘ (ʢʦʛʜʘ ʚʳʙʦʨʢʠ ʥʝ 

ʨʘʟʣʠʯʘʶʪʩʷ) ʠʛʨʘʝʪ ʥʝʡʨʦʢʦʤʧʴʶʪʠʥʛ,  ʧʦʵʪʦʤʫ ʩʝʡʯʘʩ ʨʘʩʩʤʦʪʨʠʤ 

ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ  

ʞʝʥʩʢʦʛʦ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦ ï 

ʕɺʄ 

 ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ 

ʨʠʪʤʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫ ʨʷʜʘ ʛʨʫʧʧ ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʖʛʨʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ, ʧʦʵʪʦʤʫ ʤʳ 

ʧʨʠʤʝʥʠʣʠ ʤʝʪʦʜ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʦʪʦʨʳʡ ʧʦʤʦʛ ʫʩʪʘʥʦʚʠʪʴ ʨʘʟʣʠʯʠʷ 

ʠ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʨʷʜʢʘ. 

ʅʘ ʨʠʩʫʥʢʘʭ 10-15 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʷʪʠʜʝʩʷʪʠ ʠʪʝʨʘʮʠʡ 

ʦʙʫʯʝʥʠʷ ʥʝʡʨʦ-ʕɺʄ ʩ ʮʝʣʴʶ ʨʘʟʣʠʯʝʥʠʷ ʰʝʩʪʠ ʠʥʪʝʛʨʘʣʴʥʳʭ  ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʖʛʨʳ. 

ʉʨʘʚʥʝʥʠʚʘʷ ʧʘʨʘʤʝʪʨʳ 1 ʠ 3 ʛʨʫʧʧ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ ʤʝʜʠʘʥʥʳʭ ʚʝʩʦʚʳʭ ʟʥʘʯʝʥʠʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ 

(50-ʪʠ ʦʙʫʯʝʥʠʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ), ʠʟ ʨʠʩ.16 ʚʠʜʥʦ, ʯʪʦ ʫ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ  LF (wiJ ʩʦʩʪʘʚʣʷʶʪ 1 ʫ.ʝ.), ʘ 

ʩʣʝʜʫʶʱʠʤ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ VLF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,64 ʫ.ʝ.). ɼʣʷ 

ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ HF (wiJ 

ʩʦʩʪʘʚʣʷʶʪ 1 ʫ.ʝ.), LF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,59 ʫ.ʝ.) ʠ LF/ HF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,54 

ʫ.ʝ.). 

 

 

 

    
 ʘ)       ʙ) 

ʈʠʩ.16. ʈʝʟʫʣʴʪʘʪʳ 50-ʪʠ ʦʙʫʯʝʥʠʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʨʘʟʣʠʯʠʡ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ɺʉʈ ʞʝʥʱʠʥ 1 ʠ 3 ʛʨʫʧʧ ʢʦʨʝʥʥʦʛʦ (ʘ) ʠ ʥʝʢʦʨʝʥʥʦʛʦ (ʙ) ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 
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ʄʦʱʥʦʩʪʴ HF (ʜʳʭʘʪʝʣʴʥʳʝ ʚʦʣʥʳ), ʦʪʨʘʞʘʝʪ ʘʢʪʠʚʥʦʩʪʴ 

ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʢʘʨʜʠʦʠʥʛʠʙʠʪʦʨʥʦʛʦ ʮʝʥʪʨʘ ʧʨʦʜʦʣʛʦʚʘʪʦʛʦ ʤʦʟʛʘ. 

ʇʦʚʳʰʝʥʠʝ ï ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ, ʚʦ ʚʨʝʤʷ ʩʥʘ, ʧʨʠ ʯʘʩʪʦʡ ʛʠʧʝʨʚʝʥʪʠʣʷʮʠʠ. 

ʉʥʠʞʝʥʠʝ ï ʧʨʠ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ, ʩʪʨʝʩʩʝ, ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ 

(ʦʩʦʙʝʥʥʦ ʉʉʉ). ɺʘʛʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ HF-

ʢʦʤʧʦʥʝʥʪʘ ʩʧʝʢʪʨʘ [198, 216, 227]. LF/HF (ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʛʦʩʠʤʧʘʪʠʯʝʩʢʦʛʦ 

ʙʘʣʘʥʩʘ) ï ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʚʦʣʥ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ (LF) ʢ ʤʦʱʥʦʩʪʠ ʚʦʣʥ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ (HF). ʇʦʚʳʰʝʥʠʝ ï ʧʨʠ ʘʢʪʠʚʠʟʘʮʠʠ ʉʅʉ. ʉʥʠʞʝʥʠʝ ï ʧʨʠ 

ʘʢʪʠʚʠʟʘʮʠʠ ʇʉʅʉ. 

ʋʩʨʝʜʥʝʥʥʳʝ ʤʝʜʠʘʥʥʳʝ ʚʝʩʦʚʳʝ ʟʥʘʯʝʥʠʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ɺʉʈ 50-ʪʠ ʦʙʫʯʝʥʠʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 

ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 1 ʠ 2 ʛʨʫʧʧ ʢʦʨʝʥʥʦʛʦ ʠ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.17. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʡ ʧʘʨʘʤʝʪʨ HF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,97 

ʫ.ʝ.), ʟʘʪʝʤ LF/ HF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,84 ʫ.ʝ.) ʠ LF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,75 ʫ.ʝ.). ʋ 

ʛʨʫʧʧ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʞʝʥʱʠʥ ʖʛʨʳ ʨʘʥʞʠʨʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʧʦ-ʠʥʦʤʫ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ ʫ 

ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʷʚʣʷʶʪʩʷ LF (wiJ ʩʦʩʪʘʚʣʷʶʪ 1 ʫ.ʝ.), HF (wiJ ʩʦʩʪʘʚʣʷʶʪ 

0,54 ʫ.ʝ.), LF/ HF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,52 ʫ.ʝ.).  

 

 

   
 ʘ)       ʙ) 

ʈʠʩ.17. ʈʝʟʫʣʴʪʘʪʳ 50-ʪʠ ʦʙʫʯʝʥʠʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʨʘʟʣʠʯʠʡ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ɺʉʈ ʞʝʥʱʠʥ 1 ʠ 2 ʛʨʫʧʧ ʢʦʨʝʥʥʦʛʦ (ʘ) ʠ ʥʝʢʦʨʝʥʥʦʛʦ (ʙ) ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 

LF ï ʦʪʨʘʞʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʧʨʦʜʦʣʛʦʚʘʪʦʛʦ ʤʦʟʛʘ 

(ʢʘʨʜʠʦʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʠ ʚʘʟʦʢʦʥʩʪʨʠʢʪʦʨʥʦʛʦ). ɺʳʩʦʢʠʝ ʘʙʩʦʣʶʪʥʳʝ 

ʫ.ʝ

. 

ʫ.ʝ

. 
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ʟʥʘʯʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ. ʉʥʠʞʝʥʠʝ ï ʧʨʠ ʬʠʟʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʝ, ʩʪʨʝʩʩʝ, ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ (ʦʩʦʙʝʥʥʦ ʉʉʉ). 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʫʩʨʝʜʥʸʥʥʳʭ ʤʝʜʠʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 2 ʠ 3 ʛʨʫʧʧ 

ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʡ ʧʘʨʘʤʝʪʨ HF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,97 ʫ.ʝ.), ʘ ʩʣʝʜʫʶʱʠʝ ʧʦ 

ʚʘʞʥʦʩʪʠ ʠʜʫʪ: VLF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,92 ʫ.ʝ.) ʠ LF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,55 ʫ.ʝ.). ɸ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʫ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ HF (wiJ 

ʩʦʩʪʘʚʣʷʶʪ 1 ʫ.ʝ.), LF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,59 ʫ.ʝ.), LF/ HF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,54 

ʫ.ʝ.).  

   
ʘ)       ʙ) 

ʈʠʩ.18. ʈʝʟʫʣʴʪʘʪʳ 50-ʪʠ ʦʙʫʯʝʥʠʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʨʘʟʣʠʯʠʡ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ɺʉʈ ʞʝʥʱʠʥ 2 ʠ 3 ʛʨʫʧʧ ʢʦʨʝʥʥʦʛʦ (ʘ) ʠ ʥʝʢʦʨʝʥʥʦʛʦ (ʙ) ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 

ɿʥʘʯʝʥʠʷ VLF ʦʪʨʘʞʘʶʪ ʮʝʨʝʙʨʘʣʴʥʳʝ ʵʨʛʦʪʨʦʧʥʳʝ ʚʣʠʷʥʠʷ ʥʘ 

ʥʠʞʝʣʝʞʘʱʠʝ ʫʨʦʚʥʠ ʠ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʦʟʛʘ 

ʧʨʠ ʧʩʠʭʦʛʝʥʥʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʘʪʦʣʦʛʠʠ ʤʦʟʛʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ VLF ʷʚʣʷʝʪʩʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʫʧʨʘʚʣʝʥʠʷ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ 

ʭʦʨʦʰʦ ʦʪʨʘʞʘʝʪ ʵʥʝʨʛʦʜʝʬʠʮʠʪʥʳʝ ʩʦʩʪʦʷʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʘʤʝʪʨʳ 

VLF ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʣʠʷʥʠʝ ʚʳʩʰʠʭ ʚʝʛʝʪʘʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʳʡ ʧʦʜʢʦʨʢʦʚʳʡ ʮʝʥʪʨ [24, 69, 144, 146, 169]. 

ʇʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʥʘʯʠʤʦʩʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫ ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʤʳ 

ʫʩʪʘʥʦʚʠʣʠ (ʨʠʩ.19.), ʯʪʦ ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʟʥʘʯʠʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ INB  

(wiJ ʩʦʩʪʘʚʣʷʶʪ 1 ʫ.ʝ.), ʚʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʚʳʜʝʣʷʝʪʩʷ ʨʷʜ ʇʇ: SDNN (wiJ 

ʩʦʩʪʘʚʣʷʶʪ 0,79 ʫ.ʝ.), SIM (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,73 ʫ.ʝ.), INB (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,73 

ʫ.ʝ.), PAR (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,62 ʫ.ʝ.), SPO2 (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,53 ʫ.ʝ.); ʚ ʪʨʝʪʴʝʡ 

ʛʨʫʧʧʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨ INB 

ʫ.ʝ

. 
ʫ.ʝ
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(wiJ ʩʦʩʪʘʚʣʷʶʪ 1 ʫ.ʝ.), SIM (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,53 ʫ.ʝ.) ʠ  SPO2 (wiJ ʩʦʩʪʘʚʣʷʶʪ 

0,53 ʫ.ʝ.) [144, 218]. 

 

 

 

 

 

 

 

 

 

   
 ʘ)       ʙ) 

 

 
ʚ) 

ʈʠʩ.19. ʈʝʟʫʣʴʪʘʪʳ 50-ʪʠ ʦʙʫʯʝʥʠʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʨʘʟʣʠʯʠʡ ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ɺʉʈ ʞʝʥʱʠʥ 1 ʠ 1 (ʘ), 2 ʠ 2 (ʙ), 3 ʠ 3 (ʚ) ʩʨʘʚʥʠʚʘʝʤʳʭ ʛʨʫʧʧ ʢʦʨʝʥʥʦʛʦ ʠ 

ʥʝʢʦʨʝʥʥʦʛʦ  ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 

 ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 20 ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ, ʤʦʞʥʦ 

ʫ.ʝ

. 

ʫ.ʝ

. 

ʫ.ʝ
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ʚʠʜʝʪʴ, ʯʪʦ ʟʥʘʯʠʤʳʤʠ ʇʇ  ʤʝʞʜʫ ʧʝʨʚʳʤʠ ʛʨʫʧʧʘʤʠ ʷʚʣʷʶʪʩʷ HF (wiJ 

ʩʦʩʪʘʚʣʷʶʪ 0,97 ʫ.ʝ.), VLF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,92 ʫ.ʝ.), LF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,55 

ʫ.ʝ.), LF/ HF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,54 ʫ.ʝ.); ʤʝʞʜʫ ʚʪʦʨʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʤʠ ʷʚʣʷʶʪʩʷ HF, VLF, LF.  

 

   
ʘ)     ʙ) 

 

 
ʚ) 

ʈʠʩ.20. ʈʝʟʫʣʴʪʘʪʳ 50-ʪʠ ʦʙʫʯʝʥʠʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʨʘʟʣʠʯʠʡ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ɺʉʈ ʞʝʥʱʠʥ 1 ʠ 1 (ʘ), 2 ʠ 2 (ʙ), 3 ʠ 3 (ʚ) ʩʨʘʚʥʠʚʘʝʤʳʭ ʛʨʫʧʧ ʢʦʨʝʥʥʦʛʦ ʠ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʤʝʞʜʫ ʪʨʝʪʴʠʤʠ 

ʛʨʫʧʧʘʤʠ ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ ʷʚʣʷʶʪʩʷ LF (wiJ 

ʩʦʩʪʘʚʣʷʶʪ 1 ʫ.ʝ.), LF/ HF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,77 ʫ.ʝ.), VLF (wiJ ʩʦʩʪʘʚʣʷʶʪ 0,60  

ʫ.ʝ.) [24, 144, 146, 169]. 

ɿʘʚʝʨʰʠʪʴ ʵʪʫ ʛʣʘʚʫ ʤʳ ʤʦʞʝʤ, ʩʜʝʣʘʚ ʨʷʜ ʚʳʚʦʜʦʚ: 

1. ʉ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʧʘʨʘʤʝʪʨʘʭ ɺʉʈ 

ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʉʉʉ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʞʝʥʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʧʦʢʘʟʘʣʦ ʜʣʷ ʤʣʘʜʰʝʡ   

ʛʨʫʧʧʳ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ (PAR) ʦʪʜʝʣʘ ɺʅʉ ʥʘʜ 

ʩʠʤʧʘʪʠʯʝʩʢʠʤ (SIM) ʦʪʜʝʣʦʤ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 

ʫ.ʝ. ʫ.ʝ. 

ʫ.ʝ

. 
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ʭʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʧʦ ʨʷʜʫ ʩʨʘʚʥʝʥʠʡ ʛʨʫʧʧ ʞʝʥʱʠʥ 

ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʜʥʦʡ 

ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʪ.ʝ. ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ. 

2. ʄʝʪʦʜ ʤʥʦʛʦʤʝʨʥʳʭ ʬʘʟʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʩ 

ʚʦʟʨʘʩʪʦʤ ʟʥʘʯʝʥʠʷ S ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʫ ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ 

ʫʤʝʥʴʰʘʶʪʩʷ ʚ 4 ʨʘʟʘ (S1=220 339 ʫ.ʝ.; S3=57 410 ʫ.ʝ.), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʞʝʥʱʠʥ 

ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʧʣʦʱʘʜʠ ʢʚʘʟʠʘʪʪʨʘʢʪʦʨʦʚ ʢ 58-ʪʠ ʛʦʜʘʤ ʚʦʟʨʘʩʪʘʶʪ 

(S1=112 713ʫ.ʝ.; S2=66 808 ʫ.ʝ.; S3=77 968 ʫ.ʝ.), ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʥʠʟʢʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʞʠʪʝʣʝʡ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʚʦʟʤʦʞʥʦ, 

ʨʘʟʚʠʚʘʶʱʝʡʩʷ (ʥʦ ʝʱʝ ʥʝ ʬʠʢʩʠʨʫʝʤʦʡ) ʧʘʪʦʣʦʛʠʝʡ ʉʉʉ. 

3.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʣʦ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʪʴ 

ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ, ʥʦ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʟʥʘʯʠʤʳʝ ʧʘʨʘʤʝʪʨʳ 

ʧʦʨʷʜʢʘ ɺʉʈ. ʋʩʪʘʥʦʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 1-ʡ, 2-ʡ ʠ 3-ʝʡ  ʛʨʫʧʧʘʤʠ 

ʩʨʘʚʥʝʥʠʷ ʞʝʥʱʠʥ ʢʦʨʝʥʥʦʛʦ ʠ ʥʝʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʖʛʨʳ (ʩ ʧʦʟʠʮʠʡ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʘʥʥʳʝ ʨʘʟʣʠʯʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝ ʙʳʣʠ) ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʨʷʜʢʘ ʷʚʣʷʶʪʩʷ: ʜʣʷ 1 ʛʨʫʧʧʳ -  ʧʦʢʘʟʘʪʝʣʴ ʠʥʜʝʢʩʘ 

ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʈ.ʄ.ɹʘʝʚʩʢʦʤʫ (ʫ.ʝ.) ʠ ʧʦʢʘʟʘʪʝʣʴ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ (ʤʩ
2
/ɻʮ); ʜʣʷ 2-ʡ ʛʨʫʧʧʳ - ʧʦʢʘʟʘʪʝʣʠ: ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʧʦʣʥʦʛʦ ʤʘʩʩʠʚʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ (ʤʩ.) ʠ ʤʦʱʥʦʩʪʠ ʩʧʝʢʪʨʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ
2
/ɻʮ); ʜʣʷ 3-ʝʡ ʛʨʫʧʧʳ -  ʧʦʢʘʟʘʪʝʣʴ ʠʥʜʝʢʩʘ 

ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʈ.ʄ.ɹʘʝʚʩʢʦʤʫ (ʫ.ʝ.) ʠ ʤʦʱʥʦʩʪʠ ʩʧʝʢʪʨʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʤʩ
2
/ɻʮ). 
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ɻʃɸɺɸ 4 

 

  ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʇɸʈɸʄɽʊʈʆɺ 

ɺɸʈʀɸɹɽʃʔʅʆʉʊʀ ʉɽʈɼɽʏʅʆɻʆ ʈʀʊʄɸ ʐʂʆʃʔʅʀʂʆɺ ʖɻʈʓ 

 

4.1. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʨʜʠʦ ï ʨʝʩʧʠʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ 

ʫʯʘʱʠʭʩʷ ʤʣʘʜʰʠʭ ʢʣʘʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʘ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ  ʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʘ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ï ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʵʢʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ. ʈʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʨʘʚʥʠʚʘʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

ʦʨʛʘʥʠʟʤʘ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʜʘʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ 

ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʥʘ ʵʪʠ ʬʫʥʢʮʠʠ.  

ʆʪʤʝʯʘʷ ʥʝʛʘʪʠʚʥʫʶ ʨʦʣʴ ʵʢʩʪʨʝʤʘʣʴʥʦʩʪʠ ʢʣʠʤʘʪʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʨʝʛʠʦʥʦʚ ʉʝʚʝʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʚʥʠʤʘʥʠʝ ʢ ʩʦʩʪʦʷʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʂʈʉ ʚ ʫʩʣʦʚʠʷʭ ʵʪʦʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ 

ʫʩʠʣʠʣʦʩʴ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʦʙʣʝʤʘ ʩʦʭʨʘʥʝʥʠʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʥʘ ʉʝʚʝʨʝ 

ʦʩʪʘʝʪʩʷ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦʡ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʠ ʪʝʨʨʠʪʦʨʠʠ ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʦʛʦ 

ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ (ʍʄɸʆ) ï ʢʨʫʧʥʝʡʰʝʛʦ ʨʝʛʠʦʥʘ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʡ 

ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʌ. ʉʫʨʦʚʦʩʪʴ ʢʣʠʤʘʪʘ ʟʜʝʩʴ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʣʠʪʝʣʴʥʦʡ ʟʠʤʦʡ, ʩ ʦʯʝʥʴ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʭʦʣʦʜʥʳʤ ʠ ʢʦʨʦʪʢʠʤ ʣʝʪʦʤ, 

ʨʝʟʢʠʤʠ ʧʝʨʝʧʘʜʘʤʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ 

ʚʦʟʜʫʭʘ, ʩʠʣʴʥʳʤʠ ʠ ʯʘʩʪʳʤʠ ʚʝʪʨʘʤʠ, ʤʘʛʥʠʪʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʢʦʬʘʢʪʦʨʦʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ ʦʩʪʘʶʪʩʷ ʥʝʛʘʪʠʚʥʳʤʠ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠ ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ (ʉʉʉ). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʡʯʘʩ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʠʟʫʯʝʥʠʷ ʫʩʣʦʚʠʡ ʞʠʟʥʠ 

ʯʝʣʦʚʝʢʘ ʥʘ ʉʝʚʝʨʝ (ʥʝ ʚʘʭʪʦʚʠʢʦʚ, ʘ ʜʣʠʪʝʣʴʥʦ ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʖʛʦʨʠʠ), 

ʩʦʩʪʦʷʥʠʷ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ (ʌʉʆ) ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʩʨʦʢʦʚ ʞʠʟʥʠ (ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ) ʚ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʘ 

ʈʌ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʂʈʉ ʤʣʘʜʰʠʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ.  

ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʧʝʚʘʝʤʦʩʪʠ ʰʢʦʣʴʥʠʢʦʚ ʦʪ 

ʩʦʩʪʦʷʥʠʷ  ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪ ʩʦʩʪʦʷʥʠʷ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ ʨʠʪʤʘ ʩʝʨʜʮʘ. ʉʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʘʷ 

ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ 

ʨʠʪʤʘ (ɺʉʈ), ʷʚʣʷʝʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʜʦʤʠʥʠʨʫʶʱʝʡ ʨʝʛʫʣʷʮʠʠ 

(ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠʣʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ) ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ɺʅʉ). 

ʆʙʲʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ɺʉʈ ʥʘ ʙʘʟʝ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʨʷʜ ʜʨʫʛʠʭ ʦʙʲʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʫʯʘʱʠʭʩʷ, ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʨʝʘʣʴʥʫʶ ʦʙʲʝʢʪʠʚʥʫʶ 

ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʫʯʘʝʤʦʛʦ. ʆʩʦʙʝʥʥʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ 
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ʧʨʦʜʫʢʪʠʚʥʳʤ ʚ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʥʦʛʦ ʨʝʛʠʦʥʘ ʈʌ, ʢʦʛʜʘ ʥʘ ʦʙʳʯʥʳʡ ʫʯʝʙʥʳʡ 

ʧʨʦʮʝʩʩ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʧʨʝʩʩʠʥʛ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʉʝʚʝʨʘ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʫʩʫʛʫʙʠʪʴ ʪʦʥʠʯʝʩʢʠʡ (ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʡ) ʢʦʤʧʦʥʝʥʪ ʩʦʩʪʦʷʥʠʷ ɺʅʉ ʠ 

ʚʩʝʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ. ʉʦʚʧʘʜʝʥʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʩ ʫʩʠʣʝʥʠʝʤ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʘʜʘʧʪʘʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʦʨʛʘʥʠʟʤʘ ʰʢʦʣʴʥʠʢʘ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ  ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʨʜʠʦ-ʨʝʩʧʠʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ (ʂʈʉ) ʰʢʦʣʴʥʠʢʦʚ ʤʣʘʜʰʠʭ 

ʢʣʘʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʛ. ʃʷʥʪʦʨʘ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ ʦʨʛʘʥʠʟʤʘ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ 

ʩʨʝʜʳ ʠʛʨʘʶʪ ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ ʘʢʪʠʚʥʦʩʪʠ ʨʝʛʫʣʷʮʠʠ ʚ ʚʝʛʝʪʘʪʠʚʥʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ. ʉʪʝʧʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ɺʅʉ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʪʨʦʣʷ  ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʚʘʞʥʝʡʰʠʭ ʌʉʆ ʦʨʛʘʥʠʟʤʘ ʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʦ ʨʝʘʢʮʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ. ʅʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʤ, ʦʪʨʘʞʘʶʱʠʤ ʧʨʦʮʝʩʩʳ ʨʝʛʫʣʷʮʠʠ, ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ 

ʨʠʪʤ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ 

ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʳʨʘʞʝʥʥʦʩʪʴ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʚ 

ʚʘʨʠʘʮʠʦʥʥʦʡ ʧʫʣʴʩʦʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʢʦʣʝʙʘʥʠʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʤʝʞʠʤʧʫʣʴʩʦʚʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʨʝʜʥʝʤʫ ʫʨʦʚʥʶ [91, 92]. ɺ 

ʥʦʨʤʝ ʢʦʣʝʙʘʥʠʷ ʥʦʩʷʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʳʡ ʭʘʨʘʢʪʝʨ ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʚʘʛʫʩʥʳʤʠ 

ʚʣʠʷʥʠʷʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʚʘʣʠʨʫʝʪ ʪʦʥʫʩ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ 

(ʧʦʢʘʟʘʪʝʣʴ ʇɸʈ). ʇʨʠ ʘʢʪʠʚʘʮʠʠ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ, ʧʨʦʠʩʭʦʜʷʱʝʡ 

ʚʦ ʚʨʝʤʷ ʩʪʨʝʩʩʘ, ʢʦʣʝʙʘʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʝʡ ʤʝʞʧʫʣʴʩʦʚʳʭ ʠʥʪʝʨʚʘʣʦʚ 

ʧʨʦʠʩʭʦʜʷʪ ʤʝʜʣʝʥʥʝʝ ʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʘʜʘʝʪ. ʕʪʦ ʛʦʚʦʨʠʪ 

ʦ ʧʦʚʳʰʝʥʥʦʤ ʪʦʥʫʩʝ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ɺʅʉ (ʧʦʢʘʟʘʪʝʣʴ ʉʀʄ). 

ɼʣʷ ʦʪʨʘʞʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʠʩʯʝʟʥʦʚʝʥʠʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʜʝʣʘʭ ʩʝʨʜʮʘ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʤʝʪʦʜʳ 

ʠʟʤʝʨʝʥʠʷ ʏʉʉ.  

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʙʠʦʣʦʛʠʠ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ 

ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ ʚʳʯʠʩʣʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʚʨʝʤʝʥʥʦʤ (ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ) ʠ ʯʘʩʪʦʪʥʦʤ (ʩʧʝʢʪʨʘʣʴʥʦʤ) ʘʥʘʣʠʟʝ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʚ ʘʧʧʘʨʘʪʫʨʝ ʤʦʥʠʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʨʝʤʝʥʥʦʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʪʝʢʫʱʠʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ [88-90]. 

 ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʤʝʥʷʣʩʷ ʧʫʣʴʩʦʢʩʠʤʝʪʨ çʕʃʆʂʉ-01ʉ2è, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ɿɸʆ ʀʄʎ ʅʦʚʳʝ ʇʨʠʙʦʨʳ, ʛ. ʉʘʤʘʨʘ. ɺ 

ʫʩʪʨʦʡʩʪʚʝ ʧʨʠʤʝʥʷʣʩʷ ʦʧʪʠʯʝʩʢʠʡ ʧʘʣʴʮʝʚʳʡ ʜʘʪʯʠʢ (ʚ ʚʠʜʝ ʧʨʠʱʝʧʢʠ), ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʣʘ ʨʝʛʠʩʪʨʘʮʠʠ ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʳ ʩ ʦʜʥʦʛʦ ʠʟ 

ʧʘʣʴʮʝʚ ʢʠʩʪʠ. ʊʝʭʥʠʯʝʩʢʠ ʦʥ ʚʳʧʦʣʥʝʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ 

ʠʟʣʫʯʘʪʝʣʝʡ ʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʜʚʫʭ ʪʠʧʦʚ: ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʠ ʢʨʘʩʥʦʤ 

ʩʧʝʢʪʨʝ ʜʠʘʧʘʟʦʥʘ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦ 
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ʦʧʨʝʜʝʣʷʪʴ ʠʥʜʠʢʘʮʠʶ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʠʷ ʛʝʤʦʛʣʦʙʠʥʘ ʢʨʦʚʠ 

ʢʠʩʣʦʨʦʜʦʤ (SPO2) ʚ %, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ 

(ʏʉʉ). 

 ʇʨʠʙʦʨ ʩʥʘʙʞʝʥ ʧʨʦʛʨʘʤʤʥʳʤ ʧʨʦʜʫʢʪʦʤ çELOGRAPHè, ʢʦʪʦʨʳʡ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʞʘʪʴ ʠʟʤʝʥʝʥʠʝ ʨʷʜʘ ʧʦʢʘʟʘʪʝʣʝʡ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʩʪʨʦʝʥʠʝʤ ʛʠʩʪʦʛʨʘʤʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ (ʂʀ). ʅʘʤʠ ʚʳʧʦʣʥʝʥʘ 

ʥʝʢʦʪʦʨʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʦʛʨʘʤʤʳ ʚ ʦʪʥʦʰʝʥʠʠ ʫʩʨʝʜʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʚʠʜʝ 

ʜʠʥʘʤʠʢʠ ʭʘʦʪʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʚʘʨʠʘʮʠʦʥʥʦʡ ʧʫʣʴʩʦʤʝʪʨʠʠ ʠ ʘʥʘʣʠʟ 

ɺʉʈ ʚʦ ʚʨʝʤʝʥʥʦʡ ʠ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʷʭ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʥʳʤʠ ʞʠʟʥʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ ʵʢʦʬʘʢʪʦʨʦʚ ʖʛʨʳ ʥʘ 

ʧʦʢʘʟʘʪʝʣʠ ʂʈʉ. ɽɦ ʝ ʨʘʟ ʥʘʧʦʤʥʠʤ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʨʛʘʥʠʟʤʘ ʚ ʧʨʦʮʝʩʩʝ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʤʝʝʪ ʜʚʘ 

ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷ ï ʟʜʦʨʦʚʴʝ ʠ ʙʦʣʝʟʥʴ, ʥʦʨʤʫ ʠ ʧʘʪʦʣʦʛʠʶ. ʄʝʞʜʫ ʵʪʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʥʘʭʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʜʦʥʦʟʦʣʦʛʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ 

ʧʦ ʩʪʝʧʝʥʠ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ, ʧʦ ʩʪʝʧʝʥʠ ʘʜʘʧʪʘʮʠʠ. ʇʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʦʨʛʘʥʠʟʤ, ʚʦʟʥʠʢʘʝʪ 

ʦʙʱʠʡ ʘʜʘʧʪʘʮʠʦʥʥʳʡ ʩʠʥʜʨʦʤ (ɻ. ʉʝʣʴʝ, 1936 ʛ.), ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ  

ʢʘʢ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʡ ʦʪʚʝʪ ʦʨʛʘʥʠʟʤʘ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝʤ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʤʦʙʠʣʠʟʘʮʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʨʝʟʝʨʚʦʚ.   ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʨʝʙʫʶʪ ʦʪ 

ʦʨʛʘʥʠʟʤʘ ʧʦʚʳʰʝʥʥʳʭ ʫʩʠʣʠʡ, çʜʠʘʛʥʦʩʪʠʨʫʶʪè ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ.  

ʅʘʠʙʦʣʝʝ ʨʝʟʫʣʴʪʘʪʠʚʥʳʤ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʠ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ 

ʬʫʥʢʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʢʘʨʜʠʦ-

ʨʝʩʧʠʨʘʪʦʨʥʘʷ ʠ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʘʷ ʩʠʩʪʝʤʳ. ʆʩʦʙʳʝ ʟʘʜʘʯʠ ʩʪʦʷʪ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʘʤʠ 

ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʷʚʣʷʶʪʩʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʂʈʉ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʙʱʝʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʤʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʩʧʝʢʪʨʘ, 

ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (ɺʉʈ), ʷʚʣʷʝʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʜʦʤʠʥʠʨʫʶʱʝʡ 

ʨʝʛʫʣʷʮʠʠ (ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠʣʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ) ɺʅʉ.  

ɺʳʩʦʢʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʰʠʨʦʪʳ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʉʝʚʝʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʵʢʩʪʨʝʤʘʣʴʥʦʩʪʴʶ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʭʦʣʦʜʦʚʳʤʠ 

ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʥʘ ʦʨʛʘʥʠʟʤ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ ʯʝʣʦʚʝʢʘ ʚʣʠʷʶʪ 
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ʪʘʢʠʝ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʨʝʟʢʠʝ ʩʝʟʦʥʥʳʝ, ʤʝʞ- ʠ ʚʥʫʪʨʠʩʫʪʦʯʥʳʝ 

ʧʝʨʝʧʘʜʳ  ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʭʦʣʦʜʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʬʦʪʦʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠ ʢʦʣʝʙʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. ʂʦʤʧʣʝʢʩ 

ʢʣʠʤʘʪʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪ ʧʨʝʜʲʷʚʣʷʝʪ ʞʝʩʪʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʝ [47, 78].  

ʋʯʝʥʳʤʠ ɺ.ɺ ʇʘʨʠʥʳʤ, ʈ.ʄ. ɹʘʝʚʩʢʠʤ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʢʦʥʮʝʧʮʠʷ ʦ 

ʩʠʩʪʝʤʝ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʢʘʢ ʠʥʜʠʢʘʪʦʨʝ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʨʝʘʢʮʠʡ ʮʝʣʦʩʪʥʦʛʦ 

ʦʨʛʘʥʠʟʤʘ. ʉʠʩʪʝʤʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʥʘʨʷʜʫ ʩ ʥʝʡʨʦʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤʦʡ, 

ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʘʜʘʧʪʘʮʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ 

ʝʝ ʬʫʥʢʮʠʝʡ ʪʨʘʥʩʧʦʨʪʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʢʠʩʣʦʨʦʜʘ, ʦʩʥʦʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʂʘʢ ʩʯʠʪʘʝʪ ʄʝʝʨʩʦʥ, ʧʫʩʢʦʚʳʤ ʩʠʛʥʘʣʦʤ, ʟʘʧʫʩʢʘʶʱʠʤ 

ʚʩʶ ʮʝʧʴ ʨʝʛʫʣʷʪʦʨʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʜʝʬʠʮʠʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ.  

ɹʝʟʫʩʣʦʚʥʦ, ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʦʨʛʘʥʠʟʤʘ ʢʠʩʣʦʨʦʜʦʤ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚʘʞʥʝʡʰʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ, 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʂʈʉ, ʤʦʙʠʣʠʟʘʮʠʷ ʢʦʪʦʨʦʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ 

ʧʦʩʪʫʧʣʝʥʠʶ ʢʠʩʣʦʨʦʜʘ ʢ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤ ʦʨʛʘʥʘʤ ʠ ʪʢʘʥʷʤ, ʥʦ ʠ  ʣʫʯʰʝʡ 

ʝʛʦ ʫʪʠʣʠʟʘʮʠʠ ʠʟ ʢʨʦʚʠ ʠ ʚʳʜʝʣʝʥʠʶ ʠʟ ʦʨʛʘʥʠʟʤʘ ʠʟʙʳʪʢʘ ʫʛʣʝʢʠʩʣʦʪʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʅ.ɸ. ɸʛʘʜʞʘʥʷʥʘ,  ʄ.ɺ. ʃʘʟʴʢʦ ʠ ʜʨ. ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ 

ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʥʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʠ ʜʳʭʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ. ɺ 

ʮʝʣʦʤ,  ʢʘʨʜʠʦ-ʨʝʩʧʠʨʘʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʝʟʝʨʚʦʚ ʠ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ 

ʦʨʛʘʥʠʟʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʩʠʩʪʝʤ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʨʘʙʦʪʫ ʩʝʨʜʮʘ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ 

ʩʠʩʪʝʤʦʡ, ʦʢʘʟʳʚʘʶʱʝʡ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʩʝʨʜʮʘ, ʷʚʣʷʝʪʩʷ ʚʝʛʝʪʘʪʠʚʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ. ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ɺʅʉ 

ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʩʣʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ, ʚʳʜʝʣʠʤ 

ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʩʪʨʦʝʥʠʷ ʩʘʤʦʡ ɺʅʉ ʙʝʟ ʫʯʝʪʘ ʝʝ ʚʣʠʷʥʠʷ ʥʘ ʩʝʨʜʝʯʥʦï

ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʝʛʝʪʘʪʠʚʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ ʜʝʣʠʪʩʷ ʥʘ 

ʜʚʘ ʦʪʜʝʣʘ: ʩʝʛʤʝʥʪʘʨʥʦ-ʧʝʨʠʬʝʨʠʯʝʩʢʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʝʛʝʪʘʪʠʚʥʫʶ 

ʠʥʥʝʨʚʘʮʠʶ ʦʪʜʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ ʪʝʣʘ ʠ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʥʠʤ ʚʥʫʪʨʝʥʥʠʭ 

ʦʨʛʘʥʦʚ, ʠ ʮʝʥʪʨʘʣʴʥʳʡ, ʠʣʠ ʥʘʜʩʝʛʤʝʥʪʘʨʥʳʡ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʦʪʜʝʣʴʥʳʝ 

ʩʝʛʤʝʥʪʳ ʠ ʧʦʜʯʠʥʷʶʱʠʡ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʙʱʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʟʘʜʘʯʘʤ 

ʦʨʛʘʥʠʟʤʘ.  

 ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʝʛʝʪʘʪʠʚʥʦʡ ʠʥʥʝʨʚʘʮʠʠ ʥʘ ʫʨʦʚʥʝ 

ʩʝʛʤʝʥʪʘʨʥʦ-ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʚʫʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʩʠʩʪʝʤ: ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ. ʀʤʝʥʥʦ ʠʭ 

ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʥʢʫʶ ʨʝʛʫʣʷʮʠʶ ʬʫʥʢʮʠʡ 

ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʠ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ [127, 205, 206]. ʆʩʦʙʝʥʥʦ ʵʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʝʨʠʦʜ ʨʦʩʪʘ (ʠ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ). 

ʇʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʯʘʱʝʥʠʝʤ ʧʫʣʴʩʘ ʠ ʧʦʚʳʰʝʥʠʝʤ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʝʡʩʪʚʠʝ 

ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʚʦ ʤʥʦʛʦʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ: ʧʨʠ 
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ʧʦʚʳʰʝʥʠʠ ʝʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʜʣʝʥʠʝ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʩʥʠʞʝʥʠʝ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʙʫʨʠ 

ʠʣʠ ʚʣʠʷʥʠʝ  ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʯʝʣʦʚʝʢʘ ʠʣʠ ʞʠʚʦʪʥʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʍʄɸʆ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʘʢʪʠʚʘʮʠʠ ʢʘʢ ʩʠʤʧʘʪʠʯʝʩʢʦʡ, ʪʘʢ ʠ 

ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʚ 

ʩʫʞʝʥʠʠ ʠʣʠ ʨʘʩʰʠʨʝʥʠʠ ʟʨʘʯʢʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʳʨʘʞʝʥʥʦʩʪʴ ʩʜʚʠʛʦʚ 

ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ.  

ʅʘʙʣʶʜʝʥʠʝ ʠ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʦʥʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ, ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʚʩʝ ʩʪʘʜʠʠ ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ 

ʚʳʨʘʞʝʥʥʦʩʪʠ ʩʪʨʝʩʩʘ. ɸ ʪʘʢ ʢʘʢ ʨʠʪʤ ʩʝʨʜʮʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʟʚʝʥʴʝʚ 

ʚʩʝʭ ʫʨʦʚʥʝʡ ʫʧʨʘʚʣʝʥʠʷ ʬʫʥʢʮʠʷʤʠ ʦʨʛʘʥʠʟʤʘ, ʪʦ ʝʛʦ ʘʥʘʣʠʟ ʜʘʝʪ 

ʜʦʩʪʦʚʝʨʥʫʶ ʦʮʝʥʢʫ ʘʜʘʧʪʘʮʠʠ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʠ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ 

ʢ ʜʝʡʩʪʚʠʶ ʩʪʨʝʩʩʦʨʥʳʭ ʬʘʢʪʦʨʦʚ.   

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʩ ʧʦʟʠʮʠʠ ʩʠʥʝʨʛʝʪʠʢʠ, ʩ ʧʦʟʠʮʠʠ 

ʭʘʦʩʘ ʠ ʧʦʨʷʜʢʘ, ʪʦ ʵʪʦ ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʦʙʨʘʟʫʶʱʘʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ ʠ 

ʭʘʦʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʚ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ ʠ 

ʭʘʦʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʚʦʝʛʦ ʦʨʛʘʥʠʟʤʘ. ʅʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ 

ʟʚʝʥʦʤ ʦʨʛʘʥʠʟʤʘ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʩʝʨʜʝʯʥʳʡ ʨʠʪʤ, ʦʙʝ ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʦʛʦ 

(ʢʘʢ ʧʝʨʠʦʜʠʯʝʩʢʘʷ, ʪʘʢ ʠ ʭʘʦʪʠʯʝʩʢʘʷ) ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʘʥʘʣʠʟʫ ʧʦ 

ʥʝʨʝʛʫʣʷʨʥʦʤʫ ʯʝʨʝʜʦʚʘʥʠʶ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ (RR) ʕʂɻ, ʪ.ʝ. ʚ ʚʠʜʝ 

ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ (ʂʀ). 

ɹʦʣʴʰʠʥʩʪʚʦ ʣʶʜʝʡ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʉʝʚʝʨ ʧʨʠʝʟʞʘʝʪ ʠʟ ʶʞʥʳʭ ʦʙʣʘʩʪʝʡ 

ʩʪʨʘʥʳ. ʇʦʧʘʜʘʷ ʚ ʩʫʨʦʚʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʦʥʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ 

ʥʝʧʨʠʚʳʯʥʳʭ ʢʣʠʤʘʪʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʅʘʧʨʷʞʝʥʠʝ ʦʨʛʘʥʠʟʤʘ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʵʢʦʥʦʤʥʦʤʫ ʨʘʩʭʦʜʦʚʘʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʝʟʝʨʚʦʚ, ʙʳʩʪʨʦʤʫ 

ʠʭ ʠʩʪʦʱʝʥʠʶ.  ɼʝʡʩʪʚʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʜʣʷ ʥʠʭ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʞʠʟʥʝʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʦʮʝʩʩʳ ʠ ʧʩʠʭʠʯʝʩʢʫʶ 

ʩʬʝʨʫ. ʇʨʠ ʘʜʘʧʪʘʮʠʠ ʯʝʣʦʚʝʢʘ ʢ ʫʩʣʦʚʠʷʤ ʉʝʚʝʨʘ  ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ 

ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʤʫ ʩʥʘʙʞʝʥʠʶ 

ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ ʢʠʩʣʦʨʦʜʦʤ ʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʨʘʟʚʠʪʠʶ ʷʚʣʝʥʠʡ 

ʛʠʧʦʢʩʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʨʦʚʝʥʦʩʥʳʭ ʢʘʧʠʣʣʷʨʦʚ. ʍʦʪʷ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ 

ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʖʛʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ, 

ʧʨʠʤʝʨʥʦ ï 20,44%, ʥʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʢʦʣʝʙʣʝʪʩʷ 

ʝʛʦ ʧʣʦʪʥʦʩʪʴ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʥʘ ʠʟʤʝʥʷʝʪʩʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʘʚʣʝʥʠʶ 

ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʣʘʞʥʦʩʪʠ.  

ɼʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʩʝʭ ʧʦʣʦʚʦʟʨʘʩʪʥʳʭ, ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʉʝʚʝʨʝ, ʛʨʫʧʧ 

ʭʘʨʘʢʪʝʨʥʦ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʩʝʨʜʮʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʩʩʝ 

ʣʝʚʦʛʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʥʦʚʦʛʦ ʧʦʚʳʰʝʥʥʦʛʦ ʫʨʦʚʥʷ ʛʝʤʦʜʠʥʘʤʠʢʠ 

ʣʝʛʢʠʭ. ʀʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʠ ʚ ʣʝʚʦʤ ʦʪʜʝʣʝ ʩʝʨʜʮʘ, ʦʥʠ ʧʨʠʚʦʜʷʪ ʢ 
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ʧʦʚʳʰʝʥʠʶ ʜʘʚʣʝʥʠʷ ʚ ʙʦʣʴʰʦʤ ʢʨʫʛʝ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. ɺʩʝ ʵʪʠ ʧʨʦʮʝʩʩʳ 

ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʬʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʦʙʤʝʥ ʚʝʱʝʩʪʚ. ɸʜʘʧʪʠʚʥʳʝ ʨʝʘʢʮʠʠ ʯʝʣʦʚʝʢʘ ʢ ʧʨʠʨʦʜʥʳʤ 

ʫʩʣʦʚʠʷʤ ʉʝʚʝʨʘ ʚʢʣʶʯʘʶʪ ʠʟʤʝʥʝʥʠʷ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʩʬʝʨʳ, ʩʥʠʞʝʥʠʝ 

ʚʳʨʘʞʝʥʥʦʩʪʠ ʪʦʨʤʦʟʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʨʝ ʙʦʣʴʰʠʭ ʧʦʣʫʰʘʨʠʡ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ, ʠʟʤʝʥʝʥʠʝ ʚ ʦʙʤʝʥʝ ʚʝʱʝʩʪʚ. ɺ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ ʣʠʧʠʜʥʦʛʦ ʦʙʤʝʥʘ ï ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʫʛʣʝʚʦʜʥʦʛʦ ʪʠʧʘ ʦʙʤʝʥʘ ʥʘ ʞʠʨʦʚʦʡ, ʯʪʦ ʫ ʧʨʠʝʟʞʠʭ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ 

ʨʘʟʚʠʪʠʷ ʘʪʝʨʦʩʢʣʝʨʦʟʘ. 

ʉʪʝʧʝʥʴ  ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ  ʯʝʣʦʚʝʢʘ ʠʣʠ  ʫʨʦʚʝʥʴ  ʝʛʦ  ʩʦʤʘʪʠʯʝʩʢʦʛʦ 

(ʬʠʟʠʯʝʩʢʦʛʦ) ʟʜʦʨʦʚʴʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʝʤ  

ʢʘʯʝʩʪʚʘ ʦʙʱʝʡ  ʚʳʥʦʩʣʠʚʦʩʪʠ.   ɽʛʦ   ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ   ʦʩʥʦʚʦʡ   ʷʚʣʷʶʪʩʷ   

ʘʵʨʦʙʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ  ʯʝʣʦʚʝʢʘ,  ʦʪʨʘʞʘʶʱʠʝ  ʩʧʦʩʦʙʥʦʩʪʠ   ʦʨʛʘʥʠʟʤʘ   

ʜʦʩʪʘʚʣʷʪʴ   ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʠʩʣʦʨʦʜ ʜʣʷ ʵʥʝʨʛʦʧʨʦʜʫʢʮʠʠ ʧʨʠ ʬʠʟʠʯʝʩʢʦʡ  

ʨʘʙʦʪʝ  (ʥʘʧʨʠʤʝʨ, ʜʣʠʪʝʣʴʥʦʝ   ʩʪʘʪʠʯʝʩʢʦʝ   ʥʘʧʨʷʞʝʥʠʝ   ʥʘ   ʫʨʦʢʘʭ   ʚ   

ʧʨʦʮʝʩʩʝ   ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ). ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ  ʨʝʟʝʨʚʘ  

ʢʘʨʜʠʦ - ʨʝʩʧʠʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ  ʩʫʱʝʩʪʚʝʥʥʦ  ʩʥʠʞʘʝʪ  ʬʠʟʠʯʝʩʢʫʶ  ʠ  

ʧʩʠʭʠʯʝʩʢʫʶ  ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʫʯʘʱʠʭʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʥʠʢʘʶʪ 

ʨʘʟʣʠʯʥʳʝ ʥʘʨʫʰʝʥʠʷ ʟʜʦʨʦʚʴʷ ʠ  ʩʥʠʞʝʥʠʝ ʞʠʟʥʝʥʥʦʛʦ  ʪʦʥʫʩʘ,  ʧʦʷʚʣʷʝʪʩʷ   

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ   ʢ   ʩʪʨʝʩʩʘʤ,   ʩʥʠʞʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʢ ʚʨʝʜʥʦ 

ʜʝʡʩʪʚʫʶʱʠʤ ʬʘʢʪʦʨʘʤ, ʠʟ-ʟʘ ʯʝʛʦ  ʧʦʷʚʣʷʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʟʘʙʦʣʝʚʘʥʠʷʤ [31, 

58, 59, 127].  ɺʩʝ  ʵʪʦ, ʙʝʩʩʧʦʨʥʦ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʫʩʧʝʰʥʦʩʪʴ ʫʯʝʙʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʱʠʭʩʷ. 

 ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʨʝʟʝʨʚʦʚ, ʩʚʦʡʩʪʚʝʥʥʦʡ 

ʨʘʩʪʫʱʝʤʫ ʦʨʛʘʥʠʟʤʫ, ʣʶʙʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʫʤʩʪʚʝʥʥʦʡ ʠʣʠ 

ʬʠʟʠʯʝʩʢʦʡ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʪʨʝʩʩʦʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʥʦʩʷʱʝʝ 

ʜʣʠʪʝʣʴʥʳʡ ʠ ʫʩʪʦʡʯʠʚʳʡ ʭʘʨʘʢʪʝʨ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʘʜʘʧʪʘʮʠʦʥʥʳʭ 

ʨʝʟʝʨʚʦʚ, ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʠʪʫʘʮʠʠ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ 

ʚʝʛʝʪʘʪʠʚʥʳʭ ʬʫʥʢʮʠʡ; ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʞʠʤʝ 

ʥʝʫʩʪʦʡʯʠʚʦʡ ʘʜʘʧʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʫ ʜʝʪʝʡ ʚ ʚʠʜʝ ʫʭʫʜʰʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʧʦʚʳʰʝʥʥʦʡ ʫʪʦʤʣʷʝʤʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ [14, 42, 43]. 

ɸʣʛʦʨʠʪʤʳ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʫʯʘʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʟʠʮʠʡ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʪʝʦʨʠʠ ʭʘʦʩʘ-ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ (ʊʍʉ). 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʫʯʘʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ ʌʉʆ ʫ ʫʯʘʱʠʭʩʷ ʉʆʐ  ̄6 

ʛ. ʃʷʥʪʦʨʘ ʙʝʟ ʞʘʣʦʙ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʧʦ ʢʘʞʜʦʤʫ ʠʩʧʳʪʫʝʤʦʤʫ ʦʪʜʝʣʴʥʦ. 

ʀʟʫʯʘʣʠʩʴ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʜʘʥʥʳʭ ʧʦ ʦʙʩʣʝʜʦʚʘʥʠʶ ʧʷʪʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʌʉʆ. ʕʪʦ ʛʨʫʧʧʘ ʛʝʥʜʝʨʥʳʭ ʨʘʟʣʠʯʠʡ (ʦʪʜʝʣʴʥʦ ʤʘʣʴʯʠʢʠ ʠ ʜʝʚʦʯʢʠ) ʠ ʧʨʠ 

ʵʪʦʤ ʤʳ ʧʨʦʚʦʜʠʣʠ ʦʙʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʜʚʫʭ ʛʨʫʧʧ ʚ ʜʚʘ ʩʝʟʦʥʘ ʛʦʜʘ: ʚ ʟʠʤʥʠʡ 
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ʧʝʨʠʦʜ (ʬʝʚʨʘʣʴ) 2005-2006 ʫʯʝʙʥʦʛʦ ʛʦʜʘ ʠ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ (ʩʝʥʪʷʙʨʴ) 2005-

2006 ʫʯʝʙʥʦʛʦ ʛʦʜʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʦʨʛʘʥʠʟʤʘ ʤʣʘʜʰʠʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʩ 1 ʧʦ 4 ʢʣʘʩʩ ï ʧʦʢʘʟʘʪʝʣʝʡ ʘʢʪʠʚʥʦʩʪʠ  

ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʉɺʅʉ)- ʉʀʄ ʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʇɺʅʉ)- ʇɸʈ ʚ ʫʩʣʦʚʥʳʭ 

ʝʜʠʥʠʮʘʭ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ  ʚ ʪʘʙʣʠʮʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʯʘʩʪʦʪʳ 

ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʏʉʉ), ʠʥʜʝʢʩʘ ɹʘʝʚʩʢʦʛʦ (ʀʅɹ) ʠ ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ 

ʥʘʩʳʱʝʥʠʷ  ʢʠʩʣʦʨʦʜʦʤ (SPO2)  ʛʝʤʦʛʣʦʙʠʥʘ   ʢʨʦʚʠ   (ʧʦʢʘʟʘʪʝʣʠ  

ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ).  

 ʈʘʩʩʤʦʪʨʠʤ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʩʧʝʢʪʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʠʥʪʝʛʨʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʩʠʤʧʘʪʠʯʝʩʢʦʡ (ʉʀʄ) ʠ 

ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ  (ʇɸʈ) ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʫ ʜʝʚʦʯʝʢ ʠ 

ʤʘʣʴʯʠʢʦʚ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʚ ʟʠʤʥʠʡ ʠ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜʳ 2005 ï 2006  

ʫʯ. ʛ.  

ɺ ʜʘʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʷʭ ʫʩʪʘʥʦʚʣʝʥ ʩʜʚʠʛ ʧʦʢʘʟʘʪʝʣʝʡ ɺʅʉ ʚ ʩʪʦʨʦʥʫ 

ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʋ ʥʝʢʦʪʦʨʳʭ ʣʠʮ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʳʨʘʞʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʦʥʫʩʘ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ (ʧʫʣʴʩ ʥʘ ʬʘʣʘʥʛʘʭ 

ʧʘʣʴʮʝʚ ʥʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʬʦʪʦʦʧʪʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ).  

ʋ ʜʝʚʦʯʝʢ 1ïʭ ʠ 2ïʭ ʢʣʘʩʩʦʚ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʧʦʢʘʟʘʪʝʣʠ ʉʀʄ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʰʝ (3,86; 5,06), ʯʝʤ ʫ ʜʝʚʦʯʝʢ 3-ʠʭ ʠ 4ïʭ ʢʣʘʩʩʦʚ (3,26; 3,13). 

ʇʦʢʘʟʘʪʝʣʠ ʉʀʄ ʫ ʜʝʚʦʯʝʢ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʝʥʥʠʤ 

ʦʪʣʠʯʘʶʪʩʷ. ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʉʀʄ ʫ ʜʝʚʦʯʝʢ 1ïʭ ʢʣʘʩʩʦʚ (4,73), 

ʩʘʤʳʡ ʥʠʟʢʠʡ ʚ 3ïʠʭ ʢʣʘʩʩʘʭ (1,6).  

ʋ ʜʝʚʦʯʝʢ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʧʦʥʠʞʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʉʀʄ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʝʥʥʠʤ ʧʝʨʠʦʜʦʤ ʚʨʝʤʝʥʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʫʯʘʱʠʭʩʷ 1 ʢʣʘʩʩʦʚ). 

ʇʦʢʘʟʘʪʝʣʠ ʇɸʈ ʫ ʜʝʚʦʯʝʢ 1ïʭ ʢʣʘʩʩʦʚ ʩʘʤʳʡ ʥʠʟʢʠʡ (12,26), ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʦʩʪʘʣʴʥʳʭ ʢʣʘʩʩʦʚ. ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʴ ʇɸʈ ʫ 3 ïʠʭ ʢʣʘʩʩʦʚ (17,2). 

ɿʠʤʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʫ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʧʦʢʘʟʘʪʝʣʠ ʇɸʈ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʩʝʥʥʠʤʠ ʧʦʚʳʰʝʥʳ. ʋ 2-ʛʦ ʠ 4-ʛʦ ʢʣʘʩʩʘ ʧʦʥʠʞʝʥʳ, ʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʩ 14,06 

ʜʦ 13,73). ʉʘʤʳʡ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʇɸʈ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʫ ʜʝʚʦʯʝʢ 3-ʠʭ 

ʢʣʘʩʩʦʚ. 
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ʈʠʩ.21. ʀʟʤʝʥʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʝʡ ʇɸʈ ƶ- ʧʦʢʘʟʘʪʝʣʷ ʘʢʪʠʚʥʦʩʪʠ 

ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ   ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ  ʠ ʉʀʄ ƴ ï ʩʠʤʧʘʪʠʯʝʩʢʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ  ʫ ʜʝʚʦʯʝʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ. 
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ʈʠʩ.22. ʀʟʤʝʥʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʝʡ ʇɸʈƶ- ʧʦʢʘʟʘʪʝʣʷ ʘʢʪʠʚʥʦʩʪʠ 

ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ   ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ  ʠ ʉʀʄ ƴ ï ʩʠʤʧʘʪʠʯʝʩʢʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ  ʫ ʜʝʚʦʯʝʢ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ. 
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ʈʠʩ.23. ʀʟʤʝʥʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʝʡ ʇɸʈ ƶ- ʧʦʢʘʟʘʪʝʣʷ ʘʢʪʠʚʥʦʩʪʠ 

ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ  ʠ ʉʀʄ ƴ ï ʩʠʤʧʘʪʠʯʝʩʢʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ  ʫ ʤʘʣʴʯʠʢʦʚ ʚ  ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ. 

 

ʋ ʤʘʣʴʯʠʢʦʚ ʧʦʢʘʟʘʪʝʣʠ ʉʀʄ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʦʥʠʞʝʥʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʝʥʥʠʤ ʧʝʨʠʦʜʦʤ, ʘ ʧʦʢʘʟʘʪʝʣʠ ʇɸʈ ʧʦʚʳʰʝʥʳ. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ 

ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʉʀʄ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʛʝʥʜʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʨʘʟʥʳʝ 

ʧʝʨʠʦʜʳ ʛʦʜʘ, ʪʦ  ʦʪʣʠʯʠʷ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʉʀʄ ʥʘʙʣʶʜʘʣʠʩʴ ʤʝʞʜʫ ʤʘʣʴʯʠʢʘʤʠ 

ʠ ʜʝʚʦʯʢʘʤʠ  ʫʯʘʱʠʭʩʷ ʚ 1-ʭ ʢʣʘʩʩʦʚ. ʋ ʜʝʚʦʯʝʢ ʦʥʠ ʟʘʤʝʪʥʦ ʚʳʰʝ (4,73), ʘ ʫ 

ʤʘʣʴʯʠʢʦʚ ʥʠʞʝ (2,13). ʆʪʤʝʪʠʤ, ʯʪʦ ʩʨʝʜʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʦʜʥʦ ʠʟ 

ʧʝʨʚʳʭ ʤʝʩʪ ʧʦ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʂʈʉ ʟʘʥʠʤʘʶʪ ʥʝʧʝʨʠʦʜʠʯʥʳʝ, ʨʝʟʢʠʝ ʧʝʨʝʧʘʜʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

(ʩʝʟʦʥʥʳʝ, ʚʥʫʪʨʠ- ʠ ʤʝʞʩʝʟʦʥʥʳʝ).  

ʈʘʩʩʤʦʪʨʠʤ  ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʏʉʉ) 

ʤʘʣʴʯʠʢʦʚ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʚ ʟʠʤʥʠʡ ʠ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜʳ ʛʦʜʘ. ʄʦʞʥʦ  

ʫʚʠʜʝʪʴ, ʯʪʦ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʢʘʢ ʫ ʤʘʣʴʯʠʢʦʚ, ʪʘʢ ʠ ʫ ʜʝʚʦʯʝʢ ʥʘʙʣʶʜʘʶʪʩʷ  

ʧʦʥʠʞʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʩʝʥʥʠʤ ʧʝʨʠʦʜʦʤ. ʅʘʧʨʠʤʝʨ, ʫ 1 ʢʣʘʩʩʦʚ ʟʠʤʦʡ ʏʉʉ 87,26, ʘ ʦʩʝʥʴʶ 103,46. 

ʏʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʫ ʜʝʚʦʯʝʢ 1-ʭ ʠ 2-ʭ ʢʣʘʩʩʦʚ ʚʳʰʝ, ʯʝʤ ʫ 3-ʠʭ ʠ 

4-ʭ ʢʘʢ ʟʠʤʦʡ, ʪʘʢ ʠ ʦʩʝʥʴʶ. 
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ʈʠʩ.24. ʀʟʤʝʥʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʝʡ SSS ʫ ʜʝʚʦʯʝʢ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ. 

 
ʈʠʩ.25. ʀʟʤʝʥʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʝʡ SSS ʫ ʜʝʚʦʯʝʢ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ. 

 
ʈʠʩ.26. ʀʟʤʝʥʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʝʡ SSS ʫ ʤʘʣʴʯʠʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʦʟʨʘʩʪʘ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ. 

 
ʈʠʩ 27. ʀʟʤʝʥʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʝʡ SSS ʫ ʤʘʣʴʯʠʢʦʚ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚ  

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ. 

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʘʢʪʠʚʥʦʩʪʴʶ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʢʦʪʦʨʘʷ ʩʥʠʞʘʝʪ ʯʘʩʪʦʪʫ ʠ ʩʠʣʫ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ. 

ɸʢʪʠʚʥʦʩʪʴ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʥʘʦʙʦʨʦʪ 

ʫʚʝʣʠʯʠʚʘʝʪ ʯʘʩʪʦʪʫ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ. 
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ɺ ʮʝʣʦʤ, ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʏʉʉ) ʚ 

ʨʘʟʥʳʝ ʩʝʟʦʥʳ ʛʦʜʘ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʦʚ ʚʳʰʝ 

ʥʦʨʤʳ.  

   ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʉʝʚʝʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʦʣʝʙʘʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʧʨʠʚʦʜʷʪ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʤʫ ʩʥʘʙʞʝʥʠʶ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ ʢʠʩʣʦʨʦʜʦʤ, 

ʨʘʟʚʠʪʠʶ ʛʠʧʦʢʩʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʪʢʘʥʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʥʦ ʵʪʦ ʢʦʤʧʝʥʩʘʪʦʨʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʝ-

ʪʘʢʠ ʥʝ ʧʦʤʦʛʘʝʪ ʫʩʚʦʝʥʠʶ ʢʠʩʣʦʨʦʜʘ ʦʨʛʘʥʠʟʤʦʤ, ʪʘʢ ʢʘʢ ʚ ʘʪʤʦʩʬʝʨʝ ʍʄɸʆ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʙʣʦʢʠʨʦʚʘʥʠʶ ʠʤ ʤʦʣʝʢʫʣ ʛʝʤʦʛʣʦʙʠʥʘ ʢʨʦʚʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʦʩʪʫʧʣʝʥʠʷ ʚ 

ʦʨʛʘʥʠʟʤ ʢʠʩʣʦʨʦʜʘ.  

ʀʟʫʯʘʷ ʧʦʢʘʟʘʪʝʣʴ ʫʨʦʚʥʷ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ ʠʩʧʳʪʫʝʤʳʭ 

ʥʘʙʣʶʜʘʣʠ ʧʨʝʚʳʰʘʶʱʠʝ ʟʥʘʯʝʥʠʷ 96-97% ʧʨʘʢʪʠʯʝʩʢʠ ʫ ʚʩʝʭ ʫʯʘʱʠʭʩʷ.    

ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ  ʦʪʩʫʪʩʪʚʠʠ  ʠʣʠ ʦʯʝʥʴ ʦʩʣʘʙʣʝʥʥʳʭ 

ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ  ʚʦʟʤʦʞʥʦʩʪʷʭ  ʦʨʛʘʥʠʟʤʘ  ʫʯʘʱʠʭʩʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʢʘʢ ʚ ʟʠʤʥʠʡ, ʪʘʢ ʠ ʚ ʦʩʝʥʥʠʡ  ʧʝʨʠʦʜʳ ʫʯʝʙʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. SpO2 ʦʯʝʥʴ ʧʦʚʳʰʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʘʢʦʚʳʭ ʚ ʩʨʝʜʥʝʡ 

ʧʦʣʦʩʝ (ʦʙʳʯʥʦ ʤʝʥʝʝ 93%).  ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʧʦʢʘʟʘʪʝʣʝʡ SPO2 ʜʝʪʝʡ ʖʛʨʳ 

ʦʯʝʥʴ ʥʘʩʪʦʨʘʞʠʚʘʝʪ ʬʠʟʠʦʣʦʛʦʚ ʠ ʧʝʜʘʛʦʛʦʚ, ʪ.ʢ. ʨʝʟʢʦ ʩʥʠʞʘʶʪʩʷ 

ʢʦʤʧʝʥʩʘʪʦʨʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʥʘ ʉʝʚʝʨʝ. 

ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ SpO2  ʫ ʜʝʚʦʯʝʢ 4-ʳʭ ʢʣʘʩʩʦʚ ʟʠʤʦʡ (97,66), 

ʩʘʤʳʡ ʥʠʟʢʠʡ ʦʩʝʥʴʶ (96,4). ʋ ʦʩʪʘʣʴʥʳʭ ʢʣʘʩʩʦʚ ʧʦʢʘʟʘʪʝʣʠ SpO2 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ (1-ʝ ï 96,33; 2 ï ʝ ï 96,4; 3 ïʝ ï 96,8) ʢʘʢ ʚ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ, ʪʘʢ ʠ ʦʩʝʥʴʶ (97,73; 97,13; 97,13). 

 

 
 ʈʠʩ.28. ʀʟʤʝʥʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʝʡ SPO2 ʫ ʜʝʚʦʯʝʢ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ. 

 
ʈʠʩ.29. ʀʟʤʝʥʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʝʡ SPO2 ʫ ʜʝʚʦʯʝʢ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ. 
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 ʈʠʩ.30. ʀʟʤʝʥʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʝʡ SPO2 ʫ ʤʘʣʴʯʠʢʦʚ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ. 

 
 ʈʠʩ.31. ʀʟʤʝʥʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʝʡ SPO2 ʫ ʤʘʣʴʯʠʢʦʚ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ. 

 

 

  ʈʠʩ.32. ʀʟʤʝʥʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʝʡ IBN ʫ ʜʝʚʦʯʝʢ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ. 

 

 

ʈʠʩ.33. ʀʟʤʝʥʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʝʡ IBN ʫ ʜʝʚʦʯʝʢ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ. 

 

 

ʈʠʩ.34. ʀʟʤʝʥʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʝʡ IBN ʫ ʤʘʣʴʯʠʢʦʚ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ. 

 


