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ɻʣʘʚʘ 1.  ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʫʙʝʜʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʷʚʣʝʥʠʡ ʧʨʠʨʦʜʳ ʫʛʣʫʙʣʷʝʪ ʧʦʥʠʤʘʥʠʝ ʠʟʫʯʘʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʦʤʦʛʘʝʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʥʘʢʦʧʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʬʘʢʪʳ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʠʟʫʯʘʝʤʳʭ ʷʚʣʝʥʠʡ. ʌʠʟʠʢʘ - ʧʝʨʚʘʷ ʥʘʫʢʘ, ʢʫʜʘ ʧʨʦʥʠʢʣʘ 

ʤʘʪʝʤʘʪʠʢʘ,  ʟʘʣʦʞʠʚ ʚ ʥʝʡ  ʬʫʥʜʘʤʝʥʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʥʠʷ.  ʉʦʚʨʝʤʝʥʥʘʷ 

ʬʠʟʠʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʦʡ,  ʚ ʢʦʪʦʨʦʡ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʪʨʝʙʫʶʱʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʦʙʱʝʥʠʷ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʚʦʧʨʦʩʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʙʦʙʱʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʦʟʜʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʧʨʘʚʣʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʦʝ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩʝʨʜʝʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ,  ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚʦ ʚʩʝʤ ʤʠʨʝ (Grudzinski K, Zebrowski 

JJ, Baranowski R.,2006; ʄʘʟʫʨʦʚ ʄ.ɽ., 2009;  ʄʘʨʭʘʩʠʥ ɺ.ʉ., ɺʠʢʫʣʦʚʘ ʅ.ɸ., 

2004; Aliev R.R.,2008; Katsnelson L.B., Nikitina L.V., 2004; Lian J, M¿ssig D, Lang 

V. , 2006). ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʬʫʥʢʮʠʡ, ʧʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʥʘʨʫʰʝʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ  ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʦʡ. 

ʆʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʮʝʩʩʳ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʠʪʤʘ ʚ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʝ ʩʝʨʜʮʘ ʧʨʠ ʯʘʩʪʦʡ 

ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʩʠʥʦʘʪʨʠʘʣʴʥʳʡ ʫʟʝʣ. ɼʦ 

ʩʠʭ ʧʦʨ ʥʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘʨʫʰʝʥʠʷ 

ʨʠʪʤʘ ʩʝʨʜʮʘ ʧʨʠ ʩʪʨʝʩʩʦʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ (ʵʤʦʮʠʦʥʘʣʴʥʳʭ, 

ʙʦʣʝʚʳʭ ʠ ʜʨ.). ʆʪʩʫʪʩʪʚʫʝʪ  ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ 
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ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʠ ʩʝʨʜʝʯʥʳʭ ʘʨʠʪʤʠʷʭ: ʪʨʝʧʝʪʘʥʠʠ ʠ 

ʤʝʨʮʘʥʠʠ ʧʨʝʜʩʝʨʜʠʡ,  ʤʝʨʮʘʪʝʣʴʥʦʡ ʘʨʠʪʤʠʠ, ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʠʤʝʝʪ ʚʘʞʥʦʝ ʥʝ ʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʥʦ 

ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʀʭ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘʨʫʰʝʥʠʷ 

ʨʠʪʤʘ ʩʝʨʜʮʘ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʝʨʜʝʯʥʳʭ ʘʨʠʪʤʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʠʭ ʧʨʦʬʠʣʘʢʪʠʢʝ ʠ ʣʝʯʝʥʠʶ. 

ʎʝʣʠ ʠ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.   

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʮʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʥʘʨʫʰʝʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʫ ʯʝʣʦʚʝʢʘ ʠ 

ʞʠʚʦʪʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ʀʩʭʦʜʷ ʠʟ ʮʝʣʠ ʨʘʙʦʪʳ,  

ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

1. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʥʘ  ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʫʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʨʠʪʤʘ ʩʝʨʜʮʘ  ʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ (ʢʨʦʣʠʢʠ, ʢʨʳʩʳ, ʩʦʙʘʢʠ). 

2. ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʮʝʥʠʪʴ  

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʠʪʤʘ ʩʝʨʜʮʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. 

4. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ  ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʠ ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʩʪʨʝʩʩʦʨʥʳʭ 

ʥʘʛʨʫʟʢʘʭ. 

5. ʈʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʠʪʤʘ ʚ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʝ ʩʝʨʜʮʘ ʧʨʠ ʯʘʩʪʦʡ 

ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʩʠʥʦʘʪʨʠʘʣʴʥʳʡ ʫʟʝʣ. 

6. ʈʘʟʨʘʙʦʪʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʝʨʜʮʘ 

7. ɸʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ.. 
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8. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʝʨʜʝʯʥʳʭ ʘʨʠʪʤʠʡ (ʮʠʢʣʳ 

ɺʝʥʢʝʙʘʭʘ, ʪʨʝʧʝʪʘʥʠʝ ʠ ʤʝʨʮʘʥʠʝ ʧʨʝʜʩʝʨʜʠʡ, ʤʝʨʮʘʪʝʣʴʥʘʷ ʘʨʠʪʤʠʷ, 

ʬʠʙʨʠʣʣʷʮʠʷ ʞʝʣʫʜʦʯʢʦʚ). 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥʳ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʨʝʘʣʠʟʦʚʘʥʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʚʠʜʝ ʘʚʪʦʨʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʫʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪ ɹ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ 

ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ,  ʥʘʯʠʥʘʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʩʠʥʫʩʦʚʦʛʦ ʨʠʪʤʘ ʠ ʝʛʦ 

ʠʟʤʝʥʝʥʠʡ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʠ ʙʦʣʝʚʳʭ ʩʪʨʝʩʩʦʨʥʳʭ ʥʘʛʨʫʟʦʢ   ʠ 

ʟʘʢʘʥʯʠʚʘʷ ʘʨʠʪʤʠʷʤʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ (ʧʝʨʠʦʜʠʢʘ ɺʝʥʢʝʙʘʭʘ, 

ʤʝʨʮʘʪʝʣʴʥʘʷ ʘʨʠʪʤʠʷ, ʬʠʙʨʠʣʣʷʮʠʷ ʞʝʣʫʜʦʯʢʦʚ). 

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʦʨʝʪʠʢʦ-

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʦʟʚʦʣʷʶʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ  ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ 

ʩʝʨʜʮʘ ʫ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʠʪʤʘ ʚ ʩʝʨʜʮʝ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʨʫʰʝʥʠʡ ʩʝʨʜʝʯʥʦʛʦ 

ʨʠʪʤʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʧʝʪʘʥʠʷ ʠ 

ʤʝʨʮʘʥʠʷ ʧʨʝʜʩʝʨʜʠʡ ʧʦʟʚʦʣʷʝʪ ʨʘʩʢʨʳʪʴ ʧʨʠʨʦʜʫ ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ 

ʢʘʨʜʠʦʨʠʪʤʘ ʧʨʠ ʤʝʨʮʘʪʝʣʴʥʦʡ ʘʨʠʪʤʠʠ ʠ ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʢʘʢ ʥʦʚʳʡ ʥʝʠʥʚʘʟʠʚʥʳʡ ʤʝʪʦʜ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʝʜʩʝʨʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ  

ʛʠʩʪʦʛʨʘʤʤʘʤ RR ʠʥʪʝʨʚʘʣʦʚ. 
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ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ɺʩʝ ʚʠʜʳ ʥʘʨʫʰʝʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʚʢʣʶʯʘʷ ʩʝʨʜʝʯʥʳʝ 

ʘʨʠʪʤʠʠ, ʠʤʝʶʪ ʝʜʠʥʫʶ ʧʨʠʨʦʜʫ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ 

ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʧʦ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʝ ʩʝʨʜʮʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʤʝʨʮʘʪʝʣʴʥʦʡ ʘʨʠʪʤʠʠ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ ʢʘʨʜʠʦʨʠʪʤʘ ʧʨʠ ʪʨʝʧʝʪʘʥʠʠ ʠ ʤʝʨʮʘʥʠʠ ʧʨʝʜʩʝʨʜʠʡ ʠ 

ʚʳʧʦʣʥʠʪʴ ʥʝʠʥʚʘʟʠʚʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʨʝʜʩʝʨʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ 

ʛʠʩʪʦʛʨʘʤʤʘʤ RR ʠʥʪʝʨʚʘʣʦʚ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʝʨʜʮʘ ʧʨʠ 

ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʧʝʨʧʦʟʠʮʠʠ  ʠʩʭʦʜʷʱʠʭ 

ʦʪ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʢʣʝʪʦʢ ʠʤʧʫʣʴʩʥʳʭ ʧʦʪʦʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʥʠʤʠ. ʄʦʜʝʣʴ  ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʵʢʪʦʧʠʯʝʩʢʠʭ ʧʝʡʩʤʝʢʝʨʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʨʘʩʩʯʠʪʘʪʴ ʠʭ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

2. ʇʦʩʪʝʧʝʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʩʠʣʳ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ, ʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʝʡ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ 

ʨʠʪʤʘ. ʈʘʟʣʠʯʥʳʤ ʜʠʘʧʘʟʦʥʘʤ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ, 

ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʦʩʷʪ ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ. ʂʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ 

ʧʝʨʝʭʦʜʘ ʠʟ ʣʠʥʝʡʥʦʛʦ  ʚ ʥʝʣʠʥʝʡʥʳʡ ʨʝʞʠʤ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʧʦ 

ʬʦʨʤʫʣʝ  F1ʢʨ = 1/(2ãʂɸɺ), ʛʜʝ ʂɸɺ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʢʨʠʚʠʟʥʫ 

ʬʫʥʢʮʠʠ ʨʝʩʪʠʪʫʮʠʠ. ʅʝʣʠʥʝʡʥʳʝ ʨʝʞʠʤʳ  ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 2 

ʚʠʜʘ. ʇʝʨʚʳʡ ï ʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠ ï ʨʝʞʠʤ, ʚ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ (ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʳʡ 

ʫʟʝʣ). ɺʪʦʨʦʡ - ʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠ ï ʨʝʞʠʤ, ʚ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʠʩʪʦʯʥʠʢʘʤʠ (ʩʠʥʦʘʪʨʠʘʣʴʥʳʡ ʠ 

ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʳʡ ʫʟʝʣ). 
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3. ʄʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʦʚ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʩʫʱʝʩʪʚʫʝʪ ʚʟʘʠʤʦʩʚʷʟʴ: ʣʠʥʝʡʥʳʝ ʨʝʞʠʤʳ ʠʤʝʶʪ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʩʪʦʡʯʠʚʦʩʪʠ; ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʞʠʤʘ ʭʘʦʩ 1-ʡ 

ʩʪʝʧʝʥʠ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʝʡʥʳʤ ʨʝʞʠʤʦʤ, ʘ ʧʦʢʘʟʘʪʝʣʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʝʞʠʤʘ ʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠ ʥʠʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʨʝʞʠʤʘ  ʭʘʦʩ 

1-ʡ ʩʪʝʧʝʥʠ.  

ʂʦʥʮʝʧʮʠʷ: 

ʧʨʦʮʝʩʩʳ ʨʠʪʤʦʛʝʥʝʟʘ ʚ ʩʝʨʜʮʝ ʧʦʜʯʠʥʷʶʪʩʷ ʪʨʝʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ 

ʧʨʠʥʮʠʧʘʤ: 

1. ʇʨʠʥʮʠʧ ʝʜʠʥʩʪʚʘ ʧʨʝʨʳʚʥʦʡ ʠ ʥʝʧʨʝʨʳʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ  

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʦʛʝʥʝʟʘ.  

ʅʝʧʨʝʨʳʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʦʛʝʥʝʟʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ 

ʧʦʩʪʝʧʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʘʨʜʠʦʨʠʪʤʘ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʝʨʳʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʦʛʝʥʝʟʘ  ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʚʠʜʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ, ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʠʤʝʶʪ ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ.  

2. ʇʨʠʥʮʠʧ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʝʢ, ʨʘʟʜʝʣʷʶʱʠʭ 

ʥʦʨʤʘʣʴʥʳʝ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ.  

ʇʝʨʚʘʷ ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ (F1ʢʨ) ʦʧʨʝʜʝʣʷʝʪ  ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʣʠʥʝʡʥʳʤ ʠ 

ʥʝʣʠʥʝʡʥʳʤ ʨʝʞʠʤʦʤ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʣʘʙʠʣʴʥʦʩʪʴ ʩʝʨʜʮʘ ʠ 

ʘʜʘʧʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʢ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ɺʪʦʨʘʷ ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ (F2ʢʨ) ʦʧʨʝʜʝʣʷʝʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʛʨʘʥʠʮʫ 

ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʥʦʨʤʦʡ ʠ ʧʘʪʦʣʦʛʠʝʡ, ʪ.ʝ. ʥʘʯʘʣʦ ʥʝʦʙʨʘʪʠʤʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ, ʚʢʣʶʯʘʷ ʩʝʨʜʝʯʥʳʝ ʘʨʠʪʤʠʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ. ʊʨʝʪʴʷ 

ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ (F3ʢʨ) ʦʧʨʝʜʝʣʷʝʪ ʛʨʘʥʠʮʫ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʞʠʟʥʴʶ ʠ 

ʩʤʝʨʪʴʶ.  

3. ʇʨʠʥʮʠʧ ʝʜʠʥʩʪʚʘ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʟʘʢʦʥʦʚ, ʣʝʞʘʱʠʭ ʦʩʥʦʚʝ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʦʛʝʥʝʟʘ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. 
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ɺʩʝ ʚʠʜʳ ʥʘʨʫʰʝʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʚʢʣʶʯʘʷ ʩʝʨʜʝʯʥʳʝ ʘʨʠʪʤʠʠ, 

ʠʤʝʶʪ ʝʜʠʥʫʶ ʧʨʠʨʦʜʫ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʧʨʦʚʝʜʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʧʦ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʝ ʩʝʨʜʮʘ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠ 

ʚʠʜʦʚʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ  ʨʘʟʣʠʯʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʷʱʝʡ 

ʩʠʩʪʝʤʳ ʩʝʨʜʮʘ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʨʘʟʣʠʯʠʷ ʢʨʫʪʠʟʥʳ  ʬʫʥʢʮʠʠ ʨʝʩʪʠʪʫʮʠʠ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʣʘʙʠʣʴʥʦʩʪʠ ʠ ʩʪʨʝʩʩ-ʫʩʪʦʡʯʠʚʦʩʪʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ.  

ɸʧʨʦʙʘʮʠʷ ʜʠʩʩʝʨʪʘʮʠʠ.   ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ 

ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ:  

- XXXV  ʠʪʦʛʦʚʦʡ ʥʘʫʯʥʦʡ ʩʝʩʩʠʠ çʉʠʩʪʝʤʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡè ʅʀʀ ʥʦʨʤʘʣʴʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠʤ.ʇ.ʂ.ɸʥʦʭʠʥʘ ʈɸʄʅ, ʄʦʩʢʚʘ. 26-

28 ʷʥʚʘʨʷ 2010ʛ.  

 - ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ  ʧʨʦʙʣʝʤʳ ʩʪʨʝʩʩʘè, ɺʠʪʝʙʩʢ, 10-11 ʠʶʥʷ 2010ʛ. 

- ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʷ çɺʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʬʠʟʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝè. 

ʉʇɹ, 9-11 ʜʝʢʘʙʨʷ 2010ʛ. 

- XXXVI  ʠʪʦʛʦʚʦʡ ʥʘʫʯʥʦʡ ʩʝʩʩʠʠ çʉʠʩʪʝʤʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡè ʅʀʀ ʥʦʨʤʘʣʴʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠʤ.ʇ.ʂ.ɸʥʦʭʠʥʘ ʈɸʄʅ. ʄʦʩʢʚʘ. 27-

28 ʷʥʚʘʨʷ 2011ʛ. 

 - II  ʄʝʞʜʫʥʘʨʦʜʥʦʤ  ʂʦʥʛʨʝʩʩʝ çʂʘʨʜʠʦʣʦʛʠʷ ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ ʥʘʫʢè. ʊʶʤʝʥʴ, 

18-20 ʤʘʷ, 2011ʛ.  

- ʅʘʫʯʥʦʤ ʩʝʤʠʥʘʨʝ cʝʢʪʦʨʘ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʙʠʦʬʠʟʠʢʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ 

ʢʘʬʝʜʨʳ ʙʠʦʬʠʟʠʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ 

28.04.2011ʛ. 

- X ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʌʠʟʠʢʘ ʠ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʤʝʜʠʮʠʥʝ ʠ ʵʢʦʣʦʛʠʠè (ʌʈʕʄʕô2012). ɺʣʘʜʠʤʠʨ ï 

ʉʫʟʜʘʣʴ, 27 - 29  ʠʶʥʷ 2012 ʛ.  
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-  XXXVIII  ʠʪʦʛʦʚʦʡ ʥʘʫʯʥʦʡ ʩʝʩʩʠʠ çʉʠʩʪʝʤʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡè ʅʀʀ ʥʦʨʤʘʣʴʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠʤ.ʇ.ʂ.ɸʥʦʭʠʥʘ 

ʈɸʄʅ. ʄʦʩʢʚʘ. 24-25 ʥ̫ʚʘʨʷ 2013ʛ. 

-   ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʦʙʩʫʞʜʝʥʘ 24.04.2014 ʛ. ʥʘ ʩʦʚʤʝʩʪʥʦʤ ʟʘʩʝʜʘʥʠʠ 

ʣʘʙʦʨʘʪʦʨʠʡ  ʌɻɹʋ ʅʀʀ ʥʦʨʤʘʣʴʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠʤʝʥʠ ʇ.ʂ. ɸʥʦʭʠʥʘ ʈɸʄʅ: 

ʩʠʩʪʝʤʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, ʦʙʱʝʡ ʬʠʟʠʦʣʦʛʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ,  ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʝʡʨʦʭʠʤʠʠ, ʥʝʡʨʦʢʠʙʝʨʥʝʪʠʢʠ ʠ 

ʬʠʟʠʦʣʦʛʠʠ ʤʦʪʠʚʘʮʠʡ. 

ʇʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ  ʈʦʩʩʠʡʩʢʠʭ ʠ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ: ʚʩʝʛʦ  76 

ʧʫʙʣʠʢʘʮʠʡ, ʠʟ ʥʠʭ 44 ï ʚ ʞʫʨʥʘʣʘʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ɺɸʂ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ 

ʈʦʩʧʘʪʝʥʪʝ 12 ʧʨʦʛʨʘʤʤ ʕɺʄ  ʠ  ʠʟʜʘʥʘ 1 ʤʦʥʦʛʨʘʬʠʷ. 
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ɻʣʘʚʘ 2. ʅʘ ʧʫʪʠ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʦʣʦʛʠʠ 

2.1. ʀʩʪʦʨʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʘʤʧʣʠʪʫʜʥʦ-

ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. 

ɸʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʘʷ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʦʪʨʘʞʘʝʪ 

ʦʙʱʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʠʩʪʝʤʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʘʢʪʦʚ, ʦʩʥʦʚʳʚʘʶʱʠʝʩʷ ʥʘ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʇ.ʂ.ɸʥʦʭʠʥʘ. ʆʥʠ ʧʨʠʩʫʱʠ ʚʩʝʤ ʞʠʚʳʤ ʦʨʛʘʥʠʟʤʘʤ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ 

ʦʢʨʫʞʝʥʠʠ ʩʣʫʯʘʡʥʦʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʠ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ. ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʦʪʨʘʞʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʨʷʜʢʘ, ʪ.ʝ. 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʷʚʣʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʦʙʳʪʠʡ. ʉʣʫʯʘʡʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʦʪʨʘʞʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʩʧʝʢʪʘ, ʪ.ʝ. ʥʝʢʦʪʦʨʳʡ 

ʫʨʦʚʝʥʴ ʭʘʦʩʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩ ʚʥʝʰʥʝʡ 

ʩʨʝʜʦʡ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʚʳʥʫʞʜʝʥʳ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʝʡ, ʪ.ʝ. 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ ʠ ʭʘʦʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʚ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ ʠ ʭʘʦʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʚʦʝʛʦ 

ʦʨʛʘʥʠʟʤʘ. ʅʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʟʚʝʥʦʤ, ʨʝʘʛʠʨʫʶʱʠʤ ʥʘ ʨʘʟʣʠʯʥʫʶ 

ʩʪʝʧʝʥʴ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, 

ʷʚʣʷʝʪʩʷ ʩʝʨʜʝʯʥʳʡ ʨʠʪʤ. 

ʊʝʨʤʠʥ "ʨʠʪʤ" (ʛʨʝʯ. rhythmus) - ʵʪʦ ʦʙʱʘʷ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʠʣʠ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʨʠʨʦʜʳ. ɺ ʤʫʟʳʢʝ - ʵʪʦ ʚʨʝʤʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʤʫʟʳʢʘʣʴʥʳʭ 

ʟʚʫʢʦʚ ʠ ʠʭ ʩʦʯʝʪʘʥʠʡ, ʚ ʩʪʠʭʦʪʚʦʨʥʦʡ ʨʝʯʠ - ʵʪʦ ʦʙʱʘʷ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʝʝ 

ʟʚʫʢʦʚʦʛʦ ʩʪʨʦʝʥʠʷ. ʊʝʨʤʠʥ "ʩʝʨʜʝʯʥʳʡ ʨʠʪʤ" ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʤʝʥʥʦ ʚ ʪʘʢʦʤ 

ʩʤʳʩʣʝ. ʆʥ ʧʦʷʚʠʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʫʩʢʫʣʴʪʘʪʠʚʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʩʝʨʜʝʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠ ʜʣʷ ʝʛʦ ʦʮʝʥʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʥʘʣʦʛʠʠ ʤʝʞʜʫ ʩʝʨʜʝʯʥʳʤ 

ʨʠʪʤʦʤ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʩʪʠʭʦʪʚʦʨʥʳʤ ʨʘʟʤʝʨʦʤ ʣʠʙʦ ʤʫʟʳʢʘʣʴʥʳʤ 

ʨʠʪʤʦʤ. ɹʳʣʠ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʪʥʦʡ  ʟʘʧʠʩʠ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ 
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ʥʦʨʤʘʣʴʥʦʛʦ ʨʠʪʤʘ ʩʝʨʜʮʘ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʬʦʨʤ ʝʛʦ ʥʘʨʫʰʝʥʠʡ (ɹʘʝʚʩʢʠʡ 

ɸ.ɻ, 1990). 

ɽʩʣʠ ʜʨʝʚʥʷʷ ʤʝʜʠʮʠʥʘ ʚʣʘʜʝʣʘ ʠʩʢʫʩʩʪʚʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʦʨʛʘʥʠʟʤʘ ʧʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ, ʠʥʪʫʠʪʠʚʥʦʤʫ 

ʘʥʘʣʠʟʫ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʳ, ʪʦ 

ʩʣʝʜʫʶʱʠʡ ʵʪʘʧ ʠʟʫʯʝʥʠʷ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʨʜʝʯʥʦʛʦ 

ʨʠʪʤʘ ʩʚʷʟʘʥ ʩ ʨʘʟʚʠʪʠʝʤ ʦʙʲʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʝʨʜʮʘ. ʕʪʠ ʤʝʪʦʜʳ ʙʝʨʫʪ ʩʚʦʝ ʥʘʯʘʣʦ ʩ ʧʝʨʠʦʜʘ ʧʦʟʜʥʝʛʦ 

ʩʨʝʜʥʝʚʝʢʦʚʴʷ, ʢʦʛʜʘ ʚ ʦʙʱʝʩʪʚʝʥʥʦʡ ʠ ʢʫʣʴʪʫʨʥʦʡ ʞʠʟʥʠ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʩʭʦʣʘʩʪʠʯʝʩʢʦʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʷ ʩ ʝʛʦ ʦʧʦʨʦʡ ʥʘ ʘʚʪʦʨʠʪʝʪʳ,  

ʢ ʥʘʫʯʥʦʤʫ ʤʠʨʦʚʦʟʟʨʝʥʠʶ, ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ ʪʦʯʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. ɿʘʨʦʞʜʝʥʠʝ 

ʢʘʧʠʪʘʣʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 15-17ʚʚ. ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʨʘʟʚʠʪʠʝ ʪʦʯʥʳʭ 

ʟʥʘʥʠʡ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ. 18-19ʚʚ. - ʵʪʘʧ ʙʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʫʢ: ʤʝʭʘʥʠʢʠ, 

ʬʠʟʠʢʠ, ʭʠʤʠʠ, ʙʠʦʤʝʭʘʥʠʢʠ, ʘʥʘʪʦʤʠʠ, ʬʠʟʠʦʣʦʛʠʠ ʠ ʜʨ. ʥʘʫʢ. ʈʝʰʘʶʱʠʡ 

ʧʨʦʨʳʚ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣ ʚʳʟʚʘʥ ʦʪʢʨʳʪʠʝʤ ʠʪʘʣʴʷʥʩʢʦʛʦ 

ʬʠʟʠʢʘ ʠ ʬʠʟʠʦʣʦʛʘ ʃ.ɸ. ɻʘʣʴʚʘʥʠ (1737 - 1798) "ʞʠʚʦʪʥʦʛʦ" ʵʣʝʢʪʨʠʯʝʩʪʚʘ, 

ʯʪʦ ʧʦʣʦʞʠʣʦ ʥʘʯʘʣʦ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʠ. ɺ 1887ʛ. ɺʝʣʣʝʨʦʤ ʟʘʧʠʩʘʥʘ ʧʝʨʚʘʷ 

ʕʂɻ ʯʝʣʦʚʝʢʘ, ʘ ʚ 1908ʛ. ɸ.ʌ.ʉʘʤʦʡʣʦʚ ʚʚʦʜʠʪ ʩʦʢʨʘʱʝʥʠʝ ʕʂɻ, ʠ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʵʣʝʢʪʨʦʢʘʨʜʠʦʣʦʛʠʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʥʘʫʯʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ. ʍʍ ʚʝʢ - ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʝʨʜʮʘ. 

ʆʙʲʝʢʪʠʚʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ 

ʧʦʟʚʦʣʠʣʘ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʚʠʟʫʘʣʴʥʦ ʥʘʙʣʶʜʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʥʦʨʤʘʣʴʥʳʭ ʠ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʨʠʪʤʦʚ, ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʠʭ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ. ʕʪʦ - ʥʦʨʤʘʣʴʥʳʡ ʩʠʥʫʩʦʚʳʡ ʨʠʪʤ, ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʘʨʠʪ-

ʤʠʡ, ʠ ʧʦʣʥʦʩʪʴʶ ʥʝʨʝʛʫʣʷʨʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʦʟʙʫʞʜʝʥʠʡ 

ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ ʧʨʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʝʝ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 

ʜʝʟʦʨʛʘʥʠʟʘʮʠʠ - ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ. ɼʦ 2-ʡ ʧʦʣʦʚʠʥʳ ʍʍ ʚʝʢʘ ʵʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʩʠʣʠ ʢʘʯʝʩʪʚʝʥʥʳʡ, ʦʧʠʩʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʚʥʘʯʘʣʝ ʣʠʙʦ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʩʦʚʩʝʤ, ʣʠʙʦ ʙʳʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʥʝʩʣʦʞʥʳʝ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʚʳʧʦʣʥʠʪʴ ʚʨʫʯʥʫʶ. ʅʦ ʩ ʠʟʦʙʨʝʪʝʥʠʝʤ ʕɺʄ 

ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʥʘʯʘʣʦʩʴ ʠʥʪʝʥʩʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʠ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʕʂɻ. ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʩʚʷʟʘʥ ʩ ʥʘʯʘʣʦʤ 

ʵʧʦʭʠ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ (2-ʘʷ ʧʦʣʦʚʠʥʘ ʍʍ ʚʝʢʘ). 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷ-

ʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʙʳʣʦ ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ ʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʩʪʝʧʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (ɺʉʈ-ʤʝʪʦʜʳ) ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ 

ʵʪʠ ʤʝʪʦʜʳ ʩʪʘʥʦʚʠʣʠʩʴ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʚʧʣʦʪʴ ʜʦ 

ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (Heart rate variability,1996). ʀʟʤʝʥʝʥʠʷ 

ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʢʘʢ ʠʟʤʝʥʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʪʘʢ ʠ ʝʛʦ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ. ɽʩʣʠ ʤʝʪʦʜʳ ɺʈʉ-ʘʥʘʣʠʟʘ ʩʣʫʞʘʪ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʣʫʯʘʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʪʦ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ (ʌʫʨʴʝ-ʘʥʘʣʠʟ) ʩʣʫʞʘʪ ʜʣʷ ʢʦʣʠʯʝʩʪ-

ʚʝʥʥʦʡ ʦʮʝʥʢʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. 

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʦʪʨʘʞʘʝʪ ʥʘʣʠʯʠʝ ʚ 

ʥʝʤ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ (ʚʦʣʥʦʚʳʭ) ʧʨʦʮʝʩʩʦʚ. ʇʝʨʠʦʜʠʯʝʩʢʠʡ, 

ʚʦʣʥʦʚʦʡ ʭʘʨʘʢʪʝʨ ʢʦʣʝʙʘʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʙʳʣ ʦʪʢʨʳʪ ʝʱʝ ʚ 19 ʚʝʢʝ 

(ʜʳʭʘʪʝʣʴʥʘʷ ʘʨʠʪʤʠʷ, ʚʦʣʥʳ ʄʘʡʝʨʘ). ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʚʦʣ-

ʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʣʝʙʘʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʩʪʘʣ ʚʦʟʤʦʞʥʳʤ ʣʠʰʴ ʧʦʩʣʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʬʨʘʥʮʫʟʩʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʬʠʟʠʢʘ, ʯʣʝʥʘ ʇʝʪʝʨʙʫʨʛʩʢʦʡ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ ɾʘʥʘ ɹʘʪʠʩʪʘ ɾʦʟʝʬʘ ʌʫʨʴʝ (1768-1830), ʢʦʪʦʨʳʡ ʟʘʣʦʞʠʣ 

ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʨʷʜʦʚ, ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʟʣʦʞʠʪʴ 

ʧʨʦʠʟʚʦʣʴʥʫʶ ʬʫʥʢʮʠʶ ʥʘ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠ ʦʮʝʥʠʪʴ ʚʢʣʘʜ 

ʦʪʜʝʣʴʥʦ ʢʘʞʜʦʡ ʛʘʨʤʦʥʠʢʠ. ɿʘʣʦʞʝʥʥʳʡ ʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʷʚʠʣʩʷ 

ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-
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ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʥʘʰʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ  ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. ʉ 

ʮʝʣʴʶ ʫʥʠʬʠʢʘʮʠʠ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ, ʤʝʪʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʮʝʥʢʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ RR ʠʥʪʝʨʚʘʣʦʚ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʵʢʩʧʝʨʪʳ ɽʚʨʦ-

ʧʝʡʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʢʘʨʜʠʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʘʣʠ ʝʜʠʥʳʝ ʩʪʘʥʜʘʨʪʳ ʨʘʩʯʝʪʘ ʠ  

ʠʥʪʝʨʧʨʝʪʘʮʠʠ  ʦʮʝʥʦʯʥʳʭ  ʧʦʢʘʟʘʪʝʣʝʡ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ 

(Heart rate variability, 1996).  

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʚ ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʷʚʠʣʦʩʴ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤ 

ʭʘʦʩʝ. ʇʦʜ ʭʘʦʩʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʥʝʨʝʛʫʣʷʨʥʦʩʪʴ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʜʝʪʝʨʤʠ-

ʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʜʘʞʝ ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʰʫʤʘ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

(ʄʫʥ ʌ.,1990;  ɻʣʘʩʩ ʃ., ʄʵʢʠ ʄ.,1991; ʋʤʨʶʭʠʥ ɽ.ɸ., ʉʫʜʘʢʦʚ ʂ.ɺ.,1997). 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʥʘʤʠʢʠ 

ʧʨʦʮʝʩʩʘ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʭʘʦʩʘ - ʦʧʠʩʘʥʠʝ ʠ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʢʨʠʪʝʨʠʝʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. ʕʪʠ ʢʨʠʪʝʨʠʠ 

ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ: ʬʠʟʠʯʝʩʢʠʭ, 

ʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ. ʆʩʦʙʝʥʥʦ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳ ʧʨʠʤʝʨʳ ʭʘʦʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ɹʫ-

ʜʫʯʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ, ʪʘʢʠʝ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʩʦʩʪʦʷʪ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

"ʵʣʝʤʝʥʪʘʨʥʳʭ" ʦʙʲʝʢʪʦʚ, ʧʨʠʥʠʤʘʝʤʳʭ ʟʘ ʵʣʝʤʝʥʪʳ ʩʪʨʦʝʥʠʷ. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʦʮʝʩʩ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ. ʇʦ ʤʝʨʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʚ ʥʝʡ 

ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʠʬʫʨʢʘʮʠʠ - ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʫʨʦʚʥʷʤʠ ʦʨʛʘʥʠʟʘʮʠʠ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʦʪʢʨʳʪʳʭ 

ʩʠʩʪʝʤ, ʠʟʫʯʘʶʱʝʡ ʧʨʦʮʝʩʩʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʭʘʦʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʠ 
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ʙʠʬʫʨʢʘʮʠʠ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ, ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʪʨʫʜʘʤʠ ʨʫʩʩʢʦʡ ʰʢʦʣʳ 

ʤʘʪʝʤʘʪʠʢʦʚ: ɸ.ʄ.ʃʷʧʫʥʦʚʳʤ (1948), ʅ.ʅ.ɹʦʛʦʣʶʙʦʚʳʤ (1946) ʠ ʜʨʫʛʠʤʠ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʤʝʪʦʜʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ 

ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʢʘʨʜʠʦʨʠʪʤʘ. 

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʝʨʜʮʝ, 

ʷʚʣʷʶʪʩʷ ʧʨʦʷʚʣʝʥʠʷʤʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ (Hastings H.M.et al, 1996, Ravelly 

F., Antolini R.,  1992; Mironyuk O. Yu. Loskutov A. Yu., 2006). ʕʪʦ ʦʯʝʥʴ ʚʘʞʥʦ, 

ʪ.ʢ. ʦʩʦʟʥʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʷʚʣʝʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʢʣʘʩʩʫ ʭʘʦʪʠʯʝʩʢʠʭ, ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʝr ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʧʨʘʚʣʷʪʴ 

ʧʘʨʘʤʝʪʨʘʤʠ ʭʘʦʩʘ. ʇʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʩʝʨʜʝʯʥʳʝ ʘʨʠʪʤʠʠ ʷʚʣʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʤʠʦʢʘʨʜʘ ʢ ʩʦʩʪʦʷʥʠʶ ʩ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 

ʫʨʦʚʥʷ ʭʘʦʪʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʘ ʬʠʙʨʠʣʣʷʮʠʷ ʞʝʣʫʜʦʯʢʦʚ - ʩʦʩʪʦʷʥʠʝ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʚʦʟʤʦʞʥʳʤ ʫʨʦʚʥʝʤ ʭʘʦʩʘ, ʧʨʠʚʝʣʦ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʠʥʪʝʨʝʩʘ 

ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʠʟʫʯʝʥʠʶ ʭʘʦʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʨʜʮʝ ʩ ʮʝʣʴʶ 

ʥʘʫʯʠʪʴʩʷ ʚʳʚʦʜʠʪʴ ʩʠʩʪʝʤʫ ʠʟ ʭʘʦʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ʂʣʶʯʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʭʘʦʩʦʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʥʝʩʪʘʙʠʣʴʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ 

(ɸʭʨʦʤʝʝʚʘ ʊ.ʉ., ʄʘʣʠʥʝʮʢʠʡ ɻ.ɻ.,1985,1987; ʄʫʥ ʌ. 1990; ɽʩʴʢʦʚ ɺ.ʄ.,2005; 

ɽʩʴʢʦʚ ɺ.ʄ., ʂʫʣʘʝʚ ʉ.ɺ., ʇʦʧʦʚ ʖ.ʄ., ʌʠʣʘʪʦʚʘ ʆ.ɽ.,2006; ɹʨʘʛʠʥʩʢʠʡ ʄ.ʗ., 

ɼʦʙʨʳʥʠʥʘ ʀ.ʖ., ɼʦʙʨʳʥʠʥ ʖ.ɺ., ɽʩʴʢʦʚ ɺ.ʄ., ʇʠʢʫʣʠʥʘ,2006; ʄʘʣʠʥʝʮʢʠʡ 

ɻ.ɻ., ʇʦʪʘʧʦʚ ɸ.ɹ,2006). ʍʘʦʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʠʢʦʛʜʘ ʜʦʣʛʦ ʥʝ ʦʩʪʘʝʪʩʷ ʚ 

ʢʘʢʦʤ-ʣʠʙʦ ʦʜʥʦʤ ʠʟ ʵʪʠʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ, ʥʦ ʧʦʩʪʦʷʥʥʦ 

ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʦʪ ʦʜʥʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʢ ʜʨʫʛʦʤʫ, ʪʝʤ ʩʘʤʳʤ 

ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʨʪʠʥʘ ʩʣʫʯʘʡʥʦʩʪʝʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʫʧʨʘʚʣʝʥʠʷ 

ʭʘʦʩʦʤ ʚ ʩʝʨʜʮʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʟʘʜʦʣʛʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʪʝʦʨʠʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ. ʆʜʥʘ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʠʢ -  ʥʘʥʝʩʝʥʠʝ ʚʦʟʙʫʞʜʝʥʠʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʝʩʪʝ ʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʫʧʨʘʚʣʷʪʴ ʧʝʨʝʭʦʜʘʤʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʨʝʞʠʤʘʤʠ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʩ 

ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʭʘʦʪʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ (ʩʝʨʜʝʯʥʳʝ ʘʨʠʪʤʠʠ) ʚʧʣʦʪʴ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʭʘʦʪʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠ ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʭʘʦʩʝ, ʪʘʢʞʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (ɽʩʴʢʦʚ 

ɺ.ʄ., ʍʘʜʘʨʮʝʚ ɸ.ɸ. ʠ ʜʨ.,2003; ɽʩʴʢʦʚ ɺ.ʄ.,2006; ʍʘʜʘʨʮʝʚ ɸ.ɸ, ɺ.ʄ.ɽʩʴʢʦʚ, 

2003, 2006). ʈʘʟʥʳʝ ʨʝʞʠʤʳ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʨʝʙʫʶʪ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʭ ʘʥʘʣʠʟʘ. ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʘʜʝʢʚʘʪʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ  ʕʂɻ-ʩʠʛʥʘʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ  ʨʘʩʢʨʳʪʠʶ 

ʩʠʩʪʝʤʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘʨʫʰʝʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ  ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

2.2. ɿʘʨʦʞʜʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʂʠʙʝʨʥʝʪʠʢʘ ʠ 

ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʇ.ʂ.ɸʥʦʭʠʥʘ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʫʯʝʥʳʝ ʟʘʥʠʤʘʶʪʩʷ 

ʨʘʟʨʘʙʦʪʢʦʡ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʠʨʘ. ʄʦʜʝʣʴ 

ʣʶʙʦʛʦ ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʧʨʠʨʦʜʝ ʷʚʣʝʥʠʷ ʠʣʠ ʧʨʦʮʝʩʩʘ ï ʵʪʦ ʤʘʪʝʨʠʘʣʴʥʦʝ ʠʣʠ 

ʘʙʩʪʨʘʢʪʥʦʝ (ʚ ʚʠʜʝ ʨʠʩʫʥʢʦʚ, ʩʠʤʚʦʣʦʚ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʥʘʢʦʚ ʠʣʠ ʬʦʨʤʫʣ), 

ʚʦʧʣʦʱʝʥʠʝ ʥʘʰʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʠʩʪʝʤʝ ʠʣʠ ʦ ʧʨʦʮʝʩʩʝ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʣʶʙʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʪʚʝʨʜʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʝʣʴ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʦʙʲʷʩʥʝʥʠʝ 

ʥʘʙʣʶʜʘʝʤʳʭ ʷʚʣʝʥʠʡ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʥʘ ʫʨʦʚʥʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʥʘʥʠʡ. 

ʇʦʵʪʦʤʫ ʤʦʜʝʣʴ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʙʩʪʨʘʢʮʠʶ, ʢʦʪʦʨʘʷ ʩʦ ʚʨʝʤʝʥʝʤ 

ʧʦʩʪʦʷʥʥʦ ʫʪʦʯʥʷʝʪʩʷ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʉʦʚʝʨʰʝʥʩʪʚʫʷ ʤʦʜʝʣʠ ʠ 

ʨʘʩʰʠʨʷʷ ʦʙʣʘʩʪʠ ʦʭʚʘʪʳʚʘʝʤʳʭ ʠʤʠ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ, ʤʳ ʧʦʩʪʝʧʝʥʥʦ 

ʩʦʟʜʘʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʪʨʘʩʣʠ ʥʘʫʢʠ. ʌʠʟʠʢʘ - 

ʧʝʨʚʘʷ ʥʘʫʢʘ, ʢʫʜʘ ʧʨʦʥʠʢʣʘ ʤʘʪʝʤʘʪʠʢʘ,  ʟʘʣʦʞʠʚ ʚ ʥʝʡ  ʬʫʥʜʘʤʝʥʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʥʠʷ.  ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʧʦʣʥʝ ʩʣʦʞʠʚʰʫʶʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʥʘʫʢʫ, ʚ ʢʦʪʦʨʦʡ ʦʙʦʙʱʝʥʳ ʠ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ  

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʳ ʥʘʭʦʜʠʤʩʷ ʥʘ 
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ʧʦʨʦʛʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʫʢ ï ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʦʣʦʛʠʠ. ɺʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʩʪʨʦʝʥʠʷ ʵʪʠʭ ʥʘʫʢ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (Keener J., Sneyd J.,1998; 

ʈʠʟʥʠʯʝʥʢʦ ɻ.ʖ., ʈʫʙʠʥ ɸ.ɹ., 1993;  ɹʨʘʪʫʩʴ ɸ. ʉ.,  ʅʦʚʦʞʠʣʦʚ ɸ. ʉ.,  

ʇʣʘʪʦʥʦʚ ɸ. ʇ., 2010;  ʈʠʟʥʠʯʝʥʢʦ ɻ.ʖ., 2003, 2011). 

ʉʝʡʯʘʩ ʬʠʟʠʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʦʡ,  ʚ ʢʦʪʦʨʦʡ 

ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʪʨʝʙʫʶʱʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʙʦʙʱʝʥʠʷ. ʇʝʨʚʳʡ  ʵʪʘʧ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ  ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘʤʠ ʚ 

ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ, ʠ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʣʠʙʦ ʚ 

ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ, ʣʠʙʦ ʚ ʚʠʜʝ ʩʠʩʪʝʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʠʣʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʢʘʢʦʛʦ-ʣʠʙʦ ʜʨʫʛʦʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ï ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ, ʝʩʣʠ ʵʪʦ ʥʝ ʩʣʠʰʢʦʤ ʩʣʦʞʥʳʡ ʠ ʧʦʜʜʘʶʱʠʡʩʷ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ. ɽʩʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʩʣʦʞʥʳʡ 

ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʩʣʝʜʦʚʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʘ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ ï ʤʝʪʦʜʳ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʥʪʝʥʩʠʚʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʬʠʟʠʦʣʦʛʠʶ ʩʚʷʟʘʥʦ ʩ 

ʠʟʦʙʨʝʪʝʥʠʝʤ ʕɺʄ ʠ ʜʘʣʴʥʝʡʰʝʡ ʩʪʨʝʤʠʪʝʣʴʥʦʡ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʝʡ  ʚʩʝʭ 

ʦʪʨʘʩʣʝʡ ʥʘʫʢ, ʚʢʣʶʯʘʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʝ.  

ʉ ʠʟʦʙʨʝʪʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʕɺʄ ʩʚʷʟʘʥʦ ʟʘʨʦʞʜʝʥʠʝ ʚ ʥʝʜʨʘʭ 

ʤʘʪʝʤʘʪʠʢʠ, ʪʝʭʥʠʢʠ ʠ ʬʠʟʠʦʣʦʛʠʠ ʥʦʚʦʡ ʥʘʫʢʠ ï ʢʠʙʝʨʥʝʪʠʢʠ. ɺ 1948 ʛʦʜʫ 

ʅ.ɺʠʥʝʨ ʦʧʨʝʜʝʣʠʣ ʢʠʙʝʨʥʝʪʠʢʫ ʢʘʢ çʫʧʨʘʚʣʝʥʠʝ ʠ ʩʚʷʟʴ ʚ ʞʠʚʦʪʥʦʤ ʠ 

ʤʘʰʠʥʝè. (Wiener N., 1948). ʌʠʟʠʦʣʦʛʠʷ ʷʚʠʣʘʩʴ ʦʩʥʦʚʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʜʠʩʮʠʧʣʠʥʦʡ, ʦʢʘʟʘʚʰʝʡ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʢʠʙʝʨʥʝʪʠʢʠ.  ʇʝʨʚʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʚʦʟʥʠʢʰʘʷ ʥʘ ʦʩʥʦʚʝ ʠʜʝʡ ʢʠʙʝʨʥʝʪʠʢʠ, - 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ, ʩʦʟʜʘʥʥʘʷ ʅ.ɺʠʥʝʨʦʤ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩ ʬʠʟʠʦʣʦʛʦʤ 

ɸ.ʈʦʟʝʥʙʣʶʪʦʤ. ʀʭ ʩʦʚʤʝʩʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ  ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

http://www.library.biophys.msu.ru/?Query=Keener+J.&searchMode=nameExact
http://www.library.biophys.msu.ru/?Query=Sneyd+J.&searchMode=nameExact
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ʠʤʧʫʣʴʩʦʚ ʚ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʝ (ɺʠʥʝʨ ʅ., ʈʦʟʝʥʙʣʶʪ ɸ., 1961).  ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʠʭ ʩʦʚʤʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʥʝ ʪʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʥʦ ʠ ʥʦʚʳʝ ʜʝʪʘʣʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʝ ʠ ʝʝ 

ʨʝʛʫʣʷʮʠʠ.  

ɼʨʫʛʠʤ ʬʠʟʠʦʣʦʛʦʤ, ʩʜʝʣʘʚʰʠʤ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʩʦʟʜʘʥʠʝ ʢʠʙʝʨʥʝʪʠʢʠ, 

ʙʳʣ ʋ.ʄʘʢ-ʂʘʣʣʦʢ. ɽʛʦ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʀʤ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ 

ʚ ʥʝʨʚʥʳʭ ʩʝʪʷʭ ʩʨʝʜʩʪʚʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ, ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʧʨʦʩʳ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʄʘʢ-ʂʘʣʣʦʢ ʋ. , 1964).   

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʝ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʝ ʠʜʝʠ ʧʦʣʫʯʠʣʠ 

ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚ ʪʨʫʜʘʭ ʠʟʚʝʩʪʥʦʛʦ ʩʦʚʝʪʩʢʦʛʦ ʫʯʝʥʦʛʦ, ʘʢʘʜʝʤʠʢʘ ʇ. ʂ. 

ɸʥʦʭʠʥʘ. ʅ. ɺʠʥʝʨ ʚʦ ʚʨʝʤʷ ʩʚʦʝʛʦ ʚʠʟʠʪʘ ʚ ʄʦʩʢʚʫ ʚ 1966 ʛʦʜʫ ʠ ʧʦʩʝʱʝʥʠʷ  

ʉʝʯʝʥʦʚʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʬʠʟʠʦʣʦʛʠʠ, ʢʦʪʦʨʳʤ ʨʫʢʦʚʦʜʠʣ ʇ.ʂ.ɸʥʦʭʠʥ, 

ʧʨʠʟʥʘʣ, ʯʪʦ ʨʘʙʦʪʳ ʇ.ʂ.ɸʥʦʭʠʥʘ ʧʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʢʠʙʝʨʥʝʪʠʢʝ ʥʘʤʥʦʛʦ 

ʦʧʝʨʝʜʠʣʠ ʟʘʨʦʞʜʝʥʠʝ ʢʠʙʝʨʥʝʪʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʥʘʫʢʠ 

(ʉʫʜʘʢʦʚ ʂ.ɺ., 1998). ʅʘ 26-ʤ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʛʨʝʩʩʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʫʢ (IPS) ʚ ʅʴʶ-ɼʝʣʠ ʚ 1974 ʛʦʜʫ ʠʟʚʝʩʪʥʳʡ ʘʤʝʨʠʢʘʥʩʢʠʡ ʥʝʡʨʦʧʩʠʭʦʣʦʛ ʉ. 

ʂʦʨʩʦʥ ʚ ʜʦʢʣʘʜʝ, ʧʦʩʚʷʱʝʥʥʦʤ ʧʘʤʷʪʠ ʇ.ʂ.ɸʥʦʭʠʥʘ, ʟʘʷʚʠʣ, ʯʪʦ ʇ.ʂ.ɸʥʦʭʠʥ 

ʧʦ ʧʨʘʚʫ ʧʨʠʟʥʘʥ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʢʠʙʝʨʥʝʪʠʢʠ. ʆʩʥʦʚʥʳʝ 

ʠʜʝʠ ʇ.ʂ.ɸʥʦʭʠʥʘ - ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ɸʥʦʭʠʥ ʇ.ʂ., 1973, 1998) ʧʦʣʦʞʠʣʠ 

ʥʘʯʘʣʦ ʨʘʟʚʠʪʠʶ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʦʣʦʛʠʠ.  

ʉʨʝʜʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʬʠʟʠʦʣʦʛʦʚ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʬʠʟʠʦʣʦʛʠʠ ʚʥʝʩʣʠ ʪʘʢʞʝ ʨʘʙʦʪʳ ɺ.ɺ.ʇʘʨʠʥʘ, ʈ.ʄ.ɹʘʝʚʩʢʦʛʦ, ɸ.ɸ.ʃʷʧʫʥʦʚʘ  ʠ 

ʜʨʫʛʠʭ ʫʯʝʥʳʭ. ɸ.ɸ.ʃʷʧʫʥʦʚ ʩʦʟʜʘʣ ʤʝʪʦʜʦʣʦʛʠʶ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʆʥ ʦʨʛʘʥʠʟʦʚʘʣ ʚ ʄʦʩʢʦʚʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ʧʝʨʚʳʡ ʚ ʩʪʨʘʥʝ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʡ ʩʝʤʠʥʘʨ, ʚ ʢʦʪʦʨʦʤ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ 

ʧʨʠʥʠʤʘʣʠ ʤʥʦʛʦʝ ʚʝʜʫʱʠʝ ʬʠʟʠʦʣʦʛʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ  ʩʝʤʠʥʘʨʘ 

ʧʨʦʙʣʝʤʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʬʠʟʠʦʣʦʛʠʠ ʟʘʠʥʪʝʨʝʩʦʚʘʣʠʩʴ  
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ʤʦʣʦʜʳʝ ʥʘʫʯʥʳʝ ʩʦʪʨʫʜʥʠʢʠ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʘʙʦʪʘʣʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʦʣʦʛʠʠ (Bazhan S.I., Likhoshvai V.A., Belova O.E., 

1995; Romaniukha A.A., Sidorov I.A., 1993;  ʌʝʜʦʨʦʚ ɺ.ʀ.,2007) .  

ɺ ʦʙʨʘʱʝʥʠʠ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʄʝʞʜʫʥʘʨʦʜʥʳʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʛʨʝʩʩʦʚ 20-ʛʦ ʚʝʢʘ: 32-ʛʦ (ɻʣʘʟʛʦ,1993) ʠ 33 ïʛʦ (ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, 1997) , ʩʦʜʝʨʞʘʪʩʷ  ʨʝʢʦʤʝʥʜʘʮʠʠ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʦʣʦʛʠʠ (Noble D., 1993; Ito M.,1997). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʬʠʟʠʦʣʦʛʠʷ ʧʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʦʜʦʚ ʦʙʱʝʡ ʪʝʦʨʠʠ ʩʠʩʪʝʤ, ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ, 

ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʦʚ, ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ, 

ʪʝʦʨʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʜʨʫʛʠʭ. ʅʦ 

ʙʘʟʠʩʥʳʤ ʬʫʥʜʘʤʝʥʪʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʷʚʣʷʶʪʩʷ 

ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ ʬʠʟʠʦʣʦʛʠʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ ʌʫʨʩʦʚʘ 

ʇ.ɺ., ʃʝʚʠʯ ɸ.ʇ., ɸʣʝʢʩʝʝʚ ɺ.ʃ.,(2003) ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ. ɺ ʨʘʙʦʪʝ ɿʘʡʮʝʚ 

ɸ.ɸ.,ʉʘʟʦʥʦʚ ʉ.ɺ.,(2002) ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ ʚ 

ʧʝʨʠʦʜ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ.  ɺ ʨʘʙʦʪʘʭ Katsnelson L.B., Nikitina L.V., 

Chemla D., 2004, Markhasin V.S., Solovyova O.,(2005) ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʵʣʝʢʪʨʦ-ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʩʦʧʨʷʞʝʥʠʷ ʚ ʩʝʨʜʮʝ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɺ.ɸ.ʃʠʱʫʢʘ (ɺ.ɸ.ʃʠʱʫʢ, 1991, ʃʠʱʫʢ 

ɺ.ɸ., ɻʘʟʠʟʦʚʘ ɼ.ʐ., 2007) ʠʟʣʘʛʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, 

ʠ ʦʙʦʙʱʘʝʪʩʷ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʚ ʮʝʣʷʭ ʠʥʪʝʥʩʠʚʥʦʡ ʪʝʨʘʧʠʠ. ʈʘʙʦʪʳ ʉ.ʉ.ʉʠʤʘʢʦʚʘ, 

ʍʦʣʦʜʦʚʘ ʠ ʩʦʘʚʪ. (2004, 2006) ʧʦʩʚʷʱʝʥʳ ʨʘʟʨʘʙʦʪʢʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. ɺ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʀʥʩʪʠʪʫʪʘʭ ʩʦʟʜʘʥʳ ʠ ʫʩʧʝʰʥʦ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦ ʨʘʟʚʠʪʠʶ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʬʠʟʠʦʣʦʛʠʠ. ʈʘʙʦʪʘ ɾʫʨʘʚʣʝʚ ʉ.ɻ., ɽʨʤʘʢʦʚ ɺ.ɺ.,(1989) 

ʧʦʩʚʷʱʝʥʘ ʦʙʟʦʨʫ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ  ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ 
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ʠʟʣʦʞʝʥʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʨʦʙʣʝʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɺ ʩʪʘʪʴʝ ʅʦʙʣʘ ɼ. çɹʠʦʬʠʟʠʢʘ ʠ ʩʠʩʪʝʤʥʘʷ 

ʙʠʦʣʦʛʠʷè (Noble D., 2010) ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ. ɸʚʪʦʨ ʧʠʰʝʪ, ʯʪʦ 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʙʠʦʣʦʛʠʷ ʧʦʣʫʯʠʣʘ ʠʟʚʝʩʪʥʫʶ ʧʘʨʘʜʠʛʤʫ ʚ ʨʘʙʦʪʘʭ ʍʦʜʞʢʠʥʘ ʠ 

ʍʘʢʩʣʠ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ ʠʟʚʝʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʧʨʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʧʦ ʥʝʨʚʥʦʤʫ ʚʦʣʦʢʥʫ. ʀʭ ʫʨʘʚʥʝʥʠʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʣʦʞʠʣʠ ʢ ʜʨʫʛʠʤ ʦʨʛʘʥʘʤ, ʚʢʣʶʯʘʷ ʩʝʨʜʮʝ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʚʦʟʙʫʞʜʝʥʠʷ ʢʣʝʪʦʢ ʤʠʦʢʘʨʜʘ ʠ 

ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʚ 1D ʩʪʨʫʢʪʫʨʘʭ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ ʩ 

ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʘ (Lin J, Keener JP, 2010). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʣʝʪʦʯʥʘʷ ʛʝʦʤʝʪʨʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦ ʤʠʦʢʘʨʜʫ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʠʟʣʦʞʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ 

ʬʠʟʠʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʤʦʥʦʛʨʘʬʠʠ ɼʞʝʡʤʩʘ ʂʠʥʝʨʘ ʠ ɼʞʝʡʤʩʘ ʉʥʝʡʜʘ 

(Keener J., Sneyd J., 2001). ʂʥʠʛʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʯʘʩʪʴ ʧʝʨʚʘʷ ï 

çʂʣʝʪʦʯʥʘʷ ʬʠʟʠʦʣʦʛʠʷè,  ʯʘʩʪʴ ʚʪʦʨʘʷ ï çʉʠʩʪʝʤʥʘʷ ʬʠʟʠʦʣʦʛʠʷè.  ɺ ʯʘʩʪʠ 

"ʂʣʝʪʦʯʥʘʷ ʬʠʟʠʦʣʦʛʠʷ" ʠʟʣʦʞʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ  ʧʨʦʮʝʩʩʦʚ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʢʣʝʪʦʯʥʦʡ 

ʚʦʟʙʫʜʠʤʦʩʪʠ, ʜʠʥʘʤʠʢʠ ʢʘʣʴʮʠʷ, ʥʝʨʚʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺʪʦʨʘʷ ʯʘʩʪʴ 

ʧʦʩʚʷʱʝʥʘ ʤʦʜʝʣʷʤ ʦʪʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. ɺ ʯʘʩʪʠ 

ʚʪʦʨʦʡ - çʉʠʩʪʝʤʥʘʷ ʬʠʟʠʦʣʦʛʠʷè,  ʠʟʣʘʛʘʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ ï ʩʝʨʜʝʯʥʦ - ʩʦʩʫʜʠʩʪʦʡ, 

ʜʳʭʘʪʝʣʴʥʦʡ, ʤʳʰʝʯʥʦʡ, ʛʦʨʤʦʥʘʣʴʥʦʡ, ʤʦʯʝʚʳʜʝʣʠʪʝʣʴʥʦʡ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤ 

ʟʨʝʥʠʷ ʠ ʩʣʫʭʘ. ʈʘʟʜʝʣ, ʧʦʩʚʷʱʝʥʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʳʭ ʬʫʥʢʮʠʡ, ʩʦʜʝʨʞʠʪ ʚʚʝʜʝʥʠʝ ʚ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʶ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʦʟʙʫʜʠʤʦʩʪʠ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ, 

ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʝʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʚ ʩʝʨʜʮʝ,  ʘʚʪʦʤʘʪʠʠ 

ʢʣʝʪʦʢ ʩʠʥʦʘʪʨʠʘʣʴʥʦʛʦ ʠ ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʦʛʦ ʫʟʣʦʚ. ɹʦʣʴʰʦʡ ʨʘʟʜʝʣ 

http://www.ncbi.nlm.nih.gov/pubmed?term=Lin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21078961
http://www.ncbi.nlm.nih.gov/pubmed?term=Keener%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=21078961
http://www.library.biophys.msu.ru/?Query=Keener+J.&searchMode=nameExact
http://www.library.biophys.msu.ru/?Query=Sneyd+J.&searchMode=nameExact
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ʧʦʩʚʷʱʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʛʝʤʦʜʠʥʘʤʠʢʠ ʠ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ. ɺ 

ʢʥʠʛʝ ʧʨʠʚʦʜʠʪʩʷ ʦʙʰʠʨʥʳʡ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʤʦʜʝʣʷʤ ʚ ʬʠʟʠʦʣʦʛʠʠ.  

ʇʨʦʙʣʝʤʘʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʧʦʩʚʷʱʝʥʘ ʪʘʢʞʝ ʤʦʥʦʛʨʘʬʠʷ 

ɸ.ʉ.ɹʨʘʪʫʩʷ ʠ ʩʦʘʚʪ.( ɹʨʘʪʫʩʴ ɸ. ʉ.,  ʅʦʚʦʞʠʣʦʚ ɸ. ʉ.,  ʇʣʘʪʦʥʦʚ ɸ. ʇ., 2010). 

ɺ ʵʪʦʡ ʢʥʠʛʝ ʜʘʝʪʩʷ ʠʟʣʦʞʝʥʠʝ ʪʝʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ  ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʢ ʙʠʦʣʦʛʠʠ. ʀʟʣʘʛʘʶʪʩʷ ʢʘʢ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ  ʧʨʦʮʝʩʩʦʚ. ʅʘʨʷʜʫ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ 

ʤʦʜʝʣʷʤʠ ʙʠʦʣʦʛʠʠ, ʪʘʢʠʤʠ ʢʘʢ ʭʠʱʥʠʢ-ʞʝʨʪʚʘ ʃʦʪʢʠ-ɺʦʣʴʪʝʨʨʳ ʠ ɻʘʫʟʝ, 

ʢʦʥʢʫʨʝʥʮʠʠ ʚʠʜʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʧʠʜʝʤʠʡ ʂʝʨʤʘʢʘ-ʄʘʢʢʝʥʜʨʠʢʘ ʠ ʜʨ., ʚ 

ʢʥʠʛʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ: ʤʦʜʝʣʠ ʵʚʦʣʶʮʠʠ ʩʝʤʝʡʩʪʚ ʛʝʥʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʧʠʜʝʤʠʡ ʚ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʠ ʜʨʫʛʠʝ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʬʠʟʠʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʨʘʟʜʝʣʦʚ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʠʥʪʝʛʨʘʪʠʚʥʫʶ ʠ 

ʢʠʙʝʨʥʝʪʠʯʝʩʢʫʶ ʬʠʟʠʦʣʦʛʠʶ, ʘ ʪʘʢʞʝ ʪʝʦʨʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʇ.ʂ.ɸʥʦʭʠʥʘ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʵʪʠʭ ʥʘʫʢ ʷʚʣʷʝʪʩʷ ʠʭ ʤʘʪʝʤʘʪʠʟʘʮʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʠʩʪʝʤʥʦʤ ʘʥʘʣʠʟʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʜʚʘ ʪʠʧʘ ʤʦʜʝʣʝʡ: 1-ʡ ʪʠʧ - ʤʦʜʝʣʠ 

ʜʘʥʥʳʭ ʠ 2-ʡ ʪʠʧ - ʤʦʜʝʣʠ ʩʠʩʪʝʤ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦʚʩʝ ʠʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ ʛʠʧʦʪʝʟʳ ʦ 

ʩʪʨʫʢʪʫʨʝ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ. ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʦʣʫʯʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʬʫʥʢʮʠʶ, ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʳʚʘʶʱʫʶ ʥʘʙʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʆʜʠʥ ʠʟ 

ʚʘʨʠʘʥʪʦʚ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ï ʧʦʩʪʨʦʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ. 

ʄʦʜʝʣʴ ʙʝʨʝʪʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ, ʣʦʛʣʠʥʝʡʥʘʷ ʠʣʠ ʢʘʢʦʛʦ-

ʣʠʙʦ ʜʨʫʛʦʛʦ ʪʠʧʘ. ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʥʝ ʠʤʝʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʤʳʩʣʘ. ɺ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʣʝʯʝʥʠʷ; ʚ ʜʠʘʛʥʦʩʪʠʢʝ ï ʜʣʷ 
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ʧʦʩʪʨʦʝʥʠʷ ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʭ ʧʨʷʤʳʭ ʠʣʠ ʢʨʠʚʳʭ, ʨʘʟʜʝʣʷʶʱʠʭ ʪʦʯʢʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʟʥʘʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʥʦʟʦʣʦʛʠʯʝʩʢʠʤ 

ʝʜʠʥʠʮʘʤ; ʚ ʪʝʨʘʧʠʠ ï ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʥʜʝʢʩʦʚ ʪʷʞʝʩʪʠ ʟʘʙʦʣʝʚʘʥʠʷ ʠʣʠ 

ʧʦʩʪʨʦʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʪʝʯʝʥʠʝ 

ʙʦʣʝʟʥʠ ʠ ʚʝʜʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʣʝʯʝʥʠʝʤ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʝʨʚʦʛʦ ʪʠʧʘ ʤʦʜʝʣʝʡ 

(ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ) ʨʘʙʦʪʘʝʪ ʩʪʘʥʜʘʨʪʥʳʡ ʘʧʧʘʨʘʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ 

ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʄʦʜʝʣʠ 2-ʛʦ ʪʠʧʘ ï ʤʦʜʝʣʠ ʩʠʩʪʝʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ, 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʠ ʛʠʧʦʪʝʟʘʭ ʦ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʭ 

ʤʝʭʘʥʠʟʤʘʭ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʬʦʨʤʫʣʠʨʦʚʢʝ 

ʤʦʜʝʣʠ 2-ʛʦ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʷ ʠʟʚʝʩʪʥʘʷ a priori ʠʥʬʦʨʤʘʮʠʷ. ʂʦʤʧʦʥʝʥʪʳ 

ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʨʝʘʣʴʥʳʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ 

ʩʤʳʩʣ ʠ ʩʚʦʠʭ ʘʥʘʣʦʛʦʚ ʚ ʤʦʜʝʣʠʨʫʝʤʦʤ ʦʙʲʝʢʪʝ. ʎʝʣʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʧʦʣʦʞʝʥʥʦʡ ʚ ʦʩʥʦʚʘʥʠʠ ʤʦʜʝʣʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʛʠʧʦʪʝʟʘ 

ʠ ʚʳʷʩʥʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʠʟʫʯʘʝʤʦʛʦ 

ʷʚʣʝʥʠʷ ʠʣʠ ʧʨʦʮʝʩʩʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 2-ʛʦ ʪʠʧʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʦʩʷʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 1-ʛʦ ʪʠʧʘ ï ʧʨʠʢʣʘʜʥʦʡ ʭʘʨʘʢʪʝʨ. ʇʨʠʯʝʤ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʤʦʜʝʣʠ ʜʘʥʥʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʣʫʞʘʪ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʵʪʠʭ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʚʳʷʩʥʝʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʝʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʥʘʯʘʣʦʩʴ 

ʝʱʝ ʚ 19 ʚʝʢʝ ʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ  ʦʧʳʪ ʚ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʆʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʣʝʜʫʶʱʠʝ: 
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1.   ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʝʨʜʮʘ. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʪʢʣʠʢʘ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

3. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʮʝʧʠ ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʦʡ ʨʝʛʫʣʷʮʠʠ 

ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

4.    ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʜʚʠʞʝʥʠʝ ʢʨʦʚʠ ʧʦ ʩʦʩʫʜʘʤ. 

5. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ 

ʨʝʛʫʣʷʮʠʶ ʮʝʥʪʨʘʣʴʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ ʠ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ. 

6.  ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʚ ʩʝʨʜʮʝ. 

7.  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. 

8.   ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʝʨʜʝʯʥʳʭ ʘʨʠʪʤʠʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʙʣʝʤʳ  

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʠ ʚ ʩʬʝʨʫ ʝʝ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʚʭʦʜʷʪ  ʤʦʜʝʣʠ ʧʦʩʣʝʜʥʠʭ ʪʨʝʭ ʢʣʘʩʩʦʚ. 

2.3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. 

2.3.1.  ʄʦʜʝʣʠ 1-ʛʦ ʪʠʧʘ ï ʤʦʜʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ɺʧʝʨʚʳʝ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷ-

ʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ  ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ  ʚ  ʨʘʙʦʪʝ Fleisen A., Beckman 

R., (1932). ɸʚʪʦʨʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʣʠ ʨʠʪʤ ʩʝʨʜʮʘ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ RR ʠʥʪʝʨʚʘʣʦʚ ï ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. ɼʘʣʴʥʝʡʰʝʝ ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʷʚʠʣʦʩʴ ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʝʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺʘʞʥʘʷ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʧʨʠʥʘʜʣʝʞʠʪ 

ʈ.ʄ.ɹʘʝʚʩʢʦʤʫ (1984 -1990), ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʚ ʧʨʦʮʝʩʩʝ ʘʜʘʧʪʘʮʠʠ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʬʫʥʢʮʠʡ ʢ ʩʣʫʯʘʡʥʳʤ ʠʣʠ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʤ 

ʬʘʢʪʦʨʘʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʇʦʩʪʝʧʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 
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ʘʥʘʣʠʟʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʵʪʠ ʤʝʪʦʜʳ 

ʩʪʘʥʦʚʠʣʠʩʴ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ.  

ʕʪʠ ʤʝʪʦʜʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (ʂʦʪʝʣʴʥʠʢʦʚ  ʉ.ɸ., 

ʅʦʟʜʨʘʯʝʚ ɸ.ɼ., 2002;  ʈʷʙʳʢʠʥʘ ɻ.ɺ., ʉʦʙʦʣʝʚ ɸ.ɺ.,2001).  ʆʜʥʘʢʦ ʵʪʠ ʤʝʪʦʜʳ 

ʧʨʠʤʝʥʠʤʳ ʣʠʰʴ ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ, ʢʦʛʜʘ ʧʨʦʮʝʩʩʳ ʥʦʩʷʪ ʩʪʘʮʠʦʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʠ ʜʣʷ ʠʭ 

ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʳʝ ʟʘʧʠʩʠ ʕʂɻ-ʩʠʛʥʘʣʘ. ʆʥʠ ʥʝ 

ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʩʪʨʦ ʧʨʦʪʝʢʘʶʱʠʭ ʚʥʝʟʘʧʥʳʭ ʥʘʨʫʰʝʥʠʡ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (ʵʢʩʪʨʘʩʠʩʪʦʣʠʠ, ʧʘʨʦʢʩʠʟʤʘʣʴʥʳʝ ʞʝʣʫʜʦʯʢʦʚʳʝ 

ʪʘʭʠʢʘʨʜʠʠ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʜʣʷ ʘʥʘʣʠʟʘ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʠ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʦʤ  ʥʘʨʫʰʝʥʠʠ 

ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ. ɺʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. 

ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʝ ʫʩʠʣʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʩʪʝʧʝʥʴ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʕʂɻ-ʩʠʛʥʘʣʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʦʰʣʦʛʦ ʚʝʢʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (Ravelly F., Antolini R,1992; Gusetty S,  1996; 

Braun C.,1998; Makikalio T.H., Koistinen J.,1999;  Dori G., Fishman S.H., Ben-

Haim S.A., 2000) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʝʨʜʝʯʥʳʡ ʨʠʪʤ ʩʦʜʝʨʞʠʪ ʥʝʣʠʥʝʡʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ, ʦʪʨʘʞʘʶʱʫʶ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʝʛʦ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʩʥʦʚʘʥ ʥʘ 

ʤʝʪʦʜʘʭ ʪʝʦʨʠʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʦʮʝʥʢʘʤʠ 

ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʧʨʠʨʦʜʳ ʷʚʣʷʶʪʩʷ ʵʥʪʨʦʧʠʷ ʠ  ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʭʘʦʩʘ. ʏʝʤ ʙʦʣʴʰʝ 
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ʵʥʪʨʦʧʠʷ, ʪʝʤ ʤʝʥʴʰʝ ʩʪʝʧʝʥʴ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʨʫʛʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ï 

ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʭʘʦʩʘ.  ʆʥʘ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʬʘʟʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʪʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ.     ɺʧʝʨʚʳʝ  

ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ   ʭʘʦʩʘ   ʈD2  ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ ʨʘʙʦʪʝ (Grassberger P., 

Procassia I, 1983) ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʏʝʤ ʙʦʣʴʰʝ ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ 

ʭʘʦʩʘ, ʪʝʤ ʚʳʰʝ ʩʪʝʧʝʥʴ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʌ. ʈʘʚʝʣʣʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʝʧʝʥʴ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ (ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʭʘʦʩʘ)  

ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʠʥʫʩʦʚʦʛʦ ʨʠʪʤʘ ʢ ʜʨʫʛʠʤ ʚʠʜʘʤ ʘʨʠʪʤʠʡ, 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʳʤ ʨʠʪʤʘʤ ʠ ʌɾ (Ravelly F., Antolini R, 1992). 

ʅʘʠʚʳʩʰʠʡ ʫʨʦʚʝʥʴ  ʭʘʦʩʘ ʠʤʝʣ ʤʝʩʪʦ ʜʣʷ ʌɾ. ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ  ʧʨʠ 

ʘʥʘʣʠʟʝ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ʠʩʧʦʣʴʟʫʶʪ 

ʪʝʨʤʠʥ çʜʠʥʘʤʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴè. ʏʝʤ ʥʠʞʝ ʩʪʝʧʝʥʴ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ, ʪʝʤ ʚʳʰʝ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ. ɺ 

ʨʘʙʦʪʝ ɸ. ɻʘʨʬʠʥʢʝʣʷ  (Garfinkel A., 1992) ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʠʣʴʥʘʷ 

ʘʥʘʣʦʛʠʷ ʤʝʞʜʫ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʴʶ ʌɾ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʕʂɻ-ʩʠʛʥʘʣʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʧʦʢʘʟʘʪʝʣʷʭ  ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ (Roach D.E., Sheldon R.S.,1998; 

Skinner J.E., Pratt C.M., Vybiral T.A. 1993; Sugihara G., Allan W., Sobel D., Allan 

K.D., 1996; Small M., Yu D. and Harrison R.G., 2000; Lipsitz L.A., 2004; ).   

ɺ ʨʘʙʦʪʝ Vuksanovie V., Gal V., (2007) ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʝʛʦ ʩʪʝʧʝʥʠ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʥʘ ʩʝʨʜʝʯʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ. ʅʘ 23 ʟʜʦʨʦʚʳʭ ʠʩʧʳʪʫʝʤʳʭ ʚʝʣʠ 5-ʤʠʥ. ʨʝʛʠʩʪʨʘʮʠʶ  ʕʂɻ ʚ 

ʢʦʥʪʨʦʣʝ ʠ ʚʦ ʚʨʝʤʷ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ. ʆʮʝʥʠʚʘʣʠ ʏʉʉ, 

ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʤʦʱʥʦʩʪʴ ʕʂɻ-ʩʠʛʥʘʣʘ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʩʪʨʝʩʩ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʏʉʉ ʠ ʦʢʘʟʳʚʘʝʪ 



 27 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʧʝʢʪʨʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʫʩʨʝʜʥʝʥʠʷ ʦʙʱʠʡ ʵʬʬʝʢʪ ʩʪʨʝʩʩʦʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʧʝʢʪʨʘʣʴʥʫʶ 

ʤʦʱʥʦʩʪʴ ʥʠʚʝʣʠʨʫʝʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʧʝʥʠ  

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʵʬʬʝʢʪʳ 

ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʪʨʝʩʩʘ.  

ɸʥʠʱʝʥʢʦ ɺ.ʉ. ʀʛʦʰʝʚʘ ʅ.ɹ. ʠ ʩʦʘʚʪ. (Anishenko V.S., Igosheva N.B.,  et 

al.,2001) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʮʝʥʢʘʭ ʩʪʝʧʝʥʠ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ (ʩʣʦʞʥʦʩʪʠ) ʨʠʪʤʘ ʩʝʨʜʮʘ ʜʦʧʦʣʥʷʶʪ ʦʮʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ  ɺʉʈ - ʘʥʘʣʠʟʘ. ɸʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠ ʧʦʣʦʚʳʝ ʨʘʟʣʠʯʠʷ ʚ ʨʝʘʢʮʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ 

ʥʘ ʩʪʨʝʩʩʦʨʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ. ɻʨʫʧʧʫ ʟʜʦʨʦʚʳʭ ʩʪʫʜʝʥʪʦʚ (n=270) ʦʙʦʠʭ ʧʦʣʦʚ 

(ʚʦʟʨʘʩʪ 17-20 ʣʝʪ) ʦʙʩʣʝʜʦʚʘʣʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʪʨʝʩʩʦʨʥʳʭ ʥʘʛʨʫʟʦʢ: 

ʤʝʥʪʘʣʴʥʳʝ (ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ), ʰʫʤʦʚʳʝ, ʰʫʤʦʚʳʝ + ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʟʘʤʝʥʘʮʠʦʥʥʳʡ ʩʪʨʝʩʩ. ɼʣʷ ʦʮʝʥʢʠ ʩʪʨʝʩʩʦʨʥʳʭ ʨʝʘʢʮʠʡ ʥʘʨʷʜʫ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ (ʏʉʉ ʠ ɸɼ)   ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦʢʘʟʘʪʝʣʴ 

ʩʣʦʞʥʦʩʪʠ ï ʥʦʨʤʘʣʠʟʦʚʘʥʥʫʶ ʵʥʪʨʦʧʠʶ ɽ / ʅ, ʛʜʝ ɽ ï ʵʥʪʨʦʧʠʷ, ʘ ʅ ï ʵʥʝʨʛʠʷ 

ʩʠʩʪʝʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʘʢʪʠʚʥʦʩʪʴ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʩʪʨʝʩʩʦʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʦʣʘ. ʇʦ 

ʧʦʢʘʟʘʪʝʣʶ ʩʣʦʞʥʦʩʪʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ  ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʩʪʨʝʩʩʦʨʥʳʭ 

ʨʝʘʢʮʠʡ, ʠ ʧʨʦʚʝʜʝʥʘ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘ 2 ʪʠʧʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʵʥʪʨʦʧʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʩʪʨʝʩʩʦʨʥʳʭ ʨʝʘʢʮʠʡ, 

ʯʝʤ ʏʉʉ ʠ ɸɼ. ʆʨʠʛʠʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʦʮʝʥʢʠ ʭʘʦʪʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ ʇʷʪʘʢʦʚʠʯ ʌ.ɸ., ɺʦʣʢʦʚ ɸ.ʀ., ʗʢʫʥʯʝʥʢʦ 

ʊ.ʀ., ʎʘʪʫʨʷʥ ɸ.ɸ., (1988). ɸʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʪʦʭʘʩʪʠʯʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʠ 

ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ.  

ɹʦʣʴʰʦʡ ʮʠʢʣ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʬʦʨʤʘʣʠʟʘʮʠʶ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ʥʘ 

ʦʩʥʦʚʝ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ ʅʦʚʦʚʦʨʦʥʝʞʩʢʦʤ 
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ʮʝʥʪʨʝ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ɸʕʉ (ʄʘʰʠʥ ɺ.ɸ., ʄʘʰʠʥʘ ʄ.ʅ., 2004). 

ɸʚʪʦʨʳ  ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʠʩʢ ʥʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ 

ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʳʤ ʥʘʛʨʫʟʢʘʤ. 

ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ 3-ʭ ʬʘʢʪʦʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʘʢʪʠʚʥʦʩʪʴʶ ʚʘʛʫʩʘ ʠ ʢʦʨʢʦʚʦ-ʣʠʤʙʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʘ ʪʘʢʞʝ 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʪ.ʝ. ʧʦʩʪʨʦʝʥʠʝʤ ʤʦʜʝʣʝʡ 1-ʛʦ 

ʪʠʧʘ ï ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ, ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʘʢʦʧʣʝʥ 

ʦʙʰʠʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʢʣʠʥʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ʫ 

ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʘʢʪʦʚ, ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ 

ʦʙʦʙʱʘʶʱʠʭ ʵʪʠ ʬʘʢʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʠ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ 2 ï ʛʦ ʪʠʧʘ ï ʤʦʜʝʣʝʡ ʩʠʩʪʝʤ. 

2.3.2. ʄʦʜʝʣʠ 2-ʛʦ ʪʠʧʘ ï ʤʦʜʝʣʠ ʩʠʩʪʝʤ.  

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʤʦʜʝʣʠ 2-ʛʦ ʪʠʧʘ ï ʤʦʜʝʣʠ ʩʠʩʪʝʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ, ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʠ ʛʠʧʦʪʝʟʘʭ ʦ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʚʦʟʤʦʞʥʳʭ 

ʤʝʭʘʥʠʟʤʘʭ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʎʝʣʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʧʦʣʦʞʝʥʥʦʡ ʚ ʦʩʥʦʚʘʥʠʠ ʤʦʜʝʣʠ ʛʠʧʦʪʝʟʳ ʠ ʚʳʷʩʥʝʥʠʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ʠʣʠ 

ʧʨʦʮʝʩʩʘ.  

ʇʝʨʚʳʝ ʤʦʜʝʣʠ ʪʘʢʦʛʦ ʪʠʧʘ ʚʦʟʥʠʢʣʠ ʥʘ ʦʩʥʦʚʝ ʠʜʝʡ ʢʠʙʝʨʥʝʪʠʢʠ ʠ 

ʧʦʩʚʷʱʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʧʨʦʚʝʜʝʥʠʷ 
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ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʚ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʝ. ɺ ʤʦʜʝʣʠ ʅ.ɺʠʥʝʨʘ ʠ ɸ. 

ʈʦʟʝʥʙʣʶʪʘ (1961) ʤʠʦʢʘʨʜ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʝʧʨʝʨʳʚʥʘʷ ʩʨʝʜʘ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʤʥʦʞʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ, ʛʜʝ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʚʦʟʙʫʞʜʘʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʝʨʝʜʘʝʪ ʚʦʟʙʫʞʜʝʥʠʝ ʩʦʩʝʜʥʠʤ ʵʣʝʤʝʥʪʘʤ. ɺ ʪʝʯʝʥʠʝ 

ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʚʦʟʙʫʞʜʝʥʠʷ ʵʣʝʤʝʥʪ ʥʝʚʦʩʧʨʠʠʤʯʠʚ ʢ ʚʥʝʰʥʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ. ʕʪʦ ʩʦʩʪʦʷʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʨʝʬʨʘʢʪʝʨʥʦʩʪʴʶ, ʘ ʚʨʝʤʷ R(x), ʚ 

ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʵʣʝʤʝʥʪ ʥʝ ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʨʠʭʦʜʷʱʠʝ ʢ ʥʝʤʫ ʩʠʛʥʘʣʳ, - 

ʨʝʬʨʘʢʪʝʨʥʳʤ ʧʝʨʠʦʜʦʤ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʵʣʝʤʝʥʪ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ. ʌʘʟʦʡ f(x,t) ʵʣʝʤʝʥʪʘ x ʚ ʤʦʤʝʥʪ t ʥʘʟʳʚʘʝʪʩʷ 

ʚʨʝʤʷ, ʧʨʦʰʝʜʰʝʝ ʩ ʤʦʤʝʥʪʘ ʝʛʦ ʧʦʩʣʝʜʥʝʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ʕʣʝʤʝʥʪ ʥʘʭʦʜʠʪʩʷ 

ʚ ʬʘʟʝ ʨʝʬʨʘʢʪʝʨʥʦʩʪʠ, ʝʩʣʠ f(x,t)<R(x). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʦʟʙʫʞʜʝʥʠʝ ʦʪ 

ʢʘʞʜʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩ ʥʝʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴʶ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ v(x,t) ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʘ ʩ ʬʘʟʦʡ f(x,t). ɺʦʟʙʫʞʜʝʥʠʝ ʥʝ 

ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʧʦ ʦʙʣʘʩʪʷʤ ʩʨʝʜʳ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʨʝʬʨʘʢʪʝʨʥʦʡ 

ʬʘʟʝ.  

ʕʪʘ ʤʦʜʝʣʴ ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ 

ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ɼʣʷ ʩʣʫʯʘʷ ʨʘʟʦʤʢʥʫʪʦʡ, ʦʜʥʦʤʝʨʥʦʡ ʩʠʩʪʝʤʳ 

(ʦʜʠʥʦʯʥʦʛʦ ʚʦʣʦʢʥʘ ʩ ʜʚʫʤʷ ʨʘʟʦʤʢʥʫʪʳʤʠ ʢʦʥʮʘʤʠ) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʩʨʝʜʝ ʥʝ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʩʢʦʣʴ ʫʛʦʜʥʦ ʜʦʣʛʦ. ʅ.ɺʠʥʝʨ ʠ ɸ. 

ʈʦʟʝʥʙʣʶʪ  ʥʘ ʩʚʦʝʡ ʤʦʜʝʣʠ ʚʦʩʧʨʦʠʟʚʝʣʠ ʪʘʢʞʝ ʧʨʦʮʝʩʩ ʬʠʙʨʠʣʣʷʮʠʠ. ɹʳʣʦ 

ʚʳʚʝʜʝʥʦ ʦʙʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʦʚ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʧʦʣʫʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ  ʫʩʣʦʚʠʷ ʬʠʙʨʠʣʣʷʮʠʠ.  

ʕʪʫ ʤʦʜʝʣʴ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʀ.ʄ.ɻʝʣʴʬʘʥʜ ʠ ʄ.ɸ. ʎʝʪʣʠʥ (1960, 1966). 

ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʧʨʝʜʣʦʞʝʥʥʦʡ ʠʤʠ ʜʚʫʭʤʝʨʥʦʡ ʩʨʝʜʳ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ 

ʠʤʝʶʪ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʩʧʦʥʪʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʆʥ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʧʝʨʠʦʜ 

ʚʦʟʙʫʞʜʝʥʠʡ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ ʩʨʝʜʳ ʨʘʚʝʥ ʤʠʥʠʤʘʣʴʥʦʤʫ ʧʝʨʠʦʜʫ ʩʧʦʥʪʘʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʉʨʝʜʘ ʩʠʥʭʨʦʥʠʟʠʨʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ ʵʣʝʤʝʥʪʦʤ, 

ʦʙʣʘʜʘʶʱʠʤ ʤʠʥʠʤʘʣʴʥʳʤ ʧʝʨʠʦʜʦʤ ʩʧʦʥʪʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʊʘʢʠʝ 

ʤʝʭʘʥʠʟʤʳ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʧʝʡʩʤʝʢʝʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʦʘʪʨʠʘʣʴʥʦʛʦ ʫʟʣʘ. ʉ 
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ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʀ.ʄ.ɻʝʣʴʬʘʥʜʘ ʠ ʀ.ʄ.ʎʝʪʣʠʥʘ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʨʠʪʤʠʠ ʩʝʨʜʮʘ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʚʦʟʙʫʜʠʤʳʭ ʩʨʝʜʘʭ. ɺ ʪʘʢʠʭ ʩʨʝʜʘʭ ʩʦʟʜʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʷʚʣʝʥʠʷ 

ʨʝʚʝʨʙʝʨʘʪʦʨʦʚ ï ʦʙʣʘʩʪʝʡ, ʛʜʝ ʚʦʣʥʘ ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ 

ʩʧʠʨʘʣʠ. ʇʦʷʚʣʝʥʠʝ ʵʪʠʭ ʩʧʠʨʘʣʝʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʥʦʡ 

ʨʘʩʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʘʥʘʣʦʛʠʯʥʦʡ ʬʠʙʨʠʣʣʷʮʠʠ ʩʝʨʜʮʘ. 

ʇʨʦʮʝʩʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʨʝʜʘʭ 

ʤʦʜʝʣʠʨʦʚʘʣ ɺ.ʀ.ʂʨʠʥʩʢʠʡ (1974). ɺ ʝʛʦ ʤʦʜʝʣʷʭ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʨʝʚʝʨʙʝʨʘʪʦʨʦʚ ʚ ʩʨʝʜʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʙʣʘʩʪʝʡ ʩ ʨʘʟʣʠʯʥʳʤ 

ʧʝʨʠʦʜʦʤ ʨʝʬʨʘʢʪʝʨʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʪʘʢʦʡ ʩʨʝʜʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʦʚ ʩ ʧʝʨʠʦʜʦʤ ʊ, ʤʝʥʴʰʠʤ, ʯʝʤ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʧʝʨʠʦʜ ʨʝʬʨʘʢʪʝʨʥʦʩʪʠ, ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʝʡ ʚʦʟʥʠʢʘʶʪ ʚʠʭʨʠ, 

ʥʘʧʦʤʠʥʘʶʱʠʝ ʢʘʨʪʠʥʫ ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ ʩʝʨʜʮʘ.  ʈʘʟʤʝʨʳ ʵʪʠʭ 

ʨʝʚʝʨʙʝʨʘʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʳʤʠ. ʈʝʚʝʨʙʝʨʘʪʦʨ ʚ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ ʠʤʝʝʪ ʥʝʢʦʪʦʨʦʝ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʊʞ. ʆʥʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʝʨʠʦʜʦʚ ʨʝʬʨʘʢʪʝʨʥʦʩʪʠ tp1 ʠ tp2 ʜʚʫʭ 

ʦʜʥʦʨʦʜʥʳʭ ʫʯʘʩʪʢʦʚ ʩʨʝʜʳ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʤʝʩʪʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʠʭʨʷ, ʠ 

ʨʘʚʥʦ 

ʊʞ = 1 + tʚ / ( tp1 - tp2),  

ʛʜʝ tʚ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʵʣʝʤʝʥʪʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʩʦʩʪʦʷʥʠʠ ʚʦʟʙʫʞʜʝʥʠʷ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʚ ʦʜʥʦʨʦʜʥʦʡ ʚʦʟʙʫʜʠʤʦʡ ʩʨʝʜʝ ʚʨʝʤʷ ʞʠʟʥʠ 

ʨʝʚʝʨʙʝʨʘʪʦʨʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʥ ʫʞʝ ʚʦʟʥʠʢ, ʙʝʩʢʦʥʝʯʥʦ. 

ɸʚʪʦʨ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʝʚʝʨʙʝʨʘʪʦʨʳ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ ʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ 

ʠʩʯʝʟʘʪʴ, ʥʦ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʦʞʜʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʩʨʝʜʳ, 

ʧʦʵʪʦʤʫ ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʮʝʩʩʦʚ ʠʭ 

ʛʠʙʝʣʠ ʠ ʨʦʞʜʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʦʤ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʢʘʯʝʩʪʚʝʥʥʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʠʟʚʝʩʪʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʝʥʦʤʝʥʳ: 
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- ʚʦʟʤʦʞʥʦʩʪʴ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʨʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ 

ʨʘʟʜʨʘʞʝʥʠʷʤʠ, ʧʦʣʫʯʠʪʴ ʯʠʩʣʦ ʩʦʢʨʘʱʝʥʠʡ ʤʠʦʢʘʨʜʘ, ʧʨʝʚʳʰʘʶʱʝʝ ʯʠʩʣʦ 

ʚʥʝʰʥʠʭ ʩʪʠʤʫʣʦʚ (ʬʝʥʦʤʝʥ ʫʷʟʚʠʤʦʛʦ ʧʝʨʠʦʜʘ ʤʠʦʢʘʨʜʘ); 

- ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʬʠʙʨʠʣʣʷʮʠʠ, ʪ.ʝ. ʧʨʝʢʨʘʱʝʥʠʷ ʬʠʙʨʠʣʣʷʮʠʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ  ʠ ʜʨʫʛʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʬʝʥʦʤʝʥʦʚ. 

ɼʨʫʛʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʷʚʣʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʨʠʪʤʘ ʚ ʩʝʨʜʮʝ ʠ ʚʦʧʨʦʩʦʚ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʙʣʦʢʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 

(ʧʝʨʠʦʜʠʢʘ ɺʝʥʢʝʙʘʭʘ). ʗʚʣʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʙʣʦʢʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʚ 

ʩʝʨʜʮʝ  ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ 1899 ʛʦʜʫ ɺʝʥʢʝʙʘʭʦʤ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ  ɸ.ʌ.ʉʘʤʦʡʣʦʚʘ, ɸ. ʈʦʟʝʥʙʣʶʪʘ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʵʪʦʛʦ ʪʠʧʘ ʩʝʨʜʝʯʥʦʡ ʧʘʪʦʣʦʛʠʠ 

ʩʦʩʪʦʠʪ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʚʳʧʘʜʝʥʠʠ ʞʝʣʫʜʦʯʢʦʚʳʭ ʩʦʢʨʘʱʝʥʠʡ  ʧʨʠ 

ʥʝʠʟʤʝʥʥʦʤ ʨʠʪʤʝ ʧʨʝʜʩʝʨʜʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʪʘʢʦʛʦ ʧʨʦʧʫʩʢʘ 

ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʘʷ ʟʘʜʝʨʞʢʘ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ 

ʥʘʩʪʫʧʠʪ ʥʦʚʳʡ ʧʨʦʧʫʩʢ ʞʝʣʫʜʦʯʢʦʚʦʛʦ ʩʦʢʨʘʱʝʥʠʷ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʷʚʣʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʙʣʦʢʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʚ ʚʦʟʙʫʜʠʤʳʭ ʩʨʝʜʘʭ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʩʝʨʜʮʝ, 

ʦʜʠʥʦʯʥʳʝ ʥʝʨʚʥʳʝ ʚʦʣʦʢʥʘ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ),  ʠʟʣʦʞʝʥʘ ʚ ʨʘʙʦʪʝ ɹʝʨʢʠʥʙʣʠʪ 

ʄ.ɹ.(1966). ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ ʪʘʢʦʡ ʩʨʝʜʳ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʣʝʡʥʳʡ ʧʦʨʦʛʦʚʳʡ 

ʵʣʝʤʝʥʪ ʩ ʦʜʥʠʤ ʚʭʦʜʦʤ ʠ ʦʜʥʠʤ ʚʳʭʦʜʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʚʨʝʤʝʥʝʤ ʨʝʬʨʘʢʪʝʨʥʦʩʪʠ. ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʧʦʨʦʛ ʵʣʝʤʝʥʪʘ  ʤʝʥʷʝʪʩʷ ʧʦ 

ʥʝʢʦʪʦʨʦʤʫ ʟʘʢʦʥʫ ʪʠʧʘ  

 

                  Ð        ʧʨʠ t < tpa, 

      H(t)= 

                                      h1(t)     ʧʨʠ t >tpa, 

 

ʛʜʝ tpa ï ʘʙʩʦʣʶʪʥʳʡ ʨʝʬʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ. ɸʚʪʦʨʦʤ ʨʘʩʩʤʦʪʨʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʚʦʟʙʫʜʠʤʦʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ ʩʪʠʤʫʣʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 
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ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʵʣʝʤʝʥʪʘ ʦʯʝʥʴ 

ʢʦʨʦʪʢʠʤʠ ʩʪʠʤʫʣʘʤʠ ʝʜʠʥʩʪʚʝʥʥʦʝ ʚʦʟʤʦʞʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʠʪʤʘ ï 

ʜʝʣʝʥʠʝ ʯʘʩʪʦʪʳ. ʏʘʩʪʦʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʶʪʩʷ ʧʨʦʧʫʩʢʠ ʠʤʧʫʣʴʩʦʚ, 

ʟʘʚʠʩʠʪ ʦʪ ʘʤʧʣʠʪʫʜʳ ʩʪʠʤʫʣʦʚ. ʏʝʤ ʙʦʣʴʰʝ ʘʤʧʣʠʪʫʜʘ, ʪʝʤ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʘʷ 

ʯʘʩʪʦʪʘ.  

ɽʩʣʠ ʩʪʠʤʫʣ ʦʙʣʘʜʘʝʪ ʢʦʥʝʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ, ʪʦ ʚʦʟʤʦʞʥʳ ʠʥʳʝ 

ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʘ, ʢʨʦʤʝ ʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ. ʀʭ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʪ ʦʪ 

ʬʦʨʤʳ ʩʪʠʤʫʣʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʝ ʨʘʟʥʳʝ ʬʦʨʤʳ ʩʪʠʤʫʣʘ: ʧʨʷʤʦʫʛʦʣʴʥʳʝ ( Ʉ ï 

ʤʦʜʝʣʴ) ʠ ʪʨʝʫʛʦʣʴʥʳʝ (æ - ʤʦʜʝʣʴ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ Ʉ ï ʤʦʜʝʣʠ ʜʣʠʥʘ ʮʠʢʣʘ 

ɺʝʥʢʝʙʘʭʘ, ʪ.ʝ. ʥʦʤʝʨ ʧʨʦʧʫʱʝʥʥʦʛʦ ʠʤʧʫʣʴʩʘ ʨʘʚʝʥ 

n = 1 + ɗ / (Rʬ ï ʊ),  

ʛʜʝ ɗ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʪʠʤʫʣʘ, Rʬ ï ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʨʝʬʨʘʢʪʝʨʥʳʡ 

ʧʝʨʠʦʜ ʵʣʝʤʝʥʪʘ,  ʊ ï ʧʝʨʠʦʜ ʩʪʠʤʫʣʷʮʠʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʣʦʢʘʜʳ ɸɺ ʧʨʦʚʝʜʝʥʠʷ  ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʦʪʜʝʣʴʥʦʡ ʢʣʝʪʢʝ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

Ikeda N, Hoshino K, Shirataka M, Doi K, Miyahara H, Sato T.(1990). ʄʦʜʝʣʴ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʟʤʝʨʝʥʠʠ  ʟʘʚʠʩʷʱʠʭ ʦʪ ʯʘʩʪʦʪʳ ʩʚʦʡʩʪʚ ʚʦʟʙʫʜʠʤʦʩʪʠ  ʢʣʝʪʦʢ 

ɸɺ ʫʟʣʘ  (ʢʨʠʚʘʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʟʙʫʜʠʤʦʩʪʠ - the excitability recovery curve, 

ERC).  ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʣʦʢʘʜʳ ɸɺ ʧʨʦʚʦʜʠʤʦʩʪʠ ʬʦʨʤʫʣʠʨʦʚʘʣʘʩʴ ʚ 

ʚʠʜʝ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ RR 

ʠʥʪʝʨʚʘʣʦʚ. ʄʦʜʝʣʴ ʧʨʝʜʩʢʘʟʘʣʘ ʨʘʟʥʳʝ ʚʠʜʳ ɸɺ ʧʨʦʚʝʜʝʥʠʷ:  ʥʦʨʤʘʣʴʥʳʡ 

ʨʠʪʤ, ʙʣʦʢʘʜʘ  ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ, ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʙʣʦʢʘʜʳ  ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ,  

ʧʝʨʠʦʜʠʢʫ  ɺʝʥʢʝʙʘʭʘ.  

ʆʜʥʠʤ ʠʟ ʯʘʩʪʳʭ ʥʘʨʫʰʝʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʤʝʨʮʘʪʝʣʴʥʘʷ 

ʘʨʠʪʤʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʚʩʣʝʜʩʪʚʠʝ ʪʨʝʧʝʪʘʥʠʷ ʠʣʠ ʤʝʨʮʘʥʠʷ ʧʨʝʜʩʝʨʜʠʡ. ʕʪʠ 

ʘʨʠʪʤʠʠ ʩʚʷʟʘʥʳ ʩ ʥʘʨʫʰʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦ ʧʨʝʜʩʝʨʜʠʷʤ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʬʨʘʛʤʝʥʪʘʮʠʷ ʵʪʠʭ ʦʪʜʝʣʦʚ 

ï ʦʜʥʠ ʫʯʘʩʪʢʠ ʩʦʢʨʘʱʘʶʪʩʷ, ʘ ʜʨʫʛʠʝ ʚ ʵʪʦ ʚʨʝʤʷ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʨʘʩʩʣʘʙʣʝʥʠʷ (ʐʤʠʜʪ ʈ.ʌ., ʊʝʚʩ  ɻ., 1996). ʇʨʠ ʵʪʦʤ ʥʘ ʕʂɻ ʚʤʝʩʪʦ ʟʫʙʮʘ ʈ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʚʦʣʥʳ ʪʨʝʧʝʪʘʥʠʷ, ʩʣʝʜʫʶʱʠʝ ʩ ʯʘʩʪʦʪʦʡ (220-
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350)/ʤʠʥ. ʇʨʠ ʤʝʨʮʘʥʠʠ ʧʨʝʜʩʝʨʜʠʡ ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʦʪʜʝʣʦʚ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ (350-600)/ʤʠʥ ʥʝʨʝʛʫʣʷʨʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʆʙʘ 

ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʥʝʧʦʣʥʦʡ ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʦʡ ʙʣʦʢʘʜʦʡ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ QRS ʢʦʤʧʣʝʢʩʘʤʠ ʨʘʟʣʠʯʥʳ ʠ ʯʝʨʝʜʫʶʪʩʷ 

ʥʝʨʝʛʫʣʷʨʥʦ. ɾʝʣʫʜʦʯʢʦʚʳʝ ʘʨʠʪʤʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʪʨʝʧʝʪʘʥʠʝ ʠʣʠ 

ʤʝʨʮʘʥʠʝ ʧʨʝʜʩʝʨʜʠʡ, ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ ʤʝʨʮʘʪʝʣʴʥʦʡ ʘʨʠʪʤʠʠ (ʘʙʩʦʣʶʪʥʘʷ 

ʞʝʣʫʜʦʯʢʦʚʘʷ ʘʨʠʪʤʠʷ). ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʝʨʮʘʪʝʣʴʥʦʡ ʘʨʠʪʤʠʠ ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʚ ʨʘʙʦʪʝ ʗʢʦʚʣʝʚ ʀ.ɸ., ʠ ʩʦʘʚʪ, (1975). ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ 

ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ ʠʤʧʫʣʴʩʦʚ. ʀʩʪʦʯʥʠʢʫ ʠʤʧʫʣʴʩʦʚ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ 

ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ Ű ʠ ʥʝʢʦʪʦʨʳʡ ʟʘʢʦʥ ʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ F(Ű). ʇʨʠʝʤʥʠʢʫ 

ʠʤʧʫʣʴʩʦʚ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ ʊ>0. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʝʤʥʠʢ 

ʠʤʧʫʣʴʩʦʚ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʚʫʭ ʩʦʩʪʦʷʥʠʷʭ 0 ʠ 1. ʇʦʜ ʠʩʪʦʯʥʠʢʦʤ 

ʠʤʧʫʣʴʩʦʚ ʧʦʥʠʤʘʝʪʩʷ ʣʶʙʦʡ ʵʢʪʦʧʠʯʝʩʢʠʡ ʦʯʘʛ ʚ ʧʨʝʜʩʝʨʜʠʠ. ʉʣʫʯʘʡʥʘʷ 

ʚʝʣʠʯʠʥʘ Ű ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ, 

ʛʝʥʝʨʠʨʫʝʤʳʤʠ ʵʪʠʤ ʦʯʘʛʦʤ. (ʦʥʠ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʪʦʯʝʯʥʳʤʠ), ʘ F(Ű)- ʟʘʢʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʦʡ ʚʝʣʠʯʠʥʳ. ʇʦʜ ʧʨʠʝʤʥʠʢʦʤ ʠʤʧʫʣʴʩʦʚ ʧʦʥʠʤʘʝʪʩʷ ʚʝʩʴ 

ʢʦʤʧʣʝʢʩ ï ɸɺ ʫʟʝʣ ï ʤʠʦʢʘʨʜ. ɺʝʣʠʯʠʥʘ ʊ ï ʨʝʬʨʘʢʪʝʨʥʦʩʪʴ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʘ ʩʦʩʪʦʷʥʠʷ 0 ʠ 1 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʝʬʨʘʢʪʝʨʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʷ 

ʨʝʬʨʘʢʪʝʨʥʦʩʪʠ ʫʢʘʟʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʄʦʜʝʣʴ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʩʪʦʯʥʠʢ ʠʤʧʫʣʴʩʦʚ 

ʛʝʥʝʨʠʨʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ t1, t2,éé, ʪʘʢʫʶ, ʯʪʦ t(i+1)-t(i)= 

Ű(i), ʛʜʝ Ű(i) ï ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʟʘʢʦʥʫ F(Ű). ʂʘʞʜʳʡ 

ʠʤʧʫʣʴʩ ʠʩʪʦʯʥʠʢʘ ʙʝʟ ʟʘʜʝʨʞʢʠ ʧʦʧʘʜʘʝʪ ʥʘ ʚʭʦʜ ʧʨʠʝʤʥʠʢʘ. ʇʫʩʪʴ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʚ ʤʦʤʝʥʪ ʧʨʠʭʦʜʘ i-ʛʦ ʠʤʧʫʣʴʩʘ ʧʨʠʝʤʥʠʢ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʦʩʪʦʷʥʠʠ 1. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʧʫʣʴʩ ʙʝʟ ʟʘʜʝʨʞʢʠ ʧʨʦʭʦʜʠʪ ʥʘ ʚʳʭʦʜ 

ʧʨʠʝʤʥʠʢʘ ʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʢʘʢ ʦʯʝʨʝʜʥʦʡ ʠʤʧʫʣʴʩ ʚʳʭʦʜʥʦʛʦ ʧʦʪʦʢʘ 

ʧʨʠʝʤʥʠʢʘ. ʇʨʠʝʤʥʠʢ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʵʪʦʤ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ 0 ʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʚʨʝʤʷ ʊ. ɽʩʣʠ ʩʣʝʜʫʶʱʠʡ ʠʤʧʫʣʴʩ ʧʨʠʜʝʪ ʥʘ ʚʭʦʜ 

ʧʨʠʝʤʥʠʢʘ ʯʝʨʝʟ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ t(i+1)<ʊ ʧʦʩʣʝ ʧʨʝʜʳʜʫʱʝʛʦ, ʪʦ ʦʥ ʥʝ ʙʫʜʝʪ 

ʧʨʦʧʫʱʝʥ ʠ ʚʳʧʘʜʝʪ. ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʯʝʨʝʟ ʚʨʝʤʷ ʊ 
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ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʚ ʩʦʩʪʦʷʥʠʝ 0 ʧʨʠʝʤʥʠʢ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʧʝʨʝʡʜʝʪ ʚ ʩʦʩʪʦʷʥʠʝ 

1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʚʳʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʚʳʭʦʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ, ʢʦʪʦʨʘʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ. ɸʚʪʦʨʳ ʚʳʚʝʣʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ RR ʠʥʪʝʨʚʘʣʦʚ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʤʝʞʠʤʧʫʣʴʩʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʝʡʩʤʝʢʝʨʘ Ű  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɸɺ ʫʟʣʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʚʠʜʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ɸɺ 

ʫʟʣʘ (Malik M, Davies DW, Cochrane T, Camm AJ. 1987). ɺ ɻʪʦʡ ʤʦʜʝʣʠ ɸɺ ʫʟʝʣ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʣʠʥʝʡʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʝʥʠʷ ʤʦʜʝʣʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʢʣʠʥʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ  ʚʳʰʝʫʧʦʤʷʥʫʪʘʷ ʛʠʧʦʪʝʟʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɸɺ 

ʫʟʣʘ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʧʨʦʩʪʦʡ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ  ʦʙʲʷʩʥʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʨʘʙʦʪʝ Grudzinski K, Zebrowski JJ, Baranowski R. (2006) ʘʚʪʦʨʳ 

ʧʨʠʤʝʥʠʣʠ ʥʝʣʠʥʝʡʥʫʶ ʤʦʜʝʣʴ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ ï ʉɸ ʠ ɸɺ ʫʟʣʦʚ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʨʠʪʤʠʡ, ʥʘʙʣʶʜʘʝʤʳʭ ʫ ʙʦʣʴʥʳʭ, ʩʪʨʘʜʘʶʱʠʭ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʧʦʣʥʦʡ ʠ ʥʝʧʦʣʥʦʡ ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʦʡ ʙʣʦʢʘʜʳ.  

ɺ ʨʘʙʦʪʝ Lian J, M¿ssig D, Lang V. (2006) ʠʟʣʘʛʘʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʘʷ AF-VP 

ʤʦʜʝʣʴ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʚ ʩʝʙʝ ʬʠʙʨʠʣʣʷʮʠʶ ʧʨʝʜʩʝʨʜʠʡ (atrial fibrillation -AF)-

ʠ ʞʝʣʫʜʦʯʢʦʚʫʶ ʠʤʧʫʣʴʩʘʮʠʶ (ventricular pacing -VP), ʢʦʪʦʨʘʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʣʠʷʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʞʝʣʫʜʦʯʢʦʚʦʡ ʠ ʧʨʝʜʩʝʨʜʥʦʡ  ʠʤʧʫʣʴʩʘʮʠʠ  ʥʘ 

ʜʠʥʘʤʠʢʫ RR ʠʥʪʝʨʚʘʣʦʚ. ɺ ʵʪʦʡ ʤʦʜʝʣʠ ɸɺ ʫʟʝʣ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʝʜʠʥʦʝ 

ʩʪʨʫʢʪʫʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʨʝʬʨʘʢʪʝʨʥʦʩʪʴʶ ʠ ʘʚʪʦʤʘʪʠʝʡ. 

ʅʘ ʥʝʤ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʧʨʝʜʩʝʨʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʠ 

ʞʝʣʫʜʦʯʢʦʚʦʡ ʠʤʧʫʣʴʩʘʮʠʠ. ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʫʥʘʧʨʘʚʣʝʥʥʫʶ 

ʟʘʜʝʨʞʢʫ ʧʨʦʚʝʜʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʚ ɸɺ ʫʟʣʝ ʠ ʞʝʣʫʜʦʯʢʘʭ. ʂʘʢ ʨʝʬʨʘʢʪʝʨʥʳʡ 

ʧʝʨʠʦʜ, ʪʘʢ ʠ ɸɺ ʟʘʜʝʨʞʢʘ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ.  ɺ ʤʦʜʝʣʠ 
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ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʪʦʥʠʯʝʩʢʘʷ ʤʦʜʫʣʷʮʠʷ ʙʣʦʢʠʨʦʚʘʥʥʳʭ ʠʤʧʫʣʴʩʦʚ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʚʳʙʦʨʝ ʯʠʩʣʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʦʩʥʦʚʥʳʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ RR ʠʥʪʝʨʚʘʣʦʚ ʧʨʠ ʬʠʙʨʠʣʣʷʮʠʠ ʧʨʝʜʩʝʨʜʠʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʚʦʟʙʫʞʜʝʥʠʡ ʞʝʣʫʜʦʯʢʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸɺ 

ʧʨʦʚʝʜʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʧʨʝʜʩʝʨʜʥʦʡ ʯʘʩʪʦʪʳ ʠ ʫʨʦʚʥʷ ʵʣʝʢʪʨʦʪʦʥʠʯʝʩʢʦʡ 

ʤʦʜʫʣʷʮʠʠ ʚ ɸɺ ʫʟʣʝ. ʄʥʦʛʦʫʨʦʚʥʝʚʦʝ AF-VP ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʞʝʣʫʜʦʯʢʦʚʳʭ ʘʨʠʪʤʠʡ. 

ʇʦʟʜʥʝʝ ʵʪʠ ʞʝ ʘʚʪʦʨʳ (Lian J, Clifford GD, Mussig D, Lang V.,2007) 

ʨʘʟʨʘʙʦʪʘʣʠ ʢʦʤʧʴʶʪʝʨʥʫʶ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʫʶ ʛʝʥʝʨʠʨʦʚʘʪʴ ʨʘʩʯʝʪʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ RR ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʩʠʥʫʩʦʚʦʛʦ ʨʠʪʤʘ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʪʨʝʧʝʪʘʥʠʷ ʠ ʤʝʨʮʘʥʠʷ ʧʨʝʜʩʝʨʜʠʡ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʠʤʠʪʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʞʝʣʫʜʦʯʢʦʚʳʭ ʘʨʠʪʤʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʯʘʩʪʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʜʩʝʨʜʠʡ.  

ɺ ʨʘʙʦʪʝ Greenhut SE, Jenkins JM, MacDonald RS. (1993) ʠʟʣʘʛʘʝʪʩʷ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ ʩʝʨʜʮʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʧʝʡʩʤʝʢʝʨʦʤ ʠ ʩʝʨʜʮʝʤ. 

ʉʪʦʭʘʩʪʠʯʝʩʢʘʷ ʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚ 

ʩʝʨʜʮʝ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʚʝʨʪʝʢʩʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʣʝʤʝʥʪ. ʉʦʩʪʦʷʥʠʝ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʢʘʞʜʦʛʦ 

ʚʝʨʪʝʢʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʛʦʤʝʨʥʦʡ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʥʳʭ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ɸɺ ʫʟʣʘ ʚʢʣʶʯʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ɸɺ ʧʨʦʚʝʜʝʥʠʷ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʳʜʫʱʝʛʦ ʮʠʢʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʞʝʣʫʜʦʯʢʦʚʳʝ ʘʨʠʪʤʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʩʪʠʤʫʣʷʮʠʠ ʧʨʝʜʩʝʨʜʠʡ,  ʥʘ 23 ʢʣʘʩʩʘ. ʄʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʙʦʪʳ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʜʠʪʝʣʝʡ 

ʨʠʪʤʘ ʚ ʢʣʠʥʠʢʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʥʘʣʠʟʘ ʕʂɻ-ʩʠʛʥʘʣʘ ʫ ʙʦʣʴʥʳʭ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʩʪʠʤʫʣʷʪʦʨʘʤʠ ʩʝʨʜʮʘ. 
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ɺ ʨʘʙʦʪʝ (Aliev R.R., 2008) ʠʟʣʘʛʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ ʚʘʛʫʩʥʳʭ 

ʥʝʨʚʦʚ  ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʮʝʥʪʨʘʣʴʥʳʭ ʢʣʝʪʦʢ ʉɸ ʫʟʣʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʳ ʦʙʣʘʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʜʝʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʝ ʩʪʠʤʫʣʷʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ ʩʪʠʤʫʣʷʮʠʠ ʚʦʟʥʠʢʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʭʨʦʥʦʪʨʦʧʥʳʡ ʵʬʬʝʢʪ. ʆʙʟʦʨ ʨʘʙʦʪ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʠ ʢʦʤʧʴʶʪʝʨʥʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʝʨʜʮʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ (ɸʣʠʝʚ 

ʈ.ʈ., 2010). ɺ ʦʙʟʦʨʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ   ʠ ʧʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʠ ʤʝʤʙʨʘʥʥʳʭ ʠʦʥʥʳʭ ʪʦʢʦʚ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ.  

ɹʦʣʴʰʦʡ ʮʠʢʣ ʨʘʙʦʪ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʝʨʜʝʯʥʦʛʦ 

ʨʠʪʤʘ ʧʦʩʚʷʱʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʨʦʜʳ ʵʪʦʡ ʘʨʠʪʤʠʠ ʩʫʱʝʩʪʚʦʚʘʣʦ ʜʚʝ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʉʦʛʣʘʩʥʦ 

ʦʜʥʦʡ (ʛʠʧʦʪʝʟʘ ʤʥʦʛʦʬʦʢʫʩʥʦʡ ʛʝʪʝʨʦʪʦʧʥʦʡ ʘʚʪʦʤʘʪʠʠ), ʜʝʩʠʥʭʨʦʥʠʟʘʮʠʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ ʌɾ ʩʚʷʟʘʥʘ ʩ ʘʢʪʠʚʘʮʠʝʡ ʣʘʪʝʥʪʥʳʭ ʚʦʜʠʪʝʣʝʡ ʨʠʪʤʘ. 

ʉʦʛʣʘʩʥʦ ʜʨʫʛʦʡ (ʛʠʧʦʪʝʟʘ re-entry), ʌɾ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʮʠʨʢʫʣʷʮʠʝʡ 

ʚʦʟʙʫʞʜʝʥʠʷ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʧʫʪʠ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʵʪʠʭ ʛʠʧʦʪʝʟ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʚʳʷʩʥʝʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʘʩʧʝʢʪʦʚ ʷʚʣʝʥʠʷ ʬʠʙʨʠʣʣʷʮʠʠ. ʆʜʥʘʢʦ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ - ʵʪʦ ʟʥʘʯʠʪ 

ʥʘʫʯʠʪʴʩʷ ʫʧʨʘʚʣʷʪʴ ʝʛʦ ʧʘʨʘʤʝʪʨʘʤʠ, ʪ.ʝ. ʫʤʝʪʴ ʧʝʨʝʚʦʜʠʪʴ ʩʠʩʪʝʤʫ ʠʟ 

ʭʘʦʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʦʝ, ʨʝʛʫʣʠʨʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʘʨʘʤʝʪʨʳ ʭʘʦʩʘ, ʫʧʨʘʚʣʷʪʴ ʙʠʬʫʨʢʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɼʣʷ 

ʵʪʦʛʦ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʛʠʧʦʪʝʟʘ, ʘ ʘʜʝʢʚʘʪʥʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʝʨʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʌɾ ʩʚʷʟʘʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʕɺʄ. ʊʨʘʜʠʮʠʦʥʥʦ ʩʣʦʞʠʣʦʩʴ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʌɾ. 

ʇʝʨʚʳʡ ʧʦʜʭʦʜ, ʤʠʢʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ (ʢʣʝʪʦʯʥʳʡ) ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʧʦ-

ʣʦʞʝʥʠʠ, ʯʪʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʌɾ ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘʣʘ ʠʟʫʯʠʪʴ ʙʠ-

ʦʬʠʟʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʢʣʝʪʢʝ, ʢʘʢ ʵʣʝ-
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ʤʝʥʪʘʨʥʦʛʦ ʚʦʟʙʫʜʠʤʦʛʦ ʵʣʝʤʝʥʪʘ, ʘ ʟʘʪʝʤ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʨʘʩʧ-

ʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦ ʩʝʪʷʤ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʩʦʩʪʘʚʣʝʥʥʳʤ ʠʟ 

ʪʘʢʠʭ "ʵʣʝʤʝʥʪʘʨʥʳʭ" ʚʦʟʙʫʜʠʤʳʭ ʵʣʝʤʝʥʪʦʚ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ  ʤʠʢʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ (Moe G.K., 

Rheinboldt W.G., Abildskov J.A., 1964; ʂʨʠʥʩʢʠʡ ɺ.ʀ.,1974; ʈʘʡʩʢʠʥʘ ʄ.ɽ., 

ʌʝʣʴʜ ɹ.ʅ.,1984; Courtemanche M, Glass L, Keener JP,1993; Panfilov AV, Keener 

JP.,1993) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʦʜʦʙʥʳʭ ʚʦʟʙʫʜʠʤʳʭ ʩʨʝʜʘʭ ʧʨʠʯʠʥʦʡ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʤʢʥʫʪʳʭ ʧʫʪʝʡ ʧʨʦʚʝʜʝʥʠʷ (re-enrty.) ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʨʝʜʳ ʧʦ ʨʝʬʨʘʢʪʝʨʥʦʩʪʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, 

ʚʳʩʢʘʟʘʥʥʳʝ ʨʘʥʝʝ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʦ ʪʦʤ, ʯʪʦ ʌɾ ʦʙʫʩʣʦʚʣʝʥʘ 

ʙʣʫʞʜʘʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʥʝʙʦʣʴʰʠʭ ʚʦʣʥ ʚ ʤʠʦʢʘʨʜʝ.  

ɼʨʫʛʦʡ, ʠʥʪʝʛʨʘʪʠʚʥʳʡ (ʤʘʢʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ) ʧʦʜʭʦʜ ʦʩʥʦʚʳʚʘʣʩʷ ʥʘ 

ʠʥʪʝʛʨʘʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʦʮʝʩʩʘ (ʩʫʤʤʘʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʘʢ-

ʪʠʚʥʦʩʪʴ ʤʠʦʢʘʨʜʘ, ʧʦʨʦʛʠ ʌɾ, ʨʝʘʢʮʠʷ ʤʠʦʢʘʨʜʘ ʥʘ ʪʝ ʠʣʠ ʠʥʳʝ ʚʥʝʰʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ) ʠ ʙʳʣ ʩʚʷʟʘʥ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʨʦʮʝʩʩʦʚ ʫʤʠʨʘʥʠʷ ʠ ʦʞʠʚʣʝʥʠʷ 

ʦʨʛʘʥʠʟʤʘ ʚ ʭʦʜʝ ʬʠʙʨʠʣʣʷʮʠʠ, ʪ.ʝ. ʧʦʧʳʪʢʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʙʠʬʫʨʢʘʮʠʦʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʚ ʩʝʨʜʮʝ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʩʣʫʞʠʣ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʩʥʦʚʥʳʭ 

ʧʨʠʥʮʠʧʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʝʬʠʙʨʠʣʣʷʮʠʠ ʩʝʨʜʮʘ, ʟʘʣʦʞʝʥʥʳʭ ʨʘʙʦʪʘʤʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʝʥʳʭ ʧʦʜ ʨʫʢ. ʘʢʘʜ. ɺ.ɸ.ʅʝʛʦʚʩʢʦʛʦ (1986). ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʩʪʘʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʪʝʧʝʨʴ, ʢʦʛʜʘ ʥʘ ʦʩʥʦʚʝ ʥʦʚʝʡʰʠʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʘʜʝʢʚʘʪʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʘʚʣʷʶʱʠʭ ʚʥʝʰʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʧʨʘʚʣʷʪʴ ʙʠʬʫʨʢʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ 

ʤʠʦʢʘʨʜʝ (Hsia P.V., Fendelander L., Harington G., Damiano R.J, 1996; ɺʦʩʪʨʠʢʦʚ 

ɺ.ɸ.,2005) 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʪʚʝʨʜʠʣʩʷ ʠ ʪʨʝʪʠʡ ʧʦʜʭʦʜ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʌɾ - ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦ-

ʯʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʠʦʢʘʨʜʘ ʩ ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ (Panfilov A.V., Hogeweg P.,1995; Gray R.A., Jalife J., 

Panfilov A.V.,1995). ʇʦʷʚʠʣʠʩʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚ ʤʠʦʢʘʨʜʝ 

http://www.ncbi.nlm.nih.gov/pubmed?term=Courtemanche%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10053491
http://www.ncbi.nlm.nih.gov/pubmed?term=Glass%20L%5BAuthor%5D&cauthor=true&cauthor_uid=10053491
http://www.ncbi.nlm.nih.gov/pubmed?term=Keener%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=10053491
http://www.ncbi.nlm.nih.gov/pubmed?term=Panfilov%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=8246510
http://www.ncbi.nlm.nih.gov/pubmed?term=Keener%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=8246510
http://www.ncbi.nlm.nih.gov/pubmed?term=Keener%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=8246510
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ʧʨʠ ʌɾ ʨʦʪʦʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪ.ʝ. ʩʚʦʝʦʙʨʘʟʥʳʭ "ʚʠʭʨʝʡ" 

ʚʦʟʙʫʞʜʝʥʠʡ. ʊʘʢ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɺʠʥʬʨʠ (Winfree A.T.,1994) 

ʦʩʥʦʚʘʥʘ ʥʘ ʪʨʝʭʤʝʨʥʦʤ ʨʦʪʦʨʝ (3D) ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʪʘʙʠʣʴʥʳʤ, ʢʦʛʜʘ ʪʦʣʱʠʥʘ ʤʠʦʢʘʨʜʘ ʧʨʝʚʳʰʘʝʪ ʥʝʢʦʪʦʨʳʡ 

ʢʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ. ɸʚʪʦʨ ʧʠʰʝʪ: "ʅʝʩʢʦʣʴʢʦ ʣʦʢʘʣʴʥʳʭ ʨʦʪʦʨʦʚ ʤʦʛʫʪ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʘʧʦʤʠʥʘʪʴ ʬʠʙʨʠʣʣʷʮʠʶ ʧʦ ʚʠʜʫ ʕʂɻ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʵʧʠʢʘʨʜʠʘʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ ʤʦʛʫʪ ʚʳʷʚʣʷʪʴ ʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʣʦʢʘʣʴʥʳʝ 

ʧʝʨʠʦʜʠʢʠ". ʆʜʥʘʢʦ ʵʪʘ ʠʜʝʷ ʷʚʣʷʝʪʩʷ ʜʠʩʢʫʪʠʨʫʝʤʦʡ ʛʠʧʦʪʝʟʦʡ. ɼʘʞʝ 

ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʝ ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʠʨʫʶʪ ʚʥʝʢʣʝʪʦʯʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʦʪ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʪʦʯʝʢ, ʯʪʦ ʜʝʣʘʝʪ ʜʝʤʦʥʩʪʨʘʮʠʶ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʨʦʪʦʨʦʚ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ. ɺ ʨʘʙʦʪʝ (Keener JP, 2004) ʘʚʪʦʨʦʤ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ  ɺʠʥʬʨʠ ʪʦʧʦʣʦʛʠʠ ʜʝʬʠʙʨʠʣʣʷʮʠʠ. 

ɹʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ, ʢʘʢ ʠʜʝʷ ɺʠʥʬʨʠ ʦ ʬʘʟʦʚʳʭ ʩʠʥʛʫʣʷʨʥʦʩʪʷʭ ʠ 

ʣʦʢʘʣʴʥʳʭ ʨʦʪʦʨʘʭ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʨʝʘʢʮʠʠ ʨʦʪʦʨʦʚ 

ʥʘ ʜʝʬʠʙʨʠʣʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʉʥʘʯʘʣʘ ʩ ʧʦʤʦʱʴʶ 2D, ʘ ʟʘʪʝʤ 3D-

ʤʦʜʝʣʠ,  ʘʚʪʦʨ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʨʦʮʝʩʩʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʝʦʤʝʪʨʠʠ 

ʩʧʠʨʘʣʴʥʳʭ ʚʦʣʥ ʚ ʦʪʚʝʪ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʰʦʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʆʧʠʩʘʥʳ 

ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩ ʜʝʬʠʙʨʠʣʣʷʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʳʤ ʠʣʠ ʥʝʪ. 

ʆʜʥʘʢʦ ʘʚʪʦʨ ʧʨʠʭʦʜʠʪ ʢ ʟʘʢʣʶʯʝʥʠʶ,  ʯʪʦ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʜʦʚ ʥʝ ʫʜʘʝʪʩʷ ʦʙʲʷʩʥʠʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ 

ʧʨʦʮʝʩʩʘ ʜʝʬʠʙʨʠʣʣʷʮʠʠ.  

ɼ.ʂ.ʂʘʧʣʘʥ ʠ ʈ.ɾ.ʂʦʵʥ (Kaplan D.T. and Cohen R.J.,1990) ʧʦʧʳʪʘʣʠʩʴ 

ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ, ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ ʌɾ ʢ ʢʣʘʩʩʫ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ 

ʭʘʦʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʣʠ ʞʝ ʵʪʦ ʧʦʣʥʦʩʪʴʶ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, ʪ.ʝ. ʰʫʤ. 

ɸʚʪʦʨʳ ʠʟʫʯʘʣʠ ʘʪʪʨʘʢʪʦʨ ʩʠʩʪʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚʨʝʤʝʥʥʦʡ ʢʘʨʪʠʥʳ ʕʂɻ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ c ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʟʘʜʝʨʞʝʢ, ʢʦʛʜʘ ʩʢʘʣʷʨʥʳʡ ʩʠʛʥʘʣ S(t) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ m-ʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ 

S(t) = S(t), S(t-1), S(t-2),....S(t-(m-1)) 

http://www.ncbi.nlm.nih.gov/pubmed?term=Keener%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=15363669
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ʛʜʝ - t ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ, ʚʳʙʠʨʘʝʤʦʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ. ɺ m-ʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʪʦʪ ʚʝʢʪʦʨ ʠʟʦʙʨʘʞʘʝʪ ʚʨʝʤʝʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ. ʊʨʘʝʢʪʦʨʠʷ 

ʨʝʛʫʣʷʨʥʦʡ ʕʂɻ - ʢʦʣʴʮʝʦʙʨʘʟʥʘʷ. ʂʦʣʴʮʦ ʠʤʝʝʪ ʪʦʣʱʠʥʫ. ʕʪʘ ʪʦʣʱʠʥʘ 

ʚʳʟʳʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʰʫʤʘ ʚ ʩʠʩʪʝʤʝ ʥʘ ʢʦʨʦʪʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʘʥʘʣʠʟʘ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ ʜʦ ʥʘʯʘʣʘ ʌɾ, 

ʢʦʣʴʮʦ ʨʘʩʱʝʧʣʷʣʦʩʴ ʧʦʩʝʨʝʜʠʥʝ, ʠ ʪʨʘʝʢʪʦʨʠʷ ʩʥʘʯʘʣʘ ʚʝʣʘ ʢ ʦʜʥʦʡ ʩʪʦʨʦʥʝ 

ʨʘʩʱʝʧʣʝʥʠʷ, ʘ ʟʘʪʝʤ ʢ ʜʨʫʛʦʡ. ʕʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʘʣʴʪʝʨʥʘʮʠʝʡ ʫʜʚʦʝʥʠʷ 

ʧʝʨʠʦʜʘ ʕʂɻ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʡ ʨʝʛʫʣʷʨʥʦʡ ʢʘʨʪʠʥʳ, ʬʠʙʨʠʣʣʷʮʠʷ ʦʙʨʘʟʦʚʳʚʘʣʘ 

ʦʙʣʘʩʪʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʧʫʪʘʥʥʦʛʦ ʢʣʫʙʢʘ ʥʠʪʝʡ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʪʣʠʯʠʪʴ 

ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ ʢʦʤʧʦʥʝʥʪʫ ʧʨʦʮʝʩʩʘ ʦʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ, ʘʚʪʦʨʳ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʬʨʘʢʪʘʣʴʥʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ʩʠʛʥʘʣʘ ʧʦ ɻʨʘʩʩʙʝʨʛʝʨʫ (Grassberger 

P.,1983), ʠ ʵʪʫ ʚʝʣʠʯʠʥʫ ʩʨʘʚʥʠʚʘʣʠ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ ʧʦʜʦʙʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ 

ʩʠʛʥʘʣʘ. ɼʣʷ ʵʪʦʛʦ ʙʨʘʣʠʩʴ ʜʚʘ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʳʝ ʩʧʝʢʪʨʳ 

ʤʦʥɦʦʩʪʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʣʷ ʩʝʛʤʝʥʪʦʚ, ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʙʦʣʝʝ 4-ʩʝʢ, ʨʘʟʥʠʮʳ 

ʤʝʞʜʫ ʩʠʛʥʘʣʦʤ ʬʠʙʨʠʣʣʷʮʠʠ ʠ ʝʛʦ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʤ ʩʠʛʥʘʣʦʤ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʙʳʣʦ. ʃʠʰʴ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʠʤʝʣ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʫʶ ʨʘʟʤʝʨʥʦʩʪʴ, ʯʝʤ ʩʠʛʥʘʣ ʬʠʙʨʠʣʣʷʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʘʚʪʦʨʳ ʥʝ ʩʤʦʛʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʌɾ, ʢʦʪʦʨʘʷ ʩʤʦʛʣʘ ʙʳ ʚʳʷʚʠʪʴ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʌɾ ʠ ʘʥʘʣʦʛʠʯʥʳʤ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʤ ʩʠʛʥʘʣʦʤ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʥʦʛʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʘʣʠʯʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʝʪʝʨʤʠʥʠʟʤʘ ʚ 

ʧʨʦʮʝʩʩʝ ʌɾ (Winfree A.T.,1994;  Gray R.A., Jalife J., Panfilov A.V,1995). ɺ 

ʨʘʙʦʪʝ Ravelly F., Antolini R.(1992) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʨʘʢʪʘʣʴʥʘʷ 

ʨʘʟʤʝʨʥʦʩʪʴ ʭʘʦʩʘ  ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʠʥʫʩʦʚʦʛʦ ʨʠʪʤʘ ʢ ʜʨʫʛʠʤ 

ʚʠʜʘʤ ʘʨʠʪʤʠʡ, ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʳʤ ʨʠʪʤʦʤ ʠ ʌɾ. 

ʅʘʠʚʳʩʰʠʡ ʫʨʦʚʝʥʴ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ ʠʤʝʣ ʤʝʩʪʦ ʜʣʷ ʌɾ. ʉʠʣʴʥʘʷ 

ʘʥʘʣʦʛʠʷ ʤʝʞʜʫ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʴʶ ʌɾ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ɻʘʨʬʠʥʢʝʣʝʤ (Garfinkel A., Spano M.L., Ditto W.L., Weiss 
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J.N.,1992). ʇʨʠʟʥʘʢʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʷʚʣʷʣʠʩʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʢʩʧʦ-

ʥʝʥʪʳ ʃʷʧʫʥʦʚʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʢʦʤʧʴʶʪʝʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʌɾ.  

ʀʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʘ ʌɾ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʀ.ʅ.ʂʦʥʦʚʘʣʦʚʦʡ ʠ ʩʦʘʚʪ.( ʂʦʥʦʚʘʣʦʚʘ ʀ.ʅ., 

ʂʦʙʨʠʥ ɺ.ʀ., 1997, 1998, 1999). ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʩʝʨʜʝʯʥʦʡ ʪʢʘʥʠ, ʢʦʪʦʨʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʢʣʘʩʪʝʨʥʦʡ ʧʨʠʨʦʜʝ ʪʢʘʥʠ ʤʠʦʢʘʨʜʘ ʠ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ 

ʬʘʢʪʦʨʝ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʚ ʧʨʠʨʦʜʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʬʠʙʨʠʣʣʷʮʠʠ. ɺ ʤʦʜʝʣʠ 

ʦʪʨʘʞʝʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʣʘʩʪʝʨʦʚ: ʧʦʨʦʛʦʚʳʡ ʭʘʨʘʢʪʝʨ 

ʚʦʟʙʫʞʜʝʥʠʷ, ʨʝʬʨʘʢʪʝʨʥʦʩʪʴ, ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ 

ʧʨʠʥʮʠʧʳ ʤʝʞʢʣʘʩʪʝʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ. ɺʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʫʨʦʚʥʷ ʬʠʙʨʠʣʣʷʮʠʠ, ʢʦʪʦʨʦʝ ʧʦʣʦʞʝʥʦ ʚ ʦʩʥʦʚʫ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʬʠʙʨʠʣʣʷʮʠʠ ʦʪ ʩʪʝʧʝʥʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʨʝʜʳ. ʊʘʢʞʝ 

ʚʚʝʜʝʥʳ ʨʷʜ ʜʨʫʛʠʭ ʯʠʩʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʘʥʘʣʠʟʘ 

ʥʘʨʫʰʝʥʠʡ ʨʠʪʤʘ ʩʝʨʜʮʘ. ʅʘ ʙʘʟʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʦʟʜʘʥʘ 

ʦʨʠʛʠʥʘʣʴʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ɺʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʠ ʦʙʩʫʞʜʘʶʪʩʷ 

ʨʷʜ ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʷʚʣʝʥʠʝʤ ʬʠʙʨʠʣʣʷʮʠʠ.  

ɺ ʨʘʙʦʪʝ Zebrowski JJ, GrudziŒski K, Buchner T, Kuklik  P, Gac J, Gielerak G, 

Sanders P, Baranowski R (2007) ʠʟʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ ʥʝʣʠʥʝʡʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ  ʬʦʨʤʫ ʠʤʧʫʣʴʩʘ,  ʨʝʬʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ ʠ 

ʧʦʨʦʛ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʘʟʳ ʨʝʧʦʣʷʨʠʟʚʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʠʩʪʠʥʥʦʛʦ 

ʧʝʡʩʤʝʢʝʨʘ ʩʝʨʜʮʘ. ʌʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʩʮʠʣʣʷʪʦʨʘ ʩʦʜʝʨʞʠʪ ʩʪʘʙʠʣʴʥʳʡ 

ʫʟʝʣ, ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʝ ʩʝʜʣʦ ʠ ʥʝʩʪʘʙʠʣʴʥʳʡ ʬʦʢʫʩ. ʄʦʜʝʣʴ ʚʦʩʧʨʦʠʟʚʦʜʠʪ 

ʪʘʢʠʝ ʷʚʣʝʥʠʷ, ʢʘʢ ʩʥʠʞʝʥʠʝ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʙʣʦʢʘʜʳ ʚ ʩʝʨʜʮʝ, ʘʩʠʩʪʦʣʠʶ, 

ʨʘʟʣʠʯʥʳʝ ʥʘʨʫʰʝʥʠʷ ʩʠʥʫʩʥʦʛʦ ʨʠʪʤʘ. ʇʘʫʟʳ ʚ ʩʠʥʫʩʦʚʦʤ ʨʠʪʤʝ ʚʦʟʥʠʢʘʶʪ 

ʧʨʠ ʦʜʠʥʦʯʥʳʭ ʚʥʝʰʥʠʭ   ʠʤʧʫʣʴʩʘʭ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʫʷʟʚʠʤʫʶ ʬʘʟʫ 
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ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ (ʥʘʧʨʠʤʝʨ, ʩʫʧʨʘʚʝʥʪʨʠʢʫʣʷʨʥʘʷ  ʵʢʪʦʧʠʷ).  ɼʚʘ 

ʦʩʮʠʣʣʷʪʦʨʘ, ʩʚʷʟʘʥʥʳʭ ʦʜʥʦʥʘʧʨʘʚʣʝʥʦ ʠ ʘʩʠʤʤʝʪʨʠʯʥʦ, ʧʦʟʚʦʣʷʶʪ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʫ ʙʦʣʴʥʳʭ ʩ 

ʩʠʥʦʘʪʨʠʘʣʴʥʦʡ ʙʣʦʢʘʜʦʡ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʠ ʧʦʣʥʦʡ ɸɺ ʙʣʦʢʘʜʦʡ (ɸɺ ʙʣʦʢ 

ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ). ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʚʝʜʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʦʪʢʨʳʚʘʶʱʝʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʬʫʥʢʮʠʡ ʉɸ ʠ ɸɺ ʫʟʣʦʚ, ʚʢʣʶʯʘʷ ʠʭ ʘʥʘʪʦʤʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ. 

ʄ.ɽ.ʄʘʟʫʨʦʚ (2009) ʨʘʟʨʘʙʦʪʘʣ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ 

ʩʝʨʜʮʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʆʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʶʪ ʫʩʢʦʨʝʥʠʝ ʬʘʟʳ ʤʝʜʣʝʥʥʦʡ 

ʜʠʘʩʪʦʣʠʯʝʩʢʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ (ʄɼɼʇ) ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʝʜʠʥʦʛʦ ʨʠʪʤʘ; 

ʨʝʛʫʣʷʮʠʶ ʧʫʪʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʫʤʤʘʨʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʬʘʟʳ ʄɼɼʇ, ʘ ʪʘʢʞʝ 

ʧʦʩʣʝʜʫʶʱʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʟʘʜʝʨʞʢʠ ʄɼɼʇ. 

ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʝʨʩʧʝʢʪʠʚ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. 

ɺ ʨʘʙʦʪʝ Zebrowski JJ, Kuklik  P, Buchner T, Baranowski R. (2009) ʠʟʣʘʛʘʝʪʩʷ 

ʦʜʥʦʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʦʙʲʝʜʠʥʷʶʱʘʷ  ʧʨʝʜʩʝʨʜʠʷ ʩ ʉɸ ʠ ɸɺ ʫʟʣʘʤʠ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʫʟʣʦʚ ʩʦʩʪʦʠʪ ʠʟ 15 ʜʠʬʬʫʟʥʦ ʩʚʷʟʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʮʝʧʴ ʦʩʮʠʣʣʷʪʦʨʦʚ ɺʘʥ ɼʝʨ ʇʦʣʷ, 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʩʮʠʣʣʷʪʦʨʳ ɺʘʥ ɼʝʨ ʇʦʣʷ ʩʧʦʩʦʙʥʳ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ 

ʦʩʥʦʚʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʝʨʜʝʯʥʦʡ ʪʢʘʥʠ: ʨʝʬʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ, 

ʬʘʟʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʶ 

ʯʘʩʪʦʪʳ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ. ɸʢʪʠʚʥʦʩʪʴ ʦʙʝʠʭ ʚʝʪʚʝʡ ʘʚʪʦʥʦʤʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʚʚʝʜʝʥʘ ʚ ʤʦʜʝʣʴ ʚ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʠʟʫʯʘʪʴ ʚʣʠʷʥʠʝ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʚ ʫʟʣʘʭ 

ʥʘ ʤʝʞʠʤʧʫʣʴʩʥʳʝ ʠʥʪʝʨʚʘʣʳ (ʧʦ ʘʥʘʣʦʛʠʠ ʩ RR ʠʥʪʝʨʚʘʣʘʤʠ), ʚʣʠʷʥʠʝ 

ʜʳʭʘʪʝʣʴʥʳʭ ʚʦʣʥ ʠ ʦʜʠʥʦʯʥʦʛʦ ʛʣʫʙʦʢʦʛʦ ʚʟʜʦʭʘ ʥʘ ʨʠʪʤ ʩʝʨʜʮʘ ʘ ʪʘʢʞʝ 

ʩʢʨʳʪʦʝ ʧʨʦʚʝʜʝʥʠʝ ʠʤʧʫʣʴʩʦʚ ʧʦ ʧʨʝʜʩʝʨʜʠʶ.  
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʪʦʤ, ʢʘʢ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ RR ʠʥʪʝʨʚʘʣʦʚ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʙʦʪʫ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, Magosso E, Ursino M. (2004) ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʫʶ ʙʳʩʪʨʳʝ ʧʝʨʝʩʪʨʦʝʯʥʳʝ ʧʨʦʮʝʩʩʳ 

ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʬʫʥʢʮʠʡ. ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʧʫʣʴʩʠʨʫʶʱʝʝ 

ʩʝʨʜʮʝ, ʩʠʩʪʝʤʥʳʡ ʠ ʣʝʛʦʯʥʳʡ ʢʨʫʛʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʨʝʩʧʠʨʘʪʦʨʥʳʝ ʚʣʠʷʥʠʷ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʛʝʤʦʜʠʥʘʤʠʢʠ,  ʜʚʝ ʛʨʫʧʧʳ ʨʝʮʝʧʪʦʨʦʚ 

(ʘʨʪʝʨʠʘʣʴʥʳʝ ʙʘʨʦʨʝʮʝʧʪʦʨʳ ʠ  ʣʝʛʦʯʥʳʝ ʨʝʮʝʧʪʦʨʳ), ʩʠʤʧʘʪʠʯʝʩʢʠʝ ʠ 

ʚʘʛʫʩʥʳʝ ʵʬʬʝʨʝʥʪʥʳʝ ʧʫʯʢʠ, ʥʝʢʦʪʦʨʳʝ ʫʜʘʣʝʥʥʳʝ ʵʬʬʝʢʪʦʨʳ ʠ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʚʘʟʦʤʦʪʦʨʥʳʡ ʰʫʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ ʢʘʨʜʠʦʨʠʪʤʘ ʦʙʥʘʨʫʞʠʚʘʝʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ (HF) ʧʠʢ, ʩʠʥʭʨʦʥʥʳʡ 

ʩ ʜʳʭʘʪʝʣʴʥʳʤ (0,2ɻʮ), ʠ ʙʦʣʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʢʦʤʧʦʥʝʥʪʫ (LF), ʨʘʚʥʫʶ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0,1 ɻʮ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ 

ʠʟʤʝʥʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʥʘʨʫʰʝʥʠʷʭ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʬʫʥʢʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. 

ʇʨʝʜʣʦʞʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʨʘʟʣʠʯʥʳʝ ʥʘʨʫʰʝʥʠʷ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʠ ʝʛʦ ʨʝʛʫʣʷʮʠʶ ʚ ʥʦʨʤʝ ʠ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʚʦʟʥʠʢʘʝʪ ʮʝʣʳʡ ʨʷʜ ʧʨʦʙʣʝʤ: 

1. ʆʪʩʫʪʩʪʚʠʝ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʝʡ. 

2. ʄʥʦʛʦʯʠʩʣʝʥʥʦʩʪʴ ʥʝʩʚʷʟʘʥʥʳʭ ʧʦʜʭʦʜʦʚ. 

3. ʅʝʩʨʘʚʥʠʤʦʩʪʴ ʤʦʜʝʣʝʡ ʤʝʞʜʫ ʩʦʙʦʡ. 

4. ʆʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

5. ʊʨʫʜʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʙʱʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ, ʧʨʠʯʝʤ ʚ ʪʘʢʦʡ ʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʧʦʣʫʯʠʪʴ ʦʧʠʩʘʥʠʝ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʦʡ ʜʝʪʘʣʴʥʦʩʪʠ, ʦʙʲʝʤʘ ʠ ʩʧʝʮʠʬʠʢʠ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʦʩʥʦʚʥʦʡ  ʥʝʜʦʩʪʘʪʦʢ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ï ʦʪʩʫʪʩʪʚʠʝ ʦʩʥʦʚʥʦʛʦ ʵʪʘʧʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʘʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʜʘʥʥʳʤ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦ. ʅʝʪ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʝʨʝʭʦʜʠʪʴ ʢ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ  

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʫʪʦʯʥʝʥʠʶ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʦʜʝʣʠ, ʜʦʚʝʜʝʥʠʶ ʝʝ ʜʦ 

ʫʨʦʚʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʙʳʪʴ ʪʦʥʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʠʩʩʣʝʜʦʚʘʪʴ ʪʦ, ʯʪʦ ʥʝʜʦʩʪʫʧʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʫ, ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʠʟʫʯʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʠʪʤʦʛʝʥʝʟʘ ʚ 

ʩʝʨʜʮʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʚʩʝʤ  ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʤ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʆʪʩʫʪʩʪʚʫʶʪ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ RR ʠʥʪʝʨʚʘʣʦʚ  ʫ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʧʨʠ 

ʩʪʨʝʩʩʦʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ʆʪʩʫʪʩʪʚʫʝʪ  ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʠ ʩʝʨʜʝʯʥʳʭ ʘʨʠʪʤʠʷʭ: ʪʨʝʧʝʪʘʥʠʠ ʠ 

ʤʝʨʮʘʥʠʠ ʧʨʝʜʩʝʨʜʠʡ,  ʤʝʨʮʘʪʝʣʴʥʦʡ ʘʨʠʪʤʠʠ, ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ 

ʦʙʦʙʱʘʶʱʠʭ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʵʪʘ ʟʘʜʘʯʘ ʚʘʞʥʘ ʢʘʢ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʦʙʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʪʘʢ ʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʠ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʘʨʠʪʤʠʡ ʩʝʨʜʮʘ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ 

ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʠʟʫʯʘʝʤʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 2-ʛʦ ʵʪʘʧʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʪ.ʝ.  ʧʝʨʝʭʦʜ ʦʪ ʤʦʜʝʣʠ 1-ʛʦ ʪʠʧʘ ï ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʢ ʤʦʜʝʣʠ 2-ʛʦ ʪʠʧʘ ï ʤʦʜʝʣʠ 

ʩʠʩʪʝʤ.  
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ʊʘʢʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʘʩʯʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʲʝʜʠʥʷʝʪ 

ʚ ʩʝʙʝ 6 ʯʝʪʢʦ ʦʙʦʟʥʘʯʝʥʥʳʭ ʩʪʘʜʠʡ: 

1. ʇʨʦʚʝʜʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ 

ʜʘʥʥʳʭ. 

3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ï ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ 2-

ʛʦ ʪʠʧʘ ï ʤʦʜʝʣʠ ʩʠʩʪʝʤ 

4. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

5. ɼʘʣʴʥʝʡʰʘʷ ʜʦʚʦʜʢʘ  ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʜʝʣʠ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʩʣʦʚʠʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ 

ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʜʘʥʥʳʤʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʤʥʦʛʦ ʧʨʠʤʝʨʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (ʤʦʜʝʣʝʡ 1-ʛʦ ʪʠʧʘ), ʯʘʩʪʴ ʠʟ ʥʠʭ 

ʙʳʣʘ ʫʞʝ ʦʧʠʩʘʥʘ ʚ ʥʘʩʪʦʷʱʝʤ ʦʙʟʦʨʝ. ʅʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʠ ʩʝʨʜʝʯʥʳʭ ʘʨʠʪʤʠʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʣʝʡ 2-ʛʦ ʪʠʧʘ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʯʝʤ  ʤʦʜʝʣʝʡ 1-ʛʦ ʪʠʧʘ. ʅʦ 

ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʝʙʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʤʦʜʝʣʴ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ, ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  ʦʪʩʫʪʩʪʚʫʶʪ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦʦʙʱʝ ʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʚ ʯʘʩʪʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʩʘʤʦʡ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ. ʅʝ ʨʘʟʨʘʙʦʪʘʥʳ ʝʝ ʪʝʦʨʝʪʠʢʦ-

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʧʨʦʜʫʢʪʘʤ, ʢ ʠʭ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ,  ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʚʟʘʠʤʦʜʦʧʦʣʥʝʥʠʷ, ʫʪʦʯʥʝʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʨʘʟʨʘʙʦʪʢʝ ʝʜʠʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʤʦʜʝʣʝʡ ʠ ʪ.ʜ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʥʦʚ  ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʚʦʦʙʱʝ ʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʚ ʯʘʩʪʥʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʘ ʠʭ ʦʩʥʦʚʝ 
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ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʙʳ ʧʦʟʚʦʣʷʣ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʩʦʟʜʘʚʘʪʴ 

ʨʘʩʰʠʨʷʝʤʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʦʨʛʘʥʠʟʤʘ. ʀʩʪʠʥʥʦʩʪʴ ʪʝʦʨʠʠ ʧʨʦʚʝʨʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʝʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʦʙʦʙʱʝʥʠʶ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʢʦʥʮʝʧʮʠʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʥʦ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʥʦʚʳʝ ʷʚʣʝʥʠʷ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʊʘʢʘʷ 

ʪʝʦʨʠʷ ʜʦʣʞʥʘ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ 2-ʛʦ ʪʠʧʘ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʢʨʠʪʝʨʠʷʤ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʅʘʧʨʘʚʣʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʦʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʪʘʢʠʭ ʤʦʜʝʣʝʡ, ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ 

ʘʢʪʫʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥʦ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʙʘʟʠʩʦʤ ʜʣʷ 

ʚʳʷʩʥʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʠʟʫʯʘʝʤʳʭ ʷʚʣʝʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʷ 

ʦʩʥʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʦʣʦʛʠʠ. 

2.4. ʄʝʪʦʜʦʣʦʛʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ  

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʠʟʫʯʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʨʠʨʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ, ̫ʚʣʷʝʪʩʷ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ  ʩʠʩʪʝʤ ï 

ʧʨʠʥʮʠʧ ʦʧʪʠʤʘʣʴʥʦʩʪʠ (ɹʘʣʘʥʪʝʨ ɹ.ʀ., ʍʘʥʠʥ ʄ.ɸ., ʏʝʨʥʘʚʩʢʠʡ ɼ.ʉ.,1980). 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʪʦʡ, ʪ.ʝ. ʩʦʜʝʨʞʘʪʴ 

ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʝʨʝʤʝʥʥʳʭ (ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʘʚʥʝʥʠʡ), ʘ ʪʘʢʞʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʝ 

ʥʝʣʠʥʝʡʥʳʝ ʤʦʜʝʣʠ ʩʦʜʝʨʞʘʪ ʙʦʛʘʪʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʥʝʪʨʠʚʠʘʣʴʥʳʭ 

ʷʚʣʝʥʠʡ, ʘ ʩʣʦʞʥʳʝ ʤʦʜʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʝʨʝʤʝʥʥʳʭ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʧʦʵʪʦʤʫ ʦʢʘʟʳʚʘʶʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʦʣʝʟʥʳʤʠ. ʇʦ ʩʫʱʝʩʪʚʫ ʧʦʩʪʨʦʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦ, ʯʪʦ ʧʦʥʠʤʘʝʪʩʷ ʧʦʜ ʩʠʩʪʝʤʥʳʤ ʧʦʜʭʦʜʦʤ.  ʇʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʜʝʣʠ ʚʦʟʥʠʢʘʝʪ ʜʚʝ ʟʘʜʘʯʠ.  

ʇʝʨʚʘʷ ï ʧʨʷʤʘʷ ʟʘʜʘʯʘ  ʠʣʠ ʟʘʜʘʯʘ ʩʠʥʪʝʟʘ. ɺʪʦʨʘʷ ï ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ, ʠʣʠ 

ʟʘʜʘʯʘ ʘʥʘʣʠʟʘ (ɻʦʨʙʘʥʴ ɸ.ʅ., ɼʫʥʠʥ-ɹʘʨʢʦʚʩʢʠʡ ɺ.ʃ.,1998). ʉʫʪʴ ʧʨʷʤʦʡ 
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ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʳʭʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʦʩʪʦʷʥʠʝ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠʨʫʶʱʝʛʦ 

ʘʣʛʦʨʠʪʤʘ, ʠʩʭʦʜʷ ʠʭ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʛʦʨʠʪʤ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʟʘʣʦʞʝʥʥʦʡ ʚ ʤʦʜʝʣʠ. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ, ʟʘʣʦʞʝʥʥʦʡ ʚ ʤʦʜʝʣʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. ʄʝʪʦʜ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʟʥʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʠʩʩʣʝʜʫʝʤʳʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

ʆʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʘʥʘʣʠʟ),  

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʘʣʛʦʨʠʪʤʘ 

ʤʦʜʝʣʠ, ʠʩʭʦʜʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʥʘʧʨʠʤʝʨ,  ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ).  ʕʪʘ 

ʟʘʜʘʯʘ ʚ ʩʫʱʥʦʩʪʠ ʦʟʥʘʯʘʝʪ  ʚʳʷʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ 

ʠʟʫʯʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʈʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʯʝʤ ʨʝʰʝʥʠʝ ʧʨʷʤʦʡ ʟʘʜʘʯʠ, ʪʘʢ 

ʢʘʢ ʦʙʳʯʥʦ ʦʙʨʘʪʥʳʝ ʟʘʜʘʯʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʥʝʢʦʨʨʝʢʪʥʳʭ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʨʝʰʝʥʠʝ ʩʣʘʙʦ ʥʝʢʦʨʨʝʢʪʥʳʭ ʠ ʫʤʝʨʝʥʥʦ ʥʝʢʦʨʨʝʢʪʥʳʭ ʟʘʜʘʯ ï ʙʫʨʥʦ 

ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʦʙʣʘʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʪʘʢ ʢʘʢ  ʵʪʠ 

ʟʘʜʘʯʠ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ.  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʧʨʦʮʝʩʩ ʝʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, 

ʪ.ʝ. ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʫʨʘʚʥʝʥʠʷ. ʈʘʟʣʠʯʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʩʪʴ 

ʤʦʜʝʣʠ (ɾʫʨʘʚʣʝʚ ʉ.ɻ., ɽʨʤʘʢʦʚ ɺ.ɺ.,1989). ʄʦʜʝʣʴ ʥʘʟʳʚʘʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʡ, ʝʩʣʠ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʧʦ ʠʟʚʝʩʪʥʳʤ ʩʠʛʥʘʣʘʤ ʥʘ ʚʳʭʦʜʝ ʩʠʩʪʝʤʳ. ʉʠʛʥʘʣʳ ʥʘ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʪʦʯʥʦ, ʧʨʠʯʝʤ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʫʧʨʘʚʣʷʝʤʳʡ ʠ ʥʘ ʥʝʛʦ ʥʝ ʥʘʣʘʛʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʡ. ʊʝʦʨʝʪʠʯʝʩʢʠ 
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ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʡ 

ʠʟ-ʟʘ ʥʝʠʟʙʝʞʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʠʟʤʝʨʝʥʠʠ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʘʤʧʣʠʪʫʜʫ ʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʤ ʥʘ ʚʭʦʜʝ, 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʠʩʪʝʤʦʡ ʠ ʪ.ʧ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʤʦʜʝʣʠ, ʧʦʵʪʦʤʫ ʝʝ ʥʘʟʳʚʘʶʪ ʩʪʨʫʢʪʫʨʥʦʡ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʩʪʴʶ. 

ʌʦʨʤʫʣʠʨʦʚʢʘ ʠ ʧʦʩʪʨʦʝʥʠʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ï ʵʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʦʜʝʣʠ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʇʝʨʚʳʡ ʵʪʘʧ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʚʳʙʦʨ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ 

ʠʤʝʶʱʠʭʩʷ ʟʥʘʥʠʡ ʦ ʬʠʟʠʯʝʩʢʠʭ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨ. ʟʘʢʦʥʘʭ, ʢʦʪʦʨʳʤ 

ʧʦʜʯʠʥʷʝʪʩʷ ʤʦʜʝʣʠʨʫʝʤʳʡ ʦʙʲʝʢʪ. ɼʘʣʝʝ ʠʟ ʚʩʝʚʦʟʤʦʞʥʳʭ ʤʦʜʝʣʝʡ ʩ ʫʯʝʪʦʤ 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʦʙʣʘʩʪʴ ʧʨʠʣʦʞʝʥʠʡ ʠ ʮʝʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʦʜʥʘ. 

ʕʪʦ ʧʝʨʚʦʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʧʨʦʱʝʥʥʦʝ, ʣʠʥʝʡʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʣʘʥ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʦʚʝʨʢʫ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʤʝʞʜʫ  ʤʦʜʝʣʴʶ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʤ.  ɽʩʣʠ  ʤʦʜʝʣʴ 

ʧʨʦʰʣʘ ʵʪʫ ʧʨʦʚʝʨʢʫ, ʪʦ ʨʘʟʨʘʙʦʪʯʠʢ ʧʨʠʩʪʫʧʘʝʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʰʘʛʫ - ʨʘʩʯʝʪʫ 

ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʣʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ʠ ʠʭ ʧʨʦʚʝʨʢʝ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʫʪʦʯʥʝʥʠʷ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʦʜʝʣʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʦʩʪʝʧʝʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʤʦʜʝʣʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʘʩʯʝʪʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ, 

ʧʨʦʚʦʜʠʤʳʤ ʬʠʟʠʦʣʦʛʘʤʠ - ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘʤʠ ʩʦʚʤʝʩʪʥʦ ʩ ʤʘʪʝʤʘʪʠʢʘʤʠ- 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʤʦʜʝʣʠ. ʕʪʦ ï ʩʚʦʝʛʦ ʨʦʜʘ ʵʢʟʘʤʝʥ, ʧʨʦʚʝʨʢʘ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʡ 

ʦʥʘ ʤʦʞʝʪ ʚʳʜʝʨʞʘʪʴ, ʘ ʤʦʞʝʪ ʠ ʥʝ ʚʳʜʝʨʞʘʪʴ. ɽʩʣʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʟʘʤʝʥʘ 

ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ, ʤʦʜʝʣʴ ʦʪʢʣʦʥʷʝʪʩʷ, ʠ ʩʥʦʚʘ ʧʦʚʪʦʨʷʝʪʩʷ 

ʧʨʦʮʝʜʫʨʘ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ, ʥʘʯʠʥʘʷ ʩ ʵʪʘʧʘ ʨʘʩʰʠʨʝʥʠʷ ʧʦʜʤʥʦʞʝʩʪʚʘ 
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ʜʦʧʫʩʪʠʤʳʭ ʤʦʜʝʣʝʡ. ʄʦʜʝʣʴ, ʫʩʧʝʰʥʦ ʚʳʜʝʨʞʘʚʰʫʶ ʠ ʧʦʩʣʝʜʥʝʝ ʠʩʧʳʪʘʥʠʝ, 

ʧʨʠʥʠʤʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʷʚʣʷʶʪʩʷ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʪ.ʢ. ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʩʠʣʫ 

ʠʭ ʩʣʦʞʥʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ. ʆʜʥʠʤ ʠʟ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʘʢʠʤ (ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʥʘ ʢʦʤʧʴʶʪʝʨʝ) ʤʦʜʝʣʷʤ ʷʚʣʷʝʪʩʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʛʦ ʨʘʟʚʠʪʠʷ ʤʦʜʝʣʠ, ʪʘʢ ʢʘʢ ʤʦʜʝʣʴ ʧʦʩʪʦʷʥʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ, ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʝʨʝʩʤʘʪʨʠʚʘʶʪʩʷ 

ʤʦʜʝʣʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʩʠʩʪʝʤ, ʜʦʙʘʚʣʷʶʪʩʷ ʥʦʚʳʝ ʧʦʜʩʠʩʪʝʤʳ 

ʨʝʛʫʣʷʮʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʟʘʜʘʯ ʨʘʟʣʠʯʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʪʦ ʞʝʣʘʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʥʦʩʠʤʦʩʪʴ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ, ʪ.ʝ. ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʨʘʙʦʪʳ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ  ʤʦʱʥʦʩʪʷʤʠ. ʇʨʠʯʝʤ ʪʘʢʦʡ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʨʦʜʫʢʪ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʫʧʝʥ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ-ʬʠʟʠʦʣʦʛʘ, ʢʦʪʦʨʳʡ ʥʝ 

ʚʣʘʜʝʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 

ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʥʦʚ  ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʠ 

ʨʘʟʨʘʙʦʪʢʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʙʳ ʧʦʟʚʦʣʷʣ  ʙʳʩʪʨʦ 

ʠ ʵʬʬʝʢʪʠʚʥʦ ʩʦʟʜʘʚʘʪʴ ʨʘʩʰʠʨʷʝʤʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʦʚ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ, ʥʘʯʠʥʘʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʩʠʥʫʩʦʚʦʛʦ ʨʠʪʤʘ ʠ ʢʦʥʯʘʷ 

ʘʨʠʪʤʠʷʤʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ. ʇʦʩʪʨʦʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʥʘʨʫʰʝʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʠ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩ 

ʤʦʜʝʣʴ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɽʩʣʠ ʚ ʬʠʟʠʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨ ʠʤʝʝʪ ʜʝʣʦ ʩ ʦʙʲʝʢʪʘʤʠ ʥʝʞʠʚʦʡ 

ʧʨʠʨʦʜʳ, ʩ  ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʢʘʢʠʝ ʫʛʦʜʥʦ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʟʜʝʩʴ ʥʝʪ 

ʥʠʢʘʢʠʭ ʵʪʠʯʝʩʢʠʭ ʥʦʨʤ, ʪʦ ʚ ʬʠʟʠʦʣʦʛʠʠ ʠ ʙʠʦʤʝʜʠʮʠʥʝ  ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʥʘʢʣʘʜʳʚʘʶʪʩʷ  ʤʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ 
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ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ  ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ  ʥʘ ʩʝʨʜʝʯʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʯʝʣʦʚʝʢʘ, ʠʟʫʯʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʪʨʝʩʩ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʩʝʨʜʝʯʥʳʭ ʘʨʠʪʤʠʡ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ, ʚʢʣʶʯʘʷ ʬʠʙʨʠʣʣʷʮʠʶ ʞʝʣʫʜʦʯʢʦʚ, ʦʯʝʚʠʜʥʦ, 

ʥʝʚʦʟʤʦʞʥʦ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʞʠʚʦʪʥʳʭ ï ʪʦʞʝ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʳ. 

ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʣʴʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʞʠʚʦʪʥʳʭ  ʜʦʨʦʛʦ. 

ʕʪʦ  ʪʨʝʙʫʝʪ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʦʣʴʰʠʭ ʪʨʫʜʦʟʘʪʨʘʪ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʯʝʥʳʭ-ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʚ, ʙʦʣʴʰʦʛʦ ʚʨʝʤʝʥʠ   

ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʧʪʠʤʘʣʴʥʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʠʪʴ ʨʝʘʣʴʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ - ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ 

ʕɺʄ. ʀʭ ʚʦʟʤʦʞʥʦʩʪʠ ʦʯʝʥʴ ʰʠʨʦʢʠ ʠ ʧʦʨʦʡ ʦʥʠ ʤʦʛʫʪ ʜʘʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʶ 

ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ, ʯʝʤ ʨʝʘʣʴʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʣʠʰʝʥʳ ʪʝʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʱʠ 

ʨʝʘʣʴʥʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʉ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʚʣʠʷʥʠʝ ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʦʣʴʰʠʭ ʩʪʨʝʩʩʦʨʥʳʭ 

ʥʘʛʨʫʟʦʢ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʥʘʙʠʨʘʪʴ ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʦʣʴʰʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʤʘʪʝʨʠʘʣ (ʯʠʩʣʦ ʦʧʳʪʦʚ ï 1000, 10000 ʠ ʪ.ʜ.). ʇʦʩʪʨʦʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ ʦʟʥʘʯʘʝʪ 

ʧʦʩʪʨʦʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʵʪʦʛʦ ʷʚʣʝʥʠʷ. ʆʧʪʠʤʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʝ ʪʦʣʴʢʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ 

ʨʝʘʣʴʥʳʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʥʦ ʪʘʢʞʝ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʥʦʚʳʝ ʬʘʢʪʳ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʬʫʥʢʮʠʡ, ʤʦʜʝʣʝʡ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʘʣʴʥʦʩʪʠ,  ʧʨʘʢʪʠ 

ʇʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʥʘʨʫʰʝʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ 

ʚʧʣʦʪʴ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʦʡ. ʆʪʩʫʪʩʪʚʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʪʝʦʨʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʮʝʩʩʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʠʪʤʘ ʚ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʝ 

ʩʝʨʜʮʘ ʧʨʠ ʯʘʩʪʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ 



 50 

ʩʠʥʦʘʪʨʠʘʣʴʥʳʡ ʫʟʝʣ. ʆʪʩʫʪʩʪʚʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʥʘʨʫʰʝʥʠʷ ʨʠʪʤʘ ʩʝʨʜʮʘ ʧʨʠ ʩʪʨʝʩʩʦʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ (ʵʤʦʮʠʦʥʘʣʴʥʳʭ, ʙʦʣʝʚʳʭ ʠ ʜʨ.). ʆʪʩʫʪʩʪʚʫʝʪ  

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ 

ʧʨʠ ʩʝʨʜʝʯʥʳʭ ʘʨʠʪʤʠʷʭ: ʪʨʝʧʝʪʘʥʠʠ ʠ ʤʝʨʮʘʥʠʠ ʧʨʝʜʩʝʨʜʠʡ,  ʤʝʨʮʘʪʝʣʴʥʦʡ 

ʘʨʠʪʤʠʠ, ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ. ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʨʫʰʝʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ ʘʢʪʫʘʣʴʥʘ ʠ ʠʤʝʝʪ  ʥʝ ʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʨʝʰʝʥʠʝ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. ʈʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ ʜʠʩʢʨʝʪʥʦʡ 

ʤʘʪʝʤʘʪʠʢʠ ʠ ʧʦʩʪʨʦʝʥʠʠ ʨʝʢʢʫʨʝʥʪʥʳʭ ʤʦʜʝʣʝʡ. ʅʦʚʠʟʥʘ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʟʘʢʣʶʯʘʶʱʠʭʩʷ ʚ ʦʙʲʝʜʠʥʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʨʝʘʣʴʥʳʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʠ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʤʦʜʝʣʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

2.5. ʋʩʪʦʡʯʠʚʦʩʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ ʤʝʪʦʜʳ ʝʝ 

ʦʮʝʥʢʠ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʵʪʦʡ ʧʨʦʙʣʝʤʝ 

ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʈʠʟʥʠʯʝʥʢʦ ɻ.ʖ.,  2002;  ɹʨʘʪʫʩʴ ɸ. 

ʉ.,  ʅʦʚʦʞʠʣʦʚ ɸ. ʉ.,  ʇʣʘʪʦʥʦʚ ɸ. ʇ.,2010;  Keener J. and  Sneyd J, 2001;  Moser 

M., Penter  R., Fruehwirth M.;  Kenner J, 2006).  ʋʩʪʦʡʯʠʚʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ -  

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʦʥʷʪʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʟʣʠʯʥʳʭ  ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʞʠʟʥʠ, ʥʘʯʠʥʘʷ ʦʪ ʙʳʪʦʚʳʭ (ʫʩʪʦʡʯʠʚʦ ʥʘʫʯʠʣʩʷ ʭʦʜʠʪʴ ʨʝʙʝʥʦʢ,  ʫʩʪʦʡʯʠʚʦ 

ʨʘʙʦʪʘʝʪ  ʪʘ ʠʣʠ ʠʥʘʷ ʙʳʪʦʚʘʷ ʪʝʭʥʠʢʘ). ɺ ʤʝʜʠʮʠʥʝ ʧʦʥʷʪʠʝ çʫʩʪʦʡʯʠʚʦʩʪʴè  

ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʩʦʩʪʦʷʥʠʷ ʙʦʣʴʥʦʛʦ: 

http://www.ncbi.nlm.nih.gov/pubmed?term=Moser%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17946830
http://www.ncbi.nlm.nih.gov/pubmed?term=Penter%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17946830
http://www.ncbi.nlm.nih.gov/pubmed?term=Fruehwirth%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17946830
http://www.ncbi.nlm.nih.gov/pubmed?term=Kenner%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17946830
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çʩʪʘʙʠʣʴʥʦʝè, çʩʪʘʙʠʣʴʥʦ ʪʷʞʝʣʦʝè ʠ ʪ.ʜ. ɺ ʧʩʠʭʦʣʦʛʠʠ - ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ  

ʣʶʜʝʡ ʩ çʫʩʪʦʡʯʠʚʦʡè ʠ çʥʝʫʩʪʦʡʯʠʚʦʡè ʧʩʠʭʠʢʦʡ.  ɺ ʬʠʟʠʢʝ ʧʦʜ 

çʫʩʪʦʡʯʠʚʦʩʪʴʶ ʜʚʠʞʝʥʠʷè ʧʦʥʠʤʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʚʠʞʫʱʝʡʩʷ  

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ 

ʩʣʫʯʘʡʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ʋʩʪʦʡʯʠʚʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 

ʘʚʪʦʤʦʙʠʣʴ, ʩʘʤʦʣʝʪ, ʩʥʘʨʷʜ, ʨʘʢʝʪʘ ʠ ʜʨ. ɸʥʘʣʠʟ  ʨʘʟʣʠʯʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ 

ʧʦʥʷʪʠʷ çʫʩʪʦʡʯʠʚʦʩʪʴè ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ  ʩʠʩʪʝʤ ʧʦ ʪʠʧʘʤ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʦʞʥʦ ʥʘʡʪʠ  ʚ ʤʦʥʦʛʨʘʬʠʠ (ɺ.ɺ.ɸʨʪʶʭʦʚ, 2010). ɺ ʤʦʥʦʛʨʘʬʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʠʜʳ  ʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʘʢʠʤʠ ʧʦʥʷʪʠʷʤʠ, ʢʘʢ 

ʠʥʝʨʮʠʦʥʥʦʩʪʴ, ʩʠʤʤʝʪʨʠʷ, ʘʜʘʧʪʠʚʥʦʩʪʴ, ʛʦʤʝʦʩʪʘʟ. ɸʚʪʦʨ ʧʨʠʚʦʜʠʪ 38 

ʨʘʟʣʠʯʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʧʦʥʷʪʠʷ çʫʩʪʦʡʯʠʚʦʩʪʴè ʠ  ʜʘʝʪ ʝʱʝ ʦʜʥʦ, ʩʦʙʩʪʚʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ: ʫʩʪʦʡʯʠʚʦʩʪʴ ï ʵʪʦ ʩʚʦʡʩʪʚʦ ʩʠʩʪʝʤʳ  ʉ ʩʦʚʧʘʜʘʪʴ ʧʦ ʧʨʠʟʥʘʢʘʤ 

{ʇ } ʜʦ ʠ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʡ  { ʀ } ʚʳʟʚʘʥʥʳʭ ʜʝʡʩʪʚʠʝʤ ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʦʨʦʚ 

{ʌ}.  

ʉʪʨʦʛʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ çʫʩʪʦʡʯʠʚʦʩʪʴè ʙʝʨʫʪ 

ʥʘʯʘʣʦ ʦʪ  ʠʟʫʯʝʥʠʷ  ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɼʚʠʞʝʥʠʝ 

ʣʶʙʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ ʠ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ, ʠʩʭʦʜʷ ʠʟ ʢʦʪʦʨʳʭ, ʤʦʞʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʪʴ, ʢʘʢ ʙʫʜʝʪ 

ʜʚʠʛʘʪʴʩʷ ʩʠʩʪʝʤʘ. ɼʚʠʞʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʵʪʦʤʫ ʨʘʩʯʸʪʫ, ʥʘʟʳʚʘʝʪʩʷ 

ʥʝʚʦʟʤʫʱʸʥʥʳʤ. ʅʦ ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʪʠʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʦʙʳʯʥʦ ʠʟʤʝʥʷʶʪʩʷ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʩʣʫʯʘʡʥʳʭ  ʚʦʟʤʫʱʝʥʠʡ. 

ɼʚʠʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʩʦʚʝʨʰʘʪʴ ʧʨʠ ʥʘʣʠʯʠʠ ʵʪʠʭ ʚʦʟʤʫʱʝʥʠʡ, 

ʥʘʟʳʚʘʝʪʩʷ  ʚʦʟʤʫʱʸʥʥʳʤ ʜʚʠʞʝʥʠʝʤ. ɽʩʣʠ ʧʨʠ  ʤʘʣʳʭ ʥʘʯʘʣʴʥʳʭ 

ʚʦʟʤʫʱʝʥʠʷʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ  ʚʩʸ ʧʦʩʣʝʜʫʶʱʝʝ ʚʨʝʤʷ ʤʘʣʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʝʚʦʟʤʫʱʸʥʥʳʭ,  ʜʚʠʞʝʥʠʝ  ʥʘʟʳʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ. ɽʩʣʠ ʞʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ ʙʫʜʫʪ ʚʩʸ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 

ʥʝʚʦʟʤʫʱʸʥʥʳʭ, ʪʦ ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘʟʳʚʘʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ. ʕʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ɸ. ʄ. 

ʃʷʧʫʥʦʚʫ, ʢʦʪʦʨʳʡ ʟʘʣʦʞʠʣ ʦʩʥʦʚʳ ʪʦʯʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʘ ʪʝʦʨʠʷ ʤʦʞʝʪ ʙʳʪʴ 
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ʧʨʠʤʝʥʠʤʘ  ʥʝ ʪʦʣʴʢʦ ʢ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʜʚʠʞʝʥʠʶ, ʥʦ ʠ ʢ ʣʶʙʳʤ ʜʨʫʛʠʤ 

ʩʣʦʞʥʳʤ  ʩʠʩʪʝʤʘʤ, ʧʦʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ  ʩ ʧʦʤʦʱʴʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ.  ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ  ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ  ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʩʠʩʪʝʤʘ ʙʳʣʘ ʫʩʪʦʡʯʠʚʦʡ, 

ʪʘʢ ʢʘʢ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚ ʥʝʡ ʚʦʟʥʠʢʥʫʪ ʙʦʣʴʰʠʝ ʦʰʠʙʢʠ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ,  ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ  ʩʠʩʪʝʤʘʭ  ʤʳ 

ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʢ ʥʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʪʘʢ ʢʘʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʤ ʥʝ ʠʟʚʝʩʪʥʳ  

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʠʭ ʩʦʩʪʦʷʥʠʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʠʟʫʯʝʥʠʝ  ʚʦʧʨʦʩʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ  ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʪʨʦʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʝʪʦʜʦʚ ʠ ʢʨʠʪʝʨʠʝʚ ʯʨʝʟʚʳʯʘʡʥʦ ʦʛʨʘʥʠʯʝʥʦ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʧʦʥʷʪʠʝ çʫʩʪʦʡʯʠʚʦʩʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡè ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʬʠʟʠʦʣʦʛʠʠ. ʆʥʦ ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʚ ʬʠʟʠʦʣʦʛʠʶ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʭ ʠʜʝʡ ʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ʇ.ʂ.ɸʥʦʭʠʥʳʤ ʧʨʠʥʮʠʧʘ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʠ  ʩʠʩʪʝʤʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʠʟʫʯʝʥʠʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ.  ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ, 

çʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪ ʫʨʦʚʥʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʥʦʨʤʘʣʴʥʳʡ ʤʝʪʘʙʦʣʠʟʤ, ʥʝʤʝʜʣʝʥʥʦ ʚʳʟʳʚʘʝʪ ʮʝʧʴ 

ʮʝʥʪʨʘʣʴʥʦ-ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʜʘʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʘʤʦʨʝʛʫʣʷʪʦʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʷʶʪ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ  ʥʦʨʤʘʣʴʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ  ʠ ʠʭ ʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡè. ʕʪʠ 

ʠʜʝʠ ʧʦʣʦʞʠʣʠ ʥʘʯʘʣʦ ʨʘʟʨʘʙʦʪʢʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʵʪʦ ʙʳʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʞʠʚʦʪʥʳʭ ʢ ʩʪʨʝʩʩʦʨʥʳʤ 

ʥʘʛʨʫʟʢʘʤ ʧʦ ʩʫʤʤʘʨʥʦʤʫ ʠʥʜʝʢʩʫ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʝʩʪʝ 
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çʦʪʢʨʳʪʦʝ ʧʦʣʝè (ʂʦʧʣʠʢ ɽ.ɺ., ɻʦʨʙʫʥʦʚʘ ɸ.ɺ., ʉʘʣʠʝʚʘ ʈ.ʄ.,1995). ʆʮʝʥʢʘ 

ʩʪʨʝʩʩ-ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʨʘʟʜʝʣʝʥʠʝ ʞʠʚʦʪʥʳʭ  ʧʦ ʧʦʚʝʜʝʥʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ ʥʘ 

ʛʨʫʧʧʳ çʩʪʨʝʩʩ-ʫʩʪʦʡʯʠʚʳʭè ʠ çʩʪʨʝʩʩ-ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʳʭè ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʦʢʘʟʘʪʝʣʷ çʠʥʜʝʢʩ ʘʢʪʠʚʥʦʩʪʠè ʚ ʪʝʩʪʝ çʦʪʢʨʳʪʦʝ ʧʦʣʝè, 

ʨʘʩʩʯʠʪʳʚʘʝʤʦʛʦ ʧʦ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʢʘʢ ʣʘʪʝʥʪʥʳʝ ʧʝʨʠʦʜʳ ʧʝʨʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʠ ʚʳʭʦʜʘ ʚ ʮʝʥʪʨ, ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʠ ʮʝʥʪʨʘʣʴʥʳʝ ʘʤʙʫʣʷʮʠʠ,  ʯʠʩʣʦ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʨʝʤʷ ʛʨʫʤʤʠʥʛʘ, ʫʨʠʥʘʮʠʷ ʠ ʜʝʬʝʢʘʮʠʠ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʪʨʝʩʩʦʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ  ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʬʫʥʢʮʠʡ 

ʠ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʝʨʜʮʘ ʩʥʘʯʘʣʘ ʦʮʝʥʠʚʘʣʠ ʧʦ ʏʉʉ, ʚʠʜʫ ʟʫʙʮʦʚ 

ʕʂɻ-ʩʠʛʥʘʣʘ ʠ ʧʦʷʚʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʘʨʠʪʤʠʡ.  ʇʦʟʜʥʝʝ ʄʘʢʘʨʳʯʝʚʳʤ ɺ.ɸ. ʠ 

ʩʦʘʚʪ. (1979) ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʢʨʠʪʝʨʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʮʝʥʠʚʘʪʴ   ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʝʨʜʮʘ ʧʦ ʧʦʨʦʛʘʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʞʝʣʫʜʦʯʢʦʚʳʭ ʘʨʠʪʤʠʡ (ʇɾɸ) ʠ ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ (ʇʌɾ).  ʏʝʤ ʚʳʰʝ 

ʇʌɾ, ʪʝʤ ʚʳʰʝ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʝʨʜʮʘ.  ʇʦʤʠʤʦ ʇʌɾ, ʜʣʷ 

ʦʮʝʥʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʝʨʜʮʘ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʠ ʜʨʫʛʠʝ 

ʢʨʠʪʝʨʠʠ  (Malkin R.A., Sousa J.J., Ideker R.E. ,1997). ʕʪʦ ULV (upper limit  to the 

vulnerability) - ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʫʷʟʚʠʤʦʩʪʠ ʤʠʦʢʘʨʜʘ ʢ ʌɾ (ʧʦʨʦʛ ʫʷʟʚʠʤʦʩʪʠ) ʠ 

DF - ʧʦʨʦʛ ʜʝʬʠʙʨʠʣʣʷʮʠʠ.  ʏʝʤ ʚʳʰʝ ULV ʠ DF, ʪʝʤ ʥʠʞʝ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʝʨʜʮʘ. ʅʦ ʵʪʠ ʤʝʪʦʜʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ  ʣʠʰʴ ʚ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʣʷʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʞʠʚʦʪʥʳʭ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʥʫʞʜʳ ʧʨʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ ʩʪʘʚʷʪ ʚʨʘʯʝʡ ʧʝʨʝʜ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʠʤʝʪʴ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʪʦʯʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ  

ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʘʮʠʝʥʪʦʚ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ  ʧʝʨʝʭʦʜʦʚ ʚ ʥʝʫʩʪʦʡʯʠʚʳʝ ʩʦʩʪʦʷʥʠʷ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ. 

ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʢ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʚʥʝʰʥʠʤ  

ʚʦʟʜʝʡʩʪʚʠʷʤ ʠʤʝʝʪ ʚʘʞʥʦʝ ʥʝ ʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ  ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʝʨʜʮʘ ʩ ʧʦʤʦʱʴʶ ʇʌɾ ʠ ʇɾɸ, 

ʪʘʢ ʠ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘʤʠ (ʄʝʟʝʥʮʝʚʘ ʃ.ɺ, 2014) 
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ɻʣʘʚʘ 3. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

3.1. ʄʝʪʦʜʠʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ  ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʝʨʜʝʯʥʳʭ ʘʨʠʪʤʠʡ ʧʨʠ ʕɺɺ 

ʷʚʣʷʝʪʩʷ ʯʨʝʟʤʝʨʥʘʷ ʘʢʪʠʚʘʮʠʷ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʨʚʦʚ (Barton D.A., Dawood T, 

Lambert E.A., et al, 2007). ɼʦʢʘʟʘʥʥʦʡ ʪʘʢʞʝ ʩʯʠʪʘʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ ʩʝʨʜʮʘ (Schwartz P.J., Priori S.G., 1990).  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ  ʥʘ ʢʨʳʩʘʭ (Sgoifo A, De Boer 

SF, Buwalda B, Korte-Bouws G, Tuma J, Bohus B, Zaagsma J, Koolhaas JM., 1998)  

ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ  ʢʨʳʩʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʩʠʤʧʘʪʠʯʝʩʢʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ  ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʫʷʟʚʠʤʳʤʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʝʨʜʝʯʥʳʭ 

ʘʨʠʪʤʠʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  ʤʝʥʝʝ ʩʪʨʝʩʩ-ʫʩʪʦʡʯʠʚʳʤʠ, ʯʝʤ ʢʨʳʩʳ  ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ  ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦʛʦ 

ʨʠʪʤʘ.   ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʩʪʨʝʩʩʦʨʥʳʝ ʠ ʜʨʫʛʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʘʮʠʝʡ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʨʚʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʦʚʳʰʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʥʝʰʥʝʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ 

ʥʘ ʩʠʥʦʘʪʨʠʘʣʴʥʳʡ ʫʟʝʣ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʜ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ 

ʧʦʜʨʘʟʫʤʝʚʣʠʩʴ ʪʘʢʠʝ ʚʠʜʳ ʚʦʟʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʚʥʝʰʥʝʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ ʥʘ ʩʠʥʦʘʪʨʠʘʣʴʥʳʡ 

ʫʟʝʣ.  ʕʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʳʝ,  ʟʘʜʘʚʘʝʤʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʤ, ʪʘʢ ʠ ʝʩʪʝʩʪʚʝʥʥʳʝ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ  ʤʳ ʠʩʭʦʜʠʣʠ ʠʟ  ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʬʘʢʪʦʚ  (Esler M., Schwarz R., Alvarenga 

M., 2008;  Barton D.A., Dawood T, Lambert E.A., et al, 2007;  Esler M., Lambert E. 

Alvarenga M., 2008), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʪʦʤ, ʯʪʦ ʯʝʤ ʩʠʣʴʥʝʝ 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sgoifo%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22De%20Boer%20SF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22De%20Boer%20SF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Buwalda%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Korte-Bouws%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tuma%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bohus%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zaagsma%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Koolhaas%20JM%22%5BAuthor%5D
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ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʪʝʤ ʚʳʰʝ ʯʘʩʪʦʪʘ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ 

ʥʝʨʚʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʚʭʦʜ ʉɸ ʫʟʣʘ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʙʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ ʩʝʨʜʮʘ: ʟʘʜʝʨʞʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʠ ʧʝʨʠʦʜʘʭ  ʘʙʩʦʣʶʪʥʦʡ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʨʝʬʨʘʢʪʝʨʥʦʩʪʠ  ʉɸ ʠ ɸɺ ʫʟʣʦʚ. (ɼʝ ʃʫʥʘ,1993; ʐʤʠʜʪ ʈ., ʊʝʚʩ 

ɻ., 1996). ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ, 

ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʝʡʩʤʝʢʝʨʦʤ ʩʠʥʦʘʪʨʠʘʣʴʥʦʛʦ (ʉɸ) ʫʟʣʘ.  

 
 

ʈʠʩ.1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩʝʨʜʮʘ. 

ʆʙʦʟʥʘʯʝʥʠʷ: ʇ ï ʧʨʝʜʩʝʨʜʠʷ; ɾ ï ʞʝʣʫʜʦʯʢʠ; rʉɸ - ʘʙʩʦʣʶʪʥʳʡ ʨʝʬʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ ʉɸ 

ʫʟʣʘ; rɸɺ - ʘʙʩʦʣʶʪʥʳʡ ʨʝʬʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ ɸɺ ʫʟʣʘ; Z ʉɸ -  ʟʘʜʝʨʞʢʘ ʧʨʦʚʝʜʝʥʠʷ ʚ ʉɸ 

ʫʟʣʝ; Z ɸɺ ï ʟʘʜʝʨʞʢʘ ʧʨʦʚʝʜʝʥʠʷ ʚ ɸɺ ʫʟʣʝ; ʊ ï ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʚʦʟʙʫʞʜʝʥʠʷʤʠ ʉɸ 

ʫʟʣʘ.  

ʀʩʭʦʜʷ ʠʟ ʵʪʦʡ ʩʭʝʤʳ, ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʚʦʟʙʫʞʜʝʥʠʷʤʠ ʞʝʣʫʜʦʯʢʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʚʝʣʠʯʠʥʘʤʠ: 

- ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʥʪʝʨʚʘʣʘ ʊ  ʤʝʞʜʫ ʚʦʟʙʫʞʜʝʥʠʷʤʠ ʉɸ ʫʟʣʘ; 

- ʚʝʣʠʯʠʥʦʡ ʟʘʜʝʨʞʢʠ ʚ ʉɸ ʫʟʣʝ Z ʉɸ; 

- ʘʙʩʦʣʶʪʥʳʤ ʨʝʬʨʘʢʪʝʨʥʳʤ ʧʝʨʠʦʜʦʤ ʉɸ ʫʟʣʘ r ʉɸ; 

- ʚʝʣʠʯʠʥʦʡ ʟʘʜʝʨʞʢʠ ʚ ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʦʤ  (ɸɺ) ʫʟʣʝ Z ɸɺ; 

- ʘʙʩʦʣʶʪʥʳʤ ʨʝʬʨʘʢʪʝʨʥʳʤ ʧʝʨʠʦʜʦʤ ɸɺ ʫʟʣʘ rɸɺ. 

ɿʘʜʝʨʞʢʘ ʧʨʦʚʝʜʝʥʠʷ  Z ( t ) ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʥʪʝʨʚʘʣʘ 

ʪʝʩʪʠʨʦʚʘʥʠʷ (t), ʪ.ʝ. ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʪʝʩʪʠʨʫʶʱʠʤ ʠʤʧʫʣʴʩʦʤ ʠ ʧʨʝʜʳʜʫʱʠʤ 
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ʚʦʟʙʫʞʜʝʥʠʝʤ ʞʝʣʫʜʦʯʢʦʚ ʠ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ 

ʢʫʩʦʯʥʦ-ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ   

                                            Z(min)  ʧʨʠ  K/ Z(min)  Ò t < Ð 

                    Z ( t ) =         K / t    ʧʨʠ r < t < K/ Z(min)                           (1)  

ʇʨʠ  t  < r  ʠʤʧʫʣʴʩ ʚʳʧʘʜʘʝʪ. ɿʜʝʩʴ r = r(abs) ï ʘʙʩʦʣʶʪʥʳʡ ʨʝʬʨʘʢʪʝʨʥʳʡ 

ʧʝʨʠʦʜ ʉɸ ʠʣʠ ɸɺ ʫʟʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Z(min) ï ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʟʘʜʝʨʞʢʠ; ʂ ï ʧʦʩʪʦʷʥʥʘʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʢʨʫʪʠʟʥʫ ʬʫʥʢʮʠʠ Z( t ).  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʚʦʟʙʫʞʜʝʥʠʷʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʥʘ ʚʭʦʜ 

ɸɺ ʫʟʣʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʘʩʪʦʪʦʡ ʚʦʟʙʫʞʜʝʥʠʡ ʉɸ ʫʟʣʘ ʠ ʟʘʜʝʨʞʢʦʡ ʧʨʦʚʝʜʝʥʠʷ 

ʚ ʉɸ ʫʟʣʝ, ʘ ʯʘʩʪʦʪʘ ʚʦʟʙʫʞʜʝʥʠʡ ʉɸ ʫʟʣʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʧʝʡʩʤʝʢʝʨʘ ʧʣʶʩ ʧʦʩʪʫʧʘʶʱʠʤʠ ʚʦʟʙʫʞʜʝʥʠʷʤʠ 

                          f 1 ( t ), f2 ( t ),éééé.f k ( t ), 

ʠʩʭʦʜʷʱʠʤʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (ʮʝʥʪʨʘʣʴʥʳʡ, 

ʥʝʡʨʦʚʝʛʝʪʘʪʠʚʥʳʡ, ʜʳʭʘʪʝʣʴʥʳʡ, ʛʫʤʦʨʘʣʴʥʳʡ ʠ ʜʨ.), ʚ ʦʙʱʝʤ ʚʠʜʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

ʇʦ ʠʟʚʝʩʪʥʳʤ ʚʭʦʜʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ  f 1 ( t ), f2 ( t ),éééé.f k ( t ),  

ʠʟʚʝʩʪʥʳʤ ʬʫʥʢʮʠʷʤ ʟʘʜʝʨʞʝʢ 

                    Z ʉɸ ( t ) =  K ʉɸ / t     ʠ     Z ɸɺ ( t ) =  Kɸɺ  / t  ,                    (2 ) 

ʘ ʪʘʢʞʝ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʥʩʪʘʥʪ  K ʉɸ , Kɸɺ ,  Zʉɸ (min),  Z ɸɺ (min), r ʉɸ ,   

rɸɺ   ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʝʥʥʦʡ ʨʷʜ  RR[ i ],   i  = 1, 2,éé..N,  ʛʜʝ  N  ï ʜʣʠʥʘ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʝʧʝʥʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ 

ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚ ʚʠʜʝ  ʨʝʢʢʫʨʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ, 

ʚʳʨʘʞʘʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥ  ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʜʝʨʞʢʠ (ɸɺ) ʧʨʦʚʝʜʝʥʠʷ  

(Z n+1 )    ʦʪ ʧʨʝʜʳʜʫʱʝʡ (Zn ) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ   RR ʠʥʪʝʨʚʘʣʘ  (RR n+1 )  ʦʪ 

ʧʨʝʜʳʜʫʱʝʛʦ (RR n )  : 

                       Z (min),          Zn Ò T - K/ Z(min)                       (3) 

Z n+1     =          K / (T ï Zn),    T - K/ Z(min)  Ò Zn Ò  T ï r 
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        RR n+2  -  RR n+1   =   Z n+2 - 2 Z n+1 + Z n                                                (4) 

ɿʜʝʩʴ Z  ʚʝʣʠʯʠʥʘ ʟʘʜʝʨʞʢʠ ʚ ʉɸ ʠʣʠ ɸɺ ʫʟʣʝ;  r = r(abs) ï ʘʙʩʦʣʶʪʥʳʡ 

ʨʝʬʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ ʉɸ ʠʣʠ ɸɺ ʫʟʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;  Z(min) ï ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʉɸ ʠʣʠ ɸɺ ʟʘʜʝʨʞʢʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʜʚʘ ʵʪʘʧʘ: ʧʝʨʚʳʡ ʵʪʘʧ ï ʦʜʥʦʢʦʥʪʫʨʥʘʷ ʤʦʜʝʣʴ ʨʝʛʫʣʷʮʠʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʢʦʛʜʘ ʚʳʭʦʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ RR ʠʥʪʝʨʚʘʣʦʚ  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʦʡ ʬʫʥʢʮʠʝʡ f ( t ),  ʟʘʜʘʶʱʝʡ ʚʭʦʜʥʫʶ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʫʶ 

ʠʤʧʫʣʴʩʘʮʠʶ, ʠ ʦʜʥʦʡ ʦʙʦʙʱʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʟʘʜʝʨʞʝʢ Z(t) ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʥʘ 

ʟʘʜʝʨʞʢʠ ʧʨʦʚʝʜʝʥʠʷ ʚ ʩʠʥʦʘʪʨʠʘʣʴʥʦʤ Z ʉɸ ( t ) ʠ ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʦʤ Z ɸɺ ( 

t ) ʫʟʣʘʭ. ɺʪʦʨʦʡ ʵʪʘʧ - ʜʚʫʭʢʦʥʪʫʨʥʘʷ ʤʦʜʝʣʴ ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʟʘʜʝʨʞʝʢ ʥʘ  Z ʉɸ ( t ) ʠ   Z ɸɺ ( t ).   

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʥʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ 

ʟʘʜʘʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʤʠ,   ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɹʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʭʦʜʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʚʭʦʜʥʳʝ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʥʝʨʝʛʫʣʷʨʥʳʝ ʧʦ ʯʘʩʪʦʪʝ ʠ ʘʤʧʣʠʪʫʜʝ ʩʠʛʥʘʣʳ, 

ʤʦʜʝʣʠʨʫʶʱʠʝ ʬʠʙʨʠʣʣʷʮʠʶ ʧʨʝʜʩʝʨʜʠʡ ʠ ʞʝʣʫʜʦʯʢʦʚ. ʇʝʨʠʦʜʠʯʝʩʢʘʷ 

ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʘʷ ʠʤʧʫʣʴʩʘʮʠʷ, ʧʦʩʪʫʧʘʶʱʘʷ ʥʘ ʚʭʦʜ ʩʠʥʦʘʪʨʠʘʣʴʥʦʛʦ ʫʟʣʘ, 

ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ  ʚ ʨʘʟʜʝʣʝ, ʧʦʩʚʷʱʝʥʥʦʤ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʵʤʦʮʠʦʥʘʣʴʥʳʭ 

ʩʪʨʝʩʩʦʨʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. ʉʪʨʝʩʩʦʨʥʘʷ 

ʥʘʛʨʫʟʢʘ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʝʡ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʚʭʦʜ ʩʠʥʦʘʪʨʠʘʣʴʥʦʛʦ ʫʟʣʘ, ʧʨʠʯʝʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʚʝʣʠʯʠʥʘ ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ (f) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʘʩʪʦʪʝ ʚʭʦʜʥʦʡ 

ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ     

                                              f  =  kF,                                          (5) 

  ʛʜʝ  F = 1/T ï ʯʘʩʪʦʪʘ ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ,  T ï ʧʝʨʠʦʜ ʚʭʦʜʥʦʡ 

ʠʤʧʫʣʴʩʘʮʠʠ,   ʢ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. 

ɺ ʨʘʟʜʝʣʝ, ʧʦʩʚʷʱʝʥʥʦʤ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʝʨʜʝʯʥʳʭ 

ʘʨʠʪʤʠʡ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʢʘʢ ʧʝʨʠʦʜʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʚʭʦʜʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ. ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʚʭʦʜʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʜʘʚʘʣʦʩʴ ʚ ʨʘʟʜʝʣʘʭ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠ ʁ ʤʝʨʮʘʪʝʣʴʥʦʡ ʘʨʠʪʤʠʠ ʠ 
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ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ, ʘ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ï ʚ ʨʘʟʜʝʣʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʝʨʠʦʜʠʢʠ ɺʝʥʢʝʙʘʭʘ ʠ ʞʝʣʫʜʦʯʢʦʚʳʭ 

ʘʨʠʪʤʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʪʨʝʧʝʪʘʥʠʝ ʧʨʝʜʩʝʨʜʠʡ.  

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ  ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʚʭʦʜʷʱʠʭ ʚ ʘʚʪʦʨʩʢʠʡ ʢʦʤʧʣʝʢʩ  

CHAOS  ver. 3.0.,  ʨʘʙʦʪʘʶʱʠʡ ʚ ʩʨʝʜʝ Windows XP. ɺʭʦʜʷʱʠʝ ʚ ʵʪʦʪ ʢʦʤʧʣʝʢʩ 

ʧʨʦʛʨʘʤʤʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʨʦʛʨʘʤʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (MOD1K, MOD2K), ʧʨʦʛʨʘʤʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (CHAOS, PAINCARD, PainRRdig) ʠ  

ʧʨʦʛʨʘʤʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʨʜʝʯʥʳʭ ʘʨʠʪʤʠʡ 

(MODAF, MODMER, MODVF). ɺʩʝ ʧʨʦʛʨʘʤʤʳ ʥʘʧʠʩʘʥʳ ʥʘ ʷʟʳʢʝ: C++ ʚ 

ʩʨʝʜʝ Visual Studio ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ  r ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʨʝʜʝ Windows XP ʥʘ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʪʠʧʘ IBM PC. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʛʨʘʤʤʳ MOD1K ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ ʩʝʨʜʮʘ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ  

ʦʙʦʙʱʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʵʪʦʡ ʩʠʩʪʝʤʳ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʫʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʨʠʪʤʘ ʩʝʨʜʮʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ 

ʩʠʥʦʘʪʨʠʘʣʴʥʳʡ ʫʟʝʣ. ɺʭʦʜʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʩʣʫʞʘʪ:  ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ 

ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ (ʊ),  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʚʦʡ ʟʘʜʝʨʞʝʢ Z(min) ʠ  ʂ,  

ʘʙʩʦʣʶʪʥʳʡ ʨʝʬʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ ɸɺ ʫʟʣʘ r(abs) = r. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ RR ʠʥʪʝʨʚʘʣʦʚ   RR[i], I =1, 

2,é..N  ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʛʦ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʧʦ 

ʟʘʜʘʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʭʦʜʥʦʛʦ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ. ʈʘʩʯʝʪʳ ʚʩʝʭ ʚʝʣʠʯʠʥ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ. 

ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, 

ʧʦʩʢʦʣʴʢʫ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʢʨʠʪʠʯʝʩʢʠ ʟʘʚʠʩʠʪ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʧʝʥʠ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ RR 
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ʠʥʪʝʨʚʘʣʦʚ. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʚʭʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʙʳʣʠ 

ʦʜʠʥʘʢʦʚʳʤʠ: Z (0) = Z (min), RR (0) = T. ʊʘʢʦʡ ʚʳʙʦʨ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ï 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʣʫʯʘʡ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʚʳʧʘʜʝʥʠʡ 

ʠʤʧʫʣʴʩʦʚ ʚ ʣʠʥʝʡʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ ʠʟ ʣʠʥʝʡʥʳʭ ʨʝʞʠʤʦʚ ʚ 

ʥʝʣʠʥʝʡʥʳʝ.  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʛʨʘʤʤʳ MOD2K ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭʢʦʥʪʫʨʥʦʡ 

ʤʦʜʝʣʠ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ ʩʝʨʜʮʘ, ʫʯʠʪʳʚʘʶʱʝʡ ʨʘʟʣʠʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʚʝʜʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʩʠʥʦʘʪʨʠʘʣʴʥʦʤ ʠ ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʦʤ ʫʟʣʘʭ. 

ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ  PP[ i ], PQ [ i ] ʠ   RR[ i ],   

ʘ ʪʘʢʞʝ  ʧʦʢʘʟʘʪʝʣʠ ʠ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʵʪʠʭ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ  ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ 

ʠʤʧʫʣʴʩʘʮʠʠ (F). ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ PP, PQ ʠ   RR 

ʠʥʪʝʨʚʘʣʦʚ  ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ: ʧʦʩʪʨʦʝʥʠʝ ʨʠʪʤʦʛʨʘʤʤ; ʧʦʩʪʨʦʝʥʠʝ ʛʠʩʪʦʛʨʘʤʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚ PP, PQ ʠ   RR ʠʥʪʝʨʚʘʣʦʚ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ  ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ PP, PQ ʠ   RR ʠʥʪʝʨʚʘʣʦʚ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʦʮʝʥʢʫ ʠʭ 

ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʚʝʣʠʯʠʥʳ ʵʥʪʨʦʧʠʠ (ʕ), ʘ ʪʘʢʞʝ ʦʮʝʥʢʫ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʪʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ:  ʩʨʝʜʥʝʛʦ M(RR), 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ (ʄʘʭ) ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ (Min) ʟʥʘʯʝʥʠʡ, ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ SD ʠ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʨʘʟʤʘʭʘ (ɺʈ).   
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3.2. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʜʝʣʠ, ʪ.ʝ. 

ʧʦʠʩʢ ʚʘʨʠʘʥʪʘ ʤʦʜʝʣʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘ ʩʦʙʘʢʘʭ, ʢʨʦʣʠʢʘʭ ʠ ʢʨʳʩʘʭ. 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʯʘʩʪʦʪʦʡ ʚʥʝʰʥʝʡ 

ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʩʠʥʦʘʪʨʠʘʣʴʥʳʡ ʫʟʝʣ, ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʝʧʝʥʠ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʞʝʣʫʜʦʯʢʦʚʳʭ 

RR ʠʥʪʝʨʚʘʣʦʚ.  ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʦʙʘʢʘʭ, ʥʘʭʦʜʠʚʰʠʭʩʷ ʧʦʜ ʤʦʨʬʠʥʥʦ-

ʥʝʤʙʫʪʘʣʦʚʳʤ ʥʘʨʢʦʟʦʤ. ɺ ʫʩʣʦʚʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʫ ʞʠʚʦʪʥʳʭ 

ʧʨʦʚʦʜʠʣʠ ʪʦʨʘʢʦʪʦʤʠʶ ʠ ʦʙʥʘʞʘʣʠ ʩʝʨʜʮʝ. ʕʣʝʢʪʨʠʯʝʩʢʫʶ ʩʪʠʤʫʣʷʮʠʶ 

ʦʙʣʘʩʪʠ ʩʠʥʦʘʪʨʠʘʣʴʥʦʛʦ ʫʟʣʘ ʧʨʦʚʦʜʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ 

ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ ʘʤʧʣʠʪʫʜʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 2 ʤʩ. ʏʘʩʪʦʪʫ ʩʪʠʤʫʣʷʮʠʠ 

ʠʟʤʝʥʷʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 1 ï 15ʛʮ ʩ ʰʘʛʦʤ 0,5ʛʮ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʠʟʫʯʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʚ ʰʠʨʦʢʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʘʯʠʥʘʷ ʦʪ 

ʯʘʩʪʦʪʳ ʥʦʨʤʘʣʴʥʦʛʦ ʩʠʥʫʩʦʚʦʛʦ ʨʠʪʤʘ ʠ ʢʦʥʯʘʷ ʯʘʩʪʦʪʘʤʠ, ʤʦʜʝʣʠʨʫʶʱʠʤʠ 

ʪʨʝʧʝʪʘʥʠʝ ʠʣʠ ʤʝʨʮʘʥʠʝ ʧʨʝʜʩʝʨʜʠʡ. ʈʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʪʝʥʮʠʘʣʳ ʜʝʡʩʪʚʠʷ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʝʨʜʠʡ ʠ ʞʝʣʫʜʦʯʢʦʚ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʦʚ-ʧʨʠʩʦʩʦʢ. ʅʘ 

ʨʠʩ.2 ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʟʘʧʠʩʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʵʣʝʢʪʨʦʛʨʘʤʤ (ʕɻ) 

ʧʨʝʜʩʝʨʜʠʡ ʠ ʞʝʣʫʜʦʯʢʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ ʩʪʠʤʫʣʷʮʠʠ 

ʧʨʝʜʩʝʨʜʠʡ: 3,7ʛʮ (ʘ); 4,9ʛʮ (ʙ) ʠ 6,1ʛʮ (ʚ).  

ʇʨʠ ʢʘʞʜʦʤ ʟʥʘʯʝʥʠʠ ʯʘʩʪʦʪʳ ʩʪʠʤʫʣʷʮʠʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʘʧʠʩʠ ʙʳʣʘ 

2ʤʠʥ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝʝ 500 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ 

ʚʦʟʙʫʞʜʝʥʠʡ ʞʝʣʫʜʦʯʢʦʚ (RR ʠʥʪʝʨʚʘʣʦʚ). ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ 5 

ʦʧʳʪʦʚ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʦ ʟʘʧʠʩʘʥʦ ʙʦʣʝʝ 7000 RR ʠʥʪʝʨʚʘʣʦʚ. ʕʪʘ 

ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ  ʣʘʙʦʨʘʪʦʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ  
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ʈʠʩ.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʵʣʝʢʪʨʦʛʨʘʤʤʳ ʧʨʝʜʩʝʨʜʠʡ (ʚʝʨʭʥʠʝ ʕɻ) ʠ ʞʝʣʫʜʦʯʢʦʚ (ʥʠʞʥʠʝ 

ʕɻ) ʩʝʨʜʮʘ ʩʦʙʘʢʠ (ʦʧʳʪ5)  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ ʩʪʠʤʫʣʷʮʠʠ ʧʨʝʜʩʝʨʜʠʡ (f). 

 

ʢʘʨʜʠʦʣʦʛʠʠ ʅʀʀ ʥʦʨʤʘʣʴʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠʤ. ʇ.ʂ.ɸʥʦʭʠʥʘ ɸʄʅ ʉʉʉʈ 

ʩʦʚʤʝʩʪʥʦ ʩ  ʜ.ʤ.ʥ. ʃ.ʉ.ʋʣʴʷʥʠʥʩʢʠʤ.   

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʧʠʩʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʝʨʜʮʘ ʚ ʫʩʣʦʚʠʷʭ 

ʩʝʨʜʝʯʥʳʭ ʘʨʠʪʤʠʡ (ʧʝʨʠʦʜʠʢʘ ɺʝʥʢʝʙʘʭʘ, ʪʨʝʧʝʪʘʥʠʝ ʠ ʤʝʨʮʘʥʠʝ ʧʨʝʜʩʝʨʜʠʡ,  

ʤʝʨʮʘʪʝʣʴʥʘʷ ʘʨʠʪʤʠʷ, ʬʠʙʨʠʣʣʷʮʠʷ ʞʝʣʫʜʦʯʢʦʚ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ  ʦʩʪʨʳʭ 

ʦʧʳʪʘʭ ʥʘ  ʩʦʙʘʢʘʭ ʠ ʢʨʦʣʠʢʘʭ. ʕʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ  

ʣʘʙʦʨʘʪʦʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʘʨʜʠʦʣʦʛʠʠ ʅʀʀ ʥʦʨʤʘʣʴʥʦʡ ʬʠʟʠʦʣʦʛʠʠ 

ʠʤ. ʇ.ʂ.ɸʥʦʭʠʥʘ ʈɸʄʅ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʴʶ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʳʟʳʚʘʪʴ 

ʧʨʝʜʩʝʨʜʥʳʝ ʠ ʞʝʣʫʜʦʯʢʦʚʳʝ ʘʨʠʪʤʠʠ, ʩʣʫʞʠʣʦ ʥʘʥʝʩʝʥʠʝ ʥʘ ʩʝʨʜʮʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʫʷʟʚʠʤʫʶ ʬʘʟʫ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʢʘʟʘʣʠ (ʄʝʟʝʥʮʝʚʘ ʃ.ɺ., ʋʣʴʷʥʠʥʩʢʠʡ ʃ.ʉ, 1975),  ʯʪʦ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʥʘ 

ʧʨʝʜʩʝʨʜʠʝ ʪʝʩʪʠʨʫʶʱʝʛʦ ʩʪʠʤʫʣʘ ʚ ʫʷʟʚʠʤʫʶ ʬʘʟʫ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ 

ʦʪʤʝʯʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʜʚʦʡʥʳʭ, ʪʨʦʡʥʳʭ ʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʦʪʚʝʪʦʚ ʧʨʝʜʩʝʨʜʠʡ, 

ʘ ʪʘʢʞʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʬʠʙʨʠʣʣʷʮʠʠ ʧʨʝʜʩʝʨʜʠʡ. ʌʠʙʨʠʣʣʷʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 
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ʢʘʢ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ, ʪʘʢ ʠ ʜʣʷʱʝʡʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. ʕʪʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ.3, ʥʘ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʘ ʟʘʧʠʩʴ ʕɻ ʧʨʝʜʩʝʨʜʠʡ ʧʨʠ ʥʘʥʝʩʝʥʠʠ 

ʥʘ ʧʨʝʜʩʝʨʜʠʝ ʪʝʩʪʠʨʫʶʱʝʛʦ ʩʪʠʤʫʣʘ, ʧʨʠʣʦʞʝʥʥʦʛʦ ʚ ʫʷʟʚʠʤʫʶ ʟʦʥʫ 

ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʥʘ 5 ʩʦʙʘʢʘʭ, ʥʘʭʦʜʠʚʰʠʭʩʷ ʧʦʜ 

ʤʦʨʬʠʥʥʦ-ʛʝʢʩʝʥʘʣʦʚʳʤ ʥʘʨʢʦʟʦʤ. ɺ ʫʩʣʦʚʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʫ 

ʞʠʚʦʪʥʳʭ ʧʨʦʠʟʚʦʜʠʣʠ ʪʦʨʘʢʦʪʦʤʠʶ ʠ ʦʙʥʘʞʘʣʠ ʩʝʨʜʮʝ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ 

ʨʘʟʜʨʘʞʝʥʠʝ ʧʨʝʜʩʝʨʜʠʡ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʘ ʜʠʘʤʝʪʨʦʤ 1ʤʤ 

(ʢʘʪʦʜ).  

 
 

ʈʠʩ.3. ʇʨʝʜʩʝʨʜʥʳʝ ʵʣʝʢʪʨʦʛʨʘʤʤʳ  ʩʝʨʜʮʘ ʩʦʙʘʢʠ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʪʝʩʪʠʨʫʶʱʝʛʦ ʩʪʠʤʫʣʘ 

(S'), ʧʨʠʣʦʞʝʥʥʦʛʦ ʚ ʫʷʟʚʠʤʫʶ ʟʦʥʫ: ʘ ï ʦʜʠʥʦʯʥʳʡ ʦʪʚʝʪ; ʙ, ʚ - ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʦʪʚʝʪʳ; ʛ ï 

ʬʠʙʨʠʣʣʷʮʠʷ ʧʨʝʜʩʝʨʜʠʡ. 

 

ɼʨʫʛʦʡ ʵʣʝʢʪʨʦʜ ʩ ʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ (ʘʥʦʜ) ʧʦʤʝʱʘʣʠ ʥʘ ʛʨʫʜʥʦʡ ʢʣʝʪʢʝ. ʉ 

ʧʦʤʦʱʴʶ ʩʪʠʤʫʣʷʪʦʨʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʙʠʦʬʘʟʩʠʥʭʨʦʥʠʟʘʪʨʦʤ, ʧʦʩʣʝ ʢʘʞʜʳʭ 

ʧʷʪʠ ʚʦʟʙʫʞʜʝʥʠʡ ʧʨʝʜʩʝʨʜʠʡ, ʧʨʠʭʦʜʷʱʠʭ ʠʟ ʩʠʥʦʘʪʨʠʘʣʴʥʦʛʦ ʫʟʣʘ, ʥʘ 

ʧʨʝʜʩʝʨʜʠʷ ʥʘʥʦʩʠʣʠ ʪʝʩʪʠʨʫʶʱʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʪʠʤʫʣ ʩ ʨʘʟʣʠʯʥʳʤ 

ʠʥʪʝʨʚʘʣʦʤ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʪʠʤʫʣʘ 2ʤʩʝʢ, ʘʤʧʣʠʪʫʜʘ ʚ ʥʝʩʢʦʣʴʢʦ 
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ʨʘʟ ʧʨʝʚʳʰʘʣʘ ʧʦʨʦʛ ʨʘʟʜʨʘʞʝʥʠʷ ʧʨʝʜʩʝʨʜʠʡ. ʇʦʪʝʥʮʠʘʣʳ ʜʝʡʩʪʚʠʷ 

ʧʨʝʜʩʝʨʜʠʡ ʠ ʞʝʣʫʜʦʯʢʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʦʚ-ʧʨʠʩʦʩʦʢ. 

ɼʣʷ ʫʩʠʣʝʥʠʷ ʙʠʦʧʦʪʝʥʮʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʩʠʣʠʪʝʣʴ ʋɹʇ4, ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʉʂʊɹ çɹʠʦʬʘʟʧʨʠʙʦʨè. ɿʘʧʠʩʴ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʯʝʨʥʠʣʦʧʠʰʫʱʠʤ 

ʨʝʛʠʩʪʨʘʪʦʨʦʤ ʈʇʏ-2 ʧʨʠ ʜʚʠʞʝʥʠʠ ʙʫʤʘʞʥʦʡ ʣʝʥʪʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 100ʤʤ/ʩʝʢ. 

ɺ ʢʘʞʜʦʤ ʦʧʳʪʝ ʧʨʦʠʟʚʦʜʠʣʠ ʪʘʢʞʝ ʨʠʪʤʠʯʝʩʢʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʪʠʤʫʣʷʮʠʶ 

ʧʨʝʜʩʝʨʜʠʡ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʦʢʘʨʜʠʘʣʴʥʳʝ ʙʠʧʦʣʷʨʥʳʝ ʵʣʝʢʪʨʦʜʳ.  

ɼʣʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʩʪʠʤʫʣʘ 2ʤʩʝʢ, ʘʤʧʣʠʪʫʜʘ ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʳʰʘʣʘ ʧʦʨʦʛ 

ʨʘʟʜʨʘʞʝʥʠʷ. ʏʘʩʪʦʪʫ ʩʪʠʤʫʣʦʚ ʠʟʤʝʥʷʣʠ ʦʪ 2 ʜʦ 10 ɻʮ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʥʘʨʫʰʝʥʠʡ ʞʝʣʫʜʦʯʢʦʚʦʛʦ ʨʠʪʤʘ: ʧʝʨʠʦʜʠʢʫ 

ɺʝʥʢʝʙʘʭʘ, ʘ ʪʘʢʞʝ ʤʝʨʮʘʪʝʣʴʥʫʶ ʘʨʠʪʤʠʷ ʩʦʧʨʦʚʦʞʜʘʶʱʫʶ ʪʨʝʧʝʪʘʥʠʝ ʠ 

ʤʝʨʮʘʥʠʝ ʧʨʝʜʩʝʨʜʠʡ. ʇʨʠʤʝʨʳ ʟʘʧʠʩʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʜʩʝʨʜʠʡ 

ʠ ʞʝʣʫʜʦʯʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʳʟʚʘʥʥʦʡ ʤʝʨʮʘʪʝʣʴʥʦʡ ʘʨʠʪʤʠʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʪʨʝʧʝʪʘʥʠʝ ʠ ʤʝʨʮʘʥʠʝ ʧʨʝʜʩʝʨʜʠʡ, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.4:  ʘ - 

ʤʝʨʮʘʪʝʣʴʥʘʷ ʘʨʠʪʤʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷ ʪʨʝʧʝʪʘʥʠʝ ʧʨʝʜʩʝʨʜʠʡ, ʙ - 

ʤʝʨʮʘʪʝʣʴʥʘʷ ʘʨʠʪʤʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷ ʤʝʨʮʘʥʠʝ  ʧʨʝʜʩʝʨʜʠʡ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʝʨʜʮʘ ʚ ʫʩʣʦʚʠʷʭ ʬʠʙʨʠʣʣʷʮʠʠ 

ʞʝʣʫʜʦʯʢʦʚ ʚʳʧʦʣʥʝʥʳ ʥʘ ʩʦʙʘʢʘʭ ʠ ʢʨʦʣʠʢʘʭ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʩʦʙʘʢʘʭ 

ʚʳʧʦʣʥʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ  ʜ.ʤ.ʥ. ʃ.ʉ.ʋʣʴʷʥʠʥʩʢʠʤ, ʘ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʢʨʦʣʠʢʘʭ 

ï ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʪʜʝʣʘ ʩʠʩʪʝʤʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ 

ʩʪʨʝʩʩʘ ʅʀʀ ʥʦʨʤʘʣʴʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠʤ. ʇ.ʂ.ɸʥʦʭʠʥʘ ʈɸʄʅ: ʢ.ʤ.ʥ., 

ʉ.ʀ.ʂʘʰʪʘʥʦʚʳʤ, ʢ.ʤ.ʥ., ʄ.ɸ.ɿʚʷʛʠʥʮʝʚʦʡ, ʢ.ʤ.ʥ., ʀ.ʃ.ʂʦʰʘʨʩʢʦʡ ʠ 

ʣʘʙʦʨʘʥʪʦʤ-ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʆ.ʅ.ʂʦʥʦʚʘʣʦʚʳʤ.   

ɺ ʦʩʪʨʳʭ ʦʧʳʪʘʭ, ʧʨʦʚʦʜʠʤʳʭ ʧʦʜ ʥʝʤʙʫʪʘʣʦʚʳʤ ʥʘʨʢʦʟʦʤ (40ʤʛ/ʢʛ) ʩ 

ʧʦʤʦʱʴʶ  ʨʘʟʨʘʙʦʪʘʥʥʦʡ  ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʘʨʜʠʦʣʦʛʠʠ ʅʀʀ 

ʥʦʨʤʘʣʴʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠʤ. ʇ.ʂ.ɸʥʦʭʠʥʘ ɸʄʅ ʉʉʉʈ ʫʩʪʘʥʦʚʢʠ, ʥʘ 

ʞʝʣʫʜʦʯʢʠ ʩʝʨʜʮʘ ʧʦʜʘʚʘʣʠ ʧʘʯʢʫ ʪʝʩʪʠʨʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ (ʯʘʩʪʦʪʘ 100ɻʮ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 5ʤʩ., ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʚ ʧʘʯʢʝ ï ʜʦ 15). 

ʊʝʩʪʠʨʫʶʱʠʝ ʠʤʧʫʣʴʩʳ ʧʦʜʘʚʘʣʠ ʩ ʟʘʜʝʨʞʢʦʡ 80-90ʤʩ. ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʫʙʮʘ R 



 65 

ʕʂɻ ʧʦ ʧʨʦʛʨʘʤʤʝ ʯʝʨʝʟ 9-15 ʩʝʨʜʝʯʥʳʭ ʮʠʢʣʦʚ. ɸʤʧʣʠʪʫʜʫ ʠʤʧʫʣʴʩʦʚ ʧʦʩʣʝ 

ʢʘʞʜʦʛʦ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʚʳʰʘʣʠ ʥʘ ʟʘʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ (0,1 

ʤɸ ʚ ʜʠʘʧʘʟʦʥʝ 0,5-5 ʤɸ ʠ ʥʘ 1ʤɸ ʚ ʜʠʘʧʘʟʦʥʝ 5-50ʤɸ). ɼʣʷ ʘʥʘʣʠʟʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ 104 ʵʧʠʟʦʜʘ ʌɾ ʥʘ 10 ʞʠʚʦʪʥʳʭ, ʠʟ ʢʦʪʦʨʳʭ: 56 - ʥʘ 5 ʢʨʦʣʠʢʘʭ 

"ʐʠʥʰʠʣʣʘ" ʤʘʩʩʦʡ 2100 - 2500 ʛ., 48 - ʥʘ 5 ʩʦʙʘʢʘʭ ʤʘʩʩʦʡ  8000  - 16000ʛ.  

ʕʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʝʨʜʮʘ (ʣʦʢʘʣʴʥʳʝ ʵʣʝʢʪʨʦʛʨʘʤʤʳ (ʕɻ), ʦʪʚʦʜʠʤʳʝ  

 
 

ʈʠʩ.4. ɿʘʧʠʩʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʜʩʝʨʜʠʡ (ʚʝʨʭʥʠʝ ʕɻ) ʠ ʞʝʣʫʜʦʯʢʦʚ (ʥʠʞʥʠʝ 

ʕɻ) ʩʝʨʜʮʘ ʩʦʙʘʢʠ  ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʳʟʚʘʥʥʦʡ ʤʝʨʮʘʪʝʣʴʥʦʡ ʘʨʠʪʤʠʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʪʨʝʧʝʪʘʥʠʝ ʠ ʤʝʨʮʘʥʠʝ ʧʨʝʜʩʝʨʜʠʡ: ʘ - ʤʝʨʮʘʪʝʣʴʥʘʷ ʘʨʠʪʤʠʷ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʘʷ ʪʨʝʧʝʪʘʥʠʝ ʧʨʝʜʩʝʨʜʠʡ, ʙ - ʤʝʨʮʘʪʝʣʴʥʘʷ ʘʨʠʪʤʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷ 

ʤʝʨʮʘʥʠʝ  ʧʨʝʜʩʝʨʜʠʡ.  

ʩ ʧʦʚʝʨʭʥʦʩʪʠ  ʤʠʦʢʘʨʜʘ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ, ʘ ʪʘʢʞʝ ʕʂɻ ʚʦ II 

ʩʪʘʥʜʘʨʪʥʦʤ ʦʪʚʝʜʝʥʠʠ) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʩʠʥʫʩʦʚʳʡ 

ʨʠʪʤ) ʠ ʥʘ ʬʦʥʝ ʌɾ ʩ ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʘʪʦʨʘ Lifepack-7 (ʩʦʙʘʢʠ)  ʠ  

ʢʘʨʜʠʦʧʦʣʠʛʨʘʬʘ ʤʠʥʛʦʛʨʘʬ-82 ʬʠʨʤʳ Siemens (ʢʨʳʩʳ, ʢʨʦʣʠʢʠ). ʅʘ ʨʠʩ.5 

ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʟʘʧʠʩʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʝʨʜʮʘ ʧʨʠ ʌɾ ʫ 3-ʭ 

ʩʦʙʘʢ, ʘ ʥʘ  ʨʠʩ. 6 - ʧʨʠʤʝʨʳ ʟʘʧʠʩʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʝʨʜʮʘ ʧʨʠ ʌɾ 

ʫ 3-ʭ ʢʨʦʣʠʢʦʚ. 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʄʝʞʜʫʥʘʨʦʜʥʳʤʠ 

ʉʦʛʣʘʰʝʥʠʷʤʠ ʦ ʛʫʤʘʥʥʦʤ ʦʙʨʘʱʝʥʠʠ ʩ ʞʠʚʦʪʥʳʤʠ (The European 

Communities Council Directives of 24 November 1986 (806/609/EEC)) ʠ ʧʦʜ 

ʢʦʥʪʨʦʣʝʤ ʢʦʤʠʩʩʠʠ ʧʦ ʵʪʠʢʝ ʀʥʩʪʠʪʫʪʘ ʅʦʨʤʘʣʴʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠʤ. 

ʇ.ʂ.ɸʥʦʭʠʥʘ ʈɸʄʅ. 
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ʈʠʩ.5. ɿʘʧʠʩʠ ʕʂɻ  ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʳʟʚʘʥʥʦʡ ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ ʌɾ ʫ ʩʦʙʘʢ. 

 
 

ʈʠʩ.6.  ɿʘʧʠʩʠ ʕʂɻ  ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʳʟʚʘʥʥʦʡ ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ ʌɾ ʫ 

ʢʨʦʣʠʢʦʚ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

 ɿʘʧʠʩʠ ʕʂɻ ʩ ʙʫʤʘʞʥʦʛʦ ʥʦʩʠʪʝʣʷ  ʚʚʦʜʠʣʠ ʚ ʢʦʤʧʴʶʪʝʨ ʩ ʧʦʤʦʱʴʶ 

ʩʢʘʥʝʨʘ ʅʊ-800 Turbo ʬʠʨʤʳ Mustek, ʨʘʟʨʝʰʝʥʠʝ 800 ʪʦʯʝʢ ʥʘ ʜʶʡʤ.  

ʀʥʬʦʨʤʘʮʠʶ  ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 
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ʧʨʦʛʨʘʤʤʳ (ECGDIG)  ʠʟ ʛʨʘʬʠʯʝʩʢʦʡ ʚ ʮʠʬʨʦʚʫʶ (ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ - ʜʦ 

1000 ʛʮ). ʊʦʯʥʦʩʪʴ ʘʥʘʣʠʟʘ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ 

ʧʨʦʛʨʘʤʤʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʬʘʡʣʦʚ.   

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʕɻ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʚʭʦʜʷʱʠʭ ʚ ʧʘʢʝʪ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ  Excel  for Windows, v.6.0. ʍʘʦʩ-ʘʥʘʣʠʟ ʕɻ (ʧʦʩʪʨʦʝʥʠʝ 

ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚ, ʨʘʩʯʝʪ ʚʝʣʠʯʠʥʳ ʵʥʪʨʦʧʠʠ) ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ  çCHAOSè. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʢʘʢ ʘʤʧʣʠʪʫʜʥʳʡ, ʪʘʢ ʠ ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʨʘʩʯʝʪʥʳʭ ʟʘʧʠʩʝʡ ʕɻ ʠ ʕʂɻ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʘʩʩʠʚʦʚ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

(RR ʠʥʪʝʨʚʘʣʳ ʕʂɻ, ʘʤʧʣʠʪʫʜʳ ʬʠʙʨʠʣʣʷʨʥʳʭ ʦʩʮʠʣʣʷʮʠʡ A(i), ʜʨʫʛʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʧʠʩʝʡ ʕɻ ʠ ʕʂɻ), ʧʨʦʛʨʘʤʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʛʨʘʬʠʯʝʩʢʫʶ 

ʦʮʝʥʢʫ ʠʭ ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ (ʧʦʩʪʨʦʝʥʠʝ ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚ), ʘ ʪʘʢʞʝ 

ʨʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʳ ʠʭ ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 

ʵʥʪʨʦʧʠʠ. ʇʨʠ ʘʥʘʣʠʟʝ ʤʝʨʮʘʪʝʣʴʥʦʡ ʘʨʠʪʤʠʠ ʚʭʦʜʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʷʚʣʷʣʠʩʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʛʨʘʤʤʳ, ʘ ʧʨʠ ʘʥʘʣʠʟʝ ʬʠʙʨʠʣʣʷʮʠʠ 

ʧʨʝʜʩʝʨʜʠʡ ʠ ʞʝʣʫʜʦʯʢʦʚ ʚʭʦʜʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʷʚʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ  ʘʤʧʣʠʪʫʜ 

ʬʠʙʨʠʣʣʷʨʥʳʭ ʦʩʮʠʣʣʷʮʠʡ A(i). ʆʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʵʥʪʨʦʧʠʠ (ʕ) 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ  

                                               ʕ  = - × P(Ai ) log P(Ai ) , 

       ʛʜʝ  P(Ai )  -  ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜ ʬʠʙʨʠʣʣʷʨʥʳʭ ʦʩʮʠʣʣʷʮʠʡ 

(ɺʝʥʪʮʝʣʴ ɽ.ʉ., 1964).   

ʉʪʘʪʠʩʪʠʢʘ 

ʉʪʘʥʜʘʨʪʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʨʘʩʯʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ PP, PQ, ʠ RR ʠʥʪʝʨʚʘʣʦʚ, ʘ ʪʘʢʞʝ ʘʤʧʣʠʪʫʜ ʚʦʣʥ ʤʝʨʮʘʥʠʷ ʠ 

ʬʠʙʨʠʣʣʷʨʥʳʭ ʦʩʮʠʣʣʷʮʠʡ: ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʝ (ʄ); ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

(SD); ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (Max); ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʝ (Min);  

ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʨʘʟʤʘʭʘ (ɺʈ). ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʧʘʢʝʪʳ 
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ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ   Excel ʠ Statistics for Windows, v. 6.0.  ɼʦʩʪʦʚʝʨʥʦʩʪʴ 

ʨʘʟʣʠʯʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ. ɼʣʷ 

ʧʨʦʚʝʨʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ ʧʨʠ ʤʘʣʳʭ ʚʳʙʦʨʢʘʭ ʧʨʠʤʝʥʷʣʠ 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ Z-ʢʨʠʪʝʨʠʡ. 
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3.3.  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʝʨʜʝʯʥʳʭ ʘʨʠʪʤʠʡ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʦʚ, ʛʜʝ  ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʙʳʣʦ ʧʝʨʠʦʜʠʯʝʩʢʠʤ, ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʢʘʢ ʧʝʨʠʦʜʠʯʝʩʢʦʝ, 

ʪʘʢ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʚʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʉʪʦʭʘʩʪʠʯʝʩʢʦʝ ʚʭʦʜʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʜʘʚʘʣʦʩʴ ʚ ʨʘʟʜʝʣʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠ ʁ ʤʝʨʮʘʪʝʣʴʥʦʡ ʘʨʠʪʤʠʠ ʠ ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ, ʘ 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ï ʚ ʨʘʟʜʝʣʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʧʝʨʠʦʜʠʢʠ ɺʝʥʢʝʙʘʭʘ ʠ ʞʝʣʫʜʦʯʢʦʚʳʭ ʘʨʠʪʤʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʪʨʝʧʝʪʘʥʠʝ 

ʧʨʝʜʩʝʨʜʠʡ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʨʘʟʜʝʣʦʚ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ̫ʤʝʪʦʜʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʜʫʨʳ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. ɼʣʷ ʦʮʝʥʢʠ ʦʪʢʣʦʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ RR ʠʥʪʝʨʚʘʣʦʚ Fexp(RRi)  ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ Fth(RRi),  

ʠ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʠʪʝʨʠʡ 

ʤʠʥʠʤʫʤʘ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (ʄʅʂ- ʤʝʪʦʜ) 

Ú ƅ Fexp(RRi)  - Fth(RRi),  ƅ
2
 dRRi = min               (1) 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʫʪʝʤ 

ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ RR ʠʥʪʝʨʚʘʣʦʚ ʠ ʧʦʠʩʢʘ ʤʠʥʠʤʫʤʘ 

ʬʫʥʢʮʠʠ 

D= × [Pi(ʵʢʩʧ) ï Pi(ʤʦʜ)]
 2
 = min ,                          (2) 

ʛʜʝ i=1, 2,é..m ï ʥʦʤʝʨʘ ʩʪʦʣʙʮʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ (Pi(ʵʢʩʧ)) ʠ 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ (Pi(ʤʦʜ)) 
 
ʛʠʩʪʦʛʨʘʤʤʳ;  m ï ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ 

ʛʠʩʪʦʛʨʘʤʤʳ.  

ɺ ʨʘʟʜʝʣʝ,  ʧʦʩʚʷʱʝʥʥʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠ ʁʤʝʨʮʘʪʝʣʴʥʦʡ 

ʘʨʠʪʤʠʠ, ʚʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠʥʠʤʘʣʦʩʴ ʩʪʦʭʦʩʪʠʯʝʩʢʠʤ. ɺ ʦʩʥʦʚʫ ʤʦʜʝʣʠ 

ʙʳʣʦ ʧʦʣʦʞʝʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʠ ʤʝʨʮʘʥʠʠ ʧʨʝʜʩʝʨʜʠʡ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʠʤʧʫʣʴʩʘʮʠʷ F(t), ʧʦʩʪʫʧʘʶʱʘʷ ʥʘ ʚʭʦʜ ɸɺ ʫʟʣʘ, ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ N 

ʥʝʟʘʚʠʩʠʤʳʭ ʠʤʧʫʣʴʩʥʳʭ ʧʦʪʦʢʦʚ ʩ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʦʡ ʠʤʧʫʣʴʩʘ, 



 70 

ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʦʡ (fi) ʠ ʘʤʧʣʠʪʫʜʦʡ (ɸi) ʠ ʨʘʟʣʠʯʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩʜʚʠʛʦʚ  

ʬʘʟ ʭi ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ: 

                                   F(t) = ×Fi(t- ʭi),  i=1,2,éé.N.                         (3)   

ʀʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʩʫʤʤʘʨʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʜʩʝʨʜʠʡ F(t) ʦʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʤʧʫʣʴʩʥʳʭ ʧʦʪʦʢʦʚ Fi(t-ʭi), ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ MODELAF, ʧʦʟʚʦʣʷʶʱʝʡ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʩʫʤʤʘʨʥʳʡ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩʥʳʡ ʧʦʪʦʢ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʚʭʦʜ ɸɺ ʫʟʣʘ, 

ʧʦ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʤʧʫʣʴʩʥʳʭ ʧʦʪʦʢʦʚ:  N, fi , ɸi, ʭi.  

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ  ʢʘʢ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʝʨʠʦʜʘ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʊ (ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʨʝʧʝʪʘʥʠʷ), ʪʘʢ ʠ ʧʨʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʠʤʧʫʣʴʩʘʮʠʠ ʧʨʝʜʩʝʨʜʠʡ (ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʝʨʮʘʥʠʷ). 

ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʥʦʡ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʠʣʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʠʤʧʫʣʴʩʘʮʠʠ ʚʳʙʠʨʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ  ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʨʝʞʠʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ (ʣʠʥʝʡʥʳʡ, ʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠ, ʭʘʦʩ 

2-ʡ ʩʪʝʧʝʥʠ). ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʧʨʠʥʠʤʘʣʠʩʴ ʨʘʚʥʳʤʠ:   r ʉɸ=2,   rɸɺ = 5,  Zʉɸ 

(min) = 5,  Z ɸɺ (min)= 10,  K ʉɸ = 676,  Kɸɺ = 1500. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 

N=100.  ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʚʭʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ  ʙʳʣʠ 

ʦʜʠʥʘʢʦʚʳʤʠ: Zʉɸ (0)  = 5,   Z ɸɺ (0)= 10,  RR (0) = T. ʈʘʩʯʝʪʳ ʩʫʤʤʘʨʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʜʩʝʨʜʠʡ F(t)  ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ  ʯʘʩʪʦʪʳ ʩʦʩʪʘʚʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʧʦʪʦʢʦʚ ʦʪ 1 ʜʦ 100 ʫʩʣ.ʝʜ. ʠ 

ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʦʪʦʢʦʚ (5- 10). ɸʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʦʚ ʩʦʩʪʘʚʥʳʭ ʧʦʪʦʢʦʚ 

ʧʦʣʘʛʘʣʠʩʴ ʨʘʚʥʳʤʠ 1, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʧʨʝʜʧʦʣʘʛʘʣʠʩʴ ʤʥʦʛʦ 

ʤʝʥʴʰʠʤʠ, ʯʝʤ ʚʝʣʠʯʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʞʠʤʫʣʴʩʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʠ 

ʧʦʵʪʦʤʫ ʚ ʨʘʩʯʝʪ ʥʝ ʧʨʠʥʠʤʘʣʠʩʴ. ʌʘʟʦʚʳʝ ʩʜʚʠʛʠ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ 

ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʙʳʣʠ ʫʯʪʝʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ 

ʬʘʟ.  ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ 

ʢʦʤʙʠʥʘʮʠʡ ʢʨʘʪʥʳʭ ʠ ʥʝʢʨʘʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʦʪʘʤʠ. 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʧʨʦʮʝʩʩʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʷʚʠʣʘʩʴ 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʟʘʧʠʩʷʤʠ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ ʧʨʦʚʦʜʠʣʘʩʴ 

ʚʠʟʫʘʣʴʥʦ. ɺ ʭʦʜʝ ʵʪʦʡ ʦʮʝʥʢʠ ʚʳʙʠʨʘʣʦʩʴ 3 ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʥʳʭ  

ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʚʠʟʫʘʣʴʥʦ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʚʳʙʨʘʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʧʠʩʠ. ɺʪʦʨʳʤ ʵʪʘʧʦʤ ʧʨʦʮʝʩʩʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʷʚʠʣʘʩʴ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʤʦʜʝʣʴʶ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʠ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʡ 

ʤʦʜʝʣʠ. 

 ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘʤʠ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦ ʤʝʪʦʜʫ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ-ʤʝʪʦʜʠʢʘ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ RR 

ʠʥʪʝʨʚʘʣʦʚ  Fexp(RRi) ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʦʮʝʥʢʘʤʠ Fth(RRi), ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʭʦʜʝ 

ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ.  ɼʣʷ ʦʮʝʥʢʠ ʦʪʢʣʦʥʝʥʠʷ ʬʫʥʢʮʠʠ 

Fexp(RRi)  ʦʪ Fth(RRi),  ʠ ʧʦʠʩʢʘ ʪʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʠʪʝʨʠʡ ʤʠʥʠʤʫʤʘ 

ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

Ú ƅ Fexp(RRi)  - Fth(RRi),  ƅ
2
 dRRi = min                           (4)       

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʫʪʝʤ 

ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ RR ʠʥʪʝʨʚʘʣʦʚ ʠ ʧʦʠʩʢʘ ʤʠʥʠʤʫʤʘ 

ʬʫʥʢʮʠʠ 

D= × [Pi(ʵʢʩʧ) ï Pi(ʤʦʜ)]
 2
 = min ,                                     (5) 

ʛʜʝ i=1, 2,é..m ï ʥʦʤʝʨʘ ʩʪʦʣʙʮʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ (Pi(ʵʢʩʧ)) ʠ 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ (Pi(ʤʦʜ)) 
 
ʛʠʩʪʦʛʨʘʤʤʳ;  m ï ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ 

ʛʠʩʪʦʛʨʘʤʤʳ.  

ɺ ʨʘʟʜʝʣʝ, ʧʦʩʚʷʱʝʥʥʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʬʠʙʨʠʣʣʷʮʠʠ 

ʞʝʣʫʜʦʯʢʦʚ,  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʕɻ ʧʨʠ ʌɾ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʦʩʥʦʚʫ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʦ ʧʦʣʦʞʝʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʕɻ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʫʤʤʘʨʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ F(t), ʦʪʚʦʜʠʤʫʶ ʦʪ 

ʛʨʫʧʧʳ ʢʣʝʪʦʢ,  ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ  N ʥʝʟʘʚʠʩʠʤʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʧʦʪʦʢʦʚ Fi(t- ʭi)  ʩ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʦʡ ʠʤʧʫʣʴʩʘ, ʧʦʩʪʦʷʥʥʦʡ 
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ʯʘʩʪʦʪʦʡ (fi) ʠ ʘʤʧʣʠʪʫʜʦʡ (ɸi) ʠ ʨʘʟʣʠʯʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩʜʚʠʛʦʚ  ʬʘʟ ʭi 

ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ: 

                                   F(t) = ×Fi(t- ʭi),  i=1,2,éé.N.                        (6) 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ MODVF . ʇʨʦʛʨʘʤʤʘ  ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ F(t) ʦʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʤʧʫʣʴʩʥʳʭ ʧʦʪʦʢʦʚ: N, fi, ɸi, ʭi. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ 

ʢʦʤʙʠʥʘʮʠʡ ʢʨʘʪʥʳʭ ʠ ʥʝʢʨʘʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʦʪʘʤʠ. 

ʏʘʩʪʦʪʳ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 100 ʫʩʣ.ʝʜ., ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ ï ʦʪ 0 

ʜʦ 10ʫʩʣ.ʝʜ.,  ʦʙʱʝʝ ʯʠʩʣʦ ʧʦʪʦʢʦʚ ï ʦʪ 5 ʜʦ 10. ɸʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʦʚ 

ʩʦʩʪʘʚʥʳʭ ʧʦʪʦʢʦʚ ʧʦʣʘʛʘʣʠʩʴ ʨʘʚʥʳʤʠ 1, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ 

ʧʨʝʜʧʦʣʘʛʘʣʠʩʴ ʤʥʦʛʦ ʤʝʥʴʰʠʤʠ, ʯʝʤ ʚʝʣʠʯʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʝʞʠʤʧʫʣʴʩʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠ ʧʦʵʪʦʤʫ ʚ ʨʘʩʯʝʪ ʥʝ ʧʨʠʥʠʤʘʣʠʩʴ. ʌʘʟʦʚʳʝ 

ʩʜʚʠʛʠ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʙʳʣʠ ʫʯʪʝʥʳ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʬʘʟ.   

 ʈʝʰʝʥʠʝ  ʟʘʜʘʯʠ ʧʦʠʩʢʘ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ 

ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʨʝʘʣʴʥʳʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ-ʤʝʪʦʜ). ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʘʤʧʣʠʪʫʜ ʬʠʙʨʠʣʣʷʨʥʳʭ 

ʦʩʮʠʣʣʷʮʠʡ Pexp(ɸi) ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ  Pth(Ai). ɼʣʷ ʦʮʝʥʢʠ ʦʪʢʣʦʥʝʥʠʷ ʬʫʥʢʮʠʠ 

Pexp(ɸi)  ʦʪ Pth(Ai),  ʠ ʧʦʠʩʢʘ ʪʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʠʪʝʨʠʡ ʤʠʥʠʤʫʤʘ 

ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

Ú ƅ Pexp(ɸi)  - Pth(Ai),  ƅ
2
 dAi = min               (7) 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʫʪʝʤ 

ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜ ʬʠʙʨʠʣʣʷʨʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʠ 

ʧʦʠʩʢʘ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ 

D= × [Pi(ʵʢʩʧ) ï Pi(ʤʦʜ)]
 2
 = min ,                  (8) 
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ʛʜʝ i=1, 2,é..m ï ʥʦʤʝʨʘ ʩʪʦʣʙʮʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ (Pi(ʵʢʩʧ)) ʠ 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ (Pi(ʤʦʜ)) 
 
ʛʠʩʪʦʛʨʘʤʤʳ;  m ï ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ 

ʛʠʩʪʦʛʨʘʤʤʳ. ʈʘʩʯʝʪʳ ʧʦ ʄʅʂ-ʤʝʪʦʜʫ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʫʯʝʪʦʤ  

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʘʥʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ  ʘʤʧʣʠʪʫʜʥʦ-

ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʕɻ, ʯʪʦ ʜʦʩʪʠʛʘʣʦʩʴ ʫʤʥʦʞʝʥʠʝʤ ʥʘ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʠʚʝʩʪʠ ʢ ʦʜʥʦʡ ʰʢʘʣʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ Fth(t) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ Fexp(t) ʘʤʧʣʠʪʫʜʳ ʕɻ (ʫʩʣ.ʝʜ) ʘ 

ʪʘʢʞʝ ʧʝʨʝʚʝʩʪʠ ʰʢʘʣʫ ʯʘʩʪʦʪ ʩʦʩʪʘʚʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʧʦʪʦʢʦʚ ʠʟ ʫʩʣ.ʝʜ ʚ ɻʮ.   
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3.4.  ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʭʘʦʪʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ  ʢʘʨʜʠʦʨʠʪʤʘ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ 2.5, ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ.  ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʝʨʜʮʘ ʥʘʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʩʝ ʵʪʠ ʤʝʪʦʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʝʨʜʮʘ ʩ 

ʧʦʤʦʱʴʶ ʇʌɾ ʠ ʇɾɸ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 3.2, ʟʜʝʩʴ ʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ  ʤʝʪʦʜʳ.   

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ  ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ:  

¶ ɸʥʘʣʠʪʠʯʝʩʢʠʝ (ʝʩʣʠ ʤʦʜʝʣʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ); 

¶ ʛʨʘʬʠʯʝʩʢʠʝ  (ʣʝʩʪʥʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʜʠʘʛʨʘʤʤʳ ʇʫʘʥʢʘʨʝ); 

¶ ʤʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʪʘʢ ʢʘʢ ʚ ʦʩʥʦʚʝ 

ʤʦʜʝʣʠ ʣʝʞʘʪ ʥʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ, ʘ  ʨʝʢʢʫʨʝʥʪʥʳʝ  ʫʨʘʚʥʝʥʠʷ. ɺ ʪʦ ʞʝ 

ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʢʢʫʨʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ 

ʛʨʘʬʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɻʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʘʤʠ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 4.1. ʕʪʠ 

ʤʝʪʦʜʳ ʙʳʣʠ ʥʘʤʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʠʥʝʡʥʳʭ ʨʝʞʠʤʦʚ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʠ ʫʩʣʦʚʠʡ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʠʥʝʡʥʳʭ ʨʝʞʠʤʦʚ ʠ ʠʭ 

ʧʝʨʝʭʦʜʘ ʚ ʭʘʦʪʠʯʝʩʢʠʝ ʨʝʞʠʤʳ.  ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʦʧʠʩʘʥʳ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʕɺɺ ʣʠʥʝʡʥʳʭ ʠ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ.  ʧʦ  ʥʘʯʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ɸɺ 

ʧʨʦʚʝʜʝʥʠʷ. ʄʳ ʠʩʭʦʜʠʣʠ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʡ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʘʣʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʣʠ ʧʘʨʘʤʝʪʨʘʭ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʨʝʟʢʦ 
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ʠʟʤʝʥʠʪʴ ʥʘʤʝʯʝʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ (ʈʠʟʥʠʯʝʥʢʦ ɻ.ʖ., 2011).  ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ 

ʦʧʨʝʜʝʣʝʥʠʶ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ 2-ʭ ʚʠʜʦʚ:  

1. ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʣʳʤ ʦʪʢʣʦʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ; 

2. ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʣʳʤ ʦʪʢʣʦʥʝʥʠʷʤ ʩʘʤʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʩʪʝʤʳ, ʚʭʦʜʷʱʠʭ ʚ ʤʦʜʝʣʴ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ  ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʕʕɺ ʢʘʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʟʤʝʥʝʥʠʶ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʧʦ  ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ɸɺ ʧʨʦʚʝʜʝʥʠʷ. 

3.4.1. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʕɺɺ ʣʠʥʝʡʥʳʭ ʠ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʧʦ  ʥʘʯʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

 ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʥʘʤʠ ʨʘʥʝʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ ʩʝʨʜʮʘ, ʦʧʠʩʘʥʥʫʶ ʚ ʨʘʟʜʝʣʝ 3.1. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʡ ʤʦʜʝʣʠ, ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʚʦʟʙʫʞʜʝʥʠʷʤʠ 

ʞʝʣʫʜʦʯʢʦʚ RR[i] ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʚʝʣʠʯʠʥʘʤʠ: ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʠʥʪʝʨʚʘʣʘ (ʊ)  ʤʝʞʜʫ ʚʦʟʙʫʞʜʝʥʠʷʤʠ ʉɸ ʫʟʣʘ;  ʚʝʣʠʯʠʥʦʡ ʟʘʜʝʨʞʢʠ ʚ ʉɸ ʫʟʣʝ 

(Z ʉɸ);  ʘʙʩʦʣʶʪʥʳʤ ʨʝʬʨʘʢʪʝʨʥʳʤ ʧʝʨʠʦʜʦʤ ʉɸ ʫʟʣʘ (rʉɸ); ʚʝʣʠʯʠʥʦʡ 

ʟʘʜʝʨʞʢʠ ʚ ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʦʤ ʫʟʣʝ (Zɸɺ);  ʘʙʩʦʣʶʪʥʳʤ ʨʝʬʨʘʢʪʝʨʥʳʤ 

ʧʝʨʠʦʜʦʤ ɸɺ ʫʟʣʘ (rɸɺ), Z(min) ï ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʟʘʜʝʨʞʝʢ Z ʉɸ  ʠʣʠ  

Z ɸɺ ; ʂ ï ʧʦʩʪʦʷʥʥʘʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʢʨʫʪʠʟʥʫ ʬʫʥʢʮʠʠ Z ( t ), ʘ ʪʘʢʞʝ 

ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ Zʉɸ (0),  Z ɸɺ (0) ʠ RR(0).     ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ʚʭʦʜ 

ʉɸ ʫʟʣʘ ʧʦʩʪʫʧʘʝʪ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʘʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʠʤʧʫʣʴʩʘʮʠʷ,  ʯʘʩʪʦʪʘ 

ʢʦʪʦʨʦʡ ʧʦʩʪʦʷʥʥʘ ʠ ʧʨʝʚʳʰʘʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʯʘʩʪʦʪʫ ʧʝʡʩʤʝʢʝʨʘ ʉɸ ʫʟʣʘ. 

ʊʘʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʝʪ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʫʥʢʮʠʷʤ ʟʘʜʝʨʞʝʢ    Z ʉɸ ( t ) 

=  K ʉɸ / t     ʠ     Z ɸɺ ( t ) =  Kɸɺ  / t  ,   ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʥʩʪʘʥʪ  K ʉɸ , Kɸɺ ,  

Zʉɸ (min),  Z ɸɺ (min),  r ʉɸ ,   rɸɺ ,  ʧʝʨʠʦʜʘ ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ ʊ ʠ ʥʘʯʘʣʴʥʳʤ 

ʫʩʣʦʚʠʷʤ  Zʉɸ (0),  Z ɸɺ (0) ʠ RR(0),   ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ: PP[ i ],  Zʉɸ[ i 

],   Z ɸɺ [ i ]=PQ [ i ],   RR[ i ],   i  = 1, 2,éé..N,  ʛʜʝ  N  ï ʜʣʠʥʘ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʤʘʩʩʠʚʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
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ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʥʘʤʠ ʢʦʤʧʴʶʪʝʨʥʫʶ ʧʨʦʛʨʘʤʤʫ 

MOD2K, ʧʦʟʚʦʣʷʶʱʫʶ ʨʘʩʩʯʠʪʳʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ  PP[ i ], PQ [ i ] ʠ   RR[ i 

],   ʘ ʪʘʢʞʝ  ʧʦʢʘʟʘʪʝʣʠ ʠ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʵʪʠʭ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ  ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ 

ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ (F), ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ  K ʉɸ , Kɸɺ ,  Zʉɸ (min),  

Z ɸɺ (min),  r ʉɸ ,   rɸɺ ,  ʠ  ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ Zʉɸ (0),  Z ɸɺ (0) ʠ RR(0).   

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʯʠʩʣʝʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ: r ʉɸ=2,   rɸɺ = 5,  Zʉɸ (min) = 5,  Z ɸɺ (min)= 10,  K 

ʉɸ = 676,  Kɸɺ = 1500.  

ʄʳ ʠʩʭʦʜʠʣʠ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʥʘʯʘʣʴʥʳʤ 

ʜʘʥʥʳʤ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʡ ʧʦ ʥʘʯʘʣʴʥʳʤ 

ʜʘʥʥʳʤ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʘʣʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʧʦʩʦʙʥʳ 

ʨʝʟʢʦ ʠʟʤʝʥʠʪʴ ʥʘʤʝʯʝʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ (ʈʠʟʥʠʯʝʥʢʦ ɻ.ʖ, 2011).  ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʥʠʤʘʣʠʩʴ ʪʝ ʞʝ ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʠ ʚ  

ʥʘʰʝʡ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ [7]:  Zʉɸ (0) = 5,   Z ɸɺ (0) = 10, RR (0) = T. ɿʘʪʝʤ 

ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ  ʚ 

ʫʩʣʦʚʠʷʭ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʨʝʞʠʤʦʚ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ 

ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ   

Zʉɸ (0i)  = Zʉɸ (0) Ñ iæZʩʘ,   Z ɸɺ (0i)= Z ɸɺ (0) Ñ iæZʘʚ.,  RR (0i) = RR (0) Ñ 

iæRR, ʛʜʝ æZʩʘ = æZʘʚ=æZ(0) = 0,2,  æRR = 5,   i=1,é..10.  ɺʩʝ ʨʘʩʯʝʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ.  

3.4.2. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʕɺɺ ʣʠʥʝʡʥʳʭ ʠ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʧʦ  ʧʘʨʘʤʝʪʨʘʤ ɸɺ ʧʨʦʚʝʜʝʥʠʷ. 

  ʈʝʘʢʮʠʶ ʩʝʨʜʮʘ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʥʝ ʪʦʣʴʢʦ 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʥʦ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʘʨʜʠʦʜʠʥʘʤʠʢʫ.   

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ, ʝʩʣʠ 

ʧʨʠ ʤʘʣʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʣʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʦʪ 

ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ, ʩʠʩʪʝʤʘ ʩʥʦʚʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ  ʧʦʩʣʝ 

ʧʨʝʢʨʘʱʝʥʠʷ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɽʩʣʠ ʚ  ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʦ 
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ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ, ʪʦ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʤʝʥʝʥʠʶ 

ʧʘʨʘʤʝʪʨʦʚ ɸɺ ʧʨʦʚʝʜʝʥʠʷ: ʨʝʬʨʘʢʪʝʨʥʦʛʦ ʧʝʨʠʦʜʘ, ʤʠʥʠʤʘʣʴʥʦʡ ɸɺ 

ʟʘʜʝʨʞʢʠ ʠ ʢʨʠʚʠʟʥʳ ʬʫʥʢʮʠʡ ʟʘʜʝʨʞʝʢ ʚ ʩʠʥʦʘʪʨʠʘʣʴʥʦʤ ʠ 

ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʦʤ ʫʟʣʘʭ.   

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʥʘʤʠ ʢʦʤʧʴʶʪʝʨʥʫʶ ʧʨʦʛʨʘʤʤʫ MOD2K, ʧʦʟʚʦʣʷʶʱʫʶ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ  PP[ i ], PQ [ i ] ʠ   RR[ i ],   ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ  ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ (f), ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ rʩʘ, rʘʚ, Zminʩʘ, Zminʘʚ, ʂʩʘ, ʂʘʚ  ʠ  ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ RR(0), Z ʩʘ(0),  

Zʘʚ(0). ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʪʝʭ ʞʝ ʠʩʭʦʜʥʳʭ 

ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʯʪʦ ʠ ʚ  ʨʘʙʦʪʝ [8]:  rʩʘ=2,   rʘʚ = 5,  

Zminʩʘ = 5,  Zminʘʚ = 10,  ʂʩʘ = 676,  ʂʘʚ = 1500 ʠ  ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ Z ʩʘ(0) = 

5,   Zʘʚ(0) = 10, RR (0) = T.  ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ. ɿʘʪʝʤ 

ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ  ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ 

ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ:  

Zminʩʘ(i)  = Zminʩʘ  Ñ iæZminʩʘ,   Zminʘʚ (i)= Zminʘʚ Ñ iæZminʘʚ.,  

r ʩʘ(i) = r ʩʘ Ñ iærʩʘ,  rʘʚ  (i) = rʘʚ Ñ iær ʘʚ,  Kʩʘ(i)=  Kʩʘ Ñ iæʂʩʘ,     

Kʘʚ(i)=Kʘʚ Ñ iæʂʘʚ,  ʛʜʝ æZminʩʘ = æZminʘʚ= 0,2, ærʩʘ=ærʘʚ=0,2, æʂʩʘ=4, 

æʂʘʚ=50, i=1,é..10.  ɺʳʙʦʨ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʠʟʫʯʘʪʴ  ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ (ʣʠʥʝʡʥʳʡ ʨʝʞʠʤ ʠ ʜʚʘ ʥʝʣʠʥʝʡʥʳʭ: ʨʝʞʠʤ ʭʘʦʩ-1 ʠ ʨʝʞʠʤ 

ʭʘʦʩ-2). ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ F1ʢʨ ʠ F2ʢʨ, 

ʨʘʟʛʨʘʥʠʯʠʚʘʶʱʠʝ ʵʪʠ  ʨʝʞʠʤʳ  [7,8]: 

                                        F1ʢʨ = 1000/2ãʂʘʚ,                                       (1 ) 

                                        F2ʢʨ= 1000/2ãʂʩʘ,                                        (2 ) 

ʟʜʝʩʴ F1ʢʨ -  ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ, ʨʘʟʜʝʣʷʶʱʘʷ ʣʠʥʝʡʥʳʡ ʨʝʞʠʤ ʦʪ ʨʝʞʠʤʘ 

ʭʘʦʩ1-ʡ ʩʪʝʧʝʥʠ, ʘ  F2ʢʨ - ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ, ʨʘʟʜʝʣʷʶʱʘʷ ʨʝʞʠʤʘ ʭʘʦʩ1-ʡ 

ʩʪʝʧʝʥʠ ʦʪ ʨʝʞʠʤʘ ʭʘʦʩ2-ʡ ʩʪʝʧʝʥʠ. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 



 78 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚʚʝʜʝʥʠʝʤ ʚ ʦʙʝ ʬʦʨʤʫʣʳ ʤʘʩʰʪʘʙʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʨʘʚʥʦʛʦ 

1000. ʇʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʳ ʂʘʚ ʠ  ʂʩʘ  ʷʚʣʷʣʠʩʴ ʧʝʨʝʤʝʥʥʳʤʠ,  ʧʦʣʦʞʝʥʠʝ ʥʘ 

ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʪʦʯʝʢ F1ʢʨ ʠ F2ʢʨ ʠʟʤʝʥʷʣʦʩʴ, ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ.1. ɺ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 11,95 ʜʦ 14,14 ʝʜ. ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʂʘʚ ʦʪ 1250 ʜʦ 1750 ʝʜ. 

ʚʝʣʠʯʠʥʘ  F1ʢʨ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ. ɸʥʘʣʦʛʠʯʥʦ ʚʝʣʠʯʠʥʘ F2ʢʨ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʤʝʥʥʦʡ  ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ  18,95 - 19,52ʝʜ. ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʂʩʘ ʦʪ 656 ʜʦ 

696ʝʜ.  ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ  ʜʣʷ ʢʘʞʜʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʘʢʠʝ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ,  

ʢʦʪʦʨʳʝ ʥʝ ʚʭʦʜʠʣʠ ʚ ʧʝʨʝʤʝʥʥʳʝ ʯʘʩʪʠ  ʜʠʘʧʘʟʦʥʦʚ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ:  

ʧʝʨʚʘʷ ʨʘʩʯʝʪʥʘʷ ʯʘʩʪʦʪʘ  (f1 - ʣʠʥʝʡʥʳʡ ʨʝʞʠʤ)   ʨʘʚʥʘ 11ʝʜ.;  ʚʪʦʨʘʷ 

ʨʘʩʯʝʪʥʘʷ ʯʘʩʪʦʪʘ  (f2 - ʨʝʞʠʤ ʭʘʦʩ-1)  ʨʘʚʥʘ 16ʝʜ.;   ʪʨʝʪʴʷ  ʨʘʩʯʝʪʥʘʷ ʯʘʩʪʦʪʘ  

(f3 - ʨʝʞʠʤ ʭʘʦʩ-2)  ʨʘʚʥʘ 20ʝʜ.  

 

ʈʠʩ.7. ʈʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʚʠʟʥʳ 

ʬʫʥʢʮʠʡ ʟʘʜʝʨʞʝʢ ʂʘʚ ʠ ʂʩʘ ʠ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʝʢ F1ʢʨ ʠ F2ʢʨ. ɿʜʝʩʴ  ʂ=ʂʘʚ ʚ ʣʠʥʝʡʥʦʤ 

ʨʝʞʠʤʝ ʠ ʚ ʨʝʞʠʤʝ ʭʘʦʩ-1 ʠ ʂ=ʂʩʘ ʚ ʨʝʞʠʤʝ ʭʘʦʩ-2. ʆʩʴ ʘʙʩʮʠʩʩ ï ʚʭʦʜʥʘʷ ʯʘʩʪʦʪʘ (f, 

ʫʩʣ.ʝʜ.); ʦʩʴ ʦʨʜʠʥʘʪ ï ʢʨʫʪʠʟʥʘ ʬʫʥʢʮʠʠ ʟʘʜʝʨʞʝʢ (ʂ, ʫʩʣ.ʝʜ.). ʇʫʥʢʪʠʨʦʤ ʦʙʦʟʥʘʯʝʥʳ 

ʨʘʩʯʝʪʥʳʝ ʯʘʩʪʦʪʳ (f1=11ʝʜ. ï ʣʠʥʝʡʥʳʡ ʨʝʞʠʤ;  f2=16ʝʜ -  ʨʝʞʠʤ ʭʘʦʩ-1;  f3=20 ʝʜ. - ʨʝʞʠʤ 

ʭʘʦʩ-2). 
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ɻʣʘʚʘ 4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

4.1. ʕʤʦʮʠʦʥʘʣʴʥʳʝ ʩʪʨʝʩʩʦʨʥʳʝ ʥʘʛʨʫʟʢʠ. ʇʝʨʝʭʦʜ ʩʝʨʜʝʯʥʦʛʦ 

ʨʠʪʤʘ  ʠʟ ʣʠʥʝʡʥʦʛʦ ʚ ʭʘʦʪʠʯʝʩʢʠʡ ʨʝʞʠʤ. 

ʕʪʦʪ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʩʪʨʝʩʩʦʨʥʳʭ 

ʥʘʛʨʫʟʦʢ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʫʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʨʠʪʤʘ 

ʩʝʨʜʮʘ. ʕʤʦʮʠʦʥʘʣʴʥʘʷ ʩʪʨʝʩʩʦʨʥʘʷ ʥʘʛʨʫʟʢʘ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʝʡ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʚʭʦʜ ʉɸ ʫʟʣʘ, ʧʨʠʯʝʤ 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ (f) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʯʘʩʪʦʪʝ ʚʭʦʜʥʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ  (F):     

                              f  =  kF,                                                   (1) 

ʛʜʝ  F = 1/T ï ʯʘʩʪʦʪʘ ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ,  T ï ʧʝʨʠʦʜ ʚʭʦʜʥʦʡ 

ʠʤʧʫʣʴʩʘʮʠʠ,   ʢ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. 

ʅʘ ʨʠʩ.8ɸ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ, ʧʦ ʧʨʦʚʦʜʷʱʝʡ 

ʩʠʩʪʝʤʝ ʩʝʨʜʮʘ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ ʩʝʨʜʮʘ.  

ʀʩʭʦʜʷ ʠʟ ʵʪʦʡ ʩʭʝʤʳ, ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʚʦʟʙʫʞʜʝʥʠʷʤʠ ʞʝʣʫʜʦʯʢʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ  ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʥʪʝʨʚʘʣʘ  (ʊ)  

ʤʝʞʜʫ ʚʦʟʙʫʞʜʝʥʠʷʤʠ ʉɸ ʫʟʣʘ,   ʘʙʩʦʣʶʪʥʳʤ ʨʝʬʨʘʢʪʝʨʥʳʤ ʧʝʨʠʦʜʦʤ 

ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ ʩʝʨʜʮʘ (r) ʠ ʟʘʜʝʨʞʢʦʡ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ ʧʦ    ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʝ ʩʝʨʜʮʘ Z(t). ʕʪʘ ʟʘʜʝʨʞʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ  ʢʫʩʦʯʥʦ-ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ (Rosenblueth A.,1958; 

Van Capelle F.J.L., Perron J.S., Durrer D., 1971): 

                                         Z(min),     ʧʨʠ  K/ Z(min)  < t < Ð 

          Z ( t ) =                                                                                        (2) 

                                     K / t,    ʧʨʠ r < t < K/ Z(min)                                

 

ʇʨʠ  t  < r  ʠʤʧʫʣʴʩ ʚʳʧʘʜʘʝʪ. ɿʜʝʩʴ r = r(abs) ï ʘʙʩʦʣʶʪʥʳʡ ʨʝʬʨʘʢʪʝʨʥʳʡ 

ʧʝʨʠʦʜ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ ʩʝʨʜʮʘ; Z(min) ï ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ  
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ɸ 

 
ɹ 

 
 

ʈʠʩ.8. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩʝʨʜʮʘ ʚ  

ʫʩʣʦʚʠʷʭ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ.  

ɸ. ʉʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʝ ʩʝʨʜʮʘ. ʆʙʦʟʥʘʯʝʥʠʷ: t(n), 

t(n+1) ï ʚʝʣʠʯʠʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ; Z(n-1), Z(n), Z(n+1) - 

ʚʝʣʠʯʠʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʟʘʜʝʨʞʝʢ ʧʨʦʚʝʜʝʥʠʷ ʚ ɸɺ ʫʟʣʝ; RR(n), RR(n+1) - ʚʝʣʠʯʠʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ RR ʠʥʪʝʨʚʘʣʦʚ; r = r(abs)  - ʘʙʩʦʣʶʪʥʳʡ ʨʝʬʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ ɸɺ ʫʟʣʘ. 

ɹ.  ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʜʝʨʞʢʠ ʧʨʦʚʝʜʝʥʠʷ  Z ʦʪ ʠʥʪʝʨʚʘʣʘ ʪʝʩʪʠʨʦʚʘʥʠʷ t. ʆʙʦʟʥʘʯʝʥʠʷ: Z(min) ï 

ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ɸɺ ʟʘʜʝʨʞʢʠ,  r = r(abs) ï ʘʙʩʦʣʶʪʥʳʡ ʨʝʬʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ ɸɺ  

ʫʟʣʘ, ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʢʨʫʪʠʟʥʫ ʬʫʥʢʮʠʠ ʟʘʜʝʨʞʝʢ Z(t). 
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ʟʘʜʝʨʞʢʠ; ʂ ï ʧʦʩʪʦʷʥʥʘʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʢʨʫʪʠʟʥʫ ʬʫʥʢʮʠʠ Z( t ), t -

ʠʥʪʝʨʚʘʣ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʪʝʩʪʠʨʫʶʱʠʤ ʠʤʧʫʣʴʩʦʤ 

ʠ ʧʨʝʜʳʜʫʱʠʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʞʝʣʫʜʦʯʢʦʚ. ɿʘʚʠʩʠʤʦʩʪʴ Z( t ), (ʬʫʥʢʮʠʷ 

ʨʝʩʪʠʪʫʮʠʠ) ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.8ɹ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʇʦ ʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʝ ʩʪʨʝʩʩʦʨʥʦʡ  ʥʘʛʨʫʟʢʠ  f ( t ),  ʬʫʥʢʮʠʠ ʟʘʜʝʨʞʝʢ   Z ( t ), 

ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʥʩʪʘʥʪ  K,  Z (min), r  ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ   Z(0) ʠ  

RR(0),  ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʝʥʥʦʡ ʨʷʜ  RR[ i ],   i  = 1, 2,éé..N,  ʛʜʝ  N  ï ʜʣʠʥʘ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ. 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʨʠʩ.8ɸ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ 

ʚʦʟʙʫʞʜʝʥʠʷʤʠ ʞʝʣʫʜʦʯʢʦʚ RRn+1 ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʟʥʘʯʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʟʘʜʝʨʞʝʢ Zn+1 ʠ  Zn: 

                         RR n+1    =  T + Z n+1 - Zn                                                    (3) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  ʧʦʩʣʝʜʫʶʱʠʡ RR ʠʥʪʝʨʚʘʣ ʩʚʷʟʘʥ ʩ ʧʨʝʜʳʜʫʱʠʤ 

ʨʝʢʢʫʨʝʥʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

      RR n+2  -  RR n+1   =   Z n+2 - 2 Z n+1 + Z n                                                                            (4) 

 ʅʦ, ʫʯʠʪʳʚʘʷ /2/, ʚʝʣʠʯʠʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʟʘʜʝʨʞʝʢ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʠʠ Z( t ) ʠ ʠʥʪʝʨʚʘʣ ʪʝʩʪʠʨʦʚʘʥʠʷ      (t n+1  = T ï Zn  )      

ʩʣʝʜʫʶʱʠʤ  ʦʙʨʘʟʦʤ: 

                                          Z (min)      ʧʨʠ  t n+1   Ó K/ Z(min)   

              Z n+1     =               K / t n+1      ʧʨʠ r Ò t n+1  Ò  K/ Z(min)                        (5 ) 

                                          ʚʳʧʘʜʝʥʠʝ   ʧʨʠ  t n+1    < r   

ʠʣʠ                                  

                                       Z (min),           Zn Ò T - K/ Z(min)   

             Z n+1     =              K / (T ï Zn),    T - K/ Z(min)  Ò Zn Ò  T ï r                (6 ) 

                                        ʚʳʧʘʜʝʥʠʝ ʧʨʠ      Zn  >  T- r . 

ʇʦʣʫʯʝʥʥʦʝ ʨʝʢʢʫʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ Z n+1 (Zn), ʪ.ʝ., 

ʫʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʝ /4/, ʧʦʟʚʦʣʷʝʪ ʧʦ ʟʘʜʘʥʥʳʤ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ Z0 ʠ 

RR0 ʧʨʝʜʩʢʘʟʘʪʴ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʟʘʜʝʨʞʝʢ Zn ʠ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ 
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RRn, ʛʜʝ n = 1,2,3,éééÐ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʤʦʞʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʛʨʘʬʠʯʝʩʢʠ. ʅʘ ʨʠʩ.9 ʧʦʢʘʟʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʣʫʯʘʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʫʥʢʮʠʠ   Z n+1 (Zn), ʦʧʠʩʳʚʘʝʤʦʡ ʩʦʦʪʥʦʰʝʥʠʝʤ /6/, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʠʩʩʝʢʪʨʠʩʳ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʫʛʣʘ. ʅʘ ʨʠʩ.9ɸ ʧʦʢʘʟʘʥ ʫʩʪʦʡʯʠʚʳʡ 

(ʣʠʥʝʡʥʳʡ) ʨʝʞʠʤ. ʆʥ ʠʤʝʝʪ ʤʝʩʪʦ, ʝʩʣʠ ʬʫʥʢʮʠʷ   Z n+1 = K / (T ï Zn) ʧʨʦʭʦʜʠʪ 

ʥʠʞʝ ʙʠʩʩʝʢʪʨʠʩʳ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʫʛʣʘ, ʧʝʨʝʩʝʢʘʷ ʝʝ ʚ ʜʚʫʭ ʪʦʯʢʘʭ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ ʥʘʯʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ Z0 ʧʦʩʣʝʜʫʶʱʠʝ ʟʘʜʝʨʞʢʠ 

 Z1 Z2 Z3 éé ʦʙʨʘʟʫʶʪ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, 

ʩʪʨʝʤʷʱʫʶʩʷ ʢ ʦʜʥʦʤʫ ʫʩʪʦʡʯʠʚʦʤʫ ʘʪʪʨʘʢʪʦʨʫ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʚ ʥʠʞʥʝʡ ʪʦʯʢʝ 

ʧʝʨʝʩʝʯʝʥʠʷ ʬʫʥʢʮʠʡ.  ʕʪʘ  ʪʦʯʢʘ (Zʫʩʪ) ʦʧʨʝʜʝʣʷʝʪ ʨʝʞʠʤ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. ʅʘ ʨʠʩ. 9ɹ ʧʦʢʘʟʘʥ ʥʝʫʩʪʦʡʯʠʚʳʡ (ʭʘʦʪʠʯʝʩʢʠʡ) 

ʨʝʞʠʤ: ʢʨʠʚʘʷ ʟʘʜʝʨʞʝʢ ʥʝ ʧʝʨʝʩʝʢʘʝʪ ʠ ʥʝ ʢʘʩʘʝʪʩʷ ʙʠʩʩʝʢʪʨʠʩʳ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʨʠ ʣʶʙʦʤ ʥʘʯʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʟʘʜʝʨʞʢʠ Z0, ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 

ʟʘʜʝʨʞʝʢ ʦʙʨʘʟʫʶʪ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ, 

ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʢʨʠʪʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ ʟʘʜʝʨʞʢʠ  ʧʨʝʨʳʚʘʝʪʩʷ ʚʳʧʘʜʝʥʠʝʤ 

ʠʤʧʫʣʴʩʘ.  ʕʪʦʪ   ʨʝʞʠʤ ï ʥʝʣʠʥʝʡʥʳʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʦʜʥʦʛʦ 

ʫʩʪʦʡʯʠʚʦʛʦ ʘʪʪʨʘʢʪʦʨʘ,  ʙʦʣʴʰʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʠ ʥʝʨʝʛʫʣʷʨʥʦʩʪʴʶ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. ʅʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʵʪʦʛʦ ʨʝʞʠʤʘ ï ʣʦʢʘʣʴʥʘʷ, ʪʘʢ ʢʘʢ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, ʚ ʮʝʣʦʤ ʧʨʝʜʩʢʘʟʫʝʤʳ  ʠʟ-ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʮʠʢʣʠʯʥʦʩʪʠ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʚʳʧʘʜʝʥʠʷ ʞʝʣʫʜʦʯʢʦʚʳʭ 

ʚʦʟʙʫʞʜʝʥʠʡ. ʅʘ ʨʠʩ. 9ɺ ʧʦʢʘʟʘʥ ʣʦʢʘʣʴʥʦ ʥʝʫʩʪʦʡʯʠʚʳʡ ʘʪʪʨʘʢʪʦʨ. ʕʪʦ 

ʩʦʩʪʦʷʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʨʠʚʘʷ ʟʘʜʝʨʞʝʢ ʢʘʩʘʝʪʩʷ ʙʠʩʩʝʢʪʨʠʩʳ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʥʘʯʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ Z0 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ Z1 Z2 Z3 éé.. Zn ʩʪʨʝʤʠʪʩʷ ʢ ʪʦʯʢʝ ʢʘʩʘʥʠʷ (ʘʪʪʨʘʢʪʦʨ). 

ʕʪʘ ʪʦʯʢʘ ʣʦʢʘʣʴʥʦ ʥʝʫʩʪʦʡʯʠʚʘʷ, ʧʨʠ ʤʘʣʝʡʰʝʤ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʥʝʝ ʚʧʨʘʚʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ Z1 Z2 Z3 éé.. Zn  ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʡ, ʧʨʠʚʦʜʷʱʝʡ 

ʢ ʦʯʝʨʝʜʥʦʤʫ ʚʳʧʘʜʝʥʠʶ ʞʝʣʫʜʦʯʢʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ʊʦʯʢʘ ʢʘʩʘʥʠʷ ʷʚʣʷʝʪʩʷ  
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ʈʠʩ9. ʈʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ   

ʨʘʟʣʠʯʥʳʤ ʩʣʫʯʘʷʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʫʥʢʮʠʠ ʟʘʜʝʨʞʝʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʠʩʩʝʢʪʨʠʩʳ 

ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʫʛʣʘ. 

ɸ. ʋʩʪʦʡʯʠʚʳʡ (ʣʠʥʝʡʥʳʡ) ʨʝʞʠʤ: ʬʫʥʢʮʠʷ   Z n+1 = K / (T ï Zn) ʧʨʦʭʦʜʠʪ ʥʠʞʝ ʙʠʩʩʝʢʪʨʠʩʳ 

ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʫʛʣʘ, ʧʝʨʝʩʝʢʘʷ ʝʝ ʚ ʜʚʫʭ ʪʦʯʢʘʭ. ʅʠʞʥʷʷ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ï ʫʩʪʦʡʯʠʚʳʡ 

ʘʪʪʨʘʢʪʦʨ. 

ɹ. ʅʝʫʩʪʦʡʯʠʚʳʡ (ʭʘʦʪʠʯʝʩʢʠʡ) ʨʝʞʠʤ: ʬʫʥʢʮʠʷ  Z n+1 = K / (T ï Zn) ʧʨʦʭʦʜʠʪ ʚʳʰʝ 

ʙʠʩʩʝʢʪʨʠʩʳ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʫʛʣʘ, ʥʝ ʠʤʝʷ ʩ ʥʝʡ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ. ʇʨʠ ʣʶʙʦʤ ʥʘʯʘʣʴʥʦʤ 

ʟʥʘʯʝʥʠʠ ʟʘʜʝʨʞʢʠ Z0, ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʟʘʜʝʨʞʝʢ Z1 Z2 Z3é.Zk ʦʙʨʘʟʫʶʪ 

ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ,  ʢʦʪʦʨʘʷ, ʧʨʝʨʳʚʘʝʪʩʷ ʚʳʧʘʜʝʥʠʝʤ 

ʦʯʝʨʝʜʥʦʛʦ (Zk+1) ʠʤʧʫʣʴʩʘ. 

ɺ. ʃʦʢʘʣʴʥʦ ʥʝʫʩʪʦʡʯʠʚʳʡ ʘʪʪʨʘʢʪʦʨ. ʂʨʠʚʘʷ ʟʘʜʝʨʞʝʢ ʢʘʩʘʝʪʩʷ ʙʠʩʩʝʢʪʨʠʩʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʥʘʯʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ Z0 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  Z1 Z2 Z3 éé.. Zʢ  
ʩʪʨʝʤʠʪʩʷ ʢ ʪʦʯʢʝ ʢʘʩʘʥʠʷ ï ʣʦʢʘʣʴʥʦ ʥʝʫʩʪʦʡʯʠʚʦʤʫ ʘʪʪʨʘʢʪʦʨʫ. 

 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʝʨʝʭʦʜ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʚ ʥʝʫʩʪʦʡʯʠʚʳʡ 

ʨʝʞʠʤ. 

ʌʫʥʢʮʠʷ   Z n+1 = K / (T ï Zn)  ʧʝʨʝʩʝʢʘʝʪ ʦʩʴ ʦʨʜʠʥʘʪ ʚ ʪʦʯʢʝ K/T =  (K/k)f.  

ʇʦʵʪʦʤʫ, ʝʩʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ f ʥʝʙʦʣʴʰʘʷ (ʧʝʨʠʦʜ 

ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ ʊ ʙʦʣʴʰʦʡ), ʠʤʝʝʪ ʤʝʩʪʦ ʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ, ʘ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʪʨʝʩʩʦʨʥʦʡ 
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ʥʘʛʨʫʟʢʠ  (ʫʤʝʥʴʰʝʥʠʠ ʧʝʨʠʦʜʘ ʊ) ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʦʡ ʟʘʜʝʨʞʝʢ ʩ ʦʩʴʶ 

ʦʨʜʠʥʘʪ ʧʦʜʥʠʤʘʝʪʩʷ ʚʚʝʨʭ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʦʪ ʫʩʪʦʡʯʠʚʳʭ ʨʝʞʠʤʦʚ ʢ ʥʝʫʩʪʦʡʯʠʚʳʤ, ʢʦʛʜʘ ʢʨʠʚʘʷ 

ʟʘʜʝʨʞʝʢ ʥʝ ʠʤʝʝʪ ʧʝʨʝʩʝʯʝʥʠʡ ʩ ʙʠʩʩʝʢʪʨʠʩʦʡ. ʂʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʫʩʪʦʡʯʠʚʦʛʦ ʨʝʞʠʤʘ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ  ʚ ʥʝʫʩʪʦʡʯʠʚʳʡ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʢʘʩʘʥʠʷ 

ʬʫʥʢʮʠʠ   Z n+1 = K / (T ï Zn)  ʩ ʙʠʩʩʝʢʪʨʠʩʦʡ Z n+1 = Zn : 

                            K / (ʊ  ï Z) = Z  ,                                                                                 (7) 

ʈʝʰʘʷ ʵʪʦ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫʯʠʤ 

                       Z = (ʊ Ñ ã (ʊ
2 
- 4ʂ))/2                                               (8) 

ʂʘʩʘʥʠʝ ʬʫʥʢʮʠʠ   Z n+1 = K / (T ï Zn)  ʩ ʙʠʩʩʝʢʪʨʠʩʦʡ Z n+1 = Zn  ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ  

ʊ
2 
-  4ʂ = 0, ʪʦ ʝʩʪʴ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʘ ʨʘʚʥʦ    

  ʊʢʨʠʪ = 2ãʂ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʥʝʨʚʥʦʡ  ʠʤʧʫʣʴʩʘʮʠʠ, 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʝʨʝʭʦʜ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʠʟ ʫʩʪʦʡʯʠʚʦʛʦ ʚ ʥʝʫʩʪʦʡʯʠʚʳʡ 

ʨʝʞʠʤ, ʨʘʚʥʘ 

                                        Fʢʨ = 1/2ãʂ                                                      (9) 

ʊʦʯʢʘ ʧʝʨʝʭʦʜʘ (Fʢʨ) ʠʟ ʣʠʥʝʡʥʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʨʝʞʠʤʘ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʚ 

ʥʝʣʠʥʝʡʥʳʡ (ʭʘʦʪʠʯʝʩʢʠʡ) ʨʝʞʠʤ ʦʧʨʝʜʝʣʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʣʘʙʠʣʴʥʦʩʪʴ 

ʩʝʨʜʮʘ. ʊʘʢ ʢʘʢ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ 

ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ (f) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʘʩʪʦʪʝ ʚʭʦʜʥʦʡ ʥʝʨʚʥʦʡ 

ʠʤʧʫʣʴʩʘʮʠʠ (f = kF), ʧʦʣʫʯʠʤ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʩʪʨʝʩʩʦʨʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʝʨʝʭʦʜ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʠʟ ʫʩʪʦʡʯʠʚʦʛʦ ʚ 

ʥʝʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ, ʨʘʚʥʘ 

                     fʢʨ = k/2ãʂ                                                           (10) 

ɿʘʜʝʨʞʢʘ ʧʨʦʚʝʜʝʥʠʷ ʚ ʪʦʯʢʝ ʢʘʩʘʥʠʷ  ʨʘʚʥʘ 

                                Zʢʘʩ = ʊ/2                                                           (11) 

ʋʩʪʘʥʦʚʠʚʰʝʝʩʷ  ʟʥʘʯʝʥʠʝ ʟʘʜʝʨʞʢʠ ʧʨʦʚʝʜʝʥʠʷ (Zʫʩʪ) ʧʨʠ ʊ >ʊʢʨʠʪ  ʤʦʞʥʦ 

ʥʘʡʪʠ, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʩʦʚʧʘʜʝʥʠʷ Zʫʩʪ ʩ ʥʠʞʥʝʡ ʪʦʯʢʦʡ ʧʝʨʝʩʝʯʝʥʠʷ 
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ʬʫʥʢʮʠʠ Z n+1 = K / (T ï Zn)  ʩ ʙʠʩʩʝʢʪʨʠʩʦʡ Z n+1 = Zn. ʀʟ ʫʨʘʚʥʝʥʠʡ  /8/  ʠ  /1/ 

ʠʤʝʝʤ: 

                            Zʫʩʪ  = (k/f - ã ((ʢ/f)
2 
-4ʂ))/2.                                        (12) 

ʅʘ ʨʠʩ.10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ  ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ 

ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ.  

ɸ                         ʈʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ          ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ
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  ɺ            ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ
              RR  ʠʥʪʝʨʚʘʣʦʚ (SD) ʦʪ ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ 
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ʈʠʩ.10. ɺʣʠʷʥʠʝ ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. 

ɸ. ɿʘʚʠʩʠʤʦʩʪʴ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʟʘʜʝʨʞʢʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪ 

ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ. ʆʩʴ ʘʙʩʮʠʩʩ: ʩʪʨʝʩʩʦʨʥʘʷ ʥʘʛʨʫʟʢʘ f, ʫʩʣ.ʝʜ. ʆʩʴ ʦʨʜʠʥʘʪ:  1 ï 

ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʟʘʜʝʨʞʢʘ Z(ʫʩʪ), ʫʩʣ. ʝʜ.;  2 ï ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ (n), ʪʨʝʙʫʝʤʦʝ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ Z(ʫʩʪ). fʢʨ ï ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʧʝʨʝʭʦʜʘ ʠʟ ʣʠʥʝʡʥʦʛʦ ʚ ʥʝʣʠʥʝʡʥʳʡ ʨʝʞʠʤ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. 

ɹ.  ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ʦʪ ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ.  ʆʩʴ 

ʘʙʩʮʠʩʩ:  ʩʪʨʝʩʩʦʨʥʘʷ ʥʘʛʨʫʟʢʘ f, ʫʩʣ.ʝʜ. ʆʩʴ ʦʨʜʠʥʘʪ:  1 ï ʩʨʝʜʥʠʡ RR ʠʥʪʝʨʚʘʣ ʫʩʣ. ʝʜ.;  2 ï 

ʤʘʢʩʠʤʘʣʴʥʳʡ RR ʠʥʪʝʨʚʘʣ, ʫʩʣ. ʝʜ.; 

ɺ.  ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ RR ʠʥʪʝʨʚʘʣʦʚ ʦʪ  ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ. ʆʩʴ 

ʘʙʩʮʠʩʩ: ʩʪʨʝʩʩʦʨʥʘʷ ʥʘʛʨʫʟʢʘ f, ʫʩʣ.ʝʜ ʆʩʴ ʦʨʜʠʥʘʪ:  ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ RR ʠʥʪʝʨʚʘʣʦʚ 

SD, ʫʩʣ. ʝʜ. 

 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ MOD1K ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʟʥʘʯʝʥʠʷʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʚʦʡ ʟʘʜʝʨʞʝʢ: Z(0)= Z(min), 

RR(0)=T, K=1500, Z(min)=10, r=5, ʢ=1000. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʘʢ ʟʘʜʝʨʞʢʘ 

ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʧʦ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʝ ʩʝʨʜʮʘ (ʨʠʩ.10ɸ), 

ʪʘʢ ʠ ʧʦʢʘʟʘʪʝʣʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ (ʨʠʩ.10ɹ ʠ ɺ) ʠʟʤʝʥʷʶʪʩʷ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʢʨʠʪʠʯʝʩʢʫʶ ʪʦʯʢʫ, ʦʧʨʝʜʝʣʷʶʱʫʶ  ʧʝʨʝʭʦʜ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʚ ʥʝʩʪʘʙʠʣʴʥʳʡ ʨʝʞʠʤ.  

ɺ ʪʘʙʣʠʮʝ1 ʧʨʠʚʝʜʝʥʳ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʚ 

ʣʠʥʝʡʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʧʨʠ ʊ > ʊʢʨ). ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʩʝʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʘʙʠʣʴʥʦ ï ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ. ɿʘʜʝʨʞʢʘ ʧʨʦʚʝʜʝʥʠʷ Z(ʫʩʪ), 

ʯʠʩʣʦ ʮʠʢʣʦʚ ʩ ʧʝʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʦʡ (n),  ʚʘʨʠʘʮʠʦʥʥʳʡ ʨʘʟʤʘʭ (ɺʈ) ʠ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (SD) ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʝʨʠʦʜʘ 
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ʊ. ɼʨʫʛʠʝ ɺʈʉ ï ʧʦʢʘʟʘʪʝʣʠ - ʩʨʝʜʥʠʡ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ RR ʠʥʪʝʨʚʘʣʳ 

ʧʦʩʪʝʧʝʥʥʦ ʫʙʳʚʘʶʪ ʩ  ʫʤʝʥʴʰʝʥʠʝʤ ʧʝʨʠʦʜʘ ʊ, ʘ ʤʠʥʠʤʘʣʴʥʳʡ RR ʠʥʪʝʨʚʘʣ 

ʚʩʝʛʜʘ ʨʘʚʝʥ ʧʝʨʠʦʜʫ ʊ. ʉʦʚʩʝʤ ʜʨʫʛʘʷ ʢʘʨʪʠʥʘ (ʪʘʙʣʠʮʘ 2) ʠʤʝʝʪ ʤʝʩʪʦ  ʚ 

ʥʝʣʠʥʝʡʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʠ ʊ < ʊʢʨ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠʟʤʝʥʝʥʠʝ ʚʩʝʭ ɺʈʉ - ʧʦʢʘʟʘʪʝʣʝʡ ʥʦʩʠʪ ʥʝʨʝʛʫʣʷʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʠʧʠʯʥʳʡ ʜʣʷ 

ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ. 

ʊʘʙʣʠʮʘ.1 ɿʘʚʠʩʠʤʦʩʪʴ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʟʘʜʝʨʞʢʠ Z(ʫʩʪ), ʯʠʩʣʘ ʮʠʢʣʦʚ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ (n) ʠ ʧʦʢʘʟʘʪʝʣʝʡ ɺʈʉ ʦʪ ʧʝʨʠʦʜʘ 

ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʊ ʚ ʣʠʥʝʡʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʊ > Tʢʨ) ʚ ʫʩʣʦʚʠʷʭ 

ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ ʩʝʨʜʮʘ. 

 

ɺʭʦʜʥʦʡ 

ʧʝʨʠʦʜ 

ʋʩʪ. 

ʟʘʜʝʨʞʢʘ 

ʏʠʩʣʦ 

ʮʠʢʣʦʚ 

ʉʨʝʜʥʝʝ. 

ʟʥʘʯʝʥʠʝ. 

ʉʪʘʥʜ. 

ʦʪʢʣʦʥʝʥʠʝ 

ʄʘʢʩ. RR 

ʠʥʪʝʨʚʘʣ 

ʄʠʥ. RR 

ʠʥʪʝʨʚʘʣ 

ɺʘʨʠʘʮ 

ʨʘʟʤʘʭ 

ʊ,  ʫʩʣ.ʝʜ 

 

Z(ʫʩʪ), 

ʫʩʣ.ʝʜ 

 

n 
ʄ(RR), 

ʫʩʣ.ʝʜ 
SD, ʫʩʣ.ʝʜ 

 

Max, 

ʫʩʣ.ʝʜ 

 

 

Min, 

ʫʩʣ.ʝʜ 

 

 

BP, 

ʫʩʣ.ʝʜ 

 

100 18,38 5 100,15 1,26 112,46 100,00 12,46 

95 20,00 6 95,17 1,35 108,30 95,00 13,30 

90 22,09 8 90,19 1,46 104,24 90,00 14,24 

87 23,69 9 87,20 1,53 101,86 87,00 14,86 

82 27,55 13 82,24 1,67 97,99 82,00 15,99 

80 30,00 19 80,27 1,73 96,48 80,00 16,48 

79 31,74 24 79,28 1,77 95,74 79,00 16,74 

78 34,41 30 78,31 1,81 95,00 78,00 17,00 

77 ʥʝʫʩʪ. Ð 81,19 12,90 185,18 77,00 108,18 

75 ʥʝʫʩʪ. Ð 88,79 26,92 277,01 75,00 202,01 



 89 

ʊʘʙʣʠʮʘ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ɺʈʉ ʦʪ ʧʝʨʠʦʜʘ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ 

ʥʝʣʠʥʝʡʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʊ  < ʊ ʢʨ) ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ ʨʝʛʫʣʷʮʠʠ 

ʨʠʪʤʘ ʩʝʨʜʮʘ. 
 

ɺʭʦʜʥʦʡ 

ʧʝʨʠʦʜ 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

ʉʪʘʥʜ. 

ʦʪʢʣʦʥʝʥʠʝ. 

ʄʘʢʩ. RR 

ʠʥʪʝʨʚʘʣ 

ʄʠʥ. RR 

ʠʥʪʝʨʚʘʣ 

ɺʘʨʠʘʮ 

ʨʘʟʤʘʭ 

 

ʕʥʪʨʦʧʠʷ 

 

ʊ 

ʫʩʣ.ʝʜ 

ʄ(RR) 

ʫʩʣ.ʝʜ 

SD 

ʫʩʣ.ʝʜ 

Max 

ʫʩʣ.ʝʜ 

Min 

ʫʩʣ.ʝʜ 

ɺʈ 

ʫʩʣ.ʝʜ 

ʕ 

ʫʩʣ.ʝʜ 

77 81,19 12,90 185,18 77,00 108,18 1,61 

75 88,79 26,92 277,01 75,00 202,01 2,08 

74 90,57 29,44 266,83 74,00 192,83 1,95 

73 88,64 23,23 195,44 73,00 122,44 1,95 

72 90,90 24,97 203,30 72,00 131,30 2,30 

71 88,31 25,02 288,77 71,00 217,77 1,61 

70 96,09 43,18 279,69 70,00 209,69 2,08 

69 91,81 30,22 275,01 69,00 206,01 1,79 

68 97,91 41,59 298,90 68,00 230,90 2,30 

67 86,64 16,92 199,78 67,00 132,78 1,61 

66 100,47 41,33 282,13 66,00 216,13 2,77 

65 95,06 31,74 272,08 65,00 207,08 2,20 

64 97,47 36,11 249,25 64,00 185,25 2,71 

63 95,15 43,59 290,52 63,00 227,52 1,95 

62 95,34 32,13 269,50 62,00 207,50 2,56 

61 97,48 34,20 278,56 61,00 217,56 2,83 

60 103,18 35,99 224,00 60,00 164,00 3,04 

 

ʅʘ ʨʠʩ.11 ʧʨʠʚʝʜʝʥʳ ʢʘʨʜʠʦʨʠʪʤʦʛʨʘʤʤʳ, ʭʘʦʩʛʨʘʤʤʳ (ʬʘʟʦʚʳʝ 

ʧʦʨʪʨʝʪʳ) ʠ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ RR ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ f =16,67 ʫʩʣ.ʝʜ. ɸʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 
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ʟʥʘʯʝʥʠʡ ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʦʢʘʟʘʣ, ʯʪʦ  ʚ ʮʝʣʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ ʠʤʝʣʘ ʤʝʩʪʦ ʪʝʥʜʝʥʮʠʷ ʦʙʱʝʛʦ ʨʦʩʪʘ ʩʪʝʧʝʥʠ  

ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ RR ʠʥʪʝʨʚʘʣʦʚ, ʥʦ ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʥʦʩʠʣʘ ʩʣʦʞʥʳʡ 

ʥʝʣʠʥʝʡʥʳʡ,  ʜʠʩʢʨʝʪʥʦ-ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʨʝʩʩʦʨʥʘʷ ʥʘʛʨʫʟʢʘ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ, ʧʨʦʚʦʮʠʨʫʶʱʠʤ 

ʩʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ  ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʉʫʜʘʢʦʚ ʂ.ɺ., ʋʣʴʷʥʠʥʩʢʠʡ 

ʃ.ʉ., 1984; Kashtanov S.I., 2004). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠ  ʦʙʦʩʥʦʚʘʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ 

ʧʝʨʝʭʦʜ ʠʟ ʫʩʪʦʡʯʠʚʦʛʦ (ʣʠʥʝʡʥʦʛʦ) ʨʝʞʠʤʘ  ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ  

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʚ ʥʝʫʩʪʦʡʯʠʚʳʡ (ʭʘʦʪʠʯʝʩʢʠʡ) ʨʝʞʠʤ, ʠ ʚʳʚʝʜʝʥʘ ʬʦʨʤʫʣʘ /9/, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ ʵʪʫ  ʪʦʯʢʫ.                                          

ʊʦʯʢʘ Fʢʨ ʦʧʨʝʜʝʣʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʣʘʙʠʣʴʥʦʩʪʴ ʩʝʨʜʮʘ, ʪ.ʝ. 

ʥʘʠʙʦʣʴʰʫʶ ʯʘʩʪʦʪʫ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʫʶ 

ʩʝʨʜʮʝʤ ʙʝʟ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʠʪʤʘ.  

ʏʝʤ ʚʳʰʝ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʣʘʙʠʣʴʥʦʩʪʴ ʩʝʨʜʮʘ, ʪʝʤ ʚʳʰʝ ʝʛʦ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʣʠʷʥʠʶ ʩʪʨʝʩʩʦʨʥʳʭ ʥʘʛʨʫʟʦʢ. ʀʟ  /9/ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʯʝʤ 

ʙʦʣʴʰʝ ʢʨʫʪʠʟʥʘ ʬʫʥʢʮʠʠ ʨʝʩʪʠʪʫʮʠʠ (ʂ), ʪʝʤ ʤʝʥʴʰʝ Fʢʨ, ʪ.ʝ. ʥʠʞʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʣʘʙʠʣʴʥʦʩʪʴ ʩʝʨʜʮʘ ʠ ʝʛʦ ʩʪʨʝʩʩ-ʫʩʪʦʡʯʠʚʦʩʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʩʪʨʝʩʩ-ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʪʘʢʠʭ 

ʚʠʜʦʚ ʚʦʟʜʝʡʩʪʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʩʥʠʞʝʥʠʶ ʢʨʫʪʠʟʥʳ ʬʫʥʢʮʠʠ ʨʝʩʪʠʪʫʮʠʠ (ʂ). ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʦʪʢʨʳʚʘʝʪ ʧʫʪʠ ʬʘʨʤʘʢʦʣʦʛʘʤ ʠ ʢʣʠʥʠʮʠʩʪʘʤ 

ʜʣʷ ʧʦʠʩʢʘ ʧʨʝʧʘʨʘʪʦʚ, ʧʦʚʳʰʘʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʝʨʜʮʘ ʢ ʩʪʨʝʩʩʦʨʥʳʤ 

ʥʘʛʨʫʟʢʘʤ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ 

ʧʝʨʝʭʦʜʘ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʚ ʥʝʩʪʘʙʠʣʴʥʳʡ ʨʝʞʠʤ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʨʠʚʠʟʥʦʡ  
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ʈʠʩ.11.  ʈʠʪʤʦʛʨʘʤʤʳ (ɸ), ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ (ɹ) ʠ ʛʠʩʪʦʛʨʘʤʤʳ (ɺ) ʨʘʩʧʨʝʜʝʣʝʥʠʷ RR 

ʠʥʪʝʨʚʘʣʦʚ ʚ ʥʝʣʠʥʝʡʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. ɿʜʝʩʴ ʩʪʨʝʩʩʦʨʥʘʷ ʥʘʛʨʫʟʢʘ ʨʘʚʥʘ 

16,67 ʫʩʣ. ʝʜ. ʕʥʪʨʦʧʠʷ  ʨʘʚʥʘ 3,04 ʫʩʣ.ʝʜ. ʅʘ ʨʠʪʤʦʛʨʘʤʤʝ (ɸ) ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥ 

ʥʦʤʝʨ (i) ʠʥʪʝʨʚʘʣʘ RR(i). ʇʦ ʦʩʠ ʦʨʜʠʥʘʪ ʚʝʣʠʯʠʥʘ ʠʥʪʝʨʚʘʣʘ RR(i), ʫʩʣ. ʝʜ. ɹ - ʬʘʟʦʚʳʝ 

ʧʦʨʪʨʝʪʳ RR ʠʥʪʝʨʚʘʣʦʚ. ʆʩʴ ʘʙʩʮʠʩʩ ï ʧʨʝʜʳʜʫʱʠʡ RR ʠʥʪʝʨʚʘʣ RR(i); ʦʩʴ ʦʨʜʠʥʘʪ - 

ʧʦʩʣʝʜʫʶʱʠʡ RR ʠʥʪʝʨʚʘʣ RR(i+1), ʫʩʣ.ʝʜ. ɺ - ʛʠʩʪʦʛʨʘʤʤʘ RR ʠʥʪʝʨʚʘʣʦʚ.  ʆʩʴ ʘʙʩʮʠʩʩ: 

ʚʝʣʠʯʠʥʘ ʠʥʪʝʨʚʘʣʘ RR, ʫʩʣ. ʝʜ; ʦʩʴ ʦʨʜʠʥʘʪ: ʯʠʩʣʦ RR ʠʥʪʝʨʚʘʣʦʚ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ N(RR). 

 

ʬʫʥʢʮʠʠ ʨʝʩʪʠʪʫʮʠʠ. ʅʦ ʵʪʘ ʚʝʣʠʯʠʥʘ ʟʘʚʠʩʠʪ ʦʪ  ʛʝʥʝʪʠʯʝʩʢʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʷʱʝʡ 

ʩʠʩʪʝʤʳ ʩʝʨʜʮʘ, ʦʧʨʝʜʝʣʷʶʱʠʭ  ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʚ ʩʝʨʜʮʝ.  ʕʪʦ  ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ɸ.ʃ. ɻʦʣʜʙʝʨʛʝʨʘ ʠ ʩʦʘʚʪ. 

(Goldberger A.L., Bhargava V., West B.J., Mandell A.J.,1985) ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʩʚʷʟʠ ʤʝʞʜʫ ʥʝʣʠʥʝʡʥʦʡ ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ ʩʝʨʜʮʘ  

ʠ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ.  ʇʨʠ ʵʪʦʤ ʧʦʜ 

ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ ʩʝʨʜʮʘ ʘʚʪʦʨʳ ʧʦʜʨʘʟʫʤʝʚʘʶʪ  
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ʝʝ ʠʝʨʘʨʭʠʯʝʩʢʫʶ  ʩʪʨʫʢʪʫʨʫ,  ʢʦʪʦʨʘʷ  ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʦʯʢʠ ʚʝʪʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʚʦʣʦʢʦʥ,  ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ  ʜʣʠʥʝ  ʠ ʩʢʦʨʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ. ʏʝʤ ʚʳʰʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ ʩʝʨʜʮʘ, ʪʝʤ ʙʦʣʴʰʝ ʢʨʠʚʠʟʥʘ ʬʫʥʢʮʠʠ 

ʨʝʩʪʠʪʫʮʠʠ, ʪʝʤ ʤʝʥʴʰʝ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʣʘʙʠʣʴʥʦʩʪʴ ʩʝʨʜʮʘ ʠ ʝʛʦ ʩʪʨʝʩʩ-

ʫʩʪʦʡʯʠʚʦʩʪʴ.  

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʠ 

ʧʦʩʪʝʧʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ   ʚʳʚ̫ʠʣʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʧʝʨʝʭʦʜʘ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʚ ʥʝʩʪʘʙʠʣʴʥʳʡ ʨʝʞʠʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠ 

ʚʠʜʦʚʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ  ʨʘʟʣʠʯʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʷʱʝʡ 

ʩʠʩʪʝʤʳ ʩʝʨʜʮʘ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʨʘʟʣʠʯʠʷ ʢʨʠʚʠʟʥʳ ʬʫʥʢʮʠʠ ʨʝʩʪʠʪʫʮʠʠ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʣʘʙʠʣʴʥʦʩʪʠ  ʠ  ʩʪʨʝʩʩ-ʫʩʪʦʡʯʠʚʦʩʪʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ.  
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4.2. ɸʥʘʣʠʟ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʭʘʦʪʠʯʝʩʢʠʤʠ 

ʨʝʞʠʤʘʤʠ  ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. ɼʚʫʭʢʦʥʪʫʨʥʘʷ ʤʦʜʝʣʴ. 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʨʜʠʦʨʠʪʤʘ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʚʦʟʨʘʩʪʘʥʠʠ 

ʚʝʣʠʯʠʥʳ ʯʘʩʪʦʪʳ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʦʜʥʦʢʦʥʪʫʨʥʦʡ  ʤʦʜʝʣʠ ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ ʩʝʨʜʮʘ. ʆʜʥʦʢʦʥʪʫʨʥʘʷ ʤʦʜʝʣʴ 

ʦʩʥʦʚʘʥʘ ʥʘ ʦʙʦʙʱʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ ʩʝʨʜʮʘ. ʅʦ, ʢʘʢ 

ʙʳʣʦ ʩʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ 3.1, ʠʟʫʯʝʥʠʝ ʣʶʙʦʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʵʪʦ ʤʥʦʛʦʵʪʘʧʥʳʡ 

ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ ʦʪ ʧʨʦʩʪʦʛʦ ʢ ʩʣʦʞʥʦʤʫ, ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ ʫʪʦʯʥʝʥʠʝ ʤʦʜʝʣʠ. ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 2-ʛʦ ʵʪʘʧʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ - 

ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ ʩʝʨʜʮʘ, ʫʯʠʪʳʚʘʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʝʨʠʦʜʦʚ ʨʝʬʨʘʢʪʝʨʥʦʩʪʠ ʠ ʟʘʜʝʨʞʝʢ ʧʨʦʚʝʜʝʥʠʷ ʚ ʩʠʥʦʘʪʨʠʘʣʴʥʦʤ (ʉɸ) ʠ 

ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʦʤ (ɸɺ) ʫʟʣʘʭ. 

ʅʘ ʨʠʩ.12 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ 

ʧʝʡʩʤʝʢʝʨʦʤ ʩʠʥʦʘʪʨʠʘʣʴʥʦʛʦ ʫʟʣʘ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʡ ʩʭʝʤʳ, ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʚʦʟʙʫʞʜʝʥʠʷʤʠ ʞʝʣʫʜʦʯʢʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ: ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʥʪʝʨʚʘʣʘ (ʊ)  ʤʝʞʜʫ ʚʦʟʙʫʞʜʝʥʠʷʤʠ ʉɸ ʫʟʣʘ;  

ʚʝʣʠʯʠʥʦʡ ʟʘʜʝʨʞʢʠ ʚ ʉɸ ʫʟʣʝ (Z ʉɸ);  ʘʙʩʦʣʶʪʥʳʤ ʨʝʬʨʘʢʪʝʨʥʳʤ ʧʝʨʠʦʜʦʤ 

ʉɸ ʫʟʣʘ (rʉɸ); ʚʝʣʠʯʠʥʦʡ ʟʘʜʝʨʞʢʠ ʚ ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʦʤ ʫʟʣʝ (Zɸɺ);  

ʘʙʩʦʣʶʪʥʳʤ ʨʝʬʨʘʢʪʝʨʥʳʤ ʧʝʨʠʦʜʦʤ ɸɺ ʫʟʣʘ (rɸɺ). 

ɿʘʜʝʨʞʢʠ ʧʨʦʚʝʜʝʥʠʷ  Zʉɸ  ʠ Zɸɺ  ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʢʫʩʦʯʥʦ-ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʝʡ                                        

Z(min)  ʧʨʠ  K/ Z(min)  Ò t < Ð 

               Z ( t ) =               K / t    ʧʨʠ r < t < K/ Z(min)                               (1) 

ʇʨʠ  t  < r  ʠʤʧʫʣʴʩ ʚʳʧʘʜʘʝʪ. ɿʜʝʩʴ r = r(abs) ï ʘʙʩʦʣʶʪʥʳʡ ʨʝʬʨʘʢʪʝʨʥʳʡ 

ʧʝʨʠʦʜ ʉɸ ʠʣʠ ɸɺ ʫʟʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Z(min) ï ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ  
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ʈʠʩ.12. ʉʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ 

ʩʝʨʜʮʘ ʚ  ʫʩʣʦʚʠʷʭ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ.  

 ʆʙʦʟʥʘʯʝʥʠʷ: ʇ ï ʧʨʝʜʩʝʨʜʠʷ; ɾ ï ʞʝʣʫʜʦʯʢʠ; rʉɸ - ʘʙʩʦʣʶʪʥʳʡ ʨʝʬʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ ʉɸ 

ʫʟʣʘ; rɸɺ - ʘʙʩʦʣʶʪʥʳʡ ʨʝʬʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ ɸɺ ʫʟʣʘ; Z ʉɸ -  ʟʘʜʝʨʞʢʘ ʧʨʦʚʝʜʝʥʠʷ ʚ ʉɸ 

ʫʟʣʝ; Z ɸɺ ï ʟʘʜʝʨʞʢʘ ʧʨʦʚʝʜʝʥʠʷ ʚ ɸɺ ʫʟʣʝ; ʊ ï ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʚʦʟʙʫʞʜʝʥʠʷʤʠ ʉɸ 

ʫʟʣʘ.  

ʟʘʜʝʨʞʢʠ Z ʉɸ  ʠ Z ɸɺ ; ʂ ï ʧʦʩʪʦʷʥʥʘʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʢʨʫʪʠʟʥʫ ʬʫʥʢʮʠʠ 

Z(t). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ʚʭʦʜ ʉɸ ʫʟʣʘ ʧʦʩʪʫʧʘʝʪ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʘʷ 

ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʠʤʧʫʣʴʩʘʮʠʷ,  ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʡ (F) ʧʦʩʪʦʷʥʥʘ ʠ ʧʨʝʚʳʰʘʝʪ 

ʩʦʙʩʪʚʝʥʥʫʶ ʯʘʩʪʦʪʫ ʧʝʡʩʤʝʢʝʨʘ ʉɸ ʫʟʣʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ  ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʫʥʢʮʠʷʤ ʟʘʜʝʨʞʝʢ    

 Z ʉɸ ( t ) =  K ʉɸ / t     ʠ     Z ɸɺ ( t ) =  Kɸɺ  / t  ,   ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʥʩʪʘʥʪ  

 K ʉɸ , Kɸɺ ,  Zʉɸ (min),  Z ɸɺ (min),  r ʉɸ ,   rɸɺ ,  ʧʝʨʠʦʜʘ ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ ʊ ʠ  

ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ  Zʉɸ (0),  Z ɸɺ (0) ʠ RR(0),   ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ: 

PP[ i ],  Zʉɸ[ i ],   Z ɸɺ [ i ]=PQ [ i ],   RR[ i ],   i  = 1, 2,éé..N,  ʛʜʝ  N  ï ʜʣʠʥʘ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ.  



 95 

ʄʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ  ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ MOD2K, 

ʚʭʦʜʷʱʝʡ ʚ ʘʚʪʦʨʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ  CHAOS  ver. 3.0.,  ʨʘʙʦʪʘʶʱʝʡ ʚ 

ʩʨʝʜʝ Windows XP. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ  PP[ i ], 

PQ [ i ] ʠ   RR[ i ],   ʘ ʪʘʢʞʝ  ʧʦʢʘʟʘʪʝʣʠ ɺʉʈ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ  ʯʘʩʪʦʪʳ 

ʚʭʦʜʥʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ (F).  

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ  

ʧʝʨʠʦʜʘ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʊ, ʚʘʨʴʠʨʫʝʤʦʛʦ ʩ ʰʘʛʦʤ 1 ʚ ʜʠʘʧʘʟʦʥʝ 40 

õ100ʫʩʣ.ʝʜ. ʕʪʦʤʫ ʜʠʘʧʘʟʦʥʫ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ (F) 10 õ 

25ʫʩʣ.ʝʜ. (F=1000/T ï ʧʨʠʥʷʪʦʝ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ). ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʧʨʠʥʠʤʘʣʠʩʴ ʨʘʚʥʳʤʠ:   r ʉɸ=2,   rɸɺ = 

5,  Zʉɸ (min) = 5,  Z ɸɺ (min)= 10,  K ʉɸ = 676,  Kɸɺ = 1500. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʨʠ N=100.  ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʚʭʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ  ʙʳʣʠ 

ʦʜʠʥʘʢʦʚʳʤʠ: Zʉɸ (0) = 5,   Z ɸɺ (0)= 10,  RR (0) = T.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ ʦʪ 

10 ʜʦ 13ʫʩʣ.ʝʜ. ʠʤʝʣ ʤʝʩʪʦ ʫʩʪʦʡʯʠʚʳʡ (ʣʠʥʝʡʥʳʡ) ʨʝʞʠʤ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ.  

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʨʘʩʪʘʥʠʠ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ ʦʙʥʘʨʫʞʝʥʦ ʜʚʝ 

ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ ʧʝʨʝʭʦʜ ʠʟ 

ʦʜʥʦʛʦ ʨʝʞʠʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʚ ʜʨʫʛʦʡ. ʇʝʨʚʘʷ 

ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ (F1ʢʨ=13ʫʩʣ.ʝʜ.) ʨʘʟʜʝʣʷʝʪ ʫʩʪʦʡʯʠʚʳʡ (ʣʠʥʝʡʥʳʡ) ʨʝʞʠʤ 

ʦʪ ʭʘʦʪʠʯʝʩʢʦʛʦ (ʥʝʣʠʥʝʡʥʦʛʦ) ʨʝʞʠʤʘ. ʕʪʘ ʪʦʯʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʝʣʴʥʦʡ 

ʯʘʩʪʦʪʝ ʫʩʚʦʝʥʠʷ ʨʠʪʤʘ ɸɺ ʫʟʣʦʤ. ɺʪʦʨʘʷ ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ (F2ʢʨ=19ʫʩʣ.ʝʜ.) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʝʣʴʥʦʡ ʯʘʩʪʦʪʝ ʫʩʚʦʝʥʠʷ ʨʠʪʤʘ ʉɸ ʫʟʣʦʤ. ʕʪʘ ʪʦʯʢʘ 

ʨʘʟʜʝʣʷʝʪ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ 

ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʳʷʚʠʣʠ 3 ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ:  

1.  F< F1ʢʨ - ʣʠʥʝʡʥʳʡ ʨʝʞʠʤ; 

2. F1ʢʨ  <  F < F2ʢʨ  - ʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠ; 

3.  F> F2ʢʨ ï ʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠ. 
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ʊʝʨʤʠʥʦʣʦʛʠʷ - ʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠ ʠ ʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠ ʥʘʤʠ ʚʚʝʜʝʥʘ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʜʚʫʭ ʨʘʟʥʳʭ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. ʍʘʦʩ1-

ʡ ʩʪʝʧʝʥʠ ï ʨʝʞʠʤ, ʚ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ (ɸɺ ʫʟʝʣ); ʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠ ï ʨʝʞʠʤ, ʚ 

ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ 

ʠʩʪʦʯʥʠʢʘʤʠ (ʉɸ ʫʟʝʣ ʠ ɸɺ ʫʟʝʣ). 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ PP, PQ ʠ RR ʠʥʪʝʨʚʘʣʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ 

ʚʭʦʜʥʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ, ʘ ʥʘ ʨʠʩ.13. ï ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ 

ʵʪʠʭ ʚʝʣʠʯʠʥ ʩ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ  ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ. ɿʜʝʩʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ PP ʠʥʪʝʨʚʘʣʦʚ (ʨʠʩ.13ɸ),  PQ 

ʠʥʪʝʨʚʘʣʦʚ (ʨʠʩ.13ɹ) ʠ RR ʠʥʪʝʨʚʘʣʦʚ (ʨʠʩ.13ɺ).  ʀʟ ʨʠʩ.13ɸ ʤʦʞʥʦ ʚʠʜʝʪʴ, 

ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʘ ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ F2ʢʨ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ ʧʝʨʝʭʦʜ ʜʠʥʘʤʠʢʠ PP ʠʥʪʝʨʚʘʣʦʚ ʠʟ ʣʠʥʝʡʥʦʛʦ ʚ ʭʘʦʪʠʯʝʩʢʠʡ 

ʨʝʞʠʤ. ɺ ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ PP ʠʥʪʝʨʚʘʣʦʚ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ 

ʠʤʧʫʣʴʩʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ PP ʠʥʪʝʨʚʘʣʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ 

(SD(PP)<1,25). ʇʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ  ʢʨʠʪʠʯʝʩʢʫʶ ʪʦʯʢʫ (F> F2ʢʨ) ʚ ʥʝʣʠʥʝʡʥʳʡ                    

ɸ 
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ɹ 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ PQ 
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ʈʠʩ.13. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ɺʉʈ ʦʪ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ. ɸ. ɿʘʚʠʩʠʤʦʩʪʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ PP ʠʥʪʝʨʚʘʣʦʚ ʦʪ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ. ʆʩʴ 

ʘʙʩʮʠʩʩ ï ʯʘʩʪʦʪʘ ʠʤʧʫʣʴʩʘʮʠʠ F,ʫʩʣ.ʝʜ. ʆʩʴ ʦʨʜʠʥʘʪ: M(PP) - ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ PP  

ʠʥʪʝʨʚʘʣʦʚ, ʫʩʣ.ʝʜ; SD(PP) - ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ PP  ʠʥʪʝʨʚʘʣʦʚ,ʫʩʣ.ʝʜ. F2ʢʨ ï 

ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʧʝʨʝʭʦʜʘ  ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʚ ʥʝʣʠʥʝʡʥʳʡ ʨʝʞʠʤ (ʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠ).  ɹ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ PQ ʠʥʪʝʨʚʘʣʦʚ ʦʪ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ 

ʠʤʧʫʣʴʩʘʮʠʠ. ʆʩʴ ʘʙʩʮʠʩʩ ï ʯʘʩʪʦʪʘ ʠʤʧʫʣʴʩʘʮʠʠ F,ʫʩʣ.ʝʜ. ʆʩʴ ʦʨʜʠʥʘʪ: M(PQ) - ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ PQ  ʠʥʪʝʨʚʘʣʦʚ, ʫʩʣ.ʝʜ; SD(PQ) - ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ PQ  ʠʥʪʝʨʚʘʣʦʚ, ʫʩʣ.ʝʜ. 

F1ʢʨ ï ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʧʝʨʝʭʦʜʘ  ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʚ ʥʝʣʠʥʝʡʥʳʡ ʨʝʞʠʤ (ʭʘʦʩ 1-ʡ 

ʩʪʝʧʝʥʠ). F2ʢʨ ï ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʧʝʨʝʭʦʜʘ  ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʠʟ ʨʝʞʠʤʘ ñʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠò 
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ʚ ʨʝʞʠʤ ñʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠò. ɺ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ RR ʠʥʪʝʨʚʘʣʦʚ ʦʪ 

ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ. ʆʩʴ ʘʙʩʮʠʩʩ ï ʯʘʩʪʦʪʘ ʠʤʧʫʣʴʩʘʮʠʠ F,ʫʩʣ.ʝʜ. ʆʩʴ ʦʨʜʠʥʘʪ: 

M(RR) - ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ RR ʠʥʪʝʨʚʘʣʦʚ, ʫʩʣ.ʝʜ; SD(RR) - ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ RR 

ʠʥʪʝʨʚʘʣʦʚ,ʫʩʣ.ʝʜ. F1ʢʨ ï ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʧʝʨʝʭʦʜʘ  ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʚ ʥʝʣʠʥʝʡʥʳʡ 

ʨʝʞʠʤ (ʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠ). F2ʢʨ ï ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʧʝʨʝʭʦʜʘ  ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʠʟ ʨʝʞʠʤʘ 

ñʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠò ʚ ʨʝʞʠʤ ñʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠò. 

             
ʨʝʞʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʨʝʛʫʣʷʨʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ PP ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʣʠʯʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʝʝʩʷ ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʠ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ PP ʠʥʪʝʨʚʘʣʦʚ. ʅʘ ʨʠʩ.13ɹ ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ PQ ʠʥʪʝʨʚʘʣʦʚ ʦʪ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ 

ʠʤʧʫʣʴʩʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʉɸ ʫʟʝʣ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ 

ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ F1ʢʨ  ʠ F2ʢʨ, ʦʪʨʘʞʘʶʱʠʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʨʝʞʠʤʘʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. ʇʝʨʚʘʷ ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ F1ʢʨ 

ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʝʭʦʜ  ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʠʟ ʣʠʥʝʡʥʦʛʦ ʨʝʞʠʤʘ ʚ ʥʝʣʠʥʝʡʥʳʡ ï  

ʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ PQ ʠʥʪʝʨʚʘʣʦʚ ʦʙʫʩʣʦʚʣʝʥʳ 

ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ - ɸɺ ʫʟʣʦʤ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʝʩʣʠ ʚ 

ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ (F< F1ʢʨ) ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʩʪʝʧʝʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʚʝʣʠʯʠʥʳ 

PQ ʠʥʪʝʨʚʘʣʘ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʠʤʧʫʣʴʩʘʮʠʠ F,  ʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ  

ʢʨʠʪʠʯʝʩʢʫʶ ʪʦʯʢʫ (F> F1ʢʨ) ʚ ʥʝʣʠʥʝʡʥʳʡ ʨʝʞʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʨʝʛʫʣʷʨʥʦʝ 

ʯʝʨʝʜʦʚʘʥʠʝ PQ ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʝʝʩʷ ʚ 

ʫʚʝʣʠʯʝʥʠʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ PQ ʠʥʪʝʨʚʘʣʦʚ. ʇʨʠ ʵʪʦʤ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ PQ ʠʥʪʝʨʚʘʣʦʚ ʦʪ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ 

ʠʤʧʫʣʴʩʘʮʠʠ  ʧʨʠʦʙʨʝʪʘʶʪ ʥʝʣʠʥʝʡʥʳʡ, ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʨʘʩʪʘʥʠʠ ʯʘʩʪʦʪʳ ʠʤʧʫʣʴʩʘʮʠʠ ʚ ʪʦʯʢʝ F2ʢʨ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ (ʭʘʦʪʠʯʝʩʢʠʤʠ) ʨʝʞʠʤʘʤʠ.  

 ʅʘ ʨʠʩ.13ɺ ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ RR 

ʠʥʪʝʨʚʘʣʦʚ ʦʪ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ. ɿʜʝʩʴ ʤʦʞʥʦ 

ʪʘʢʞʝ ʚʠʜʝʪʴ  ʥʘʣʠʯʠʝ ʜʚʫʭ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʝʢ F1ʢʨ  ʠ F2ʢʨ. ɽʩʣʠ ʚ ʣʠʥʝʡʥʦʤ 

ʨʝʞʠʤʝ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥ RR ʠʥʪʝʨʚʘʣʦʚ ʩ ʨʦʩʪʦʤ 

ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ,  ʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ  

ʢʨʠʪʠʯʝʩʢʫʶ ʪʦʯʢʫ (F> F1ʢʨ) ʚʦʟʥʠʢʘʝʪ ʥʝʨʝʛʫʣʷʨʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ RR 

ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʝʝʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ 
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ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ RR ʠʥʪʝʨʚʘʣʦʚ ʠ ʥʝʣʠʥʝʡʥʦʤ, ʚʦʣʥʦʦʙʨʘʟʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʦʪ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ F. ɼʘʣʝʝ ʚ ʪʦʯʢʝ 

F2ʢʨ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʨʘʟʥʳʤʠ  ʭʘʦʪʠʯʝʩʢʠʤʠ ʨʝʞʠʤʘʤʠ.  

ʊʘʙʣʠʮʘ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ PP, PQ ʠ RR ʠʥʪʝʨʚʘʣʦʚ  

ʦʪ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ  ʚ ʫʩʣʦʚʠʷʭ 

ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ ʩʝʨʜʮʘ. 
 

ʏʘʩʪʦʪʘ (F, ʫʩʣ.ʝʜ.) ʇʦʢʘʟʘʪʝʣʴ PP, ʫʩʣ.ʝʜ PQ, ʫʩʣ.ʝʜ RR, ʫʩʣ.ʝʜ 

F=11,76 

ʩʨʝʜʥ 85,07 24,73 85,22 

ʩʪ.ʦʪ. 0,66 1,62 1,27 

ʄʘʭ 91,60 25,00 95,00 

ʄin 85,00 10,00 85,00 

ɺʈ 6,60 15,00 10,00 

F=12,50 

ʩʨʝʜʥ 80,08 29,45 80,35 

ʩʪ.ʦʪ. 0,71 3,00 1,95 

ʄʘʭ 87,11 30,00 96,48 

ʄin 80,00 3,00 80,00 

ɺʈ 7,11 27,00 16,48 

F=13,33 

ʩʨʝʜʥ 75,09 49,18 86,44 

ʩʪ.ʦʪ. 0,77 27,44 17,41 

ʄʘʭ 82,70 183,91 192,06 

ʄin 75,00 10,00 75,00 

ɺʈ 7,70 173,91 117,06 

F=14,29 

ʩʨʝʜʥ 70,10 56,11 92,51 

ʩʪ.ʦʪ. 0,84 45,54 35,13 

ʄʘʭ 78,37 287,80 293,01 

ʄin 70,00 3,00 70,00 

ɺʈ 8,37 284,80 223,01 

F=15,38 

ʩʨʝʜʥ 65,11 63,70 96,25 

ʩʪ.ʦʪ. 0,93 43,41 31,47 

ʄʘʭ 74,15 238,53 244,82 

ʄin 65,00 10,00 65,00 

ɺʈ 9,15 228,53 179,82 



 100 

F=16,67 

ʩʨʝʜʥ 60,13 62,93 94,77 

ʩʪ.ʦʪ. 1,03 39,31 27,39 

ʄʘʭ 70,06 203,93 211,29 

ʄin 60,00 3,00 60,00 

ɺʈ 10,06 200,93 151,29 

F=18,18 

ʩʨʝʜʥ 55,17 38,62 82,58 

ʩʪ.ʦʪ. 1,16 15,26 6,09 

ʄʘʭ 66,14 119,12 131,71 

ʄin 55,00 10,00 55,00 

ɺʈ 11,14 109,12 76,71 

F=11,76 

ʩʨʝʜʥ 61,51 75,41 109,25 

ʩʪ.ʦʪ. 28,87 66,15 55,93 

ʄʘʭ 264,93 287,47 292,69 

ʄin 42,64 3,00 50,00 

ɺʈ 222,29 284,47 242,69 

F=20,00 

ʩʨʝʜʥ 59,15 76,26 106,76 

ʩʪ.ʦʪ. 16,39 55,48 42,59 

ʄʘʭ 174,86 269,94 275,49 

ʄin 45,00 10,00 45,00 

ɺʈ 129,86 259,94 230,49 

F=25,0 

ʩʨʝʜʥ 71,07 65,78 105,22 

ʩʪ.ʦʪ. 39,31 56,53 47,23 

ʄʘʭ 307,82 299,01 304,02 

ʄin 40,00 10,00 40,00 

ɺʈ 267,82 289,01 264,02 
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ʈʠʩ14. ʈʠʪʤʦʛʨʘʤʤʳ (ɸ), ʛʠʩʪʦʛʨʘʤʤʳ (ɹ) ʠ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ (ɺ) RR ʠʥʪʝʨʚʘʣʦʚ  ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ  ʨʝʞʠʤʘʭ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. ʇʨʠ F=14,3ʫʩʣ.ʝʜ ï ʨʝʞʠʤ çʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠè; ʧʨʠ 

F=20ʫʩʣ.ʝʜ. ï ʨʝʞʠʤ çʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠè. ʅʘ ʨʠʪʤʦʛʨʘʤʤʘʭ (ɸ) ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥ 

ʥʦʤʝʨ (i) ʠʥʪʝʨʚʘʣʘ RR(i); ʇʦ ʦʩʠ ʦʨʜʠʥʘʪ ʚʝʣʠʯʠʥʘ ʠʥʪʝʨʚʘʣʘ RR(i), ʫʩʣ.ʝʜ. ʅʘ 

ʛʠʩʪʦʛʨʘʤʤʘʭ (ɹ) ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥʳ ʚʝʣʠʯʠʥʳ ʠʥʪʝʨʚʘʣʘ RR, ʫʩʣ.ʝʜ; ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ - 

ʯʠʩʣʦ RR ʠʥʪʝʨʚʘʣʦʚ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ N(RR). ʅʘ ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʘʭ (ɺ) ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ 

ʦʪʣʦʞʝʥ ʧʨʝʜʳʜʫʱʠʡ RR ʠʥʪʝʨʚʘʣ RR(i), ʫʩʣ.ʝʜ; ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ - ʧʦʩʣʝʜʫʶʱʠʡ RR 

ʠʥʪʝʨʚʘʣ RR(i+1), ʫʩʣ.ʝʜ. 
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ʅʘ ʨʠʩ.14ɸ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʛʨʘʤʤ, ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʜʣʷ  ʜʚʫʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʨʘʟʥʳʤ 

ʭʘʦʪʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ. ɺʝʨʭʥʷʷ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʛʨʘʤʤʘ (F=14,3ʫʩʣ.ʝʜ.)  

ʨʘʩʩʯʠʪʘʥʘ ʜʣʷ     ʜʠʘʧʘʟʦʥʘ çʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠè,  ʘ ʥʠʞʥʷʷ (F=20ʫʩʣ.ʝʜ.)  ï ʜʣʷ 

ʜʠʘʧʘʟʦʥʘ   çʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠè. ʅʘ ʨʠʩ.14ɹ ʧʨʠʚʝʜʝʥʳ   ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ RR ʠʥʪʝʨʚʘʣʦʚ, ʘ ʥʘ ʨʠʩ.14ɺ ï ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʜʠʘʧʘʟʦʥ çʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠè  

ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ  ʩʪʝʧʝʥʴʶ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ RR ʠʥʪʝʨʚʘʣʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʘʧʘʟʦʥʦʤ çʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠè.  

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʨʝʘʣʴʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʤʥʦʛʠʝ 

ʷʚʣʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʨʝʘʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʯʘʩʪʦʪʦʡ ʚʦʟʙʫʞʜʝʥʠʡ ʧʨʝʜʩʝʨʜʠʡ ʠ 

ʩʪʝʧʝʥʴʶ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ RR ʠʥʪʝʨʚʘʣʦʚ ʫ ʩʦʙʘʢ (ɹʘʙʩʢʠʡ ɽ.ɹ., ʄʝʟʝʥʮʝʚʘ 

ʃ.ɺ., ʋʣʴʷʥʠʥʩʢʠʡ ʃ.ʉ.,1974) ʧʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ 

ʩʪʠʤʫʣʷʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʝʨʝʭʦʜ ʦʪ ʫʩʪʦʡʯʠʚʦʛʦ 1:1 ɸɺ ʧʨʦʚʝʜʝʥʠʷ ʢ 

ʥʝʨʝʛʫʣʷʨʥʦʤʫ ʯʝʨʝʜʦʚʘʥʠʶ RR ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ, 

ʫʚʝʣʠʯʝʥʠʝ ɸɺ ʟʘʜʝʨʞʢʠ ʚ ʣʠʥʝʡʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʥʝʨʝʛʫʣʷʨʥʦʝ ʝʝ 

ʠʟʤʝʥʝʥʠʝ ʧʨʠ F>Fʢʨ, ʘ ʪʘʢʞʝ ʚʦʣʥʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ  ʩʪʝʧʝʥʠ 

ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʢʘʨʜʠʦʨʠʪʤʘ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʩʪʠʤʫʣʷʮʠʠ F. ɹʳʣʠ ʚʳʷʚʣʝʥʳ 

ʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ ʩ ʫʩʪʦʡʯʠʚʳʤʠ ʮʠʢʣʘʤʠ (n+1)/n. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʤʝʯʘʣʘʩʴ ʧʨʠ ʮʠʢʣʘʭ ʩ n=1 ʠ n=2, ʪ.ʝ.3/2 ʠ 2/1. ɺʩʝ 

ʵʪʠ ʷʚʣʝʥʠʷ ʧʦʣʥʦʩʪʴʶ  ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʠʟʣʦʞʝʥʥʦʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʤʦʜʝʣʠ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʘʢʞʝ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʠʢʣʘʤ 3/2 ʠ 2/1. ʎʠʢʣʳ  

3/2 ʠʤʝʣʠ ʤʝʩʪʦ ʧʨʠ ʯʘʩʪʦʪʝ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ F=18,18ʫʩʣ.ʝʜ. 

(T= 55ʫʩʣ.ʝʜ.), ʘ  ʮʠʢʣʳ 2/1  ʧʨʠ F=25ʫʩʣ.ʝʜ. (T= 40ʫʩʣ.ʝʜ).  ʀʥʪʝʨʝʩʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ  ʫʩʪʦʡʯʠʚʳʝ ʮʠʢʣʳ 3/2 ʠʣʠ 2/1 ʥʘʙʣʶʜʘʣʠʩʴ ʣʠʰʴ ʚ ʨʘʤʢʘʭ 

ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ ʩʝʨʜʮʘ. ʕʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ.15, ʥʘ  
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ʈʠʩ.15. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʜʣʷ 

ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʠ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ. ʆʩʴ ʘʙʩʮʠʩʩ ï ʯʘʩʪʦʪʘ ʠʤʧʫʣʴʩʘʮʠʠ F, ʫʩʣ.ʝʜ. ʆʩʴ 

ʦʨʜʠʥʘʪ - ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ RR ʠʥʪʝʨʚʘʣʦʚ SD(RR),ʫʩʣ.ʝʜ. 1 ï ʦʜʥʦʢʦʥʪʫʨʥʘʷ ʤʦʜʝʣʴ, 

2 ï ʜʚʫʭʢʦʥʪʫʨʥʘʷ ʤʦʜʝʣʴ.  

 

ʢʦʪʦʨʦʤ ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ RR ʠʥʪʝʨʚʘʣʦʚ ʦʪ 

ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʠ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ. 

ʇʦʩʢʦʣʴʢʫ ʜʠʘʧʘʟʦʥʳ ʯʘʩʪʦʪ ʠʤʧʫʣʴʩʘʮʠʠ F<F1ʢʨ ʠ  F1ʢʨ <F< F2ʢʨ  ʜʣʷ 

ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʠ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʝʡ ʦʜʠʥʘʢʦʚʳ, ʪʦ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʵʪʠʤʠ 

ʜʚʫʤʷ ʤʦʜʝʣʷʤʠ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ F> F2ʢʨ. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʨʠʚʳʭ  ʤʦʞʥʦ 

ʚʠʜʝʪʴ, ʯʪʦ ʜʣʷ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʳ ʢʦʣʝʙʘʥʠʷ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (SD), ʯʝʤ ʜʣʷ ʜʚʫʭʢʦʥʪʫʨʥʦʡ. 

ɺ ʯʘʩʪʥʦʩʪʠ,  ʜʣʷ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʚʠʜʝʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʜʚʫʭ ʪʦʯʝʢ (F=18,2ʫʩʣ.ʝʜ. ʠ F=25ʫʩʣ.ʝʜ.), ʧʨʠ ʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥʘ SD ʩʠʣʴʥʦ 

ʩʥʠʞʘʝʪʩʷ  ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʣʠʥʝʡʥʦʤʫ ʜʠʘʧʘʟʦʥʫ. ʕʪʦ ï ʠʤʝʥʥʦ 

ʪʝ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʤʝʩʪʦ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʨʠʪʤʘ 3/2 ʠ 2/1. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʠʪʤʘ ɸɺ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʦʡ ʧʨʠ ʯʘʩʪʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʜʩʝʨʜʠʡ. 



 104 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʩʣʝʜʫʝʪ ʦʙʩʫʜʠʪʴ ʨʦʣʴ CA ʫʟʣʘ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ ʨʠʪʤʘ ʩʝʨʜʮʘ. ʀʟ ʨʠʩ.15 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ 

ʜʠʘʧʘʟʦʥʝ F>F2ʢʨ, ʢʦʛʜʘ ʚ ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ʚʢʣʶʯʘʝʪʩʷ ʉɸ 

ʟʘʜʝʨʞʢʘ, ʠʩʯʝʟʘʶʪ ʩʣʠʰʢʦʤ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ SD, ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ SD(F) 

ʜʣʷ ʩʣʫʯʘʷ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ ʥʦʩʠʪ ʙʦʣʝʝ ʩʛʣʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʢʨʠʚʦʡ  ʜʣʷ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʤʦʜʝʣʠ. ɸʥʘʣʦʛʠʯʥʫʶ 

ʩʛʣʘʞʠʚʘʶʱʫʶ ʨʦʣʴ ʉɸ ʫʟʣʘ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠ ʥʘ ʨʠʩ.13ɹ ʠ ɺ. ɿʜʝʩʴ ʪʘʢʞʝ  ʚ 

ʜʠʘʧʘʟʦʥʝ F>F2ʢʨ, ʢʦʛʜʘ ʚ ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ʚʢʣʶʯʘʝʪʩʷ ʉɸ 

ʟʘʜʝʨʞʢʘ, ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ PQ ʠ RR ʠʥʪʝʨʚʘʣʦʚ 

ʠʤʝʶʪ ʙʦʣʝʝ ʩʛʣʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʜʠʘʧʘʟʦʥʦʤ 

F1ʢʨ<F<F2ʢʨ.  ʇʦ-ʚʠʜʠʤʦʤʫ, ʉɸ ʟʘʜʝʨʞʢʘ ʠʛʨʘʝʪ ʜʝʤʧʬʠʨʫʶʱʫʶ ʨʦʣʴ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʫʶ ʩʣʠʰʢʦʤ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʜʝʯʥʦʛʦ 

ʨʠʪʤʘ.  

ʀʟ ʨʠʩ.13ɺ ʤʦʞʥʦ ʪʘʢʞʝ ʚʠʜʝʪʴ, ʯʪʦ ʝʩʣʠ ʢʨʠʚʘʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ 

ʠʟʤʝʥʝʥʠʝ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ RR ʠʥʪʝʨʚʘʣʦʚ SD(RR) ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʯʘʩʪʦʪʳ 

ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ ʥʦʩʠʪ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʨʝʟʢʠʤʠ ʩʢʘʯʢʘʤʠ SD,  

ʪʦ ʢʨʠʚʘʷ ʄ(RR),  ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ RR 

ʠʥʪʝʨʚʘʣʦʚ,  ʙʦʣʝʝ ʩʛʣʘʞʝʥʥʘʷ.  ʇʨʠʯʝʤ ʩʘʤʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ RR ʠʥʪʝʨʚʘʣʦʚ 

ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ ʤʝʥʷʝʪʩʷ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ ʦ ʚʘʞʥʦʡ ʨʦʣʠ ʉɸ ʠ ɸɺ ʟʘʜʝʨʞʝʢ ʚ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʩʪʨʝʩʩ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʠ 

ʧʦʜʜʝʨʞʘʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʥʝʣʠʥʝʡʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʩ ʨʦʩʪʦʤ ʩʪʨʝʩʩʦʨʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʦʠʩʭʦʜʠʪ  ʚʦʣʥʦʦʙʨʘʟʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ   ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ.  ʅʝʣʴʟʷ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʩ ʨʦʩʪʦʤ ʩʪʨʝʩʩʦʨʥʳʭ ʥʘʛʨʫʟʦʢ ʩʥʠʞʘʝʪʩʷ ʠʣʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ  ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. ɺʩʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ,  ʢʘʢʦʤʫ ʜʠʘʧʘʟʦʥʫ 

ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ  ʥʝʨʚʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʘʷ ʩʪʨʝʩʩʦʨʥʘʷ  

ʥʘʛʨʫʟʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʞʠʚʦʪʥʳʭ 
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(ʂʘʰʪʘʥʦʚ ʉ.ʀ., ʃ.ɺ.ʄʝʟʝʥʮʝʚʘ, ʄ.ɸ.ɿʚʷʛʠʥʮʝʚʘ, ʀ.ʃ.ʂʦʰʘʨʩʢʘʷ.,2001; 

Kashtanov S.I., Mesentseva L.V., Zvyagintseva M.A., Kosharskaya I.L., Sudakov 

K.V., 2004) ʧʦʢʘʟʘʣʠ, ʯʪʦ  ʚʣʠʷʥʠʝ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʨʘʟʣʠʯʥʦ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʨʝʞʠʤʦʚ ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʭʘʦʩʘ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʣʫʯʘʝ ʬʠʙʨʠʣʣʷʮʠʠ ʞʝʣʫʜʦʯʢʦʚ, ʧʦʢʘʟʘʪʝʣʠ  

ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʕʂɻ ʦʙʥʘʨʫʞʠʚʘʣʠ ʜʦʩʪʦʚʝʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʦʩʪʨʦʛʦ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ 

ʩʪʨʝʩʩʘ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʨʝʞʠʤʦʚ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʩ ʥʦʨʤʘʣʴʥʳʤ 

ʩʠʥʫʩʦʚʳʤ ʨʠʪʤʦʤ ʜʦʩʪʦʚʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ   

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʠʣʠ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʦʙʥʘʨʫʞʝʥʦ 

ʥʝ ʙʳʣʦ. ʀʟʤʝʥʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʥʦʩʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʠ 

ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ.   
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4.3. ɸʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ 
4.3.1. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʕɺɺ ʣʠʥʝʡʥʳʭ ʠ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʧʦ  ʥʘʯʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ 

ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ (F<13ʝʜ) 

ʠʤʝʣ ʤʝʩʪʦ ʣʠʥʝʡʥʳʡ ʨʝʞʠʤ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. ʕʪʦʪ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ 

ʫʩʪʦʡʯʠʚʳʤ 1:1 ɸɺ ʧʨʦʚʝʜʝʥʠʝʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʪʘʙʣʠʮʝ 

4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʝʨʚʳʭ 25  RR ʠ PQ ʠʥʪʝʨʚʘʣʦʚ  ʚ ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ (F=12,5ʝʜ.)  ʧʨʠ ʠʩʭʦʜʥʦʤ ʟʥʘʯʝʥʠʠ ʥʘʯʘʣʴʥʦʡ ɸɺ ʟʘʜʝʨʞʢʠ 

Z(0) = 10 ʝʜ. ʠ ʥʝʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ (æZ(0)=Ñ 0,2). 

ʊʘʙʣʠʮʘ 4. ɺʣʠʷʥʠʝ ʥʘʯʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ Z(0) ʥʘ ʜʠʥʘʤʠʢʫ   RR ʠ PQ 

ʠʥʪʝʨʚʘʣʦʚ   ʚ ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ (F=12,5 ʫʩʣ.ʝʜ). 

 

 

RR(i), ʫʩʣ.ʝʜ. 

 

 

PQ(i), ʫʩʣ.ʝʜ. 

 

Z(0)=9,8 Z(0)=10 Z(0)=10,2 Z(0)=9,8 Z(0)=10 Z(0)=10,2 

80 80 80 9,8 10 10,2 

91,57 91,43 91,29 21,37 21,43 21,49 

84,22 84,18 84,15 25,58 25,61 25,64 

81,98 81,97 81,96 27,56 27,58 27,59 

81,04 81,04 81,03 28,61 28,61 28,62 

80,58 80,58 80,57 29,19 29,19 29,2 

80,33 80,33 80,33 29,52 29,52 29,52 

80,19 80,19 80,19 29,71 29,72 29,72 

80,12 80,11 80,11 29,83 29,83 29,83 

80,07 80,07 80,07 29,9 29,9 29,9 

80,04 80,04 80,04 29,94 29,94 29,94 

80,02 80,02 80,02 29,96 29,96 29,96 

80,01 80,01 80,01 29,98 29,98 29,98 

80,01 80,01 80,01 29,99 29,99 29,99 

80,01 80,01 80,01 29,99 29,99 29,99 

80 80 80 30 30 30 

80 80 80 30 30 30 

80 80 80 30 30 30 

80 80 80 30 30 30 

80 80 80 30 30 30 

80 80 80 30 30 30 
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80 80 80 30 30 30 

80 80 80 30 30 30 

80 80 80 30 30 30 

80 80 80 30 30 30 

 ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʥʝʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥʘʯʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ 

ʚʧʨʘʚʦ ʠ ʚʣʝʚʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʢʘʨʜʠʦʜʠʥʘʤʠʢʫ.  ɿʥʘʯʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ  RR  ʠ PQ  ʠʥʪʝʨʚʘʣʦʚ ʧʨʠ  Z(0) = 9,8ʝʜ.  ʠ   Z(0)  =10,2 ʝʜ.  

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʩʭʦʜʥʳʭ  ʧʨʠ Z(0)=10 ʝʜ.  ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʝʨʠʦʜʘ  ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʉʧʫʩʪʷ 15 ʮʠʢʣʦʚ ʚʦ 

ʚʩʝʭ ʵʪʠʭ ʪʨʝʭ ʧʨʦʮʝʩʩʘʭ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʡ ʨʝʞʠʤ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ  ʫʩʪʦʡʯʠʚʦʝ 1:1 ɸɺ ʧʨʦʚʝʜʝʥʠʝ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ 

ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʚ ʩʣʫʯʘʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ 

ʚʝʣʠʯʠʥʳ RR(0). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʣʠʥʝʡʥʦʤʫ ʨʝʞʠʤʫ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʤʘʣʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʩʧʦʩʦʙʥʳ ʨʝʟʢʦ 

ʠʟʤʝʥʠʪʴ ʥʘʤʝʯʝʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ, ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʢ ʥʘʯʘʣʴʥʳʤ 

ʫʩʣʦʚʠʷʤ.  

  ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʨʘʩʪʘʥʠʠ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ ʚʳʷʚʣʝʥʦ 

ʜʚʝ ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ, ʨʘʟʜʝʣʷʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. 

ʇʝʨʚʘʷ ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ (F1ʢʨ=13ʝʜ.) ʨʘʟʜʝʣʷʝʪ ʣʠʥʝʡʥʳʡ ʨʝʞʠʤ ʦʪ ʨʝʞʠʤʘ 

çʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠè. ʕʪʘ ʪʦʯʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʝʣʴʥʦʡ ʯʘʩʪʦʪʝ ʫʩʚʦʝʥʠʷ 

ʨʠʪʤʘ ɸɺ ʫʟʣʦʤ. ɺʪʦʨʘʷ  ʪʦʯʢʘ (F2ʢʨ=19ʝʜ.) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʝʣʴʥʦʡ ʯʘʩʪʦʪʝ 

ʫʩʚʦʝʥʠʷ ʨʠʪʤʘ ʉɸ ʫʟʣʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʷʚʠʣʠ 3 ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘ  ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ:   F< F1ʢʨ - 

ʣʠʥʝʡʥʳʡ ʨʝʞʠʤ;     F1ʢʨ  <  F <  F2ʢʨ  - çʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠè ʠ  F> F2ʢʨ ï çʭʘʦʩ 

2-ʡ ʩʪʝʧʝʥʠè. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ  ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʫʩʪʦʡʯʠʚʦʩʪʠ  ʜʚʫʭ ʥʝʣʠʥʝʡʥʳʭ ʨʝʞʠʤʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʨʘʩʯʝʪʳ ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʭʦʜʥʦʡ ʵʢʩʪʨʘʢʘʨʜʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʘʮʠʠ F=13,7ʝʜ. 

(ʨʝʞʠʤ çʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠè) ʠ  F=20ʝʜ. (ʨʝʞʠʤ çʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠè) ʧʨʠ 

ʠʩʭʦʜʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʝʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʵʪʠʭ ʟʥʘʯʝʥʠʡ 

ʚʧʨʘʚʦ ʠ ʚʣʝʚʦ.  
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ʅʘ ʨʠʩ.16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʯʘʣʴʥʦʡ ɸɺ ʟʘʜʝʨʞʢʠ Z(0) ʜʣʷ ʨʝʞʠʤʘ çʭʘʦʩ1-

ʡ ʩʪʝʧʝʥʠè.  

ɸ 

  ʈʝʞʠʤ "ʭʘʦʩ1-ʡ ʩʪʝʧʝʥʠ" (F=13,7ʫʩʣ.ʝʜ) 
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ʈʠʩ.16. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʯʘʣʴʥʦʡ ɸɺ ʟʘʜʝʨʞʢʠ Z(0) 

ʜʣʷ ʨʝʞʠʤʘ çʭʘʦʩ1-ʡ ʩʪʝʧʝʥʠè (F=13,7ʫʩʣ.ʝʜ.). ɸ - ʠʟʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ RR 

ʠʥʪʝʨʚʘʣʦʚ ʧʨʠ ʠʩʭʦʜʥʦʤ ʟʥʘʯʝʥʠʠ ʥʘʯʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ 10 ʝʜ. ʠ ʥʝʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ 

ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ  ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ (æZ(0)= Ñ 0,2). ɹ - ʟʘʚʠʩʠʤʦʩʪʴ  ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ RR 

ʠʥʪʝʨʚʘʣʦʚ M(RR) ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʯʘʣʴʥʦʡ ɸɺ ʟʘʜʝʨʞʢʠ Z(0).  ɺ - ʟʘʚʠʩʠʤʦʩʪʴ  ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ RR ʠʥʪʝʨʚʘʣʦʚ SD(RR) ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʯʘʣʴʥʦʡ ɸɺ ʟʘʜʝʨʞʢʠ Z(0).  

  

ʈʠʩ.16ɸ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ RR ʠʥʪʝʨʚʘʣʦʚ ʧʨʠ 

ʠʩʭʦʜʥʦʤ ʟʥʘʯʝʥʠʠ ʥʘʯʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ Z(0)=10ʝʜ. ʠ ʥʝʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ 

ʦʪ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ  ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ (æZ(0)= Ñ 0,2). ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʤʦʞʥʦ 

ʚʠʜʝʪʴ, ʯʪʦ ʩʥʘʯʘʣʘ (ʧʝʨʚʳʝ 24 RR ʠʥʪʝʨʚʘʣʘ) ʥʝʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ 

ʥʘʯʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʷʜʘ RR ʠʥʪʝʨʚʘʣʦʚ, ʥʦ, ʥʘʯʠʥʘʷ ʩ n = 25, ʚʩʝ ʪʨʠ ʧʨʦʮʝʩʩʘ ʨʘʩʭʦʜʷʪʩʷ, ʧʨʠʯʝʤ 

ʨʘʩʭʦʜʠʤʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʥʦʤʝʨʘ ʮʠʢʣʘ (n). ʈʘʩʭʦʜʠʤʦʩʪʴ ʨʷʜʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʘʩʭʦʜʠʤʦʩʪʴʶ ʩʘʤʠʭ ʟʥʘʯʝʥʠʡ RR ʠʥʪʝʨʚʘʣʦʚ, ʥʦ 
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ʪʘʢʞʝ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ  ʨʠʩ.16ɹ ʠ 

ʨʠʩ.16ɺ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʪʦʡʯʠʚʳʤ ʣʠʥʝʡʥʳʤ ʨʝʞʠʤʦʤ, ʨʝʞʠʤ çʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠè 

ʷʚʣʷʝʪʩʷ  ʥʝʫʩʪʦʡʯʠʚʳʤ ʢ ʥʝʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʥʘʯʘʣʴʥʦʡ ɸɺ ʟʘʜʝʨʞʢʠ 

Z(0). ʏʪʦ ʢʘʩʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʦʛʦ ʨʝʞʠʤʘ ʢ ʚʝʣʠʯʠʥʝ ʥʘʯʘʣʴʥʦʛʦ RR, ʪʦ 

ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ  RR(0) ʥʝ ʚʣʠʷʶʪ ʥʘ ʧʘʨʘʤʝʪʨʳ  

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ.  

ʅʘ ʨʠʩ.17 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʯʘʣʴʥʦʡ ʉɸ ʟʘʜʝʨʞʢʠ  Z(0) ʜʣʷ ʨʝʞʠʤʘ çʭʘʦʩ2-

ʡ ʩʪʝʧʝʥʠè (F=20ʝʜ.).  
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ʈʠʩ.17. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʯʘʣʴʥʦʡ ʉɸ ʟʘʜʝʨʞʢʠ  Z(0) 

ʜʣʷ ʨʝʞʠʤʘ çʭʘʦʩ2-ʡ ʩʪʝʧʝʥʠè (F=20ʝʜ.). ɸ -  ʠʟʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ RR ʠʥʪʝʨʚʘʣʦʚ 

ʧʨʠ ʠʩʭʦʜʥʦʤ ʟʥʘʯʝʥʠʠ ʥʘʯʘʣʴʥʦʡ ʉɸ ʟʘʜʝʨʞʢʠ 5ʝʜ. ʠ ʥʝʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʵʪʦʛʦ 
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ʟʥʘʯʝʥʠʷ  ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ (æZ(0)= Ñ 0,2).  ɹ - ʟʘʚʠʩʠʤʦʩʪʴ  ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ RR ʠʥʪʝʨʚʘʣʦʚ 

M(RR) ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʯʘʣʴʥʦʡ ʉɸ ʟʘʜʝʨʞʢʠ Z(0). ɺ - ʟʘʚʠʩʠʤʦʩʪʴ  ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

RR ʠʥʪʝʨʚʘʣʦʚ SD(RR) ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʯʘʣʴʥʦʡ  ʉɸ ʟʘʜʝʨʞʢʠ Z(0).   

 

 ʈʠʩ.17ɸ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ RR ʠʥʪʝʨʚʘʣʦʚ ʧʨʠ 

ʠʩʭʦʜʥʦʤ ʟʥʘʯʝʥʠʠ ʥʘʯʘʣʴʥʦʡ ʉɸ ʟʘʜʝʨʞʢʠ 5ʝʜ. ʠ ʥʝʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ 

ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ  ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ (æZ(0) = Ñ 0,2). ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʤʦʞʥʦ ʚʠʜʝʪʴ, 

ʯʪʦ ʩʥʘʯʘʣʘ (ʧʝʨʚʳʝ 5 RR ʠʥʪʝʨʚʘʣʦʚ) ʥʝʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʥʘʯʘʣʴʥʦʡ 

ʟʘʜʝʨʞʢʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ RR 

ʠʥʪʝʨʚʘʣʦʚ, ʘ ʜʘʣʝʝ ʚʩʝ ʪʨʠ ʧʨʦʮʝʩʩʘ ʨʘʩʭʦʜʷʪʩʷ, ʧʨʠʯʝʤ ʨʘʩʭʦʜʠʤʦʩʪʴ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʥʦʤʝʨʘ ʮʠʢʣʘ (n). ʈʘʩʭʦʜʠʤʦʩʪʴ ʨʷʜʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʨʘʩʭʦʜʠʤʦʩʪʴʶ ʩʘʤʠʭ ʟʥʘʯʝʥʠʡ RR ʠʥʪʝʨʚʘʣʦʚ, ʥʦ ʪʘʢʞʝ ʠʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʨʠʩ.17ɹ ʠ ɺ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʨʝʞʠʤʘ çʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠè ʥʝʙʦʣʴʰʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʉɸ ʟʘʜʝʨʞʢʠ  ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʞʠʤʦʤ çʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠè.  

ʕʪʦ ʦʪʨʘʟʠʣʦʩʴ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ RR ʠʥʪʝʨʚʘʣʦʚ:  

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ SD(RR) ʫʚʝʣʠʯʠʣʦʩʴ ʩ 30,59 ʜʦ 40,06.ʝʜ., ʘ  

ʚʘʨʠʘʮʠʦʥʥʳʡ ʨʘʟʤʘʭ ɺʈ(RR) ʩ 180,80 ʜʦ 232,74 ʝʜ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ  ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʞʠʤ çʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠè ʷʚʣʷʝʪʩʷ 

ʥʝʫʩʪʦʡʯʠʚʳʤ ʢ ʥʝʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚʝʣʠʯʠʥʳ ʥʘʯʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ Z(0), 

ʧʨʠʯʝʤ ʩʪʝʧʝʥʴ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʦʛʦ  ʨʝʞʠʤʘ  ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʝʞʠʤʦʤ çʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠè.  ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʨʘʟʣʠʯʠʝʤ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ 

ʥʝʣʠʥʝʡʥʳʤʠ ʨʝʞʠʤʘʤʠ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʞʠʤʘ çʭʘʦʩ2-ʡ ʩʪʝʧʝʥʠè 

ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ  RR(0). ʅʘ  ʨʠʩ.18 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ RR ʠʥʪʝʨʚʘʣʦʚ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ RR(0) ʚʣʝʚʦ ʠ 

ʚʧʨʘʚʦ (æ RR(0)= Ñ 5) ʦʪ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ RR(0), ʨʘʚʥʦʛʦ 50 ʝʜ.   
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ʈʠʩ.18. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ RR ʠʥʪʝʨʚʘʣʦʚ ʢ ʥʝʙʦʣʴʰʠʤ ʦʪʢʣʦʥʝʥʠʷʤ 

ʠʩʭʦʜʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ RR ʠʥʪʝʨʚʘʣʘ  RR(0)=50 ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ (æRR(0)= Ñ 5) ʜʣʷ 

ʨʝʞʠʤʘ çʭʘʦʩ 2-ʩʪʝʧʝʥʠè (F=20ʝʜ).  

 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ, ʥʘʯʠʥʘʷ ʩ ʪʨʝʪʴʝʛʦ  ʮʠʢʣʘ,  ʚʩʝ ʪʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʷʜʘ  

RR ʠʥʪʝʨʚʘʣʦʚ ʨʘʩʭʦʜʷʪʩʷ. ʈʝʟʫʣʴʪʘʪʳ  ʨʘʩʯʝʪʦʚ  ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʝʞʠʤʝ 

çʭʘʦʩ2-ʡ ʩʪʝʧʝʥʠè ʦʪʢʣʦʥʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ RR ʠʥʪʝʨʚʘʣʦʚ  ʧʨʠʚʦʜʷʪ 

ʪʘʢʞʝ ʢ ʠʟʤʝʥʝʥʠʷʤ ʧʦʢʘʟʘʪʝʣʝʡ ʠʭ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ: ʪʘʢ ʝʩʣʠ ʜʣʷ ʠʩʭʦʜʥʦʛʦ 

ʨʷʜʘ RR ʠʥʪʝʨʚʘʣʦʚ (RR(0)=50ʝʜ) ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ RR ʠʥʪʝʨʚʘʣʦʚ 

SD(RR) ʙʳʣʦ ʨʘʚʥʦ 38,79 ʝʜ., ʪʦ ʜʣʷ RR(0)=45 ʦʥʦ ʨʘʚʥʦ 28,10 ʝʜ,, ʘ ʜʣʷ 

RR(0)=45  SD(RR) = 35,33.ʝʜ. ɸʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʠ ʜʣʷ 

ʚʝʣʠʯʠʥʳ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʨʘʟʤʘʭʘ (ɺʈ) RR ʠʥʪʝʨʚʘʣʦʚ: ʝʩʣʠ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʨʷʜʘ 

RR ʠʥʪʝʨʚʘʣʦʚ (RR(0)=50ʝʜ) ʚʘʨʠʘʮʠʦʥʥʳʡ ʨʘʟʤʘʭ ʙʳʣ ʨʘʚʝʥ 252,32, ʪʦ ʜʣʷ 

RR(0)=45 ʚʘʨʠʘʮʠʦʥʥʳʡ ʨʘʟʤʘʭ  ʙʳʣ ʨʘʚʝʥ 157,25ʝʜ, ʘ ʜʣʷ RR(0)=55 ,  ɺʈ = 

208,04ʝʜ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʅʘʠʙʦʣʴʰʝʡ  

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʦʪʣʠʯʘʝʪʩʷ ʣʠʥʝʡʥʳʡ ʨʝʞʠʤ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. ɼʣʷ ʵʪʦʛʦ 

ʨʝʞʠʤʘ  ʤʘʣʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʟʥʘʯʝʥʠʷʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ Z(0) ʠ RR(0)  ʥʝ 

ʩʧʦʩʦʙʥʳ ʨʝʟʢʦ ʠʟʤʝʥʠʪʴ ʥʘʤʝʯʝʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ, ʪ.ʝ. ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ 
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ʫʩʪʦʡʯʠʚʦʡ ʢ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ. ʆʙʘ  ʥʝʣʠʥʝʡʥʳʭ ʨʝʞʠʤʘ  ʷʚʣʷʶʪʩʷ 

ʥʝʫʩʪʦʡʯʠʚʳʤʠ, ʧʨʠʯʝʤ ʩʪʝʧʝʥʴ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ  ʨʝʞʠʤʘ çʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠè 

ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʞʠʤʦʤ ʨʝʞʠʤ çʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠè: ʨʝʞʠʤ 

çʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠè ʥʝʫʩʪʦʡʯʠʚ ʢʘʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʤʝʥʝʥʠʷʤ ʥʘʯʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʟʘʜʝʨʞʝʢ Z(0),  ʪʘʢ ʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʤʝʥʝʥʠʷʤ ʥʘʯʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ RR ʠʥʪʝʨʚʘʣʦʚ RR(0), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʞʠʤ çʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠè 

ʥʝʫʩʪʦʡʯʠʚ ʪʦʣʴʢʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʤʝʥʝʥʠʷʤ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʟʘʜʝʨʞʝʢ 

Z(0).  ʅʝʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʟʘʜʝʨʞʝʢ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʷʤ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʜʣʷ ʨʝʞʠʤʘ çʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠè ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʞʠʤʦʤ çʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠè. ʅʦ, ʢʘʢ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, 

ʚʩʝ ʵʪʠ ʪʨʠ ʨʝʞʠʤʘ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʨʘʟʣʠʯʘʶʪʩʷ ʩʪʝʧʝʥʴʶ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ: ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʦʙʣʘʜʘʝʪ ʨʝʞʠʤ 

çʭʘʦʩ 2-ʡ ʩʪʝʧʝʥʠè, ʪ.ʢ. ʵʪʦʪ ʨʝʞʠʤ ʦʙʫʩʣʦʚʣʝʥ ʜʚʫʤʷ ʠʩʪʦʯʥʠʢʘʤʠ 

ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ: ɸɺ ʫʟʝʣ ʠ ʉɸ ʫʟʝʣ. ʈʝʞʠʤ  çʭʘʦʩ 1-ʡ ʩʪʝʧʝʥʠè ʦʙʫʩʣʦʚʣʝʥ 

ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ, ʠʩʭʦʜʷʱʠʤ ʠʟ ɸɺ ʫʟʣʘ, ʘ ʚ ʫʩʣʦʚʠʷʭ 

ʣʠʥʝʡʥʦʛʦ ʨʝʞʠʤʘ ʦʙʘ ʠʩʪʦʯʥʠʢʘ ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ ʦʪʩʫʪʩʪʚʫʶʪ, ʧʦʵʪʦʤʫ 

ʩʪʝʧʝʥʴ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʵʪʦʛʦ ʨʝʞʠʤʘ ʥʘʠʤʝʥʴʰʘʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʩʪʝʧʝʥʴʶ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʠ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴʶ:  ʯʝʤ 

ʚʳʰʝ ʩʪʝʧʝʥʴ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʪʝʤ ʥʠʞʝ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ.  

ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ   ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ  ʵʢʩʧʝʨʠʤʝʥʪʦʚ (Kashtanov 

S.I., Mesentseva L.V., Zvyagintseva M.A., Kosharskaya I.L., Sudakov K.V., 2014), ʚ 

ʢʦʪʦʨʳʭ  ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʪʝʧʝʥʠ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʠ ʦʙʲʝʢʪʠʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʝʨʜʮʘ, ʦʮʝʥʠʚʘʝʤʳʤʠ ʧʦ ʧʦʨʦʛʘʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʩʝʨʜʝʯʥʳʭ ʘʨʠʪʤʠʡ.  

3.4.2. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʕɺɺ ʣʠʥʝʡʥʳʭ ʠ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʧʦ  ʧʘʨʘʤʝʪʨʘʤ ɸɺ ʧʨʦʚʝʜʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʣʠʥʝʡʥʦʤ   

ʜʠʘʧʘʟʦʥʝ  ʥʘʙʣʶʜʘʣʦʩʴ ʫʩʪʦʡʯʠʚʦʝ 1:1 ɸɺ ʧʨʦʚʝʜʝʥʠʝ ʠ ʥʝʙʦʣʴʰʠʝ 
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ʦʪʢʣʦʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʣʠ ʜʠʥʘʤʠʢʫ RR 

ʠʥʪʝʨʚʘʣʦʚ. ʆʜʥʘʢʦ, ʝʩʣʠ ʨʝʬʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ  ʠ ʤʠʥʠʤʘʣʴʥʘʷ ɸɺ ʟʘʜʝʨʞʢʘ 

ʥʝ ʦʢʘʟʳʚʘʣʠ  ʥʠ  ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ, ʥʠ  ʢʘʯʝʩʪʚʝʥʥʦʛʦ  ʚʣʠʷʥʠʷ ʥʘ 

ʢʘʜʠʦʜʠʥʘʤʠʢʫ, ʪʦ ʢʨʠʚʠʟʥʘ ʬʫʥʢʮʠʠ ʟʘʜʝʨʞʝʢ  ʚʣʠʷʣʘ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ. ʅʝʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʵʪʦʡ ʚʝʣʠʯʠʥʳ 

ʦʪ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʚʦʜʠʣʠ ʢ ʠʟʤʝʥʝʥʠʶ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʟʥʘʯʝʥʠʡ PQ 

ʠʥʪʝʨʚʘʣʘ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʟʥʘʯʝʥʠʡ ʩʘʤʠʭ RR ʠʥʪʝʨʚʘʣʦʚ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ.  ʕʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʪʘʙʣ.1, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʝʨʚʳʭ 15  RR ʠ PQ ʠʥʪʝʨʚʘʣʦʚ  ʚ 

ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ (f=11,0 ʝʜ.)  ʧʨʠ ʠʩʭʦʜʥʦʤ ʟʥʘʯʝʥʠʠ 

ʧʘʨʘʤʝʪʨʘ  ʂʘʚ = K= 1500ʝʜ. ʠ ʥʝʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ 

ʚʧʨʘʚʦ (K=1550ʝʜ.) ʠ ʚʣʝʚʦ (K=1550ʝʜ.).  

ʊʘʙʣʠʮʘ 1. ɺʣʠʷʥʠʝ ʢʨʫʪʠʟʥʳ ʬʫʥʢʮʠʠ ʟʘʜʝʨʞʝʢ ʂʘʚ=ʂ  ʥʘ ʜʠʥʘʤʠʢʫ   RR ʠ PQ 

ʠʥʪʝʨʚʘʣʦʚ   ʚ ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ (f=11). 

 
 

RR(i), ʫʩʣ.ʝʜ. 

 

 

PQ(i), ʫʩʣ.ʝʜ. 

 

ʂ=1450 ʂ=1500 ʂ=1550 ʂ=1450 ʂ=1500 ʂ=1550 

90,91 90,91 90,91 10 10 10 

98,83 99,45 100,07 17,92 18,54 19,16 

92,85 93,1 93,35 19,87 20,73 21,6 

91,45 91,56 91,67 20,41 21,37 22,36 

91,07 91,11 91,16 20,57 21,57 22,61 

90,96 90,97 90,99 20,61 21,63 22,69 

90,92 90,93 90,94 20,63 21,65 22,72 

90,91 90,92 90,92 20,63 21,66 22,73 

90,91 90,91 90,91 20,63 21,66 22,73 

90,91 90,91 90,91 20,63 21,66 22,74 

90,91 90,91 90,91 20,63 21,66 22,74 

90,91 90,91 90,91 20,63 21,66 22,74 

90,91 90,91 90,91 20,63 21,66 22,74 

90,91 90,91 90,91 20,63 21,66 22,74 

90,91 90,91 90,91 20,63 21,66 22,74 

  ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ  ʚʝʣʠʯʠʥʘ  ʂ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʢʫ RR 

ʠʥʪʝʨʚʘʣʦʚ ʚ ʧʝʨʝʭʦʜʥʦʤ ʧʝʨʠʦʜʝ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʠʢʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʠ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥ RR ʠʥʪʝʨʚʘʣʦʚ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʧʨʦʮʝʩʩʘ (ʧʝʨʚʳʝ 6 RR ʠʥʪʝʨʚʘʣʦʚ), ʘ ʪʘʢʞʝ ʥʘ ʚʝʣʠʯʠʥʫ  PQ ʠʥʪʝʨʚʘʣʘ, 

ʢʦʪʦʨʳʡ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʂ.     

ɺ ʨʝʞʠʤʝ ʭʘʦʩ-1, ʚ ʦʪʣʠʯʠʝ ʦʪ ʣʠʥʝʡʥʦʛʦ ʨʝʞʠʤʘ, ʚʩʝ ʪʨʠ ʪʝʩʪʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʘ ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ:  ʢʨʠʚʠʟʥʘ ʬʫʥʢʮʠʠ ʟʘʜʝʨʞʝʢ, 

ʤʠʥʠʤʘʣʴʥʘʷ ɸɺ ʟʘʜʝʨʞʢʘ  ʠ ʘʙʩʦʣʶʪʥʳʡ ʨʝʬʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ ɸɺ ʫʟʣʘ 

ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʠʭ ʚʣʠʷʥʠʶ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. ʅʘʠʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʦʢʘʟʳʚʘʣʘ  ʚʝʣʠʯʠʥʘ 

ʢʨʠʚʠʟʥʳ ʬʫʥʢʮʠʠ ʟʘʜʝʨʞʝʢ. ʄʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʣʘ ʤʠʥʠʤʘʣʴʥʘʷ ɸɺ 

ʟʘʜʝʨʞʢʘ, ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʩʝʤ ʥʝ ʦʢʘʟʳʚʘʣ ʥʠʢʘʢʦʛʦ ʚʣʠʷʥʠʷ ʘʙʩʦʣʶʪʥʳʡ 

ʨʝʬʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ ɸɺ ʫʟʣʘ. ʅʘ ʨʠʩ.19ɸ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ RR ʠʥʪʝʨʚʘʣʦʚ (ʧʝʨʚʳʝ 20 ʮʠʢʣʦʚ) ʚ ʜʠʘʧʘʟʦʥʝ ʭʘʦʩ-1 

(f=16ʝʜ) ʧʨʠ ʠʩʭʦʜʥʦʤ ʟʥʘʯʝʥʠʠ ʂʘʚ=ʂ, ʨʘʚʥʦʤ 1500ʝʜ., ʠ ʥʝʙʦʣʴʰʠʭ 

ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʚʧʨʘʚʦ (ʂ=1550ʝʜ) ʠ ʚʣʝʚʦ (ʂ=1450ʝʜ). ʄʦʞʥʦ 

ʚʠʜʝʪʴ, ʯʪʦ ʝʩʣʠ ʜʦ 3-ʛʦ ʮʠʢʣʘ ʚʩʝ 3 ʧʨʦʮʝʩʩʘ ʩʦʚʧʘʜʘʶʪ, ʪʦ,  ʫʞʝ ʥʘʯʠʥʘʷ ʩ 4-ʛʦ 

ʮʠʢʣʘ ʚʦʟʥʠʢʘʝʪ ʩʥʘʯʘʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʩʭʦʜʠʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʘ ʟʘʪʝʤ ʩ 

ʨʦʩʪʦʤ ʥʦʤʝʨʘ ʮʠʢʣʘ ʨʘʩʭʦʜʠʤʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ. ʉʦʚʩʝʤ ʜʨʫʛʘʷ ʢʘʨʪʠʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʨʠʩ.19ɹ, ʥʘ ʢʦʪʦʨʦʤ  ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ  ʧʘʨʘʤʝʪʨʘ Zminʘʚ. ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ RR ʠʥʪʝʨʚʘʣʦʚ (ʧʝʨʚʳʝ 20 ʮʠʢʣʦʚ) ʚ ʜʠʘʧʘʟʦʥʝ ʭʘʦʩ-1 

(F=16ʝʜ) ʧʨʠ ʠʩʭʦʜʥʦʤ ʟʥʘʯʝʥʠʠ Zminʘʚ, ʨʘʚʥʦʤ 10ʝʜ ʠ ʥʝʙʦʣʴʰʠʭ 

ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʚʧʨʘʚʦ (Zminʘʚ=10,2ʝʜ) ʠ ʚʣʝʚʦ (Zminʘʚ=9,8ʝʜ). 

ʄʦʞʥʦ ʚʠʜʝʪʴ,  ʜʦ 7-ʛʦ RR ʠʥʪʝʨʚʘʣʘ ʚʩʝ 3 ʧʨʦʮʝʩʩʘ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ, 

ʟʘʪʝʤ  ʚʦʟʥʠʢʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʨʷʜʦʚ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʦʙʱʝʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʢʘʨʪʠʥʳ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʭʘʦʩ-1 ʧʘʨʘʤʝʪʨ Zminʘʚ ʦʢʘʟʳʚʘʝʪ ʤʝʥʴʰʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ, ʯʝʤ ʧʘʨʘʤʝʪʨ ʂʘʚ.  ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʧʘʨʘʤʝʪʨʘ rʘʚ, ʪʦ ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʭʘʦʩ-1 

ʵʪʦʪ ʧʘʨʘʤʝʪʨ  ʩʦʚʩʝʤ ʥʝ  ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ.  
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ɸ 

ʈʝʞʠʤ ʭʘʦʩ-1 (f=16,0). ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʘ ʂʘʚ
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ʈʝʞʠʤ ʭʘʦʩ-2. ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʘ ʂʩʘ
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ɻ 

ʈʝʞʠʤ ʭʘʦʩ-2 (f=20). ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʘ Zminʩʘ
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ʈʠʩ.19.  ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʢ ʥʝʙʦʣʴʰʠʤ ʦʪʢʣʦʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ 

ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʚ ʨʝʞʠʤʝ ʭʘʦʩ-1 (ɸ ʠ ɹ) ʠ ʚ ʨʝʞʠʤʝ ʭʘʦʩ-2 (ɺ ʠ ɻ).  ɸ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ RR ʠʥʪʝʨʚʘʣʦʚ ʢ ʥʝʙʦʣʴʰʠʤ ʦʪʢʣʦʥʝʥʠʷʤ ʢʨʫʪʠʟʥʳ 

ʬʫʥʢʮʠʠ ʟʘʜʝʨʞʝʢ ʂ=ʂʘʚ ʦʪ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʂ=1500ʝʜ.) ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ (æʂ= Ñ 50ʝʜ.) ʚ 

ʨʝʞʠʤʝ ʭʘʦʩ-1.  ʈʘʩʯʝʪʥʘʷ ʯʘʩʪʦʪʘ f=16 ʝʜ. ʆʩʴ ʘʙʩʮʠʩʩ ï ʥʦʤʝʨ RR ʠʥʪʝʨʚʘʣʘ ( i ), ʦʩʴ 

ʦʨʜʠʥʘʪ ï RR(i), ʫʩʣ.ʝʜ.  ɹ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ RR ʠʥʪʝʨʚʘʣʦʚ ʢ 

ʥʝʙʦʣʴʰʠʤ ʦʪʢʣʦʥʝʥʠʷʤ ʤʠʥʠʤʘʣʴʥʦʡ ɸɺ ʟʘʜʝʨʞʢʠ ʦʪ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ 

Zminʘʚ=Zmin=10ʝʜ. ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ (æZmin = Ñ 0,2) ʚ ʨʝʞʠʤʝ ʭʘʦʩ-1.  ʈʘʩʯʝʪʥʘʷ ʯʘʩʪʦʪʘ f=16 

ʝʜ. ʆʩʴ ʘʙʩʮʠʩʩ ï ʥʦʤʝʨ RR ʠʥʪʝʨʚʘʣʘ ( i ), ʦʩʴ ʦʨʜʠʥʘʪ ï RR(i), ʫʩʣ.ʝʜ. ɺ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ RR ʠʥʪʝʨʚʘʣʦʚ ʢ ʥʝʙʦʣʴʰʠʤ ʦʪʢʣʦʥʝʥʠʷʤ ʢʨʫʪʠʟʥʳ ʬʫʥʢʮʠʠ ʟʘʜʝʨʞʝʢ 

ʂ=ʂʩʘ ʦʪ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʂ=676ʝʜ.) ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ (æʂ= Ñ 4ʝʜ.) ʨʝʞʠʤʝ ʭʘʦʩ-2. 

ʈʘʩʯʝʪʥʘʷ ʯʘʩʪʦʪʘ f=20 ʫʩʣ.ʝʜ. ʆʩʴ ʘʙʩʮʠʩʩ ï ʥʦʤʝʨ RR ʠʥʪʝʨʚʘʣʘ (i), ʦʩʴ ʦʨʜʠʥʘʪ ï RR(i), 

ʫʩʣ.ʝʜ. ɻ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ RR ʠʥʪʝʨʚʘʣʦʚ ʢ ʥʝʙʦʣʴʰʠʤ ʦʪʢʣʦʥʝʥʠʷʤ 

ʤʠʥʠʤʘʣʴʥʦʡ ʉɸ ʟʘʜʝʨʞʢʠ ʦʪ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ Zminʩʘ=5ʝʜ. ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ (æZminʩʘ = Ñ 

0,2ʝʜ.) ʨʝʞʠʤʝ ʭʘʦʩ-2. ʈʘʩʯʝʪʥʘʷ ʯʘʩʪʦʪʘ f=20 ʫʩʣ.ʝʜ. ʆʩʴ ʘʙʩʮʠʩʩ ï ʥʦʤʝʨ RR ʠʥʪʝʨʚʘʣʘ ( i ), 

ʦʩʴ ʦʨʜʠʥʘʪ ï RR(i), ʫʩʣ.ʝʜ. 

 

ɺ ʨʝʞʠʤʝ ʭʘʦʩ-2 ʪʝʩʪʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣʠ:  Zminʩʘ, rʩʘ  ʠ ʂʩʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʚ ʜʠʘʧʘʟʦʥʝ ʭʘʦʩ-2, 

ʪʘʢʞʝ ʢʘʢ ʠ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʭʘʦʩ-1,   ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʦʢʘʟʳʚʘʣʘ ʚʝʣʠʯʠʥʘ ʢʨʠʚʠʟʥʳ ʬʫʥʢʮʠʠ 

ʟʘʜʝʨʞʝʢ ʂʩʘ. ʅʘ ʨʠʩ.19ɺ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʷʜʘ RR ʠʥʪʝʨʚʘʣʦʚ (ʧʝʨʚʳʝ 20 ʮʠʢʣʦʚ) ʚ ʜʠʘʧʘʟʦʥʝ ʭʘʦʩ-2 (f=20ʝʜ) ʧʨʠ 

ʠʩʭʦʜʥʦʤ ʟʥʘʯʝʥʠʠ ʂʩʘ, ʨʘʚʥʦʤ 676ʝʜ ʠ ʥʝʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʵʪʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚʧʨʘʚʦ (ʂʩʘ=672ʝʜ) ʠ ʚʣʝʚʦ (ʂʩʘ=680ʝʜ). ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʝʩʣʠ ʜʦ 

5-ʛʦ RR ʠʥʪʝʨʚʘʣʘ ʚʩʝ 3 ʧʨʦʮʝʩʩʘ ʩʦʚʧʘʜʘʶʪ, ʪʦ,  ʫʞʝ ʥʘʯʠʥʘʷ ʩ 6-ʛʦ ʮʠʢʣʘ,  

ʚʦʟʥʠʢʘʝʪ  ʨʘʩʭʦʜʠʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ.   
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ʉʨʘʚʥʠʚʘʷ ʨʠʩ.19ɺ ʩ ʨʠʩ.19ɸ,  ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ ʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʨʘʩʭʦʜʠʤʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʷʜʦʚ RR ʠʥʪʝʨʚʘʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʭʘʦʩ-2 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʘʧʘʟʦʥʦʤ ʭʘʦʩ-1 ʠ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ ʧʘʨʘʤʝʪʨʘ ʂʩʘ, ʯʝʤ ʧʘʨʘʤʝʪʨʘ ʂʘʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʉɸ ʟʘʜʝʨʞʢʘ 

(Zminʩʘ), ʚ ʦʪʣʠʯʠʝ ʦʪ  ʤʠʥʠʤʘʣʴʥʦʡ ɸɺ ʟʘʜʝʨʞʢʠ (Zminʘʚ) ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. ʕʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʨʠʩ.19ɻ, ʥʘ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ RR 

ʠʥʪʝʨʚʘʣʦʚ (ʧʝʨʚʳʝ 20 ʮʠʢʣʦʚ) ʚ ʜʠʘʧʘʟʦʥʝ ʭʘʦʩ-2 (f=20ʝʜ) ʧʨʠ ʠʩʭʦʜʥʦʤ 

ʟʥʘʯʝʥʠʠ Zminʩʘ, ʨʘʚʥʦʤ 5ʝʜ ʠ ʥʝʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ 

ʚʧʨʘʚʦ (Zminʩʘ=5,2 ʝʜ) ʠ ʚʣʝʚʦ (Zminʩʘ=4,8 ʝʜ). ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʝʩʣʠ ʜʦ 5-ʛʦ 

RR ʠʥʪʝʨʚʘʣʘ ʚʩʝ 3 ʧʨʦʮʝʩʩʘ ʩʦʚʧʘʜʘʶʪ, ʪʦ,  ʫʞʝ ʥʘʯʠʥʘʷ ʩ 6-ʛʦ ʮʠʢʣʘ,  

ʚʦʟʥʠʢʘʝʪ  ʨʘʩʭʦʜʠʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ.  ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʘʨʘʤʝʪʨʘ ʨʝʬʨʘʢʪʝʨʥʦʛʦ 

ʧʝʨʠʦʜʘ ʉɸ ʫʟʣʘ, ʪʦ ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʭʘʦʩ-

2 ʵʪʦʪ ʧʘʨʘʤʝʪʨ  ʩʦʚʩʝʤ ʥʝ  ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ.  

 ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ 

ʦʢʘʟʳʚʘʝʪ ʢʨʠʚʠʟʥʘ ʬʫʥʢʮʠʠ ʟʘʜʝʨʞʝʢ. ɺʝʣʠʯʠʥʳ ʤʠʥʠʤʘʣʴʥʦʡ  ʟʘʜʝʨʞʢʠ ʚ 

ɸɺ ʠ ʉɸ ʫʟʣʘʭ ʦʢʘʟʳʚʘʶʪ ʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ, ʘ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʨʝʬʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ ʉɸ ʠ ɸɺ ʫʟʣʦʚ, ʷʚʣʷʶʪʩʷ ʥʘʠʤʝʥʝʝ ʟʥʘʯʠʤʳʤʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ  

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʚʘʞʥʦʤ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʠ ʢʣʠʥʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ ʢʨʠʚʠʟʥʳ ʬʫʥʢʮʠʠ  ʟʘʜʝʨʞʝʢ 

(ʖʟʚʠʥʢʝʚʠʯ ʉ. ɸ. 2004; Bogaard  MD., Meine M., et al., 2012). ɺʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʢʨʠʚʠʟʥʳ ʬʫʥʢʮʠʠ ʟʘʜʝʨʞʝʢ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʣʘʙʠʣʴʥʦʩʪʠ ʩʝʨʜʮʘ, ʪ.ʝ. ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʫʶ ʩʧʦʩʦʙʥʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʩʝʨʜʮʝ ʙʝʟ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʠʪʤʘ, ʫʚʝʣʠʯʝʥʠʶ PQ ʠʥʪʝʨʚʘʣʘ ʠ 

ʩʥʠʞʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ 

ʤʝʪʦʜʦʚ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʦʧʪʠʤʠʟʘʮʠʠ ɸɺ ʟʘʜʝʨʞʢʠ.  ʂʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ,  ʧʨʦʚʝʜʝʥʥʳʝ ʚ 

http://www.ncbi.nlm.nih.gov/pubmed?term=Bogaard%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=22753868
http://www.ncbi.nlm.nih.gov/pubmed?term=Meine%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22753868
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ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʢʘʨʜʠʦʩʪʠʤʫʣʷʮʠʠ (ʖʟʚʠʥʢʝʚʠʯ ʉ. ɸ.,2004;  Bogaard  MD., 

Meine M., Tuinenburg AE., Maskara B., Loh P., Doevendans PA., 2012)  ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ɸɺ ʟʘʜʝʨʞʢʠ ʚ ʩʪʦʨʦʥʫ ʝʝ ʫʢʦʨʦʯʝʥʠʷ  ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ  

ʤʝʪʦʜʦʤ ʥʝʤʝʜʠʢʘʤʝʥʪʦʟʥʦʛʦ ʣʝʯʝʥʠʷ ʪʷʞʝʣʦʡ, ʨʝʟʠʩʪʝʥʪʥʦʡ ʢ ʣʝʢʘʨʩʪʚʝʥʥʦʡ 

ʪʝʨʘʧʠʠ,  ʟʘʩʪʦʡʥʦʡ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ.  ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʤʝʪʦʜʳ  ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʨʜʠʦʜʠʥʘʤʠʢʠ 

ʤʦʛʫʪ ʥʘʡʪʠ ʢʣʠʥʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ  ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ɸɺ ʧʨʦʚʝʜʝʥʠʷ ʫ ʙʦʣʴʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʩʝʨʜʝʯʥʦʡ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ. 
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4.4. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʠʦʜʠʢʠ ɺʝʥʢʝʙʘʭʘ. 

ʂʘʢ ʵʤʦʮʠʦʥʘʣʴʥʳʝ, ʪʘʢ ʠ ʥʦʮʠʮʝʧʪʠʚʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʥʦʨʤʘʣʴʥʫʶ ʘʜʘʧʪʠʚʥʫʶ ʨʝʘʢʮʠʶ ʟʜʦʨʦʚʦʛʦ ʦʨʛʘʥʠʟʤʘ ʥʘ 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʥʘʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʘʩʴ ʜʘʣʴʥʝʡʰʘʷ ʧʨʦʚʝʨʢʘ ʩʪʝʧʝʥʠ  ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ ʠʟʫʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ ʢ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʥʘʨʫʰʝʥʠʡ 

ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʩʝʨʜʝʯʥʳʭ ʘʨʠʪʤʠʡ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʩʦʙʘʢʘʭ ʥʘʤʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʯʘʩʪʦʪʦʡ 

ʚʦʟʙʫʞʜʝʥʠʡ ʧʨʝʜʩʝʨʜʠʡ ʠ ʭʘʨʘʢʪʝʨʦʤ ʥʘʨʫʰʝʥʠʡ ʨʠʪʤʘ ʞʝʣʫʜʦʯʢʦʚ. ʇʨʠ 

ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʪʝʧʝʥʥʦʝ ʫʯʘʱʝʥʠʝ ʚʦʟʙʫʞʜʝʥʠʡ ʧʨʝʜʩʝʨʜʠʡ ʩʥʘʯʘʣʘ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʜʝʨʞʢʠ ɸɺ ʧʨʦʚʝʜʝʥʠʷ. ɼʘʣʝʝ ʚʦʟʥʠʢʘʶʪ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʳʧʘʜʝʥʠʷ ʞʝʣʫʜʦʯʢʦʚʳʭ ʚʦʟʙʫʞʜʝʥʠʡ, ʢʦʛʜʘ ʥʘ n+1 

ʧʨʝʜʩʝʨʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʨʠʭʦʜʠʪʩʷ n ʞʝʣʫʜʦʯʢʦʚʳʭ ʦʪʚʝʪʦʚ, ʪ.ʝ. ʮʠʢʣʳ 

ɺʝʥʢʝʙʘʭʘ (n+1)/n.  ʗʚʣʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʙʣʦʢʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʚ ʩʝʨʜʮʝ  

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ 1899 ʛʦʜʫ ɺʝʥʢʝʙʘʭʦʤ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʦʩʧʨʦʠʟʚʝʜʝʥʘ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ  ɸ.ʌ.ʉʘʤʦʡʣʦʚʘ, ɸ. ʈʦʟʝʥʙʣʶʪʘ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʵʪʦʛʦ ʪʠʧʘ ʩʝʨʜʝʯʥʦʡ ʧʘʪʦʣʦʛʠʠ ʩʦʩʪʦʠʪ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʚʳʧʘʜʝʥʠʠ ʩʦʢʨʘʱʝʥʠʡ ʞʝʣʫʜʦʯʢʦʚ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʨʠʪʤʝ 

ʧʨʝʜʩʝʨʜʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʪʘʢʦʛʦ çʧʨʦʧʫʩʢʘè 

ʘʪʨʠʦʚʝʥʪʨʠʢʫʣʷʨʥʘʷ ʟʘʜʝʨʞʢʘ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ 

ʥʘʩʪʫʧʠʪ ʥʦʚʳʡ ʧʨʦʧʫʩʢ ʞʝʣʫʜʦʯʢʦʚʦʛʦ ʩʦʢʨʘʱʝʥʠʷ. ʉ ʚʦʟʨʘʩʪʘʥʠʝʤ ʯʘʩʪʦʪʳ 

ʚʦʟʙʫʞʜʝʥʠʡ ʧʨʝʜʩʝʨʜʠʡ ʥʘʩʪʫʧʘʝʪ ʚʳʧʘʜʝʥʠʝ ʜʚʫʭ, ʪʨʝʭ ʠ ʙʦʣʝʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ ʞʝʣʫʜʦʯʢʦʚ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʯʘʩʪʦʪʘʭ 

ʚʦʟʙʫʞʜʝʥʠʡ ʧʨʝʜʩʝʨʜʠʡ ʠʤʝʝʪ ʤʝʩʪʦ ʯʝʨʝʜʦʚʘʥʠʝ ʧʝʨʠʦʜʦʚ ɺʝʥʢʝʙʘʭʘ 

ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʠʦʜʠʢʠ ɺʝʥʢʝʙʘʭʘ. 

ɺ ʦʩʥʦʚʫ ʤʦʜʝʣʠ ʧʦʣʦʞʝʥʦ  ʪʦ ʩʚʦʡʩʪʚʦ ɸɺ ʫʟʣʘ, ʯʪʦ ʧʨʠ ʧʦʜʘʯʝ ʥʘ 

ʧʨʝʜʩʝʨʜʠʝ ʧʘʨʳ ʩʪʠʤʫʣʦʚ ɸɺ ʟʘʜʝʨʞʢʘ ʚʪʦʨʦʛʦ ʩʪʠʤʫʣʘ z2 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 



 120 

ʫʤʝʥʴʰʝʥʠʝʤ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʪʠʤʫʣʘʤʠ t2. ʕʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ  

                                              z2 = z(t2-r1)                                                       (1) 

ɻʜʝ r1  - ʠʥʪʝʨʚʘʣ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʩʪʠʤʫʣʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʥʠ ʦʜʠʥ 

ʧʨʝʜʩʝʨʜʥʳʡ ʠʤʧʫʣʴʩ ʥʝ ʧʨʦʭʦʜʠʪ ʢ ʞʝʣʫʜʦʯʢʘʤ. ʀʟ ʨʘʙʦʪʳ Van Capelle F.J.L., 

Perron J.S., Durrer D. (1971) ʩʣʝʜʫʝʪ, ʯʪʦ  r1    ʠ    z1   ʦʪʣʠʯʘʶʪʩʷ ʣʠʰʴ ʥʘ 

ʧʦʩʪʦʷʥʥʫʶ, ʧʦʵʪʦʤʫ  

                                   r1= z1 + a     (a=const)                                                  (2) 

ʇʦʜʩʪʘʚʠʚ (2) ʚ (1), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ, ʚʳʨʘʞʘʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʜʝʨʞʢʠ 

ʧʨʦʚʝʜʝʥʠʷ ʚʪʦʨʦʛʦ ʠʤʧʫʣʴʩʘ ʦʪ ʚʝʣʠʯʠʥʳ ʟʘʜʝʨʞʢʠ ʧʝʨʚʦʛʦ ʠʤʧʫʣʴʩʘ ʧʨʠ 

ʥʘʥʝʩʝʥʠʠ ʥʘ ʧʨʝʜʩʝʨʜʠʝ ʧʘʨʳ ʩʪʠʤʫʣʦʚ 

                                      z2 = z(t2-z1-a)                                                          (3) 

ɽʩʣʠ ʥʘ ʧʨʝʜʩʝʨʜʠʝ ʥʘʥʦʩʠʪʩʷ ʧʘʯʢʘ ʠʤʧʫʣʴʩʦʚ ʩ ʧʦʩʪʦʷʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ 

ʤʝʞʜʫ ʥʠʤʠ ʊ, ʪ.ʝ. ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʪʠʤʫʣʷʮʠʷ, ʪʦ ʨʝʢʢʫʨʝʥʪʥʦʝ 

ʫʨʘʚʥʝʥʠʝ  

                                z (n+1) = z (T ï z (n) - a)                                                 (4) 

ʧʦʟʚʦʣʠʪ ʧʨʝʜʩʢʘʟʘʪʴ ʧʦ ʥʘʯʘʣʴʥʦʡ ʟʘʜʝʨʞʢʝ     ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʜʝʨʞʝʢ 

ʦʩʪʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ  z1,z2,z3,éé,   ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

RR ʠʥʪʝʨʚʘʣʦʚ ʞʝʣʫʜʦʯʢʦʚ. 

ʇʨʦʚʝʜʝʤ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʢʨʠʚʦʡ z(n+1)=f(z(n))  ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ   zmin, zmax, ɔ = tg Ŭ.  ʊʦʛʜʘ ʩʚʷʟʴ ʤʝʞʜʫ ɸɺ ʟʘʜʝʨʞʢʘʤʠ 

ʧʨʝʜʳʜʫʱʝʛʦ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʤʧʫʣʴʩʦʚ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʨʘʟʥʦʩʪʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ 

æz(n) =[(1/ ɔ) ï 1)z(n) + h            zmin  Ò z(n)ÒT-a                              (5) 

                                                   zmin  Ò T-a Òzmax 

 ɻʜʝ    h= zmax ï 1/ ɔ(T-a) 

ʇʨʠ     z(n) > T- a     (n+1) ʠʤʧʫʣʴʩ ʚʳʧʘʜʘʝʪ. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

(5) ʠʤʝʝʪ ʚʠʜ 

Z(n) = 1/ ɔ
n  

z(0) + h S (n-1)              (zmin  Ò z(0)ÒT-a),                         (6) 

ʛʜʝ 
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                   S(n-1) = ×1/ ɔ
i   

= (1- ɔ
n
)/ ɔ

n-1
(1- ɔ)                                    (7) 

ʇʝʨʠʦʜ ʩʪʠʤʫʣʷʮʠʠ  T(n+1)/n, ʧʨʠ ʢʦʪʦʨʦʤ ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʮʠʢʣʳ 

ɺʝʥʢʝʙʘʭʘ (n+1)/n, ʧʦʣʫʯʠʤ, ʧʨʠʤʝʥʠʚ ʢ ʫʨʘʚʥʝʥʠʶ  (6)  ʫʩʣʦʚʠʝ ʚʳʧʘʜʝʥʠʷ     

n  ʠʤʧʫʣʴʩʘ  z(n-1)>T-a   ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʚʳʧʘʜʝʥʠʷ ʟʘʜʝʨʞʢʘ 

ʧʨʦʚʝʜʝʥʠʷ ʤʠʥʠʤʘʣʴʥʘ, ʪ.ʝ.  z(0)=zmin: 

T((n+1)/n) = zmin + a + [ɔ(ɔ
n-1

 ï 1)]/( ɔ
n 
 - 1)]*d       (n=1,2,éé),           (8) 

ɻʜʝ    d = zmax ï zmin.           

ɻʨʘʥʠʯʥʳʡ ʧʝʨʠʦʜ ʫʩʚʦʝʥʠʷ ʨʠʪʤʘ ʊ(1/1) ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ  n  Ÿ Ð: 

T(1/1) = lim T[(n+1)/n] =          zmax+ a,        ɔÓ1,                               (9) 

          zmax+ a + ɔd,    ɔ<1 

ʐʠʨʠʥʘ ʜʠʘʧʘʟʦʥʘ ʧʝʨʠʦʜʦʚ ʩʪʠʤʫʣʷʮʠʠ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ɸɺ 

ʧʨʦʚʝʜʝʥʠʝ  (n+1)/n, ʨʘʚʥʘ 

       I(n) = T[(n+1)/n] ï T [n/(n-1)] = {[ɔn-1(ɔ ï 1)2]/[(  ɔn  - 1)( ɔn-1 ï 1)]}*d    (10) 

ʇʨʘʚʘʷ ʯʘʩʪʴ ʚ ʫʨʘʚʥʝʥʠʠ (8) ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ  n, ʩʪʨʝʤʷʩʴ ʚ 

ʧʨʝʜʝʣʝ ʧʨʠ  n  Ÿ Ð ʢ ʥʫʣʶ, ʪ.ʝ. ʰʠʨʠʥʘ ʜʠʘʧʘʟʦʥʘ ʧʝʨʠʦʜʦʚ ʩʪʠʤʫʣʷʮʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʪʦʡʯʠʚʳʤ ʮʠʢʣʘʤ ɺʝʥʢʝʙʘʭʘ (n+1)/n, ʫʤʝʥʴʰʘʝʪʩʷ ʩ 

ʨʦʩʪʦʤ n, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɹʳʩʪʨʦʪʘ 

ʠʟʤʝʥʝʥʠʷ  I(n)  ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʢʨʠʚʦʡ ʟʘʜʝʨʞʝʢ (ɔ = tg Ŭ) ʠ 

ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʜʝʨʞʢʦʡ  d=zmax-zmin. ʏʝʤ 

ʤʝʥʴʰʝ d, ʪʝʤ ʫʞʝ ʜʠʘʧʘʟʦʥ  I(n), ʪʝʤ ʪʨʫʜʥʝʝ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʩʪʘʙʠʣʴʥʳʝ ʮʠʢʣʳ ɺʝʥʢʝʙʘʭʘ ʩ ʧʦʩʪʦʷʥʥʳʤ n. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʝʨʠʦʜʘ 

ʩʪʠʤʫʣʷʮʠʠ ʥʘʯʠʥʘʷ ʩ  T(2/1)=zmin+a   ʚʳʧʘʜʘʝʪ ʢʘʞʜʳʡ ʚʪʦʨʦʡ ʠʤʧʫʣʴʩ ʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʦʡʢʦʝ 2/1 ʧʨʦʚʝʜʝʥʠʝ ʜʦ ʟʥʘʯʝʥʠʷ    T(2/1)
*
=  İ(zmin+a+ ɔd). 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʯʘʱʝʥʠʠ ʨʠʪʤʘ ʚʦʟʥʠʢʥʫʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʘʨʠʪʤʠʠ  (2n+1)/n   

(n=1,2,ééé..), ʪ.ʝ. ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʮʠʢʣʳ 

3/1, 5/2, 7/3,ééé2/1. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʠʦʜʳ ʙʫʜʫʪ ʚʳʨʘʞʘʪʴʩʷ ʬʦʨʤʫʣʦʡ 

T[(2n+1)/n] = İ{zmin + {[ɔ(ɔn-1 ï 1)/( ɔn ï 1)]*d + a}. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʟʘʜʝʨʞʢʘ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʚʦʛʦ 

ʧʨʦʰʝʜʰʝʛʦ ʠʤʧʫʣʴʩʘ ʧʦʩʣʝ ʦʯʝʨʝʜʥʦʛʦ ʚʳʧʘʜʝʥʠʷ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʘ, 
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ʞʝʣʫʜʦʯʢʦʚʳʝ ʘʨʠʪʤʠʠ, ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʫʯʘʱʝʥʠʠ 

ʧʨʝʜʩʝʨʜʥʦʛʦ ʨʠʪʤʘ, ʙʫʜʫʪ ʦʧʠʩʳʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ (mn+1)/n. ʂʘʞʜʦʤʫ 

ʟʥʘʯʝʥʠʶ ʧʝʨʠʦʜʘ ʩʪʠʤʫʣʷʮʠʠ ʊ ʦʪʚʝʯʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ m ʠ n,   ʠ 

ʞʝʣʫʜʦʯʢʦʚʳʝ ʘʨʠʪʤʠʠ ʚʳʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶʱʝʡ ʯʠʩʣʦʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ: 

1/1,é..(n+1)/n,é.., 5/4, 4/3, 3/2, 2/1,é..(2n+1)/n,é..9/4, 7/3, 5/2, 

3/1,é..m/1,éé 

ɼʠʘʧʘʟʦʥ ʧʝʨʠʦʜʦʚ ʩʪʠʤʫʣʷʮʠʠ I[(mn+1)/n],, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʝʨʠʦʜʠʢʘ (mn+1)/n,  ʨʘʚʝʥ I(n)/m. ʇʨʠ ʧʝʨʠʦʜʝ ʩʪʠʤʫʣʷʮʠʠ   T<d ʥʘʯʘʣʴʥʘʷ 

ʟʘʜʝʨʞʢʘ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʚʳʧʘʜʝʥʠʷ ʥʝ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 

ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʯʘʩʪʦʪʝ ʩʪʠʤʫʣʷʮʠʠ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʯʝʨʝʜʦʚʘʥʠʝ 

ʧʝʨʠʦʜʠʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʦʤʝʨʘʤʠ  m  ʠ   n . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʣʦʞʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘʨʫʰʝʥʠʷ ɸɺ ʧʨʦʚʝʜʝʥʠʷ, 

ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʜʩʝʨʜʠʡ: 

1.ʇʦʩʪʝʧʝʥʥʦʝ ʥʘʨʘʩʪʘʥʠʝ ɸɺ ʟʘʜʝʨʞʢʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʚʦʟʥʠʢʘʶʪ 

ʥʘʨʫʱʝʥʠʷ ʨʠʪʤʘ ʞʝʣʫʜʦʯʢʦʚ. 

2. ʇʝʨʝʭʦʜ ʦʪ 1/1 ɸɺ ʧʨʦʚʝʜʝʥʠʷ ʢ 2/1 ʨʠʪʤʫ ʯʝʨʝʟ ʩʝʨʠʶ ʚʩʝ ʙʦʣʝʝ ʠ 

ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʮʠʢʣʦʚ ɺʝʥʢʝʙʘʭʘ, ʚʳʨʘʞʘʶʱʠʭʩʷ ʩʣʝʜʫʶʱʝʡ ʯʠʩʣʦʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ: 

1/1,é..(n+1)/n,é.., 5/4, 4/3, 3/2, 2/1,     

 

3. ʋʤʝʥʴʰʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʪʘʙʠʣʴʥʳʝ ʮʠʢʣʳ ɺʝʥʢʝʙʘʭʘ    (n+1)/n   ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʤʝʨʘ  n. 

4. ʋʚʝʣʠʯʝʥʠʝ ɸɺ ʟʘʜʝʨʞʢʠ ʚ ʨʷʜʫ ʩʝʨʜʝʯʥʳʭ ʮʠʢʣʦʚ ʧʨʠ ʧʝʨʠʦʜʘʭ 

ɺʝʥʢʝʙʘʭʘ. ʇʨʠ ʵʪʦʤ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʧʦʩʣʝʜʫʶʱʝʡ ʠ ʧʨʝʜʳʜʫʱʝʡ ʟʘʜʝʨʞʢʦʡ            

z(n+1)ï z(n) ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ ʧʨʝʜʩʝʨʜʥʦʛʦ ʮʠʢʣʘ   ʊ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ɸɺ ʟʘʜʝʨʞʢʘ, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʡ    ʧʦʩʣʝʜʫʶʱʠʡ ʠʤʧʫʣʴʩ 

ʚʳʧʘʜʘʝʪ, ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʊ. 
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5. ʇʦʷʚʣʝʥʠʝ ʮʠʢʣʦʚ ɺʝʥʢʝʙʘʭʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʪʝʤ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʧʘʜʝʥʠʝ ʜʚʫʭ, ʪʨʝʭ ʠ ʙʦʣʝʝ ʞʝʣʫʜʦʯʢʦʚʳʭ ʚʦʟʙʫʞʜʝʥʠʡ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʝ 

ʯʠʩʣʘ ʧʨʝʜʩʝʨʜʥʳʭ ʮʠʢʣʦʚ ʢ ʯʠʩʣʫ ʞʝʣʫʜʦʯʢʦʚʳʭ ʚʳʨʘʞʘʝʪʩʷ ʯʠʩʣʘʤʠ     5/2,  

7/3, 9/4, ʠ ʪ.ʜ. 

6. ʏʝʨʝʜʦʚʘʥʠʝ ʮʠʢʣʦʚ ɺʝʥʢʝʙʘʭʘ ʩ ʨʘʟʣʠʯʥʳʤʠ m ʠ  n, ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʥʝʨʝʛʫʣʷʨʥʳʤ RR ʠʥʪʝʨʚʘʣʘʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʧʨʦʮʝʩʩʘ ʤʝʨʮʘʪʝʣʴʥʦʡ 

ʘʨʠʪʤʠʠ. 
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4.5.  ʈʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ  

ʞʝʣʫʜʦʯʢʦʚʳʭ ʘʨʠʪʤʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʪʨʝʧʝʪʘʥʠʠ 

ʧʨʝʜʩʝʨʜʠʡ. 

 ʆʜʥʠʤ ʠʟ ʯʘʩʪʳʭ ʥʘʨʫʰʝʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʤʝʨʮʘʪʝʣʴʥʘʷ 

ʘʨʠʪʤʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʚʩʣʝʜʩʪʚʠʝ ʪʨʝʧʝʪʘʥʠʷ ʠʣʠ ʤʝʨʮʘʥʠʷ ʧʨʝʜʩʝʨʜʠʡ. 

ɾʝʣʫʜʦʯʢʦʚʳʝ ʘʨʠʪʤʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʪʨʝʧʝʪʘʥʠʝ ʠʣʠ ʤʝʨʮʘʥʠʝ 

ʧʨʝʜʩʝʨʜʠʡ, ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ ʤʝʨʮʘʪʝʣʴʥʦʡ ʘʨʠʪʤʠʠ (ʘʙʩʦʣʶʪʥʘʷ ʞʝʣʫʜʦʯʢʦʚʘʷ 

ʘʨʠʪʤʠʷ). ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʞʝʣʫʜʦʯʢʦʚʳʭ ʘʨʠʪʤʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ 

ʪʨʝʧʝʪʘʥʠʝ ʧʨʝʜʩʝʨʜʠʡ. ʇʨʠ ʪʨʝʧʝʪʘʥʠʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʤʝʨʮʘʥʠʷ, 

ʧʨʝʜʩʝʨʜʠʷ  ʧʨʦʜʦʣʞʘʶʪ ʚʦʟʙʫʞʜʘʪʴʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ, ʥʦ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ 

ʚʦʟʙʫʞʜʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʠʟʫʯʝʥʠʷ ʞʝʣʫʜʦʯʢʦʚʳʭ ʘʨʠʪʤʠʡ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʪʨʝʧʝʪʘʥʠʝ ʧʨʝʜʩʝʨʜʠʡ, ʷʚʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʝʡ ʧʨʝʜʩʝʨʜʠʡ (ɹʘʙʩʢʠʡ ɽ.ɹ., ʄʝʟʝʥʮʝʚʘ ʃ.ɺ., 

ʋʣʴʷʥʠʥʩʢʠʡ ʃ.ʉ.,1974,1975). ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʚʳʧʦʣʥʝʥʥʳʡ 

ʥʘʤʠ ʥʘ ʩʦʙʘʢʘʭ,  ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʠʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʝʧʝʥʠ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ RR ʠʥʪʝʨʚʘʣʦʚ ʠ ʯʘʩʪʦʪʦʡ 

ʩʪʠʤʫʣʷʮʠʠ ʧʨʝʜʩʝʨʜʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʯʘʩʪʦʪʘʭ 

ʚʦʟʙʫʞʜʝʥʠʡ ʧʨʝʜʩʝʨʜʠʡ ʤʝʥʝʝ 2ʛʮ ʚʩʝʛʜʘ ʥʘʙʣʶʜʘʣʦʩʴ ʪʦʯʥʦʝ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʞʝʣʫʜʦʯʢʘʤʠ ʧʨʝʜʩʝʨʜʥʦʛʦ ʨʠʪʤʘ, ʧʨʠʯʝʤ ʚʝʣʠʯʠʥʘ ɸɺ 

ʟʘʜʝʨʞʢʠ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ (90-100ʤʩ). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʯʘʱʝʥʠʠ ʚʭʦʜʥʦʡ 

ʩʪʠʤʫʣʷʮʠʠ ʠʤʝʣʦ ʤʝʩʪʦ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ  ɸɺ ʟʘʜʝʨʞʢʠ ʜʦ 140-150ʤʩ. 

ʇʨʠ ʥʝʢʦʪʦʨʦʤ ʧʨʝʚʳʰʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʩʪʠʤʫʣʷʮʠʠ (Fʢʨ) 

ʩʪʦʡʢʦʝ 1/1 ɸɺ ʧʨʦʚʝʜʝʥʠʝ ʥʘʨʫʰʘʣʦʩʴ ʠ ʦʪʤʝʯʘʣʦʩʴ ʧʦʷʚʣʝʥʠʝ ʚʳʧʘʜʝʥʠʡ 

ʞʝʣʫʜʦʯʢʦʚʳʭ ʦʪʚʝʪʦʚ. ɺʝʣʠʯʠʥʘ  Fʢʨ ʙʳʣʘ ʨʘʟʣʠʯʥʦʡ ʜʣʷ ʨʘʟʥʳʭ ʞʠʚʦʪʥʳʭ ʠ 

ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2 ʜʦ 4,5ʛʮ. ʇʨʠ ʯʘʩʪʦʪʝ, ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʡ Fʢʨ, 

ʚʦʟʥʠʢʘʣʠ ʮʠʢʣʳ ɺʝʥʢʝʙʘʭʘ  (n+1)/n ʪ.ʝ. ʥʘ n+1 ʧʨʝʜʩʝʨʜʥʳʭ ʠʤʧʫʣʴʩʦʚ 

ʧʨʠʭʦʜʠʣʦʩʴ n ʞʝʣʫʜʦʯʢʦʚʳʭ ʦʪʚʝʪʦʚ. ʉ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ n ʫʤʝʥʴʰʘʣʦʩʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ  ʩʪʘʙʠʣʴʥʳʡ ʮʠʢʣ ɺʝʥʢʝʙʘʭʘ ʩ ʧʦʩʪʦʷʥʥʳʤ n, ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ 
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n: ʦʥ ʫʤʝʥʴʰʘʝʪʩʷ  ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ n ʠ ʚʦʟʨʘʩʪʘʝʪ  ʩ ʫʤʝʥʴʰʝʥʠʝʤ n. ʊʘʢ, ʚ 

ʥʘʰʠʭ ʦʧʳʪʘʭ ʚʝʩʴ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʠʩʴ ʮʠʢʣʳ ʩ n>2, 

ʪ.ʝ.4/3, 5/4, 6/5,é., ʥʘʭʦʜʠʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 1ʛʮ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʠʡ ʯʘʩʪʦʪʥʳʡ 

ʜʠʘʧʘʟʦʥ ʦʪʤʝʯʘʣʩʷ ʧʨʠ n=1 ʠ n=2, ʪ.ʝ. 3/2 ʠ 2/1. ʇʦʵʪʦʤʫ ʵʪʠ ʮʠʢʣʳ ʙʦʣʝʝ 

ʣʝʛʢʦ ʚʦʩʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʯʘʩʪʦʪʳ ʩʪʠʤʫʣʷʮʠʠ ʦʪʤʝʯʘʣʦʩʴ ʥʝʨʝʛʫʣʷʨʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ RR ʠʥʪʝʨʚʘʣʦʚ 

ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ.  

ʆʜʥʦʚʨʝʤʝʥʥʘʷ ʟʘʧʠʩʴ ʚʦʟʙʫʞʜʝʥʠʡ ʧʨʝʜʩʝʨʜʠʡ ʠ ʞʝʣʫʜʦʯʢʦʚ ʚʳʷʚʠʣʘ, 

ʯʪʦ ʥʝʨʝʛʫʣʷʨʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ RR ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʢʨʘʪʥʳʭ ʦʪʥʦʰʝʥʠʡ m/n ʤʝʞʜʫ ʧʨʝʜʩʝʨʜʥʳʤʠ ʠ 

ʞʝʣʫʜʦʯʢʦʚʳʤʠ ʮʠʢʣʘʤʠ, ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ.20.  ʀʟ ʨʠʩ.20ɸ ʤʦʞʥʦ ʚʠʜʝʪʴ, 

ʯʪʦ ʧʨʠ ʊ=270ʤʩ ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʨʘʪʥʦʩʪʝʡ: 5/4, 

4/3, 4/3, 4/3, 4/3, 3/2. ʇʨʠ ʊ=204ʤʩ (ʨʠʩ.20ɹ) ʧʦʢʘʟʘʥʳ ʦʪʥʦʰʝʥʠʷ 8/3, 6/2, 6/2, 

4/1, 6/2, ʘ ʥʘ ʨʠʩ.14ɺ (ʊ=165ʤʩ) ï 4/1,  7/2, 3/1, 9/2, 4/1.  ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʞʜʦʡ ʯʘʩʪʦʪʝ ʩʪʠʤʫʣʷʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡ 

ʥʘʙʦʨ ʢʨʘʪʥʦʩʪʝʡ.  

ʅʘ ʨʠʩ.21ɸ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʛʠʩʪʦʛʨʘʤʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ 

ʚʭʦʜʥʦʡ ʩʪʠʤʫʣʷʮʠʠ. ʕʪʦ ʜʘʥʥʳʝ ʦʧʳʪʘ 2, ʚ ʢʦʪʦʨʦʤ ʊʢʨ=165ʤʩ. ɺ ʵʪʦʤ ʦʧʳʪʝ 

ʧʨʠ ʧʝʨʠʦʜʝ ʩʪʠʤʫʣʷʮʠʠ 158ʤʩ ʥʘʙʣʶʜʘʣʦʩʴ ʩʪʦʡʢʦʝ 3/2 ɸɺ ʧʨʦʚʝʜʝʥʠʝ, ʘ ʧʨʠ 

ʙʦʣʝʝ ʯʘʩʪʦʤ ʨʠʪʤʝ ʠʤʝʣʦ ʤʝʩʪʦ ʯʝʨʝʜʦʚʘʥʠʝ RR ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʣʠʯʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ. ʀʟ ʨʠʩ.21ɸ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʝʩʣʠ ʧʨʠ ʊ=141ʤʩ  ʛʠʩʪʦʛʨʘʤʤʘ  

RR ʠʥʪʝʨʚʘʣʦʚ ʙʠʤʦʜʘʣʴʥʘʷ ʩ ʜʚʫʤʷ ʧʠʢʘʤʠ ʚ ʦʙʣʘʩʪʠ  200 ʠ 220ʤʩ ʠ 

ʧʦʩʪʝʧʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʘʤʧʣʠʪʫʜ ʚ ʜʠʘʧʘʟʦʥʝ RR ʠʥʪʝʨʚʘʣʦʚ 230-280ʤʩ, ʪʦ 

ʧʨʠ ʊ=120ʤʩ  ʛʠʩʪʦʛʨʘʤʤʘ ʦʜʥʦʤʦʜʘʣʴʥʘʷ, ʩ ʧʠʢʦʤ ʚ ʦʙʣʘʩʪʠ 240ʤʩ, ʠ ʦʯʝʥʴ 

ʨʝʟʢʠʤ ʩʥʠʞʝʥʠʝʤ ʘʤʧʣʠʪʫʜ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʜʠʘʧʘʟʦʥʝ RR ʠʥʪʝʨʚʘʣʦʚ (250-

270ʤʩ). ʇʨʠ ʝʱʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ʩʪʠʤʫʣʷʮʠʠ ʧʨʠʝʜʩʝʨʜʠʡ (ʊ=82ʤʩ)  

ʛʠʩʪʦʛʨʘʤʤʘ ʠʤʝʝʪ ʦʜʠʥ ʧʠʢ ʚ ʦʙʣʘʩʪʠ 210ʤʩ, ʦʥʘ ʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʘʷ ʧʦ  
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ʈʠʩ.20. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ RR ʠʥʪʝʨʚʘʣʘʤʠ ʞʝʣʫʜʦʯʢʦʚ ʠ ʚʝʣʠʯʠʥʦʡ ʧʨʝʜʩʝʨʜʥʦʛʦ ʮʠʢʣʘ ʊ 

(ʦʧʳʪ5). ɺʝʨʭʥʠʝ ʟʘʧʠʩʠ ʥʘ ʘ, ʙ, ʚ ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʝʜʩʝʨʜʠʡ, ʥʠʞʥʠʝ ï 

ʞʝʣʫʜʦʯʢʦʚ. 

 

 

 

 

 

 

 

 

 

 

 

 

 


